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CEKIIS «kEJEKTPOEHEPTETHUKA»

VK 621.313.322
Maxuiu I1. B., HIpam O. A.
KaHJ. TeXH. HayK., nou. HY «3amopi3pka mosiTexHika

JOCJIJIKEHHS CTATUYHOI CTIMKOCTI TEHEPATOPA BE3
ABTOMATHUYHOI'O PET'YJIIOBAHHS 3BY IKEHHSA

JlocmipkeHHsT eNeKTPOMEXaHIYHUX IEPEeXiTHUX MPOLECiB B EIEKTPUIHUX
cHcTeMax J03BOJISIE Mepe0aunTH NPOTIKAaHHSA OyAb-SKOTO IEPEXiJTHOTO IIPOILECy,
HE JIOMYCKAa0YH MOXKITHBUX HETaTUBHUX Haciakis [1, 2].

CratnuHa CTIHKICTP — [€ 3JaTHICTh 3aJaHOTO YCTAJCHOI'O PEKUMY
CaMOBCTAHOBIIIOBATUCS MICJIsl 3aKiHUCHHs Jii Majaux 30ypeHb MapameTpiB LOTO
pexHMy, a He “‘crioB3aTH’ BiJl HUX, & TAKOX MPOTUCTOATH MAJIUM 30YpEHHSIM IpU
MOCTYIIOBOMY IOTIpIIEHHI PEKUMY BIIPHUTYJ J0 TpaHUYHOTO. Maiti 30yproBajbHi
BIUIMBU 3aBXIU CYIPOBO/DKYIOTh CKCILIyaTallifo CHCTEMU 1 BOHHM IIOB’s3aHi, B
OCHOBHOMY, 13 3MiHAMH HaBaHTAKECHHS, & TAKOXX 3 PEAaKI[i€l0 Ha 1€ PETYITIOI0YNX
MPUCTPOIB; 3 BKIFOYCHHSAM 1 BiIKIIOUCHHSIM OKPEMHUX T'eHepaTopiB abo 3MIiHOIO iX
MOTY>KHOCTI; 13 3MiHAMH B HOPMAJIbHUX SKCIUTyaTaIllifHUX CXeMaX IPH KOMYTAIlisX
TOIIO.

3agaya aHamizy CTAaTHYHOI CTIMKOCTI CHCTEMH BUPIIIYEThCS BU3HAUYCHHIM
3aJIeKHOCTEH, SKI XapakTepu3ylTh 3MiHY IapaMeTpiB 3alaHOr0 BHXIJHOTO
peXMMYy B 4Yaci MpU Majux 30ypeHHSX LBOro pexxuMy. B Oinbiiocti BUNaKiB
JIOCTaTHbO BHM3HAYMUTH 3MiHy KyTa BuUOiry poropa CI' 3 uacom. [lns uporo
HEeoOXiTHO po3B’si3aTH HeniHiliHe nudepeHuiiiHe piBusHHs (1) (abo cucremy
JudepeHiiHIX PIBHIHB ), SIKE OIUCYE Lieil pekuM. 3HAWTH PO3B 30K PIBHIHHS
(1) y 3aranpHOMY BHUIUISAJAI HEMOXJIHBO. TOMy JOCHI/DKEHHS —CTIHKOCTI
NPOBOJUTECS a0 IUIAIXOM IHTEIPYBaHHS JIiHEApi30BaHOTO JHQepeHIiifHoro
PIBHSIHHS 3 BUKOPHCTaHHIM METO/1a MaIMX KOJIMBAaHb, 00 MPSIMUM IHTEIPYBaHHSIM
BUXIZTHOTO HEJHIHHOTO Ju(epeHIiHHOro PIBHAHHS 3 BUKOPUCTAHHSIM YHCEIBLHUX
METOIiB.

2 .
T_J.d_25+i.d_§zpo_ﬂ.sin§’ (1)
w, dt° o, dt X,
ne Tj — nocriitHa iHepuii potopa, ¢ ;

Pd — nemndepunii koediuieHr, B.o. ;
P0O- notyxHicTb TypOiHHM BUXIIHOTO YCTAJIEHOTO PEKHMY, B.O. ;
4 — KyT BUOITY poTOpa reHeparopa, pan ;
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®0 — CMHHXpOHHA MIBUIKICTH OOEpTaHHS POTOpA, paz/c,

Eq — nonepeuna cuaxponna EPC reneparopa, B.0. ;

UcC — Hanpyra Ha IIWHAX TPUHMAaIbHOI CHCTEMH, B.O. ;

Xc — cyma omopiB eeMeHTiB elekTporepenadi Bix Toukn npuknanaenns EPC Eq oo
LIMH NpUiiMalbHOI cucTeMu 3 Hanpyroo Uc, B.O.

ImiTaniiiHa MoJeNb pyXy CHMHXPOHHOTO I'eHepaTopa 3 KOJaMH BUMipIOBaHHS
po3pobiieHa B poOOTI MoKa3aHa Ha puc. 1.

B pesynmbTari mpoBeneHHMX IOCHIIKeHb Oylla BHpINIEHA 3a/ada aHalizy
CTaTHYHOI CTIMIKOCTI CHHXPOHHOTO r'eHepaTopa 0e3 aBTOMaTHYHOTO PeryJoBaHHS
30y/DKeHHSI B HIMPOKOMY Jiana3oHi 3MiH BUXITHHUX HapaMeTpiB. bynu orpumani
3aJICKHOCTI KTy BHOITY pOTOpa CHHXPOHHOTO IeHepaTopa y Jaci.

Po3poOieniii mporpaMHUH KOMIUIEKC BHUKOPHUCTOBYETHCS B HABYAJIBHOMY
nponeci Kadenpu SJICKTPOIIOCTAYaHHS MIPOMUCIIOBHX i IIPHEMCTB
HamionansHOrO  yHIBEpCcHTETY «3amopi3bka TONITEXHIKa» TPH  BUBYCHHI
mucuuiutiad - «EnekTpoMexaHiuHI  mepexigHI  mpomecw» IS CTYISHTIB
cnenianpHOCTI 141 «EnekTpoeHepreTrKa, eNCKTPOTEXHIKA Ta SICKTPOMEXaHIKay.
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Pucynox 1 — ImiTaniiina Moziens pyxy CHHXpOHHOT'O FeHEepaTopa.
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VK 621
Hemukina O.B., Asnees [.B.
KaHJ. TeXH. HayK, Ao1. HY «3amopizbka momiTexHika

PO BUBIP KIILKOCTI COHSIYHUX ITAHEJIEN ITPU 3AJIAHOI
HNOTYXKHOCTI ABTOHOMHOI COHSIYHOI EJTEKTPOCTAHIIII

CrpykTypa aBTOHOMHOI coHs4HOI enekrpocTaniii (ACE) moka3ano Ha puc.
1. ACE cknamaetbes 3 (oTobarapei, akymynsTopa, iHBepTOpa, KOHTpoJepa
3apsaay-po3psay. HaBantaxkenns ACE: crioskuBadi 3MiHHOT Ta MOCTIHHOT HAPYTH.

doToenekTpuyHi (COHAYHI) MOAYJ ab0 maHesi 30UparTh 3 POTOCTCMEHTIB,
a 3 MOJYJiB BiamoBigHO Qortobarapei abo cousiuni Oartapei. dotobarapei, siki
MPALOIOTh Ha CITUIbHE HABAHTAXKEHHS, YTBOPIOIOTh €JIEKTPOCTAHIII.

J1s akyMyJIFOBaHHS €IEKTPHYHOI SHEepril BUKOPUCTOBYETHCS aKyMYJISITOPHA
Oarapes. Iy )KUBIICHHS CIIOKUBAdiB 3MiHHAM CTpyMOM a00 TeHeparlil eHeprii B
Mepexy Ha Buxoli ACE BUKOPHCTOBYETBCS iHBEPTOP HANPYTH.

PoTofarapen
Koutponep S Cnmm_q IMIHECT
I3pAAY-POIPAIY CPTOP W wanpyru
AXyMYIATOPES CoosiEsd nocTiRAR]
Datapes HANPYTH

Pucynok 1 - CtpykTypa aBTOHOMHOI COHSYHO{ €IeKTPOCTAHII .
OcHoBHoto cknanoBoto ACE € Moxmyimi, eheKTHBHICTD SKHX, 3aJ€KUTh BiJl

piBHA COHAYHOI pamiamii, KyTa Haxwiay Ta iH. EdexTuBHiCTH QoTobdarapei
3JICXKUTH BiJI BUIY 3’€JHaHb Mk c00010 Tanesel (mapanenbHe abo MOCHiI0BHE).
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Po3paxyHOK cymapHOi MOTYXHOCTI COHSYHOI OaTapei HEOOXimHHWN s
MPaBUJIBHOTO BHOOPY KITBKOCTI Ta MOTYXHOCTI MOXIyMiB. I[IOTYXHICTh COHSYHOL
Oarapei moBMHHa 3a0e3MeUNTH HEOOXiTHOI KIJIBKICTIO €JIeKTPOeHeprii s
OyamHKY, (hepMu abo iH. 3 ypaxyBaHHSIM 3HAUCHHS COHSIYHOI pafiamii st JAHOTO
paiiony.

[pu Bubopi THmy doroenexTpuaanx moxaymiB mis ACE BupimarsHIM
KpHUTEpieM, SIK MPaBUIO, € BapTiCTh OAHOrO BT mikoBoi mory:kHOCTI. 3a3Bhuait
MOJIyJli PO3TALIOBYIOTh Ha JAaxax OyquHKIB, a00 BOYJIOBYIOTh B (hacajHi CTiHH, IO
JI03BOJISIE EKOHOMMTH OyIiBEJIbHI MaTepialld, a TaKoXK POOUTH MOJYJI Cy4acHHM
€JIEMEHTOM J13aliHy OyIiBelb.

KinbkicTh HEOOXITHUX COHSYHHMX MOJIYJIB Ta IX MOTYXHICTh 3aJICKUTh BiJl
pO3Mipy MalTaHUYMKa ISl PO3MIIICHHS MOYJTIB Ta 3HAUCHHS COHSYHOI pasiartii.

3Ha4YCHHSI COHAYHOI 1HCOJIAIII pi3HE 1 3aJIC)KUTH BiJ paifioHy Ta MOPH POKY.
Cui BpaxoBYBaTH Opi€HTYBAaHHS MalJaHUWKa, KU CHPUIMae €HEprilo COHIS.
PexomeHnnyeThest 00 MaijaHIMK U KPIiTUICHHS MOAYIIB OyB HampaBlICHUH Ha
miBaeHb. [l MiIBWINEGHHS piBHSA TeHepamii BUKOPHUCTOBYIOTh 3MiHY Opi€HTaIil
TIaHeJIeH Ha COHIIE BIPOJOBX POKY Ta BIIPOAOBIXK IHS. 3MiHY MOXHA IIPOBOJIUTH 32
JIOTIOMOTOI0 COHSYHHX TpekepiB abo BpyuHy. s okpemMux OYAHMHKIB, (epM
HaWOUIbII TIOIIMPEHE CTalliOHApPHE BCTAHOBICHHS COHSYHMX IaHeNeHd Ha JIaxy
OyniBmi ): {1 M. 3amopixoks HaXWIl COHSYHUX NaHesed aopiBHioe 47° +15°=62 °
(B Tux Bunazakax, konu ACE npaiioe minuid pik naHesi po3TamoByOTh Hil KyTOM
JIO TOPM30HTY OUIBIIMM IIUPOTH MiclieBOCTI Ha 15 ©).

OO0upaeMo po3MillieHHS] MOYJIsl - MEHIIIA CTOPOHA MOJIYJIsl TIapajiesbHa 3eMJIi
Ha J1axy OyIMHKY 3 posMipamu: riommHa S=90M? ( A = 15m; B = 6m).

CymapHa HOTYXXHICTh (DOTOETEKTPUYHUX MOJIYJIB 3 ypaxyBaHHSIM OallaHcy
MOTY>KHOCTEH PO3paxoBYeThCsA 3a (popmymnoro [2]. 3HaUeHHS COHSIYHOI pamiamii
HaBeNeHO B JOBigKOBiH miTeparypi [1]. CymapHa HMOTYXHICTh COHTYHUX MOJIYIIB
ACE y pa3i OijopiyHOrO BHUKOPHUCTAHHS OOHMPAETHCS KOJIM COHSYHA IHCOJSINIS
MiHIM&JIBbHa - L€ 3UMOBHMH mepion (rpyaeHs). OOupaeMo JeKinbka BapiaHTIB
KIJIBKOCTI Ta MOTYXHOCTI MoAaynmiB. Po3mimeHHs HE0OXimHOi KUTBKOCTI MOAYIIB
BUKOHYETBCS B OIWH DS, B JAEKiTbKa pAAiB (BIAMOBIAHO 1O pPO3MHPIB 1axy
OyamHKy) 1m0 3abe3meuye BcTaHOBieHy mnoTyxHicTs ACE. (Pct=4,5xBT).
[[InsxoM mepebopy BapTOCTi MOJYJIB, SKi MarOTh Pi3HI CHiBBiAHOIICHHS MiX
MOTYKHICTIO Ta BapTICTIO OJTHOTO MOIYJS 3 JACKIIBKOX BapiaHTiB 0OMpPaEMO OIWH
1o 3abe3nevye napHy KiTbKiCTh MOAYIIIB Ta HAHMEHIITY BapTIiCTh .

B pesynbrari aHamizy AQaHUX MOXKHA BCTaHOBHTH, IO po3MimeHHs 14
MOJyJiB Ha JAaxy OymiBii 3 moTyxHicTio moayns 335 Bt 3a0esneuye BapTicTh
MozayniB — 3584y.0., Ta XapaKTepU3YETHCSI CyMapHOIO TOTYXXHICTIO MoayiB 4,7
kBt. Monyni 3’eqHyroTecst mapanensHo. Hampyra mmHM mOCTiHOTO CTpymy
(Hanpyra OCHOBHOT ILIMHU JKUBJICHHS ) JOPIBHIOE HAIIPYTH 0OPaHOTO MOJTYJIA.
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BOJHEBA EHEPTETHKA YKPATHU

Ha mammx ovax HabWpae YMHHOCTI HOBA Traily3b IPOMHCIOBOCTi-BOJHEBA
eHepreTuka i TexHousoris. IloTpeba eKOHOMIKM Yy BOAHI #e MO HapoOCTaro4iM.
AJpKe 1ie HaHOpOCTIIHMKA 1 HaiJeriia peyoBHHA MOXE BHKOPHCTOBYBATHCS HE
TIIBKH SIK TAJHBO, a W SK HEOOXIMHHM €JeMEHT CHPOBHMHHOI y 0arathbox
TEXHOJIOTIYHUX Tpoliecax. BiH He3amMiHHMI B HAdTOXIMIT AJ1s rIMOOKOT iepepoOku
HadTu, 6e3 HLOro He 00INTHCS, CKaXIMO B XiMil IPU OTPUMAaHHI aMmiaky 1 a30THHX
JIOOpYUB, a B YOPHIH METaIyprii 3 HOTO TOIOMOTOIO BiTHOBITIOETHCS 3aJi30 3 PYA.

Taki icHyrOYi BHIW OPraHIYHOTO TANWBa, SK Ta3, Ha(Ty i BYTULI, TEX
CJIy’KaTh CHPOBHMHOIO y INX YM MOJIOHUX Mpolecax, ajie e KOPUCHIIIE BUTSTTH 3
HUX CaMHUH OIIA/UIMBUH 1 YHCTHH EHEepProHOCI-TOM ke BoaeHb. BomeHp -
ineanpHUN exo(impHUIA BHI manmBa. Jly)ke BHCOKa i HOro KamopiifHicte - 33
tuc.Kxkaw/kr, mo B 3 pa3uw BUIIE KaIOpiHHOCTI OcH3WHY. BiH Ierko
TPaHCIIOPTYETHCS 0 Ta30MpPOBOJAX, TOMY IO Y HBOTO JAyKe Mana B's3KicTh. [1o
Tpybomnposoay aiamerpom 1,5 M 3 HUM mnepenaerscs 20Trc. MeraBart moTy>KHOCTI.
IlepexauyBaHHS sIKHaWermoro rasy Ha BigcTanb B 500kM. Maibke BIecaTepo
JICIeBIIe, HDK Teperada Takoi K KUIBKOCTI eJIeKTpOeHeprii Imo  JiHifX
enekTponepeaadi. Sk 1 TpUPOAHWI ra3, BOAECHb MNPUAATHUH HA KyXHI A
NPUTOTYBAaHHS  iXi, [ oOmalneHHs Ta ocBiTineHHs OynxiBens. 106
NPOJIEMOHCTPYBATH HOTO MOXJIMBOCTI, AMEPHKAHCBhKI BYEHI MOOYIyBalu
"BOZHEBUH NiM", B SIKOMY JUTSL OCBITJICHHSI BUKOPUCTOBYBAaBCs BoJieHb. [lepenaBatu
BOJICHb Yy DIJKOMY BHTJISIIi-3aJIOBOJICHHSI JIy’K€ JOpOre, TOMYy WIO JUIi HOro
3p1JUKEHHS MOTPIOHO BUTPATHTH MaiKe TIOJIOBUHY €HEpril, IO MICTUTHCS B HBOMY
camomy. Kpim Toro, moBuHHa OyTH 3a0e3leveHa ijcalibHa TEIUIOI30JIAIISL
TpyOOIIpOBOAY, TOMY IO TEMIEPa TYPY PIIKOT0 BOAHIO Ty>KEe HU3bKA.
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Sk maaMBO BOJCHB CHANIOETHCS B IBUTYHAX pakeT i B MAJMBHHUX €IEMEHTaxX
JUTsE 0€3MOCepeTHHOT0 OTPUMAaHHS €JIEKTPOCHEPTIi MpH 3'€THAHHI BOJHIO 1 KUCHIO.
oro MoHa BUKOPHCTOBYBATH i SIK ITAJIMBO JUTS ABIaIiifHOrO TPAHCIIOPTY.

Bomnera  emeprermka  o0irsie  psg mepeBar. Tomy  3'SBHIIOCS
OaraTo eHTy3iacTiB BOJHEBOi €HEPreTHMKH, BHHUKIH X acoliamii, y TOMy 4YHCIi
MDKHapO/IHA.

3apa3 y cBiti OTpuMyIOTh Omu3bko 30 MIUIBHOHIB TOH BOAHIO Ha
piK, TIPHYOMY B OCHOBHOMY 3 IIPUPOIHOTO ra3y. 3riJHo 3 nporuo3amu 3a 40 pokis
BUPOOHUITBO BOAHIO Mae 30inbimtucs B 20-30 pa3is. Mae OyTH 3a JOIOMOTOO
ATOMHO{ €HEepPreTHKH 3aMiHUTH HHHIIIHIA JDKepeslo BOIHIO - NPUPOJHUN ra3-Ha
OinbII JemeBe 1 JOCTYIHE CUPOBHHY - Ha Boay. TyT MOXKJIMBI JBa IIUISAXH.

[epmwii nUIAX - TPaAULIIHHUHA, 32 JOMOMOTOK EJICKTPOXIMIYHOTO PO3KIAay
BOJIU.

Hpyruit nuissx MeHm BigoMuit. Skmo Harpité mapu Boau o 3000-3500 C, o
BOJIHI MOJICKYJIH PO3BaJIATHCS cami co00t0.

O6umBa cmocoOW OTpUMATH BOJEHH 13 BOJAM TIOKM JOpOXKYe, HIXK 3
npupoAHOTOo Tazy. OmHaK MPUPOIHAN Ta3 JOPOKYAE, a METOAN PO3KIATaHHS BOAH
YIOCKOHAMIOITECA. Uepe3 sSKUCh Yac BOJCHH i3 BOIW MOemIeBImae. B okpemMux
BUIAJIKAX 1 3apa3 BUTITHO OJICPXKYBATH BOJACHB 3a JOIIOMOTO0 €IeKTPOJIi3y B HIUHI
TOJIMHHM, KOJIU € 3aiiBa 1 JieleBa eNeKTpoeHepris.

BonHeBa enepreTrka OypXJIMBO pPO3BHMBAETHCS, ajie HeJapMma BCe yacTille
TOBOPSATh TIPO aTOMHO-BOJHEBOI eHepreTuku. IloTpiOHI BenuKi eHepreTuuHi
BUTpAaTH JJS OJEpKaHHA BOAHIO. TaHaeM "sOepHUH peakTop-BOAHEBUI
reseparop” - HUHI IPETCHIYE Ha POJb €HEPreTHYHOro Jigepa B exoHomimi XXI
CTOJITTS.

YK 621.311
Hpsiuenxo B.B.
KaHJ. TeXH. HayK, Aoi. HY «3amopi3pka moiTexHika»

AHAJII3 ITPOBJIEMHY PO3TAIIIYBAHHA BY3JIIB EJTEKTPHUYHOI
MEPEXI IPOMUCJIOBUX NIATITPUEMCTB 3 YPAXYBAHHAM
EHEPT'O3BEPEKXEHHS

OpHi€0 3 OCHOBHHX 3ajjad, II0 BHPIMIYIOTBCA NPH HPOCKTYBaHHI CHCTEM
€JIeKTPONOCTaYaHHs MPOMUCIOBHX IMIANPHEMCTB € 3ajJada BHOOPY MICIA
poO3TallyBaHHS BY3JIiB €JIEKTPHYHHX MEpPEeK Ha BCIX PIBHAX iepapxii cucremwu.
KopekTtHe pimeHHs i€l 3amadi 3yMOBUTh SKICHHM BiATYK Ha MPOOJIEMY IOIIYKY
pamioHaTbHUX 3BI3KIB MK BYy3JaMH eJIeKTpHdHOi Mepexi. [IpmdoMmy By30I
Mepexi BHKOHYE MOABIHY pONb: IO BIAHOIICHHIO A0 mpuiimavie (abo
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CIOXWBAYiB) eNeKTpoeHeprii BiH € mxepenoMm xwuBieHHS (XK), a BigHOCHO
JKUBIITEHOI IOT0 Mepesxi IIei By30J1 BiKE CTAHOBHUTHCS CII0)KHBAYCM.

Posmonin mpuiiMadiB eneKTpoeHeprii B IUIaHI MiANPHEMCTBAa HaldacTime
3YMOBJICHO TEXHOJOTaMH, a pO3TAallyBaHHSA BY3JIiB MEPEXI JOMyCKae JesdKe
BapiOBaHH!, K€ MOXe (a00 He MO)Ke) IPUBECTH IX B PalliOHAJIbHY 30HY Ha IUIaHI
mianpreMcTBa. Tak, aHami3 MiOYNX BHYTPIINTHHO3aBOJCHKHUX EJICKTPUIHUX MEPEK
JIeSIKMX €HePrOEMHHUX IiINPUEMCTB MOKa3aB, IO 3MILIeHHs By3ya Mepexi Ha 100
METpiB Bl ONTHManbHOI (HE3amisHOi) 30HM TPU3BENO JO 3OUIBIICHHS
KamitanoBkiaseHp Ha 20%, a BTpar enekrtpuuHoi eHeprii - B 2 pasu [1]. Tyt
ONTHMAaJIbHA 30HA BU3HAYajacs 3a 3arajlbHONPUIHATIM KPUTEPIEM B CHEPIeTHIII -
«MIHIMyM pIYHHX HaBeAEGHMX BHTparT». HaBeJeHi 4YHCIOBI IOKa3HUKH HE €
y3arajJbHIOIOYMMHU. be3CcyMHIBHO, 110 BOHM OyAyTh IHAMBiOyallbHI, TakK SK
3aJ]eXarb BiJ KOHCTPYKTHBHO-CHEPIeTHYHOTO BiZJOOpaKCHHS MEpexi, fKe
BKIIIOWae B ceOe CYKyImHICTh TakuX MapaMeTpiB: KUIbKICTh TpHIIMAaYiB,
KOHCTPYKTHBHI XapaKTePUCTUKU BY3Ja 1 MPOBITHUKIB KUBIIBHOI Ta PO3IOALIHHOT
CJICKTPUYHUX MEpEXK, CJNEKTPUYHI HABAaHTa)KEHHS CIOXHMBAIOUMX BY3IiB (abo
npuitMadiB) ¥ iXHE pO3NOIiICHH B TUTaHI MiAMPUEMCTBA Ta iH.

3 orysAdy Ha Te, IO B CYYaCHUX YMOBAX PO3BUTKY CHEPTCTHUKH MIPIOPUTETHIM
€ eHeprosoepirarounii (pakTop, TO BiH TaKOX IMOBHHEH OYyTH 3aiisiHUA H y
pO3rIIsIHYTIH npoOsieMH. Be3CyMHIBHO, IO YpaxyBaHHS €HEPro30epeeHHS Y
3a3HaueHii 3ajayl npusBelne A0 pillleHb, BIAMIHHUM BiJ THX, SIKI BHHIYTh 3
BUKOPHUCTAHHSIM KPUTEpPil0, MI0O MICTUTh HEBHY 4YacTKy KalliTaJbHUX BKJIAJICHb.
Hampukia, OILIHIOIYM BIAXWJICHHS OJHOTO 3 BY3JIiB BHYTPIIIHBO3aBOJCHKIN
CNEKTPUYHOI Mepexi MiANpUEMCTBA IIOAO ONTHUMANbHIA 30HHM Ha IUIaHI
MiATIPHEMCTBA 3 BUKOPUCTAHHAM KPUTEPIIO «MIHIMYM pIYHHUX HaBEICHHX BUTPAT»
1 «MIHIMYM BTpaT eIEKTPOCHEeprii» OynM OTpUMaHi HACTYIHI pPe3yNbTaTH. 3a
MEepIIUM KpHUTEpieM BinxXwiieHHs cTaHOBUTH 200 MeTpiB, BTpaTh €IeKTPOCHEpril
IpY IIEOMY 3pOcJiu B 2,5 pasy; 3a apyrum - 600 meTpiB, a BTpaT 3pociu B 5 pasis.
PesynbraTi mocimijpkeHb MOXKHA IOSCHUTH THM, IIO B ICHYIOYiH NpPaKTUIl 10
ChOTOJICHHS IIiJ] Yac MPOEKTYBAHHS CHUCTEM EJIEKTPOIOCTAYaHHS HE BPaxOBaHO
eHeprozoepirarounii hakTop y moBHOMY 06cs3i [2].

AHari3 iCHyIOYMX METO/IiB BUPILIICHHS JaHO{ 3a]adi OKa3aB HACTyIHE:

- BUKOPUCTAHHSI [ICHTPY €NEKTPHUYHHUX HABaHTAXKEHb (32 aKTUBHOIO, IIOBHOIO
H 3a CcTpyMOM) NPU3BOAWTH JO0 HEePEeKTHMBHHX pPIlleHb 3 TOYKH 30Dy
eHeproeeKTUBHOCTI;

- O00'eKTMBHICTb 1 eQEeKTHBHICTb KpuTepilo Moxe OyTH 3abe3nedeHa
BUKOPHUCTAHHSM YMOBHOI'O TOKOBOI'O MOMEHTY [1];

- e(eKTUBHICTh pIIICHHS 3aJeKUTh Bl BpaxyBaHHs MOJBIHHOCTI By3ia
CJICKTPUYHHUX MEPEX.
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BU3HAYEHHSA IHTEPBAJIIB KOJIMBAHHS EJIEKTPHYHUX
BJACTUBOCTEM IIUXTHU TA if KOMIIOHEHTIB B ITPOIIECI
OJEPKAHHSA ®PEPOMAPI'AHIIO

depocriaBy  BUILIABISIIOTE B pyaHoTepMidnux neudax (PTII) pisnol
KOHCTPYKLIi Ta TMOTYXHOCTI, €JIEKTPUYHI 1 TEOMETPHYHI MapamMeTpu SKHX
BU3HAYAIOTHCS XapaKTepOM INPOTIKaloOYNX B HUX MpoIeciB. B arperarax HeBeanKol
MOTY)KHOCTI I oOcTaBMHA Oyra Mano MOMiTHOW. [lomiOHICTE ENeKTPUIHUX
PEKUMIB POOWIIO MOXKIIMBIM BHKOPHCTAHHS OJHI€T 1 Ti€l )k BaHHU y PI3HHUX
BUTaKaX. TEeXHONOTIYHI MpoIecH, MO BiNOYBalOThCA y BaHHI PYAHOTEPMIUHOL
medi € CHEePrOEMHUMH 1 JyXe pi3HOMaHITHHUMH. Jleski 3 HHX MPOTIKAIOTh
OesmepepBHO, a iHINI (QYHKIIOHYIOTH IHMKIIYHO 1 TOTpeOyIOTH MOBHOTO
MPOTUTABJICHHS 3aBaHTAXXEHMX MaTepiamiB. HalBaxummBimmmMM mapameTpoM medi €
SIEeKTPUYHUHA OMip BaHHW, SKAH 3aJeXUTh BiJl 3HAYHOI KiNBKOCTI (aKTOpiB:
MUTOMOTO OIOPYy IIMXTOBHX MaTepialiB, IO 3HAXOAATHCS Y Hil, T€OMETPUYHHX
PO3MipiB, a TAKOX KITBKOCTI Ta MapaMeTpiB eIEKTPOMIIB.

Maiixe Bci PTII BigHOCATBCS 1O 00’€KTIB TIpsiMOro HarpiBy. TeroBa
EHEprisl BUIISAETbCS Oe3MOoCcepeIHh0 B 1X BAHHAX y PE3YNIbTaTi aKTHBHOTO OTIOPY
MIUXTH €JIEKTPUYHOMY CTPYMY, SIKHH IiJIBOJUTHCS 3a JIOMOMOIOI0 BYTiJIBHUX a00
rpadiroBux enektpoxiB. lllnxra aist BUIUIaBKM (DepOMAapraHIio CKIATAETHCS 3:
MapraHueBoi pyau abo KOHILEHTpaTy, KOKCY, BalHSAKY Ta 3aJli30BMICHHX
MeTtaniyHuxX monaBaHp [1]. Sk Oyio 3a3HaYeHO BHIIE TOJOBHUM C€HEPreTHYHUM
NOKa3HUKOM € muTomuid enexrpudHux omip ([TIEO) mmxTH, skuii 3MIHIOETBCS B
3aJIeKHOCTI BiJ 11 CKJIa/ly Ta 3HaYEHHS TeMIIepaTypH.
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Bu3HaueHHIO 3al€XKHOCTI TMTOMOTO ENEKTPHYHOTO OHOpY IIUXTH Ta
IIMXTOBUX MaTepialliB BiJl TeMIepaTypyd NPUCBSAYCHI Mparli TaKUX HAYKOBIIB 5K
T'acuk M.J., XXnanoB A.B., Mucuk B.®. Ta Tomumbexos JI.b. CucremarnzyBaBmm
MaHi, mo OylId OTPUMaHI EKCIePHUMEHTAIFHUM NIIIXOM BHIIE 3a3HAYCHUMHU
HAYKOBIIIMH MO>KHA 3pOOWTH HACTYITHI BUCHOBKH:

- 3BaJeXHICTh TNUTOMOTO EJEKTPUYHOTO ONOPY MapraHIEeBOPYIHHUX
MarepiaiiB BiJ TEMIEPAaTypH CUIIBHO BIAPI3HSIOTHCS, 110 OOYMOBJIEHO Pi3HHMH
pPOZOBHMIIAMH Ta BMICTOM YHCTOI'O MapraHuio. TakoX 3 MiJABHIIECHHIM
TEeMIIEpaTypy CHOCTEPIraeThCs 3MEHIICHHS €JIEKTPOOIIOPY MaTepiaiiB Ta IIMXT. A
JUISl OCTAaHHBOTO MAa€ BIUIMB CITIBBIJHOLICHHS MPOBITHUX Ta HEMPOBIAHUX YaCTHH,
110 BH3HAYAETHCS XiMiuHUM cKiiagoM cupoBunu Ta [IEO mapranieBoi pyau [2].

- SIKILO PO3TJISIATH MMUTOMUH €JIEKTPUYHHUIA OMip OKPEMO MapraHieBol pyu,
To 1i 3HAYEHHS 3MEHIIYEThCS TPH HArpiBaHHI, IO TOSCHIOEThCA (pazoBUM
MEepeTBOPEHHAM. [l BYIJeneBHX KOMIIOHEHTIB IIMXTH (KOKC, IIOJIYyKOKC) B
3aJIeKHOCTI BiJl pi3HUX MicIlb JOOYBaHHS Iei MOKa3HUK P BITHOCHO HEBEIUKHAX
temneparypax (mo 1273-1473 K) myxke pi3HHTBCS, OOHAK TPH OLTBII BHCOKHX
temrepatypax (> 1473 K) 6musbkuii ojuH 10 ogHoro [3].

- TAKOX NIPH METAITYPTiHHUX TEXHOJOTIYHHUX PO3PaXyHKaX PEKOMEHIYETHCS
BHKOPHCTOBYBaTH ctaii 3HaueHHs [IEO muxToBux Marepiaiis [4].

Omxe, SK 3a3HaYaloCsl BHIIE NUTOMHUI EIEKTPUYHHUHA OIIp LIMXTOBHX
MarepialiB Ta IIUXTH B LIJOMY 3MIHIOE€TbCS IPU MiJBUIIEHHI TemrepaTypu. B
3aJIeXHOCTI Bij reorpadii po3rairyBaHHSI POJIOBHUII MapraHIEBUX Ta BYIJICLIEBUX
KOMIIOHCHTIB IIUXTH Ta 1X CIIBBITHOIICHHS MA€ MICIC 1 pI3HOMAHITHHN XapakTep
sanexxHocti [IEO Bim Temmeparypu. Takoxk, SK 3a3Ha4eHO B HAYKOBUX
myOiKaMisX, IPU MEBHUX PO3paXxyHKaX MapaMeTpiB poOOTH pyTHOTEPMIYHOI medi
JUISl BUIUIaBKM (hepOMapraHiio MOXKIMBO TPUHMATH 1€ 3HAYCHHS KOHCTAaHTOIO.
OpHak B 3a3HAYCHIN JiTEpPaTypi € MOCTATHBO iH(OpMaii Ul mpoBeIeHHs OLTBII
TOYHHX TEXHOJIOTIYHUX PO3PaxyHKIB 3 BpaxyBaHHAM 3MiHM IIOKa3HUKIB MpH
30UIBIICHHI TEMIIEpaTypu Ta NpPH PI3HUX CKIAJOBHUX IIMXTH JUIl BHIUIABKU
(hepomaprasirto.
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PO3POBKA METOJAUKHU JJIAA OINIHKN EGEKTUBHOCTI
EJIEKTPOIIOCTAYAHHA Y HEXOBUX MEPEXKAX ITPOMUCJ/IOBUX
nranPUEMCTB

VY crarti posrisinaeThes NHTaHHSA (opmarizauii mporecy po3paxyHKy
3BEJICHUX BHUTPAT Ha LIEXOBY MEPEX, OCKUIBKH PO3PaxyHOK 3BEICHUX BHUTpAT NPHU
TEXHIKO-€KOHOMIYHOMY TIOPIBHIHHI BapiaHTIB € TPYIOMIiCTKOIO 33/1a9CE0

MeTonoM JIOCHIPKEHHST € MOJENIOBAHHS IPOIECY pPO3POOKH IIEXOBOTO
€JICKTPOTIOCTAYAaHHS 1 BH3HAYEHHS TEXHIKO-€KOHOMIYHHMX IIOKa3HHMKIB I€XOBOT
Mepexi. EQeKTHBHICTh IIEXOBHX MEPEX BHU3HAYAETHCS 3a JOMOMOTOK MiHIMi3alii
3BEJICHUX BUTPAT, SIKI MAIOTh JIBl CKJIaJIOBi, 00YMOBJICHI KaliTalbHUMH BUTpAaTaMu
i BUTpaTaMy BijJ BTpaT €JEKTPOEHeprii y nux Mepexax. BU3HaueHHs 3BEJCHUX
BUTpaT 3a0e3lieuye 3acTOCYBaHHsS ONTHUMAJIBHOI'O BapiaHTa CXEMH I[E€XOBOTO
€JIEKTPONIOCTAYAHHS.

KanitanbHi BUTpaTu CKIaJarOThCS 3 BUTPAT Ha MPOBIIHUKOBHI MaTepial
JKUBJISIYOT 1 PO3MOAUILHOT 1IEXOBOT Mepexi 1 BUTpAaT Ha PO3MOJUIBHI MPUCTPOT
(po3monineHi  1wadgu, po3noALTbHI ab0 MaricTpalbHI IIHHONPOBOAM, mIadu
posmnoginsHoro npuctpoto 0,4 kB komruiekTHOi TpaHcdopmaropHOi mifcTaHIil
(KTII)). KamiTanpHi BUTpaTH BU3HAYAIOTHCS IPUHHATOIO CXEMOIO [IEXOBOi MEpexKi,
a TaKoX 3ajeXxaTh BiJl BapTOCTI NPOBIJHUKOBOTO Marepialy i pO3MOIUIBHHX
NPUCTPOIB 1I€X0BOI Mepexi. ExcruryaTariiini BUTpaTH BH3HAYaIOTHCS BEIMYHHOIO
BTpaT aKTHBHOI €JIEKTPOSHEPTi] 1 BApTOCTi aKTHUBHOI €JIEKTPOEHEPTii.

Takum grHOM, (YHKIIS 3BEACHUX BUTPAT Ha CHOPYIKEHHS IIEXOBOI MEpexki
3aJIeKHTh BiJl BUJY CXEMH IIEXOBOI MEPEXi, SIKUil BU3HAYAE BEMUUHY KaIliTaJIbHUX
BUTPAT 1 BEJIMYMHY BTPAT AKTHUBHOI MOTYXKHOCTI, PEKUMY EJIEKTPOCIOKHBAHHS
€JICKTPONPpUMAaYiB IIEXOBOI MeEpeXi, a TaKOX BiJ CIIBBITHOIIEHHS BapTOCTI
€JICKTPOCHEPTii 1 MUTOMOI BapTOCTi €IEMEHTIB IIEXOBOI MEPEXKI.

BusHaueHHs BTpaT aKTHBHOI €JEKTPOSHEprii MOIILHO BH3HAYATH 32
METOJIOM CEpeIHbOI MOTY)XHOCTI [1], OCKNBKM LEif MeToX Jla€ MEHIy HOXHOKY
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HDDK METOX 3 BHKOPHCTaHHSIM MAaKCHMaJbHOTO PO3PaxyHKOBOI'O HAaBaHTAXXECHHS i
BeNMYMHH 4Yacy MaKCHMaJbHUX BTpaT, SKi BH3HAYAIOTBCA 3 IEBHUMHU
NPUITYIICHHAMU. TOYHICT BH3HAUYCHHSA BTPAT CJICKTPOCHEPTil 3a METOIOM
CepeHbOl MOTYKHOCTI 3alIe)KUTh BiJ BHOOPY KoedilieHTa BHKOpucTaHHA KB i
KoeimieHTa TOTYXHOCTI COSQ, SIKi BiOOPa)KaroTh PEXHUM EJEKTPOCIIOKUBAHHS
OKpEeMHUX eJeKTpPOIpuiMadiB, a TaKoX Bix KoedimieHTa ¢opmu rpadika
HaBaHTaXeHHsI K, SKuii 3aCTOCOBYETBCS Ul BU3HAUCHHS BTPAT €JIEKTPOCHEPril
IPU CyMICHOMY JKHBJICHHI €JIEKTPONPHIMAYiB Y JKUBIISTUIN MEPExi.

Ha ocHOBI poBeieHUX JOCIIPKEHb pO3po0IieHa METOJuKa BUOOPY LIEXOBOTO
EJIEKTPOIIOCTAYaHH 32 KPUTEPIEM MiHIMAIILHUX 3BEJICHUX BUTpPAT. 3alPOIIOHOBaHA
METOJIMKAa PO3PaxyHKY 3BEICHHX BUTpAT Ha CIIOPY/DKEHHS II€XOBOI Mepexi
JI03BOJIsIE (hOpMaITi3yBaTH IPOLEC PO3PaxXyHKY NMPH BpaxyBaHHI KOHCTPYKTHBHHUX
0cOONMBOCTEH BHKOHAHHA LEXO0BOI Mepexi. OTpuMaHa y NpoLeci AOCIiIKSHHS
3aJICKHICTD JO3BOJISE MiJBHIINTH TOYHICTH PO3PAaXyHKY IPH BpaxyBaHHI pexxumy
CNICKTPOCHOXKUBAHHS CNEKTPONPUIIMAyiB, a TaKOX BH3HAYUTH 5K 3MIHATHCS
3BelICHI BUTPATH TIPH 3MiHI CHIBBIIHOIICHHS MUTOMHX BUTPAT Ha CIOPYKCHHSI
IIEXOBHUX MEPEXK 1 Tapuy Ha eIeKTPOCHEPTIIO.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. CripaBOYHUK I10 3JEKTPOCHAOKEHHIO U AIeKTpoobopynoBanuio: B 2 1. T.
1 OmnekrpocHabxkenne / Iloxg. obm. pem. A. A. demopoa. — M.
DHeproaTomuziaart, 1986. — 586 c.

2. ChopaBoYHHK TIO TIPOCKTUPOBAaHHIO  €leKTpocHaOkeHus: T. 1
Dnekrpocuadxkenne / [Tox oour. pex. F0. I'. Bapeidbuna. — M.: DHeproaromusaar,
1990. - 588 c.
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®OPMYBAHHSA CTPYKTYPU CUCTEM EJIEKTPOIIOCTAYAHHA 3
PO3IOJIVIEHOIO TEHEPAIIEIO EJIEKTPOEHEPT TI

VY cBiTi HapocTraroTh Iyo0aji3auiiiHi 3MiHM B €KOHOMIlli, B TOMY YHCIi B
eHepreTuii — sl YKpaiHM CHCTEMOYTBOPIOIOWIH Taiy3i — IEHTpasli30BaHHH
crnoci0 iCHyBaHHS €HEProCHCTEM BHYEpIaB cede, 10 OCOOJIMBO IMOMITHO HpH
HaBiTh MTOODKHOMY OIS/ HAa CTaH YKPaiHCHKOTO €HEProrocnoaapcTBa: 3aTpaTHO-
eKCTEHCHBHHMI TNPHHLMII CHPOBHHHOI (IepexyciM ByIVIEIEBI Ta ypaHOBI)
CHEPIreTHKHU 3aBiB Taly3b B IIyXHH KyT, Y 3aMKHyTe KOJO Hee(eKTHBHHX, aje
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HEBiIBOPOTHO 3pOCTAIOYNX 3aTpaT HA MiATPUMaHHA oOmaaHaHHA 1 pinaHCiB X0ua O
y TOMY HamiB3pyHHOBAaHOMY CTaHi, SIKHH IO3BOJIIE XOU SKOCh NPOAOBXKYBAaTH X
eKCIUTyaTaliio.

Tennmenmii 3poctaHHsS TapuQiB Ha EIEKTPUYHY C€Heprii 00yMOBIOIOTH
TMOIIYK, CIIOKMBAYaMH, aJlbTEPHATUBHUX JKEpeN TeHepanii eIeKTpUIHol. 3aBIsIKN
BUKOPUCTAHHIO TIOHOBIIIOBAJBHOI Ta PEKyIeioBaHOI eHeprii CHOXHBa4di MOXYTh
CTBOPIOBaTH JUKEpeNa eJNeKTPUYHOI eHeprii 3a MicueM pO3TallyBaHHS
MOHOBITIOBAJIbHOT Ta (a00) pekymeiioBaHoi eHeprii. Taki pkepena eIeKTPUUHOL
eHeprii yTBOPIOIOTH PO3MOJAUIEHY TeHepalilo, SKy He BpaxOBYIOTb ICHYOYI:
migxonau 10 (OpMyBaHHS CTPYKTYPH CUCTEM €IIEKTPONOCTa4aHHsl, CIIOCOOU OIIIHKU
MOTEHINATy €Hepro30epeKeHHs, METOAM BHU3HAYCHHS Ipad)ikiB HABaHTaKCHb. A
OT)KE€ HEMOJXKJIMBO i Yac IMPOEKTYBaHHs, PEKOHCTPYKIIi, OLIHKH MOTEHIiaIly
eHepro30epekeHHsT C(HOPMYBATH CHCTEMY EJIEKTPOIIOCTaYaHHS 3 ypaxyBaHHAM
PO3MOAiNICHOT TeHepamii eJIeKTPOSHepPTii, Ta BH3HAYUTH Ii BIUIMB Ha CTPYKTYpPY 1
eHeproe()eKTUBHICTh CUCTEMH EJICKTPONIOCTAYAHHS.

B eneprernni YkpaiHu pO3BHBAIOTHCSA HOBI TEXHOJIOTII, BIIPOBAKYIOTHCS
iH(pOopMamiiHi i TIaTHOCTUYHI CUCTEMH, CydacHi 3aCO0M BIMIpPIOBaHb 1 YIIPaBIIiHHS.
B Hamr yac mepex coXuBadaMH CTOITh BHOIp: Opi€HTYBATHCS Ha LIEHTPaIi30BaHI
Jokepena ab0  BUKOPDHUCTOBYBaTH aBTOHOMHY eHepretuky. B YkpaiHi
BIPOBAJKYETHCSl PO3IOALJICHA TeHepallis Ha OCHOBI aKTHMBHOT'O BHUKOPHCTAaHHS
IbTEPHATUBHUX JDKEPEJI eHeprii: BOAU, COHI, BITPY 1 T.11.

Posnopineni  Jpkepena  eHeprii  NOAUISIOTBCS 32 pPIBHEM  BIUIMBY
HEKOHTPOJIbOBaHMX (PaKTOPIB HABKOJUIIHBOTO MPUPOJHOIO CEpelOBHINA Ta
MEpBUHHIMHU €HEPrOHOCISIMH Ha :

BIJHOBJIIOBaHI  JOKependa 3 CIa0KO-KEpPOBaHUM  TE€HEPYBAaHHAM  —
BUKOPHCTOBYIOTh BiJTHOBIIIOBaHI PECypcH, alle TeHepyBaHHs 3HAYHO BiAPI3HAETHCS
3aJe)KHO Bifg yacy moOu Ta moromHux ymoB (BiTpoBi emekrpoctanmii (BEC),
constuHi enekrpoctanii (CEC));

BIZTHOBJIIOBaHI JKEpesia 3 KEpOBAHUM I'€HEPYBAaHHAM  —  BHKOPHCTOBYIOTH
BiJTHOBIIIOBaHI PECypCH, MalOTh CTa0iIbHE TEHEPYBAHHS MPOTATOM BCTAHOBICHOTO
npoMikky wacy (mami riapoenekrpoctanuii (MI'EC), reorepmansphi, Giora3osi
YCTaHOBKH TOIIO);

HE BiJHOBIIIOBaHI JpKepena 3 KepPOBaHHUM I'€HEpYBaHHSIM — BUKOPHUCTOBYIOTh
31€01IBIIOTO TPATUITiiHI JKepena eHeprii, alie MalTh a0COTIOTHO KepOBaHUI
mporiec TeHepyBaHHsA (korenepariiiini  ycraHoBku (KI'Y), maporazoBi Ta
ra3otyp6inHi ycranoBku (III'Y, I'TY) Ta in.). [1]

BripoBapkeHHsT albTEpHATUBHHUX JDKEPEN €Hepril B eJEKTPOCHEPreTHYHHUX
cucTeMax, KpiM 3HW)KEHHS LIKIUIMBOTO BIUIMBY Ha HABKOJIMIIHE CEPENOBHUILE 1
BUpIIIEHHS 1po0JeM, 1110 OB s13aH1 3 3a0pyTHEHHS BiAXOAaMH IIiJ] 4ac BUPOOITKY
CJICKTPUYHOT ~ eHeprii, 3HU3UTb BHUKOPHUCTAHHS INPHPOAHUX pPECypciB Ta
PO3BaHTAXXUTh CHUCTEMOYTBOPIOIOY] 1 PO3MOALIBHLNIHIT enekrponepenad. OxHax
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BiTHOBJIOBANBHI JpKepena eHeprii MaroTh 1 psn HemomikiB. Tak sK enmexkTpudHi
MEpEXi IPOEKTYBAIUCS 32 YMOBH LEHTPATi30BAHOTO €JIEKTPOIOCTadaHHA, TO
po30ynoBa B HuX BJIE mopomKye HETHIIOBI I MOTIEPEIHBOTO MIEPioay MPOOIEMHU
i muTaHHA. B mepmry gepry, Benuky ponb Binmirpae HectabinbHe reHepyBaHHS B/IE
yepe3 3aJeXHICTh Bim morogHux yMoB. OTXe BHHHKAaEe HEOOXiTHICTH
BIOCKOHAJICHHS CHCTEM PEJICHHOTO 3aXHCTy Ta aBTOMATHKU 3 METOIO Y3TOKCHHS
esiexTporioctayanHs Big BJIE Ta >KMBWIBHMX MiJICTAHLIH €IEKTPOCHEPreTHYHOT
cucremu. BrumB BJIE na pexumu PEM cyTTeBO 3anexuth Bif 3Ha4YeHHS
CYMapHOTO PO30CEPEe/KEHOr0 I'eHEPYBaHHS B Hii, BiJl OJMHUYHOI BCTaHOBIICHOT
notykHocti BJIE Ta iX THIy, a TakoK BiJ 1X MiCIf I €THAHHS B CICKTPUYHIM
Mepexi (Lle MOXKYTh OyTH IIMHM HI)KYOi HANPYTW MiACTaHUINd abo BiframyeHHs
JiHi# enekTpornepenayi). [2]
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IMITAIIAHE MOJEJIOBAHHS NEPEXIJTHUX MPOLECIB

Po3paxyHok mepexigHuX mpoIeciB — Iie¢ HeoOXigHa yMoBa pillleHHS 0araThox
3ama4, SKi BHHHKAIOTH I dYac TMPOEKTYBaHHSI 1 eKCIUTyaTalii CcHcTeM
enexTpornocTadanns [1]. Lli 3amaui moB’s3aHi 13 JOCHTIHKEHHIM €JIEKTPOMArHiTHUX
MepexiTHNX TPoUeciB, BHOOPOM MPHUHIMIIB [ii aBTOMATHYHUX 3aco0iB
MPOTHUABAPIHOTO KEPYBAHHSI, aHATI30M €JIEKTPOMEXaHIYHUX MEePEXiTHUX MPOIIECiB
3 METOI0 pO3poOKM MeTomiB Jis  3abesmedeHHs Oe3nmepepBHOI  poOOTH
NPOMHUCIIOBUX MiAMPUEMCTB B PI3HHX PEXUMAX CUCTEMH ENEKTpOrnocTayanHs [2].

Ha mpuknani cucreMu enekTporocTayaHHs JOCTIPKEHO IapaMeTpH NepexiTHux
MPOLIECIB EJIEKTPUYHOT MEPEeXi NPU CUMETPUYHHX Ta HECUMETPUYHHUX KOPOTKHX
3aMHKaHHSIX 32 JIOIOMOrOI0 IMaKeTa IporpaM IMITamiiHOTO MOJIENIOBAHHS.
3acTocyBaHHS NMOAIOHMX NPOrPaMHHUX MAaKETiB JI03BOJISE IOKPAIIUTH TOYHICTH
pPO3paxyHKiB 1 MOXE 3acTOCOBYBaTHCS JUIS PpO3B’A3KY HACTYNHHX 3ajady:
MPOEKTYBAaHHSA Ta HAJIArODKEHHS 3aco0iB peNeiHOro 3axXUCTy 1 aBTOMATHKH
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cucremun enekrponioctadanas  (CEII), BuOOpy  eneKTpHYHHX  amaparis
eIeKTPOyCTAaHOBOK 3a YMOB TEPMI4HOI Ta eJIEKTPOJMHAMIYHOI CTiHKOCTI,
BU3HAYCHHS YMOB POOOTH CIIOKMBA4iB IPU MOXJIMBHUX KOPOTKHX 3aMHKAHHSAX i
JOITyCTUMUX PEXHUMIB, OLIHKHY 1 BHOOPY cXeM enekTpuuHuX 3’ exHans CEIL
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Pucynox 1 — Mogens TparchopMaTOpHOT MiCTAHIIIT 3 KOJIOM BUMipIOBaHHS
eJIEeKTPUYHMX BeMW4MH Bix muH Bus_1 ta Bus 2.

OcuwmiiorpaMy  aMmIUNITYAHUX 3Ha4€Hb CTPYMIB 1 Hampyr KOpPOTKOTO
3aMHUKaHHS Ha IIMHAX HU3bKOT HANPYTH MiJCTaHIii T0Ka3aHo Ha pHC. 2.
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Pucynok 2 — Ocumiorpama CTpyMiB Ta Harmpyr Tpua3HOro KOPOTKOT'O 3aMUKAHHS
Ha HU3BKI¥ CTOPOHI MiICTaHIII].
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[epeBaramu po3poOIIeHOT iMiTAIIfHOT MOZETI € MOYMJIMBICTh PO3PAXYHKY Ta
aQHANI3y CHMETPHYHMX Ta HECHMETPUYHHX KOPOTKHMX 3aMHKaHb Ha IIMHAX
mifcTaHmii, MBUIKA 3MiHA BHXITHUX TaHWX PO3pPaxyHKy (KiIac HampyTH, OMOPH
€JIEMEHTIB MEpeiKi), 3MiHa eNIEKTPUIHHX 3’ €THAHb MOJETI a TaKOX JOTIOBHEHHS i1
IHIIAMU eJIeMeHTaMH (CTpPyMOOOMEXYBaIbHI PEakTOpH, BUMHKadi, po3’€IHyBadi,
KOMITCHCYBAJIbHI IPUCTPO] TOILO).

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Yepuex W.B. MopenupoBaHue 3JICKTPOTEXHUYECKHX YCTPOWCTB B
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2008. — 288 c.

2. Yepurix U.B. Simulink: MHCTpyMEHT MOIENUpOBaHMS IWHAMHYECKIX
cucteMm. uamor-MU®U. 2003.
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MATEMATHYHA MOJEJb IOHHO-TIJIA3BMOBOI OBPOBKH
IHOBEPXHI CKJIA

Maia BHBUYCHICTB TPOIIECY 10HHO-TUTa3MOBOI MOH(pikamii MOBepXHi CKia Ta
CKJIOBHPOOIB MpH aTtMoc(epHOMY THCKY, CKJIagHa 3aJIeKHICTh IPOIECY Bif
6araTbOX B3a€MOIIOB'SI3aHHUX TAPaMETPIB (BEIMUUHNA CTPYMY E€JIEKTPUYHOI IYTH,
BUTPATH IUIa3MOYTBOPIOBAJILHOTO Ta3y, FeOMETPUYHHUX MapaMeTpiB IUIa3MOTPOHA
TOIIO) HE JO03BOJISIIOTH OTPUMATH AHAJITHYHY 3aJIeXKHICTh, SIKa OIHCyBajia O
nporec 06poOku. Tomy 11st TOOYIOBH MaTeMaTHIHOT MOJIEIi BUKOPUCTOBYBAIHCS
METO/IM IUIaHyBaHHs GaratodakTopHOTO ekcrepumenty|[l, 2].

Bubip i KoperyBaHHS PeXUMIB €IEKTPOTEXHOJIOTIYHOTO MpoIiecy 0OpoOKu €
THUIIOBOIO ONTHUMI3aIiifHOIO 3a7a4yero, METOI0 SKOi € BH3HAYCHHSA HaNKpaIimx
3Ha4YeHb apamMeTpiB 0OpoOKH CKIOBHPOOIB IIPH 3a1aHOMY KPUTEPIIO SIKOCTI.

TexHonoriunuM mapameTpoM onTuMizamii Oyrna o0paHa CyKyHHICTH
XapaKTEePUCTHK OAEP>KYBAaHOTO IMOKPHUTTS (KOedillieHT NpOITyCKaHHS B Jiana3oHi
JOBXHH XBWIIb Bif 315 HM 110 400 HM (OmmokHil yneTpadioner UVA), koediuieHT
HaIpsMJIEHOTO IPOITYCKaHHS CBIT/a, IIOPCTKICTh MOBEpXHi 00pobiIeHoro 3paska
(cepenne apudmernune BiaxuieHHs mnpodimo Ra, HM)). Ilpu npocmimkeHH1
npouecy iOHHO-IIa3MoBOI  Mozaudikamii MmoBepxXHI Ckja B  IUIAHYBaHHS
eKCIIepUMEHTY OynM BKIIOYEHI I'aTh (hakTopiB. B pesynprari mnpoBeneHUX
EKCIIEPUMEHTAITLHUX JIOCIiPKEHb 1 KOHCTPYKTUBHHUX OCOOJIUBOCTEH PO3pOOIECHUX
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IUTa3MOTPOHIB 3a cepeqHi (HynboBi) 3HA4eHHS (PAKTOPiB NPUHHATI: BUTpaTa
po3unHy 160 wmr/cex, BemmumHa cTpymy 105 A, gac o6pobkm 10 c, BHTpaTa
TIa3MOYTBOPIOBANBHOTO a3y 1.5 m/cek, nuctaniis o6pooku 90 mMm.

3anexHICTD KoedirmienTa TIPOIYCKaHHS yIbTpadioseToBOro
BunpomiaoBanHs UVA Bixg BUTpaTH pO3YHMHY, BEIHYUHH CTPYMY 1 IMCTaHIIi
00poOKu MmokazaHo Ha puc. 1.

Tak, npu 3011bLIEHH] BUTPaTH PO3YMHY BUXIIHOTO MaTepiaiy Bix 140 mr/cex
no 180 mr/cek koediumieHT NMPOIMyCKaHHS YyAbTPadioeTOBOrO BHIIPOMIHIOBaHHS
UVA 3menmyerscs Ha 10.3%, koedillieHT HampaBiIeHOro NPOIYCKaHHS CBITIa
30imbIyeThess Ha 13.9%, cepenne apudmernyHe BigxwieHHs mnpodinro Ra
(mwopcTkicTh 00po0OIeHOr0 3pa3Ka) 3MeHIyeThest Ha 48.7%.

3MeHmeHHsT aucranuii odpodku 31 110 MM g0 70 MM npH3BOAWTH 10
3MCHIICHHS KOe(]illieHTa TPOITyCKaHHA YIbTPadiolleTOBOTO BHUIIPOMiHIOBAHHS
UVA na 15.6%, xoedimieHTa HaIpaBJICHOTO NPOIyCKaHHS cBiTia Ha 25.4%,
30UIBIIEHHS CEPEHBOTO apU(PMETHYHOTO BiAXMICHHS podimto Ra Ha 38.8%.
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Pucynox 1 — 3anexnicts xoediuienra nponyckanss UV A Big BUTpaTH po3uuHY i
BesimanHy ctpyMy (G =2T1/c; t=10 c; h =70 mMm).

Po3pobnena MmaTeMaTH9Ha MOJENb I0HHO-TIA3MOBOI 0OPOOKHM TOBEPXHI CKJIa
npu atMoc(hepHOMY THCKY JJ03BOJII€E BU3HAYHUTH ONTHMAIBHUH Aiama3oH 3MiHU
TEXHOJIOTIYHHX IapaMeTpiB Mporecy oOpoOKkH (BHUTpaTa pO3UMHY MaTepiairy
BIIPOBA/KCHHS, BEIMYMHA CTPYMY, HOTYXXHICTB, TUCTaHIIS OOpPOOKHM, BUTpaTa
IUIAMOYTBOPIOBAJIBHOTO Tra3y, 4ac oOpoOKkH) it (OpMyBaHHS HPOHUKAFOUMX
MOKPHUTTIB 13 3a/JlaHMMH ONTHYHHMH BJIACTHBOCTSMH (KOE(]ILIEHT MPOIyCKaHHS

28



yineTpadioneTroBoro  BumpoMiHioBaHHA UVA, KkoedimieHT  HampaBICHOTO
MPOMYCKaHHS CBiTJa) MTpPH MiHIMANBHIN IIOPCTKOCTI MOBEpXHI 00poOIeHOTO
3pasKa.

CITACOK BUKOPUCTAHOI JIITEPATYPH

1. Yepenuux B. U. Perpeccuonssiii anamu3: Ilpaktuxkym. — Huxuauit
Hosropox: Hmxkeroponckuii rocyausepcutet. 2009. — 170 c.

2. TapeeB A. I'. OcHOBBI 00pabOTKM M BU3yaJH3allN SKCICPUMEHTATBHBIX
JaHHEIX : [yueb. mocobue] / A. I'. TapeeB. — Yda : YTHTY, 2004. — 82 c.

YK 692.92

Maxuin ILB %, Suenko I1.M.2, T'anon O.B.2 [Minonpuropa AB?
'kamz. Texn. Hayk., gou. HY «3anopisbka momitexHika»

2c:TyJJ. rp. E3-119m HY «3amnopi3bka noiTexHika»

3c:Ty,u. rp. E-119m HY «3anopi3bka moiTeXHiKa

JOCJIIKEHHS PEXKUMY CAMO3AITYCKY 3AT'AJIBMOBAHOI'O
HABAHTAXEHHS BJIACHUX IIOTPEB EJTEKTPOCTAHIIII

Camo 3aIycK eJeKTPOJBUTYHIB BJIaCHMX MOTPeO €JIeKTPOCTaHIIi € OJAHUM 3
HaWBaXJIMBINIMX EKCIUTyaTallliHUX pEeXHMIB, L0 3a0e3rnedye Oe3nepepBHICTh
TEXHOJIOTIYHOTO TIporecy Ta Oe3mepebiiiHy poOOTy E€HepreTHYHOTO OO0JIaJHAHHS
BII npu nepepBax mocradaHHs i MOBTOPHOI MOAAYi HANPYTH.

Heycnimunii camo 3amyck e€JIEeKTpPOJBUTYHIB — BJIACHUX IOTpPEO MOXe
NPU3BECTH 0 aBapiiHOi 3YNMHWHKH CHHXPOHHUX T'€HEpaTOpiB, HIO TOB'S3aHO 3
BEIMKMM  €KOHOMIYHHM  30MTKOM  dYepe3  HENOBINIYCK  EIEKTPOCHEeprii,
BIZIKJIIOUEHHS BIANOBITAJILHUX CIIOXHBAYiB, a TAKOXK /10 IMOIIKOPKEHHS! OCHOBHOTO
oO0J1aTHaAHHA.

OrmiHKa yCHINITHOCTI caMmoO 3aIyCKy eNeKTPOABHIYHIB BJIACHUX MOTPed
MPOBOJIUTHCS 338 3HAYCHHSIM MOYATKOBOI HAMPYTH CaMO 3aIllyCKy. HApPYrH Mepexi
B TOYILI BKJIFOYCHHS TpaHChOpMaTopa BIIACHUX HOTPEO B MOMEHT CaMo 3aIlycKy, a
TaKOXX HANPyTH OOMOTKHM HHU3BKOI HANpPYTH, Ta HANIPYTH BiATAyXEHHS OOMOTKHU
BHUIIIOT HANIPYTH, TIPH SKOMY 3IIHCHIOETBCS caMo 3aimyck. . OCHOBHOIO yMOBOIO TIPH
bOMYE Ty, 10 Hanpyra Ha muHax U, >0,6U,,

Jns po3paxyHKy 3Hau€HHsS Hampyrd HPH caMo 3aIlyCKy 3arajlbMOBaHOTO
HaBaHTAXKEHHS BJIACHMX TIO0TPe0 CKIIQJIAEMO PpO3PaxyHKOBY CXEMy, Ta
PO3paxoBYEMO HANPYTy KUBUIIBHOT MEPEXKi.

Ha ocHOBI oTpyMaHMX AaHUX PO3paxoOBYeEMO Hamnpyry Ha cekuisx BII mpu
caMo 3amycKy. [lns BU3HA4YEHHS  JOMYCTHMOi MOTYXHOCTI EIEKTPOIBHUIYHIB
moOyayeMo 3alieXHicTh Hampyrd Ha muHax BII Bim cymapHOi MOTY»XHOCTI
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eJIeKTPOABHUTYHIB, IO 3aIlyCKAIOTHCSA. SIK MOKa3yIOTh MPOBEACHI MOCIIIKCHHS
caMo 3amyck Oyje YCIIIHUM SKIIO 3arajibHa MOTYXKHICTH eJIEKTPOABHUTYHIB, fKi
niaxmodeni 1o cekuiit BII ve Oyne mepesuntyBatu 18 MBT. [Ipu npomy Hampyra
Ha mmHax Uy, >0,6U ..

Jnsg Toro mo® MiABHIMUTH CyMapHy IOTYXHICTh EJIEKTPOABHTYHIB, SKi
MIAKIIOYAOTECS 70  CeKIii, 30UIPIIMMO Hampyry Ha HHU3bKIH CTOpOHI
tpancdopmaropy BII va 10%. Ilpu npomy momycTuMa MOTYXHI €JIEKTPOJBUTYHIB
21 Br.

Ha ocHOBI mpoBeNeHWX MAOCHI/KEHb BHSBJIEHA JIONMyCTHMa CyMapHa
MOTY)KHICTh  CJICKTPOJBUTYHIB, IO CaMO 3allyCKaloThCs IS 3a0e3MCUCHHS
Oe3nepebiiiHOT poOOTH EHEpreTUYHOro oONajHaHHS NPHU IepepBax MOCTayaHHs
HaBaHTaxeHHs BII enekrpocTaHii micyis MOBTOPHOT MOAaYi HAIIPYTH.

CIIACOK BUKOPUCTAHOI JIITEPATYPH

1. TlpaBuna ynamTyBaHHs €JICKTPOYCTAHOBOK. BH. 3-T€, mepepod. i Jaom. —
Minnanusenepro Ykpainu, 2017. — 736 c.

2. PoxkxoBa JL.JI. DOnexktpooOopymoBaHuE OIEKTPUUECKUX CTAHIUN W
MoACTaHIMi: YueOHuK s mpod. obpasosanus / JI.JI. Poxkosa, JI.K. KopHaeesa,
T.B. T.B. Yupkosa. M.: U3natenbckuil uentp «Axagemus», 2004. — 448c.

YK 692.92

Maxuin I1.B. *, By6nikos C.C.2 Marycesuu 10.10.?
'kauz. Texn. Hayk., gou. HY «3anopisbka mositexnika»
2CTyJJ. rp. E3-119m HY «3anopi3bka momitexHika

JOCJIIIKEHHSA PEXKUMIB POBOTH CUCTEMUA
EJIEKTPOITIOCTAYAHHSA TITAHOMATHIEBOI'O KOMBIHATY

TexHonoriuHMil mporec BHPOOHWITBA TMPOIYKIIi THTAHOMAarHi€BOTO
KOMOiHaTY € Jy)Xe eHEeproeMHUM 3aBJaHHs, 3a0e3Me4YeHHS HaMiHHOCTI
EJIEKTPOIIOCTa4aHHs (epOCIUIaBHOTO BUPOOHMITBA 3 HAWMEHIIMMH BTpaTaMu
EJIEKTPOEHEPTIT € aKTyaJIbHOIO 33]a4ero.

Cucrema enekTporocrayaHHsi THTAHOMAarHi€eBOro KOMOIHATy € CKIIaJIHOIO, a
JOKepeloM elieKTpoeHeprii € migcranmis « I — JI», «3amopiseka -330kB» i
rigpoenekrpoctaniis «J{Hinporec — 1», Ta «/lHimporec — 2». B 3amexxHOCTI Bix
yacy n00M, TOpH pOKY, IIOJIOXKEHHS B EHEProcHUCTeMi peXHuMH poOoTH i
TiIpOENeKTPOCTaHMLii MOXYTh OyTH PI3HUMHU.

ITposeneno aHayi3 MOXITBHX PEKUMIB poboTn CHUCTEMH
€JICKTPOTIOCTAYaHHS ITPH JKUBIICHHI BiJ ITiACTAHIIIT
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«JI — JI», KoM ceKIii Ta MiXK IIMHHI BUMHKa4i Ha migcTanmii « JI — JI» BKIIOUYEHI
1 OKUBICHHA  3IIHCHIOETBCI 3  TphOMa  IapajielIbHO  BKIIOYECHHMHU
aBTOTpaHC(OpPMATOpAMH, a TAKOX  KOJNM CeKUiHI BHMHWKadi BIOKITIOYEHi, 1
JKUBIIEHHS KOXKHOI 3 JIiHIM MPOBOIUTHCS BiJ OKPEeMOro aBTOTpaHc(hopMaTopa; mpu
BKITIOYEHOMY 1 BIAKIIIOYCHOMY IOJIOKEHHI CEKIIHHOTO BHMHKada HA TOJIOBHIH
3HIDKYBaJbHIA  miAcTaHmii  komOiHaty.  JlocmijpkeHHS  TpOBENeHI  TpH
MaKCHMaJIbHOMY 1 MiHIMaJIbHOMY PEKUMI eJIEKTPOCIIOKUBAHHSI.

[IpoBeneHi TakoXX IOCIHIIKEHHS IIPH YacTKOBO 1 TOBHOMY BKJIIOYEHHI B
poboty rimpoenekrpocTanmii «/IHimporec — 1». VY 3a3HaUYeHUX pEKUMAX
MPOBEICHO PO3PaxXyHOK MOTOKIB MOTYXKHOCTI €JIEKTPOEHEPTii M0 pPI3HUM JIiHisAM
3B'A3KY, BU3HAUYEHI BTPATH MOTY)XHOCTI B €JIEMEHTaX eJIEKTPOMEpeXi, 3HalACHHI
ONTUMAJIBHUH PEXUM POOOTH.

JI1s mpoBeNeHHs NOCIIKEHb CHCTEMH EJICKTPOIIOCTA4aHHS B aBapiiiHOMY
pexxuMi poOOTH TPOBENCHO PO3PAaXYHOK CTPYMIB TpH]a3HUX 1 0AHO(A3HHUX K.3.
IPH PI3HUX CXeMaX eJIEeKTPONOCTadyaHHs (hepOCIIaBHOTO 3aBOLY.

PiBeHB cTpyMiB K.3. BUHIIOB IyX€ BHCOKHI, IIPUIOMY PiBEHb OTHO(A3ZHIX
K.3. IEPEeBUIIMB K.3. I 3HIKEHHS PiBHA TpH(Da3HUX K.3. PO3TITHYTA MOKIIUBICTD
BUKOPHCTaHHA JAUTWIBHOI aBTOMATHKH, LIO i€ Ha BIAKIIOYEHHS CEKIiHHHX
BUMMKauiB Ha muHax 150 kB, B pe3ynbrari 4oro 3MeHIIyBanach KUIbKICTh
JIAHIIOTIB I KUBJICHHS K.3.

Jdnst  3HWKEHHS  pIBHSA CTPYMiB onHoda3HUX y  He#rpam
aBTOTPAHC(OPMATOPIB  BKIIIOYAIMCS 3a3eMIIIOIO4Yi  peakropu. /[l  Bubopy
ONTHMAJBLHOTO  3HAUEHHS  ONOpY  3a3eMIIIOI0YOr0  pPeakTopy  IpOBejieHI
JTOCIIKCHHS 3HIDKEHHS PiBHS CTPYMIB OHO(A3HUX K.3. BiJl HOTO Omopy.

B pesynbTaTi HOCTIIKEHHS 00paHO ONTHMAIIbHE 3HAUYCHHS OIOPY PEaKTopa.

Ha ocHOBI mpoBeeHUX HOCIHIKEHb O0paHHil ONTUMAIBHUN PeXuM poOoTH
CHCTEMH €JICKTPOINOCTa4aHHs (PepOCIIABHOTO 3aBOAY 3 TOYKH 30py MiHIMalbHHX
BTpaT MOTY>KHOCTI, ITPOBECHI JIOCITI/PKCHHS aBapiiHUX PEXUMIB POOOTH CHCTEMH
€JIEKTPOIIOCTaYaHHs Ta 00paHi 3aX0AH JUIsl 3HIKEHHS CTPYMIB K. 3.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. IIpaBuna ynamTyBaHHS €JIEKTPOYCTAHOBOK. BHJ. 3-T€, mepepoO. i gom. —
Minnanusenepro Ykpainu, 2017. — 736 c.

2. Ipuxso B.JI. TIIporpammusii kommiekc KOCMOC onepaTHBHHX
pacdyeTroB PEKMMOB HHEPrOCHCTEM Ha OCHOBE TEIEMETPHYECKOW HHGpOpManun
/BJL IIpuxHo. Tp. WHcTuTyTa 3JEKTPOAVUHAMUKHI HAHY.
Dueprosddexrurrocts: 30. Kues: D] HAH Ykpaunsi, 2000. - C. 118-127.

3. Kpsuios B.A. [TporpamMmHbTit KOMIIIEKC V-VI-50113
aBTOMAaTH3UPOBAaHHBIX pacdeToB Ha [I9BM aBapuifHBIX PEKMMOB U YCTaBOK P3 B
CIIOXHBIX dJeKTprueckux cetsx / B.A. Kpoinos. [Ip. [H-Ty enextpogunamiku HAH
Vkpaiuu: 36. vayk. np. — K.: IEJl HAHY. 2005. - 9.1. — ¢ 17-18.
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VK 621

Hemukina O.B.l, JeMueHko B.1.2

! kamn. Texm. Hayk, go1. HY «3amopizbka momiTexHika
2 eryn. rp. E-127cn HY «3ariopisbka MOTiTeXHiKa

AHAJII3 EJJEKTPOMATHITHUX TPOLECIB B MEPEXKI, SIKA
KUBUTHb YACTOTHO-PETYJIBOBAHUU ITPUBO/JI KPAHOBUX
YCTAHOBOK

bmmspko  70%  emexTpoeHeprii, 1O  BHPOOISAETHCS,  CIIOKUBAIOTH
CJICKTPOJBUI'YHH 3MIHHOTO CTpyMy. Bemnmke po3HOBCIOJKEHHS ENCKTPOIBHUTIYHIB
3MIHHOTO CTpyMy JJs TPUBOAY MEXaHi3MIiB PI3HUX CHCTEM OOyMOBIICHE
MPOCTOTOIO, HAIHHICTIO 1 BITHOCHO HEBEJIMKOIO BapPTICTIO IUX MAIIHH.

IIpoayKTUBHICTh CY4aCHUX MAIIMH 1 arperariB 0arato B 4oMy 3aJie)KUTh BiJl
TEXHIYHOTO PIiBHSA PO3BUTKY AaBTOMAaTH30BAHOTO EJIEKTPONPHBOLY, OO SIKOTO
BUCYBAIOTBCSl BCEe 3pocTarodi BUMOrM. OJIHIEI0 3 OCHOBHMX BHMOT € IIJIaBHE
peryioBaHHs IIBUAKOCTI oOepraHHs. HalleKOHOMIYHIIIUM CIIOCOOOM IJIaBHOT'O
pETYIMIOBaHHA IIBHIKOCTI KOPOTKO3AMKHYTHX aCHHXPOHHHX JIBUTYHIB, SIKi
3a0e3neuyroTh HEOOXiJHI CTaTW4Hi 1 JMHAMIYHI XapaKTEPUCTHKHA MPUBOIY €
YacTOTHE PeryJIIOBaHHS.

B ocraHHiif Wac cmocTepira€Tbcs MiABUIICHUN iHTEpEC MO CTBOPEHHS 1
JOCIIJKEHHSI 9aCTOTHO-PEryJIbOBaHOTO MNpuBOAY. OAHUM 3 TEPCHEKTUBHHM €
JIBOJIaHKOBHI nieperBoproBad 4acTotu (ITY) 3 aBTOHOMHHMM IHBEPTOPOM HaNpyru
(AIH-LIIM). B poGoti ans kpanie 3 YPII, mio mnpaumioTh B IOBTOPHO-
KOPOTKOYaCHOMY PEKUMIi, BO BXigHii iaHku [1U BUKOPHUCTOBYETHCS 3arajibHUIA
BUIPSIMIISIY 3 PEKYIEPaLli€lo eNeKTPUYHOI €HEpril 32 CXEMOIO «IIPO30POroy.

Meperka KHUBJICHHS KPAaHOBMX YCTAHOBOK, IMITyeThcs MOCHIZOBHMMH RiL;
JIAHIIOKKAMH 3 BIAMOBIAHUMH  IHIYKTHBHICTIO 1 aKTHBHUM  OIOPOM:
TpaHchopmaropa - Ry L1r, kabenbHOO JiHi€eto - Ry Lk ,, minsakamu mmH Ry Ly .
Imitaniiiny mozens T4 kpana Oyio pozpobieHo B cepenoBuii MatL AB/Simulink,
puc. 2. BcTaHoBIEHA NMOTYKHICTh KpaHa Py,. = 342 kBT (BaHTaXOmiIHOMHICTIO
167).

AHaJi3 eNneKTpOMarHiTHUX IPOLECiB B KUBHJIBHOI MepeXi BUKOHYBABCS Ha
OCHOBI MOJICITIOBAHHS 3 YpaxXyBaHHIM HACTYITHHUX MpHITyIIeHs [1]:

a) BUCOKOYACTOTHI MyJbcallii HAIpyTru Ha KOHJAEHCATOPi QibTpa Bix CTpyMiB
IHBEPTOPIB, L0 JKUBJISTh JIBUT'YHHU, HE BPAXOBYIOThCS;

6) m- AIH-IIIIM Ta BIigNOBIIHO M- [ABUTYHIB 3aMiHEHI 3araJbHUM
(EeKBIBJICHTHUM) JDKEPEIOM CTPYyMy B PEKHMIi CIOXKHBaHHA ab0 B PeXHMI
TeHeparii;

B) IGBT-tpam3ucropu 3 miomamMu  pO3MISAlOTBCS K KIIFOYi, 3
JIBOCTOPOHHBOIO ITPOBIHICTIO.
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B mpomeci MopmemroBaHHS BHSBIEGHO, IO Yy PEXHMI CIIOXXKHBaHHSA
MaKCHUMajbHEe 3HAUCHHS BXITHOTO CTPYMYy Ma€ II'siTa TapMOHIKa, a y PEXHMi
pexymeparii — cboMa TapMOHIKAa. 3HA4YCHHS BHUIIWX TapMOHIMHUX BXIiZHOTO
(hazHOTO CTPyMy B peXKuMi criokuBaHHS (TIpu cTpyMmi iHBepTopa |j = 500 A) Is =
39%; |, = 12% npm ingykruBHOCTI Mepexki Uy, (S,.) = 3,1 %

HajimpocrimiM Ta HaiimemieBOIiM TNPUCTPOEM IO 3HIKCHHIO BHIIHX
TapMOHIMHKX B )KHBJITYOT MEPEXKI € pEaKkTop.

Bcranosnenns peakropis 3 U,, = 4,5% Ha KpaHi CyTT€BO 3HM)KY€E 3HAUCHHS
BUILMX FapMOHIMHUX 1 Mokparye koedinieHT rapmoHik THD, B sxuBisiaoi mepexi.

Takox Oyyo JOCHIIPKEHO eJIeKTPOMAarHiTHI Mporeci B Mepexi, 10 KUBUTh
rpyny KpaHiB. ENeKTpOXHMBICHHS YOTHPHOX HOPTAIBHUX KPaHiB 3J1HCHIOETHCS BiJ
I[IC 3 tpanchopmaTopom TM-1600/10. 3'eqHanHs MoBKUHOWO 150 M Mix
TpaHC(HOPMATOPOM i MOYATKOM IIKH 3 BUKOHAHO depe3 12 xabenpHUX minil (3x185
+ 1x150) Mm2. To moxusi mms mepepizom 2(120%10) 1, = 3200A posramosani
KooHKH (Nel-Ne4) uepes 35-40 M. PospaxyHkoBa TOTYXHICTh $Ka >KHBUTH
HeniHiiHe  HaBaHTaxeHHs (ITY  kpaHiB)  P,,,.=70% Big  NOTYXHOCTI
Tpancpopmaropa I1C.

3navenns THD, ma posnoxinmsHOMy myHKTI - 0,4 KB csrae mo 27,6% ta
31,5% B pexxuMi CIIOKHMBaHHS Ta PeKyIiepallii HOMIHAJILHOTO CTPYMY iHBepTOpa Ta
NPy BCTaHOBIIEHHs1 BXigHOro peaktopy 3 U,, = 4,5 % Ha KOXHOMY KpaHi.
KoedimienT ciorBopenns Hanpyru (Ky ) csarae 5,3 ta 7,9 %, BiANOBIIHO B PEKUMI
CIIOKMBaHHS Ta pekynepauii o Bianopigae ymosam cranaapry MEK, ta TOCT
13109-97 [2-4].

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Hemukina O. B. IlinBurieHHsT e(eKTUBHOCTI CUCTEMHU €JICKTPOKHUBIICHHS
KpaHiB 3 4YaCTOTHO-PETyJbOBaHUM MPHUBOJAOM [TekcT]:. muc. Ha 3M00YTTS HayK.
cTymneHs kaua.TexH. Hayk : 05.09.03 / Hemukina Onera Bomogumipisaa. — Ogeca,
2016. - 148 c.

2. TOCT 13109-97. MexrocynapCTBeHHbII CTaHAAPT. JEeKTpUYecKas
SHEeprus. JJICKTPOMArHUTHAs COBMECTUMOCTh TEXHHYECKHX CpeacTB. HopMel
KayecTBa SJCKTPUYCCKON JHEPrMH B CHUCTEMax »JIIEKTPOCHAOKEHUS o0O0mero
HasHaueHus. M3nanue opunmnansuoe. Kues: I'occranaapt Ykpanns:,1999.- 31C.

3. Electromagnetic Compatibility (EMC) of Technical Equipment, IEC
61800-3:2012International Standard, 2012.

4. Limitation of Emission of Harmonic Currents in low Voltage Power
Supply Systems for Equipment with rated Current Greater than 16 A Per Phase,
IEC 61000-3-12:2004 International Standard, 2004.
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YK 629.92

Kymnarin I[.O.l, Korno B.B.?2

! kanz. Texu. Hayk, pod. HY «3amopizbka momiTexHikay»
2 eryn. rp. E-119m HY «3amnopisska MOTiTeXHiKa»

AHAJII3 PO3BUTKY BITPOBOI EHEPTETUKH B YKPATHI

Bitpoenepretuka € cmoco0OM OTpPHUMAaHHS EIEKTPUYHOI eHeprii 3a
JIOTIOMOTOI0 ~ BITpYy. 3aco0m OTpUMaHHA €Heprii BITpY - BITpOTypOiHH
(BiTporeHeparopu, BITPOBI YCTaHOBKHM), sKi 00'€IHYIOTP y TaK 3BaHi
Bitpoenekrpocranmii (BEC). BiTpoeHepretrnka - ramxy3s BiITHOBHOI CHEPTETHKH,
sKa CreLiali3yeTbCsl Ha BUKOPUCTaHHI KiHeTHYHOI eHeprii BiTpy. Lle oqun 3 Tux
CHoCco0iB BUKOPUCTaHHS €HepTii HaBKOJIMIIHBOTO CEPEeIOBUINA, IO OYB BiJOMHIA 3
naBHiX 4aciB. J[kepeno BitpoeHepretuku - CoHIe, OCKUIBKM came HOro
AKTHBHICTh CIIPUYMHIOE YTBOPEHHs BITpY. ATMocdepa 3emii BOMpae COHAYHY
pazianiro HepiBHOMIPHO Yepe3 HEOJAHOPIIHICTh i MOBEPXHI Ta PI3HUI KT MaiHHS
CBITNIa Yy PI3HMX LIMPOTaX Yy Pi3HI mopu poky. I[loBiTps po3mmproeThes Ta
MiTIHMAETBCS YTOPY, YTBOPIOIOYH MOTOKHU. Tam, [1e MOBITPs HArpiBaeThCs OLIbIIe,
i TOTOKH MiJHIMAIOTHCS BHIIE 1 30CEPEPKYIOThCS y 30HAX HU3BKOTO THCKY, a
XOJIOJIHINIE TIOBITPSI 3QJIMIIAETHCS HIKYE, CTBOPIOIOYM 30HM BHCOKOTO THCKY.
PizHnns armMocgepHOTo THCKY 3MYIIY€E TOBITPSI epecyBaTHCS Bill 30HHM BUCOKOTO
THCKY JI0 30HM HU3BKOTO THCKY 3 TIPONOPHiHOI0 mBHAKICTIO. L€l pyx nmoBiTps Mu
i HasuBaemo BiTpoM. I1[00 Haiikpaille BUKOPUCTATH BITPSHY CHEPIii0, BaXKIUBO
JIOCKOHAJIO PO3YMITH JOOOBI Ta CE30HHI 3MiHHM BITpY, 3MiHYy IIBHJIKOCTI BITpY
3aJIeXKHO BiJl BUCOTH HaJl TIOBEPXHEI0 3eMJIi, KiJIbKICTh MOPUBIB BITPY 32 KOPOTKI
BIJIPI3KH Yacy, a TAKOK MaTH CTATUCTHYHI JaHi Xoua 0 3a ocranHi 20 pokis. Bix
3aranbHOi KinbkocTi eHeprii CoHus juiie 1-2 % NepeTBOPIOETHCS HAa EHEPrilo
BiTpy. Ll KUIBKICTh BH'STEPO NMEPEBHIILYE PIYHY CBITOBY €HEPreTHYHY MOTpeOy.
Cy4acHa TEXHOJIOTISI JlTa€ 3MOT'Y BHKOPHCTOBYBATH TIIBKM TOPH30HTANIBHI BITpH,
IO PO3MIMICHI OJIM3BKO J0 MOBEpPXHI 3eMili i MarTh MBHAKICTH Bix 12 mo 65
kM/To71. OCHOBHA BiIMiHHICTh TaKOi €NEKTPOCTAHIIIT BiJl TPAAUIIIHUX (TCILIOBHX,
ATOMHHUX) IOJIATAa€ y MOBHIHA BiJICYTHOCTI CHPOBHHU Ta BigXOHiB. €JMHA OCHOBHA
BUMOTa - BHCOKHI cepeaHbOpiuHMH piBeHb BiTpy. IlOTyXHICTH CcydacHHX
MPOMUCIIOBUX BiTporeHeparopis pocsrae 6 MBT. JIto1cTBO BUKOPHUCTOBYE €HEPTiIO
BiTpy Bxke Oimpme 5000 poxiB. OxHuM 3 HalmepmINX BHHAXOMIB, SIKHHA
3aCTOCOBYBAaB BUKOPUCTAHHS €HEprii BiTpy, Oyno Birpmio. Ille y 3500 p. mo H. e.
MOpETIIaBI[i BUKOPHCTOBYBAIHM CHIIy BITPY, OO iTH miJ BiTpuiaMu. BitpuibHi
qoBHM xomwi Himom y JlaBHbomy €runti. ToOTo BiTpmio OyJ0 TepHIor
JIOTIaTEBOIO0 MAIIMHOI0, M0 BHUKOPHUCTOBYBAjla €HEPTii0 BIiTPY. 3BHYAWHI BIiTPOBI
MiauHE Oynu Bxke B Kutai 2200 pokiB Tomy. Ha Cepemnbomy Cxomi, y Ilepcii,
6m3pko 200 p. 10 H. €. MMoYajaH 3aCTOCOBYBATH BITPSHI MJIMHH 3 BEPTUKAIHLHOIO

34



BICCIO [UI1 TEPEMENIOBAaHHA 3€pHA, X BHUIOTOBISIM 3 B'I3aHOK OYEPETY,
MPUKPIINICHUX 0 JepeB'sTHOi paMKH, mo obepranacs, ko AyB BiTep. CriHa, mo
oTOodyBaJia BITPSK, CIPSAMOBYBaJla IIOTIK BIiTPY mpoTH jnomaredl. Hadmpocrimmi
BiTpoBI MumHH Manu fgocutTh Hu3pkuit KKJI, He3Bakaroum Ha Te, IO JOmari
BUTOTOBJISUTUCH 3 TOCUTH JIETKOTO JiepeBa uu Martepii. [IprauHoio HeeeKTHBHOCTI
Oyno Te, MO CUia BITPY, sIKa IITOBXaja ONHY MOJOBHHY BiTPOKOJIECA, OJHOYACHO
ragbMyBaja iHmy uwactuHy. Y PamsHcekomy Corosi  mepmia  BiTpoBa
EJIEKTPOCTAHIsI MOTYXHicTIo 8 kBT Oyma cnopymxena y 1929-1930 pp. min
Kypcbkom.

UYepes pik y Kpumy 6yno nobynosano 6ineiry BEC moryxuictio 100 kBT,
0 Ha TOW yac Oysa HaiOLIbIIOW Yy cBiTi. BoHa ycminHo mpairoBaia ao 1942 p.,
ane mix yac BiHM Oyina 3pyiliHoBana. Ilpore HalmBHImIEe BiTpOEHEpreTHKa
po3BuBanacs y CHIA - me y 1941 p. tam moOymysanu nepury BEC motyxHiCTIO
1250 &Bt. OcTaHHIMH pOKaMH BiTep BCE INUPIIC BHUKOPUCTOBYETHCS IS
onepkaHHsA eyeKTpoeHeprii. CTBOPIOIOTBCS BITPSIKM BENMKOI IOTYXHOCTI 1
BCTAHOBIIIOIOTHECSA HAa MICIEBOCTI 13 YaCTUMH W CHIIbHUMHE BiTpamu. KimbKicTh i
AKICTh TaKUX IBUTYHIB 3pOCTa€ MIOPIYHO, HANATOMKEHO cepiliHe BUPOOHUIITBO.
Hanpuxnan, y Hinepnanmax croctepiraeTbcsi Tak 3BaHHH MipOIIHHIBKUA OyM.
VYpsia 3anpornoHyBaB BesUKi cyOcHIil yciM, XTO BiIKpHE BiTpsik. HaBiTh mapnameHt
KpaiHy, 1110 10ailyIMBO OXOpOHSE "XapaKTepHHUil HalliOHAIBHUN Nel3ax" 1 BUCTynae
NPOTH HAIMIPHOTO IIyMy, IBOIO pa3dy HEe 3amepedyBaB MPOTH BUKOPHCTAHHS
€KOJIOTIYHO dYHuCTOl BiTpoBOi eHeprii. Humi na teputopii Himepmaumis, mio
no30aBneHi 3amaciB  Byriyuisi, HaTH ¥ ra3zy, [iloTh OJM3BKO  THCSYI
BITPOTEHEPATOPiB  CTPyMy, IO 3aJOBOJIEHSE TOTpeOM Bciei KpaiHW B
esrekTpoeHeprii npubausHo Ha 10 %. BiTep € cTHXi€l0 MOTYXHOIO i NPaKTHYHO
Bcroaucymo. [Ipore BoHa Mae i HENOJIKHM, IO 3aBagWiO il MOMIMPHUTHCS SK
OCHOBHE JKepero 3a0e3neyeHHsI.

YK 629.92

Bpartkoschka K.O., Jliym 0.B.", Binenskuii B.B.

! kanz. exon. Hayk, nom. HY «3aropisska momiTexHika
2 eryn. rp. E-519m HY «3anopisska momiTexHiKkay

AHAJII3 EGEKTUBHOCTI KOHAEHCATOPA EHEPI'OBJIOKA AEC

Konnencaniiina ycTaHOBKAa IpU3HAYeHA U 3HIKCHHS MapaMeTpiB MapH 3a
TypOiHOIO, IO € OJHUM 3 OCHOBHHUX CITOCOOIB TIOCSITHEHHS BUCOKOTO TEPMidHOTO
KK mapoTypOiHHOT yCTaHOBKH, OCKIIBKHM BiJIOMO, IO TPH 3MiHI THCKY 3a
TypOinoro Ha 1 kIla ekoHOMiUHICTh MapoTypOiHHUX ycTaHOBOK AEC 3MiHIOETBCS
npubanzHo Ha 1,5-2%.
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TexHiYHUH CTaH KOHICHCALIHHMX NPUCTPOIB MApOTYpOIHHMX YCTAaHOBOK
3HAYHOIO MipOI0 BH3HAYa€ BEIMYWHY BTpAT eleKTpudHoi eHeprii. [lopymieHHs B
poOOTI KOHICHCATOPIB MPHU3BOIATH OO BUMYIICHOTO 3HIKCHHS EIEKTPUIHOT
MOTY>KHOCTI €HEeproOJOKy 1 MOTIpIIeHHS HaAIHHOCTI, a TaKoX IO iCTOTHOTO
HEeTOBUPOOITKY enekTpoeHeprii. 3a omiHkamu ¢axiBniB IliBIeHHOYKpaiHCHKOL
AEC d4epe3 3a0pynHeHHS KOHAEHCATOpiB Ha eHeproOmomi Nel B Micsp B
cepeanbpoMy BTpavanock 20-30 muH kBt rox, Ha 6o Ne2 5-15 mua kBt rox, mo
BIANOBIJa€ MIPOCTOIOBAHHIO €HEPToOOIJIOKY HPOTATOM IiB1oOM abo n00y. 3HMKEHHS
BUPOOITKY eNeKTpoeHeprii BilOyBaeThcsl SK BHACIIJOK IMOTIPLIEHHS Bakyymy B
KOHJICHCATOpax, TaK 1 4Yepe3 PO3BaHTa)KEHHsS €HEpProOJIOKIB I MOIIYKY MPUCOCIB
BoJM. MoJepHi3ali€lo KOHAEHCATOPIB MapOBUX TYPOIH MOKHA JIOCSTTH CYTTEBOT'O
NPUPOCTY TeHepallii eNeKTPUYHOI eHepril IPH BiTHOCHO HEBUCOKUX KaliTaJbHHX
BKJIQICHHAX MOPIBHSIHO 3 BUTpaTaMu Ha OyIIBHHITBO HOBUX eHeprooiokiB AEC, a
OIIiHKA X TEXHIYHOTO CTaHy JO3BOJUTH BYACHO BXKUTH HEOOXiTHI 3aX0IH.

B Vkpaini mirote 4 atomHi enekTpocTaHIii 3 15-t0 eHeproOmokamu, 12 3
skux Ha 2020p. MaroTh TepMiH ekcruryartarii monHan 30 pokiB, MoaepHi3aIlis
HasBHOTO OOJamHaHHA HeoOXimHa A 3a0e3leUeHHS eHeproOe3meKku YKpaiHw,
BUKOHaHHA EHeprerwunoi cTparerii kpaiHW, a TakoX Ja€ MOXIHMBICT poOOTH
obnannanns AEC chinbHO 3 eHeprocucreMaMH €Bponeichkux kpain. Ha nBox
eHeproOsokax 3 15 ocrannim 4yacom (Ne 2 BII «IliBnenHoykpaincbka AEC» Ta
Ne3 BII «3anopisska AEC») mpoBemeHa MoOAepHi3allis KOHJICHCATOPIB
NapoTypOIHHUX YCTAHOBOK 3a MPUHIIMIIOM «OJIOYHO-MOJIYJIBHOT0» BUKOHAHHS, SIKI
MOXYTh IIpalfoBaTH IMpH pI3HUX YMOBaxX ekciutyatauii enepro6mokis AEC
notyxkHictTro 1000 MBT. VHikagpHa KOHCTPYKINS KOHAEHCATOpiB 3abe3rmednia
MiBUICHHS TEIUIOBOI MOTYXHOCTI PEAaKTOPHOI YCTAaHOBKH EHEProOJIOKIB 10
107 %.

Tuck B KOHAEHCATOpPI 3aJICXKWTHh BiJl HACTYITHUX OCHOBHHX IIapaMeTpiB:
TEeMIIepaTypyd OXOJIOJUKYIOUOi BOAM Ha BXOJi, KpPATHOCTI OXOJIOJDKEHHS,
Koe(ilieHTa Temonepenadi i MUTOMOrO IApOBOTO HaBaHTAXEHHA. Tomy
JOCTI/DKCHHST 3MIHH €JeKTPUYHOI MOTY)KHOCTI TypOOYCTaHOBKM Ha 3aTHCKadax
TeHepaTopa MNpH 3HWKEHHI BHUTPAaTH Naphd B KOHJACHCATOpPi Ta TpPH IOSBI
3a0pyIHEHb TIOBEPXHI TEIUIOOOMIiHY, € aKTyaJIbHUM.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. Terui00OMEHHUKH HSHEPreTUYECKUX YCTAHOBOK. YUeOHOE JIICKTPOHHOE
m3nanue K.O. Aponcon, C.H. bmunkos, B.W. Bbpesrun, IO.M. Bbpomos, B.K.
Kymmos, N.J1. Jlapuonos, M.A. Hupenmreiin, I1.H. Ilnotaukos, A.1O. Ps64nkos,
C.N. Xaet// Ekatepunoypr, Yp®@V 2015. [Enekrponnuii pecypc]

2. 3amina kouzaeHcaropiB TypOin Ha FIOYAEC: 3ammaHoBane Bmamocs Jlara
nyomukarnuu: 12.2019. 0. Hikycap, O. Pesnmk [Enexktponnmii pecypc] Pexum
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noctymy no mauux:https://www.sunpp.mk.ua/ru/publications/8318/— 30.01.2020 p.
— 3aroJIoBOK 3 eKpaHy.

3. KorneHcaTop HOBOTO IOKOJEHHS «OJIOYHO-MOIYJIBHOW» KOHCTPYKLHH
st typooycranoBku K-1000-60/1500-2 3amopokckoil aTOMHOM SIICKTPOCTAHIIHA
/ AH. Yce, C.T. INamok, A.B. ITargenko, A.B. Illasmakos, 1.X. Xapmammoumu //
[Ipo6memu mammHOOYnyBanHs. — 2018. — T. 21, Ne 1. — C. 4-10.

VK 629.92

Bparkoscska K.O.), Bonkosa K.0.%, Ouapenxo M.B.?
! kanz. exon. Hayk, nom. HY «3aropispka momiTexHiKkay
2 ctya. rp. E-119m HY «3anopi3bka mosiTexHiKa

® cryn. rp. E-519m HY «3amopisbka momiTeXHiKa

MPOTHO3YBAHHS OBCATIB CMIOKUBAHHS EJIEKTPOEHEPT TH

CrioxuBaHHA eJIEKTpOeHeprii HaceJIeHHSIM i IPOMUCIIOBUMHU
MiATIPHEMCTBAMH ~ 3aJICKUTh Bi  0aratbox (akTOpiB: CTaH EKOHOMIKH,
TEeMIIepaTypHHUH PEXUM, Jac JOOH, MOTOAHI YMOBH i1 T.1. B pa3i nepeBaHTa>keHHS
Meperka MOKe BUMTH 3 J1aJy, 0 CIIPUYNHHATH TSHKKI HACIITKH.

[ocrifiHa HEOOXiOHICTP IOCTAYaHHS CICKTPOCHEPTIEI0 HACENeHHA 1
MPOMHUCIIOBUAX MIANPHEMCTB IMOPOHKYE HEOOXIAHICTH CEPHO3HOTO 3aXUCTY BiJ
NOoJIOMOK. [IpUIMHEeHHs HaXO/PKEHHS eHepril Ha )KUTTEBO BaXKJIMBI 00'€KTH MOXKe
CTaTW NPUYMHOK KaTaCTPO(H 1 MPUBECTH IO HACTUIHKU BEJIMYE3HUX (DIHAHCOBHX
BTpaT, 10 B OUIBIIOCTI BUIAJKIB JIOIJIbHILIIE BUTPATUTH TPOII HA 3aM00iraHHs
KPHU30BHX CUTYyallil.

BupimieHHss 1pOro NHTaHHS MOXe OyTH TPOBEAEHO JABOMA HUISIXaMH.
[Mepiuuii nmosisrae y BUBUSHHI Ta NOCTIHHOMY MOHITOPHHIY CTaHy OOJaJHaHHs, a
TaKoX B IPOTHO3YBaHHI CTaHy Ha KiJIbKa repioniB Brepen. Lled miaxin Bumarae
CTBOpEHHsI cHucTeMH 300py iHpopmamii Ta TpuBajoi poOOTH eKcrepTiB i
aHANITUKIB. Pe3ynpTar JocCsraeThcs 4yepe3 IOCHTh BEIUKHH INPOMIDKOK dHacy i
BUMarae 3Ha4YHMX (DIHAHCOBHMX BUTpaT. AJlle TUM HE MEHII, BiH CTaOUIBHHMH 1
JIO3BOJISIE B JIOBIOCTPOKOBIH MEPCIIEKTHBI TIOBHICTIO yOe3neunTn cede BiJl pU3HKIB.

AJbTEpHATHBHUM CIIOCOOOM € ITPOTHO3YBAHHSI CIIOKUBAHHS €JIEKTPOSHEPTil.
Sk mpaBwito, (axiBIi 3HAIOTH MPO MOTCHIIHHI MOXKIMBOCTI €JIEKTPOMEPEX Ta
iH(opMamii Ipo CoXUBaHHA iM OyJe TOCTaTHBO IS MepeadadeHHs eKCIIePTHUM
HIISIXOM MOXJIMBHX TOJIOMOK. Lle#i nuisix Bumarae He3Ha4HUX (PiHAHCOBHMX BHTpPAT
a00 3HAYHOTO Yacy Ha 30ip pemnpe3eHTaTUBHUX BUOiIpok. [H(hopmalis, HeoOXigHa
JUTsI TIPOTHO3YBAHHS, SIK TIPABUIIO, 30MPAETHCS JATIMKAMHU Ha €JIEKTPOCTaHIIIi abo
KOMYHAIIbHUMU cITy>kOamu. JlaHuil migxim gae MeHII cTaOilbHI pe3yibTaTH, aye
BOHH IPOSIBIISIIOTECS B 3HAYHO KOPOTILIHH TEepioj Jacy.
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MaxkcumanpHOTO eheKTy B 3axHCTi Bif 3001B 1 MiHIMI3amii pU3UKy MOKHA
JOCATTH 3aCTOCOBYIOUM o0OWIBa TMmiaxomd B Komiwiekci. Ilpm mpomy mos
MiABUIICHHS €(eKTUBHOCTI CIOXXHWBAaHHS EJIEKTPUYHOI EHeprii IpOMHUCIOBHM
MiATIPEEMCTBOM, 30KpeMa, Ui BH3HAYCHHS OCHOBHUX (DaKTOPIB, IO BIDIMBAIOTH
Ha 00CSTH CHOXHBATOI EIEKTPOCHEPTii B TEXHOJIOTIYHOMY IIPOIIeci , Ta MO0y I0BH
MaTeMaTHYHUX  MOJENed  CHOXWBAaHHA  CJEKTPOCHEeprii  Mmigpo3aiaMu
HiANPUEMCTBA, MOKYTh 3aCTOCOBYBATHCh 3aCO0M EHEPTETHYHOTO MEHE/KMEHTY.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Caraiima, III. [ocmimkeHHs MeToAiB, Momenedl Ta iH(OpMAIiHIX
TEXHOJIOTiM s TPOTHO3YyBaHHA crokuBaHHA ejnekrpoeHeprii / ILI. Caraiina,
E.B. Mixkaensn / Hayunsrit Bectauk JJITMA. — 2018. — Ne 1 (25E). — C.24-31.

YK 629.92

Bparkoscska K.O.' Top6enko B.I. %, Kymsic A..O.°

! kanz. exon. Hayk, nom. HY «3aropispka momiTexHikay
2 ctya. rp. E-517 HY «3amnopi3bka mosiTeXHiKa

3 eryn. rp. E-519m HY «3anopisbka moTiTeXHiKa

HOMMNPEHHSA 3ACTOCYBAHHA 'EJTIOCUCTEM JJIA
EHEPT'O3ABE3IIEYEHHA BY AIBEJIb

BpaxoByroue ctpimke 3poctaHHs TapugiB Ta miH Ha [IEP Ta BuTpaT Ha ix
OIUIaTy, aKTyaJbHUM 3aJMIIAETHCS IiIBUIICHHS eeKTHBHOCTI criokuBaHHs [IEP
Ta BUKOPHCTaHHS €Heprii 3 BIIHOBIIOBAHHMX JPKEpeN Ha INPHEMCTBAX Pi3HOTO
npodiko, MO TaKoXK € Oe3nocepeHb0 HEOOXITHUMU IS 3HWKCHHS €HePreTUIHOL
3aJIe)KHOCTI KpaiHu.

BpaxoByroun 3pocTaHHS aKTyaii3amii BUKOPHCTAHHS COHSYHOI eHeprii, A
OIIIHIOBAaHHS JOLIIBHOCTI BCTAHOBIICHHS TEIIOCHCTEM MOXKHAa BHKOPHCTOBYBATH
JIBOPiBHEBI HediTki mMonemi. s 1poro HEOOXiqHO 3a JOMOMOTOK EKCIEPTHOTO
OIIIHIOBAaHHS METOJIOM PAaHXyBaHHS CHOPMYBATH MATPUINI0 NPUHHATTA DPIlICHHS
IIOAO0 KaTeropi mapameTpiB Ta MAaTPHUINI0 TNPIOPUTETHOCTI LUX IapameTpiB.
HacTynmHMM KpPOKOM € 3a JaHHMH, OTPUMAHMMH 3 MaTpHUIlb, BCTAHOBUTH MMUTOMY
Bary KOXKHOTO KpHUTEpis 3a3Ha4eHHX I[apaMeTpiB Ta IPIOPUTETHICT CaMHUX
mapaMeTpiB, BINMOBIMHO SKHX 1 BH3HAYAETHCS JOLLUIBHICTh BCTAHOBIICHHS
remiocucteM. Cepex BHIIE3a3HAUCHHWX KpPUTEPIiB HaHOLIbNIY NPIOPUTETHICTH
MalTh KJIac eHeproe(eKTHBHOCTI OyaiBii, OnagoBaJbHa IUIOMA OymiBiIi,
cepelHbO/ICHHUI PiBEHb COHSYHOI pajialii Ha TepuTopii po3TalryBaHHs OyniBii,
TEXHIYHI XapakTepUCTHKHM OOJIaJHAHHS, TEPMIH OKYIHOCTI Ta TEpPMIH
eKCInTyaTaltii.
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B pamkax peaizatii cuctemu constaroro teronoctadanas (CCT) B odicHii
OymiBii pO3TIAHYTO [Ba BapiaHTH TETIOKOJEKTOPHOI CHCTEMH: 3 IUIOCKUM
corssganM KoJyekTopoM (CK) SCF-2.5A Pro abo Bakyymumm Altek SC-LH2-20.
BigmosigHo 3aranpHii omiHI oniutsHOCTI BetanoBiaeHHss CCT Bu3HaUYeH] BUXIAHI
MHOXXHHH JaHWX XapaKTepH3yIOThCS HediTkuM TepmMoM [| = «/loOpuii piBeHb
IouiTbHOCTI». Il03UTHBHUI pe3yibTaT MiATBEPAMB MOIUIBHICTH BCTAHOBICHHS
CCT sk 3 muiockuM CK, Tak i 3 BaKyyMHHM. AJie BCE K NIPIOPUTETHICTh HANAETHCS
CCT 3 muockum CK, 1o xapakTtepu3yeTbesi JOCTATHIM PiBHEM I'eHepallil TerioBol
eHeprii Ta KparyM TEPMiHOM OKYITHOCTI.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. I'paboBenpkuii, 5.€. MeToan ekcrepTHUX OLIHOK: TEOpis, METOJOJOTis,
HarpsMKu BukopuctaHss [ Tekcr]: monorpadis / b. €. I'paboBenpkuii. — Binnuns :
BHTYVY, 2010. - 171 c.

YK 629.92

Bpartkoschka K.O.!, Irymenos B.A?

! KaHJ. eKOH. HayK, no1l. HY «3amnopi3pka momiTexHika»
Zeryn. rp. E-119cn HY «3anopisbka nositexHika»

HIABUINMEHHA EGEKTUBHOCTI EJIEKTPOCIIOXKNBAHHS B
HPOLECI HPOXOAKEHHSA NTPHUYUX BUPOBOK HA
NIIIMPUEMCTBAX I'TPHUYOI MIPOMUCJIOBOCTI

VY mporueci po3poOKH POJOBHUII PYAHUX Ta HEPYAHHUX KOPUCHUX KOMAJIMH
BUHUKAE TIOTpebda B 3a0C3MEYCHHI MAaKCHMalbHOI €(QEeKTHBHOCTI CHCTEM
eHepromnocTtadanHs. Lle cTocyeTbcst B mepiry uepry eleKTpudHOi eHeprii. OpHax
JaHa Taly3b NOTpedye 3abe3medeHHS e(EeKTUBHOCTI y BKpail crennidHux
YMOBaX.

Crenngiuyai  yMOBH  eKCIUTyarTamii eJeKTpOoOoONaJHaHHS HA TIPHUYIHX
MIANPUEMCTBAX CHOHYKAlOTh [0 BHUKOPHCTAHHS CIEMialbHOTO BHUKOHAHHS
PYAHUKOBOTO 00OnagHaHHs. PO3pi3HAIOTH PYAHUKOBE HOpPMajbHE BHUKOHAHHS
obnamgnanus (PH), pyaaukoBe o6iagHaHHS MiABUINEHOT HAAIMHOCTI IPOTH BUOYXY
(PII), pynnukoBe BuOyxoOesneune obGnanHaHHs (PB), pynHHKOBE 0C00IMBO
BHUOyxo00e3neune obnannanus (PO). Buxonsuu 3 mux maHux Tpeda po3yMiTH, Mo
pi3Hi BUAM 001 HaHHA MAIOTh NIEBHI OCOOJIMBOCTI, IO TaKOX Tpeda ypaxoByBaTu
Ml 4Yac NPOEKTYBaHHS CHUCTEMH €JEKTPOIOCTAu4aHHA JUIS TEBHHX YMOB
KOHKPETHOTO IMiAPUEMCTBA.
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JKuBneHHS CIIOKMBAdiB €JNEKTPUIHOI €Heprii Ha MiAMPHEMCTBAX TipHUIO]
ramy3i IpOMHCIIOBOCTI, IO MPUIMAIOTh y4acTh Oe3MmocepenHbO y IPOXOKEHHI
TipHUYHX BHPOOOK, BUKOHAHO Hampyroto go 1000 B.

BaxmBy poib B CHCTEMi €IIEKTPONOCTAYaHHSA CIOXKMBAUIB Y ITiI3EMHHIX
YMOBaxX Bifirpa€ TpPaBWIBHUN pO3paxyHOK Ta BHOIp KaOelpbHHX IiHIH.
HuzpkoBonbTHI KabenbHI JIiHII 32 JaHWX YMOB pO3PaxOBYIOTH 3a TPHUBAJIO
JONYCTHUMHUM HaBaHTQ)XEHHAM Ta 3a JOMYCTHMOIO BTPAaTOI0 Halpyru. Brparn
HaIrpyru B KaOesbHil niHii [2]:

\3-1-0-cos¢-100

AU , % 1)

ne | — cunma crpymy, A; Un — HOMiHanbpHa Hampyra mepexi, B; | — nomxunna

Kabemo, M; cos ¢ — Koe(ilieHT MOTY)XHOCTI; Y — MHUTOMHUH ONip NpPOBITHHKA,
2, . . 2

M/OM-MM®; S — IIOIIA MTOTIEPEYHOTo Nepepi3y MPOBiTHUKA, MM,

JAnst eneKTponocTayaHHs CIIOXKHUBAYIB y MiJ36MHUX YMOBAX 3 4acoM Harpyra
Mepexi 660 B crana mepeBaxaru Han Hampyroro 380 B. Jlns mepeBipku mepesar
Hanpyru Mepexxi 660 B mam 380 B y 3amaHmx ymoBaX BHUKOHAHO PO3pPaxyHOK
Mepexi eNeKTPOIIOCTaYaHHs Ui JKUBICHHS OIHOTO 31 CIIOXKUBAdiB IUTEHHUII
MiATIPHEMCTBA 3 TPOXOJKCHHS TIPHHYINX BHPOOOK. Y SAKOCTI CHOXHBada Oyio
00paHO MIAXTHY HaBaHTaXXyBaJbHO-TpaHcIOopTHY MammHy Sandvik LH409E, mo
Mae eNeKTpUYHUI MpuBij Big oxHoro apuryHa tumy K11R315S4.

OcHoBHi naHi mo/a0 nepesar Hanpyru 660B wan 380B 3Beaeno 1o Tadswmi 1.

Tabunuus 1 — ITopiBHSIHHS pe3yJIbTaTiB PO3PaxyHKY

. Bennuuna Hanpyru

Sandvik LH409E 38308 660B
TlepeTHH THYYKOT0 Kabemio, MM” 95 35
Cymapui  BIpaTn  HAMPYTH B | 39 7 Ayjon 59,64 <AUnon
HOPMaJIbHOMY pexumi, B
dakTryHa Hampyra Ha 3aThckadax | 236,17< 439,07>
JIBUTYHa IIpU IycKy, B Ugon.MiH.n Uporn.Min.n
Ix(3) B Toumi K1, kA 12,832 7,486
Ix(2) B Toumi K1, kA 8,020 4,679

Touka Kl — kmemu BBigHOrO aBTOMAaTHYHOro BuMHKada PII-0,66xB

(um3bkoBoObTHE Bimainenns mifacraniii KTIIB-250/6).
Buxonsun 3 paHMX TOPIBHAUIBHOT TaONMLI HAmpyr, MOXXHa 3pOOHTH
BHCHOBOK, IO TIepexij 1o Hanpyru 660 B oOymoBieHuit:
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1) BemuuuHOIO TIepeTHHY ¢imepHOTo Ta THyukoro kabemis. [Ipu Hampysi 380
B mns enexrporioctadaHHS TipHAYHX MAIIHH HEOOXiqHI kKaberi 3HaYHO O1BIIOro
mepepizy, HiK npu Hampysi 660 B, mo npu3BoAWTH MO TOTipIICHH YMOB
BUKOPUCTAHHS MAIINH Ta OLTBIINX €KOHOMIYHHUX BHTPAT;

2) BenmmuuHOKO BTpaT Hampyrd. CymapHi BTpaTd HalpyTH Mepeki B
HOpMaJbHOMY pekuMi pu Hampysi 380 B mepeBumytoTs IOMycTUMY BETHIHHY
BTpaT HaIpyTH, IO MOTIpIIye SIKICTh Mepeaadi eJeKTpOeHepPTii;

3) HecTayerd HAmpyrW Ha 3aruckadax auryHa. (DakTHYHa Hampyra Ha
3aTHCKa4yax JBUTYHAa B ITyCKOBOMY pexumi npu Hampysi 380 B menma, Hix
MiHIMaJbHa JOIyCTHMa Hampyra npu nycky. lle o3nauae, mio 37iHCHHTH TyCK
nmeuryna K11R315S4 BJIM TORO-400E npu Hanpys3i 380 B HeMox1BO;

4) BENMYUHOI CTPYMIiB KOPOTKOTo 3amukanHs. [Ipu Hampysi 380 B crpymu
KOPOTKOTO 3aMHKaHHS MAaloTh OUTbIIE 3HAYEHHS, IO BIIMBAE HA IOAANBIINI
BUOIp amaparypu, KaOelnbHHX JIiHIA, BU3HAYCHHS YYTIMBOCTI amapaTypH
KEPYBaHHS Ta 3aXHCTY.

Crizx 3a3Ha4MTH, IO Ha JaHWH MOMEHT 4acy Hampyra 35 kB Tex oTpmmana
nepesary nepes 6 KB 1 BUKOPUCTaHHS B Mi3€MHUX YMOBaX y 3B’ 513Ky 3 THM, IO
3 MipKyBaHb HaIIHHOCTI HEOOXiTHO MParHyTH 0 3MEHIICHHS KUTbKOCTI €JIEMCHTIB
CHCTEM eJIEKTPOIIOCTaYaHHs, B TOMY YHCIHI 1 JIiHIH, sKi )KMBJIATh LEHTPaJIbHY
Mi3eMHY MiJICTAHII0. 3IIHCHEHHS TAKAX CXEM MOXJIMBO ILISIXOM ITiBHIICHHS
HAaIpyTH, IO MOJA€ThCs Ha LIEHTPAIIbHY MiJ3EMHY ITiICTaHIIO.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. IlpaBuna ynamryBaHHs enektpoycraHoBok [Tekcr]: IIVE-2017. — Ha
3aminy [1VE-86 ; unnnnii 3 2017-08-21. — K.: MineneproByrisuist Ykpainu, 2017.
—617c.

2. Miensk, I''I'. EnexrponocrayanHsi TipHUYUX MiANPHEMCTB. JlOBiAKOBHI
nocionuk [Tekct] / I'.I'. TliBusik, M.M. binui#i, .M. Baxin — JIHINpOmeTPOBCHK,
HI'Y, 2008. — 550c.

YIK 628

3aGonorueiii ALY, Kymic A.O.

! kany. TexH. Hayk, o1, HY «3anopokcKasi OMHTEXHAKa
2 cryn. rp. E-519m HY «3anoposxckas moiauTexHuKa»

MOJEPHM3ALINSA CUCTEM YJIUYHOI'O OCBEIIEHUSA

Cucrema yJIMYHOTO OCBEIICHHS 3alI0POKbs SABISIETCSI HEOTHEMIIEMOH 4acThIO
ropoackoro xossictBa. Ilo cocrosmmto Ha 01.01.2013 B 3anopoxse
HacYMTHIBAIOCH Oosee 40 ThIC. paboOTAlOMMX W TOYTH 2 ThIC. HEpabOTAIOMUX
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YIAUYHBIX CBETWJIBHHUKOB. [lomaBisiomee OONBIIMHCTBO CBETHIBHUKOB TIOpOAa
000pyIOBaHBl JIAMIIAMH CTapblX THIIOB, KOTOPHIE HMMEIOT BBICOKHH YpPOBEHBb
MOTPEOICHNUST MEKTPOIHEPIHN W CPABHUTEIHHO HE3HAYUTEIBHBIH CPOK CITYXKOBI.
Cpenuuii TOmoBO 00BEM NOTPEOJICHHUS AJIEKTPOIHEPTUH CHUCTEMOH YIUYIHOTO
ocBenieHnsl 3amopoxkee coctaBmi B 2012 romy OGomee 13 mua kBru. Ha
NPOTSHKEHUM TIOCHEIHUX 5 JIET pacxoapl W3 Oro/pkeTa TopoJa Ha YIHYHOE
OCBEIlCHHE BBIPOCAM B 3 paza (YTO CBSI3aHO C pocTOM Tapu(poB Ha
anekTposHepruto) u B 2012 roxy coctaBuiu 5,3 MitH rpuseH [1].

B pamkax MyHHUIMNANBHOTO HSHEPreTHUECKOTO IJIaHa  3amopoKbs
IpejyIaraeTcst MpoeKT MOAEPHU3ALNN CUCTEMBI YIMYHOTO OCBEIIECHUS 3amopoiKbs
myTeM 3ameHbI 42 000 cylecTBYIOINX CBETUIBHUKOB Ha SKOJIOTUYECKH YUCThIE U
9HeprodPeKTUBHBIC CBETOANOIHBIC CBETHILHUKN C MOJCPHU3AIMEH CHCTEMBI X
JCIIETIEPCKOTO YIIPABICHHUS.

Kpome TOro, CBOHCTBO CBETONMOAHBIX HCTOYHHKOB CBETa (HaKTHUECKH
MTHOBEHHO TCHEPHUPOBATh HOMHHAJIBHBIH CBETOBOH IIOTOK IPH BKIIOYCHHH,
Hapsiy C pealn3alyedl peXuMa peXyKOuH MOTpeOIseMoid MOIIMHOCTH, IaeT
BO3MOXKHOCTb ~ PETyJIHpOBaTh  OCBCIICHHOCTh MEPEKPECTKOB  IMOCPEACTBOM
YCTaHOBKH JATYNKOB JBIDKCHUS NEIIEXO0I0B.

JIOTIONTHUTENBHO TPOEKTOM IPEAYyCMAaTPHBAETCS yCTAHOBKA CONHEYHBIX
CTaHLMI Ha OTJENbHBIX HAa3eMHBIX IUIOIMIAAKAX M KpbIMAX OIOKETHBIX 3IaHHH
cyMMapHO# MomHOCThI0 10 MBT ¢ 1enbi0 00ecredeHus: 3ICKTPOCHAOKEHHUS
YINYHBIX CBETMJIBHUKOB 3allOPOXKbs C UCIOIb30BaHUEM IPEUMYIIECTB «3€JICHOTO
tapuda». Takum o0pa3oM, KOMMYHalbHOE Npennpustue "3armopoxropcper”
HayHET  OKCIUTyaTHPOBaThb  COOCTBEHHBIC  COJIHEYHBIE  JICKTPOCTAHIIWH,
pacronaraemble, Kak Ha OTAEIBHO BBIAEICHHBIX IUIOMIAAKAX, TaK W Ha KpbIIIax
Oro/pkeTHBIX 31aHui. [IpeaBapuTenbHBIE PacUETh MOKA3BIBAIOT, YTO MpesIaraeMas
MOJICPHM3AIMsl T03BOJISIET NPHHIHUINAILHO HM3MEHHTh (PUHAHCOBOE COCTOSIHHE
KOMMYHAJIbHOTO Mpeanpusatust "3anopoxropcBer" - M3 AOTALUOHHOIO, IO
OTHOIIECHHIO K TOPOJICKOMY OIO/IKETY, OHO CTAHOBUTCS JIOXOJHBIM MPEINPHATHEM.
JIOTIOMTHUTENBHBIM HCTOYHHUK JOXOJa OT TPOAaX DSJIEKTPOSHEPTHH B THEBHOE
BpeMsi 1o '"3enéHomy Tapudy" Ha IHEPTOPHIHOK IO3BOJMT TOKPHITH 3aTPAaThI,
CBA3aHHBIE C  COJACpXAaHWEM  I[IepCOHaNa, aBTOTEXHWKH H  JIPYTHUX
HKCIUTyaTaI[MOHHBIX 3aTPaT, a TaKXe IONyYUTh HEOONBIIONH, HO ITOCTOSHHBIHA
JIOXOJI JUI TOpoJicKoro Oromkera [1].

CIIMCOK UCIOJIb30BAHHOM JIMTEPATYPBI

1. Crenanenko B.A. MyHUIIMTIAIBHBIN 2HEPTeTHYECKUN TUTAH 3amopOKbs,
//Dueprocoser Ne2. - 2014.
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CEKIISA “EJEKTPUYHI MAIIUHN”

Y]1K621.318.1

Spum6anr JI.C., Spum6arm C.T .

! 1-p. Texm. mayk, npod. HY «3anopisbka momitexHika»
KaHA. TeXH. HayK, mpod. HY «3amopi3pka nomitexnikay

BILJIMB TAPMOHIMHOT'O CKJIAJTY CTPYMIB HAMATHIYYBAHHSI
HA BUBHAYEHHSA I''CTEPE3UCHUX XAPAKTEPUCTHUK
EJEKTPOTEXHIYHUX CTAJIEA

Ha cywyacHoMy erami st po3paxyHKy MpPOEKTHHX IapamerpiB 1
XapaKTepUCTUK CHIIOBUX TPaHC(HOPMATOPIB IIMPOKO 3aCTOCOBYETHCS IOJIHOBE
MO/ICTFOBaHHSI TIPOLIECIB €JIEKTPOMArHiTHOIO NEPETBOPEHHS €Hepril y TOCTiJHUX 1
SKCIUTyaTalliiHUX PeKUMax poOOoTH. BimomMo, 10 TOCTOBIPHICTH 1 TOUHICTh JaHUX
MOJIC/IIOBAHHST CHJIOBHX TpaHC(HOPMATOPIB 3HAYHOK MIPOI BH3HAYAETHCS,
TOYHICTIO 3aBJaHHs BIIACTUBOCTEH (QepoMarHiTHUX MarepianiB:. Tomy 3HauHa
yBara Ma€ TPHIAUIITHCS TOYHOCTI MaTeMaTHYHHX OIMCIB IX TiCTEpEe3UCHUX
BiacTHBOCTeH. [IpoTe 3acTocyBaHHS BIZJOMHX IOLIMPEHUX MOAENEH ricrepesucy
[1, 2] nns Bu3HA4YECHHS XapaKTEPUCTHK HaMarHidYyBaHHA CYYacHHX Mapok
CJICKTPOTEXHIYHHUX CTaJIeii IPU3BOANUTD 10 ICTOTHUX MOXMOOK, 3HAYESHHS SIKUX IS
HaINpy>KeHOCTI MarHiTHOro Toiyii Moxe mnepeBuuryBatu 25-30%. Tomy 3amaua
MiABUIICHHS TOYHOCTI MATEMAaTHYHUX OIMCIB TICTEPE3UCHUX BIIACTHBOCTEH
Cy4acHMX MapoK €JEKTPOTeXHIYHHUX CTajlel € aKTyaJbHOI Uil YAOCKOHAJECHHS
TEeopii 1 MPAKTUKHU MPOEKTYBaHHSI CHJIOBUX TPaHC(HOPMATODIB.

Maremarnuni moneni JIxunca-Atrreprona abo Yana [1, 2], mo omucyrots
edekTH ricTepesncy, MOTPEOYIOTh PO3B’SI3aHHSA HETIHIMHUX anreOpaidHux 1
JudepeHiiHMX pIBHSHb Ha KOXXHOMY 4YacOBOMY Kpolli MojentoBanHs. Lle
301IbIIye TOXMOKHM 1 4Yac po3paxyHKiB, OCOOJMBO ISl TOKIB HaMarHi4yBaHHS
HECHHYCOITHOT YacoBoi hopMu.

Metoro poboTu € moOymoBa y3arajdbHEHOI MaTeMaTHYHOI MOJENi, 1o i3
BHCOKOIO TOYHICTIO 1 OOYHMCIIOBAJIHHOIO E€(QEKTUBHICTIO OIMUCYE TiCTEPE3HCHI
BJIACTHBOCTI CYYacCHMX MapoOK eJIEKTPOTEXHIYHMX CTaleldl Ha OCHOBI JaHHX
EKCIIEPUMEHTAIBHUX JOCIIKEHb.

ExcniepumenTanbHi JIOCTiKEHHS MarHiTHUX XapaKTEPUCTUK
enekTpoTexHiunoi crami Mapku 3408 mnpoBoamimcs Ha amapati Emmreiina,
3aBaHTa)XEHOMY CTAJbHUMH IUTACTHHAMHU TOBITHHOIO 0,27 MM, SIKi MUXTYBAINUCS Y
paMKy 13 TpsSMHMH CTHKaMH Yy KyTax. 3arajbHa Maca 3aBaHTaKCHHSA
enexkrtpoTexHiunoi cram ckmaiga 1,032 kr. Amapar Emmirelina Oyno o0magHaHO
00MOTKaMH 30yKSHHsI 1 BUMIPIOBaHHS, KUTBKICTh BUTKIB AkuX ckiama 300 i 100
BUTKIB BiamoBimHo. OOMOTKa 30y/pkeHHs Oyna WiAKIIOYEeHA 0 JDKepena
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JKHMBJICHHS 3MIiHHOTO CTPYMYy 3 PEryJbOBaHOKI HAIPYIOK CHHYCOIIHOI 4acoBOl
¢opmu. 3a  gomomororo  OaraTokaHalNbHOTO  MHU(GPOBOTO  OCIIIIOrpady
CHHXPOHI30BaHO y Yaci 3iliCHIOBaIacs peecTpalis CTpyMiB OOMOTKH 30YIKEHHS i
HapyTH BUMiproBaIbHOI 00MOTKH. Tako BH3HAYaBCs iX TapMOHIMHHMX CKIal, a
came: aMIUTITYIH i (ha3u TapMOHIMHAX CKIIaIOBHX.

Ha ocHOBI rapMoHiifHOTO aHaNi3y HU(POBAHUX EKCHCPUMEHTANBHUX TaHHUX
OyJI0O BCTQHOBIJICHO, IO HANpyra BUMIpIOBAILHOI OOMOTKH Oyna CHHYCOIIHOIO Y
4aci, a Ha CTPyM 30y/KeHHsS HaWOUIbIIMKA BIUIMB MalM HENAapHI rapMOHIKH: 1-a
(63.21%), 3-a1 (30.61%), 5-a (4.77%) i 7-a (1.91%). llasxom iHTEerpyBaHHsI
CHHYCOITHOT HaNpyTr'y BUMIpIOBaJIbHOT OOMOTKH i3 BpaxyBaHHSIM YHCIa 11 BUTKIB Ta
AKTHBHOI IUIOLIl IOMEPEYHOro Tepepi3y 3pasKiB eNeKTPOTEXHIUHOi crami Oyna
BU3HAa4YCHA 4YacoBa (yHKIis MarHitHol inaykuii. YacoBa QyHKLis HanpyXeHOCTI
MAarHiTHOTO MOJIS BU3HAYAJIACS /U YUCIIa BUTKIB OOMOTKH 30y/IKEHHS 1 cymMapHO1
JTIOBKUHH OCHOBUX JIiHIH MIPAMOKYTHOTO KOHTYPY 3pa3KiB eIeKTPOTEXHIYHOI CTai.

Lle 103BONMJIO BM3HAYUTH MAaTEeMAaTUYHHI OIKC TiCTEPE3UCHUX HETiHIHHUX
XapaKTepUCTUK HAMAarHiYyBaHHS €JEKTPOTEXHIYHOI CTalli y NapaMeTpH4Hii
rapMoHilHi# hopmi:

(r)=B[H ()} B(r)=By, cos(2rfz +pg)

B
H (z') =>H m,2i-1 -sin [2(2I —1)7Zf‘t' + @y ,2i—1]’
i=1 Q)

Je TMOTOYHHMH 4Yac T € I[apameTpoM, MepIud iHAeKC M I[o3Hayae aMILTITYAd
rapMoHIK iHAyKIii B i Hampy»xeHocTi H, a npyruii iHnekc — HOMep TapMOHIKH.

Bepudikamist ~ po3paxyHKOBHX  XapaKTepUCTHK  HaMarHidyBaHHS 1
EKCIIEPUMEHTAIbHUX JaHUX J03BOJIMJIA BCTAHOBHUTH, WIO Juisl 1-1 rapMOHIKH
HaNpy)XeHOCTI ~MaKCHUMajbHE 3HAa4EHHS BIJIHOCHOI IOXMOKM pPO3paxyHKIB
TiCTepe3nCHOI XapaKTepUCTHKH HaMarHiuyBaHHA ckiagae 37%, mma 1-i 1 3-1
TapMOHIK IIe 3Ha4eHHs 3MeHmyeThest 10 4%, misa 1-i, 3-1 ta 5-1 rapmoHik — 10
1,56%, a nonaBaHHs 7-1 TApMOHIKH J103BOJISIE 0OMEXUTH MOXHOKY Ha piBHI 0,64%.

OOuncneHHs TiCTePe3nCHOI XapaKTePUCTUKN Y TTapaMeTPpUdIHIA TapMOHIHHINA
dbopmi BUKIIOUAE JOJATKOBI MPOIEAYpU YHCIOBOTO IiHTErpyBaHHS. Tak s
MHTTEBOTO 3HaYCHHS B 10CTaTHHO BU3HAUNTH MapaMeTp yacy

7, = {larccodB/B, )¢, /(24 )}

i BigmoBimHe HoMy 3HaueHHs HampyxeHocTi MarHitHoro mnomst H=H(t,). 3
ypaxyBaHHsM 1,3,5, 1 7-1 rapMOHIHHUX CKJIAJOBUX TOYHICTh TAKOT'O BU3HAYEHHS HE
Oyne mepeBumyBatd 1%, IO TOBHICTIO 3aI0BOJBHSE NPAKTHYHUM MOTpedam
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TOYHOCTI TPOEKTYBaHHSA CHJIOBHX TpaHCPOPMATOPIiB i3  3aCTOCYBaHHIM
cremniaai3oBaHuM nporpam 3D monp0BOro MOJETIOBaHHS.

CITACOK BUKOPUCTAHOI JIITEPATYPH
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10327.pdf

2. J. P. Bastos, A.N. Sadowski, Electromagnetic Modeling by Finite Element
Methods. Boca Raton: CRC Press, 2003. ISBN 9780203911174. DOI:
10.1201/9780203911174

3. Ivanyi, A. Hysteresis Models in Electromagnetic Computation, Akademia
Kiadoé , Budapest , 1997

YK 621.316.71
Komyp .M.
KaHJl. TeXH. HayK, o1 HY «3amnopi3bka nomitexHika»

PO3POBKA IMITAIIMHOI MOJEJI BITPOBOI'O IIOTOKY B ITAKETI
MATLAB SIMULINK

Birposi enexkrpoctaniii (BEC) 3a momysnsipHicTiO 3aliMaroTh Jpyre Mmicue
(mcns  COHAYHHMX  €NEKTPOCTaHNId) B TeHepamil  eleKTpoeHeprii 3
BigHOBrOBambHUX JKepen eHeprii (BJE). Ha Bepecens 2019 poky ix 3arampHa
noTykHicTh ckiama 860 MBTt. Jlume B 2019 pomi BBemeHo 326 MBT HOBOI
notykHocTi. B ciuni-BepecHi 2019 poxy BEC BupoOwnm 6inmbime 1 mipa kBr-ron
enekrpoeneprii. L{e Ha 300 miH KBT-rox OinbIre 00CATY CIOKHUTOL €IEKTPOCHEPTil
BCiMa OyIiBeNbHUMH KOMIaHIIMH YKpaiHM 3a ToH ke mepioa. HaitOmmwxunmu
pokamu BcTaHoBNIeHa MOTYHICTh BEC B YkpaiHi Moke 3pOCTH B IIICTh pasiB.

Hapasi rotyrotbest 10 OyniBHUIITBA, ab0 Bke OYIY€ThCS, JECATKH HOBHUX
BITpOMApPKiB, 3araJIbHOI0 BCTAHOBJICHOO TOTYKHICTIO 6,4 THCc. MBT [1].

KoedimienT Bukopuctanas BcTaHoBieHoi motyxkHocTi 11t BEC B Vkpaini
ckiagae npuoimn3Ho 30%. Lle moB'a3aHo 3 THM, IO BUPOOHHUIITBO €JIEKTPOSHEPTIi 3
BJIE mpus's3aHo g0 mnorogHMX yMoB. Tomy po3poOka imiTamiiHOi Momenmi
BITPOBOTO TOTOKY JJIsl Mi/JBUIIEHHS €(EeKTHBHOCTI BHUKOPHCTaHHS BIiTPOBOTO
MOTEHIIaTy € aKTyaJIbHOIO 3aJ1a4elo.

MopentoBaHHS HIBUAKOCTI BITPY SIBJISIE COOOI0 JOCHUTH CKIAJHY 3a/1aqy, TOMY
110 JJaHe JDKEPEJIO eHepril MoCTiiiHO 3MIHIOEThCS B 4aci i mpocTopi. B pesynbrati
JOCTIKCHb OyJO0 BHIIGHO YOTHPH OCHOBHHUX MOJENI IIBHIKOCTI BITPY:
JleTepMiHOBaHa, IMOBIpHA, CIIEKTpaibHa 1 HewiTka. Ko)kHa 3 HUX 3HaXOAMThH CBOIO
obnacth 3actocyBaHHs. Tak, 3 €HEPreTHYHOI TOYKH 30py, Ha PIBHI TEXHIKO-
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E€KOHOMIYHUX PO3p0OOK HAWOLIBII 3aCTOCOBHA IMOBiIpHICHAa MOJENb a00 PO3MOILNI
Beiibynma. JletepmiHOBaHa MOJENs MJO3BOJISIE BU3HAYHUTH TOTYXHICTB, SKY
BHUpOOIeHO BiTpoeHepreTnuyHNMH ycraHoBkamu (BEY) mpu 3amanoi cepemuboi
MIBUIIKOCTI BITpY. B mocnimkeHHsAX, ne HeoOXimHMi 00K MOPHBIB i PI3KHUX 3MiH
BITpY, 3BEpTAIOTHCA NI0 CIIEKTpaibHOI Mozerni. HewiTka sk Mozmens BiTpY 3pyd4Ha i
HaOUTBII aKTyajbHA TIPH MOJENIOBaHHI mpormeciB kepyBanHi BEY, Tak sk
JI03BOJIsIE COPMYBATH JOCUTh THYUKY CUCTEMY KepYBaHHSI.

B pamkax nmanoi pobotu Oyna po3poOieHa iMiTamiiHa MOJENb BITPOBOTO
noToky B makeri Matlab Simulink sika Onu3bka 10 CrIeKTpalbHOT MOZENI 1 MOXKe
OyTH BHKOpHUCTaHa ISl pillieHHi 3a1a4u kepyBaHHs BEY.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. bizrec Lenszop. Duepreruka [Emexrponnunii pecypc] — Pexxum mocrymy mo
pecypcy: https://biz.censor.net.ua/r3157247.

VK 621.527.2
Kynanina €.B.
KaHJl. TeXH. HayK, fo1. HY «3amnopi3bka nomirexHika»

PO3PAXYHOK ITAPAMETPIB HEPOBOYOI'O XOY B
OJHO®A3ZHOMY TPAHC®OPMATOPI 3A JOITIOMOI'OIO
KOMII'IOTEPHOI'O MOJEJIIOBAHHA

Tpanchopmaropu manoi noryxHocti (TMII) LIHMPOKO BUKOPUCTOBYIOTHCS B
PI3HMX €NeKTPOTEXHIYHUX YCTaHOBKaX, PI3HOMAHITHUX NPHCTPOSX AJIsl epenaui i
nepepoOku iH(popMallii, B PI3HHX CHCTEMax aBTOMATHKH. J[0 MajIomoTyKHHM
TpaHcopmaropiB HanexaTb TpaHcopMmMaTopH, HOMIHAIbHA IIOTYKHICTH SIKHX
3HAXOJWUTBCS B MEKaxX BiJ OJUHHIB, JICCATKIB BoibT-amrep g0 1000 BA.
Haii6inbie 3actocyBanns cepex TMII marors cuinoBi Tpancdopmaropu. Cuiosi
TpaHcopMaropy Masioi HOTY)KHOCTI 3a3BHYail BUKOHYIOTbCS OJHO(DA3ZHUMH 1
MaroTh ITOBITPSIHE OXOJIOPKEHHSI.

®iznunnit npouec podorn TMII no cyTi Takuii e, K B TpaHCHOpPMaTOpax
CepeHbO] 1 BETHMKOI MOTY)KHOCTI, aje JIesAKi MapaMeTpH 1 BeIWYHHY, IO MOB's3aHi
3 TOTYXKHICTIO TpaHChopMaTopa, € 3HAYHO BiIMiHHUMH. J[0 HUX BiTHOCHTHCS
CTpyM HepoOo4oro xoxy, sikuil € BaxyuBuM (akropom TMII i moxe csaratu 50%
3HAa4YeHHS MEepBHHHOTO pobodoro crpymy TpaHchopmarTopa. BinmpisHserscs i
BEeITMYMHA HOMIHAJIBHOT HAMpPyTH KOPOTKOTO 3aMHKaHHS i oro crpykrypa (TodTo
CHIBBIHOIIICHHS aKTHUBHOI i pEaKTHUBHOI CcKiamoBux) - B TMII BimHOCHO Oijbiie
NajgiHHsS Hanpyrd B 0oOMoTkaX. OCHOBHMMH €JEKTPUYHHUMH IIapaMeTpaMu
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CHJIOBOTO TpaHC(OpMAaTopa, 0 XapaKTepU3yIOTh €KOHOMIYHICTE HOro poboTH, €
BTPaTH HEPOOOUOTO X0y i KOPOTKOTO 3aMHKAHHSI.

[IpoBomuTBECA MOCTIMKEHHS pPEXHMY HEPOOOYOro Xoay OmXHO(pa3HOTO
TpaHchopMaTopa 3a IOTMOMOTol0 mporpamHoro 3acody Femm. B xoxi poGortu B
JIEKiTbKa iTepamiii po3paxoBaHO CTPYMH, IO HEOOXiTHI U CTBOPEHHS HAIPYT Ha
KJIeMax IIpH pO3IMKHYTiH BTOpHWHHINT oOMotmi. ITeparmiiftHuii po3paxyHOK
BUKOPHCTOBYETHCS 3a paxyHOK ckpunty B Octave.

MaremaTiyHe MOJICIIOBaHHS Ta JIOCIIPKEHHS [TapaMeTpiB HEpoOO4Oro XoIy
MPOBOJUTHCS Ha MpHKIaAl oxHopaszHoro Tpanchopmaropa ThC2-0.1. 3a3Hauenuii
BUIIIE MiAXiA 1O PO3paxyHKY [OLIIBHO Ta aKTyaJbHO BHKOPHCTOBYBATH IS
JOCITIKEHHS TpU(a3HUX CHIIOBUX TPaHC(HOPMATOPIB.

YK 621.313
Jliteinos J1.0.
crapmr. BUKI. HY «3amnopi3pka momiTexHiKa»

JOCIIKEHHA TUHAMIKHA EJIEKTPOMATHITHHUX ITPOLECIB
ITPU TIOBOPOTI POTOPA ACUHXPOHHOI'O IBUT'YHA
MNOTYKHICTIO 75 KBT

B mpormeci nocmimkeHHsT TUHAMIKA OyJIO MPOBENCHO MaTeMAaTHYHUHA aHai3
EJIEKTPOMArHiTHUX SIBHII, IO BIiIOYBAalOTbCS B aCHHXPOHHOMY JBHTYHI
MOTYXHICTIO 75 KBT i3 BUKOPHCTaHHSIM 3arajbHOBIJOMHX IPHITYLIEHb, & TAKOXK
MareMaTUYyHEe MOJICJIOBaHHS JIBUTYHA 3 YpaxyBaHHSIM BTpaT B OCEpIi.
IIpoananizoBaHO METOA NPOCTOPOBOIO BEKTOPA, SKHH JIO3BOJSIE CIIPOCTUTH
CHCTEMy pIBHSHb [ TIOTOKO3YEIIGHHS CTaropa Ta poTopa. BuxoHaHO
AHAITAYHUA PO3paxyHOK mapaMeTpiB [-momiOHOT CcXeMHu 3aMilleHHs IS
MOAAJBIIOTO CXEMHO-TIOJILOBOTO MOJIETIOBAHHS €JIEKTPOMEXaHIYHUX IIPOLIECIB.
[IpuBeneHO MOAENIOBAaHHS E€JIEKTPOMAarHiTHUX MOJIB y JBUTYHI i3 BpaxyBaHHAM
MOBOPOTY pPOTOpa BigHOCHO HampsAMKy oci ocHoBHoi MPC. IlpoBeneno
MOPIBHSUIBHUN aHalli3 aHAJITMYHOTO pO3paxyHKy Ta MOJIEIIOBAHHS JABHTYHa Ha
6a3i MmaremaTiuyHOI Mosieli 3acobamu FEMM.

B pesynbraTi CXeMHO-IIOJIHOBOTO MojemoBaHHs 3acobamu FEMM Oyio
BH3HAYEHO, 1110 Y HOMiHAJIFHOMY pexuMi ripu t = 0 MarHiTHE MoJie JOKaTi3y€eThCs Y
MarHiTHIiH CHUCTeMi, HaWOIIBIIOTO 3HAYEHHS BOHO MpHMAae B 3yOISIX cTatopa u
poropa Oins ¢a3u B ta y cmHLi cratopa 6ins ¢a3u A ta C.
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a — IIpH HOMiHambHOMY pexumi (t = 0); 6 — Ipyu KyTi HoBOpoTy poTtopa o = 90°
Pucynox 1- KapTtrHa po3nozinry MoTyiist MarHiTHOI iHAYKIii MarHiTHOTO TOJS Y
CTpyKTYypi 3acob6iB FEMM.

VY 3y0msx cratopa IiHIYKIS MAarHiTHOTO TOJNA JIGKUTh B IHTEpBajax
1.465 Tn...2.123 Tim; y 3ybusax poropa 1.38 Tm...1.98 Tn; y coumHmi cratopa
0.9 Tx...1.7 Ta. (puc.la). I[Tpu 3aganoMy OBOPOTI poTOpa Ha KyT a = 90 y 3y01sax
CTaTopa IHAYKIS MarHiTHOro moiisi JexuTh B iHTepBanax 0.85 Tin...1.43 Tn; y
3y6ousx poropa 0.68 Ti...1.28 Tu; y crimnti cratopa 0.4 Ti...1.12 Tn.(puc.16).

[MopiBHsUIBHMIA aHam3 KpUBUX (ha3HOTO CTPYyMY IOKa3ye, L0 B MEPEXiTHUX
nporiecax noxubka He mnepepuiye 2,2%, a y crajgomy pexumi - 0,35%. Anamiz
KPMBUX MHTTEBOI CIIOKMBAHOI MOTYXXHOCTI MMOKAa3ye, IO HAWOIIbLII BIAXHICHHS
KPHMBHX CHOCTEPIraloThCsI PH MEPEeXo/ii BiJl HOYATKOBOTO €TaIly ITyCKy JI0 CTaJloro
pexxuMy i He mepeBuiyoTh 1,6%; 1.1% 1 0,55% Biamosiguo. Ilicns nepexony B
yCTaJICHHH PEeKUM 3HaYeHHS IIOXHOOK HE MEePeBHIIYIOTh COTHX YacTOK BiJICOTKA.

PesynpraTy NOpPIBHSUIBHOTO aHalli3y poOOYMX XapaKTEPUCTHK MOKa3alH, II0
IPU BUKOPHUCTAHHI CXEMHO-TIOJIBOBOIO MOJETIOBAHHS Ta IOCIHI/DKEHHS JAWHAMIKH
€JISKTPOMArHiTHUX NpOLECiB (TOBOPOT POTOpA) MAaKCHMMalIbHA BiJHOCHA MOXHOKa
3a CTPYMOM cTaTopa, Koe(imieHTy KopucHOi 1nii He mnepeBumye 1,76%, mo
CHOXWBaHIH aKTUBHIN MOTY)XHOCTI Ta KOEQIIiEHTy MOTYXHOCTI HE MEepEeBHUIIYE
1.15%.

TakyuM YMHOM, 3aCTOCYBaHHS CXEMHO-TIOJBOBOIO MOJICJIOBAHHS  Ta
JOCTIDKCHHSI JAWHAMIKM eNeKTPOMArHiTHUX IIPOIECiB MPH TIOBOPOTI POTOPA,
JIO3BOJIMJIO  ICTOTHO IJBHIIUTH TOYHICTh MOJICTIOBAHHS €JIEKTPOMAarHiTHUX
nporeciB y Tpupazaomy A/l

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Konsutos, U. I1. TIpoekTnpoBaHue 3MEKTPHUYSCKIX MAIIWH: YISOHHUK IS
By30B [Texcr] /U. I1. Komsmos, b.K. Kitokos, B.IT. Mopo3kun, b5.®. Tokapes — M:
W3n. ¥Opaiit, 2011. — 767 c.
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2. Konrsuto, N.IT. MatemaTtnyeckoe MOAETHPOBAHUE SICKTPUICSCKAX MAIITHH
[Texct] /W. T1. KomsimoB — M.: Beicmi. mik., 2001. — 327 c.

3. Makapos, B.I'. Ilpumenenme Teopunu OOOOIIEHHONH HIEKTPUIECKOI
MamuHBl K TpexdasHoMy acMHXpoHHOMY apurarento [Tekcr]/ B.I'. Maxkapos//
W3Bectus By3oB: [Ipobnemsr suepretiku, 2009.— Ne 11-12.— C. 84-97.

4. SMpembam, JI.C. OcoOCHHOCTH OIpeneNeHHs IapaMeTPOB CXEMBI
3aMEILeHUs] aCHHXPOHHOTO IBUTATEIIS JUIsl peXKrMa KOPOTKOTO 3aMblkaHus [ Tekcr]
/.C.Speimbar, M.U. Komyp, C.T. Spsimbam, .M. Kouyp // DnexrpoTexHuka u
anektposHepreruka: 3HTY — 2017, — Nel— C.24 — 30.

YK 621.313
Comonosuikosa T.I1.
crapmr. BUKI. HY «3amnopi3pka momiTexHiKa»

BUKOPUCTAHHSA BIPTYAJBHOI IABOPATOPHOI YCTAHOBKH
JIJISA TOCJIJIXKEHHSA ACHHXPOHHOI MAIIIMHM 3
KOPOTKO3AMKHEHHUM POTOPOM

ACHHXpPOHHI ~ MallMHM € OJHUMH 3  CaMHX  PO3MOBCIOJUKEHHX
enekrpoTexHiuHnX mnpucTpoiB. MATLAB paszom 3 Simulink i Power System
Blockset 103BOMISIIOTH 1OCHIKYBATH TPOLECH M TTApaMeTPpH €IeKTPUIHUX MAIHH,
SIKi Hal4yacTille HeOCTYIHI B pealibHuX 00'ektax. Habopu BipTyanbHUX €JIeMEHTIB
y Oi0jioTekax WX TIaKETIB JIO3BOJIIIOTH 3MOJIENIOBATH I JOCIHIIKYBaTH
eJNIEKTPUYHI KOJIa OYb-SKOi CKJIaHOCTI.

Jnst po3poOKH HaBYaJbHUX IMPOrpaM Ha AJITOPUTMIYHUX MOBAX BHCOKOTO
piBHsI HeoOXiqHi (axiBii-OaraTopyHKIIOHAIH, IO OJJHAKOBO PO3OUPAIOTHCS SIK Y
MporpaMyBaHHi, TaK 1 B EJICKTPOMEXaHilli. 3BakKal0YM Ha II¢ B HABYAIHLHOMY
nporeci IOIIIbHO 3aCTOCOBYBAaTH Taki MaremarndHi mporpamu sk MATHCAD,
MAPLE, MATLAB.

3a nomomoroto mporpamu SIMULINK Oyna crBopena yHiBepcaibHa
BipTyasbHa MOJIENIb ACHHXPOHHOT MaIMHN (AM) 3 MOKJIMBICTIO IEPEMUKAHHS MiXK
KOHCTPYKTUBHMMH BHKOHAaHHSMHU 3 (h)a3HMM 1 KOPOTKO3aMKHEHHM pOTOpamu. Y
XOJi pO3paxyHKy MapaMeTpiB CXeMH 3aMillleHHs 0yJI0 PUHUHSATO Psf JAOIYLIEHb Y
3B'SI3KY 3 THM, 0 AM €, TI0 CyTi, CHCTEMOIO 3 PO3MOAUICHUMH MTapaMeTpamMH Ta
HENHIHHICTIO PiBHSHB PYXY.

Jus cepii AJl 3a momomMororo MociigiB Oyid BHU3HAYEHI MapaMeTpPH CXeM
3aMilIeHHs, OTPUMaHi MPUPOIHI i IITYyYHI MEXaHiuHI Ta pOOOYi XapaKTEPUCTHUKH B
peXMMax JBUTYHA W FeHEpaTopa Ta B PEKMMI CKAIIPHOTO KEPYyBaHHS IIBUAKICTIO,
BH3HaUeHO ciMmelicTBo 3anexHocreddr KKJI nBuryna 3 ¢asHUM pOTOPOM Bix
HaBaHTAXCHHS MpPH PI3HUX BEJIMYMHAX OIOPIB JIAHLIOra poropa. BusHaueHo
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BEJINYMHY JOAATKOBOTO OIOpY JAaHIfora poTopa [BUIyHa, IIo 3abe3medye
Jiarma3oH peryIoBaHH: IIBUAKOCTI HOTo 0OepTaHHS.

OTpumaHi OCIHMIIOTpaMH TEPEXiTHUX TIPOIECiB MO CTpyMaX, MOMEHTAX,
MIBUIIKOCTSAX 00EPTAaHHS Ta iH. JO3BOIITIOTH Bi3yallbHO CHOCTEPIraTh AOCIiIKyBaHi
IpoLecH B AWHAMILl Ta MEpPEfaBaTH PE3yNbTaTH CIOCTEPEXEHb y HPOrpamMH 3
OUTPIIMMU MOXKJIMBOCTSIMH OO O(OPMIICHHS pE3yNbTaTiB Ta IONANBIINX
PO3paxyHKiB.

BipryanbHi naGoparopHi poOOTH JyXe 3pydyHO, IIBHAKO W HAaOYHO
BUKOHYyBaTH B cepemoBumni makera MATLAB. Ile mo3Bonsie migBUINUTH
iHOPMaTHUBHICTh HABYAJIBHOTO MPOLIECY 1 IKICTh COPUHHATTS iHpOpMarlii.

3a nomnomororo mnporpamu SIMULINK Oyma crTBOpeHa yHiBepcaibHa
BipTyajbHa MOJEJb ACHMHXPOHHOI MallMHU 3 MOXJIMBICTIO NMEPEMHUKAHHS MIiXK
KOHCTPYKTUBHMMH BUKOHaHHSAMH 3 ()a3HUM 1 KOPOTKO3aMKHEHUM POTOPAMH.

OtpumaHi OCHWJIOTpAaMM MEPEXiAHUX IPOLECIB IO CTpyMaX, MOMEHTAX,
MIBUIIKOCTSAX O0EPTAHHS Ta iH. JO3BOJIIIOTEH Bi3yabHO CIIOCTEPIraTH JOCIHIKYBaH1
IpoLecH B AWHAMILll Ta IMEpefaBaTH Pe3yNlbTaTH CIOCTEPEXEHb y HPOrpamMH 3
OIMBIIMMH  MOKJIMBOCTSIMH IOAO OGOPMIIEHHA pEe3yiabTaTiB Ta IMOJANbIINX
PO3paxyHKIB.

BipryasnbHi nabopartopHi poOOTH JyXke 3py4yHO, IIBHAKO W HAOYHO
BUKOHYBaTH B cepenoBumn mnaketa MATLAB. Ile nmo3Bonsie miJBUITUTH
iHpOPMATHUBHICTh HABYAJIBHOTO MPOLIECY 1 IKICTh CHPUIHATTS 1HpOpMaIIii.

IMpakThyHa IIHHICTE HayKOBOi pPOOOTH MOJATae B TOMY, ILIO 3aBJASKH
MOXIIMBOCTI BIATBOPEHHS, MOJICJIOBaHHsS CKJIAJIHUX HEPeXiJHUX TMpoLeciB B
KOMIT'IOTEpHUX MpOTrpamMax € MOXKIIMBICTH IMOPIBHSHHS Pe3yAbTaTiB ITOCTIIIB 3
pearbHIMH B paMKax OJJHOTO MPEIMETY.

YK 621.313

JliBayk T.€.%, CaBennes B.I'.?

! crapm. Bukn. HY «3anopiskka mosiTexHika»
2 o1 HY «3armopispka mosiTexHikay»

3MEHIIEHHSA ITPOCTOPOBOI PO3MIPHOCTI MOJIEJII
EJEKTPOMAT'HITHOI'O ITOJIA

EnexTpomarHiTHI mporiecu B aKTHBHIM YaCTHHI CHJIOBOTO TpaHchopmaropa
MOXHa BHW3HAUWTH NIISIXOM PpO3B’SI3aHHA PIBHAHb JUQepeHmiaabHol Mojeni
MakcBeia 'y 4acTOTHOMY (OPMYJIIOBaHHI BiJIHOCHO BEKTOPHOTO MAarHiTHOTO
noteniiany [1-3]
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VX[(uoue;[Bj]yVXAi]* 1)
+jmj(6iXAj +VJ‘)=‘]

ej?

Jne A — BEKTOpPHHMU MAarHiTHUH moTeHmjan;, V — eJIeKTpuuHuil moreHIian; o(0) —
NUTOMA €JIEKTPONPOBiIHICTh;, B; =VxA; — iHAYKIiA MardHiTHOro MHOJA; L —

e(eKTMBHA BIJHOCHAa MAarHiTHa NPOHUKHICTB; O-Temmeparypa; ® — KyToBa
gacTtoTa; Jo — TyCTHHAa CTOPOHHBOTO JDKEpela CTPyMy; IHAEKC | BiAmOBimae
PO3paxyHKOBiH Timo0IacTi.

UucenbHy peaiizaimiro MaTeMatudHoi Monerni (1) 3 ymoBaMu KaniOpyBaHHS
Kynona, chopspkeHHS Ta TpaHWYHUMH YyMOBaMH OyJo 37iHCHEHO METOIOM
CKiHYEHHMX €JIEMEHTIB Ui CHIOBOTO TpaHcdopmaropa tumy TJTH-40000/110-
V1. 3MeHILeHHs TPOCTOPOBOI PO3MIPHOCTI MO enekTpomarHitHoro nons (1) e
il peamizamiss METOAOM CKIHUCHHX CJIEMCHTIB /I BICCCUMCTPUYHUX 1
IUIOCKOTIapaieNbHUX MojiB. Take MOJENtoBaHHS 3IMCHIOETBCS B MOIMEPEUHHX
mepepizax aKTUBHOI YaCTHMHU CHJIOBOTO TpaHC(POpMaTopa BEpTHUKAILHOIO
TUIOLIMHOIO, II0 TPOXOJAUTDH Yepe3 0Ci CTPHXKHIB MarHiTHoOi cucremu (puc. 10) mwis
PeXKMMY HEPOOOUOTO XOAY, a JJIsSL PEKUMY KOPOTKOTO 3aMHKaHHSI — BEPTUKAIBHOIO
TUIOLIMHOIO, IO TIPOXOJIUTH Yepe3 Bich (aszu TpaHcopmaTopa NepreHANKYISIPHO
IO TUTOCKOCTI HOTO MarHiTHOI cucteMu (puc. 1a).

a — BiceCMMETpHYHA MOJIENIb aKTUBHOT YaCTUHHU TpaHchopmaTopa y pexxumi K3; 6
— IJIOCKONapajeibHa MOJIENb aKTUBHOT YaCcTUHU TpaHchopmaTopa y pexxumi HX.
Pucynoxk 2 — ExBinoreHuianbHi JiHii MOAYJIsi BEKTOPHOTO
MarHiTHOTO IOTEHIaTy.
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Jns 3aBmaHHA BIIACTHBOCTEH YCiX MPOBITHUKOBUX, (epoMarHiTHHX 1
eJEeKTPOI3OILIIHHIX CEePEeJOBHI, a TaKOXX TPAaHUYHHX yYMOB i MOOYIOBU CIiTKH
CKIHYCHHUX €JIEMCHTIB BUKOHYIOTBHCS PO3PAXYHKH 1 3IIHCHIOETHCS Bi3yai3amis
KapTHHH TI0JIST JUIs BICECMMETPUYHOT Ta TUIOCKOTapaiesibHol 3amadi (puc. 1).

Peamizamis MaTeMaTHYHOI MOJENI IPOCTOPOBOTO  EIEKTPOMArHiTHOTO
MIEPEeTBOPEHHS €HEeprii 3MIHHOTO CTPyMy B AaKTHBHIM YacTHHI CHIIOBOTO
TpaHchopmaropa METOJIOM CKIHYCHUX €JICMCHTIB JUTSt 1
B32€EMOIIEPIICHIUKYIISIPHUX Tepepi3iB J03BOJSIE ICTOTHO 3MEHIIUTH BUMOTH JI0
OporpaMHOro  3abe3meueHHS 1 OOMEXKHTH — JOCTIDKCHHS  MOJACISIMU
BICECUMETPUYHOTO 1 TIOCKOMAPAJIEIbHOTO TOJIS Y BiAIOBIAHOCTI 0 JOCIIIHOTO
pexKHUMY.

CIIACOK BUKOPUCTAHOI JIITEPATYPH

1. Yarymbash, D. A New Simulation Approach of the Electromagnetic Fields
in Electrical Machines [Text] / D. Yarymbash, M. Kotsur, S. Subbotin, A. Oliinyk
/I 1EEE: The International Conference on Information and Digital Technologies,
July 5th - 7th, Zilina, Slovakia. 2017 — Catalog Number CFP17CDT-USB — pp.
452-457. doi: 10.1109/DT.2017.8024332

2. Yarymbash, D. The features of magnetic flux distribution of the idling
mode of the power transformers [Text]/ D.Yarymbash, S. Yarymbash, T. Divchuk,,
I. Kylymnik // Electrical Engineering And Power Engineering, 2016. Issue 2, pp.
5-12. doi: 10.15588/1607-6761-2016-2-1

3. Yarymbash, D. Determination features of the power transformer short
circuit parameters through field modeling [Text]/ D.Yarymbash, S. Yarymbash,
T. Divchuk,, I. Kylymnik // Electrical Engineering And Power Engineering,, 2016,
Issue 1, pp.12-17. doi: 10.15588/1607-6761-2016-1-2

YK 621.313
Bopogikos AKL I'ypaszna A.B.! Illecros JLE., Komyp ILM.2
! eryn. rp. E-919m HY «3anopisbka momiTexHika»

KaHJ. TeXH. HayK, Jgo1. HY «3amopi3bka NomiTexHikay

KOHTPO.JIb TEXHIYHOI'O CTAHY BHYTPIIIHBOI I30JIS1111
CHJIOBUX TPAHC®OPMATOPIB

OCHOBHI TNpPUYMHH BaKKUX YIIKOJUKEHb CHJIOBUX TpaHCc(opMmaropiB B
eKCIUTyaTalii TOB'SI3aHi B TMepUly 4Yepry 3 YIIKO/PKEHHSMH OOMOTOK,
BHUCOKOBOJIbTHUX BBOJIiB, mpuctpoiB PIIH sk uyepe3 po3BuToK aedexTiB Imijg
BIUIMBOM €KCIUTyaTauiiHuX (akTopiB, Tak i yepe3 MOMHIKOBI abo HemocTaTHi Jil
MpY MOHTaXi, PEeMOHTI Ta ekcruryartariii. CIiJi TakoX Bi3BHAYUTH TPOOIEMY

52



CTapiHHS 130JA1ii 0OMOTOK, IOB'SI3aHY i3 3arajbHOI0 MPOOIEMOIO CTApiHHS IMapKy
CHJIOBHX TpaHC(HOPMATOPIB.

AHami3 3aCTOCYBaHHS MIiIOYMX HOPMATHBHO-TEXHIYHHX JTOKYMEHTIB,
pexomenparniit Ta MEK BusBIIN HEOOXiIHICTh MPOBEIEHHS 3HAYHOTO KOMIUIEKCY
JOCTIKEHb, PO3POOOK HOBMX METOJIB 1 KPHUTEPIiiB Ta BIOCKOHAICHHS iCHYIOUHX
JUIA OLIHKHA TEXHIYHOTO CTaHy CHJIOBHX TPaHC(HOPMATOPIB, IPUUIOMY y MEPIIy
4yepry, 3 TPUBAJIMMH TEPMiHAMM €KCIUTyaTalii, B TOMY YWCI, AJs 3a0e3neyeHHs
OLIHKM iX TPaHUYHOTO CTaHy, OOIDYHTYBaHHS IIPOAOBXKEHHS IX TepMiHY
eKCIUTyaTalii Ta 3a0e3ne4eHHs! Ha{iifHOCTI pOOOTH.

VY 3B'SI3Ky 3 LIUM Ba)KJIMBO MPOBECTH aHAJI3 HASBHUX TPaIULIHHHUX 1 HOBHX
METONiB BHUIPOOyBaHb 130J14LiT 1 Ha I OCHOBI 3poOuTH BUOIp palioHAIBHOT
CHCTEMH KOHTPOJIIO TEXHIYHOTO CTaHy BHYTPIIIHBOI 130JIAIi1 CHJIOBHX
TpaHC(HOPMATOPiB, IO TO3BOJSE MiABUIINTH €(PEKTHBHICTH OINIHKH TEXHIYHOTO
CTaHy TpaHC(HOPMATOPIB i aBTOTPaHCPOPMATOPIB.

Po3pobnena xmacudikamis BHMpoOyBaHh BHYTPINIHBOI 130JIAIIi CHIIOBOTO
TpaHchopMaTopa TpU pPi3HUX pexuMmax pobotu. s BHOOPY pamioHaIBHOT
CHCTEMH BHUIPOOYBaHb 130JIAIIi1 BAXKIMBO BHUSIBUTH ¢(PEKTHBHI METOAN KOHTPOIIO,
CTOCOBHO JI0 KOXXHOTO 3 PEXKMMIB €KCIUTyaTallil CHIIOBOTO TpaHc(hopMaTopa.

CkiazieHo mepenik BHUIIPOOyBaHb 1 BUMIpPIOBaHb, IO TNPOBOIATHCS MPHU
PI3HUX pexXuMax TpaHCcpopmaropa.

TpanchopmaTop BiIKIIFOUEHO 1 PO3LUIMHOBAHO:

- Bimbip mpoO Mmacma 3 Oaka TpaHcdopmaropa, Oaka koutaktopa PITH i
BBOJIIB JUIsl Pi3MKO-XIMIYHHX 1 XpoMaTorpadiyHuX aHali3iB;

- BUMIPIOBAHHS CTPYMY i BTPAT HEPOOOUOTO XOIy MPH 3HIKEHIN Hanpy3i;

- BuMiproBasHsA tgd, R 1 C i30msmii 00MOTOK;

- BUMIPIOBAHHS OIIOPY KOPOTKOTO 3aMUKaHHS (ZK);

- BUMIPIOBAHHS OIOPY 0OMOTOK IIOCTIHHOMY CTPYMY;

- pO3paxyHKOBa OIliHKA BOJIOTOBMICTY Ta 3aJMIIKOBOIO PECypcy TBepaoi
130JIA1I1T;

- BUMipIoBaHHS KoedimieHTa Tpancopmanii (Ipr HeoOXiTHOCTI, HATIPUKIIAT,
TICJIS TPOBEICHHS PEMOHTHUX POOIT);

- koHTpoNs PITH y BiAMOBiAHOCTI 3 IHCTPYKIiSIMU 3aBOTy-BHPOOHHUKA.

Tpanchopmarop mig po60UI0I0 HANPYTOrO, HEPOOOUIHH Xif:

- TEIJIOBi3iifHE 00CTEeXKEeHHs Oaka Ta IHITUX BY3JiB TpaHC(hHOpPMATOpa;

- Bibparrifine oOcTexxeHHs 6aka TpaHChopMaTopa;

- BUMipioBaHHs napamerpiB YP 1 iHIINX po3psiiiB €NEKTPUIHAM METO/IOM;

- aKyCcTHYHEe OOCTEXEHHsS 1 JIOKaIlisl eNeKTPUYHHUX PO3PSIiB aKyCTHYHUM
METOJIOM;

- BuMiptoBaHH tgo i C i305141ii BBOAIB (IIPH HASIBHOCTI MOKJIMBOCTI).

Tpanchopmarop i poOO40I0 HAIPYTOI0 HABAHTAXKEHHS:

- TEIUIOBI3iiiHe 0OcTeKeHHs OaKa Ta IHIIMX BY3JiB TpaHchopmaropa;
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- BiOpariitHe oOcTekeHHs Oaka TpaHChopMaTopa;

- BUMiproBaHHs napameTpiB UP Ta iHINX po3psIiB eNEKTPUIHAM METOIOM;

- aKyCTHMYHE OOCTEXCHHS 1 JIOKAIif eJEKTPUYHUX PO3PAMIB aKyCTUIHUM
METOIOM.

[lpy momanmbmIOMy PO3BHTKY IaHOi POOOTH IUIAHYETHCS MPOAHANI3yBaTH
METOAM BHIPOOYBaHb 130J1AMii TpaHCPOPMATOpIiB TPU PI3HUX peXHMax HOro
poboTH, BUSIBUTH HaWOLIbml iHQOpMATHBHI METOAM 3 YypaxyBaHHSM HOBHUX
PO3p0o0OK B IIili 0OIaCTi.

YK 621.313
Bonoxania C.0.", Bonomyk O.C.%, l'apunoa M.B.", Kouyp LM.?
L eryn. rp. E-219m HY «3aropisbka mOTiTEXHiKa»

KaHJ. TeXH. HayK, go1. HY «3amopizbka momiTexHikay

METOJU JTATHOCTYBAHHSA NOMKOIKEHb OBMOTOK
ACHUHXPOHHHX JIBUT'YHIB

AcunxponHni 1BuryHu(AJl) 4acto mpaiiorTh MpH MiABUICHINH TeMrepaTypi,
BOJIOTOCTI, 3aITMIICHOCTI Ta 3ara30BaHOCTI POOOYOTo CepelOBHUINA, KOMYTAIIHHNX
TepeHanpyKeHHsSX Ta TEXHONOTIYHUX NEPEBAHTAKEHHSX, 0 3HIKYE pecype Ix
pobotu. Y mepeBaxHii OimbmocTi BumaakiB BimMoBu AJl BinOyBaroTbes yepes
MOMIKOJKEHHsI 00MOTOK cTtaTopa i poropa. ToMy cBOoedacHe BUSIBJICHHS MiCIsl Ta
CTYNEHIO TMOUIKO/PKeHb JI03BOJHMTh YHUKHYTH IX PO3BUTKY, 3MEHLIUTH Yac
BIZIHOBJICHHS, CKOPOTHTH BHUTPaTH Ha OOCIYroBYBaHHS, YHMKHYTH IIPOCTOIB
obnajiHaHHs, WIABUIIUTH e(EeKTHBHICTh pOOOTH IBUTYHIB Ta BHPOOHUYUX
MeXaHi3MiB.

Ha cporoaHiuHiii geHb BiJoMi HaCTyNHI MeToau JiarHocTuku AJl:

- MeToJ| Oe3MepepBHOro KOHTPOJIIO CTaHy OOMOTOK ctaropa i poropa A/l 3a
JAaHUMH BUMIpIOBaHb ()a3HUX CTPYMIB i Hampyru. [t OLiHKM TEXHIYHOTO CTaHy
AJl BHKOPHCTOBYIOTHCSI CHMETPHYHI CKJIQJIOBI CTPyMIB 1 Hampyru craropa, a
TaKOX CIO)KMBaHA aKTHBHA MOTYXKHICT 1 KT HAXWIy MEXaHIYHOT XapaKTepUCTHKN
CJICKTPOJBUI'YHa B oOJylacTi poOodmx KoB3aHb. MeToJ 03BOJISIE YHHKHYTH
MOXUOKH JIarHOCTYBAaHHS 332 HASBHOCTI MYJIbCAllil Ta TAPMOHINHHUX CKJIAJIOBUX B
Hampy3i okuBieHHS. Hemosik: pe3ynbTaTH BHMIPIOBaHHSA OLIHIOIOTBCS  3a
KOMIUIEKCHMUM ~ KPUTEpiEM JIarHOCTYBaHHs, 10 HE JIO3BOJISIE TPOBOJHUTH
JIOKAJIi3aIlit0 MOIIKOIKECHHS;

- MeToxa Tepembadae BUMIpIOBaHHS (a3sHUX 3HAYEHb CTPYMY 1 Hampyru
0OMOTOK CTaTropa, i 3a BEIMYWHOIO TMYJbCAIii TPEeThOi TapMOHIKH POOUTHCS
BHCHOBOK TIpO CTYIiHb TOIIKO/PKEHHS O0OMOTOK. [lnms peamizamii MeTomy
HeoOXi/[He BUMIPIOBaHHS 3Ha4€Hb CTPYMIB 1 HAPYTH HYJIBOBOI ITOCIIIOBHOCTI, 1110
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MOXJIMBO JIMIIE TIpH TMIAKTIOYeHHI O0OMOTOK y cxemy "3ipka", ska He
BUKOPHUCTOBYETHCS Y OTYKHUX AJl;

- METOJ 3aCHOBAaHWI Ha aHaJi3l IyCKOBOTO CTPyMy B CTaTopi B OnHiH 3 a3
IBUTYHa. B mpomeci miarHOCTHKM BigOyBaeThCs TOPIBHAHHSA — KOKHOTO
MOTIEPETHHOTO aMIUTITyTHOTO 3HAdeHHA CTpyMy Gasn 3 MOJalbIINM, 1 3a
OTPHMAHOI0 pI3HUIICI0 MOXXHA CYIOWTH TIPO HAaSBHICTH JeeKTiB OOMOTKH.
Henosixu: pearnizyeTbes JIUIIE B IyCKOBOMY PEXHMI;

- METOJ 3 BHMIDIOBAaHHSM MHUTTEBHX 3HA4eHb IBOX (a3sHUX CTPYMIB B
CTaJIOMy peXHMi pOOOTH TMiJ] HaBaHTAXCHHAM. HasBHICTh MOIIKOMKCHHS
BU3HAYAETHCS 32 BUTIISIOM (ha3HUX MHUTTEBHMX 3HAu€Hb, 1[0 BU3HAYAE 3aJIKHICThH
MDK MHUTTEBUMH 3HaueHHsMH (a3uux ctpymiB AJl. Hegmoumik: aiarHoctnka
NPOBOJAUTHCS MiJl HAaBaHTAXXCHHSAM, HE BKa3aHI 4YITKI KpuTepil BHU3HAYCHHS
MOIIKO/DKEHHSI 00OMOTOK pOTOpa;

- METOJl Ha OCHOBI aHaJIi3y 30BHIMIHKOTO MarHiTHOTO Mo (3MII) momnsrae y
aHami3i 3MiHM MarHiTHOI iHAykmii 3MIT AJl, ske mpeacTtaBisie cO0OK0 CymapHE
MarHiTHe I10Jie, [0 CTBOPIOETHCS PI3HMMHU YacTOTaMH MAarHiTHOTO IOJSI IBUTyHa
Ta ekpaHy. HasgBHICTh MONIKO/DKEHb OOMOTKH pOTOpa BHKIHMKaE MosiBy y 3MII
MPOCTOPOBOI TAPMOHIKH, MOPSIOK SKOI HIDKYE TMOPSAAKY OCHOBHOI, Ta SIKa 3HAYHOIO
Mmiporo BuzHauae piBeHb 3MIT AJl. Henounik: CKIaAHICTh AOCHIKEHHS Ta HU3bKa
TOYHICTh PE3YJIbTATIB JOCIIIKEHHS;

- 3riJHO METOXy, JI0 BHUIPOOOBYBAHOTO CTPMIKHS IiJBOIAMTHCS EIEKTPO-
MarHiT 3MiHHOI'O CTPyMy, IO Mae OOMOTKY HaMarHidyBaHHS 1 BUMIPIOBAJIbHY
00MOTKY. /liarHOCTUYHOIO 03HAKOIO CTaHy CTPHIKHS BHcTymnae BennunHa MPC mpu
MOCTiMHIM  Hampy3i okuBieHHS. Hemomik: HeoOXimHicTe BuBOmy AJl 3
TEXHOJIOTIYHOTO Tpolecy i Horo po30upaHHs Uil BCTAHOBJIEHHS BHMIpIOBAIBHOI
arnaparypu;

- METOJI, 3aCHOBAaHWI Ha TEIUIOBIH il CIEKTPHYHOTO CTPYMY Ta IIiIBOII IO
KiJelb pOTOpa HANpYyTH, IPH SIKid 3HAYEHHS CTPYMY B CTPIIKHSIX IEPEBUIIYE
HOMiHaibHEe. B sKOCTI crnocrepiraya 3a TEIUIOBUM CTaHOM CTPIDKHIB pOTOpa
BUKOPHUCTOBYETBCSl TemIoBi3op. IIpo craH CTPWXKHIB poTOpa CYISTh 110
TeMIIepaTypi HarpiBy miJ 9ac MPOTiKaHHS MO HUM CTPYMY: HEYIIKO/KEHI CTPHKHI
HarpiBaroThCs CHIIbHIIIE 00ipBaHuX. Hemomiku: HEOOXiAHICTh MiIBEACHHS CTPYMIiB
BEITMKUX 3Ha4€Hb, HEOOX1IHICTh pO3OMpPAHHS JBUTYHA;

- METOJ Ha OCHOBI aHaNi3y CIEKTPYy €JIEKTPOMAarHiTHOrO MOMEHTY. MeTon
nepeabadae BUMIpIOBaHHA (a3HUX CTPYMIB CTaTOpa B PEXUMi XOJIOCTOTO XOIy
AJl, BH3HAuYeHHS €JEKTPOMArHiTHOrO OOEpTOBOrO MOMEHTY Ta HOPIBHSHHS
3HAQYHOTO YHUCJa TapMOHIK CIIEKTPY, SIKI 3MIHIOIOTbCS ISl IIEBHOTO Jliana3oHy
yacToT. Henomik: HeoOXimHICTH BpaxyBaHHS BTpaT y CTali JABHIYHA JJIS
o0uncieHp, 110 OOYMOBIIOE CKIAJHICTh PO3paxyHKy €JIEKTPOMAarHiTHOTO
MOMEHTY.
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AHai3 MeToAiB JiarHOCTHKH IOIIKOIKEHb 00MOTOK A/l rmokasas, 10 KOKEH
3 METOJiB Ma€ SK IMepeBard, TakK i HeHOoNiku. HeeeKTHBHUMH MOXKHA BBa)KaTH
METOAH, SKi MOTPeOYIOTh BCTAHOBIICHHS CIELIaTbHOTO OONagHAHHS, BUBEACHHSI
00’€KTy MIarHOCTHKH 3 TEXHOJIOTIYHOTO TIPOLeCY, PO3OMpaHHS [BHTYHA Ta
HEOJHOPa30BOi MEePEeBipKU PE3YyIbTATIB JIaTHOCTHKH KiTbKOMa METOAaMHU 00pOOKH
TIaTHOCTHYHMX CHUTHAJIIB.

YK 621.313
Crno6onsu A.C.Y, Cononos B.IO.l, Tuxonoseskuii 0.C.1 Kynanina €.B.2
! eryn. rp. E-919m HY «3anopisbka mosiTexHikay»

KaHJI. TeXH. HayK, fnon. HY «3amopi3bka nomitexHika»

MOJIEJTIOBAHHSI ABAPIMHOT' O PEXKUMY POBOTH CHJIOBOI'O
TPAHC®OPMATOPA 3A JOIIOMOT' OIO KOMII'IOTEPHOI'O
MOJAEJIOBAHHA

B oxurreBOMy 1wkl TpaHchopMaTopa MOXKHA BHIUTMTH HAHOIMbII
BiJNOBiTabHI MOMEHTH ()YHKIIIFOBaHHS — IIe TIEPiOJH, IO TOB’sI3aHi 31 3MiHOKO
pexxuMy poOoTH, Tak 3BaHi NepexigHi mporecu. /it KOHTPOJIO CTaHy MPUCTPOIB
Ta 3HIKECHHS PUCKY BUXOJY 3 JIaJy CTBOPIOIOTHCS MaTeMaTH4HI MOZel 00’€KTiB B
BIATIOBITHUX CTaHaX, METOAMKH PO3PAXYHKY IEPEXiJHUX MPOLECIB Ta KOMIUIEKCH
JUISL NIarHOCTHKH.

B ymoBax ekcruryaTaniii KOpOTKE 3aMHKaHHS 3a3BHYaii BUHHKAE PAIlTOBO B
pe3ynbTari pi3HUX HeclpaBHOCTEH (HOTipuIeHHs a0o pyHHyBaHHsS 130JIsLi1,
HECHPaBHICTh 3aXMCHUX NpHUCTpoiB Ta iHme). [Ipu upomy B TpaHchopmaropi
BUHHKAE PI3KUH MEPEXiIHHUIA MPOLIEC, IO CYNPOBOKYETHCS BETUKHUMHU CTPYMaMH,
SIKi MOXYTh IIPU3BECTH JI0 HECIpaBHOCTeH TpaHchopmaropa. Tomy IOCHIIKEHHS
Ta PO3PaxyHOK AMHAMIYHHUX PEXUMIB IPU KOPOTKOMY 3aMHKAHHI € aKTyaJbHOIO
TEMOIO.

PoGora mpucBsyeHa IOCIHIIKEHHIO TPHOX(A3HOTO KOPOTKOTO 3aMHKaHHS
CHJIOBOTO TpaHcdopMmaropa. Y cepeloBHIIi mporpamHoro makera MatLab
no0y10BaHO MOZENb IS peatti3anii KOpOTKOTo 3aMHUKaHHS TPhO()a3HOTO CHIIOBOTO
TpaHcopmaropa, MO CKIagaeTbess 3 JpKepena Tpho(azHOTO CTPyMy, OJIOKY
TpaHcpomaropa 3 TapaMeTrpamMu Ta OJOKy peami3allii KOpOTKOrO 3aMHUKaHHS.
Bmsnaueno mapamerpu OOMOTOK TpaHChOpMaTropa Ta HAMAarHidylO4oi TiJIKH.
OTpHuMaHHI OCIMIIOTPAMHM MEPEXiTHOTO MPOIECY Ta BU3HAYCHHIO JII0YMX 3HAYCHB
CHHYCOIAIbHUX HANpPYT i CTPYMIB B CTAJIOMY PEXKHMiI METOJIOM MaTEeMaTHYHOTO
MoJenroBaHHs B maketi MatLab.
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YK 621.313
Jons B.O.l, Ceprrok I[.O.z, TepebinoBa O.M.Z, IoBkomsc B.€.2, JliTBiHOB ,Z[.O.3
L eryn. rp. E-919m HY «3armopisbka MOTITEXHIKa»
2 eryn. rp. E-219m HY «3aropispka MOTiTEXHiKa
crapmr. BUKI. HY «3amnopi3pka moitexHika

BU3HAYEHHS TYCKOBUX XAPAKTEPUCTHK ACHUHXPOHHOTI'O
JIBUT'YHA HOTY KHICTIO 55 KBT IPU HACUUYEHOCTI 3YBLIB
OCEPJISI POTOPA

ITotpebn rTocmomapcTBa 3aJ0BOJBHAIOTHCS TOJOBHUM UYHHOM JBHT'YHAMH
OCHOBHOTO BHMKOHAHHS €IMHHX Cepili 3araJbHOr0 BHKOPHCTaHHS MAJsI MPHUBOJA
MEXaHi3MiB, sIKi HE BHCYBalOTh 0COOI BHUMOTH JI0 IYCKOBHUX XapaKTEpUCTHK,
KOB3aHHS, CHEPreTHYHMM IOKa3HHKaM, INyMy. MIHSIOYM YacTOTy HaNpyrH,
miBeIeHOT 10 cTtaropa, ado 3MIHIOIOYH BHJ 3’€IHAHHS OOMOTOK CTaTopa MOXKHa
MIHSTH HIBHIKICTh 00€PTaHHS ¥ BEJIMYHHY MOMCHTY Ha Bally JBHTYHA.

ITpu npoexTyBaHHI HEOOXIAHO BPaxOBYBaTH ICHYIOUI HEJJONIKA aCHHXPOHHHUX
IBUTYHIB, 30KpeMa iX Majuii ITyCKOBHH MOMEHT Ha Baly ¥ BEIHKHHA ITyCKOBUHN
cTpyM, sikuii B 4.5-7 pasiB mepepuinrye pobOounit; Hm3pkuii KK y pexumi
YaCTKOBUX HABaHTaKCHb; HEMOXJIMBICTH KOHTPONIO IIBHJIKOCTI ©e3 BTpaT
MOTY)KHOCTI; ~ 3MEHIIEHHS MOMEHTY oOOepTaHHA [JBUTyHAa IIpH  HOTO
nepeBaHTaXeHHSIX. OTXKe, CTBOPEHHS BHCOKOC(EKTHBHMX Ta  HamiHHHX
ACHMHXPOHHUX JIBUTYHIB € OJHMM 3 HaWB&KJIMBIIIMX TOCIOJAPCHKUX 3aBAaHb
KpaiHW, a MpaBUILHUN BUOIp JIBUTYHIB, iX €KCIUTyaTallisl Ta BACOKOSKICHUH PEMOHT
BIZIrpatoTh NEPIIOYEProBy PoJib B €KOHOMII MaTepialiiB il TpyJOBUX peCcypciB.

Jlnst BU3HAUYEHHS 3HA4Y€Hb ITyCKOBOT'O CTPYMY Ta IYCKOBOTO MOMEHTY (abo x
KpaTHOCTEH) OyJi0 MPOBEACHO MOCHIHKEHHS EJICKTPOMArHIiTHHUX MPOIECIB B
ACMHXPOHHOMY JIBUTYHI 3 KOPOTKO3aMKHEHHM poTopoM tuiy 4A225M4VY3
HOTYXHICTIO 55 KBT Ha 0a3i cXxeMHO-NONBOBOTO MopentoBaHHA. [IpuitHATI Ta
pO3paxoBaHi TOJIOBHI PO3MIpH JOCIIAHOTO JBUTYHA, HOTO OOMOTKOBI IapaMeTpH.
Pospaxosani napamerpu I'-moni6HOT cxemu 3amimieHHs apuryHa. I[IpoananizoBaHo
3MIHEHHS €JIEKTPOMAarHiTHOro MOMEHTY NpH 3MiHI aKTHBHOTO OINOpPY OOMOTKH
poTopa Ta  4YacTOTHM O KMBJICHHS Mepexi. [IpuBeIeHO  MOENIOBaHHS
€JISKTPOMArHiTHUX MOJIB Y ABHUT'YHI 3 ypaxyBaHHSAM HAaCHUEHHs 3yOLiB cTaTopa Ta
poTopa.

OObuncneHHs cTpyMiB cTaTtopa i poTopa B MOMEHT dacy t = 0 (MOMEHT mycKy
ACHHXPOHHOTO IBHTYHA), a TaKOX OOYHCICHHS Ta 30ip HEOOXiTHHX pe3ybTaTiB
€JIEKTPOMArHiTHOTO PO3PaxyHKY MPOBOAMJINCS 3a JOIOMOTOI0 POOOTH MPOTpaMu
FEMM aBTOMaTH4YHO i3 BUKOPHUCTAHHIM CTIEIiaIbHO HAIMMCAHOTO CKPHIITAa Ha MOBI1
Lua, BOynoBanomy y nporpamy FEMM.
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B pesymbTaTi po3paxyHKY IYCKOBHX IapaMeTpiB acCHHXPOHHOTO IBHI'YHA
Oyno Bm3HaueHo (Tabn.l) HomiHampHHN MomeHT 350.17 H-M, MakcumaipHHN
MomeHT 770.4 H-m mpu xputmaHomy ko3anHi 0.109, myckoBuii momeHnt 420.2
H-m (abo kparnicts 1.2), myckoBuii ctpym 688.55 A (abo kpathicTb 6.11).

Tabnus | — 3HaueHHsS MEXaHI9IHOTO MOMEHTY

Ne S M, H-m
1 0 0

2 0.5-su 159

3 SH 350.17
4 1.5-su 525

5 SKp 770.4
6 0.6 423.7
7 0.8 413.2
8 1.0 420.2

VY BIONOBIOHOCTI 13 OTPHUMaHUMH 3HAYCHHAMH IHAYKIIH B pe3yibTarTi
CXEMHO-TIONIbOBOTO ~ MOJICJIIOBAHHS ~ AaCHMHXPOHHOTO  JBUT'YHa, Hajam OyB
NPOBEICHUH PO3PAaXyHOK IapaMeTpiB MAarHiTHOTO JIaHIOTa, MAJsl  PEeXHMY
HEepoOOYOro X0y aCHMHXPOHHOTO JBHMI'YHA HOTYXHICTIO 55 kBT, mpu sikomy uis
HbOT'O XapaKTEePHO BIJIHOCHO CHJIbHE HACHYEHHS CTali 3yOIliB CTaTOpa Ta poTopa.

Hacnuenns 3yOreBoi 30HM NPHUBOAWTH [0 CIUIONIEHHA KPHUBOI MONSA Y
HOBITpsiHOMY 3a30pi. Ilpy BH3Ha4Y€HHI MarHiTHOI Halpyrd AUBIHOK MarHiTHOTO
JIaHIfora 3 HeJiHIWHMMHM MarHiTHUMH XapaKTepPUCTHKAMH BIUIMB CILUIOIIEHHS OYB
BpPAaxOBaHWil cCHeliaJIbHUMU KPUBMMH HaMarHidyBaHHs Juis 3yOIiB 1 sipem
acMHXpOHHUX ABHUTYHIB (ctanmp 2013), moOyZoBaHMMH 1O OCHOBHIH KpHBIil
HaMarHi9yBaHHs 3 ypaxyBaHHSM BKa3aHUX 3aJISKHOCTEH.

3a I0IIOMOTOI0 E€NEeKTPOMAarHiTHOrO MOJICJIIOBAHHS OTPHMaHi 3HA4YECHHS
MOMEHTIB Ta YTOYHEHi mapameTpu [-mofiOHOi cxeMu 3aMillleHHs Haaaiu 3MOr'y
OinbII AeTanbHINIe Ta TOYHINIE BU3HAYATH MapaMeTpH IHAYKLIHN y 3yO1sx poropa,
IpU BHM3HAUEHHI HOTO TeOMETPUYHHUX IapaMeTpiB, I BiJNOBIIHO TOUHIimIE
BU3HAYKMTH IMyCKOBi mapameTpu aBUryHa (M,/M, oy, 11/Lon) TOTYKHICTIO 55 KBT.

CIIMCOK BUKOPUCTAHOI JITEPATYPU
1. Konsutos, M.I1. TIpoexkTrpoBaHne 3JIEKTPUYECKUX MANIMH: YUYE€OHUK JUIs
By30B [Texcr] /M. I1. Konsuios, b.K. Kiokos, B.I1. Moposkun, b.®. Tokapes — M.
: U3n. ¥Opaiit, 2011. — 767 c.
2. Bacbkosckuii, FO.H. OrmpencineHre HHTETPAIbHBIX XapaKTEPUCTHK
SNIEKTPUUYECKUX MAIIMH METOJAaMM TEOPHH 3JIEKTpOMarHuTHoro moisst [Tekcr]
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/YO.H.BacekoBckuii, FO.ATaiinenko, C.C.LpmBunckuit // Enexrtporexnika i
enekrpomexanika. —2006. —Ne 1. — C. 28-32.

YK 621.313
T'oposuit A.O.l, 3y0OxoB I.B.l, Komecunk B.O.l, CaBeHKo M.B.l, JIliTBiHOB ,I[.O.2
! crya. rp. E-219m HY «3amnopi3bka mosmiTexHiKa

crapul. BUKJI. HY «3anopi3bka mosmiTexHika

BU3HAYEHHSI I3OJAIAHUX XAPAKTEPUCTHUK JIEJEKTPUKA Y
MACJIOHAITIOBHEHOMY TPAHC®OPMATOPHOMY YBOJI 110 KB

Bynp-sixa i3omsuis HarpiBaeThCsl y pa3i NMPUKIAJCHHS 10 Hei Hampyru.
[TpuunHOIO HarpiBaHHS €: HACKPI3HI CTPYMH 4epe3 i30JIsi1il0, HarpiB 3a paxyHOK
VIOBIJIBHEHUX BUIIB TOJSIPU3AIlii, 10HI3aIlisl Ta30BUX BKIIOYCHb B TBEPIiH 1301111
Ta HEOJHOPIMHICTE CTPYKTYpH i30iail. JlieJIeKTPUUHUME BTpaTaMU HA3UBAIOTh
MOTYKHICTh HarpiBy i30JisLi1 32 paxXyHOK NPHUKIAAEHOI 10 Hel Hampyrd. TaHreHc
KyTa JieJeKTpuuHuX BTpaT [tg(8)] — 1[me XapakTepHUCTHKa i30IIiHUX
BIACTMBOCTEH  JIEJIEKTPHKIB Ta KOHAEHCATOPiB, SKa BHU3HAYAETHCST  SIK
CHIBBIZHOIIECHHS MK aKTHBHOIO ITOTY)KHICTIO HArpiBy i30JAIIii Ta PeaKTHBHOIO
€MHICHOIO TTOTYXXHICTIO B i30ismii. Kyrom mienexktpuaaux BTpatr (§) Ha3MBAarOThH
KYT, IO JOMOBHIOE 10 90° KyT 3CyBY (pa3u Mi>K HAIPYyTroOkO HA 130JIS1Iii Ta CTPYMOM
gepes 13011110,

Jnst BU3HAYEHOCTI €MHOCTI peajbHUX KOHJAEHcaTopiB  abo  i3ossmil
BUKOPDHCTOBYIOTh ~CXEMH 3aMilleHHs. Haifuacrimie BHKOPHCTOBYIOTH  JBI
HaWMpOCTII CXeMH 3aMillleHHs], 110 CKJIaJal0ThCsl i3 EMHICHOTO Ta PE3UCTUBHOTO
€JIEMEHTIB: MTOCIIiI0BHY Ta MapajebHy.

Jnst  Bu3HAYeHHS KyTa JIiENEKTPUYHMX BTpPAaT Ta €MHOCTI 130wl
(OararomapoBoi 3 amOMiHIEBHX OOKJIQJWHOK) TPAaHC(OPMATOPHOTO YBOIY
KOHJIeHcaTopHoro THity Ha 110 kB Oyna 3acTocoBaHa mpsiMa cxema BUMIpIOBaHHS
3a JIONMOMOrol0 MocTa 3MiHHOro cTpymy lllepinra. 30BHIIIHBOIO I30JISILIEI0 €
¢dapdopoBa mnokpuiika. BHyTpimmHS — ne JUISHKHM 30510l (OOKJIAAMHKH i3
IOMiHI€BOT (OJBIM Ta TEXHIYHE Macjio) y Tl yBoay. Macio-6ap’epHi yBoan
(110+150 kB) koHaeHcaTopHOro TUMY (pHC. 1) 3aCTOCOBYIOTHCS LIS MiABUILCHHS
npo6usHoi Hanpyru (U,,), i oTke mis 36ibIIeHHs el1eKTpUYHOI MilHOCT, a i
TAKOXX JUIi 3MEHIIEHHS HarpiBy. Y  KOHCTPYKTHBHOMY IUIaHi  YBif
KOHJICHCATOPHOTO THITY

- pO30MBAIOTh BHYTPIIIHIN i30JAMIHHUNA TPOMIKOK Ha N MajHX MPOMIXKiB
Oap'epamu 5;

- BUPIBHIOIOTH TI0JI€ METAJIEBUMH TpOKIankaMu ((osbra, 1Mo HaKIaJaeThCs
Ha Oap'epn).
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B pesynbTaTi Uy, MiBHILYETBCA B ~ 2,5 pasi.

K
|
|
|
|
|
|
|
|
LU

1 — cTpyMonpoBix (CTPUKEHB); 2 — BUCOKOBOIBTHHHU (pIIaHEIh; 3 — 3a3eMIICHHUH
¢naneus; 4 — papdopose Tino; 5 — Oap'epu i3 oOKIanMHKaMu, 6 — TEXHIYHE MaciIo
Pucynox 1 — Tpancdopmaropuuii yBin konaeHcaropaoro tumy Ha 110 kB.

OOKJIaKK BUPIBHIOIOTH MOJIE€ y PajiajJbHOMY Ta aKCiaJlbLHOMY HampsMKax.
Haii6inbin Ba)JIMBO BHPIBHATH TI0JIE B aKCiaJbHOMY HAmNpsIMKY JJISi 3MEHIIEHHS
JIOBXKHMHH YBOJZy, JUIS 1IbOTO YCTYNH poOJisiTh oqHakoBMMHU. Ha puc. 2 HaBeleHi
SMIOPU PO3IOJLTY HANPYXKEHOCTEH EJNeKTPUYHOro MOJisl y pajiaibHOMy (a) Ta
akciapHOMY (0) HampsMKaxX Maciio-0ap'epHOTO YBOIY.

Ey Enificu. (Gez oGknanor) 4 En 6
EIJ Exiften. (3 oCRIATHHEAME)
A Ecep
: I
Feoo ¥ rz v AhdARz AR Al

Pucynok 2 — Po3mozin Hanpy»KeHOCTi eIEKTPUIHOTO 0N Y paaiadbHOMY (a) Ta
akciaspHOMY (0) HampsIMKax yBOAY.

CtpyMoBeay4yuii CTprKeHb OOMOTYETHCS JIEeKiTbkOMa IMapaMH Tarepy.
OCHOBHY €JIEKTpHYHY MIIHICTh i30Jsmii yBoxy 3abe3nmeuye Macio, IO
3HAXOJUTHCS ycepeauHi pappopoBoT MOKPHUIIKH.
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Y  pe3ynapTaTi TPOBEACHOI  EKCIEPUMEHTANBHO-IOCHINHOI poboTH 3
TpaHC(OPMATOPHUM YBOJIOM KOHAeHcaTopHOro tumy Ha 110 kB (sxwii Bxxe OyB B
eKcIuryararii) Oyio BH3HAYCHO WOTO OCHOBHI i30iwiiHI Xapaktepuctuku: C, =
235.2 Mx® (BiamoBinae macropTHOMY 3Ha4deHHIO 235 MKD) TOOTO MOXKHA 3pOOUTH
BHCHOBOK IIPO HEYIIKO/KCHICTh aJTIOMiHI€EBHX OOKJIAIWHOK BHACIIIOK TEIIOBUX
Ta MeXaHIYHMX HaBaHTaxkeHb Ta tg(d) = 0.05, mo xapakrepusye HOCTATHIO
CJIEKTPUYHY MILHICTh 130J1s11ii Ta MOXIIMBICTH IOJANBIIOI EKCIUTyaTalii JAaHOTO
yBOAY.

YK 621.313
Jlesenxoa O.1.}, Oninko A.J1.%, TTanuenko H.C.?, Cononosnikosa T.I1.°
! eryn. rp. E-227cn HY «3ariopisbka momiTeXHiKa»
2 eryn. rp. E-919m HY «3aropisbka mOTiTeXHiKa»
crapmr. BUKI. HY «3amnopi3pka moniTexHika

PO3IIOALI EJIEKTPOANHAMIYHHUX 3YCIJIb B 3AJIEZKHOCTI BIJ
POSMIIIEHHA PETI'YJIIOBAJIBHUX BUTKIB B3JOBK OBMOTKH

[otpeba y  30UTBIIEHHI  TMOTY)XHOCTI  CHEpProOJOKiB  IpH3BeNa
TpaHc(hOopMaTOpOoOYNIBHUKIB K OLTBII CKIAJHUM 3aBIaHHIM, 00 31 30LIBIICHHSIM
MOTY>KHOCTI TpaHchopMaTOpiB 30UTBIIYIOTECS, SIK CTPYMH 0OMOTOK (i, BIATIOBITHO,
3pocTa€ IHTEHCHBHICTH IIOJIIB PO3CISHHS), TaK 1 IMOTY)KHOCTI Ta T'€OMETPUYHI
PO3MIpH OXOJIO/PKYIOUHX MPUCTPOIB.

30inblIeHHs CTPYMIB OOMOTOK 3yMOBIIIOE BUHMKHEHHS 3HAYHHUX BUXPOBHX
CTPYMIB Y BCIX IPOBIZIHUX €JIEMEHTaX Ta JOJATKOBUX BTPAT €HEpril — MiABUILEHHS
HarpiBaHHS.

VY IeKoTpux, CHPOEKTOBAaHHUX paHille, TpaHcdhopMaropax eIeKTpoAnHaMivHI
3yCHIIISL, SIKI BHHUKAIOTh B OOMOTKAX IPH KOPOTKMX 3aMUKaHHSAX MOXKHA CYTTEBO
3MEHIIMTH TpH OLIbII palioHaJIbHIA KOHCTPYKLII OOMOTOK Ta pPO3MIIEHHIO
perymoBanbHUX BUTKIiB. Lli 3ycmiuis BogHOYac NPHBOAATH 1 JI0 JIOKAIBHHX
MOPYIIEHb TEMIEPATYPHUX PEKUMIB Y KOHCTPYKTHBHHX €JI€MEHTaX.

Ha 6a3i po3paxyHKy Tpu]a3zHOro TpHoOMOTKOBOTO TpaHchopmaropa OyIio
MPOBEACHO IOCHTIHKEHHS PO3MOAUTY IHAYKIII Ta €IeKTPOJUHAMIYHHX CHJ IIPH
po6oTi TparchopmaTopa mpu TPHOX PiI3HUX PO3MIMICHHAX PETYIIOBaIbHUX BUTKIB
B OOMOTIIi BHCOKOi Hampyru. Bci perymoBanbpHI BUTKH TPH JOCHIAI BBIMKHEHO,
TOOTO TpaHchOpMATOp MpaIloE HAa MAaKCUMaJIbHY Hampyry. JlocTaTHhO 3HayHa
Pi3HHII B BUCOTaX OOMOTOK JI0Jajla HECTIPUATIUBI YMOBH JIJISl PO3MOILTY 1HIYKITiT
Ta CHJI, JIFOYNX Ha OOMOTKH.
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I'padikm 3anmexxnocti iHAykuii oomoTkn BH B pamianpHOMY HampsMKy
MOKA3yIOTh IO MIiKOBI 3HAYEHHS IHAYKINI CIOCTEPIraroThCs MPH PO3MIIICHHS
perymoBaNbHIX BUTKIB B cepennHi oMotk BH.

MakcumanbHi 3yCHIUIS CTHCKYBaHHS a00 pO3TATYBaHHS B KOHIEHTPAx IpHU
JOCTIKEHHAX Tap 0OMOTOK, OIHI€0 3 sIKuX € ooMoTka BH, cnoctepiratorscs npu
pO3TanIyBaHHI pETyIIOBaIbHNUX BUTKIB Ha ¥4 Ta ¥4 BucoTH oOMoTKH BH.

MakcumanbpHUI THCK B TPOKIagKax Ta peakuil Ha BepXHI Ta HWXKHIN
ornopax NpPUIMAarOTh HaWOLIBLIl 3HAYEHHS NPU PO3TALIYBaHHI PETrYITIOBATBHUX
BUTKIB Ha Y Ta % Bucotu oOMoTku BH.

IIpoBeneHi NOCHiIKEHHS I03BOJSIIOTH 3pOOMTH HACTYIHI BHCHOBKH. 3a
paxyHok Toro, 1o oomMorku HH ta CH marots MeHiry Bucoty Hixk ooMoTka BH y
BepXHil wYacTuHI rpadika ejekrpoauHamiuHi cwim obmotku BH 3miHIOIOTH
HalpaBJEHHs, [I0 € HEJOMIKOM. JIJIi yHHUKHEHHS TaKOTO HEBPiBHOBa)KEHOTO
PO3MOALTY ENEeKTPOPYIIiHHIX CHJI Oa)XXaHO Tepen0adyuTH TpU KOHCTPYIOBaHHI
oomMorox HH Ta CH Take BUKOHAaHHS NpH SKOMY OOMOTKH OyIyTh MaTH BHCOTH
piBHIi Bucoti oOMoTku BH:

- st oomMoTkr HH 3a paxyHOK BUKOHAHHS OLTBIIOI KITBKOCTI TPaHCIIO3HUIIIH,
a00 BUKOHaHHS OOMOTKH JIBOXOZOBOIO;

- st oomoTtku CH 3a paxyHOK 30UIbLICHHS KUIBKOCTI KOTYIIOK Ta BUOOpY
IHIIIOTO JPOTY.

VK 621.313
T'apbpkoBeHKO B.C.l, JlaBpuneup A.B.l, ITaBienko A.O.l, Kynanina €B?
L eryn. rp. E-219m HY «3aropisbka MOTiTeXHiKa»

KaHJ. TeXH. HayK, 1o1. HY «3amopi3bka momiTexHikay

JOCIIKEHHA PEXKUMY HEPOBOYOT'O XO4Y OJHO®A3ZHOI'O
TPAHC®OPMATOPA TP HU3BKUX YACTOTAX

PoGora Ttpancdopmaropa mpm Hampyrax 1 4acToTax, IO II€PEBHILYIOTh
HOMIHAQJIbHI 3HAYEHHS, MOXKE MPU3BECTH IO 301MBIICHHS IIUIHBHOCTI MarHiTHOTO
MOTOKY Ta BTPaTH MOTY)XHOCTI B ocepi. Takux pexumiB ciin yHukatu. OnHak €
BUIIAJIKH, KOJIM Taka poOoTa HeoOXi/tHa, 0COOINBO JUIs MaJIMX TpaHc(hopMaTopiB B
nmabopaTopisx MmiJ 4ac KOHKPETHHX eKclepuMeHTiB. LlikaBuM € Bumamgok pobotn
TpaHcopmaropa Ha 4aCTOTaX, HHIKYUX BiJi HOMIHAIBHOT. Y TPUMaHHs Halpyru Ha
HOMIHQJIBHOMY DiBHI Ta 3MEHIIEHHS YaCTOTH TPH3BEAE N0 30UIBIICHHS I'yCTHHH
MAarHiTHOrO TOTOKy B ocepai. lle MoXe Hpu3BECTH O HACHYEHHS Ocepis Ta
3HaYHOTO 30iMbIieHHS BTpaT. OQHAK y BIAMOBITHINA HAYKOBIH JiTepaTypi HEMae
ICTOTHHX TTOBiIOMJICHB PO 1l edekT. HalmpocTimmii criocid criocTepekeHHs 3a
HAaCHYEHHSM oOcepis - TPOBEACHHS BHUIPOOyBaHHS ©e3 HaBaHTaKCHHS
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TpaHchopMaTopa 1 BHMIPIOBaHHA CTpyMy O0e3 HaBaHTaXCHHS Ta BTPaTH
notykHocTi. Takuit nocmig omMcaHWi y MiKHApOTHOMY CTaHAApTi 1 KOPOTKO
o0roBopeHo B JiTeparypi. 3a3BH4ail Il¢ YacTHHA KOMIUICKCHUX JOCIiIKEHb
CHIIOBHX TpaHc(popmaropiB. Hackimpku BimOMO, B JaHWH HEMae IOCTOBIPHHX
Pe3yIbTATIB TAKOTO TECTY Ha YaCTOTaX, HIDKYMX Bil HOMiHAJIBHUX.

ToMy mOmITBHO TPOBECTH HOCHIN HEpoOOUoro Xoay OXHO(A3HOTO
TpaHcopmaropa Ha HHU3BKMX YacToTax 3a JOINOMOIOK  KOMII IOTEPHOTO
MmozeroBanHs. [lig yac mpoBeieHHs AOCiily HEOOXiTHO OTpUMAaTH 3HAYCHHS
CTpYMy Ta BTpar 0e3 HaBaHTA)KECHHSI.

YK 621.313
I'ybaper B.I.l, JlepucHko A.L? , Macniit B.K.Z, Cononosaikosa T.IT.2
! eryn. rp. E-227cn HY «3ariopisbka MOTiTEXHiKa
2 eryn. rp. E-219m HY «3aropisbka mOTiTeXHiKa»
crapmr. BUKI. HY «3amnopi3pka moniTexHika

SAJTIEXKHICTD XAPAKTEPUCTUK CUHXPOHHOT'O TEHEPATOPA
BIJI CXEMMU )KUBJIEHHSI OBMOTKMU 3BY 1’ KEHH S

CHHXpOHHI TeHEpaTopu € OJHAMH 3 CaMHX  PO3MNOBCIOJUKEHHX
eJIeKTPOTEXHIYHUX MPUCTPOIB. [X TMPOEKTYBaHHs, K MPABHUIIO, 3iHCHIOEThCA Ha
OCHOBI anpo0OOBaHUX KIACHYHHUX IH)KEHEPHUX METOAUK. Aule, 3aBISKH BEJIHKIiH
KUTBKOCTI CIPOIICHB, SKi JIMIIE YACTKOBO BPaXOBYIOTH IMPOIECH 1 SBHUINE, IO
BiZIOYBAIOTBCSl Y CHHXPOHHHX TI'€HepaTropax, BOHM MaloTh CYTTEBI HEJOJIKH, IO
3MEHIIYIOTh TOYHICTh PO3PAaxyHKIB Ta HE MOTPEOYIOTh MOAAIBIIOT PO3POOKH BXKe
ICHYIOUMX KOHCTPYKIIIH.

Cy4acHMM NpOrpaMHUM 3a0e3MEeYeHHSIM MOXIIMBO BHPILIMTH I NpoOieMu
Ta TPOBECTH PO3paxyHKH Ha OIJbII BHCOKOMY piBHI 0e3 ypaxyBaHHS HIESKHX
CIPOIIEHb Ta TOJJAI0YH HOBI TPAaHWYHI OOMEKEHHS.

IIpn npoexTyBaHHI CHHXPOHHHMX TEHEpaTopiB 3 caMo30y/DKCHHSM 3
OJTHAKOBMMH BUIXIJIHUMH J[AHUMH Ta KOHCTPYKLI€IO, ajie 3 Pi3HUMH criocobamu
JKUBJICHHSI OOMOTKHM 30y/DKeHHs Oynu 1moOyJoBaHI XapaKTEPUCTUKH XOJIOCTOTO
XOmy, BEKTOpHI JiarpaMH Juii HOMIHAQJBHOTO HAaBaHTaKEHHS 1 YacTKOBI
XapaKTepUCTHKH HaMarHidyBaHHA. bByJIo TpoBeneHO OLiHKY MacorabapHTHHX
XapaKTepUCTHK CIPOEKTOBAaHUX MAIlWH, BTpaT motyxxHocti Ta KK/, po3paxoBaHo
Ta MOOY/I0BaHO OCHOBHI XapaKTEPUCTUKN CHHXPOHHUX T€HEPaTOPiB.

Y NpoeKTOBaHOMY CHHXPOHHOMY T€HEpaTopi 3a paxyHOK 3aCTOCYBaHHS
nmonatkoBoi (puc. 1) oOMOTKM cTaTopa JUIsl KHBJICHHS OOMOTKH 30YyIKEHHS
BIIAJIOCS] 3MEHIITUTH BUTPATH aKTUBHUX MaTepialliB, B IMOPIBHIHI 3 TEHEPATOPOM 3
JKUBJICHHSIM OOMOTKH 30Y/IDKeHHS BiJl OJlHi€T 3aranbHOi 0OMOTKHM cTaTopa.
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Kpurepiem ontuMizamii Oyno TpHHHATO CyMapHi BHTpaTH aKTUBHUX
MaTepianiB. Y BHTpaTH aKTUBHHX MaTepialiB yBIMIUIA: Maca eIEeKTPOTEXHITHOT
CTaJli cTaTopa, POTOpa Ta MOJIOCHUX HAKOHEYHHKIiB; Maca MiZi 0OMOTOK cTaTopa,
00MOTKH 30yI)KEHHSI, CTPIDKHIB AeMITPEpHOT OOMOTKH 3 KOPOTKO3aMKHEHUMH.

Ha 0a3i BuKOHaHMX pO3paxyHKIB OylIO OTpPUMAaHO pe3yiabTaTH, SKi
JO3BOJIIIOTE 3pOOMTH BHCHOBOK, L0 CHHXPOHHHI TIeHepaTtop i3 >KHBJICHHAM
0oOMOTKM 30y/KCHHS BiJ He3aJe)KHOI OOMOTKM cTaropa Mae Kpalli TEXHIKO-
€KOHOMIYHI XapaKTEepPUCTHUKH, TaKi sK:

- 6inbrne 3HaueHHs KK/

- MEHIIY Bary akTUBHHUX MaTepialis;

- OKUBJIGHHS OOMOTKHM 30y/DKCHHS BiJ He3aJe)KHOI OOMOTKM cTaropa
JIO3BOJISIE 3MEHIIIUTH Ta BiIOKPEMUTH Oe3MocepeHii BIUIMB 3arajibHOI 0OMOTKH Ha
CTPYM JKHBJICHHS OJIOKa KepyBaHHS 30yIDKCHHsS, TOMY TaKHi reHepatop OibLI
CTaOUTBHUM IIiJ] 9aC HOTO POOOTH B MEPEXiTHUX PEKIMaX.
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a —re”eparop 1; 6 — rerepatop 2;
1 — apit 3aranshoi oomotku ITIETB; 2 — npit nomatkoBoi oomotku ITETB; 3, 4 —
MTiBKOTUIACT (130IeKc); 5 — TUTIBKOCHHTOKAPTOH; 6 — KITHH.
Pucynok 1— Po3mimieHHst BCUITHOT 0OOMOTKH B a3y TeHepaTopa.

XapakTepucTHKH 000X BU/IIB FeHEpaTopa MOXKHA MOKPALIUTH BUKOPUCTABILN
HOBI MapKH €JEeKTPOTEXHIYHOI CTajl 3 KpallMMHM MarHiTHUMU XapaKTepHCTHKaMU
Ta MEHIIMMHM IWTOMHMM BTpaTaMH Ha IepeMarHiuyBaHHi. lle 103BonHTH
3MEHIIMTH MAarHiTHy HacH4YEHICTb CTaTopiB, IO B CBOIO 4Yepry J03BOJHTH
3MEHIIMTH TrabapuTH Ta Bary TreHeparopiB. BukopucTaHHS HOBHX BHIIB
JUEJIEKTPHKIB JTO3BOJUTH 3MEHIIUTH TOBIIMHY 130J1LI1 IPOBIJHUKIB Ta ma3iB. Lle
OynIe CTpusTH KpamoMy BiIBOAY TeTlUIa i3 Ma3iB.
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YK 621.313

Ierpos K.B.}, Cagin P.B.%, ITogyc O.P.2, JliBuyk T.€.°

L eryn. rp. E-219m HY «3armopisbka MOTiTEXHiKa

2 eryn. rp. E-919m HY «3aropispka MOmiTEXHiKa
crapmr. BUKI. HY «3amnopi3pka moitexHika

VIOCKOHAJIEHHS KJIACUYHOI METOJUKU PO3PAXYHKY
CHJIOBOI'O TPAHC®OPMATOPA 3 BUKOPUCTAHHAM
MNPOT'PAMHOI'O 3ACOBY FEMM

OpnHi€l0 3 OCHOBHHMX 3ala4 IPOEKTYBaHHS CHJIOBOTO TpaHC(hOpMaTopa €
BUOIp KOHCTPYKTHBHOI cXxeMH MarHiTHOI cucremu. [Ipu ii po3paxyHKy B mepiiry
4yepry NOBUHHI OyTH mependaueHi MOMIMBOCTI 3MEHIICHHS BTpaT Ta CTPYMIB
HEpoOOUYOro X0y, MiHIMajdbHI BHUTPATH CIEKTPOTeXHIUuHOI crami. J[ms mmackoi
IIMXTOBaHOI MAarHiTHOI CHCTEMHM BH3HAYalOTh: IUIAH IIMXTYBaHHS ILUIACTHH,
KIJIbKICTh CTYNEHIB B Tepepi3l CTPMXKHIB Ta sipMa, PO3MIpH MakKeTiB — IIMPHHA
IUIACTUH Ta TOBLIMHA TAaKETIB, PpO3TAllyBaHHA Ta PO3MIPH OXOJIOKYIOUHX
KaHaJiB, IIOBHI Ta aKTHBHI IEePepi3n CTPWKHA Ta SpMa, BICOTA CTPIDKHS, BIICTAHBb
MiX BICSAMH CTPIDKHIB. ['€OMETpHYHI pO3MIpH MarHiTHOI CHCTEMH OOHPAIOTHCH y
BiJIIIOBITHOCTI 3 MTOTIEPETHIM pPO3PaXxyHKOM, CIIUPAIOYNCh HA ONTHMATBHAN BapiaHT
CHIBBIIHOIIICHHS ITapaMeTpiB HEPOOOYOTO XOIy Ta pO3MIpiB ii KOHCTPYKTHBHUX
€JIEMEHTIB, Ta, SIK HACIHIJOK, BUTPAT AaKTHBHUX MarepialliB, 0 € aKTyaJbHUM
MUTaHHSIM ChOTOJICHHSL.

KiacuuHi MeTonn po3paxyHKy KOHCTPYKUIl TpaHcdopmaropa 06a3yroThCs Ha
CIPOLICHHAX Ta MPUITYHICHHSX. BU3HAYeHHS BUXIIHUX AaHUX CYIPOBOKYETHCS
PO3PaXyHKOM OCHOBHHUX KOE(II[IEHTIB 3a JOMOMOIOI0 SKHX PO3PaxXOBYIOTHCS
BEJIMYMHMA BTPAT Ta CTPYMIB HEpoOOYOro XOAy, TyCTHHA CTPYMIB, IMepepis
NPOBOJIIB, TE€OMETPUYHI PO3MIPH AaKTUBHOI 4YacTHHH, MacH MarepiajliB Ta
MiHIMaJIbHa BapTiCTh. PO3MipH IMX BeJIMYNH 3a3BUYal CyTTEBO BiIPi3HAIOTHCS BiJ
KIHIIEBOT'O Pe3yJbTaTy NMPOSKTYBaHHS Ta IX po3paxyHOK 3aiimae Gararo 4acy.

IcHyroya KOHKypeHILiss Ha pUHKY BHIOTOBJEHHsS TpaHcdopmaropiB Ta
CJICKTPOIIPOMHUCIIOBUX BHpPOOIB B3arani BHMarae MOJEpHI3allii Ta IMIBUAKOTO
pearyBaHHS Ha BHMOTHM CIIOXKMBAdYiB EJISKTPOTEXHIYHOI mpoxayknii. Tomy icHye
HEOOXiTHICTh YTOYHEHHS METOJIB pO3paxyHKy Ta CKOPOYEHHsS BHUTpAT 4acy Ha
HHX.

Kiacuuna Merojuka po3paxyHKy TpaHchopMaTopa KpiM IONEpeIHbOrO
BHOOPY KUIBKOX MOMJIMBHX MapoK CTajJeid MarHiTHOiI CUCTEMH Ta BiAMOBIIHUX iM
NUTOMUX BTpPAaT Ta HaMarHiuyylO4WX MOTYXKHOCTEH mependadae po3paxyHOK
JIECATKIB TIOTIOMDKHUX KOe(DIIi€HTIB, IO B PE3yJIbTaTi 3BOIUTHCS JO OTPUMAHHSI
xoedimienty [, sxumii Binnmosizae MiHiManbHIM BapTOCTi AKTMBHMX MaTepiallib.

[ortim, omumparounch Ha 1ed KOoe(iUi€HT pPO3paxOBYIOTHCS KijbKa BapiaHTIB
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MOJIMBUX KOHCTPYKIIHHHX pimeHs TpaHcopmaTopa, m0 3HAYHO 30UIBIIyE
BUTpATH dYacy TPU PO3PaxyHKy TpaHchopmaropa. Aje B M XKe KIACHIHIH
METOAMIII ICHY€E ps] HOPMAaJli30BaHHUX JiaMeTpPiB CTPH)KHSA MArHITHOI CHCTEMH, SIKi
HaIpsIMy 3aliekaTh Bif Koe(dimieHTy P mpW SKOMy 3arajibHa BapTICTh aKTHBHOI
4JacTHHU TpaHcopmaropa He mnepeBuinye 1% Big MiHIMaIbHOI BapTOCTI
HOIIEPEIHBO PO3PAXOBAHOI.

Hdns oOpaHoro, sk mnpukian, TpudasHoro TtpaHchopmaropa tumy TM-
1000/35-Y1 3HaueHHs JiaMeTpy CTPUKHS MATHITHOI CUCTEMH MOXKe OyTH 00paHiM
Big 0,22 mo 0,27 M. BiamoBigHO 00paHUM 3HAYCHHSM MOXKJIMBUX HOPMAJIi30BaHUX
niametpiB cTpmwkHiB TpudasHoro tpancopmaropa tuny TM-1000/35-V1 pobumo
PO3paxyHOK OCHOBHHUX MapaMeTpiB, sSKe 3BOJAUTHCS IO PO3PAXYHKY F€OMETPUYHUX
PO3MIpiB MarHiTHOT CUCTEMH, Ta 3HAYCHHS €IEKTPOPYLIIHHOT CHIIH.

Jns  ontumaneHoro — BHOOpDY — KOHCTPYKLII  MAarHiTHOI — CHCTEMH
tpancopmaropa tuny TM-1000/35-Y1 mpoBoanMO po3paxyHOK B CEepeIOBHIII
nporpamHoro 3acody FEMM wMetomom ckiHueHMX eneMeHTIiB. Peamizaris
PO3paxyHKIB IPOBOAUTECS ISl TECOMETPHYHUX PO3MIPIB TPHOX MArHiTHHX CHCTEM,
3HAYCHHS JiaMeTpiB SKUX JeKaTh B Mexax 1,92 <f < 3,96.

3 OTpUMaHHMX KapTHH MarHiTHHX IIOJiB T€OMETPUYHHX MOJeieil akTHBHOI
4acTHHU TpaHcdopmaropa 3 pi3HUMHU JliaMeTpaMK CTPHIKHIB MarHiTHOI CHCTEMH 3a
nonomoroto [13 FEMM oTprmMaHi 3Ha4eHHs €Heprii MarHiTHOTO MOJIsl Ta IHAYKIIN
B CTPWXXHSX MAarHiTHOI CHCTeMH, IO Ja€ 3MOTY pO3paxyBaTH MapameTpu
HepoOouoro xory (tabi. 1).

Tabmums 1 — [apameTpu HEpoOoOUOTO X0Iy TpaHCHOPMATOpa TUITY
TM-1000/35-Y1 Busnaueni 3acobamu [13 FEMM

= = = =
5 = o = = E
T0E =, | | i35 |=3%8 | &

= S SRS a z g A
= B 20 = = o) = o) = O
g g a 5 & = £ ;% > | E ;% > '8 %
8 2 53 S B2 &= ESAaE aax
55| A% | S5 Z- | 2523|2523/ a2¢8
0,22 21,9 22047,24 96,55 | 21782,5 3406,42 2317,86
0,24 23,562 | 22047,24 103,69 | 21710,8 3836,94 2610,82
0,27 18,26 | 22047,24 80,51 | 21783,2 3398,1 2312,21

3 Tabuuii BUIHO, IO BTPAaTH HEPOOOUYOrO XOAY JUISI MArHiTHOI CHCTEMH 3
nmiamerpoM cTprkHs 0,24 M 3MEHIIEHI B IOPIBHAHHI 3 3aJaMd NpH JiaMeTpi
crpmwkHsa 0,22 M Ta 0,27 M st o6panoi Mapku ctaii. [Ipu 1i 3MiHEHHI MOJITHBHIMA
MepepaxyHoK 3a iICHYIOYMMH MOJEIIIMA MarHiTHOiI CHCTeMH ToOymoBaHuMH B 113
FEMM. Iloxmbka po3paxyHKy BTpaT Hepobodoro xoxmy ckmamae 9,16% mns
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nmiamerpa crpmwkHiI 0,22 M; 9,05% mnma miamerpa crpmxaa 0,24 M; 9,158% s
nmiamerpa cTprkaa 0,27 M.

VYIOCKOHANEHHS ICHYIOWOTO METONYy [IO3BOJMIJIO CKOPOTHTH ITOTICPEIHIH
PO3paxyHOK IO BU3HAUCHHA BAPTICHOTO KOEQiIlieHTy, NPH BH3HAYCHHI IapaMeTpiB
HEepobOYOro X0y He BUKOPHCTOBYBATH HAacTyIHi KoedimienTn: K, — koediuieHT, sxuit
BpaxoOBy€e 30LTBIIICHHS BTpAaT MPH PO3Kporo crami, K, — KoedirmieHT, skuii BpaxoBye
BHJIAJICHHS 3a]IMPOK Ha cTaim, K, — KoedilieHT, AKuil 3a1exuTh Bif GopMH Tepepizy
ApMa, Ky, — KoedillieHT, sSKHi 3a1eXUTh BiJl CIOCOOY PECcyBaHHS ApMa Ta CTPIKHA, Ky
— KOC(ILEHT, SIKUI 3aJIeKUTh BiJl MAapKy CTajl, ()OPMHU CTHKIB Ta IHIYKLIi, a TepeidTn
JUISL TOCJTI/KEHHS peaIbHUX aKTUBHHX YaCTUH CHIIOBOTO TpaHcdopmMaropa.

BukopucraHHs MeETOLy TOJNBOBOrO MoOJetoBaHHs 3acobamu [13 FEMM
JIO3BOJIMJIO JIOCIIJIUTH PEKUM HEpPOOOYOro X0y Ta OTPUMATH XapakTepHi A1 HbOTO
KapTHHU T0JIs1. BHU3HAa4YeHHs BTpaT HEPOOOYOro XOAy 3a pe3ysIbTaTaMy MOJCITIOBAHHS
JIaJI0 MOXCIMBICTD OOpaHHs HifICHOI MAarHiTHOI CHCTEMH Ta IPUCKOPHTH PO3PaxyHOK
KOHCTPYKLIi CHIIOBOrO TpaHchopmaropa.

YK 621.313
Jly6pos €.11.%, TTerpos 3.I'.%, Bepxomanos C.J1.", CemuBon B.B.2 HiBuyk T.€3
! eryn. rp. E-219m HY «3anopisbka mosiTexHikay»
2 crya. rp. E-919m HY «3anopi3bka mosiTexHiKa
crapm. BUKI. HY «3anopizbka mosiTexHika

AHAJII3 BUKOPUCTAHHSA CXEMHOI'O MOJEJIIOBAHHA ITPU
JOCIIKEHHI CHJIOBUX TAHC®OPMATOPIB

IMpu nocmimkenHi cunoBux TpudaszHux TpaHCHOPMATOPIB B pexKHMax
HEepoOOYOro Xojay Ta JOCIIIHOrO KOPOTKOIO 3aMHKaHHS iX Mapamerpu MOXYTb
OyTH mpescTaBIeHi y BUTIANI cxeM 3aMmimeHHs [1-4]. HailOinbpm nomupennmu €
T-moni6na, [1-moni6Ha ta I'-noxiOHa cxemu 3amimeHHs TpaHcpopmaropa [1]. SAx
npasmio, [1-moxibHa cxeMa 3aMillieHHsI BUKOPUCTOBYEThCS Y BUIIAAKAX, KOJIH SpMa
HACHYYIOThCS CHJIBbHIINE HiXK cTpwkHi [1], T-momiOHa cxeMa 3aMillleHHS MOXe
OyTH KOPHCHOIO AJIs TOCJIIPKEHHS! TPaHCPOPMATOPiB 3 MArHITHUMH IIYHTaMH, JJIs
aBTOTPaHC(OPMATOPIB 3 PO3TALIYBaHHSAM IIOCTIJJOBHOI OOMOTKH OJliK4e 10
cTpmwkHA. [-momibHa cxema 3aMimieHHS € HaWOUTPII HAOMIKEHOI IO YMOB
JIOCITITHUX PEXHUMIB HEpOOOYOTO XOIy Ta KOPOTKOTO 3aMHUKaHHs, ane came [1-
nmofiOHa cxema 3aMilIeHHs € HeoOXiIHOO Ui BU3HAYCHHS MOXHOKH pO3paxyHKiB
3a cripomieHoro [-moaioHoIo cxemoro [1].

Jlis ToKpalieHHs TOYHOCTi, JOCTOBIPHOCTI 1 aJeKBAaTHOCTI PO3PaxyHKiB
mapaMmeTpiB  TpaHc(hOpMaTOpiB Ha  eTami  KOHCTPYKTOPCHKOI  MiATOTOBKH
BUPOOHMITBA CHJIOBMX TpaHc(opMmaropiB BuOip Oinbll epeKTHBHOI CXeMH 3a
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O3HaKaMH OOYHCIIOBANEHOI e(EeKTHBHOCTI 1 TOYHOCTI mOTpedye MeTaabHOTO
aHawi3zy.

Jis  Bu3HAUGHHS eJEKTPUYHUX MapaMeTpiB  3aCTOCOBYIOTBCA — Bimomi
cuiBBigHOImIeHHS it T — moniOHOI cxemm 3amimieHHs [1] Ta Bupasm mis I1-
nmoioHoOi cxemu 3amimieHHs [1].

SIKImo eneKTpUYHI ImapaMeTpu HepoOOodyoro XOmy i KOPOTKOTO 3aMHKaHHS
BBOKATH B32a€EMOHE3IC)KHUMH 1 3HEXTyBaTH NaJiHHAM Halpyrd Ha OIopi
MEepBUHHOI OOMOTKH BiJl CTpyMy HamarHiuyBaHHs, TO I1 — mogiGHy cxemy MokHa
neperBoputd 'y I — monibHy cxemy. lle Moke mpuBecTH 10 HOXHOKH,
00yMOBJICHOIO JIaHOIO CXEMHOK0 MOJEIUII0, TOMY IO HE BPaxOBaHO CTPyM
HaMarHiuyBaHHs y KOJI NEPBUHHOI OOMOTKH. AJie CTPyM HEPOOOYOro Xomay
cuoBux  TpaHcopmartopie  mobirae 1%  Bil  HOMIHAJIBHOTO  CTPYMY
TpaHchopmaropa TOMy Take CIPOIIEHHA MoOXe OyTH jomycTuMuM. Onopu
MEPBHMHHOI OOMOTKM IIOCTIJOBHO BMHUKAIOTBCS 3 MPUBEICHUMH OINOPaMHU
BTOPUHHOI OOMOTKHM, a NIpH iX [J0JaBaHHI BH3HAYAIOTHCS OMNOPU JIOCIITHOTO
pexxumy K3 tpanchopmaropa Ry i X [1, 2].

Iapamerpn I'- momiOHOI cXeMH 3aMilleHHS MOXYTh OYTH TOCTOBipHO
BUMIpSHI Ta pO3paxoBaHi y MOCHITHUX peKHMaxX HEPOOOUYOro XOIy i KOPOTKOTO
3aMHUKaHHS [iJ 4yac BUNPOOyBaHb CHIOBUX TpaHCc(OpMAaTopiB, IO MOTpeOyBaTUME
JIOJTATKOBUX PECYPCIB.

CyyacHHM aHAJIOTrOM JOCHiJHHX BHIIPOOYBaHb € CydacHI MpOTrpaMHi 3aco0H,
B OCHOBI SIKHUX JIGKHTh METOJ I[OJHOBOTO MOJCIIOBaHHA. ToMy aHami3 poboTH
TprudasHUX CUIIOBHX TpaHC(HOPMATOPIB 3 INIOCKOIO MAarHITHOK CUCTEMOIO Ha eTarll
KOHCTPYKTOPCBKOI ~MIJTOTOBKM TOTpeOye OOIPYHTYBaHHS OOYHCIIOBAILHOT
CYMICHOCTI Ta €()EKTHBHOCTI IOJILOBOTO MOJCTIOBAHHS 3 PI3HUMH BHAAMH CXEM
3aMIIICHHS B peXHWMax HepoOouoro XoJxy Ta KOPOTKOTO 3aMuKaHHA. lle
3a0e3NeYUTh BHUMOTH IIJABHINCHHS TOYHOCTI imeHTH(]ikamii mapamerpiB cxem
3aMilleHHs 3ac00aMi MaTeMaTHYHOTO MOJIETIOBAHHS.
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MOJIEJIOBAHHS EJIEKTPOMATHITHHUX ITPOLIECIB B IHIYKTOPI
KAJIBPY MYHAUTYKA ITPECY

P03BUTOK Cy4acHOi MPOMHUCIOBOCTI YKpaiHU HEMOXJIMBUN 0€3 3MEHIICHHS
PIBHSI €HEProBUTpAT MPH OJHOYACHOMY IOJIMIIEHHI piBHA skocTi npoaykuii. Ile
TaKOX BIJHOCHTbCA 1 A0 rpadiTOBOrO BHPOOHUITBA, JUII KOXKHOTO HOTO
TEXHOJIOTIYHOTO TPOLECY. YHIKAIBHOI MPOAYKIE YKPaiHCHhKOTo rpadiToBOro
BUPOOHUIITBA € TIOJI0BI OJIOKH IS aTFOMiIHIEBUX €ICKTPOJIi3epiB Ta JOMEHHI OJOKH
II0 BHUKOPUCTOBYIOTBCS Uil (DyTEpPOBKHM JOMEHHHUX II€UeH, SKi MalOTh 3HAYHMI
MONUT Ha CBITOBUX pHHKaxX. JIJIs BHTOTOBIICHHS 3aroTOBOK IIMX BYTUIBHO-
rpadiToBUX  OJOKIB  BHKOPHCTOBYIOThCS  IOTYXKHI TpecH 3 MaCHUMHU
MYHIIITYKaMH, 0 00JaHaHI CHCTEMaMU IHAYKIIITHOTO HAarpiBy 3 aBTOMAaTHYHIM
perymtoBaHHsM [1]. CydacHi cucTeMH aBTOMATHYHOTO PEryJIFOBAHHS iHAYKLIHOTO
HarpiBy, JO3BOJISIIOTH  3a0€3MEYUTH  TEMIEpaTypHHX  pPEXHUMH  Harpisy,
PIBHOMIpHUI pO3MOAIN TeMIepaTyp o poOodiil MOBepXHI MYHJIIITYKa mpeca,
BUCOKI KOedillieHTH KOpPHUCHOI Hii Ta TOTY)KHOCTI MHpU poOOTI Ha TOKax
MPOMUCIIOBOT yacToTH [1].

[MixBuieHHsT TOYHOCTI 1 €(QEKTUBHOCTI KEpyBaHHS EJIEKTPOTEXHIYHUM
KOMIUIEKCOM  IHAYKIIMHOTO HarpiBy 3aJle)KUTh BiJl aJE€KBaTHOCTI  OIUCY
MareMaTtuyHoi  Mogmeni  00’ekty. Po3poOka 1  3ampoBaJUKEHHS  HOBHX
eHeproe()eKTUBHUX KOHCTPYKTUBHHMX pILIEHb CHUCTEM IHAYKLIHHOTO HarpiBy
MYHJAIITYKa Tmpecy noTpedye uitkoi ineHTHdikamii iX mapameTpiB s
3abe3reueHHss TOYHOCTI 1 edekTHBHOCTI KepyBaHHS. ExcrnepuMeHTanbHI
JIOCJIJDKEHHS. Ha JIiloYoMy OOJlaJHaHI MaroTh 3HAYHI TEXHOJIOTIYHI 1 (iHAHCOBI
obmexeHHs. ToMy akTyalbHUM € po3poOKa HOBHX KOHCTPYKTHBHHUX pillleHb Ha
OCHOBI BHKOPUCTaHHS CYYaCHMX METOJ[iB MaTeMaTHYHOIO MOJICIFOBAHHSI
@JIEKTPOMArHiTHHX 1 €JIEKTPOTEIUIOBHX IIPOIIECIB B iIHAYKTOpaxX MPecy 3 MaCUBHUM
ocepasM. Taki Monemi MOBHMHHI 3 BHCOKOIO TOYHICTIO ONFCYBaTH TIPOLIECH Yy
TPUBUMIPHHX TEOMETPUYHHX 001acTaX O00’€KTy i3 BpaxyBaHHSAM HOro
KOHCTPYKTUBHUX OCOOJIMBOCTEH 1 eNeKTpo(di3MIHUX Ta MarHiTHUX BJIACTUBOCTCH
MaTepiaiiB, JIs TOYHOI imeHTHdiKalii iX mapamMeTpiB IMiJ Yac TEXHOJOTIYHOTO
IpoLEecy.
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Mertoro poboTtn Oyino HOCHiIKEHHS HECTAlliOHAPHHUX EJICKTPOMArHiTHUX 1
TEIUTOBHX IPOIECiB iHAYKIIITHOTO HATPiBy IPH BUTOTOBJIICHHI 3aTOTOBOK MOJOBHUX
1 JOMEHHUX OJIOKIB i3 BpaxyBaHHSIM KOHCTPYKTHBHHX OCOOIMBOCTEH, HENHIHHOCTI
BJIACTUBOCTEH aKTUBHHUX Ta KOHCTPYKIIMHUX MaTepiaiiB, a TaKOX 3aCTOCYBaHHA
e(eKTHBHUX MeTONIB 1ii peami3amii, mo 3a0e3NnedyroTh BHCOKY TOYHICTH 1
aJIeKBATHICTh BH3HAYCHHSA IIapaMeTpiB IHAYKTOPIB MYHIIITYKa Tpeca Ui
3aIpOBaPKCHHS] HOBHX €HEProe()eKTHBHUX KOHCTPYKTHBHUX PillICHb.

3a3BH4ail iHIYKTOPH MYHALITYKA Ipeca MaloTh KOHCTPYKTHBHE BUKOHAHHS 3
MacHBHHMM CEPJICYHHKOM, B I1a3ax SIKOTO PO3MILIYIOTHCS 130JIb0BaHI MiJHI CTPHIKHI
o0MoTkH. CepIeuHUK IHIYKTOpA OXOIUTIOETHCS CTaJICBHM KOXYyXoM. B po0oti
TaKOX JIOCHIJPKYBaJIOCh HOBE KOHCTPYKTHUBHE PIILIEHHS 1HAYKTOPY «OOEpHEHOI»
KOHCTPYKIIii, KOJIX POJIb MACHBHOTO OCEPJIsi BUKOHYBAaB MYHAIITYK MpecCy, IO Ja€
3MOTy 3a0€3MeYnTH HOro IPSIMHUIN HATpiB.

HecramionapHi eleKTpoOMarHiTHi Ta TEIUIOBI MPOIECH iHAYKIIHHOTO HArPiBY
MYHJIITYKa Ipecy, MOXYTb OyTH MpeCTaBIeHI CHCTEMOIO PiBHIHB

oA Vx|t 11 ) VXA =0 1)

Cipitri = dlv(ﬂfl . gl’adt, )+ pi = O,

G — IMTOMa eNeKTPHYHA MPOBIHICTE; [lo— MarHiTHA MPOHUKHICTh BaKyyMy; [ —
BiJIHOCHA MarHiTHa IPOHMKHICTh, C — MUTOMAa TEIUIOEMHICTh, P — NMUTOMA Bara;
A — xoebiuienT TemmompoigHocTi; iHmexkcu =123  BianosigaroTsh
tdepomarriTanM (1), mpoBimHEKOBHM (2) Ta 3omamidHUM (3) Marepiamam
IHIYKTOPY.

[oTyXHiCTP TUTOMHX BTpaT B AaKTHBHUX Marepiajiax I1HIYKTOpY
BU3HAYAETHCS CIIBBIIHOLIEHHSIM

Pi,j =0i,j j?

J€ ] — TYyCTHHA CTPyMYy.

Cuctema (1) mONOBHIOBaNach TpPAaHMYHHIMH YMOBaMH Ha IOBEPXHIX
CIIOJyYEHHSI CEPEJOBUIN 3 PI3HUMHU €JIeKTPOMArHiTHUMHU BJIACTHBOCTSMH, Ha
30BHIIIHIX TIOBEPXHIX 1 MOBEPXHAX MArHITHOI 130JIAIil, TPAHUYHUX TOBEPXHIX,
OOTIYHUX €JIEKTPUIHUM CTPYMOM, Ha TOBEPXHAX CUMETPIi 1 €MEKTPUIHOI 130111
[2] Ta ymMOoBaMHM KOHBEKTHBHOT'O TEIIOOOMIHY 3 HABKOJIMIITHIM CEPEIOBHUINECM Ha
30BHIIIHIX TMOBEPXHAX (YMOBH 3 POAY) 1 KOHIYKTUBHOTO TEIJIOOOMiHY, Ha
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TPaHMILIX CIIOJydCHHS CEPEIOBHI] 3 PI3HUMH TEIIO(I3UYHIMHU BIACTUBOCTSIMHA
[2].

Peamizanis cucremu (1) 3 BiAIOBIZHUMH yMOBaMH BHKOHYBAJIAaCh METOIOM
CKiHUEHHHUX eJIeMeHTIB [2].

3a pesynpTaTaMH MOJCNIOBAaHHS BHM3HAYaBCS IPOCTOPOBHH  PO3MOMLIT
TEMIIepaTyp, CKJIAOBUX BEKTOPHOTO MarHiTHOTO IOTEHIliaTy, MAarHITHOT 1HIYKII] i
HAaIpy>X€HOCTi, TYCTHHU BUXPOBUX CTPYMIB i IUTOMHX BTPAT B IHAYKTOPI.

Jns  Bamimamii  3amponoOHOBaHOI MOJENi BHKOHYBAJIOCh MOPIBHSIHHS
pe3yJIbTaTiB PO3paxyHKy i3 €KCHepHMMEHTAIFHUMHU JaHUMH. BigHocHa moxubka
PO3paxyHKOBUX 3HAYeHb MOBHOI MOTY)XXHOCTI I1HOYKTOPIB 3axomy 1 Kamiopy
cTaHoBUTh 4,5...6,1%, aktuBHOi moTyxHOCTI - 4,1...6,5%, KoedilienTa
HOTYXHOCTI - 5,4...7,1%. Lle migTBep/Kye aleKBaTHICTh MaTEMaTUYHOI MOJET Ta
MOXJIMBICTh BUKOHAHHS MOAAJBLIMX JOCHIIKEHb Ha i OCHOBI [UIA ITiJBHIICHHS
€HeproepeKTUBHOCTI IHAYKIIHOTO 00IrpiBy MYHAIITYKA Ipeca IIPH BUTOTOBJICHHI
3aroTOBOK MOJOBHX OJIOKIB.

Po3paxyHkn aKTHBHOI TOTYXXHOCTI IHAYKIIHHOTO HarpiBy i KoedilieHTY
MOTY>KHOCTI BUKOHYBAJIHCS JJISl iHTEPBAy 3MiHH HAIPyTd HA OOMOTI iHAYKTOPY
kaiopy 90...140 B ta motyxHoCTi iHgyKIiftHOTO HarpiBy 40...65 kBT.

3a pe3ysibraTaMi MOJEIIOBaHHS BH3HAYEHO, IO PICT HANPYTH NPH3BOAMTH
JI0 301JIBILIEHHS] MarHiTHOTO TIOTOKY B OCEpJIi IHIYKTOPY Ta CTaJeBOMY KOXYCI, L0
B CBOIO Yepry 0OYMOBJIIOE CYTTEBE 3HIDKECHHSI MArHITHOT IIPOHUKHOCTI 1 3pOCTaHHS
rIMOMHM  NPOHMKHEHHST MArHiTHOrO IOJisl Ta  30UIbLIEHHS  MOTYXHOCTI
TEIJIOBU/IICHHS BiJl BUXPOBUX cTpyMiB. Lle BimoOpaxaeTbest Ha 3MiHI KoeillieHTy
MOTY>KHOCTI IHAYKIIHHOTO HArpiBy. 3 pOCTOM HAmNpyrd Ha OOMOTII IHAYKTOpa
KoeimieHT mOoTykHOCTI migBmmyetbes 3 0,61 mo 0,67. IHTeHCHBHImIE
BiIOyBa€ThCS 3MiHA KOSQIIiEHTy MOTYXXHOCTI B iHTepBani Hampyru 90...110 B 3
MOJANBIIOI0 Horo cradimizamiero mpu Hampysi moHan 110 B Ha piBHi 0,66...0,67.
AHaNOTIYHAM YMHOM KOE(II[iEHT IMOTYXXHOCTI 3MIHIOETBCS 3 POCTOM AKTHUBHOI
MOTYKHOCTI, CHOXXMBaHOI 1HAYKTOPOM, JOCATAalOYH MaKCUMaJbHUX 3Ha4eHb NPHU
notyxHocTi moHax 40 kBT.

[TizBuIEHHS TeMIlepaTypH IHIYKTOPY Ma€ HEOJHO3HAYHHI BIUIUB. 3 OJTHOTO
00Ky, BOHO 00YMOBITIOE 3HHKSHHSI MarHiTHOI IPOHUKHOCTI 1 301TbIIIEHHS TTTUOMHU
MPOHUKHEHHS MAarHiTHOTO TOJs, a 3 IHIIOTO — 3HI)KEHHS eJIeKTPONPOBITHOCTI
OCepJIHsI, IO MPU3BOIUTH 10 3MEHIICHHS MUTOMOI MOTY)XHOCTI TETUIOBHIICHHS
Bil BHXPOBHX CTPyMiB. 3 pPOCTOM TeMIepaTypH iHAyKTOpa B iHTepBali
180...270 C, npu nHanpy3i 110 B abo axTtuBHii moryxHocti Oinmbmie 40 kBt
KOe(illieHT TOTYXHOCTI Jocsirae  Makcumymy 0,66...0,67, a motiM, npu
temneparypax Buie 270°C — 3HUXKY€ETbCS.

TakuM 4YMHOM, HaBeJeHAa MaTeMaTHYHa MOJENb Ul HECTalliOHApHHUX
CJICKTPOMArHiTHUX 1 TEIJIOBUX TIPOLECIB I1HIYKUIHHOTO HarpiBy ajeKBaTHO
BPaxoBY€ KOHCTPYKTHBHI OCOOJIMBOCTI Ta HEJIiHIMHICTh BIACTUBOCTEH Marepiais.
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[l peamisamis Meromom  ckiHUEHHMX — eJeMeHTiB  3abesledye  BHCOKY
o0uncIIOBaNIbHY €(EKTUBHICTh 1 TOYHICTH PO3PAXYHKOBUX pE3yNBTATIB, IO
JIO3BOJISIE  OTPUMATH KIUNBKICHI OIIHKMA BIUIMBY Ha KOE(IMi€HT MOTYXHOCTI
IHAYKIIAHOTO HArpiBy 3MiH TeMIEpaTypHUX 3aBJaHb i JII0YMX 3HAYCHb HANPYTH
Ha 0OMOTII iHAYKTOpY. BeTaHOBNICHO, IO JUISA TiABHUINCHHS €HEProeeKTHBHOCTI
IHAYKIIHHOTO HATrpiBy MYHAIITYKa IIpeca, TEMIepaTypHi 3aBAaHHS U TOUKH i1
ocepsIM iHIYKTOpY He MOBUHHI nepeBuinyBaty 270°C, a airo4i 3Ha4eHHS HANpyru
Ha oOMOTLI iHIyKTOpa MatoTh OyTh He Hikde 110 B. Lle mo3BonuTh niaTpuMyBaTH
3HA4YeHHS KOe(illieHTy MOTYXHOCTI JUISi PO3MIITHYTOI KOHCTPYKILIi 1HAYKTOpY Ha
piBHI OJIM3bKOMY 10 MaKCUMaJIbHUX 3Ha4YeHsb 0,66...0,67.
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AHAJII3 EJIEKTPOMAT'HITHUX I TEIIVIOBUX ITPOLECIB B
IIMHHUX MAKETAX EJIEKTPOITEUEM OIIOPY JIJISI BAPOGHUIITBA
KAPBIY KPEMHIIO

TexHomnoriunuil mporiec BUPOOHUITBA KapOigy KpeMHII0 XapaKTepH3YEThCs
BHCOKOIO €HEeproeMHicTIO (10 5...12 MBt'ron Ha TOHHY npoaykuii). [ToTyxHicTh
eJIeKTporieuel ormopy IJjisl BUpOOHMITBA KapOiny kKpemHito mocsrae 4...5 MBT a
TPUBATICTh TEXHOJOTIYHOI KammaHii gocsrae 40 roaun. [le 00ymoBiioe moTpedy y
MOIIYKY HOBUX HIISXIB ITJIBUIICHHS €HEProe(eKTUBHOCTI Ta BIJCOTKY SKOCTI
HPOJIYKLIT JUIsl 1 KOHKYPEHTOCIIPOMOXKHOCT] Ha CBITOBUX PHHKaX.

Brpatn akTMBHOI NOTYXXHOCTI y KOPOTKIH MepexXi eJIeKTpoIedi omnopy
MoxyTb csirati 10...12% Bix moBHOI akTHBHOI MOTYXHOCTI KomIuiekcy. lLle
00yMOBJIIOE aKTyaJbHICTh 33/1adi paIlOHAJIBHOTO KOHCTPYIOBaHHS IIMHHHUX
MaKeTiB HOBMX a00 MOJEPHI30BaHMX EJICKTPOIICUeH Oropy Juisi BHPOOHHMIITBA
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KapOimy KpEeMHII0 BeNWKOI TOTYXKHOCTI, sKi 3a0e3medyroTh IIiJBUIICHHSI
eHeproepeKTUBHOCTI TEXHOJIOTIYHOTO MPOIIECY.

Sk mpaBuiIO, IPU HMPOEKTYBAaHHI KOPOTKHX MEPEX EJIEKTporedeii 3MiHHOTO
CTPYMY 3aCTOCOBYIOTBCS METOIM TEeOpil eNeKTPUYHHX KT 1 CepemHix
TEOMETPUYHUX BifICTaHEH, Ki 0a3yIOThCS Ha LMIIOMY PAIi IIPHUITYIIEHb 1 CIIPOIIEHB,
IO HE [a€ 3MOTYy BpaxyBaTH pealibHy KapTHHY €JIEKTPOMAarHiTHHX moiuiB. Lle He
JTO3BOJISIE JIOCTOBIPHO BPaXOBYBATH OCOOJIMBOCTI €JICKTPOMATHITHOTO B3a€MOJIIT
CTPYMOBEIYYUX €JIEMEHTIB MIYHOI MeTJ, CTPYMOMIIBOAY 1 KEpHy Iieui,
NPU3BOJUTH 10 30UIBIICHHS NOXUOOK TPH PO3PAaXyHKY OMOPIB, PO3MOILI CTPYMIB,
EJIEKTPUYHHX BTpAT B LIMHHMX MaKeTax, 1, IK HACIIJI0K, TEMIEPaTypHUX PEKUMIB
ix po0OoTu. PO3BHTOK METOMUKH KOPOTKOI MEPEki EICKTPOmedi Omopy s
BUPOOHMITBA KapOiqy KpEeMHil0 TOBMHEH 0a3yBaTUCh Ha aHaji3l MPOCTOPOBUX
B3a€MOTIOB'SI3aHUX €ICKTPUYHUX Ta MATHITHUX MOJIB B 00NacTi MiYHOI MeTiIi Ha
OCHOBI METO/IiB MaTEMaTHYHOTO MOJICIIIOBAHHS 1 YHIBEPCAIBHHUX IAKeTiB MPOTpaM
PO3paxyHKy.

Mertoro pobotu Oymna po3poOka YHiBepcaIbHOI METOIMKHI
eHeproe()eKTUBHOTO BHOOPY T€OMETPHMYHHMX IapaMeTpiB IIMHHUX IIaKETiB
eJIeKTpomneyueil onopy 3MIiHHOTO CTPyMY JJIs BHPOOHHITBA KapOixy KpeMHil0 Ha
OCHOBI YHCEJIBHOTO - MOJIbOBOTO aHAIi3y €JIEKTPOMATHITHUX 1 €JIEKTPOTEIIOBUX
MoJieJiel, IO BPaxOBYIOTh TEMIIEPATYPHI 3alIe)KHOCTI eJIeKTpOI3UIHUX 1
Temo(pi3UYHMX BJIACTUBOCTEH IIMH 1 CTPYMONpPOBOIIB Ta BiJOOpaXkaroTh
0COOJIMBOCTI KOHCTPYKIIT i IPOCTOPOBOTO PO3TALIYBaHHS €IEMEHTIB IYHOI MeTJI
BIZIHOCHO OJIMH OJIHOTO.

Jnst peamizamii moctaBieHoi METH pO3Iisiaach PO3PaxyHKOBa 00JacTh
KOPOTKOI Mepei redi HaBeieHa Ha puc. 1.

Pucynoxk 1 — Po3paxyHkoBa 00:1acTb.

MijHi NIMHU TOPUEBUX IIMHHUX MAKETiB 1, IO i’ €qHAHI 10 alOMIiHIEBHX
MIKH G1YHOTO MIMHHOTO TAKeTy 2, KPIIUIATHCS A0 CTaJeBHUX IIWH 5, SKi NPUBAPEHI
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0 CTaJeBUX IUTUT, IO 3a0e3MeuyioTh ENeKTPUYHHN KOHTAaKT 3 TpadiToBUM
CTpyMOMiIBOIOM 3.

[Ipomecn mepeTBOPEHHS E€NEKTPUIHOI €HEepril 3MIHHOTO CTPYMY B €HEPTiio
€JIIEKTPOMArHiTHOTO TOJISI i TEIUIOBY B PO3PaxyHKOBiH 00JacTi OMHCYBaiNCh
MaTeMaTHYHOI0 MOJIEIITIO, 1110 HaBexeHa y [1].

3a pe3ysipTaTaMy MOZETIOBAHHS BH3HAYAJIMCh AKTHBHI BTPAaTH B €JIEMEHTAX
KOPOTKOI MepeKi 1 iX akTUBHHH Ta peaKTHBHHUH OMOPH.

Jlokamizanis eHeprii MarHiTHOTO II0JIS1 IIPOXOJUTH HABKOJIO IIHH TOPIIEBOTO
MakeTy, CTPYMOIIiABOAY 1 KpalHIX IIMH OIYHOTO MaKeTy Ta BU3HAYa€ JIOKAJi3alilo
MUTOMHUX €NEKTPUYHUX BTPAT Ha AULTHKaX KOPOTKOI MEpExKi.

Ili 0co6JMBOCTI MAarHiTHOTO TOJS 3YMOBIIOKOTH HEPIBHOMIPHHN PO3MOMILT
CJIEKTPUYHHUX MOTCHI[aNIB 1 Mepepo3noAil CTPyMiB B IIMHAX IIaKeTy, SKi
BUTICHAIOTHCS 3 BHYTPIMIHIX mHH. le Ipu3BOAATE 10 HEPiBHOMIPHOTO PO3MOILTY
IIITBHOCTI CTPyMy 1 NMUTOMHX ENEKTPHMYHHMX BTpaT B mmHax. Cuima cTpymy B
KpaifHiX IIMHAX TOPIEBOrO MakeTy B 1,4 pa3u Oinble HiX B BHYTPIIIHIX IIMHAX,
X04Ya 3CyB iX 1mo ¢asi He mepeBumrye 4,5 en. rpaa. Erexrpudni BTpaTy B 30BHIMIHIX
IMHAX 2 pa3W TMEPEeBUINYIOTH BIANOBITHI BTpaTH B BHYTpIimHIX muHax. Lli
(hakTopr  TIOBMHHI  BpaxOBYBaTWcs Tpu  BHOOpI  eHeproeeKTUBHOTO
KOHCTPYKTUBHOTO BUKOHAHHS TOPLIEBOT'O MAaKeTy 1 pO3MipiB HOTo LIMH.

Posrnsnaiorecs piBHOHaBaHTa)XKEHI BapiaHTH, SIKI BiINOBIAAIOTH KPUTEPIsM
PIBHOCTI LIUIBHOCTI CTPYMY 1 NMUTOMOI MOTY)KHOCTI TEIUIOBHIIJICHHS B LIMHAX
TIIIT

{‘]m,i = ‘]eK; pm,i = p;[orl' (1)

ne J., — CEKOHOMiYHA IIIBHICTE CTPYMYy, Ppo; — TPAaHMYHO JONIYCTHMI 3a

YMOBaMH HarpiBy MUTOMI BTPaTH.

Ili xputepii peanizyloThCs 3a JaHUMH MaTEeMaTHYHOTO MOJICIIOBAHHS 32
JIOTIOMOT'0}0 BHPA3iB:

{Sm,i|JEK :|I]_H,i|/JCK;SLU,i|p :Pm,i/pnoni'Im,i;i:l""’N'mJnv (2)

o

ne |y, j — moBKuMHA i-1 IMMHKM TOPIEBOTO MaKeTy.

[leBHi 3 WX CHIBBIIHOIICHP MEPETHHY IIMH MOXYTh PO3TIIAJATHCS SK
MOYATKOBI ~ HAOJMKEHHs JUIsl  BEKTOPY TI'€OMETPUYHHUX  KOHCTPYKTHBHHX
napamerpiB. Audepenuianis po3mipiB mmH TIHIIT 3xicHIOETBCS TPU TOITYCTHMIH
TOYHOCTI iTepariii.

PesynpraTn  MopjenroBaHHS — Ta  JaHi  iTepamiiHMX ~ PO3paxyHKIB
HiATBEP/KYIOTh MOJKJIMBICTG 3HW)KEHHS MacH IIPOBIJIHMKOBHX MarepiaiiB Ha
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9...12% i BTpar B Ha 7...15% B mopiBHAHHI 3 6a30BUM BapiaHTOM.

Takum unHO, C(HOPMYITHOBAHO IPOCTOPOBI MOJENi, IO BiZOOpakaroTh
OCOOJIMBOCT] €JIEKTPOMATrHITHUX Ta €IEKTPOTEINIOBHX IMPOIECIB B TOPIIX IEUeH
3MIHHOTO CTPyMY, KOHCTPYKTUBHOTO BHKOHAHHS €JIEMEHTIB KOPOTKOI MEpexi, Io
BPaxOBYIOTh TEMIIEPAaTypHI 3aIeKHOCTI EJNEKTPOPI3UUHUX 1 TEIIoQi3uIHNX
BJIACTUBOCTEH IIVMH i CTPYMOBIIBOZY.

Po3pobiieHo MeToauky ineHTH(IKAIil eIeKTPUYHUX MapaMeTpiB eJIEeMEHTIB
KOPOTKOi MepeXi eJeKTpOoIedi Omnopy 3MIHHOIO CTPYMy Ha OCHOBI JaHUX
YHCENHbHO-TI0JFOBOTO aHaJi3y, Peali30BaHOTO METOJOM CKIHYEHHHX EJIEMEHTIB B
TPUBUMIPHOT 00JIACTI TOPLIS MEHi.

Peanizauis kputepiiB piBHOI 3aBaHTaXKEHOCTI IIWH 32 IIUIBHICTIO CTPyMYy i
MUTOMUMH EJICKTPUYHUMH BTpaTaMH Jjis BHOOPY KOHCTPYKTHBHHMX HapaMeTpiB
IIMH TOPIIEBOTO MAaKETy JI03BOJISIE 3HU3UTH Horo Macy Ha 9...12%, akTuBHI BTpatn
Ha 7...15% mono 6a30BOro KOHCTPYKTUBHOTO BUKOHAHHS, MOIMIINTH MTOKa3HUKH
€HeproePeKTHBHOCTI TEXHOJIOTIYHOTO MPOIIeCy BUPOOHUIITBA KapOily KPEMHIO.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Spemmbam, /1. C. OcoOEHHOCTH SIIEKTPOTEILIOBBIX PEKHMOB TJIABHBIX
IIMHHBIX TIAKETOB CEeKIHWH Tededl Tpaduranmum mepemenHoro Ttoka / J. C.
Apemmbam, C. T. Spembam, WM. M. KumumeHHK // DISKTPOTEXHHKA U
anekrposHepreruka. — 2011, — Nel. — C. 64-69.
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OCOBJIMBOCTI PO3MOALTY MUTOMOI MOTYXKHOCTI B
POBOYOMY IPOCTOPI IIEUI JIJIA BUTOTOBJIEHHHSA KAPBIAY
KPEMHIIO

VY BiTym3HSHIA a0Opa3WBHIH NPOMHUCIOBOCTI JJIi BHIOTOBICHHA KapOimy
KPEMHII0 BHKOPHCTOBYIOTHCSI ENEKTPOIEYi OMopy 3MIHHOTO CTPyMy HPSMOTO
HarpiBy. EHeproemHicTs npouecy kap6igusanii gocsarae 5...12 MBT-ToanH Ha TOHY
npoayKiii. XapakTepHOW OCOONHUBICTIO Mpolecy KapOimusaiii € HEeoOXiTHICTh
JOTPUMAaHHS YiTKHX TemreparypHux pexumis [1]. Lle oOyMOBIIO€E K Ha SKICTh
NPOJYKLIT TaK 1 piBEHb CHEPrOBUTPAT.

HenocratHe BHBYEHHS MeEXaHI3MiB pPO3MOJUTY AKTHBHOI IOTYXHOCTI,
oco0mBOCTEH HarpiBy pod040ro NpocTopy eIeKTPOoIeyi Oopy Ui BUTOTOBJICHHS
KapOimy KpeMmHil0 Ta (GOpMyBaHHS TEMIEPATypHOTO IIOJII B 3ale)KHOCTI BiJ
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BJIACTUBOCTEH MaTepianiB KOMITOHEHTIB 3aBaHTAXXCHHS OOMEXYIOTh MOKIHBOCTI
MOJANBIIOTO  MIABHIICHHA  SKOCTI  TPONYKIii Ta  eHeproeeKTHBHOCTI
TEXHOJIOTIYHOTO TIPOIIECy.

BrpoBamkeHHSI HOBHX TEXHIYHHX B EJCKTPOTEXHIYHOMY KOMIUICKCI Ta
OpraHi3allifHUX pIOIeHh B TEXHOJOTIYHOMY TIPOIIECi BHTOTOBJICHHSA KapOimy
KpPEeMHi0, IO 3a0e3ledyBaTUMYyTh NiJBHIICHHS PIiBHSA €HEProe(eKTHBHOCTI Ta
SKOCTI NPOJYKIIil, 00yMOBIIOIOTh aKTYaJIbHICTh CTBOPEHHSI HOBHX BHCOKOTOYHHUX
MaTeMaTHYHHUX MoJenen €JIEKTPOMArHITHUX, €JIEKTPOTEIIOBUX Ta
TEIJIOMacOOMIHHUX MPOLECIB 13 PO3IIUPEHHSIM IX 3aCTOCYBaHHS JUIS IOCHIPKECHHS
MPOIIECiB BUPOOHHUIITBA KapOiy KPEMHIIO.

Meroto mocinijkeHHs: OyB aHaji3 BIUIMBY €JIEKTPO(I3MYHHUX BIACTUBOCTEH
CKJIQJIOBUX KOMIIOHEHTIiB POO0OYOro MPOCTOPY €JNEKTPOIedi Omopy Ha PO3MOILT
aKTHBHOI MOTYXXHOCTI Ta CHEProe(EeKTUBHICTH TEXHOJOTIYHOTO MpoLecy
BUTOTOBJICHHS KapOilly KPEeMHII0 Ha OCHOBI MOJETIOBaHHS EJICKTPOMArHITHHUX Ta
CJICKTPOTEIIOBUX IMPOLECIB i3 BpaxyBaHHAM OCOONMBOCTEH KOHCTPYyKHii Ta
TEOMETPUIHUX PO3MIPIB ITEHi.

Jnst onvcy eIeKTPOMAarHiTHHX Ta €JEKTPOTEIIIOBHX IPOIECIB Y €IEKTPOmedi
OIOpy U BUTOTOBJECHHS KapOily KpPEMHII0 BHKOPHCTOBYBAJach MaTeMaTH4HA
MoOJielb, HaBeieHa y poOori [2]. BpaxoBywouw, W0 JOBXKHHA I€4i 3HAYHO
nepeBuIlye 1 mMONepeyHi po3Mipd, BHUKOPHUCTOBYBAJIOCH MPUIYIIEHHS, IO
PO3IOJIT BEKTOPHOTO MArHiTHOTO IMOTEHIaly Ta TeMIepaTypu B3IOBX Iedi €
MOCTIHHUM 1 pO3MISAAINCH MPOLECH Y TBOBUMIpHOMY HabOmkeHi [2]. Peamizamis
MOJIeJi BUKOHYBaJlaCh METOJIOM CKIHUEHHHUX eneMeHTl y cepenouiui 13 FEMM
[3].

BimHOCHI TOXHOKHM po3paxyHKiB MaliHb HAPYTH Ta aKTHBHOI IOTYXKHOCTI HE
nepepumyBam 1,2% 1 1,5% npm  3ajaHMX 3HAUEHHSAX CTPYMOBOTO
HaBaHTaXEHHs. [lepeBipka pe3ynbTaTiB MOJETIOBAHHS 33  EJIEKTPUYHHMHU
napaMeTpaMH BHKOHYBaJlach INUISIXOM IIOPIBHSHHSA 3 JaHUMM BHMIpIOBaHb Ha
JII0YOMY TEXHOJIOTTYHOMY 00JIaTHaHHI.

B mpomeci pobotn omip KepHy €JIEKTpONedi Omopy Jisi BHUTOTOBJICHHS
KapOimy KpeMHil0 3MEHIIYeThCs Y 4...5 pa3, M0 BIUIMBAE HA 3MiHY KOEQIIli€HTY
notyxHocTi Ha 10...15 %, 1m0 00yMOBITIO€ HEOOXITHICTH KOMITEHCAITIT PEaKTHBHOL
noTykHocTi  mewi. IluTomMmii  eneKTpuyHWIA  Omip Te4i  BH3HAYAETHCS
CHIBBIZHOIIEHHSIM IHUTOMHX EIEKTPUYHHX OIOpPiB CKIAJOBHUX KEpHA Ta
terutoizosamii. Maibke 90% MOTYXHOCTI BUAUIAETHCS y «CBIUi». J7IsT HOpMaIbHUX
YMOB pOOOTH OCHOBHI BTpaTH BH3HAYaIOTHCS PIBHEM TEIUIOBHX BTpaT, SKi
3aJIe)XaTh B €JIEKTPO(I3MYHMX BIIACTUBOCTEH 1 AKOCTi (hopMyBaHHS poOOUYOTrO
HpoCTOpYy Ieyi.

Hesikicne ¢opmyBaHHS KepHa Iedi MOXKE IPU3BOIUTH JIO CYTTEBOTO
HOTIPIICHHS! OKa3HUKIB €HeproeeKTHBHOCTI uepe3 MOsBY MICTKIB TEIUIOTH Ta
CTpYMIB BHUTOKY, $IKI MOXYTb HPHU3BOJUTH A0 30UIBIICHHS pIiBHSA BTpaT Ha
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15...25%. lle cBoro uepry MOKE TNPHU3BOAWTH [O 3MEHIICHHS AaKTUBHOI
MOTY)KHOCTI Tedi ii poOoYMX Temreparyp Ta CYTTEBOTO MOTIPIICHHS SKOCTI
MPOAYKIII Yepe3 HeZOTPUMAHHS TEXHOJOTIYHUX PEXHMiB. TOMy, HOIUIBHO TpH
poOoTi enekTpomneueii BUKOHYBaTH aBTOMATH30BaHHN KOHTPOJb i €IEKTPHIHHUX
mapaMeTpiB 31 CTOPOHH TOPIIB B MICIIIX ITiJI € JHAHHS 0 ITMHHUX MTAKETiB.

TakuM  9WHOM, 3aIpOIIOHOBAaHI  MaTeMaTHYHI  MOZETI, AaJeKBaTHO
BiToOpaxaloTh ~ OCOONMBOCTI  EJIEKTPOMArHiTHUX, CJICKTPOTEIVIOBUX 1
TEIUIOMACOOOMIHHUX TMPOIECIB B MeYi JJIsi BUTOTOBICHHSA KapOily KpEeMHilo,
BPaxOBYIOTh OCOOJMBOCTI ii KOHCTPYKIIi Ta poOOYOro MpocTopy i TeMIiepaTypHi
3aJIeKHOCTI  €NEKTPOI3UUHUX 1 TEIUIOPI3UYHUX BJIACTHBOCTEH Martepialis.
BigHocHi moxuOku po3paxyHKiB HaJiHb HAaNpyrn Ha OIYHHMX HIMHONPOBOJAAX 1
AKTHBHOI MOTYXHOCTI He nepeBunytoTh 01,2 % i 1,5 % npu nopiBHIHHI 3 AaHUMHA
peecTpamii  eNEKTPHYHUX PESKUMIB MM  TEXHOJOTIYHOTO  MpoIecy Ha
TpaHchopMaTopi JKUBJICHHA. BcTaHOBICHO, IO piBEHb BTPAT CYTTEBO 3aJICIKHTh
BiJl AKOCTI BHKOHAHHS TeIUIOi30Jsmii medi i 11 BmactuBocted. [Ipu mopymeHHIX
pernamMeHTy (GOpMyBaHHS pOOOYOr0 TPOCTOPY EJIEKTPONeYi OIopy A
BUTOTOBJICHHS KapOily KpPEeMHIF0 MOXYTb 3’SBISITHCH CTPYMH BHTOKY, IO
mpu3Bene A0 30UThIIEHHS pIBHA BTpaT Ta CYTTEBOTO TMOTIPHICHHS SKOCTI
MPOAYKIIL.

CIIMCOK BUKOPUCTAHOI JITEPATYPH
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2. Slpemmbam JI. C. OcCOOEHHOCTH JJIEKTPOTEIUIOBBIX PEKUMOB TJIABHBIX
IIMHHBIX IIaKEeTOB CeKLUUil meueil rpaduraumu nepemenHoro toka / JI. C.
Spembam, C. T. Speimbam, WM. M. KunuMmuuk // DJEKTpOTEXHUKA W
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HNIABUIMEHHA EPEPITOE®EKTUBHOCTI BIYHOTI'O HIMHOIMAKETY
ITEYI JJ1s1 BUTOTOBJIEHHSA KAPBIY KPEMHITIO

TexHosoriunuii mpouec BUPOOHHMLTBA KapOigy KPEMHIIO € TPUBAIMM Ta
eHeproeMHuM. SIKicThb NMpOAyKUii CYTTEBUM YHHOM 3aJIe)KHUTh BiJl JOTPUMAaHHS
TEXHOJIOTIYHHUX PEXKUMIB. 3 ypaxyBaHHAM TEHACHIII] 3pOCTaHHS IiH HA €HEPTOHOCIT
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1 3HAYHOI YaCTKM WX BUTPAT B COOIBApTOCTI MPOAYKIii, mpobieMa IIigBHIICHHS
EHeproeeKTHBHOCTI  EIEKTPOTEXHIYHMX KOMIUICKCIB BHPOOHHWNTBA KapOimy
KPEMHIIO € JIOBOJI aKTyaJbHOIO.

Brpatm B KOpPOTKMX Mepexkax JocsraioTe 12% eNeKTpUYHHX BTpaT
KOMIUIEKCY, IO BH3HAYAETHCA OCOONMBOCTSAMH KOHCTPYKINI ITHHHUX ITaKETiB
miYHOI TeTdi i B3a€MHUM pO3TAIlyBaHHSAM KEpHA, CTPYMOBIOBOIIB 1 OigHHX
muHHEUX nakeTiB. [Ipn onrtumizanii B3aeMHOTro po3TamlyBaHHs KepHa 1 OIYHHX
MIMHHUX MaKeTiB MOTPIOHO JOCIHIKYBaTH EJISKTPOMArHiTHI MpOIEecH B IYHOI
nerini. 3 ypaxyBaHHSAM BUPOOHMYHMX YMOB 1 TEXHOJIOTIYHHX OCOOJMBOCTEH
BUPOOHMITBA KapOiy KpPEeMHII0 JOLIJIBHO INPOBOJUTH TaKi JOCTIIDKEHHS Ha
MaTeMaTUYHHX MOJIeIIsX, anpoOOBaHUX paHille JUIs OoAIOHNX KiIaciB 3a1ay.

Mertoto mocnijkeHHst Oyna OnTHMI3allis pPo3TYIIyBaHHS OIYHOTO LIMHHOTO
MaKeTy KOPOTKOI MepeXi BIAHOCHO TIIe¥i OMOpy Ui BHPOOHHIITBA KapOimy
KPEMHIIO JUIS I IBUIICHHS CHEPreTHIHO1 €(peKTHBHOCTI.

Eneprernuny eheKTHBHICTh TEXHOJIOTIYHOTO MPOIIECY BUPOOHHUIITBA KapOimLy
KPEMHII0 MO)KHA OIiHIOBATH 5K CITiBBiTHOIICHHS aKTUBHOI IMOTYKHOCTI KepHA IPH
TeMmeparypi KapOigusarii KpeMHio 0 TOTYXHOCTI TpaHchopMaTopy >KUBIICHHS.
®ikcyroun mapaMeTpu TpaHC(HOPMATOPY IKUBIEHHSA, INPHUCTPOIO KOMIIEHCAL]
peaKkTHBHOI MOTY)KHOCTI Ta IIMHHOTO MaKeTy y TpaHcdopMmaTopHili kamepi MOKHa
cOpMyJIIOBATH JIOKAIILHUH KpUTEpid eHeproe()eKTHUBHOCTI Uil MIYHOI MeT y
BUIJISA/I BiJJHOILICHHS! aKTUBHOT MOTYXHOCTI KepHa MpH TeMreparypi kapoiguzamii
KPEMHIIO JI0 TIOBHOT MOTYXHOCTI Ha BiIBOJIAX IIHHHOTO MaKeTy TpaHc(opMaTopHOT
kamepu (ILITITK):

maxspm“n% = max[ReKU — _izui]. I}AU' S— I'j , 1

Tak sk Hampyra Ha KepHa Iedi Al BHUTOTOBJICHHSA KapOily KpeMHiio
BU3HaUYaeThcs Hanpyroto Ha BimBomax LITITK — Upyprk 1 mamiHHESAMH HaIpyrd Ha
eJIeMeHTax IiYHOI meTi i cTpymMomiaBoaax nedi — U;.

i manigHs Hampyrd OOYMOBIIIOIOTHCS €NEKTPOMArHITHUMH IIPOILECAMH B
eIeMEeHTax KOPOTKOi Mepexi, fKi ONHCYIOTBhCA CHCTEMOI0 IudepeHmiaTbHuX
PIBHSHB [UIS aMIUTITYJ] BEKTOPHOTO MarHiTHOTO MOTEHINaTy B KOMIIEKCHIH (opmi,
HaBeleHiH B [1] 3 BiAMOBIAHUMH IPAaHUYHUMH YMOBAMH.

MaremarnyHa peaiizalis eleKTpoMarHiTHoi mozeni [1] moxe OyTu icroTHO
CIpOIIEHa, SKIIO, 3 YpaXxyBaHHSIM CIIIBBIJHOIICHHS TI'C€OMETPHUYHUX PO3MIpiB
KEepHY, CTPYMOIIJBOJIB TMedi JUii BUTOTOBJICHHSA KapOiqy KpEeMHi0 1 OidHHX
mmHHnX nakeriB  (BLIIT), mepeiitm Bix npocTOopoBOi (QOPMYNIIOBaHHA 10
IIIOCKOIapaNesibHOT OCTAaHOBKHU BHAY [1]:
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A=k-A,B=i-B, +j-B,,H=i-H, +j-H, )

Po3B’s30k MaTemMaTH4HOI MOJENi BHKOHYBAaBCS 3a JONOMOIOI0 METOIY
CKiHYeHHHUX eneMeHTiB y cepenosuii [13 COMSOL Multiphysics [1]. Po3paxyuku
NPOBOIMIIUCS IS ICHYIOUOTO ABOPSIAHOTO BUKOHAHHS OIYHOrO IIMHHOTO NAKETy 3
JIBAHAIITH AMIOMiHI€BUX IIMH 3 OJHOTO OOKY Tedi.

3a pe3ynbTaTaMy MOJCTIOBAHHS BH3HAYAJIHMCh KOMIUIEKCHI 3HA4EHHS
aMIUTITYZ CTPYMIB B KepHi Ta MWHAX O1YHOTO MIMHHOTO TTAKETY.

JOCTOBIpHICTS 1 TOYHICTH PE3YNBTATIB MOAETIOBAHHA MIiATBEPIKYBanacs
MOPIBHSHHSAM PO3PaxyHKOBUX J@HMX 3 JaHUMH BUMIPIOBaHHS Yy BHPOOHHYHMX
YMOBaXx TPH TEXHOJOTIYHOMY IIPOIIECi BUTOTOBJICHHS KapOiny KpeMHiro. BinHocHa
noxuOKa po3paxyHKy JIIOUMX 3HAYCHb MaAiHb HANpyru ckiana 4,5...7%.

Posmomin cTpymMiB 0OyMOBJIGHO BIUTMBOM 30BHIIIHBOTO IOBEPXHEBOTO
edeKTy JJIs IIKH OIYHOTO MAaKeTy Ta BIUIMBOM e(eKTy OJM3bKOCTI JJIsl KepHa 1 IIHH
1 3aJNeXdTh Big IX B3a€EMHOTO pO3TAalIyBaHHA. ToMy HaiOLIbIIE CTPyMOBE
HAaBaHTa)KCHHS HECYTh KpaiiHi [IMHHU MAKETy, PO3TAILOBaH] ONMKYe 10 KepHY Iedi.
KpaTHICTB CTpYMOBOTO HaBaHTA)KEHHS MK IMHaMH Oi9HOTO MakeTy xocsrae 6,5,
a monatkosi BTpaty B BIIII ctanoBusaTs 28%.

3a JaHUMM MOJEJIOBaHHS BH3HAYCHO ONTHUMANbHE PO3TAINYBaHHS KepHa i
OiYHUX MAKeTiB IIMH IPH SKOMY €JICKTPOMArHiTHe IOJie MPAKTUYHO CHMETPUYHO
JIO TI03/I0BKHBOT OCI Teui B MoNepevyHoMY Iepepisi nivHoi nerii. Po3noain ctpymis
B psAAax IMH OIYHUX MAKETIB IIMH TAKOXX HAOIMKAETHCS 10 CHMETPUYHOTO, a
HEepIBHOMIPHICTh 1X HABAHTAXXECHHS 3HIKYEThCS. BTpaTtu y mmHax O014HOTO MakeTy
3MEHIIYIOThCS Ha 18%.

CIIMCOK BUKOPUCTAHOI JITEPATYPU
1. Apemmbamr 1. C. OcoOGeHHOCTH 3JIEKTPOTEIIOBBIX DPEXHMOB TIJIABHBIX
IIMHHBIX TIAKETOB CEeKIMH Tmeded rTpaduranmum mepemenHoro Ttoka / J[. C.
SApembam, C. T. Spemmbam, WM. M. Kuwmnmauk // OnekTpoTexHHKAa U
anexktposnepreruka. — 2011, — Nel. — C. 64-69.
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GENERAL LI-ION BATTERY MODEL WITH OVERCHARGE
PROTECTION

Nowadays lithium-ion batteries are considered as the most advanced batteries
technology. These batteries can be designed for high energy or high power storage
system. However, it is impossible to manufacture identical battery cells due to
fabrication process. If not to take some preventive measures, it would cause a big
difference between cells, which in its turn, to less lifecycle of battery or completely
fail the battery. Without an appropriate battery management system, it is
impossible to make a variation between cells as small as possible [1].

In the first step of battery management system (BMS) development the
general battery model is needed. Matlab subsystem Simulink provides us with the
general battery model [2]. This model represents general dynamic model of the
most popular battery types: Lead-acid, Ni-MH, Ni-Ca and Li-ion. It may be useful
for checking the general discharge characteristic and aging or / and temperature
depended discharge characteristics. To validate this model the real data of Li-ion
battery cell LiFePo, A123 System AMP20m1HD-A was insert [3]. As a result, we
received the discharge characteristics that are almost the same with real ones,
despite the fact that real one use temperature dependent model. (Fig. 1). The
figures shows us discharging characteristics at 2C, 5C, 10C discharge. According
to them AMP20m1HD-A battery has good performance, the power drops are at
acceptable level and the power will be almost constant until 90% discharge even at
high current.

But, how to check the charging characteristic? It is needed to implement
equivalent circuit model (figure 2). This circuit represents general battery model,
the ideal energy source for charging battery cell, wires resistance and overcharge
protection. The charging characteristics is shown of the figure 3.

The charging characteristics show us exponential voltage increase when a
battery is charging and if compare it with discharging characteristic — they are
reversal. Moreover, these characteristics shows us correct operation of
overcharging protection. The charging process stopped at 100% state of charge. If
it would not stop, the battery cell voltage will grow to the power source level, but
in real life, it will damage the cell or cause overheating and self-firing.
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Figure 3 — Charging characteristics

The proposed equivalent circuit for battery cell charging with protection
device may be used as a part of battery cell pack and battery managements system.
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OCBITA B HCT (OAE)

Bumi xonemxi texnonorii (HCT) B OO6'ennanux Apabcbkux Emipartax
(UAE) npezcraBisitoTh cO0010 PI3HOBHJ| YHIBEPCUTETIB, 1 HABYAIOTh CTY/EHTIB 3a
nporpamaMu OGaxanaBpiB 1 MaricTpiB. [loTpeOu kpaiHu B TEXHIUHUX crieliaiicTax
00yMOBJIEHI, B TOMY YHMCIIi, HEOOXIIHICTIO eKcIulyaralii MiAnpueMCTB J0O0YBHOT
MPOMHCIIOBOCTI, CKJIaJJHOIO 1HYPACTPYKTYPOIO MICT 1 TpaHCHOPTHHUX cucTeM. Merta
poOOTH - MOMIHPEHHS TOCBixy oprasizamii ocitu B HCT.

HCT 00'enHyrOTh KilbKa YOJOBIYHX 1 )KiHOYMX KOJEDKIB PO3TAlIOBAHUX B
pisHEX MicTax Kpainn. Komemki MaroTh TOKYMEHT BH3Ha4Ya€ CTpaTerilo ix
IISUTGHOCTI HA KUThKa POKIB. 30KpeMa, aKTyadbHHMH MUISMH IPOTOJIOMICHI
HamauHs cryaeHTam i HCT - cHinbHOTI iHTENIT€HTHOTO HaBYaHHSA i MH(POBUX
CHCTEM MOXIIMBHX «anytime / anywhere / on demand learning», mo nependauae
OYHE Ta ridpuaHe (YaCTKOBO JUCTAHIIIHE) HABYAHHS.

CrerianbHOCTI  KOJIGZKIB cepTH(IKOBAaHI MDKHAPOIHWMH OpTaHi3alisIMH.
HapuanHs 3a KOXXHOIO CIIEIIaJbHICTIO BEIETHCS CHHXPOHHO IO BCil KpaiHi.
CTyaeHTH B IHIIUX MICTaxX CIyXalTh 1 JUBIATHCS JIEKIiI0 B CIEMialbHO
oOrmagHaHUX AN Bifeo KoHGepeHHiH ayaurtopisx. IcHye oxpema mpodecis
«IIOCTAaHOBHHMK Kypcy». | 1me He o000B's3k0BO JekTop. Y maboparopisx
BUKOPUCTOBYEThCS OOJIAAHAHHS BiJ CIEMiali3oBaHUX BUPOOHUKIB. Crian
o0NaJHaHHS y BCIX KOJIEIKaxX, sIKi BEIyTh HABYAHHS 32 JAHOK CICIAJIBHICTIO,
OJTHAKOBHH.

MixnapoaHa HaykoBo-TexHiuHa koH(pepenuis HCT Advances in Science &
Engineering Technology ASET 2020 Innovations in Engineering Education
International Conference April 09, 2020 B ymoBax maHjemii MPOBOJMIACH B
pekuMi Bimeo KOH(EpEeHIlii 3 BHKOPUCTAHHIM MporpaMHOro 3acody ZOOM.
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Croinpaa momoBins Bukiamauie HY «3amopizpka momitexnika» ta HCT Oyma
IPHUCBSYCHA CTaHy, HEpPCHEKTHB PO3BUTKY Ta 3aCTOCYBaHHS BiIJaleHHX
nmabopaTopiii B imKeHEpHiH ocBiTi. Takuii ¢opmar kKoH(epeHmii, sxkuid Oyio
noropkeHo 3 opradizariero IEEE i moka3aB cBoio epeKTHBHICTh i KOPHUCHICTB.

VJIK 004.382
Mykhajlo Poliakov
PhD, professor NU «Zaporizhzhia polytechnic»

APPLICATION OF PERIPHERAL DEVICES SIMULATORS

Laboratory courses for the study of microcontrollers (MK) until recently used
available simulators that display only the status of the resources (registers,
memory) of the MK. This causes difficulties when debugging interaction programs
with the control object and the operator, which require simulation of electro
mechanics and indication devices. Objective - to describe the experience of
studying MK using integrated simulators of MK and peripheral devices.

In 2020, in the training laboratory courses on the use of microcontrollers in
the departments of electrical and electronic devices and radio engineering and
telecommunications, freely distributed simulators UnoArduSim and EdSim51DI
were used. The screens of these simulators contain configuration elements of
peripheral devices and dynamic circuits for their connection to the microcontroller.
The Peripherals for EdSim51DI are ADC, Comparator, Four 7-segment LED
Displays, LCD Module, UART, Keypad, LED Bank, Bi-directional Motor, Switch
Bank, DAC (output displayed on oscilloscope). UnoArduSim 1/0O Devices are
Serial Monitor, Software Serial, SD Disk Drive, Shift Register Slave, Configurable
SPI Slave, Two-Wire 12C Slave, '1-Wire' Slave, One-Shot, Programmable 'l/O'
Device, TFT Display, Digital Pulser, Analog Function Generator, Stepper Motor,
DC Motor, Servo Motor, Piezo Speaker, Slide Resistor, Push Button, Coloured
LED, 4-LED Row, 7-Segment LED Digit, Analog Slider, Pin Jumper.

The topics of the laboratory work were the study of the simulator interface,
program structure, commands, procedures and functions of the programming
language, the simplest techniques for configuring and controlling sensors,
actuators, and indicating devices. The display of programming results in animation
by the actuator on the simulator screens increases students' interest in the topic
under study and stimulates independent experiments on programming
microcontroller systems.
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3ACTOCYBAHHA 3D IPYKY JUISI IPOTOTUITYBAHHS TA
BUPOBHUIITBA JETAJIEA EJJEKTPOTEXHIYHUX ITPUCTPOIB

OpHi€ro 3 HAWOUIBIT PO3MOBCIOPKEHUX TEXHOJOTiH 3D nmpyKy € TeXHOIOTis
NOIIApOBOTO HakJIamaHHsA posmuiaeieHoro miactuky (FDM, Fused Deposition
Modeling). o mnepeBar Bukopuctanus FDM Mo)Ha BIiIHECTH BiJHOCHY
JocTynHicTh 3D mpuHTEpiB, IO MPAIIOKTh 3a I[€I0 TEXHOJIOTIEID, a TaKOXK
PI3HOMAaHITHICTh MaTepiaiiB s JpyKy. 3 TOYKM 30py BHpILIEHHsS 3anadi
MPOTOTHUITYBaHHS Ta BUPOOHHMLTBA AETalel eNeKTPOTEXHIYHUX NPUCTPOIB BUMOTH
JO IIMX MarepiayiB aHAJOTi4HI BHMMOTaM JI0 EJIEKTPOTEXHIYHHMX IUIACTMAc.
HeoOxiguumu €:

— 3a0e31eYeHHs BUCOKUX ENIEKTPOI30JISIIHHIX BIACTHBOCTEH;

— JIOCTaTHHO BUCOKI MEXaHIUHI BIaCTHBOCTI,

— BHCOKAa CTiHKIiCTh 10 KOPO3ii Ta BUCOKA XiMidHA CTIHKICTh;

— HHU3bKA TIrPOCKOIIYHICTE.

upoxo BukopucTOBYIOTECs miusi FDM  nmpyky ABS miactuku Ta
KOMITO3HIi#THI noniMepHi MaTepianu Ha ix ocHoBi (ABS+, ABS Flex, ABS PRO ta
inmr.). Enextpuuna minnicte ABS minactuky cknanae 12 — 15 MB/wm, nienekrpuuna
nponuksicts € npu 10° Ty nopisrioe 2,4 — 2,5, 3Hauenns tg8 = 0,008 — 0,02 (8
MOPIBHSHHI, eJIEKTpUYHa MilHicTh nomictupony [1C 20 — 23 MB/wm, €' =24 — 2,8,
tgd¢ = 0,0002 - 0,0009), rtemmeparypa posm'skmenns 90 - 105°C.
Bogonormunannst 1% 3a 24 roguau npu 23°C [1]. JlomiisHAM € 3aCTOCYBaHHs
ABS macTHKIB 111 BUTOTOBIICHHS KOHCTPYKIIHHHUX AeTanedl eIeKTPOTEXHITHHX
IIPUCTPOIB.

PLA (mominakTupa) iHIIWHA MOmyJsIpHUN Martepias Ui ApPYyKYy, Ma€ HHU3bKY
Temneparypy po3m'skireHHs 50°C, BonoromornmuHaHHs cTaHOBUTE 0,7% 3a 24
ronuau nipu 23°C [2]. Lle B Kymi 3 HU3bKOI MEXaHIYHOK MIIHICTIO poOuTh PLA
HEeTIPUIaTHUM ISl JPYKY EJeKTPOTEXHIYHUX BHPOOiB, ayse HE oOMexye Moro
3aCTOCYBaHHSl Ui BHPIMICHHS 3aJad LIBHIKOTO IPOTOTUIYBaHHS OKPEMHX
JieTaje Ta By3JIiB.

ABS Tta PLA BigHOCATBCS 710 Tak 3BaHUX CTAHAAPTHHX (IIPOCTHX) ITACTHKIB.
Kpim HEX BiTYM3HSHI Ta 3apyOi’kKHI BUPOOHMKH NPOIIOHYIOTh IHXEHEPHI IIaCTHKH,
SKi BIAPI3HAIOTHCS NOKPALIEHNUMH €KCIUTyaTaliiHUMH BIaCTHBOCTSIMH.

Tax IIET (moniernnenrepedranar) IIaCTUKH MalOTh EIEKTPUYHY MIillHICTh
140 — 180 MB/m, temnieparypy po3m'skmenns 245 — 248°C ta BomONOrIMHAHHS
0,3%. Bucoki MexaHiIYHI BJIACTHBOCTI JOCATAIOTHCSA IIISIXOM KpPHUCTaTi3amii
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Bupo6iB 3 IIET micis npyky. Kpim toro, mpyk i3 3acrocyBanuasim [IET mepenbagae
JIOCTaTHBO BHCOKY TeMIepaTypy ekcrpyzepa 3D mpunTepa B miamazoni 260 —
270°C.

omiedipedpipkeron abo PEEK mmactuk xapakTepu3yeTbcsi BHUCOKHMU
eJIEeKTPOTEXHIYHUMH, (i3MKO-MEXaHIYHUMH Ta TEIUIO(PI3UIHUMH BIACTHBOCTSMHU.
Temmeparypa nmedopmanii PEEK ckmagae 150°C a temmeparypa ekcruryararii
BupoOiB — 250°C. Enextpmuna wminnicte 20 kB/mMm. 3actocyBannsi PEEK
TUTACTUKIB OOMEXYEThCSI IX BHUCOKOIO BapTICTIO Ta HEOOXigHICTIO 3a0e3neyeHHs
BUCOKOI Temneparypu exkcrpyaepa 3D npunrepa (6sussko 400°C).

Mo>kHa 3pOOUTH HACTYITHI BUCHOBKH.

1. Iupoxwmit BuUOip MaTepiamiB Ja€ MOIHBICTh BHKOPHUCTOBYBAaTH
texHomorito FDM 3D  nmpyky mna nmpiOHocepifHOrO  BHpPOOHHMIITBA
KOHCTPYKILIHHMUX, a TAKOXX MPOTOTHITYBaHHS ICKTPOI3OIAMIHHUX JeTanel i By3IiB
SNIEKTPOTEXHIYHUX MPUCTPOIB.

2. ®i3uko-MexaHiuHi, TeITO(i3NIHI Ta €JICKTPUIHI BIACTHBOCTI IUIACTHKIB
it 3D npyky MOXyTh 3HAYHO BapilOBaTHCS B 3aJIGKHOCTI Bill BHPOOHHMKA Ta
Mo u(ikanii KOHKPETHOrO MaTepiaiy.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Harypameubiit ABC mnactuk mnst 3D mpuntepa FDM [DnexTpoHHbIi
pecypc]. — Pexxum pnocrymy: https://monofilament.com.ua/products/standartnye-
materialy/abs/abs-plastic.

2. PLA yepubiii [OmextpoHHbBIi pecypc]. — Pexum  gocrtymy:
https://monofilament.com.ua/products/standartnye-materialy/pla/pla-chernyj.

YK 621.515
AnTOHOBa M.B.
crapm. BuKJI. HY "3anopisbka nositexHika"

AHAJII3 ICHYIOUYUX CUCTEM KOMIIPUMYBAHHA

PoGora mpucesiuena ananmizy rasonepekadytounx arperartie (I'TIA) sx
00’€KTIB TEXHOJIOTIH Ta30TPaHCIOPTHOI CHCTEMH YKpaiHW MJisl BHSBICHHS
CTPYKTYpH KJlacy 1 BiJIHOLIEHb MDK Horo esemeHTamu. Ha ocHOBI mporo Oyna
noOyoBaHa 00’ €KTHA MOJEIb.

[MpoBeneno mnornmbOneHWit aHanmi3 3 TOOYNOBOIO BIANOBIJHHX CHCTEM
KoMmpumyBaHHs. Halmommpenimum  tumom ['TIA  sBastoteess  [TIA 3
ra3oTypOiHHMM JBHTYHOM Ta BIiAIIGHTPOBHM HarHiTadeMm, aje aBTOpamMH
PO3TIIAAAETHCS BiAIEHTPOBUI HATHITAY 3 NIEKTPUIHUM ITPUBOJIOM, IIIO BiTIOBITHO
obifimae Bcroro 20 % cucreM KOMIPUMYBaHHS.

85



obeprac

Pucynok 1 — CtpykryHa cxema icHyrounx ['TIA

Po3riisHyTO cHCTEMY aHTHIIOMIIAXXHOTO PErYJIIOBaHHS SIK OJJHY 3 KIIIOUOBHX
CHCTEeM 3axXHCTy HarHitaua i 3abe3neueHHs Oe3aBapiiiHoro ¢yHkiionyBanss ['TIA.
Bxasani OCHOBHI TpPHHIMIHN MOOYJOBM TaKMX CHCTeM 3 iX IepeBaraMu i
HejoikaMu. Ha OCHOBI LbOrO 3amporOHOBaHA METOJMKAa OILIHKH MOXKJIMBAOCTI
BukoHaHHs ['TIA 3 anTunoMnakxaum 3axuctom (AIL3).

Cepen ICHYIOYMX METOJMK BHM3HAUEHHS MOMEHTY HACTaHHS IIOMIIQXY
HAMOLTBII XapaKTepHUMH € CTaTHYHUH 1 JUHAMIYHHNA MeTomu. B poOori Oimbie
JETAIFHO PO3IIISTHYTO AWHAMIYHMH METOJ|, IO /03BOJISE BPAaXOBYBAaTH MHTTEBI
Jifoui 3HaYEeHHs BUTPAT Yepe3 KOMIPECOp Ta TUCKY B CUCTEMI.

Crarnunuii MeTosl 0a3yeThCsl Ha CTATUYHOMY IOJIOXKEHHI JIiHIT KOHTPOIIIO
MOMIIaXa, SIKa BU3HAYAETHCS 3 NEBHOIO NEPIOJUYHICTIO, 1 BU3HAYA€E IIOJIOKEHHS
po00Y0i TOUKH HarHiTadya B KOOPAMHATAX CTYIiHb CTHCHEHHS - BUTpaTa (HamipHa
XapaKTepUCTUKa), ab0 TOTYXHICTh - BHUTpaTa. TOMy CHCTEMH, 3aCHOBaHI Ha
CTaTUYHOMY METOJII pEryJIfOBaHHs, MPEICTaBISAIOTh COOOK HE IO IHIIe, 5K
pPEeryiasaTOpH TPOAYKTUBHOCTI (BHUTpaTHW) HarHiTada, IIO ICTOTHO 3BYXYIOTh
niama3oH poOOTH HarHiTada B CTiHKiA 30HI 1 NPHBOIATH IO TIEPEBHTPATH
E€HEePropecypciB.

JvHaMi4HUH MeETOJ BM3HAUEHHS MOMEHTIB HACTAHHS NOMIAXHUX SBHI
3aCHOBaHWI Ha aHami3i 3MiH B TIOTOII Tra3y depe3 HarHiTad. [lommax -
KOJIMBAJbHUI Ipoliec, SIKMH OOYMOBJIEHHH 3pMBOM IOTOKY Ta3y Ha JIONATKax
pobGouoro kojeca HarHiTauda. Sk Oyab-SKMH KOJMBAJIBHHMK IIpOIEC BIiH Mae CBOI
napaMeTpH 1 kpurtepii owinku. Jlist X aHanmizy BHKOPHUCTOBYIOTHCS YacCTOTHHH,
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CHeKTpanbHuil i iHmi Metoan. KonmBampHi mporiecu B MOTOI Ta3y HECYTh B CO01
iH(pOpMaIi0 TPO CTIHKICTh MOTOKY i ioro TypOymneHTtHicTh. Ilpn HOpManbHHX
yMoBax poOOTH HarHiTada pO3IOALT MapaMeTpiB ra3y ONM3BKO JO HOPMAIbHOMY
3akony ("Oimmit mmym"). Ilpm 3apomKeHi 3pHBHHX SBUII Ha JIOMATKaX,
TypOyJIEHTHICTh TOTOKY Ta3y 3pocrae. Tak SK Tra3 € CepeloBHIIECM, IO
CTHCKA€ETHCSI, TO PO3MOBCIOKEHHS 3PUBHUX SBHI OOMEKY€ETHCS MallM 00'eMOM
(mixymonacHUM). Y MIpy PpO3IOBCIO/KCHHS 3pUBHHMX  SBHII  KOJIMBAHHS
(TypOyneHTHICTh) OXOIUTIOIOTH 00'€eM MDK JlomaTkamMu, JOCTaTHiil s ix
BUSIBJICHHS 1 JOCSTaloTh KOH(Yy30pa HarHitaya. /it aHami3y 3MiH CTaHy CHCTEMH
JIOCTaTHBO MapameTpa repenany TUCKY Ta3y Ha POTOPHIi KOMIIPECOPHii MalllkHi.

B 3aranpHOMY po0oOTa mpencTaBiisie COOOK CHCTEMATH30BAaHHA aHai3 BCIiX
ICHYIOUMX CHCTEM KOMIIPUMYBaHHS, 3 Yy3araJlbHEHUMH JaHHUMHU IPO CHCTEMH
aHami3y Ta kepyBaHHs [ TIA.

Jlo BUIEe NMpHBEACHHX HEIONIKIB MOKHA JOAATH T€ IO HE BPAXOBYETHCS
TEIUTOTIPOBITHICTE CHUCTEM CTHCHEHHS Ta XIMIYHI BIIACTHBOCTI CTHCHEHOTO Ta3y,
aJDKe BiJl BOTO 3AJIOKUTh BHOIP CHCTEM KOMIPHUMYBAaHHS, INOXKEKHA Oe3reka
BigmosimHoTrO ['TIA.

CIIMCOK BUKOPUCTAHOI JIITEPATYPU

1. IOxun T'.A. /InarHoctupoBanue 3HeprodpQekTHBHOCTH ra30TypOMHHBIX
yCTaHO-BOK Kommpeccopusix crannuii [Tekcr] / I A. FOxuu // U3ectus BY3os.
ITpo6aemsr suepretuku. — 2002. — Ne11-12. — C. 29 — 32.

2. llIeenr B.C. OcHoBuU cucTeMHOro miaxony: HaBuanbHuil MOCIOHKK /IS BH3
[Texct] / B.C. llIBen. — Cymu:Cym/QV, 2004. — 91 c.

3. byd I'. OOBeKTHO-OPHEHTHPOBAaHHOE IPOIPAaMMHUPOBAHUE C TPUMEPaMH
npumenenus: [lep. ¢ aarn [Teker] / I'. byd. — M.: Kornkopn, 1992. — 519 c.
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JOCJIKEHHS EHEPTETUYHUX NPOLHECIB B CUCTEMI
ACHUHXPOHHOTI'O EJIEKTPOITPUBOJAY B YMOBAX TPUBAJIOI'O
PEXXUMY POBOTU MEXAHI3MY

P03BUTOK OE3KOHTAKTHHUX CHCTEM PErYIIOBAHHS ACHHXPOHHHX JBHIYHIB
MPUBEJIO 70 3HIKCHHS KaIiTAIBHUX BUTPAT HA TPOAYKIIO 1 IMiJBUIICHHS
E€HEeProe(EeKTUBHOCTI BHPOOHUYMX MEXaHi3MiB. 3aCTOCYBaHHS iCHYIOUHX CHCTEM
PEryIIOBaHHs JI03BOJISIE JOCSITH IUTABHOCTI PETYJIIOBAHHS NPUBOIHHUX JBUTYHIB,

87



MIATPIMYBaTH NOCTIHHMA MOMEHT B MiJCHHXPOHHOMY Jiama3oHi YacTOTH
obepraHHs poTopa, 30epiraroyd Ha BHUCOKOMY piBHI KOeiIlieHT KOpHUCHOI il i
KoeiieHT TOTYXHOCTI  enekrpornpuBoxy. OmHak, [UII TaKdX CHCTEM
SJIEKTPONIPUBOLY HE JOCHI[PKEHO IHUTAaHHA NP0 BHU3HAYCHHS ONTHMAJIbHOTO
3HAYCHHS YaCTOTH KOMYTalii CHJIOBHX KIIIOYiB IIEPETBOPIOBada, MO 3abe3medye
MiHIMaJBFHUHA PiBEHb BTPAT B CUCTEMi ABUTYH-TIEPETBOPIOBAY.

B pesynbrarti mpoBeaeHOro AOCHTIIKEHHsS PO3pOOJIEHO MiJCHCTEMU MoJelel
ACHHXPOHHOTO JIBUTYHA, NIEPETBOPIOBAYA Ta CHCTEMH KEPYBaHHS Ta PO3PaxXyHKOBY
MOZENb BTpaT B eJieMeHTax IeperBopioBada. CTBOpPEHO IMiTalliiiHy MoJenb
ACHHXPOHHOTO TIPHUBOJY JUISl KOMIUIEKCHOTO JIOCIIJDKEHHS €JIEKTPOMArHiTHUX Ta
SHEPreTHMYHUX IIPOlIeCiB "IBUTYH-TIEpETBOpIOBaY", sKa JO3BOJSIE BpPaxOBYBaTH
MOCTIi{HI Ta 3MiHHI BTPaTH B aCHHXPOHHOMY JIBUTYHI, BTPAaTH B HAIlIBIIPOBIJHUKOBUX
eJIeMEHTaX IIePEeTBOPIOBAYa Ta EHEPrili KOB3aHHSA pOTOpa, IO I1HBEPTYETHCS Y
MEpeXy, B 3aJCKHOCTI BiJf YaCTOTH KOMYTAlii HAIiBIIPOBITHIKOBUX EIEMCHTIB
HEepeTBOPIOBaYA.

ITpoBeneHo nmocHiKEHHS Ta 3aMpPONOHOBAHO MiAXiA MO0 BH3HAYCHHS
ONTHMAJIFHOT YaCTOTH KOMYTAIlii CHJIOBUX KIIOUiB IIEPETBOPIOBAYA, KU MOJIATAE
B (hopMyBaHHS HUTFOBOI (PYHKIIT 3aJIEXKHOCTI CyMapHHUX BTpPAT B €JICKTPOIPHUBOII
BiJl 4aCTOTH KOMyTalii CHJIOBUX KIIIOYiB neperBoptoBaya. s AJl moryxHicTio

PH = 480 kBT omTmManpHa YacTOTa KOMYTAIlii poO3paxoBaHa 3a JOIOMOTOIO

. onm .. o
AHAJIITHYHOTO BHMPA3y CTAHOBUTH | = 0,626 kl'11, 32 1OTOMOT0I0 IMITAIIHHOTO
k

MOJICJIIOBAHHS — fkonm= 0,621 k[m. Takum uYnHOM MOXUOKA PO3PaXyHKY HE

nepesuuiye 3,5%.

3anponoHOBaHUN MiOXiJ] BH3HAYCHHS ONTHMAIBHOI YaCTOTH KOMYTAIIil
CHJIOBOTO KJIF0Ya MOXE OYyTH 3aCTOCOBAHO MpPU IH)KCHEPHOMY IPOCKTYBaHHI, a
TaKOX IPH HAJIAro/KyBaJIbHUX pOoOOTaxX NMEPETBOPIOBAYIB B 3aJ€KHOCTI Bifl Kiacy
i croco0y poOOTH €NIEKTPOTIPUBOTY.

VK 621.316.71
3anepkoBuuit J[.P. 1, Kouyp M.1.2
! eryn. rp. E-419m "3anopizbka mositexrika"
KaHJ. TeXH. HayK, gon. HY "3amopizbka noiiTexHika"

AOCKEHHS TEIZIOBOT'O HABAHTAKEHHA ACHHXPOHHOI'O
JABHI'YHA B YMOBAX 3MIHHOI TPUBAJIOCTI HUKJIY MEXAHI3MY

PeanbHuii excruryaTaniiHui pesKMM aCHHXPOHHOT'O €JIEKTPOIPUBOAY iCTOTHO
BIZPI3HSETbCS BiJI YMOBHUX CTaHJApTH30BAHMX IIOBTOPHO — KOPOTKOYAaCHHUX
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pexxuMiB 3 TpuBajicTio mukiry 10 xB. (6 BKIIOYEHb B TOAWHY). Bucoka dacTtoTa
BKIIIOYEHb UYWHUTH ICTOTHHH BIUIMB Ha TEIUIOBHH CTaH 1 eKCIUTyaTaliiHy
HanidHicTe AJl. Ilpm mpomy, mpu 3amaHiii miarpaMi HaBaHTaKEHb HaWO1TBIIHIA
BIUIMB Ha TEIUIOBHH CTaH HAAalOTh TpuBajicTs BKiroueHHS (IIB) i TpuBamicTsh
mukaty (t,). Kpim Toro, 3 omgHoro OOKy, HEOOXinHO 3a0e3NeudTH IOBHE
BUKOPHCTAHHS JBUTYHA 10 TETFIOBUM PEXHMMaM, a 3 1HIIOTO 3aXUCTUTH IBHUTYH BiJl
NepeBaHTXEHHS. Y 3B'I3KY 3 IMM, HE JOCHI/DKEHO NHTaHHS INOJO0 BIUIMBY
TPUBAJIOCTI LUKIJIy 1 TPUBAIOCTI BKJIIOYEHHS Ha TerwloBui craH AJ] mpu poborti
Horo Ha ICTOTHIM Ta INTY4HIl XapakTepUCTHIi, L0 ICTOTHO BIUIMBAaE Ha
eKCIUTyaTaliiiHy HaaiiiHicTh kepoBaHoro A/l

B pe3ynbTati npoBeieHOTo JOCHIPKEHHS YOCKOHAIICHO JUHAMIYHY TEIUIOBY
MOJIeTIb, Y BUNJIAAI cucTeMH Au(epeHLialbHUX PIBHSIHB IEPLIOro MOPSAKY, sKa
ONHCYE TEIUIOBY CXEMy 3aMIIlCHHS 3 MHOTOKOMIIOHCHTHHMH €JIEMEHTaMHU
KOHCTPYKIIii aCHHXPOHHOTO ABUTYHA 3 (ha3HUM POTOPOM, IO BPAXOBYE CKIAIHY
KOH(]IrypaIiro TOBEpXHI OXOJO/KEHHS U 3MiHHI Koe(imieHTH TerIoBiamadi,
PI3HOMAHITTS. TUTOMHX TEIUIOBHX XapaKTCPHCTHK I30JMIHHUX I aKTHBHHUX
MaTepianiB. BukoHaHa OIliHKa TEIUIOBOTO CTAaHY INPH TPHUBAJIOCTI HUKIY POOOTH
ACHHXPOHHOTO JIBUTYHa 3 (asHMM poTopoM. JloBemeHo, IO 30iTbLICHHS
TPUBAJIOCTI IMKIY 1 KOB3aHHsA npu pobori AJ[ Ha icToTHI Ta MITY4HIN
XapaKTEepUCTHUI] B MOBTOPHO-KOPOTKOYACHOMY PEXUMI poOOTH S3 MPU3BOIUTH 1O
CyTTEBOTO 3pocTaHHs Temmeparypu AJl. OTpumaHi 3aJ€KHOCTI MaKCHMAaIbHOT
temrepaTypu y AJl Bix TpuBanocTi nukity i koBzanus AJl.

3 MeTOol MiJBHMIICHHS eKCIUlyaTalmiiHOl HaJiHHOCTI 1 MIATPUMKH
HOMiHaNBbHOI Temmeparypu AJ] Bu3HaueHi Koe]imieHTH KOpPEeKIii CTPyMOBOTO
HaBaHTaxkeHHs: AJ[ MTH — 411 — 6, mo mpaioe B MOBTOPHO-KOPOTKOYACHOMY
pexxumi S3 s cragpaptaux [1B B mmpokoMy miana3oHi 3MiHH TPUBAJIOCTI IIUKITY
MeXaHi3MYy.

VK 621.316.71

Cinko O.B. !, Komyp M.I. 2

! eryn. rp. E-419m HY "3anopisbka momiTexmHika'"
KaHJ. TeXH. HayK, aoi. HY "3amopi3bka nmomiTexHika"

JOCJIIKEHHS EJJEKTPOMATHITHUX ITPOIIECIB
ACHHXPOHHOTI'O IBUT'YHA HA ETAIII MIPOEKTYBAHHSA

Ha ocHOBi eeKTpOMAarHiTHOTO PO3paxyHKy MOXe OyTH BU3HAYCHHM ITiTHi
PAI eNEKTPOMArHiTHUX 1 CHJIOBHX TapaMETPiB i MPOIECIB EIEKTPUIHUX MAIIIHH.
JIsi  TMABWINEHHS TOYHOCTI AHANITHYHUX PO3PaxyHKIB EJIEKTPOMEXaHIYHHX
MPUCTPOTB JIOLILTBHO JIOTIOBHIOBATH pe3yJibTaTaMu MOJICITFOBAHHS
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€JICKTPOMArHiTHUX TIOJIIB U1 €JIEMEHTIB MOJEJEH, IO AacTh 3MOT'Y BPaxOBYBAaTH
pi3HOMaHITTA edekTiB 1 sBuI. 3acTOCyBaHHA TaKOTO TiAXOAY, JJO3BOIHUTH
MOEHATH TIEPEBard CYYaCHMX METOIIB PO3paxyHKy, IMPOCTOTY i HIBHIKOIO
METOJly, Ta BUCOKY iX TOYHICTb.

B pesynpTaTi IpoBEeeHOTO AOCIIIKEHHS PO3pO0ICHO MiACHCTEMH MOJIEIeH
ACHHXPOHHOTO JIBUT'YHA, IEPETBOPIOBAaYa Ta CHCTEMHU KEPYBAaHHS Ta PO3PaxyHKOBY
MOJIeTIb BTpaT B eleMeHTax IeperBopioBada. CTBOpeHO iMiTauiiHy Monenb
ACHMHXPOHHOTO TPHBOAY JUISi KOMILIEKCHOTO JIOCHI/PKEHHSI €JeKTPOMAarHiTHUX Ta
EHEepPreTUYHUX IPOLECiB "JIBUI'YH-TIEpeTBOpIOBau", sika I03BOJISIE BPaxOBYBAaTH
NOCTIHHI Ta 3MiHHI BTpaTd B AacCHHXpPOHHOMY JBUTYHI, BTpaTH B
HariBIPOBITHUKOBHX €JIEeMEHTaX MepeTBOPIOBayYa Ta EHEpTii KOB3aHHS pOTOpa, 110
IHBEPTYETbCI y  MEpexXy, B  3aJ@KHOCTI Bl 4YaCTOTH  KOMYyTauil
HAITiBIIPOBiTHUKOBHX €JIEMEHTIB IIEPEeTBOPIOBAYA.

[IpoBeneHo mocHimKEeHHS eJeKTpoMarHiTHoro mpomecy B AJl. 3aBmsku
YHCebHIA pealizamii po3MoAlTy eNeKTPOMAarHiTHOTO TOJS yAOCKOHAJICHO ITiIXif
MO0 BM3HAYCHHA [IOJATKOBUX Ta IIOBEPXHEBHX BTpPaT B  EJIEMEHTax
po3paxyHkoBoi obmacti AJl, mo mo3BoMsAE OUMBII TOYHO BH3HAYUTH MEXaHIIHY
HOTYXHICTb A/l SIK IJ1s1 CTaiOHAPHOTO Ta 1 BiJ 9aCO3aIE€KHOTO PO3PAXyHKY.

VK 621.316.71

Xomenxo JI.B.%, Komyp M.L.2

! eryn. rp. E-419m HY "3amopizbka momitexmika"
KaHJ. TeXH. HayK, gon. HY "3amopizpka nomitexHika"

JOCIKEHHA TEIIJIOBOI'O HABAHTA’XKEHHA ACUHXPOHHOI'O
EJIEKTPOIIPUBOAY B YMOBAX YACTUX ITYCKIB

IMTix wac excruryaranii KpaHOBUX acHMHXpPOHHMX ABUTYHIB (AJ]) 3 dazHum
POTOPOM 31 3HAUHMMH TIEPIONYHIMH KOPOTKOYACHUMH HaBaHTaKCHHSIMH MaroTh
Micle TiKM TeMIlepaTypd, sKi € HeOe3NeYHMMH sl 130ismii OOMOTOK He
kepoBaHoro AJ] 1 MoxXyTre mnpuBectH 10 ii pyiHyBaHHA. Yepe3 BenMKy
IHEPIIHHICTE CUCTEMU MPUBO/IIB BAXKKHX IIBAIKOXITHAX MOCTIB, TCIUIOBHI PEXIM
AJl mpoTATOM IEKUIBKOX ITyCKIB MOKE BHMSBUTHCS BHIIE JOIMYCTHMOTO, HaBiTb,
SKIIO B CEepelHbOMY 3a TpPUBAIMH TEpioj, yacTtoTa IYCKIB HE IEPEBHUILYE
JIONIYCTHMOTO 3HAa4YeHHs. B J1aHMil 4ac 3aCTOCOBYETHCS Pl Cy4acHHUX CHCTEM
perymoBanHs AJl, mo 3a0e3medyloTh He TITBKM IMIABHIICHHS EHEPTeTHIHHX
MMOKA3HUKIB, ajie i MIaBHICTh MEPEXiTHUX MPOIIECiB, 32 PaXYHOK SKUX JHOCATAETHCS
3HIDKEHHSI TMKOBOTO (YJApHOTO) TEIJIOBOTO BIUIMBY HAa aKTHBHI €JIEMEHTH
koHCTpykii AJl mim wac Woro mycky. Ha manmii 4ac HETOCTaTHbO BHUBYCHE
MUTAHHS 1010 BU3HAYEHHS ONTUMAJIbHOI IIBUAKOCTI 3MIHM ) B IPOLECI PO3TOHY
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AJl 3 KIaCHYHOIO CHCTEMOIO IMITYyJIBCHOTO PETyIIOBAaHHS, NPH SKiH BeIMYHHA
yAapHOI CKJIQJI0OBOi IHTCHCHBHOCTI TEIUIOBUAUICHHS Ma€ HaiiMEHIIIe 3HAYCHHS.

B pesymbraTi mocmimpkeHHS OyJ0 PpO3IISMHYTO Ta CTBOPEHO IMiTaliitHy
MOJETb ~ ACHHXPOHHOTO  NPHUBOAY AN  KOMIUIEKCHOTO  JOCIHIIKCHHS
eJIEKTPOMATHITHHUX 1 TEIUIOBHX mporeciB B AJl, sika J03BOJIIE€ B 3alIe)KHOCTI Bix
IIBUIKOCTI 3MiHHM HIUTFHOCTI KEPYIOUOTO CHTHAIy Ha CHJIOBHH KIIFOY BH3HAYUTH
MOXiJHI MaKCUMaJbHUX 3HA4YCHb TEMIIEpaTyp B IHPOLECI IIyCKy Ta pPO3rOHY
ACHHXPOHHOTO JIBUTYHA.

JocnipkeHHs ToKas3ao, 10 3aCTOCYBaHHS IMITyJILCHOTO perysroBaHHs AJ]
IpU  IMITyJIb,CHOMY DETYJIIOBaHHI JIO3BOJIUTH 3HU3UTH IIBHJIKICTH HApOCTaHHS
TeMmIrepaTypu OOMOTKM craTopa A0 12 pa3iB y NOpPIBHSHHI 31 MIBUAKICTIO
HapOCTaHHsI TEMIIEpATypH MIPU HOro NpsSIMOMY ITyCKY.

OnTuManbHUH TEIUTOBUH pekuM uid A/l mpH iIMIyIbCHOMY pETyIIOBaHHI B
PeXUMI TYCKy 3a0e3MeuyeThcsi NMPH IMIBHAKOCTI 3MIHH IUTBHOCTI IMITYIBCY,
piHOTO 0,16 0.¢ /cex. IIpm mpomy TpuBamicTe posrony AJl B 6 pasiB moBHHHa
MIEPEBHIITYBATH TPUBAIICTH HOTO PO3TOHY NPH MPSIMOMY ITyCKY.

OTpuMaHi pe3yNbTaTH MOCHIKCHHS MOXYTh OYTH BHKOPHUCTAaHI I
ONTHMAJIHOTO MPOEKTYBAaHHS CHCTEM PETYIIOBAHHSI, TEIUIOBOTO 3axucty A/l mpu
IMITYJILCHOMY PpEryJIIOBaHHI, IPU3HAYEHOTO /sl BAXKKOTO PEXHUMY poOOTH, e
gacrtoTa IyckiB gocsrae 3000 BKIIOUEHb B TOAMHY.

YK 621.3.048.1

AHJIpUEHKO I Ckpynckas JI.C.2, Cannrnkos M.P.°

! I-p TeXH. HayK, npodeccop HY "3amoporkckas momurexHuKa"
crapur. npen. HY "3anopoxxckas monurexHuka'

3 cryn. rp. 23-419m HY "3anoposxckas monurexHuka'

MOJAEJIUPOBAHUE U UCCIIEJOBAHUE YACTUYHBIX PA3PA10B B
N30/ UU IIYHTUPYIONIETI'O PEAKTOPA

Jlokanuzamus YaCTHYHBIX Pa3psIOB B BBHICOKOBOJBTHBIX IITYHTHUPYIOIIUX
peaKkTopax MoTpedIsIeT MHOTO PECYPCOB M €€ TOUHOCTh HeBeluKa. B pabore Obuia
MPEeJJIO’KEHa HOBAask TEXHOJIOTHS JIOKAJIHM3allMK YacTUYHBIX Pa3psgoB HAa OCHOBE
KOMITBIOTEPHOTO MOJCITMPOBAHUS IS YIyUIICHHs JOKaTH3auu 1e()EKTOB.

AKTyaHBHOCTB HaCTOHH_[eﬁ pa6OTBI COCTOUT B IIOBBIIICHHHW TOYHOCTHU
N3MEPCHNA YaCTUYHOTO paspsAja IMyTEM y4de€Ta €ro 3aTyXaHUA IPH MPOXOXKICHUN
yepe3 ycrpoiictBo HamoTku. [locnennee peanusyercst MyTeM MOJICIMPOBAHMUS
peakropa OOMOTKM M YaCTUYHOIO paspsiia MO0 MHOTO3JIEMEHTHOH cxeme. M3-3a
OOJBIIOTO KOJUYECTBA CTOXACTHYECKUX AP (EKTOB, BIUAIOMUX Ha (HOPMHUPOBAHHE
(deHOMEHA pa3psga, HEBO3MOXKHO CO3JIaTh YHCTO JCTCPMHHUPOBAHHYIO MOJICIH
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(opMupoBaHus paspsga B M3OMAMMH. TeM He MeHee, B HaHHOW pabore Oblna
paccMoTpeHa MoJenb AepekToB. Mojens NIyHTHPYIOLMIETO pEeakTopa CBs3aHa C
MOJIETBI0 Ne()EKTOB M M3yUEeH MEPEXOMHBIH MPOLECC Pa3psiAHOTO MMITyIbca. JTO
JaeT BO3MOXKHOCTh MOHMMAaHHsS TOYHOIO MECTOIIOJIOKEHHS paspsia B M30JALUU
BBICOKOBOJIBTHOTO 00OPYZOBAaHMS HAa OCHOBE M3MEPEHHOTO CUTHAJIA.

YactuduHble pa3psabl ABISAIOTCA OJHHMHU M3 BEAYIIMX METOIOB IHArHOCTHKH
W [EHHBIMH MHCTPYMEHTaMHU BBIABICHHUS CKPBITHIX JAE€(PEKTOB B H3OJILIUU
TpaHcopMaTopHOro 0OOpPYHAOBaHUSI BBICOKOTO HamlpsDkeHHs. I3-3a BimstHMA
BBICOKOYACTOTHBIX ITIOMEX Ha MECTE W Ja)ke NpH JIaOOpaTOpHBIX HAOMIONCHUSIX U
HU3MEpEeHHe YaCTHUYHBIX Pa3psAmoB SBISETCA TPYJHOH M PECypcOeMKOW 3anauei,
KoTopast TpeOyeT Aoporocrosimiee OOOpyIOBaHHE M OSKCHEpPTHble 3HaHMA. s
OIIpEJIeTICHUs] TEKYIIEro COCTOSHHS M30JISILUK TPeOyeTcsl BBINOJIHATH CIOXKHBIE
3aJa4yd, 111 KOTOPOH HEOOXOAMMO CHeNaTh 3aMephl aKTUBHOM dacTh. UTOOBI
YMEHBUINTh HKCIUTyaTallMI0 ¥ TIPOHU3BOACTBEHHBIE 3aTPaThl BBICOKOBOIBTHBIX
IIYHTHPYIOIIAX PEakTopoB OBIT TPEIUIOKEH HOBBIH METOJ JIOKaJTIU3alnuu
nedekToB, KOTOPHI OCHOBAaH Ha MOJCIMPOBAHMH PEAKTOpa OOMOTKH, M3OJISILMA
CHUCTEMBI, CXEMBI U3MEPEHUS YaCTHYHOTO paspsaja B U30ISLIUH. MeToq MO3BOJISET
ONPEZICTNTh TOYHOE MECTO pACHOJIOKEHUS JedeKkra B 0OImeM H30ISAIHN
IIYHTHPYIOIIETO PeaKkTopa.

JUis  mpuMeHeHHWs TPeNJIOKEHHOTO peIIeHUs TpeOyIoTCs pacdeTHBIe
nmapaMeTpbl pPEaKTOPHOM AakTUBHOW uacTH. PaspaboTaHHass KOMIbIOTEpHAS
IporpaMMa BBIUHCIIET TapaMeTphl HKBUBAJIEHTHON CXEMBI UMITYJIbCHON
nepefayn paspsga M BBINOJIHSAET MOJCIUPOBAHHE HMITYJIBCHOTO IEPEXOIHOTO
npouecca B 0OMOTKe. Pe3ynbTaThl TpencTaBiIeHbl B KadeCcTBE H3MEPEHHOTO
HaNpsDKEHUS] NOpU MOMOIIM OCHMIIIOrpaMMBI, KOTOpask MOXET HCHOJIb30BAThCH,
4TOOBI C(OPMUPOBATH YHUKAJIBHBIH OJHOCTOPOHHHMH aMIUIMTYAHBIA CIIEKTp IS
ONPEZIETICHHOTO ~ LIYHTHUPYIOUIETO peakTopa W paclojoXKeHHs  JAedexTa.
CdopmupoBaHHBIE XapaKTEPUCTHKH NPHUMEHEHbl K HCCIEIOBaHMIO peaslbHbIX
anmnapaTHbIX OCIWJUIOrPAMM JJIS 3aKJIIOUEHHS O COCTOSIHUU €T0 U3OJISIHH.

[IpennoskeHHBINT METOA TPOTECTHPOBAH Ha HK3EMIULIPE IIyHTHUPYIOIIETO
peaxtopa 12 MBAp, 110 kB. OcumutorpaMMbl 9aCTUYHBIX pa3psiIoB MOKa3bIBAIOT
MOCTOSHHYIO 3a/IepKKy BpeMeHH mpuOmmsutensHo Ha 0.5 pUs ¢ MOMEHTa
WHULNMUPOBAHUS YAaCTHYHBIX Pa3psAAOB K MOMEHTY Iepenaza HampsDKeHUS B
M3MEPUTENIFHOM Tpubope. OTO MOXET OBITh OOBSACHEHO OrpaHMYCHHOCTHIO
BOJIHOBOH CKOpPOCTH pPaclpOCTpaHEHHsA. Y YaCTHYHOTO HMITyJbca pas3psaa ecTbh
pe3kas BostHa npojospkurensHocTH mout 0.06 — 0.08ps, koTopast He3aBucuMa Ot
BpeMeHU. TakuMm 00pa3oM, M3YYEHHBIH YaCTHYHBIA pa3psil B Ta30BBIX IMMOpax C
quamerpoM 500 pum nNpou3BOAMT OCHWIIMPYIOUIMM  KOMIIOHEHT CO 3BYKOBBIM
3aTyxaHHeM ToKa. PacueTHbI HyJIeBOM KOX(QQUIMEHT IepeceyeHus U
AMIUTUTYAHbIE CHEKTPHI ABSIOTCS YHUKAIbHBIMU XapaKTEPUCTHUKAMU JJIs KX I0TO
amnmapara.
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Bruto oOHapykeHO, YTO AJs BBIOpAHHOTO peakTopa OoNbmIas 4acTb M3
U3MEpIEMBIX KOMIIOHCHTOB HampspDkeHus mmeeT dactory 150 k[ C mpyroit
CTOPOHBI, YacTOTHAs XapaKTEPHUCTHKA BHIOPAaHHOTO aHANIM3aTOpa YaCTHIHBIX
pa3psmoB mMmeer mojocy mpomyckaHus 1.1-13,4 MI'm. Takum oOpazom, ObLTO
JOKa3aHO, YTO paccMaTpPHBAEMBI THI YAaCTUYHOTO paspsjga aHalu3aTopa He
MOXeT OBITh MPUMEHEH IJIs1 pacCMaTPUBAEMOTO THIIA PEAKTOPA.

[IpennoxxeHHBI METOA OrpaHUYEH TEXHHYECKHMH XapaKTepHUCTHKAMHU
peakropa. OcUUIOrpaMMBl YaCTHYHBIX Pa3psiioB M3y4alHCh U BBIOPAHHOTO
THUIa peakropa. TodHOCTH JoKanu3anuu aedexToB yBenuunBaercs Ha 5S—10%.

YK 621.314

AdanacpeB 0.1}, Isaxmenko 1.B.% Comnosiios B.M.%, ®dypca CB2
T'onuapenko JI.B.2

! KaHZ. TeXH. HayK, go1. HY "3amopizbka momitexHika"

2ty p. E-416 HY "3anopisbka mositexnixa"

3 crym. tp. E-426a HY "3anopisbka momitexnika"

JAOCJIIPKEHHS BIVIMBY KOHCTPYKTUBHHUX PIIIEHD HA
PO3NMOALT HAITPYXKEHOCTI EJIEKTPUYHOT O I10JISA B
OBJIA/THAHHI BPII 330-750 KB

[MixcTaHuii Ta eJIeKTpUYHI Mepexi 3 KIacoM HOMiHanbHOI Hanpyru 750 kB €
0a30BUMH CHCTEMO YTBOPIOIOYMMH eleMeHTaMu €auHoi EHepreTndyHoi cuctemu
VYxpainu. ToMy miJBHIIEHHS BUMOT JI0 €KCILIyaTaliifHOi HaaiiHOCTI eeKTPHUYHOT
YaCTHHHM IIMX EJIEMEHTIB, HANPHUKIAJ 130JSIIIHHUX KOHCTPYKIHA, € TOJIOBHOIO
METOIO SIK BUPOOHHKIB BHCOKOBOJIBTHOTO OOJIa/IHAHHS, TaK 1 ONEPAaTUBHUX CIYKO
MO eKCIUTyaTanil migcTaHmid. AHami3 oONaHaHHS PO3MOJUIBHUX IPUCTPOIB
MOKa3aB, 110 BarOMHUM CHOCOOOM IiJTPUMaHHS BUCOKOTO PiBHS €KCIUTyaTamiiHOl
HaJiitHOCTI I30JIIHHUX ~ KOHCTPYKWIH €  yJOCKOHAIEHHS  OKPEeMHX
KOHCTPYKTUBHHX pIIIEHb SIK caMoi I30JIIHHOI KOHCTPYKLii, TaKk 1 CHCTEMH
eKpaHyBaHHS Ul BHMPIBHIOBAHHS PO3IMOJUTY HAIPyrd Ta HAIPY>KEHOCTI IOJISA
Y3I0BXK 13011,

[ligBumeHHss BUMOT IO JO CKCIUTyaTaliiHOI HaIidHOCTI i30JIAIiHHIX
KOHCTPYKIIi, y CBOIO 4Yepry, CTBOPIOIOTh HEOOXITHICTh pilleHHS 3a;adi
PO3paxyHKy Ta aHaii3y MOKa3HWKIB HAIIWHOCTI B 3aJie)KHOCTI Bil CTPYKTypH
okpeMuXx ii ememeHTiB. IIpu mboMy CyTTeBHIl BIUIMB Ha PE3yNbTaTH, IO OYAYThH
OTpYMaHi MaloTh SK OCOOJWBOCTI CTPYKTYpH Tak i ocoOimBocTed (Hi3UIHUX
MPOIIECiB, MO MiI0OTh Ha OKpEeMi CKJIalOBi eleMeHTH. SIk Toka3ye aHami3. TepmiH
eKcInTyaTallii i30JAIiHHOT KOHCTPYKIil Oyab-sIKOTO TpPHU3HAYEHHS BU3HAYAETHCS
JIBOMa YMHHHMKaMH, 16 OCOOJIMBOCTAMH Ipali oOJagHaHHS, IO LI KOHCTPYKIs
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MATPEMY€E, Ta PEKAMOM EJIEKTPUIHOTO HABAHTAXKEHHS CaMoi  130JAmiiHOL
KOHCTpYKLii. SIKmo mepmmii YWHHAK JOCTaTHHO CTaOUIPHHKA Yy mporeci
eKCIUTyaTarii, TO IPYTUii — CYTTEBO 3aJIEXKHUTh BiJ yMOB eKCIUTyaTamii Ta
KOHCTPYKTUBHHX OCOOJIMBOCTEH, HANIPHUKIIA] CUCTEMH €KPaHyBaHHS.

OmHUM 3 BaXXIIMBUX CIOCOOIB TTOKPAIICHHS yMOB Tpalli Ta IIiJBUIICHHSI
eKCIUTyaTaIifHNX XapaKTepUCTHK 130T B MPOIeci eKCIUTyaTaii € MOJIeTIIeHHS
YMOB Tpami 130JsMil IUISXOM 3HIDKCHHS EJIEKTPHYHOTO  HaBaHTa)KEHHS.
EnexTpyyHa MIiIHICTP ONOPHHUX I30JIALIMHUX KOHCTPYKLIH BH3HAYAETHCS
XapaKTepoOM E€JIEKTPUYHOIO MO, C(POPMOBAHOTO HAa BHCOKOBOJIGTHOMY 1
3a3eMJICHMM KIiHIIX BHCOKOBONBTHOT KoHCTpykiii [1, 3]. B ymoBax pi3ko
HCOJIHOPITHOTO CJICKTPUYHOTO TMOJIA MISTHKH 130JIAMIAHOT KOHCTPYKILi, IO
HaONWKeHl JI0 eNeKTpoAy 3 BHCOKMM IIOTEHIIaJOM, HECYTh IIiJBHIICHE
eJIEKTpUYHE HaBaHTaXeHHs. Lle Bene 1o Toro, mo Ha HUX OyzAe isSTH MigBHIICHA
Halpy)XeHICTh MO, IIO0 CIPHSAE AOCTATHRO IMIBHIKOI pyHHAIIl 130JAMiHHIX
MarepianiB. JIoCATHYTH 3HW)KEHHS HANPY>KEHOCTI TOJIS TOOIM3Y BUCOKOBOJIBTHOTO
€JIEKTPOJIa MOXKIIMBO BCTAHOBJICHHSM BiAMOBIIHNX €KpaHiB, a00 CHCTEMH EKpaHiB
[1 — 3]. Tomy, Bim ekpaHiB CYTTEBO 3aJekKHUTh €(EKTHBHICTh BHKOPHUCTAHHS
130T Ta HAAIHHICTH ii Tparti.

Y cyuacHHUX cHCTeMax MPUMYCOBOI'O BHUPIBHIOBAHHS HAIPYXEHOCTI IMOJIS
HAWOUIbII IIMPOKE BHKOPUCTAHHS OTPHUMAJIM  TOPOINAbHI  €KpaHHu, SIKi
BCTaHOBJIIOIOTHCS [TOOJIU3Y €NIEKTPO/Ia 3 BUCOKUM MoTeHwiaioM [1, 2, 4]. B ymoBax
3BEpPX BUCOKMX Hanpyr, Hanpukiaa y BPII-750 kB, ne HeoOxigHo Oinbi rinboke
OOMEXEHHs] MaKCHMAJIbHOT HAaIpy>KeHOCTI I0Jis, BHKOPHUCTOBYIOTH KOMOIHAIT
JIBOX Ta OLIbIIE TOPOIMiB, SIKi PO3TAIIOBaHI Ha Pi3HUX PIBHAX IO BUCOTI BiJTHOCHO
enextpoja 3 BH [4].

VY 1poMy 3B’SI3Ky BHHHKAa€e HEOOXIJHICTh HMPOBEAEHHS PsAy MOCTIDKEHb I10
BIUIUBY CTPYKTYpH OKPEMHX €JIEMEHTIB CHCTEMH EKpaHYBaHHA HA pPO3MOALI
HaINpy>X€HOCTI Y3[I0BX 130JIALiHHOI KOHCTpyKIii. Jist OWiHKKM e(eKTHBHOCTI
BUKOPHCTAHHS CHCTEMHU €KpaHyBaHHS pO3pO0JieHa METOIMKA Ta aJlTOPUTM OLIHKH
PO3MOAITY HANPYXEHOCTI y3/I0BXK OIMOPHOI 130JIAMiHHOI KOHCTPYKIIi Ha MPHUKIIAd
i3omsriitHoi  komonn. Ha OCHOBI naHOT METOAMKH pO3pOOJIEHO TMpOoTrpamMHe
3abe3neueHns SCR.OPT4, 3a 10m0OMOTr010 SIKOr0 MPOBEACHO JOCIIIKESHHS BILTUBY
KOHCTPYKTUBHUX YHHHUKIB Ta IlapaMeTpiB HABAaHTAKCHHA Ha e(EeKTUBHICTH
BUPIBHIOBAHHS HAIPYKEHOCTI TIOJIT 32 JOIOMOIOK CHUCTEM €KpaHyBaHHsS 3
pisHUMH CTpyKTypamHu ( OJWHOYHI €KpaHH, NPOCTOPOBI €KpaHH Ta EKpPaHdh 3
pisHMMH mnoTeHmianamu). Ha OCHOBI OTpHMaHMX pe3ynbTariB cOpMyIbOBaHi
PEeKOMEHAAIIIT 110 yIOCKOHAJICHHIO CUCTEMH €KpaHyBaHHS 3 ypaxyBaHHSIM OKPEMHX
KOHCTPYKTUBHHX PillICHb.
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JOCKEHHA EOEKTUBHOCTI 3BHUKEHHA BTPAT
HOTYKHOCTI B EJIEKTPUYHUX MEPEXKAX

[pu nepenadi enekTpoeHepril 3 UIMH XUBISYHX IMIACTAHIIN O CIIOXHUBaYiB
YacTHHA €JIEeKTPOCHEPril BHUTPAYAETbCS Ha HArpiB MPOBITHHKIB, CTBOPEHHS
CNIEKTPOMArHiTHUX MOJNIB Ta iHIm edekTH. Lli BUTpaTH MarOTh Ha3By BTpaTH
esleKkTpoeHeprii. BennunmHa 1[UX BTpaT CYTTEBO 3aJEXKHUTh BIJl XapakTepy
HABaHTAXKCHHS Ta HOro 3MIHM y MeXaxX 4acy, IO PO3IIISIAETHCS, a TaKOX BiJ
SKOCTI eJleKTpoeHeprii Ta 3acobiB ii 3abe3medeHHsA. SIKICTH eIeKTpoeHeprii
XapaKTepU3y€eThCS MOKa3HUKAMHM, SKi BH3HAYAIOTh MIpy BiIMOBIIHOCTI HANpyTH
HOPMOBAaHHM 3HA4YCHHSIM T[PH HOMIHAIBHUX BEJIMYMHAX TaKUX TOJOBHHUX
MOKAa3HHKIB, SIK 4aCTOTa MEPEXi )KUBJICHHS, HATIPYTa Ta CTPYM HaBaHTa)KeHHSI.

VY 3arajgpHOMY BHUMAIKy MpoOiieMa SKOCTI eJIeKTPOCHEprii CKIAZAeThCs Y
HiATpUMII PiBHIB HANPYTH Ta YaCTOTH MEPEXi, M0 HAOJMKEHI 10 HOMiHAIBHUX
3HauYeHb. B yMoOBax €HEproeMHHMX BHPOOHHMITB BHKOPHCTOBYIOTH LUIHH DAL
CJIEKTPOCIOKMBAUiB  (IIPOKAaTHI  CTaHW, JYrOBl  CTaJeIUIaBWIBHI  Iiedi,
BUNPSIMIISIFOYM  TIPUCTPOI, CHUCTEMM €JIEKTpOJIi3y Ta 1H.) 3 PI3KO 3MiHHUMH
HaBaHTXXECHHSIMHU, a00 HEPIBHOMIpHICTIO X po3moainy 3a (azamu 1 HasBHICTIO
CTpyMIB Ta Hampyr, (opMma SKMX CYTTEBO BIIXWISETHCS Bin ciHycoimambHOl. LIi
BUIY CIIOKHMBAadiB BEIYyTh NI0 TOPYIICHHS SIKOCTi €IIEKTPOCHEPTii, T'OJOBHUMH
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MTOKAa3HUKAMH SIKO1 € BiAXIIICHHS HAIIPYTH, PO3KHUI 3MiHEHHS HAIPYyTH, KOe(DillieHT
HECIHyCOITabHOCTI KPHWBOI HAmNpyTH, KOe(]imi€eHT 3BOPOTHIH MOCITITOBHOCTI
HAIPYT, BiIXUJICHHS YaCTOTH Ta iH.

BmmB  HH3BKOI  SKOCTI  €leKTpoeHeprii Ha pobOTy Mepex Ta
eIeKTPOOONIaJHAHHS TPOSABISAETHCS Yy TIABHINGHHI BTpaT eJIEKTPOEHEeprii,
CKOpOUYCHHI TEpMIHIB eKcCIuTyaTalii oOJamHaHHsS, TEXHOJOTIYHMX BTpaTax, SKi
BUPQKAIOTBCS Y 3HW)KEHHI BHPOOHMYMX MOXKJIMBOCTEH Ta MOTIPHIEHHI SKOCTI
MPOJYKIIIT, 110 BUPOOISETHCS.

TakuM 4nHOM, HaOUIBII eEeKTUBHE 3HW)KEHHS BTPAT MOTYXKHOCTI MOXKIIMBO
JIOCSITHYTH LIUIIXOM PETYJIIOBaHHS HANpyTH, SKe, y CBOIO Hepry, 3aJIeKUTh Bij
BEJIMUMHM BTpPAaT HANpyru Yy Mepexi, sKH BH3HAYalOThCs 1ii omopoMm. Y
PO3IOJITBUUX MEpekKax aKTUBHHUH Orop Oiiblie peakTHBHOTO. TakuM YHHOM HOTro
perymoBaHHS HAHOUIBII S€(PEKTHBHO 3MIMCHATH 3MEHIICHHSIM IUIOMII 3pi3y IiHiH
eJleKTporiepesiadi. Y JKHMBIAYMX Mepekax HaBIAaKd — PEaKTHUBHUI ormip Oinblme
aKTHBHOTO, TOMY BTpaTW HANpyru y 3HA4YHIA Mipi BH3HAYAIOTHCS PEAKTHBHUM
OTIOPOM JIiHIN, SIKUH MaJo 3aJIeKUTh Bil TUTomii 3pizy. HaiOimbm 9acTo 3MiHEHHS
PEaKTUBHOIO OINOPY BHUKOPHCTOBYIOTH [UISl PETYIIOBAHHS HANpPYTHd LUIIXOM
BKJIFOUCHHS Y JIIHIIO KOHJICHCATOPHUX OaTapel 3a cxeMaMH HpPOKOJIBHOTO abo
MOMEPEYHOT0 PETYIIIOBAHHS.

AXTHBHY TOTY)XHICTb HBJISIYMX MEPEX HE MOXKIJIMBO BUKOPHUCTOBYBATH JJIS
OINEpaTHBHOTO PETYJIIOBaHHS HANpyrd, TOMY HaiOuibil edekTHBHUM 3acoboM
3aJIMIIAETHCSl PEAKTUBHA MOTYXKHICTb. [l 3MIHEHHs PEaKkTHMBHOI MOTY)KHOCTI
BUKOPHCTOBYIOTh PI3HOMAHITHI PETYIIOIYHM NPUCTPOI, cepes SKUX HaWOUIbII
MIMPOKE BUKOPUCTAHHSA OTPUMAIIM IPUCTPOI HACTYIHUX BUAIB: OaTtapei CTaTHIHUX
KOHJICHCATOpiB, CHHXPOHHI KOMIIGHCAaTOpH, CTaTH4YHI JDKepelaa peakTUBHOI
MOTY>KHOCTI Ta iH.

Jnst mociiUKeHHS BTpAT MOTYXXHOCTI B €IEKTPUYHUX Mepekax po3polieHi
ITOPUTMHU PO3paxyHKy HEOOXiJHHMX MapaMeTpiB Ta TOJOBHUX ITOKa3HMKIB SKOCTI
€JIEKTPOEHEPTii 3 ypaxyBaHHSAM KOHKPETHHX OCOOIMBOCTEH Mepexi Ta crienngiku
CMIOKMBAYiB eHeprii Ta cxeMu ix migkmodeHHs. Jlyig 1poro  pospobiieHa
KOMIT'FOTEpHAa MOJETh IS MOJENIOBAHHS IIPOLECiB TPOTIKAHHSA CTPYMIB Ta
pPO3MOITY TMOTY)KHOCTEH Ha TPUKIAAI CXEMH PO3MOAUTLYOr0 TPUCTPOIO IS
KUBJICHHS 1HIYKIIHHUX Te4YeH TUIaBIILHOTO BUpoOHUITBA. Ha ocHOBI 1i€l Moaemi
po3po0IIeHO TIpoTpaMHe 3a0e3MEeUCHHS, SIKE JJO3BOJISIE OI[iIHUTH TOJIOBHI MOKa3HUKH
SIKOCTI  €JIGKTPOCHEPTii Ta MPOBECTH OMNTHUMI3allil0 TPOIECY PEeryJIOBaHHI Ta
OLIIHKY €()eKTUBHOCTI THX, UM IHIIUX HOTO 3aCO0iB.
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OCOBJIMBOCTI OLIHKH HAJIMHOCTI I3OJISILIMHUX
KOHCTPYKIIA HA KJIACH HAIIPYT'H 10-35 KB

[3omsuiitHi  KOHCTPYKUii (OHMOpHI Ta WPOXiAHI 130JATOPH) OTPUMAIH
HaWOUIBII IMPOKE BUKOPUCTAHHS B €JICKTPUYHUX MEpekax Ta TpaHcHopMaTopHUX
MIiACTaHIAX 3 KiacoM HomiHanbHOi Hampyru (10-35) kB, sk royoBHi enemeHTH
KOMIUIEKTYIOUHX €JIEKTPUYHUX amapariB. B X yMoBax MiABHIIEHHS BUMOT /O
eKCIUTyaTaliifHol HaJIiHOCTI IIMX €JIEMEHTIB € JyKe BAXJIMBHM Ta aKTYaJIbHUM
3aBIaHHAM IIPH PO3pOOIIi Ta MPOESKTYBAHHI EICKTPUIHUX MEPEX.

VY 3aranbHOMY BHITQIKy HATIHHICTE 130JIAMIHHOI KOHCTPYKIIII e BIACTHBICTH
BUpOOy BHKOHYBaTH 3aBIaHi (YHKIii, 30epiraroud TMpH [HOMY BIACHI
eKCIUTyaTaliifHi MOKa3HUKH Ta MapaMeTpH Yy BCTAHOBJICHHUX MeEXaX BIPOJOBIK
3aBJIaHOMY MPOMIXKY uacy excruryaramii [1]. SIk mpaBuito, i30msmiiiHi KOHCTPYKIIiT
BIJTHOCSITBCS JI0 €JIEMEHTIB, 10 HE BiTHOBIIIOIOTHCS Y TPOIIECi eKCIuTyarariii. B nux
YMOBax JUIsi KOHKPETHOI i30JI1IHHOT KOHCTPYKUIl, HalpHKIax NpoXigHuii abo
ONMOpPHUN  130JIITOp,  ONOpHA  I30JIsLiHHA  TMOKPHUIIKA  BHUMIPIOBAJIBLHOTO
Tpanchopmaropa Ta iH., HaAIHHICTh XapaKTEPU3YETHCS MO0 HU3KOIO MOKA3HUKIB.
Haii6inpl mMpoKo BUKOPUCTOBYIOTH TAaKHM ITOKa3HWKH, SIK HANpallOBaHHS [0
BIZIMOBH, CTPOK CIIyOH, 5IKi, y CBOIO 4epry, 3ajiexaTh BiJl SKOCTI MaTepiaiy,
TOBIII 130JI11i{, €IEeKTPUYHOTO, TEIUIOBOTO, MEXaHIYHOIO HABaHTaKCHHS Ta iH.
OCKIJTbKM OKpeMi 3 BHIIE NEpeNidYeHuX YMHHUKH B ITPOIEC eKCIUTyaTalii MOXYTh
3MIHIOBATHCS, TOYHMI BIUIMB IMX YMHHMKIB HA CTPOK CIYXOHM i30isTOpa
BU3HAYUTH HEMOXJIHMBO. ToMmy Moxke OyTH 3poOiieHa TUIBKM NMpHUOJM3HA OIIHKA,
o Mae Tiit abo iHmwMH piBeHh HMOBIPHOCTI. B X yMoBax B SKOCTi MipH OLiHKH
HaJIHHOCTI 3pYyYHO BUKOPHUCTOBYBATH TaKi HMOBIPHICHI XapaKTEPHCTHKH, SK
HMOBipHICTH 0€3BiIMOBHOI Ipali, iHATEHCUBHICTH BiIMOB Ta I'yCTHHA HMOBIpPHOCTI
BiamoB [1]. [t 3py4HOCTi po3paxyHKIB BCi Ii TIOKa3HUKHA HaIiHHOCTI MOB’s3aHi
MK Cc000I0 MPOCTHUMH MAaTEMaTHYHUMH CIIIBBIHONMICHHSIMH I OOpaHOTO
TEOPETHYHOTO 3aKOHY pO3IOALTY BHIAAKOBOI BEJWYMHM, B AKOCTI SKOI JUIs
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PO3paxyHKIB HaAIHHOCTI 130JAMIHHUX KOHCTPYKIH 3pYYHO BHUKOPHUCTOBYBATH
HAIIpAIFOBaHHA J0 BiZIMOBH a00 HAIIPYTH MEPEKPHUTTSI.

Sk mOKa3yroTh CTAaTUCTHYHI JaHI MO0 eKcIuTyaTtamii oOJagHaHHA Yy
PO3NOAIIPHAX MPHUCTPOSX BHUCOKOI Hampyru [2, 3], pe3ynbTaTH BUMipIOBaHHS
PO3PSAIHUX HATIPYT 130JATOPIB, SKi 3a0pyTHEHI Y IPUPOAHAX YMOBAX MOKAa3yIOTh,
1[0 PO3KHU] IIMX HAINPYT ONHUCYETHCS HOPMaIbHUM 3aKOHOM PO3IOALTY. Y poboTax
[2, 4] mimkpecrO€ThCs, MO0 Y HOPMAIBHOMY PEXHMI CKCIUTyaTallii i30JAIiiHi
KOHCTPYKLii, HaNpuKiIag ONOPHO-I30JSMiHHI  NMOKPUIIKKM Ta30HATIOBHEHUX
BUMIPIOBaJIbHUX TpaHCc(OpPMATOpPiB, MPALOIOTH B yMOBaxX pPIi3KO HEOIHOPIIHUX
SJIEKTPUYHMX NOJNIB. Y 1IbOMY BHUIAJAKY BelW4MHa KoedillieHTa Bapiauii B yMoBax
BUKOPHCTaHHSI HOPMAJILHOTO 3aKOHY pO3IMOJily KoiuBaeThes B Mexax (0,03 —
0,06). Ognak mpu OMiHIN KITBKOCTI MEPEKPHUTTIB SK JiHINHHOI, Tak i amapaTHOl
13014111 Yy HOPMAJILHOMY EKCIUTyaTalllfHOMY PpEXKHMi JOBOIHUTHCA ONEPYBAaTH
JOCTaTHHO MaJMMH HMOBIPHOCTSMH MEPEKPHUTTS, IS SIKHX CTBEPIUKCHHSA O
HOPMaJbHOMY 3aKOHI pO3NOALTY PO3PSAAHHX HANpPyr EKCIICPUMEHTAIBHO
MIATBEPIUTH OyXe BaKKO. TOMY MOMIHBO 3pOOHTH BHCHOBOK O YCideHHI 3JIiBa
po3nonity IMOBIPHOCTEH TEPEeKPUTTSs Yy HOPMAIBHOMY eKCIUTyaTalliiHOMY
pexumi. B mpoMy BUMamky A OLIHKMA MOKAa3HHWKIB HANIHHOCTI B SKOCTI
TEOPETUYHOTO MOXKJIMBO BHUKOPHCTOBYBaTH SIK 3CIYEHUIl HOpPMallbHMH, Tak 1
norapuMigHO-HOPMAaJIbHII 3aKOHH po3moiny [3, 4].

Y  BuUIAAKy, 110 PpO3MISAAETBCS JUIS  MIATBEPIXKCHHS  MOXKIJIMBOCTI
BUKOPDHUCTAaHHS  JIOTapU(MIYHO-HOPMAIBHOTO  3aKOHY  pO3IOJALLY  BHHHKAE
HEOOXIJTHICTh MNPOBEJCHHS psAYy MAOCHIDKeHb [JIsi BU3HAYCHHS IapaMeTpiB
JOTapu(PMIYHO-HOPMATIBHOTO 3aKOHY, SKHA OW BIAMOBIIAB HOPMAIEHOMY
po3moainy. AHali3 3aKOHIB PO3MOALTY, IO JOCTIHKYIOTHCS 3pYIHO TPOBOINTH Ha
OCHOBI 3pIBHSHHS OCHOBHHX XapaKTepUCTHK HamidHOCTI [1], skuMH € TycTHHA
posmofiny BigmoB (Hampyr nepekputts) f(U) ta fimoBipHOCTI G€3BiAMOBHOT mpaiti
P(U) 3a ymMOBOI pIBHO3ZHAYHOCTI ABOX IEPIIMX MOMEHTIB PO3MOJiNiB, TOOTO
MaTeMaTHYHOTO OYiKyBaHHS Ta AMUCIEpCii.
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KJIACCU®UKALIUS TPAHC®OPMATOPHBIX OJICTAHIIMIA

TpanchopmaropHoii OACTaHIUEH Ha3bIBACTCS MOACTaHI s c
TpaHcdopmaropamu, npeoOpazyromas IEKTPOIHEPTHIO TOIBKO 10 HATPSHKEHHMIO.
[Tonmxaronie TpaHcHOPMATOPHBIC MMOJICTAHIUU IPEOOPA3yIOT HAMPSDKCHHE
HNUTaoLie cetw 1o Oojiee HU3KOTO YPOBHSA, IPU KOTOPOM 3JEKTPOIHEPTHIO
MepeaaroT NOTPEOUTEISIM, TIOJKITFOYCHHBIM K JaHHOW MOACTAaHIHH [1].

Jrobass  TpaHCoOpmaTopHas ~ TMOACTAHIUS COCTOMT W3  HECKOJBKUX
pacmpenenuTensHBIX  ycTpoiicTB  (PY)  pasHBIX  CTaHOApTHBIX  CTYyIICHEH
HANpSDKGHUS, MEXIY  KOTOPBIMH  HMMEIOTCS  TpaHC(HOPMATOpHBIE WM
aBTOTPaHC(OPMATOPHBIE CBSI3U.

ITo Ha3HAYEHUIO MOACTAHIIUH MOAPA3IEISIOTCS Ha CIeAYIOUIUe TUTIHI [2]:

— MOTpeOUTeNnbCKUEe, KOTOpBIE MpelHa3Ha4YeHbl IS SJIEKTPOCHAOKEHUS
notpeduTeneil, KOTOpble TEPPUTOPUATBHO TPUMBIKAIOT K HuM. OHH
XapaKTepU3yrTCs YCTaHOBKOH, KaK MIPaBUIIO, JIBYXOOMOTOUYHBIX
TpaHcGopMaTopoB;

— CeTeBbIe, KOTOpHIC MpeAHa3HAUEHBI ISl SJEKTPOCHAOKEHUS HEOOIBIINX
TEPPUTOPUATBLHBIX paiioHOB. Hapsiiay ¢ TpaH3UTOM OTHOCHTENBEHO HEOOJBIION
MOIITHOCTH Ha CTOpOHe BEIcmiero Hampsokenus (BH), oHM uMeroT Ha CTOpoHE
Hu3urero HampspkeHus (HH) 3HaunTenpHBIE MECTHBIE, a Ha CTOPOHE CPEIHETO
Harnpspxenust (CH) — palioHHBIE Harpy3KH;

— CHCTEMHBIC, KOTOpBIC OTIMYAIOTCA OT IOTPEOUTEIBCKUX U CETEBBIX
MOJICTAHIUIA 3HAYUTEIHFHBIM OTOOPOM MOIIIHOCTH U OCYIIECTBICHUEM YIIPABICHHS
MEPETOKOM MOIIIHOCTH B SHEPTOCUCTEME 110 MarucTpaibHbIM ceTsiM BH, a Taxxke B
cetp CH.

ITo cmocoOy mpucOeAVMHEHUS K CETH IOJACTAHIUU TOAPA3JEISIIOTCS Ha
CJEelyIOIIME BUIBL:

— TYNHKOBBIE IOJCTAHLMH, IOJY4YalOT IUTAaHUE [0 OJHOM WM JBYM
TYIMKOBBIM BO3YIIHBIM JJMHUAM 3JIEKTPOIIEpeadH;
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— OTBETBUTENbHBIC MOJCTAHINH, NIPUCOCANHSIIOTCS OTBETBICHUEM K OJHOM
WIM OBYM TPOXOAAIIMM BO3LYUIHBIM JIMHUSM C OJHOCTOPOHHHUM  HIIH
JBYXCTOPOHHUM IUTaHHEM;

— TIPOXOJHBIE TMOACTAHINH, KOTOPHIE BKJIIOYAIOT B PACCEUKy ONHOW WIH
JIBYX TIPOXOISIINX BO3MYLIHBIX JIMHUH C OJHOCTOPOHHHUM HIIHM JIBYXCTOPOHHHM
MUTaHHAEM;

—  Y370BBIE  TOACTAHIMH, KOTOpBIE KpOME MNUTAIOUMX  JIMHUH
JNEKTPOIIepeiaun, UMEIOT OTXOJSIINE paJualibHbIe WM TPaH3UTHBIC BO3YIIHBIC
JIMHUH.

Mo criocoOy 3aIUThI CHIIOBBIX TpaHC()OPMATOPOB MOACTAHIIMN OBIBAIOT:

— C MIpeIOXpaHUTEISIMU (TOJIBKO 10 HampsikeHus 35 kB);

— C KOPOTKO3aMbIKaTeISIMU U OTACIUTEIISIMHY;

— C KOPOTKO3aMBIKATEISIMU U BBIKITIOYATEIISIMH Harpy3KH;

— ¢ CcHCTeMaMH IepelJaddl  TEJICOTKIIOYAloIero  HMMIynbca |
PE3EPBUPYIOIIETO €r0 KOPOTKO3AMBIKATEIS C BHIKITIOYATEIIIMHI.

ITo Tuny ycranaBimBaeMoOil KOMMYTallMOHHOM anmapaTypbl Ha ctopone BH
pa3IHyaoT:

— TIOACTaHIMM 0e3 BBIKITIOYaTeNeil, KOTOpBIE B CBOIO OUCPEb OAPAZIEIIIOT
Ha TPY MOJTPYIIIIBL:

a) ¢ BBIKJIFOYATEJIIMU HAarpy3KH;

0) C OTHeNUTEIAMHY,

B) C pa3beJMHHUTENSIMHM, CHA0)KEHHBIMU JIUCTAHLIMOHHBIMU IPHBOJIAMH,
BKJIFOUYEHHBIMH B IIUKJI aBTOMATHKH;

— IOJICTaHIINH C BBIKITIOYATEIIIMH;

— KOMOMHHpPOBAaHHbBIE IIOJCTAHIMH, HAa KOTOPBIX IPHUMEHSIOTCS BBIIIE
HepeyrcIeHHble KOMMYTAIlMOHHBIC alapaThl B Pa3IMYHBIX COUYETAHMSIX.

Mo criocoOy yrpaBineHus NOACTaHIMHA MOT'YT OBITh CIEIYIOIINX THIIOB:

— TeJeyIpaBIsieMble C TeJIECUTHAIN3aINeH;

— TOJIBKO C TeJIECUTHAJIN3aLNeH;

— ¢ TeNeCHTHANIM3allMe ¥ YIpaBIeHHEM C ONEPaTHBHOTO ITyHKTa
ynpaBieHuss  (OITY). OHE omepaTHBHO  OOCITYXXHBAIOTCS  HOCTOSHHBIMHU
JSKYPHBIMH Ha IIUTE YIPaBICHUS, JACKYPHHIMH Ha JIOMY, OINEPAaTHBHO —
BBIE€3IHBIMHA Opuragamm. PemonT NOACTaHLU I OCYILECTBIIAECTCS
CHENMANU3UPOBAHHBIMU BBIC3IHBIMH OpHTaaMy IEHTPATN30BAHHOTO PEMOHTA
WIIM MECTHBIM IIEPCOHAIIOM ITOICTAHIIUH.

CIIUCOK UCMOJIb30BAHHOM JIUTEPATYPbI
1. Makapos E.®. CnipaBounuk 1o anmekrpudeckum cetsim 0,4 —35 kB u 110 —
1150 kB [rekct] / E.®. Makapos. — M.: ITanmpyc [Ipo, 2005. — 640 c.
2. Upempumk B.W. Dnexrpudeckwe cucremMbl u cetu [Tekct]| / B.W.
Wnenpunk. — M.: DHeproaromusnart, 1989. — 592c¢.
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OBOCHOBAHME HEOBXO/UMOCTHU MOJAEPHU3ALINU OPY - 35 KB

[puatMnuanpHOl 0COOEHHOCTHIO CYIIECTBYIONICH B HacTosIee BpeMs
CTPYKTYpPBI SHEPropecypcoB MPOMBIINUICHHBIX TNPEANPHATHN SBISAETCS TO, YTO
JJIEKTPO’HEPTUSI  COCTaBISIET Oollee  TIONOBHHBI  BCEX  DHEPTOPECYPCOB,
noTpediseMbIx  orpaciblo. [lanbHeiiiee pasBUTHE W COBEPLICHCTBOBAHUE
MMpOMU3BOJICTBA BO MHOI'OM OIIPEACIACTCA YPOBHEM pa3BUTUA HWCTOYHUKOB
3HGKTpH‘I€CKOﬁ OHEPIrun, CYHCCTBCHHO BJIMAA B CBOIO OUYCPCIb Ha pPa3sBUTUC
QJICKTPOOHEPTCTHUKU. Ananus JaHHBIX TII0 MPOAOJDKUTECIBHOCTH JSKCIUTyaTalluu
OCHOBHBIX BHJOB JEHCTBYIOIIETO 3JIEKTPOOOOPYIOBAaHHUS IMOKA3bIBACT, UTO
3HAUMTENbHA €ro 4acTh (KOMIUIEKTHBIE paclpeesIuTeNbHbIE YCTPOHUCTBA,
BBIKITIOYATEIH, Pa3beIUHUTEIH, CHJIOBEIC U M3MEPHUTEIBHBIC TPaHC(POPMATOPHI U
Ip.) otpabotano OONBIIYyID dYacTh CcBoero pecypca. IloaTomy mporecc
MOJICPHU3AINH AJIEKTPHUUSCKUX LN MperycMaTpUBAeT CICIYIOIIHE OCHOBHEIC
HaIpaBJICHU:

— PCKOHCTPYKIIMIO ¥ TIOBHIICHHE HAAEKHOCTH CHCTEM BHEIITHETO
ANEKTPOCHAOKEHHSI,

— MOJIepHH3aNns IpeoOpa3oBaTeIbHBIX MOCTAHITHUII;

- 3aMeHa " COBEpPILIEHCTBOBAHHE yCTapeBIIETO CHJIOBOTO
3IEKTPOOOOPYIOBAHUS;

— pa3paboTKa U BHEJPEHHE CPECTB YIIyUIIeHUS KaueCTBa MIEKTPOIHEPT U,

— BHEAPCHUC AaABTOMATU3UPOBAHHBIX CHUCTEM YIIPABJICHUA CUCTEMaMU
3IEKTPOCHA0KEHUSI.

CHaOxeHHE TPEINpPHUATHH 3JIEKTPO3HEprueil JOIHKHO OBITh  OCOOEHHO
HaJEXHBIM, TaK KaK OOJIBIIMHCTBO MX OTHOCHUTCS K IEPBOH IPYIIE 110 YCIOBUIM
TEXHOJIOTHH, 0e30MacCHOCTH OOCIY)KMBAIOLIETO NEPCOHaIa, OKPY)KAIOIIEH Cpebl.
OTKJIIOUEHHE 3JIEKTPOCHAOXKEHHUsI TAaKOTO NPEANpPUSATHS BEAET K OONBIIOMY
yiepOy WM HEAOIYCTUMBIM BBIOpOCaM BPEIHBIX I'a30B.

ONEeKTpONIpUEMHUKY,  KOTOPbIE  NIHTAIOTCI  OT  MOJEPHH3HPYEMOTO
pacnpeeNIuTeNbHOIO YCTPOMCTBA 110 JEHCTBYIOIIMM IIpaBMIaM  YCTpPOMCTBa
AIEKTPOYCTaHOBOK [1] OTHOCHUTEIILHO obecrieueHus HaJaE&KHOCTH
JNIEKTPOCHAOKEHHSI OTHOCATCS K TiepBod karteropuu. [l He€ mepepsiB
AIIEKTPOCHAO)KEHUSI MOXKET MOBJEYh 332 COOOH OMacHOCTH IS JKU3HH JIIOJEH,
3HAUMTENBHBIN  ymep0d JUIsi XO3SHWCTBEHHOW JIEATENIBHOCTH, TOBPEKICHUE
JIOPOTOCTOSIIIEr0 OCHOBHOTO O0OpYZOBaHHUS, MAacCOBBIH Opak NPOSYKLMH,
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PaccTpoucTBO CIIO)KHOTO  TEXHOJOIMYECKOro  mporecca, HapyIIcHUe
(YHKIMOHHPOBaHHS 0COOO BaKHBIX JJIEMEHTOB KOMMYHAJBHOTO XO3siiicTBa. B
STON KaTeropuH BBIIEIAIOT 0COOYIO TPYIILY IEKTPONpUEMHHKOB, OecriepeOoiiHast
pabora KOTOpHIX HeoOXxoamMa UIs 0e3aBapHMHOTO OCTaHOBAa IPOM3BOICTBA C
LeJIBI0 TPEAOTBPAIICHUS YIPO3BI )KM3HH JI0JeH, B3PBIBOB, I10’KAPOB, TIOBPEKICHUS
JOPOTOCTOSAIIETO 000PYIOBaHHSL.

IIpy  pPEeKOHCTPYKLMH  CUCTEM  D3JEKTPOCHAOXEHUS M  OTJENbHBIX
9JIEKTPOYCTAaHOBOK HEOOXOJMMO YUHTHIBATh, YTO JIEKTPONPHUEMHHKU | KaTeropun
JIOJDKHBI  00ECIIeUMBATBCS DJICKTPOIHEPTHEeH OT JABYX HE3aBHCHUMBIX B3aHMHO
PE3CPBUPYIOIUX HUCTOYHUKOB IIUTAHUA U TICPEPLIB UX 3J'IeKTpOCHa6)KeHI/IH npu
HAPYIICHUH 3JICKTPOCHAOXKEHHUsSI OJHOTO W3 HCTOYHHUKOB IMUTAHUS MOXKET OBITh
JOMYUICH JIMIIb Ha BPEM aBTOMATUYCCKOI'0 BOCCTAHOBJICHUA NTUTaHUA.

J1s 3eKTPpOCHAOKEHHUST 0C000i TPYIIBI HJIEKTPONPUEMHHUKOB | KaTeropuu
HEOOXOAMMO  IpeAyCMaTpHBaTh  JOMOJHHUTENIIBHOE INUTaHHE OT  TPETHEro
HE3aBHCUMOIO B3aUMHO PE3EPBUPYIOIIETO0 HCTOYHHKA. B KauecTBe TpeThero
HE3aBHCUMOT'0 HCTOYHUKA MUTAHHS ISl 0COOOH IPYIIIIEI SIEKTPOIPHEMHUKOB U B
KauecTBEe BTOPOTO HE3aBHCHMOTO UCTOYHHMKA MUTAHUS IS dJICKTPONPHEMHUKOB 1
KaTeropHH, KaK HPaBHIIO, HCIIONB3YIOTCS MECTHBIE TEIUIOBBIC SJICKTPOCTAHIIMH,
AIIEKTPOCTAHIIMK YHEPrOCUCTEMBI, MECTHBIC JTU3EIbHbIC 3JIEKTPOCTAHIIMH, & TAKXKe
aKKyMYJISITOpPHBIE OaTapem.

CIIMCOK UCINOJIb30BAHHOM JIUTEPATYPBI

1. TlpaBuma yctpoictBa snekrpoyctanoBok (IIVD) [Tekcr]. — M.:
Atomusgar, 1978. — 96¢.
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ANALYSIS OF EXTERNAL INSULATION OF OPTIC - FIBER 35 KV
CURRENT TRANSFORMER

Current transformers (CT) are designed for reducing alternating current to
controlled level in proportion to the corresponding original values. They provide
halvanic isolation of measuring devices, counters, relays, etc. from the high-
voltage (HV) circuit. Principle of their operation is based on the electromagnetic
induction law.
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Digital (microprocessor) systems of relay protection, automation, automatic
control, measurement and dispatching systems are modern trends in the world
power industry, along with the existing traditional systems of relay protection,
emergency control, measurement and metering at power plants and substations,
And this situation leads to an increase in the load on CT and, as a result, to a
deterioration in the accuracy class of CT.

Grechukhin V.N. [1] analyzed the economic conditions for the functioning of
power energy enterprises and energy systems in his work “Electronic current and
voltage transformers”. According to this work, it is necessary to increase the
accuracy of electricity monitoring signals. Digital metering systems can achieve it,
but, the insufficient accuracy class of conventional CTs is a barrier on this path.

World leading companies’ designers strive to develop CTs of a higher
accuracy class (better than accuracy class 0,2S and 0,2) with greater load capacity.
Satisfying these requirements will inevitably lead either to an increase in weight
and size indicators (larger amount of electrotechnical steel, copper and other high-
cost materials), which is undesirable under the conditions of current economy
situation. The identified problems have led to more intensive use of insulation, and
according to international normative documents, this question remains open and
relevant.

On the modern stage of the HV technology development conventional
transformers have reached the limit of their capabilities and can hardly meet new
requirements and tendencies, such as digitalization, safeness, and compactness.

Search for an alternative technical solution measuring current and voltage of
high voltage electric power plants started a long time ago both in our country and
abroad.

These researches have become more relevant considering the intensive
process of introducing microprocessors into control systems, measurement, relay
protection, emergency control at substations.

Optic-Fiber Current Transformer (OFCT) is next generation transformers. In
our country many transformers are approaching deadline of service life.
Implementation of the modern technologies makes senseless replacing the old
current transformers (CT) with the similar new ones, as they can be hardly paired
with digital communication methods.

Aim of the work: Analysis of materials and shapes used in external insulation
design, in terms of optimal protection of optical sensors from natural phenomena
and breakdowns

Conclusion: The external insulation of OFCT 35kV is researched for 3
contamination types of insulation. The further research intention is to develop more
economically effective optic current sensor. It is obvious, that the development of
digital current transformers and their use together with microprocessor-based
measurement devices at substations with the prospect of a transition to a "digital”
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substation, where all information flows are circulated and processed in digital form
is a promising area of research.

LIST OF REFERENCES
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OPTICAL CURRENT AND VOLTAGE SENSORS

At the current stage of development of the electric power industry, with the
widespread usage of current transformers (CTs) and voltage transformers (VTs),
the most actual is reliable measurement of current and voltage to ensure high
reliability and safety of industrial systems and networks. These measurements take
an important part of the substation's working and protective functions [1].

The unflagging interest in optic current and voltage sensors, over the years, is
associated with the high potential capabilities of these devices and also significant
operational advantages compared to traditional current and voltage measurement
technologies. They provide a natural galvanic denouement of the high-voltage and
measuring parts while reducing the overall dimensions, increasing the safety of
their operation and decreasing the installation costs. Various types of current and
voltage sensors are used for monitoring and diagnosing of circuits, launching of
protection schemes, detecting failures of electrical equipment and emergency
conditions of various types of loads [2].

Advantages of digital current and voltage sensors [3]:

— wide dynamic range of measurements (currents up to hundreds of kA,
voltages up to hundreds of kV);

— the sensing element is naturally disconnected from the voltage line;

— high resistance of fiber optic information channels to external
electromagnetic interference;

— extremely fast response time with high measurement accuracy;

— smaller overall dimensions compared to existing technologies;

— they do not explode in catastrophic destruction, unlike oil-filled electrical
insulating supports.
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In addition, they are inherently non-magnetic saturated and, as a rule, have a
measurement bandwidth in the kHz range. Bands in the range of tens or hundreds
of kHz are also possible. As a result, fiber-optic current transformers produce
within their measurement range a true image of the primary current, including in
the case of fast transient currents, short-circuit currents and alternating current with
DC bias [1].

The operation of the optical current sensor is based on the Faraday's effect,
which consists in changing the polarization of the light flux under the influence of
a magnetic field. The specific implementation of sensors using this effect can be
different and is patented by manufacturers.

The optical circuit of the current sensor contains an optical signal source.
This signal is converted, with the help of a splitter, into two right- and left-
polarized signals with opposite directions of rotation, which enter the optical loop
made of turns (N) of optical fiber. The magnetic field created by the current (I)
flowing through the wire, in accordance with the Faraday effect slows down one
signal and accelerates another. Both signals reach the next circular polarizer, which
converts them into linearly polarized light fluxes with polarized planes shifted by
an angle, (1):

Ap=4V -N-1, )
where V is the Verdet constant.

Verdet constant is a quantity characterizing the magnetic rotation of the plane
of polarization in a substance. Its value depends on the properties of the substance,
wavelength and monochromatic radiation [4].

The operation of the optical voltage sensor is based on the Pockels' effect,
which consists in the appearance of birefringence in optical media when a direct or
alternating electric field is applied, which is observed in crystalline piezoelectric,

(2):
E
Ap=m-L-K-—,
p=n - @)

where E is the electric field strength; L is the plate thickness; A is the wavelength;
K is electro-optical coefficients.

As follows from the proposed review, optical current and voltage sensors
occupy a significant place in monitoring, controlling and management systems in
the energy sector, as well as in other engineering branches. New generation sensors
significantly increase production efficiency and give a good economic effect.
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SULFUR HEXAFLUORIDE GAS BENEFITS IN RELATION TO OIL AND
CELLULOSE INSULATION IN VOLTAGE TRANSFORMERS

Insulation is used in most areas of voltage transformers designing, beginning
from transformer winding insulation and ending with sulfurhexafluoride(SF6) gas,
transformer oil, and cellulose insulation for dry transformers.

The insulation that separates the current-carrying partsfrom each other and
from the grounded parts in power transformers is performed in the form of
structures made of solid and liquid dielectrics [3].

In SF6 gasvoltage transformers, sulfur hexafluoride is used as insulation and
refrigerant, which makes it possible to abandon the fire extinguishing system since
sulfur hexafluoride is not combustible, and it also removes the need for oil
collectors and gutters around the transformer [1].

In case of internal malfunctions, the pressure in the tank is very small in
comparison to the strength characteristics of the tank, which ensures that the tank
does not explode and the equipment around it does not suffer [1].

Since neither an expansion tank, nor a pressure relief device, which are
important components of an oil transformer, are needed, it becomes possible to
significantly reduce the height of the substation [1].

A significant decline in the cost of substation building or a room for a
transformer is achieved by increasing the compactness of the transformer [1].
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It is also worth noting that, unlike oil-insulated transformers, the total cost of
the transformer decreases with a decrease in size and the absence of an expansion
tank and an oil pan, as well as additional costs for building the premises.

The main and indisputable advantage of dry type transformers with cellulose
insulation is an operational safety [2].

In areas with increased safety requirements (educational, medical institutions,
park recreation areas, etc.), the use of dry transformers is more than justified [2].

Since dry type transformers meet all fire safety requirements, they can be
installed directly in production rooms or in a special room near a residential
building.

Due to the design features, namely the absence of flammable liquids in the
design, unlike oil, dry transformers have a significantly lower probability
ofcatching on fire during a short circuit or from any external mechanical impact,
but are still inferior to SF6 gas transformers in terms of fire safety [2].

In conclusion we can briefly highlight the advantages of sulfur hexafluoride
over other types of insulation, namely fire safety, explosion safety, compact design
of the transformers, lack of need for additional pressure and oil control units.
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BENEFITS OF FIBER OPTIC CURRENT TRANSFORMER

Introduction. At the present stage of the development of high-voltage
technology, classical methods of measurement based on the electromagnetic
principles have reached the limit of their capabilities and cannot satisfy new
requirements. They have arisen due to technological revolution of the last several
decades. As noted in their work Zubia, Casado, Aldabaldetrek and others,
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“Unimaginable technological advances in the area of information and
communications technology (ICT), the electrical sector had turned into an
anachronism using the technology of last century”. Therefore, modern
development of electrical complexes and systems require the introduction of the
latest designs of instruments and equipment. As a result, the so-called optical-
electronic (OE) measurement methods make it possible to realize the requirements
of consumers. They are based on the use of optical communication between the
primary and secondary transducers of the measuring system. Such methods use a
completely different, more promising approach, based on the use of the magneto-
optical Faraday's effect. Most often, this effect realized in fiber optic current
transformers (FOCT) used in combination with modern digital signal processing
and data transmission technologies.

Currently, the development of the FOCT is produced by leading companies
around the world. Such transformers are considered to be the next generation of
transformers, because they eliminate defects of the analog transformers and meet
all the necessary requirements.

Faraday’s effect. Nowadays FOCT use the magneto-optical Faraday's effect,
which is a fundamentally different promising approach.

Khairullin, Giniyatullin and Pashali, speaking of the magneto-optical effect,
write that “In 1845, Faraday discovered a phenomenon that became one of the
main steps in the development of optical current converters — the phenomenon of
rotation of the plane of polarization of linearly polarized light in a constant

magnetic field”, as in Figure 1.
I

:" @5

-

Figure 1 — Schematic diagram of the Faraday's effect
1 — laser diode; 2 — polarizer; 3 — Faraday's element (twisted optical fiber);
4 —analyzer; 5 — photodiode; 6 — electric current conductor

Benefits of FOCT. In comparison with conventional transformers, optical
fiber ones are compact and lightweight, also they are easy to install. Another
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advantage is flexibility of transformer. This is possible thanks to its insulation.
Insulation is an essential element of electrical apparatuses and has a significant
impact on both its design and operational reliability. Also they are fire and
explosion proof. At the same time the sensor element is naturally decoupled from
the voltage line. And there is minimal electrical interference on the signal line.

Conclusion. Based on these benefits it is safe to say that FOCT is the
transformer which will be used all around the world because they eliminate defects
of the analog transformers and meet all the necessary requirements.
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3AXMCT JIIHIA EJJEKTPOIIEPEJAY

TpamumiiHO 3aXWCT JNiHIA eJIeKTporepenadi Bil MPsAMUX yAapiB OMUCKaBKH
3IIMCHIOETBCS 3a JIONIOMOTOIO 3a3eMiieHMX TpociB. OpHak, B paiioHax i3
3a0pyAHEHOI0 aTMOc(eporo TPO303aXMCHUH TPOC CXWIBHMHA 10 KOpo3ii, 10
MPU3BOAMTE JIO TOTipIICHHS HOTO MeXaHIYHOi MIITHOCTi, OOpPHBY 1 MOJANBIIOMY
PO3BHUTKY TEXHOJIOTIYHOTO MOpymIeHHs. Hepimko oOpuB TpociB BigOyBaeThCs MPU
OJKeJIeTHO-BITPOBHX HABAHTAKEHHSX, B TOMY YHCJI Ha BEIIMKHX MEpexojax yepes
NPUPOJHI TEPEIIKOIN 1 IHKEHEpPHI CHOPYAH, & TaKoX Yy BaKKOJOCTYITHHX
paiioHax.

PO3psIIHUKH ~ 3aCTOCOBYIOTHCSL 3 TI€EIO MeETO0, 1100 3abe3neuyBaru
pe3yJbTaTUBHY 3aXHCT BHCOKOBOJIFTHHMX JIiHIN enektporepenau 3-xdasHoro
3MIHHOTO CTPYMY BiJi IHAYKTHBHHUX MEpEHANpPYT, 4acTO 3apOKYIOThCS MiJl Yac
rpo3, a TaKOX THUX JIOCHTH Ba)XKMX HACIHIKIB, SKMMH BOHH 3arpoXyroTh. Taxki
HOBITHI amapaTd MOXYTb BCTAHOBJIOBATHCS SK Ha HEI30JIbOBAaHHWX, TaK 1 Ha
130JIbOBAHMX IIPOBOAAX, B TEMIEpaTypHOMY niamasoHi Bix -60 ° C mo +50 ° C, a
yac X BUKOPUCTAHHs CTAHOBUTH He MeHie 30 pokiB. IX mUpoko BUKOPHCTOBYIOTH
Ha BHCOKOBOJIbTHHX JIIHISIX €JEKTpONepeaay B CaMHUX pPI3HMX KyTOUKax Hamol
KpaiHu.

Jnsa  migBumeHHS e(eKTUBHOCTI TaciHHA CYHPOBOKYIOUOTO CTPyMY
MPOTIOHYEThCs OaraTtopa3ose (B 4-20 pasiB) 30iIbIICHHS TOBKUHH €IEMEHTapPHOTO
MpOMiKKY (B omHIiN po3psaHoi kamepi) B mopiBHsHHI 3 MKC. Huspke po3psgHa
Hanpyra MKC HoOBoro Tummy Moske OyTH 3a0€31e4eHO 3aBISIKH TBOM €(EeKTIiB:

1) 3MiHHOTO O3PSIy

2) KacKaJHOCTi CIipariboByBaHHs Kamep B aHmioxky MKC (Puc.1).
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Bimoma crmabka 3aeXHICTH PO3PSOHOI HANPYTH KOB3AIOYOTO PO3PALY BiX
BiZICTaHI MiXX €JIeKTPOAaMH, TOOTO TOCUTH BEIUKY BiICTaHb MOXeE OyTH IIEPEKPUTO
IIPY BiTHOCHO HEBENHWKii Hampysi. KackaJHICTh CTBOPIOETHCA 32 PAXYHOK BILUIUBY
JIOJATKOBOTO €NEKTPO/Ia, MI0 BCTAHOBIIOETHCS Y310k Bciei MKC (Puc. 1). Lleit
eJEeKTPOJ 3'€THAHUI 3 OCTaHHIM €JIEKTPOJIOM OCTaHHBOI KaMepH 1 130JI0BaHUH Bij
BCIX IHIIUX €JIEKTPOIIB.

Ha pucynky 1 mnoxasanumii Bapiant BukoHaHHs MKC 3 exekrpomamu y
BUIJIAIL BIIPi3KIB TpyOKM 3 HepkaBitouoi cTaji 1 JIOJaTKOBHM ENEKTPOAOM Y
BUIJIAI KaOeito, 0 MPOXOAWUTHh BCEPEIHHI LUX EIEKTPOJIB, IPUUOMY JIOBXKHHA
PO3PSITHOTO MPOMIKKY JOAATKOBO 301bLICHA 32 PaXyHOK JIiarOHAJILHOTO (KOCOTO)
pO3TallyBaHHS PO3PSIHOI HIIMHHU. 3aBISKH TaKili KOHCTPYKIIi 3a0e3reuyeThest
6inbma komnakTHicTh MKC, a KpiM TOro B 1IbOMY BUIIaJIKy €MHICTb €JIEKTPOIIB Ha
momatkoBuil  enektpon (kabemp) CO 3HayHO OuTbINe, HDK €MHICTE MIX
eNeKTpoJaMH oIHiel razopo3psanHoi kamepu Cl, MO NPU3BOIUTH 10 Lie OLIBIIOL,
HiK B iHmmX Bapiantax MKC, HepiBHOMIpHOCTI pOo3NOILTy HAIPYTH 110 Kamepax, i,
Bi/INIOBITHO, 10 HU3BKUX PO3PSAHUX HAIIPYT.
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Pucynok 1 — Eckiz MKC 3 nonaTkoBuM enexTpoaoM (kabenem), mo MpoxXoInuTh
4yepe3 TpyOdacTi OCHOBHI €JEKTPOIH, i KOCUMHU PO3PSTHUMHU LTiITHHAMU:
1 — BUCOKOBOJIbTHHH €JIEKTPO; 2 — HU3bKOBOJIBTHHI entekTpom; 3 — Tito MKC i3
CHJIIKOHOBOI I'yMH; 4 — pO3psiiHa IIUTHHY; 5 — TOJaTKOBUH €NeKTpox (Kuia
kabenro); 6 — 1307s11is Kabeto; 7 — KaHall po3psAy; 8 — eNeKTpoIu KaMep

3a pe3ynbTaTaMu TPOBEAEHHUX JIOCHI/PKEHb, 13 3alpONOHOBAaHUX BapiaHTIB,
caMuM epo3iifHo-CTiHKuM BUsBHBCS Bonb(ppam. CiigoMm igyTs 3amizo, cmias Cu +
Ni + Fe, 1 Mifb.

Po3po0neHO MyNBTIKAMEPHOTO CHUCTEMH, IO 3a0€3MEYyIOTh TaciHHS AYTU
IMITyJIbCY TPO30BOTO ITI€pEHANpYKEeHHS 0e3 CYHNpOBOJIKYIOUOTO CTPyMYy MEpEexi,
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1[0 ZI03BOJIUTH 3aCTOCOBYBATH PO3PSIHUKH Ha X OCHOBI B MEpEXax 3 BEJIMKHMH
CTpyMaMHU KOPOTKOTO 3aMuKaHHA (0nm3pko 30kA). 3a po3paxyBaid i HOOyIyBaIu
rpadikn CTPyMiB 1 TepeHampyr B KaMepax. 3MOJEThOBAHO IPHHIUIIOBY
eJIEKTPUYHY CXeMY AJIs BUNPOOYBaHb B cepenoBuili Simulink.

CITUCOK BUKOPUCTAHOI JIITEPATYPH

1. Paspsgmuku  [Dmekrponnbiii  pecypc]. —  Pexmm  gocrymy:
http://leg.co.ua/info/podstancii/razryadniki.html
2. Tlpoaykuuss KOMIAHUU [DJEKTpOHHBIH pecypc]. — Pexum moctymy:

https://sicame.ua/
3. Crarrs BUNpOOyBaHHS PO3PSAHUKIB [DnekTponHsll pecype]. — Pexum
nocrymy: http://pue8.ru/elektricheskie-seti/278-ispytaniya-razryadnikov.html

YK 621.771

Awntonosa M.B.}, Macios II.Hz, IToros €.II.2

! crapm. Bukn. HY "3aropiseka nositexsixa"

2 cryn. rp. E-417 HY "3anopisbka noitexmika"

T'OJIOBHU MPUBOJI CTAHY I'OPSTUOI TIPOKATKH

OcHOBHE 3aBIaHHS MNPOKATHOTO BHPOOHMIITBA TMOJISArae B 3abe3neucHHI
HEOOXITHOT SKOCTI MPOKaTy, TOOTO B 3a0e3Me4eHH] BiAIOBIIHOCTI TEOMETPHIHUX
po3mipiB, Gopmu, (Pi3MKO-MeXaHIYHUX BIACTHBOCTEH i CTaHy MOBEPXHI MPOKATY
3aJaHUM BUMOTaM.

IIpokatka MeTanmy € OCHOBHOIO TEXHOJIOTIYHOIO OIEpamlieo Mporecy
BUPOOHHUITBA MIPOKaTy. Pemra TexHONOTiIYHI omeparii 3a0e31Meuy0Th MOXKIUBICTD
3IIMCHEHHS TPOKATKH Ta OTPUMAaHHS HEOOXIJHOI SKOCTI MpOKaTy. YcTaTKyBaHHS
MPOKAaTHOTO CTaHy MiAPO3AITSIE€TECS Ha OCHOBHEe 1 gomoMikae. OCHOBHE
obnajHaHHs 3a0e3Mevye BIIACHE MPOKATKY METalIy 1 CKIAJaeThCs 3 OMHIET abo
JEKUTBKOX POO0YMX KITiTEH, B SKHX PO3MIIIYIOTECS MPOKaTHI BaJKH, a TaKOX
MPUBOJIIB OOEPTaHHS MPOKATHUX BaJKiB. JlomomikHE 00JalHAHHS CTaHA BKIIIOYAE
arperary, NpUCTPOl Ta CHCTEMH, MPU3HAUYEHI YISl TepPeMillleHHs] MPOKaTyBaHOTO
MeTaly, HOro po3MOTYBaHHS i 3MOTyBaHHA B OyHTH a0o pyJIOHH, MiIIrpiBy Ta
OXOJIOJUKEHHS, Pi3aHHS Ta BUKOHAHHS IHIINX JIOTIOMDKHUX OIepamii.

dyHKIiOHANIPHA CXeMa CHUCTEeMM HpejacTaBieHa Ha puc. 1. Jlo 1 ckiamy
BXOaUTh mpuBogHMi aBuryH I1JI, B sikocTi sikoro Moxke OyTH BHUKOpPHCTaHUI
HEKEepPOBaHMH IBHUI'YH HOCTiHHOTrO abo 3MiHHOTrO cTpyMmy. [IpHBOJHHMM IBHrYHOM
NPUBOANTHCS B 00EPTaHHS SIKIp KEPOBAHOTO EJIEKTPOMEXaHIYHOTO MIEpeTBOpIOBaya
- reHepaTopa abo ejlekTpomManIMHHOro mijgcwioBada ['. besnocepenHbo 10 sSKipHOT
00OMOTKH TeHepaTopa IiIKII0YaEThes SKipHa 00MOTKAa BUKOHABYOTO BUTYHA JI.
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HInaxom 3minu BOpana U, Ha kepyrodoi oOMOTLI 30yxeHHs reHepaTopa OY
MH MOXXEMO pETYNIOBaTH TOTIK 30y/DKEHHS, OTXKe, 1 Hampyra Ha BHXO.I

reHeparopa, TOOTo Hampyra Ha OOMOTIII SKOpsI JBUTYHA, i TAKUM YHHOM KepyBaTH
HHM.

Pucynok 1 — ®yHKIioHaIbHA CXEMa CUCTEMH T'€HEPaTop — IPUBOIHUH ABUTYH

Jdnst Toro mo0 oTpUMaTH eJeKTPOMEXaHIUuHI XapaKTepUCTUKU HPUBOLY
HeoOxinHol ¢popmu B cuctemi ['-/] (Puc. 2) BUKOPUCTOBYIOTH 3BOPOTHI 3B'SI3KH IO
PI3HUX KOOpAMHATaX. Y JaHOMY PO3AUII MH PO3IJISIHEMO CTATHYHI BJIACTHBOCTI
CHCTEM 3 )KOPCTKOIO 3BOPOTHHUM 3B'SI3KOM 10 OJIHIHM 3 KOOPJMHAT.
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Pucynoxk 2 — dynkuionansHa cxema cucteMu ['—/1 31 3BOPOTHIM 3B'SI3KOM 3a
CTpYMOM

PesynbTat mpoBeaeHNX pO3paxyHKIB i MOOYI0Ba MO MEPEBIPIli MOTYXKHOCTI
neuryna MIIIC 11500-63 103BOSIFOTH 3pOOUTH HACTYITHI BUCHOBKH:

[lo HarpiBaHHIO JBUTYH 3aJ0BOJIBHSE YMOBI TPOKATKM HaOimpmI
€HEepProEMHOTO 3JIUTKA.

B ychomy piama3oHi INBHAKOCTSH IBUTYH BHUIPOOYE HABAHTAXKCHHS 110
MOMEHTY 1 CTPyMY HIDKYE MPUITYCTUMHUX, TOMY IO B HAHOLIBII BAXKKOMY BHIAKY
(meB'ATHII TPOIYCK) MEPEBAHTAXCHHS M0 MOMEHTY CKJIaJa€ 2 BiJl HOMiHAJILHOTO
MPY IPUIYCTUMOMY pOO0OYOMY IEepeBaHTaXKEHHI 2.2.
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poxkatanit asurys MIIC 11500-63, 11000 xBt, 900B, 63/90 06/xB mae
JIOCTaTHIA 3amac TMOTYXXHOCTI, IO O3BOJSIE TOBOPUTH IIPO MiNBHICHHS HOTO
poboru. Ilpm mpoMy BapTo MaTH Ha yBasi, OO0 3amaHUi Tpadik MTPOKATKU
CKJIa[eHUI 3 YMOBH 3a0e3meueHHs MakcuMalbHOI poaykTuBHOCTI 400 T/roanHa.
PesepBy mOTY>KHOCTI IBHUTYHA HIJIKOM JOCTATHBO 1 JJISI MOXKIIMBOI MOJEpHi3aril
MEXaHIYHOTO YCTATKyBaHHS OJIFOMiHTA.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Typur H.A. 3OnextpooOopymoBaHHE MPOMBINIICHHBIX MPEIIPUATHH U
ycranoBok. [umnomHoe npoektupoBanne [Texcr] / H. A I'ypun, I 1. nykoBud. —
VYueb. mocodbue. — MH.:Bemr.mk.,1990. — 238c. — ISBN 5-339-00457-0.

2. Unpnackuit H.®. OcHoBrl anektponpuBona [Tekcr] / H.®. Unpunckuii. —
VYu4eb. mocobue At By30B. — 2-¢ U31., epepad. u pom. — M.:M3natensctBo MOU,
2003. — 224c. — ISBN 5-7046-0874-4.

3. MammHoctpoenue. Duiuknonenus [Teker] / pen. Coser: K.B. ®ponos. —
M.: MammHoctpoenue. DnextponpuBoasl. T.IV-2 / JI.b. Macaugunos, 2012. —
520c. — ISBN 978-5-94275-585-0.

4. Kpynosuu B.W. CripaBo4HHK 11O IPOEKTUPOBAHHIO aBTOMATH3UPOBAHHOTO
JNIEKTPONPUBOAA ¥ CHCTEM YIPaBJICHHS TEXHOJIOTHYSCKUMH mponeccamu [Teker] /
nop pen. B.W. Kpynosuya, F0.I'. Bapeionna, M.JI. Camosepa. — 3-e u31., mepepad.
u gon. — M.: Dueprousnart, 1982. —416c¢.

YK 631.348.455

Awntonosa M.B.}, Mikyiin JI.A.Z, Macmnon JI.H.2
! crapm. Bukn. HY "3aropisska mositexsixa"

2 cryn. rp. E-417 HY "3anopisbka noitexmika'

CHUCTEMA KEPYBAHHS EJJEKTPOIIPUBOIOM HACOCHOI
YCTAHOBKH 3POIIYBAHHSA CUCTEMU TYMAHOYTBOPEHHSA

CucteMr TyMaHOYTBOPEHHS (OMMKH) BCE 4YacTille 3aCTOCOBYIOTH B
TEIUIMYHOMY TOCTIOIAPCTBi i B opamxkepesx. [Ipu ix mpaBWIEHOMY NMPOEKTYBaHHI,
YCTAaHOBII 1 eKCIUTyaTallii I[i CHCTeMH MOXYTh POOWTH ICTOTHWH BIUIMB Ha
MPOJYKTUBHICTD TETUIMLI.

[TpoxyKTHUBHICTh TEIUIMI 3aJE€XHUTh BiJ 0araThOX YMHHHUKIB: TEMIEpaTypa,
BOJIOTiCTb, COHSYHE CBITJIO, SKICTh IOBITPSHOTO CEpPEIOBHINA, KOHLECHTPALS
BYIJICKUCIIOTO a3y, BMICT BOJIOTH i CTaHy I'PYHTY. X04a CHCTEMH JUIsi CTBOPECHHS
TyMaHy HE MOXYTh BIUIMBATH Ha BCi IIi MapamMeTpH, BOHM MOXYTb Ha/IaBaTH
MO3UTHBHUM BIIMB Ha MPOJYKTUBHICTH 32 PaXyHOK PEryJIIOBAaHHS TEMIICpaTypH,
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BOJIOTOCTI 1 BMICTy BOJIOTH B Temmmi. lliATpuMyrounm Taki mapaMeTpu Ha
ONTUMAJIFHIUX PIBHSAX, BOHU CTBOPIOIOTH HAllTy4Trie yMOBH JUIS BETETAIlii POCIIHH.

CucteMr TYMaHOYTBOPEHHS ICTOTHO TMIONINIIYIOTH YMOBH TIpami Ta
MiJBUIYIOTh MPOIYKTHUBHICTD B OpPAHKEPESX, BHOCSYM BEIUKHH BHECOK Y
NPUCKOPEHHsT BETeTalii Ha pI3HUX eTamaxX, NPOPOCTAHHS HACIHHA, [UIA
BUPOOHHWIITBA OPraHiYHOI PEYOBMHMA a00 BUPOIIYBAHHS TKAaHWHH KIITHH. Taki
CHCTEMH 3a PaXxyHOK 00'€MHOI0 BIUIMBY ONTHMANBHI JUISl POCIIUH, IO CTEJIIOTHCS,
OBOUIB, KBITiB a00 po3camu JepeB. 3aBIsSIKM CUCTEMaM TYMaHOYTBOPEHHS
MOXIIMBO 3a0€3MEYNUTH BHUCOKY IIUIBHICTh IIOCAJKU POCINH 0e3 MOoOOroBaHHS
PO3BUTKY XBOPOO 1 ofHOpigHOCTI Bpoxato. CHcTeMa MO)Ke BUKOHYBaTH BCe IIe,
ycyBatouH "BOASHUI CTpec pOciuH", - OAWH 3 HAHOLIbII iCTOTHUX (aKTOPIB, IO
BU3HAYAIOTh 3POCTAHHS BCIX POCIHH.

3rigro 3 Bumoramu CHill HacocHi craHIii BCiX NpWU3HAYEHb ITOBHHHI
MPOEKTYBATHCS, SIK IMPABWIO, 3 YNPABIIHHSIM 0€3 IMOCTIHHOTO 0OCIyroBYIOHYOTO
MIEPCOHATY: aBTOMAaTHYHUM - B 3QJIC)KHOCTI BiJl TEXHOJIOTIYHHUX MapaMeTpiB (piBHA
BOOM B €MHOCTSX, THCKy a00 BHUTpaTH BOAM B MEpEXKi); MUCTAHIIHHUM
(TeneMexaHIYHUM) - 3 TYHKTY YIIPaBIiHHSI, MICHEBUM - MEPIOAUYHO TPUXOIATH
MIEPCOHAIOM 3 TIepeadcio HeoOXiTHMX CHUTHANIB Ha ITYHKT YIpaBIiHHS abo Ha
MYHKT 3 TOCTIHOI0 MPUCYTHICTIO 0OCITyrOBYIOYOr0 MEPCOHAITY.

VYrpaBniHHS ~ peryjJbOBaHUM  €JIEKTPONPHBOJOM B  OCHOBHOMY  CIIiJ
3IIMCHIOBAaTH aBTOMaTHYHO B 3aJI€KHOCTI BiJl TUCKY B JMKTYIOTh TOYKAaX MEPEKi,
BUTPATH BOJIH, SIKa IIOJIAETHCS B MEPEXKY, PIBHS BOAU B pe3epByapax.

Y HC cnig nependayatd BUMIpIOBaHHS THCKY B HalipHUX BOJOBOJAX 1y
KO’KHOTO HAacCOCHOTO arperaTy, BUTpaT BOAM Ha HAIIPHUX BOJOBOJAX, a TaKOX
KOHTPOJIb PIBHS BOAM B APEHAXHUX NPHUSIMKaX 1 BaKyyM-KOTJI, TeMIIEpaTypH
MiANIUITHAKIB arperatiB (pu HEOOXiTHOCTI), aBapiifHOTO pIiBHA 3aTOIUICHHS
(TIosiBM BOIM B MAIIMHHOMY 3aJi Ha piBHI ()YHIAMEHTIB eleKTporpuBomiB). [Ipu
HOTYXXHOCTI HacocHoro arperary 100 kBt i Ourbme HeoOXinHO mnependadaTu
nepionunune BusHaueHHs KK/ 3 moxubkoro He Outbmie 3%.

Y mamzani HC po3wmimeno ocHoBHe i gomomikae oomagHanas HC. OcHoBHe
obmagHanHs BKiIrodae Hacoc [[H1, enekrponpuBox M1. Jlo cxiagy ITOMOMIKHOTO
oOnagHaHHA  BXONATH:  JPEHAXHI, TMOXEXKHi, BaKyyM-HacoCH;, 3acCyBKH;
BEHTHJIATOPH; 00irpiBavi Ta iHme oOiagHaHHA. YIIpaBIiHHSI HAM 31iHCHIOETHCS 32
JIOTIOMOT'OX0 BUKOHABYMX MexaHi3miB IM1 — Imn.

Jns orpumanHs iHGoOpMamii NMpo 3HAYEHHS pEryjJIbOBAaHHX MapaMeTpiB
ciayxatb gatuuku 1 — IM.

CurHanmy ympaBiliHHS 1 BHMIpIOBaIbHI curHamM Bixg oOmaxnanHs HC
36upatorsest B madi ynpasninas HIY. Tyt ke BinOyBaeTbes iX 00'eiHaHHS B OJHY
3arajbHy iH(QOpMaUilHYy JIiHIIO 3B'SI3Ky, SKa MiJKJIIOYAETHCS 10 TEXHOJIOTIYHOTO
koHTpoaepy TK.
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Ockinpku mpu cTabinizarii Hamopy CUCTeMa IMPAMoe B MAINX BiIXHICHHIX
moxo pobouoi ToukM crabimizarii, MOXKIMBE BHKOPHUCTAaHHS JiHIKHOI MoJemi
ACHHXPOHHOTO JIBUTYHA

Jis cuHTE3y PeryiasTOpiB CHCTEMH YIpaBIiHHSA Oyle BHKOPHUCTOBYBATHCH,
Tak 3BaHAa, JiHeapu3oane Mojnenb AJl. CTpyKTypHY cXeMmy JIHHEapHU30BaHHOM
MOJIeNIi AaCHHXPOHHOTO J[BHTYHa MOJXKHA NPEICTaBUTH y BUTIAAI, MOJEN,
HaBeJIeHOi Ha puc. 1:

f. ) l' il 0
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Pucynoxk 1 — JlineapuzoBana moaens A/l

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. Jlo6aues I1. B. Hacockl u HacocHble cTanmmu [Tekcer] / I1.B. Jlob6aues. —
M.: Crpoiiuznart, 1990. — 191 c.

2. CHull 2.04.02-84: HacocHple CcTaHOUH. DIEKTPOOOOPYIOBAHHE,
TEXHOJIOTHYECKUI KOHTPOIb, ABTOMATH3AIMSI U CHCTEMBI YIIPABIICHHS.

3. Homkosuu I'. C., F'opmeeB M. A. ABTOMaTH3aIHs CUCTEM BOJOCHA0KESHHUS
u BopootBenenus [Tekcr] / C.I'. TlonkoBuy, M.A. T'opaeeB. — M.: Boicul. wmik.
1986. - 392 c.

4. Jlesnes b. C. DHeprocbepekeHne U peryaupyeMblii MPUBOA B HACOCHBIX
ycranoBkax [Tekcr] / B.C. Jlesues. — M.: UK «Irop6a»-buonndopmcepsuc, 1998
—360c.
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CEKIIIA «<EJEKTPOMEXAHIYHI CHCTEMH ABTOMATHM3AIIIL TA
EJIEKTPOIIPUBO )

VIIK 681.5
Kazyposa A.€.
KaHZ. TeXH. HayK, jgo1. HY «3amopizbka nomiTexHika

ITEHTU®IKAIIS TAPAMETPIB KEPOBAHOI MEXAHIYHOI
CUCTEMMU B PEAJIBHOMY YACI

TexHomNOTIYHI MpoIecH 4acTo MOTPeOyIOTh 3HAHHS MOMEHTA iHepIii 00’€KTa
KEepyBaHHS 1 HaBaHTa)XCHHS Ha Hboro. Bimomi Meromu ineHtudikamii He €
PEKYpPEeHTHHMH 1 He MaroTh iHpoOpMaIliio B peanbHomy vaci [1-4]. V po6oti [1]
OTpUMaHi HEpPEeKypeHTHI BHMpa3d MOMEHTY IiHepIil, 110 BHKOPHUCTOBYIOTh
iHpopMaIio 3 JaTYMKa MBUIKOCTI, sIKI HE MOYKHa BUKOPHCTOBYBATH B pEaIbHOMY
yaci. ¥ myOmikauii [2] B SKOCTi BUMiproBaya BHKOPHCTOBYETHCS IHKPEMEHTHHH
(IMITyJIbCHUMH) JaT4YMK TPHUPOILEHb KyTa HOBOpPOTY Mayioi uymimBocTi (low
resolution incremental encoder), mo cTBOproe mpobiieMH OOYHCICHD MPUPOIIEHD
KyTa IMOBOPOTY NPH MaJHX LMIBUAKOCTSIX 00CPTaHHSA POTOPA Ta OLIHKH LIBUAKOCTI.
3araneHUA (QIABTP OIMIHKH IMIBHUAKOCTI, HABAaHTAXXCHHS I MOMEHTY iHEpIii aBTOpH
OJICPXKYIOTh Y BUIIAI CYMH TPbOX OKPEMHX AITOPHTMIB OLIHOK 3a3HAaYCHHUX
3MiHHUX, OTPHMaHUX 33 YMOBH BiJJOMOCTi IHIIMX ABOX 3MiHHHX. binbmie Toro,
ITOPUTM OI[IHKM MOMEHTY iHepuil He € peKypeHTHUM. Takuii anroputM, mMo-
nepiie, He Hajgae iH(OpMAIlifo B peaabHOMY Yaci, Mo-apyre, J0Ka3 Horo 301KHOCTI
BizicyTHii. Y pobori [3] 3acTocoBanuii Tol camuii puitoM. BiMiHHICTB nosisrae B
TOMY, III0 NIBHIKICTh I HABAHTA)KCHHS OIIHIOIOTHCSA B ogHOMY GinbTpi Kanmana
Opy BiJOMOMY MOMEHTI iHepuii, a MOMEHT iHepuii B apyromy ¢iabTpi npu
BIJOMUX IIBUAKOCTI ¥ HABaHTaXXCHHSA. AJITOPUTM Ma€ Ti X HEAOJIKH, M0 W
anroput™ pobotu [2]. YV myOmikanii [4] oniHka MOMEHTY iHepuii ¥ HaBaHTa>KeHHS
3IIMCHIOETHCS NIISIXOM OJICP)KaHHSI CHCTEMH PIBHSHB PyXY JUISl Pi3HMX MOMEHTIB
yacy Ta 3HaXOJDKEHHS i3 I[i€i CHCTEeMH HEBIIOMHX NapaMeTpiB. AJTOPHTM HE €
PEKYpEeHTHUM ¥ OTpHUMaHi pe3yJbTaTH HE INPHB’SI3YIOTHCS 10 PEAILHOrO dHacy.
Jloka3 301KHOCTI aJIrOpUTMY BIJICYTHIH.

B naniii poGori Oyno TmoOKa3aHO, IO 3aCTOCYBAaHHSI CIIOCTEPEKHHKIB
(amanTUBHOTO Ta HEAJANITHBHOTO) JO3BOJISIE OTPUMATH OIIHKH TTapamMeTpiB (MOMEHTa
iHep1il, HaBaHTaKCHHS 1 KoedillieHTa B S3KOT0 TePTs) KEPOBaHOI MEXaHIYHOI CHCTEMHU
B peaJbHOMY 4aci B mporieci mrarHoi pobotu cuctemu [5)]. Jmst ix GyHKIIOHYBaHHS
HEOOXiTHO 3HATW MIBHAKICTH 1 Kepyrody nmiro. Ha BimMiHy Bim BimoMHX MeETOmIB,
OTpHMaHi METOMU iMeHTU(]IKAil € peKypeHTHHMH. [neHTHdikaiis mnapaMeTpiB
3MIACHIOETECS TUTBKM B Ti MOMEHTH 4acy, KOJHM BHKOHYIOTBCS JOBEICHI W
copMyITbOBaHI KpUTEpii BIJHOBIIOBAHOCTI. Pe3ynbTaTii MO/IEIOBaHHS MOKa3aJlH, 110
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MOMEHT 1HepIIii OImiHIoeThes 3a dac MeHmmi HiK 0,05 ¢ 3 mogaTky posrony. Ilicis
BKJIIOYCHHSI HAaBaHTAKCHHS NPH HEBHKOHAHHI YMOBH BiTHOBIIIOBAHOCTI iH(OpMAIIis
PO MOMEHT iHepIlii CHOTBOPIOETECS W MHTTEBO BiJHOBIIOETHCS Bifpasy MiCIs
CKHUIaHHS HaBaHTa)KeHHs. [Ipy BUKOHAHHI YMOB BiHOBJIIOBAHOCTI iIEHTH(]IKAIlA BCiX
mapaMeTpiB  BiIOYBAa€TbCS OOHOYACHO. 31 3MCHINCHHSAM HABAHTHKCHHA dYac

imeHTU]IKaIii 3MEHIITYETHCS.
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—1994. - V. 1. - Pp. 605-610.
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EJEKTPOT'IZIPABJIIYHI IPUCTPOI IPOBJIEHHSA

EnextporigpaBmiune ApoOJeHHS € HOBUM CHOCOOOM  MOAPiIOHEHHS
PI3HOMaHITHHX MaTepialiB, J03BOJISIE OTPUMYBATH 3aJaHy CTYIiHb MOAPIOHEHHS
P  BH3HAUYEHOMY TI'paHYJIOMETPUYHOMY CKJIAAl MPOJXYKTYy 1 Mae BHCOKY
BUOIpPKOBICTH ApoOieHHs. EnexTporinpaiiyHi npucTpoi ApoOJeHHs Ha BiIAMIHY
BiJI MeXaHIYHMX JApoOapoK HE MaroTh PYXOMHX YaCTHH, BHTOTOBJISIOTHCS 31
3BUYaliHOT KOHCTPYKLIHHOI cTaji, a X KOpIYC NPakTU4YHO HE 3HOIIYETHCS NPHU
po0oTi.

PoGounM cepenoBuilieM B €IEKTPOTiAPABIIYHUX Jpo0apKax MOXKE CIIYKUTH
Oynp-sika piaumHa (B OCHOBHOMY TexHiYHa Boza). s 0OCIyroByBaHHS
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eNEeKTPOTiIPaBIIYHNX  JApoOapoK  He noTpibHO BEIMKOI  KUIBKOCTI
BHCOKOKBaJi(piKOBaHUX POOITHHKIB.

MeToro JOCTiKeHHS IUX TPHCTPOIB € aBTOMATH3AIlisl TEXHOJOTi9HOTO
TIPOIIECY eIEKTPOTIAPABIITHOTO APOOIICHHS.

Pucynoxk 1 - Enexrporigpasiidni 1poOdapku s IpoOJICHHS TBEPINX MaTepialiB
Ha BeTHKi (a) Ta apiOHi Ppakmii (0), 1 - 3aBaHTaXXyBanbHUI OyHKEp, 2 - IOAa4da
BOJIM, 3 - HO3UTUBHUI eNEKTPONI, 4 — 3aTUCK JUIS PETYITIOBaHHS JOBXHHH POOOYOro
ICKpOBOTO TIPOMIXKY, 5 - BUXiJ] TOTOBOTO IPOIYKTY, 6 - HUIIIE ApoOapKu
(HeraTuBHUIA enexTpoy), 7 - GinbTp.

IMpu poGOTI i YCTAaHOBKM HE YTBOPIOIOTH MHIy, 3aiiMalOTh MHOPIBHSHO
HEBEJIMKI BUPOOHMYI ILJIOILI 1 JOIMYCKAIOTh MOEIHAHHS B HUX IPOLECIB APOOIICHHS,
3MillyBaHHS 1 ¢uroTanii Marepiais.

IIpakTryHa [IHHICTH  JOCTI[HKEHHS  SBJISETHCS B TOMY, IO B
eJNEKTPOTiIPABIIYHNX Apobapkax MOKHA JAPOOUTH 1 MOAPIOHIOBATH MPAKTHIHO
Oyap-sKi MaTepiand: TipChbKi HMOPOAM, BYTULISA, KPUXKI METaNd, CIIOAY, MaIip,
LEMEHT, 3epHO, TOpd, Tpydi KOpMH, pyHHYBATH MIKpOOPTaHI3MH, BUIUIATH aiMa3u
3 KiMOepI1iTiB, 00pOOIATH IPYHT.
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o1 CUCTEM ABTOMATHYHOI'O KEPYBAHHSA
TEXHOJIOTTYHUMHU OB’€EKTAMM 3 TPAHCIIOPTHUM
3ANIIBHIOBAHHAM

IIpn moOymOBi CHUCTEM aBTOMATHYHOTO KEPYBAHHs HJS TPOIECIB, SKUM
BJIACTUBE TPAHCIIOPTHE 3ali3HIOBAHHS, HANPUKIIAJ, THEBMOTPAHCIIOPTHI CHCTEMHU
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[1, 2], xouBeepHi niHii, HEOOXiAHO BPaxOBYBATH, IO 3alli3HIOBAHHS CTA€ OJIHUM 3
roNOBHMAX (DaKTOpiB, SKWH BH3HAYa€ CTPYKTYPYy CHCTEMH KEpyBaHHSA, TaK SK
ICTOTHO BIUTMBA€ Ha CTIMKICTD 1 AKICTh MEPEXiTHUX MPOIIECIiB Y 3aMKHEHIH CHCTEMI.
IaTepec BenmMKOi KINBKOCTI JOCHIZHHKIB 30CEPEHKEHO HABKOJIO TPOOIeM,
OB SI3aHUX 3 KEPYBaHHAM CHCTEMaMH 3 TPaHCHOPTHHM 3ami3HIoBaHHAM. IIpo me
CBIIUUTHh BENUKHI CIEKTp poOiT, NpHCBSIYeHWX MgaHii npobreMarwmi. Crix
3a3HAYUTH, [0 TPAHCHOPTHE 3ali3HIOBAHHS XapaKTepHO Ui  Oararbox
TEXHOJIOTIYHUX MPOLECIB, B TOMY YHCIIi, 1 JUIsl TpOLECY NEpPEeMIllleHHS CHIKUX
Marepiais.

HasiBHICTP TpaHCHOPTHOTO (YMCTOTO) 3ali3HIOBAHHS B TEXHOJOTIYHOMY
MpOIIeCi MPU3BOJUTH IO TOTO, IO CHTHAJI HA BUXOIl 00’€KTa MPOTIrOM JIEAKOrO
Yacy MiCisl 3aCTOCYBaHHS BXiJHOTO CUTHANy 3aJIMIIAETHCS HE3MIHHMM. AJe B
peampHUX 00’€KTax KepyBaHHSA, MOXIIUBHHA 1 IHIOWH BHJ 3alli3HIOBAHHSA, SKIIO
00’€KT XapaKTepu3yeThcs KUIbKOMa ONM3BbKUMHM 32 3HAYEHHSM JDKEpelIaMH dacy
ab0 € 00’eKTaMM 3 PO3MOJUICHUMH NapaMeTpaMy, B I[bOMY BHUIIQAKY 00’€KT Mae
eMHiICHe 3ami3HeHHs [3]. B pmaHmii MOMEHT BedHWKa YyBara MPHUIUIIETHCS
aJanTUBHUM 1 ONTHMalbHUM CHCTeMaM KepyBaHHSA. Lli cuctemm 3HadHO
MOKPAIIYIOTh SIKICTh KepyBaHHS O00’€KTOM 3 3ali3HEHHAM, ajle BHUMAararmoTh
TPYIOMICTKMX MaTeMaTHYHUX OOYHMCIIEHb 1 MOMEpeNHIX OLIHOK AiI0YHX 30ypeHb.
AJanTHBHUI peryjsaTop 33J0BUILHO NPAIIOE MPU 3HAUYHHUX BIAXHUICHHSIX CUCTEMH,
OJTHAK HE [O03BOJISIE 3MEHIINTH 4Yac IIEePeXiJHUX IPOLECIB IMPH ICTOTHOMY
3aIli3HIOBAaHHI, Tak SK 13 30iJbLICHHSIM KOe(illiEHTIB KepyBaHHs IMOPYIIYETHCS
crifikicts cuctemu [4]. HaifGinpn CHIIBHO 3ali3HIOBAHHS BIUIMBAE€ Ha THHAMIKY
ONTHMAJIBHUX PENEHHUX CHCTEM, /10 SKHX TaKOX BIJHOCATHCS ONTHUMAIbHI 3a
MIBUAKO/IEIO CUCTEMH KePyBaHHS.
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KOMIP'IOTEPHE MOJEJIOBAHHA JTUHAMIKH PO3I'OHY
YOTUPUITPUBOJHOI'O EJIEKTPUYHOI'O TPAHCIIOPTHOI'O
3ACOBY

Po3poOka  mepmmx — eNeKTpUYHHX  TpaHCmopTHHX  3acobiB  (ET3)
O3HaMCHyBala, Ul CICUIAIFHOCTI aBTOMATH3allii Ta EJIEKTPONPHBOJ, IOSBY
HOBOT'0 00’€KTa KepyBaHHS - TPaHCHOPTHUH 3aci0 (puc.l). e o3Hauae, mo SKiCTh
CHCTEMH aBTOMAaTHYHOTO KEPYBAaHHS TATOBHM €JIEKTPOIPHBOAOM B KOMIUIEKCI 3
yKe ICHYyIOUMMH CHCTeMaMH Oe3leku 1 minBuiieHHs kepoaHocTi ET3 BusHauae:
Oe3neuHmii pyx, BATPATH EHEPTii B Pi3HUX pexUMax I374.

Ha ocHoBi Mmatematuunoro omucy [1-2], a Takox mxepen [3-4], po3pobicHa
KOMIT IOTEpHa MOJIeTIb aBTOMAaTHU30BaHO1 cuctemu kepyBaHHs ET3, sika BpaxoBye:
mepepos3nonin cui, mo Aifore Ha ET3 B muHaMili, 3aBOSKH 3HAHHIO ITOJIOKEHHS
LEHTPY Mac; NPOTHOYKCYBAIbHY IiJCUCTEMY, sfKa OOMEKye 3aJaHHid MOMEHT
IPaHUYHO-AOMYCTUMHM, 3aBISKH 3HAHHIO KoedilieHTa TepTs 3 HoBepxHer. Bcei
napametpu ET3 ananoriuni Tesla Model 3.

PesympTaTH  MOJETIOBAaHHS IOKAa3ajM 3JaTHICTD NPOTHOYKCYBaJIbHOT
miicucTeMn OOMEXyBaTH KPYTHHH MOMEHT Ta TPUMATH 3UEIUICHHS 3 TOBEPXHEIO
npyu MakcuManbHOMY 3aBnaHHi. Yac posrony Bim 0 mo 100 km/ron IOpiBHIOE
5 CeKyHaM, a MAKCHMAJIbHE OTPUMAHE PHCKOPEHHs J0csTae 6 m/c2.
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FUTURE OF ELECTRIC MOBILITY

The electric vehicle (EV) quantity grows every day. Global sales of electric
vehicles exceeded 2 million in 2018, up from just a few thousand in 2010 and
industry analysts are forecasting an acceleration of this growth, (figure 1), with
electric vehicles expected to account for 57% of all passenger vehicle sales by
2040 at which time 30% of the global passenger vehicle fleet will be electric
vehicles (EV) [1].
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Figure 1 — Current level and forecast of EV sales.

This is the most innovative and prospective technology since the electricity
found. What will the future of electric mobility be?

Probably, the most exciting technology is autonomous driving, well known as
autopilot (figure 2).

What can be better than just driving to the place you want and enjoy
cityscapes or landscapes, fields or skyscrapers, without switching your attention to
driving? Besides, this technology is good for the people with special needs,
perhaps, it is only one way for them to drive a car as a professional driver. EV can
make it true. Tesla motors developing above-mentioned technology and currently it
has a good performance.
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* Figure 2 - Teslaautopilot.

Next technology may change the world and our imagination of driving. It is
wireless charging of EV. The inductive wireless charging of electric vehicles
would provide ease and convenience of charging without the requirement of any
charging cables. The technology uses two electromagnetically linked coils that
exchange power at high frequency (figure 3) [2].

Charging pad in the
road generating a
magnetic field

Figure 3 — Wireless charging of EV.

primary coll —

EV power pick-up
charge pad

Due to this technology, the electric cars can wirelessly charge while driving.
It’s a technology that can dramatically reduce the cost of electric cars as they
would need a smaller battery and move this cost to the charging infrastructure.
Besides, it can provide an effect of so-called perpetual engine, driving “non-stop”.

With the increasing amount of EV connected to the grid, some measures
needs to be taken in order to balance demand and supply of energy. New
technology called Vehicle-to-Grid is becoming more popular [3]. It uses energy
management, so the battery of EV may be used not only for charging, but also for
discharging when the EV doesn’t need an energy, or operates from the solar energy
in middays and / or accumulate the excess of energy, returning it into the grid at
the evening during the intense consumption hours. In this case, the EV battery is an
energy storage for other consumers.

The electric vehicles will change our ordinary life into something new in near
future. New technologies seems like a very prospective, nevertheless, production
and disposal of the batteries for electric vehicles brings new challenge — pollution
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of environment. That’s why battery manufacturers along with EB manufacturers
should not forget to develop new production technologies with pollution reduction
rather than focused on a fantastic one.
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JABOPATOPHUI CTEH/ JTOCJIJKEHHA CUCTEM KEPYBAHHS
METAJIOPIBAJIBHUMHU BEPCTATAMMU 3 BUKOPUCTAHHAM
JABAYIB HIBUJIKOCTI

SxicTe eneMeHTHOI 0a3u aBTOMartm3oBaHOro enektpomnpuBoga (EIT) B
3HAYHIA Mipi BU3HAYA€THCS HOTO TIOKa3HUKAaMH (TOYHICTB, Aialla30H PETyIIOBAHHS,
JVHAMIYHI Ta E€HepreTHyHi moka3Huku). Ha cydacHoMy erami aBTOMaTH30BaHi
EJIEKTPOIIPUBOIH XapaKTepU3yIThCs BUKOPHCTAHHSIM CHJIOBUX
HAaITiBIIPOBITHUKOBHUX NEPETBOPIOBAUiB, BUCOKOTOYHHX JATUHKIB, PI3HUX JIOTIYHUX
Ta 00YHCITIOBATILHUX IPUCTPOIB, III0 BUKOHYIOTHCS HA 0a31 aHATOTOBUX, U(BPOBUX
MIKpPOCXEM Ta MiKPOKOHTPOJIEPiB.

JIis IKiCHOT MiITOTOBKY MalOYTHIX CIEMialliCTiB 3 TaTy3i aBTOMaTH30BaHOTO
EJIEKTPONIPUBOJIY Ta JUIsi PO3LIMPEHHS 3HAHb IPO BIACTUBOCTI i XapaKTEePUCTUKU
OCHOBHHX €JIEMEHTIB, SIKi € CKJIaJIOBUMH YaCTHHAMH CHCTEM aBTOMAaTH30BaHOTO
CJICKTPOIIPUBOJY, € JOLIJBHUM CTBOPEHHS cydyacHoi JsaboparopHoi 6asum 3
BUKOPDHCTaHHSIM MaJora0apuTHUX JpiOHOMacmiTabHUX (DI3MYHUX Mojenei
MPOMUCIIOBOTO 00JIagHaHHs. BUKOPHUCTaHHS TAaKOTo WHIISAXY JIO3BOJISIE B JIESKiH
Mipi 3MEHIINTH MaTepialibHi BUTPAaTH Ha 100y JOBY J1a00paTOPHOT0 00JIaIHAHHSL.

Ha pucynkyl HaBeneHa CTpyKTypHa cxemMa CTEHJA, J€ HOo3HadeHo: 1 —
KHOITKA KMBJICHHS CTCHJIA; 2 — KJIEMH JJIs 3HATTS JaHUX; 3 — KOpITyC CTeHaa; 4 —
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PeryasaTOp MIBHIKOCTI JBUTYHA MOCTIMHOTO cTpyMy; 5 — TaxoreHeparop — AIIM-
20-H1-11; 6 — maBau ¢oroenextpuunuii — HOAQ901;, 7 — nBuryH moctiitHOTO
ctpymy — [AIIM-20-H1-11; 8 — anamoroBo-mudpoBuil mepeTBopoBad; 9 —
KOMIT FOTep TIepCOHANBHUIA.

i | <=

Pucynok 1 — CtpykTypHa cxema 1ab0opaTOPHOTO CTEH/IA.

JlaGopatopHuii CTEHA MPU3HAYCHUN JJIs JOCTIKEHHS €JIeKTPOMAIIMHHOTO
Ta (OTOETIEKTPHUYHOrO JaBadyiB MIBUAKOCTI. BiH CKIagaeThcs i3 MBOX 3’€HAHUX
BaJlaMH JBUTYHIB IOCTIHHOTO CTpyMy 3i 30yIKCHHSM BiJl MOCTIHHHX MAarHITiB.
Omua 3 JAIC (AIIM-20 H1-11), mo >XUBUTHCS BiJ MIHPOTHO-IMITyIHCHOTO
MepeTBOpIOBaya, € JOCIHIIKYBAaHUM, IIBUAKICTH 00EPTAaHHS HOTO KOHTPOJIIOETHCS
3a JOIIOMOTOI0 E€JIEKTPOMAIIMHHOTO Ta (POTOETEKTPUYHOrO JaBada IIBUIKOCTI.
Hpyruit ATIC (JAIIM-20-H1-11) BcTynae taxorenepatopom. OKpiM IIbOTO Ha Baly
JIOCITIPKYBAHOTO JIBUTYHA 3aKPIiIUICHWH 3yOUacTHil NHCK, OXOIUICHUH ONTHYHOIO
maporo iMITyJIbCHOTO JaBada MmBUAKOCTi. ImmynscHuUit naBay (HOA(0901), mo
KUBUTHCS BiJ JDKepena TMOCTIHHOTO CTpyMmMy Hampyrooo +5 B, mo3Bossie
KOHTPOJIOBaTH HampsMOK oOepTaHHI Ta (opMye IMIyNbCHHH CHTHANI
BUMIipIOBaHHS  mBUAKOCTI. [leperBoptoBay  «Yacrota-Hampyra»  (Gopmye
AQHAJIOTOBMH CHWTHAJl BHUMIPIOBAHHS MIBHIKOCTI, IIO MPOMOPIIHHUN IMITyITbCHOMY
CHUTHAIY.

ManorabapuTHUif KOMIT'IOTEPU30BaHUKM CTEHJl BIJIHOCUTHCS [JO Taiysi
HaBYAJIbHMUX JAEMOHCTPaLiHHUX MPWIJIAAIB AJIs IPOBEACHHS J1abopaTopHUX POOIT 3
quctuintie:  «OCcHOBH - eneKTponpuBony», «KoMm’loTepHi cHCTEMH KepyBaHHs
CJICKTPONIPUBOAaMUY, « THHIOBUIA eJIeKTPOIIPUBO», «CHIIOBA €IEKTPOHIKaY.
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BEKTOPHE KEPYBAHHSI ACUHXPOHHUMMU JIBUT'YHAMUA

B nanmit yac OMU3BKO IMMOJIOBHHU BHPOOIIOBAHOI B CBITI €JIEKTPOEHEprii, B
TOMYy 49YHCHI i B YKpaiHi, CIIO)KUBAE€THCS ACHHXPOHHUMH aBuryHamu (A]l).
[Tpubmmzao 80% npamotounx A/l € HeperynpoBaHUMH. Y TOMH ke 4ac, OiIbIIICTh
TEXHOJIOTIYHUX IPOLECIB BUMAraloTh PEryIIOBaHHS MBHAKOCTI. [Ipu perymoBanHi
mBHIKOCTI AJ] B 6araThOX TEXHOJIOTIYHHX MPOIECax MOXKHA IOCSITTH CKOHOMIl
enekrpoeneprii 10 (50 ... 60)%. PerysaroBaHHS MIBUIKOCTI 3arajbHOIPOMUCIOBUX
AJl MoxxHa 3a0e3MeYHTH 32 PaXyHOK BUKOPUCTAHHS Cy4aCHHX METOJIIB KepyBaHHS,
30KpeMa, BeKTopHOro kepysaHHs (BK).

OCHOBHOIO TPOOJIEMOIO CTBOPEHHSI CYy4aCHHX €JEKTPONPHBOJAIB 3MIHHOTO
CTpyMy € pO3poOKa BHCOKOC(HCKTHBHHX 1 MPOCTUX B OOYHUCITIOBAIHLHOMY
BIZTHOIIIEHHI METO/IB BEKTOPHOTO KepyBaHHA. OCcOOINBO BaXKITMBUM € PO3IIHPEHHS
Jiara3oHy pEryJIloBaHHS IIBHJIKOCTI aCHHXPOHHMX €JIEeKTPOJABHIYHIB. [liama3on
perymoBaHHs 0€3 AaTYnKa MBUJIKOCTI CydacHUX eJeKTPONpHuBoAiB cknanae 1:50, 3
JaTguKoM mBHAKOCTI - 1: 20000. 30LTbIICHHS Aiana30Hy PEryIIOBaHHS J03BOJUTH
po3mmpuTH cepy 3aCTOCYBAHHS IIMX ACUIEBUX 1 HAIHHUX €IEeKTPOIBUTYHIB.

BimbImicTh  TEXHOJIOTIYHHMX  MPOIECiB  BHMarae  perymtoBanHs. Lle
peryioBanHs pu HeperyinboBaHoMmy EIT 3MifiCHIOETHCS IIISIXOM KEPOBAHOT 3MiHU
B CamMoOMy TEXHOJIOTIYHOMY mporeci. 30KpemMa, B Hacocax, KOMIIpecopax,
BEHTWJIITOpaX - LUIIXOM BIAKPHUTTS 1 3akputTs 3aciiHok. Ilokazano [1-3], mio
HUIIXOM  BIIIMOBH  BiJl PpEryJIOBaHHS 3aciHKaMH 1 IUIIXOM Iepexojy o
perymoBants AJ[ MoxHa AOCATrTH eKOHOMIT enekrpoeHeprii Ha (50 ... 68)% B
NOpiBHSAHHI 3 HeperyiaboBanmMu AJl. VYV 3BSI3BKY 3 TaKol KUIBKICTIO
eKcruryaroBaHux AJl, sKi BUMaraloTh peTyJIIOBaHHS, IOCHTh aKTyaJbHUX €
MUTAHHS IiJBUIIEHHSI €KOHOMIYHOCTI peryipoBanux A/l.

Jnst anamizy poboTn 1 peanmizamii aaropuTMiB BEKTOPHOTO KEpyBaHHS
€JICKTPOIIPHUBOJIOM 3 aCHHXPOHHUM JIBUT'YHOM HEOOXIJTHO MaTH JOCHUTh TOYHY 1
MBUAKY LU(POBY MOJENb IBUTYHA, L0 JO3BOJSE ii JOMOBHUTH LM(PPOBUMHU
MOJIEJIIMH HEOOXITHHUX PEryJsITopiB 1 mepeTBOproBadiB yacToTH. Kpim Toro, mns
CTBOPEHHS OiNBII JEMIeBHX CHUCTEM KepyBaHHS OakaHO CKOPOTHUTH KiJBKiCTh
JATYUKIB Tpu 30epekeHH] sKkocTi kepyBaHHs. s skicHoro BK HeoOximHo MaTn
iHQopMaIifo TMPO IMBUAKICTE 1 BEKTOp IMOTOKO3YEIUIEHHS poropa. OmHak
YCTaHOBKA JATYWKIB 3a3HAYEHUX 3MIiHHHUX B OUIBIIOCTI BHUMAIKIB € BaXKHUM 1
CYMPOBOJIKYETHCS 3HIDKEHHSM HAJIIHHOCTI 1 3pOCTaHHAM BapTOCTi MPUBOLY. Tomy
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Tpeba CHHTE3yBaTH ANTOPUTMHU, SIKi JO3BOJIAIOTH OIIHIOBATH IMIBHIKICTH 1 BEKTOP
MOTOKO3YETUICHHS POTOPA JIMIIE 32 BUMIPIOBAHHAMH KJIEMHHUX CTPYMIB 1 HAaIlpyT.

Ha npanesnataicts BK nye cuinbHO BIDIBAIOTH BiIXWJICHHS OMOPY CTaTopa
1 poTOopa BiJ HOMiHAJTBHUX 3HAYCHB Uepe3 3MiHn Temriepatypu All. Omopu MOXyTh
3MiHIOBaTHCS B 2-3 pa3u. Tomy moTpiOHa po3poOka anropuTMiB imeHTHGIKarii
OTIOPIB.

Jdnst 3abe3nedeHHs pPOOACTHOCTI CHCTEMH KEPYBaHHS IIPEICTaBISETHCS
e(eKTUBHOIO PO3pOOKa HOBUX POOACTHHUX aJTOPUTMIB KEpyBaHHS IIBUAKICHUM 1
CTPYMOBUMH KOHTYypamu cucremu BK.
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VK 621.316.72

Kpons O.B. L Kpucaun 10.0.2

! eryn. rp. E-319M HY «3anopisbka mosiTexHikay
KaHJl. TeXH. HayK, fo1. HY «3amnopi3bka nomirexHika»

MAJIOTABAPUTHU KOMIT'FOTEPU30BAHUM CTEH/]
NOCJUKEHHS EJJEKTPOIIPUBOJA ITOCTIMHOI'O CTPYMY

OCHOBHMMH HampsIMaMU 1HXEHEpPHOI IisutbHOCTI (haxiBIiB B obmacti
EJIEKTPONIPUBOJY € TPOCKTYBaHHs, BHIOTOBJCHHS Ta EKCIUTyaTallisi CHUCTEM
KEPYBaHHS, CHUJIOBHX NEPETBOPIOBAIBHUX IPHCTPOIB, BUMIPIOBAILHUX CHCTEM 1
T. 1. YcIiImHAa KOHKYPEHIiS BUIYCKHUKIB TeXHIYHMX By3iB Ha pHHKY mparii
MOJXJIMBA JIMIIE IPH OCTaTHHO BHCOKOMY PiBHI TEOPETHYHOI Ta IHXECHEPHO-
NpaKkTHYHOI MiAroToBKH. OCKIJIBKM BUMOTH, 1[0 BHCYBAIOTHCSI POOOTONABISIMH /10
SKOCTI TPaKTHYHOI MiATOTOBKM (axiBLiB Oe3MEpPEepBHO IOCHIIIOIOTHCS, 1CTOTHO
3pOCTaE poIib JIAOOPATOPHOTO MPAKTHKYMY B YUOOBOMY IpOIIECi.

OnHKUM i3 HIISIXIB CTBOPEHHS CydacHOi JabopaTopHOi 0a3u UIsl MMiJrOTOBKH
CTYZICHTIB EJICKTPOTEXHIYHMX CHELiaJIbHOCTEHl € po3poOKa ManoradapuTHHX
apioHoMacmTaOHUX — (BI3UYHMX ~ MoOJeNed  NPOMHCIOBOrO  OOJaIHAHHS.
BukopucTaHHs Takoro NIIAXY MO3BOJISIE B JESKiA Mipi 3MEHIIUTH MaTepialbHi
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BUTpaTH  Ha  1OOynoBy  jJaboparopHoro  oOmagHaHHSA.  Po3MimeHHA
ManorabaputHoro n1abopaTOPHOTO CTEHAa Ha pPoOOYOMY CTOJI HOCIHITHHKA
JIO3BOJISIE  BIIMOBHTHCH BiJl HEOOXIZHOCTI CHEMialli30BaHWX TPHMIIICHb i3
CHJIOBHMH MEPEXKaMH KHUBJICHHS. TaKkoX BUPILIYEThCSA NUTAHHS OE3MEKH PYXOMHX
MeXaHIYHUX YaCTHH NPH BUKOPHCTaHHI MIKPOABHUTYHIB IOCTIHHOTO Ta 3MiHHOTO

CTpyMy.

cyuwir1
win2
cy wir 2

'
| Modyns 17 |

|
| Modyns it |

nwH

Pucynox 1 — dyHKnioHanbHa cXeMa J1Jab0paTOPHOTO KOMIUIEKCY.

dyHKIIOHANIBHA CXeMa CTEHJIa, I0Ka3aHa Ha PUCYHKY 1, Ha sIKii mpuidHATI
no3HaueHHs: M1, M2 — IBUIYHHM TOCTIHHOTO CTPYMY HE3QJIE)KHOTO 30YKEHHS;
IT4Y/H — neperBoproBau wactota/nanpyra; JAH1, [TH2 — natuuku nanpyru; JIC1,
JAC2 — nmatumku ctpymy; JII — nmatumk mBuakocti; CYIIIIT, CYIIII2 —
CHCTEMH KepyBaHHS UIMPOTHO-IMITYJIbCHUMH TIepeTBoproBadamu | Ta 2;
HAIT/ALIT — uudpo anamoromii meperBoproBay; IIK — mepcoHampHHN
KOMIT IOTEP.

VY naGopaTtopHOMY CTeHJi BUKOpHUCTaHi enekrpoasurynu cepii C/I-10B, mo
MICTATHh KUIbLIEBHH mocTiiHMil MarHiT i3 cmiaBy FOH/IK. PerymroBanHs KyToBO1
4acTOTH OOEpTaHHS MIKPOABHUI'YHA 3JIMCHIOETHCS 3MIHOIO HAlpyru SIKOpsl 3a
nonomoroto pesepcuBHoro LI, 3MiHa HaBaHTa)KEHHS Ha BaJly BUIPOOOBYBAHOT
MalIMHU 3JIHCHIOETHCS HUISIXOM 3MIHM HANpYTH SIKOPS MallMHU HaBaHTa)KeHHS,
JUIL 90TO BHKOpUCTOBYeThCs Moaynp IIII2. Jlatauku cTpymy Ta JaTYHKU
HANpYTH TepelaloTh OTPUMAaHi JaHi Big ABUTYHIB Ha Momyiab LTATINAIIII, sxi
moTim nepenaroTees Ha [1K.

CTeHJ MOXJIMBO BUKOPUCTOBYBATH ISl KEPYBAHHsI 1 KOHTPOJIIIO TTapaMeTpiB
CJICKTPOIIPUBOY, OCHOBHHMH €JIEMEHTaMH SKOTO € amapaTHa 4YacTHHA 1
NEepPCOHAJBHUI KOMITIOTEp 3 MporpamMHMM cepenoBuiieM ¢ipmu  National
Instruments B HaB4aJbHOMY MpOILECi JJIsI TMPOBEACHHS Ja0OPAaTOPHUX pPOOIT 3
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mucuututie: «OCHOBH  €NEKTPONPHUBONY», «KoMmm'toTepHi cucTeMH KepyBaHHS
SJIEKTPONPUBOAAMH TA CyYacCHI CHCTEMH KePYBaHHI».

YK 621.365:625.365.3.036.7

JlaHueBChKHUI €.B.1, Anzpisic LA.2

! ctya. rp. E-319m HY «3amnopi3bka mosiTexHika
KaHJI. TeXH. HayK, non. HY «3amopi3bka nomirexHika»

CHUHTE3 EHEPI'O3BEPII'AIOUYNX CUCTEM PEI'YJIIOBAHHSA
PEXKUMIB IYTOBUX METAJYPITMHUX IMEYEMR

Hapniitae Ta sikicHe eHepro3ade3neyeHHs IPOMHCIIOBOTO 1 arpoIpOMHCIOBOTO
KOMIUIEKCY YKpaiHM Mae BUpIlIaIbHE 3HA4YEeHHsS JUIS IOJAJIBIIOIO PO3BUTKY
HU3BKOBUTPATHUX B EHePreTHYHOMY  BIJHOIIEHHI  TEXHOJIOTIH  Ta
eHeproobOnaananus. s Ykpainu 1ie HalO1IbII aKTyaabHO, OCKUTBKH 11 EKOHOMIKa
0a3yeTbCcsi Ha BAXKKUX 1 CHEPrOEMHHX Tajy3sX MPOMHCIOBOCTI: BHPOOHHUIITBO
CTalli, CHePreTUYHE MAITUHOOYAYBaHHS, EIIEKTPOXiMisl, BUPOOHHUITBO Oy IiBEITBHUX
MaTepialiB, TipHHYO-pYAHE BUPOOHUNITBO Ta iH. Ha cydacHOMy eTami pO3BHTKY
MPOMUCIIOBOTO TIOTEHIiay YKpaiHM NpeBalIOIOUYMMH TNpOoOJeMaMH IajJHBHO-
€HEepPreTUYHOr0 KOMIUICKCY €: Iy)K€ BHCOKHH PpIBEHb €HEPrO€MHOCTI, 3Ha4Ha
3aJIeKHICTD Bi IMIOPTY ra3y, HaApTH, SOSPHOTO IMAalIHBa, HU3bKAa e(EeKTUBHICTH
BUKOPHUCTAHHS €Heprii.

IMutanHs onTuMizailii EHEProTEXHOJOTIYHOr0 OOJaJHAHHS Ha OCHOBI
IHTErpajibHOTO0 KPHUTEPIl0 EHEepro30epexeHHs: BiJHOCHThCA M0 Oe33aTpaTHUX
3axo/iB, TaK sK IX peamizalis BXOoAWTh Yy (yHKUiOHaNbHI 00OB'S3KK
eKCIUTyaTallifiHOro IMepCOHany, 1 CKIagal0Th OCHOBHHH 3MICT peaizamii
€HEPreTUYHOI Iporpamu Y KpaiHu.

VY 3araqbHOMY BHIQJKy TIPOLECH IUIABJICHHS METaliB JyroBUX Medax
OIMCYIOTHCS y3araJIbHeHUM () epeHIiaIbHUM PiBHSHHSAM BUY:

OQY, Q4 ™,....Qu 1.0y +AG;, G, +Ad,,....q, +Aq,]=0, 1)

ge Qg --eHepreTH4Hi MOTOKHM, L0 BBOAATHCS B IUIABWIBHHUN IPOCTIP AYTrOBOTO
Tedi: eJIeKTPOeHeprist, MPUPOJHHUN Ta3, Byrinis ApiOHUX (pakmiid, MeTaai30BaHOT
IIMXTH, JIETYIOUHX JJ00aBOK, CHHTETHYHHMX [UIAKIB, JiraTyp naedocdoparii,
JeazoTu3amii, necynbdiramii Ta iH. (|, - eHepreTuyHa e()eKTHBHICTb 3a3HAYCHUX

€HepreTUYHUX ImpoueciB; AQ; - @HapaMerpud 30UIbLIEHHA EHEPreTUYHOL

edexTrBHOCTI, ipH 1IboMy | =€ (1, m).
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Pimennswm piBasHHA (1) Oyne piBHAHHS BHIY

Q, =Q,(t, 0, +Aq,q, +Ad;,...,.d, +Aq,,)

TOOTO NaHe piBHAHHA OyJe BU3HAYAaTH CTYIIHb BIUIMBY HaWOIIbLI XapaKTEPHUX
SHEepPreTMYHUX IMOTOKIB JI0 Bapialii mNapaMeTpiB TEXHOJIOTIYHOTO MPOLECY
€JIEKTPOCTAJICTUIABIICHHSI.

B cucremi enepro3zabesneueHHs M0 KaHalax repenadi eNneKTpoeHeprii, ray B
NaJIMBHO-KUCHEBI NAJIbHUKHU Ta iH. €HEPTeTHYHUX (DAKTOPIB, KPiM (QYHKIIOHATBHOT
3aJeXKHOCTI MK IapaMeTpaMH CHCTEMH ICHYE CTOXAaCTHYHHMH 3B'SI30K, IO
BUSIBIIIETBCSL B TOMY, IO OJWH 3 IapaMeTpiB pearye Ha 30UIbIICHHS I1HIIOTO
3MiHAMH CBOTO 3aKOHY BHM3HaueHHA. KiJIbKICHUM NOKa3HHKOM CTOXaCTHYHOTO
3B'A3Ky MapaMeTpiB € MapaMeTpu KOPEJALiHHOrO 3B'A3KYy, IO MPOSBISIETHCA B
TOMYy, IIO TPHUPICT OJHi€] 3 BHMAJKOBHX BEIMYMH 3MIHIOE MaTeMaTHYHE iHIIOI
BenimanHM. 1100 oxapakTepu3yBaTH KOPESIMIHHHIN 3B'SI30K MK N BUIIQAKOBUMH
BeMMYMHAME, JOCUTh 3amatd N(N-1) koedimieHTiB Kopemsiii Mix ycima
MOXIIMBUMH TIO€THAHHIMHU BUIIAJJKOBUX BEJIMYMH 3 IX 4ucia N mo jaBi. B3aemua
KOpeJsilliiHa 3aJIeXKHICTh BUIAJKOBUX BEIMYMH BHPOKYETHCA B iX MOMapHY
3aJIKHICTb.

OTpuMaHi CIiBBIIHOIICHHS TO3BOJISIFOTh OOYMCIIIOBATH 3HAYCHHS 3HAYHHX
BIAXWJICHb [apaMeTpiB 32 OJHOTUIHMMH MAaTeMaTHYHHMH  OIepalisiMu
BU3HAYCHHS Koe(ilieHTiB BIUIMBY. KOpHCTYrOUMCh MM METOJOM BH3HAUCHHS
napaMeTpiB € MOMJIMBHM HE TIPOBOJHUTH JOCIIIKEHHS CUCTEMH Ha HAsBHICTH a00
BiJICYTHICTB B Hiif ()yHKIIIOHAIFHOTO 3B'S13KY MiX 11 BUXIJHIMH ITapaMeTpaMu.

VK 621.313.333

AntapsoB A.C.%, Kpucan 10.0.2

! eryn. rp. E-319m HY «3anopisska momiTexHiKkay
KaHJ. TeXH. HayK, Ao1. HY «3amopi3pka mosiTexHika»

BUKOPUCTAHHS BEHTUWJIBHO-IHAYKTOPHUX JIBUT'YHIB B
MNPENM3IAHUX CAIKYIOUUX CUCTEMAX EJIEKTPOITPUBO/IIB

CratnyHi 1 TMHAMIYHI XapaKTEPUCTHKH CHCTEM aBTOMAaTHYHOTO KepyBaHHS,
MPOMHUCIIOBUX POOOTIB 1 HaBirallifHUX MNPWIALiB BH3HAYAIOTHCS SIKICHUMH 1
KUJIbKICHIMH TTOKAa3HUKAMH CIIJKYIOUUX HPUBOJIB, III0 BUKOPHCTOBYIOTHCS B HUX.
[ligBuieHHss TOYHOCTI 1 HAIIHHOCTI POOOTH MPEIM3IAHUX CIIJKYIOUUX CHCTEM
3a0e3IeuyeThCsl 3aCTOCYBAHHSAM Yy HHUX O€3pEIyKTOPHHMX HPUBOAIB, OCHOBY SIKMX
CKJIAJal0Th ~ MOMEHTHI  JBUTYHH. Y  SKOCTI  MOMEHTHHMX  JIBUT'YHIB
BUKOPHCTOBYIOTbCS 1HIYKTOPHI ACHHXPOHHI JBHUTYHH, BEHTWIBbHI JBUTYHH 3
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MiABUIICHAM KOe(IIliEHTOM eNIeKTPOMAarHiTHOI penyKii i BeHTHIIEHO-IHAYKTOPHI
nmeuryan (BLJT).

IcHyroui KOHCTPYKTHBHI OOMEXEHHS Ha TpaauWIiiiHe KOMIOHYBaHHS
0araTomoJIOCHUX MAIIMH CTUMYJIOBAIN IIOIIYK OPHTiHANBHUX KOHCTPYKINH
JBUTYHIB, IO 320€3MeuyoTh HeoOXiIHy BeTMINHY KoedillieHTa eleKTpOMarHiTHOT
penykii. Haffkpanmimu moka3HUKaMH XapaKTepHU3YIOThCS KOMOIHOBaHiI ABHUTYHH,
B SKHX IHIYKTOPHMH NPUHIMI TOETHYETHCS 3 30YIUKEHHSIM BiJ MOCTIHHHX
MarHiTis.

Po3BuTok TexHONOTI] BUPOOHHMILTBA CTUMYNIOBAJIM IHTEpEC 10 MPOCTUX B
KOHCTPYKTUBHOMY BHKOHAHHI, TEXHOJOTIYHUM 1 HAIIfHUM JBHUTYHIB, J0 SKHX
BITHOCATBCS 1 BCHTWJIBHO-IHAYKTOPHI IBUTYHH, IMCHOBaHI B 3aKOPIOHHIM
TexHiuHi miteparypi - Switched Reluctance Motor (SRM).

CyyacHi JOCSATHEHHS B TEXHOJIOTII BHPOOHHWIITBA HAIiBIIPOBITHIUKOBOT
€JIEMEHTHOI 0a3y, MosiBa JOCTYITHHX 1 JENIEBUX CHUIIOBHX IOJBOBHX TPAH3UCTOPIB,
MIKpOCXEeM KepyBaHHA HHMH (ApaiiBepiB), BOYZOBaHMX MiKPOKOHTPOJICPIB
3MIHIJIM TIPIOPUTETH NIPH MPOEKTYBaHHI €IEKTpOMEXaHiuHuX cucteM. [Iporpamua
peaiizaiis HeoOXiTHUX 3aKOHIB KEpYBaHHS, KOMITCHCAIlisSl TEXHOJOTYHUX MOXHOOK
3yO1eBol 30HH, JIiHEApH3allisi PEryIIOBABHUX IapaMeTpiB JO3BOISIOTH ICTOTHO
MOJIIIINTH TPUPOJIHI XapaKTEPUCTUKH BEHTUIILHO-1H{YKTOPHUX JBUTYHIB.

BukopucTaHHsl B BEHTHIIBHO-IHAYKTOPHUX JIBUTYHaX 3BOPOTHOTO 3B'SI3KY 110
MOJIOKEHHIO POTOPa MPUHIIMIIOBO 3MIHIOE 1X XapaKTEePUCTHKH, SKi BiIMOBIAAIOTH
XapaKTepUCTUKAM JIBUTYHIB IOCTIHHOTO CTPYyMY 3 THOCIIJIOBHUM 30YKEHHSM.
Taki JABUTYHH NpPUBEPTAIOTH YyBary pO3pOOHHMKIB CHCTEM aBTOMAaTHYHOTO
KEPYBaHHS IPOCTOI0 TEXHOJIOTIYHOIO KOHCTPYKIIEIO, IO Jy’KEe BasKJIMBO B yMOBax
IpiOHOCEpIHHOTO BHPOOHHITBA. TEXHOJNOTIYHICTE KOHCTPYKIIi 3a0e3medyroTh
mpocTa KOHQIryparis IomepeyHoro nepepizy craropa, 6€300MOTOUHHU 3y0dacTHit
POTOp, KOTYIIKOBI OOMOTKH.

KonkypenrocnpomoskHicts BIJ] y mopiBHSHHI 3 TpaauIiiHUMU ABUT'YHAMHU
JIOCSITAETHCS 32 PaXyHOK BHOOPY HiJIBUIIEHUX €EKTPOMArHiTHUX HaBaHTaKEHb, a
TakoX crnenudigHor KOHQIryparliero 3yOIeBOi 30HH TOMEPEYHOTO TMepepizy
JIBUTYHA - IHIYKIIA B 3a30pi MOXKe CKiafaTtu Omm3pko 2 To, MigbHICTE CTPYyMY B
0OMOTIIi cTaTopa B MyckoBoMY pexkuMi Oinbie 30 A/mwm. [Ipupoananii koedirieHTt
€JICKTPOMArHiTHOT peAyKIii CHPHUSATINBO BIUTMBae Ha Xapaktepuctuku BIJI.
IIpocti cxeMH BEHTHJIbHHX KOMYTATOPIB, NPHHIMIIOBO HE MalOTh PEXUMY
KOPOTKOTO 3aMHUKaHHSI JKepesia KUBIICHHS, 320e3Me4YyI0Th 110/1a4y OJAHOMOJSIPHUX
JUCKpPEeTHUX (a3HMX Hampyr Ha OOMOTKM JBHIYHA. MikpormporiecopHe
¢opmyBaHHS cTpyMiB B (azax [03BOJISIE OTPUMATH Oa’kaHi XapaKTEPUCTHUKU
NpUBOAY, NOOYy0oBaHOTO Ha ocHOBI BI/I.
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VK 621.365: 625.365.3.036.7

Jlosumpknit O.A.l, Amnppisic LA.2

! eryn. rp. E-319m HY «3anopisska MOTiTeXHiKa»
KaHZ. TeXH. HayK, go1. HY «3amopizpka nomiTexHikay

BEKTOPHO-MATPUYHUI AHAJII3 TAPAMETPIB
EJEKTPOMEXAHIYHOI CACTEMMU PET'YJSITOPA MOTYKHOCTI
JTYTOBUX METAJLTYPITTMHUX NNEYEM

BupimreHHss 3aBmaHHS CTBOPEHHS €Hepro30epiraroumx TEXHOJOTIH 1
TEXHOJIOTIYHOTO O0JIaJHAHHSA Ha CYYacHOMY €Talli PO3BHTKY TEOpii i MPaKTHKH
Cy4JacHOI MeTanyprii Crpusie peanizaiii eHepreTHYHOI MPOrpamMu, K HaWOUIbII
B)XJIMBOTO TEXHIKO-EKOHOMIYHOIO KOMIUIEKCY PHHKOBOI E€KOHOMIKH YKpaiHu.
PimeHns 3aBpaHb  migBHIICHHS  e(EKTHBHOCTI HA  YNPaBIiHCBKOMY 1
TEXHOJIOTIYHOMY  DIBHSIX  iepapxii  YHpaBIiHHA  €JIEKTPOMETaNypriiHUM
KOMIUIEKCOM  (iHTerpoBaHOro a0o MiHi-3aBOAY) IPOBOAMTBHCS HA OCHOBI
KOMIT'FOTEPHUX CHCTEM KEpyBaHHS, IO 3a0e3MeuyioTh TapaHTi0 ONTHMi3allii
OCHOBHHX C€HEpPrOTCXHOJOTIYHHX IPOIECiB IUIABJICHHSA METalliB 1 CIUIaBiB, IO
BH3HAYa€ BBEJCHHSA B MPoOJIEeMy pO3pOOKH METOMIB ONTHMi3allii, 3aCHOBaHUX Ha
TEOPETHKO-TPAIBHOMY 1 0araTOKpUTepHaIbHOMY TiJIXOJaX: 3aCTOCYBaHHS
eBPUCTUYHUX METONIB pIMIeHHS 3a7ad KOMIUIEKCHOI ONTHMI3alii, po3misimy
MaKCUMyMy €KOHOMIUHOTO e(eKTy K (YyHKIIi, i Ta (hakTopa eKOHOMIi Jacy B
YMOBaxX €HEPreTUKO-CKOJIOTIYHUX  MpoOJeM, pO3poOKH  «aepeBa  HiICH»
OaratokpuTepiaJibHOT ONTHUMI3alii MapameTpiB CHCTEM KEpyBaHHS B YyMOBax
HeyiTkol iH(opmalii Ta iH., 3BIIKM BHHHMKaE MeTa JOCIIJUKEHb, L0 IOJrae B
NOZOJIAHHI ~ TEXHIYHMX 1  TEXHOJOTIYHMX  MNpPOTUPIY THPH  CTBOPEHHI
eHeproe()eKTUBHUX TEXHOJIOTIYHUX CHCTEM EJIEKTPOCTANICIUIABICHHSI.

Jani mpoTUpiy4s HA CHUCTEMO - 1 CXEMOTEXHIYHHX PIBHAX [iSUIBHOCTI
PO3POOHUKIB: KOHCTPYKTHBHOI JUHaMIuHOi (YHKIIOHAJIFHOT KOMMO3HMIII Ta
JIEKOMIIO3HIlii; 3a0e3MeueHHs KOMIIGHCAIll CHUCTEMATHYHHX, aIUTUBHHUX 1
MYJIBTUMUKATUBHUX ITOMHJIOK; 3aCTOCYBaHHs aJanraiuii i 3BOpOTHOTO 3B'SI3KY;
BBE/ICHHI iH(QOpMAaNiWHOI, KOHCTPYKTHBHOIi Ta IHIOMX BHUJIIB HaJIMIipHOCTI,
(hyHKIIOHABHOI 1 MUHAMIYHOI y3rojpkeHocti moauan i EOM; 3acrocyBaHHS
MOCJIITOBHUX HaOJIMKEHb, TIPUHLUITY JTyaJIbHOCTI, NPUHLUITY
GaraTokpuTepiaIbHOCTI, HEBU3HAYEHOCTI, IPUHLMITY B3a€MHOCTI Ta
iHBapiaHTHOCTi, TPHHIUILy HOpMaji3alii, MiHIMaKCHOCTI 1 ampokcumamii
0aifecCOBCKMMHU 1 MapKOBCKHUMH IIPOIIECaMH, a TaKOXX yCEPEeTHEHHS, paHIoMi3arii,
ACUMNTOTHUYHOI JTiHeapu3allii, iZeHTrdikarii i MPUHITUIIB ONTUMAIBHOTO CHHTE3Y
CHUCTEM; B Tally3i TEOPETUKO-iHPOpMAIiHHUX MPUHIUIIB 00poOku iHopMarlii Ha
0a3i posmapanenoBaHHSA 1 MYJbTUKOHBHEPHBIX OOYHMCIIOBAILHUX CHUCTEM i3
3aCTOCYBAaHHSIM CHCTEMAaTHYHUX CTPYKTYp pO3IapalieslloBaHHs, Ha OCHOBI 4Oro i
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MPOBOIUTHECS PIMICHHS IIOCTAaBICHOI 3aAadi pO3pOOKH BEKTOPHO-MATPHIHHX
ITOPUTMIB Y KEPYBaHHS €JIEKTPOCTAJICIUIABICHHAM.

3aranom, cucreMa aBTOMaTHYHOTO KEPYBaHHS €NEKTPUYHHM PEKUMOM, IIO
MICTUTDH JBa KEPYBaHHS IOJOKEHHS €JIEKTPOJa, IKa € KOMIOHEHTOI aJTOpUTMY
OUMBII BHCOKOTO i€pPapXiYHOTO pIiBHA, IO OMNICYE pPYX EIEeKTPOMeXaHIdHOL
migcucTeMrd. Y MeEXaHilli TBEpAOrO Tila HAHOUIBII ONTHMATBHUM € METOH
nepemimiess [1], BIiAMOBIAHO JO SKOTO HEOOXIJHO BH3HAYATH 3YCHIUIS Bij
OMHWYHUX HEBIIOMHMX BIUIMBIB, BpaxOBYBAaTH BHUPI3H, BHUPOOJATH IPYXKHE
3UJIEHYBaHHS €JIEMEHTIB 1 iH. [2], IpH IbOMY NOTPIOHO iH)KEHEPHE PILlIeHHS HU3KU
MHUTaHb PO3PaxyHKY CTajeBUX KOHCTpykuid [3].  Haiibinbm onTuManbHUM
METOJIOM OIKCY JUHAMIKH €JIEMEHTIB €JIeKTPOMEXaHIUHOi CHCTEMHU peryJroBaHHS
MOTY)KHOCTI JAyroBoi me4i € MeToAu JIHIKHOI anreOpu Ha OCHOBI MaTpHlb
JIOBUTRHOTO pO3Mipy i CTpyKTYpH [4,5].

PosrisanaeTscss MeTomuKa  pO3pOOKM  aNrOpUTMIB  MaTeMaTHYHOTO
MOJICTIOBAHHS AWHAMIKH HANpPYXEeHO-1e(hOPMOBAHOTO CTAaHy MEXaHIYHOI CHCTEMHU
perynsTopa TOTY)KHOCTI IyroBOi IIedi, Ha OCHOBI METOAWKH [6], B AKii
BUKOPHCTOBYETHCS OCHOBHA CTAaTHYHO HEBH3HA4YCHA CHCTEMa 3 IIOJANBIINM
ypaxyBaHHSM BHUPi3iB [7].

IIpu 3acTocyBaHHI 3a3HAYCHOrO METOJY KOHCTPYKIIO pPO30HMBalOTh Ha
migKoHCTpyKLUii [6,7] (cymepeneMeHTH), MeXi SIKMX B 3arajJbHOMY BHIIQJIKy €
JIOBLIbHUMHU. HanpyxeHo-gedpopMoBaHnii cTaH KOXXHOTO CyTlepelIeMeHTa
(MiaKOHCTPYKILIT) aHATI3YETHCSI OKPEMO B PEUESHHI, 1[0 BOHA 3aKpillyieHa Ha MexXi 31
3MILIAaHUMHU CYIEPEIeMEeHTaMHt, IICJsi YOro 3 YMOBM PIBHOBard BH3HAYAIOTHCS
ICHI TepeMillleHHs TpaHMYHUX BY3JIiB TPH iX OJHOYACHOMY 3BUTBHEHHI Bif
3B'S3KIB.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. buprep U.A., lllopp b.®., Nocenesnd I'.b. Pacuer Ha mpoyHOCTH AeTanen
MamuH . — M.: MamuHocTpoenue, 1993.

2. Pacuér KpaHOBBIX KOHCTPYKLHMH METOJIOM KOHEYHBIX 3jeMeHTOB / B.I.
IMuckynos, U.M. by3yn, A.C. I'oponenxwuii u ap. — M.: Mamuzoctpoenue, 1991.

3. JluxtapuukoB .M., Jlagspkenckuit JI.B., Knbikos B.M. pacuér cranbHbIx
KoHcTpyKuuii . — Kues: BynisenbHuk,1984.

4. bennman P. Beaenue B Teopuro Matpuil. — M.: Hayka, 1969.

5. Angpees JI.B., Hpimuko A.JIL., IlaBnenxo WM.J. Iunamuka mnacTuH u
000JI09€K C COCPEeIOTOUCHHBIMU MaccaMu. — M.: MammHocTtpoenue, 1988.

6. CyxapeB B.A., Myxesuu b.H. Pemenne 3a1a4 npukiiaHON# MEXaHUKH Ha
MukpoOBM. — Kues: Brima mkona, 1990.

7. MangpuxoB A.IlL. IIpumeps! pacuéra METAIITMYECKUX KOHCTPYKIHM. — M.:
Crpoiimzaar, 1991.

132



VK 622.271.4: 621.316.34

Haropruit M.O. !, Kpucan }0.0.2

! eryn. rp. E-319m HY «3anopisska moTiTeXHiKa
KaHZ. TeXH. HayK, go1. HY «3amopizpka nomiTexHikay

YIAOCKOHAJIEHHSI CHCTEM KEPYBAHHS EJTEKTPOIIPUBOJAMU
HOCTIMHOI'O CTPYMY MEXAHI3MIB KAP’EPHUX EKCKABATOPIB

OnHOKIBIIOBI Kap'epHI EKCKaBaTOPU-JIIONATH € OCHOBHOIO TipCHKOIO
MAaIIMHOI0 TPH BUPOOHWITBI HaBaHTAKyBaJIbHO-PO3BAHTAXKYBAIBHUX pPOOIT Ha
BIIKPUTHUX TipCHKHUX po3poOkax. Bixg 6e3mepebiiiHoi poOOTH eKCcKaBaTOPIiB iCTOTHO
3aJeXKUTh e(QEeKTUBHICT, POOOTH TIPHMYOTO MiJIPHUEMCTBA B Iijgomy. Llum
NPOJUKTOBAHI JOCHTH JXOPCTKI BUMOTH [0 NMPOAYKTHBHOCTI 1 €KCIuTyaTauidHOl
HaJIHOCTI Kap'€epHUX €KCKaBaTOPIB.

ExckaBatopu, siki 3apa3 1nepeOyBaloTb B  eKCIUlyaralii oOcHareHi
CJICKTPONPUBOIAMH TOJIOBHUX MEXaHI3MIB 3a CXCMOI CHJIOBHH MAarHITHHIMA
mizcwioBay - reepatop - ABuryH (CMII-I"-/T) mocrtiiftHOro CTpyMy - €KCKaBaTopu
HaitOutem macoBux cepiit EKT-5A 1 EKT-8U. Ha okpemux exckaBaTopax cepii
EKI-10 Ta EKI-12,5 BuKOpmcTaHi THPHCTOpPHI 30yIHHKH TeHEpaToOpiB, TOOTO
peamizoBana cucrema T13-I-JI. Ha exckaBatopax EKI-20 Bukopucrani
€JICKTPOIIPUBOJM 3 THUPHUCTOPHHMH IIEPETBOPIOBAYAMH B SKIPHHX JIAHIIOTax -
cxema TII-/I.

BopHowac ChOromHImHIA piBEeHb PO3BUTKY CHIIOBOI MEPETBOPIOBAILHOT
TEXHIKHM JI03BOJISIE 3 YCIIXOM 3aCTOCOBYBaTH B €KCKaBATOPHUX €JIEKTPOIPHBOJIAX
HaliBIPOBITHUKOBI MEpPETBOPIOBaui Ha TMOBHICTIO KEPOBAaHUX KOMYTOBaHHX
eJIEMEHTaxX TUILy CHJIOBUX TpaH3ucTopHuX MozayniB (IGBT) i noBHicTIO kepoBaHUX
tupuctopax (IGCT).

Bucoki auHaMiyHi Ta eKCIUTyaTalliiiHi XapakTepHCTHKH EKCKaBaTOPHHUX
CJICKTPOIIPUBOJIIB  MOXYTh OyTH 3a0e3ledeHi 3a paxyHOK pO3poOKH i
BUKOPHCTAaHHS HOBHX QJITOPUTMIB KEPYBaHHS, IO PEai3yIOTHCS 3a JOINOMOTOI0
Cy4acHOT MIKpOEJIEKTPOHHOT TEXHIKH.

Y  4YacTMHI  aNTOPUTMIYHOTO  3a0€3NeUeHHsT  CHUCTEMHM  KepyBaHHS
€KCKaBaTOPHUMH €JIEKTPOIPHBOAAMH BHMAraloTh BJIOCKOHAJEHHS Ta yHidikamii
ITOPUTMIB KEpyBaHHS.

Hepmoniku, mputamMaHHI iCHYIOUMM CHCTEMaM EJEKTPONPHBOIIB TOJOBHHUX
MeXaHi3MiB €KCKaBaTOPiB, yMOBHO MOYKHA PO3AUINTH HA TPH TPYIIH:

| - Hemomikm cunoBoi cxemu enekrpornpuBoxi. Y cuctemi I'-J1 mie Benmka
BCTAaHOBJIEGHA IIOTY)XHICTb €IEKTPUYHUX MAIlWH; 3HIKEHHH K.K.J.; BHCOKa
IHEePIIMHICT JAHITIOTIB 30ymkeHHs1 reHepatopiB. B cuctemi TII-J] - Hu3bKuUi
Koe(illieHT TOTY)KHOCTI depe3 (a3oBe KepyBaHHS THPUCTOPAMH, IIPOSB Yy
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Kap'epHUX MepekaxX BHIIMX TapMOHIMHHX CKIQJOBUX CTPYyMY, i, SIK HAaCIHiJOK,
HEOOXiTHICTh 3aCTOCYBaHHS (DITBTPOKOMIECHCYIOUHX MIPUCTPOIB.

Il - Bemmka pi3HOMaHITHICTE CHCTEM KEpyBaHHS, pPi3HI NPUHINAIH
(opMyBaHHS e€KCKAaBaTOPHHX XapakTCPUCTHK HE TUIBKH Yy PpI3HUX THIIIB
eKCKaBaTOPiB, aJle i y Pi3HUX MEXaHi3MiB OJTHOTO 1 TOTO )X €KCKaBaTopa i, HaBiTh,
Yy OIHOTO 1 TOTO X EINEKTPONPHUBOAY TIPH PI3HUX MOJOXKEHHAX PYKOSTKA
KOMaH/IOKOHTpoJiepa. BukopucTtaHHs MOpajbHO 3acTapinioi eneMeHTHOI 0a3u He
JI03BOJISIE peai3yBaTh Cy4acHI MPHUHIMITA KEPYBaHHS B €KCKaBaTOPHHUX IPHBOJIAX,
10 MPU3BOJMTH 1O CKJIAJHOILIB NpU €KCIulyaTanii, Hamaani i oOciyroByBaHHI
CJIEKTPOIPUBOIIB.

1l - Hemoniku, moB'si3aHi 3 HEOOXIAHICTIO 3a0e3reucHHs Oe3MepepBHOIO
KOHTPOJIIO CTaHy OOJIaHaHHS €KCKaBaTopa B TMpOIECi eKcIulyaTamii  Ta
JIarHOCTUKH TEXHIYHOTO CTaHy HOT'O OKPEMHUX BY3IIB i CHCTEM.

PiBeHp cuCTEM KOHTpPOJIO Ha ICHYIOUHMX €KCKaBaTopax OOMEXYeEThCs
YCTaHOBKOIO KOHTPOJIFHO-BUMIPIOBANbHUX MpWiIagiB y KabiHi, a 3acobu
JIarHOCTMKM HAa HHUX Maibke He mependadeni. Cucrema aBTOMaTM3amii MOBHHHA
BUPIIIyBaTH B KOMIUIEKCI NMUTaHHS KOHTPOJIIO CTaHY OKPEMHX BY3/iB MAIllHH,
CUTHANI3amii TMpO TepeBaHTaXEHHS, OOJIKY MPOAYKTUBHOCTI, TPHUBAJIOCTI i
KIJIBKOCTI LMKIIB €KCKaBallil, a TaKoX BHTpaTH ejekrpoeHeprii. CTBopeHHs
NoAI0OHOT KOMIUIEKCHOT CHUCTEMH KepyBaHHs, iH(opMalii Ta KOHTPOJII MOXKJIHBO
TiIBKK Ha 0a3i MIKpOIPOLIECOPHOT TeXHIKU. Bci nepepaxoBaHi HEJONIKK ICHYFOUMX
CHUCTEM EJICKTPONPHBOIY FOJOBHUX MEXaHI3MIB €KCKABATOPIB HETaTHUBHUM YHHOM
MO3HAYAIOThCS Ha €(EeKTHUBHOCTI pPOOOTH HE TUIBKM €JIEKTPUYHOro, ane i
MEXaHIYHOTO YCTaTKyBaHHS.

MoxuBi  pi3HI  OUITXH  TOJOJAHHSA  IepepaxoBaHUX  HEJONIKIB
EKCKaBATOPHHUX EIIEKTPONPUBOIIB. MoJepHi3allis eIeKTpONnpUBOIIB MOCTIHHOTO
CTpyMy, 0€3yMOBHO, HE € paAHKaIbHUM IIIIXoM. Ha cydacHOMy erari o4eBHIHOIO
CTa€ HEOOXiIHICTh MEPEX0/y 10 €JIEKTPOIPHBO/IIB 3MIHHOTO CTPYMY 3 YaCTOTHUM
KepyBaHHIM. B Toif ke yac TOCHTh TPUBAIMH IEPioJl eKCILTyaTallis eKCKaBaTopiB 3
EJIEKTPONIPUBOJIAMU TOCTIHOTO CTpyMy OyZe NpOJOBXKYBAaTUCS, OCOOJIHMBO -
eKCcKaBaToOpiB 3 00'eMOM KOBIIA Bif 5 M® 10 10 M3, TaKk sIK BOHU, B OCHOBHOMY,
Opi€HTOBaHI Ha HeBenuKi Kap'epu. Ha Takux miANpHeMCTBaX EKOHOMIYHO i
OpraHizallifHO Ba)XKO 3a0e3MeYnTH B KOPOTKHHA TEpMiH MAacoBE OHOBJICHHSA
€KCKaBaTOPHOTO IapKYy.

3 ypaxyBaHHSM OYEBHIHUX HEAONIKiB icHyH4oi cuctemu ['-JI ocCHOBHI
HarpsMKH{ BJIOCKOHAJIEHHS €KCKaBaTOPHUX €JIEKTPONPHUBO/IIB HACTYITHI:

1. MonepHi3auisi cucreMu 30yKEHHS T€HEpaToOpiB HA OCHOBI 3aCTOCYBaHHS
CTaTHYHMX 30YAHUKIB TEHEpaTOpiB 1 [JBUIYHIB TOJOBHHX MEXaHI3MIB 3
BUKOpHCTaHHIM cuioBux IGBT monyunis.

2. CTBOpEHHSI KOMIUIEKCHOT CHCTEMH KepyBaHHsI, iH(pOpMallii Ta KOHTPOIIO
IUIIXOM ~ NOKJIaJeHHS (QYHKIIH KepyBaHHS €JEKTPOIPHBOAAMH T'OJOBHHX
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MEXaHi3MiB, OIEPaTUBHOTO KOHTPOJIO CTaHy €JEMEHTIB 1 JiarHOCTHKH
Mpame3aaTHOCTI CHCTEMH Ha MIKPOTIPOLIECOPHHUN KePYIOUHi TIPUCTPiil.

YJK 621.313
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MHNPUHIOUITIOBI OCHOBU ABTOMATHU30BAHOI'O AHAJII3Y
HOTOYHOI'O CTAHY IIOTYKHOI'O EJIEKTPOTEXHIYHOT'O
OBJA/THAHHA

TepMmian poOOTH TOTYKHOT'O €JIEKTPOTEXHIYHOTO OOJNagHAHHS CYTTEBO
3aJeKaTh BiJ yMOB eKCIUTyaTalii 1 HaBaHTaXCHHs. PeXuMu HaBaHTa)XCHHS
MOBUHHI 33/I0BOJIHATH HOPMOBAaHHMM ITOKa3HHKaM SIKOCTI €JIEKTPUYHOI eHeprii Ta
HOMIHQJIBHUM I1apaMeTpaM BIJIIOBIAHO 1O BHUMOr JlepKaBHHX CTaHIapTiB Ta
HOPMAaTHBHO-TEXHIYHOI  JoKyMeHTamii. Ha  eHeproeMHMX  NPOMHCIOBHX
MiATIPIEMCTBaX TaKi BHMOTH JOBOJII YacTO MOPYIIYIOTBCS 1, SK HACHIJOK,
MPU3BOASTE J0 CKOPOYCHHS TEPMiHIB HaJiiHOCTI 1 aBapisM. lle mosicHIOEThCS
(hopMyBaHHSIM HHU3KH pelaKCaIlifHAX MPOIECiB, sKi 3ajieXaTh BiJ MEPErpisis,
EJIEKTPOJIMHAMIYHHUX 3yCHJIb, Iepepo3noniny (a3sHUX HaBaHTAKEHb, HASBHOCTI
BUIMX TapMOHIK Ta iH. [lysi ynepelkeHHs aBapiii HEOOXiJHO KOHTPOJIOBATH
MOTOYHHI TEXHIYHHIA CTAH CIIEKTPOTEXHIYHOrO 00aaqHaHHs. [Ji1 JOCATHEHHS ITiel
METH 3alpollOHOBAHO aBTOMATHU30BaHY CHUCTEMY aHali3y MOTOYHOTO CTaHy, SIK
OKpEMHX BY3JIIB 1 €JIEMEHTIB KOHCTPYKIIii, Tak 1 001aJJHaHHS B LIJIOMY.

B icHyloumx cucTemMax [JiarHOCTUKM BHKOPHCTOBYETHCS EPEBAXKHO
CJICKTPOHI IPWJIAJM Ta CHUCTEMHM, IO JIO3BOJIIOTH 3JiMCHIOBaTH NOCTIHHHMN abo
NepioANYHUI KOHTPOJIb 10 BUHUKHEHH aBapii. B ocHOBY nokiazeHo iHdopMariiro
PO 4YacTKOBI pO3psaiay, XpomarorpadiuHuid aHami3 Ta IHIIMX BHYTPIMIHIX
napameTpis.

B 3ampomonHoBaHi  po0OTI  NMPOMOHYETHCS  3/MIHCHIOBATH  CHUCTEMY
ABTOMATH30BAaHOTO aHAi3y MO HAKONMHWYECHHIO PIBHIB IEpPEBaHTAXXCHHS, IIyMYy 1 B
CHEeKTpPl OKTaBHHX YAaCTOT, YAaCTKOBHX pO3psIiB, MapHUX 1 (a3sHUX OIMOpiB
KOPOTKOTO 3aMuKaHHS. IIpopoOieHo BuKOpHCTaHHS iHIIOI iH(poOpMamiiHOL
iH(opmalrii, 1o CBITYUTH PO MOTOYHUM cTaH oOmagHaHHsA. Cuctema 60a3yeThes Ha
CydacHUX MIKpOIIPOIIECOPHUX Ta MPOTPaMHUX 3ac00ax aBTOMaTH3allii, o
JI03BOJISIE TIEPETBOPIOBATH BU3HAYAIbHI MMaPaMETPH NEPEBAHTAXKEHHS 110 YOTHPHOX
piBHsX B udpoBy inpopmariiro. Lle 1o3Bossie oTpuMyBaTH NOCTIHHY iHpOpPMAaIio,
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AK TIapaMeTpiB HaBaHTa)KEHHS (30BHIIIHIX), TaK 1 BHYTPIIIHIX MOKAa3HHUKIB
BiTHOCHO TOYAaTKOBHMX ab0 HopMoBaHmX. OTpuMaHa TOTOYHA iH(OpPMALis
BUIA€THCS HAa MYJBT KEPYBaHHSA OOCIYTOBYIOYOIO Ta OIEPAaTHBHOIO IIEPCOHATY.
[Ipu HaIBHOCTI CYTTEBUX MTOIIKOKEHB, III0 CBiTYaTh PO BipOTiAHICTH aBapiifHOTO
BUXOAY i3 Jagy, BUAAETHCA CUTHAI HA NPUMYCOBE BIIKIIIOYECHHS OOJIATHAHHS Bij
Mepexi KUBIICHHS.

JlonoBifnb  LIIOCTPYETbCS ~ CXEMaMM,  MaTeMaTUYHUMU  MOJEIISIMH,
BiJIMIOBITHUMHU TUCTAHI[ITHUMHU MiKpPOIIPOIICCOPHUMH Ta MPOTPAMHUMH 3aco0amu
aBTOMATH3AIIi.

[pane3natHicTh 3alPONOHOBAHOTO METOJOJIOTIYHOTO MiAXOAY MEepeBipeHO
Ha CHEProEMHOMY IIPOMHKCIOBOMY ITiIIPHUEMCTBI.

V]IK 621.365.2

JleHnceHko K.O.l, Amnppisic LA2

L eryn. rp. E-319m HY «3anopisbka moTiTeXHiKa»
KaHJ. TeXH. HayK, go1. HY «3amopizbka momiTexHikay

JUHAMIKA BATATO3B’AA3KOBOI'O PEI'YJIIOBAHHSA
EHEPTETUYHHUX ITPOIECIB TOPIHHA HU3bKOTEMITEPATYPHOI
IJIA3MH EJEKTPHYHOI 1YTH

EnexrpocTanemiaBuibHe BUPOOHHUIITBO € HAWOUIBII — MEPCHCKTHBHUM
HAMPSIMKOM PO3BUTKY METaIypriiHOi MPOMHUCIOBOCTI, a MpH BHPOOHHIITBI
KOHCTPYKLIAHUX  JICTOBAHMX, PSSOy  HiANIMIIHAKOBHX  CTajed, CIUIABiB
KOpO31MHOCTIMKUX, JKaPOCTIMKHUX 1 KapOMILHUX, CTajJed pPEecOpHO-TPYKUHHHX, 3
BUCOKOIO MAarHiTHOIO MPOHUKHICTIO, BHCOKHM OINTHYHHMM OIIOPOM, CTajed s
KOTJIO - 1 CyQHOOYAyBaHHS 1 psAy IHIIKX, V T. 4. JUIS OOOPOHHOI, PaKeTHO-
KOCMIYHOI TEXHIKH, aBiaOyJyBaHHS, aTOMHOI HPOMHCIIOBOCTI BOHO € OCHOBHHM
BUPOOHHUIITBOM METAJIB 1 CIUIABiB BHCOKOI YHCTOTH, MIUIBHOCTI i OXHOPITHOCTI
MIKpO- 1 MAKpOCTPYKTYpH.

[oka3HUKY BUPOOHHIITBA EICKTPOCTANI Y BETMKOTOHHAKHUX IIEYaX CBiT4aTh
Ipo Te, IO JOCSITHYTHH BHUCOKMH pIBEHb €HEpPro- Ta pecypco30OepexeHHs,
MPOBOUTHCS ITONANBINA ONTHMI3allis TEXHOJOTIYHAX CXEM BUPOOHUYOTO TPOLIECY
MPH [TOJATBIIOMY 3HIDKEHH] €HEPrOCIIOKHBAHHSL.

Haii6inb pe3yJIbTaTUBHUMHU 3axX0JaMH, CIPSIMOBAaHUMHU Ha
E€HEepro30epeXeHHsT €: a) YAOCKOHAJeHHs 3aco0iB KepyBaHHS TOPIHHSM;
MiHIMi3aIlis BUTOKY TEIJIOCHEPTii; 0) 3HMKEHHS IMUTOMOI BUTPATH €HEPTETHUHUX
pecypciB 3a paxyHOK ONTHMi3allii TMpoIeciB peryJiOBaHHS MimirpiBaHHA i
TUTABJICHHS METAJIOMIUXTH 1 IMIMXTOBUX MaTepialliB; B) BHBEICHHS 3 CKCILTyaTarlii
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3acTapiimx Maloe(peKTHBHUX YCTaHOBOK, arperaTiB 1 EeHepProTeXHOJIOTIYHHX
KOMIUIEKCIB.

KirouoBuit minxim oo eHepro3OepexeHHs CIi BBaKaTH MaKCHMAaJbHE
MOEAHAHHS omeparliif (HampuKiIaa, BUKOPUCTAHHS TeIlIa BiXiqJHUX ra3iB Ta iH). L
KOHIICTIIIiSl IPUHHATa Ha 030pO€HHS HOBUMH MiHi-3aBOJaMH 3 IYTOBUMH II€YaMH 1
AKOC, tomkocimsboumn YHPC, medamu s BUPIBHIOBAHHS TEMIIEPATypH
3aroTOBOK, 00JIaJHAHHSM /IS IPSMOT IIPOKATKH Ta iH.

3a JaHUMU 3aKOPJOHHUX JKEpen, B T. 4. [1], 3HAaUHYy YacTKy CTaHOBJIATH
BUTpAaTH Ha peajli3alil0 aJrOpUTMIiB KepyBaHHS TEXHOJOTIYHMMH IpolecaMu i
BUPOOHHUIITBOM METAIOIPOTYKIIIi.

OmHMM 3 TakuX HaMBaXIIUBIMIKX QITOPUTMIB € QJITOPUTMHU KepyBaHH:
CJIEKTPUYHHUM PEXHUMOM, SIKHH 3[IHCHIOE YIPaBIiHHS TEMIIEPAaTypHUM PEXKHUMOM.
Posrnsgaersest nuHaMika ¥ onTHUMI3allisi eHepro30epe:KeHHS MPOLIECIB yIIPaBIiHHL
TEeMIIEpaTypHUM DPEXHMOM HH3BKOTEMIIEPATYpPHOI IUIa3MH EIEKTPUYHOI IyTH
MOTY)KHUX JyTOBUX CTaJCTUIaBUIBHUX II€4EH IIPU B3a€MOJIl 3 CHEPreTUYHHMHU
MOTOKAMH CHTANbIIi METAJOMNXTH 1 Ta3iB, XiMi4HOI eHeprii ex3o - Ta
SHJIOTEPMIYHHUX pEeaKIii OKHCICHHS, BiIHOBJICHHS, IIJIAKOYTBOPEHHS Ta iH [2].
BinmosimHo mo [2] meBHe mo Jlammaca piBHSHHS €HEPTETHYHOTO OalaHCy Tedi i
MOBHOT'O LIMKITY TUIABKK METAJy Ma€ BUTJIIS:

We(p)+W ()W (p)+ W () =W, (p)+ W, (p) *W(P) =W e (P), 1)

ne omepatopHi nepemaBanbhi (ynkii Wi(p) (OIID) marote Taki MO3HAYCHHS
nporeciB  mepeTBOpeHHs eHepreTwdHux moTokiB: W¢(p) - enextpoeneprii,
CMOXKMBAHOI miu4ro 3 enekrpomepexi; Wy (p) - eHTambmiss METaNOIMKXTH 1 ra3is,
0 HAJXOJSTh 70 pobouoro mpocropy meui; W, (p) - ximiuHOI eHeprii ek3o- i
€HJIOTEPMIUHOI peakilii OKUCIICHHs, BiMHOBJIEHHs 1 uutakoyrBopeHus; W (p) -
TEIUIOBOI €Heprii, M0 BBOAWUTHCS B poOoumil mpocTip medi 3a mormomoror TKT;
W,,(p) - eHTanbmii 3IMBaEMOr0 piIkoro Merany i muIaKy (KopucHa Butpara); W,
(p) - eleKTpUYHHMX BTPAT B EJCKTPOINYHOMY arperaTi i BTOPUHHOMY
cTpymonpoBoai (1o pobodoro mpocrtopy medi); WTm (p) - TEIUIOBHX BTpar 3
poboyoro mpocTopy nedi; Wakk (p) - 3MiHE eHTanbii GpyTepyBaHHS (TUTIOC - IPH
OXOJIOKEHHI).

Ob6uncnenns Bupasis OII® piBusaEA (1) MPOBOANTHECS HA MiACTaBi PiBHSIHD
terionepenadi [3,4], a mapaMeTpw piBHSAHL TemUlonepeaadi OOYHCIIOITHCS
BIJAIIOBITHO 10 JOBIJKOBHX JaHMX.
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YK 621.313

3inoskin B.B., I'y6aproB B.H.z, Becmanuit M.K.3, [MmennyHmin )j[.C.3
! noxT. Texm. Hayk, mpod. HY «3amopisbka momiTexHika

2 ctya. rp. E-327cn HY «3amopi3bka moiTexHika»

® cryn. rp. E-319m HY «3anopisbka moTiTeXHiKa

MATEMATHUYHA MOJEJIb OJHO®A3ZHOI'O ACHHXPOHHOI'O
JABUI'YHA 3 YPAXYBAHHAM EJIEKTPOMATI'HITHOI'O
IEPEBAHTAKEHHA

[Ipu po3poOIli IBUTYHIB PI3HOTO TEXHIYHOTO NPU3HAYCHHS BHKOHYIOTHCS
MEBHI EJIEKTPOMArHiTHI, Ta eJEKTPOMEXaHi4HI IapaMeTpH BiIMOBITHO [0
KOHCTPYKLIi Ta yMOB eKciuryaTamii. Jlo HHX BIHOCATHCS: ONTHMI3aIliiiHi
PO3paxyHKH;, e€JIeKTPOMATHITHI 1 TEIUIOBI pO3paxyHKH, OIliHKAa BIUIUBY
TEXHOJIOTIYHUX PO3XOJPKEHb Ta HaJiifHOCTI; BiOPOAKyCTHUHI MOKAa3HWUKU Ta iH.
Taki po3paxyHKH YCKJIQJHIOIOTBCSI B HACIIIOK YaCTKOBOT HECUMETPIi KOHCTPYKIIIT,
EJIEKTPOMArHiTHUX Ta EJEKTPOMEXaHIYHUX MpOLECiB, BEIMKOI  KUIBKOCTI
KOHCTPYKTUBHMX 1 CXeMHUX pilleHb cucTeMH 30y[pkeHHs  Oirydoro
enekrpomarHiTHoro mosst. Ciig  Bi3HAYWMTH, 1[0 BHUPIMICHHS METH JUIs
0JTHO(a3HOTO ACHMHXPOHHOTO [BUTYHA YCKJIQJHIOETBCSI CYTTEBHM BIUIMBOM
JIOJATKOBUX BTPAT 1 MOMEHTIB BiJ] BUIIUX TapMOHIK, 5Ki 30yIKYIOTh KOJHMBaHHSI
IIyCKOBOTO MOMEHTY. BOHHU cyTTE€BO BIUIMBAIOTH Ha ITyCK OJHO(A3HOTO JIBUTYHA,
1110 ITPU3BOJIUTE JI0 TaK 3BAHHOTO «3aJIMIIAHHS POTOPay.

B po6oTi npuBoATECS MaTeMaTHYHO MOJCIb OAHODA3HOTO ACHHXPOHHOIO
JIBUTYHA TIPM Pi3HUX MOYATKOBMX i PAHUYHUX YMOBaX. IX TEOPETHIHOI OCHOBOIO
€ TIO€IHAHHS TEOpii JIAaHIIOTIB Ta TEOopii JOCTIHKEHHS €eJEKTPOMAarHiTHOTO IOJIS
po3ciroBaHHSA. MaTeMaTHYHa MOJIENb JI03BOJISIE OTPUMYBATH II€BHI KOHCTPYKTHBHI
pileHHs Ha cTajii MPoeKTyBaHHA. B mojanbmioMy BUKOHYIOTBCS €JIEKTPOMArHiTHI
pPO3paxyHKH 1 eJeKTpOMexaHiuyHi 1 BiOpo30yMIKyOUi 3yCH/UIE B TPOCTOPI
0HO(A3HOTO JIBUTYHA, TOJATKOBI MOMEHTH 1 BTPATH 3 YpaxyBaHHIM 3y04acTOCTi
Mar”iTHOI CHCTeMH. BUKOpHCTaHHS METOo/a iIHAYKTHBHUX KOE(]IIi€HTIB T03BOJISIE
BH3HAYNTHU CKJIQJI0BI MOMEHTIB: aCHHXPOHHHUX; MyJIbCYIOUHX 3 4actoToro 100 I,
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TaKMX [0 NEepeXOIsATh B CHHXPOHHHH NPH IIEBHUX YMOBaX Ta IPH3BOIATH MO
KOJIMBaHb ITyCKOBOI'O MOMEHTY Ta iH.

MateMaTHYHy MOJEINb JOIIFHO BUKOPHUCTOBYBATH TIPH BHPIIICHHI 3aBJaHb
CHCTEMHOTO aHAJI3y Ha II0YaTKOBHX CTAZifX NMPOEKTYBAHHS], KOJMH BH3HAYAETHCS
ONITUMAaJbHEe KOHCTPYKTHBHE pIlIEHHS, BHOIp IEBHUX KOHCTPYKTHUBHHX Ta
I3OIALIAHNX MaTepianiB, crmoco0iB OXOJIOMKEHHS, aHalli3 yYMOB poOOTH B
3aJIeXKHOCTI BiJI 3aMOBJICHHSI.

Cunijf BiI3HAYMTH, IO PO3PaxXyHKH BUKOHYIOThCS ITE€palliiHUM METOIOM, IO
JI03BOJISIE  BUKOPUCTOBYBAaTH Cy4acHI MIKpPOIIPOLIECOPHI 1 MporpaMHi 3acoou
aBTOMAaTH3alii  NPOEKTYBaHHA Ta  pPO3PaxyHKIB  EJIEKTPOMAarHiTHUX 1
SJIEKTPOMEXaHIYHUX ITapaMeTpiB.

B nmomoBiai mpuUBEACHO CTPYKTYPHI CXEMH, IO JOIIIHHO BUKOPHUCTOBYBATU
OpH aBTOMAaTH30BAHOMY IIPOCKTYBaHHI II€BHOI KOHCTPYKLii JBHTYHAa, Ta
TIOCIITOBHOCTI PO3PaXyHKY €JIEKTPOMArHITHHX MPOIECIiB B MIPOCTOPi ABUTYHA TIPH
NEBHUX KOHCTPYKTUBHUX 1 Maco-rabapuTHHUX TOKa3HUKAX.

YJK 621.313

3inoskin B.B. !, Smenko M.M. 2, Bacwuises B.I1., ® Mirein B.A. *
! nokT. Texn. Hayk, mpod. HY «3amopi3bka momiTexHika

2 ctya. rp. E-327cn HY «3amopi3bka nossiTexHika

3 crya. rp. E-317 HY «3amnopi3bka moJiTeXHiKa

* cryn. rp. E-316 HY «3ariopi3bka mosiTexHika»

EKCILTYATAIIAHA HAJIMHICTh NEPEMUKAIOYUX MIPUCTPOIB
IPHU PI3BKO3SMIHHUX HABAHTAXEHHAX

IlepeMukaro4i  OpUCTPOi €  OAHMM 13  BIANOBIAAIBHHUX  BY3IIB
TpaHc)OopMaTOPHOTO Ta IHIIOTO EJIEKTPOTEXHIYHOro oOylajHaHHA. 3a iHoro
JIOTIOMOTOI0  3JIHCHIOEThCS ~ perymoBaHHA  Hampyrun.  OcoOnmBO  BaxKi
HaBaHTAXXECHHS TIEPEMHUKAIOYNX NPUCTPOIB MaloTh Micle B TpaHchopmaropax siki
JKUBJISITH TOTYXKHI JYTOBI CTaJICTOIHI MeYi, MPUBOJIM NMPOKATHUX, BCTABKM 1 JiHIT
nepenadi MOCTIHHOTO cTpyMy Ta iH. OCKUIBKM €JIEKTPOTEXHOJIOTIYHI PEeXHMHU
TAaKWX TEXHIYHHX 3acO0iB B Yaci 3MIHIOIOTHCS 3a BIPOTIIHMMHU 3aKOHAMH, TO IX
CHpUIMAarOTh 5K pi3ko3MiHHI. [Tpy Takux HaBaHTaXCHHSAX MEPEMHUKAI0Ti IPUCTPOL
MpAIIOIOTh IpH HecuMeTpil (a3HMX CTPYMIB 1 HAasSBHOCTI BHIIUX TapMOHIK.
[IpruoMy HecuHycOinadbHICTh (Pa3HUX CTPYMIB Ma€ Pi3HUH CHEKTPANBHUHN CKIA,
0 TPU3BOIUTH 10 HECTAIIOHAPHHUX EJIEKTPOMATHITHHX 1 EeJeKTPOTEPMIUyHUX
nporeciB. OcTaHHI TPHU3BOJAATH JI0 CKOPOYCHHS TEPMIiHIB POOOTH HE TIiJIBKH
MIEPEMHUKAIOYHX TPUCTPOiB, & TPAaHCHOPMATOPHOTO OOJIATHAHHS B IIJIOMY.
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B gmomoBimi mpuBeneHO aHAmi3 TNPUYMH 1 HACHIAKIB  aBapilHOCTI
TpaHc(hopMaTopHOTO 00NIaTHAHHA 1O KitacaMm Hampyru 35, 110, 220, 330, 500, 750
kB. Ha mimcraBi mporo aHamizy MOKa3aHO, IO Ha BH3HAYANbHI IMOKA3HHUKH
HaAiiHOCTI 0ONaTHAHHS BIUIMBAIOTH 30BHINIHI 1 BHYTpimHI ¢aktopu. B pobdoti
MPUBEICHO HAyKOBI 1 EKCHEPUMEHTANbHI JOCHIDKEHHS Ha eKCIUTyaTalliiftHy
HaIIHHICTh MEPEMHUKAIOYHX TIPHCTPOIB.

BigsHadyeHno, 1o aBapiifHICTh NEPEMHKAIOYMX TNPHCTPOIB B CHCTEMax 3
PI3KO3MIHHMMH HaBaHTa)KeHHSIMH Ha 45% Ounblla B TOPIBHSAHHI 3 CHCTEMaMu
3arajJbHOrO NpU3HA4YCHHS. PO3IJISIHYTO €JIEKTPOMArHiTHI Ta eJeKTPOTepMidHi
NpoLeCH 3 TOPIBHSUILHUM aHaJi30M BIUIMBY XapaKTEPHUX DHUC PI3KO3MIHHHX
HAaBaHTAXXCHb Ha aBapiHICTh MEPEMHKAIOYMX NPHUCTPOiB. OCKIIBKHM OCHOBHUM
€JIEMEHTOM TMEpPEMUKAIOUMX IPHUCTPOIB € KOHTAKTH, 3a IOMOMOIOK SKHX
3MIMCHIOIOTECA  0araTo dWCENbHI IEpEeMHKaHHA. 3 METOI pEryJIOBaHHA
SIEKTPUYHIX PEKUMIB MEBHUX BIATIOBIAHO IO MEBHUX TEXHOJOTIYHUX PEKUMIB
IpU TIPOBEJCHI EKCIIEPUMEHTAIBHOTO JOCII/KEHHS 3alpOIIOHOBAHA  CHCTEMaA
BUNPOOYBaHb MEPEMUKAIOUMX IIPUCTPOIB Ha EKCIUTyaTaliiiHy HamiiHicTh. Lg
cucrteMa 1MoOyJIOBaHM HA CyYaCHHMX MIKPOIPOLECOPHUX 1 MPOrpaMHHUX 3acobax
aBTOMarH3anii, BoHa no3Boisie 3xiiicHIOBaTH OaraTo YMCENbHI NEPEMUKAaHHA B
3aJIeKHOCTI BiJl KINBKOCTI KOMYTaliifHUX IpoleciB B KoHTakTax. OCHOBHHUMH
eJleMeHTaMU 1€l cucteMu € GpopMyBad HECHHYCOINAIBHOCTI CTPyMY 1 HECUMETpil
HAaBaHTAXXECHHSI, @ TAKOX CHJIOBI EJIEMEHTH.

B 10moBini MOSICHIOETBCST HPUHLMUI POOOTH 3alPOIOHOBAHOIO HAyKOBO-
TEXHIYHOTO DILICHHS 1 HaBEJECHO PEe3YJIbTaTH IPOBEJCHUX EKCIIEPUMEHTAIbHUX
JociimkeHb. ExcriepuMeHTanbHI  3aJI€)KHOCTI  ONMOPIB  KOHTAKTHHX — CHCTEM,
MaTeMaTHYHE OYIKyBaHHS 1 JHUCHepcis, CBig4aTh Tpo  e(eKTUBHICTH
ABTOMATH30BaHOI CHCTEMH EKCIICPUMEHTAJIBHOTO JOCITIKEHHS IePEMHUKAIOUNX
MIPUCTPOIB.

YK 621.313

3inoBkiH B.B. 1, ITyana M.O. 2, Menbauk M.T. 3

! okr. Texn. Hayk, mpod. HY «3aropispka momiTexHiKka
2 eryn. rp. E-317 HY «3ariopi3bka MomiTeXHiKay

% cryn. rp. E-319m HY «3anopisska momiTeXHiKa

METOU JOCTIIKEHHA EJIEKTPOMATHITHOI'O ITIOJIA B
HOTY! KHOMY EJIEKTPOTEXHIYHOMY OBJIAJTHAHHI

IIpu mpoBeneHHI HAYKOBHX IOCTIDKEHb 1 PO3POOIN €IEKTPOTEXHITHOTO
o0naJiHaHHS BUKOPUCTOBYIOTHCS CIICIiali3oBaHi MPHUCTPOi M BHUMIpPIOBaHHS
CJIEKTPOMArHITHOTO TMoJisA. IM mpuTaMaHHI HACTYNHI TEepeBard: IOCUTh Mai
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rabapuTHi po3MipH; MAalOTh BHXIIHHH €NEKTPUYHHHA CUTHA;, HE3HAYHHN
TEeMIIEpaTypHUH BIUIMB; BHCOKA TyTIHMBICTH JO IHTEHCHBHOCTEH IOJIS; MEXaHI4HA
MIIHICTB; HafiiHiCTh 1 KoedimieHT mepenmadi. [IpuHINT iX poboTH monirae Ha
HACTYIMHHX (I3NYHUX METOJAaX: IOHAEPMOTOPHHX CHJI, IIO BHHHKAIOTh MpPHU
3MIHHOMY B 4Yaci MarHiTHOMY TIOJIi; raJbBaHOMarHiTHI Ha edekri Xoia i 3aKoHa
Taycca; iHgyKIifHI. Ix TIPUHITUI [ii TI0JIATa€ B TOMY, IO Ha BUXOi IPUCTPOIO, 10
BUMIpIOE T0JIe, (OPMYETHCS Hampyra abo CTpyM MpOIOPLiiHHI IHTEHCHBHOCTI
Mar”iTHOro mnois. I[HIYKUifHI JaT4YMKM BHKOPUCTOBYIOTHCS, II€PEBAXHO, IS
JIOCJIIJPKEHHST PO3NOALLY MOJIsl B MIPOCTOPI €NEeKTPOTEXHIYHOTO oOnaaHaHHs. Bonn
NpaloTh Ha IHAYKUIHHOMY NpPUHLMUII BHUMIpIOBaHHS. BenuuuHa e.p.c., 110
HaBOJAUTHCSA B JaTYMKAX, MPOIOPIiiHA apamMerpaM JaTyuka 1 MOXiAHINH Bifx
IHAYKIT B 3aJ]eXHOCTI Big uacy (wyactotw). Jlitoye 3HAYCHHS B BUXIJHHUX
JAHIIOTaX, NP CHHYCOIHaNmbHIH (opMi IHAYKIii, HPOMOPIiiHE MOCTIHHIM
JaTdhKa, 9YacTOTi Ta IHAyKWii. Ase iM mIpuTamMaHHI TeBHI Hemoiiku. Tak B
eIEeKTPOTEXHIYHOMY OOJagHaHHI IHAYKIIS MarHiTHOTO TOJS B 4Yaci 3MIHIOETHCA
[0 HECHHYCOiJaJbHOMY 3aKOHY. HasBHICTP BHINMX TapMOHIK NPHU3BOAWUTH IO
HETIPOTIOPIIIHHOCTI e.p.c. B Jardymkax. Jnms 3amoOiraHHsA BEITHKUX ITOXHOOK
JOIIPHO BHKOPHUCTOBYBAaTH IHTETpYIOUi JIAHIIOTH, IO MiJKIIOYAIOTECS 1O
BUXIJIHUX JIaHIIOTIB JaTYMKiB. MUTTEBE 3HAUSHHs HANPYTrd Ha KOHJIEHCATOpi B
KO)KEH MOMEHT 4Yacy TpONOpLiiiHe BIANOBITHOMY 3HAUEHHIO IHAYKILIi, SKy
HaJISKUTh BUMIPIOBATH.

B poboTi mpuBeseHa CTpyKTypHa cXxeMa aBTOMAaTH30BaHOTO BHMIpIOBaua
CepelHbOr0 3HA4YeHHs IHAYKLIl 1 aHami3 BixnoBiAHUX OnokiB. Ilpu 1BOMY
BiJJ3HAYAETHCS YMOBU BHKOPHCTAHHS: IHAYKIIHHUX IATYUKIB JUIS BHMIipIOBAHHS
eMIop MarHiTHOTO TIOJsI B IPOCTOpi OOJIaJHaHHS, IO BHKOPUCTOBYETHCS IS
OLIIHKM JIOAAaTKOBUX MICIIEBMX BTPAT Ta TEIUIOBOTO HABAHTAXEHHS; MPUCTPOIB 3
JaTyrkaMu XoJula B €JeKTPOMEXaHIYHUX CHCTEMax IPH BEKTOPHOMY KepyBaHHI.
Coij BiA3HAYWTH, IO IHXYKUIHHI JaTYMKH HE JOLIJHHO BHKOPUCTOBYBATH IS
BUMIPIOBaHHS IIOCTIHHOTO MATHITHOTO TOJSA. J[Isi MiABHINEHHS TOYHOCTI
BUMIPIOBaHHS IHAYKIIi MJOIIBHO BHKOPHCTOBYBAaTH CXEMH IOPIBHSIBHOTO
ABTOMATH30BAaHOTO aHAJTI3y IHAYKII] B BiANOBIJHUX MICISX MAarHiTHHX CHCTEM
eJIeKTPOTEXHIYHOro o00NanHaHHI. B gKOCTI mpuKmamy, pO3MISHYTO HeKiTbKa
CXEMHUX DIIIeHb 1 BiI3HAYAETHCS, 0 U1 BUMIPIOBaHHS BUXITHUX HAIIPYT CHCTEM
JATYUKIB JOIJIFHO BUKOPHUCTOBYBATH BUMIPIOBAJIBHI MPHIAAN AIF0YOTO 3HAYECHHS
3 JOCHTh BEIMKHUM BHYTpImIHIM omopoM. Lle no3Bomsie ynepeanTd BUIAIKOBI
MOXHOKH.

B nomoBimi mpuwBeneHO aHaNi3 METOJIB, MPUCTPOIB i pEKOMEHMIAIT s
ONTHMAJIEHOTO BHUKOPHCTaHHS EKCIIEPHMEHTAILHOTO BUMIpIOBaHHS
CJICKTPOTEXHIYHOMY OOJIaJIHAHHI E€JIEKTPOMArHiTHOTO IOJsS PO3CIIOBaHHS B
MPOCTOPI MOTYKHOTO SICKTPOTEXHIYHOTO O0JIaIHAHHS.
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YK 621.313

3inoBkiH B.B. 1, Hogix 1.B. 2, Slmenxo M.M. 3, CHiraps Z[.C.4
! tokr. Texn. Hayk, npod. HY «3aropispka momiTex Hika»

2 eryn. rp. E-316 HY «3ariopi3pka MOMiTEXHiKa

* eryn. rp. E-327cn HY «3ariopisbka MOTiTeXHiKa

* ety tp. E-319M HY «3aropispka MOTiTeXHiKa

BTPATH BIJl BUXPOBUX CTPYMIB B ®EPOMATHITHUX JETAJIAX
EJIEKTPOTEXHIYHOI'O OBJIAJITHAHHSA

[Ipu mocmimkeHHSIX eNeKTPOMArHITHAX TMPOIECIB B EIEKTPOTEXHITHOMY
o0JiasiHaHH1 pi3HOrO MIpU3HAYCHHS BHUHUKAE 3ajaya  pO3PaxyHKY
€JIEKTPOMArHiTHOTO TMOJsi 1 BTpaT BiJ BHUXPOBUX CTPYMiB B (epOMarHiTHHX
neraysix. CKIagHICTh 3a/1a4i [oJsira€ B TOMY, 110 1HAYKIIsS B (hepOMarHiTHUX Tijlax
HEJTIHIMHO 3aJIe)KUTh BiJl IHTEHCHBHOCTI MarHiTHOro nojis. He nuBisgum Ha Te, 110
JIOCJIIJDKEHHSIM 1[bOTO THMTAHHS MPUCBSIUEHO BEJIMKA KiIBKICTh POOIT, BUPIILICHHS
1iel 3a7a4i moTpedye Mmoaanbmoro po3BUTKy. OCOOIMBY aKTYalIbHICTh HAOYBaIOTh
Il MATaHHS PX POo3poOIIi 00IaTHAHHS CIIEHiATEHOTO MPU3HAYCHHS.

OCKUTBKH €JIeKTPOMAarHiTHE T0JIe B JepOMAarHiTHOMY CEpeIOBHII Ma€ Pi3KO
BUPQ)KEHUH ITOBEpXHEBHH e(ekT, TO Il J03BOJsE BUKOPHUCTOBYBAaTH METO[
JIOCTIKCHHS BTPAT aHAJIOTIYHO 5K B MPOBITHHUKOBOMY HaIliBIIPOCTOpPi. BBaxkaemo,
1110 IUIOCKA EJICKTPOMArHiTHa XBWIS I1aJa€  HOPMAaJbHIA JOTHYHIN 110
(depomarniTHOro Ha miBmpoctopy. I[Ipy LBOMYy BijioMa JOTHYHA CKJIaJoBa
€JIEKTPOMArHiTHOTO T10JIs1, SIKY MOJIMBO BUMIPIOBAaTH 1HIYKIIHHUMH AaTYNKAMH.

Ha miacraBi BupilieHHs piBHSHb MakcBesuia IpH yMOBI BpaxyBaHHSI ONOPY
CTaji, 3aJeXHOCTI IHAYKUIi BiJi MarHiTHOrO MOJS, EJEKTPUYHOrO TOJs Ta
HEXTYIOUH CTPYMOM 3MIIEHHSI OTPUMYEMO CHUCTEMY DIBHSHb B SIKMX IIOB’s3aHi
MDK COOOI0 eJIEKTPOMArHIiTHI IapamMeTpu Ta eJNeKTpo(i3nuHI XapaKTepUCTHKU
(epomMarHiTHOTO Tijla. Bupilryroun 110 cucTeMy BiIHOCHO KOMIUIEKCHUX aMILTITY /[
MarHiTHOTO MOJIA 1 1HIYKIIl, IPUXOJUMO JI0 KYPaeBOl 3ajadi, KOJIW KOMIUIEKCHA
MarHiTHa IPOHMKHICTH MO TEPIIii TapMOHII B 3aJI€KHOCTI BiJl MarHiTHOTO IOJIS
3MIHIOETbCS II0 CTYNEHEBOMY 3aKOHY. [lojasbini JOCHIDKEHHS BHKOHYEMO
BiTHOCHO BHIIUX TapMOHIK Jis SKUX CYTTEBO BIUIMBA€ Ha MICIIEBI BTpaTH i
TEIJIOBE TNepeBaHTaXeHHs. [Ipy 1boMy HeJiHIHHA 3aJISKHICTP MarHiTHO{
MPOHUKHOCTI BiJ MIACHOTO 3HAYEHHS MAarHiTHOTO IMOJII BPaXOBYETHCS MUISIXOM
METOJly eKBIBaJICHTYBaHHs. B pe3ynbTari OTpUMYEMO MaTeMaTH4HHUI BUpa3 Iuis
PO3paxyHKy HOBEpXHEBHX BTpar. BOHM HpOIOpLilHI cepesiHbOMY 3HAYSHHIO 3a
MepioJ] 9acTOTH 3MiHEHHSI MAarHiTHOTO IMOJI B 4aci. [Ipy 1iboMy BTpaTH MOKIIHBO
BU3HAYUTH II0 PE3yJIbTaTaM BHUMIPIOBaHHS JOTHYHHUX CKJIAJOBHX MArHiTHOTO i
€JICKTPUYIHOTO TOJISI Ha TIOBEPXHi MEBHOTO (PePOMArHiTHUX JIETAJICH.
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[TokasaHo, IO I HPAaKTHYHUX IH)KCHEPHHX PO3PAXyHKIB HMOBEPXHEBUX
BTpaT HEOOXIJTHO 3HATH 3aJe)KHOCTI BIAHOCHOI MAarHITHOI NMPOHUKHOCTI ITEBHOL
KOHCTPYKILIHHOI cTami, {i edexkTpuuHUil omip Ta MarHiTHe mose. [Ipm BH3Ha4eHi
pO3MOAITY MArHITHOTO TIONS B IPOCTOPI EIEKTPOTEXHIYHOTO OOJaJHAHHS
MOJKJIMBO PO3paxyBaTH IHTErpaibHi 3HAYCHHS MICIIEBHX BTpaT Ta JIOKAJHHHUX
TeMIepaTypHHUX HaBaHTaXKCHHSX.

B poboti npuBeeHa MeTOAMKA, CXeMa €KCIIEPUMEHTAILHOTO JOCIHIIKEHHS
MOBEPXHEBOTro edekTy Ta i MarHiTHI MPOHUKHOCTI KOHKPETHUX KOHCTPYKIIHHHX
CTajel, 1110 BUKOPHCTOBYIOTHCS B €JIEKTPOMAIIMHOOYIyBaHHI.

VK 681.5

ITupoxox A.B. 1, Cuaguyk O.B. 2

! kamm. Texn. Hayk, go1. HY «3amopizbka momiTexHika
2 eryn. rp. E3-618cm HY «3anopisbka mosiTexnika»

3ACTOCYBAHHS KYPCOBEPTUKAJII TP MOJEPHI3AILILI
ABIMIIMHOI TEXHIKH (MAJIOI ABIAIII)

B po0orti mpomoHyeThcss Ha BEPTONBOTAX PAIASIHCHKOTO BHPOOHHIITBA, SIKi
BHYEPIIANIN CBill pecypc, MOAEPHI3yBaTH aBiOHIKY, 30KpeMa, aBiarOpU30HTH SKi
BUPOOWIIM CBii pecypc 1 JO TOTO X BHITyCKAalOTHCA B BUKIIOYHO B Pocii, Ta
3aMiHUTH KypcoBy cucteMy ['MK-1, cki1agoBOI0 YacTHHOIO SIKOi SBISETHCA
MEXaHIYHUH KypcOBHMH Tipockon (ripoarperar), a TaKOX eJIeKTpOMeXaHiuHi
CHCTEMH THUILY CEJIbCHHOBHX Iepe/iay, sIki MOPaJIbHO 3aCTapii.

ITpononyeThcs 3aMiHA aBiarOpuM3OHTIB Ta KypCOBOI CHCTEMM Ha iHepHiiHY
HaBiramiiiny cucremy (IHC), sika Bkiarouae 1aBi kypcoBeptukami AHS-525, siki
BuzaroTh Ha ninotaxHi KK aucrnei nudgposum komom ARINC-429 indopmariro
MPOCTOPOBOTO MOJIOXKEHHS 1 TOPHU30HTAIEHOT 0OCTaHOBKH.

Cucrema Bu3HaueHHst npoctopoBoro nojoxeHHs (COIIIT) AHS-525 sBuse
co00I0  TBEPAOTUILHYIO CEHCOPHY CHCTEMY, 3acHOBaHYy Ha TEXHOJOTI]
MikpoenekrpomexaHiuaux cucteM (MEMC). Cructema cKIaaeTbes 3 JBOX OJIOKIB:
bnox Bu3HauenHs mpocropoBoro moioxeHHs (BOIII), i ©xox MarHiTHOTO
BusiBiieHHst (BMO).

VY THX gomaTtkax, Je He MOTpiOHA BUCOKA TOYHICTh, a BapTiCTh IOBUHHA OyTH
HeBennkoro, CrctemMu, sKi 6a3yI0ThCSI HA BUKOPHUCTaHHI MiKPOEJIEKTPOMEXaHITHIX
ripockomniB (MEMI'), BukopucroBytotscsi B OromkeTHux pimenasx [HC. Boxu
HafiiHI, cTiKi 10 30BHIMHIX BIMBiB. MEMI € maTtdmkamMu KyTOBOT IIBHIKOCTI.
Uyrnusuii enemenT MEMI', o npezacTaBiisie co00t0 ASSIKUN TPY3UK B MPYKHOMY
MiABICI, MPUMYCOBO MiAMAETHCS JiHIHHAM a00 KyTOBUM KOJIMBAHHSM.
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Pucynok 1 - Yerpiit MEMT'.

Ha puc.1. nokazanunit MEMI 3 uyrnueum enementom YE. Y3nosx oci X 1o
HBOTO J0JA€ThCsl BiOpawis 3 JiHiHOWO mBuakicTio V. IIpu obepranni MEMI 3
KyTOBHH MIBUAKICTIO Q HaBKOJO oCi Z 3'BIAETHCS 3HAKO3MIHHE MPHUCKOPEHHS
Kopiomnica Wk i BianoBinHa fiomy cuna Fk y3nomx Bici Y.

3anpornoHoBaHe B poOOTI PIMICHHS [03BOJISE BiTHOCHO HEBEIMKUM KOIITOM
MOJICPHI3YBaTH CHCTEMY BU3HAYCHHS MPOCTOPOBOTO IOJI0)KEHHS, 3HAYHOIO MIpOIO
MMOKPALIUBIIY 1i MOKa3HUKH.

YK 681.5

Anamien IL.IIE , YpakoB A.A. 2 , [Inpoxkox AB.S

! eryn. rp. E-319m HY «3anopisbka momiTexHikay
cryn. rp. E3-327cn HY «3anopi3bka noniTexHika»
KaHJl. TeXH. HayK, fo1. HY «3amnopi3bka nomitexHika»

JABOPATOPHUI CTEH/ JOCJAIIKEHHS PET'YJIbOBAHOI'O
EJIEKTPOIIPUBOJA BEHTUJIATOPA

Meta mpoeKTy: MOJAEpHi3yBaTH JabOpaTOpHUN CTEHJ 3 JOCIHiTKCHHS
peryJibOBaHOTO  €JEKTPONPUBOAA  BEHTWJISATOpPA Ta  PO3POOUTH  CydacHy
ABTOMATH30BaHy CUCTEMY peecTpallii Ta kepyBaHHs yepe3 [HTepHer.

Ha cporonnimHiii 1eHp € yabopaTopHUil CTEHN 3 BUBYEHHS KOHCTPYKIIi Ta
MPUHIUIIOBY EJICKTPUYHOI CXEMHU EIIEKTPONPUBOJA BIIIEHTPOBOIO BEHTHIIATOPA
I  CKCIICPUMEHTAIIbHO  3HIMAETBhCA  PETYIIOBANBHI 1 HAaBaHTaXyBaJIbHI
XapaKTePUCTHKH BEHTUIIATOPA, ajie LeH NMPUBOJ TEXHIYHO W MOPAIBLHO 3aHAITO
3acrapiB. Lleil eneKTponpuBOJ Npauioe TUIBKH B PYYHOMY pPEXHMI, PEryloe
BHUXIHY Hampyry ¥ dYacTOoTy TUIBKH 3a TPOMOPIIIHHUM CKAISIPHAM 3aKOHOM.
BpaxoBytouu cydacHHi1 cTaH PO3BUTKY MPUBOIHOT TEXHIKH, CHCTEM aBTOMATHU3AIli1
Ta BHKOPUCTAHHIO MPOMHUCIIOBHX IHTEpHET pedeld Oyso TPUHAHATO pilIeHHS
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MOJIEpHI3yBaTH  JaOOpaTOpHUH  CTEHO 3  JOCIDKCHHA  PEryIbOBaHOTO
SJIEKTPOIIPUBO/IA BEHTUIIATOPA.

JlaGopatopHa  ycTaHOBKa JUIi  3HATTA  CTATHYHHX  XapaKTEPHCTHK
(perymoBanbHUX 1 HaBaHTAXKYBAJIbHHUX) IIPEICTABIIE COOOI0 KOMIUICKT, IO
CKIIaJaeTbcs 3 CepiifHOro BiameHTpoBoro BeHTWIATOpa THIy CTn-57 3
ACHHXPOHHUM KOPOTKO3aMKHEHHM IBHI'YHOM. KyTOBa WIBHAKICTH IPUBOIHOTO
JBUTYHa DPETYJIOETHCS 3a JOMOMOIOI0 THUPUCTOPHOTO MEPETBOpIOBaYa YacTOTH,
TOOTO PEryJIIOBaHHS IPOJYKTUBHOCTI BEHTWIATOpPAa 10 KaHaly KepyBaHHS
3IifiCHIOETBCST  Oe3cTymiH4YacTo. PerymoBaHHS IPOXYKTUBHOCTI 10 KaHaly
HAaBaHTAXXCHHS 3IMCHIOEThCS JUCKPETHO 3a JOIOMOTOI 3aCyBKH, TOOTO
MPOBOJUTHCS MHOEPHE PEryIIOBaHHS IIPOAYKTHBHOCTI.

V.80X-500 WECON e

INWERTER

oorr

FILEI? LaME FuisH BUTTON

Pucynox 1 — 3aransHuii BUTTISA HOBOTO CTEHIY.

HoBe oOnagHaHHA 3aMiHUTh MOpAbHO  3acTapiiMii  TUPUCTOPHUMN
nepeTBoproBad yactoTu Ha cydacHuil imBeprop WECON cepii 8000B 2,2 kBt 3
BOynoBanuM PID-perynsitopoM Ta ramy3eBuMH (YHKIISIMHA 3aCTOCYBAaHHS, 3 SIKMX
€ KepyBaHHS BEHTWIATOPAMH, O0araTor0 1 TNPaKTUYHOIO (PYHKIIOHANBHICTIO
TepMiHaly Ta BIPTyaJbHUX TepMiHaliB, Mae 3B's3ku RS-485 i#1 crammaprHuii
nporokos1 Modbus. [lynsi opranizamii 3pyyHOro KepyBaHHS, aBTOMaTH3alii M
peectpaii naHux Oyzxe Bukopuctana Human Machine Interface manens 7' PI3070i
RAM 128M na 6a3i Cortex A7 528MHz. O6’eanae 11i npuctpoi Mik coboro V-
BOX - 11e mpucTpiii Ui BUKOPUCTAHHS BiJIaJ€HO yCiX Halaro/pkeHb, Be6-scada,
inTepdeiicy API, MoHITOpHHTY TOJATKIB.

Bin 103BOSMUTH OTpMMaHHS JaHUX 3a JOMOMOTOI0 TIOCIiJOBHOTO 3B'SI3KY
Ethernet Bix mpucTpoiB KepyBaHHS, MIATPEIMYE TPOTOKONH 3B'a3Ky Bcix [1JIK Ta
KOHTPOJIEPIB OCHOBHMX OpEHIIB, MiJKIIOYAEThCS 10 xMapHoi rmatdopmu, OPC
nmoctyi, iHtepdericy po3podonuka HTTP, 3abesmeunts mocTym OO0 AOAATKIB Ha
orepaniiHux miatdopmax KopucryBauiB Android/ios, neperyisigy po6odoro croiy.
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Taka xkomOiHamis oGmagHaHHS (PUCYHOK ) IUII HOBOTO MOJEPHI30BAHOTO
CTEHIY 3 IOCIIUKEHHS PErylbOBaHOIO EJIEKTPONPHBOJA BEHTHIIATOPA € JIOCHTh
BJAJTIM NO€THAHHIM TIPU BUBYCHI PEKUMIB POOOTH TEXHOJIOTIYHOTO 0OJIaHAHHS,
PSKUMIB KEpyBaHHS EJEKTPOIPHUBOIIB, PO3POOKH CHCTEM aBTOMAaTH3amii B
teHneHmii [axyctpii 4.0.

YK 681.3
Tkauenko [[.I.l, Bouapos A.M. 2 Jucenko B.O. ?, [Tnpoxox AB?
! eryn. rp. E-327cn HY «3anopisbka mosiTexHikay»
2 ctya. rp. E-319m HY «3anopi3bka mosiTexHika
KaHJl. TeXH. HayK, o1 HY «3amopi3bka nomitexHika»

JITIATHOCTHUKA EJIEKTPOJBUT'YHA IITYAC HOT'O POBOTH I
MEPEJIGAYEHHS IOT'O PECYPCY

MeTa  OpPOCKTY:  pO3POOMTH  3aXOOW  JIIarHOCTYBAaHHS  MOTYXXHHUX
eJIeKTPOABHUTYHA TiT9ac Horo podoTa i mependaueHHs HOro pecypcy.

B mpomeci ekcrmmyaTtamii B CWiIy pIi3HHX TPUYWH: CTapiHHS  130JIAIIii,
MOPYIICHHS PEXXUMIB poOOTH. SIK HACIIIOK MOXIIMBI aBapiiiHi BUXOAH 3 Jaay M0
MPU3BOAMTE O 30WTKiB. Ha maHWii MOMEHT perymsipHO BUXOAATH 3 nany 21%
CJICKTPOJABUTYHIB. [IyIs1 3MEHIIEHHS MOXIIHMBHX BiIMOB EJICKTPUYHOTO JIBUTYHA
MOMEPeHbO CIIOCTEPITaeThCsl PEBEHTHBHE 00CIYroByBaHHs. ICHye IiarHOCTHKa,
Ky CKJIaHO peasli3yBaTH Ha MNpAIOI0YoMy OOJaJHAaHHI, TOMY EJIEKTPOJBHUIYH
BUBOAMTHCS 3 poOOTH mpoTaroM Micsis. IlepeBara mocTiiHOT AiarHOCTHKH 3a
OMOpPOM 130JIAIiT B TOMY, IO MOXXHA OIIBII TOYHO BH3HAYUTH IUHAMIKY, Ha
CKUIbKM 3Ha4€HHI 130Jis11i1 cTa0lIbHO, 00 HAa CKUIBKH 11l 3HAYEHHS 3MEHIIYIOTHCS.

3aBSIKM IBHJKOMY PO3BUTKY OOUYHMCIIOBAaJbHOI TEXHIKHM HAaOyBa€e BEIUKOTO
3HAUCHHSl 3aCTOCYBaHHS CHCTEM KOHTPOJIO, OCHAICHHS MAIlMH 1 MEXaHI3MiB
ABTOMATH30BaHOIO JIIarHOCTHYHOIO CHCTEMOI0 Ha 0a3i MikpokoHTpousiepiB. Lle
J03BoJIsiE  chOpMYBaTH CTPYKTYpy KOMIUIEKCY OOJNaaHAHHS JUIs JiarHOCTHKH
TEXHIYHOTO CTaHy eJICKTPUYHHUX MaIIHH.

Komruiekc ~ MicTUTH  CHJIOBY — YCTaHOBKY, JaT4MKH, iHTepdeiicy,
obuuncoBaIbHUIN OJI0K 1 IporpamHe 3a0e3neueHHs. 3aCTOCYBaHHS 1i€l CTPYKTYpH
BUIIPABAAHO B YMOBax O€3MEpepBHOTO BUPOOHHUOTO INHUKIY, I IMO3aIlIaHOBUM
BUXIJ i3 Jagy eIeKTpooOIagHaHHS TMOB'SI3aHWN 3 TEXHOJOTIYHHUMH IepepBaMH i
CepHO3HNM €KOHOMIUYHUM 30UTKOM. Jly’ke IepCIIeKTUBHUMH € MOOUIBHI IPHCTPOI.

Inest moctaButu mpuctpii BKC-611s1 KOHTpOIIO OTIOpY BHUHUKIIA Yepe3 Te,
0 JaHWK ImapamMeTp BHMiproBaBcs Bpy4dHy pa3 B 30 mi0, sSKHii 3aCTOCOBYBaBCS B
maxrTax IS TIOMEPEeIHbOTO KOHTPOJIO 130JIAMii OJUHOYHOTO TNpHENHAHHS. BiH
BUpIilIyBaB IIpo0IeMy aBTOMAaTHYHO BUMIPIOBAB OIIip 1 Ma€ 3B'I30K 32 IPOTOKOJIOM
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ModBus, mo 3pyuro mis ctBopeHHs SCADA i cTexxeHHS 3a cTaTHCTHKOT0. [Ticms
BUBYCHHS CXEM, MH NpPUHIIIN O BHCHOBKY, IO TMPHUCTPIA MiAXOTUTH i HOTrO
MOJKJIMBO BCTaHOBUTH B yMOBax [TAT «3amopixkcTaiby.

AJle KoM HEYacTO BHMHUKAIOTHCS JIBUTYHH 3aCTOCYBAaHHS HOTO OCOOIMBOTO
CCHCY HEMa€, TaK 5K OAWH JIBUTYH BHBOAWTHCS B PE3EPB, a IPYTHi BMUKAETHCS 1
HACTYITHE BMHUKaHHS BiAOyIeThCS HE CKOPO, OCh TOMY HMOTPiOHO Oyi0 3HAWTH iHII
pillIeHHs 3 ypaxyBaHHIM JJISl ICHYIOYOTO TE€XHOJIOTIYHOTO MPOLECY, KOJIU JIBUTYH
Npaloe He BUMHUKAIOYHCh TPUBAJIMK Yac ajie HEOOXiHO Bce PIBHO MPOBOAUTH
KOHTPOJIb OMNOpPY 130J1LiT B mpoleci eKclulyaTanii. BUBUMBIIM Iie NUTaHHS,
3'SBIIINCS 1715 BUKOPUCTOBYBATH METO/ BUMIipIOBaHHSI YaCTKOBHX po3psiniB. byio
3HaliIeHO TNPHUCTPi, SKUH MOXE «KOHTPOJIOBATH» CTaH 130Jsilii ABHI'YHa B
npoueci ekcruryatanii. Komu nBUryH abo reHepaTop Npalioe B HOPMalbHUX
eKCIUTyaTalllfHUX YMOBaX, OIEPaToOp IJKIIOYAE MPUCTPIH 10 3'€eTHYyBaJbHOI
KOpOOKHM JaBadiB 1 [0 IOPTAaTUBHOTO KOMITIOTEPA, HA SKOMY BCTaHOBIICHO
mporpaMHe 3a0e3meueHHs. AMIUTTYna, (a30BUA CTaH 1 KUIBKICTh IMIYJIBCIB
YaCTKOBUX PO3PSIiB, BUSBICHUX KOXKHHUM JATIMKOM, PEECTPYIOThCA, 1 X MOXKHA
BiZpasy meperisHyTH abo 30epertw i mojaisinoro aHamizy. Ha mokasm He
BIUIMBAIOTh 30BHIIIHI Tepemkoan (abo IMIyMHu), HampWKIaA, KOPOHHI pPO3psau
€HEepPreTUYHOi CHUCTEMH, €JEeKTPUYHOI JyrM Ha BHXIJHIH MmHMHI abo IHIIUX
MOUIMPEHHUX TPUYMH IIyMy. 3a3BU4ail BUIIPOOYBAaHHS MPOBOJSTH 3 MEPIOIUIHICTIO
MIBPOKY; BOHHM 3aiiMatoTh 30 XBHJIMH JUIsl KOXKHOT MaIlIMHU.

Takoxx Oysa 3ampOIOHOBAHA /i€ CTBOPCHHS aJrOPUTMY MOOYIOBH MOJEII
NPOTHO3yBaHHA CTaHy MABHUIYHIB 3a NPUHLMIOM CBiTIO(Opa. 3anpornoHOBaHI
MeToH MOOYJOBHM MNPaBHILHOTO NPOTPaMHOro 3abe3nedeHHs: Ta 0OpoOKM X
JaHuX. PoOounii mepcoHan IIBUAKO BBOJMTH AaHI B MOJENb i OTPUMYE T'OTOBHH
pe3yJsIbTaT, Micas OTPUMYE Pe3ysbTaTH KOJHM €JEKTPOABUTYH Oyne mepeOyBaTu B
JKOBTi 200 YepBOHIl 30HI, IO TOITOMArae Npy IUIaHyBaHHI PEMOHTHUX POOIT.

YK 629.3.033

JI6a6y3 M.IILY, ITuposxox A.B.2

! eryn. rp. E-327cn HY «3ariopispka momiTeXHiKa
KaHJ. TeXH. HayK, no1. HY «3amopi3bka mosiTexHika

CHUCTEMA KEPYBAHHS PYXOM MOBLUIBHOI INIAT®OPMH 3
OMHI-KOJIECAMH

Merta po0OOTH: CTBOPUTH MOOUIbHY TIaTGOpPMy 3 OMHI-KOJecaMHu 3
HE3aJIC)KHUM KEpPYBaHHSIM KOKHHM KOJIECOM Ta PO3POOHUTH CHCTEMY KepyBaHHS
pyXoM ii B pi3HHX HaNpsSMKax.
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MoOGinpHI po0OTH MOXKHA NONUIMTH Ha BUPOOHWYI, TPAHCIOPTHI Ta
cneniaibHi. BupoOHW4i MOOUTEHI po0OOTH HaldacTile MarTh MAHIYIATOP 3
BUKOHABYUM MPHUCTPOEM, SIKUM MOXKE OYTH 3aXOIUTIOI0YWi MpHUCTpid abo pi3Hi
TEXHOJIOTI4HI TIPUCTPOi, HANPHUKIAJ, 3BapIOBAIBGHUI NPHUCTPill, HpuCTpiil mms
pizannas, QapOyBanHs Tomo. Taki poOOTH BHKOPHCTOBYIOTBCA Y PI3HHX
TEXHOJIOTIYHUX TIpPOIlecax, A€ TEXHOJIoTiuHe oOjagHaHHA abo 00’extm Tpeba
MepeMillyBaTH Ha JIOCUTh BEJIMKHX ILIOIIAX 110 PI3HUM TPAEKTOPISM IEPEMIILECHHS.
TpancnoptHi  MOOiIIBHI  pOOOTM  NpW3HA4YeHI Uil aBTOMAaTU30BaHOIO
TPaHCIIOPTYBaHHSI 00'€KTiB, TaKOX sl BUKOPHUCTAHHS Yy PI3HUX TPAHCHOPTHHX
cucremax. CremiaiabHi MOOLIBHI pOOOTH MOXYTh BUKOHYBAaTH (DYHKIIIT KOHTPOJIIO
Ta 300py iH(popMallil, CIOCTEPEKEHHS TOILO.

Mo6inbHI poOOTH MOXKYTh OyTH IMOBHICTIO aBTOHOMHUMH, a0 TpaloBaTH
pa3zoM 3 OIepaTopoM B IHTEPaKTHBHOMY pexwuMi. [IpHKIagoM aBTOHOMHHX
POOOTIB MOXYTh OyTH TPAHCIIOPTHI POOOTH, IO OOCITYTOBYIOTH CKIIA/IH.

{06 mnatdopma MoOTIIa «IIOBEPHYTHCH HA MICI[i», a TAKOXX BITFHO pyXaTHCS
B JIOOOMY HAampsMKYy, IO JO3BOJHTH BHPINIYBaTH 'TPOOJIEMH HapaleibHOI
MapKoBKK" 1 3MCHIICHHSA TPAEKTOpPid PO3BOPOTIB Ta 3aTOpiB, HPUHHATO OYII0
pilIeHHs  CTBOPEHHS HEBEIHMKOI poOo4oi miargopMu 3 OMHi-KoiecaMu. Taxi
KoJieca MOXYTh HE TUIBKM 3aBJISIKM CWJIM TEepTS Ha IOBEPXHIO B OCHOBHOMY
HaINpsMKy IXHBOTO OOepTaHHsS pyXaTH TPaHCIOPTHHUI 3aci0, siK i Oynb-sKe iHIle
KOJIECO, aJIe TaK K BOHM MAlOTh [TACHBHI POJIMKH, HAIPSIMOK OOEPTaHHS SIKHX - SIK
NPaBUJIO - OPIEHTOBAHUU MEPIICHANKYJSIPHO 10 OCHOBHOI'O HAIpPSMKY OOepTaHH:
KoJieca, BOHM MOXYTh CTBOPIOBaTHM pPYXU B IHIINX HampsMKax 3 HEBEJIHKHUM
TepTsAM. [CHYIOTB pi3Hi THIIM BCEHANpPAaBICHUX Kodjic. Ti, 110 BUKOPHUCTOBYBAIKCH
Ha TI0YaTKy pPO3POOKH, CKIAJAlOTBCI 3 BOCBMH pOJIKIB 'y ¢opMmi 0oukw,
PO3TalIOBaHKX Yy ABA CYCiTHI PSIOW, O YOTHPH POJMKA Ha KOXKHOMY PiBHI, SKi
3MinieHi mo Koy Ha 90 © i 3a0e3MeuyroTh TOTHK 3 MOBEPXHEIO MPH OYIb-SIKOMY
KyTi oOepTaHHs Kojeca. Taka KOHCTpyKILisl J03BoJIsie 3a0e3neuyBaTh Oe3rnepepBHe
«o0epToBe» NepeMilieHHs I1aT(GOpMH.

Hdnst motopu3auii miaTpopMH BUKOPHUCTAIM YOTHPH CEPBOJABUTYHH 3
okpeMHMH JpaiiBepamu. I[lepeBara TyT MOJSITaE B TOMY, LIO € MOMJIHUBICTh
peryiioBaHHsS IUBHIKOCTI i HampsMKy oOepTaHHS KOXXHOTO Kojeca OKPEMO.
Kepyrouoro mmaroro Oyma Arduino Nano, ska posmilieHa Oe3rocepeiiHbo Ha
miatdopmi. B mporpami € cucrema kepyBaHHS KOKHHMH KOJIECOM OKpPEMO, aje
Mpallfoe 3 yciMa MPUBOJAMH OJTHOYACHO.

Janxi mpoBoguiuch BUIPOOOBYBaHHA Ha Wi MoOUNBHIN mnardopmi 3
pI3HOMAaHITHUMH KOMOIHAIIISIMA CHIBBIJHOIICHb IIBHIKOCTEH ¥ HAMpPSIMKIB
o0epTaHHsI KOXXHOTO Koyleca Ta (ikcyBaynmcs crnenudika pyxy miarpopmu B
uinomy. byna crBopena kapTa koMOiHaLiil KepyIOUHX 3aBAaHb Ul Maixe Jr000ro
pyxy miatdopMu, MU 3MOTJIM «3aCTaBHTH» PYyXaTHCh IUIATGOpMY B OyIb-SIKOMY
HanpsMKy: BIepel, Ha3al, BOIK, pO3BEpTAaTHCS Ha MICTi, IO JiaroHajsx Oe3
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obepranHs IaThOpMH, B KyTOM 3 pO3BEepTaHHAM Imiardopmu i inme. Llei
JOCBIl  JIETKO IIEPEHECTH Ha YOTHPHOX KOJICHI IUIATPOPMH IMO MOXYTh
BHUKOPHCTOBYBaTUCh B CKJIAJCHKHX IMPUMILICHHAX HPU OOMEKECHHX TPAEKTOPIAX
PYXy, OCOOJMBO iX MOMJIHMBICTH PO3BEpTAaHHA Ha MiCIli ¥ PyXy B OyIb-SKOMY
HanpsMKy 0e3 00epTaHHS.

Jani 1utaHyeThCsI TPOBECTH AOCHIKEHHA PyXy MOOINBHOI ImiathopMu 3
ypaxyBaHHSM 3MiHM HaBaHTa)KEHHS, YW HE 3MIHUTHCS XapakTep pyXy M SK Ha Ie
MOXKHA BIUIMBATH 3 OOKY CHCTEMHU KepyBaHHs. Tako IJIaHYEThCS B MOAAIBIIOMY
POBIIISTHYTH MOXKJIMBICTh BHKOPUCTaTH Ha YOTHPHOX KOJICHIH Iuatdopmi Kodic
[nona, 3 xocum pO3TalllyBaHHAM POJIMKIB 110 MEPUMETPY KoJjeca, 10 301IbLIMTh
BaHTa)XKHICTh MOOLIBHOI MIaTGOPMH, a TAKOXK JOCTIIUTH Yi po3poblieHa cucTeMa
KEepyBaHHS pPYyXOM TMpHAATHA Ui BUKOPHUCTAHHS 3 TaKUMH KOJeCaMHd 1 4YH
30LIBIINTE 1Ie MAHEBPEHICTH TTAT(HOPMHL.

YK 681.5

[lynes ALl [Tupoxox AB?

! eryn. rp. E-327cn HY «3amnopispka momiTexHikay
KaHJl. TeXH. HayK, fo1. HY «3amnopi3bka nomitexHika»

CUCTEMA KEPYBAHHS EJIEKTPOIIPUBOJAMM ITOJAYI
CTAHUHU MOPTAJIBHOI'O THUITY

Mera mnpoeKkTy: pO3pOOMTH MPHUCTPIN Ul KEpyBaHHS IEPEMIIEHHIM
po6oUOro oprany o TPhOM OCSIM 3 BUKOPHCTAHHSIM KPOKOBHX €JIEKTPOIIPUBO/IIB.

Cy4acHuil TeXHIYHMH TpOrpec IMOB’S3aHUil 3 IIUPOKUM BUKOPUCTAHHIM Yy
BUPOOHMITBI 3aco0iB OOYMCIIOBAILHOT TEXHIKM Ta IPHCTPOIB 3 HYHCIOBUM
MporpaMHUM KepyBaHHSIM. Cy4dacHe BHPOOHMIITBO BXKE€ HE MOXIUBO YSBHUTH 0e€3
KOMIT FOTepU30BaHOi TexHiku, amke cucremu UIIK 3HauHO cmporiyroTs poOoTy,
E€KOHOMJIATH CHUPOBHMHY Ta Marepialii, JO3BOJISIOTH BHKOHYBATH TSDKKY pOOOTY
Maibke Oe3 BTpy4YaHHS JIIOJMHM Ta 3HAYHO MiJABHINYETbCS €(PEKTUBHICTH
BUPOOHMIITBA.

PosrsnyTHii mpUCTpii siBisie co0010 CHCTEMY 3 YHCIOBHUM IIPOTPaMHHAM
KEpyBaHHSM, sIKa 37[aTHa MEepeMillyBaTH poOOUYMi OpraH 1Mo TPHOM KOOpPJHHATaM.
Pob6oui opraHu mpHBOAATECA OO Aii 32 JONOMOTOI0 KPOKOBHX MOTOPIB Ta
4yepB’sI9HO nepeaadi.

B 3anexHocTi Bix moTped KOPUCTyBaya JO MPUCTPOIO MOXIIUBO IiJ €THATH
pi3HI poOoYi OpraHu TaKi K Ja3epHUNA MOIYJb, TBUTYH 3 IIAHTOBUM TPUMadeM ISt
MOJXKITUBOCTI Oprasizailii ¢gpe3epyBaJlbHUX YU CBEPUIMIBLHUX POOIT, MapKep 4H
KyJIbKOBY PYYKYy JJII BHUKOPHCTAaHHS B SKOCTI IMPOCTOTO IUIOTTEpa Ta IHIII.
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[Iporpamue 3a0e3neUeHHS € YHIBEPCATBHUM 1 MPH 3MiHI pOOOYOro OpraHy HEMae
moTpeOH 3MIHIOBATH IpOTpaMHe 3a0e3edeHHs .
Ipwu 36ipmi mpucTporo Oy BUKOPHCTAaHI SK BUTOTOBIICHI BIACHOPYY JeTalli

Tak 1 yHIBepCaNbHI [eTalli 3aBOJCBKOTO BHKOHAHHS. BnacHopya Oymo
3MOZETHOBAaHO Ta po3ApykoBaHO Ha 3D mpwHTEpi OCHOBHI BY3JOBI Aemaii
(pucyHoxk 1).

Takox OynM BHMKOpPHCTaHI JeTalli 3aBOACHKOIO BHKOHAHHS Taki SK
KaniOpoBaHi Baji, My(TH, JiHIHHI MiAMKUITHUKY, YepB’IYHI BAJIM Ta raiiku. Y Beiit
KOHCTPYKLii OyJM BUKOPUCTaHI MiIIINIHAKN OJHOTO THITYy Ta PO3MIipy Lie JiHiiHI
migmunankn  LM6UU. YV s xocti BaliB  BHKOPUCTOBYIOTHCSL KaniOpoBaHi
3arapToBaHi Bajnu JiamMeTpoM OMM. IlepemimieHHs mo ocsM BinOyBaeThbes 3a
JIOTIOMOT' 010 Ilepe/iadi TBUHT-Taiika. byiu BUKopucTaHi 4epB’sIMHUH BaJl liaMeTPOM
8MM 3 kpokom 3yOmiB 2MM. Takoxk anms 3’€QHAHHS XOOOBOTO TBHHTA 3
CJICKTPOJBUI'YHOM Oyila BHKOPHCTaHa mepeximHa My(Ta, Tak SK giaMeTp Baiy
JIBUTYHa 5SMM, a JiaMeTp XOJ0BOTO TBUHTA 8MM. [[JIsi MaKCUMaJIbHOTO CIIPOIICHHS
KOHCTPYKIIi 1 3MEHIIEHHs KiIBKOCTI PI3HOMAHITHUX JeTajieil Ha BCiX TPHOX OCSIX
Oyy BUKOPUCTaHI OJJHAKOBI BAJIH, ITiIIIMITHAKY Ta XOJIOBi TBUHTH.

3

Pucynox 1 - OcHOBHI By3JI0BI JieTali IIOTTEpa.

EnexTpoHHa 4YacTHHA CKIIQA€ThCSl 3 IUIATH KepyBaHHs, JpaiBepiB Ta
KpPOKOBUX eyekTpoaBHryHiB Ty NEMAI17. Ilnatoro kepyBaHHS B JaHOMY
Bunanky 3 Arduino UNO 3 mikpomporiecopom Atmega328p.

IMporpamua 4dacTMHa BKIIOYae B cebe yHiBepcalbHE IpOrpaMHe
3abesneuenHss GRBL Tta mporpamy kepyBaHHS BCTaHOBJIEHY Ha IEpCOHaIbLHUI
komir'rorep. IlporpamyBanHst BinOyBaeTbest 3a jpomomoroto G-xomy. G-xox €
3arajlbHOI0  Ha3BOIO  JUIl  HAaWOUIbII  IIMPOKO  BHUKOPHCTOBYBAaHOI  MOBH
MpOrpaMyBaHHS YHCIIOBUM NPOTPaMHUM KEpyBaHHSM, sika Ma€ Oarato peajizamii.
3aCTOCOBYIOTh ~ 37€OUIBIIOIO B Tally3l  aBTOMaTH3alii, €  YacTHHOIO
AaBTOMATH30BaHOTO MPOEKTyBaHHs. B 3aransHoMy, G-KOJ — Lie MOBa, SIKOIO JIFOAU
B32EMOJIIIOTH 3 KOMIT'IOTEPU30BaHUMHU BEpCTaTaMH, 32/1al0Th iM IO POOUTH 1 sIK 1€
3pobuTH. «SK» BH3HAYAETHCS THCTPYKLIAMH PO TE, A€ MEPeHTH N0 (MMOBEPHYTH
ab0 BHKOHATH [Iif0), K IIBUAKO PYXaTHCA, 1 KOO TPAEKTOPIEIO TMEePEMIlTyBaTHCS.
IIporpamue 3a6e3nedenHss GRBL e mpoekT 3 BiIKpUTUM BHXITHHM KOJIOM
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pO3poOIeHUH criemialibHO JUII BHUKOPUCTAHHS €HTY3iacTaMd I TOOYIOBH
HENPOMHCIIOBUX BEPCTATIB 3 YUCIOBHM IIPOTPAMHHUM KEPyBaHHAM.

YK 681.5
Kazyposa A.€.}, Ilpamak K.M.?

KaH/I. TeXH. HayK, nou. HY «3anopi3pka mositexHika
ZCTyI[. rp. E-319m HY «3anopi3bka momitexHika»

PEI'YJIAATOP 3MIHU BUTPAT ITAJIMBA B KAMEPI 3I'OPSIHHS.
IHOPIBHSIHHA METOAIB HAJIAIITYBAHHSA

IcHye mpobGnema 3a0e3nedeHHs] MIHIMAJIbHOTO TIEPEPEryNIOBAaHHS BUTPATH
najMBa IpH Nepexo/ii 3 BUKOHAHHS 3aKOHY 3amajieHHs kamepu 3ropsiaHs (K3) 1o
BUKOHAHHSI 3aKOHY DPO3TOHY poropa raszorypOinnoro nsuryna (I'TJl) mpu #oro
3amycky. BupimeHss 1iei 3agaqi 1o3Bojie 3amo0irTH 3racaHHI0 KaMepH 3TOpsIHHS
TicIis 11 3amaieHHs 1 3a0e3MeYNTH HAIIHICTh 3aIyCKYy JBUTYHA.

[Ipu BupimeHHi mocTtaBieHOi 3amaui Oyma moOyaoBaHA dYacoBa Jdiarpama
3amycky I'T/l, Ha sikiif 300pakeHO TPHUBAIICTh KOMaHJI, SIKi BKJIIOYAIOTHCS ITiJ] 4ac
nmycky asuryHa (puc. 1). Ha puc. 1: IIIIPII — npunuHenHs monadi pobodoro
nanuBa; BxkallTC — nopava moBiTpst 10 moBiTpsiHOTO TypOocraprepa; BkiaA3 —
BMUKaHH: arperartiB 3ananeHsst; [1I1I1 — noxava myckoBoro nanusa.

KoMaHIH -
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Pucynoxk 1 — Yacosa piarpama 3amycky I'T/I.

3amaHe 3HAYCHHS BHUTPATH TalMBa, HEOOXiMHE JIUIsl MiITPUMKH TOPIHHS
KaMepH 3TOpsIHHS IBHI'YHA, CKJIAJa€ThCsi 3 [BOX 3aKOHIB KEpyBaHHS: 3aKOH
3amaneHHss K3 Ta 3akoH poO3roHy poTopa ABHUTYHa IIPH 3amycKy. 3a KiUJIBKICTh
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NaJIMBa, SIKE MOJAETHCA O JBHTYHA, BIANIOBINAE PErYJATOP 3MiHH BUTpAT IIajIHMBa B
K3. B poGoti Oymo 3mificHEeHO HajmamTyBaHHS PETYIATOpPAa JBOMa METOJaMU:
HaJAIITYBAaHHA Ha MoOAympHHHA ontuMyM (MO) Ta HajmamTyBaHHS METOIIOM
kopeHeBoro roxorpada. IIpu Hamamrysanai Ha MO otpumanu IIl-perymsarop, a
TIpY BUKOPUCTAaHHI MeTO1a KOPEHEBOTro rojorpada 0yio orpumano I1-perymsrop.
Ha puc. 2 npeacTaBiieHi pe3yabTaTH MOJCTIOBAHHS CHCTEMH aBTOMAaTHYHOT'O
perynoBaHHs 3MiHM BHTpaT nanuBa B K3 mpu pi3HMX MeTOAax HalallTyBaHHS

perynsaTopa.
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Pucynok 2 — Pesynpratu MmogemoBanus: 1 — I1 perymsarop; 2 — I1I perymstop

Sk BuaHO 3 rpadikiB, MBUAKICT MEPEXiTHNX MPOLECIB TPOXH BiAPI3HIETHCS.
3 puc. 2 BugHo, mo npu BukopucranHi [lI-perymsropa mnepeximHuii mpoiec
BinOyBaeTscs mpubamsHo 3a 0,45¢, a mpu BukopucranHi [I-perymaropa — 3a 1c. I11-
pEryisaTOp Mae BHCOKY IIBHJKOJIIIO, aje HMPUCYTHE MEPEeryJIoBaHHs, siKe, B CBOIO
yepry, He BUXOIUTH 3a Mexi 4,3%. OCKiIbKM TOMHJIKA JOPIBHIOE HYJIO, TO
CHCTeMa BBXKAETHCS AaCTATHYHOIO. Y BUIAJKy BHKOpHcTaHHs II-perynsitopa
mporec BiOyBaeThCcsl 0€3 MeperyinoBaHHs, alle Ma€ CTaTUYHY TOMUIIKY, sSKa HE
nepesuiye 5%. OOUABI cHCTEMH 3aI0BOJILHSIOTH HAITUM BUMOTaM, aie Bce x [11-
perymsatop Oyae KpaluMm il 3afadi, 10 PO3IJISNAETHCS, OCKUIBKM BiH Mae

MIBUALIMHN MEPEeXiJHUH Mpolec.
Takox B poOOTI Oyno IPOBEJEHO MaTeMaTHYHE MOJEIIOBAHHS CHCTEMHU

KepyBaHHs nojavi nanusa 10 K3 B pexxumi 3amycky I'T.
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YK 681.5

Kazyposa A.€.", Jlucenxo B.O.?

kamz. Texn. Hayk, nom. HY «3amopizbka momiTexHikay
2cryn. rp. E-319m HY «3anopisbka momiTexHika»

CHUCTEMA ABTOMATHUYHOI'O PEI'YJIIOBAHHS
MHNPOAYKTUBHOCTI CTPIYKOBOI'O JO3ATOPA

Jns 3abe3neueHHs Oe3MEpEepBHOCTI IPOLECIB  TPAHCIIOPTYBAHHS PI3HHUX
BUAIB BaHTaXIB 1 MaTepiamiB, Maibke y BCIX Taly3siX MPOMHCIOBOCTI
BUKOPUCTOBYIOTHCS ~ CTPi4KOBi ~ TPaHCHOPTEPH. X 3aCTOCYBaHHA —J03BOJISE
JIOCTABJIATH JI0 HOTPIOHOrO O0'€KTy INTYYHI BaHTaXi 1 MaTepiajM, W0 MaloTh
CUMY4y/KyCKOBY CTPYKTypH. CTpiUuKOBI TPAHCIOPTEPH TAKOX BUKOPUCTOBYIOTH
JUISL TO3YBaHHS CUIyunx marepianiB. CTpiYKOBI BaroBi 103aTOpH NMpH3HAYEHI IS
Oe3nepepBHOrO JMHAMIYHOTO 3BaKYBaHHsS 1 JO3yBaHHs CHUIyYUX MarepialiB B
TEXHOJIOTIYHUX MpOLeCax METANypriifHOi NPOMHCIOBOCTI, a TaKOX Ha
MiANPUEMCTBAX ILEMEHTHOI, TIpHMYOPYIHOI, BYIUIBHOI Ta IHIIMX Taimy3sx
TIPOMHCIIOBOCTI.

B poboti posmispanack 3agada ONTHMI3AIlil 3allOBHEHHS JIOTKA CHILYYHM
Mmatepiatom. KoHTpoms Macw [030BaHOTO MaTepialy 3IiHCHIOEThCS — abo
3Ba)KyBaHHIM HOTO B JIOTKaX, a00 Ha KOHBeepi. OCKUIBKM 3BaXKyBaHHS MaTepiairy
BUKOHYETBCS B JWHAMIIi, TO TMOXHOKa BUMipIOBaHHS Hocsrae 5%. g Oimbmr
TOYHOTO JIO3yBaHHS MaTepiajd TIoJaeTbcs 3 OyHKepa, BCTAaHOBIEHOTO Ha
JMHAMOMETp. 3Ba)KyBaHH: MOXE MPOBOJUTHUCS SK B JTUHAMIYHOMY PEXHMi, TaK i B
CTaTHYHOMY pexuMmi. B npoMy BHnajnky moxuOKy BHMIPIOBAHHS MOXHA 3HH3MTH
1o 1-2%.

Hozarop (puc. 1) mpu3HAYeHW# A THepenadi CHIydoro marepiany, 10
HaaXoauTh 3 OyHkepa 1 B joTok 4. JloBKMHA TpaHCIopTepa AOpiBHIOE L M.
HIBUAKICTE pyXy CTPIUKH 3, sika MPUBOJMUTHCS B PyX €IEKTPONPUBOAOM 5, CKIIANAE
vV M/c. Sxmo B mMomeHT 4yacy t = 0 3MIHHTH CTYNiHb BIIKPHUTTS PEryJIbOBAHOI
3aCIIIHKM 2, TO HAJXO/KEHHS MaTepiaiy 31 CTpiukH B 3MinryBad 4 BinOyneTbcs He
BiZpa3dy, a JMIIe 4epe3 AeAKWil 4ac. 3aciiHKa BIIKPUBAETHCS 1 3aKpUBAETHCS 3a
JIOTIOMOTOI0 TIPUBOJY, SIKMM BKIIIOYA€ JBUTYH 3 PEAYKTOpPOM. Maca CHITydoro
Marepiany B 3MilllyBadi KOHTPOJIIOETHCS 32 JIOIIOMOTOI0 TMHAMOMETPUYHUX Bar, a
TMOJIOKEHHSI 3aCTIHKY — KOJJOBUM JIATYUKOM.

Cucrema peryItoBaHHS IIOBHHHA 3a0€311edyBaTH HACTYITHI TOKa3HUKH SIKOCTI:

- IepepeTyIIOBaHHS BiJICYTHE;

- 4yac TIOBHOTO BiAKpUTTA 3aciinku t =15 c;

-9qac TIEpexiJHOTO TPOLECy 3alOBHEHHSA JIOTKA CHIy9HM MaTepiaioMm
MMOBUHEH OyTH MiHIMaJbHUM.
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Pucynox 1 — Cxema CTpiuKOBOTO [103aTOpa, SIKHI PU3HAYCHUH U Iepeaadi
CHUITy4YHX MaTepiajiB.

Jnst BUpIlIEHHST OCTABJICHOI 3a1a4ui B poOoTi OynM CKiIaJeHi MaTeMaTHyHi
MOJIeTi JIBUTYHa, PENyKTOpa, 3aciiHKM Ta TpaHcrnopTepa. Cucrema KepyBaHHS
3aIOBHEHHSIM JIOTKa CUIIyYHM MaTepiajloM BUKOHAaHA JIBOKOHTYpHOIO. BHyTpinIHIl
KOHTYp KEpY€ IOJIOKECHHIM 3aCTiHKH, a 30BHINIHIA — 3aIIOBHEHHAM JOTKa. [Tomryk
koe(illieHTIB peryasiTopiB BUKOHYBaBcs 3acobamu Matlab, 3a nonomororo 610ka
NCD Outport (Signal Constrain) 3 6i6mioreku NCD Blockset.

Ha puc. 2 300paxkeHa KiHIleBa ONTHMi3amiifHa KpHBa TPHU BiANPaIOBaHHI
3aBIaHHA 1T.

S
a6
0.4
oz

-,

| | 1 i t
o 16 0 £ a0 L] ("] 0 B0 £~ we ©

Pucynok 2 — Iepexigauii mporiec B CHCTEMi KepyBaHHS CTPIYKOBUM JJ03aTOPOM
IIpH K03yBaHHI 1T Martepiamy.

Buxonsun 3 MojentoBaHHS 4ac IEPEXiJHOTO INpolecy NMpH Jo3yBaHHI 1 T
ckiazae 85 ¢, mepeperysoBaHHs B CUCTEMI BiZICYTHE.
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YK 621.3.07

3amyxHui M.IO.l, TuMomeHKo ,Z[.O.2

! crapm. Bukn. HY «3amnopiskka mosmiTexHika»

2 eryn. rp. E3-319m HY «3amopisbka momiTexHikay»

PO3POBKA CTEHAY JOCILIKEHHS 3AKOHIB YACTOTHOI'O
PEI'YJIIOBAHHA

Cdepa 3acrocyBaHHA €JIEKTPHYHOTO TIPHBOAY B MPOMUCIOBOCTi, Ha
TpaHCTIOpTi 1 B mMoOyTi MoCTiifHO po3mupioeTscst. B nanuii wac Bxe moHax 60%
yciei  BHpOOMIOBAaHOI B CBITI  €NEKTPUYHOI  €HEPrii  CHOKUBAETHCS
enektpoaBurynamu. OTxe, e(EKTHBHICTh CHEPro30epiralouMx TEXHOJOTIH B
3HAYHIH Mipi BU3HAYAETHCS €(HEKTUBHICTIO CIICKTPOIPUBOTY.

3acToCcyBaHHSI IEPETBOPIOBAYIB YaCTOTU B PErYJIIbOBAHOMY EJIEKTPOIPHUBOJII
CTBOPIOE CBOI IepeBary, MpoTe MOXKHa 3ITKHYTHCS 3 IPOOJIeMOI0 BUOOPY crOCo0y
peryiioBaHHS JJsi TEBHOTO NpPUBOAY. B 1boMy BHMIanky MOXyTh OyTu
BUKOPHCTaHI po3po0iieHi (i3uuHi Ta MaTeMaTH4HI MOJIEJI IepEeTBOPIOBAaY YaCTOTH
- ACHHXPOHHHMH JBUTYH, 32 JOIIOMOTOIO SKHX MO)KHa BHOpaTu HEOOXiTHUH MeToq
PETyITIOBaHHS.

Mertoto pobOTH € po3poOKa HOBOTO CTEHAY MOCIIKEHHS EeJNEeKTPONPHUBOLY
Ha Kagenpi EIIA 3a momomMoror Cy4acHOTo IIepeTBOpPIOBAada YacTOTH Ta
CTBOPCHHS IMITalifHOT MOJIEIT.
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Pucynox 1 — [IpuHIunoBa cxema CTeHLy.
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Ha pucynky 1 mnoxa3zaHa npuHuunoBa cxemMa crTeHny. Ha pucynky 1
npuiHATH HacTynHi mo3HauyeHHS CPH — cucrema perymioBaHHS HaBaHTa)KCHHS,
IIY — neperBoproBau uactoru; TI' — Ttaxorenepatop; E — enkogep; EMIT —
€JIeKTPOMAarHiTHE rajJbMo.

[IpuHIINIIOBAa OCOOIUBICTH POOOTH 1€ PO3POOKA ENEKTPOMATHITHOTO TajbMa,
32 JONOMOTOI0 SKOTO MOXIIMBO OyAe eMiTyBaTh pi3HI XapaKTePHCTHUKU
HaBaHTaxeHHs. [lepeTBoproBau yacToTH OyAe MiAKIIOYEHO A0 IEPCOHAIBHOTO
KOMIT F0Tepa, 1€ JI03BOJIUTH 3HATI MEXaHIuHi, eIeKTPOMEXaHi4Hi Ta PeryioBalbHI
XapaKTEepUCTUKW JaHOrO CTeHAy. byne pospoOiieHa iMitamiiiHa Monenb
ACHMHXPOHHOTO €JIEKTPONIPUBOY 31 CKAJSPHUM 1 BEKTOPHHM YIpPAaBIiHHS 31
3BOPOTHHM 3B'SI3KOM 3a IIBHUJIKICTIO B cepenoBumii Simulink.

CIIACOK BUKOPUCTAHOI JIITEPATYPH

1. Tepexos, B.M. Cuctemsl ynpaBieHUS 3JICKTPONPUBOJOB: YUEOHUK (IS
cTyn. Bbicul. yued. 3aBenenuid / B.M. Tepexos, O.M. Ocunos; Iloxg pen. B.M.
Tepe- xoBa. - M. : 3narensckuii neHTp «Axanemus», 2005. - 304 c.

2. HementseB, 0. H. Dnexrpuueckuit mpuBom: ydebHoe mocobume. /
HementreB 0. H., Uepnsimes A. 0., Uepnsimes 1. A. - Tomck: Uzn-so TIIY,
2010. -232c.

VYconpueB, A.A. DnekTpudeckuid mpuBojg/YdueOHOe mocobue / YconbleB
A.A. - CII6: HUY UTMO, 2012. — 238 c.

3. Makapos, A. M. CucteMsl yIpaBleHHS aBTOMAaTH3UPOBAHHBIM 3JIEKTPO-
MPHUBOJIOM TTEPEMEHHOT0 TOKa: yueb. mocodue / A. M. Makapos, A. C. Ceprees, E.
I'. Kpsutos, 1O. 1. Cepnodunues; BonrI'TY. — Bonrorpaz, 2016.— 192 c.

4. Tepman-T'ankun, C.I'. Matlab & Simulink. IIpoekrupoBanue me-
xatponnsix cucteM Ha IIK. / C.I. I'epman-T'ankun — CII6.: KOPOHA-Bek,
2008. — 368 c.

YK 681.5

Jleer C.T. *, Bepexruii O.10. 2

! crapur. Bukn. HY «3anopispka nomitexHika»

2 cryn. rp. E3-618/2 HY «3anopisbka momitexmikay

CTBOPEHHH BILVIA IINTAHEPHOI'O THUITY 3 EJIEKTPOITPUBOJJOM

Meroto poboti € po3poOka Ta OOIPYHTYBaHHS TEXHIUYHHX pILIEHB,
CIPSIMOBAHNX Ha CTBOPEHHS OE3MIIOTHOIO JIITAJIbHOTO anapary IUIAHEPHOTO THITY3
CJICKTPOIIPHUBOJIOM.

B poboti mposenenuit ananiz icHytounx koHctpykuiii BITJIA mianepHoro
THITY 3 €JIEKTPOIIPUBOIOM Ta 0COOIMBOCTEH enekTponpuBona BITJIA Takoro tumy.
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Hns cucremu kepyBauHs BITJIA Oyno BUKOPHUCTaHO TONBOTHHN KOHTPOJIEP
APM 2.6 Ha ocHOBI KOoHTposepa Arduino Mega 2560.

Ha ocHoBi anamizy po3paxoBana koHcTpykuis BIIJIA Ta emexrponpuBoma Ha
6a3i monpoTHOTO KOHTposepa ArduPilot Mega. I[TonpoTHmi? kKoHTpOIEep ArduPilot
Mega € mnoBHOmiHHUM pimeHHsM ansi  BIUUIA, skuii  1o3Bomsge  KpiMm
PamioOKepOBAaHOTO MUCTAHIIHHOTO MNOTYBAaHHSI - aBTOMATHYHE KEPyBaHHS IIO
3a3Jaeriib CTBOPEHOMY MapUIpyTy, TOOTO IOJIT IO TOYKaM, a Tak caMO Mae
MOXIIMBICTh JIBOCTOPOHHBOI IIepefavyelo TEIEMETPUYHUX JaHUX 3 OOpTy Ha
Ha3eMHy CTaHLio (TenedoH, IUIaHIIET, HOYTOYK 1 1H.) 1 BEAEHHsS XXypHaIy Yy
BOy/I0OBaHY I1aM'sITb.

Pucynoxk 1 - Ileatp mac BITJTA

Bin 3acHOoBaHmif Ha aBTOMUIOTI APM 2.X, sIKi pO3pOOIAIOTECS CIITBHOTOIO
DIY Drones i 6a3yerbcsi Ha open-source MpOeKTi, IO JI03BOJISIE MEPETBOPUTH
Oynp-sKMii amapaTr B aBTOHOMHHH 3aci0 i1 e()eKTHMBHO BHKOPHUCTOBYBAaTH HOTO He
TUIBKA B PO3BRXAIBHUX LUIAX, ajie 1 JJIsI BUKOHAHHSA NPOQECiHHUX IPOEKTIB.
Xapakrepuctuku: Arduino cymicHuil KOHTpousiep, sKMH BKIIO4Yae B cebe 3-X
OCBOBHI TipoCKOm, akcemepomerp, Oapomerp, 4 MO dnem-nam'ati mus
ABTOMATHYHOT'O 3aIICY JaHUX MOJBOTY, BiAKpuTHid Buxigaui kog, ATMEGA2560
1 ATMEGA32U-2 koHTpOJIepH, CEPETHI PO3MIPH .

Ha ocHOBI po3paxyHKy CTBOpEHa e€KCIIEpUMEHTaJbHa MOJENb, fKa
miaTBepamia nparesnatHicts BITJIA.

[TpakTHyHa IHHICTH pe3yNbTaTiB POOOTH MOJIATaE B TOMY, IO pO3podieHa
koHCTpyKUist BIIJIA 3 enekrponpuBOIOM JO3BOJISIOTH CTBOPUTH IPOCTUH Ta
Henoporuit BITJIA nyisg mupokoro kojia 3acTOCyBaHb.
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! crapm. Bukn. HY «3amnopiskka mosmiTexHika»

2 eryn. rp. E3-319m HY «3amopisbka momiTexHikay»

JOCILJKEHHSI CUCTEMU KEPYBAHHS AHTEHOIO HA BA3I
BEHTHUJIBHOI'O IBUT'YHA

VY cygacHOMy MOpPCBKOMY (JIOTI BHKOPHCTOBYIOTH TPHUBICHI KOpaOembHi
aHTEHH AT CYNpPOBOAY KOCMIYHMX amapaTiB, 3B'A3Ky 3 LEHTPaMH YIIPaBIiHHS
pyxoMm cyneH, Oe3mepebiitHoi poOoTH HaBiramii, B 3aralbHOMY, IUII pOOOTH BCIX
cucteM KopaOisi, sIKi HOTpeOyIOTh BHMKOPUCTaHHS CHUCTEMH CYIyTHHKOBOI'O
3B's13Ky. OJHMM 3 HaWOUIbII aKTyaJbHHX IUTaHb CTBOPEHHS Ipane3aaTHOl
KOopaleJIbHOT aHTEeHH € PO3pO0Ka CTEXKUTh Oe3peIyKTOPHOI CHCTEMHU HABEIICHHS,
mo 3a0e3neuye TOYHICTh HABEJCHHS EJIEKTPUYHOI OCi aHTEHH B IOTPIOHOMY
HarpsMKy B yMOBaxX KaukKu KopaOs.

BentunpHi apuryHu (pucyHok 1) - 1ie mpucTpoi, B SIKHX MarHiToeJIeKTpUYHa
CHHXpPOHHA MalllHA 3 CHHYCOINaJbHUM PO3IOALIIOM MAarHiTHOrO IOJSA B 3a30pi €
YaCTHHOIO 3aMKHYTOI CHCTEMH 3 BHUKOPHCTAHHSIM JaT4WKa IIOJIOXKEHHS poTopa
(AI1P), meperBoproBada koopauHat (IIK) i aBTOHOMHOTO iHBepTOpa. Dopma
MAaTrHITHOTO TIOJISL B 3a30pi 00yMOBIIIOE criocid GpopMyBaHHS HAmpyru (CTpymMy) Ha
BUXOJi aBTOHOMHOTO iHBepTOpa. ¥ BCHTWJIBHOMY JIBUTYHI Ha BUXOII iHBepTOpa
HeoOxinHO (opMyBaTH CHHYCOINANbHUN CTPYM, ILIO JOCATAETHCS 33 DPaXyHOK
CHHYCOIJAJIbHOT LIMPOTHO-IMITYJILCHOT MOJIYJIALIT B iHBEPTOP.
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Pucynox 1 — @yHKI1iOHaTbHA MOJIENTE BEHTHIIBHOTO JIBUTYHA

IaBepTopHa Momysatis BinOyBaerscs B [1K, mpu npomy curnan Ha Bxozi ITK
BH3HAYa€ aMIUTITYAy MOJEIIOE CHTHANTy, a CUTHAJI 3 JIaTYMKA MOJOXKEHHS POTOpa
(KyT IOBOPOTY poTOpa) BU3HA4Ya€ MUTTEBY (pasy. TakuM 4MHOM, 32 paXyHOK 3MiHH
BXIJHOTO CHTHAIY, 31 CHIOETECSI PETYJIIOBAHHS BEHTHIBHUM JBUTYHOM.
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Ha 06a3i po3pobnenHoi cmpomieHoi Mozeni BEHTWIBHOTO JABUTYHa Oyia
CTBOpPEHa MOJENb KOHTYPY PEryTIOBaHHS IIBHUAKOCTI(pHCcyHOK 2 a). Ha momemi
OTpHMMaHI TIepeXiTHi XapaKTepUCTHKH (PUCYHOK 2 0).

a -
KOHTYP PeTYITFOBaHHS IIBHIKOCTI, O - T/ IT B KOHTYPi peryJIFOBaHHS MIBUAKOCTI
Pucynok 2 — [pusig KyTy.

Ha pucysky 2 300paxkeHO rpadik MepexiTHOro NpoIecy B KOHTYpi
MIBUAKOCTI MPUBOAY KyTa MicIl, 4ac mepeximHoro mporecy 1,24 (tnm = 1,24),
neperyiroBaHHs - 36%.

CIIMCOK BUKOPUCTAHOI JITEPATYPH
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JJABOPATOPHUM CTEH/] 3 BE3JPOTOBUM IHTEPQEFICOM JJIA
JAOCJIIKEHHSA EJIEKTPOITPUBOAY NOCTIMHOI'O CTPYMY

CTpiMKHH PO3BHTOK Cy4acHOi OOYHCIIOBANbHOI TEXHIKH, IH(PPOBHUX
KOMYHiKamiii, poOoToTexHikH Ta iHGOpPMAmIMHUX  TEXHOJIOTIH  crpuse
BIPOBAPKCHHIO MIKPOIIPOLIECOPHOT TEXHIKH, [IH(PPOBUX HPHIAIB 3 TUCKPETHOKO
(hopMoI0 NOAAaHHS CUTHAILY Y PI3HOMaHITHI eJeKTpoMexaHiuHi cucremu [1, 2], mo
MOKpallye X TEXHIYHI XapaKTepPUCTHKHU, 3MEHIIYE €HeProCHOXUBaHHS, rabapuTHI
pO3MipH, MiZBHINYE HAMIHHICTh, MBUAKICTE 00poOKH Ta mepenaui manux. Lle, y
CBOIO 4Yepry, BIJIKpHBAa€ HOBI IUISXH Ta MIAXOMH JO BHPIIICHHS 3aBJIaHb
MIABUIICHHS SKOCTI MIJATOTOBKH CTY/ICHTIB.

B xoai mocmimkeHHs Oylo pO3IJSHYTO Ta MPOaHATI30BAaHO MMEPEBaru Ta
HEJIOJIIKK ICHYIOUHX pO3pOOOK 32 i€ TEMATHKOIO 3 yPaxXyBaHHSIM €KOHOMIYHOCTI,
MOOLTBHOCTI, HAMIHHOCTI 1 TPOCTOTH BHUKOHAHHS, a TaKOX MOJJIHBOCTI
BUKOPHCTAHHS SIK HABYaJIBHOTO CTCHIY.

| o pm—————a—— 1
! ! |

I

|

S Kl I R

3

Pucynok 1 — Cxema esleKTpoMeXaHiYHOT CHCTEMH KepyBaHH:L.

Ockinbky ABUTYH moctiiHOTO cTpymy (AIIC) MOKe mpamroBaTH B pEXUMI
renepatopa, a EPC nBuryHa B pexumi reHepaTopa NpsSiMO IpoHopuiiiHa
IIBUAKOCTI HA Bajy JBUTYHA, 3'IBUJIACS MOXJIMBICTH B YIPaBJIiHHI JBUTYHOM 0e3
(ismgHOTO HMaTumMKa 3BOpoTHOTO 3BS3KY [3,4]. Ha pucyrky 1: KO - xomanmHuit
opran; ®Y - ¢ynkmionanpra dactuna; III1 - mpoMikHUE migcwioBad, M -
enekTpuyHa MammHa; [1 - meperBoproBad; TM - TexHONOTiUHMN MexaHi3Mm; 1 -
TOJIOBHHUM KOPCTKUH 3BOPOTHIiH 3B'SI30K; 2-4 OMOMIXHI THY4YKi 3BOPOTHI 3B’ S3KH;
EE - emektpuuna enepris; OV - o6'ekt kepyBaHHS. Po3po0iIeHO MOIENbh CXeMH
kepysanus J{I1C 3 peBepcuBHuM 00epTanHsiM (puc.2). Po3pobneno naboparopuuit
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cTeHq 3 Oe3mpoTtoBuM iHTEpdeiicom mnsa BuBdeHHs podotu HAIIC Ta mpoBeneHHS
JOCTIKeHb 3aMKHEHOi cucteMu apromarmdHoro kepysanHs J(IIC 3i 3BopoTHIM
3B’s13k0M 3a EPC Ta I ]I perynstopom.

U1z
D3 w VT4 | Rz
D4 330
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WM_Left
0o RS L

1

187

c1 15u

D2

param F31k25  tran 8m PULSE(0 5§ 0.5m 50n 50n {0.3(F} {1/F})
Pucynok 2 — Moaens cunoBoi cxemu kepyBanHs JI1C 3 peBepcuBHUM

oOepTaHHSIM.

IIporpamue 3a0e3nedeHHs CTEHIY 103BOJIsiE Ha OCHOBI 3HATHX 3 JIIC manmx
BigoOpaxxat 1X y BUIsial rpadikiB Ha pi3HUX Tajkerax (cMapTQOHI, IUIaHIIeTi,
HOYyTOYIi, NepcoHaNbHOMY Komi'toTepi) uepe3 Wi-Fi. BukopucranHs 1poro
Ja0OpaTOPHOrO CTEHJIY Yy HaBYaJbHOMY MpOLECi pPO3MIMPUTH MOKIMBOCTI
BUBYCHHS €JCKTPOIPHBOLY MOCTIHHOTO CTPYMYy Ta JIO3BOJHTH CTYICHTAM
OTPHMATH HaBUYKH Ilepeaadi Ta 00poOKH naHuX depe3 6e3npoToBuil iHTepdelic.
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B. Ocamumii, E. C. HazapoBa, C. 0. ToGonkun // EnexkrpomexaHiuHi i
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2.Ocamunit  B. B. JlaGoparopHblii cTeHI Uil HCCIIIOBaHUS
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B. B. Ocanuwii, E. C. Hazaposa, B. B. bpbeutuctsiit, P. . CaBunos /l
Enextporexuiuni ta xommtorepHi cucremu. — 2016. — Ne 22(98).— C. 33-38.
http://dx.doi.org/10.15276/eltecs.22.98.2016.05
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®I3NYHE I KOMII'IOTEPHE MOJEJIIOBAHHSA CUCTEMMU
ABTOMATHUYHOI'O KEPYBAHHSI NO3UIIMHOI'O
EJEKTPOIIPUBOJIA TBOMACOBOI CUCTEMHU

BesnepepBHe BIOCKOHAJICHHST TEXHOJIOTIYHMX IPOLECIB TMPH3BOAUTH [0
HEOOXiTHOCTI po3pOOKH MAILIMH 1 arperaTiB, A0 SKUX MPEA'SBISIOTHCS HOBI BAMOTH
IIOI0 eKCIUTyaTalliMHUX XapakTepUCcTUK. HeoOXiMHICTh peryTiOBaHHs MMOJOKCHHS
BUKOHABUMX TO3UIIHHUX MEXaHI3MIB BHHHMKA€ B IIiAHOMHO-TPAHCIIOPTHHUX
MalllHaX, BEPCTaTaX, MaHIMyIaTOpax i MeTanypriHux arperarax [1-3]. OcHoBHa
BUMOTA, SIKa TPEI'SBISIEThCS JIO JOCIHIDKYBaHHX €IEKTPOIPHBOJIB, IIOJISITAE B
3a0e3NeUeHHI HEOOXiMHOI TOYHOCTI YCTAaHOBKM MEXaHi3My B 3aJaHy TOYKY
MPOCTOPY Ta B 3a0e3MeUeHHI HEOOXITHOTO XapakTepy pyxy pobodoro oprany. Lle
pOOHTH aKTyalbHUM 3aBIAaHHS PO3POOKH Ta ONTHMI3allil CHCTEM E€IEKTPOIPUBOAY
MO3UIIHHUX MEXaHI3MIB.

Meta poboT — po3poOKa Ta MOCTIKCHHS CHCTEMH aBTOMATHYHOIO
KEepyBaHHS JIBOMAacOBHM MO3UI[IHHUM  €JIEKTPONPHBOJIOM 31  CIIIAKYHOYUM
OJTHOMACOBHM IIPUBOJIOM Y BHYTPILIHBOMY KOHTYP.

BukopucraHHst  CIIIKYIOUOTO ~ OJTHOMAacOBOTO  €JIEKTPOIPHBOLY Y
BHYTPIIIHBOMY KOHTYpPi MO3HMLIHHOTO JIBOMAacoOBOTO €JIEKTPOIPHBOAY JI03BOJISIE
CIPOCTHTH CHHTE3 peryjsaropa 1 3MEHIIUTH HEOOXiHy OOYHCIIOBAILHY
HOTY>KHICTB TP MOJETIOBaHHi [4, 5].

Po3pobiiena imiTaniiiHa MoJienb MO3UIIIHHOTO NPUBOAY Pa3oM 31 CTEHIIOM
MOX€ BUKOPHUCTOBYBAaTHCh IPH JOCIIJUKEHHI 3aMKHYTHX JIBOMacOBHX CHCTEM
€JIEKTPOIIPUBO/IY MOCTIIHOTO CTPYMY 3 MIKPOIIPOLIECOPHUM KEPYBAHHSIM.

BukopucranHss MaTeMaTH4HOI MOAENI HPH NPAKTHYHOMY METOAI IOIIYKY
3HayeHb KoedimieHTiB III/[-perymsropa ckopodye dYac MONIYKy Ta 3MEHIIYE
PH3HKH TOIIKO/PKEHHS PealibHOTO 00JIaIHAHHS Y MPOLIECi HAIaroKEeHH:.

CIIACOK BUKOPUCTAHOI JIITEPATYPH
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IMPOIEC OBPOBKH BUPOBY HA INO3JO0OBKHbBO-CTPYT'AJIBHOMY
BEPCTATI

B cyyacHOMY MPOMHCIIOBOMY 1 CLTbCHKOTOCIOAAPCHKOMY BHPOOHHMIITBI, Ha
TpaHCIIOpTi, B OYZIBHULITBI Ta KOMYHQJIbHOMY TOCHOJApCTBi, B TOOYTI
3aCTOCOBYIOTHCSI HAWPi3HOMAHITHIIII TEXHOJIOTIYHI MpOIecH, IS peaiizamii SKuxX
JIFOJTMHOIO CTBOPEHI THCSAYI Pi3HUX MamMH i MexaHi3miB [1, 2]. C romomMororo mux
pobounx MAaIIMH 1 MeXaHi3MIB 3JIHCHIOETHCS BUAOOYTOK KOPHCHHX KOTIAJIWH,
00pOOIAIOTECS  pi3HI MaTepianu Ta BHUPOOM, MNepeMilnylThes nromu [3-5],
IpeaMETH TIpali, piAnHM, Ta3 1 peali3yloThes 0araTo HIIMX MPOLEciB, HEOOXiIHI
JUTS KUTTE3a0e3MIe9eHHS JIIOIIHN.

CrpyranbHi BepcTaTH NpHU3HAYEHI I OOpOOKM pi3IsIMH  IUIOUIMH 1
(hacOHHMX JIHIHYAaTUX TOBEPXOHb. BOHM HINATBECA Ha IONEPEYHO-CTPYTANbHI,
MO370BXKHBO-CTPYTJIbHE 1 HoBOaNbHI. [lepiii 3acTOCOBYIOTHCS TIPU BUTOTOBJICHHI
IpiOHUX 1 cepedHixX 3a po3Mipamu JeTalield, APYyTri MOPIBHIHO BEIWKUX ab0 st
OJTHOYACHOTO CTPYTaHHS KiJbKOX JeTaliel cepeTHhOT0 PO3Mipy.
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ITo310BXKHBO-CTpYTaNbHI BEpPCTAaTH 3aCTOCOBYIOTBCS B OCHOBHOMY ISt
O0OpOOKH pI3IAMH IUIOCKHX TOPH30HTAJIBHHX 1 BEPTUKAIBHUX IIOBEPXOHb Y
BEJIMKHX JeTayeil Benmmukoi MoBkuHHU. Ha BepcTatax Mo)kHA poOWTH NpOpi3aHHA
MO3I0BKHBO-TIPAMOKYTHUX KaHABOK pi3HOTO npo¢inro, T-o0pa3Hux ma3iB i 6e3mid
IHIIAX OTIepamii.

l'onoBHMI pyx - L€ MEpEeMIlIEHHS CTONY, 32 PaxyHOK SIKOTO IHCTPYMEHT
BUpOOJIiE pi3aHHA MeTaly 1 pyx ©ojadi, mo OOYMOBIIOE IepeMillleHHs
IHCTPYMEHTY Uil 3HATTS HOBOTO miapy Mmertairy. OCHOBHMMH BEIWYHMHAMU, IO
XapaKTepu3ylTh PO3MIPH 1 TEXHOJOTIYHI MOJMJIMBOCTI PI3HHX IO3J0BXKHBO-
CTpYrajbHUX BEpCTaTiB, €: JOBXHMHA CTpyraHHs, xix crouy (1,5 - 12 M), mupuna
06po6ku (0,7 - 4 m), HaiibinbLIe Tarose 3ycuius (30 - 150 kH) .

IMpouec 00poOKM BHPOOY Ha II030BXKHBO-CTPYTallbHOMY  BepCTaTi
CKJIQIA€THCS 3 MOCIIIOBHO MOBTOPIOBAHUX HUKIIB. KoXkeH 3 HUX BKIIOUYae B cebe
npaMuii, TOOTO poOOYMiA Xif i 3BOPOTHIHM, KOMU CTiN TOBEPTAETHCA Y BHUXiTHE
TIOJIOXKCHHS 1 3IIMCHIOEThCS TI0Jjada Pi3IliB Mg 9ac peBepcy CTOIY 3i 3BOPOTHHOTO
xony Ha mpsamuid. OCKUTBKH TIpH CTPyraHHI pi3elb BigdyBae ymapHe
HABaHTAXCHHS, TO 3HAYEHHS MaKCHUMAalIbHUX IIBHAKOCTEH CTpyraHHS HeE
nepesuirye 75 - 120 m/xB. [Ipu npoMy MIBHIKICTH BXOMKEHHSI i3I B METAN, B
MOPIBHIHHI 31 MIBUIKICTIO pi3aHHsA 00MexyeThest 10 40% 1 MeHIile, B 3aJIe)KHOCTI
BiJl 00pO0IIFOBAHOTO MaTepiaily, 1100 YHUKHYTH KPUXTH.

3a3HaueHi 0OCTaBUHM OOMEXKYIOTh MPOJYKTHBHICTb 1 JUIs i IiJBHIIEHHS
HEOOXi/THO CKOPOTHTH HENPOAYKTUBHHU 4ac pyXy. 3BOPOTHIH Xill 3[IHCHIOETHCS
Ha MiJBUINEHIN NIBUAKOCTI, a MyCKO-TaJIbMIBHI PEXHMHU MPU PEBEPCI MPUHMAIOTh
JIOITyCTUMO MiHIMaJbpHOT TpuBanocTi. [IpuBim MOBHMHEH OyTH KEpOBaHUM II0
MIBUJIKOCTI, OCKIIBKH IS PI3HUX MarepialliB  BUKOPHUCTOBYIOTHCS — Pi3HI
ONTUMAINIBHI 1 MAaKCHMAaJFHO IOIYCTAMI IIBHIKOCTI CTPYTaHHS; KpiM TOTO, PyX
XapaKTepu3yeThCs PI3HUMH IIBHAKOCTSIMH HAa PI3HHX IHTEpBajlax 4acy pododoro
UKy, BHUCOKOIO YacTOTOI0O PEBEPCYBAHHS 3 BEJIMKHM ITyCKO - TaJbMiBHUM
MOMEHTOM.

Bumorn 10 enextpompmBony. 3ale3medeHHS pPoOOTH MeXaHi3My 3
HACTYITHOTO IUKITY: MiAXiJ JAeTali 0 Pi3Iio 31 3HIKEHOI MIBUAKICTIO; BPi3aHHS
Ha 3HIDKEHIH MIBUIKOCTI; PO3TiH A0 poO0U0i HIBHIKOCTI MPSIMOTO XOy; Pi3aHHA Ha
IIBUJKOCTI TPSAMOTO XOJXy; YIOBIIBHEHHS [0 3HI)KGHHS IIBUIKOCTI Tepen
BUXOJOM Di3I; BHXIJI pi3lsd 3 JeTaji; yNOBUIBHEHHS A0 3YNHHKH, PO3TiH Y
3BOPOTHBOMY HAIIPSAMKY 1O POOOYOi IIBHUIKOCTI 3BOPOTHOTO XOJY; MOBEPHEHHS
CTOJIy Ha XOJIOCTOMY XOAY 31 IIBHJKICTIO 3BOPOTHOTO XOJY; YHOBUIBHEHHS 10
3yNUHKK (CTIJ TIOBEPTAETHCS Yy BHXIJHE IIOJOXKEHHS). 3HIKEHY MIBUAKICTh
npuitaaTH 40% BiJ MIBUAKOCTI NPSIMOro Xoxy. 3abe3neyeHHs peKynepanii eHeprii
B TaJbMIBHUX pEXUMax. PO3roHM 1 yNOBUIbHEHHS TIOBHHHI IIPOXOJUTH 3
MOCTIHHMM NPUCKOPEHHSIM. 3a0e3MeueHHs] MaKCUMaJIbHO MOJKIIMBHX ITPUCKOPEHB B
nepexizHux pexxnmax. CtaTuyHa MOMMIIKA 32 MIBUKICTIO MIPH Pi3aHHI HE TIOBMHHA

164



nepesuiryBatd 10%. OOMEXEHHS MOMEHTY E€JIEKTPONPHUBOLY HPH MEXaHIYHHX
HepeBaHTaKCHHSX.
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ONMUC TEXHOJIOTTYHOT' O IPOIECY ITPUTI'OTYBAHHS BETOHHOI
CYMIIII HA TAT «3ATTIOPIZKCTAJIb»

[Ty6niune akuioHepHE TOBAapUCTBO «3aNOpPi3bKHH MeTalypridiHUN KOMOiHAT
«3arnopixcTanb» — OJHE 3 TPOBIAHUX MIIPUEMCTB MeTaIypriiHoi rarysi. Tperiit
3a MacmrtabamMyu BUPOOHHMK METaJonpoAyKuii B Ykpaini. OCHOBHOIO €KCIIOPTHOIO
MOPOAYKIIE0 IBOr0 MiAmpueMcTBa Ha modaTky XXI CT. € XOJIoIHOKaTaHWit
craneBuil ymct y pynonax [1, 2]. Jlnst 3abe3nedyeHHS OCHOBHOI JisUTBHOCTI
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KoMOiHaTy Ha HOro TepuTOpii iCHYIOTh i aKTHBHO CITIBIIPALIOIOTH OKPEMi 3aBOIH,
cepel AKUX TUTBHUI BUPOOHHUITBA OETOHY Ta PO3UMHIB.

Meta poOOTH — BHBYHTH TEXHOJOTIUYHHH IMPOIEC MPUTOTYBAaHHS OCTOHHOI
CyMIIIi Ha JiIBHAL BUPOOHUITBA OETOHY Ta PO3UHHIB.

CyuacHuii OeTOHHHWI 3aBOJA TPENCTaBIse€ COOOI y 3aralbHOMY BHIJIAII
MTHEBMOTPAHCIIOPTHY CHCTEMY CHOKHMX MarepianiB [3, 4], a came, me KOMIUIEKC
OCHOBHOTO 1 JONOMIDXHOTO O0JaJHaHHs, BUPOOHMYMX IUIOLI, MPU3HAYCHUX IS
30epiraHHs 1 mMepepoOKU CHPOBUHM 3 METOH BHUTOTOBJICHHS OCTOHHUX CYMiIlICH.
3aeKHO Bijl MPUHIUIY poOOTH OETOHHOIO 3aBOIY IO HOro CKIaay BXOIATh TakKi
BUAM  OONAJHAHHS: CKJIaJd LEMCHTY, OYHKEpH, CTPIYKOBUH  KOHBEep,
0eTOHO3MIIIyBaJIbHI YCTaHOBKa, BOJSHHUHN CKJIaJl, KOMIIPECOPHA CTaHILisl.

TexHouorist BUpOOHHMLTBA OETOHHOT CyMIillli TOYMHAETBHCS 3 YCTAHOBKH
BaroHa TEIUIOBO3a Ha TIYKHU CKIANy HEMEHTY (MaKCHMallbHa KUTBKICTD BaroHIiB SKe
MOJKe BCTaHOBHTH TemioBo3 Ha JIBbraP 4 Baronm). [lpamiBHUK migHIMAeTbCS Ha
wiaThopMy IS IepeBipKH i 3HATTA OyHKepa BaroHa. Omeparop IynsTa migHIMae
TiYKU. BHCTaBISAIOTECS 1 PIKCYIOTHCS 3aXHCHI €KpaHU HABKOJO Tiukw. Kpimurucs
JKKO 3 3aKpIIUICHUMH 1 IMiIKITIOUYESHIMH eleKTpo abo mHeBMoBiOparopu. Ilepen
BKJTFOUCHHSIM KOMIIPECOPHOI CTaHIMIi BinkpuBaeThes cekuis Nel, 2 xommpecopHOl
crannii Nel. IlepeBipsieThCsi piBeHb Maciia Ha (GUIBTPI TOHKOTO OYHIICHHS.
OrnsgaeMo Ha HasBHICTh Maciia BHYTPIIIHBOI uYacTWHM Moxyis. Ha mynbTi
YIPaBJiHHS TIEPEBOJUMO B PEXHM 'TOTOBHICTH 110 poOOTH" mepeBipseMo pyx
MOBITPsl B NOTPIOHOMY HanpsiMKy. Bigkpuaerscest "BBeieHHSI HOBITPSIHOT CHCTEMHU
cknany uemeHnrty". OdiKylOTh TOKHM THCK B pecuBepi Bmajge Hikue 4 bBap.
[TepeBips0Th HOpMaNTBHUH 3ayCK ABHTYHA KoMiipecopa Ne 1, 2 B aBTOMaTHYHOMY
pexuMi. BizyambHO TepeBIpsS€TbCA  BIIKPUTTSA 3acliHKHA 3a00py  TOBITPs
KOMITpeCHUM cTaHlii. OTsiaeTses 1 BKIIOYAeThCsl IBUTYH [IHeBMOHacocu Ne3,
Ned. BinkpuBaeThcs MEXaHI3M 3acIiHKH OyHKepa BaroHa. Po30uBaeTbes 3nmekaHuit
HeMeHT 3a gomomororo BiOparopie 42 B. Koxni 10-15 xBuianH Bi3yasipHO
ODJIAIAIOThCA TIYKH 1 HASBHICTH IIEMEHTY. SIKIIO MEMEHT BiICYTHIH, OmepaTop
BiOpaTopa 3a JONMOMOTror0 BiOpaTopa HaMaraeTbcs PO3OMTH 3JIEKAHUN IICMEHT.
UYepe3 60-70 XBWIMH MICIS TOYATKy PO3BAHTAXKEHHS BIAKPHUBAETHCS IJIOK 3a
JIOTIOMOTOI0 CBITMJIBHMKA TIEPEBIPAEThCA HAsIBHICTH IIEMEHTY BaroHi. Skmo
LEMEHT 3JIUIINBCS, TO HOT0 3a4MILNAIOTh JIONIATO. 3aKPUBAIOTh JIOKH, 3HIMAIOTh
3aXUCHI €KpPaHW HaBKOJIO TEYOK, OITyCKAIOTh TIYKM y BHXiJAHE IOJOXEHHS,
3HIMAIOTh BiOpaTopy.

Binpnrictes kommnpecopanx yctanoBok (KVY), arperariB (KA) BUKOpHCTOBYE
HEperyJIbOBaHUI  EJIEKTPONPHUBOJ, IIO MPH3BOAWTH 10 3alBUX  BHUTpaAT
esiekTpoeHeprii. ToMy akTyanbHUM € po3poOka Ta BIIPOBAPKEHHS CHUCTEM
ABTOMATHYHOTO  YNpPAaBIiHHS, 1[I0  JO3BOJIUTH  3HU3UTH  CHEPrOBUTPATH
BUPOOHMITBA OETOHHOT CyMilli.
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CEKIIIA "TEOPETUYHOI TA 3ATAJIbHOI EJTEKTPOTEXHIKA"

YK 621.3.01:519.876.5

Tuxosox C. M.l, TTaramax I[.F.Z

! 1-p Texu. Hayk, mou. HY "3amopisska mositexmixa"
2 acr. HY "3aropispka mositexsika"

METO/ PO3PAXYHKY IIEPEXI/IHUX ITPOLECIB 3
BUKOPUCTAHHSM PO3KJIAJIAHHSA MOXIJHOI ®YHKIII 3A
MNOJIMHOMAMMUA

MopentoBaHHs MEPeXiJHUX TMPOLECIiB B €JIEKTPUYHUX KOJIaX B JIAHWMH dac
BUKOHYIOTh IIIIXOM CKJIaJiaHHs 1 pO3B'sI3aHHS PIBHSHb CTaHy Ha MiJICTaBi 3aKOHIB
Kipxroda abo nuisixoMm BUKOPHCTaHHS TOTOBUX MPOIPaM, B SIKUX PIBHSHHS CTaHY
CKJIAJalOThCsA aBTOMATHYHO 3a 33/laHOI0 CXeMolo kona. Ilepeximui mporecu
MOXYTb OyTH JOCHUTb TPUBAJIMMH, 10 MPU3BOAUTH 10 3HAYHOT'O YaCy PO3PaxyHKY
NPy BHUKOPUCTaHHI CydYaCHHUX OOYHMCIIOBaJbHUX 3acobiB. B poboti [1] ams
NPHUIIBUAIICHHS OOYHCIIOBAIbHUX MPOLECIB BUKOPHCTAHO — MOJIIHOMIAIBHY
anPOKCUMAIlI0 po3B’s3Ky. OOMekeHHS MeTOHy [Ja€ TOXHOKa OOYUCICHHS
HOXiTHOT PO3B’SI3KY.

Mera naHOi poOOTH — poO3poOKa MIBHIKOAIIOYOTO METOAY PO3PAXyHKY
MEepeXiTHUX EeJICKTPOMArHITHUX TMPOIECiB, IO BUKOPUCTOBYE IMOJIHOMIANBEHY
anpOKCUMAIIIIO [TOXITHOT PO3B’SI3KY.

Jnst  crpolleHHs BHKJIANy PpO3IJISIHEMO OJHOKOHTYpHE KOJIO 3MIiHHOTO
cTpymy, mo MictuTh pesuctuBHui (R), imgykrtuuit (L) i emuicuuit (C)
eJIEMEHTH, BKJIIOYEHI mocmigoBHO. Hexait no komyrauii KoHzmeHcaTop OyB
3apsypkeHuid 10 Hanpyru Ug(to)= Ugo. Ipm migkmrouenHi B MoMmeHT t=t; mkepena
sminnoi EPC e(t) B xomi BimOyBaeThcs mepeximHuil TPOIEC, SIKMH OMHCYETHCS
JHIHHUM 1HTETpO-audepeHIiaNbHIM PIBHIHHAM 3 IIOCTIHHUMHU KoedilieHTaMu:

di

LR +%£i(t)dt+uc(0):e(t) o))

VY 3amponoHOBaHOMY METOJi 3aJaiiMO pillleHHs Ui MOXIJHOI CTpyMy, SIK
¢yHkuito Big wacy, B iHTepBasi uacy. Llfo ¢yHKIiIO Bix yacy anmpoKcHMyeMO
anredpaiyaum moxiroMom N-1-ro crymens [2]:

diy

dt ~ p(t)=a0+alt+azt2+...aNtN*1 (2)

Jlis anmpoKcHMYyIo4doro moyiHoMa (2) MOCTaBUMO yMOBY, IO B TOYKax ty
IJICHHST IHTEpBAJy 3MIHM apryMEHTY 3HAYeHHs IOXiTHOI 3a 9acoM CTPyMY
30iraroThCs 3 BiAMOBITHUMU 3HAYCHHAMH MOTIHOMA:
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i't)=pt), smak=0,1,2 ..,N-1L 3)

Sxmo ymoBy (3) 3ammcat Ui KOKHOI TOYKH fy, TO OTPHIMAaEMO CHCTEMY
JMHIHHUX anreOpaidHuX pPiBHSAHB, SKIIO MpUHAHATH, Mo ty = 0. BigaiMemo 3 ycix
PIBHSAHb CHCTEMH Iieplie PIBHAHHSA 1 OTPHIMAEMO CKOPOYCHY CHCTEMY, SKa B
MaTpu4HOi (OpMi Ma€ BUIIISIA:

DA=I-1', , 4)
ne D- martpuus Banmepmonna [2] Ge3 mepuioro psiika i IEpLIOTO CTOBIILS;

— T
A=[aa,... ay,] BEKTOp  KOE(iLiEHTIB  ampoKCHUMYIOYOIro  IIOJIiHOMA;
I'=[i'(h) i'(2%)... i"(N-1)h)]"

Toukax 1, 2,...N-1.

— BEKTOp 3HAa4€Hb MOXITHUX CTPYMYy B BY3JIOBHX

IMpointerpyemo Bupas (2) Bim Hyns 10 K-i Touku mpu 3MiHi Homepa K Bif 1
Jo N-1:

tk tk
i(t,) = j p(t)dt+i, = j(a[, +agt+at’ +o+ay tNDdt+iy = )
0 0

1 1 1 .
= at, +§a1tk2 +§azt,f+-~~+ﬁaN_1tkN +iy,
ne t, = kh.

[MincranoBka B iHTerpamu BupaxeHHs (5) 3HaueHp k Bim 1 mo N-1 gae
CHUCTEMY PIBHSIHb B MaTPHYHOI (opMi
1=V A+I'®H+1, , (6)
ne | — BekTop 3HaUYeHb CTPYMY B OMOPHUX TOUYKAX; Iy =[ig, g gy --- io]T .

H=l 2h - (N-Dh], ™)

Jie CHMBOJI ®  o3Hauae MOEIEMEHTHE MHOKEHHS BEKTOpPE Ha KOXXEH CTOBIICLb
MaTpuii, a CiMBoJ T 03Ha4ae TPaHCIOHYBaHHS.
3aiimimMocs Terep 00UMCIICHHSM HapyTry Ha KOHAEHCATOpi (TpeTe 1 ueTBepre
cknanoBi B Bupasi (1)).
® 1j.'(t)dt =1 }( trtarzsta et ta N +in)dt|+u.(0) ®)
uc(t)y==1i +Uc(0) == | (At +=aty +=a,t’+--+—a +i +Ug (0).
C CO C C 0 0 2 14k 3 2 N N-1 0 (3

169



OO6uncnimMo inTerpan y Bupasi (8) i po3nuieMo e BUCIIB A TOYOK t = ty
=kh, k=1, 2, ..., N-1. OtprmaemMo B MaTpuuHOi popmi:

UC=BWA+B{IO®H+%I5®H2}+UCO, ©)

7ie B - 3B0pOTHA BEJIMYMHA EMHOCTI KOHIeHCaTOpa: g _ 1 ;

[ h* et
23 34 NN+ : (10)
e oent en't
W= 23 3-4 N-(N+1)
l : 1 4 l N+1
_ﬁ((Nfl)h) 37 (N-DF - m((N—l)h)
(2hh2)2 y Ugo =[Ugor Uggr - 0] 5 Uco = Uc(0). (11)
H=| |
(N -Dhy?

VY piBasgHEg (1) AN OMOPHUX TOYOK IICTABHMO aIpPOKCHMAIII0 BCIiX
JIOZIaHKIB BifnoBiaHO 10 Bupasis (4), (6), (9) 1 oTpuMaeMo MaTpudHe PiBHIHHS:

LDA + |_|;)+RVA+R(|O+|g)®H)+B[WA+|0®H+%|;)®H2}ruCO —e. (12)

IMeperBopumo piBusiHHs (12):

(LD++RV +BW)A=e— LI} —R(l, +1} ®H)—B[IO ®H+%I[) ®Hz}—UCO‘ (13)

ne e - Bektop 3Hauenb EPC mxepena B Toukax 1, 2, ..., N -1 TumMyacoBoro
iHTEepBaIy T.

PiBustaHs (13) MOYKHA TOSICHUTH HACTYIHUM YMHOM. Hexall y BUXiHIN BiTKH
R-L-C mporikae ictunuuii ctpyM i (t). Toai Binnosiguo no piensuH: (13) BuXigHOT
TUTIKM BIJMOBi/a€ BiTKa 3aMIllIEHHS, B SKild MPOXOAWUTH TaK 3BaHHU OMEpalliifHUN
TOK A, sikuil 300pakae Buxiguuii ctpyMm i (t). Ilpu mpomy B ramysi 3aMillieHHsS
PE3UCTUBHUM €IEMEHT Ma€ orepaTopHii omip R ¢ V i mociiioBHO 3 HUM Ha3ycTpid
TOKY BKIIO4aeThes mkepeno EPC R(I, +1; ® H) (cm. puc. 1).

IaaykTuBHMN eneMeHT Mae omepaTopHui omip L'D 1 mocmimoBHO 3 HUM
Ha3yCTpid TOKYy BKimodaeTbcsi kepeno EPC, a emHicHMII enmeMeHT Mae
onepatopHuii omip - BW 1 mocmigoBHO 3 HUM Ha3yCcTpid TOKY BKIIOYAETHCS
mxeperno EPC
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B[IO®H+;I5®HZ}+UCO

e Rl o+ | H) Llo BW B(l H +IgH,/2) +Uco

RV - LD
oot o6

Pucynok 1 - inteprperanis piastaus (13).

Takum unHOM oTpHMaim Opyruii 3akoH Kipxroda s 300pakeHs cTpymiB A
B CXEMi 3aMillleHHs.

MosxHa IOBECTH, IO B BY3JIaX CXEMH 3aMillleHHS A 300pakeHb A
JIOTPUMYETHCS 3aKOH cTpyMiB Kipxroda.

Zb:Ak -0, (14)

IMpu BiZOMHX 3HAUEHHSIX CTPYMIB BITOK iy 1 HAPYT HA KOHAEHCATOpax Uck B
TOUI ty MOYATKy IHTEpBAIY T CHCTEMa PiBHSIHB, CKIACHA 3a 3akoHaMu Kipxroda,
JUTSL BCIiX BY3.IiB 0€3 OHOTO i1 /U BCiX TOJIOBHUX KOHTYPIB Ma€ €IHWHE pilieHHS. B
pe3ynbTaTi PpIOICHHS CHCTEMH JIHIHHUX anreOpaidyHuX pIBHSAHD OTPHUMYEMO
BEKTOPH TOJTIHOMIaTbHUX KOSQIIieHTIB Ay IS BCiX BITOK. 3HAIOUH JJIs OYAb-SIKOT
BITKM Koe(illieHTH MOJIHOMA 1 3HAYCHHS ig B MOYATKOBIH TOYII ty, MH MOXEMO
OTpUMATH 3Ha4Y€HHs CTPyMy 3rigHo (6) 1 Hampyrd Ha KOHJEHCAToOpi Yy BCIX
JIOBUIBHHUX TOYKax Oynb-sikoro 3 N Bipi3KiB B iHTEpBai 4acy T.

Jns BumpoOyBanHA po3pobieHoi Metomumku B cuctemi GNU Octave [3]
CKJIa[IHO KiJTbKa KOMIT'TOTEPHUX IPOTpaM IS pO3PaxyHKy MEpexiTHuX MPOIeciB B
ENIEKTPUYHHUX KoJaX. Po3paxyHKH moOKazand e(eKTHBHICTh 3alpOlI0OHOBAHOTO
METOJY.

BucHoBknu

1. 3anpomnoHOBaHO METOIMKY MOOYIOBH CXEM 3aMILICHHS ENeKTPUYHOTO
KOJIa, SIKa JI03BOJISIE OE3MOCepeJHbO0 OOYMCIIIOBATH KOE(IiEHTH MOJIiHOMialbHOT
anpOKCUMAIIi] ITYKaHUX CTPYMIB B NEPEXITHUX PEKUMAX.

2. Bekropu nosiiHOMialbHUX KOE(ili€HTIB 3aJJ0BOJILHAIOTH 3aKOHAM CTPYMIB
i Hanpyr Kipxroda s cxemun 3aMillieHHs 1 € pilIeHHSIMH CUCTEMH anreOpaiuHux
PiBHSIHB.
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3. 3ampomoHOBaHA METONWKA BIAPI3HAETHCA THUM, IO B HIH BiACYTHS
orepamis OOYMCIIEHHS MOXIiAHOI pIMIEHHA, IO JO3BOJIIE 3HAYHO ITiJBUIIUTH
TOYHICTH PO3PaxXyHKIB.

CITACOK BUKOPUCTAHOI JIITEPATYPH

1. Baxsanos H.C. Yucnenusie meronasl / H.C. baxsanos, H.I1. X Kuakos, I'.M.
KobenskoB — M.: Hayka, 1987 . — 630 c.

2. TuxoBog C.M. MeTon YHCIEHHOTO pacueTa IEepPEeXOTHBIX IPOILECCOB B
JNEeKTPUUYECKUX IemsxXx M ero cxemHas wumHTeprperamus / C.M. Tuxosox, H.A.
Kocrtun // Bectaux HT'Y. —2013. — Ne 5. — C. 85-92.

3. GNU Octave [EmextpoHHHII pecypc]. — pPESKHM JOCTYIIY:
http://www.gnu.org/software/octave/index.html . — 3aronoBok ¢ expany. — MoBa
aHTI.

YK 627.8
Bonxos B.O.

KaHJl. TeXH. HayK, o1 HY "3amopi3bka nomirexHika"

PO3PAXYHOK EJIEKTPOT'TAPABJIIYHOI'O HNIJCUJTIOBAYA

Po3paxyHOK €JIEKTPOripaBIiuHOr0 MiJCHJIOBaYa Ha MEPUIOMY eTarli
MPOCKTYBAaHHS MO)Ke OYTH TUTbKHM HaONFDKCHHWM, BiH MOBHHEH OYTH YTOYHCHUMA
pe3ysbTaTaMH KOHCTPYKTHBHOT'O JIOOTPAILIOBAaHHS M EKCIICpUMEHTIB, SIKi MaroTh
OYTH OCHOBOO ISl OUTBIII TOYHOTO PO3PAXYHKY.

Meroauka po3paxyHKy, IIOBMHHa OyTH OCHOBaHa Ha OTPHUMaHHI
ONTHMAJIBFHOTO pIIICHHS, [0 33/I0BOJIbHSE TPOTHUPIYYSIM BHUMOTaM BHCOKOI
mBuakoaii EI'TI i MiHiManbHIA BUTpaTi piiMHM Yepe3 CoIula, BENUKOI YyTTEBOCTI 1
MIHIMaJIBHOI EeNeKTPUYHOI MOTYXKHOCTI KepyBaHHA. Lli BHMOTH MOXYTh OyTH
MIPECTaBJICHI B HACTYITHOMY 3aIHCi:

1. Bucoka mBuakomis EI'TI

@Er = MWy, Org 2 MOEM, @M 2 N3Oy 1)

e Cl)cp — HacToTa 3p13y CIIAKOBOI'0 CJICKTPOriApaBIIYHOTO HNPHUBOAY,

@5 =1/ Tgrp— 9acToTa eIeKTpOoriapaBiivHOrO MiACHIOBaYa; @ =1/T —
4yacToTa  TifIpaBIiYHOTO  MiJCHMIIIOBAYA; ogmm =1/ Tgmp— ~ 4acTora

€JICKTPOMEXaHIYHOTO TepeTBOPIOBAYA, Term — MOCTiHA gacy
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eJIeKTPOTiIPAaBIIYHOTO MACIUIIOBAa4Ya; 1., — TMIOCTiHHA dYacy TiApaBIiYHOTO

I
niz[cnmoBaqa; TEMH_ MocCTiiHa qacy eHeKTpOMexaHi‘IHOFO TNEepeTBOProBaya.

Koediuientn My, Ny, N3 BuUOUpalOThCA TaK, 1100 OTPUMATU MOTPIOHHMH

3amac CTIHKOCTI 1 HIBHIKOJII CHIZKOBOTO eJIeKTpOoriApaBiidHOro mpusoia. Jlms
MIBUAKOAIIOYHMX MPUBOIB B TIONEPETHHOMY PO3PAXYHKY MOKHA MPUHHSATH:

n1z2, n2=0.5 Ta n3z10. (2)

Ha HacTymHuX eramax pO3paxyHKy MOXKHA BHKOHATH YTOYHEHHS IHX
KOE(iIi€HTIB:
M — 10 YaCTOTHIill XapaKTepHCTHII IPHBOJAA, BUXOASUH 3 MOTPIOHOTO 3amacy
CTIHKOCTI,;
n, — o gopmyimi

nz :TEI_H/TFH; (3)
N3 — BUXOJS4H 3 CIiBBIIHOIIEHHS
Ny =T/ Temr - Q)

2. JlomycTMa BWTpaTa PIAMHU dYepe3 coIUla 3aJaeThCs cremianbHo. s
BHMOTa MOBHHHA OYTH TEXHIYHO OOYMOBJEHA W 3HAXOIUTHCS y BIIOBITHOCTI 3
3aganol mBuakoxicto ET'TI. B 3aramsHOMY BHTIISAI MOKHA 3aIUCATH, IO

2 2
_ f(T )~4( K_pcn)'7 (1+18 )'S3Xma)E1T[ 5
QC - rn) "~ 2 2 . ( )
(1"‘7 +p )'(1+ko)',0m
3. BHCOKY YyTTEBICTH MOXKHA BHPA3UTH B IONMYCTUMOMY 3HAUYCHHI 30HH
3aCTOI0 (HEUYTJIMBOCTI) MO CTPpyMy U Tiepenaay TUCKY B JiaroHajli MOCTa, SKe He

MOBUHHE TEpeBUINyBaTH I pisHUX cucteM 1 — 3 %. B mpoMy Bumamky
CIpaBeUINBa 3aJIEKHICTD

P = Pp! Ng, Ng =0.01-0.03. (6)

4. OomexenHs ctpymy kepysanus EI'TI 3anmcyeTbes y BUMIIiAL GOpMYITH

> Pm(L+Cse / Covrr)
kSMl'[kph

: ()

ac
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Kph = Pm /hm . 8)

Po3paxyHkoBe 3HAueHHs Hepenagy THCKYy B JiaroHaii Py, IOBUHHO

3aJIOBOJIBHSTH JIBOM OCTaHHIM HepiBHOCTsM (6) Ta (7).

BusHaueHHs onTtuMansHuX 3Ha4YeHb mBuakoxaii EI'TI, MiHiManeHOi BUTpaTu
piIuHM Yepe3 coIula, BEJIMKOI YyTTEBOCTI 1 MiHIMAJIbHOI €JIEKTPUYHOT MOTYKHOCTI
KEepyBaHHS CKJIaJja€ BEJIUKE 3HAYCHHS Y PO3PAXYHKY EJICKTPOTiIPaBIIuHOTO
MiICHITIOBayYa.

VIIK 627.8
Boinxkos B.O.
KaHJ. TeXH. HayK, go1. HY "3amopizpka nomitexnika"

IBLIKOAIIOUI CJALIKOBI IPUBOJH 3 TLAPONIICUJIIOBAUEM
COILT0-3ACJTOHKA

B cucTemax aBTOMAaTHYHOTO KEpYBaHHS LIMPOKE 3aCTOCYBAHHS 3HAWILIN
IIBUJIKOMIFOYI CIITKOBI €JIEKTPOTIPABIIYHI TPUBOIU, B KOTPHX 30JIOTHHUK
KEPY€EThCsS. BHCOKO YYTTEBUM TiIPOIMIJCHIIOBAYEM COIUIO-3aCIOHKAa. B OCHOBY
TAKOT0 IMPHUBOJAA MOKJIaacHa yHiQiKOBaHA CTPYKTypHA CXeMa, 10 300pakeHa Ha
puc.l. TigpomifcuiroBad COMIO-3aCIOHKa B Iili CXeMi sIBJiss€ COOO0 MOmepeaHii
KackaJl MiJICUICHHS, a JIPOCEIbHUI NPUBI/L € OCHOBHUM KacKaJIOM ITiJICHJICHHS 110
MOTY>KHOCTI, 3a JIOTIOMOTOI0 SIKOTO TPOBOAMTHECS B PYCi pi3HOTO poxy 00'eKTiB
KepyBaHHs: KepMO JICTIOUYHX anapariB, aHTCHH HaBEJCHHS, MiJABOJHI KpHJIa CyIiB,
CJIITKOBI OpraHH CTaHiB i MaIlldH, IPOCEIIOIOYH 3aCIOHKH PEryIATOPIiB Ta iHII
MIPUCTPOI.

Enexrporinpanaivtiii |Hacm crarmgx | APOCENBHII BIROHERI!
TICKITORAY TigpasniTAzi NpHBOX
p;[rQH

Hearra-
EEHHT

.

1|1 | Enampo- | . X Q
Ererpornni || Jf (ot 10 LL@.,
MICHTROBEY | nmmm“ - ]

Toresgonerp |
IBOPOTHOrD 3B BIRY

Pucynox 1 - npuHIMnianbHa cxema CIliJIKOBOTO eJIEKTPOTiJpaBlIivHOrO IIPHUBOIA
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Bucoka muHaMika CIIiIKOBOTO KOHTYPY HpHBOIA (BEIHKAa CMyra MPOMYCKY
ey 2 7 T'11, BUCOKA IIBUAKOMISA 1 Majuil 4ac MepexiHOro MPOLECY) NOCATaEThCS

TOJIOBHUM YHHOM 3a PaxXyHOK BHKOPHCTaHHS BHUCOKOIMHAMIYHHX CJIICMEHTIB 0e€3
BBEJICHHS JIOJJATKOBUX CTaOUII3yIOUMX W KOperyBaibHHX 3B's3KiB. OCHOBHOIO
IHEpLIMHOIO JIAHKOIO, € T1IPOIJICHIIIOBAaY COIUIO-3aJIOHKA, MOCTIHHA Yacy KOTpol

3BUYANHHO CKiamae T, = (8—15)-1073 ¢. YactoTa BIIaCHMX KOJWBAHbB 1 IIBUIKOIIS

JPOCENFHOTO TIPUBOJY BHOHMPAIOTBCS JIOCTATHHO BUCOKUMH 3 THUM, 100
3a0e3MeYnTH HEOOXIAHWH 3amac CTIHKOCTI CIIJKOBOTO INPHBONY IpPH OUIBIINX
KOe(ili€HTIB APOCETHHAX MPUBOIB 3 KOPOTKAMH TiPOMATICTPAISIMHA 1 BETUKUMH

TEOPETUYHUMH ITYCKOBUMH IPUCKOPEHHIMHU (jmax=lO4CM/02). 3po3ymiJio,

30LIBIICHAS MPUCKOPEHHS MPUBEIC 0 301IBIICHHS IMOTYXKHOCTI i Baru MPHUBOAY.
Tomy BH3HAaYCHHS ONTHMAaJBHUX 3HAYCHb MOTY)KHOCTI i pO3MIpiB TiApOABUIYHA B
3aNIe)KHOCTI BiA HEOOXimHOI IWHAMIKM CKJIAZa€ OXHY 3 TOJOBHUX 3a1ad
JMHAMIYHOTO PO3PaxyHKy HPHBOJA.

YK 621.313
Adanacbesa 1.0.
ct. BuKi. HY "3anopi3pka nositexHika"

JOCJIPKEHHS ETEKTPUYHOI MIITHOCTI I30JISILIIIHOT
TPAHC®OPMATOPHOI BYMATH THITY TBY-085

OCHOBHUMH MOKa3HUKaMH €JIEKTPHUYHOT MIIIHOCTI 130JIL[IHHUX MaTepiaiB y
TpaHcdopmaTopoOyayBanHi € mpobusHa Hampyra (U,, kB) Ta HampyxeHicTh
enektpuuHoro nons (Ep,, xB/Mm) (puc. 1). Bkpaii BaXnIuBO NpU NMPOEKTYBaHHI
CHJIOBMX TpaHC(HOPMATOpiB NpaBWIBHO 00paTH i30ALiiHI MaTepianu (THn
Marepiany, T€OMETPUYHI pO3MipH - TOBIIMHY, KJac HArpiBOCTIMKOCTI), Ais iX
HaJiitHOT excrunyararii. s 3axucTy BiJ €IEKTPUYHOIO NMPOOOI0 KOTYIIKH, BUTKH
Ta  mapm  oOMOTOK  TpaHcopMmaropiB  3aXMINAIOTBCS  I30JIILIHHOIO
TpaHcdopmMaTopHOIO OyMaroro.

Jns  pmocmimxeHdss  Oyna  oOpana  i3ossmidiHa — TpancopmaTopHa
BHCOKOBOJIbTHA yIIibHeHa Oymara tumy TBY-085 kmacy HarpiBocTiiikocTi A
(pobGoua Temneparypa no 105°C, ropmuna 85 Mk). Januii i3onsuiiauii Marepian
OyB mocmimkeHWH y sKocTi Oap’epa y HEOJHOPIAHOMY TIOJ TpH Pi3HUX
MOJIIPHOCTSAX HAa CTPYMOBEAydYill 4acTHHi. [cTOTHMI BIUIMB 00'eMHOTO 3apsay Ha
PO3BUTOK PO3PAAY y MPOMDKKY 3 Pi3KO-HEOTHOPIAHUM ITOJIEM BHKOPHUCTOBYETHCS
Ha NpaKTHLi Juisl 30UIBLICHHS PO3PSAHUX HANPYT 130JLIMHUX MpoMikKiB. Lle
30UIBIICHHS. JIOCSTAEThCSA 3aCTOCYBAaHHSAM Y MPOMDKKY Oap'epiB i3 TBepIoro
nienekTpuka. bap'epm y NpOMIDKKY BCTaHOBIIOIOTBCS Ha Takiil ONTUMAaJbHIN
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BiJICTaHi BiJ] CTPyMOBEIy40i YaCTHHH, IPHU SAKIH PO3PSAAHI HAPYTH MaKCUMAaJbHI
(20+30% Bix MOBKHHH IPOMIKKY MiXK EIEKTPOIAMH).

a — MO3UTHBHA MOJSIPHICTH CTPHKHS; O — HEraTHBHA NOJIIPHICTH CTPUKHS
1 — pozmonin HaPY>KEHOCTI eIEKTPUIHOTO TS 6e3 Oap’epy; 2 — po3moIin
HATPY>KEHOCTI eJICKTPUIHOTO MO 3 6ap’epoM (HieTEKTPHK)
Pucynok 1 — Po3moain Harpy»XeHOCTI SJICKTPUIHOTO MOJIS Y MIKEICKTPOTHOMY
npoMiXkKy 0e3 Gap’epy Ta pH HasiBHOCTI 6ap’epy

MerTo10 eKcriepiMEeHTaNBHIX JAOCIIKEHb € BU3HAYEHHS TPOOUBHOT HAIIPyTH
3oL HHOT TpaHcopmaTopHOi Oymaru Tuy TBY-085 mpu 3MiHeHHI BiCTaHI Bif
JUEJIeKTPHUKa IO CTPYMOBEIYYOi YaCTHHH, ¥ NPU 3MiHI MOJISIPHOCTI CTPYMOBEIY4O0T
yacTuHH. [l mpoBemeHHs pocmifiB Oyna BUKOpUCTaHA YCTaHOBKA amapara
BumnpoOyBanHs i3osmii ABI — 70.

KBUHP

0T 2
60 A
0T 3
E A
30+ 7
20+ 1
10+ Somr Y
10 20 30 MM
1, 2 — 3anexHicTh MPOOUBHOI HAIPYTH y POMIXKY Oe3 6ap'epy (1 — nmosuTHBHa,
2 - HeraTHMBHA MOJISAPHICTh HA CTPYMOBEAYUiil YacTHHI enekTpoay); 3, 4 —
3aJIeKHICTh TIPOOMBHOI HATIPYTH Y MIPOMIXKKY 3 Gap'epom Gap'epy (3 — mo3uTuBHa, 4
- HETaTUBHA NOJISIPHICTD Ha CTPYMOBEAYYill YaCTHHI €IEKTPOAY); Sour —
ONTHMaJIbHA BiZICTAaHb PO3TAIyBAaHHS JIEJIEKTPHKA Y IPOMDKKY
Pucynox 2 — 3anexxHicts npoObuBHOT Hanpyru gienekrpuka TBY-085 Bix micus
pO3TalnIyBaHHs B HEOJAHOPITHOMY TIOJT

Jlnis  3abesredeHHs HEOOXITHOI  €NeKTpUYHOI MIIHOCTI  130JAIii B
TpancopmaTopax ii 3a0e3meuyroTh MPaBHILHUM BHOOPOM Marepiairy i30JIAilii,
130JIAIIHOT KOHCTPYKIIIT Ta pO3MipiB 130JAIIHHUX POMIKKiB.
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PesympTaTaMu  eKCIICpUMEHTAJIBHUX  JOCHIUKEHb CTAJO  BU3HAYCHHS
npobuBHEX Hampyr U,, Ta HampyKeHOCTEH eNeKTpHYHOro MOoId Yy
MDKEJICKTPOTHOMY T'a30BOMY IPOMDXKKY IPH 3MiHi HOJSAPHOCTI HA CTPYMOBEIYTii
gactuHi. [Ipu TO3UTHBHIN MONAPHOCTI HA ENEKTPOAiI MaKCHMajbHE 3HAYCHHS
Upmax = 62 kB, npu neratuBHil Upymex = 66 kB (puc.2), po3ramoByouu
TENeKTPUK Ha BifACTaHi S,y = 10 MM. Aste HaiiOLIbII e(EKTHBHAM € 3aCTOCYBAaHHS
Oap’epy mpu S, KOJIM Ha CTPYMOBEyYii YaCTHHI — O3UTHBHA IOJISIPHICTH, TOMY
mo Uy, 36inbmyeTses y 2.07 pasu y nopisHsaHHi 3 U, 63 3acTocyBaHHs 0ap’epy.
3HaueHHSI MaKCUMaJIbHUX 3HaUCHb HAIPYKEHOCTEH B MIXKEJIEKTPOIHOMY Ta30BOMY
NPOMDKKY TPH  3aCTOCYBaHHI  HE  MPOCOYCHOT  MAacCiIoOM  130JISIIiHHOT
Tpancdopmaroproi Oymaru tumy TBJI: Eypmax = 6.2+6.6 xB/Mm.

ITpu BuOOpi eeKTUBHOTO Ta HAAIWHOTO 130JLLIHHOTO Marepianry HeoOXiaHO
KOPHCTYBaTHCSl HOro OCHOBHUMH IOKAa3HHKAMH  €JIEKTPUYHOI  MIHOCTI,
3aCTOCYBaHHA SKOTO JO3BOJISIE 3MEHINUTH 130JIAMIMHI BIACTaHI, a e CHpHUsIE
30LIBIICHATO TPAHINYHOI TIOTY>KHOCTI CHIIOBUX TpaHC(POpMaTOpiB.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Pasesur J[.B. TexHuka BHCOKOr0 HampsDKCHHUs: YueO. a1 BY30B
/J1.®.ImoxoBckas, B.I1.JIapuonos, FO.C.ITunTans u ap. [lox pexn. J.B.Pa3esura -
M.: Dueprus, 1976 - 488 c.

2. Meronu4Hi BKa3iBKH 10 JabopaTopHuX poOiT 3 mucumiuriad "TexHika
BHCOKOI Hampyrd' [Uisi CTyAeHTIB chemianpHOCTI 141 EmextpoenepreTrka,
CJIEKTPOTEXHIKA Ta eJIeKTpoMeXaHika (OCBiTHsS mporpama "EnekTpudHi MamuHu i
amaparu') ycix ¢opm wHaBuamns /Y. J.O. Jliteinos, I'.B. JIpomideBa. —
Banmopixoks:, HY "3amopizbka momitexuika", 2019. — 42 c.

3. Joarunos AN. Texnuka BBICOKHUX HaIpPsHKEHUN B
anextposnepretuke./A. M. Jlonrunos, — M.: Dueprus, 1968.- 464 c.

YK 621.3.012

Kosnos B.B.}, Ha6okosa O.B.2

! KaHJ. TeXH. HayK, jgo1. HY "3amopizpka nomitexHika"
2 jou. HY "3aropisbka mosmitexsixa"

AHAJII3 EJJEKTPUYHOTI'O KOJIA IOCTIMHOI'O CTPYMY 3A
JONIOMOTI'OI0 EJIEKTPOHHUX TABJIUIb EXCEL

VY Hawi aHI BUBYEHHS JUCLUILIIHK "TeopeTH4Hi OCHOBHM ENEKTPOTEXHIKH"
BA)XKO YSBUTH 0€3 BUKOPHCTAHHS KOMII'FOTEPHOTO MOJEIOBAHHS ENEKTPHUYHMX 1
Mar”iTHUX Kut. [lgs 1pOro JOLUIBHO BUKOPHCTOBYBAaTH Hporpamy Juis
PO3paxyHKiB, sika HE MOTPeOye creliaabHOi MAroTOBKU. Taknuii yMOBI BifIOBinae
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tabmmaauil mporiecop Microsoft Office Excel, skum KopHCTYIOTBCA OiNBIIICTH
CTYACHTIB U1 3MIHCHEHHS pPO3PaxyHKiB, IO CYMPOBOIKYIOTHCS TpadigHIMH
noGyoBamu. Moro OCHOBHI mepeBaru mepe iHIIMMH CHCTEMAMHM €: JIETKiCTh i
HAOYHICTh IIPOTpaMyBaHHS 3a/1a4; 3aIHC CKIATHUX MaTeMaTHYHUX BHPa3iB B TOMY
BUIJIAI, B SIKOMY BOHM 3a3BMYail 3alHCYIOTHCS Ha apKylli Mamepy; MpocToTa y
BUKOPUCTAHHI; MOXJIMBICTh CTBOPEHHSI BOYZOBAaHMMH 3aCO0aMH BHCOKOSKICHUX
TEXHIYHHX 3BITiB 3 TaOnuIsiMu, rpadikamu, TekcToM, naket Microsoft Office, no
CKJIaay sKOro HanexuTh Excel, po3moBcrojpkeHHH 1 IOCTYHNHMH; INporpaMu
MOXYTb CTBOPIOBATHUCS SIK 3 BUKOPUCTAHHS Ta i 0€3 BUKOPUCTaHHS MaKkpOCiB.

Sk mpukiIan BUKopucTaHHs Tabmuunoro mporecopa Microsoft Office Excel
pO3IJITHEMO HOro BXKMBAaHHA AU aHANi3y PO3TaIY)KEHOTO ENIEKTPUYHOIo KoJjia
MOCTIHHOTO CTPYMY.

Hexait 3amaHa cxema eJNEKTPUYHOTO KOJa IOCTiiHOTO cTpymy (puc. 1) ta
mapamMeTpu ii OKpeMHuX eyeMeHTiB. [I0TpiOHO OOYHCIHTH CHIIy CTPyMy y BCiX
BITKax KoJa.

Il Rl RZ IZ
- b =
E, I I E,
| R

A O ), A
> — — >

a | I | c | I | d

Ri /AN R

N

Pucynox 1 — PosranyxeHe elleKTpHYHe KOJIO MOCTIHHOTO CTpYyMY

[lyxane koo ckiamaeTses 3 ABoX mkepen EPC, ogHoro mkepena crpymy,
M'ITBOX PE3NCTHBHHX EJIEMEHTIB, SIKi 32 JIOTIOMOIOI0 YOTHPHOX CKJIQTHUX BY3JIiB
MOEAHYETHCS Y MICTHh BiTOK. OCKINBKH OJIHA 3 BITOK MICTHUTH IPKEPETIO CTPYMY TO
JUTA aHaJli3y Koja MOoTpiOHO CKIIacTH 5 He3aJIe)KHUX PIBHAHB. 3 HUX 3 piBHAHHA 32 |
3akoHOM Kipxroda (s By3iniB a, b, ¢) Ta 2 piBHsaHHA 3a Il 3akonom Kipxroga
(nnst xoHTYpiB, sSKi MOKa3aHi Ha puc. 1, HaOPsIMOK OOXOMy 3a TOAMHHHUKOBOIO
cTpikoro). Crucrema piBHSHb €IEKTPUYHOI PIBHOBATM Ma€ BUTIIS

-, +1,-3=0
l,+1,-1;=0

=1, =
R,-l,+Ry-1;+R, 1, =FE,
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3anmcyeMo BHXiZHI IaHHI Ta cHcTeMy piBHsSHb y Tabmuiio Excel (ckpun
Tabmumi Ha puc. 2). CroB6ui A, D, G BUKOPHUCTOBYEMO [UII MO3HAYCHHS
mapameTpiB kona, a crosoui B, E, H ix uncensHux 3Ha4eHb. PIBHAHHSA 3amucyeMo
y Marpuuniii popmi A-X =B .V croB6max K-O y BurIaai KBagpaTHOI MaTpHIM
5x5 3anmcyemMo Koe(illicHTH TpH HEBITOMHX, y CTOBII Q - BimbHI wieHH
PIBHSIHB. Y YHMCENBHOMY BHIJISILI CKPUH MTPUHME BUIIISA, SIK HA PUCYHKY 3.

AlB|l|Cc|[DJE[F[GH[I]J][K]L[M][N]OI[P] Q]
| 1 |R1=10 E1=20 J=1 X0 0 1 0 =H1
| 2 [R2=15 E2=50 1 1 -1 0 0 0
3 [R3=20 A=|0 0 1 -1 -1 [B=0
| 4 |R4=30 =B10 =B3 =B4 0 =E1
5 [R5=50 0 =B2=B30 =B5 =E2

Pucynok 2 - CkpuH TaOIUIM 3 BUXiTHAMH JAHHUMH Ta CHCTEMOIO PiBHSIHB

A[B[C[D [E[FIGIH[I[J]K[L|M[N[O[P[Q]
1 [R1= 10[ [E1= 20 [= 1 4 0 01 0 1
2 |R2= 15| |E2= 50 1 4 4 0 D 0
3 [R3= 20 A=| 0 0 1-1 A[B= 0
4 |Rd= 30 10 02030 0 20
5 |R5= 50 015 20 0 -50] -50

Pucynox 3 - CkpuH TabJIMIM 3 CUCTEMOIO PIBHSIHb Y YHCEILHOMY BHIJIS

Po3BsizyeMo cucTeMy piBHSHB.
MaTpuio A Ha MaTpuio B

Jis 1pOro MepeMHOXKYEMO 3BOPOTHY

x=A1.B.

Jnst iporo BukopucToByeMo cranaaptHi Gyskuii MYMHOX( ) ta MOBP().

VY xomipkn A7-All 3amucyemMo Ha3BM HeBimoMux crpymiB. Dopmymy
=MYMHOX(MOBP(K1:05);Q1:Q5) B upoMy npukiaai HeoOXiZIHO HEOOX0AUMO
BBECTH SIK hopMyny macuBy. g mporo micis ii 3ammcy y xoMipky B7 Buapinsemo
nmiamazoH B7-B11 (3a kimpkicTio HeBimomux). Ilicis 4poro HaTHCKAaEMO KIIaBilry
F2, a motim onHovacHo knaBimu CTRL+SHIFT+ENTER.

Ha puc.4 HaBenmeHO 3araldbHUM CKpPHWH TIPOTPaMH, a HAa PHUC. 5 - CKPHUH
Pe3yNbTaTiB PO3PaXyHKY.
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Al B c/[pD] E [FIG[H[I[JJK]JL[MI[N[O]P] aQ
Ri= 10 E1= 20 J= 1 4 0 0 1 0 =H1
R2= 15 E2= 50 1. 1 4 0 0 0
R3= 20 A<0 0 1 1 -1 |[B=0
R4= 30 =B10 =B3 =B40 =E1
R5= 50 0 =B2-=B30 =B5 =E2

11 =MYMHOMX(MOBP(K1-05):Q1-Q5)
12 =MYMHOMX(MOBP(K1-:05);Q1:Q5)
13 =MYMHOM(MOBP(K1-05).Q1-Q5)
14 =MYMHOM(MOBP(K1:05);Q1:Q5)
15 =MYMHOM(MOBP(K1-05).Q1-Q5)

PucyHok 4 - 3aranbHuil CKpUH NpOrpaMu

-

Al B [do EFeHNJ[K[LIM[N][O[P[aTl
| 1 [R1= 10| [E1= 20[ [4=1 4 0 0 1 0 1
| 2 [Ro= 15| [E2= 50 111 0 0 0
| 3 |R3= 20 A{ 0 0 1 -1 -1]B= 0
| 4 [Ra= 30 10 020 30 0 20
5 |R5= 50 0-15-20 0-50| 50
| 6|
| 7| 11| -06064
18] 12 13191
|9 | 13 07128
10| 14| 03936
1] 15 03191

Pucynox 5 - 3aranbHuid BUTIISA IPOTPaMK y YNCEITbHOMY BUTIISII

BucnoBku. Komm'totepHe MOJENIOBaHHSI € JOCHTh €(EKTHBHUM 3aCO00M,
SKAN CIIpUsiE PO3BUTKY PO3BUTKY TBOPUMX 3AI0HOCTEl CTYIEHTIB, MOTJINOIIOE
MDKIMCIMIUTIHAPHY 1HTerpauiio, (GopMye KyJibTypy BHUKOHAHHS JOCIHIIHUIBKOT
poboTH 3 BHKOpHCTaHHSIM Komm'iotepa. CHCTeMaTH4HA  JiSUTBHICTH 13
KOMIT'FOTEPHOTO MOJIEJIOBaHHS crpusic (JOPMYBaHHIO 1HTEpeCy 0 JOCIHiAHUIBKOT
ISITBHOCTI.

Bukopucranns enextponux tabmuip Excel 3 ypaxyBaHHsM mpocToTu Horo
BUKOHAHHS, Ma€ DPAJ TepeBar Inepei 3BMYaAHHUMH METOAAMH IPOrpaMyBaHHSIM.
Bukopucranns ¢gopmyn i Ha#mpocrimmx ¢ynkuiii Exel nabararo ierme, Hix
HaWOUIBII TPOCTHX MOB IporpamyBanHs. OnnoyacHo MS Office Ta iforo ckiagosa
YacTHHA peJlakTop eiaeKTpoHHuX Tabmuis MS Excel € Ha 6aratbox xoMmn'rorepax,
y TOH Yac, SK JJIS BUKOPHCTaHHS METOJIB MPOTpaMyBaHHs MOTPiOHE BiAIOBimHE
CepeIOBUINE PO3POOKH.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Kypbarosa E.A. Microsoft Office Excel 2003. Crucnuii kype.
2. Koznos B.B., HabokoBa B.B. TeopeTnuHi OCHOBH €JEKTPOTEXHIKH.
VYcraneHi pexkuMH y JIHIHHUAX eJICKTPHIHUX KOJax.
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VK 621.3.012

Kosznos B.B.l, Ha6okosa O.B.?

! kamn. Texm. Hayk, gor. HY "3amopiszpka nomitexnika"
2 mou. HY "3amopispka momitexHika"

AHAJII3 HEPEXIJHOTO NPOLECY ITPU NIIMUKAHHI
KOJIMBAJIBHOT'O KOHTYPY JIO JIUKEPEJIA IIOCTIHHOI HAIIPYTH
3A 10IIOMOI'OIO EJIEKTPOHHHUX TABJINIb EXCEL

BukopucranHs KOMI'IOTEpPHHX MOJENEH Ta YHCEIbHI METOIIB JIO3BOJISE
CYTTEBO PO3LIMPHUTH KOJIO €IEKTPOTEXHIYHUX 3aJ]a4, SIKi MOXKYTh OyTH PO3B'sI3aHi.
Jnsi uporo JOLIIBHO BHUKOPHCTOBYBAaTH IpOTpamMy Jjisi PO3paxyHKIB, sika He
noTpedye creriaabHol MAroTOBKY. Takuii yMOBI BiANOBiae TAOMUYHHUN TPOLIECOP
Microsoft Office Excel, sikum KOpHCTYIOTBCS OLTBIIICTE CTYAEHTIB IS 311 HCHEHHS
PO3paxyHKiB, IO CYMPOBOKYIOThCS rpadidHUMU TOOynoBaMH. Xod4a BiH Mae
MEHIIIe MOXKIIHBOCTEH y MOpiBHAHHI 3i cmerianizoBanumu makeramu (MathCAD,
MathLAB ta inmi), ane BiH 103BOJIsI€, HA MiCTaBi BiJHOCHO MPOCTUX AITOPUTMIB
YHCETHHOTO PO3B's3aHHA AU(EPEHIIIHHNX PIBHAHB, CTBOPUTH MaTEMATHIHI MO
3HAYHOI KUIBKOCTI 3a/1a4 3 €IEeKTPOTEXHIKH.

Po3rnstHemMo 3amady MOJETIOBAHHS IIEPEXiJHOTO MpOLECY MNpH ITiAMHUKAHHI
TIOCJIIIOBHOTO KOJIMBAJIGHOTO KOHTYPY /IO JUKEpela MocTiiHOT Hanpyru. [1pu npomy
TS po3B's3aHHs Au(epeHIIHHOTO PIBHSIHHS BUKOPHCTOBYeMO MeTox Eiinepa, sxwuii
MPHU3BOJIUTH JIO MPABUJIBHOTO PE3yJIbTaTy 3a JOCTATHHO MAJIOr0 KPOKY 32 YacOM.

[MpumycTumo, mo B elNeKTpuIHOMY Kouti (puc. 1), sike MiCTHTH MOCITiTOBHO
3'eqHani pesuctuBHuil R, emuicuoi C # iHAyKTUBHUI L eneMeHTH, 10 KOMYyTaIlil
ko4 Q OyB PO3IMKHYTHH, a KOHIACHCATOpP HE 3apsypkeHuit. OTKe, MOYaTKOBI

ymosu € mysoumu: 1(0_) =0; 1(0_)=0.

—)UR —)UL —)UC

—— |

Pucynok 1 — mocumitoBHAN KOJHUBAIEHIA KOHTYP

3anumeMo piBHSIHHS €JIEKTPUYHOT PIBHOBArd Ha MiACTaBi JAPYroro 3akoHY
Kipxroda aist KoJIMBaIbHOTO KOHTYPY ICIsl KOMYTanii

Ug +U, +uc =E.
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3 ypaxyBaHHSM CIIiBBiIHOIIEHb MDK CTPYMOM 1 Hampyramu IacHBHHX
€JIEMEHTIB KOJIa MAEMO

R-i+Lﬂ+1-Ii-dt=E.
d C
[pomudepenirroeMo 0OMIBI YaCTHHN PiBHIHHS
- 2. 2. -
ST B P R - S B
dt  dt* C dt? dt C

OCKinbKY 1€ PIBHAHHS IPYroro MOPSIKY, TO PO3B'I30K 00OB'I3KOBO MIiCTHTH
2 mocriiiHi iHTerpyBaHHA. ToMy [UII BU3HAUYCHHS MEPEXiTHOTO CTPYMY HEOOXiTHO
3HATH HE TUIBKM YHCENbHE 3HadeHHA cTpymi mpu t=0+, ame ¥ uyncenbHe
3Ha4YeHHsA Horo mepuioi moxiaHoi B Heil MoMmeHT uacy. Lli 3HaueHHs 3Haiinemo,
BHUKOPHCTOBYIOYH IIOYAaTKOBI YMOBH, 3aKOHU KOMYyTalii i apyruii 3akoH Kipxroda
i(0.)=i(0,)=0;
uc(0-)=uc(0,)=0;

R-i(0,)+uc(0,)+ L%(m) -E.

3Bincu
i(0+)=0;

di E
—(0+)=—.
dt( ) L

IIpu ckmamanHi mporpamu BUKOpUCTOBYeMo Merton FEiinmepa. Hexait n -
HoMep Kpoky, At - nosxuna kpoky. Toni Maemo

d% Rdi 1 . di di d?

— ni = AL
dt n+1 L dtn LC dtn+1 dtn dt n+1

i =i +— -At;t =n-At,

n

Y 3amucy mporpaMd 3aMicTh TepHioi Ta JApyroi MOXiTHUX CTPyMy
BUKOPUCTOBYEMO 3MiHHi, aki moznauumo di ta ddi.
CpuH mporpamu NMpeACTaBIeHO Ha pHC. 2.
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Sub Maxpocl ()

' MepexigHuit NPoOUEC Y KONMMBAJIBHOMY KOHTYpP1

E=10: R=10: L = 0.04: C = 0.0002: 1 = 0: di = E / L:
t =0: dt = 0.0002: n = 1:

While t < 0.05

UR =R * i: UL =1L * di: UC = E - UR - UL:

Cells(n, 1) = t: Cells(n, 2) = i: Cells(n, 3) = UR:
Cells(n, 4) = UL: Cells(n, 5) = UC:

ddi = =i / (L *C) =di * (R/ L): di = di + ddi * dt:
i=41i+di * dt:

t=t+dt: n=n + 1:

Wend

End Sub

Pucynox 2 - CkpuH nporpamu po3B'si3aHHs TU(QEpPEeHIIHHOI0 PiBHIHHS

Ha puc.3 npencrasieHi pe3ysbTaTH po3paxyHKy

A B ¢ | b E ;
1 0 0 0 10 0
2 00002 00475 0,475 95 0,025
3 | 00004 009215 0,9215 893  0,1485
4 00006 0,133646 1,33646 82992 0,36434
S 0,008 0,171731 1,717307 7,616948 0,665745
6 04 . 6 20 1
7 ﬂ if, 6 s uL(1),| uCt)
8 5
02 Py
9 \ 4 1:
10 3
A
11 ° 0 \/ 0, I.'.J; 0,04 E :]-'19 0,04
12 ’ ’ 2l S
13 -0,2 1/ -10

14| 00026 03417201 2412014 0656178 5031808
Pucynok 2 - CkpuH pe3ynbTaTiB pO3paxyHKyY

Sx OGaunmMo 3 rpadikiB MEpexiTHUN MpoIec KOJWBAIbHUM, 3aracaroduii.
3MIHIOIOYM Yy MakKpoci HapaMeTpy EJNEKTPUYHOrO KOJia MOXKHA JOCSTTH IHIIHX
BHIIB TIEPEXiAHOTO TIPOIECY

BucnoBku. BuxopuctanHs moJiOHMX KOMITIOTEpHMX Mojeneld Ha 0asi
esleKTpoHux Tabumnpb Excel crnpuse BCTaHOBIEHHIO MiAJIICHMIUTIHAPHUX 3BSI3KIB
MDK MareMareKkolo, 1H()OPMAaTHKOIO Ta EJNEKTPOTEXHIKOW. BoHM MOXyTh OyTH
BIPOBA/PKEHI P IPOBEJICHHI  Y4OOBMX  JIOCHIJDKEHb, KypPCOBHX  Ta
KBani(ikaifHUX pooir.
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YK 621.396.674.3
Pomaniuenxo .M.
ct. Buki. HY "3amopizbka nomiTexnika"

T'PAJIIEHTHA ®A30BUX HIBUJIKOCTEN BEKTOPIB HAIIPYKEHOCTI
EJEKTPAYHOI'O I MATHITHOI'O ITOJIIB BJAMKHBOI 30HHU
BUITPOMIHIOBAHHSA JUITOJISAA T'EPLIA

Jns BUBYEHHS (I3UYHMX MPOIECIB BHIPOMIHIOBAHHS EJIEKTPOMArHITHHX
XBHWJIb TPUPOJHMMH JOKEpENlaMH, HAMPHKIaA, T'PO30BUX PO3PAMAIB, PO3PSIB B
BucokoBosbTHHX JIEIT abo B mporeci ekciuryaTanii eneKTpoTpaHcnopTy, i. T. 1. B
JiarmasoHax JOBI'MX XBHJIb B SIKOCTI MaTeMaTHYHOI MOJENi OMUCY IUX IPOIECIB
MOske OyTH 3aCTOCOBaHa TeOpis BULIpOMiHIOBaHHs aumoist [epria [1].

B Hanmaniii poOOTI po3MISHYTO pi3HUNIO (a3 IMONEepPEeYHUX KOMIOHEHT
BEKTOPIB HAIMPY)KEHOCTI €JICKTPUYHOTO 1 MArHITHOTO TIOJIIB & TAKOX TPAIEHT IIUX
(GyHKIIT B 3aJIe)KHOCTI BiJj KOOPAMHATH TOYKU CIIOCTepexeHHs . [IpencraBieHo
KOMIT'FOTEPHHUN aHalli3 3aJIe)KHOCTI [UX BEIWYMH Ui ONMKHBOI, MPOMDKHOL i
JaJbHbOT 30HM BHUIpOMiHIOBaHH:. LI NaHi MOXXHA BHKOPHCTOBYBATH JUISl aHAJTI3y
MPOIIECiB BUIIPOMIHIOBAHHS Pi3HHUX JDKEPEN eICKTPOMArHiTHUX TOJIB.

PizHums a3 opToroHamTEHHX KOMIOHEHT €NEKTPUYHOTO i MATHITHOTO TIOJIB,
IK 1 KOpHOHHM OJMKHBOI 1 JajeKkoi 30HM BHUIIPOMIHIOBaHHS awmoiisi [epra,
3aJIeXaTh TUIBKH BiJl BiHOIIEHHS /4 [2].

1
Weo — W, = arctg(kr) — arctg (kr — E) ,

a rpafienT i€l QyHKmii:

4 B 3-k%r?
grad (wg, — Wy, ) = 2T e

ne: k=2r/) — xBuIbOBe YHUCIO; I — BiJCTaHb Bijl JyKepesia BUIPOMIHIOBAHHS 10
TOYKH CIIOCTEPESIKEHHS;, (, ® — OPTH CPEPUIHOT CUCTEMHU KOOPIUHAT.

3HaueHHs (a30BUX IIBUAKOCTEH EJIEKTPUYHUX 1 MAarHiTHOI KOMIOHEHTIB
OJIsI, HOPMOBAHMX JI0 IIBUIKOCTI CBITJIa B TOYL CIIOCTEPEIKEHHS 3aJI€XKaTh TIIBKH
BiJI BiICTaHi 10 AWIMONIS, BiJHECCHE A0 IOBKHHH XBUIi (I/4):
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Vo, kr
¢ kr—arctg(kr) ’

V¢ Eg kr

¢ kr — arctg (kr — %)

Komm’torepHuit aHami3 3MiHN IIUX MIBUAKOCTEH MPEACTaBICHO Ha puC. .

v
1% Hy
L 4 4
VCP Hup
C I|
YiEg

o 0l 02 03 04 05 06 0F 08 09 1
",
Pucynok 1 — I'padik BiTHOCHUX 3HA4YeHB (a30BHUX MIBUAKOCTEH MOMCPEIHUX
komnoHeHT EMIT.

3 HaJaHOTO pO3paxyHKy BUAHO, MmO ¢a3oBa MMBUAKICTh MAarHITHOL
KOMIIOHEHTH OiJbIlle 3a MIBHIAKICTH CBITJIA, a (pa3oBa IMIBHAKICTH EIEKTPUIHOI
KOMITOHEHTH MOXe OyTH 1 MeHIme i Oinblie 3a MBHAKICTH CBiTiIa. Ha rpanmmi
Janexoi 30HM BHUIpoMiHOBaHHA (I/4 > 0.62) ¢a30Bi mWBUAKOCTI 000X KOMIIOHEHT
CHIBIAIAIOTh.

I'pamieaTn 3miEM (Pa30BUX IIBHAKOCTEH EIEKTPUYHMX 1 MarHiTHOI
KOMITOHEHT I10J151, HOPMOBAHHUX JIO IIBU/IKOCTI CBITJIa MAIOTh BUTISAL [2]:

Vo He kr — (k®r? + 1) - arctg(kr)
=29 -
(k2r2 4+ 1) - [kr — arctg(kr)]?

grad
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Vo Bg kr- (k?r? + 1)? — (k®r® + 1) - arctg (kr — %)
grad ( ) =2m- T~
(ko1& 4+ 1) - [kr — arctg (kr — E)]

Ha puc. 2 naBeneno rpadidni 3ajeXHOCTI TpanieHTIB (pa30BUX MIBHIKOCTEH
MONEPEYHUX KOMIIOHEHT EJIEKTPUYHOIO 1 MAarHiTHOTO IIOJIIB BHIIPOMIHIOBaHHS
gunonst ['epuma B HampsMKy TOJOBHOTO MaKCHMyMy BHIIPDOMIHIOBAaHHS B
3aJICKHOCTI BiJl BiTHOIICHHS I/4.

157

o ()

104

0 0l 02 03 04 035 06 07 02

Pucynox 2 — I'padiuni 3a5eXHOCTI TpalieHTiB (Ha30BUX IIBHIKOCTEH IMOIEPeIHIX
koMioHeHT EMII.

I'panienT 3mMiHM (a30BOi MIBUAKOCTI EIEKTPUYHOT KOMIIOHEHTH T10JISI Ma€ J1Ba
exctpemymu: 1ipu /4 =0.18 i mpu r/A = 0.36.

dazoBa IMIBUAKICTP MAarHiTHOI KOMIIOHEHTH Ta ii Tpaji€eHT pOCTyTh 3i
3MEHIIIEHHSM BiJICTaHi 10 JKepena.

OtpumaHi  CIIiBBIAHOUIEHHS  JIO3BOJISIIOTH  JIOCHI/DKYBAaTH  3arajibHi
3aKOHOMIPHOCTI 3MIHM XapaKTEPUCTHK IIOJIiB BHUIPOMIHIOBAHHA 1 1X Ipaji€HTIB B
3aJIE)KHOCTI BiJ| BIICTaHI BiJl TUITOJIS 1O TOUKHU CIIOCTEPEKEHHSI.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH
1. Crparron JIx.A. Teopus snexrpomarsetmsma. M.-JI.: TUTTIL, 1948. -
539c.
2. T'opobenn M.M., Pomaniuenko I'.M. I'pamieHTH BEKTOpPiB MNpY>KHOCTI
CJIEKTPUYHOTO 1 MarHiTHOTO MOJIsi BHIIPOMIHIOBaHHS IMIIONSA ['eplia Ha KiHLEBIid
BizcraHni / BicHuk Xapkicbkoro yHiBepcutery Ned27, 1999, ¢.205-208.

186
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Tuxosox C.M.l, T'onuapos J:[.B.2

! 1-p. Texm. mayk, mor. HY «3amopisbka mosiTexHika»
2 eryn. rp. E-319m HY «3anopisbka momiTexHiKa

MOJEJIOBAHHS TEXHOJIOTTYHOI'O NPOLECY ®OPMYBAHHSI
IOBEPXHEBOI'O ITAPY OBPOBJIIOBAHUX JIETAJIEU 3
YPAXYBAHHSIM HACTYIHHUX ONEPAIIIA

BuroroBneHHs Aeraned A pi3sHUX NMPHIAAiB aBTOMATHKW B 3HAYHIN Mipi
BU3HAYAEThCA (DiHITHUMU OmeparisasMu GopMOYTBOPEHHS i pSKUMaMH X 00pOOKH.
ToMmy BUHHKa€e HEOOXiJHICTh MOJICITIOBAHHS MPOLIECY 3 METOIO 3HAXOPKEHHS ONTH-
MiHIMQJIBHUX YMOB Juisi (OpPMYBaHHsS IOBEpXHEBOIO WLIapy IPH MEXaHI4Hid
00po061i. O0poOKa meTanei 3 BiIOMUX MaTepialiB MPOBOIUIACS MIPH JTOCIIIKCHHI
HACTYIHUX MapaMeTPiB IPOIIECy.

Mera poGotu — mocmimutu 3anexuicte R,=f(P, V, t, R, z) 3 Meroro
OTPUMaHHS PIBHSAHHS perpecii i NOAaIbLIIOro BUKOPUCTAHHS HOrO PU BH3HAYEHHI
ONTUMAITFHUX PEXUMIB 00pOOKH 3 ypaxyBaHHAM 3a0€3MeUeHHS HaOUTbIT BUCOKOT
NPOAYKTUBHOCTI Hporiecy. st 3'sicyBaHHs 3aJI€KHOCTI
R, = f(P, V, t, Ruw, 27) HEOOXiIHO MNPOBECTH EKCIEPUMEHT 3 MOJANBIINM
CTaTHYHMM QHAJNI30M OTPUMAHUX pe3yjbTaTiB. BkaszaHy 3azady MoxHa
BUpILIYBaTH TPAaAMLIHHUMH METOJAMH IUIAHYBaHHS eKcrepuMeHTty. OIHaK s
CKOPOYEHHS KiJIbKOCTI JIOCII/IIB 3aCTOCOBYBAJIACs TEOPist HOAIOHOCTI.

IMpusenenns 3anexuocti R, = f(P, V, t, R,ix, Z) 10 KpuTepialbHOTO BUY.

Beenemo nosnavennst: [F] - po3mipHicTh cuin; [L] - po3MipHICTh JIOBKHHU;
[T] — po3mipHicTb 4acy.

V pieusiani R, = f(P, V, t, Ryiex, Z) pO3MipHICTh TapaMeTpiB Taka:

[Ra] =[L]; [P1=[F] - [L]-2;
(VI=[L] - [T]-1; [T] = [T]; @)
[Raicx] = [L]; [Z] = [L].

Taxk sk Tineku napametp P mictuts [F], To 6e3po3mipHi kpurepii momiOHOCTI
He MOXYTh OyTH OTpuMaHi (HeMae mapameTpa, «KOMIIEHCYIO4Oro» PO3MIpHICTB).
Jns Toro mo6 orpumaTtn Oe3po3MipHiI KpuTepii MoaiOHOCTI, BBEIEMO B YHUCIIO
He3aJIeKHUX 3MIHHUX «KOMIIEHCYIOUHIl» mapamerp L

p=1-F
Toni 3anexnicts (1) HaOyBae BUrIISALY
R.=f (P, V, t, Ricx, Z, ). 2
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Benemo no3HaueHHs U1t 6 He3aJIe)KHUX 3MIHHHUX piBHSIHHES (2) (Tabm. 1).
Po3mipHicTs 3MiHHOT Xi Ma€ BUTIISA

(F) (L) (D
[X;] = [F1% - [L)4 - T4 @)
Tabnuus 1
[Mapamerp | IToznaueHHS [F]li(F) [ L]ﬂi(“ [T]lzm
P X1 1 -2 0
\% X2 0 1 -1
T X3 0 0 1
Raicx X4 0 1 0
z X5 0 1 0
? X6 1 0 0

[Toka3HUKHU CTYICHIB Ai(p),li(L),Ai(T) 3BeneHi B Tab6a. 1. Ha migcrai m —
TEOpEeMH TOMIOHOCTI 3aJeKHICTh (2) MOXKe OyTH TpeicTaBiIeHa B KPUTEPiaJbHOIO
Burisiai. KoskeH 3 kpuTepiiB mogiOHOCTI T Ma€e BUTIISA 6€3p03MipHOTO KOMILICKCY

6

@

7r=| |X L
i=1

TOOTO BIANIYKAaHHS KPUTEPIiB MOMIOHOCTI 3BOIMTHCS IO BU3HAUCHHS MOKA3HHKIB
CTYIICHIB @; IPU BIONOBITHUX 3MIiHHUX X,. [JIT HBOTO MEepeTBOPUMO KPUTEPIH T
HACTYITHUM YHHOM:

m =10, X = kT, X, (4)

Jns BusHaueHHA KoedimieHTIB perpecii MpOBOAMMO IMOBHHH (aKTOPHUI
excriepument 2°.  DakTopu T, T,,TM; BapiiOIOTECS HA JBOX pIBHAX -
MaKCHUMaJbHOMY 1 MiHiManbHOMY. Jliama3oHM BapiroBaHHS mapameTpiB R, P, Z,
BKa3aHi B Ta0II. 2.

Tabnuus 2
[Tapamerpu min Max
(MKM) 0,63 2,5
(xr / cM?) 0,5 40
(MKM) 7 28

BucnoBkn. OTpI/IMaHa 3QJIEKHICTh MOKE BUKOPUCTOBYBATUCA IJI MPAMOTO
obuncinenHs Ra mo HaTypaJbHUM 3HA4YCHHIM r[apaMeTpiB, SK 1 6yﬂ0 OIIMCAaHO
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BHUIIIE Ta B YMOBaX BHPOOHHMIITBA 3a3BWYail BiOMi BUXiIHA MIOPCTKICTH IMOBEPXHI
Raicx 1 moOpcTKicTh micist 00poOku netani Ra. Toni, BHKOPHUCTOBYIOUH 3aJICKHICTB,
MOJKHa 3'SICYBaTH, SKOTO THIy HacTy HEOOXiTHO 3acTOCYBAaTH (TapaMeTp z) i mpu
SKOMY THCKY 1 IIBHAKOCTI BecTH 0OpoOky (mapamerpu P i V), mob® mocsarru
HaMOLTBII BHCOKOI TPOAYKTHUBHOCTI IIpoIiecy (mapamerp t).

YK 621.3.01:519.876.5

Tuxosox C.M.%, Hpamnak OM.?

! 1-p. Texn. Hayk, non. HY "3amopisbka momitexrika"
2 cryz. rp. E-219M HY "3anopisbka mositexnika"

OCOBJIMBOCTI MOAEJIOBAHHSA EJIEKTPOMATHITHUX
IMPOLECIB B TPAHC®OPMATOPAX

Pizka 3MiHa pexuUMy pPOOOTH CHJIOBOrO TpaHcopmaropa (HAIPUKIAL,
BKJIFOUEHHS HOT0 Mijl HOMIHAJIbHY Hampyry, KOPOTKE 3aMUKaHHS) MPU3BOIUTH JI0
MEepexiHOTO Tpolecy B HOro enekTpoMarHiTHOi cucremi. [lepeximamii mpouec
MOXe€ TPOTIKaTH TakK, II0 MAarHiTOPOBiJA BXOAWTH B IIOBHE HACHYEHHSI, a KHIOK
CTpyMy MOXE B JI€CATKH pa3iB IEPEeBUIIUTH HOMiHANbHE 3Ha4eHHS. Tomy
3aBaHHSA OIIIHKH IePeXiHUX MpPOIECIB MpH Pi3Kid 3MiHI PEXUMY pPOOOTH
CHJIOBOTO TpaHC(opMaTopa 3 pepoMarHiTHIM OCEpJIsIM € aKTyaIbHOIO.

B nanwii yac Taky OLIHKY IIMPOKO IIPOBOJATH 33 JOIIOMOTOK MOJICIFOBAHHS
EJIEKTPOMArHiTHUX IIPOLIECIB B  CXeMax 3aMillleHHs TpaHcopmaropa i
EJIEKTPUYHOIO KOJIa, B SIKE BiH BKJIIOYeHHH. TpaHcdopMmarop pO3MIISAaEThCs SIK
€JIEKTPOMArHiTHe KOJIO, IO MICTHTH IMOB'S3aHi MiX CO0OI0 BITKH Pi3HOT MPUPOJIH.
3a eNeKTPUYHUM BiTKaM MPOTIKAE ENIEKTPUUHHUN CTPYM, @ IO MarHiTHAM BiTKaMm -
MarHiTHUH NMoTiK. ENeKTpuyHi cTpyMu, 1110 MPOTIKAIOTh 0 0OMOTKAX, CTBOPIOIOThH
BIAMOBITHO /0 3aKOHY IIOBHOTO CTPYMY MarHiTOpyIIHHUX CHIM, 1 1€
BPaXOBYETHCS BBEJICHHSAM B KOJIO JKEpel Harpyry, kepoBanux ctpymom (JJHYC).
VY naHy TOAMHY TaKy OLIHKY IIMPOKO IPOBOJSATH 3a JOINOMOIOI MOJIEIIOBAHHS
CJICKTPOMArHiTHIX ~IpOIECiB B CXeMax 3aMillleHHs TpaHcdopMaTopa ¢
CJIEKTPUYHOTO KOJIa, B SIKE BiH BKIIOYEHMH. TpaHcdopmarop po3rismacTses siK
€JICKTPOMArHiTHe KOJIO, YTO MICTITh IOB'I3aHI MEXIy COOOI0 BITKM pi3HOI
npupoar. Y eNeKTPUYHHX BITKaX MPOTIKae €IEKTPUYHHUI CTPYM, a IO MarHiTHIM
BiTKaM - MarHiTHWH TOTIK. ENeKTpu4HI CTpyMH, 9TO MPOTIKarOTh M0 0OMOTKaX,
CTBOPIOIOTH BiITIOBIHO O 3aKOHY MOJHOTO CTPYMY MarHiTOPYIIiHHIX CHIH, U 1Ie
BpPaxOBYEThCS BBEJACHHIM B KOJIO JDKEpEN Hanpyru, kepoanux crpymom (JIHYC).
Jns MozenmoBaHHSA AWHAMIYHUX EJIEKTPOMArHiTHUX MPOLECIB B TaKHX CXEMax
3aMilieHHs po3pobiieHa cremianizoBada nporpama COLO. OcraHHiM 4YacoMm B
TpaHcopmaTopoOylyBaHHI 3HAXOMUTh LIMPOKE 3aCTOCYBAaHHS XOJIOJHOKaTaHa

189



TEeKCTYpOBaHa €JEKTPOTEXHiYHA CTajib. L{g cramp B MOpPiBHAHHI 3 rapsyeKaTaHoi
CTaJUTI0 Mae Ounbmie 3HA4YeHHS MAarHiTHOI NPOHUKHOCTI i OLIBIIOrO 3HAYCHHS
MartiTHOi iHAyKIii Hacwdenus. Ilpu mpomy 3anexwicts B (H) xomommokaranoi
TEKCTYpPOBAaHOI CTalli Mae BUTIAA PI3KO 3MiHIOEThCS (YHKINI Bix HyIsS [0
MAarHIiTHOI iHAYKMii HacuueHHs. L{e mpu3BOOUTE 10 MOSBH TEHICHIII PO30IKHICTH
00YHCITIOBAIFHOTO TIPOIIECY TIPHU MOJCITIOBAHHI.

ITocTaBnena 3amaya BHpilIEHA 3a JIONMOMOIOI0 IPOTPAaMHOTO KOMIUIEKCY
COLO, pospobmneHoro 3a ywactio aBTopiB wmiei crarti [1]. [Iporpama COLO
NpU3HAaYeHa ISl PO3PaxyHKY YaCOBHX 3aJIe)KHOCTEH CTPYMIB, MarHiTHUX MOTOKIB,
CJIEKTPUYHHUX 1 MarHiTHUX Hamnpyr B OyIb-SKHX €JEMEHTaX B3a€MOIIOB'S3aHHX
CJIEKTPUYHHUX Ta MAarHiTHUX HeNiHIMHUX K1, Bebep-ammepHi XapakTepUCTHKU
HEJHIHHMX MarHUTOIIPOBOAOB 33/al0ThCs MacHBaMH OMOPHUX TOUYOK MAarHiTHHX
HAIpyr i MarHiTHUX NOTOKiB. TOMy BU3HA4YECHHS HaNpyId IO 3aJaHOMY CTPyMYy B
MPOMDKHHUX TOYKAX B IPOIECi O0UMCICHb BUKOHYETHCS 3 BUKOPUCTAHHIM CIUIAH-
iHTeprossmii. MacuBM ONOPHMX TOYOK KPHBHX HAMarHidyBaHHS OTPHMYIOTh
EKCIIEPUMEHTANIbHO, a CKCIICPUMEHTAJIbHI TOUKH 3aBXXKIH MAIOTh ACSKUI PO3KHI.
Le#t po3kun Moxxe OyTH NMPUYMHOIO PO3XOIKEHHS ITEPaIifHOTO TMPOIECY, SKUH
BUKOHYETBCS Ha KOXXKHOMY Kpomli iHTerpyBaHHi. Y mporpami COLO
XapaKTePUCTHKH HENIHIHHUX EJIEMEHTIB OOpOOJISIOTHCS CHeiaJbHUMHU CILIaiH-
¢dyHKuisAMY, 10 BUKIHKaOThes 3 Spline Toolbox cucremu Matlab.

VY SplineToolbox nependauena pobota HE 3 CAMUMHU XaPaKTEPUCTHKAMH, a 3
ix pp-¢bopmamu (Habopamu KoeillieHTIB CIUIAWH-IHTEPHOALIl), IO CIPOIIYE
ANPOKCUMAIIIIO 1 MPUCKOPIOe obumciaeHus. Otpumaru pp-¢popmy B cuctemi Matlab
MOJKHa 3a JOMOMOTOI0 omeparopa: pp = csapi (MB, MH), ne MB, MH - Bektopa
omopHuX Touok i B i H kpuBoi mamarniuyBanHs ctami. Y SplineToolbox €
TaKOX MOJIJIMBICTh BHKOPUCTAHHS 3IJIAJUKY€E CIUIaiiHa 3 3aJaHAM Koe(ilieHTOM
3rnauKkyBaHHS. OfHAaK JUIS Pi3KO 3MIHIOETBCS (QYHKIII BUKOPHCTaHHS 3TIAIKYE
CIUlaifHa INPHU3BOJIUTH 10 HEAJAEKBATHOTO pE3yibTaTy. SIKIIO 3riaJuKye CIUIaiH
3actocyBatd 10 Jorapupmy 3anexHocti InH (B), To oTpumana ampokcumaris
BUKOHYETBCSI a[IEKBATHO 1 MPH [IbOMY 3IJIa/DKYETHCSI PO3KH]] €KCIIEPUMEHTAIbLHIX
TOYOK KpWBOi HamarHidyBaHHs. lle TpW3BOAWUTH M0 TMOJIMIIEHHS CTiHKOCTI
YHCEJIILHOIO METOJY, IO 3aCTOCOBYETHCS MPH MOMAEIIOBaHHI €JIEKTPOMArHiTHOTO
npotecy.

CIIMCOK BUKOPUCTAHOI JTITEPATYPH

1. TuxoBox C. M., Kopayc T.M., [Tayk F0.U., Tapuyrkun A.JI. Pazpabotka
IrOpUTMa M MPOTPAMMBI pacueTa MEePeXOAHBIX IMPOLECCOB B HEJIHMHEHHBIX
aneKTpruecKuX 1ensx. / Enexrporexnika ta enexkrpoenepreruka. - 2003, - Nel.

2. Tuxoom C.M. MogaenupoBaHue MEPEXOAHBIX  IPOLECCOB B
TpaHcopmaropax Ha OCHOBE MArHUTODJCKTPUYECKUX CXEM  3aMELICHHS.
EnextpoTexHika Ta enekrpoenepreTuka. — 2014, — No2,
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VIIK 004.032.26

Tuxosox C.M.l, Oseitrikos M.O.2

! II-p TeXH. HayK, nou. HY «3amopi3pka mosiTexHika
2 eryn. rp. E-319m HY «3anopisbka momiTexHiKka

3ACTOCYBAHHJS TIOBHOI'O ®AKTOPHOI'O EKCIIEPUMEHTY JJIS1
HABYAHHS HEHPOHHOI MEPEXI

OCHOBHUM 3aBIAHHSIM IUIAaHYBaHHS CKCIIEPUMEHTY € pPO3TAIIyBaHHSI
EKCIICPUMCHTAIBHAX TOYOK B JOCTIKYBaHIN 007acTi (akTOpPHOTO MPOCTOpY 3
METOI0 OTPHMaHHSA HaHOIIBII TOYHOTO MATEMAaTHYHOTO OmHcy 00'€eKTa mpHu
MIHIMaJIBHIN KITBKOCTI €KCIIEPUMEHTIB, 1[0 BCTAHOBIIOETHCS 33JaHUM KPUTEPIEM
ONTHMANBHOCTI MaHy. Jlo onTuMizalii NPUCTYMArOTh MICHs aHaji3y anpiopHol
iHpopmaii. B obnacTti ekcriepiMeHTy BCTAHOBIIIOIOTh OCHOBHI PiBHI Ta IHTEpBaJIU
BapitoBaHHs (aktopiB. OCHOBHMM a00 HYJbOBUM piBHEM (DakTopy Ha3HMBalOTh
Horo 3Ha4yeHHs, NMPUUHITE 32 BUXIJHE B IUIAHI EKCIIEPUMEHTY, 0 MOXKJIMBOCTI
OuKYe 10 ONTHMAIIBHOTO 3HAUYEHHSI.

Merta pob0TH — po3pOOUTH METOIUKY ITPOBEACHHS Cepil MOBHUX (haKTOPHUX
excriepuMmerTiB  ([IOE) mo cTBOpeHHIO HaBYAaNbHUX BHOIPOK IUIsI HABYAHHS
HEHPOHHOI Mepexi aganTarii.

B skocTi maHMX Ui HaBYAHHA =~ HEHPOHHMX  MEpeX  amamnTamii
BUKOPUCTOBYIOTBCS JaHI 00’€KTiB PEryIIOBaHHA i, BIAMOBIHI KOKHOMY Habopy
JIAaHUX, ONITUMAJIbHI TapaMeTpH HACTPOHKH PETYIIATOPA.

IMpu mnpoBenenni oxHoro I[IDE nwuisixom mociinoBHOro mnepebopy BCix
MOXIIMBHX T[IO€JHAHb DpIBHIB BapilOBaHHS CKJIAJAa€TbCs IIOBHA  MaTpHUIL
TUIAaHYBaHHS, 110 CKJIaJaeThes 3 8 BXiJAHUX (IapaMeTpH 00’€KTa PEeryioBaHHs) i 8
BUXIZIHUX HaOOPIB (ITapaMeTpH HAJIAIITYBAHHS BIAMOBIAHOTO PEryJsTOpa) 3HAYCHb
JUIsl HABYaHHSI HEHPOHHOT MepeKi.

Kinpkicte HaboOpiB JaHmx Z Uil HaBYaHHS HEHPOHHOI Mepexi MOXHa
pO3paxyBaTu HACTYITHUM YHHOM:

Z=2F-M, )

Jle X — KUIBKICTh 3MIHHMX NapaMeTpiB 00’€KTa perymoBaHHi, F — KUIbKiCTB
npoBeZeHNX (aKTOPHUX EKCIEPHMEHTIB 3 PI3HMMH KoedillieHTaMH IHTEepBaJiB
BapiroBaHHSA, M — KUIBKICTh 33JaHUX YaCTOTHUX MOKA3HUKIB KOJUBAIBHOCTI.

HapuanpHa BHOipka, IO CKJIAJAE€TbCS 3 OJHOTO TOBHOTO (PAKTOPHOTO
EKCIIEPUMEHTY 1 OJHOTO 3aJaHOr0 YaCTOTHOTO IMOKa3HUKA KOJHMBAJIBHOCTI IUIs
BIITBOPEHHSI TapaMeTpiB HaJamTyBaHHA ineanbHOoro IIIJ[ perymstopa, B
3arajJbHOMY BUTJISII TIpeAcTaBiieHa B Tabmuii 1.
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Tabmms 1 — HaBuansHa Bubipka AJs TpEeHYBaHHS HEMPOHHOT Mepexi

amanrarii
Ne ITapamerpu 00’ €ekxTa [Mapamerpu HaJIaIITyBaHHS
TOYKH pErynoBaHHs I d-perynaropa
Ko To To0 kp TI/I T};[

1 KO min TO min A min kpl -I—Hl T};[l
2 KO max TO min A min kpz THZ TJIZ
3 KO min TO max A min kps TI/I3 Tll3
4 KO max TO max 7 min kp4 TI/I4 TH4
5 KO min TO min P max kp5 TMS THS
6 KO max TO min P max kp6 TMG THG
7 KO min TO max P max kp7 TI/I7 TH7
8 KO max TO max P max kp8 TMB THS

Bci  oTpumani

peauizarii

MepexiTHUX TPOIECiB Ta BIAMOBIIHUX
IMITYJIbCHUAX TEPEXiIHIX XapaKTePUCTHK MOKa3aHi Ha PUCYHKY 1.

M

Pucynok 1 — Ilpoenenns [IOE Ta moOymoBa rpadikiB nepexigHuX MpoLeciB Ta

BIMOBITHUX IM IMIYIBCHUX MIEPEXiTHIX XapaKTEPUCTHK I KoedirienTta

inTepBainy BapitoBanus k = 0,5
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I[lpn HaBuaHHI HEWPOHHMX MeEpeX CIII TaM ATaTH, INO IapaMeTpu
HajamryBaHHS perynsaropa {K, Ty, To} € rpynaMu dmcen B pi3HHX Aiana3oHax
3HAa4YeHb, TOMY UIA SKICHOTO HaBYaHHS HEHPOHHOI Mepexi HEeOOXiTHO MPOBECTH
HOpPMYBaHHS KOXKHOI TPYIM MapaMeTpiB B Iiama3oHi Aii oOpaHOi akTuBaIiitHOI
¢ynkmii. Jlaanit MeTo IO3BOJISE 3BECTH 0 MIHIMyMY BIUIMB BEIHKHX YHCET Ha
(hyHKIIFO METH HaBYaHHS HEHPOHHOI MepeXi Ta MiABUIIUTH TOYHICTH 11 HABYaHHS.

HopmyBaHHS KOXHOI IPyIH IapaMeTpiB MPOBOJUTHCS 3TiJTHO 3 (OPMYIIO0
[1]:

HOPM

XUPM = [(min — max) - (X; — max{x})] / [min{x} — max{x}] + max, 2

e X; — MOTOYHE 3HAuYCHHs MapaMeTpa perymsitopa, {X} — BEKTOp 3HauYCHb
HOPMOBAHOT'O [apaMeTpa PeryssiTopa.

BucHoBkH. 3po0ieHH CHHTE3 TPEHYBAIbHUX MHOXHH i3 3aCTOCYBaHHAM
[I®E i croemiagpbHO BBEACHUM KOSQII[IEHTOM BapifoBaHHA [UIi HaBYAHHS
HEeHpOHHUX Mepex amanrtauii. JIoCTipKeHI MOXIMBOCTI HaBYaHHS aJaNTHBHUX
HEHPOHHUX MEpeXk ACKiIbKOMa BHIAMH HaBUAIBHUX BHOIPOK, IO MIHIMI3YIOTh
KpHUTEPii AKOCTI.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. Amnep FO.I1. [lmaHupoBaHHME SKCIEPUMEHTA MPU MOUCKE ONTHMAIBHBIX
yenosuii / FO.I1. Amep, E.B. Mapkosa, FO.B. I'panoBckmii — M.: Hayka, 1976.—
290 c.

YIAK 621.3.01:519.876.5

Tuxosox C.M", IrymeroB I1.B.?

! JI-p. TeXH. HayK, Ao1. HY «3amopi3pka mosiTexHika
2 eryn. rp. E-119¢n HY «3aropisbka momiTexHiKay

PO3PAXYHOK HEJIHIMHUX KLJI IOCTIMHOI'O CTPYMY 3
3ACTOCYBAHHSAM JIMCKPETHUX CTPYMOBUX MO/JIEJIEM

Jlis cipomeHHs MipKyBaHb IPUIIYCTHUMO, IO B €JIEKTPUIHOMY KOJIi € TUTBKH
OJIMH HENHIMHWA pEe3UCTUBHUN €NeMeHT, a iHII eneMeHTH — JiHiiHi. Tomi
pO3IIISTHEMO JIHIHHY YacTHHY KoOJa SK AaKTUBHMH JIHIHHHMH JBOTIOJIIOCHHUK,
HaBaHTAXXECHHSIM SIKOTO € HEeJIHIHHUN pe3uCcTHBHUI eneMeHT (puc. 1).
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Pucynox 1 — AxTuBHUIA NiHIHAN TBOTIOIIOCHUK 3 HENIHIHHIM €IEMEHTOM.

3rigHO 3 TEOpEeMOI0 TPO EKBIBaJCHTHUH TEHEPAaTOp AaKTHBHUHU JHIMHHN
JIBONOJIIOCHUK MOXKHA 3aMiHUTH €KBIBAICHTHUM T'€HEPaTOpOM Hamnpyru (puc. 2a)
abo ctpymy (puc. 20).
Rekv

T Gem
Eekv
J

ehv = E ekv*Gekv

a 0
Pucynoxk 2 - 3aMiliieHHs JIiHIHHOTO JBOIOIIOCHUKA CKBIBaJICHTHIM I'€HEPATOPOM

Skuo Ha oxHOMY rpadiky IMOMICTUTH HAaBaHTXKYBaJbHY XapaKTEPHCTHKY
AKTUBHOT'O JIIHIHHOTO JABOMOJIIOCHHUKA 1| BAX HEMiHIHHOTO PE3UCTHBHOTO €IeMEHTa
(puc. 3), To Touka meperuny kpuBux (U, I;), BU3Hauae pexuM poOOTH
EJIEKTPUYHOT0 KoJja, To0To cTpyMm Iy i Hampyra Uy Ha HemiHiiiHOMY onopi, siKi
noTpiOHO BU3HAYHTH.

U, Uq Ux U

Pucynok 3 — HaBaHTaxyBallbHA XapaKTEPUCTUKA aKTHBHOTO JIIHIHHOTO
JBOTIONIOCHUKA 1 BAX HENHIHHOTO pe3UCTUBHOTO €JIEMEHTA.
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Hexait Ham Bigomo skeck HaOmmwkeHe pimenHs Ug, [y — HymboBe
HabmmwkeHHa. B toumi (U, Ip), anpokcumyemo BAX HenmiHiHOTO OmOpy MpsMoi,
motmaHoi mo miel toukm. Tomi touka (Uy, I;), ska € TOYKoIO mepeTHHY
AIPOKCUMYIOUO1 MPsIMO1 1 HaBaHTaXKyBaJIbHOI TpsiMOi, Oy/e po3TaroBaHa OIrKIe
1o touku (Uy, i), i Oymemo po3risaati il sSK HAaCTyIHE HAOMIDKEHHS 10 iCTHHHOTO
pimrenns. B toumi (Uy, 1), 3H0BY Oyamyerbcs motmuna no BAX, i 3HOBY BAX
ANPOKCUMYETHCS L€l JOTHYHOT i TaK Aaii, Hoku He Habmu3umocs xo Touku (Uy, Iy)
3 33J1aHOI0 TOYHICTIO.

PosrisHemo HacTynHy iHTeprperauito potuuHii 10 BAX. VYsaBimo, mo
JotudHa 10 BAX — 1e HaBaHTaKyBaJlbHa XapaKTEPUCTHKA AEIKOTO aKTHBHOTO
JIBONOJIIOCHHKA, SIKMA 3aMIHUMO €KBIBaJIEHTHUM TIeHepatopoM crpymy. Tomi
AKTUBHUI JHIHHUN JBOMOMIOCHUK, HABAHTAXKCHHM Ha HENIHIWHE OMip MOXHA
NPEICTABUTH CXEMOIO 3aMillleHHS, HaBeIeHO1 Ha puc. 4.

Ik

G v
el U
J ey ) “ Gk JK |

Pucynoxk 4 — Cxema 3aMillleHHS] aKTUBHOTO JIIHIFTHOTO JIBOTIOJIIOCHUKA,
HaBaHTAKEHOTO Ha HEJIIHIHHUN PE3UCTUBHUHN €IIEMEHT.

TakuM  YMHOM,  HENIHIWHMNA  PE3UCTHBHUI  €JEMEHT  3aMiHEHUH
€KBIBaJICHTHOI CTPYMOBOIO MoOAeI0 3 eilemMeHtamu Gy 1 Jy. BusHaummo
napaMeTpyd CTPyYMOBOI MOZEJTI HEJTIHIHHOTO PE3UCTHBHOIO  eleMEHTa. 3
TEOMETPUYHUX MipKyBaHb (pHC. 3) MOXKHA ITOKA3aTH, IO

G =1g(a). I =" Yy G 1)

JIe o — KyT HaXWIy JOTUYHOI 0 KprBoi B Touti BAX Uy, Iy.

Takum umHOM, BHpa3u (1) JO3BONATH BH3HAYHTH TMapaMeTpHu CTPYMOBOI
MOJIeJTI HeJliHIftHOTO onopy, T. €. Gy u Jy. [IpoBignicTs Gy HOpiBHIOE

dl
G, =19 (a) = |
‘ duly =
k )
Ha xoxxHomy kpoui irtepauii mapamerpu Jy, Gy crpymoBoi Moxeni
3MIHIOIOTECS. TOMy laHa CTpyMOBa MOJEJIb Ha3MBA€ThCS TUCKPETHOIO CTPYMOBOIO
MOZEILIIO.
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Sxmo iTepamifHUil Tpolec HE CXOMWUTHCS, TO IIPOIIOHYETHCS HACTYITHUN
TPHHOM, T ABHIYE 301KHICTh. 3HaueHHs Jy, Gy Ha KpoIli iTeparii K 0GuiCIroroThCS
3 BUKOPHCTAHHIM 3Hau€Hb Ha MONEPETHHOMY KPOILIi:

_G+(P-)G, J, = e +(p-D Jyy
P ; P , ©)

Jie p — mapamerp, 110 NpHiiMae 3HaYeHHs B Mexkax 2-20.

Gy

BukopucroByroun ¢opmynu (3) MoxkHa TOMOTITUCS 301KHOCTI iTepauiiHOro
HPOLECY, HABITh SAKIIO CIIOYATKY Mpolec OyB TUBEPreHTHHUM.

Hukowm iTepariif MOBTOPIOIOTHCS IO THX IIip, TIOKU BCi CTPYMU 1 HAIIPyTH HE
JOCATHYTb 3 3aJJaHOI0 TOYHICTIO CBOTX MOCTIHHMX 3HAYCHB.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. TuxoBon C. M. YcoBeplIeHCTBOBAHUE UTEPAIIMOHHBIX METOJIOB PEIICHUS
CHCTEM HEIMHEHHBIX YPABHEHHWH COCTOSIHHS MAarHUTORJIEKTPHUYECKHX CXEM
samemienns/ C.M. TuxoBon // EnekrpoTexHika Ta enekrpoenepretuka . — 2015. —
Nel . — C. 46-49.

YK 621.3.012

Kosnos B.B.%, ickyn B.B.?

! kanz. Texu. Hayk, gou. HY "3amnopisska mositexsixa"
2 cryn. rp. E-317 HY "3anopisbka mositexmika"

AHAJII3 PE3SOHAHCHUX sABHUI Y TIOCJITIOBHOMY
KOJIMBAJIBHOMY KOHTYPI 3A JOITIOMOI'OIO EJIEKTPOHHUX
TABJINIb EXCEL

VY nHami 1HI BUBYEHHS IUCHHMILIIHMA "TeopeTHdHI OCHOBH €NEKTPOTEXHIKH"
BaXXKO YSBUTH 0€3 BUKOPHCTAHHS KOMITIOTEPHOTO MOJETIOBAHHS ENEKTPUYHHX 1
MarHiTHuX Kul. [Ipy bOMy JOIIBHO BUKOPHUCTOBYBATH IINPOKOAOCTYIIHI 1 BijoMi
CTyZIEHTaM MporpamHi 3aco0u. [0 TakMX MOXIIHMBOCTEH HaJIe)KaTh EJIEKTPOHHI
tabmuui Excel. Lle 6araTodyHKIioHaNbHUE TaOIMYHUIA TpoLiecop, IO BKIIOYAE B
ceOe eyleKTpOHHI TabnuIl, 3aco0M Bi3yaJbHOrO TNporpaMyBaHHS i TpadidHmit
MOJIyJIb, 32 JOIIOMOTOI0 SKOTO MOXHa JCTaTH KPYroBi W CTOBITYACTI Jiarpam,
noOynyBatu rpadiku. [Taker Excel nosBonsie po3s'sizaTu Oe3nmiy pi3HUX 3a1ad,
MOB'I3aHUX 31 3HAXO/DKCHHSAM TIIOXiTHUX, IHTETpaNiB, YHUCEIBHUM PO3B'SI3KOM
nudepeHifanX piBHAHB. 0JJ0BHUMH TiepeBaramu maketa Excel mepen iHmmmun
CHUCTEeMaMH €: JIETKICTh 1 HAOYHICTh IPOTpaMyBaHHS 3a]lav; 3aliC CKJIATHUX
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MaTeMaTUYHHX BHPA3iB B TOMY BUIJISII, B IKOMY BOHH 3a3BHYail 3aIIMCYIOTHCS Ha
apKyIIi Marnepy; IpocToTa Y BUKOPUCTAaHHI; MOMXIINBICTh CTBOPEHHS BOYIOBaHUMH
3ac00aMH BUCOKOAKICHUX TEXHIYHHX 3BITIB 3 TAOMHUIIIMH, TpadiKaMu, TEKCTOM.

VY sxocti mTpWKIaga BHUKOPUCTAHHA TmakeTa Excel posrimsHemMo aHami3
PE30HAHCHHUX SIBULI Y ITOCIIIJOBHOMY KOJHMBAJIEHOMY KOHTYPI.

Hexait 3amana cxema IOCHIZOBHOTO KOJHMBaJIbHOTO KOHTYpYy (pmc. 1) Ta
napaMeTpu oKpeMux eneMeHTiB. [1oTpiOHO po3paxyBaTu Ta moOyayBaTH rpadiku
PE30HAHCHUX XapaKTEePUCTHUK 38 YMOBH 3MIHU OKPEMHX MapaMeTpiB.

Pucynox 1 — ITocninoBHU# KOMMBaIbHUI KOHTYD
BuxinHi 1aHi: 3MIHHOIO BEJIMYMHOIO € YACTOTA JPKEPESIa HKUBICHHS.
- — — o o —6
a)_var; E =100 B; R:=200 OmMm; L=05 TH C=210 .

Po3paxyHkoBi (opMyiH, sSIKi BAKOPUCTOBYBAJIUCH ISl MOZICTIOBAHHS:

XL(0) = @-L; XC(0)=——; X ()= XL()~ XC(a)

w-C
E
(@)= —F - UL(w)=XL(0)- 1 (e);
UC(w) = XC(@)-1(0); F(w) =¥ . w=arctg(F(w)) .

IIporpama, TeKcT $KOi MHPEJNCTaBICHO Ha pHUC. 2, CTBOPIOE TAOIHIIO, Y
croBOIsiX A...F sikoi (ikCyIOTBCSI 3Ha4eHHs 4acTOTH ®, CHIM cTpyMmy I, crmaam
Harpyru Ha pesuctuBHoMy UR, ingyktuBHOMy UL Ta emuicnomy UC enemeHTax i
taHreHc (asoBoro 3cyBy F. ®aszosumii 3cyB Mikx EPC kepena ta crpymom
o0uncimoeMo 'y cboMoMy cToBOmI G 3a J0OMOMOror0 CTaHAAPTHUX (QYHKIIH
I'PAIIYCH( ) Ta ATAN().

197



Sub Maxpocl ()

'AHaNi3 KONMMBAJIBHODO KOHTYPY
E = 100: R = 200: L = 0.5: C
For i = 1 To 150:

W =120 X d: X, =g ¥ L: XC =1 [ (WwX*(C):

X =XL - XC: 2 Sgr(R * R + X * X):

Strum = E / 2: UR = Strum * R:

UL = Strum * XL: UC = Strum * XC: F =X / R:

Cells (i, 1) w: Cells(i, 2) = Strum: Cells(i, 3) =
Cells (i, 4) UL: Cells(i, 5) = UC: Cells(i, 6) = F:
Next

End Sub

Pucynox 2 - IIporpama 1t MOAETIOBaHHS PE30HAHCHUX SIBHI Y MOCHITOBHOMY
KOJIMBaJIbHOMY KOHTYPI

0.000002:

UR:

nn

PesynbraT MOJICITIOBAaHHS MPEICTABIICHI Ha puc. 3.

L4 A | B c | o E F G H
1] 0 Strum  UR UL uc XR ?
2 | 20 0,004001 0,800294 0,040015 100,0368 -124,95 -89,5415
3 | 40 0,008012 1,602358 0,160236 100,1474  -62,4 -89,0819
4 60 0,01204 2,407973 0,361196 100,3322 -41,5167 -88,6202
5 80 0,016095 3,218043 0,643789 100,592  -31,05 -88,1554
6 100 0,020186 4,03711 1,009278 1009278  -24,75 -87.6863
74 |

300 — |} %0 &
8 UC=1(w) lJL=hw) 1 ofl®) _
9 250 ,7‘\\ 1 60 ; 7
10 | 200 7 1 30 /
11 [ 150 1/ 1 o L
12 | 100 +=1 \ {0 B 100 1500 2000 2500
13| 5 / ' L/
14 / e % *

0 = /

15 0 500 1000 1500 2000 2500 1 -90 ="

Pucynox 3 - YucenbHi Ta rpagivHi pe3ybTaTH MOJISIIOBaHHS PE30HAHCHUX SBHUII
Y TIOCITiIOBHOMY KOJIMBaJIbHOMY KOHTYPI1

Sx moxHa mobaunTH 3 Tpadikis, AKi MPUBEICHI HAa pHUC.3 PE30HAHC HANPYT
mae micue mpu gactori @, =1000 pan/c.

BucHoBku. Bukopucranns makera EXxcel nmae MoxmuBicTe He JuIe
BUKOHATH aHaJli3 TIOCIIIOBHOTO KOJMBAILHOIO KOHTYPY MpH 3MiHI #0ro
napaMeTpiB, aje W BiZoOpasuTH pe3yJbTaTH TaKOro aHallizy y HAOYHOMY
rpagiyHOMY BHIJISIL.
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Komn'torepHe MOAeTIOBaHHA € ITOCHTh €PEKTHBHUM 3acO00M, SIKHH CIIPHSE
PO3BUTKY  pPO3BHTKY  TBOPYMX  3II0OHOCTEH  CTYICHTIB, TTOTITHOITIOE
MDKIUCIHIUTIHAPHY 1HTETpanio, (GopMye KyabTypy BHKOHAHHS IOCIITHUIBKOL
pobOTH 3 BHKOPHCTaHHSIM Komm'iorepa. CHCTeMaTW4Ha [JiSUTBHICTH i3
KOMIT'FOTEPHOTO MOJEJIIOBaHHS CIIpuse (OPMYBaHHIO iHTEpeCy IO IOCIiTHUIBKOL
IISITBHOCTI.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. KypbatoBa E.A. Microsoft Office Excel 2003. Ctucmmii Kypc.

2. Kosmos B.B., HaGokoBa B.B. TeopeTwdyHi OCHOBH €IEKTPOTCXHIKH.
YcTaneHi pexXuMu y JHIHHAX eIeKTPIIHIX KOJax.

3. Koznos B.B., Ilickyn B.B. Anani3 pe3oHAHCHUX SBUII Yy TIOCIiZOBHOMY
KOJIMBATLHOMY KOHTYPi 3a qomomoroto makera MATHCAD.

YK 621.3.049

HaGoxkosa O.B.%, Jlukycap 1.C.2

! on. HY "3amopisbka nomitexnika

2ty tp. E-418a HY "3anopisbka momiTexnika

MIKPOITPOLIECOPH - TPU3HAYEHHSA ,TUIIU, IEPEBAI'U TA
HEJOJIKHA

Mikpomnporiecop - 1Ie IHTerpajJbHa cXema , IO BHUKOHYE (QYHKIIT
HEeHTpaIbHOTO Nponecopa. ChOroHI CIOBO MIKPONPOIECOp MPAKTHYHO CHHOHIM
CJIOBa TIPOLIECOP, OCKUTbKHM (DYHKIIOHANBHUHA OJIOK, IO HA paHHIX CTalisfx
PO3BHUTKY OOYHCITIOBANIFHOT TEXHIKHM 3aiiMaB iy mady, Ternep BMIMIAE€THCS B OTHY
HEBEJIMYKY IHTErpabHy CXEMy i3 COTHSIMH MIJIbIOHIB TPaH3UCTOPIB BCepenuHi. 3
cepenunan 1990-x mikponpornecopu ButicHwm iHm Bumau L1, ane neHTpanbHi
MPOIIECOPHI TPUCTPOi JESIKUX CYNEPKOMIT IOTEP HABiTh CHOTOIHI € CKIIQJHUMH
kommiekcamu Benukux (BIC) 1 napenukux (HBIC) iHTerpansHux cxem.

EnexTpoeHepreTnka Hajexarb 10 YHCIa TEXHIYHHX CHCTEM, Jie
aBTOMAaTH3AIlis, a TIOTIM 1 KOMIT'TOTEPU3AIlisi PO3BUBAIKCH TOCUTH ycminrHo. OTHaK
Ha TETepilIHii yac MOBa ¥je mpo mepexi] y SAKICHO HOBUIl CTaH - B €HEPreTHUKY
iHpOpMaTH30BaHy, IO BiAPI3HIETHCS CYTTEBO OIIBII BUCOKMMH IOKa3HUKaMH 10
BIZIHOLIICHHIO SIKOCTI €Heprii, NMpoJyKTUBHICTh Mpalli, EKOHOMIYHOCTI HpHU JyKe
BUCOKIMl HaAilHOCTI. BakIMBUM KpPOKOM Yy TI€pEeTBOPEHHI EHEpPreTHKd B
iHpopMaTnzoBany OyJO CTBOpPEHHsS i€papXi4HOi CHCTEMH NPOTHABAPIHHOIO
YIPaBJiHHS, CaMOI0 HW)XKYOIO JIAHKOIO SKOTO € KIHLEBI TOYKM Ta BY3JIH
eneprocucremu (EC): reneparopu, ix BiacHi noTpeOH, BUCOKOBOJIBTHI IIPUCTPOI,
CHUCTeMHI TIiJCTaHIlii, CHOXXWBYI TiACTaHIii ¥ Oe3MmocepeIHh0 KOMYTAIliiiHEe
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enekrpooOmagHanHsi. Tomy 6e3  BHpimIeHHS  mpoOJIEeMH  KOMIUIEKCHOL
aBTOMaTH3aii i NoOyIOBH PO3BHHYTOI CHCTEMH YIIPABIIHHS «3HU3Y IO BEPXY»,
Y3TOKEHHS MaTeMaTHYHUX MOJEIeH pi3HMX piBHIB YIPaBIiHHSA i 3a0e3meueHHs
HeoOXimHOTO O0OMiHY iH(OpMAaIi€el0 MK HHMH Ha OCHOBI BHKOPHCTaHHA
MikpomporiecopHoi TexHikn (i, y TOMy dHCI, MIiKpOKOHTpONepiB) 1 3
BIIPOBA/KCHHAM HOBHX iH(POpPMAIiHHUX TEXHOJIOTIH HEMOXIUBO IiTHITH PiBEHD
€HEpreTUKH Ha SKICHO HOBHH PiBEHb.

3akopaoHHUI JocBin ekciutyaranii mikpomporecopaux (MII) mpucrpois
pI3HOTO NpH3HAUSHHS MOKa3aB, IO BOHM MalOTh Taki >k a00 Kpalli MOKa3HHKU
HaJaifiHOCTI ¥ 3HA4YHO MEHII 3aTpaTH Npall Ha TEXHIYHE OOCIYroBYBaHHS
MOPIBHSIHO 13  TPagUIifHAUMH  CHCTeMaMH. 3a  OCTaHHI  JCCATHIITTA
MIKPOIPOIIECOPHI 3aXMCTH 3aMiHMJIM EJIEKTPOMEXaHIYHI pelie Ha TepeBaXkHii
OimpIIOCTI OO'€KTIB CHEPTETHUKH W MPOMHUCIOBOCTi, KpPiM PO3MOAUTFHUX MEPEK
Hanpyroto 10 (6) kB.

Ipuctpoi wmikpomnpouecopui  P3JI-03-100 (-03-200) mnpusHaueni st
penelHOro 3axMCTy, aBTOMAaTH3allil, KepyBaHHA W CHTHami3amii mpo cTaH
MOBITPSHUX 1 KaOempHHWX JIHIA enekTpornepenadi Hampyrooo 10(6) kB,
TpaHc(hOopMaTOpiB (HAIPHUKIIAM, SIK PE3CPBHHUN 3aXHCT) TOMIO.

YoTupu ocHOBHHX IepeBaru. Ilo-mepiue, mpUCTpiif € IMOBHOIO 3aMiHOIO pene
PT-80, PC-80M2, T06TO Mae Ty  (HopMy KOPITYCY i € aHAJOTIYHUM 32 YMOBaMH
excrutyartarii (—40, +55 0C), Mae cxeMH NPUB'SI3KU IiJ PI3HI THIHX BUMHKAYIB,
AHAJIOTIYHO ICHYIOYMM, 1[0 CHPOLIYE NMPOEKTHI pOOOTH ¥ MOHTaX Ha MiJCTaHII,
Mae aHayoriuHi (QyHKUIT, y TOMY 4HCIi kuBieHHs Bix crpymiB K3 3a BifcyTHOCTI
orepaTHBHOI Hampyrd Ha mifcranmii. [lo-gpyre, mMae nonaTkoBi HesarepedHi
nepeBaru NOPiBHSIHO 3 MIKPOCJICKTPOHHUMH 1 €JIEKTPOMarHiTHUMH pejie: MOCTiiHa
CaMOJliarHOCTHKA - peJieé HECHPaBHOCTI BKa3ye Ha Mpale3/aTHICTh IPUCTPOIO;
noxatkoBi (yHkmii 3axucTy - mpuckopenHs MC3; omepaTHBHE NPHCKOPEHHS;
6nokyBanHs TO; 3aXuCT IBUTyHa BiJi aCHHXPOHHOTO XOJYy; JOJATKOBI (YHKIIT
KOHTPOJIIO - BUMIPIOBAaHHS 1 BitoOpakeHHs (pa3HUX CTPYMiB; KOHTPOJIb CIIPaBHOCTI
KiJT KepyBaHHS BHMHKadeM; IONAaTKoBi (yHKmil iHgWkamii - BigoOpakeHHS
mapaMeTpiB OCTAaHHBOI aBapii Ha AWCIUIe] 1 CBITJIONiOmaX, poOOTa BXOJIB TOIIO).
ITo-Tpete, cnpomieHe MEHIO i HOTo Bisyasizalisl MoJierurye poOoTy peledHoro it
OTIepPaTUBHOTO TMepcoHalmy. MeHI0 MICTUTh BCi HEOOXigHI YCTaBKH W mapameTpu
Ui BUKOpHUCTaHHS pene. Mikponponecopauii mpuctpiit  P3JI-03  3mmxye
TPYAOMICTKICTE pOOIT 3 TEXHIYHOTO OOCITYrOBYBaHHS; BiZoOpaskae mapamMeTpu
OCTaHHBOI aBapii; JIETKO KBITYETHCSI KHOIIKOIO KEpYBaHHS ab0 KIIIOUEM KepyBaHHS
3a BX0/I0M mpucTpoto. Ilo-ueTBepre, Mae NMpUBAaOIUBY H KOHKYPEHTOCHPOMOKHY
LiHy HOPIBHSHO 3 MIKPOEJIEKTPOHHUMHU pejie I aHaJIOTiYHUM pilIeHHSM Ha
CJICKTPOMEXaHI4Hi pere.

Henmoniku  MikpomporecopHux — pene: BIUIMB ~ Ha  poboTy  peine
CJICKTPOMArHiTHUX 30ypeHb 3 OOKy Mepexi >KMUBJICHHS. ICHye JIOCHTh IMBHA Ha
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MEepIIMKA TOTIIAN CHUTYalisl, TPH SIKif IIBHAKOIIOYI MIKPOIPOLECOPHI 3aXHUCTH
pearyroTe Ha aBapiifHWN peXuM HabaraTto TOBINBbHIINIE, HIK €JICKTPOMEXaHIdHi,
HaAMIpHICTH iH(OpMAIli; MOXJIMBICTP HAaBMHCHHX TUCTAHIIMHAX Mii Ha
MIKPOIIPOIICCOPHUI peNeHHUA 3aXUCT 3 METOI MOPYIIeHHS WOTO HOPMAalbHOI
pobotu.

AJe HEHONIKH MIKPOIPOLIECOPHHX TIPUCTPOIB HE €  CYTTEBHMU
BripoBapkenHs MIKpOTIPOLIECOPHHUX TEXHOJIOT1H B HipUEMCTBA
€JIEKTPOEHEPIreTUYHOI Tay3i JOIIJIBHO 1 OOIPYHTOBAHO OE3JIYYI0 He3arepeuHnx
nepesar.
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EDDY CURRENTS - MAIN CHARACTERISTICS, ADVANTAGES AND
DISADVANTAGES

Eddy currents (also called Foucault currents) are electric current loops that
are induced inside the conductors by changing the magnetic field in the conductor
according to the Faraday Law of induction. Eddy currents flow in closed loops
inside the conductors, in planes perpendicular to the magnetic field. In such case,
not the field itself can change, but the position of the conductor in this field, that is,
if the conductor starts to move in a static field, then Foucault currents will still
form in it. The trajectory of such currents cannot be determined. It is only known
that the current flows in the place where the resistance is minimal.

Closed cyclic currents can be formed in a conductor only if the magnetic
field in which the conductor is located has an unstable structure. From this it
follows that the force of the eddy currents has a direct relationship with the rate of
change of the magnetic flux passing through the conductor. According to the
generally accepted theory, electrons move linearly in the conductor due to the
potential difference, which means that the current has a direct direction. Foucault
currents behave in a completely different way and form a vortex closed circuit
directly in the conductor. Moreover, these currents are capable to interact with the
magnetic field, which created them. That is, the conclusion is that the magnetic

201



field generated by eddy currents does not allow the magnetic flux that created these
currents to change.

In the transformer, the core is assembled from separate plates. With this
“fragmentation”, they try to minimize the negative influence of the Foucault
currents, which heat the core. Heating leads to reduced efficiency, and severe
overheating leads to melting of the insulation and destruction of the transformer.

That is why, the core is assembled from thin plates, isolated from each other
by a layer of varnish or other insulating material. This method of core assembly
minimizes core losses, that is, reduce eddy currents to a minimum.

These currents carry not only negative effects. They have long learned to use
it for the benefit of our lives. For example, the properties of eddy currents are used
in induction meters. These currents slow down the rotation of the aluminum disk,
which rotates under the influence of a magnetic field. Also, the creation of
induction steel-making furnaces has made an incomparable contribution to the
development of the entire modern steel industry. Such furnaces work as follows:
the metal to be melted is placed inside the coil, through which an increased
frequency current begins to pass.

The same interactions helped to realize the idea of creating a pump for
pumping molten metals. Foucault currents cause the appearance of a skin effect. As
a result of their action, the efficiency of the conductor decreases, since the actual
current is absent in the center of the conductor cross section, but prevails at its
periphery.

To reduce energy losses, especially when transmitting over long distances, a
multi-channel cable is adopted, each core in which has its own insulation. Eddy
currents, namely induction furnaces designed on their basis, are widely used in
metallurgy. Even in everyday life, we use induction stove, the principle of which is
also based on the use of the effect of the formation of eddy currents.
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THE APPLICATION OF LAPLACE-TRANSFORM METHOD TO
FINDING CIRCUIT SOLUTIONS

The classical method of transient analysis requires, in the general case, the
repeated manipulation of algebraic equations in order to elucidate constants of
integration from initial conditions and the initial values of a function and its
derivatives. This is the major drawback of the classical method.
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As the differential equations describing the transient taking place in lumped-
parameter linear circuits are linear equations with constant coefficients, they may
be integrated by the operational method based on Laplace transform.

At a transient analysis by operational method it is convenient to write down
the equations by any known method which is based on Kirchhoff's equations. Each
of these combined equations can be written having made equivalent operational
circuit for the rated electrical circuit. The definition of originals of required
currents or voltages is used by going from the image domain to the time domain
through the performing the inverse Laplace transformation.

Let’s consider step response of second-order system (RLC circuit). Let it be
desired to find the complete current response in the circuit of Fig. 1 after the switch
S is closed. For simplification of the problem we consider that the capacitor has no
initial charge before switching.

5 R L
—_—
E uR uL

Figure 1 - RLC series circuit

Because the switch in Fig, 1 is initially open, it follows that uc (0) = 0. Since
we have a zero initial condition here the internal e.m.f. produced by the voltage
across the capacitor is also equal to zero. Then we have the following operational
circuit described in Fig.2.

iy L
£ () L
’ T

Figure 2 - Operational RLC circuit.

The governing differential equation for the circuit is found upon applying
Kirchhoff's voltage law. Thus

. di 1.
E=Ri+L—+=|idt. 1
dt cJ. @
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Equation (1) is a second-order nonhomogeneous differential equation
because it involves a derivative as well as an integral term. Laplace transforming
each term of the equation yields

E=I(p)-(R+ pL+i]. 2
p pC

The function in brackets is the operational impedance of the series RLC
circuit. The operational current in the p domain then readily becomes

CE E/L
()= — ®
p2LC + pRC +1 (p2+p+j
L LC

A glance at Eq. (3) shows that the denominator expression does not include
an p factor standing alone. This means that a constant term in the steady-state
solution does not exist. Accordingly, it involves each of the three circuit
parameters. Moreover, the expression is quadratic because of the presence of two
energy-storing elements. From the experience we have gained so far in evaluating
the inverse Laplace transform using the Table of Laplace transform into a time
function.

Before we can proceed further in the solution procedure for i(t) in the
situation now under consideration, we must first find the specific roots of the
quadratic expression. That is, we must determine those values of p which satisfy
the equation

1
R+pL+—=0. 4
p oC 4

It is called the characteristic equation of the second-order system. The roots
of this equation, which are also the poles of I(p) in this instance, depend solely
upon the circuit parameters. If p; and p, are the roots of the characteristic equation
the formal expression for the time solution becomes

i(t)=AePt + Ay eP2t )

Thus the characteristic manner in which the transient terms decay is solely
dependent on the roots p; and p,. The total solution in this case involves only a
transient term because the forced solution is zero because it is always equal to zero
in dc series RLC branches.
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MOTSTA HA MATHITHINM NOYIIII - TPAHCIIOPT, 3ATHHUIA
3MIHUTH CBIT

[MoTsirn Ha MarsiTHI# noxyi, marnesa (Maglev trains) - HaWIIBUAIIMN BUI
HA3EMHOI'0 TPOMAJICHKOTO TPAHCIOPTY. SIK 1ie mpamtoe? SIKINO migHSCTH MiBHIYHUT
MOJIIOC MOCTIIHOTO MarHiTy JI0 MiBHIYHOTO IOJIFOCA 1HIIOTO MArHiTy BOHH OyIyTh
BIZAIITOBXYBaTHCS. SIKIIO OJIMH 3 MarHiTiB NEPEeBEPHYTH, 3'€IHABIIH Pi3HI MOIIOCU
- mputsaratucs. el nmpuHOMI 3aKkiafeHuil B MOi3gax-MarjieBa, SKi KOB3alOTh IO
MOBITPIO HAJ PEHKOI0 Ha HE3HAYHIN BiACTaH.

B ocHOBI TexXHOJOTI{ MarHITHOTO MiABICY JIEKAaTh TPU OCHOBHI ITiICHICTEMHU:
neBiTamii, crabimi3alii i IPUCKOPEHHS. Y TOH e Jac Ha aHWi MOMEHT iCHy€ IBi
OCHOBHI TEXHOJIOTii MarHiTHOTO IMIJBICY 1 OJHA EKCIIepHUMEHTAllbHA, ITOBEICHA
JIIIE Ha TIarepi.

[otsaru, noOynoBaHi Ha 6a3i TeXHOJIOTII enekTpoMarHiTHoro miaBicy (EMS)
JUTA JIeBiTaIlil BUKOPUCTOBYIOTh €IEKTPOMArHiTHE MOJIe, CHIIa IKOTO 3MIHIOETHCS 3a
yacoM. [Ipy 1bOMY MpakTUYHA peaizallis JaHOT CUCTEMH IIyXKe CX0Xka Ha podoTy
3BHYAITHOTO 3aJi3HMYHOTO TpaHcHopTy. TyT 3acTocoByeThes T-o0pa3He peifkoBuit
MOJIOTHO, BHUKOHAHE 3 TPOBiIHUKA (B OCHOBHOMY MeETally), ajie¢ IOi3]] 3aMicTh
KOJIICHUX Tap BUKOPHUCTOBYE CHCTEMY €JIEKTPOMATHITIB - ONMOPHHUX 1 HANPsIMHHX.
IIpamroe cucrema neBitarlii 3aBIsku OaTapesM, BCTAHOBJICHUM Ha OOpTy moi3na,
SKi 3apsJDKAIOTHCS JIIHIHHAME T'eHepaTopamMH, BOYZOBaHUMH B OIOPHI MAarHiTH.
TakuM 4YMHOM, B pa3i 3yNUHKH HOTAT 3MOXKE JOCHUTH JOBIrO JIEBITYBaTH Ha
Garapesix. Ha 6a3i texHonorii EMS mnobGynosani noizga Transrapid i, 30xpema,
IaHXaHChKUI Maries.

[otsarm Ha 6a3i TexHosorii EMS HaBomsaThcsi B pyx 1 3[iHCHIOIOTH
rajbMyBaHHS 3a JONOMOIOI0 CHHXPOHHOI'O JIIHIHHOTNO JBHI'YHa HHU3BKOTO
MPUCKOPEHHS, MPEACTABICHOTO0 OMNOPHHAMM MAarHiTamMu 1 MOJOTHOM, Hal SKHM
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JETUTh MATHITOIDIAH. 3a BENUKHAM pPAaxXyHKOM, pyXOoBa cHCTeMa, BOyJOBaHA B
MOJIOTHO, SIBIsiE COOOI0 3BHYAWHUI CTAaTOp, PO3TOPHYTHH B3JOBXK HIDKHBOL
YaCTHUHH IIOJIOTHA, & OTIOPHI €NEKTPOMATrHITH, B CBOIO UEpPTy, IPAIIOIOTh B SKOCTI
SKOPSI eeKTPOABUryHa. [Ipy mboMy mo0 yIMOBITEHUTH XiJl, TOTPIOHO BCHOTO JIMIIE
3MIHATH HaIpsSM MarHiTHOTO TIOJIS.

VY pa3i 3acTrocyBaHHSA TEXHONOTIi enekTpoxuHamigHoro minsicy (EDS)
JeBiTauis 3IIHCHIOETBCS TPH B3a€MOJIl MarHiTHOrO IOJsi B MOJIOTHI W MO,
CTBOPIOBAHOT'O HAJIIPOBIIHUMH MarHiTaMH Ha OOpTY CKJafy.

lonoBHolo mepeBaroto cucremu EDS € Bucoka crabinpHicTe - mpH
HE3HAYHOMY CKOPOYCHHI BiJCTaHI MIDK IOJOTHOM 1 MarHiTaMd BUHHKA€E CHJIA
BIZILITOBXYBaHHS, sIKa MOBEPTAE MArHiTH B MOYATKOBE IIOJIOKEHHS, B TOM K€ 4ac
301IbIICHHS BIJICTaHI 3HWXKYE CHITy BIIIITOBXYBaHHS 1 MIJBHUIIYE CHIY TSDKIHHSA,
IO 3HOBY JX Takd Beae OO crabimizamii cucteMu. Y IIbOMY BHUITAIKy HisKOL
CJIEKTPOHIKHU I KOHTPOJIO 1 KOPUTYBAaHHS BiICTaHI MIX ITOI3[JOM i1 TTOJIOTHOM HE
moTpiOHO.

BapTo Takox BiA3HaYUTH, IO CHIIFHI MarHiTHI HOJIS B CEKIIi1 I MacaxupiB
MOPOIKYIOTh HEOOXiIHICTh YCTaHOBKHM MAarHiTHOTO 3axHcCTy. be3 expaHyBaHHs
MOZOPOK B TAKOMY BaroHi AJsI NMACaKHpPIB 3 CICKTPOHHUM CTHMYJIATOPOM CEpLs
a00 MarHiTHUMHM HOCISIMH iH(OpMAaIil POTHIIOKA3aHO.

Ha nmanuii MoMeHT MaiiOyTHE TOI3[MiB HAa MArHITHIA MiABICHI BUIIISAAE
TyMaHHO OUIBIIOI MIpOI Yepe3 IM03aMeXHOI NOpOoXkHedi MOJIOHMX MPOEKTIB i
TPUBAJIOTO MeEpioJly OKymHOcTi. Y ToW e dYac 0e3niu KpaiH HpOJOBXKYIOTH
IHBECTYBaTH BEJIMYE3HI KOIITH B IPOEKTH 31 CTBOPEHHSI BHCOKOIIBUIKICHHX
3ami3HmgHEX Marictpareir (BCM). He takx naBHO B SmoHii Oyno BiZHOBIEHO
MIBUJIKICHI BUIIPOOYBaHHS 01312 HA MarHiTHIN noxgymmi Maglev L0, sikuit yBitine
B eKcIuTyararito 10 2027 poxy.

€ me oaWH CIEHapid PO3BUTKY MOAiIA. SIK BiZOMO, OJHMM i3 IUIIXiB
MiABUIICHHS CS(PEKTHUBHOCTI IOi3/iB HA MATHITHIA NOAYMINI € 3aCTOCYBaHHS
HAJMPOBIIHMKIB, SKi TPU OXOJIOMKCHHI JO OJM3BKHX 110 a0CONIOTHOTO HYJIS
TEeMIIepaTyp MOBHICTIO BTPAdalOTh €ICKTPUUHUH omip. OMHAK TPUMAaTH BEIHMYE3HI
Mar”ite B 6akax 3 HaJ3BHYaifHO XOJIOAHUMH PiIMHAMH Ty>K€ JTOPOTo, TaK SK 1100
YTPUMYBATH MOTPiOHY TeMIlepaTypy, HOTPiOHI BETHMYE3HI «XOJOIMIBHUKIY, IO
11e OiTbINe IiABUIITY€E BapTiCTh.

AJe HIXTO HEe BHKIIOYa€ HMOBIPHOCTI, IO B HAHOMIKIOMY MaiOyTHBOMY
cBiTHIaM (I3MKH BAACTBCS CTBOPHUTH HEIOpOTe pPEYOBHMHA, IO 30epiraroTh
HaJIIPOBIIHI BJIACTMBOCTI HAaBiTh NPH KiMHATHiM Temmnepatypi. [Ipu nocsrHeHHi
HaJIIPOBIZTHOCTI NP BHCOKHMX TEMIEpPAaTypax MNOTY)XXHI MarHiTHI IIOJIs, 3JaTHi
yTpUMYBaTH Ha Ba3li MalIMHU 1 MOI3/M, CTaHYThb HACTUIBKMA AOCTYIHHMH, IO
HaBITh «JIITAI041 aBTOMOO1I1» BUSBIATHCS €EKOHOMIYHO BUTIIHUMHU.
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AKTYAJBHICTH BITPOBUX EJIEKTPHUYHNUX CTAHIIIA

IMoynnaroun 3 1970-x pokiB, Byrimas mocuimoBHO 3aiiMaino 60-70% y
riio0anbHOMY BHPOOHHITBI eNeKTpoeHeprii. 50-piunmii mepion moOirae KiHOA ,
OCKINIBKM JIeIIeBi BiHOBIIOBaHI JDKepella CHeprii 1 aKyMyJsSTOpPH IPHHIUAIOBO
nepe0yJOBYIOTh €HEPTOCUCTEMH 10 BCHOMY CBITY.

[HBecTHUIIIT y YUCTY €HEpPril0 NPOJOBKYBATUMYTh 3pOCTaTH, OCKUJIBKH 3eJIeHi
TEXHOJIOTIT CTaHyTh JACHICBIIUMH 1 C(QEKTHBHINIMMH. 3TiIHO 31 3BITOM, B HOBI
€HepromnoTyXHocti B nepiox mixk 2018 i 2050 poxkamu Oyxme inBectoBano $11,5
TpiH, 3 AKux $8,4 TpiH mpumazaTEMe Ha BITPOBY i COHSYHY eHeprifo, a me $1,5
TPJIH — Ha iHII Oe3BYTUIbHI TEXHOJIOTIT, Taki sk rizpoenekTpoctanii Ta AEC.

HOo 2050 pokxy Ommspko 50%  yciei  CBITOBOi  €JIEKTpOCHEpril
BUI00YBAaTHMETHCS HA COHSYHMX Ta BITPSHHUX €IEKTPOCTaHLiAX. [[pHIMHOO IHOTO
CTaHe Te, IO CYTTEBO BNajae COOIBapTICTH 1i BHIOOYTKY uepe3 MOsBY JICIICBHX
TTiH-IOHHUX Oarapell Ta CIPOUICHHS HAKONWYEHHS, 30€piraHHs W po3moairy
EHeprii.

3araom xe gactka 6e3Byrieniesux BuaiB eHeprii (CEC, AEC Tomo) no 2050
poky cknazae 71%, i auiie 29% npunanaTiMe Ha BUKOIHI pKepesia eHepril.

BapricTh ycTaHOBKM COHSUHMX (epM Ta BHAOOYTKY COHSYHOI eHeprii o
2050 poky 3um3uThcs Ha 71%, a BiTpoBoi — Ha 58%. Takum YHHOM,
KOHCTPYIOBAaHHSI HOBHUX COHSYHUX Ta BITPOBHX EJIEKTPOCTAHIIA CTaHe 3HAYHO
NpUOYTKOBILIOK CIPaBOl, HDX OYIIBHUITBO HOBHUX MaclITaOHUX BYTUIBHUX 1
ra30BHX 3aBOJIB.

Jlitiii-ionHi Gatapei yxxe Brnanu B wiHi Ha 80% mopiBHstHO 3 2010 pokom, a
iXHE moOnayplIe 3/CIICBICHHS [O3BOJUTH HAKOIUYYBAaTH €JEKTPOCHEPTilo B
HEIiKOBI NMepioJy 1 MpoAaBaTH i B CUCTEMY, KOJIM HaBaHTAXKEHHS HailOlbIe.

[losiBa pmemieBOoro CXOBMIIA  €NEKTpoeHeprii  Oyae  o3Ha4yaTd, MIO
HaKOIMYYBAaTH €IEKTPOEHEPTil0 BiJl BITPY Ta COHILI CTAa€ BCE BHUTIJHINIE, OCKUIBKI
HOBI TEXHOJIOTIT I03BOJISAITH 3a/I0BOJILHSTH IIOTIUT HABITh TOJI, KOJH BiTep HE Bi€, a
COHIIE HE CBITHTb.

ExonomiuHi mepemxyMoBH It OyHIBHHIITBA HOBUX BYTUIBHHX 1 Ta30BHX
MOTY>KHOCTEH 3HUKAIOTh, OCKIJIBKH aKyMyJIATOPH BHCOKOI €MHOCTI mepebuparoTh
Ha cebe OCHOBHY (QVYHKIIIO IMX TOTY)KHOCTEH — TeHepyBaTH MaKCHUMAIbHY
KUTBKICTD €JIEKTPOSHEPTii B 4acH MKOBOTO HaBaHTAKCHHSI.

OxpiM 3HIDKEHHS IiH Ha JiTii-ioHHI OaTapei, KIFOYOBY POJb B PO3BHTKY
3€JIEHOT EHEePreTHKHU BiJirpaBaTuMe 301IbIICHHS PO3MIpY BITPOBHUX TYpOiH — TXHIN

207



BEIMKUH PO3Mip JOTIOMOXE 3HH3UTH BapTICTh €HEprii i B pa3HW MiIBUIIUTH
e(eKTHBHICTb.

o 2050 poxy BiZHOBIIOBaHI JAKepela eHeprii CTAHOBUTHMYTh 87% Bix yciel
eJIeKTPOEHEePTii, IPUIOMY JOMIHYIOUY POJb BilirpaBaTHMYyTh BITPOBAa i COHSIYHA
EHEepTid.
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HEJITHIAHI EJEKTPAYHI KOJIA IOCTIMHOT'O CTPYMY

HeniHiiHIMHE Ha3WBAIOTHCS CIICKTPUYHI KOJA, IO MICTATh CJICMEHTH, SKi
MalTh HENiHIfHYy BOJbT-aMIepHy XapaktepucTuky (BAX) (3amexHicTb Mix
CTPYMOM, IO NPOTIKae Mo €JIEMEHTY, 1 Halpyrow Ha Hbomy). Ha BigMiHy Bifj
TMHIHHNX, O MaTh npsMoniHiiiny BAX, nemiuifini enementn (HE) He
migkopstoThes 3akony Oma: I=U/R

I MR

U_..,

Fig. 1. A general nonlinear resistor and its volt-ampere characteristic

Jns BUKOHAaHHS pPO3PaxyHKY HENIHIHHUX EJIeKTPUYHUX Kl IOCTIHHOTO
CTpyMy noBuHHa OyTH Bitoma BAX HeniHiliHOTO enemeHTa (200 eleMEeHTIB, SKIIO
X mekinpKa), mpejcTaBiIeHa y BUIIIiAL rpadika ado tabnumi. AHUTITHYHAN METO.
PO3paxyHKy TaKMX KiJ JOCHTh CKJIaJHHH, TOMY HAHOUIbII NPUHHATHUM Ha
MPaKTHUI € TpadoaHATITHIHIH METO.

IIpu mpomMy A0 Ti€l YAaCTWHHU ENEKTPUYHOTO KOJa, SIKa MICTUTH JiHIHHI
€JIEMEHTH, 3aCTOCOBHI BCi METOIM PO3PaXyHKY 1 MepEeTBOPEHHS €IEKTPUIHUX KiJl.

SIKIo0 B KOJII MICTMTBHCS KIJIbKA HENHIMHUX €JIEMEHTIB, TO iX HEO0OXIiZHO
3aminnTh ekBiBajieHTHUM HE 3 exBiBanenTHOi BAX 32 HaCTymHUM MPUHIIAITAOM:

- TpH TOCIIOBHOMY 3'€THAHHI 3araJlLHUM € CTPyM, a Halpyra JOpiBHIOE
CyMi Hampyr Ha OKpeMHUX €JIEMEHTaX, TOMY, 33JaBIINCh 3HAYCHHSM CTPyMY, 110
BAX HeniHIHHHMX €JEMEHTIB 3HaXOAATh BIANOBIAHI HANpyru, a MOTIM X cymy:
3ajaHe 3HA4YEHHs CTPyMy 1 CyMapHE 3HAUCHHS HANpyr'd BU3HA4YalOTh TOYKY
eKkBiBaJIeHTHOT BAX;
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- TIpH TapajelbHOMY 3'€QHAHHI 3arajbHOI0 € HAIlpyra, a CTPYM JOPiBHIOE
CyMi CTpyMiB OKPEMHUX €JIEMEHTiB, TOMY, 3a[JaBIINCh 3HAYCHHAM HANPYTH, IO
BAX HenmiHIfHHX eJeMEHTIB 3HAaXOIATh BIATOBIAHI CTPYMH, a MOTIM iX cyMmy:
3ajaHe 3HAa4YeHHS HANpyrH 1 CyMapHe 3HA4YeHHS CTPYMY BH3HA4YalOTh TOYKY
ekBiBasieHTHOI BAX.

- TIpU 3MIMIAHOMY CHOJYYEHHI cii cmodatky moOymyBatu BAX minmsakm 3
napajeinbHUM 3'€IHAaHHSAM elleMeHTiB, a motiM BAX Bchoro kosa. Marounm B
posmnopsypkeHHi Bci BAX, HeBaXkO BH3HAUUTU CTPYMH 1 Hampyrd OKpPEMHX
€JIEMEHTIB.

XapaKTEepUCTUKHU HENIHINHUX CIICMCHTIB

Jnst KOXKHOTO HEJNIHIMHOTO eleMeHTa PO3PI3HAI0Th CTATUYHHW Omip, IO
BIJITIOBI/Ia€ AaHii TOYIl BOJIBT-aMIICPHOI XapaKTePUCTUKHU, HAMIPUKIIA, TOUIll A:

Rcr = U/l = muOB / miBA = mr tga.
1 qudhepeHIi AN OTITip, SKe AT Ti€l )K TOYKH A BU3HAYAETHCA 32 (POPMYIIOIO:
Raud = du/dl = muDC / miCA = mr tgp

Jie mu, mi, Mr - BiAmoBi{HO MacIITaOH HATPYT, CTPYMIB Ta OTOPIB.

CratnyHmid OIip XapakTepU3ye BIACTHBOCTI HENIHIHHOTO elleMEHTa B
PEeXHMMI TIOCTIHHOTO CTpyMY, a IudepeHIiaigbpHe - NPU MaluX BiIXHICHHIX CTPYMY
BiJ cTayoro 3uHayeHHs. OOWBa BOHU 3MIHIOKOTHCS MPH MEPEXO/i BiJl OJHIET TOUKU
1 BOJIBT-aMIIEPHOT XapaKTePUCTHKH J0 1HIIOT, MPUYOMY IepIIie 3aBXK/IH [T03UTHBHE,
a Jpyre - 3HaKO3MIHHI: Ha BUCXIZHOMY JIJISTHIII BOJIBT-aMIEPHOT XapaKTEePUCTUKU
BOHO MO3UTHBHE, a Ha Ma/Ial040MY JJISHIII - HEraTHUBHHM.

HeniniiiHi eneMeHTH XapaKTepU3yIOThCS TaKOX 3BOPOTHHUMH BEIWYMHAMU:
cratnaHol TpoBimHicTIO Gem 1 mpudeperHmianbHoi mpoBimHicTIO Goigh abo
6e3po3MipHUMH HapaMeTpamu - BigHOCHMM omopoMm: Kr = - (Roug/Rcm) abo
BigHOCHOIO TpoBinHicTIO: Kg = - (Goug / Gem)

V niniiiHux enementiB napamerpu Kr i Kg piBHI oquHUI, a y HeNiHIHHUX
€JIEMEHTIB BIJPI3HSAIOTHCS BiJl HEl, MPUYOMY UMM OLUIbIIIE BOHU BiJPi3HSIOTHCS Bij
OJIMHUIII, TUM OiJbIlIe TIPOSBISAETHCS HEMIHIHHICTD EEKTPUIHOTO KOJIa.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1./loBiKOBHIA TOCIOHUK 3 EIEKTPOTEXHIKU Ta OCHOB eyleKTpoHiku / I1ix pex.
A.A Herymina.-M .: Buma nixomna, 1985.-248 ¢

2.Enextporexnika / Ilig pen. B.I'.I'epacimoBa. - M .: Buma mkosna, 1985.-
480c.
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YK 631.544

Adanaceesa 1.O!, dimyx J1.C?

'cr. Buxi. HY "3anopi3pka momitexHika'"

2 cryn. rp. M- 218 HY "3anopi3pka mosmitexHika"

3ACTOCYBAHHJ CBITJIOAIOAIB

[epmmii  cBiTnomion, SKWH TpamoOe y BHANMOMY [iama3oHi, OyB
po3po0ienuit rpynoro Hika ["omonsika, B kommnawnii General Electric, B 1962 p. Hix
Tononsik 10 pedi Mae yKpaiHChKe KOPiHHS.

CeiTiomion -  HAMIBIPOBIMHUKOBHH  MPUCTPiIH, IO  BUIIPOMIHIOE
HEKOT€pPEHTHE CBITJIO, NPU IPONYCKaHHI 4Yepe3 HbOTO EJIEKTPUYHOTO CTPYMY
(edext, Bimommi K  enekTpoiroMiHecueHuis. Ha BigmiHy Big Jamn
pO3XKaprOBaHHs, SIKi BHUIIPOMIHIOIOTH CBITJIOBUH TOTIK IIUPOKOTO CIEKTPY,
PIBHOMIPHO Yy BCIX HampsIMKax, 3BUYAiHI CBITJIOZIOAM BUIPOMIHIOIOTH CBITJIO
MEeBHOT JOBXKHMHY XBHJII 1 B IeBHOMY Hanpsimi. CBiTiioioqn Oyin yIOCKOHAJICHI 10
Ja3epHUX AI0JIB, SKi MPAIIOIOTh Ha TOMY K IPHHIMII, aJe MOXYTh HaIllpsSIMIICHO
BUIIPOMIHIOBATH KOTEPEHTHE CBITJIO.

EBomomist cBiTmomionie 'y 1960-1970-x poxax, HOCTYIOBO MpHBENa [0
CTBOPCHHS CBITJIONIO/IB, IO MAFOTh KOJIP BiJ YEPBOHOTO /IO 3€JICHOTO, - TIOCTIHHO
3CYBalO4YM MEXY y CTOPOHY KOPOTKHMX XBWJb. [HIIMM HampsMKOM poOoTH, OyIio
MiABUIICHHS €(PEKTUBHOCTI CBITIOMIONIB. X04Ya HANIWHICTh CBITJIONIOMNIB 3aBXKIU
MEePEBUINyBaIa HAMIHHICTD JIAMI PO3)KAPIOBAHHS, HEOHOBUX JIAMII TOIIIO, BiZICOTOK
BUOPAKOBKH PaHHIX MPHUCTPOIB OyB HAbAraTo BHUIIKM.

IMpu mnpoTtikaHHI Yepe3 Mi0J MNPSIMOTO CTPYMY BiIOYBA€ThCS 1HXKEKILis
enexTpoHiB. Ilpouec camoBinbHOT pekoMOiHali 1HKEKTOBAaHMX E€JIEKTPOHIB, ILIO
BiiOyBaeTbCcsl, sk B 0a3oBiif oOmacti, Tak 1 B caMOMy p-n Hepexoi,
CYNPOBOJIKYETHCS IXHIM MEPEXO0JI0M 3 BUCOKOTO EHEPreTUYHOTO PiBHS Ha HUKYHH.
Enextpon micns pexomOiHamii 3HaXOOUTBCS Yy JAyXe HecTaOUIbHOMY CTaHi,
OCKIJIbKM BiH Mae 3aiiBy eHeprito. B TakoMy cTaHi eleKTpoH J10Bro nepeOyBaTH He
Moxe. BiH mepeiine Ha cramioHapHy OpOITY 3 HIDKYMM EHEPreTHYHMM DPiBHEM
BUIIPOMiHIOIOYM KBaHT cBitia. [1{o0 xBaHTH eHepril ((pOTOHM), SIKi BUBUILHUINCH
py peKoMOIHAIIT BiAMOBIaMl KBaHTaM BHJIUMOTO CBITJa, 30UIBIIYIOTh KUTBKICT
p-n nepexoniB. He Bci HamiBNpoOBiAHUKOBI MaTepiagy e(peKTUBHO BUIIPOMIHIOIOTh
cBiTIIO TpH pekomOiHamii. Bapiroroum ckiaxg HAmiBIPOBITHWKIB, MOXHA
CTBOPIOBATH CBITJIOJIOAM PI3HHUX JOBXHH XBHWIIb, - BiJ yabTpadionery (GaN) mo
cepenHporo iHppauepBoHOTOo Hianazony (PbS).

EdexkTuBHICTh CBITIOMIONIB HAaHOUIbIIE TMPOSIBISIETECA TaM, J¢ IMOTPiOHO
BHUPOOJISITH MOTYXHi KOJIOPOBI CBITJIOBI MOTOKH (CBITJIOBI curHamm). CBITIIONiOqHI
JaMIIM, € eHEepTOONIaJIHIMHU Ta CHOXWBaOTh Big 3 % mo 60 % moTyxHOCTI,
HEeoOXiTHOT AJIs 3BUYAMHUX JIaMIT PO3)KapEHHs, aHAJIOTIYHOT SICKPaBOCTI Ta CTAHOM
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Ha 2017 pik, MarOTh BHCOKHUH iHIACKC TepenaBaHHSA Koibopy. CBiTmomiomun He
00SAThCSI YaCTHX BMHUKAHb 1| BUMHKAaHb. TepMiH CITy>KOM CBITJIOHIOOHOI JaMIH -
morax 100 000 rogus (11 pokis).

BuxopucToByrourM CBITIOMIOONM MOXKHA OJEPKaTH CBITIIO 3 BHCOKOIO
HACHYCHICTIO KONbopy. CBITIONIONM 3aCTOCOBYIOTh B IHAWKALIWHIN TexHimi
(ciTnoBi  iHAWMKaTOpW, Ta iHIIE), TPH TOOYIOBi CBITJIOMIOMHHX IKEpE
cBiTna (iHdopmaniitai Tabno0, CBITIOQOPH, JTIXTAPUKH, TIPISHAN TOILO).

YK 621.314.211

Adanacnesa [.0O.!, Beueps E.C.2

cr. Buki. HY "3anopi3bka nositexnika'

2 cryn. rp. M- 318 HY "3anopi3pka momitexHika"

3ACTOCYBAHHA CYXUX TPAHC®OPMATOPIB

Tpanchopmarop - npucTpiil JuIs NepeTBOPEHHS napameTpiB (amIutiTyx i da3)
HanpyT i cTpyMiB. Lle cTaTYHUI eJIeKTPOMATrHITHHHA MPUCTPIH, M0 Mae aBi abo
OimpIre iHAYKTUBHO3B'A3aHI OOMOTKHM 1 TpPHU3HAYCHWH IS TEPETBOPEHHS 3a
JIOTIOMOTOI0 €JIEKTPOMATHITHOI 1HIYKIii onHiei abo KiTbKOX cHUCTeM (Hampyr)
3MIHHOT'O CTPYMY B OJIHY a00 JEKiUIbKa iHITHNX CUCTEM (HATPYT) 3MiHHOTO CTPYMY
0e3 3MIiHM YACTOTH CHCTEeMH (HAmpyrd) 3MIHHOTO CcTpyMmMy. Bmepme
tpancopmaropu, sk Taki Oynu mnpoiaemonctpoBaHi B 1882 poui. Lle Oys
TpaHcopmarop 3 PO3IMKHYTHM OCEpAsM, Y BHUIJISJI CTPHXKHS, Ha SKUN
HaMOTYBAJIMCh OOMOTKH.

Cyxi TtpaHchopMaTOpu IIHPOKO 3aCTOCOBYIOTHCS 1 Ha TMPOMHCIOBHX
HIANPUEMCTBAX, METANYPrifHUX KOMOiHAaTaX, MAaIIMHOOYIIBHI IiIPHEMCTBA,
o0'ektax HadTorazoBoi ramysi. Lle mnosicHioeTbcsi nBomMa mnpuunmHamu. [lepmia -
HEMae HEOOXIZIHOCTI B CHCTEMi IOXKEXOTaciHHS, W0 BUTIAHO 3 TOYKH 30pYy
MPOMUCIIOBUX CIIOKMBaviB. J[pyra - MOXXJIMBICTh PO3TAllyBaHHS OOJaJHAaHHI B
OesmocepenHii  ONM3BKOCTI  BiJ IEHTPY HaBaHTAXEHHA, IO  JIO3BOJIIE
ONTHMI3yBaTH CXEMYy €JICKTPOIIOCTaYaHHs, a TakKOX 3BECTH [0 MIHIMyMy
BUKOPHCTAHHS KUJI HU3bKOT Halpyru. BUXOANTH, HABITh P COJIITHUX ITOYATKOBUX
KaIliTalOBKJIQICHHAX Cy4acHe 00JIaJJHaHHs J03BOJISIE EKOHOMHTH €JIEKTPOSHEPTiIo
3a paxyHOK 3HW)KEHHS BTpaT B KaOelbHUX MepeKax HU3bKOT HAMPYTH.

I mapemri, cyxi TpaHchopmMaTopu 3 JIMTOIO I30JAIEI0  3pYYHO
BUKOPHUCTOBYBATH JIJIsl JKUBJICHHS HABaHTAXXEHb 3 YAaCTUMH KHAKAMHU ITyCKOBOTO
CTPYMy, OCKUIBKM Yepe3 TMOBITPSHOTO OXOJIOJDKEHHS y HHUX  Oimbina
MepEeBaHTAXyBAIbHA 3/IaTHICTh, HIK Y MacsiHUX Tpanchopmaropis. Jlo Toro x y
pasi moTpedW HOMIHAJIBHY TOTYXHICTh TpaHchopMaropa MOKHA 301TBIIUTH,
BUKOPHCTOBYIOYH CHCTEMY PUMYCOBOI BEHTHIISILIII.
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3aBasSKH IIUM TIepeBaraM ChOTOJIHI CyXi TpaHC(HOPMATOPH 3HAXOAATH IIHPOKE
3aCTOCYBaHHS!

- B TIPOMHCIOBOCTI (aBTOMOOiNeOymyBaHHS, MamMHOOYIyBaHHS, XiMidHA
MIPOMHCIIOBICTb, LENTIOJIO3HO-TIATIEPOBI KOMOIHATH, JTUBapHE BUPOOHUIITBO);

- B TPOMAACHKHX OymiBIsAX (JMiKapHi, roremi, OaHKH, NIKOJH, TOPTOBi Ta
KYJIBTYpHI LIEHTPH, odicHi OymiBi);

- Ha iH]pacTpyKTypHHX 00'€KTax (aepormopTH, BiHCHKOBI 00'€KTH, MOpPTH,
YCTaHOBKH B IpUOEpEXHi 30Hi).

Cyxi TpaHcopMaTopu MOXKYTh BUKOPUCTOBYBATHCS B SIKOCTI:

- NepETBOPIOBAYiB 1 BUNPSAMIIAYIB (B CUCTEMax KOHIMLIIOBAHHS IOBITPS, Ha
HiANPUEMCTBaX 0e3MepepBHOTO LIUKITY, 3BAPIOBAJIBHUX JIHIAX, IHAYKIIHHUX TTe4ax
1 HACOCHMX CTaHIISIX);

- MiIBUIIYye OONIaTHAHHS JJIs BUPOOHHUIITBA €IMEKTpOeHeprii (B cdepi BiTpo-
Ta CcoHf4HOI eHepretnku, Ha TEIl, mnpoMHCIOBHX €JIEKTPOYCTaHOBKAX,
TiAPOEIEeKTPOCTAHIIINX);

- TpaHC(hOPMATOPIB IJIs TATOBUX INJCTAHIIIH (Ha 3aJi3HUII, B TPaMBasix);

- TpaHc(hOpPMATOPiB MOPCHKOIO BHKOHAaHHS (B KPYI3HHX CyJdax, TaHKEpax
CIII', Ha MOpPCHKUX OYPOBUX yCTAaHOBKAX).

YK 621.3.01

Adanacsesa 1.0.%, HeunGoii JL.I1.2

'cr. Buki. HY "3anopisbka nositexnika'

2 cryn. rp. I®- 517 HY "3amopizpka mosiTexHika"

EJEKTPUYHA AYTA

Enextpuuna nyra, abo ayroBuil po3psii - OAMH 3 BHIIB EJIEKTPUYHHUX
po3psiniB B rasi abo mapax. ['a3 3a cBO€0 NpUPOJIOI0 €IEKTPOHEHTpaIbHNUI, TOOTO
BiH CKJAJa€TbCsl 3 YaCTHHOK, sIKI HE MaloTh eJeKTpH4Horo 3apsnmy. /Js
MPOXOKEHHS €JIEKTPUYHOTO PO3PsAy Yepes r'a3, B OCTAHHbOMY ITOBHUHHI 3'IBUTHCS
CJICKTPUYHO3APSKEHI YACTUHKH - 10HH Ta eJIEKTPOHH.

SIKmo 3aps/pKeHi YacTMHKM B ras3i  3'SABISIFOTBCS TNPH  OyIb-sIKOMY
30BHILIHBOMY BIUIMBI Ha ra3 i HOTIM BiOyBa€ThCsl €NEKTPUYHHUN PO3PSA, TO TaKUH
O3PSI HA3UBAIOTh HECAMOCTIHHHM.

Skmo mosiBa 3apsKEHUX YaCTHHOK B Tasi MOB'A3aHO TiJbKU 3 HAsBHICTIO
EJIEKTPUYHOIO TOJsl, 1[0 BHUKIMKAE pO3psA, TO TakWil poO3ps] Ha3HBAIOTh
camoctiiiHuM. Hampyra, npu sIKili yTBOPIOETBCS CaMOCTIHHHN pO3psA, HOCHUTH
Ha3BY HANPYTH 3alajlOBaHHS a00 MOTEHIIiay 3armaaiOBaHHs.

B mertanmyprii enxekTpudHa gyra BHKOPHUCTOBYETHCS SIK JDKEPEIO TeIuia A
posIuIaBiieHHsT MeTaiy y nyrosiit nedi (nani JIT). Temio Bix BUNpoMiHIOBaHHS AyT
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HarpiBae Merain i pyrepoBky medi. Harpita mo Bucokoi Temmepatypu GpyTepoBKa
Hevi 3HaYHy YacTKy TeIlla OBepTae Hazaj 10 MeTaily. PerymoBaHHs TeMnepaTypu
B Tedi 3IHCHIOETHCS 3MIHOIO HANPYTH, IO IOAAEThCA Ha CINEKTPOIH, 1 CHIH
CTpyMy, WO TPOXOIMTH 4Yepe3 eJeKTpU4YHy nyry. Emextpumdyna nyra Moxe
BUHUKATH SK IIPH IIOCTIHHOMY, TaK i mpu 3MiHHOMY cTpymi. Oxrax 11 mpartoroTs
TUTBKH HA 3MIHHOMY CTPYMi, TaK SIK OTPHMYBATH BEJIHKI MOTYKHOCTI MOCTIHHOTO
cTpyMy Baxkko. OCKiJIbKM TemIlepaTypa B 30HI ropiHHs ayru osmssko 2000°C, B
TaKHX IeYax HaifyacTille IJIaBJsITh YOPHI METaH, TaK SIK KOJIbOPOBI METAIH Yepes3
BUCOKY TEeMIIEpaTypy CHJILHO BHIOPAalOTh, 110 EKOHOMIYHO HE BHTiIHO. Benmkoro
nepearoto JII1 € Te, mo mig Yac IJIaBKH CTali eJIEKTpUYHA Ayra 3aBaykae
3aTBEpAIHHIO IITaKOBOi (Da3u Ha MOBEPXHI MeTajy, TOMY L0 Ayra NpOXOJUTh
yepe3 miap nuiaky. Llei Hepolik NpuCyTHIHM B IHIYKIIHHKUX Mevyax.

TakuM YHMHOM MOXKHA CKa3aTH, IO eJCKTPUYHA Jyra — Le JOCHTh BHIiIHE
mkepeno Tera B JI1, xoua maHa mid He BHTIIHA IS KOJBOPOBHX METaliB, 00
BOHM cWiIbHO Buroparoth B JII. HaiiGinbmie 3acTocyBaHHS €JNEKTpHYHA Iyra
3HaMIIlIa y 3BapIOBaJbHOMY BUPOOHHITBI AeTalei 1 METaIOKOHCTPYKLIH. 3aBIsAKH
BIKPHTTS akaneMikoM [IeTpoBHM eNeKTpUYHOI IyTH, JIFOJICTBO 3pOOHIO BEIHKUIA
CTpUOOK yIiepe]] y raixy3i MaIHHOOYIyBaHHS 1 METaIypril.

CIIMCOK BUKOPUCTAHOI JITEPATYPU

1. daspko B.I'., Mimux B.I., ta iH. EnekrporexHika: HapuanpHuil mociOHUK
JUTsL caMocTiiHoi poboTH ctyaeHTiB. - K.: VMK BO, 1993 - 94 c.

2. 3eseke I'.B., Monkun [1.A., Herymun A.B. u n1p. OcHOBBI TeOpuH LieNEH. -
M.: DHeproaromuzaar, 1987. - 528 c.

YK 621.3.01

Pomaniuenko F.M.l, bapanos B.A.2

Ler. Bukn. HY "3anopizbka mositexsika"

2 ¢r. rp. PT-218cn HY "3amopiseka nomitexmika"

MATHITHE ITIOJIE KOJIOBOT'O CTPYMY

B cyuacHOMy CBiTi, HACHYCHOMY CJIEKTPOMATHITHHUMH TpWIaJaMH Ta
YCTaTKyBaHHSMH, BEIIMKOTO 3HAYCHHsS HAaOYBalOTh IMPOOJIEMHU peecTparii piBHS
BUIIPOMIHIOBAHHS MArHITHOTO 1 €JNEKTPUYHOTO TOJI, a TakoX MpobiIeMu
€JIEKTPOMArHiTHOT CYMICHOCTI MK MpWIaJaMH Tiag dYac ixHboi pobotu. lis
BUMIPIOBaHHS PiBHS Mar"iTHOTO TOJI B OTOYYIOUOMY CEPEIOBHIII 3aCTOCOBYIOTh
pi3HI MarHiTOMeTpUYHI NpwiIaad. GaKTUIHOIO iIXHHOIO OCHOBOIO CIIYTYE KOJIOBUH
KOHTYP IIEBHHUX PO3MipiB, B IKOMY IPOXOIUTH EIEKTPHIHIHA CTPYM.
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Jns BuBYeHHS ()i3MYHHUX TIPOLECIB, SKI BUHUKAIOTH Ii] Yac MPOXOJKCHHS
CTPYMY B KOJIOBOMY KOHTYPi 3aCTOCOBYIOTh KIIACHYHY TE€OPil0 €ICKTPOMArHiTHOTO
moist — 3a 3akoHOM bio-CaBapa-Jlamraca. L{i IpHHIMITOBI MTOJIOKEHHS AETANBHO
suknageno B [1]. Hampukman, pospaxyHOK Hampy>KeHOCTI MAarHiTHOTO TOJNS 6
nIockocmi KOJIOBOTO BUTKA paziyca R 3i crpymom | mpoBoasaTs 3a hopmymoro:

T
I fo
H =—-J‘ 11— (k-siny)2dy
z 2 | ’
nR(1-k2) J, ~

ne: k=x/R < 1 — monoeHHs TOYKH CIIOCTEPEKEHHS BIJHOCHO LIEHTPY BiTKa 3i
CTPYMOM HOpPMOBaHE J0 pajiyca BiTKa; X - BIICTaHb BiJ IEHTPY BiTKa 31 CTPyMOM
JI0 TOYKH CIIOCTEPEHKEHHS; Y — KyT, HiJ IKMM BHAHO eneMeHT ctpymy |-dl B Toumi
CIIOCTEPEIKCHHSL.

Busnauenunit inTerpan, mo 3actocoBano B ¢opmyni (1), B Maremaruui
HA3UBAIOTb NOBHUM ELNMUYHUM [Hmezparom opyeo2o pody i nosnauaiots E(K).
Moro 3HaueHHs HaBelEHO B JOBiIHMKAX 3 MaTeMaThku, Hampukman [2]. Tomy
MOKHA 3aMiCTh CKJIaAHHX TOYHHX po3paxyHkiB E(K) 3acrocyBaru nabmmxeHuit
PO3paxyHOK B (hiKCOBaHHX TOYKAX, I SIKMX [el 1HTerpal BU3HAYCHO!

I
Hz(k} - TI'R.[]. _ kg) E(k} *

HanpysxeHicTh MarHiTHOTO TOJA B OyAb-SAKil TOYII, SIKA JIGKHUThH B IDIOMIKHI
BUTKA BCEPEAMHI HOTO, Ma€ TITbKU OJTHY CKIIAIOBY, 11O HATIpaBlieHa B3IOBX OCi Z,
sKa PO3TallloOBaHA B IEHTPI BiTKa NEPHNCHIUKYISpHO Horo muromuHi. Lle mae
MOXIIMBICTh 3aCTOCYBATH CydYacHi KOMIT'IOTEpHI mporpamu, Hanpukian Mathcad,
JUTS IPOBEICHHS HEOOXiTHIX PO3PaxyHKIB 1 MOOYAOBH rpad)ivHUX 3aJIC)KHOCTEH.

Pesynbrat po3paxyHKiB HAIpPYy>KEHOCTI MarHiTHOTO MOJISI MPEACTABICHO B
Tab. 1 i HalaHO Y HOPMOBAHUX OJAMHHIIAX 10 BigHOmeHHs |/R.

Tabmmrs 1. — Pe3ynpTaTii MATEMaTHIHOTO MOJISITIOBAHHS

k 0 01. | 0.2 | 03 0.4 0.5 0.6 0.7 0.8 0.9

E(k) [1.5708|1.567|1.554|1.5338|1.5039|1.4675|1.4178|1.3539|1.2757|1.1653

Hz(k) | 0.500 |0.504]0.515| 0.537 | 0.570 | 0.623 | 0.705 | 0.845 | 1.128 | 1.952
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0 F4 09

Pucynox 1 — I'padiuna 3anexHICTh HaIPy>KEHOCTI MarHITHOTO MOJIsI, HOPMOBAHOT
1o BimHomeHHs |/R, Bij BigcTaHi Bif HEHTPY BiTKa, HOPMOBAHOI 10 PajiyCy BiTKa.

BucnoBku. Hanpyxenicte MaruiTHOro mosis B nentpi Bitka (k=0) Gyme
HaiHmwk4aor: H, (0) = 0.5:1/R. Ha cepenuni paniyca Bitka (k=0.5) Oyne maiixe Ha
25% Bwurmoro, Hixk 3HaueHns H, B nentpi: H, (0.5) = 0.623-1/R.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH
1. 'oBopkoB B.A. Dnekrpuueckue u MarHuTHbIe mois. M3n.3-e, mepepabd. u
qor. M.: «Queprusi», 1968. - 488 c.
2. bpounmreitn U.H., Cemennses K.A. crpaBoYyHHMK IO MaTeMaTuKe s

MH)KEHEPOB W ydauuxcs By30B. -13-e u3j., ucnpasnennoe. - M.: Hayka, ['71. pen.
¢uz-mar. ;mT., 1986. — 544 c.
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CEKUISA «PI3UKA»

YK 669.124:537.636

3010TapeBCHKUI I.B.l, [eTinina M.O.z, 3om0TapeBchKuit 013
! kanz. ¢is.-mar. Hayk, gon. HY “3anopisbka mositexmika”

2 ¢r. maGopant HY “3anopisbka momitexnika”

3 ¢1. nabopaut HY “3anopisbka momiTexHika”

BIIJIUB CUJIBHUX IMITYJIbCHUX MATHITHHUX ITIOJIIB HA
MAPTEHCUTHE IIEPETBOPEHHS ¥V CIIVTABAX 3AJII3A.
CTATUCTHUYHI 3AKOHOMIPHOCTI

BBaxkaeTbcsi, 1Mo MapTeHCUTHE Yy—o-niepeTBopeHHs (MII), sxe mmpoko
BUKOPHCTOBYETBCS JUIS TIOKPAIIEHHsI MEXaHIYHUX BJIACTUBOCTEH CTalieil 1 CcruiaBiB
3aji3a, NpeCTaBisie co000 3BUYAHMI CTPYKTypHUiH (azoBuil nepexin. Pasom 3
TUM BiJIOMO, 10 MapTeHCHT (a-(a3a) € (pepoMarHiTHUM MaTepiajaoM, a ayCTEeHIT
(y-¢a3a) B 3ay1e)KHOCTI Bij XIMIYHOTO CKJIaJy 1 TeMIeparypu Moxke OyTH mapa-,
(epo-, anTudepo- ado HaBITH cymeprapa-MarHiTHUM MaTepianoM. TOHKa MarHITHA
CTPYKTypa ayCTEHITy Ha BiJIMiHy BiJi MapTCHCUTY HE KOIiHeapHa. B 3amexHOCTI
Bil MAarHITHOTO CTaHy aycTeHiTy kiHetmka MII Moke TpOTIKaTH JIBOMa
MPUHIUIIOBO PI3HUMH HUITXaMHU: i30TepMidHO abo aTepMmidHo. Yomy onmHe 1 Te kK
MEPETBOPEHHSL Y PI3HMX CIUIaBaX, ab0 HaBiTh B OJHOMY CIUIABI TIPH pPi3HUX
TeMIiepaTypax, e pisHUMH IUIIXaMU — HEBIJJOMO.

Ha MII BmjiMBaroTh CHJIBHI MarHiTHI MOJIsl, y TOMY YHCII 1 iMIyJbcHI. Bonun
NPUBOASTH 10 3MIillleHHs TemieparypHoro intepBany MIL. Ileit BmimB
3YMOBJICHMH JIBOMa IPUYMHAMHU: DI3HMIEI0 MarHiTHUX MOMeHTiB ¢a3z [1] i
pi3HuLero 00'emiB KX a3 (marHiroctpukuieto) [2]. ToOTo, MarHiTHUIT cTaH 060X
(a3 (aycreHiTy i MapTeHcuTy) Moxe BigirpaBatid y MII He ocranHio poiss [3]. B
poGoTax [4-6] HaBOIATHCSA JAOKa3W ICHyBaHHS mie oxHoro Mmexanismy MII y
MarHiTHHUX MOJISIX, 10 TAKOK 00YMOBJIEHHH MarHiTOCTpHKIieto. BiH nos's3anuit 3
nepepo3noninoM oOMiHHOT eHepril eleKkTpoHiB He3anoBHeHOI 3d mizo6GoNOHKH
atoMiB y y-¢azi [LIK-rpaTku npu JOCATHEHHI KpUTHYHOT MiXKaTOMHOT BifcTaHi dk.
Lle## MmexaHi3M y CIulaBax IiHBapHOTO THILy MOXke OyTW peaiizoBaHuid 1 0e3
MAarHiTHOTO MOJIS 32 PaXyHOK CIIOHTaHHOI MarHiTOCTPHUKIi, sika y cruiaBax Fe-Ni
CyMipHa 3 MarHiTOCTPHKINE Y MarHITHUX mojsx [7].

VY nanii poOOTi y3arambHEHI BiOMi pe3yJbTaTH JOCHIIKEHb BIUIMBY
CHJIBHOTO IMIYJIbCHOTO MarHiTHOro moisi Ha MII y cramsax i crmaBax 3aimisa,
OTpYMaHi pi3HUMHM aBTOpaMH 3 dacy uoro Bigkpurts B.J[. CamoBchkum 3i
criiBaBTOpamMu y 1961 p.

Ha puc. la npencrariena 3aJIeKHICTh MiX 3MIIIEHHIM MapTEeHCUTHUX TOYOK
AMs y KpUTHYHOMY MarHiTHOMY Ioii Hampyxesictio 28 MA/M (350 kE) i
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BMICTOM 3alli3a y CTaJISIX 1 CIIaBax 3alliza 3 HikeJeM. BumHo, mo i3 301IbIIeHHsIM
3aiiza e(eKTHBHICTh MAarHITHOTO OIS 3pocTae, ocobmmBo npu Fe>72,5%.

2001 Hy= 28 MA/m v a 2604 @ Hy =28 MA/m o
[
150 | 150 4
- | o o »
= | o 5 <Fe>=75.2% (mac.)
s 100 — —. —. L.a . | Z 1p0- <Fe+Mn+Cr>=78.1%
= ) <1
e ° -
[t L =
504 |'
ie !
0 T l T ‘ 04— } T T T T T
&5 70 75 80 -50 o 100 200 300
Fe, % (mac.) Ms, K
a—Fe; 06— Mg

Pucynok 1 — 3anexnicte AMs pu Hy=28 MA/M Big BmicTy 3ami3a i Ms.

Ha puc. 16 300pakeHO pO3MOALT BETHYUHH 3MIIIICHHS MAPTCHCUTHUX TOYOK
AMs Tux ke ciiaBiB y 3anexHocTi Bin Mg mpu Hg = 0. Biapizok mpsimoi 1
BifMOBimae TeopeTwuyHuM po3paxyHkam [1, 2]. YactuHa cmiaBiB 3 cepeaHim
BMicToM <Fe>=72% 3a/l0BIJIbHO KOPENIOE 3 TEOPETHMYHUMHM 3HaueHHsMH. Jliis
IHIIOI YacTHHM CIUIaBiB 3 cepeAHiM BMicToM <Fe>=752% i neskum BMicTOM
nepexigHux ejleMeHtiB, 3mataux B [LIK a3 B3aemomistu, sk 1 y-Fe,
antudepomaruitio (Mn, Cr), croctepiraetbcst MpoTUIIEKHA 3aekKHICTE AMg Bif
Ms.

TakuMm 4MHOM, OTpPHMaHI HaMHU PEe3yIbTaTH CBIMYATH MO Pi3HI MEXaHi3MHU
BIUIMBY MarditHoro mois Ha MII. V crmaBax, 10 KOPENIOKTh 3 TEOPETHYHOKO
3anexHicTio 1 (puc. 16), oTpumaHOI0 y3aranbHeHHSM piBHSHHS Kianeipona-
Knaysiyca, criocrepiraerscst cTpykTypHuil (pazoBuid mepexin. Y cioiaBax, Mo He
BiIMOBiMar0Th piBHAHHIO Kiameidpona-Knaysiyca (3anexHicTe 2), MOXHa
TOBOPUTH JIUIIIE MTPO «MArHITHUI» (a30BUI TIEPEXiI MEePIIoTo pomay.

CIIMCOK BUKOPUCTAHOI JITEPATYPH

1. KpuBorias, M.A. O BiIMSHMM CHIBHBIX MarHUTHBIX TOJIeH Ha (ha3oBbIe
nepexoasl /| M.A. Kpusornas, B.JI. Cagosckuii / ®MM. — 1964. — T. 18. — C.
502-505.

2. 3onorapeBckuii, M.B. BiusHue MardHUTOCTPUKIMHM Ha CIBHT TOYKH
MapTEHCUTHOTO MPEBPAIEHUS B CHIIBHOM MarHuTHoM rosie / M.B. 3omorapeBckuid,
H.C. Kocenko, M.A. Kpusornas / Meramiopusuka. — 1979. — T. 1, Ne 2. — C.
17-22.
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3. BnmsHme MarHuTHOrO MOJS Ha OOpaTHOE M TPSIMOE MapTEHCHTHOE
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nero / N.B. 3onorapesckuii, C.B. Jlockyro, M.O. Illetununa // ®DMM. — 2018. —
T. 119, Ne 8. — C. 794-801.

6. 3onoTapeBckuii, 11.B. MapTeHcuTHOE MpeBpaliieHie B cucTeMax Ha OCHOBE
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YK 531.42
Masnsko B.K.
KaH. (iz.-MaT. Hayk, fou. HY ‘“3anopi3zbka nositexHika”

JEMOHCTPALIA HEPEBAHTAKEHHSA TA HEBATOMOCTI

Jdnst neMoHcTpaunii 3MiHM BarM Tijla TP HOrO BEPTHKAIBHOMY pyci
BHKOPHCTOBYETHCS 3ITHYTHI cTepkeHb (kopomucio) 2 (puc.l), mo miasimenuit 10
mraruBa 4 uepe3 mapHip 3. Ha mratusi € nBa ynopu 5, siki 0OMeXyrOTh pyx
KopoMmucia. Ha onHOMY KiHIII KOpOMHCIIa Mi/IBillIeHa KOTYIIKa 9 yepe3 HaMOTaHy
Ha 11 BiCh HUTKY. Y BHXiJHOMY IOJIO)KEHHI BiJl OIIyCKaHHS KOTYIIKa yTPUMYETHCS
HUTKOIO (mernero) 8. Ha gpyromy KkiHII Kopomucna Ha pi3edi  Moxe
nepeMinryBatuch Mypra 1 Juid 3piBHOBaKyBaHHA Kopomucina. IlonoxeHHs
KOpOMHUCJIa IOKa3ye cTpijika 6 1o mkami 7.

Meroauka mpoBeneHHs jaeMoHcTpanii. Ha KOTyIIKy HaMOTylOTh HHTKY,
3aKpilyieHy Ha Kopomucii. Bix omyckanus ii (iKCYOTh HHTKOBOIO MeTiel 8,
3a4iIUIAIOYH 11 32 BUCTYIH Oci KOoTymkH. [lepeminyroun MmydTy 1, 3piBHOBaXXyIOTH
Tepesu. [leTmio 7 mepemanmooTh ado mepepizaroTh HOXHUIIMHA. KOoTylka mouynHae
pyXaTHCh 3 IEIKAM NPUCKOPEHHSAM, HAIPABICHUM BHM3. TOMY CHJIa HATSTy HUTKA
(Bara xorymkn) T =m(g—a) MeHma 3a cuwiy TsOKiHHS KoTymku. Crpinka

BIAXWISETbCS BIpaBo. B HmkHIM Toulli BinOyBaeThcs pi3ka 3MiHA HAampsMKY
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IIBUIKOCTI, a OTXKE 1 BEKTOpa IMIylnsCy. 3a JApyruM 3akoHOM HproToHa
F-At = A(m- V) cuila HATATY HATKHU Pi3KO 3pOCTaE.

1 2 1 4 =

Pucynok 1 — Cxema yCTaHOBKH.

Kotymika 3a3nae nepeBantaxeHHs. CTpilika pi3KO IOBEPTAETHCS BIIBO aX 110
JBOTO yHopy. 3a iHEpIi€0 KOTYIIKA MPOJIOBXKYE 00epTaTUCh Y TOMY 3K HAINPSIMKY,
HAMOTYIOYM HUTKY. KoTymka pyxaeTbcst Bropy CHOBUTBHEHO. Bekrtop
NPUCKOPEHHSI 3HOBY HAamlpaBleHMH BHU3, TOMY Bara KOTYIIKH MEHIUA 33 CHIY
TsokiHHA. CTpiIKa TOBEPTAETHCA MpaBo. Y HAWBHINIA TOUIl HAa IESIKYy MHUTHh
MIPUCKOPEHHSI CTa€ PiBHUM HYIIO, TOOTO Ha KOTYIIKY Ji€ TUTbKH CHJIa TSDKIHHS.
Bona mepexoauTh y cTaH HeBaromocTi. CTpinka pi3KO pyXaeTbCs BIPaBO O
JOTHKY 3 MPABHM YIIOPOM, LTIOCTPYIOYM 3HUKHEHHS CHJIHM HATATY HUTKH, TOOTO
Baru KOTYILKH.

YK 53.087.61

3omnorapescoknii O.1.%, Ceiinameron CB2

! ¢r. maGopant HY “3anopisbka momitexnika”
2 crapm. Buki. HY “3amopisbka momitexrika”

JOCJIKEHHA AMILIITYTHO-YACTOTHOI XAPAKTEPUCTUKHA
RC-®LUIbTPA

AwmniTytHo-yacToTHa XapakTepuctuka (AYX) enekTpudHOro Kosa MoO-
Ka3ye 3aJCKHICTh PIBHS CUTHAIY Ha BUXOJI IIbOTO IPHUCTPOIO Bifl YaCTOTHU CHI-
HaIly, IO HEepEeNacThCs MPH MOCTIHHIN aMIDITYAI CHHYCOiNAIbHOTO CUTHAIY Ha
BXO1 I[bOr0 MpUCcTporo. AUX Moxe OyTH BU3HAYCHA aHAIITUYHO 4epe3 GopMynu
a00 eKCIepUMEHTANbHO. Bynb-sKkuil NpUCTpIN NMpu3HAYCHHWU I Iiepenadi abo
MMOCHJICHHS €JICKTPHUYHUX CUTHATIB. AUX TPHUCTPOI0 BU3HAYAETHCS TI0 3aJI€KHOCTI
koedimienTa mepeaadi (ado xoedirienTa miacuieHHs) Big yactotu [1].

Ha ocnoBi RC-xoma OyB BHTOTOBJICHHHA (iNBTp HU3BKUX HYacTOT. Buko-
PHUCTOBYBaBCs KOHJIEHCATOP eMHICTIO 22 HD Ta 3MiHHUH pe3ucTop omopom 3 KOM.
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Emextpuana cxema RC-dinerpa nHaBenena Ha puc. la. I'eneparopom i
ociiorpadom ciykuiia KOMITIOTEpHA Mporpama, IN0 Kepye 3BYKOBOIO KapTOIO
Komm'iorepa [2].

Crocrepiranoch 3MEHIICHHS aMIUTITYOH Ha BHXOZI Koia 3i 30UThIIEHHSIM
gactotH, puc. 160. Lle o3nauae, mo Hame RC-kxom0 mpamroe K 9acTOTHAN PiIBTp.
Takuit ineTp mporryckae HHU3bKI YacToTH (y Hamomy Bumaaky mo 10 x['m), a
MOTIM 3 POCTOM YaCTOTH MOYMHAE IX "TUCHYTH" (IUTAaBHO 3MEHIIYIOYHCH O HYJIS
npu yactoTi 20 kI '1).

,_,R U,
o { } o T =
1
Ubsin —C Usioin

0 10 20 fxlu
a 4]
a — cxema RC-¢inbrpa; 6 — AUX.
Pucynoxk 1 — Cxema RC-dinbrpa i iforo AUX.

Otrxe, 3a JOMOMOTOI0 KOMITIOTEpAa Ta IPOrpaMu-eMysstopa, Oyno Joc-
JJDKEHO aMIUTITYAHO-4aCTOTHY XapakTepucTUKy RC-(inbTpa HU3BKHX YacTOT.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. o take AUX i ®UX. — Pexxum goctymy: https://www.ruselectronic.co/ ac
2. 3y6ains, U. — Pesxum poctymy: http://www.terralab.ru/supply/17758/.
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! KaHa. ¢i3.-mMat. HayK, nou. HY “3anopi3pka nomirexHika”

2 ¢r. mabopant HY “3amnopisbka mosiTexHika”

MATHITHAA ®A30BUI MEPEXI]I TEPIIIOIO POJY ¥V CILTABAX
3AJII3A THBAPHOI'O THUITY

3MilIeHHsT MApTEHCUTHOI TOYKH MS y MarHiTHOMY IO paHime Oyslo MOsICHEHE
y3araJlbHeHHsIM piBHsHHA Kiameiipona-Knaysiyca, BpaxoByro4w, Mo 3MiHa
TEPMOJIMHAMIYHOTO MOTEHIN ANy Y CHIIbHOMY 30BHIITHLOMY IIOJTi HampyskeHicTio H
BU3HAYAETHCS PI3HUICI0 MarHiTHUX MOMEHTiB ¢a3 [1] 1 pisHuIero ix 00'eMiB
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BHACHIOK MarHiTocTpukimii [2]. Jochim mokasye, mo y ©0aratb0X BHIAAKax
3MimeHas Mg y MaraiTHOMY 1o (AMs) mponopuiiiHe HanpyxeHocTi moinst Hy, six
11e MOJKHA cTiocTepirati Ha puc. 16 — crumaB Fe-26,0Ni-0,4C. 1le sikicHo criBmazae
3 TEOPETHYHNUMHU ottiHKamH [ 1, 2]. Pazom 3 TuM KpuBi, 300paxkeni Ha puc. la, i iHmi
KpHBi Ha puc. 10, AKi CYyTTE€BO BIIXWIAIOTHCS Bif MPSAMOI JiHIi B 001acTi cnabmmx
OB, HE 3HAXOIATh MOSCHEHb y paMKaX 3alpoNoHOBaHMX Moxeneil. Kpim Toro,
e(eKTUBHICTh BILIMBY MarHiTHOro mojs Ha AMg B IESIKMX CTaJISX 1 CIUIaBax 3ajli3a
B 0arato pa3 HepeBHIIyE PO3paxOBaHE 3HAYEHHS [0 y3arajlbHEHHUM DiBHSHHSAM
Knaneitpona-Knaysiyca [1, 2].

F30 a .‘ - 30
E . %Ni
£ [Fe-32.5at%Ni Fe-30.4Ni-0.3C.
2
g i 20
s Fe-31.7at%Ni Fe-26.0Ni-0.4C
= .Fe-28.9at%Ni | [ N o |
o Fe-30.2Ni-0.4C.
m L10 10
=
2 »
'y - 4l
o of 20 4 e s |7, 220 4 e 80 w0
AT(=T-Ms) (K) AT(=T-Ms) {K)

a — inBapHi cutasu Fe-Ni; 6 — crmaBu Fe-Ni 3 106aBKOO ByTIIEITO.
Pucynox 1 — 3ajexHicTh MK HAaIIPY>KEHICTIO KPUTUYHOTO MarHiTHOro nosst H i
3MilieHHAM MapTeHcuTHOI Touku AT [3, 4].

ABTopu poOit [3, 4] mosiCHWIN iCHYBaHHS JBOX BHIIB 3aiexkHOCTI Hi(AT)
JBOMa CTaHaMH Y-(a3H: «IHBapHOTO» 1 «HEIHBapHOro». Take MOSCHEHHS Mae
CyTTeBI Hemousliku. He 3ynmuHSAIOYMCH HAa HUX, KOPOTKO 3ICYEMO Haml MiAXix 10
I[bOTO ITUTAHHS.

VY nonepenHiit poboti [5] (Twxnens Haykn—2020) HaMH OOTPYHTOBYETHCS
TOYKa 30py, 3rizHo sxkoi MII y cruraBax 3ajiza y CHUIBHOMY MarHiTHOMY TI0JIi MOXe
MPOTIKATH ABOMA PI3HUMH NUIIXaMH: K «CTPYKTYPHHUH (a30BHi mepeximy, sSKuit
3aBXKAH € TIEPEX0I0M TEPIIOro POy, i SIK «MarHiTHUH (ha30BHHA Iepexia MepIIoro
pomy». OcTaHHIN 3MIHCHIOETBCS CHIIAaMH OOMIHHOI B3a€EMOJIii MK €JIeKTpOHAMHU
HezanoBHeHux 3d migoOosonok artoMiB B I'LIK cTpykTypi, Koium MikaToMHa
BiZICTaHb 3a PaxyHOK 00'éMHOi MarHiTOCTPHKLIi (I1apanporecHoi, CIOHTaHHOI abo
CYKymHO1) mocsirae KpuUTHYHOro 3HaueHHs Ok (puc. 2, Touka Ha rpadiky 3
koopauHatamu Hg; Tg).
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Hg i Tg — KOOpAMHATH TOYKH Ha KPHBIH, sIKa BILAUISE «CTPYKTypHUH (azoBuid
nepexia» (1) Bix «MarHiTHOro Ga3o0BOro mepexomy mepuioro poay» (2).
Pucynox 2 — [TosicHeHHS 3aJI€KHOCTI MiX HANpPYXEHICTIO KPUTUYHOTO MAarHiTHOTO
nouist Hy 1 3minienasm maprercutHoi Touku AT B iHBapHux crutaBax Fe-Ni.

[Tpu nmonanpiioMy minBuUILEHHI TemnepaTypu Ha AT; moTpiOHO 301IBIIUTH
HaNpPYXKCHICTh KPUTHYHOTO MarHiTHOro mnois Ha AHy,. Take 30impmieHHS
HaINpy’>KeHOCTI MOTPiOHE JUIA 3BHYAHHOTO «CTPYKTYPHOTO (ha30BOTO IEPEXOAY».
Ane ockinmbku mipu Temmeparypi Tp OyJI0 HOCATHYTO KPUTHYHOI MiXKaTOMHOI
Bizictani dy, To mpu HacTymnHid Temneparypi Tg+AT; (B iHIIMX YMOBaX TEIIOBOTO
pyxy) 1 3Ha4eHHS JOCATAETHCS TPU 3OUTBIICHHI KPUTHYHOI HANPY>KEHOCTI
MargiTHoro noiigt Ha AH,<AHg;.
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BIIJINB KPYYEHHS 1T BUCOKUM TUCKOM HA TBEPAICTb
CUHJIIYMIHY, OTPUMAHOI'O CEJIEKTUBHUM JIASEPHUM
CHIKAHHSAM

JluBapHi amroMiHieBi crtaBu Ha ocHOBI cucteMu Al-Si 3HaXoasTh MIMPOKe
3aCTOCYBAHHS y PI3HUX Taly3sX MPOMHUCIOBOCTI 3aBASKH BUCOKIi# 3HOCOCTIMKOCTI i
HEBEJIMKIN TyCTHHI. Y TeNepilliHii 4ac akTHBHO PO3BUBAIOTHCS TAKOX TEXHOJIOTIT
OTpPHUMaHHS JeTalieil 3 HUX Ha OCHOBI METOJIB aJUTUBHHUX TEXHOJOrid. OmHax
TOJIOBHOIO TPOOIIEMOIO WX CIDIABIB € JOCUTHh HU3bKI XapaKTEPUCTUKU MIITHOCTI Ta
IACTHYHICTE. OCKIIbKA OCHOBHHM (PaKTOPOM, IO 3HWKYE MIIHICTh JOCBTCKTHY -
HUX CHIIYMiHIB, € TpyOi BKIIFOUCHHSI KPEMHIIO B €BTEKTHIIi, TO ITiIBUIICHHS JHCIIC-
PCHOCTI HOTO KPHUCTAJIB € HAHBaXKIHMBIIIUM 3aBIaHHIM, CIIPSIMOBAHHM Ha ITOKpa-
IICHHS BJIACTUBOCTEH. 3 Ii€F0 METOF0 BUKOPHCTOBYIOTHCS Pi3HI METOIU BILUIUBY Ha
CTPYKTYpY: Moau(iKyBaHHs HaTpieM, TepMidHa 00poOka Tomo. OnHUM 3 mepcre-
KTUBHUX METOJIB, SIKMH MOJJIMBO 3aCTOCOBYBATH JJIsl ieTajell, OTPUMaHUX METO-
JlaMH QJIUNTUBHUX TEXHOJIOTIH, € IHTeHCUBHE tutacTuuHe nedopmysanss (IT1/1).

Meroro poboTu Oyno mociikeHHs BILMBY napamerpis II1/] nuisixom kpy-
YEHHS 111 BHCOKUM THCKOM Ha TBEPIICTh JOCBTEKTHYHOTO CHUIIYMiHY, OTPHMAaHOTO
3a JIOIIOMOTOI0 CEJIEKTUBHOTO J1a3€PHOTO CIIiKAHHSI.

3pa3ky OTPUMYBAJIN IIJISIXOM CEJIEKTHBHOTO JIA3€PHOTO CIIKAHHS MOPOIIKO-
BOT cymili, sika Mana XiMmigauid cxian: Si — 9,6%, Mg — 0,3%, Fe — 0,1%, Mn —
0,1%, pemrra — Al, Ha 3D npunrepi gipmu Conceptlaser. [HTeHCHBHaA MuTacTH4HA
nedopmariss Kpy4eHHSIM I1iJ] BACOKMM THCKOM 3pa3KiB IMIIHAPUYHOI Gopmu (zia-
metp 10 MM, BucoTa 1 MM) 37ilicHIOBasach NUIIXOM NpHKJIananHs Tucky 5 I'Tla i
MPOKPYYYBaHHSIM Ha 5 MOBHMX 00epTiB Npu KiMHATHIH Temmneparypi. LlIBunkicTs
kpyueHHs ctaHosmia 0,5 i 1 06/xB. ExBiBanienTHa nedopmaitiss 000X 3pa3kiB CKia-
na ~90. I'yctuHy 3pa3kiB BU3HAYAIM METOJIOM TiAPOCTATUIHOTO 3BKYBAHHS, SKE
MIPOBOIMIIOCH Ha €IEKTPOHHUX aHAJITHIHHX Barax Tuiry XA 310/X.

PesynbTati HOCHTIKEHD MMOKA3alH, IO T'yCTHHA 3pa3ka y BUXiTHOMY CTaHi
craHoBmiIa 2558 kr/M3, micns kpydeHHs 31 mBHIKicTIO 0,5 06/xB — 2775 KF/M3, asi
mBrakicTio 1 06/xB — 2162 kr/m°. OTxke, TYCTHHA 3pasKiB micis aeopMyBaHHs
KPYYEHHSIM IIiJ| BUCOKMM THCKOM 3MIHIOBAJIACh HEOJHO3HAYHO: NPU KPYYCHHI 3
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OinBIIIOI0 NIBUAKICTIO BOHA 3MEHIIyBadach Ha 15%, a TpM KpydeHHI 3 MEHIIOIO
IIBUJIKICTIO — 301bITyBamach Ha 8%.

BuMiproBaHHS MIKpOTBEpIOCTI BHKOHYBaJdM Ha MikporBepaomipi HVA-1
npr HaBaHTaxenHi 0,5 H. JlocmimkeHHS poO3MOAUTy MiKpOTBEPAOCTI B3IOBXK
nIiameTpy 3paskiB mokasano (puc. 1), mo micis II1]] y HuX BHHHKae pagiarbHUI
TpamieHT 3MiOHEHHA. 3HA4YeHHS MIKPOTBEPAOCTI y LEHTpalbHiil dacTwHI 000X
3pa3KiB BUSBWINCH NMpUOIM3HO Ha 18% MeHmMu, Hixk Ha nepudepii. Pesynbratn
JIOCTI-JDKEHb TMOMAIOHOTO 3a XIMIYHHUM CKJIQJOM CIUIaBYy MOKa3ywTh [1], 1m0
pIBHOMIpHUI pajiadbHUN PO3MOIIT MIKPOTBEPAOCTI 3pa3KiB HE JOCATa€ThCS
HABITh IIpH Habara-To OUTKIIKX CTyNeHsX aedopmariii (10 o6epTiB).

3 puc.l BuAHO, 110 WBUIKICTH Aedopmarii y 3Ha4HIN Mipi BIUTMBAE HA BEJHU-
YUHY MIKPOTBEPJOCTi 3pa3KiB: NPU MEHILIH MBUIKOCTI KPYUEHHS TBEPAICTH MOBE-
pxHeBoro mapy Oimpma. Lle cymepeunts manmm 3 mocmimkenHs Al 1050 [2], me
pizHa mBHAKicTs Aedopmarii (0,2 i 5 06/XB) mpuBOAMIA IO ONHHUX i THX CAMHX
3HaYeHb MIKPOTBEPAOCTI MPOTATOM YChOT0 Tpolecy aedopmyBaHHs. Baprto 3a3Ha-
YUTH, IO TYCTHHA 3pa3KiB Ta 3HAYCHHS iX MIKPOTBEPAOCTI MiXK COOOI0 HE Kope-
T0I0Th. Lle MOoXe CBITYUTH MPO MPOTIKaHHS MPOIIECIB K 3MIITHEHHS, TaK 1 3HEMi-
ITHCHHS TiJT 9ac 00poOKH.

200 -

LN ]
L
. 180 - ® . 0 e ®
Y o

= 160 4 r'S r'S
= ¢ e L 4 o ¢ A4 ¢ % + W=1 06/x8
% 140 ¢
= W BUXigHAN
* u * cTaH

120 Nyl EpgEpmEN © W=0,506/x8

100 T T T T T 1

-6 -4 -2 0 2 1] 6

BifcTaHb BiZ TEHT)Y, MM
Pucynok 1 — Po3mozin MikpoTBep10CTi B3I0BXK MOMEPEYHOTO MEePEPi3y 3pasKis.

OTxe, 3 METOI0 3MII[HEHHS JOCBTEKTHYHOTO CWIIYMiHY iHTEHCHBHOIO ILTAC-
TUYHOIO 1e(hOpMaIli€l0 IUITXOM KPYYEHHS il BHCOKUM THCKOM BapTO BPaxoBYyBa-
TH HE JIMIIEe BEIMYMHY THCKY 1 Aedopmarii, ane H IIBUAKICTH IeQOpMyBaHHS.
[lepcnekTHBOIO TOAANBIIMX JOCIHIJKEHb € BHBUYEHHS OCOOJIMBOCTEH CTPYKTYpH,
MeXaHIYHUX Ta (PI3MYHUX BIACTHBOCTEH 3pa3KiB, 0OpPOOJIEHUX KPYUCHHSM IIi[
BUCOKUM THCKOM 3 PI3HUMHU PEKUMAMHU.
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JE®OPMAIIA 3PA3KA IIICJISA HAHECEHHS IIVTA3MOBOI'O
HOKPUTTA

[lixBuiiena TeMmeparypa IJIa3MOBOIO IOKPUTTSA y mpomeci iHoro
(opMyBaHHS y TOPIBHSHHI 3 TEMIEPAaTypOI0 OCHOBH MPHU3BOJHUTH JIO 3HAYHHUX
TeMIepaTypHux aedopmaliii i BUHUKHEHHS 3aJMIIKOBUX HANpyr Y HbOMY, SIKi
neopMyIoTh OCHOBY. 3aBlIaHHSAM JIOCITI/DKEHHS € BCTAHOBJICHHS 3aKOHOMIPHOCTI
MiX JeopMaIiero 3pa3ka i 3aTUIIKOBUM HaNPYKEHHSIM Y TOKPHUTTI. Bukopucrano
MOJIETIb TI03alIEHTPOBOTO CTHCHEHHS OCHOBU IIiJ JI€I0 PE3yNIbTYIOUOi CHIIN Y
MOKPHUTTI. Y PpO3paxyHKOBIH MOJENi HPUHHATO, IO 3aJUIIKOBE HANpPYKCHHS
JHIHHO 3pOCTa€ MO TOBIIWHI IIAPYy XPOMOHIKEJIEBOTO IIOKPUTTS, a iHTErpajbHa
cuna F y moxpuTTi 1OpiBHIOE

2 1)

A€ Oyy — MAKCHUMAJIbHC 3aJIMIIKOBE HAIIPYXKCHHA Yy HOKpI/ITTi; b — mrpUuHa
MMPpAMOKYTHOT'O 3pa3Ka, h— TOBLIMHA ITOKPUTTH.

Ilmewe nii cumm, BITHOCHO IIGHTPY TEPETHHY OCHOBH, JOPIBHIOE CyMi
MOJIOBUHU TOBIIMHH OCHOBH 1 KOOPAWHATH PE3yIbTYIOUOi CWIJIM CTHCHEHHS.
MOMEHT CHIIM CTHCHEHHS 3pa3Ka IOJO0 LEHTPAJIbHOI OCi OCHOBH BH3HAYHTHCS
hopmyoro
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M:F(%+%) == bh(i %h) @

e H — roBmmna ocHoBH.

Judepenuiiine piBHIHHS NPYKHOI JIiHIT BUTHHY OCHOBH Ma€ BUIJISL

d?y ™M 3)
dx? El
ne Y — xoopauHaTa mornepedHoi aedopmartii (IpOruHy) OCHOBH; X — MO3IOBXKHS
koopamHata; E — Moxyib mpyxkuocti ocHoBH, | = bH*/12 — moment inepuii
OCHOBH.

BennunHy  OpOrMHY — OCHOBM, SK  BIAXWIEHHS  BII  [OYaTKOBOI
NPSAMOJIHIHOCTI, MOKHAa BH3HAYUTH TOABIHHMM iHTerpyBanHsMm (3) npu
HACTYITHUX I'PAaHUYHUX YMOBaX:

=0:Y =0;—— =0
oI ’ (4)
=L:Y =Y

m

ne L — momxwna migkmaakw, Y, — MakCUMAadbHHHA TPOTHH IMITKITAIKU I i€
MOMEHTY CHIIM TI03aIlEHTPOBOTO CTHCHEHHS MiKIaJKH, SKUH BU3HAYUTHCS MICIS
iHTerpyBaHHA (3) Y BUIIIALI:

2
y, —ML (5)
El 2

MaxkcuManbHe Hanpy>KeHHs y MOKpUTTi, Bu3HaueHe 3 (1), (2), (5):

A4ETY

M

L2bh(i + Zih)
2 37

(o =

mn

(6)

BennunHa mnporumHy BHM3HAuanacs SK BIAXWJICHHS BiX NPSMOIIHIHHOCTI
3pa3ka. OAnH KiHELb 3pa3Ka pa3oM 3 IUIOCKOK0 IIJIACTHHOIO BCTaHOBIOETHCS B
3atuck. [lpm 1[pOMYy TIUTACTHHA po3TamIOBYBajacs 3Bepxy. Ha ruracTuHi
BCTAHOBJIIOBABCSl  IHIMKATOp TOAMHHMKOBOTO THUIY, SIKMA MOXHa OyIo
MepeMilyBaTH B3J0BX TMOBepXxHi. [Ipu mepemimeHHi Horo Oyino BHMIpSHO
PO3MOIi IPOTHHY IO JOBXHHI 3-X 3pa3kiB. Pe3ynbTaTH BUMIpIOBaHb PO3MOILTY
NporuHiB i iX cepenHi 3HaueHHA Y., Ta MAaKCHMaJbHi HAIPY>KEHHS y IOKPMTTI,
Bu3Ha4eHi 3a Gpopmyoro (6), HaBeneni y Tad. 1.
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Tabmms 1 — ledopmariist 3pa3ka Ta 3aJIMITKOBE HAPY>KEHHS Y TIOKPHTTI

Ne 3pazka X, 10'2,M 1 2 3 4 45 oum MIla
1 Y,10°,m 4 14 29 52 70 89,5
2 Y,10°,m 4 16 32 55 71 90,8
3 Y,10°,m 4 15 34 53 68 87,2
Yo 4 15 31,7 | 53,3 69,7
Y=k L* 34 | 139 31 54,5 70

VY HIDKHBOMY PsILIKY Tabi1. 1 HaBeOeHO pO3paxyHOK MapaboivyHoOl 3aIe)KHOCTI
NPOTHHY BiJl JOBXKHHH 3pa3Ka, sika y3rOJDKYETHCS 3 pe3y/IbTaTaMi BUMIPIOBaHb.

BucHoBku

1 Po3pobieHo MeTox  BH3HAYCHHS MAaKCHMAIBHOIO  3aJUIIKOBOTO
HaNpY>KeHHS y MTOKPUTTI B 3aJIKHOCTI BiJ 3THHATBHOI HedopMarlii 3pa3ka.

2 EKcrIepuMEHTaabHO BCTAHOBJICHO, IO PO3mOAin jaedopmariii OCHOBU
Y37I0BXK 3pa3Ka MiAMOPsAIKOBYEThCS TapabOIidHii 3a71€KHOCTI.

YK 621.793.7: 533.924

€piros A.B.}, 3enenina O.A.Z, 3anoszenskuii B.B.2

Y1-p Texn. Hayk, npod. HY “3anopisbka mositexnixa”
cT. 1abopant HY “3amopi3pka nomitexHika”

3 cryu. rp. 1d-319 HY “3anopisbka nositexHika”

HAIIPY)KEHUI CTAH IIJIA3MOBOI'O IIOKPUTTS TA )KOPCTKOI
OCHOBH

3aJMIIKOBI HANPY>KEHHS TUIa3MOBUX HMOKPUTTIB MPHU3BOIATH O Aedopmarii
Ta CTBOPIOIOTH HANpPYXEHHS OCHOBH. Po3poOka METOAWKH BH3HAYCHHS
MeXaHIYHUX XapaKTePUCTHK 1 3aJMIIKOBIX HANPYXKECHb B 3aJISKHOCTI B/l TOBIMHH
MOKPUTTA 1 OCHOBH € aKTYaJbHOIO JJIsI 3MIITHEHHS 1 BiTHOBJICHHS IOBEPXOHb
JieTanei.

VY po3paxyHKOBiii MOJeli BpaxoBaHO, IO 3aJMIIKOBE HANPYXEHHS MOXKHA
NPUHHATH JIIHIHHO 3pOCTal0uMM IO TOBIIHMHI IIapy XPOMOHIKEIEBOTO ITOKPHUTTS.
J1st MoJienti o3aneHTpoBOro CTHCHEHHS 3pa3ka BU3HAYAEThCs Jirova cua F

E_ o,..bh

2 1)

JIe G, — MaKCHMaJIbHE 3aJIMIIKOBE HANPY)KCHHS Ha IMOBEPXHI IOKPUTTS TOBLIMHOIO
h; y — koopauHaTa y310BX TOBLIMHH TOKPHTTS.
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MOMEHT CHJIM y 3aJI€KHOCTI BiJl MAKCHMAIFHOTO 3JIUIIKOBOTO HAIPY)KCHHS
y TIOKPHTTI

M:F(ﬂ_,_Zh ):%bh(i_kih)
2 3 2 2 37, 2)

ne Hib — ToBmuHa Ta IIMpUHA OCHOBH.
[Tnede nii cuiaM TO3allEHTPOBOTO CTUCHEHHS CKIIANAETHCS 3 IOJOBUHU

TOBIIMHA OCHOBH Ta 2/3 h. MakcumaipHe 3rHHAI0YE HANpYXKEHHS B OCHOBI
BU3HAYAETHCA 32 (PopMyInoro

~_6M _ 3o,h,H  2h

(o = M _ —
a bH? H? ( 2 3 ) _ A3)
Hanpy»keHHs CTUCHEHHS B OCHOBI
F o, h
O_ fr— fr—
" bH 2H (4)

MakcumanbHe 3alMIIKOBE HANpYXEHHs B OCHOBI PO3TAllOBaHE B TOYII
KOHTaKTy 3 TMOKPHUTTAM 1 BHU3HAa4YaeThess cymor (4) i (5). Orpumani emropu
PO3MOALTY HANPYXKEHb y MOKPUTTI 1 OCHOBI MMOKa3aHi Ha puc. 1.

G

s, 100

50

15 1,0 05 0 (X3 Lo ¥ Ms

Tuo

Pucynok 1 — Emopu posnoniny Hanpyxens y nokpurti [IPHX15CP2 i cranesiit
ocHoBi Ct.3.

[Towyarok kKoopaMHAT HA pUC.] PO3TAIIOBAaHWK Yy IEHTPi OCHOBH TOBIIUHOIO
1,5 MM, a TmiazmoBe xpomorikeneBe mokpuTts [IPHX15CP2, tosmuHoro 0,6 MM,
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3HAXOOUThCS 3iiBa. [IOKpUTTS HaHeceHO mpu CTpyMeHi Imra3moTpona 450A i
BHACIIIZIOK 3HAYHOTO EHEPrOBKIAAY BiIPi3HAETHCS MiIBUINCHIM 3aJIHITKOBHM
Hanpy>XeHHAM. BenndanHa MakCHMaJIbHOTO 3aJIMIIKOBOTO HANPY)KEHHS y HOKPHTTI,
BH3HAYCHA IO BEIWYHUHI Aedopmarii 3pa3ka, CTAaHOBHUTH B cepenaboMy 90 MIla.
HampysxeHHsS B TOBEpXHEBOMY IIapi OCHOBH BHU3Hadanucs 3a Gpopmynamu (4)-(5).
IIpr 3agaHWX CHiBBIAHOIICHHAX PO3MIpiB IMOKPUTTS i OCHOBH MaKCHMalbHE
HAaIpy>X€HHs CTHCHEHHsI Y IMOBEPXHEBOMY IIapi OCHOBH Ha TPaHMII 3 NOKPHUTTIM
CKJIQJIa€ y CepeiHbOMYy G,,=-110 MIla, a MakcuMajbHE Hamnpy)XeHHs PO3TAry Ha
NPOTWIISKHIH TMOBEPXHI OCHOBM MEHIIE Ha BEJIWYHMHY HAIPYKEHHS OCHOBOTO
CTHCHEHHSI 1 CTaHOBUTH Npubim3Ho 90 MITa.

BucHoBku

1. 3 BHUKOPUCTAHHSIM MOJENI MO3AI[CHTPOBOTO CTUCHEHHS PO3POOJICHO
IHKCHEPHY METOJMKY PO3paxyHKy HaIlpy>KeHO-1e(OopMOBaHOTO CTaHy 3pa3ka Ta
BHU3HAYCHO PO3IIOLI Ta CITiBBIIHOUICHHS HAIPYXXCHHS y MMOKPUTTI Ta OCHOBI.

2. BuzHaueHo, 110 HANpY>KCHHS CTHCHEHHS y MOBEPXHEBOMY IIapi OCHOBH
TOBIIMHOIO 1,5 MM 10 aOCONIOTHI BeNWYHMHI TepeBepIIye HaiOuIbme
HaIpy>X€HHS PO3TATY Y MOKPHUTTI.

VK 535.37

KyGumkin A.A.", Depacin 10.B. 2

! 3aB.7126. kaeapu disuxu HY «3arnopispka momiTexHiKay»
2 cryn. rp. KHT-519 HY «3anopisbka momitexuika»

BIIJINB IHOPAYEPBOHOTI'O BUTIPOMIHIOBAHHSA HA
EJEKTPOJIOMIHICHEHIIIIO IUHK CYJb®IJHUX JIOMIHO®OPIB

Kpucranodocdopu mij ieo enekTpudaHoro mois Hapyxkennictio E~10° B/m
JTAIOTh CBiviHHA. Lle sBUIIIe HA3UBAETHCS EICKTPOIIOMIHICIICHITIET.

BBakaroTh, Ay BCIX MPOIECIB JIFOMIHECICHII XapakTepHE Te, M0 Yac
BHCBiuyBanHs mominodopa, t~(10°...10° ) ¢ 3HauHO mepeBmIIye uac BIACHHX
KOIMBAaHb MOJIEKY/IH, sika cBituThes t~(107°...10™%) c.

VY nocmigax BHKOPHCTOBYBaIM MNOPOIIKOBI ZNS kpucranodocdopu. Lli
PEUOBMHHU JAIOTh IHTEHCHBHE cBiuiHHA. Kpucranodochopu pearyrors Ha Tensosi
BUIIPOMIHIOBaHHs. B OJHUX BHUNaJKax MiJIBUIIECHHS TEMIEpPATypH CKOPOUYE 4ac
BHUCBiUyBaHHS JIOMiHOQOpa 1 OJHOYACHO MOXKE TPUBECTH A0 30iTbIICHHS
SICKpaBOCTi BUCBiuyBaHHA. Lle 3amexuTh Bin aktuBaropa. Bimomo, mo mis [UB He
MIPUBOIUTH 10 HarpiBaHHSA ekpany. Li sBuIa miaIAraroTh rIMO0KOMy BUBUEHHIO.

PesynmbTar;  mpoBeeHOTO  AOCTIMKEHHS  BIUIMBY  iH(padepBOHOTO
punpomiatoBanHs  (IY) wHa enexrpomominiciienmito (EJI) mopomkoBoro
mominoopa ZnS-Cu  MoxKyTh OyTH 3acTOCOBaHi JJIsi KOPEr'yBaHHs SICKPaBOCTI
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cBiviHHA. 3HarouM MexaHi3Mu B3aemonii [YB 3 momiHOdopamu, € MOXIUBICTH
KepYBaTH CBITHICTIO €JIEKTPOIIOMIHO(OPIB.

Metoro pobotn Oymno [MOCHIAWTH XapakTep BIUIMBY iH(pauepBOHOTO
punpomiaroBanHs (I4) w©a  enexrpomominicuenmito (EJI) mopomkoBux
mominogopiB ZnS-Cu; ZnS-Cu,Mn.

Hnsa BuBueHHs BmmBy [YB Ha enekTposroMiHecreHmilo Oyma CTBOpeHa
yCTaHOBKa, sSKa Majla KaMmepy, Jie 3HaXOIMBCS 3pa3ok enekrpoitominodopa. [lo
3paska NMPUKIAJaNN eNeKTpHUHe mone, Hanpyxennictio E=8x10° B/m. B kamepi
Oyno nBa oTBOpHU. Uepes oJIuH 3 OTBOPIB CBITIIO BiJl 3pa3Ka WILIO HA IPUHMAaTbHUMA
npuctpii 3 ®EM. Uepe3 iHmmil OTBip HILIO BHUIIPOMIHIOBaHHS Bix iH(pa-
YepBOHOTO JDKEperia, Ta TMomajaio Ha 3pa3ok. Mik mkepenom [YB Ta
mromiHogopom posminryBanu  pinetp [UC-5. [DxepenoMm iH(pa-uepBOHOTO
BumnpoMiHroBanHA OyB mTidhT Hepcra 3pa3ok mroMiHodopa — Iie CKIIIHA IUIaCTHHA
po3mipom ~30x40 mm. Ha ckio HaHOCWIM TOHKHWH Imap oJjoBa. Ha oioBo
HaKJIaJalld KPUCTATIOTIOMIHOOP.

[pu nii iHppadepBOHOTO BUIPOMIHIOBAHHS CICKTPOIIOMIHECIICHITISA IS
ZnS-Cu racuThcs M0 BCbOMY €IEKTOPAITEHOMY iHTEpPBaIy BUIIPOMIHIOBAHHS, a IS
ZnS-Cu,Mn criocTepiraeTbes miICHICHHS SICKPABOCTI €ICKTPOIIOMIHECIICHITIT.

IMin giero  enektpuunoro moast ZnS-Cu  docdop mae Omakuthe
BUIIPOMIHIOBaHHS 3 MakcuMyMmMoM A=460 HM. CrnextpainbHuil posmoxin ZnS-
Cu,Mn mae aBi mosocu: cinady, 3 MakcumymMoM A=460 HM, Ta mojiocy A=585 HM.
Brmiue [UB Ha EJI oniHioBaBCs KO€(DillieHTOM

R= B.,../B., 1)

ne B, — sickpaBicTe mromiHodopa, sika BUHUKIA 33 PaXyHOK €JEKTPHYHOTO IOJIS
3MiHHOI BenmuuHH Ta 9acToTi 50 ['m; B, — sickpaBicTh momiHodopa mpu cyMicHii
Il enexTpudHOTO mmoist Ta [UB.

Byna pmocmimkena 3anexHicTh Koedimienra R Bing iHreHcuBHOcTi [YB Ta
3aJIeKHICTh R BiJl MOBXKWHY XBHJII BUIIPOMIHIOBaHHA. Bci JOCIHIIM POBOIILTUCE 3
METOI0 PO3IMIMPEHHS MOXKIMBOCTEH CyMicHOI aii emekrpuuHoro momns ta [YB Ha
@JIEKTPOIOMIHECIICHIIII0O Ta TEPEeTBOPIOBAHHSI «HEBHUIWMOTO» CHTHAIy B
«BUIAMHUIN.

Orxe, [UB B ogHNX 3pa3Kkax TacUTh €IEKTPOIIOMIHECIICHITIIO, a B IHIINX — ii
migcwnioe. EdexT raciHHS MOB'S3yIOTh 3 MPOIECOM 3allOBHEHHS BAJICHTHUMU
eIeKTpOHAMM pIBHIB aKTHBaTOpa, i10HI30BaHMX mpu 30ymkeHHi. Llelt mepexin
CJIEKTPOHIB MOXe OyTu ctumynboBaHuM kBanTamu [UB. lle npuBomuts g0 Toro,
mo [YB 3menmye sickpasicts EJI. Ilincunenns EJIC B ZnS — Cu,Mn moxe O0ytn
MOB'I3aHIM 31 CTHMYITIOBAHHSAM €JIEKTPOHHUX IEPEXOiB Mixk piBHsME iona Mn?',
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THE ENVIRONMENT MATHCAD IS USING FOR TECHNICAL
CALCULATIONS

To solve problem of study the characteristics of magnetic materialit is
necessary to use mathematical apparatus and modelling. Increasing the coercive
force will allow you to obtain higher operating points at which the specific energy
of the magnet is highest. Larger operating points allow more energy to be
generated from permanent magnet operation. Accordingly, if you know the
maximums of the working range of these materials, it is possible to achieve a
reduction in the dimensions of the magnetic material itself in the design of the
equipment or appliance. This will save on materials and make their production
more ergonomically advantageous and cheaper. In turn, reducing the size will lead
to the development of industries such as nanotechnology, robotics and
microprocessor technology. In addition, the reduction of re-magnetiation losses
can be achieved by calculating the operating points of the magnet, analyzing the
residual induction and coercive force. It is also possible to develop methods for
extending the life of magnetic materials and storing residual induction without re-
magnetization.

Purpose of the study. To calculate the re-magnetization energy for the
permanent magnets consisted of Ndjs,Fes499Bs6Co51CU;57Tis 38, Obtained under
different conditions, by the method of integration along the contour of the
maximum hysteresis loop.

composition, which were obtained under different conditions, were
investigated (see Table 1).

Table 1. Conditions for obtaining permanent magnets consisted of
NdlS,ZFe74,99BG,GCO,SlCU1,57Ti1,38

Example Chemical composition of Initial Slnterllng /
No permanent magnet pressure, P, annealing
: MPa temperature, K.
: N5 2F€74 9B cCo 5:CU 0.5
2 15,2 74,99. 6,6~0,51 1,57 3 1323/813
3 Tiy 38 95

231



To determine the re-magnetization energy, it is necessary to find the
hysteresis loop area by integrating along the loop path. The magnetisation energy
of the examples was calculated as the hysteresis loop area (see Pic. 1).

BT B = 894,3 kln? ET W = 894, 7 kilin®
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a—0,5MPa; b -3 MPa; ¢ —9,5 MPa
Picture 1 — Hysteresis loops for samples consisted of
Ndis5 2F€74,99B6,6Co,51CUy 57T11 38 caused under different conditions

To accomplish this task, splines were obtained and the area of the figures was
calculated by numerical methods. Given that the samples under study were in the
shape of a cylinder h =5 mmand d = 9 mm (S = 3,18-107 m?), it is possible to find
the real re-magnetization energy for each sample. The results of the calculations
are presented in Table. 2.

Table 2. The value of the specific and real energy of the re-magnetization of
the samples

ExampleNo. | 1 | 2 | 3
Numerical Methods
W, kIim® 894,3 894,7 960,3
W, J 0,2844 0,2845 0,3054
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ExampleNo. | 1 | 2 | 3
By points
W, KI/M® 784,5 792,6 869,7
W, J 0,2495 0,2521 0,2766

Thus, calculations and simulations have shown that the use of matkad
environment gives more accurate results.
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PROSPECTS FOR USING SOLAR PANELS

A solar battery is a combination of photoelectric converters (photocells) -
semiconductor devices that directly convert solar energy into direct electric
current. Then it accumulates in batteries and is used for domestic purposes.

The energy received through the sun is a renewable resource, which means
that the potential from this method of generating electricity is eternal. In the sunny
day we can almost completely supply electricity to our homes. Also they are very
durable and serve from 25 years or more.

For the most efficient use of solar panels, we need: solar panels, a controller
(distributes the charge between the consumer and the battery), batteries and
inverter (converts 12V from the battery into 220V for the operation of the
devices).

There are such types of solar batteries: Monocrystalline, Polycrystalline,
Amorphous, Cadmium Telluride panels, Copper-Indium Selenide panels,
Polymeric.

So why solar panels are not widespread now? One of the problems is low
efficiency. The most effective solar batteries nowadays are Monocrystalline
(17...22 %) and Copper-Indium Selenide solar batteries (15...20 %). This problem
can be particularly solved by using swivel mechanism at the dawn and sunset or
mirrors that slightly increase the efficiency and energy released. Also we can use
lenses. And the second problem is high cost. But over time and simplification of
production, they will naturally become cheaper, but now this is still a problem.

Difficulties in using electricity from solar panels:

— the produced current is direct and nearby to 12-48 volts, to use it in
everyday life, it needed to be convert;
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— on cloudy days, efficiency drops significantly;

—need a lot of territory.

The advantages in using solar panels are much more than the disadvantages.
This way of generating electricity does not pollute nature, works automatically, is
an endless resource.
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ALTERNATIVE ENERGY DEVELOPMENT IN UKRAINE

It is widely recognized that the main factor determining the development of
material culture of people is the creation and use of energy sources. Obtaining,
transforming and conserving energy are fundamental processes studied in physics.
The basic pattern established by physics is the law of conservation and
transformation of energy.

The law provides for a global energy crisis. Now peat, coal, oil and natural
gas are used as the main energy resources. At the current rate of use, these
resources will suffice for humanity for 50 years. In this regard, EU countries are
actively promoting the introduction of alternative energy sources. By 2020, their
share in the structure of electricity production should be up to 20 %, and in 2030 it
should already be 50 %. Ukraine's plans are much more modest: according to the
Energy Strategy for the period until 2035, the share of renewable sources in
electricity generation in 2020 should be 7 %, and in 2025 - more than 13 %.

Now the dynamics of the introduction of new renewable energy capacity in
Ukraine from year to year remains positive. In the first 6 months of 2019,
renewable energy sources (solar, wind and other power plants) generated 2.37
billion kilowatt hours of electricity in Ukraine. This is 1.9 times more than in the
first half of 2018.

Ukraine's energy independence is not only about rational energy consumption
but also about the development of energy as a whole. Today, this development is
about investing in renewable energy. Moreover, it is cheaper to build solar power
plants than coal or thermal power plants. The development and creation of thermal
and power plants operating on renewable energy is the basis, safe and
environmentally friendly. In the hands of mankind there are several perspective
sources of energy: solar, hydrogen, thermonuclear. The use of these energy sources
is related to high-tech technologies based on current scientific knowledge. To bring
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the use of these energy sources to the industrial level it is necessary to solve many
problems in which the crucial role will be given to scientific researches and, above
all, in the field of physics. Therefore, energy of the future is a modern problem of
physics.
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METHODS OF REDUCING LOAD LOSSES IN TRANSFORMER
WINDINGS

In contrast to idle losses, the reduction in load losses was not accompanied by
a significant improvement in materials. Load losses in the wire consist of direct
current losses in the ohmic resistance of windings (I°R losses), eddy current losses
in the wire and additional losses in the tank walls and metal parts of the structure.
The main way to reduce load losses was to reduce the current density in the wire
by increasing its cross section. However, this had two negative consequences:
firstly, the dimensions of the core, its weight, and idle losses increased; secondly,
losses caused by eddy currents increased. The use of a compact transposed wire,
consisting of a large number of insulated from each other and transposed
conductors with common insulation, partially removed the first drawback and to a
greater extent the second.

Currently, large transformers use a transposed wire in which the number of
elementary conductors can reach 80.

The wire may have insulation with epoxy resin, which after polymerization
during the drying process gives greater rigidity to the wire, which increases the
strength of the windings when exposed to short circuit currents.

The additional losses in the metal parts external to the windings are caused
by the scattering flux generated by the windings, which depends on the
configuration of the windings and is independent of the current density. As the loss
in the wire in the load loss decreases, the proportion of additional losses outside the
windings increases, especially in transformers with a large value of short-circuit
resistance. As ratings of transformers increase, the proportion of stray losses in
their load loss may increase significantly. These losses in structural components
may exceed the stray losses in windings in large power transformers (especially
autotransformers). A major portion of these stray losses occurs in structural
components with a large area (e.g., tank plates) and core clamping elements(e.qg.,
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frames). The high magnitude of stray flux usually does not permit designers to
disregard the nonlinear magnetic characteristics of steel elements.

Previously, control of the scattering field was carried out primarily in order to
avoid unacceptable heating at individual points on the walls of the tank and other
metal parts, especially in transformers of high power or having a high value of
short-circuit resistance. Today, such control is also carried out to reduce additional
losses. To reduce additional losses, conductive screens are used, which serve to
deflect the magnetic flux from the surface to be protected, or electromagnetic
shunts that collect and direct part of the magnetic flux in the desired direction.

The advantage of electromagnetic conductive screens is their simplicity and
the ability to give them the necessary shape to protect the surface of a complex
configuration. Their disadvantage is that in the screen itself) there are losses that
must be estimated, and the screens themselves must have cooling. In this case, it is
necessary to control the scattered flux deflected by the screen, which can induce
losses in other parts made of magnetic material.

Electromagnetic shunts direct magnetic flux along paths where there can be
only small losses, preferably outside the walls of the tank and other metal parts.
The advantage of electromagnetic shunts recruited from electrical steel is the better
control of the scattering field and losses created by this field. The disadvantage is
the difficulty in giving the shunts the necessary shape when protecting parts of
complex configuration.

Shielding allows you to reduce additional losses in the protected parts by
more than 50 %. In modern transformers, the additional losses can be from 10 to
50 load.

Existing calculation methods to determine the most favorable location:
protective devices (shields or shunts), losses created by the scattering field, and the
temperature at the site of the greatest losses.
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PO3B’SI30K 3AJAYI ITPO YMOBY 3PYHIEHHSA 3 MICIA

Y MuHynopiuHii myOmikarii MU 3BepTaii yBary 4MTadiB Ha HapagoOKCaJbHY
BIIMOBIb 70 3a7adi MPO PyX CHCTEMH, sIKa CKIIANAEThCSA 3 JBOX T 3’€IHAHUX
npyxwuHoto. I[lporo pa3sy MM [JOKITagHO pO3MISIHEMO, SK, 3a JIOTIOMOTOIO
MaTEeMaTHYHOTO MOJIEIIFOBAHHS, MOYKHA ITOSICHUTH IO cHUTyarliro. Haragqaemo ymoBy
3asaui:
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Pucynok 1 — Cuctema, 1o po3risaaeThes

Jea mina macamu M (bpycox) ma M (8i30x) 3’ €OHaHi HEBALOMOIO NPYICUHOIO ©
3HAXOOAMbCS Y CNOKOT HA NOXUMILL NAOWUHI, WO HAXUTEHA N0 KYMOM 0. 00 20PUOHNTY
(puc. 1). Koeghiyiecnm mepms midic 6pyckom ma noxuion nIOWUHOK OOPIGHIOE [,
mepmam Midic Gi3KOM ma NIOWUHOIO MOJICHA 3Hexmysamu. Bizox niomseyiomos
bnudicue 00 bpycka max, wob dedpopmayis nPYAICUHU CMaia OOPIGHIOSAU HYIIO, |
gionyckaiomes 6e3 nowmoexy. Axkujo maca 6izka nepesuwyye neeHe KpumuuHe
3HaUeHHs, OPYCOK NOYUHAE pyXamuca. 3Hatidimb Yo KpumudHy macy M, 6isKa.

TunoBuid po3B’s30K Li€i 3a1adi MOYMHAETHCS 3 BUKOPUCTAHHS KPUTHYHOT
YMOBH 3pYIIEHHS OJIOKY:

—uMgcosa + Mgsina + kAx, =0

e Ax, — MaKCHMallbHEe 3HA4YCHHs BHAOBKCHHS NpyxkuHH, K — KoedimieHT
JKOPCTKOCTI TIPY>KUHU.

3akoH 30epeKeHHs MEXaHIYHOI eHepril MOXKHA 3aIUCATH TaK:

kAX2 /2=m_gAx, sina

@opmyny Uil KpUTHYHOI MacH Bi3Ka MOXKHAa OTPHMATH, HMOEJHABIIM IIi ABa
PIBHSHHSL:

m, =M (uctgar—1)/2

Skmo maca Bi3ka Oinblna 3a Il 3HAYeHHs, OJIOK MOYMHAE pyxaTucs. Ko
Maca Bi3Ka MEHIIAa HDK M, OJOK He pPYyXaeTbes, a Bi3OK 3IIMCHIOE TapMOHIYHI

cr 2
KONMUBaHHSA. MOXKHa TOMITHTH, IIO B OCTaTOYHINA BIAMOBiNI HeMae KoedilieHTa
JKOPCTKOCTI MPY>KUHH, 1 [[C BUTIBIIAE ACIIO JUBHO. PO3IIITHEMO JeTalbHIlIe PyX i€l
CHUCTEMH.
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Onuc moodeni. Mopenb, sKy mMu OyneMO BHKOPHCTOBYBAaTH ISl aHAJI3y
OTIMCaHOI CHCTEMH, MICTHTh TPH CIPOIIYIOUHMX HpHIymeHHs: (1) cuma tepts mie
yvie Ha OJIOK, alle He Ha Bi30K; (2) BeNWYHMHA CHIIN TEPTS KOB3aHHS JOPiBHIOE

F=uN
ne N — cuia HopManbHOT peakuii; i (3) noxmia MJIoIKHA T0CTaTHRO J0BTa.

3BepHITh TaKoX yBary Ha Te, IO BiAMIOBIIHO IO YMOBH 3ajadi CIOYATKY
00mniBa 00’ €KTH 3HAXOIATHCS Y CTAHI CIIOKOI0, OTXKE,

m<M (uctga —1)
PosrisHeMO cuTyarlito, Kot m>m, . JiIs MOJENIOBAHHS PyXy CHCTEMH

CJIiI BpaXxOBYBATH ICHYBaHHS JIBOX THIIIB aJIbTEPHATUBHUX (a3: 1-co muny — xonu
OJI0K HEPYXOMHUHL, Ta 2-20 muny — KOJIU OJIOK pyXaeThesl. PIBHSIHHS pyXy OHaKOBI
MPOTSTOM yCiX (pa3 MeBHOTO THITY, aJie TOYaTKOBI YMOBH BiJlpi3HSIOTHCS.

Pienanns pyxy ona ¢pasu 1-20 muny. SIKmo crpoekTyBaTi CHIIN Ha Bich, IO
napaieinbHa MOXWIiH IJIOMIMHI Ta CIpSIMOBaHAa BHU3 (AMB. pHC. 2), TO APYyruil
3akoH HploTOHA IS Bi3Ka MOXKHA 3aIMCaTH TaK

o . k

% =gsina——(x—/,)
m ; M

Je X, BM3HAYa€ IOJOXEHHS Macu M, ¢, — JOBXHHA HEPO3TATHYTOI NPYXUHH, a

nodarkoBi ymoBu Taki: X, (0)=/y, % (0)=0.

Pucynox 2 — BubGip xoopauHar

PiBasHAS (1) cmig TpOXW 3MIHHTH, SKIIO (a3a IOT0 TUITY TIOBTOPUTHCS N-Ui
pas mij yac MoJaIbIIOro PyXy:
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_ K
. K,
% =gsina m(X1 0 XZn)l 2

Je X,, — KoopauHaTa O1oKy mij uac N-oi ¢gasu 1-ro tumy. 3po3ymino, mo x, =0 .

Sxmo B sxuiics MomeHT cyma cuit K (X, —¢; —X,,) Ta Mgsine , mo aitots Ha
6710K, cTa€ OLIBILIOIO, HixK cua TepTs 1Mg COS « , TOYMHAEThCA (a3za 2-ro THUILY.

Pienanna pyxy ona ¢pasu 2-z0 muny. llg da3a mouHeTscs TOIi, KOIH
KOOpAWHaTa Macu M craHe OUIBIIOI HIXK €0+Mg(ycosa—sina)/k+X2n.

3acrocyBaHHs Jpyroro 3akoHy HbIOTOHA J03BOJISE OTPUMATH TaKi PIBHAHHS IS
¢asu 2-ro tumy:

%, =gsina—k(x —x,—¢,)/m;
%, =gsina+k(x —x,—(,)/M - pugcosa.

Y mux piBHAHHAX X, — KOOpAMHATA OJIOKyY, A7isl Iepuioi $hasu Lporo THILY
noyaTkoBi yMoBH Taki: X, (0)=0, X,(0)=0.

o cucteMy piBHSHb Jerlie pO3B’s3yBaTH, KOIM BOHA 3allCcaHa uepe3
mx, + Mx,

. Tomi
m+M

BiTHOCHY KOOPIMHATY & = X, —X, Ta KOOPJWHATY IIEHTpa Mac 7 =
PIBHSHHS MOKHA PO3IUTHTH:

m+M _ ki (m+M)

. |
¢ pory E+ M +pugcosa,  (3)
f=gsina— #Mg cosa

m+M ' (4)

PiBHsHHSA (3) ekBiBaJ€HTHE pIBHAHHIO IIPOCTOTO TapMOHIYHOTO pPYXY.
PiBasnHS (4) ommcye pyx Tima mim miero cramoi cuinw. OOuWaBa piBHAHHS JIETKO
PO3B’SI3YIOThCSI:

. 2
&)= Acosat+Bsinat+C ) =7, +Vt+%,
k(m+M mMg cos .
ne o= Q, C:[O+M, a=gsina— #Mg cosa, A,
mM k(m+M) m+M
B, 7,, Ta V — KOHCTaHTH, sIKi MOXHa 3HAHTH IILISIXOM Y3TOKCHHS 3arallbHIX

PO3B’s3KiB Ui a3 1-ro Ta 2-ro THIIB.
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Komn B sKkuiich MOMEHT Yacy OIBHAKICTH OJIOKY CTae HYJIBOBOIO, I (a3a
3aKiHIY€ThCS 1 3HOB TOYHMHAETHCA ¢paza 1-ro tmmy. ['padiune 300paxkeHHS
PO3B’S3KY AJIS IIEBHOTO HAOOPY MapaMeTpiB MmojaHe Ha puc. 3.

PAKMHATA

Koo
L]

DICOK

el

Ay (L] 1-\15' [E) olF 7
Hac
Pucynok 3 — I'padik 3anexHOCTI KOOPIUHAT Bi3Ka Ta OpycKa BiJ 4acy st

Bunagky m/M =0,5, k¢,/Mg=1, a=7/6 pan, #=0,9

Iloacuennsa napaookcy. Tyt Hac OyIyTh LIKABUTH JIUIIE BUTIAIKH, KOJIH

me (M (uctga—1)/2;M (uctga —1)]
,

BepxHsd Maca M TIOBHMHHa paHO YW I3HO 3YNUHUTHCS. PoO3risHeMo, sK
KOE(DIIIEHT XKOPCTKOCTI NPY>KUHU BILIMBAE HA PYX CHCTEMH. YMOBaA IUISl MIOYATKy
pPYXy BEpxHbOI MacH (GOPMYIIOETbCS Tak: 3miwjenus macu M noeunno 6Gymu
Olnble nesHo2o 3HAYeHHs O, SIKe MOJICHA eKCNepUMEHMANbHO 3aikcysamu.
Bigcranp d, sKy OJOK HpPOXOAWTH 1O KIHIIEBOI 3yNWHKH, MOXXHa 3HATH
YHCEJIbHO, BUKOPUCTOBYIOUHM piBHsHHs (2-4). Ilicnst mporo MokHa OTpUMaTH
Haif6ibIIe 3HaUeHHS HIKHBOT MacH (M, ) amsg yMoBH d <& Ui pi3HUX 3HAYCHb
KoedilieHTa )KOPCTKOCTI MPYXUHU K (1uB. puc. 4).

Sk MOXHa TIOMITHTH 3 pHC. 4, IUIS MaIUX 3HaYCHb KOe(]ili€HTa dKOPCTKOCTI
MiHIMaJIBHI 3HAYEHHS HUXKHBOI MacH ONU3bKi 10 3HayeHHs M ( ,uctga—l) / 2, sKe
OyJI0 OTPUMAHO TiCHs CTAaHIAPTHOTO PO3B’s3KY 3amadi. OJHAK 16 3HAYCHHS Pi3KO
3pocTae 31 30UIbIICHHSM KOeQillieHTa >KOPCTKOCTi, NparHy4d 1O 3HAYCHHS
M (uctger—1).
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MI. poota—1

(R R N R N R O B I I O R A B B B R R R I I R I I B I O T N
L3

- L]
- .

b 0 4 5 %

iy /Mg

Pucynok 4 — I'padik 3anexHOCTI 6€3p03MIpHOTO MiHIMAIBHOTO 3HAUCHHS HIXKHBOT
macu (. /M) Bix 6e3po3mipHOro koedinienTa xopcTkocTi npykuau (K¢, /Mg)

JuLst BUIIAAKy &/¢,=0,01, a=x/6 pan, x=0,9

Otxe, mapaJoKcaiabHy BIANOBIAL A0 PO3MISTHYTOI 3a7a4i MOXKHA MOSCHUTH
PI3HHUIICI0 MiX YMOBOK TOYATKY PYyXy, sIKa 3a3BHYail BHKOPHCTOBYETHCS IUIS
meopemuuno20 PO3B’sI3aHHS 3a/adi, Ta YMOBOK, IIO BHKOPUCTOBYETBHCS JUIS
excnepumenmanvrol Gikcarii 1bOro MOMEHTY.
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SOME ASPECTS OF THE USE OF WIND TURBINES IN UKRAINE

A wind turbine or alternatively referred to as a wind energy converter is a
device that converts the wind's kinetic energy into electrical energy. Its main
difference from traditional (thermal, nuclear) is the complete absence of both raw
materials and waste. The only important requirement for a wind farm is a high
average annual wind level.

Let’s consider the wind generators installed in Primorsk - Botievo wind farm:
the installed capacity of the power plant is 200 MW. The construction was carried
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out in two stages: 30 facilities “Vestas V-112 were launched in 2012, another 35
facilities - in 2014. The power station generated 665.6 million kWh in 2018.

There are some problems that arise during the development of wind farms.
One of the main arguments against using wind generators is noise. Noise from
modern wind generators at a distance of 20 m from the installation site is 34 —
45 dB. In its outline, due to its location in the steppe region, the problem of
infrasound and vibrations has disappeared, since there are no large buildings
nearby that could be damaged, but even this problem is solved by choosing a good
aerodynamic profile, a well-balanced wind turbine, timely inspection. The
vibration frequency - 6-7 Hz - coincides with the natural rhythm of the human
brain, so some psychotropic effects are possible. Also one of the arguments against
the use of wind generators is the harm done to animals and birds. But statistics
show that, based on 10,000 individuals, less than 1 unit dies due to wind
generators, 800 units due to power lines. Due to the huge size of the structure, there
is a problem with the costly transportation of parts and their installation. But in
turn, a 1 MW wind generator reduces annual emissions of 1800 tons of carbon
dioxide, 9 tons of sulfur oxide, 4 tons of nitric oxide. Perhaps the transition to wind
energy will affect the rate of decrease in the ozone layer and affect the rate of
global warming. Due to the climate of Ukraine, wind farms do not need frost-
resistant materials and oils.

Analyzing the foregoing, it is safe to say that from an environmental point of
view, wind generators are not harmful. Practical confirmation of this is that modern
wind energy today generates more than 200 billion kWh per year, which is
equivalent to 1.3 % of global electricity production. Ukraine is ideal for wind
farms due to the steppes and climate. Thus development of wind farms in Ukraine
will help reduce environmental damage and even improve it.

YK 53:378
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3ABJIAHHA JIJII CAMOCTIMHOI POBOTH 1T YAC BUKOHAHHS
JABOPATOPHUX POBIT MAMBYTHIMHA ITHJKEHEPAMHU

Beryn. Meta camocrtiitHOi poboTHm MaWOyTHIX IHXKEHepiB miag dwac ix
MiATOTOBKU 10 JabOpaTOPHOTO TMPaKTUKyMy, 30Kpema, 3 TeMH <«JlocimimkeHHs
HETIPY>KHOTO yAapy» - II¢ BBEACHHS B MOHATIHHO-TEPMIHOJIOTIYHE ITOJIE MUITXOM
AHAMITHKO-CUHTETHYHOI  TiSTTBHOCTI 3 METOI0  YCBIIOMJICHHS MalOyTHIMH
(haxiBISIMU 3aKOHOMIPHOCTEH HENPY)KHOTO yIApy TiJ.
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Mera. [TokaxkeMo Ha TIPHUKIAAI BUBYCHHS 3MiCTOBHOTO Momyns «EHepris»
3aydeHHS IO CaMOCTiHHOI po0OoTH MaiOyTHIX IH)KEHEpiB MpPONEAeBTHIHUX
3aBJaHb.

Marepianu Ta MeTOaM AOCTITKeHHsI. B sKocTi camocTiitHOi poOOTH TTif
Yac MiATOTOBKH JO JIaOOPaTOPHOTO NPAKTUKyMY <«JlOCHIIKEHHS HETIPYyKHOTO
yZapy» IIOJO TEOPETHIHOTO OOTPYHTYBaHHS 3aKOHOMIPHOCTEH HETPYXKHOTO
ynapy Ti1 00paHO HACTYITHI 3aBJaHHS.

3aeoanus 1. [Jlamu 6i0nosioi Ha meopemuuti 3anumarnHs

Yum BiApi3HIAETHCS aOCONIOTHO MPYKHUK yap Bif aOCONIOTHO HENPY)KHOTO
ynapy?

SIKi BeNM4MHY € iHBapiaHTaMH TIiJ] Yac 3iTKHEHHs Ti1?

SIKi 3aKOHM BHKOPUCTOBYIOTH JJISI JOCIHIKEHHS aOCOJIOTHO HENpPY)KHOTO
ymapy Ta abCOJIOTHO IPY>KHOTO yaapiB?

Ha 1o mMo’xe BHTpadaTHCh YacTHHA €HEPrii T MiJ Yac HENMpY)KHOTO yaapy
Tin?

3asoannus 1. 3a0aui na po3yminHa w000 BU3HAUEHHS YACMUHU NOYAMKOBOL
eHepeil, sKa nepeuina 8 Menno, sumMpayeHa Ha degopmayiro, pyuHyEaHHA MOUO
nio Yac HenpysuCcHO20 yoapy.

3a0aua 1. Ha pucynky | Bka3aHi IIBHUIKOCTI ABOX KYJIbOK, MacH SKHX
BIAPI3HSIOTHCS B 2 pa3u, JI0 Ta MICis 3ITKHEHHA. BU3HAUNTH YacTHHY MOYaTKOBOT
EHeprii, siKa Meperua B TeIJIO i1 Yac HeMPYKHOTO 3ITKHEHHS KYJIb.

r]
Mo sincHerHs Iicna simkHeHHA
4me 1mc 2mc 2w
=—{=u == === =
e O e O
X
o —

Pucynok 1 — Henpy»xHuii ynap Kyns

3a0aua 2. Tlix dYac MOpYIUICHHS MPaBHII JOPOKHBOTO PyXy BimOyI0Ch
HEIpy)XHE 3iTKHEHHS HEPYXOMOTO BEJIOCHIIEANCTa 3arajibHo Mocoro my; = 100
KT Ta aBTOMOOIIS Maco m, = 1000 kr, Skl pyxaBcs 3i MBUAKICTIO 72 KM/TOII.
Slka yacTMHA KIHETUYHOI EHeprii aBTOMOOUIS BHUTpAvaeThCs Ha JaedopMarliro
BEJIOCHIIEA ITij] Yac HOro HEMPYKHBOTO yAapy?

3asoannsn 1. Pose sazanns 3adau gpaxoeoz2o cnpsamyeanns.

3a0aua 1. Jleranp «Cekrop nonarok CA» BHKOPHCTOBYIOTH B aBialllHHHX
neuryHax. OJHI€I0 13 MEXaHIYHUX BIACTUBOCTEH JAaHOI JeTajl € yJaapHa B S3KICTh,
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BmsHauyarote ymapHy B’S3KICTH B yMOBaX BHPOOHHIITBA 3a IIOIIOMOTOI0 KOIIpa
MasTHAKOBOTO THITY 3TiJHO 0aJaHCy MeXaHI9HOI eHeprii.

Slxa dacTMHA eHeprii BUTpaueHa Ha IMOJANAaHHSI TEPTS B MeXaHi3Mi KOmpy
MasTHAKOBOTO THIy, Ha JedopMamifo Ta pyHHyBaHHS 3pa3Kka I dYac Horo
JMHAMIYHOTO BHITPOOYBaHHS (IUB. pHC.2)?

LS

Pucynox 2— BusHa4yeHHs Jiana3oHy KyTiB BiIXWICHHS KOIPY MasTHUKOBOTO THITY
nepei BUMIPOOyBaHHSIM 3pa3KiB Ha BUTHH

BucnoBok. CamocTiiftHy po0OTy MaiOyTHIX IH)XKEHEPIB MU PO3TJIIIaEMO B
KOHTEKCTI 37ifiCHEHHs NWHAMIYHOI iHTerparii 3HaHb, YMiHb, HABHYOK, CIIOCOOIB
MUCJICHHSI IS TPOIOBKEHHS IXHBOT HAaBYAIIbHOT Ta MPO(eCciiHOl iSUTLHOCTI.

UDC 621.039

Stepanov V.V.%, Lushchin S.P.?

!student of group E-419A National University “Zaporizhzhia Polytechnic”

’PhD (Phys.-math.sciences), associate professor National University “Zaporizhzhia
Polytechnic”

SAFETY OF PEACEFUL ATOM

Nuclear energy is the most powerful source of energy. The peaceful atom is
very cheap and can give a lot of power compared to other sources of energy.
Despite their safety, some people think that nuclear power plants are very
dangerous and always mention catastrophic incidents like Chernobyl and
Fukushima. However, even if take them into account, nuclear energy is the safest
source of energy.

Nowadays the most popular sources of energy are thermal power plants burns
coal, oil or gas, but they are extremely dangerous compared to other sources. When

244



the human and environmental costs are added up, the coal is the biggest killer of
energy source by far.

Our choice around energy can have significant consequences. In general, coal
as an energy source causes around 100 000 deaths per 1000 TW-h. Oil is very
dangerous too but it causes three times less deaths. Gas is safer and it causes
significantly less damage: around 4000 deaths per 1000 TW-h. Hydro power plants
are normally very safe but sometimes can be harmful to people. They can cause up
to 1500 deaths per 1000 TW-h. Today, renewable sources have some advantages.
Solar and wind are very safe but there are some deaths too: 450 deaths from solar
panel (rooftop solar only) and 150 from windmills. And nuclear energy is safest:
there are only 90 deaths per 1000 TW-h.

Gamma rays never penetrate nuclear power plants, unless depleted
radioactive fuel is replaced or used incorrectly. If utilize them properly they almost
don’t leave harmful garbage. Even if it isn’t possible to utilize them without any
leftovers yet, this is less harmful compared to harmful effects from thermal power
plants, such as air, water and soil pollution that causes climate change because of
global warming. Moreover, coal and oil provides 30 % of total world’s energy
each, 21 % comes from coal, and only 5 % from the peaceful atom, 3 % from water
and only 1 % from sun and wind.

In our opinion, people should rethink their attitude to energy sources and, in
particular, to nuclear. Unfortunately, humanity takes into account large and loud
events like Chernobyl, rather than slow, consecutive deaths that occur over time
from other energy sources. In this regard, nuclear power plants and renewable
energy sources are more preferred. The development of modern technologies will
significantly improve the safety of nuclear power plants and increase their
contribution to the production of electricity.
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CEKIIIA «<AHTJIIHCBKA MOBA»

YVIAK 811.111°42°272°23
Anamenko O.B.
KaHA. ¢inon. Hayk, nou. HY “3amopizbka momiTexHika”

BI3HEC KOPECIOHAEHLIS: TEHEPHUI ACHEKT

VY cydacHili HayKOBif IyMIlIi aKTyaTi3yIOThCS HOBITHI aHTPOIOLEHTPUYIHI
imei, 3rigHO 3 SKUMH peanbHe OYTTS 300paKyeThCs Kpi3b MpHU3MY ii CIIPHAHATTS
JOIMHOIO. Y 3B’A3Ky 3 YUM, yBara 30CEepeMKYETbCs Ha IHIUBITYyaJbHUX
mapameTpax cy0’€KTa HiCHOCTI, COMIOKYIbTYPHOMY 30KpeMa. [ eniepuuil YnHHNK
BiZIOMBAETHCS Y BCIX chepax JKUTTS, BiTOOPaKAETHCS Y MOBI Ta MOBJICHHI B YCHIl
Ta THUCEMHIN (opmax, 3MIHIOETHCSA IiJ BIUIMBOM CKOHOMIYHUX, MOJITHYHHUX,
i7IeooriyHuX (haKkTopiB.

Tak, cyyacHuWil cTaH €BONIOLII CYCHIJILCTBA XapaKTEPU3YETHCS HOBITHHOIO
TEHJICHITIEI0 PO3BUTKY Ha 3acajaX ICHACPHOI PIBHOCTI Ta mependayae OJIHAKOBI
mpaBa AK AN KIHOK, Tak 1 UIA YOJNOBIKIB y BCiX cdepax cycmimpbHOTO I
npuBaTHOTO KUTTA. Llell mpouec BIUIMBae Ha TmepeopMaTyBaHHS ICHICPHHX
CTAQHJAPTIiB, 1 HOPM IOBEHIHKH, [IO y CBOI YePry 3HAXOIUTh BiJJ3EPKAICHHS Y
reHIepHO-YyTIIMBi# KoMyHikalil (gender-sensitive communication).

3rigao 3 mporpamoro po3BuTky OOH mpodeciiina komyHikamis, Oi3Hec
JUCTYBaHHS 30KpeMa, IOBHHHA BCUIIKO YHHMKAaTH CEKCM3MY B MOBI Ta
JOTPUMYBATUCh NPUHILMIIB I'€HJepHOT HEHTPaNbHOCTI. 3TiJJHO 3 PEKOMEHAALISIMA
B CY4YacHIH JIOBIH KOPECHOHISHIIIT:

1. omuHaroTh renaepHi crepeorunu: Social Good Summit attendees and their
wives are invited (gender biased). Social Good Summit attendees and their
partners are invited (gender sensitive);

2. He BUKOPHUCTOBYIOTH LITAMIIiB, IO BHKJIIOYAIOTH KiHOK: Each employee
will do better if he has a voice in the decision(gender biased).Employees will do
better if they have a voice in the decision (gender sensitive);

3. 3acTocOBYIOTH piBHI (opmu 3BepHeHHs: Mrs. EdSchmidt (gender biased).
Janet Schmidt/Ms. Janet Schmidt(gender sensitive);

4. YHHMKAIOTh aHJAPOLEHTPUYHI ponoBi moustTsa: Mothertongue(gender
biased). Native tongue(gender sensitive);

5. BXMBAIOTh T€H/IEPHO-HEHTpaANbHI TUTYNH, 3BaHHA, iME€HA, HaAMEHYBaHHS
tomo: Stewardess; waitress (gender biased)Flight attendant; waiter/ server
(gender sensitive).

JocnixknenHs: Oi3HeC KOPECTOHJEHINT Ha 3acajgaxX TeHIEPHOI PIBHOCTI Ta
HEHTPaJIbHOCTI € TMEepCIeKTUBHUM Ta aKTyaJbHHM, 3BaXKal04d Ha Cy4acHi
HAaCTaHOBH PIBHOIIPABHOCTI YOJIOBIKIB Ta )KIHOK B YCiX cpepax IXHBOTrO iCHYBaHHSI.
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YK 372.881.111.1
Boiirenxo C.B.
crapm. BuKI. HY “3amopi3zpka mosiTexHika”

OCOBJIMBOCTI HABYAHHSI HATIUCAHHS ECCE
AHIJIIMCBKOIO MOBOIO

B ocraHHI poku 3HaYHO 3pOCIiia 3aIliKaBJICHICTh JO TAKOTO BHAY MHCEMHOTO
MOBIIEHHA, K eccee. Ecce — me mpos3aiuHWii TBip HEBENMKHH 32 PO3MIpOM Ta
BUTPHOI KOMITO3WIIi, SKHH TIepegae OCOOWCTI BpakeHHS Ta IOYYTTA IO
KOHKpETHOMY mnHTaHHIO. lle Tinbkm ocoOucte OadeHHS TOrO TIMTAHHS, SKE
BHUCBITIIIOE KOHKpeTHY TeMy ecce. Ecce aHrilicbkolo MOBOI0 cTaHe B Haroji :
npu cknagangi €11 3 anrmilicbKoi MOBH, Ul CKIaJAaHHs MIDKHAPOJIHOIO ICIIUTY 3
AHIIIIHCHKOT MOBH, JUIS BCTYITY JIO YHIBEPCUTETY, AJIsl IPUHHATTS Ha poboty. Ecce
MOXe OyTH TIpEJCTaBJIEHO HACTYTHMMHU THIIAMHU: OIOBIJHUM, OIHMCOBHM,
JIOKa30BUM. AJie el PO3MOMALI YMOBHHUH, TakK sIK OUIBIICTh €cCe MOEAHYIOThH
XapakTepHi pHCH pI3HUX THUMIB.. HaBuaHHS HANKMCAaHHIO €CCe BXOIHUTH JIO
nporpamu BH3, i € 9acTHHOIO Mi>KHApOTHUX iCTIHTIB.

BinmoBinHO 10 HaBYAIBHOTO Kypcy «AHIIIHChKa MOBa», CTYAEHTH MalOTh
MOXJIMBICTh IIPAaKTUKYBAaTH CBOI HE JIMIIE YCHi, a ¥ NMUCEMHI HAaBMYKW IIiJ 4Yac
pobOTH 3 HamMcaHHAM ece, ad0 XK MiJITOTOBKOIO JI0 YCHOTO MOBJIEHHS HIJISIXOM
HaIMCaHHsI ece, MO0 € (JaKTHIHUM ITOKa3HUKOM 3HaHb CTYIEHTAMHM Pi3HUX PO3ILIIB
aHrnmicekoi mMoBu ToOTO, Take 3aBHaHHS SK HAIlMCAHHS HABUYaJbHOTO €Ce €
3arajibHOK KapTHUHOIO 3J100yTHX HABHYOK 13 rpaMaTHKH, opdorpadii, CHHTAKCHUCY,
MOPQOJIIOTIT, IEKCHKOJIOTI] Ta MyHKTYaIli.

3a BUMOramH [0 CTPYKTYPH, aKaJeMidyHE ece CKJIaJaeThCs 3 HACTYIHHX
yactuH 1) 3aronoBok (Title) — BinoOpaxkae ocHOBHY npoOiemy, SKii IPUCBIYEHO
ece.2) Beryn (Introduction) — Te3a-mpobiieMa 3 OIMKCOM TOTO, PO 110 KOHKPETHO
Oyne roBoputHcs B OCHOBHIHM 4yacTuHi.3) Aprymentanis (Body) — aprymenToBane
PO3KpHUTTSI TpobjaeMu Ha OCHOBI 3iOpaHoro wmarepiamy. Ll wactmna pobotn
BKJIIOYA€ CIIIBBIJHOIICHHS 1 y3arajJbHEHHS IHIIMX TOYOK 30py 3 BHKJAJICHHAM
BacHOi Ta ii OOIDYHTYBaHHSM, BHKODHCTaHHS B SKOCTI UIIOCTPaTHBHOTO
Marepially  eMIIpUYHHMX  BIiJOMOCTEH 13  NEPEKOHJIMBHMH, 3Ba)KEHUMH,
e(eKTUBHUMH JOKa3aMH, JOTPUMAaHHSM JIOTIKM B PO3KPHUTTI HpoOiieMH 3a
JIOTIOMOTOI0 BUKOpHCTaHHS maparpadi (a63aimis).4) Bucunosok (Conclusion) —
KOPOTKE y3arajbHEHHsS 1 BHKJIAJ OCHOBHHX apryMeHTiB. Buxonxsum i3 momaHoi
BUILIE CTPYKTYpH €ce, MpPOaHAII3yeEMO KIIOYOBY JIEKCHUKY, SKY CTyIEHTH
BUKOPHCTOBYBAIH Ha KOXKHOMY 13 CTPYKTYPHHUX PiBHIB.

OmgHuM 13 BaXJMBUM THTaHb TPU HANKWCAHHI €ce € IEePeKOHAHHSA Ta
apryMEHTaTUBHMI Hapuc. HammcaHHA NEpEeKOHJMBUX  HAPHUCIB  BUMAarae
peTeNIbHOTO: TUIaHYBaHHS, aHalli3y Bauloi ayauTopii Ta JOCTAaTHIX JOKa3iB, 1100
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JIOBECTH BAIIOMy YWTA4yeBi, IO Ballla JAyMKa CIpaBelIMBa: TOOTO Balla TyMKa
BapTa i ii cmix BpaxoByBartu. Llini mepexoHaHHS:

1.BUKIIaCTH CBOIO TYMKY;

2. IOSICHUTH, YTOUYHHUTH Ta MIPOLTIOCTPYBATH 10 TYMKY,

3. mepeKkoHaTH YWTada y CHPABEMIMBOCTI Bamoi OyMKH. Bamli JYMKH
MOBUHHI MiATpUMyBaTHCS (PaKTaMu, TMpHUKIagamMu, (i3WIHAM OmrucoM Ta / abo
0COOMCTHM JOCBIJIOM.

Jast Toro, mo6 CTYAEHTH MOTIIH Lie pOOUTH HAJa€eThCs 0araTo BUIIB BIIPaB, a
came: BHOpaTH BIANOBIOHY KUIBKICTH BaroMux apryMeHTIB, OpraHi3yBaTH
apryMEHTH B TIOPSIKY BaXKJIMBOCTI Ta CHIIM, OBECTH, II0 KOXKCH i3 apryMCHTIB
CHJIbHUHM, J>KUTTE3NATHUH Ta INPaBWIbHUHA, BHOpaTH METOOM pPO3POOKH, sIKi
OpECTABIsATh APTYMEHTH HAHCHIBHIINM CrocoOoM( MOpIBHAHHS-KOHTPACT,
mporec, Kkimacu(ikamiro Ta TPUYAHO-HACTIOKH), 3HAWTH KOHTapTyMEHTH,
BUKOPHCTOBYHTE OAMH 3 HACTYITHHX II€PEXOAiB, 100 BBECTH KOHTPApTyMEHT:
opponents of this position argue that..., another argument against X is..., critics of
this position point out that..., it may be objected that..., several questions come to
mind..., at this point one may wonder...,certain objections must, of course, be
considered...; cupocTyiiTe Leil KOHTPApPryMEHT: CIPOCTYBaHHS HOBUHHO BUKOHATH
OlHE 3 HACTYNHMX [ii: a. BuIpaBTe (aKTH ONOHEHTA: KOHTPAPTYMEHT
untrue/incorrect,6. 3amepedunTy, MO KOHTPAPIYMEHT € TAKUM 10 HE MOB'SI3aHUi 3
TeMoro: irrelevant c. kommpomic: xoda KOHTPApTyMEHT MPaBIUBHiA, HEIOCTATHBO,
06 mojonary Barii aprymenta: insufficient. Ctyzenram nponoHyeThesi HaNUCATH
ecce Ha OCHOBI TPhOX 3allPOIIOHOBaHMX IIaHIB apryMEHTAaTHBHUX €cce. 3ayBaKTe,
10 B KOXXHOMY IUIaHI OJIMH YW Kijmbka a63auiB Body moxyts OyTu optional [{ns
BaIllOTO apryMeHToBaHOTo Hapucy 3aBmaHHs (700-900 cimiB) BH3HaAdae, MO Baml
Hapuc OyJae MAalTh YOTHUPHU-IIICTH a03amiB. 3pO3yMiTimI TOBII 3aBAaHHS,
3BHYAIHO, TOTPEOYIOTH OibIne ab3aIliB

VK 372.881.111.1
Yuliya Bykova
teacher National University “Zaporizhzhia Polytechnic”

HABYAHHSA MPOPECIHHO-OPIEHTOBAHOI' O IIUCHbMA
CTYJAEHTIB HEMOBHUX CITEHIAJIBHOCTEM

B cydacHoMy CBiTI Haj3BHMYailHO BaXXJIMBUM € HaBUaHHS CTY/ICHTIB
HEMOBHUX CITEIiaIbHOCTEH iHIIIOMOBHOTO TIpodeciiHo opieHTOBaHOTO THChMa. Lle
3yYMOBIICHO TAKMMHU YNHHUKAMH:

1. TTuceMo € BaKJIMBUM (PaKTOPOM PO3BHUTKY KYJIBTYPH 1 OCBITH, 3aCO000M
30epiranss iHdopMalii, HaliHUM CII0OCOOOM MIXKYJIBTYPHOI B3a€MOIIT JITO/IEH.
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2. IligmpueMcTBa MalOTh MOXKJIMBICTH BCTAHOBIIIOBATH TPSMi KOHTAKTH i3
3apyOKHAMH TapTHEpaMH 1 CTBOPIOBAaTH CIUIBHI MigmpueMcTBa. ToMy mis
BUPIIICHHS WX 33aBIaHb MiJPHEMCTBO MOBUHHO MAaTH B CBOEMY PO3NOPSIKEHHI
KBaTiikoBaHWX (axiBIiB, SKi BMIiIOTh 3a0e3MeUyBaTH SK YCHY, TaK i HMHCEMHY
npodeciiiHy KOMyHIKaIlifo, BecTH nmpodeciiiHy JOKyMEHTAaIi0 iHO3eMHOI0 MOBOIO.

3. 3pocrae pomp THCEMHOI KOMYHIKamii y 3B’S3Ky 3 INHPOKHAM
BUKOPHCTaHHIM KOMIIT FOTEPIB.

B cydacuii MeToau4Hil JliTepaTypi pPO3pI3HSAIOTH IOHATTSA IHCHMO Ta
MHICEMHE MOBJIEHHs. JlesKi JOCIiTHUKN BUKOPUCTOBYIOTh JIMIIE TEPMiH “TTMCEMO”,
MIKPECIIOIYH HOrO By3bKE UM IIUPOKE 3HAUYEHHA. Y BY3bKOMY PpO3YMiHHI
TepMiHa MMCHMO — Lie rpadiuHe 300paXKeHHsI CIIiB 32 IOMIOMOTOIO JIiTep. A MUCEMHE
MOBJIEHHSI — LI¢ TIMChMO B IIMPOKOMY PO3YMIHHI TepMiHa — 1€ crenu(iuHui KOx
MOBIICHHEBOI [TISUTBHOCTI, KOXyBaHHS iHQoOpMamii 3 ypaxyBaHHAM TpadidHOTrO
croco0y 3B’sI3KY.

[MucemMo — me TMPOAYKTUBHHUN BHJ MOBJICHHEBOI MisuTbHOCTI. Sk i B Oynb-
SKOMY 1HIIIOMY BHJIi MOBJICHHEBOI TisSUTHOCTI, TIPOIIEC HAMIMCAHHS 3a0€3MeUy€eThCS
c(OpPMOBAHNMH y TOTO, XTO IHIIIE, HABUYKAMH Ta BMIHHIMH, SIKi CKJIaIal0Th HOTO
MOBIICHHEBY KOMIICTCHIIIFO B MHCHMi. HEMOXIIMBO HE MiAKPECINTH HAWTICHIIIUI
3B'SI30K I1i€1 KOMIETEHIN] 31 BCiMa IHIIUMH, SIKI BXOAATH 0 CKJIAAy 3arajabHOT
KOMYHIKATHBHOI ~KOMIETEHI[il JIOAWHU. BiaTak, BHHHUKAaE HEOOXIiIHICTH
npodeciiHol opieHTalii MOBJICHHEBOI KOMIICTEHIT B MUChMI CTYACHTIB HEMOBHHUX
CIIeLiaIbHOCTEH.

Ilix mpodeciiiHo OpIEHTOBAaHUM HAyKOBIl PpPO3YMIIOTh HaBUYaHHS, SKe
IPYHTYETBCS Ha BpaxyBaHHI MOTpeO CTYNCHTIB y BUBYCHHI iHO3EMHOI MOBH, IO
JTUKTYETHCS 0COOTMBOCTSIMH TXHBO1 MaltOyTHBOT podecii.

OTxe, mpodeciiHO OpieHTOBaHE MUCHMO — II¢ BMiHHS BHKJIAQIaTH IYMKH Y
MUCEMOBIH opMi B pamkax mpodeciiiHoi Temarnkn. OCTaHHIM YacOM HayKOBIIi
Gararo yBaru MpHUAUIIOTH AOCIIKEHHIO PO(eciiiHO OPiIEHTOBAHOTO ITMCHEMa SIK B
MOBHUX, TaK i HeMoBHHX BH3. L[poMy By MOBIICHHEBOT HisTIBHOCTI NPUCBSTHIN
pobotu Taki HaykoBmi: Masynosa JI. K., Tamemepin I.P., I'pysmnceka LA,
Tapuaononscekui O.b., Byrne D., Eisterhold J.C., Evans V., Hedge T., Leki
I, Pincas A., White R.V., Raimes A., Swales J., Tribble C.

MoBHu#t Matepiai, AKui 0yB MPOIYIISHUI Yepe3 MUChMO, 3aaM ITOBY€EThCS
Ta 3aCBOIOETHCS Kpamie. [IpoBiqHrMY (hakTopamu, 10 BIUIMBAIOTH Ha (hOPMYBaHHS
MOBJICHHEBOI KOMIIETeHIii B THCBMI €: 1) (akTop MOBICHHEBUX HABHYOK
(exkcuyHi, rpaMaTH4yHi HaBWYKH); 2) akTop yMiHb (BMIHHA O(OPMIICHHS
MHCEMHUX TEKCTiB, CTHJIICTUYHI BMIHHS, BMIHHS BHCJIOBIIOBAaTH IYMKH Y
NUCBMOBIH  (oOpMi, BMIHHA 3a0e3ledyBaTd IUIICHICTb, 3aBEPLICHICTH Ta
a/pecoBaHicTh TEKCTiB); 3) ¢akTop 1000pY MEBHUX >KAHPOBHUX THIIB IHUCEMHHX
TEKCTIB JUIsl HaBYaHHs (3aJICKUTH BiJ NpodeciiiHOi Opi€HTOBAHOCTI HABYAIBLHOTO
npouecy. XKanpamu €: IUCTH, KOHCIIEKT, aHOTaLlisl, pedepaT, CTaTTsl, iIHCTPYKLis)
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Bci mmcpMOBiI TEKCTH HalekaTh A0 NEBHUX (YHKIIOHATHHUX CTHIIB:
PO3MOBHU, HAyKOBHH 1 OQIiifHO-IIIOBUH, IyONIMUCTHYHUN 1 JiTepaTypHO-
XyIOXHiH. B ocTaHHI pOKH CKIaBCS OCOONHMBHI CTHIIF TEXHIYHHX JOKYMEHTIB.
TexHiuHI MOKYMEHTH — M€ pi3HI KepiBHUITBAa (KEPiBHUITBO KOPHCTyBaya,
KepIiBHHUILITBO aJMiHiCTpaTopa Ta iHImIi), crierudikarmii, onucu, 3BiTH. Horo ocroHa
¢yakmis — mepenada iHgopmamii. BiH MICTHTR neski eJeMeHTH HayKOBOTO i
odimiitHo-imoBoro ctwiiB. Hapuanns cryaentiB BH3 Takux THIIB TEKCTIB sIK
(crarTs, 3BIT, KOHCIIEKT, pedepar) Ha3UBalOTh MPAKTUYHHUM IHCHMOM.
[TpakTHYHUM Ha3MBaIOTh IUCHBMO, SIKE OOyMOBJIEHE MOTpedaMu Maii0yTHBOT
npodeciiiHoi AisIbHOCTI 800 0COOUCTICHUMU MOTpEeOaMHu.

Jlo akaJeMi4HOro NHHChbMa MOXKHA BIJIHECTHM YCI BHAM HHCEMHHUX pOOIT
CTYZIEHTIB, 3a JIONOMOTOI0 SKMX BOHM HAaBYAIOTHCS MHChMa SIK BUIY TBOPYOI
MPOAYKTHBHOI MOBJICHHEBOI MisIIBHOCTI, ale SAKi HE MAlOTh CKUIBKH-HEOYIh
CEpO3HOTO TNPAKTHYHOIO 3HAYCHHA 3 TOYKH 30py mpodecii abo KUTTS
MaiiOyTHpOTO (axiBms (TBOpH ece, BHUKIAA-TIEpeKa3, HAYKOBO IIpoOIeMHE
TeMaTH4He MOBifoMIeHHs). oro mpu3HaueHHs — CyTo HaBYaIbHE (aKafeMidHe).

TakuMm, 9YMHOM, MOXKHA BiI3HAYHTH, IO OyHb-iKa MpodeciiiHa HisTBHICTH
HaKJIaJga€ BiIOWTOK HAa JIOAWHY, (OpMyrourM OCOONMBHII THII MHCICHHA. Tomy,
HAaBYaHHS MHCbMa IOBMHHE CHPUITH (OPMYBAaHHIO MPOQECiHHOro IHTENEeKTY,
3aJiI0BaTH MHCIICHHS, NaM'siTh, yBary, npodeciiiHi 3HaHHA 1 BUKIUKATH
MIIBUILIEHNH 1HTEpEC Ta CTIHKY yBary ayauropii, TOOTO MOTUBYBATH IO BUBYEHH:I
HaJ[3BUYAITHO BaXKJIMBOTO BU/Ly MOBJIEHHEBOT HisTIBHOCTI .

VIK 811.111
Valentyna Kuzmenko
senior teacher National University “Zaporizhzhia Polytechnic”

WRITING IN PROFESSIONAL COMMUNICATION

Professional writing is a style of written communication used in a workplace
environment that allows professionals (e.g. businesspeople, professors, doctors,
lawyers, etc.) to make informed decisions. Professional writing typically has a
formal tone and differs from written text that is considered literary or artistic,
which generally seeks to entertain and/or convey a philosophical truth.

The general purpose of professional writing is to convey information to
readers within a workplace context. The specific function of professional writing
can be one or a mixture of the following, depending on context: to encourage
action, to instruct, to persuade, to inform, to affirm shared goals.

Professional writing allows various types of professionals to communicate
ideas to each other despite their different areas of expertise. For example, an
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engineer can explain her newly invented solar panel to the sales team by writing a
paper.

Professional business writing, also known as business communication covers
an array of elements including; business plans, business models, project proposals,
project reports, brand manifestos, business letters, presentations and marketing
campaigns etc.

Apart from the business communication on organizational level, business
writing also caters to the communication at a personal level. For instance, writing
resumes, cover letters, experience letters or recommendation letters etc. for the
clients. You should learn to write all these documents.

Business writing doesn’t have to be boring. Here are the top skills you should
practice:

a) one of the biggest differences between business writing and other types of
writing is that it needs to be concise;

b) as a good rule of thumb, don’t use three words when you can say
something in one, but you need to make sure that your ideas are clear to your
reader;

c) keep your reader in mind as you write. Think about what they know
already, especially as you determine the terminology to use. If you’re writing to a
specific person or group of people, look for ways to personalize the document by
considering their interests;

d) when writing for business, people typically choose a more professional
tone. Depending on the document you’re writing, however, a conversational tone
may be preferred. Especially when you’re communicating with consumers, your
writing should feel like a person wrote it, not a robot. Using a conversational tone
helps your readers engage with what they’re reading and connect with you;

e) it’s important to think about the organization of your paper. Remember
that with business writing you should give the most important information first.
Since most people will read the first paragraph before deciding whether or not to
read the rest of the document, place your most important points in at the beginning;

f) don’t use jargon and buzzwords. Try to use simple words that everyone
reading your work will understand,;

g) using active voice strengthens your credibility and adds power to your
ideas. For example:

Passive voice: The report will be reviewed by the manager for errors and
steps will be taken to correct any issues right away.

Active voice: The manager will review the report for errors and take the steps
to correct any issues right away.

Although you may use passive voice at times, try to use it sparingly.

a) to build your credibility in your industry, try to refrain from infusing your
opinion into your writing. Stick to the facts with statistics, data, and benefits of
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your products or services. Also, watch out for hyperbole. Readers have a difficult
time trusting you when you use hyperbole to get a point across. So, stick to the
facts while still making your writing interesting and compelling to your readers;

b) there are many different platforms for your business writing, including
web articles, blog posts, social media posts, and video scripts. If you’re planning
on writing for these different platforms, you need to learn the techniques and tricks
needed for each one;

C) never publish, print, post, or email any document until you’ve proofread it.
Make sure that your writing is error-free before it gets in the hands of your
customers, clients, investors, and others. Bad grammar and punctuation errors will
make a bad impression and reduce your credibility. If you struggle with grammar
and punctuation, send your work to someone who can edit it for you.

Mastering these business writing skills will help you improve your writing
skills and impress those with whom you communicate. Take the time to practice
and review your work to ensure that you’re conveying your ideas in the best ways
possible.

VJIK 378.147.88

Yuliya Sobol

PhD (Philology), associate professor National University “Zaporizhzhia
Polytechnic”

COMBATING PLAGIARISM IN WRITING SCIENTIFIC PAPERS

The development of technology as well as information explosion has opened
the unprecedented opportunities for easy and quick access to information- copy-
pasting, recombination, redrawing, etc. And although the plagiarism is not new in
scientific research and academic writing, now the temptation to pass somebody's
ideas as your own seems has much worsened, from egregious cases of plagiarism
to unintentional. At the same time technological advent has made it possible to
prevent some types of scientific fraud, so today most publications are checked with
aim to discover most serious cases of offense. Though such software does not
guarantee accurate results, and human crosschecking is still needed and topical.

Our task is to deter students from plagiarizing as the acts of academic
dishonesty. The students should be fully aware of what plagiarism is, what its types
are and how to avoid it.According to the Merriam-Webster online dictionary, to
"plagiarize” means: 1) to steal and pass off (the ideas or words of another) as one's
own; 2) to use (another's production) without crediting the source; 3) to commit
literary theft; 4) to present as new and original an idea or product derived from an
existing source. In other words, plagiarism is an act of fraud. It involves both
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stealing someone else's work and lying about it afterward.Bela Gipp stresses that
academic plagiarism encompasses:"The use of ideas, concepts, words, or
structures without appropriately acknowledging the source to benefit in a setting
where originality is expected.”

In terms of the severity the plagiarism is ranked from complete plagiarism,
the most serious offence, to paraphrasing, which is most common. A complete
plagiarism occurs when a plagiarist takes the whole of somebody’s manuscript or
study and presents it under his or her name. It is tantamount to intellectual theft.

Source-based plagiarism takes place when a researcher refers to incorrect or
non-existent source. Sometimes researcher cites the primary source but actually
uses a secondary source of data or information thus increasing the number of
sources and citation number of references.

Falcification, fabrication or making up data, results, findings, citations is also
a type of plagiarism which may cause grave consequences, particularly when it
relates to human safety and health. Inaccurate authorship may also be attributed to
this type.

Direct plagiarism is observed when the author copies the other authors' texts
word by word without referencing. It is similar to complete plagiarism, the only
difference is that it refers not to the whole text but to some portions.

Self-plagiarism, or auto-plagiarism is a result of reusing big portions of
previously published works without indicating them. It concerns scientists that
have already their works, rather than students. Nevertheless the latter should be
aware of such violation of integrity.

Paraphrasing plagiarism involves different wording of somebody else's
writing, while the ideas and concepts are stolen from certain original source.
Distortion of the original study content may mislead the reader and even cause
dander to human safety and health.

Accidental plagiarism, both intended and unintended,may occurs by mistake,
unintentional paraphrasing, in distinguish ability of what material is subject to
citation and what common knowledge is. Since students are likely to practice both
paraphrasing and accidental plagiarism, so teachers should focus their attention on
these plagiarism forms so as to reduce the risks.

A spread of contract cheating is being observed lately at the universities. The
practice of paying someone who create so called“course work and diploma mills”,
when students and researchers pay for the work done for them is an extreme form
of plagiarism.

There is one more form of plagiarism, which may be called translation
plagiarism. When translated from one language into the other the text changes
dramatically, and software fails to detect intellectual stealing and fraud. Cheaters
try to be ahead of the software diagnostics of the text originality, so the attention
should be paid to the development of cross language checking linguistic tools.
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To avoid both accidental and intentional plagiarism students should follow a
number of advices. First of all it is necessary not to copy sentences from a source
unless for citation that will be put in quotation marks. Proper note-taking will save
young authors from inaccurate authorship and falsification. Including “reference"
section in the scientific writing of any kind may be a very useful practice to
prevent potential plagiarism. When citing an on-line sources it is a strongly advised
to include the date and URL in the reference list. To be sure that there is no
distortion in paraphrasing students are recommended to read the original source
several times until they become sure that they understand and explain it correctly.

YK 372.881.111.1
Olena Syvachuk
teacher National University “Zaporizhzhia Polytechnic”U

STRATEGIES FOR HELPING ENGLISH LANGUAGE STUDENTS
THROUGHOUT THE WRITING PROCESS

Most ESL students step into the classroom for the first time brimming with
enthusiasm and ready to improve their English communication skills. And by
“communication” they’re thinking of speaking skills. Which is great! But what
happens when they’re faced with the challenge of communicating in writing? In
today’s world where a lot of our communication and interaction is digital or online
or electronic, ESL students need to learn to communicate well in writing, as well as
orally.

Writing does not exist in a vacuum. It is a natural extension of listening and
speaking, true in any language, but no less true for speakers of other languages and
those in the process of learning English.

Because of that spoken-written word connection, engaging these skills in
your ESL students when they write will help them move smoothly through the
writing process. By helping your students engage the oral and aural skills they have
acquired in their studies of English, they will find that writing is not as impossible
as it might otherwise seem.

Here are a few stages that help facilitate the process.

First of all, it is prewriting. It is the stage of the writing process when the
writer generates ideas for his writing. For ESL learners, this is also an opportunity
to generate vocabulary and grammatical structures that will be necessary for
writing on a particular topic. At times, your students will be more successful in
groups. Other times they may need your assistance as they generate their ideas.
You may find at times your direction is enough to set them going in the right
direction, and then they will be able to work independently. For example, you can
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ask questions to help elicit vocabulary or grammatical structures from your
students; or work together as a class to create a word bank that relates to the topic
on which they will write. You can also give your students a blank template to
organize their writing ideas which may be just enough to get them going. Also
doing research on the web, in books or with interviewees may be what your
students need to find useful vocabulary or to determine the correct format for
answering a question. Give your class time to prepare before they sit down to
write.

When your students have done all that, they will take the ideas they have
generated and start putting them into their logical positions in what will become
their composition. Again, giving your students a chance to speak and prepare for
writing is the key. Try any of these strategies in the organization phase: topic
sentences, graphic organizers, open ended questions.

When your students enter the writing process, make sure they understand that
a draft is not the final composition. Instead, remind your class that writing is a
process, and they will have an opportunity to find and correct their errors later in
the process. Right now, their goal is to get something written out on the page.

Using a fill in the blank template for topic sentences, thesis statements and
transitions may help your students as they write the first draft of their essays. When
you give them the grammar and the organization, they can put all of their energy
into the content as they write.

Similarly, students working off the graphic organizers and templates they
used in the organization stage will have a more thorough grasp of the vocabulary
and content that they will need to write at this stage.

In the editing process, writers look for major communicative gaps in their
essays. When your students edit their compositions, encourage them to pay
attention to writing elements such as thesis statements, content development,
introductions and conclusions.

Peer editing is one of the best resources for ESL students at this point in the
writing process. Assigning a partner to each student and asking that person to look
for specific issues in the essay can be a priceless experience for your students.
Encourage each person to look for any breakdown in meaning, confusion in
organization, or topics that are not fully addressed in the composition.

Finally, rewriting is just as important as the rest of the steps in writing a
complete piece. Here your students will look for errors in grammar, sentence
structure, word choice, spelling and punctuation.

Dictionaries are a tremendous resource for ESL students. Whether they use a
bilingual dictionary or an English only version, checking for spelling and misuse of
words or word forms can be done here.

This is also a good time to look at the sentence structure your students are
using most often. Likely, they will be relying too heavily on simple sentences, so a
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quick grammar review on combining sentences with coordinating conjunctions and
using relative clauses is perfect to introduce here.

When you encourage speaking, language use, vocabulary development, and
grammar examinations, your students will find that the process of writing may not
be as intimidating as they once thought it was!

YK 372.881.111.1
Cysoposa T.M.
crapu. BuKi. HY “3anopi3pka nomitexHika”

OCHOBHI TPUHIOUIIX @OPMYBAHHA E@EKTUBHOI'O
IHINOMOBHOI'O IMCEMHOTI'O CIIIVIKYBAHHA

Te3n mnpucBsiueHO NHUTaHHSAM (OPMYBAHHS IHIIOMOBHOI KOMYHIKaTHBHOT
KOMIIETEHIIIi CTYAEHTIB B 0o0jacTi nuchMma. B Te3ax po3misiaroThCs HACTYIHI
MUTaHHS: BU3HAYCHHS MHCEMHOTO MOBIJICHHS, 3HAHOMCTBO 3 JIBOMa IiIXOAaMH B
HaBYaHHI IHCEMHOTO MOBJICHHS, HAJAlOTbCs €TalmM HaBYAaHHA KPCATUBHOMY
MHUCBMY, KpHUTEpii OI[HKM IIMCHbMOBHX IIOBIJIOMJICHb, BEIEThCSI MOBA IIPO
KOMYHIKaTHBHI ITNCHbMOBI 3aBJIaHHSI.

B maHmit 9ac mocTiiHO PO3MHUPIOETHCI MIKHAPOIHE CITIBPOOITHUIITBO, SKE B
cdepi OCBITH TPOSBISIETHCS y CTBOPCHHI CIIIPHAX HaBYANBHUX 3aKIaliB, B
PO3po01Ii CHJIBHUX KYpCiB, B y4acTi B MDKHApOJIHHUX IPOEKTax 3a ocsitor. [lepen
BUITYCKHUKAMH YKPAiHCbKHX BY3iB BIJKPHBAIOTHCS BEJIHMKI MOJIJIMBOCTI B ILIaHI
MPOXOKEHHSI CT)XXyBaHb 32 KOPJOHOM, NPOBEJEHHS HAyKOBUX JOCIIDKEHb IO
CBOiM CHelialbHOCTI 13 3aJlydyeHHSIM IHIIOMOBHUX MarepianiB, poOoTtn B
3apyOikHUX (hipMax, [0 BUMAra€ BiJ| Cy4acHOro (axiBIsi BOJOIIHHS K YCHUMH,
TaK i HTMCbMOBUMH (pOpPMaMHM IHIIOMOBHOT'O CIIUJIKyBaHHs. Y 3B'S3KY 3 I[MM, BHIIA
IIKOJIa TTOKJIMKaHa 3a0e3MeYnTH MiAroToBKy (axiBiLiB, sKi TOEAHYIOTH MpodeciiiHy
1 MDKKYJIBTYpPHY KOMYHIKaTHBHY KOMIETEHTHIcTh. IlnchmoBa MoBa Bce Oinblue
NPOHUKAE B MDKOCOOMCTICHY 1 TNpodeciiHy MDKKYJIbTypHY KOMYHIKaIlilo, B
IpolLeC HaBYaHHS 1HO3EMHHUM MOBaM, IO TaKOXX MOXKHA ITOSICHUTH 3POCTaHHSIM
pori iHpOpPMaIifHUX KOMYHIKAIlIfHUX TEXHOJIOTi y BCiX cdepax IIOJACHKOT
JISUIBHOCTI.

He Bukimkae cyMHiBIB TOH (akxT, 110 MACHEMOBA MOBa HaOyBa€ Bce OLIBIIOTO
3Ha4YeHHs, TOOTO 3pOCTa€ POJb MUCHMOBOTO CIIJIKYBaHHSA B OTPHMAaHHI i Tiepenadi
iHpopMamii, fKa TPOSBISAETECA B OBOJOJIHHI BMIHHAMH BHCIIOBIIIOBATH CBOL
JIyMKH B TIUCBMOBI# popmi.

3apyOiKHI CTaXyBaHHS CTYISHTIB, acIHipaHTIiB 1 MOJOIUX BYEHUX
MPUITYCKAlOTh BMIiHHA POOWTH 3alMCH Ha 1HO3EMHIM MOBi: CKJIamaTd i
3alIOBHIOBATH aHKETY, BIIMOBIAATH Ha MHUTaHHS, IUCATH 3asBY NP0 NMPUHHATTS Ha
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HaBU4aHHA abo poOoTy, mucath KOpPOTKy abo po3ropHyTy aBTobiorpadiro,
CKIamaTH ocoOMCTi abo MUTOBI JIUCTH, BHKOPHCTOBYIOYHM HE TINBKH BiIIIOBiIHI
rpaMaTH4HI KOHCTPYKIIii, aie i HeoOXinHy (opMy MOBHOTO €THKETY HOCiiB MOBH, B
TOMY YHUCIi i pOpPMY IIITOBOTO ETHKETY.

IcHyIOTH SIK MiHIMYM [Ba HiAXOIM B HABYaHHI NMICEMHOMY MOBJICHHIO: 1)
KOHIICHTpAIIiSl Ha MPOIeci TOPOIKEHHS MIICEMOBOTO TEKCTY 1 2) KOHIEHTpaLis Ha
pesynbrari muchkMoBid mismeHOCTI (1) writing-for learning and (2) writing-for-
writing. Mu 3aBXI1 MOBUHHI YCBIIOMJIIOBAaTH, HA YOMY MU aKIEHTYEMO yBary: Ha
HaBYaHHI TIpolecy MUCEMHOCTI a0 Ha MPOAYKTI NMUCEMHOCTi, Yd XOYEMO MH
HAaBYMTHU CTYJEHTIB Pi3HUM >KaHpaM NMUCbMOBHX IOBIJOMJIEHb 200 X HaBUMTH X
KpPEaTHBHOMY NHUCbMY. Y Oy/b-SIKOMY BHIQJIKy MU IOBHMHHI XOTITH c(OpMyBaTh
3BHYKy 10 nuckMa. (To build a writing habit).

Haii0inpm BaXXJIMBUMH TPH HAaBYAaHHI KPEATHBHOMY IHCHMY aHTITIHCHKOIO
MOBOIO MOZAIOTHCS TAKi €TAIH:

. BucnoButn MeTy HamucaHHS OCTIaHHS,

. BpaxyBatu nmoteHniiHOTO O/lepKyBaya MOBIIOMIICHHS,

. Oprani3yBatu Matepiain;

. [lepenaru indopmariro;

. OOMIHATHUCS IICSIMH, TYMKaMH;

. JloHECTH 3MICT JI0 UMTaya;

. loTpuMaTy 1mocJIiIOBHICTh BUKIIAy AYMOK;

. BukopucToByBaTH CMHCIIOBI 3B'SI3KH;

. BukopucToByBaTH pi3HOMaHITHI rpaMaTHYHI Ta JEKCUYHI KOHCTPYKIIi;

10. Yaukatu opdorpadivHuX i MyHKTYAI[ITHAX TOMHJIOK;

11. CrimyBath TmpaBHJaM eTHKETY IHUCHMOBOTO TIOBIJOMJICHHS B
AHTJIIOMOBHIH KYJIBTYpI.

TBoOpue MUCEMO MOXK€ BUKOPHUCTOBYBATHCS Ha OyAb-SIKOMY €Talli HaBYaHHS.
CrnovyaTky MOJKHa ITPOTIOHYBATH CTYJICHTaM Pi3Hi BUJH OIOp y BUIVISAL Bi3yalbHOT
1 cilyXoBOi HAOYHOCTI: NpEAMETH, KapTHHKH, (oTorpadii, aymioTeKkcTH, MicHI,
IHCTpYMEHTaJIbHI MY3W4YHI TBOPH, BiA€o(iIbMH, a TakoX rpadidHy HAOYHICTb:
IHCTpYKii, BipIIi, OMOBiTaHHS, TOTOBI 3pa3Ky MUCEMHOT0 MOBiIeHH:. [locTymoBo
MOJKHA MPUBYATH X O CKJIAJaHHS JHCTIB, iICTOPIH BiJ iMEHi AKOro-HeOyIb repost
a0o sIkoro-HeOy/Ib MpeMeTa PO ICTOPIt0 HOT0 KUTTS, MUCBEMOBOTO MPOIOBKEHHS
AKOi-HeOyIb TiepepBaHoi icTopii abo BiIOMOTO JiTEPaTypHOTO TBOPY, HAITUCAHHS
MiHi-TBOpiB 200 ece 3a 00paHOI0 MUTATOI 200 CTATTEIO.

He cnixg 3a0yBaTi Tpy HaWBaXIMBIIII YMOBH IPH BBEACHHI Ha 3aHATTAX
KpPEeaTHBHOTO NMUCHbMa: I[iJIi HaBYAHHS, IPUHINIIHA, METO/IM 1 IPUHOMH HaBYaHHS, a
TaKoX HaBYaJbHUH KOHTPOJb, TOOTO OIIIHKA PIBHS BOJOAIHHS IaHUM MOBHHM
BMIHHSIM.

OCoOoO~NoOulhWNPEF
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Danyl Burlay*, Ivan Dikusar®, Tetyana Suvorova®

!student of group E-418a National University “Zaporizhzhia Polytechnic”
2senior teacher National University “Zaporizhzhia Polytechnic”

RENEWABLE ENERGY IN THE US AND CHINA

A careful analysis of the level of global primary energy consumption allows
us to conclude that there are multidirectional trends in economically developed
countries and in the rest of the world. So, in the countries that are members of the
Organization for Economic Co-operation and Development primary energy
consumption in the period from 2005 to 2015 decreased by 3% (in the EU - by
10%). The rest of the world saw an increase in energy consumption by 31%.

World energy revolution is changing the traditional relationship between
economic growth and increased energy consumption. Gradually, the main trend in
the global energy industry is a decrease in energy intensity and an increase in the
use of renewable energy sources (RES). How this happens in practice can be
considered in the examples of the USA and China. In the twentieth century, the
world entered the era of oil under the leadership of the United States, which
became its largest consumer. Until the mid-seventies, the US was also an exporter
of oil. Because of the energy crisis in 1975, the United States introduced a ban on
the sale of oil abroad. In the following decades, the States will become the largest
importer of oil: in 2005, foreign purchases accounted for 67% of total
consumption. Such dependence on energy imports created serious problems for the
country in terms of energy security. The solution to the problem of volatility in the
United States is carried out in two main directions: increasing hydrocarbon
production and developing renewable energy. Moreover, the American state and
business managed in a short time to achieve impressive results that led to
revolutionary changes in the global energy field. The USA became the first in the
world who managed to overcome the resource constraint with the help of the latest
technologies - to extract previously inaccessible oil and gas from shale rocks,
which sharply expanded the offer in this energy-deficient country until recently.
Such measures stimulated fundraising in the development of renewable energy.
Over the past decade, US investment in renewable energy amounted to about 375
billion dollars. Already in 2005, the United States took first place in the world in
the number of electric wind installations, and in terms of RES consumption -
second after the EU countries. In general, the consumption of renewable energy
resources in the country for the period 2005-2015 increased by 3.5 times. In the
US, the world's largest electricity market, wind and solar power are gradually
becoming competitive with natural gas plants. The share of renewable energy in
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electricity production in 2015 was 14%, which is comparable to the US nuclear
industry.

China, unlike the US, does not have significant reserves of oil and gas, and at
the expense of its own production provides only part of its needs. Therefore, the
country has become one of the largest importers of hydrocarbon resources. At the
same time, two-thirds of China’s energy balance is coal, which is the largest source
of emissions of carbon dioxide and other greenhouse gases. The leading role in the
development of renewable energy in China belongs to a focused government
policy that provides priority for renewable energy suppliers. A law was also
adopted regarding renewable energy, the issue of buying clean electricity at
preferential and full tariffs was resolved. Special funds have been created to
finance development in the field of renewable energy, create new technologies, and
conduct research. Medium and long-term programs for the priority development of
wind energy, hydropower, waste management, solar energy and bioenergy were
adopted. It took China only ten years to become a leader in global renewable
energy. Its world share over this period has grown by almost two and amounted to
24%. This is followed by the EU - 17% and the United States - 11%. Even more
impressive are the growth rates of wind and solar power. Over the past decade,
Chinese wind energy has grown almost 57 times, its total capacity exceeded, for
example, the volume of generation of all electricity in Ukraine last year.

Conclusion: Such trend will continue for the few coming decades. According
to the forecasts by British Petroleum (BP) until 2035, global energy consumption
will grow by 34%, while countries outside the ECO will provide 96% of the
increase. Thus, global energy demand will continue to grow, but the main
consumption of hydrocarbon energy sources will shift to developing countries, and
the energy supply structure will change towards more environmentally friendly
fuels.

VIIK 621.039

Daniil Kolisnyk', Tatyana Suvorova®

!student of group E-418a National University “Zaporizhzhia Polytechnic”
“senior teacher National University “Zaporizhzhia Polytechnic”

NUCLEAR POWER IS GAINING MOMENTUM AGAIN

Construction of nuclear power plants have been intensified in the world
despite the Fukushima accident. Many consider nuclear power to be green, since
nuclear power plants have virtually no greenhouse gas emissions. Therefore, years
after the Fukushima accident, plans for the development of nuclear power are
beginning to be revised in many countries in favor of increasing the construction of
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nuclear power plants. But the disposal of nuclear waste and the elimination of the
consequences of accidents often cost companies-operators significant amounts of
capital.

Japan's Ministry of industry began a full-scale discussion in 2018 on whether
to build new nuclear power plants to meet the goal of reducing greenhouse gas
emissions.

This discussion was a part of the government's plans to update the basic
energy program until 2030. The program is reviewed every three years. The
government's current energy balance plan provides that in fiscal year 2030
(through March 2031), nuclear power in Japan will account for 20-22% of the
electricity produced. To achieve this goal, it will be necessary to use 30 nuclear
power units.

In 2017 the law on nuclear reactors and other related facilities was revised in
Japan. According to, it operators of nuclear power plants have required to publish
their plans, measures and opportunities for ensuring the disposal of reactors and
other nuclear facilities. This includes the estimated costs of decommissioning
facilities and the amount of radioactive waste that will be generated after
dismantling.

While in Korea the Shin-Kori nuclear power plant is under construction of
the 5th and 6th power units, which include the APR-1400 reactors (developed by
the Korean company KEPCO on the basis of the previous domestic OPR-1000
project using American technology). The NSSC approved applications for their
construction in June 2016, but in June 2017, the Cabinet decided to suspend
construction. After three months of discussion and public opinion, a 500-person
jury decided to resume construction, which the president of Korea Moon Jae-In
agreed to. In December 2018, the readiness of blocks 5 and 6 was 42%. The
commissioning dates for the units have been moved to October 2021 and October
2022, respectively.

The UK is one of the pioneers of global nuclear power — its first Calder Hall
nuclear power plant with a capacity of 50 MW entered service in 1956, two years
after the world's first Soviet nuclear power plant in Obninsk. Over the next three
decades, more than four dozen first-and second-generation gas-cooled graphite
power reactors, built according to original domestic designs, have been operating
in the UK. By now, three-quarters of them have already been stopped.

For more than 20 years, the UK has not commissioned new nuclear power
plants. The last nuclear unit built was Sizewell B in Suffolk, which entered service
in 1995. The first new British nuclear power plant to be launched this century will
be Hinkley Point C in Somerset. After entering into operation, the station will
provide about 7% of the national electric production. The first unit is expected to
start operating in 2023. The UK government released a Single national energy and
climate plan for the period up to 2035. According to it, a policy will be pursued to

260



gradually reduce the share of fossil energy sources and replace them with
renewable sources and nuclear generation.

At the same time the US is discussing the development of a strategy for the
transition of the country's economy to 100% carbon-free generation. Former U.S.
Energy Secretary Ernst Moniz presented a report on the "transition to a clean
energy ecosystem" in the Senate. It claims that one of the "critical technologies"
needed to achieve the goal is the promising new-generation nuclear reactor
projects. Both the advantages of nuclear power and the issues related to the nuclear
industry are noted. It is emphasized that the solution to these problems can be the
development of a fleet of improved new-generation reactors that have cost-
effectiveness, improved safety system, the introduction of nuclear cycle options
that eliminate the risk of proliferation, as well as the ability to longer loading
cycles.

An alternative project for switching to carbon-free generation was the "Green
new deal" introduced in Congress. It proposes to abandon nuclear power and
completely switch to renewable sources, and to switch road transport to electric
traction.

Commenting on this program, Moniz recalled that nuclear power today
provides 20% of electric energy and more than 50% of carbon-free generation in
the country — more than all other carbon-free sources combined. Therefore, it is
impossible to achieve the goal of completely clean electric energy without nuclear
power.

V1K620.91

Danil Komarov *, Oleksandr Bezrodnii*, Tetyana Suvorova®
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INCONVENIENT FACTS ABOUT THE "GREEN" ENERGY

1. The cost of energy transfer is much higher than other types of electricity.

A study by the International Energy Agency in 2014 shows that transmission
costs for wind are about three times higher than the costs of transferring electricity
from coal or nuclear energy.

2. When transmitting electricity over long distances, the costs of maintaining
power lines increases.

If not properly maintained, fires are possible, especially in dry, windy
areas. There are solutions to prevent fires, such as burying lines underground. Or
use an insulated wire instead of a regular wire, etc.

3. Huge investment in charging stations required.
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So that anyone besides the representatives of the most affluent strata of the
population could use electric vehicles. The catch is that the bulk often does not
have similar capabilities for charging electric vehicles. Low-cost fast-charging
stations located everywhere will be needed if electric cars become the main choice.

4. Discontinuity drives costs.

It is widely believed that small changes, such as time pricing, smart power
systems and power outages for some pre-selected industrial consumers, can deal
with interruptions if there is not enough electricity for everyone. Such an approach
can theoretically take place if the system is based on energy from fossil fuels and
atomic energy, to which a small percentage of renewable energy sources are
connected.

5. The cost of utilization of wind turbines, solar panels and drives should be
reflected in the cost estimate.

Very often, the energy costs of processing materials are higher than the
energy used in their extraction in its original form. This problem must be taken into
account when analyzing the real cost of renewable energy sources, so if they are
processed, the cost of processing should be less than the cost of the materials
obtained.

6. Renewable sources cannot directly replace many of the devices and
processes that we have today.

This can lead to a significant decrease in economic efficiency and a longer
transition to renewable sources. There is a long list of things that cannot be
replaced by renewable energy sources. Today we cannot produce wind turbines,
solar panels or build hydroelectric power without fossil fuels. This in itself makes
it clear that the fossil fuel system will need to be maintained for at least the next
twenty years.

7. Itis likely that switching to renewable energy will take 50 years or more.

The reason the transition will be very long is because in many cases there is
not clear understanding of the path to switching from fossil fuels.

If changes are necessary, then to facilitate these changes:

1. prerequisites and arrangements are required.

2. then these solutions must be tested in real conditions.

3. next, new plants are needed to launch new devices.

4. it is likely that some way will be required to pay existing owners for the
loss of value of their existing fossil fuel devices; otherwise, huge debt obligations
will arise.

Only after all these steps have been completed can the transition really
happen.

The question of whether wind and solar energy are justifiable requires careful
analysis. A common feature of an energy product that has significant economic
benefits is that its production tends to be very profitable. Subject to high
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profitability, governments can tax producers. In this way, profits can be used to
help the rest of the economy. This is one of the physical manifestations of “clean
energy” that an energy product provides.

If the wind and solar energy did provide substantial clean energy, they would
not need subsidies, not even first-time subsidies. They would drop profits to benefit
the rest of the economy. Renewable energies may not be as useful as many people
think.

YJK617.57-77

Iryna Demidenko *, Tatyana Suvorova®

!student of group E-419a National University “Zaporizhzhia Polytechnic”
Zsenior teacher National University “Zaporizhzhia Polytechnic”

MEAN WORLD SYNDROM

Remember when you last viewed the news. Did you feel well after?
Increasingly, a revised news release has nothing but pessimism, fear, and an
inability to appreciate reality. You felt more frightened, angry, cynical and
hopeless.

News coverage has evolved over the years to compete with entertainment
ratings for television ratings. As a result, they tend to turn danger and offense into
a sensation, triggering fear and negative emotions.

George Gerbner's work has shown that scenes of violence in news and
entertainment convince viewers that the world is more dangerous than it really is.
This influence of the media is called "Mean World Syndrome™

Gerbner's research has shown that growing up on content with scenes of
violence and cruelty has three consequences, collectively known as the "Mean
World Syndrome."

The Mean world syndrome is a cognitive bias when people perceive the
world as more dangerous than it actually is because of the long-term, moderate, or
severe impact of violence-related content in the media, namely television.

Programming heightens people's frights, fears, and paranoia.

And those who are convinced that the outside world is an extremely
dangerous and unpredictable place, feel not only a heightened sense of insecurity.
Gerbner found that they were more likely to see violence as a solution to problems,
rather than as a cause and effect of legitimate action. Fear also causes them to
accept rigid political and social attitudes.

When Gerbner testified before a congressional subcommittee in 1981, he
said, "And gullible people are more dependent, easier to manipulate and control,
more susceptible to deceptive and cruel measures."
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The sheer amount of violence on television can normalize aggressive
behavior and make viewers devoid of sensitivity. The mind, as Gerbner says,
becomes "militarized." The more dangerous the media shows our world, the more
we believe in them. We are beginning to fear and worry, more dependent on the
government, and take other precautions, such as moving to closed communities
and supporting the death penalty. Gerbner writes: “Growing up in a culture full of
violence gives rise to aggression in some and desensitization, lack of security,
distrust and anger in the majority. The punitive and vengeful actions against the
dark forces in the evil world look attractive, especially when presented as a quick
way to solve a problem and reinforce our sense of control and security. "

Earlier, when Gerbner did much of his analysis, the media was a less quiet
place. We now have 24/7 access to TV channels, movies and online content. At
present, 34% of news in regional media in Ukraine is about crimes. At the same
time, the Ukrainian Broadcasting Law states that the use of broadcasting for any of
the following purposes should be prohibited: to portray any violence without cause,
broadcast programs or snippets that may impair the physical or mental, moral
development of children and adolescents.

How not to become a victim of the Mean World Syndrome:

1. Get your news from sources that meet the highest standards of journalism.

2. Consider expanding your information field by getting news from verified
sources.

3. Make media literacy a priority.

4. Balance your information with some inspirational sources.

5. Prefer news and magazines that highlight people who are working for
positive change.

6. Try to spend one day a week without media and electronic devices.

7. Pay more attention to live communication.
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HISTORY OF SOFTWARE ENGINEERING

The first application of the term "software engineering" dates from August
1966, but the year of the emergence of software engineering (IPZ) as an industry is
1968, in which the first conference in Germany was called "Software engineering™.
The main topic of the conference was software design, production and
maintenance. One of the keynote speakers at the conference, P. Naur, noted that
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the work of software designers is similar to that of architects and civil engineers,
especially those involved in the design of large heterogeneous structures such as
cities and industrial enterprises. The term "software engineering" was deliberately
chosen as provocative: "this term meant that software production should be based
on the same type of theoretical foundations and practical applications as in
traditional engineering fields." The origin of software engineering was associated
with the software crisis - a term suggested by Program Committee Chairman FL
Bauer. In his opinion, the crisis was the impossibility of applying "handicraft"
(semi-intuitive) methods of development for the production of large scalable
software systems. Existing software is developed by amateurs (no matter where - at
universities, companies or in production) through the skill of singles (at
universities) or the large number of workers ("one million monkeys") in
production, is unreliable and needs constant "maintenance™ (and the word
"maintenance” is misused to refer to battles and failures that are expected from the
manufacturer at the outset), is sloppy, transparent and imperfect (or at least too
costly in to do this). And finally, there is the software arrives too late and costs
more than expected, and does not live up to the expectations it relied on. As a
result of the conference in 1971, FL Bauer gave a half-joking definition of IPE as a
piece of computer science that is too heavy for computer scientists, and more
serious as the creation and use of sound engineering principles to obtain
economical, reliable and efficient work on real computers software.

According to such conference participants, A.J. Perlis and FL Bauer,
mathematical preparation is not necessary for the design of software, but its
presence adds to the software project elegance, since software systems are
mathematical in nature and must be built in levels and modules that form a
mathematical structure.

The general design criteria (common to different systems), user requirements,
reliability, and logical completeness were chosen as the main design criteria.
Design technologies discussed the sequence of design steps, the design of a
software project, the provision of feedback through monitoring and modeling, the
use of high-level programming languages, and more.

In December 1969, a third symposium on IPE was held in the United States,
the first volume of materials being opened by a programmatic report by YT Tu "A
New Profession: Software Engineering". Describing the role of engineering in the
development of mankind, the author indicates that it has largely freed man from
physical labor and routine mental activities, providing tools for both new scientific
discoveries and new kinds of creativity. The rapid development of engineering, the
emergence of new industries changed the content of engineering education - from
utilitarian to scientific and theoretical. Just as the invention of the steam engine in
the late eighteenth century made it possible to replace the muscular power of
humans and animals with the driving force of machines, the invention of the digital
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computer after World War Il made it possible to replace many human mental tasks,
such as arithmetic, data storage and accounting, computing operations.

We are now moving to a stage where it is advisable to replace some of the
higher human mental tasks with machines. This includes the ability to recognize
patterns, read images, process data in natural language, retrieve information, and
make smart decisions. To do this, the author proposes to use the principles of IPE.
According to YT Tu, IPE should cover computer architecture, system and
application programming. With regard to IPE, the author emphasizes that in order
to make significant progress in software development, we must have a much
stronger scientific foundation.
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WEB DESIGN IN PROGRESS

A web designer is an IT professional who is responsible for designing the
layout, visual appearance and the usability of a website. A web designer's main job
is to design web pages. There is a lot to consider in the design of websites which
may not be immediately apparent when looking at a webpage for the first time.

The dark ages of web design (1989).The very beginning of web design was
pretty dark, as screens were literally black and only few monochrome pixels lived
therein. Design was made by symbols and tabulation (Tab key).

Tables. The beginning (1995).The birth of browsers that could display
images was the first step into web design as we know it. The closest option
available to structure information was the concept of tables already existing in
HTML. So putting tables within tables, figuring out clever ways to mix static cells
with fluid cells was the thing, started by David's Siegel's book Creating Killer
Sites. The main benefit was that it was the closest to a grid we could get back then.
It was also the time when so many developers decided not to like front-end coding.

JavaScript comes to the rescue (1995).JavaScript was the answer to the
limitations of HTML. For instance, need a popup window, want to dynamically
modify the order of something? The answer was JavaScript. Very often it is used
as an easy patch for a lazy developer, yet it is very powerful if used wisely.
Nowadays we prefer to avoid JavaScript if the same feature can be delivered using
CSS. Yet JavaScript itself stays strong as in front-end (jQuery) as on the back-end
(Node.js).
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The golden era of freedom — Flash (1996).To break the limitations of existing
web design, a technology was born that promised a freedom never seen before. The
designer could design any shapes, layouts, animations, interactions, use any font
and all this in one tool — Flash. The end-result is packed as one file and then sent to
the browser to be displayed. Unfortunately, it wasn’t too open or search-friendly
and certainly consumed a lot of processing power. When Apple decided to
abandon it on their first iPhone (2007), Flash started to decay. at least for web
design.

CSS (1998).Around the same time as Flash, a better approach to structuring
design from a technical standpoint was born — Cascading Style Sheets (CSS). The
basic concept here is to separate content from the presentation. So, the look and
formatting are defined in CSS, but the content— in HTML. The first versions of
CSS were far from flexible, but the biggest problem was the adoption rate by
browsers. To be clear, CSS isn’t a coding language, it is rather a declarative
language. Should web designers learn how to code? Maybe. Should they
understand how CSS works? Absolutely!

Mobile uprising — Grids and frameworks (2007).Browsing the web on mobile
phones was a whole challenge in itself. Besides all the different layouts for
devices, it introduced content-parity problems — should the design be the same on
the tiny screen or should it be stripped down. The first step to improvement was an
idea of column grids. After a few iterations, the 960 grid system won, and the 12-
column division became something designers were using every day. The next step
was standardizing the commonly used elements like forms, navigation, buttons,
and to pack them in an easy, reusable way. Basically, making a library of visual
elements that contains all the code in it. The winners here are Bootstrap and
Foundation, which is also related to the fact that line between a website and an app
is fading.

Responsive web design (2010).A brilliant guy named Ethan Marcotte decided
to challenge the existing approach by proposing to use the same content, but
different layouts for the design, and coined the term Responsive web design.
Technically we still use HTML and CSS, so it is rather a conceptual advancement.
The main benefit here is the content parity, meaning that it's the same website that
works everywhere.

The times of the flat (2010).Designing more layouts takes more time, so
luckily we decided to streamline the process by ditching fancy shadow effects and
getting back to the roots of design by prioritizing the content.

The bright future (2014).The holy grail of web design has been to actually
make it visual and bring it into the browser. Imagine that designers simply move
things around the screen and a clean code comes out! And | don't mean changing
the order of things, but having full flexibility and control! Imagine that developers
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don't have to worry about browser compatibility and can focus on actual problem
solving!

Technically there are a few new concepts that support the move into that
direction. New units in CSS like vh, vw (viewport height and width) allow much
greater flexibility to position elements. Flexbox is another cool concept which is a
part of CSS. It allows to create layouts and modify them with a single property
instead of writing lot of code. And finally web components is an even bigger take.
It is a set of elements bundled together, i.e. a gallery, signup form etc. That
introduces an easier workflow, where elements become building blocks that can be
updated and reused separately.
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IMPROVEMENT OF VIDEO EDITING PROCEDURE

The first step in improving your video editing process is to choose the right
software for you and your work. They normally offer everything you need to
perform standard video edits, but you may prefer one over others for their
usability, digital interface, and features. The key here is to choose what works for
you and your editing style instead of just the latest, most advanced video editing
program out there.

Top favorites include After Effects, Premiere Pro, Avid Media Composer,
Final Cut Pro, and DaVinci Resolve, which offers a free and comprehensive Lite
version. You may also want to try Lightworks, Autodesk Smoke, and Sony Vegas,
if you’re looking to try other less-popular yet highly capable alternatives. Use a
Fast Computer. You can choose whatever computer brand or model you want, as
long as it’s fast enough for you to store huge files and allows you to focus more on
your editing work without having to worry about slow rendering. One of the most
important takeaways from this article is to remember your creative goal: to tell a
great story. Go beyond the basics—cutting away extraneous footage and
correcting the order of your clips—and take the opportunity to make your film
aesthetically-pleasing and dramatically compelling so as to evoke the right
emotions and effectively impart your intended message. Use your practical and
technical knowledge in achieving this instead of just adding a bunch of effects to
impress your viewers. You can simply follow the storyboard used during filming,
but there may be times when the director—or you, if you have the liberty to call
the shots—will decide to make on-the-spot changes to the predetermined flow,
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scene transitions, effects, and other editing elements for the sake of improving the
story. Even with a super-fast computer system and editing software, you’ll also
need to be systematic and organized in order to become a more efficient editor.
One way to improve your workflow is to organize your projects and files in
folders that you can use again and again. Create homes for your projects, footage,
audio files, images, and graphics, in which you can also create more subsections
and folders. Another way that you can work faster is to use external hard
drives for storing your footage, so you can free up more computer memory. We
recommend that you choose hard drives that can be connected via USB 3.0 or
Thunderbolt to enable faster file transfers.

Depending on your film type, you may have to include more text aside from
the title, opening/closing billboards (for broadcasting), and film credits. You’ll
usually want to keep it simple, with a clean and white sans-serif font that doesn’t
grab too much attention. Have them dissolve in and out, and see how it works for
your film. But if you need to add flashy graphics, you can create them using your
editing software. Adobe After Effects is a popular choice for creating some of the
best motion graphics. If you’ve yet to learn how to make your own by hand, you
can always get impressive ready-made After Effects templates from RocketStock.
One of the best things you can do to turn out a clear and consistent edit is to set a
goal for the project. You should know what you’re trying to achieve through the
video you’re creating. Before starting a project, determine who your audience is
and what the narrative for the video will be. You can use this as the basis for every
edit decision you make throughout the project. If the editorial choice helps to
communicate the message of the piece and moves the audience towards the goal,
then it’s the right choice. If the edit doesn’t contribute to overall goal of the video,
then you shouldn’t execute it. As previously mentioned, you can help yourself to
maintain consistency by planning ahead for the edit and setting a goal. That said,
there are also more pragmatic ways to stay on track as well. Music plays a large
role in many productions. By choosing the music you will use at the start of a
project, you give yourself a foundation that you can cut to and keep pace with
throughout the edit. Likewise, you can use techniques, such as color grading, at the
end of a project to unify the look and feel of the edit. In addition to poor-quality
audio, having shaky footage can be a death sentence for your project. The good
news is, there are great plug-ins and tools that will help you stabilize your footage
that are out there, and even built-in to your editing software. Become very well-
acquainted with them, because this can be a game-changer. Warp Stabilizer in
Adobe Premiere/After Effects and SmoothCam in Final Cut X are the big ones, but
there’s a powerful third-party plugin called ReelSteady that works really well in
After Effects, from my experience. You can find apps that stabilize your phone
video, as well, such as the well-reviewed Emulsio. When exporting for the web,

269



the goal is to create a file that maintains its high quality without making it too
heavy for upload and online viewing.
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THE SPECIFICITY OF SYSTEM ANALYSIS AS A METHOD OF
POLITICAL SCIENCE

The article analyzes the essence of system analysis and clarifies its relation as
a method of political science with a systematic approach, general systems theory,
synergetics and systems engineering.

At present, systematic analysis is actively used not only in the natural
sciences, but also in the humanities and social sciences. It is even considered one
of the most promising methods of political science. It deserves such attention,
among other things, by making it possible to use the theoretical and
methodological achievements of other fields of knowledge to solve political
problems more effectively and efficiently.

At the same time, the rapid evolution of systemic ideas about the world led to
several directions of their development. In addition to systems analysis, these
include, in particular, such as "systems approach"”, "general systems theory",
"synergetics", "systems engineering".

The broadest of the above categories is the "systems approach”. It involves
the separation of an object of interest to the researcher from the external
environment by defining the boundaries and analyzing the object as a system.

In contrast, system analysis is an independent scientific method with its
principles and algorithm of application, which requires a clear stage of research
and use of a certain set of technologies.

System analysis as a method of science is based on a number of principles.
First of all, the system is considered as a whole, not as a simple set of elements.
However, the properties of the system as a whole are not the sum of the properties
of the individual elements, since they can acquire qualitatively new properties,
while the properties of the elements inherent in them in the state of "independence"
may be lost.

The development of system analysis as a method of solving complex
multidimensional problems has led to the emergence of different approaches to
determining the stages of its implementation. It is most advisable to distinguish the
main stages of system analysis, grouping them into three categories - preparatory,
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basic and final. This allows for a better structuring of the researcher's actions by
devoting time to preparation that will help formulate the problem, identify the main
goal, and choose the best way to perform the system analysis.

System analysis is the basis for a large number of concepts for the existence
and functioning of systems, from which the general laws inherent in any system.
The totality of these concepts forms a separate interdisciplinary area of research -
the general theory of systems. This theory, by its very nature, is a summary of the
results of a systematic analysis of a particular phenomenon or a process for the
continued use of isolated patterns to study such systems.

The term "synergetics" was introduced into scientific circulation by the
German physicist G. Hacken. The essence of synergetics is to study the
connections between the elements formed in open systems due to the intensive
exchange of energy, information and matter with the environment under non-
equilibrium conditions.

A key concept of synergetics is the concept of a "dissipative™ (open) system,
that is, a system that constantly exchanges substance, information, or energy with
the environment. The life cycle of such systems can be explained on the basis of
two categories - "order" and "chaos".

Another important concept in synergetics is the "point of bifurcation" - the
ramification of options for further development of the system and the need to
choose one or another option. Due to the constant and dynamic interaction of the
system with the environment, fluctuations occur in it - random deviations of values
from the averages (from equilibrium). Over time, fluctuations can intensify and
reach a critical level, pushing the system to the point of bifurcation. Another is
close to the listed categories that characterize the study of certain phenomena and
processes as a system - "systems engineering". The term began to be used as early
as the 1940s to refer to practical activities that aim to actually develop and manage
systems.

System engineering, unlike other approaches and methods analyzed in the
article, involves not just studying a particular phenomenon or process as a system,
but direct practical steps to create, improve or eliminate the system.

To sum up, it should be noted that of the above concepts, the broadest
approach is a systematic approach that involves considering a particular
phenomenon or process as a system without necessarily searching for universal
laws or following a clear algorithm of action. General Systems Theory is a science
that studies different systems (natural, technical, social) and searches for common
patterns of their development. It is the result of systemic perceptions of the world
and is a system analysis that has already been completed and completed.
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BOOSTING CONFIDENCE AS A BUSINESS ANALYST

Many business analysts (Bas) who are beginners or experienced but new to
an organization are not provided with the tools and resources to be confident in
their ability to add value to their organization. Below are some of the most
effective tactics that | have taken throughout my career to bolster my confidence as
a BA.

Business analysts are expected to see things that other stakeholders are not
able to see. While BAs are not expected to be subject matter experts, acquiring an
adequate amount of domain and industry knowledge will be of great service to any
BA. Understanding the organization has two components, which are understanding
the industry structure and the actual organizational structure. Gaining a better
understanding of the industry and organizational structure can be initiated by
learning key terms. Observation is not only helpful for understanding systems,
processes and functions, but it is also a great way to build relationships. Reviewing
the organization’s business model canvas is also highly effective at providing
organizational context.

Having a concrete understanding of the BA role in your current organization
is critical. The role of a BA varies greatly by the organization. This includes
acquiring a detailed understanding of the roles and responsibilities of the BA. A
key part of BA responsibilities are the deliverables provided for projects and
change initiatives. Reviewing any Org charts that are available may be a good way
to understand the leadership structure as well as the formal relationships of
individuals in the company. If you have access to previous project documentation,
review the stakeholder lists or maps that were developed.

Building relationships can be critical to the effectiveness of a BA. Most
stakeholders are more willing to work with and provide information to individuals
they have a relationship and are comfortable with. This can give insight to what
motivation behind stakeholder wants and needs and lead to asking more relevant
questions during structured meetings. In addition, it’s very likely that during a job
shadowing session that the individual will reveal some details about their personal
life that may help you form a good relationship with them. Interviewing is not only
a way to elicit requirements, but it is also another way to build rapport. In general,
collaborative elicitation techniques such as interviewing and job shadowing can
facilitate good relationship and alliances that can support the BA in areas of
weakness.
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Establishing a relationship with a good mentor is one of the most effective
ways to increase your confidence and increase your success as a BA. In many
cases, BAs are hesitant to ask too many questions because they are fearful that they
will be perceived as inexperienced or incompetent by peers and others. This is very
common, especially for novice BAs or those who are starting work in a new
domain. An established mentor from outside of the organization can be the
solution. Unfortunately, many organizations do not have structure training
environments for BAs.

Independent and continuous learning is essential to gaining confidence in
your ability. There are numerous resources to learn more about business analysis.
These resources are highly effective at gaining new knowledge in a relatively short
period of time versus the time it would take to gain that knowledge through
experience. Learning new business analysis techniques and researching BA
deliverable templates can increase your confidence, not only in your ability to
effectively execute a technique but also in the fact that you are using the most
effective business analysis technique as you will have more tool options to choose
from during analysis.

Gaining confidence in your abilities as a BA can be challenging in
environments that are not the most supportive or nurturing. Increasing your
confidence can be achieved by learning about your organizations. You’ll need to
understand the organization’s expectations of you as a BA. Building relationships
in your organization is also key to building a support system. Getting a mentor is
needed to establish a safe and effective support system outside of the organization.
And finally, independent and continuous learning will naturally increase your -
confidence and capabilities.
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INFORMATION SECURITY

Information is any data that is perceived by living organisms, electronic
devices and other systems, about the outside world, processes, objects and
phenomena.

Information security is the state of security of the information needs of
individuals, society and the state, regardless of internal and external dangers.

Information protection is a certain system of measures directed to prevent
illegal access to information, its modification, loss, destruction and so on.
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The purpose of information security is to provide secret information support
for the activities of the state, industry, enterprise and individual.

Security of information is the preservation of confidentiality, integrity,
availability and reliability of information - the main properties of information.

There are information systems. They can be divided into three parts:
software; hardware; communications.

Information security varies by application:

Information security of the individual is characterized by the protection of the
individual, social groups or associations from impacts that are directed against
them.

Information security of the organization ensures its normal functioning and
dynamic development. It is often implemented by the Information Security
Service.

Information security of a state is the protection of important interests of an
individual, society and the state, under which harm is prevented through various
factors.

The principles of ensuring information security contain: the law; systemicity;
economic efficiency; the balance between the interests of the individual, society
and the state.

It is impossible to create a system whose protection cannot be hacked. The
basic principle can be the creation of such a protection mechanism, the cost of
hacking which will be more expensive than the information that can be obtained.
Therefore introduction of the software of safety which are built in structure of the
software of system and are necessary for performance of functions of protection is
necessary.

Thanks to human development and technology, information security has been
modified. Nowadays, such security is called Cyber Security. In addition to
protecting processes, information and activities in cyberspace, Cyber Security also
protects against viruses, hacker attacks and data tampering.

Nowadays, Cyber Security is responsible for three factors: systems;
processes; people.

The notion of information security does not correspond to the wide range of
issues that arise in cyberspace today. But evolution has made it part of Cyber
Security.

Cyber security is the processes and methods used to protect sensitive data,
computer systems, networks and software applications from cyberattacks.

Types of dangers and attacks:

1. viruses and extortionists;

2. botnet attacks: spamming, confidential data theft, distributed denial of
service attacks;

3. social engineering attacks;
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4. cryptographic theft;

5. phishing - a fraudulent spamming activity that imitates messages from any
legitimate source.

Cyber security in general is a very broad term, but it is based on three
fundamental concepts known as "CIA" (confidentiality, integrity and accessibility).

This model is designed to guide the organization's cybersecurity policies in
the area of information security.

Confidentiality takes measures to restrict access to confidential information
to cyber attackers and hackers.

Integrity means that data must not be altered, deleted or illegally accessed, in
a word compromised.

Accessibility will ensure uninterrupted operation and access to data without
any disruption. It also ensures constant communication between components,
ensuring sufficient bandwidth.

Within an organization, for an effective cybersecurity approach to be
implemented, people, processes, computers, networks and technologies, large or
small, must be held equally accountable.

If all components complement each other, then it is very possible to
withstand severe cyber threats and attacks.
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THE EMERGENCE OF NEW ENGLISH WORDS AND EXPRESSIONS ON
YOU TUBE AND TWITTER

At the end of 2019, YouTube and Twitter became very popular among
Internet users. About 500 million tweets are published on Twitter daily and
approximately 5 billion videos are watched on YouTube. Social networks have
changed not only the Internet, but our whole life. Every day, users come across
new words and try to figure out what a word means. A lot of these words are also
available in the specialty language "System Analysis" The most commonly used
expressions are: ASMR, Unboxing, Vlogmas, Wadsworth Constant,
Twitterstorm., etc.

For example, ASMR - Autonomous Sensory Meridian Response. This
pleasant tingling occurs in our head and spreads over the spine, arms, and legs in
response to stimulation, often auditory. In addition to music, different people have
different audio stimuli that trigger ASMR. The most common ones are whispers,
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white noise, combing or hair cutting, creaking pen or paper pen, chewing, tapping,
scratching, and the sound of crumpled paper. ASMR videos on YouTube are
huge.Vloggers who create ASMR content call themselves the term ASMRist,
created by ASMR+artist. Vlogmas are Christmas videos where vloggers talk about
preparation, celebration, greetings and gifts. Or a series of commercials that run
from early December until Christmas. A mix of the words Vlog and Christmas. |
also attach a channel to a girl who loves to decorate and buy gifts for Christmas.
Wadsworth Constant is one of the unofficial but well-known YouTube rules. It's
the idea that by skipping the first third of any YouTube video, you won't miss
anything important. And most often it is. The next one is Twitterstorm a sudden
heated discussion of the topic, most often in a negative way regarding brands,
politicians and celebrities. Twitter storms start when one user writes an angry tweet
about a controversial post from a known person or company. Other users are
equally angry, retweeting and quoting.

New words and expressions most often are acronyms, slang expressions,
phrase verbs. Slang means a set of words or new meanings of existing words used
in various groups of people. At first glance, it is quite possible to do without slang
words and expressions. And this is true, but only partially. For exams in English
and business communication at work, you will probably have enough classical
English. Although it all depends on the format of communication adopted by the
company. Now more and more companies are switching to an informal style of
communication, and here they may already need some slang.

In spoken English, it is almost impossible to do without slang. So if you want
to get closer to the speaker level in spoken English, remember these popular words
and phrases in British slang faster! For a better understanding of the phrase, it is
highlighted some commonly used slangs, such as: ACE — cool, incredible, idyllic,
used when word for word, the words below indicate the result; Blimey means
extremely pleasant surprise or shock; Chuffed means proud; Gobsmacked - this
purely British expression means being shocked and surprised to the limit. Some
believe that the phrase comes from "gob" and "shock™ when someone hits it:
Kerfuffle - conflict, scandal, dispute; Pork pies - lies, lies, a typical phrase for the
rhyming slang of the Cockney language, which originated in Old East London
amongst traders, to communicate in a disguised manner.”

Acronym is a type of abbreviation. Acronyms are formed by the initial
sounds. In fact, the acronym is a word that is an abbreviation that can be
pronounced together. Almost every day we use acronyms in business
correspondence and messaging when communicating in English. There are the
selection of the 7 most popular acronyms that you often find in emails from
colleagues and partners. They are: FYI (for your information), OOO (out of
office), EOD(end of day), NRN(no reply necessary), YTD(year to date), Ms.,
FWD(forward).
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Some additional information about these acronyms: OOOQO is most commonly
used in auto-reply emails when an employee is on vacation or sick. Use it to let
colleagues know that you shouldn't expect a quick answer. NRN is used when the
purpose of your letter is to convey information and you do not expect answers. It is
ideal for ridding yourself and colleagues of “OK” or “Thanks” answers. YTD is
used to indicate the results of the work from the beginning of this year. Ms. is used
in addressing women before last name instead of Mrs. (Miss) or Miss (Miss). If
Mrs. means that the woman is married and Miss is not, then Ms. is a neutral appeal
in this sense. Ms. pronounced the same as Miss. The use of this acronym is
becoming more commonplace and is displacing Mrs. and Miss, because in
professional communication, our personal life is irrelevant.
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BACHELOR CONTRIBUTION
TO THE CREATION PROJECTS AND DEVELOPMENT

A true business analyst has certain features which make their analysis
excellent. They must be able to draw relevant from irrelevant information and
think critically with a perfect analytical approach. It is important that they be able
to use minimal resources but obtain maximum and most efficient solutions. They
should also be intelligently curious and inspired. It is important to understand the
definition of the term business analyst so that we are aware of their influence in
business.

A kick-ass business analyst must be, first and foremost, a critical thinker,
must abide by logic and be driven by facts. Secondly, they must be able to put in
place efficient communication between departments and people involved in the
business. Lack of this skill may cause business failure led by poor business
analysis. Concern makes an analyst find the roots of a certain problem and discover
their possible solutions.

A good business analyst must be an expert in what they are dealing with.
They must be fully aware of what their roles in business are and what is expected
of them. Some of the things an analyst is supposed to be aware of include business
domain, business analysis practice, project management practice, and change
management practice. Relationship is very influential when it comes to business
analysis. A business analyst must major in making friends rather than foes. They
should have the ability to turn potential business foes into allies because they act
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on behalf of the business. In other terms, their performance should go above and
beyond their expected range.

In the world today, there is quite a wide range of job market for business
analysts in modern organizations. For products to be unique, organizations have to
come up with structured complex layouts and try to bring about a complex IT
landscape. The given complexities have to be solved in two given levels, business
analyst and technical business analyst A business analyst comprehends business
alteration need, examines the effect of those alterations, inspect and record the
necessities and facilitating the arrival of the necessities with appropriate
stakeholders. On the other hand technical business analysts document the redesign
of computer systems applications and puts in place procedures so that informed
analysis can be provided on business systems and applications. The two levels are
used distinctively depending on the kind of task that arises at a given time.

Formally the technical business analyst was found in the Information
Technology department. They are known business knowledge and system analysis
expertise. However they apply technical knowledge to come up with business
solutions. They focus mainly on looking for opportunities t businesses processes.
That can be made possible when they use technology to identify the problems
faced by enterprise and come up with efficient technological solutions to aid these
problems.

The function of a technical business analyst is to bridge between business and
technical teams. First, the bridging can be done by translating business
requirements into technical artifacts. The analyst must be able to assess the
business and note the basic requirements of that particular business at that given
time and translate the given come up requirements into technological terms. The
requirements must, therefore, be taken care of technologically for efficiency and
accuracy.

Mostly, the technical teams are not aware of the business language and how
to tackle business issues. The technical business analyst must be able to
communicate business issues to the technical teams. They must come up with a
systematic way that will help the technical teams to understand whatever they are
dealing with in any case. At the same time, he or she has to come up with solutions
to business problems and communicate with teams on how to implement them. The
analyst must at the same time be capable of conducting a system impact analysis.
The analyst must be capable to conduct an impact analysis before any solution is
implemented so as to avoid unnecessary and unexpected abnormalities.

A technical system analysis must have certain skills to be termed so. The first
skill is that they must be able to conduct a system analysis. A technical business
analyst should be able to analyze system and enterprise architecture. They must be
able to interpret the information on the model and have the knowledge to come up
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with an improved model whenever a requirement arises. It, however, is not
necessary for them to be able to design the models themselves.

Data analysis is a process inclusive of data examination, purification,
transformation and styling with an objective of locating important information,
informing conclusions and reinforcing decision making. It is a must for a technical
business analyst to be able to conduct data analysis. They must be able to look at
data obtained through the various data collection methods and tell facts from
beliefs. Incorrect data the analyst must be able to correct.
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WINDOWS: THE BIRTH, THE RISE, THE FALL

Nowadays most people are sure about the existence of the two “titans” of the
operating system world: Windows and MacOS. Though Windows has its
downsides, the popularity of this commercial giant is simply tremendous.

The firstborn of Microsoft is not Windows, but MS-DOS: a command line
operated OS, a common thing in the 1980s. Windows itself is at first mentioned as
a graphical interface for MS-DOS. Considering that it was something new,
Windows was met with critique.

Time flew, and in 1990 Windows 3.0 came out. The graphical interface
allowed to work with data through obvious actions with the graphical
representation of it. Moreover, the work with different peripherals in Windows was
better organized. Additionally, the users gained an ability to work with several
programs at a time and got used to it, establishing the popularity of the system.

Meanwhile, a completely separate OS was being developed — Windows NT
(New Technologies). Its main task was to provide a high level of reliability and
effective networking. Thus, Windows budded off MS-DOS and began its own life.

By 1995 more and more common people had started to be in touch with
technology. Having that in mind, Microsoft released their next creation — Windows
95. The first steps into the Internet era were made. Moreover, the interface was
more user-friendly. Looking for it to be as intuitive, as possible, Microsoft created
what we would call a typical Windows Ul: a desktop with icons, a sidebar with
running apps and the famous “Start” button. This was used as a “mold” for many
future versions of Windows and even other operating systems.

279



In the year 2000 two new systems came out almost simultaneously: Windows
2000 and Windows Me (Millennium Edition). Windows 2000 was based on NT,
and thus had a great security and performance. On the other hand, Windows Me
was like an expanded version of Windows 98 with an improved multimedia
support. Though it might seem not so bad on paper, Me was a complete disaster
due to constant errors, crashes and overall instability.

As a result, a year later Windows XP appeared on the horizon. Based on the
NT's core, it had an incredible stability and efficiency in comparison to all previous
versions. Surprisingly, Windows XP became so successful, that even in the end of
2008 it was still occupying almost 70% of the OS market.

In 2007 Windows Vista came out. Based on a high-performance core, it was
too demanding in terms of system resources. The driver incompatibility and high
system requirements couldn't be accepted by consumers.

In 2009 Microsoft released Windows 7. The Ul completely resembled
Vista's, but Microsoft fixed all the sins of Vista and called it Windows 7. This way
people got a highly optimized, fast and reliable system. By 2012 Windows 7 had
become the most popular OS in the world. Windows 7 took up what XP had been
for all these long years — the main operating system, that “just works”, doesn't
freeze and has little to no driver issues.

Losing the race in the mobile market, Microsoft craved for a new product to
unite all kinds of devices within the same interface. The solution seemed to be on
the surface: the new so called “Metro UI” was at first implemented in Windows 8.
For the first time Microsoft decided to completely change the interface. The users
were greeted with the new “tiles” instead of the usual Desktop. The “Start” button
shockingly disappeared. As a result, the rates of this operating system on the OS
market didn't manage to climb much higher than 20%.

In 2015 Windows 10 was released. The “Start” menu came back and
resembled Windows 7's in a more modern way. Microsoft Edge was implemented
instead of Internet Explorer. It's quicker and more comfortable, but the majority
still prefers Google Chrome or Mozilla Firefox.

We can't speak about Windows 10 and not mention the telemetry. By
clicking “I agree” on the license agreement, the user essentially allows Microsoft
to spy on them. Data gathering not only invades the user's private space, but loads
the CPU as well. It has come to the point, where some users prefer to pirate the OS
only to get rid of the telemetry.

For the entirety of its history Microsoft has been trying to make their creation
more user-friendly. It's not a wrong commercial move — Windows 10 holds more
than 50% of the OS market consistently. But the user data gathering hinders their
reputation. So, either Microsoft will change and remain on their throne, or we'll
witness another story like this with a different main character.
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THE FUTURE OF VIRTUAL REALITY

When we think about a new reality constructed in the future, VR plays a
great role in stimulating these emulations to create an experience similar to our
reality at hand or one completely different than the world we see on a daily basis.

That the potential is now increasingly clear is what makes VR so exciting.
These technologies, although clunky, are at a similar stage to the cinema in the
early twentieth century, or TV in the 1930s: it's a new type of media — even a new
way of seeing the world.

At the same time, VR needs to get past these 'fun' visions to become a
ubiquitous technology. Over time, virtual rollercoaster rides and space missions
will not be enough to sustain VR, even if they do provide a gripping source for
journalists’ writing about such adry subject as technology. VR headsets will be
mostly an enterprise play for the next few years, and will remain bulky and
unattractive to most consumers.

To make the leap from gimmick to transformative mainstream technology,
VR may need to be a little less exciting and a bit more useful.

One increasingly potential area for VR is training. By using headsets,
companies can standardize training, and make it easier for their staff to learn in-
house, cutting costs for travelling, trainers and lost productivity. In 2018 Walmart
said they were using more than 17,000 Oculus Go headsets in stores to train staff
on a new technology and customer service. Besides they were using VR to test
whether their workers hadmiddle-management skills. The company explained that
because VR made training more like an experience it improved retention of new
knowledge - their test scores increased up to 15%.

Another example is a research project at Imperial College Healthcare Trust in
London. During the research they were using Microsoft's mixed-reality headset to
plan plastic surgery, identifying which tissue and veins can be used in
reconstructive operations. Indeed, healthcare is becoming a rich area for VR
experimentation, with everything from VR projects to tackling social anxiety to
AR for training doctors.

While the technology is vastly superior to that20 years ago, there are still
significant limitations. VR headsets are still too heavy (many come with weighty
backpacks), which makes them hard to use over long periods, and too expensive
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and too complicated for a casual user. Even worse, to get the best graphics you're
still required to be tethered to a PC.

We are witnessing a curious tendency: the world of Ul is moving towards
getting rid of accessories that stand between the user and content —a mouse and
keyboard. The gestures on a tablet are one step forward in this direction. Now users
can interact seamlessly with 2D interfaces on the screen, simply using their fingers.

Virtual reality has come a long way in a short time, and it’s still advancing at
a rapid rate. It shows a lot of promise for the future as it gives an immersive
experience for a user. Thus businesses may leverage this key feature and take a
step further in their product and services advancement.
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CYBERSECURITY ISSUES

Why is cyber security important all of a sudden? Not that long ago, it was
primarily something for only the techies to worry about. Corporate leaders widely
viewed it as the responsibility of their IT department. Many thought that so long as
the right firewalls, antivirus packages and encryption tools were in place, they
could leave IT security to the experts and focus on the other myriad elements of
running a business.

Presumably, you’re now very much aware that cyber security is something
nobody can afford to ignore. The rise in the widespread use of technology brought
with it a rise in cybercrime. For hackers, the possibilities increased exponentially,
along with the potential rewards. The fact that cybercrime now permeates every
facet of society shows why cyber security is crucially important.

There have been so many hacks and data breaches in recent years that it’s
easy to produce a laundry list of household name brands and organizations that
have been affected:

1. Facebook, the social media giant had over 540 million user records
exposed on Amazon’s cloud computing service.

2. First American Corporation, had 885 million records exposed in a data
breach that included bank account info, social security numbers, wire transactions,
and mortgage paperwork.
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3. Equifax, the global credit ratings agency who experienced a data breach
that affected a staggering 147 million customers. The costs of recovering from the
hack were recently estimated at $439 million.

4. The UK National Health Service (NHS), which was temporarily brought
to its knees with a relatively rudimentary ransomware attack, resulting in cancelled
operations and considerable clean-up costs. This specific attack became
particularly embarrassing for the UK government, when it emerged that “basic IT
security” could have prevented it.

While these are just a few examples of the many headline-grabbing hacks of
recent years, it’s important to remember that there are plenty more that don’t make
the front page but still harm or destroy companies of all sizes. In fact, one
particularly chilling statistic is that there are now over 4000 hacks every single
day using ransomware alone. It’s extremely misguided for anyone to think their
company couldn’t be affected.

It’s incredibly easy to find cybercrime statistics to shock and surprise people
and prove strong reasons for cyber security. It’s estimated that the global cost of
cybercrime for 2017 added up to around $600 billion. Or, perhaps you could keep
yourself awake by considering the average cost of recovering from a cyber-attack,
which is estimated at $5 million. If you run a smaller business, this might seem like
an enormous figure, but these things are proportional. Plenty of small businesses
could be wiped out by a bill of $50,000.

So, with all this in mind, “why is cyber security important?” should now be a
question with a clear answer. What can you do to fight against the growing threat?
Here are some suggestions: keep informed, move beyond antivirus, get insured,
take your flow of data seriously, think about backup and recovery.
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CTPYKTYPHO-TPAMATHNYHI OCOBJIUBOCTI HEOJIOTT3MIB
COEPU IT

AKTHBHI 3MiHM, [0 BiIOYBalOTBCS B PI3HUX cdepax >KUTTA JIOAWHU
3HaXOMATh CBOE BifjoOpakeHHs1 B MOBi. He € BunsaTkoM i cdepa IT, mo B XXI
CTOJIITTI € OJHI€I0 13 HAWOIIBII MPOAYKTHBHUX B TUIaHI CTBOPEHHS iHHOBAIA B
MOBi, a/pke iH(OpMAIiiHI TEXHOJOTii € OJHUM 3 HANpsSMKIB PO3BUTKY HAYKH
BUPOOHUIITBA Ta JKUTTS JIIOJIeH. YCe e aKTyali3ye JOCTiTHAIBKIN iHTepeC 10 i€l
chepu >KUTTS (axiBUiB pI3HUX Taly3eldl 3HaHb, y TOMY 4YHCHl 1 (QiI0JI0TIB.
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[IpemmeTom i€l HAyKOBOT PO3BIIKH BUCTYIAIOTh MOBHI iHHOBAII1, 110 ITOB’sA3aHi 3
cheporo iHGopMaIIITHIX TEXHOIOTIH.

JocmimkeHHIM MOBHUX IHHOBAIlill 3aiiMalOTBCS BITYM3HSHI Ta 3apyOikHI
THTBICTH, cepel SIKMX BapTo 3BepHYTH yBary Ha mpari lO. 3amsoro [1], P.
Maxavamsini [2]. TlepeBaxkta GimbIIiCTh JOCTITHUKIB PO3TIISAAAIOTE HEOJIOTI3M 3
TOYKHA 30py KOTHITHBHOTO Ta COIONIHIBICTHYHOTO MiaxoniB. Jis meprioro 3
MiAXO/IB HEOJIOTi3M — Iie (hopMa BepOaltizallii HOBOrO COILIOKYJIbTYPHOTO JOCBIY,
110 € pedIeKCi€l0 HOBUX SBUIL y MOBI; UL APYTOTO HEOJIOTI3M € BiJ3epKaJICHHAM
3MiH, 10 BiIOYBalOThCS B KOJIGKTUBHIN cBimoMocTi, Ta cmermdika ix
BifoOpaxkeHHs Ha piBHI MOBU. ba3oBum panst poOOTHM € Take BH3HAYCHHS
HEOJIOTI3MY: «HEOJIOTI3M — IIe¢ CJI0BO abo (pasa, CTBOpPEHA sl OMUCY HOBOTO
npeameTa abo sBuia, HeBimomoro panimie» (3a O.C. AxmanoBoro[3, ¢. 290]).

3rigHO03 METO POOOTH aBTOP BHOKPEMHB Ta IpoaHaiizyBaB 50 HEOJOTi3MiB
Ha TO3HaueHHs pearsHUX 00 €kTiB y cdepi IT Ta 50 Heonori3miB, MO OMUCYIOTH
npeaMeTH B KibeprpocTopi.l'oloBHIM 3aBIaHHAM Takoro MOPIBHSHHS € HAOYHUIM
MOKa3 pPI3HOMAHITTA HEOJOTi3MIB y IXHBOMY IIOXOJKCHHI, OCOOIUBOCTSAX Ta
knacudikamii. Tematnani HampsMu 1 Kiacu momaemo 3a kimacudikariero [JI.
Komiesoi[4].

PeanbHi 00 exTH:

1. Brogrammer (TeMaTHYHHH HaIpsSIM «IIPOTPAMYBaHHS») — YOJOBIK-
NpOrpamicT, SKUH YHHKA€ CTEPEOTHUIHUX O3HAK BCE3HAKHM, MOB'S3aHHUX 3
KyJIbTYpOIO TiporpamyBanHs. ETumontoris: bro (Opat) + nporpamicr;

2. Programmingfluid (xmac «mpeamer») —kaBa, JoltCola aGo Gymb-sikuii
IHIIMA CTUMYJISATOP 3 BHCOKMM BMicTOM Ko(eiHy, SKMH JoIoMarae mporpamicry
NPOTPUMATUCh  HAJ3BHYAilHO  JOBIi  CeaHCH  KOAYBaHHA.  ETumornoris:
nporpaMmyBaHHA (programming) + piguna (fluid);

3.  Hackathon (remarmynmii HampsM  «uporpamyBaHHs»). CeaHc
MpoTpaMyBaHHA y TpYyIi, OCOOJMBO TPHBATICTIO JeKidbka IHIB. ETmMmororis:
XaKepcTBO + MapadoH.

[Ipenmern B xibepmpocTopi:

1. 2038 bug (xmac «mpomecy»). [loMuiaka mOporpaMHOTO 3abe3NedeHHs
KOMIT [0Tepa, SKa MpPHU3BeJie 10 TOro, L0 MPOrpaMu MepecTanyTh (YHKIIOHYBaTH
HAJIC)KHUM YHMHOM, CTHUKAIOYUCH i3 JaTamu, mounHaroun 3 2038 poky Ta mi3Hie.
Etumonoris: 2038 (pik) + Oar;

2. Fauxtoshop (kmac «mpomec»). ITigpo6uru doTorpadiro 3a JOMOMOIO0
Photoshop abo monibHoro mporpamMHoro 3a0e3medyeHHs 3 MaHIMyJsLil
300paxxenusiMu. Etumornorist: Ll tyunwmii (faux) + Photoshop;

3. Bipyc FriendsandFamily (temaruunuii  HampsM  «IIporpaMmHe
3abesneueHHs»). KoMmn'torepHuii Bipyc, sSIKUi 3apaskae MallliHy, a IMOTIM PEITKye
ceOe, Ha/ICHJIa0YM CBOT KOMIT JIFOJSIM Y aJipecHill KHM31 KopucTyBaya. ETumonoris:
Bipyc + FriendsandFamily.
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Pesympratn mpoBeneHoro aHamizy 3acBimuyioTh, mo [T-chepa — me oxgna 3
HaaKTHBHIMINX I[APUH Yy CIOBOTBOPI, aJyKe BCe OibIIe IO MOTyJaroThCs 10
i€l IMHAMIYHOI Tairy3i, THM CaMHM CTBOPIOIOTH HOBY KYJBTYpY CIIIIKYBaHHS Ta
BUKOPUCTOBYIOTH HOBI JIEKCEMH Ha IMO3HAYCHHSA COIIIAJIFHUX Ta TEXHOJIOTIYHHUX
IHHOBALIIH.
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FACE RECOGNITION TECHNOLOGY

A facial recognition system is a technology capable of identifying or
verifying a person from a digital image or a video frame from a video source.
There are multiple methods in which facial recognition systems work, but in
general, they work by comparing selected facial features from given images with
faces within a database. It is also described as a Biometric Artificial Intelligence
based application that can uniquely identify a person by analyzing patterns based
on the person's facial textures and shape.

Apple introduced Face ID on the flagship iPhone X as a biometric
authentication successor to the Touch ID, a fingerprint based system. Face ID has a
facial recognition sensor that consists of two parts: a "Romeo” module that projects
more than 30,000 infrared dots onto the user's face, and a "Juliet" module that
reads the pattern. The pattern is sent to a local "Secure Enclave" in the device's
central processing unit (CPU) to confirm a match with the phone owner's face. It
also works in the dark.
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The U.S. Department of State operates one of the largest face recognition
systems in the world with a database of 117 million American adults, with photos
typically drawn from driver's license photos. Although it is still far from
completion, it is being put to use in certain cities to give clues as to who was in the
photo. The FBI uses the photos as an investigative tool, not for positive
identification.

Some face recognition algorithms identify facial features by extracting
landmarks, or features, from an image of the subject's face. For example, an
algorithm may analyze the relative position, size, and/or shape of the eyes, nose,
cheekbones, and jaw. These features are then used to search for other images with
matching features.

Recognition algorithms can be divided into two main approaches: geometric,
which looks at distinguishing features, or photometric, which is a statistical
approach that distills an image into values and compares the values with templates
to eliminate variances. Some classify these algorithms into two broad categories:
holistic and feature-based models.

Three-dimensional face recognition technique uses 3D sensors to capture
information about the shape of a face. This information is then used to identify
distinctive features on the surface of a face, such as the contour of the eye sockets,
nose, and chin.

One advantage of 3D face recognition is that it is not affected by changes in
lighting like other techniques. It can also identify a face from a range of viewing
angles, including a profile view. 3D research is enhanced by the development of
sophisticated sensors that do a better job of capturing 3D face imagery. The sensors
work by projecting structured light onto the face. Up to a dozen or more of these
image sensors can be placed on the same CMOS chip — each sensor captures a
different part of the spectrum.

Even a perfect 3D matching technique could be sensitive to expressions. For
that goal a group at the Technionapplied tools from metric geometry to treat
expressions as isometries. A new method is to introduce a way to capture a 3D
picture by using three tracking cameras that point at different angles; one camera
will be pointing at the front of the subject, the second one to the side, and third one
at an angle. All these cameras will work together so it can track a subject's face in
real time and be able to face detect and recognize.

Another emerging trend uses the visual details of the skin, as captured in
standard digital or scanned images. This technique, called Skin Texture Analysis,
turns the unique lines, patterns, and spots apparent in a person's skin into a
mathematical space. Surface Texture Analysis works much the same way facial
recognition does. A picture is taken of a patch of skin, called a skin print. That
patch is then broken up into smaller blocks. Using algorithms to turn the patch into
mathematical, measurable space, the system will then distinguish any lines, pores
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and the actual skin texture. It can identify the contrast between identical pairs,
which are not yet possible using facial recognition software alone.

As every method has its advantages and disadvantages, technology
companies have amalgamated the traditional, 3D recognition and Skin Textual
Analysis, to create recognition systems that have higher rates of success.
Combined techniques have an advantage over other systems. It is relatively
insensitive to changes in expression, including blinking, frowning or smiling and
has the ability to compensate for mustache or beard growth and the appearance of
glasses. The system is also uniform with respect to race and gender.
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3D PRINTING IN MEDICAL SPHERE

3D printing technology appeared thanks to the discovery of the American
inventor Charles Hull in 1983 and gradually spread to all areas of production. The
technology has been used in world health since the 2000s. The use of 3D printing
for medical purposes has evolved significantly.

Medicine does not stand still, constantly improving and developing. Already
today, extremely promising techniques are being developed in this area that can
completely transform the world.

Basically, these are achievements in the field of bioprinting - a potentially
successful technology that allows you to create living tissues, bones and organs
identical to human ones. Printed organs are better than prostheses and transplanted
parts of the body. Their capabilities are identical to their relatives and they are not
rejected by the immune system if they are created from the patient’s DNA.
Bioprinting will reduce the time to get the right organ and save the lives of patients
who need an immediate transplant.

At the moment, more real opportunities are available, which are already
widely used around the world.3D scan significantly simplifies the manufacturing
process of auxiliary structures, and also eliminates the possibility of postoperative
complications. Universal organic materials have already been developed that are
optimal for implantation in the human body and other medical applications. The
results of 3D scanning allow you to visually assess the condition of the patient and
more accurately make a diagnosis.
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Sterile surgical instruments, such as forceps, hemostats, scalpel handles and
clamps, can also be produced using 3D printers. These instruments can be used to
operate on tiny areas without causing unnecessary extra damage to the patient.

3D printing in medicine is helping in the development of prosthetic limbs.
The ultimate goal is to design comfortable prostheses that both suit specific
patient’s needs and are also cost-effective.

Tissues and organs can also be 3D printed. Skin tissue repair and
reconstruction, limb replacement, kidney transplant, and heart transplant, among
others, are being successfully achieved thanks to 3D printing in medicine.

The different dental areas currently integrating 3D printing are fabricating
customized and accurate braces, dental restorations, castable crowns, dental
bridges, and denture frameworks and bases.

3D printing in medicine is accelerating the health care industry at an
impressive rate. The result is more comfort for the patient, better understanding for
the doctor, and an easier time for the pocketbook.

VIIK 004.4-62

Artem Palamarchuk®, Yuliya Bykova?

!student of group CST-139 National University “Zaporizhzhia Polytechnic”
“teacher National University “Zaporizhzhia Polytechnic”

C++ LANGUAGE

C++ is a high-level, general-purpose programming language created by
Bjarne Stroustrup as an extension of the C programming language. The language
has expanded significantly over time, and modern C++ has object-oriented, generic
and functional features in addition to facilities for low-level memory manipulation.
It is almost always implemented as a compiled language, and many vendors
provide C++ compilers, including the Free Software Foundation, LLVM,
Microsoft, Intel, Oracle, and IBM, so it is available on many platforms. In all
higher education institutions, engineering graphics are put at an early stage of
study.

C++ was designed with a bias toward system programming and embedded,
resource-constrained software and large systems, with performance, efficiency and
flexibility of use as its design highlights. C++ has also been found useful in many
other contexts, with key strengths being software infrastructure and resource-
constrained applications, including desktop applications, video games, servers (e.g.
e-commerce, Web search, or SQL servers) and performance-critical applications
(e.g. telephone switches or space probes).
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The C++ standard consists of two parts: the core language and the standard
library. C++ programmers expect the latter on every major implementation of C++;
it includes aggregate types (vectors, lists, maps, sets, queues, stacks, arrays,
tuples), algorithms (find, for_each, binary search, random_shuffle, etc.),
input/output facilities (iostream, for reading from and writing to the console and
files).

C++ has been enormously influential. Lots of people say C++ is too big and
too complicated, but in fact it is a very powerful language and everything there is
for a really sound reason: it is not somebody doing a random invention, it is
actually people trying to find a real solution. Now a lot of the programs that we
take for granted today, that we just use, are C++ programs.
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A LOOK BACK AT COMPUTER MONITORS

The first monitors used CRT(cathode ray tube) technology and appeared in
1922. However, for computers this technology began to be used only in 1950. Until
the 50s, computers displayed information only onto printing devices.

The cathode-ray tube (CRT) is a vacuum tube that contains one or more
electron guns and a phosphorescent screen and is used to display images. It
modulates, accelerates, and deflects electron beam(s) onto the screen to create the
images. The images may represent electrical waveforms (oscilloscope), pictures
(television, computer monitor), radar targets, or other phenomena. In television sets
and computer monitors, the entire front area of the tube is scanned repetitively and
systematically in a fixed pattern called a raster. In color devices, an image is
produced by controlling the intensity of each of the three electron beams, one for
each additive primary color (red, green, and blue) with a video signal as a
reference. In all modern CRT monitors and televisions, the beams are bent by
magnetic deflection, a varying magnetic field generated by coils and driven by
electronic circuits around the neck of the tube, although electrostatic deflection is
commonly used in oscilloscopes, a type of electronic test instrument.

For the first time in 1950 at Cambridge university, the cathode ray tube of an
oscilloscope was used to output graphical information on an EDSAC (Electronic
Delay Storage Automatic Computer). About a year and a half later, the English
scientist Christopher Stretch wrote for the computer “Mk. 1” a program that played
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checkers and displayed information onto the screen. However, a breakthrough in
the field of graphic output devices was the American military project based on the
“Whirlwind” computer. The objective of this project was to output data from
radars to a CRT display (this means that the radar transmits to the display
information about the location of objects in the "field of view" of the radar). This
project was first demonstrated on April 20, 1951. This type of monitors continues
to be used and improved to this day.

Although CRT displays began to be used only in the 1950s, already in 1960s
RCA Company began researching liquid crystal materials for using it in imaging
devices. The operation principle of any liquid crystal screen is based on the
property of liquid crystals to change (rotate) the plane of polarization of the light
passing through them in proportion to the voltage applied to them. Thus, using
liquid crystals, it is possible to produce optical elements with a variable degree of
transparency. Any LCD screen on a computer monitor, laptop, tablet or TV
contains from several hundred thousand to several million such cells, a fraction of
a millimeter in size. They are combined into an LCD matrix and with their help we
can form an image on the surface of a liquid crystal screen.

In 1964, George Heilmeyer created the first liquid crystal display based on
the dynamic scattering effect (DSM).In 1968 RCA introduced a liquid crystal
monochrome screen. In 1973 Sharp released the first DSM-LCD-based LCD
calculator. Liquid crystal displays began to be used in electronic watches,
calculators, and measuring devices. Then matrix displays began to appear,
reproducing a black and white image. In 1987 Sharp developed the first 3-inch
color LCD, and in 1988 the world's first 14-inch color TFT LCD. In 1983 Casio
released the first portable black-and-white TV with a TV-10 LCD screen, in 1984 -
the first color portable TV with an LCD TV-1000, in 1992 - the first video camera
with an LCD QV-10.
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DIGITAL AUDIO WORKSTATION

A digital audio workstation (DAW) is an electronic device or application
software used for recording, editing and producing audio files.

DAWs are used for the production and recording of music, songs, speech,
radio, television, soundtracks, podcasts and sound effects.
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In 1978, Soundstream built first digital audio workstation using some of the
most current computer hardware of the time.

In 1989, Sonic Solutions released the first professional (48 kHz at 24 bit)
disk-based nonlinear audio editing system that featured complete CD premastering.

Many major recording studios finally "went digital" after Digidesign
introduced its Pro Tools software, modeled after the traditional method and signal
flow in most analog recording devices.

An integrated DAW consists of a mixing console, control surface, audio
converter, and data storage in one device. They were popular before personal
computers became commonly available.

A computer-based DAW has four basic components: a computer, either a
sound card or audio interface, digital audio editor software, and at least one input
device for adding or modifying data.

DAWs are based on a multitrack tape recorder metaphor. The most
significant feature available from a DAW that is not available in analog recording
is the ability to 'undo’ a previous action.

There are countless software plugins for DAW software, including digital
effects units which can modify a signal with distortion, resonators, equalizers,
synthesizers, compressors, a chorus, a virtual amp,a limiter, a phaser and flangers.
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PC HISTORY IN FACTS

The first computer mouse was invented in 1963 by Douglas Engelbart at
Stanford Research Institute. He is also one of the inventors of hypertext. The first
mouse used two wheels located at an angle of 90 degrees to each other, to track
movement along 2 axes.

First laptop computer was supposed to be a “mobile” computer. The IBM
5100 Portable Computer was created in 1975. He weighed 25 kg, was the size of a
small suitcase, and needed an external power source.

The first IBM personal computer was commissioned in 1981, it was the IBM
5150 model. The platform became so widespread in the 80s that the term “personal
computer” was used to mean an IBM personal computer.

The first Apple personal computers were designed and built manually by
Steve Wozniak. Apple | went on sale in 1976 for $ 666.66. A total of 200 copies
were produced.

291



The first rewritable random access memory was magnetic core memory (also
called ferrite memory). It was invented in 1951 as a result of the work done by An
Wang at Harvard University Computing Laboratory and Jay Forrester of the
Massachusetts Institute of Technology.

The IBM 350 Disk File was the first hard drive that was part of the IBM 305
RAMAC computer, which began shipping in 1956 (the computer was intended for
accounting).

The laser printer was invented by Harry Starkweiter at XEROX in 1969. The
first prototype was a modified copy machine, where he removed the imaging
system and introduced a rotating drum with 8 mirror faces.

Since the Internet is an integral part of the modern world, it is impossible not
to talk about the first web server. The first web server was the NeXT workstation,
which Tim Berners-Lee used when he invented the CERN World Wide Web. The
first web page became available online on August 6, 1991.

There was an inscription on the computer that said: “This machine is a
server. DO NOT TURN OFF!". Turning it off, you could turn off the entire
Internet. The Intel 4004 is a 4-bit microprocessor developed by Intel Corporation
and released on November 15, 1971. This chip is considered the world's first
commercially available single-chip microprocessor.

The QWERTY keyboard layout is already 130 years old, it was designed as
the most uncomfortable of all possible
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HISTORY OF SOFTWARE ENGINEERING

Basic information

The term "software engineers" first appeared in 1968 at NATO conferences
and was intended to provoke a search for solutions to the "software crisis" that was
occurring at that time.

In this area, research is being conducted on the development of software that
is better, more affordable, better supported and faster to develop associated with
the disciplines of computer science, project management and systems engineering.

History

When the first modern digital computers appeared in the early 1940s, sets of
executable instructions were already built into the machine. Thus, the division into
“hardware” and “software” began with an abstraction used to solve the problem of

292



computational complexity. The first programming languages began to appear in the
1950s. Major languages such as Fortran, Algol and Kobol were released in the late
1950s to solve scientific, algorithmic and business problems, respectively. The
hardware management system software called the “operating system” was
introduced by Unix in 1969.

In 1967, Simula introduced the concept of an object-oriented programming
paradigm. The late 1970s and early 1980s were marked by the advent of several
new simul-like object-oriented programming languages, including Smalltalk,
Objective-C, and C ++.

Profession

Legal requirements for licensing and certification of professional software
engineers are different worldwide.

Work

In 2004, the US Bureau of Labor Statistics, counted 760,840 software
engineers working in the United States. In the same time period, there were about
1.4 million practitioners employed in the United States in other mixed engineering
fields. In large projects, people can specialize in only one role, in small ones they
can take up some or all of the roles at once. Specializations include: in the industry:
analysts, software architects, developers, testers, technical support, intermediate
analyst, manager; in academic circles: teachers, researchers.

Training

A number of universities have training programs for software engineers.
Since 2010, there have been 244 full-time programs, 70 online courses, 230
specialist programs, 41 academic programs in the field, and 69 certificate programs
in the United States. In addition to higher education, many companies finance
internships for students who want to pursue a career in information technology.
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COMPUTER ENGINEERING GRAPHICS

In all higher education institutions, engineering graphics is put at an early
stage of study.

In modern conditions, three-dimensional modeling of technical objects and
the subsequent automated construction of drawings are increasingly used. Non-
automated design methods are ineffective.
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Its tasks include the formation of skills for working with specific graphic
systems of geometric modeling; study and practical development of methods for
computer-aided drawing, methods for the automated development of graphic
design documentation, computer-aided design of drawings using graphic databases.

Computer graphics is considered as a separate section devoted to the study of
the drawing technique using instead of a pencil and a drawing board.

It is most effective to organize the learning process in parallel, optimally
combining manual and computer-aided drawing.

When using information technologies, traditional tasks of engineering
graphics get a new content and implementation.

While developing tasks, the developers sought to optimize the process of the
drawing construction, using such computer advantages as ease of moving images,
ensuring scaling and copying, as well as the widespread use of auxiliary structures.

Having obtained and developed skills in working with three-dimensional
objects, students themselves create solid-state three-dimensional models.

The future engineer should be equally good in both computer engineering
and manual. Moreover, spatial imagination develops to a greater extent when
working with flat images on a sheet of paper.

The introduction of computer technology should be within reasonable limits.
You cannot shift priorities. Computer graphics should be aimed at studying the
rules and techniques for solving graphic problems and not at studying the
properties and capabilities of a computer.

Thus, teaching computer graphics in the process of engineering graphics
should not be considered as an independent part on the acquisition of drawing
skills in electronic form, but as teaching engineering graphics by other means.
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THE MAIN STAGES OF WEBSITE DEVELOPMENT

Website development is a laborious and relatively lengthy process, which
proceeds in several stages, as they progress through which the customer’s idea
turns into a real functioning website or online store. Website development is a
process in which several specialists usually participate. For a project to be
successful, you must at least determine:

1. What tasks are assigned to the site?;

2. What visitors is the website targeted at?;
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3. What do you want to convey to them?;

4. What functionality do you want to put into your website, i.e. how will it
work?;

5. Who and how will support the functioning of the site, updating
information, how is it planned to expand it?

The website development process can be divided into the following steps:

1. marketing planning;

2. planning the structure of the future site (sections, navigation, etc.);

3. website design development;

4. layout of the developed layout;

5. “layout overlay” on the content management system developed by us;

6. installation of software modules responsible for the enhanced functionality
of the site;

7. filling your web site with texts and images;

8. testing the site for compliance with the technical specifications and putting
the finished project on the Internet.

Let’s now look at each of these steps in more details.

1. Marketing Planning

At this stage, the very foundations of the created site are clarified. What
should a site do? What are its main tasks? What do you want to achieve with it?
What do you want this website to convey to your visitors? These and many other
questions help determine what the site will be like.

2. Technical planning

This is a stage that is often undeservedly neglected (especially if the
deadlines are tight). But it’s been known for a long time - every hour spent on
planning will save three or four hours at the development stage. It is worth paying
special attention to how navigation should work (How will a visitor get to this page
from the main page?). Do not forget about the program functions (the user clicked
on this button - what should happen?).

3. Website Design

One of the most difficult stages. First of all, because most of us are used to
evaluate design separately from the site itself, as we evaluate a picture or music in
a song separately from its words.

It is worth recalling the goals that you set for the site (The goal is to hit
everyone with a beautiful picture?). Does the design talk about what your company
offers? Does it match your corporate style (Do you have a corporate style?). Does
it clearly show your difference from competitors? Will the design in the future
effectively move the site? And this is only part of the questions that you need to
ask yourself.

4. Layout.
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Layout is a translation of a design that still exists as a picture into HTML
code. It has its own characteristics. A well-made site will work equally in all major
web browsers and at the most common permissions (Or can you afford to lose
customers?).

5. Content Management System (CMS).

A serious task is to choose a software “engine” that allows you to update
information on the site without unnecessary difficulties. (If you can entrust the task
of updating your secretary, and she will cope with it without the help of your
programmer, then everything is ok). In addition, sometimes you have to change the
structure of the site - for example, move a section or create a new one. This process
should not cause difficulties either. Adhering to open standards is also very
important - do not “rivet” yourself to someone else’s closed technology.

6. Filling the site.

In the case of using CMS, the filling process becomes quite simple. Of
course, it still takes some time. The only thing worth paying attention to is the
readiness of the texts themselves. Very often it is this stage that causes the most
significant delays, so it is best to take care of this in advance.

7. Testing and laying out.

Despite the fact that testing occurs at each stage of the project, final testing is
necessary. What to check? Here are some of the most important points. Do all
modern browsers have a website? Are all the necessary materials posted? Do all
software components work smoothly and clearly?

And now, when the testing is completed, the moment of site placement
comes. Contrary to popular belief, after a site is uploaded, work with it does not
end there. If your goal is to turn your website into a marketing tool, then get ready
for what you need:

1. Upload new materials;

2. Promote website;

3. Interview visitors and add new functionality they need.
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LAT PLANE CRANKSHAFT

The flat plane crankshaft isn’t a new technology as it has been used in V8
engines all the way to the start of the automotive industry.
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In modern times flat plane crankshaft is frequently found on Italian exotics
racing cars.

The flat plane crankshaft gets its name from the way it looks. The same can
be said about the cross plane crankshaft.

Like most technologies, the flat plane cranks have some upsides and some
downsides.

Benefits include higher RPM, better tuning efficiency, weight and sound.

Downsides include higher NVH or noise vibration, harshness and reduced
engine life.

A lot of the benefits of the flat plane crankshaft come from the engine’s firing
order.

A flat plane v8 is essentially two built-in four-cylinder engines that have been
joined to the crankshaft. Given this configuration it's very easy to go back and forth
between each group of cylinders.

The exhaust pulses that go out of each cylinder on the flat plane crankshaft
engine are timed almost perfectly. Each pulse comes down the header to create a
small vacuum behind it.

One of the benefits of an even firing order is that all cylinders behave the
same. With the traditional cross plane v8 you'll have some cylinders that
underperform others.

The biggest downside of the FPCE is NVH. The presence of cylinders firing
every 90 degrees, rather than every 180 degrees, provides a smoother overall
engine cycle.

The Roughness and vibration associated with flat cranks increases with
increasing capacity of the engine. In other words, the bigger the engine, the more
likely you are to have problems.

Typically, a flat plane crankshaft will require smaller counterweights which
reduce the overall weight of the crankshaft and provide quicker revving.
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PROS AND CONS OF BEING A MECHANICAL ENGINEER

Mechanical engineers work in any part of the world today, because their
work can be suitable for almost any business. Here are some pros and cons of
being a mechanical engineer. Pros of being a mechanical engineer:
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1. "It's an evergreen branch". Mechanical engineers are always in demand,
therefore if you are a mechanical engineer, employment is never a problem if you
are a truly skilled engineer.

2. "Wide range of sub disciplines”. There is a wide range of subjects
available in mechanical engineering, you can specialize in automobile engineering,
aerospace engineering, marine engineering, mechatronics and many others. With
such a wide range of career opportunities you are most likely to find something
that suits your needs.

3. "Global opportunities”. There isn't a country in the world that doesn't need
mechanical engineers.

4. "Innovations for the future". Mechanical engineers are at the forefront of
future technologies. Mechanical engineers are developing new technologies for a
number of industries including transportation, construction, robotics and more.
You can discover, invent, innovate, design and create amazing products if you are
a mechanical engineer.

5. "Respected profession”. Mechanical engineering is a well respected
profession, mechanical engineers are considered an important part of the
community, progress of global community and development of the modern world
is impossible without them.

Now we'll move on to the cons .

1. "Educational requirements". The minimum requirement for entering the
field is a bachelor degree in mechanical engineering or a closely related subject
course. Undergraduate studies should include math, physics, chemistry, solid and
fluid mechanics, thermodynamics, material science, process control and equipment
design, this will help a fresh graduate get a job but may not be enough to ensure a
career. Companies encourage their engineers to take Postgraduate Studies often
offering educational grants and promotion opportunities as incentives.

2. "Extreme pressure”. Great importance brings significant pressure on the
projects you head up as a mechanical engineer. The work is associated with high
costs and risks, therefore, there is a big responsibility.

3."Workload and hours". Mechanical engineers usually work about forty-
forty-five hours a week, although in some private industries or at certain stages of
the project, weekly work can take up to more hours.

4. "Coursework can be quite complicated”. If you do not have the ability to
do it, then you will not be able to go through the study phase, you will easily be
bored if you are not interested in this field. Also, the amount of stuff you study at
the university is negligible compared to what you do in industry. In industry you'll
probably solve a problem that has never been encountered before.

Well, if you plan to become a mechanical engineer, consider talking to some
real mechanical engineers with good experience, and consider reading articles on t
engineering blogs to get an idea of the life of an engineer.
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ELECTROMAGNETIC WAVES AND THEIR EFFECTS ON HUMAN
BODY

Radiation consists of both electric and magnetic fields. They come from
natural and manmade resources. Electromagnetic Radiation (EMR) is present in
everyone’s life and originates from different sources. Some of the most common
sources of electromagnetic fields are the ones everybody experiences daily, for
example: solar radiation or electric current that supply household appliances
(Mobile Phones, Television sets, Wi-Fies, Microwaves, Computers, etc.) and
antennas for telecommunications. Artificial resources are used to generate high-
level electromagnetic radiations which may be typically found in medical devices
such as Magnetic Resonance Imaging (MRI), laser lithotripsy, X-ray Computed
Tomography (CT). In a residential environment, the diffusion of the induction
cooktop, hairdryers, cordless phones, modems, routers, appliances, alarm system,
etc. increases the possibility of domestic exposure to magnetic fields. Nevertheless,
electromagnetic fields can also be used for the treatment of different diseases (e.g.,
cancer, kidney stones, gallstones, brain tumor, etc.). The practicality of the above
described technologies is due to the range of frequencies decreasing from ultra-
high frequencies to extra low frequencies available in the electromagnetic
spectrum. The EMR spectrum is widely used in different areas of science and
technology. EMR can be broadly divided into two categories: ionization and non-
ionization. lonizing radiation has high energy as compared with non-ionizing
radiations. The ionizing radiations have a frequency ranging from 1 PHz
(petahertz) to 10 ZHz (zettahertz), which includes X-rays and Gamma rays. The
non-ionizing radiations have a frequency ranging from 1 to 1000 of THz
(terahertz). It consists of Microwave (MW), Infrared (IR), Visible Light (VL) and
Ultra-Violet light (UV). lonization radiation has the capacity to cause changes in
the structure of atoms or molecules by ionization, so that’s why ionizing radiation
can cause damage to living atoms/molecules and also have the tendency to cause
changes in the structure of DNA in the living organism.

The telecommunication devices (Mobile Phones, Wi-Fies, Computers,
Televisions, etc.) have proved to have revolutionary effects in terms of
communication anywhere and anytime in the whole world, but it is mostly
accompanied with the EMR hazards. The human body has the ability to absorb
these radiations that might be harmful and can cause even different diseases like
cancer, mental disorder, neurologic illness, cardiovascular disease. EMR has very
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beneficial uses in our daily life to make it more comfortable and easier. Nowadays,
we can talk to anyone on a mobile phone through the Internet: it is because of
EMR, since these waves can transmit signals at very long distances. So EMR plays
the key roles in making our lives more comfortable. The health problems due to
long-term effects of EMR from telecommunication and biomedical devices have
been addressed among people all over the world. The organizations like World
Health Organization (WHO), Federal Communication Commission (FCC), and
International Commission on Non-lonization Radiation Protection (ICNIRP) have
recommended some safety guidelines for protection of all living beings.

Given the ubiquitous nature of Electromagnetic Fields (EMF), their
widespread applications, and their capability to produce deleterious effects,
conclusive investigations of health risks are critical. With the published literature
on EMF, it is still not sufficient enough to reach a concrete conclusion. But the
possibility of negative consequences cannot be excluded. Several studies with
appropriate methodologies reflect the capacity of EMFs to cause adverse health
effects.

For the time being, since it is difficult to protect oneself from EMFs, the only
practical way to check exposures is to distance oneself from the source. Together,
the precautionary approach and ALARA (as low as reasonably achievable)
principle can also be applied to save us from substantial exposures and the possible
ill effects if any. The objective is to minimize EMF exposures to the greatest
degree possible without significant economic cost and disturbance.
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WILLPOWER TRAINING AND ELECTRIC CURRENT

Nowadays different smart devices are part of our daily routine. They are
combining and communicating with each other to solve a huge variety of tasks.
Every day the number and diversity of these devices is growing.

For example a bracelet that helps to kick bad habits. If you are trying to quit
smoking, eating junk food, biting nails or if you want to wake up earlier etc., this
smart bracelet can probably help you.

The bracelet will send you an electric current discharge every time you fall
victim to a habit. The principle of its work is simple and is based on negative
stimulation. Brain starts associate unpleasant current discharge with a habit you
want to quit. There is a variation of aversive therapy.
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Main part of wristband is made from silicon that makes it lightweight and
durable. This device is represented in several colors. Wristband’s battery has the
capacity for over 150 discharges and it also recharges quickly. So, it is very
convenient for daily use and moreover has a stylish look.

The bracelet is easy to adjust by using a mobile app. It has user-friendly
interface and you can adjust strength, duration and the number of discharges. Also,
here you can view statistics of your willpower training.

The manufacturer claims that you can feel first result just after several days
of using. There are a number of successful results. Many people have already got
rid of different bad habits.

Thus, this wristband is a great example of how modern devices can
drastically change our life. Just a small thing on your hand allows you to cope with
bad habits quickly and almost without efforts.
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FUTURE VEHICLE ELECTRIFICATION PERSPECTIVES

It’s not a secret that the pace of electric cars development is really high
nowadays. There are about 3 million of them on roads all over the world and the
number of them being sold increases rapidly every year. The leading countries are
China and The USA, with 1.2 m. and 380,000 electric vehicles sold by the end of
2019 correspondently. Also, about 320,000 electric cars were sold in Europe.

These rates show us that the age of electric vehicles is around the corner.
Realizing that Mercedes Benz, for instance, spent about 10 billion of dollars on the
electric vehicles development in 2019, when only about 3 billion were spent on
modernizing their diesel engines. Another important factor is legislation, which
gets tightened regarding to cars, with ICE (Internal Combustion Engine).
Requirements for exhaust fumes are growing not only in the USA, China and
Europe but worldwide. Legislative requirements are applied not only to car
manufacturers and authorized dealers but also to final customers — car owners.

For example, London adopted a number of laws against cars with engines,
operating on diesel fuel, that were produced before 2006. Their owners are obliged
to pay 10 pounds per day for toxicity. Same law is planned to be adopted towards
patrol engines in April this year. Norway, in its turn, reduced tolls and VAT (value
added tax) for electric vehicles by 25 percent. Great Britain canceled tolls for
electric vehicle and increased them for patrol and diesel cars.
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Tesla Motors, the pioneer of electric vehicle development, signed a contract
with the Chinese government about building a new Tesla automobile factory in
Shanghai. It will become the first foreign electric vehicle manufacturer in China.
It’s the strategic step for both sides, given that the popularity of electric vehicles
among the community and their development perspectives are steadily increasing.

If you look deeper, it may seem that electric cars are not that ecologically
pure because of emissions from power plants that produce electric energy. Despite
the fact that a lot of fossil fuels are needed to be burnt to produce electricity, later
used by ‘eco-friendly’ vehicles, they are still more ecologically pure than petrol
and diesel cars. Recent researches prove that manufacturing process and later
exploitation of cars, operated on fuel, brings more relatively pollution. Moreover,
recent developments show that electric cars can not only be no worse than classical
ones with ICE, but they can be better, more modern and innovating.

Electric vehicles can be charged directly from the socket, easily found in
every house, which, to my personal opinion, is more comfortable than driving
somewhere in a way to find a gas station. Notwithstanding the longer charging
time, this benefit is even greater considering that in some countries electricity
consumed at night time is cheaper than during the day. In addition, electric engines
are less noisy, have higher efficiency in comparison with ICE and, in fact, have
relatively higher reliability and durability. Furthermore, they are much safer
because electric engines, operating in electromagnetic brake mode, have an
emergency brake feature that has already saved hundreds of lives.

In conclusion, | would like to say that most modern electric vehicles surpass
their counterparts with ICE in power, comfort and safety levels. At the moment,
mankind is still not ready to the complete vehicle electrification but it’s moving
steadily towards it.
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APPLICATION OF TECHNOLOGIES IN EVERYDAY LIFE

What is technology? This is a complex of engineering and scientific
knowledge that was embodied in the means and methods of labor in order to obtain
a particular product or service. Technologies are an important component of
modern civilization. They influence the way we work, live and relax. We cannot
imagine our life without the achievements of science such as electricity, modern
communications, the Internet, gadgets and many others. All of them greatly
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facilitate the life of a person. Back in the 1990s, TV sets rarely used, but in 1995 a
total of 10% of families had a personal computer, and by 2011 this number had
grown to 75%.

I want to address some aspects of everyday life that technology has
influenced. Firstly, 1 want to dwell upon communication. This is one of the areas
where technology has had the greatest impact. Communication with people who
are not in your immediate vicinity was once a difficult process, which required
sending paper letters and great patience. But now it’s enough to write to someone
in the messenger and the message will reach the person immediately. All this is
thanks to high-speed Internet and cellular network, which are almost everywhere.

Another aspect of everyday life is health. Technology has had a huge impact
on the healthcare industry. Improving diagnostic tools allows doctors to identify
health problems at an early stage, increasing the chances of successful treatment.
Vaccines have become incredibly effective, almost destroying diseases such as
measles, diphtheria and variola, which once caused massive epidemics. Modern
medicine allows patients to control chronic conditions of diseases, such as diabetes
and hypertension, which were once life-threatening. Progress in medical
technology have increased life expectancy and improved its quality for people
around the world.

Productivity is another important aspect of everyday life. Technology has
significantly increased labor productivity, because the ability of computers to solve
complex mathematical equations has allowed them to accelerate almost every task.
Computer simulation allows engineers to design new technique, equipment and
materials. The ability of networked computers to distribute and manage data can
speed up many office tasks, allowing employees to work more efficiently and
maximize their productivity. Achievements in agriculture have increased food
production. In many areas of our lives, labor-intensive processes can now be
carried out with lightness and within a shorter time.

And last point is about education. Computers and the Internet have reversed
the approach to education. Computers accommodate huge amounts of data in a
very small space, reducing the number of shelves with directories to one flash card.
They allow you to introduce information better, making the learning process easier
and more effective. Online education has provided unprecedented learning
opportunities for people around the world. Lectures and lessons can be uploaded to
a site in the form of texts, images or videos, making information more accessible.
All the news you need is available to you 24 hours a day, thanks to the World Wide
Web.

In conclusion, | can say that technology has fundamentally changed our lives.
It made it much simpler and better, and now we cannot imagine our life without
modern technology. But I think that it is necessary to introduce technologies into
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everyday life reasonably. Otherwise, a person will quickly degrade if they’re
completely deprived of the opportunity to work and be useful to society.
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ACTIVE-ADAPTIVE SMART GRIDS

The electric grid complex is one of the pillars of the developing economy of
Ukraine; it provides transportation and distribution of electricity to all legal entities
and individuals.

One of the problems of the electric power industry is a high level of accidents
and failures at electric power facilities, and, consequently, a high level of economic
losses, both in this and other sectors. The reasons for this lie in obsolete equipment
and engineering networks, operating technologies of the latter, and the technically
outdated level of automated process control. So, now the main scheme for
organizing the operation of the electric network is focused, first of all, on the
round-the-clock stay of operational personnel on them, monitoring the state of the
facility and performing operational switching.

Relay protection and automation is mainly performed using
electromechanical relays (~ 91%), which have a significant variation in the
response characteristics of the relay by current and time, and have insufficient
sensitivity. About 60% of all relay protection kits have been in operation for over
30 years.

A number of major system crashes in the United States and several other
countries laid the foundation for the development of the Smart Grid concept in the
20th century. In this term, Smart — is a self-monitoring, analyzing and reporting
technology; and Grid - power system, power grid.

Conclusion: the main intellectual task of our time is the creation of
technology to solve the problems of increasing the reliability of equipment, the
ability to control it from a distance. In the electric power industry, such
technologies include: monitoring the status and the management of electrical
equipment; automated accounting and consumer information systems;
communication systems infrastructure for energy facilities; automation to increase
the reliability and dependability of power supply; data management; management
of operational field teams. Being in a single platform, the aforementioned
technologies allow a radically new approach to the construction of electric
networks, moving from a rigid “generation — network — consumer” structure to a
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more flexible one in which each network node can be an active element. At the
same time, the intelligent network is available to perform its reconfiguration when
changing certain conditions not only in an automated, but also in an automatic
mode.
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USE AND METHOD OF CONTROLLING AN ELECTRIC ARC

An electric arc, or arc discharge, is an electrical breakdown of a gas that
produces a prolonged electrical discharge. The current through a normally
nonconductive medium such as air produces plasma; the plasma may produce
visible light. An arc discharge is characterized by a lower voltage than a glow
discharge and relies on thermionic emission of electrons from the electrodes
supporting the arc. An archaic term is voltaic arc, as used in the phrase "voltaic arc
lamp™.

Techniques for arc suppression can be used to reduce the duration or
likelihood of arc formation.

Industrially, electric arcs are used for welding, plasma cutting, electrical
discharge machining, asan arc lamp in movie projectors, and follow spots in stage
lighting. Electric _arc  furnacesare used to  produce steel and  other
substances. Calcium carbide is made this way as it requires a large amount of
energy to promote an endothermic reaction (at temperatures of 2500 °C).

Carbon arc lights were the first electric lights. They were used for street
lights in the 19th century and for specialized applications such as searchlights until
World War Il. Today, low-pressure electric arcs have multiple applications.
Fluorescent tubes, mercury, sodium, and metal halide lampsare used for
lighting; xenon arc lamps are used for movie projectors.

Formation of an intense electric arc, similar to a small-scale arc flash, is the
foundation of exploding bridge wire detonators.

A major remaining application is in high voltage switchgear for high-voltage
transmission networks. Modern devices use sulfur hexafluoride at high pressure in
a nozzle flow between separated electrodes within a pressure vessel. The AC fault
current is interrupted at current zero by the highly electronegative SF6 ions
absorbing free electrons from the decaying plasma. A similar air-based technology
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has largely been replaced because many noisy units in series were required to
prevent the current re-igniting under similar supergrid conditions.

Electric arcs have been studied for electric propulsion of spacecraft.

They are used in the laboratory for spectroscopy to create spectral emissions
by intense heating of a sample of matter.

Undesired arcing in electrical contacts of contactors, relays and switches can
be reduced by devices such as contact arc suppressorsand RC snubbers or through
techniques including:

1. immersion in transformer oil, dielectric gas or vacuum;

2. arc chutes;

3. magnetic blowouts;

4. pneumatic blowouts;

5. sacrificial ("arcing") contacts;

6. damping materials to absorb arc energy, either thermally or through
chemical decomposition.

Scientists have discovered a method to control the path of an arc between two
electrodes by firing laser beams at the gas between the electrodes. The gas
becomes a plasma and guides the arc. By constructing the plasma path between the
electrodes with different laser beams, the arc can be formed into curved and S-
shaped paths. The arc could also hit an obstacle and reform on the other side of the
obstacle. The laser-guided arc technology could be useful in applications to deliver
a spark of electricity to a precise spot.
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FUNCTION OF THE ARCING IN MAGNETIC LAUNCHER

The invention of an arcing chamber is required for extinguishing an electric
arc in a magnetic starter. The chamber contains an arcing device, a blowing device
that blows an electric arc into an arcing device, and a plurality of lamella-shaped
extinguishing elements of an electric arc, between which flow channels are formed.
The flow channels respectively have a dispersion portion. The scattering portions
of adjacent flow channels are made with different slopes, so that the blown air is
deflected by the flow channels in different directions. The technical result is to
prevent the accumulation of electrically conductive plasma in the arcing device,
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which increases the reliability of switching and the service life of the magnetic
starter.

In particular, during operation, accumulation of the electrically conductive
plasma in the arcing device must be prevented, which leads to an unfavorable
switching behavior of the contactor. Thus, the plasma, together with the electric
arc, is blown out by means of a blowing device in the direction of the arcing
device, and the plasma exits through the flow channels into the environment.

In addition, the arcing chamber can be either integrated into the contactor as a
whole with it, or made in the form of a removable part of the magnetic starter.

The interrupter chamber contains wearing elements that often need to be
checked and replaced if necessary. In addition, such an arcing chamber with
permanent magnets and / or with a coil is very heavy and therefore must be rigidly
mechanically connected to the base element.

Therefore, it is important to create an arcing chamber that can be easily
removed and at the same time well fixed in relation to the basic element of the
contactor.

It can be concluded that the arcing chambers limit the sound and light effect
during arc extinction and direct the flow of molten, ionized gases to a specific
place where they cannot cause interphase transfer, as a result of a sharp decrease in
the dielectric strength of air.
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THE IMPACT OFCALCULATIONS DC CONTACTOR ON THE
CHOOSING WINDING PARAMETERS

A contactor is an electrically controlled switch used for switching a power
circuit, similar to a relay except for higher current ratings. A contactor is controlled
by a circuit, which has a much lower power level than the switched circuit.
Contactors come in many forms with varying capacities and features.

Contactors are widely used in many branches of industry to control electric
motors, lighting, heating, capacitor banks, thermal evaporators, and other electrical
loads.

The main impact of calculation is preliminary determination of magnetic
circuit dimensions, magnetizing force of winding and its geometrical dimensions.
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The coil is the main unit of all electromagnets; it provides the necessary
magnetizing force for electromagnet operation.

The aim of calculation is to determine wire diameter, number of turns and the
winding resistance, that provide necessary magnetizing force at admissible heat
temperatures. The most common type the winding wire with enamel insulation and
admissible winding temperature rise is used.

The winding of an electromagnet coil can be wound according to the
following technology:

1. directly to the insulated core of the electromagnet;

2. on an insulated metal sleeve that is mounted on the core (fits tightly on the
core);

3. on a frame made of insulating material or performed frameless.

With various technologies both the shape and design change, and the
conditions of heat removal and the temperature value change heating coils. The
winding is wound, as a rule, turn by turn.

This leads to higher quality insulation, better thermal conductivity and other
physical and chemical properties of an electrical product.
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DC CONTACTOR SELECTION DEPENDING ON NOMINAL VOLTAGE
AND CURRENT VALUES

A contactor is an electrically controlled switch used for switching a power
circuit, similar to a relay except for higher current ratings. A contactor is controlled
by a circuit, which has a much lower power level than the switched circuit.
Contactors come in many forms with varying capacities and features. Contactors
range from those having a breaking current of several amperes to thousands of
amperes and from 24 V DC to many kilovolts. The physical size of contactors
ranges from a device small enough to pick up with one hand, to large devices
approximately a meter on a side. Unlike a circuit breaker, contactor is not intended
to interrupt a short circuit current. Contactors are useful in commercial and
industrial applications, particularly for controlling large lighting loads and motors.
One of their hallmarks is reliability.

Electromagnetic contactors can be used not only for switching at condition of
normal mode, but also for protection against the voltage drop in the network.
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Electromagnet cannot keep a contactor in moving system with voltage decreasing
and it is spontaneously switched off.

Direct current contactors switch direct current circuits and have as a rule also
direct current electromagnets.

But what we must know if we need to select contactor for our purposes?

You need to choose a device depending on where you will use it. Here, the
main role is played by the required voltage and current magnitude of the main
circuit. The voltage of the main circuit of the contactor is the highest rated voltage
for which the contactor is designed. The rated operating voltage is equal to the
mains voltage in which the contactor can operate under the given conditions.
According to the rated voltage of the main circuit, the contactors are divided into 2
groups: with a voltage of 220 and 440V. Contactors can have from 1 to 5 main
poles. The rated current of the contactor is the current that is determined by the
heating conditions of the main circuit when the contactor is not turned on or off.
Moreover, the contactor is able to withstand this current of three closed main
contacts for 8 hours, and the temperature rise of its various parts should not be
more than the permissible value. By rated current of the main circuit contactors
have following values 4; 6,3; 10; 16; 25; 40; 63; 100; 160; 250; 400; 630 A.

In conclusion it may be said that it is necessary to select contactor for each
working process separately. You can substitute contactor designed for high
voltage circuits by contactor developed for low voltage circuits (even though it
will not be economically feasible), but in no case vice versa. Not only because
it's not profitable, but also because it can cost the most expensive thing in the
world - human life.
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ADAPTIVE MECHANISMS OF THE NEUROEVOLUTION METHOD
FOR NEURAL NETWORK SYNTHESIS

Artificial neural networks (ANN) are one of the directions in the
development of artificial intelligence systems. The main idea is to simulate as close
as possible the work of the human nervous system. Namely, ability to learn and
correct errors. An ANN simulates not only the activity, but also the structure of the
human nervous system. It consists of a large number of separate computing nodes
(neurons) that are coupled by connections (synapses). Connections differ in

309



relative weight (importance), and neurons are grouped into layers. Input data is
processed sequentially at all network layers.

All the tasks that ANN can solve are related to learning (usually this process
called training) in one way or another. The main applications of neural networks
include forecasting, decision making, pattern recognition, optimization, and data
analysis. Creating an ANN consists of two main stages:

1. choosing the ANN structure (architecture or topology);

2.setting the weights of all neurons and connections of the ANN (training).

To perform the ANN training stage, the most common method is the Back
propagation method (BP), which allows adjusting the weights in multi-layer
complex ANN using training data sets. However, despite its popularity, the BP has
a number of disadvantages:

1. indefinitely long learning process;

2. the problem of overfitting the network;

3. excessive dependence on the expert.

ANNSs have always been attractive from an intuitive point of view. In this
regard, there was an assumption that it may be appropriate to use another
borrowing from nature: evolutionary strategies and, in particular, neuroevolution
methods. Neuroevolution methods have become popular due to their
comprehensiveness and a wide range of tasks to solve. These methods help you
make a complete network synthesis: search for the most appropriate topology and
configure its parameters. However, one of the main problems of applying such
methods is their convergence in the area of local extremes, instead of the global
optimum for the task. This problem is often caused by insufficient population size
or insufficient diversity of individuals within the population. The solution to this
problem can be the introduction and adjustment of adaptive mechanisms at
different stages of neuroevolution methods.

Thus, in a number of studies, it has been noted that mutation probability
increase helps to prevent premature convergence of methods. However, it is worth
noting that a significant structural diversity of individuals can be achieved at the
mutation stage. To do this, it is necessary to introduce an additional mechanism for
evaluating individuals based on different criteria that will help assess the
connectivity of the network, correspondence of the structural complexity to the
task to be solved and entanglement of the network. Based on the values obtained, a
specific type of mutation can be selected in each specific situation:

. removing or adding a hidden neuron;

. removing or adding connections between neurons;

. removing or adding feedback loops (for recurrent ANN);

. changing the weight of the connection (or feedback loops);
. removing or adding a hidden layer (for deep ANN);

. changing the type of activation function inside the neuron.

OO WN -

310



The uniform crossover (UC) is one of the most effective recombination
operators in a standard genetic algorithm. Setting up the probability of passing a
parent's gene to a descendant in a UC can significantly increase its effectiveness.
Also, using the UC operator allows to apply the so-called multi-parent
recombination, when more than two parents are used to generate new individual.
However, the introduction of a selective pressure mechanism before using UC will
allow us to accurately assess the dominant characteristics of the best individuals in
the population. This mechanism is based on a combination of rank selection and
criteria that allow evaluating excessive memory consumption and networking
approximation characteristics. In this case, the parent pool for crossover will be
filled only with the best individuals, and the probability of inheriting genetic
information from each of the parents will be proportional to their effectiveness.

Thus, the using of such modifications of classical neuroevolution methods
allows maintaining adaptability by:

1. maintaining the structural (topological) diversity of individuals within the
population;

2. control of excessive growth of "weak" individuals within populations.

This allows to get the most optimized ANN for a specific task. Moreover,
such mechanisms significantly increase the efficiency of neuroevolution methods
when working on modern parallel computing systems, helping to reduce the share
of overhead costs for transferring information between computing threads and
using RAM.
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ELECTROHYDRAULIC CRUSHING DEVICES

Electrohydraulic crushing is a new way of grinding various materials, which
allows  obtaining a  predetermined degree of grinding at a
certainparticlesizedistributionoftheproductandhashighcrushingselectivity.
Electrohydraulic crushing devices, unlike mechanical crushers, have no moving
parts, and they are made of ordinary contractual steel, and their frame is not spoiled
during the operation.

As a working fluid in electrohydraulic crushers, any liquid could serve
(mainly industrial water). The maintenance of electrohydraulic crushers does not
require a large number of highly skilled workers.
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Figure 1 —Electrohydraulic crushers for crushing solid materials into large (a) and
small fractions (b), 1 — loading hopper, 2 — water supply, 3 —positive electrode, 4 —
clamp to adjust the length of the working spark gap, 5 —finished output product, 6 —

crusher bottom (negative electrode), 7 —filter.

The purpose of the study of these devices is to automate the technological
process of electrohydraulic crushing.

When operating, these electrohydraulic crushers do not generate dust, occupy
relatively small production areas and allow a combination of the processes of
crushing, mixing and flotation of materials.

The practical value of the study is that in electrohydraulic crushers can be
crushed and reduced to fragments virtually any material: rocks, coal, brittle metals,
mica, paper, cement, grain, peat, roughage. Also, electrohydraulic crushers can
destroy microorganisms, extract diamonds from kimberlites and cultivate the soil.
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THE VALUE OF THE CRIMINAL LAW TEXT IN THE
INTERPRETATION OF NORMS OF CRIMINAL LAW BY THE
CONSTITUTIONAL COURT OF UKRAINE

The complex process of interpretation of criminal law norms by the
Constitutional Court of Ukraine (hereinafter — CCU) subjects to certain laws,
regulations, principles that ensure the quality of the result. Each element of this
process executes only its own peculiar feature.
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In criminal law literature some authors recognize the text of the criminal law
as a subject of interpretation. CCU itself interprets law norms, articles of legal acts,
provisions or other legal acts, concepts, that provide clarification of the will of the
legislator, article content of the term.

Note that according to the current legislation of Ukraine, namely Part 1 of
Article 150 of Constitution of Ukraine, Article 13 of the Law of Ukraine “On the
Constitutional Court of Ukraine”, the body of constitutional control provides the
official interpretation of the Constitution and laws of Ukraine. Such legislation
might serve as a basis for recognition of articles of legal acts, and not norms
enshrined in these acts, as a subject of interpretation by the CCU.

The provisions of the Part 1 of the Article 150 of the Constitution of Ukraine,
the Article 13 of the Law of Ukraine “On the Constitutional Court of Ukraine”,
which define the text of the Constitution and laws of Ukraine as a subject of
interpretation by the CCU, are unsound in principle and stand in need of change.
Criminal legal norm, rather than the text of the criminal law, is a matter of
interpretation by the CCU. The text of the criminal law is a means, by which the
body of constitutional control of Ukraine interprets criminal law norms.

In particular, in the specified decision the CCU states that a main feature of a
blanket disposition of a criminal law norm is that such norm has a general and
specified content (Paragraph 7,8 Clause3 of the analytical part of the decision of
the CCU on 19 April 2000 No. 6-rp/2000 9cause on the reserve action of criminal
law through time). Understanding the blanket criminal law norms as such, which
have two contents, is considered by the CCU as doubtful.

Legal statements (judgment), which is criminal law norm, may have two
meanings (true or false) or several (that is, apart from true and false the judgment
may have an additional meaning, such as “probable”, “possible”). Prevalent in
logic is an idea that legal norms have one of two meanings: the meaning “true” or
meaning “false”.

True meaning can have only one content as other content will be
characterized by the false meaning. Thus the separation of the content of blanket
criminal law norms on general and specific contradicts the rules of logic, as only
one content of the criminal law may be true: either the general or specific.

Thus, the text of the criminal law determines the total scope of criminal
norm, which refers to the regulatory requirements of the other branches of law,
within which statutory provisions of other areas of law determine the final, true
scope of the norm, its ambit.

On that ground we can claim that the text of the criminal law is a primary
means of securing the criminal law norms, and, therefore, the primary means of
knowledge of their content by the CCU.
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DECENTRALIZATION AS ONE OF THE ELEMENTS OF SPATIAL
DEVELOPMENT OF A STATE

Ukraine, as a European state, requires a great deal of change, and above
all reforms and transformations in almost all spheres of life, including
decentralization. Improving the quality of life of its citizens, changing the quality
of its territorial management, etc. is the basis for significant institutional change.
Administrative-territorial reform in Ukraine is necessary to optimize the system of
territorial governance, streamline the relations of authorities at different
hierarchical levels, and ultimately to promote the improvement of the standards of
living of citizens in every city or village.

Decentralization of power is one of the important steps in the reform agenda
in Ukraine, and it is also one of the elements of the state policy of regional spatial
development. The spatial development concept is the sphere of realization of the
main priorities of national and regional policy. It stood out, on the one hand,
against the backdrop of the immensely popular "global thinking" of the second half
of the twentieth century, of all kinds of "developments" (with definitions of
"sustainable”, "environmental", "balanced", etc.), and on the other hand, within the
framework of industry terminology, generalizing and politically transforming
concepts such as spatial or regional planning. In today's European context, this
concept refers to a set of organized actions for managing elements and links of
territories, a system of actions and policies aimed at optimizing spatial change
(development) [1].

Taking into account the concept of "decentralization"”, it can be concluded
that in theoretical and practical studies it is multidimensional and is interpreted as a
system of distribution of functions and powers between state and local levels of
government with the empowerment of the latter. It is a specific system of
government under which part of the functions of central government goes to local
governments.

Successful implementation of decentralization processes, as one of the
directions of the "Ukraine 2020" Sustainable Development Strategy, requires real
interaction of equal partners in the format of "Ukrainian State - Officials of Local
Self-Government Bodies - Territorial Community - Citizen". According to the Law
of Ukraine dated 05.02.2015 No. 157-VIII “On voluntary association of territorial
communities”, united territorial communities (UTCs) were created. They were
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given wider powers and somewhat increased resources, but there were problems
that threaten the success of the reform. The lack of consideration of the
methodological foundations of building a system of administrative and territorial
structure of the state is a weak point, while the other is the organizational and
institutional shortcomings of the process of practical implementation of the reform.

The process of power decentralization and local self-government reform is
rapidly developing in the Zaporizhzhia region. So after a few years after the
implementation of the reform, the communities of Zaporizhzhia region have reason
to be proud of. Based on the results of the research on the implementation of the
reform objectives, it is necessary to highlight the positive (strong) factors: first of
all, under the parameter "Area of capable communities” (united territorial
communities, cities of regional importance) (65.3%) the region occupies the 1st
place, according to "Number of districts in the region where no UTC are formed
and there are no territorial communities that have not joined the UTCs (0%)” - 1st
place, according to the indicator “Prospective Plans of the Territory of the Region”
(100%) - 1st place, according to “Number of territorial communities which did not
unite or were not joined» (35.8%) - 2nd place [2]. Four areas are completely
covered by communities. Two of them are in the form of "district format - one
community”. In total, 52 united territorial communities were created in the region,
which is why Zaporizhzhia region has been and still is the leader in implementing
decentralization reform in Ukraine.

According to the monitoring of the decentralization process and the reform of
local self-government, which is conducted monthly by the Ministry of Regional
Development, as of February 10, 2019, five regions - leaders in forming capable
communities - have changed. According to the new parameters, Zhytomyr region
has returned to the first place, Dnipropetrovsk region, which was only eighth last
month, has become second. Zaporizhzhia region remains in the “green” zone of
leaders of decentralization and ranks third. Khmelnytskyi region closes the first
five. According to the updated monitoring criteria, Zaporizhzhia region ranks first
in several positions [2].

Thus, the processes of decentralization of power and the creation of united
territorial communities aim primarily at increasing the quality of life of the
population. The main purpose of the reform is to create a system of government
with the greatest involvement of the local population in solving their problems, as
well as using their own resources. Therefore, the transformation of spatial
development should be based on three main approaches that are implemented
through economic and legal mechanisms (decentralization of power), economic -
strategy, organizational - the formation of UTC, which are implemented as a result
of changes in the spatial development of the region.
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SULFUR HEXAFLUORIDE GAS BENFITS IN RELATION TO OIL AND
CELLULOSE INSULATION IN VOLTAGE TRANSFORMERS

Insulation is used in most areas of voltage transformers designing, beginning
from transformer winding insulation and ending with sulfur hexafluoride (SF6)
gas, transformer oil, and cellulose insulation for dry transformers.

The insulation that separates the current-carrying parts from each other and
from the grounded parts in power transformers is performed in the form of
structures made of solid and liquid dielectrics [3].

In SF6 gas voltage transformers, sulfur hexafluoride is used as insulation and
refrigerant, which makes it possible to abandon the fire extinguishing system since
sulfur hexafluoride is not combustible, and it also removes the need for oil
collectors and gutters around the transformer [1].

In case of internal malfunctions, the pressure in the tank is very small in
comparison to the strength characteristics of the tank, which ensures that the tank
does not explode and the equipment around it does not suffer [1].

Since neither an expansion tank, nor a pressure relief device, which are
important components of an oil transformer, are needed, it becomes possible to
significantly reduce the height of the substation [1].

A significant decline in the cost of substation building or a room for a
transformer is achieved by increasing the compactness of the transformer [1].

It is also worth noting that, unlike oil-insulated transformers, the total cost of
the transformer decreases with a decrease in size and the absence of an expansion
tank and an oil pan, as well as additional costs for building the premises.
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The main and indisputable advantage of dry type transformers with cellulose
insulation is an operational safety [2].

In areas with increased safety requirements (educational, medical institutions,
park recreation areas, etc.), the use of dry transformers is more than justified [2].

Since dry type transformers meet all fire safety requirements, they can be
installed directly in production rooms or in a special room near a residential
building.

Due to the design features, namely the absence of flammable liquids in the
design, unlike oil, dry transformers have a significantly lower probability of
catching on fire during a short circuit or from any external mechanical impact, but
are still inferior to SF6 gas transformers in terms of fire safety [2].

In conclusion we can briefly highlight the advantages of sulfur hexafluoride
over other types of insulation, namely fire safety, explosion safety, compact design
of the transformers, lack of need for additional pressure and oil control units.
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OVERVIEW OF MODERN-DAY CAD/CAM/CAE SOFTWARE
CAPABILITIES FOR METAL ADDITIVE MANUFACTURING
SIMULATION

Additive manufacturing technology has been evolving constantly since
1980.Currentlyadditivemanufacturingisapplied in a huge number of industries[1].
The process of additive manufacturing, also known as 3D printing, can be
described as continuous fusion or bonding of different materials (such as plastic,
metal, alloy or mix of different substances) in layers that will result in desired
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layering part production. Recent advancements [2] brought this technique to a
more widespread use beyond just prototyping but straight to industrial applications.
However, a lot of challenges still do exist in front of 3D printing technology before
it will be able to fully replace traditional manufacturing technologies.

Nowadays industry offers a fairly wide range of metal 3D printing techniques
to choose from. It has an advantage over traditional manufacturing processes in
speed, flexibility, automation and reduced production cost [3]. To optimize and
create better solutions for the manufacturing process, to avoid build failure, etc.
simulation software was developed.

Modern-day CAD/CAM/CAE software for metal additive manufacturing
must include 5 steps that will be able to help to determine necessary actions for
obtaining needed end-result.

Such steps can be defined as:

1. the input of geometry;

2. topology optimization;

3. geometry manipulation;

4. thermal analysis;

5. structural analysis.

Each step contains in itself different needed solutions for future successful
implementation of the 3D printing process. Firstly, previously defined geometry
must be created in simulation software or imported from an already created STL
file. The topology optimization process helps to reduce the weight of the
manufactured part and increase energy efficiency. Optimized detail further needs
to be observed for geometry improvement. After obtaining the necessary geometric
parameters, it is necessary to conduct a thermal analysis to understand the heat
distribution. Based on the data of thermal analysis a structural analysis is carried
out to determine residual stresses, performance, and durability of manufactured
detail.

Five determined steps of additive manufacturing simulation process can be
found in modern-day CAD/CAM/CAE software for metal additive manufacturing
simulation as Ansys, Abaqus, SimScale. It will help to increase automation, reduce
the cost of manufacturing, confirm the applicability of manufactured parts based on
structural analysis data, increase the speed of the printing process.

Optimization of created steps, improvement of different standalone processes
of metal additive simulation can help to ease the manufacturing process and make
3D printing metal technology availability more widespread not only for big
companies but also for private customers.
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BENEFITS OF FIBER OPTIC CURRENT TRANSFORMER

Introduction. At the present stage of the development of high-voltage
technology, classical methods of measurement based on the electromagnetic
principles have reached the limit of their capabilities and cannot satisfy new
requirements. They have arisen due to technological revolution of the last several
decades. As noted in their work Zubia, Casado, Aldabaldetrek and others,
“Unimaginable technological advances in the area of information and
communications technology (ICT), the electrical sector had turned into an
anachronism using the technology of last century”. Therefore, modern
development of electrical complexes and systems require the introduction of the
latest designs of instruments and equipment. As a result, the so-called optical-
electronic (OE) measurement methods make it possible to realize the requirements
of consumers. They are based on the use of optical communication between the
primary and secondary transducers of the measuring system. Such methods use a
completely different, more promising approach, based on the use of the magneto-
optical Faraday's effect. Most often, this effect realized in fiber optic current
transformers (FOCT) used in combination with modern digital signal processing
and data transmission technologies.

Currently, the development of the FOCT is produced by leading companies
around the world. Such transformers are considered to be the next generation of
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transformers, because they eliminate defects of the analog transformers and meet
all the necessary requirements.

Faraday’s effect. Nowadays FOCT use the magneto-optical Faraday's effect,
which is a fundamentally different promising approach.

Khairullin, Giniyatullin and Pashali, speaking of the magneto-optical effect,
write that “In 1845, Faradaydiscovered a phenomenon that became one of the main
steps in the development of optical current converters — the phenomenon of
rotation of the plane of polarization of linearly polarized light in a constant
magnetic field”, as in Figure 1.

I
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Figure 1 - Schematic diagram of the Faraday's effect
1 - laser diode; 2 - polarizer;3 - Faraday's element (twisted optical fiber);4 -
analyzer; 5 — photodiode; 6 - electric current conductor.

Benefits of FOCT. In comparison with conventional transformers, optical
fiber ones are compact and lightweight, also they are easy to install. Another
advantage is flexibility of transformer. This is possible thanks to its insulation.
Insulation is an essential element of electrical apparatuses and has a significant
impact on both its design and operational reliability. Also they are fire and
explosion proof. At the same time the sensor element is naturally decoupled from
the voltage line. And there is minimal electrical interference on the signal line.

Conclusion. Based on these benefits it is safe to say that FOCT is the
transformer which will be used all around the world because they eliminate defects
of the analog transformers and meet all the necessary requirements.
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ANALYSIS OF EXTERNAL INSULATION OF OPTIC- FIBER 35 KV
CURRENT TRANSFORMER

Current transformers (CT) are designed for reducing alternating current to
controlled level in proportion to the corresponding original values. They provide
halvanic isolation of measuring devices, counters, relays, etc. from the high-
voltage (HV) circuit. Principle of their operation is based on the electromagnetic
induction law.

Digital (microprocessor) systems of relay protection, automation, automatic
control, measurement and dispatching systems are modern trends in the world
power industry, along with the existing traditional systems of relay protection,
emergency control, measurement and metering at power plants and substations,
And this situation leads to an increase in the load on CT and, as a result, to a
deterioration in the accuracy class of CT.

Grechukhin V.N.[1] analyzed the economic conditions for the functioning of
power energy enterprises and energy systems in his work “Electronic current and
voltage transformers”. According to this work, it is necessary to increase the
accuracy of electricity monitoring signals. Digital metering systems can achieve it,
but, the insufficient accuracy class of conventional CTs is a barrier on this path.

World leading companies’ designers strive to develop CTs of a higher
accuracy class (better than accuracy class 0,2S and 0,2) with greater load capacity.
Satisfying these requirements will inevitably lead either to an increase in weight
and size indicators (larger amount of electro-technical steel, copper and other high-
cost materials), which is undesirable under the conditions of current economy
situation. The identified problems have led to more intensive use of insulation, and
according to international normative documents, this question remains open and
relevant.

On the modern stage of the HV technology development conventional
transformers have reached the limit of their capabilities and can hardly meet new
requirements and tendencies, such as digitalization, safeness, and compactness.

Search for an alternative technical solution measuring current and voltage of
high voltage electric power plants started a long time ago both in our country and
abroad.
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These researches have become more relevant considering the intensive
process of introducing microprocessors into control systems, measurement, relay
protection, emergency control at substations.

Optic-Fiber Current Transformer (OFCT) is next generation transformers. In
our country many transformers are approaching deadline of service life.
Implementation of the modern technologies makes senseless a replacement of the
old current transformers (CT) for the similar new ones, as they can be hardly
matched with digital communication methods.

Aim of the work: Analysis of materials and shapes used in external insulation
design, in terms of optimal protection of optical sensors from natural phenomena
and breakdowns

Conclusion: The external insulation of OFCT 35kV is researched for 3
contamination types of insulation. The further research intention is to develop more
economically effective optic current sensor. It is obvious, that the development of
digital current transformers and their use together with microprocessor-based
measurement devices at substations with the prospect of a transition to a "digital”
substation, where all information flows are circulated and processed in digital form
is a promising area of research.
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OPTICAL CURRENT AND VOLTAGE SENSORS

At the current stage of development of the electric power industry, with the
widespread usage of current transformers (CTs) and voltage transformers (VTs),
the most actual is reliable measurement of current and voltage to ensure high
reliability and safety of industrial systems and networks. These measurements take
an important part in the substation's working and protective functions.

The unflagging interest in optic current and voltage sensors, over the years, is
associated with the high potential capabilities of these devices and also significant
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operational advantages compared to traditional current and voltage measurement
technologies. They provide a natural galvanic denouement of the high-voltage and
measuring parts while reducing the overall dimensions, increasing the safety of
their operation and decreasing the installation costs. Various types of current and
voltage sensors are used for monitoring and diagnosing of circuits, launching of
protection schemes, detecting failures of electrical equipment and emergency
conditions of various types of loads.

Advantages of digital current and voltage sensors are:

1.Wide dynamic range of measurements (currents up to hundreds of kA,
voltages up to hundreds of kV).

2. The sensing element is naturally disconnected from the voltage line.

3. High resistance of fiber optic information channels to external
electromagnetic interference.

4. Extremely fast response time with high measurement accuracy.

5. Smaller overall dimensions compared to existing technologies.

They do not explode in catastrophic destruction, unlike oil-filled electrical
insulating supports.

In addition, they are inherently non-magnetic saturated and, as a rule, have a
measurement bandwidth in the kHz range. Bands in the range of tens or hundreds
of kHz are also possible. As a result, fiber-optic current transformers produce
within their measurement range a true image of the primary current, including the
case of fast transient currents, short-circuit currents and alternating current with
DC bias.

The operation of the optical current sensor is based on the Faraday's effect,
which lies in changing the polarization of the light flux under the influence of a
magnetic field. The specific implementation of sensors using this effect can be
different and is patented by manufacturers.

The optical circuit of the current sensor contains an optical signal source.
This signal is converted, with the help of a splitter, into two right- and left-
polarized signals with opposite directions of rotation, which enter the optical loop
made of optical fiberturns (N). The magnetic field created by the current (1)
flowing through the wire, in accordance with the Faraday effect, slows down one
signal and accelerates another. Both signals reach the next circular polarizer, which
converts them into linearly polarized light fluxes with polarized planes shifted by
an angle, (1):

Ap =4V X N xl, Q)

where V is the Verdet constant.
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Verdet constant is a quantity characterizing the magnetic rotation of the plane
of polarization in a substance. Its value depends on the properties of the substance,
wavelength and monochromatic radiation [4].

The operation of the optical voltage sensor is based on the Pockels' effect,
which consists in the appearance of in optical media when a direct or alternating
electric field is applied, which is observed in crystalline piezoelectric, (2):

A<p=nxLxKx§, 2

where E is the electric field strength; L is the plate thickness;
A is the wavelength; K is electro-optical coefficients

As follows from the proposed review, optical current and voltage sensors
occupy a significant place in monitoring, controlling and management systems in
the energy sector, as well as in other engineering branches. New generation sensors
significantly increase production efficiency and give a good economic effect.
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SFs-GAS INSULATION FACTORY-ASSEMBLED SWITCH-GEAR

The SF¢ factory-assembled switch-gear is the electric apparatuses, placed
indoor as well as outdoor. They are used when you need to save place and to locate
devices compactly. The factory-assembled switch-gears are used in electrical
stations and substations, on the plants and also for ship power supply. It is called
SFg, because main devices of the factory-assembled switch-gear are placed inside
the case, filled by SF.

SFg factory-assembled switch-gear are used for receiving and distribution
voltages of 110-750 kV. They are assembled from separate modules, which are
connected together in needed electrical circuit. Nowadays they are used all over the
world. They need much less area than open switch gears for the same class of
voltage.

Merits of SFg factory-assembled switch-gear:

1. compact placement (they use 5% of territory, which is used for outdoor
switch-gear);

2. all elements of the device are made of aluminum, that decreases mass,
that’s why you may reject to use expensive fundaments and heavy mechanisms;
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3. such device almost doesn’t need technical service and there are low
expenses on it;

4. high reliability;

5. long tenure of employment.

Demerits of SF¢ factory-assembled switch-gear are the following.

Nowadays SFg factory-assembled switch-gear (SFg FASG) is produced by
national companies as well as by foreign ones. There will be examined 4 types of
SFeFASG: 515-110, SITK-110, 8DN8 (Siemens), B65 (AREVA).

These cells can be made as one of the next types: voltage-transformer,
sectional, connecting bus and linear cell.

Disconnecting and earthing switches.

The functions of disconnecting and earthing switches are combined in a
three-position unit. The moving contact either closes the isolating gap or connects
the high-voltage conductor to the fixed contact of the earthing switch. This design
ensures natural mechanical interlocking of the two functions in relation to one
another, which subsequently no longer need be taken into account the electrical
interlocking of the bay. The fixed contact of the earthing switch is brought out of
the enclosure for test purposes. In a third neutral position, neither the disconnector
nor the earthing switch contact is closed. The three poles of a bay are mechanically
interconnected; thus all three poles are operated jointly with a single motor-
operated mechanism.
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VOLTAGE MEASURING TRANSFORMER

Introduction. It is difficult to take measurements at high voltages, because
high-voltage devices are expensive and usually bulky; their accuracy is subject to
static electricity, and they are also unsafe. When the current exceeds 60 A, it is not
easy to ensure high accuracy of ammeters due to large wires and significant errors
and because of the parasitic field of the terminal leads. In addition, ammeters and
current coils in high voltage circuits are dangerous for the operator. Nowadays, oil-
insulated voltage transformers, which are used for voltage 6-1150 kV of indoor
and outdoor switchgears, are more popular than others.[3] The main
representatives of this type are single-phase double-winding transformers NOM-6,
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NOM-10, NOM-15, NOM-35.[3] In such transformers, the windings and the
magnetic circuit are filled with oil, which serves for insulation and cooling.

Unfortunately, oil transformers have a number of disadvantages, such as:

1. Qil is not an environmentally friendly product;

2. The risk of fire is several times greater than that of other measuring
voltage transformers (since oil is a highly flammable substance);

3. Quite a large mass and dimensions;

4. Economic factor. A constant oil change leads to an increase in the cost and
repair of the transformer.

Therefore, all over the world there are looking for a replacement for this type,
and one of these options is an optical voltage transformer (OVT).

Optical voltage transformer. OVT is intended for an accurate high voltage
measurementwith a frequency of 50 Hz in electrical networks and electrical
installations. OVT provides connection to the Smart Grid system as well as
measuring and protective systems. The principle of operation of an optical
measuring voltage transformer is based on the linear Pokels effect[1]. The OVT
measures the change in the ellipticity of the optical signal polarization in the
sensing element of the measuring column under the influence of an electric field,
which is created by the voltage supplied to the high-voltage output.[1]

Construction. The device consists of two parts: a measuring column and an
electron-optical processing unit. Generation and receipt of an optical signal is
carried out in an electron-optical unit. It also processes the signal received from the
sensing element, converts it, and transmits the measured voltage value in digital
form to the rest of the secondary equipment: commercial meters, telemetry devices,
power quality control, relay protection and automation. Measured values are
transmitted via the digital interface in the IEC \ IEC LE standard.[2] Using a digital
channel allows you to quickly receive and process information, which is a
prerequisite for the transition to a new generation of digital substations and Smart
Grids grids.

Scope of application. Optical measuring voltage transformer is used as a
voltage data source for relay protection systems, process control systems, electric
energy metering, electric power quality control at the following facilities in the
above areas: Power stations; High voltage power lines.

Advantages and disadvantages of OTN:

1. Complete galvanic isolation, lack of copper secondary circuits;

2. Ten times smaller weight, no oil or gas filling, compared to current
transformers, which are filled with oil or gas and weigh 1.5 tons.

3. Ability to connect an unlimited number of consumers of measurement
information; [2]

3. Smaller dimensions and weight, lower transportation and installationcosts;

4. No need to constantly monitor and maintain the column;
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5. High explosion protection and fire safety.

6. Environmental friendliness.

Unfortunately, as any other equipment, an optical voltage transformer is not
ideal. Its main disadvantage is the economic factor. Due to the use of expensive
materials, a large number of electronics and the complexity of assembly, the cost
and repair, compared to an oil transformer, is several times greater.

Conclusion. Based on this information, it can be assumed that in a few years
the optical voltage transformer will go into mass production and replace dangerous
and bulky oil or gas transformers.
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CONVOLUTIONAL NEURAL NETWORK FOR IMAGE RECOGNITION

Convolutional neural network(CNN) is a special architecture of neural
networks designed for classification and recognition of objects.

The main purpose of classifying images is to take the initial image and output
its class or group of probable classes, which best describe the image.

Convolutional neural networks operate on the basis of filters that recognize
specific characteristics of an image (for example, straight lines). A filter is a
collection of kernels (sometimes a single kernel is used in the filter). Kernel is an
ordinary matrix of numbers called weights, which are trained to search for specific
characteristics on images. The filter moves along the image and determines
whether some desired characteristic is present in a particular part of it. To obtain
this response, convolution operation is performed, which is the sum of the products
of the filter elements and the input signal matrix, forming the pixel. Convolution is
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a method to get an approximate version of the input data; and this contributes to a
significant reduction in the number of calculations.

Kernel repeats described operation for each position it occupies, turning the
original two-dimensional matrix of characteristics into some other, also two-
dimensional, matrix. Obtained characteristics are actually the sums of the
"weighted"input characteristics, where elements of the kernel matrix are weights,
the initial data - elements of the matrix that are under the kernel at its given
position.

If some desired characteristic is present in the image fragment, the output
convolution operation will produce a number with a relatively large value. If the
characteristic is absent, the output number will be small. The result of moving this
filter along the entire image is a matrix consisting of the results of unit
convolutions.

There are two basic techniques used to build convolutional layers: padding
and stride. In the process of kernel movement, edges of the original matrix are cut
off: edge pixels never enter center of the kernel, which is due to the accepted rules
of movement. This is not always acceptable, especially when the sizes of the
source and resulting matrices should be the same.

This problem is solved using padding, which contains false pixels, the value
of which is usually zero (this padding is usually called “zero"). Due to additional
space around original matrix, kernel gets opportunity to move around the edge
pixels. In this case, the sizes of the initial and resulting matrices are equal.

Quite often, the purpose of a convolutional layer is to reduce the dimension
of input signals matrix. This is the basis of convolutional neural networks in which
the pulses entering the system are reduced at a speed directly proportional to the
number of channels. One method to achieve this result is to use the stride.

The principle of stride is based on the idea that a kernel skips a certain
number of steps when it is moving. Stride with a value of 1 indicates that the
kernel is shifted by one pixel, which leads us to the standard convolution. Stride
with a value of 2, indicates that the kernel is shifted by two pixels. It reduces the
size of the resulting matrix by about half compared to the previous solution, etc.

Images usually have three channels (RGB: Red, Green, Blue). Numbers of
neural network layers define how many channels can be processed. In this case,
filter is a collection of kernels: kernel for each input channel, each kernel from the
collection is unique.

Each filter in the convolutional layer generates one output channel. Each
kernel that is part of the filter moves along its appropriating input channel,
producing a processed version of the signals. Some kernel may have a stronger
weight than others, giving preference to specific input channels. Further, the results
of each kernel are summarized in order to obtain a single channel. Kernel generates
its own version of the channel, which creates resulting output channel.
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In the end of this process bias must be applied to the result. In convolutional
neural networks, bias is applied to each output filter - this operation is usual
addition of bias to each signal from resulting (output) channel. It is necessary to
bring out the neural network of the deadlocks that have purely mathematical
reasons.

Subsequently, these responses are summarized to a global response. The
number of channels from this response are equal to the number of filters. The
global response can be passed through a non-linear converter and transferred to the
next convolutional layer, where the process repeats.

Despite the fact that convolutional neural networks give the best result in the
field of pattern recognition, there are conditions in which they can make banal
errors. Also, the use and training of convolutional neural networks involves a large
number of computing resources. This type of neural network is demanding
teaching methods and training samples. But, in spite of these disadvantages,
convolutional neural networks allow the field of computer vision to enter a
qualitatively new stage of development. This neural network architecture is used in
complex programs, starting with personal identification by the face and ending
with medical diagnoses.
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FOLDIT, AVERY SMART APPROACH TO SOLVING THE SECRETS OF
VIRUSES

Foldit might be looking complex at first glance, but it actually requires no
knowledge of biochemistry, bioinformatics or molecular biology.

The task of the game is to find different patterns of protein placement for
researchers then to apply these solutions in reality to eradicate diseases and create
biological innovations.

Foldit attempts to apply the human brain's three-dimensional pattern
matching and spatial reasoning abilities to help solve the problem of protein
structure prediction. 2016 puzzles are based on well-understood proteins. By
analysing how humans intuitively approach these puzzles, researchers hope to
improve the algorithms used by protein-folding software.

Protein structure prediction is important in several fields of science, including
bioinformatics, molecular biology, and medicine. Identifying natural proteins'
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structural configurations enables scientists to understand them better. This can lead
to creating novel proteins by design, advances in treating disease, and solutions for
other real-world problems such as invasive species, waste, and pollution.

The process by which living beings create the primary structure of proteins,
protein biosynthesis, is reasonably well understood, as is the means by which
proteins are encoded as DNA. However, determining how a given protein's
primary structure becomes a functioning three-dimensional structure, how the
molecule folds, is more difficult. The general process is understood, but predicting
a protein's eventual, functioning structure is computationally demanding.

Foldit's developers wanted to attract as many people as possible to the cause
of protein folding. So, rather than only building a useful science tool, they used
gamification to make Foldit appealing and engaging to the general public.

As a protein structure is modified, a score is calculated based on how well-
folded the protein is, and a list of high scores for each puzzle is maintained. Foldit
users may create and join groups, and members of groups can share puzzle
solutions. Groups have been found to be useful in training new players. A separate
list of group high scores is maintained.

Results from Foldit have been included in a number of scientific publications.

Foldit players have been cited collectively as "Foldit players" or "Players, F."
in some cases. Individual players have also been listed as authors on at least one
paper, and on four related Protein Data Bank depositions.

To maximize your usefulness or if you get bored of folding proteins yourself
the creators of Foldit discovered a program to use your computer’s idling time or
even background calculating for automatic deduction of folding proteins.

As it can be seen, the experiment of a few talented people from University of
Washington is coming to fruition and expanding rapidly, which shows its
promising potential and the upcoming benefits of the results.
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WHAT IS A FINGERPRINT SCANNER?

A fingerprint scanner is a device used to identify a person by scanning their
fingerprints. We have several ridges on our fingers. Additionally, every person has
a unique pattern. Hence, a fingerprint scanner scans them to identify us.
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There are many types of fingerprint scanners. Some of these are as follows:
Optical reflexive, Capacitive, Mechanical, Thermal, Dynamic output.

How Do Fingerprint Scanners Work? The sensor avails a light-penetrating
microprocessor that can either be a charge-coupled device or a CCD, or a CMOS
image sensor. In doing so, this creates a digital picture. Following this, the
processor examines the image mechanically, choosing just the fingerprint, and then
uses refined pattern-identical software to turn it into encryption.

This is merely how one type of scanner works. In the other kind, i.e. the
capacitive type of scanners, the scanner scans the gaps between our ridges.

So when a person places his or her hand on any object, the ridges are the part
that touches the surface. Therefore, these ridges are logged and the gaps distances
are measured. In this way, the pattern is recorded. In other words, it means the
distance between two ridges that never came in contact with the surface is noted
down.

Fingerprint scanners greatly benefit humanity. They are a secure form of
identification as they reduce the work of the human brain; increase the efficiency
of work security; help log people quickly. Following are some pieces of equipment
in which a fingerprint scanner is being used.

Fingerprint Scanners are used prominently and most beneficially in our
everyday laptops and computers. Thankfully, we have an option of creating a
fingerprint configuration. This way, we can keep our laptops and PC’s secure from
external attacks. Additionally, we can prevent someone from getting in without
permission. A fingerprint configuration will keep your information safe if you ever
lose your laptop.

Smart Phones hold a lot of our personal information. We Kkeep
friends/relatives numbers, personal photographs, and sometimes even our notes
and private documents. Additionally, in the worst cases, we have banking apps
with our credit card information or even social security numbers stored. Therefore,
we can use fingerprint arrangement in our phones to keep such information safe
and protected. If your phone is ever stolen, a lock and a fingerprint confirmation
will help prevent your information from being leaked or abused.

Just like phones and laptops, we also need fingerprint scanners in online
banking. Malicious actors often target bank account details like code pins or
account numbers. Therefore, using fingerprint scanners ensure that only you can
access your bank information.

Today, industrialization has increased so much that office and home security
is moving towards automatic doors. However, these doors open only with the
correct fingerprint scan. We call this a biometric lock. A person can add their
fingerprints to it and then the door will open only when it scans those fingerprints.

One cannot say that fingerprint scanners are 100% reliable. There are ways to
hack them. Hackers always find a way to invade into your personal and
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professional life. Here are some shortcomings regarding fingerprint scanners.
Hackers can use a 3D system of mildew that is created from a preserved
fingerprint. Mischievous and evil hackers can forge your fingerprint with the
assistance of tools which are as plain as a luminous or transparent film and a circuit
scribe. Scanners can malfunction and prevent the user from full access if their skin
is wet or if too much dust gathers on the devices.

To sum up, fingerprint scanners do not guarantee privacy, and cyber-crime
departments should work more on the security of fingerprint scanners. However,
these shortcomings in this relatively new technology do not negate the fact that
fingerprint scanners are and will continue to be very helpful and eventually
essential.
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WIRELESS INDOOR POSITIONING TECHNOLOGIES

Modern consumer and industrial applications often require indoor positioning
systems. Manufacturers use them in robots, such as consumer vacuum robots, to
track personnel and packages at industrial sites. There are several existing non-
radio positioning technologies such as magnetic positioning, tracking based on
inertial measurements, and visual markers or visual features. However, they often
need an additional radio module for each tracking tag. Because these technologies
calculate position using the tracker’s computing capabilities, a Wireless Local Area
Network (WLAN) must also be available to help them to transmit computed data.
These principles may be implemented directly in consumer mobile phones. They
must be tailored specifically for a chosen area and often require costly equipment
to increase accuracy:

1. For magnetic positioning, a magnetic fingerprint of the steel building
structures has to be recorded and analyzed. [1]

2. Positioning based on inertial measurements requires an inertial
measurement unit (IMU) that provides low observational error. When using low-
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quality IMU, a measurement error is quickly accumulated and has to be mitigated
using reference points. [2]

3. Visual positioning methods require studying the area for known visual
features, as well as preparing appropriate neural networks and other algorithms for
efficient feature recognition. [3]

Radio positioning technologies usually win over non-radio ones because
most of them offer data transfer over the same network that is utilized for
positioning. This removes additional costs for infrastructure needed to transmit
position data. We divide popular radio positioning technologies into two
categories: short-range and long-range.

Short-range systems usually determine position using available nearby
anchor points with a known position. They do not track an exact location, but
rather proximity to an anchor and are perfect for geo-fencing. This approach has
low hardware requirements and complexity. It may be perfect for museum guide
tours and determining booth locations at expositions. Anchor devices within these
systems usually use Wi-Fi, Bluetooth or Near Field Communication radio modules
with omnidirectional short-range antennas. Positioning error may be decreased by
decreasing anchors’ transmission power and increasing their density per square
meter. Such systems require the installation of a large number of anchors across the
building, which may not be ideal in some cases [4-5].

The long-range positioning technologies are the most desirable ones. They
offer exact positioning within the 4-meter margin of error or less. The most notable
advantage is the reduced number of anchor devices necessary to install within the
tracking area. Anchors, however, have increased hardware and software
complexity compared to the short-range technologies.

Therefore, to develop the system using wireless indoor positioning
technologies it is necessary to combine several technologies. This approach helps
to ensure required accuracy and reliability.
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INTELLIGENT HOME ROBOTS

An intelligent robot, as a performing machine, must accept the task in a
general form, and the robot itself must be able to make decisions or plan its actions
in an uncertain or complex environment that it recognizes.

A young American company Willow Garage is developing a four-wheeled
home robot Personal Robot 2 (PR2). The company has set itself the task of
developing truly intelligent and multi-functional robots for everyday use as
assistants. PR2 is a robot that is slightly taller than a human and weighs 145 kg. He
has four degrees of freedom in the body, has two arms with eight degrees of
freedom. Three more degrees of freedom "rely"” on a head equipped with a stereo
camera and a laser rangefinder. All electrics, mechanics, power supply, three on-
board computers, electronics plus software are enclosed in the robot itself.

The most impressive achievement of this robot at the moment is the
independent passage of the “maze” of rooms, corridors and closed doors in search
of standard (important) household outlets, from which this bot successfully charges
its batteries.

The robot controls the force developed by his hand (sensors are built into the
articulation motors). Moreover, at the end of each of his fingers there are 22
pressure sensors. So he feels the movement of the door well and does not press it
too hard where it is not required. In this skill, the new bot is closer to the person
than to the previous machines, which opened the doors in advance by the “learned”
and rigidly defined movement.

The ideology of the PR2 project is the development of household robots with
a "mind" based on a special open source robot operating system (ROS). This
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spring, Willow Garage distributed ten copies of PR2 to student research labs for
free.

Recently, experts at the University of Tokyo (University of Tokyo) have
modified ROS from the "garage" in order to build something of their own. And this
only expands the possibilities of the project, to which one way or another more and
more specialists are joining.

Scientists from the University of California at Berkeley (UC Berkeley) for
the first time trained the robot, provided by Willow Garage, to interact with
deformable objects. The machine has been taught how to work with soft and, most
importantly, objects that change shape easily and unpredictably.

The Mahru Ahra project started at KIST back in March 2005. Mahru is the
name of the android boy, Ahra is a robot girl. At the institute, more than $ 3.5
million a year is spent on the development of humanoid machines, which made it
possible to create several modifications of androids that are about one and a half
meters tall and weigh about fifty kilos, which have thirty-odd degrees of freedom.
The latest show featured a two-legged Mahru-Z and a wheeled version of Mahru-
M. According to the KIST press release, thanks to the technology of high-speed
three-dimensional object recognition and high-precision manipulations of objects,
robots are able to "cook simple food."

Work on the creation of home robots is carried out by many large universities
in the world, often on the orders of the military. This is due to the possibility of
using the developed technologies in various fields, and first of all - to create
military robots.
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