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CEKIIS «kEJEKTPOEHEPTETHUKA»

YK 621.311

Kauwan 10.T'.!, IlIpam O. A2

! 1-p. Texn. Hayk., mpo¢. HY «3anopisbka nomirexHika»
2 ka1 TEXH. HayK., nou. HY «3anopisbka nomirexHika»

KJACU®DIKALIS CIIOKUBAYIB IIOA0 JOLULIBHOCTI JJISI
HUX BUMOT 10 SIKOCTI EJIEKTPUYHOI EHEPI'Ti

Sk BiOMO, SIKICTH €JeKTpHYHOI eHeprii Oe3nocepeiHbO BIUIMBAE HA
PEKMMHU POOOTH ENEKTPOCIIOKUBAUIB BCIX NMPOMHCIOBHX MIANPUEMCTB Yy
minoMy. JlocniypkeHHs BIUTMBY IMTOKAa3HUKIB SIKOCTI €JIEKTPUYHOT eHeprii Ha
PEKUMHU POOOTH €JIEKTPOOOIaJHAHHS Ta EICKTPOTEXHOJIOTIYHUX YCTaHOBOK,
a TaKOXX OIliHKa MOUITHHUX OOCATIB 1i B EIEKTpOMepexax MPOMHUCIOBHX
MIAMPUEMCTB € BaXIIMBOIO Ta AKTYaIbHOIO 33/1a4€lO0.

[IpobmemaM SKOCTI €NEKTPUIHOT SHEpTii Ta eJeKTPOMArHiTHOI cyMic-
HOCTI CIIO’KHMBAaYiB MPHUCBIYCHO 0arato poOiT BITUYM3HSAHUX Ta 3aKOPAOHHHUX
BueHnX: [. B. XKexenenko, I'. T'. IliBaska, 0. JI. Caenxo, 1. Appunara, I
bomxkepa, /. Bpemii Ta inmux. Tak B po6orti [1], 1e mpoaHani3oBaHO MpH-
YMHY 3HWKECHHSI PIBHSI TIOKa3HHUKIB SKOCTI EIEKTPUYHOI eHeprii Ta 11 BIUIMBY
Ha pOOOTY €JICKTPOCIOKUBAYIB, BiIMIYA€THCS, IO MIAKIIOYCHHS HENTIHIHHO-
r0 HaBaHTAXXEHH JI0 MEPEK MPOMHUCIIOBUX MIANPUEMCTB BiIOYBa€ThCS Xao-
THUYHO Ta HEY3TO/DKEHO. A 1l NMPHU3BOJIUTH JI0 HEKOHTPOJIBOBAHOTO 301JIb-
IIEHHS BCTAHOBJICHOI NMOTY>KHOCTI 00JIa[IHAHHS 1 BUKPUBIISE POPMHU KPUBHX
HaIpyTu Ta CTPyMy i, BIIIOBIAHO, MPU3BOJUTH 10 HOPYIICHHS eJeKTpoMar-
HITHOT CYMICHOCTI CHIOHBAaYiB enekTpoeneprii [1 — 3].

JAns migBHIIEHHS PiBHS ITOKA3HUKIB SIKOCTI €JIEKTPUYHOI CHEepTil B EJICKT-
pomMepexax MPOMHCIOBHX MiJIPUEMCTB TPOIOHYETHCS 3aCTOCOBYBAaTH HH3KY
TEXHIYHUX Ta OpraHi3alifHUX 3ax0/iB. Jl0 MepInX 3 HUX BiTHOCSATHCSI BUKOPH-
CTaHHs MACHBHMX Ta aKTMBHUX (UIBTPIB BHIIMX FAPMOHIYHUX CKIJIAJIOBHX, JIi-
HIWHUX JIpocerteil, TMHAMIYHIX KOMIIEHCATOPiB BUKPHUBIICHHS HANIPYTH, BCTAHO-
BJICHHS BOJIBTO/IOZIATKOBUX TpaHchopmaropis Towio. Jlo opraHizamiifHux 3axo-
JIiB MOYKHA BITHECTH ONTHUMI3AIlif0 CXEMH Ta PEKUMIB POOOTH MEPEXKi, PETyIIo-
BaHHS HAIIPYTH, BUPIBHIOBAHHS HABaHTa)KEHHS (ha3 TOIIIO.

Jlnist 3a0e3nedeHHs elIeKTPOMAarHiTHOI CyMICHOCTI CIIO)KHBAYiB, a TaKOXK
JUISL KOMIUIEKCHOTO TTOKPAILEHHS SIKOCTI HATPYTH B JIOKAIBHUX CHCTEMAaXx eJIeK-
TPONIOCTA4YaHHs BUKOPHUCTOBYIOThCS (PLIBTPU CTPYyMIB HyJIbOBOI TOCIIIOBHOCTI
(®CHII), mapameTpuyHi Ta peryiboBaHi (GUIBTPOCHMETPYIOUi IPUCTPOI, a Ta-
KOX TiOpuHI (UIBTPOKOMIIEHCYIOU] IIEPETBOPIOBAYI Ha X OCHOBI.

OueBuaHo, 1m0 3a0e3neyyBaTH BCiX CHOXKMBAUiB IMiANPHEMCTBA SIKiC-
HOIO eJIEKTPOCHEPTIEI0 HE 3aBXKAN JIOUTHHO, OCKIUIBKH 1€ 301IBIIYE, SIK ITOKa3a-
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HO, BUTPATH Ha €JIEKTPOIIOCTAYaHHs Yepe3 HeOOXIIHICTh 3aCTOCYBaHHS TEXHIY-
HUX 3aXO[iB 3 MiJBHIIEHHS siKocTi. Kpim Toro, B 6aratbox podoTax po3risima-
IOThCS TIMTAHHS IIOJI0 PI3HOTO CTYTICHS BIUIMBY OKPEMHX TMOKA3HUKIB SKOCTI
eNeKTPUYHOI eHeprii Ha e()eKTUBHICTH PoOOTH criokuBaviB. Toxk Ha maHwMit gac
CTa€ aKTyalbHUM IHTAHHS 100 JOIUTEHHUX 00csTiB sikicHOi EE B emexrpome-
pexax KOHKpeTHHX mifnpueMctB. 11106 omiHuTH 1i 00CATH MPOIIOHYETHCS PO3-
JJIATH iX CIIOKMBAdiB HA JEKUTbKA, HATIPHKIIAL, TPH KaTEropii; KOXHa 3 KX
BU3HAYAEThCSl JIOLUIBHICTIO 3a0e3MeYeHHsT Ul HUX ICHYFOYMX BHMOT IIOJIO
SIKOCTI €JIEKTPOEHEPTii.

[lepmra kareropist — Le CHOXKHMBayi, PeXUM POOOTH SIKMX CYTTEBO 3ale-
JKUTB BiJl IKOCTI ENEKTPUYHOI €Hepril 1 1/ KX NOTpiOHO 3abe3nedyBaTy BU-
MOTH II0/I0 HEel y OBHOMY 00cs3i. Jlo HMX MOXKHA BiTHECTH: CNICKTPUYHI JBHU-
T'YHH, €JIEKTPOJI3HI YCTAHOBKH, TEXHOJIOTIYHE 00J1aiHaHHs (00JiaJHAHHS TTOTO-
YHHX JIiHIH, BEPCTaTH 3 YHCJIOBHM IPOTPAMHIM KEPYBaHHSM TOIO), OCBITIIO-
BaJIbHI YCTAHOBKH 13 CBITJIOZIIOTHIMH Ta Ta30PO3PSIHAMH JIAMITaMHL.

Jpyry kareropito cknanarots cnokuBadi EE peskum poboTH SKHMX Jomyc-
Kae He3HAYHE BiIXWJICHHS IIONO TOKA3HHUKIB SKOCTI eJeKTpoeHeprii 0e3 mopy-
IIeHb TEXHOJIOTIYHHX TPOIIECIB Ta Ti, [0 MAIOTH BJIACHI 3acO0H i 3a0e3meycH-
HS: 3BapIOBaJIbHI YCTAHOBKHM, OOYHMCITIOBAIBHI MAIlIMHH, PATiOCTaHIIi, TeJIecTa-
HIIiT, PEHTI€HIBChKI YCTAaHOBKH, KOH/ICHCATOPH Ta BEHTUIIBbHI BUIIPSIMIIYI.

Jlo Tperhoi kateropii BimHOCSTBCsA croxuBadi EE, pexxum pobotu
SIKHX HE CYTTEBO, 200 30BCIM HE 3QJICKUTD BiJl TOKA3HUKIB SKOCTI €IEKTpUY-
HOI eHeprii: KpaHOBI YCTAaHOBKH, Ie4l ONOpyY, AYTrOBi CTaJeIUIaBUIIbHI Meui,
YCTAHOBKH €JICKTPHYHOT'O HArpiBy.

BukoprcTaHHS 3aIpoOIIOHOBAHOTO MIIXOy 10 Kiacuikarii Crio)XuBadiB
Ta BCTAHOBJICHHS TEXHIYHMX 3ac00iB 3a0€3MeueHHs SKOCTI ENeKTpOEHepril
TUTBKH JUTS CHIOJKMBAYiB KaTeropii I J03BOIIsE 3HI3UTH KamiTajdbHI BUTPATH Ha
HuX 110 50 %.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. .DnekTpoMarHuTHas COBMECTUMOCTh MOTpeOuTeneil: MmoHorpadus /
N.B. XKexenenko, A.K. Illugnosckuii, I'.I'. TTusnsk, F0.JI. Caenko, H.A.
Hoiibeprep. M.:MammHoctpoenue, 2012. 349 c.

2. .Mumnoscekuit A. K., XKapkin A. K., Hoscekuii B. O., Karmmnaamii
H. M., Ko3no O. B., Manaxatka JI. O. 3a0e3necucHHs €IEKTPOMArHiTHOT
CYMICHOCTI B JIOKaJIbHHX €JEKTPUYHUX Mepexax. Bicuuk HamionansHoro
texHigyHoro yHiBepcurety «XIII». Cepis: HoBi pimeHHS B Cy4acHHUX TE€XHO-
jorisix, 2018. Ne 26(1). C. 174-183.

3. Lumbreras D., Galvez E., Collado A., Zaragoza J. Trends in power
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PO3POBKA METOJIUKU BUSHAYEHHS BTPAT
EJEKTPOEHEPIII Y HEXOBUX MEPEXAX
EJEKTPOIIOCTAYAHHA

Jnst BUOOpy ONTHMAIBHOTO BapiaHTa CXeMH MEPEeXi [IEXOBOTO ENIeKT-
pornocTayaHHs, He0OXiTHO BU3HAYMTH BTPATH EJIEKTPOEHeprii y 11 Mepexax.

TouHe BH3HAuCHHS BTpAT 3a iHTEPBA] 4acy T MOXKIMBO MPH BiIOMHX
napameTpax R i A Py 1 ¢pynxuiii gacy I(t) i U(t) Ha Bcbomy iHTepBauti. [Tapa-
metpu R i APy 3a3Buuaii Biomi, 1 B po3paxyHKax ix BBaXKalOTh IOCTIHHUMH.
Ane py bOMY OIIip NMPOBOIHHUKA 3AJICKUTH Bi TemmepaTypH. [Hpopmaris
npo pexuMHuX mapamerpax I(t) i U(t) e 3a3Budaii aumie i THIB KOHTPOJIb-
HUX 3amipiB. Ha OumpmocTi migcTaHmii 06e3 0OCIyroBYIOYOTO IMEpCOHATY
BOHH PEECTPYIOTHCS 3 pasd 3a KOHTPoNbHY n00y. Ll iHpopmamis € Henos-
HOIO 1 OOMEXeHa TOCTOBIPHOI, TaK SK BHUMIPH HMPOBOISATHCS amapaTyporo 3
MIEBHUM KJIACOM TOYHOCTI 1 HE OJJHOYACHO Ha BCIX MiJCTaHIIfAX.

VY 3aexHOCT] Biji MOBHOTH iH(pOpMAIii TPO HABaHTA)KCHHS EIIEMEHTIB
Mepexi Ui po3paxyHKIB HABaHTa)KYBAJILHUX BTPAT MOXXYTh BHKOPHCTOBY-
BATHCS TaKi METOMM:

— METO/H IOEJIEMEHTHUX PO3PaxyHKIB;

— METO/IM XapaKTePHUX PEXKUMIB,;

— METOJIN XapaKTepHUX 1i0;

— METO/X YHCIa TOIUH HaHOUTBIINX BTPAT T,

METOJIU Cepe/IHIX HABAaHTAXXKEHb, BUKOPHUCTOBYIOTH (hOPMYJTY;

CraTHCTHYHI METOIH, SKi BHKOPHCTOBYIOTh pPErpeciifHi 3alie)KHOCTI
BTpaT €JEKTPOCHEPrii Bil y3araJbHEHUX XapPAKTEPUCTHUK CXEM 1 PexHuMiB
SJIEKTPUYHHUX MEPEX.

ITpu BUKOPHCTAaHHI CTATHCTMYHUX METOIB BTPATH €JIEKTPOCHEprii po-
3paxoBYIOTh Ha OCHOBHM CTIHKMX CTaTHCTHYHMX 3alIe)KHOCTEH BTpar Bij
y3arajlbHeHUX IapamMeTpiB Mepexi, HapHUKIaJ CyMapHOTrO0 HaBaHTa)KEHHS,
CyMapHOI JOBXHHH JiHIH, umcna miactaHmiin i T.m. Cami K 3aJeKHOCTI
OTPUMYIOTh X OCHOBI CTATHCTHYHOI OOpOOKM MeBHO{ KiNBKOCTI CXeMOTeX-
HIYHHAX PO3paxyHKIB, U KOXKHOTO 3 SIKMX BiIOMi pO3paxoBaHE 3HAUYEHHS
BTpaT i 3HAYEHHsS] YMHHMKIB, 3B’ 530K BTpAT 3 SIKUMHU BCTaHOBIIOEThcA. CTa-
THUCTHUYHI METO/N HE JIO3BOJISIIOTH HAMITUTH KOHKPETHI 3aX0/H IO 3HWKEH-
HIO BTpAT. [X BUKOPHCTOBYIOTh JUIsl OLIHKM CyMapHHX BTpaT B Mepexi. AJie
IpH [BOMY, 3aCTOCOBaHI M0 Oe3miui 00’€KTiB, HampuKiIaj JdiHid 6-10 kB,
JIO3BOJISIFOTB 3 BEJIMKOIO HMOBIPHICTIO BUSIBUTH Ti 3 HUX, B IKMX 3HaXOSTHCS
MicIlsl 3 TiABUIIEHUMHU BTpaTtaMu. lle Ja€ MOXKIMBICTh CHUJIBHO CKOPOTHTH
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00CsTr CXeMOTEXHIYHUX PO3PaXyHKIB, a OTKE, 1 3SMEHIINTH TPYAOBUTPATH Ha
iX IPOBEJECHHS.

IIpu mpoBeneHHI CXeMOTEXHIYHIUX PO3PaxyHKIiB Psi/l BUXITHAX JaHUX i
pe3yIpTaTH PO3pPaxyHKiB MOXKYTh MPEINCTABILITHCA B WMOBIpHICHOI dopwmi,
HaTIpUKJIA] y BUTJIII MaTeMaTHYHAX CIIOAIBaHb 1 TUCTIEPCii. Y nuX BHITAA-
Kax 3aCTOCOBYETHCS amapaT Teopii HMOBIpHOCTEH, TOMY IIi METOIN Ha3WBa-
I0ThCS IMOBIPHICHUMH CX€MOTEXHUYHIMHU METOAAMH.

Mepexi 0,38 kB eHeprocucreM XapakTepu3yIOThCs BIIHOCHOIO IPOC-
TOTOIO CXEMH KOXKHIM JTiHii, BEIHKOI KIJbKICTIO TAKHX JIHIA 1 HU3BKOIO
JOCTOBIpHiCTIO iH(pOpMaIii nmpo HaBaHTaxeHHs. llepepaxoBaHi (axTopu
pOOJIATH HENOLIIPHUM Ha JaHOMY eTalll 3aCTOCYBaHHS Ul PO3PaxyHKIiB
BTpPaT €JIEKTPOCHEPrii y IUX MepexkaX METOJIIB, aHAJIOTTYHHUX 3aCTOCOBYBa-
HHUM Yy Mepekax OLIbII BUCOKHMX HANpyT 1 3aCHOBaHUX Ha HasBHOCTI iH(OP-
Mamil Ipo KOXEH €IEeMEHT Mepexi. Y 3B’s3Ky 3 MM HaOynu HOIIMPEHHS
METOJIH, 3aCHOBaHi Ha mpencTasieHHi JiHid 0,38 kB y BHIIIAOI eKBiBaJeHT-
HUX OIIOPIB.

VK 621.436:621.31:656

Kyunarin J1.0.!, Knumko O.M. 2

! 1-p Texn. Hayk, npod. HY «3anopizbka moiTexHika»
2 kaHJl. TEXH. HayK., ol HY «3arnopisbka nosiTexHika»

HNIABUIMEHHA EHEPTOE®@EKTHUBHOCTI
JU3EJb-TEHEPATOPHUX EHEPTETUYHUX
YCTAHOBOK 3ACOBIB TPAHCIIOPTY

TpancnoptHi 3aco0u 3aiiMarOTh MPOBIIHE Miclie B 33JI0BOJICHHI MOTPed
BUPOOHUYOI cepH, BICHKOBOTO Ta arponpOMHUCIOBOIO KOMIUIEKCIB y Tie-
PEBE3EHHSAX, PO3BUTKY 30BHIITHPOEKOHOMIYHUX 3B’SI3KIB JIEPXKaBH 1 € BaX-
JBUM (DaKTOpPOM 3a0e3MEUYEHHS CTAJOr0 EKOHOMIYHOTO PO3BUTKY IaHMX
ramysei [1], Big 4oro HampsMy 3aJeXHTh 3POCTaHHS BaJOBOTO HalliOHAb-
HOTO MPOAYKTY YKpaiHH.

Jist po3B’A3aHHS MPAKTUYHOI POOJIEMH 3HW)KEHHS €HEPreTHIHNX BH-
TpaT TPaHCHOPTHOI raxy3i BaXXJIMBOIO € 3ajada ITiJBHUIICHHS €HEPreTHYHOI
e(eKTUBHOCTI MapKy TU3ENBHUX arperaTiB, IS BHPIMIEHHS SKOI TOCIIIKY-
IOTBCSI Ta CTBOPIOIOTBCSA CydYacHI KOHCTPYKIII MOOUTBHHUX EHEPreTHYHHX
3aco0iB Ta JpKepeN eHeprii AN HUX, 30KpeMa MPOBOANUTHCS BCTAHOBICHHS
SJIEKTPUYHUX TpaHCMiciii Ha 0a3i cydacHOI MEepeTBOPIOBATBHOI TEXHIKH,
PO3pOOISIOTECS CydacHi aNropuUTMHU yHpaBimiHHSA pyxoM [1]. O6’ekTHBHIMH
repeBaraMu TPaHCIIOPTHUX 3ac00IB 3 €NEKTPUYHUMH TPAHCMICISIMHU € 3MEH-
HICHHS eKCIUTyaTtamiitaux Butpart 10 40%, 3HIKCHHS KUTBKOCTI IIKiTHBHX
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BUKAAIB A0 25%, MeHIIWH piBeHb mIymy [2-7]. Ane THTaHHS IiIBUIICHHS
BapTOCTI €HEPropecypciB BU3HAYAE HAYKOBO-TIPHUKIIATHY MTPOOIEMY pO3BHUT-
Ky HayKOBHUX OCHOB 3MEHIICHHS €HEPrOEMHOCTI JM3eJIb-TeHEPaTOPHUX €He-
PreTHYHUX YCTaHOBOK 3aco0iB TpaHcIopTy. B ocHOBI maHoi mpoOiemu je-
JKUTh HEJOBUKOPUCTAHHS €HEPreTHYHOTO MTOTEHI ATy TU3eb-TeHEPaTOPHUX
cucreM (poOoTa 1o3a MOKIJIMBIMU JUISl AaHOI TPAHCIIOPTHOT OJJMHUILI MeXKa-
MH MaKcHMaJlbHOro craTHyHoro Ta auHamiuHoro KKJI ta miHiMansHOTO
MUTOMOTO piBHS BUTpAT NajiuBa) [1, 2], sike moB’s3aHe 3 HEOOXiJHICTIO TiJI-
BUIICHHS CHEPTETUYHOI €(peKTUBHOCTI JH3eNb-TeHEPATOPHUX CHEPTEeTHIHIX
YCTaHOBOK 3acO0IB TPAaHCIOPTY 3a CTAaTUYHUMHU Ta ITUHAMIYHAMH XapakKTe-
PUCTHKAaMH, a TaKOXX IPH 3aCTOCYBaHHI ENEKTPUYHOTO TaJlbMyBaHHA Ha
KOPOTKHX JWUCTAHIIAX PYyXy, HEOOXIAHICTIO BIOCKOHAJCHHS CHCTEM Kepy-
BaHH Ta allTOPUTMIB YIIPABIIHHS PYXOM.

BupinieHns 3ajadi miIBHIICHHS €HEPTreTUIHOT €()EKTHBHOCTI JAHM3EITb-
TeHEpaTOpHUX EHEPreTUYHHX YCTAaHOBOK 3acO0iB TpPaHCIOPTY B yMOBax
CKJIQJIHOT cUTyallii Ha PUHKY CHEPreTHYHHX pecypciB YKpaiHu Ta HaJaHHS
NPIOPUTETHOCTI PO3BUTKY TPAHCIOPTHOTO KOMIUIEKCY YKpaiHU JI03BOJISIE
3a0€3MeYNTH 3pPOCTaHHS HE3AICKHOCTI BKa3aHOi raiy3i Bij Linoi HU3KK
YMHHUKIB, SKi MalOTh 3HAYHHUI BJIMB HAa OCHOBHI MOKa3HHWKH poOOTH Oara-
THOX IMIJIPHEMCTB Ta CyMDKHHUX chep. EHepro3zoepexxeHHs Ta pamioHalbHe
BUKOPHUCTAHHS €HEPTii IMiJ] YaC BUKOHAHHS TEXHOJIOTIYHUX MPOIIECIB Y BCIiX
ciyk0ax Ta TOCIIOAapCTBaX TPAHCIIOPTY € OCHOBHUM PE3EPBOM PO3BUTKY Ta
3a0e3MeUeHHsS CTAOUTPHOCTI 0araTboX CyMIKHHX Tally3ed B HaWOMKUiit
MIEPCICKTHBI.

Bkazana npaktudHa mpoOiieMa HOCHTh KOMIUIEKCHUH, OaraToKpuTepi-
albHMI XapakTep. [1 BUpilIEHHs BUMarae JOCHiIKEHHs 1IN0l HM3KU CKIajl-
HHUX HAyKOBO-TIPaKTUYHHX 337a4, NMOEIHAHHS IX pIlIEHb B €IUHY CHCTEMY
B32€EMOIIOB’13aHOTO (DYHKIIIOHYBaHHSL.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. Tayy3eBa mporpama eHepro30epexeHHs Ta BIIPOBA/DKECHHS ajbTep-
HAaTUBHMX BHJIB nainuBa Ha TpaHcnopti Ha 2006-2010 poku Electronic
Resource. Il «epxaBrorpancH/[Impoekt». Mode of access:
www.insat.org.ua/files/menu/tk/info/programa.doc Last access: 20-03-2008.
Title from the screen.

2. Bbacos I'. T'. MeToauka OIIIHKM TEXHIYHOTO PIBHS JH3EIb-TIOI3IIB.
[linBumieHHsT eKcIuTyaTaniifHoi eeKTHBHOCTI TSArOBOTO PyXOMOTO CKIIAy.
X. : XapJIA3T. 2000. Ne 41. C. 5-8.

3. MMadu Hanepu Anmu Acrap. CoBpeMeHHbIe nu3enb-moesna. JKemes-
HBIe oporu mupa. 2003. Ne 12. C. 22-33.

24



4. luzenp-nioe3ia ¢ MexaHudeckoi mnepenadeil. XKenesnble noporu
mupa. 2006. Ne 10. C. 25-27.

5. AntomenkoB P. B., ArromenkoB B. M., I'onyoamunii M. A., Illa-
noBasioB /1. I. [loBeilIeHre TEXHUKO-3KOHOMUYECKUX MTOKa3aTeleil TpakTopa
TaroBoro kiacca 30 kH tuma XT3-17022. Bicauk XapKiBChbKOTO HaIliOHa-
JFHOTO TEXHIYHOTO YHIBEPCHTETY CITBCHKOTO TocmomapcTBa imeHi [lerpa
Bacunenka. Cepist « Texniuni Haykm». 2013. Bumyck 135. C. 30-38.

6. @nopenues C. H., 'aponun /[I. JI., Bopo6ses U. K., I'opaees JI. 1.
T'oponckoit mapupyTheiit aBTo0yc JIMA3  5292XX c¢. koMOMHUPOBAaHHOM
sHeproycraHoBkoi. Yacte I. OOmme xapakrtepuctuku aBToOyca JIMA3
529XX. Onekrporexnuka. Ne 7. 2009. C. 20-25.

7. Pynmas K. U., Jlorunosa E.}O. TemnoBo3sl. Dnekrpuyeckoe 000py-
JIOBaHHE M CXEMBL. YCTPOHCTBO U peMOHT: Yue0. st TexH. mK. M.: TpaHc-
nopt, 1991. —303c.

YK 692.92
Maxmin I1.B.
KaHZ. TeXH. HayK, fnom. HY «3amopi3pka moiTexHikay

JOCJIIKEHHSA SIKOCTI EJIJEKTPOEHEPT'TI Y MEPEKAX 3
INEPETBOPIOBAJIBHUMHA YCTAHOBKAMUA

Ha 3aBojiax 4opHOi Ta KOJbOPOBOT METaIyprii Ta MiINpPHEMCTBAX XiMi-
YHOT NMPOMMCIIOBOCTI, JIe TEXHOJOTIYHUI MPOIEC TPOBOIUTHLCS MOCTIIHOMY
CTPYMIi IIMPOKE 3aCTOCYBAHHS CUCTEMH BHIPSMIICHOTO CTPYMY 3 BHKOPHC-
TaHHSIM BEHTHJIBHMX IepeTBopioBadiB. OcoOIHUBICTIO POOOTH TaKUX CIIOXKH-
BadviB € BIUIMB iX Ha SIKICTh €JIEKTPOEHeprii KMBUILHUX Mepex. Y CBOIO
4yepry HopMallbHa po00Ta eNeKTPOyCTaTKyBaHHS 3aJIe)KUTh BiJl SIKOCTI eJeK-
TpoeHeprii *XKUBWIBHOT cucTeMH. Takui B3a€MHHMH BIUIMB EIICKTPOOOIIAI-
HaHHS Ta XMBWJIBHOI CHCTEMH BH3HAYalOTh TEPMIHOM «eJICKTpOMAarHiTHa
CYMICHICTB». AKTyaJIbHOIO 33/1a4€l0 € 3MEHILICHHS BIUIMBY II€PETBOPIOBAIIb-
HHUX YCTAHOBOK Ha Mepexi

XapaKkTepHOIO OCOOIHBICTIO pOOOTH BEHTHIHHHX IEPETBOPIOBAYIB €
TeHepallis BHIIMX TapMOHIMHHX CKJIAIOBUX y Hampysi. s mocmikeHHs
BIUIMBY TaKUX YCTAHOBOK IPOBEJIEM pO3PAXyHOK BHIIMX TapMOHIYHUX
CKIIQJIOBHX HANPYTHU B EJICKTPUIHIN Mepexi 3a popmyoro:

Uvd :Zvdlvdz >
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vd

ne V4 — ganpyra v-i rapMoHikM Ha 3aThckadax d —i JaHKH, — TIOBHHH

1
. S . d .
OTip JIAHKH Ha YaCTOTi I1i€i rapMOHiKH, DI CyMa rapMOHIYHHX CKJIAIOBHX
cTpyMy y d-iii aHmi, o oOyMOBIIEHa JIi€l0 BCIX JPKepesT BULLIMX TapMOHIK.

Ctpym™m v-i rapmoHiku B d —i nanku, 00yMOBJI€Ha HANpyTo0 p-i JaHKU

1 g PO3PAXOBYETHCs 32 (hopmyioo:

1,=k I

v vpd ™~ vp 2

ne kvp 4 — KOEQIllieHT pO3Moiny HaNpyru v-i TapMOHIKU MiX p-i 1 d- nan-

KaMH1 CXEMU 3aMiH.[€HHH.

[TincymMOByBaHHS BHMIIMX TapMOHIK HAmpyrd HENiHIMHUX HaBaHTa-
JKEHB, MIAKIIOUEHUX JI0 PI3HUX CEKLil (CHcTeMaM IIMH) OJHOI abo JeKijb-
KOX TIiJCTaHILil, B KOXHIH JaHI CXeMHU 3aMillleHHs TPOBOAUTHCS 3 ypaxy-
BaHHJIM XapakTepy HEMiHIHHOTO HaBaHTaxeHHs. /[ 12-myabCHOT BHIIPSIM-
HOi YCTAQHOBKHM JOCTAaTHBO OOMEXHTHCS PO3paxyHKoM 25- rapMoHiHHOT
CKJIaJI0BOI.

Sk moka3anu po3paxyHKH KOe(ilieHT CIIOTBOPEHHS CHHYCOIIN HANpy-
TH JUISL TIOTY’KHHUX CIIOKMBAYiB IEPEBHIIY€E JOMYCTHME 3Ha4eHHsS — Oinblire
5%, 1 Tpeba BBOAUTH (iTBTPO-KOMIIEHCYIOUI MPHCTPoi — (PiabTpH BHIIMX
TapMOHIYHHX CKJIaJ0BHX.

JJ1 MOTY>KHUX CHOXHBAYiB HA BUIPSMIICHOMY CTPYMi BHOpaHi (BiibT-
PH BHIUX TAPMOHIYHUX CKIaA0BUX 3-i, 5-i, 7-i Ta 11-i rapmomnik. Ilpu pe3o-
HAHCI CTPYyMIB y By3JIi Mepexi 3 00Ky BHUILOT HAIIPYTH 33 YaCTOTOIO V-i rap-
MOHIKH OHp MepesKi BUSIBISIETBCS YUCTO aKTUBHUM. Y 1IbOMY BHUIQJIKy Haii-
OinblIe 3HAUEHHS KOe(illieHTa CIIOTBOPEHHS CUHYCOIIN HANPYTH:

b = [ 1srh ],

R V=2

ne k R= Rk /' X % — CKBIBAICHTHI aKTHBHUH i iHAYKTHBHHUH OTIOPY KOPOT-

KOT'0 3aMUKaHHS Y BY3J1; I y¥ * — BIIHOCHE 3HAYCHHS CyMapHOIO CTPYMY V-

1 TapMOHIKH JDKEPE; N - HOMEP OCTaHHBOI 3 BpaXOBaHUX I'APMOHIK.
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B pe3ynbrari npoBeAeHUX AOCIIUKEHb NP BBEAEHI (iIBTPIB BHLIUX
TApMOHIYHHX CKJIAIOBUX 3HHM3HUBCA piBeHb 11-1 Ta 13- rapMOHIUHUX CKJa-
JOBHX HANIPYTH, a TAaKOXK 3MEHIIMBCS KOC(]Ii€HT CIIOTBOPEHHS CHHYCOINN
HAaIPyTH 0 HOPMOBAHOTO 3HAYCHHS.

CIIMCOK BUKOPUCTAHOI JIITEPATYPA

1. ACTY IEC 61000-2-2-2001. EnexrpomaruitHa cymicHicTs. YacTu-
Ha 2. EnexkrpomarHiTHe oToueHHs. Po3nin 2. PiBHI cyMiCHOCTI AJIsl HU3BKO-
YaCTOTHUX KOHIYKTHBHHUX 3aBaJl Ta CUTHAIIIB CHCTEM IIepeJjaBaHHs B HH3b-
KOBOJIFTHHX EJIEKTPONOCTaYaIbHUX CHUCTEMaxX 3arajbHOro MpU3HAYCHHS
(IEC 61000-2-2:1990, IDT).

2. Cenbko B.I. CuoBa mepeTBoproBaibHa TeXHika. KOHCICKT JEKIIii.
HapuanpHuii mociOHuK EnekTpoHHe MepexHe HaB4aibHe BHAaHHs/ B.I
Cenpko, K.B. Tpy6imun. B.l.Uubemic. — Kuis, KIII im. Irops Cikopcekoro.-
2022p. —241c.

VK 628
3abomnotHsiit A.IL.
KaHJI. TeXH. HayK, nou. HY «3amnopi3bka nomirtexHika»

NIABUINMEHHSA ECEKTUBHOCTI CUCTEM
EJIEKTPOIIOCTAYAHHSA I'PYIIN LIEXIB

[TpuckopeHHsT HAyKOBO-TEXHIYHOTO IIPOrpecy BHMarae BIPOBa-
JDKEHHSI Cy4aCHUX TEXHOJIOTIUYHHX MPOIIECIiB, B IKUX 3aCTOCOBAaHI yCTaHOB-
KM 1 IPUCTPOi 3 BUKOPHUCTAHHSM eleKkTpuuHoi eHeprii. Lle morpebye rmo-
JaJIbIIIOT0 PO3BUTKY ENEKTPUYHHMX MeEpeX NPOMHUCIOBHUX IiIPUEMCTB Ta
CIJIBCHKOTO TOCIOAApCTBA Ta 1X MOJCpHI3allii it 3a0e3reueHHs] eKOHOMI-
YHOTO Ta HAJIHOTO €JIeKTPOINOCTaYaHHS CII0)KUBAYiB.

3HIDKCHHS BTpAT ENICKTPOCHEPril y JKUBILSUIA Ta PO3MOAUIRYIA Mepe-
JKaxX TPYIHU IIeXiB, a TaKOX 3aCTOCYBAaHHsS €Hepro30epiraroumx TEXHOJOTIH i
CHCTEM aBTOMATHYHOTO KEpyBaHHsS TEXHOJIOTIYHOTO Tpouecy 3abesnedye
3HIDKCHHSI COOIBapTOCTI MPOIYKILi, 0 BHITyCKaeThCs (0COONMMBO e(eKTHB-
HUM € 3HWKEHHS BTpaT €JIEKTPOCHEPTii Il eHEProEMHUX BHUPOOHHITB, Iie
YaCTKH BTPAT Ha EJIEKTPOSHEPTil0 CTAHOBIATH 3HAYHY BEJIMYMHY Yy 3aralib-
HUX BUTpaTaXx HA BUIYCK NPOAYKMii), i B KIHIEBOMY MiJCYMKY INpPU3BOINTH
JIO TIiIBUIIEHHS KOHKYPEHTHOI 3/IaTHOCTI MPOTYKITii.

o enepro3bepirarounx 3axojiB, fKi 3aCTOCOBYIOTHCS B E€IEKTPHY-
HHUX MEpexax HaJleKarhb :
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— BUOip palioHANBHOI KINBKOCTI 1 pO3TamIyBaHHS JKEpeN KUBIICH-
H Ta By3JiB HABaHTa)XCHHS, a TAKOXK CXEMHU iX ENCKTPHUYHMX 3 €IHAHB, L0
3a0e3neuye BUMOTH HaAIHHOCTI E€JIEKTPOIOCTayaHHs CIIOKMBAYiB Y Bij-
MOBITHOCTI 10 1X KaTeropii 3a [TYE;

— BUOIp panioHaTbHOT KUIBKOCTI 1 pexxumy poOoTH TpaHcdopMmaTopiB
KTII,

— BUOIp ONTHMAaJbHOI MOTYXKHOCTI 1 MICISI YCTAaHOBKH KOMIICHCYIO-
YUX IIPUCTPOIB;

— 3aCTOCYBaHHSI aBTOMAaTHYHOTO KEPyBAHHS €JIEKTPOCHOXUBAaHHAM Ha
OCHOBI BUKOPHUCTaHHS KOMIT IOTEPHUX TEXHOIOTIH.

IIpn mpoekTyBaHHI CHCTEMH €JEKTPONOCTadaHHS TIPYIH LEXIB Ta-
KOK HEOOXiTHO 3a0e3MednTH SKICTh €JIEKTPOCHEprii y BIAMOBITHOCTI IO
BuMor ['OCT 13109-97 — «SIKicTh eNeKTpHIHOI SHEePTii».

KOHCTpYKTHBHE BHKOHAHHSI MEPEX EJICKTPOIOCTAYaHHS TPYNH Iie-
XiB IOBUHHO BpaxOBYBAaTH BHMOTHM TEXHIKH O€3IeKH, KaTeropiero Ipu-
Mimmenss 3a [IYE, a Takox MJOIUIBHICTh 3aCTOCYBAaHHS KOMILICKTHHX
NPUCTPOIB, LIO 3a0e3Meuye CKOPOYECHHS CTPOKIB MOHTa)Xy 3aBAsSKH 3a-
CTOCYBaHHIO 1HAYCTpiaJbHUX METO/IIB.

Kpum Toro, peneiiHuii 3aXUCT 1 aBTOMAaTHKa € YaCTHHOK KOMILIEK-
Cy eNeKTpooOIaHaHHA CHCTEM eJeKTpornocrayaHHi. be3 HuUX Ha cywac-
HOMY TEXHIYHOMY piBHI HEMOXIIHBO 3MIiMCHIOBATH HaIiliHE EIEKTPOIIO-
CTa4aHHs CIIOKMUBAUiB.

TakoX NpH TNPOEKTYyBaHHI ENEKTPHUYHHMX MEPEX NPOMHUCIOBUX IIij-
NPUEMCTB TOTPIOHO BHMKOHYBaTH BHUMOTH OXOPOHH IIpalli Ta HPOMHCIO-
BOI caHiTapil.

YK 621.311
Jpsiuenko B.B.
KaHJI. TeXH. HayK, fo1. HY «3amopi3bka noiitexHika»

OIIHKA E®EKTUBHOCTI KOMIEHCAIIIi PEAKTUBHOI
HOTYXKHOCTI IIIJI YAC IIVTAHYBAHHI
EHEPT'O3BEPII'AIOYUX 3AXO/IB

OpmHM i3 OCHOBHHX 3aCO0iB II0/I0 3HIKEHHS BTpAT €JICKTPHYHOI eHe-
prii B cMcTeMax eNeKTPONOCTaYaHHs € KOMIIEHCALlisl PEaKTHBHOI MOTYXHOC-
ti (KPII) [1,2]. Busnauansaumu 3amagamu KPIT € BubGip motyskHOCTI KOM-
nercyrounx npuctpoiB (KII) Ta cmocobiB iX MIIKIIOYEHHS y MEpexKi.
Po3B’sa3anHs nux 3amaq 3ymMoBiATh BapTicth KII Ta 30Hy KoMneHcauii, i, sk
HACJIiJIOK, TEXHIKO-€KOHOMIYHI TTOKa3HUKHU €JIEKTPHYHOT MEpexi.
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Jns ouinku edexrnBHOCTi KPM HEoOXigHO po3paxyBaTu HacTyIHI
TEXHIKO-€KOHOMIYHI IMOKa3HUKY: KamitanoBkianeHHs Ha KII Ta komipku mis
migkmodeHas BucokoBonbTHUX KII; pivHi BUTpaTé Ha aMOPTH3aLil0 W IMO-
TOYHHH PEMOHT BKA3aHOTO €JIEKTPOOOIaJHAHHSI; BapTICTh BTPAT €IEKTPOE-
Heprii B CHCTEMI eJIeKTPONIOCTauYaHHS.

Tpeba BpaxoByBaTH § IUIATy 3a peakTUBHY enekrpoeHepriro [3]. Tak,
HEe3Ba)XKAaI0YH Ha Te, 0 mix dac po3paxyHKy KPII momepxyroTecs BUMoram
3a0e3neueH st KoedilieHTy peakTHBHOI motyxHocti — 0,25, oqHak 3acTocy-
BaHHS CTaHJIAPTHUX HOMiHaJNBHHUX ToTyXHOcTeH KII 3amicTh po3paxyHko-
BUX NPU3BOJUTH JI0 HeOalaHCy PEakTUBHOI IOTY)KHOCTI, a 3HAYUTh W 10
pI3HOTO CHOXXKMBAHHS peakTHBHOI enekTpoeHeprii. Ilmata 3a peakTuBHY
MOTY>KHICTh BU3HAYAETHCS 32 (hopMyJioro, TpH [3]:

I1=TI1 + 12 — I13,

ne 1] — ocHOBHA IUTaTa 3a CIIOKUBAHHS 1 TEHEPAIlil0 PEaKTUBHOI €JIeKTpoe-
Heprii; /12 — HajbaBKa 3a HENOCTaTHE OCHAIICHHS EJIEKTPUYHOI Mepexi
croxwnBada 3acobamu KPII; /13 — 3HIKKa IUIATH 32 TEHEPALII0 Ta CIOXKH-
BaHHS PEAKTUBHOI ENEKTPOSHEPTIl y pa3i ydJacTi CIOXKMBaya y ONTUMAIBHO-
My N0OOBOMY peryJloBaHHI PEXHUMIB MEpeXi eJeKTpoIlepeaBalIbHOI opra-
HizaIii y po3paxyHKOBHUH MEPioJ.

HanbaBka /12 HauucnseTbesl y pasi, KO KOedilieHT peakTHBHOI HO-
TYXKHOCTI £g¢ Ounbi 3a 0,25. 3umxka /713 piBusierses 0, Tak sk 3aBoj He Oepe
y4YacTh Y PEryJIIOBaHHS PEXXUMY CIIOKUBaHHS Juisi eHeprocucteMu. OCHOBHA
IUlaTa 32 PEaKTHBHY €JIEKTPOCHEPrito (IJisi 3aBOJy — PEKHM CIIOXKHBaHHS)
111 Bu3HAYAETHCS 32 HOPMYIIOIO:

Il = WQ-D-B )

ne WQ — crnoxuBaHHS PEaKTUBHOI eIeKTpoeHepril 3a pik, KBAp-rom; D —
€KOHOMIYHHUH eKBIBaJICHT PEaKTUBHOI MOTYXKHOCTI, (HAIPUKIAJ, U1 JOCIi-
JDKYBaHOI eJIeKTporepeaaBaIbHol opranizaiii gopisaroe 0,0572 kB1/kBAp);
S — Tapu 3a eneKTpUIHy eHeprito, rpH/KBT oI

CrnoXMBaHHS PEaKTHBHOI €JIEKTPOCHEPTi] 32 PiK BU3HAYAETHCS TaK:

WQ = Q’ex-Tmua.

OmHUM 3 HaNpPSMKIB MiABUIIEHHS €HeProe(eKTHBHOCTI €IEKTPUIHUX
MepexX y paMKax PeKOHCTPYKIii komOiHaTy OyB BHOip THIy iioro mkepena
XKuBJIeHHS. Posrisgamics HacTynHi BapianTH:l BapiaHT — IAKIFOYEHHS
nexoux KTII 10/0,4, a Tako)x BHCOKOBOJBTHHUX CHHXPOHHHX JIBUTYHIB
(C-10 kB) no mxepena xusnenHs — [1I'B 150/10 kB, sikuii po3TaioByeTh-
cs y IEHTPi eNIEKTPUYHUX HABaHTaKEHb; 2 BapiaHT — 3aCTOCYBAHHS JIBOX
mxepen xuneHHs PII1 # PII2 Ge3 Tpancdopmariii, sKki po3TamoByIOTHCS
01yt HacocHO1 Ta KoMmpecopHoi, e BctanoBieHi CJI-10 kB. 11i BapianTu, sk
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MOKa3aju po3paxyHKH, MalOTh CBOI po3B’s3anHs npodiemu KPIT: mist mep-
IOr0 3acTOCOBYIOTHCSl BHcOKOBONBTHI KII cymapHoro motyxHictio 1800
kBAp, a y apyromy 3600 kBAp, mo npusBene 10 pi3HOIO CIIOKHUBaHHS
PCaKTHBHOI €IEKTPOCHEPrii, a 3HAYUTh i JI0 pi3HOI IUIaTH 3a Hel. BusHavu-
MO, HACKIJIBKH IS TIJIaTa Pi3HUTHCS.

3a paxynok BukopuctanHsi CJI-10 kB HacocHOi Ta KOMIpecopHOi y
AKOCTI JKepella peakTUBHOI MOTYKHOCTI, 3HM3WIIACH BEIMUNHA CIIOKUBAHHS
peaxTtuBHOI moTy>kHOCTI (Op ). Takox mpu 3aCTOCYBaHHI PEaKTUBHOI MOTY-
)HOCTI BHCcOKOBONBTHUX KII (QOsxn) ckmanerbcss HebOamaHC peaKkTHBHOI
notyxHocTi (4Q). Toni 3amicTh BenmmuuHn Qex (sIKa HagaeThCs BiJ €HEPro-
NOCTa4yaIbHOI opraHizauii), Oyne croxusaTtucs BennunHa Q’ex. [Ipu HeOa-
JIaHC1 PeaKTHUBHOI MOTYHOCTI, SIKUil BU3HAYa€eThes 3a popmyIioro:

AQ = Qp’ — (Qex + QBkm), 4)

MOe 3HU3UTHUCS (200 30LIBIINTHCS) BEJIMYMHA PEAaKTUBHOT OTY>KHOCTI, 110
HepeaaecThes BiJl €eHeproCUCTEMH, TOOTO:

Q’ex = Qex = AQ. %)

3 po3paxyH1<113 PSXUMY CIIOXMBAaHHSA PEaKTHBHOL eneKTpoeHeprn JULst
MepIIoro BapiaHTy HeOalaHC PEaKTUBHOI IOTYKHOCTI CKJIaAe BiJg €MHE
3HaueHHa 313,3kBAp, a ckoperoBaHa BeJWYWHA PEAKTUBHOI MOTY>KHOCTI,
1110 MepeaacThes Bij eHeprocuctemu Oyzae nopisHioBaru: 2830,1 kBAp. s
JPYToro BapiaHTy 1Ii BEJIMYMHHU CKIaAyTh BinnosiaHo 578,9 kBAp i 1029,5
kBAp. CrioxxuBaHHSA peakTHBHOI €Heprii BiJ ABOX JKepell *KUBJICHHS 3HH-
3uThesl y 2,7 pasu W MOPIBHSHO 3 MEPIIMM BapiaHTOM piyHA oIulaTa 3a Hel
3HU3UTHCS OUTHIT YiM Ha 2,5 MutH.rpH (1pu Tapudi 4,17 rpa/xBT-rox).

Sk TIOKa3yIOTh MOAANBIII JOCIIHKEHHS, U1 KOPEKTHOT OIIHKA e()eKTHB-
HOCTI eHepro30epiratoumx 3axo/iB (K B yMOBaX €KCIUTyaTallil Tak i IpoeKTy-
BaHHI) Tpeba OOOB’S3KOBO BKJIIOYATH 0 3arajbHOMPHAHATHX EKOHOMIYHKX
MOKa3HMKIB ¥ IUIaTy 3a CIOKMBaHHS peakTWUBHOI eHeprii. Lle BimHOCHTBCS 11O
NPUAHATTS PILLICHHS 11111 4ac BUOOpY Takoro 3axony sik KPIL

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. kpabeus @. I1. OcHOBH enekTpornocTadyaHHs. J{HIIPONETPOBCHK:
HI'Y, 2012. 465 c.

2. Mimux B. 1., ITaBnenko T. II. EnexrpornocrayaHHsi NMpOMHCIOBHX
nianpuemct. Xapkis: @OII [Tomos, 2016. 272 c.
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VAK 621.311

IIpam O. A.!, Kmuvko O.M. !, Ceepryn A. B. 2

! kang. TexH. Hayk, gou. HY «3anopisbka IOTEXHIKa»
2 acm. HY «3amnopi3bKa IOiTEXHIKa»

BILJIMB HATIIBITPOBITHUKOBOI ITEPETBOPIOBAJIBHOT
TEXHIKH HA AKICTH EJJEKTPUYHOI EHEPTTI
BHYTPIIIHBO3ABOJCBKUX MEPEX

HamniBnipoBigHIKOBa IepeTBOpIOBANbHA TEXHIKA — II€ TIPHCTPOT, 10 Ma-
IOTh Y CBOEMY CKJIaJli HAITiBIIPOBITHIKOBI €JIEMEHTH IS TIEPETBOPECHHS €JICK-
TpU9HOI eHeprii 3 ofHiel popMH B iHIIY Ta peryiroBaHHSA i mapamerpis. J{o
HUX BIHOCSATHCS: IHBEPTOPH HANPYTH, L0 TEPETBOPIOIOTH TOCTIIHY HANpyry
Ha 3MIHHY Hampyry pi3HOi YacTOTH 1 aMILTITYA1, NIMPOTHO-IMITYJIbCHI MOY-
ssitopu (LLIIM), siki BUKOPUCTOBYIOTBCS JUISl KEPYBaHHS 3MIHHOIO HAalIpyToo B
€JICKTPOIIPUBO/II, KEPYIO4i BEHTHJI, 110 BHKOPHCTOBYIOTHCS JJIS KEpyBaHHS
€JICKTPUYHUM CTPYMOM B €JIEKTPHYHUX Mepexax, KOMyTaliifHi MPUCTpOi, SKi
BUKOPUCTOBYIOTBCS JUIs IEPEMUKAHHSI €IEKTPUYHOTO CTPYMY B CHIIOBIH eJeK-
TPUYHIA MEpesxi, MPUCTPOI YACTOTHO-PETYIHOBAHOTO MPUBOLY TOLIO.

SIKiCTh eNeKTPHYHOI €Hepril — [e CYKYIHICTh OKa3HUKIB SKOCTi ENIEKTPO-
ereprii (ILAAE), mo HUX BiJHOCATHCS TaKi TMOKA3HUKH SIK: BiIXWICHHS HAIPYTH,
pO3Max KOJMBAHHS HAaNpPyTH, KOSQIIIEHT CIIOTBOPEHHS CHHYCOiAIBbHOI KPHUBOL
HAIpyTH, KOSPIliEHT HECUMETPIi HAIIPYT 3a 3BOPOTHOI TOCTIJOBHOCTI, Koedii-
€HT HECUMETPIl HATIPYT 33 HYJIHOBOI MOCIIIOBHOCTI, BIXMJICHHS YaCTOTH, TPH-
BaJIiCTh NMPOBAJTy HANPYTH, KOS(ILIEHT THMYACOBOT EPEHAIIPYTH.

[Tonpu mHMpoke BUKOPHCTAHHS HAIMIBIPOBIIHUKOBOI MEPETBOPIOBAIIb-
HOI TEXHIKHM B POMUCIIOBOCTI Ta SIK HACJIIOK MOKPAIIEHHS SKOCTI TEXHOJIO-
TYHHMX TMPOLECIB, MOXJIMBOCTI IIMPOKOTO KEPYBaHHS LIBUIKICTIO 00epTiB
ACHHXPOHHOI'0 €JIEKTPUYHOTO JIBUTYHA, BUKOPUCTAHHS HAIIBIPOBIIHUKOBOT
NIepETBOPIOBAJILHOT TEXHIKM Ma€ W CBOI HENOJIKH, 30KpeMa IOTipIICHHS
ITSE [1]. B 6arathox poOoTax BITYM3HSHHX Ta 3aKOPJOHHUX BUCHHX 3a3Ha-
YaeThCS HETaTUBHUI BILUIMB HAIIBIIPOBITHUKOBUX EIIEMEHTIB Ha KOS(IIlieHT
CIIOTBOPEHHSI CHHYCOIHOCTI KpuBOi Hanpyru. Tak B po6oTi [2] 3a3Ha4a€eTh-
csl, 10 BUKOPUCTAHHS BEHTHJIHHOI MEPETBOPIOBAIBHOI TEXHIKH CHPUYUHSE
TIOSIBY BHIIMX FapMOHIYHMX CKJIAJIOBUX HANpPYTr# 3-0ro, 5-0ro, 7-0ro mopsia-
KiB. B po6orti [3] po3rmsanyTo 3actocyBanHs UPII B enexkTpuaHNX Mepexax,
pu 3actocyBanHi UYPII minBumyeTscst KoeilieHT CIOTBOPEHHS CHHYCOina-
JIbHOT HANPYTHU B €JIEKTPUYHUX MEPEKax.

Bumii rapMoHi4HI CKJIaI0Bi HAIIPYTH HETATHBHO BIUIMBAIOTH HAa POOOTY
KOHJICHCATOPHHUX YCTaHOBOK, MOXKYTh MPU3BECTH JI0 BUXOY 13 Jamy pamioe-
JIEMEHTIB 1 MIKpPOCXEM KOMII'IOTEPHHX CHCTEM, HETaTUBHO BIUIMBAIOTh HA
poOOTY cHCTEM TeleMeXaHIKH Ta aBTOMAaTHKH, 3HMXKYIOTb HaIilHICTH Ta
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MiIBUILYIOTh BapTICTh BHKOPUCTAHHS CIEKTPUYHUX MEPEeX, 3MEHIIYIOTh
TEPMiH eKCIUTyaTarlii eleKTpooOIagHaHHS Ta MPU3BOAATE 10 iHIIUX HETaTH-
BHUX HACIIIJKIB.
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OCOBJIUBOCTI PO3BUTKY BITPOBOI
EHEPTETHUKHA B YKPATHI

BitpoenepreTuka € criocoboM OTpUMaHHS €JIEKTPUYHOI eHeprii 3a Jo-
MIOMOT'OI0 BITpY. 3ac00M OTpHMaHHs eHeprii BITpy — BITpOoTypOiHH (BiTpOre-
HepaTopH, BITPOBI YCTaHOBKH), sIKi 00’ €IHYIOTh y TaK 3BaHi BITPOEJIEKTPOC-
taHmii (BEC). BiTpoenepreTnka — ramy3pb BiTHOBHO{ €HEPTeTHKH, SKa CIeIi-
ali3y€eThCd Ha BUKOPHCTaHHI KiHETHYHOI eHeprii BiTpy. Lle onun 3 TX cmo-
c00iB BUKOPUCTAHHSI €HEPTii HABKOJIUIITHHOTO CEPEeIOBUINA, IO OYB BiJOMHUIA
3 maBHiX daciB. Jkepeno BiTpoeHepretuku — COHIE, OCKITbKA came HOro
AKTHBHICTb CHPUYUHIOE YTBOPEHHS BiTpY. ATMOcdepa 3emiti BOMpae COHsU-
Hy pajialiro HepiBHOMIPHO Yepe3 HEOJHOPIAHICTS i MOBEpXHI Ta Pi3HUI KyT
NaJiHHS CBITJIa y PI3HMX IIMPOTax y Pi3Hi Hmopu poky. IToBiTpst posmmpro-
€TBCS Ta Mi/IIHMAETBCS yropy, yTBOPIOIOUM MOTOKU. Tam, ae moBiTpst Harpi-
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BAa€ThHCs OLIbLIe, 11l TOTOKH MiJJHIMAIOTHCS BHIE 1 30CEPE/IKYIOTECS Y 30HaX
HHU3BKOTO THCKY, @ XOJIOAHIIIE TOBITPSI 3aIMIIAETHCS HUKYE, CTBOPIOIOYHN
30HH BHCOKOTO THCKY. Pi3HHIS atMocepHOTO THCKY 3MYIIy€e MOBITPS Iie-
pecyBatHcs Bifl 30HH BHCOKOTO THCKY /0 30HH HH3BKOTO THCKY 3 IPOIOp-
uiftHoro mBHKicTIO. el pyx moBiTps Mu i Ha3mBaemo BiTpoM. 1106 Haii-
Kpaile BUKOPUCTATH BITPSHY €HEPTilo, BAXKIMBO JOCKOHAJIO PO3YMITH J00O0-
Bi Ta CE30HHI 3MiHHU BIiTPY, 3MiHYy IIBUAKOCTI BITPY 3aJI€KHO BiJ] BUCOTH HAJl
MIOBEPXHEI0 3eMIJIi, KUIBKICTh IOPUBIB BITPY 3a KOPOTKI BiApi3KM 4acy, a
TaKOK MaTH CTAaTHCTHYHI naHi Xova 6 3a ocrtanHi 20 pokiB. Bix 3arampHOi
kimbkocTi eHeprii CoHi ymmre 1-2 % MepeTBOPIOETHCS HA SHEPTII0 BITPY.
I KiTbKICTh BII’SATEPO MEPEBUIIYE PIYHY CBITOBY CHEPreTHYHY HOTPEOY.
CyyacHa TEXHOJIOTisS J1a€ 3MOTY BHUKOPHCTOBYBATH TIIBKH TOPH30HTAJIbHI
BITpH, II0 PO3MillleHi OJU3BKO O MOBEPXHI 3eMIli I MAIOTh IMIBUAKICTH BiJ
12 no 65 xm/roa. OcHOBHA BiIMiHHICTh TaKOi €IEKTPOCTAHIIIT Bill TpaIuIiii-
HUX (TEIUIOBHX, AaTOMHUX) TOJISTA€E y MOBHIH BIACYTHOCTI CHPOBHHU Ta Bifl-
X0JiB. €IMHA OCHOBHA BHMOTAa — BHCOKHH CEpeIHBOPIYHHN PiBEHB BITPY.
[oTyXHICTh CyYacHHX IPOMHUCIOBHX BiTpoTreHepaTopiB mocsrae 6 MBT.
JItogcTBO BUKOPHCTOBYE eHEpriro BiTpy Bke Oinmbire 5000 pokiB. OgHuM 3
HaWTIepIINX BUHAXOIB, KU 3aCTOCOBYBaB BUKOPHCTAHHS €HEPril BiTpy, Oyso
BiTpmio. [le y 3500 p. 10 H. €. MOpEIUIaBIII BUKOPUCTOBYBAJIM CHJIY BIiTpY, 100
iTH i BiTpuiiamu. BitpuibHi 4oBHU xoaumu Hinom y JlaBueomy €runri. To6-
TO BITPWJIO OYJIO TEPIIOIO JIONATEeBOI0 MAIIMHOIO, 110 BUKOPHCTOBYBAJIa €Hep-
Tifo BiTpy. 3BHYaiiHI BiTpoBi MinHH Oynu Bxe B Kurai 2200 pokiB Tomy. Ha
Cepenapomy Cxogi, y Ilepcii, 6musbko 200 p. 10 H. €. OYaIHd 3aCTOCOBYBATH
BITPSIHI MJIHH 3 BEPTHKAIBHOIO BIiCCIO JUTS TIEPEMEIIFOBAaHHS 3€PHA, IX BUTOTOB-
SN 3 B’SI3aHOK O4YEpeTy, MPUKPIIUICHHUX 0 IepEB’THOT paMKH, 10 oOepTasacs,
koI yB Bitep. CTiHa, 10 0TOYyBaJIa BITPSIK, CIIPSMOBYBAJIA TIOTIK BITPY IPOTH
nonateil. Hadmpocrimi BiTpoBi MimaN Manu nocuth Hu3bkuit KK/, He3Baxaro-
Y1 Ha Te, 110 JIONaTi BUTOTOBJISUINCH 3 IOCUTH JIETKOTo Aepesa un matepii. [Tpu-
YUHOIO Hee()eKTHBHOCTI OYII0 Te, 110 CHJIA BITPY, SKa IITOBXANA OHY IOJOBHHY
BITPOKOJIECA, OJHOYACHO TalbMyBaja iHIny vactudy. Y Pamsacekomy Corosi
Tieplia BiTpoBa eJeKTPOCTAHIIIs TOTYXHICTIO 8 KBT Oyna cropymkena y 1929-
1930 pp. nin Kypcbkom.

Yepes pik y Kpumy Oyno nodyzosano 6inbury BEC notyxnictio 100
kBT, mo Ha Toif yac Oyna HaibinbIIow y cBiTi. BoHa ycminiHo mpairoBaia
1o 1942 p., ane mix gac BiifHM Oyna 3pyitHOBaHa. [IpoTe HalmBHIIIE BiTPO-
eHepretuka posuBasiacs y CIHA — me y 1941 p. tam noOyayBanu mnepiry
BEC notyxHictio 1250 kBt. OcranHiMu pokamMH BiTep Bce MIMpIIE BUKOPH-
CTOBYETbHCS JUISl OJIEp’KaHHs eleKTpoeHeprii. CTBOPIOIOTHCS BITPSKU BEIHKOT
MIOTYXKHOCTI 1 BCTaHOBJIOIOTHCS Ha MICIEBOCTI 13 YacTUMM H CHIBHUMH
BiTpamMH. KiJbKicTh 1 SIKICTh TaKMX JIBUTYHIB 3pOCTa€ MOPIYHO, HaJIaroKe-
HO cepiitae BupoOHHITBO. Hanpukian, y Hinepnargax crocrepira€Tecs Tak
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3BaHMAN MipOITHUIEKUNA OyM. YPS[I 3aIIpOITOHyBaB BEJIHKi CyOCHIIT yCiM, XTO
BiKpwue BiTpak. HaBiTh mapmaMeHT kpaiHu, oio 0AHINBO OXOPOHSE «Xapak-
TEpHUH HAIIOHAJIBHUK TeH3a» 1 BUCTYHAE MPOTH HAJMIPHOTO LIyMY, IIbOTO
pasy He 3arepedyBaB POTH BUKOPUCTAHHS €KOJIOTYHO YMCTOI BITPOBOI €Hepril.
Huni Ha tepuropii Hinepnannis, mo no3taeieHi 3anacis Byrius, HadTH i razy,
JUIOTH OJIM3BKO THUCSYl BITPOTEHEpPATOpIB CTPyMYy, IO 3aJ0BOJIbHSE TOTPEOH
BCi€l Kpainu B enekTpoeHeprii npubiisHo Ha 10 %. Bitep € cTrXi€ro moTyKHO0
1 MpakTUYHO Bcroaucyoto. [Ipore BoHa Mae 1 HeJOMIKY, 1O 3aBaJwJIo i T0-
IIMPUTHCS SIK OCHOBHE JDKEPEo 3a0e3IeHeHHSI.
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JOCJKEHHSA MOXKJIUBOCTI BAKOPUCTAHHS COHAYHOI
EHEPT'TI TOBYTOBUMHU CIIOKUBAYAMU

CoHsiYHA €HepreTHKa € BIJHOCHO HOBOIO Tany33i0 B Ykpaiui. [lpu
[bOMY TEMITH il PO3BUTKY € HaJ3BHYAilHO BHCOKHMH, Y MOPIBHSHHI 3 iHIIHU-
MH CEKTOpaMH BITYM3HSIHOT ekoHOMikH. Tak, 3a miacymkamu 2021 poky Ha
COHSYHY €HEpPreTUKY B YKpaiHi mpumano monan 5% 3araibHOro BUPOOHHMII-
TBa eJIEKTpoeHeprii. Best TepuTopis HaIoOi AepXKaBu € MPUAATHOIO JUIS PO3-
TallyBaHHS COHSYHHUX eJeKTpocTaHUii. [Ipy npoMy HalOIIBII CIPUATINBH-
MU JUIS IBOTO € TMiBACHHI perioHn Yxkpainm (Opecbka, MUKOJIAiBCBKa,
XepcoHcbka, 3amopi3pka Ta yactuHa JloHembkoi obOmacti, AP Kpum), ne
ChOTOJHI 30cepemkero moHan 60% npomucnoBux CEC. CtaHoM Ha KiHEIb
2021 poky cymapHa MOTYXHICTh COHSYHHX EJCKTPOCTaHIIH ckiama 6320
MBTt (0e3 ypaxyBaHHSI THX, IO 3HaXOJSThCSI HA THMYacOBO OKYIOBaHHX
Teputopisx) [1].

VY 3B’S13Ky 13 CKJIQJIHOIO €HEpreTHYHOIO CHUTYaIli€l0 B KpaiHi Bce Ouiblie
NPHUBaTHUX JIOMOTOCIIOZIAPCTB BiJIAIOTH MEpeBary albTePHATUBHUM JDKEpesiaM
eHeprii y TOMy 9YMCIi 1 BUKOPHCTAHHIO COHSYHHX EJICKTPUYHHX IaHeTeH i
3a0e3MevYeHHs BIaCHUX TOTped B eNeKTpudHiA eHeprii. OcobnmBoO akTyaabHUM
1Ie TMTAaHHS TI0CTA€ I MEIIKAHIIB NPU(POHTOBHUX PETiOHIB, /e Bxke OlIblIe
POKY € mepedoi ab0 30BCIM BIJICYTHE IIEHTPaTi30BaHEe €ICKTPOIIOCTAYaHHSL.

B kiimartnuHuX ymoBax 3aropi3pkoi 00nacTi akTHBHE BUKOPHCTaHHS
COHSYHOI eHeprii 3 Oepe3Hsl 10 KOBTEHb, 10 cTaHOBUTH 19002400 roaux B
pik. 3arajgbHe cepeHbOpIYHE COHSYHE BHIPOMIHIOBAHHS CTaHOBHTH 1250

34



kBT ron/km? y Micsp [2]. Buxoasuu 3 HbOro CTae MOMXIJIMBUM Ta JOIIIEHUM
BHUKOPHUCTAHHS COHSYHUX CIEKTPUYHUX IMaHeNeH IS BIACHUX MOTPeO.

CJ1iJ TaKOK 3a3HAYUTH, IO peaiallisi IPOeKTy BCTAHOBJICHHS 1HAMBI-
IyalbHOI COHSYHOI eJIEKTPOCTAHIIIT MoTpeOye MeBHUX 1HBECTHIIH. 3aranpHa
cXeMa MiAKITIOYeHHS BCiX HEOOXiTHMX €IIEMEHTIB CTaHIii IMpeICTaBlIeHa Ha
pHUCYHKY 1.

Pucynoxk 1 — EnemenTu Ta cxema 3’€JHaHHS 1HAUBITYaIbHOI COHSIIHOT
SJIEKTPHYHOI CTAHIIT

Sk Mu 0auUMO 3 PUCYHKY, OKpPIM COHSYHHX CJICKTPHYHUX IMaHEJNeH,
HEOOXiJTHO BCTAHOBHTH KOHTPOJIEp, HAKONMMYYBaJbHI Oatapei Ta iHBEpTOp.
[NapameTpn ocTaHHIX MiAOHPAIOTHCS BUXOMSYM 13 3araJbHOI HOMiHAJIBHOT
MOTYXHOCTI crokuBaHHsA. HeoOxinHO BpaxoByBaTH TOM (DakT, 110 MaKCH-
MaJlbHa MOTYXHICTh CTaHUIl OyJe y COHSYHI JHi, @ Y HOYi )KHMBJICHHS CIIO-
)KKMBaya BiJJOYBA€ThCS 332 PaXyHOK €HEprii, 0 HAKOMHYHIACh B aKyMYJIATO-
pHHX OaTapesx.

OTxe B HalIOMY pPerioHi MOJKJIMBE BHKOPHCTaHHS COHSIYHOI eHeprii
NoOyTOBUMH CHOXKMBAYaMH, OJTHAK CJIiJ] BpaXOBYBaTH HACTYIIHI EPEIOHH: —
3Ha4yHi (piHAHCOBI BKIIQJCHHS; — OOMEXCHHS B MOMJIMBOCTI HAKOIMMYCHHS
€Heprii B COHSYHI JTHI Ta BUKOPUCTAHHS ii B HOYi; — YAM BHIAa HOMiHAJIbHA
MOTY>KHICTh CTaHIIii, THM OiJIbIlIa BAPTICTH JOAATKOBOTO OOJIaTHAHHS.
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AHAJII3 ABAPIMHUX PEKUMIB B EHEPTETUYHINA CUCTEMI

ABapiifHi peXuMH, SKi BUHUKAIOTh B CHEPTETHYHIHN CHCTEM] Ha TIOBIT-
psAHEX, KaOeNbHUX JIHISX eNeKTpoIepenad, B TpaHC(POPMATOPHUX MiICTaH-
LiSIX Ta y PO3MOAUTBHHUX MPUCTPOSX MPU3BOIATH J0 ITOIIKOHKEHHS EJIEKTPO-
o0nagHaHHSA, IEpePB B €ICKTPOIIOCTAYaHHI CIIOKUBAUIB Ta JO TOTipIICHHS
SIKOCTI €TIeKTPUIHOI eHeprii.

ABapiiiHi ponecy, 1110 BUHUKAIOTh B €HEPrOCUCTEMI € HACIIIKOM I10-
LIKO/DKEHb 00JIa/IHAHHS, IEPEKPUTTA Ta MPOOOIO 130J1s1Mii, XUOHMX CIIPalbo-
ByBaHb INPHUCTPOIB Ta amapariB, MOMHUIIKOBHX [iifi NepcoHay, BHACIIIOK
SIKUX MOXYTb BiIOYBaTHCS BIIKIIIOYCHHS €JIEMEHTIB €HEPreTHYHOT CUCTEMH.

Jlo aBapiiiHMX PEXHMIB €HEProCHCTEM MOXKHA BIJHECTH IOPYIIEHHS
CTaTUYHOI Ta TUHAMIYHOI CTIKOCTI, BAHUKHEHHS MO3[0BXKHBOI Ta MOIepey-
HOi HecuMeTpii, KOpoTki 3amukaHHa [1, 2]. B cBoro "epry, po3pi3HAIOTH
CHUMETpPUYHI Ta HECUMETPHYHI KOpOTKi 3aMukaHHS. Jlo cumerpmunmx K3
BiHOCHTRCS TpU(asHe KOPOTKe 3amMukanHs K, 10 HECUMETpUYHMX — BO-
¢asne K, onnodasne K ta npodasne na semmo KV (puc. 1).

KopoTki 3aMHKaHHS BUHUKAIOTh BHACIIOK HU3KH IIPHYHH, a camMe — CTa-
PiHHS Ta MPO0OOIO 130J1s1Lii, OOPUBIB MPOBOJIB JIiHIN eNeKTponepeay, MeXaHiy-
HHUX YIIKO/DKEHb HOBITPSHUX Ta KaOeJbHMX JIiHIH, yAapiB OJMCKaBKH TOLIO.
Kopotke 3amMuKaHHSI B Oy/Ib-SIKOMY 3 €JIEMEHTIB €HEPreTHYHOI CUCTEMH MOIKE
MOPYIIUTH 11 (PYHKIJIOHYBaHHS Ta IIPU3BECTH 10 BAXKKUX CUCTEMHHX aBapiid.

st oOmesxenns crpymiB K3 B eHeprocucTeMax BUKOPUCTOBYIOTBCS SIK
CXEMHI pillieHHs, TaK i crenianbHi npuctpoi. Hal6inbin po3noBCoKEHUMHU
3ac00aMu 0OMEKEHHS CTPyMiB KOPOTKHX 3aMHKaHb € yCTAHOBKA CTPyMOOO-
ME)XYBAIBHUX PEAaKTOPIB, CEKI[IOHYBaHHS EJIEKTPUYHUX MEpPEeX, BHKOPHC-
TaHHS TpaHc(OpMaTOpiB 3 PO3ILIEITICHOI0 00MOTKOI0. Ha cyuacHux mpommu-
CIIOBHMX IIPHEMCTBAX 13 BEJMKOIO KiJBKICTIO €JIEKTPUYHHX MAallWH IS
0OMEKEeHHS CTPyMiB KOPOTKOTO 3aMHKaHHS 3aCTOCOBYIOTH CHCTEMY €JIEKT-
pOIIOCTa4YaHHs 3 KEPOBaHUM aBapiiiHUM pEXUMOM. B MOMEHT BUHMKHEHHS
aBapii BMUKAIOTBCS CTIELiaIbHI THPUCTOPHI CTPYMOOOMEKYBadi ITyHTOBOTO
THUITY, AKi OOMEXYIOTh CKJIaIOBY CTPYMY KOPOTKOTO 3aMHKaHHS BiJl MEpPEXi.
[Ticnst BUMKHEHHSI BUMHKAa4eM CTPYMY IiJDKUBIICHHS THPUCTOPHI CTPyMOO-
OMexyBaui Biakmo9a0ThcsA. CTymiHb 0OMEXXEHHS aBapiifHOTO CTPyMy pery-
JIIOETBCS CTPYMOOOMEKYBaJIBHAM PE3UCTOPOM.
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Pucynok 1 — IMOBIpHICTh BHHUKHEHHS KOPOTKUX 3aMHKaHb B €HEproCHCTEMI

He MeHII BaXJIMBUM € i TOYHUH PO3paxyHOK CTPYMiB KOPOTKOTO 3a-
MUKaHHS, SIKAH O3BOJIsIE 00paTH yCTaBKU CIIPAIFOBAHHS PEJICHHOTO 3aXHC-
Ty, OLIHUTU Ta OOpaTH CXeMy EJNIEKTPHUYHHX 3’€HAHb CIEMEHTIB CHCTEMHU
enekrponioctadanHs [2]. Po3pobnena imiTamiiiHa Moaenb (puc. 2) D03BOIIIE
PO3paxoByBaTH Ta aHAI3yBaTH CHMETPHYHI Ta HECHMETPUYHI KOPOTKI 3a-
MHUKaHHS Ha IIWHAX MiICTaHIIi, MBAIKO 3MIHIOBATH BUXIJHI JaHi U1 PO3-
paxyHKy (KJIac HaIpyTH, OMOPH €JIIEMEHTIB MEpeKi), 3MIHIOBATH EICKTPUYIHI
3’e¢HaHHSA MOJCI Ta JOIIOBHIOBATH i IHIINMH eJeMEHTaMH (CTpyMOooOMe-
JKYBaJbHUMHU PEAKTOPAMHU, BUMHKAYaMHU, PO3’€IHyBauYaMH, KOMIICHCYBaJb-
HUMH IPUCTPOSIMU TOIIIO).

[l auialoth]

PucyHok 2 — IMiTariitaa Mozenb Ut po3paxyHKy CHMETPHYHUX Ta
HECUMETPHYHUX KOPOTKUX 3aMHUKaHb

BuxopucTtanHs 3anponoHOBaHOTO MiAX0MY 10 Kiacugikarii criokuba-
4iB Ta BCTAHOBJIEHHS TEXHIYHUX 3aC00iB 3a0e3MeueHHs IKOCTI eIEKTPOCHEP-
Til TUTBKY JUTS CIIOXKMBAYIB KaTeropii [ J03BOJIs€ 3HU3UTHU KaIiTaIbHI BUTpa-
T Ha HUX 10 50 %.
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MEPCIEKTUBHY PO3BUTKY BIZIHOBJIIOBAJIbHUX
JIKEPEJI EHEPI'II B YKPATHI

3a octarHi 10 poKiB CBIT 3p00OHB BENUKHIT KPOK HA 3yCTpPid TII0OATHHOTO
«3EJICHOT0» MEPEXO0.y 3 METOIO MPOTUCTOSHHS KIIMATHIHAM 3MiHaM Ta HEO-
IYIICHHS 3pOCTaHHs CepeHbOI IMo0anpHoi TemnepaTypu Bumie +2 °C.

BinnoBmioBaHa eHepreTrka B YKpaiHi moyana po3zsuatics 3 2009 po-
Ky 3 BEICHHSM «3€JIEHOT0» TapH(y SK CTUMYJIIOI0YOTO IHCTPYMEHTY.

o 2012 poky Ha Teputopii kpainu nisuto 120 00’€KTiB, 0 BUKOPHUC-
TOBYIOTh TIOHOBJIFOBaHI JpKEpesia eHepril, cepell sKux 0yJio

2 00’€eKTH, SIKI BUKOPHUCTOBYIOTH OioMacy;

13 BiTpoeNeKTpOCTaHIIIH;

27 COHSTYHUX EJIEKTPOCTAHIIIH;

78 rifipoeneKTpoCcTaHIii pi3HOT MOTYKHOCTI.

3araipHa MOTYKHICTH X 00’ €KkTiB ckiana 530 MBT, a o6csr BupoO-
neHoi enexTpoereprii — 600 mutH KBT-ToI.

B mepion 3 2016 o 2020 poxu BcTaHoBiIeHa TOTyx)HicTs BJIE B Ykpa-
iHi 30iTBIIMIace Maibke y 4 pasu, mo craHosmwia 7737 MBT craHom Ha
mouatky 01.01. 2021, Ta 8148 MBTt cranom na 01.06.2021. YacTtka consiu-
HUX EJICKTPOCTAHIIH JJOMiHy€e B 3araJibHOMYy eHepretuuHomy Oananci BJIE i
craroButh 7166 MBT [1].

Bitposi enmektpocraniii 3aiimarote apyre micie -1475 MBrt. Haii6i-
JBIIAME 00J1acTAMHU Y KpaiHH 32 BCTAHOBIIEHOIO MoTyXHicTI0O BJIE €

Juinponerposcbka — 1163,9 MBT;

MukonaiBceka — 1073 MBT;

Xepconcbka — 1063,7 MBT;

3amopizbka — 862,9 MBT;
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Opneceka — 594,3 MBT.

3a ocranHi 7 pokiB YKpaiHi BHAalOCh BHKOHATH B3sTi Ha cebe 30-
0oB’s3aHHs B HanioHaspHOMY IUtaHi i 3 BiJHOBIIIOBaHOI €HEPreTHKH Ha
nepion mo 2020, mocsrmm moHan 11% dactku BJIE B KiHIIEBOMY €Hepro-
CIIO)KMBaHHI.
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Pucynok 1 — 3aranpha yactka B/IE B eHeprobananci Ykpainu (%)

VYkpaina y 2019 poui npoJoBxuia cKopouyBaTH CBOT BUKHUIH TTapHHU-
KOBOTO ra3zy. MHHYJIOr0 pOKy BOHH CKiamd 196 minbiioHiB ToHH. Y 2018-My
BUKUM Oynu Ha piBHi 203 MinbiioHIB TOHH, a y 1990 poui — 783 MinbiioHH
TOHH. YKpalHChKUIl TIOKa3HMK HIDKYMH 32 CEpeliHl CBITOBI BUKWAM Ha JyUIy
HaceneHust — 4,9 Touan CO, y MUHYJIOMY POIIi.

Yomy noTpiOHa 3ereHa eHepreTuka ? Haiimeprie ToMy, mo:

— BOHA OTPUMYETHCS 3 DKEPEN, IPUCYTHIX B MPUPO/II MOCTIHHO abo mepi-
OJIIYHO, Ha BIIMiHY BiJl BUKOITHHX, 5IKi HE € BITHIMU;

— PO3BUTOK BiIHOBIIIOBAaHOI CHEPTETHKH (B.€.) CIIPHSIE CHEPTeTHYHIlN He3a-
JIXKHOCTI KpaiHu;

—niepexin Ha B/IE nornomarae 3MeHIIITH 00CST BUKHAIB BYIJIEKHICIIOTO rasy;

— BcTaHOBJIeHHs Heesmknx aoManHix CEC npuHOCHTH XOpOIIMH TpH-
OYTOK, BITACHHK TIOBHICTIO 3a0€3MeUy€e CICKTPOCHEPTIEI0 CBOE JIOMAIITHE TOCIIO-
JIApCTBO, a 11 HA/IJIMITIOK TIPOAE JEPKaBi 3a «3eJICHUM) TaprU(OM.

Henoniku 3emeHoi eHepreTnku:

—y xwmapHi uu 6e3Bitpsai 1HI CEC Ta BEC mpusBoasTs 10 aucbanas-
Cy, piBeHb iXHBOI €Heprii 3HIKYETHCS A0 HyIA. ToMy 4uM OibIne € cTaHIii
B/IE, tum Oinbine moTpiOHO MaHEBpeHHMX (3a3BMYai MIKIIMBUX), KOTPi
OyzayTh IIepeKpuBaTH HecTaui.

BiTpsina enepreTrka B YKpaiHi € HaGiIbII TIepCHeKTHBHO. [ ToTeH-
Iiajl 103BOJISIE BCTAHOBHUTH B KpaiHi BITPOEGNEKTPOCTAHLII CyMapHOIO IMOTY-
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xHicTio 15 000 MBT. (3aranbHa BCTaHOBJICHA MOTYXXHICTh €HEPrOCHCTEMH
VYxpaiau — 55 000 MBT)

Ha BigMiHy BiJ BiTpOSHEPTeTHYHHX YCTAHOBOK, COHSYHI €JIEKTPOCTAHIIT
OymyBatu Habarato npocrime i mBuame. Oxaak CEC BinpizHAIOTBCS HAHIDK-
ynM piBaeM (KBBII), mo cranoButs 61m3bko 15%. Takox HafOUIBIT BHCOKOIO
Ha €HEePrOpHHKY BapTICTIO KiloBaTa (mocsrae B moToMy 11,7 rpuBens 3a 1 kBt-
ron). 3arajpHa MOTYKHICTh COHSYHHX EIEKTPOCTAHIIM B KpaiHi, TOJOBHHA 3
SIKUX po3ramoBati B Kpumy, ckinaznae 6mmsbko 800 MBT.

Bioeneprerrka Mae HaiiOIbII BUCOKUM TOTEHIa] B cepi BUpOOHHII-
TBa TeIJia. 3a Pi3HUMU OIliHKaMH, OioMaca i 6iora3 MOXYTh BUTICHUTH BiJl
10 no 20 mupn kyObomeTpiB rasy. Xopolli HNEpCHEKTHBU 010CHEPTETHUKU
00yMOBJICHI KJIIMATUYHHUMH YMOBaMH YKpaiHH, HasBHICTIO IOTY)KHOTO
arpapHOro CEeKTopa i JIOCTaTHBOI KiNBKOCTI poOovoi cwin. Y ToW ke uac
ICTOTHO CTPUMYIOUNM (PaKTOPOM € HEJOCTAaTHRO PO3BHUHEHI iHYPACTPYKTYp-
Ha Ta CHPOBUHHA 0a3u Aiis 3a0e3neueHHAs Oe3nepediifHuX MOCTaBOK CHPOBH-
HY, HU3bKHH DPIBEHb PO3BUTKY Taly3ed — MOCTAYaIbHUKIB OONagHAHHSI, a
TaKOX HU3bKa F'€HEPYI0Ya MOTYXKHICTh 010yCTaHOBOK.

YkpalHCBKi TiApOeTIeKTpOCTaHMIii He3a0apoM 3MOXKYTh CYTTEBO 3017Tb-
IIATH TCHEPALio 3aBASIKH PEKOHCTPYKIII Ta MOACPHi3allii arperaTiB BiTIn3-
usuaux ['EC, a Takox no6ynoBu J{HicTpoBehKkoi Ta OyaiBHuITBa KaHiBChKOT
I'AEC. B IIpAT «YkprigpoeHepro» aHoHCYIOTb, mo 10 2022 poky mMojep-
Hi30BaHI arperatu 3M0oXyTh aatu noHan 300 MBT po6ouoi noty»HoCTi, a 3a
LICTh POKIB MaciitabHa Hporpama peKOHCTPYKIIi 103BOJNUTH 301IbLIMTH
yactky [EC i TAEC B enepro0ananci kpainu maiixe BaBidi, g0 15%.
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KTpoHHUIA pecypc] Pexxum moctymy: https://www.dw.com/uk/doslidzhennia-
yevrokomisii-ukraina-skorochuie-vykydy-co2/a-54868014

3. 3eneHa eHepreTuka: IOcU ta Minycu. [Exekrponnuii pecypc] Pe-
kUM goctymy:https:// galinfo.com.ua/news/zelena_energetyka plyusy ta
minusy 344614 html
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moa0 MOXKJINBOCTI BUKOPUCTAHHSA AJIBTEPHATUBHUX
JIKEPEJI EHEPTII JIJIS1 ITHAMBIJY AJIBHOT'O OITAJIEHHS

Jirodi B YKpaiHi CHCTEMH LEHTPAILHOTO TCIUIOMIOCTAYaHHS € JIOCHTH
CHEepro3aTpaTHUMU. BiJICyTHICTh aBTOMATHYHOTO PETYIIOBAHHS BUPOOHMIIT-
Ba Ta BIJIYCKy TeIUIa, HEAKICHA TEIUIOBA 130JISIIIisl 30BHIMNIHIX TEIUIOBHX
Mepex MPU3BOISATH 10 3HAYHUX BTPAT Terwia. L[i BTpaTu HepiKo CTAHOBIIATH
40-50%. Kpim TOro BiZCYyTHICTH aBTOMAaTHYHOTO PETYJIOBAHHS BiJITyCKY
TeIUIa € TMPUIMHOI HEMOXIIUBOCTI HiT0H000BOTO 3abe3medeHHsT KoMpOpT-
HUX YMOB. B To# ke "4ac 3HauHa YaCTWHA KOTEJICHb MPOMHUCIIOBHUX IIiIIpPHU-
€MCTB, SIKi KpiM MPOMHUCIOBUX 00’€KTiB, 3a0€3MeUyIOTh TEIUIOM 1 JKUTIIOBI
OyIMHKH BUBOIATHCS 3 eKcIuTyatarii [1].

[HnuBigyanbHI CHCTEMU OIANCHHS, IO OCHAIICHI CYyYaCHHM YCTaTKYy-
BauHsaM (KKJ] sikux nopiBHioe 92-95%) Ginbll €KOHOMIYHI HIXK LIEHTPaJIi30-
BaHi. CydyacHi aBTOHOMHI aBTOMAaTHU30BaHI YCTAaHOBKH OOCITyTOBYIOTHCS
HCUHCJICHHUM TEPCOHAJIOM, J03BOJISIOTH 3MIMCHIOBATH 1X MOHTaX 1 MYCK B
SKCIUTyaTallifo B KOPOTKi CTPOKH. [0 TOro * pO3MIIICHHS OO 00JIaIHAH-
HSl HE MOTPeOYyE BiBEACHHS CreI[iaibHIX TepuTopii [2].

Cepenl albTepHATUBHUX DKEpENI CHEprii IS IHAWBIIyaTbHOTO Oma-
JICHHS MOJKHA BUIIUTMTH HACTYIIHI: — BUKOPHCTAHHS COHSYHUX KOJIEKTOPIB;
— BCTAHOBJICHHS TEIUIOBOTO HACOCY; — BUKOPHCTAHHS B SKOCTI ITajwBa Bil-
XOJIIB BiJI IHIINX BUPOOHUIITB — NATUBHI OpHKETH.

Ha nanomy etarti po3BHTKY TEXHOJIOTiH BCTAHOBJICHHS COHSYHHX KOJICK-
TOpIB IS 3a0€3MEUCHHS TEIUIONOCTAYaHHAM TPUMIIICHHS € He IIyXe IOITb-
HUM Yy 3B’$I3Ky 13 3HAUHHMH MEPEIIKOAMH Y MOXJIMBOCTI iX 3aCTOCYBaHHS B
3UMOBY TOpPY POKY (KUIBKICTh COHSIYHOI pajiaiii MiHIMaJbHa Ta TPUBAIICTH
CBITJIOBOTO JIHS KOPOTKA). BUIBLIICTh COHSYHMX KOJIEKTOPIB NPH3HAYEHI st
rapsiaoro BOJIOMOCTAuYaHHA. A OCh BUKOPHUCTAHHS TEIJIOBOTO HACOCY Ma€e Oarato
nepeBar: — €eKOHOMIYHICTh — BUTpaueHa eJIeKTpUIHA eHeprisl Ha poOOTy Hacocy
B Pa3y MEHIIA B/l OTPUMAaHOI KOPHUCHOI TEIIOBOi €Heprii; — eKONOTTYHICTh — He
BUKOPUCTOBYE BHKOITHI KONAJIMHH; — HEOOMEKEHICTh pecypcy — TEIUIOBHMA
HACOC MOXe MPAIFOBATH 1 IPH HU3bKOTEMIIEPATYPHOMY CEPEIOBHIIII.

OTxe sIK ambTePHATHUBHE JDKEPENO TEIUIOBOI €HEepril IUIsl OMaJCHHS
MOJKHa BHKOPHCTOBYBAaTH TEMIIEPAaTypy HABKOJHIIHBOTO CEPEAOBHUINA Ta
BiTHOCHO IOCTIAHY MiI3eMHY TEMIIEPaTypHY 3eMJIi 3a JOIOMOTO0 3aCTOCY-
BaHHSI MPUHIKITY [ii TSIUIOBOI'O HACOCA.
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BUBIP KOMIIEHCAIIII PEAKTUBHOI IOTYXKHOCTI HA
HIACTABI TEXHIKO-EKOHOMIYHOT O PO3PAXYHKY

KoMrmieHcalliss peakTHBHOI MOTY>KHOCTI € OJHUM 3 Hale(eKTHBHIIIMX
€Hepro30epiraloynx 3axojiB, SKAH J03BOJISE 3HH3UTH BTPATH aKTHBHOI
eJIEKTpOeHeprii npwu ii nmepesaBaHHi, pO3NOALTY Ta NEPETBOPIOBAaHHI y TpaH-
copmaTopax Mepexi eNeKTPOIOCTaYaHHsS HPOMHCIOBUX MHiIIPHEMCTB 3a
PaxyHOK 3HIDKCHHS BEJMYMHH PEAKTHUBHOI MOTYXXHOCTI, L0 MEPeHacThCs
Yyepe3 eJIEMEHTH eIEKTPHYHOT MEepexi.

BcTaHOBICHHS IPUCTPOIB KOMIIEHCALT peaKTUBHOI MOTYXHOCTI B Me-
pexax TPOMHUCIOBHX HiANPHEMCTB CTHMYJIOETBCS EHEProONOCTAYAIBLHOK
OpraHi3amli€ro IUIIXOM BU3HAYCHHS ONTHMAIBLHOTO KoedillieHTa peakTHBHOT
HOTYXHOCTI (tg (D onr) B PEXKHMI MAaKCHMAIbHOTO HAaBaHTaXKEHHSI, SIKHI BCTa-

HOBJIIOETBCSL B JOTOBOPI Ha MOCTAaYaHHS €JIEKTPOSHEPTii MK eHeprocucre-
MOIO Ta MIAIPHEMCTBOM. Y pa3i NepeBUIICHHS 3a1aHOT0 KoedimieHTa peak-
THBHOI MOTYXHOCTI B P&XHMi MakCUMAJIbHUX HaBaHTA)XEHb 30LIbINYETHCS
BeJIMYMHA Tapu(HOT CTAaBKH OIUIATH €JEKTPOSHeprii Ha BEJIWYUHY MPOIMOp-
LiifHy NepeBUILIEHHIO 331aHOT0 KoedillieHTa PEeaKTHBHOI HOTYKHOCTI.
3arajpHa MOTYKHICTh IPUCTPOIB KOMIIEHCALlii PEaKTUBHOI HOTYKHOCTI

QKy BHU3HAYAETHCS HAa OCHOBI 3a0e3MeveHHs 0aJaHCy PEeaKTUBHOI MOTYK-

HOCTI Ha IpaHUIl OallaHCOBOi HAJIEKHOCTI: €HEProrocTayajbHa OpraHi3arlisa
— TIAPUEMCTBO, 32 YMOBH 3a0€3M€UeHHS 3aJJaHOTO Koe(illieHTa peakTUBHOI
MTOTY>KHOCTI B p&XKMMi MAaKCHMAaJIbHOTO HAaBAHTAYKCHHSI.

3anpornoHOBaHO METOJl BHOOPY ONTHUMAaIBLHOTO BapiaHTa pPO3IONLTY
KPIT 3a ymMoBOrO MiHIMaJbHUX 3BEJECHUX BUTpAT. Po3risiHeEMO cyTh 3ampo-
IIOHOBAHOT'O METOJA.

Bubip npuctpoi KPII npoBoanThes B Takiil MOCHIiOBHOCTI:

— mns koxHOi KTII BU3HAYa€eThCsI ONTUMANBHUN KOS(IIiEHT 3aBaHTa-
KEHHS;

43



— BHU3HAYaeThea MoTyxHicTh HKY 3a yMoBOI0 3a0€3medueHHs IpoIrycK-
HOI 3aTHOCTI TpaHC(OpPMAaTOpa 3a PEaKTHBHOIO MOTYKHICTIO;

— BU3HAYAETHCS PI3HUL NPUBEICHUX BUTPAT JUIS BapiaHTIB 3 BUKOPH-
ctanHsaM 1 6e3 Bukopucranus Kb na croponi HH tpancdopmaropa.

3MiHIOIOYM y BapiaHTax BUXIiJHI JaHi (YMCIIO 1 MOTYXHICTh TpaHcdop-
maropiB KTII, BapTicTh enexTpoeHeprii i Tak Jayi) MOXJIMBO BU3HAYCHHS
ONTHMAJILHOTO BapiaHTa BUOOPY 1 pO3MOUTY KOMICHCYIOUHX MPUCTPOIB, 110

BiJIMIOBiZIa€ BUMO3i 32 =3 ..

3aInpornoHOBaHUH METO] BHOOPY KOMIIEHCYIOUNX IIPHCTPOIB JO3BOJISIE:

— BU3HAYUTH ONTHUMAJHHUNA BapiaHT PO3IOALTY KOMITEHCAIii peaKkTHB-
Hoi moty>kHOcTi Ha cTopori HH i BH tpancdopmaropis KTTI;

— BU3HAYUTH ONTHUMAIIFHE YHCIIO 1 HOMIHAJBHY MOTYXHICTh TpaHcho-
pMaropis;

— BU3HAYUTH €KOHOMIUHY e(EKTHBHICTH BiJl BIPOBAKCHHSI KOMIICH-
carlii peakTHBHOI MOTY>KHOCTI;

— (opmaizyBaTu po3paxyHOK KOMIIEHCAIil peaKTHBHOI ITOTY>KHOCTI B
KOMILICKCI 3 BHOOPOM IHIIKX EIEMEHTIB €ICKTPHYHOT MEPEXKIi.

Januii MeTox Moxxe OyTH BUKOPHCTaHHWH SIK Ha CTalii MPOEKTyBaHHS
€JIEKTPOIIOCTAYaHHs, TaK 1 NMPH OLIHIOBaHHI €()EKTUBHOCTI EJIEKTPOIOCTa-
YaHHS [TIATPUEMCTBA, SIKE 3HAXOIUTHCS B EKCIITyaTallii.
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MNPOEKTYBAHHSA HEXOBUX MEPEK TA BUBIP
OIITUMAJIBHOI'O BAPIAHTY EJIEKTPOITIOCTAYAHHSA

Bubip cxemMHu IeXOBOr0 CIIEKTPOIOCTaYaHHS 3MIHCHIOETHCS IIISIXOM
BUPIIICHHS TAKUX [TUTAHb:

— BHOIp 4KcIa By3JIiB HaBaHTaXkeHb, IX po3TauryBaHHs i po3noaity EIT
MO By3J1aM HaBaHTaXKECHHS;

— BHOIp CXeMH JKUBJISYO] 1 PO3MOALTEY0T MEPEX;

— BHOIp KOHCTPYKTHBHOT'O BUKOHAHHS [IEXOBOI MepexKi;

— BHOIp nepepiziB NPOBOIHUKIB LIEXOBOT MEPEXi;

— pO3paxyHOK BTpar eJIeKTPOCHEPTii B eleMEHTaX [IeX0BOI Mepexi;

— PO3paxyHOK KaIliTalbHUX BHTPAT, CKCIUTyaTallilHUX BUTPAT i 3BEeC-
HHX BHUTpAT.
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3riiHO peKOMEHALIl pafianbHy CXeMy JKHUBJICHHS JOLUIBHO 3aCTOCO-
BYBATH AJSI IOCTaTHBO MOTYXKHHUX EIl, 0cOONMBO SKIIO BOHM KOMIUIEKTHO
po3TamioBaHi (HacOCHi, KOMIIPECOpPHI CTaHIIil, BEHTWIALMIHHI CHCTEMH, TO-
o). Takox, pafianbHy CXeMy IOUIJIBHO 3aCTOCOBYBAaTH s skuBJieHHS EIL,
SIKI TTIOTpeOYIOTh KepyBaHHSA B XOMi TEXHIKO-€KOHOMIYHOTO TIporeca (Iedi
omopy, 3acyBka TpyOompoBoniB i T.n.). MaricTpamsHa cxema JKHBICHHS 3
BHKOPUCTAHHSAM PO3MOAUTFHUX IIHHOIPOBOIIB 3aCTOCOBYETHCS AJISI PiBHO-
MIpPHOTO PO3MOAUIEHHS HaBaHTaXEHHs y nexax,ne EIl manoi Ta cepenHboi
MIOTYHOCTI PO3TaIlIOBaHi OJIM3BKO OJIMH JI0 OJJHOTO.

MaricTpaibHi CXeMH € 3pYYHHUMH JUIS €JIEKTPONOCTa4aHHsI MallHHO-
OyniBHMX BUpPOOHMUTB,Je neperpymyBaHHs EIl, 3MiHM TEeXHOJIOTIYHOTO
nporeca — SBUIIA JOCTaTHHO PO3MOBCIOJDKEHI.

Jlo mepeBar paiialbHUX CXEM HAJICKHTh: MiJABUIICHA HAIHHICTh CJIEKT-
ponoctadaHHs (TIpH aBapii y KUBIYIN JTiHI TOPYIIYETHCS €IEKTPONOCTaYaHHS
obmexeHol kimbkocTi EIT a6o oxpemoro EIT), rHy4KicTh Mepexi BiITHOCHO
MOXKJIMBOTO PO3IIMPEHHST Mepeski (w1 HoBux rpyn EIl mpoxnmangaioTe okpemi
CaMOCTIilHI KHBIIAYI JIiHIT), 8 TAKOXX MOXKJIMBICTh 3aCTOCYBaHHS aBTOMAaTH3aIlii
Ha CTIOPYIKEHHS Ta OpraHi3amil JOIUIEHOTO KepyBaHH: pesxkxumoM podotu EIL

HemomixkamMu pamiadbHHX CXEeM € TOYATKOBI KamiTanbHI BUTPATH Ha
CIIOPY/DKEHHSI MEPEeXKi, HasABHICTh BEIHMKOI KijbkocTi mad PY-0,4 kB KTII,
00yMOBJICHO 3HAYHOIO KUIBKICTIO XXHMBJISIYMX JIiHIHM, 11O MiJABUILY€E BapTICTh
KTII i 36inburye ii rabapuTw.

HenonikaMu MaricTpaibHHX CXEM € HMXKYa HAJIHHICTh SJIEKTPOIOCTA-
YaHHs B HOPIBHSHHI 3 pajlialbHUMU cXeMaMH (TIpH MOLIKOKeHI MaricTpati
BTpavyaroTh xuBJIeHHs Oarato EIl, ski 10 Hel migKiIfoueHi), HEMOXIIUBICTD B
JeIKAX BHUIA/IKaX 3aCTOCYBAaHHs aBTOMAaTH3aIlil i BHKOPHCTaHHS AUCTAHIIIH-
HOT'O KEpYBaHHS.

OnTuMaibHUI BapiaHT IEXOBOTO €NEKTPONOCTAYaHHS BHOMPA€EThCS 3a
YMOBH 3a0€311eueHHs] MiHIMAJIbHUX 3BEACHUX BUTPAT.

Ha 3BeneHi BUTpaTH 1IeX0BOI MEPEsKi BILTMBAIOTH HACTYITHI MOKA3HUKH:

— kinbkicts EIT i X HOMIHAJBbHA MOTYXXHICTH, SIKA XapaKTEPU3Y€EThCS
BIJTHOCHOIO aKTHMBHOIO TIOTYXKHICTIO 1 CepeIHbO3BaKEHHM 3HAYCHHSIM KOe-
¢imieHTa MOTYKHOCTI (COSPcs);

— pexuM enekrpocnoxupanHs Ell, skuil XxapakTepu3yeTbCcs cepeaHbo-
3BaKCHUM 3HAYEHHSIM KoeQillieHTa BUKOPUCTaHHS;

— CHIBBIJHOIIECHHS MK BEJIMYMHOIO Tapu(y HA eJIEKTPOEHeprii i mu-
TOMI BapTOCTi KaOeJbHO-TIPOBIAHUKOBOI MPOJYKIii, MUTOMOI WiHK MIMHO
MIPOBO/IB 1 IHM Ha CHJIOBI IIYHKTH TIPH iX PI3HOMY BUKOHaHHI.

JIOLiNbHICT BUKOPUCTAHHS PO3MOIUIBHUX HIMHOMPOBOJAIB 3POCTAE
npu 30inbinenHi yucna EIl, 3MeHIIeHHs iX BiJIHOCHOT MOTY)XHOCTI 1 3MeH-
HIeHHs Koe(illieHTa BUKOPUCTAaHHS.
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Maxnin I1.B !, SIpomenxko C.B.2, Panayrin B.A.?

! kang. TexH. Hayk, gou. HY «3anopisbka nomitexHikay
2cryn. tp. E -112m HY «3anopisbka nomitexHika

JOCJIJIKEHHS HOPMAJIbHUX TA ABAPIMHUX PEXXUMIB
POBOTH CUCTEMMU EJIEKTPOIIOCTAYAHHSA
®EPOCIIJTIABHOI'O 3ABOY

OcoONUBICTIO TEXHOJIOTIYHOTO MPOLIECY BUPOOHUITBA (hEpOCILIaBIB €
BeJINKa €HEPrOEMHICTh Ta HEPIBHOMIPHICTh CHOXKHMBAHHS €JIEKTpoeHeprii. 3
ypaxyBaHHs TOTO, y cO0iBapTOCTi MPOIYKIIii, 110 BUITYCKAETHCS (epoCIIIaB-
HUM 3aBOJIOM, 3Ha4YHa YacTHHA BApTOCTI €JIEKTpPOCHeprii 3amada 3abesme-
YEeHHS HaIIHOCTI eJeKTporocTadaHHs ()EepOCIUIAaBHOTO BHPOOHHITBA 3
HalMEHIINMH BTPAaTaMH €JIEKTPOCHEPTii € aKTyaJIbHOIO.

@epocrraBHUH 3aBOJ] OTPUMY€ JKHBIICHHS B BY3JIOBOi MiACTAHI{
eHeprocuctemu 1a Bif rigpoenekrpocrtanmii (['EC). [Ipudomy emexkrpocmo-
JKUBAHHS BiJ] TIAPOETCKTPOCTAHIIII 3aJIC)KUTh B 9acy MoOH, TOPH POKY Ta
MIOJIO’KCHHS B eHeprocucteMi. Cucrema eJeKTpoIiocTaqanHs (pepocrraBHOro
3aBOJly € CKJIQ/IHOIO Ta MOJXKE JIEKiIbKa BapiaHTIB EJEKTPUYHHX CXEM B 3a-
JIOKHOCTI BiJI IIOJIOXKECHHS KOMYTALII{HUX anapaTiB.

Jnst BUSIBJICHHSI ONITUMAJIBHOTO PEXUMY POOOTH CHCTEMHU EJIEKTPOIO-
CTa4yaHHs NPOBEAEHI JOCHIIPKEHHS BTPaT MOTYXHOCTI €JIeKTpoeHeprii B
KO’KHOMY 13 BapiaHTiB.

Tak mpu BKIFOUCHI MDKIIIMHIX Ta CEKIIHHUX BUMUKAYiB Ha BY3JIOBIH il
CTaHILii TPH aBTOTpaHC(OPMATOPH BKIIIOYAIOTHCS IAPAJIENBHO 10 OOMOTKaM
cepennroi Harpyru 150 xB. IIpu mpomy Bci niHii exektponiepenau (JIEIT) crc-
TEMH eJIEKTPOIIOCTa4YaHHs ()epOCIUIABHOTO 3aBOJY ITiIKITIOYUEHI JI0 OHOTO JIKe-
pena. [Ipu BinkIoueHi cekuiitanx BuMuKkadiB koxHa JIEIT oTpumye >xuBneHHS
BiJI OKpeMoro aBToTpaHchopMmaropy. [Ipr KoKHIH i3 cXeM Ha BY3JIOBIH mincTa-
HITIi POBE/ICHI MOCIIHKEHHS PH BKJIIOYCHOMY Ta BIJIKIFOUCHOMY CEKIIIHHOMY
BUMHKauy Ha TOJIOBHIH 3HWKYBAJIBHIH MiJcTaHLIT (epociuiaBHOro 3aBoy. Kpim
TOr0 3 ypaxyBaHHSIM 3HA4YHOI HEPIBHOMIPHOCTI CIIOXKHMBAHHSI E€JIEKTPOEHEpril
MPOBEZICHI JIOCIIZKEHHS TIOTOKIB TOTY)KHOCTI Ta BTpaT €JIEKTPOeHepril mpu
MaKCHMaJIbHOMY 1 MIHIMAJIbHOMY PEXKFMi.

IIpoBeneHi TakoX JOCHTIHKEHHS IPH JKUBIICH] CIIOXKUBadiB (hepocra-
BHOTO 3aBojy BiJ eHeprocucremu ta ['EC npu 4acTKOBO i HIOBHOMY BKJIIO-
yeHH] ii B poboTy. Y 3a3HaueHNX peXHUMax IPOBEJCHUI PO3pPaxyHOK MOTO-
KiB ITOTY>KHOCTI Ta BH3HA4YCHI BTPATH EJICKTPOEHEPTii B €JIeMEHTaX ENeKT-
pomepexi. 3HaliIeHni ONTUMAIBHUH PEXXUM POOOTH.

[TpoBeneHi 1OCTIKEHHSI CUCTEMH €JIEKTPOIIOCTaYaHHs (PepOCIIaBHO-
T0 3aBOAY B aBapiiHOMY pexumi. poboTu s bOTO PO3paxoBaHi CTPYMH
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TpudaszHux i oJHOPA3HUX KOPOTKHX 3aMukaHb (K3) nmpu pizHHX enekTpuy-
HUX cXeMax. SIK mokasaiu mpoBeneHi MOCIiHKeHHS piBeHb cTpyMiB K3 my-
ke BUcokui. J{mst 3HWKeHHS piBHA TpudasHux K3 posrmsHyTa MOKIMBICTH
BUKOPWCTAHHS IUIIJIGHOI aBTOMATHKH, IO [i€ Ha BiTKIIOYEHHS CEKIIHHMIX
BuMHKadiB Ha muHaX 150 kB By3moBoi migcranmii. [Ipu mpomMy 3MeHIITyBaIach
KUTBKICTB JTAaHIIOTIB TimkuBnenHs K3. [ 3HIKeHHS piBHS CTpyMiB oqHO(]a3-
HHX Y HeHTpayb aBTOTpaHC(HOPMATOpiB BKIIOYAIUCS peakTopH. BuseneHa 3a-
JIeXKHICTh cTyMy ofHogazHoro K3 Bix onopy peakropa Ta BH3HA4YEHHH Omip
peakTopy.

Ha ocHOBI mpoBeaeHHX IOCHTIPKeHb OOpaHHWH ONTUMAJIBHUI PEXUM
pOOOTH CHCTEMH eNIEKTPONOCTaYaHHs (PEepOCIUIaBHOTO 3aBOJY 3 TOUYKH 30pY
MiHIMyMa BTpaT IOTY>KHOCTi, pO3paxoBaHi aBapiiiHi pexx1uMu poOOTH cHuCTe-
MU €JIEKTPOIIOCTayaHHs Ta 00paHi 3axX0/I1 st 3HIKeHHs cTpyMiB K3

CIIUCOK BUKOPUCTAHOI JTITEPATYPH

1. [IpaBuna ynmamTyBaHHS eIeKTpoycTaHOBOK: [naBa 4.2. Posmoninpui
YCTaHOBKH 1 MicTaHMii Hanpyroto noHan 1kB / MiamanuBenepro YkpaiHu.
K: HIILIP, 2017 — C. 473- 530.

2. Migask I'.T". Tlepexigni mporecu B CHCTEMax €IEKTPOIIOCTAYaHHS /
I'I". IliBausx, B.M. Bunocnascekmii, A.SJ. PubGanko, JI.I. Hecen. —
JuinponerpoBcrk Hanionanbha ripuuua akagemis Ykpainu. 2000.— 573c.

VK 338.24.021.8

bparkosceka K.O.!, Mapkin JI.C.2, bpa6eus O.C. 2

! xaHg. exoH. Hayk, moi. HY «3amnopisbka HoTiTeXHiKa»
2 cryn. p. E-111 HY «3anopi3bka MOTEXHIKa»

BIIJ/IUB HIIBUINEHHA TAPU®IB HA EJIEKTPUYHY EHEPT'TIO
HA JOBPOBYT HACEJIEHHA 3 PI3BHUMHU JOXOJAMM.

Ha croromni pehopma BcTaHOBIICHHS Tapu(y Ha €IEKTPOSHEPTiI0 B YKpa-
iHi, TaKk camo SIK i B IHIIHNX HEPEXiTHUX EKOHOMIKAX, € He IPOCTUM IHTAHHSIM.
AKTyanbHI TapuH Ha €NeKTPOSHEPrilo € HAWHWKIMMH B €Bpori. [{yist nopis-
HSHHA BapTicTh | KBT rox enexkTpoeHeprii /it HaceJleHHS B €BPO 3a JaHUMH
€spocrary Ha 2021 p. [1] cknanmae 0,3193 — B Himewunni, 0,1548 — B [Tosbmii,
0,0851 — B Momnuosi, a B Ykpaini > Tapud nopisaioe 0,0485 eBpo/kBr-rog.
ToOTo mitounii Tapu( Ha eNeKTpUYHY €HEprito € B 1,75 pa3iB HIKINM MOPIBHS-
HO i3 TaprudoM Ha entekTpoenepriro y Moiosi Ta B 6,57 y HimeuuuHi.

3riIHO0 OMUTYBaHb, JOMOTOCIOIAPCTBA 3 CYKYITHHM JIOXOJOM MEHIIEe
10000 rpH coxuBaOThH B cepeaaboMy 152,5 kBT rox enektpudHoi eHeprii,

47



nmomMorocrionapersa 3 goxozoM B 10000-20000 rpH croxuBarots 140,6
kBt rox, 3 moxomom B 20000-30000 crioxuBarots 133,3 kBT rox, 3 moxo-
moMm B 3000040000 cnoxwmBarots 164,2 kBt Toxm, a momorocmogapcTsa 3
nmoxonoMm moran 40000 croxxuBaroth 217,1 kBT ron . Ha 2022 pik 3a maHu-
mu ITAT 3amopixokso0neHepro [2] BUTpaTH Ha MOCTadyaHHS EICKTPUIHOT
e”eprii HaceneHHIO cTaHOBIATE 0.34564 Tpr/KBT ron (0,00945 momapis
CIIA/xBt Toxm). Burpatn Ha moctadaHHS eIeKTPUIHOI eHEeprii HaCeIIeHHIO
B OpraHi3allii eKOHOMIYHOTO CIiBPOOITHUIITBA Ta PO3BUTKY CTaHOBUTH 0,143
nmonapiB CILIA/kBt-rox [3], B mOAanmbIInX po3paxyHKax BUKOPHUCTAHO IIie
3HAUYCHHS 5K BEJIMYUHY UL MalOyTHHOTO MiABHIIEHHS Tapudy. Pesynprary,
AKI OTPUMAaHO NUIAXOM OINIHKH BTpaTH B HOOpoOyTi, CIIHpAlOYHCh HA IIPH-
IMMYIWEHH, 10 CHOXWUBAHHA CJICKTPUYHO1 CHEPIll 3aJIUUINTBECA Ha TOMY XK
caMoMYy piBHI HaBeJEHO B Tabmuili 1.

Haii0inbuie B 1o0po0yTi BTpatuiu 6 HaHOIAHINI Ta 3 JOXOIOM HIDKYE
CEpPEeIHBOTO, B TOH Yac sSK OUTBII 3aMOYKHA YacTHHA HACCJICHHS HE Bimdyna O
TaKOro €KOHOMIYHOro THCKy. Jlyisi HailOimHimmx, Oimbie 9% CyKynmHOTO
JIOXO/ly BUTPaYaTUMEThCS Ha eNIEKTPUYHY €HEPTilo, /ISl HAaCeJIeHHs 3 J0XO-
JlaMH BHIIIE CEPEIHBOTO IIeH MOKa3HUK CTAHOBUTUME OJIH3BKO 2 %.

Tabmus 1. Brpatu B 100po0yTi cepen HaceJIeHHs IPH ITiABUIICHH]
Tapudy Ha eIEKTPOSHEPTito

T'pyna 3a cyxymuum jgoxo- 10000- | 20000- | 30000-

gc;%HHa nomorocnogapereo | <10000 20000 30000 40000 >40000

3MiHa BHTpAT Ha EJIEKTpoe-
Hepriro Ha ogHy 0cody B % | >6 % 3,7% 1,5% 1,3% <1,6%
BiJl CYKYITHOTO JIOXOAY

MoxnHBe CIiBBIIHOIIEHHS
BUTpPAT Ha EJCKTPOCHEPTit0
IO  CYKYINHOTO  JOXOIY
PI3HHX I'PYII 32 JOXOJaMH

>9% 5,7% 2,5% 2% <2,3%

Takum 9uHOM, Yepes3 ImiIBUIICHHS TapudiB 10 cepeIHbOr0 PIBHSI B Op-
raizauii eKOHOMIYHOTr'O CIiBpOOITHUIITBA Ta PO3BUTKY, BTpaTH B 100p00yTi
ctanyTh 3HayHUMH. CyOcuuii /s HaHOiMHIMIMX JOMOTOCHOIAPCTB TOJI
OynyTh HEe TOCTaTHIMH. TOX, BCTAHOBJICHHS JIESIKOI MEXi, IO SIKOI CTIOKUBa-
4i oIutaqyBaiy O eNeKTPUYIHY SHEPTio BiIMOBITHO A0 Tapudy, [0 YaCTKOBO
MOKpUBAaTHME BUTPATH, MOXKE CTaTH IHCTPYMEHTOM ITOCIAbJICHHS €KOHOMIU-
HOTO TSraps Ui HaWO1MHIIMX TOMOTOCIIOapCTB.
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2cryn. rp. E-112M HY «3anopi3bka noiTeXHikay

JOCJIJKEHHS EHEPTOE®EKTUBHOCTI TA HAJIIMHOCTI
POBOTHU CUCTEMMU EJIEKTPOIIOCTAYAHHA
TUTAHOMATHIEBOT'O KOMBIHATY

OCOOJIMBICTIO TPOIECY BUPOOHHUIITBA MPOAYKIT TUTAHOMATHIEBOTO
KOMOIHATY € BeJIMKa CHEPrOEMHICTh. Y COOIBAPTOCTI MPOIYKILT THTAHOMATHi€-
BOr0 KOMOIHaTy 3Ha4YHa J0JIs BapTOCTI €IEKTPOSHEPTil.

TexHoJOTiUHMI Mpoliec BUPOOHWIITBA KPUCTATIB THTAHY HA BHIIPSIMIIC-
HOMY CTPYMi, @ CHCTEMa eJIEKTPOIIOCTaYaHHA Iyxke ckianHa. CnoXuBadi THUTa-
HOMArHi€BOTO KOMOIHATy BiTHOCSTHCS O TEPIIOI Ta APYToi KaTeropii. Takum
YUHOM 3a/1a4a 3a0e3NeueHHs HaJIfHOTO Ta eHeproe()eKTHBHOTO €JIEKTPOIIOCTa-
YaHHS € aKTyaJIbHOIO.

JIxepernoM eNneKTpOeHeprii € MiJCTaHIIIT € ABi By3JI0BI MiJICTAHIi €HEProCH-
CTeMH, JIiHil eJISKTpoIiepe iay, Mo SKUM I0JIa€ThCs KUBJICHHS HA TOJIOBHY 3HIDKY-
BaJIGHY Mi/ICTAHIIIIO THTAHOMAaTHI€BOTO KOMOIHATY, ITiaKIIro4YeHi 1o mmH 150kB Ta
JIO BiJraiTyKEHHS JIiHIN 3B’S3Ky WX mijacTaHmii. Kpim Toro, mkepenom enext-
poewreprii € rimpoenextpoctaniiisi (I'EC). B 3anexHocTi Bif yacy no0u, mopu
POKY, TTOJIO’KEHHS B éHeprocucTeMi pesxkuMu poootu I'EC MoxyTh OyTH Pi3HIMIL
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Jus Bubopy HalOiMBII eHeproeeKTHBHOTO peXuMy poOoTH BHOpaHi
MOJKIIMBI €JIEKTPUYIHI CXEMHU:

CekuiiiHi Ta MDKIIMHHI BUMHUKa4i HA MiJCTAHI] BKIIOYCHI. Y I[OMY
BUIAJIKY JKMBJICHHS CIIO’KMBAa4iB THTAHOMArHi€BOTO KOMOIHATY 3/iHCHIOETHCS
TphOMA MapaJIeIbHO BKIIIOUYEHHUMH aBTOTpaHC()OpMaTopaMu,

CekIiifiHi BUMHKAYi BiIKITFOYCHI, 1 JKUBJICHHS KOXKHOT 3 JIIHIH MPOBOTUTHCS
BiJl OKpEMOro aBTOTpaHc(hopMaTopy.

[1pu BKiIIOYEHOMY 1 BIJKJIFOYEHOMY TOJIOXKEHHI CEKIifHOr0 BUMUKa4a Ha
TOJIOBHIH 3HIKYBaIbHIN MiACTAHIIIT KOMOIHATY.

JlocTmimkeH S TIpoBEACHI MPH MaKCUMAaJIbHOMY 1 MiHIMAJFHOMY PEKUMI
SIIeKTPOCTIOKMBAHHSL.

Kpim Toro mpoBeseHi ToCIiIKeHHs Ipy BKIFoYeHHI B podoty I'EC.

Jns nocimpkeHHs eHeproepeKTHBHOCT Y BUOPAaHHUX PEXKUMAaX MPOBEICHO
PO3paxyHOK ITOTOKIB MOTY>KHOCTI €IEKTPOCHEPTil MO PI3HNUM JIiHISIM 3B SI3KY Ta
BTPaTH MOTYXHOCTI B eJIEMEHTax eJIeKTpoMepexi. BusHaueHuit pexum podoTn
CHCTEMH €JIeKTPOIIOCTAYaHHsI, IPH SIKOMY BTPATH €JIEKTPOSHEPril HaliMeHII.

Jlst 3a0e3nedyeH s HaiiHOCTI pOOOTH CHCTEMH CJICKTPOIIOCTAYaHHS PO-
BEJICHI JOCII/DKEHHS B aBapiiiHMX peXuMax poOOTH. y BHOpaHMX BapiaHTax
CXEMH eJIeKTPOIOCTa4YaHHs. PO3paxoBaHi cTpymu TpudaszHuX Ta oaHO(a3HHUX
KOpOTKHX 3aMuKaHb (K3).

Sk moKa3aiy MpoBeAeHi JOCTiKeHHS piBeHb cTpyMiB K3 myske BHCOKMIA,
npudoMy piBeHb ogHo(aszHux K3 nepesnmms tpudasni. s 3HIWKESHHS PiBHS
TpudazHux K3 3anponoHOBaHO BUKOPHCTaHHS JUIMIGHOI aBTOMATHKH, IO Ai€
Ha BIIKITFOUCHH CEKIIHHNX BUMHUKa4iB Ha miHAX 150 KB By3moBoi mincraHiii.
B pe3ynbTati 3MeHIIIyBanack KiIbKIiCTb JIAHITIOTIB TiUKuBICHH K3.

JInst 3HKEHHS PiBHS CTPYMIB OfHO(Ma3HKX y HEHTpast aBToTpaHcdopMaro-
PiB BKIIFOYAIHCS 3a3eMITIOFOYl peakTopu. [t BUOOPY ONTHMAIBHOIO 3HAYCHHS
OIOPY 3a3eMJIFOIOUOrO PEAKTOPY MPOBE/ICHI OCTIDKSHHS 3HWKESHHSI PIBHSI CTPYMIB
onHodasaux K3 Bif #oro oropy. OOpaHo ONTUMAITbHE 3HAUCHHS OTI0PY PEaKTopa.

Ha ocHOBI npoBeJeHUX J0CHIDKEeHb BU3HAUSHUH HallOLIbll e(eKTHB-
HUH PeKUM POOOTH CHUCTEMH €JIEKTPOIOCTAYaHHS TUTAHOMArHIEBOIO KOM-
OiHaTy, a HamiIHHICTH ii TOKa3aHa y 3aIpPOIIOHOBAHHUX 3aXOJaxX MpPH JOCIi-
JOKCHHI aBapiifHUX peXUMIB pOOOTH CHCTEMH €IeKTPOIIOCTaYaHHs

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. IIpaBuiia ynamryBaHHS elneKTpoycraHoBok: ['maBa 4.2. Poznozinbui
YCTAHOBKH 1 mizictannii Hanpyroto nonaa 1kB / Minnanusenepro Ykpainu.
K: HITLIP, 2017 — C. 473- 530.

2. IiBugk I'.I". Tlepexigni mporiecu B CUCTEMax €JIeKTPONOCTadyaHHs /
I'I". Ilieasx, B.M. BunocnaBcbkuii, A.S.Pudanko, JL.I.LHecen. -
Juinponerposcbk HarionansHa ripanga akageMis Ykpaian. 2000.- 573c..
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Mimesrko B.JO.!, Benmenxo A.A.2

Vacucr. HY «3amnopi3bka IMomTexHiKa»

2 cryn. tp. E-512 HY «3anopizbka MoTEXHIKa»

moa0 MOKJINUBOCTI !_EKOHOMIi EJEKTPUYHOIL
EHEPTTI Y IIOBYTI

B mam dgac Bce OUTBIN aKTyalbHUM IIOCTAa€ MUTAHHS SKOHOMII €JIeKT-
pudHOi eHeprii came NoOyTOBHMH croXnBadamMu. Po3pobieHo 6arato pexo-
MeH/IaIli] 010 MPABUIIEHOTO 1 PaIlioHAIEHOTO BUKOPHUCTAHHS €IEKTPOCHEP-
Til cepen SIKNX MOXHA BUOUTHTH:

— HE 3aJIMINAiTe eJEKTPONPWIAAN Y PEXKUMI OUiKyBaHHs. Byab-skuii
EJIEKTPONPUIIAJ i1’ €JHAHUN 10 MEpPEXi BCE PIBHO CIIOKHBAE EHEPTIIO.

— edexTHBHE BHMKOpHCTaHHs eneKkTponpuianiB. He Mae ceHcy
KUI'SAITUTH TIOBHUM YallHUK, KOJIM BaM IMOTPiOHO 3aBapuUTH OJHY KPYXKKY
qaro.

— 3aMiHa CTapHX JIAMIIOYOK PO3KapIOBaHHS Ha HOBI — eHeprosoepira-
1oui;

— Ta iHIIe.

Takox B yMOBax BiICYTHOCTI IIEHTPaJIi30BAHOTO Tapsid0Tr0 BOJOIOCTA-
YaHHS y CyCIIJIbCTBI BUHUKA€E 0araTto MUTaHb I0J0 PAI[iOHAIBHOTO BUKOPH-
CTaHHs Ooijepa 3 TOYKM 30py MiHiIMi3amii BUTPAT Ha OIJIATY EJIEKTPUIHOT
eneprii. Cy4acHi nobyToBi Ooitiepu MaroTh noTyxHicTh Bix 1,1 kBT g0 1,5
kBT. 3arajgoM 1ie HeBelWKa MOTYXHICTh OJIHAK 3 BpaXxyBaHHSM TPUBAJIOTO
yacy Moro poOoTH 3arajbHe CHOXKHUBaHHS 3a MicSIb CTaHOBHUTH moHaz 100
kBr-roa. Ciin 3a3Ha4unTH, 1110 LeW TTOKa3HUK Oy/ie KOJIMBATHCS B 3aJI€)KHOCTI
BiJl IOPH POKY, OCKUIbKH TeMIlepaTypa BXiHOT XOJIOAHOI BOJH Pi3Ha.

IcHyr0Th OaraTo AyMOK, III0 Kpalle HarpiBaTH Boay y Ooiiepi B HOUI, a
BJICHb BUMHKATH 3 MEpEXKi, 00 BiH HE CI0XKMBAB EJIEKTPOCHEPTII0 B PEXKH-
Mi O4iKyBaHHs. B Takomy BHNaiKy HEOOXi/THO BpaxoByBaTH psil pakTOpiB: —
HasBHICTH JBOX30HHOTO JIIYAJIBHHUKA CIIEKTPUIHOI eHepril (Ipy HOro Bifcy-
THOCTI IDIaTa 3a €IEKTPOCHEPTII0 OJHAKOBA); — 00’eM Ooitnepa (UM BHCTa-
9UTh 00 €My Trapsd0i BOAM ISl CIOKMBAaHHS MPOTATOM JHA); — OYyICHHI
3BHYKH CIIOXXHMBadiB (KiJIbKICTh OCI0O B POAMHHI, PO3MOPSIOK JIHS WICHIB
cim’i); — Ta iHme. Takox BBaXalOTh, 10 NPH 3alaHUX HU3BKHUX TEMIIEepary-
pax Goiinepa (+50°C) cnioxuBaHHs eneKTpHYHOI eHeprii Mene. Lle Tak i €
OCKUTPKHM MEHINA PIi3HUIS MK BXiIHOIO 1 33JaHOI0 TEMIIEPaTypPOIO BOAM,
OJHAK CIiA MaMm’ ATaTH IO TP IHTCHCHBHOMY BHKOPHCTaHHI Ooiiepa B
TaKOMY peXuMi 9ac Horo poOoTu Oy/e OimbImiA Ipu OJHAKOBIA HOMiHAJb-
Hil IOTY>KHOCTI, a 3BiJICH 1 BUTpaTa eleKTpoeHeprii.
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B nmanmii gac B HayKOBiif miTepaTypi HE 3yCTPIiHa€ThCSI OOTPYHTOBAHUX
pEeKOMEeHaIi MO0 AOIUIFHOCTI BHOOPY TOTO UM IHIIOTO PEKUMY pOOOTH
Ooiinepa 1 MiHIMI3anii BUTpAT €JIEKTPUYHOIO €HEpPrii sl Pi3HUX M00YTO-
BUX CrOXKuBaviB. ToMy HEOOXiTHO MPOBECTH KOMILJICKCHI JOCIIIKESHHS JIJIs
KOKHOT Tpynu MOOYTOBHX CIIOXKHMBadiB 3 ypaxyBaHHSM BCIX MOJMIIUBHX
BapiaHTIB 3 METOIO y3arajbHEHHS Ta MOPIBHSHHS peajJbHUX OOCATIB CIIOXKH-
BaHHS EJIEKTPUYHOI eHeprii moOyToBHM OoiiepoM Ta MOXJIMBOCTI HOTO
€Heproe()eKTUBHOTO BUKOPHCTaHHSI.

YK 621.311

Hpsiuenxo B.B.!, Tomauenko J1.I. 2

! kany. TexH. Hayk, gon. HY «3anopi3bka MomTexHika»
2 cryn. tp. E-511 HY «3amnopizbka MomTeXHIKa»

CYYACHI TEHJAEHIIII EHEPTETUYHOI'O MEHEJI)KMEHTY

EnepreTnyHuii MEHEDKMEHT € Iy’Ke BaXKJIMBOIO TaTy33[0 Ha CydacCHOMY
PHMHKY, OCKUTBKH 3a0e3MeueHHs cTabiIbHOTO Ta HaIiifHOTO ITOCTadyaHHs eHep-
rii Ma€e BHpIlIaJIbHE 3HAYEHHS JJIsI EKOHOMIYHOTO PO3BUTKY Ta 3aJJ0OBOJICHHS
NoTpeO HAaCeNeHHs, TPOMHUCIIOBOTO i CUIbCHKOTO TOCHOIAPCTB KpaiHu.

CyuacHuil CHEProOpHHOK YKpaiHu MOTpeOye MiABHUIICHOK e()EeKTUBHO-
cti. Lli crioHykae eHepreTH4YHi KOMIIaHii MPaIfOBaTH Ha/l 3HIKEHHSM BUTPAT
Ha eHeprilo Ta MiJBULICHHSIM eHeproe()eKTUBHOCTI CBOIX mpoueciB. OqHUM
13 KJIFOYOBHX ACTIEKTiB €HEPrOMEHEDKMEHTY € BUKOPHUCTAHHS ajlbTePHATHB-
HUX JDKEpeJ eHeprii, TaKuX SIK eHepris BiTpy, coHIlI Ta Boau. Lle 3menmye
3aJIOKHICTh BiJl TPaIUIIMHUX JDKEped eHeprii, Takux K Hadra i ras, i 3HH-
JKy€ BUTPATH HA ITAJINBO.

Jlpyroio Ba)KJIMBOIO 3a/lau€l0 €HEPrOMEH/KMEHTY € BIPOBAKECHHS
€Hepro30epiratoynx TEXHOIOTIH 1 MPOLECIB I MPOMHUCIOBUX U arporpo-
MHCJIOBHX MIAMPUEMCTB, a TAKOXK y MicTax i cenuuiax aepxasu. Lle no3so-
JIMTH TiIIPUEMCTBAM CKOPOTUTH BUTPATH Ha €JEKTPOSHEPTiI0 Ta 3MEHIIUTH
BUKHJIY LIKIJUIMBUX PEUOBHH Y HABKOJIMIIIHE CEPEIOBHIIIE.

Takox B pamMkax 3ajiaq €eHEeproMEHE/DKMEHTY, BOKJIMBO OyTH B Kypci
3aKOHOJAaBYMX 3MiH 1 BIPOBAPKyBaTH HOBI TEXHOJIOTIl Ui 3MEHIICHHS
BILUIMBY Ha HaBKOJIMIIHE CepeloBHIIE Ta 3a0e3redeHHs Oe3rneKn BUpOOHHII-
TBa €Heprii Ta Il BUKOPHCTaHHSI.

OpieHTOBaHiCTh YKpaiHU HA MOAANBIITY IHTErpamilo y CBITOBE CIIBTO-
BapUCTBO 3yMOBIIIOE NTOTPeOy Y (hOpMyBaHHI IHHOBaLiHHOT MOJENI PO3BUTKY
€HEepropvHKY, IHHOBAIii{HI 3pyIIeHHS Y BUPOOHMUIH 1 comiayibHii cdepax. Y
3B’S13Ky 3 IMM 0coOJIMBOi aKTyajbHOCTI HaOyBae mpoOiema MiJBUIEHHS
PiBHS €HEPreTHYHOI He3aJIeXKHOCTI YKpaiHN Ta HOBOI MapagurMu Jep>KaBHOI
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€Heproe()eKTUBHOT HONITHKH, 110 TPYHTYETHCS HA NMPUHLUIAX EMEpPKEHT-
HOCTI, TPAHCIIAPCHTHOCTI, €KOJIOT1YHOCTI, CYBEPEHITETy Ta COLiaJbHOI Bij-
noBigabHOCTI [1].

VY cydacHHX peaisix eHepreTHKH KpaiHH TiJIbKU 3aCTOCYBaHHS SHepre-
THYHOTO MEHEIDKMEHTY SIK CHCTEMH, 1€ BUKOPUCTOBYETHCS KOMIUICKC ii,
MOJKe HaJaTH KOHKPETHi, AKiCHI i e(eKTHBHI pilIeHHs moa0 3abe3rneueHHs
HAJIHHOTO Ta CTabIIPHOTO EHEPromoCTaYaHHs.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Camoiinenko 1.0. EHepreTnunmii MEHEI)KMEHT Ta €HEProe(eKTHB-
Hicte: [ligpy4HUK JUIs CTYIEHTIB 31 CIHELIaJbHOCTI EIEeKTPOECHEPIeTHKa,
eJIeKTpoTexHika Ta enekrpomexanika /1.0. Camoiinenko, O.I'. 'pub, A.O.
3anopoxenp Ta iH.-XapkiB: @OII bposin O.B., 2020.— 348 c.
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INEPCIHEKTUBU PO3IIUPEHHSA CKJIIALY
EHEPT'O3BEPTIT'AIOYMX 3AXO/IB /UISA CUCTEM
EJIEKTPOITIOCTAYAHHSA

[TincymxoM poboTtu anroputMmy (GpopMyBaHHS IpOrpamMu eHeprozoepe-
xeHHst Ui cucteM enekrponocradantst (CEIT) € nmepenik TeXHIYHUX eHep-
ros6epirarounx 3axofis (E33) mus peamizamii. IX exoHOMiuHO mOMimbHMIA
CKJIaJl BM3HAYAETHCS COOIBApTICTIO 3a0IIa/PKEHOT eNleKTpoeHepril 1 mopis-
HSIHHAM 11 3 aitounM Tapudowm [1]. He3paxaroun Ha 3akiiaieHHid B IPOIIOHO-
BaHOMY aJITOPUTMI MEXaHI3M BHUSBJICHHS] MaKCHMaJIbHOTO PE3E€PBY €KOHOMIi
eJICKTPOSHEPrii, OTpUMaHe 3HAYCHHS T'PAaHWYHOTO IOTEHLIATy eHeprosode-
PeXXEHHS 3aIi€ThCs He TIOBHOKO Miporo. Lle moB’s3aH0 3 MOJITHKOIO GopMy-
BaHHS TapU(]iB Ha EICKTPOCHEPTIIO 1 BapTICTIO Ha EIEKTPOYCTATKyBaHHS.
3aJMIIMBIIN OCTAaHHE SIK JIAHICTh B HUHIIIHIX PHHKOBMX yMOBax rocroja-
PIOBaHHS, MIPOTIOHYIOTHCS HACTYIIHI IIIAXH 110 30UIbIneHHIo ckitany E33 mis
CEII npoMHUCIOBUX i IIIPHUEMCTB.

Ilepummii — 3amisiT €KOHOMIYHI MeXaHi3MHU NPaBoBOi 0a3u B 00macTi
€Hepro30epekeH s, AKi CIPHUAIOTH CTHMYJIIOBAaHHIO €HEPro30epekeHHs Ha
mianpueMcTBi. TakoX 3aKOHONABCTBOM YKpaiHH HepeadadeHuil psii Misbr
10 OMOAATKYBaHHIO MiSUIBHOCTI, IO TIOB’s3aHA 3 PO3POOKOI0, BIIPOBAIKEH-
HaM 1 BukopuctaHHsiM EE3 i eneproedexrmBHmX mpoektiB. Hampuximan,
nojioxeHHsIM «IIpo onomaTkyBaHHS NPUOYTKY IiIIPHUEMCTBY» BCTaHOBJIEHO,
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II0 BiJI MOJATKIB 3BUTBHAETHCS MPUOYTOK (BIIPOJOBK I1°SITH POKIB 3 MOMEHTY
MepIIoro ii OTPUMAaHHSA), SKIIO 1€ CTaJoCS BHACIIAOK MiIBHIIEHHS €HEPro-
e(eKTUBHOCTI BUPOOHHIITBA 32 PaXyHOK €KOHOMII 1 paliioHaJbHOTO BUKOPH-
CTaHHs CHEPreTHYHHX pecypciB. PekoMeHI0BaHe 3HW)KEHHS BTPAT EJIEKTPO-
eneprii B CEIl npomMuciIoBOro minpHeMCTBa CIPUSE MOJIMIIEHHIO 3arajb-
HOTO PEXUMY HOTO €JIEeKTPOCIIOKHMBaHHSA, a OTKE i IMiJABHIIEHHIO €Heproe-
(exTHBHOCTI BUpOOHMITBAa. TOMYy MOMHa pO3IIISIaTH BHKOPHUCTOBYBaHE
JUISL 11i€] METH HOBE eJICKTPOYCTaTKyBaHHS SIK eHepro3oepiraiode, OCKiIIbKA
fioro 3acTocyBaHHS Oepe yJacTh B IpoOIleci eHepro30epekeHHs, 30KpeMa s
€JIEKTPOIIOCTAYAHHS MIANPHEMCTBA.

Jpyruii nuiix — BpaxyBaTH IPH CKIaJaHHI IPOrpaMu eHeprosodepe-
JKeHHS TUHAMIKy 30UTbIIeHHS Tapu(iB Ha eJeKTpuuHy eHeprito. Jlocmi-
JokeHHs [ 1] mokasanm, 1Mo st KOPEeKTHOTO BUPIIICHHS 3a/adi 32 BU3HAUCH-
HaM ckiaxy E33 mrs CEIl mpomuciaoBuX MiANPHEMCTB 0akaHO BPaXxOBYBa-
TH TPOTHO3 30UIbIIEHHS Tapu(iB Ha TEpPMiH peaizalii nporpaMHu eHepro-
30epexxeHHs1. Lle 103BOJMTH B MEPCHEKTHBI PO3LIMPHUTH 00’e€MH peasizaiii
MOTEHIIaJly ESHEepro30epeXeHHs. 1 TOYHINIE CIPOrHO3YBaTH EKOHOMIYHY
e(eKTUBHICTh IPOrpaMK eHepro30epekeH sl B 00J1aCTi eJIeKTPONOCTayaHHs,
TUM CaMUM MOJIMIINTH il IHBeCTHLIIHY NPUBaOINBICTS.

igeumuTu egexTrBHICTs [IporpaM eHepro3depeKeHHs B ramysi ele-
KTPOIIOCTaYaHHS MOJKJIMBO TaKOX IIIIXOM CHUIBHOTO BUKOPHCTaHHS OTPH-
MaHHX PE3YJIbTATIB i MPaKTHYHUX PEKOMEHAIIN 3 Tay3i Teopii ympaBimiHHL
MPOEKTaM{ Ta PEe3yJIbTATiB HOBHX €KOHOMIUHHX HociimkeHb. [Ipomonosa-
HUH y [2] mpuHIMn ontuMizanii [IporpaM eHeproz0epekeHHS IPYHTYEThCS
Ha TOMY, L0 NMO3UTHBHUI €eKT Jae caMe KOMIUIEKCHA peaisallis mporpa-
miu. Lle 3yMoBIIeHO THM, 110 ii €eKOHOMIYHO JOLUIBHHUN MMOTEHIiaN BH3HAYA-
€THCS1 EKOHOMIUHOIO e(DEKTUBHICTIO BCIX 3aXOJ(IB Y CYKYITHOCTI, Hepiofgom ix
BIIPOBA/KCHHS Ta BIAMOBIAHUM OOCSTOM 3a0MIaKCHUX EHEPropecypcis.
[Tpu takomy migxoni, BusiBiieHi Texnivyni 3axoau aisi CEIl no Hporo 3a pa-
XYHOK 1HIIMX Ha OCHOBI IIPHHIMITY CAMOOKYITHOCTI.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. Kagan FO.I'. OnieHka moTeHInana ¥ IporpaMMBbl SHEProcOepeKeHUS
B CHUCTEME DJIEKTPOCHAOKEHHUS Ha MPUMEpPe KOKCOXUMUYECKOTO ITPOM3BOJIC-
tBa / FO.I'. Kauan, B.B. JlpsiueHko // EHepreTnka: eKOHOMiKa, TEXHOJIOTII,
exonoris. — K. :HTYVY «KIIl», 2007. — Ne2(21). — C.55-59.

2. Kauan FO.T". Hlono onTumizamii HOCIiIOBHOCTI peari3alii mporpam
eHepro30epekeHHsT 3a eKoHOMiyHMM  kpurepiem / HO.JI. Kauan,
K.O. BpaTtkoBcrka // BicHuk exoHOMiuHOI Hayku YKpainu. — 2009 . - Nel. —
C. 97 -100.
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HNEPCHEKTUBH PO3BUTKY EHEPTETHYHUX TEXHOJIOT'TA B
YMOBAX IU®POBI3ALIII EHEPTETUKH

3a ocTaHHI pOKH TeMId IUQPOBI3aIii KUTTEMISIIBHOCTI CyCIiIbCTBA
cyTTeBO mpuckopmimck. Ludposi moxeni, miardhopmu, anroputMu 00poOKH
iHpopManii MPOHUKHYIH Y BCi Chepr EKOHOMIKH Ta YIPaBIiHHSI. 3aBIAKH
IHHOBALIHHUM TEXHOJIOTISIM Ta OCTYIy JJO HOBHX THIIIB JaHUX 3’ SIBISIOTHCS
HOBI Oi3Hec-TIpolEeCcH, MOCIYTH Ha PUHKY, 3MEHIIYIOTbCS BUTPaTH Ta 3HH-
KYIOTbCSl Oap’epu Ul BXO/DKEHHS HAa PHUHOK HOBUX YYacHHKIB, 3pOCTaE
piBeHb MOIH()OPMOBAHOCTI YYaCHHKIB IIO0 PO3BUTKY CHUTYallii Ta LIHOBHX
rapameTpiB HEOOXIAHUX mocayr. [yl y4YacHUKIB €HEPreTHMYHOrO PHUHKY
uudpoBsi iHCTpyMeHTH Ta TuiaTdopmu 3a0e3nedyoTh eheKTHBHIILY 1HTerpa-
LiI0 PI3HUX DKEepeNl SHeprii Ta TUMIB CII0KHBAYiB, CIPHAIOYH KpPaIIOMY
3a[IOBOJICHHIO TIOTPeO CIIOKHBaYiB Ta HAMIMHOCTI (YHKIIIOHYBAaHHS CHCTEM
eHepro3abe3nedeHHsA. Y TOH ke Jac MU(pPOBi3aIlisi CTBOPIOE HOBI MOXKIIHBO-
cTi A Oi3Hecy Ta IpKepena AOXOAY IJIsl HOCTAYalbHUKIB CHEPreTHYHHX
MIOCITYT, BOJHOYAC JIOTIOMAralydy CIO)KMBadaM Kpallle PO3yMITH CBOE CIIO-
JKUBAHHS €Heprii Ta 3MEHIIyBaTH CBOi PaxyHKH.

P03BUTOK HOBITHIX €HEPTETUYHUX TEXHOJIOTIH CYTTEBHMM YHHOM BIUIH-
Ba€ Ha CTpATeriuHi MPIOPUTETH PO3BUTKY eHepreTHku. OKpemi TEeXHOJIOTii,
BOJIHOYAC, 3yMOBIIIOIOTH 3MiHYy yYMOB Ta IPHUHLMUIIB (YHKIIOHYBaHHS He
TIIBKA OKPEMHX €HEPreTHYHUX CHUCTEM, ajie M COLIOKYJIbTYPHHX acCIleKTIiB
€HeprocroxuBanHs. HoBiTHi eHepreTuuHi TexHoiorii Ta Oi3Hec-monelni
poOOTH Ha EHEPTeTHYHNX PUHKAX BIAKPHBAIOTH HOBI MOXKIIMBOCTI JUISL BUPO-
OHWKIB, IIOCTaYaJIbHAUKIB Ta CIOXHUBAYIB €HEPril K MO0 IiIBUIICHHS ede-
KTHBHOCTI iX BUPOOHUYOI MisUTBHOCTI YW CIIOXKUBAHHS €HEPril, TaK 1 MI0I0
MOJKJIMBOCTi OTPUMAaHHS €KOHOMIYHOI BUTO/IM Bifl Y4acTi B poOOTi Ha PHHKY,
B T.4. B pe3yibTaTi PO3LMIMPEHHS BHKOPUCTAHHS BiIHOBIIOBAHHX JKEPEI
eHeprii, AeleHTpatizalii eHeprozadbe3neyeH s, yuacTi B peryJIroBaHHi MoMu-
Ty, HaJaHHI IIOCIYT 3 OaJaHCyBaHHS CHCTEMH YH HPAMOi OHIAHH-TOPTiBII
eJIEKTPOCHEPTicr0 Ha Oipkax.

3 omgHOTO OOKY, CydJacHi TEHIEHII PO3BUTKY €HEPIeTHKH XapaKTepH-
3YIOTBCSl 3pOCTAHHSIM YaCTKH BITPOBOI Ta COHSIYHOT €HEPreTHKHU B 3arajbHO-
My OaxaHci BUpOOHHUIITBa eNleKTpoeHeprii. BogHouac ix pexxumu poOoTH €
HecTaOUIBHUMH 1 IIe CTBOPIOE MPOOJIeMy JUIsl €JIEKTPOMEPEX, OCKUIBKU He-
00XiTHO Tepen0aYnTH, KOJIH HAJIXOKCHHS SHEepril BiJ IUX JDKepeN maja-
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THUME, KOJH 3pocTaTuMe. 3 iHIOIOTO OOKY, PO3BHTOK HOBITHIX aKyMyJISTOP-
HHUX TEXHOJIOTIH € CYTTEBOIO 3MIHOIO YMOB (DYHKITIOHYBaHHS €HEPTOCHCTEM,
OCKIJIBKM iX MOXKHA IHTErpyBaTH B €HEPreTHYHY MEpexy Ta 3a0e3neyuTd
BUpiBHIOBaHHS Tpadiky. Ajke came piBHOMIpHUI rpadik BUpOOHHMITBA Ta
CIIO)KMBAHHS €Heprii € HalOuIbIl e()eKTUBHIM PEKUMOM POOOTH CHCTEMH
eHepro3ade3neyeHHs, o Ty’Ke BAKKO 3a0€3MeUNTH Y PealIbHUX yMOBaX.

Jnst nopanpmioro 30UIBIICHHS YacTKU BiTHOBIIOBAIBHHUX JDKEpEN B
eHeproOajIanci, po3BUTKY €JIEKTPOaKyMYJIOIOUHX CHUCTEM Ta IX iHTerpamii
1o O6’eTHAHOT SHEPTETUYHOI CHCTEMH YKpaiHH 3 YpaxyBaHHIM HEOOXiTHIX
mapaMeTpiB SIKOCTI Ta HAIIHHOCTI OCTAYaHHA €JIEKTPOCHEPTii TOMIIBHIM €
BITPOBA/KCHHS TEXHOJIOT1H IHTENEKTyalbHIX enekTpomepex (Smart Grid).

VY mepeBaxkHilf OIMBIIOCTI KpaiH HE iCHY€E CIeIialbHUX MPaBOBUX pe-
JKUMIB MIATPUMKH PO3BUTKY €JIEKTPOAKYMYJIOIOUYHX CHCTEM, OJHAK 3aIpo-
Ba/PKEHO Aep)KaBHI MPOTpaMH MIATPUMKH. Tak, iCHYIOTH CIEIialibHi Mpo-
rpamMu (hiHAHCYBaHHSI PO3BUTKY TaKHX CHCTEM JUlsi PO30yAOBH po3ocepe-
JokeHol reHepauii (Hampukian, y Himewunni). ¥V 2016 p. CILA BcTanoBuiu
MOAATKOBI MpedepeHuii At cy0’eKTiB, 0 eKCIUTyaTyIOTh Oarapeiini, Maxo-
BUKOBI HaKONM4YyBadi, HAKONWYYBayl €Hepril CTUCHYTOTO MOBITPs Ta Tiapo-
AKyMYJIIOIOUUX EJIeKTPOCTaHIild. ByIIBHUIITBO HaKONMYYBa4yiB BEIUKOT
MOTY>KHOCTI TOTpeOye 3HAYHUX IHBECTHIIIH 1 BCE OJHO CTHKAETHCS 3 HEOO-
XIHICTIO 3MCHIICHHS IHBECTHUIIIMHUX PH3WKIB. AKTYaJbHUMH IS TOCHi-
JOKEHB 3aJIMIIAOTHCS TaKi crieru(ivHi TUTaHHS A7 iHBECTHIIIH B eJeKTpoa-
KyMYJIFOIOUi CHCTEMH OYIb-SKOi ITOTYXKHOCTI Ta 0allaHCOBOi HaJIC)KHOCTI:
JIIEH3YBaHHS, MAKITIOYCHHS 10 MEPEKi Ta I[IHOYTBOPEHHS.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. HITyuHuii iHTENEKT B eHepreTHli: aHamiT. nonosigs / Cyxomomns O.
M.— K.. HICH, 2022. — 49 c¢. - https:/doi.org/10.53679/NISS-
analytrep.2022.09

2. [lepcrieKTHBH PO3BUTKY TEXHOJIOTIH €JIeKTPOaKyMyJIOBaHHS MJIs
3a0e3MeueHHs] CTAINX EHepreTHYHUX TpaHcdopmalliii B yMOBaXx HOBOTIO
punky enextpoeneprii / Y.€. ITucemenna, O.C.bukonst // ExoHomika Ta
cycminbeTBo. — 2018, — Nel7. — C.148-152. — https://doi.org/10.32782/2524-
0072/2018-17-21
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CYYACHHUI CTAH COHﬂqHQi
TEIUIOEHEPTETUKM B YKPATHI

Buxopucrannas eneprii CoHI I OTPUMaHHS TEIUIOBOI eHeprii Mae
JaBHI TPamuIlii i Ty>ke MUPOKHHA CIIEKTP 3aCTOCYBAaHHA B cydacHOMY CBiTi
SHEprisl COHTYHOTO BHUIPOMIHIOBAHHS INPOKO BHKOPHUCTOBYETHCS VIS TEIl-
JIONIOCTAa4aHHsI, BKJIIOYAIOYN rapside BOJONOCTAYaHHS 1 OMAJCHHS, a TaKOX
JUIsL TIOCTAuaHHS XOJIOJY, KOHJMWIIIOBAaHHS IOBITPS, Ta B DPI3HOMaHITHHX
TEXHOJIOTIYHUX Mpoliecax. TeroBy eHeprilo COHSYHOTO BHIIPOMiHIOBaHHS
MOYKHa BUKOPHCTOBYBaTH B JXHTJIOBHX, TPOMaJICBKUX Ta IMPOMHCIOBHUX Oy-
JUBJISIX, IS CYLIIHHS PI3HOMaHITHUX IIPOAYKTIB Ta MaTepialiB, Uil BUKOPH-
CTaHHs B TEXHOJIOTIYHHX TPOLEcax Y MPOMHUCIOBOCTI Ta CUILCBKOMY TOCIIO-
JapcTBi. 3aCTOCYBaHHS B CUCTEMaXx TEIJIONOCTaYaHHs 00JIalHAaHHS COHAYHOT
TETUIOBOI €HEPreTHKH € MO3WTHUBHHAM 3 TOUYKH 30pYy €KOJOTii — KUIBKICTB
IIKIUIMBUX BUKHUJIB B aTMOCc(epy 3MEHIIYEThCS HA BEJIMUNHY, SIKA YTBOPIO-
Bajach OW NpH 3TOPsIHHI 3a0MIaHKEHOT0 opraHiyHoro manusa. [1] 3okpema,
COHSTYHA CHEPTETHKA - ONH 3 MEPCIEKTUBHMX HAIPSIMIB 3aCTOCYBAaHHS aJlb-
TEpPHATUBHHX J[KEPEIT CHEpPrii B HAIIIH KpaiHi.

[TocrayanHs Teruia, 3aBAsKd BUKOpHcTaHHIO eHeprii CoHls, Mae no-
CTaTHBO BEJIMKUN JOCBIJ 1 CIIUPAETHCS HAa HOpMaTHBHY 0a3zy. IloreHmian
MIPOMHCIIOBOCTI JIa€ MOXKJIMBICTb BUPILIMTH BUPOOJIATH reflioTeXHiuHe o0a-
JIHaHHS HEOOXIJHOI KIJIbKOCTI, & €HEepreTHYHU I MTOTEHIia] TeIUIOBOT eHeprii
CoHIsl 103BOJISIE CYTTEBO 3MEHIIMTH BUTPATH OPraHiqyHOTO MalBa Ta 3Me-
HIIATH NIKIAJTUBUIA BIUIMB Ha €KOJIOTi0. SIK BioMO, TepMiH e(EeKTHBHOIO
BUKOPHCTAaHHS TEJOCHEPreTUYHOr0 OOJagHAaHHA Yy MIBJSHHUX O00JacTIX
VYxpaiau — 7 MicsIiB (3 KBITHS 10 )KOBTHS), Y MIBHIYHUX 00JacTsIX — 5 Mics-
1iB (3 TpaBHA 10 BepecHs) [2, 3].

Crix 3a3HA4MTH, IO CYYacHI COHSIYHI KOJEKTOpH 3a0e3MeUyoTh JI0-
CTaTHRO BUCOKHU PiB€Hh BUKOPUCTAHHS COHSIYHOI €Heprii Ta cTaliabHICTh
TEIUIO- Ta TapsY0ro BOAOIOCTAYaHHS BIIPOAOBK BCHOT'O POKY Ha BCill TepH-
Topii Hamoi kpainu. [Ipu nmepesenenni 10% iHAWBITyaTbHUX CIIOKMBAYiB HA
COHAYHE TEIJIONOCTauYaHHs B perioHax YKpaiHm MoxHa 3aomamutu 0,17
MJIH T y.IL./pik. IIpn ehekTHBHOMY BHKOPHUCTaHHI COHSYHOTO BUIIPOMiHIO-
BaHHA MOTYXxHIicTI0O 4300 MJx/M? Ha piK MOXKHa 3a0e3MEYUTH TOTPedH
CIIO’KMBAYiB B onalieHHi 10 25%, y rapsiaoMy Bogomnoctadanai — 1o 50%, y
KOHJIWIiIOBaHHI — 10 75%. 3aMiHa TpamuIifHAX KOTEJICHb COHSIYHUMHU
YCTaHOBKaMHU JI03BOJISIE 3aMICTHTH 1 36KOHOMUTH OPTaHiYHE MaJMBO, 3HU3H-
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TH 00’€M TEIUIOBHX BHUKHIIB i BUKUIIB MPOIYKTIB 3TOPSHHS Y HABKOJIHIITHE
CepeOBHINe, a TAKOXK BUPIIINTH HI3KY COIIaIHUX MpoOJeM y paifoHax, e
HEeMae IIeHTPaJIi30BaHOI0 EHEProNoCTaYaHHsl, i 3aJisITH BUPOOHUYIHH MOTEH-
1iaj HepeHTa0eNbHUX HUHI MiAnpueMcTs [4].

BukopucranHsi coHs4HOI eHeprii 3marHe mokpuBatu a0 60% pidHOT
MOTpeOu eHeprii IyIsi rapsvoro BOJONOCTaYaHHs, a B JITHIO IOPY POKY Ha-
BiTh 10 100%. OuH COHAYHHMI KOJNEeKTOp IuIomeo 2,4 M? 3a JeHb MOXe
3aomanuty 6musbko 0,7 M3 IPUPOIHOTO Ta3y, a pidHa HOro eKOHOMist CKJa-
nae omusbko 145 M3.[5].

B To0if ke "gac ciix 3a3HaYUTH, 10 B YKpaiHi CHCTEMH COHSYHOTO Tell-
JIONOCTa4aHHA HE OTPHMAJIN HMIMPOKOTo 3acTocyBaHHSA. OCHOBHA NMpUYMHA —
e Opak BITYM3HSHOTO OOJAaTHAHHA HAa BHYTPIIIHHOMY PHHKY HABIiThH IS
IHIMBITyaTbHOTO CIIOKMBa4Ya. TakoX HEraTHYHWH BIUIMB Ma€ BiJCYTHICTh
CTHMYJTIOIOUO] JIep’KaBHOT HOMTITHKH Ta 0OMEKeHa, HelocTaTHs noiH(opMo-
BaHICTh NMOTEHLIHUX CIIOKUBAYIB.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. BigHoBuoBaHi Jkepesa eHeprii: MoHorp. / bapuio A.A., beumenni
M., Bynsko B.1. Ta in.; mig 3ar. pea. C.O. Kyapi. — — KuiB: IncTuTyT BimHO-
BmoBaHoi eHepretuku HAHY, 2020. — 392 c.

2. Kyaps C. O. Herpanumiiiai Ta BiZHOBIIOBaHI JKepena eHeprii —
Higpyunnk. — KwuiB: HamioHampHWI TeXHIYHWHA YHIBEepcHUTEeT YKpaiHu
(«KTII»), 2012. — 495c.

3. ATJac eHepreTHYHOro MOTEHLiany HeTpaJuliiHuX Ta BiIHOBIIOBA-
HuX pKepen eneprii. [1ix pen. H.M. MxirtapsiHa. — Kuis: TOB «BunaBHUIIT-
BO BikTopisy», - 2012. — 61c.

4. TpaauuiiiHi Ta HETPAAULIHHI CHCTEMH eHepro3ade3neyeHHs ypOaHi-
30BaHUX 1 MPOMUCIOBUX Teputopiit Ykpainu: monorp. / I'.I'. TliBusik, O.C.
bemrra, M.M. Tabadenko Ta iu.; mix 3ar. pexn. I'.I'. IliBaska. — JI.: Hariona-
JbHUI ripHruKi yHiBepeuTtert, 2013. — 333 c.

5. TligroToBka Mpomo3uLii i3 4YUCTOI eHepril: NPaKTUYHUN MOCIOHUK /
ITix 3arampHOO penakmiero Topmocosa P.1HO., Pomantok O.I1., Cadiyminoi
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CEKIIA «EJEKTPUYHI MAIIUHW»

YK 621.3.013.1
Apumbdam 1.C.
I-p TeXH. HayK, npod. HY «3amopi3pka mosiTexHikay

OCOBJINBOCTI BUBHAYEHHS KPUTHYHUX 3HAYEHbD
OITIOPIB OBMOTOK TPAHC®OPMATOPIB 3
JTIOBIOTPUBAJIUMHU CTPOKAMMU EKCILTYATAILII

IToTyXHi CHIIOBI BUCOKOBOJIBTHI TpaHCc(hOpMaTOpH, SK MpaBUIO 00Ia-
THYIOTBCSI aBTOMaTHYHUM IIiIANpPEecyBaHHIM OOMOTOK. 3 omHOTO OOKy IIie
00yMOBJICHO TOTpeOaMu 3a0e3MEUYCHHS TUHAMIYHOI CTIHKOCTI OOMOTOK B
KOMYTalIfHUX pexuMax abo aBapiiHMX peXHMax parnToBOrO KOPOTKOTO
3aMUKaHHsS. 3 1HIIOro OOKy Ii¢ 0OYMOBJICHO 3MiHOK BHCOTH OOMOTOK Iij
Yac eKCIUTyaTallii BHACIIIOK KOJIOIHUX BJIACTUBOCTEH TBEPIOI LETOJIO3HOT
€JICKTPOI30JIALLT, SIKa 3MIHIOE CBOT PO3MIpH 1 00’ €M B 3aJICXKHOCTI BiJ| MUTO-
MOi BOJIOTOMICTKOCTI, & TaKOX i3-32 3MEHILCHHS CTYIEHs IMOJiMepH3aLil
BHACIIIOK JOBTOTPHUBAJIO] TEMIIEPATypHOI IECTPYKILi.

3MiHH OCBOBHUX PO3MipiB MEPBUHHUX 1 BTOPHHHUX OOMOTOK MOTYKHIX
BHCOKOBOJITHUX CHJIOBHX TpaHC(OpMAaTOpa Ta iX B3a€MHOTO PO3TalTyBaHHS
Ha CTPWXHSAX MAarHiTHOI CHCTeMH TpaHC(OpMaTopa BIUIMBAIOTH HA 3MiHU
CKJIaZIOBHX iX OmopiB. 3MiHA iX 3HA4YEHb JO3BOJISE BCTAHOBUTH KPHTHYHI
BIIXMJICHHS, SIKI MOXXYTh ICTOTHO 30UIBIIMTH BIPOTIAHICTh BUHHKHEHHS
MOUIKO/KEHb MiJ] 4ac eKCIuTyaTallii.

Tomy icHye notpeda NOMOBHHUTH JIaHi MOHITOPUHIY MapamMeTpiB i cTaHy
CHJIOBOTO TpaHc(opMaTopa IiJ| yac eKcIulyaralii BiANOBIJHUMH JaHUMH, IO
XapaKTepHU3yIOTh TX MOYaTKOBI 3HAYEHHSI 11iJ] 4ac BBEASHH B EKCILTyaraliro abo
JUISL ior0 TIPOEKTHOTO cTaHy. Toi MOPIBHSAHHS 3MiHM (DaKTHYHUX BiIXHJICHb
€JIEKTPUYHHX OTOpiB OOMOTOK 13 MOJIEIbHIMH 3MiHAMH JI03BOJIUTH BCTAHOBUTH
KPHUTHYHI BiIXJICHHS T€OMETPii 0OMOTOK JUTSI TOBrOTPUBAJIOT eKCILTyaTaIlii.

OTxe, mpoOiieMa BH3HAYCHHS OTOPIiB IMEPBHHHUX | BTOPHHHUX 0OMO-
TOK HaBaHT)KEHUX BHCOKOBOJBTHHUX CHJIOBHX TpaHC(HOPMATOPIB IiJ HaBaH-
T)XEHHSM 3 YPaxyBaHHSIM 3MiHHU IX T€OMETPIB 1 B3a€EMHOTO PO3TAIlyBaHHS €
aKTyaJIbHOIO SIK Y HAyKOBOMY TaK i IPaKTUYHOMY IUIaHI.

[ligBumIEeHHS TOYHOCTI PO3pPaxyHKY CKJIQJOBHX OIOPIB NMEPBHHHUX i
BTOPMHHHUX OOMOTOK IMOTYXHHX CHJIOBUX BHCOKOBOJITHHUX TpaHc(hopmaro-
piB i3 BpaxyBaHHSAM IX T'€OMETPHYHOI OyIOBH, T€OMETPUYHHX PO3MIpIB ii
CKJIaJIOBHX, 30BHIIIHIX PO3MIpiB i B3aEMHOTO PO3TAaIlyBaHHSA HA CTPUIKHIX
TparchopmaTopa notpedye po3poOku mpocropoBoi 3D reomerpudHOi MO-
aemi. L{to reomeTpudHy MoJienb HEOOXIHO CHOIYYUTH 3 MOAEISIMH €JIEKT-
po(hi3NYHUX BIACTUBOCTEH MPOBIAHUKOBUX, €IEKTPOI30IALIHHNX (epomar-
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HITHHX 1 KOHCTPYKIIHHUX MaTepiaiiB akTHBHOI YaCTHHU TpaHchopMaTopa, a
TaKOX MAaTeMaTHYHUMHU MOJEISIMU HECTAI[lOHAPHUX MPOCTOPOBHX ECIEKTPH-
YHUX 1 MarHiTHHUX TOJIIB.

Peanizanis npocropoBoi 3D Mojeni HecTalmioOHapHHUX EJIEKTPOMArHiT-
HUX TIOJIB CHJIOBOTO TpaHC(opMaTopa 3/AiHCHIOBAIACS METOJOM KIHLIEBHX
eJIEMEHTIB Y cTpyKTypi 3aco6iB Comsol Multiphysics, 110 103BOJMIO iCTOT-
HO CKOpPOTHTH BUTPATH 4acy Ha po3poOKy aJropHTMIB i CIeliani3oBaHOTro
MPOTPAMHOTO 3a0€3MCUCHHS.

3a maHUMH CXEMHOTO MOJICIIOBAHHS aBapiiHUX PEXHUMIB CHIIOBUX
TpaHC(OPMATOPiB BU3HAYAIINCS TPAaHNIHO JOMYCTUMI 3HAYEHHS CKIIAJIOBHX
OTIOpiB OOMOTOK, JJIsI SKAX yNApHi 3yCHIUIL B OOMOTKaxX 301TBIIyBaJMCS
moHax 25%. MeTonoM ymopsiIKOBaHOTO mepeOopy A BIIXHICHHS BHCOT
KOKHOT 3 0OMOTOK, Ta iX aCHMETPHYHHX 3CYBiB Ha KOXXHOMY CTPVDKHI Mar-
HITHOI CHCTEMM BCTaHOBIIIOBAJINCS BUXIJAHI 3HAUCHHS I'€OMETPHUYHHX Iapa-
MeTpiB 0OMOTOK Ut noaanbuioro 3D MozaentoBaHHS.

Takuii miaxig 103BOJIMB ICTOTHO CKOPOTUTH BUTPATH 4Yacy AJIs 3MiHH
napaMeTpiB IPOCTOPOBOI T€OMETPHUYHOT MOAeNi i He oTpeOyBaB 10JaTKO-
BUX IOJIbOBUX PO3PaxyHKIB Ul YTOYHEHHS CKJIAJOBUX OINOpPIB OOMOTOK
HHU3BHKOT 1 BUCOKOT HAMPYTH I KOXKHOI 13 (a3 TpaHchopmaTopa.

Kpim Toro BiH JO3BOJNHB MPOBECTH IOCHTIKEHHS U BUIIAIKIB Pi3HO-
BHCOKHX OOMOTOK Ha pi3HHX (pa3zax TpaHchopmaropa. Ycboro Oy 3miiic-
HEHI pO3paxyHKH IS TPhOX KPUTHYHUX I1ap MapaMeTpiB BUCOTH i aCUMET-
pii ans koxxHOT a3y, Mo 00yMOBIIIO BUKOHATH PO3PaxyHKH Ui 27 BapiaH-
TiB TIap TEOMETPUIHUX MAapaMeTPiB KOKHOI 3 (as3.

BcraHoBieHo, M0 HaWOUTBIIMK BIUIMB Ha CKJIAOBI OMOPiB OOMOTOK
Mae iX pi3HOBHCOKICTb, 2 aCHMETPUYHHUI 3CYB 110 BUCOTI CTPIIKHS Ma€ 3Hau-
HO MEHIMK BIUIKB. J[OBEeIEHO, M0 BiMHOCHI BiIXUJICHHS IO BHCOTI 0OMO-
TOK, 110 OOYMOBIIIOIOTHCS, HACaMIIEpel, 3HAYHO OUIBIIOK BHCOTOIO BEPTH-
KaJIbHUX CTOBIIIB MPOKJAJO0K B OOMOTKaxX BHUCOKOi HANpyru, MarTbh OyTH
MeHIMMH 2,5%. Y pa3i 30UIbIIeHHs BiJXWJIEHb Y BHCOTI 0OMOTOK ITOHa]
3,3% BiJHOCHO ITOYAaTKOBOTO CTaHy HEOOXiTHO IUIAHYBAaTH 3aXOJIU 3 PEMOH-
Ty 1 JTONOBHEHHS BEPTUKAJILHUX CTOBIIB MPOKJIAIOK JOJATKOBUMH IPOKIIA-
JIKaMH.

IcToTHOIO mepeBarolo 3armporoHOBAHOTO CHOCOOY BiJHOBIIIOBAILHOTO
PEMOHTY y pa3i KpUTHYHOTO BIIXWJICHHS JaHUX MOHITOPUHTY BiJ| JaHHX
MOJIGOBOTO MOJICIIOBAHHS CIIiJ] BBaKaTH, IO LEil peMOHT He MoTpidye ne-
MOHT2XY OOMOTOK. 30BHIIIHE pO3TAllyBaHHS OOMOTOK BHCOKOI HaIrpyru
JIO3BOJISIE JIOTIOBHUTH CTOBIH iX MPOKJIAIOK JOJATKOBUMH O€3MOCepeHbO
Ha aKTHBHIH YacTHHI TpaHC(hOpMaToOpa, IO iCTOTHO CKOPOYYE CTPOKH i
BapTIiCTh TAKOTO PEMOHTY.
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VK 662.614.2:661.975:669.18
[etpuk O.A.
KaHZ. TeXH. HayK, gom. HY «3amopizbka mosiTexHikay

EKOJIOTTYHI ACIEKTHU ITPOJAYBAHHS
BUCOKOTEMIIEPATYPHOI'O ATPEI'ATY KNCHEM

Jlns cTBOpEHHS €(PEKTUBHHX TEIUIOBUX Ta KUCHEBHUX PEKHMMIB BHUIIIAB-
KA CTaJi CTaJeIDIaBWIBHOTO arperaty HEOoOXiIHO BpaxyBaTH EKOJOTidHI
aCIeKTH HOTO pOOOTH, 30KpeMa KUTBKICTh MHITy, IO yYTBOPWBCS IIiJ Hac
MIPOAYBaHHSA PO3IUIaBYy KHCHEM, a TaKOX BHKUIW IIKiIMBUX pedoBuH (CO,
NOX) y HaBKOJHUIITHE CEPEOBHUIIIE.

3ajexHO BiJ 00pPaHOTO TEIIOBOTO Ta KUCHEBOI'O PEXUMY BHILUIABKU
CTaJi MaloTh Miclie BUKHIM IKiAmuBUX peuoBuH (mui, CO, NOX) y HaBKo-
JIMIITHE CEPEAOBHIIIE.

Ha mifcraBi naHUX BUBYEHHS B3a€MOJIT 3yCTPIYHMX MACOIMOTOKIB KHC-
HIO B ra3oBiii ¢a3i Ta mapiB KOHAEHCOBaHUX (ha3 Ha MOBEPXHI TOPIHHS MeTa-
JIy, HOKPUTOT'O OKHCHOIO TUTIBKOIO Y CTAJEIUIaBUIIBHHUX arperarax 3 mpoJyK-
TUBHICTIO 10 60 T/rox IPOBEAEHO AOCTIKEHHS Ta MPOAHATi30BaHO IIMTaHHS
IIpOLIeCy MWIOYTBOPEHHS NP NPOJYBaHHI PO3IUIABY CTPYMEHEM KHCHIO B
CTaJICTUIABIIIbHIM BaHHI 3 MO3UMIT (i3UKO - TiAPOANHAMIYHUX i TEIUIO(i3nud-
HHUX 0COOIMBOCTEH CTaHy peakIiiHOi 30HH.

3rigHO METOOMKH, MPHUBEICHOI ¥ podoTax [1, 2] po3paxyHKOBUM IILIS-
XOM BCT@HOBJICHA 3JIEKHICTh KUJIBKOCTI ITHITY, III0 YTBOPIOETHCS, BiJl IHTEH-
CUBHOCTI IPO/IyBaHHI BAHHM KUCHEM Ta TPUBAJIOCTI TUIABKH.

[Tpu upoMy citiji 3a3Ha4MTH, 1110 BUIIApH 3ai3a Bi0yBaloThCs He 3 yCi-
€10 BaHHH, a B peaKLifHUX 30HaX (MICISIX 3aHYpeHHs (DypM y PO3ILIaB).

BusHaueHHs paioHanbHOT IHTEHCUBHOCTI NPOJyBaHHSI BAHHH KHCHEM
TIpH MiHIMAJBHIA KUTBKOCTI Ty IPUBEICHO HA PUCYHKY 1.

Sk BumHO 3 pHCYHKY | 31 30UTBIICHHAM IHTCHCHBHOCTI NPOIYBaHHS Bij
4000 m3/rox mo 8000 mM3/ron BinOyBaeThes picT yTBOpY iy Bix 6,0 1o 8,8 kr/T,
TIPH LIOMY TPUBAIICTH TUIABKH 3HIKY€EThCs Bin 3,70 10 3,38 roauH.

Ha mizcTaBi pe3ynbTatiB TOCITIHKeHb, MPOBEICHHX Y JaHii poOoTi, po3poo-
JICHUH paliOHaIbHUN TETUIOTEXHIYHUI PEXHUM IUIABIICHHS CTajli 3 BU3HAYCHHSIM
ONTUMAIBHOI BUTPATH KHUCHIO JUISl JIOCSTHEHHS MIiHIMAJIBHMX BHKHIIB Iy B
HABKOJIUIITHE CEPEIOBHIIE BIXO/STYH 31 CITIBBITHOIICHHS POYKTUBHOCTI arpera-
Ty (TOMy 10 31 3HWKEHHSIM IHTEHCHBHOCTI TIPO/TyBaHHSI 30LIBIITY€THCS TPUBATICT
MIPOAYBHOTO TEPIOAy, a BIANOBIAHO I TPUBANICTh IUIABKHM, IIO MPHUBOJHUTH IO
3HWKEHHS TIPOYKTUBHOCTI arperary).

ParionabHa iHTEHCHBHICTH TI0/1a4i KMCHIO Ha BaHHy ckiana 6500 m3/ron
TIPY TPUBAJIOCTI TUTABKH 3,5 TOWHM (TIpX MiHIMAJIBHIHN KUTBKOCTI THITY 7,75 KT/T).
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OTtpuMaHi pe3yibTaTH JO3BOJIAIOTH MiMIHTH O MUTAHHSA ONTHMi3amii
TEIUIOBOTO i KHCHEBOTO PEKMMIB BHUIIABKH CTANi IUIA JOCATHEHHS MiHIMa-

JIBHUX BI/IKI/IL[iB MKWy B HABKOJIMIIHE CCPCAOBHUIIIC.
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Pucynok 1 - BusHaueHHS parioHaIbHOI IHTEHCHBHOCTI IPOAYBAHHS BAHHU KHCHEM TIPH
MiHIMAJIBHIHA KUJTBKOCTI THITY
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Konyp I.M.
KaHZ. TeXH. HayK, gom. HY «3amopizbka mosiTexHikay

IMITAIIMHE MOJIEJIOBAHHS PEXXKUMY I'AJIbMYBAHHSA
MNPOTUBKJIIOYEHHAM ACUHXPOHHOI'O IBUT'YHA 3
®AZHUM POTOPOM

ITepeBaxkHa OiTBIIICTD MPANIOIOYNX KPAHOBHX YCTAHOBOK BHUKOPHCTO-
By€ peleiHO- KOHTAKTOPHE YNPABIiHHSA aCHHXPOHHOTO IBHUTYHA 3 (ha3HUM
potopom. KpiM eHepreTHdaHUX BUTPAT, BKa3aHE YNPaBIiHHA BUKINKAE J10/1a-
TKOBI MEXaHIYHI HABaHTA)XCHHS B CIIEMEHTaX KOHCTPYKIii KpaHa, SIKi Iprc-
KOPIOIOTh NpolLieC HOro pyHHyBaHHS, 3HUKYIOTh TEPMIH CITy:KOH, IO MpH3-
BOJIUTH 10 30UTBIICHHS BUTPAT Ha EKCIUTyaTallifo.

VY 3B’A3Ky 13 3a3HaUE€HMM BHHUKA€ HAyKOBO-TEXHIYHE 3aBJIAHHS LIOO0
MOJIEpHi3allil eJEKTPOIPUBO/IB IPH OJHOYACHOMY IPOJOBKEHHI TEpMiHY
CITy’KOU MEXaHIYHOT KOHCTPYKIIII.

B [1] Oynu moka3aHi IUIAXH yIOCKOHAJICHHSI CXEMHU IMITyJILCHOTO pe-
T'YJIIOBAaHHS 9aCTOTH OOCPTaHHS aCHHXPOHHOTO JBUTYHA 3 (pasHUM POTOPOM,
0 3a0€3MevyIoTh IUIaBHICTh PO3TOHY €IEKTPONPHUBOAY IPU BHCOKIH €Hep-
roe()eKTUBHOCTI Ta €IEKTPO- MarHITHIA CYMICHOCTI 3 MEpEKero.

3aBmaHHAM JaHOT pOOOTH OYIIO TOBECTH MOXITHBICTE 3a0€3MICUCHHS eek-
THUBHOTO TaIbMYBaHHS B PEXHMMI NPOTHBKIIOUECHHS aCHHXPOHHOTO JBUTYHA 3
(hazHIM POTOPOM IO CXEeMi sIKa peaiizye IMITyJIbCHE PeryJIFOBaHHsL.

Jiist mpoBeeHHS JOCIIKEHHS peaizalii peKuMy rajJbMyBaHHs Hpo-
TUBKJIIOYEHHSIM aCHHXPOHHOTO JIBUTYHA 3 ()a3HUM POTOPOM 3 MOAU]iKOBa-
HOKO CHCTEMOIO IMITyJILCHOT'O PEryJroBaHHsA y cepenoBuini MatLAB [2] 3a
JIOTIOMOTOI0 CTPYKTYpHUX 3aco0iB Simulink cdopmoBana imiTamiiiHa Mo-
JIeTIb JIEKTPOMArHITHUX TPOLECIB aCHHXPOHHOTO €JIEKTPOIPHBO/LY .

3a JOmOMOTOI0 iMiTamlifiHIiH Mojaemi OyiaW OTPUMaHI OCIHIOTPaMH
MIPOLIECY TaJbMyBaHHS MPOTHUBKIIOYEHHSIM KPaHOBOTO ACHHXPOHHOTO IBH-
ryHa 3 ¢asaum poropom Tuiry MTH-111-6 motyxHictio 3.5 kBT mpu Ha-
mpy3i mepexi Un = 380 B.

AmHati3 ocruIorpaM MoKasas, 10 B CTAIOMY PEXXNMI IHBEPTYEMHH CTpyM
Mae TIepepHBUaCTHil XapakTep. BumpsimileHuii cTpym poTopa MOIYyJIbOBaHO
YacTOTOIO0 KOB3aHHA. Y PEeXHMi peKymeparii BUNPSIMIICHHI CTPyM pOTOpa BHU-
3HAYAEThCS BEIMYMHOIO TiCTEPE3nCca YCTABKU CTPYMY, CEPEIHE 3HAUCHHS SIKOTO
€ BEJIMYMHOIO TIOCTIHHOI. 3amponoHoOBaHa cxeMa 3a0e3reuye pekuM peKyrepa-
111 eHeprii B Mepexy B PeXKHUMIi TralbMyBaHHS TPOTUBKITIOYCHHSM.

JocmipkeHHs Ha iMiTamidHIA MOJesi oKa3any, Mo npu pesepci das i
MIOCTIHHOMY CTPYMi POTOpa CIIOCTEPITraloThCsl 3HAUHI KOJIMBAHHS MOMEHTY,
SIKi TIOB’s13aH1 3 HasIBHICTIO arepioJMyHOl CKJIQJ0BOI IPU PeBepCi, BETMYMHA
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SIKOT 3aJIeKUTh Bil (pa3u HAPYTH B MOMEHT peBepcy. Jiisi yCyHeHHs 3a3Ha-
YEHOTO HENOJIKy HeOOXiIHO BHKOPHCTOBYBAaTH TiOPHIHWN KOHTAKTOp i3
KOHTpOJIeM (a3u peBepcy.

[HmuM, OLTBII palioOHATBPHUM CIIOCOOOM, € BUKOPHCTAHHS 3a/JaTYHKa
IHTCHCUBHOCTI JIQHIIOTA 3aBIaHHS CTPYMY YCTaBKH CTPYMOOOMEKEHHS, IO
JTO3BOJISIE OTPUMATH IIJIABHE HAPOCTAHHS MOMEHTY JIBUT'YHA.

TakuM YMHOM, BUKOPUCTAHHS ITi€] CXEMH JI03BOJISE 3a0€3IICUUTH CHE-
proceKTUBHE KEPYBaHHS PEKUMaMH POOOTH KPAaHOBUX MEXaHI3MIB MPH iX
MOJIepHIizaIlil.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU
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JOCIKEHHSA EJIEKTPOMATHITHUX ITPOLHECIB ITPU
BU3HAYEHHI TAPAMETPIB TPOJIEIB IIIUHOITPOBOJIA

Knacuyni iH>KeHEpHI METOIM PO3pPaxyHKY HapaMeTpiB 1 elleKTpoMarHi-
THHUX XapaKTepHCTHK TPOJEHHOT0 MIMHONPOBOA B PI3HUX PEKHUMaxX poOOTH
PI3HOMaHITHHX CTPYMOIIpHIMAadiB, 3aCHOBaHI Ha IJIOMY psAi MPUITYIICHD
[1]. Hopsn 3 icHyrOUMMH METOIAMH B IH)XKCHEPHIH MPaKTHI, BIIOMHUM €
3aCTOCOBAHHS METO/IB CXEMHOI'O MOJICIIOBAHHSI.

JlocuTh aKkTyallbHUM CIPSMYBaHHSM € PO3poOKa MaTreMaTHYHOI JBO-
MipHOi MOJIeJNi B YaCTOTHUX IMOCTAHOBKAX PO3PAXYHKY PO3IMOJALTY MarHiTHO-
ro mons. Ll Mozmens 103BOJIsiE BPaXOBYBATH KOHCTPYKTHBHI OCOOJIMBOCTI
CUTCEMH TPOJICHHOTO IIMHOMIPOBOJA, HETIHIHHICTh MAarHITHUX Ta €JIeKTPO-
(hi3MIHUX BIACTHBOCTEW MaTepianmiB, e€(peKTH OIM3BKOCTi, IMOBEpXHEBI Ta
30BHIIIHI MMOBEPXHEBI e()EeKTH, BILIMB FapMOHIMHUX CKIIaJOBHUX CTPyMy Ha
HaJ{iHHS HAallpyTH Ta BTPATH MOTY>KHOCTI B TIPOIIECi eJIeKTpoIiepeiayi.

Tomy, i AOCHiKEHHs! €JIeKTPOMArHiTHUX MapaMeTpiB TpoJeiB Miu-
HONPOBOJY, Ta BepH(iKallis OTPUMAHHUX PE3yJbTaTiB PO3PaXyHKY 3a JIOIO-
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Moroto mnpoctopoBoi (3D) Ta miocko-napanensHoi (2D) maremarmuHuX
MOJbOBUX MOJIEIIEH.

OTtpuMaHi 3HaYCHHS MAAIHHS HAPYTH, PO3PaXx0BaHOl 3a IPOCTOPOBOIO
MOJIEIUTIO €JIEKTPOMArHiTHOTO IOJISI Ta 3HAYEHHS PE3yJbTYI0UOro MaiHHSA
HaTpyTH 3a ABOBUMIPHOIO ITOJIFOBOI0 MOEIUTIO Y YaCTOTHIM MOCTaHOBII
3amadi. PesynbraTn Bepudikarii 3a po3paxoBaHUM MAAiHHAM HAIPYTH MiIT-
BEPIKYIOTh BHCOKY TOYHICTH PO3PaxyHKy Ta IOCTOBIPHICTH OTPHUMaHHX
pe3ynbrariB (moxubka He nepesunye 1,73%+1,9%) nBoBumipHOi Monemni y
YaCTOTHIN MMOCTAHOBII IO BiJIHOIIEHHIO 10 TIPOCTOPOBOT MOJIENI B MOCTAHO-
BIIi 33/1a4i 3aJIC)KHOT BiJl 4acy €JIEKTPOMATHITHOTO TOJIS.

3anpornoHoBaHa MaTeMaTHYHAa MOJENb ISl 3aBAAHHS Y YaCTOTHOMY
(hopMyJTIIOBaHHI €JIEKTPOMArHiTHUX MPOLECIB B CTAJIEBUX Ta MiJHUX TPOJIEIX
LIMHOMPOBO/Ia MOXE 3aCTOCOBYBATHCH ISl PO3PaxyHKy IapaMeTpiB, BTpaT
Halpyru, €Heprii MarHiTHOTO IOJsI Ta aKTUBHUX BTPaT Ui PI3HUX (GopMm
TpoJIeiB MIMHONPOBO/IA Ta BiJCTaHEH MK HUMHM 3 ypaxyBaHHIM Ta 0e3 ypa-

k

XYBaHHS €KPaHYIOUHX EJIEMEHTIB JUI KOKHHX
CTpyMY.

-X TapMOHIK MEPEeXeBOTro
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AKTYAJIBHICTb MOJEJIIOBAHHA HEPIOJUYHUX
EJIEKTPOMAT'HITHHUX TPOHECIB CHJIOBHUX
TPAHC®OPMATOPIB

CuoBi TpancopMaTOpH MalOTh CYTTEBUH BIUTUB HA SKICTh SKCILTya-
Talil eJEKTPUYHUX MepeX. BOHM BH3HAYAIOTh HAIMHICTH 1 EKOHOMIYHICT
iX pexuMiB. Alle, B CBOIO 4epry, Ha IX (PyHKI[IOHYBaHHS BIUIMBAIOTH MPOIIC-
cH, 10 MPOTIKaIOTh B 00’ €qHaHIM enexrpoeHepretnyHiii cuctemi (OEC), six
B HOPMAaJIBHMX, TakK i B aBapilHUX pexxnMmax ii poboTu. [Ipudomy meit B3ae-
MOBIUIUB YCKJIaTHIOETHCS HETIHIMHICTIO X XapaKTePHUCTHK 1 mapaMeTpiB.

MaremaTH4HE MOJIETIOBAHHS € HaHOUIbII €(EeKTUBHUM METOJOM BH-
BUEHHS TpoIleciB B TpaHchopMaTopax, sk enementax OEC. Ane Tpaguiiii-
HUW MaTeMaTUYHWH amapar He JOCTaTHHO TOYHO BiITBOPIOE (hi3WUHI TIpoIie-
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cu TpaHCPOpPMATOPIB Ta YCKIIANHIOE iX peastizamifo B KOMII FOTEPHOMY BHIJIII.
ToMy € akTyabHOFO TIpoOIeMa aIeKBaTHOCTI MATEMATHIHOI Ta (Di3UYHOI MOJICIIeH.

3ajaui aHamizy i CHHTE3y Oe3rocepesHbO IMOB’sI3aHi 3 PO3POOJICHHAM
HOBHX 00’€KTIB 1 JOCIIIKCHHSM BXKE ICHYIOUHX.

3anmayi aHai3y 3a3BUYAl MOAUISIOTH HA!

— PO3paxyHOK yCTaJICHUX 1 MEPIOTUUHUX PEKHIMIB;

— JIOCHIJPKEHHS TEPEXiJHUX MPOLECIB.

Jlo 3aja4 cUHTE3y BiJHOCHTHCS BIUIMB 3MiHM IapameTpiB 00’€KTy Ha
Horo BUXigHI XapaKTePUCTHKH.

OpHi€ro 3 HaAMBaKIMBININX 3a7ad, SKi HaldacTimie 3yCTpidaroThCs B
MPaKTHUIl, € aHaJli3 YCTAJCHUX 1 MePiOJUYHUX IPOLECIB, 3aBIIKA MAaCOBOMY
3aCTOCYBaHHIO B TEXHIIl MPUCTPOIB NEPiOTUIHOT [Iil.

TakuMm 9HMHOM YCHIX IOCTIIKEHb eNEKTPOMArHITHUX MPOIECIB IMITKOM
3aJIeXHUTh BiJl HAIBHOCTI MaKCHMAJIBHO IPHCTOCOBAHHMX O KOMII FOTEPHOI
peanizalii MaTeMaTH4YHUX MOJIeNel, SIKi CIHPAIOThCS HA MaTeMaTUYHHN
arnapar, CIipOMOXKHHH OJTHOYAaCHO PO3B’A3yBaTH Yy HENEPEepBHOMY Haci Taki
3ajaui, SIK MepexigHi i yCTaJeHi mporecy.

B icHyHOUHMX MaTeMaTHYHUX MOJECISIX CHJIOBHX TPaHC(POPMATOPIB He-
JHIHHICTh XapakTepy 3B’S3KIB BPaxOBYIOTh 3a JOIOMOTOI KOedillieHTiB
caMo- 1 B3a€EMOIHIYKIIii.

Po3B’a3yBaHHs TakuX MoOJENEd NOB’si3aHE 3 BUKOPUCTAHHSIM MaTpUy-
HUX PO3PaxyHKIB, IO € OJHIE€I0 3 HAMOULIBII TPYIOMICTKHX OIeparliii yuce-
JIBHAX METOIB.

Tomy Ha Yaci € HeoOXiHICTH po3po0IeHHS 3ac00iB MOJICITFOBAHHS T1e-
PIOIMYHUX eNEKTPOMArHITHHX MPOIECIB B CHIIOBUX TpaHCPopMaTopax, ki O
JTO3BOJBSUTH JIOCHI/DKYBATH 1 TMOKPAIIyBaTH I1X TEXHIKO-CKOHOMIYHI MOKa3-
HUKH.

VK 662.614.2:661.975:669.18
Hazapenko [.A.
KaHJ. TeXH. HayK, Ao1. HY «3amopi3bka mOoTiTeXHIKa»

AHAJII3 CYYACHOI'O CTAHY IMTAHHA
E®EKTUBHOI'O BUKOPUCTAHHA ITAJIMBA

VYBara 110 npo0eMHu pamioHaIFHOTO BUKOPHCTAHHS CHEPTETHYHUX pe-
CypciB He cliabInae B yCiX IPOMHUCIIOBO PO3BHHEHUX KpaiHax. Hampuxian, B
HiMeuuuni po3modaTo JOCTIKEHHS 3a MPOTpPaMoi0, OCHOBHHUI HAIPSIMOK
SKOi - BIPOBAKCHHS HOBHX TEXHOJOTIYHHX IPOIECIB 3 OUIBII HU3BKOIO
MUTOMOIO BHTPATOK TEIUIOBOI €HEPrii, B SKUX MOPSI 3 CKOHOMIEI eHepril
nepeabadeHo MOJiMmeHHs exojoriunoi curyamnii [1]. B Snonii TpuBae pos-
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poOKa eHepro30epiratoyrx TEXHOJIOTIH IS METATYPriifHUX MeYei, a B KiHIIi
80-x poKiB pO3MOYATO BIPOBAKCHHS CHCTEMH IiarHOCTYBAaHHS CTaHy Iie-
Yeif 3a JOIIOMOTOI0 IITYYHOTO iHTEJEKTY [2].

VY dYopHi MeTamyprii OZHUM 3 HaHOLIBII €HEPrOEMHUX € MPOKATHE
BHPOOHHMIITBO. Y TMOIYM SHUX HATrPiBAIGHUX 1 TEPMIUYHUX IeYax Ifi€l Mexi
BUTpadaeTses Oinbire 10 % BchOro manmBa, SIKE CIIOXKUBAETHCS ramyssto. [lpu
IFOMY Y cO0IBapTOCTi TOTOBOTO IPOKATy BUTPATH Ha HATPiB METAy CTAHOB-
asth Big 20 % 1o 40 % cymu BUTpar No Hepeliny, a Ha TeXHOJIOTTYHE ITAJTHBO
JIOBOJUTHCS 110 44 % 3arajbHHUX BUTpAT Ha HarpiB [3]. 3a piBHEM NalMBO BUKO-
PHCTaHHS HaIlla YOpHA METaJypris BiZIcTaBaja BiJl IEPEAOBUX KpaiH.

P03BHTOK KOHCTPYKIIi# i BIOCKOHAJICHHSI pOOOTH HarpiBajbHUX 1 Tep-
MIYHUX Me4ell MeTalypriiHOi IPOMHUCIOBOCTI B OCTaHHI POKU BinOyBasocs
B JIBOX OCHOBHHUX HampsIMKax: ITiIBUINCHHSI CKOHOMIYHOCTI pOOOTH 1 MOJIiM-
IICHHS SIKOCTI HArpiBy 3arOTOBOK, sSIKE BU3HAYAETHCS PIBHOMIPHICTIO HArpi-
BaHHA. ABTOMAaTH3alis redeil BUpilTyBaia Ti K 3aBAAHHS ITiIBUICHHS €KO-
HOMIYHOCTI 1 SIKOCTI HarpiBy, MpoTe OLIBIIO Mipoo Oyia cIpsMOBaHa Ha
3HIDKEHHSI TIMNTOMHX BHUTpPAT €HEprii 3a paxyHOK ONTHMi3alii mpouecis cma-
JIFOBAaHHS [TAJIMBA | BAKOPUCTAHHS CHEPTil B Ievax.

3axoxu, cpsIMOBaHI Ha 3HIDKCHHS BUTPATH NAJIMBA, MOXHA PO3ALIUTH
Ha TPY OCHOBHMX HAIIPSMKH: NEPILU - OpraHizaliiHi 3aXoau; Apyre - Tex-
HIYHI Ta KOHCTPYKIIHHI 3aX0/1, TIOB’sI3aHi 31 3MIHO KOHCTPYKIII abo crio-
co0y omaiieHHs Ie4eil; TPeTe - BAOCKOHAJICHHS Pe)KUMIB yIIPaBIIiHHS Harpi-
BaHHSM METaJy B Ievax.

[Tepiui Ba HANPSIMKU MPHUHOCATH €EKT 3a PaXyHOK OLIbII y3roJpKe-
HOi poOOTH CTaleIUIaBIUIBHUX | MPOKAaTHUX IIEXiB, 32 PaXyHOK IOJIIIICHHS
pekynepanii Tema ra3i, M0 BiAXOAATb, 3HIKEHHS BTpaT TeIUla B HaBKO-
JUIITHE CepelOBUINE, IHTCHCHUQIKAIl TEINI00OMiHY B poOOYOMY IMPOCTOpi
pizHUME criocoOamu i T.n. OmHAaK, KOJH MEpIn JBa HAMpPSIMKH BHYCpPIaHi
CTa€ aKTyalbHOIO 3a/ladya ONTHUMAJIBHOTO YIPABIIHHA 3 BHKOPHUCTaHHAM
PI3HMX KpHUTEpiiB ONTHMaJIbHOCTI. B OCcTaHHI pOKM Bce MIMpIIE BUKOPHCTO-
BYIOTBCSI MIKPOIIPOLIECOPHI MPUCTPOT KepyBaHHs 00’ €KTOM, IO JA03BOJISIOTH
peanisyBaTu Oyib-sKi JOMYCTUMI PEKHMH YIIPABIIHHS.

KinbkicHuii aHami3 pi3HUX CHOCOOIB eHepro30epeKeHHs MPOBOIATH 3
BUKOPHCTaHHSIM Koediienta Bukopuctanns temiord nanmusa (KIT). ITuro-
Ma BHUTpaTa YMOBHOTO IaJMBa 3HIKYETHCS TMapajieIbHO 31 30UIBIIEHHSIM
KUT. 36inpmenns KUT 3abe3neuyeThesi MiABHIEHHSM TEIIOTH 3TOPAHHS
TavBa, MiJIrpiBOM HajMBa 1 OKKCIIIOBAaYa, 3SHIKEHHSIM BTpAT 3 Ta3aMH.

Brpary TennoTy 3 BiIXiHIMHU razaMy, BU3HAYAIOThCS iX TEMIIepaTypolo i
o0csroM. 3MeHIIEHHS 00CsATY TasiB JIOCSTAEThCSl BIOCKOHAICHHSIM IIPOLIECY
CIaIIIOBaHHS NanuBa a00 BUKOPUCTAHHS KUCHIO JUIs 30aradyeHHs MOBITPSI.

ABTOopu pobotu [4], po3misaayn CTpaTerilo BUKOPUCTaHHS EHeprii,
BiJI3HAYAIOTH, II0 MONUT HA €HEPril0 B yChOMY CBiTi Oe3nepepBHO 301IbIIy-
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€ThCS, HE3BAKAIOUN Ha Te, 0 HEKOHTPOJIbOBaHE ii CIIOKMBaHHS Hece B cobi
rio0anbHy 3arpo3y HaBKOJIHMITHHOMY CEpEIOBHUINY. 3a PiK JIFOJCTBO CIAIIOE
TaKy KUIBKICTh BHKOITHOTO TaJMBa, HA BUPOOHHMIITBO SIKOTO NPHPOJA 3aTpa-
TWJIa MUTBHOH pokiB. HakomudeHHss B atMocdepi MIOKCHIY BYIJICHIO Ta
IHIIMX TPOJYKTIB 3rOpsHHS 3arpoXye 3MiHOI0 Kiimary. Eneprosoepiraroui
TEXHOJIOTIT MOXXYTh CIPHSATH 3HW)KEHHIO CIIO)KMBaHHS TajnBa 0e3 IIKOIU
JUISL EKOHOMIYHOTO PO3BUTKY.

Oco0nuBe 3HAUEHHS Ul MPOMHCIIOBOCTI 1 €HEPreTHKU YKpaiHu Mae
TaKe 3py4He Ul 3aCTOCYBAaHHS, YHCTE 1 BUCOKOKAJIOPiliHE ITAIMBO SK MPH-
pomuuii ra3. Ha gacTky mpupomnoro rasy mpunanae onmnzpko 20 % BupoO-
HHUIITBA 1 CIIOKMBAHHS IMPOMICIOBHX BHIIB MannuBa. Y Mipy BHCHa)KEHHS
HasBHHX JDKEpeNl TPUBAaTHME 3POCTAaHHS LiH HA NMajuBO. YU cTaHe eKOHOMi-
YHO MOUUIBHO PO3POOJIATH iHINI BHIOM CHEPTii 1 BIOCKOHAIIOBATH CIIOCOOU
BUKOPHUCTAaHHS HAasBHOTO TaJIUBA.

CIIACOK BUKOPUCTAHOI JIITEPATYPU
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JOCIJKEHHA 3MIHU B3AEMOIHAYKTUBHOI'O
OIIOPY PO3CIIOBAHHA MI'’K OBMOTKAMMU
TPAHC®OPMATOPA ITPHU PO3IIOALII MPC

I3 3pocTaHHSAM HOTY)XHOCTI €HEProCHUCTEM BiOYBAETHCS MOCTYIIOBE
301IBIICHHS! OTYXHOCTI OJMHUIB TPaHC(OPMATOpIB, IO MOSCHIOETHCS K
C€KOHOMIYHUMH, TaK TEXHIYHUMH 1 €KCILTyaTalliHHUMH IPHIHHAMH.
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HesBakaroun Ha CBOIO BiIHOCHY NPOCTOTY, Cy4acHi TpaHc(hOpMaTopH
BHCYBAIOTh PS MPOOIIEM, JOCUTh CKIAJHUX, 00 NPUTATHYTH 10 cede yBa-
Ty iHKCHEPHO-TeXHIYHHX MPALiBHUKIB, 3aWHATHX Y BUPOOHHUIITBI, BUIIPOOY-
BaHHSX 1 eKCIUTyaTalii TpaHc(hopMaTopiB.

[TompoBi MeTOIM BU3HAYCHHS aKTUBHUX 1 IHIYKTHBHUX OIOpPiB 0OMO-
TOK TpaHC(opMaTopa Ha MiJCTaBi KAPTUHU OIS JAIOTH HEMOTaHi pe3ylbTa-
TH [IPU PO3PAXYHKY NMPOCTHX KOHICHTPHYHUX OOMOTOK, a TAKOK CUMETPHY-
HHUX OOMOTOK, 110 YE€PTYIOThCS.

PeasbHi 00MOTKH TpaHC(OpPMATOPIB 3a3BUYAll CKIIAJAIOTHCS 3 JEKLUIBKOX
JJISHOK, 10 BiJPI3HSIOTHCS TEOMETPHYHIMH PO3MIpaMH B HAIpPsIMi, EPIICHAN-
KyJSIPHOMY TIOTOKY PO3CISIHHS, TOBIIMHOIO 130JISL{, IMUIBHICTIO CTPYMYy 1 Tak
nam. Jlnst BUpIMIEHHS IMX NpoOIeM 3aCTOCOBYIOTH METOJ, 3aCHOBaHWA Ha
Teopii 6araTo0OMOTKOBOTO TPAHC(OPMATOPA, METOJT TOTYKHOCTEH.

B o0MOTKax i3 BEIHKUM pagiallbHAM PO3MIpOM, [UIS MTOKPAIICHHS Bifl-
BOJY TeIUTa IepeadavaloTh BEPTUKANBHI KaHANH, SKi PO30MBAIOTE 0OMOTKY
Ha JeKiTbKa KOHIEHTPIB (Hampukian, Ha nBa (puc. 1)). [Ipu msomy MPC
PIBHOMIPHO PO3MOIUIIETHCS TIO BUCOTI 0OMOTKH. Taka KOHCTPYKIis 0OMO-

TOK MPU3BOIUTH 10 3MiHU B3aEMOIHAYKTHBHOTO OTIOPY PO3CIFOBaHHS.
A

Pucynok 1 — Po3rariryBanHs 0OMOTOK 3 BEpTHKATLHUMHU KaHAIAMHU
Ta emtopa posnominy MPC

IIpu npoMy BpaxoBYeThCs, IO emopa po3noaity MPC B pagiansHOMY
nepepizi CKIIAIaeThCs 13 CeMH TUITHOK 3 JIiHiiHNM po3nozainom MPC.

IIpu mocmimkeHH] MOIIBHO 3aCTOCOBYBAaTH METO] TUIAHYBaHHS €KC-
MIEPUMEHTY APYTOro MOPSIKY 1 CKIACTH MAaTPHILIO MJIaHy eKCIIEPHUMEHTY IS
YOTUPHOX (PaKTOPIB B KOJOBAHUX OJWHHUIISX.

OyHkuiero MeTn 0depeMo IHAYKTHBHUIA Omip po3citoBaHHs 1o oci d —
Xsd, (PakTOpamu, IO BIUIMBAIOTH HA (YHKIII0O METH, NMPHHMEMO IINPUHY
KaHaJlB a4, b1,, Ta MiCIle PO3TAIIlyBaHHS [IMX KaHAIIB B pajliaiHOMY Tepe-
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pizi 0OMOTOK, TOOTO BigHOIICHHS paAiaJbHHUX PO3MIpiB KOHIEHTPIB, SKi
nponopuiiiHi BizHomenasM MPC konnentpis HH; — HH, # BH; — BH,.

TakuMm 4MHOM, OTPUMAEMO IIOJITHOM 3aJIeKHOCTI QyHKIIT MeTH Bij 4o-
TUPBOX (PaKTOPiB

Xgqa = f(Q12, b1z, a1/ay, bi/by).

[Ticnst woro 3HaueHHst GaKkTOPiB IMEPEepaxoByeEMO i3 KOJZOBaHUX y abco-
JIOTHI Ta MPOBOJUMO PO3PAXyHOK IHAYKTHBHOIO OIOpa PO3CIFOBaHHS
B3IIOBXK OCi CTPIDKHSI.

3a BH3HAYEHWMH KoedillieHTaMH MOJIiHOMa MPOBOAWMO HOTO aHaji3,
IO JIa€ HAM 3MOI'y BH3HAYUTH ONTUMAalbHI 3HAYCHHS IIMPHHU BEPTHKAJb-
HUX KaHAJIB Ta MICI[S TX pO3TAlIyBaHHS 32 YMOBH, IO X;q—>MiH.

YK 621.313
I'amymko I,
crapm. BUKI. HY «3anopizbka nomiTexHiKa

INEPCIIEKTHUBHU BITPOBA/I’KEHHSA
CBEPXITPOBIJTHUX KABEJIbHUX JITHIN

JlocnikeHHs Ta po3pO0OKH Pi3HUX THIIIB €JIEKTPOTEXHIYHUX MPUCTPO-
iB Ha ocHOBI BHcokoTemmneparypHoi HaanposigHocti (BTHII) Bexytbes y
BCbOMY CBITi. L{luMy npuCTpOsiMH MOXKYTh OyTH €JIEKTPUYHI MalIMHH, CHUIIO-
Bi KaOelmi, CTpyMOOOMEXyBadi, iHAYKTHBHI HAKONMWYyBadi €HEprii Ta iH.
[IpraoMy came cHIIOBI HAaAMpOBiIHI Kabenmi € HaWOITBII PO3pOOICHUM Ta
MPOCYHYTHM BH/IOM 3aCTOCYBaHHS Ha/IIIPOBIJHOCTI B €JI€KTPOCHEPTeTHIII.

Jlo ocHOBHHUX TiepeBar HAATIPOBITHUX KaOeTiB MOXKHA BiTHECTH:

— JIETKY Bary 3a paXyHOK MEHIIOi KiJIbKOCTI BUKOPHCTOBYBAHOI'O Ma-
Tepiany;

— BIJICYTHICTh €JIEKTPOMArHiTHHUX Ta TEIUIOBHX MOJIB PO3CIIOBaHHS,
€KOJIOTIYHA YHCTOTA Ta MOXKEXKHa Oe3I1eKa;

— HU3bKI BTPATH €HEPTii y HaANpPOBiIHIiT KabebHiH JiHii.

He MeHII IIHHUMK € MOKJIMBOCTI 3aMiHHM iICHYIOUOTO KaOesro Ha Ka-
0eIb 3 OUIBIIOI0 TIEPEIaHOI0 MOTYKHICTIO 3a THX e TabapuTiB Ta mepenadya
BEJIMKUX TTOTOKIB €Heprii NpH MOPiBHAHO HU3bKIN HAIpy3i.

BucokoremmnepatypHai HaanposiaHi xabensHi minii (BTHIT KJI) moc-
TITHOTO Ta 3MIHHOTO CTPYMIB € IHHOBAIIIHHOIO PO3POOKOIO, IO JIO3BOJISIE
BUPIIINTH 3HAYHY YaCTHUHY ITPOOIEMH EIICKTPUUHIX MEPEX.

IMTpu Bukopucranni BTHII KJI nocriiiHoro ctpyMy HaOyBaeThes e i
HOBA SIKICTh TIepe/adi, Tak SIK JIiHisl cTa€ KEPOBAHUM €JIEMEHTOM MEpexi, 10
peryJoe MOTOKHM TepenaHoi eHeprii axx mo pesepcy mnepemaui. BTHIT KII
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MOCTIHHOTO CTPYMY, MalOTh PsiJi JOJATKOBUX IepeBar y IOPIBHIHHI 3 JIiHisA-
MH 3MIiHHOTO CTPpyMY, a came:

— OOMEXeHHSI CTPYyMiB KOPOTKOTO 3aMHKaHHS, IO TO3BOJISE 3’ €THATH
0 «HHU3BKill CTOPOHI» OKpeMi CEKTOPH EHEeprocHUcTeMu Oe3 30iNbIIeHHS
CTPYMiB KOPOTKOT'O 3aMHKAHHS;

— 3ano0iraHHsd KacKagHUM BiJKJIFOYEHHSM CIIOKHMBAYIB Ta ITiABUIIICHHSI
CTIHKOCTI Mepesxi 3a paxyHOK B3aEMHOTO pe3epByBaHHS €HEPTETUIHHX PaifOHIB,;

— PeryJoBaHHs PO3MOALTY IIOTOKIB MOTY>KHOCTI Y MapayieNIbHUX JIHISX;

— Tepeaya MOTYKHOCTI 3 MiHIMaJJbHUMH BTpaTaMH B KaOeJi Ta, K Ha-
CIIZIOK, 3HWYKEHHS BUMOT JI0 KPIOT'€HHOT CUCTEMH;

— MO>XJIUBICTB 3B’SI3Ky HECUHXPOHI30BaHUX €HEPIOCHUCTEM.

VY eNeKTpUYHUX Mepekax MOXKIMBE CTBOPEHHSI CXEMH 13 3aCTOCyBaH-
usam BTHIT KJI sik 3MiHHOTO, Tak i moctiiHOro cTpy™miB. OOHIBI cucTeMu
MaloTh CBOi Kpamli cepH 3acTOCyBaHHs, i B KIHIICBOMY IJICYMKY BHOip
BHU3HAYAETHCS 1 TEXHIYHUMH, | eKOHOMIYHIMH MipKyBaHHIMU.

YK 669.04
Ky3bmenko A.A.
crapm. BUKI. HY «3anopizbka nosiTexHikay

BUKOPUCTAHHS HU3bKOTEMIIEPATYPHUX JI’KEPEJI
TEIIJIOTH B CXEMI KOTEJIBHI 3 TEIIJIOBUM HACOCOM

OCHOBHUMH JDKepellaMi TEIUIOTH JJIsl BEIMKUX TEIUIOHACOCHHUX YCTa-
HOBOK CIJIijl paXxyBaTH IITYYHI JKepesa — TeroBi Bigxoau. [IBuakuii 3pict
CHOXKMBaHHSI €HEPropecypciB BUCHAXKY€E MPUPOJIHI OaraTcTBa i MPU3BOIHUTH
JI0 TEIIOBOTO 3a0pyAHeHHs OiocdepHu.

Hanpukiaz, TeruioBi eleKTpOCTaHIil, B TOMY YHCIIi aTOMHI eJIeKTpoC-
TaHI1, BTPA4alOTh 3 OXOJIOKYI0Y0K0 BoJor0 (50...55) % eneprii manmusa.
[TpoMucnoBi MiANPHEMCTBA CIIOXKMBAIOTh BEIMYE3HY KIJIBKICTh BOIH IS
OXOJIO/KEHHsI MaIlIMH Ta poOOYMX TUI B PI3HUX TEXHOJOTIYHMX IpOIIEcax.
O06’em 3BOpOTHOI BoaM ckiagae 61 % BOIM, IO BUKOPUCTOBYETHCS BCIEO
pomucioBicTio. i TeruoBi piku minwii pik MaroTh Temuepatypy (20...40)
°C, 110 NMPaKTHYHO J]a€ MOXJIMBICTh BUKOPHCTOBYBATH TEIIOTY Oe3mocepe-
nHBO. L Benmnde3Ha KibKicTh BOJH OXOJIOJIKYETHCS B TPATUPHSX 1 B 1HITUX
BHIIAPHUX OXOJIOJKYBadyax, BiAgaroud B arMocdepy pa3oM 3 TEIIIOTOIO
YaCTHHY BOJH Y BUIJISAI [apH.

SIKIo OpiEHTOBHO paxyBaTH, IIO B 3aralbHOMY IO YKpaiHi 00’ewmi
3BOPOTHOTO BOJIOTIOCTAYaHHS OXOJOKYETHCS TUTBKK 75 % Boaun, T06TO 120
kM3 3a pik, TeMreparypHuii nepenaj sxoi qopisHioe 10 oC, To opieHTOBHE
CKMJIaHHS HU3bKOIOTEHIIMHOT TEMJIOTH MPOMUCIIOBICTIO CKJIaJae = 5 Mip[
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I'/Ix 3a pik. Boma, sika oguH pa3 BUKOPUCTOBYETHCS MPOMHUCIOBHMH MiATI-
puemctBamu (= 40 % Bcporo 06’eMy), B KiHII KiHIIB Yepe3 KaHATI3aIio
MOTpAaIuIsi€ B IPUPOAHI BOAOHMHU.

3HayHe eHepro30epeKeHHsI MOXKe 3a0e3NMeYrTH CUCTEeMa KOTEJbHI 3
TEIJIOBUM HacocoM ( puc. 1), o sBIIsie COO0I0 CUCTEMY ITOCTA4aHHS Taps4ol
BOJIU, B sIKili BUKOPHUCTAHHS TCIIOTH BiJOYBAETHCS 3 BUCOKOK C(EKTHBHIC-
TIO 3aBISKH CYMICHOMY OCHAIICHHIO KOTEJIbHI TEIJIOBUM HACOCOM 1 KOTEJb-
HOIO YCTaHOBKOIO. 3 BHUCOKOTEMIIEPATYPHOI Mapy BHIOOYBAa€ThCsS E€HEpris i
Terutota. 3aBIAKH 3100yTil eHeprii TeIIoBHi HAacOC MPUBOIUTHCS B IO,
TEIUIOTa BiIOMpaeThCs 3 aTMOC(EpHOI TEIUIOTH i HU3BKOTEMIIEPAaTypHOTO
JDKepelia TEIUIOTH, BUKOPUCTAHHS IKUX paHilie OyJIo BaKKUM.
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=

A — IIMKJI TETJIOBOTO HAacocCy; b — mapoBuil MK TETUIONOCTaYaHHS;

I — perenepauniiina moty>xHictb; I1 — Tpybonposin mapu; 111 —tpyGomnpoBin rapsaoi
BO/IH;

1 — HU3BKOTEMITEpATYPHE [HKEPEIIO TEIUIOTH; 2 — BUTIAPHUK [UTsI TOOYBAHHSI TEIUIOTH 3
HHU3BKOTEMITEPATYPHOT'O JDKEpeNa; 3 — KOMIPecop; 4 — KOHIEHCATOp XOJIOI0areHTy; 5 —
JieTaHzep; 6 — KOHAEHCATop BOSIHOI Mapy; 7 — KOTEeNIbHA YCTAHOBKA; 8 — BOASHUM
Hacoc; 9 — mapocunoBuii reneparop; 10 — obnaaHaHHS sl yTUITi3alil TeIIoTH 3aBOY,
XOJIOZMITBHE 1 OTIAJTIOBAJIbHE O0JIaAHAHHS

Pucynok 1 — Cxema KOTelIbHi 3 TEeIIOBUM HacOCOM
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B pesysbTari cCyMiCHOrO BUKOPUCTaHHS TEIUIOTH, KUIBKICTh CyMapHOT
OJIepKaHol TeTUIOTH 30UIBIIYETHCS 3a PaXyHOK KOHICHCAIlil BOISHOI MMapH, a
Temnepatypa rapsaoi Bogu gocsrae (60...90) °C. Okpim TOTO, 3aMiHa IpoO-
CEeNBHOTO BEHTHIIS TEIUIOBOIO HAacoca AETaHIepOM TBHHTOBOTO THUILY JO3BO-
JIsi€ 3OIMCHATH 3BOPOTHUH 130€HTPOITHHUN TIPOIIEC, peali3yBaTH CHIIOBY pe-
reHepanito i miaBummty 3aranbHni KKJI.

B pesynbrati 37ificHEHHS 3alpOIIOHOBAHOI CXEMH PEajli3yeThCsl €KO-
HoMis nanusa (30...50) % NopiBHAHO 3 ICHYFOUMMH KOTEJIbHUMHM aHAJIOTid-
HOI MPOXYKTUBHOCTI. JlaHa cxema 3acTOCOBY€ThCS ISl 00JIaqHAHHS Miclie-
BUX CHCTEM OXOJIOJPKEHHS 1 OlasieHHs, 3a0e31eYeHHs rapsaol0 BOAOI0 BH-
POOHMYMX MiJIPUEMCTB Ta IHIIMX 00’ €KTIB.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Yymak L.I'. XonoauneHi ycraHoBku: minpyunuk [Texcr] / LI Uy-
mak, B.II. Yemypuenko, C.IO. Jlap’sHoBchkuit. Omneca:PedupurTingo,
2006. — 550 c.

2. Moposrok T.B. Teopis XOJOAMIHPHMX MAIIMH 1 TEIUIOBHX HACO-
ciB:mapyunuk [Tekcr] / T.B.Mopostok. Opeca: Crynis «HerommanT», 2016. —

712 c.

VIK 621.3.013.1
Jlankina C. O.
acuct. HY «3anopi3bka nositexHika

MOJIEJTFOBAHHSI MATHITHOI'O KOJIA ITIPOCTOPOBOI
CUMETPUYHOI MATHITHOI CHCTEMM TPUDPA3ZHOT'O
TPAHC®OPMATOPA

[TopiBHSHO 3 TpaauUiHHUM TpH(AZHUM IDIOCKHM TpaHC()OpMaTOpOM 3
0araTomniapoBUM CEepAeYHUKOM, TPUBUMIPHUHN TpaHc(opmaTrop 3 0OMOTKOO
Ma€e IepeBard CUMeTpil MarHiTHOTrO JIaHIfora, HU3bKOTO piBHs BiOpawii Ta
LIyMy 1 MOXe 3aCTOCOBYBATHCS B Tally3i CHJIOBOTO NEPETBOPECHHS CHEPIii.
1106 moKpamyTy 3arajkHy HUTOMY IOTYXHICTh CUCTEMH, HEOOXiTHO Mak-
CHUMaJIBHO 30UIBIIMTH po0OYY aMIUNITYAy LIUIBHOCTI MAarHiTHOTO IIOTOKY
ocepas TpancopMaTopa, TOMy HEOOXiTHO TOYHO OIIIHUTH POOOYi XapakTe-
PHCTHKHM TPHBHUMIPHOTO TpaHC(pOpMaTopa 3 HaMOTaHHUM OCEpIsSM B CTaHi
HacH4eHHs. Y Wil CTaTTi B OCHOBHOMY BHBYAETHCS MOJICIIOBaHHS TpHDas-
HOTO TpaHc(opMaTopa 3 MPOCTOPOBUM OCEPISM 3 ypaxyBaHHSIM HeENiHIHHO-
CTi oceps, CTBOPIOETHCS TpH(a3Ha MOJIENIb MATHITHOTO JIAHIIIOTA.
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Cepaeynuk TpaHchOpMAaTOpa CKIANAETHCS 3 TPHOX KapKaciB, HAMOTa-
HUX 31 CTPIYKH eNEeKTPOTEXHIYHOI cTami, i 00’€IHAHUX B 3arajbHUHA MarHi-
TOIIPOBIJ SIK TOKAa3aHO Ha puc. 1.

Pucynok 1 — HaBuTnii npocTopoBHii MarHIiTIpoBizg

ITo3HauaeMo kokeH cTpwkeHb sk A, B, C, BIINOBIHO KOKEH KapKac
MarHiTonposig marume mosHaueHHs AB, BC, CA. MarHiTHi MOTOKH, IO
NPOTIKAIOTh Yy TPHOX OJUHOYHHX KapKaci TPUBUMIPHOTO HAMOTAHOTO cep/ie-
4yHUKa, JOpiBHIOIOTE Dap(t), Pac(t) 1 Pca(t), a cepeqHi MarHiTHI HOTOKU A-
tdasu B-da3u ta C-pazm: Da(t), Os( t), Pc(t). PiBHIHHA 3B’S3Ky MaTHME
BUIJISA:

@ pg(t)Rpmap(t) = wily(t) — wylp(t)

Dpc(t)Rmpc(t) = wilg(t) — wylc(t),
DA Rmca(t) = wilc(t) —wyly(t)

Je W; —KUTBKICTh BUTKIB IMIEPBHHHOI Ta OOMOTKU; R ap> Rmpc, Rmca —
OIIOpY KOXKHOT'O OKPEMOTO KapKacy;
I, Ig, Ic — ctpymu B 0OMOTKaX KOKHOT (hazm.

3 popmymu 1 orpumaemo:

Dpp (O Ripap () + Ppc(t)Rypc(t) + Pea(®)Rpca(®) = 0. (2)

Kosm po6oui TOYKM KOKHOTO OJHOPAMKOBOTO MAarHiTONPOBOIY PO3-
TAlIOBaHI Ha JIHIMHIA IUISHII KpUBOI HaMarHidyBaHHS, MarHiTHHH OIip
KO’KHOTO OJTMHOYHOT'O KapKaca B OCHOBHOMY OJJTHAKOBO, TOJI

Dpp(t) + Dpe(t) + Pea(t) = 0. 3)

3rijiHO 3 HABEIEHUM BUIIE TEOPETUYHUM aHaJi30M, €KBIBAJICHTHUA Mar-
HITHHH JaHIFOT TpaHcdopmartopa Oyie MaTé BUIIIA, TOKa3aHUH HA PHC. 2.
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PucyHOK 2 — MarHiTHuMI JIaHITIOT Ta BEKTOpHA Aiarpama IHOTOKIB TpaHc(opMaTopa

Mosxna 6aunrty, mo ®PAB, PBC i ®CA yTBOpPIOIOTh 3aMKHYTHIH KOH-
Typ, 1 iCHy€ IUISIX TOTOKY HYJIBOBOI MOCIIIOBHOCTI. MarHiTHHiA NOTIK OHO-
KOPIIYCHOTO 3aJIi3HOTO Cep/CYHHUKa, 10 30y/DKY€EThCS 1/1eajlbHUM CHHYCOi-
JaJIbHAM JKEPENIOM HalpyTd, MICTUTh TiJIbKM OCHOBHI XBHJIbOBI CKJIAJIOBI 1
TrapMOHINHI CKJIa0Bi HYJIbOBOI MOCHiAOBHOCTI. 3 dopmyiu (1) BumHO, 1m0
MAarHiTHUH MOTIK y CEpACYHUKY CUHTE3YEThCS OCHOBHHMI XBUIILOBOT CKJIa10-
BOi Ta TapMOHIHHOI CKJIaIOBOi HYJILOBOI MOCHIIZOBHOCTI IBOX OJMHOYHUX
KapKaciB, a TapMOHIi#HI CKJIaJI0Bi HYJIHOBOI OCITOBHOCTI TBOX OJAWHOYHHUX
KapKaciB KOMIICEHCYIOTh OJWH OJHOTO, TOMY MAarHITHHH MOTIK y CTPMKHI
ceplieyHHKa B OCHOBHOMY CHHTE3Y€THCS OCHOBHHMH XBHJIBOBHMH KOMIIO-
HEHTaMH JBOX OJMHOYHHUX KapkaciB. OCKIJIBKH ILIONIA MOIEPEYHOro Iepe-
Ppi3y CTOBIIIISI CepACYHMKA BJIBIUl MEPEBHUIIYE IUIONIY MMOMEPEYHOTrO Mepepisy
OJIMHOYHOTO KapKaca, CepellHsl aMIUTTyJa LIUIHOCTI MarHiTHOTO IMOTOKY
cToBILs cepaeuHrka B 0,866 pasiB nepeBHIye aMILIITyly OCHOBHOI IIiJIb-
HOCTI MarHiTHOTO MOTOKY OZAMHOYHOI PAMKH.

VK 621.3.013.1

Hipuyk T.C.!, Baokin 1.0.2

! kanz. TexH. HayK, nou. HY «3anopisbka MomiTexHiKa»
2acn. HY «3anopisbka momiTexHiKkay»

CUCTEMA BUMIPIOBAHHA BTPAT HEPOBOYOI'O XOA4Y
TPAHC®OPMATOPA HA OCHOBI IHTEPHETY PEYEMN

Bing naniitHocTi po6oTH CHIIOBOTO TpaHC(HOPMATOpY, SIK KIIOYOBOTO
o0najiHaHHS B E€JEKTPUYHHUX MEpexax, 3aJIeKUTh Oe3leKa eHEproCUCTEMH.
Tomy 000B’513k0BO HEOOXiJTHO KOHTPOJIIOBATH Ta OLIHIOBATU CTaH TpaHC(O-
pmaropiB. Brpati HepoOo9oro xomy MOXYyTh BifoOpa)kaTh CTaH Oocepns Ta
0OMOTOK 1 TOMY BOHHM € BaXJIMBUM IapaMEeTPOM IpH BUNPOOYBaHHI TpaHC-
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(opmaTopa. 3a3Buuail BTpaTH HEpoOOUOTO XOAY TPaHCHOPMATOPY BUMIpIO-
IOThCS IIUIAXOM aBTOHOMHOTO BHIpOOYBaHHA Oe3 HaBaHTaxeHHS. OmHak
BUHMKae 0arato CKJIaJHOIIIB PU NPOBEICHHI aBTOHOMHHX BHIIPOOYBaHb Ha
migcranmisx. HeoOXimHu OJIOK JKMBJICHHS 3 BHCOKOK HANPYIrOK Ta BEJHU-
KOO MOTYXHICTIO, @ TAKOXX BUIPOOYBaHHI IiJ] HABAHTAKCHHSIM B aBTOHOM-
HOMY peXHuMi HEOOXiTHO BIAKIIOYMTH TpaHC(HOpPMAaTOp, IO BIUIMBAE Ha
OesnepepBHICTh xuBNEHHS. KpiM TOT0, apaMeTpy MarHiTHOrO KoJjia 1 TeM-
nepatrypa aBTOHOMHUX TpaHC(OPMAaTOpiB MOXYTH BiAPI3HATHCH Bix pobo-
ynx TpanchopmaTopi. [l cBo€yacHOI OMIHKH BTpAT HEPOOOYOTO XOIY
HEOoOXiJHO BUMIpIOBAaTH BTPATH TpaHC(HOpMATOpa Ha MicIli Ha OCHOBI 3aIpo-
Ba/DKECHHS Ta BUKOPHCTAHHS HOBUX TEXHOJIOTil MOHITOPHUHTY.

B ocTaHHI pokn 0araTo BITYM3HSHHX Ta 3apyODKHHAX YUCHHX IOYATH
BUBYATH OINEPATHBHI METOMW BHABJICHHS BTpPAT CHJIOBUX TpaHC(HOPMATOPIB.
IcHyr04i MeTOM OHJIAMH-BUMIPIOBAaHHS HE JO3BOJLIOTH 3a0€3MEYUTH BHCO-
KOTOYHE BUMIPIOBaHHS CTPyMY HEpOOOYOTo XOIY, 1 SIK HACNIZAOK, BUMIpIO-
BaHHs BTpaT HEPOOOUOTO XOy.

Brpatu Tpanchopmaropa mia yac poOOTH MOKHA PO3AUIMTH HA BTPATH
HepoOO4Oro XoMy Ta BTpaTH HaBaHTa)KeHHs. BTpatu HepoOoyoro xoay Mo-
JKHa TMOJIUINTH Ha OCHOBHI Ta JIOJAaTKOBI BTpatu. [IpuumHaMu OCHOBHHX
BTPaT HEPOOOUOTO XOAY € TiCTEpe3nc Ta BUXPOBi CTPYMH B ocepmi. Micuesi
BHUXPOBI CTPYMH, CIIPHYUHEHI MOTIPIICHHSAM 130JIALii B JUCTaX i3 €IEKTPO-
TEXHIYHOI CTami, MPU3BOIATH O NOAATKOBHMX BTpaT. Brpartm Hepobodoro
X0y HEepPEeBaXHO MPOTOPIiiiHI KBagpary Hanpyri. OCKUIbKH Harpyra TpaH-
copmaTopa mijx 9ac poOOTH 3aJMIIAEThCS MPAKTHYHO HE3MIHHOIO, BTPAaTH
XOJIOCTOTO XOJy BBJKAIOTHCS CTaJIMHU.

CtpyM B 00OMOTKaX BUKJIMKAa€e BTpaTH HAaBaHTaXCHHA. BOHU mepeBa’kHO
NPONOPLiiHI KBagpaTy ctpyMy. ToMy iX Ha3UBaIOTh 3MIHHMMH BTPaTaMH.

Ko TpanchopmaTop mnpaiioe B HOMiHAIBHOMY PEXHMI, MaJliHHS Ha-
NPYTH IMIIEAaHCY MEPBUHHOT OOMOTKH JIOCUTh HHU3bKE, & CTPYM 30y XKSHHSI
HabaraTo HWKYHIA 32 HOMIHAJILHUI CTPyM nepBuHHOT 00MOTKH. [Ipn po3po-
Oui cucTeMHu BHMIpIOBaHHSI Tpeba BUKOPHCTOBYBAaTH He T-TOmIOHY cxemy
3aMimnieHHs, a [-no0inHy Toxi moXuoOKa, CIpHIMHEHA alPOKCHMAITIET0, TyKe
MaJa i JI0IyCKa€eThCs JUIs IHKEHEPHUX PO3paxyHKIB.

ITpn aBTOHOMHOMY BHUNIPOOYBaHHI Ha HEpPOOOYOMY XOJIi JIAHLIOT BTO-
PHHHOT 0OMOTKH po3iMKHYTO. [ToTouHoro crpymy Hemae. Ilin yac BunpoOy-
BaHHS IiJl HABAHTA)XEHHSIM B aBTOHOMHOMY PEXHMI BiIOyBaeTbcs KOPOTKE
3aMHKaHHs OJIHi€T 3 0OMOTOK.

Brpatu HepoOO4Oro XoAy Ta BTpaTH HABAHTAXKEHHS MOXHA PO3paxy-
BaTH IIUIAXOM OHJIAWH-BUMIPIOBAHHS €JIEKTPHUYHUAX NapaMeTpiB MEepBUHHOT
Ta BTOPUHHOI OOMOTOK BiJIIOBiTHO.

[[To6 3amo6irTy MEepeBHIIEHHIO TPAaHWYHOTO 3HAYECHHS TEMIepaTypH
TpaHchopmaTopa, CcTpyM Hepobodoro xomy mae OyTu nayxe Hm3bKuM. Il]o
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CTOCYETHCS TPAHC(POPMATOPIB BEJINKOI MOTY>KHOCTI, BIZICOTOK CTPYMY XOJIO-
CTOTO XOAy 3a3BH4Yail He nepeBurye 1%.

Mertoz onepaTHBHOTO BHMIpPY TEOPETHYHO MOXKHA peaiizyBaTH, ajie BiH
BHUMarae BHCOKOI TOYHOCTI TpaHchopmaTopiB cTpymy. OOMEKeHHIH TOYHICTIO
TpaHc(hOpMaTOpPiB CTPYMy B TOII, CTPYM 30YIKEHHS HE MOKe OyTH OTpHMaHUI
3a paXyHOK Pi3HHI 3HA4YEeHb CTPYMIB IIEPBHHHOI i BTOPHHHOI 00MOTOK. Kpim
TOTO, JUTs 3a0€3MeUeHHsT TOYHOCTI BUMIpIOBaHHS HEOOXiTHO peai3yBaTH CHHX-
POHHHH 30ip faHUX 1po Tpr(asHy Harpyry Ta cTpyM. OCKUIBKH JaTIHK CTPYMY
TIpalfoe MPH BHCOKOMY ITOTEHIiall, KOJIM BTPaTH HEPOOOUOro X0y BHUMIpIO-
IOTBCSI B PEXKMMI OH-JalH, HeOOX1THO 3a0e31eunTH HaAiiHy 130JIAL1i10.

ToMy OMLIIBHO 3aCTOCOBYBATH IHIIMN METOJ BUMIpY BTpaT HEPOOOYO-
r'0 XOJy B ITOJLOBUX YMOBax. BiH 6e3nocepeiHb0 BUKOHYE JIOCHIPKEHHS 0e3
HABaHTA)KCHHS, BUKOPHCTOBYIOUH EJIEKTPOMEPEXY SK JDKEPENO JKUBICHHS
JUTS eKCIIEPUMEHTY. BpaxoByroun nmpoOieMu 3 i3011i€10 IEPBUHHOI 00MOT-
KW, IJI1 BUMIPIOBaHHS CTPyMy HepoOodoro xomay HEOOXiTHO po3poOHTH
cremiagbHAN OJOK JaTYMKy CTpyMy Ha OCHOBI TeXHOJOTIH [HTepHETY peuei,
SIKHHA OyZe MaTH Oe3ApOTOBHH KaHAN 3B 3Ky MaJioi MOTYKHOCTI 1 3a0e3rre-
YyBaTU CHHXPOHHUH 30ip JaHHUX MPO HANPYTHU Ta CTPYMH HEPOOOUOTO XOLIy.

Ipuctpiit Oyme XUBUTHCS Bil BHYTPIIIHBOI OaTapei Ta KepyBaTHCH
0JIOKOM MIKPOKOHTpOJIEpY, KU Oyae OTpUMyBaTH IHCTPYKLII Bia Bimmase-
HOTO KOMIT'IOTEpY, a MOTIM MOYMHATH 30upaHHs AaHuX. JaHi 30epiraroTbes
B IaM’sITi Ta HAJICHJIAIOTHCS HA BiIMAJICHUI KOMIT FOTEp 3a JOIMOMOTOI0 Oe3-
JportoBoro 3B’s3Ky. IIpucTpiii MOBMHEH 3a0e3meuyBaTu TP OCHOBHI BHMO-
TH: TOYHICTB, 3B’S130K Ta CHHXPOHI3AIIis.

Jlnst 3a0e3neyeHHs TOYHOCTI HeOOXITHO BUKOPHCTOBYBATH CIEIiabHi a-
TYUKH JUIsl BAMIPIOBAaHHS CTpyMy HepoOouoro xoxy. Hanpukitan, mis nianasoHy
CTPYMY XOJIOCTOTO X0y 2 A — IaT4MK 3aTHCKHOTO THITy 3 TouHicTiO 0,1%.

Juist 3abe3neueHHsT 3B°s13Ky OJOK BHMIPIOBaHHS CTPYMY HEpoOOYOTro
X0y HEoOXiTHO BCTAHOBUTH Ha BHXOJI BHCOKOBOJBTHOI BTYJIKH. A JuKepe-
JIO JKMBJICHHSI €KCIIEPUMEHTY 3a0e3leuyeThcs eJIeKTpoMepexero. BpaxoBy-
I0YM BHCOKHH PIBEHb HAIPyTH Y BHCOKOBOJIBTHOMY BBEICHHI, BUKOPHCTO-
By€eThbcsl TexHOJOTs 3B’513Ky 10T i3 HM3bKKMM eHeprocnoxkuBaHHsM LoRa.

CTpyM XOJIOCTOTO XOJYy BHUMIPIOETBCS NaTYMKOM CTPyMY, a Hampyra
BUMIPIOETHCSI TPAHC(HOPMATOPOM Hanpyru Ha Micui. J[ns po3paxyHKy BTpat
XOJIOCTOTO XOJIy MOTpiOHE CHHXPOHHE OTPUMaHHS CTpyMy Ta Hampyru. To-
My OIS 3aIyCKy IUCKpeTH3allil MOTpiOHWH CHHXPOHHMH CHTHAN 3aITycCKy.
Jnst 3abe3nedeHHsT CHHXPOHi3amii MOXKHa BHKOpPHCTOBYBAaTH Moayib GPS,
SIKMH MO>KE TTOCHIIATH TPUTEPHUM CUTHAJ 13 HeBH3HA4YEHICTIO OJmM3bKo 15 He.
BumiproBanHsi Hampyru 3amyckaetscsi okpemuMm moxayiiem GPS. Cucrema
BUMIipY Hanpyru Moxe 3’equyernest 3 [1K yepes mocmijoBHUH 3B’ SI30K.

Sk paBuIIO, BUCOKOBOJBLTHUH TpaHchopmarop mae Bucokuid KK/, mo
CcTaHOBUTH O1m3pK0 99% abo HaBiTh BHmIe. /g Tpudasnoro tpanchopmaro-
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pa motyxaicTio 40 000 kBA mpu HOMiHaIBHINA PoOOTI HA PE3UCTHBHE HABAHTA-
JKEHHS 3arajibHi BTpaTH CTaHOBITH MprOmHO 200 kBT. [ToxnOku BIMiproBaHHS
CTPYMIB Ta Halpyry He NOBMHHI nepeBuutyBarth 0,2 %.

Po3poOka ¥ BUKOpUCTAaHHS HOBOTO METOJy BUMIPIOBAaHHS BTPAT XOJIO-
CTOTO X0y TpaHc(opMaTopa B IOJHOBUX YMOBaX, 3aCHOBaHOI0 Ha [HTepHe-
Ti pedeid, sikuil 3a0e3MmeunTh Nepefady AaHuX 3 0C3APOTOBOTO 3B’S3KY Ta
Oe3mnocepenHe BUIPOOYBaHHS HA HEPOOOYOMY X011, BUKOPUCTOBYIOUH EIICK-
TPOMEPEXY SK EKCIIEPUMEHTAJIbHE JUKEPEIO J>KUBICHHS JUIl BHPILICHHS
npoOyieMn mKepena XuBIeHHs. s mepenadi JaHMX MOKHA BUKOPHCTOBY-
BaTH TexHoJorito LoRa [oT i kepyBaTi QUCTaHIIIHO 32 JOOMOTOIO MOIY-
niB GPS, 3a0e3neuyroun CHHXpOHHE OTPHMAaHHS JaHUX IPO CTPYMHU Ta Ha-
npyry. CucreMa onepaTHBHOTO BHMIPIOBAaHHS BTPAT HaBAaHTA)XKEHHS TpPaHC-
(hopMaTOpiB TOBUHHA PO3POOIATHCH HA OCHOBI I'-MoAiOHOT cxemu 3aMileH-
Hi TpaHchopmaropy. SIKIIo MOXHOKM BUMIPIOBaHHS CTPYMy Ta HAIpyTH HE
OynyTts nepeBuiyBat 0,2 % To moxuOka Nmpu BHU3HA4YEHHI BTpar Oyne 00-
MexxeHa 10 %.

YK 621.31

Oleksandr Klymov'!, Dmytro Yarymbash?

'PhD student, EM Dpt., NU “Zaporizhzhia Polytechnic”
2PhD (EM), professor NU “Zaporizhzhia Polytechnic”

INCREASING THE RELIABILITY AND STABILITY OF
OPERATION OF OPERATING OIL-FILLED ELECTRICAL
EQUIPMENT

Due to the fact that a large amount of electrical equipment, in
particular power transformers, was put into operation in 1960s-1980s, the
transformer oils used for the manufacture of this equipment are more than 30
years old, and sometimes 50-60 years old. It is impossible to manufacture or
import most brands of transformer oil used in domestic transformer
production. Therefore, in order to support the sustainable production of
electrical products, the further safe and reliable operation of transformers
and all oil-filled electrical equipment the following issues have become
topical, namely, finding and developing analogues to previously used types
of transformer oils and the possibility of mixing existing types of oils with
new ones without deteriorating their properties and reliability, and without
compromising the safety of electrical equipment.

The aim is to study the influence of the physicochemical and
electrophysical properties of transformer oil on the reliability and stability of
electrical equipment.
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Research is carried out using the methods given in standards and
regulations, mixing of transformer oils, determination of physicochemical
and dielectric properties. According to the research results, an algorithm will
be developed for testing and operation of transformer oil according to
physicochemical and electrophysical properties and operating conditions,
and for determination of changes in the dependence of physicochemical and
electrophysical properties when mixing different types of transformer oils.
There will also be a method and algorithm developed for evaluation of
mixed transformer oils and their application in electrotechnical equipment.

As a result, organizations that operate oil-filled electrical equipment
will receive recommendations on methods of acceptance and application of
new insulating fluid in new equipment, as well as application of new
transformer oil in existing equipment.

YK 621.365.5

Spumbamm [1.C.!, Trotronnuk I11.0.2

! 1-p Texn. Hayk, mpo¢. HY «3amopizbka momiTexHikay»
2 acm. HY «3amnopi3bka IOMTEXHIKa»

MOJEJIOBAHHS EJIEKTPOMATIHITHUX ITPOLIECIB
IHAYKTOPIB MYHAIITYKA ITIOTYKHOI'O ITIPECY

Ha ByriterpaditoBoMy BUPOOHHIITBI JUIsi BUTOTOBJICHHS 3arOTOBOK BYTi-
JIBHO-TPpadiTOBUX OJOKIB 1 rpadiToBUX BHUPOOIB BUKOPHCTOBYIOTHCS TOTYXKHI
MpecH 3 MyHAIITYyKaMH, 00JIaJHaHUMH iHIyKTOpaMu HarpiBy. [Ipu npoBopkeH-
HI Yepe3 MyHILITYK Ipecy BiIOyBa€eTbCs yIIUIbHEHHS 1 (OPMOYTBOPEHHS BYTi-
JIbHO-TpaiTOBa MAaCH y 3arOTOBKHU. Bill SIKOCTI IMX MPOIIECIB 3aJICKUTh PIBESHb
BTpAT CUPOBUHH B MPOLIECIB BUPOOHUIITBA Ta SIKICTh KIHIIEBOT POIYKIIIi.

3abe3neueHHsT CTa0ITFHOCTI TEMITEPATypHIX PEKUMIB HA pOOOUYHX II0-
BEePXHSAX MYHAIITYKIB € OCHOBHHM KpPHUTEpisM SKOCTi Ui (hOpMYyBaHHS
CTPYKTYpPH BITYJIEHO-TPa(iTOBUX 3aroTOBOK. [IpecyBaHHs 3aTrOTOBOK OJIOKIB
3IiACHIOETRCA 13 3ycruriM 1o 63000 kH, gepes 11e MyHAITYKHA BATOTOBIIS-
I0Th JIy’K€ MAacCUBHUMH. [[J11 JOTpUMaHHSA TeMIIEpaTypPHUX PEXUMIB Ipecy-
BaHHS MYHJAIITYKH Hpecy O0JaJHyIOTh NPUCTPOSIMU IHIYKLIHHOTO HarpiBy
— IHAYKTOpaMH, SIKi JKHUBJIATHCS BiJ JDKEpEN 3MIHHOTO CTPYyMY IIPOMHCIIOBO]
4acTOTH. SIK NMpaBUIIO, BCTAHOBIIIOIOTH JIBA 1HIYKTOPH HarpiBy: OJUH — Ha
«3ax0/1i» BYTUTEHO-TpadiToBoi abo rpadiToBOi MacH y MyHIIITYK, a APYTHIl
— HaJl «KaJiOpoM» MYHIIITYKa Tepe]] BUXOIOM 3aroTOoBKH. MacHBHI iHIyK-
TOPU «3aX0Ay» 1 «KamiOpy» MaroTh BEIHKY MOTY)XHICTh Ta CKJIAIHY KOHC-
TPYKTHBHY OYyIOBY 1 pa3oM i3 JpKepelnaMM JKHBJICHHS 3MIHHAM CTPYMOM
IIPOMHCIIOBOT YacTOTH Ta aBTOMAaTH30BAHOIO CHCTEMOIO PETYIIOBAHHS TEM-
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MepaTypHUX PEXHUMIB HAarpiBy poOOYMX IMOBEPXOHb MYHAIITYKA SBISIOTH
c000F0 eIEeKTPOTEXHIYHNH KOMIUIEKC iHAYKIiifHOTO HarpiBaHHSI. OCHOBHUM
KpHUTEpiEM POOOTH IBOTO KOMIUIEKCY € 3a0e3led4eHHI BHCOKOI TOYHOCTI
TEXHOJIOTIYHUX TEMIIEPAaTYypPHUX PEKUMIB MiJl 4Yac TNpOLecy NpecyBaHHS
3aroTOBOK. 3Ba)KAalOUM Ha CKJIQJHICTh KOHCTPYKIii, 6araTOKOMIIOHEHTHICTh
€JIEMEHTIB, HEJIIHIHHICTD (DI3MYHUX MPOLECIB, OB’ A3aHKUX 3 NIEPETBOPEHHAM
CJISKTPUYHOI eHeprii B TEIUI0, a TaKOX MEXaHIYHHUX 1 eJIeKTpOoQi3uuHHX
BJIACTHBOCTEH MaTepialiB, IPOSKTYBaHHS TAKUX CHCTEM CTa€ CKJIaJHOIO, aje
ITy’Ke Ba)KINBOIO HAyKOBO-TIPAKTHYHOIO 3a1a4ero. Bimomi iHxkeHepHI MeToan
Ta METOAMKH MPOEKTYBAaHHSI MAlOTh CBOI OOMEXEHHS IIOJ0 MOXKIMBOCTI
CTBOPCHHS HOBUX KOHCTPYKTHBHHX DIllICHb 1 MOJIepHi3allil iCHyFOUnX KOHC-
TPYKIIH.

P0O3BUTOK KOMIT'FOTEPHOI TEXHIKH, MaTEMaTHIHUX METOJIB Ta MPOTrpaM-
HOTO 3a0e3NeyeHHs BiIKpPUBA€ HOBI MOXIIMBOCTI IUIS PO3POOKH IiIXOIIB IO
CTBOPEHHsI HOBUX KOHCTPYKLIH 32 JIOOMOTOK MaTeMaTHYHOTO MOJEIIOBAHHS
eJIEKTPOTEIIOBUX IPOLIECIB B CUCTEMI «IHIYKTOPH - MyHAIITYK». OnHaK, as
YCHIIIHOT peayizalii IUX MOXKIMBOCTEH HEOOXITHO PO3pOOMTH TPUBHMIpHY
MaTeMaTH4YHy MOJIEJb, SIKa JI03BOJINTH BU3HAYaTH KOHCTPYKTUBHI apaMeTpH Ta
1 BIATBOPHUTH Po0OUi PEXKUMH 3 HEOOXITHOIO JUIsl BAPOOHHUIITBA TOUHICTIO.

Mertoro pobotu Oyia po3poOka TPUBHUMIPHOI €IEKTPOMArHiTHOI Moie-
7, sika BimoOpakae CKIaJHy O0araTOKOMIIOHCHTHY KOHCTPYKTHBHY OyIOBY
IHAYKTOpPIB, HENIHIAHICTG (I3UYHUX BIIACTHBOCTEH HOTO CKIIQJOBUX Ta Il
pealrizallis Ha OCHOBI METOy CKiHUEHHHX CJICMCHTIB.

I'eomeTpruHa MoaeNb MyHIIITYKa MPECy i3 BCTAHOBIEHUMH 1HIYKTO-
pamu cTBOprOeThCs y cepenoBuii Comsol Multiphysics. Buminstorscs rpy-
1 KOHCTPYKTUBHHX EJIEMEHTIB, 1110 MAIOTh OJIHAKOBI MeXaHiuHi, enexTpodi-
3WYHI Ta TemI0(i3UYHI BIaCTHUBOCTI 1 XapakTepucTuku. B cepenosumii Com-
sol Multiphysics cTBOpIO€TbCS MOJIEINIb €IEKTPOMArHiTHUX IIPOLECIB, 3a/1a-
I0ThCSl 3HAUYEHHS MapameTpiB 1 koe(ilieHTiB Ta (yHKIIOHAIBHI OMKCH 3aJle-
JKHOCTEH eNeKTPOMAarHiTHUX BJacTHBOCTed. Ha MNOBEpXHSAX CHONy4YeHHs
KOHCTPYKTUBHHX €JIEMEHTIB OOMPalOTh YMOBH CIIPSDKEHHS 3 ypaxyBaHHSIM
MUTOMUX 3Ha4Y€Hb TEIUIOBHX 1 JIEKTPUYHMX oropiB. st ommcy ricrepesuc-
HHUX XapaKTEPUCTUKH HaMarHidyBaHHS MAacHBHHMX CTaJE€BHUX OCEpAb IHIYK-
TOpa BUKOPHUCTOBYETHCSI MoJielb [Ikaiinca-ArepToHa.

[TpouecaM eneKTPOMArHiTHOTO MEPETBOPEHHS €JIEKTPUYHOI eHeprii B
IHIyKTOpax MYHJIITYKa IIpeca BiANOBigae cucTeMa qudepeHIiiiHa piBHIHb
Makcgena y GpopMyITIOBaHHSX ISl €IEKTPUYHOTO i BEKTOPHOTO MarHiTHOTO
MOTEHIIAJIB sIKa JAOTOBHIOEThCS MPAHUYHUMHM YMOBAaMHU Ta YMOBaMH CIIpsi-
xeHHs. Peanizamist moseni Oyiia 37ificCHeHa METOJJOM CKIHUEHHX €JIEMEHTIB.

3acTocyBaHHs TPUBHMIpHOI MaTEMAaTHYHOI MOJENI JO3BOJWIO BH3HA-
YUTH Ta MPOAHANI3yBaTH KpailoBi eeKTH y JTO0OOBUX YacTHHAX OOMOTOK Ta
NPWIETNINX 10 HUX YaCTHHAX MACHBHUX 1HAYKTOpiB. 3a pe3yibTaTaMH MO-
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JIeTIoBaHHs OyJl0 BU3HAYECHO, IIO /IS TPAAMLIIHOI KOHCTPYKTHBHOI cXema
poO3TanIyBaHHs iHAYKTOPIB HA 30BHIIIHII MOBEpXHI MyHALITYKa Ipecy xapa-
KTepHAa BHCOKAa IHTEHCHBHICTH TEIUIONEpeNadi B OTOUYIOUE CEpEIOBHIIIE.
Byno Bm3Ha4YeHO, y TOOOBHX YacTHHAX iHIYKTOPIB TEIUIOBA MOTYKHICTH Ha
12...18% OinbIua HiX y HEHTpaIbHIN YaCTHHI 32 paXyHOK KpaioBuX e(eKTiB
B iHAYKTOpi mpu poOOTI Ha MPOMHUCIOBIM WacToTi. BHacHimox TeruroBmx
BTpaT e()eKTUBHICTh IHAYKTOPIB HE MO3BOJIIE MiABUIIUTH SKICTh HiATPH-
MaHHS TEXHOJIOTTYHOTO TEMIIEPaTyPHOIO PiBHS POOOYMX MOBEPXOHb MYHJ-
LITyKa Ipecy Ha KiHLEBOMY €Talli IIUKJIy IPeCyBaHHs 3ar0TOBOK.

Lle moTpebye MpoBeAECHHS MOJAIBIIUX JOCTIHKEHb 3 MOIIYKY HOBOTO
OiipII e(eKTUBHOTO KOHCTPYKTHBHOTO BHMKOHAHHS IHJIYKTOpIB Ta BU3Ha-
YeHHsT Miclb X pO3TallyBaHHS Ul ITJBHIICHHS €(QEKTUBHOCTI CHCTEMH
IHAYKIIHHOTO HarpiBaHHsA. Taki JOCTIIKECHHS AOIILHO Oy/Je MPOBOIUTH 3
BUKOPUCTAHHSM 3alpOIOHOBAHOI TPUBHMIpHOI MaTeMaTH4HOI MOJE, IO
peanizyeTbCsi METOJOM CKiHYCHHHX €JIEMEHTIB 1 JI03BOJISIE BPAaXOBYBATH
CKJIamHy 0araTOKOMIIOHEHTHY KOHCTPYKTHBHY OyIOBY iHIYKTOpPiB, HENiHIl-
HICTh (DI3WMYHIX BIACTHBOCTEH HOTO CKIIQOBUX.

YK 621.3.013.1

Spumbam J1.C.!, Kyuepssuii A.B.?

! 1-p TexH. Hayk, npod. HY «3anopizbka moiTexHika»
2 acn. HY «3anopisbka MoyiiTexHika»

BU3HAYEHHA ITAPAMETPIB HEPOBOYOI'O XO4Y
OJHO®PA3HOI'O TPAHCO®OPMATOPY

Onnodasni Tpanchopmaropu mainoi motyxuocti (OTMII) orpumanu
LIMPOKE PO3MOBCIO/IKEHHS B PI3HUX €JIEKTPOTEXHIYHUX YCTaHOBKAX, Pi3HO-
MaHITHAX TPHUCTPOSX I Tepemadi i mepepoOkm iHQopmarii, cucremax
aBTOMATHKH. 3a CBO€IO (i3Wm4HOIO mpuponoro mporec podorn OTMII mo
CyTi TaKkWii ke, K B TpaHCPOpMATOpax CEpedHbOI 1 BEIHMKOI IMOTY)KHOCTI,
aye JesKi mapaMeTpy 1 BEJIMYHMHU, IO OB’ S3aHi 3 MOTYXXHICTIO TpaHchop-
Maropa, € 3Ha4yHO BiIMIHHUMH. 30Kpema, CTpyM HEpoOOdOro Xomy, SIKHi
Moxe csarati 50% 3HaueHHs IEPBUHHOTO poOOYOro CTpyMy TpaHchopmaro-
pa, BEIMYMHA HOMIHAJILHOT HAIIPYTH KOPOTKOTO 3aMUKAHHSI.

Brparu npu po6oti OTMII moainsiroTe Ha HEPOOOUOTO X0y i KOPOT-
KOT0 3aMHKaHHs. BTpaTu HepoOOuoro Xxoay BUHMKAIOTh BHACIHIZOK Mepema-
THiYyBaHHS aKTHBHOI CTalli ocepis. BoHM BBa)kaloThCS MOCTIHHOIO CKIIAI0-
BOIO ITOBHHX BTPAT MOTY>KHOCTI 1 3aJIe)KaTh BiJ AKOCTI TpaHC()OPMATOPHOI
cTaii (Mapkd, TOBIIMHM), TEXHOJOTii Ta SKOCTI BHIOTOBJICHHS MarHiTHOI
CHCTEMH, SKOCTI IIPOEKTyBaHHS MarsitonpoBoay. OcraHHIM 4acoMm Bci Oi-
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JBIIE yBard NPHUIULIETECS caMe PiBHIO BTPAT HEPOOOYOro XOIy, piBEHb SIKHX
3aKJIIa€ThCSA I Ha eTarli KOHCTPYKTOPCHKOI IMiITOTOBKH BHPOOHHIITBA.

SIKicTh  KOHCTPYKTOPCHKOI IJrOTOBKM BHPOOHHMITBA BH3HAYAETHCS
JIOCTOBIPHICTIO MaTeMaTHYHOTO OIMCY MPOLECIB, 1110 MPOTIKAIOTH MpU pobo-
i OTMII, a came eIeKTPOMAarHiTHUX IPOLECIB MEPETBOPEHHS ENEKTPHUYHOT
eHeprii 3MiHHOTO cTpyMmy. [lapamerpu pexxumiB HepoOO4Oro Xojy, OKpiM
KOHCTPYKTUBHHX OCOOJIMBOCTEH MarHiTHOI CHUCTEMHM, BU3HAYalOTHCS BILIH-
BOM e(ekTiB ricrepe3ucy i BUXPOBUX CTPYMiB, 10 OOyMOBJIIOIOTH rapMo-
HIltHUH CKJTaj cTpyMy HepoOOYOro XOay, piB€Hb MUTOMHUX BTPAT i MATOMOI
MOTY>KHOCTI HAMarHIiTyBaHHS.

B ocHoBHOMY MopemoBaHHS poO0TH TpaHCHOPMATOpIB Oa3yeThCs Ha
aHAMITHYHUX a00 CKiHYCHO-eIeMEHTHUX Moneisax [1]-[5]. Anamitndaai Mo-
JIeTIi XapaKTepU3yIOThCs BITHOCHOIO MPOCTOTOIO Ta OOYHCIIIOBAIBHOIO eeK-
THBHICTIO, JI¢ HE 3aBXIH a/I€KBAaTHO 1 JOCTOBIPHO BPaxOBYIOTb KOHCTPYK-
THUBHI OCOOJIUBOCTI 1 OMKCYIOTH MPOIIECH, IO MPOTIKAIOTh B CAMOMY TpaHC-
dhopmatopi [3]. 3aBAsSKH PO3BUTKY KOMIT FOTEPHOI TEXHIKH Ta CICIiaTi30Ba-
HOT'O TIPOTPaMHOr0 3a0e3MeUeHHs, MOIUPEHHS Ha0YJIN CKiHUYEHO-eJIeMEHTHI
MoJieri. BoHM 103BONSAIOTH BpaXOBYBaTH KOHCTPYKTHBHI OCOOJIMBOCTI Mar-
HiTHOT cuctemu OTMII i BractuBocTi Matepianis [4]. Ix ronoBHuil HemomiK
OB’ s13aHUI 3 HEOOXiTHICTIO HAsABHOCTI 3HAYHHX OOYHCIIOBATBHUX pecyp-
ciB. CKiHUEHO-EIIEMEHTHI MOIeTIi He BPaXxOBYIOTh BIUIMB MapaMeTpiB i mpo-
I[eCiB y 30BHINIHFOMY IO BiJHOIICHHIO O TpaHcQopmaropa nanmro3i. Lle
00Mexye MOMKIIMBOCTI pO3pPaxXyHKOBHX MOJEJEH TpaHCPOPMATOpIB 1 yCKIIa-
JTHIOE KOMITJICKCHHH OOJIK BCiX QaxtopiB. Takum 4YuUHOM, It pO3pOOKH
MOBHOT 1 TOYHOT MOJIeli TpaHC(hOopMaTopa, o BpaXxoBYe BCi (haKTOPH, HEOO-
X1JIHO MOJANBIIHNIA PO3BUTOK METOIB, SKi 3a0e3MeuaTh CIIJIbHY peai3ailito
CXEMHHUX 1 CKIHYE€HO-eJIEMEHTHUX MOJIENeH.

MerToro poboTu Oyia po3pobka po3poOka i peasizaifisi MaTeMaTHYHOT
MOJIeTli, SIka BpaxoBY€ MapaMeTpH 30BHINIHBOTO JIAHIIOTA, KOMIUIEKCHHMA
BIUIMB e()eKTiB i KOHCTpYKTHBHUX napamerpiB OTMII napamerpu pobotu B
pexxuMi HepoOOIOro XOIy.

KommiekcHa mMareMaTHYHa MOJENb MTOBHHHA BKJIIOYATH MOZETb 30B-
HIITHBOTO JIAHIFOTa i MOJIeNb camoro Tpanchopmaropa. [Ipu mpoMy HOIIiITE-
HO MOJ€Nb 30BHIIIHBOTO JIAHIIIOTA YSBUTH €KBIBaJICHTHOIO JI0 CXEMHOI MO-
JIeTli, a MO/IeNb TpaHC(hOpPMaTOpa TEOMETPHYHOIO MOJIEIUTIO 1 MOJIEIIIIO €JIeK-
TPOMArHiTHUX HOJIB, IO OMKCY€E IPOLECH TEPETBOPEHHS €Hepril 3MiHHOTO
cTpyMy. CxeMHa MOJIeJIb 30BHIIIHBOTO 110 BiJIHOIIEHHIO 10 TpaHc(opmaro-
pa nanimrora Mmoxe Oytu npencrasieHa EPC cucteMu i eKBiBaJIESHTHIM KOM-
IUIEKCHUM OIIOPOM, SIKE€ MOYKE MAaTH aKTUBHHH, aKTHMBHO-IHIYKTHBHHN a0o
aKTHBHO-EMHICHUN XapakTep. MoJiellb eJIeKTPOMarHiTHUX MPOIECiB OMUCY-
€ThCSl CUCTEMOIO TU(EPEHIIITHUX PIBHSIHD €JIEKTPOMArHiTHOTO oSt y dop-
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MYJIFOBaHHSX HalpPY)KEHOCTI MarHiTHOT'O i €JIEKTPUYHOTO I10JIsl, BEKTOPHOTO
MAarHiTHOTO TIOTeHIIATy Ta iHAYKII1 MarHiTHOTO TOJs [4].

Ha BHyTpimmHIX TrpaHUILX PO3pPaxyHKOBOI 00JIACTi 3aJafOTBECA YMOBH
CHOJTyYCHHS! TaHTEHIIaJbHUX CKIAJOBUX HANpPYKEHOCTI MAarHiTHOTO IIOJS
[4]. Ha 30BHIIHIX — MpUIMAIOTHCS OHOPIAHI TPAaHIYHI YMOBH [4].

Peaizamis 3ampormoHOBaHOI KOMIUIEKCHOI MOZETi I PeKUMY HEpo-
60odoro xoxy posrisiaaiacis Ha MpHUKIaAi oxHodasHOro TpaHChOpMaTOpy
TBC2-0.1 B nporpamHomy cepenoBuili FEMM, skuii € 0€3KOIITOBHUM Ta
BIZIPI3HAETHCS MIPOCTOTOI0 BUKOPHCTaHHS Ta TO4HICTIO. OCHOBHI po3MipH i
napameTpu TpaHcdopmaropa:

I =56 mMMm;
Loy = 18 mm;
hsy = 18 MMm;
h; =36 mm;
d=36 MMm;
lw = 50 MMm;
UHV =380 B;
WH\/ = 1360;
WLV = 147.

Kictak TpancopmaTopa 30MpaeThes 3 IUIACTUH rapsueKkaTaHoi TOHKO-
nmuctoBoi crami mapku 1511 toBumnaoro sucta 0.3 MM. MarHiTHa cuctema
CKJIaJIeHa 3 IJIACTUH NPSIMOKYTHOT ()OpMH 3 MPSMUMH CTHKaMH. BiactuBocti
1€l cTai 3a1aBaTUCh KPUBOIO HAMATHIUYBaHHS

Jyist mOKpaIIeHHsT Pe3ysIbTaTiB MOJICIIIOBAHHS Ta CKOPOYCHHS Yacy iHi-
miamizamnii mporecy MpOeKTyBaHHSA B JaHii poOOTi 3aCTOCOBYBAJIOCH TOE]-
HaHHA niporpamHoro 3abesmedeHHs FEMM ta Octave [5], [6]. Takox e
MTOEHAHHS JO3BOJINTH NPH AWCTaHIiiHOMY kepyBaHHi FEMM 3a momomo-
roro GNU Octave imeambHO TMPOEKTYBATH i OTPUMYBATH €JICKTPOMATHITHI
XapaKTEePUCTHKH.

B po6orTi 3a 10MIOMOTOI0 CKPHNTY, SIKMH 3aITyCKaBCs B IIPOTPaMHOMY Ce-
penosuiii GNU Octave ta mojieni TpanchopMaTopa BUKOHYBAaBCSI aBTOMATHY-
HHH pO3paxyHOK BEKTOPY CTpyMy HepoOodoro xoay. Po3paxyHok OasyeTbcs Ha
BUKOPHCTaHHI MaTpuili iMrezancy tpaHchopmaropa 6e3 HaBaHTaKeHHs! (TOOTO
BiJIKpUTa BTOPHHHA OOMOTKa) 3 MEPBUHHOI OOMOTKOIO, IO MPALOE IPH HOMI-
HaJIBHIN TpoeKTHIH Hampysi. [Ipnbnm3Huii iMmesaHc BHKOPHCTOBYETHCS I
MacITaOyBaHHS TIOXHOKH MDK HEOOXiTHUM 1 OOUHCIICHUM HaNPY>KeHHSAMH IS
OTpUMaHHS HOBOTO HAOJIVKEHHS BEKTOPA CTPyMY.

BpaxoByroun Te, 10 3a7a4a € HENiHIHHOIO, iTepaliiHui PO3paxyHOK
BiIOYBA€ETHCS 10 THX Mip, NOKHA IMOXHOKA MiX HEOOXiTHOK 1 OOYHCICHOIO
HaIpyroro Ha KjeMax He craHe MeHmoro Hix 0,1 B.

3anpornoHoBaHa KOMIIEKCHA MaTeMaTH4Ha MOJIENIb TpaHcopmMaTopa,
II0 3aCHOBaHA HA CHHTE31 CXEMHOI MOJIeNi 30BHIMIHBOTO ENEKTPUYHOTO
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KOJIa, TEOMETPIYHOI MOJIEIi Ta MOJIEJIi eNEeKTPOMATHITHHIX TOJiB, JO3BOJIMIIA 3
BHCOKOIO JTOCTOBIPHICTIO OIIMCATH MPOIIECH €JICKTPOMAarHiTHOTO TIePETBOPCHHS
eHeprii B TpaHc(opMaTopi. 3aBASKH LOMY OYyJI0 BpaXOBaHO KOMILICKCHUIA
BIUIMB €(DeKTIB ricTepe3nCy, BUXPOBHX CTPYMIB, KOHCTPYKTUBHHX MapameTpiB i
mapaMeTpiB 30BHIIIHBOT JIAHITIOTa Ha MPOIECH 1 MapaMeTpu TpaHchopMaTopa.

[opiBHSAHHA pe3yNIbTAaTIB MOJENIOBAHHS 3 EKCIIEPUMEHTAJIbHUMH Ja-
HMMH MOKa3aJI0 BUCOKY TOYHICTh KOMIUIEKCHOI Mozeni. [ToxnOka mo amruri-
Tyl cTpyMiB HepoOGodoro xoay He nepesuiye 0,38%, mo ¢asi 0,45%. Io-
XHOKa 110 BTpaTax Hepobodoro xoxy He nepesuirye 0,78%.
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2 1-p TexH. Hayk, npod. HY «3anmopisbka mosiTexHika»

AHAJII3 CUCTEMU KEPYBAHHA AKTUBHOIO NOTYXHICTIO
HEYI TPA®ITAII 3SMIHHOI'O CTPYMY

OCHOBHUMH DEryJIbOBaHHMHU IIapaMeTpaMy, 10 BIUIMBAIOTH Ha Maco-
BUI BUXiJ Ta SKICTh €IEKTPOIHOT MPOAYKIIi, € eJIEKTPUYHA MOTYXKHICTh Hevi
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rpadirauii Ta 3arajgpHa KUIBKICTb €JIEKTPOEHEPTil, CHOXKHTA YU 332 OJHY
KaMIaHiro. BupoOHunTBO KapOigy KpemHilo, SK TPaBHIIO, 3MiHCHIOETHCA
OJTHOYACHO Ha KIIBKOX CeKIisix rpadirarii (TpancdopmaTopax), B KOKHIH 3
SIKUX TIEPIOAWYHO IMiJKITIOYaroThCcs HOBI medi. KinpkicTe meueit rpadirarii B
cekmii Moke mocsratu 8-10 Moxke JocsraTh, KOKHA 3 SIKHX MA€ CBOI €lIEKT-
POI3OIAMINHI XapaKTepPUCTHKH, IO 3aJIeXaTh BiJ 3HOCY medi. Butiku crpy-
My, BUKJIMKaHi 3HOCOM 130JIAIi1 I1edi, IPHU3BOAATE 10 HEJOCTATHROTO BUOOPY
eJIEKTPOSHEPril, HEJOTPUMAHHIO TEXHOJIOTIYHOTO IPOIECY 1 SIK HACIHiJIOK
MI03HAYAIOTHCS Ha SIKOCTI eJIEKTPOJHOT MPOIYKIIii.

Po3pobneHo crcTeMy KepyBaHHS aKTHBHOO TOTYXKHICTIO Teui rpaditarii
3MIHHOTO CTpyMy 3 ypaxyBaHHsM enektpuynoro KKJI meui. 3anmpornonoBano
MaTeMaTHYHy MOJENb Tedi rpadramil 3MiHHOTO CTPyMy, CKJIaJICHY METOIOM
«BXIiJI-BUXI1» 332 MACHBOM BHUMIPIOBAHHX CIICKTPUYHHUX MAPAMETPIB Meui:

B sxocti 3MiHHOI cTaHy Momeni oOpaHa eNeKTpUYHA MPOBIAHICTH Iedi
rpadiTariii 3MiHHOTO CTPyMy, a B SKOCTi KEPYIOUOTO BIUIMBY — HAIpyTa Ha Bil-
BOZIaX TOJIOBHOTO IIMHHOTO TAKETY CEeKIil, IO MiBOJUTHCS BiJl PETYJILOBAHOTO
TpaHchopMaTopy. Po3paxyHOK eleKTpHIHOI MPOBITHOCTI 3AIHCHIOETHCS BiATIO-
BIZTHO JIO €NEKTPOTEIUIOBOI Moeli medi rpaditamii Ta JaHUX BUMIpIOBaHb Ha
CTOPOHI HU3BKOI HAIPyTH, IO JO3BOJISIE HA OCHOBI EIEKTPUYHUX ITapaMeTpiB,
BU3HAYCHHX B [ICBHI MOMCHTH Yacy, 00UMCIUTH (haKTHYHHUH OITip KepHY Ieui.

Lle nosBomnsie ouinutu enekrpuunuii KK/l meui. B sikocti aBTOMaTny-
HOTO PEeryJisiTopa MOTYXHOCTI Oyno 3actocoBaHo amanTuBHuid [1I- peryss-
TOp, MapaMeTpu SKOTO PO3PAXOBYIOThCS PEKYPEHTHHM METOJOM HaiMeH-
KX KBajapariB. IMmiTaniiiHe MOIENIOBaHHS JIO3BOJIMIIO OLIHUTH ITOXHOKY
peryJIoBaHHs aKTHBHOI OTY KHOCTI ITedi, III0 CTAaHOBUTH 5%.

Po3pobnena cuctema KepyBaHHS aKTHBHOKO TOTYXHICTIO mmedi rpadi-
Tarii 3MIHHOTO CTPYMYy JO3BOJIIE€ BecTH Tpaditalii B aBTOMaTHYHOMY pe-
KHMI 3a I0BUIbHO 3agaHnM rpadikoM. KepyBaHHS 3 ypaxyBaHHSIM MOTOYHO-
ro KKJI BuKITIOYa€e BIUIMB i30JIAMITHAX XapaKTEPUCTUK PI3HUX Ievel Ha XiJ
TEXHOJIOTIYHOTO TIporiecy rpaditamii. Lle mpu3BogUTE 10 ORI OTHOPITHOT
SIKOCTI Ta MAaCOBOT'O BUXOJIY €JIEKTPOAHOI MPOMYKIIii, 1110 JJO3BOJISIE TEXHOJIO-
raM IPOBOJUTH OiNIBII TOYHI JOCIHIJXKEHHS 3 PO3POOKM HOBHX DELENTIB
LIMXTH Ta rpagikiB rpadiramii.
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YK 621.311.25
3axpeBcrkuit M.A.
acr. HY «3anopisbka nositexHika»

METO/IUKA BUSHAYEHHSI IHTEHCUBHOCTI
COHSAYHOI PAIIALIL

Ha crorozmHi enekTpocTaHIlii, 1110 BUKOPHCTOBYIOTh (DOTOENEKTPUYHI
NepeTBOpIoBayl eHeprii HadyBaroTh Bce OLIBIIOT MOMYJISPHOCTI AJIsI €JIeKT-
pomnocTayaHHs Pi3HOMaHITHUX 00’€KTiB. BUIBIIICTD NOCIHIIKEHb CIPsIMOBa-
HO Ha CTBOPEHHSI HOBUX TEXHOJIOTIH 1 00JagHaHHs 111 €()EeKTUBHOTO BUKO-
PHCTaHHS COHSYHOI €Hepril BUKOPUCTaHHS COHSYHOI eHeprii CroXnBayamu
Juls pi3HuX perioHiB. IIpu npoektyBaHHI Oyb-1K0i (POTOCNEKTPHYHOT yCTa-
HOBKM TIE€PIIOYEPrOBHM IHTAHHSAM € BHOIp pKepesla aKTHHOMETPHUYHHX
nIaHuX. [CHye BenmKa KUTBKICTD MigXOIIB 10 BU3HAYCHHS BAJIOBOTO MOTEHIII-
aJly COHSYHOI eHeprii, ofHaK He BCi BOHM MICTATh NOBHHH MAacHB IaHUX,
HEOOXITHUX ISl IPOSKTYBAHHS, a JIesKi 3 HUX He Jy’>Ke TOYHI, a iHIIi CKIaj-
Hi Y BUKOPUCTaHHI Ta X TOYHICTH OOMEKEeHa MEePioIOM CIOCTEPEKECHHS.

Mertoro pobotu Oyio po3poOka METOIUKH OLIHKU MOTCHIIATY COHSY-
HOI eHeprii, sika NOeIHYyE PO3PaxyHKOBI Ta €KCIEPUMEHTANIbHI JIaHHi, 1 J10-
3BOJISIE 3 BHCOKHMM CTYNEHEM JOCTOBIPHOCTI BHM3HAUaTH IIOTOJUHHI CYyMH
BCIX KOMITOHEHTIB COHSYHOI pajiamii Ha pi3HOOPI€EHTOBAHUX MPUIMAIBLHUX
MOBEPXHSX.

CydacHa KOHIIETIIsl PO3BUTKY IJI00aJbHOT €HepreTHYHOl CHCTeMU Y Kpai-
HM Ta OCHOBHI T€HEHIIT IOJITHKH PECypco- Ta eHepro30epesKeHHs BUSHAYAI0Th
HEeoOXiTHICTh CepHO3HOI iHTerpalii TpaIuiifHIX 1 BITHOBIIOBAHUX E€HEProre-
HeparopiB. Cepel] YMCICHHNX eNeKTPOCTAHIIIH, 1110 NPAIFOI0Th Ha BiTHOBIIIOBA-
HUX JDKepeliax eHeprii, HaifOUThIT ITBUAKO PO3BUBAIOTHCS EIESKTPOCTAHIIIT, SIKi B
JIAaHWH Yac peasti3yloTh y CBOIH poOOTI MPHHIMIT BUKOPUCTAHHS COHSYHOI €Hep-
rii. [ToTik COHSAYHOI pajiamii € OCHOBHAM JOCTYITHAM JDKEPEIIOM BHCOKOSKICHOT
EHeprii, Ky JIErKo akyMyJIIOBaTH Ta IIEPETBOPIOBATH B iHIII Buu eneprii. [Ipu-
CTpOi Juisi MOro MepeTBOpPeHHS] — (POTOETIEKTPUYUHI YCTAaHOBKH BiIPI3HSIOTHCS
HaJIIHHICTIO, CTAOUIBHICTIO, TIPOCTOTOK OOCIYTOBYBaHHS 1 MPAKTHYHO HEOOMe-
JKEHUM TepMiHOM ciryxOu. HeBeinka Bara, rabapuTu, MOJIyJIbHA KOHCTPYKILiS
JIO3BOJISIE CTBOPIOBATH YCTAHOBKH Oy[b-SIKOTO TIPU3HAYEHHS 1 TMOTY>KHOCTI.
Tomy B maHuWit yac (HOTOENEKTPHYHI MEPETBOPIOBadl €Heprii HaOyBarOTh BCE
OLITBIIOT TOMYJIAPHOCTI JUISl €JIEKTPOIIOCTauYaHHs PI3HUX 00 €KTIB SIK Mapajelib-
HO 3 MEpEeXelo, TaK i B aBTOHOMHOMY PEXHMI.

ITpn npoektyBaHHI Oy b-1K01 (POTOCIESKTPUYHOT YCTAHOBKH TIpiopUTE-
THUM € BHOIp JDKepelia aKTHHOMETPUYHHUX JaHUuX. YCi MiIXomu IO BU3HA-
YCHHS IHTEHCHBHOCTI COHSYHOI pajialiii MOXKHa PO3AUIUTH HA JBa BUJIU:
PO3PaxyHKOBI Ta €KCIIEPUMEHTaIbHI. J[0 aHAMITHIHNX METOMIB BiTHOCHTHCS
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METOJl pPO3paxyHKy BaJIOBOI'O IIOTEHILIANTy COHSYHOI eHeprii 3 0OMeXeHOIo
KUTBKiCTIO iH(OpMAIli Ta 3 MOBHOIO iH(popmamiero. Bimpmricts 0CHOBHMX
MiAXO/IB 1O BU3HAUCHHS iIHTCHCHBHOCTI COHSTYHOTO BHIIPOMIHIOBAaHHS BHMa-
Taf0Th JTOJATKOBOI OLIHKKA TOYHOCTI B MOPIBHSAHHI 3 JaHUMH, OTPUMAHUMHU
3a JIOTIOMOTOI0 METEOPOJIOTIYHNX CIIOCTEPEKEHb MOONIN3Yy 3aJaHoi reorpa-
(igHOT TOUKH, SKa HE 3aBXKIH € Y BUIBHOMY JAOCTYIIi i BUMAarae TpyAOMiCTKOi
00po0Oxu. Kpim Toro, He BCi BOHH JO3BOJIIIOTH PO3PaxyBaTH BCi HEOOXimHI
XapaKTEPUCTHKU COHSYHOTO BUIIPOMIHIOBaHHS. PO3paxyHKOBI METO/IH HE MOXKYTh
OyTH 3aCTOCOBaHI JUIsI pO3pPaxXyHKIB Te/lIOTEXHIKH, OCKLIBKU MOPIBHAHHS Ta aHAJi3
Pe3yJbTaTiB, MPOBEACHUX AHATITHYHMMHM METOJAMH, BHUSBHUB HEOOXITHICTH X
MIEPEBIPKH CYMyTHUKOBUMH JaHAMU PO IHTCHCHBHICTh COHSYHOTO BHTIPOMIHIO-
BaHHs. Haii0iiabIn HOCTOBIpHI BHXigHI AaHi MicTAThCA B iH(oOpMaliiiHux Oazax
NPsSIMUX  aKTUHOMETPHYHHUX BHUMIPIOBAHb XapaKTEPUCTUK COHSYHOI pamiali,
OTPHMaHHX 3a JIOTIOMOTOI0 Ha3eMHHUX 1 CyITyTHHKOBHX BHMIpIoBaHb. JIist minsu-
IICHHS TOYHOCTI MacWBy JAHUX COHSYHOI IHTCHCHBHOCTI IEpioJ] CIIOCTEPEKEHb
TIOBUHEH OyTH 3HAYHHM, 1110 HE 3aBXK/1 MOKJIMBO peasli3yBaTH.

B po6ori mpeacTaBieHO Ta JOCTIIKEHO METOJI eKCIIPEC-OIiHKH MOTe-
HITiaJy COHSYHOI eHeprii, OTpUMaHU{ NIJISIXOM IO€THAHHS PO3PaXyHKOBHX
Ta eKCTIIEPUMEHTAIBHIX JaHUX, SKUH 03BOJISE 3 BUCOKOIO TOYHICTIO BU3HA-
YaTy MOTOAMHHI CYyMH BCIX KOMIIOHCHTIB COHSYHOI pajiallii Ha pi3HOOpi€H-
TOBaHUX NMPUHAMAJIBHUX TOBEPXHSIX.

[ToroanHHI cyMH NpsMOi Ta PO3CistHOT COHSIYHOT paniauii Ha npuiiMa-
JIbHIA TIOBEpPXHI, pO3TallOBaHii TOPH30HTAIBHO IO IMOBEpPXHI 3emil mpu
SICHOMY HeOl, BU3HAYAIOTHCS IIMPOTOI0 MICIIEBOCTI, 4aCOM 1 MOPSIKOBUM
HOMEpOM J100H, IpoIlecaMy 3aJIOMJICHHS Ta MOTJIMHAHHS MPSIMOTO Ta PO3ci-
sIHe COHSYHE BHUIIPOMIHIOBAHHS B aTMOC(epi 030HOM, CYMIIIIIIO Tra3iB, BO-
JSTHOIO T1apoI0, a TAKOX PEJICIBCHKE Ta aepO30JIbHE PO3CIIOBaHHS COHSIYHOTO
BUIIPOMiHIOBaHHs. J[11 BpaxyBaHHs BIUIMBY aTMOC(EPHHX YMOB Ha BEIH-
YHHY MPHUXITHOTO MOTOKY COHSYHOI pajiamii BBOIATHCS KOSQIIIEHTH aTMO-
cepHHUX yMOB, 3HAUEHHS SIKMX BHU3HAYAIOTHCSI HA OCHOBI CEPEAHBOMICSIUHUX
3HaueHb MPSMOi Ta PO3CIAHOI COHAYHOI pamiamii Ha 1 M? muiomti ropusoHTa-
JIbHA NpUiMalbHa 30Ha, OTPHMaHa Ha OCHOBI 0AaraToOpiyHUX aKTHHOMETPUY-
HUX BHUMIpIOBaHb. MOHITOPUHT POOOTH COHSYHOI eNeKTPOCTaHLil B 3anopi-
3bKiii 00JacTi HamaB CGKCIEPHMEHTANbHI MaHi, OTpHMaHi 3a mepioj yacy
I’ SITh POKIB.

IaTeHCHBHICTE COHSYHOT pafialii 3a nepion 3 2016 mo 2021 pp. Oymna
OTpHMaHa HUISXOM IMOCTIHHOTO KOHTPOJIIO €KCIIEPUMEHTAILHUM HIJISIXOM Ta
LIIIXOM PO3PaxyHKy 3a 3alpOIIOHOBAHOI0 METOAMKOIO JUIS 33JaHOI TOYKH.
Koporki nepioau crioctepeskeHb He MOKYTh 3a0€3II€YUTH BUCOKOI TOYHOCTI,
TOMY IIIO HaBITb 33 O/IHY 0Oy ISl Pi3HUX POKIB OTpHMaHi 3Ha4E€HHS 1HTEH-
CHUBHOCTI COHSYHOTO BUIIPOMIHIOBAaHHS MOXYTh CHJIBHO BiJPI3HSATHCS OJWH
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BiJl OOHOTO Yepe3 HU3KY BIUIMBAIOYHMX (AKTOPIB, BKIIOYAIOYH KOPOTKUH
Tepion ycepeTHeHHs .

Otpumano cepease BigxuieHss 0,5...7 % 1718 KOKHOTO JTHS IIPOTATOM
POKy, IIO MiATBEPAXKYE BHCOKY TOYHICTH 3allPONOHOBAHOTO METOAY po3pa-
XYHKY BaJIOBOTO ITOTEHIIaTy COHAYHOI eHeprii. Ayie TakoX OyJiM BHSBJICHI
nepioay 3 OUIBII BUCOKUMHU 3HAaYEHHSIMH CepeHboro BiaxuieHHs. Lle mepi-
OJTM BEJIMKOT XMapHOCTi, BOJIOTOCTI Ta HU3BKOI TemrepaTypu nositps. Cepe-
JTHE BIIXWICHHS BUMIPSHHX 1 PO3PaXyHKOBHX 3HAaU€Hb KOJIMBAETHCS B Jiama-
30Hi 7...28 %.

Po3paxyHKOBi Ta akTHHOMETPHYHI 3HAYCHHS Pi3HATHCS B Jiaa3oHi Bijg

0,5% mo 9,2% mo micamsx poky. HafiBumi 3HadeHHS aOCOIOTHOTO BiIXH-
JICHHS T0OOBOi COHSYHOI iHTEHCHBHOCTI OTPUMAHO JUIS YEPBHS Ta OepesHs
3a aHaTi30M YMOB XMapHOCTI HaBECHI Ta BUCOKOI YAaCTKH IPAMOi COHSIYHOT
eHeprii. IHCOMmiHA CKIIaJoBa BIIITKY BHACHIIOK SCHOTO Heba mix 9ac Mo-
HITOpUHTY eKcrutyaTaniitnnx xapakrepuctuk CEC. Y nunHi Ta cepnni 3adi-
KCOBaHO 3HA4YEeHHS COHsIYHOI pamiamii Ha 3,6-5,9% BuIe po3paxoBaHHX
eKCIIePUMEHTAILHUMH MpWiIafaMu. Taki BiIXWIICHHS B OTPUMAaHHUX pe3yJb-
TaTax MOYKHA MOSCHUTH TPHUBAIICTIO MEPIOJy €KCIEPUMEHTAIBHHUX CIIOCTE-
pexeHb. BinxuieHHs po3paXxyHKOBHX 1 BUMIPSHHUX 3Ha4€Hb 3HAXOAUTHCS B
Mexax g0 3,9% s iHmmx MicsaiB i 2,7% Uit poKy, IO CBiTYHTH MPO TI0-
CTaTHIH piBeHb TOYHOCTI Pe3yJNbTaTiB, OTPHMAHMX 3alpPONIOHOBAHUM METO-
JIOM.
BucHoBok: Po3paxyHkoBi MeTOI1 BU3HAYEHHS ITOTEHIIIATTy COHSYHOI €Heprii He
3aBXKAM TAFOTh PE3yJIbTaT, KUl Ma€e TMOBHUH MacHWB HEOOXimHoi iH(opMmarlii, a
TaKOXX MOTpedye OAATKOBHUX PO3PAXYHKIB JUIS MIIBUIEHHS 1X TouHOCTL. Cdhepa
3acTocyBaHHs 0a3 aHMX, JOBIJHHKIB, aTJaciB TaKo)K OOMEXeHa uepe3 HU3bKY
PO3raTyKEHICTh MyHKTIB CIOCTEPEKEHHS 3a COHSYHOIO PAIialli€ro 3eMHOI 110~
BepxHi Ta cTaHOM atMochepu. [loeqHAHHS aHATITHYHOTO Ta EKCIICPUMEHTAITh-
HOTO IIiIXOJIIB CIIPSIMOBAHE Ha ITiJ[BUILEHHS TOYHOCTI Pe3yJIbTATIB OLIHKH TI0-
TeHIliay COHsUHOI eHeprii. [y mizBuieHHS e()eKTUBHOCTI MOETHAHHS IHX
IiIXO/1IB MPOTNIOHYETHCSI BAKOPUCTOBYBATH yCEePEIHEHI JaHHi nepiof moHay 15-
20 pokiB, 3 iX MOAANBIIO0 IHTEPHOILAIIIEI0. BiaXTeHHS 11 KOXKHOI JOOH mpo-
TSTOM POKY 3HaXoIUThes B Mexkax 0,5-7%, 1110 CBITUUTH PO BUCOKY JIOCTOBIp-
HICTb pe3yJNbTaTiB PO3PaXyHKy CyMapHOI IHTEHCHBHOCTI COHSYHOI pajiarii,
OTPHMaHHX 32 3aIPOIIOHOBAHOIO METOJIMKO0. AOCOIIIOTHE 3HAUCHHS BiIXHICHb
PO3paxyHKOBHX 3HAYEHb BiJ] aKTHHOMETPUYHHX IO MICSILSIX POKY KOJIMBAETHCS
Bix 0,5% 10 9,2%.
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Camko €.C.!, SIpum6am J.C.2

Ueryn. mp. E-222M HY «3anopisbka HOTiTEXHIKa»

2 1-p TexH. Hayk, npod. HY «3amopisbka momiTexHika»

BUMIPIOBAHHS CTPYMIB INXTOBAHUX IIMHOITPOBO/IB
3 BEJINKUMHU CTPYMOBHUMUN HABAHTA KEHHSIMHA

Ha mignpuemcrtBax, mo BUPOOISIOTH BEIHKOrabapuTHI enxeKkTporpadi-
TOBi BHPOOH, 3aCTOCOBYIOTHCS MOTY’KHI IT€4i OMOPY 3MIHHOTO CTPyMY, SIKi
00’eMHYIOTBCS Y ceKIii meueil. [l KuBIeHHS TaKUX CEKIil medeit 3acToco-
BYIOTH ITUXTOBaHI 0araTopsIHi ITHHOMIPOBOIN 3MIHHOTO CTPYMY, SKi MarOTh
3HAYHY JOBXKHUHY 1 MPAIIOIOTh 3 BEIMKHUMHU 200 3 HaJJBEIMKHUMHU CTPYMOBHMH
HaBaHTAXKCHHSIMU.

Taki MMHONIPOBOAM MOBUHHI MAaTH BUCOKY HJIHHICTh B KCILTyaTalli.
[IpoTe KOHTPOJIB X CTPYMOBOI'O HABAHTAXXCHHS 3MIHCHIOETHCSA PO3PAXYHKO-
BUM CIIOCOOOM 32 JaHMMH BUMIPY CTPYMIB Ha BHCOKIH CTOPOHI IIYHOTO
Tpanchopmaropa.

Ha mei gac i KOHTPONIO CTaHy i PO3MOALTY CTPYMOBHX HaBaHTa-
KEHb 110 IIMHAX IIMXTOBAHUX IIMHOIPOBO/IB BiACYTHI amapaTHi 3aco0n A
TaKUX CTPYMOBHX BUMiproBaHb. IIpoTe iX po3poOKy ciij BBa)XKaTH aKTyaib-
HOIO 1 y IPAKTUIHOMY, 1 Y TEXHIYHOMY, 1 Y HAyKOBOMY IUIaHi.

s moOyzoBHM HOBOI CHCTEMH BHMIPIOBAaHb 3alIPONIOHOBAHO MOEIHAH-
Hsl 0Ope anpoOOBaHMX JATYUKIB CTPYMy Ha OCHOBI mosiciB Poroscbkkoro,
SIKI MPOEKTYIOThCS 32 JaHUMH MaTeMaTHYHOTO MOJICJFOBAHHS MarHiTHUX
MOJIB, LIO CTBOPIOIOTHCS 3MIHHMMH CTPyMaMH KOXHOI IIMHH 3 KOXKHOT'O
psily MIMXTOBAaHUX LIMHOMPOBO/IIB.

VY 3B’s3Ky i3 0OMEXEHHMH BiJICTAaHSIMU MDX IIMHAMH y PAJax LIMXTO-
BaHMX LIMHOIIPOBO/IB 3alPOIIOHOBAHO MO JIBi Mapy BUMIpPIOBAILHUX 0OMO-
TOK T0sicy POroBCHKOTO pO3MiIIyBaTH IO IIMPHHI OIMH SK HAJ HAMH, Tak
i HUIMH TePICHIUKYISIPHO OIYHUM MoBepXHAM. Taki 0OMOTKH HEOOXiTHO
3’€IHyBaTH MK COOOFO MOCTITOBHO TAKMM YHHOM, 00 YTBOPHUTH OidinsapHi
KOHTYPH, SIKi OXOIUTIOIOTh KOXKHY IIUHY Y ITHHOIIPOBOI.

OTxe, Ul BUMIPIOBaHHS CTPYMY Yy IIMHAaX HEOOXiTHO 3MOHTYBAaTH IO
JBl OOMOTKH, Oa)kaHO 3 NPSIMOKYTHHM KOHTYpoM. IIpoTe ochoBHMii po3mip
3a3HauYeHUX OOMOTOK HE MOJKE MEepeBHIyBaTH MUpUHY uHH. OTke BiH
O0yne matu obmexxeHHs Big 10 mo 20 MM y pasi 3acTOCyBaHHS IIWH MPSIMO-
KyTHOTO NPO(Diro 3 aJfoMiHifo.

V 3B’S13Ky 3 THM, 110 CHJIOBI JIiHIT MOJISl HAJl IIMHAMU 1 TIi]] HUIMH MalOTh
ICTOTHY KpHBHU3HY, TO IPOEKTyBaHHA OOMOTOK mosiciB PoroBcekoro 3mitic-
HIOBAJIM 3a JJAHUMH IT0JIbOBOT'O MOJIETIOBAHHS OCECHMETPUYHOIO MOJIS IS
MIaKeTy MIMH OJTHOTO PsIly IMHOIPOBOIY.
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3a maHUMH MOJIEITIOBAHHS PO3IIOII TOPHU30HTAIBFHOI CKIIaJOBOI MarHiTHOT
iHayKii Ha BigcTaHi 10 MM BiJ BEpXHBOI IIOBEPXHI IITMHU € BHPAKEHO HEPIBHO-
MipHuM. Tak ropu3oHTalIbHA CKIIaJ0BA IHAYKIIT HA/T OIYHOO MOBEPXHEIO IIMHU
y 2,5 —2,7 pa3 MeHI1Ie ii 3HauUeHHs HaJ| CEPEeAUHOIO IUPUHHU ITHHHL.

Jnst ycyHEHHsS HEraTMBHOIO BIUIMBY TaKOTO PO3IOIUTY MarHiTHOTO
nojisi OyJIo 3alpONOHOBAHO CIPOCKTYBATH OOMOTKH 13 PO3rOHOM BHTKIB 1
cepenHiii obyacti o iX ockoBOMy po3mipy. Toni IIUIBHICTE BHUTKIB Oyne
30iIbIIeHa Y 3BOPOTHIl MPOMOPIIiT 10 3MEHIIEHHsI TOPU30HTAIBHOI CKIIa10-
BOI iHIYKIIii MarHiTHOTO MO Y3[OBXK OCi BHMiproBalbHOI 00OMOTKH. Kpim
TOTO PO3TiH BUTKIB IO OCi OOMOTKH HE MPHU3BOAMTH 0 3MiHU iX 30BHIITHIX
PO3MIpiB i He YCKIIaIHIOE iX MOHTaX Ha ITHHAX.

VY 3B’s3Ky i3 3MIHOIO HaIpsIMy CTPYMIB Ha 3BOPOTHIN y pO3TalIOBaHUX
MOpyd MIMHAaX IOSCH POTOBCHKOTO KOXKHOI 3 TaKMX IIMH 3 €IHYIOTHCA Y
3ycTpivHOMY HOpsIKy. Tozi pe3ynapTyrounii CHTHAN BiX ycix mosiciB Poros-
chKOro OyJie BiANOBIZAaTH CTPYMOBOMY HAaBaHTAKECHHIO VIS OKPEMOTO PsLy
6araTopsiTHOrO NIMHOMPOBO/Y i3 KOE(il[iEHTOM ITiICUIICHHS 2.

Pe3ynpraT po3paxyHKy 1 MNpOEKTyBaHHS CHCTEMH BUMIPIOBaHHS
CTPYMY JBOPSIIHOTO NIMXTOBAHOTO IIMHONPOBOJY 3 NPSMOKYTHHMH IIWHA-
MU Ha OCHOBI MOSICIB JBOXOOMOTKOBHX MOSCIB POroBChKOro Bepu(iKyBasu-
cs1 3 narnMHu 2D oIp0BOTO MOJIENMIOBAHHS Y CTPYKTYpi 3ac00iB FEMM.

Bepudikariro 3aificHIOBaIN AN JUITHKA TOBKUHOKO 1 M IJIsT OHOPSI-
JTHOTO IMUHOMpPOBOAY 3 16 muHaMu mupuHOW 12 MM i BHcoTOIO 120 MM
KOXHa. Bigcranp MK mmHaMu ckiiagana 15 Mm.

Byna BcraHoBlieHa IpOIOpHiHHA 3aIE€XKHICTh CYMapHOTO CHTHAITy 00-
MOTOK MOsICiB POroBchkoro Bifi cTpyMOBOTO HaBaHTa)KEHHS ITMHONPOBOLY.
ToMy MOpIBHSHHS MOJIE/IbHOT TOYHOCTI BUMIPIOBAHb 13 BUXITHUMH TaHUMU
CTPYMOBOT'O HaBaHTaXXCHHS 3AIMCHIOBAJIOCS y BIIHOCHHX oauMHHLSIX. [Ipm
3MiHI CTpyMOBOro HaBantaxkeHHs Bix 10% mo 120% Bijg HOMIHAJIBHOTO BH-
XIIHUHA curHan mosicie Poroscekoro sminmoBascs Bim 9,98% mo 121,11%.
OTxe MakcuMallbHe 3HAa4YeHHS CTPYMOBOI MOXHOKH JUIs 3alpONOHOBAHOT
CHUCTEMH BHMIPIOBAHHS, SIKE BIIMOBIJA€ MaKCHMAaIbHOMY CTPYMOBOMY Ha-
BaHTa)XXeHHIO, He Oyze nepesuiyBaT 0.925%.

OTxe 3amporoHOBaHA CHUCTEMa BHUMIPIOBAaHHA CTPYMIB 3 KJIacoM
TOYHOCTI | TOBHICTIO 3aJJOBOJIBHSE TEXHOJOTIYHI BHMOTH JI0 BUMIpIO-
BaHHSl CTPYMOBOTO HaBaHTAXXCHHsI BEJIMKUX Ie4yei omopy ais 3abesme-
YEeHHs BiJIOBIZHOCTI BUPOOHWYMX INPOLECIB TEXHOJOTIYHUM 3aBIaHHIM
BBOJY MOTY>XHOCTI.

[IpoBeneHi mocmimpkeHHs, aHalli3 iX pe3ynbTaTiB Ta 3p00IeHI BUCHOBKH
JIO3BOJISIFOTH PO3LIMPHUTH O0JACTh 3aCTOCYBAaHHS 3alPOIOHOBAHOI CHCTEMHU
BHUMIPIOBaHHS BEIMKHUX CTPYMIB Ha iHIII TEXHOJIOTIYHI CHCTEMH i 00JIaTHaH-
Hsl 3MIHHOTO CTPYMY, SIK€ BUKOPHCTOBYETBCS Ha MIANPUEMCTBAX €JIEKTPOME-
TaIyprifHOTO MPOoiITIO.
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VK 621.311.25

Kpyroms O.M.!, Tepemenxo 51.11.!, Cononosnikosa T.I1.2
Ucryn. rp. E-212 HY «3anopi3bka IoTiTEXHIKa»

2 cr. Buxi. HY «3anopisbka momiTexHikay»

BUKOPUCTAHHSA BITHOBJIIIOBAHUX JI’KEPEJI EHEPTII IS
HAJIAHOTI'O EHEPTO3ABE3NIEYEHHS JAENEHTPAJIIBOBAHUX
CIIO’KUBAYIB YKPAIHHN

EnepromocrayanHs cTano camMoOl0 YPa3lINBOIO JIAHKOIO CiNbCHKOI iH-
¢pactpykrypu YkpaiHu. BiZHOCHO CITBCBKHX TEpUTOPIH JOCHTH CKa3aTw,
oo poOOTH IO MIATPUMIN MEpex B poOodoMy pekuMi He (iHAHCYIOTHCS
OiIbLIe IECATH POKIB, MOBHICTIO MPU3YIMHEHO iX OHOBJICHHS 1 PEKOHCTPYK-
uis. Ilpy npoMy BpaxoBYIOUM HE3aJ0BUILHHH CTaH ENEKTPHUYHHUX MEPEK
perioHaIbHUM MEPEKEBHM KOMIIaHIsIM €KOHOMIYHO HE BHTiJHO INepelaBaTh
Bix 10 mo 100 kBT enekTpu4HOT MOTYKHOCTI ACSIKHM CIIOKMBadyaM, IO BH-
KJIMKaHO BEJTMUE3HUMU BTPaTaMHu.

VY GinbmocTi cin YKpaiHu 3a HAasBHOCTI €JIEKTPUYHOTO CBITJIa HEMAE
rapsdoro BOAOIOCTavaHHS 1 JOBOJI YacTO LEHTPAIBHOTO OMAJECHHS. Y IHX
HACEeJIEHHUX ITyHKTax Mpo0JeMa OMATIOBAHHS XKUTJIA CTa€ yce OUIbII Hampy-
JKCHOI0. PimreHHs 11 3 OLIBIIOI0 YacTKOI HMOBIPHOCTI MOXKIIBO 32 JIOTIOMO-
TOI0 BiTHOBIIOBANBHUX [kepen eHeprii (B/IE). ¥V 3B’s3ky 3 mumM, cnenngid-
Hi 0COOJIMBOCTI €HEProNOCTaYaHHs JCIEHTPATN30BAHHBIX CIIOKUBAUiB per-
JIAMEHTYIOTh €KOHOMIYHY JIOLJIbHICTh BUKOPHUCTAHHS MICLIEBHX €Heprope-
cypciB Ha 6a3i BJIE. Ilotpe0ba B eHeprii TakuxX CIIOKHUBAYiB BUKIHKAETHCS
HEOOXIIHICTIO 3a0e3NeYeHHs, B OCHOBHOMY, JJIsI ONAaIIOBAHHS JKUTIA, TPH-
TOTYBaHHS 1K1 1 OCBITJICHHSI.

3acTocyBaHHS B SIKOCTI eHEpProHociiB pisHux BunaiB BJIE marume mst
TaKUX CIIO’)KUBAYiB BaroMHi BHECOK. Y 0araTboX CiIbCHKHX paiioHaX KpaiHu
3ocepemkeri pi3Hi Buau BJIE — coHsYHOI, BITPOBOI, OpraHIiYHUX BiIXOIIB
TBapUHHUIITBA i CUTBCHKOTO TOCIIOAPCTBA, MAJHMX TiPCHKUX 1 MpPEATipHUX
moTokiB Ta iH. OxHe i3 ronmoBHuX nepeBar BJIE B Takux paiioHax mossrae B
TOMY, 1110 BOHHU 3HAXOJITHCS OE3MOCEPEHBO B MICIIX X BUKOPUCTAHHS.

IIpoTe eHeprisi BUKOPUCTaHHS OJHOTO BUIY HOHOBIIIOBAHOTO JKeperna
He JI03BOJISIE 3a0€3MeYUTH MOBHY eeKTpudiKalilo IuX paloHiB, i3-3a HeIo-
CTIfHOCTI TpMXOAy MEPBHHHOIO pecypcy. ToMy TapaHTiio B €Hepromocra-
YaHHI MOXe 3a0e31eunTy apanenbHa poooTa aekiibkox Buais BJIE.

OcobnuBicTh 00’€THAaHHS eHeproycraHoBok Ha 06a3zi BJIE moB’s3ana
HE JIMIIe 31 3MiHHUM XapakTepoM NPHUXOy MEpBUHHOI €HEeprii, a Takox 3
mpobaeMoro akymyIanii i pe3epByBaHHs. /i Toro, mo6 1i mpoGiemu 3Bec-
TH O MiHIMyMy, HEOOXIJHO Mepen0adyuTH MOXKIHBICTh KOMIUIEKCHOTO BH-
KOpPHUCTaHHS JeKiIbKoX BUAIB B/IE muisixoM cTBOpeHHS! MiKpOSHEPTrOCHUCTEM.
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Hns hopmysanas MEC noTpibHe, epeaycim, 3HaTH XapaKTepUCTHKY paiio-
Hy ii po3MilIeHHs 10 BUY i 00’ €My eHepropecypciB IOHOBIIOBAHUX JKEPel
1 XapaKTepHi PUCH CIIOKUBAYiB.

IToHATTS MIKpPOSHEProCHCTEMH AaBTOHOMHOTO EHEprornocTayaHHs, Ipa-
rotouoi Ha B/IE MorkHa npeacTaBuTH sSIK KOMOIHALIIO PUCTPOIB (YCTaHOBOK),
SIKI BUPOOJISIIOTH €JIEKTPHYHY €HEpTilo 3a JIONOMOrow: (oto- i TepMoneperBo-
pIOBauiB, BITPOCHEPIeTHYECKUX YCTAHOBOK, TiIPOENIEKTPOCTAaHILIN Ta IHIIMX
eJIEKTPOCTaHIIiH, a00 KOMOIHAIi0 MPUCTPOiB (YCTAaHOBOK), IO MEPETBOPIOIOTH
ereprito B/IE B TemmoBy ereprito. | Takox mpeoOpa3oBaTeNbHUX ITiICTAHIIIH
JUTSL Y3TOJDKEHHS TIapaMeTpiB eNeKTPUIHOI a00 TETUIOBOi €Heprii i3 3aralbHAMH
mapaMeTpaMH CHEeprii B eNEKTPHYHUX 1 TEIUIOBHX MepekaX, aKyMyJITOpiB,
YCTaHOBOK CIIO)KMBAUiB ENIEKTPHIHOI, 200 TEIIOBOI €Hepril.

B Toif e vac, 00’eqHaHHSA B OAHY €HEPrOCHCTEMY YCTAHOBOK THX, IO
BHKOPHCTOBYIOTh JICKIJIbKa PI3HUX 33 XapaKTepOM ITOHOBIIOBAHUX JUKEPET, J1ae
MO>KJIUBICTh BHUPIBHIOBATH E€HEPriio, IO BHUPOOJSEThCS, 1 Ha TPHUBAIMX, 1 Ha
KOPOTKHMX THMYacoOBHX iHTepBanax. Lle mos’s3aHo, nepenycim, 3 pi3HOYaCHUM
XapakTepoOM MPHUXOAY MEPBHHHOI CHEpril i HAsSBHICTIO 3HAYHOI BHIIAIKOBOI
CKJIaJIOBOI. Y NMPaKTUYHOMY acCTeKTi BUKOPUCTAHHS BEJIMKUI IHTEpeC IPEeACTaB-
JISIE PO3MIISL KOPOTKUX IHTEPBAJIB CIIOCTEPEIKEHHS - PIYHOTO, MICSYHOTO, THIK-
HEBOTO, JOOOBOTO, TOIMHHOTO 1 KOPOTIIMX iHTEepBamiB. 3i 3MIHOIO IHTEpBaIy
CIIOCTEPEXEHHS 3AICKHOCTI JUIsI OLIHKHU NPUXO/LY €HEepTii MOHOBIIOBAaHUX JDKE-
peT BimpizHAIOTECA. MO)KHA BUIUTUTH XapaKTepHI TUMYACOBI PSIIH, BIIPOJOBXK
SKUX OJJHE JDKEPEJIO TIOHOBIIIOBAHOI €HEprii MOXKEe BHCTYIIATH TapaHTOBaHUM
(o Mae MOCTIHHMI TPHXIi), a 3 1HIIOK CJIJ PO3TIINATH SK CTOXaCTHIHHI.
Hampuknan, mpu KOpoTKOCTpOKOBOMY (TOJWHA, J00a) i CepeIHBOCTPOKOBOMY
(TYKIEHDB, MiCsIIb) IHTEpBaIax 00 €HAHHS TiJPABIIYHOI €Heprii 3 COHIYHOIO 1
BITPOBOIO 3a0e3Medye JJOCUTh CTIHKY CHUCTeMY, OCKUIBKH TiJIpOEHEpris MOe
3a0e3neunTy eMnQyBaHHs KOJIMBAaHb COHSYHOI 1 BiTpoBOi eHeprii. SIkiio x
y3SITH TOAMHHUM i{HTEpBaJ, TO rApaHTUPOBAHHBMH JUKEpEsIaMUi MOXKYTh OyTH i
COHSIYHA 1 BITPOBA EHEPTisl.

Exonomiune 3actocyBants B/IE M0OxIiBO OYKBaJIbHO B KOXHii 00J1a-
CTi, KOX)XKHOMY paiioHi Ykpainu Bxke 3apa3. [Ipu 1ipomMy 1 HagiitHOTO eHep-
ro3abe3neueHHs CIIOKUBAYiB BUPIBHIOBAHHS Tpadiky BHPOOIICHHS E€Heprii
Bix B/IE, HEeoOXitHO BpaxoByBaTH XapakTep IMpHUXo/ay IepBUHHOI eHeprii. B
XOJIi JOCII/PKEHb PAlOHIB 1 TUIONI, SIKi BiIIOBIJAIOTh BUMOTaM Ha HasBHICTh
BJIE, a Tako 1 KOMILICKCHOTO IX 3aCTOCYBaHHs, MOKHA OyJie miiopatu s
TaKUX paloHIB CBOIO CXEMY CHCTEMHM eHepromnocradaHHs Ha 6a3i BJIE. s
3MiHCHEHHS €(PeKTHBHOTO PHEProoOecledeHHs CIOXHUBAYiB, MOTPiOHE pO3-
MIIEHHS TAKUX CUCTEM OJIFDKYE IO HACETICHHOTO MYHKTY.

MosknuBiCcTh KOMIUIEKCHOTO BuKopucTaHHs BJIE B paiioHax neneHT-
pasi30BaHHOTO €HEProNOCTa4YaHHs J03BOJISIE BHPIMIUTH Psii BOKIUBUX 3a-
BJaHb €HEPTeTUKM YKpaiHW: BHKOPHUCTAHHS YCiX JDKEpeN eHeprii, OKpeMo
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B3ATOI0 paliOHy; IMOCTa4yaHHS BiJJalleHNX CIOXHMBA4iB €HEprii, MIIIXOM
CTBOPEHHS aBTOHOMHHUX €HEPTo00’€KTiB; 3a0e3IeUeHHS eKOJIOTiuHOl Oe3re-
KM pOOIT TakuxX 00’€KTiB; CTBOPEHHS NCICHTPATI30BAHHUX €JIEKTPO- 1 Tel-
JIOCTaHIIIi; TIPOBEICHHS €HePro30epeKHOT IO THKH.

Kpim Toro, cminpra nis BJIE no3Bonse BukopmcTatd iX B3aeMo3ami-
HIOBaHICTb, TOHU3UTH 3aJICKHICTH BiJl CE30HY i MMOTOIHUX YMOB, ITiABHIIIATH
HAJIHHICTD €TEKTPOIIOCTaYaHHs, CKOPOTUTH KalliTalbHi BKIAJCHHS, CTBOPH-
TH JJOAATKOBI po0O0oYi MicIis.

VY 3B’S13Ky 3 IMM CTBOPEHHS 1 AOCIIKEHHS (YHKLIOHAIBHUX MOXKIH-
BOCTEH aBTOHOMHOT'O KOMIUIEKCHOTO By3nia Ha B/IE i 3’sicyBaHHS NpUHIMITIB
YIpaBIiHHS pexxuMaMu (yHKIIOHYBaHHs (TeHepalii, MepeTBOPEHHs 1 CIIo-
JKMBaHHS €HEpril) € OCHOBHOIO IPOOJIEMOIO0 CHHTE3y €HEeprolepeTBOPIO0-
yux npucTpoiB. O0’eM MOCHIHKEHb B 001aCTi HETPAAMIIIHHOI CHEPTETHKY B
VYkpaiHi i y CBIiTi, IPOBEJCHUI Ha CHOTOJIHI, a TAKOX IPOMHUCIOBI PO3POOKH
€HEeproyCTaHOBOK Ha OCHOBI ITOHOBIIOBAHUX JDKEpEJ, TOCTPO CTABIATH 3a-
BIaHHA PO3BUTKY BuKopucTanHs [1JIE Ha nepmodeproBuii piBeHs.

YK 661

Hazapenxko I.A.! , Bacunsesa JI.P. 2

! kann. Texn. Hayk, nou. HY «3anopisbka momitexHika»
2 cryn. tp. E-211 HY «3anopisbka nomitexHika»

METO/M JTATHOCTYBAHHSA CUJIOBUX TPAHC®OPMATOPIB
B POBOYUX PEXKUMAX (MOHITOPUHI' CWJIOBHUX
TPAHC®OPMATOPIB)

B ocTaHHI poKHM 3arocTpuiIocs 3aBIaHHs 3a0e3MedyeHHs HaliiiHOT ekc-
utyaranii cuioBux Tpanchopmaropis Lle moB’s3aHo 31 3pOCTaHHIM KiJIBKO-
cTi TpaHCOPMATOPIB, BIIAMPAIFOBAIN CBilf HOPMATUBHUI TEpMiH EKCILTya-
TaIil, Ta 3HIDKEHHSIM PO3MipiB (iHaHCYBaHHS PEMOHTHHX Ta BHIIPOOYBaJb-
HUX poOiT. B GinbmocTi BUMaakiB mepedoi B eNeKTPOIOCTaYaHHI CII0KHBa-
YiB CHIPUYMHEH]! PAalTOBUMH IOIIKOKCHHAMH TpaHc(hopMaTopHOTo 00man-
HaHHS, NIPU SIKUX PEeMOHT abo 3aMiHa MOIIKO/DKEHOTO TpaHcdopmaropa €
BUTPaTHUMH (K 32 9acOM,TaK 1 3a ()iHAHCOBUMHM BUTpAaTaMHM) 3axofaMu. Y
TOH XK€ 4ac, iCHyl04i METOAW BHNPOOYBaHb Ta IIarHOCTYBAHHS CHIJIOBHX
TpaHchopMaTopiB, MO HE JO3BOJIIOTH JOCTOBIPHO BHAUIUTH TpaHC(HOpMa-
TOpH, y SKUX MosABa Aedexry HariMmopipHima. Tomy rpadiku peMOHTIB cH-
JIOBUX TpaHCc(hOPMATOPIB CKJIAJAIOTBCS HE 3a pe3yJibTaTaMH BHU3HAYCHHS
iXHBOTO MOTOYHOTO CTaHy, a 3a TEPMiHOM CIIy)0u. B miteparypHux mxepe-
Jlax TO JiarHOCTYBaHHSM CHJIOBHX TPaHC(OpPMATOPiB BUKOPHCTOBYETHCS
YOTHPH NPUHLMIN KJIacH(iKalii CHCTEM JiarHOCTYBaHHS:
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Ilo npuzHayeHH:o:

— TIOTOYHE — BU3HAYCHHS CTaHY, MPABIJIBHOCTI Ta MOXIIMBOCTI BHKO-
HaHHS 00’ €KTOM HOro (yHKIIIH;

— TIPOTrHO3yO4e — 30ip JaHWX UL MPOTHO3YBAHHS MOXKJIMBUX 3MiH
00’€eKTy;

3a 3ac000M NPOBEIECHHS A1arHOCTYBAHHS:

— ¢yHKIIOHaNBbHE (B poO0OYOMY pexuMi, Oe3 BUBOAY TpaHC(hOpMaTopa
3 eKCIUTyaTarii);

— TECTOBE.

[o pexxumy poboTh:

— Oe3mepepBHi — MOCTIHHUI KOHTPOJIh BUOpPAaHUX IapaMeTpiB 00’ €KTa B
nporieci fioro podotu;

— MEePiOANYHO Aif04i — KOHTPOJb apaMeTpiB 3AiHCHIOETHCS Tepiomd-
HO Yepe3 3a/1aHi MPOMIXKKH 4acy;

— Pa30Bi — BUKOPUCTOBYETHCS, KOJIM HEOOXITHO OTPUMATH JOJATKOBY
iH(pOpMaIlit0 PO KOHTPOJIIOEMUIA 00’ €KT.

3a CTymeHr0 aBTOMAaTH3aIlil:

— aBTOMAaTH4HI — aJITOPUTMU 300py, MEPETBOPEHHS i 00poOKH iH(OP-
Marlii QyHKI[IOHYIOTh 0€3 6e3mocepeIHbOT YUACTI JIFOMHY;

— aBTOMATH30BaHi — 30ip 1 mepeTBopeHH: iHpopMarlii BitOyBa€TbCS aBTO-
MAaTU4HO, aJie aHai3 iH(opMaIlii IPHBOAUTHCS OTIEPATHBHUAM MIEPCOHATIOM.

BimoMi HOpMaTHBHI JOKYMEHTH TI0 BHIIPOOYBAaHHIO CHJIOBHX TpaHc(ho-
pMmaropiB. OnHaK, psa aBTOPIB BiIMIYalOTh, IO CTAHAAPTHI MPOLEAYPHU
JIarHOCTYBAaHHS HE BIATOBIAAaOTH CYYaCHUM BHMOTaM HAIIHOCTI Ta €KO-
HOMIYHIA JOUUTBHOCTI Ta IPOMOHYIOTh HOBI aJbTEpHATHBHI pimeHHs[1].
[Tpyn 1BOMY OCHOBHE HANpABIEHHS y PO3BUTKY METOJIB [IarHOCTYBaHH:I
NoJIsArae B OUTbII JIETAIbHOMY YSIBJICHHI TEXHIYHOTO CTaHy OOJiaJHaHHS 3a
paxyHOK 3aCTOCYBaHHS HOBHMX METOJIB [IarHOCTYBaHHS 1 aBTOMAaTH3aIlii
BUMIpIB MapameTpiB 0O0JagHaHHS B PEXHMI MOHITOpUHTY ( IiJ poOOYOro
Harpyrow). € npono3uiii o JOIILHOCTI OpraHi3aiii KOMIUIEKCHOTO Jiar-
HOCTYBAHHSI 32 CYKYITHICTIO HENpsSMHUX O3HAK MpO HasBHICTH AedekTiB [2].
Haiibinpimoro eekTUBHICTIO Y TOMNEpe/KeHHI aBapiii TpaHc(hOpMaToOpiB
MaroTh CHCTEMH O€3IepepBHOTO KOHTPOJIIO, SIKi BUKOPHCTOBYIOTh KOMIUIEKC
JIaTYHKIB, [0 pearyloTh Ha MakCHMallbHO MOXIIMBE YHCJIO BUJIB JIE(EKTiB,
SIKi PO3BMBAIOTHCS NIPH POOOTI, IHIIMMU CIIOBAMH CUCTEMH MOHITOPHHTY.

3arajJbHUMHM JUIsl CUCTEM MOHITOPHHTY € MeTa — BUSIBJICHHS Ha paHHIHN
crazii po3BUTKY HeOe3neyHux i TpaHcdopmaropy aedexriB Oesnocepen-
HbO Mg 4yac poboTu. Takok 3arajpbHOI0 € HAsBHICTh 3arajibHOI CHCTEMH
00poOKwm, aHami3y i1 BifoOpakeHHS B 3pYYHOMY JUIA €KCIUTyaTaliifHOro mep-
COHAIIy MapaMeTpiB CcTaHy TpaHchopMaTopy. Pi3sHUMHU € KOMIUIEKCH 9yTiH-
BHX K Je(eKTaM JaT4hKiB i METOJM BUSBIICHHS HEOE3MIEYHOTO CTaHy BY3IIiB
TpaHchopmaropis [2].
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CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. ba6ir C.B. Oco0muBocTi po3paxyHKy TpaHC(POPMATOPIB CTPYMY
3 koMOiHOBaHMM MarHiTonpoBogoM [Tekcr] / C.B. babin, B. B. Kapaces /
Enexrporexnika. — 1983. — Ne 7. — c. 42-45.

2. Dranetz power platform. Operetor’s manual. USA, dranetz
technologies, INC. - 1994. — 70 p.
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! kann. TexH. Hayk, gou. HY «3anopisbka nomitexHika»
2 cryn. rp. E-251cn HY «3anopisbka NoJliTeXHiIKa»

PAJIIAIIIAHI BJACTABOCTI IOBEPXOHb
TEIJIOOEMIHY HATPIBAJIbHUAX NNEYEM

[TuTaHHs BUBYEHHS pajiallifiHUX XapaKTEpUCTUK HaOyBalOTh Bce OUIBIIO-
TO 3HAYEHHs Y 3B’S13Ky 3 PO3IIMPEHHSIM MOXJIMBOCTEH PO3PAXyHKIB TEIIOTEX-
HOJIOTIYHMX arperaTiB. 3HaueHHs paJiallifHuX XapaKTEePHCTHK MOBEPXOHb, IO
0epyTh y4acTh B TEIUIOOOMiHi, JO3BOJIIE IIiABUIIUTH TOYHICTH PO3PaXyHKIB.
BornerpuBke (yTepyBaHHS € aKTHBHUM €JIEMEHTOM 1 CTBOPIOE iCTOTHHI BIUIHB
Ha TEIUIOOOMIH BHIIPOMIHIOBAHHSAM B pOO0OYOMY MPOCTOPI HOIYM SHHX TeUeH.
B mporeci ekcruryaTartii BorHeTprBKe (yTepyBaHHs 3a3HAE 3HAUHHUX 3MIH ITij
JIEF0 BUCOKUX TEMIIEPATyp 1 arpeCHBHUX CepelOBHIl. B mepiiy yepry 3miHro-
IOTHCSI TIOBEPXHEBI 11apH, BIACTUBOCTI SKUX € BHU3HAYAIBHUMU TIPH pajlialfii-
HOMY TeIJIO0OMiHI B IPOMHUCJIOBUX IEeYax.

CTBOpEHHS ONTHMAJIbHUX YMOB TPOTIKaHHs MPOIECIB TEIUIOOOMIHY BH-
MPOMIHIOBAaHHSIM B CAMHX Pi3HHX METAIYPriiHUX Meyax BUMAarae 3HaHHS pajiia-
MIHHUX XapaKTEPUCTHUK BCiX KOMIIOHEHTIB po0ouoro mpoctopy. Jlyxke maio
POOIT IPOBOIIIOCS 32 BUHAYEHHSIM CTYIIEHS YOPHOTH BOTHETPUBIB, II0 3aCTO-
COBYIOTBCSL U1 (pyTepyBaHHs Tiedeil. EkcrieprMeHTabHI JaHi BITYM3HIHHX
BOTHETPHBIB Maike BIICYTHI, a IX CIIEKTpaJIbHA 1 IHTerpaJibHa CTYIIHb YOPHOTH
JOCTI/DKeHH]I BKpail cmabo. ToMy MOCTDKEHHS IHTETpallbHUX pamiallifHIX
XapaKTePHUCTHK PsLy MPOMHCIIOBUX BOTHETPUBIB € aKTyaJIbHUM 3aB/IaHHSIM.

B po6ori [1] nocmipkeHo 3aIeXHICTh pagialliifHuX XapaKTepUCTHK BO-
THETPHUBIB B 3aJIOKHOCTI BiJ iX TepMiHy ciyxO0m. Jlocmiam mokasand, IIo
HOBI BOTHETPHBH MArOTh JIOBOJII HU3bKY CIIEKTPAIbHY Mipy YOPHOTH B fia-
MMa30HI KOPOTKUX XBHWIG (1...4) MKM. AJe 31 30iTbIIEHHIM CTPOKY CIYKOH
CIIEKTpaibHa Mipa YOPHOTH B IIbOMY Aiala3oHi CyTTEBO 30imbiryerses. Ta-
KMM YMHOM TICJIS BOX POKIB eKCIUTyaTalii Mipa YOpHOTH y Jiama3oHi ycix
JIOBXKHMH XBHJIb Ma€ NMPHOJM3HO O/IHAKOBE 3HaueHHs. B mpoueci excruryara-
il iHTerpajbHa CTYIiHb YOPHOTH, SIK BUCOKOTJIMHO3EMHUCTHX, TaK i MIaMOT-
95



HUX BOTHETPHBIB (QyTepyBaHHA 3pocTae B 1,4 — 1,7 pa3u B MOpIiBHAHHI 3
HOBHUMHM BOTHETPHBAMH.

IikaBi mociimkeHHs aBTOPIB [2] sSKi TaKOX CTBEP/UKYIOTh, IO TMPH
aHaNi31 TermJI000MiHY BUIPOMIHIOBAaHHSM HEOOXIJHO 3HATH pajiamiiiHi Xa-
PaKTEpUCTHKHU BCiX KOMIIOHEHTIB pobodoro npoctopy. st TBepanx Marepi-
aJIiB BOHU B 3HAUHII Mipi 3aJIe)kaTh BiJl CTaHy MOBEPXHI i KOHKPETHUX YMOB
HarpiBy. B mpoueci excrryaranii B IpoXiJJHUX HarpiBaJIbHUX Ie4ax MOBep-
XHIO BOTHETPHUBKOI (PyTEPOBKH MiIJA€THCS BIUIMBY BHUCOKOTEMIIEPATypHHX
MPOAYKTIB TOPIHHS 1 MIIOMOAIOHIX MaTepiaiiB, BHACTIIOK YOTO 3MiHIOETh-
csl MIHepaJIOTiYHMH CKJIaJ TMOBEPXHEBOTO MIApy i BIAMOBIAHO pamiariiifi
XapaKTepUCTHKH QyTepyBaHHA. Y poOoTi [3] HaBeneH] AOCHTIIKEHHS CIIeKT-
paibHOI MipHl YOPHOTH BOrHeTpHBiB. [loka3zaHo, IO Ay HAWOUIBIN moImupe-
HHUX B HarpiBaJbHHUX IeYaX aJIOMOCENIKaTHIX BOTHETPHBIB B 3a3HAYCHOMY
CIEKTPAIGHOMY Jiana3oHi AJIs1 HOBUX BOTHETPUBKHX MaTepialliB I BEINYH-
Ha nexuTh B Mexax (0,4 ... 0,5). [IpoBeneni Ha MpakTUI AOCTIKEHHS HO-
Kasanu, o Tutkku 70 (1,5 ... 2) poKiB ekcIuTyaTallii BeJUYUHA € CTa€ PiB-
Hoto (0,8 ... 0,9).

BucnoBku. Ciij BiI3HAYUTH, IO CTBOPEHHS ONTHMAaJbHHX YMOB IIPO-
TIKaHHS TIPOIIECIB TEIDIOOOMIHY BHIIPOMIHIOBAHHSAM B CaMHX Pi3HOMAHITHHX
METaNyprifHuX Te4aXx NOoTpeOye 3HaHHSA paTiallifHIX XapaKTepUCTHK YCiX
KOMITOHEHTIB poOodoro npoctopy. OnHaK pamiarliiHi XapaKTepUCTHKH eIeMeH-
TiB poO040T KaMepH Tedi BUBYCHI HEOCTAaTHBO. J[y»ke Majio poOiT MpOBOIUIOCS
10 BU3HAYEHHIO MIpY YOPHOTH BOTHETPHUBIB, 1110 3aCTOCOBYIOTHCS sl pyTepy-
BaHH Neyeil. ExcriepuMeHTasbHi JaHi BITYM3HSIHUX BOTHETPUBIB Maibke BiJCy-
THI, a iX CHeKTpaibHA Ta iHTerpajIbHa Mipa YOPHOTH JOCTIDKSHHI BKpaid ciado.
ToMmy mocimKeHHs iHTeTpaTbHUX paTialifHUX XapaKTePUCTHK Py HPOMIC-
JIOBHX BOTHETPHBIB € aKTyaJlbHOIO 3a/lauelo. 3a3Ha4MMO, IO HE AWBIITIHNCH
Ha okpeMi myOuikanii, O1IbIIICT HAYKOBIIB, CTBEPIKYIOTh, 1110 BOTHETPUBH
HE MaloTh paxyBaTHCs CIpUMH Ta CEJIEKTHBHICTD pajialliiHuX BIACTHBOCTEHl
(dyTepyBaHHS HEOOXiIHO BpaxoBYBaTH Yy pPO3paxyHKax TEIUIOOOMIHY BH-
MIPOMIHIOBaHHSIM B p0OO0OYOMY MPOCTOPI Medei.
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MOXKJINBOCTI BUBHAUYEHHS ITAPAMETPIB TA
XAPAKTEPUCTUK OJHO®A3ZHUX TPAHC®OPMATOPIB 3A
IHTET'PAJIBHUMU 3HAYEHHAMMU AKTUBHUX TA
PEAKTUBHUX MOTYXHOCTEM

Opnodasni Tpanchopmaropu manoi noryxsocti (TMII) mupoko Bu-
KOPHUCTOBYIOTBCS B PI3HUX €NEKTPOTEXHIYHMX YCTAHOBKAaX, Pi3HOMAaHITHHUX
NPUCTPOSIX JUIsl Iepesiadi Ta nepepoOku iHdopmauii, y pi3HUX cucTeMax
ABTOMATHKH. SIK MpaBMIIO, EKCIIEpUMEHTAIbHI TapaMeTpH Ta XapaKTepUCTH-
ku TMII BU3HAYAIOTHCS 32 JTOTIOMOTOIO JIOCTIIIB — XOJIOCTOr0 X0y Ta KOpPO-
TKOTO 3aMMKaHHs, [0 BUMAraroTh BUBEACHHs TpaHchopMaTopa 3 podouoro
pexuMy. Y TOif ke yac pik y pik 3pOCTae iHTepec 10 KOHTPOIIIO MapaMeTpiB
i xapakrepuctuk TMII came B poGodomy pexumi [1].

3arajgpHOBIOMI, ajJe MaJI0 BHKOPHCTOBYIOTHCS IIPAKTUYHO MOJKIIMBOC-
Ti BU3HAYCHHS HU3KH IapaMeTpiB i XapaKTepUCTHK TpaHc(opMaTopiB MmO
aKTHBHHUM 1 pEaKTUBHHUM ITOTY>KHOCTSIM.

Crpaeni, s Oyab-axoi k-toi minsaku C3 TpaHcopmaropa crpaBe-
Bl popmyim

Re=7¢ i Xe=% (1)

Ha xanp, nmpsMa npouexypa BU3HAUEHHS PEAKTHBHOI ITOTY)KHOCTI 3a
MHUTTEBUMH 3HAUYEHHSMH CTPYMY Ta Halpyru HeBifioMa. PeakTHBHY MOTYX-
HICTh y TPUHIIMIII MOXHA 3HAWTH 32 (HOpMyII0I0 MiXXKHAPOIHOI eIeKTPOTEeX-
HiuHOi KoMicii (MEK)

Jlo pedi Bi3HaYMMO, IO MOHATTS «PEAKTHBHA MOTYKHICTHY Ta il BH-
3HAYEHHSI MPOTATOM TPUBAJIOTO Yacy € MPEIMETOM CYIepedoK, OCOOIHBO
IIPU aHaJli31 eHepromnponeciB y JAHIIOrax, 0 MICTITh MPUCTPO], IO BIUIH-
BalOTh HA CUHYCOIMHICTh ()OPMH KPUBHX HANPYTH Ta CTPymy (TpaHcdopma-
TOp — XapaKTepHUH npuKIaj Takux npuctpois!). besniua popmyi aus Bu3Ha-
YEeHHS PEaKTUBHOI MOTY>KHOCTI OTpHUMaHi NP PI3HMX BHUXITHUX MOCHIKax 0e3
HAJIOKHOTO (Pi3MIHOTO OOTPYHTYBAaHHS, a B caMe MOHATTS PEaKTUBHOI MOTYX-
HOCTI PI3HMMH aBTOpaMH BKJIAJAEThCSI HEOJHAKOBHI ceHc. Y OLIbIIOCTi poOiT
BU3HAYEHHS PEAKTHBHOI MOTYKHOCTI OB SI3y€THCS 3 IHTEHCUBHICTIO (Di3MYHMX
TIpOIIeCiB OOMIHY €JIEKTPOMAarHiTHOIO €HEpri€l0 MK OKPEMHMH YacTHHAMH
€JIEKTPUYHOTO JIAHIIOTa, MPUYOMY HPHYMHOIO TAKOro OOMIHY Ha3MBAETHCS
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HAsABHICTh y JIAHIIO31 peaKTHBHHUX eJieMeHTiB. Ha croromHimmHii NeHp icHye
KLIbKa OCHOBHHX BI3HAYEHb PEAKTHBHO]I IIOTY>KHOCTI JIAHITIOTa 3MIHHOTO CTPyMY.

[HI1Ie BU3HAUEHHS PeakTHBHOI MOTYKHOCTI OyJ10 JaHo Ppuse Ha MoYaTKy
TPUILSATUX POKIB 1 yTBEPAMIIOCS B TEPMIHOJIOTIT 3 eeKTpoTexHiku. TyT peakTu-
BHa TIOTY KHICTb — I1e KOPiHb KBaJPAaTHHUM 13 Pi3HULI KBa/IpaTiB MOBHOI Ta aKTH-
BHOT oTy>xHocTel. Lle BU3HAa4eHHs OBTOPIOE 3aIKC Y BUTIISL (POPMYJIH

Q = V§2—-P2= JU2]2 - P2, 2)

VY pobori [2] nmoka3zaHo, 1110 peakTUBHY MOTY>KHICTb B JIaHI[I031 3 HECH-
HYCOiaJJbHUMH BEJIMYMHAMH HEOOXiJHO PO3pPaxOBYBATH 10 IHIIOMY, HIX y
JIaHII031, Jie Tepeaaya Ta CIIOKMBaHHs €JIEKTPUYHOI eHeprii BiOyBaroThCs
NPH CHHYCOINaJbHUX CTpyMax Ta Halpyrax; TaM K¢ PO3rJIHYTI IpoOiIeMH,
II0 MOPOJUKYIOTHCS HASBHICTIO PEaKTHBHOI MOTYXKHOCTI Y pa3i HECHHYCOI-
JaJbHOTO HABAaHTa)KCHHSL.

3BiZIcH BHILUIMBAE, [0 BUKOPHCTAHHS SKOICh YHIBepCAIbHOI pEaKTHB-
HOI TIOTY>KHOCTI HE € OOTPYHTOBaHUM, THM OLTbIIE 10 00M/IBa BU3HAUCHHS
(hopMaInbHi 1 He MalOTh YITKOTO (PI3MYHOTO CEHCY (X04a BOHH IIKOM TIpa-
BWJIbHI MaTeMaTH4YHO, SIKIIO MAaTH Ha yBa3l JIMIIE YHCENbHE 3HAUCHHS peak-
THUBHOI. TIOTYXHOCT1).
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AHAJII3 IMTAHHA PO3NIOALNTY TEMIIEPATYPHU B
3JIMTKAX ITPU HATPIBAHHI Y PEKYIIEPATUBHUX
HATPIBAJIBHUX KOJIOAA3AX

PexymnepaTtuBHI HarpiBajibHI KOJNOASA31 3 ONAJCHHSAM 3 LEHTPY MOIY
MAalOTh ICTOTHI KOHCTPYKTHUBHI HEIOJIKH, IO BIIMBAIOTH HA SIKICTh METay,
0 HArpiBa€ThCs, MATOMA BUTpATA MaluBa i iHIII MOoKa3HUKH. [1igBUTIIEHHS
SKOCTI HarpiBy OCOOJMBO BaXKJIMBO JUIS IIJIPHEMCTB, 1€ BHPOOISAIOTHCS
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BHCOKOJICTOBAaHI 1 CreliaibHi cTand. Pexumu HarpiBaHHS TakuX Mapok
CTaJli BUMAararmTh TPUBAJIOT BUTPUMKH, TOMY Ba)KJIMBO TOCTIKEHHS 1 BIOC-
KOHAJICHHS TETIOOOMIHHHX TPOIIECiB B el mepio.

JocmimkeH s TeMIIepaTypHOTO TOJSI 37UTKIB, 1[0 HATPiBaIOTHCS B KO-
JIOZIA351X, TIOB’ sI3aHe 31 3HAYHHMH TPYJHOLIAMH, YHM ITOSICHIOETHCS HEBEJIUKA
KUTBKICTH Iy O iKaIliif Ha [0 TEMY, IPICBIYCHUX, B OCHOBHOMY, HarpiBaHHIO
3MUTKIB pAO0BUX Mapok craii [1]. OcoOMuBICTD TEIIOBOI POOOTH KOJOIS31B
T0JIATae B BEPTUKAILHOMY PO3TallyBaHHI (akena i HEpiBHOMIDHOMY TEIUIO-
BHJIIJICHHI 110 BUCOTI, 1[0 MPU3BOJUTH J0 HEPIBHOMIPHOTO HATPiBAHHS 3JTHT-
KiB. JIJIs1 OLIHKKM HEPIBHOMIPHOCTI HArpiBaHHSI BUMIPH TEMIIEPATyPH MPOBO-
JMJIACSI B OCBOBOMY Hepepi3i 3JIMBKa Ha TPhOX PIBHSX 110 BUCOTI: BEPXHHOMY
(y rosioBHi{ yacTuHi), cepeaHii i HKHIN [2].

B xoni miAroToBKH 10 MOCTIKEHb OyJM BHTCOTOBJICHI JiBa JOCBimUe-
HHX 3JIUTKA 3 HEPKaBilovoi CTaii, Barorw 3,5 T 3 0OTBOpaMU it TepMomnap. Y
OiuHIl CTiHI KOJNOAA3S TiX Yac PEMOHTY BHKOHAIIM MPOPI3H, depe3 AKi B
JOCBITYEHHI 3TMTOK BBOAMIIMCSA TEPMOIAPH, IICJIA YOO OTBOPH TepMETH-
3yBaTH. Tepmonapu Oyiy BCTaHOBIICHI TaKOX IEpe] i MicIs PeKyIepaTopiB
Ha JUMOBOI CTOPOHi 1 B TOPU30HTANBHUX KaHANAX MiTirPiTOrO MOBITPS IIe-
pen marbHUKOM (IUB. pHc. 1).

VY 1OCBiUEHHMX HArpeBax 3JIUTOK 3 OTBOPAMHU BCTAHOBIIIOBAIU HOPS 3
pobouoro TepMomnaporo, rmokasanHs skoi BuBeneHi Ha mut KBII. Temnepa-
Typa B JOCJTITHOMY 3JIMBKY KOHTPOJIIOBAJacsi B CEMU TOYKAX: Y BEPXHHOMY
MepeTHHI PO3TAILIOBYBABCS JIBI TOYKH, B CEPETHBOMY - TPH, B HIKHBOMY -
JBl. 3aMip TemIiepaTypy MPOBOJMIM TepMOIlapaMH B 3aXHCHHUX YOXJax 3
’KapOMIIIHOI CTAJIM B KOMILIEKTi 3 MHOTOTOUEYHHM ITOTEHI[IOMETPOM.

£

-

Pucynok 1 - Cxema po3MillieHHsI TepMOTIap Ha HarpiBaIbHOMY KOJIOJS31 B
3JUTKY, 1[0 JIOCTIPKyBaBCs

JocimKyBaHi KOJOJS31 OMATIOIOTHECS KOKCOJIOMEHHON CYyMIIIIIIFO 3 TEIUIO-
TOtO 3ropstHus 6,7 MJ[x / M. Po3mipu poGodoi kamepu 4,8. ..4,6 M, Bucora 3,0 M.

Y xonoxmszi OynmyTe HarpiBaTucs IUSTHaAUATh 3JINTKIB  cTali
08X18H10T. {ocmiaHi 3MUTKH HarpiBaTUMYThCS CITIIBHO 31 3MTUTKAMH TaKOi
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K Bary, ¢popmu i monidbHoi Mapku ctanmu. HeoOXigHO KOHTPOIIOBATH TaKOXK
BUTpATy MaJIMBA, MOBITPA, THCKY B ocepenky. Burpara mositpst Oyme minr-
pPUMYBaTHCSl CHCTEMOIO aBTOMATHYHOTO PETYJIIOBAHHS CITiBBIJHOILICHHS
«ra3-noBiTps». [locan i HarpiB MeTany MPOBOIUTHCS 3TiTHO N0 MiFOYOI iH-
CTPYKLII.
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E®EKTUBHICTH BIJTHOBJIIOBAJIbHUX J[UKEPEJI EHEPTTI

CyuacHHI PO3BHTOK CBITOBOI CKOHOMIKHM HEBIJ €MHO IOB’s3aHUH i3
3pOCTaHHsIM TeMIiB BupoOHuLTBa eHeprii. bins 90 % eneprii mu oTpumye-
MO 3a paXyHOK OpraHiYHUX BUAIB manuBa- HadTH, Byriwis, rasy. Li mkepe-
Jla eHeprii 11e Ha3MBalOTh HEBIJHOBIIOBAHMUMH, 0O HIBHJKICTH X Harpoma-
JOKEHHS B Hajipax 3emJii HabaraTto MeHIIa IIBHAKOCTI X BUTpadaHHs (TIpUO-
mm3HO y 106 pasi) [1].

JIroncTBY HeoOXiqHO Bce OinbIe i OibIlie eHepril, OTpUMATH SKY 3a pa-
XYHOK HEBI/THOBIIOBaHHX JDKEPEIl y HEAJIEKOMY MaiHOyTHbOMY Oy/ie BaXKKO UM
B3araJjii HeMOJTHBO. J[ificHO, 32 PI3HUMH OIIHKaMH, PO3BiIaHOTO OPraHITHOTO
manuBa BucTaunTh Ha 30...50 pokiB. ko BpaxyBaTH Tak 3BaHi T'€OJOTIUHI
3aracy, sIki OyZyTh CBOEYaCHO PO3BiJaHi, a eKCITyaTallis iX He 3aTPUMYEThCS,
TO, 3 ypaxyBaHHsIM BCE 3pOCTAI0UOr0 PiBHSI BUTPAT €HEPrii, OpraHivHOrO MajuBa
Moxe BucTaunTH 1mie pokiB Ha 100...150. IIprdoMy TineKu ByTLLIA 1€ JOBTHHA
yac MOXe 30epiraté cBoe Micue B eHepreTHdHoMy OamnaHci. IIporte BHKOpHC-
TaHHS HOTO CYNPOBOKYETHCS BUCOKUM PiBHEM 3a0pynHEHHsS atMochepn 3eM-
7. SlnepHa eHepreTHKa, SKa Ha CHOTOJHI MA€ 3HAYHO OLTbIIE CHPOBHHHUX pe-
CypCiB HDK OpraHiyHe NaJMBO, JMHAMIYHO PO3BHBANACH Y CBITI IMPOTAIOM
ocranHix 20...30 pokis [2].

Tomy y cBiTi Bce Oiiblie 3BepTAIOTh yBary Ha BUKOPHCTaHHS Tak 3BaHUX
BI/THOBJIIOBaHUX JDKEpeN eHeprii — Temuia 3emili, eHeprii BiTpy, NMPHUIUIMBIB Ta
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BIJIJIMBIB, 0iorasy, COHSYHOrO BUIPOMIHIOBaHHS, Towo. [IpakTndHo BCi 1mi
JDKepera eHeprii MoBHICTIO 3yMoBieHi npsimoto miero Conmg. Cepen 3a3Ha-
YeHHX IDKEpesl OJHUM i3 HaHOUIBII TEePCIIEKTHBHUX € MPSIME TePETBOPCHHS
COHAYHOTO BUIIPOMIHIOBAaHHS B €JCKTPUKY B HAMIBIPOBIIHUKOBHX COHSY-
HUX eleMeHTax [3].
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EKOJIOTTYHI ACITEKTH BUPOBJIEHHSA EJTEKTPUYHOI
EHEPTIi BITPOTEHEPATOPAMHU

IcHyr04l Ha CHOTOJHI JpKepesia eHeprii MOAUIIOTh Ha TpaaulildHI Ta
anpTepHaTHBHI. Jlo Tpa uIiitHUX BIHOCATH KOPUCHI KOTIAIMHU - HAadTYy, Ta3,
BYTimIs. IX HaW6GiTeIMIA HeMOMIK MOIATae B TOMY, IO L€ - HEHOMPABHI 3a-
mac. Y IbOMYy MOJISATaEe Nmepiuuil pakTop, AKUH IPU3BOAUTH 0 PO3YMIHHS
HEOOXITHOCTI BUKOPUCTAHHS IHIIMX CHEPrOHOCiiB. PaHO 4mM Mi3HO HAaBITh
Haii0araTmr poJOBHINA BHYEPIAOTH cede, TOMY IOIIyK HOBHUX BapiaHTIB
OTpPHUMaHHS €Heprii CTa€ 3 KOKHUM POKOM OifIbII akTyanbHOIO [1].

[MutanHs 30epekeHHs eKOJIOTIi CTae Bce OUIBII aKTyaJbHUM 3 KOXKHUM
pokoM. OtHMM 3 HaWBaXKJIMBIMINX HOTO YMHHUKIB € MOIIYK aJbTePHATHBHUX
JDKepell eHeprii, 10 SIKUX BIIHOCUTHCS 1 BITPSIHA €JIEKTPOSHEPTis.

BitpoBuii rerepaTop € ApyruM HaiOUTBII MOMIMPEHNM JKEPEIOM ajbTe-
PHATHBHOI €Heprii 1 MOCTYHAETHCS TUTBKU COHSYHNM EJIEKTPOCTAHIIISM [2].

JloBruii 4ac BiTPOBI YCTAHOBKM BHKOPHCTOBYBAJIMCS BUKIIFOYHO JUIS TIPO-
MHCIIOBOI TeHeparlil eHeprii 3-3a CBOIX BETIMKUX rabapuTiB 1 JOpoXKHEUi. 3 pO3BUT-
xoM TexHonorii KK/ Bitporenepatopa BIanocst miIBHIINTH, a PO3MIpH 3MEHIIH-
TH, 1110 3pOOMJIO BITPSIKK IOCTYITHUMH JUISl IIPUBATHHX JJOMOTOCIIOJIAPCTB.
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BitpoycTaHoBKHM BHpPOOJISIIOTH €JIEKTPUIHY C€HEPTil0 MPaKTHIHO 0e3 3a-
OpyTHEHHsI HaBKOJIMIIIHBOTO CEPEIOBUILIA, aJle TP [IboMY X HEeraTMBHHI BIUIMB
MOB’S13aHO 3 BIJIBENCHHSAM IMiji OY/iBHHITBO 3HAYHUX TEPUTOPIH 1 3MIHOO
JaHqadTy, LIYMOBHMH €(EKTaMH, IIEPEIIKOJIOI0 MOMIMPEHHIO PaliOCUTHANIB,
BiOpaIiifHUX Ji€T0, 3aTPp030I0 3aruOei NTaxiB, METAJNIOEMKOCTBIO BITPOYCTaHO-
BOK, [0 00YMOBITIOE 3a0pyJHEHHS ITPY BUPOOHHUIITBI MeTany [3].

OCHOBHUM HEJOJIKOM BIiTPOSHEPTETHYHUX CTAHIH € BHKOPHCTAHHS
ninx OyniBauuTBO BEC 3HauHMX 3eMenbHUX pecypciB. I1in moTysxHI npomuc-
noBi BEC HeoOxinHa rutoma 3 po3paxyHKy Big 5 1o 15 km 2 / MBT B 3anex-
HOCTI Bijl pO3H BITpIB 1 MicueBoro penbedy pailoHy. MakcumanbHa IOTYX-
HICTB, SIKa MOXe OyTH oTpuMaHa 3 1 KM 2 Turomii, 3aJie)XKHUTh BiI paioHy
ycranoBku BEC, Tumy ctaHIii i TEXHOIOTIYHIX 0COONMUBOCTEH KOHCTPYKILIT;
cepeHe 3HAUCHHS OJIePKyBaHOI MMOTYKHOCTI A0piBHIOE puoIm3Ho 10 MBT.
s BEC motyxuictio 1000 MBT motpi6ono mioma B 70-200 kM 2, xoya
BeJIMKa YacTHHA IUX 3eMellb Moxe OyTu Bukopuctanow. Cami BEC 3aiima-
10Th Jintiie 1% Bciel Tepurtopii, Ha 99% pemTu MoKHA 3aiiMaTHCS CLTBCHKUM
TOCIIOJAPCTBOM a00 IHIIOK MisUTBHICTIO, IO 3MIHCHIOETHECSA B TaKUX TYCTO-
HaceJIeHHUX KpaiHax, 1k [danig, Hinepnaumu, Himeaunna.

Opun 3 HenonikiB Takux BEC — HempueMmHi 3BYKH, BUKJIHKaHI 00ep-
TaHHAM JiomaTelt poTopa. Jiio/ CKapKHUITHCS, 1O HepiaKo npu HaONMKeHHI
JIO €JIEKTPOCTaHLil BOHU MOYHHAIH Bu:(quaTn [[I/ICKOMq)OpT i iIHOZ1 HaBiTh
HaraJi HEBMOTHBOBAHOTO CTpaxy. TBaphHH 1 ITHL BOJIK Bmpa3y 3a1u-
mIaTH 30HH, 3a0ynoBani BEC, a mepeniTHI nTaxu yXwisimcs BiJf MapHipyTy i
POOMITH TaK y KiJbKa KiIOMeTpiB, MO0 iX 00JIeTiTH.

Oco0MUBY €KOJIOTIUHY MPOOIeMy MPEICTABISAIOTh ITYMOBI BILTHBH Bi-
TpoarperaTiB motyxkHictio 250 kBT i Bumie. [Ipobiema renepanii BEY yib-
Tpa3ByKy OyJia TOJ0JIaHa IUIIXOM BHOOpPY Mpo(dinto jonari i MBUAKOCTI
oOepTaHHsI BITPOKOJIECA, a TOUHIIIE-PENIT JIONaTi Bitpokojeca [4,5].

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1.Enepreruuna cTpaTeris VYxpaian 10 2035 POKy.
http://mpe.kmu.gov.ua/minugol/doccatalog/document?id=245214948 ([lata 3Bep-
Hennst 02.06.2021)

2 Enepretnunuii iepexia. [HIycTpis BiTpoeHepreTHKH B YKpaiHi Habupae
ob6epru. https://energytransition.in.ua/industriya-vitroenergetyky-v-ukrayini/

3. Jlep>keHeproeeKTUBHOCTI. Bitpoenepreruka.
https://sace.gov.ua/uk/ae/windenergy
4 BitporeHeparopu: THIM,  OPUHIMII  po0oTH, edexTuBHICTD

https://comfortsellers.com.ua/vitroheneratory-typy-pryntsyp-roboty/

S.IiBusk I'. OcnoBu Bitpoenepreruku: minapy4nuk [Tekcr]/ I'. TliBusik, @.
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CIIOCOBH BUBHAYEHHSA MATHITHUX BTPAT
TPAHC®OPMATOPY

Tpaaumiiiai cnocoOM BU3HAYEHHS MarHiTHUX BTPAT JETANBFHO OMHUCAaHi
y [1]. IcHYfOTH IBa MPUHIMIIOBO Pi3HUX ITJXOAW 0 BU3HAYCHHS MarHiTHUX
BTpar. [lepmmii, i HAHOITBII PO3NOBCIOPKEHIH MiIXi/I, OCHOBaHHI HA iHIY-
KIiHHOMY METOJi BHMIpIOBaHHS i Ja€ 3MOTy 0€3MOCepeIHbOTO BH3HAYCHHS
TUIBKU €NEKTPUYHUX BEJIUYMH: €.p.C. Y BUMIPIOBAIBHIM 00MOTLI 1 CTpyMY Y
HaMarHi4yBaJibHIi 0OMOTII TpaHC(OpMaTOpa. MIPUKIAAMH TAKHMX METOMIB €
METOJl aMIep-BOJBTMETPA; IMOTCHLIOMETPHUYHUN METOJ, BHUMIpPIOBaHHS
BTpaT 3a JIOMOMOTOK) BATTMETPIB; MU(EPCHIaTIbHAN METO] BU3HAYCHHS
BTpaT Ta iHmi. Jpyruil miaxin — ne KaJopuMEeTpH4HI BHIIPOOYBaHHS — L€
BUIIPOOYBaHHS, NPU SKUX BTPaTH y MallMHi, BU3HAYAIOTHCS HA IiJCTaBl
KIJTBKOCTI TeIlIa, IO BHAIISAETHCA, BTPATH IiJPaxOBYIOTHCS BUXOISUH 3
TeTIa, SIKE MOTIMHAETHCS OXOKYBaJIbHUM areHTOM 1 TEeIUIa, SKE PO3CIF0€Th-
Cs1 10 HaBKOJIMIIHBOTO cepeoBuia. OUUBHIHO, IO HA MPAKTHII Y PoOOUIHX
peXuMax CHJIOBHX TPaHC(HOPMATOPIB Peai3y€eThCs TUTBKH MEPITHX ITiIXiI.
PosrisiHeMO MeTON BH3HAUCHHS MAarHiTHUX BTPAT, SIKUH ONHMCaHHUN y
[1]. Ha nepBunHY 0OMOTKY TpaHcdopmaropa MnoaTh HOMIHAJIbHY HaIlpy-
Iy, a BTODUHHY OOMOTKY 3aJIMIIAI0Th HEHaBaHTaXXEHOIO. [Ipu 1boMy BHMi-
PIOIOTH CTPYM B IEPBHMHHIA O0OMOTLI TpaHchopMaTopa i Hampyry y Horo
BTOPHMHHIH 00MOTLI. BuMipsiHi cTpyM Ta Hampyra npeacTaBisiioTh y (opmi
MacHBIB MUTTEBHUX 3HA4Y€Hb 1 30epiraroTh y mam’siTi ornepaTHBHOrO 30epira-
o4oro npuctpor. I[loTiM 3 OTpUMaHMMH MacHMBaMU MHTTEBUX 3Ha4Y€Hb
MIPOBOAATH PN OOYMCICHb. 3a MAacHBOM CTPYMY pPO3pPaxOBYIOTh MHUTTEBI
3HAUEHHS HANpPYKEHHOCTI MarHiTHOro mojs. MUTTEBI 3HaYEHHS MarHiTHOI
IHIYKOii BU3HAYarOTh 3a JIOTIOMOTOI0 IHTETpally HANpY>KEHHS y BTOPHHHIHN
00MOTIII, BBAYKAIOYH BiJIOMIMH IDIOMIMHY aKTUBHOTO IEpepi3y MarHiTompo-
BOJIy, YUCIIO BUTKIB BTOPUHHOI OOMOTKH 1 4aCTOTH IiepeMarHiayBaHas. Jlami
3HAXOJITh MMUTOMI MarHiTHI BTPaTH 3a IUIOIIMHOIO HeTni ricrepesicy. Ilpu
LOMY JJIsl BU3HAYECHHS IMONIYKAaHOI IUIOIIMHH BUKOPHCTOBYIOTH (popMyITy
IUTOLIMHY Tpanewii, a Juis po3paxyHKy MUTOMHUX BTpAT — YCTUHY MaTepiaity
3pa3ka. [IoBHY MOTY>XHICTh BTpaT PO3PaxoBYIOTh 3a JOOYTKOM MII0YHMX 3HA-
YeHb HAMpPYTH 1 CTYMY, & PEaKTUBHY CKJIAJIOBY IOTY)KHOCTI BU3HAUYAIOTh SIK
KOPIiHB 3 Pi3HMIII KBaJpaTiB MOBHOI i aKTUBHOI ITOTY>KHOCTEH.
AHAJIOTIYHO BUIIISIIAIOTH 1 1HINI TPAIUIiiHI METOU BH3HAYCHHS Mar-
HITHUX BTpaT: CIIOYATKy BH3HAYAIOTh €JICKTPUYHI BEIMYMHU — CTPYM 1 Ha-
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Npyry; MOTIM 3 BUKOPUCTaHHIM XapaKTEPUCTHK MarHiTONPOBOIY PO3paxo-
BYIOTh MariTHi mapamMeTpH HaIPYTH 1 IHAYKIli MarHITHOTO MOJIA 1 BKE 32 HUMH
BU3HAYAIOTh 3HA4YEHHS MarHiTHUX BTpar. OCOOJIMBICTIO OMMUCAHOTO METONY €
3aCTOCYBaHHSI MAacHBIB MHUTTEBHMX 3Ha4€Hb CTPYMIB 1 HANpyrH i crienudiqHux
AITOPUTMIB PO3PaxyHKY, SIKI BUKOPHCTOBYIOTHCSI Il BH3HAUCHHS 3a IMMHU
MacHBaMH IHTErpaJIbHUX 3Ha4Y€Hb HAIMPYTH 1 IUIOIIMHY IETJi rictepesucy [2].

Takuii migxin mae nBa icrotHux Henoniku. [lo-mepiue, iHpopmaris
PO CEPEAHIO CHJIOBY JIHIIO Ta Hepepi3 MarHiTOPOBOAY PEalbHUX CHUIIOBHX
TpaHCc(hOPMATOPIB B PAAlI BUMAIKIB MOXe OyTH HE JOCTOBIpHOIO a00 30BCIM
OyTH BiICYTHBOIO, i TTO-ApyTe, IIEPEXid Bill ENEKTPHIHUX BEIUIHH IO MarHi-
THHX ICTOTHO YCKJIAJHIOE Po3paxyHKH. KpiM Toro, Takuii MeTon He MoOXKe
OyTH BUKOPUCTaHUH I BU3HAYCHHS MarHiTHHX BTPaT, KOJU TpaHC(opMa-
TOp MpALIOE B CBOEMY HOPMAJIEHOMY pPOOOYOMY PEXUMI, a JOCII X0JIO0CTO-
r'0 X0y He IPOBOAUIICS.

CIIUCOK BUKOPUCTAHOI JITEPATYPH
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2.Tpanchopmaropu. 3araibHi BIIOMOCTI MPO TpaHCHOPMATOPH.
Mpunoun  gii Ta Oymosa. JAINTH3 «BMBIIY»: Be6 caiit. URL:
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AHAJII3 TPU®A3ZHOI'O CHHXPOHHOTI'O IBUT'YHA 3
HOCTIMHUMM MATHITAMHA

OCKiJIbKM OCTaHHIMH pOKaMH 3a0pyAHEHHS HaBKOJHIIHBOTO CEpelo-
BHUIIA Ta Opak eHeprii CTaroTh Aenalli MOMITHIIIMMH, KpaiHH B YCHOMY CBITI
MOYaJIi 3BePTATH yBary Ha IIi ABi MpoOJeMH Ta BUCYBaTH KOHTp3axoau. Sk
BUCOKOIPOJYKTUBHHUN JIBUTYH 3MIHHOTO CTPYMY, CHHXPOHHHH JIBUTYH 3
MOCTITHIMHU MarHiTaMH Ma€ IIepeBaru HEBEJIMKOTO PO3Mipy, BUCOKOI Hail-
HOCTI, BUCOKOTO Koe(illieHTa IMOTY>KHOCTI Ta TUTOMOI MOTYXHOCTI, @ TAKOX
BUCOKOi eekTrBHOCTI. TakuM 4MHOM, po3poOKa Ta IOIYJISIpU3allis CHHX-
POHHHX JIBUI'YHIB i3 IIOCTIHHHMH MarHiTamu 3MOK€ 3HaYHOIO MipOIO 3a710-
BOJILHUTH TOTPEOH NMPOMHMCIIOBOCTI CyYacHOTO CYCHIJILCTBA y BHCOKOE(]eK-
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TUBHHX JBUIYHaX. AJie B TOH Xe yac, SIK CUCTEMa, ska MOXKE peaslizyBaTH Iepe-
TBOPEHHS MiX EJIEKTPOMEXaHITHOO CHEPTI€I0, CTPYKTYpa IBUTYHA CKIIAIA€THCS
3 ENEKTPUIHUX CHCTEM Ta MEXaHIYHHMX CHCTEM, TAKUX SIK CTATOPH, POTOPH Ta
T IIATIHAKHY, Ta H0T0 3arajbHa CTPYKTYpa BiTHOCHO MPOCTA.

VY miif crarTi aHami3yeThCS pO3paxoBaHWN TpUGa3HUH CHHXPOHHHMA
JIBUTYH 3 IIOCTIHHUMH MarHiTaMu NOTYXHicTio 1 kBT, a Takok MOZIETIOI0TE-
Csl Ta AHANI3YIOTHCS XapAKTEPUCTUKU CHHXPOHHOTO ABHWTYHa O€3 HaBaHTa-
JKEHHSI Ta Ii/1 HABaHTA)KCHHSM.

XapakTepUCTHKH MOJIENl JBUTYHa 0e3 HaBaHTa)KeHHs! OyJIM MpoaHai30-
BaHi METOJIOM KIHIICBUX €JIEMCHTIB, BKIIFOUatouH pimeHHs mpotu-EPC xomocto-
TO X0y, rapMoHiiiHoro cKiaxy npoTu-EPC i pafiaibHOro po3noiny miiibHOCTI
MOTOKY B MarHiTHOMY IIOJIi MOBITPSHOTO 3a30py. KojM CHHXpOHHHMIT ABUTYH 3
MOCTIMHUMM MarHiTaMu Tpaioe 0e3 HaBaHTaKCHHsI, ICHYIOTh JIMIIIE TOCTiHHI
MarHiTHi 1oyrs1 (OCHOBHE MarHiTHe TOJIC Ta MarHITHE ITOJIe PO3CiFOBaHH:), CTBO-
proBaHi TOCTifiHUMK MarHiTamu nBuryHa. [IpoTmenexrpopymiitaa cmma (Eo)
XOJIOCTOTO XOJy € JIy’K€ BaKJIMBHM IapaMETPOM CHHXPOHHOTO JBWTYHA 3 TOC-
TiltHUMH MarHiTamn. Bemmuamaa Eo B 3HauHId Mipi BIUIMBa€ Ha NUHAMIYHI i
yCTaleHI XapaKTePHCTUKH [BUTyHa. PO3yMHa KOHCTPYKIlS [BHTYHA MOJXKE
3MEHIIUTH CTPYM XOJIOCTOTO XOAYy Ta MOKPAIIUTH KOSDIIiEHT IOTYKHOCTI Ta
e(eKTUBHICTh, Ta 3MEHILUTH TeMIepaTypy ABUryHa. [licis aHami3y BimHOLIEH-
Hs amInTiTy i potu-EPC XomocToro xomy nMpoeKToBaHOTO CHHXPOHHOTO JIBU-
I'yHa 3 MOCTIHUMH MarHiTaMH JI0 aMILTITy 1 npukiajaeHoi Hanpyru U craHo-
BUTH Osm3bK0 0,95, 1110 TOBOMTH, 1110 KOHCTPYKIIis ABUTYHA BlIaJa i Mae XOpo-
1Ii XapaKTEPUCTUKK XOJIOCTOTO XOJ1y.

Kpim TOro, Oymu 3Mo[e/b0oBaHi CTalliOHApHI XapaKTePUCTUKU CHHX-
POHHOTO ABWIYHA 3 ITOCTIHHMMH MarHiTaMHu IpH HOMiHAaJbHOMY HaBaHTa-
JKCHHI Ta OTpUMaHi (opMa XBHII BHUXiTHOTO KPYTHOTO MOMEHTY, BTPaTH B
MiZi B OOMOTIII cTaTopa Ta BTPaTH B 3aJli3HOMY CEPICYHHUKY (BKIIOYAIOUN
BTPaTH Ha TicTepe3uc y 3aJli3HOMY CEpJCUHHKY Ta BTPAaTH Ha BUXPOBI CTPY-
MH); MIPOAaHANII30BAHO IMPOIIEC POOOTH ABHIYHA BiJ MOJOBHHHOTO HAaBaHTA-
JKEHHsI JI0 MIOBHOTO HABaHTAXEHHS, 1 JIOBEAEHO, L0 JBUTYH Ma€ XOPOLILY
BaHTAKOMITHOMHICTE Ta JUHAMIYHI XapakTepUCTUKH. JlaHe MOCiHKEeHHsS
CTBOPIOE OCHOBY IOJIAJIBIIIOTO aHAII3Y MOEITIOBAHHS.
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3AT'AJIBHI BITJOMOCTI ITPO CXEMMU 3AMIIIEHHSA
OJHOPA3HOI'O TPAHC®OPMATOPY Y POBOUYOMY PEXUMI

OnHOO 3 TOJIOBHHX MPOOJIEM CYy4acHOT €HEpreTHKU € HAsBHICTh BEIMKOT
KUIBKOCTI CHJIOBHX TpaHC(OpPMATOPIB, SIKI BXKE BIANPAIFOBAIN CBIll HOPMATHB-
HHH pecypc. 3a AesIKUMHU TaHUMH CyMapHa IOTY>KHICTb MapKa KITFOUOBHX CHJIO-
BUX TpaHc(opMaTopiB, sIKi BCTAaHOBJIEHI B eHeprocuctemax kpain CHJI ta ski
BinnpamoBamu Oinbe 25 pokiB ckiagae Outbnie 600I'BA. KoxHoro poky
KUTBKICTh TaKuX TpaHc(HOpMaTopiB 30UTBIIYEThCS MPHOIM3HO HA IBICTI OAH-
HHLIB.

TakuM 4YMHOM, HaHOUIBII AKTYaJIBHOK 33/1aYCH0 EJNCKTPOCHEPTETHUKH
Ha HaWOMMK4i MecsITh POKIiB cTae 3a0e3ledeHHs TPUBAIOCTI HAIifHOI eKc-
TUTyaTarii «CTaporo» mapky. [CHye OCHOBHI ABI NMPUYMHH 32 SKUMH, HisKi
rapaHTii He 3MOXYTh 3aKpUTH IpobieMu Oe3BimkazHoOi, Oe3aBapiifHOI ekc-
ryaTanii CHJIOBUX TpaHc(hOpMaTopiB: Mo-mepiue, TEpMIiH Il BUPOOy — €
BEJIMUYMHOIO IMOBIPHOIO 1, MO-APYre, HEBIAMOBIAHICTh MPEIUCAHNUX PEXKHU-
MIB eKCIUTyaTalil peaJlsbHIM MOJXKE NPHBOAUTH 1O NPUCKOPEHHS BUTPATH
pecypcy. BupimyroTs 1110 mpobiieMy 3a TOMOMOTO0 TIarHOCTHYHOTO KOHTPO-
J0.

VY mopanmbIvx JOCHIIKEHHSX OYAyTh PO3IIINATHCS TOB3JOBXKHI TLTKH
3aMilieHHs TpaHc(opMaTopy, MapamMeTpy SKUX BiIIOBIIAIOTh aKTUBHHM OIIO-
paM 1 IHIYKTHBHOCTSIM PO3CiIOBaHHS 0OMOTOK TpaHC(opmaTopa. AHaI3 mpoire-
CiB, sIKi MPOXOAATH Y TpaHC(HOPMATOPI MOXKHA BECTH 32 JIOTIOMOIOKO CXeM HOro
3amimieHHs: T-moi6Hoi, [-roxiOHoI. [Ipy 1bOMy Ba)XKJIMBO MaTH Ha yBasi, IO
T-noniOHa cxema OB TOYHO BiOOpaXkae MporecH, sSKi BifOyBarOThCS Y TpaH-
copmatopi, y TOi 4ac sk 3acTocyBaHHs [-mOMiOHOT CXeMH 3HAYHO CIIPOIIYE
NpOoIieC BU3HAYEHHS MapaMeTpiB cXeMH 3aMillieHHs. J{0oCi/DKeHHs IPOBOJUMO
JUISL IBOX BHMIIAJIKIB: MEPIIUH BUMAJI0K — TpaHC(OPMATOP Ma€e OJIHY HEHABaHTa-
JKEHy OOMOTKY, JOCTYIIHY JUIsi BUMIpIB; APyrHil — KOJIM TpaHcdopmMaTop Takoi
o6moTkn He Mae. OCHOBHA CKIJIAHICTh pO3paxyHKIB T-momiOHOI cxemu 3ami-
IIEHHSI 3aKIIFOYAEThCSl Y HEIOCTYIHOCTI /Ul Oe3MOCepeIHbOro BUMIPIOBAHHS
HanpyrH i ctpymiB. HasiBHICTB y TpaHcopMaTopa 01aTKOBOT HEHaBaHTAXKEHOT
0OMOTKH JIO3BOJISIE TIOBHICTIO BHUPIMIHUTH It0 TIpodiemMy. ToMy mo-Tiepiie po3r-
JISTHEMO caMe 11ii BUMaIoK i OyieMo Jutst Horo po3paxyHKy BUKOPUCTOBYBaTH T-
noxiOHy cxeMy 3aMilleHHS. Y ApyroMy BHIaJKy CYBOpWHA po3paxyHok T-
MOAIOHOI CXEMU 3aMillleHHS He MOXJIMBHM, TOMY B IIbOMY BHIIAJKy OyIeMo
BHUKOPHCTOBYBAaTH cpoireHy I -mmoibHy cxeMy 3aMiIieHHs.
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Kepyrounce MipKyBaHHsSIMH, SKi BHKJIAJCHI BHIE, OylIeMO MaTh Ha
yBa3i BUKOPHUCTaHHS MUTTEBUX 3HAU€Hb CTPYMIB 1 HAINPYTH, SIKi IPENCTaB-
JICHI Y BHTJIAAI MAaCHBIB UMCIIOBHX 3HA4YEHb. Y HACTYIHOMY eTalli, BKa3aHi
JIaHi TIepelaloThCs Ha KOMITIOTEep a00 MIKPOKOHTPOJIIEP, € MPOBOIATHCS 1X
00po0OKa 3a JOMTOMOTOIO IPOTpaM, sIKi peasi3yroTh 3a3Ha4eHi METOIUKH.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH
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BUKOPUCTAHHS TPUCTYHIHYACTOI CXEMHU
BUIIAPOBYBAHHS B TIAPOBIN KOTEJbLHIN
YCTAHOBII E - 25-14 TM

B 6apabaHHNX KOTEIHbHUX yCTAaHOBKAX 3 MPUPOAHOIO IIUPKYJILIE0, 10
SIKUX BITHOCHTBCS KOTelbHa ycTaHoBka E — 25 — 14 T'M, ans BUKITIOYEHHS
MOXJIMBOCTI YTBOPEHHSI HAKMIIIB HEOOXiJHO, 100 KOHLEHTpAIs coyieil y
Boli Oyja HMXKYOI 32 KPUTHUUHY, NPU K MOYMHAETBCS 1X BUNAJAHHS 3
pO3uKHYy. 3 METO0 MiATPUMKH HEOOX1IHOI KOHIICHTpAIIii COJICH, 3 KOTEIbHOT
YCTaHOBKH IPOJYBKOIO BHBOJAWTHCS J€sAKa YaCTHHA BOIM, 1 Pa3oM 3 HElo
BUIAJIAIOTLCS COJII B TaKii KiJBKOCTI, IK BOHH HAAXOIATH 3 IOXXHUBHOI BO-
not. B pesymbraTi mpomyBaHHS KUNBKICTH COJICH, IO MICTHTBCS y BO[I,
cTabimi3y€eThCsl HA JOMYCTHMOMY PiBHI, IO BUKIIOYAE 1X BUIMAJAHHSI 3 PO3-
YuHy. 3aCTOCOBYIOTH Oe3NepepBHE Ta IEpioJMYHE NPOLYBAaHHS KOTEIbHOI
YCTaHOBKH.

FBesnepepsne npodysanns 3abesnedye piBHOMIpHE BUAAIEHHS 3 KOTe-
JIbHOT YCTAaHOBKHM PO3YMHEHUX COJIEH, 10 HAKOIMYMIIMCS, 1 3AIHCHIOETHCS 3
MicIlsl HaRO1ITBIOT iX KOHIIEHTpAIIiT - y BEpXHbOMY OapadaHi.

Ilepioduune npodysanns 3aCTOCOBYETHCS Ul BUAAICHHS LUIAMY, 110
OCiB B €JIEeMEHTaxX KOTEJIbHOI YCTAaHOBKH, 1 IPOBOANUTECS 3 HIDKHIX OapabaHiB
1 KOJIEKTOPIiB KOTENBHOI yCTaHOBKH depe3 KoxHi (12...16) roauH.

besnepepsHe mpoayBaHHS p, %, BCTAaHOBIIOETHCS 32 JOIyCTUMOIO
KOHLIEHTPALIEI0 Y BOJIi KOTEJILHOT YCTAHOBKH PO3YMHHMX JIOMIIIOK, Haifuac-
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TiIIe 3a 3arajJbHUM COJIEBMICTOM, 1 BHPAKAETHCS Y BIICOTKAX MapOIPOIyK-
THBHOCTI KOTEJIBbHOI YCTAaHOBKH

P=D,,/D,

ae D,,1 D - BUTpaTH NpOAyBHOI BOJM Ta HOMiHAJbHA MapONPOAYKTUBHICTh
KOTEJIbHOI YCTaHOBKH, KI/TOJ.

Burpata noxuBHoi Bogu D ,, 32 HasgsBHOCTI 0€3IepepBHOIO MpPOLY-
BaHHS, CTAHOBUTH, KI/TOJT

Duw = D +Dyp.

KinpkicTh BOIH, IO BUAAIAETHCS OE3MEPEPBHUM MPOTYBAaHHSAM, BCTa-
HOBITIOETHCS 3 PIBHSHHS COJBOBOTO OalaHCy KOTEIBHOI YCTaHOBKH, KI/TOJ

D ngS ne =D S n +D npS np +D S omau

ae S we ;S u ;S wp - COIEBMICTH MOXXUBHOI BOJIHM, NMApH Ta MPOLYBHOI BOIH,
MI/KT;

S oms - KUIBKICTh PEUOBHH, IO BIIKJIAJalOThCS Ha MOBEPXHSIX HarpiBaHHS,
BiZiHECEHE JI0 1 KT IapH, 10 OTPUMYETHCS, MI/KT.

B xortenbHHX ycTaHOBKax cepeqHboro Tucky tumy E - 25 - 14 T'M ki-
JIBKICTh COJICH, 110 BUHOCSATHCS MAapOr0, He3HAYHa, 1 wieH D S , MOKHA TIpH-
piBHATH 0 HyJsI. BigkmaneHHs coyieil Ha TOBEpXHI HArpiBaHHS IPH HOpMa-
JHFHOMY BOIHOMY PEKHMi KOTEIBHOI YCTAHOBKH HE JOIYCKAEThCA, i WieH D
S omr TAKOXK Ma€ JOPIBHIOBATH HYIO. TOMi KiIBKICTh BOIM, IO BUAANSETHCS
3 IPOAYBaHHSM, KI/TOJ

an= D ngS ng/S np = D Sns/(S np.~ Snﬁ)'
Tobto
P = 846 100/(Snp.- Sne)-

3acTocyBaHHs 6e3mepepBHOTO MPOTYBAHHSI, IO € OCHOBHUM CIIOCOOOM
MIATPUMKH HEOOXiIHOT SIKOCTI BoaM 0OapabaHHOiI KOTENbHOI YCTaHOBKH,
OB’ s13aHe 31 30UIBIICHHAM BUTPATH MOXXHMBHOI BOAM Ta TEIJIOBUMH BTpaTa-
Mu. Ha KoHMIA KiJlorpam MpoAyBHOI BOAM BUTPAYAEThCA TEIIIOTa, KJK/KT

q = (hnp *hne)/ﬂx ’

1€ Nup 1 hne - €HTANBIIT IPOAYBHOT Ta MOXHUBHOI BOIH, KJ[K/KT;
1 - KKJI KoTenbpHOi ycTaHOBKH.
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3 MEeTOI0 3MEHUIEHHs BTPAT TEIUIOTH 3 MPOJYBAaHHSM, CIiJ MParHyTH
J0 3MEHIICHHS KUIBKOCTI BOJM, IO BHBOOHUTBHCSA 3 KOTENIBHOI YCTAHOBKH.
EdexTuBHEM MeTOZOM 3HWKCHHS IIPOXYBAHHS € CTYIIHYAaCTe BHUIIAPOBY-
BaHHS BOJIHL.

B xorenpHi#t ycranosmi E — 25 — 14 I'M peanizoBaHa cxeMa TPUCTYIIi-
HYaCTOTO0 BHIIAPOBYBAaHHS 3 BUHOCHMMH LIUKJIOHAMH, SKi pa3oM 3 BKIIFOYE-
HUMH B HUX €KpaHAMH, YTBOPIOIOTh COJBOBI BiJICIKM KOTENBHOI yCTAaHOBKH.
CyTHICTh CTYNMIHYacCTOTO BHIIAPOBYBaHHS a00 CTYMIHYAaCTOIO MPOAYBaHHS
NoJIArae B TOMY, IO BHIIAPHA CHUCTEMa KOTENILHOI YCTAHOBKH ITOJLISETHCS
Ha psII BIJICIKIB, 3’ €THAHUX 3a MApOI0 Ta PO3/ALIEHHX 10 Boi. [lokuBHa Boxa
MIOJIA€THCS JIMIIE y TepIIui Bifcik. [yt qpyroro BiCIKY MOKHBHOIO BOZIOIO
CIIy’)KHTh NPOJYBHa Bojaa 3 mepuroro Binciky. IlpoayBHa Boma 3 apyroro
BiJICIKY HaIXO/IUTh y TPETil BIJCIK.

OCKUTBKH KOHIICHTPAIis COJIeH Y BOZI TPETHOTO BiJICIKY 3HAYHO BHUIIIA,
HIXK y BOJI IIPH OJTHO- Ta IBOCTYMiHYACTOMY BUIIAPOBYBaHHI, /ISl BUBSICHHS
COJIeif 3 KOTeJIbHOT YCTAaHOBKHU IOTPiOSH MEHIIMI BiICOTOK MPOIYBaHHS, 110
nigiMae KKJ KOTeIbHOT yCTaHOBKHU Ta MPUBOAUTE O €KOHOMIT MajuBa.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. 3uxoB A.K. ITapogi i BogorpiitHi kotiu [Tekct] / A.K. 3ukoB. Kuis:
Buma mkoia, 2017. - 128 c.

2. Tkauenko C.1. Kotenpni yctanoBku: Hapu.noci6. [Texcr] / C.1.
Tkauenko, [[.B. Crenanos, JI.LA. boanap. Bimaums: BHTY, 2016. -
185c.
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AHAJII3 EHEPT'O3BEPII'AIOYHNX 3AXO/AIB 31 SMEHIIEHHSA
BTPAT TEILIOTH 3 BIIXIJTHUMM F'A3AMHU B KOTEJIbHIM
YCTAHOBII BM-35M

AHai3 IpoBOIUTHCS NPU CIATIOBAHHI B KOTENBHIA ycraHoBII BM —
35M mpupoanoro rasy 3 razomnpoonay amasa - KuiB. Brpatu TerioTtu 3
BIIX1THIMH Ta3aMH 3aiiMarOTh OCHOBHE MiCII€ Cepe]l TeTJIOBUX BTPAT KOTe-
JIBHOT YCTAHOBKH 1 CTAaHOBJIATSH (5...12) % TenmnoTu manuBa (B HallIOMy BHIIA-
nky —7,2 % ). Lle#t Bua BTpaT BUHUKAE Yepe3 Te, Mo ¢i3udHa Teriora (eHTa-
JIBIIIST) Ta3iB /)y, 10 BUXOAATH 3 KOTEJIBHOI YCTAHOBKH IPU TEMIIEPATYPL Vyx,
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nepeBuIye Gi3udHy TEIUIOTY MOBITPS, IO HAAXOIUTh B KOTEIbHY yCTaHOB-
Ky Ta IaluBa.
BTpartu TemioTH 3 BiXiTHUMH I'a3aMy BU3HAYAIOTH 3a Gopmyioro, %

q2=(Q 2/ Q) 100,

ne O > — abcomoTHA BeInIuHa BTpaT, KIx/M;
O — HasgBHa TEMIOTa NaauBa, KJ[x/m>.

BennunHa BTpaTH TEIUIOTHM 3 BIOXIAHUMH Ta3aMH 3aJICXKHUTb Bil
00’eMy, a TaKOXX CKJIa[y MPOAYKTIB 3TOPSHHS, 1 Bi TeMIepaTypH BiIXiTHIX
rasis, TOOTO

Q2 =f (VZO/ QHC" Oyx, 5 ny) .

1. Bimnomenus v, O, XapakTepu3ye SKiCTh NaJuBa, IOKA3ye BiIHO-
CHUI1 BUXiJ MPOIYKTIB 3ropsHHS (IpH 0. =/) Ha OOUHULIO TEIUIOTH 3TOPSHHSA
TaJIMBa Ta 3aJIS)KUTH BiJl BMICTYy B HhOMY 0allaCTOBUX CKJIaIOBHX (a30Ty No,
nBookucy Byriemto CO; Ta kucHio O; - I Ta30BOT0 MajauBa). 31 30UIbIICH-
HAM BMicTy B HaluBi 6anacTOBUX CKJIAJOBHX i, oTke, Benuuunu v,”/ O,° ,
BTpaTa TeIUIOTH 3 BiIXiAHUMH T'a3aMH 3pOCTaE.

2. OmHUM 3 MOXKJIMBHX HAMPSAMIB 3HHKCHHS BTPATH TEIUIOTH 3 BiIXij-
HUMH Ta3aMd € 3MCHIICHHS KOe(ili€HTy BHTPaTH MOBITPS B BIAXIIHHX
ras3ax o, BenmduHa o, 3a1€XUTh BiZ KOe(illieHTY BUTPATH MOBITPS B TOMII
0Ly TA TIOBITPS, 110 IPUCMOKTAJIOCS B Ta30X0IM KOTEJIBHOI YCTAHOBKU Ad.

oy = amt Ao

31 3MEHIIEHHSM O, BTparta TeIioTH (: (¢2) 3HWXKYETHCS, IPOTE NPH
BOMY, Y 3B’SI3KY 31 3MEHIICHHAM KiTBKOCTI MOBITPS, IO TOJAETHCS B TOII-
Ky, MOXKJIMBA TIOSIBa IHIIOI BTPATH TEIUIOTH — BiJl XIMi9YHOI HEMTOBHOTH 3T0-
psHHES nanuBa Oz (q3). OnTuManbHa BEITHMYUHA 0., BUOUPAETHCS 3 ypaxyBaH-
HSIM JTOCSATHEHHS MiHIMaJIbHOTO CyMapHOro 3HaueHHs (g2 + ¢3).

MOKITMBICTh 3MEHILECHHS 0 3JIEKHUTh BiJ] POy MAJIMBA, 10 CHATIOETHCS,
i THIy TONKOBOTO npucTporo. [Ipy criamoBaHHI Ta30BOro najiyBa KoegilieHT
BUTpATH HOBITPs y TOML NpuiiMatoTh o= (1,1...1,15) B 3anexHoCTI Bij mapon-
POIYKTHBHOCTI KOTENbHOT yCTaHOBKU. [[is koTenbHOi yctaHoBku BM — 35 M
NPH CHIAJIFOBAHHI PUPOJHOTO Tasy o,~=1,15. TIpucocy NoBITps ra30BUM Tpak-
TOM KOTEJIBHOI YCTaHOBKM (A@) NPAaKTHYHO NPUHAMAIOTH PIBHUMH Ao =
(0,15...0,3). [y manoi koTenpHOI ycTaHoBKA Ao =1,35 — 1,15 =0,2.

3. HaiiBaxxmuBimmM Qaxkropom, 1o BIuMBae Ha (J; , € TeMmeparypa
BIAXIHUX Ta3iB 0)y. 3HWKEHHS Uy JOCATAETHCS YCTAHOBKOIO B XBOCTOBIH
YacTHHI KOTEJIFHOT YCTAHOBKH TEIFIOBUKOPHUCTOBYIOUHX ITOBEPXOHb BOASHO-
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ro eKOHOMai3epa i MOBITpomiAirpiBaya, 10 peasi3oBaHO B KOTEJBHIHN ycTa-
HoBLi BM — 35 M.

UuM HIKYE TeMIlepaTypa rasiB i, BiAIOBITHO, MCHIIIE TeMIIepaTypHHIHA
Hamip At MK razaMu i poOOYNM TiJOM, IO HarpiBaeTbCs (IIOKMBHA BOJA
a0o TOBITpPsI), TUM OiNbIIA TTOBEPXHA IMOTPIOHA I OXOJOMKEHHS ra3y Ha
OJIHY 1 Ty X BenMUnHY. [IiIBUIIIEHHS X TEMIIEpaTypH BIAXITHUX Ta3iB IpHU3-
BOJAWTH 10 301IbIICHHS BTpaT 3 2 Ta, OTXKE, A0 JOAATKOBUX BHUTpPAT MAINBA
IIpY BUPOOJICHH] OAHI€T i Tiel KijgbKocTi mapu. B psl BUnajakiB 3HIKEHHS
Uyx OOMEXY€EThCS MOXKIIMBICTIO 30BHIITHBOI KOpPO3ii XBOCTOBHX IOBEPXOHb
HarpiBaHHs 4Yepe3 KOHJEHCAIll0 HUMU BOASHUX MAapiB, sKi 3HAXOJATHCS Y
NpoJXyKTax 3ropsiHHA. Temmeparypa rasiB He MOBHHHA IEPEBUILYBATH TEM-
repatypy TOYKH POCH, 3HAYECHHS SIKOi 0araTto B YOMY BH3HAYAETHCS BMICTOM
B IMMOBUX Ta3aX OKCHUIIIB CIPKH, TOOTO 0y< Zpocu-

TemmepaTtypa BIIXiZHHX Ta3iB MPOMHCIOBHX MApOBHX KOTENBHHX YCTa-
HOBOK, 3aJISKHO BiJl iX MApOIPOIYKTUBHOCTI, SIKOCTI 1 BAPTOCTI IANBa, TEMIIE-
paTypu TOXHMBHOI BOIM 1 MOBITpPS, IO HAIXOMUTh, NPUHMAETHCS PIBHOO
(110...170) °C i Bume. TemnepaTypa ra3iB Mae BUpIIIAIHHAI BIDIUB HA TEIUIO-
By CGKOHOMIYHICTh KOTEJIBHOI YCTAaHOBKH. 3HIDKCHHS TEMIIEpaTypu TrasiB Ha
(12...16) °C migumye KKJI xotenbHOT ycTaHOBKH NproOmm3HO Ha 1 %.

3MEHIIICHHS TeMIEePaTypy BIAXITHUX ra3iB MOB’s3aHO 3 HEOOXITHICTIO
30UIBIICHHST KOHBEKTHBHUX ITOBEPXOHb HarpiBaHHS 1 3pOCTaHHIM BUTpaTH
eJICKTPOCHEPTii Ha TATy 1 AyTTs. J[0maTKOBI BUTpATH, 1[0 BUHHUKAIOTH MPHU
LOMY, MOKYTh OKYIIaTHCS 32 paXyHOK €KOHOMIl ManuBa.

B 3araiipHOMY BHIaqKy ONTHMajbHA TeMIleparypa BiAXiIHHX rasiB 3
KOTEJIbHOI yCTAaHOBKM BHM3HAYAETHCS HA IiACTaBI TEXHIKO — E€KOHOMIYHHX
PO3paxyHKiB 3a MiHIMyMOM pO3paxyHKOBHMX BHTpAT 3a JIaHOI LiHU NaJnBa.
Jlnst KoTenbHOi ycTanoBku BM — 35 M BusHauena v, = 160 °C.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. KucenmsoB H.A. Kotenpri ycranoBku [Tekct] / H.A. Kucensos. Ku-
iB: Buma mxona, 2015. — 280 c.

2.Bonomyk B.A. KotenbHi yCTaHOBKM  IPOMHCIOBUX MiJIPH-
emcTB: HaB4y.moci6. [Tekcr] / B.A. Bonomyk, A.K. [lenicos, L.II. Tpo-
¢umuyk. Pisae:HYBITI, 2013. — 277c.
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TEPMOJINHAMIYHI OCHOBH ITPOLIECIB
3PIIZKEHHSA TA 3AMOPOXKYBAHHJS I'A3IB

T — S niarpaMa nporeciB NepeBeicHHs ra3y B piAKUN Ta TBEpAUN CTa-
HM 300paxkeHa Ha pUcyHKY 1. [TouarkoBwuii cra rasy B 1.1 — Py 1 Tye. Po3r-
JstHEMO BUNAIKu, Kodu 1 . > T, , ockinbkut pu T . < Ty, piakuil cTan
ra3y Moke OyTH JOCSTHYTO JIMIIE 130TepMIYHMM CTHUCKAaHHIM 0€3 BUKOpHC-
TaHHsI 1HIIUX MPOIECiB. SIKIO 0XOJI0MKYBaTH a3 Bif T. 1 mpu P, = const,
TO TeMIlepaTypa Horo OyJe 3HIDKYBAaTHCS 10 T. 2, a MOTiM y mporeci (2 — 3)
BIZIBEZICHHS TEIUIOTH OyAe CyNpOBOKYBAaTHCA  3MEHLICHHSIM CTYTIEHI
CYXOCTi 0 THX IIip, MIOKKA BeCh Ta3 He Iepeiae B pimkuil ctan. ToOTO ras
Oyzne mepeBeleHO B PIOKWHM CTaH IpW TOMY XX 3HadeHHI P,.. Kinbkicte
TEIUIOTH, II0 TP LOMY HEOOXIAHO BIIBECTH ¢5= h; — h2, a MiHIMaJIbHA
poboTa I 3BOPOTHOTO MPOBEAEHHS IIHOTO MPOLECY NOPIBHIOBATUME Pi3-
HHIII €KCePriil B KIHIIEBOMY Ta OYaTKOBOMY CTaHax [y, = e3— e;.

Jlis OTpUMaHHS TBEPIOi PEUYOBHHM BiJBEICHHS TEIUIOTH HEOOXITHO
npoJoBXUTH. [Ipy monanbiioMy BifBEAEHHI TEIUIOTH pedoBuHA mipu 1 = Ty
= const niepeiiie Cro4aTKy B pilKuii, a MOTIiM B TBEpAUIl CTaH T. 5.

KijbKicTh TEIJIOTH, 1O BIJBOIUTHCS IMpH 1OMY, Oyae Oinblie ¢, i
JIOPIBHIOBAaTUME (sauop = N1 — hs, a MiHIMaNbHa po00Ta Liguep = €5— €1> Lyp.

[epeBemeHHs ra3y B pimKuii i TBepAHii CTaHH MOXe OyTH 3/iHCHEHO 1 IpH
P > Py, Wi 90ro NOTpiOHO CTHCHYTH Ta3 JI0 BiIIOBITHOTO TUCKY TIPH 7. SK-
mo P < Py, TO Tpoliec MPOTIKATAME aHAJIOTIYHO 3 TI€F0 PI3HUIICIO, II0 KOHZIe-
HCAIlil MPOXOTUTHAME TP OUTBII BHCOKIH TeMIlepaTypi, a MATOMa TEIUIOTa
MIapOyTBOPEHHS » 3MEHIINTHCS, TIOKU IpH P = P,;, He cTane piBHOIO 0.

IMpu HankpuTHyHOMY THCKY P > P, Ta3 NepexoquTh B piiKuil cTaH
takox npu T = Ty, (T. 7), ane 6e3 nocrynoBoi kouaeHcauii. [Toganpumii
nepexija y piakuii Ta TBepauii cranu (7 — 8 — 9) BinOyBa€eThCs Tak caMo, 5K 1
NpH HIKUX THCKax. YacTHHA TEIUIOTH, O BiABOMUTHCS IpU T = T, 3aMeXK-
HO BiJ] THCKY, MOXe 3MiHIoBaTucs Bix 0 o 1.

TakuM 4HHOM, MTPOIIEC 3PIPKEHHS Ta 3aMOPOXKYBaHHS ra3y MOXe OyTH
NPOBEJCHUH TPhOMa CIOCOOAMU:

1. BinBeneHHsAM TemioTH NpH P, = const 1 TemrepaTypax, o 3Mi-
HIOIOTBCS BiJl Ty 10 TEMIepaTypH (a30BHX HEPEXOIIB.
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Pucynok 1 — 7T— S niarpamMa nponeciB 3piKeHHs Ta 3aMOPOKyBaHHS Ta3iB

B tabmumi 1 HaBeneHO 3HAYCHHS MiHIMAJIBHOI pOOOTH Ta TEIUIOTH
MPOLIECIB 3PIIHKEHHS Ta 3aMOPOKYBaHHs JIESIKMX KpioareHTiB npu P, = 0,1
MIla; T, =293 K, B kJ[x/KT.

Tabmust 1 — PoboTa Ta Terora nporecis 3pipKeHHs

Ta 3aMOPOIKYBaHHS
Kpioarent 3pimKeH s 3aMOpOoKyBaHHS
l3p q sp lxa,wop {3amop
Apron 462,5 270,0 547,2 302,5
Asor 740,5 421,0 1121,0 470,0
Bonens 15 500,0 3860,0 18800,0 4000,0
ToBiTps 710,0 4210 | e | -
Temiit 6633,0 15270 | - | e
Meran 1050,0 900,0 1320,0 1030,0
Heon 1572,0 361,0 1812,0 383,0
CcO 733,0 220,0 1538,0 658,0
CO2 363,0 208,0 656,0 309,0
Kucenp 615,0 398,0 861,0 476,0

2. BigBenpeHHAM BCi€l TETIOTH NpH T B TIPOIIEC] 130 TEPMITHOTO CTHC-
KaHHS 3 MOAAJBIINM 1300apHUM OXOJIO/PKCHHSM TP TEMIEpaTypax, IIo
3HIDKYIOTBCSI.

3. BinBenenusm Bciel termnotu npu Ty 3 TOJANBIINAM aiadaTHUM Po-
3MIUPEHHSIM 10 KiHIIEBOTO THCKY P = Py,
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Tperiit cioci®6 He 3HAHIIOB 3aCTOCYBAaHHS, OCKUTBKH UL HOTO 3ilc-
HEHHA T'a3 He0O0XiTHO CTHCKATH 10 TUCKY B AecsATKH i cotHi MIla.

VY BCiX TPHOX BHUIMAJKaX MPH 3BOPOTHOMY IPOBEJCHHI MPOIECIB, CY-
MapHa po0OTa MOBUHHA OYTH OJHAKOBOIO 33 OJJHAKOBUX ITOYATKOBUX 1 KiH-
[EBUX MapaMeTpax i OPIBHIOBATH PI3HHUII CKCEPTIH Ly = €xin— €nou.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. ABoitnoc S1.I". Ilpouecu rambOKOro 0XOJMOMKEHHS: Teopis 1 IpaKTu-
4Hi 3aBaanHs: HaB4u.moci6 [Tekcr] / S.I'. ABoiinoc. Kuis: KIII, 2019. — 67c.

2. MacnikoB M.M. KpioremHa TexHiKa 1 TEXHOJOTis:HABY.IOCIO.
[Texcr] / M.M. Macnikos. Kuis: HYXT,2010. — 98 c.
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NEPCINIEKTUBHUM PEXXUM HATPIBY METAJTY B
HATPIBAJIBHUX KOJIOAIIAX

CTBOpEHO 1 JOCHIHKEHO ONTHUMAaJIbHI, TIEPCIIEKTUBHI 1 OE3MeYHI Pexu-
MH HarpiBy MeTany B KOJOIMI, 3 BIOCKOHAJCHHAM TEXHOJOTI9HOTO MpOIle-
cy, mo Oyze 3miiCHIOBaTHCS po3paxyHKoBo. HoBuii pexkuM HarpiBy merairy
MIPU3BE/E 10 3HIDKCHHS TEMIIEpaTyp, IO BIUIMBAIOTH HA METAN IiJ] 9ac TPH-
BaJIOTO 3HAXO/KEHHsI Y HarpiBaJIbHUX KOJOMA3SIX, IO Y CBOIO Yepry J03BO-
JIUTh 3HU3UTH yrap MeTally, 32 paXyHOK CKOPOYEHHs KiJIBKOCTI IIJIaKy, L0
3’SIBJISIETHCS TAa OTPUMATH 3HAYHUN €KOHOMIYHUH e()eKT Ha BUPOOHHIITBI.

3aBIaHHIM HarpiBaJbHUX KOJIOJS3IB € OTPUMAHHS JOBEJCHUX JIO TEM-
repatypy NPOKATKU Ta PIBHOMIPHO HPOTPITHX MO mepepidy 3autkiB [1,2].
Po3poliieHnii pexxuM CHpsIMOBAaHWII Ha 3HKEHHS HaJXODKEHHS MeTany B
30Hi BHCOKHX Temneparyp Buie 3a 1300 oC (TOMJIEHHS MPOBOAUTHCS Tillb-
KW OJIMH pa3), IO T03BOJIIE 3HU3UTH IX IEPErpiB y MpoIeci HarpiBaHHA i, sIK
HACJIJIOK, 3MEHIINTH OIUIABJICHICTh 3JMTKIB Ta MiJBHIICHE OKaIWHOYTBO-
PEHHSL.

Tabmuus 1 — [lopiBHIIBHI TaHI pO3PaxyHKY 3 TaHUMH, IO
OTPUMYIOTHCS 38 KITACHYHOI0 METOJUKOIO

Hocnigauii | Knacnyna .
PosrnsgryTa BenmmunHa BIIXMITCHHSI
PEKUM METOJINKA
Cepe;{H;{) TeMmreparypa  IMOBEpXHi 1340 1320 120
3IUTKY, °C
TpuBasicTh HarpiBaHHs, 4ac B TOJH- 333 5 4133
Hax
TpuBasicTh TOMJIEHHS, Yac B TOANHAX 1,23 2,57 —1,34
Koe(bluéesm OKAJTMHOYTBOPEHHSI, 2.646 2,445 +0.201
Mm/ron”
KBajipaT TOBUIMHH OKAJIMHH, MM> 12,593 19,541 —6,948
BuTpara MeTany i3 IIaKoM, Kr/m> 11,214 13,969 -2,755
Maca nuiaky, Kr 112 139,52 -27,52
Burtpara nuiaky, Kr/t 7,12 8,87 -1,75

3riHO 3 HOBUM PEXHWMOM HArpiBaHHSI, 3JIUTKH, IICISI MOCAAKH B Ha-
rpiBalIbHI KOJOM31, HarpiBatoThes o0 Temmneparypu 1200 oC (3amicts 1320—
1340 oC 3a xiracn4HOIO cxeMolo HarpiBaHHs Metaiy [3]). [Totim HarpiBanHs
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NPHUITMHAETbCA Ta 3IIHCHIOETHCS MIATPHMKA TEMIIEpaTypH Ha 3aJaHOMY
piBHI 10 MOYATKy HAarpiBaHHS 3a MiHIMAIEHO MOKJIMBHH Yac.

Po3paxoBaHO BIUIMB HOBOT'O PEXHMMY HarpiBaHHs Ha MUTOMY BHUTpary
3BapIOBAJIBHOTO IILIAKY.

Po3paxyHOK BUTpaTH 1IIaKy NPH HarpiBaHHI 3JMTKIB 3 BUTPUMKOIO ITi-
ciist nocaau npu temrepatypi 1200 oC i oJHUM 3 HarpiBaHHSM Yy HarpiBaib-
HHUX KOJIOJASA3SX BHKOHAaHWH BiJIOBIIHO 10 MeToauku [4]. Pe3ynbraru 3Be-
neHi 1o tabummni 1.

TakuM YMHOM, NTPU BIPOBAIDKEHHI HOBOTO PEXHUMY 3 BUTPHMKOIO IIPH
temneparypi 1200 oC micist mocagky 3IUTKIB Y HarpiBalbHUN KONOASA3b 1 3
OIHIUM HAarpiBaHHSAM BigOyBa€ThCS OUIKyBaHE 3HIDKEHHS BUTPATH IUIAKY,
o cxiange — 1,75 xr/T.

CIIACOK BUKOPUCTAHOI JITEPATYPU
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4. KazanueB E. U. IIpombinuieHHsle neyd. CopaBoYHOE PYKOBOICTBO
JUISL pacyeTOB U NPOCKTHPOBAHUS. 2-€ M3/laHHe, JOTOJIHEHHOE U nepepado-
taHHoe [Tekcr] / E. U. Kazannes M. «Metammyprus», 1975. — 368 c.

VK 662.614.2:661.975:669.18

[Merpuk O.A.!, Ocranenko O.A. 2, Ilerpos M.I. 2

! kang. TexH. Hayk, gou. HY «3amopisbka momitexnika»
2 cryn. tp. B-251cn HY «3anopispka nomitexHikay

PO3POBKA EHEPITOE®EKTUBHUX PEXXUMIB PO3IT'PIBY
BUCOKOTEMIIEPATYPHUX AT'PET'ATIB (ITOBIJOMJIEHHHI 1)

TemnmorexHomoriyHa ycraHoBKa (mid-arperart), sIBIs€ CO0OI0 CyKyII-
HICTh po0OYOTO MPOCTOPY, Y MEkKaxX SKOTO 3JIHCHIOETHCS BUCOKOTEMIIEpa-
TypHHH TIPOIIEC, 1 yCTaTKyBaHHS, 1[0 3a0e3meduye Horo peani3amito.

BepxHs 4acTHHA OTOPOPKEHHSI peakTopa (poOoYoro mpocTopy) HazuBa-
eThCs ckierinasaM. CKIICIIHHS — [Ie eJIEMEHT, III0 BH3HAYAE CTIHKICTh arperary
3arajioM i BIUTUBA€ HA TEXHIKO-CKOHOMIYHI MOKa3HIUKU BHPOOHHIITBA.
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Ha nevyax 3 iHTEHCHBHMM IPOAYBaHHSM BaHHM KHCHEM CTilKiCTh
CKJICTIiHHS cTaHOBHTH Om3pK0 300 ruraBok. Y mporeci ImIaBKy Ha CKIICTIiHHS
TIedi BIUITMBAIOTH Taki (hakTopu:

—  HEpIBHOMIpHICTH HArpiBy BHYTPIIIHBOI ITOBEPXHI CKIJICIHIHHS IO
JIOBXKHHI Ta IIMPUHI BHACTIIOK HEPIBHOMIPHOCTI TEMIIEpaTypHOTO
moJs (pakera mpH PoO3irpiBaHHI arperary;

—  KONMBaHHS TEeMIIEPAaTypH XOIy 3aJIe)KHO BiJ] TEXHOJOTIYHUX Tepi-
OHiB;

— 3MiHa XiMIYHOTO Ta (ha30BOrO CKJIAJ(iB BOTHETPHBKOIO MaTepiaity
CKJICIIHHS B pe3yJIbTaTi BIUIMBY OpU30K LIIJIAKY Ta METaly, IUIaBHU-
JBHOTO MUY Ta Ta30Boi aTMochepu podOYOro mpocTopy meui.

IHTeHCcudiKallisi TEIUIOBOTO Ta TEXHOJOTIYHOTO PEKUMIB CHPUSE TIOCH-
JICHHIO Ta MPUCKOPEHHIO JIii BUIIEBKA3aHUX MPOIICCIB.

ToMy mHTaHHIO SKICHOTO pO3IrpiBaHHS CKJICMIHHS arperary Tpeba
MIPUIUIATH OCOOIINBY yBary.

Po3rnsiHeMO cXeMy IOTOKIB TEIUIOTH y BHCOKOTEMIIEPAaTYpPHOMY arpe-
raTi mpu po3irpisi BHCokoTeMmnepaTypHoro arperata (Puc.1).

TemnoBuit 6ananc Oyme MaTH BUTIIAL;

annx = MBHTpaT (1)

[puxix TETIOTH pO3paxOBY€ETHCS MO HACTYIHIH (HopMyTIi:
anux = MXiM.T + M@is.'r + MlDis.rmB s (2)
ne My;y.r — XiMiuHa Terutora nanusa, ['JIx;

Mgisr- — Gi3uuHa Terora nanusa, ['J1x;
Moiznos — Pi3MUHa TEmIIOTA NOBITPS, SKE HAAINIIIO HA ropiHHs, ['JIx.

[
r.é. | | |
LY | Pee— = ! =
SO KT :
i P, nosltpR| \
Nanvee : ?"-4.""" :
—_— _i}-]_ __________ f 1
R (13 ] | 1
7—ﬁ_‘ i )
2 3 4

Pucynok 1 — [ToTOKH TEIUIOTH Y BUECOKOTEMITEPATYPHOMY arperari pu po3irpisi:
1 — poGoumii mpocTip medi; 2 — NATbHKK; 3 — CKIICTIHHS; 4 — TUMOBHIA KaHAI,
5 — nuMoBa Tpy0ba; 6 — BEHTHIIATOP; 7 — AMMOBHIT Oep
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Butpartu TemnoTu po3paxoBYIOThCS MO0 HACTYIHIA (GOPMyIIi:
MBI/ITpaT = MHaI‘piB + MBiLLX + MOXOJI.K + MOXO][.LT.I + MOK
+MBan0M + MBH6.F. + Mni,ucw (3)

1€ Myarpis — BUTPATH TETUIOTH Ha Harpis ckieminus, ['JIx;

M, x— BUTPATH TEIUIOTH 3 IUMOBHMH Ta3aMH, 110 BiaxomsaTh 3 meui, I'Jx;
Mxonx— BUTPATH TEIUIOTH HA OXOJO/DKCHHS KPHUIIOK 3aBaJIOYHHMX BiKOH,
T'lx;

M gxonm— BUTPATH TEILIOTH HA OXOJOKEHHs mubepis, I'Jx;

M,x— BHTpATH TEIUIOTH Yepe3 OTrOPOKYBaIbHI KOHCTpYKii, I'JIxk;

Mgunpow— BUTPATH TEIUIOTH BHIPOMIHIOBAHHAM Ye€pe3 BiMYMHEHI BikHa H
sk, 'K,

Mgy6.r.— BUTPATH TEIUIOTH 3 Ta3aMH, 10 BUOMBarThCs, [ J]XK;

Mpipcq— BHTPATH TEIUIOTH BiJl XOJOAHOTO IOBIiTPS, IO MiICMOKTYEThCS B
miu, ['Jx.

PospaxysaBmm TerumoBuii O6amanc (Tabm. 1) HarpiBy CKIICTIiHHS BiATIOBIJI-
HO J10 Ki1acuqHOro rpadiky pasirpiBy [1] i Mmetoauku [2] Big3HAYNMO TPUCYT-
HicTh TpodinmTy TerioTd. Ha mifgcraBi OTpUMaHMX pe3yNbTATIB i HASBHOCTI
HaUTHIIKY TeIUIOTH B IPHOYTKOBIH YaCTHHI PO3PaxXyHKOBHM LIIIXOM BHKOHA€E-
MO TiAOIp TPUBAJIOCTI i BUTPAT MaJMBa T HOBOTO rpadiky (HOBOTO TEIIOBOTO
pexumy). Pe3ysbTaTi po3paxyHKiB 3BeJIeHO B Ta0M. 1.

Ciix 3a3HAYUTH, M0 Y MIYHIA CHCTEMi, BUTPATH TEIJIOTH 3 TUMOBUMHU
rasamu, 10 BIIXOAATH 3 TedYi, CKJIANAOThCs 3 (DI3UYHOI TEIUIOTH Tapsuux
rasie, 0 BiAXOJsTh, Ta X 00’emy [2]. IIpu npomMy Ha HUX Mae€ iCTOTHHI
BILJIMB IIBHIKICTP ra3iB, IO BiIXOIATh.

{06 MaTu 3MOr'y 3HW3UTH BUTpPATH MaJIMBa P PO3irpiBaHHI BUCOKO-
TEeMIEPaTypHOTo arperary, Tpeda 3HU3UTH BTPATH TEIUIOTH 3 JUMOBHMH
ra3amu, o BigxoasaTs. OTHUM i3 NUIAXIB € 3MEHIIICHHS MIBHIKOCTI MPOIYK-
TIB 3TOPSIHHS IIUIIXOM 3MEHIICHHs po3pimkeHHs (Ha 20-25%) B quMoBoMy
TpaKTi (ra3is, Mo WAYTh HA AUMOBY TPyOY), 32 JOMMOMOTOI0 KEPYBaHHS CHC-
TEMOIO JMMOBHX ITHOEPIB.

OUiHKA nammucy TETFIOTH TIPOBOIUTHCS 110 HACTYITHIH OpMyJIi:

AH = MBHTp - (MBHTp - anux) * 100%/anux (4)

Bapto Bim3naunty, mo npu AH>0 — € npuCyTHIH HAIMIIOK MpUOYT-
KOBOi YaCTHHH TEIUIOTH, TOOTO B arperat BHOCHUTHCS OiibIle TEIUIOTH, HiX
CIOXWBAETHCS, IO y CBOIO YepTy #je Ha 30inpmenHs BTpat; npu AH <0 - B
arperat BHOCHUTBCSI MEHIIIE TEIUIOTH, Hi>K HEOOXiJHO 1yt 3a0e3reueH s Ho-
PMaJIbHOI TEIIOBOI poOOTH arperaTy (arperar Iparfoe 3 HEJOJIIKOM TEeIuIo-
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TH), IO y CBOK YEPry MPHU3BOJIUTH JO HEAKICHOTO MPOTPIBAHHS CKIICITIHHI.
Haii0inpm pamioHadhbHO BECTH TEIDIOBHH OallaHC IDIABKH 3 HAIIUIIKOM

TEIJIOTH B Aiama3oHi g0 1 % [3].

Tabmua 1 — Po3paxyHku TEIIOBOro GanaHcy

3amnpo-
Kinacuu-
. MOHOBA- 3anporoHo-
HUH . No N o
N rpadix HUH I Kracuanuit BaHUIA
Tpuxizx pa i rpacgix / Butpata tera | rpadix Harpi- rpadix
7 TEIIo- B:Hll;i 3 Harpi- . BaHHs 32 TOoJ | HarpiBaHHS
TH BaHHS 28 28 rox
i ron
TOx,
T oy [ TR x| % | A %
K K K
Ximiu- 20
Ha 93, | 17 | 93, Ha Harpie | 559, 27,5 | 559
1 14, 1 . 29,4
TeIIoTa 9 7 80 8 CKJICTIIHHS 3 6 3
naJauBa
Di3ny-
2| M 20 | 01 [ 20 |01 | 2] 3 raam mo om0 | 531866,
TEIUIOTa BIIXOATH 5 0
naJauBa
Ha 0XO0JI0-
®diznu- 3 | JUKEHHS  KpH- 67.0 3.30 58, 3,00
Ha IIOK  3aBaJIOY- 7
TeIUIoTa HHUX BIKOH
TOBIT- 13 11 Ha 0X0JI0-
3 psa, mo | 2,7 6,2 6 6.1 4 | mxenHs mwmbe- | 24,1 1,19 211’ 1,11
Ha - piB
1o Ha Hepes —oropo- |51y 1 104 | 189
TOpiHHS 5 | mKyBambHi 3 1 4 9,98
KOHCTPYKIIT i
Bunpominro-
6 | BAHHAM CHEPES g4 ) 035 | 69 | 036
BIIKpUTI BiKHA
Ta TIISAIUIKH
7 3 raszamm, 110 60.4 2,98 178 9.38
BHOMBAIOTHCS 0
BiJl XOJIOJJHOT'O
g | MOBITPA, mo |,y 3 g5 | 18 ge
T ICMOKTY€EThCS 6
B 4
3araib-
HHA 21 .

. 10 18 10 Cymapui  ten- | 2029 189
npEXin | 49, 0 98 0 JIOBi BUTpATH 4 100 8,0 100
TeIuIo- 5

™
HeB’s13Ka GanaHcy KIIaCHYHUIA rpadik 5,59%
0,0%
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BuxoHannii MOpIBHSAUIBHUE aHaJi3 po3irpiBaHHSA mociigHOTO Ta 0a3o-
BOTO BapiaHTIB PEXXHMIB PO3irpiBaHHs. 3 aHANI3Yy BCTAHOBIICHE HACTYITHE:

* TPHBAIICTh PO3IrpiBaHHs 3HIXKEHO Ha 4 roauHu abo Ha 12,5 % (3
32 no 28 rogunm);

* BUTpara nmaynuBa 3HWkeHa Ha 234,9 T'JIx a6o 10,7 % (3 2014,9 mo
1780,0 I'Ixx);

* BHTpaTa TEIUIOTH 3 I'a3aMy, L0 BiAXOIATh, 3HIKeHO Ha 212,7 I'Jlx
a60 19,7 % (3 1079,0 mo 866,0 I'[Ix).

ITpn npoMy HeB’s13Ky 1Mo GanaHCy 3HMXKEHO Ha 5,59 % (3 5,59 o 0 %).

Hani Tabmumi 1 cBiggaTh mpo iCTOTHE MOMIMIIEHHS TOKa3HUKIB HATpi-
BaHHS arperary, KOPHCHO BHKOPHCTOBYBAaHE TEIUIO arperatry 3pocTae, a
BUTPATH NAJINBA 3HIKYIOTBCSL.

OtpumaHi pe3yNbTaTH JO3BOJISIOTH BOPUTYJ MiJIATH 1O NUTaHHS I10-
OyZOBH HOBOTO paIliOHAIFHOTO Tpadika po3irpiBaHHs CKICIIHHSI BHCOKOTE-
mneparypHoro arperary. 11lo 103BONHMTh 3HU3UTH BUTpPATH NajKBa Ha Harpi-
BaHHSI, a TAKOXK MIJBHUIUTH MPOIYKTUBHICTh arperary 3a paxyHOK CKOPIIIo-
r'0 BUXOJly Ha poOOUHil pesKuM.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1.Cyurinns Ta po3irpis neuei
https://studfile.net/preview/9329465/page:3/

2 I'y6incekuii B.I. Meranypriiini meui: HaBu. mocionuk. / B.W. I'youn-
ckuit. Jurinpo: HMetAY, 2006. — 85 c.

3.Cymenko A. B. TlopiBHsITBHHIN aHaTi3 METOTUK PO3PaXyHKY Marepia-
JBHOTO Ta TEIUIOBOTO OallaHCiB KMCHEBO-KOHBEepTepHOT tuiaBku [Tekcer] / A. B.
Cymenko// BicHuk TIprHa3oBCHKOTO IepKaBHOTO TEXHIYHOTO YHiIBEPCHTETY:
30. HaykoBux mpails / IIATY. — Mapiymoss, 2013. — Bum. 27. — C. 17—-29.

4. Pesyn M.II. MaremaTtndyeckoe MOJENIMPOBaHNE HArpeBa MeTaiia B
neun (coodenue 2) [Texcr] / M.IL. PeByH, A.l. Yenpacos // Meranypris:
HaykoBi nipaui 3/IA.- 3anopixoxs: 3IA, — 2011. — Ne 23. — C. 163—171.

5. Teimuak B.M. Pacuersl HarpeBaTeNbHBIX U TEPMHUUECKHUX I€UEil:
cnpaBounuk [Tekcr] / B.M. Teimuak, B.JI. I'ycoBckuii. — M.: Mertanyprus,
1983. - 481 c.

6. I'ybunckuii B.M. HarpeBarespHble Ie4l METAILTYPTUU — CETOJHS U
3aBTpa [Tekcr] / B.W. I'ybunckuii // Teopust u npakTHKa MeTaUTypruu, —
2004. — Ne 6. — C. 56-60.
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Ierpux O.A.!, IMasiok 10.0. 2

! kanm. Texn. mayk, mon. HY «3amopizbka momiTexHikay»
2 cryn. tp. E-250cn HY «3anopisbka momitexHikay»

PO3POBKA EHEPTOE®EKTUBHUX PEXKUMIB PO3IT'PIBY
BUCOKOTEMIIEPATYPHUX ATI'PET'ATIB (IIOBIJOMJIEHHA 2)

3rigno [1] po3irpiBaHHS cTaNeINIaBUIBHUX IIEYCH ITiCIISL MOBHOI 3aMiHI
CKJICTIHHS 3iHCHIOETRCS 3a 32 roguHHIMHE rpadikamu. [IBunkicTs posirpi-
BaHHS TIPH TOCTiMHIA mopadi mammBa ckiamae 55-75 °C/roa. IlimifimanHs
TeMIepaTypH CKIICTiHHS 30iICHIOEThCS Oe3nepepBHO Ta 0e3 TeMIepaTypHIX
BUTPHUMOK, 110 HE BPaXxOBY€ BUHMKAIOUi B MPOLECI PO3irpiBaHHs BHYTPIIIHI
MeXaHiYHI Hanpy>KeHHs1 BOTHETPUBKHX MaTepiajliB ,[I0 BUHUKAIOTh BHACII-
JIOK TIiJBUILEHOTO JIHIHHOTO PO3IIMPEHHS IMPSIMO3B’SI3aHUX MEPHUKIA30X-
POMTOBHUX BOTHETPUBKHUX BUpOOIB, ITOB’I3aHUX 3 1X HEpeKpUCTaIi3alli€l0 B
inTepBanax 300-350 °C i 800—-850 °C, mio MoXe MPHU3BECTH 10 YTBOPCHHS
TPIIIUH i, SIK HACIIIOK, CKOJIY CKIICIIHb B MPOLEC] MOAaIbIIOT eKCILTyaTallil,
3HIKCHHS CTIHKOCTI TOJIOBHOTO CKJICTIiHHS.

Ha ocHOBiI po3paxyHKiB, B OCHOBI SKHX JIeXKaTh PIBHSHHS TEIJIOBOTO
OanaHCy BHCOKOTEMIIEPATYPHOTO arperary [2] BUKOHAHUX y [MOBiZOMIICHHI
1], a Takox pexkomeHmamii [3,4] mOAO pO3IrpiBy BOTHETPUBKUX BHPOOIB,
po3po0IeHO HOBHIA pallioOHATBHUN pexXuM posirpiBaHHA. ['padiku posirpi-
BaHHSI CKJICHIIHHS BUCOKOTEMIIEPATypHOT'0 arperaTy 3a KJIaCH4HOK TEXHOJIO-
rieto [1] Ta 3anponoHOBaHM# MpHUBEAEHO Ha puc. 1.

3riIHO 3aMPONOHOBAHOTO TEMIIEPATypPHOTO PEXHUMY IIBHIKICTh PO3ir-
piBaHHs pu AudepeHIianbHii moaayl najauBa ckiagae: 3 1 mo 6 romguHy —
43 °C/ron, ButpuMka npu temieparypi 300°C (tpuBaiictio 3 roauHu), 3 9
mo 17 romuny — 62 °C/ron, Butpumka npu temmeparypi 800°C (TpuBaticTio
3 roguum), 3 20 10 28 roguam —100 °C/ro.

3a po3paxyHKamu (TIOBiIOMIICHHS 1), KITBKICTh TEIUIOTH, IO HEOOXi -
HO TIABECTH JI0 CKJICIIHHS, 00 HOTO HATPITH CKIaaE:

3a KJIACHMYHOIO TexHouoriero — 13 TIx/M?,

3a HOBOIO TexHojorieo — 11,6 I'JIxx/M? (3HmxenHs Ha 1,4 T'JIx/M? abo
10,7%).

Hosuii TermoBuii pexxuM po3irpiBy CKIEHiHHS Medi JO3BOJHUTH 3a0e3-
MIEYUTH PIBHOMIPHUH TeMIIEPAaTypHHUH I'PAJi€HT IO BCiil MOBEPXHI CKJICMiH-
Hs, @ TAKOXK TIpocTopy medi: 3 Burpumkoro Ha 300°C i 800°C B 30Hax mij-
BHIIIEHOTO JIHIHHOTO PO3IMIUPEHHS MPSAMO3B’SI3aHUX IMEPUKIA30XPOMITOBUX
Brpo6iB. [Tpn ipoMy 3HIKEHHS manuBa ckiaanae 10,7%.
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Pucynok 1 — I'padik po3irpiBaHHS CKIICTIIHHS BUCOKOTEMIIEPATyPHOTO
arperary 3a KJIaCH4HOIO TexHoJori€ro (1) Ta 3anpononoBanuii (2).

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1.Cyminas Ta po3irpis neveit
https://studfile.net/preview/9329465/page:3/

I'y6incekuit B.1. Meranypriitai mewi: Hada. moci6nuk. [Tekcr] / B.L
I'y6iacekuit. Juinpo: HMetAY, 2006. — 85 c.

2.ITat. Yxpaunna, Ne 20930. Crioco0 yrpaBieHHs TEIUIOBBIM PEXHMOM
craneruaBuiibHO# neun [Tekct] / A. H. Peokenkos, b. I1. Kpukynos, 10. B.
[MerpoB u ap. — Ony6u. 15.02.2007. Bros. Ne 2.

3. Tepewenko M.O. BoruerpuBkux matepiaiis npomuciosicts / M.O.
Tepeuienko, A.M. I'opcbkuii // Ennuknonenis Cydacuoi Ykpainu [Ejekr-
ponnuii pecypc] / Penxon.: 1. M. I3100a, A. 1. XKykoscbkuii, M. I'. XKenes-
HiK [ta iH.]; HAH Ykpaian, HTHI. — K.: [HCTHTYT SHIMKIONEAMYHUX OC-
nimxers HAH VYkpainu, 2005. — Pexxum nmoctyiry: https://esu.com.ua/article-
35277
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VK 621.3.01:519.876.5

Jlapuenxo O.C.!, XKmanos }0.B.!, Tuxosog C.M.2
Ueryn. rp E-222m HY «3anopisbKa MomiTeXHiKa»

2 1-p Texn. Hayk, npod. HY «3amnopizpka momiTexHika»

METO/ PO3PAXYHKY NNEPEXIJIHUX ITPOLECIB B
EJEKTPUYHHUX KIJT HA OCHOBI BUKOPUCTAHHS
MHOJIIHOMIB JIEXKAHAPA

IIpr koMyTamisix eNeKTPOTEXHIYHMX CHCTeMaX BHHHKAIOTH IepeximHi
eNeKTPOMArHiTHI mporiecy. Lle mpu3BouTh 10 HEOE3MEeUHNX KUIKIB CTPyMy Ta
HIepeHaInpyT.

Y poborti [1], BUKOPHCTAHO AIPOKCHMALIO PillleHHs 1711 GYHKLIT CTpyMy
B €JIEKTPUYHOMY KOJIi psifamu 1o norinomax YeOuiosa. B pesynbrari orpuma-
HO METOJI, 110 JI03BOJISIE 3HAYHO MiJIBUILUTH LIBUJIKICTh MOJIENIOBaHHS. MeTton
PO3KIaaHHs (PYHKIIIH y PSIU IO OPTOTOHATBHUX TTOJIIHOM HAa3UBAETHCS CIICKT-
panbHEM MeTozoM. Lle € ananoriero poskinamanHs GyHKIH y psg Pyp’e mo
TPUTOHOMETPUYHUM (DYHKILISIM, JIe CYyKYIHICTh KOG(II€HTIB pPO3KIIaJaHHs €
YaCTOTHHM CIIEKTpOM. € aKTyaJbHHM HPOBECTH JOCIIPKEHHS 3aCTOCYBaHHS
IHITMX OPTOTOHAIFHUX TTOJIHOMIB JJISI pO3PaxyHKy HepeXiTHuX mporieci. [l
JIOCTIKEHb 00paHo MOMyIsipHi notiHoMu Jlexanapa.

PosrasHeMo enekTpudHe KOJIOo, 0 MIiCTHUTB MOCIIJOBHO PE3UCTUBHUM R,
innykTaBHAN L 1 emaicHuit C enemenTu. Jlo KoMyTallii KOHICHCATOP BBAKAEMO
3apSDKCHUM 10 3HAYCHHS HAMpPYTH Uc(ly). SIKIIO MOMEHT (=f) MiAKIIOYUTH
moxepeno 3minHol EPC e(?), To y xomi BinOyBaeThcst nepexiauuii mporec. 1leit
MPOLIEC OMHUCYETHCS JIHIMHUM 1HTErpO-Au(epeHIlialbHIM PIBHSHHAM i3 1OC-
TifHUMH Koe(illieHTaMu:

di . 1t
L= +Ri +—jz(z)dz+uc(0) =e(t)
dt cs
(D

IToctaBumo ymoBy, mo6 piBHAHHS (1), M0 CKiIageHe 3a 3aKOHOM Ha-
npyr Kipxroda, 1oTpuMyBanocst TOUHO 3aaHOMy psijii N By3JIOBHX Y4aCOBHX
TOYOK #9, 17, ... tn-7 st QyHKIIT 7 (2).

OyHKIIII0 3MiHH #(?), PO3KIAAEMO B Psif 3a TomiHOMaMu JIexxanapa:

i(t) = p(t) =R () + e B (@) +--cy Py, (2) )

Jie apryMeHT t€[a, b].

INoninomu Jlexxanmpa MaroTh 00J1acTh BH3HAYEHHS apryMeHTy. B mpomy
BUIAJIKY JJIsL 3pYYHOCTI apryMeHT ¢ 3aMiHIMO 0€3p03MipHIM apryMEeHTOM
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2—(a+b)
xe[-L1. "7 h g
Toni po3kinananus B psiz (2) HaOyBae BUTIIALY:

i(x) = p(x)=c,Fy(x) +c F(x)+c,P(x)+--cy_ Py (x) (3)

Psaay mo opToroHaNsHUX MOMIHOMAax MOXKHA NH(EpEeHIIoBaTH, a Ta-
KOXX IHTETpyBaTH:

'(0)= p'(t) = cBy(t) + e P (1) ++--cy, Py, (1) )

b
T = [ oA = [0 P60 (XD + &, 17 (XD + €0 7% (XD - py Pry (XDDelx
()

®opMyBaHHSI MATPUYHUX PiBHSHB.

Buninumo Ha iHTepBai yacy [a, b] psm To4ok £, (m =0, 1, 2, ... N-1),
IO BiJIOBiJa€ TOYKAM X, 3MIHHOI X Ha HOPMOBAHOMY iHTepBaii. SKIIO
yMoBY (2) 3amucatd Ajsi KOXKHOI TOYKH, TO OTPUMAEMO CHCTEMY JIHIHHHX
piBHsIHB anreOpy, sika B MAaTpUYHIA GOpMi Ma€e BUTIIS

v.e=1-1,, (6)

ne C = [c; c2.. en-1]T — BexTOp 3Ha4YeHpb KoedinicHTis mominoMa (3) 6e3 Koe-
dimienTa co;
I =1[i(x;) i(x2)... i(xn-1)]" — BexTOp 3HAYEHD CTPyMy B Toukax I, 2, ... N-1.

Sxmo piBHSHHSA (4) UIS TOXiIHUX 3aIMCATH JJIS KOKHOT BY3JIOBOi TO-
YKH X/, X2, ... XN-1, TO OTPUMAEMO CHCTEMY JIHIHHUX PIBHSIHB, KA B MATPU-
Hill popMmi Mae BUTIISA:

I'=D-C, (7
IuTerpanu Bif mMoJIiHOMIB BuUpaxaroThes (opmynamu (5). IHTerpan 3

BEPXHBOIO MEKCEIO X;; MA€ BUTJIAI:

X, X, xm
Jx,)= (@R () +¢R(0)+eP(x)+ ey Py (dr=c¢, [R(x)dr+ [(PC)dx
Xy Xo Xy (8)

JI1st By3JIOBUX TOYOK 31 3HAUEHHSIM HaBEJEHOTO apTyMEHTY Xm (m=1...
N-1) BigmoBinaroTs 3HaueHHS QyHKIIT (8) K psinka MaTpuii J:

J:[Jl Jrfl]r (9)

THoninomu Jlesxcanopa obuucaolomsvcs 3a pekypeHmHumMu Qopmynamu:
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() =[@n=1x-P ()= (1=1)-F ()0, Bx)=1 Rx)=x
BukopucroByemo BekTop noiinoM Jlexanapa, sik GyHkuito Big x. Toxi
po3knananns GpyHKOii ctpymy B psn (2) HaOyBae BUIIISAY:
i(x) = p(x) = ¢y By (x) + P(x)-C_ an
3anmc piBHSHHS CTaHy €IEKTPUIHOTO KOJIa Yepe3 IMOJIIHOMH.
Hanmmewmo piBasHES (1) 14 BY37TOBHX TOYOK 3a 3MiHH HOMepa m= [, 2, ...,
N-1. OTpuMaeMo cucTeMy PiBHSIHb, sIKa y MaTPUYHIH GOpPMI Ma€e BUTIISL:
L'+ RI+BJ +uc, =e (12)
ne B=1/C, e — Bextop 3nayenp EPC mxepena y Toukax 1, 2, ..., N-1 gyacoBo-
ro cermenta; I, I’ , J — Bekropu ctpymy (6), moxiaHoi ctpymy (11) ta inrter-
pana ctpymy (13) y By3/I0BUX TOYKaX,
Uco — 3HAYCHHS HANPYTH Ha KOHICHCATOPI Ha MOMEHT .
SAxmo migcrasutu y Bupas (12) sexropu I (9), I’ (7), J (9), To oTpuma-
€Mo BHUpa3 apyroro 3akoHy Kipxroda mis 306paxenHs C:

(LD + RV + BS)C = e—u,, — Riy— B-A-i, (13)

B pesymerari pimennas (13) BusHauaeThes BekTop KoedimientiB C momi-
HOMIAJIFHOI arnpoKkcuMariii ctpyMy. Tomi mpu BigoMOMy ITOYaTKOBOMY 3HAadCHHI
cTpyMy i0 Ta MOYaTKOBOMY 3HAYCHHI HAIPYTH HA KOHICHCATOPI MOYKHA BU3HAYH-
TH 3HAYCHHS CTPYMY Y BCIX JIOBUTHHIX TOYKAX YaCOBOTO CETMEHTA 3TiIHO (2).

BucHoBkn

1. Bekropu mnostiHOMiaibHUX KOe(illieHTIB 3aJI0BOJIGHSIOTH 3aKOHAaM CTPY-
MiB Ta Hanpyr Kipxroga s cxemu 3aMillieHHs! Ta € PIllIeHHSIMH CHCTEMH ajre0-
paluHUX PIBHSHB.

2. Ins MozenbHOT 3a/aul Bi[3HAYEHO HaMKpally HIBUAKOMII0 PO3PaxyHKY
TIOPIBHSTHO 3 BIJJOMHMH YHCIIOBUMH METOJIAMH.

CIMUCOK BUKOPUCTAHOI JIITEPATYPH

1.Tykhovod, S. Calculation of Transients in Electrical Circuits at the
Use of Solution Approximation by Tchebyshev’s Polynomials [Text] // S.
Tykhovod, D. Patalakh / 2019 IEEE 20th International Conference on
Computational Problems of Electrical Engineering (CPEE). Date Added to
IEEE Xplore: 06 January 2020 ISBN Information: INSPEC Accession
Number: 19247158 Retrieved from:
https://ieeexplore.ieee.org/document/8949129
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YK 621.313.3

Karromes P.A.!, Tepemenko A.B.!, Cononosnikosa T.I1.2
Ueryn. rp. E-212 HY «3anopisbKa moJiTexHiKa»

2 crapur. Bukn. HY «3anopisbka nositexHikay»

MOJEJIIOBAHHS TEMIIEPATYPHOI'O ITOJISA
ACHHXPOHHOTI'O JBUT'YHA

Cranuil pO3BUTOK NMPOMHUCIIOBOCTI BUMAara€ BUPIIICHHS MUTaHb ITiJ-
BUIIICHHS €HEProe()eKTUBHOCTI Ta HAMIMHOCTI TEXHOJOTIYHHX MPOIECIB Ta
KOMIUIEKCIB, 30KpeMa THX, B CKJIafi SKHX € EJICKTPOIPHUBOJIM 3MiHHOTO
ctpyMmy. LLIMpokoro po3noBCIoIKEeHHsI OTPUMANH EJIEKTPOIIPUBOIH 3 ACHHX-
POHHUMH JIBUTYHAMH, €EKTUBHICTh 1 HAJIHHICTh POOOTH SKUX BU3HAYAETH-
csl mapamerpami i xapakrepuctukamu AJl. Ha mapameTpu 1 XapakTepucTUKH
AJl MaroTh 3HAYHWH BIDIMB OCOOJHMBOCTI KOHCTPYKIII Ta PEKUMH POOOTH,
mo OoOyMOBIIOIOTH iX TeMIIEpaTypHHH cTaH, €(EeKTUBHICTh Ta HAMIHHICTD
po6otu. ToMy npu BHpimeHHI THUTaHb e(heKTUBHOCTI Ta HATIHHOCTI poOOTH
AJl ocoOnuBy yBary HeOOXiTHO PUAUTATH JOCHTIHKEHHIO Ta aHANI3Y TEIUIOo-
BUX TIPOIIECIB, IO MPOTIKAIOTH MPH PI3HUX PEKUMAX pOOOTH Ta BU3HAYECHHIO
(hakTopiB, 10 HA HUX BIUIMBAIOTh.

TemnoBuil po3paxyHOK MPOBOASATH ISl BU3HAYEHHs PO3MOALUIIB TEM-
neparyp ¢ eJieMEHTaxX Ta BHYTPIIIHBOMY IPOCTOPI aCHHXPOHHHUX IBHI'YHIB
NP pi3HUX peXumax poOoTH. [ mpoBeneHHs TaKUX PO3paxyHKIB 3a3BH-
4yaif BUKOPHUCTOBYIOTBCSI TEIUIOBI CXEMH 3aMilllEHHs, NapaMeTpH SKHUX BH-
3HAYAIOTHCS HA OCHOBI aHAJIITHYHMX BHpasiB. [l MiIBUINEHHS TOYHOCTI
TAKOTO MiAXOIY IOCTIIHUKA HAMAaraloThCs 30UIBIIYBATH KiTBKICTH YHCIIA
BY3JIiB TEIVIOBUX CXEM 3aMIIIEHHS, ajle II¢ B CBOIO Yepry NPHU3BOAUTH 1O
30UTBIICHHS KiIJTBKOCTI TU(PEPEHIIIHNX PIBHIHD y CHCTEMI Ta YCKJIQTHEHHS
il po3B’s3Ky. B okpemMux NpakTHYHMX BHIIaJKax MO>KHa OOMEXHTHCH AEKi-
JbKOMa By3namu. He 3Baxkaroun Ha 1ie, 1i MiIX0AN He OTPUMAITH IT0JAJIBIIO-
rO PO3BUTKY y Cy4YacHi IPaKTHIli, OCKIJIbKH HE BAAJIOCh MOOOPOTH CKJIAIHO-
11, TOB’sI3aHi 13 KOPEKTHICTIO BU3HAUCHHSI TEIJIOBOTO OMOPY ab0 MPOBiTHO-
cTi KoxHOT 0obsacti AJ] yepes.

Tomy Bce OLIBIIOrO PO3BUTKY HaOyBarOTh MiIXOMH, IO 0a3yIOThCS Ha
METO/IaX YHCEIbHO-TIOJIBOBOTO MOJICTIOBAHHS TeMmIieparypHoro crany AJl i3
3aCTOCYBaHHSM CIHEIiaJli30BaHUX MPOTPAMHHUX KOMIUIEKCIB, HAIPHKIAT
Femm. Jlns peanizanii nnx METOIiB Ta OTPUMaHHs JOCTOBIPHHUX pe3yJIbTATIB
HEOOXIZIHO TIO€AHYBATH MOJIEIIOBAHHS E€JIEKTPOMArHiTHUX Ta TEIJIOBHX
TOJIB.

Mertoto poboTu Oyna po3pobka Ta peasizamis YUCEIbHO-MOIbOBOT MO-
Jleni s BM3HAuUSHHs TemrieparypHoro mosst AJ] 3acobamu mporpamu
Femm.
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B skocti 00’exty nocmimpkenns O0yno obpaHo AJ] 4A250M6Y3 3 mo-
MIepeIHHO PO3PAXOBAHUMH MPOEKTHIMH ITapaMETPaMH.

i po3paxyHKIB €IEKTPOMArHiTHOTO i TETUIOBHX MOJIB B CEPEIOBHUIII
mporpamu Femm Oyna cTBopeHa reoMeTpudHa Mojenb gocmigHoro AJl B
morriepegHoMy Tiepepizi. s Gi3naHnX Moneneii eIeKTPOMarHiTHOTO i TeM-
TIepaTypPHOTO TI0JIS 3aBJaBaJIUCh BIACTUBOCTI MaTepialiiB o0acTe Ta yMOBH
Ha X rpaHumsx. s 30H 0OMOTOK 3aJaBajiiick PO3paxoBaHi 3HAYCHHA (a3-
HUX CTPYMIB JJIs KOKHOT pazu. Mojieni eIeKTpOMarHiTHOro 1 TemMrepaTyp-
HOTO 1oJIiB 0yJ10 c(hOPMOBAHO OKPEMO OJIHA Bifl OJTHOI.

Po3paxyHOK IpOBOJMBCS 13 3aCTOCYBaHHAM Lua-CKpUIITY, SIKMH peai-
30BYBaB ITEpalliiHUI aJrOPUTM pO3PaxXyHKIB MIK €JIEKTPOMAarHiTHOI 1
TerIoBoro Mojeuto. CyTh SIKOTO 3BOJMIACH J0 HacTymHoro. Ha mepmomy
eTari 3a MonepeaHiM TeIUIOBHX PO3PaxyHKOM, SIKMH 0a3yeThCs Ha aHAIITHY-
HUX BHpa3ax, BH3HAYAJINCh CEPEAHI 3HAYCHHS TEMIIEpaTyp Uil BY3IiB
ocepab Ta OOMOTOK 3 ypaxyBaHHAM SKHX OTPUMYBAJINCh 3HAUEHHS €JICKT-
podi3muHIX mapameTpiB oOiacTel erxeKTpoMarHiTHOi Monemni. Ilicims mporo
BHKOHYBaJach YHCEJIbHA peaji3allis eleKTPOMAarHiTHOI MOJelni i BH3Ha4a-
JIUCH BTPATH (IKepeia TeIuIoTH) B repepisi AJl, aki Oyiy BHXiTHUME JTaHU-
MU IJIs1 TEIUIOBOI MoJielti. Po3paxyHKH NpOBOAWIINCH 10 AOCATHEHHS YMOBHU
«CTaJIOCTI», KOJM PI3HMLS TeMIlepaTyp MDX iTepalisiMi He NepeBHIlyBaia
3a71aHOT HOXUOKH.

Peani3zauist 3anpornoHOBaHOTO MiAXO0AY A03BOJIMIA CYTTEBO IiIBUIIUTH
TOYHICTh MOJIENIOBAHHSI TEMIIEPATypHOTO IIOJIi aCHHXPOHHOTO NBHIYHA Y
MOPIBHSIHHI 13 KIIACHYHUMU 1H)KEHEPHUMH METOIUKAMHU.

BucHoBku:

3acTocyBaHHS 3aco0iB mporpamMn Femm Hanano MOXXIHMBOCTI IpoBec-
TH MOJICTIOBAHHs TeMIepaTypHOro 1ot AJl Ha OCHOBI HO€THAHHS YHCEIb-
HOTO PO3paxyHKy eJIEKTPOMAarHiTHoOro i terioBoro noisi. Ha 6a3i mposeze-
HUX PO3paxyHKIiB Ta MPUHIOMIIAX aHaJi3y IEeKTPOMAarHiTHUX napameTpiB A/l
4A250M6Y3 MoKHA TIPOBOJWTH aHAIIOTIYHI PO3PAXYHKH JJIS {HIIUX aCHHX-
POHHHMX JIBUT'YHIB.

BukopucTaHHSI 4HCENbHO-TIOJIBOBOTO MOJIEIIOBAHHS EJIEKTPOMArHiT-
HUX 1 TEIUIOBHX IIOJIIB ACHHXPOHHHX JBHUI'YHIB 13 BUKOPUCTAHHSAM CIIeliali-
30BaHOTO TPOrpaMHOro 3a0e3ledyeHHs, 30Kkpema mporpamu Femm, moxxe
CTaTH JyXe e()EeKTHBHOI OCHOBOIO TEMIIEpaTypHHX PO3PAaXyHKIB aCHHX-
POHHUX ABWUTYHIB JJIS IiABUIIEHHS e€(peKTUBHOCTI 1 HAAIHHOCTI iX pOOOTH.
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YK 621.3.013.1

Kyuepssuit A.B.!, ba6kina O.JO.2

Vacn. HY «3anopisbka nosmirexHikay

2 cryn. tp. E-912M HY «3anopisbka NoTiTeXHiKa»

OCOBJINBOCTI BUSHAYEHHS OIIOPIB OBMOTOK
TPUD®AZHOI'O HEHABAHTAKEHOI'O TPAHC®OPMATOPA
3ACOBAMMU ITOJIBOBOI'O MOJEJIIOBAHHSA

CydvacHi TeHAeHLIl y peani3alii CHCTEM MOHITOPUHIY CHJIOBHX TpaHC-
(dopmaropiB 0a3yroThCsl HA TMOEIHAHHI 3aCO0IB MOJBOBOTO MOJICTIOBAHHS,
CXeMHHX MiAXOMIB 10 NOOynOBH LM(POBHX NBIHHHKIB, cucTeMax 0OpOOKH
BEJTMKHUX OOCSATIB IaHWX BiJl arlapaTHUX CEHCOPIB i METO/IaX IITYYHOTrO iHTele-
KTy JUIS IPOTHO3YBAHHA BIPOT1AHUX MiCIlb MOIIKOKCHHS aKTUBHOI YACTHHHU.

[Ipu TakoMy MiAXOIi BelHKa yBara MPHUIUIAETHCS IOCTOBIPHOMY BH-
3HAYCHHIO OINOpiB OOMOTOK Ha CTOPOHAX HHM3BKOi i BHCOKOI HANpYTH, SKi
MAalOTh aKTUBHI 1 pEaKTHBHI CKJIaM0Bi. J{JIs MOPiBHAHHS TOYaTKOBHUX 3HAYCHD
TaKWX OIOPIB i3 TaHNMHU BUMIpiB B €KCIUTyaTallii MOTPiOHO 3 BUCOKOIO TOY-
HICTIO BU3HAYMTHU iX MOYATKOBI MOJENBHI 3HAYCHHS, IO CTA€ aKTyaJbHOIO
3aJ]a4yero JUIsl BUCOKOBOJIETHOTO TpaHC(OPMAaTOPHOTO 00Na HAHHS, SIKE TPH-
BaJIMi Yac 3HAXOUTHCS B CKCILTyaTallii.

Jlnst Takoro oOJiaiHaHHS 3HAYECHHS aKTUBHHX 1 PEaKTHBHUX CKIIAJ0BHX
OMopiB 0OMOTOK Ha Yac BBEICHHS B €KCIUIyaTallifo, sIK MPABUJIO, € HEBIIO-
muMu. Tomy iX BH3HaueHHs MOTpedye 3acTOCYBaHHS CyYaCHHX ITiJXOJIB
npocropoBoro 3D MozenoBaHHS €IeKTPOMArHITHUX MOJNIB y 6araToKoMIIO-
HEHTHHX CEpEJOBHUIIAX 3 HENIHIHHUMH BIACTUBOCTSAMH CKJIQJHOI T€OMETPH-
9HOi (JOPMH Ha OCHOBI CITEI[iaJli30BAaHOTO MPOTPAMHOTO 3a0e3leveHHs, Ha-
npukian, Comsol Multiphysics, abo moaiOHOTO 10 HEOTO.

HeoOxigHicte came 3D MonemoBaHHS 00yMOBJIEHA BUCOKHMHU BHMO-
raMu 10 Horo TOYHOCTI Ta HOTPeOOI0 BpaxyBaHHs 0COOIMBOCTENH KOHCTPYK-
TUBHOT OYJIOBM BHCOKOBOJIBTHHX CHJIOBHX TPaHC(OPMATOPIB Y BIAMOBITHOC-
Ti 10 HASIBHOI MPOEKTHOT JIOKYMEHTAIIII.

ITobymoBa «time-depended» cxeMHO-I0IbOBOI OAraTOKOMITOHEHTHOT MO-
JIeTTi CHJIOBOTO TpaHC(OpMAaTopa, sSiKa JO3BOJIMIA BiTBOPUTH €IICKTPOMArHiTHi
TIPOLIECH I Yac eKCIUTyararlii, BUMaraja BU3HAUCHHS MapaMeTpiB HeNiHIHHUX
TICTEPE3NCHUX XapaKTePHUCTHK, HAacamIiepes, Ui MarHiTHHX BJIACTHUBOCTEHl
EJIEKTPOTEXHIYHHX CTaJIeH 13 3aCTOCYBaHHSAM aJITOPUTMIB POHOBOTO IHTENEKTY.

Uucnosa peanizanis takoi «time-depended» Mopeni y cTpyKTypi 3aco-
618 Comsol Multiphysics no3Bosniia nepeBecTy CHIOBHUH TpaHcdopmarop i3
OJTHOTO CTAaI[lOHAPHOTO CTaHy, KOJW BiH He OyB IIAKIIOUCHHH O Mepexi
JKMBJICHHS B 1HIIMH CTallilOHapHWN CTaH HEHaBaHTa)KEHOTO TpaHcdopmaro-
pa, MiJKII0YEHOTO 10 MEPEkKi KUBIICHHSI.
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[NaniHHg Hanpyru Ha NMEpPBUHHUX OOMOTKax TpaHcdopmaropa BU3HA-
qanocs 3a PO3pPaxXyHKOBUMH JAaHUMU JJIS 3MIHHHUX Yy Yaci MepiogNYHHX Ha-
IIPYT i CTPYMiB Ha IEPBUHHAX OOMOTKAX i3 BpaxyBaHHIM JaHUX JJIS 3MiH-
HUX y Yaci NepiogNYHUX HANpyT BTOPUHHUX OOMOTOK IpH 3HAYEHHAX KOe-
¢imienTiB TpaHCHOPMALIiT I KOXKHOTO CTYTICHS PETyIIOBAHHS HAIIPYTH.

3acobaMu TapMOHIHHOTO aHaNli3y BU3HAYANWCS HapaMeTpPH OCHOBHOI
TapMOHIKY TaJiHHSA HAIPyTH Ha TEPBUHHIA OOMOTI i OCHOBHOI rapMOHiKa
CTpyMy L€l OOMOTKH Yy peXHuMi HEeHaBaHTaXeHOTro Tpancdopmaropa. Bin-
MIHHICTH BiJl P&KUMY JOCHIITHOTO HEPOOOYOro X0y Iojsrajga y TOMYy, II0
JI0 yBaru Opajiocsi He TIJIbKHM YMCJIO BUTKIB JJIsl IEPBUHHOI CTOPOHU TpaHC-
(dopmaTopa mpu HOMIHANBHIM HAMpPy3i, a TAKOXK yCi YHCIAa BUTKIB, SKi €
JIOIYCTUMHMHU TIPH PEryJIIOBaHHI HANPYTH MiJl HABAHTAXKECHHSM.

OTxe CKJIaZ0Bi OMOPIB IEPBUHHUX OOMOTOK BU3HAYAJIHCS SIK VIS pe-
KHUMIB Iepe30yKeHHs HEHaBaHTAXXCHOTO TpaHcdopmaropa, Tak i Uil pe-
KIMiB 30yKCHHS HIDKIHX 32 HOMIHATBHUH.

Ile Hamamo MOXKIMBICTH BpaxyBaTH 3aJICKHICTh CKJIQJOBHX OIOPIB Ie-
PBUHHHAX OOMOTOK BiJ peXHMiB 30yIKCHHS CIJIOBOTO TpaHchopmaTtopa.
BinxuneHHsT BKa3aHUX CKJIAJOBHX OINOPIB BiJ HOMIHAJIBHOTO € JOCHTH He-
3HaYHUMH Y Mexkax Bifg — 0,5% mo +1,2%.

OCHOBHUM HEZOJIIKOM 3aIlpOIIOHOBAHOTO MIAXOAY JJIS JOCIHIIKEHHS
OIOpiB MEPBUHHUX OOMOTOK HEHABaHTAKEHHX CUIJIOBHX TpaHcdopmaropis
3ac00aMH IMOJLOBOIO MOJICIIOBAHHS CIIiJi BBa)KATH BEJIMKI BUTPATH Yacy
MOJBOBUX PO3PaxXyHKIB Ul 3HAUHOI KUIBKOCTI CTYIICHIB pEryJIIOBaHHs Ha-
npyry TpanchopMaropa il HABaHTKEHHSM.

3acrocyBaHHs TU(PEPEHIIIIHHUX METO/IB I BU3HAYCHHS CTPYMIB 30Yy-
JDKCHHSI CHJIOBHX TpaHc(OpMAaTopiB ITiJ] HaBAaHTAXKEHHSM i3 BpaxyBaHHSAM
BIZIXWJICHb Y 3HAUEHHSAX CKJIaJ0BUX ONOPIB MEPBUHHUX OOMOTOK IIPH 3MiHaxX
HaBaHTaXXCHHS JTO3BOJIIIO 3MEHIIUTH CTPyMOBi moxuOku 3 1,2 — 1,8% mo
0,1 — 0,5%, a xytoBi noxnu6ku Big 3 — 4,5 en. rpaxycis go 0.8 — 2,4 en. rpa-
Iy CiB.

TakyM YMHOM 3arpPONIOHOBAHUI ABTOPAMU MiAXi JUISl BU3HAUYEHHs 3MiHU
CKJIaJIOBHX OIIOPIB IIEPBUHHUX OOMOTOK HEHaBaHTa)KEHOTO TpaHc(opMarTopiB i3
TPUBAJIIMMH CTPOKaMH €KCIUTyaTallii, 3a BiJICyTHOCTI BIANOBIJHUX €KCIEPUMEH-
TaJbHHUX JIAHUX, OTPUMAaHMX IIiJl Yac BBEJIeHHsI TpaHC(OpMATOpIB B EKCILTyaTa-
11i10, T03BOJISIE JIOTIOBHUTH MAaCHBH BUXIJJHUX JTAHUX Ui CHCTEM MOHITOPHHTY i
MOKPAIIUTH IIPOTHO3YBAHHS 3aJIMIIKOBOTO PECypCy eKCIUTyaTarlii oOMOTOK i
MarHiTHHX CHCTEM, a TaKOX PO3POOHTH 3aXOAN MOTOYHHX BHOIPKOBHX PEMOH-
TIB 7151 OTO TIPOJOBKEHHS OHA/T HOPMAaTHBHUMU TEPMiHaMHU.
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YK 621.313

Marsam M.O.!, SIkymes €. P.!, SIposnii B.I1.!,I3ocimMos B. 0.2
Ueryn. rp. E-212m HY «3anopisbka nomrexHikay»

2 cryn. tp. BE-222M HY «3anopisbka HOTiTEXHIKa»

JOCJILI’KEHHSI BILIMBY HECUMETPIi ®A3HUX HAIIPYT HA
PE)KMMHU POBOTH ACUHXPOHHUX JIBUT'YHIB 3ACOBAMHU
IMITAIIIAHOT'O MOJEJTIOBAHHS

Ipu nocmimkenHi poOOTH aCHHXPOHHUX IBHUTYHIB (A/]) akTyansHOIO €
3a/1a4a OLIHKY BIUTMBY HECUMETpil (h)a3HUX HAIpPYT Ha PEKUMHU POOOTH JBUIY-
HiB. Uepes nopyeHHs 130J1i{ IPUNHHSIOTH CBOIO poOoTy 0mm3bko 75% A/

IopywieHHs i30is1il MOXKe BUHUKHYTH B Pe3yJIbTaTi HCHOPMAaJbHUX pe-
JKFMIB MEpexi JKUBIICHHS, HAIIPUKJIAJ BiIXUICHHS HANpyT y (azax i HeCHMMeT-
pif pa3HUX HANpyT, BUKIHNKAHKX, TIEPII 32 BCE, BEIUKOIO KUTHKICTIO oHO(Da3-
HHX HABaHTa)XCHb, TAKUX SK Cy4YacHI JpKepesa CBiTJIa, KOMIT FOTEpHA TEXHiKa,
3aJi3HIYHA SJICKTPUYHA TATA Ta IHII CHIIOBI NPHIAIH, SIKI MICTATh HENHINAHI
neperBoproBadi. O4eBHIHO, IO BCE Lie IPH3BOIUTE JI0 IIEPEAIACHOTO BHXOIY 3
Ty ABUTYHA a00 CKOPOYEHHS HOTO TEPMiHY CITy»KOH, KpiM TOTO IOPYIICHHS i
MO>KIJIUBY 3YIIMHKY TEXHOJIOTIYHOTO MPOILIECY.

Jnist 3anmo0GiranHs 1 CBOEUACHOTO TPOTHO3YBAHHS JaHWUX CHUTYAllll He-
00XiZIHO BCceOIuHE JOCIIKEHHS PEXUMIB POOOTH aCMHXPOHHHUX JIBUTYHIB.
ToMmy MonemoBaHHSI 3a3HAUYEHHX PEXHMMIB 1 JOCIIIKEHHsS CTaTHYHHX Ta
JMHAMIYHHUX XapakTepucTuk A/l € BaXKIIMBOIO HAYKOBO-TEXHIYHOIO 331a4€lO.

JU1st nocTiukeHHs pekuMiB po6oT Al BUKOPHUCTOBYETBCS CXeMa, II0
CKJIQIAEThCS 3 TPHOX OHO(MAZHUX JDKEPEIT eNEKTPHIHOI eHepTil, aCHHXPOHHOTO
JBUT'YHA 3 KOPOTKO3aMKHEHHM POTOPOM, OJIOKIB [UIsl BUMIpIOBaHHS OCHOBHHX
MapaMeTpiB JABUTYHA, OCHMIOrpadiB sl BUMIPIOBAaHHS CTPYMY, HAIPYyTH, MO-
MEHTY 1 IBUAKOCTI. CxeMa MOZIETIOBAHHS JUIS JOCIIDKCHHS PEXXUMIB pOOOTH
ACHHXPOHHOTO JBHI'YHa 3 KOPOTKO3aMKHEHHM POTOPOM, chopMOBaHa 3acodamMu
imiTamiiinoro mojesroBanus B cepenosuiii MATLAB / Simulink,

Ha 6a3i po3po6ieHol BipTyaabHOI MOJETI MOYKHA BUKOHYBATH TOCIIi-
JUKEHHSI CTAaTUYHUX 1 IMHAMIYHUX XapaKTEPUCTHK B PI3HUX PEXUMAaxX pobo-
TH aCMHXPOHHMX JBHUTYHIB. Po3po0OiieHa MoOenb 03BOJISIE BHSBUTH JIESKI
mpoOJIeMHI peXUMH, TPU SIKUX MOXKE cIlocTepiratucs HecTabinbHA poboTa
Al ipy BUHUKHEHHI TaJbMIBHUX 1 MyJIbCYIOYHX MOMEHTIB CHII.

OtpumaHi pe3yabTaTH AOCIIJUKEHHS OylyTh 3aTpeOyBaHi NP Hajall-
TYBaHHI PeJIeHHOT0 3aXKCTy eJIEKTPOABUIYHIB B yMOBAaX HECHUMETPIii HAMpyT.
Takox MOXIIMBE 3aCTOCYBAaHHSA [UIsl PO3pOOKHU 1 HACTPOWKHM MPOrpaMm yIpas-
JIHHS 9aCTOTHO-PETYJIbOBAHOTO €JEKTPOIPHBOLY, B YMOBaX 3MiHH BiIXH-
JICHHSI HATIPYTH KUBJICHHSL.
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VIK 621.313

Ozepos B.C.!, Myxa M. C.!, SInancekuit A.A.!, I'pu6 I'. B.2
Veryn. rp. E-912m HY «3anopisbka nosiTexHikay»

2cryn. tp. E-232M HY «3anopisbka IOTiTEXHIKa»

MOJEJJIIOBAHHS TEIIVIOBUX PEKUMIB EJIEKTPO/IBUT'YHIB
3A LOITIOMOTI'OI0 ITPOI'PAMHOT'O MAKETY COMSOL
MULTIPHYSICS

AHaii3 HayKOBO-TEXHIYHOI BITUM3HSHOI Ta 3apyOiKHOI JiTepaTyph
MOKa3aB, IO POOOTH, AKI NMPUCBIYCHI OIHKH TEIUIOBUX IIONIB CKIATHHUX
KOHCTPYKIIH €NeKTPOTEXHIYHUX HPUCTPOIB HEAOCTaTHRO HOCmimkeHi. He-
00XiJJHO TOCII/PKEHHSI MPOLECIB PO3MOIITY TEIUIOBHX MOTOKIB BCEpEIHHI 1
30BHI NPUCTPOIB, BU3HAYCHHS Ta iJeHTH(]IKALIl BHYTPILIHIX MOUIKOIKEHb
enekTpoABHUryHiB. [IpoBesieHi paHille TOCHiIPKEHHSI CTBOPUIIN MEPETyMOBH
JUIsl BUpILIGHHS 3aBIaHb iJeHTU(]IKalil BHYTPILIHIX MOPYIIEHb, IO BILUIH-
BalOTh Ha TEIUIOBUI PeXHM pOOOTH ENEKTPOJBUTYHA, 1 BU3HAYEHHsS HOTO
Micus po3TauryBaHHs. TOMY TEOpeTHYHE y3aralbHEHHS MPOLECIB TEIUIOBOTO
po3moxiny i imeHTH]IKaIisd Ha Iiif OCHOBI HOTO YIIKO/DKEHB (CTaHy mpare-
3[JaTHOCTI) € aKTyaJbHOIO HayKOBOIO 3agadeto. OUeBHIHO, IO MIPU KOXKHOMY
KOHKpeTHOMY nedekTi Oyae CBilf po3MOIiN TEIUIOBOTO MOJA, a 3HAYHTH 1
cBoi Hachinku. [lepenbadeHHss HOBUX Ie(EKTiB 3a JOMOMOTOI aHATI3Y LBO-
IO MOJA - JJOCUTh AI€BHHA CHOCIO MOomnepeKeHHs Pi3HUX TTOJIOMOK €JIEKTPOA-
BuryHa. OJTHMM 3 TIEPCIEKTUBHUX HANPSIMKIB PO3BUTKY CHCTEM MOHITOPHUH-
I'y B YaCTHHI JIlarHOCTYBaHHS € PO3po0OKa JIarHOCTUYHHUX MOJEel 3 ypaxy-
BaHHsAM iH(opMalii Mpo KOHCTPYKTHBHI 1 TEXHOJIOTIYHI 0COOJIMBOCTI KOXK-
HOI OJMHUIII enekTpojBUryHa. [lepeBipka pe3ysbTaTiB po3paxyHKy criellia-
JII30BaHUX MOJIENIe MOXJIMBA MPH MPHAMAabHO-3/IaBaJIbHUX a00 THIIOBHX
BUIPOOYBaHHAX. YacTo Jyisi OLIHKU CTaHy €JIEKTPOJBHUIYHIB CTBOPIOIOTHCS
MaTeMAaTHUYHI MOJIEI, IO MiCTATh B COO1 BETUKY KUIBKICTh PO3PAaxyHKIB, IO
BHUMararoTh 0araTo 4acy IJIsi BJIACHOTO PO3PaXyHKY A KOXKHOI OKpeMoi
oxuHUILI. JI0 TOro X, MpH PO3PaXyHKY CKIAJHUX CHCTEM HEPiIKO MOXHA
JOIYCTUTH HOMMJIKH YHCTO MaTEMAaTHYHOTO XapaKTepy.

Binbu nepcrieKTUBHUM 1 HAOYHUM € CTBOPEHHS IHTEPaKTHBHHUX MOJIE-
JIel B PI3HUX NMPOTPaMHMX MakeTaX. BoHN 103BOJISIOTH CTBOPIOBATH MOENI,
ONU3BKi 10 peanbHUX. Y AaHii poOOTi UII MOJETIOBaHHS BUKOPHUCTOBYETh-
csa mporpamamid maker Comsol Multiphysics. Ile moTyxHe iHTEepakTHBHE
CepeNoBHUINe TSI MOJICITIOBAHHS 1 PO3paxyHKIiB OUTBIIOCTI HAYKOBHUX 1 iHXKe-
HEpHUX 3a/1a4 3aCHOBAaHMX Ha AW(EPEHIIaNbHUX PIBHAHHAX B YaCTKOBHX
MTOX1THUX METO/IOM KiHIIeBHX €l1eMeHTiB. [I0BHY TPHBHMIpHY KOMII I0TEpHY
MOJIETIb €JICKTPOJBUIYHA, MOJKHA BU3HAYMTH SIK 3arajibHy IiaMojens. BoHa
MOX€ BKJIIOUaTH B ce0Oe OIMMC TeoMeTpii 1 JeTalbHOI CTPYKTYpH 0OMOTOK. 3a
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nmoromoroio Comsol Multiphysics MokITHBE CTBOpEHHS BapiaHTiB MoJenei T
eJeKTpOoABHUTrYHaA 3 nedekramu i 6e3 Takux. JledexTn MoxyTs OyTH 3a1aHi K
JIOAATKOBI JpKepesa Ternotd. O4YeBHAHO, IO TaM, /i€ PO3TAIIOBAHUM Jie-
(exT, TemMreparypa BHIIE, HK B aHAJIOTIYHOT MOJIe)li HOPMAJIBHOTO PEXUMY
(6e3 medexriB. Otxe, Bukopuctanus Comsol Multiphysics no3Bossie 3Moze-
JIFOBATH 1 HAOYHO MPOJIEMOHCTPYBATH PO3IOJIIT TEMIEPaTypHUX MOJIIB MPU
pi3HHUX pexuMax poOoTH eneKkTpoaBuryHa. CTBOpPEHHs iHTEPAKTUBHOI MO-
JIeITl MOXKE CTaTH Jy»e 3pYYHUM 1 IEPCHEKTUBHUM CIOCOOOM JIIarHOCTHKY 1
MOHITOPHHTY Ae(eKTiB B Pi3HUX HOTO YaCTHHAX.

Y]K621.318.1
I'pimenko K.A'., Illmwro I1.0.,! Kozauenko O.C.!
Ueryn. tp E-912m HY «3anopizpka momiTexHiKay»

JNOCJLPKEHHS PO3IOALTY MATHITHOI IHAYKIII IO
BHUCOTI OBMOTOK PEAKTOPA

MarsitHe moie PCAKTOpPAa BHU3HAYAECTHCA K CyMa IHEPBHUHHOIO ITOJIA
OOMOTKH Ta IO BTOPUHHUX PKCPEIT

Ber)= 5,8, )+ 5, 0),)

[lepBunHE TIOJIE OOMOTKH BH3HAYAETHCS SIK CyMa TOJIB IUIIHAPUIHUX
MPOBIHUKIB (30H-KOTYIIOK), pO3TallloBaHUX 10 nepepizy O obOmotku. [lo
I[BOTO TIOJSI JOOABIISEThCS TMOJE BTOPUHHHUX JDKEpEN, sSKi 3 KYCKOBO-
MOCTIHOIO HIITBHICTIO § PO3MOIUIAIOTECS HA MOBEPXHI G ITUCKPETHHX (e-
poMarHeTHKiB. BoHM BU3HAYarOTHCS 3TiJTHO TPAaHWYHUX YMOB Ul CyMapHO-
TO TI0JIS1 HA TIOBEPXHSX (PepOMarHeTHKIB.

Jns po3paxyHKy BUKOpPUCTOBYEThCS nporpama MPR [1,2]. Pe3ynbrar

TaKOro PO3PaxyHKy y BHUIVISAI PO3MOALLY OCbOBOI B, (y) Ta pagiatbHOi

By (y) CKJIaJIOBUX MArHITHOI 1HAYKIIi MO BUCOTI y HA BHYTPIHIA =1,

cepenHii /i = 2 Ta 30BHIMHINA i = 3 00MOTKaxX IMOKa3aHi Ha PUCYHKY.

B cuty po3ramryBaHHs B cepeHili YacTHHI 0OMOTKH (B 30HI BBEICHHS
CTPyMY) TIONIEPEYHUX KaHATIB OUTBIIOTO PO3Mipy, HIK B 1HINMX ii YacTHHAX,
y BKa3aHii 30HI MAalOTh MICIE MEPEXOAM PadialibHOI CKJIAIOBOI IHAYKIIi
MAarHITHOTO HOJSI «KPi3b HyJb», BiAMIOBITHO B Iil 30HI Ma€ Miclie 3MEHIIeHa
BEJIMYMHA OCHOBOI CKJIaAOBOi iHAyKIii. OCHOBHA iIHTEHCHBHICTH HOJS — Ha

BHYTpIiIIHil TBipHil oOMoTLi B, (y) =331,3mTo.
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Bu3HaueHe TakuM YMHOM MAarHiTHE IOJIE peakTopa BUKOPUCTOBYETHCS
JUTS pO3paxyHKy IOIATKOBUX BTpAT BiJ BUXPOBHX CTPYMIB i €IeKTpOMarHi-
THUX CHJI B TPOBITHUKAX OOMOTKH, IUIS PO3paxyHKY iX MIIHOCTI Bim mii
OChOBHX Ta padiaJbHUX CKIAJOBHX BKa3aHWX CHJI. Po3monin MarHiTHOTO
HOJISL Ha TIOBEPXHI CTPH)KHS BUKOPUCTOBYETHCS VISl BU3HAYCHHS BUXPOBUX
CTPYMIB, HarpiBiB €JEKTPOCTATHYHHX CKpaHiB. Mar"iTHe MOJe IO BUCOTI
BEPTHKAIBHUX CTSDKHMX IOIMIBOK 3 HEMAarHiTHOI CTalli TaKo)XX BH3HAYae
BUXPOBI BTpaTH Ta iX HarpiB. Po3moain MarHiTHOro moJis Ha MOBEPXHI CTi-
HOK 0aKy BUKOPHCTOBY€EThCS JJIsl PO3PaxyHKY BTPAT, OLIHKU HarpiBiB.
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Pucynoxk 1 — Po3noain ckimaloBIX MarHiTHOI iHAYKIIii 10 BUCOTI OOMOTKH

CIIMCOK BUKOPUCTAHOI JIITEPATYPA

1.IsankoB B. @. Po3paxyHOK BOJIBT-aMIEpHOi XapaKTEPUCTHKH IIyH-
TyBaJBHOI'O peakTopa 3 mpomikkamu B crpwkHi [Tekcr] / B.®. IBankos,
A.B. bacosa, H.B. Illynbra / Texniuna enekrpoanHamika. — 2015. — No 2. —
C.70-74.
2.IsankoB  B.D. Po3paxyHkoBa  mijcucreMa  aBTOMaTH30BaHOTO
MpoeKTyBaHH: TpaHcopmartopiB i peakTopis [Tekct] / B.®. IBankos, FO.H.
Magip // Tlpami Ia—Tty enextpommHamiku HAH Vxpainu. 306ipHEK
HaykoBux npanb. — K.: [n—1 enexrponunamikn HAH Ykpaiam. — 2008. — Ne
18.—-C. 123 - 131.
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YJK621.318.1

HImiar E.B'., Ponano JI.A'., Puwxenkos FO.M.?

12 cryn. rp E-912m HY «3anopisbka MomiTexHiKkay»
3cryn. rp E-211cn HY «3anopisbka momiTexHika»

BU3HAUYEHHS BILIUBY KOPOTKOUYACHUX HABAHTAKEHb
HA BIBPALIIMHY CTIMKICTh TPAHC®OPMATOPA

Jyis BU3HAUCHHS KOPOTKOYACHHX HABAHTAXKCHB MPH JOCIHIPKCHHSX Ta
pO3paxyHKax 3HAUCHHS JOMYCTUMHX HAMPyr NPUHMAIOTh OUIBIIMMHU HiXK
NpY 3BUYAWHUX yYMOBaX, aji¢ TAKMM 00 BOHO 3HAXOAMIOCH MK MEKEHO
[JIACTUYHOCTI Ta MEXKEIO MII[HOCTI

b - m[w,%]
Ym  Vm

b
ney, =1,05 —xoedilieHT HaIIHHOCTI BiAMOBIIHOIO MaTepiagoM;
7. = 1,4 — koediuieHt yMOB po6OTH;

O, — MCXKa HJ'IaCTI/I‘IHOCTi;

T

0 5 — MEXKa Mil[HOCTI.

B nocnmigHi#i Momeni mpu MOJEIIOBaHHS OOMOTOK TpaHC(opmaropa
BUKOPHCTOBYBABCSl YMOBHUiI Matepian ajis 3a0e3rnedeHHs 11 iHepUiliHUX
XapaKTEePUCTHKH.

[pu mocmimkeHHi BiAmoBiaHO 10 [1] cmHycoinanpHa BiOpamis Tpuii-
Maunacs B miana3osi gactot 0,5-100 I'm 3 makcumanpHORO amrutityaoto 0,12
y TOPU30HTAJILHNUX HAIIPAMKaX.

Jociix mpoBoIMBCS METOJIOM CKIHUEHHX €JIEMEHTIB 13 BHKOPHUCTAaHHAM
nporpamaoro cepemoBuma ANSYS [2]. [licns moOymoBu TeoMeTpHyHOI
MoJiesi OyJI0 3reHepOBaHO CITKY CKIHYEHHMX €JIEMEHTIB BIAMOBITHO 10 PO3-
MIPHOCTI MOZETI.

ITin wac mocmipkeHHS B CepeNoBHUIN MporpamMHoro 3acody ANSYS
OyJnu BU3HAYCHI HACTYIIHI €JIEMEHTHI 00J1acTi CHCTEMHU:

1 — SHELL181 — nyommHHi e1eMeHTH, 10 BPaXxOBYIOTh TOBIIMHU JIH-
CTiB — JIJIs €JIEMEHTIB OCHOBH Ta IPMOBHX OaJIOK;

2 — SOLID185 — 00’eMHi eleMEeHTH AJIsl MarHiTOIpoBOY.;

3 — BEAMI188 — 1151 IHIBOK Ta SIEMEHTIB KPIILICHHS.

Mogenb 3aKpiluieHa y MicIsiX KpilIeHHs OOJITIB OTIOPHUX €IEMEHTIB.
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Hocnimkenns Oyno mpoBeneHo uis 19 3HAaYeHb YaCTOTH, IO Jajio
3MOTY BUSIBUTH CaMUil KPUTHYHUH Jialla30H 9acTOT JAJs BiOpariifHoi CTiii-
KOCTi TpaHcopMaTopa, KUK JociipKyBaBcs. Takum miamazoHoM € 30-50

(1] o 02,80 [rrmi]

Pucynok 1 — ®opma KoJIMBaHb y BUIVISAI i30II0BEPXOHB IIpH YacToTi 37,98 I'ny

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1.ACTY 17516.1-90 Uznenus snekrpotexHuueckue. OOIme TpedoBa-
HHS K MEXaHHYECKUM BHEITHUM BO3JCHCTBYIOIINUM (haKTOpaMm.

2.Ansys: BeO cait. URL: https://www.ansys.com/academic (nara 3Be-
pHerHs 06.10.2022)

Y]IK621.318.1
Kpir O.M.!, Cazonosa A.M.!, Cearosens M.O.!
cryn. rp E-222m HY «3anopisbka MoitexHika»

JOCJIIKEHHS TAPAMETPIB KOPOTKOI'O 3BAMUKAHHS
CHMJIOBOT'O TPHOBMOTKOBOI'O TPAHC®OPMATOPA

IIpu KOpOTKOMY 3aMUKaHHI CIIiZi PO3TiYaTH CHUMETPHUYHE KOPOTKE 3a-
MUKaHHSI a0o TpudasHe KOPOTKE 3aMHKAaHHS Ta HECUMETPHYHE KOPOTKE
3aMuKaHHS: onHOGa3He, ABodazHe abo nBodasHe Ha HeliTpans. ani Oyzae
PO3MIIsIATHCSl CUMETPUYHE KOPOTKE 3aMUKaHHS TpH(aszHoro tpaHchopma-
Topa. Tak K BCi TpM KOPOTKO3aMKHEHI OOMOTKHM OZIHAKOBI TO MPU CUMETPH-
YHOMY KOPOTKOMY 3aMHKaHHI B TpaHC(OpPMATOpi MPUCYTHS CHCTEMa CTPY-
MiB PiBHHX 3a BEJIMYMHOIO Ta 3ABUTYTHX OJHA BIIHOCHO APYroi Ha 2% .
AcHMeTpisl MarHiTHUX JIAHITIOTIB B TPUCTPKHEBUX TpaHCHOpMaTopax He
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Ma€ 3HAYHOTO 3HAYCHHS TaK SIK BOHA BIIHOCHTHCS TUIBKH JO HE3HAYHOTO
HaMarHi4yr4oro crpymMy. ToMy 1OCTaTHbO pO3IIIAAaTH KOPOTKE 3aMUKaHHS
TIIBKY JUIst ofHi€eT (ha3u TpudasHoro TpaHchopmaTopa.

JlociiiHe KPOTKOTO 3aMUKaHHS IIPOBOJUTHCS AJIs1 BU3HAUCHHSI:

— OCHOBHHUX BTpaT B 0OMOTKaX;

— JIOJAaTKOBHX BTPAT B OOMOTKaX;

— OCHOBHHX BTpar y BiIBOJaXx;

— JI0JJaTKOBHX BTPAT y BiZIBOJAX;

— BTpAaTH B CTiHKax Oaxy.

[Tpu mociimHOMY KOPOTKOMY 3aMUKaHHI HOMiHaJbHI CTPYMH B OOMOT-
KaxX BHHHUKAIOTH IIPU BiJHOCHO Maiii Hampysi (5—10% HOMIHaIBHOTO 3Ha-
YeHHs), a BTPaTH B MarHiTHiH cucTeMi TpaHcdopmaTopa AyXke Malli TOMY
HUMH MOJKHA 3HEXTYBATH.

B cunoBoMy TproOMOTKOBOMY TpaHC(OPMATOpi, MOJIENb aKTHBHOT Ya-
CTHHH SIKOTO 300pakeHa Ha PUCYHKY 1, pO3paxoBYIOTHCS Ta BUMIPIOIOTHCS
3HA4YEHHs BTPAT KOPOTKOI'O 3aMHKaHHs JJISl TPOX MapHHUX MOEIHAHb 0OMO-
tok (HH-CH, HH-BH, CH-BH) npu HaBaHTa)XeHHI KOXHOI mapu 0OMOTOK
CTPpyMOM, SIKill BiNMOBiJa€ MOBHIN MOTY>XHOCTI TpaHcdopmaropa. Brparn
KOPOTKOTO 3aMHKaHHS TPHOOMOTKOBOTO TpaHC(HOpMAaTopa 3MIHIOIOTHCS B
3aJICKHOCTI BiJl TOTO SIK PO3MOAUICHE HABAaHTAaXXCHHSA MK TpbOMa HOTO 00-
MoTKamH. JlomyckaeTbes ar00e pO3MOJICHHS! HaBaHTAXKEHHS MK TphboMa
obMoTKamu, ane Take o0 xKoaHa 3 0OMOTOK He Oyia IOBro HaBaHTa)KEHa
CTPYMOM, SIKHH OM NepeBHIyBaB HOMIHAIBHUNA cTpyM +5% mHepeBaHTaXeH-
Hsl, a 3arajbHi BTPaTH KOPOTKOTO 3aMUKaHHS TPHOX OOMOTOK HE IEepEBHIILY-
BJIM MaKCUMalbHI BTpatu. [Ipy 11boMy MakCHMajbHUMH BTpaTaMH BBaka-
I0ThCSL Tl SIKI TIPUBEJICHI J0 PO3PaxyHKOBOI TeMIIEpaTypH BTPAT KOPOTKOTO
3aMUKaHHS Tiel Tapu 0OMOTOK, sIka Mae HaiOUIbIII BTpAaTH KOPOTKOTO 3aMH-
KaHHS.

B mporneci po3paxynky 113 FEMM 06yno oTpuMaHO KapTUHY PO3MOALTY
MArHiTHOTO TIOJISI CHJIOBOTO TpaHcopMmaropa (puc. 2), Mo JAN0 MOKIUBICTH
OTPHMATH PO3PAaXyHKOBI HapaMeTpH JUIsl PEKMMY KOPOTKOTO 3aMHKaHHS CHIIO-
BOTO TPHOOMOTKOBOTO TpaHC(opMaTopa s KOKHOI 3 0OMOTOK. PrucyHok 2 —
Poznonin inayKuii MarHitHOro noist B pexxumi koporkoro 3amukansst (HH-CH)
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Pucynok 1 —Mopens akTiBHOI YacTHHHU TpaHcdopmaropa B [13 FEMM

Pucynok 2 — Po3noain iHIyKIlii MarHiTHOTO TOJISI B PEXKUMI KOPOTKOTO
3amukanss (HH-CH)
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YJK621.318.1

Jlapuenko M.C.!, Kapnenxko JI.I'.! [liBuyx A.A.2
'cryn. rp E-222M HY «3anopisbka nomiTexHika»
2 cryn. tp E-211 HY «3anopisbka HOTiTeXHiKa»

3ACTOCYBAHHSA KOMBIHOBAHOT'O IMIAXOAY A0
PO3PAXYHKIB EJEKTPOTEXHIYHUX ITPUCTPOIB

EnextpoMexaHiuHi MPUCTPOi MArOTh AYKE IMUPOKE 3aCTOCYBAHHS Y
MPOMHUCIOBOCTI. Teopist TAKMX MPUCTPOIB J0 TEIEPIIIHBOI0 Yacy po3pooiie-
Ha J0BOJI AetanbHO. OMHAK, Pa3oM 3 THM, y I 0OJACTi 3aJIUIIAIOTHCS
HEJIOCTATHBO JOCHIHKCHUMH TaKi SBUILA K BUXPOBI CTPYMH Y MarHiToIpo-
BOJIaX MPU PI3HUX MpoIlecax, HAMPHUKIAL MepexinHux. Bum xapakrepy mpo-
TIKaHHS TEPEeXiTHUX MPOIECIB Y EICKTPOMEXAHIYHHX MHPUCTPOSX CYTTEBO
3JICKUTh HAJIHHICTh X poOOTH. BpaxyBaHHS BILUTMBY Ha MEpPEXiJHI Mpole-
CH BUXPOBHX CTPYMIB IIOB’SI3aHO 31 3HAYHUMH TPYJHOIIaMHU. BuxpoBi cTpy-
MH BHHHUKAIOTh B MAarHITOIPOBOIAX, SAKI MICTATh MOPSA 3 ITUXTOBAHUMH
TakoX 1 MacuBHi eneMeHTH. CKIaJHICTh MPOIECIB 1 YMOB, MIPH SIKUX MOPY-
IIYIOTHCSI BUXPOBI CTPYMH, HE JO3BOJISIE 3 BICOKOIO TOYHICTIO BpaxyBaTd ix
BIUIMB Ha TMEPEXifHi MPOIECH B CHJIOBHX JAHIIOraX MOCTIHHOIO CTPyMY.
ToMmy 3a3BH4Yaii, Py CKJIAJaHI Ta PO3PaXxyHKaX CXEMHHUX MOJEICH eIeKTpo-
MEXaHIYHUX IMPUCTPOIB, BINIMBOM BUXPOBHX CTPyMiB ab0 HEXTYIOTh, abo
BPaxOBYIOTh HAaOJIMKEHO.

B ocTaHHI pOKM HIMPOKE 3aCTOCYBAHHS OTPUMAIIU MPUKIIAJHI MaKETH
mporpamM, IO JO03BOJITIOTHCS BHKOHYBAaTH PO3PaxXyHKH EIIEKTPOMAarHiTHHX
MIOJIIB METOJIOM CKiHUSHHX elleMeHTiB, Hanpukiag FEMM. Ilepesaroro ma-
kery FEMM e BinkpuTa JineH3is1, oo 1a€ 3MOTy HOTO 0e30IUTaTHOTO BHKO-
pUCTaHHS.

Pimenns 3agau 3a momomoro 13 FEMM 6asyroTbes Ha audepeniii-
HUX PIBHAHHSAX B YaCTHHHUX IOXIJHHX, aHATITHYHE PIMICHHS SKAX MOXKIIHU-
BO OTPHUMATH TIIBKHM B pas3i MpocTux (OpM piBHSIHb, TPAHUYHHUX YMOB Ta
KoH(pirypailiit rpanuip. ToMy [UIst pillieHHS OUIBIIOCTI 3a/1a4 3aCTOCOBY€ETh-
Csl YHMCENBbHUN METOJ, SKUH HA3MBAETHCS METOJOM CKIHYCHHUX CJICMEHTIB.
[nest mboro MeToAy MoJIATaE B TOMY IO PO3paxyHKOBa 0071acTh pO30UBAETH-
CSl Ha BENUKY KiJIBKICTh OKPEMHUX IPOCTHX 00JIacTel B AKMX IIyKaHa (pyHK-
i ampOKCHUMYETHCSA IMPOCTUM BHpa3oM. SKmmo obiacTti oBOJi Maii, TO I
npocti GyHKUii JOCTaTHHO TOYHO ONMCYIOTH IIyKaHy (QyHKIit0. B pe3ynbra-
Ti qudepeHMilHi piBHAHHS B YaCTKOBUX IOXIJHUX NEPETBOPIOIOTHCS B CHC-
TeMy JIHIHHHUX PiBHSHB, KiTbKICTh HEBIIOMHX SKHUX CSTa€ KUTbKA JECATKIB
thcsd. OHAK ICHYIOTh aJTOPUTMH, SIKi BUPILIYIOTh Taki 3a7adi 3a BiZIHOCHO
HEeBEJIMKUH yac.
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[Jana nporpama po30uBae 001acTb Ha TPUKYTHI €JIEMEHTH 3 JIHIHHOIO
3aJISKHICTh TOTEHIIATYy BCEpPEeIUHI TPUKYTHHKA. B OCHOBI MeToma JEKHUTH
MiHiMi3a1is QyHKIiOHANA, KA BU3HAYAE CHEPTII0 CHCTEMH (CHCTEMa 3aB-
KIW TIparHe OO IIOJIOKEHHS, B SKOMY €Hepris MiHiMamsHa). Po3rmsHemo
3arajbHUH MiAXiA J0 pilIeHHs Ha MPUKIIaAi IUTAcKoi 3a1adi.

B upoMy BHIaAKy NPUHMAETHCS, IO BCEPEIMHI KOXKHOTO TPHKYTHOTO
€IIEMEHTY ITyKaHa (YHKIIisS BU3HAYAETHCA MIPOCTOI0 (POPMYIIOI0

A=a+b-x+c-y (1)

B (1) MOKJIMBO BU3HAUUTH KOE(iLi€HT MoOJiHOMA yepe3 (QyHKIIT B Be-
pIIMHAX TPUKYTHHKA!

4, =a+b-x +c~y1’ 4, =a+b-x, +c-y2’

Ay =a+b- x5 +c-y,
b

2

ne A,- 3HaueHHs QyHKII{ B BEpIIMHAX TPUKYTHHKA.

Tomi

a =f1(A]’A2,A3) b=/, (ALAZ,A3) c :f3(ALA2,A3) 3)

[MincraBuBmm B (1) 3Ha4eHH: (3) OTpuMaeMo BHpa3 AJs MIyKaHOT QyH-

KUii B 3aJI€XKHOCTI BiJl KOOPAWHAT BEPIIMH TPUKYTHUKA Ta 3HAYCHHS LIyKa-
HOI (yHKIIT y BepUIMHAX TPUKYTHUKA

4= f‘(avbacaxl »X25X3,Y1525)3 9A17A2 3A3 aX,J’) (4)

Ewneprist noss ans piBasHHs Jlamiaca

1 2
F\d)=—--]||v-4| -dS
()= 5 fjv “
Enepris nons mis piastaHA [Iyaccona
1 _2 _
F\4)=—--||V-4| -dS—pu-|A-JdS
(4)=5 - J|v-4) u-f ©)

PiBasHHS (5, 6) € dyHKIIOHATIOM eHepril y BUIAIKy JIiHIHHOTO cepe-
JIOBHIIIA.
V BUMNajKy HETiHIHHOTO cepeloBUINa JIA IJIacKoi 3a1a4i
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Fla)= % w(a)-as - [4Tds -

ne W(A) = fﬁ -dB - IiIBHICT EHEPil.

MiHiMi3yroun (YHKIIOHAT €Heprii Uil HeBiIOMUX 3Ha4YeHb ITOTEHIlia-
Jy BO BHYTPIIIHIX By3Jlax CITKH, OTPHMAEMO CHCTeMy ajreOpaidHuX piB-
HSHb.

d n
e : ®)

ne I - kinbKicTh HEBiOMHX BepLIMH TPUKYTHHUKA; /' - KUIbKICTh TPMKYTHH-

m
kiB; ¥ - BKIaj eHeprii KOKHOro TPUKYTHHKA B (DYHKIIIOHAJ.

Cuctema (8) moBuHHa OyTH TOMOBHEHA T'PAaHUYHUMHU YMOBAMH.

3acTOCyBaHHSI TaKOro KOMOIHOBAHOTO MiJXOJy, AO3BOJHUThH MOEIHATH
nepeBarn 000X METOMIB PO3PaxyHKY, MPOCTOTY 1 IIBUIKOJIIIO CXEMHOTO
METO/Y, Ta BUCOKY TOYHICTh IOJILOBOI'O MOJIC/IOBaHHS. Takuii koMOiHOBa-
HUHA METOJl MOXKHa 3aCTOCOBYBATH JUIA OyAb-SKHX E€JICKTPOMEXaHIYHHX, a
TaKOX, EICKTPOTEXHIYHUX MPHUCTPOiB. Lle nacTh 3Mory 3a06e3neunTH €HICTh
MiIXOMIB ISl PO3PaXyHKY TAaKHMX IMPUCTPOIB, CHCTEMAaTHU3yBaTH TakKi po3pa-
XYHKH Ta CYTT€BO IJBUIIMTH iX TOYHICTH, IO B CBOIO YEPry IO3BOJHTH
MPOEKTYBATH HOBI IPUCTPO 3 BUCOKUMH TTOKa3HUKaMH €Heproe()eKTHBHOCTI
Ta HamiHHOCTI.

YK 621.316.35:006.354

Mapycenko B. A., ! Kipees M. 0. !
Tono6opomsko €. C.2 Anancekuii A. A3

Ueryn. I'p E-212m HY «3anopisbka HOTiTEXHIKa»
2 cryn. I'p E-232M HY «3anopisbka IOTiTEXHIKa»
3cryn. I'p E-912m HY «3anopisbka nomitexHika»

JOCJIJIZKEHHS TA AHAJII3 TIAPAMETPIB TPOJIEIB
MWHOMNPOBO/JAIB BPAXOBYIOUHN KOHCTPYKTHUBHI
OCOBJINBOCTI

Jnst MojepHizalii cyJyacHHX €HeprocucTeM IANPHEMCTB METATyprii-
HOI Ta IHIIMX MPOMHUCIIOBOCTEH YKpaiHU HEOOXiTHO 3aCTOCYBaHHS CYyYaCHHUX
pillIeHb B 00J1aCTI €HEpPropecypco30epex eHHs..
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s 3a0e3nieyeHHst HaiifHOT pOOOTH CTPYMOIIPOBIIHMX CHCTEM 3aje-
KHO BiJ XapakTepy HaBaHTa)XEHHS Ta Koe(imieHTa MOTY>KHOCTI Mepexi,
HEOOXiTHO TOYHO BU3HAYMTH MapaMETPH CTPYMOHECYYO! YaCTHHH IIHHOII-
poBoxiB. B mpakTHYHUX po3paxyHKax BUKOPHUCTOBYIOTH EMITIPUYHI METOIH
OIIIHKH MTapaMeTpiB TPOJIEIB IHHOMPOBOY, SIKi 0a3yIOTHCSI HA BUKOPUCTAaHHI
CXEMO-TEXHIYHUX METOMIB MOJEIIOBAaHHA. AJle, 3a3Ha4eHI METOIM MAaroTh
BEJIHKY KiJbKICTh MpUIyIIeHb. LI MpHITymeHHs BKIIFOYAIOTh:

— HE BPaxOBY€ETHCSI BIUTUB FAPMOHIHHOTO CKJIaay CTpyMY,

— HE BPaxOBYEThCS CPEKT OJIM3BKOCTI,

— HE BPaxOBY€EThCSI €EKT 3MILLEHHS CTPYMY,

— HE BPaxOBY€EThCSI IOBEPXHEBI e(heKTH

— HE BPaxOBY€EThCS eNIeKTPO(i3NYHI BIACTUBOCTI MaTepialis.

Y pobori [1] 3anpornoHOBaHO JOCHTIHKEHHS €ICKTPOMArHITHUX Mapa-
METpiB TPOJEiB IMHHOMPOBOLY, Ta BepH(DIKALil OTPUMAHHX pPE3yJIbTaTiB
PpO3paxyHKy 3a JOmoMoror mpoctopoBoi (3D) i mrocko-mapanensraoi (2D)
MaTEeMaTUYHHUX MOJBOBUX Mozenei. JlocmipKeHHS TPOBOIMIINCS 3 3aCTOCY-
BaHHSAM METOHIB Teopii emekrpomarHiTHoro moinst (EMII), iHTepmossmii ta
aTmpoKCHUMAIlii, MaTeMaTHIHO1 (Di3WKH, CKIHYCHHUX eJeMeHTIiB. Po3pobieHo
MaTeMaTH4Hy MPOCTOPOBY MOJEIb €IEKTPOMArHITHUX MPOIECIB Y CTAJIEBO-
My TpPOJISHHOMY LIMHONPOBOJI y 4YacoBili MOCTAaHOBLI 3a/adi pO3MOALTY
EMII.

3a nonoMororo i€l ABOBUMIpHOI MaTeMaTHYHOI MOJENi y 4aCTOTHIN
MOCTAHOBLI 3aJaui U ICHYyIOUMX (OopM MaricTpajJbHUX Ta TPOJCHHHX IIH-
HOIPOBO/IiB BU3HAYEHO BILUIMB €JICKTPOMATHITHUX MapaMeTPiB MIMHOMPOBO-
Jla 3 BpaXxyBaHHSIM BHIUX FapMOHIK CTpyMy Ha ix mapamerpu. Ha mingcrasi
MTOJTEOBOTO MOJIEIIOBAaHHS enekTpoMarHiTHuX mporeciB L, W, X, I U —popm
(a3HUX TPOJEWHUX ITUHOIMPOBOIIB BUKOHAHO MOPIBHSUIBHUHN aHAII3 IX TOB-
HUX aKTHBHHX Ta IHAYKTUBHHUX OMOPIB 3alie)kHO Bix koedimieata THD 3a
CTPYMOM Ta MaTepiaily, 3 IKHX BOHM BUToTOBJeHi. [Toka3aHuii piBeHb HecH-
MeTpii (pa3HHX TOBHUX aKTUBHUX Ta IHAYKTUBHHUX OIIOPIB PO3TILIHYTHX
LIMHOMPOBO/IIB, BUKJIMKaHUH edekraMu OJM3bKOCTI, MOBEPXHEBUMHU edek-
TaMH, CKiH-e(DEKTaMH Ta IHIIMMH KPaHOBUMH eeKTaMH.

3a pesysbTaTaMu pO3paxyHKiB Oyia mpoBeaeHa Bepudikallis 3a po-
3paxOBaHUM MaJiHHSAM HaIpyrd HiATBEPPKYIOE€ BHUCOKY TOYHICTH pO-
3paxyHKy Ta JOCTOBIpPHICTh OTPHMAaHHX Pe3yibTaTiB (moxubOka He mepe-
Bumye 1,88 — 2,06 %) nBOBHMipHOI MOJEINi Y YaCTOTHIH MTOCTaHOBII IO
BIIHOIIEHHIO J0 MPOCTOPOBOI MOJIEIi B IIOCTAHOBIII 3a/1aui 3aJIeXKHOI Bij
yacy posnozairy EMII.
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MOJEJIIOBAHHA EJIEKTPOMAT'HITHHUX ITPOLECIB
ACHUHXPOHHOTI'O JBUTYHA

TpucazHi acHHXpPOHHI IBUTYHH HaOyIH IMIHPOKOTO PO3MOBCIOIKCHHS,
30KpeMa y CKIIaJli eJIEKTPOIPUBO/IIB PI3SHOMAHITHUX CHCTEM Ta MEXaHI3MiB.
He 3Baxkarounm Ha mMOHa[ BIKOBY ICTOPiI0 PO3BHUTKY, CBITOBI BYCHI NPOJOB-
JKYIOTh HAIpalfOBaHHS IIOAO MiIBUIICHHS €(EKTUBHOCTI Ta PO3BUTKY Me-
TOJMK NPOEKTYBaHHS aCUHXPOHHMX ABHTyHiB [1]. Haiibinpm nepcrexTuB-
HHUM € 3aCTOCYBaHHS B METOJMKAaX PO3PAaXyHKY MapaMeTpiB Ta MPOEKTyBaH-
Hi A/l unMceNbHUX METOJIB PO3PaxyHKy €JIEKTPOMarHiTHUX IMOJiB. 3aCTOCY-
BaHHS I[[UX METOJIB J03BOJISE MiJBUIIUTH JOCTOBIPHICTh OMKCY Ta BH3HA-
YEeHHs EJIEKTPOMArHITHUX IapaMeTpiB Ti MPOLECIB, IO NPOTIKAIOTh HPHU
poOOTI aCHHXPOHHUX ABHUTYHIB [2]. [ CIIpOIICHHS 1 IMiIBUIICHHS e(eKTH-
BHOCTI peai3amii YUCeTbHUX METOJIB PO3PaxXyHKY 3aCTOCOBYETHCS CIIEIia-
Ji30BaHe MporpaMHe 3abe3neueHHs. B pa3i MoJenroBaHHsS €NEeKTPOMArHiT-
HUX TporieciB B A/l y IutockonapasieabHOMy HaOIMKeHI ITMPOKOTO PO3ITOB-
CIOIDKeHHs HaOyna mporpama Femm, sika Mae OE3KOUITOBHY JIICH3IIO Ta €
3aranpHOAOCTYIHOIO [3]. CepemoBuie mporpamu Femm pearnizye Momemto-
BaHHs €JIEKTPOMArHITHUX MPOLECiB Ha 0a3i METOAY CKIHYEHHUX €JIEMEHTIB.
Bona nocuth edekTuBHa y pa3i MOXKIMBOCTI OOMEKHTHUCH MOJIEIIOBAHHAM
€JIEKTPOMArHiTHUX MPOLECIB y IUIOCKO-TapaienbHoMy Hadmmwkeni (2D) y
Maxkax akTuBHoi wactmru AJl. Ii Mo’Ha 3acTOCOBYBAaTH IS YTOUHEHHS
CHCTeMH MPOEKTYBAHHS aCHHXPOHHOI'O JBUryHa. BoHa mae 3pyuHwii i 3po-
3ymMminuil inTepdeiic, BOyaoBaHy MOBY TIpOTpaMyBaHHS, 103BOJISIE aBTOMATH-
3yBaTH MpolecH MoOyJOBH T'€OMETPUYHHMX MopeneH, (i3uuHHX MojeieH,
3aBIaHH] BJIACTHBOCTEH, IPAaHUYHMX EJIEMEHTIB, PO3paxyHKy, aHalizy Ta
BU3HAYCHHIO napamerpis A/
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Mertoro pobotu Oyna peanizaiis YUCEIBHO-TIOIBOBOTO MOICIIOBAHHS
€JIEKTPOMArHITHUX MPOIIECiB Ta BU3HAYCHHS €JICKTPOMATHITHUX ITapaMeTpiB
st AL

B sxocti 00’ekty mocmimkenHs Oyno oopano AJl 4A250M6Y3 3 mo-
MIepeIHBO PO3PAXOBAHUMH MPOEKTHIMH ITapaMETPaMH.

s po3paxyHKy €JIEKTPOMAarHiTHOTO TOJISL B CEPEIOBHII MPOTpaMu
Femm Oya cTBopeHa reoMeTprudHa MOAETH JOCHinHOrO A/l B monepedHoMy
niepepizi. s QizmyHOi MOJENi eIeKTPOMArHIiTHOTO MOJIS 3aBIaBaliCh BJIa-
CTHMBOCTI MarepiaiB o0nacTell Ta yMOBH Ha X rpaHuiax. [ns 30H 00MOTOK
3aJ1aBaJINCh PO3paxoBaHi 3HaYeHHs (pasHUX CTPYMIB JJIsl KOKHOT (azu.

Po3spaxyHok npoBonuBcs y jABa eTamd. Ha mepiiomy erami npoBoau-
JIMCh PO3PaxXyHKU ISl 171eali30BaHOTO PEXUMY HEpOoOOYOro Xomy, KOJu
OyJl0 3a/1aHO JMIIE 3HAYCHHS CTPYMIB cratopy. Ha npyromy erami BHKOHY-
BaJINCh PO3PAXYHKH IPH 3aBJaHHI TAKOX CTPyMiB poTopy. Ilicis BUKOHaHHS
pO3paxyHKiB (opMyBanack IUCKpeTHa (PYHKISI MarHiTHOTO IMOTOKO3Yel-
neHHs, oouncroBamuch (azai EPC 000Tok, KoedillieHT TOTYKHOCTI, BXiaHA
MOTYXHICTh, E€JIEKTPOMAarHiTHUM MOMEHT, E€JIEKTPOMAarHiTHa IOTYXKHICTB,
KOpHCHA TOTYXXHICTh. [IOpiBHSHHS pe3yJbTaTiB PO3paxyHKIB BHXiITHOI MO-
TY>KHOCTI 3a KJIACHYHOIO METOJHMKOIO Ta 3a PEe3yJbTaTaMH MOIYJIIOBaHHS
€JICKTPOMArHITHOTO IMOJIS MOKAa3ald, 10 BiHOCHA MOXuOKa MeHIIe 5%, 1o
MOXE CBIYMTH TPO MPABUIBHICTh MPOEKTHOTO PO3PAXyHKY, HE 3BaXKAIOUH
Ha 3pOOJICHI MPUITYIICHHS.

BucHoBku:

3acTocyBaHHs MpOrapaMd HaIae IUPOKI MOMKIHUBOCTI (haxiBIpsIM JIst
aBTOMATH3alii PO3paxyHKIB EIEKTPOMATHITHUX MapaMeTpiB Ta (PaxoBHX
CHIBBI/THOIIEHh HA OCHOBI YHCEIHHOTO PO3PAXYHKY EJIEKTPOMAarHiTHOTO
I0JIsI ACHHXPOHHOTO /BUTYHA. Ha 6a3i mpoBeneHNX po3paxyHKIB Ta IPHH-
OUMNax aHai3y elleKTpoMarHiTHHX mapamerpie AJl 4A250M6Y3 moxna
IIPOBO/INTH AHAJIOTIUHI PO3PAaXyHKH JUIA IHIIMX aCHHXPOHHUX JBUTYHiB. Ha
npuknani 4A250M6Y3 Oyno BH3HAYeHO MPOOJIEMH TPOEKTYBAHHS 3a Kia-
CHUYHMMHU METOJMKaMH, SIKi BUKOPHCTOBYIOTh METOJM MAarHiTHUX JIaHIIOTIB
13 HiTMM PSIOM MPHUIYIICHh Ta CIPOIICHb, 1 HE 3aBXIH MOXYTh JaBaTH
JIOCTOBIpPHI Pe3yJIbTaTH PO3PAXYHKIB, OCOOJIMBO I HOBUX IMEPCICKTHBHHUX
KOHCTPYKTUBHHMX BUKOHaHb AJ].

BukopHucTaHHSI CUCTEMH YHCEIbHO-TIONBLOBOTO MOJIEIIOBAHHS ENeKT-
POMarHiTHUX TIOJNIB Ta BU3HAYEHHS €JIEKTPOMATHITHUX NapaMeTpiB acHHX-
POHHHX JIBUTYHIB i3 BHKOPHCTaHHSM CIICI[iaJli30BAHOTO IPOTPaMHOTO 3a-
OesrneueHHs, 30KpemMa mnporpamu Femm, mMoxe craTH Iyke e(QEeKTHBHOIO
OCHOBOIO JUISl TIEPEBIPOYHHMX PO3PaxyHKIB CIIPOEKTOBAHMX IBHIYHIB Ta iX
YTOYHEHOT'O POEKTYBaHHSI.
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JOCJIIUKEHHS JTMHAMIYHUX PEXKUMIB ACUHXPOHHOI'O
JIBUT'YHA 4AH180M6Y3 TA MOI'O IPOEKTYBAHHSI

ACHHXPOHHI €IeKTPOJIBUTYHH € OJJHUM 3 HAWOUIbII MOIIUPEHUX THUIIB
EJIEKTPUYHHUX MalllMH B IPOMHUCIOBOCTI. BOHM IIMPOKO BUKOPHUCTOBYIOTHCS
B PI3HHUX MPUCTPOSX, TAKUX SIK HACOCH, BEHTWIATOPH Ta TPAHCIIOPTHI 3aco-
Om. Arne, He3Ba)KalOYHM HA X IMUPOKE BUKOPUCTAHHS, iHOMI MOTPiOHO 3ilic-
HUTH KEepPyBaHHS ACHHXPOHHHMM JIBUTYHOM Y JIBOX(a3HIi cHucTeMi, Harpu-
KJIaJl, TP BUKOPUCTAHHI JESIKUX THUIIB iHBEpTOPIiB 200 CHCTEM 3 MOCTIHHUM
CTPYMOM.

[leperBopenHst Tppox(}azHOi cHCTEMH aCHHXPOHHOTO JIBUTYHA Yy JIBO-
(a3Hy Moxke OyTm 3uiiicHeHe 3a gomomororo neperBopeHHs Kimapka. Lle
MepETBOPEHHS JI03BOJISIE IEPETBOPUTH TPHOX(PA3HUIT CUTHAI y JIBI HE3allex-
HI (a3u, M0 03BOJISIE KEpyBaTH ACHHXPOHHHM JIBHMI'YHOM Y JBOX(a3Hii
cucreMi. [lyist 1boro HeoOXiqHO 3HaTH (a30Bi CTpyMH Ta (a30Bi HAPYTH.

INeperBopenns: Knapka nonsrae B HacTynHoMy. Criouatky 3HaXO[sIThb-
csl IEKiIbKa BEKTOPIB HANpyTH y TphoxdaszHii cucremi. [ToTiM mi BexTopu
MIEPETBOPIOIOTLCS Y JIBa BEKTOPH y ABO(Da3Hiil cuctemi. J{ns mepeTBOpeHHS
HEOoOXiJTHO 3HATH KyT MDK (pa30BUMHU Hampyramu y TphoxasHiil cucremi,
AKn# ctanoBUTh 120 rparycis.

Jnst 3HaX0/pKeHHST a30BUX CTPYMIB Yy 1Bo(dasHii cucteMi HEOOXiqHO
BUKOPHCTOBYBATH MaTpUIIO TepeTBOpeHHs. L[ MaTpuus MicTuTh Koedirie-
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HTH, SIKi JI03BOJISIIOTH IEPETBOPUTH CTPYMH y Tphox(dasHiii cucremi y cTpy-
MH y ABO(a3Hiil cucremi.

[Ticna Toro, sixk Oynu 3HaWgeHi ¢Ga3oBi cTpymu Ta (Pa30Bi HAIPYTH Y
nBodasHIA cucTeMi, MO>KHA PO3paxyBaTd HEOOXiIHI mapaMeTpu Uil Kepy-
BaHHS aCHHXPOHHHUM JBHTYHOM y MBO(]A3HIA CHCTEMI, Taki SIK MOTYXXHICTb,
MIBUJKICTB, CTPYM Ta HAIpyra.

IIpu nmepeBeneHHi TproX(ha3HOi CHCTEMH Ha ABO(a3Hy 3a JOIOMOTO0
neperBopeHHsl Kiapka, MOMJIMBO JOCAITH cTabinbHOI poOOTH JBUTYHa B
LIMPOKOMY Jliala3oHi IIBHIKOCTEH, 3HM3UTH BTpATH €Heprii Ta 30UIbLINTH
KoedirieHT KopucHoi ail. Takox 1eil MeTo T Ja€ MOXKJIMBICTh 3HU3UTH CKJIa-
JIHICTh CUCTEMH KEpYBaHHS Ta BUKOPHUCTOBYBATH O1JIbII €KOHOMIYHI KOMIIO-
HEHTH.

Onnak, neperBopeHHsi Kiapka mae cBoi Hemousiku. 30Kpema, METO[
noTpedye BUKOPUCTAHHS JAOJATKOBUX KOMIIOHEHTIB, TAaKUX SK KOHACHCATO-
pH Ta iHBEPTOpH, II0 MOXKE ITIABHILYBATH BAaPTiCTh CUCTEMHU. TaKOkK MOXKe
OyTH CKJIaHILIe KOHTPOJIFOBATH JIBUI'YH B PEXKMMaX HU3bKUX IIBHIKOCTEH.

OTxe, MiACYMOBYIOYH, MEPETBOPEHHS TPHOX(Aa3HOI CHCTEMH aCHHX-
POHHOTO JIBUTYHA y IBO(a3Hy Kepylouuch neperBopeHHsIM Knapka € edex-
THUBHHUM 1 3pyYHHM METOJOM JUIs 3a0e3IeUeHHs] POOOTH ABUTYHA B IIMPOKO-
My Jiana3oHi mBHIKOCTel. JlaHuii MeTOa Mae CBOi mepeBard Ta HEIOJIKH,
110 HEOOX1/IHO BpaXOBYBaTH IPH HOr0 BUKOPHCTAHHI.

YK 621.313

bemses €.1.1, bepexenpkuii C.0.?

letyn. rp. E-219 HY «3anopisbka IOTITEXHIKa»
2ctyn. rp. E-212 HY «3anopisbka IOJTiTEXHIKa»

MOJEJI TA METOJU AIATHOCTYBAHHSA CHJIOBUX
TPAHC®OPMATOPIB

OnHUMH 3 HaWOUIBII BasJIMBUX T4 MAacOBHX €JIEMEHTIB €JIEKTPUYHHUX
Mepex € CWIOBi TpaHchopMmartopu. Buxim TpaHcopmaropiB 3 jamy mpu
aBapii CTaBUTH IIiJ] 3aTPo3y SKICHY eKCIUIyaTalilo IMiJCTaHIIiH, MO MPH3BO-
JIMTh, B CBOIO YEPTy, K 3HWKEHHIO HA/IIHHOCTI EHEPIOCHCTEM B LIIJIOMY.

[ImanoBO-TIONIEpeKYBaIbHI PEMOHTH CHJIOBHX TpaHC()OpMaTOpiB B
HAIIl 9ac CTAlOTh BCe OLIBII MaJOe(EKTUBHUMH SIK 3 €KOHOMIYHUX MPUYHH,
Tak i uepe3 301IpIIeHAS HMOBIPHOCTI BiTMOBH B MIXKPEMOHTHUI MTEPioA.

ToMy € akTyaJlbHOIO pO3poOKa HOBHX Ta YAOCKOHAJIEHHS 1CHYIOYHX
MeTOZiB miarHocTyBaHHSA. HoBa cTpaTeris TeXHIYHOTO OOCIyrOBYBaHHS
BUMarae 3acTOCYBaHHS CyYaCHHX KOMIT IOTEPHHX TEXHOJIOTIH aBTOMaThd-
HOTO 30upaHHs, 00pOOJIEHHS Ta aHaJi3yBaHHS JaHUX.
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JJis cydacHOi eNeKTpOCHEPTEeTHKH 0COOIMBO HEOOXiTHE BIIPOBAKEH-
HS CHCTEM JIaTHOCTYBAHHS CHIIOBHUX TPaHC(POPMATOPIB, Y 3B S3KY 3 THM, IO
6m3bpko 40-50 % TpanchopMaTopiB YKpaiHU BiANPaIfoBaio CBilf BCTAHOB-
JICHUH TEPMiH CITyKOH.

Hapasi B YkpaiHi, kpainax €Bpocoro3y ta CIIIA BOpoBamKyOThCs Cy-
YacHI CHCTEMH JIarHOCTYBaHHS CHJIOBHMX TpaHC(OpPMATOpIB, TaKi SIK: KOM-
IUIEKC JIarHOCTYBaHHS OCHOBHOI i3oswii TpancdopmatopiB Ha 6asi [JIK
«Perina», cuctemu TPAS, Siemens TMDS, ABB TEC, AREVA T&D MS
3000.

Taxi cucTeMu IiarHOCTYBaHHS 3a3BHYail BCTAHOBIIOIOTHCS HA TOTYXKHI
TpaHc(hOpPMATOpH, SKi TINBKH BBOIATHCSA B €KCIDIyaTalio, M0 00yMOBICHO
BHCOKOIO BapTICTIO IPOIPaMHOTO Ta amapaTHOTO 3a0e3nedeHHs. ToMmy BH-
HUKAa€ BeJMKAa HEOOXiTHICTH PO3POOJICHHS Ta BJOCKOHAICHHS MOJETCH 1
METOJIB [IarHOCTYBaHHS Ui TPaHC(OPMATOPIB MaJOro Ta CEPEAHHOTO
rabapury. LIs x npobieMa cTocyeTbesi TpaHC(HOPMATOPIB 3 BEIUKUM TEPMi-
HOM CIy)OH, KOJM BHKOPUCTAHHS TaKMX METOJIB SK BiOpamiiHuii Ta iH.
€KOHOMIYHO HEJIOLIJIbHE Ta AITOPUTMH iX pOOOTH HE 3aBXKIH JAIOTh 3MOT'Y
JIOCTOBIPHO OIIIHIOBaTH TEXHIYHMH CTaH TpaHcpopmaropiB, 60 B yMoBax
eKCIUTyaTalil eJIeKTPUYHMX MEpeX BOHM BPaxOBYIOTh TIIBKHM TPaHHUYHHI
KOHTPOJIb 32 BUMIPSIHUMH J1arHOCTHYHAMH MTapaMeTpaMH.

AKTyaJbHICTh pO3pPOOKH HOBHUX, SIK 1 BIIOCKOHAJICHHS ICHYIOUHX MaTe-
MaTUYHUX MOJENEeH Ta METOJIB BH3HAYEHHS Ta aHANI3y MiarHOCTUYHHX
mapaMeTpiB CTaHy CHJIOBHX TpaHC(HOPMATOpPiB OOYMOBIIEHI €KOHOMIYHOIO
HEOOXIJHICTIO B MiIBHIICHHI iX JOBrOBIYHOCTI Ta PiBHI TEXHIYHOTO OOCIY-
TOBYBaHHS B IIPOIIEC eKCILTyaTallii.

YK 621.313
[Iseus B.O.
cryzeHt rp. E-220cn HY «3anopi3bka nomitexHika»

BIIJIUB 'TOPU3OHTAJIbHUX KAHAJIIB B OBMOTKAX HA
INONEPEYHE MOJIE PO3CIIOBAHHA TA OIIIP PO3CIFOBAHHA

OOMOTKH CHJIOBHX TpaHC(HOPMATOPIB CKIATAIOTHCS 3 JCKITBKOX JiJIs-
HOK, SIKi BiJJPi3HAIOTHCS TEOMETPUYHMMH PO3MipaMH B HampsMi, MepreHIn-
KyJISIPHOMY TIOTOKY PO3CISHHS, TOBIIMHOIO 130JIALii, TYCTHHOIO CTPyMY 1
TOMY NOAI0HE, 110 MPU3BOANTH K 30UIBIICHHIO 1HIYKTUBHOCTI PO3CiIOBaHHS.

[Tpn HasiBHOCTI TOPU3OHTAIIBHUX OXOJIO/PKYIOUHX KaHaiB B 0OMOTKAx
TpaHcopMaTopa OKpiM HOB3IOBXHBOTO MOJIS PO3CIIOBAaHHS BHHUKAE TIOIIE-
peyHe 1oJIe, CUIIOBI JIiHIT SIKOT0 3aMHMKAIOThCS 110 TOPH30HTAIEHIM KaHajaM,
301IBIIYIOYH, B CBOIO YEPTy, iIHAYKTUBHOCTI PO3CIIOBaHHS.
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Meroyka BU3HAYCHHS iHIYKTHBHUX OIOPIB B IIbOMY BHIAIKy 0a3y-
€ThCS HA 3aMiHI HAMarHigyro4doi Aii KO)KHOI OOMOTKH CyMOIO HaMarHidylo-
4nX Oif IBOX OOMOTOK:

obmoTkn HI3BKOI Hanpyru (HH) — cymoro xiit HH; Ta HH»,

obmoTku Bucokoi Hanpyru (BH) — cymoto nitt BH; Ta BHo.

O6motkn HH| Ta BH| MatoTs piBHOMipHHI PO3IOILT MarHiTOPyIIiii-
Hux cmi (MPC) Ta CTBOPIOIOTH TTOB3/IOBXKHE TI0JIE PO3CIIOBaHHS.

Kosxna i3 oomotok HH, Ta BH» ckianeHa i3 KOTYIIOK, 110 YepryOTh-
csi. Cyma MPC koxHOI 13 IMX 00MOTOK J10piBHIOE Hy:H0. L{i 0OMOTKH cTBO-
PIOIOTB JIMIIIE MOTIEpEYHE MOJIe.

B npoMy BHnajgky B3a€MOIHJYKTUBHHMH OIIp MIX pealbHUMH OOMOT-
xamu HH Ta BH nopiBHroe

XgHH-BH = Xga + Xoquu T XoqBH-

Jln1s mocIipKeH S 3aCTOCOBYIOTh METO/I IUTAHYBaHHS €KCIICPUMEHTY .

SIKImo NpUAHATH, [0 BEJMYMHA OXOJOMKYIOUHX KaHalliB OOMOTOK
HH, ta BH, h, Mix yciMa KOTyIIKaMu 1 BUCOTOIO h; OIHAKOBAa, TO MOXKHA
TOCTITATH 3ANEXKHICTD X5q = f(h,, M), BpaXOBYIOUM Hiana3soH 3MiHH JBOX
(axropiB, mpu Bucoti oomotku H = n(hy + h,).

CkiageMo MaTpHIIO IUIaHy €KCIIEPUMEHTY JPyToro HOPSAKY AJS IBOX
(akTopiB B KOJOBaHUX OMUHHIIAX. DYHKIIEI0 METH OOMPAEMO THIYKTHBHUN
OTIip PO3CIFOBaHHSA MO OCI g.

TakuM 9UHOM, OTPHUMAEMO TIOJTIHOM 3aJIe)KHOCTI (PYyHKIIT MeTH 1 TIepe-
BEJICMO 3HAYCHHs (PaKTOPIB i3 KOJOBaHMX y abcomoTHi. [IpoBenemo pospa-
XYHOK Xgq , i, HICTA BU3HAYEHHA KOEQIili€HTIB MOJiHOMa Ta HOro aHanisy
OTPUMA€EMO 3MOTY BH3HAUYNTH ONTHUMAJIbHI 3HAUEHHS IIMPUHU TOPU30HTAIIb-
HUX KaHaJIiB Ta MiCIs iX PO3TAllyBaHHs 32 YMOBH, WO Xgq—>MiN.

YK 621.316.35:006.354
Cana A.O.!, Tapactok J[.4.!, [lInak B.M.!
leryn. rp E-211cn HY «3anopiseka momitexnika»

BU3HAYEHHSA ITAPAMETPIB B CUCTEMAX HIKMHOITIPOBO/IB
3 BPAXYBAHHSAM /JIIi BUIIIUX TAPMOHIK CTPYMY

3abe3neueHHs] BUKOHAHHS OiIBIIOCTI TEXHOJIOTIYHUX OMepariii as
BHPOOHHMIITBA MPOAYKII HAa CYYacHUX IIiJIPUEMCTBAX BUKOPHUCTOBYIOUH
ITiIHOMHO-TPAHCIIOPTHI MEXaHi3Mi, B TOMY YHMCIIi KDAaHOBHX EJIEKTPOIIPUBO-
JIiB BBYKA€THCS JOBOJI €HEPrOEMHHUM Ta pecypco3aTpTHUM. Jly)ke BasKJIMBO,
00 CHCTEMH IIEXOBOTO EJIEKTPOIIOCTAYaHHs 3a0e3MeuyBalld BUCOKY edek-
TUBHICTH BUPOOHMYOTO MPOLECY, 1 TOMY BKpail BaXIIMBO BiANIOBIJATH 5KOPC-
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TKAM BUMOTaM BHCOKOi HaaiiHOoCTi. CIiJ 3ayBa)KUTH, IO OAHHAM i3 BaTrOMHUX
€JIEMEHTIB CHCTEM LIEXOBOTO EJICKTPOIOCTAYaHHS € TPOJICHHI IIMHOIPOBO-
mu. Ha nanwmii yac iCHYIOTh IHJKEHEpPHI METOAM BHM3HAUEHHS MapaMeTpiB,
BTpaT HANpYTrHW Ta TOTY>XHOCTI, ajle Mpu IbOMY BCl BIJIOMi METOIM HE MO-
JKYTh 3a0€3I1eUeTH ICTOTHY TOYHICTh PO3PaxyHKIB Ta MarOTh BHCOKI MOXHO-
ku [1]; iHII BiOMi METOAM MarOTh BUCOKY C(EKTHBHICTh PO3PAXYHKY, alie
HE JI03BOJISIIOTh BU3HAYMTH MAJIHHS HAIIPYTH B 3aJIEXKHOCTI Bix KoedilieHTa
noTyHocTi Mepexi [2]. Tomy po3poOka HOBOTO MiAXOIY € TOCUTH BaKJIU-
BUM IUTAHHAM U1 ONTHMI3allii BUKOHAHHA TEXHOJIOTIYHHX OIepamiii Ha
BUPOOHUIITBI.

Po3pobnennit minxix [3] mo3Boiysie BU3HAYUTH 3 BHCOKOIO TOYHICTIO
napaMeTpH Ta MaJiHHSA HalpyTH y TPOJIesX MIMHOIPOBO/IA 3AJICKHO BiJl KOe-
(imieHTa MOTYXHOCTI MEPEeXi, IKMUI 3aCHOBAaHUH Ha TEKOMITO3HUIII eIeKTPO-
MarHiTHHUX MPOIECIB Y TPOJICHHOMY IIHHONIPOBOI 33 JOTIOMOTOIO JKHBIICHHS
onHiel 13 (a3 MUHOMPOBOJA JJIsi BU3HAYCHHS AKTUBHOTO Ta PEAKTHBHOTO
omopiB 0e3 BpaxyBaHHs BIUIUBY 30BHIIIHBOTO MArHITHOTO MOJIS, 8 TaKOXK
JBOX (ha3 LIMHONPOBO/A JUIs BH3HAYEHHS aKTHBHOTO i PEaKTHBHOI'O OIOPiB
NPY HAsIBHOCTI 30BHIIIHBOTO MarHiTHOTO IOJIsI, BUKIMKAHOTO €0 CTOPOH-
HIMH CTpyMaMH, 1110 NPOTIKAIOTh B CYCiJHIX TPOJiesi HIMHOMPOBO/A.

Haii0inpI cyTTEBUMH pe3ynbTaTaMH € BU3HAUYCHHS Ha OCHOBI IOJIbO-
BOTO MO/ICIIIOBAHHS aKTHBHUX Ta PEAKTUBHHX OIOPIB, 3aJIE€KHO Bi/l YaCTOTH
TapMOHIK CTPYMy Ta BiICTaHI MiX (a3aMu TpoJeiB IIMHONIPOBOAA. 3a pe-
3yJIbTaTaMy 3allPONOHOBAHO 3aJISKHOCTI JUIsl BU3HAYECHHS 3HAYeHb aKTHBHO-
TO Ta PEaKTHBHOTO OIOPIB JUTS BIATIOBITHUX (a3 Ta TapMOHIK cTpyMmy. Bmo-
CKOHAJICHO MaTeMaTH4Hy MOJIeIb BTPAT HANPYTH B TPOJIesX Bix KoedilieHTa
MOTY)XHOCTI Mepexi. JlaHi eKcrepuMeHTaNbHOrO IOCIIKeHHS MiATBep-
JUKYIOTh BUCOKY €(DEKTHBHICTh Ta TOYHICTH IiJXOJy. 3HAYUMICTh pe3yJbTa-
TIB moJisirae y OiblI TOYHOMY BHU3HAYEHHI MapameTpiB Ta BTPAT HAIPYTH B
KOHiH (a3i TposieiB MIMHOMPOBO/Ia HE3AJISKHO BiJl IX PO3TAlllyBaHHs, KiJb-
KocTi, (hOpMH, a TAaKOXK CUMETPIii CTpyMiB Oe3 BUTpAT yacy Ha MOJbOBE MO-
JICTIFOBAHHSL.
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YIK621.318.1
[Iuno O.M., Iuno A.IO.
ctyn. rp E-212 HY «3amnopi3bka MomiTeXHiKa»

BUBIP KOHCTPYKTUBHOI CXEMHM MATHITHOI CACTEMHU
CHJIOBOI'O TPAHC®OPMATOPA

OnHi€ro 3 OCHOBHMX 3aJia4 IPOESKTYBaHHs CHJIOBOTO TpaHcdopmaropa €
BUOIp KOHCTPYKTUBHOT CXeMH MartitHOI cuctemu. [1pu ii po3paxyHky B mep-
Uy 4epry MOBHHHI OyTH mnepenOaueHi MOXKJIMBOCTI 3MEHIIECHHsS BTpar Ta
CTPYMIB HEPOOOUOTrO X0y, MiHIMAJIbHI BUTPATH CICKTPOTEXHIUHOI cTami. Jis
IUTACKO{ IIMXTOBAHOI MArHITHOI CHCTEMM BH3HAYAIOTh: IUIAH IIMXTYBaHHS
IUTACTHH, KUTBKICTh CTYTICHIB B IIepepi3i CTPIDKHIB Ta sipMa, PO3MIpH MAKETiB
— MMpPHHA TUIACTHH Ta TOBIIMHA IAKETIB, PO3TANIyBaHHSI Ta PO3MIPH OXOJIO-
JUKYIOUMX KaHAaJlB, TOBHI Ta aKTHUBHI Iepepi3u CTPIKHA Ta SpMa, BHCOTA
CTPIDKHS, BIICTaHh MK BICAMH CTPHKHIB. ['eoMeTpu4Hi po3Mipy MarHiTHOi
CHUCTEMH OOMPAIOThCS Y BIAMOBIIHOCTI 3 MOMEPEIHIM PO3PAXyHKOM, CITHPAFO-
YKCh HA ONTHMAILHHUN BapiaHT CIIBBIAHOIICHHS MapaMeTpiB HEpoOOUOro
X0y Ta po3MipiB 1l KOHCTPYKTHBHHX €JIEMEHTIB, Ta, SK HACJIiJIOK, BHTpAT
AKTUBHUX MaTepialliB, 1110 € aKTyaJIbHUM MUTAHHIM ChOTOJICHHSL.

IcHyIO04Ya KOHKYpEHIIisl Ha PUHKY BHTOTOBJIEHHs TpaHC(OpMaTopiB Ta
€JIEKTPOIPOMHUCIIOBUX BUPOOIB B3araji BUMarae MOJEPHi3allii Ta MIBUIKOTO
pearyBaHHS Ha BHUMOTH CIIOKMBAdYiB €JIEKTPOTEXHIUHOI mponykuii. Tomy
iCHy€ HEOOXIHICTh YTOUHEHHSI METOJIIB PO3PAXYHKY Ta CKOPOYCHHS BUTpPAT
qacy Ha HHX.

Knacnuni MeToan po3paxyHKy KOHCTPYKIII MarHiTHOI CUCTEMH TpaH-
cthopmaTopa mependavae po3paxyHOK KUTHKOX BapiaHTiB MarHiTHOI CHCTEMHU
3a CTaHJIapTH30BaHUMHU po3Mipamy 1i makeTiB (puc. 1)

J171s1 KOYKHOTO 3 BapiaHTIB MMPOPAXOBYIOTECS BCI KOHCTPYKTHBHI ITapaMeTpu
Ta BTPaTH Ta CTPYM HEPOOOYIOTO XOTy.

Komm’roTepHe MoemoBaHHsI TO3BOJISIE B KiJIbKA pa3iB CKOPOTUTH Hac PoO3-
PaxyHKY, CIIUPAIOYHCh TUTBKU HA PO3MOPH CTPIIKHSI Ta SIPM, 1110 JI03BOJISIE OJTHO-
YacHO 00paTy ONTUMANbHUI BapiaHT KOHCTPYKIII BCHOTO TpaHcopMaTopa 3
3aBJaHIMU EJIEKTPOTEXHIYHUMH TTapaMeTpamMu (TaOiuist 1) TUTbKH 32 KapTHHOIO
MarHiTHOTO TIOJI.
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a) 0) B)
a) demin=0,22 M; 6) d=0,24 M, sIKui BiIIOBiAA€ MiHIMAIBHIN BapTOCTi; B) demax=0,27 M.

Pucynok 1 — Ilepepi3u cTprKHIB U 0OpaHUX J[iaMeTpiB CHIIOBOTO
Tpanchopmaropa tury TM — 1000/35-Y1

Tabnus 1 — J{aHi oTprMaHi 3a JOTIOMOTO0 KOMIT FOTEPHOTO MOJICITIOBAHHS

. Iuaykmis | IHgyKIis
Jliametp ctpu- | EHepris Izﬂyiiﬁ;ﬂ; ( g },/ ”lfln) ( I? }: ”lfln) Cepenre 3na-
o, i . - - YEeHHS 1HIYK-
O Il Bl e W e
¢dazu B A

0,22 21,9 2,152 2,244 2,152 2,18

0,24 23,52 2,147 2,242 2,146 2,178

0,27 18,26 2,061 2,24 2,06 2,12

BukopucranHsT KOMIT'IOTEPHOTO MOJIETIOBAHHS JJO3BOJIMIIO OTPUMATH
peanbHy KapTHHY MarHiTHOTO IOJIsi CHIIOBOTO TpaHc(opMaTopa Ta CIHparo-
YUCh Ha 3aBJaHi MapamMeTpu HEpoOOYOro Xoay BH3HAYUTH ONTHMAIBHI
KOHCTPYKTHBHI PO3MIpH MarHiTHOi CHCTEMH Ta IEpPeHTH 0 pO3paxyHKy
rapaMeTpiB KOPOTKOTO 3aMHKaHHS CHJIOBOIO TpaHC(POpPMATopa, a TaKOXK
3HAYHO CKOPOTHUTH 4acC PO3PaxyHKY CHIJIOBOIO TpaHC(HOpPMATOpa B LIIOMY.
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CEKIIA «EJJEKTPUYHI I EJIEKTPOHHI AITAPATHW»

YK 621.314.58
Kanuniuenko JI.B.
act. HY «3anopi3pka momitexHikay

AJIAIITALISI KOHTYPY 3BOPOTHOTI'O 3B’SI3KY
PE30OHAHCHUX IHBEPTOPIB 3 YACTOTHO-IMIIYJIbCHOIO
MOJY.JISILIEIO (PFM) 1O IHUPOKOI'O JIATIAZ0HY
HABAHTAKEHD

Pe3oHaHCHI 1HBEpPTOPH YCIIIIHO BUKOPHCTOBYIOTBCS, HANPHUKIAJ, B
ycraHoBKax iHAyKuiiHoro HarpiBy (YIH), Onokax >KMBIEHHS BEIHMKOI MO-
TYXKHOCTI 3a paxyHok Bucokoro KK/ i manux EM-BumpomiHioBaHb i Maco-
rabapuTHAMH TOKa3HUKaMH (BIZHOCHO TPaTUIIHHAX IHBEPTOPIB 3 IIMPOT-
HO-IMIYJIBCHOIO MOZyJIAIiero). Ha »kanb, Il mepeBaru HiBETIOIOThCS HE00-
XiTHICTIO ToAepkaHHA pOOOTH MEPETBOPIOBaYa y BY3bKHX MEXKaX BHXITHOL
MOTYXHOCTI Poyr, BXITHOT Ta BUXiJHOT HANPYTH, a TAKOX CKIIATHICTIO pO3-
PpOOKH HaJIHUX TPUCTPOIB I[LOTO THITY.

Tak sk OCHOBHAM BHOOpPOM B THIIl YIIPaBIiHHS TPaH3UCTOPAMHU y pe-
30HAaHCHUX 1HBEPTOPAX € YacTOTHO-iMITyibcHa Moxyridis (PFM), To mms ix
PO3pOOKH TaKMX Hal4acTile BUKOPUCTOBYIOTH allpOKCHMOBAHY 3a IIEPIIOI0
TapMOHIKOI0 MOJIENIb PE30HAHCHOTO INepeTBoproBada. Lle mo3Boinsie omiHUTH
rapameTpy KOMIIOHEHTIB NepeTBOPIOBaYa 3riHO 3 3a3HaY€HHUMH BHMOTI'aMHU
JI0 HBOTO. 3TIHO 1€l MOEII MOYKHA MMOMITHUTH, IO MepeJaBaibHa XapaKTe-
pHCTHKa TEpPEeTBOPIOBaYa, a OT)KE 1 BUXiJHA HANpPyra, 3HA4HOIO MIpOIo 3alie-
XKWTh BiJ] 3HAUEHHS OOPOTHOCTI PE30HAHCHOTO KOHTYDY, 5IKa, B CBOIO Yep-
Ty, 3aJIeXKUTh BiJ] TPUBEIEHOTO HAaBaHTaKEHHS R .

VY Toit yac sk npoGieMH 3 IPaHMYHIMH BHIIQJKaMH MOXIIMBHX 3HAY€Hb
R’ BHpINIyFOTH TOJAaBaHHAM CXEM 3aXHCTY Y BHIIIII BIIKITIOYEHHS iHBEpTOpa
1py HeOaXKaHNX HABAHTAXKEHHSX, MEHIII HAOYHOIO, ajle BiJIOMOIO € mpobieMa 3
HaJIAIITyBaHHSIM CXEM PEryJIIOBaHHS BUXIHOI NOTYXHOCTI. Y Bunanky 3 PFM
CXeMaMH YIPAaBIiHHs, JIe MOTY>KHICTh IEPETBOPIOBAYA PETYIIIOETHCS YACTOTOIO
poOOTH iHBEPTOPA, YacTO BMHMKAE MpoOieMa y IepeperyoBaHHI CXeMH YII-
paBIiHHSI 1 IOSABI MEPiOAiB Yacy, KOJIU iHBEPTOP IMpALOE HA YaCTOTI HIDKYIH 3a
PE30HaHCHY, Yepe3 LI0 TPAH3UCTOPH BUXOJTH 3 JIaly Yepe3 EMHICHHN XapakTep
HaBaHTAXEHHS Ha HuX. CHUTyaIlis MOTipUIyeThCsS MPH 3HAYHIN 3MiHI HaBaHTa-
JKEHHS Bil HOMIHAJILHOI, Yepe3 10 peakiist iHBepTopa Ha 3MiHy po0oyoi yacTo-
TH TaKOX 3MIHIOEThCS. Yepes 11e MoXe BUHUKHYTH CUTYyallisl, KOJIM HaJIallToBa-
HHUI Ha KOHKPETHHH BY3bKHH jiana3oH R’ KOHTYp 3BOPOTHOTO 3B’SI3Ky € He3a-
JIOBUTBHUM Y 1HIIIUX BUIAJKAX.

OnHUM 3 pilleHb MPOoOJIeMH HaJAIITyBaHHS CXEMH DPEryJIOBaHHS pe-
30HAHCHOTO iHBEPTOpa € 3MiHA PEryJoBajJbHUX Koe(DimieHTiB 1€l cxemu
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BIINOBITHO 10 3MiHM HaBaHTakeHHs. TakuMm dnHOM, PID-perymsarop, sxuit
HaJIAIITOBAHMI Ha KOHKPETHHUH liala30H HaBaHTAXXCHHS, 3MOXKE aJeKBATHO
pearyBaTy Ha 3MiHy HaBaHTa)KEHHS 1103a [OTO J[iara3oHy.

VY sKOCTI nmpuKiIany peaiizauii Takoi MOAEPHI30BaHOI CXEMH PEryo-
BaHHS IOTY>KHOCTI BHKOPHCTOBYETHCS MOJIENb YCTAHOBKH IHIYKIIHHOTO
HarpiBy, Jie 3aCTOCOBYETHCSI alropuTM (a30BOi aBTOIMIJACTPOMKH YacTOTH
(DAITY). CripouieHuit BUTIS Hi€l MOJEN ITpeAcTaBlIeHUi Ha puc. 1.

o

L

_____________________ I

Daz. [JeTexT.

K({Pout) *‘ -----------

Pucynok 1 — Mopens ycTaHOBKH iHAYKIIHHOTO HArpiBy 3 yIpaBJIiHASM Ha OCHOBI MOJIU-
(ixoBaHoro anmroputMy PAITY 3 po3mmpeHnM iarmazoHOM poO0Y0i HOTYKHOCTI

VY Bunanky pezonancHux YIH PFM peryiroBaHHS MOTYKHOCTI 3 BHKO-
puctanasiM @AIIY 3a curHam 3BOPOTHOTO 3B’S3KY NPUHAMAIOTH (ha3oBHI
3CyB CTPYMY Y PE30HAHCHOMY KOHTYpi BiJHOCHO (ha3u Hampyru. Toxai MHO-
KHUK K, SIKUH PO3PaxOBYEThCS 3 BUXIJHOI NOTYKHOCTI, TTOBUHEH KOMIICH-
CyBaTH 3MiHy po0OOYO0i 4acTOTH IiJ] yac 3MiHHU (pa3oBOro 3cyBy NpH 3MiHi R .
TakuM YMHOM, 3MEHLIYIOUM KOedillieHT Nepenadi CXeMH peryJIroBaHH:I
CUTHaJy TOXMOKH, 3MEHIIYEThCS WMOBIPHICTH IOSIBU aBTOKOJIHMBAIBHHX
MPOLIECIB B CXeMi YIPaBIiHHs, sika npu3Besa 0 1o Buxony 3 jany YIH.

BumesasHauena Tteopis pobOotu 3ampomoHoOBaHOi Moaudikarii Oyma
nepesipeHa 3a jornomoroto mMakera YIH notyxnictio 10kBT. Excriepumen-
TaNBHI JOCIHIPKEHHs MMOKa3anu 11 nie3gatHicTh. Jlana moamdikamii € mpu-
BaOJIMBOIO TUM, IO PO3PAXYHOK 3aJICKHOCTI K(R ") IPOBOAUTHCS IIIE HA STaIll
PO3POOKH IPHUCTPOIO 3 YpaxyBaHHSIM 00paHOT CXeMH yIpPaBIIiHHS.

Orxe, 3arporoHOBaHa MOJMQIKAIs CTAHIAPTHUX CXEM YIpaBJIiHHS pe-
30HAHCHHX TIEPETBOPIOBAUIB MOXKE 3a0€3MEUNTH PETYJIOBAHHS BUXIJHAX Tapa-
MeTpiB poOOTH TpWiIaay HPH IMHPOKOMY Jiarna3oHi HaBaHTAKEHHA 0e3 3MEH-
IIEHHS HOTO BiZIMOBOCTIHKOCTI.
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YK 621

Amnnpienko I1.11.!, Hemukina O.B.?

! 1-p Texn. mayk, mpod. HY «3anopizpka momirexHikay»
2 xaHz. TeXH. HayK, nou. HY «3amopi3bka MomiTeXHiKa»

IMOPIBHSIHHS PE3YJIBTATIB CBITJIOTEXHIYHOI'O
PO3PAXYHKY BUPOBHNYOI'O IPUMIIIEHHSA
AHAJITUYHUM TA YUCEJIBHUM METOA0OM

CBITJIOTEXHIUHI pO3paXxyHKH OCBITICHOCTI MPUMIMICHHS HPOBOISATHCS
AHATITHYHAM METOJOM a00 TOYHIIINM 1 CyJacCHIIINM YNCEIFHIM METOJIOM 3
BHKOPHCTAHHAM CIEIiabHUX CBITIIOTEXHIYHUX mporpaM. B maxmii gac pos-
pOOJIEHO psili CBITIOTEXHIYHUX NpOrpaM, A0 SIKMX BXOISTh €BPONEHCHKI
nporpamu: Taki sik DIALux evo (Himeuunna), Relux (IlIBeiinapis), Litestar
(Itanist) amepuxanceki Lightscape Ta inmii. Kokna 3 mporpam, He3Baxkaro4u
Ha CBOIO YHIBEpCalIbHICTh, Ma€ TIEBHY OPIEHTALIIO JUISl BUPIIIEHHS KOHKPET-
HUX CBITJOTEXHIYHHMX 3aBiaHb. [Iporpama DIALux evo mpu po3paxyHKy
BUKOPHCTOBYIOTh METO]| «BUIPOMiHIOBaHH:s» 1 Mae Ha3By RadiCal. Meron
«BHIIPOMIHIOBaHHS» IIOB’SI3aHUHN 3 PIlICHHSAM pPiBHSHHS TJI00ATEHOTO OCBIT-
nerras. OcHOBHOMO nepeBaroro sippa RadiCal € He TiTBKH MOKIIHBICTE Bi3ya-
Ji3amii CBITIIOBOIO CEpEeNOBHINA 3 BHCOKAM CTYIIEHEM TOYHOCTI BimoOpa-
KEHHsI KapTHHHU OCBiTICHHS B 3D mpocrtopi, ane i po3paxyHOK UHCEIbHUX
3HAYEHb OCBITJICHHS B 33J]aHUX 00JIACTSIX IPUMIIICHHS.

OnMH 3 aHATITUYHUX METOJIB MPU PO3PaXyHKY OCBITIICHHS ISl BUPO-
OHMYUX TMPUMILIEHb, y SIKUX MPUIHATO PIBHOMIPHE OCBITJIEHHS POOOYHMX
TOPU3OHTAJIbHUX TTOBEPXOHb € METOJ| KOe(Iil[IEHTY BUKOPHCTAHHS CBITIOBO-
IO MOTOKY (K¢). BinmoBingHo 10 boro Metony pakTHuHy OCBITICHICTD Egpawm
BH3HAYAIOTh, BPaXOBYIOUHM CBITJIOBHH TOTIK, IO Taga€ BiJ CBITIIHHUKIB
0e3mocepeTHFO Ha MMOBEPXHIO 1 BIIOUTHI BiJl CTiH, CTEIi Ta CaMOi ITOBEPXHI.
VYci CBITIOTEXHIYHI pO3paXxyHKH BUMAararoTh MOOYMOBH IUIAHY PO3MIIIEHHS
CBITWIBHUKIB, BIANIOBIAHO BU3HAYAIOThCA Lcg /L, — BIACTaHb MK CBITUIBHU-
KaMd B PAAI/BIACTaHD MK psiiaMH CBITHIBHHKIB. J[is moOynoBu IuiaHy
PO3MIIIEHHS CBITWIBHUKIB TPUHHITO BUKOPUCTAHHS KOCQIIi€HTY A, IO
BU3Ha4a€ BiHOWIEHHS L¢ 1 L, 1O BUCOTH MiJBIiCY CBITHJIBHMKIB HaJ po0o-
YOIO MMOBEPXHEIO /. 3arajioM 1e Ma€e HEeBU3HAYEHICTh, OCKIJIBKH A 3aJIEXKHUTh
BiZ Tpbhox mapameTpiB (L, Ly, /), Ta Big kpuBoi cunu cBitia (KCC) cBitu-
JILHUKIB, IO BUKJINKA€ HEOOXiIHICTh OaraToBapiaHTHOTO PO3PAXyHKY.

Jnist npuKiiagy HaBeeHO Pe3yJIbTAaTH HMOPIBHSUIBHOIO PO3PaXyHKY IS
MIPOMHUCIIOBOTO NMPHUMIIIeHHS MpH BukopuctauHi LED- mamn momero S=3456
M2, TOBXKHHOIO A=72 M, mmpuHoto B=48wm, Bucororo H=6,5M. BucoTta mia-
BiCy CBITHIIBHUKIB /. =0,7 M, a po3paxyHKOBa BHCOTA ITiABICY JUKEpE CBIiTIIa
HaJ pobodvoro moBepxHel i =6,5-0,7-0,8=5 M; HOpMOBaHa OCBITJICHICTh
Euopv=300 JIk. [Toxubka piBHs OCBiTIIEHOCTI nMpuMimieHHs! AE noBuHHA OyTH
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Big -10% mo + 20% Bix HOpMoOBaHOi. KinbKiCTh CBITHIFHUKIB N HeoOXimgHe
U TIOOYIOBH TUTaHY PO3MIIIEHHS BU3HAYAIOTH B HACTYIHIN ITOCHIITOBHOCTI
N=f(1); Pposp=f(N,Euopu,S,Kks) ab0 1npu BimoMoMy @D, JNaMIi BH3HAUYAIOTh
N=RDyos,Enopu,S,Ks) Aani BAKOPUCTOBYIOTh Ac=Leo/h 1 Ap.=L,./h 1 BU3HAUA-
I0Th KUIbKICTh CBITWJIBHHKIB y Psilii Nge 1 KUIBKICTB psiniB N,. B pesynbrati
0araToBapiaHTHOTO PO3paxyHKY KiIBKOCTI CBITWIIBHHKIB N OyJI0 MPpUHHATO A
~1 +1,2 nna KCC — K ta A =1,2+2 ana KCC — 1.

TaGurg 1 — PesysbraTi CBITJIOTEXHIYHOTO PO3PaxyHKY IpH BUKoprcTaHHi LED- mamm

Tun JIaMITH-

noTyxHicTs (BT) LED - 130 LED - 200

Tum cBeTHILHAKA JICI103-130-101 Orion 750 JICI106-200-101 Moon 750

KCC (1) K (0,4+0,7) (1,2+1,6)

Tt pospaxysicy Ananmitnyauii DIALux Ananmitnyauii DIALux
a EVO a EVO

Leo/ Lp M 5,14/6 10,28/6

Ao/ Ap 1,03/1,2 2,05/1,2

N= NL'K/N[J, mT 112=14-8 56=7-8

CBIiTOBUI  IOTIK

Driom, M 16 236 31451

Ez})wcm (Ecp), JIK 289, 16 474 294,25 424

AE, % -3,61 58 -1,92 41,3

ITo3HaueHHs B TabnMI: Ac/A, — HAHOUIBII BUTIHE PO3PAXYHKOBE 3HaA-
YeHHS Ace=Lcs/h Ta Ap.=Lp./h nns Bignosinnoi KCC npu po3rantyBaHHI CBi-
THWIBHHUKIB Y BEpIINHAX MNPSIMOKYTHHUKA;, Epaum — (AKTHYHA OCBITIEHICTH
NpUMILIEeHHS; Ep — CEepelHs OCBITICHICTb.

Awnai3 Tabiuii nokasye, 0 NPU OAHAKOBIN KIIBKOCTI CBITHJIbHHUKIB
BUXOJIMTh Pi3HE 3HAUEHHS CEPEelHBOI (Pe3yJbTaT YHCEIBHOTO PO3PAXyHKY)
Ta (akTHYHOI (pe3yJjbTaT aHATITUYHOIO PO3PaxyHKy) ocsiTieHocti. [Ipu
YHCEIBHOMY PO3PaXYHKY CEPEIHs OCBITICHICTh 301IbIIYETHCS OUIBIN HIXK Ha
58% MOpPIBHSIHO 3 HOPMOBAaHMMHU 3HAYCHHSMH, IO JTO3BOJIUTH 3MCHIIUTH
KUTBKICTD JIJaMIT TIOPiBHSHO 3 aHATITUYHUM CBITJIIOTEXHIYHUM PO3PaXyHKOM.
3 Tabm. 1 BUIHO 3HAYHY BIIMIHHICTH PEKOMEHIOBAHOTO 3HAYEHHS A JUIS
kokHOoT KCC B MOpiBHSIHHI 3 pO3paxyHKOBUM 3HAYEHHSIM A 1 A, TIPU BHKO-
puctanHi LED cBiTHIIBHUKIB.

JAnst 3MeHIIeHHS TPYI0EMHOCTI IIPU MOOY/I0BI IJIaHy PO3MIIIEHHS CBi-
THJILHUKIB HEOOXIZTHO MPOBECTH KOPUT'YBaHHS Jlialla30Hy PEKOMEH/I0BAHOTO
3Ha4deHHsa A1 LED CBITHIBHMKIB 3aJIe)XKHO Bix mapamerpa s mpu moOy1oBi
IUTaHy PO3MIIICHHS CBITHIBHUKIB (Lcg, Lp).
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VIK 621.316

XKopusx JL.B.!, Nanwmrescekuii 5.1.2, Masenkos C.C.>

! kanp. TexH. Hayk, gou. HY «3amopisbka momiTexHika»
2 cryn. tp. E3-412m HY «3anopi3bka IoiTeXHIKa»

3 cryn. p. E-412m HY «3anopisbka IoTeXHIKa»

AHAJII3 MOXKJ/IMBOCTI NIIBULIEHHA SAIKOCTI
MNOCTAYAE€MOI EJIEKTPOEHEPI'TI HAITPYT'OIO 10 10 KB

3aBmaHHA aBapiifHOTO BIAKIIOYCHHS ITOIIKOKCHO! MIITHKH Mepexi,
CEKIIIOHYBaHHS MEPEXK, BKJIIOUCHHS PE3EPBY BUKOHYBAIH ITyHKTH CEKI[IOHY-
BauH: Mepex (IICM). [leBuuit uac e Oymu OyAiBII i3 BCTAHOBJICHUM y HHUX
HEOOXITHUM eJIEKTPOTEXHIYHMM 00JIalHAHHSM, SIKE MTOTPeOyBao nepioany-
HHUX MepeBipok Ta pemoHTiB. Ha ceoromni no ocHoBHux ¢yHkuin [1ICM
JIOMAETHCS OOJIIK CIIOKUTOT €NIEKTPOSHEPTil, a JUIsl TOIIYKY HeclpaBHOCTE 1
JIoKaizalii aBapiiHuX IUISTHOK Mepex 6-10 kB cTBoproBanuch cnenianizo-
BaHi CUCTEMH Ta MPUCTPOI, IO OCHALIYIOTh Ti caMi Mepexi CBOIMHU JIaT4yu-
KaMu 711 300py iH(popMarrii.

OcHoBHa yacTWHA (DYHKIIIH MepeX ChOTOHI BUPIIIYETHCS CTOBIIOBUM
IYHKTOM CEKI[IOHYBaHHS — DPEKJIOoy3epoM. Pexioysep — me KOMyTyrOdHMi
MIPUCTPil HA OCHOBI BaKyyMHOTO BIMHKad4a, [0 BUKOHY€E (PYHKIIiFO aBTOMa-
TUYHOTO BiIKIIOYEHHS BiJpi3Ka (CEeKIil) JiHii eTeKTporepenadi y pasi BUHH-
KHEHHS TIepEeBaHTXXEHHS (HANPHUKIAA, KOPOTKOTO 3aMHUKaHHA) y Wil cekmii
abo 3a TexHOJOTiYHOI HeoOXigHocTi. BiH Mae B cBOeMy CKJiaJli KOMIUIEKC
€JIEMEHTIB MOHITOPHMHTY Ta KEPyBaHHS MEpexero, HeOOXiJHHX JUis BHUSIB-
JICHHs aBapiifHOl cuTyalii Ta BiJKIIOYEHHS IUISHKHA MEpeKi, a TaKoX IJIst
MOJIaJIBIIOT0 MOBTOPHOTO BKJIIOUEHHS JIAHIIOTa (ABTOMATHYHOTO HOBTOPHO-
ro BioueHHs — AIIB). [Ins Hporo He MOTPiIOHO CHELiAJILHOTO MPUMIIIEH-
Hs1, 00 BiH PO3MILIYETHCS HA OIOPi, OCKUIBKU Ma€ HeBeNUKy Bary. [Ipakruy-
HO He TIOTpedye 00CIyroByBaHHS — KOHTAKTHI pelie 3aMiHeHI eeKTPOHHUMHU
mpucTposMu. Mae MOXIJIHBICTH TepenaBaTH iH(opMaIiiio AucreTdepy Me-
pexi mpo ¢axT aBapii, Mpo MOTOYHI BUMIPIOBAHHS MapaMeTPiB Mepexi Uit
JIOKami3amil aBapiifHOI IiMAHKY; 3a0e3medye KOMEPIHHAN 00K BimImyIe-
HOI €JIeKTPOEHEeprii; IUcreTdyep Mae MOIIMBICTh AUCTAHIIMHOI NMEpEeKoMy-
Tamii A7 BUKOHAHHS CEKI[IOHYBAaHHS MEpexi, IJKIIOYEHHS Pe3epBHUX
JiHIN TOIIO.

Ile no3Boise 3HMKYBAaTH BUTPATH €KCIUTyaTyIOUMX OpraHi3amii, 3mMe-
HIITYBaTH IEPEpPBU B €IEKTpOIocTadaHHi 00’€KTiB, 30uparn naHi moxo AC-
KYE 1a ACAYE 3 po3noxinsuoi Mepexi Ta CIOKHBadiB €IEKTPOEHEpril
(muB. puc. 1).

[ BUKOHaHHS nuX QyHKIIN y pekiIoy3epax 3acTOCOBaHI cydacHi Me-
TOJIM BUMIPIOBaHHS Ta IE€PE0Bi TEXHIUHI pillIeHHs, TaKi sK:
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— aHTU(EPOPE30HAHCHI JATYUKHU CTPYMY Ta HAIPyTH;

— BaKyyMHHI BUMHKA4 3 MarHiTHOIO 3aCYyBKOIO;

— GSM- abo PLC-mozem;

— cnerfianizoBaHni 6oku P3A;

— MOXITUBICTh BcTaHOBIeHHs NiuniabHuka ACKYE Ta iHmn ¢yHkiii.

lexni=nmi ederT Exonomigmii edekt

Srvnxerng wacy nomyky 1a SHICKEHHA BTPAT HA DOWYXH
NAKATIANT TOUIKOTARHHA w T TORAN ik eTiftkore
HA AT e1eRTponepeTaBaHHa THOTTHOTHEHHT

SHITRCHHE HeRHPOOHIMIX
BITPAT IITAXOM HATARH
|_[|c])op:.a:1m'|' M]3 HEICTh

MOCTARTEHDT eHRpri

HagpiieTs cHeTeMH KOHTPOAID q
SKOCT] eNerTpoeepril

Mosmeiers BRIHEITH ‘ MRS BHTPAT T8
THOTCHILATREL JLAREIT MEpeK] TOfepe TR BN Pes o
EERTPOTIOCTANAREA 1 A0TIOMOTOR e _
froxy PRA pexaoysepa w ill:lr.-pe'xu-n-r.w THICTPYETY L,
CILTTHMAHE Pecypey Mepes,
CKOHOMLE HA PEMOHT
200 TAMIHH MEPEE

PucyHok 1 — MOKITMBOCTI 3HWKEHHSI BUTPAT EKCILTyaTyIOUYnX
opraHi3aliiif mocta4aHHs eNeKTPOSHePTrii

Pekrnoy3ep MoXxe cTaTH BUPIMICHHSM TaKHX MPOOIIEM, SIK:

— CIIOKUBAYi BTPAYaIOTh EJIEKTPOMOCTAYaHHS Y pasi aBapii YM MOIIKO-
JOKEHHS 1, IK HACIII0K, 3a3HAIOTH 30MTKIB BiJ HOTO 3HAYHOI MEPEPBH;

— CIOXWBAa4Y BUTpPAYAETe JNECATKU TOAWH HA TOMIYK Ta JOKAJi3aIlifo
MOIIKOJKEHHS;

— 3a/IiSHICTh BEJIHMKOT KUIBKICTh MEPCOHATY Ta TEXHIKH Uil YCYHEHHS
MOIIKO/IXKEHb;

— HEMAa€E HaJiHOTO 3B’ SI3KY 3 AUCIETYEPCHKUM ITyHKTOM;

— Y CTHOXHBaYa € CKJIAQJHOII 3 KEPYBaHHIM MEPEXKEI0;

— 00CIyroByBaHHs MEpexi TPyAOMICTKe Ta oreparii 31iHCHIOITHCS
BpY'HY;

— y cioxxuBaya Hemae GSM-3B 513Ky Ta HE MOXETE JIMCTAaHLIHHO Kepy-
BaTH PEKJIOY3EPOM.

Kpim noctyny no kepyBaHHSI 001 IHAaHHSAM B OHJIAMH-PEXUMI, PEKIIO-
y3ep J103BoJIsiE Oe3NepepBHO BIJICTE)XKYBAaTH Ha MyJbTI KEPYBaHHS pe3ysbTa-
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T™ MOHiTOpI/IHFy eJ'IeKTpOI[I/IHaMi‘IHI/IX npoueciB, a TakoOX Ieperisigatu pe-

3yJBTaTH B TIaM ST IIPHCTPOIO.
B cximan pexioysepa 3a3BH9ail BXOAATH: | — KOMyTaIiifHUN MOITYJIb;
2 — mada KepyBaHHS; 3 — IHCTAJAMIS U KPIIUIGHHS KOMYTAIiifHOTO MOITy-
751 aHaNoriyHo madi kepyBaHHS; 4 — TpaHchopMaTOp HANPYTH (BCTAHOBIIO-
€ThCS TOJJATKOBO y pa3i JBOCTOPOHHBOTO XHUBJICHHS) MOPSA i3 KOMyTamii-

HUM MOIYJIEM.

SV

Pucynok 2 — Cknan pexioysepa

|"I|
-
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f;
Qu

)
\!

)
|
=

Pucynok 3 — KomyTatiiiinuit Mo/yJib pexiioysepa
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BucoKOBONBTHHI MOIYJh € 30ipHO-3BApPEHOI0 METAJICBOIO KOHCTPYK-
miero. BeepeanHi MoIyis BCTaHOBIIOIOTHCS: BaKyyMHHI BHUMHKady, TpaHC-
¢dopmaropu cTpymy, TpaHCHOpPMATOp BIACHHMX IOTped; TpaHchopmarop
HarpyTy, 3a HasBHOCTI QYHKIII o0siKy enekrpoeneprii. Ckiaja amaparypu
BUOUPAETHCS 3aJIEXKHO Bijl CXEMH T'OJIOBHUX KLJT MEPEKI.

CIIMCOK BUKOPUCTAHOI JTITEPATYPU

1. BHenpeHnue pexyioy3epoB B LENAX MOBBIIMICHUS HAJEKHOCTU DJIEKT-
pocHaOKeHus [EnextponHmii pecypc]. - Pexum JOCTYILY:
https://energobelarus.by/articles/tekhnologii/vnedrenie reklouzerov v_tsely
akh povysheniya nadezhnosti_elektrosnabzheniya/

2. HignpuemctBo «TEY» [Enexrponnuii pecypc]. — Pexum mocryrry:
http://tavrida-ua.com/products/

YK 621.316.71

Bopucenxo B.B.!, Komyp M.I.2

Ueryn. tp. E-412m HY «3anopisbka nosiTexHikay»

2 kaH1. TeXH. HayK, goil. HY «3amopisbka nosiTexHika»

PEAJIIBAIIA PEXXUMY I'AJIBMYBAHHSA NPOTUBMUKAHHAM
B ACHHXPOHHOMY EJIEKTPOIIPUBOAI 3 ®PAZHUM POTOPOM

[IBunKKit pO3BUTOK OE3KOHTAKTHUX CHUCTEM PEryJIIOBaHHS aCUHXPOH-
HOro JBHUryHa 3 (azuum potopom (AJDP) npussesno 10 3HWKEHHS KariTa-
JHHUX BUTPAT Ha MPOIYKINIO Ta IMiIBUINCHHS eHeProe(eKTHBHOCTI BUPOO-
HUYUX MexaHi3MiB. [IpoTe iCHYFOTh Taki BUPOOHHWUI UKIH, KOTPUM HEO0O-
XiJIHe BUKOHAHHS MHUTTEBHX YU aBapiitHux ramemyBadb AJI®OP. Tyt mms Beix
CHCTEM aCHHXPOHHO-BEHTWIbHOTO Kackany (ABK) Ta immynscHOTO perysmo-
BaHHA (IP) BHKOHAHHS TaKWX OIepariii IPU3BOAUTH O CYTTEBOTO IiJBH-
IICHHS CIIO)KUBAHHS EJIEKTPOCHEPTii, a iHOMI 1 SKHAWIIBHIIOTO BHXOAY 3
nany enexkrpornpuBony. [TopiBHUIbHUIA aHaI3 MOKa3aB, 10 HAHOLIBLI eHep-
roedekTHBHOIO € MopikoBaHa cucrema IP.

BinmiaHOIO 0ocoOmuBicTIO MaHOoi MoaudikoBaHoi cuctemu IP € HasB-
HICTh IMITyJILCHOTO PEryJsaTOpa B KOJI BHIPSMICHOTO CTPYMYy pOTOpa,
MPEICTaBICHOTO y BHUIVIAI NMEPETBOPIOBAaYA ITiABHIYIOYOTO THITy Ta iHBEp-
Topa, KU Ha BiaMiny Bix ABK, mpairoe 3 mocTiiHIM MiHIMaIBHUM KyTOM
iHBepTyBaHHS. 3a paxyHOK LbOTO 3a0e3ledyeThcss BUCOKMH KoedilieHT
MOTYKHOCTI 1 KOeilieHT KOpUCHOI il B IIMPOKOMY Jiarna3oHi KOB3aHHS
AJI®OP. Tomy came wiif cucTeMi pPeryJIOBaHHS BapTO NPUAUINTH yBary npu
il cMHTE31 3 KOHTaKTOPHOIO CXEMOI0, IO pealizye PeXHUM TralbMyBaHHS
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IIPOTH BKJIIOYEHHSIM, TaK SK BOHA JJO3BOJIMTH ITIJBHIIMTH €HEProe(eKTHB-
HICTh BCHOTO €JIEKTPONPHUBOLY B MOMEHT T'aJIbMyBaHHS 3a PaxXyHOK peKyIe-
pariii eHeprii KOB3aHHS pOTOpa B MEPEIKY.

TomMy MeTor0 poOOTH € TiABHINCHHS €()eKTUBHOCTI pOOOTH Ta eHepre-
THYHAX ToKa3HuKiB A/IDP 3 momudikoBanoro cucremoro IP y pexumi ra-
JIbMYBaHHS IPOTHBMHUKAHHSIM.

3a pe3ynbTaTaMy poOOTH OTPHUMAHO CHHTE3 KOHTAKTOPHOI CXEMH, IO
peaizye peXMM TalbMyBaHHS NPOTUBMUKAaHHAM 3 CYYacHOIO CHUCTEMOIO
IMITYJILCHOTO peryioBaHHsA. Po3poOka MareMaTHyHOT MOAENI JOCIiIKEeHHS
MoaudikoBanorw cucremoro IP AJIOP i3 peanizaniero ranrbMyBaHHS IPOTH-
BMHUKaHHSIM. BH3HaueHO BeNMYnHY J0AaTKOBOTO OMOPY B JIAHIIO31 BUIIPSIM-
JICHOTO CTPYyMy pOTopa, mo 3abe3mneuye y3romkeHHs EPC potopa AJIOP Ta
EPC inBeprop. [Ipu nipomy 3a0e3nedyeTsest 0OMEKEHHSI HAPOCTaHHS CTPyMY
cTaropa B 3 pas3u, CTpyMy poropa — B 3,5 pasu Ta €IeKTPOMAarHiTHOTO MO-
MEHTY — B 2 pa3u. Lle 103BOIUTE 3HU3UTH yAApHY CKIIAJ0BY €JIEKTPOMArHiT-
HOTO MOMEHTY B IIEpioJ] PeBepCy, a TAKOXX YHEMOXKIMBUTH PO3CIIOBaHHS
eHeprii KOB3aHHA POTOpa B 0OMOTKax craTopa Ta potopa AJI®P. Ipu mpo-
MYy EHEpTis KOB3aHHS POTOpa 4epe3 IHBEPTOP PEKYINEPYEThCS B MEPEXY, L0
MIPU3BOJUTS JI0 MiBUILECHHS €HEProeEKTUBHOCTI €JICKTPOIPHUBOY.

UDK 621.316.71

Tytariev Mykyta!, Mykhailo Kotsur?

!student of group E-412m NU «Zaporizhzhia polytechnic»
2 PhD, assistant professor NU «Zaporizhzhia polytechnic»

DEVELOPMENT OF A THERMAL SUBSTITUTION SCHEME OF
AN INDUCTION MOTOR

Currently, due to the widespread use of PCs, the use of temperature
field method of thermal assessment has become possible both at the research
stage and at the design stage of the induction motor. This allows to do with-
out traditional methods of calculation and method of thermal scheme of
replacement of thermal state of induction motor, and to pass from tempera-
ture resistances, as parameters of the thermal scheme of substitution, to ge-
ometrical conductivity of the given scheme.

Thus, the development of an adequate electro-thermal field mathemati-
cal model to obtain more accurate results of the calculation of the thermal
state of induction motor is an urgent scientific and technical task.

As a result of the research the peculiarities of simulating of thermal
processes in the cross section of an induction motor are considered. A math-
ematical electrothermal field model has been developed, which allows to
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take into account the peculiarities of interconnected electromagnetic and
thermal processes in structural elements of an induction motor with a squir-
rel-cage rotor, nonlinear properties of materials, change of states of thermal
conductivity coefficients of each units of the induction motor depending on
change of its temperature.

The results of field electro-thermal calculation were compared with
empirical calculations for estimating the temperatures of the main and main
components of the induction motor according to the methods of O.D Gold-
berg and I.P. Kopylova. The relative error in relation to the results of field
calculation, according to the method of O.D Goldberg is 20.2%, according to
the method of I.P Kopylova — 15,6%.

Thus, given the fact that the field electro-thermal model has a very ac-
curate calculation, is a very important result and can be used at the design
stage of induction motor, as an alternative way to assess the thermal state of
induction motor.

YK 621.316

Iaspixos €.M.!, Hosikos B.O.2, CroTka O.1.!, Yaban L.M.!
Ueryn. tp. E-412M HY «3anopisbka oM TEXHIKa»

2 cryn. tp. E-812m HY «3amopisbka IomiTeXHiKa»

AHAJII3 KOHCTPYKTUBHUX METOAIB IIJIBULITEHHA
POBOTO3JATHOCTI BUCOKOBOJIbTHHUX BBO/IB
BUMIPIOBAJIBHUX TPAHC®OPMATOPIB

Obnannanas eneprocucreM (OEC) mae OyTH 3maTHUM YCHIIIHO Ipa-
IIOBATH B TIEPiOM MAaKCUMYMIB CIIO)KMBaHHS, MO0 HaIIHHO 3a0e3medyBaTH
CJICKTPOEHEPTIEI0 MPOMHUCIOBHUX Ta COILAJbHUX CIIOXKHBAYIB caMe TOMi,
KOJIM BOHAa HaiOLIpm moTpiOHA. BrcokoBompTHE OONAamHAHHS i3 30BHIII-
HBOIO 130JISILII€I0 B MOBITPI 3 1Ii€] IPUUUHM TaKOX Ma€ BUTPUMYBATH pi3Hi
BIUIMBHM HABKOJIMIIHBOTO CEPEIOBUINA, BKIIOYAI0UH EKCTPEMalIbHI TeMIepa-
TYpH TOBITPs,, BOJOTICTb, 3a0pyAHEHHS MOBITPS (HANPHUKIAJA, MPHPOAHI
3a0py/JHEHHsI, Ciib a00 MPOMHUCIIOBI 3a0py/HEHHS), CYBOpi HOTOJHI YMOBH
(Hmampukiaa, OUKIOHH, yparanu), i HaBiTh 3emieTpycy. Binbip, po3pobka ta
BUKOPUCTAHHS KpaIlMX MartepiaiiB, 3JaTHUX HPOTHCTOATH OIEpaliiHUM
HaBaHTXXECHHSIM Ta YMOBaM HABKOJMIIHBOTO CEPE/IOBHINA, 1[0 BUKOPHCTO-
BYIOTBCSI JIIsI BUCOKOBOJIBTHOT'O OOJIaHAHHS 3 TAaKOI 30BHIIIHBOO 130JI1i-
€10, MAlOThb OCHOBHE 3HAUCHHs JUIs 3a0e3NeueHHs HalidHOI eKcInTyartarii
BHUCOKOBOJILTHUX cucTeM [1].

3HayHa KUIBKICTh €JEKTPHYHOTO OOJaJHAHHS BIIKPUTHUX PO3IIOMLTH-
Hux npuctpoiB (BPII), a Takox eNeKTpUYHMUX CTAHI Ta MiJCTAaHIIN PO3-
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TAIIOBYETHCS Ha BIJKPUTOMY IPOCTOPI, TOMY IPH PO3pPOOLI CXEM Ta KOHC-
TPYKTHBHOTO BUKOHAHHS TOJIOBHUX 3HIDKYBAJIbHUX Ta PO3MOAUIBYMX MiZC-
TaHI[I HEOOXITHO BPaXOBYBATH EIEKTPUYHI BIIACTUBOCTI MPOOOIO IIHOT0 00JIaI-
HAHHA B TIOBITPSHOMY CEPEIOBHIII. A OTXKe, Yepe3 Te, 10 MiHIMaIbHI 30JILiiHI
BizicTaHi B moBiTpi 11 obmamHanHsa BPII Ta 3aKkpUTHX pO3MOAUTEHAX TIPUCTPOIB
(3PII) 3 mampyroro Big 3 kB mo 220 kB, ski 3a0e3medyroTh yMOBH O€3MeKd Ta
3py4HICTh 00CITyroByBaHHS (MiHIMAJbHI BIICTaHI Bifl CTPyMOIPOBIIHIX YaCTHH
JI0 3a3eMJICHIX KOHCTPYKIiH, @ TAKO)K MK CTPYMOIIPOBIZIHUMH YaCTHHAMH Pi3-
HUX (a3 Tomo), periamenToBani [TYE, To e Moke mpu3BecTH 1O 30UIBIICHHS
IUTONII TPU PO3MIICHHI Ta BCTAHOBJCHHI Takoi amaparypu [l — 4]. Ockiibku
OCHOBHE 00J1a/THaHHs1 TpaHCc(OPMATOPHUX MIJICTAHIIIH Bi/paIoBajIo CBii po3pa-
XyHKOBUH TEXHIYHHI pecypc, TO BIICYTHICTh 3aXOAiB INOAO MojepHizamii Ta
PEKOHCTPYKIIT JIIFOUMX CICKTPHYHUX MEPEXK Ta MiJCTAHIIIN, a TAKOXK OYIiBHHLITBA
HOBWIX JIiHiH TIPH3BOUTE JI0 3HIDKEHHS HaiiHOCTI podotn OEC. OmHuM i3 romo-
BHHX IUBIXIB MATPUMKH €KCIDTyaTaIliifHOI HaAiiHOCTI Ta TIPOIOBKEHHS POOOUO-
TO pecypcy OCHOBHOTO OONIaIHAHHA HA CTAHIISX € OpraHi3amis e(eKTHBHOTO
KOHTPOJIFO HOTO CTaHy y Ipolieci ekcrutyararii. ToMy npy BH3HAUEHHI TepcieK-
TUBHHX 3aBJaHb 1 IPOTpaM PO3BHUTKY IMEPIIOPSATHY YBary HEOOXiTHO TPHUALIITH
Ppo3poOKaM, CIIpSMOBaHAM Ha ITiIBHIICHHS (PEeKTHBHOCTI Ta HAIIMHOCTI poOOTH
BCHOTO O0JIa/IHAHHS CTAHLIH 1 MiICTAHIlIH, CTBOPEHHSI HOBUX METO/IB JIarHOCTY-
BaHHI, SIKI JJal0Th MOXJIMBICTH OpraHi3yBaTH KOHTPOJIb €JIEKTPOOOa HaHHs Oe3
HOro BIIKITIOUCHHS, ITi/1 pOOITHIKOM HAMpPYTO0, a TAKOXK HAa MOJICPHI3aIlii0 00a-
JIHaHHS, 10 3HAXOIMThCS B eKciutyaramil. [Ipu 1ipoMy HeoOXiHO BpaxoByBaTH
Cy4acHI BUMOT'Y Ta TEH/IEHIIii CBITOBOI €JIEKTPOTEXHIKH Ta EJICKTPOCHEPTeTHKH.

Y NpHCTPOSIX MACIISTHOTO 00J1a/THAHHS 3aCTOCOBYIOTH BBOJIM 3 TBEPJIOIO 130-
msietro Tay RBP (Resin Bonded Paper) — marmip ckieeHuMii cMomoro, a BXe 3
2004p. — Trmy RIP (Resin Impregnated Paper) — mamip, mpocodeHmit cMoIoro,
turry RIN (Resin Impregnated Nonwoven). ani Buau 13011l 3a0e3MedyroTh
HEOOXiHI XapaKTePUCTUKH, IO 3a0€3MeUyI0Th BHYTPIIIHIO i30JIAIIiF0 BUCOKOBO-
MpTHUX BBOAIB. HaiicydacHima tBepma RIP-i3oimsmist, TeXX CXIJIbHA IO BIDIUBY
BOJIOTH, X04a i MeHIow Mipor, Hbk RBP-i3omsuis. Beogu OyBaroth pi3HHX
THIIIB, sIKI KNacH(IKyIOTbCS 32 OCOOIMBOCTSAMHU KOHCTPYKLIIT, HAIOBHEHOCTI Mac-
JioM a00 1HIIO XIMIYHOIO CKJIAIOBOFO, TUIOJIOTII 1301s11ii. HaBiTh TepMOBaKyyM-
HE TPOCOYEHHSI eTIOKCUIHIM KOMIIAyHJIOM He YCYBa€ MOBHICTIO TIPOCKOIMIYHICTh
narnepy. MoJleKyii KOMITOHEHTIB KOMITayH/a MaloTh BEJIMKI pO3MIpH B TOpiB-
HSHHI 3 pO3MipaMH MOJICKYJT BOAM 1 HE B 3MO031 CTBOPHUTH INTOBHY HEIPOHUKHICT
JUIL BOJIOTH, TOMY IIIO B HAWOLIBII IPiOHI TIOpH Tanepy BOHHU HE MOXYTh IIPOHHK-
HYTH. 3

[ BupieHHs npoOieMy, ITOB’S13aHO0i 3 BIUIMBOM 30BHILIHBOTO CEPeJIo-
BHIIA Ta TIOTOJM, 0araTto KOMIIaHiH-pO3POOHHUKIB 3aIIPOIIOHYBAIN BUKOPHCTOBY-
BaTH KpeMHifopraHiuHy ryMy Ha Hampyru Oumsmioro 3a 110 kB. Bigomo, mio
crikoHOBI mopoxxaucTi 1305aTopr HIVOLT [3, 4] BUroTOBIIEH] 3 BUCOKOMIITHOT
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CKJIOBOJIOKOHHOI TPYOKH 3 ()OPMOBAHOIO CHIIIKOHOBOIO TyMor0. Ha 000X KiHITIX
1301TOPIB 3i0paHi MeTaneBi (hIaHIl 3 aJFOMIHIEBOTO CIUIABY, IIOPOXKHUCTI 130715
Topu 3 cuikoHOBOI r'ymu HIVOLT maroTh HeoOXi/THI SK MEXaHIYHI, TaK 1 CJICKT-
PHYHI XapakTepUCTHKH. [IpoayKiis IIMPOKO BUKOPHCTOBYETHCS JUIS aBTO-
MaTHYHUX BUMMKAYiB, BBOJIIB CHJIOBHX Ta PO3MNOJUILHUX TPaHCHOPMATOPIB,
BUMIPIOBaJIbHUX TpaHc(opMaTopiB, KabeTbHUX BUBOJIIB, PO3PSAHUKIB HIepe-
Harpyru Toio. [Topo>KHHCTI KOMITO3UTHI 130JIATOPH B Jiara3oHi HAaNpyT Bif
36 kB no 500 kB 3MiHHOTO CTpyMy npoTecToBaHi Ta cepTHdikoBaHi Biamo-
BigHo mo IEC 61462.

Oco0mBy BaXIIHBICTH Ma€ KOHTPOJb 33 TOTPUMAHHSAM TEXHOJIOTil BUTO-
TOBJICHHS Ha BCIX CTamisX BHUpOOHMYOro mukimy. Came CKiax KOMIIAYHAY Ta
TEXHOJIOTIYHI PEXKIMH, SKi BIITPAIIbOBYBAIHCS K PO3PAXYHKOBHM TaK 1 eKCIIe-
PUMEHTANIBHAM LITIXOM HPOTSATOM TPUBAIOTO Yacy € rapaHTIiero 30eperKeHHs
BUCOKHX MJICNEKTPUYHIX BiacTuBocTeld RIP-i30711ii 0CTOBIB MPOTATOM TpHBa-
JIOTO TEPMIiHY eKCILTyaTanil. PeTebHuil KOHTPOJIb 32 TOTPUMAHHSIM TEXHOJIOT -
YHHUX PEXUMIB y MPOLIEC] CYILIHHS, TPOCOYSHHS, a TAKOX Iifl Yac UKy 3aTBe-
PIIHHA 3a0e3Me4yloTh MOCTIHHY BHCOKY SIKICTh I30JIILIIHHMX OCTOBIB IIOJIO
PIBHSI YACTKOBUX PO3PSIiB Ta MEXaHIYHHX MOKa3HHUKIB.
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DESIGN OPTIMIZATION OF THE ROTOR OF AN INDUCTION
MOTOR BY FIELD METHOD

The use of the field method of calculating the electromagnetic parame-
ters of an induction motor will reduce the error in determining the energy
performance at the design stage of the induction motor and allows to do
without traditional research methods based on alternate circuits.

In this regard, the peculiarities of the calculation of electromagnetic pa-
rameters of induction motors were considered. The analysis and choice of
mathematical methods for researches and optimization of geometrical di-
mensions of a rotor of induction motors is carried out.

The general characteristic of the software for field calculation of induc-
tion motors is executed. An electromagnetic field model of an induction
motor has been developed, which takes into account the geometric features
of the design of the active part of the stator and rotor core, as well as the
spatial location of the stator winding and squirrel-cage rotor winding.

An approach to the construction of a spatial mathematical model of
electromagnetic field distribution in the design of the active part of an induc-
tion motor with a squirrel-cage rotor is developed, which allows to deter-
mine the optimal dimensions of the core and squirrel-cage rotor winding to
improve the energy performance of an induction motor.

As a result of improving the design of the core and squirrel-cage of the
rotor of an induction motor, an increase in net power by 0,91% and efficien-
cy by 1,03%, while the total losses remain approximately unchanged.
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MODELING OF OLTC REGULATING TRANSFORMER IN
MATLAB SOFTWARE

Today’s advanced industrial processes are often sensitive to power
supply interruptions and voltage distortions. On the other hand, the growing
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use of non-linear loads generates interference and contributes to the in-
creased levels of voltage contamination in power networks. This situation
can affect normal operation of other customers connected to those networks.
Thus, in recent years the sensitivity towards power quality issues has been
increasing mainly as a result of the demands posed by many consumers.

Currently, the power systems use a large number of devices, which en-
sure the maintenance of the required voltage level. First of all, transformers
with an adjustable transformation ratio under load, capacitors, secondary
batteries, reactors, synchronous compensators, generators, power plants, and
so on are used. [1, 2]. These devices are equipped with regulators that main-
tain the voltage at a predetermined level. The main means of regulating the
voltage in electrical networks are power transformers with on-load tap
changers (OLTC).

To increase the regulation stability [3, 4] a model that allows take into
account the sign of the derivative enveloping the regulated voltage is pro-
posed. It allows not to make additional transformer tap switch, if regulating
my parameter is out of the deadband, but under the influence of external
factors moves in this zone.

It allows not making additional transformer tap switch, if regulating
my parameter is out of the deadband, but under the influence of external
factors moves in this zone. Assessment of the stability of the investigated
automatic control systems (ACP) in [4] is combined with the assessment of
the quality of its transient (the latter in case of stable system will damp over
time). In turn, the transition process in the system is measured by its re-
sponse to the greatest possible jumps setting or exciting effects of voltage.
Obviously, the synthesized system refers to the essentially nonlinear, and the
investigation of its stability should be carried out by computer simulation.
The mathematical model of the ACP-voltage power transformer with on-
load tap changer of RNTA — 60/630 (eight switching steps) can be imple-
mented by dependencies [3]:

Simulation model of three-phase three-winding power transformer with
on-load tap changer, as shown in figure 1, is created in the software package
MATLab (Simulink 4) [4] to solve the provided dependencies. Since the
voltage control channels in the direction of its decrease or increase work
uniformly, only one channel was implemented in the model, which greatly
simplifies the calculations. In addition, one can take into account that at
significant deviations of voltage, regulation system provides switching of
OLTC without delay (at least for two positions). Therefore, to simplify the
model, it was assumed that the device has only two tap-changer section. A
transformer with OLTC was simulated in MATLab package using controlled
transmission system (FACTS) [4]. This was possible because the OLTC
switch is used to switch the load and carry current in the windings of the
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transformer without breaking the circuit. Since the real time of the windings
switching (30 ... 60 ms) is much smaller than the actual time of selection
taps (3 ... 10 s), this block can be represented by vector model to investigate
the stability of the power system in range from several seconds to several
minutes.

A 25 kV distribution network consisting of three 30km distribution
feeders connected in parallel supplies power to a 36 MW/10Mvar load
(0.964 PF lagging) from a 120 kV, 1000 MVA system and a 120kV/25 kV
OLTC regulating transformer. Reactive power compensation is provided at
load bus by a 15Mvar capacitor bank. The same circuit is duplicated in order
to compare the performance of two different models of OLTC transformers:

1. Model 1 is a detailed model where all OLTC switches and trans-
former characteristics are represented. This model can be used with either
continuous or discrete solvers to get detailed wave shapes or with the phasor
simulation method to observe variations of phasor voltages and currents.

2. Model 2 is a simplified phasor model where the transformer and
OLTC are simulated by current sources. This model can be used only with
the phasor solution method. It is much faster to execute and it should be the
preferred model for transient stability studies, when several such devices are
used in the same system.
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Figure 1 —Model used

Both OLTC transformer models implement a three-phase regulating
transformer rated 47MVA, 120kV/25 kV, Wye/ Delta, with the OLTC con-
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nected on the high voltage side (120 kV). The OLTC transformers are used
to regulate system voltage at 25 kV buses B 2 and B 4.

Voltage regulation is performed by varying the transformer turn ratio.
This is obtained by connecting on each phase, a tapped winding (regulation
winding) in series with each 120/sqrt (3) kV winding. Nine (9) OLTC
switches allow selection of 8 different taps (tap positions 1 to 8, plus tap 0
which provides nominal 120 kV/25 kV ratio). A reversing switch included in
the OLTC allows reversing connections of the regulation winding so that it
is connected either additive (positive tap positions) or subtractive (negative tap
positions). For a fixed 25 kV secondary voltage, each tap provides a voltage
correction of +/-0.01875pu or +/-0.875% of nominal 120 kV voltage. Therefore,
a total of 17 tap positions, including tap 0, allow a voltage variation from 0.85pu
(102 kV) to 1.15pu (138 kV) by steps of 0.01875pu (2.25 kV).

Start the simulation and observe OLTC operation on the Scope (look at
fig. 2):

— trace 1 shows the tap position;

— trace 2 shows a superposition of positive-sequence voltages at 120
kV bus B1 (yellow), at 25 kV bus B2 (magenta) and bus B4 (cyan);

— traces 3 and 4 show the active and reactive powers measured on 120
kV side (buses B1 and B3).

These graphs allow estimating how quickly transient processes when
exposed to step excitation are damped in the synthesized system of automat-
ic voltage regulation of power transformer with on-load tap changer RNTA
— 60/630. More than that, whether additional tap switching of OLTC is re-
quired until the transition process ends.

Simulation of control voltage in programming software MATLab
(Simulink 4) can significantly improve not only the quality of delivered
energy in energy-producing industries, but also the efficiency of production.
The results obtained in the simulation and related calculations suggest how
rapidly synthesized in the automatic voltage regulation in the power trans-
former on-load tap changer (in this example RNTA — 60/630) is damped
transients-step winding, and whether such an additional tap-tap-changer until
the transition process is ended. Prediction of the number and speed of the
switching power transformer windings will optimize not only the regulation
of the power consumption, but also ultimately provide the requested process.
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Figure 2 — Waveforms of tap changing process
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NIJIBUIEHHS SKOCTI EJEKTPOEHEPTII 3A PAXYHOK
KEPOBAHUX HIYHTYBAJIbBHUX PEAKTOPIB

I'eHepariist enexkTpuyHOi eHeprii Ta i crokuBavi 3a3BMYail HE 3HAXO-
JAThCs OJIM3BKO OJTUH Bix oHOTO. Benuki MicTa 1 BETUKI IPOMUCIIOBI perio-
HM 4YacTO OTPUMYIOTh EJISKTPOEHEPTil0 BiJ JDKepel, II0 3HaXOJIThCS Ha
BesinKiil Biacrani. CKIaloBi CHCTEMH | HaBaHTa)XEHHs BKIIIOYAIOTH B cebe
JDKepeia peakTUBHOI MOTY>KHOCTI (KOHAEHCATOPH 1 KOTYIIKH iHIYKTHBHOC-
Ti), SIKi BIUTMBAIOTh Ha MPOQLTh HAPYTH MEpeXi i cTabiIbHICTE CHCTEMH.
Jlinii mepemaui BHCOKOBONBTHHUX cucTeM (735 kB) MOXyTh MaTH 10
200 MBAp emHicHOT oTy>kHOCTI Ha noBxuHy 100 kM. KabenpHi 3’ €qHaHHS
MOXYTh JaBaTH HaBiTh OUTBIIY pPEaKTHBHY IOTY)KHICTh. Benmuki HaBaHTa-
JKCHHS, IO MICTATH €JIEKTPUYHI TyToBi 1medi abo MOTYKHi IPUBOAH, MOXYTh
maru 70 100 MBAp iHIyKTUBHOT peakTHBHOI MOTYKHOCTI. be3 BianoBigHol
KOMIIEHCAllli peakTHBHOI IMOTYXKHOCTI B JIOBIMX JIHISIX Iepefadi MOXYTh
HACTYIUTH KPUTHUYHI yMOBH POOOTH CHCTEMH 4epe3 CHJIbHI KOJMBaHb Ha-
npyrH 1 npobsem 3i cradinbHicTio. i mpobieMu MOXyTh OyTH BHpILIEeHI 3a
JIOTTIOMOT'0I0 CXEM MapajeabHOI 1 MociIoBHOI KommeHcarii [1, 2].

PeakTBHUI CTpyM, 110 IUPKYJIIOE MK T€HEPATOPOM €HEPronocTada-
JbHOI KOMIIaHii 1 CHOXXHMBaueM, MEpPETBOPIOETHCS HA TEIUIOBY CHEPriio B
CHCTEMI PO3MOALIY €JIEKTPOEHEPTii, TOOTO CTBOPIOETHCS 10JJaTKOBE HaBaH-
Ta)KCHHS Ha TeHEPaTOpH, TPaHCPOPMATOPH, Kabelll Ta po3NOAIIbYMHA MPUCT-
piit. Lle mpu3BOANTE MO BTpAT EINCKTPOCHEPril 1 MaaiHHSI Hampyrd. SKmo
YyacTKa PEaKTHBHOTO CTPyMy BHCOKa, HasiBHI INEPETHHY IPOBIIHHUKIB HE
MOXYTh TOBHICTIO BHKOPHUCTOBYBATHCS MAJsl Tepeaadi KOPHCHOI eHeprii,
MOXIIMBO, iX MOTPIOHO BiANIOBIJHO 301IBIINTH.

Cepen 1isioro psy nepepar Bij 3aCTOCYyBaHHS IPUCTPOIB KOMITEHCALIIT
PEaKTHUBHOI MOTYHOCTI MOKHA BUJIUINTH 11’ ATh TOJIOBHUX:

1. EkoHOMIisI €HeprocrnoXuBaHHS, TOOTO 3a YMOBH BIPOBAKCHHS
KOMIIEHCYIOUHX IPUCTPOIB PEaKTUBHOI MOTYXKHOCTI Ja€ CYTTEBUI €KOHOMi-
yHHUH edekT. 3HMKEHHsS PiBHA €HEprocHoXMBaHHS MoOXe ckiacTH 1o 40-
50% Bin 3aranpHOTO 00CsTY. IIpM Takux obcsArax TEpMiH OKYIHOCTI CHCTEM
KOMIIEHCAIii HOTYKHOCTI CKJI1ajie He OiJIbIIe OJTHOTO POKY.

2. 30imbIIEHHS] TEPMiHY CIIy>KOW 00saHaHHs, TOOTO 3acO0M KOMIIEH-
canii 301JIbIIYIOTh TEPMiH CIIyKOHM CHJIOBHUX TpaHC(HOPMATOPIB, OCKUIBKH X
BUKOPHCTAHHS 3HIDKYE HAaBaHTAXKCHHS Ha YCTAaTKyBaHHs. BuKOpHCTaHHS
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YCTaHOBOK KOMIIEHCALlil TaKOX 3HIKY€ HaBaHTaKCHHS Ha JIiHIT mepepad i
HarpiB MPOBOJIB, IO JO3BOJIIE BHUKOPHCTOBYBATH CTPYMOIIPOBITHI KIITH
MEHIIOTO MEPETHHY.

3. ExoHOMIsI BUTpaT Ha IPUCTPiil eneKkTpoMepesk, ToOTO Ha eTari Ipo-
eKTyBaHHS 1 OyJiBHMITBAa HOBUX OYIiBEeNlb MOHTaX CHCTEMH KOMIICHCAIIil
PEaKTHBHOI IMOTY)KHOCTI TO3BOJISIE ICTOTHO 3a0IIaJUTH HAa OONAIITYBaHHI
PO3TIOAUTEIOT €TCKTPOMEPEKi.

4. ITokpaleHHs SIKOCTI €HepronocTayaHHs, TOOTO 3aCTOCYBaHHS 3aC0-
0iB KOMIIeHCalii pPeaKTHBHOI HMOTY)XHOCTI J]Ja€ MOXKJIUBICTh TIOIaBUTH MeEpe-
KEBI HEPEUIKOJM, YHUKHYTH TJIMOOKOI MPOCaJKU HANpyrH i MiHIMI3yBaTH
Hecumetpito (a3. Kpim Toro, cucremMu KOMICHcAIlii B CKJIAAi MACUBHHUX
(UIBTPIB 103BOJISIOTH 3HU3UTHU PIBEHb BUIIUX ['APMOHIK.

BucHoBoKk. Y nanuii yac BUHUKIM 00’ €KTUBHI MEPEITyMOBH JIsl PO3BHU-
TKy eleKTpoeHepreTukd Ykpainnm XXI CTONITTS Ha HOBIM TEXHOJIOTIYHIN
OCHOBI, III0 XapaKTEePHU3y€ MepeXia 0 HOBOTO PO3BUTKY CBITOBOI €KOHOMIKH
IUIIXOM ~ CTBOPEHHS  IHTENEKTyaJdbHOI E€HEProCUCTEMH 3  AaKTHBHO-
alalTUBHOIO EJIEKTPUYHOIO0 MEPEeXelo, 10 MoOyMoBaHa Ha KOHIENIii Smart
Grid («po3ymHi Mepexi») [1]. Po3BUTOK eNeKTpOCHEPTeTHKH B MEPEIOBUX
KpaiHaX CyNpOBOMKYETHCS IHTEHCHBHHM ITOITYKOM HOBHX TEXHOJOTIH IS
BUPINIEHHS MpoOJeMH TOAANBIIOTO MiABHIIEHHS e()eKTHBHOCTI poOOTH
MaricTpajbHUX ENEKTPUYHUX MEPEX 3 METOI ONTUMAIBHOIO PO3IOALTY
MIOTOKIB MOTY>KHOCTI 00’eqHanoi eneprocucremu. ¥ CIIA, Inxii, €Bporneii-
cekomy Corosi, Kanami, Kutai konneniist Smart Grid € mo cyTi qepKaBHOIO
MOJIITUKOO TEXHOJIOTTYHOTO PO3BUTKY €IIEKTPOCHEPTeTHKU MallOyTHBHOTO.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Oleckun, E. b. YnpasnseMble NoIMarHMYMBaHUEM IIYHTUPYIOLIUE
peaxtopsl [Tekcr]| / E. b. Uleckun u ap.; mox pen. I'. A. EBmokyHuHa. —
CII6: Ponnas Jlagora, 2013. — 280 c.

2. Xopmusx, JI. b. K Bonpocy o moBsimeHn# 3QPEeKTHBHOCTA PabOTHI
LIYHTUPYIOLIMX peakTopoB Oonbmoi MomrHoctu [Teker] / JI. b. YKopwsk,
B. U1 Ocunckas., A.C. Ilansiyn // Bicauk HarioHaqipHOrO TEXHIYHOTO
yHiBepcuretry «XIII». Cepis: IIpobmemu ymOCKOHAJICHHS EIEKTPHYHUX
MamuH i amapatiB. Teopis 1 mpaktuka, T.1. — X.: HTY «XIII». — 2014 — Ne
42 (948). - C. 10 - 15.

YIK 621.651
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CUCTEMMU KEPYBAHHS TPUBO/JHUMHU MEXAHI3MAMU

CyuyacHi BUCOKI BUMOTH JI0 MPOAYKTHBHOCTI PI3HUX MEXaHI3MiB Ta J10
SKOCTi BUPOOIB MOXKYTh OyTH 3a0e3nedeHi TiIbKM Ha OCHOBI aBTOMAaTH30Ba-
HUX EJICKTPOIPHUBOMIIB. YCITiX aBTOMATU3aIlil 3aJCKUTh B 3HAYHIA Mipi Bif
TeXHIYHHUX 3aco0iB ii peanizawii, TOOTO BiJ IHIUBITyaNbHUX MEXaHi3MiB a0
€JIEMEHTIB, CYKYIHICTh SIKHX YTBOPIOE IPOMHCIIOBY €JIEKTPOMEXaHIYHY
CHCTEMY — aBTOMAaTU30BaHUH €JICKTPOIIPUBOI.

Cy4acHHH eJIEKTPONPHBOJ SIBISE COOOI0 CYKYITHICTH EJICKTPOJBHIY-
HIB, CHCTEM TIepenadi Ta 3aco0iB KepyBaHHS, sKi 3a0e3MeUyI0Th aBTOMATHU-
30BaHy POOOTY IPOMHUCIOBUX MEXaHI3MiB.

MeToro poOOTH € BHpIIICHHS HACTYMHUX NHpoOieM, SKi BUHHUKAIOTH
IIPY CTBOPEHHI CHCTEM KEpyBaHHS CyYaCHUMH €JIEKTPOIPHUBOAAMHE:

1. BUTHCHEHHSI MEXaHIUYHHUX JIAHOK Ta KIHEMaTWYHHUX 3B’SA3KIB €JIEKT-
puyHuMHE. 1le 3Ha4HO CIIpOIy€e KOHCTPYKIIT MaIllMH, MOKPAIIYE SKICTh TeX-
HOJIOTIYHOTO TIpolecy, 30UIbIIY€e IIBHIKICTh MAIHMH, IMOKpAILy€e YMOBH
00CIIyroBYBaHHsI Ta TOJIETIIYE TPALIIO.

2. BBesieHHs palliOHAJIBHOTO EJIEKTPONPUBO/IA 3 aBTOMATHUYHUM Kepy-
BaHHSIM, 1110 TO3BOJIMTH MOMIMIIUTH SKICTh POOOTH MEXaHI3MiB.

B Ham gac icHye BenuKa KUTBKICTh MaIllFH, MEXaHi3MiB Ta TPOMHCIIO-
BUX arperaris, Al AKX ICHy€ MOTpeda B CTBOPEHHI IEBHOTO ONTHMAIIBHOTO
PEeXHMMY, IO 3aJ0BOJIbHSIE TIPOMHCIIOBHH Mpornec. B oHUX BUMaakax morpi-
OHOTO MIATPUMYBATH IMOCTIHHY IIBUAKICTH OOCPTaHHSA, B IHIINX — 3MIHIOBa-
TH IIBUIKICTH OOEpTaHHS 3a IEBHUM 3aKOHOM Ta PETYJIIOBAaTH Ii B MEBHHUX
TPaHHUIIX.

ABTOMaTH3allis KEpYBaHHS MPOLECOM JISKUTh B aBTOMATHYHOMY ITyC-
Ky, 3yNHWHI, 3MiHI IIBUIKOCTI Ta peBEpCYBaHHI MEXaHI3MiB 3 MOTPiOHOIO
MOCJIITOBHICTIO. ABTOMATH3allisl KEPYBaHHS 4YacTO CYMPOBODKYETHCS OJI0-
KyBaHHSIM HEraTUBHMX a00 HENPaBUIbHHUX OIepalliil.

ABTOMaTH3aIlisl PEryJIOBaHHS 3IIMCHIOE pamioHATBHHNA Tepedir mpo-
meciB B (yHKIIi TEXHOJOTIYHUX MapaMeTpiB 3 3aJaHOI0 TOYHICTIO, IO HE
MOXJIMBO IIPH PETYJIIOBaHHI BPYUHY.

ABTOMaTH3alis 3aXUCTy MPOIEeCy MPU3BOAUTD 10 3HAUYHHUX HOTO IpHC-
KOpEHb, MOKPAILIEHHIO SKOCTI MPOXYKIii, CKOPOUEHHIO BIUIMBY JIOJCHKOTO
BIUIUBY Ta TIOJIETIICHHIO TpaIli.

Haii0ipI TOCKOHAJIOI0 SIBJISIETHCS. KOMIUIEKCHA aBTOMAaTH3alis, 110
BKJIFOYA€ BCi BUILE NEpepaxoBaHi eJIeMEHTH.
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PO3IJIAd 3BAMKHEHUX CUCTEM KOMITPUMYBAHHS

ABTOMAaTH3AIsl TEXHOJIOTIYHHUX MPOIIECIB € OJHUM 3 BUPIMATBHUX (a-
KTOpIB Mi/JBHUIIEHHS MPOAYKTHBHOCTI Ta TOJIMIICHHS YMOB mpami. Bci ic-
HYIOUi 1 CHOPYKyBaHi 00’€KTH B Till UM IHIIIH Mipi OCHAIIYIOTBCS 3acoba-
MU aBTOMaTH3aIii.

[Ipoextamu HalOITBII CKIIAIHUX BHPOOHHIITB, OCOOIMBO B YOPHIN Me-
Tanyprii, HadTonepepoOku, Ximii 1 HadTOXiMii, 00’€KTax BUPOOHUITBA Mi-
HepaJIbHUX JI00pUB, EHEPIeTUKH, Mepe10adaeThcss KOMIIEKCHA aBTOMAaTH3a-
sl PsILy TEXHOJIOTTYHHMX MPOLECIB.

O06’€KTOM € PO3IIIAA CUCTEMHU KOMIIPUMYBAHHS B CUCTEMax KepyBaHHS
HarHiTaJIbHOMH MEXaHi3MaMH.

Mertoto poOOTH — IPOEKTYBAHHSI CUCTEMH KEpyBaHHs IPUBOIAOM KOM-
MIPECOPHUX arperaris.

CTBOpEHHSI CHCTEM YIIPaBIiHHSA, HAsBHICTH BEJIMKOI KIIBKOCTI KOHTPO-
JTFOBAaHUX MapaMeTpiB 10 HEOOXITHOCTI BHUPIMICHHS 3adadi palliOHAIbHOTO
MOJaHHs 11 OIepaTopoM, II0 CTaJ0 MOXIIMBHM TUIBKH IUITXOM BUKOPHCTaH-
HS CYy9acHOI eJIEKTPOHHOI amaparypu Ha 0a3i 00YNCITIOBATBHOT TEXHIKH.

HaiiBa)xJIMBIlIIOI0 BUMOTOIO /IO CHCTEMH YIIPaBJIiHHS Cy4acHHX arpe-
raTiB amiaky CTayio 3a0e3MEeYCHHs BHCOKOI HATIMHOCTI YIPaBIiHHS MpPOIe-
COM, 1110 BUKJII0OYa€ BUHWKHEHHS aBapiiHUX CUTYyalliif, TaK sIK 3ylUHKa arpe-
rary HoB’si3aHa 3 BEJIMKUMH €KOHOMIYHHMH BTPATaMU.

ACY TII arperaty cuHTe3y amiaky 3a0e3Ieuye [eHTPali30BaHui KOH-
TPOJIb MapaMeTPiB MPOIecy Ha MU(POBUX, CAMOIUCHUX 1 AHAJIOTOBUX IMPH-
Jaax, MomepeKyBalbHy 1 aBapiifHy CHTHAIi3allil0, BIIXWICHHS MapaMeT-
PiB TEXHOJIOTIYHOTO IPOLIECY Bij JIOMYCTUMHUX 3HAUYEHb; AUCTAHIlIHHE Kepy-
BaHHS PETyMIOIOYMMHA 1 3allipHAMHU OpraHaMU; MUCTAHIIIHHY aBapiiiHy Ta
IUIAHOBY 3YIHMHKY BHPOOHHIITBA; IUCTAaHLIHHWN IIyCK OCHOBHHMX CTajii;
nepioJUIHa PO3APYKiBKA IapaMeTpiB; aBTOMATHYHE PETYJIOBAHHS Mapame-
TpiB NPOIIECY; PO3PaxXyHOK TEXHIKO-€KOHOMIYHHMX MOKa3HUKIB BUPOOHMIITBA
1 BHIady ix Ha OUGPOBI MOKAKYINKH, IH(Ppo-OyKBEHE IPYK 1 AUCTIICH; po3-
PaxyHOK ONTUMAJIFHUX PEXUMIB poOOTH Ta BHAAYy KEPYIOUHX BIUIMBIB Ha
3aJIATYMKH JIESIKMX PEryJIsTOPiB; KOHTPOJIb CIIPALbOBYBAaHHS 3aXHCTY, aHaJi3
nepeaaBapiitHux, aBapiiHUX 1 mMicis aBapifHUX CUTYAaIlii.

Cucrema OyyeTbes 3a OJJOKOBUM MPUHITUTIOM 1 332 CBOEIO CTPYKTYPOIO
CKJIQJIAETHCS 3 HOTHPHOX aBTOHOMHHUX ITiJICHCTEM.
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[MincucTema aBToMaTHIHOI cTadimizalil, sika 3a0e3medye peryIroBaHHS
OCHOBHHX TEXHOJIOTIYHHX TapaMeTpiB IPOILECy Ta CBOE€YACHE 3HATTS 30y-
PEHB, 110 BUHUKAIOTh Y BUPOOHHIITBI.

[Tincucrema aBapiiiHOI cuTyalii, sSKa CIY>KUTH JUIsl 3arno0iraHHs aBa-
piif, MOXKJIMBUX B PE3yJIbTaTi BIIMOB amapaTypH, MEXaHi3MIiB MaiiuH abo
MOMMJIKOBUX JIili omeparopa.

[ndopmaniiina migcucrema, sika IpU3HaYeHa ISl IIPEACTABIICHHS OTIe-
paropy BianparpoBaHoi iH(pOpMaIii PO TEXHOJOTIYHWI Mpornec 1 BHAayl
CUTHAJIIB TIPO BIIXWJICHHS IapaMeTpiB Ha MHEMOCXEMY, IU(PPOBY iHIWKa-
{10, O0YHCITIOBANIFHY IiJCHCTEMY 1 3BHYAMHI IIKANbHI NMPWIAAH, BCTAHOB-
JIEH] Ha IIATI.

OOumncmoBanbHa MiICHCTEMA, sIKa 3a0e3Ieuye MaTeMaTHIHy abo JIoTi-
YHy BiAmpamroBaHHS iH(OpMaIii BiIIOBITHO MO 3aKJaIeHUX IMPOTpaMaMH,
BUPOOJICHHS Ta BUJIady KEpYHOYMX BIUIMBIB Ha 3aJaBayi JESKHX PErysiTo-
piB. MaTemaTuuHe 3a0€3MCUCHHS II€T MIICUCTEMHU CKJIAAEThCSA 3 AITOPHT-
MIB HEpIIOT Ta IPYroi Yepru.

YK 621.3.048.1

Caxno O.A.!, Ckpyncska JI.C.2, Ocranenxko B.1O.?

! kanp. TexH. Hayk, gon. HY «3anopisbka momiTexHiKa»
2 crapmr. BukiL HY «3anopisbka MoMTeXHIKa»

3 cryn. rp. E-412m HY «3amnopi3bka IOMTeXHIKa»

MOJIEPHI3ALIS CACTEMHM 3AXUCTY CHJIOBOTO
TPAHC®OPMATOPHOT' O OBJIATHAHHSI BIJ] ABAPIi
BHACJIIJIOK MOIIKO/’KEHHSI T'OJIOBHOI 130.151111i BBO/IIB

TTomkomxeHHs TOMOBHOI 130JIS11i1 BBOIIB € OJHICIO 3 HANOIIBII ITOIIN-
PEHUX IPUYHH aBapiil cuiioBoro TpaHcdopmMaTopHOro oOnaaHaHHS HA KIacH
Hanpyr# 110kB Tta Bume. [IpaBuna ynamryBauHs enekTpoyctaHoBok (IIVE)
y 1.3.2.60 BuMaratoTb 00OOB’S3KOBHH NPHUCTPiil KOHTPOJIIO 130JIs1i1 BBOJIB
(KIB) 500 — 750 kB, 3 ai€ro Ha curHajg 3a 4aCTKOBOTO MPOOOO, 1 HA BUMK-
HEHHS B pa3i MOMIKOKCHHS 130JIA11i1 BBOAY (10 MOBHOTO MPOOOI0).

Enextpomexaniunuii npuctpiii KIB BuKOpHCTOBYe HEpiBHOBa)KHO-
KOMIICHCAIIHHNI MeToJ — CTpyM HebamaHcy. Kimacudna cxema miaKITIoYeH-
Hsl BUKJIaJieHa B [1], BoHa BKiIIOYae B cebe BUKOPHCTAHHS CIIEIiaIi30BaHOTO
tpacdopmaropy tumy TIIC-0,66, skuii BUKOPUCTOBYETBCS JUIsl «OaaHcy-
BaHHS) CXEMH, 32 PaXyHOK IIJIKIIOYEHHS BHUMIPIOBAaJbHUX BHBOJIIB BBOJIB
JI0 pI3HUX BiINalOK MEpBUHHOI 0OMOTKH I1boTO TpaHchopmaropy. IToaioHi
TpaHcopmaropu y pa3i BHHHUKHEHHS BHCOKOYACTOTHHX IIE€PEHAIpyr Ha
HIMHAX PO3MOJUIBYOr0 MPUCTPOIO CTAHOBISATHCS MPUUMHOI BUHUKHEHHS
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HENPUITYCTUMUX MEepEeHanpyr Ha i30Jsiuii BUMIpIOBAILHOTO BHBOJY, Ta MO-
XKyTh CTaTH NPUYUHOIO TTOIIKO/DKEHHS BBOY, OCOONMBO ISl CyYacHUX BBO-
niB 3 Tak 3BaHOKO RIP-i3o0msmiero. 3rimHO 3 pe3ynpTaTd MaTeMaTHIHOTO
MOJICTIFOBAHHSI, TIPOBEICHOTO aBTOPaMHM, BCTAHOBIIEHO, 110 HAaBiTh O€3 BUKO-
pHUCTaHHS MOTO/DKYBAILHOTO TpaHCc(opMaTopy, Hampyra Ha i30JIAmii BHMi-
PIOBAIBHOTO BUBOIY NPH IEpeHamnpyrax 3 gactotoro Oimpmie 18k[m moxe
TIPUBECTH 10 MTOIIKOKSHHS 130JIA1I11, alle il 9ac eKCIuTyaTallii o0IagHaHHs
— YacTOTa I'PO30BUX Ta KOMYTAalidHHMX IIEpEeHANpyr MOXe CKJIajaTH Oins
IMI' [2], a 3a pe3ynbTaraMH IPOBEACHHX aBTOPAaMH JOCTIDKEHb — JIO
10MI'm.

ToMmy aBTOpamy 3ampoONOHOBaHA CXeMa MOJIEPHI30BAHOTO IPUCTPOIO
KIB (puc.4), Ha MiKpOnpOLECOpHii 0a3i, 10 T03BOJISIE BUKOPHUCTOBYBATH
BUMIpIOBAJILHUN BUBIJI BBOJIY Y PEKHUMI IIIyXOro 3a3eMIICHHS (BUMipIOBasb-
HHUH KacKaJ] TAKOTO MPUCTPOIO MPEICTABIIE COO0I0 MiHIATIOPHUN IPOXiTHAMN
TpaHcdopMmaTop cTpymy, 4epe3 «BIKHO» SKOTO IPOXOANTH KHUJIa CUTHAIBHO-
ro Kabeno).

5 wHE BIBCORD HENEYTH P2
+ MEponpayeccop 3
Peneanmii aHanoro-Uhpose

HOOY Nk NepeTapIEIJEM T

TPaHIACTOPHAK BIEOG 0H

Cl1 ___ - * * +

Big HTer pan s
niacAnHadas

Irerpanstmi
B c
oz | ToE hBTan

Z
-
S

Pucynok 4 — CtpykTypHa cxema MoziepHizoBaHoro npuctporo KIB:
C1 — emHicTB TOOBHOT 1307111111, C3 — EMHICTH OCTaHHIX IIApiB 1301111,
R1 —3axucHuii pe3ucTop B aganTepi MiAKIIOYeHH, F1 — IIBUIKOIII0Y1 €leMEHTH 3aXHCTY
BiIl TIepeHanpyT (PO3PsIIHIKH, BapucTopy), T1 — mpoximauii Tpanchopmarop crpymy, R2 —
HaBaHTaXyBaJIbHUI pesrctop w1t T1 (kackamu a3 «By» Ta «C» yMOBHO He TIOKa3aHi)

Le# npucTpiii Mae HaCTYIHI epeBary:

— OE3MeYHICTh CXeMHU MiAKIIOYEHHS JUIA 130J1s1ii KOHTPOJIbOBAHOTO
BBOJY — BiIMOBa BiJl IMIIOPTHOTO ITOTOJDKYBAJIBHOTO TpaHCHOpMaToOpy
TIIC-0,66, mo Mae BenHWKi Maco-rabapuTHI TOKa3HUKU Ta HETATHBHHU
BIUIMB HA 130JIALII0 BBOAY i/l 4ac MepeHanpyr;

— 3aXHUCT Big 00pHBY Kademro — 3abe3neuyro Oe3nedny (Ai1st mepcoHay
Ta 00JagHAHHSA) BENWYUHY HampyrH (Hmwkde 42B) Ha po3iMKHEHHX KiHILIX
KabeITto Ipy HOMiHAJMBHUX peXuMax poOoTH 001aTHAHHS;
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— TepeBaru MiKpOIPOIIECOPHOTO MPHUCTPOIO (aBTOMAaTH30BaHe OanaH-
CYBaHHS, MOXJIUBICTh BUKOPUCTAHHS JaHUX MPO (ha3y BeKTOpy HeOalaHcy
Ta 6araro iHIINX).

3axucHuil pesuctop R1 Ta enmemMeHTH 3aXMCTy BiJ IepeHanpyr, IO
3HAXOJATHCSl B aJanTepi MiAKIIOUEHHS MPAIOIOTh TUIBKK Yy pasi MOIIKO-
JUKEHHs KaOelTto BiJl BUMipIOBAJIBHOTO BUBOY BBOY 1o mmadu KIB.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. MeTtoauueckue ykazaHUs IO TEXHHUECKOMY OOCIyKUBAaHHIO YCT-
porictea KHB: MY 34-70-39-83. — [BBemen 1983-08-01]. — M.
:COIO3TEXDHEPI'O, 1983 —32 c.

2. TOCT 13109-97 Dnextpuueckas 3Heprusi. COBMECTUMOCTb TEXHH-
YECKHUX CPEICTB dIIEKTpOMarHuTHas. HopMbI kauecTBa 3IIeKTpHIECKOi SHEp-
THH B CHUCTEMaxX JJIeKTpocHaOxeHus oOmiero HasHaueHus [Texcr| Bmen.
01.01.00. — K.: 'occrannapt Ykpaunsl, 1999. — 31 c.
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BU3HAYEHHSA HIHHOCTI JIATHOCTUYHUX ITAPAMETPIB
MACIJIA JJIA CUCTEM HEITEPEPBHOT'O KOHTPOJIIO
TPAHC®OPMATOPHOI'O OBJIATHAHHA

Kontpons SIKOCTI TpaHchopMaTOpHOL Macrna 3TiTHO
COVY-EE 20.302:2007 [1] moBHHEH IIPOBOIUTHCH 3a OLTBII HIXK ABOMA AECs-
TKaMU mapameTpiB. Ha cboroHINIHINA JeHb 13 IUX MapaMeTpiB B eKcInTyaTa-
i1 BUKOPUCTOBYETHCSI HE OLITBIINE JiecATH. Y TIarHOCTHII BaYKIIMBE 3HAUCHHS
Mae onuc 00’€KTa B CUCTEMI O3HaK, L0 MalOTh BaroMy JiarHOCTHYHY IiH-
HICTh IS OL[IHKH TEXHIYHOTO cTaHy 00’ekTy. KinbKicHe BH3HA4YCHHs Jiar-
HOCTHYHO{ IIIHHOCTI O3HAKW BU3HAYAEThCA iH(OpMAIi€r, sika BHOCHTHCS
03HAKOI0 Y CUCTEMY CTaHiB. SIKiCTh TpaHC(OPMATOPHUX ONHB XapaKTEPH3Y-
€TBCH JEKITBKOMA AECITKAMHU HOTO MMOKAa3HHUKIB.

Ha mincraBi maboparopHux BunpoOyBaHbP HaOyBarOTh KOHKPETHHX
3HAYCHb TOKA3HUKH, 110 JISKATh B YMOBHO PO3JiICHHX 001acTax: 001acTh
«HOPMAJIBEHOTO CTaHY» — KOJH CTaH SKOCTI MacJia TapaHTye HaliitHy poOoTy
€JIEKTPOYCTAaTKYBaHH:; 00JIACTh «PH3HUKY» — KOJIM TOTiPIICHHS HAaBITh OJIHO-
ro MOKa3HUKa SKOCTI Macjia MPU3BOJUTH IO 3HIDKCHHS HAIIHOCTI poOoTH
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eJIeKTpoycTaTKyBaHHs. [lepexin xoya O OJHOTO IOKa3HMKA 3 00JacTi HOp-
MaJbHOTO CTaHy Macia B OOJacTh PU3HKY TOBOPHTH IIPO IPHCYTHICTH B
obnagHaHHI 1eekTy Ta HeoOXiIHICTh BU3HAYEHHS HECIIPAaBHOTO BY3JIa.

Tabmust 1 — 3aranbHa AiarHOCTUYHA IIHHICTH
(3a crlagaHHsM IIHHOCTI ITapaMeTpiB Maciia

IIpaktrana | Teopern- | Pesynbryio- | MOXIHBICTE BHKO-
Tloka3uuku LIHHICTD, YHAa I[iH- | Ya [IHHICTh, | PUCTAHHS MPU Herle-
B.O. HICTb, B.O. | B.O. pEpBHOMY KOHTPOJI

Tak, ane 3a pospa-
XYHKOM, TI0 JaHUM

Bouorosmict 78,34 1,5 117,51 :
BiTHOCHOTO BOJIOTO-
HACHYEHHS
Tak, aje He TUILKH
XAPI' 59,78 1,5 89,67 METOJIOM XpPOMaTor-
padii
Tanrenc kyta -
TENEeKTPUIHUX 19,58 1 19,58
BTpar
Buicr 4432 0,33 14,63 -
JIOMIIIIOK
Kuczorre 19,58 0,38 7,58 ”
YHUCIIO0
Ipobusia 22,68 0.25 5,67 -
Hampyra
Temnepatypa 412 1 412 -
criajiaxy
[Ipo3opicth 4,12 1 4,12 -
Bwmict BOJIO- -
PO3YMHHHUX 2,06 1 2,06
KHCJIOT

BpaxoByrouw, 1110 3HOIIEHICTh BUCOKOBOJILTHUX TpaHc(hOpMaTOpiB Ha
CBOTO/IHI cTaHOBHTH MoHaA 50%, a Tak camo Te, IO BHUSABJIEHHS BCiX BHIIB
nedexTiB He BAA€ThCs 3a0€3MEeUNTH 3 TEXHIYHUX Ta 3 EKOHOMIUYHHX TPHYHH,
BUHHMKAaE TOTpeda y TOIIYKY OCHOBHHMX MapaMeTpiB IIOA0 3MiH SIKHX
3’SIBJISIETHCS] MOXKJIMBICTD BU3HAUCHHS CTYIICHSI CTapiHHS TpaHC(HOPMATOPHO-
ro obnagHaHHA Ta WOTO TEXHIYHOTO CTaHy IPH HEIEPEPBHOMY KOHTPOIi
(MOHITOPHHTY) TEXHIYHOTO CTaHy.

Ha ocHoBi marepianiB [2], 1e 3alIpOIOHOBaHO BHKOPHCTAaHHS PO3paxy-
HKY J1arHOCTHYHOI I[iIHHOCTI ITapaMeTpiB Ha OCHOBI TEOPETUYHOI 1IaTHOCTH-
YHOI LIHHOCTI, METOXy MOMNIYKy KOpeNAlil MiX HapamMeTpamMH Ta aHali3y
CTaTUCTUYHHX JaHUX YIIKOMKEHHS BUCOKOBOJBTHOrO oOnaaHaHHs. Po3pa-
XYHOK J[iarHOCTHYHOI IIHHOCTI IapaMeTpiB HAWOUIbII BIUIMBOBHUX IapaMeT-
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PiB Ta MOXJIMBICTh HOTO BUKOPHCTaHHS IIPH HETIEPEPBHOMY KOHTPOJII HaBe-
neHo B Tabn. 1. BukopucTaHHS CHCTEM HENEepepBHOTO KOHTPOIIO € He-
BiZ’€eMHUM 3ac000M IIepexojay a0 oOCIyroByBaHHs OOJaJHAaHHS 3a peab-
HHUM TEXHIYHUM CTaHOM TpaHC(HOpMaTopa, a He 3a KaJeHAapHUM 4acoM.

3 ypaxyBaHHSIM JaHuX TaOJl. 1 Ui CHCTEM MOHITOPUHTY TpaHchopma-
TOpa MOXIIMBO OOMEXHUTHCS BOMa MapaMeTpamHy, 10 MaloTh HalOLIbIIy
JIIarHOCTUYHY LIHHICTb, Ta NEPEKPUBAIOTH BUSBIICHHS OJIBIIOCTI MOKIIUBHX
nedektiB TpaHcopmaropa. BukopucTaHHS LMX TapaMeTpiB y cucTeMax
HETIEPEePBHOTO KOHTPOJIO J[O3BOJIAE 3HAYHO 3MEHIINTH TPYAOMICTKICTB,
CKOPOTHUTH Yac, M0 BUTPAYAETHCSA IPU MPOBEACHHI aHANi3y TpaHchopMaTo-
PHOTO Macya, MiIBUIIATH MOXKIINBICTE CBOEYACHOTO BUSBICHHS E(EKTY.

CIIACOK BUKOPUCTAHOI JITEPATYPU

1. COY-H EE 20.302:2020 — Hopmu BHIIpoOyBaHHS €IIEKTPOOOIa-
HaHHs. [TIAT «HEK « YKPEHEPT'O» [Teker]. —2020p. — 238c.

YK 621.313

Antonosa M.B.!, Typnos O.M.2,

Mimenko 1.C.3, Tkauenko M.O?. Hazapko M.M.2
!cr. Buki. HY «3anopiszbka momiTexHikay

2 cryn. tp. E-419 HY «3anopizbKa MoTEXHIKa»

3 cryn. rp. E-810c HY «3anopisbka HOTiTEXHiKa»

CUCTEMM KEPYBAHHS IBUTYHAMM NOCTIMHOI'O CTPYMY

Jo TemepimrHpOro yacy OUIBIIICTh OCHOBHIX BUPOOHHUYNX MEXaHi3MiB,
0 BUMAararoTh PETYJIIOBaHHS POOOUYMX IIBHIAKOCTEH B JOCHTH LIMPOKOMY
niamas3oHi 1 popMyBaHHS IIpU IIFOMY PalliOHATBHOI TUHAMIKH, OCHAIIYIOTh-
csl, K MPaBUJIO, ENEKTPOIPUBOAAMH TMOCTIIfHOrO cTpyMy. J{0 Takux enekt-
poMexaHiYHUX O0’€KTiB B Meplly 4Yepry MO)KHA BIIHECTH MeTaypriiHi
arperary, OUTBIIICTh METAJI0 PDKYYHX BEPCTATIB, BCUISKI CTEXadyl 1 MO3HU-
miitei cuctemu. JKWBIIEHHS €JIEKTPOJBUTYHIB B TAKHX NPHUBOIAX 3MIHCHIO-
€ThCA 3a3BMYAil BiJl MEepeXi 3MIHHOTO CTPyMy Yepe3 MepeTBOPIoBadi eHeprii
PI3HOTO BUTJISAY 200 Bifl MEPEXKi MOCTIHHOTO CTPyMy 3a JOTMIOMOTOIO IITHPO-
THO-IMITYJIbCHUX TIEPETBOPIOBAYIB.

Mera poOOTH — IOCHTIJDKEHHSI CHCTEM KEepPYBaHHS €JIEKTPONPHUBOAAMH
MOCTIHHOTO CTPYMY.

EnexTpoaBuryH i nepeTBoproBad € CHJIOBOIO YAaCTHHOIO €JIEKTPOIPH-
BOJy 1 € 00’€KTOM KepyBaHHA B CHCTEMi aBTOMaTHYHOIO KepyBaHHS. 3a-
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MkHyTi CAK noBunHI 3a0e3neuyBaTH HEOOXiqHI 3aKOHM 3MIHM 3MIHHHX
crany OK B mepexigHUX peXuMax, HallPHUKIIad, PO3TiH i ralbMyBaHHS €leK-
TPOIBHUTYHA 3 MOCTIHHIM TIPHCKOPEHHAM, a00 cTabii3alifo IUX 3MiHHHX Ha
HEOOXiJHOMY piBHI 3 HEO0OXiTHOIO TOUHICTIO. 7S peamizalii 3a1aHuX 3aK0-
HiB 3MiHH KepPOBaHOi 3MIHHO{ 1 KOMITEHCaIlii BIUIMBY Pi3HUX 30YPIOIOYMX il
Ha OK momaeThcst Kepyroda is, sSika BUPOOISETHCS KEPYIOUUM IPUCTPOEM
abo perymsaropoM. Kepyroua nis, GpOpMyeTbCS PEryIsITOpOM Ha TiICTaBi
AITOPUTMIB, BH3HAUyBaHUX METOI0 KepyBaHHS. PilleHHs KoMmpomicHOT
3amadi 3a0e3mnedyeHHs 3amaHoi ctatudnHoi TouHocTi CAK mpu HeoOximHiH
SIKOCTI TIPOLIECy KEPYBaHHS JIOCATAETHCS BBEJCHHIM CIELIAIbHUX KEPYIOUnX
MIPUCTPOIB, SIKi 3MIHIOIOTh JTUHAMIKY CUCTEMH B IOTPIOHOMY HarpsiMi.

VY 3aMKHYTill cucTeMi peryoBaHHs LMIBUIKOCTI HEPEXil Bill pexxumy pe-
I'yJIOBaHHS HAMPYTrol0 J0 PEXXUMY PETyJIOBAaHHS MOTOKOM 30y/KeHHs 3abe3mne-
9yeThCs 38 PaXyHOK TOTO, L0 HA IIBHAKOCTSX BHILNE OCHOBHOI 3a JIOIIOMOTOO
CIICIIaJbHOTO PETYJISITOpa, MI0YOr0 Ha JIAHIIOT MOPYIICHHS, MiATPUMYETHCS
piBaicts EPC nBuryna HominanpHOro 3HaueHHs. Ockinbku EPC nBuryna e

e=c,w e, =FE, =const .
0™ B ymoBax, xomm 9 o , @ 3HAUCHHS (0 3a/1a€ThCS BXiIHHM

CHUTHAJIOM, TOTIK 30y/DKEHHs Oyie 3MIHIOBATHUCS OOEPHEHO MPONOPLIHHO IBUIKOCTL
neuryHa. EPC meperBoproBaui y BcraHOBIeHOMY peskumi Buie EPC nBuryHa Ha
3HAYCHHS TAJiHHS HANpPYTH B SKIPHOTO JIAHIEOTA BiJl CTPYMIB i, SIKIIO MOMEHT
HABaHTAKCHHS 3pOCTAE, TO B yMOBax, Koju ImBHAKICTh 1 EPC nBuryna miarpumy-
I0TBCSI CBOIMH CHCTEMaMHM PETYJIIOBAaHHS NMOCTIHHHMH, 3pOCie MaJiHHS HAlpyrd B
JIAHITI031 SIKOpst Oyie TIOKPHTO 3a paxyHOK BianoBigHoro 30ubments EPC neperso-
proBaya Npy He3MiHHOMY 3HaY€HHi OTOKY 30y KEHHSI.

YK 621.314

Adanacwes O.1.!, Kocranko O.®.2, ®enopos C.C.2, Uennokos €. A2
! kan. Texn. Hayk, nou. HY «3amopisbka momiTexnika»

2 cryn. p. E3-412m HY «3anopisbka momiTexHikay

JOCIIKEHHSA CTPYKTYPHU CTPYMOIIPOBIJIHOT'O
KOHTYPY TA BIIVIUBY HA BTPATHU IIOTY>KHOCTI B
PO3MOJIUIBHUX ITPUCTPOSX TA iX KOMILTEKTYIOUMX

CuctemMH eleKTpOoIocTauaHHs, 0 3a0e3MeuyIoTh nepenady eaeKTpH-
9YHOI eHeprii 31 30ipHHUX IIWH MiJACTaHIINA JKUBJICHHS Ta 1X PO3MOIUTBHHX
MIPUCTPOIB 10 CIIOKUBAYiB JOCTATHHO pizHOMaHiTHI. [Ipn npoMy Mae micue
HarpiB €JEMEHTIB CTPYMONPOBIJTHOTO KOHTYpY, Ha L0 BUTpAdaeThCs dHac-
THHA enekTpoeHeprii. KpiM Toro, Mae micue BUTpaTa eHeprii Ha CTBOPEHHS
SJISKTPOMArHiTHUX II0JIiB IIPHYOMY TiM Oifbllle, 4iM BHIE BEIWYWHA HOMi-
HaJIbHO{ HAmMpYTH Mepexi. Y MiACYMKYy BCi BHINE O3HA4YeHI BTPATH MAaIOTh
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Ha3By BTPATH €JIEKTPOCHEPTii i TOBUHHI BpaXOBYBaTHUCS IIPH MPOCKTYBaHHI
Mepexi. OO0cAT TaKux BTpAT y 3HAUHIA Mipi 3aJIeXUTh BiJ XapaKkTepy HaBaHTa-
JKEHHSI, @ TAKOXK HOTro KOJIMBaHH y Tpoleci ekcrutyaranii. KpiM Toro, cyrreBunit
BJIUB Ma€ Taka OCOOJMBICTD, SIK SKICTh €IEKTPUYHOI eHeprii Ta 3aco0u Juis i
3abe3neyeHHs. B yMoBax ekcrulyaTarlii SKiCTh eJeKTPHYHOI eHeprii BH3Hada-
€ThCS TIOKA3HUKAMH, L0 XapaKTEePH3yIOTh BIIMOBIIHICT HAIpPyrd HOPMOBa-
HHMM BEJMYMHAM B YMOBaX HOMIHQJIBHHMX 3HAY€Hb TAKUX MapaMeTpiB, SIK 4acTo-
Ta MEPEXKi )KMBJICHHSI, HAIIpyTa Ta CTPyM HaBaHTa)KEHHSL.

JJis po3MOAITPHAX MPHUCTPOIB 3a0e3MeueHHs AKOCTI SNEeKTPUIHOT eHe-
prii ckiamaeTbes y 3abe3MedeHH] piBHIB HAIIPYTH Ta 9acTOTH MEPEKi Mak-
CHMaJIbHO HAaOMIKEHUX O HOMIHAJbHUX BEIMYMH. B yMOBax eHEproeMHHX
BHUPOOHHUIITB 3aCTOCOBAaHO HIUIMHA P CIIOKHWBAviB (TMPOKATHI CTaHW, TyTOBi
CTAICIUIABIIIBHI TIYKH, BHUIPSIMIIAIOUH TIPUCTPOi, CHUCTEMH €JIEKTPOIi3y
TOIIO) 3 Pi3KO 3MiHHUMH HaBaHTAXCHHAMH, a00 CYyTTEBOIO HEPiBHOMIPHICTIO
ix posmopiny Mix ¢a3amu. Kpim Toro, npucyTHi CTpyMu Ta HanpyrH, popma
SKHX 3HAYHO BIAPI3HAETHCS Bl cHHYcOimaibHOI. HasBHICTh TaKMX CIIOXKH-
BadiB MOPYLIYE SKICTh €NEKTPUYHOI, HANPUKIIAJ BIAXUICHHS HAIpPYTH, PO3-
KW/l 3MIHEHHS HampyrH, KoeQilieHT HECHHYCOiJaJbHOCTI KPHBOI HAINpyTH,
KOe(DII[iEHT 3BOPOTHIH MOCIIAOBHOCTI HANPYT, BIAXMJICHHS YaCTOTH TOIIO.

HeratuBHa nis HU3BKOI SIKOCTI €JIEKTPUYHOI eHeprii Ha poOoTy po3Io-
JIUTBHUX MPUCTPOIB Ta CHPHSE 3pOCTAHHIO BTPAT €IEKTPUIHOI €Heprii, CKo-
POYEHHIO MPOTSHKHOCTI poOOTH OONagHAHHS, TEXHOJIOTIYHUX BTpaTax, IIO
CIPHSIOTh 3HIDKEHHIO BHPOOHMYMX MOMIIMBOCTEH Ta MOTIPIICHHIO SKOCTI
NPOIYKIii, 0 BHPOOIA€ThCA. TaKMM YMHOM, CYTTEBOTO 3HMKEHHS BTpaT
MOTYKHOCTI MO>KJIMBO OTPUMATH IIJIIXOM PETYJIFOBAHHS PiBHIB HAIIPYTH, 110
y CBOIO 4epry, 3aJeXHTh BiJl BEJIMUMHHU BTPAT HANPYTH y MEPEXi, KU BH-
3HAYAIOTHCS 11 OMOPOM. Y PO3MOALIEYMX MPUCTPOSX aKTUBHUI Onop Oiiiblie
PEaKTHUBHOTO, 10 POOHUTH HOro HaiOLIbLI e(eKTHBHE PEryioBaHHs 3a0e3-
MEeYUTH LUISIXOM 3MIHEHHSM IUIONI 3pi3y CTPYMOIPOBIAHUX €JIEMEHTIB. Y
JKUBJSIYMX MEPEXax HAaBIAKW — PEaKTHBHHI Omip Oliblle aKTHBHOTO, TOMY
BTPATH HAMPYTd Y 3HAYHIA Mipi BU3HAYAIOTHCS PEAKTHBHUM OIOPOM JIiHIH,
SIKAHA MaJIo 3aJIe)KUTh BiJl TUTOII 3pi3y. HaiOnbmn 9acTo 3MiHEHHS peaKkTHB-
HOTO OIOpPY BHUKOPHCTOBYIOTHb ISl PETYJIOBAaHHS HAINPYTH LUISIXOM BKJIIO-
YeHHs y JIIHII0 KOHAEHCATOpPHMX OaTaped 3a cxeMaMH IPOKOJBHOro abo
MONIEPEYHOT0 PETYJIOBaHHS. AKTHBHY HOTY)XHICTb JKMBISYMX MEPEX He
MOXIIMBO BHKOPHUCTOBYBaTH ISl ONEPATHBHOTO PETYIIOBAaHHS HAlpyTH,
TOMY HaWOUIHII e()EKTHBHUM 3aCO00M 3aIIMIIAETHCS PEaKTUBHA MOTY KHICTb.
Jis 3MiHEHHS pPEaKTHBHOI ITOTY)KHOCTI BHUKOPHCTOBYIOTH DPi3HOMaHITHI
PETYJIIOIYH TIPUCTPOT, cepel SIKUX HAMOUIbII IMPOKE BUKOPUCTAHHS OTPH-
MaJIi TIPUCTPOT HACTYITHUX BUIB: OaTtapei CTaTUYHUX KOHJICHCATOPIB, CHHX-
POHHI KOMIIEHCATOPH, CTATUYHI JDKEpEeIa PeakTUBHOI OTY>KHOCTI Ta iH.
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Jist gociikeHHs BTpaT MOTYXKHOCTI B €JIEKTPUYHUX MEPEXax po3po-
OJIeH] aNTOpUTMH PO3PaxXyHKY MOTPiOHMX MapaMeTpiB Ta TOJOBHHUX ITOKAa3-
HUKIB SKOCTi eleKTprdHoi eHeprii. [Ipu 11poMy BpaxoOBY€ThCS BIUIMB KOHK-
PETHHUX OCOOIMBOCTEH MEpexi, a TAKOXK CIICIU(IKH CIIOKWBAYiB €HEeprii Ta
CXEeMH IX MimkiIrodeHHs. i mhoTo po3po0IeHo KOMI IOTEPHY MOJAECTH IS
JOCIIKEHHS MIPOIIECiB MPOTIKaHHA CTPYMIB Ta PO3IOALTY IOTYKHOCTEH Ha
MIPUKIIAAI CXEMH PO3IOAUIFHOTO MPUCTPOIO M JKUBJICHHS CIIOKUBAUiB 3
IHAYKTUBHUM HaBaHTa)KeHHSIM. Ha OCHOBI 11i€i MOJIeNi CTBOPEHO MPOTpaMHe
3a0e3nedeHHs], 0 JO3BOJISIE BU3HAYUTH OCHOBHI TOKa3HHUKH SIKOCTI €JIEKT-
pHUYHOI eHeprii Ta 31iCHUTH BU3HAYCHHS €(EKTy, 1110 OTPUMYETHCS] BHACII-
JIOK BUKOPUCTAHHS THX YH 1HIINX 3aCO0IB.

VK 621.3.048.1

Caxno O.A.!, Ckpynceka JI.C.2, Crimmsg A.T'.3

! kang. TexH. Hayk, gom. HY «3amopisbka IOMTEXHIKa»
2 crapm. Buki. HY «3anopizbka momiTexHikay»

3 cryn. tp. E-412m HY «3anopisbka IOTiTEXHIKa»

MOJEPHI3ALISA CUHCTEMHW MOHITOPHUHI'Y TEXHIYHOI'O
CTAHY BUCOKOBOJIBTHHX BBO/IB III1 POBOY0IO
HAIIPYT'OIO

OriHka CTaHy 130JIA1ii BHCOKOBOJBTHOTO TpaHCHOPMATOPHOTo 001a1-
HAHHS € OJHUM 3 aKTyaJbHHUX 3aBJIaHb Cy4aCHOI €HEpPreTuKu YKpaiHu. Bu-
pillIeHHsI 3aBJ@HHS MOJSra€ B MPOBA/PKEHHI HOBUX CYYaCHHMX TEXHOJOTiH
KOHTPOJIIO 130Jis11ii Oe3 BUBEICHHS O0JIaJHAHHS 3 eKCILTyaTailii (KOHTPOJIb
i pOOOYOI0 HAMIPYTOI0).

[Tpu BuMipax nmapameTpiB 3oLl miJ poOOUOI0 HAPYTOK OOUPAETH-
sl eTAJIOHHUH 00’ €KT, BIIHOCHO SIKOTO TPOBOJISITHCSI BUMIPIOBAHHS XapakTe-
PHUCTHK iHIIOTO 00’€KTa. B sKOCTI eTamoHHUX 00’€KTIB 3a3BUYall BUKOPHUC-
TOBYIOTH SIK OJHOTHITHI 00’ €KTH, HATIPUKIIAJ, BBiJ - BBIJ, TaK i Pi3HOTHIIHI:
BBiJ — TpaHc(hopMaTOp HANpyTH Ta iHmi [1]. ¥V pasi BiACyTHOCTI MOXKITHBOC-
Ti TAKITIOYCHHS CUTHAJIIB BiJl €TAJIOHHAX 00’ €KTIB, Ha MPAKTHIII MOITHPEHIA
HEepiBHOBa)KHO-KOMIIEHCALIIHNIT METOJl, SIKHii BUKOPHCTOBY€E I€OMETPHYHE
CKJIaJIaHHS TPHOX BEKTOPIB CTPYMIB MPOBIAHOCTI OCHOBHOI 130JI1ii BBOIB
(ctpym HebanmaHCy). B eHepreTMUHHUX KOMIIAHISAX iCHye OaraTHil JOCBif
excriyaranii npunagis KIB-500P Ta iHmux, 3aCHOBaHUX Ha IIbOMY METOJI
npunagiB Ta cucreM. OMHAK, 4acTO IEH TOCBiJ HETaTUBHUI, OCHOBHA MPH-
YHHA [BOTO - HEIOCTOBIPHICTH iH(OpMaIii, SKa BUAAETHCS TAKHUMHU CHUCTE-
MaMM B YMOBax €KcIUTyaramii, 10 € HaciiJIKOM BIUIMBY PEXHMIB poOOTH
€HEeprocHCTeMH Ha B3a€EMHI KyTH MiX (Pa3HMMHU BEKTOpaMHU.
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ABTOpaMH IPOTIOHYETHCS METO BUMipy ITapaMeTpiB TOJIOBHOT 1301
BBOJIiB, B IKOMY B SIKOCTi €TaJOHHOTO 00’€KTy BHKOPHCTOBYETHCS HU3BKO-
MOTECHUIHUI eJeKTPOJI, BCTAHOBJICHUH Ha HIDKHHOMY (pIaHIl BUCOKOBOJIB-
THOTO BBOAY. [IpMHIMI MeTOxy moJsirac B TOMY, IO MK IIMHOIO BHCOKOT
Halpyryd Ta eNIEKTPOJOM YTBOPIOETHCS TIOBITPSIHUI KOHAEHCATOp, CTPYM
BUTOKY SIKOTO BBa)KaeThcs eTaloHHUM (puc.l). JlocipkeHHs, TpoBeIeH] Ha
nirouii minctannii 330kB, migTBepAMIM, MO PiBEHb CHUTHATY, OTPHUMAHOIO
BiJl HU3BKOTIOTEHIIIHOTO €JIEKTPOJTY, € TOCTATHIM JJIsl TOCTOBIPHOT'O BUMIpPY
€MHOCTI OCHOBHO{ i30JIAIIi1 BBOAY NPH PI3HUX IOTOJHUX YMOBAaxX 3 IOXHO-
KOr0 He Oinmbie 2-3%, Ta TaHTeHCY KyTa JieJIeKTPUIHUX BTpaT (tg01) y cyxy
HOTO.Y.

Pucynox 1 — IIpyHIMI OTprMaHHs ONIOPHOTO CUTHAITY

1 — noBiTpstHUIA (ETATIOHHNMIT) KOHIECHCATOP MiX IIIMHOIO BUCOKOI HAMPYTH Ta eJEKTPOIOM
y HWDKHIN 9acTHHI i305sI1iiHOT KOHCTpyYKIi; 2 — Kibuesnii enektpos (KE); 3 — i3ossiiid-
HHI XOMYT 31 IITAHraMH IS KPITJICHHS eNIEKTPOy; 4 — HIDKHIH (riaHens BBOIY; 5 —
ananrep BuMiproBajibHoro BuBoay (AMB); 6 — curnanbhuii kabens Bin KE; C — emHicTh
MOBITPSIHOTO (€TaJIOHHOT0) KOHJIEHCATOPa MK IIIMHO0 BUCOKOT HAIIPYTH Ta eJIEKTPOIOM;
C1 — emHicTb ron0BHOT 1305111i{ BBOY; C2 — EMHICTH OCTAHHIX MIAPIB 130JISAIIIT.
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[IponoHoBaHMi METOI Ma€ HACTYIIHI IEpeBaru:

— HE3aNeXKHICTh Pe3yJbTATy BiJ MapaMeTpiB HANPYTH JKUBICHHS (K
Bil KOJHMBAaHHS aMIUNTYAHUX 3HA4YCHb, TaK 1 BiJ KOJNWMBaHHSA MiK(pa3HUX
KyTiB Tpu]a3HOI CHCTEMH);

— BIICYTHICTh HEOOXiTHOCTI «HAaBUAHHS MpPHIATy» pekKHUMaM poOOTH
eHeproMepesxi A GimpTparii BIUTMBIB MapaMeTpiB HANPYTH JKUBJICHHS;

— TOYHE BU3HAYCHHS Je()eKTHOTO BBEICHHS TpH(a3HOI IPyIH.

Jlo HemomiKiB METOAYy MOJKHA BIJHECTH 3aJIEXKHICTh XapaKTEPUCTHUK
MIOBITPSTHOTO KOHJIGHCATOPY BiJl BOJIOTOCTI OTOYYIOYOTO CEpEelIOBHINA Ta
omaniB. J{is BpaxyBaHHS BIUIMBY HOTOJHHMX YMOB BUKOPHCTOBYIOThCS Jat-
YHMKH BOJIOTOCTI MOBITPS Ta IHANKATOPH IHTEHCUBHOCTI onaiB. [Tporpamunit
AITOPUTM METONy mnepeadauac MOXKIMBICTD BIIKIIOYEHHS BUMIpIB y pasi
HAsIBHOCTI BiMOBIIHUX YMOB.

YJIK 621.3.048.1

Caxno O.A.!, Ckpyncpka JI.C.2, Makonkin B.B.?

! kang. TexH. Hayk, gom. HY «3amopisbka IOMTEXHIKa»
2 crapm. Buki. HY «3anopizbka momiTexHikay

3 cryn. tp. E-412m HY «3anopisbka NoliTeXHiKa»

OIIHKA CTYIEHSA 3BOJIOKEHHSI TPAHC®OPMATOPHOI'O
OBJIAJTHAHHS HA TPUHIUIII TEMIIEPATYPHOI MITPAIIIT
BOJIOTH B TPAHC®OPMATOPHOMY MACIJII

['0/I0OBHUMH HEraTUBHUMH (haKTOpaMM BOJIOTH y TarepoBO-MacysiHii
130J1s11iT € 3HVOKEHHS JIIeJIEKTPUYHUX BIACTHBOCTEH (€IEeKTPUYHOI MII[HOCTI)
Macia, 3HIKeHHS CTIHKOCTI /10 YaCTKOBUX PO3PSiB, NPUCKOPEHHS CTAPiHHS
LeNtosI03HO01 130umsnii. BHacnizok moBiibHOCTI mpouecy nudy3ii Bojoru B
13071511111 OCHOBHA Maca BOJIOTH 30CEPEKYETHCS TIEPEBAXKHO B TOHKIH 13014~
HifHIA CTPYKTYpi. [cTOTHO HEepiBHOMIpHUIT PO3MOALT BOJIOTH B i30JIAIIIHHIX
JeTasix 30epiraeThesl MPOTATOM eKCIUTyatarii Tpanchopmaropa. [Ipu 6es-
MocepeTHhOMY KOHTAKTI 130JIA1Iii 3 HABKOJHUIIIHIM MOBITPSAM y TPOIECi MOH-
TaXy Ta PEMOHTY BOJIOTA KOHLICHTPYETHCS Y TOHKHX ITOBEPXHEBHX Iapax
13oisnii. Hanpukanan, npotsirom 50 roguH KOHTaKTy 3 TOBITPSIM IIPH BiJTHO-
cHiit BosorocTi 50% BOJOTiCTh KAPTOHY TOBIIMHOIO 3 MM MOK€ 301TBIITUTH-
ca Ha 1,07%, mpote 1o 95% Bomoru 3ocepemxeHo mapax riauduHoro 0,3-
0,35 mm [1].

VY psani BumaakiB, 0oCOOIMBO B MOTAaHO TEPMETH30BAHOMY YCTAaTKyBaH-
Hi, MOXKJIIBE ITPOHUKHEHHS PiZKOi BOIM Ta KOHIIEHTpAIlis ii Ha 1Hi Oaka.

V¥ mnpamtorouoMy TpaHchOpMaTOpi BiAMIHHICTH TEMHEpaTyp OKPEMHX
30H CHPUYMHSIE BIJIMIHHICTh BIITHOCHOI BOJIOTOCTI Maciia B KOHTAKTi 3 130Js1-
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miero. SIKIo IpUHHITH PO3MOALT TeMIepaTypu y TpanchopMaTopi y Bifmo-
BigHicTe 70 MEK60076-7 po3mozmin BosorocTi MpUOTM3HO HaBEIEHO HA
puc.1.

Meton BukopuctoByeTbes Ha mimmpuemctBi HIL] 3T3-Cepsic [2], i
orpumaB Ha3By Water Heat Run Test (WHRT) nepenbauae orinky iiMoBip-
HOCTI 3HM)KCHHS 3alaciB eJICKTPUYHOT MII[HOCTI Yepe3 3a0pyIHEHHS Macia
BOJIOTOIO Ta JOMIIIKAMH, a TAKOX OLIHKY CTYIIEHs 3BOJIOJKEHHS TpaHcdop-
Maropa Ha OCHOBI NPHMYCOBOI TEMIIEPaTypHOI Mirpamii BOJOTH JOMIIIOK
TicCIs HarpiBaHHSA TpaHc(opMaTopa BHYTPIITHIMA BTPaTaMU O MaKCHMallb-
HO1 po00Y0i TeMIepaTypH.

Tpancopmarop i HaBaHTOKEHHAM HArpiBaeThCcs 3a JOIOMOTOIO
3MEHIICHHS OXOJIOJDKEHHS 3 METOIO 3HIDKCHHS BiIIHOCHOI BOJIOTOCTI Macia
Ta CTBOPEHHS «IOTEHIIiady BOJOTOCTI» B MOBEPXHEBHX INapax i30JIsiii,
CTHMYJIIOIOUH BUAIJIECHHS BOJIOTH B MAaclO, 1 BUTPUMYETHCS MIPOTATOM Jie-
SKOTO 4acy HpH MepioJMYHOMY KOHTPOJIi BOJIOTOBMICTY Maciia abo BiJHOC-
HOT'O BOJIOTOHACHUYEHHS, a TAKOXK IPOOMBHOI HAIIPYTH Maclia.

Taxuii METo/ 103BOJISIE IPOBECTH: OLIIHKY PIiBHS 3BOJIOKEHHS 130JISILIHT
Ta OI[IHUTH PO3MOLI BOJOTH IUIIXOM BHMIPIOBAHHS IIBUIKOCTI BUAUICHHS
BOJIOTY B MacJIo.

TpuBanicTe BUTPUMKH TpaHCpOpMaTopa IMpH 3aJaHIH TemMmepaTypi
Mae OyTH TOCHTH BEJIHKOI0, MO0 3a0e3neunTr AUQY3if0 MOMITHOI KiTBKOCTI
BOJIOTH 3 MTOBEPXHEBUX IIapiB i301mii B Macio. JJocBin mokasye, mo SKII0
130JIA111isT 3BOJIOXKEHA TOHAJ 2-2,5%, MOCTaTHHO BUTPUMATH i1 32 PO3paxyH-

KOBO1 TemIepaTypu 24 roivHu.

PucyHok 1 — PiBHOBa)KHHIT pO3MIO/ILT BOJIOTOCTI 130JISIII{ BiIIOBITHO 0 TEMITEPaTypHOTO
npodinro, pekomernoBanoro MEK st cucremu oxonomxerns J{L{

ABTOpaMH 3alpONOHOBAHO 3aCTOCYBAaHHS TAKOT'O ITJIXOJY 1O OLIHKH
3BOJIOXKEHHSI TpaHC(HOPMATOPy B MpoIieci HOro eKcruryaTamnii i3 3aCToCcyBaH-
HSIM aBTOMaTH30BaHOI CHCTEMH MOHITOPHMHIY, Ul YOTO MPOIIOHYETHCS BH-
MHUKaTH (200 3MeHIIyBaTH €(PEeKTHUBHICTh CUCTEMH OXOJIOIKEHHS TpaHCQo-
pMaTopa) B Mmporieci Horo HaBaHTaXeHHS HAa 24 TOJIWHU, a 3aBASKHU MOCTIiH-
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Hilf aBTOMaTHYHIH peecTpalliif TeMneparyp Ta BiJHOCHOTO BOJIOTOHACHYECHHS
Macia (KOoKHi 2 XBIIMHHA) POOUTH aBTOMAaTHYHHUNA ITPOTOKOJ Ta 3aKIFOUCHHS
PO 3BOJIOKECHHS 130JIAIIHHIM KOHCTPYKIIiT Ta PO3ITOILT BOJIOTH.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. Sokolov, V. V., Vanin, B. V. Evaluation of power transformer insu-
lation through measurement of dielectric characteristics [Text] / V.V.
Sokolov, B.V. Vanin // Proc. Int. Conf. Doble Clients, Boston, USA. — 1996.
—pp. 1 -19.

2. Sokolov, V. V. Vanin, B. V. Experience with In-Field Assessment
of Water Contamination of Large Power Transformers [Text] / V.V.
Sokolov, B.V. Vanin // Proceedings of the EPRI Substation Equipment Di-
agnostic Conference VII, New Orleans, LA, February 20-24, 1999.

YK 621.3.048.1

Caxno O.A.!, Ckpynceka JI.C.2, ITerpenxo B.M.3

! kang. TexH. Hayk, gou. HY «3anopisbka momTexHika»
2 crapmr. Buki. HY «3anopizbka momiTexHikay

3 cryn. tp. E-412m HY «3anopisbka IOTiTEXHIKa»

JIATHOCTYBAHHS CTAHY HEJIHIMHUX OBMEXKYBAYIB
HEPEHAITPYT 110 — 750KB I POBOY0I0 HATIPYT'OIO

CydacHi HemiHiiHI 00MexyBadi nepeHanpyr (OITH) Ha kimacu Hampyru
110xB Tta Bume He MOTPEOYIOTH peecTpaTopa CIpanbOBYBaHb, OCKUIBKHA B
amaparax 3aCTOCOBYIOThCSI HECTapiroUi BapHCTOPH, Ha BiIMIHY BiJl BEHTHIIb-
HUX PO3PSJHHUKIB, VISl SIKUX TAKUH peecTpaTtop HEOOXiTHUH ISl CBOEYACHO-
ro BUBEJCHHS B KAIPEMOHT amnapary (3a3Buuaii micist 20 crpaiboByBaHb ).

Pucynok 1 — BrimoueHHs JaTumka 1 KOHTPOIIO CTPYMY BUTOKY
OITH B mmHy 3a3eMIEHHS
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Haii6inpm inpopmatnBENM MeTomoM miarHocTuku crany OITH e xoHT-
PO TEMITepaTypyu BapHCTOPIB y CepenHili YacTHHI amapary, y IO€IHAHHI 3
Oe3mepepBHUM KOHTPOJIEM CTPYyMY MPOBIIHOCTI. BHacmimoOk HemiHIHHOCTI
BOJIbT-aMIIEPHOI XapaKTEPHCTUKH BapUCTOPIB y KPHBIiil aKTHBHOI CKIIagOBOi
CTpyMy MicTsThest 3-4, 1 7-a, 1 11-a rapMoHikH, 3-51 rapMOHiKa Mae HaHOLIbILY
aMIUTITYLy, 1 KOHTPOJIb aKTHBHOI CKJIa/10BOT JIOUILHO BUKOHYBATH 32 HEIO.

Jlani BUMIpIOBaHb CTPYMiB JIOLIJIBHO TPUBOAUTH JI0 3HAYEHb TPHUBAJIO
JIOIYCTHMOI po060Y01 HAIpyTH 3a GOpMyJI0I0:

I(UH): quam : UH/UClJaKT (1)

ne I(U,) — npuBeneHe 3HAYCHHS CTPYMY; Ipacr, Ugaxr — BUMIPSHHI 3HA-
YeHHsI CTpyMy Ta HanpyrH; U, — HOMiHalIbHA HalpyTa.

3anporoHoBaHi aBTOpaMHi METOJHKA Ta MPUCTPiil AIarHOCTYBAaHHS BH-
KOPHCTOBYIOTh 3B’SI30K MDK CTPyMOM TPEThOi TapMOHIKH Ta aKTHBHOIO
CKJIaJI0BOIO PoO0OYOT0 CTpyMy BapucTopiB (mpubmmsuo /a = 1,8-13), 3 moxu0-
Koto, 1o He nepeBuirye 20% [1]. ExciepuMeHTaNbHO MPU TOCTIIKCHHSIX
aBTopamu ctpyMmiB OITH 500xB BcTaHOBIIEHO, 10 BETUYHUHA CTPYMIB BUTO-
Ky IO TIOBEPXHI MOXE CKJIagaTh a0 2MA 3aJIe)KHO Bifl CTYICHS 3a0py/IHEH-
Hsl TIOBEpXHI i30JI5ITOpa Ta BOJIOTOCTI TMOBITPsl, 0O MOBEPXHsI € HENIHIHHUM
MPOBIHAKOM, IO JOPIBHIOE POOOYOMY CTPyMy depe3 BapUCTOpHU, aye
CTPYM BHTOKY IIO TIOBEpXHi 3a0pyIHCHOI i30JAIi1 HE € MOKa3HUKOM OpaKy-
BaHHA, TOMY Iepea0adeH0 aBTOMATHYHMI PO3PaxyHOK KOpEIlis 3Ha4eHb
napaMeTpiB CTpyMy 3 BOJIOTICTIO HABKOJIMIITHBOTO CEPEOBHINA IS JIOJAT-
KOBOTO aHaJi3y HOro BIUIMBY Ha Pe3yJbTAaTH AIarHOCTYBaHHS.

Crpysa marosy DITHL sb

LI TN

Pucynok 2 — Ocrunorpama crpymy Butoky OITH 500xB
(3amip Tz poOOUOrO HAMIPYTOIO Ha IOl MiACTaHIIIT)
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Caxno O.A.!, Ckpynceka JI.C.2, Xomenko C.B.3

! kang. TexH. Hayk, qom. HY «3amopisbka IOTEXHIKa»
2 crapmr. Bukn. HY «3anopizbka momTexHika»

3 cryn. tp. E-412m HY «3anopisbka IoTiTEXHIKa»

MOJEPHI3ANIA IIA®U KEPYBAHHSA CUCTEMOIO
OXOJIO/UKEHHSI TPAHC®OPMATOPY

Ha meit wac B YkpaiHi icCHye BelHKa KiNbKiCTh CHIIOBOTO TpaHc(hopMa-
TOPHOTO OONamHAHHA, AK€ 00JamHaHO mradaMu KepyBaHHS OXOJOIKCHHIM
Ha 0a3i «perneitHoi yorikm». BimpmmicTs TpaHChOpPMATOpiB, BUIYIICHUX IO
kiHs 90-x pokiB 20 cromiitTs He Oynu oOJiafHaHI IHIUKATOpaMH TeMIepa-
Typy OOMOTKH, TOMY QJITOPUTM poOOTH Imadu yHpaBlliHHS HE BPaXxOBYBaB
TeMIIepaTypy OOMOTKH, a TaKOXX HE BPaxOBYBaB HaBaHTaKEHHS TpaHCQOp-
Maropa. AJITOpUTM poOOTH TakuX Iiad HE BPaXOBYE PeCypc JABUTYHIB BEH-
TWISITOPIB Ta HAcOCIB, HE BPaxOBY€ O4YiKyBaHI 3MiHHM HaBaHTa)XEHHs (Ha
puc.1 HaBeZeHO MAIOHOK CUCTEMU OX0JokeHHs Tuity J[L).

Pucynok 1 — Cxema minKimodeHHs 0X0I0KyBada 10 TpaHchopMaTopy:
Tparcdopmarop; 2 — Hacoc; 3 — KOJEKTOp Wl Macia; 4 — BEHTWIATOPH; 5 — Audy30p

B ocranni necsatmiiTrs 21-ro CTOMITTS CTPIMKHIA PO3BUTOK MIKpPOIPO-
LIECOPHOT TEeXHIKHM HaJaB MOXKJIMBICTh BUKOPUCTOBYBATH y madax KepyBaH-
HS mIporpaMoBaHux Jorigaux KoHTponepis (IIJIK), axi Ha OCHOBI 30BHIIIHIX
CHUTHAJIIB MOXYTh 3a0€3MEeUNTH THYYKy POOOTY CHCTEMH OXOJIOJKCHHS, SKY
HE MOKe 3a0e3neunTn Ha 6a3i peseiHo1 JIoTika.

Ha ocHOBI npoBeIeHUX TOCTIKEHb PEKUMIB HaBaHTAXKCHHS Ta 3a Ja-
HUMH TeMIIepaTyp BEPXHIX MIapiB Macja, OTOYYIOUOro CepeoBHINa, aCTPO-
HOMIYHOTO 4acy Ta HaBaHTAXXEHHS, & TaK0XX 3 BUKOPUCTAHHSM alrOPUTMY
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MOJICITIOBaHHS TEMIIEPAaTypu Macia Ta 0OMOTOK TpaHchopmaTopis [1] aBTo-
paMH 3alpoIIOHOBAHO CXEMY MOJEpPHI30BaHOI magu KepyBaHHS, IO Mae
HACTYITHI IepeBaru:

— BHOIp ONTUMAJIBHOT KiIIbKICTI BEHTWIATOPIB Ta HACOCIB;

— 3rIaJUTH MIKOBI 3HAYEHHS TeMIlepaTypd HaHOLIbII HATrpiTOl TOYKH
OOMOTKHM 1 TUM CaMUM 3HU3UTH (DAKTUYHUIN 3HOC 130JISIIii Ta MPOrHO3yBATH
HaBaHTAXyBaJIbHY 3/IaTHICTb;

— HE BUKOPHUCTOBYE J0POT1 IHANKATOPU TEMIIEPAaTypHU OOMOTKH;

— He oTpedye okpeMHux BOYIOBaHMX TPAHCPOPMATOPIB CTPYMY;

— JO03BOJISIE 3MEHIIUTH 3HOC €JIEMEHTIB CHCTEMH OXOJOKEHHs (po3-
paxyHKoBO 10 10%, B 3a11€XKHOCTI BiJ] THIIOBOTO HABAaHTAKCHHS);

— JIO3BOJISIE€ 3MEHIIIATH 3HOC 130711 TpaHchopmaTopy (PO3paxyHKOBO
1o 5%).

= Tewipatyma imnien § sosiisaan e wadon sy

Temineparypa of B AT e L Ry

HOsduuiaHT HaRm=TARIHRHE

Tesaraparypa

-] 000 i L5000
Uag w1 rodsie

PucyHok 2 — I'padik 3MiHM TeMnepaTypy HalOLIbII HarpiTol
TOYKH OOMOTKH TIPHU Pi3HUX aITOPUTMaX OXOJIOKEHHS

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. IEC 60076-7:2018. Power transformers — Part 7: Loading guide for
mineral-oil-immersed power transformers [Text]. — IEC, 2018. — 89 c.
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YK 621.3

Bparina C.M.!, Bacmiescrknii B.B.2, Kamumierko O.0.3 Bacunescska A4

Ueryn. mp. E-412M HY «3amopisbka HOJTiTEXHIKa»

2 xaHz. TeXH. HayK, cTapnr. BUKIL HY «3amopisbka momiTexHika»

3 crapm. Bukn. HY «3anopizbka momitexHikay»

4 acuct. HY «3amnopi3bka IMomTeXHIKa»

HNEPCHEKTUBU 3ACTOCYBAHHS CHATGPT Y BUPOBHHUIITBI
EJJEKTPOTEXHIYHUX IPUCTPOIB

ChatGPT — 11e Bennka MOBHA MOJI€ENIb MAIIMHHOI'O HAaBYaHHS, 3aCHOBA-
Ha Ha apxitekTypi GPT-3.5. ChatGPT moxe OyTH BHKOpHCTaHH B Cydac-
HOMY BHPOOHHITBI €JIEKTPOTEXHIYHUX MPHUCTPOIB Ul aBTOMATH3aLlil Mpo-
LieciB BUPOOHHIITBA TA TECTYBaHHs. PO3risiHEMO AeKijgbka MOKIIMBHX 3aCTO-
cyBanb ChatGPT B wiii ramys3i.

Bupo6uunurso: ChatGPT moxe OyTu BUKOpHCTaHUil AJsl OKpALICHHS
NpoLeciB BUPOOHHIITBA €IEKTPOTEXHIUHUX MPUCTPOiB. Hampuknan, Monens
MoOe OyTH HaBY€HA MPOTHO3YBATH HECIPABHOCTI Ta MOJIOMKH BUPOOHHYOTO
oOnagHaHHA 3 BHKODHCTaHHSAM JAaHMX, 310paHMX 3 JaTYMKIB BHPOOHHUUX
niHiit. e mo3BoauTe 3abe3meunTr OUTBII TOYHY iH(OPMAIIIO PO CTaH 00-
JaJHAHHS Ta 3arMo0irTH MOXIMBHAM 3005M, IO 3MEHIIUTH BUTPATH Ha pe-
MOHT Ta 3aMiHy OOJIaJHaHHS.

Kpim Toro ChatGPT moxxe OyTH BHKOpHCTaHHUU AJIS TUIAHYBAaHHS BU-
POOHHUIITBA ENEKTPOTEXHIYHUX MPUCTPOiB. Hanpukiaa, Moaens Moxe OyTu
HABYCHA aHAI3yBaTH JaHI MPO MOMHUT Ha MPOAYKIIIO Ta MOKIHBOCTI BUPO-
OHUIITBA, 11100 TPOrHO3YBATH KUIBKICTh MOTPIOHKUX MaTepiaiiB, 00JIa HaHHS
Ta poO0Y0T CHJIM HA PI3HKUX e€Tanax BUPOOHUYOTO MPOIIECy.

VY3araneHeHHs TexHousoriuHoi pokymenTanii: ChatGPT moxHa Buko-
PHUCTOBYBATH Ul aBTOMAaTHYHOTO y3arajbHEHHS BEJIUKOI KUIBKOCTI TEXHO-
JIOTIYHOT MOKYMEHTAIlil, TaKOl SIK TEXHOJIOTiYHI IHCTPYKIIii, MapmpyTHi Ta
omepamiiHi KapTH, IO MOJIETIIYE CIiBPOOITHUKAM MOITYK HeoOXimHOI iH(O-
pMarii.

TectryBanns: ChatGPT moske OyTH BHKOpHUCTaHHU IJIsi aBTOMATH3AaIii
MIPOLIECY TECTYBaHHS €JIEKTPOTEXHIYHUX MPHCTPOIB Ha eTami BUPOOHHITBA.
Tak, Mozienns MOke OyTH HaBU€Ha BIJIIOBIIATH Ha 3alMTaHHS TIPO PE3yJIbTa-
TH TECTYBaHHS Ta BUSBJICHI HECHpaBHOCTI MpUCTPOiB. Lle n03BONMUTH IBH-
KO BUSIBJISITH NPOOJIEeMH Ta 3a0€3MeUUTH OllepaTUBHE YCYHEHHS HEIONAI0K.

ITokpamenns sxocti nponykiii: ChatGPT moxe OyTu BUKOpUCTaHUN
JUI TIOKpAIIeHHs SKOCTI BHPOOHHMIITBA €JIEKTPOTEXHIYHMX NpHCTpoiB. Ha-
MIPUKJIaJ, MOAETHh MOXKe OyTH HaBYEHA BiATIOBINATH HAa 3aIUTAaHHS IPO TEX-
HIYHI XapaKTepUCTHKH MPOJYKIIl Ta HaJaBaTH PEKOMEHJalil 010 NOKpa-
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IIEHHS SIKOCTI MPOIYKIii, 0 301MBIINTE 33H0BOJICHICTh KIII€HTIB Ta TIiIBHU-
IIATh KOHKYPEHTOCIPOMOXKHICTh KOMIaHi{ BHPOOHHKA.

Vi ni 3acrocyBanHs ChatGPT moxyTh miaBHIINTH e(EKTHBHICTH Ta
NPOIYKTUBHICTH BUPOOHHMLTBA EJIEKTPOTEXHIYHUX MHPUCTPOIB, 3MEHIIMTH
BUTPATH Ta MOKPAIUTH SKICTh MPOAYKIIi.

YK 621.3.048.1

Caxno O.A. !, Karrienko O.0. 2, Hredan O.10.3

! kang. TexH. Hayk, nom. HY «3amopisbka IOiTEXHIKa»
2 crapur. Buki. HY «3anopizbka MomiTexHikay

3 cryn. rp. E-412m HY «3anopizbka MOMTEXHIKa»

MOHITOPUHI TEXHIYHOT'O CTAHY TA HONEPEJKEHHSA
BIJIMOB ITPUCTPOIB PEI'YJIIOBAHHS HATIPYTU CUJIOBUX
TPAHC®OPMATOPIB IIIJl HABAHTAKEHHAM

CTaTHCTHKA PEMOHTIB IOKa3ye, MO0 MOLIKOKCHHS NMPHCTPOIB PEryJIro-
BaHHS HanpyTH i HaBaHTaxxeHHsM (PIIH) € omHiero 3 HalimommpeHimmx mpu-
YWH aBapiii cuitoBoro TpancdopmaropHoro oonanHanHs [1]. Tomy akTyaibHOIO
3a71a4eIo € PO3poOKa KOHIIETIIT Ta IPHCTPOIO MOHITOpHHTY mpucTpois PITH, 1o
JIO3BOJISITH TIEPEHTH Bijl CHCTEMAaTHYHOTO TEXHIYHOTO OOCITyrOBYyBaHHS JI0 TEX-
HIYHOTO 00CITyrOBYBaHHS 32 peaJlbHUM TEXHIYHUM CTAHOM Ta 3arodirae panTo-
BUM BiJIMOBaM Ta aBapiiHUM CTaHaM O0J1a/IHaHHSI.

ABTOpaMH 3aIllpOTIOHOBAHO KOHIICIII[II0 MOHITOPUHTY Ha 0a3i Bimmaire-
HOTO MOKa)XYHKa MoJjiokeHHs npuctporo PITH, sika ocHOBaHa Ha BHKOpHUC-
TaHHI 3Ha4YeHb: CTPYMy IBHUTYHa NpuBOAy mpuctporo PIIH, ctpymy HaBaH-
TaXECHHS, TEMIICPaTypH Macia, BOJIOTOHACHYCHHS Maclia, MOJIOKEHHS NpH-
crporo PITH.

PucyHok 1 — 3oBHimHii BUTII11 Binnanenoro nokasurka PITH 3
¢yukuisimu MonitTopuary EA-TCRD-01
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Peecrpariist BkazaHUX MapamMeTpiB J03BOJISIE TPOBOANTH:

— o6mik pecypey PITH (peectparis kimpkocti nepemukanbs PITH (me-
XaHIYHHX Ta eNEKTPUIHHX ), 9ac poOOTH Ha KOXHil oTmaiini PITH);

— KOHTpOJIb TeMnepaTypHoro pexumy PITH;

— TIOTIepeKEHHsI aBapiifHuX pexkumiB mpuctporo PITH BHacminok me-
PEBUILCHHS BOJIOTOHACHYEHHS Ta TEMIIEPAaTypH Macia;

— BIICTIAKOBYBaHHSA 3MiH B MeXaHIYHHX By3iax mpuctporo PIIH Ta
Hioro npuBoay (Ha OCHOBI aHaji3y OCIHJIOTPaM CTPyMYy OOMOTOK JBHIYHA
IIPUBOAY);

— peanizamiro QyHKIT pejeliHol aBTOMAaTUKU Ta CUTHami3amii (0J0Ky-
BaHHS 32 HU3bKUX TEMIIEPATyp, CUT'HANI3aLlis KpaiHiX MOJIOKEeHb Ta 1HIII).

MikponponeeopHiR 1ok inmepdaficy (THenne, R0k petsisn
SO ETEpdecH) CHTHL
Mixponpomecopamit 8108 poapExymEy MATESATIMIEN EpaseTpin
Eaak koETpaIEs Baok posTpoa0 BAOE ECHTPOTH CHIRLTIR
oBopiB CHrHATIS THmY 4-20ah TMEHHCT O CTR Y
&
t ! t 4 t
Aarmx Jarum Harme ARTTIE CTRYMy HaTum crpyay

TEMTIEATY MG ORECHY EABAHTAATHEN ARETYHEY
pH (PR 1000 A PITH $ B npiBosy $B

Pucynok 2 — CTpyKTypHa cxema IIpUCTPOIO

Ha ocHOBI 3anpornoHOBaHOi KOHIICMINI aBTOpaMu pO3po0JIeHO Bimga-
neHni mokaxkuuk nosiokeHHs npuoxy PIIH EA-TCRD-01 npusnaueHwuit
JUIs BigasieHol inauKanii Homepa mnonoxenHs mpuctporo PITH Ta peamizarii
¢yHKIid MoHiITOpUHTY. [IpUCTpiii MOXeE 3aCTOCOBYBATHCS K IS 3aMiHHU
(MozepHizarlii) cTapuX CTPUIOYHHUX MOKaXYHKIB, IO TPAIIOIOTH 3 PHUBOJIA-
mu MZ, EM, ED-S, PHT, II/JI1, Tak i npu KOMIUIEKTAIlii HOBOTO yCTaTKYy-
BaHHS.

OxpiM iHIUKAIIT TOJO0XKEHHS, TPUCTPIH YKOMIUIEKTOBAHO BUXiTHIMH
iHTEepdeiicaMu, UTS BHIAYi CUTHANIB Y TPUCTPOI «BEPXHBOTO PIiBHI» abo
LeHTpanizoBaHi cucteMu MoHiTopunry Ta ACK TII.

MoepHi3oBaHUil NOKAKYUK MOJIOKEHHS CIIPUSE 3HIDKEHHIO eKCILTya-
TalilHUX BUTPAT 3 MiABHIICHHAM TEXHIYHO{ CTIHKOCTI E€HEepProcucTeMH;
3a0e3nedye OI[IHKY MOTOYHOI'O CTaHy Ta IPOTHO3 3aJMIIKOBOTO Pecypcy
PIIH, mis manyBaHHSA PO3MOALTYy (piHAHCOBHX aKTHBIB, B yMOBaxX KPHUTHU-
HOTO CTapiHHA MapKy yCTaTKyBaHHS; 3a0e3ledye aBTOMAaTH3aIliI0 JTiarHOC-
TyBaHHs U cTBopeHHs migcrannii (I1IC) 6e3 mocriitHOro 06ciTyroByrouoro
MIEpCOHAJTY Ta CTBOPEHHSI IHTENEKTYyalIbHUX €IEKTPOCHEPIeTHYHUX CUCTEM B
VYxkpaini.
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YK 621.314

Adanaceen O.1.!, Adanmacres A.B.2, boiiko 0.10.2, Braxno M.L.2, ®okin
A B2 Illep6ak M.B.?

! kanp. TexH. Hayk, qoiu. HY «3amnopisbka nomitexnika»

2 cryn. tp. E-412m HY «3anopisbka IOTiTeXHiKa»

JNIOCJIJUKEHHSA MOKA3ZHUKIB EKCILTY ATAIIIHOT
HAJIIMHOCTI B 3AJIEKHOCTI Bl KOHCTPYKTHUBHUX
YUHHUKIB TA PEXKUMY HABAHTAKEHHS EJJEMEHTIB
BUCOKOBOJIbTHUX PO3MOAIILHUX NIPUCTPOIB

[TigBHIIICHHS BUMOT II0JI0 SKCIUTyaTaI[iitHOT Ha{iHHOCTI SIK MiACTaHINIH
BUCOKOI HANpyTH, TaK 1 IX CKJIQJI0OBUX YaCTHH y MOBHIN Mipi 3aJIeKUTh Bif iX
EJIEKTPUYHOT CKJIAJ0BOi TOJOBHHX KL AHaji3 elleKTpoanapaTrHOi YacTHHU
miacTaHIii Ta iX po3moxuibHUX mnpuctpoiB (PII) mokaszas, 10 3HAYHOTO
eeKTy BiJ MIIBUIICHHS EKCIUTyaTalliiHUX XapaKTepHCTHK, HalpHKIAal,
i3omsiniiiHOT koHeTpykuii (IK), € mokpamieHHs cucteMu 3aXUCTy BiJ pi3HOTO
POy mepeHamnpyr, a TaKo)K OUThII PiBHOMIPHHM PO3IOIUICHHSM €JICKTPHY-
HOTO HaBaHTa)XKEHHS Ta ocoOnmuBoCTel pesepByBaHHs [1, 2].

IMonanenie 3pocTaHHs BUMOT IIOJO HOPMYBAaHHS Ta NPOTHO3YBAaHHS
MOKAa3HUKIB eKcIiuryaTamiiHoi HamiiHocTi IK Ta ii eneMeHTIB moTpeOyIOTh
HEOOXIHICTh BHpIIICHHS 3a7adi po3paxyHKy Ta aHajli3y NMOKa3HUKIB Halil-
HOCTI OKpeMuXx eyieMeHTiB. [Ipu oMy ciij OLIbII TOYHO BPaxoOBYBaTH ix
CTPYKTYPHI OCOOJIMBOCTI Ta XapaKTEPUCTUKH (Pi3MYHMX MPOLECIB, IO OKa-
3yIOTh BIUIMB HAa OKPEMi CJICKTPUYHI anaparty, Imo ckiagaroTe PII Bucokoi
Hanpyr# [3, 4]. OnuT ekcrutyararfii mokasye, 1o TepMiH Mpaili OiIBIIOCTI
SJIEKTPUYHMX arapariB BU3HAYA€THhCS JIBOMA TOJOBHHMH YMHHHKAMH, 1€
YMOBaMH TEIJIOBOI'O PEXUMY POOOTH Ta PEKUMOM EJISKTPUYHOTO HaBaHTa-
skerHs 1x [K. SIkmio mepmmii 9MHHUK JOCTaTHRO CTAOUTBHHN Y MPOIECi eKC-
IuTyaTanii, To JPyruidi YNHHUK Ma€ CYTTEBY 3aJICKHICTH BiJl yMOB €KCILTya-
Taii Ta KOHCTPYKTUBHUX OCOOJIMBOCTEH, HAITPHUKJIIA]] CUCTEMH €KpaHyBaHH.

VY cydacHHX eJNEeKTPHUYHHX arapaTiB BHCOKOI HANpYyTrHW Uil BUIOTOB-
nenns 1K Bce mmpiie 3aCTOCOBYIOTH TONIMEpHi i3omsuiiini marepiamm. Ix
BHCOKY TPEKIHI'0-epO3iiiHy Ta JyroBY CTilKiCTbh, a TaK0X BOJOTOPO3PSIHI
XapaKTePUCTHKH 3a0€3MeuyI0ThCSI BUKOPUCTAHHIM CIIELiaIbHOTO pedbpHucCTo-
TO TIOKPUTTS 3 BUKOPHUCTAHHSAM CHIJIIKOHOBOI 200 eTHIICHIIPOMIICHOBOI eNleK-
TPOTEXHIYHO{ TyMH. AHali3 TOJIOBHUX XapaKTEPUCTHK BUIIE ITO3HAUYEHHX
€JIEMEHTIB M0Ka3aB, N0 BOKJIMBUM YMHHHKOM, SKHH Ma€ BIUIMB Ha MOKa3-
HUKH EeKCIUTyaTamiiHoi HaZIHHOCTI € HANpPy)KEHICTh €IEKTPUIHOTO moiisi. B
ctpyktypi IK Takux enxekrprunux amaparax ais komriekranii PIT, sk Bumi-
proBaJbHI TpaHc(opMaTopH, 0OMeXyBadi epeHanpyr, MHHHI OMOPH, TOLIO
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Ma€ MiCIe CyTTEBO HEPIBHOMIPHE PO3MOJUICHHS HAIlpy>KEHOCTI IMOJS Y3-
JOBX BHCOTH a00 momxuHH 1K, [0 MOXXe 3HAYHO BIUIMBAaTH Ha TPHBAJICTH
eKCIUTyaTalli u, sIK HaCJiIOK [IFOTO, Ha TIOKAa3HUKH eKCIDTyaTalliifHOI HaiifHOC-
Ti. B Takux ymMoBax BUHHKa€ HEOOXiHICT OIIHUTH BIUIMB HATIPY>KEHOCTI IO
Ha TePMiH eKCIUTyaTallii Ta BiITOBITHO HA MOKAa3HUKHU HaiiHOCTi [K.

Binpm toro, Ha okpemi ckiamosi PII TpanchopmaTtopHUX mimcTaHIii
CYTTEBHH BIUTMB OKa3ye CTPYKTypa CHCTEMH pe3epBYBaHHS TOJOBHHX KilT B
yMOBax OOpaHHS THUX YM IHIIUX CXEMHHX pilllcHb. Y OULTBIIOCTI BHIAAKIB
I/IBUIIEHHS TJMOMHYU pe3epBYBaHHS IPHBOJAUTDH 10 IOKPAICHHS TOKa3HHU-
KiB HaJliIHHOCTI, ajie MPU LbOMY MOXYTh 3HH)KYBAaTHCSI €KOHOMIYHI IOKa3HH-
KM, HalpHKJIaJ 3pOCTaHHS KalliTaJIOBKJIaJeHb Y OyNiBHHLTBO migcTaHumii. B
LOMY BUII3JIKy TOCTPO BHHHMKA€ HEOOXIJHICTb MPOBEIECHHS HU3KU JIOCIHi-
JDKEHB 110JI0 BUOOPY ONTHMAJIbHHUX CIIBBIIHOIICHH MiX TAKUMH CKJIa{OBH-
MU TIPOLIECY MPOCKTYBaHHS, K TEXHIYHI pIllICHHS, piBEeHb ITiIBUIICHHS Ha-
IIITHOCTI Ta JOJATKOBI €KOHOMIYHI BUTPATH, IO MOTPiOHI AJIS IBOTO.

3 MeTO BHUpIMICHHS i€l 3a/aqi po3pOOIIEHO alTOPUTM Ta HeoOXiaHe
nporpaMHe 3a0e3IeUeHHs /I BU3HAYCHHS PO3MOAUICHHS HaNpyKEHOCTI
noJist y3noBx onopHoi IK it pisHuX BuniB amapatiB. BUKOpHCTaHHS LIEOTO
KOMIIIEKCY TO3BOJISIE OIIIHIOBATH TaKW NMOKa3HUKIB HAIIIHOCTI, K WMOBIp-
HICTh 0€3BiIMOBHOI Mpalli, MATEMAaTHYHE OYIKYBaHHS CEPEAHBOTO HAIPALIO-
BaHHS JI0 BIIMOBH Ta T'YCTHHY PO3IIOJITY B yMOBaX 3aCTOCYBaHHS HOPMalb-
HOTO 3aKOHY PO3IMOJLIY Yacy HaIpalfOBaHHs 10 BiAMOBH. Po3po0iieHo siori-
YHY PO3paxyHKOBY MOJIENb Ta HEOOXIAHUH Ui 11 peasnizauii MaTeMaTHYHUI
armapart JJIsl OLIHKH TOJIOBHUX MOKa3HUKIB HAJIIITHOCTI CKJIaJJHUX pe3epBOBa-
HUX cxeM PII B yMOBaxX BUKOPHUCTaHHS B SIKOCTi TEOPETHYHOTO SKCIIOHCHIII-
aITbHOTO 3aKOHY PO3IOALTY BUITAJAKOBOT BETMYHHH.

191



CEKIIIA «EJEKTPOMEXAHIYHI CACTEMHA ABTOMATH3AIII
TA EJJEKTPOIIPUBOI»

YK 621.3.078.3

Ps6inin A.A.!, Kpucan 10.0.?

Vacn. HY «3amnopisbka nomirexHikay»

2 kaH1. TEXH. HayK, goil. HY «3anopisbka nosiTexHika»

CTEH/J EJJEKTPOITPUBOJA HA OCHOBI BE3KOJIEKTOPHOT' O
JIBUT'YHA MIOCTIMHOT'O CTPYMY

BeskonekTopHi aBuryHn nocriiiHoro crpymy (BLDC) 3apa3 Buxopuc-
TOBYIOThCSI B 0araThbOX MPOMHKCIIOBUX 1 rocmoaapchkux chepax. Bonu 3a-
0e3reuyroTh BUCOKY €(eKTHBHICTh, Mally Bary, KOMIIaKTHICTb Ta HH3bKHH
piBerp mymy. BLDC 103BONAIOTH PETYIIOBAaTH MIBHIKICTH i 00SpTOBHIA
MOMEHT 3 BHCOKOIO TOYHICTIO, IO POOUTH iX ilearmbHUM BHOOpOM I 3a-
CTOCYBaHHS B €JIEKTPOTPAHCIIOPTI, TPOMUCIIOBUX Hacocax, BEHTHIIATOPaX Ta
IHIINX cucTeMax aBToMarm3anii. Lleit Tun npuBoxy, ananToBaHui 10 TEXHO-
J0Tii BEKTOPHOTO KEpYBaHHSA, 3AaTHUI NPAIIOBAaTH B TAJIbMIBHUX PEKHMax
i, KpiM TOro, HE BUMarae CIeLiaIbHUX pillleHb B Taly3l CHJIOBOi YaCTHHH.
VYHidikalis CUIOBOI YaCTHHU I TAKOT'O TUITY MPHUBOAY Ha 06a3i mobpe Bija-
NpalboBaHUX B MPOMHUCIIOBOCTI PillIeHb MOXKE 3ICHICBUTH MPUBOJ 1 3a0e3-
MEYUTH CKOPOUYCHHS TEPMiHIB PO3POOKH.

a)

a) MOJIC/b CTCHIY 0) peamizaris MoJeTi

Pucynok 1 — Etanu cTBOpeHHs 1a00paTOpHOTo CTeH Ia.

JlaGoparopuuii crenn (puc. 1) CTBOPEHO HA OCHOBI 0E3KOJIIEKTOPHOTO
JIBUTYHA IMTOCTIHHOTO CKJIAJA€ThCsA 3 MapH JBUTYHIB Ha 3arajbHiil OCHOBI.
Ban BumpoOoByBaHOiI MalIMHH TIOB’S3aHWA 3 MAIIMHOK HAaBaHTAKCHHS
yepe3 JaT4uK 00epTOBOrO0 MOMEHTY. B SIKOCTI HaBaHTa)KyBaJbHOI MallMHU
BUKOPHCTOBYETHCSI OKpEeMO 30y DKEHHH BUTYH IOCTiHHOTO cTpyMy. besko-
JIEKTOPHHH JIBUTYH 3aKpiIIEHUH KOHCOJIBHO 3 OHOT0 OOKY 3a INTAaTHE KpiI-
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JICHHS CTaTOpa, a 3 IHIIOro OOKY 30BHIIIHIA POTOP JBUTYyHA Yepe3 IepexiaHe
MPUCTOCYBAHHSI Mepeac 00epTaIbHUII MOMEHT Ha BaJl.

CkmazoBi crenna: mocuigauid npuBoganit aBuryn GT36-48/600F-D;
HaBaHTaxyBanbHU aBuryH 2ITH 100L 1.1xBT; MmydTn 3’ennyBanpHi; maT-
YHK TOJIOKECHHS Ha aHAJIOTOBUX €IEMEHTaX XO0JUIa; PEOCTaT; JXKEePEIO KHB-
JICHHSL.

Cxema BUIIPpOOYBaJIbHOTO CTEHAY IPECTaBICHA Ha pUC 2.

Pucynok 2 — JIabopatopHuii crenn. Cxema eleKTprIHa IPUHIUTIOBA.

JlabopaTopHuii cTeH MOKe OYTH BUKOPUCTAHUI I IPOBEACHHS Ha-
CTYIHUX JOCTIKEHb Ta TECTyBaHb:

— BHMBYCHHS BJACTHBOCTEl OE3KOJEKTOPHOTO IBHI'YHAa MOCTIHHOTO
CTPYMY B 3aJISKHOCTI Bijl HAIIPYTH Ta CTPYMY *KUBJICHHS;

— BUMIPIOBAHHS MIBUAKOCTI Ta KPYTHOTO MOMEHTY O€3KOJIIEKTOPHOTO
JIBUT'YHA TIOCTIHHOTO CTPYMY 3a PI3HUX YMOB JKHUBIICHHS;

— JTOCII/PKEHHS eeKTPUYHOT Ta MEXaHIYHOT CTPYKTYpH OE3KOJIEKTOP-
HOT'O JIBUTYHA MMOCTIHHOTO CTPyMY;

— MPOBEJICHHS EKCIIEPUMEHTIB JIJIsi BUBUCHHS B3a€MO/Ii1 OE3KOIEKTOP-
HOT'O JIBUTYHA MOCTIHOTO CTPyMY 3 PI3HMMH THIIAMH HaBaHTAXKCHb;

— OIliHKa e()eKTUBHOCTI OE3KOJCKTOPHOTO JBUTYHA IOCTIHHOTO CTPY-
MY 3a pi3HMX YMOB JKHBJICHHS Ta HAaBaHTa)KEHHS;

— JIOCITI/KEHHSI MOXKJIMBOCTI 3aCTOCYBaHHsI O0€3KOJEKTOPHOTO ABUTYHA
MOCTIHHOTO CTPYMY JUISl PI3HUX ITPOMHUCIIOBUX 3aCTOCYBAaHb.

CreH/J| TaKOXK MOXKe OyTH BUKOPHCTAHUI 1JIsl HABYAHHSI Ta HABYAIbHUX
uisieit. CTyJeHTH MOXKYTh HABYMTHUCS PO3YMITH IPHHIUII POOOTH €JIEKTPUY-
HUX MPHUBOJIB, OI[IHIOBATH 1X BIACTUBOCTI Ta BU3HAYATH iX ¢()EKTUBHICTH 3a
PI3HUX YMOB JKUBJICHHS Ta HABaHTa)>KCHHS.

BukopucTaHHs IbOTO CTEHIY MOXE JIOIOMOTTH CTyJEHTaM OTPUMAaTH
NIPAaKTHYHI HABUYKH y Tally3i €JIEKTPOMEXaHIKH Ta MATOTYBATUCS 10 poOOTH
B IIPOMHCIIOBOCTI.
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YK 621.3.078.3

Ps6inin O.A.!, Pa6inin A.A.%, Kpucan 10.0.2

Ucryn. rp. E-312M HY «3anopisbka HomiTexHikay»

2 acn. HY «3anopi3bka nosiTexHika»

3 kaHj. TexH. Hayk, gou. HY «3anopisbka nositexHikay»

MOJEJIOBAHHS CUCTEMHU ABTOMATHYHOI'O BBOAY
PE3EPBY (ABP) HA BA3I MIKPOKOHTPOJIEPA SIEMENS
LOGO!8

Cuctema aBTOMaTHYHOTO BBe/IeHHS pe3epBy (ABP) € BaxnnBuM KoM-
MOHEHTOM EJICKTPUYHOI MEpexi, sika 3a0e3rneuye HemepepBHy poOoTy oba-
JHAHHS Ta MPUCTPOIB, SIKI MPAIIOIOTh B YMOBaX HE33aJOBUIBLHOI HAJIMHOCTI
OCHOBHOTO Jkepena xupiieHHs. ABP € cuctemoro, sika aBTOMaTHYHO TEpe-
MUKA€ KUBIICHHS 3 OCHOBHOTO JDKEpesia Ha Pe3epBHE [DKEPETIO )KUBICHHS Y
pa3i BiIMOBH OCHOBHOTO mxkepena. ABP HmIMpOKO BHKOPHCTOBYIOTHCS B
CHUCTEMaX eJICKTPOIIOCTaYaHHS Ha MPOMUCIOBHAX MiATIPHEMCTBAX, 00’ €KTax
3B’SI3Ky Ta TPAHCIIOPTY IUIA 3a0€3MeYeHHST HAMIMHOCTI €IeKTPOIIOCTaYaHHS
cnoxwuBadviB 1-1 Ta 2-1 kateropii.

MonenmoBanus cuctremMd ABP Ha 0a3i MikpokoHTposiepa Siemens
LOGO!8 € Ba)XIUBUM €TarioM MPOCKTYBAHHs Ta PO3POOKHU crcTeMu. Mikpo-
koHTtponep Siemens LOGO!8 € moTyXHUM IHCTPYMEHTOM JUIsl MIPOTpamy-
BaHHS Ta KOHTPOJI0 poboTu cucremu ABP. Ls TexHosorist no3Bosisie 3a0e3-
MEeYnTH HaliiiHy Ta Oe3nepeOiiiHy poOoTy eneKTpu4YHOT Mepexi Ta o0naj-
HaHHS B YMOBaX He3aJJ0BIJIbHOI Ha [IITHOCTI OCHOBHOI'O JUKEPEJa )KUBIICHHSI.

Pucynok 1 — IlpoexryBanns kamepu kepyBaHHs ABP.

Cxema KepyBaHHsS Ta CHTHAJI3aIlil B aBTOMATHYHOMY PEKMMi KOHTPO-
JII0OE HAsIBHICTBH ycixX (a3, BIACTEXKYE MOCIHIIOBHICTh 4epryBaHHs (a3 060X
BBOJIB. Y pa3i HEBIAMOBIJHOCTI JaHUX YMOB CXeMa J[a€ KOMaHIy BiJKIIIO-
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YEeHHsI KOHTaKTOpa/MOTOp-aBTOMara IPOOJEMHOTO BBEJICHHS 13 BKJIIOYEHHSIM
CEeKUiHOTO KOHTAaKTOpa/MoTop-aBToMata. [lepenbadeHi THMYAcOBi 3aTpUMKH
Toflavi KOMaH/| YBIMKHEHHS/BUMKHEHHS. [IpH 1IboMy CTaHM BBEIICHHS Ta po0o-
TH KOHTAKTOPiB BiMOOPa)XarOTHCS CBITJIOBHMH IHIMKATOpaMHd HA JIHIIBOBIH
mareni magu ABP. Uepe3 1momaTkoBi KOHTaKTH KOHTAKTOpPIB Ha KOHTPOJEP
HAIXOIWTH iH(OpMAIisS PO poOOTY BiNIIOBIAHOTO NPHCTPOIO. Y pa3i BUXOIY 3
JIay OIHOTO 3 BCTYIHUX KOHTAKTOPIB BiOYBAE€ThCS BKIFOUCHHS CEKIIIHOTO 3
OJJTHOYACHOIO 3a00pOHOIO BKJIFOYEHHS! aBapiifHOr0 KOHTAKTOPIB.

Pyunuii pexxum poOOTH MICTUTH (YHKLIl BKIIOYEHHS/BIIKITIOYCHHS
BCIX TPhOX KOHTAKTOPIB 3 BiOOpakeHHsIM iH(pOpMaIii CBITJIOBUMH 1HIHUKA-
TOpaMu Ha JIMIBOBiH maHeni mapu ABP 1 sk npaBuiIO BUKOPHCTOBYETHCS
KBaJTi(hikOBAaHUM OOCIYTrOBYIOYMM TICPCOHANIOM JUIS TEPEBIPKH Mpare3aat-
HOCTI KOHTaKTODIB, a TAKOXX B €KCTPEHHUX BUIAKAX.

PucyHok 2 — IIpaxkTidyHe MOJIETIOBaHHS.

Po3pobniena MoHOO/IOUHA Kamepa y mporpami «Autodesk Inventor» Ta
CIpOeKTOBaHa MpuHIMIOBa cxema E3 ycporo komruiekcy, Siemens LOGO!8
onepye BuMmuKadamu Bucokoi Hampyru IEK SVAS50-3-0630A 3a momomororo
npusoiB IEK EIT-40, uepe3 konraku AK\/IK-40 BuKoHaHMI 3BOPOTHIil 3B’ I30K.

IIporpama ABP y nomatky «logo soft comfort v8.3» mumierbcs Ha
6nounomy FBD pisni. FBD (Function Block Diagram) — e rpagiuna MoBa
NpOrpaMyBaHHs BHCOKOTO PiBHS, LIO JO3BOJIsIE BUKOPHUCTOBYBATH ITOTYXHi
ITOPUTMH TIPOCTUM BHUKJIMKOM (DYHKIiH Ta (QyHKIIOHATBHAX OJIOKIB.

JoormpanpoBana CBITIO-iHAUKALS poOOTa CXEMH y PyYHOMY PEXHUMIi
3a JIOIIOMOT'OI0 OTIePaTOPCHKOI MaHe 00CIyrOBYIOYHM IIEPCOHAIIOM.

Buxopucranns cuctemun ABP nHa 6a3i mikpokoHTponepa Siemens
LOGO!8 € edextuBHUM pimeHHAM s 3a0e3meueHHs] HaAiiiHOi poboTh
CHCTEMH B pa3i BIIMOBH OCHOBHOTO JiKepeJa uBlieHHs. L{e Moxe nornomo-
I'TH YHUKHYTH 11epe0oiB y poOOTI CHCTEMH Ta 3a0e3IeUnTH CTablibHy pobo-
Ty BaXJIUBOro obmamHaHHsA. MogemoBanHa cuctemu ABP € BaximBum
KPOKOM Yy 3a0e3IMedYeHHI HaifHOCTI TEXHIYHUX CUCTEM.
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YK 681.527.2

Oneiinikos M.O.!, Hazaposa O.C.2, Ocaquuii B.B.?
Vacn. HY «3anopisbka nosmirexHikay»

2 kaH1. TEXH. HayK, goll. HY «3anopizbka nosiTexHika»

OI'JIA ] CTAHY IIUTAHHSA ITIO3UIIIOBAHHS BAHTAXKY HA
IT'HYYKOMY IIABICI MOCTOBOI'O KPAHA

Y IpOMHCIOBOCTI MaCOBO BUKOPHCTOBYIOTHCSI MOCTOBI KPaHH 3aBJISIKU
3pY4HOCTi iX BHKOPHCTAHHS. IX IIMPOKO 3aCTOCOBYIOTh B HMPOMHCIOBHX i
PCMOHTHHUX LieXaxX OyAiBEIbHHX IiANPUEMCTB JUIs HiAHOMY Ta NEPEMilLCHHS
BAHTAXiB. IX BMKOPHCTAHHS JO3BOJAE CYTTEBO 3HH3MTH TPYAOBUTDATH,
CKOPOTHTH 4ac BUKOHAHHS TEXHOJIOTIYHUX ONEpaliil y BUPOOHHYUX Ipolie-
cax. ToMy akTyaJbHHM € NHUTaHHS 3a0€3MEYCHHS TOYHOTO IMO3HIIIOBAHHS
BaHTaXXy B 33/1aHy TOUKY i3 MiHIMaJIbHIM PO3TOMHTyBaHHSIM.

Mera — BUKOHATH OIJIAZ OIMyOJIKOBAaHHUX JUKEPENT i3 METOAaMH 3MEH-
IIEHHS KOJIMBaHb Ta TOYHOTO MO3UIIIFOBAHHS BaHTA)XXy Ha THYYKOMY ITiABICI.

VY pobori [1], sk 3aci0 3MeEHIICHHS PO3TOHAYBaHHS BaHTaXy, TAaKOX
MIPOTIOHYEThCS BUKOPHCTAHHS CHOCOOIB TallbMyBaHHS KpaHiB (Bi3KiB) 3a
JIOTIOMOT'0}0 TaKUX MPUCTPOIB SIK PE3UCTOPH, TAXOTCHEPATOPH 1 TIPOCTI eJeK-
TPUYHI CXEMHU.

B po6orti [2] 3anponoHoBaHuil METOJ KepyBaHHS NEPEMIllleHHs KpaHy
3 MiABIIICHUM BaHTaXXEM NPH 3alaHOMY 3Ha4YCHHI IUISIXY 32 YMOBH 3a0e31e-
YeHHs HalOLIbIIOT IBUIKO/IT Ta 3MEHIIICHHS KOJIMBaHb BAHTAaXy HAIPHKiH-
I TepeX1AHOTO MPOIIeCy.

Metonu, po3risHyTi B poboTax [1, 2] Z03BOJIAIOTh €PEKTHBHO 3MEH-
IINTH KOJIMBAHHS BaHTaXYy. AJle iCHy€e BelnKa KUIBKICTb KpaHiB, [0 TPAIIoe
30BHI NPUMIIICHHS, € € TaKi 30yplorouu (QaKkTopH sK, HAPHUKIAMI, BITPOBE
HaBaHTaXeHHs. HemonikaMu mux poOiT € BiICYTHICTH 3BOPOTHOTO 3B’SI3KY
TIOJIOKCHHSI BaHTaXy, IO HE Ja€ MOXKIJIMBOCTI JIeMIlpyBaTH KOJIMBAaHHS,
BUKJIMKaHI 30BHILIHIMYU 30ypEeHHSIMH.

CyyacHa TEeHJEHIIsl PO3BUTKY MIKPOIIPOIIECOPHUX TEXHOJOTIH Jae
MOXIIMBICTh BIZIMOBUTHCH BiJI pyYHOI'O KEpyBaHHs MeXaHi3MaMH Ta po3po0-
JSITH CKJIaJIHI CHCTEMH aBTOMAaTHYHOT'O KEPYBaHHS ISl IOKPAILICHHS SKOCTI
TOTOBOI MPOIYKMii Ta 301IbIICHHS MPOAYKTUBHOCTI BUPOOHHITB [3, 4].

VY crarti [5] po3risnmaerses cuctema KepyBaHHA 30-TH TOHHHM IIPO-
MHCJIOBUM MOCTOBHUM KpaHOM. OCHOBHHMM €JIEMEHTOM CHCTEMH KEpyBaHHS
SBIISIETHCS 3aXUCT BiJl pO3TOHAYBaHHS Ta KOHTPOJIb ITO3HUILIIOBAHHS BAHTaXKY.

Indopmanis mpo po3rolayBaHHS BaHTaXKy OTPUMYETHCS 3a JIONOMO-
TOI0 CHCTEMH MalIMHHOTO 30py. Lle kamepa 3 MOXIJIMBICTIO OTPUMYBAHHS Ta
00poOKH 300paxeHb.
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BripoBakeHHSI CHCTEMHU 3aXUCTY BiJl PO3TOMyBaHb i3 3aCTOCYBaHHIM
3BOPOTHOTO 3B’S3Ky y BHDJIALI MAIIMHHOTO 30pY JO3BOJHIO 3MEHIINUTH
KOJIMBAaHHS BaHTaXy npuoausHo Ha 90%. JlaHa cucTema 31aTHa BpaxoByBa-
TH HETIPOTHO30BaHi 30BHINIHI 30ypeHHs Ta 3MiHHI mapaMeTpH [6].

Bucnosku. [IpoBiBmm anaiiz poOiT, HAIIUICHHX Ha PIMICHHS MPoOieM
pO3roiigyBaHHS Ta TOYHOTO ITO3WIIIOBAHHS BaHTaXy MOCTOBHX KpaHiB,
MOJKHA BHU3HAYHTH, IO HaiOLIGII e(hEeKTHBHUMH METOJaMH SIBIIETHCS BH-
KOPHUCTaHHS 3aMKHYTHX Ta PO3IMKHYTHUX CHCTEM KepPYBaHHSI.

OCHOBHOIO IIEpeBaro0 Po3iMKHYTOI CUCTEMH € BiTHOCHA POCTOTA Po-
3po0KH. AJle BOHAa HE MOKe 3a0€3MEeUUTH CTIMKICTh JI0 30BHILIHIX 30yproto-
YM BIUIMBIB TaKHX SK BITPOBE HABAaHTA)KEHHSI.

Jns pimeHHs 1€l MpoOieMH AOLIIBHO BUKOPHCTOBYBATH 3aMKHEHY
CHCTeMy KepyBaHHS. Ii HEJOTIKOM SIBISETHCS HEOOXiNAHICTh BUKOPHCTAHHS
KOLITOBHOTO J]aBada 3BOPOTHOTO 3B 53Ky - CHCTEMH MalIHHHOTO 30Dy, OCKi-
JBKU CTaHAAPTHI METOAX BUMIpPY TYT HEMOXKIIMBI [T peati3arii.

ToMy BCTaHOBJICHO, IO MEPCICKTUBHUM HANPSIMOM JAOCITIIKEHb €
aHaJi3 3aJEeKHOCTI MOKA3HUKIB SKOCTI BiJl YACTOTH AUCKPETH3ALIl CHCTEMH
MAaIIHHOTO 30DY.
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Vac. HY «3amopisbka HOTiTEXHIKa»

2 kaHj. TexH. HayK, gom. HY «3anopi3bka momiTexHika»

BIIJINB HAITPYTU ’)KUBJIEHHA MEPEKI HA POBOTY
JABOIIBUAKICHOTI'O JII®PTA

UYepes ckmagHi 0OcTaBUHU POOUTH €HEprocucTeMHu YKpaiHH, Ha ChO-
TOJHI BaXXJIMBUM IUTAaHHAM IIPH POOOTI JI(PTOBOTO TPAHCIIOPTY € CTabiNb-
HICTh CHCTEM NPH BEJIMKHX Ta MHUTTEBHMX 3MiHaX 3HaYeHb HANpPYTU Ta 4ac-
TOT. JloCSATHEHHS TOCTIHHOT HANPYTH JKUBJICHHS — OJIHE 3 HaWBaXKJIMBIILIUX
3aBJjaHb, OCKIJIBKH 1[0 MEHIIE KOJMBAaHb 1 MajiHb HANPYIW Yy CUCTEMi, TO
JIOBIIIC TEPMIH CITy)XOU ycTaTKkyBaHHsA. KpiM TOro, Bil IIbOTO 3aJCKUTh CTa-
OiIbHICTH POOOTH CHCTEM YINPABJIiHHS Ta BUKOHAaBUMX MEXaHi3MiB. AJpke
CTabUIBHICTh POOOTH 00NAaTHAHHS OE3MOCEPEIHBO BIUIMBAE HA OC3MEKY Ta
KUTTS Joziei. BpaxoBytoun Bce nepepaxoBaHe BHINE, JaHAa poOOTa CIPsIMO-
BaHA Ha ITiJBUIICHHS TOYHOCTI IMO3UIIIOHYBaHHS K 3aCTapiinX, TaK i cydac-
HHUX CHCTEM YIIPaBJIiHHS 3 ypaxyBaHHAM YMHHUX HOPM 1 BUMOT JI0 €KCIUTya-
TaIlii, 3a yMOBH eKOHOMIi (piHaHCOBHX BHUTpaT [1-3].

I'padivna Bi3yamizalis MpPOBEACHUX PO3PAXYHKIB Ta EKCIICPUMECHTIB
JI03BOJIsiE IOOAUYNTH BCl 3MiHHU. [ BCIX 3HA4YEHb CTYNEHS 3aBaHTaXXKCHHS
CIIOCTEPIraeThcsi 3aKOHOMIPHICTh BIUIMBY HANpyTW JKUBJICHHS MEpexXi Ha
TOYHICTh MO3WIIOHYBaHHs. Tak, 3HM)KEHAa HANpyra J>KUBJICHHS ICTOTHile
BIUIMBA€ Ha PO3PaxyHKH, HDK MiIBUIEHA, THM CaMUM IOTIPLIYIOYH TOY-
HICTb 3yIIHKH.

Junst puc. 1 npuidHATI HACTYIHI TO3Ha4YeHHS KpUBUX: |1 — rpadik 3MiHU
TOYHOCTI IMO3UIIOHYBaHHS PH HATpy3i kuBieHHS 334,4 B, 2 — tex mpu 342
B, 3 — tex npu 349,6, 4 — tex npu 361 B, 5 — Texx pu 372,4 B, 6 — Tex npu
380 B, 7 — tex npu 387,6, 8 — tex npu 399 B, 9 — Tex npu 410,4 B, 10 —
Tex npu 418 B, 11 — tex mpu 425,6 B.

3 oTpuMaHMX rpadikiB BUAHO, IO MPU 3MiHI HAIIPYTH JKUBJICHHS Me-
Ton imeHTH(iKamii HemocTaTHRO epekTUBHHA. OJHAK TpPH 3HAXOJIKCHHI
3aJIeKHOCTEH BIUIMBY HAIPYTH KHUBJICHHS HA PO3PaXyHKH MOXIIMBE KOPHUTY-
BaHHS TOYHOCTI MO3WIIOHYBaHHSA 3 METOIO 3MEHIIICHHS Jialla3oHy 3yNMHHKH

(4, 5].
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Positicning accoracy, mm

Cabin bading degiee. cu

Pucynok 1 — 3anexHicTh MOXUOKN MO3UIIOHYBaHHS BiJ] BEMYUHH HATIPYTH )KUBIICHHS
HIPH Pi3HUX CTYICHSX 3aBaHTaXKEHHsI KaOiHY 3 BUKOPHCTAHHSAM METOJY iIeHTH(iKaIil.

BinmoBimHO 10 HOCTiMKeHb MPOBEICHUX Ha KOMIT FOTEPHINH MOJei Ji-
¢ra y cepenosumi Matlab/Simulink orpumano nacrymHe. [Ipu BinxuieHHi
HaNpyTy XUBICHHS Mepexi Bi HoMiHaibHUX 380B y mexax +£5% cucrema
YIpaBJIiHHS Ji)Ta BiANPabOBYE 3 TOCUTh BUCOKOIO TOYHICTIO. Po3paxoBaHi
3HAYEHHsI TOYHOCTI MO3HMILIOHYBAaHHs BXOISAThH Y Aiana3oH Aio4oi B €Bpori
Bumorn EN 81-20:2014, sikuit Bkazye Ha J03BOJICHY MOXHMOKY 3YNMHHKH B
+10 mm. Ciin 3ayBaXkuTH, 10 JJIsl 3aBaHTaXeHb BUlEe 25% CTyNeHs, B 10-
MyCTUMHUH Jiama3oH +10 MM BXOAATH BCi pO3paxyHKH B MeXaxX 3MiHM Ha-
NIPYTH XUBJIEHHs Mepesxi +10% Bi HOMIHAJIBHOTO.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Rong, Q. Dynamic Elevator Group Control Algorithm Based on the
Shortest Distance and the Shortest Time / Q. Rong, F. Chen, J. Fan, W.
Chang, H. Wang, H. Guo // 2022 34th Chinese Control and Decision Con-
ference (CCDC), Hefei, China, 2022. - P. 1727-1731. doi:
10.1109/CCDC55256.2022.10033804.

2. Maune, D. Speed Control for Lifting Devices with Conical Cable
Drum through Indirect Position Determination / D. Maune, B. Kriiger, P.
Sahm, S. Soter // 2020 IEEE International Conference on Industrial Tech-
nology (ICIT), 2020. - P. 401-405, doi: 10.1109/ICIT45562.2020.9067244.

3. Volkov, V. Energy saving in positional frequency regulated asyn-
chronous electric drives by optimization their acceleration and deceleration
times / V. Volkov // 2017 IEEE International Conference on Modern Electri-
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AHAJII3 MOB ITPOT'PAMHUX 3ACOBIB CUCTEM KEPYBAHHS
MAJIUMMU JIITAJIBHUMHA OB’€EKTAMUAU

VY CBITOBI#f HayKOBO-TIPAKTHYHIN CHIJIBHOTH OCOOJIMBOI aKTyaJbHOCTI
NPUIUIIETBCS yBara A0 PpO3pOOKM Ta BHKOPUCTAHHS MAJUX JIITAIBHHX
00’€KTIB PI3HOTO TEXHIYHOTO MPU3HAYCHHS Ta KOHCTPYKILIH B 3aJI€KHOCTI
BiZl BUMOr' cydacHocTi. [Ipu BHpiLIeHHI BiANMOBIAHUX MUTaHb HEOOXITHO
BU3HAYMTHUCH 13 MPOTPAMHUMHE 1 MIKPOIIPOLIECOPHUMH 3ac00aMH aBTOMATH-
3a11ii, 110 HalOIIBII ONTUMAIBHO 33/I0BOJIBHSIOTH YMOBAaM IPOEKTYBAHHS Ta
MPaKTHYHOTO BUKOPHUCTaHHS. TakuM YMHOM, NMOBCTA€ NMUTAHHS SAKi Mporpa-
MHI 3ac00H JOIITEHO BUKOPUCTOBYBATH B 3aJIS)KHOCTI BiJl CKIIQJHOCTI 3a/1a-
4i, 0 BUPIITYETHCS.

Meta poOOTH TOJNSTaE y BHKOHAHHI MOPIBHSUIBHOTO aHANi3y Pi3HUX
MOB TIPOTpaMHHX 3aCO0IB B 3aJIKHOCTI BiJl CKJIaJHOCTI TIOCTaBICHOTO 3a-
BIaHHs B IIOE€JHAHHI i3 ONTUMAJIBHUM MPAKTHYHUM BHKOPUCTAHHSM MiKpO-
MPOIIECOPHHUX 1 MPOrpaMHKX 3ac00iB aBTOMATHU3AIll Ta CKJIAAHOCTI 1 MPHU3-
HA4YeHHS JIITAIbHUX CUCTEM Ta 00’€KTiB, SIKUM MpHUTAMaHHI OOMEXEeHI Maco-
rabapuTHI MOKa3HHUKH.

Ha manwuit gac y cBiti BukopuctoByethest Ot 10000 MoB mporpamy-
BaHHA. Jledki i3 HUX BHUKOPHUCTOBYIOTBCS y JOCHTH OOMEXEHHX YMOBAX,
HANPUKJIA] Y XaKepiB, JEsKi — Yy MEIWIUHI, NesKi y BUIIUX HAaBYAIBHHUX
3aKianax, Hanpuknaa Pascal Tubku TOMy, o Tak Tpeba HE3BaKaroud Ha
JIy’Ke 00Me)XeH1 MOXIIMBOCTI Ta CIIPOMOXKHICTB.

KopoTko po3ristHeMo HaiOuIbII NOMyJIIPHI MOBH MPOTpaMyBaHHSI.

PHP € MoBo10 mporpaMyBaHHsI, 110 BUKOPUCTOBYETHCS MPHU PO3poOII
BeOpecypciB — caiitu, CMC, cuctem ympaBmiHHSA KOHTeHTOM y WordPress,
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10 BHKOPHUCTOBYEThCS y 1/3 Beix caifriB B inTepHeri, Facebook. 11s moBa
MIPOrpaMyBaHHS JOCTaTHHO AOCTYNHA AJSI BUBUCHHS IOINIEpPIIE TOMY, IO
imeanpHO po3poOiieHa Ay 3HaifoMcTBa. JlomimbHO Bim3HaumTH, Mo y 2021
pori 111 MoBa nocimana 8 micte, a'y 2022 pomi 11. Ie mosicHrOeTECS TUHAMI-
YHUM PO3BUTKOM HOBITHIX PO3POOOK.

Jlo HemomikiB HEOOXiZHO BiAHECTH HEOIHOPIAHWH CHHTAKCHUC , IO
MIPU3BOANTE J0 HEPO3YMIHHS TOTO, IO HamwucaB iHmmiA nporpamict B PHP.
ITpu po3pobui HOBHX mporpaMHux 3aco6iB Ha PHP moxiauBo orpumaru
1000 monapis.

Javascrript/JS BigHOCHUTBCS 10 HAWHOLIBII JUHAMIYHOTO PO3BUTKY B
HanpsiIMKax 3arajbHOro Inpu3HaueHHs. Ha miii MoBi HammcaHo BeO-cailiTH,
MOOLIBHI JOJAaTKH, CEPBEPHI YaCTHHU Ta Oarato iHmoro. B skocTi mpuknamxy
MOJXJIMBO MOCHJIATUCh Ha Oi3Hec pecypc Linkedin abo mormykau Yahoo.
JavaSprint HaO1 BT PO3MOBCIOKEHA IIPOTpaMHa MOBA Cepell MPOTPaMicTiB
IIpYU BUPIMICHHI TUTaHb PPOHTEHA pPO3poOOK. BoHA MOCTIiHO BHKOPHCTO-
ByeThed i3 1995 poky. [if mpuramMaHHi BlTacTMBOCTI JIErKOCTi Ta TMOCTiHHOTO
YAOCKOHAJIICHHS, JTUHAMIKa PO3BUTKY Ta IIBUJAKICTH POOOTH, MPOCTOTA BH-
BUYCHHS Ta BUKHUI PiBEHb F03a0LIITI iHTEpdEiciB AN KOPUCTYBAYiB, MiATPH-
MKa CKpHITIB CHOTO JeHHHX BeO-OpaysepiB. OBOJOIIBIIM MOBOIO
Javascrript/JS MoxnuBO ctat BeayuuM (axisiem cremianbrocti IT B mes-
HUX HanpsMKax.

JIOiNBHO Bi3HAYMTH, 110 CYTTEBUX HEAOMIKIB y Javascrript/JS Hemae,
aJie BOHA BIJTHOCUTBCS JIO TOCUTH CKIIQJIHOTO 3aCBO€HHS. OBOJIOMIBIIN LIEHO
MOBOIO MOJXJIMBO 3HAiTH POOOTY, sIKa JOCTATHBO OIIIHIOETHCS y CBITOBIH
CIUIBHOTI.

Python — MoBa nporpamyBaHHs Ha TETEPIIIHIN Yac BBaXKA€TbCS Hai-
GBI PO3MOBCIOKEHO0 HOoUMHAUH i3 1999 poxy. Ii noninsHo BHKOpHUC-
TOBYBATH IIPU BHpILIEHI HAayKOBO-TIPAKTUYHHUX 3aBIaHb, TPHHAXKEPIB, Oe-
K€HJIa, CUCTEMHOTO aJMIHICTyBaHHs, @ TAaKOX B SIKOCTI JIOTIOBHEHHS 1O iH-
IIMX MOB IIPOTpaMyBaHH:.

BoHa nocTaTHBO JOCTYITHA Ui BUKOPDUCTAHHS B HaBYaHHI B IMOPIB-
HsHHI 13 iHmmMu. Ha migcraBi nporo i MOIMIJIBHO BHKOPHUCTOBYBATH MPHU
HaOyTTI HABHKIB BEO-pO3POOHHKIB Ta BUPIIICHHS 1HIIMX 3aB/aHb.

TectyBanus Python mpoekTiB JOIIBHO 3/iHCHIOBATH Yy BIIIOBITHUX
creniaizoBaHux opraizamisx. Ha ii mijctaBi MOXIIMBO HammcaTy HaBiTh 1HIII
MOBH TiporpamyBanHs. Python mo nonymsprocti Bxoauts 10 TOII 3 y cBiTOBHX
PO3pOOHMKIB MporpaMHUX 3aco0iB, Harpuynaz y Google. [Iporpamictn Python
MOXYTh OTpuMyBaTH 3apmary go 7000 nmomapiB. BBakaeTbes, mo 11 MoBa
OyJie yCHiIIHO BUKOPUCTOBYBaTHCh B HaiOmmwk4i 10 pokiB. butbmn pominsHy
iH(OpMAaILiI0 MOXIIMBO OTpUMaTH, HanprkiIaa y [imepXocr.

Java Takox JIOBOJi PO3MOBCIOKEHUH TIPOrpaMHuil TIPoayKT. i 1pu-
TaMaHHi JOCHTb BHUCOKi MOXUIMBOCTI, ajle BOHA € JIOCTaTHhO CKJIAJHOIO, i
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JOLITHPHO BHUKOPHUCTOBYBATH TIPH BHPIMICHHI NHUTaHb OCKEHI MOOUTHHIX
Po3po00K, 3aXHCTy BiJ HeOaKaHMX 3aBaJ Ta MPOTpaM, OCKUIBKH il TpUTa-
MaHHI Jy’K€ BHCOKI TOKa3HHKH JTUHAMIYHOCTI B MTO€IHAHHI 13 MIBUIKOMIEIO,
BJIACTHBOCTI aJlaliTyBaHHs, JOCTATHS MPOCTOTA, L0 CIPHSE PO3NOBCIOKE-
HIO 1 BUKOPHCTaHHIO cepell PO3pOOHUKIB IPOrpaMHUX 3ac00IB Pi3HOTO MpH-
3HauyeHHA. BoHa 3HauHO nuHamiuHa B mopiBHsHHI i3 C Ta C++. [loninsHo
BiJI3HAYUTH, 110 HE CIIiJ] MOpiBHIOBaTH Java i3 JavaSprint.

C/C++ nHaiibinplI po3NOBCIO/KEHA MporpaMHa MoBa. BoHa, nmepeBak-
HO, BUKOPHCTOBY€EThCA TIPH PO3POOI KEpyBaHHS IMIBUAKUMH IIPOIECaMH,
MamuHHOTO HaB4YaHHA Ta iH. C Ta C++ MakCUManbHO NMPOIYKTUBHI MOBH
MPOTpPaMyBaHHSA, SKi JO3BOJISIOTH JTOCATTH HaOiNbIIOl ONTUMAIBHOCTI IPU
BUKOPHUCTAHHI MIKPOIIPOLIECOPHUX 3aC00iB aBTOMATH3AIIi.

OcnosHa mepeBara C ta C++ mossirae y IOCATHCHHI MaKCHMAaJIbHOL
IIBUIKOCTI BUKOHAHHS TIEBHOTO KOJY B IIOPiBHSAHHI 13 OiJIBII BUCOKOpiBHE-
BuMH MoBamu Python, Java, C#. [ouineHo BigzHauuTH, 1m0 MoBu C Haii-
O e(heKTHBHO BHUKOPUCTOBYBATH JUIS PO3POOKH ONMEPAaTHBHUX CHUCTEM.
Ha wmiit moBi Hanucani Linux, Microsoft, Windows, Mac JS. Tomy BuBUeHHS
C/C++ nouinbHO BUKOPHCTOBYBATH PO3POOHMKAM 3 METOI0 3arajbHOro
posyminHs npoueciB podotu OC i3 cepennnn. CUHTaKCHC NpOrpamyBaHHS
JIOCHTH CKJIAIHMH, a 1HOAI He mocaigoBHMI. He3Bakarouum Ha HENOJIKH IS
MOBA JIOCUTB PO3IOBCIO/KEHA 1 TOCTIIHO KOPUCTYETHCS 3alIUTaMHU.

SQL MoBa BHKOPHCTOBYETHCS IEPEBaKHO NP BUPIIMICHHI MUTaHb B3a-
€MHO TIOB’s3aHUX 0a3 naHux. BoHa cripusie MONIYKy BiJTIOBITHOTO PillIEHHS
cepell MHOKHHU MacuBY HaHuX. OCKUTBKY Ha MPaKTHUIN 0a3W TaHUX MOCTIiH-
HO JIOTIOBHIOIOTBCS Ta 3MIHIOIOTECS, TO 1€ HOTpedy€e MOCTIHHOTO OHOBIICHHS,
MOJICpHi3allil Ta JOMOBHEHHS, 10 NPU3BOJUTH JI0 IEBHOTO OHOBJIEHHS IIPO-
rpaMHHX 3aco0iB. AJie 1[iif MOBI MpUTaMaHHI IeBHA CIEUU(IYHICTh Ta MEH-
1K IOMUT B MOPIBHSHHI 13 TPOIIO3UIISIMU.

Kotlin € anbrepHaTHBOIO MOBH Java 1 po3poOieHHIl KOMIIaHi€0
JetBrains Ta BUKOPHCTOBY€ETHCS MEPEBAKHO BAXKIUBUM IHCTPYMEHTOM KOX-
HOTO aHjpoin-po3poOnuka. Lliii MOBI mpuTamMaHHI HACTYIHI BJIACTUBOCTI:
(yHKIIOHATPHE TMPOTPaMyBaHHS, IO O3HAYa€ BIACYTHICTH HEOOXiTHOCTI
3aJaHHs IOCTIJOBHOCTI NEBHHX KOMaHJ, & JOCTaTHBO OIMCATH B3a€MHI
BiTHOCHMHH MK KOMaHIaMH Ta mianporpamamu. Lle ciix cpuitMaTé Takum
YHHOM, 1110 PO3pOOHHMK 3a]a€ MEeBHi MpaBuiIa, a KOJ BUPIIIY€E B SIKMX BUIA-
KaXx JIOLUIBHO CKOPHUCTATHCh IIEBHUMH 3aJIEKHOCTSIMH BIATIOBITHO 110 YMOB,
o copMyBasTUCs BHACIIOK MTEBHIUX 0OCTAaBUH.

Jo nmepeBar He0OXiTHO BiTHECTH: MIPOCTOTY Ta 3PYUHICTH BUKOPUCTAH-
HSl; JTaKOHIYHICTh, CIPUHAHATTA Ta 3pO3YMUIICTh CHHTAKCHCY; y3TOJUKEHICTH
i3 Java; Ge3meuHiCTh; BIACYTHICT JUIIHIX (PYHKIIH Ta MOIYTiB; YMCTOTA Ta
KOMITAKTHICTb.
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Jlo HemoMmiKiB BiTHOCSATBHCS: HHU3bKA IIBUAKICT KOMITLIAIIT, BiIHOCHO
HEBEJINKA KIJIBKICTH JOITOBHEHE.

C# a0 «Cu mrapm» BBa)Ka€THCS CyYaCHUM OOEKTHO-OPIEHTOBAHOIO Ta
TUTIO-0€3IIeYHOI0 MOBOIO IporpamyBaHHs. Ha i1 mimcTaBi po3poOisroTees
pI3HOMaHITHI THIIOBI BHKOHAHHS O€3MEYHHMX Ta HAIIHUX MPHIOKEHB, IO
BukoHyIOTECS Yy NET Texnomorisx. [Ipu ipoMy MOXKIHBO po3poOIsATH TIPO-
rpamu gk it [0S Tak i go Linux.

Jlo mepeBar JOLIIBHO BiTHECTH: MPOCTOTY, HAJIIHHICTh Ta MacmTadi-
POBaHHS; JIETKMH MOIIYK MOXHWOOK Ta MOPYIICHHS JIOTICTHKH; 3aXHCT Bil
BTPATH IaMSTi; BUKOPUCTAHHS BiJOMHX CHHTaKCHCTIB.

Jlo HemoMKIB BIIHOCATHCSA TOBOJI CKJIATHHUN CHHTAKCHUC Ta BiTHOCHO
HEBEJIMKA IPOIYKTHBHICTB.

Ha mizcTaBi NOpiBHSUIBHOTO aHaIli3y iCHYIOUHMX MOB IIpOrpaMyBaHHs Ta
e(pEKTHBHOCTI BHKOPHUCTAHHS B JITAIbHUX 00 €KTaxX MOXIHBO 3pOOUTH
HACTYITHI BUCHOBKH:

1. B cBiTOBIiif HayKOBii Ta MPaKTHYHIN CHITBHOTI BUKOPHCTOBYETHCS
JOCUTh BENMKa KiTBKICTh MOB MPOTpPaMyBaHHS SKi IpU3HAYCHI A BUPI-
IIEHHS KOHKPETHUX BHUKJIMKIB MIPOMHUCIIOBOCTI Ta MOOYTY JIFOACTBA.

2. Haiibinplie pO3MOBCIOMKEHHS OTPUMAIM MOBH IIPOTpaMyBaHHS
PHP, Java, Javascrript/JS, Python sikuM mputamMaHHi TOCHTH BEIHMKI MOX-
JUBOCTI 3a0e3neucHHs KEpPyBaHHS CKIAJHHUMU  CICKTPOMEXaHIYHHUMU
00’eKTaMu Ta CHCTEMaMH ajie BOa4aeThes, 10 AJIsl BUKOPUCTAHHS B JIITAJb-
HUX 00’€KTaX 1X BHKOPHCTATH HE JOIILHO BHACIIIOK BIJICYTHOCTI Mporpa-
MHHX 32C00iB MIOTOYHOTO KOPETI'yBaHHS 3B’sI3KiB MK OKPEMUMH TlapameTpa-
MU KOHKPETHOTO 00’ €KTa.

3. JIns KepyBaHHS NOTOYHHM CTAHOM JHTAIBHOTO 00’€KTa JOLLIBHO
BHKOPHCTOBYBAaTH MOBH IporpamyBanHsi C# abo «Cu mapm», C#, Kotlin,
C/C++ ocKiIbKH 1M TpUTaMaHHI BIACTHBOCTI Y3TO/HKEHOCTI MiXK OKPEeMUMH
rapamMeTpamH, 10 MOXYTh IPHMYCOBO 3MIHIOBATHCH Ta KOPEr'yBaHHS Bij-
TIOBIZIHO JI0 TIEBHOT'O ITPOTPaMHOTO 3ac00y.

4.JIouinbHO TPOJIOBXKUTH JIOCIIIDKEHHS 3 METOI BU3HAYEHHS MOTOY-
HOI y3rOJDKEHOCTI Mi’K MHOXKMHOIO CYKYITHOCTI TTapaMeTpiB pi3HOi (izuaHOl
NPUPOJIH, IO MPHUTAMaHHI NIEBHUM BHUKOHABYMM MEXaHi3MaM Ta Iporpam-
HUMH 3aC00aMH aBTOMaTu3allii MOTOYHUM CTAHOM JIiTajJbHOrO 00’ekTa abo
CHCTEMHU 00OMEXEHHUX Maco-rabapuTHUX IMMOKA3HHUKIB.
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ABTOMATHU30BAHA CUCTEMA KOHTPOJIIO IIOTOYHOT'O
CTAHY EJIEKTPOTEXHIYHOI'O YCTATKYBAHHSA
CIIEIJAJIBHOI'O ITPU3HAYEHHS

EnexTpoTexHiuHE ycTaTKyBaHHS € HEBil'EMHUMU €JIEeMEHTaMH IIPOMH-
CJIOBHX IIANPHUEMCTB, MOOYTY Ta HaliOHANBHOI OE3MeKH Maibke BCixX KpaiH
CBITOBOI CHITBHOTH. 3HAaYHA YaCTHHA I[LOTO YCTATKYBAaHHS pPO3POOJICHO
BIATIOBITHO 10 BUMOT JAEPXKABHUX CTAaHIApTIB 70 OOJaJHAHHS 3arajlbHOTO
NPU3HAYCHHS Ta JOTPUMAaHHS NMEBHUX ITOKa3HHKIB A0 SKOCTI €IEKTPHIHOL
eHeprii. Ha mpakTumi 3HaYHO YacTWHA YCTAaTKYBaHHS IPALIOE B PEXHUMaXx,
10, B OKPEMHUX BHIAJIKaX, MEPEBUIIYIOTh HOMIHAJIbHI HaBaHTa)KCHHS, IIO
NPU3BOJNUTH 10 MOTIPIIEHHS HOPMOBAHMX ITOKAa3HMKIB SIKOCTI €IEKTPHYHOI
eHepril Ta BUXOJIB i3 JIally MOTY>KHOTO €JIEKTPOTEXHIYHOIO YCTATKyBaHHS.
30yqHUKaMH TakuX He0a)KaHUX IPOILECiB € MPHUBOIY MPOKATHHX CTaHIB,
JiHI Ta BCTaBKM MOCTIHHOrO CTpyMy, QyroBi crayeronHi neui Ta iH. Taxi
HaBaHTAXXCHHS MPU3BOJATH /10 (POPMYBaHHS HECTAL[IOHAPHUX EJIEKTpOMar-
HITHUX TPOLECIB B IPOCTOPI yCTaTKyBaHHS, sIKi B CBOIO Yepry MPH3BOJSTH
J0 (hopMyBaHHS JIOJATKOBHX 3arajlbHUX Ta MICIIEBUX BTpAT, TEIJIOBHX Iie-
peBaHTaXeHb aKTHBHUX JIeTaJIeil KOHCTPYKIII Ta IIpecyrour BY3JIiB, BTPATH
eJIEKTPOAMHAMIYHOI CTIHKOCTI cucTeM 30y IKEHHS eIEKTPOMArHiTHOTO OIS,
PO3BHUTKY YPiBHOBaXXYIOUMX MOTOKIB Ta iH. CYKYyITHOCTI Jii TAKUX IPOIECIB
HaWOUIbII XapaKTEPHO MPOSBISIIOTHCS B YCTaTKyBaHHI, IO TIPAIIOe B Mepe-
JKax JKMBJICHHS TE€XHOJIOTIYHHUX YCTAaHOBOK 3 PI3KO3MIHHMMHM HaBaHTa)KCH-
HsMu. Taki mporecy Mpru3BOIATH 10 CKOPOUYECHHS TEPMiHIB pOOOTH yCTaTKY-
BaHHS Ta aBapiiiHUM BUXOJaM i3 Jlamy.

HaykoBo-TexHiuHi myOJikamii, 0 MPUCBSUEHI MEPEBAKHO METOAAM
KOHTPOJIFO YaCTKOBUX PO3PSIIiB, XpoMaTorpadiuHOMy aHalli3y OXOJIOIKYIO-
401 oii B MOTYKHOMY TpaHC(OPMATOPHOMY YCTAaTKyBaHHI HE JIO3BOJISIOThH
OTPUMYBaTH TIOTOYHY iH(OpPMAIil0 MPO TEXHIYHUM CTAaH yCTaTKyBaHHS
OCKINTBKH 1H(OpMAIlisi OTPIMYETHCS B IIEBHI iHTEPBAJIM Yacy Ta MPH TEXHid-
HHX PEBIi3isX 1 PEMOHTHUX poOOTax.

Mera po6oTH nosisirae B po3poOili HayKOBO-TEXHIYHUX METO[IB 3aIl0-
OiraHHs aBapiii NOTY)XHOTO EJIEKTPOTEXHIYHOTO YCTaTKyBaHHS MIISIXOM
MOIIYKY METOJIB YIEPeKeHHSI BUXOMIB 13 JIaJy 3 BUKOPHCTaHHIM Cydac-
HHUX MIKpPOIPOLIECOPHUX 1 MPOrpaMHUX 3ac00iB aBTOMAaTH30BAHOTO aHAIIZy
MMOTOYHOTO TEXHIYHOTO CTaHYy.
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3 MeToro 3anobiraHHs aBapiiHUX BUXOMIB i3 Jaqy HOTY)KHOT'O TpaHC-
(OopMaTOpPHOrO yCTAaTKyBaHHS LUISIXOM aBTOMAaTH30BAHOTO aHalizy Horo
MMOTOYHOTO TEXHIYHOTO CTaHy B poOOTI HPOMOHYEThCS aBTOMATH30BaHA
cHCTEeMa peecTpallii Ta Bi3yalizalil CyKyImHOCTI eJIeKTPOMAarHiTHUX IapaMe-
TpiB, IO CBiTYaTh PO (POPMyBaHHS MOYATKOBUX BiAXWIEHh B KOHCTPYKIIIi.

3amporoHoBaHe HAYKOBO-TEXHIUHE PIIlIEHHS MPH3HAYECHO U IIOTOYHO-
IO MOHITOPHHTY CYKYIHOCTI €JIeKTPOMAarHiTHHX MapaMeTpiB YyCTAaTKyBaHHS
CIIENiaTbHOrO NPU3HAYEHHS. Ioro MOK/IHBO BUKOPHCTOBYBAaTH Uil KOHTPO-
JIFO 32 TEXHIYHUMH CTaHOM YCTATKyBaHHS 1 3aralbHOTO MPU3HAYCHHS.

HaykoBa HOBH3HA 3alpONOHOBAHOT'O PIlICHHS MOJArae B BH3HAUCHI
CYKYIIHOCTI BIIIOBIIHUX €JIEKTPOMArHiTHUX MapaMeTpiB, 10 BiToOpaxaioTh
TEXHIYHHUH CTaH, MOCTIHHO KOHTPOJIIOIOTHCS 1 MOPIBHIOIOTHCA 13 TUPEKTHB-
HHUM 3aBJaHHSM IUIIXOM po3po0OiieHoi aBTOMaTu30BaHoi cucteMu. [1o mes-
HUM BIIXWJICHHSM TIEBHHUX MApaMETPiB MOXKIMBO BiJICHITKOBYBAaTH PO ¢o-
PMyBaHHS Ta NOAAIBIINNA PO3BUTOK HEOAKAHUX IPOIECIB, IO BinOyBatOTh-
Cs1 B IOPOXKHUHI YCTATKYBaHHS 1 TAKUM YMHOM YIEPEIUTH aBapiiiHi BUXOAN
i3 mamy. Jlo HMX BITHOCATBCS: TEPEBHIICHHSA CTPYMIB TEXHOJOTIYHUX i
30BHIMIHIX KOPOTKHAX 3aMHKaHb, CTPYMIB BKIIOYEHHS, IX IPOIOBKHICTE,
KUTBKICTh, XapakTep; 3aralbHi piBHI IIyMy Ta y CHEKTPi OKTaBHUX YacTOT,
sKi (DOPMYIOTBCSI B HACJIIOK MAarHITOCTPUKIIHHUX TPOLECIB, BITHOCHO I10-
YaTKOBUX NMOKAa3HHKIB (1X 3pOCTaHHs B yaci CBIIYHUTH NPO HAsBHICTH BiIXHU-
JICHHS y TIEBHUX BY3J1aX Ta AETaJsIX; YaCTKOBUX PO3PS/AiB B OXOJIOKYIOUO-
My cepenoBull abo ouii ([0 CBIAYUTH PO MOTIPIICHHS AiCNEKTPUUHHX
BJIACTHBOCTEH BHACIHIJIOK TOSIBU NPOBIAHUKOBUX YaCTUHOK a00 3MiHEHHS
BHACJIJIOK TIEPEBUILCHHS MICIIEBHX TeperpiBiB); (a3HUX OMOPIB CHUCTEMHU
30yIKeHHS €JICKTPOMAarHITHOTO TOJS PO3CiIOBaHHS (IO CBIAYUTH PO MO-
PYILICHHS B3a€MHOI iHAYKTHBHOCTI MK OOMOTKaMH); BHIPOOYBaHHS B pe-
KHMMaxX KOPOTKOTO 3aMMKaHHS, IO JIO3BOJISIE BCTAHOBUTH CTYIIHbD ITOIIKO-
JUKEHHS OOMOTOK IIUIIXOM ITOPIBHSHHS Pe3yNbTATiB OCTIKCHHS TIPH Pi3-
HUX KOoMOiHamisx oOMoTok. (CKIagHICTh 3aBHaHHS MOJSTaE B TOMY, IO Y
TpruazHOMy YCTaTKyBaHHI TEPBHHHI 1 BTOPUHHI OOMOTKH MalOTh pi3HI
CXEMH r'aJibBaHIuHOTO MOEIHAHHS BCEPEIUHI, & BUBOJH 3HAXOJSTHCS 30BHI.);
NPOrpaMHO-aHaJITHYHA METOMKA MPUBEACHHS MiX (a3HUX OnopiB 1o daz-
HUX (I10 TpajiieHTaM 3MiHEHHS (a3HUX OINOPIB BU3HAYAETHCS MOLIKOKEHHS
MeBHOI (ha3u cucTeMH 30yPKEHHS €JIeKTPOMAarHiTHOTO TIOJIS).

Y BUManKy, KOJU CyKyITHICTh €JIEKTPOMArHITHUX ITapaMeTpiB MepeBu-
IIYIOTh HOPMOBAaHI TOKa3HUKM YCTaTKyBaHHS INepeadaueHo CHUTHAI3aIlis
OIIepaTHBHOMY MEpPCOHANTY Ta MOCHiAyIoue NMPUMYCOBE BiJKIIOYATH ycTar-
KyBaHHS BiJ] MEpeXi. a.

JIoToBib LTIOCTPYETHCS BiAIOBITHUMH 3ac00aMU aBTOMAaTHU3AIlii, cxe-
MaMH Ta pe3yJIbTaTaMH €KCIIEPUMEHTAILHOTO JOCIIKEHHS.
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YK 621.396.674.3
Pomaniuenxo .M.
crapu. BuKJ. HY «3amopi3bka nomirexHika»

PO3PAXYHOK CIIBBITHOINEHb MI’K BEKTOPAMHA
EJEKTPOMATHITHOI'O IOJISI B BJIWKHIM 30HI
BUITPOMIHIOBAHHSA JUITIOJISA TEPIA

KrnacuyHa Teopis eNeKTpOMArHiTHOTO IOJISl MPH PO3PaXyHKY TUMIOJS
I'epria 3aBa0BXKKH £ 30YIKYBaHOTO C(PCKTHBHUAM CTpyMOM I, SIKHii 3MiHIO-
€ThCS 32 TAPMOHIHMM 3aKOHOM, BH3HA4a€ BEKTOPH EJICKTPOMATHITHOTO
ITOJISL 3aJI€KHO BiJ JOBXUHU XBUII A, BIACTaHl ¥ BiJ JUIIONSA IO TOYKH CIIO-
CTEepEeXEHHsI 1 KyToBOI chepruuHOi KoopauHaTH 6.

KommekcHi aMIUTTyIn BEKTOPIB €MEKTPUYHOTO i MAarHITHOTO TIOJIB
Kpalle MPeJCTaBUTH HOPMOBAHUMH Y€PEe3 XBUIILOBE YKCIIO K 1 MO JOBKHHU
XBUII A 13 BIATIOBITHUME KOeillieHTaMHU:

10
A

H.[O6 OTpuUMaTu MO,I[yJ'Ii KOMITOHCHT IIO0JIA:

VEY =K 1

Eg=7- PN -sin(@) ; (1)
Kt +1
E, = 27T-T~cos(@); 2)
[122
|
H, :ﬂ-%-sm(@) : 3)
r

ne k=2n/A — XBWIBOBE YUCIIO.
[Micns nudepenuiroBanns (1) , (2) i (3) no 3MiHHIA r/ 1 » OTPMMaEMO
BUPA3H AJIS TPATIEHTIB MOTYJIiB BEKTOPIB MOJIS:

|E®|] —0.2. Kt =k 43

grad [E_ —m'sm(@) ; “4)

0
E 2.2
grad ['E’|]:47r2-8kr—+3-cos(@) ; (5)
0

Kt A 41

206



a2 KrP+2
Ey B N 41

Pizaung ¢a3 opToroHaIbHUX KOMIIOHEHT €JIEKTPUYHOTO i MarHiTHOTO
TOJTiB, SIK 1 PO3TAITyBaHHS ONFMKHBOI 1 JajeKol 30HW BUIPOMIHIOBAHHS JH-
noJist ['epiia, 3aexkaTh TUTBKH BiJl BiTHOMIECHHS 7/4

sin(@). (©6)

r

¥p, — ¥y, =arctg (kr)-arctg [kr - ij . @)

I'panient ¢yuxmii (7) mopiBHIOE:
2.2
grad (‘PE@ - %y, ): 27 ?‘Tr $in(@).
kor’ +1
[IpuBeaeHI CMiBBIIHOLICHHS TO3BOJSIOTH JOCHIKYBATH 3arajibHi 3a-
KOHOMIPHOCTI 3MIHM XapaKTepUCTHUK TI0JIiB BUIPOMIHIOBAHHS 1 X I'palieHTIB
3aJICKHO BiJl BiICTaHI BiJ TUTOMS IO TOYKH CIIOCTEPEKCHHS.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Kapmos 0. O., Beaminpkwmii FO. I'., Kyxapuyk B. B. Teoperuuni
OCHOBHM eNeKTpoTexHiku. EnekrpomMarsiTHe moie; 3a pen. npod. 0. O. Kap-
noBa. Xepcon: OJIAI-ITIUIIOC, 2017. - 338 c.

2. T'opobery M.M. I'pajiieHTH BEKTOPIB MPYKHOCTI EIEKTPHUYHOTO 1 Ma-
THITHOTO I0JIsi BUIPOMIHIOBAaHHS Iumoiisi ['epua Ha KiHueBid Biacrani /
M.M. TI'opoben, I'.'M. Pomaniuenko // BicHnk XapKiBCbKOTO yHIBEPCHUTETY,
1999. - Ne 427. - C. 205-208.

YIK 621.314

Ko3snos B. B.!, Ha6oxosa O. B.?

! kang. TexH. Hayk, gou. HY «3anopisbka momTexHika»
2 non. HY «3anopisbka nosiTexHika»

AJITOPUTM PO3PAXYHKY COHSIYHOI EJJIEKTPOYCTAHOBKHU
JJIA IPUBATHOI'O BYJUHKY

OTpuMaHHS €JIeKTPOCHEPTil BiJl aIbTEPHATHBHUX JDKEPEIN SIK HIKOJH €
aKTyanbHUM y Haml yac. COHsIYHA eJIEKTPOYCTAaHOBKA MOX€E BUKOPHCTOBYBA-
THCSI SIK JIOJATKOBE JDKEPETIO eNEeKTPHUKH, TakK 1 SK OCHOBHE, SKIIO0 HEMAae
MOJKJIMBOCTI OTPHMAaHHS €JIEKTPOCHEPTil Bi/l EIeKTPHYHIX MEPEXK.
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[TpoexTyBaHHS Takol yCTAHOBKH 3aBXKI¥ BKJIIOYAE ONTHMI3AII0 €JIeK-
TPOCTOXHUBAaHHS (HATIPUKJIIA, 3aMiHa JIAMIT PO3’KapiOBaHHS Ha CBITIOMIOIHI)
Ta BU3HAYCHHS 4 MapaMeTpiB:

— CyMapHa MOTYXXHICTh COHSIYHHX ITaHeNeH;

— CyMapHa €EMHICTb aKyMYJISITOPIB;

— BHOIp KOHTpOJIEpa 3apsiLy aKyMyJIsITOPiB;

— BHOIp THUIly iHBepTOpA.

Jlnst BU3HAUCHHSI CyMapHOI MOTYXHOCTI MaHesel € JABa BapiaHTH po3-
PaxyHKYy.

I BapiaHT: OUIAXOM CKJIATaHHSA PO3PaXyHKOBOI TAONHIN B sIKili Bpaxo-
BYIOTH YCi MOXIIMBI CIIOKHBAaYi 3 ypaXyBaHHAM iX KUTBKOCTI, TOTY>KHOCTI Ta
TPUBAJOCTI BKIOYCHHsS. Takuil po3paxyHOK 3pyYHO BHKOHATH Y BUIIISAIL
Tabmumi 1.

Tabmug 1 — OGuncieHHs cepeHbOI000BOTO CIIOKUBAHHS ENEKTPOSHEPTii

HaiimenyBanus | IlotyxHicTs, | Kinpkicts, | TpuBamicts pobo- | CroxuBaHHS,
Bt IMIT. TH, TOJI. Brroxn

IIpanbHa Mamu-
Ha 1500 1 0,3 500,0

CymMmapHe couBaHHs 3a 100y, BT-rox

CkiagaHHs Takoi TaOmumi 3a3BHYall yCKIAJHEHO 4Yepe3 Te, M0 JesKi
CHOXKMBaui (K, HANPHKIAJ, NpajbHa MAIINHA) BUKOPHCTOBYIOTHCS HE KO-
JKeH JIeHb 1 TOMY iXHIO 3arajbHy TPHBAJICTh poOOTH 3a MicsAIh Tpeba po3i-
JIUTH Ha BIANOBIIHY KiJbKICTh AHIB. L[efi MeTO JOMIIFHO BUKOPHUCTOBYBA-
TH, SIKIIO Oy/JMHOK He OyB HiIKIIOYEHHUIl 10 LIEHTPaJIi30BaHOTO EJIEKTPOIIO-
CTa4aHHs.

Il BapiaHT: sikiio OyaMHOK OyB MIAKIIIOYEHHH A0 IIEHTPai30BaHOIO
€JIEKTPOIIOCTAYaHHSI, TO JIOCTATHHO MICSYHI TOKa3aHHS €JIEKTPOJIiYMIbHUKA
MOJUIATH HA KUIBKICTh THIB Ha MICAIb Ta OTPHUMATH CEPEIHBOI000BE CIIO-
JKMBaHHS €JIEKTPOSHEepril. 3Hal0uM cepeHbOA000BE CIIOKUBAHHS Ta BPaxo-
BYIOUH, 1110 COHSYHA MaHEeb 3 MAKCUMAJIBHOIO MOTYXHICTIO TPAIIOE B CEepe-
THBOMY 5 TOAMH Ha 100y (Xo4a CBITIOBHH JCHb TPHBAE AOBIIE, ae MOTPio-
HO BpaxoBYBaTH KyT HaJiHHS COHAYHMX IPOMEHIB Ta XMapHICTh, 5IKi 3MEH-
HIYIOTh ITOTY>KHICTh NaHEeNi), pO3paxoByeMO HEOOXiJHY HMOTYXXHICTh Ta Bi-
MOBITHO KUJTbKICTh CTAaHJAAPTHUX COHSYHUX MMaHEIeH.

BupoOiieHy MpOTAroM CBITJIOBOrO JHS €JIEKTPOSHEPril0 HEeOoOXiJHO
36epirati y 6ydepHUX aKyMyJlsaTOpax. IXHIO €eMHICTb C1iji BUOMpaTH i3 3a-
nacom He MeHIre 70%. Ile 3ymMoBneHO, mo-mepiie, THM, 100 HE eKCILTyaTy-
BAIMCSA aKyMYJISTOPH Ha MEXi X MOXIHBOCTEH, a, MO-Apyre, y AesKi JHI
CHOXWBAHHA MOJE ICTOTHO IIEPEBHIIYBAaTH cepeaHbon000Be. OCKiTbKH
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cepesl CIIOXKMBaviB €JICKTPUYHOT €Heprii 3a3BUYall € IPHCTPOI, 10 MAIOTh y
CBOEMY CKJIaJi JBUTYHH: XOJOAWIBHHK, NpalbHa MallWHA, IHIOCOC, TO
HEOOXiJHO BUKOPHCTOBYBATH iHBEPTOP SKUN Ma€ Ha BUXOMl CHHYCOITAIBHY
dopMy Hampyru, a He KBasicHHycoimy. MOro HOTYHICTH BHOMpaeThCs 3
YMOBH MAaKCHMaJbHO HOTY)KHOCTI OJHOYAaCHO BKJIIOUCHHX CIIOXKHMBAYIB.
ToMy HOIiIEHO po3HECTH y Yaci poOOTy HAWOLIBII eHEPTOEMHUX CIIOKHBA-
4iB (HanpukiIan, Ooiiyep Ta mpaidbHa MamuHa). Lle J03BONHUTE 3HM3UTH TO-
TYXKHICTb, BIIIOBIZHO 1 BapTicTh iHBepTOpa. HoMiHankHy BXiAHY Hampyry
BUOUpaeMo 3i crannapTHoro psxy Hanpyr (12, 24, 48 B). Buxoasuu 3 o6pa-
HOi Hamnpyru BU3HAYAEMO CXeMy 3’€JHAHHS aKyMYJSITOPIB Ta COHSYHHX
naneneil. Haii6inbm 3py4yHoro € Hanpyra 24 B.

Crin mam’staTH, MO JJIs HOPMAJBHOI Ta JOBrOCTPOKOBOI poOOTH 00-
JIaTHAHHS COHSYHOI €JIEKTPOYCTAaHOBKH BCi OKpPYIJICHHS Y TiependauyBaHuX
po3paxyHKax ciif poout y Oik okpyriaeHHs. [licis BUKOHaHHS MOTIepeIHIX
SIIEKTPOTEXHIYHUX PO3pPaxyHKIB CIiJ i3 OTPUMAHMX 3HAYCHH IapaMeTpiB
eJICKTPOYCTAaHOBKH BHOpPATH 3a KaTaJoraMu HeoOXigHe oOnagHaHHA Ta Ioc-
TapaTHCs ONTUMI3YBaTH HOTO 3 NOTISILY IiHA-SIKICTb.

YK 621.3.01

Kosnos B. B.!, Ha6oxosa O. B.?

! kanpn. Texu. Hayk, gou. HY «3amnopisbka momitexnika»
2 on. HY «3anopisbka noJiiTexHika»

CTPYM ABO HAIIPYT A, OChb Y HOMY IIUTAHHSA

BianoBige Ha NMHUTaHHS, 10 € MEPBUHHUM B EJIEKTPUYHHMX KOJIAX —
CTPYM 4H Hampyra He Mo)ke OyTH OJIHO3HAUYHHM, OCKIIbKH BOHH € B3aEMO3a-
JIOKHUMH (PI3MYHUMH BEJIMUMHAMH, SIKi TPAIOTh TOJOBHY POJIb EPEBAKAIOTH
Yy BCIX €JIEKTPOMAarHiTHMX mponecax. He3Bakarounm Ha IXHIH B3aeMHHH
3B’S30K CIIiJ TIaM’STaTH, IO IIe JIBa IMPUHIMIIOBO pi3Hi (i3uuHi sBuma. Ha-
npyra sBIIsie cO00I0 PI3HMIO TOoTeHIianiB U Ha KiHIX JUITHKH €JIeKTpH-
Horo KoJja abo mkepena EPC, a enekrpuunuii ctpym [ siBiisie coO00K0 €NIEKT-
PUYHHME 3apsil ¢ , SIKUH pyXaeThcs Yepe3 MOINepeyHuil nepepiz NpoBiJHMKA.

ToMy HEMOXKJIMBO TIEPETBOPHUTH HAINPyTy HA CTPYM i, HaBIIAKH, CTPYM
Ha Hanpyry. Hampyra abo crpym MOXyTb OyTH I€peTBOpEHI TiNBKU BixHO-
BIZIHO Ha HaIpyry abo cTpyM, IO MAlOTh iHIII 3HaYeHHs. [Ipu bomy BinOy-
BAETHCS NEPETBOPEHHS ENEKTPUYHOI eHeprii. SIKIo mpu oMY 3HaYCHHS
Halpyry 3HWKY€EThCS, TO 3HAYEHHS CTPYMY HiJIBUIY€ETHCS 1 HaBIAKH, SKIIO
3HAUEHHs HANpPYru 30UIBIIYETHCS, 3HAYCHHS CTPYMy 3MEHUIyEThCS. Alie
KUTBKICTh €HEpTii BiAMOBIAHO 0 3aKOHY 30€peXeHHs eHeprii Ipu oMY He
3MIHIOETHCSI (SIKIIO 3HEXTYBATH BTpaTaMH €HEPTii y MpoIieci MepeTBOPEHHS ).
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Eneprist enexrpuyHOTo monst W — 1ie €Hepris MOJO0XKEHHS €IeKTPHd-
HOTO 3apsily B €JIEKTPUYHOMY MO (TOOTO 3a CBOEIO CYTTIO i€ TIOTEHIIHHA
EHeprisa)

W=U-q. (1)

EnextpuyHuii CTpyM — 1€ TIEPEMIIIICHHS 3apsIy 3a OJUHHUITIO Jacy !
=2 )
t

BHacmigok Ip0r0 MpH MEepPeTBOPEHHI eHeprii B OyIb-sIKOMY IepeTBO-
proBaIbHOMY HpHCTpoi 31 3HaueHHs W) =U;-g; Ha BXOAlI B 3HAYCHHA

W, =U, -q, Ha Buxoji (SKIIO HEXTyBaTH BTpatamu W) =W, ), npu 3MeH-

IICHHI PI3HULI MOTEHIaNiB MK TOYKAMHU EJIEKTPUYHOTO IOJsI, B SKOMY
BinOyBaeTscst mepeminieHHs 3apsay (U, <U;) Ha BuXoai 30UIBIIMTBCS

KUTBKICTD 3apsay, SIKHH MEpeMIIIyeThes 32 OMUHHIN0 dacy (¢ 5> q,) 1, Ha-

BIAKH, TIPH 3MEHIICHHI KUTBKOCTI 3apsi/ly, SKUi MepeMILy€eThCs 38 OTUHULIIO
qacy (g , < ¢ ) Pi3HMII MOTEHLIaNiB HA BUXOAI Oyl BUIOI0, HIX PI3HUIL

noteHuianis Ha Bxoxi (U, > Uy ).

VY KIacHYHIH eNeKTPOTEXHIIl CTPyM Ta Hampyra IIOB’si3aHi 3aKOHOM
Oma

==

z’ )

ne R - omip IUISHKY €IEKTPUIHOIO KOJIa.

3BiJICH BUILIMBAE, L0 AJISL TOTO, 00 y MPOBIIHKUKY IIPOTIKAB €JIEKTPHU-
YHUI CTPYM Ha HOTO KIHISIX HEOOXIIHO CTBOPHTH DI3HHUIIO MOTEHIIAIIB.
Tomy Hampyra 4acTo CpuiMaeThCsl SIK IEPBUHHA BeJIMUMHA. AJle, 3 1HILIOTO
00Ky, il 4ac aHaNi3y eNeKTPUYHMX KU 3a3BUYail pO3PaxOBYIOTh €JIEKTPHU-
HUH CTpYyM.

VY OaraThoX BUINaJKaxX BHOIp MK IIMMHU BEIHYMHAMHU 3aJCKUTHh BiJ
KOHKPETHOI CUTyaii Ta HeoOXiTHOT TOYHOCTI BIUMIipIOBaHHS. Y NESKUX BU-
najgKax OUTbII 3pYYHHM 1 TOUHUM MOKe OyTH BHUMIpDIOBaHHS Halpyru, a B
IHIINX — CTPyMY.

B o0macti enexTpoHiKH, HAIPUKIAL, BUOIp MK CTPyMOM i Hampyroro
MoOXke OyTH BaKIMBHM IIPH BHOOpPi MPaBIJIBHOTO JDKepena >KUBICHHS a0o
MIPOEKTYBAaHHS €IEKTPOHHOI CXeMH. Y IIbOMY BHIAJIKy BHOIp MOXe 3ayiexa-
TH BiJ] HEOOXiHOT 11 pOoOOTH MPUCTPOIO HANPYTH Ta CTpyMy. Hampukiarn,
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SIKIIIO HEOOX1JHO MO/IaTH HANpYTy MEBHOTO PiBHS HA NEBHUH KOMIIOHEHT, TO
Moke OyTH 3pyYHIIINM BHMIipIOBAaTH HAIpyTy B JHaHiil curyamii. 3 iHIIOTO
00Ky, SKIIO0 HEOOXiZHO KOHTPOIIOBATH CTPYM, TO BHUMIPIOBaHHS CTPyMY
MoJke OyTH OB 3pyYHHM Ta TOYHHM. B ramysi enexTpornocTadanHs BHOIp
MK CTPYMOM 1 Hampyrol MOJKE BifirpaBaTH Ba)KJIHBY POJb TIPH BHOOpi
JDKepeTa JKUBJICHHS a0 MPOEKTYBaHHI €IEKTPUIHOI Mepexi. Y IbOMy BH-
magKy BUOIp MOXKe 3alekaTd BiX HEOOXiZHOI MOTY)KHOCTI Ta PO3MOILTY
HaBaHTaKEHHS. SIKIO HEOOXiJHO 3a0e3NeunTH MEeBHY MOTYXXHICTH IJIS PO-
00TH MPUCTPOIO, TO BUMIPIOBAHHS HANPYTH MOXKE OyTH 3py4HIIIMM Yy Wi
curyauii. 3 iHIIOro OOKy, SKIIO0 HEOOXiHO KOHTPOIOBATH CTPYM JUJISL 3aXH-
CTy BiI EpEBAHTAXKECHb, TO BUMIP CTPYMy MoOXe OyTH OUIbII 3pyYyHHM i
TOYHHM.

TakuMm 4MHOM, BIANOBIIb Ha MUTAHHS NPO TE, LIO NMEPBUHHE - CTPYM
Y Hampyra, He MOKe OyTH OJHO3HAYHHMM 1 3aJIe)KUTH BiJ KOHTECKCTY Ta
cuTyatii, B SIKiif BOHH po3risiaroThes. OHAK BaXKIMBO PO3YMITH, IO CTPYM
1 HaTpyra € B3a€MOIIOB’I3aHUMH BEJIMYMHAMH 1 BIIrpaloTh KIIOYOBY POJIb B
SJIEKTPOHIIIi, EJIEKTPOTEXHIIIl Ta ECKTPOCHEPTETHII.

VK 623.3.01
Adanacsesa . O.!
! crapur. Buki. HY «3anopizbka momitexnika»

IVIAT®OPMA SPLAN /UISA CTBOPEHHSA CXEM IIPH
BUBYEHHI EJIEKTPOTEXHIKHN

I'padiunuii pemaktop sPlan, mpexacraBise co0ow OmHY 3 HaHOUIBII
3pYYHHUX 1 IPOCTHX HpOrpam, MPU3HAUSHUX JJIs KPECICHHSI paliOeeKTPOH-
HUX Ta eJIeKTpUYHUX cxeM. J{yxe npocTuii Ta 3po3yminuii intepdeiic. Moxe
BUKOPHCTOBYBATHCS SIK TEKCTOBHH PEIAKTOP, JIETKO CTBOPIOBATH TAOJIHIIL.

B nporpami Bemuka 6i6ioTeka Halpi3sHOMAHITHIIIAX PaiOeIeMEHTIB,
3pYYHO NPEJCTaBICHUX Ha BEPTUKAJIBHUN MaHeNl Mopyd 3 iHCTpyMEHTaMH
MAJTFOBaHHS, BCTABKH TEKCTOBUX HAIUCIB 1 rpaiTHUX 300pakeHb.

Ale SKIIO He 3Halzere MOTPiOHOI BaM JeTalli, TO PUCYHOK JuIsl Hel BU
3MOKETe 3a JICKiJIbKa XBHJIMH CTBOPHUTH cCaMi i IofgaTh y Oi0iioTeky s
HACTYITHOTrO 0araTOKpaTHOTO BUKOPHCTAHHS. Y Hporpami MpUCYTHS aBTOMa-
THYHA HyMepallis KOMIIOHEHTIB, 3py4Hi JiHIMKH U1 MacmTaOyBaHHS Ta
6araro iHIINX KOPUCHUX APiOHHUIIE.

3 ApyKyBaHHIM BalllMX CXEM TEX He Ma€ 3’SIBUTUCH MpoOsieM, 00 BU
MOJKETe BCE MEPEeIUBUTHCH, 3MIHUTH MacIuTad Ta oOpaTH paMKy AJs Bamloi
cxeMH. € MOXJIMBICTh BCTaBJISITH BJIACHI PUCYHKH, IO i€ OiNIbIIe pO3IIM-
PIOE MOXKIIMBOCTI BUKOPUCTAHHS IIPOTPaMHu.
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[icna 3amycky nporpamu sPlan obupaemo B ocHoBHOMY MeHIo Omii -
OcHoBHi mapamerpu - biomiorekn - mis Standard, HATHCKaEMO KHOTIKY ITe-
peryisimy KatajoriB i obupaemo y mamui «Library» notpiOny 06i0miorexy
(nanpuxinan, «Crannaptaa») — Hatuckaemo kHonky OK i B mporpami crane
JIOCTYIIHA CTaHAapTHA 0i0mioTeka. i1 CTBOPEHHS CXEMHU HEOOXiIHO MPOCTO
MEepeTArHyTH HEeOOXiJHI eneMeHTH 13 bibiioTekn Ha apKymI 1 3’€IHATH Mix
coboro. Bci HeoOXinHI eleMEeHTH aBTOMATHYHO NPUB’S3YIOTHCS 1O CITKH
apkyury. B xopeni nanku «Library» Takox MicTuTbCSI bibriomexa Komnone-
nmig. Beporo moctynHo § pi3HEX 0i0NiOTeK, B HANAIITYBAHHSAX IPOTPaMHU
MOJKHa BKa3aTH AEKiNbKa pi3HUX 0i0JioTeK, BCi KaTteropii i KOMIIOHEHTH 3
HHUX CTaHyTh JOCTYIHI it poOOTH B mporpaMHOMy cepenoBumii sPlan. J{ms
MiAKITIOYCHHS 1Ie OHi€i 610mioTeKn MoTpiOHO HATHCHYTH / KHOMIKY «CTBO-
pUTHY», TOTIM BKa3aTH IUIAX A0 0ibmioTekw i ii Ha3By. [na Toro mob Bcra-
BUTH 300pakeHHS i3 mporpamu sPlan B JOKyMEHT TEKCTOBOTO pegakTopa
Word HeoOxinHo:

— BUALIMTH 300paxxeHHs B sPlan ((abo ioro yactky );

— B MeHI0« Dailim» o0patu nyHKT « bydep oOMiHy»;

—y BikHI « KomitoBaHHs B Oydep 0OMiHy» BCTAaHOBHUTH SIKICTh 300pa-
JKSHHSI Ta K1 eJIeMEHTH CKOIIiIoBaTH (Bci abo Ti, [0 BUAUJICHO) Ta HATHCHY-
™ OK;

HanamryBanHs 30epiratoTbcs i IPH HAacTYNHOMY 3aIyCcKy. Takox B
MporpamMi MPUCYTHI W iHII HAJIAINTYBaHHS — CIIPOOYHTE i HaJaIITyHTe BCE
iz ceOe.

ITepeBaru B po6oTi i3 sPlan:

— BOYJOBaHMH KaJIbKYJIATOP 1 KaJICHap;

— He MoTpedye MmiaKItoueHHs 10 [HTepHeTy;

— IHTYiTHBHO 3p0O3yMiJie MEHIO;

— IIOKPOKOBHIA MalcTep 11 KOM(QOPTHOTO OCBOEHHSI KEPYBaHHS;

— 3py4He HaNlaIITyBaHHs FOJIOBHOTO BiKHA 1 DYHKIIOHAIBHUX MaHeeit;
—3acib aBTOMATUYHOIO YIPYIyBaHHs 00’ €KTIB Ta 300paKCHHS,

— MaciraOyBaHHS JI03BOJISIE HAOIM3UTH 00’ €KT y 0araToOKpaTHOMY PO3MIpI.

Henoniku: iHOAI TpaIuIItOTECS 3001 IPH 0JaBaHHI 3MiH y ¢aiin .lib.

CIIUCOK BUKOPUCTAHOI JITEPATYPU

1. MamninoBcekuit C.M. 3aranpHa enektporexHika: Ilizpydnux —
JIbBiB: Bugasuunrso «beckig-biry, 2003. — 640 c.

2. llndpposa-cxemorexnika: BeO-caiir. URL: http://cxem.net (naTa 3Be-
pHeHHs: 25.03.2023).

3. Splan: BeG-caiir. URL: http;//radiostorage.net (mata 3BEpHEHHS:
25.03.2023).
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3HAXO/’KEHHS KOE®IHUIEHTIB ITI-PETYJISITOPA B CUCTEMI
ABTOMATHUYHOI'O KEPYBAHHSA PIBHEM PI/INUHA

[linTpMaHHS 3a1aHOTO PIBHS PiAWHU € BaXIMBOIO 3ajadelo y Oara-
THOX c(hepax MPOMHCIOBOCTI, TAKHUX SK BUTOTOBIICHHS OyNiBEIbHUX MaTepi-
aITiB, Xap4oBa i XiMiYHA IPOMHCIIOBICTh, HAQTONIEPEPOOHUIT CeKTOp Ta iHIIi.

CrabinpHuiA piBeHb H03BOIISIE 3a0e3MeUnuTH Oe3aBapiiHIiCTh TEXHOIOT -
YHOTO MPOLECY, B TOH 4Yac SK MEPEBHIICHHS NOMYCTHMHUX 3HAYECHb MOXKE
MIPU3BECTH JI0 BTPAT CUPOBUHHM, 3HW)KEHHS MPOJAYKTUBHOCTI Ta, BiJIIOBIIHO,
JI0 eKOHOMIUHMX BTpaT. [lns 3amayu cradiiizanii HaOUIbII PO3MOBCIOKEHH-
mu € [1- Ta Ill-perynsropu [1-3]. 3Baxkatoun Ha Hepmomik I[I-perymnsitopa, a
came, CTaTH4YHa MOXHMOKa MPH HASBHOCTI BUTPATU PiJMHH, OLIbII MpUBAOIH-
BuM € Bukopucranns [ll-perynsropa. 3 iHmoro OG0OKy TpaHCIIOpTHE 3ari3-
HEHHS, TPU3BOAMTE J0 30UIBIICHHS KOJMBAJIHHOCTI MEPEXIAHOTO MPOIECY
BITHOCHO cHcTeMH O€e3 3aIri3HEeHHs.

Tomy 3HaxomkeHHs KoedimienTiB [1l-perynsaropa cicTeMu aBTOMATH-
YHOTO KEPYBaHHS PIBHEM PiIMHM IUITXOM KOMIT IOTEPHOTO MOJAETIOBAHHSA 3
ypaxyBaHHSIM TPaHCIIOPTHOTO 3aIli3HEHHS, HENIHIHOCTI pPEeryioBaIbHOT
XapaKTEePUCTUKN HACOCY 1 HAsBHOCTI 30HM HEUYTJIMBOCTi, € aKTyaJbHOIO
3aj1a4ero.

Meroro pobotu € 3HaxokeHHs koedinienTis [1I-perymsropa, siKi Mak-
CUMaJIbHO HaOJIMKAIOTh TEPeXiTHUH IMpollecC B CHCTEMi 3 TPAHCIOPTHUM
3aITi3HEHHSM JI0 TapaMeTpiB cucTeMH Oe3 3ali3HEeHHS 3 ypaxyBaHHSIM Heli-
HIITHOCTI peryJIioBajbHOI XapaKTePUCTHKH HACOCY 1 HAasBHOCTI 30HU HEYYT-
JIUBOCTI.

JocinimKeHHs] TPOBOJMINCS 3 BUKOPHCTAHHIM KOMIT IOTEPHOI MOJei
nmabopatoproro creay [4]. Tlomyk ontumansHux koedimientis I1I-
peryisiTopa, ski 0 3a0e3nmedyBany OakaHi XapaKTEPUCTHKH IEPEeXiTHUX
mporeciB [5, 6], MPOBOAMBCS NIIAXOM MiHIMI3aIlil BIAXMICHHS pealbHOTO
MIEPEXiTHOTO TPOIIECY BiJl MITLOBOTO.

VY SKOCTI KpUTEpisl ONTHMAIBHOCTI BUKOPHUCTOBYBABCS IHTErpalIbHUMN
KkBagpatuaHuil ¢yHKnioHan. Ilomryk MiHiMyMy (yHKIiOHaTy NMPOBOAWBCS
LISIXOM TIOCJIJOBHOTO 3allOBHEHHS pe3yJIbTaTaMH MOJICIIOBAHHS KOMIPOK
1’ SITH TaOIHMIb PO3MipoM 5X5, B SIKUX PSIKM BiIOBIAAIOTH 3HAYEHHSAM iHTe-
rpaibHOi CKIIAaI0BOI perynsaropa ( K; ), @ CTOBIYUKH - 3HAUYEHHSIM IIPOIIOp-

iKHOT CKIIaJ0BO1 perynaropa ( Kp)' Komipka 3 HaliMEHIIMM 3HAYEHHSM
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(yHKIiOHay MOTOYHOI Tabnwmili Bu3Hadana koedimiearam Ki, Kp, B HacTy-
MHIH TabIHIi po3TaloByBaIach MO HEHTPY.

[Tpu npoMy iHTEpBas MK CyCiHIMU 3HAUYCHHSAMH KOE(Illi€HTIB 3MEH-
IIyBaBCs B JiBa pa3u. B pe3ynbraTi MOCHTIKEHHS BCTAHOBIECHO, IO TOYKH
MiHIMyMH (DYHKIIIOHAITy JUIsl CUTHally KepyBaHHS 1 pIBHS pIAMHM HE CIIiBIIa-
naroth. [Ipyu 11boMy y TOUIi MiHIMYMY (YHKIIOHaNa Ui PIBHS PIAMHM CIIO-
cTepiraeThes OLbIIA aMIUTITYAa KOJNMBaHb CUTHANY KEpyBaHHs, a y TOYII
MiHIMyMy (YHKIIiOHaJa JJIsl CUTHALy KepyBaHHS — 30UIbIICHHS TPUBAJIOCTI
MePEeXiTHOTO TPOIIECy.

OTxe, BUKOPHCTaHHA IHTETPaIbHOTO KBAAPATHYHOTO (HYHKIIOHATY
JTO3BOJISIE 3MIMCHUTH TIONIYK ONTHMAJIbHHUX 3HadeHb KoedimientiB I1I-
perynsaTopa, siKi MaKCUMaJIbHO HAOMIDKAIOTh PealibHi IMEepeXiqHi IPOLECcH 0
3a/laHuX U CUTHATY KepyBaHHS 1 piBHS piIWHN.

OctaTtouHe pilIeHHs M0A0 BUOOPY KOe)iIlieHTIB MOBHHHO 0azyBaTHCs
Ha BCTAHOBJICHHI MPIOPUTETIB MK IIBUIKOIIEIO 1 3HOCOM OOJIaHAHHS, SIKE
00yMOBJIeHE O1IBIIOI0 aMILTITY 00 1 KOJIMBAJIBHICTIO CUTHAJY KEPYBaHHSI.
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I., Herdjunanto, S. // International Conference on Information and
Communications Technology (ICOIACT), Yogyakarta, 2018. - P. 661-666.
https://doi.org/10.1109/ICOIACT.2018.8350821

2. William L.Luyben, Liquid level control: Simplicity and complexity /
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5. Nazarova, O. Software and hardware complex for the study of
electropneumatic mechatronic systems / O. Nazarova, V. Osadchyy,
S. Shulzhenko, M. Olieinikov // 2022 IEEE 4th International Conference on
Modern Electrical and Energy System (MEES), Kremenchuk, Ukraine,
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6. Osadchyy, V. Adjustable Vibration Exciter Based on Unbalanced
Motors / V. Osadchyy, O. Nazarova, T. Hutsol, S. Glowacki, K. Mudryk,
A. Bry’s, A. Rud, W. Tulej, M. Sojak // Sensors, 2023. — Vol. 23. — P. 2170.
https://doi.org/10.3390/523042170.

YK 004.65:621.31

Hazaposa O.C.!, lloxypos JI.P. 2

! kann. TexH. Hayk, nou. HY «3anopizbka nomitexHikay»
2 cryn. tp. E-711 HY «3anopisbka nomiTexHika»

BUKOPUCTAHHA BA3 JAHUX Y JIATHOCTHUIII
EJIEKTPOEHEPTETUYHOI'O OBJIAJTIHAHHSA

ba3u naHux BUKOPHCTOBYIOTHCS B PI3HMX rajly3siX, TaKuX sIK Oi3HeEC, Me-
JIMIMHA, HayKa, OCBiTa, TPOMaJChKHI CEKTOp Ta iHII, A€ MOTPiOHO 30MparH,
OpraHi3oByBaTH Ta BHKOPUCTOBYBaTH BeiMKi oOcsru iH(opmaii. IctopudHo
€JIEKTPOCHEPreTHYHA IIPOMHCIIOBICTh BUKOPHCTOBYBaJIa KOMII TOTEPHI CHCTEMHU
B MPOMHUCIIOBHX J1a00paTOpisiX, LeXax Ta HEHTpax A1 MOHITOPHHTY Ta Kepy-
BaHHS TIPHUCTPOsiIMH eHeprocucTemu [1]. ToMy akTyamsHHM € JOCHIIKCHHS
IULIXIB PO3BUTKY HANPsMKY BHKOPHCTaHHA 0a3 MaHWX MU MOOYIOBI cUCTEM
JIarHOCTHKH €JIEKTPOSHEPTeTHYHOTO 00JIaTHAHHSI.

Mertoro pobOTH € OTJIA] MOXIIMBOCTEH BHUKOPUCTAHHS 0a3 MaHWX IS
JIIarHOCTUKH B €JIEKTPOEHEPreTuyHii cdepi.

baza nanux (bJl), y Haii3araipHimoMy po3yMiHHI, Lie OpraHi3oBaHUi
HaOip JaHuX. Bkl KOHKPETHO, 0a3a JaHUX - 11 eJICKTPOHHA CUCTEMA, sSKa
JI03BOJISIE JIETKO OTPUMYBATH JIOCTYI A0 AaHMX, MaHIIyJIIOBaTHU HUMHU Ta
OHOBIIIOBATH iX. [HIIMMU cioBamH, 0a3a JaHUX BUKOPHCTOBYETHCS OpraHi-
3aliel0 K MeToj 30epiraHHs, yNnpaBiliHHS Ta NOIIYKY iHpopMarii. Ympas-
JIHHSA CyYaCHUMHM 0azaMM JaHHUX 3/IHCHIOETBCS 3a IOMOMOIOI0 CHCTEMH
kepyBanHs 6a3zamu qanux (CKBJ) [2].

CKB/] mo3Bomsie KOpUCTyBadaM BHKOHYBAaTH IUTy HU3KY 3aBJaHb. Bu-
3HAUEHHS JIAHUX: BUKOPHCTOBYETHCS JUIS CTBOPEHHS, Moau(ikarii Ta peaa-
ryBaHHS cTpyKTypH B/l, sika BU3Hauae opraHizamiro JaHux y miit 6a3i. OHOB-
JICHHS JTaHWX: BUKOPHCTOBYETBCS ISl BCTAaBKH, MOJU(IKaIil Ta BUIATCHHS
(akTHUHUX JaHUX y 0a3i naHux. OTpuMaHHS JaHUX: BUKOPHCTOBYETHCS IS
OTPUMAHHS aHUX i3 0a3u JaHMX, SKi MOXYTh BUKOPHCTOBYBATHCS IPOTpa-
MaMH I pi3HMX Iifeil. AQMiHICTpyBaHHS KOPHCTYBadiB: BHKOPUCTOBYETh-
¢ JUIA peecTpamii Ta MOHITOPHHTY KOPHCTYBadYiB, MIATPHMKH IIiIiICHOCTI
JaHuX, 3a0e3meueHHs Oe3MeKkn NaHuX, YIIPABIiHHS MapajeIbHAM MIPOIECOM,
MOHITOPUHTY TPOAYKTHBHOCTI Ta BiAHOBJIEHHS iH(pOpMALii, MOMIKOPKEHOT
4yepe3 HeoviKyBaHwUi 30iit [3].
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Basu maHmWX B €NEKTPOCHEPTETHUHIH cdepi BHKOPHUCTOBYIOTHCS IS
30epexenHs Ta 00poOKH iH(HOpMAIIil PO CIIOKUBAHHS €HEPTii, [0 TO3BOJIIE
e(eKTUBHIIIE YIPABISATH EIEKTPOMEpEeXaMH Ta 3MEHIINTH BUTpaTH. IH(po-
pmaris 6a3 JaHUX BUKOPHCTOBYETHCS IPH PO3pOOLI Pi3HUX LUPPOBUX TeX-
HOJIOTIYHUX MPOEKTIB, TAKUX SIK PO3yMHa Mepeka, MiKkpoMmepexa, iHdpa-
CTPYKTYpa 3apsiIKu eJICKTPOMOOLTIB Ta Oararo iHmoro. JlaHi BUKOPUCTOBY-
I0ThCSl KIIIEHTaMU JJIs1 BAOCKOHAJICHHS CTpaTerii po3BUTKY Oi3Hecy Ui eKc-
naHcii Ha pi3HI pUHKY HUQpoBi3aLii exekTpomepex [4].

[lependaueHo MOMXIIMBICTH 300py IaHUX B PEATbHOMY Haci PO CIIo-
JKUBAHHS €Heprii Ta aHalizy iX IUIA BHUSABJIICHHS HECIpaBHOCTEH, 3001B Ta
IHIIAX TIPOOJIeM y eleKTpoMepekax. JlomomaraloTh BU3HAUATH ITOTEHITIHHI
npoOJeMH y eNeKTpoMepexax Ta 3a0e3ledyBaTH iX IONEepeIDKeHHS 3a Jo-
MOMOI'OI0 CHCTEM MOHITOPHHTY Ta MIarHOCTHKH. BHKOPHCTOBYIOTBCS LIS
NPOTHO3YBaHHS CIIO)KUBAHHS SHEPTii Ha OCHOBI ICTOPHYHUX JAHUX Ta JAHUX
Ipo MOroAy, M0 JO3BOJISIE IUIaHyBaTH poOOTY eNIEKTPOCTaHLIH Ta 3abe3re-
YUTH HaJiHHICTh €HEPrornoCTayaHHs; CTBOPIOBATH 3BITU NPO CIIOKUBAHHSI
eHeprii Ta aHaji3yBaTH iX 1y 3a0e3neucHHs ePEeKTUBHOCTI pOOOTH €HEepro-
CHCTEM Ta TEXHOJIOTTYHUX KOMILICKCIB [5-7].

OTxe, 3aCTOCYBaHHsS 0a3 JaHUX Y AIarHOCTHII TO3BOJISIE MOKPAIUTH
AKICTh Ta e()eKTUBHICTH NPOIECY MiarHOCTHUKU. ba3zn maHWx 3a0e3medyroTh
30epeKeHHs Ta YIPaBIiHHSA BETMKAM 00CATOM JaHHX, IO JO3BOJISE IIBHIKO
Ta TOYHO 3HAXOJAWTH BiAMOBIAHY iH(pOpPMAIIiIO PO MOXKINBI MPUIHHA BHHU-
KHEHHs TIpo0JIeM Ta NUIAXU iX BUpIMICHHS. 3araioM, 0a3u JaHUX € HeoOXil-
HHMM IHCTPYMEHTOM Ul e€()EeKTHBHOI Ta TOYHOI AIarHOCTUKH Ta MiATPHUMKH
pilIeHb y pi3HAX Tay3sX.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH
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®OPMYBAHHS KOHIEMNII TA BUMOT J10
JABOPATOPHOI'O CTEH/Y 3ACOBIB ABTOMATH3AIIII
®IPMU SIEMENS HA BA3I IVIK

CyuacHa aBTOMaru3allis 0a3yeTbcsi HA MIMPOKOMY BHKOPUCTaHHI KOM-
IUIEKCHUX 3aco0iB aBTOMaTH3alii, sIKi BKJIIOYAIOTh B cebe KOMII FOTepHi
TEXHOJIOTI, 3ac00M JIoaUHO-MamKHHOTO iHTepdeiicy (JIMI), npomucnosi
Mepexi, IHTeJIeKTyallbHI J1aBadi MpoLeciB, IPOrpaMoBaHi JIOTIUHI KOHTpOJIe-
pu (IUTK) Ta MikpompoIecopHi eNeKTpUYHI MPUBOJA, a TAKOX BIAIIOBIIHE
nporpamMHe 3a0e3rneueHHs. Ajie 0COOJIMBY LEHTPAJIbHY POJb BHKOHYIOTh
IJIK, sKi cTaHOBIATH COOOI0 OCHOBY JII000T CHCTEMH KEpyBaHHS.

Tomy myske HarajabpHOIO MOTPEOOIO U BUXOBAHHS Cy4acHOTO (haxiBIlst
141 crienianbHOCTI € HaJaHHS HOMY 3HaHb Ta IPAKTUYHUX HABUYOK BHKOPH-
cranHs cydyacHuX koHTpoiepis I1JIK mpu nmoOynoBi cucreM KepyBaHHS TeX-
HOJIOTIYHUMH TPOLIECAMH Ta yCTAaHOBKAMHU.

Jig 1iporo HeoOXigHO He TIMBKH JaTH OocHOBU mporpamyBaHHS [TJIK,
asie ¥ HaBuMTH cTyneHTa BukopuctoByBatu [IJIK mms 360py maHux 3 1aBadiB
TEXHOJIOTIYHOTO TpOIiecy, X 00poOIli Ta BUpOOUTH KepyBaHHS BUKOHABYH-
MU MEXaHI3MaMH, a TaKOXK 3a0e3MeYrTH aBTOMaTH30BaHEe KePYBaHHS 3 ydyac-
TI0 oanHM 3a toroMoroto JIMI (SCADA cuctemu, onepaTopchbKi naHesni).

217


https://doi.org/10.15588/1607-6761-2013-1-6

BpaxoByroun Ba)KIHBICTh 1 BiAIOBiNaNBHICTH JAHOI 3aqadi aKTyajb-
HUM € JOCIi/DKCHHS CYYacHHX METOJIB, METOAMK Ta 3aco0iB, AKi 3abe3rme-
YaTh OTPUMAaHHS TaKUX 3HaHb Ta HaBUYOK. HaliOlpI eeKTHBHIM 3ac000M
€ BUKOPHUCTaHHs cTeHiB 3 peansHuMU [1JIK, siki 703BOJISIOTH HOCTIKYBaTH
poboty IIVIK y cknazi neBHOT cucteMu kepyBaHHs. OTke, po3poOKa CTeHIY
€ aKTyaJIbHUM 3aBJIaHHSIM.

AJe HafOLIBITY IHHICTE MAIOTh TaKi CTCHIIH, K1 TO3BOJISIOTH HE TIPO-
CTO, SK TO KaXyTh «IIOMHIaTH JIAMIIOYKaMW» Ta BKJIIOYHTH-BUKIIOYHTH
SAKANCH €JIEMEHT, UM TO 3HATH JaHi 3 SIKOTOCh JAaT4HKy, ajie i MoOymyBaTh
AKyChb 3aKiH4YEHy CHCTEMY KEpPYBaHHS IIEBHUM TEXHOJIOTIYHHUM IIPOIECOM,
ab0 HEBENMKOIO MPOMHCIOBOI0 YCTAaHOBKOIO. Bce 1ie mepenbauae BHBIMTH
HE TUTBKN OKpEMi €JIEMEHTH Ta IX B3aEMOJIII0, & 3pOOUTH TOB’sI3aHy CHCTEMY
KepyBaHHS, B AKil BCi Il eJIeMeHTH OyIyTh MPALIOBAaTH 3 METOI BUKOHAHHS
SKOTOCh TEXHOJIOTIYHOTO TIPOIIECY.

Jis  po3poOku KoHIEMIii cTeHaa Tpeba 3poOUTH aHami3 MOMIOHUX
CTEHJIiB, SIKI BUKOPUCTOBYIOTHCS B HAIIOMy YyHiBepcuTeTi [1] Ta B iHIIHMX
Bumax Ta ¢ipmax. Tomy chopMystOEMO BUMOTH 1O CTEHIY, SIKHH MH PO3-
pobisiemo. Tpeba Takoxk BpaxyBaTH, 10 Kadenpa Mae Bxe 3M00yTKH Ta
MEBHUIA JOCBIZ POOOTH 3 TEeXHiKOK aBToMaTm3amii ¢ipmu Siemens. Tomy
Oyio copMoBaHi HACTYITHI BUMOTH.

1. Crenn moBuHeH Matu KoHTposep S7-1200 dipmu Siemens 3 Momy-
JSIMH  PO3IINPEHHS, OJIOKAaMH J>KUBJICHHS Ta KOMYHIKAI[IHHUMH MOJIYJISIMH
THX caMuX GopM (HaKTOpiB, IO i KOHTPOIIEP.

2. B cTeHni 3acTOCOBYIOTBCS 3aCO0H JIIOAMHO-MAIIMHHOTO iHTepdeiicy,
a caMe oIepaTopchka maHensb GpipMu Siemens.

3 Jlo ckiaay cTeHIa MOBUHHI BXOJUTH MPOTPaMHO TEXHIUHI 3ac00H 3
PO3pOOKH NPOrpaMHOro 3abe3ledyeHHss KOHTPOJIEPiB, PO3pPOOKH MPOEKTIB
Bizyanizauii JIMI (mporpamaropu um komIr’iotep 3 IporpamHuM 3abesre-
YEHHSIM PO3POOKH).

4. CreH]1 IOBUHEH MaTH OpraHu KepyBaHHs (KHOIKH, epeMHKadi, 1o-
TEHLIOMETPH) Ta IHJUKAaLI] (JIAMIIOYKH, IHAUKATOPH, CTPLIOYHI IPUOOPH).

5. CTeH/ TOBUHEH MaTH Cy4acHi PUBOM 3 ACHHXPOHHUMH JIBUTYHAMHU.

6. CTeH/1 TOBUHEH MaTH 1aBavi.

7.HasBHICTH €JIeMEHTIB SIKOTOCh TEXHOJIOTIYHOTO Mporecy abo ycra-
HOBKH, SIKUMH TOTPiOHO KepyBaTH 3 MOXJIMBICTIO CIIOCTEpiraHHS 3MiH B
XOJIl TEXHOJIOTYHOTO MPOLECY, SKi BUHUKAIOTh IPH KEPyBaHHi.

8. MOJIMBICTh BUBYHUTH SIKICh THIIOBI TEXHOJIOTIYHI 3a/a4i Ta CIIOCO-
Om 1X po3B’sI3aHHA 3a JOMOMOTOIO OONagHAHHS CTEHIY (J103yBaHHS, TO3HUIIi-
OHYBaHHs, PETYJIOBaHHS a00 CcTabii3allist SKOTOCh MapaMeTpa TEXIPOIECY).

9. Ilepenbauatu nmoegnanus 31 SCADA cucremoro.
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! 1-p Texn. nayk, npod. HY «3anopispka moitexHikay»

2 cryn. tp. E-310 HY «3amnopisbka momiTexHika»

MATEMATHYHA MOJAEJIb ITYMY IOTYKHOI'O
EJIEKTPOTEXHIYHOI'O YCTATKYBAHHA B CIIEKTPI
OKTABHUX YACTOT

HeBin’eMHOIO YaCTHHOIO €JIEKTPOTEXHIYHOIO YCTaTKyBaHHSI € CHCTEMH
30y/PKEHHS eJIEKTPOMarHiTHOrO IIOJIsl Ta MarHiTHa cuctema. Ilepia npen-
cTaBIsIE OO0 CHCTEMY OOMOTOK SIKi TOEAHYIOTHCS MK COOOO IO TIEBHUM
CcXeMaM B 3aJISKHOCTI Bil IPAKTHIHOTO MPH3HAYECHHS 1 CIYXKHUTh IS CTBO-
PEHHSI €JIEKTPOMArHiTHOTO MOJISI PO3CIFOBAHHS B CEPEIOBHUIIII IIEBHOTO yCTa-
TKyBaHHs. [Ipyra mpencraBise co00I0 TPU CTPIXKHEBY KOHCTPYKIIIO, IO
BHTOTOBIISETHCS 13 €NEKTPOTEXHIYHOI CTali 1 MpU3HauYeHa Uil KaHalizamii
MAarHiTHOT'O MOTOKY B MPOCTOPI CHCTEeMH OOMOTOK BHACIIJOK TOTO, HIO ii
NpUTaMaHHa Oifibllla MarHiTHa NMPOHUKHICTH B IOPIBHSHHI 13 TOBITPSAM 1
OXOJIO/KYIOUUM CEPEIOBUILIEM.

Haii6inbI nomupeHuMy BUIaM# YCTaTKYBaHHS € MOTYXHI TpaHcdop-
MaToOpH Ta eNeKTPONpUBOAM. B mepmomy cucrema oOMOTOK Ta MarHiTHa
cucTeMa IpH poOOTi € HENOPYIIHWMH, a B €JIEKTPONPUBOJAX Ma€e Micle
Oiry4e MartiTHe IOJIe B NPOCTOPi €IEKTPUYHOTO JBUTYHA, IO NMPHU3BOIUTH
JI0 YCKJIQJIHEHHS pO3PaxyHKIB €JIeKTPOMAarHiTHUX MPOLECIB.

Jln1st BUpIIIEHHs TIOCTABJIEHOTO HAYKOBO-TIPAKTUYHOTO 3aBJaHHS PO3T-
JSIHEMO Yy3araJbHEHYy MaTeMaTHYHy MOJENb ISl MPUBEICHOTO YCTATKYy-
BaHHA. [Ipy mpOoMy BiJ3HAYMMO, IO PiBHI LIyMy yCTaTKyBaHHS OOMEXYy-
I0ThCS BUMOTaMH JIEPXKaBHUX TEXHIUYHMX CTAHJAPTIB Ta CaHITAapHUMH HOP-
Mamu. OcoOymBy yBary Ii HHWTaHHS HaOyBalOTh B PO3BHMHYTHX KpaiHax,
OCKUTPKHM BOHM CYTTEBO BIUIMBAIOTh HA MEPCOHAN i HABKOJHUIIHE CEPEIOBH-
me. [lpyu 11poMy HOPMYIOTBCS 3arayibHi piBHI IIyMy 1 30BCIM HEXTYIOTBCS
PiBHI IIyMy y CTIEKTPi OKTaBHHUX YacTOT.

Mera pobotu monsirae B po3poOIli MaTeMaTHYIHOT MOJIET 3arajbHOTO
PIBHA Ta B CIIEKTpi OKTaBHHX YaCTOT LIYMY €JIEKTPOTEXHIYHOT'O YCTATKY-
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BaHHS Ta EKCIEPHMEHTAILHOTO IOCIIKEHHS AJSI TOPIBHAHHSA OTPHUMAaHHUX
pe3yIbTaTIB.

MaremaTiyHa MOJeb LIyMYy INpEICTaBiisie COOOI CHCTEMY HeJiHil-
HHUX IHTErpo-AuQepeHLiabHUX PIBHSAHb B sIKiii B3a€MHO MNOB’si3aHi 30y-
JUKYI0Yl 30BHILIHI TTApaMeTpH Ta BHYTPIIIHI €JIEKTPOMArHiTHI, 0 Big0yBa-
IOTHCSI B MAarHIiTHIN CHCTEMi BHACIHIJOK JIii MarHiTHOTO TOJIS PO3CIFOBAHHI.
Ie MOSICHIOETBCS THM, IO MATHITOTIPOBIJ € HAMOULIBII XapaKTEPHUM JKEpe-
JIOM IIyMy YCTaTKyBaHHsI, OCKUIBKU CKJIAJA€ThCS 13 MHOXKHHH IUIACTHH eJie-
KTPOTEXHIUHOI cTayi sKifi mpuTaMaHHI HEJMiHiHI 3aJeKHOCTI MiX MarHit-
HHUM TI0JIEM Ta 1HIYKII€IO.

HayxoBa HOBH3HA ToJsTae B po3poOIli MaTeMaTHIHOT MOZEI MOTYX-
HOCTI 3BYKY (IIyMy) B CHEKTPi OKTaBHHX YacTOT, 33J0BOJBHSE IIOYATKOBUM
Ta TPaHWYHUM yMOBaM sKi (Pi3MYHO BimOOpa)karoTh MAarHiTHY CHCTEMY i3
MpUTaMaHHIN ilf mocTiliHil wacy. [Ipun mpoMy, cuctema 30YIDKEHHS €IICKT-
POMAarHiTHOTO NOJIS HE € JPKEPEJIOM LIyMY OCKUIbKHM B NOBHIH Mipi BiAIOBi-
Jla€ BUMOTaM /10 TPECYIOUMX 3yCHJIb Ta 3a0€3MEeUeHHs eJEeKTPOJMHAMIYHOT
critikocTi. (JIOITBHO BIA3HAYMTH, II0 HA MPAKTHIN JOBOJI YacTO MAlOTh
MICIIC BUTIAJKH KOJIU JDKEPEJIOM IIYMY € MOIIKOIKCHHS 0OMOTOK.)

B po0oTi moka3aHo, IO BHACTIJOK MAarHITOCTPUKLITHUX (i3UUHHX
MPOIIECIiB B TOETHAHHI i3 HETMIHIHHUMH BIACTHBOCTSIMH €JICKTPOTEXHIYHOT
CTaNi IIyM TIOCHIIIOETBHCS B PEXHMMax: Iepe3OyKeHHS MarHiTONPOBOY;
HEJIOCTATHHOTO 3a0E3MEUYEHHsI NMPECYI0YNX MEXaHIYHHX 3YCHJb; IOIIKO-
JOKEHHSI MK IEBHUMH TaKeTaMH MarHiTHOI CHCTEMM; IIyM B CHEKTPi OKTaB-
HUX YacTOT 3pOCTa€ B 3AJIICKHOCTI BiJl TEpPEBUINEHHS iHIYKINi BiJHOCHO
HOMIHAJIBHOTO 3HAUEHHS; IOTIPIIEHHSAM IOKa3HHUKIB SKOCTI €IeKTPHYHOL
eHeprii. BoHn MpHU3BOIATH 0 PO3BUTKY KYMYJSITHBHHMX MPOLECIB Ta HU3KH
HeOa)KaHWX HECTalliOHAPHUX EeNISKTPOMArHITHUX SIBHII HE TIIbKM B MarHit-
Hill cucTeMi, a 1 B IHIIKMX By3JaX Ta HEAKTUBHHX JCTAIAX KOHCTPYKIIi, 10
MOXe OyTH 3aBJJaHHSIM JI0 HACTYITHUX HayKOBO-NPAKTHYHUX 3aBJaHb.

B poboti npuBeieHo pe3yNbTaTi MOPIBHIILHOTO aHalli3y PiBHIB IIyMy
Ha TPhOX TpaHCHOpPMATOpax HOMIHAIBHOI MOTY)KHOCTI 63 MBA. AHani3 nux
Pe3yNbTATIB JO3BOJIMB BCTAHOBHTH, III0 HA OJHOMY i3 HUX Ma€ MicIle Iepe-
BUIICHHS PiBHIB IIIyMYy Ta y CHEKTPi OKTABHUX YaCTOT.

B pesynbrati gociijpkeHHs BCTAaHOBJICHO, IO  3alPOIIOHOBAHY Mare-
MaTU4Hy MOJENb JOLUILHO JOIOBHHUTH  BIJIOBIIHNMH MaTeMaTHYHHMHU
PIBHSHHSAMH, IO BiIOOpPaKalOTh TAKOXK 1 CTAH CUCTEMH 30YIXKCHHS €JIEKT-
POMarHiTHOTO IOJIsl Ta BUKOPUCTOBYBATH JJISl IarHOCTUKHM MOTOYHOTO TEX-
HIYHOTO CTaHy eJIeKTPOTEXHIYHOTO YCTAaTKYBaHHS B IIIJIOMY.

JloTIoBiIF MPOIMIOCTPOBAaHA BiAMOBIIHUME HArSIIOBHMH IUIAKaTaAMH
Ta 3aJEKHOCTSIMH 1 TOPIBHIBHUMH PE3yJIbTaTaMH, 1[0 OTPUMAaHi IPH BHKO-
HaHHI HAYKOBO-TEXHIYHOTO 3aBJIaHHS.
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2 cryn. p. E-312m HY «3anopisbka IOiTEXHIKa»

MOJEJIOBAHHS PEXKUMIB HABAHTAKEHHSA
ACHHXPOHOTI'O EJIEKTPOIIPUBOJIA B CKJIA AT
INIEPETBOPIOBAYA SIMOVERT MASTER DRIVES VECTOR
CONTROL

[IpiopureTHIMH HampSIMKaM{ PO3BUTKY JAEp>KaBHOI €KOHOMIYHOI TO-
JTHKA € JIOCATHEHHS BH3HAYaJbHMUX ITOKA3HHKIB MO PiBHSA MiKHApPOIHOI
cnibHOTH. OCco0NIMBOT aKTYaJILHOCTI LI TUTaHHS HA0YBAIOTh Y BITYM3HIHUX
€HEPrOEMHHUX EJIEKTPOTEXHOJIOTIAX 3 BUKOPUCTAHHSM ACHHXPOHHHX €JIEKT-
POIIPUBO/IIB.

Meta po0OTH MmoOJIsITae y po3poOIl Ta JOCITIIKEHI HOBOI €Heprooia-
JDKYIOYil eJIeKTPOMEXaHIYHIH CHCTEMH sIKa JIOCSATAETHCS IUIIXOM BIIPOBa-
JDKEHHSI HOBHX MIKpPOIPOLIECOPHUX 1 MPOrpaMHKX 3aco0iB aBTOMaTH3aLll B
CYKYTIHOCTI 13 Cy4aCHHM CHJIOBHM YCTAaTKyBaHHSIM.

HaykoBa HOBM3Ha JOCSTa€ThCA ILIAXOM MiIBUINECHHS €(hEKTHBHOCTI
ACHHXPOHHOTO ENIEKTPONpUBOAa (3a0e3MeUeHHs] BHCOKOI JWHAMIYHOCTI
peryItoBaHHS IIBUAKOCTI 1 MOMEHTY, BUXITHOI HANPyTH 1 9acTOTH) 3a pa-
XYHOK BUKOPHCTAHHS CyYaCHHX MIKPOIPOIIECOPHUX 1 MPOTrpaMHUX 3ac00iB
aBTOMaTH3alii B MOEIHAHHI 13 mepeTBoproBadeM Simovert Master Drives
Vector Control (Simovert VC) BukoHanus «Kommakt» tumy 6SE7023-
4EC61. Bin Bianosizac BUCOKMM BUMOIaM 3a0e3leUYeHHs BUCOKOI IMHAMI-
KU peryJroBaHHs NIBUAKOCTI i MOMEHTY, BUXi/IHOI Hanpyru i yactotu. [Ipu
BEKTOPHOMY KepyBaHHI HOMIHAJILHUH CTPYM JBHI'YHa He MeHIIMM 1/8 Bif
HOMIHaJIBHOTO CTpyMy mneperBoptoBada (IHomae> IHomus -1/8). Ta. piBHI
mymy 60 nbi. TleperBoproBau 3abe3redye BHCOKY JUHAMIKY PEryIIOBaHHS
00epToBOi MmBHAKOCTI 1 MOMeHTY nper. = 20Mc, Mper.= 5Smc. lo ckiamy
CHCTEeMHU KepyBaHHS BXOJTh: mada KepyBaHHS PUBOJAMH 1 mada cruitoBoi
KOMYTaIlii; madu JOTICTHKY i pOrpaMOBaHUN KOHTpoJIep Siemens; yrpas-
JIHHS CHCTEMOIO (TOJIOBHOTO ITyNbTa YIPABIiHHS, ITOCTIB OOJIKY); TEXHOIIO-
TYHHMI cepBep CUCTEMHM ajpecallii i cepBepoOM aHTHBIPYCHOT'O IPOrPaMHOTO
3abe3neueHHs. llporpamoBanmii KOHTposiep Siemens NpU3HAYCHUH IS
KepyBaHHS MOCHIJIOBHIMH JIOTTYHUMH HPOLIECAMH B YMOBaX IPOMHCIOBOIO
BHKOPHCTAHHS B peaJbHOMY MacmTadi 9acy. 3B 30K 3 MPUCTPOSIMH YHUTaH-
Hs/3amucy moTodHoi iH(opMarii MOOUTBHHX HOCIIB, MEpEeTBOPIOBAYaMHU
«Simovert Master Drives Vector Control» 3miliCHIOETBCS 32 JOMOMOIOO
inrepdeiicy PROFIBUS DP. EnexkTposkuBiieHHS IepeTBOPIOBaviB «Simovert
Master Drives Vector Control» BHKOHYeTbCSI TPU(DA3HUMH EJIECKTPUUHUMHU
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naamoramu  Harpyroro 380(+22-33) B 3MiHHOTO CTpyMy IIPOMHCIIOBOI
gactotd (50+1) I'm. [ToTykHiCTB, CIOKMBaHa IEPETBOPIOBAYAMH BiJ] MEPEXKi
nepBUHHOTO enekrpoxxusieHHs 380 B, He nepesuitye 45 kBt. Bigznaunmo,
10 JJIs1 KEpyBaHHS 4acTOTO OOepTaHHsS aCHHXPOHHOI'O JBUTYHAa BUKOPHC-
ToByeThcss mepeTBoptoBau wactotd SIMOVERT VC. VYV mneperBoproBaui
3aCTOCOBYETHCSl YACTOTHE KEPYBaHHS JBUT'YHOM.

ImiTanifine MOJIC/IFOBaHHST BUKOHYBAJIOCh B cucTemi MatLab. 1 Mox-
JIMBOCTI JI03BOJISIIOTH MOJIEJIOBATH MPOLIECH B HACTYITHUX MEXax: y 00JacTi
porpaMyBaHHSA BOYJOBaHMX MaTeMaTHYHUX (YHKIIN; IporpaM, HAITUCAHUX
Ha Ci i ®OPTPAH; aBromarnune mepekoxyBanHs nponenyp MATLAB B
TekcTi mporpaM Ha mMoBax Ci i C++; y obmacTi Bi3yami3amii i rpadiku (maxe-
TiB IHCTpYMEHTIB - toolbox). [ cTBOpeHHS MOJEINi aCHHXPOHHOTO €JICKT-
poIlprBOia BHKOPHUCTOBYEMO CTaHmapTHI (yHKmii Matlab Ta crammaprHi
omoxu SimPowerSystem. YV maHiif MoJeni Harpyra Ha PUBO/T IIOAAETHCS Bil
Jokepena 3MiHHOT Hanpyru 220 B 3 npomucnosoro yactotoro 50 I'u. 3aBnan-
Hs Ha MIBUJKICTh 33J]a€EMO CTYMiHYaTUM curHaioM. Ha BXoni cucremu kepy-
BaHHS peaJIbHUI BXIHUN CHTHAI Ma€e Tpamnereinansay gopmy. Illo 3abe3me-
4y€e BiANPalfOBaHHS KOHTYPY IIBUIKOCTI BiJIIIOBIIHO 3aBJIaHHIO.

Pe3ynbpraTi MoJenrOBaHHS MPOLTIOCTPOBaHI BiANOBITHUMH rpadivuHu-
MU 3aJIS)KHOCTSAMH: CTpyMy craropa Is=f(t) (mo 3ag0BoNBHSIE yMOBaM TeX-
HOJIOTIYHOTO TpOIlecy); 00epTOBOI YacTOTH poTopa ABHryHa ns=f(t) (3a-
BIaHHS 00€pPTOBOT YaCTOTH POTOPA JBUTYHA Ta peajbHa 4acTOTa 0OepTaHHS
poTtopa); MOMEHTY HaBaHTaXeHHS M=f(t) (BimoOpakatoTh peaabHHI Mepexi-
JHHUH TPOLIEC Y CHUCTEMi EeJNEKTPONPHBOJA); HANPYTH IOCTIHHOTO CTPyMy
Udc=f(t). OTpumMaHi pe3yIabTaTH JOCTIHKEHHS MEPEXiTHUX MPOLECIB eIeKT-
pOMexaHiqHO CUCTEMH y CKJIaJli aCHHXPOHHOIO JIBUryHa, Simovert Master
Drives Vector Control (Simovert VC) Ta MiKpOIPOIECOPHHUX 1 MPOrPaMHIX
3aco0iB aBTOMaTH3allii MiATBEPKYIOTh €()EeKTHBHICTh HAYKOBO-TEXHIYHOTO
pIllIEHHS SIKOMY TpPUTaMaHHI €HEepro3aollla/UKEHHs, CKOPOUSHHS Yacy Mix
TEXHOJIOTIYHUMH OIEPALiIMH Ta 3HIKCHHS BTPAT €JIEKTPUYHOI eHeprii, 1o
CIpHSIE BUPILIEHHIO TOCTaBJICHOT METH.
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Bamyxnauit M.IO.!, Pyxim B.10. 2

! crapmr. Buki. HY «3anopizbka MomiTexHiKa»

2 cryn. p. E-310cm. HY «3amnopisbka IOTEXHIKa»

PO3POBKA JABAYA TEMIIEPATYPH JJIs1 CUCTEMH
MOHITOPUHI'Y

MOHITOPHHT TeMITEpaTypH B MPUMIIICHHAX € OJHIEI0 3 HAHOUIBIT Yac-
THX Ta THIIOBUX 3a]1ad B MIPOMHUCIIOBOCTI, TOOYTi, TOPTiBEIbHUX Ta 0(iCHUX
MIPUMIIICHHAX. BaknmuBuM € 3a0e3nedeHHss KOMPOPTHUX YMOB pOOOTH Ta
HaBYaHHSI, J¢ TeMIepaTypa TOBITPS CYTTEBO BIUIMBAE Ha €(EKTUBHICTH
pobotu. Takox Temneparypa B MpUMILEHHSIX MOBUHHA BIANOBINATH CaHiTa-
PHHUM HOpMaM.

Ha xadenpi «EnextponpuBoa Ta aBToMaTH3allisi IPOMHCIOBUX yCTa-
HOBOK» OyB pO3po0jieHI Ta CTBOpEHI laBayi TemImepaTypu Uil CHCTEMH
MOHITOPUHTY TeMIeparypH noitps. 3-D Mozens naBaua TemreparypH Ha-
BeJicHa Ha pucyHky 1. Ha neit uac qaBaui TemmepaTtypu BCTAHOBJICHI B TBOX
ayauTopisx kadenpu.

Pucynok 1 — 3-D mMonensb naBava remneparypu.

JlaBadi BUMIpIOIOTh TEMIIEpPATypy Pa3 Ha XBHJIHMHY, )KUBJICHHS JaBadiB
Bix mepexi 220B. TTakeT n1aHUX HAACUIIAETHCS JI0 CEpBEPY MO OE3APOTOBOMY
3B’SI3Ky 3a J0MOMOror0 nmpotokory LoRaWAN.

LoRaWAN - 1ie abpeiatypa Big Long Range Wide Area Network. Ile
TUII MaJIONOTYHOI TJ00anbHOI MepeKi, sSika BUKOPHCTOBY€E TEXHOJOTIIO 3
BIZIKpUTHM BHXIZIHUM KOJIOM 1 mepenae iH(pOpMaIiio 3a JONOMOIOI0 pajio-
CHT'HAJIB Yy HEJIIEH30BaHOMY Jiarna3oHy yactoT. Po3poOneHa st Inreprery
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peueii (IoT) Texuomoriss LoORaWAN 3abe3nedye mabararo OiumbImii pasmiyc i,
HiX 3’eqaanHs Wi-Fi a6o Bluetooth, nobpe mpairoe BcepeauHi IpHMIIeHb.

IoT Gateway BcTaHOBIEHO B ayauTopii kadeapu Ta Mae MOKPHUTTS
BCHOT'O YHIBEPCHUTETY.

IoT Gateway — 11e MepeXeBUil KOMIOHEHT, SIKUH i€ SIK TPaHCISTOP
Mk npuctposimu [oT Ta iHmMMK 00’€KTaMH MepeXi, TAKUMU SIK CEPBEPH,
nporpamH Ta iHmi npuctpoi. OcHoBHOW ¢yHKIieto nuo3y loT € nepeknan
MaKeTiB JJaHWX 3 OJHOTO NMPOTOKOJY B IHIIMH, 1100 mepeaaya Oyna 10CTym-
HOIO JJIS YMTaHHS oxepKyBadeM. Ane mpuctpoi loT gacto matoTs oOMesxe-
Hy HPOITyCKHY 3JaTHICTh AAHHUX 1 3apsii aKyMyjsaTopa, ToMy nurosu loT
BiZIrparoTh iHII Ba)KJIHBI pOJli, 30KpeMa JAOAAIOTH PiBHI O€3MEKH, 3 SKUMHU
caM IPHUCTPil He MOXKE MPAIIOBaTH.

|- IPYKTYPHA CXCMd CHCTOMI MOHITC

rrrs
|| ey |

L1

 P—
e - -

i A

NyGnlysie nocunamz
hatps={feienurl comy Zeacskrn

PucyHok 2 — CTpyKkTypHa cxema CHCTEMH MOHITOPHHTY.

LoraWAN Ta IoT Server cTBopeHi Ha BipTyaJlbHOMY KOMII IOTEpI, 1€
JIO3BOJISIE MATH JIOCTYII JI0 HUX I[1J10JI000BO Ta 3 Oy1b-IKO1 KpaiHu.

o IoT Server MoxJiuBe miJ’€AHAHHS 3 Oy/b-SKOr0 HMPUCTPOIO, KU
Mae web browser Ta He MOTPiOy€e 101aTKOBOI'O IPOrPaMHOTo 3a0e3MeYeHHS.

IoT Server mae ckiasiHy i€papxiro KOpUCTyBadiB. 3apeecTpoBaHi KOPH-
CTyBa4i MOXYTh CTBOPIOBATH ITaHENi NMPHIAAIB Ta JAHIFOTH MpaBmwi. Bci
IHITI MOXYTh 3aliTH 3a MyOJMIYHUMH TOCWJIAHHSAMH Ta MOOAYUTH MaHEIh
TIPHTAIIB.

3apa3 B myOIiYHOMY JTOCTYIII € TaHEeNb MPHJIAiB HA SKid MOXHa II0-
JMBUTHCH MOTOYHY TEMIIEPATypy B ayAMTODIisX, rpadik 3MiH TeMIepaTypu
3a BUOpaHMii Iepiofl, HAJAIITYBAaTH MEXI TEMIIEPaTypH Ta Ha3By AaBadiB.

VYci 3MiHE Ha TaHeNl MPHIAAiB Ta BUXOAY TEMIEpaTypH 3a HaNaIlTo-
BaHi MeXi BitoOpakatoTecs B Telegram kanai.

B noztanbuomy meit mpoext Oyzne MaTH PO3BUTOK Ta YJAOCKOHAJICHHS
SK Ha (QI3MYHOMY DiBHI, TaK i TMPOrpPaMHOMY. Marepianu Oy 1yTh BUKOpHCTa-
HI B JIMINIOMHOMY MPOEKTYBaHHI Ta IUIAHYETHCS CTBOPEHHS HABYAIBLHOIO
Kypcy AJist CTYJEHTIB.
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3ACOBHU MOJEJIIOBAHHSA MEXATPOHHHUX 1
EJEKTPOMEXAHIYHUX CUCTEM

3 ormsAny Ha MIBUAKUKA PO3BUTOK IIPOMHUCIOBOCTI i pa3oM 3 THM OiIbI
CTpiMKEe BHUKOPHCTAaHHS aBTOMATH30BAaHOTO BHPOOHWITBA, BHHUKAE HEOO-
XiTHICTD, Ha €Talli HMepeArnpPOEKTHOI MiATOTOBKH, MaTH B HAsSBHOCTI iHCTPY-
MEHTaJbHHUN 3aci0, MPUAATHUHA Ui IIBUAKOI MEPEeBipKH IMPane3JaTHOCTI i
OTPUMAHHS OCHOBHHUX XapaKTepUCTUK cucTeMH [1].

MexaTpoHHI CHCTEMH, SIK OJIUH 3 BUJIB JUHAMIUYHHUX cuCTeM [2] npus-
HA4eHI JUIs peatizallii 3aJaHOr0 PyXy W OCHOBY iX CTAaHOBUTH JCSKHI BHKO-
HaBYMI MEXaHi3M Ta NPUBOJ — €JIEKTPOMEXaHIYHUI, TipaBIiYHUi a00 K-
UHICH 1HIITHH.

MerToto € orssia mporpaM MOJETIOBaHHS MEXaTPOHHHX Ta eJIeKTpoMexa-
HIYHUX CHCTEM 3 YpaxyBaHHSM IX OCOOJMBOCTEH, TAKMX SIK OJJHOYACHA poOoTa
BHKOHABYMX IMPHUCTPOiB, 3MiHA EKCIUTyaTallItHUX XapaKTEpPHUCTHK BIPOIOBXK
poboYoro MKITY i TEpMiHY €KCIUTyarTarlii, CIloco0iB peryIFOBaHHS TOIIIO.

Ha nanwuit MOMeHT icHye 6araro mporpam, siKi JO3BOJISIOTh MOJEIIOBA-
TH MEXaTPOHHI Ta €NEKTPOMEXaHIYHI CUCTEMH, IPHUOMY JIesIKi € BY3bKOC-
neniani3oBaHUMH, a iHmI — Ouiein yHiBepcanbHuMHU: Vensim, IThink,
Dynamo, Stella, Powersim, MedModel, Arena, GPSS, Stratum, Scilab,
Berkeley Madonna, NI MATRIXX, ACSLx,Modular Modeling System
(MMS), Virtual Test Bed (VTB), JModelica.org, MATLAB/Simulink,
Simscape, MapleSim, Dynast, Multisim, Dymola, PSIM, SamSim, SimApp,
SimulationX, Simplorer, VisSim, SystemModeler, Torio.

Jlo po3risaay B3STO KiJIbKa NMporpaM, NMPUIAATHUX JUIS TIPOEKTYBaHHS 1
MIPOBEJICHHS] MOJAEIBHUX €KCIEPUMEHTIB 3 0araTonpuBOAHUMH LIUKIOBHMH
cucremamu: FluidSim 4.0 Ta MatLab/SimuLink.

ITepeBaramu nporpamu FluidSim € MOXIIHBiCTE HAOYHOTO Bi3yaIbHOTO
BiITBOPEHHS, IMUPOKUI BUOIp BUKOHABUMX, KEPYIOUHX MPUCTPOIB 1 AaT4H-
KiB, MOKJIMBICTB peaji3alii cXeM 3 BUKOPUCTAHHSM peJie THCKY, pelie 4acy,
TiIpOaKyMyIATOpiB, KOPUTYBAHHS HapaMeTpiB MPUCTPOIO, iIHTEPaKTUBHOCTI,
AKa TOJIATae B TOMY, IO TIPH MOJEIIOBAaHHI POOOTH CHCTEMH € MOXKIHBICTh
BKJTIOYAaTH 1 BUMHMKATH NepeMHKadi, KHOIKH, TIEPEMHUKATH PO3MOIIIEHUKH i
T.1. Jlo HeMOMiKiB 1i€l MpOrpaMyu MOYKHA BITHECTH Te, IO 3HAYHA YACTHHA
Yyacy BUTPAYa€eThCs HA TEXHIYHY POOOTY, HE MOB’A3aHy 3 (PyHKI[IOHyBaHHAM
CHUCTEMH 1 CKJIAJHICTIO MOJICJIOBAHHS CHCTEM 3 BEJIMKOIO KIJBKICTIO BHKO-
HaBYMX NpUCTpoiB [1,3].
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IlepeBaramn MatLab/SimuLink € MOXIHBICTP TPENCTaBUTH TOCHi-
JOKyBaHI CUCTeMH Oe3nocepeHb0 Au(epeHIIHIMA PiBHIHHAMH, IO 3py4-
HO JUIA TIPOTHO3YBaHHS 1X MOBEOIHKH Yy yaci. OCKIJIbKH KOJKHAa MEXaTpOHHA
abo eneKkTpoMexaHiuHa crcTeMa Ma€ 00’€KT Ta MPUCTPIil yNnpaBiiHHS, CHUC-
TeMa JUIl MOJIENIOBAaHHS IMOBHHHA BOJIOJITH LIMPOKUMHU MOKIJIMBOCTSIMH
II0JI0 CHHTE3Y, aHaii3y Ta ontumizauii CAY [2,4].

Otxe, npu BUOOPI MPOrpaMHOrO MPOJYKTY IJIsl MOJENIOBAaHHS MeXa-
TPOHHUX YW €JIEKTPOMEXaHIYHUX CHCTEM HEOOXiJHO IIaHYBAaTH €KCIIepH-
MEHT, TIPOBOJIUTH aHAJ3 MOXIIMBOCTEH NOCHTIKyBaHUX 00’ €KTIB Ta 3BaXka-
I0YH Ha IIe aHAJII3yBaTH MOXIIUBOCTI 3aCO01B MOJICTIOBAHHSI.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

1. JIesuenko, O.B. OcobmuBOCTI MOJETIOBAaHHS POOOTH MEXaTPOHHHUX
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gyenko, A.B. Ky3uernos // Bicauk HTYY «KIIl». Cepis manmuoOy1yBaHHS.
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3. Osadchyy, V. Adjustable Vibration Exciter Based on Unbalanced
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A. Bry’s, A. Rud, W. Tulej, M. Sojak // Sensors, 2023. — Vol. 23. — P. 2170.
https://doi.org/10.3390/523042170.

4. Nazarova, O. Software and hardware complex for the study of
electropneumatic mechatronic systems / O. Nazarova, V. Osadchyy,
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Modern Electrical and Energy System (MEES), Kremenchuk, Ukraine,
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POJIb I MICHE MATEMATHYHOT'O MOJEJ/JIIOBAHHS B
IHOOPMALOIMHUX TEXHOJIOTI'TAX

OCHOBHUM [DKEPEJIOM CHCTEMHU 30UpaHHS, NEpeaaBaHHS, INEPETBO-
peHHs, 30epiraHHs Ta MONAHHA B 3pYyYHOMY BHTIIAAI pizHOI iH(popmarii €
KoMI 'toTepd. [H(opMamis CTBOPIOETBCSA A BHKOPHCTAHHA Ta HABYAHHS
JIIOIeH, SIKI YXBaJIIOIOTh pillIeHHs y pi3HuX cdepax npodeciiHol AisIbHOCTI
Ta B moOyTti. OTKe, BIPOBAKEHHs HOBUX 1H(MOPMAIIHUX TEXHOJOTiH
03HaYa€e «IPOCYBaHHM» (OpMasi30BaHMX METONIB Yy HOBI chepu BHKOpHC-
TaHHs [1].

[ToTy»KHUM CTHMYJISITOPOM HayKOBOTO METOAY Ii3HAHHS € BUKOPHUC-
TaHHSI CHCTEMHOTO METOJY, IIO€THAHHS aHaji3y Ta CHHTE3Y, BUKOPHCTaHHS
METO/IiB MAaTEMaTHIHOTO MOZICTIOBAHHS.

[ITono KOHKpPETHOi MOAENBOBAHOI CHCTEMH, PO3POOHHKY MaTeMaTHd-
HO{ MOZETI AOTIOMaraloTh JIUIIE Ti MATEMAaTH9HI CXEMH, SKi MPOUIIIIN arpo-
0arifo 7 MEBHOTO KJIACy CHCTEM i TIOKa3ali e(eKTUBHICTD Y MPUKIATHUX
JOCIIKEHHAX Ha KOMIT FOTepi.

TurnoBy MareMaTHYHy CXE€MY BU3HAYAIOTh SK JIAHKY IIPU MEPEXO.i Bif
3MICTOBHOTO JI0 ()OPMAaIIBHOTO OMKCY Ipolecy (YHKI[IOHYBaHHS TEXHIYHOT
CUCTEMH 3 ypaxyBaHHSIM BIUIMBY HaBKOJIMIIHBOTO cepenoBuina. ToOTo npu
(dopmanizaiiii nporecy QyHKIIOHYBaHHS TEXHIYHUX CHCTEM HAsBHHMA JIaH-
ILIOKOK: «OINHKCOBA MOJENb — THIIOBA MaTeMaTH4Ha CXeMa — MaTeMaTHYHa
mozenby [1].

TurmoBi MaTeMaTH4YHI CXeMH MalOTh TIEPeBaru B HAOYHOCTI Ta IPOCTOTI
IIpY 3HAYHOMY 3MEHILICHHI MOXKIMBOCTEH iX 3acTocyBaHHs. Tak, SIKIIO MpH
JOCIIJDKEHHI TEXHIYHUX CHCTEM HE BPaXOBYIOTHCS BHITAIKOBI (akropu
(meTepMmiHOBaHI MoJelni), TO B MareMaTHYHOMY MOJICIIOBAHHI 3aCTOCOBY-
10ThCs AU epeHIianbHi, IHTeTpajbHi, iHTErpoArdepeHIIianbHi Ta iHII PiB-
HSHHSA. [|J11 MOIeIOBaHHS CUCTEM, SIKi (D)YHKIIOHYIOTb Y AUCKPETHOMY Yaci,
PEKOMEHYIOTh 3aCTOCOBYBATH MaTeMaTHYHHUI arapar i TUIOBI MaTeMaTnuy-
Hi CXeMH Teopii KiHIleBUX aBToMartiB. Ilig yac MomentoBaHHs CHCTEM 3 ypa-
XyBaHHIM Yacy (AMCKPETHI MOJeNi) Ta BHIIAAKOBHX (haKTOPiB (CTOXAaCTHYHI
MO/JIeITi) 3aCTOCOBYIOTh iIMOBipHiCHI aBTOMaTH [1-4].

YV cBoiil OLIBIIOCTI eNeKTPOMEXaHiuHi, eeKTPOTEXHIUHI Ta €IeKTPOe-
HepreTHyHi 00’€KTH NPe/CTaBIAI0Th CO00I0 HENiHINHHI Ta B3a€MOIIOB’sA3aH1
cUCTeMH, 110 OOyMOBIIIOE CKJIAJHICTh PETYJIOBAHHS IPOIECIB, SIKI B HHUX
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BUHHUKAIOTh. [IpoOieMn eQeKTHBHOTO KepyBaHHS 3a3HAYCHUMH 00’ €KTaMu
HaOyBarOTh yce OUTBIIOI aKTyaIbHOCTI, BITHOCSATHCA 10 YKCiIa (pyHIaMeHTa-
JBHUX HAaYKOBO-TEXHIYHHUX IpoOieM. Bizmomo, mo KiacudHi METOIu Kepy-
BaHHS C(CKTHBHI JJIsI OOMEKEHOI HU3KH 00’ €KTiB, a00 i 00’€KTiB, IO
SKAX 3aCTOCOBaHI TEBHI CIPOLIEHHS NPH MaTeMaTHYHOMY OIUCI LBOTO
00’exrta [2].

Cepen HalNOIIMPEHININX MTPOOJIEM 3aCTOCYBaHHS TPAIULIHHUX METO-
JIB yIPaBIIiHHS MOXKHA BUAIIMTH TaKi: BAKOPUCTaHHS JIIHIHHUX PEryJIsTopiB
11 00°€KTIB 3 HECTaOIIPHUMU CTaHAMH, HaBaHTA)KEHHSIMH, HEJIIHIHHOCTS-
MU, 30ypeHHs; (iKCOBaHICTH mapaMeTpiB peryisTopiB; podoTa B eKCTpeMa-
JbHUX pEXHMMax; IapaMeTpUdHa HEBU3HAYCHICTh EIEKTPOCHEPTeTHIHOT
CHUCTEMH, TOIMIO. BIMBIIICTh i3 IMX MPOoOIeM MOKHA BUPINIYBAaTH, 3aCTOCO-
BYIOUM CHHEPIeTHUYHI aNTOPUTMU KepyBaHH:I, HEUITKI HEHpOHHI Mepexi i
METOIN HEYITKOT JIOTIKH.

AXTyaJIbHICTh BUKOPHCTAaHHS IPUHLUIIIB IITYYHO-TO 1HTEJIEKTY B €Je-
KTPOCHEPIeTHYHHUX CUCTEMax IOJisi-ra€ B 3a0e3leveHHi HeOOXIJHOTO PiBHS
00MiHy iH(OpMAIIEI0 MiX CKIaJOBHUMH €JICMEHTAMH CHCTEMH Ha OCHOBI
IHTeNICKTyalbHUX MeETOMAiB. Ha TemepimHiii Yac OJHMM 13 [UIAXIB
pO3B’si3aHHS 3aaavi MOOYIOBH e(EeKTHBHOI aBTOMAaTUYHOI CHUCTEMH Kepy-
BaHHA a00 NMPUHHATTS PIlICHHA € BUKOPHCTAHHS IHTEICKTyaJbHUX METOIIB
Ha OCHOBI MaTEMaTHYHOTO amapaTa HEYIiTKOI JIOTIiKH, SKi Peami3yrTh Kepy-
BaHHS Ha OCHOBI EKCIIEPTHHUX BiZOMOCTEH 1 HE NOTPEOYIOTh MAaTEMaTHYHOTO
OIIHCY TIOBEIIHKU CHCTEMH [2].

HeuiTka norika jae MOXIIMBICTh ITMPOKO BUKOPHUCTOBYBATH E€KCIIEPTHI
3HAHHS NPH MOOYAOBI CUCTEM NMPHUHHATTS PillIeHb Ta CHCTEM aBTOMATHYHOTO
KepyBaHHS 3aBJSIKM HasBHOCTI PO3MHUTUX B KUIbKICHOMY BiJHOILEHHI rapa-
metpiB. ToMy npu po3poOii cucTeM yNpaBiiHHS 00’€KTaMH, L0 CKIIaJHO
(hopMaTi3yIOThCsI, JOIIIBHO 3aCTOCOBYBATH MOl Ta METOAU HA TPUHIIH-
nax HeyiTkol sioriku. Taki cuTyanii MarTh Miclie IPU HasiBHOCTI yd4acTi
oreparopiB y GyHKI[IOHYBaHHI TEXHOIOTIYHOTO 00’ €kTa abo 3a Bil-CyTHOCTI
TOYHHUX 3HaHb MI0JI0 IIHOTO 00’ €KTa KEPYyBaHHSI.

CIIUCOK BUKOPUCTAHOI JITEPATYPU

1. [TaBnenko, I1. M. MaTemaTn4He MOZICITIOBAHHS CHUCTEM 1 TPOIECIB:
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JOCIIIKEHHA EJEKTPOMEXAHIYHUX CUCTEM 3
YPAXYBAHHSM ITPYKHOCTI iX MEXAHIYHUX ITEPEJTAY

Hocmimkernns enekrpomexaHiuaux cucreM (EMC) 3 ypaxyBaHHIM
MPY’KHOCTI iX MEXaHIYHUX Iepenad € CKJIaJIHOI IMpo0IeMoro, IS BUPIIICH-
HS SIKOi TOTPIOHO BU3HAYHTH palioHaNbHI MiAXOJN OTPUMAaHHSI MaTeMaTH4-
HUX MOJeJeH, BUOpaTH 3py4Hy (opMy iX MMOIAHHS, BH3HAYNTH ¢(DEKTHUBHI
METOJM KOMIUIEKCHOTO BHpILICHHS 3aBllaHb aHalli3y Ta CHHTE3y CHCTEMH
KepyBaHHs, OLIHUTH BIUIMB OCHOBHHMX 30ypeHb Ha INpoIecH, 110 Big0yBa-
FOThCA.

EnexrpomexaHiyHa cucTeMa Cy4aCHHX HMPOMHCIOBUX MAIllMH Ta arpe-
rariB (IpokaTHi ctaHu, Oe3nepepBHO-TEXHOJIOTIYHI arperaTi TeKCTUIIBHOI 1
XIMIYHOT IIPOMHCIIOBOCTI, KOHBEEPH, CKiIlH, JIITH Ta OaraTo iHIIUX MeXaHi-
3MiB) XapaKTepU3yeThCs JOCUTH CKJIAJHOIO CTPYKTYPOIO MEXaHIYHOI Ta
SJICKTPUYHOT YyacTHH. MexaHiuHa 4acTHHA sIBIIsiE 0000 OaraTomMacoBy Me-
XaHIYHY CHCTEMY 3 JKOPCTKMMHM Ta NPYXHHUMH IepenadaMu. Enexkrpuuna
YaCTHHA TAKOX € JOCHTHb CKJIaJHOIO CHCTEMOIO, B 3aJIEKHOCTI Bil CrIocoOy
KepyBaHHS, CXeMM 3’€/HaHb, Jiarna3oHy 1 TOYHOCTI PETyJIIOBaHHS 1 Take
iHme. ToMmy Taki eneKTpOMEXaHIYHI CHCTEMH XapaKTepU3yIOThCS B3ae-
MO3B’SI3KOM €JIEKTPOMAarHiTHUX HPOIECiB, MEXaHIYHUX SBHII 1 TEXHOJIOTId-
HUX (haKTOpiB, [Ii€F0 30BHINIHIX (3MiHa MOMEHTY OIIOpY, HAIIPYTH JKUBJICHHS,
TeMIepaTypH HaBKOJHUIIHBOTO CEPEJOBHINA Ta iH.) 1 BHYTPIIIHIX (3MiHa
eJIEKTPOMEXaHIYHUX TapameTpiB cuctemu) 30ypeHb. BkazaHi acmextu mo-
BUHHI OyTH BpaxoBaHI IPH MaTEeMAaTHYHOMY OIIMCI €JIEKTPOMEXaHIYHOTO
00’eKra.

CrpyKTypHa cXeMa JIBOMacoBOi CHCTEMH 300paXkeHa Ha PHUCYHKY 1.
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Pucynok 1 — CtpykTypa JBOMacoBOi eJIeKTpOMEXaHITHOI CHCTEMH 3
JIBUTYHOM IIOCTIHHOTO CTPYMY HE3aJIeKHOTO 30y DKEHHS

Ils cxema mae NBi BXiJHI KOOPIWHATH: 31 CTOPOHH KEPYyBaHHS — Ha-
npyra MojJjaHa Ha JABHUTYH BiJl ICPCTBOPIOBAYa, 31 CTOPOHI 30ypeHHs — CTaTH-
YHHI MOMEHT OTIOpPY, MEXaHIYHUMU BTPATaMU B IBUTYHI 3HEXTYEMO.
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PucyHok 2 — Komm’roTepHa MoIesIb TBOMACOBOI €IEKTPOMEXaHIYHOT CHCTEMH 3
JIBUTYHOM TIOCTIHHOTO CTPyMY HE3IEKHOTO 30yKCHHS.

PesynbraTél MoIeTIOBaHHS IEPEXiTHAX MPOIIECiB HABEACHI Ha PHCYHKY 3.

PucyHok 3 — IepexiaHi XapaKTepUCTHKK JBOMACOBOI EJICKTPOMEXaHIYHOT CHCTEMHU

Jus monentoBanHst cucteMu B cepepoBuni MATLAB Simulink, mo-
Oy0BaHO KOMIT'IOTEPHY MOAENb (puc. 2), 3 MOYaTKOBUMHU IapameTpamu:
HOMiHasbHA Hampyra asuryHa Un=220 B; exBiBaJeHTHHH OIip SKipHOTO
koma Re=10.78 OmM; exBiBaJleHTHa €IEKTPOMArHiTHa CTajla 4acy SKipHOTO
koma Te=0.0082 c; KOHCTPYKTHMBHHH KOE(IIi€HT SKIpHOTO KOJIa IBUTyHA
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Ce=1.97 B-c; mexaniuna nocriiina neuryna Cm=1.42 H-M/A; npusenenuit
MOMEHT iHepmii mepmroi Macu J1=0.015 kr-m%; npHBEACHUN MOMEHT iHEpPIIi
apyroi macu J2=0.022 kr-M2; mpy>XHICTH JBOMAacOBOI €IEKTPOMEXaHigHOI
cuctemu C12=12; HomiHaasHME MOMeHT Mn=8.55 H-Mm.

JocmimkeHHs eNeKTPOMEXaHIgHIX CHCTEM 3 YpaxyBaHHSAM iX MeXaHi-
YHHUX Tepefad Ta MPY>KHOCTI € BaKIMBHAM 3aBIAaHHIM, OCKUTBKH TaKi CHCTe-
MH MafOTh CKJIaIHY CTPYKTYPY Ta B3a€EMO3B 530K eNEKTPOMAarHiTHHX MpoLe-
CiB, MEXaHIYHUX SIBHII Ta TEXHOJOTIYHUX (akTopiB. [Ipu nboMy HeoOXinHO
BU3HAYUTH palliOHAJbHI MIIXOIU JUIl OTPUMAaHHS MaTeMaTHYHUX MOJEJEH,
BUOpaTu 3py4yHy (opMy IiX MOJaHHS, BU3HAYUTH €()DEKTHUBHI METOIH KOM-
IUIEKCHOTO BUpILIIEHHsI 3aBJaHb aHaJi3y Ta CHHTE3Y CHCTEMH KepyBaHHS, a
TAKOX OLIHUTH BILJIMB OCHOBHUX 30ypeHb Ha IPOLECH, L0 BiIOyBaIOTHCS.
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MATEMATHYHA MO/JIEJIb MEXAHIYHOI YACTUHHU
MEXAHI3MY IIEPEMIIIEHHS EJIEKTPOJA AYT'OBUX ITEYEHN

TenaeHmii ocTaHHIX POKIB CBiAYATh MPO CTPIMKHUIA PO3BUTOK CBITOBOI
MeTalyprii i, BIANOBIHO, IIOpiYHE 301NbIIeHHST BUpoOHULITBA cTaji. [enani
OlIbINe KpaiH BiJUIal0Th MEPEBAry €JICKTPOIYyrOBOMY CIIOCOOY BHPOOHHIITBA
craii. CBiTOBI TEHJEHIIT HAIJIEH] HA 3pDOCTaHHS EJIEKTPOCTAIENIIABUILHOTO
Ta KHCHEBO-KOHBEPTEPHOrO CIOCO0iB BHPOOHMIITBA cTaimi. Ha choromHimiHiit
JICHb 4aCTKa BUPOOHUIITBA CTaJIi 3a IOMIOMOTOI0 IyTOBHX €JICKTPOIICUCH 3pOCTae
mopiuHo. Ha nanmii MoMeHT BoHa ckiajgae 28%. 3a mpornozamu, Hezabapom
BOHa ckiaze 37%, MOCTYIIOBO BUTICHSIOUM MapTEeHIBCHKHMII CTIOCiO depe3 Horo
eKOJIOTIYHI Ta €HEepPreTHYHI IMapaMeTpH. 3pOCTaHHS MoTped y cTaii Ta 30iTb-
ILICHHSI POJIi €IEKTPOCTANICTUIABUIIBHOTO BUPOOHHMIITBA PH3BOANTE /10 HEOOXi-
HOCTI CTBOpPEHHSI HOBHX IyTOBHX EJIEKTPOYCTAaHOBOK Ta MOJEpHi3alil BXke ic-
HYIOUMX KOMIUIEKCIB, a KOHKYPEHTOCIIPOMOXKHMII PHHOK BHMarae MocTiiHOTO
TIOKpAIIEHHS XapaKTepPUCTHK CTBOPIOBAHMX YCTAHOBOK Ta IMiJIBHIIEHHS iX MPO-
JyKTUBHOCTI.

OcTaHHIM 9acoM HaiOiIbII OIMPOKE 3aCTOCYBAHHS OTPUMANH JIyTOBi
CTaJIeTUIaBIIIBHI TIedi TIOCTIHHOTO CTPyMYy, SIKi HE MalOTh 0araTh0X HEIOTIKiB
medeif 3MiHHOTO CTPyMY, TaKUX SIK Byrap MeTally, BEJHKi KUTbKOCTI IMUIOTa-
30BUX BHUKHUMIB, BiJCYTHICTh NEpEMIillyBaHHS PpO3IUIABY, BEIUKHH Byrap
rpadiToBaHMX €JEKTPOMIB, IHTEHCHBHUHM IIyM, PpI3KO3MIHHUH Xapakrep
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HAaBaHT)KEHb HA CHCTEMH EJICKTPO)KUBJICHHS, BUCOKUI CIIOJKMBAHHS €JIEKTpOe-
HEprii TOIIO.

3anmava momryky HoBHX anroputmiB kepyBanHs JICII Ta cTBopeHHS pe-
TYJSTOpa TMOTYXKHOCTI, IO BUKJIIOYAE MOJOMKHU CJIICKTPOJIIB, HA CHOTOIHIIII-
Hill IeHb € aKTYaJILHOIO.

Bimomo, mo mBuakoais peryisropa motyxHocti CII 3anexuts Bia
MIBUAKOCTI MEPEMILICHHS eJIeKTPOAa, TOMY Ha CHOTOJHILIHIN JAeHb chopmy-
Bajacs TCHICHIliS J0 30UIbIICHHS IIBHIKOCTEH MEPEMIIICHHS CIICKTPO/IB.
PoboTa enexTpomyroBoi mewi Ha MiIBUIICHWX MIBHAKOCTSIX IEPEMIilICHHS
eJIeKTpOAa Ha TOYATKOBHX eTalax IUIaBKA IMPHU3BOIANTH 10 BHHUKHEHHS
MPOIIECiB, [0 HETaTUBHO BIUIMBAIOTh HAa MEXaHIUHY IUTICHICTH EJIEKTPOLIB,
BY3JIiB Ta MeXaHi3MiB 1eui. PoboTa 3 BHCOKMMH MIBHIKOCTSAMH TEpeMilIeH-
HS €JICKTPOJIIB 30UIBIIYE iX BUTPATH, OB’ A3aHi 3 OJOMKAMH IIPH 3aTaI0-
BaHHI IyTH Ha TBEPIY IIMXTY, TOMY OCOOJHMBa yBara MPUAUISAETHCS IPOIe-
caMm, 0 BiJI0YBalOTHCS MPH JOTUKY €IEKTPOJa Ta MIMXTH, Ta iX BIUIUBY Ha
POOOTY peryasTopa MOTYKHOCTI.

Bix miBHIKOCTI MEPEMIIICHHS EIEKTPOA 3aJCKUTh CHIIa yaapy CJICKT-
poza, 10 BUHUKAE Ha CTaJii 3amalloBaHHs JyTd IIPU TUCKY Ha LIMXTY. Pe-
3yJIbTaTOM BILUTUBY ITUX CHJI YaCTO € MOJIOMKA SJICKTPO/Ia.

MexaHi3M MepeMilIeHHsI eNeKTPOa € HEBil €MHOI YacTHHOIO pery-
JATOpa MOTY>KHOCTI. THIIOBAa KOHCTPYKINiST MEXaHi3My MEpEMIIIeHHsI eJIeKT-
pofa 3 eIeKTPOMEXaHIYHAM TpUBOAOM (puc. 1) ckimamaeTses 3 enexTpona 1,
eNeKTpOATpHMada 2, peHKoBOI Iepenadi 3, MEXaHIYHOrO IEepETBOpIOBada
(penykropa) 6, BUKOHABYOTO JBHUTYHA 4. Y SKOCTI BUKOHABYOTO MPHBOIY
Ha TIe4ax 3 EJCKTPOMEXaHIYHHM PETYISATOPOM TOTYKHOCTI BHKOPHCTOBY-
I0ThCS1 JIBUT'YHHU TIOCTIHHOTO CTPYMY Ta aCUHXPOHHI TpUda3Hi ABUTYHH. [HIr
THUIIY TIPUBOJIIB (KPOKOBI, CEPBO TOIL0) HE OTPHUMAIIHU ITOLIMPEHHS Y 3B SI3KY 3
TPYAHOIIAMH KEPYBaHHS Ta BUCOKOIO BapTicTio. JIjis pearizaliii peryssiropa
MOTYKHOCTI TPUBIJ NMOBHHEH OyTH KEpOBAaHHM, TOMY Ha BXIJl OKpIM KHB-
JICHHSI HCOOXIIHO TTO1aBaTH CUTHAJ 3aBIAHHS.
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Pucynok 1 — Cxema MexaHi4HOT YaCTHHH PEryJisiTopa MOTYKHOCTI.
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Jisi MOCHIKCHHST PEryJasaTopa IMOTYKHOCTI CKIIAQJICHA MaTeMaTHYHA
MoJenb Horo MexaHigHol yacTuHU. OyHKIiOHANEHA cxeMa (puc. 1) msrma B
OCHOBY MOJIENTi, CTPYKTypHa CXeMa SIKoi HaBe/IeHa Ha puC. 2.

Pucynok 2 — CTpyKTypHa cXeMa MeXaHiYHOI YaCTHHH PeryJsITopa MOTYKHOCTI

AHaii3 1 CHHTE3 CHUCTEMH JOIIFHO MPOBOIUTH METOJAMH CTPYKTYp-
HOroO MOJCIIOBAHHA, BHKOPHUCTOBYIOUM TMAKET MNPUKIAAHUX IIPpOTrpam
MatLAB/Simulink [1, 2]. [ns 1poro cTBopeHa MaTeMaTH4Ha MOJEIb, sKa

IIpeJCTaBIeHa Ha puc. 3.

Gain3

Gain2

Saturation1

Step

Scope

Stap1 +
Integrator Gaini Gain Integrator!

Pucynok 3 — MaremaTndHa MOJEITh MEXaHI9HOT YACTHHH PETYIITOPA MOTYKHOCTI

VY nmaniit Mmomeni BiACyTHI OyAb-sKi OOMEKEHHS MO TepEeMillleHHIO, TO-
MY €JEeKTPOJ 3 PIBHOMIPHOK IIBHJKICTIO OIYCKAa€ThCS IMPOTATOM YChOT'O
4acy MOJICIIOBAHHS.
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Pucynok 4 — OcuunorpaMu iepeMilieHHs Ta IMBUIKOCTI eJIeKTpoIa
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Pesynbrat qOCHiKEHHS MiATBEPIIKYIOTH aIleKBaTHICTH PO3pPOOIECHOL
MoJeni, sika Mo)ke OyTH BHKOPHCTaHA U MOPIBHAHHS Pi3HUX KiHEMaTH4-
HUX CXEM MEXaHi3MiB Ta BHOOpY IOULIBHOTO BapiaHTy s KOHKPETHOTO
peryisropa.

YK 621.3.07

Bomnkos B.O.!, ITanapin T.P.?

! kang. TexH. Hayk, nom. HY «3amopisbka momiTexHika»
2cryn. tp. E-311 HY «3anopizbKa MomTeXHiKa»

T'EOTEPMAJIBHA EJIEKTPOCTAHIIA
IIPUBATHOI'O BYJUHKY

Inest BUKOPHCTOBYBATH TEILIO 36MHUX HAZP JUL ONAJICHHS IIPUBATHOTO OY-
IMHKY BXE JaBHO He (haHTacThKa. ['eoTepMalibHi ONaIOBabHI CHCTEMH J00pe
3apeKOMEHIyBAIN cele, K y MiBHIYHIX, TaK 1 B MiBAeHHNX Iupotax. [llomnpasna,
IUTSL TIHOTO TOTPIOHO CrIelialibHe OOJIaJHAHHS, 3aTHE aKyMYyJFOBATH TPHUPOIHE
TEIUIO Ta IlepefaBaTH HOro B TEIUIOHOCIH CHCTeMH onayieHHs. [eorepMaibHe
00JIaIHAHHS BKJIFOYAE: BUMAPHHUK, IO 3HAXOAUTHCS [IIMOOKO T[T 3eMJICt0, HEoO-
XITHUH 71 TIOTJIMHAHHS TEIUIOBOI CHEprii 3 IPYHTY; KOHICHCATOP, SIKHM J0BO-
JMTH aHTH(PH3 10 MOTPIOHOT TeMIepaTypH Ta TEIUIOBUIA HAacoC, 3a0e3nedye [up-
KyJISILif0 aHTU(pU3y B CHUCTEMi Ta KOHTpOIIOE poOOTy Beiei ycranoBku. Jlam
HarpiTiidi aHTHhpHU3 HAIXOAUTh y OydepHuil Oak, Ae 3MiHCHIOETBCS Tepenaya
eHeprii TerutoHocis. YcepeauHi OydepHoro 0aka 3HAXOMUTHCS BHYTPIMIHIN 0aK 3
BOJIOIO 13 CHCTEMH OTIAJICHHS Ta 3MIHOBHK, SIKUM PYXa€ThCS PO3ITPITHI aHTU(PPH3.
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TaHI]

234



Haii6ip1 nommpeHuM Ta MpuAaTHAM B IaHUH Yac JI0 TEXHIYHOTO BH-
KOPHCTaHHS BaHHS [DKEPENIOM TeoTepMajbHOI eHeprii B YKpaiHi € reorep-
MaJlbHI BOJM, TMPOTHO30BaHMH CHEPreTHYHHH MOTEHI[al SKUX CKIAfae: y
3akapnartbckiit 001. — 490MBT, y MukomaiiBcrpkiit 061 — 2820MBT, y One-
cpKiit 0011. — 2350MBT, y XepcoHchkiit 061. — 4230MBrT.

YK 621.317

Hees C.I'. !, Hopodees B.€.2

! crapm. Bukn. HY «3anopisbka noyrexHika»
2 cryn. tp. E-619 HY «3anopisbka nomiTexHika»

JJABOPATOPHUW CTEH/] 3 BATIPOBYBAHHS JIBUT'YHIB
IT'BUHTOMOTOPHOI I'PYIIH JJ14 BILIA

Meroto poboTH € po3poOka Ta OOIPYHTYBAaHHsS TEXHIUYHUX pIlICHb,
CHPSIMOBaHUX Ha CTBOPEHHS JIaOOPATOPHOTO CTEHIA JUIsl BUMIPIOBAHHS TATH,
CTBOPIOBAHOT I'BUHTOMOTOPHOIO TPYIIOI0, CTPYMY €JIEKTPOABUIYHA, HalpyrH
JKUBJICHHS Ta KEpyBaHHSI KOHTPOJIEpaMH [BHUTYHIB OC3IMLUIOTHHX JHTAIBHHX
amapartis (BI1JIA) pizHOTO THITY 3 TSTOBHM 3yCHIULIM 10 10KT.

YV nmepeBaxHiit 6ipmocti BITJIA BHKOPHCTOBYIOTHCS O€3KOJIEKTOPHI JIBU-
TYHH, SKi B T1api 3 TBUHTOM yTBOPIOIOTh TBUHTOMOTOPHY IpyImy. Po3poOnenuii
creHn (puc.l), BUBYaTH pOOOTy ENEKTPONPHBOAA TBHHTA, BHU3HAUYATH TATOBE
3YCHIUIA Ta CTPYM JBHIYHA, IO J03BOJISIE BH3HAYUTH 3HAUYCHHS KoeQillieHTa
kopucHoi aii (KK/I) enexrponprBozia 3 rBHHTOMOTOPHOIO IPYTIOLO.

OCHOBY CTeHzIa CKJIaJja€ TeH30AaT4HK, KU 3aKpIIIEHO 10 PyXoMoi Iw1atdo-
pMmH. Jlyist HiZICUIIeHHST Ta MEPETBOPEHHSI CUTHAITY 3 TeH30/1aTYMKa BUKOPHCTOBYETh-
cst 24-6itanii AIIIT Ha 6a3i mikpocxemu HX711. [l 0O6pobku curnany Bimx ALTT
Ta KepyBaHHs! KOHTPOJIEPOM JIBUI'YHA, BUKOPHCTOBYETHCSI MIKPOKOHTpOJIep Atmega
328p y cxmami mwiarpopmu Arduino nano. s BHBOMY OTPHMAaHMX MapaMeTpiB
BukopuctaHo auctuied LCD2004. st 5KuBIEHHS! BUKOPUCTOBYETBCS aKyMYJISITOP
BITJTA Ta KOHTpOIIEp B 3aJIXKHOCTI Bl TUITy JBUT'YHA, IO BHBYAETHC. Pe3ymbrar
JIOCIT/DKEHb JIBUTYHA TBUHTOMOTOPHOI TPYIIH IPEZICTABIICHO B TaOI. 1.

Tabnus 1 — Pe3ynbratu BUpoOyBaHHSI

Ob6eptu nBUTYHa, % Tsarose 3ycumis, r Cua crpyMmy | Hampyra »xuBnen-
JIBUT'YHA, A Hi, B

20 77 1,1 11,78

40 186 3,2 11,56

60 355 6,5 11,2

80 424 11,8 11,0

100 453 12,2 10,96
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BucHoBok. Po3po0nennii cTeHx N03BOISIE TPOBOIUTH BHIIPOOYBAHHS
reuHTOMOTOpHOI rpynu BITJIA 3 Bum3HauenHsM KK/I B pisHEX peknmax.

CITUCOK BUKOPUCTAHOI JIITEPATYPU

Opaiinen k. CyvacHi natumku. Josiguuk. [Tekcr] / Jx. @paiinen.-
M:Texnochepa. — 2005.

YK 621.3.07

Bounkos B.O.!, ITnoxoii B.I. 2

! kang. TexH. Hayk, nom. HY «3amopisbka momiTexHiKa»
2 crym. tp. E-311 HY «3anopiszbKa MOMTEXHIKa»

TEPMOEJIEKTPOI'EHEPATOPH

TepMoenexTporeneparop — Iie TEXHIYHUN TPUCTPiil (SNeKTpUIHHAN Te-
Heparop), NMPHU3HAUYCHHUH UI NPSMOTO IIEPETBOPEHHS TEIUIOBOI €Heprii B
CJICKTPUKY 32 IOTMOMOTOI0 BHKOPHCTAaHHS B KOHCTPYKIi TEPMOEIEMEHTIB
(TepMOeNeKTpHIHIX MaTepiaiB).

Jlo HesamepeyHHX NepeBar TEPMOECIEKTPUYHOTO MPSMOTO IEPETBO-
PEHHsI TEIIOBOi eHeprii B €JIEKTPUYHY CIiJ] BITHECTH BiJICYTHICTH MPOMIX-
HOI JIaHKH, SIK, HAPUKIaJ, y poOOTi TeroBoi abo aTOMHOI el1eKTpOCTaHIIil,
JIe TEIUIOBA CHEPTis MEePETBOPIOETHCS HA MEXaHIuHy, a IMOTIM MEXaHi4Ha
€HEeprisi MepeTBOPIOETHCS Ha €JeKTPUYHY. TakoX TepMOEIEeKTPUYHI reHepa-
topu (TEI') MaroTh Taki yHiKalbHI SKOCTI, SIK TIOBHa aBTOHOMHICTb, BUCOKA
HaJIIWHICTh, MPOCTOTA eKCILTyaTaii, Oe3ITyMHICTh Ta HOBroBiuHiCTh. Cepen
nepeBar, 10 BU3HAYalOTh IIPH BHOOPI cepell IHIIMX MPIOPUTET TEPMOEIIEKT-
PUYHOTO TIEPETBOPEHHS, Y 0araTbox J0JaTkax — BiJCYTHICTh PyXOMHX dac-
THH 1, K OIWH i3 HACIIAKIB, BIACYTHICTh BiOpaIliii, a TAKOXK HEOOXITHICTh

3aCTOCYBaHHS PiJFH Ta/a0bo0 Ta3iB IiJ] BACOKUM THCKOM.
CHIA CTHCEAHIER

fiiel
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\
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Pucynoxk 1 — Cxema po6oru TEI'
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Jo npaktnynux npukiaanis 3actocy-Banus TED (puc.1) MoxxHa BinHe-
CTH:

— BUKOPHUCTAHHS Bi/IBEACHOTO BiJl IBUTYHIB TEIUIa;

— aBTOHOMHI JpKepesia >KUBJICHHS EIIeKTPOCHepPTii /Uil 3a0e3neueHHs
Mpane3qaTHOCTI KOTEIeHb, YCTAHOBOK 3 IEPEPOOKH BiIXO/iB;

— aBTOHOMHE 3a0e3MeUeHHsI CHEPTIi€I0 eIeKTPOHHUX OJIOKIB Ta HACOCIB
BOJITHHUX KOTJIIB Ta CMITTECHATIOBAIBHAX YCTAHOBOK;

— TIEPEeTBOPEHHS TeIula MPUPOAHUX JUKEpeNn (HANpUKIAA, reoTepMaib-
HUX BOJI) Ha €JIEKTPUYHY E€HEprilo;

— 3a0e3neueHHs] aBTOHOMHUM JKUBJICHHSIM MaJIOTIOTY)KHHUX €JICKTPOH-
HUX NIPUCTPOIB.

VY cnpouieHoMy BUIIISI TEPMOEGIEKTPUYHHUN TeHEpaTop MOXKHA T0/a-
TH y BHIJISJII METaJlEBOi TEIUIOPO3MOJUILHOT IJIACTHHU 3 OOKy JpKepena
TeIUIa, TePMOEIEKTpHYHOTO TeHepaToproro moaynsa (TT'M) # oxomomkyto-
YOro pajiaTropa, M0 BiIBOJWTH TEIJIO, KOTPE MPOXOIMTH 4Yepe3 MOIYIb B
HABKOJIMIITHE CEPEOBHIIE i CTBOPIOE HeoOXiaaui 1yt podotu TI'M mepeman
TemrepaTyp. Bes KOHCTpYKIisi HOBHHHA CTHCKATHCS 3 3YCHIULIM, IO 3a-
Oesreuye HaOIHHY Iepeady TeIula BiJ JKepela B HABKOJIMIITHE CEPEIOBHUILE
3 otHOTO OOKY 1 HE TIEPEBHUIIy€ AOIMYCTUME 3yCHILISA IPH TEINIOBOMY PO3IIH-
PEeHHI KOHCTPYKIIIi.

B VYkpaini po3poOkor0 TepMOENEeKTPUYHOTO I'€HEPATOPHOTO MOJYJIs
3aiiMa€eThCsl HayKOBO-BUpoOHHMYA (ipma «Moaynb» (M. KuiB), BoHa BuIyc-
kae MTG2-16-127T2S, KOpOTKi XapakTEpUCTHKH KOTPOro HaBeAeHI Yy
Tabm. 1.

Tabmuus 1 — Teruosi i enextpuyni mapamerpu MTG2-16-127T2S

Po3mip-
[Mapamerpu HicTh. 3HaueHHS
TewmmepaTypa raps4oi CTOpOHH °C 200 150 100
TewmmepaTypa X0JI0HOT CTOPOHH °C 50 50 50
Hampyra po3aMikHyTOTO KOJIa B 8.4 5.5 1.4
Cunna cTpyMy KOPOTKOTO 3aMHKaHHS A 2.6 1.9 1.0
Omip y3ro/pKeHHOTO HaBaHTaXKESHHS Om 33 3.0 2.7
[loTy>XHICTh Ha Y3TrOPKCHHOMY HaBaHTaKEHHI Br 5.4 2.6 0.7

Hocuts nikaBe pinreHHs BUKOpuctaHHd TI'M eneMeHTIB 3anporioHy-
Bana ¢ipma BioLite (CLLIA): miu-3apsinka ramxeriB BioLite CampStove
(puc.2) — e mpUCTPii, M0 BUPOOIISIE ENEKTPHYHY €HEePrifo IUIIXOM CHaTio-
BaHHS JPOB Ta IHIINX OPTraHIYHUX BiAXOMIB (IIMIIOK, CyXOTO JIUCTS, KOPH).
3acTOCOBY€ETHCS ISl TYPUCTUYHUX TTOXOMIB B SIKOCTI aBTOHOMHOTO JIKeperna
ellekTpud-Hoi eHeprii. B ocramHiX Momudikaiisx NOpucTpoio BOYIOBaHO
aKyMyJISITOp €MHICTIO 10 2600 MAT.
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Pucynok 2 — BioLite CampStove
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Pucynok 3 — Enexrporenepyroua
npos’sHa mia Tepmodop [aauripka

AHAJIOroM Takoro pillIeHHs Y HAIIOMYy PHHKY € €JeKTpOreHepyroua
npos’siHa miy Tepmodop Inauripka 12V, 50BT (puc.3) 3 BOyJOBaHMM Temn-
JIOENIEKTPOTeHEPATOPOM, IO IEPETBOPIOE TEIUIOBY EHEprito manuBa (sKa
TOPHTH Yy I€4i) B eJICKTpUYHY eHeprito. O0’eM OnaoBaIbHOTO MPUMILICHHS
npu 1upoMmy cknanae 50 m3. Martepian BUrOTOB-JIEHHS HPUCTPOIO — HKapo-
CTiliKa CTalb.

YK 623.3.01

Pomaniuenxo I.M.!, €Bnokimos I.B.?

! crapur. Bukit. HY «3amnopizbka momitexnikay

2 cryn. rp. M-311 HY «3anopizbka HoniTexHikay»

MEXAHIYHI XAPAKTEPUCTUKU ACUHXPOHHUX JIBUI'YHIB

KoHCTpyKIlisi aCHHXPOHHOT MAIllMHK CKJIQJIAETHCS 3 JIBOX YACTHH, MiX
SKMMW € HEBEIMKHU MOBITPsIHUN 3a30p. [lepina dacTuHa, Hepyxoma — IIie
crartop. Jlpyra, o obepraeTbest — e poTop.

[TpuHIMT poOOTH B PEXKUMI JBUI'YHA IOJISITAE Y B3aEMOJIIT 00EPTOBOTO
MarHiTHOTO MOJIS CTaropa i CTPYMIB, 1110 HaBEJIeHI IMM MarHiTHUM IOJIEM Y
poropi.

B acunxponHomy nBuryHi (A/l) juis oTpUMaHHS €JIeKTPOMAarHiTHOTO
HOJIS, 0 00EPTAETHCS, BUKOPHCTOBYIOTHCSI OOMOTKH CTaTOpa, SIKi ITiKIIIO-
YeHO 10 cuMmeTpudHoi TpHudasHoi Mmepexi. EnexrpomaruitHe mnose, mio
yTBOpeHe cTpyMamu cratopa ctBoptoe EPC B mposinnukax poropa. Hass-
Hicte EPC i 3aMKHYTOT OOMOTKH pOTOpa MPHU3BOAATH /IO IIOSIBH CTPYMIB y
potopi. B3aemosiss MarHiTHOrO TOJNS cTaToOpa i CTPyMy B OOMOTII poTopa
CTBOPIOE EJIEKTPOMArHiTHY CHJIY, IO CIPHYHHSE MOSBY KPyTHOIO MOMEHTY
Ha BaJly JBUTYHA.
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Porop, mo obepraeThcs, HaMaraeTbCcs «HA3JOTHATH» IIOJIE CTAaTOpaA.
[IBuaxicTe 0OepTaHHS POTOpa € MOBUIBHIMION 32 IIBHUAKICTH MarHiTHOTO
TI0JISA CTaTOpa, IO i 3a0e3rmeuye aCHHXPOHHICTh IXHIX IIBUIKOCTEH.

KoB3aHHS acCHHXPOHHOTO JBUTYHa — II€ BITHOCHA PI3HMIIS IIBHUIKOC-
Teit 06epTaHHA poTopa (712) i MArHITHOTO TOTOKY B OOMOTKaX cTaropa (711):

g=T "
ny

3anexHiCTh KPYTHOTO MOMEHTY Ha Bally poTopa Bin KoB3aHHS (M=f(s)) —
OCHOBHHH MOKa3HUK MEXaHIYHOI POOOTH aCHHXPOHHOTO JIBHTYHA.

PoTop — 11e Bam, Ha sKWi Haca[HKEHO ocepAs i3 oOMoTKoro. IcHye mBa
BHIHM KOHCTPYKIIiI pOTOpIB: KOpOTKO3aMKHeHi Ta ¢a3Hi. KopoTko3aMkHeHi
00MOTKH — IIe CTPWKHI a00 3 ANFOMiHI0, a00 3 Miji, SKi IO TOPILIX 3aMUKa-
FOTHCS KUTBIISIMHU.

Porop i3 ¢azHo0 0OMOTKOIO Mae OimbII CKIaqHy KOHCTpPYKLi0. BiH
CKJIaJA€ThCS 3 OCEep/si, B IKH MOKIAaIeHO TpU(a3Hy OOMOTKY, 1[0 € aHAJIO-
riYyHOI0 JO 00MOTKHM cTtaropa. Lli 0OMOTKH 3’€AHYIOThCS 3 TPhOMa KOHTAKT-
HUMH KUIBISIMH, III0 PO3TAIlIOBAHO HA BajJy POTOpa. 3a JOMOMOTOK JCKiib-
KOX MeTaJio rpadiToBHX LIITOK (3a3BHYail ABOX), sIKi 3aKpIIUICHO Ha IiTKO-
TpUMadYi i MPUTUCHYTI MPYKWHAMH IO KiJelb, B JIAHIFOT OOMOTKH pOTOpa
BBOJSITHCS IOJATKOBI OTIOPH.

MaxkcumanbHAN TOAATKOBUH OIp BMUKA€ETHCS TIIBKH JUIA ITyCKY IBH-
T'YHa, II0 1a€ MOXKJIMBICTb IUTABHOTO IIyCKY NP MaKCHMaJIbHOMY KPYTHOMY
MOMEHTI Ha Bally 1 IMOTIM aBTOMAaTHYHO 3MEHINyeThCs. [licns 3aBeprieHHs
PO3TOHY i BCTAHOBJIEHHIO pO0O0YOT IIBUIKOCTI PEryJIsITOP BUMUKAE JIOJATKO-
Bi ONOPH 3 pOOOTH — POTOP TPALIOE, SIK 3BUYAHHUI KOPOTKO3aMKHEHHUIA.

Crarop acMHXpPOHHOTO JBUTYHa 3 ()a3HMM POTOPOM BUKOHAHMH, TaK
camo, sK i B 3BU4aiiHOMy JBUryHi. CaMme 3a paXxyHOK YCKJIaJHEHHS KOHCTPY-
KLii poTopa, TakKUi JBUTYH BOJIOJI€ XOPOUIMMH ITyCKOBHMH 1 pEryJIrOBajb-
HUMH xapaktepuctukamu (Puc.1,6).

AJe 3 Ti€i ) IpUYHAHU, HOTO BapTICTh 3pOCTaEe MPUOII3HO B 1.5 pas3u B
mopiBHAHHI 31 3Bu9aitHuM AJ]. KpiMm Toro 30imbIIyeTscs Maca, po3MipH i, K
TIPaBUJIO, 3MEHIIY€ThCS HAaIHHICTh IBUTYHA.

VY cupux i BOJOTHX MPHUMIMICHHSX, A€ MIIOTh MiABHUIICHI BHMOTH [0
eNIeKTpoOe3neKy, Tpebda 3acTOCOBYBATH EJNEKTPOABUTYHH 13 BIINOBIIHUM
KJIaCOM 3axUCTy (MOPCBHKi, TPOIMiYHi, BOJIOTO3aXHUIIEH], XIMIYHO 3aXHIICHI,
TOIIO).

MexaHiuHI XapaKTEpUCTHKH JIBOX IBUTYHIB IPECTaBICHI Ha PUCYHKY 1.
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Pucynok 1 — MexaHivHi XapaKTepUCTHKA ACHHXPOHHHX JIBUTYHIB.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

1. Maninoscpkuii C.M. 3aranpHa eneKTpoTexHika: miapy4yHuK. JIbBiB:
Bupmasuunrso «beckig-bit», 2003. — 640 c.

2. Texniuni 3acobu aBromaru3aiiii (Uactuna 2) / Jlykintok M.B. Ta iH.
Hixxun: Bupmasenns IIIT JImcemko M.M., 2018. - 455 c.
URL:https://ela.kpi.ua/bitstream
/123456789/49746/1/Tekhnichni_zasoby avtomatyz chast 2.pdf (mata
3pepHeHHs: 10.02.2023).

VK 620.93

®opos B.B.!, Pomanigenko I'.M.?

Ucrym. tp. E-612_2 HY «3anopizbka MOMTEXHIKa»
2 crapm. Buki. HY «3anopizbka momirexnikay

CKPAILJIEHUH A30T SIK CIIOCIB 35EPITAHHA EHEPTTI

Eneprernuni npobiemu, sKi iCHyIOTh B CY9aCHOMY CBITi, TOJIATAIOTh B
3a0e3meueHHi CTabIFHOTO €HeProNocTayaHHs Ta 3MEHIIIEHHI BUKOPUCTAHHS
TPaTUIIHHUX JKEPEN eHeprii, TaKuX SIK BUKOIHE BYTiLIsA, HadTa Ta mpupo-
JHUHA Ta3, SKi COPHUSAIOTh YTBOPEHHIO NMAapHHUKOBOTO eeKkTy B arMmocdepi i
MPHU3BOAATE 10 3a0pyaHEHHS MOBKULIA. OAHMM i3 HANpsIMKIB PO3BHUTKY
aNbTEPHATUBHUX JUKEPEI €HEPTii € COHSUYHA CHEePris, SKa BBAKAETHCS €KOJIO-
TIYHO YHCTUM Ta BiJTHOBIIFOBAHUM J[KEPEIIOM EHEPTii.
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OnHak O/HIEIO0 3 TOJIOBHUX NPOOJEM, IOB’S3aHUX 3 BHUKOPUCTAHHSIM
COHAYHOI eHeprii, € {i HemOCTIHHICTh Ta MEePiOAWYHICTh, AKi 3aJeKaTh Bif
MOTOAHUX YMOB, CE30HHMX KOJNMBaHb Ta MopH 1o0u. Taka Baja BUMarae
PpOo3poOKH ePeKTHBHUX CHUCTEM 30epiraHHs eHeprii, sKki 6 no3BossuIn 30epi-
raTH Ha/UIMIIKOBY CHEPTifo [UIS IOJANIBIIOTO0 BUKOPHCTAHHS B NMEPIOJN HH-
3bKOT COHSYHOI aKTHBHOCTi 200 BHOMI.

3acTocyBaHHS HAUIMIIKOBOI COHSYHOI €Heprii A CKpamieHHS Ta
30epiraHHst a3oTy 3 aTMOC(EPHOTO IOBITPS MOXKE CTAaTH MOTEHILIHHUM pi-
LIEHHSM Li€l MpoOIeMH, OCKUIBKY CKPAIUICHHH a30T MOXKE BUKOPHCTOBYBa-
TUCA K e(eKTHBHHMI HOCIH eHeprii Ta MaTepiai Ajs akyMyJsiuii TerJia.
Taxuii migxix no3Bosse 30epiraTi eHepriro Ta BUKOPUCTOBYBATH 11 Mi3HilIE
JUTS. BUPOOHUIITBA CICKTPOCHEPTii.

Bci HeoOXiaHI TeXHOJOTIi OTpUMaHHS €Heprii Bii COHLS, CKparIeHHs
ra3y Ta Horo 30epiraHHs iCHyIOTb. TakuM YHHOM, OCHOBHOIO TPOOJIEMOIO €
BU3HAYCHHS ONTHUMAJIBHUX METOJIB BIIyYCHHS a30Ty 3 IMOBITPS, CHCTEMH
HOro CKpamieHHA, a TaKOX MOCIHIIDKSHHS MOXIIMBOCTI IHTerpamii Takumx
CHCTEM 3 ICHYIOUHMH CHICTeMaMH 30epiraHHs Ta BUPOOHHUIITBa eHeprii. Bu-
pimeHHs miel mpobiaeMu AOMOMOKe 3a0e3IMeYnTH OibII CTadlIbHE eHepro-
MIOCTaYaHHs Ha OCHOBI BiIHOBIIOBAHMX JDKEPEII, 3MEHIIUTH 3aJICKHICTh Bif
TPaIMLUIIHNX JKEpes eHepril Ta CIPHUATH OUIbII CTaJOMY Ta €KOJOTTYHOMY
PO3BUTKY €HEPreTHYHOT ramy3i.

Jnst wied 1ini a30T Mae psi nepesar, sKi poOIsiTh HOro IiKaBUM UL 10C-
JIJPKEHb Ta MPaKTHYHOTO 3aCTOCYBAaHHS. A30T € OJJHUM 3 HaHOUIBII IIOIIUPEHUX
elieMeHTIB y arMocdepi, craHoBistun Outbiiie 78% atmMochepHOro moBiTPsi, M0
pOOUTH HOr0 €KOHOMIYHO BHTIJHUM [UIS BUKOPHCTAHHS B CHCTEMaX 30epiraHHs
eHeprii. BiH Mae HU3BKY TeMIiepaTypy ckparuieHHs (mpuomm3Ho —195,8°C) mpu
HOpMaJIbHOMY aTMOC(EpHOMY THCKY, IO JI03BOJISIE e(heKTHBHO 30epiraT Haj-
JIMIIKY €HEprii y BUMISII CKPAIJIEHOTO ra3y.

Terno-akyMyJsiiiiHI  BIACTHBOCTI CKPAIICHOTO a30Ty J03BOJIAIOTH
30epiratu Ta BiITyCKaTH BEJHKI KiJIBKOCTI TEIUIOBOI €HEPTil i Jac mpore-
CIB KOH/IEHCAILlil Ta BUMApOBYBaHHs. A30T € XIMIiYHO CTaOUILHUM Ta iHEpT-
HUM Ta30M, 10 € Oe3MeYHUM I/ Yyac MpoIeCcy CKpaIieHHs, 30epiranHs Ta
BUIIAPOBYBaHHA. BiH He BCTymnae y peakiito 3 iHIIMMH MaTepiajaMu IIiJ] 4yac
LUX TPOLECIB, IO 3HWKYE PU3UK BUTOKY a00 BUOYXY. A30T TaKOX € HETOK-
CHUYHHM Ta30M, Oe3IEYHUM sl JIF0JIEH Ta HABKOJIMIIHBOTO CEPEAOBHIIIA.

BpaxoBytoun Bci 11i (akTOpH, BUKOPUCTAHHSA a30Ty [UI aKyMyJImii Ta
30epiraHHsl eHeprii € MepCcHeKTHBHUM DIlIEeHHSM AJIsl PO3BUTKY CTaioi Ta
€KOJIOTIYHO YHCTOT €HEPTeTHYHOT CHCTEMH.

Jns ckparuleHHs Ta3iB 3 aTMOC(EPHOTO MOBITPSI BUKOPHUCTOBYIOTHCS
pi3Hi TexHozorii. OJHI€I0 3 OCHOBHUX € @pakyitina oucmunayis, sKka nepe-
6avyae OXOJIOMKEHHS aTMOC(EpHOro MOBITPS A0 KPHOTEHHUX TeMIeparyp,
IIPH SIKUX Pi3HI KOMIOHEHTH HOBITPS (a30T, KUCEHb, apTOH TOIIO) CTAIOTh
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pizkuMu 1 MOXKyTh OyTH BiJOKpEeMJICHI HAa OCHOBI iXHIX BiAMIHHOCTEH B
TEeMIepaTypi KAMIHHS.

[Hmra TexHomorist — MeMOpaHHe PO3AITICHHS, SIKa BUKOPHCTOBYE MEM-
OpaHu 31 crieliadbHUMU TIOpaMH JJIsl BIJOKPEMJICHHST KOMITOHEHTIB ra3y Ha
OCHOBI TXHBOT'0 pO3Mipy 200 XiMi4HUX BiacTHBOCTEH. Ll TexHoOTIsT MOXKe
OyTH BUKOpHCTaHa AJsl 30arayeHHs a30Ty Y KHCHIO B aTMOC(EpHOMY IOBi-
Tpi Hepe]] CKpaIUICHHSIM.

Takok BUKOPHCTOBYIOThCS aACOPOLIiHI TEXHOJOTIT, IpH SIKMX Pi3Hi
KOMIIOHEHTH Ta3y 3 aTMOC(EpHOTro MOBITPS BiIOKPEMITIOIOTECS 33 JOIIOMO-
Tor0 ancopOeHTiB, TaKWX SK aKTUBOBAaHE BYTIUIA, MOJEKYJIpHI cuta abo
anmroMiHi€eBi cuitikaTi. el mporec BUKOPUCTOBYIOTH Uil 30aradeHHs TasiB
nepen X CKparIeHHsIM.

Hapemri, kpuoreHHi TypOOeKCHaHIEpH MOXYTh OyTH BHKOpPHCTaHI
JUISL CKparjIeHHs ra3iB 3 aTMoc(epHOro moBiTps. B mux cucremax rasu mo-
MEPEAHBO OXOJIOKYIOTHCS 3a JOMOMOTOK TEIUIOOOMIHHUKA, TOTIM MPOXO0-
JTh yepe3 TypOOeKCIaHaep, Jie THCK Ta TeMIIepaTypa rasy 3HMKY€EThCS ax
JI0 HOTO CKpaIrICHHS.

Haii6inpin eHeproeeKTHBHOIO TEXHOJIOTIEI0 CKparIeHHs rasiB 3 at-
MochepHOro MoBITps € (paxitiiina quCTWIALIsA. BoHa BUKOPUCTOBYE KPHO-
TeHHI TEMIIEpaTypH IJIsl OXOJIO[PKCHHS aTMOC(EpHOTO IOBITPSI IO TOYKH,
KOJIM OKpeMi KOMITOHEHTH CTalOTh PIAKUMH i MOKYTh OYTH BiTOKpEeMIICHI Ha
OCHOBI IXHIX BIIMIHHOCTEW B Temmeparypi kumiHHs. el MeTox He moTpe-
Oye MOMATKOBUX XIMIYHUX pearceHTiB a00 BUCOKHX THCKIB, SIKi MOXYTh 30i-
JBIIATH €HEPTOCIIOKUBAHHS CHCTEMHU.

OnHak, BiH MOTpeOye 3HAYHOTO CIIOKUBAHHS SHEPTil AJISI OXOJIODKEH-
Hsl TIOBITPS 10 KPUOT€HHHX TemIiepaTyp. BinnosinHo, eHeproeekTHBHICTD
(bpakuiiHOT TUCTUIISIIT 1711 OXOJIOJKEHHSI TIOBITPSI MOXe OyTH MOKpalieHa
[UITXOM BUKOPUCTAHHS BiIHOBIIOBAHUX JDKEPEIN €HEprii.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. Cryogenic thermoelectric generation using cold energy from a
decoupled liquid air energy storage system for decentralised energy
networks - ScienceDirect.
https://www.sciencedirect.com/science/article/abs/pii/S0306261921010941
(mata 3BepHenHs: 13.10.2017).
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! kanp. TexH. Hayk, gou. HY «3amopi3bka momTexHika»
2 cryn. tp. E-310 HY «3anopizbka MoiTeXHiKa»

SIKUA ABTOHOMHUU T'EHEPATOP KPAILIUI?

CucteMu eNeKTPONOCTaYaHHS 3 BUKOPUCTAHHIM aBTOHOMHHX JUKEPEN
CTalOTh BCe OLNBII MOMYJAPHIIAMH Cepel BIACHHUKIB a4 Ta 3aMiCBHKHX
OyaunkiB. [ToB’A3aHO 1e THM, IO BapTICTh €IEKTPOCHEPTii, SKa MOCTABIII-
€ThCS ICHTPAII30BaHO, HEYXMIIBHO 3pOCTa€E pik y pik. [lo Toro x, y 3B 3Ky 3
BIICPKOBOIO CHTYAIli€l0 B KpaiHi, mepedoi B eJIeKTporocTayaHHi, SKi BHHH-
KalOTh B JISSIKUX pErioHax, B3araji BHUKJIIOYAaOTh HOpPMaJbHE KOPHUCTYBaHHS
enekTpoeHeprieto. ToMy BiacHe JKepelio )KUBJICHHS CTa€ HEOOXI1THICTIO.

Sk jKepeno MO)KHa BHKOPHUCTOBYBaTHM IIEPEHOCHI IeHEepaTopH, SKi
IIpaLoroTh 3a cxemoro I'-/1.

HesanexHo Bij IXHBOI MOTYXHOCTI, [BUT'YHaM I'e€HEPATOPiB MOTPIOHE
MaJUBO. BUIBIIICTh MOPTATHBHUX TI'€HEPATOPIB IMPAIOIOTh HAa OCH3WHI YU
razi. OGuBa THIM MMaJIKMBA MAIOTh CBOI IIEPEBAru Ta HEAOJIKH.

PimxomanvBHI TeHEpaTOpH — HAUTOMIUPEHIIINIT THT TEHEPATOPIB, TOMY
10 OeH3WH a00 COIPKY MOXKHA TpUAOaTh Ha Oyab-skiit A3C.

Iepummii HeOTiK GEH3MHOBOTO TEHEpaTOpa — IIe IiHa PIAKOTO MalnBa.
Hagith 32 cHOTOOHIIIHBOTO MAMiHHA LIHA BOHA JTOCHUTh BHCOKa. Burpara
piakoro najauBa cTaHOBUTH puOIM3HO 250 r Ha 1 kBr*roauny.

Jpyruii Horo Hemodik — TOKCHYHICTh. [liff yac poOOTH GEH3MHOBOTO
reHepaTropa y BUXJIOIHHMX Ta3aX MICTUTBCSI BEJMKa KUIbKICTh YaJHOTO Tazy
(CO), sxkuii MOTpAIUIAIOYM B OPraHi3M HaBiTh y HEBEIUKHUX KUIBKOCTSX,
BUKJIUKA€E CHJIbHUI FOJIOBHUI O1J1b, OTPYEHHS OpPraHi3my.

Tpertiii HenoOJIIK — BUCOKa MokexkHa HeOe3neka. [Iponuruit miy vac 3a-
NIpaBKK OCH3WH € BOTHeHeOe3neuHnH. JlocTaTHO HaBiTH HEBEIHMKOI iCKpH,
1100 BUHUKIIA TTOXKEXA.

YerBepTuii HEMOIIK — 3a3BUYAl IEPEHOCHUI TEHEPATOp — IIE HKEPEIIO
SJICKTPUKK Wi/l Yac Ha/J3BHYANHHOI cHTyamii, KONM HEMae EJIEKTPUKH Bif
ocHOBHOI Mepexi. Tomy Ha A3C Takox MOKe He OYTH eIeKTpOeHeprii, moo
Hakayatn OeH3uH. lle mpu3BOMUTH 10 TOrO, IO BIACHUKH T'€HEpaTOpiB,
TOTYIOYHCH 0 HAA3BHYAWHUX CHUTYyaIlill, poOJsTh 3amacy majanBa, 3a0yBato-
YU MPO Te, MO OEH3WH Mae OOMEXEHH TepMiH MPUAATHOCTI (3a3BUYA
MIPOTSTOM POKY BiH BTpada€e CBOi BIACTUBOCTI).

T"a30Bi TeHepaTopu MEHII MOMIMPEHi, ajlie CTa€e Aenani MOmyIIpHIIIUM
4yepe3 YMCIICHHI NiepeBary nepes 0eH3MHOBUMHU TeHEepaTOpaMH.

3pimKeHuid Ta3 OCTABIIEThCS B 0aJOHAX 1 HABITh SKIIO HOTO MPOIH-
TH, IIPOTIAaH BiJpa3y BHUIAPOBYEThCS. BapTicTh mponaHy 3HaYHO MEHIIA Bif
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BapTOCTi OCH3WHY, IO JOCHUTH ICTOTHO TIPH TPHBAJiil poOOTI reHepaTopa.
Kpim Toro, ra3oBi reHepaTopH Mpamrol0Th THXIIIE.

Ile onHa mepeBara — CKparuieHWH ra3 Mae TPUBAINH TepMiH 30epiraHHs.
Xoda peKOMEHIY€EThCS BHKOPUCTOBYBAaTH Ia3 NpoTsroM 12-18 wicsuis, aine
NPAaKTHYHUN JIOCBIJ MOKa3ye, 10 HOro MOXKHa 30epiraTtd 3HAYHO JOBIIE 0e3
BTpaTH BiacThBOCTeH. Lle 1o3Bossie poOuTH 3anacy TpUBAJIOTO 30epiraHHsl.

30epiraTi 3amac 3pipKEeHOro ra3y MOKHA B ra3oBux Oanonax mo 50 . Ta-
KOT'0 3aI1acy BUCTa4UTh JUISl [A30BOT0 T'eHepaTopa MOTYKHICTIO 5 KBT npubmms-
HO Ha 15 romuH npu Ge3rnepepBHOMY HaBaHTAKCHHI.

e kpartie, SKIIO € MOKITUBICTD MiAKITIOUSHHS 0 MaricTpajabHOTO razy. B
I[bOMY BHIIAJKy TPHBAJICTH POOOTH OOMEXKYETHCS JIHIIE PEKOMEHIOBAHUMHU
nepepBaMy Ha «BiIIOYHHOK.

HenmonikoM ra30BUX reHepartopiB € CKIIaIHIIIA CHCTEMa JKHBJICHHS Ta He-
MOJJIMBICTh iX PEMOHTY B JIOMallHiX yMOBaX. KpiM TOro, BUKOpHCTOBYBaTH
CKpAIUICHHH ra3 MPY HEraTUBHHUX TEMIIEpaTypax HEMOXKIIUBO.

Jlnst Toro, 100 MO€eAHATH BCi MEPEBary ra30BUX Ta PiAKONATHBHUX T'¢HE-
paTopiB, MO)KHAa BUKOPUCTOBYBATH Ol-IIaIMBHI T€HEPaTOpPH, SIKi MOXKYTh IPaLIO-
BaTH Ha 000X BHIax manvBa. J[Js 1bOro MOXKHA MPUAOATH T'OTOBI TeHEPATOPH
a00 mepepoOUTH ICHYIOUH HOTO BIACHUMU CHJIAMH BUKOPHUCTOBYIOUH CIICIliab-
HHI1 ra30BHi KOMIUIEKT [T IEPEPOOKH PiKONAIMBHOIO TeHepaTopa Ha ras.

JJi METIKaHIlB CiTECHKOi MICIIEBOCTI ITOUUIBHO JJIS OTPUMAHHSA Ta3y
BCTAHOBUTH CHCTEMY YTHIi3amii BigXOMiB Ta BHPOOJEHHS ra3y, Bil SKOTO
NPaLOBATHMYTh I'a30BHH KOTEN, ra30BHH I€HEpaTop Ta Ball aBTOMOOIJb.
Taki cucTeMH iCHYIOTH i Ha3WBAIOThCS OIOYCTaHOBKH a00 YCTaHOBKH IS
oTpuMaHnHs Oiorasy (y ¥oro ckmazi 1o 65...80% merany).

YK 681.865.8

Heer C.I'. !, Ocunos B.0.2, Xpymin [.M.?

! crapur. Bukin. HY «3anopisbka momitexnikay
2ctyn. tp. E-610cn HY «3anopizbka momiTexHiKay

CUCTEMA ABTOMATHYHOI CTABLIIBAIIII
MHOB3J0OBXKHbBOI'O PYXY BILIA

B poGoTi po3rIsTHyTO MOB3XOBXKHIN TOPU3OHTAIBHHIN PyX MYyJIBTHPOTOp-
Horo BITJIA Tumy kBagpokonTep 3 ypaxyBaHHSIM BEPTHKAIBHHUX TIOPHBIB BITPY.

Bigomocteii po MOXJIMBY peaii3alilo aBTOMAaTHYHOTO PEXHUMY HO-
JbOTY KBazpokonrepiB Ta B3arani BIIJIA B cywacHiil TexHiuHiH JiTeparypi
3arajaoM HelocTaTHbo [1].
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[Ipu3HaueHHst 1 MeTa CTBOPEHHS CTPYKTYPH CHCTEMH: 3a0e3neyeHHs
CTifiKOCTI Ta SAKOCTI MOJBOTY Oe3miyloTHOrO JiTambHoro amapaty (BITJIA)
MYJIBTHPOTOPHOTO THITY 32 HasSBHOCTI BITPOBHX 30ypeHb.

3aBmaHHs cTa0Lmi3aMii TOB3IOBKHBOTO PYXY SIBISIE COO00 YaCTHHHHUN
BMIIaJIOK 3aBJaHHs KepyBaHHs oas0TOoM BITJIA.

IIporiec cTBOpeHHS CTPYKTYPH CHCTEMH aBTOMAaTHYHOTO CcTadimizarii
Mae Ha MeTi QopmyBaHHA 00’€kTy aBToMarmuHOoro crabimizamii (OAC),
npuctporo aBromaruuHoi cradimizauii (ITAC) ta yciei cuctemu B 1iiomy.

Ockinbku posmipu BIUIA, mo po3risaaeTsesi, € T0CTaTHBO KOMIIAKT-
HHUMH, TO B TaKMX CHCTEMax B 0araTboX BHUIIaJKax BUKOPUCTOBYIOTHCS BUMi-
proBaui, mo no6ynoBani 32 MEMS-TexHosorismu. IxHiME XapakTepHUME
pHcaMH € MOMITHA HeCTaOUIbHICTh XapaKTEPHCTHK Ta BiJHOCHO HU3bKA TOY-
HICTh BUMIPIOBaHHS. Y JaHOMY BHUMAJKYy PO3IIISIAETHCS, IO KyTOBE MOJIO-
KEHHSI PO3PAaXOBYETHCS BUXOASYH 3 OTPUMAHOTO CHTHANTy TipOCKOIa, a BH-
cOTa BUMIPIOETHCS 32 JONOMOTor0 Oapomerpy. I1iIBUIIMTH TOYHICT B TaKiit
CHCTEMI MOJKHA, SIKIIO 3aCTOCYBAaTH B CHCTEMI IONIEPEAHBO PO3PaxOBAHMI
KOPHUTYIOUHIA TIPUCTPIHi.

PosrnsHyTa CTpyKTypa CHCTEMH aBTOMATHYHOI cTalimizamii, ska mo-
BUHHA MIATPUMYBATH 3aJaHE 3HAYCHHS BHCOTH Ta MIBUAKOCTI TMOJBOTY IPH
30BHILIHFOMY 30ypEHOMY BIUTHBI ITiJI Ti€I0 BITPY.

Bynemo BupinryBatu Lie 3aBJaHHS 3 BUKOPUCTAHHIM HPHHLUITY Kepy-
BaHHS 32 BiAXWICHHIM. J[1s 3ifiCHEHHSI 1[bOTO 3aBJaHHSA HEOOXiTHO MOPiB-
HSTH AiJiCHE 3HAYCHHS KEPOBaHOI BEIMUMHH 13 33/1aBAIbHUM Ta 3aJI€XKHO BiJ
OTPUMAHOTO PE3yJIbTATy IOPIBHSIHHS KepyBaTu 00’ €KTOM.

Bnok naTumkiB BKIIOUAE DATYMKH, SIKI 3a0€3MEyI0Th BU3HAYECHHS I10-
JIO)KEHHS KBaJpakoITepa B IMOBITPSHOMY IPOCTOPi, 30KpeMa TPhOXOCHOBI
TIPOCKOIT Ta aKCeJIepOMeTp,Ta 1HIIII.

3MiHa TOPH30HTAIBHOT MIBUAKOCTI, BEKTOPA KyTOBOI IIBHUAKOCTI, 00ep-
TaHHS KBaJPOKONTEpa HABKOJIO MONEpeyHoi oci (1oB’s3aHe 31 3MiHOIO KyTa
TaHTaXy) 3JIHCHIOETHCSI aBTOMATUYHO YIPABIIHHAM TaHI'aKOM Ta BUCOTOIO
BIJIA. Tlpu ynpasninHi no3noBxHiM pyxoMm BITJIA ronoBHa 3anava ym-
PAaBJIIHHS TIOJIATa€ B CTabLTI3aMi Ta ABTOMATUYHOMY YIPABIiHHS KyTa TaH-
ra)<y Ta BUCOTH IOJIbOTY.

OOGepToBi TBUHTH MyIbTUpOTOpHOTrO BIIJIA CTBOPIOIOTH CHIly TSATH.
I'BuHTH, 10 pO3TAIIOBaHi JAiaroHaILHO, 00EPTAIOTHCS y PI3HUX HAIpPSIMKaX
Ta 3a06€3MevyI0Th KOMIICHCAIlil0 PEaKTUBHIX MOMEHTIB.

Okpim crabinizanii kyroBoro pyxy i Bucotu nomasoty BIIJIA Tta kyTto-
Boro pyxy mnomit BIIJIA morpebye minTpUMaHHS LIBHIKOCTI IIOJIBOTY,
TIOB’s13aHY 31 3MiHOIO BHCOTH.

3 orisay Ha BHKJIAJICHE IPH YIPaBIiHHI TAaHTAKeM € HEOOXiHICTh BH-
KOpPHUCTaTH TAaKOX JAaTYMK BUCOTH. [HpOpMalis npo 3MiHy OIBHIKOCTI 3 Ie-
peTBOpIOBaYa MOTPAILISE B KaHA PETYJIIOBaHHS BHUCOTH, LIO MOTpeOye Ko-
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PEKTHBY B 3HAYEHHI KyTa TAaHTAXY 1 MiABHUIIY€E TOYHICTH MiATPAMAaHHS IIBH-
nkocTi. Po3pobneHa cxema cucteMu ctabimizalii mpuBeaeHa Ha puc. 1.

prry=EEy

Lifpe=, ALV | T TR =" 1 apw

M g EKE | -* = [ Bl — J 0% Ty

[ITTe AL

OAC — 00’ ekt aBToMaTiyHOI crabimizanii; [IAC — npucrpiit aBToMaTyHOI cTadimi3anmii;
3]1 — 3a1aT4MK IMOYATKOBHX yMOB; O(t) — KyT TanTaxa; rpa; KE — kopuryBansHuii eme-
MeHT; b/ —6mok neuryHiB; OY — 06 ekt ynpapiinast; AU(t) — Bigxunensst; B; Us(t) —
3amaBanpHUA curHai, B; JIK — natunk kyta; [1I1 — mincnmosadi notysxHocTi; U (t) —
CHT'HAJI MiJICHITIOBada oTykHocTi, B; Up(t) — curnan 3 perymstopa, B; M(t) — mo3mosx-
Hiit MomeHT, H-M; M3(t) — MmomenT 30ypensst, H-m; UIK(t) — curnan 3 naTumkis, B.

Pucynok 1 — Cxema cTpyKTypH CHCTEMH aBTOMAaTHYHOI CTa0Ti3arii.

BucHoBok. Po3poOneHa cTpykTypa CHCTEMH IO3BOJISIE 3a0C3MEUHTH
cTabiiizamiro mMoB3I0BXHBOT0 pyxy BITJIA.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

1. ITaBnoBcpkmii B.€. MoaemtoBaHHS Ta JOCTIKECHHS TIPOLECIB Kepy-
BaHHA KBaapokonTepa [Tekcr] / B.€. ITaBmoscekmii , C.®. Amyn, O.B. Eme-

nbsiHoBa, A.B. CaBunpkuii / PoboTtoTexHika i TexHiuHa KibepHeTHka, 2014.
- Ne 4(5). - C. 49-57.

YK 621.31

®opos B.B.!, Pomaniuenko [.M.?

Ucryn. tp. E-612_2 HY «3anopi3bka IOMTEXHIKa»
2 crapmr. Buki. HY «3amopisbka HOTiTEXHIKa»

OCOBJINBOCTI POBOTHU TEPMOEJIEKTPHYHHUX
I'EHEPATOPIB

B Ham vac BiOyBa€ThbCs iHTCHCHBHE BHKOPHCTAHHS BiJHOBIIFOBAHUX
JOKEpeI eHeprii, 30KpeMa COHSYHUX Ta BITPOBOI €HEPril, 3 METOIO JIOCSITHEH-
Hsl TIIMOOKOT ekapOoHizalii B eHepreTnaHoMy cekTopi. llIBuaka iHTerparis
BiJTHOBJIFOBAaHHUX JDKEPENl CHEPTii CTaBUTh MHEpel] CICKTPHYHOI MEpPEKEro
BUKJIMKH, OCKUTBKU TaKi JDKepela 3a3BU4ail mpaIioloTh 3 IepepBaMu, Ta He
MOXYTh O€3MOCepeHb0 3a0e3MeYnTH HaJiiiHe Ta CTalijdbHEe MOCTavYaHHS
€JICKTPOEHepTii.
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Pi3HOBHZIOM BiJHOBIIIOBAHOTO JDKEpENA € TEPMOCICKTPUYHHUN TeHepa-
top (TED) — mpuctpiii, skuii BUKOPUCTOBYE HAIIBIIPOBITHUKOBI TepMoOeye-
MEHTH, IO CHOJYYeHi MiX co00r0 (MOCTIIOBHO ab0 MmapaiensbHo), A 0e3-
MTOCEePETHHOTO TIEPETBOPEHHS TEIUIOBOi eHeprii B enekTpuuHy. OCHOBHUH
npuniun pobotn TET 3acHoBanuii Ha edexti Cibeka.

TET cxiagaeThes i3 TEPMOCIEKTPHYHUX MOIYIIB. TepMoeneKTpuaHuA
Moxyns (TEM) ckiagaeTses 3 JBOX Pi3HHUX TEPMOEIEKTPUIHUX MaTepialis,
3’€IHAHUX HA TXHIX KIHIIX: HAMIBIOPOBIIHUK TUIY 7 (3 HETATUBHUMH HOCIsI-
MU 3apsiy) Ta THIY p (3 HO3UTHBHUMH HOCisiMH 3apsiny). [Ipsamuit enexrpu-
4yHUI cTpyM OyJie IPOTIKaTh B KOHTYPI, SIKIIO iICHY€ TeMIepaTypHa pi3HULL
MiX KIiHI[SIMH MaTepiaiiB. 3arajioM, BEIMYMHA CTPYMY MPOMOPIIiHA Pi3HUII
TeMIIepaTyp:

J=-c-S-AT, (1)

Jie: ¢ — JIOKaJIbHa eJIeKTPOIPOBiaHICTE; S — KoedimienT Cideka; AT— rpami-
€HT TEMIIEPATYPH.

TEM 3a3Bu4aii BUTOTOBIISIOTE 3 MApU BHCOKOTEMIIEPATYPHHUX HAIIiBII-
POBITHIKOBHX MaTepialiB, TAKUX SIK OICMYT-TEIypHI, CEICHI] CBUHITIO a0o
ceneHix xkaaMito. KojkHa TUTAaCTHHKA MIiCTHTP JIBI YACTHHH — «Tapsay» 1 «Xo-
JIOZHY».

HaGip Takux minactiH — ocHoBHa ckianoBa TET. "apsiul wactuHu a-
CTHH PO3TAIlIOBYIOTh OUIS JKepela TeIla, TAKOro SK BUTSC 30BHILTHHOIO
JIBUT'YHa, & XOJIOJ{HI YaCTHHH 3HAXOJHUTHCS HAa MOBEPXHI, 10 OXOJIOKYETh-
cs, HampuKian, MoBiTpsA abo Boxa. Komm Temmeparypa raps4oi 4acTHHU
IUIACTUHM BHIIA, HDK TEMIIEPATypa XOJIOAHOI YaCTHHH, SJICKTPUYHUN CTPYM
MIOYHMHAE MIPOTIKATH Yepe3 MEePETHHKY, [0 3HAXOJUTHCSI MIX IIMMH YacTHHA-
mu. [lefi ctpyMm MoxkHa 3i0paTé 3a JOIOMOTOF0 KOHTAKTiB Ha KiHIIX ILIac-
THH 1 BUKOPUCTATH U )KUBJICHHS €JIEKTPUIHMX HPHUCTPOIB, TAKHUX SK JIaM-
T, MOTOpH a0 3apsIHI TPUCTPOI.

Opnoro 3 Benmukux nepesar TED € ix 0e3mryMHICTB Ta BiICYTHICTE py-
XOMHUX YacCTHH, 0 poOUTH iX OUIBIN HATIHHUMHU Ta JOBTOBIYHIMH B MOPIB-
HSIHHI 3 IHIIMMU JDKepeaaMu enekTpuyHoi eneprii. Kpim toro, TEI" MoxyTh
NpaIfoBaTH Ha Oyab-sKiil TeMIepaTypi: KpiOreHHHX TeMIeparypax, KUIbKOX
JecaTKiB rpaayciB Llenbcis 10 KiTbKOX COTEHb IPadyciB, 3aJI€KHO BiJ MaTe-
piauiB, sIKi BAKOPUCTAHO JJIS1 BATOTOBJICHHS IIACTHHOK.

Cepen HeHoMiKiB, aki 00MexyioTs BUKopucTanHs TEI' — HM3BKHIA KO-
ediIieHT mepeTBOPEHHS TEII0BOI eHeprii Ha enekTpuuHy. Lle o3Hagae, mo
JIMIIE YacTHHA TeIula MoXke OyTH mepeTBopeHa Ha enekTpuky. Takox TET
HE 37aTHI T€HEepyBaTH BEJIMKY ENEKTPHYHY IOTY)XHICTh, IO OOMEXye ix
BUKOPHCTAHHS JUIS )KUBJICHHS OLTBII HOTY>KHUX MPHUCTPOIB.

TepMmoeneKTpU4Hi reHepaTOpH Bce e PO3BUBAIOTHCS 1 JOCITIDKYIOTh-
csl A1l BUKOPUCTAHHS B PI3HUX Tajly3sX, TAKUX SIK TPAHCIIOPT, NPOMHCIIO-
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BicTh Ta eHepreruka. Hampuxman, TEDT MOXXyTh BHKOPHCTOBYBATHCS IS
BHUPOOHHUIITBA €JIEKTPOCHEPTii 3 TEIJIOBUX BIAXOIIB B aBTOMOOUIIX abo 3
TEIJIOBUX BIIXO/IB B/l IPOMHUCIIOBUX IPOIECIB.

3a3BU4ail JJIsI CTBOPEHHS TEPMOEJICKTPHYHHUX TeHEPaTOPiB BUKOPHC-
TOBYIOTBCSI CIIONyKH OicMmyT-Tenmypun (BixSes), cenmenin OicmyT (BizSes),
tenypun cBuHmo (PbTe), cuniniit-repmaniii (SiGe).

TET, siki BUpOOJIEHO HA OCHOBI 0iCMYT-TEIypULy MAIOTh JOCUTH BHCO-
KU KOeQilieHT TepMOENIEKTPUYHOI eMicii Ta BUCOKHH KOe(IllieHT TepMiu-
Horo omopy. Lle m03BoisIe CTBOPIOBATH BENHKI TPAIi€HTH TEMIIEpaTyp HpH
HEBEJIMKUX PO3Mipax, o 3abe3rnedye iX BUCOKY €(EeKTUBHICTh B TepMOeIe-
KTPUYHUX TCHEPATOPAX.

TEI' Ha OCHOBI ceneHixy OiCMyTy MarOTh HaWOUTBII BHCOKHMHA Koediri-
€HT TEPMOEIIEKTPUYHOTO ITEPETBOPEHHS 1 MOXKE T€HEPYBATH EIEKTPUIHY €He-
prifo 3 TEemI0BOI eHeprii Mpu Ay)ke HU3BKUX TeMIIepaTypax, 0 poOUTh Horo
ilealIbHUM MaTepialioM JUIsi BUKOPUCTAHHS MPY KPIOTEHHHUX TeMIIepaTypax.

TEI' Ha OCHOBI TeJlypHJly CBUHIIIO MOXYTh IPALIOBaTH B IIMPOKOMY
Jiana3oHi TeMIepaTyp, a CHILii-repMaHieBi — MalOTh BHCOKY TEpMidHY
CTIHKICTb, IO JI03BOJISIE BUKOPUCTOBYBATH iX B €JEKTPOHIL Ta TEPMOECIIECKT-
PUYHUX IPUCTPOSIX NPH BUCOKUX POOOYMX TeMIeparypax.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Thermoelectric generator for utilizing cold energy of cryogen liquids
Y. Lobunets, Journal of Electronic Materials, 48. 2019.

YK 623.3.072.3

Pomaniuenko I.M.!, Uepnes JI.A .2

! crapmr. Bukit. HY «3amnopizbka momitexnikay

2 cryn. rp. I®-411 HY «3anopizbka IoJTiTeEXHIKa»

IHBEPTOPHI IBUI'YHU 1JI51 TIPAJIBHUX MAIIINH

Ha cporomHimHiH Yac BHPOOHMKH 3aCTOCOBYIOTH TPH BHAH
€JIeKTPOABHUTYHIB JJISl IPAIbHUX MAIINH:

— KOJICKTOPHHUH IBUTYH (IIITKHM Ta PEMEHHUH MIPUBOJ);

— aCHHXPOHHHH IBUTYyH (6€3 IITOK);

— IHBEpTOPHUI ABUTYH (TIpSIMUIL ITPUBOL).

Ile mociimKeHHs! CTOCY€ThCsl IHBEPTOPHHUX JBUTYHIB, SIKi MPU3HAYEHO
BUKOPHCTOBYBAaTH MJIsI NPAIbHUX MAaIlWH. ['OJIOBHI JeTani KOHCTPYKII:
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MOXOBUK (pOTOp) 3 TOCTIHHMMHM MAarHiTamMHd, HEPYXOMHH cTarop 3
KaTyIIKaM¥ iHIYKTUBHOCTI (0OMOTKaMM), iHBEPTOPHUH OJIOK.

IIpunun B xii iHBEPTOPHOTO [BUTYHAa TIIONSTAE B IEPETBOPEHAX
pobouoro cTpymy aBuryHa. [HBepTOp (3MiHIOBATENb HANPYTH) CIIOYATKY
BHIIPSAMILSIE HANIPYTY >KUBJICHHS, 3TJIAJKYE ii 32 TOTIOMOTOI0 (piTbTpa — OTXKE
MIEPETBOPIOE CTPYM JKHUBJICHHSA 31 3MiHHOTO B mocTidHWH [lami iHBepTOp
(opMye TIO3UTHBHI i HEraTUBHI KEPYIOUH IMIYJIBbCH. 3 iXHBOIO JOINOMOTOIO
CTBOPIOETHCS 3MiHHA Harpyra (HeoOXiHOT BEJIMYHMHH 1 4aCTOTH) Ha BUXOJ1
NepeTBOpIOBaya, sKa IOTIM MOJAETHCS Ha CTATOPHI KOTYIIKH JIBUTYHA
OtpumaemMo 1BUryH (akTHYHO HE3aleXHUH Big Mepexi Ta 3
KOHTPOJILOBAaHHOIO MIBUAKICTIO 00EPTIB.

IHBepTOpHUIT ABUTYH KOMITaKTHHH, He 3aiiMae Oarato Mmicus. BiH, sk
iHIIN MEXaHi3MH, Ma€ IiIUIMITHUKYH, ajic¢ He Ma€ I[TOK, MO SIKUM Ha POTOP
MOCTYTIa€ CTPYM, a TAKOXK pPeMeHs, mo obepTae OapabaH. Bonn mamonrymHi
caMe depe3 BIJCYTHICTh IITOK i pEeMEHs, MAalOTh MOXIHUBICTh ILIABHOTO
mycky. JIBuryH 3 GapaGaHOM 3’€lHaHI HampsAMy 4epe3 IIacMacoBy BTYJIKY
JUTS 3a100iTaHH pO3MAarHiuyrodoi 1ii 3MiHHIX MarHiTHAX IIOJIiB HA TTOCTiHHI
MarHiti poropa (texroxoris LG).

linBepTOpHMI IBUTYH €KOHOMHTH Oinbmie 15% enmexTpoeHeprii, Hik
IHIII €JIeKTPOIBUTYHHU.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

3arajpHa EJNEKTPOTEXHIKa 1 OCHOBHM €JIEKTPOHIKHM: HaB4.IOCIOH./
Cmisak B.M., I'ypxkuit A.M., Hembra A.T., Itakia O.C. Kuis: KIII, 2020.
266 c.

2. [lepeBaru pi3HUX THUIMIB JBUTYHIB y MPaTbHIX MAalIMHAX. BeO-CaiT.
URL: https://gayka.com.ua/blog-majstra/perevagi-r%D1%96znix-
tip%D1%96v-dvigun%D1%96v-u-pralnix-mashinax/  (mata  3BepHEHHS:
10.04.2023).

YK 621.3.027

Kosnos B. B.!, Xne6nikos II. 1.2

! kann. TexH. Hayk, gou. HY «3amnopisbka momiTexHika»
2 cryn. rp. E-310 HY «3anopisbka momiTexHika»

BUBIP OIITUMAJIBHOI HAIIPYTH Y TOBYTOBII
EJEKTPAYHINA MEPEXI

PiBeHp Hampyru — OHI i3 KPHUTEPIiB SKOCTI €IEKTPOIIOCTaYaHHS. YcCi
MOOYTOBI €JEKTPONpHIIai pO3paxoBaHi Ha TPHUBAILY HOPMAJbHY poOOOTYy
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https://gayka.com.ua/blog-majstra/perevagi-r%D1%96znix-tip%D1%96v-dvigun%D1%96v-u-pralnix-mashinax/
https://gayka.com.ua/blog-majstra/perevagi-r%D1%96znix-tip%D1%96v-dvigun%D1%96v-u-pralnix-mashinax/

JWIIE 332 YMOBH XHMBJICHHS HOTO Bifl HampyTH, IO 3HAXOJHUTHCS B MEXax
JOIYCTHMUX 3HAYCHb.

Ha piBeHp Hanpyru eneKTpruYHOT Mepesxi BIUIMBae Oe31id pi3HUX YHH-
HUKIB. EJekTpuka BiJ eJIeKTpocTaHLil 0 KiHIIEBOIO CIIOXKHMBaya, 30KpemMa
JI0 JKUTJIOBUX OYIMHKIB, NPUXOANUTH, NMPOMIIOBIIN KiJbKa €TaIiB I€pPEeTBO-
penns. CriodaTKy Hampyra HiJBHUILYETbCS Ui Iepefadi HOro Ha BeJIUKI
BiZicTaHi o eHeprocucremi. Jlami enexkTpuka MpoXoIuTh KijbKa eTaliB I1e-
PETBOPEHHSI HANPYTHU 10 3HAY€Hb, SIKI BUKOPHCTOBYIOTHCS B TIOOYTi.

dikcoBaHe 3HAYCHHS HANPYTH B PI3HUX AUITHKAX CHEPrOCHCTEMHU He-
MOJKJIMBO 3a0€3MEYUTH, TOMY IO B €HEPTeTHYHIN cHCTeMi TOCTIHO BinOy-
BAlOTHCS Pi3HI TIpomecH: 30UTBIIyeThcS ab0 3HIKYETHCS HaBaHTAXKCHHS,
BIJITIOBITHO 3MIHIOETHCS 1 KUTBKICTh €JIEKTPOCHEPTii, M0 BUPOOIIETHCS Ha
€JIEKTPOCTAHIIISAX, BHHUKAIOTh aBapiliHi CUTyallii Ha pi3HUX MUISHKAX eJICKT-
PUYHOI Mepexi, SIKi B Tiff UM iHIIIH Mipi BIUIMBAIOTh HA PiBHI HANpyTH. Tomy
Ha KOXKHOMY €Talli MEePETBOPCHHS EJICKTPOCHEPril 3MIHCHIOEThCS PEryIito-
BaHHsI PiBHS HANPYTH, K y OiK 301IbIIEHHS, TaK 1 y 01K 3MEHILICHHSI.

OCHOBHUM 3aBJIaHHSM PETYJIIOBaHHS HANpyrd € 3a0e3NeueHHs] PiBHA
HAINpyTy Pi3HUX JUISHOK €JIeKTPUYHOI Mepexi y Mexkax NONMyCTHMHUX 3Ha-
YEHb.

Y no0OyToBiii onHO(Da3HIN exeKTpudHiil Mepexki 3 Hanpyroro 220 B Ho-
PMaIbHO JOMYyCTUMI BiJXWICHHS 3HAYCHHS HANPYTH 3HAXOAATHCS B MEXax
+5%. TakuMm 9YMHOM 3Ha4YeHHsS Hampyr# B mianma3oHi 209...231 B e nopma-
JBHUM 1 IOTPUMaHHS HAIPYTH €JIEKTPUYHOT MEpeXi B MeXax JIJaHNX 3HaYeHb
€ OJTHUM 3 KPUTEPIiB SKICHOTO €JIEKTPONOCTAYaHHS.

VY 3B’S3Ky 3 THUM, IIO B €NEKTPHUYHIA MepeXi MOXKYTb BUHHKATH aBa-
piiiHi pexxuMu poOOTH, sIKi BIUIMBAIOTh HAa PIBHI HANpPyrd B €JIEKTPUYHIN
Mepexi, ICHy€E 1Ie OJJHa HOpMa — TPAHUYHO JOMYCTHMI BiJXUJICHHS 3HAYCH-
Hsl HaNpYyTH, sKi cTaHoBiATh £10% abo 198...242 B.

Taxi BiAXUJICHHS 3HAUSHHS HANPYTH JIOMYCKAIOTHCS JIMIIE Ha 4yac JIiK-
Bijanii aBapiitHoi cuTyauii B eNeKTPUYHIA Mepexi ab0 Ha Yac OlepaTHBHHUX
nepeMuKaHb, y Tpoleci SKUX BiJI0OyBaeThCs TUMYAcoBa 3MiHa 3HAUYEHb Ha-
MPYTH eIEKTPUIHOT MEPEexi.

Lli HopMH HaNpyTH € 3araJbHUMH U HU3bKOBOJIFTHHUX €JIEKTPUYHHUX
MEpex.

VY 3B’A3Ky 3 UM NOOYTOBI €JIEKTPONpPHIAIH, SIK IPABUIIO, MPOEKTY-
I0ThCS JJIs1 HOpMaJIbHOI PoOOTH B Jliala3oHi IPaHUYHO JONMYCTHMHX BiIXH-
JIeHb 3Ha4eHb Harpyru, To0To 198..242 B. IIpu upoMy enexTponpuiiaan He
MOBUHHI BUXOIMTH 3 JIaAy y pa3l HETPHUBAJIOTO IEPEBUINEHHS 3HAYCHHS
Hanpyru Bue 242 B.

Buxomsun 3 miama3oHy JOITyCTUMHX 3HA4Y€Hb HANPYTH, BC1 MOOYTOBi
EJIEKTPOIPUIIAZNA MOXKHA PO3JUIMTH HA TPU TPYIIH.
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[lepmia rpyna - enexkTponpwiaay, Ha siKi Malo BIUIMBAIOTh Iepenann
HaTpyTH - [€ eJEeKTPUYHI YalHUKH, eJCKTPOIedi, OOWIepH, eIeKTPHYIHI
o0irpiBadi Ta iHIII €IEKTPONPHIAIN, B OCHOBI KOHCTPYKIIii, IKUX MPUCYTHIN
HarpiBaJIbHUH €JIeMEHT.

VY macmoprax eJIeKTpOTPIIIAAiB IepIIoi TpymH 3a3BUYall BKa3aHO PoO-
6ouy Hampyry, mo pekoMeHayeTbes, 230 B. Ase maHi eleKkTpomnpuiiaiu
OyAyTh MPaIfOBATH 1 IpH OUTBII HU3BKIN HAIIPY3i, IpaBaa MEHII e(peKTUBHO.

[pyra rpyna — 1e eiaeKTponpHiIaay, Taki sk KOHAWIIOHEPH, XOJIOIH-
JIbHUKH, THJIOCOCH, Y CKJIaJi SKUX KOHCTPYKLIHHO mependaveHi eIeKTpo-
BUTYHU.

[punanum wiei rpymu po3paxoBaHi Ha poOOTY ITPU HOMIHANBHIHM HaNpy-
31 He Oimpme 220...230 B. 3MeHIIEHHS Hanpyru B €IEKTPHYHOI Mepexi
MIPU3BOJHUTH 10 301JbLICHHS CTPYMY HaBaHTa)KEHHS B €JIEKTPOJBUIYHAX, IO
Y CBO€ Uepry IpU3BOJHUTH JI0 HEPErpiBy iX OOMOTOK i CKOPOUEHHS TEPMiHY
CITy>KOH 130JISIIii.

Tpers rpyna — me eIeKTponpHiIaay, Taki sSIK KOMIT IOTEpHA TEXHIKa,
aymio- Ta BigeOTeXHiKa Ta IHMI, IO CKIANy SKHAX BXOIATH €JICKTPOHHI elle-
MEHTH.

Enextponpunann TpeThoi rpynu, OCKUIBKM Ha HUX HaHOULIbIIE BIUIH-
BalOTh Iepenajgy HaNpyrH, IPOEKTYEThCS 3 ypaxyBaHHIM pPoOOTH B IIUPO-
KUX Jiana3oHax. 3a3BHYail Jlianma3oH poOO4Oi HANpyrd TakUX MPHIALIIB BU-
XOAUTH 33 HIDKHI MexXi gomyctumux. Hampukian, GJI0KM KHMBJICHHS ayJio-
BiZleoariapaTtypH, 3apsaHi MpUCTPOi MOOUTLHUX TenedoHIiB po3paxoBaHi Ha
3Ha4YeHHs Hanpyru B mexxax 100...240 B.

TakuMm 4MHOM, 3 ypaxyBaHHSIM Miana3oHIB AOMYCTUMHX HampyT BCiX
MOOYTOBHX €JIEKTPOINPHIIALiB, HAHOLIBII ONTUMAIFHOIO HAIIPYTOIO B €JIEKT-
puuHiit Mepexi € Hampyra 3HaueHHsM 230 B. Taka nampyra 3abesmeuye
po0OTy B HOMIHAILHOMY PEKHMI €NEKTPOTIPIIIAIIB BCiX TPYIL.

YK 621.316.925

Ha6okosa O. B.!, Taiigam K. C.2

Unon. HY «3amnopisbka momitexnika»

2 cryn. rp. E-211 HY «3anopisbka momiTexHika»

BUJIN TA XAPAKTEPUCTHUKA PEJIE YACY

Pene wacy — e pene, sike MpU3HAYEHE U CTBOPEHHS HE3aJIe)KHOI BU-
TPUMKH 4Yacy Ta 3a0e3ledYeHHs MEBHOI MOCHIIOBHOCTI pPOOOTH €JIeMEHTIiB
CXeMH. 3aCTOCOBYETHCS Y BUMAIKaX, KOJIM HEOOXiTHO aBTOMaTHYHO BUKOHA-
TH SIKYCh JIiI0 HE BiJIpa3y IiCJIsl MOSBU KEPYIOYOTO CUTHAITY, & Yepe3 BCTaHO-
BJIEHUH IPOMDKOK Hacy.
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EnextpomarHiTHe pene dacy (puc. 1) 3aCTOCOBYIOTBCS JIHIIE Yy KOJaX
noctifiHoMy cTpyMmi. KpiM ocHOBHOT 00MOTKH, perne i€l cepii MaroTh qoaat-
KOBY KOPOTKO3aMKHEHY OOMOTKY, sIKa SIBJISIE COOOIO MiJIHY TiNb3y.

Pucynok 1 -Enexrpomarsitae perne gacy

ITpu HapoCTaHHI OCHOBHOTO MarHiTHOTO MOTOKY, sl 0OMOTKA CTBOPIOE
JOJATKOBHI MarHiTHUH MOTIK, SKUH MEPEeNIKoKae HAPOCTAHHIO OCHOBHOI'O
MarHiTHOTO IOTOKY. B Hacmifiok 1pOro pe3yJsbTYyIOuWil MarHiTHHH TOTiK
301IBIIY€THCS MOBITBHIIIIE, YUM 3a0€3eUy€ETHCS BUTPUMKA Yacy.

Leit Bua pene yacy 3abe3neyye BUTPUMKY 4Hacy IpH CHpalbOBYBaHHI
Bix 0,07 mo 0,11 ¢, npu BigkrouenHi Big 0,5 o 7 ¢. Hemomikamu enextpo-
MarHiTHOTO peJie € CKJIaJHICTh KOHCTPYKLII Ta Majia 3HOCOCTiHKicTb. [lepe-
BaraM — BEJIMKI BUTPUMKH 4acy Ta BUCOKa TOYHICTBH IOCITIZOBHOCTI mepe-
MHKaHHS KOHTaKTiB.

[TeBMaTH4HE pese (pHc. 2) MpHU3HAa4YeHe Uil Nepenadi KOMaH[ 3 OJ-
HOTO eJIEKTPUYHOTO KOJa B iHIIE 3 MEBHHMH, 3a3JaJierilb BCTAHOBJICHUMH,
BUTPUMKaMH 4acy 3 ZOIMOMOTOK BaKyyMHOT MOBITpsiHOT KaMepH. Perymropa-
TH Yac BUTPHMKH ITHEBMAaTHYHHMX pejieé MOXKHA IUIIXOM 3MEHIICHHs a0bo
301IbIIEHHS NPOXIIHOTO Mepepidy TPyOKH, yepe3 sIKy 3/iHCHIOETHCS MijiBe-
JICHHS TIOBITPSL.

PucyHok 2 — [THeBMaTnuHe pere yacy
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Jis nux 1misied KOHCTPYKIIT MHEBMAaTHYHUX pesie 3a0e3MeuyoThCs pe-
TYJTIOBAJIFHAM TBHHTOM. llapamerpm komyToBaHOTO CTpymy mo 16 A. B
SIKOCTI KOMYTaTOpa BHUKOPHUCTOBYETHCS MiHI-TIepeMHUKad Ha [1Ba KaHAJM.
Jliama3oH BCTaHOBJIEHHS THMYacOBOi 3aTPHMKH ITHEBMAaTHIHUX pEJie CTaHO-
BUTH B cepeaHboMy 1...60 c. Ha mpaxTwii Big3Ha4YeHI HEBENWKI MOXHOKH
(6mm3pko 10%) y TIaHi TOYHOCTI CIPanbOBYBAHHS 32 BCTAHOBJICHUMH 3Ha-
YCHHSIMU.

Enexrponne pene yacy (puc. 3) Mae psj nepesar: Maii rabapuru Kop-
MyCy, BHCOKa TOYHICTh CIIPallbOBYBaHHS, 3pYYHHH MEXaHi3M HacTPOWKH,
BizyanibHe BimoOpaxeHHs iHpopmanii. OCHOBOIO KOHCTPYKILIi IUX pene €
uudpoBi iMImynbeHI niunabHUKE. CydacHi npuiagy nodyaoBaHi Ha BUCOKO-
MPOJYKTUBHUX MIKpPOIIPOIIECOpPaXx 1 poO3paxoBaHi Ha KOMYTAIil0 Majo-
IHlyKTUBHHX 200 HE IHAYKTUBHUX HaBaHTa)KEHb.

e

Pucynoxk 3 - EnexkrponHe pene uacy

Jnst HajamTyBaHHs pesie yacy 1uppoBOro TUIY AOCHTh 3a/1aTH MOTPi-
OHI TUMYACOBI IapaMeTpH 3a JOIOMOTOI0 (YHKI[IOHAILHUX KIIaBilll, pO3Mi-
HIeHNx Oe3rnocepenHbo Ha (poHTaNbHI maHeni kopmycy. HamamryBanHs
3a3BMYail JOCTyIHA B IIMPOKUX MEXaxX IO 4acy, IO JI03BOJISIE OXOILTIOBATH
HE TiJIbKH CEKYHAM, XBWINHH, TOIMHH, alle TAKOX JHI THXKHS. EnexTpoHHni
TaiiMep 3 (QYHKIISIMH aBTOMaTHYHUX BKIIFOUCHb-BIJKIIOUEHb MOJXE BJAJIO
BUKOPHCTOBYBATHCS y CXeMax YIIPaBJIiHHs PI3HUMHU BHJaMHU NpUCTPoiB. Tak
3BaHEe «TIXKHEBE» peie yacy 3abesneuye BUKOHAHHS (DyHKHIH KoMmyTalil
BIJIMIOBITHO 10 BCTAHOBJICHOTO MPOMIDKKOM Yacy B paMKaxX THXKHEBOI'O IIHK-
ny. Hanpuknan, 3aBOsKu MpHitagy BiJIKPUBAIOTHCS MOKIJIMBOCTI: KOMYyTYyBa-
TH CHCTEMHM OCBITJIICHHS B 3a/laHMH 4ac, 3arycKaTH abo 3yNUHATH TEXHOJIO-
riyHe o0JslaIHaHHS, AKTHBYBATH/I€aKTUBYBAaTH OXOPOHHI CHCTEMH.

BucHoBok: 3BuuaiiHo X, BCi icHyro4i Moaudikalii peie qacy He 0X0-
MUTH OJTHUM OTJIsioM. [1Jist po3riisily BChOI'O aCOPTUMEHTY MPHIIAJIIB MOTPi-
OHO HamumcaTd Iy KHHUTY. Perne 9acy 3HAWIUIO IIMPOKE 3aCTOCYBAaHHS B
CJICKTPOTEXHIIll, CJICKTPHUKH, CIICKTPOHIKH. B 3a1eHOCTI BiN CKJIATHOCTI
MEXaHi3My MpWIaay OpPraHi30BYIOTHCS Pi3HI 3a CKIJIQJHICTIO BHKOHAHHS
SJICKTPUYHI CXeMH. 3aBJISIKM HAsIBHOCTI peJie B CXEMHUX PILIEHHSX BIAETHCS
peastizoByBaTH OLTBII THYUKi (GYHKIIT YIIPAaBIiHHS PI3HUMH IPUCTPOSIMU.
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HOW HYDROELECTRIC UNITS WORK AT THE DNIEPER
HYDROELECTRIC POWER PLANT

The basic concept behind a hydroelectric power plant is simple: water flow-
ing through a turbine generates mechanical energy, which is then converted into
electrical energy. However, the process of generating electricity from water in-
volves many complex steps and requires a lot of engineering and infrastructure.

Regerair

Figure 2 - Section of the DHPP-1 hydraulic unit
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Nine vertical hydro units with a capacity of 72 MW and an auxiliary
unit of 2.6 MW are installed in the engine room of HPP-1. Each of the main
hydraulic units is connected to three single-phase transformers with a capaci-
ty of 3x30 MVA, with a voltage of 13.8/154 kV, except for hydraulic units
4,6,7,8,9, where three-phase transformers with a capacity of 95 MVA and
125 MVA were installed during the reconstruction.

Let’s take a closer look at how it works:

1. Water is collected in a dam or reservoir, which creates a large body
of water.

2. When the water is needed, it is released from the dam through large
pipes called penstocks. The penstocks direct the water to a turbine in the
impeller.

3. As the water flows through the blades, it causes the shaft to spin,
with which the rotor also begins to rotate.

4. The rotor together with the starter is a generator, which converts the
mechanical energy of the spinning turbine into electrical energy.

5. The electrical energy produced by the generator is then sent to a
transformer, which increases the voltage of the electricity so that it can be
transmitted over long distances.

6. The electricity is then transmitted over power lines to homes, busi-
nesses, and other customers.

7. After the water passes through the impeller, it is released into a river
downstream.

In conclusion, hydroelectric power plants are an important source of
renewable energy that harnesses the power of flowing water to generate
electricity. While the process of generating electricity from water is com-
plex, the benefits of hydroelectric power - including its reliability, cleanli-
ness, and renewability - make it an attractive option for countries looking to
reduce their reliance on fossil fuels.

YK 620.91

Ha6okosa O. B.!, ®icyn M. O.?

! o, HY «3anopisbka nositexHikay

2 cryn. rp. E-411a HY «3anopi3bka IOIiTeXHIKa»

HOW SOLAR ENERGY CONVERTS INTO ELECTRICITY

Solar energy can be converted into electricity in two main ways: ther-
modynamic and photovoltaic. With the thermodynamic method, electricity
can be generated from solar energy using traditional schemes in thermal
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plants, in which the heat from fuel combustion is replaced by a stream of
concentrated solar radiation.

Solar photovoltaics is the direct conversion of solar radiation into elec-
trical energy. The principle of operation of a photovoltaic converter is based
on the use of the internal photoelectric effect in semiconductors and the
effect of separation of photogenerated charge carriers (electrons and holes)
by an electron-hole junction or a potential barrier such as a metal-dielectric-
semiconductor.

The photoelectric effect occurs when a photon (light beam) falls on an
element made of two materials with different types of electrical conductivity
(hole or electronic). Once in such a material, the photon knocks an electron
out of its environment, forming a free negative charge and a "hole". As a
result, the equilibrium of the so-called p-n junction is disturbed and an elec-
tric current is generated in the circuit.

To improve the efficiency of photovoltaic conversion of solar energy,
gallium arsenide is used as a starting material, whose photovoltaic losses at
high temperatures are much lower than those of silicon.

Two three-stage cells with high efficiency at a concentration level of
1000 or more were created on the basis of gallium arsenide. Laboratory
samples of solar cells with an area of 0.5 cm? with k = 500 and efficiency
40%.

Experts in the field of photovoltaic conversion of solar radiation show
that the most promising will be concentrators with k = 1000, which work
with multi-stage arsenidgalium solar cells of a new generation. Solar cells
are usually used as converters of solar energy into electricity, which are
connected together to form solar panels.

The average annual amount of total solar energy received annually in
Ukraine is in the range of 1,070 kWh/m? in the northern time zone.

Photovoltaic equipment can be operated quite efficiently throughout
the year however, it is most effective during 7 months of the year (from
April to October).

The conversion of solar energy into electricity in Ukraine should be fo-
cused primarily on the use of photovoltaic devices. The availability of signif-
icant reserves of raw materials, industrial and scientific and technical base
for the manufacture of photovoltaic devices can fully meet not only the
needs of domestic consumers, but also export more than two-thirds of the
products.
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COMMISSIONING OF AIR LINES

The construction of new or reconstruction of existing overhead power
line (PL), as a rule, is performed by a specialized construction and installa-
tion organization. All works are performed according to the project. Before
the start of work, the project is considered by the operational organization,
which will then have to accept the finished power line (PL) into operation.

During the construction of PL, operational staff conducts technical super-
vision over the performance of construction and installation works. The task of
operational personnel is to provide assistance to builders and installers during the
detection of defects, omissions and deviations from the project.

After the completion of the work, the construction and installation or-
ganization notifies the operating organization on the need to accept the line
into operation. For this, an acceptance commission is appointed, to which the
necessary design and technical documentation of the PL is transferred (line
project, passport and inventory description, three-line scheme with phase
coloring and transposition of drives, route plan and profile, land allocation
documentation, acts for hidden works, etc.). To assist the reception commit-
tee, working committees are created with the participation of electricians-
linemen. Members of the working commissions perform a detailed inspec-
tion of the submarine (climbing onto each support) and draw up reports
listing the defects and deficiencies found.

After the construction and assembly organization eliminates all defi-
ciencies and inconsistencies with the project, the line is re-inspected and an
additional act is drawn up. On the basis of the acts of the working commis-
sions and a review of the documentation, the acceptance commission deter-
mines the readiness of PL to be put into operation.

Switching on the PL under voltage is performed by the operational
staff of the power system upon application and with the permission of the
head of the acceptance commission. The voltage on the line is supplied by a
pulse at the minimum current and time settings on the protection relay. Be-
fore closing under the load, overhead line is phasing.

Under load, the PL is tested during the day. Upon positive test results,
an act on the transfer of PL into operation is drawn up.

The damage of overhead power line causes harm to the national econ-
omy, therefore protection of PL from damage is an important state matter.
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The "Rules for the protection of high-voltage electrical networks" were
approved by a special government resolution.

For the normal maintenance of PL, security zones have been estab-
lished along line, which pass through populated areas. They are limited by
parallel lines located from the extreme wires at distances. The distances of
the location of the outermost wires are given in the next table.

Table 1 — Distances of location of the extreme wires depending on
the voltage of a power line

Voltage, kV 20 35 110 150-220 330

Distance, m 10 15 20 25 30

The width of the glade in forest areas and green plantations must be at
least the distance between the outermost wires plus 3 m in each direction
from the outermost wires for planting heights of up to 4 m and not less than
the length of the support traverse plus a distance equaled to the height of the
main forest area in each direction from extreme wires, for the height of
plantings over 4 m.

It is forbidden to build cut-in structures, perform earthworks, construc-
tion and installation works, put haystacks, etc. within the boundaries of pro-
tection zones and passages.

It should be noted that the land area, which is under the PL, is not tak-
en from the land users, and it is usually cultivated for sowing and planting.

Only the areas under the line supports are withdrawn from land users.

YK 621.3.011.4
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DEVELOPMENT OF FLEXIBLE SUPERCAPACITOR

Scientists from Lviv Polytechnic National University, in collaboration
with the Taiwan Textile Research Institute, have come up with a flexible
fabric supercapacitor that runs on a solar battery. The device is a compact
energy saving system that bends and attaches to most surfaces.

Work on the invention began back in the 1990s in the laboratory of
Korniy Tovstyuk, a correspondent of Academy of Sciences of Ukraine, in
Chernivtsi. In 1993, LLP "Acer" was created specifically for the develop-
ment of the supercapacitor and systems that use it, which carried out several
projects with partners from the USA, Japan, and Germany. Since the first
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half of the 2000s Lviv Polytechnic National University has been working in
this direction.

The invention is an autonomous power supply system for household
appliances. The principle of its operation is that the solar cell generates an
electrical signal, which subsequently enters a supercapacitor with a large
capacity. It accumulates energy, and then optimally distributes it with the
help of a special electronic manager.

Flexible part, where solar energy is converted into electricity, has al-
ready been developed in the world. But Lviv scientists created a flexible
supercapacitor, which would allow the implementation of an autonomous
system.

First embodiment of the technology was a bag in which you can charge
just a mobile phone, because its power is only 2 watts. Now they are work-
ing on creating more powerful systems that can charge a tablet or laptop and
are also working to create a flexible light-emitting device based on it. De-
velopers say that there can be many modifications of the autonomous power
source. If you increase the power of the installation, you can supply energy
to the whole house. If used on surface of tourist tents it can be a permanent
accumulator of solar energy and make it possible to heat the tent or cook
food on electrical appliances without lighting a fire. In addition, the system
works even in diffused sunlight.

The flexible fabric supercapacitor was included in the top 100 research
and development projects in the world according to the influential scientific
journal "Research & Development". This proves that flexible fabric superca-
pacitors will be in high demand once they reach the stage of mass produc-
tion.

YVIK 621.313.3

Adanacsesa 1. O.!, Kaninin JI.C.2
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3BAPIOBAJIBHI TEHEPATOPH TA IEPETBOPIOBAYI

J1iist MexaHI30BaHOTO 3BapIOBAHHS TJIABKMMH €JICKTPOJAaMH Y BYTJICKH-
CJIOMY Ta3i MOTPiOHO JPKEPEINIo KUBIEHHS 3 KOPCTKOI 30BHINTHBOKO Xapak-
TEPUCTUKOIO TOMY, LIIO BOJBT-aMIEpPHA XapaKTEPUCTHKA JyTH B TAKOMY pa3i
Oyne 3pocrtaroua. JIJist mboro crnoco0y 3BaproBaHHS MPU3HAYCHHUN MEPETBO-
proBau [ICI'-500-1 3 xoJekTOpHHUM TeHepaTopoM mocTiiHoro ctpymy I'CT -
500-1 i3 cucremoro camo30y/keHHS 1 BOYZOBaHUM TpH(a3HUM aCHHXPOH-
HUM JIBUTYHOM 3 KOPOTKO3aMKHEHHMM pOTOpOM. ['eHepaTop Mae >KOpCTKi
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XapaKTepUCTHKH, IO CTBOPEHI CIICHiaTbHOI0 CXEMOK0 CaMO30YIKEHHS Ta
0COOJIMBOIO KOHCTPYKITI€I0 MAarHITHOT CUCTEMH.

MarHziTHa cucTeMa reseparopa Mae yotupHu ocHoBHI nomocH (N, S), i
YOTHPH JOAATKOBI (1, S, 1, S), AKi 3a0€3MEUYIOTh 0C3ICKPOBY POOOTY IIITOK.
YepryBaHHS TOJIIPHOCTI OCHOBHHUX IOJIOCIB — 3BHYaiiHe. JKOpCTKi XapakTe-
PHCTHKH I'eHepaTopa 3a0e3NeuyloThCsS TUM, 10 OJTHA Iapa OCHOBHUX IIOJO-
CiB, Ma€ B OCEepAsSX BUPI3W, BHACIIJOK YOO IIi MOJIOCH MiJ 4ac poOOTH Te-
Heparopa Hacu4eHi. KoTymku oOMoTOK 30y DKeHHST pO3TalIOBaHi Ha HEHa-
CHYCHHX IIOJIIOCaxX, 3 €IHaHI TapajelbHO. BuximHa Hampyra reHeparopa
PETYIIOETECA PE3UCTOPOM R, BKJIIOUEHHM Y KOJO OOMOTKH 30YIKEHHS,
PO3TaIoOBaHOI HA HEHACHYCHUX IIONIOCAX. 31 3MEHIIEHHSIM OIOpY HampyTa
reHeparopa 30IMBIIYETHCSA; Mialla30H PETYIIOBAaHHS BHXIAHOI HAMpyTH
16...40 B npu cui ctpymy 60...500 A. PesucTop Ciry>XuTh AJIs peryiIroBaH-
HS HaIlpyTH HepoOOYOTro XOAy IMepeTBOPIOBaYa.

3BaproBajbHI KaOei MiIKIYa0TECS 0 JBOX 3aTUCKAUIB «+» Ta «—».
[Tyck meperBoproBaya 34iHCHIOEThCS BBIMKHEHHSIM JIBUTYHa B MEPEXy Ia-
KETHUM BHMHUKaueM. Hampyra reHepatopa peryioeTbecsi peocTaToM, KU
BKJIFOYEHO y KOJIO TapajeibHol oOMoTkH. HanamrtyBaHHS 3BaproBaJIbHOTO
CTPYMY 3MIiHIOIOTh INIBHIKICTIO TIOAa4i TPOTY HAMIBABTOMATOM.

IIpu3HayeHHs i3amyck yHiBepcaJlbHUX reHePaToOpiB

VuiBepcanbHi reneparopu ['J1-304 i I'JI-502 BurmyckatoTbes 0e3 JBU-
ryHiB. BoHN mpu3HaueHi [is 0THOMOCTOBOTO PYyYHOTO 3BaplOBAHHS Ta 3Ba-
pIOBaHHS I (HIFOCOM Ha KPYTOCHAJAlOYMX 30BHIIIHIX XapaKTEPHCTHKAX i
JUIS HaIliBABTOMAaTHYHOT'O 3BapIOBAHHS y BYTJIEKHCIOMY Ta3i Ha >KOPCTKHX
XapaKTePUCTHKAX.

Ho cxiany reneparopa I'/[-304 BXoAaTh iHIYKTOPH 3 TOJOBHHMH Ta
JIOZATKOBUMH TMOJIOCAMH, SIKIp, KOPIYC 3 MiJIIMIHUKOBUMH IIUTaMH Ta
cTpymo3HiMad. Ha kopryci 3MOHTOBaHO OaslaCTHI peocTaTH Ta HPUCTPIi
KepyBaHHi. Ha ronoBHHX moiocax pO3MIMIEHO KOTYIIKM HE3aJle)XHOi Ta
MOCJTIIOBHOT 0OMOTOK 30Y/IXKEeHHS.

I'eHeparop mpu3HaueHo Juiss POOOTH y 3aKPUTHX NPHUMIlIEHHAX. BiH
MPUBOIUTHCS B 0OepTaHHS ABUTYHOM depe3 Bal BiIOOPY MOTYXKHOCTI Ta
PEIyKTOP.

[epen myckoM 3ajeXHO Bij MOTPIOHOTO THITY 30BHILIHBOI XapaKTepH-
CTHKH JIO BIJIOBITHHX 3aTHUCKAdiB ITiJKIFOYAIOTHCS 3BaprOBANIbHI Kadeni, a
NepeMruKad Hanpyrd BCTaHOBIIOETHCS Yy BIANOBigHE NosokeHHs. Ilicis
MYCKY JBUTYHA PEOCTAaTOM IIaBHO PETYJIIOIOTH CTPYM 200 HalpyTy.

I'enepatop I'1-502 mae ananoriyni Oy10By ¥ MPHHIIKAI POOOTH.

KpyTo cmanmatodi 30BHIIIHI XapaKTEPUCTUKH OICP)KYIOTh NPH BBIMK-
HEHHi TOCTiI0BHOT 0OMOTKH TaK, 00 MarHiTHUH MOTIK, CTBOPIOBAHHIA HETO,
OyB HampaBlIeHWH HA3yCTpPid MOTOKY HE3aJEKHOTO 30y/KeHHS. YuM Oifb-
i CTPYM IpH poOOTi MmiJ HaBaHTAKEHHAM, THM CHJIBHIIIA il TTOCIIiT0B-
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HOi 00MOTKH. Pesynbrytounii Mmarnitauii norik, EPC ta Hanpyra reneparopa

BHACIIIOK I[hOTO 3MEHINYIOThCS. JKOPCTKI 30BHIITHI XapaKTEPUCTHKH TeHepa-

TOpa OJEPKYIOTH MPU BBIMKHEHHI MOCIIiIOBHOI OOMOTKH TaK, 100 HANPSIMKH i1

MAarHiTHOTO TIOTOKY 1 0OMOTKH He3aJIe)KHOTO 30y /KEeHHS 30iramcs.[1]
IIpu3HayeHHS] BEHTWIHLHUX reHePaTopiB

BunpsiMamii 6710k BEHTHJIBHUX T€HEPATOPIB CKIAIAEThCS 3 KPEMHIEBHX
BEHTHJIIB, SIKi BUIPSAMIISIOTH 3MIHHHH CTPYM ITJBHINCHOI YaCTOTH, II0 HABO-
JIMTHCSI B CTATOPHUX OOMOTKaX, y MOCTIHHUHN 3BaplOBANBHUM CTpyM. BeHTHIBHI
reHepaTopy 3a0e3nevyyoTh BUCOKY CTaOUIbHICTh TOPIHHS Ta €IACTHYHICTh JIyTH.
KK/I Takux reneparopis B cepegubomy Ha 10% Oursmmii 3a KKJ{ reneparopis
camo30ymxenns tumy ['CO i '], a maca 3Hayno Mena. Ile mo3Bomsie y 2-3
pa3u 3MEHIIUTH PO30pPH3KYBaHHS METaly, MOJIMIINTH SKICTh 3BapHUX IIBIB,
3a0e3MeYnTH BUCOKY Ha/IiIHICTD B eKcILTyaTaii [1].

Cepen OC3KOHTAKTHUX EJICKTPUIHHX TEHEPATOPiB HAWOLIBIIOTO IMO-
mMpeHAs HaOylu TeHepaTopy iHAYKTOPHOTO THITY 3aBISKU IPOCTOTI KOHC-
TPYKIIii, HAAIHHOCTI B poOOTI Ta HE BUCOKOI IMiHK. [HAYKTOPHI TeHepaTopH
3HAHIIIN ITUPOKE 3aCTOCYBaHHS Ha TPAKTOPaxX, BAHTAXKHUX aBTOMOOLIIX,
CITbTOCTIIMAIIIMHAX, HA BITPOCICKTPOCTAHIIIAX, HA 3ATI3HUIHOMY TPAHCIIOPTI.
OpHak OUTBIN MIMPOKE TOIIHUPEHHS iX CTPUMYETHCS 13-32 HEBHCOKHX Maco-
ra0apuTHUX MTOMUX IOKa3HUKIB. Bara iX MopiBHSHO 3 KOHTAaKTHUMH I'eHe-
paropamu B 1Ba pasu Oinblia [2].

CIIUCOK BUKOPUCTAHOI JIITEPATYPH
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2. Jlymuk B. BeHTHWIBHI 1HIYKTOpHI T€HEpaTOpH padiallbHOTO 30Y-
JDKEHHS 3 cyMimeHnMu ooMotkamu / B. Jlymuk // EnekrporexHika i Enexr-
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EJEKTPOIIPUBO/ MIAHOMY MOCTOBOI'O KPAHA

MocroBuii KpaH - IIe THII KpaHy, /I¢ MIiCT MOKJIaJeHUI Ha HaJI3eMHHUH
peiikoBuii mIsIX. BaHTa)x03axBaTHUI OpraH 3’ €THAHWH 3 BAHTAKHIM Bi3KOM
a00 eJIEKTPOTAILTIO, SIKi TIEPEMIITYIOThCS IO MOCTY.

PoGora MexaHi3My HiiioMy CKJIaIa€ThCs 3 MEPiOJIiB MiHOMY Ta OITyc-
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KaHHS BaHTaXYy, MIEPiOiB MiAHOMY Ta OIIyCKaHHSA MOPOXKHBOTO Taka. [1ix gac
HaBIITyBaHHSA BaHTaXy HA TaK 1 3BUIbHEHHS TaKa, ABUTYH BiAKIIOYCHHH 1
MEXaHi3M MiTHOMY He TPaIltoe.

EnexTponpuBoza XapakTepu3yeThCs 110 TTOBTOPHO-KOPOTKOYACHUM pe-
JKMMOM POOOTH TP BEJHKIH 4acTOTI BKJIIOYEHb, IIMPOKOMY Jliala3oHi pe-
TYJTIOBAaHHS MIBUAKOCTI Ta MOCTIHO BHHUKAIOUHX 3HAYHMX INE€PEBAHTaKCH-
HSX TIPU PO3TOHI 1 TaTbMyBaHHI MexaHi3MiB. Oco0nHBi yMOBH BUKOPHUCTAH-
HS €IEKTPONPHBONY y BaHTa)XONMIAHOMHUX MAIIMHAX CTalH OCHOBOIO IS
CTBOPEHHS CIIEIiaJIbHUX Cepiil eNeKTPUYHMX JBUTYHIB 1 arapaTiB KPaHOBOTO
BUKOHaHHs. B nanuii yac kpaHoBe eJIeKTPOOOIIaHAHHS Ma€ B CBOEMY CKJIaJli
cepil KpaHOBUX EJICKTPOJBHUTYHIB 3MIHHOTO 1 MOCTIHHOTO CTpyMy, cepii
CHJIOBHX Ta MAarHITHHUX KOHTPOJIEPiB, KOMaHIO-KOHTPOJIEPiB, KHOITKOBHX
MOCTIB, KIHIIEBUX BUMHKAUiB, TAIEMIBHUX CIIEKTPOMATHITIB 1 €IEKTpOTiapa-
BIIYHUX IITOBXAadiB, MyCKOTAIbMIBHUX PE3UCTOPIB Ta PsJ IHIINX amapaTis,
1110 KOMIUIEKTYIOTh Pi3HiI KPaHOBI €JIEKTPOIPUBO/IH.

BuMoru 10 eleKTponpuBoAy MeXaHi3My MiIiioMy MOCTOBOI0 KpaHa
[pu BI/I60p1 CTPYKTYpPH €ICKTPOMPHBOLY cig BPaxXOBYBAaTH 0CO-
OIMBOCTI TEXHOJIOTIYHOTO MpOIECy, BUMOTH HAmIHHOCTI, rquKOCTl B yII-
paBIiHHI, 3pyYHOCTI HaMaAKW. Jl0 €NeKTPONPHBOMAIB MEXaHI3MIB MigHOMY
MOCTOBHX KpPaHIiB, sIKi B OUTBIIIOCTI BHIAAKIB KEPYIOTHCS OMEPAaTOPOM, BUCY-
BAIOTHCS KOPCTKI BUMOTH JI0 MPOCTOTH IX eKcIulyarauii 1 HaJiifHOCTI npu
3a0e3rne4yeHHi He0OXiTHOTO Jliara3oHy peryJItoBaHHS IIBHIKOCTI.

Jlo enexTponpuBOIIB MeXaHi3My MiIHOMY MOCTOBOrO KpaHa BHCYBa-
€TBHCS PsIJI 3aralIbHUX 1 CTIEliajbHUX BHMOT.

Jlo 3aranbHUX BUMOT BiTHOCSITHCS:

- HaJIWHICTB;

- BHCOKa NPOAYKTUBHICTE;

- TPOCTOTa B PEMOHTI Ta eKCILTyaTallii;

- EKOHOMIYHICTb.

st sIKICHOro BUKOHAHHS IMIAWOMY YW CIYCKY BaHTaXIB EJIEKTPOIIPUBO[
MIOBUHEH 3a/I0BOJILHATH CIELiaIbHUM BUMOT'aM:

- peryJoBaHHs KyTOBOI LIBHJKOCTI 0OepTaHHs Bajly JBUT'YHA B IIOPiBHIHO
MIHPOKHUX Mexax (4:1).

- 3a0e3NeueHHs] KOPCTKOCTI MEXaHIYHUX XapaKTepUCTHK IPHBOIY, 0CO0-
JIMBO PETYJIBOBAHUX, A TOTO 1100 HMU3BKI MBHUIKOCTI Maibke HE 3aieKalli
BiJl BAHTQXY;

- 0OMEeXeHHS IPUCKOPEHb 0 JOMYyCTUMHX MEX IPH MiHIMaJbHIA TpUBa-
JIOCTi IePEXiAHNX MPOIIECiB;

- peBepCyBaHHS EJEKTPONpPHUBONY Ta 3abe3nedeHHs HOoro podOTH fK Yy
PYXOBOMY, TaK 1 y raJbMiBHOMY PEXKHUMaX.

Jlnst BUKOHAaHHS 3a3HAYCHUX BUMOT CHCTEMa YIPABIiHHS €JIEKTPOIpH-
BOJIOM NOBHMHHA OyTH HamiBaBTOMATHYHOIO a00 MOBHICTIO aBTOMATHYHOIO,
0CoOJIMBO TIpU poOOTI B MEPEXITHUX PEKUMAX.
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CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. AmieB L. 1. JIoBiTHUK 3 €NEKTPOTEXHIKH Ta €IEKTPOYCTATKyBaHHS /
1. I.AmieB — M: ®enikc, 2004. — 480 c.

2. Yuyt JI. O, Mamsnesa O. I1. Cuctemu ynpaBiiHHS €IEKTPOIPUBO-
niB: HaBwanpawmit nocioauk / JI. O. Yayt, O. I1. Mansnesa — BugaBauIITBO
TIIV, 2007. - 152 c.

3. IllexoBmos B. I1. JIoBiakoBuii MOCIOHHUK 3 €IEKTPOYCTATKyBAaHHSA i
enexkrponoctayand. — M.: ®OPYM: IHOPA-M, 2008. — 136 c. (nata 3Bep-
HeHHs: 25.03.2023).

V]IK 621.372

Adanacbea I. O.!, Cemmit JI.T'.2

! crapmr. Buki. HY «3anopizbka MOMTEXHIKa»

2 cryn. p. E-312cm HY «3anopisbka momiTexHikay»

EJEKTPOO®IIIBTPHU. KIIACUDIKALIIA TA
OCHOBHI TAPAMETPHU

Emextpuaanii GinbTp — 1e mpriIan A1 BHAUICHHS a00 MPUTITYIICHHAS
CHTHAIB TIEBHUX YacTOT. BOHM KiIacm(pikyrOThCA Ha IICTh THUINB 3AJICKHO
BiJl CMYTH 4acTOT, IKi POITyCKaIOTh:

- QUIBTP HIKHIX YACTOT MPOITYCKAE CUTHAIM 3 4acTOTOIO Bix 0 10 5.

- OuUIBTp BEpXHIX YaCTOT IMPOITYCKA€ CUTHAIM 3 YaCTOTOIO BiJl ®y 0
HECKIHYE€HHOCT!I.

- CMyroBuii (GiIbTP NPOIYCKAE CUTHAIH 3 YACTOTOIO BIJI Oy 10 M.

- PexexropHuil GuUIBTp HE MpOMyCcKae CUTHAIM 337aHOi 4acToTH abo
CMYTH 4acToT.

- I'peGinyacTuii GuIBTP Mae KiJibka CMYT IPOITYCKaHHSI.

- PexxexTopHuii rpebiHIACTH Ma€ KiJIbKa CMYT IPUTHIYCHHS.

Cxema HalmpoCTIOro HU3bKOYacTOTHOTO (iJIbTpa MpeJICTaBIeHA Ha PH-
CYHKY 1,a Ta HARIPOCTIIIOr0 BUCOKOYACTOTHOTO (DUTBTPa — Ha PUCYHKY 1,0.

L

: ..

&

a — HU3bKOYaCTOTHUH DiIBTP; 0 — BHCOKOYaCTOTHHUI (QiIBTP.

Pucynok 1 — Cxemu HaifnpocTimmx ¢uibTpis
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XapaKTepuCTUKH eJIEeKTPUYHHUX (PiIbTPiB
CMyra mpomycKaHHS Ta BUOIPKOBICTH SIBIAIOTHCS OCHOBHHUMH XapaK-
TEPUCTUKAMH €JICKTPUYHUX (LUIBTPIB.
Mexi cMyT TpPOIYCKaHHS (s, ;) BU3HAYAIOTHCS YaCTOTAMH, 1€ KO-
edinient nocunenus Kp 3MeHmyetsest B N2~0,707 pasis.
BuGipKoBicTs — 11 Mipa 37aTHOCTI (iIbTpa pO3AUIATH ABI TPYIH KOJIU-
BaHb 3 OJIM3EKUMHU YacTOTaMHU. BOHA BU3HAYAETHCS KPYTICTIO Ccriamy KoedirtieH-
Ta nepenavi K(®) Ha nmepexiaHii AUISHII MiXK CMYTOIO TIPOITYCKAaHHS Ta CMYTOIO
TIPUTYIICHHS. 3a3BIYail OLIHIOETHCS B JIOTapH(DMITHIX OHHUIIIX.
K K

a— AUX Hu3pkouacToTHOrO (inmbTpa; 6 — AUX BHCOKOUacToTHOTO (BiBTpa.
Pucynok 2 — AUX peaibHUX QinbTpiB

OiTbTpH MOXKYTh OyTH aKTHBHHUMH, SKI MICTATH IiACHIIOBAIBHI eJe-
MEHTH Ta ITACUBHUMH, 1110 MICTATH TiJIbKHM NACHUBHI €JIEMEHTH, TaKi sIK pe3uc-
TOPH, KOH/IEHCATOPH Ta KOTYIIKU 1HAYKTHBHOCTI.

[MacuBHI GiNBTPH TIIBKK BUKOPUCTOBYIOTHh C€HEPIiI0 CUTHANY sika (i-
JBTPYETHCSL, TOJI SIK AKTUBHI (DLIBTPH BUKOPHCTOBYIOTh JI0JJATKOBY €HEPTIIO.

Jlyist moKpaieHHs] XapakTepUCTUK (QIIbTPIB BCIX THUMIB JOIIJIBHO BHU-
KOHYBAaTH iX y BHIJISIII JIAHIIOTOBOI CXEMH 3 UYOTHUPHIIOJIOCHUKAMH, SKi
BKJIIOYEHO KackagoM. [Ipu 3a0e3nedeHHi y3roKeHOro pexXumMy poOoTH BCix
JAHOK CXEeMH KOeQiIlieHT 3aracaHHs TaKoro (iIbTpa 3pocTae, Mo HaOImKae
(higBTp IO iMeaTBHOTO.

CIIUCOK BUKOPUCTAHOI JITEPATYPU

1. OcHoBu Teopii nanmroris: Hasu. ms By3iB / I'. B. 3eseke, I1. A.
Ionkin, A. B. Herymin, C. B. Crpaxos. -5-e Buzn., [lepepa6. -M.: Buma mik.,
1989. 528 c.

2. TeoperuuHi ocHOBH enekTpoTexHiku. / Kammgacekuit A. E. Ta in.
Bun. 2-re. HaBu. mociOHUK IS €IEKTPOTEXHIYHUX Ta €HEPTreTUYHHX CIIei-
anpHOCTeH By3iB. -M.: Bum. mk., 1972. 448 c.
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VK 621.392

Adanacsesa 1.0.!, Ilizonpuropa K.O. 2

! crapmr. Buki. HY «3anopisbka MomiTexHiKa»

2 cryn. p. E-312cm HY «3anopisbka nosiTexHikay»

CUTHAJI TA TOT'O OCHOBHI XAPAKTEPUCTHUKH

Curnan — me croci6 nepenaBaT iH(pOpPMAIIiO Bif OTHIET TOYKH IO
iHmoi. PosrmsgmaruMemMo MeTon mepenadi 3a JOIOMOTO0 €JIEKTPOMArHiTHHX
CUTHAIIB, TOOTO eJIeKTpo3B’si30K. Takuil cmocid 3B’s3Ky mepembadae mepe-
nadi iHopMmarii 3a paxXyHOK 3MiHH OyIb-SKOTO IapameTpa eJIeKTPHIHOTO
curHaiy. Lleit mpouec oTpuMaB Ha3By MOAYIIALIl. Y HaHIPOCTIIIOMY BHITaf-
Ky HECY4YMM CHT'HAJIOM BHCTyIae cuHycoina. CHrHan Mae TpU OCHOBHI ma-
paMeTpu: aMILIITy ]y, 4aCTOTY Ta IIOYaTKOBY (asy.

AMIITiTy1a — 116 MaKCHUMalbHe BiIXWICHHS HAIPyTH CUTHAY Bil Hy-
JILOBOT'O TIOPOTY, 00JAaCTh MO3UTHBHUX YW HEraTHBHUX 3HAueHb. SIBIsie co-
0010 MeXi, B IKMX 3MIHIOETHCSI CUTHAIL.

YacToTa — KiJbKICTh KOJMBaHb CUTHATY B OIUHHUIO Yacy. Jlist cran-
JTapTu3aii IpUHHATO SK OAMHMI 4acy BHKOPHUCTOBYETHCS OIHA CEKYH/A.
OpuHUIEI0 BUMIPY 9acTOTH ciyxuth [ epy (I'y). BemuanHa, sika € 3BOpOT-
HOIO 10 YacTOTH — TIEPioA, SIKMH TOKa3ye PIi3HHUIIO B Yaci MiX CyCITHIMH
3HAQUEHHSAMH CHTHAITy PiBHOI BENWYMHM (HANPUKIAA, MaKCUMaJIbHUMH 3Ha-
YEHHSIMH).

daza nokasye, 3 SKOr0 MOYATKOBOI'O 3HAUCHHSI 3MIHIOETHCS CUTHAJL.
daza BUMIPIOETBCS Yy Tpajycax 4M pajiaHax.

Jnst mepepavi CUrHajiB BHKOPUCTOBYIOTh KaHaiu 3B’si3Ky. Kanan
3B 513Ky — II€ CYKYITHICTh TEXHIYHUX 3aC00iB, SIKi CHIPUSIIOTH MPOXOKEHHIO
curHaiy. Kanan 3B’s13Ky opraHi3oByeTbcsi B Oy/Ib-sIKili JIiHIT 3B’S3Ky: y Me-
TaJieBOMy ab0 ONTHYHOMY Kalei, pajiopelieiiHa, CyIMyTHUKOBa a0 sSKach
1HIIA JIHIS 3B’ 53Ky .

EnexTpo3B’si30k 0a3yeTbesi HA TOMY, IO CHTHAJIM HE MAalOTh BJIACHOL
iHpopmaniiiHoi 3maTHOCTI. BoHM mepenaroTs iHpoOpMAaIliio TUTBKH 3aBISIKH
TIOTIEpeIHIM JTOMOBJIICHOCTI MDK JDKEpeNIoM Ta IpuiiMadyeM Mpo 3HaYeHHS
3MiHHM Oyab-SIKOTO IIapaMeTpa CUTHAIY, 10 MepelaeThCs. 3 LOTO BUILUINBAE,
110 TOJIOBHA po0IieMa mpoliecy nepenadi iHpopMalii noisrae B MOXXJINBO-
My 30BHIIIHBOMY BTpY4aHHI (yMHCHOMY a00 HEHAaBMHCHOMY), SIK€ Iepel-
KOJDKa€ Tepesiadi CUrHally y cepeoBuiii. TakuM BTpyYaHHSIM MOXYTh OyTH
€JIEKTPOMArHiTHI HaBEACHHS HIIUX JiHIHA 3B’A3KY, BIUIUBH BiJ IPOMHUCIIOBO-
ro Ta moOyTOBOTO 00JIaAHAHHS, 3IIOBMUCHE Ais TpeTiX oci6. [1[06 3axuctutu
CUTHAJIM BHKOPHCTOBYIOTH pPO3MaiTh 3acoOu: IUQpyBaHHS, KOJYBaHH,
CHeliaabHi METOIM MOXYJISAIil, eKpaHyBaHHs JiHii 3B s3Ky 1 T.. OmHaue
MIOBHOTO YCYHEHHsI EpPELIKO/, SIK IIPAaBUIIO, HE JIOCATAIOTHCS, TOMY PO3TJIs-
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JAIOTh Pi3HI MOKAa3HHWKH SKOCTI Mepenadi: KibKiCTh MOMIJIOK 32 CEKyHIY,
MaKCHMaJIbHE YMCIIO TIOCIiTOBHUX MOMMJIOK 1 T.1I..

BaknMBHMH BIAaCTHBOCTSIMH CHTHAIy €: IIMPHHA CIEKTPY CHTHAILY
(4F), tioro nuHamiuHui nianazoH (D¢) TpuBanicts curHaiy (7¢).

upuna criexTpy — Lie pi3HMIL MK HAHBHINOIO i HAHHMKYOIO YacTo-
TaMHM CHEKTPY CUTHaILY, sIKi 3/laT€H 3a0e3MeUnTH KaHal 3B’ S3KY JUIsl SKiCHOT
nepenaui iHpopmarii.

JluHaMivHUN diama3oH — Iie BiJHOIIEHHS MaKCHMMaabHOI MUTTEBOI ITO-
TY>KHOCTI CHTHAITy IO MiHIManbHOI. 3a3BU9ail HOTO BUMIPIOIOTH B JIOTapHU(]-
MigHAX ofgmHUIX — aennoenax: De= 10-1g(Pumax/Pmin). JuHaMiuHuA miama-
30H 3a0e3meuye 3amanHy SKiCTh nmepenadi inopmartii.

ITpoMixoK Hacy, HMpPOTATOM SIKOTO TIEPEAAETHCS CHUTHAJ, HAa3MBAIOThH
TPUBAIICTIO CUTHATY.

JoOyTok mux mapameTpiB BH3Ha4dae Horo o0'em curHamy: V. =
AF DT, .

KinpkicHo iH(MOpMaLi0 BHPaXalOTh B CHELIAIBHUX OIMHHUIAX — OiTax.
OnuH OiT — Le KUIBKICTh 1H(pOpMALi, SIKy MICTUTh OJMH PO3psJ JBIHKOBOTO
u¢posoro koxy. IlIBunkicte mepenaui iHdopmanii BupaxaroTh B 0iTax 3a
cekyHny (0i1/c) 1 mo3HauaroTk Jiteporo C. Oxke, 00'em curnany: Ve = C-T,.

Curnanu K1acuQiKylOTh 0 YOTUPHOM THIIAM:!

- AHaiorosi — HeTlepepBHi B Yaci i HA MHOYKUHI 3HAYCHB;

- Jluckperu3oBaHi — OWCKPETHI B Yaci Ta HENEPEpBHI HA MHOXHHI

3HAYECHb;

- KpanroBani — HemepepBHi B 9aci Ta AUCKPETHI HA MHOXKHHI 3Ha-

YeHb;
- Uudposi —auckpeTHi 0JJHOUACHO B Yaci Ta HA MHOXKHHI 3Ha4Y€Hb.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. Yacrorni Xapakrtepuctuku Junamiunux JlanHok B Llimomy: BeG-
caiir. URL: https://elib.Intu.edu.ua/sites/default/files/elib_upload/1 (nara
3BepHeHHs: 23.03.2023).

2. Mangmziii B.A., XKene3usik P.I. OcHOBH Teopil CHTHAJIIB: HaBY. MOCIO.
JIpBiBCHKA momiTexHiKa. 2022. 240 c.
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CEKIIA «PI3UKA»

VK 620.9:662.61.004.1

€pmos A.B.!, 3enenina O.A.2

! 1-p Texn. Hayk, mpod. HY «3anopizpka momirexHikay»
2 crapmr. 1a6. HY «3anopizbka HOTiTEXHIKa»

TEINJIOBAM BAJJAHC ONNAJIIOBAJIBHOI KIMHATH

Jedinut manuBa Ta HOro MOAOPOKYAHHS B YCHOMY CBITI OCTaHHIMH
pOKaMH CTIpHsi€ TOMIYKY NUIAXiB €KOHOMIl TeIula y JKUTJIOBHX NPHMIIICH-
HiX. s OTpUMaHHS NPaKTUYHHUX PEKOMEHAAIiH 0akaHO MaTH PO3paxyHKH
CKJIaJIOBHX TEIUIOBOTO OanaHCy, sIKMH BiOYyBAa€ThCS MK JKUTIOBUM MPUMi-
LIEHHSIM Ta 30BHIIIHIM CEPEOBUILEM Y XOJIOJHY TOpYy poKy. ToMy Ha3zBaHy
TEMY JIOCHI/PKEHHS CJI1J1 BBAXKATH aKTYaJIbHOIO.

Po3risiHeMO TersioBHi CTaH KiMHAaTH 0OaraTOKBapTHPHOTO OYyIUHKY.
Bynemo BBaxaTH, IO TEIUIOBHH MNOTIK MiJABOJUTHCS JABOILIACTHHYACTHM
paniaTopoM ONajeHHS Ta COHSYHUM BHUIIPOMIHIOBAHHSIM, a BiJBOAMTHCS
JIUIIE Yepe3 30BHIMIHIO CTIHY 3 BIKHOM Ta BEHTWIANiMHWN KaHan. Bamanc
SHeprii Mae BUIJIS

Op+Qc=0Qcm+Q6+Qkx, (1

ae Op ta Qc — MOTYKHICTh PajiaTopa ONaleHHs Ta COHIYHOTO BUIIPOMIHIO-
BaHHS, K€ HAAXOANUTH 4epe3 BikHO; Ocm+(e+(k — BUTpaTn €Heprii yepes
30BHILIHIO CTIHY, BIKHO Ta BEHTHSILIHHUN KaHai. BU3HAaunMo KOXHY CcKiia-
JIOBY OaniaHcy eHeprii, BpaxoBYIOYH, 110 BUMIPsIHI TeMIepaTypy KiMHaTH Ta
pamiatopa ckiaganu 20 °C ta 45°C, BiamoBiIHO.

IMoTy:kHicTh pagiaTopa onajeHHs BU3HAa4yajacs 3 ypaxyBaHHSIM KOH-
BEKTHBHOTO Ta paJiallifHOrO TEIJIONEePEHECeHHsT 3 HarpiTol MOBEPXHi 3a
(dopmymoro:

Op=aS(tp-t)+0,5eSo(T'p-T*)=390+119=509 Bm, ~ (2)

ne a=5,6+4V=7,6 Br/m?> K — koe(illicHT TeIIOBiAIaYi IIPH BUCXiHIH INBH-
nkocTi mosiTps V'=0,5 m/c; S=2 M? — 3arajbHa HarpiBaro4a MOBEPXHS JBOI-
JIACTHHYACTOTO pajiaTopa; p=45°C — BUMIpsHa TemIepaTypa paaiatopa;
=20 °C — rtemmeparypa kimHatu; £=0,78 — CTymiHb YOPHOTH pajiaTopa,
MIOKPUTOTO MacisHOW ¢apboro; ¢ — crtana Credana-bombimana. Bpaxosa-
HO, 1110 30BHIIIHSI BUIIPOMIHIOBaJIbHA ITOBEPXHS JIBOIUIACTHHYACTOTO pajia-
TOpa yZBiUi MEHIIA 3a HOTO 3arajibHy HarpiBaJbHY MMOBEPXHIO.
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ButpaTtn Temsia yepe3 KOHAYKTHBHY TEIUIONPOBIAHICTH 30BHIIIHBOL
CTiHU:

QOcm=Scm-A-At/Ab=150 B, 3)

ne Scm=8 M? — IIIoIIa OBEepXHi 30BHIiIIHKOI cTinm; A=0,75 B1/MK — Temno-
NPOBIJHICTD CTiHU 3 neriu; A#/4b=25 K/M — rpajiieHT TemmeparypH y CTiHi
toBumHOW 0,8 M npu pizHuLi Temneparyp At=20 °C. BBaxkanocs, 1o 30B-
HilHS TeMnepatypa ckiaanana 0 °C.

ButpaTu Temna yepes BiKHO ILIOIME0 S6=3 M? BPaXOBYBAJIA MOTIK Te-
IIonepeaadi Ta MPOMEHEBY CKIIaI0BY:

06=Se-[K-Ato +eo(T'x-T'3)]=198+109=307 Bm,  (4)

ne K=3,3 Br/m*'K — koe]illieHT Temonepeaadi 11 MoABIHHOTO CKJIa BiKHA;
Ato=20 °C; Tk i T3 — TemnepaTypu KiMHAaTH Ta 30BHIIIHEOTO CEPEOBUINA B
K; e=0,3 — mpuBeneHa CTyIiHb YOPHOTH BiKHA!

e=(1/e;+1/e2-1)", 5)

ne €/=0,5 ta £,=0,5 — cTymneHi YOPHOTH KIMHATH Ta 30BHIIIHBOTO CEPEIOBH-
ma.

[MpuiiMaemo, 10 HArpiB KIMHATH COHSTYHMM BHIIPOMiHIOBAHHSIM Bijl-
OyBaeTbCs OIWH NIeHb HAa THKICHD NMPOTATOM mepiomxy 7¢=3 rox i COHSYHI
MIPOMEHI MMAJar0Th IiJ] CepeIHIM KyToM 10 HopMalli BikHa 0=60°. Tomi cepe-
JTHS TIOTYXKHICTH COHSIYHOTO HArpiBy KiMHATH BH3HAYHUTHCS Yepe3 COHSIUHY
crany Re=1,4 xBT/M? HACTyITHUM YHHOM:

Oc=(T/24-7)-Rc-Se-cosa=50,3 Bm. (6)

Burpatu Tenna depe3 BeHTWIAUIHHUI OTBip, 110 NpUNAfalOTh Ha
OJIHYy KIMHATy, CKJIQ/IaJli YETBEPTY YacTHHY 3arajlbHMX BHUTpAT Ta BU3HA4a-
scs 3a GOpMyJIOH0:

Ok=pVSeCp(Tr-13)/4=69 Bm, (7
ne p=1,25 k['/m? — ryctuna nositps; =1,1 M/c — MBUAKICTH MOBITPS Y KpH-
THYHOMY TIepepi3i  BEHTHNALiIMHOI  pemniTkm  wiomero  Sk=102 Mm%
Cp=10° I/xI""K — Temnoemuicts noBitps; Tx-753=20 °C — pi3HHMIA TeMmIie-
paryp KIMHaTH Ta 30BHIIIHHOTO CEPELOBHIIIA.

[HTerpanbHuii 6anaHc eHeprii Ul HarpiBy KIMHATH:

Op+0c=509+50,3=559,3 Bm. (8)
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Butpartu eHeprii, o Npu3BOASTh 0 OXOJIOIKCHHS KIMHATH:
Qo=0cm+Qs6+Qx=150+307+69=526 Bm. 9

Bananc eneprii Mk HArpiBOM Ta OXOJIOIKEHHSIM KiMHATH CXOIHUTHCS.

BucHoBkw.

1. 3a pe3ympTaTamMu po3paxyHKiB OTPUMAHO IMPAKTUIHO BAXKIIHMBI CKIIa-
JIOBi TeIyIoBOTO OanaHcy. Bu3HaueHo, m0 BUTpaTH eHeprii depe3 BiKHO Y
ZIBa pasd MEPEeBUIIYIOTh BUTPATH Yepe3 CTiHy KiMHATH, II0 POOHUTH aKTyalb-
HUM JIOJJATKOBY TEIUIOI30JIAIII0 BIKHA.

2. Enepris BunpomiHioBaHHs uepe3 BiKHO ckiaznae Ourst 50% eneprii
MOTOKY Teruionepeaadi. BUKOpuCTaHHS BIKOHHHX IITOpP 3MEHIIYE TEIIOBE
BUIIPOMIHIOBAaHHSI BiKHA 3aB/SIKH €KpPaHYBaHHIO.

VK 620.9:662.61.004.1

€pmos A.B.!, 3enenina O.A.2

! 1-p Texn. Hayk, mpo¢. HY «3amopizpka momTexHikay»
2 crapmr. ma6. HY «3anopi3bka HOTITEXHIKa»

PO3PAXYHKOBI OIIIHKH! BIVIUBY JOJATKOBOI
TEILJTOI30JIAII KIMHATH

TemnoBuit omip KiIMHATH Ro BU3HAYAETHCS SK BiIHOMICHHS PI3HUII Te-
MIlepaTyp KIMHATH Ta 30BHIIIHBOTO cepenoBumma Ar=20°C mo TerioBoro
MOTOKY 13 KiMHaTH (Q0=526 Br):

Ro=20/526=0,038 °C/Bm. 1)

[TiniBka «TpeTe CKIIO» MPH LIILHOMY TPHISITaHHI 32 IEPUMETPOM pa-
MU 3MEHILy€e HOTIK Teruonepeaadyi 6 Ha TpeTHHY, 1o ckiane 40=66 BT.
3MiHa TeMIepaTypH y KiIMHATI BU3HAYa€ThCS SIK TOXiZHA 3MIHHM TEIJIOBOTO
MOTOKY Ha TEIJIOBUIi OMip KIMHATH

ATek=40-Ro=66-0,038=2,5 °C. ©)

JIBoOivHA IDTiBKa MPH MPHITaHHI 32 IEPUMETPOM paMH 3MEHIIYE TI0-
TiK Teruronepeaayi HaronoBuHy (40=99 Br), mo nae

ATex=99-0,038=3,8 °C. 3)

[TiBmpo3opa mriBka «TemmoBe A3epKaio» B OJHOKAMEPHOMY CKIIOIA-
KETi 3aTpUMY€ TEIUIOBE BHIIPOMIHIOBaHHA 13 KiMHatH Ha 90%, mo s Ha-
moro Bumangky ctaHoBuTh 100 Bt. Cxema BikHa «TemsoBe a3epkano» B
OJIHOKAMEPHOMY CKJIOMAKETI [0Ka3aHa Ha puc. 1.
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Puc.1 — Cxema BikHa «Teruioe a3epkaioy.

Kpim Toro, miiBka 3MeHIIy€E MOTIK TEIUIONPOBIIHOCTI Ha 66 BT. 3ara-
oM AQ=166 BT, mo nae

ATex=166-0,038=6,3 °C. “4)

VYTemneHHs CTiHM MiHOIUIEKCOM 5 ¢cM 3MEHIIY€ TOTIK TeIulonepenadi
yaBidui — 4Q=75 BT, mo ananoriudo xae ATcm=2,8 °C.

TemnoBuii expan 3a pagiatopoMm ((porbra+reroi3osiisa) moBepTae 10
KiMHATH He OLTbIIe TPETHHH TEIUIOBOTO BHIIPOMIHIOBAHHS paniaTopa, OCKi-
JIbKHM 3HaYHa YaCTHHA BUIIPOMIHIOBAHHS NOTJIHMHAETHCS CAMHM PaliaTOPOM.
VY upoMy BUINAJKY BUINPOMIHIOBaHHS TEIIOBOTO €KpaHy J0 KIMHATH CTaHO-
BuTh 40 BT, 1110 1a€ miaBuUIIEHHS TeMIiepaTypH y KimHaTi Ha 1,5 °C.

VY pasi yTeruieHHsI BiKHA MHOIUIEKCOM PO3IIISIAI0ThCS Ba BUMAIKY:

1) Hempo3ope 1i0A000Be MiHOIUIEKCOBE YTEIUICHHS BiKHA Y BUIJISII
BIKOHHHUIIb 200 POJIETIB, P SKOMY TEIUIOBHH MOTIK Yepe3 HbOTo CKIIaze:

06=S(1/3)At=54 Bm, (5)

ne 4=0,046 Br/m'K — temmonposinHicts minomiekcy; 0=0,05 M — ToBIIMHA
MiHOIUIEKCY .

Skmo BIKOHHWII HE BIIKpHBAaTH Ha JeHb, TO MaeMo AQs6=307-
54=253 Br, 1110 Aa€ MiIBUIICHHS TEMIEPaTypy y KIMHATI Ha

ATex=253-0,038=9,8 °C. (6)

2) npu 12-TH TONMHHOMY 3aKPHUTTI BIKOHHHUIII CEpeIHBOI000BHI NOTIK 08
cknaze 180 Br, a 4Q6=127 Br, 1110 miIBUIINTE TEMIIEpaTypy y KiIMHATI Ha

ATex=127-0,038=4,8 °C. (7

3) Taky X e(eKTHBHICTh TEIJIOI30JALIi MOXKHA OTPUMATH i MPH 3a-
KPHTTI BIKOHHUIIEIO TI0JIOBUHH BiKHa.

Sxmo 3amicte miHomiekcy mnocraButH mwmTH JCII, sgki MaroTh
0=0,05 M, 1=0,128 Br/m'K, T0o 406=150 BT, TO miIBUIIEHHS TeMIlepaTypu
CTaHOBUTHME

ATex=150-0,038=5,7 °C. ()
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ITmtu JICIT BUKOPHUCTOBYIOTH ISl 3aXUCTY BIKOH BiJl ylapy, a TaKoxX
JUIsL YTETUIEHHS 3a BIACYTHOCTI CKJla. TOMY IUIsl CIIPOILCHHS TYT HE BpPaxoBa-
HO TETUIOBHIl OMip CKJIOMaKeTy, YacTKa sikoro 6mm3pko 40% Bix omopy mim-
™ JCII.

Po3paxyHKOBiI OLIHKH MOKa3ylOTh, IO OKpeMi BapiaHTH HOAATKOBOTO
MiIBUIIECHHS TEIUIOBOTO ONOpY MPU3BOIATH IO MiABHIICHHS TeMIIEpaTypH
KIMHATH Ha BEJIHIHHY:!

Mpo30pa IJIiBKa NPY MPWIATaHHI 32 NEPUMETPOM paMH......2,5 °C;

JIBOOIYHA MPO30pa IUTiBKA 32 IEPUMETPOM PaMH...............3,8 °C;
miBnpo3opa miiBka « Terose A3epkajio» y CKIOMAKeTI. . ....6,3 °C;
YTCIUICHHS CTIHU MIHOTUICKCOM 5 CM....'v'vieireneninnnnnss 2,8 °C;
TEIJIOBUH expaH 3a OaTtapeeto (¢poiapratremnoizomnsinis).....1,5 °C;
MIHOIUICKCOBI IUTHTH, BIKOHHUII (POJIETH) 1110100080 ..... 9,8 °C;
WIATH JCIT ITOT000BO. ...\t eetit e eeieeeeee 5,7 °C;
IMHOIUIEKCOB] BIKOHHHUIN BHOYI HA 12 TOMUH ... 4,8 °C.
BucHoBku.

1. TlokazaHa e(eKTHUBHICTh BHUKOPHCTAHHS HMiHOMJIEKCOBHUX BiKOH-
HUIIb Y HIYHUH 9ac, OCKUTPKM €KOHOMIsI BUTPAT TEIJIOBOTO MTOTOKY i3 KiMHa-
TH CTaHOBUTH Om3bK0 25%, 110 yABiui nepeBHInye e(heKTUBHICTD yTEIUICH-
HSl 30BHIIIHBOT CTIHU MiHOTUIEKCOM.

2. Ilpu 12-TM rOAMHHOMY BHKOPHMCTaHHI BIKOHHHMIb Y HIYHHUI 4ac ce-
penHbpo1000Ba TeMIepaTypa KiMHaTH miiBUILyeThes Ha 4,8 °C.

YK 629.735.33.016
€puoB A.B.
I-p TeXH. HayK, nmpod. HY «3amnopi3pka momitexHika

OINITUMAJIBHA MIBUJAKICTH JO3BYKOBOI'O IIOJIBOTY
HACAXKUPCBKOI'O JIITAKA 3 TPJ

Burparu aBiamiifHOTO manwBa U1 MACAXKUPCHKUX JITAKIB CTAHOBISATH
4...6 T Ha THCAYY KUTOMETPIB MOJBOTY Ta CKIAAal0Th O1m3bko 30% Bix ycix
BHTpAT aBiakommaHili. Ha ekOHOMif0 manvBa 3HAYHO BIUTUBAE BHOIpP OITH-
MaJIbHHUX NapaMeTpiB MOJIbOTY — BUCOTH 1 IIBUAKOCTI. [Hpopmarii B omy0Ouri-
KOBaHMX po0OOTaxX IIe HEJOCTATHHhO JJISl aHAII3y Ta BU3HAYCHHS YMOB €KO-
HOMIi ITayuBa.

Meton ontumizanii mapamerpiB moaboty. BukoHaHO pO3paxyHKH
ONTHMAJIHUX XapaKTePUCTHK KPEeHCEepPChKOro MOJBOTY JliTaka THIY bBoiHr
737. HaiibinpIma gampHICTD MOJBOTY JiTaKa 3aJeKUTh Bl KiTOMETPOBOI
BuTpartu nanusa — Cy, sika BU3Ha4aeThes 3a popMyIoro

CL=C/V=Cyqmg/V, ()
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ne C,ke/200 — TOAMHHA BUTpaTa nanusa Jyitaka; Cu, ke/H-200 — mutoma ro-
IUHHA BUTpara majwBa Ha | HeloTOH TATM ABuWryHa; V' — MIBHAKICTH; g —
TAT0030POEHICTh JIiTAKA, SIKA BU3HAYAETHCS SK BIHOMICHHS TATH JBHUIYHIB
JIO Bard JIiTaka mg.

OntuManbHa TATO030POEHICTh 3aJICKUTH BiJl BACOTHOT XapaKTEPUCTH-
KU JIBUTYHA 1 BU3HAYa€ ONTHMAJIbHY BUCOTY MONBOTY. [[Jis BUpINIEHHS mOC-
TaBJICHOT MPOOJEMH BHUKOPUCTAHO CHUCTEMY DPIBHSHB JJIs CHi omopy Fy Ta
miaiomuoi cuin F),

E\f:C’c'pSVZ/Zs (2)
F,=C,pSV2/2, 3)

ne Cy ta C, — xoe(ilieHTH omopy Ta IMiAKOMHOI CHIM JiTaka; S — IUIomia
KpHJIa; p — TYCTHHA TOBITPSL.

J11st TOPU30HTAIBHOTO MOJIBOTY HA MaKCUMaJIbHIN BUCOTI TAr0030poe-
HicTe nopiBHIOE BigHomeHHIO C,/C, i € 3BOPOTHOIO BiJi MaKCHMalbHOTO
KoedimienTa aepoauHamiuHoi skocTi niTaka. Toxmi ¢opmyna (1) HaOysae
BUTJISALY

Cr=Cuummg Cy/Cyo-M, 4)

JIe 0. — IMBUAKICTB 3BYyKY; M — ancno Maxa.

3MIHHOIO BETMYUHOIO Y (4) € CIiBBITHOIICHHS
C/CyM, (5)

SIKE € 3BOPOTHOIO BEJHYHHOIO BiJl MAKCUMAJIBHOTO KOe]il[ieHTa aepoIuHa-
MIYHOT SIKOCTI JIiTaka Ta yucia Maxa.

Jnst IpoBeJeHHST PO3paxyHKIB BUKOPUCTAHO TOJISIPY JITaKa, KO €
3aJIeXKHICTh aepoJHaMiuHoro Koedinienta miaiomuoi cunu C, Bix koediri-
enrtaonopy C, pu 3afaHuX 4uciaax Maxa, Ky HaBeZIeHO Ha puc.1.

Matoun noJjspy Jitaka Juisi pisHUX uucea Maxa, OyJio BU3HAYEHO 3a-
JEeKHICTP (5) Ta MBHUIKICTH JiTaka Bixg M, mo npuseneHi y tabmmmi 1. Bpa-
XOBaHO, 1110 HIBUAKICTh 3BYKYy Ha BUCOTI 11 kM ckiagae 1040 km/rox.

Ta6mums 1 — 3anexuicts Cy/Cy"M Ta IBUIKICTH JTiTaKa

M 0,55 0,60 0,65 (0,70 (0,75 [0,8 [085 |0,90

¢/CyM | 0,135 | 0,124 | 0,113 | 0,105 | 0,104 | 0,105 | 0,111 | 0,123

V, xm/ron | 570 625 680 730 780 840 890 940
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Puc. 1 —3mina aepoauHaMivHuX KoedimieHTiB onopy Cy Ta migiomHoi cimu Cy 3aIeKHO
BiJT uricra Maxa nitaka tumy boinr 737.

Sk BuaHO 3 Tabnui 1, MiHiManpHa BenuuuHa 3anexHocti C/C,-M, sxa
€ TIPONOPLIHHOI BUTPATi MajuBa, Biamosinae meuakocti 730...840 km/rom.
[pu migBumeHHi MBAAKOCTI A0 890 KM/TOI BUTPATH MaIuBa 301IBITYIOTHCS
BXKe Ha 5% BHACHIZOK 301JbIICHHS XBUIBOBOTO OTIOPY JiTaKa.

BuchHosku.

1. BcTaHOBNIEHO, MO ONTHMATBbHA IIBUAKICTE KPEUCEPCHKOTO MOIBOTY
mitaka tumy boiar 737 cranoButs 730...840 xM/ron Ha MakCHMAaNbHINA BU-
coti nonboty 11 kM. Ilpu momgaybIioMy 30UIBIICHHI IIBHIKOCTI MOMITHO
3pOCTa€ XBUJIBOBHU OIIp JIiTaka, 10 MPUBOJUTH JO IMiJBHIIEHHS BUTPATH
TaMBa.

2. Iloka3zaHo, 1110 ONTUMAIBHHUIA PEXKUM KIJIOMETPOBOi €KOHOMIT ManBa
Ha MaKCUMaJIbHIH BHCOTI MMOJIbOTY BIAINOBIJIA€ YMOBI HOJILOTY 3 MakCUMaJlb-
HOIO aepOJMHAMIYHOO SKICTIO JIiTaKa.
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YK 53.098

Cetinameros C.B.!, [Tapnenko JI.B.2 llerinina M.O.3, Jlockyros C.B.4

! crapur. Buki. HY «3amnopisbka momiTexHikay

2 1-p TexH. Hayk, mpod. HY «3anopisbka HOTiTeXHiKa»

3 3aB. 1a6. HY «3anopizbka nositexHika»

* 1-p ®i3.-maT. Hayk, pod. HY «3amnopizbka HomiTexXHikay»
PEJIAKCALIS 3AJIMITKOBUX HAIIPYKEHD V¥V CIIJIABI EII-

71814 I JIEKO MATHITHOTI'O IIOJISA

3aii30HIKeNneBl CIJIaBU MIMPOKO BHKOPUCTOBYIOThCS B aBialliifHIN ra-
Jy31 3aBASKH BHCOKIH MIITHOCTI, CTIHKOCTI JJO BHCOKHX TEMIIEpPaTyp, OKHC-
JICHHSI Ta KOPO3il, a TaKOXK A00piii 00pOOITIOBAHOCTI. 3aTHUIITKOBI PO3TATYHOUl
HaINpy>keHHS, 10 BUHUKAIOTh y JETAIAX IIiJ 9ac X BUTOTOBJICHHS Ta €KC-
TUTyaTallii, a TAaKOX TEIUIOBOI 1 MeXaHI9HO1 00pOOOK, € BAXKIMBIM (HaKTOPOM,
SKAHA BIUIMBAa€ HAa MIIHICTh Ta TOBTOBIYHICTh KOHCTPYKIIH, OCKUIBKH IX
BHCOKa KOHICHTPAIisI IPU3BOJANTH A0 YTBOPEHHS BTOMHHUX TpPIIIMH. 3 Me-
TOIO IX YCYHCHHS! BUKOPUCTOBYIOTH TEPMIUHHMH, MEXaHIYHHH, yIbTPa3BYKO-
BUIl BIUIMB Ha BHpoOW. HaifmommpeHimmM crmocoOoM 3HSATTS 3alIHIIKOBHX
HarpyxeHb € TepMiuHa 00poOka [1, 2], sika pa3oM 3 HHU3KOIO IepeBar Mae i
CYTT€EBI HEJOJIKUA — BEJIMKI €HEPrOBUTPATH Ha HArpiBaHHS Ta 3MiHA CTPYK-
TYpH, 110 BEZIe A0 BTPAT XapaKTePUCTHK MilHOCTI AeTaii. [lepcnekTuBHUM 3
i€l TOUYKM 30py € BUKOPUCTAHHSI MarHiTHOTO MOJIA.

3pasku 3i crutaBy EIN-7181/1 (XH45SMBTIOBP) npusmarnunoi dopmu
po3mipoM 59x10x1,9 MM Oymu BHpi3aHi 3 JIUCTa, OTPUMAHOTO 32 TPaIUIIii-
Hoto TexHoJoriero (TOCT 19903-74). 3ami3oHikeneBHil )KapOMIITHHNA CILIaB
HaJIe)KUTh 10 ayCTEHITHOTO KJacy, a, OTXKe, NP KIMHATHIN TeMIieparypi €
napaMarHiTHHM.

Po3Taryrodi 3aiMMIIKOBiI HAmNpy»KEHHS Ha MOBEPXHI 3pa3KiB (GopmyBa-
JUCh NIDIIXOM MUTipyBaHHS Ha IDiockonutipyBamsHOMYy Bepcrati 3171, a
BU3HAYAJIKCh METOJIOM IOCJIIOBHOTO 3HSTTSI TOHKUX IIApiB METaly eJleKT-
POJNITHYHHUM TIOJIipyBaHHsIM 3a nonomoroto npuiany [TIOH-2. Enexrposirt
MaB HACTYMHMI CKJIaJ: TUTABHKOBa KUCIOTa — 2%; a30THa kuciotra — 30%;
peuita — Boja. 3amMc MPOTHHY 3paska 3.iicHIOBaBcs camomnucoM. Maca
3pa3ka J0 i McJs eIeKTPOIoIipyBaHHS BU3HAYAIACh 3a JOMOMOTOI0 aHalli-
THaHUX TepesiB Tumy AJIB-200 3 Tounictio 0,001 r.

Jnst OTpUMaHHSI IMITYJIbCHOTO MarHiTHOTO HOJISI BUKOPHCTOBYBAJIM PO-
3psil KOHZEHCATOpHOI OaTapei eNeKTporifpoiMITyJIbCHOTO mpeca Mojemi
T1220 yepe3 MiTHUI CONCHOI.

OOpoOka 3pa3KiB IMITyJIbCHUIM MarHiTHUM II0JeM HpoBojamiacs Oara-
Topa3oBo (10 iMIynbCiB) y peXuMmi 3apsiiku KOHAEHcaTopHoi Oarapei 1o
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U=5 xB. IIpu npomy TemrepaTypa 3pasKiB, 10 BUMipIOBalach 3a JIOMOMO-
TOI0 TEPMOIIApH XPOMEIb-KOIETb, HE 3MIHIOBAIACH.
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Pucynok 1 — Po3noain 3ayMIIKoBUX Halpy)keHb Y TOBEPXHEBOMY IIapi 3pasKiB

Pesyneratu nocnmimkens (puc. 1) po3moaiay 3alHMIIKOBHX HAIPYKEHb
y TIOBEPXHEBOMY IIapi 3pa3KiB MOKa3yOTh, [0 00pOOKa iMITyJILCHAM MarHi-
THUM TOJIEM 3MEHIIYE BEIWYMHY 3aJIHIIKOBHX HAIMpPY)KEHb HA TIHOUHI 10
20 mMxm maitxe Ha 40%.

SHMKCHHS 3aJIMIIKOBUX HAIMPYXEHb y MapaMarHiTHOMY 3alli30HiKele-
BOMY CIUIaBi OB’ s3aHO 3 Mepe0yM0BOIO JUCIOKAIIHHOT CTPYKTYPH i i€
MAarHITHOT'O TIOJIA, T.3. MAarHITOIDTACTUYHUM €(hEKTOM.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. Evolution of microstructure, mechanical properties and residual
stress of a cold rolled invar sheet due to heat treatment / S.J. Park, S.-H. Jo,
J.G. Kim and others // Metals. — 2022. — Ne 12: 110.

2. In situ study of the stress relaxation during aging of nickel-base
superalloy forgings / P.E. Aba-Perea, P.J. Withers, T. Pirling and others //
Metallurgical and materials transactions. — 2019. — Vol. 50A: 3555.
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YK 531.2
Mamnsko B.K.
KaH. ¢i3.-mMat. Hayk, gou. HY «3amopi3bka mosiTexHikay

ABTOMATHUYHE BMUKAHHA NACUBHOI CUCTEMMH IMOJIUBY

lomoBHOIO TPOOIEMOIO NMAYHWKIB € HE TUTPKM HAsSBHICTH IOJHUBHOL
BOJIY, & 1 BUACHUI TONKB pociiH. ONTHMAIBHUM € TOJIUB Y BUXI/IHI 1 OJTUH
pa3 cepej THXHS, HAPUKIAJ, y cepeay. AJjle OCTaHHE € MPOOJIEMaTHYHUM.
Sk mpaBuilo, BOJa cepen THXKHS HE MOJA€ThCs Yy OULIBIIOCTI TOBApPHUCTB.
OKpiM LBOTO, NMPHUiXaTH Ha JTUITHKY IIE 1 cepell THKHSA MaloTh MOXKIIUBICTh
He BCi. BUbIIiCTh JaYHMKIB MPaLOIOTh, IEKOMY Ba)KKO 32 CTAaHOM 3/10POB’S
abo OaHanpHO Jjoporo. ToMy cHcTeMa aBTOMATHYHOTO TIOJIUBY 32
BIACYTHOCTI Trocmojapsi € axkTyalubHOI0. IlpmdoMy 3py4Ho Martu
SHEproHe3aJeKHy CHCTeMy, sika 0 He moTpeOyBasia Oyab-sSKOTO pKepena
JKUBIICHHS — Hi €IeKTpoMepexki (He y BCiX BOHA €, HE 3aBXKIU (PYHKIIIOHYE,
Ta 1 HeOE3IMeYHO 3aNUMIATH 11 YBIMKHEHOIO 0€3 Harjsamy), Hi aKyMyJIsATOpiB,
SKi MOTPIOHO IIe KYMUTH 1 PETYISIPHO 3apsHKaTH, Hi COHTIHUX OaTape, Tak
gk BoHM gHopori. Came Taka cHCTeMa i TIPOMIOHYETHCS B JaHiid poOOTI.
€IMHOI0 BUMOTOIO € HAsSBHICTh JOCTATHBOI EMHOCTI /I BOJH, 5Ka, 10 Peyi,
Mae OyTH Ha KOXXHIHM CaJoBiif IUISHIN 32 BUMOTaMH MOXEXHOI Oe3NeKH.
Taxka cucreMa mokasaHa Ha PUCYHKY 1.

Jo ii ckiaaxy BXoasite: 0ak | 3 BOJOKO, MIAHATHI HaJ MOBEPXHEIO 3¢-
MUJIi; KpaH 2; MOJMBHHUN 1UTAHT 3; KpameibHa cuctema 4 (MOXKHA KYIHUTH B
amTeli); BIAKpUTa mocyAnHa 5 Ha 2, 3 4u 5 miTpiB, migBilIeHa Ha MOTY3IIi 10
MydTH 6, IKy MOKHA TIEPEMIII[yBaTH N0 HATIPABJIAIOUi 7 1 (piKCyBaTH TBHH-
ToM 8; mnactuHa 10, sika MOKe MOBEPTAaTHUCHh BITHOCHO TOPU30HTAIBHOI OCi
9. TloBopotr miactuHE oOMexeHH ymopoM 11. Ha mmactuni po3mimeHa
rups 12, 3'emHana MOTY3KOrO 13 3 rOpH30HTaNBHHM IuledeM [ -momiGHOTO
Baxkels 15, skumit uepe3 mapHip 16 3akpiruieHuii Ha Oaky. Uepes kpail ropu-
30HTAJIBHOI CTIHKK 14 mepexknHyTHil r'yMoBHi mIaHr 3, KU 3'€AHYy€E Oak 3
MOJIMBHOIO CHCTEMOIO (Hai3pyyHille KpaneabHOK CUCTEMOI0). BepTukanbHe
wiede ['-rmogiOHOro BaXesst TOTUKAETHCS 0 HAWBUIIOT TOUYKH 17 ILIaHTYy.
W, nII_-ELH LR

b= e e

Pucynok 1 — Cuctema aBTOMATHIHOTO TIOJIMBY
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HanamryBanns cucremu. [lepekunyt nutanr 3 yepes Kpai CTIHKH
14. IIpu upoMy piBeHb BOAM B 0aKy IMOBHHEH OyTH HE BHINE HANBHIIOI TOUY-
ku 17 mmanry. B mportunexxHoMy BHIanky uepe3 cupoHHHUI edekt Boma
BiJpa3y Iicisl BiIKPHUTTS KPaHIB NOYHE MOCTYIIATH B MOJIHBAIBHY CHCTEMY.
Bumpo6oByemo, mo6 rups 12 npu nagiaHi 3 mwiomagku 10 HamiiftHO 31imToB-
XyBaJya BakexeM 15 muaHr 3i cTiliky, 1 BiH majaB Ha 3eMIIIO, HE TepeIaMy-
I0YNCh. BigkpmBaeMo KpaHH MOJHMBHOI CHCTEMH Ta Ha 0aky. 3alOBHIOEMO
BOJIOIO TIOCYAAMHY 5 mpuOIM3HO Ha 5% i BCTaHOBMOEMO My(dTy 6 Tak, 100
TUpsI IOYHMHAJIA OIyCKATUCh. 3ATMIIOK BOJIM HEOOXiHHUH, 00 IPpU TIOBHOMY
3BUIbHEHHI [TOCYJMHU 5 TMps HaAIHO NepeBaxcyBasia 1 magaia BHu3. Dikcy-
€MO TIOJIOXKEHHS! My(TH rBUHTOM 8. 3anuBaeMo B MOCYAMHY CTLIBKH BOJIH,
o0 BOHa BHKalyBajia 3a 4ac 3aTPUMKH NOJMBY (mpubiau3Ho 70 rojus).
[onepenHb0 HEOOXITHO BIAPETYIIIOBATH IIBHIKICTH BUTOKY BOIM 3 OaKiax-
K1 depe3 kamisip 4. byna BUsIBICHA HEOCKOHAICTD INTATHOI KPamelbHOI
cucremu. [Ipu BenmkoMy mepiofi (IeKiTbKa CEKyHZ) CIiTyBaHHS Kpamelib
BHYTPIIIHI CTIHKA CTUCKYBaHOI MOJIypPeTaHOBOI TPYOKH HEKOHTPOJIEOBAHO
3IUIAICh, 1 BUTIK PIOUHA TPUMUHABCA. TOMy BcepenuHy IIi€i TpyOKH mmif
3aTUcKad Oyia BcTaBieHa pubOambka BosociHb miamerpoMm 0,1...0,2 M.
TakuMm 4MHOM, BIAJIOCS BIAPETYINIOBATH KpameNbHHUIIO Tak, mo 0,5 1 Boan
BUKamyBajgu npuOmu3Ho 3a 10 roguH. Bumipioloun 4yac BUTOKY BiJOMOTO
00’eMy BOJH, JICTKO PO3paxyBaTh HEOOXIAHUIN MOYATKOBHI 00’€M BOAM B
MOCYJMHI 5 U1 BUOPAaHOTO Yacy 3aTPUMKH.

Sk nmpamioe cucrema? Y BUXiHOMY CTaHi piBeHb BOJU B 0aKy 1 1uia-
HTY 3a 3aKOHOM CIIOJIyYEHHX MOCYJMH OJHAKOBHH. A OCKIJIbKHM HalBHILA
TouKa 17 IITaHTy 3HAXOJIUTHCS BHILE PiBHSA BOAW B 0aKky, BOHAa 3 HBOTO HE
Butikae. [Tonue He BimOyBaeThes. 1o Mipi BUTOKY BOAW 3 TOCYIMHU IPH
JOCSITHEHHI KPUTHYHOTO CTaHy DPIBHOBAarW IOXWJIOI IUIONIMHHU-TIIOMAAKA
BOHA TIOBEPTAETHCS 1 MPU IMEBHOMY KyTi THps 12 3iCKOB3y€e 3 Hel i CBOEIO
IHepLi€Io Ta Baror BaxkeneM 15 3imToBXye nuianr Ha 3emutio. Bona mocty-
IIa€ B MOJIMBHY CHUCTEMY 0 MOBHOTO 3BUIBHEHHS 0aka. BimkpwuricTs mocy-
JUHA 5 HaJa€ CUCTEMI MEBHOI «IHTEJICKTYaJIbHOCTI». YSABUMO €00, 110 mi-
OB JIOM, 1 MOJMB MOTPIOHO BigMiHWTH, a00 MpuHaiMHI BixcTpouuTh. lle
BiZIOYBa€ETHCSl ABTOMATHYHO 33 PaXyHOK ITOTIOBHEHHS MOCYIMHU S5 BOJIOIO BiJ
omasis.
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CHIBBIJIHOIIEHHS HEBU3HAUYEHOCTEM B JUCKYCIi
BOPA 3 EMHIITEMHOM

Huckycii H. Bopa 3 A. EffHIITeiiHOM 3 OCHOB KBAaHTOBOi MEXaHIKH, SKi
BiZI0yBauCh Ha MPOTsI3i OaraTboX pokiB, 3a ciioBamu bopa «Oynu 1 HBOTO
HaJ3BUYAHO LIHHMMU i cTUMyJrorounMu» [1]. Bonu 1 3apa3 30epiraioth
BEJINKE HAyKOBE | METOANYHE 3HAYCHHS.

Li muckycii 6e3mocepesHbO CTOCYIOTHCS CIIBBIJIHOIICHh HEBH3HAUE-
HOCTEH, TOMy c(OPMYIFOEMO X Y BIATIOBIIHIHN iHTEpIIpeTaItii.

TouHICTB, 3 SIKOIO MOXYTh OyTH 3adiKcoBaHI KOOpAMHATa q 1 BiAIoO-
BiTHHUI IMITyJIbC p KBaHTOBO-MEXaHIYHOTO 00’€KTa, 0OMEKeHa CITiBBiTHO-
MICHHAM

AqAp~h, (1)

ne Ag 1 Ap — HeBH3HAYCHOCTI Y BUMIPIOBAHUX 3HAUCHHAX IIUX BENUYHH; A —
crana Ilnanka.

CXO0XUM CHIBBIIHOLIICHHSIM IIOB’s13aHI MK CO0OI0 HEBH3HAYEHOCTI
BUMIPIOBaHUX 3HAYCHb CHEPTIi 1 9acy:

AEAt~Hh. )

OckinbKM MOBa W€ TPO MpOIEeC BUMIPIOBaHHS, BaXKJIMBO BiI3HAYMTH,
IO TiJ BUMIPIOBAIEHUM TPWIIAZIOM PO3YMIEThCS (i3MIHUN 00’€KT, SIKHU 3
JIOCTAaTHBOIO TOYHICTIO MITKOPSAETHCS KIACHYHIA MeXaHimi. SIKIo KBaHTOBO-
MeXaHI9HUI 00’ €KT IPUXOAUTH Y B3aEMOJIIO 3 KJIACUYHUM 00’€KTOM, CTaH
OCTaHHBOT0, B3araji KaXy4H, 3MIiHIOETbCS. XapakTep 1 BeJIMYHHA 1€l 3MiHU
3aJIeXarh BiJl CTAaHYy KBAHTOBO-MEXaHIYHOTO 00’€KTa 1 TOMY MOXYTh CITYXKH-
TH HOTO KUJIbKICHOIO XapaKTePUCTHKOKO [2].

3 TOYKH 30py 3aKOHIB 30epeXeHHsI MOXOKEHHS HEBH3HAYCHOCTEH B
(1) 1 (2) moxHa BiTHECTH HA PAaXyHOK MOXKIIHBOCTI OOMiHY iMIyJIbCOM i
€HEepriero Mixk 00’ €KTOM 1 BUMipIOBAILHUM HPHIIA/IOM.

B nuckycisix Ha ConbBeiicbkkomy KoHrpeci 1928 poky BaskJIMBICTB Ta-
KOT'0 poJly MipKyBaHb NPOSBMIIACH Ha NMPUKIAl YCTAHOBKH, 300pakeHOI Ha
puc.l. SIkmio mapanenbHUM My4OK €JIeKTPOHIB Iajae 3J1iBa Ha repury iad-
parmy, TO NpH 3BHYaifHMX YMOBax JOCIigy MH OyAeMO CrocTepiraTd Ha
¢orormacTuHLi iHTEpQEpeHLiiiHy KapTHHY, 300pakeHy Ha IpaBoMy Oori
pucyHky. IIpu iHTEHCUBHOMY ONPOMIHEHHI ISl KapTUHA CKIAMA€THCS IIJIs-
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XOM HaKOIUICHHSI YUCIICHHUX OJMHMYHUX MPOLECIB, KOXKHUH 3 SIKUX Ja€ I10
OJHIN MaJeHbKiH TIMi Ha dotorpadiuiil mractiami. Takuil sxe po3momia
MTOBHHEH OTPUMYBATHUCH 13 CTATUCTHUKH 33 BEJIMKHM YHCIIOM JOCIHIMIB, IIPO-
BEJICHUX 3 ONPOMIHIOBAaHHAM HACTUIBKH CIAOKUM, IO TPH KOXKHIHM OoKpemiit
€KCIO3HUIIi1 0 TUTACTHHKY JIifiie TITBKHU OIWH eIeKTPOH, SIKUH 1 BUSBUTHCS B
OJHIN-€AMHIN TOYII, SIK IIe TTOKa3aHO 3ipOYKOI0 Ha PUCYHKY. B mipoMy BHma-
JKy CJiJ 9eKaTH, IO iIMIyJbe, HalaHui aiadparmi, Oyne pisHAM B 3aJI€KHO-
CTI BiJl TOTO, IPOUILIOB ENEKTPOH Yepe3 BEpXHIO0 abo uepe3 HWKHIO MIUTHHY
apyroi piadgparmu.

Pucynok 1 — ocniz 3 iHTepdepeHii eneKTpOHHUX My YKiB

Cnuparounch Ha 1e, EfHIITENH yKa3aB, 0 KOHTPOJIb HaJl NEpeIaHuM
IMIyJIbCOM JO3BOJIMB OW TPOBECTH OUIBIN NETANBHUHA aHAi3 MHpOILeCy i,
30KpeMa, HaJaB O MOXKJIMBICTH BHUPIIIUTH, Yepe3 Ky 3 JABOX IIUINH MpPOW-
LIOB €JICKTPOH Iepej THM, SIK MOTpanuTH Ha miacTuHKy [3]. Ilpore Guibin
peTeNbHUN PO3IIIsi/L MOKa3aB, L0 3alPONOHOBAHUI KOHTPOJIb HAJ Mepeaa-
Yel0 IMITyJIbCy HEMOJXIIMBHH 0€3 HETOUHOCTI BU3HAYEHHsI MOJIOKEeHHs Jiad-
parmMu, HETOHYHOCTI, sIKa BUKJIIOYa€ BAHUKHEHHS! IHTEpQEPEHIIITHUX SBHILL.

CrpaBpi, SIKIIO ¢ O3HAYa€ Maluil KYT MK HNPUIIYCTUMHMH IUIIXaMHU
€JIEKTPOHA Yepe3 BEPXHIO 1 HIDKHIO IMIJIHHHU, TO PI3HICTh MK HepeTaHUMH
iMITyJIbcaMi B 000X BUIaJKax Oyne AopiBHIOBaTH hk¢@ 1 Oynb-sikuii KOHT-
OB HAZ IMIYJIBCOM TiaparMu 3 TOYHICTIO, JOCTATHBOIO IJISI BUMipIOBaH-
HS 1€l pi3HOCTI, MPU3BEAE IO HETOYHOCTI Y BU3HAYCHHI MOJOXCHHS Aiad-
parMu mpuHaMHI TopsAAKy 1/k¢@ 3rigHO CHIBBIIHOIICHHIO HEBHU3HAYCHOC-
teit (1). Yucmo cMmyr Ha (POTOIUIACTHHINI HA ONWHHIIO JOBXHHH ~K@, a
OCKLITbKH HEeBH3HAYCHICTh 1/k¢@ B MONOXKEHHI mepioi AiadyparMu BUKIHKAE
TaKky K caMy HEBU3HAUEHICTH B ITOJIOKEHHI CMYT, TO Hisikoi iHTepdepeHtii
BiIOyBaTHCS HE MOXKE.

TakuM 4nHOM, SKIIO PU3HAYEHHS BUMIPIOBAILHUX NPHUIIA/iB IIOJISTAE
B TOMY, 1100 BH3HAa4yaTH MPOCTOPOBO-YACOBI paMKH KBaHTOBO-MEXaHIYHHX
SIBUILI, TO KOHTPOJIb Ha/l OOMIHOM IMITyJIbCOM 1 €HEpri€l0 BHKIIIOYAETHCS. B
SIKOCTI 3arepedyeHHs NpoTH i€l Toukn 30py EiHIITElH BUCYHYB apryMeHT,
10 TAaKUH KOHTPOJIb HIONTO MOXKJIMBHH, SIKIIO NPUHHATH 10 yBark BUMOTH
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Teopil BiTHOCHOCTI. 30KpeMa, 3aJIe)KHICTh MK €HEpTi€l0 i Macol0, BUPaKeHa
(hopmyoro

E = mc?, 3)

HIOUTO O3BOJISIE BUMIPSITH MOBHY CHEPTIiI0 CHCTEMH 3a JOIIOMOTOIO IPOCTO-
TO 3Ba)KYBaHHS 1 TAKAUM YHUHOM B MPHUHIIUII KOHTPOJIIOBATH CHEPTIIO, Mepe-
HECCHY Ha CHCTEMY 3a 4ac il B3aeMO/Iii 3 aTOMHHUM 00’ €KTOM.

B stkocTi MiAXOMAIIOT AJIs IHOTO YCTAHOBKU EWHINTEHH 3ampOnoHyBaB
NpUIaJl, CXeMaTUYHO 300paxkeHuil Ha puc.2. BiH CKIamaeThes 3 sAUIMKa 3
OTBOPOM B OJIHI{ 13 CTIHOK, MIPUYOMY OTBIp MOXKHA BIJIKpHUBATU a00 3aKpH-
BaTH 3aTBOPOM, SIKHH MPUBOAUTHCS B PyX 3@ JIOMIOMOT'OI0 YaCOBOTO MeXaHi-
3MY, IIOMIIIEHOTO BCEPEANHI AIIHIKA.

|

Pucynok 2 — Slumik 3 poToHHNM razom

Hexaii cioyarky SIIUMK MICTUTh BUIIPOMIHIOBAaHHS, a TOAMHHUK Bixpe-
I'yJIbOBaHHH TaK, 1[0 B IIEBHUH MOMEHT HOT0 MEXaHi3M BiJIKpHBA€E 3aTBOP Ha
JIy’Ke KOPOTKHii 4ac. TakuM BIalITyBaHHSIM MOXHa OyJI0 O TOCATHYTH TOTO,
10 B MOMEHT 4Yacy, KUl Oyje BIIOMHIA 3 OY/b-SIKO 0aKaHOK TOYHICTIO,
4yepe3 OTBIp Mpoie ONuH-eIuHUIl (POTOH. AJe, OKpiM TOro, 3Ba)yHOuu
SIIKK JI0 1 TiCHs i€l mofil, 37aBanocs 01, MOXKHA BUMIPSTH SHEPTit0 POTO-
Ha 3 OyIb-IKOI 0akaHOK TOYHICTIO — B MPSMIiil CyNepedHOCTI i3 CIiBBiJI-
HOIIICHHSM HEBH3HAYCHOCTEH ISt eHeprii i gacy (2).

Bynemo BBakaTH, 10 SIIMK IMiJBIMICHUH HA NMpYXWHHKX Barax. [loso-
JKEHHSI SIIMKa MOKHA BITIYYBaTH 3a IIKaJIOK0. 3Ba)KyBaHHS SIIMKA MOXKHA
NPOBECTH 3 Oyb-SIKOI0 TOYHICTIO Am, alie crpaBa B TOMY, 10 BU3HAYECHHS
TIOJIO’KEHHS SAIIMKA 32 IIKAJIOIO i3 33JaHOI0 TOYHICTIO Ag TATHE 3a 00010
HEBHM3HAUCHICTh Ap B 3Ha4YCHHI IMIYJIbCY SIIMKa, MpUYOMy Ap 1oB’si3aHe 3
Aq cniBBimHOomenHsM (1). Ls HeBU3HAYEHICTh, OYEBUAHO, IMOBHHHA OYTH
MEHIIOIO 32 TIOBHUH IMITYJIbC, SIKHM MOKe OyTH NepellaHni MoJIeM TSDKIHHS
Tiy 3 Macoro Am Ha npoTs3i yacy 7 mporecy 3BayKyBaHHS; 3BiJICH BUILUINBAE

Ap ~ & < TgAm. 4)
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3 iHImoro OOKy, 3a 3araJIbHOIO TEOPI€I0 BiJIHOCHOCTI TOJIMHHUK, Iepe-
CYHYTHI B HaIllpsMKy CHJIM TSDKIHHS Ha BiACTaHb Ag, 3MIHHMTH CBill Xim Ta-
KUM YMHOM, II0 HOTO MOKa3HW Ha MPOTA3i MPOMDKKY 4acy 7 BiIXWIATHCS Ha
BennunHy AT, BU3HAUEHY PiBHSIHHAM

AT _ gAq

2 . )

T c?

IopiBHaiotoun (4) i (5), 6aunmo, 110 micis 3BaXKyBaHHS TOKA3H T'OIUH-
HUKA MICTATh HEBU3HAYCHICTh

h

AT > ey (6)
Pazom 3 (3) 11 popmyIia IPUBOIHUTE IO CITiBBiTHOMICHHS
AEAT > h (7

y 3roji 3 IPHHIMIIOM HEBHU3HAYeHOCTeH. BHACHiIOK 1bOTO BHKOPHCTaHHS
npwiagy SK 3aco0y [UId TOYHOTO BHMIpIOBaHHS eHeprii (oToHa 3aBaguTh
HaM BCTAaHOBUTH TOYHHH MOMEHT HOTO BHIIBOTY.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Bohr, N. Discussion with Einstein on Epistemological Problems in
Atomic Physics / N. Bohr. — Evanston, 1949. — 267 p.

2. Jlanpay, JI.JI. KBanroBast mexanuka / JI.J|. Jlannay, E.M. JIndmmumn,
— M: Hayxka, 1974. — 752 c.

3. bop, H. Juckyccun ¢ DiHImTEHHOM 10 TIpo0IeMaM TEOpUH MO3HA-
Hus B atroMHOM ¢usuke / H. bop. — M: Hayka, 1971. — 675 c.
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YAOCKOHAJIEHHS JIABOPATOPHOI'O TIPAKTUKYMY 3
®I3UKHU B PO3ALJII «kEJIEKTPUKA TA MATHETU3M»

Pozgin «ExexTpuka Ta MarHeTH3M» JUIS CTYACHTIB €IeKTPOTEXHITHOTO
(bakympTeTy € HaHBaKIMBIIINM i3 YCiX PO3IiNiB Kypcy (i3MKH, TOMY IO
came I YaCTHHA Kypcy (i3UKH € TEOPETHYHOIO Ta MPAKTHYHOIO OCHOBOIO
OCBITH iHXKeHepa-eneKkTpuka. JlabopaTtopHuid (i3sMUHUA NPaKTUKYM Mae
OesrepedyHe  3Ha4yeHHs sl (OPMYBaHHS  HAyKOBOTO  CBITOIIISAY
MaiOyTHBOrO iH)KEHepa, TOMY IO BJIACHOPYY BHKOHYIOUYI J1abOpaTOpHi
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poOOTH, CTYICHT Ha BIACHOMY JIOCBiNli BICBHIOIOETHCS Y CIIPAaBEINTUBOCTI
(hi3MIHMX 3aKOHIB 1 30KpeMa 3aKOHIB €JIEKTPOMAarHeTH3MY .

Ha pucynky la mnpexacrtaBieHa eNneKTpUYHA CXEMa YCTaHOBKU 10
naboparopraoi podotu Ne 46 «3aryxaroyi eJeKTPOMAarHiTHI KOJMBAHHS Y
KOJIMBAaJBHOMY KOHTYpI», sIKa 3apa3 BUKOPHCTOBYETHCS B J1aOOpPaTOPHOMY
npakTukyMmi Kadenpu ¢izuku HY «3amopisbka nomitexHika»[1].

Jlxepeno >kuBieHHS | TeHepye CiHycoinaqbHHMH cUrHad (iKCOBaHOI
Harpyru 6,3 B, Ta micns npoxo uKeHHs uepe3 1ioJ] 3, TOCHIIAE i3 4aCTOTO0
50T iMITyTBCH HAmpYTH Ha KOJNWBAIBHUH KOHTYD, IO CKIATAETHCS i3
€MHOCTI 2 Ta IHAYKTUBHOCTI 4.

I 2 3 4 5 6 7
S L
INJ | I
. = L = X
a.sE| c L& 3r &
560y &=
1 1
-
a b

a— j10 Mmoauikariii; 6 — micist Moaudikanii

Pucynok 1 — Cxema ycraHoBkH s1aGopatopHoi podoTn Ne 46 «3atyxaroui
€JIeKTPOMArHITHI KOJIMBaHHS Y KOJIMBAJILHOMY KOHTYPD»

TakuM 4MHOM, KOHJICHCATOp KOJHMBAJIHHOTO KOHTYPY HEPiOAWYHO i3
yactototo 50 'l oTpumye neBHWil 3apsii. €MHICTH Ta IHIYKTUBHICTh
KOJIMBAJILHOTO KOHTYpPY MOAIOpaHu Tak, 100 YacToTa WOro BJIACHHX
KOJIMBaHb Oyia 3Ha4HO Oinbmoro 3a 50 'y 1 ToMy meBHHMI 4Yac y KOHTYpi
BiZIOYBAIOThCSl 3aTyXaroui KOJMBaHHS, sIKi MOYKHa CIIOCTEpiraTH Ha eKpaHi
ocumiorpada 5.

VY naniii poOoTi MpOMOHYEThC MoAM(IKOBaHA cxeMma JadopaTopHOL
YCTAaHOBKH, TNpeJICTaBlIeHa Ha pucyHKYy 1b. Jxepeno >xuBneHHs 1
3aMIHIOETBCS 3BYKOBUM T€HEpPAaTOpoM 6, a TakoX B CXEMY BBOJUTHCS
JIOJaTKOBUH MepeMukad 7.

Skmo nepemMukad 7 pO3IMKHEHO, TO KOJIMBaHHS B KOHTYpi He
BiZIOyBalOThCs 1 HA eKkpaHi ociuiorpada MoxHa criocrepiratd abo mpocro
ciHycoiny, abo iIMITyTbCH HAIIPyTH MICHA i TPOXOHKEHHS yepe3 miof. SAxmo
BCTaHOBUTH 4YacTOTy TeHeparopa OUIbLIOK 3a YacTOTY BJIACHUX KOJHMBaHb
KOHTYpY, TO 3aTyXarodi KOJMBAaHHS y KOHTYpl HE BCTHTAlOTh BiOyBaTHCH i
Ha ekpaHi ocmuiorpada CIOCTEepiraeThCs «IpocTay ciHycoima (puc. 2a).
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3MEHILIEHHS YaCTOTH NPU3BOJUTH 10 IOSBH NEBHUX BHKPHUBICHb «YHUCTOI»
cinycoinu (puc.2b), 0OyMOBIEHHX TPOLECAMH Yy KOJIHMBAJIHLHOMY KOHTYDI;
NojaJbllle  3MEHIICHHS YacTOTH BHUSABIE MpOLEC 3aTyXaHHI Y
KOJNIMBAJIBPHOMY KOHTYpPi (pHC. 2C) 1 B pemTi pemT Aae OCHUIOTpaMy
3aTyxal4nx KoimBiaHb (puc. 2d).

[+ '

PucyHok 2 — 3MiHa ocuIIOrpaM Ipy 3MEHIIEHH] YaCTOTH 3BYKOBOTO TeHeparopa

TakuM YHMHOM, 3aMPOIIOHOBaHA MOIU(IKAIlS JaHOI J1abopaTopHOi yC-
TAHOBKH JI03BOJIsIE Oe3M0CepeIHbO CIIOCTEPIraTh Ta Kpauie 3po3yMiTH Mepi-
OJIMYHI MPOLIECH, 110 BiAOYBAIOTHCS Y KOJIMBAILHOMY KOHTYPI.

3anpornoHoBaHa cXeMa TaKoX MOKe OyTH KOPHUCHOIO JJIsl OIbLI IPYH-
TOBHOI TIOCTAaHOBKHM 3aBIaHHs B poOoTi Ne24 «JlociikeHHs] nepiogudHnX
MIPOIIECiB 32 JOIOMOTOF0 ocmiorpaday [2].

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. KonmBaHHS Ta XBWIIi: METOMYHI BKa3iBKH /10 1aOOPaTOPHOTO Mpak-
TUKYMY 3 (I3UKH JUI CTYJIEHTIB iH)KEHEPHO-TEXHIYHHX CHelialbHOCTel /
VYxiagaui: B.K. Mansko, M.I. TlpaBma, C.B. CeiinameTroB. — 3amopizoKs:
3HTY, 2009. - 16 c.

2. EnekTpuka Ta MarHeTH3M: METOAWYHI BKa3iBKU 10 J1aO0OPaTOPHOrO
NPaKTUKyMy 3 (I3UKH IS CTYJCHTIB 1HXKEHEPHO-TEXHIYHHMX CIIeI[iajbHO-
creii nennoi ¢popmu HaBuanus / Yknanaui: C.B. Jlockyros, B.I1. Kyp6arib-
kuii, C.I1. JIymwin, B.K. Manbko, B.I'. Kopuiu, M.I. TIpasna, O.1. [lenucosa.
— 3anopixokst: SHTY, 2011. — 78 ¢.
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PO3PAXYHOK I30JIALIi TPAHC®OPMATOPA T®3M — 132

OnuH 13 OCHOBHMX IapaMeTpiB TpaHcopmaropa CTpyMy, KU BIUIU-
Ba€ Ha MOro MPUAATHICTH O PoOOTI — €IEeKTpUYHA MIIHICTh, BOHA B CBOIO
4epry, 3aJISKUTh Bifl 130111 Mk 0OMOTKamu TpaHcdopmaropa, ToMy AyKe
Ba)XJIMBO NMPAaBWJILHO MiNiOpaTy i30JsLiiiHI MaTepiainu Ta ix po3mipu. Po3mi-
pH 130iALil CYTTEBO BIUIMBAIOTh Ha Macy Ta rabaputu TpaHcdopmaropa,
TOMY B)XJIMBO IIPaBUJIBHO X pO3paxyBaT.

Po3paxyemMo elIeKTpHYHy MILHICTh IarepoBO-MAaCITHOL 130JAII Mk
obmMotkamu TpaHchopmaropa TO3M-132. 3a BeTHUYMHO HOMIHAIHHOI
HanpyTH TpanchopMaTopa 3HAXOAUTHCS HAUOLIbIIa poO0Ya HapyTa, 3TiTHO
I'OCT 1516.3-76 Bona cranoButs U,=151,3 kB.

Jnsa tpanchopmaropa cTpymy Hampyroro mo 220 kB BKIIOYHO YMCIIO
CTYIICHIB 130JAMi1 AK MPaBUIO JOPiBHIOE ABOM. Hampyra, Ha sKy NMOBHHHA
OyTH po3paxoBaHa OJ{HA CTYIIIHb 130JI1Ii1, 3HAX0AUThCS 3a hopmyomo [1, 2]:

U U, «x

T (M)

ne Uen — HampyTa, Ha sIKy po3paxoBaHa CTYMiHb i305suii, kKB; U, — HalO1b-
mra poboya Harpyra, kB; k — koedimieHT 3amacy, KUl BpaxoBy€e BHPOOHHU1
BIIXWJICHHS B sKOCTI i3omsmii (k=1,05...1,15), mpuitmaetscs 1,15; n — kinb-
KIiCTh CTYIICHIB 130JIA1Ii1, Y JaHOMY BHIAAKY n=2. Po3paxyHOK Ja€ 3HaYEeHHS
Uen=50,23 xB.

Ipu po3paxyHKy HanepoBO-MaCISTHOL 130JIs11i1 POOUTHCS MPHUITYIICHHS,
IO €JEKTPOJIM MaroTh LWIHAPHYHY (opmy. BuyTpimmiii enekrpon (rmep-
BUHHA OOMOTKA) 3HAXOIMTHCS i MOTEHIIAJIOM MEPEKi, a 30BHIIIHIHA (I10-
BEPXHS 130J111i1) Mae moTeHmian 3emii. KoprucTyrounch BUPA3oOM st 3HAXO-
JOKCHHST HAIPY)KEHOCTI EJCKTPUYHOTO TOJS MK JBOMa KOAaKCiaJbHHUMHU
T HAPAMH, 3HAXOIUTHCS TOBIIMHA 130111 MiXK HUMU [2, 3]:

Uem
Ewak'r
R=r-e™", @)

e R — paniyc 30BHINIHBOTO IHIIIHIPY, MM; E\u — YMOBHHHA pOOOYHI MaK-
CUMaJIHUH TpajieHT Hanpyru, KB/MM; Uil manepoBo-MacisHOl i30rswil
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E,a=(2...4) xB/MM, npuiimaetsest 2 kB/MM; r — pajiiyc BHYTPILIHBOTO I[HITi-
HJIPY, MM.

3a maHUMH TeoMeTpil MIMH 0OMOTOK 3HA4YEeHHS pajiyca BHYTPIIIHBOTO
mumieApy =21 MM. Bu3Hawaemo 3a BHIE HaBeIeHOIO (OPMYJIOI0 30BHIII-
Hill pajiyc micias HaMOTYBaHHSA 130I11i1, oro 3HaueHHs R=47 mM. ToBuiiHa
i30JA11i1 IEpBUHHOT OOMOTKH JJIsl OAHI€T CTYNECHI BU3HAYAETHCS K Pi3HUIIL
MDK 30BHIIIHIM 1 BHYTpIIIHIM pagiycom: A=R—r=26 MM. [3oms1ist piBHOMIp-
HO PO3MOJAUISETHECS MK NEPBHHHOIO T2 BTOPHMHHOIO OOMOTKaMH, TOMY Ha
BTOPHHHIH 00MOTILI Oy/ie 130JIs111is1 TaKOT K TOBLIMHHU.

HaBenenuii po3paxyHok i3oisuii TpaHcdopmaropa TO3M-132 no3Bo-
JIsi€ BU3HAYUTH 11 po3MipH 1u1sl 3a0e3eueHHs] HeoO0X1IHOT eNeKTpUYHOT Mill-
HOCTI TpaHchopmaTopa.
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USAGE OF IGBT-TRANSISTORS IN POWER ELECTRONICS

In modern engineering different types of switching devices are used:
electromagnetic and electronic. The electromagnetic contactor has positive
aspects: low price, ease of installation and repair. But it has a number of
problems: burning of contacts, electric arc, weakening of the return spring,
due to which the power contacts are de-energized with a delay or remain
under high current at all, large weight and dimensions of the contactor, the
inability to work at high switching frequencies.

Modern electronic switches based on IGBT- transistors do not have
these problems. The IGBT-transistor is a three-electrode power semiconduc-
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tor device that combines two transistors in one semiconductor structure:
bipolar (forms a power channel) and field (forms a control channel). This
device has absorbed the positive properties of a bipolar transistor (high volt-
age between the collector and the emitter) and a field-effect transistor (con-
trol occurs with the help of an electric field, and not with a current, as in a
bipolar transistor).

The IGBT- transistor has a number of positive properties: light weight,
not large size, power, high switching frequency, absence of physical wear,
longer storage life. Disadvantages include: price, a more complicated instal-
lation and setup process, passive cooling is required for heat removal, power
is lost at high switching frequencies (approximately 20...50 kHz).

On the basis of IGBT-transistors, frequency converters for electric
drives, transformer less converters and inverters, welding equipment, and
current regulators of powerful drives are produced. In the frequency range of
10...20 kHz switches on IGBT- transistors significantly outperform semi-
conductor devices of other types. IGBT- transistors are used in networks
with a voltage rating from 1 kW to 10 kW, while ensuring safe and reliable
operation of electrical equipment. They are used in powerful control drives
of trolleybuses, electric locomotives, and modern electric cars. Their use
allows increasing the efficiency, ensuring the maximum possible smoothness
of the technique.

Scientists from CREE have invented Cree Mosfet-Transtor, which is
analogous to the IGBT mentioned above, works with voltages above
1700 V, calmly switch with frequency over 100 kHz, and lower switching
losses, therefore more efficiency.

VK 631.371
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HIGH EFFICIENCY PHOTOCELLS FOR SOLAR BATTERIES

The operation of a solar photovoltaic cell is based on the photovoltaic
effect, which consists in the emergence of an electromotive force at the
boundary of the p-n junction under the influence of solar radiation.The main
part of a classic panel consists of an interconnected closely spaced photovol-
taic cells, usually made of silicon.The use of silicon is dominant in the solar
energy market, with an estimated 80% share. Monocrystalline and polycrys-
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talline silicon are used in the manufacturing technology of photocells. In
such panels, the efficiency ratio is 15...22%.

In 2022, the Fraunhofer Institute for Solar Energy Systems developed a
panel with a record 47,6% efficiency as one of the steps of its “50 percent”
project. The upper tandem solar cell is made of gallium - indium phosphide
(GalnP) and aluminum - gallium arsenide (AlGaAs), which were connected
by company «Soitec» to the lower tandem solar cellmade of arsenide - galli-
um - indium phosphide (GalnAsP) and gallium - indium arsenide (GalnAs).
With such combination of substances, the solar panel cells are able to absorb
light in a wide range from 300 to 1780 nm. This range includes both visible
and infrared light.Conventional solar cells made of silicon absorb sunlight
with wavelengths up to 1200 nm [1].

Using four different layers of I11I-V complex semiconductors deposited
on a silicon panel, improving the contact of the layers and applying a 4-layer
anti-reflective coating, which reduced resistance losses and reflections on the
front side of the device, made it possible to obtain 47,6% efficiency. Exper-
imentally this percentage is achieved when concentrated sunlight of 665
solar powers is directed on miniature solar batteries with an area of only a
few square millimeters [1].

Thus, the development of the technology for the production of multi-
layer photovoltaic cells can be considered the most promising for the devel-
opment of solar batteries.

REFERENCES
1. Panel with a record efficiency of 47,6% Fraunhofer ISE article
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releases/2022/fraunhofer-ise-develops-the-worlds-most-efficient-solar-cell-
with-47-comma-6-percent-efficiency.html
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USAGE OF MODERN MAGNETIC ALLOYS IN ELECTRICAL
DEVICES

Today, one of the most promising magnetic alloys for electrical devic-
es is neodymium magnets. A neodymium magnet is a powerful permanent
magnet consisting of an alloy of the rare earth element neodymium, boron,
and iron (NdFeB). It shows high pulling power and high resistance to de-
magnetization. Neodymium magnets lose no more than 1...2% of their mag-
netization in 10 years. They are used in relays and sensors, rotors of electric
motors and generators at industrial hydroelectric power stations and wind
turbines. They are used instead of excitation winding that enables large cur-
rents through the rotor windings, and also allows you to do without sparking
brushes. The use of neodymium magnets in the rotors of brushless synchronous
generators and multi-turn brushless DC motors is easy to control and does not
require special maintenance.

Powerful neodymium magnets on the motor rotor allow you to achieve a
greater torque on the shaft. Such an engine heats up much less than a collector
engine. As a result, the engine efficiency is higher, power indicators per kilo-
gram of weight are higher, a wide range of adjustment of the speed of rotation of
the rotor and almost complete absence of generated radio interference. Structur-
ally, engines of this type are easily adapted for operation in water and in aggres-
sive environments.

The use of neodymium magnets in electric motors and generators is de-
termined by the operating temperature, so it is essential to operate them in the
permitted temperature regime. When heated above the Curie temperature, they
demagnetize and lose their magnetic properties. That is, excessive operation of
an electric motor or generator can lead to its overheating, which will cause its
further inoperability. We have analyzed existing magnetic alloys according
to operating temperature, residual magnetic induction, coercive force, and
magnetic energy. Neodymium magnets of class 38EN have the best perfor-
mance characteristics: operating temperature 7 = 200 °C, residual magnetic
induction 1220...1250 mT, coercive force > 2388 kA, magnetic energy
287...310 kJ [1].

REFERENCES
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ANALYSIS OF THE EFFICIENCY OF VOLTAGE STABILIZERS

A significant increase in the use of stabilized energy sources over the
last year requires an analysis of their efficiency for successful use in condi-
tions of unstable operation of electrical networks. The voltage stabilizer is
electrical equipment, which designed to normalize the voltage in the network
when loaded in a narrow range. The main purpose is ensuring voltage supply
to all consumers within 220 V +10%, that is, in the range of 198...242 V [1].

The following main types of voltage stabilizers are distinguished: re-
lay, electronic, electromechanical, ferroresonant, inverter [2].

Relay stabilizers are electronic devices, which the principle of opera-
tion is built on the basis of stepwise regulation of electricity with using the
control unit. Regulation is provided by a series of relays that automatically
connect the necessary winding of the autotransformer. The output voltage is
measured and compared with the reference voltage of the control unit. If
there is a deviation, the control processor gives a command to turn on the
corresponding relay, adjusting the additional voltage so that the output volt-
age acquires the reference value. The value of the additional voltage, de-
pending on the oscillation of the input, is either added or subtracted from the
distorted voltage.

Advantages of relay stabilizers: satisfactory voltage regulation voltage
— 40 ms on average; resistance to voltage drops; protection against overvolt-
age and short circuit; stability to minus temperatures — can work in free-
standing unheated rooms; do not require additional cooling.

Relay voltage stabilizers have several significant disadvantages: lack
of power reserve — it is not recommended to use them for powerful motor
equipment, it is worth using a device with a significant power reserve
(30...40%); relays wear out over time, which reduces stabilization accuracy
and increases the probability of repair operations; the stepped control system
does not provide high accuracy at the voltage output, which is necessary for
the operation of modern electronics; errors can reach up to 20 V [2].

The basic principle of operation of electronic stabilizers is similar to
that of relay stabilizers. They consist of the following elements: automatic
transformer, control circuit, measuring sensors, frequency filters.

Advantages of electronic stabilizers: stabilization of the input current
over a wide voltage range; high accuracy and response; compact dimensions
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due to the absence of mechanical parts; functioning at low temperatures
(some models).

Disadvantages of electronic stabilizers: increased reaction time with a
large number of steps; high sensitivity to interference in the network; the
complexity of the construction; step voltage equalization; under heavy loads,
the simistors and thyristors may burn out [3].

Electromechanical voltage stabilizers function thanks to the movement
of the carbon electrode along the windings of the autotransformer with the
help of an electric drive. As a positive moment are low cost, smooth voltage
regulation and small dimensions.

Such devices also have small disadvantages — high noise during opera-
tion, low trigger speed, do not like the cold.

Inverter voltage stabilizers are considered the best. The scheme of this
device is based on an inverter in double voltage conversion. First, the alter-
nating voltage becomes constant, and then it is converted back into an alter-
nating output voltage. As a result, we have perfectly uniform and accurate
voltage: without drops and almost without deviations. The main advantage is
accuracy and speed of operation. Another positive point is that it works
without a transformer. It also has compact dimensions, does not make noise
during operation and has additional functionality. As for the latter, inverter-
type voltage stabilizers can protect household appliances from overvoltage
and other external interference in the electrical network. The scheme of such
a model is stepless, so voltage surges and overloads are not important for it.
As for the minuses, only their cost can be attributed [4].

Thus, inverter voltage stabilizers are the most effective and promising
type in terms of performance characteristics of all existing ones.
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DEVELOPING ACTIVE LISTENING SKILLS
IN ESP CLASSES FOR THE STUDENTS OF
THE FACULTY OF COMPUTER SCIENCES AND IT

Active listening (AL) is considered a key communication skill that im-
plies absorbing the information someone shares with you, and responding to
that person trying to take into account not only the verbal message, but the
meaning and intent behind it. AL is the basis for a successful conversation in
different contexts, be it study, work, home, or social interactions in general.

AL is listed among the valuable workplace skills because it leads to
more efficient communication, networking and more meaningful relation-
ships with colleagues, managers, and clients.

AL techniques include:

1. Using encouraging verbal cues,

2.Asking (open-ended) questions,

3.Paraphrasing and summarizing,

4 Listening to understand without planning meanwhile what to say
next,

5.Paying attention to and using body language,

6.Being non-judgemental and withholding your advice.

7.Benefits of AL can be seen both in personal, academic, and profes-
sional settings. They are as follows, but not limited to:

a) It contributes to psychological safety (makes people feel heard and
valued, fosters trust and empathy);

b) It helps to manage emotions;

¢) It empowers people to provide support and show empathy;

d) It also works for better retention of information;

e) It helps to maintain a spirit of collaboration, be clear about mutual
responsibilities, and solve problems or even resolve conflicts;

f) It makes people more productive.

AL is a life skill, particularly relevant now when the Ukrainians have
been going through such difficult times of the war. It should be cultivated for
our students to become more supportive better engage with their leaning, and
enjoy the other benefits of AL listed above.

Special attention should be paid to the verbal signs of AL and specific
strategies for developing and honing their AL skills are to be implemented.
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The syllabi for ELT to the students of the Faculty of Computer Scienc-
es and IT at NU “Zaporizhzhia Polytechnic” include the modules which
provide enough opportunities for the focus on developing AL. The classes
are designed with the view to practise paraphrasing, summarizing, asking
questions among other skills.

VIAK 372.881.111.1
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TEACHING LISTENING AT ESP LESSONS, BLENDED LEARNING

The role of English as one of the world’s international languages leads
to efforts to find more effective ways to teach it as a foreign language for
special purposes. When teaching English, none of the types of speech activi-
ty should be excluded from the educational process. In other words, while
teaching listening, we simultaneously teach productive types of speech activ-
ity, form the cognitive activity of students and develop mental processes
such as memory, thinking and, consequently, speech.

It should be noted that listening is one of the most difficult tasks for
teaching a foreign language for special purposes, while being the first to
comprehend and, therefore, considered to be a key language skill. A lot of
scientists have studied this skill, the peculiarities of its obtaining, ways and
means of improving the process.

Listening is a process involving a list of activities such as the differen-
tiation of language sound, intonation, visual characteristics, interpretations,
value, and reaction for the content of meaning.

It should be noted that in the process of teaching ESP, with the domi-
nant of reading as the most accessible way of obtaining professionally sig-
nificant information, other types of speech activity should be recognized as
equally important.

Listening is defined as a receptive type of speech activity, which is the
simultaneous perception and understanding of speech by ear. This is one of
the most difficult types for mastering, since it is an active process, during
which the hard work of all mental mechanisms takes place, the received
information is perceived in the form of a sound form, its processing, recogni-
tion and understanding of the meaning.
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The goal of teaching listening at a technical university is to form strat-
egies for percepting and understanding information by ear with the subse-
quent use of the information obtained in oral or written communication in a
foreign language.

In other words, the student must learn to extract the information he
needs not only from a printed source, but also from audio or video resources
in order to use these materials in further work for analysis, systematization,
comparison, selection of the main one, etc.

When teaching a foreign language for special purposes, the implemen-
tation of a blended learning system allows you to pay more attention to lis-
tening as a goal and as a learning tool in which teaching in the classroom is
carried out in turn and independent work, monitored and managed through
educational social networks.

The model of blended learning of foreign languages for professional
purposes is a combination of classroom work together with a teacher and
extracurricular independent in proportions that are optimal for the specific
conditions in which the educational process takes place, the organization of
listening training should provide students with the need and opportunity to
use audio and video materials.

Note that when organizing listening training for professional purposes
within the framework of blended learning of a foreign language, it is advisa-
ble to rely on video materials rather than audio.

YK 372.881.111.1
Boiirenko C.B.
crapur. Buki. HY "3anopisbka nomitexHika"

PO3BUTOK HABUYOK AYIIFOBAHHS HA 3AHATTSAX 3
IHO3EMHOI MOBH 3A IPO®ECIMHUM CITPSIMYBAHHSIM B
YMOBAX JUCTAHIIMHOT O HABYUAHHSA

3 TIPHUCKOPEHHSAM HAyKOBO-TEXHIYHOTO IPOTPECy, MEpexoioM 0 iH-
(opMamiifHOTO CYCHIIBCTBA, B SKOMY CHPUHHATTA W PO3YMIHHS YCHOTO
MOBJICHHSI € OJHUM i3 3ac0o0iB OTpUMaHHS iH(OpMaIii, ayIilOBaHHS € Hal-
3BHYAIHO aKTyaJ bHHUM, BOXJIMBUM IHCTPYMEHTOM Y OyIb-sKoi cdepi Joa-
CBKOi JiSUTBHOCTI.
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3MICT HaBYaHHS ay[ilOBaHHS BKIIOYAE€ TPU KOMITOHEHTH: JIIHTBICTHY-
HUH, TICUXOJIOTIYHUH, METOJOJOTIYHNIA a) JIIHTBICTUYHUN — SIBJISIE COOOIO
MOBHHH Ta MOBJICHHEBHMH MaTepiai. /lo MOBHOTO Marepially BiJHOCSTBCS:
¢onemu, mopemu, cioBa, Hpa3eoOriyHi CHOITYUSHHS, MIKPO Ta MAaKPOTEK-
cti. B 11pboMy BHIaIKy yBara 30cepejpkeHa Ha OOpoOIl €JICMEHTIB MOBH.
MoBJiIeHHEBUIT Matepian CTaHOBJATH OIMHHII MOBJIEHHS — CHTYaTHBHO
00yMOBJIEH] BHCJIOBIIIOBAHHS PI3HOT MPOTSIKHOCTI (BiJ] CJIOBA 10 MaKpOTEKC-
Ty), B KOTPUX €JEMEHTH MOBH OpraHi3oBaHi 110 CEMaHTHKO-
KOMYHIKaTHBHOMY Mpu3HaKy. [ICHXONOriYHMi KOMIIOHEHT — JOBEICHHS
CIIPUHHATTS 1 pO3yMiHHS MOBJICHHS, SIK€ 3BYYWTh Ha aHTJIHCHKIH MOBi 10
piBHA HaBHUKY Ta BMiHHA. HeoOXiIHOIO YMOBOIO OBOJIOJIHHS TaKMM CKIIaI-
HUM BHJIOM MOBJIEHHEBOI IISUIBHOCTI, SIK PO3YMIHHS MOBJICHHS Ha CIyX Ha
1HO3eMHIH MOBI, SBJISETHCS KOHIICHTpAIlisSl yBaru ciyxada Ha TOMY, IO BiH
MOBUHEH YyTH, TOMY IO HalMEHIIE BiJBOJIKAHHS BiJ MPOCIyXOBYBaHHS
BeJie 70 BTpaTh 3MicTy. HeoOXinHo GpopMyBaTH y CTYACHTIB YMIHHS CIPHii-
MaTH, pPO3yMiTH, a OT)KE aKTHBHO ONPAIFOBATH CIPHHHATE, IO TIOB’S3aHO 3
YMIHHSM YWICHHTH MOBJICHHEBE IMOBIIOMIICHHS Ha CMHCJIOBI yacTuHH. He
MEHII BR)XJIMBUM € ()OPMyBaHHS yMiHHS yTPUMYBaTH B IaM’sTi BCE JOBIIL
3BYKOBI JIAHIIIO)KKH, TOOTO PO3BUBATH CIyXOBY IaM’Th. HacTynHa BaxiiBa
yMOBa y CIIPUHHSTTI Ha CIIyX MOBJCHHS — II€ YMIHHS BUAUIATH, 3HAXOJUTH
TOJIOBHY AYMKY, BiJOKpEMJIIOBATH OCHOBHY iH()OPMAIIIFO BiJ IPYTOPSIHOI.

YcnminmHicTh ayailoBaHHS 3aJIeKUTh 1) Bif camoro ciryxada (Big #oro
IH/IMBi Ty abHO-TICHXOJIOTIYHAX OCOOJIMBOCTEH: pIBHSA PO3BUTKY y HBOTO
MOBJIEHHEBOTO CITyXY, ITaM’sITi, HAsIBHOCTI yBaru, iHTepecy, 3arajlbHUX iHTe-
JIEKTyabHUX TEePeIyMOB, (PaKTHYHHUX 3HAHB, 3HAHD Ta BMiHb B PiTHIH MOBI,
IHIIIOMOBHUX 3HAaHb, HABUYOK Ta BMiHb, MOTHBAIIii, 2) BiJl MOBHUX 0COOIH-
BOCTEH ayliOTEeKCTy Ta HOro BiAMOBITHOCTI MOBJICHHEBOMY JIOCBIiy i 3HaH-
HSM y4HiB; 3) BiJl yMOB CHpHUiIMaHHS ayio TEKCTy. 3Ha4Hy poJib Bimirpa-
I0Th TaKl IHAWBIAYyaJbHI OCOOJNMBOCTI Cilyxaya sSIK KMITJIHMBICTb, YMIiHHS
CJIyXaTH 1 IIBUJIKO pearyBaTH Ha CUIHAJIM YCHOT MOBJIEHHEBOT KOMyHikauii (
maysu, JIOTIYHI HArojoCH, PHUTOPUYHI 3alMUTaHHs, (pasu 3B’SI3Ky TOIIO),
BMIHHS TIEPEKIIOYAaTHUCS 3 OIHIE€T pPO3YMOBOI OIepamii Ha IHMIY, IIBHIKO
CXOILTIOBATH TEMY IOBIIOMJICHHS, CHIBBIIHOCHTH ii 3 IIMPOKMM KOHTEKC-
ToM. [l po3yMiHHS IpW chpuilMaHHI Ha CIyX BENWKE 3HAYECHHS Mae -
KOMITO3HIIIITHO-CMHCIIOBA CTPYKTypa ayAiOTeKCTiB, - CIOCI0 BUKJIATY JyMOK
B HH, - MDK(pa30oBi 3B’s13ku. OCOOIMBO CKIIQ[HUM ISl CIPUHMAHHS Ha CIIYX
€ JiajoriyHe MOBJICHHS (Y MOPIBHAHHI 3 MOHOJIOTIYHUM) Yepe3 HeOOXiHICTh
JTudepeHIiIoBaTH MOBJICHHEBUX MapTHEPIB 1 JOJATKOBO BUKOHYBAaTH aHAi-
TUKO-CcUHTEeTHYHi 1ii. [TpoTe HamaBaTh nepeBary ayzitoBaHHIO OJHI€T 3 Hopm
MOBJICHHSI HEJIOIIJIbHO. BaXXJIMBO BUNTH CTYACHTIB cipuitMaTi oOuasi dop-
MU TOBOPIHHS.
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[Ipouec ¢opmyBaHHs yMiHb ayqifoBaHHs rependadae Taki TPU BHAM:
1.AynitoBaHHS i 9ac BBEJCHHS HOBOTO MaTepialy, KOJU O0COOJIMBO iHTCH-
CHBHO ()OPMYIOTHCSI 3ByKOBI 00pa3y HOBUX MOBHHUX €JIEMEHTIB. Y IIili Tpo-
rpaMi 3HaYHa yBara MPHUAUIAETHCS HE TUTBKH PO3YMIHHIO IMMOYYTOro, a W
YCBIIOMJICHOMY CIPUAMaHHIO (DOHETHKO-aKyCTUYHHX OCOOIMBOCTEH IHX
MOBHUX OJIMHUITL. 2.AyIiIOBaHHS SIK €JIEMEHT JiaIOTi9HOTO MOBJICHHS. [leit
BHJI € TIOMyTHUM Y TUIaHi (JOPMYyBaHHS YMiHb TOBOPIHHS 1 ()akKTUIHO 0O0Y-
MOBJICHHI HEOOXIHICTIO TOMY, IO 0€3 ay/IifoBaHHs HEe OyBa€ CIIIKyBaHHS.
3.AyniroBaHHS SIK crieliaibHa PI3HOBUIHICTH IHIIOMOBHUX BIpaB, TOOTO SIK
crienianbHa mporpama. MaeThest mpo clyXaHHS MOBJICHHS BUMTENIS 260 JIUK-
TOpa, sIKe BKJIFOYAE SIK JIIAJIOTH PI3HUX 0Ci0, TaK 1 MOHOJIOT1YHI €THOCTI.

HaBuanHs ayziroBaHHS NMPOXOJUTH Yepe3 HacTynHi ertamu: [. Jlotekc-
TOBHI:a) aHTUIMIIALIN;0) NPEANKIs; B) KOMyHiKkaTuBHe 3aBnanns. 11. Tekc-
TOBHWI:a) MPEICTaBICHHA ayaioTekcty; 0) mepeBipka posyminas. III. ITic-
JIATEKCTOBHUIA:a) PO3BUTOK KOMYHIKATHUBHUX YMiHb, 0) TBOpYi BIpaBH i 3a-
BIAHHSL.

VIOK 811.111
Valentyna Kuzmenko
senior teacher NU «Zaporizhzhia Polytechnic»

EFFECTIVE LISTENING SKILLS IN PROFESSIONAL
COMMUNICATION

For truly effective communication, business people must hone their lis-
tening skills to ensure they fully understand the whole message: not just the
content, but the motivation behind what’s being said, the circumstances
around which they’re conversing, even what gets left out of the conversa-
tion. Colleagues must listen with ears and eyes, picking up on voice tone and
physical cues to take in the whole message.

Hearing. Quite literally, you can’t listen if you can’t receive audible
input. To make it easy to hear, find a place with no interruptions or back-
ground noise — space that may be difficult to find on an assembly line or
sales floor. Reduce background noise, phone calls, pinging email notices
or any other stimuli that might tempt you to multi-task. Stop work, look at
the colleague and focus on what he is saying.

Attending. With physical distractions minimized, concentrate on the
speaker, filtering out extraneous ideas. Wait until the coworker has fin-
ished a thought, allowing for pauses between sentences. Even if you agree
with what she says, interrupting the thought can distract her or make her
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feel too uncomfortable to flesh out the thought further. Important facts or
ideas go off-course this way, sometimes permanently.

Understanding. Once you take in the message, follow up to ensure
comprehension. Ask questions to clarify parts you feel unsure about, pref-
erably by repeating the particular point that is an issue and asking your
colleague to elaborate or even rephrase until you gain clarity.

Responding. Throughout the conversation, but particularly toward the
end, provide feedback. Maintain eye contact, with the body squarely facing
the speaker, and nod or give encouragement with “yes” or “I see.” Then
recap or paraphrase key points, summarizing in your own words what you
heard and giving the speaker time to confirm or correct these summaries.

Remembering. The most important way to make the speaker feel con-
fident that he has been heard is to remember the conversation. During the
conversation, write down points or phrases to jog your memory later.
These notes can include nonverbal cues, like “seemed very agitated” or
“was enthusiastic” to help recall the intensity or tone of the message. Look
for specifics to act on, then get back to your coworker and show how these
actions made a difference. This reinforces confidence and trust that you
really do listen, and encourages colleagues to speak up more often.

Repeating the Message. Another listening technique that is very use-
ful is distilling what you just heard and repeating it back to the speaker in
short form to clarify your understanding of the message. Preface this with
"So, what you are saying is..." and recap what he just told you. This truly
shows that you were listening and paying attention. It also signifies that
you care about the message the speaker is trying to impart and that you
want to make sure you heard them correctly.

Ask questions to ensure you understand the message. Don’t jump to
conclusions - allow the speaker to deliver the whole communication before
you respond. Reflect the speaker’s message back to him at appropriate
points during the conversation by summarizing, clarifying or expanding on
a critical piece of the message. Sentences such as "So you’re saying that
...""or "I understand you want to ..." confirm you have heard and processed
what the speaker has said. Practice reflecting with a trusted colleague to
become more comfortable with the technique and avoid sounding forced
and insincere.

Continue listening as the speaker responds to your questions or
comments. A conversation with an employee might involve asking ques-
tions to get additional information. As you ask careful questions, you gain
understanding, which can enable you to offer advice, if appropriate. A
conversation with an unhappy customer may include paraphrasing what
you think you understand so you can help solve a problem. When you
paraphrase what the customer stated, you help the customer feel validated
and understood. This often diffuses a situation.
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Olena Syvachuk
senior teacher NU “Zaporizhzhia Polytechnic”

REAL LIFE LISTENING SKILLS YOUR STUDENTS NEED AND
HOW TO IMPROVE THEM

Whether it is in their first language or second, people are constantly
hearing and processing language. But what exactly do we do when we pro-
cess it? And what do we do to teach our students to listen?

What we need to understand is that teaching listening skills presents a
series of challenges as it is the most complicated task to tackle, hard to un-
derstand, teach and assess. And we often, being English teachers, know how
to listen. But not many of us have taken listening classes. How then do we
teach listening when we have never had a listening class of our own and
have no model to follow?

We do listen in English, but those skills come instinctually. Therefore
here are a few real life listening skills which are the keys our students need
to learn to help them understand what they hear every day. Firstly, they need
to define what they hear. Is it a lecture, a conversation, an argument, or a
small talk? In other words, the type of speech determines what listening
skills they will need to engage.

Once they know what they are listening to, they need to figure out
what exactly they are hearing. Students should focus on phrases, patterns of
speech, and ideas. It is a good idea to encourage them to make notes in Eng-
lish rather than translate what they hear. When students understand and re-
member chunks of language or ideas, their comprehension increases.

When students know what type of speech they hear and understand the
message, they should try and guess what is coming next whether it is a lec-
ture, a conversation, or a negotiation. When they can make mental predic-
tions, they will be better able to understand and process the language that is
to come.

Another thing that can help students in improving their listening skills
is their previous knowledge. They need to remember what they already
know about the subject matter of the piece of information they are listening
to and make connections. If it is possible, get your students thinking about
the subject before the listening exercise with discussion questions or a chart.
In real life, however, your students will not always get a heads up on a con-
versational topic.

Another real life listening skill is deciding what the speaker means.
Sometimes meaning goes deeper than the words that are said. Sometimes a
speaker’s meaning is implied, that is, the speaker means something deeper
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than the words on the surface. Students need to be able to determine the
intended meaning of the speakers and decide whether words are used literari-
ly or figuratively.

Once students acquire these listening skills, they will begin to enjoy
listening more as they can comprehend better. But real life listening skills
taught in class are not always authentic which often leads to a few issues that
students need to handle. Among them are intonation, the rate of speech,
pronunciation. Differences in syntax may cause another problem. In authen-
tic speech, speakers more often speak in incomplete sentences and lengthy,
sometimes ungrammatical sentences. There are also vocabulary differences
between fabricated and authentic listening texts. And, finally, the back-
ground noise is often absent in classroom listening tasks while we are dis-
tracted by ambient noises all the time in real life.

So, our next task is to help our students improve their listening skills
and get them to listen and understand everyday authentic English. Here are a
few ways to achieve this. If there is such an opportunity and you can invite a
guest speaker, it will be of benefit to your students. They might find it diffi-
cult to communicate with the person at first, but if you ask your guest to
discuss the topic you are teaching at the moment, the students will be ready
to talk and they will appreciate the chance to communicate with an English-
speaking person. It is not always easy to find an English-speaking person in
the neighbourhood, so your guest speaker could be a colleague of yours,
which might also do the trick.

Other sources for real life listening practice include TV commercial,
weather reports, movies and television, radio, audio books, YouTube videos,
video lectures, webinars, recorded conversations, etc. There are always lots
of ways to practice and improve one’s listening skills. However, the main
message is that perfection lies in regular and persistent practice.

YK 372.881.111.1
Cysoposa T.M.
crapmr. BuKI. HY 3amopizbka moiTexHika”

BUKOPUCTAHHA BITEOMATEPIAJIIB HA 3AHATTI 3
THO3EMHOI MOBH ITPO®ECIMHOI'O CIPSIMYBAHHS SIK
3ACIB IHTEHCI®IKAIII HABUAJIBHOI'O IIPOIIECY

BuBuenns cywacHoro craHy migroroBku ¢axisuis y BH3 VYkpainu
CBIIYMTH NIPO HEIOCTATHE BOJOAIHHS BUITyCKHUKaMH TexHiuHMX BH3 HaBu-
ykaMy TpodecifHOro CHijKyBaHHS Ta HAaBUYKAMH POOOTH 3 TEXHIYHOIO
JIOKYMEHTAIIIEI0 1HO3EMHOI0 MOBOIO 1 HEOCTaTHE BUKOPHCTAHHS 1HHOBA-
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LIITHUX TEXHOJIOTIH Yy mpoleci iHIOMOBHOI NPodeciiHOI MiAroToBKH, sKi O
CTHUMYJIOBAJIM aKTUBHICTh CTYJEHTIB i Oymu O crpsMoBaHI Ha PO3BUTOK
KITIOYOBUX KOMITETEHIIIH, HEOOX1MHUX CydacHOMY (DaxiBIlO.

OpHi€I0 3 TaKUX TEXHOJOTIH € BUKOPHCTaHHSA aBTEHTHYHHX BiflcoMa-
TepialiB Ha 3aHATTAX. baraTwii aBTEHTHYHWH MaTepiay, peajbHi CHTyarlii
CIIIKYBaHHS [AlOTh MOMJIMBICTE 3pOOHTH NpOIeC BUBYCHHS 1HO3EMHOI
MOBH I[iKaBUM, MPHUPOAHAM Ta HEBHMYIIEHHM, OCKIJIBKH 3a0e3MedyeThes
HAOYHICTh JJIsI CTBOPEHHS PEAIBHMX 1 YSBHHX CHUTyallild CHUIKYBaHHS IIi[
4yac HaBYaHHS, IO NPU3BOJMUTH A0 IHTEHCU]IKalii iHIIOMOBHOIO CIIJIKY-
BaHHS Ta ONTHUMI3allii BCbOro HaBYAJILHOTO MIPOLIECY.

Mera craTTi nojsirae B oOIpyHTYBaHHI BUOOPY 3aBJaHb Ha KOXKHOMY 3
eTamiB poOOTH 3 BieoMarepialloM Ha 3aHATTI 3 IHO3EMHOI MOBH Ipodeciii-
HOTO CIpsiMyBaHHs. [HIIOMOBHE mpodeciiiHe CHiJKyBaHHS BUMAarae OBOJIO-
JIHHS CTy/[E€HTAaMHM TaKUMH BMIHHAMH:CYTO KOMYHIKaTHBHUMHM, yMiHHSIMH
TOBOPIHHS, COPUHHATTS Ha CIyX, YATAHHSA, IHChMA, SIKi TO3BOJISIOTH OZEp-
JKYBaTH BIAIOBIHY iHIIOMOBHY iH(opMaIito Ha mpodeciiiHi TeMu 3 mona-
JBIMM 11 BUKOPHUCTaHHAM Ul TPOQECIHHOTO CaMOBIOCKOHAICHHS, KOMIIE-
TEHTHO BHCJIOBIIOBATH CBOIO OYMKY B XO[i BepOaibHOI i HeBepOalkHOI B3a-
€MOJil 3 IHIIMMH Cy0’ €KTaMH B TIpoIieci mpoQeciiHol AisITBHOCTI.

3aHATTS 13 3aCTOCYBAaHHIM aBTCHTHYHHX BiJleoMaTepialliB CKIIAIAETHCS
3 TaKMX TPaJULiHHKUX eTamiB: MiArOTOBKA A0 BiZeo meperysiay(IiAroToBYni
€Tam), BJIacHE Teperjsim 1 3aBAaHHA Ha MNEPEBIPKY PO3YMIHHSA IOYYTO-
ro(IeMOHCTpaliiHU{ eTan) Ta BUKOHAHHS 3aBJaHb IICIs Meperiany 3 ix
NOJIaJIbLIIMM 00TOBOPEHHsIM (TIocTAeMOHCTpaliiiHuit eram). KoxeH eran mae
CBOIO THIIOJIOTIIO BIIPaB, X04Ya JAESKi BIPAaBH MOXYTh MOBTOPIOBATHCH Ha
pi3HHUX eTarmax.

[ligroroBumii eTam — Ie eTar MCUXOJIOTIYHOI MiITOTOBKH CTYICHTIB JI0
cpuiHATTS MOBH. OCHOBHI Ui MIATOTOBYOTO €TAITY: MOTHBALlIS CTYACHTIB,
3HATTS MOXIIMBHX MOBHUX TPYJHOIIB CIPHHHSATTS TEKCTYy 1 pO3yMiHHS
fioro 3micty. Bimomo, mo 6arato CTyAEHTIB OOATHCS ayitOBaHHS, OCKUTBKH
ix nayxe OeHTeXUTh (akT Hepo3yMiHHs mpociyxaHoro. Ha mpomy erari
BBOJSITHCSl HOBI JIGKCHYHI OJIUHHII, MEPEBIPSETHCS PO3YMIHHS BHBYEHOTO
paHilie JIEKCUYHOTO Ta rpaMaTUYHOro MaTepialy, aHali3yloThCsl He3HaHoMI
ABTEHTUYHI PO3MOBHI (OPMYJH s MOJNAIBIIOTO CHPUHHATTS (opmu i
3micty Bigeodinmemy. Cepen 3aBnaHb, SIKi JOPEYHO BUKOPHCTOBYBATH Ha
FOMY €Talli MOXKHA 3a3HAYMTH TaKi: 1)o3HallOMIIEHHS CTYAEHTIB i3 HOBOIO
JIEKCHKOIO Ta 3HATTS MOBHHUX TPYIHOIUIIB; 2)3aKpillUIEHHS HOBOI JIGKCHUKH 3
TEMH BiZieoMaTepiaiy; 3)akTyaii3alilo JIEKCHKH 3 TE€MH BiJeomarepiany;
4)nependaueHHs 3MicTy Bijeo crokery. [IpoTe BaxMBO, 1100 HAa LBEOMY
eTamni BUKJIAJIay JIMIIE MiJrOTyBaB CTYJICHTIB J0 MEperisiay, a He PO3KpUB
BECh 3MICT BileoMarepiary, OCKUIBKM B TAKOMY BHUITaJIKy MOXKE CIIOCTepira-
THUCS 3HHXKEHHS! IHTepeCy J10 Teperiisy.
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Meta neMoHCTpamiiHOTO eTary - (opMyBaHHS HaBHYOK aydilOBaHHS,
PO3BHTOK MEXaHI3MIB aymifoBaHHSA, 3a0€3MEYCHHS MOJANBIIOTO PO3BUTKY
MOBHO{, MOBJICHHEBOI Ta COLIOKYJIBTYPHOI KOMIeTeHI] cTyaeHTiB. [leprmit
Heperisia 3MIHCHIOETBCS Ul OTPUMAaHHS 3arajlbHOTO YSBJICHHS, a JpYruil
neperysia(npu noTpeOi, 3 3yNMUHKaMHU)- JUIsi OTPUMaHHS JeTalIBbHIMIOT iHpOp-
manii. KoHTponb 3a BUKOHaHHSIM 3aBJaHb JAEMOHCTpAIiHOrO eTamy 31iic-
HIOEThCS OJjpa3y MO IX 3aBeplleHHI. BUKOHaHHS 3aBJaHb Ha LOMY eTari
CIPHUATUME KpaIloOMy PO3YMIHHIO 1M00AYeHOro Ta PO3BUTKY KOMYHiKaTHB-
HUX BMiHb CTYJCHTIB.

[MoctneMoHcTpaLiiiHMA eTan CIpsSMOBaHUN HAa OOTOBOPEHHS TEeMH Ta
PO3BUTOK HABUYOK MOHOJIOTIYHOTO Ta AIAJIOTIYHOTO MOBJICHHS | HaBUYOK
nucbMa. JlopeuHo 3amporoHyBaTH HAIMCaTH IEpeKa3 Y TBIP 3a 3MICTOM
CIOXKETY, CKJIACTH AIajJoT MIX TePOSIMH BiJJEOCIOJKETY, MPOBECTH ANUCKYCIiIO
yn nebaTH, OpraHi3yBaTH POJILOBY TPy, B OCHOBY SIKOi IOKJIAJCHO CIOXKET
a0bo cuTyalliro 3 BiJeomarepiany, nepenucaty NeBHy cleHy 3 (inbMy, 3Hal-
TH JI0JIaTKOBY 1H(OpMaLlilo 3 TEMH BiJeomarepiaily, HamucaTH orysiy (iib-
My, PO3yM Ha TeMYy MEPErJITHYTOIrO BiJIEOCIOKETy TOIlo. Bnpasw, 1mo Bu-
KOHYOTBCSI TICJIs NEPErIIsily, pO3paxoBaHi He JINIIE Ha aKTHBI3allil0 MOBHO-
ro MaTepiajy 3a JOIIOMOTOIO BIIPAaB Ha 3aKpiIUICHHS, ajle i Ha PO3ILHPEHHS
3MicTy Matepiary. Ha ipoMy eTarni akTHBI3y€ThCSI KOMYHIKAaTHBHA Ta TBOpYa
JISUTbHICTh CTYZEHTIB, @ TAaKOXK PO3IMIMPIOIOThCS 3HAHHS 3 IEBHOI TEMH 3a
(haxoMm, 3MIIHIOIOTBCS 3HAHHS 3 1HO3EMHOI MOBH, 3aKpIILTIOIOTBCS CIIOBA
HIISIXOM TX BUKOPHCTaHHS JUIsl CTBOPEHHSI BIACHOTO NTPOIYKTY.

YAK 811.111
Amnmninoroa €. /1.
Buki. HY "3anopisbka nositextika"

JIHI'BICTHUYHI OCOBJIMBOCTI TEXHIYHOI'O JUCKYPCY

[Ti3HaHHS cyyacHOTO CBITY BiIOyBa€ThCs 4epe3 MPU3My TEXHIUYHHX J10-
csirHeHb. OTKe, BUHUKAE NOTpeda y BUBUCHHI TEXHIYHOTO JMCKYPCY, KU
npuTaMaHHui (axiBIsIM IHXKeHEepHOT raimysi. Y 3B’S3Ky 3 LUM HEOOXiJHO
BpPaxoOBYBaTH OCOOJIMBOCTI TEXHIYHOTO JUCKYPCY, a caMe IHKEHEPHOTO JUC-
Kypey [1], axuit momomorke e(heKTUBHO MpAIfoBaTH CIELialicTaM y CBOIH
cdepi AiAIbHOCTI, a 3BUYAHUM JIIOASM — YCHIIIHO B3aEMOJISTH 3 TEXHOJIO-
risiMu.

B pesynbrari aHami3y TeXHIUHOI JiTepaTypy OyJId BUALIEH] JTIHTBICTH-
YHi 0COOJIMBOCTI TEXHIYHOTO JUCKYPCY.

1. IndpopmaTuBHICTB, JOTIYHA TOCTIMOBHICTE. [lepmie, mo cmij Bumi-
JIUTHU AK BiAMIHHY PUCY TE€XHIYHOTO JAWUCKYPCY, — IIe Horo iHpOPMaTHBHICTD,
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3B’SI3HICTh TEKCTy, CyBOpa IOCJTIJOBHICTH BHKJAJy, TOYHICTb. BaxiuBo
3a3HAYNTH, IO B TEXHIYHOMY AHMCKYpCi BUKOPHUCTaHHS OOpa3sHHX 3aco0iB
3BENICHO JI0 MiHIMyMY.

2. AGpesiatypu. CxopoueHHs CIiB 3a0e3ledye IIBUAKE HAIMCaHHSA,
30epirae gac i mpoctip, TOOTO IaHi MepeqaroThes B CTUCIOMY BUTisiai. [Tpu-
kiax abpesiatypu: HRSA — head resistant super alloys (xapomiri cymepc-
wraBn). [lpukmagm mimanmx abpeBiatyp: X-ray (X-radiation), H-bomb
(hydrogen bomb). AGpeBiarypu-ckopoueHHs 3a KiibkoMa JiitepamMu: NOM —
nominal, MIN — minimum, MAX - maximum, HOR a6o HORIZ -
horizontal, ELEC — electrical, TEMP — temperature, DWG — drawing, CTR
— centre. Aopesiatypu-akpoHimu: CAD — Computer Aided Design, CAM —
Computer-Aided Manufacturing, IQC — Internal Quality Control, OQC —
Outgoing Quality Control. Cxopoueni (ycideni) cioBa: prof 3amicTb
professional, lab 3amicte laboratory, engr 3amicTe engineer, cab 3amicTb
cabin tomro. Ili KOpOTKi ClIOBa OTHAKOBO BHKOPHCTOBYIOTHCS B HEOQIIIiii-
HOMY CIIIJIKYBaHHI YW HEOQIIiifHOMY AiJIOBOMY JINCTYBaHHI, a TAKOX y TH-
MMOBHUX JOKYMEHTaX: KPECICHHS, TEXHOJOTIUHI/MapIIPyTHI KapTH, MOCIOHH-
KU Ta iH. JlocUTh 4acTo B MHICHMOBOMY MOBJICHHI MOXKHa 3YCTDITH CKOpPO-
YeHHs OOMHALE Qi3udHuX BenmmdnH (m, km, kg, gr, t, s Tomo).

3. ManroHku, Tabnuii, pucyHkH, ¢popmyiy, po3paxyHku. Lli nani 3y-
CTpIYAIOTBCSl Y TEXHIUHIM ITOKyMEHTalil 1 JaloTh HEoOXigHy Uit (axiBLiB
iHpOopMaIlio.

4. Tepminomoris. BoHa € oHUM 13 HaBa)KIUBIIIUX MapaMeTpiB OyIb-
SIKOTO THITy AMCKYpcy. TexHiuHa TepMIHOJIOTISI CKiIamaeThesi 31 ciiB abo
CJIOBOCIIONYYEHb, 10 MO3HAYAIOTh MOHATTS MPUJIANiB, IHCTPYMEHTIB, MeXa-
HIi3MIB, YaCTHH, poOOYNX orepamiidl Tomo. Y TeXHIYHOMY AUCKYpCi CIenu-
(iuHa TEpMiHOJIOTIS Hece 3HaYHE CMHCIIOBE HAaBAHTAXKEHHS 1 € JOCHUTH IO-
LINPEHOIO.

5. Heosorizmu. Ix mosiBa 1moB’s3aHa 3i MBHAKAM PO3BMTKOM HAYKH i
TexHikn. [Ipukmagn Heoyori3MiB: to version (CTBOPHTH HOBY BEpCil0 HO-
rochb), to science (po3p’si3aTu nMpoOiieMy, BUKOPUCTOBYIOUM HAYKOBHH Mij-
xin); de-risk (3MeHIIUTH pH3MK); upgrade (OHOBIICHHS, MOJEPHI3aLlisl IPO-
rpamHOro  3abesmeucHHs, oOmamHaHHs); building biology  (exo-
OyniBHHLTBO); three-dimensional/2-D modeling (cTBopeHHsT MakeTiB Ha
KOMII'FOTepi B TPUBUMIPHOMY YH JBOBHMiPHOMY IPOCTOpIi) TOIIO.

6. MoBeHHeB] Kiime. XapakTepHUM € HasBHICTh IIAOJOHHUX (pa3,
kiime: for the purpose of, in most cases, it is stressed that, summing it up,
for a small/big amount of, with the aid of, be divided into, as a method of,
include the following, be necessary to limit, an example is shown
opposite/below/above, depends on, the reason for this is Tormo.
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7. MopnanbHi niecnoBa. BUKOPHCTOBYIOTBCS B IHCTPYKINSX 3 TEXHIKH
0e3meKn, eKCIuTyaTallii, IoCaI0BUX 1HCTPYKIIAX. XapaKTEPHUM € BHKOpPHC-
TaHHs MOJaNbHUX Aiecii should, may, can, must, need.

8. [NacuBHwuii ctan. Ille omHIEI0 OCOONMBICTIO TEXHIYHOTO JUCKYPCY €
IHTEHCHBHE BUKOPHCTAHHS HacUBHOTO cTaHy. IlacMBHMH cTaH Haifyacriie
3yCTpIYa€eThCs B IHCTPYKINSX, MOCIOHMKAX, 1€ YaCTO BHKOHABEI JIii OYCBH-
JTHHHM a0 HE TaKWil 3HAUYIIHH, IK Pe3yNbTaT Li€l Mii.

9. O0’eHaHHS CUHTAaKCUYHUX TPyI. [HIIOI TrpaMaTH4HOI0 0COOIMBIC-
TIO TEXHIYHOTO IUCKYpPCY € BUKOPHCTAHHS CIIiB, IO MOXOJISATH BiJ 3TUTTS
minux cuHTaKcH4HuX Tpym: work-related injuries and diseases (3amicTh
injuries and diseases related by work); noise-induced hearing loss (3amicts
hearing loss induced by noise); carbide-reinforced steel (3amicth steel
reinforced by carbide); air-powered tools (3amicTh tools powered by air).
BukopucraHHs IMX KOHCTPYKLIH aKIEHTYe yBary aapecara Ha TOJIOBHIH
(pasi, 110 Hece OCHOBHE CMHCIIOBE HaBaHTaKeHHs. CKJaaHI ClIOBa B iHXXe-
HEpHOMY JHUCKYpCl € 3BHYalHHM SIBUILEM, BOHM JIOTIOMararoTh 3pOOHTH
JIICKYpC O1IIbIII MiCTKHM, HE BTpayaroyd NOBHOTH KapTHHU.

10. CrioHyKajbHI peueHHs. BOHM BHKOPHCTOBYIOTHCS B IHCTPYKIIISIX
M0 3aCTOCYBaHHIO, JI¢ MOXYTh IOKa3aTH MOCTIJIOBHICTh Oii (1HCTpyKIii),
3a00poHy 200 HEOOXIMHICTH SIKOICh Mii. Y HUX 3a3BHUYAil HEMAa€ TEMH PCUCHb,
OCKINIBKH B IIbOMY HeMae moTpebu. Taki iHCTpyKii ampecoBaHi APyTii oco-
0i: keep, use, do not allow, do not change, never check, remove, do not use.
Takox MOXJIMBE BUKOPUCTAHHS HIIMX HAKA30BHX PEUYCHB, IO CKIAAy SKHX
BXOJATH Taki mpucynku: take care, remove, replace, don’t attempt, don’t
drop, report, turn on/off, clean, Tomro.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. Kapa6an, B. 1. Ilepekiaj anrmilicbkoi HayKOBOi 1 TEXHIYHOI JiTe-
parypu: 2 4. JIeKCHuHi, TEpMIHOJIOTIYHI Ta >KaHPOBO-CTHJIICTHYHI TpPY.I-
nouti [Tekcer] / B.1. Kapaban. — Binuauis: Hoa kuaura, 2001. — 303 c.
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Vitalii Bilyi!, Svitlana Voitenko?

'PhD student, CST Dpt., NU “Zaporizhzhia Polytechnic”
Zsenior teacher NU «Zaporizhzhia Polytechnic»

MODERN METHODS OF WEB-SERVICES DESIGN AND
DEVELOPING

Modern web-services operate according to the principles of "client-
server" architecture, where the browser acts as the client, and the web-server
acts as the server. The peculiarity of such approach is that the application
itself is located and executed on the server - the client receives only the re-
sults of the work. The main task of the client is correct displaying of the
received information, as well as sending requests and user data to the server.
Transfering of the requests and results of their processing are going through
the Internet.

According to the development methods, web-services are divided into
two main types: single-page (SPA) and multi-page (MPA). Let’s consider
the differences between them.

"Single-page" services allow you to imitate the work of desktop pro-
grams, as they respond to user actions without delay. The concept of SPA is
that all resources which are required for work (CSS elements, scripts, etc.)
are located on one page and loaded during initialization. With such ap-
proach, there is no need to reload or load additional pages - the content is
updated dynamically using JavaScript (AJAX requests).

"Multi-page" services work according to the traditional scheme. This
means that when the data changes slightly or when you go to another page,
the browser makes a new request to the server and re-loads all resources,
even those components that are repeated on every page (header, footer, etc.).
Thus, performance is wasted loading the same elements.

Summing up, we can conclude that each architecture has its advantages
for certain types of projects. So, the MPA approach is well suited for those
cases when you need to display a large amount of content, for example,
when creating an online store, business site, catalog. However, due to the
higher work speed, the SPA concept is gradually replacing the traditional
approach, in which the page is reloaded after each user action.

Developing of the web-services from scratch requires a lot of work. At
the same time, in most cases, you have to spend time reproducing functions
that have already been performed thousands of times. Frameworks help to
deal with this problem by providing a kind of skeleton for the future applica-
tion and a set of additional tools designed to speed up the product creation.
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When developing a web-service based on the SPA concept, which in-
volves a clear separation of responsibilities between the external presenta-
tion (front-end) and internal implementation (back-end), you will need to
choose an individual framework for both the server and client parts.

The most popular frameworks for the server side at the moment are:
Django, Laravel, Ruby on Rails. For the client side: Vue.js, React, Angular.

In web-services built on the SPA architecture, the server side is limited
to the backend through some API (Application Programming Interface)
entry points. The client sends requests to these endpoints and the server
returns a response. The most common approach of API interfaces design is
REST (Representational State Transfer). It is not a standard, but it defines
limitations such as statelessness, client-server communication, and a unified
interface. With such approach, the body of the request and response from the
server is represented as JSON object.

According to the architectural principles of the REST, there are at least
4 HTTP methods corresponding to basic operations on entities: loading data
(GET), saving (POST), editing (PUT/PATCH) and deleting (DELETE). This
list is also accompanied by such operations as handling errors in the request,
delimiting access and validating input data.

In any web-service the database has the key role. Therefore, you
should spend enough time designing its structure, especially if there is a
need to work with large amounts of information. When working with rela-
tional databases, normalization mechanisms can help you with it.

Normalization consists in transformation of the data storage structure
to normal forms. Normal form is a set of requirements for the structure of
tables to ensure the database integrity and eliminate excessive functional
dependencies. Usually, when designing a database, it is sufficient to trans-
form it to the first three normal forms: first normal form: each table must
have a primary key; each attribute should consist only of elementary (indi-
visible) values and not contain repeating groups (atomicity); the second
normal form: data that repeatedly appear in several rows should be stored in
separate tables; third normal form: data should not be stored in a table if it
can be obtained from non-key fields.
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DEVELOPMENT OF THE PHENOTYPING SYSTEM OF
SUNFLOWER SEEDS FOR SELECTION

Phenotyping is a digital determination of an object phenotype. The ob-
ject of our research was sunflower seeds. Phenotyping includes obtaining
reliable information on the size and color of seeds. The development is in-
tended for selective breeding of individual samples or plants. Special tech-
niques have been developed to describe the phenotype of seeds. The state
method of Ukraine is called "Methodology for determining homogeneity and
stability (VOS)". The European method is called: "INTERNATIONAL
UNION FOR THE PROTECTION OF NEW VARIETIES OF PLANTS
(UPOV)". The European method has one gradation more. The physical di-
mensions of the seeds hesitate from 5 to 25 mm in length and from 3 to 7
mm in width.

The thickness of the seed is less than the width. In the description doc-
uments, there are four gradations of seed shape. The color of sunflower
seeds is described using 4 or five signs with gradations. In cultivated sun-
flower, which is used for breeding, the general color of the seeds is quite
dark, even with stripes.

The inheritance of coloration of different layers of seed fertilization
was studied at the Institute of Oil Crops of the National Academy of Scienc-
es of Ukraine. As a result, a collection was created, which is divided into 12
groups by color. Breeders need to evaluate individual seeds and individual
plants by size and color and make these analyzes more accurate. Our task is
to create a fully automated algorithm and program for collecting a seed data-
base with a description of its size and color.

As a research material, a part of the automatic phenotyping device of
seeds developed at the IOC of the National Academy of Sciences of the
Russian Academy of Sciences by Aliev E. B. was used, namely a device for
photographing seeds. The device is connected to a laptop and transmits in-
formation directly. Sunflower seeds from the collection of the Institute of Oil
Crops also served as research material.

As a result of the work, a program was developed for the analysis of
the seed image, which will be able to create a database of sizes based on the
color of the seed. A photographic image of the seed from a stationary device
is used. Information is transferred in the form of a table that can be pro-
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cessed in the Excel program. Measurement of sizes and configuration is
performed using software developed in the Python environment.

Program algorithm. We load a seed photo file into the program input
using the directory = ‘images’ function. We turn the photo into a matrix of
ones and zeros. According to the program code, we make the matrix square
so that the number of rows is equal to the number of columns. We create an
array in which we will store the sum of units of diagonals parallel to the
main one. Similarly for the auxiliary diagonal. We carry out a consistent
comparison of the amount received from the assembly of the mattress with
the subsequent one. As a result, we are going to get the maximum value of
the diagonal. The obtained maximum among diagonals is the parameters of
the length and width of the seed. The thickness is measured by the second
photo, in which the seed is on the rib. This is how data is processed for one
seed or for counting the number of pixels of the pattern. We can use it to
convert dimensions from the number of pixels to metric dimensions, such as
millimeters.

The next step of work was to determine the color of the seeds. To do
this, we add the function of to determine colors and output their general table
in Excel format to the program. The result of the work is a table that can be
opened in the Excel program.
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OVERVIEW OF MODERN SHEET METAL STAMPING
TECHNOLOGIES

At the current stage of development of the machine-building industry,
the share of large-scale and mass production is gradually decreasing. As a
rule, consumers demand a greater variety of goods with a small batch pro-
duction. Under such conditions, the competitiveness of production will be
determined by the ability to launch new products in the shortest possible
time at the lowest cost.

In one-off and small batch production, when manufacturing axially
symmetrical parts and semi-finished products without thinning, roller rolling
or rotary drawing is traditionally used with universal or special pressing
equipment. However, the use of rotary methods is limited by the need for
expensive power tracking hydraulic drives, electro-hydraulic copying devic-
es and numerical control systems, or the involvement of highly skilled la-
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bour when using universal equipment. With the increase in series produc-
tion, the traditional multi-stage die drawing becomes more efficient.

It is possible to increase the efficiency of the technology of obtaining
parts by stamping (especially in serial production) only by optimization, that
is, by forming the product with the minimum possible number of main and
auxiliary operations using the most simple in design stamping equipment
and universal press equipment.

That is why the authors of propose to use computer modelling pro-
grammes for axisymmetric stretching processes in the DEFORM environ-
ment to predict the loss of stability of a thin sheet billet during deformation.
According to the results of the study, it was found that modelling the process
of pulling a thin sheet in the DEFORM 3D environment allows visualising
the process of corrugation formation with a high degree of probability and
thus predicting the loss of stability of the workpiece in real deformation
processes, provided that deformation occurs with a relatively simple geome-
try of the initial workpiece and deforming tool.

Under more complicated deformation conditions, the results of a full-
scale experiment and computer modelling may differ. This somewhat com-
plicates the prediction of corrugation formation, but the problem is solved by
an extended analysis of the stress-strain state and behaviour of the billet
metal in the deformation zone. The appearance of areas in the workpiece
where there is an unpredictable and uncontrolled loss of contact between the
workpiece material and the deforming tool or areas with significant uneven-
ness in the speed of movement of the workpiece points clearly indicates
problem areas with an increased probability of corrugation formation in the
actual drawing process. The use of computer modelling programmes can
help to improve production efficiency.

In addition to the use of modelling programmes in modern conditions
to increase productivity and reduce labour intensity and cost, elements of
stamping equipment made of polyurethane are used. The authors of con-
ducted a number of studies and found that polyurethane can be used to man-
ufacture moulding tools, individual parts of the units for pushing finished
products out of moulding cavities and units for pressing the workpiece dur-
ing extraction, as well as damping devices to compensate for impulse loads.
Equipment that uses an elastic medium is often ten times cheaper than spe-
cial or universal rigid dies. Replacing the rigid metal parts of the dies with
elastic polyurethanes has provided a number of advantages of the new poly-
urethane stamping process, but also revealed its disadvantages. The main
disadvantage is a significant increase in the stamping force due to the need
to deform both the workpiece and the polyurethane itself. The paper points
out that polyurethane stretching of parts of complex configurations requires
a force that is almost an order of magnitude higher than the stretching force
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in rigid dies. The equipment produced for polyurethane stamping is designed
for a rated force that is at least three times higher than the deformation force
of the same range of parts in rigid dies.

The use of the pneumatic impact method of stamping with moving me-
dia is also relevant for sheet metal stamping production, according to the
authors of . The advantages of this method are environmental friendliness,
safety, wide technological capabilities, low energy and material costs, high
versatility and mobility. The authors also drew attention to the degree of
influence of manufacturing errors on the accuracy parameters of stamped
parts.

Production errors are inherently random variables, subject to the gen-
eral laws of probability theory and mathematical statistics, which is why the
study of production errors should be carried out using statistical methods of
analysing experimental data, with the following stages of research: identify-
ing the impact of the main factors (geometric dimensions of parts, shape,
material thickness, tool wear) on the accuracy of the process.

The authors of drew attention to magnetic-elasto-pulse stamping,
which makes it possible to produce parts on magnetic-pulse machines re-
gardless of the conductivity of the workpiece material. This is a modern
method. High-speed pulse action leads to a new quality in the behaviour of
the metal being processed. This new quality is called hyperplasticity. The
practical use of the hyperplasticity effect makes it possible to deform with-
out breaking and to stamp products that are impossible to produce using
known methods.

Thus, in the modern world, the use of sheet metal stamping technolo-
gies remains important and is developing through the use of new technolo-
gies, equipment and materials. Modelling software is becoming more widely
used.
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OPTIMUM PROVISION OF NATIONAL INTERESTS OF STATES
THROUGH SANCTIONS POLICY

Russia’s unprovoked military aggression against Ukraine back in 2014
with the subsequent occupation and annexation of the Crimean peninsula,
subversive and subversive activities of Russian special services in the south-
east of Ukraine confirm the relevance of the study.
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The policy of sanctions is an instrument of influence on countries
whose military deterrence threatens to turn into a world war with the use of
weapons of mass effect. The choice by the United States and EU member
states of a policy of sanctions to curb the aggression of the Russian Federa-
tion against Ukraine and de-escalate the Ukrainian crisis as a whole convinc-
ingly proves the expediency of conducting a comprehensive study of the
mechanism of the application of sanctions policy.

Optimum provision of the national interests of states through the policy
of sanctions is determined by the following circumstances: broad interna-
tional political support for sanctions by major powers at all stages of their
implementation, which is ensured by the coincidence of their national inter-
ests in the target country; foreign policy involvement of the states of the
target country’s geopolitical environment in the implementation of sanctions
measures; the formed regulatory and legal framework, which defines the
principles and regulates the specifics of the implementation of the policy of
sanctions against the target state; institutional support for the implementation
of sanction measures; export-import dependence of the target country on the
sanctioning state, which is often ensured by previous positive political rela-
tions between the sanctioning country and the target state; the moderation of
political goals pursued by the policy of sanctions, which are in the realm of
adjusting the foreign policy activity of the target country, but are not directly
aimed at changing the political regime in the target state; the presence of
formed political forces/opposition in the target country, which are foreign-
policy-oriented towards the state implementing the sanctions policy, demon-
strate readiness to meet its goals in the presence of mechanisms of public
influence on political decision-making.

Ways to optimize the use of sanctions policy in modern international
realities can be the intensification of cooperation between international insti-
tutions and states during the implementation of sanctions measures through
the formation of appropriate coordinating institutional mechanisms; devel-
opment of the concept of information support for the implementation of the
sanctions policy in accordance with the target country; final rejection of the
concept of comprehensive sanctions in favor of the application of the doc-
trine of targeted sanctions; involvement of highly qualified specialists in the
development of sanctions policy on an ongoing basis.
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EXPLORING THE POSSIBILITIES AND CHALLENGES OF
INTEGRATING ARTIFICIAL INTELLIGENCE INTO
CONSTRUCTION

Despite the fact that construction is a major sector of the global econ-
omy, the pace of its development lags behind other sectors, as the total eco-
nomic output per employee remains at the same level. The urgency of the
problem stems from the fact that the construction industry is one of the most
under-digitalized in the world and is slow to integrate innovative technolo-
gies.

Of course, integrating new technology is a difficult task, but it can be
simplified by using machine learning and artificial intelligence, which will
help create efficient workforces and save money on their training. Artificial
intelligence solutions that have proven effective in other industries are be-
ginning to show themselves in the construction process.

Artificial intelligence (Al) is a general term for factors where a ma-
chine imitates human cognitive functions, such as problem solving, key
factor recognition, learning, etc. It has the ability to process a large amount
of input data in a short period of time, which indicates the potential for use
in construction production. Let’s analyze the main advantages of using Al in
construction:

1. Optimization of the building design process. Information modeling
of buildings and structures is based on a 3D model, which allows construc-
tion and civil engineering professionals to increase the efficiency of design
and manage the process. In order to plan and design construction, 3D models
must take into account architectural plans, structural features, engineering
systems, and the sequence of workflows. The challenge is to ensure that
different models do not conflict with each other. The industry should use
machine learning in the form of generative design to identify and eliminate
conflicts between different models that are likely to be created by different
organizations during the planning stages to minimize rework.

2. Risk reduction. The risk of each construction project manifests itself
in many forms: quality, safety, and excessive time and money costs. Large
projects can be the riskiest because a large number of contractors interact at
construction sites. Today, there are artificial intelligence solutions that gen-
eral contractors can use to monitor and prioritize risks during the workflow.
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Al is used to automatically prioritize and make a value judgment, so that
construction managers can work together to minimize risk.

3. Prevent unnecessary spending. It is known that most projects go be-
yond their budget, even though they have the best "players" among the con-
tractors. Artificial neural networks are used in construction to make predic-
tions about cost overruns based on the following factors: project size, project
managers’ competence, workers’ qualifications, and contract type. In addi-
tion, Al allows workers to familiarize themselves with real-time training
materials related to a particular project. This reduces the time required to
attract new resources.

4. Solving the problem with labor force. Construction companies can
increase their productivity by analyzing data in real time. Machine learning
and Al allow for better planning of the distribution of personnel and equip-
ment between jobs. Project managers will be able to instantly assess the
progress of work and the location of machinery. This means that it will be
possible to immediately decide where there is a need to hire additional labor,
which will eliminate the possibility of falling behind schedule. Construction
works will increase their level of autonomy.

The problem lies in the fact that, along with a conservative view of in-
novation, artificial intelligence in construction has too little data to work
properly, so there is a lack of materials to support the machine’s deep learn-
ing process. Creating such "safe databases" requires a lot of time and money,
at least for the Al to be able to analyze photos and learn to distinguish be-
tween "damage" and "no damage." There is also no possibility of conducting
research on generative design (in terms of visuals). For civil engineers, this
topic is unlikely to remain relevant due to the need to manually check some
of the results of structural calculations.

The biggest obstacle to integration remains the low level of readiness
of the construction industry to fully utilize digital technologies. The lack of
an understandable interface and a certain degree of transparency in the entire
planning and production chain is impossible to achieve with digital tools
alone.

Thus, the involvement of artificial intelligence in the construction in-
dustry can bring significant benefits to construction companies, reducing
costs and the number of problems related to human resources policy, risks,
and process optimization. However, these benefits become available only
after a number of problematic issues are resolved.
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IMPROVEMENT FEATURES OF ACTIVE SOUND REDUCTION

An active sound reduction system (ASR) improved effectiveness due
to the consideration of the difference in propagation velocities between
acoustic and electric signals. This system has increased speed due to im-
proved synchronization of the reduction signal with the sound source.

Further improvement of the active sound reduction method is possible
by taking into account the acoustic characteristics of the room. If all the
significant technical channels of acoustic information leakage are consid-
ered, as well as the acoustic characteristics of the room between the point of
the sound source being reduced (speaker) and the points of acoustic infor-
mation leakage channels at the boundaries of the controlled zone: time-based
(time of acoustic wave propagation); amplitude-frequency characteristics
(AFC) and phase-frequency characteristics (PFC); reverberation-based (re-
flection of sound waves from obstacles, echoes, etc.).

This makes it possible to dispense with the use of additional micro-
phones near each channel of speech information leakage. This simplifies the
hardware part of the system and the installation process. The above charac-
teristics for each specific room can be taken in advance and entered into
electronic control units, which will generate suppression signals. With this
approach to protecting acoustic information, the following advantages can be
achieved:

1. Each unit is prepared in advance to convert the electrical signal re-
ceived from the microphone in order to produce the most effective suppres-
sion signal without significant time delays. This is provided by the action
algorithm (program) entered in advance in the processor.

2. In such a system, only sounds that exist near the main microphone
(acoustic information that needs to be protected) will be suppressed, without
disrupting the rest of the non-critical part of the sound "picture" (ambient
noise both within and beyond the controlled area). In addition, these ambient
sounds will also complicate the task of capturing hidden information by
intruders.

3. Since the natural sound background is not disturbed, the fact and lo-
cation of the conversation will be disguised. Intruders will hear only natural
sounds of the surrounding environment outside the controlled area. In other
similar systems, ideally, there would be absolute silence. This would indi-
cate the presence of secret conversations to some extent.
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4. The system resources will not be wasted on suppressing these "ex-
tra" (non-relevant) sounds, which will allow the processor to be unloaded
from unnecessary work, thus potentially increasing its speed and reliability
(less heat generated).

5. The requirements for the maximum power of acoustic transducers
can also be reduced since the sound vibrations that need to be suppressed at
the boundaries of the controlled zone are often much lower in power (vol-
ume) than the extraneous sounds that other systems suppress unnecessarily.
This reduces the cost of such hardware kits and reduces their weight and
size. As a result, sound transducers (speakers) will have smaller dimensions
and can be placed in information leakage channels (air ducts, conditioning
systems, etc.) with smaller dimensions.

6. As a result of the above, power consumption will decrease. This
property becomes particularly important when powering such systems from
an autonomous energy source with limited energy resources (batteries, ac-
cumulators, etc.).

7. Since the system will only react to the speaker’s speech (as stated in
point 2 of this list), which naturally has pauses between words and phrases,
the advantages mentioned in points 4-6 of this list will be more evident.
During such pauses, the system "rests".

The procedure for setting up the system can be simplified by using au-
tomatic tuning with test signals.
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IMPLEMENTATION OF ALGORITHMS FOR MANAGING
COMMUNICATION CHANNELS OF AN INTELLIGENT AGENT IN
A COMPLEX TELECOMMUNICATION NETWORK

With the development of telecommunications technologies, the in-
crease in speed and volume of information transmission, and the emergence
of resource-intensive network applications, the management of data trans-
mission networks has become an important issue. In the case of communica-
tion networks, management is reduced to processes of monitoring and con-
trolling the state of nodes, lines, and interactions between nodes.

In modern technologies and hardware implementation of communica-
tion networks, multi-agent systems are widely used as distributed (decentral-
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ized) management systems. The basic element of this system is a managing
agent (MA) which is responsible for a certain area of the network and ex-
changes service information with the nearest agents. The MA can be built on
the basis of an intelligent network device, such as a managed switch, router,
or server with specialized software that contains algorithms for managing the
network area for which the agent is responsible.

Cameras with a wide dynamic range, which are capable of recognizing
necessary objects in poor lighting conditions, are becoming increasingly
widespread when building telecommunications systems. If a DSP processor
is used as a camera data processing device, then the problem arises that the
bandwidth of the DSP processor is insufficient for processing signals from
cameras with a wide dynamic range. In addition, these devices do not pro-
vide additional video surveillance functions, such as video analytics.

The solution to this problem may be the use of programmable logic in-
tegrated circuits (PLCs), which have sufficient bandwidth to be used as a
coprocessor for performing image processing from the video signal sensor
and transmitting video streams to the DSP processor for video encoding, for
example, in H.264 format, as well as implementing communication channel
control algorithms. For example, Intel FPGA PLCs allow adapting the cam-
era to different image sensors and specific interfaces. In addition, as analog
cameras are replaced by intelligent IP cameras and video analytics processes
are improved based on deep learning algorithms, PLCs are becoming in-
creasingly in demand in such systems. The Cyclone and Arria PLC families
are capable of parallel processing large volumes of data, and they can be
used as a video processing accelerator on the edge computing platform for
video data analysis.

A decentralized telecommunications network management system
based on managing agents has been chosen for research. This paper consid-
ers the implementation of MA algorithms, which are designed to select the
optimal channel or set of channels with minimal bandwidth and cost for
transmitting the output information flow in a decentralized agent-based
management system. The entire control algorithm can be divided into two
components: the bandwidth determination algorithm that belongs to the
communication channel agent, and the algorithm for selecting the appropri-
ate transmission paths for information based on QoS criteria.

As known from node power consumption analyses, for example, in a
wireless sensor network, the main part of the power source’s energy is spent
by the node on receiving and transmitting data, rather than processing it.
Creating a buffer of collected information is a justified solution from the
point of view of reducing the energy consumption of the telecommunications
system node.
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After analyzing the advantages and disadvantages of possible hardware
implementations of the aforementioned management algorithms, the authors
propose the implementation of a system of controlling algorithms and a
buffer of received information on a programmable logic microchip, which
will help increase the speed of information processing through process paral-
lelization, reduce the energy consumption of network nodes by using a buft-
er, and reduce the number and length of connections in the scheme by using
a single microchip.
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"HYPERELLIPTIC CURVES ISOGENIES IN CRYPTOGRAPHY"

Isogenies between hyperelliptic curves have recently emerged as a
powerful tool in cryptography, enabling new and efficient constructions of
cryptographic primitives. This paper presents a review of the underlying
mathematical theory and the recent advancements in the practical use of
hyperelliptic curve isogenies in cryptography.

Hyperelliptic curve isogenies are mappings between two hyperelliptic
curves that preserve certain algebraic structures, such as the group structure.
Isogenies can be used in cryptography for various purposes, including key
exchange, digital signatures, and hash functions.

The computation of hyperelliptic curve isogenies involves several
steps. The following is a brief overview of the process:

Given two hyperelliptic curves E and E’, the first step is to choose a ra-
tional function ¢ that defines the isogeny between E and E’. The function ¢
should satisfy certain properties, including being a group homomorphism.

The next step is to compute the kernel of the isogeny. The kernel is the
set of points on E that map to the identity element on E’. The kernel can be
computed by solving a system of polynomial equations that involve the
coefficients of the defining equation of E and the function ¢.

Once the kernel is computed, the isogeny can be defined explicitly.
The points on E that do not belong to the kernel can be mapped to their im-
age on E’ using the function ¢. The points in the kernel can be mapped to the
identity element on E’.

The final step is to compute the degree of the isogeny. The degree is a
measure of the size of the isogeny and is defined as the number of points in
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the kernel. The degree can be computed by counting the number of solutions
to the system of polynomial equations used to compute the kernel.

The computation of hyperelliptic curve isogenies can be computation-
ally intensive, especially for large degrees. However, there are algorithms
that have been developed to speed up the computation, such as the Schoof-
Elkies-Atkin algorithm and the SEA (Schoof-Elkies-Atkin) algorithm. These
algorithms use techniques from algebraic geometry and number theory to
compute the isogenies efficiently.

Overall, this paper provides a comprehensive overview of the use of
hyperelliptic curve isogenies in cryptography, from the underlying mathe-
matical theory to the practical implementations. It is intended for researchers
and practitioners interested in the field of post-quantum cryptography and its
applications.
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IMPROVEMENT OF THE STRUCTURE AND PROPERTIES OF
THE RESPONSIBLE CASTINGS FROM HEAT-RESISTANT
NICKEL ALLOYS USING THE HOT ISOSTATIC PRESSING

METHOD

Responsible cast parts of aviation and power engineering power units
are made of heat-resistant nickel alloys by methods of equiaxial and direc-
tional crystallization. As is known, all types of casting are characterized by
the presence of such defects as the micropores and other structural imperfec-
tions, liquation, inconsistency of the phase composition, which significantly
affects the reliability, physical-mechanical, heat-resistant and operational
properties of the finished products.

One of the effective methods of correcting casting defects in responsi-
ble castings, and therefore improving the structure and increasing the level
of properties, is hot isostatic pressing (HIP). The essence of this process is
the comprehensive compression of castings in a special liquid or gas envi-
ronment at high temperatures. For the process the highest possible tempera-
ture of the castings is chosen in order to prevent melting of the material
structure.

In the process of HIP, the cavities internal surfaces are first brought in-
to contact by the mechanisms of creep and plastic deformation, and then
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connect by diffusion welding. At the same time, barometric processing does
not remove defects connected to the surface of the casting.

A number of studies were conducted on the basis of JSC "Motor Sich",
which revealed the peculiarities of the structure and properties of turbine
blades made of highly alloyed foundry heat-resistant alloys, obtained in the
process of both equiaxial and directional crystallization, after conducting
HIP.

We studied the material quality of working blades and samples cast
from the heat-resistant nickel alloy ZhS3DK-VI of various experimental
variants that underwent the HIP operation and heat treatment according to
the standard regime. Thus, the structure and properties of castings obtained
with 50% returns in the charge (after preliminary remelting) as well as alloy
modified with nickel-yttrium ligature and ultradispersed titanium carboni-
tride powders were studied.

It was established that in the process of hot isostatic pressing of the ex-
perimental castings at a temperature of 1210 °C and a pressure of 160 MPa,
micropores and loose particles that do not reach the surface of the parts (lo-
cated in the internal volumes of the metal) heal. Micropores are practically
absent in the structure of the studied turbines working blades and cast sam-
ples after HIP, which contributes to the stabilization of the structure and
properties of the material. The size of the single micropores detected after
HIP is more than 40 times smaller compared to the pores found in the cast-
ings before the HIP operation.

Thus, the conducted research shows the positive influence of hot iso-
static pressing (HIP) and standard heat treatment on the structure, physical-
mechanical and operational properties of responsible cast products from
heat-resistant nickel alloys for aviation and energy power plants.
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IMPACT OF TURBULANT ENVIRONMENT ON INNOVATIVE
PROJECTS

In today’s fast-paced business environment, innovation has become a
key driver of organizational success. However, the ability to innovate can be
significantly affected by the turbulent environment in which organizations
operate. This thesis aims to explore the impact of a turbulent environment on
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innovative projects, specifically focusing on the relationship between envi-
ronmental factors and innovation performance.

To achieve this objective, a mixed-methods approach will be em-
ployed, combining both qualitative and quantitative data collection tech-
niques. The study will start with an extensive literature review to identify the
relevant theoretical frameworks and empirical studies related to the impact
of environmental factors on innovation. Then, a survey questionnaire will be
developed and administered to a sample of firms operating in various indus-
tries to collect quantitative data on the level of environmental turbulence,
innovation capability, and performance.

Furthermore, to provide a deeper understanding of the relationship be-
tween environmental factors and innovation performance, semi-structured
interviews will be conducted with key informants within these firms. The
interview data will be analyzed using a thematic analysis technique to identi-
fy the themes and patterns that emerge from the data.

The findings of this study are expected to contribute to the existing
body of knowledge by providing insights into the complex relationship be-
tween environmental factors and innovation performance. The study will
also help organizations to better understand the impact of environmental
turbulence on innovative projects and provide practical recommendations on
how to manage such projects in a turbulent environment.

Overall, this research will shed light on the factors that facilitate or hinder
innovation in a turbulent environment and provide valuable insights for firms
looking to improve their innovation performance in such environments.
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USE OF ART THERAPY METHODS IN FAMILY COUNSELING

Art therapy is one of the softest and at the same time profound methods
in the arsenal of psychologists. By drawing, sculpting or describing their
problem or mood in literary form, customers receive a coded message from
themselves, from their own subconscious. Shape, color, size and many other
characteristics of creative products can reveal real, deep desires, fears,
hopes, true attitude towards someone or something. In addition to giving the
customers the opportunity to understand themselves, art therapy can help
change something in life in the direction of harmonization, development of
deep self-confidence, and increased flexibility of thinking and perception.
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Art therapy is a specialized form of psychotherapy based on art, pri-
marily on visual and creative activities. The main goal of art therapy is to
harmonize personality development through the development of self-
expression and self-knowledge. The most important technique of art thera-
peutic interaction is the technique of active imagination, aimed at bringing
the conscious and unconscious face to face and reconciling them with each
other through effective interaction. Art therapy can be used both as the main
method and as one of the auxiliary methods.

In foreign psychotherapy, there are four main directions in the applica-
tion of art therapy:- use for correction of an already existing work of art
through analysis and interpretation (passive art therapy);- encouragement of
participants to independent creativity, while the creative act is considered as
the main corrective factor (active art therapy);- simultaneous use of the first
and second principles;- emphasizing the role of the psychotherapist himself,
his relationship with the participant in the process of teaching his creativity.

Advantages of art therapy in family counseling:- creates a positive
emotional mood during the consultation process;- facilitates the process of
communication with family members, promotes the creation of relationships
of mutual acceptance, empathy;- strengthens the child’s cultural identity;-
allows you to address those real problems or fantasies that for some reason
are difficult to discuss verbally;- gives an opportunity on a symbolic level to
experiment with different feelings, explore and express them in a socially
acceptable form;- develops a sense of internal control;- create conditions for
experimentation with kinesthetic and visual sensations, stimulate the devel-
opment of sensor motor skills;- promotes creative self-expression, develop-
ment of imagination, aesthetic experience;- increases a person’s adaptability
to everyday life;- reduces fatigue, negative emotional states and their mani-
festations;- effective in correcting various deviations and violations of per-
sonal development, relying on the healthy potential of the individual, inter-
nal mechanisms of self-regulation and healing;- allows you to build a rela-
tionship with the child based on love and mutual affection and thereby com-
pensate for their possible absence from the parental home.

Modern art therapy has no limitations and contraindications, it is al-
ways resourceful and ecological in terms of its application. Today it is suc-
cessfully used in family counseling. The method of art therapy is based on
the conviction that the inner "I" of a person is transformed into visual mate-
rialized symbolic images or specific constructs of artistic creativity whenev-
er it is spontaneous, especially without thinking about what should be the
final result, paints pictures , draws, sculpts, creates sculpture, etc. There is an
opinion that the images of artistic creativity reflect the content of subcon-
scious processes, including internal conflicts, fears, obsessive thoughts,
childhood memories, dreams, etc.
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Art therapy is a means of free self-expression and self-discovery. Artis-
tic creativity helps to understand and evaluate one’s feelings, memories,
images of the future, to find time to restore vitality and a way to communi-
cate with oneself. Relying on symbolism and one’s own creative potential, a
person is able to achieve self-healing
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THE IMPORTANCE AND ALGORITHM OF THE CONSTRUCTING
BOMB SHELTERS IN UKRAINE

Unfortunately, in certain situations today, people require special protection
from environmental factors. Safety and protection from weapons of mass de-
struction have become highly relevant topics nowadays. That is why protective
structures are being built. These engineering constructions are designed to pro-
vide temporary shelter and protection for people, equipment, and property from
dangers that may arise as a result of emergencies in peacetime or from the im-
pact of weapons of destruction during special periods.

When constructing underground facilities, the partial loss of the walls’ and
floors’ load-bearing capacity during operation should be taken into account
when making decisions regarding their reconstruction. Therefore, during the
design phase, reinforced load-bearing elements of the building structures
should be considered as a promising direction.
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FEATURES OF SOCIAL WORK WITH INTERNALLY
DISPLACED PERSONS

Social work must be flexible and timely respond to today’s challenges.
One of these challenges was the emergence of such a new vulnerable catego-
ry of people as internally displaced persons. The emergence of "internal
refugees" has challenged many social services.

In work with this category, social workers use short-term and long-term
intervention strategies.
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Short-term may include: crisis intervention; outreach work is a task-
oriented model of social work.

Crisis intervention includes the following techniques: providing infor-
mation and instructions, using booklets, identifying possible help from relatives.

Much attention is paid to the verbalization of the emotional states of inter-
nal-ly displaced persons. The client is helped in recognizing the problem and
forming a plan for further actions.

In the course of work, there is a constant review of the work process. The
main feature of the crisis intervention strategy is that the social worker does not
influence the crisis itself. The specialist works only with the consequences of a
crisis or psycho-traumatic situation. The social worker takes a directive position
and takes responsibility.

Outreach work consists in providing services outside the social institution.
As a rule, a social worker provides assistance in places of compact residence of
internally displaced persons. This model is task oriented. The basis is the "small
steps" tactic. Thus, the tasks are performed gradually. Steps aimed at restoring
the social functioning of a person. Tasks are determined during meetings with a
social worker.

The long-term care strategy is based on multi-levels. It is focused on re-
storing social ties between people and social systems. An important factor is the
construction of a support system and the involvement of community resources
and volunteers.

Building a new philosophy of the system of social integration of IDPs has
become a real challenge for social workers. This category is characterized by a
consumerist approach. They have specific value orientations and a narrow "vi-
sion of the future".

Social integration and adaptation should not be focused on the planned sat-
isfaction of needs. This can lead to dependence on the help of social workers and
volunteers. Modern social workers must move away from the paternalistic para-
digm of soviet social security. After all, today many institutions of social protec-
tion of the population and social service institutions have inherited this practice.

The work of a social worker should become an impetus for active actions:
finding a job, affordable housing, social and cultural development, participation
in public life.

As part of such an approach to solving the problems of IDPs, a new idea of
modern professional social work is being formed. The ideal of modern social
work is the expansion of opportunities. Empowerment is activation and freeing
them from the need for a social worker.

Therefore, social work with internally displaced persons should be aimed
at overcoming dependence on humanitarian aid. The main tasks of a social
worker are based on the restoration of labor potential and socio-cultural ties.
Ukrainian social services should take into account the experience of international
social work.
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ESTIMATION PECULIARITIES OF EXTERNAL POLYMER
INSULATION RELIABILITY OF GAS-FILLED INSTRUMENT
TRANSFORMERS

The method for estimating the parameters of theoretical distributions
for calculating the indicators of operational reliability is proposed. The au-
thors propose a method for estimating the parameters of theoretical distribu-
tions for calculating the indicators of the operational reliability of a solid
insulating structure of high-voltage devices, which is a supporting insulating
cover for high voltage instrument transformers filled with gas as an insulat-
ing liquid. This technique makes it possible to estimate the parameters of a
new distribution law, which is chosen on the condition that it does not con-
tradict the existing distribution law with its known parameters. The devel-
oped technique makes it possible to obtain the values of the indicators of the
operational reliability of high-voltage equipment by determining the parame-
ters of theoretical distributions, if the developer is the data of experimental
studies or statistical information as a result of monitoring the operation of
insulating structures, taking into account the actual operating conditions of
such high-voltage devices. This makes it possible to take into account the
influence of external factors and performance characteristics inherent in
instrument transformers, both current and voltage. In the proposed method-
ology, as an example, a supporting insulating casing is considered, which is
during operation in the most unfavorable conditions, such as external pollu-
tion, humidification, overvoltage, etc. The theoretical conclusions are con-
firmed by the results of calculations using the example of the design of a
current transformer of the TOI'-362 series. A more accurate determination of
the effectiveness of the proposed method for predicting the parameters of
theoretical distribution laws can be achieved by performing an additional
series of calculations and experimental tests of specific insulating structures.
Thus, it was concluded that it is possible to use the results obtained to assess
the operational reliability of both gas-filled instrument transformers and
similar high-voltage equipment.
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ACTIVITIES OF THE SOCIAL WORKER IN THE SOCIAL
SECURITY SYSTEM

The problems of social protection of the population are among the
most discussed in the world.

Social work is an activity aimed at helping people who find themselves
in difficult life circumstances, at providing social support for the least pro-
tected sections of society. The main function of a social worker is to help
people adapt to a complex, specialized, technologically oriented society, a
part of which is the immediate environment - family, work team, neighbors,
peers.

A feature of modern professional social work is that it aims not only to
support a person, but also to return him to a full independent active life.

Today, employment and labor centers operate in the social sphere of
Ukraine; social services for youth and services for minors; crisis centers and
shelters for children and adults; territorial centers for work with the popula-
tion, boarding houses and boarding houses; rehabilitation centers for people
with special needs, as well as those suffering from serious diseases; socio-
psychological departments at enterprises, educational institutions, military
units, internal affairs institutions, places of punishment. Also, public organi-
zations that provide social services, protect rights, and carry out work on the
prevention of social and personal problems.

Organizations engaged in social work have the active support of both
the state and national and international charitable foundations.

The nature of the activity requires the social worker to have knowledge
of a wide range of issues. He must know the organization of the social pro-
tection system as a whole, relevant legislation, elements of sociology and
economics, and the peculiarities of individual work with people. That is, it
implies the need for knowledge about a person in applied psychology.

The most promising areas of social work are the prevention of negative
phenomena and the formation of a healthy lifestyle; organization of work of
private centers of social services; organization of the market of social ser-
vices; work in communities aimed at uniting and activating internal reserves;
implementation of alternative forms of social services for orphans, people
with disabilities, alternative forms of rehabilitation of persons with behav-
ioral abnormalities; socio-psychological work at enterprises and organiza-
tions.
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The task of a modern social worker is to ensure that the person he
helps is able to do without this help in the future, which is an indicator of
professional success.

The main task of social work is to restore the client’s ability to act in-
dependently under certain social conditions.

Therefore, a social worker must be able to identify a social problem,
establish its causes, and then contribute to its solution. He helps people who
find themselves in a difficult life situation to feel like full-fledged members
of society. At the same time, social work has certain features. The nature of
the problems it faces does not allow us to offer unequivocal methods of their
effective solution.

Effective work of social protection institutions is impossible without
highly qualified employees who perfectly possess all necessary professional
skills and abilities. Therefore, one of the most important directions of work
in this area is the preparatory, educational stage, the stage of professional
orientation and professional selection of personnel for social services.
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APPLICATIONS AND PROSPECTS FOR THE DEVELOPMENT OF
UNMANNED AERIAL VEHICLES (UAVS)

UAVs in the aviation sector are among the most promising types of
equipment, new designs are shown at exhibitions, development trends are
discussed at international symposiums and conferences.

UAVs are used to solve a variety of tasks: in agriculture (for monitor-
ing crop areas); infrastructure (inspection of bridges, buildings); energy (in
hard-to-reach places, high towers or deep-sea places); the video market;
military sphere; nature conservation (animal population monitoring, forest
restoration), etc. One of their main advantages is the safety of the pilot (in
case of UAVs, the operator), in the event of a breakdown and destruction of
the aircraft.

With such a wide range of possibilities, frequent use of UAVs "for
other purposes" (for crimes) is possible, creating a number of disadvantages:
interference with the privacy of citizens and commercial companies; use of
UAVs for theft and smuggling, etc. It is these acts of breaking the law with
the help of drones that point to the fine line between the use of UAVs for
peaceful purposes and a deliberate offense. To solve these issues, a legal and
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regulatory framework is being developed to regulate the use of drones in the
airspace and responsibility for any violations. In Europe, only in 2019, a set
of rules was developed to regulate the operation of drones and technical
requirements for them, their registration and identification.

It would be logical to study the experience of implementing regulatory
documents for drones, to ensure the protection of citizens with the help of
European regulations regarding UAVs.

As a result, the use and development of UAVs within Ukraine, with its
agricultural potential, rich natural resources and extensive infrastructure, will
continue to grow and develop. After all, monitoring, forecasting and control
is a prospect and an unambiguous strengthening of the manufacturability of
the economy.
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FEATURES OF TITANIUM POWDERS FOR ADDITIVE
MANUFACTURING

Titanium alloys are widely used in the aerospace and medical indus-
tries due to their improved resistance to oxidation, high stiffness, low densi-
ty, and biocompatibility [1]. Additive manufacturing (AM) of titanium al-
loys offers numerous advantages over traditional manufacturing methods. It
is possible to create highly complex designs and geometries that are not
achievable with conventional manufacturing techniques. Furthermore, AM
facilitates the easy customization of products to meet individual customer
needs. Also, it is a highly efficient process that minimizes material waste.
One of the key advantages of AM is its ability to fabricate parts quickly,
without the need for costly moulding and tooling. But the success of this
technology relies on the careful selection and preparation of the powders
used in the process. The powder properties, such as particle size and its dis-
tribution, particle shape and oxygen content have significant effect on the
surface roughness, volumetric defect content and mechanical behavior of
printed parts.

Particle size is a critical factor in the AM of titanium powders. Pow-
ders with median particle sizes, typically in the range of 20-60 um are used.
Fine particles are beneficial for packing behavior, especially in powders with
a broad particle size distribution, as they provide high bulk density and pro-
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duce high-quality finished components with minimal flaws. However, finer
particles have poor flowability due to increased forces of attraction between
particles resulting from their decreased size. Parts manufactured from the
coarse powder have slightly higher ductility and fatigue resistance. Though
they contain more defects due to the inferior packing state and lower heat
absorptivity of coarser particles but the maximum defect size is still larger in
the fine powder parts [2]. However, it is important to note that using pow-
ders with extremely small particle sizes can also result in an increase in
oxygen contamination, which can negatively affect the mechanical proper-
ties of the printed parts.

In addition to particle size, the shape of the titanium powder can also
affect the properties of the printed parts. By manipulating particle shape, it is
possible to offset the low flowability associated with fine powders to en-
hance AM process efficiency. Furthermore, smooth spherical particles also
tend to pack efficiently and so can be additionally advantageous from the
perspective of achieving high bulk densities. The utilization of powder com-
posed of highly spherical particles can enhance powder flowability, spreada-
bility, and packing state by reducing interparticle friction [3].

The particle size distribution of titanium powder used in AM has a sig-
nificant effect on the microstructure, mechanical properties and surface qual-
ity of the printed parts. A narrow size distribution can improve the flowabil-
ity, mechanical resistance and hardness of printed parts by reducing the
formation of voids and defects [4].

The effect of oxygen content in titanium powder is particularly signifi-
cant in additive manufacturing processes, such as selective laser melting and
electron beam melting, which use powdered titanium alloys to build up parts
layer by layer. High oxygen content in the powder can lead to an increase in
porosity and decrease in mechanical properties due to the formation of TiO,
oxide inclusions [5].

The high cost of titanium powders makes it necessary to search for
suitable powder recycling strategies. The powder after recycling has larger
average particle size because small particles and satellites are removed.
Additionally, particles contain a higher concentration of oxygen. Parts made
with recycled powder show a noticeable increase in surface roughness, so
their fatigue strength is lower compared to ones made with new powder [6].

Controlling and optimizing particle properties (such as finding a bal-
ance between particle size and oxygen content) is crucial for achieving high-
quality and reliable AM processes and products. Powder recycling should be
closely controlled and studied because excessive reuse could imply changes
in the morphology of the powder and alterations in the mechanical properties
of the obtained parts.
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GLOBAL TRENDS IN THE USE OF INDUSTRY 4.0
TECHNOLOGIES IN THE AIRCRAFT INDUSTRY

The term ‘Industry 4.0” (hereinafter 1.4.0) was first presented at the Han-
nover Exhibition in Germany in 2011 to describe a strategic approach to produc-
tion, which is based on computerization and digitalization of production.

At the present, the aviation industry sector has undergone a powerful
influence both from the side of globalization trends, which have led to in-
creased competition and standards in the industry, the introduction of chang-
es in the product life cycle and the digitalization of production processes,
and the COVID-19 pandemic and tensions in the Taiwan region, which in-
fluenced not only the situation of demand for aviation products, but also
changed the usual approach to the introduction of new technologies.
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In view of the new challenges, 1.4.0 is an important direction for the
development of the aviation industry and includes the use of the latest tech-
nologies that can improve the efficiency and quality of production, reduce
costs and increase competitiveness.

However, in the aircraft industry, the costs associated with the devel-
opment and implementation of new technologies are extremely high com-
pared to other sub-industries of 1.4.0 which makes the introduction of such
technologies unprofitable in the short term. This situation necessitates a
balanced approach to the selection of new technologies for implementation
in the production process.

The result is that, for further use in production, only 1.4.0 technologies
with significant level of maturity are used, which can significantly reduce
the cost of implementation and reduce the time of return on investment.

Global trends indicate a fairly wide range of possibilities for using 1.4.0
technologies in the industry. Technologies for automation of production
processes, which are used to reduce the human factor in production, improve
accuracy and reduce the time of production. Artificial intelligence and data
analytics, which are used to analyze large amounts of production data, col-
lect and process information about products that are in operation.

The Internet of Things (IoT) and sensor network are being implemented in
industries to ensure a continuous production cycle and prevent the occurrence of
defects. In the aviation industry, there is a tendency to introduce IoT to collect
and analyze data on the state of aircraft and their operation in real time. Howev-
er, today the greatest use of 1.4.0 technologies is observed in the design work of
aircraft manufacturers, namely the use of VR and AR and the use of additive
technologies. It should be noted that AR technology was introduced in 1997 and
is the most mature 1.4.0 technology.

VR and AR can significantly reduce time and costs when creating new
prototypes, provide an opportunity to analyze design features and identify signif-
icant shortcomings at the design stage. In addition, VR and AR allows you to
increase the efficiency of communication between the design bureau, production
and the customer. Additive technologies allow you to quickly create and test
new prototypes compared to making prototypes in a classical way, which in turn
can significantly reduce the final cost of the product.

Thus, at present, the degree of involvement of 1.4.0 technologies in the air-
craft industry is low, but the introduction of such technologies has a great poten-
tial to increase production efficiency and competitiveness of the final product, to
ensure even higher standards of quality and safety in the industry.

The introduction of 1.4.0 technologies requires significant efforts and in-
vestments at all stages without exception, as well as the development and im-
plementation of new standards and protocols for the exchange of data between
different systems and devices.
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EMERGING TRENDS IN TRANSPORTATION: FROM SMART
CITIES TO AUTONOMOUS VEHICLES

Improving transportation and traffic management is one of the crucial
steps towards enhancing the quality of life in urban areas. A common trend
in this field is the integration of modern technologies such as machine learn-
ing, wireless sensor networks (WSNs), Internet of Things (IoT), and Artifi-
cial Intelligence (Al) in developing intelligent transportation systems.

One common approach is the use of simulation models to test and op-
timize traffic flow in smart cities. Simulations can help in designing and
evaluating new road layouts, traffic signals, and other transportation infra-
structure. Another trend is the use of machine learning algorithms in predict-
ing traffic patterns and reducing congestion. We can also highlight the im-
portance of communication and coordination between vehicles, infrastruc-
ture, and traffic management centers.

Also, one of the most prominent aspirations is the use of technology in
improving traffic safety and management. For these purposes there are vari-
ous technologies such as wireless sensor networks, surveillance cameras,
and automated vehicles that can be used to collect and analyze data on traffic
patterns and road conditions. The data collected can then be used to develop
intelligent traffic management systems, improve the efficiency of traffic
flow, and reduce the risk of accidents.

Another important aspect that undoubtedly needs to be taken into ac-
count is safety and the impact of the human factor on it. At the moment,
urban scientists are actively discussing the attitudes, behaviors, and skills of
drivers, which can have a significant impact on road safety. For example, the
relationship between driver characteristics, such as age, gender, and driving
experience, and their risk-taking behavior was examined. Another research
explores how factors such as traffic climate, locus of control, and driving
skills influence driver’s preferences for automated vehicles. Finally, we have
reports on a pilot study that assessed participants’ acceptance, trust, and
perceived safety of automated vehicles, as well as their emotional responses
to riding in such vehicles.

The fourth common trend in modern research is the growing im-
portance of interdisciplinary approaches in transportation research. We need
to focus on the collaboration between researchers from different fields such
as engineering, psychology, and computer science to find comprehensive
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solutions to transportation problems. This includes developing standardized
methods for assessing driver’s behavior and attitudes, improving the reliabil-
ity and validity of measures, and using multi-methodological designs to
capture different aspects of transportation-related phenomena.

Overall, the common trend in modern research is the application of
technological solutions to address traffic-related problems, such as reducing
speeding, managing traffic flow, and increasing safety. The studies also
highlight the importance of human factors, such as personality traits, driving
skills, and user attitudes, in the successful implementation of these solutions.
Surveys, experimental designs, and statistical analysis, demonstrate the im-
portance of empirical research in transportation and traffic management.
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SURGE PROTECTION IN CENTRIFUGAL COMPRESSORS

Centrifugal compressors are equipment that belongs to the group of
dynamic type compressors with a radial design. The main advantage of
compressors of this type is their high productivity, which many times ex-
ceeds the indicators of compressors of other types. Thereby centrifugal air
compressors, the composition of which allows them to be used during inten-
sive operation, are widely used on an industrial scale.

The device and principle of operation of centrifugal compressors are
based on the dynamic compression of a gaseous medium. The main element
of this equipment is a rotor equipped with a shaft with working wheels, the
arrangement of which is symmetrical. During the operation of the equip-
ment, the gas particles are acted upon by the force of inertia, which arises
due to the presence of rotational motion carried out by the wheel blades. At
the same time, the gas moves from the center of the compressor to the edge
of the impeller, and as a result, the gas is compressed and gains speed. One
of the main features of installations of this type depends on the power con-
sumed by the equipment, the pressure of the compressed gas and its efficien-
cy, and the level of compressor performance.

The range of adjustment of the compressor at low flows is limited to
the limit of the surge zone. At a given injection pressure, it is not possible to
reduce the air flow through the compressor below the critical value at which
surge occurs. However, the position of the boundary of the surge zone can
change significantly depending on the state of the atmospheric air (pressure,
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temperature, humidity) and the technical condition of the compressor (com-
pression ratio).

Knowing the current position of the surge zone and the operating point
of the compressor, it is possible to adjust the performance of the compressor
in such a way that during the movement of the operating point to the low
flow zone, the operating point is brought as close as possible to the limit of
the surge zone without opening the surge valve. The margin of performance
relative to the limit of the surge zone defines a new lower control limit and is
selected depending on the speed of movement of the operating point in the
direction of decreasing flow.

To ensure the expansion of the operating point, it is necessary to meas-
ure the parameters of the atmospheric air, periodically calculate the position
of the limit of the surge zone, the speed and direction of movement of the
compressor operating point, adjust the performance of the compressor to
maintain the specified pressure (or flow) within the extended operating zone
by changing the position of the throttle valve, and in if the working point
goes beyond the lower limit of the working zone, adjust it by changing the
position of the surge valve.

At the same time, reliable surge protection is required, which is trig-
gered, for example, when characteristic fluctuations in the load on the main
drive motor appear, as well as fast-acting electric drives of the throttle valve
and surge valve. This guarantees that the implementation of the control sys-
tem will not reduce the safety and trouble-free operation of the units.
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TYPES OF HEAT-RESISTANT COATINGS USED IN THE
AVIATION INDUSTRY

The exploitation process of gas turbines features various damage to
their elements with various effects on their usability. The overheating of the
blade material, especially of uncooled blades constitutes damage that is very
difficult to identify and a failure hazard that is very difficult to classify.

The article presents the results of testing of selected factors on the con-
dition and degradation of heat-resistant coatings (insulation and protective
layers) of gas turbine blades from jet motors for manoeuvring aircraft drive
units.
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The deliberations were focused on determining the impact of tempera-
ture and exhaust fumes on the condition of heat-resistant coatings. The la-
boratory experiment demonstrated a negative impact of high temperature
exceeding the blade’s operating range and its duration on the technical con-
dition of the heat-resistant coating. The article’s main context regards the
assessment of the technical condition of the exploited blade’s coatings. The
study took into account the chemical and high-temperature impact of the
operating factor. The conducted testing allowed determining the changes in
the structure and properties of the heat-resistant coatings after long-term
impact of exhaust fumes during exploitation.

Each heat-resistant covering and technology of its drawing is devel-
oped depending on conditions of its use, temperature modes of operation,
ergonomic efficiency. The main method of increasing the operating tempera-
ture of the ceramic coating layer is to change the chemical composition of
the ceramic by introducing an additional number of alloying rare earth ele-
ments. An important method of improving the quality of heat-resistant coat-
ings is to optimize the thickness of the ceramic layer and the formation of a
barrier microlayer at the interface.

It was demonstrated that the impact of exhaust fumes with a higher
temperature than the operating temperature causes the coating’s degradation
throughout a longer period of time. It has been found that during the exploi-
tation the quality of coatings decreases non-linearly, which results in deterio-
ration of their protective properties, and, consequently, the durability of gas
turbine blades.
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ANALYSIS OF CLOUD SOLUTIONS FOR DEVELOPMENT AND
OPERATION OF SOFTWARE

SAP Business Technology Platform is an enterprise cloud platform that
allows companies to develop their applications, extensions, or add-ons for
existing SAP products or create a hybrid IT landscape by integrating cloud
solutions. The analysis of the limitations and services of SAP Business
Technology Platform is performed in this work. The method of business
application development in the Cloud Foundry environment of SAP Busi-
ness Technology Platform is presented [1].
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Extensive data management, the Internet of Things (IoT), analytics,
machine learning, robotics of routine operations are modern technologies
that can be used by enterprises and companies to implement innovative sce-
narios in business. Ready-made cloud platforms, assembled by large suppli-
ers of software and services provided by subscription, help in building mod-
ern digital enterprise-scale solution.

Infrastructure-as-a-Service (IaaS), Platform-as-a-Service (PaaS), and
Software-as-a-Service (SaaS) are existing cloud service delivery models [2].

Studies have shown that SaaS is the most understandable and conven-
ient model of providing cloud service from the end user’s point of view. It is
often more comfortable and more efficient to use the ready-made SaaS that
is already configured for specific requirements. Nevertheless, ready-made
solutions don’t always exist, and in this case, PaaS and IaaS models are
recommended. There is no universal approach for introducing cloud tech-
nologies to improve the enterprise’s IT landscape. The selection of a model
and the process of migrating to the cloud are non-trivial tasks.

German company SAP is one of the world’s market leaders in enter-
prise applications. The company helps organizations of all sizes and special-
izations to increase the efficiency of their business management.

The company offers the whole line of solutions for the IoT, which are
included into the digital innovation system SAP Leonardo [3].

Significantly, SAP Leonardo platform combines various software ca-
pabilities: machine learning, the loT, Big Data, analytics, and blockchain on
SAP Business Technology Platform (BTP) together with the design thinking
methodology.

SAP cloud technologies open up endless opportunities to develop the
company’s resources. They also give the green light to the usage of different
innovative technologies. BTP provides the ability to connect people, objects,
and businesses, as well as technologies for implementing the Internet of
Things and Industry 4.0 in digital logistics, manufacturing, and asset man-
agement.

BTP offers tools based on the PaaS model, designed to develop and run
cloud applications. BTP is a cloud solution that works on the principle of
[aaS.

SAP HANA Enterprise Cloud can be used as a [aaS and PaaS services.

SAP Business Technology Platform is based on open-source standards
and gives the developers flexibility and control over clouds, applications and
environments deploying. BTP uses different development environments,
including Neo and Cloud Foundry, and provides several programming lan-
guages.

Thus, the two main tasks that the BTP platform solves are development
and operation of IT solutions (hosting, monitoring, scaling, etc.).
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BTP provides a full range of service directories, including database,
data storage, and backup, report service, and transaction-level for cross-
platform software development. BTP clients can use this cloud environment
to control software development or they can also use a hybrid model based
on the cloud environment and in their own development environment.

The BTP can be integrated with SAP applications, third-party applica-
tions, or internal company solutions for data receiving and software devel-
opment. The platform provides creation, integration, and expansion of cloud
applications without spending time and financial costs for IT infrastructure
maintenance.

CALMS framework allows assessment of transition to DevOps readi-
ness and can be used as a model to identify possible improvements in the
software development, implementation and maintenance processes. Also, an
important feature of BTP is the support of BYOL (Bring Your Own Lan-
guage) model, which provides the usage of any programming language, such
as PHP, Python, and others [4].

Analysis of related works, in which examples of development in BTP
environment for different tasks are provided, made it possible to form a
generalized method for business application developing. It is based on the
usage of global standard for cloud application development Cloud Foundry
(CF), which allows developers to concentrate more on the tasks and facili-
tates the process of application deployment and management [5].
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IMPROVING THE PERFORMANCE CHARACTERISTICS OF
AIRCRAFT ENGINE TRANSMISSION PARTS

In modern aviation turbojet engines, the design of parts and units of
highly loaded transmissions is based on the principles of increasing the
physical and mechanical properties of the main parts of the units drive boxes
through the use of advanced processing methods based on chemical-thermal
and electroplating processes.

The main parts of transmissions are stator case parts made of light al-
loys based on magnesium and aluminium, as well as parts of the rotor group
gears made of structural heat-resistant and wear-resistant steels.

One of the most promising methods of hardening the working surfaces of the
gear wheels of aircraft engines is the technology of ionic nitriding in a hydrogen-free
saturating gas medium, which eliminates the metal hardening by hydrogen and en-
sures considerable saving of energy and gases. The ion-plasma surface modification
in a non-hydrogen environment opens up new possibilities for improving the strength
and durability of gears. This process has a number of advantages in comparison to
hydrogen media, such as the elimination of the harmful effects of hydrogen on the
metal (hydrogen embrittlement and hydrogen corrosion), improved plasticity of the
nitrided layer and reduced consumption of electricity and gas, as well as improved
working conditions and environmental protection.

In its turn, micro-arc oxidation (MAOQ) is one of the newest methods to
increase wear and corrosion resistance of aircraft engine body parts made of
valve-type materials. The peculiarity of this method is transmitting high
anodic currents through the electrolyte in which the metal object is im-
mersed. Such currents cause local micro-plasma discharges on the surface of
the oxidized metal which lead to dissolution of its surface and active interac-
tion with oxygen to form oxide layers. The temperature in these discharges
rises to 7000...10000 °C, which causes melting of the created oxide coat-
ings, endowing them with unique physical and chemical properties. Thus,
the oxide layer, despite its relatively high porosity, effectively protects the
oxidized metal from corrosion due to the fact that it is in the pores where the
most intensive growth of oxides occurs. In addition to this there is a surface
increase in hardness.

Scientific research, as well as development of processing and coating
technologies in the above methods to improve the properties of parts and
components of modern aircraft engines transmissions will lead to a signifi-
cant increase in the operating life of products to ensure the ability to with-
stand operational hazards.
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DC MICROGRIDS. EFFICIENCY AND ADVANTAGES OF USE

DC microgrids are an emerging technology for electrical power distri-
bution that have the potential to provide numerous benefits over traditional
AC grids. One of the primary advantages of DC microgrids is their higher
efficiency compared to AC grids. This is because AC power must be con-
verted to DC power for most modern electronics to function, and this con-
version process results in energy losses. DC microgrids, on the other hand,
distribute power in its native DC form, reducing the need for these conver-
sions and resulting in less energy loss.

There are several advantages of using DC microgrids, including:

1. Higher Efficiency: DC microgrids have higher efficiency compared
to traditional AC power systems. This is because DC power transmission
and distribution result in lower power losses due to reduced power conver-
sion stages and lower line losses.

2. Integration of Renewable Energy Sources: DC microgrids can effi-
ciently integrate renewable energy sources such as solar panels and wind
turbines, which generate DC power. This makes them a promising technolo-
gy for sustainable and efficient power distribution.

3. Modularity: DC microgrids are modular, which means that they can
be easily expanded or downsized according to the power needs of a particu-
lar application.

4. Reduced Infrastructure Costs: Since DC microgrids require fewer
conversion stages and fewer transmission lines, they can be installed at a
lower cost compared to traditional AC power systems.

5. Improved Power Quality: DC microgrids have better power quality
and stability compared to AC power systems. This is because DC power is
less susceptible to voltage drops and fluctuations.

6. Improved Energy Security: DC microgrids can provide backup pow-
er during grid outages, which can improve energy security in remote or rural
areas.

The efficiency of DC microgrids can vary depending on various factors
such as the type and size of the system, the components used, and the operat-
ing conditions. However, in general, DC microgrids have the potential to
achieve higher efficiencies compared to AC systems due to the elimination
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of AC-to-DC conversions and associated losses. Studies have shown that the
efficiency of DC microgrids can range from 80% to 95%.

Overall, the efficient and advantages of using DC microgrids make
them a promising technology for a wide range of applications, from residen-
tial homes to industrial facilities and remote communities.
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INCREASING THE EFFICIENCY OF AIR PURIFICATION BY THE
ENGINE AIR PARTICLE SEPARATOR OF THE HELICOPTER

The helicopter is a type of aircraft in which lift and thrust are supplied
by horizontally spinning rotors. This allows the helicopter to take off and
land vertically on unprepared sites outside airfields and also hovering over
the ground.

These operating conditions are characterized by a high degree of dust
content in the air. Such conditions are formed due to the action of a jet of air
thrown by the rotor blades towards the ground. In certain areas of operation,
the dry and dusty conditions are found at high altitudes, where the air is less
dense and sometime hotter.

Dust, sand and small stones are composed of silicon dioxide, which has
high hardness and strength. Getting into the helicopter engine at high speed,
these particles cause abrasive wear of the compressor blades. In the process
of wear, the geometry of the blade feather changes. This phenomenon causes
a decrease in the gas-dynamic stability of the engine, which leads to power
loss, stall and surge. In addition, the blade can collapse and cause engine
failure.

Currently, in order to reduce the influence of the above conditions and
increase the life of the engine, engine air particle separators (EAPS) are used
on helicopters. In the global helicopter industry, the following types of
EAPS have found the widest application: vortex tube separators (VTS),
integrated inlet particle separators (IPS) and inlet barrier filters (IBF).

All EAPS have a common drawback - the loss of engine power due to
the air pressure drop on the separator, and the complication of servicing the
helicopter on the ground. Until recently, the most common separators were
IPS, that rely on rapid change in curvature of the inlet geometry. Such sepa-
rators have small dimensions, simple design and low weight, but they have a
low efficiency of air purification.
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Today, VTS separators are very promising. That rely on centrifugal
forces created by large amount of small cyclone-like systems. Compared to
other types, they are larger, heavier and take up more space on a helicopter.
The use of composite materials made it possible to reduce the weight of the
device.

Such separators have a higher degree of air purification and a lower
pressure drop. The study of how the materials, design and geometric pa-
rameters of the cyclone system affect the efficiency of air purification will
further optimize the design of the EAPS and improve its performance.
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APPLICATION OF SELECTIVE LASER SINTERING METHODS IN
DENTISTRY

Additive technologies are widely used in medicine, in particular for the
production of serial and individual implants from biocompatible metal alloys.
3D metal printing opens up wide possibilities for manufacturing medical prod-
ucts. This technology is successfully used in traumatology, orthopedics, oncolo-
gy, maxillofacial surgery and veterinary medicine, and is also practically indis-
pensable for individual prosthetics or operations in dentistry.

Selective laser sintering (SLS) technology, which has a wide selection of
metal alloys in the form of powder materials, has the greatest prospects for use in
dentistry. This technique was developed and put into practice in the middle of
1989 at the University of Texas. The developers of this technology are Carl
Deckard and Joe Beeman.

SLS can include multiple techniques, like selective laser melting (SLM) or di-
rect metal laser sintering (DMLS). These all share the same principles but are brand-
ed differently for patenting reasons and often vary slightly. SLS is often reserved for
the processing of ceramics and nylons, while SLM is mostly for metal alloys.

The name of this technology is self-explanatory: a laser targets loose,
powdered material (e.g. metal) which sinters or ‘melts’ it into the pre-
programmed shape. This type of 3D printing is also called powder bed fu-
sion because it uses a bed of powder to support the design and no additional
supports are necessary, which keeps the post-processing minimal. This pro-
cess used to result in a porous and fragile product but this has been improved
by using a vacuum and other advancements. Nowadays, the final products

338



are much denser and stronger and also very accurate (50 - 100 um). This
makes them great for processing metal frameworks such as CoCr or titani-
um, which are notorious for putting strain on milling machines and burs.

In the process of manufacturing dentures by the method of laser sinter-
ing, alloys or compounds with a low melting point are used, such as stainless
steel, cobalt-chromium alloys, titanium, aluminium alloys. The SLS process
uses a laser beam and a platform that descends with a certain step. The sin-
tering powder is supplied from the feeder and is distributed over the surface
of the platform in a thin layer using a special roller. The laser beam first
circles the contour of the layer of the future product, and then scans the en-
tire surface inside this contour. As a result, as a result of the thermal effect of
laser radiation, the powder particles melt and harden, forming a solid mass
of a certain thickness, the shape and dimensions of which correspond to the
layer of the 3D model of the prototype product. The generation of the entire
product takes place from bottom to top, layer by layer. At the same time, it is
constantly immersed in a bath of the initial source powder, which is a sup-
porting support 3D imaging and modelling, and CAD technologies are huge-
ly impacting on all aspects of dentistry.

3D printing makes it possible to accurately make one-off, complex ge-
ometrical forms from this digital data, in a variety of materials, locally or in
industrial centres. Even now, nearly everything we make for our patients can
be made by a 3D printer, but no single technology is sufficient for all our
patient’s needs.

The technology is already widely used in orthodontics, where high-
resolution printing in resin is already an entirely practical proposition, and
similar technology is being used to print models for restorative dentistry and
patterns for the lost wax process which is becoming increasingly important
with the rise of intraoral scanning systems. In maxillofacial and implant
surgery, it is becoming commonplace and prerequisite to use anatomical
models made by any number of different 3D printing techniques to assist
with the planning of complex treatments.

It is widely acknowledged that surgery may be less invasive and more
predictable with the use of surgical guides printed in resins (commonly) or
autoclavable nylon. For many, the real excitement will be in the direct pro-
duction of metal-based restorations for implants and teeth, but this is yet to
become routine in the dental laboratory in the UK.

Although 3D printers are becoming more affordable, the cost of run-
ning, materials, maintenance, and the need for skilled operators must also be
carefully considered, as well as the need for post-processing and adherence
to strict health and safety protocols. Despite these concerns it is clear that 3D
printing will have an increasingly important role to play in dentistry. The
congruence of scanning, visualisation, CAD, milling and 3D printing tech-
nologies, along with the professions innate curiosity and creativity makes
this an exceptionally exciting time to be in dentistry.

339



YK 621.3

Alexander Tararin!, Nataliia Zhukova?

'PhD student, EA Dpt., NU “Zaporizhzhia Polytechnic”

2PhD (Philology), associate professor NU “Zaporizhzhia Polytechnic”

THE RAPID DEVELOPMENT OF ELECTRIC VEHICLES, ITS
IMPACT ON THE POWER GRID AND THE ENVIRONMENT, AND
HOW TO DEAL WITH IT

While we are looking for our sustainable future the two major trends
are starting to appear — the increasing demand for renewable sources of en-
ergy to power our home and a popularization of electric vehicles (EV) to
transport us elsewhere. But what does this mean in terms of the electric
power grid?

For a first look it sounds rather normal and self-sufficient. We have
large volumes of new electricity generation and a lot of new electricity con-
sumers, ideal balanced situation, right? But considering that the bigger part
of this generation are solar power stations that work during the day and most
of EVs will charge during the night it seems already disturbing. Thereby
we’ll have a lot of unwanted generation at the one part of the day and a big
demand for it at another, what is critical for our energy system (critical
enough to force us to burn even more coal or gas just to cope these “green”
changes).

So what can (and should) we do? First thing that comes to mind is as
simple as this: charge your EV at day! Locally optimized controls and high
home charging can strain the grid while shifting to uncontrolled, daytime
charging can reduce storage requirements, excess non-fossil fuel generation
and emissions. But for that we must create appropriate power infrastructure
that will be capable to charge your EV while you are working, shopping or
just relaxing in a park. Careful planning of charging station placement could
lessen or eliminate the need for new power plants too. And as a bonus it will
even allow us to use regular EV as a portable power accumulation unit. Elec-
tric vehicle batteries alone could satisfy short-term grid storage demand by
as early as 2030 making unprofitable accumulation stations unnecessary.
That all could make our power grid more efficient and thus more ecological.

But talking about ecology, did you know that electric car of yours
could be bigger pollutant than a car with a combustion engine? It all goes
from a complicated manufacturing process which makes breath-taking quan-
tity of emissions to let you drive your new EV without them. And while
that’s true, the bigger lifespan of an EV is, the better. We have two solutions
for that problem: redesigning procurement incentive programs in a manner
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that (re)distributes incentives towards the second-hand EV market and popu-
larization of shared electric vehicles (SEV).

While the last are capable not to just increase average lifespan of a car,
but to decrease the load on a transport network by minimizing the quantity
of cars (or rather to say EVs manufactured) on a road. If one shared vehicle
replaces ten individually owned vehicles and under an appropriate pricing
strategy, it could decrease the carbon footprint by about 41% in 2050, PM
2.5 emission by 56—64% and energy consumption by 53—61%. With the
further introduction of vehicle electrification, the last two indexes can rise
further to 76% and 74% respectively.

As a result, we can achieve rapid growth in electric transportation and
get the most effective electric transportation system so that it will be not a
burden but a benefit to both our environment and our power grid. We just
need to make it right.
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INCREASING THE ENERGY EFFICIENCY OF INDUCTION
HEATING COMPLEXES FOR ELECTRODE PRODUCTS
MANUFACTURING

The modern development of the ferrous and non-ferrous metallurgical
industry is characterized by increasing requirements for the quality of elec-
trode products with a simultaneous decrease in their cost price.

To a large extent, the quality of carbon and bottom blocks is deter-
mined at the stage of production of blanks by the method of pressing with
simultaneous electrothermal treatment, primarily due to the stabilization of
the temperature field of massive mouthpieces and the formation of the ap-
propriate surface temperature distribution of the block blanks.

The efficiency of the electric heating of the mouthpiece can be in-
creased on the basis of theoretical and experimental studies of temperature
fields, characteristics and new constructive solutions of inductors installed
on the mouthpieces, taking into account the peculiarities of the temperature
control system during the pressing of blanks.

These theoretical and experimental studies require the development of
connected mathematical models of the complex interaction of electromag-
netic and thermal fields, methods of their calculation, algorithms and com-
puter programs, which will allow to optimize the design parameters of in-
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ductors and temperature regimes of pressing, to ensure the improvement of
the quality of blanks of blast furnace and floor blocks with simultaneous
reduction of energy consumption.

The use of research results in engineering practice at enterprises of the
electrode industry will allow to increase the efficiency of operation of
unique equipment for the manufacture of furnace and furnace blocks, to
ensure the introduction of energy-saving technological modes and to reduce
the cost of production, which is relevant for modern electrode production.

The development and implementation into production of an improved
system for controlling the modes of induction electric heating of the mouth-
piece of the press for the production of carbon and bottom blocks will ensure
the stabilization of temperature modes of pressing, the reduction of the inter-
val of temperature run-up in the mouthpiece and the uniform distribution of
the temperature field on the surface of the blanks of the blocks, will allow to
improve the quality of products and reduce energy costs by 15...18%.
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ANALYSIS OF EXISTING METHODS AND TOOLS FOR
DESIGNING COMPUTER SYSTEM INTERFACES

Interface design is one of the most important factors affecting the satis-
faction and efficiency of users when using CS interfaces.

Currently, there are many interface design methods and tools that help
provide users with a convenient and efficient interface for interacting with
the system.

With the large number of design methods and tools, there is also a
problem when choosing them, so it is necessary to analyze the methods and
tools to understand which and when methods and tools are used in the design
of the CS interface, and how they can be improved, for example, using Al,
which is now very actively developing, so this topic is relevant today.

As the research has shown, there are several main methods and tools of
CS interface design that designers use to design CS interfaces.

One of the approaches to designing a computer system interface is to
use the concept of a ‘smart’ or ‘adaptive’ interface. This approach involves
creating an interface that can adapt to the needs of users and provide a more
personalized user experience.
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Another popular method of interface design is the use of Google’s Ma-
terial Design. This approach involves the use of visual effects such as shad-
ow and relief to create a feeling of three-dimensionality and realism. Materi-
al Design also recommends the use of animations to enhance the user expe-
rience.

Another example of an existing method is Apple Human Interface
Guidelines. It is mainly used for mobile applications for IOS and MacOS
operating systems.

Unfortunately, there is no single, best method and tool for designing
CS interfaces, so the designer needs to be thoughtful when choosing them.
When designing an interface, designers can use only one of the above meth-
ods, or use concepts from all methods at once, depending on many factors.
For example, the device and OS for which the interface is being designed,
and the choice of method can also be influenced by the programming lan-
guage that will be used for the program or application.

Artificial intelligence, which has been developing very rapidly recent-
ly, is already being used by more and more specialists, and even very large
corporations such as Google or Microsoft have already started to implement
it in their products. That’s why design methods are already starting to
change with the help of Al

To summarize, we can say that design methods and tools, on the one
hand, exist to unify some solutions for the design of CS interfaces, but on the
other hand, their choice and use form new problems that can be solved by
improving methods and tools with the help of Al, which is now actively
happening.
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DEVELOPMENT OF INTELLIGENT METHODS AND TOOLS OF
PREVENTIVE MAINTENANCE OF TECHNICAL OBJECTS

The realities of any production, as well as individual business sectors,
are based on the high requirements to the quality. Quality is an essential
requirement for any kind of objects (entities of different subject areas) such
as equipment for large factories, household items, or simply services provid-
ed to consumers in various service industries. Quality assurance is often the
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most expensive item for various businesses, and it determines the reputa-
tional dividends in the long-term perspective.

The ability to proactively prevent equipment breakdowns, to detect
calculation issues or simply identify which process is causing quality degra-
dation is a huge advantage for any business, which provides possibilities of
minimizing resource costs (manufacturing defects), production downtime
and efficient competitive fight [1].

Modern technologies for collecting and processing Big Data make it
possible to achieve previously inaccessible opportunities in the field of pre-
ventive detection of failures in production or other business processes [2]. At
the moment, there are a large number of methodologies, models and meth-
ods that are used in a particular industry, but none of them gives correct
predictability without a preliminary analysis of a specific subject area. It is
the adaptation of solutions to specific requirements that is the first critical
step in building systems for proactive problem detection and maintenance.

An analysis of literary sources shows that in most modern solutions
there is a storage of information for analysis, known as Big Data. The num-
ber of sources from which data comes, the reliability and variability of in-
coming data, the speed of data delivery and analysis, and the ability to ag-
gregate data from different sources are key requirements for incoming data
processing and decision-making systems.

One of the most effective methods of processing Big Data is based on
machine learning and in some cases uses artificial intelligence systems [3].
Additionally High-Performance Computing cloud technologies became the
gold standard for most modern solutions [2][4].
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MODELING OF INFORMATION SECURITY PROCESSES IN
TECHNICAL SYSTEMS

Antiviruses are one of the most effective means of protection against
information security threats. If an operating system is not protected by an
antivirus program, it can become infected with malicious software objects,
which can ultimately lead to a threat to information security.

When analyzing suspicious files, VirusTotal provides diagnostics pro-
vided by the world’s leading commercial antivirus products. When it comes
to suspicious web servers, VirusTotal uses a database that is responsible for
detecting virtual addresses using malicious methods.

VirusTotal has an Application Programming Interface (API) that al-
lows programmers to query the platform automatically without using a
graphical web interface.[1] This document has two APIs that VirusTotal
hopes for. The first requests for uploading files to the platform server. The
second API is to make commercial anti-virus diagnostics available for files
uploaded to the platform by the first APL.

As for the first possibility of VirusTotal, the antivirus detects the mali-
ciousness of the suspicious file. In the proposed experimental environment,
all sent executable files are malware. Therefore, in the proposed study, the
antivirus is triggered when it detects the maliciousness of the file under in-
vestigation, which is being executed. The detection of malicious programs
indicates that the antivirus provides reliable protection against cyber-
intrusions. The larger the blacklist database is, the better the antivirus protec-
tion is.

In the second possibility, the antivirus confirms the benign quality of
the file under investigation. Therefore, in the proposed study, when the anti-
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virus confirms that the file is benign, it is a case of false negative because all
samples are malicious. That is, the examined file is malicious software.
However, the antivirus incorrectly indicates benignity.

In the third possibility, the antivirus does not report a suspicious file
being executed. An oversight indicates that the examined file has never been
evaluated by an antivirus and does not have sufficient reliability to be evalu-
ated in real time. The lack of antivirus diagnostics indicates its limitations in
large-scale services.

Not all modern antiviruses are able to resist even currently known in-
formation security threats nor are they able to resist them at a sufficient
level. In order to develop the competitiveness of antiviruses with a lower
level of protection, it is necessary to develop a greater number of protective
components, as well as to regularly monitor and respond to the emergence of
new modern information security threats, so the protection of the infor-
mation system must be comprehensive and include software and hardware
firewalls, antiviruses, and proper operating system settings.
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FORMATION OF INVESTMENT ATTRACTIVENESS OF THE
ENTERPRISE IN THE CONTEXT OF UNCERTAINTY AND RISK

The ongoing war in Ukraine has created a challenging environment for
Ukrainian enterprises to attract investment. The high level of uncertainty and
risk associated with the war has led to a decrease in investment attractive-
ness. This is because investors perceive Ukraine as a high-risk country due
to the conflict, which affects the overall stability of the country. In addition,
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the war has resulted in a deterioration of infrastructure and weakened institu-
tions, which further compounds the risks associated with investing in
Ukraine.

Despite these challenges, some sectors of the Ukrainian economy have
demonstrated resilience to the effects of the war and provide opportunities
for investment. For example, the agriculture sector has remained stable due
to Ukraine’s fertile soil and favorable climate, which makes it an attractive
investment opportunity. Similarly, the IT sector has grown rapidly in recent
years, thanks to the country’s large pool of skilled IT professionals and fa-
vorable tax policies for IT companies.

However, corruption remains a significant obstacle to attracting in-
vestment in Ukraine. The level of corruption increases the level of risk and
uncertainty for investors, as it affects the transparency and predictability of
the investment climate. Therefore, addressing corruption is a key priority for
policymakers and business leaders to improve the investment climate in
Ukraine.

To assess the investment attractiveness of Ukrainian enterprises, sever-
al approaches have been proposed in the literature. One commonly used
method is the calculation of the investment attractiveness index (IAI), which
considers a range of factors that affect investment attractiveness. These fac-
tors include financial performance, market position, management quality,
innovation, and strategic planning. By evaluating these factors, the IAI pro-
vides a comprehensive assessment of the investment potential of an enter-
prise.

Another approach to assess investment attractiveness is the use of risk
assessment models. These models evaluate a range of risks and uncertainties,
including political, economic, social, and environmental risks, which can
impact the success of an investment. The models allow investors to evaluate
the level of risk associated with investing in a particular enterprise and make
informed investment decisions.

To improve the investment attractiveness of Ukrainian enterprises, pol-
icymakers and business leaders need to focus on several key areas. Firstly,
addressing corruption is critical to improve the transparency and predictabil-
ity of the investment climate. This can be achieved through the implementa-
tion of anti-corruption measures, such as strengthening regulatory oversight,
increasing transparency in procurement processes, and improving corporate
governance standards.

Secondly, adopting best practices in corporate governance and man-
agement is essential to attract investment. This includes improving financial
reporting standards, enhancing risk management practices, and adopting
ethical business practices. Investors need to have confidence that their in-
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vestments will be managed effectively and that they will receive a return on
their investment.

Finally, focusing on innovation and strategic planning can help to cre-
ate a competitive advantage for Ukrainian enterprises. This involves invest-
ing in research and development, developing new products and services, and
expanding into new markets. By doing so, Ukrainian enterprises can differ-
entiate themselves from their competitors and attract investment from both
domestic and international investors.

In conclusion, the formation of investment attractiveness of Ukrainian
enterprises in conditions of uncertainty and risk, taking into account the war
in Ukraine, is a complex and pressing issue. While the war has created chal-
lenges for Ukrainian enterprises to attract investment, some sectors have
demonstrated resilience to the effects of the conflict and provide opportuni-
ties for investment. However, addressing corruption, adopting best practices
in corporate governance and management, and focusing on innovation and
strategic planning are essential to improve the investment attractiveness of
Ukrainian enterprises. The proposed methods of assessment of investment
attractiveness, such as the IAI and risk assessment models, provide investors
with useful tools to evaluate the investment potential of Ukrainian enterpris-
es.
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EVALUATION OF NO-LOAD LOSSES IN DRY THREE-PHASE
TRANSFORMERS

Electric energy normally passes on the way from generation to con-
sumer several transformers. Although individual transformers mostly do
have high energy efficiency, in total the transformers nevertheless cause a
few percent of energy losses in the T&D chain [1].

Distribution transformers play an important role in achieving the ambi-
tious energy efficiency targets set by many countries in the world. Distribu-
tion transformers are of high value in terms of energy efficiency because of
the number of installed units. In this context, energy efficiency metrics have
been introduced and programs are on-going dealing with transformer losses
[2].

Dry-type transformers do not contain any inflammable liquids, they are
safe and reliable and expected to strongly increase their market penetration,
as distribution transformers.
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The energy efficiency requirements for transformers are either maxi-
mum load loss and no-load loss or a minimum “Peak Efficiency Index”
(PED) [1.4].

The use of PEI provides scope for further reduction in losses as it al-
lows the transformer to be designed to match the load, either minimizing
copper or iron losses as appropriate. This is typically achieved by specifying
the minimum PEI with load and no-load loss capitalization values. Using
PEI method, peak efficiency for all the designs is the same, whereas the load
at which the peak efficiency occurs can be adjusted according to the loss
capitalization values.

The no-load loss of a power transformer is the active power loss in the
power transformer when it is energized but not supplying a load. It consists
primarily of a core loss. These losses can represent a significant operating
expense for a utility, especially if its energy costs are high [3].

The distribution transformer efficiencies steadily increased with the in-
troduction of improved materials and manufacturing methods [5].

Of the various materials required to build a transformer, the electrical
steel comprises the largest investment. But also important is the design of
the magnetic core and the methods and quality of assembly of this design
[6]. The disadvantage of reduced transformer loss is the need for an in-
creased amount of material or the usage of more expensive materials. The
no-load loss of a transformer can be reduced by either increasing the core
cross-section, reducing the magnetic flux density, or by using electrical steel
of a higher, more expensive grade.

In today’s realities, where the price of a dry-type transformer is one of
the key factors, while energy efficiency remains the same, it is the search for
new solutions in the design of the magnetic circuit that is central to further
research.
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INFLUENCE OF RETENTIONS IN LOADING CYCLES ON HOT
PARTS OF GTE IN SERVICE LIFE MONITORING

Calculation of the strength of gas turbine engine (GTE) main parts is
an important and difficult task. The failure of these GTE main parts could
lead to dramatic consequences. Increased safety factors lead to a decrease in
GTE efficiency on the whole, and their reduction may not provide the re-
quired level of engine safety. Therefore, when assigning the safety factors, it
is necessary to take into consideration the complex loading acting on the
part. It becomes critical for calculating the residual lifetime of engine parts
in service.

Currently, the calculations of GTE main parts for long-term strength
and low-cycle fatigue are carried out separately [1]. So, their mutual influ-
ence, which, as experiments show, is of great importance, is not factored in.
Taking into account the combined effect of two-component loading, it is
advisable to consider a trapezoidal loading cycle [2], with retentions at max-
imum stresses (and temperatures), which reflects the actual operation of the
gas turbine engine.

Using the method of linear summation of damage from long-term
strength and low-cycle fatigue, the equation may be as follows:
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tr Ny 1

where 7> is total time of all retentions,

N is the number of cycles to failure on a trapezoidal cycle,

tr1s time to failure under continuous loading,

Nris the number of cycles to failure under a triangular loading cycle.

The solution of this damage summation equation makes it possible to
determine the durability (lifetime) of the material. However, as shown by
numerous studies [3, 4, 5], the direct use of formula (1) does not make it
possible to obtain high accuracy in determining the lifetime of GTE hot
parts.

Therefore, it is proposed to use the loading interruption factor as K-,
then formula (1) will be as follows:

- +—==1
t f (K z) Nf )
where m is the index of the long-term strength curve, and:
_ oles)
z a[tf (Z)] (3)

where o(ty) is material long-term strength limit, determined at a given tem-
perature 7 and time to failure #-under a single (z=1) loading according to the
generally accepted model of long-term strength,

o[(t(z))] is material long-term strength limit under the temperature 7 and
time to failure #(z).

Model (3) gives good results when performing verification on some
materials that are currently used to manufacture parts of the hot part of air-
craft engines, in particular, for blades and disks. Therefore the accuracy of
their residual lifetime calculation can be improved using this equation.
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IMPROVING THE QUALITY OF MANUFACTURING AND
REPAIRING BLADES OF GAS TURBINE ENGINE

Manufacturing of rotor parts of gas turbine engines is an expensive and
complex progress of achieving a high reliability product at a minimum cost.
It includes high precision 5-axis machining; a huge variety of non-
destructive examination methods such as ultrasonic, magnetic and penetrant
inspection, logistics and assembling, long and thorough testing and repeating
until the final products meets the customer demands.

In mass production, one of the main problems is still a huge waste of
metals in machining such as Ti or Ni-based alloys. To reduce the tendency
worldwide, manufacturers use different and sometimes experimental meth-
ods in technical processes, which allow them not only to produce faster but
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also to increase an overall quality and quantity of a newly made or repaired
part.

A relatively new method of manufacturing by laser brazing-joining
was proposed by Rolls-Royce Deutschland Ltd & Co KG (patent #8242406)
to produce BLISK turbine engine components. Using brazing powder that is
jetted into the laser beam and shields the blade ensures that only the brazing
metal is heated and melted. The disk material is molten in the joining area
and alloys with the similar brazing metal; the blade material is not melted
and connects to the solidifying, dissimilar brazing metal by adhesion. De-
spite the fact that this is a relatively new method with a small number of
real-life operations, it may apply mainly in repairing separate parts or mod-
ules that are not considered to be replaced by newly made ones and therefore
be the one to repair the fastest.

Another method that is widely used in production is electro chemical
method (E.C.M.). The machining process done by electrolysis where voltage
is applied between a form electrode (cathode) and the part to be manufac-
tured (anode) through an electrolytic liquid. For both production and repair,
this may optimize parameters and allow for a better accuracy to be obtained.
Moreover, for BLISK-type parts this can be one of a few solutions because
of complex geometry and material of a part itself: the machining process is
performed without thermal and mechanical stresses, thus material properties
are not disturbed, so there is no presence of white layer. Still there are a few
other disadvantages presented by this process such as a higher machine in-
vestment and lower cutting feeds (~0.5 mm/min).

Besides, a new method has appeared — additive manufacturing (AM) —
which has become a competitive alternative or compliment technology in
such exact sectors as aeronautical and automotive. The main challenges
reside on good heat dissipation generated during the process and reduction
of distortions. On the contrary, AM offers advantages as the good powder
utilization reduces material waste and increases the possibility of generating
complex geometries, which are impossible to other technologies. It achieves
tolerance for Ti and Ni-based super alloys with material components to the
order of 100 um or higher. One of the methods of AM that may be applied in
repairing or even manufacturing from the blank is 3D laser method deposi-
tion (LMD). Its main applications are direct blades fabrication for small
blisks and repair for damaged areas. For repairing operations, LMD process
requires following stages: component damaged area inspection, repairing
tool-path strategy definition, studying repairing necessities and feasibility
and, finally, a measuring and control stage for the final obtained geometry
and the material properties. In both, directed blade manufacturing and dam-
aged component repair through LMD, a posterior stage of machining is re-
quired to achieve the final desired geometry accomplishing tolerance re-
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quirements. Hence, this additive manufacturing process provides an initial
geometry closer to the final geometry, so it is embedded inside the “Near-
Net-Shape” concept. Unfortunately, one of the main disadvantages of most
of AM methods is that the process still doesn’t have the capability of achiev-
ing the tough finishing dimensional requirements, the finishing stage is
needed for a material removing manufacturing process.
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VIBRATION ANALYSIS DURING ROOT MILLING OF PARTS

In the process of machining the parts by cutting, vibrations occur that
degrade the quality of the machined surface, increase tool and machine wear,
and lead to misalignment of joints in the machine and devices. Vibrations
accompany any physical process. But attention is paid to them only when
their intensity leads to undesirable results. Strong vibrations cause a decrease
in the productivity of the cutting process, and sometimes work on the ma-
chine becomes impossible at all.

Vibrations arise under the condition that the oscillatory system is given
energy when it is removed from the equilibrium position.

Vibrations occurring due to the internal forces of the system are called
free vibrations. Vibrations, as a result of the impact of a periodic perturbing
force on the system, cause forced vibrations.

When processing, self-oscillations may occur — vibrations without a
periodic action of a driving force. That is, these are vibrations in which en-
ergy losses are replenished due to a periodic influx of energy from a source
that does not have oscillatory properties. This type of vibration is the most
complex and its intensity is influenced by the type of metal being processed
and its mechanical properties, cutting modes, geometric elements of the
cutting part of the tool, and the rigidity of the machine-tool-part system.

A distinctive feature of milling is the interrupted cutting process. In the
tool-part system, vibrations that are excited are observed in various ele-
ments: free vibrations, forced vibrations due to the periodic nature of the
change in cutting forces that are associated with the cutter tooth getting
in/out of the allowance, as well as self-oscillations. Self-oscillations during
milling arise due to excitation during cutting of the surface formed during
the previous pass of the cutting edge of the tool. The system oscillations
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occur at a frequency different from the frequency of pass of the cutting edges
and tending to one of the natural frequencies of the system. Vibration ampli-
tudes turn out to be significant, so vibrations lead to a significant increase in
cutting forces and a decrease in the quality of processing.

Currently, milling of parts from various types of materials is performed
at cutting modes, which are usually selected experimentally, taking into
account the level of emerging vibrations and their effect on productivity, tool
life, dimensional accuracy and surface quality. There are known traditional
means to reduce these vibrations. However, there are many unresolved is-
sues that are currently important and require additional consideration and
research.
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POWER SUPPLY OF AN INDUSTRIAL ENTERPRISE

The power supply system is a complex production complex, all ele-
ments of which participate in a single production process.

Power supply factors include:

1. rapid flow of phenomena when the simultaneous generation of elec-
tricity and its consumption takes place;

2. a change in the power supply regime, which will lead to a deficit or
excess of active and reactive power, and as a result — to a change in such
parameters as voltage, frequency, load on the elements of the power supply
system.

The use of the automation system in the power supply systems of in-
dustrial enterprises allows reducing the total number of accidents, preventing
their development, reducing the time of shutdowns of electrical installations
and downtime of mechanisms. Besides, a significant part of electrical instal-
lations of substations can be transferred to work without constant mainte-
nance.

The purpose of this study is to analyze the most common and promis-
ing models and schemes for replacing the power supply system. A large
amount of electrical equipment at lower levels depends on a single electrical
apparatus at higher levels. The use of a model of the power supply system in
the form of a finite state machine allows you to check the reliability of pow-
er supply to consumers, simplify the design of the power supply system of
an industrial enterprise.
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Power supply with alternating current with a frequency of 50 Hz is
usually carried out from a three-phase industrial network of 110 kV through
a step-down three-phase transformer. Power supply systems are displayed in
the form of diagrams.

The indicators of the effectiveness of the system’s functioning are reli-
ability and fault tolerance. To simplify the analysis of the operation of the
power supply scheme, we will divide them into levels: power source, switch-
ing devices and elements of electric energy transportation, power receivers.
The main indicator of the effectiveness of the automated control system of
the power supply of industrial enterprises in combination with the automa-
tion of substations is the improvement of the reliability and uninterrupted
power supply of industrial enterprises, which contributes to the rhythmic
work of enterprises, reducing the number of defective products, and improv-
ing its quality.

The main economic indicator of the effectiveness of the automatic
power consumption management system is the reduction of electricity con-
sumption due to the automated hourly and daily electricity accounting for
each connection of commercial and technical accounting, the reduction of
the cost of unmaintained substations, the optimal distribution of reactive
power thanks to centralized operational management.

Electric energy is used by a wide variety of consumers: from industrial,
smaller, but with a large capacity, to household, characterized by a small
capacity, but very numerous, which are used both in the city and in the coun-
tryside. When supplying electricity, it is necessary to observe two main
aspects. On the one hand, it is product quality (refers to technical parameters
such as voltage amplitude, frequency, harmonic content and symmetry of
three-phase systems), and on the other hand, service quality (refers to conti-
nuity of supply and refers to short/long interruptions and safety in supply).

Much of the equipment in use today, especially electronic devices and
computers, requires a good PQ. However, due to its non-linearity, the same
equipment often distorts the power supply voltage of installations, i.e. leads
to the occurrence of a non-sinusoidal current when a sinusoidal voltage is
supplied. Thus, maintaining a satisfactory quality of electricity is a joint
responsibility of the supplier and consumer of electricity.
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ANTI-CRISIS MANAGEMENT UNDER CONDITIONS OF
UNCERTAINTY AND RISK

Today, anti-crisis management has become increasingly important in
conditions of a crisis, and it involves preventing the development of crisis
situations, a realistic evaluation of a company’s activities and its develop-
ment prospects. It is worth noting that there are issues related to anti-crisis
financial management that have not yet been fully researched. Resolving
these issues will help improve the system of anti-crisis financial manage-
ment for enterprises.

In the current crisis conditions, the economy of Ukraine faces signifi-
cant uncertainty, which is caused the dynamic development of the global and
national economies, unpredictable market trends, constant legislative ad-
justments to the regulatory framework, fast product life cycles, rapid scien-
tific and technological progress, and a revolution in the entire system of
production forces and scientific and technological progress.

In such conditions, weaknesses in economic stability indicators of en-
terprises signal about the development of crisis processes. The crisis situa-
tion in Ukrainian enterprises is related to the COVID-19 pandemic and Rus-
sian armed aggression, leading to a reduction in production volumes, a de-
crease in investment and innovation activity, a lack of working capital, im-
balanced financial flows, suboptimal capital structure, and unsatisfactory
changes in economic stability indicators.

In light of the armed aggression by Russia, significant losses in pro-
duction capacity of many enterprises, deterioration of the logistics supply
system, and instability of the national currency exchange rate, all enterprises
should focus on active crisis management based on the established company
development strategy.

Anti-crisis management at the enterprise is necessary and possible for
several reasons. Crisis phenomena can be predictable, accelerated and miti-
gated, so it is necessary to prepare for them. Crisis management requires
special approaches, specialized knowledge and experience. Crisis processes
can be managed to some extent, and crisis management can contribute to
their acceleration and minimization of consequences.

Enterprise anti-crisis management is a comprehensive system consist-
ing of external and internal anti-crisis management. It includes methods and
techniques applied at the enterprise to overcome crisis situations, minimize
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negative consequences, effectively manage internal and external policies,
and restore or increase economic stability.

In Ukraine, the application of anti-crisis management systems is com-
plicated by several reasons. Among them are uncertainty in society, social
and political contradictions, the absence of unified social and economic
standards in reproduction, as well as significant subjectivity in assessing the
functioning of especially complex socio-economic systems. These factors
complicate the development of a clear system of objectives and actions for
the development of different management objects and coordinated activities
between them.

The conditions of a crisis situation require compromise decisions from
anti-crisis management that may be less optimal than those made in normal
management conditions. In such circumstances, anti-crisis management aims
to urgently mobilize financial resources, suspend investment activities in
favour of investing in promising projects, ensure the functioning of the en-
terprise in conditions of resource scarcity instead of rational resource use,
and suspend the implementation of social programs. In such circumstances,
the decisions made are compromise solutions that may be less optimal than
those made in normal management conditions, but they are the best among
the proposed alternatives. Such decisions may be of poorer quality and fewer
in number than during uninterrupted enterprise operation.

Therefore, it is important to use the mechanism of anti-crisis manage-
ment, which aims to create management decisions with minimal risk and
negative consequences in order to achieve the set goals. First, it is necessary
to diagnose the crisis situation, identify deviations of parameters from the
norm, establish cause-and-effect relationships, and forecast possible direc-
tions of crisis development. The second stage is the development of a crisis
management concept, the creation of situational plans or scenarios, and the
implementation of strategic directions in practice.
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MULTILEVEL DIAGNOSTICS AND AUTOMATION ANALYSIS OF
THE CURRENT CONDITION OF THE TRANSFORMERS FOR
SPECIFIC PURPOSE

The ASSOCIATION AGREEMENT between Ukraine, on the one
hand, and the European Union, the European Atomic Energy Community
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and their member states, on the other hand, predicts gradual adaptation of
Ukrainian legislation to EU norms, including in the field of energy.

These changes provide for control over the quality of electricity, the in-
troduction of norms for the restoration of electricity supply to consumers,
and so on. This, in turn, requires the transition of the energy system to digital
standards, remote control of equipment, etc.

In this article, we will separately consider the situation with monitoring
the condition of a transformer filled with power oil. Life cycle of the trans-
formers is about 25-30 years. According to accepted practice, the first over-
haul of power transformers should be carried out no later than 12 years after
the transformer is put into operation. However, transformer producers in
their “struggle” for tenders, by reducing the cost of the goods, optimize the
cost of the materials used, which leads to the fact that there is sometimes a
small margin of safety in modern transformers. Statistics for SERGI Trans-
former Protector (France) show that the largest percentage of safety system
activation occurs in the first 3 years of a new transformer operation.

That is why control of transformer parameters is very important, both
new and those that have been in operation for a long time. The evaluation of
these data offers the possibility of detecting oncoming faults early. For this
purpose, off- and online diagnostic methods and systems for power trans-
formers have been developed in recent years [1].

Equipping the transformer with an online condition monitoring system
will allow switching to the transformer maintenance program based on their
current condition.

KEMA ((Keuring van Elektrotechnische Materialen te Arnhem) NV,
established in 1927, is a global energy consultancy company headquartered
in Arnhem, Netherlands) studies have shown that the implementation of
post-condition maintenance programs for the existing power infrastructure in
North America and Europe during the first 10 years will save more than 3
billion USD through maintenance costs and capital investment postpone-
ment. This statement is based on the fact that several power supply compa-
nies around the world have implemented, for the purpose of testing, condi-
tion-based maintenance, and maintenance costs have decreased by 14-18%.
In support of this claim several utilities around the world that have used
condition-based maintenance programs are achieving as much as 14-18%
reduction in maintenance costs [2].

Such issues are particularly actual in the networks that feed electro-
metallurgical industries, including arc steel furnaces, rolling mill drives, gas
and oil refining industry, electrolysis, inverting and rectifying devices of
direct current power transmission lines, modules for converting energy from
50Hz to 60Hz, etc. [3-4]. This is explained by the fact that such technologies
lead to a deterioration of the quality indicators of electrical energy, as a re-
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sult of which the equipment operates in modes whose indicators exceed
those set by state standards and other regulatory and technical documenta-
tion. Such regimes are called "variable" [4-5].
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INCREASING THE RESOURCE AND SERVICE LIFE OF GAS
TURBINE ENGINES

Aircraft are evolving towards higher speeds, higher altitudes, higher
payloads, lower fuel consumption, and lower emissions. Improvement of
these indicators, first of all, is achieved by improvement of the main engine
indicators. Let’s consider modern changes in the main GTE parameters by
way of example of developments made by the world leaders in the engine
industry:

1. PRATT & WHITNEY company creates GTF™ engines.
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“At the heart of aviation’s transformation and drive to net zero emis-
sions is a revolutionary concept: a geared fan that fundamentally changed
how more sustainable propulsion works. This gear system has quickly be-
come the foundation of our industry’s future and re-set the bar on the good
that all other advanced technologies can deliver — from advanced materials
to hybrid-electric systems to sustainable aviation fuels.

The GTF engine is the only geared propulsion system in service that is
delivering industry-leading sustainability benefits, mature dispatch reliability
and world-class operating costs. Simply put, is the quietest, greenest and
most efficient family of engines for single-aisle aircraft. With more than
1,400 aircraft and more than 18 million engine flight hours of service expe-
rience, the dependable path to growing your business and improving your
environmental stewardship is here”. [1]

2. The ROLLS-ROYCE company creates the UltraFan engine.

“UltraFan is a demonstrator aero engine — the largest in the world —
containing a suite of new technologies that deliver greater fuel efficiency,
which in turn means lower emissions and greater sustainability.

Those technologies are scalable, capable of being developed to create
an engine with a thrust range of 25,000lb to more than 100,0001b, for nar-
rowbody or widebody aircraft that may be developed from the 2030s” [2].

3. GENERAL ELECTRIC Aviation and Safran company are working
on the CFM International RISE (Revolutionary Innovations for Green En-
gines) technology demonstration program.

“The CFM International RISE (Revolutionary Innovation for Sustaina-
ble Engines) Technology Demonstration Program was launched on June 14,
2021. Program goals include reducing fuel consumption and carbon dioxide
(CO2) emissions by more than 20% compared to today’s most efficient
engines, as well as ensuring compatibility with alternative energy sources
like Sustainable Aviation Fuels (SAF) and hydrogen to provide more sus-
tainability benefits” [3].

The modern world is unthinkable without modern GTEs, as the abso-
lute majority of passenger and military aircrafts operate exclusively on gas
turbine engines.

Analyzing the modern development of engines, we can conclude that
the future development of GTEs must be more than 20% more efficient than
current generation engines, they must reduce carbon dioxide emissions by
80-100%, operate on a new generation of aviation fuel — Sustainable Avia-
tion Fuel™ (SAF).
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FUTURE OF 5G IMPACT ON MOBILE TECHNOLOGY AND IOT

The introduction of 5G networks is poised to have a significant impact
on the future of mobile technology and the Internet of Things (IoT). 5G
networks are the fifth generation of mobile networks and offer much higher
speeds and lower latency than previous generations. This increasing perfor-
mance will enable a wide range of new use cases and applications, particu-
larly in the areas of mobile technology and IoT.

One of the key areas where 5G networks will have a vital impact is in
the field of mobile technology. The increasing speeds and lower latency of
5G networks will enable faster download and upload speeds for mobile de-
vices. This will make it possible for users to stream high-definition video,
play online games, and use virtual and augmented reality applications with
minimal lag. Additionally, 5G networks will also permit faster connections
between devices, allowing for better coordination and collaboration between
them.

The impact of 5G networks on IoT is even more profound. IoT refers
to the interconnection of everyday devices, allowing them to collect and
share data. The increasing speeds and lower latency of 5G networks will
allow for larger number of devices to be connected, and will also enable
them to communicate with each other faster and more efficiently. This will
open up a wide range of new possibilities for [oT applications such as smart
cities, industrial automation, and autonomous vehicles.

In addition to the improved performance, 5G networks also provide
better security and reliability than previous generations. 5G networks have
been designed to support a large number of connections and to handle large
amounts of data traffic. This will enable them to support a wide range of
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new use cases that were not possible with previous generations of mobile
networks.

One of the key challenges of IoT is the sheer volume of data that needs
to be transmitted and processed. 5G networks will allow for faster data trans-
fer rates and lower latency, which will allow large amounts of data to be
transmitted and processed in real-time. This will permit for a more efficient
use of [oT devices and will also enable new use cases that were not possible
before.

In conclusion, 5G networks will have a substantial impact on the future
of mobile technology and the Internet of Things. The increasing speeds and
lower latency of 5G networks will enable faster download and upload speeds
for mobile devices, open up new possibilities for IoT applications such as
smart cities, industrial automation, and autonomous vehicles and will also
improve security and reliability. These capabilities will bring new opportuni-
ties for innovation and growth in different industries, but also it will bring
new challenges for security, privacy and regulation. As these networks con-
tinue to be deployed, it’s important for individuals, businesses, and govern-
ments to be aware of the potential risks and benefits and to take appropriate
actions to take advantage of the capabilities that 5G networks offer.
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USING ARTIFICIAL INTELLIGENCE IN SOLVING BUSINESS
PROBLEMS

Artificial intelligence (Al) is transforming the way business is work-
ing, making it more efficient and cost-effective. Al is not just future, but a
present reality, as it grows and improves areas like machine learning and
decision-making that used to belong only to humans. Computers can now
learn, adapt and think with algorithms that automate tasks and generate use-
ful data. Businesses have different kinds of projects, from software and lo-
gistics to finance, and they all need planning, management and control. Al
can help businesses with these aspects by providing them with tools and
solutions that can optimize processes, reduce errors, improve quality, and
save time and money.

Artificial intelligence (Al) offers many advantages for businesses in
different sectors:

1.Higher productivity;

2 .Better customer service;
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3.Smarter decision-making;

4.Greater accuracy;

5.Cost reduction;

6.Improved risk management;

7.Increased innovation;

8.Competitive edge

Businesses today are working in a changing and complex environment,
so they face challenges when evaluating data. That’s why many businesses
use artificial intelligence in business analytics to get valuable and useful
information from data. This information helps improve marketing effective-
ness, understand customers better, create business strategies for corporate
decision-making, and use Al for recommendations that can raise customer
satisfaction, loyalty, improve decision-making quality and speed, identify
opportunities and risks, and contribute to innovation and creativity.

Al has many advantages, but it also has problems with its implementa-
tion. One big challenge is the cost of creating and applying Al solutions, but
Al need a lot of investment, which can be an obstacle for smaller businesses.
Moreover, there is a lack of skilled Al professionals, which makes it hard for
businesses to find and keep qualified staff. There are also worries about the
ethical consequences of Al, especially in relation to privacy and security. Al
can pose risks to the privacy and security of data and users, as it can collect,
process, and share sensitive information without consent or oversight. Al can
also raise ethical dilemmas about the responsibility and accountability of its
actions and outcomes, as well as the potential bias and discrimination that it
can introduce or amplify.

Al is a new force in the market and businesses can benefit from this
powerful technology. However, a lot of people worry that they will be re-
placed by machines and businesses will cut jobs. While Al will reduce the
number of jobs that humans do now, the benefit is that humans will be free
to do more important functions that a machine cannot. Al can enable humans
to focus on more creative, strategic and complex tasks that require human
skills and judgment, such as problem-solving, communication, collaboration
and innovation. Al can also enhance human capabilities and productivity by
providing assistance, guidance and feedback.
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CONTINUOUS EVOLUTION OF PROGRAMMING LANGUAGES

A long history of programming languages and their diversity.

The devices we use in our daily lives work and perform their tasks us-
ing code specified by one of most programming languages. So, by using
code, people can communicate with devices and give commands to the de-
vice itself to execute.

The total number of programming languages is estimated to be be-
tween 250 and 9,000. Why such a number and variety of programming lan-
guages when it was possible to create one language and modify it for all
needs and tasks, and improve it year by year by adding new functions? Pro-
grammers went the other way, creating highly specialized languages suitable
for one or several tasks, but not for all at once. To create a functional pro-
gram, 3 to a dozen languages are needed to perform various functions and
tasks from linking to databases to displaying visual effects and animations
on the screen.

Programming languages and their types

In general, all programming languages, both new and old, can be di-
vided into two main categories: low-level languages and high-level lan-
guages.

Low-level languages are used to record computer instructions in binary
code, that is, machine code consisting of the digits 0 and 1. Examples of
low-level languages are machine language and assembly language. Machine
language is the first generation of computer programming that uses instruc-
tions in binary form that can be directly interpreted by a central processor
without the need for translation. Assembler language is the second genera-
tion of low-level computer programming. This type of language allows pro-
grammers to write computer instructions using symbolic code rather than
binary code consisting only of zeros and ones.

High-level languages are programming languages that allow software
developers to write computer instructions using commands written in natural
languages such as English. Each high-level language has its own set of rules
and grammar for writing instructions for programming any digital device.
These unique sets of rules are commonly referred to as the "syntax" of a
particular programming language. Each high-level programming language
uses its own built-in translation program, called a compiler.

The reasons for this variety of programming languages
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Technology is constantly evolving and this is the first and perhaps
most important reason why we have so many programming languages. As
new technologies emerge and evolve, we need more and more tools that can
create software for those technologies. A problem can be so unique that
there are no existing solutions to handle it, so people or companies decide to
create a new language themselves.

The second reason is that different kinds of developer work require dif-
ferent languages. As there are different kinds of software and platforms, each
requiring different tools and capabilities, programmers can specialize in one
or some of them. For example, game developers use C++ or C# to create
video games for PCs and consoles, while web developers use HTML, CSS,
JavaScript and PHP to create websites and web applications. Software de-
velopers use C++, C#, and Java to create desktop applications, business
applications, and system software. These are not the only languages you can
use to accomplish these tasks. These are just examples of some of the most
commonly used.

The third reason why there are so many programming languages is that
not all of them are suitable for developer’s or company’s goals. Different
developers have different goals and priorities, and some programming lan-
guages are better for certain types of tasks than others. Some developers
need a super-fast and productive programming language. They want Go or
C++. These languages provide very fine-grained control over system re-
sources such as memory and threads. Other developers want a programming
language in which a program can be written in days, not weeks. That’s for
JavaScript. It’s hard to find a more versatile language. JS can be used eve-
rywhere from the backend to web and mobile applications.

To sum up, the main reason why there are so many programming lan-
guages is because you need different tools for different tasks. Each pro-
gramming language has certain features and characteristics that make it
suitable for specific tasks.
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WINDOWS AS THE OPERATING SYSTEM OF OUR LIVES

It is rather difficult to give a precise definition of an operating system.
It can be said that it is a software that runs in a kernel mode, but this state-
ment will not always correspond to the true state of affairs. Part of the prob-
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lem here is that operating systems implement two very different functions:
provide application programmers with a completely understandable abstract
set of resources instead of an unordered set of hardware and manage these
resources.

Operating system as an extended machine

A program that hides all the realities of the hardware from a program-
mer and provides the ability to simply, conveniently view the specified files,
read or write - this is an operating system. In each case, the abstract, imagi-
nary machine that the user can now deal with, thanks to the operating sys-
tem, is much simpler and easier to handle with than the actual hardware that
underlies this abstract machine.

Operating system as a resource management system

Another view gives an idea of the OS as some kind of mechanism that
controls all parts of a complex system. The second approach is the function
of the OS to allocate processors, memory, devices and data among processes
that compete these resources. The OS must manage all the resources of the
computer in such a way to ensure maximum efficiency of its functioning.

Operationg system classification

Operating systems can differ in the implementation of internal algo-
rithms for managing the main computer resources (processors, memory,
devices), the features of the design methods used, the types of hardware
platforms, areas of use, and many other properties.

Windows

Microsoft’s Windows operating system, in all its forms, is by far the
most widely used PC operating system today, with over 150 million IBM
PC-compatible computers in the world, and 100 million of them have Win-
dows installed. Knowledge of the Windows system is a necessary brick in
the wall of PC knowledge.

Advantages and disadvantages of Windows

Advantages:

Convenience and device support. The main difference between pro-
grams for DOS and for Windows is that a DOS program can work with
computer hardware directly bypassing DOS, while a Windows program must
access external devices only through Windows.

Unified user interface. Windows provides programmers with all the
tools they need to create a user interface, so programmers use them instead
of inventing similar tools of their own.

Opportunities for developers. All of the Windows features listed are
also useful for software developers. For example, Windows’ standard user
interface tools make it unnecessary to invent your own tools.
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Disadvantages:

The main disadvantage of Windows for users is that the described ad-
vantages of Windows are achieved at the expense of a significant increase in
the load on the computer hardware. The GUI, support for scalable fonts,
support for multitasking, etc. require a lot of CPU power, a lot of RAM and
disk space. There are some downsides to Windows programming as well.

The fact is that Windows forces programmers to use the Windows Pro-
gramming Interface (API) - more than 600 functions. In addition, the pro-
grammer must be fluent in very complex conceptual concepts of object-
oriented programming, operate with objects, messages, shared resourcesand
SO on.

Windows is the most common operating system, and for most users, it
is the most suitable due to its simplicity, good interface, acceptable perfor-
mance, and a huge number of applications for it.
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"PLANNING ON THE LEFT SIDE AND MANAGING ON THE
RIGHT"

Planning and managing are two critical functions of management that
require different skill sets. Planning focuses on setting goals for the future
and relies on analytical and logical thinking, whereas managing involves
executing these plans and requires intuition, creativity, and emotional intel-
ligence. In his book "Mintzberg on Management,”" Mintzberg suggests that
planning occurs on the left side of the brain, whereas managing occurs on
the right side. Effective managers possess both sets of skills and balance
them to achieve organizational objectives and lead teams effectively. Bal-
ancing analytical and intuitive approaches is crucial for effective decision-
making, particularly in today’s fast-paced and constantly changing business
environment.

While some individuals may emphasize a rational approach to the ex-
clusion of intuition, many contemporary management experts emphasize the
importance of a more balanced approach that takes into account both rational
and intuitive processes in decision-making. Herbert A. Simon emphasized
the importance of bounded rationality, suggesting that individuals make
decisions within the limits of their cognitive abilities and available infor-
mation. Gary Klein, on the other hand, believed that intuition is not im-
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portant at all in decision-making, as rational analysis is often a more effec-
tive approach. However, both Simon and Klein agreed that decision-making
should be based on careful analysis of data, with intuition used in conjunc-
tion with rational analysis.

Effective management requires a balance between analytical and intui-
tive approaches. Managers must develop their interpersonal skills and emo-
tional intelligence to be successful leaders, while also relying on rational
analysis and careful evaluation of alternative options. By balancing analyti-
cal and intuitive skills, managers can make informed decisions, respond to
challenges, and achieve organizational goals.
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WATER TREATMENT FOR ALL INDUSTRIES IN UKRAINE

The quality of natural water sources in Ukraine is often not sufficient
for industrial use, so water treatment is crucial for all industries to ensure the
quality of water used in industrial processes, which can directly impact the
quality of the final product. The process of water treatment involves remov-
ing contaminants from water through physical and chemical treatments, and
other methods of water treatment can be used to remove specific contami-
nants. Reverse osmosis is one of the most efficient and cost-effective ways of
water purification and is commonly used for desalination, treating wastewater,
and producing purified drinking water. The materials used to make membranes
must be semi-permeable, resistant to chemical attack and mechanical damage to
ensure the longevity and efficiency of the reverse osmosis system. Water treat-
ment companies in Ukraine offer a range of services, including water analysis,
system design, installation, and maintenance.

Water treatment is essential for all industries in Ukraine, including ag-
riculture, food and beverage production, pharmaceuticals, and manufactur-
ing. There are several methods of water treatment available, and the type of
treatment used depends on the quality of the water source and the intended
use of the water. In addition to reverse osmosis, other methods of water
treatment such as ion exchange and electrochemical treatment are used to
treat industrial water. Each method has its own advantages and disad-
vantages and may be more suitable for certain industries or types of water.
Companies specializing in water treatment in Ukraine offer a range of ser-
vices to ensure the quality of water used in industrial processes.
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ELECTRICITY AND AVIATION

Today, aviation is one of the main sources of carbon dioxideand other
harmful substances in theatmosphere. This poses a serious threat to our envi-
ronment and natural resources. Therefore, the solution to the problem of
reducing emissions depends on how we can change the way we design and
operateaviation systems.

One possible solution is the use of electricity in aviation. Electric
engines can replace traditional engines that use oil and gas to generate
power.electric aircraft can achieve much greater economic efficiency and
environmental safety, as they do not emit harmful substances into theatmos-
phere.

One of theadvantages of electric aviation is the reduction in operating
and fuel costs. according to official reports, the cost of operating an electric
aircraft is reduced by 10 times compared to a traditional aircraft that uses oil
and gas. In addition, electric aircraft can fly much quieter, which reduces the
harmful impact on theenvironment and reduces noise pollution in the vicini-
ty of airports.

Electric aviation can also significantly reduce emissions of carbon di-
oxide and other harmful substances into the atmosphere. This reduces the
environmental impact of aviation and helps to preserve natural resources.

However, today, electric aviation is a relatively new technological so-
lution that is not yet fully developed. One of the main challenges is the
limited range of electric aircraft, as current batteries cannot provideenough
energy for long flights. There is also the problem of charging batteries,
which can takea significant amount of time.

Nevertheless, developers continue to work on solving these problems,
and well-known airlines havealready released the first electric aircraft used
for short regional flights. Over time, electric aviation technologies will im-
prove, allowing them to be used for longer flights.

All of theabove factors, together with the variety of benefits of electric
aviation, make it clear that this is the future of aviation and theanswer to
theenvironmental challenges of our time. electric aviation will become one
of the most important innovations in the transport sector, reducing CO2
emissions and ensuring safer and moreefficient use of aircraft.

The development of electric aviation requires further support and
investment from the government and the private sector. This will allow
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developers to accelerate the development of new technologies and reduce the
cost of producing electric aircraft. In addition, the government can help
support the development of charging infrastructure for electric aircraft,
which will help ensure that they are used to their full potential.

The need to develop electric aviation and reduce theenvironmental
impact of aviation is a hot topic today. Increasing air traffic and the carbon
dioxideemissions that accompany it havea negative impact on the climateand
human health.electric aviation can bean important step in combating these
problems and providea safer and moreenvironmentally friendly way of
travelling. I believe that in the future, electric aviation will become the
standard to help ensure the sustainableand safe development of theaviation
industry.
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FOREIGN EXPERIENCE IN THE USE OF ALTERNATIVE
ENERGY ON THE EXAMPLE OF CHINA

China is one of the largest energy consumers in the world, and the
country has been actively promoting the use of alternative energy sources in
recent years to reduce its reliance on fossil fuels and address the issue of air
pollution. The country has made significant progress in the development and
deployment of renewable energy sources, becoming a global leader. Here are
some examples of China’s experience with alternative energy sources:

1. Solar Power. China is the world’s largest producer of solar panels,
and the country has been investing heavily in solar power infrastructure in
recent years. The Chinese government has set a target of generating 110 GW
of solar power by 2020, and as of 2021, China has installed more than 253
GW of solar capacity, more than any other country in the world. This has
been achieved through significant investments in research and development,
as well as policy incentives, such as feed-in tariffs and subsidies for solar
power generation.

2. Wind Power: China is also the world’s largest producer of wind tur-
bines and has the largest installed capacity of wind power in the world. The
Chinese government has set a target of generating 210 GW of wind power
by 2020, and as of 2021, China has installed more than 281 GW of wind
capacity. The country has also implemented policies to promote the devel-
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opment of wind power, such as a national feed-in tariff for wind power gen-
eration and tax incentives for wind energy companies.

3. Hydro Power: China has a long history of using hydropower, and it
is the world’s largest producer of hydroelectricity. As of 2021, China has an
installed capacity of more than 370 GW of hydropower, which accounts for
around 17% of the country’s total energy generation. The development of
hydropower has been driven by the country’s vast rivers and mountainous
terrain, making it a reliable and low-cost energy source.

4. Nuclear Power: China has also been investing in nuclear power, and
it is the world’s third-largest producer of nuclear energy after the United
States and France. As of 2021, China has 50 nuclear power plants in opera-
tion, with a total installed capacity of 51 GW. While nuclear power is a con-
troversial source of energy, China has put in place strict safety rules and
procedures to ensure the safe operation of its nuclear power plants.

In conclusion, China has made significant progress in the development
and deployment of renewable energy sources. The continued growth of re-
newable energy in China is essential for the country’s future economic
growth and environmental sustainability. And Ukraine, in turn, could learn
from China’s experience in integrating renewable energy sources, which will
provide great potential for lower prices and dependence on fossil fuels in the
short and long term.
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CURRENT STATE OF THE CHERNOBYL NPP

The Chernobyl nuclear power plant disaster of 1986 remains one of the
worst nuclear accidents in history. The explosion and subsequent fire at the
plant released large amounts of radioactive materials into the environment,
causing severe health and environmental consequences.

In the years since the disaster, much has been done to contain the
radiation and mitigate the effects of the accident. The area around the plant,
known as the Chernobyl Exclusion Zone, remains largely uninhabitable, but
efforts have been made to make it safer for workers and visitors. A massive
containment structure, called the New Safe Confinement, was completed in
2019 to contain the damaged reactor and prevent further releases of
radiation.
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Despite these efforts, concerns remain about the safety of the plant and
the surrounding area. The damaged reactor remains highly radioactive and is
a potential source of further contamination if not properly maintained. In
addition, the Chernobyl Exclusion Zone is home to numerous abandoned
buildings and structures that pose a risk of collapse, potentially releasing
more radioactive materials into the environment.

There have also been reports of illegal logging and poaching in the
area, which could disturb the soil and release radioactive materials into the
air. However, efforts are being made to combat these activities and protect
the environment.

Overall, the Chernobyl nuclear power plant remains a potent reminder
of the dangers of nuclear energy and the importance of safety measures to
prevent accidents. While much has been done to contain the damage and
mitigate the effects of the disaster, ongoing vigilance and maintenance are
necessary to ensure the safety of the area and prevent further releases of
radiation.
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THE TECHNOLOGICAL PROCESS OF ASSEMBLING THE PANEL

There are 4 different types of electrical panels — the main breaker pan-
el, fuse boxes, main lug panels, and subpanels. The electrical panel typically
consists of a main breaker, circuit breakers and bus bars. The main breaker:
is the large two-pole circuit breaker that limits the amount of electricity
coming in from outside to protect the circuits it feeds. It also identifies your
breaker panel’s amperage capacity.

There are some signs when you should replace electrical panels, they
are: you panel is more than 25 years old, it is warm or smells burnt, breakers
trip all the time, see rust in your electrical panel, etc

The technological process of assembling the panel includes the follow-
ing operations: 1) electrical installation; 2)assembly of the panel; 3) mark-
ing;4) control.

At the first electrical installation operation, the harness is laid out on
the assembly table according to the template in accordance with the electri-
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cal connection diagram. After all the actions of making jumpers, stripping
the wires with pliers, bending the ends of the wires and lengthening them,
you need to make sure that the wiring is correct and fill in the accompanying
label with the drawing number and the name, attach it to the harness with
wire waste.

The second operation of assembling the panel, a metal structure is in-
stalled on the work table, on which the surface of the nuts for grounding is
cleaned, after which they are lubricated with grease and screws with washers
are installed to connect the grounding conductor. Install and fasten the angle
to fix the panel in the open position. Panel brackets are attached with a
screwdriver. We insert and fix the harnesses with strips and fingers on the
metal structure of the panel. Then we install relays and blocks according to
the electrical connection diagram. Install intermediate relays, current relays,
and time relays in accordance with the specifications. Connect the ends of
the wires to the relay and blocks according to the diagram. At the end of the
operation, fill in and attach the accompanying label to the panel.

To start with, you need to have a label on the outside of the box indi-
cating that it is a high voltage area to warn people not to open it unless they
are qualified. In most cases, you also need to ensure nothing is placed any-
where within 3 feet of the box. Although most home owners may not have to
operate circuit breakers in the electric panel too often, it is important to have
proper labeling so that the circuit breakers in the panel can be easily identi-
fied in the case of emergency, or if electrical repairs or upgrades are being
made. Always mark the panel schedule with an ink pen or marker. A sharpie
is an ideal choice. If you simply write the information down with a pencil.
When marking, the markings of relay blocks are applied with white enamel.

During the control operation, the presence of grounding of the devices
and the panel and the absence of breaks are checked. This is done by touch-
ing the current-carrying wires of relay contacts,in order to see the installed
equipment integrity, the presence of grease in the grounding places.
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THE RELIGIOUS BASIS OF HRYHORII SKOVORODA’S
PHILOSOPHY

A lot of time and works have been devoted to the philosophy of Hry-
horii Skovoroda, but the philosopher’s religious world remains unknown. D.
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Chyzhevsky writes in his works: "Religiosity is in a sense a living source of
Skovoroda’s philosophy. The world, nature for Skovoroda is in God."

Therefore, we can say that Skovoroda’s philosophy is religious. The
spiritual source of the artist is the Bible. To understand the unusual religiosi-
ty of the prominent thinker, one should carefully read at least one of his
works: "The Ring," "The Initial Door to Christian Goodness," "Narcis-
sus,"and others. And to feel his bold religiosity, one must spend many years
thoughtfully re-reading his works.

In his works, the artist convinces the reader that all our being depends
on the being of God. This is his main idea, which he sees and presents quite
clearly. The image that is constantly present in the artist’s mind is the image
of the God-Man-Christ.

Skovoroda moves from understanding God and his being to under-
standing man and the world. God always cares about the world in general
and maintains its existence and harmony. Therefore, according to the philos-
opher, the existence of the world is the result of God’s actions.

It can also be said that H. Skovoroda’s religiosity is a secret and mysti-
cal thing, in which everything intimate is revealed to a person. The spiritual
life itself is also mystical, hidden from everyone. Religious truth is revealed
in it in an unusual and mysterious language of signs and symbols, which at
first seems strange and unusual, but if you get to know it better, the rich
world of God’s truth will open up.

As a result, we can say that religiosity is the permanent basis of H.
Skovoroda’s worldview and philosophy. The artist’s religiosity can be char-
acterized by such features as mysticism, Christology, and theocentrism. The
belief in God’s work, which is confirmed by the mystical experience itself,
makes it possible to assert a certain teleological predisposition of the tempo-
rary existence of the world. The artist compares this existence of the world
to a theater, which shows human existence, all the important moments, emo-
tions and experiences. And the director of this play is God. This should not
be overlooked in the study of his work, because one can lose the meaning of
his activity, the distortion of his figure in the history of Ukraine.
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REPAIR OF A LOW-OIL SWITCH

In design and construction of thermal power stations, nuclear power
plants and hydro power plants, as well as transformer substations of energy
systems, industrial enterprises, switchgear of internal and external installa-
tions are widely used. Low-oil switches are used in switchgear and designed
for operational switching on and off of individual electrical circuits.

Switches in which oil is used only as a gas-generating substance for
extinguishing the arc when currents are turned off are called low-volume oil
or low-oil switches. These switches are used in both closed and open
switchgear. Low-oil switches have smaller dimensions, mass and oil content
than tank oil switches, which facilitates repair and maintenance, as well as
reduces the risk of oil explosion and ignition.

Switches repair and maintenance can be preventive or capital. Preven-
tive maintenance is performed according to the following operations: pre-
paratory; external inspection, checking the condition of structural elements;
electrical measurements; taking and checking an oil sample; verification of
commutations. During capital repairs, maintenance is performed according
to preventive repair operations, and the following operations are also added:
dismantling of switch poles; repair of switch elements; electrical strength
test; adjustment and installation of the switch; oil filling; painting of switch
elements.

After preventive repair and maintenance operations are performed, the
low-oil switch is turned off during capital repairs. Repair of switch elements
includes: repair of insulators, contacts, arc extinguishing device of each pole,
drive mechanism; repair or replacement of worn parts. It is carried out using
locksmith tools.

Next, the switch is tested for electrical strength using an electrical
stand. Electrical strength of the insulation is checked between conductive
and grounded elements. Test is carried out three times in a row for each set
of elements.

After the tests, the frame with the switch is installed on the trolley of
the cabinet; the switch is turned on together with the drive. Oil is poured into
the poles of the switch, current-conducting and grounding busbars on which
the coatings were damaged are painted.
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ALTERNATIVE METHODS OF OBTAINING ELECTRICITY

Today, mankind has developed many ways to obtain electric current
due to natural phenomena. Alternative energy is a set of promising ways of
obtaining, storing, transmitting and using energy from sources that are not
used as widely as traditional ones, but are of interest because of the profita-
bility of their use with, as a rule, a low risk of causing harm to the environ-
ment. There are 5 ways of generating electricity, which are considered unu-
sual for the reason that they have not gained enough popularity. Sometimes
it is said that they are economically costly and ineffective, but this does not
mean that humanity will abandon them. These innovative methods will soon
be able to be used by humans as new sources of electric current. Even with
the advent of oil, mankind considered this natural resource ineffective and
unknown, but today it is used in many areas of our activities.

So the first one is seawater -salt water reserves on the planet are simply
huge, so scientists decided to develop a power plant that will work on this
resource. The only power plant was built in Europe by Starkraft. Electrical
energy is obtained using the technology of osmosis. In simple terms, the
mixing of salt and fresh water takes place, which leads to the generation of
energy due to the increase in the entropy of the liquids. This energy is neces-
sary to activate hydro turbines of electric generators. This method is not as
efficient as nuclear power plants, but it does not cause much damage to the
environment.

The second one - fuel cells - today, a power plant that operates on fuel-
type cells with a capacity of up to 0.5 GW has also been developed. It works
by burning fuel in an element that converts heat energy into electric current.
In essence, this is a diesel generator that does not use diesel fuel. The power
plant does not pollute the environment, as it does not emit combustion prod-
ucts into the atmosphere. Also, this source of electrical energy has a high
efficiency.

The third, thermal generators - in order to obtain an electric current,
you can use heat energy. This theory is more than 100 years old, but today it
has become popular due to the wide application of energy saving technolo-
gies. Today, this method is also used on an industrial scale. For example, in
communal heating systems, they receive heat and electricity for their needs.

The next is piezoelectric generator - the law of conservation of kinetic
energy became the basis of works to obtain electricity in experimental instal-
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lations - piezoelectric generators. They are used as an experiment in high
traffic areas, dance floors, railway stations and subways. There is even an
idea to create "green" fitness centers and gyms, in which visitors will be able
to produce up to 3.6 megawatts of electricity per year through their actions.

And finally, nanogenerators - did you know that there are micro-
oscillations in the human body that can be converted into electrical energy?
A nanogenerator is used to convert small fluctuations in the human body into
electric current. Such technologies can be used to charge mobile devices.
Any human movement can be used to generate electrical energy. Today,
there are many developments that combine the use of nanogenerators and
solar batteries.

Further development of energy in the world will shift towards the de-
velopment of alternative energy sources and the so-called small-scale ener-
gy. And this is caused, first of all, by a shortage of energy and limited fuel
resources. Alternative energy sources are environmentally friendly, renewa-
ble, and distributed relatively evenly, so regions with a skilled workforce,
susceptibility to innovation and strategic foresight will win the leadership in
their use.
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TYPES OF VOLTAGE STABILIZERS

The voltage stabilizer is electrical equipment, which designed to nor-
malize the voltage in the network when loaded in a narrow range.

There are the following main types of voltage stabilizers: relay, elec-
tronic, electromechanical, inverter.

Relay stabilizers are electronic devices, which the principle of opera-
tion is built on the basis of stepwise regulation of electricity with using the
control unit. Regulation is provided by a series of relays that automatically
connect the necessary winding of the autotransformer. Advantages of relay
stabilizers: satisfactory voltage regulation voltage - 40 ms on average; re-
sistance to voltage drops; protection against overvoltage and short circuit;
stability to minus temperatures - can work in free-standing unheated rooms;
do not require additional cooling. Relay voltage stabilizers have several
significant disadvantages: lack of power reserve - it is not recommended to
use them for powerful motor equipment. The basic principle of operation of
electronic stabilizers is similar to that of relay stabilizers. They consist of the
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following elements: automatic transformer, control circuit, measuring sen-
sors, frequency filters.

Advantages of electronic stabilizers: stabilization of the input current
over a wide voltage range; high accuracy and response; compact dimensions
due to the absence of mechanical parts; functioning at low temperatures
(some models). Disadvantages of electronic stabilizers: increased reaction
time with a large number of steps; high sensitivity to interference in the
network; the complexity of the construction; step voltage equalization; under
heavy loads, the simistors and thyristors may burn out.

Electromechanical voltage stabilizers function thanks to the movement
of the carbon electrode along the windings of the autotransformer with the
help of an electric drive. As a positive moment are low cost, smooth voltage
regulation and small dimensions.Such devices also have small disadvantages
— high noise during operation, low trigger speed, do not like the cold.

Inverter voltage stabilizers are considered the best. The scheme of this
device is based on an inverter in double voltage conversion. First, the alter-
nating voltage becomes constant, and then it is converted back into an alter-
nating output voltage. As a result, we have perfectly uniform and accurate
voltage: without drops and almost without deviations. The main advantage is
accuracy and speed of operation. Another positive point is that it works
without a transformer. It also has compact dimensions, does not make noise
during operation and has additional functionality. As for the latter, inverter-
type voltage stabilizers can protect household appliances from overvoltage
and other external interference in the electrical network. The scheme of such
a model is stepless, so voltage surges and overloads are not important for it.
As for the minuses, only their cost can be attributed.

Thus, inverter voltage stabilizers are the most effective and promising
type in terms of performance characteristics of all existing ones.
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AIR CHARGING

One of the features of the top smartphones of recent years is the ability
to charge wirelessly. It is enough to put the device on a special contact pad
to restore the energy reserve of the battery. The charging process ends auto-
matically when the charge level reaches 100%.
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Xiaomi has unveiled Mi Air Charge, a new next-generation wireless
charging technology that allows you to charge multiple devices simultane-
ously without the need for cables or a wireless charging cradle.

The patented Mi Air Charge technology uses a special tower/box-
shaped device that uses beam-forming technology to send millimeter waves
directly to the device. These waves are converted into electrical energy that
charges the device.

The tower has 5 phase antennas to help locate a smartphone in a room
in milliseconds. It has 144 additional antennas that transmit millimeter
waves.

The compatible phone has two antenna units, similar to those in the
charger, but much smaller in size. The first is a radio beacon that communi-
cates with the charging station, and the second is a receiving antenna array
consisting of 14 antennas that receive millimeter waves converted into elec-
trical energy.

The technology supports simultaneous charging of multiple devices
over long distances, with a maximum power of 5 watts per device.

According to Adam Zeng Xuezhong, head of Xiaomi’s mobile divi-
sion, the plan is to charge wearable devices like smartwatches and fitness
bracelets using Mi Air Charge Technology.

The main goal is to make ‘apartments truly wireless’ where speakers,
lamps and smart home devices will work from one remote system. However,
a spokesman said that the technology will not be used in commercial prod-
ucts this year.

The core technology is about positioning in space and transmitting en-
ergy. Charging is carried out through the influence of the induction field on
the phone battery within its boundaries. Smartphones that do not support this
type of charging require a special receiver-receiver, which can be hidden
under the case, but the latest generation of phones has the technology initial-
ly installed.

The power standard for wireless charging of mobile devices is called
Qi. The name reads ‘Qi’ because the standard was named after Qi energy, a
key concept in Chinese philosophy denoting life energy.

The benefits of wireless charging are as follows.

It removes unnecessary wires from the space.

It is an extension of the ability to charge phones. It will be especially
useful for forgetful people, as the charging radius is about 5 meters, which is
enough to work fully in a modern apartment.

Security of the device.

With wireless charging, the phone is less susceptible to power surges
than when it is plugged into an outlet. So, the battery will last longer.

380



You do not have to plug the cable into the charging jack all the time.
This will save you from unnecessary scratches on the case and prolong the
performance of the connector.

Disadvantages.

The environmental impact of wireless chargers has yet to be studied
because of the newness of the technology.
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TRANSPARENT SOLAR CELLS WITH MULTI-EXCITONS

“Transparent multi-exciton solar cells” is a new type of solar cell that
has been developed by scientists at the University of Oxford and the Califor-
nia Institute of Technology (Caltech). The results of the study were pub-
lished in the journal Nature Photonics in 2021.

These transparent solar cells have a unique structure that allows them
to convert solar energy into electricity while maintaining their transparency.
The structure of the elements is based on the use of multi-excitons, which
are electron-hole pairs formed during the absorption of photons of light.

Multi-excitons tend to decay into electrons and holes, which move in
different directions and cannot be effectively used to generate electricity. In
a new type of solar cell, multi-excitons are captured and stored inside the
cell thanks to special quantum wells that ensure their stability.

This approach allows for a high light-to-electricity conversion rate,
making these solar cells more efficient than traditional transparent solar
panels. In addition, the new elements can be used in building windows with-
out losing transparency, making them more attractive for commercial use.

It should be noted that at present the efficiency of these cells is still
lower than that of traditional solar panels, and further work is required to
improve them. However, the development of new transparent multi-exciton
solar cells represents an important step towards more efficient use of solar
energy.
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REVOLUTIONARY FUSION REACTOR

For more than 20 years, various researchers have been experimenting
with processes in which interactions between elementary particles lead to the
release of energy in the form of heat. Such processes can already be initiated
at relatively low temperatures.

For modern science, the realization of cold fusion would be the equiva-
lent of the philosopher’s stone for the ancient alchemists, or rather the tool
thanks to which they claimed to be able to transform poor metals into gold
and silver. Nowadays, the real challenge is to fuse two atoms and get a big-
ger one, thus realizing nuclear fusion.

Atomic nuclei usually only fuse at temperatures of several million de-
grees Celsius, such as inside the sun. A certain proportion of the mass is
converted into energy and released as heat. At room temperature, however,
atomic nuclei repel each other and fusion is not possible. Nuclear fusion
requires heat and extreme pressure. Andrea Rossi, inventor of the Energy
Catalyzer (E-cat) claims to have succeeded and promises, thanks to his de-
vice, to wipe out all the energy problems of humanity in one fell swoop.

Rossi demonstrated his E-cat to scientists from the Royal Institute of
Technology in Stockholm and the University of Bologna a few years ago.

Although they were not allowed to disassemble the reactor, they were
allowed to carry out their own measurements. Their final report confirms
that Rossi’s reactor appears to have ‘produced energy in significantly greater
quantities than would have been possible from any other conventional
source.” And much more energy than is achievable with any known chemical
reaction.

With the launch of the E-cat, “cold fusion” is currently experiencing a
renaissance. In scientific circles one speaks of Low Energy Nuclear Reac-
tions — i.e. nuclear reactions that take place at comparatively low tempera-
tures. The E-Cat generates large amounts of thermal energy by fusing small
amounts of hydrogen and nickel powder with the addition of a catalyst.

E-Cat uses the so-called ‘Rossi effect’, in which helium is ultimately
formed with the help of nickel in a long reaction chain from lithium and
hydrogen — at (comparatively) low temperatures of 1,300. In this process,
which Rossi called transmutation, excess heat is released.
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About 50g of nickel are enough to generate a constant amount of ener-
gy of 10kW for six months. Around 1% of annual nickel production would
be sufficient to meet the energy needs of the entire world population.

Such high efficiency come from the nuclear forces involved in the fu-
sion process, which can release far more energy than chemical reactions.

The difference to conventional nuclear power is that E-Cat reactors are
completely environmentally friendly, requiring neither the use of radioactive
materials nor producing radioactive nuclear waste. Small amounts of result-
ing gamma rays can be easily shielded. In addition, the operation of the E-
cat does not release any carbon dioxide or other environmentally harmful
greenhouse gases.

The E-Cat will change the world — how we live, how we live together
and how we treat our environment. For the nearest future, the E-Cat may be
our last chance to find our way back to the harmony between man and na-
ture. The unlimited availability of inexpensive energy opens up possibilities
that we don’t even dare to dream of today. E-Cat is a symbol of a better
future.
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COMPUTER SYSTEM SECURITY AND DATA PROTECTION IN
THE FACE OF THREATS FROM HACKERS AND VIRUSES

The widespread use of information technology in all spheres of society
makes the issue of information protection, its users, information resources,
and data transmission channels from criminal attacks of cybercriminals quite
relevant. The concentration of information in computers forces some people
to intensify their search for ways to access information, while others intensi-
fy control over it for the purpose of protection. The complexity of creating
an information security system is determined by the fact that data can be
stolen from a computer (copied), while remaining in place. Objects of at-
tacks can be both material technical means (computers and peripherals) and
software and databases. It is important to preserve such properties of infor-
mation as availability, integrity, and confidentiality.

The threat to the security of a computer system is an event (impact)
that, if realized, will cause a violation of the integrity of information, its loss,
or replacement. Threats can be accidental or intentional. Accidental threats
include errors of service personnel and users; loss of information due to
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incorrect storage of archival data; accidental destruction or alteration of data;
equipment and power supply failures; accidental disclosure of confidential
information to third parties.

Intentional threats created by malicious actors lead to serious conse-
quences. Intentional threats include unauthorized access to information and
network resources, disclosure and modification of data and programs, copy-
ing of data, development and dissemination of computer viruses, theft of
magnetic media and financial documents, destruction of archival infor-
mation, and falsification of messages. Depending on their motives, goals,
and methods, the actions of information security violators can be divided
into four categories: thrill-seekers, ideological hackers, professional hackers,
and unreliable (disgruntled) employees.

To properly build a protection system, it is necessary to determine the
types of actions taken against information, what an automated system is, the
security threats to automated systems, measures to counter security threats,
and the principles of building protection systems.

Encryption mechanisms involve the cryptographic protection of infor-
mation. These protection methods are increasingly being used in the pro-
cessing and storage of information on magnetic media. This method is the
only reliable one for transmitting information over long communication
channels. Counteracting attacks by malicious programs involves a complex
of various organizational measures and the use of antivirus programs. The
goals of these measures are to detect instances of system infection, reduce
the consequences of information infections, localize or destroy viruses, and
restore information in the information system.

Currently in the USA, there is a developed standard for assessing the
security of computer systems - the criteria for evaluating suitability. It takes
into account four types of requirements for computer systems: security poli-
cy requirements, accounting requirements, trust in computer systems, and
documentation requirements.

Protection of data and programs from unauthorized access, copying,
and modification is implemented using software-hardware methods and
technological techniques. Passwords, electronic keys, electronic identifiers,
electronic signatures, data encryption and decoding tools are classified as
software-hardware protection tools. Cryptographic methods are used for data
encryption, decoding, programs, and electronic signatures.
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INFORMATION TECHNOLOGY IN THE AEROSPACE
INDUSTRY: SOFTWARE AND WORKFLOW AUTOMATION

The role of Information Sciences and Technology in the practice of
Aerospace Engineering is very important. Aerospace systems rely heavily on
computers, software, and digital information; for control, sensors, and other
onboard systems. The aerospace industry is one of the most complex, chal-
lenging and regulated industries, where safety, quality and reliability are of
the highest priority. The industry faces many challenges, such as the need for
improved and automated technology, more accurate and reliable calcula-
tions, and achieving the most efficiency in the least amount of time and at
the lowest cost. To solve these problems, the aerospace industry turns to
information technology.

The role of software in the practice of aerospace engineering is critical
and continues to grow rapidly. The effective design, development, and man-
ufacturing of aerospace systems rely heavily on computers, software, and
digital information. Some aircraft cannot fly without their onboard comput-
ers, and many future aerospace vehicles will be unmanned, resulting in even
greater software challenges Software can be used to develop, test, and test
various components of air and space vehicles, as well as perform various
computational tasks.

However, efficient work requires the automation of workflows (e.g.
project planning and management process, the quality control process, the
production process, and the material supply process).

The use of information technology and software can reduce the time it
takes to complete tasks, improve the accuracy and quality of work, and en-
sure better coordination of workflows across departments and teams.

In addition, information technology helps ensure the efficient and safe
operation of air and space vehicles. Special programs can be used to monitor
and analyze various flight parameters, such as temperature, pressure, speed,
altitude, and the status of various components and systems. Information
technology in the aerospace industry is also used to ensure flight safety.

Software tools can be used to analyze various scenarios, develop strat-
egies and action plans in extreme situations, and train pilots and other spe-
cialists.

It is worth mentioning how much NASA’s moon landing programming
has changed since it was first launched.
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The agency uses HAL/S (High-order Assembly Language/Shuttle), a
language designed for real-time aerospace systems. It has been used in many
US space projects since 1973, most famously in the Space Shuttle program
(approximately 85% of the Shuttle software is written in HAL/S). Although
the language is designed primarily for programming onboard computers, it is
general enough to meet almost all the needs of producing, verifying, and
maintaining aerospace and other real-time applications. The three key prin-
ciples in developing the language were reliability, efficiency, and machine
independence. HAL/S was designed not to include some constructs that were
considered error-prone. For example, there is no support for dynamic
memory allocation.

United Space Alliance, one of NASA’s main shuttle support contrac-
tors, has developed a workflow automation system (WAS) in Python.

Here are some specific examples of the use of IT and software in space
missions:

1. Curiosity mission on Mars. To control the rover’s actions on the sur-
face of Mars, software is used to remotely control the vehicle’s movement
and monitor the status of its various systems.

2. Juno mission to Jupiter. To collect and process data received from
the Juno spacecraft, special software was developed that allows scientists to
analyze data and visualize geometric objects based on this data.

3. Apollo mission to the Moon. To calculate the trajectory and naviga-
tion of spacecraft during the Apollo mission, special computer programs
were used to ensure the accuracy and safety of the flight.

4. Hubble mission in space. To ensure the high quality of the received
photos and data from space, special software tools are used to correct tech-
nical deficiencies and ensure optimal shooting parameters.

Thus, the use of information technology and software in the aerospace
industry helps to ensure high quality and safety of production, improve
productivity and efficiency of work processes, and ensure safe and efficient
operation of air and space vehicles. Therefore, the use of these technologies
is an important factor in the development of the aerospace industry in
Ukraine and globally.
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Al: FROM THE ORIGINS TO NEW ACHIEVEMENTS AND
TRENDS

Artificial Intelligence (Al) has become an increasingly popular topic in
recent years, with its potential to revolutionize various industries and solve
global challenges. Al refers to the ability of machines to learn from data,
adapt to new situations, and perform tasks that typically require human intel-
ligence, such as language processing, image recognition, and decision-
making. The rapid advancements in machine learning, deep learning, and
other Al techniques have enabled Al to make significant progress, creating
new opportunities and challenges.

The origins of Al can be traced back to the 1950s, but it was not until
the last decade that Al has shown significant progress, thanks to advances in
machine learning and deep learning algorithms. In 2020, OpenAl’s GPT-3
model gained significant attention due to its ability to generate coherent text
and mimic human-like language.

Al’s potential to transform various industries has been the subject of
much research and discussion.

Artificial Intelligence has already shown its potential in transforming
the healthcare industry by enabling faster and more accurate diagnoses,
predicting treatment outcomes, and developing personalized treatment plans.
It can analyze vast amounts of medical data, including patient records, imag-
es, and genomic data, and identify patterns and insights that can help doctors
make better decisions. Al-powered medical devices, such as wearables and
remote monitoring systems, can also improve patient care by enabling con-
tinuous monitoring and early detection of health issues.

In the production industry, Al can optimize manufacturing processes,
improve supply chain management, and reduce downtime and maintenance
costs. Emerging trends such as the Internet of Things, big data analytics, and
quantum computing are likely to shape the future of Al in healthcare and
production.

In recent years, Al has also been used to tackle global challenges such
as climate change. A 2021 paper by Nature Communications demonstrates
the potential for Al to improve the accuracy of climate models, which could
help policymakers make more informed decisions.

However, the growing power and complexity of Al systems raise con-
cerns about their accountability, transparency, and potential misuse. There is
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the need for Al developers to prioritize ethical considerations in their design,
development, and deployment of Al systems.

Federated learning is another emerging trend that involves training Al
models on distributed data without centralizing it, thus preserving privacy
and security. Edge computing, on the other hand, enables Al to be processed
on devices such as smartphones and IoT devices, reducing latency and in-
creasing efficiency.

Neural networks, a subset of Al, have been increasingly used by de-
signers and professionals in the creative industries. They offer various bene-
fits, such as generating novel and unique ideas, enhancing creativity, and
saving time and effort. For instance, neural networks can be used to generate
original design ideas, which designers can then build upon to create a final
product. Additionally, neural networks can be trained to generate persuasive
and engaging marketing copy, making professional copywriting more acces-
sible to everyone.

Al-powered design tools can help designers automate repetitive tasks
and speed up the design process, allowing them to focus on more creative
aspects of their work. As such, neural networks are becoming an indispensa-
ble tool in the creative industries, enabling professionals and amateurs alike
to produce high-quality work efficiently and effectively.

The history and recent advancements of Al demonstrate the potential for
the technology to create value and solve global challenges. However, as Al
continues to evolve, it is critical to address its ethical and social implications and
promote transparency and accountability in its development and use.
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UNCHAINING THE FUTURE: EXPLORING THE POWER OF
BLOCKCHAIN TECHNOLOGY

Blockchain technology has been making waves since it was first intro-
duced in 2008 as the underlying technology behind Bitcoin, a decentralized
digital currency. Since then, blockchain technology has evolved to offer
many more use cases beyond cryptocurrencies, including supply chain man-
agement, voting systems, and smart contracts.

One of the key benefits of blockchain technology is its ability to create
a tamper-proof and transparent record of transactions. This is achieved
through a network of computers, or nodes, that work together to verify and
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validate each transaction on the network. Once a transaction is validated, it is
added to a block, which is then added to the blockchain in a permanent and
unalterable way. This ensures that all parties involved in a transaction can
trust that it has taken place, and that the records of that transaction cannot be
changed or manipulated.

Another benefit of blockchain technology is its potential to remove in-
termediaries from transactions. In traditional transactions, intermediaries
such as banks or payment processors are needed to facilitate and validate the
transaction. With blockchain technology, transactions can be completed
directly between parties, reducing the need for intermediaries and potentially
lowering transaction costs.

One industry that has already started to embrace blockchain technology
is finance. Blockchain technology can enable faster, cheaper, and more se-
cure cross-border payments. Traditional payment systems can take several
days to complete a cross-border payment, and can be expensive due to fees
charged by intermediaries. With blockchain technology, cross-border pay-
ments can be completed in a matter of minutes, and at a lower cost than
traditional payment systems. This has the potential to revolutionize the way
we think about cross-border commerce.

In healthcare, blockchain technology can help to securely share patient
data and streamline medical record keeping. Medical records are currently
stored in silos, making it difficult for healthcare providers to access patient
data when needed. By using blockchain technology, medical records can be
stored in a secure and decentralized way, allowing healthcare providers to
access patient data quickly and easily. This has the potential to improve
patient outcomes and reduce medical errors.

In supply chain management, blockchain technology can improve
transparency and traceability, helping to reduce fraud and improve efficien-
cy. By using blockchain technology, supply chain stakeholders can track
goods and materials as they move through the supply chain, ensuring that
they are authentic and have not been tampered with. This can help to reduce
the risk of fraud and improve efficiency by reducing the need for intermedi-
aries in the supply chain.

However, there are also challenges to the widespread adoption of
blockchain technology. One of the biggest challenges is scalability, as cur-
rent blockchain networks can struggle to handle large volumes of transac-
tions. Additionally, there are concerns around the environmental impact of
blockchain technology, as the energy consumption required for mining and
maintaining the network can be significant.

Despite these challenges, the power of blockchain technology lies in its
ability to create a secure, transparent, and decentralized system for recording
transactions and data. As the technology continues to evolve, it has the po-
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tential to transform many industries and change the way we think about trust
and accountability in our digital world. From finance to healthcare to supply
chain management, blockchain technology is poised to unchain the future
and unlock a world of new possibilities.
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USE OF INFORMATION TECHNOLOGIES IN THE
MEDICAL FIELD

Information technologies have a huge potential field assisting the im-
provement of patient outcomes and reduction of healthcare costs.

The use of electronic health records (EHRs) has greatly improved pa-
tient care and healthcare delivery. EHRs enable healthcare professionals to
access and share patient information quickly and easily, making it possible
to deliver care that is more timely, effective, and coordinated.

Telemedicine, which involves the use of digital communication tech-
nologies to provide remote healthcare services, became popular during the
COVID-19 pandemic and has the potential to improve patient outcomes,
reduce healthcare costs, and expand access to care.

Artificial intelligence (Al) in healthcare can improve diagnostic accu-
racy, personalize treatment plans, and automate administrative tasks, among
other benefits. However, there are also challenges associated with Al, such
as concerns about privacy and ethical issues.

Wearable devices, e.g. smartwatches and fitness trackers, can be used
to monitor vital signs, track physical activity, and detect health conditions.

Big data can be used to identify patterns and trends in healthcare data,
improve population health management, and develop personalized treatment
plans.

There are also some concerns about data privacy and security.

Blockchain technology has the potential to revolutionize the healthcare
industry. It can be used to secure and share patient health data, streamline
administrative processes, and reduce healthcare costs.

The challenges associated with blockchain are regulatory and interop-
erability issues.

Mobile health (mHealth) technologies, such as smartphone apps and
text messaging platforms, are becoming increasingly popular. mHealth can
be used to monitor patients remotely, provide health education and coaching,
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and improve patient engagement. However, there are also concerns about the
quality and accuracy of mHealth apps.

Virtual and augmented reality technologies can be used for medical educa-
tion, surgical planning, and patient rehabilitation, among other applications.

Robots can be used for surgical procedures, rehabilitation, and administra-
tive tasks, among other applications. Automation can be used to improve
healthcare workflows, reduce administrative burdens, and increase efficiency.

3D printing can be used to create personalized medical devices and
implants, and to produce anatomical models for surgical planning.

YK 004.31

Oleksiy Shlapik!, Nataliia Zhukova?

!student of group CST-512 NU “Zaporizhzhia Polytechnic”

2PhD (Philology), associate professor NU “Zaporizhzhia Polytechnic”

QUANTUM COMPUTING: THEORY AND APPLICATIONS

Quantum computing is a revolutionary approach to computing that us-
es quantum mechanics principles to perform calculations. Unlike classical
models of computers that use the most fundamental building block, the bit,
which can only exist in one of two distinct states, ‘0’ or a ‘1’ quantum com-
puters use ‘quantum bit’, usually referred to as a ‘qubit’.

A quantum computer could perform many operations simultaneously
using a single processor. This enables quantum computers to perform certain
calculations exponentially faster than classical computers.

Quantum computing is based on a set of principles that differ from
classical computing. Some of these principles are as follows.

1. Superposition: Qubits can exist in multiple states at once, allowing
for parallel processing of information.

2. Entanglement: Qubits can be linked together so that the state of one
qubit is dependent on the state of another qubit, regardless of the distance
between them.

3. Parallelism: The ability of a quantum computer to encode multiple
computational results into a quantum state in a single quantum computation-
al step.

Quantum algorithms are designed to take advantage of these principles to
perform calculations that are difficult or impossible for classical computers.

One example is Shor’s algorithm, which can factor large numbers ex-
ponentially faster than classical algorithms. This has implications for cryp-
tography, as many encryption algorithms rely on the difficulty of factoring
large numbers.
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While quantum computing is still in its early stages, it has the potential
to impact a wide range of industries. Here are some examples:

Chemistry. Quantum computers can simulate complex chemical reac-
tions, which could lead to the development of new materials and drugs.

Finance. Quantum computers can optimize investment portfolios and
perform risk analysis faster than classical computers.

Cryptography. Quantum computers can break some encryption algo-
rithms, which has implications for data security.

Machine learning. Quantum computers can be used to train machine
learning models faster than classical computers.

Cybersecurity. With the help of quantum communication both receiver
and sender are alerted when an eavesdropper tries to catch the signal.

Artificial Intelligence. Increasing the speed of operation will help
computers to learn faster even using one of the simplest methods - the mis-
take-bound model for learning.

While there are still challenges that need to be addressed, researchers
are making progress in developing quantum computers and quantum algo-
rithms. It will be exciting to see how quantum computing develops in the
coming years and the impact it will have on our lives.
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TECHNOLOGIES OF VIRTUAL AND AUGMENTED REALITY IN
THE GAMING INDUSTRIES

The video game industry is ripe for augmented reality (AR) and virtual
reality (VR) applications. For the first time, the VR and AR market have
added an entirely new dimension to the games sector, bringing in more than
$7.5 billion in revenue in 2020, as demonstrated through hardware sales and
software investment.

VR and AR have reached a level of sophistication to truly engage the
gamer. Manufacturers have introduced an innovation that goes beyond imag-
ination to offer its users a smooth and fun experience with the right hard-
ware.

Virtual and augmented reality are technologies that enable the creation
of immersive and interactive experiences for users. In the gaming world, the
use of these technologies can provide more immersive and realistic game-
play, allowing players to feel part of the virtual world.

392



VR technologies see an illusory world that is difficult to distinguish
from the real world. The owner of the VR headset can interact with objects
in the surrounding world, as well as with other involved people.

AR is a technology that overlays digital information, such as images,
videos, or 3D models, onto the real world. AR is achieved by using a device
such as a smartphone or tablet, which has a camera and a screen, and soft-
ware that can recognize and track the environment.

AR technology is well-known for bringing together the virtual and the
real, creating a dreamlike middle-path for users. Game manufacturers will be
able to use real-time digital interaction to enhance their products. Real-time
interaction with gamers around the globe will enhance their perception and
allow for better levels of engagement.

One of the benefits of using virtual and augmented reality in the gam-
ing industry is the ability to provide greater immersion and interactivity to
players.

With these technologies, players can feel part of the virtual world and
manipulate it through body movements and gestures.

The release of the Pokemon GO game in 2016 was a watershed mo-
ment that demonstrated the potential of AR in the gaming industry. The
game quickly became a global phenomenon, with millions of people playing
it on their smartphones. The success of the first AR mobile games has led to
a renewed interest in AR technology from the gaming industry. Several
major game companies, including Nintendo, Microsoft, and Sony, are in-
vesting heavily in AR technology.

Compared to flat-screen games, VR games allow players to be more
involved with the help of a number of tools. VR offers players a gaming
experience where they feel directly involved in every event and are solely
responsible for the outcomes of the scenes. In addition, 3D games take the
user one step forward by placing them within the game environment, making
them feel as if they are holding the weapons themselves and firing or are
being attacked by the opposition.

In addition, virtual and augmented reality can provide new opportuni-
ties for game retailers to create unique and innovative products.
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MICROSERVICE ARCHITECTURE: ADVANTAGES AND
CHALLENGES

Microservice architecture presents both advantages and challenges to soft-
ware development. Its ability to quickly develop and implement new features and
distribute the load between servers makes it an attractive approach. However,
managing many services and their interactions, as well as requiring more resources
to run and maintain many individual services, can present difficulties.

Effective design and monitoring of the API, as well as developing mecha-
nisms for automatic scaling and disaster recovery, are crucial to successfully im-
plementing a microservice architecture. Careful attention should be given to log
collection and error analysis to quickly identify and fix problems that may arise.
By considering these factors, a microservice architecture can improve development
speed and scalability of applications.

Furthermore, the microservice architecture can also promote better team col-
laboration and autonomy in software development. Since each service can be
developed and released separately, different teams can work on different parts of
the application at the same time, allowing for faster development and improved
time-to-market.

In addition, the use of microservices can enable better fault tolerance and re-
silience in applications. If one service fails, it does not necessarily affect the entire
system, which allows for faster recovery and improved system uptime. This is
particularly important for applications that require high availability and reliability.

Despite the benefits, the use of a microservice architecture can also introduce
new security risks that need to be carefully addressed. Since each service is inde-
pendent and communicates with other services through APIs, it is important to
ensure that each service is properly authenticated and authorized to access other
services.

Additionally, it is essential to protect the API endpoints against malicious at-
tacks and ensure the security of sensitive data that is transmitted between services. In
conclusion, microservice architecture presents significant advantages in terms of
faster development, improved scalability, better fault tolerance, and team autonomy.

However, it also brings its own challenges and complexities, particularly in
terms of management, monitoring, and security. By carefully considering these
factors, and implementing appropriate measures, organizations can fully realize the
benefits of a microservice architecture while mitigating potential risks and chal-
lenges.
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DEVELOPMENT OF INTERACTIVE VIRTUAL ENVIRONMENTS
FOR LEARNING AND RESEARCH

With the advancement of technology, we are now able to create virtual
worlds that can simulate real-life situations and provide an immersive expe-
rience for users.

Virtual reality technology is at the forefront of this development, and it
has the potential to revolutionize the way we learn and conduct research. By
creating virtual environments, we can explore complex concepts in a way
that was not previously possible. For example, medical students can use
virtual reality to practice surgical procedures without the risk of harming
patients. Similarly, architects and engineers can use virtual environments to
test designs and simulate potential construction challenges.

To create these virtual environments, we need to rely on cutting-edge
computer graphics and software. The graphics need to be realistic and im-
mersive, while the software must be able to simulate interactions and re-
spond to user input. This requires a high level of expertise in computer sci-
ence, as well as an understanding of the specific applications for the virtual
environments.

There are also challenges associated with developing these virtual en-
vironments. For example, creating realistic graphics requires a significant
amount of computing power, which can be expensive. Additionally, there is
a risk of users becoming disoriented or experiencing motion sickness while
using the virtual environments, which must be carefully managed.

Despite these challenges, the development of interactive virtual envi-
ronments has the potential to transform the way we learn and conduct re-
search. With the right technology and expertise, we can create virtual worlds
that are not only engaging and immersive, but also practical and informative.
As we continue to explore the possibilities of virtual reality, we are sure to
uncover new and exciting ways to use this technology to benefit society.

One of the key advantages of virtual environments is that they provide
a safe space for learning and experimentation. For example, flight simulators
have been used for years to train pilots without putting them in danger. With
virtual environments, we can create simulations for a wide range of activi-
ties, from emergency response training to hazardous material handling.

Another advantage is that virtual environments can provide a more en-
gaging learning experience. Traditional classroom lectures and textbooks
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can be dry and unengaging, which can make it difficult for students to retain
information. Virtual environments, on the other hand, provide a more im-
mersive experience that can make learning more enjoyable and memorable.

Virtual environments can also provide opportunities for collaboration
and teamwork. In a traditional classroom, students may be limited by their
physical proximity to one another. However, in a virtual environment, stu-
dents can work together regardless of their location. This can be particularly
useful for students in remote areas or for research teams that are spread out
across the globe.

There are also challenges associated with developing virtual environ-
ments. One of the main challenges is ensuring that the environments are
realistic and accurate. For example, a virtual environment for medical train-
ing needs to accurately simulate the human body and its functions. Another
challenge is ensuring that the software is user-friendly and easy to navigate.

In conclusion, the development of interactive virtual environments has
the potential to transform the way we learn and conduct research. By creat-
ing safe and engaging environments that are accessible to students and re-
searchers around the world, we can increase the accessibility of education
and improve the quality of research. As technology continues to evolve, in
the future developers will uncover new and exciting applications for virtual
environments.
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COMPARATIVE ANALYSIS OF THE PERFORMANCE OF
NEURAL NETWORKS IN C++ AND PYTHON PROGRAMMING
LANGUAGES

Neural networks are complex mathematical models used to solve vari-
ous problems in different fields such as machine learning, natural language
processing, intelligent data analysis, and others. Different programming
languages are used to implement neural networks, but the most popular ones
are C++ and Python.

It should be noted that the performance of neural networks depends not
only on the programming language but also on hardware resources, algo-
rithms, optimization methods, and data volume. However, the choice of
programming language has a significant impact on the performance of the
neural network, development efficiency, and training.
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Comparing the performance of neural networks in C++ and Python
programming languages depends on many factors, such as the size and com-
plexity of the network, the size of the data processed by the network, as well
as code optimization.

C++ is a low-level programming language that allows for optimizing
code for memory and computation. It is considered faster and more efficient
for computations involving neural networks.

However, Python is a simple and convenient programming language
for developing and debugging neural networks, which often leads to faster
development and debugging of software.

The memory consumption evaluation when executing neural networks
on C++ and Python depends on several factors, such as the network architec-
ture, the size of the data processed by the network, the data types used, and
the optimization method and framework being used. C++ provides more
control over memory and program execution. Therefore, it results in lower
memory consumption compared to executing on Python. However, most
neural network frameworks, such as TensorFlow and PyTorch, provide im-
plementations on both languages, so the language choice depends on the
specific needs and requirements of the project.

There are also several libraries for neural programming in C++. How-
ever, their number and functionality are not as extensive as those available in
Python. Some of these include Caffe2, TensorFlow C++ API, Torch C++
API, DeepDetect, OpenCV.

C++ is a faster programming language compared to Python since it
compiles to machine code. This is especially important for implementing
complex algorithms that require a large number of floating-point operations.
Python is a language with a higher level of abstraction, which allows reduc-
ing the amount of code, which is important when writing a neural network.

Python is a highly popular programming language in the field of ma-
chine learning and neural networks, thanks to its simplicity, wide selection
of libraries and frameworks, and ease of data visualization and analysis.

However, if program execution speed is a critical factor, for example,
if there is a need to process large volumes of data in real-time mode and if
the project implies writing complex code that requires highly efficient
memory usage, C++ may be a better choice.
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VIRTUAL ENVIRONMENTS FOR SMART
HOUSE SYSTEM STUDY

These days, virtual, augmented and cross-reality technologies are used
not only in the gaming industry. They also allow organizing 3D learning
environments that provide the effect of immersion and user interaction with
the objects and processes being studied.

In particular, various applications have been created to study Internet
of Things (IoT) technologies as well as Smart House (SH) systems. This
area of study is interesting and useful for people, as it allows us to make our
lives more comfortable, safer and provide resource saving [1, 2].

Various virtual environments have been developed for virtual reality
(VR) helmets and personal computers. They are Multi-purpose SH simula-
tion system, OpenSHS, Electronic House, Live Home, PlanerVR etc. [3].

For instance, a virtual reality environment (VRE) allows a person in the
Oculus Go VR helmet to gain experience with a virtual model of SH, both out-
side and inside the building, and interact with sensors and devices [1].

The application runs on the Android mobile platform and provides the
functions of character control, helmet calibration, and interaction with the inter-
face using a controller. The developed VRE allows studying such subsystems as
Lighting control, Security control, Climate control, Irrigation control, etc. This
enables students to gain knowledge about the structural and functional features
of the SH system, as well as the principles of its control [3].

An interactive virtual model for Smart House & IoT remote laboratory
was developed on the WebGL platform with HTMLS5 and JavaScript. Unity
5 game engine and Autodesk 3ds Max 3D environments were also used
during the design process. Users can interact with the proposed virtual model
and receive data from the model components such as temperature, humidity,
soil moisture sensor, solar panel, etc. using control panels of a remote labor-
atory [4].

The developed virtual model allows: obtaining useful information
about the components of SH system; running simulation of various SH sub-
systems. Thus, it motivates users to create their own home automation sys-
tem based on the rewarding experience with this remote laboratory and its
virtual model. The practical value lies in the fact that the created virtual
model allows studying the behavioural characteristics of residents to build
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patterns of their activities, on the basis of which it is possible to develop
scenarios for efficient consumption of resources in SH [4].

Smart House Virtual Environment (SHVE) is a project that expands
the basic functionality of hybrid (remote and virtual) laboratory GOLDi [5].
The developed system consists of two parts. They are the server and the
graphical representation of the simulation process. The server can be consid-
ered as a message router connecting the users’ clients to the SHVE. Com-
munication between the server and SHVE/clients occurs via sockets using
the MQTT data transfer protocol [5].

The presented SHVE is a new educational tool, with interesting possi-
bilities of moving a character around the house and interacting with equip-
ment in order to study the basics of control and design of home automation
systems. This VR environment provides students with the ability to create
scenarios of working with the main subsystems of SH such as lighting and
climate control, based on the activities of the SHVE character [5].

The usage of SHVE, which is similar to the role-play game, is of inter-
est to students, as they know the mechanics of computer games well. This
environment is intended to train students in developing software (clients) for
SH system control. However, students have the opportunity to use the free
MQTT client to work with the developed SHVE without programming.

The usage of SHVE allows lecturers to create different realistic tasks
related to the functioning of SH systems based on human behavior. Students
have the opportunity to solve these tasks and gain practical skills in the de-
velopment of home automation systems and technologies [5].

In such a way, the development and practical usage of virtual environ-
ments opens wide opportunities for experiments in various fields of learning
and improves the results of the educational process.

The implementation of virtual experiments in the field of home auto-
mation systems provides an interactive learning environment that allows
students to participate in the active learning process and increases their mo-
tivation to study modern information technologies and processes.
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GAME DEVELOPMENT USING VIRTUAL REALITY AND
AUGMENTED REALITY

Game development using virtual reality and augmented reality is an
exciting field that is rapidly gaining popularity. Virtual reality (VR) and
augmented reality (AR) technologies are increasingly being used in the gam-
ing industry to create immersive experiences for players. The use of VR and
AR in game development has the potential to make a revolution in the gam-
ing industry, creating more interactive games.

There are interesting scenarios in which VR and AR are being used in
game development. VR allows players to enter a completely new world,
where they can interact with objects and characters in a way that was not
possible before. Some games provide even superhuman abilities, so that it
creates an experience we can’t feel in real world. AR, on the other hand,
overlays digital content onto the real world, creating a mixed reality experi-
ence. These technologies are being used to create a variety of games, from
action-packed shooters to puzzle games.
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One of the main advantages of using VR and AR in game development
is the level of immersion that it provides. Players can become fully im-
mersed in the game world, interacting with objects and characters as if they
were actually there. This creates a more engaging and interactive experience
for players, increasing their enjoyment of the game. When you ‘enter’ VR,
you can experience wonderful events and get a feel of completely new ad-
ventures in your life. Of course, level of the immersion depends on quality
of your headset, because each of them has different viewing angles, screen
type, refresh rate and resolution. So, some of them can lower the level of
immersion, that can lead to not so interesting experience. However, through
time you get used to it quickly and start to enjoy the adventure.

Another advantage of using VR and AR in game development is the
potential for increased interactivity. VR and AR technologies allow for a
greater level of player interaction, enabling players to control objects and
characters in new and exciting ways. This can lead to more creative and
innovative gameplay mechanics, enhancing the overall player experience.
For example, some headsets have finger tracking on their controllers, that
drastically improves level of the immersion. If you want to pick something
up, instead of holding the button, you just have to close your palm and the
item is in your hand. It depends not only on headset, but on the game itself
too. Some old games do not give such level of interactivity and may seem
too simple for modern standards. That is, sometimes you cannot even pick
up a thing which not important for the main story. These cases ruin the level
of immersion and can lead to bad experience with a game.

However, there are also challenges associated with using VR and AR
in game development. One of the main challenges is the cost of developing
games that use these technologies. Developing games for VR and AR re-
quires specialized hardware and software, which can be expensive. Addi-
tionally, the level of complexity involved in developing these games can be
challenging for game developers who are not familiar with these technolo-
gies. Through time quality of VR and AR games increases, as well as level
of effort needed to create a game with up-to-date technologies.

As for the software, some game engines have limitations, that can
make VR and AR game development much harder. Developers must keep up
with the latest VR gamedev innovations to overcome these challenges. It is
important to be aware of the limitations of VR and tailor ideas to its specific
strengths.

During the first wave of VR games, a lot of developers just took popu-
lar existing concepts and translated them for VR. But time has proven that
VR needs ideas tailored for its specific strengths, because the differences
between gameplay in VR and on a regular PC or console are night and day.
However, situation is constantly changing and the most bleeding edge game
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engines like Unreal Engine 5 only help with development of unique games
with complex technologies, and don’t get in the way.

Despite these challenges, the future of game development using VR
and AR is bright. As the technology becomes more widely available and
affordable, more developers are likely to start using these technologies in
their games. The future of game development using VR and AR is promis-
ing, offering players immersive and innovative experiences.

Furthermore, the technology used in VR and AR hardware is constant-
ly evolving, which, on one hand, can pose a challenge for game developers,
but on the other hand, greatly improves the possibilities and breaks technol-
ogy borders, which allows developers to create nearly anything they can
imagine. New hardware innovations, such as eye-tracking technology, haptic
feedback, and improved motion tracking, are continually being developed
and integrated into VR and AR headsets. For example, all of these mind-
blowing traits are present in a brand-new PlayStation VR2 headset for the
PlayStation 5. While these advancements can enhance the player experience,
they also require game developers to keep up with the latest technology and
develop games that are optimized for these new features.
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ARTIFICIAL INTELLIGENCE AND MODERN ART

Al is radically changing the nature of not only technical professions,
but also penetrated into the artistic environment, affect creative processes,
and even a phenomenon called digital art has emerged. Without the use of
digital processing and computer effects, it is impossible to imagine either
modern cinema or music. “Computer” has literally become a canvas, a
brush, and a musical instrument these days.

Al-generated artwork has captured the public and even a few collec-
tors’ imagination. Apparently, we are already on the threshold of a new era
of creativity, when Al and the artist become co-authors, complementing each
other in those areas and “skills” where they are strongest.

The new field of digital art pushes the boundaries of creativity and de-
stroys the way art is created. Artists create autonomous robots for collabora-
tion, supply algorithms with data, and train machines to create new visual
works. They work with computer programs that mimic human intelligence,
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creating an endless stream of unique works of art. Al has become a desirable
partner in artistic creativity.

Artists working with Al understand the relationship between random-
ness and control and use Al to find a balance between them when develop-
ing new concepts and visual effects. For example, Al assistants can help
restorers recreate Long-Lost Masterpieces of art history by analyzing works
of art and learning the unique style of any artist who has ever lived.

Neural style transfer is the simplest and most popular form of using Al
in creativity. The model is based on image stylization and is based on convo-
lutional neural networks (CNN). It is embedded in such popular mobile
applications as DeepArt and Prisma. There are two images at the input of the
model — the template-style and the original.

The technology allows you to successfully imitate the style of Van
Gogh, Monet from the template library. Each template corresponds to a set
of parameters of a pre-trained neural network. The technology allows the use
of character images in advertising and product promotion. If a photo of a real
object is submitted to the input of the model, then it is difficult to distinguish
the result from the work of the artist — the technology passes the Turing test.

Sculptures created by Al are not as popular as paintings yet, but there
is still development in this direction. Al is mainly used to develop a three-
dimensional model. Scott Ethan’s sculpture debuted at the exhibition ‘Artist
+ Al: figures and forms’ and it was created in collaboration with Al. In this
case, Al translates the drawings into a three-dimensional form.

People concluded that human/ML complementarity in the arts is a rich
and ongoing process, with contemporary artists continuously exploring and
expanding technological capabilities to make artworks. Although ML-based
processes raise challenges around skills, a common language, resources, and
inclusion, what is clear is that the future of ML arts will belong to those with
both technical and artistic skills.
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EDGE COMPUTING

Edge computing is a distributed IT architecture which moves compu-
ting resources from clouds and data centers as close as possible to the origi-
nating source. Rather than sending all data to a central server or cloud for
processing, edge computing allows for the processing to occur at the ‘edge’
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of the network, closer to where the data is generated. This approach can offer
several benefits, including reduced latency, reduced congestion, and lower
network bandwidth requirements.

One of the primary advantages of edge computing is its ability to re-
duce latency. By processing data closer to the source, edge computing can
minimize the time it takes for data to travel back and forth between devices
and a central server. This is particularly important for real-time applications
like autonomous vehicles, where even a few milliseconds of delay could
have serious consequences.

Another benefit of edge computing is reduced congestion. Despite the
advancements in the internet infrastructure, the massive amount of data
generated daily by billions of devices can still cause significant congestion.

With edge computing, there is the availability of local storage and
servers, which can conduct crucial edge analytics even during network dis-
ruptions.

In addition to these benefits, edge computing can also help to reduce
network bandwidth requirements. This is because only relevant data needs to
be transmitted to a central server, rather than all data generated by devices
and sensors. This can result in significant cost savings for organizations that
need to transmit large amounts of data over a network.

However, there are also some challenges associated with edge compu-
ting. One of the main challenges is the security. The level of physical securi-
ty at edge sites is typically lower compared to that of core sites. Therefore,
an edge strategy needs to consider a higher possibility of both intentional
and unintentional occurrences.

Overall, edge computing is a promising technology that can offer sev-
eral benefits for organizations looking to process and analyze data closer to
the source. With continued advancements in hardware and software, edge
computing is likely to become an increasingly important component of many
industries in the years to come.
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THE FUTURE OF URBAN LIVING: HOW AI AND IOT ARE
SHAPING MODERN CITIES

The Future of Urban Living is an exciting topic that explores the inte-
gration of artificial intelligence (AI) and the Internet of Things (IoT) in
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modern cities. As urban areas around the world continue to grow, govern-
ments and city planners are looking for ways to use technology to make
positive changes within their municipalities. Smart cities use modern tech-
nology like IoT and Al to improve living environments and promote sustain-
able urban development. The IoT is regarded as the most important interface
for smart cities and involves a network of intricately connected devices de-
signed to communicate and exchange data.

The main aim of smart cities is to use technology to improve the quali-
ty of life for their residents. This can be achieved in several ways, such as
using loT to optimize traffic flow and make roads a safer place both for
drivers and pedestrians. Some smart traffic control systems use sensors to
detect the number of cars on the road at a given time and adjust the timing of
traffic lights to ease congestion. IoT also facilitates smart parking, helping
drivers to navigate parking lots, find parking spaces, and use digital payment
methods. Smart toll roads are equipped with sensors that detect when a car
drives through a toll plaza and simply deduct the fees from a linked account.

London is currently the most advanced smart city in the world, with an
estimated population of 10 million people within a 1,500 km2 area by 2030.
The local government has invested heavily in technologies like Al, IoT, and
6G solutions to provide convenience and enhance interconnectedness be-
tween residents. The city mayor has implemented a roadmap as well as sev-
eral initiatives to ensure London becomes the “smartest city in the world.”

IoT is the core technology upon which the future city is built. These in-
telligent, interconnected cities, rely on data collection for everything. IoT
sensors collect data and feed it into a platform so it can be analyzed. In the
city of the future, devices must be able to communicate between each other,
so decisions can be made. Authorities and city officials must work hand in
hand with network operators to position several connectivity points through-
out the city to ensure proper communication.

Smart city innovations involving IoT may be more exciting to the av-
erage citizen, but blockchain holds massive potential to improve some of the
most fundamental services powering urban areas, while also supporting IoT
innovations. Blockchain technology can be used to reduce administrative
burdens, increase trust, and ensure accountability between governments and
citizens. Innovative city, state, and country governments are already deploy-
ing the technology to improve public records management, peer-to-peer
payments, and digital identity.

Cities around the world are becoming smarter, and with these devel-
opments will come new challenges and opportunities. Smart city projects are
happening so fast that many people may already live in ones without even
knowing it. Electric vehicles, remote heating and camera systems, and even
smart roads all contribute to the evolution of cities as we know them. Smart
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cities also have their part to play in the reduction of emissions. As our cities
currently use 78% of the world’s energy, experts hope that smart cities will
help to control the negative impact of climate change and carbon emissions
on our environment.
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ROBOTICS OF THE FUTURE: BOSTON DYNAMICS

Boston Dynamics is a robotics company founded in 1992 that develops
and manufactures advanced robots with high speed, maneuverability, and
flexibility. The company’s robots are known for their ability to move over
uneven terrain, climb stairs, open doors, lift heavy loads, and detect and
identify objects. Boston Dynamics has made significant strides in the field of
robotics, and its products have many potential applications in various indus-
tries, from manufacturing and construction to healthcare and logistics.

One of Boston Dynamics’ most famous robots is Spot, a quadrupedal
robot that looks like a robot dog. Spot can move on uneven ground, climb
stairs, open doors, and even dance. The robot is equipped with cameras and
sensors that allow it to create 3D maps of construction sites, troubleshoot
machines on offshore oil rigs, and perform surveillance and inspection tasks.
During the outbreak of the COVID-19 pandemic in 2020, Spot helped hospi-
tals sort patient tests by delivering samples from the testing area to the la-
boratory. Spot’s agility and versatility make it a valuable asset in various
industries, from construction and mining to law enforcement and security.

Another well-known robot developed by Boston Dynamics is Atlas; a
humanoid robot with its impressive jumping and flipping abilities, Atlas has
captured the attention of the public and demonstrated the incredible ad-
vancements that have been made in the field of robotics. But Atlas is more
than just a showpiece. It is equipped with a range of sensors and cameras
that enable it to perceive its surroundings in real-time and interact with ob-
jects with remarkable precision. This makes it an ideal tool for complex
industrial tasks that require a high degree of accuracy and dexterity.

In 2021, Boston Dynamics announced a new robot called Stretch. Un-
like Spot and Atlas, Stretch is not modeled after a human or animal but is
designed to be as practical as possible. The robot has a large robotic arm that
can grab and move boxes weighing up to 23 kilograms (50 pounds). It is also
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designed to be integrated into any existing workstation, making it a versatile
tool for loading or unloading goods. Stretch’s simple design and practical
capabilities make it an ideal choice for logistics companies that need to
move heavy loads quickly and efficiently.

Another robot used for logistics purposes is Handle. Handle can lift
loads up to 45 kilograms and has two legs with wheels. The wheels can be
used on flat surfaces, and the legs can be used to move up and down stairs or
to jump over obstacles. Handle’s mobility and flexibility make it an excel-
lent choice for warehouse and factory environments, where heavy loads need
to be moved quickly and efficiently. Handle’s design is also modular, allow-
ing companies to customize the robot to fit their specific needs.

As Boston Dynamics continues to develop new robots and technolo-
gies, the possibilities for their applications are virtually limitless. The acqui-
sition of Boston Dynamics by Hyundai Motor Group in 2021 opens up great
opportunities for creating new products and technologies that will be useful
in many areas of people’s lives. For example, using robotics and mobility
technologies developed by Boston Dynamics, Hyundai plans to develop a
new platform for autonomous electric cars that can be used to move around
in bad weather conditions, help people with disabilities, and provide emer-
gency medical care.

The combination of robotics and mobility technologies has the poten-
tial to revolutionize transportation and mobility, making it safer, more effi-
cient, and more accessible for everyone.
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LOW-CODE AND NO-CODE DEVELOPMENT

Low-code/no-code development platforms are types of visual software
development environments that allow enterprise developers and citizen de-
velopers to drag and drop application components, connect them together
and create mobile or web apps.

Modular, low-code and no-code approaches allow professional devel-
opers to build applications effortlessly without writing code line by line.
However, the growth in the number of low-code/no-code platforms is driven
by a shortage of skilled software developers and the need to solve business
problems quickly.
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People can create applications with little or no knowledge of pro-
gramming languages using the platform configurable components. Users see
a user-friendly graphical user interface (GUI) that enables them to combine
components and third-party application program interfaces (APIs).

Low-code is a method of designing and developing applications using
intuitive graphical tools and built-in functions that reduce the size of pro-
gram code. Low-code development platforms require users to have basic
coding skills to develop, while no-code development platforms require no
programming knowledge at all.

No-code is also a RAD approach and is part of a modular, low-code,
plug-and-play development approach. No-code has a completely hands-off
approach, with complete dependence on visual tools, while low-code has
some developer involvement in the form of scripting or manual coding.

Low-code/no-code applications can provide close alignment with busi-
ness requirements, can be implemented quickly, and are generally less ex-
pensive than in-house developed systems. These programs do not achieve
these benefits by magic, they outsource development to users rather than
professional system developers.

Advantages of Low-code/no-code approaches are as follows: they are
easy to understand; their increased agility; customer experience.

Disadvantages of Low-code/no-code approaches are reduced flexibil-
ity; security and risk; vendor lock-in.
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USING AI IN SOFTWARE DEVELOPMENT: GITHUB COPILOT
SYSTEM

GitHub Copilot is an Al pair programmer that offers autocomplete-
style suggestions as you code. You can receive suggestions from GitHub
Copilot either by starting to write the code you want to use, or by writing a
natural language comment describing what you want the code to do. GitHub
Copilot analyzes the context in the file you are editing, as well as related
files, and offers suggestions from within your text editor. GitHub Copilot is
powered by OpenAl Codex, a new Al system created by OpenAl.GitHub
Copilot is available as an extension in Visual Studio Code, Visual Studio,
Neovim and the JetBrains suite of IDEs.
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This is certainly not the first “Al powered” program synthesis tool.
GitHub’s Natural Language Semantic Code Search in 2018 demonstrated
finding code examples using plain English descriptions. Tabnine has provid-
ed “Al powered” code completion for a few years now. Where Copilot dif-
fers is that it can generate entire multi-line functions and even documenta-
tion and tests, based on the full context of a file of code.

There are few different ways to use Copilot.

You can start to type a signature of a function and Copilot will suggest
a continuation of this function.

For example you can write:

int CalculateDaysBetweenDates(

Copilot will suggest you the whole function to add. To accept it you need
to press the tab. If alternative suggestions are available, you can see these alter-
natives by pressing Alt+] or Alt+. To reject all suggestions, press Esc.

Another way to work with Copilot is to simply write a prompt in a
comment.

For example, type the following comment. GitHub Copilot will sug-

gest an implementation of the function.
using System.Xml.Ling;
var doc = XDocument.Load ("index.xhtml");
// find all images

2. To accept the suggestion, press Tab.

In a recent evaluation, GitHub found that users accepted on average
26% of all completions shown by GitHub Copilot. They also found that on
average more than 27% of developers’ code files were generated by GitHub
Copilot, and in certain languages like Python that goes up to 40%. However,
GitHub Copilot does not write perfect code. It is designed to generate the
best code possible given the context it has access to, but it doesn’t test the
code it suggests so the code may not always work, or even make sense.
GitHub Copilot can only hold a very limited context, so it may not make use
of helpful functions defined elsewhere in your project or even in the same
file. And it may suggest old or deprecated uses of libraries and languages.
When converting comments written in non-English to code, there may be
performance disparities when compared to English. For suggested code,
certain languages like Python, JavaScript, TypeScript, and Go might perform
better compared to other programming languages.

Copilot was created using the open source code from GitHub, therefore
the code which Copilot gives you may be borrowed from someone else’s
project.

Copilot raises a number of important questions around who has actual-
ly authored a piece of software. “Open source” doesn’t mean a complete
free-for-all, and there are still license requirements to fulfill and attributions
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to include, so if Copilot “borrows” code from one project and suggests it to
the author of another project, will this open the floodgates to copyright in-
fringement lawsuits? There has also been a whole heap of discussions
around what constitutes fair-use, as well as lack-of-transparency questions
that Copilot raises, with Software Freedom Conservancy’s Bradley M. Kuhn
penning an in-depth piece last year titled “If Software is My Copilot, Who
Programmed My Software?”.

Another problem that people see in Copilot is that it uses Open-Source
code but at the same time it has a price. Some people see this as a betrayal of
the open-source spirit. Also, this led the Software Freedom Conservancy
(supported by a lot of big tech companies) to end its own use of GitHub
internally, and introduce a program to help its member projects transition
away from GitHub. On top of that, it said that it won’t accept new members
that don’t have a clear plan to migrate their open source projects away from
GitHub.

On March 22, 2023 GitHub announced Copilot X. This is a new ver-
sion of Copilot, now based on ChatGPT-4. Copilot X will be embedded
much deeper into the IDE, which will give it more vision about the context
of your code, warning messages and other information. Also, Copilot X will
have a chat window, so that will be a new way to work with it. A developer
can get in-depth analysis and explanations of what code blocks are intended
to do, generate unit tests, and get proposed fixes to bugs. And another huge
new function is voice-to-code Al technology where developers can verbally
give natural language prompts.

In conclusion, we can see that the name “Copilot” fits this project real-
ly well. It does not write a perfect code, it can use someone else’s code, and
you still need to verify everything it does. But at the same time, it still can
give a lot of help, and give you a possibility to focus more on software archi-
tecture, debugging and optimization, than writing each function and thinking
about how to implement them and what algorithm to use.
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VIRTUAL REALITY: ANOTHER WORLD WITHIN SIGHT

Virtual reality is a kind of semblance of the world around us, artificial-
ly created with the help of technical means and presented in digital form.
The created effects are projected onto the human consciousness and allow us
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to experience sensations as close as possible to real ones. This technology
changed the vision of humanity and made a vital contribution to the devel-
opment of many fields.

The most common means of immersion in virtual reality are special-
ized helmets or glasses that are worn on a person’s head. The principle of
operation of such a helmet is quite simple. The display in front of your eyes
displays video in 3D. Attached to the body, a gyroscope and accelerometer
track head movements and transmit data to a computing system, which
changes the image on the display depending on the readings of the sensors.
As a result, the user has the ability to “look around” inside virtual reality and
feel in it as in the real world. For the image to have high definition and al-
ways fall into focus, special plastic lenses are used.

The active use of virtual (VR) and augmented (AR) realities in a varie-
ty of areas forms a “merged reality”, in which the boundaries between aug-
mented, virtual and physical worlds are blurred. 7 out of 10 users expect VR
/ AR technology to revolutionize 6 areas: media, education, work, social,
travel and retail.

In mid-October 2020, surgical planning software developer Immer-
siveTouch unveiled its VR digital surgery platform. It is intended for dentists
and maxillofacial surgeons. In mid-August 2021, a new module for training
hip and knee operations in VR was launched on the Osso VR platform. In
the face of the pandemic, developers are prioritizing the expansion of the
curriculum across multiple majors to provide ongoing training for medical
students and residents.

In mid-September 2020, as part of a study, one of the Oxford nursing
homes began to implement VR technologies to help patients with dementia.
At the same time, VR pictures are created individually for each patient. The
pilot project team negotiated with nursing home workers and created a pano-
rama of pictures from the past for dementia patients. Several patients were
sent back to their youthful memories: to rock and roll dance halls from the
1950s, to the church where they got married, on trips abroad. Patients de-
scribed the experienced sensations as “amazing” and added that after such a
shake-up they feel much more invigorated. Scientists report that the use of
VR technology improved communication and cognitive abilities in more
than half of the patients with dementia who participated in the study.

VR projects can not only create conceptually new markets, but also
expand existing ones. According to Goldman Sachs analysts, VR in the
cinema industry is one of three notable growing market segments, along with
the gaming industry and online streaming services. According to analysts,
the use of virtual reality technologies will bring the film industry $ 3.2 bil-
lion by 2025 and will have an audience of at least 72 million users.
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To summarize, the market for virtual reality technologies mainly influ-
ences the human vision of the world. According to experts, the main cata-
lysts for the growth of the AR market have become the availability of tech-
nology and the simplicity of smart devices. In addition, the COVID-19 coro-
navirus pandemic when people had limited physical contact and increasingly
used technology for distance communication, education and work, contribut-
ed to its growth.
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DEVELOPMENT AND APPLICATION OF MACHINE LEARNING
FOR PATTERN RECOGNITION AND IMAGE PROCESSING

The development and application of machine learning for pattern
recognition and image processing is a very important topic in modern science
and technology. To succeed in this area, it is necessary to use special machine
learning methods and algorithms, such as neural networks and decision trees.

Machine learning is a branch of artificial intelligence that researches and
develops algorithms and techniques that enable computers to learn from data and
perform tasks without direct programming [4].

One of the most important applications of machine learning for pattern
recognition is computer vision. It is applied in various fields such as medicine,
industry, automated production line, facial recognition, and biometrics, helping
to automate many processes that require processing visual information [5].

Another application of such training is virtual reality. It can be used to rec-
ognize gestures and movements that a user makes in a virtual space to control
the process of interacting with the virtual environment.

Machine learning applications can also be used to create autonomous sys-
tems, such as robots and unmanned aerial vehicles. These systems can use ma-
chine learning to recognize patterns and environmental objects, which will help
them adapt to changes in the environment and make autonomous decisions [3].

Currently, some of the most common examples of machine learning appli-
cations for pattern recognition and image processing are the following:

1. Face recognition. Machine learning can be used to identify specific fea-
tures in images and compare them with known samples, allowing you to accu-
rately identify people in the images.
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2. Detection of objects in images. For example, machine learning algo-
rithms can be used to detect vehicles in images from city streets, or to detect
cancerous tumors in medical images.

3. Automatic processing of photos and videos. For example, these tech-
nologies can be used to automatically remove noise in images and automatically
improve video quality [2].

Based on what has been pointed out, machine learning is a very important
field of information technology used for pattern recognition and image pro-
cessing. Thanks to it, new opportunities in image processing have become avail-
able, in particular in the field of computer vision, where accurate and fast object
recognition is important.

Applications of this technology include areas such as medical diagnostics,
production quality control, face and voice recognition, unmanned vehicles, and
many others. All of these applications have significant advantages in that they
can significantly improve the efficiency and accuracy of processing large
amounts of data in a short time.

At the same time, the use of machine learning poses some issues, such as
the need for large amounts of data to train models, the complexity of managing
the reliability and security of systems, and the need for constant updating of
models [1].

Therefore, machine learning for pattern recognition and image processing
is an important technology that has significant potential for the development of
many industries, but its use should be justified and carefully planned.
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ANALYSIS OF METHODS FOR STUDYING THE STATIC
STABILITY OF A GENERATOR WITHOUT AUTOMATIC
EXCITATION CONTROL

The study of electromechanical transients in electrical systems allows
us to predict the occurrence of any transient process, preventing possible
negative consequences [1, 2]. The following methods are used to study the
static stability of power systems: numerical methods, computer simulation
methods, and algebraic methods.

Numerical methods such as finite element analysis and finite difference
methods can be used to solve complex mathematical equations and simulate
the behavior of energy systems under different conditions. These methods
can be computationally intensive but can provide highly accurate results [3].

Computer simulation methods can also be used to model and simulate
the behavior of energy systems. These methods involve the use of computer
programs to model the system’s components, inputs, and outputs. By simu-
lating the behavior of the system under different conditions, these methods
can provide insights into potential stability issues and ways to optimize sys-
tem performance [2, 4].

Algebraic methods such as power-flow analysis and load-flow analysis
are widely used in the energy industry to study the static stability of power
systems. These methods involve the use of algebraic equations and mathe-
matical relationships to model the system’s behavior and determine its sta-
bility under different conditions [1, 5].

The choice of method will depend on the specific problem being ad-
dressed and the resources available. For instance, algebraic methods may be
more suitable for studying the steady-state behavior of large power systems,
while numerical and simulation methods may be more appropriate for ana-
lyzing the dynamic behavior of smaller systems or for simulating the effects
of extreme events such as storms or blackouts.

Static stability is the ability of a given steady-state mode to self-
establish after the end of the action of small disturbances in the parameters
of this mode, and not to “slip” from them, as well as to withstand small dis-
turbances during the gradual deterioration of the mode close to the limit.
Small disturbances always accompany the operation of the system and are
mainly associated with changes in load, as well as with the reaction of regu-
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lating devices to this; with the switching on and off of individual generators
or changes in their power; with changes in normal operating schemes during
switching, etc.

The task of analyzing the static stability of the system is solved by de-
termining the dependencies that characterize the change in the parameters of
a given output mode over time under small disturbances of this mode. In
most cases, it is sufficient to determine the change in the rotor runout angle
of the SG rotor over time. To do this, it is necessary to solve the nonlinear
differential equation (1) (or a system of differential equations) that describes
this mode. It is impossible to find a solution to equation (1) in general.
Therefore, the stability study is carried out either by integrating the linear-
ized differential equation using the method of small oscillations or by direct
integration of the original nonlinear differential equation using numerical
methods.

P P dé L,

: - - 5N,
T [ ay, ol A (1)
where 7j is the rotor inertia constant, s;
Pd is the damping coefficient, d.u;
PO is the power of the turbine at the initial steady-state mode, units;
o is the generator rotor runout angle, rad;
0 is the synchronous rotor speed, rad/c,
Egq is the transverse synchronous EMF of the generator, in units of time;
Uc is the voltage on the buses of the receiving system, voltages;
Xc is the sum of the resistances of the transmission elements from the point
of application of the EMF Eq to the busbars of the receiving system with a
voltage Uc, voltages.

The simulation model of the synchronous generator movement with
measurement circuits developed in this paper is shown in Fig. 1.

As a result of the studies, the problem of analyzing the static stability
of a synchronous generator without automatic excitation control in a wide
range of changes in output parameters was solved. Dependences of the rotor
runaway angle of a synchronous generator in time were obtained.

The developed software system is used in the educational process of
the Department of Power Supply of Industrial Enterprises of the National
University "Zaporizhzhia Polytechnic" in the study of the discipline "Elec-
tromechanical Transients" for students of specialty 141 "Electric Power
Engineering, Electrical Engineering and Electromechanics".
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Figure 1 — Simulation model of synchronous generator movement
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ENERGY EFFICIENCY OF RESIDENTIAL BUILDINGS IN
UKRAINE: MODERNIZATION OR NEW DESIGN

Today, the issues of using renewable energy sources and reducing the
impact on the natural environment are the most pressing around the world.
Improving the energy efficiency of residential buildings is one of the ways to
reduce the consumption of heat and electricity.

Improving the energy efficiency of residential buildings can achieve
various goals. The first is to reduce operating costs for the building owner.
This can save up to 60% on electricity and heat bills. Over a long period of
time, it will produce incredible savings. The second goal, which is achieved
by improving energy efficiency, is to save natural resources. An energy-
efficient building maintains a comfortable temperature inside, at different
temperatures outside, without significant heating or cooling costs.

A negative aspect of an energy efficient building is its higher price
compared to a conventional building. Depending on the materials used in
construction, the price can increase by up to 13%.

In Ukraine, the majority of the housing stock is represented by old
buildings. Their design was based on mass production and low cost. As a
result, the energy efficiency of buildings constructed before the 2000s is 10
to 20 times worse than that of residential buildings built in the EU countries
of similar years. In our country, the construction of energy efficient build-
ings is just beginning to develop compared to European countries, where the
construction of such buildings has been popular for decades. The main rea-
son why the construction of energy efficient houses is not developed in
Ukraine is that a unit of living space in an energy efficient house is 8-13%
more expensive than in a house of traditional construction. In this regard,
many organizations find it more profitable to invest in the construction of
“energy wasteful” residential buildings, thereby generating higher income.

Modern energy efficiency programs in Ukraine and Europe involve the
use and development of new construction materials for residential construc-
tion. The use of energy-efficient materials for residential construction helps
to save raw materials and reduce the subsequent costs of heating and
maintenance of the buildings themselves. The selection of energy-efficient
building materials and modern technologies for their installation allows for a
building that requires less energy to heat than a conventional building.
Sometimes these savings amount to 60-80%.
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In Ukraine, panoramic windows have recently gained popularity. They
look spectacular when viewed from the outside, but we must not forget that
any windows are unnecessary heat losses, and panoramic windows are not
particularly effective for energy saving.

However, there are ways to compensate for these losses. For example,
it is possible to use more expensive facade materials that have better thermal
insulation characteristics. This increases the cost and operating costs of the
building’s occupants, and also complicates the design. The most effective
solution is to use double-glazed windows with a small area. They have low
thermal conductivity characteristics and a relatively low cost compared to
panoramic windows with similar parameters. Efficient glazing allows you to
save on other building systems such as heating and ventilation and reduce
operating costs.

In summary, the greatest savings in electricity and heat can be
achieved in buildings that were planned as energy efficient at the design
stage and use modern energy efficient materials in their construction. Mod-
ernization of already constructed buildings will be costly and will not bring
significant savings.
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CHAT GENERATIVE PRE-TRAINED TRANSFORMER AND ITS
ADVANTAGES

ChatGPT is a machine learning model that has been pre-trained on a
large amount of textual data and can generate human-like text. It is a type of
chatbot that uses natural language processing (NLP) and deep learning
techniques to understand and respond to user input.

ChatGPT works using a combination of neural networks and
transformer architecture. It learns from a large corpus of textual data using
unsupervised learning techniques, which allows it to learn natural language
patterns and structures. When a user enters a "what was shown above" text
message, ChatGPT uses its pre-trained knowledge to generate a relevant and
consistent response.

To use ChatGPT effectively, it is important to provide it with high-
quality training data that is relevant to the domain or application in which
you are using it. It’s also important to fine-tune the model for specific use
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cases and evaluate its performance regularly to make sure it’s producing
accurate and useful responses.

Advantages of ChatGPTover other Als:

ChatGPT has several advantages over other Al models. First, it has
been pre-trained on a large amount of textual data, which allows it to
generate more consistent and human-like responses. In addition, it can be
fine-tuned for specific use cases, which increases its accuracy and relevance
to specific domains. Finally, it can generate answers to open-ended
questions, a feature not found in many other chatbot models.

Language comprehension: ChatGPT is trained on vast amounts of text
data and can understand and interpret human language in a way that other Al
models may not be able to. This allows ChatGPT to engage in more natural
and human-like conversations with users.

Large knowledge base: ChatGPT has access to a vast amount of
information and can provide answers to a wide range of questions on various
topics, from science and technology to history and entertainment.

Continual learning: ChatGPT is continually learning from new text
data and user interactions, which helps to improve its accuracy and relevance
over time.

Flexibility: ChatGPT can be used in a variety of applications, such as
chatbots, virtual assistants, and recommendation systems, making it a
versatile Al model.

Open source: ChatGPT is open source, meaning that its code and models
are publicly available for use and modification by anyone. This allows
developers to customize and adapt ChatGPT to suit their specific needs.
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RESEARCH OF ORGANIZATION OF USER INTERACTION WITH
VIRTUAL ENVIRONMENT

User interaction with virtual environmentinvolves designing and de-
veloping interfaces that allow interact with virtual reality(VR) in a natural
and intuitive way, often using various input devices such as controllers,
gesture recognition.

One of aspects of user interaction in VR is the design of user interfaces
(Uls) that are optimized for virtual environments. This includes considera-
tions such as the placement and layout of Ul elements, the use of color and
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contrast, and the use of animations and other visual cues to guide user inter-
actions. Researchers also explore the use of natural language processing and
voice recognition technologies to enable users to interact with virtual envi-
ronments through speech.

In recent years, there has been a growing interest in the use of haptic
feedback and other forms of sensory feedback to enhance user interactions in
virtual environments. Haptic feedback can help create a more realistic sense
of touch and can be used to simulate physical interactions with virtual ob-
jects.

Also important thing of user interaction in VR is the concept of pres-
ence, which refers to the feeling of being fully immersed in a virtual envi-
ronment. Achieving presence is critical for creating a sense of immersion
and enhancing the user experience. To achieve presence, researchers often
explore the use of advanced technologies such as 3D modeling, graphics
rendering, and spatial audio.

Overall, the research on the organization of user interaction with virtu-
al environments is an important and rapidly evolving area that is critical to
the development of high-quality virtual reality experiences. As technology
continues to advance, it’s likely that researchers will continue to explore new
approaches and techniques for designing and developing interfaces that
enable more immersive and intuitive interactions with virtual environments.
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PROGRAMMING IN DIFFERENT INDUSTRIES

Application of Information Technology in Medical Recordkeeping can
offer numerous advantages, such as electronic database of patients with a
complete history of visits and a list of provided medical services with de-
tailed descriptions, starting from the date of the first visit, fast contextual
search of any information in the database, high level of protection for medi-
cal data, electronic document flow, keeping records in compliance with
current departmental standards and requirements of the Ministry of Health,
management of electronic queues and electronic appointments with special-
ists. It is worth noting that the use of information technology in medical
recordkeeping not only improves the efficiency of medical institutions but
also enhances the quality of medical care provided to patients. By using
electronic records, medical professionals can quickly and accurately access
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patient information, which can lead to better diagnoses and treatment plans.
Additionally, electronic records can be easily shared between different med-
ical institutions, which can be particularly beneficial in emergency situations
or when a patient seeks care in a different city or country. Additionally,
programming can be used to develop apps that help patients manage their
health, such as fitness tracking apps, medication reminder apps, and symp-
tom tracking apps.

Moving on to finance, programming is used to develop algorithms that
perform financial analysis, risk management, and fraud detection. These
algorithms can be used to analyse vast amounts of financial data, identify
patterns and trends, and make informed investment decisions. Furthermore,
programming is used to develop trading bots that can automatically execute
trades based on predefined rules and strategies. This technology has made
the process more efficient and reduces the risk of human error.

Programming is also essential in the manufacturing industry, where it
is used to automate processes, monitor quality control, and optimize supply
chain management. For example, programming is used to develop robotics
systems that can perform repetitive and dangerous tasks. This technology
can help reduce the risk of accidents and improve production efficiency.

In the education industry, programming is used to develop educational
software that helps students learn more effectively. For instance, Duolingo is
a language-learning platform that uses gamification to make language learn-
ing more engaging and fun. The software adapts to the learner’s skill level,
providing a personalized learning experience. Another example is Scratch, a
programming language developed by MIT that teaches children how to code
through a visual programming interface.

Programming can also be used in the transportation industry to develop
autonomous vehicles. These vehicles use sensors and machine learning algo-
rithms to navigate roads and transport passengers or cargo without human
intervention. This technology has the potential to revolutionize the transpor-
tation industry, making it safer, more efficient and more sustainable.
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ENSURING INDUSTRIAL ENTERPRISES’ POWER SUPPLY
RELIABILITY

A reliable power supply is vital for industrial enterprises since it guar-
antees the smooth operation of their processes. The power supply acts as the
foundation of most industrial operations, and any interruption can lead to
significant losses for the enterprise.

A consistent power supply guarantees efficient performance of equip-
ment and machinery, enhancing production output while minimizing down-
time. Furthermore, a stable power supply safeguards equipment against any
harm resulting from power supply disruptions.

It also ensures that all necessary safety systems and lighting are opera-
tional, reducing the possibility of accidents and injuries. Moreover, it guar-
antees that industrial enterprises meet customer deadlines and demands, thus
enhancing customer satisfaction and loyalty.

Overall, a reliable power supply is critical for industrial enterprises to
ensure effectiveness, equipment protection, safety, product quality, and cus-
tomer satisfaction. Investing in alternative power solutions such as genera-
tors or uninterruptible power supplies (UPS) guarantees the continuous and
smooth operation of the enterprise’s processes in case of power outages or
disruptions.

Ensuring power supply reliability requires a combination of proactive
measures, such as backup power solutions, power quality monitoring, and
reactive measures, like maintenance and power resilience plans.

By implementing these measures, enterprises can minimize the impact
of power supply disruptions on their operations and maintain productivity
and profitability.

To ensure power supply reliability, enterprises can install backup pow-
er solutions like generators, uninterruptible power supplies, or battery stor-
age systems. Power quality monitoring can also help prevent disruptions and
optimize energy usage. Regular maintenance and upgrades of the power
supply infrastructure can identify issues and improve efficiency.

Diversifying power sources, such as using renewables or multiple pro-
viders, can reduce dependence on a single source. Developing power resili-
ence plans can minimize downtime by outlining procedures for outages,
including backup power and equipment shutdown/startup.
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In conclusion, a reliable power supply is a crucial element for the
smooth operation of industrial enterprises, ensuring effectiveness, equipment
protection, safety, product quality, and customer satisfaction.

Proactive and reactive measures such as backup power solutions, pow-
er quality monitoring, maintenance, diversifying power sources, and power
resilience plans are necessary to guarantee power supply reliability.

By implementing these measures, enterprises can minimize the impact
of power supply disruptions on their operations and maintain productivity
and profitability.
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INVERTER GENERATORS

Inverters are devices with a gasoline, diesel or gas fuel system that al-
low converting the input alternating current of the network (220 V) into
direct current (12 V) by means of a semiconductor rectifier and, after
smoothing its pulsations with capacitive filters, transform the DC voltage
current back into alternating current with the specified parameters on the
load. Due to this method of conversion, it is possible to obtain an output
electrical signal characterized by high accuracy of voltage and current.

These devices are generators of periodic voltage, which is most often
as close as possible to a regular sine wave in shape. Theoretically, they allow
you to get a current at the output that has any necessary parameters that do
not depend on the incoming voltage. In this case, it is possible to obtain not
static current parameters, but adjustable ones of different frequencies and
voltages. A constant voltage of 12 V is generated by the included batteries.
The switches are available with thermal, electromagnetic and combined
(thermal and electromagnetic) disconnectors with a different number of
poles — one, two and three. In single-phase circuits, one and two-pole cir-
cuits are used, and in three-phase circuits, three-pole circuits are used.

One of the most popular ways of using an inverter is its operation as an
emergency or backup power source for powering household appliances and
appliances consuming 220 V AC. Most often they are used to connect kitch-
en and office equipment, TV, refrigerator, as well as high-frequency equip-
ment in the country or in a country house when the light is suddenly turned
off. Depending on the total power of the load connected to it, this technique
will be able to work autonomously for at least several hours. Also, with the
help of inverter stations, power tools (electric saws, drills, planes) are con-
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nected to carry out repair and construction work in places where there is no
supply voltage of 220 V. Such units are no less in demand among anglers
and hunters.

Basically, inverter stations are designed for episodic operation in case
of spontaneous power outage. They are purchased once and serve for many
years. The longer service life is explained by the reliability of the mecha-
nism of these devices, provided by the following factors:

1. the presence of a special ignition system at the heart of these devic-
es, which guarantees a quick start of the inverter;

2. control of the devices by means of an automatic control system that
contributes to economical fuel consumption, the indicators of which are
reduced by 40%.

Depending on the form of the output signal, these devices are divided
into two groups that differ in cost. The first includes units with a pure sinus-
oidal output voltage, the second group consists of devices that provide a
simplified output signal (trapezoidal sine).

Most modern electrical equipment can operate normally from inverter
generators whose output signal is a modified sine wave. Therefore, if you are
faced with the task of providing autonomous power supply to standard house-
hold electrical appliances, such as a refrigerator, TV, lighting lamps, etc., then
the most optimal and economical solution will be an inverter generating a modi-
fied sine wave, and models with a "pure sine" are better to be chosen for more
sensitive equipment.

The main modes of operation of inverters are:

1. long-term operation mode which provides for the operation of the in-
verter at rated power.

2. overload mode: most of these units allow operation for no more than 30
minutes at the maximum power, the value of which can be 1.5 times higher than
the nominal. Such large, but short-term overload can occur when the refrig-
erator is turned on.

3. start-up mode: the power plant is in the process of powering up
within a few milliseconds of increased instantaneous power necessary to
ensure a normal start of the device and overcome capacitive loads.

The most important advantages of inverters are the wide possibilities
expressed in the conversion of electric current, as well as their high speed.
Due to this, they are rightfully considered the best sources of independent
power for welding equipment. In addition, they are perfectly compatible
with a wide range of electrical appliances. These devices are equally suitable
for household appliances, electrical tools and electronic equipment.

The features and advantages of generators with an inverter circuit
listed in this article allow us to confidently declare high functional, tech-
nical, as well as operational characteristics and indicators of this equipment.
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ADVANTAGES AND DISADVANTAGES OF
AUTOTRANSFORMERS

Although the advantages of autotransformers have long been known,
for a long time they were used only as auxiliary devices for starting asyn-
chronous motors, voltage regulation in laboratory conditions, etc. However,
last century, autotransformers were produced as high power and high voltage
units and even in some cases replaces transformers in their traditional posi-
tions. This is explained by the fact that with the growth of the produced
electrical energy and the increase in the voltage of power lines, the use of
autotransformers has become more desirable, and sometimes simply neces-
sary, since with the same throughput power, the autotransformer has smaller
dimensions and higher efficiency than the transformer. At very high powers
and ultra-high voltages this becomes especially important, since only the
autotransformer connection allows the construction of transportable units.

The use of autotransformers became possible because ways were found
to overcome or, in any case, mitigate the shortcomings of autotransformers
that previously blocked their path to large-scale energy. In some cases, how-
ever, the disadvantages of autotransformers outweigh their advantages and
then transformers are used. Now let us consider the advantages and disad-
vantages of autotransformers.

For advantages it is a good idea to compare units of the same through-
put power.

The production of an autotransformer requires fewer materials (copper,
steel, insulating materials, etc.) and is therefore cheaper.

Losses in the autotransformer are lower and therefore its efficiency is
higher.

The change in voltage in the autotransformer is less because the short
circuit voltage is less.

With the same steel grade and rated induction, the magnetizing current
in the autotransformer is less.

The overall dimensions of the autotransformer are smaller, which al-
lows the production of transportable units of higher power throughput.

All these advantages of autotransformers become more apparent, the
smaller the difference between the primary and secondary voltages is. Usual-
ly in power autotransformers transformation ratio is k<2.
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Along with the advantages listed above, autotransformers have several
disadvantages that limit their use.

The electrical connection between the high and low voltage sides leads
to the fact that any violation of the regime or an accident on one side leads to
a violation of the regime on the other. When one of the high voltage lines is
shorted to ground, the low voltage line voltage receives the potential U2,
with respect to ground. As a result, not only the low voltage winding of the
autotransformer, but also all the equipment on this side, including the gener-
ator, are under increased voltage with respect to ground. The more this volt-
age exceeds the nominal voltage, the greater the ratio of secondary to prima-
ry voltage is (U2/U1).

Of greatest interest are the issues of overvoltage in three-phase auto-
transformers. These issues will be discussed in detail below. The second
disadvantage of the autotransformer is the low short-circuit voltage and
associated high short-circuit currents and mechanical forces. Since power
transformers are usually designed without a large margin of mechanical
safety, and the forces acting on their windings at given line-to-line voltages
are inversely proportional to the square of the short-circuit voltage, an auto-
transformer designed like a transformer can be destroyed during a short
circuit. An autotransformer with a transformation ratio close to 1 may not be
mechanically strong enough if the short circuit currents of the autotrans-
former are not limited by the resistance of other elements of the system. This
must be considered when calculating the mechanical strength of autotrans-
formers. In some cases, it is necessary to increase the leakage resistance of
an autotransformer by increasing its stray fields, for example, by reducing
the diameter of the rod, increasing the width of the gap between the wind-
ings, etc. An increase in stray fields in an autotransformer is, of course, un-
desirable, since it leads to an increase in losses, local overheating, and in-
creased voltage fluctuations.

Some complications are encountered in solving the problem of voltage
regulation under load of power autotransformers.

An autotransformer is a convenient and economical way to transform
voltage, but due to its shortcomings, it cannot completely replace simple
transformers. But it has firmly occupied its niche, and it has a future. To
date, every third product of a transformer is an autotransformer.
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THE DIFFERENCE BETWEEN A CONTACTOR AND A
MAGNETIC STARTER

Since the magnetic starter and contactor are very similar in appearance
and have similar functions, it is very easy to mistakenly think that there is no
difference between them. However, it is not the case!

Contactor and magnetic starter are two types of electric switches used
to control electric motors. While they serve similar functions, there are some
key differences between the two.

A contactor is an electrically controlled switch used for switching an
electrical power circuit. It typically consists of a coil that, when energized,
creates a magnetic field that pulls in a set of contacts, thus closing the cir-
cuit. Contactors are often used in applications where high-current switching
is required, such as control of electric motors, lighting systems, or heating
systems.

On the other hand, a magnetic starter is a specialized type of contactor
used for starting and stopping electric motors. It includes a contactor as well
as an overload relay, which is used to protect the motor from damage due to
overloading. When the start button is pressed, the magnetic starter energizes
the contactor coil, which closes the contacts and starts the motor.

The overload relay works by measuring the current that flows through
the motor. If the current exceeds a preset level for a specified amount of
time, the overload relay will trip and open the circuit. The preset level is
typically set slightly above the motor’s full load current, which is the maxi-
mum current the motor is designed to draw under normal operating condi-
tions. By tripping the overload relay, the magnetic starter protects the motor
from damage due to overloading, which can lead to overheating, insulation
breakdown, and other problems.

In addition to overload protection, magnetic starters may also include
other safety features, such as interlocks, which prevent the motor from being
started accidentally or without proper safety precautions. For example, a
magnetic starter may include a door interlock switch that prevents the starter
from being energized unless the door to the motor control panel is closed.
Other interlocks may be used to prevent the starter from being energized
unless certain safety devices, such as emergency stop buttons or safety
switches, are in the proper position.
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Overall, magnetic starters provide a comprehensive solution for motor
control applications, offering both the switching capability of a contactor
and the protection of an overload relay. This makes them an ideal choice for
applications where motor protection is critical, such as industrial environ-
ments where motors are subject to heavy loads and frequent start-stop cy-
cles.

The main difference between a contactor and a magnetic starter is that
the latter includes overload protection. While a contactor can be used to
control a motor, it does not provide any protection against overloading. On
the other hand, a magnetic starter includes an overload relay that is designed
to protect the motor from damage due to overloading. Additionally, magnet-
ic starters are often equipped with other safety features, such as interlocks, to
ensure that the motor cannot be started accidentally or without proper safety
precautions.

In summary, both contactors and magnetic starters are electric switches
used to control electric motors, but magnetic starters include overload pro-
tection, making them more suitable for motor control applications where
protection of the motor from damage due to overloading is important.
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GUERRILLA MARKETING

Guerrilla marketing is an advertising technique in which the company
use surprise and unconventional interactions to market a product or service.
The methods are mostly low- or no-cost and include the widespread use of
more personal interactions or viral social media messages.

The term "guerrilla marketing" entered the daily life of specialists after
Jay Conrad Levinson’s book "Guerrilla Marketing" and the book "Marketing
Wars" by Jack Trout appeared. Guerrilla marketing has many variations and
techniques that help to solve the following goals and objectives. For exam-
ple, it can help draw attention to products with creativity; popularize the
product among different groups of consumers; increase sales at minimum
costs; form a positive image of company. Guerrilla marketing takes place in
public places that offer the largest possible audience, such as streets, con-
certs, public parks, sporting events, festivals, beaches, and shopping malls. A
key element of guerrilla marketing is choosing the right time and place to
run a campaign to avoid potential legal trouble.
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There are many kinds of guerrilla marketing, you can choose whatever
you want. It could be a viral or buzz marketing when you can focus on word-
of-mouth distribution. Or it could be grassroots marketing when you rather
highlight a personal connection between the consumer and the brand, and
builds a lasting relationship with the brand. Most companies have adopted
this guerrilla marketing strategy. For example, Duracell has taken this tactic
and made their bus lights look like a Duracell torch. They didn’t spend a lot
of money or time on it, but it looks effective. McDonald’s used a zebra as a
means of advertising. Yellow lines drawn on the ground indicate that the
fries are coming out of the box and people really love that creativity.

Therefore, guerrilla marketing’s advantages and disadvantages. When
compared to other marketing campaign strategies, it is frequently a less ex-
pensive alternative that typically allows for more innovation. But the great-
est downside of guerrilla marketing is its unpredictability. Since there is less
structure, marketing professionals may not be able to collect metrics to
gauge whether the campaign is successful or not. Besides, guerrilla market-
ing can use such unconventional methods whose success the company can-
not be sure of.

Guerrilla marketing works because it is often a rather memorable and
unconventional approach to marketing. A guerrilla marketing campaign’s
main objective is to leave a positive impression on a customer, and this strat-
egy may be more effective than more straightforward ones.
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WORD-FORMATION AS A FUNDAMENT OF THE ENGLISH
LANGUAGE

The English language only seems difficult and quite different from
other languages, but actually it works the same way as Ukrainian — by add-
ing affixes (an addition to the base form or stem of a word in order to modify
its meaning or create a new word) to different parts of a word in order to
make new meanings and even new parts of speech. For instance, adding a
prefix neo- gives an adjective meaning “new” or “modern”: neoculture =
new culture, neologism = new word etc.

Affixes, mentioned below, are used the most, when we need to add
some meaning, negative or positive. They are usually divided into prefixes
and suffixes. Their difference is that prefixes are put before the root word
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and suffixes — after it. They also can be together in the same word: multicul-
tural, for example, has a prefix multi- (meaning “many/much”) and a suffix -
al that is used to make adjectives.

Below you can see a short list of the most popular prefixes and their
meanings.

a) qualitative:

1) mono- = one: monolid = one lid,

2) multi- = many: multicultural = a lot of cultures, multifruit = a lot of
fruits;

3) over- = too much: overcharged = too charged;

b) time:

1) pre- = before (pre-war = before war);

2) post- = after (post-war = after war)

c) place:

1) extra- = outside of/beyond: extraterrestial

2) sub- = under: submarine

3) trans- = across: transatlantic = across the Atlantic Ocean;

d) negative meaning:

1) dis- = remove, not (disagree = not agree, disqualify = remove from a
game);

2) down- = reduce (downgrade = reduce to a lower grade);

3) il-/im-/in-/ir- = not: illegal, impossible, insecure, irregular;

4) mis- = incorrect: misuse = the wrong use of something

5) un = not, remove, reverse or opposite to: unusual = not usual, unable
= not able, undo = reverse the effects a previous action, unhappy = non hap-
py;

e) others:

1) auto- = self: autobiography = a biography written by myself;

2) re- = again: repeat, redo;

3) pro- = in favour of: pro-communist = suppoting communism and its
ideas;

4) semi- = half.

And so on. There are a lot of prefixes, that have different meanings. So
many, that you can make a dictionary special for them.

As for suffixes, we classify them not by meaning, but by the part of
speech: adjectives have completely different suffixes than nouns, as follows:

1. noun suffixes: -age, -dom, -ee, -er(-or), -hood, -ism and -ist, -ship, -
sion/-tion/-xion etc;

2. adjective suffixes: -able(-ible), -al, -en, -ish, -ive, -y, -ous and so on;

3. verb suffixes: -ate, -ife, -ise (-ise);

4. adverb suffixes: -ly, -ward(s), -wise.
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But not only affixes are used for word formation. We can also use
compounding words, converse them from one part of speech to another,
even remove parts of a word.

Compounding is linking together two or more words to create a new
one: back + ache = backache, cruelty + free = cruelty-free (products, made
without experiments on animals), heart + break + suffix -ing = heartbreaking
and so on.

There is a problem when you don’t know where to put hyphens. For
example, is it correct to write “sugarfree” or should we use a hyphen (“sug-
ar-free”)? Even English-speaking people make mistakes while writing com-
pound words, so all we can recommend is to check unknown words in a
good actual dictionary.

Conversion is changing a word from one class to another. For example,
email (write an email) as a letter typed on a computer and to email.

Back-formation is the opposite of word formation, where we do not
add any new parts to an existing word but rather remove them. It occurs
rarely, but we should know about it. Examples are: intuition - to intuit (-
suffix -ion), enthusiasm - to enthuse (-iasm). As we can understand, it is
usually used for making new verbs from nouns.

So, there are a lot of methods of making words: you can add and delete
parts, combine them to get new words (or neologisms. Moreover, this word
is also made with prefix neo-.) or even move a word from one class to an-
other. The English language is fluid and has a unique and complex form,
despite the seeming simplicity.
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THE IMPACT OF SOCIAL NETWORKS ON CONSUMERS

Social media has a significant influence on consumers. There are sev-
eral different aspects to consider.

Social media provide consumers with the opportunity to obtain infor-
mation about products and services, as well as the opinions and recommen-
dations of other consumers. This can have a considerable impact on their
purchasing decisions, as well as their behaviour when using the product or
service.

Social media can also help consumers understand brands, their values
and differentiate them from other brands. Brands can use social media to
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create virtual communities where consumers can discuss products and ser-
vices, which increases brand awareness and support for the product.

In addition, social media can help brands capture the attention of con-
sumers and increase their audience. Advertising companies can use social
media to advertise their existing products and services, as well as to promote
new products.

Social media can be an important tool for customer support. Businesses
can use social media to respond to customer questions and complaints,
which increases customer satisfaction and maintains loyalty.

Social media has a huge effect on consumers when they are trying to
raise awareness of a particular product. When people face a problem in their
lives, they start looking for a solution, most likely on the Internet. But people
do not understand which product exactly can solve their problems. Social
media has the greatest impact on the consumer at this point.

In real life, a consumer can take a long time to choose and weigh up,
but on the Internet, a person is very prone to change their opinion and atti-
tude towards a particular product in accordance with the opinion of society
on social media.

Satisfied customers are usually very active in sharing their positive
shopping experience by posting comments and reviews on social media.
Sellers, on the other hand, actively publish these positive reviews on their
social media pages. This, of course, has a huge influence on potential new
customers.

Unfortunately, some marketers are engaged in dishonest marketing.
They post fake reviews, demonstrate non-existent benefits of their products,
and use other tricks to deceive consumers.

Summing up, social media have a profound impact on consumer be-
haviour. Companies and brands should not ignore the effect of social media,
as it is not only a tool to help promote their own brand, but also a space
where competitors can crush you without your involvement.
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THE ZOO AND ITS BENEFITS: CONSERVATION, EDUCATION
AND RESEARCH

Visiting a zoo is a wonderful way of spending time. Both children and
adults like going to the zoo. Nowadays zoos in big cities have become real
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places of interest with lots of tourists. Many people think that zoos are a bad
place to keep animals locked up, but they have a number of benefits of their
own.

Only establishments accredited by the Association of Zoos and Aquar-
iums (AZA) can be considered real zoos. They demand the high standards
regarding animal welfare. Zoos help conserve animal species. Sometimes
they become the reason for the existence of species on the planet. There are
almost no northern white rhinos left on the planet. The main reasons are
poaching and the destruction of their natural habitat. The last male named
Sudan died of old age. A female rhino became pregnant thanks to modern
technology. On July 28, 2018, a baby was born — the first artificially con-
ceived white rhino in North America. If necessary, the reintroduction of
animals under human care back into the nature is very possible. Thanks to
the Phoenix Zoo, Oryx returned to the wild, which by 1972 was completely
exterminated due to its beautiful skin and tasty meat. And now about 1000
individuals live in the wild. Herbivores animals must constantly be wary of
predators in nature. They never go hungry and are always safe in zoo. Zebras
and antelopes may not be afraid of big cats. People learn to exist with ani-
mals every day and properly equip nature reserves. They try to organize their
lives without harming nature. Zoos also help veterinarians. Because veteri-
narians are being trained to treat wild animals. Australian centres help hun-
dreds of animals recover after wildfires. They also help sick and injured
marine animals in bays and oceans. People rehabilitate them in zoos.

Zoos are not just a place to see exotic animals. Preservation and re-
search of biodiversity on our planet is very important and complex work.
The more zoos will aim to protect the environment, the more chances we
have to save our planet.
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USING MECANUM WHEEL IN MOVING CARGO

A mover in a certain sense is a device that converts energy, force from
an external source or engine into a certain movement. At the same time, it
interacts with the environment in such a way that the platform on which the
driver and the engine are located moves in space. Thus, the engine is one of
the main parts of land transport, because it is a part in the combination of the
engine and the mover that leads to the translational movement of the vehicle.
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Very often, not only wheels, and not only types of wheels, but also
other types can act as a driving force. The main types are wheel; caterpillar;
semi-tracked platform, with wheels; semi-tracked platform, with skis; auger.

Due to its design, the wheel consumes much less energy to move on
the main types of roads and surfaces. When using a wheel, work occurs
against the force of rolling friction, which in artificial road conditions is
significantly less than the force of sliding friction.

An ordinary round wheel is the most primitive type of drive, which in
its essence is the founder of other types of wheels that are currently used on
transport platforms. There are four main types of wheels (Fig. 1):

(a) Standard wheel: two degrees of freedom. It rotates around the
wheel axis (motorized) and the point of contact with the surface.

(6) Turning wheel: two degrees of freedom. Rotates around a displaced
wheel joint.

(B, ) Swedish wheel: three degrees of freedom. Rotates around the
(motorized) wheel axle, around the roller axles and around the point of con-
tact. Rollers can be placed in two different ways. The 90° variant is shown in
the figure (Fig. 1, B) and the 45° variant is shown in the figure (Fig. 1, r).

() Ball or spherical wheel: technically difficult to implement.

Figure 1 — Scheme of the main types of wheels

Mobility is one of the main problems of robotics and motor vehicles,
when the platform has to move in a small and narrow space and avoid obsta-
cles. The omnidirectional drive mechanism is very attractive because it guar-
antees very good mobility in such cases where conventional wheels are inef-
fective. This possibility mainly depends on the construction of the wheel and
its design.

One type of omnidirectional wheel is the Mecanum wheel, also known
as Elon’s wheel or, as it is sometimes called, the Swedish wheel. It is a roller
bearing wheel with several rollers attached to its circumference, these rollers
have an axis of rotation at 45° to the plane of the wheel in a plane parallel to
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the axis of rotation of the wheel, and this allows the vehicle to move in any
direction. Depending on each individual direction of motion and speed, the
resulting combination of all these forces produces a total force vector in any
desired direction, allowing the platform to move freely in the direction of the
resulting force vector without changing the position of the wheels them-
selves. Mecanum wheels are widely used in cases where very good platform
or robot mobility is required and are ideal for narrow spaces. The advantages
are its compact size and high load capacity.

Typical Mecanum wheeled vehicles usually have a square or rectangu-
lar platform on which the wheels are mounted (Fig. 2), two wheels on each
side of the chassis. Using four of these wheels provides all directionality of
movement for the vehicle without using a conventional steering system.

Figure 2 — Mecanum wheeled vehicle

Omni-directional vehicles have great advantages over conventional
car-steering platforms for convenient mobility. They can crawl (sideways),
turn in place, and follow complex trajectories. These platforms can perform
tasks easily in environments with static and dynamic environments, obsta-
cles and narrow passages. Such environments are usually found in factory
workshops, offices, warehouses, and hospitals. The omnidirectional vehicle
development aims to further prove the effectiveness of this type of architec-
ture and add a capable ground vehicle platform of exceptional maneuverabil-
ity when moving cargo.
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PROSPECTS FOR ELECTRIC VEHICLES IN UKRAINE

We are gradually moving towards the widespread use of more ecologi-
cal and modern types of transport on electric motors. Electric cars have al-
ready become an integral part of our lives, and in the future, this direction
will only develop.

The subject area can be divided into three functional groups: electric
vehicles (together with hybrids), electric motor vehicles and still exotics
such as gyroboards, unicycles, electric skates and gyroscooters.

Electric cars. Electric cars and hybrids were represented both by offi-
cial importers of car brands offering new equipment, and by grey importers,
more specialized in cheaper but used copies. The former include Kia, Hyun-
dai, and BMW importers, while the latter include sellers of old Nissans and
Teslas that are not officially delivered to Ukraine. At the same time, the
stands of the official Koreans were primarily decorated with hybrid Niro and
Ioniq, but the latter was also presented in a fully electric modification, the
import of which will begin in our country closer to the end of the year. The
i3 displayed at the BMW stand looked beautiful, but it seems that the devel-
opment and launch of this particular model became one of the main reasons
for the decrease in the concern’s profit in 2016, recorded against the back-
ground of record sales of cars. Even tens of thousands left the showrooms of
expensive Bavarian electric cars until they recoup the four-billion-dollar
investment in their development.

However, the vast majority of companies that have established their se-
rial production show sales figures for electric cars that are much lower than
expected. Despite the powerful PR campaigns that tell about the tenfold
increase in sales of cars with electric motors, subsidies and tax breaks, their
share of the world market barely exceeded 1 % (!). The reason lies partly in
the high cost of such equipment, which makes its purchase economically
unattractive.

More than that, the problem of electric cars is not only in the high
price: the ideal scenario of their use involves the owner living in a private
house, in the yard of which the vehicle can stand all night charging. Resi-
dents of high-rise buildings are deprived of the opportunity to charge electric
cars at night for obvious reasons. Everyone agrees that the construction of a
wide network of charging stations is necessary to create conditions for the
normal daily operation of electric cars. Nevertheless, who will pay for this
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entire feast and how to compensate these costs for end users is still not very
clear. Do not forget that fast charging reduces the problem of traveling long
distances, but does not remove it completely.

Electric motor engineering. Against the background of the weak prac-
tical appeal of electric cars, electric scooters look like a very promising
product. Their assets include a simple design (battery plus motor-wheel),
decent enough mileage for local trips on a single charge (50-70 km), silence,
especially compared to gasoline counterparts, and a relatively reasonable
price (on average from $600 to $1200). All this makes them a better alterna-
tive to conventional scooters for people living in the private sector.

The downside is that the charging time is quite long — 6-8 hours. With
sufficient efforts and resources spent on popularization, electric scooters
have every chance of becoming a very popular product and a justified pur-
chase. They will be more convenient for residents of high-rise buildings
equipped with wide elevators.

Other electric transport. With electric scooters and electric bicycles,
everything is more or less clear: they are controlled, like their non-self-
propelled ancestors, and set in motion, like electric scooters, by a motor-
wheel. The batteries are either suspended from the bicycle frame and the
scooter platform, or integrated into them. Owners of electric bicycles can
move by turning the pedals, electric scooters — by pushing off the ground
with their feet. Paradoxically, electric bicycles are often more expensive than
electric scooters: those who want to can find the device a little cheaper than
$5,000. Electric skates are also controlled like regular skates, but thanks to
the electric drive, they are able to ride on a flat surface without the effort of a
skateboarder and even climb a mountain.

Gyroscooters and gyroboards are often confused. What they have in
common is a horizontal platform with two wheels on the sides, the stability
of which is ensured by gyroscopes controlling electric motors. However, in
gyroscooters, this platform is solid, and in gyroboards, it consists of two
parts and a bridge between them. Forward-backward movement in both
cases is carried out by tilting the body, but turns take place differently. In a
gyroscooter, by tilting the control handle to the right or left (there are modi-
fications in which you can tilt this "big joystick" not with your hands, but
with your knees, which is very convenient). In addition, in order to turn a
gyroboard on, it is enough to transfer the weight of the body to one leg, as in
alpine skiing. The most difficult thing is to control the unicycle, but it will
take a maximum of a few days to master it. The main thing is not to try to
stand still as on a gyroboard or a gyroscooter, you need to go immediately.

The battery capacity of most of these devices is designed for 1.5-3
hours of operation. Speed, as a rule, is limited to 18-30 km/h solely for safe-
ty reasons.
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The practical application of all these devices is limited. In practice,
such a scenario is difficult to implement in Ukraine for many reasons. It is
possible at production and warehouse complexes or large objects of transport
infrastructure, where personnel have to move over long distances during the
working day, as well as at exhibitions and during mass events. For everyone
else, this personal electric vehicle remains an attraction and a means of ac-
tive leisure time.
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MODERN AUTOMATION TRENDS IN THE CONTEXT OF
REMOTE WORK OF ENTERPRISES

We are all living in a new reality — an anxious, fragile, non-linear and
incomprehensible world. However, almost half of the companies (45%) at
the beginning of 2022 claim to have managed to cope with the challenges.
Another 15% said they had seen stable business performance despite the
difficult conditions. Companies are becoming more flexible, and businesses
are massively introducing hybrid or remote working. According to grc.ua,
only 59% of job seekers agree to work full-time in the office.

Switching to remote work requires preparation, and in practice, it is not
that easy. The transition of offices to remote work is a global trend that is
growing every year. The process of a company’s transition to remote work
includes several mandatory steps.

1. Think over the mechanism of work. If the company does not have
described and worked out business processes, it is time to do it. In a remote-
ly operated office, you will not be able to ask, delegate, clarify, or request at
any time. You need to know exactly who is doing what and which employ-
ees are responsible for which part of the task. Otherwise, confusion will
quickly ensue in the company. In addition, business processes will be needed
to automate the business and transfer it to online applications.

2. Choose tools for remote work. To work remotely, you will need a
number of online services and programs: file sharing, communication, ac-
counting, customer service and task management software. The services you
will use for remote work should be selected and tested in advance to make
sure they are convenient and functional enough. In addition, it is important
to take care of data security on employees’ home computers in advance.
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3. Prepare your staff. You need to think about how to control work, com-
municate with the team, and motivate employees. Remote work requires people
with a high level of self-discipline and responsibility, who are interested in the
result and able to work in the absence of constant communication.

Tools for remote work. When working remotely, almost all tasks have
to be performed using online services. Tools for remote work are selected in
accordance with the company’s objectives.

CRM is the most important programme you should choose when pre-
paring for remote work. Firstly, it will carry out all the main work processes.
Secondly, choosing and implementing a CRM is a rather labour-intensive
and responsible task.

1. CRM is a "central control panel" for managing a remote company. It
contains a unified customer database, all tasks and information on the pro-
gress of their implementation, accounting data, documents, and analytics.
CRM eliminates the need to send files within the company, as all employees
can access the same information online.

2. The CRM system can integrate with other services you use. Thus,
you can work with Gmail and GSuite services, social networks, instant mes-
sengers, etc. CRM functionality can replace some app. For example, you can
stop using email-marketing services, as the CRM system allows sending
mass emails via Gmail.

3. CRM simplifies work by automating a number of functions (for ex-
ample, letter and document templates).

4. In a CRM system, you can carry out qualitative control of the effec-
tiveness of each employee individually, as well as of the department and the
company. In addition, CRM has convenient tools for self-management.

Tools for communication. In remote work, most communication takes
place in correspondence. The problem with chats is that it is extremely diffi-
cult to find the information you need among thousands of messages. There-
fore, for practical purposes, it is better to use chats that offer search capabili-
ties, easy file navigation, and the ability to create a conversation structure.
One of the most popular corporate chats is Slack.

The second communication app is, of course, a video calling service.
Here, it all depends on the required functionality, price, and personal prefer-
ences. The most popular video calling apps are Viber, Skype, and Zoom.

File hosting. 1t is hard to find a team that does not still share docu-
ments in the cloud. However, it is worth remembering that you no longer
need to download, edit, and send spreadsheets and text files. Services like
Google Drive allow multiple users to edit documents and see changes online
at the same time.
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Time trackers. If you need to control the time each employee spends on
work, use one of the time tracking tools: for example, Toggl, Tick, Time-
sheets, Yaware Time Tracker.

Remote administration. Do not forget that employees who work re-
motely may need help with their computers. In addition, the system adminis-
trator will need to access to home PCs to ensure that work data is protected.
Therefore, TeamViewer or a similar service should also be included in the
list of software required for remote work.

In conclusion, we can say that well-established business processes,
clear work and motivation schemes, as well as useful software, including a
CRM system, will definitely be necessary for any company - regardless of
whether it works remotely or not.
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CAR OF THE YEAR 2022

The European Car of the Year ("ECOTY") award is an international
award established in 1964, by a collective of automobile magazines from
different countries in Europe. The current organising companies of the
award are Auto (Italy), Autocar (United Kingdom), Autopista (Spain), Auto-
visie (Netherlands), L’ Automobile Magazine (France), Stern (Germany) and
Vi Bildgare (Sweden).

The voting jury consists of motoring journalists from publications
throughout Europe. Representation from each country is based on the size of
the country’s car market, and car manufacturing industry. There are no cate-
gories or class winners — the stated objective is to find a "single, decisive
winner" among all competing cars.

The EV6 has won Kia’s first ever Car of the Year award. The innovative South
Korean SUV achieved the accolade at a ceremony held in Geneva on 28
February 2022.

It scored 279 points and beat out the Renault Mégane E-Tech Electric (second
place 265 points) and Hyundai Ioniq 5 (third place 261 points).

The Kia brand reinvented itself at the beginning of 2021 with a new name, logo
and a new design philosophy called "Uniting Opposites". The EV6 was the first
vehicle launched in this new direction, and Kia’s first dedicated battery electric
vehicle based on the latest Electric-Global Modular Platform (E-GMP).
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The EV platform also delivers the pleasing performance of the Kia EV6, with
all-wheel drive capability and ultra-fast charging times. The car offers a range of
up to 482 kilometres on all-electric power. The Kia EV6 offers an unprecedent-
ed level of safety, advanced driver assistance systems, and a flat-floor interior
with environmentally friendly materials.

At the heart of the Kia EV6 is an energy-intensive nickel-cobalt-manganese
battery, available in two sizes (58.0 kWh and 77.4 kWh). This low-mounted,
underfloor battery supplies power to both mono- and all-wheel drive electric
motors with different outputs on the front and rear axles. The EV6 offers
between 167 and 576 horsepower (GT version).

Excerpts from the judges’ assessments:

"The EV6 stands out for its combination of energy efficiency, high-capacity
battery and ultra-fast charging."

"More sporty driving, stiffer suspension, great range and excellent fast charging
via the 800-volt system. Huge interior space, good equipment, nice interior
details such as dual-mode navigation and climate control switches."

"The spacious and well-finished interior features technological innovations that
enhance the quality of life on board. And behind the wheel, the EV6 offers a
smooth and enjoyable driving experience."

"The best electric car of all the finalists. It has the same advantages as the Ioniq
5, but it is even more balanced, more refined in set-up, more attractive in design,
with better quality finishes... And we have 585 hp to back it up. GT, developed
together with Rimac."

"An excellent electric car thanks to fast charging and a good range. The most
attractive price. Compared to the Hyundai, the EV6 offers less body roll,
quicker handling and tighter steering. In general, it is a little more sporty."

441



HaykoBe enekTpoHHE BUIAHHS
Mo>Ha BUKOPHCTOBYBATH B JIOKaJIbHOMY Ta
MEpPEXKHOMY peKUMax

TUXKIEHDb HAYKHN-2023
EnexkrporexHiyHui pakyJabTeT

OpnuH enexTpoHHuUil ontuuHuil quck (DVD-ROM);
CYMpPOBIHA JOKYMCHTAITIS.

Tupax 100 mpum. 3am. Ne 208
Buasens i BUTOTOBIIIOBAY
HarionansHMiA yHIBEpCUTET «3amopi3bKa MOMITEXHIKa»

VYkpaina, 69063, M. 3anopixoks, By JKykoBcekoro, 64
Ten.: (061) 769-82-96, 220-12—-14

Cainonrso cy0’ekra BunaBunyoi crpasu 1K Ne 6952 Bin 22.10.2019.



