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CEKIIA «<EJJEKTPOEHEPI'ETUKA»

VK 621.311

Hpsiuenxo B.B.%, Apnees 1.B.

KaHJ. TeXH. HayK, 01, HY «3amnopi3pka nomirexHika»
! kann. Texn. Hayk, nou. HY «3anopisbka HOTiTEXHIKa»

JOCJIIKEHHSA CITIOCOBIB KOMIEHCAIII PEAKTUBHOI
HNOTYKHOCTI HA TEXHIKO-EKOHOMIYHI IOKA3HUKHA
TITPOMHUCJIOBOI MEPEXKI

Ha mokpamieHHsI TEeXHIKO-€KOHOMIYHHMX TIOKa3HUKIB EJIEKTPHYHOI Mepexki
BILUIUBAIOTh 0araTto YMHHHKIB, OJJHAM 3 SIKUX € KOMIICHCAIlisl peaKTUBHOI MOTYKHO-
cti (KPII). IpakTrika mokasaja, 110 HalOiIb €(PEKTHBHUM TEXHIYHUM DPIllIEHHIM
3 €KOHOMI1 €JICKTPOEHEPTii B MEepeXi € 3aCTOCYBaHHS KOHACHCATOPHUX YCTAHOBOK
(KY). EQeKkTuBHICTE €NEKTPUYHHX MEPEX BU3HAYAECTHCS PIlIEHHSAM MPOoOIeMu
KPII, sika cknmamaeTbes 13 3a7a4 BUOOPY HOMIHANBHOI mOTykHOCTI KY Ta cnocobiB
X migKIoYeHHs y Mepeski. PilmeHHs mux 3aaa4 3yMOBIIOIOTH BapTicTh KY i 30HY
KOMIICHcallii, Ta, K HACJiJIOK, TEXHIKO-€KOHOMIYHI IOKa3HHKH Mepexi. AHaii3
OCTaHHIX MiATBEPKYE, 10 KOPEKTHE PillIEHHS YKa3aHHUX 3aJa4 3HAUYHO BILIMBAE HA
CKOHOMIYHY Ta CHEPreTUIHY €EeKTUBHICTD EIEKTPUYHOI MEPEXKi.

Jnst mocmimkeHHs: Oyia po3risiHyTa enekrpudra mepeska 10kB komposoro
[eXy MeTalypriiHOro KOMOIHATY, IKEPeIOM XHUBJICHHS ii € PO3MOIITbHAN MyHKT
(PII-10kB), 10 SKOTO paiajgbHO MiIKIIOYAKOTHCS BiCIM KOMILIEKTHHX TpaHChop-
maropaux mifcranniii (KTIT 10/04). TexHiko-eKOHOMIYHE IIOPIBHSAHHS CIIOCOOIB
KPII BuKoHYBaIOCH JJIsT HACTYITHUX BapiaHTiB: 1 BapiaHT — ycTaHOBKA HU3HKOBOJIb-
taux KY (HKY) Ha nmmuax PY-0,4 kB KTII cymapuoro notysxuictio 1115kBAp, a
TaKOX ycTaHOBKa BUCOKOBOJbTHUX KY (BKY) Ha mmHax 3PY-10 kB PII cymapHoio
notyxHicTio 1800kBAp;2 Bapiant — He mae ycranoskn HKYVY, ycranoska BKY nHa
mmHax 3PY-10«B PII cymapHoto notysxknictio 2700xkBAp.

KoxxHuil BapiaHT Ma€ CBOI TEXHIKO-€KOHOMIYHI IMOKa3HUKH, SIKi 00yMOBJIEHI
BHOOpOM €JIEMEHTIB, Tak 11 1-ro BapianTty BkazaHui croci6 KPII nozBonus 3HH-
3UTH HOMIHAJIbHY TOTYXKHICTh TPaHC(HOPMATOPIiB (MOPIBHAHO 3 2-M BapiaHTOM) Ha
OJIHY CTYMiHb HOMEHKIIATYPHOI LIKaJIX HOMIHAIbHUX HOTYXHOCTEH TpaHchopmaro-
pis. Hanpukian, mms KTII1 zamicte 1600 kBA moTykHICTh TpaHChOpMAaTOpiB
KTII1 crae 1000xkBA mpu Bcranosiaenni HKY.

VY xuBuisHOl Mepexi PIT-10kB i BTpaTi He OyayTh 3HAYHO BiAPI3HATHCS,
TaK K YMOBHU KOMIICHCAIIii /IS KOXKHOTO 3 BapiaHTiB OJHAKOBi, TOOTO HEOOXiTHO
3a0e3meunTH KOeIIliEHT peakTUBHOI MoTysKHOCTI Ha muHax PII-10kB — 0,25.0x-
Hake, CTPYMOBI HaBaHTa)XEHHsI BiPi3HSIIOTHCS, 3HAUUTH BIIPI3HAIOTHCS W BTpATH y
i€l Mepexi.
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3 pe3ynbTaTiB po3paxyHKy piuHi CyMapHi BTpaTH eJIeKTPOSHEPTi] y eJIeMeHTax
mepesxi 10kB, cymapHi piuHi BTpaTH eJIeKTPOCHEPTi] y CHCTEMI €eKTPOIIOCTauaHHs
it 1-ro BapianTy ckianyth 219,6MBT-rox, a mns apyroro — 243,3MBr-rox. Ta-
KM 4nHOM, BctaHoByieHHs: HKY B Mepesxi KonpoBoro nexy npusBeie A0 3HIKSHHS
BTpar enexTpoeHeprii na 10%.

KanitanoBkiasieHHs Ha CIIOPYIXKCHHSI CUCTEMH €JIeKTPOIIOCTa4yaHHs OyayTh
BU3HAYATHUCS CIIUCKOM YCTATKYBaHHs, IO BXOAWUTh y CHCTEMY W BiJMIHHOTO OpyT
BiJl IpyTa 1o BapiaHTaX. 30UTOK BiJl HEMOBUITYCKY TIPOAYKIIi1 MPH IEPEPBi EIEKTPO-
nmoctayaHHs He OyB BpaxOBaHHH, TOMY IIO0 BUMOTH JIO0 HaIIHHOCTI CUCTEMH 3a0e3-
MEYSHO Pa/liaIbHOO CXEMOIO i IBOMA HE3aJIe)KHUMH JKEPENIaMy JKHUBIICHHS 1S KO-
JKHOTO BapiaHTYy.

[TnaTa 3a peakTHBHY €JIEKTPOCHEPIiI0 TaKOX IO BapiaHTam OyJe BiApi3Hs-
THCSI, HE3BaKAIOUM Ha Te, 1o 1mij yac po3paxyHky KPII nopepxyBanucs Bumoram
3a0e3neueHHs KoedilieHTy peakTuBHOI noTyxHocTi — 0,25,ane 3acTocyBanHs cra-
H/IapPTHUX HOMIHAJBHUX MOTYXHOCcTel KY 3amicTh po3paxyHKOBUX IPU3BOAUTH 10
HeOaJlaHCy PEeaKTHBHOI IOTY>KHOCTI, a 3HAYUTH W 10 PI3HOTO CIIOKMBAHHS PEAKTHB-
HOi esiekTpoeHeprii. Tak mus 1-ro BapiaHTy BiJi €HEPTOCHCTEMH CHOXXHBAETHCS —
457,4xBAp, i s 2-ro Bapianty — 384,5kBAp (pe3ynbTaTi po3paxyHKy Hebala-
HCY pEaKTUBHOI IMOTY>KHOCTI), 1110 BiJ[BiUae OIUIaTi 3a peakTHBHY HOTYKHicTh 235,3
i1 197 ,4tuc.rpu/pik Bignosigno. OcTaHHI 3HAYEHHS OTPUMAHI IPH EKOHOMIYHOMY
€KBIBaJICHTI PEAKTUBHOI IMMOTYXHOCTI, SIKAH JIJIs €JIEKTpoIIepeaaBaIbHOT OpTraHizamii
nopisuioe 0,057 2xBt/kBAp it Tapudi 3a enexrpuuny enepriro - 2,57 rpa/kBr-uac.

PesynbraTi po3paxyHKiB TeXHIKO-€KOHOMIYHHX [TOKa3HUKIB IT0Ka3aB, 110 MIPH
1-omy Bapianti KPII cranoBuTh nopoxue, Tax sik € 3acrocyBanus HKY it BKY. Tax
st 1-ro Bapianty cymapha Bapricte KY ckxmamae 3113,0ruc.rpH, a gt 2-ro —
2160,1tuc.rpu, To0TO JOpOXKYE Maike HA OJWH MUTHHOH TPUBEHB. AJIE 3aCTOCY-
BanHs HKII Ha BigMiHy BiJ 2-To BapiaHTy IPU3BOAMTB: JI0 3HIXKCHHIO PIYHHUX BTPAT
esleKTpoeHeprii B eneMenTax Mepexi 10kB; 10 3HMKEHHIO HOMIHAIBHOT HOTYKHO-
cti tpancdopmaropie KTII, a 3nauunts i ixHpoi BapTocti (Ha 1277, THC.IpH), a Ta-
KO 3HIDKCHHIO Tiepepizy kabenpHoi ninil 10 kB minsHkw, mo xusuth KTIIL.

3ayBaXUMO, 1110 HaBEJIEH] MMOKAa3HUKHU XapaKTEePHi JUIS TaHOT CUCTEMU EJICKT-
poTIOCTavaHHsI KOMPOBOTO I[eXy METaIypridiHOro KoM0OiHaty. BodeBuap, mo ckian
Ta MapamMeTpH eJIeKTPOOOTaHAHHS eMEKTPUIHOT MEPEXKi Ta il peKUM eIeKTPOCIIO-
JKUBaHHS Ma€ JIJIsl KOHKPETHOTO 00’ €KTy CBOi KOHCTPYKTHBHI Ta PEKUMHI XapaKTe-
PHUCTHKH, TOMY TEXHIKO-eKOHOMIuHMH aHaii3 crioco6iB KPII Bu3Hae BiacHi peko-
MEHJIAIT IS JOCHIIKyBaHOT MEpeki W 3arajbHa <«ICKJIapamis» pPeKOMEHAAIlii
I110/10 PO3TAIlyBaHHS KOMIIEHCYIOUHX IIPUCTPOIB Y EIEKTPUYHUX Meperkax He JI0ITy-
cTHMa i moTpedye peTeNIbHUX PO3PAaXyHKIB Ta SKICHOTO PO3TIIALY.
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YJK 621.31:631(75.8)
Hpsaaenko B.B.!
! kann. Texn. Hayk, gou. HY «3anopizbka HOTiTEXHIKa»

EHEPT'O3BEPITI'AIOYI 3AXOAH OO 3HU)KEHHSA
TEXHOJIOTTYHUX BTPAT EJJEKTPUYHOI EHEPTTi ¥ CLZIbCBKOI
MEPEXI

EneprozoepeskeHHs Ha CbOTO/IHI € OJTHUM 3 BU3HAYATbHHUX (PAKTOPIB B CKOHO-
Milli Oyzab-sKOi Kpainu, 0coONMBO TaM Jie € TocTpuit nedinut eHepronociis. Buco-
KUH piBEHBb BTPAT €JEKTPOEHEPTII PH il TPAHCIIOPTYBaHHI Ta PO3noAiIi (0coGIHBO
y CIJTbCHKHX EIEKTPUYHUX MEpekax) 3yMOBICHHN OaraTbMa MpUYHHAMH, HATIPH-
KJ1aJ1, BEJTMKOIO TIPOEKTHOIO TYCTHHOIO CTPYMY, BUCOKHM PiBHEM HEOTHOPITHOCTI,
HU3BKUM PiBHEM KOMIIEHCAIIIT PEaKTUBHOI MOTY>KHOCT1, HETOCTATHBO €(DEKTUBHIUM
BUKOPHUCTaHHAM TpaHchopMmaTopiB 3 PITH, 3HMKEHHSAM SKOCTI eleKTpOoeHeprii Ta
iH. B pe3ynbTati BTpaTH €IEKTPOCHEPril y CLIBCHKHX Mepekax csarants 15—16%.
TakuM 4MHOM € HEeOOXiHICTh Y 3aNpOBaPKEHH] eHEepro30epiralounx 3axo/IiB came
B PO3MOIUTEHUX MEPEKaX.

OO0’ eXTOM JOCHI/DKSHHS cTana peanbHa miacTaHmis 35/6kB palloHHUX eneKT-
PUYHHX Mepex 3aropi3pKoi 00J1acTi, Bill SIKOT XKHUBISATHCS TOOYTOBI Ta MMPOMHUCIIOBI
CHOXHBaYi OJM3BKO PO3TAIIOBAaHKX cenuil. Ha mepromy erari Oyio ckiageHo po-
3paxyHKOBY CXeMY IS BU3HAUEHHS TEXHIYHUX BTPAT B ICHYIOUill €JEKTPUIHIN Me-
pEXi 3TiIHO METOAMKH, sIKa 3aCHOBaHa Ha METOMIHUX PEKOMEHAIISX i 3aCTOCO-
BYIOTBCS B 3a1opi>k0o0IeHEPTO.

IpoanaiizyBaBIlIK IPHEIHYBAIBHY MMOTYKHICTE CriokuBauiB no TI16/0,4 Ga-
9UMO, IO YacTHHA TpaHchopMaTopiB Hempo3aBaHTaxeHa. Lle mpu3BoauTh 10 HEOO-
IPYHTOBaHHX BTpAT XOJIOCTOTO XOAY B IMX TpaHchopmaTopax. Tak BTpaTH XoJoc-
Toro xoay Tpanchopmartopa TM-2500/35cknanarors 10 45MBTT0O1 32 piK, 110 B
rpOIIOBOMY eKBiBaneHTi - Oinbine 100Tuc. rpu (npu Tapudi 2,57 3rpu/kBT1-rox), a
cyMapHi BTpaTu Xojoctoro tpancdopmaropis TII 6/0,4 — 94MBrroz, a B rpommax
- o 250Tuc.rpH.

TexHiuHi BTpaTH B ejleMeHTax Mepexi mincranmii 35/6 ckinagaroTh
605,3MBTT0o1 32 piK, a B Tpomax BTpadaeTbes Ounpmie 1,6 muH. rpH. HaliGinemi
3HAYEHHs BTpaT € B TpaHchopmaropax 35/6Tta enexrpuunux mepexax mo 1000B,
notiM ixyts TIT 6/0,41 moBitpsni inii 6 kB.

By 3anponoHoBaHi 3aX0A1 MIOI0 3HWKEHHS LIUX BTPAT: BIIKIIOYCHHS Tpa-
Hcopmaropy Ha camiii migcrammii TM-2500/35; 3amina TtpaHcdopMaTopis
TII 6/0,4TM na ATMI 10/0,4;3amina nositpsuux niHii 6 kB wa CIII1-3; 3amina
noBiTpstaux iHiA 0,4 kB Ha CIII-2. Tako BUKOHAHO €KOHOMIYHHIA aHANI3 3aCTO-
CYBaHHS BHIICHABEICHUX CHEPro30epiraroumx 3ax0/IiB pa3oM.
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Buxopnsuu 3 TOro, 10 HABAaHTAXCHHS HA IPYTrHil TpaHchOpMATOp MiICTAHIIT
35/6 He 3HauHE, a TAKOK € MOXKIIUBICTH HA TIEPIO KAMPEMOHTY i aBapii mepexiito-
YUTH HA JIIHIO BiJ OJIM3bKO PO3TAIIOBAHOI ITiICTAHIIII, sIKA MA€E 3B’ 130K 3 JTOCIIIKY-
BaHOIO IIJICTaHII€I0, TO 0€3 HACHIIKIB BIAKIIIOYAEMO IEH TpaHCHOPMATOP Ta €KO-
HOMHMO 110 245THC.TPH B piK

Ha ocHOBiI cy4acHHMX HampsSMKiB IiIBUIICHHS €HEProe(EeKTHBHOCTI PO3IO-
JIineHEX TpaHcdopMmaropiB (Tak AK B MepekaxX 9acTKa 1X 3Ha4Ha 1 BiAMOBiAHI iM
BTpaTh Takox - 6insine 100MBT) npornoHyoThes TpanchopMaTopH 3 aMOp(GHUMHU
CepICYHUKAMH, Y SIKUX BTPATH XOJOCTOTO XOAy HWXKYE B 4 pa3u iICHYIOUHX MacJs-
HUX. BUKOpUCTaHHS Takux TpaHC(HOPMATOPIB B il Mepeki MoTpeOyoTh Oibm 1
MJTH TPH KaIliTATbHUX BUTPAT 1 TEPMiH OKYITHOCTI CKJIa/ie - 10 7 POKiB.

3arpornoHoBaHO TakoX 3aMiHa NOBiTpsHUX JiHIA Ha CIIIn B Mepexax 1o i
Bumie 1000B. binbim ehekTHBHUM € 3aXi[ Ui MOBITpssHUX TiHid 10 1000B. Tepmin
OKYIHOCTI - 10 TPhOX POKIB. | B I1iJIOMy Npy BUKOHaHHI BCiX 3aX0/1iB Oyze moTpiGHO
JI0 2, SMITH I'pH 1 CTPOK OKYITHOCTI CKJ1ajie 10 6 poKiB, 1[0 B yMOBaxX PEeKOHCTPYKIii
1 PO3BHTKY MEPEXKI € TOIyCTHMHUM.

VK 621.365.5

TMonos B.B.%, Ilpuxuo B.JI.2

! kann. Texn. Hayk, nou. HY «3anopisbka HOTiTEXHIKa»
2 cr. Buki. HY «3anopizbka HOTITEXHIKa»

MINPUHIUIIN NOBYJA0OBU BE3KOHTAKTHUX CITIOCOBIB
PET'YJIIOBAHHS EJEKTPUYHUX PEXXUMIB IHIYKIIMHUX NEYENA

VY cydacHOMY TIPOMUCIIOBOMY BHPOOHHUIITBI € aKTyaTbHUM ITiJBUIICHHS ede-
KTUBHOCTI BUPOOHHYOTO MPOILIECY 3a PAXYHOK 3aCTOCYBAaHHS BUCOKOTECXHOJIOTIYHUX
nporueci i 001agHaHHA. EnekTpoTeXHOI0TiUHI YCTaHOBKHY 3a0€3Me4yI0Th IIepeBaru
B TIOPIBHSHHI 3 IHIIMMU JJIS aHAJIOTIYHUX BHJIB TEXHOJOTIYHUX MPOIIECIB, OTHAK
BOHH BHMAraroTh MOJICPHi3allii B 3B'SI3Ky 3 MMOSIBOIO MPUCTPOIB aBTOMATUYHOTO pe-
TYJIOBaHHS.

3acTocyBaHHS Cy4acHHX 3acO0IB aBTOMAaTHYHOTO PETYIIFOBAHHS TEXHOJIOTIY-
HOTO TIPOIIECY JO3BOJISE MiIBULTUTH KOHKYPEHTOCTIPOMOKHICTh MMPOIYKITii 32 paxy-
HOK 3HID)KEHHS 11 cO0IBapTOCTI IPH 3HIKEHHI YaCTKH €HEPTOBUTPAT B 3aralibHil CO-
OiBapTocTi mpoaykiii. B manuit yac po3po0iieHi crmocoOu peryaroBaHHs 3 BHKOPHUC-
TaHHAM O€3KOHTaKTHHUX peryjsropie mapamerpis enekrpoereprii (BPIIE). Ocuo-
BOIO TAKOT'O MPUCTPOIO € THPHCTOPHE-TpaH3ucTOpHi Moayii (TTM).

Omaum 3 ocHoBHEX BUMOT 110 BPIIE € 3a0e3nedenHs iX eJIeKTpOMartiTHOl cy-
MICHOCTI 3 )KHBHJIEHOKO MEPEXEI0 I HaBaHTa)XeHHAM. B mporieci cBoei poOoTH BOHU
He MOBMHHI T'€HEepyBaTH BHIL F'APMOHIKH HANpyTH ado cTpyMy. Po3pobieHo kibka
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tunoBux TTM 3 pi3HOIO KUIBKICTIO IUCKPETHUX PIBHIB HANPYTH HA IXHIX BUXIIHUX
3aTHcKavyax. Y CTaTHYHUX pexknmax podotn TTM meBHa yacTWHA THPHCTOPHHUX
witouiB (TK) 3HaX0quThest Ha MPOTA3i BCOTO MEPioLy HATIPYTH KHUBJICHHS y BKIIO-
YeHOMY cTaHi (KyT kepyBaHHs JopiBHIOe O °),a iHIIa X YacTHHA TOBHICTIO BUKITIO-
yeHa. Tomy TTM B cratmuHuX pexnMmax poOOTH BHILI TapMOHIKM Hampyru abo
cTtpyMy He reHepye. [lepeBenernst TTM B pizHi peskuMU poOOTH 3T HCHIOETHCS CIIe-
[iaTbHIMH aJTOPUTMAaMU 3 TIPUPOJTHOIO KoMyTali€eio 3a qomoMoroio TK. V mepexi-
JHUX peKuMax poOOTH KOMYTAIliiHI HAJICTPYMH 1 TIEpEHANPYTH Ha eJIeMeHTaxX pe-
TyJoBaibHOTO oprany TTM He BUHUKAaIOTh, a caMi KOMYTAIliifHI MPOIECH MaroTh
TPUBATICTh He OUIbIIE MEKITFKOX MIKpOCEKYHI. MOKHA BBa)KaTH, IO OOy I0BaHi
3a TakuM TpuHIAIIOM TTM MaroTh e1eKTPOMarHiTHy CyMiCHICTh 3 MEPEKEI0 JKHB-
JICHHSI 1 HABaHTAXKEHHSIM.

JpyruM BakiuBuM npuHImnoM nodynosu BPIIE € mMoxnuBicTh iHTErpoBa-
Horo BukopucTtanus Tux camux TK 1 TpancopmaropHoro obiaagHaHHs 11 podoTH
B HaWHOINBIIIHM KiJIBKOCTI PI3HMUX CTALllOHApHHUX PEeKUMIB. Peamizamis nporo npuH-
IIWITy BUKJIMKA€E PETyJIIOBAaHHS HAIPYTW Ha BHXITHHUX 3aTHCKayaX yCTaTKyBaHHs HE
TITBKH IUIIXOM apu(pMETHYHOTO CyMyBaHHs (a00 BimHIMaHHS) BEKTOpPIB HAIPYTH
MepexXi )KUBIIEHHS Ta caMoro o0JalHaHHs, a il TEOMETPUYHOTO X JoAaBaHHs. ToMy
B OJTHOMY O0JIaJTHAHHI 3'€ THY€ThCS ITO3JIOBXKHE 1 TIOTIEPEUHE PETYIIOBaHHS HAPYTH.

AHai3 cxeMHu 0€3KOHTAKTHOT'O PETYIIOBAHHS HANPYTH IMIBEHIAPCHKOT GipMHu
ABB noka3zas, 10 BoHa iCTOTHO TIPOTpaE 32 BUTPATaMH Ha BUTOTOBJICHHSI TpaHc(o-
pMaTopHOTO 00JIaJHAHHSA 1 3a KijbKicTio BUKopucToByBaHuX TK. Ile 0o6ymoBIeHO
THM, IIO B Takiif cxemi mependaueHe TiTbKH apruMETHYHE MiACYMOBYBaHHs (abo
BiZIHIMaHHs) BEKTOPIiB HAMIPYTH MEPEeXi )KUBICHHS Ta caMoro oodnaaHanus. Hanpu-
KJaj, ast 3a0e3neueHHs Ha BuxiaHux 3atuckadax = 4 Uc (UcC - cTymie peryiro-
BaHHs Hanpyru) B cxemi npuctporo BPIIE (ne ocHoBa TTM) nepenbavaetbes OAUH
nonomikHUH Tpanchopmatop Tta 18 TK. Slkmo i 1ux nineil BUKOPUCTOBYBAaTH
cxemy ¢ipmu ABB, To HEoOXigHO 1Ba TomoMiXHUX TpaHcdopmaropa ta 24 TK. ¥V
TTM B OyIb-sSIKOMY CTaIliOHAPHOMY PEKUMi pOOOTH i CTPYMOM HaBaHTaXCHHS
oyne He Oimbire 6 TK, a B obmagnanui Gipmu ABB Takux KItO4iB MOBHHHO OyTH
12.Ouesuani Benuki BTpatH eHeprii B TK i TpancdopmaropHOMy 0018 qHaHHI TIPH-
ctpoi ¢ipmu ABB, a, oTxke, Taka peaizallis peryIioBaHHS Ma€ HU3bKHUI KOeQilli€eHT
KOPHUCHOI Jii.

Tperim ocHOBHMM TipuHITMTIOM cTBOpeHHs1 BPIIE € MomynbHuit 06pa3 ix mo-
Oynou. Peanizamist caMe IbOro MPHUHIMITY JTO3BOJISIE TOCUTH €PEKTUBHO TPH TIOC-
JTIOBHOMY 3'€JHaHHI OKPEMHX MOJYJIB OJHAKOBOI'O CXEMAaTHYHOTO BHUKOHAHHS
OTPHUMYBATH TIPUCTPiH 3 MIUPOKUM /ialla30HOM PETYIIOBAHHS ITapaMETPIB €IEKTPO-
eHeprii mpu 30epekeHHI BUCOKOT TOUHOCTI PEryIIFOBaHHS.

Eneproszoepiratounm npuniunoM nodyaosu bPIIE mns enektpormocrayanHs
MOTYKHUX €JIEKTPOTEXHOJIOTIYHUX NMPUHAMAaYIB €IEKTPOCHEPTil € BiIMOBa BiJl BUKO-
PUCTaHHS MEXaHIYHOTO OOJIATHAHHS JUISI IIUPOKOMIAa30HHOTO PETYIIOBAHHS
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HANPYTH Ha BUXiTHUX 3aTHCKayaX MpHUAMAaYiB MiJ CTpyMOM HaBaHTakeHHs. Le mo-
TpeOye TaKuil MPUCTPIH K pEaKTOp, IO BXOJUTH JI0 CKIaIy CHeHiadbHUX TPaHCHO-
pMmaropiB (iYHKUX, TEPETBOPIOBATIBHUAX Ta iH.). BUKOPUCTAHHS PEAKTOPY MPHU3BO-
JUTH 10 CYTTEBOTO 301IBIICHHS! HOMIHAIBHOT IOTY>KHOCTI IIUX TpaHC(HOpPMaTOpiB B
MOPIBHIHHI 31 CIIO)KMBAaHUM HAaBaHTa)KEHHSM, a 3BiJICH i CAMOOYEBUIHI HEJOIIKH.
SAxmo Ha ocHOBI BukopuctanHsd TTM moOymyBaTH CXeMy €JIeKTPOIIOCTadyaHHs, TO
MokHa oTpuMatu BPIIE 3 mmpokum miamazoHOM CTYNEHEBOTO PETyIIOBAaHHS Ha-
npyry. B mpomy BUmagKy MepexeBuid TpaHC(HOPMATOp Ma€ IEPBUHHY OOMOTKY BU-
COKOT HAIPyTH Ta IBi BTOPUHHI 00MOTKH. OJIMH TaKuil TpaHCHOpMaTOP BUKOPUCTO-
BYETHCS JJIS €IIEKTPONIOCTAYaHHSI OJHOYACHO JEKIUTBKOX MOTYKHHX €JEKTPOTEXHO-
JIOTIYHUX MPHUHMaYiB, a TAKOXK SK [IEX0Ba TpaHCHOpMATOpHA IMiICTAHITIS JKUBIICHHS
BCIX €IEKTPOMpHUMaYiB KOHKPETHOTO IIEXY.

VJIK 692.92
Maxnin ILB !, [lIpam O.A.1
! kann. Texn. Hayk, gou. HY «3anopizbka HOTiTEXHIKa»

JOCJIIKEHHS ABAPIMHNUX PEXKAMIB POGOTH CUCTEMHA
EJIEKTOPITIOCTAYAHHS HIAINTPUEMCTBA I'TPCBKOI
MMPOMUCJIIOBOCTI

TexHoNOTiYHUI TIpoIeC BUAOOYTKY Ta 30aradeHHs 3ali30pyJHIX KOHIICHTpa-
TiB MAPUEMCTBA TIPHUYO1T MPOMHUCIIOBOCTI - TIpHUY0-30aradyyBaJIbHOTO KOMOIHATY,
€ Iy)Ke CHEProEMHUM, Y SIKOMY MPHUUMAIOTh Y4acTh 0araTo MOTYXHHUX CIOXKHUBAYiB.
JIxkepentoM KUBJIEHHS I IIPUEMCTBA € By3iioBa migcraniis 330/150/3%B, Temiosa
enekTpoctaniis - KpuBopizbka TEC Ta KaxoBcbkoi 'EC. Mepexy enekTponocra-
YaHHS MIATPUEMCTBA CKIIAIA€ BEIUKA KiTBKICTh 3HIKYBaIBHUX IMiJCTAHIIIH, TOBIT-
PSHMX Ta KaOeNbHUX JIiHiH, CTPYMOIIPOBOIIB, BIIKPUTHX Ta 3aKPUTHX PO3IOALTEYHX
MPUCTPOIB Ta iHIIE. 3 YpaxyBaHHIM CKJIAHOI CHCTEMH CIICKTPOIOCTAYaHHS TiII-
pueMCTBA A1 3a0e3neucHHs 0e3epeOiitHOTo Ta HaJIITHOTO SIEKTPOIIOCTAYaHHS aK-
TyaJbHOIO 33aJ1a4€l0 € OCIIKCHHS aBapiifHUX PeXHMMIB IPHU PI3HUX CXEeMax, a Ta-
KO IpH pi3HUX pexxumax podotn Kaxoscerkoi 'EC.

JIo1st ipoBeACHHSI TOCIIKEHh OOpaHi CXeMHU CUCTEMH €JIEKTPOTIOCTAYaHHS Ta
pexumu podoru I'EC Ta micis koporkoro 3amukanns (K3) - 21 Bapiant. Po3po0-
JIeHa CXeMa 3aMileHHS] CUCTEMH eJICeKTPOIOCTa4aHHs Ta MPOBEJCHI PO3paxyHKH
CTPYMIB aBapiifHUX PEXKHUMIB Y KOXKHOMY 3 BUOpaHUX BapiaHTiB. OTpUMaHO, IO pi-
BEHb CTPYMiB onfHOda3HuX Ta TpudazHux K3 myke BUCOKHI Ta B OKPEMHX BHITAI-
Kax MO)Ke TEepPEBUIYBAaTH BUMHUKAIBHY 37aTHICTh BUMHKAYiB. 3alpOIIOHOBAHI 3a-
XOJTU TIO 3HMKCHHIO PIBHS CTPEMIB aBapiifHUX PEKUMIB. 3aCTOCYBaHHS aBTOMATHUKU
HOAITY Mepexi. YCTaHOBKa Ha cekuiiHux Bumukadax mumH 150 kB Kpusopisbkoi

19



TEC aBroMary 3HIKEHHS OTYXXHOCTI, 110 BiIKJII0OYa€ MDKIIMHUI BUMHKAY, J03BO-
nste mpu K3 Ha BUBOax aBTOTpaHchopMaTopiB a0 Ha MIMHAX 3MEHIINTH KUIbKICTh
mxepen mianutka K3. [pu ibomy crpymu ogHodaszHux ta tpudasanx K3 3menmry-
rOThCs Ha 22%.

Ha migcranmii «I'ipanya — 33&B» aBTOMAT 3HMKEHHS OTY>KHOCTI BCTAHOB-
JICHWH Ha CEKIIMHUX BHMHKadax mepinoi ta apyroi cucremu mmH 150 kB. Ilpu
BKJIFOUEHHX CEKIIMHMX Ta MDKIIMHHX BHMHKadax (poOoda cxema MiacTaHiii) mpu
K3 na mmuax 150 kB abo BHBOmax aBTOTpaHC(HOPMATOPIB JKEPETaMH ITiHKHUB-
nerHs K3 € wortupu aBToTpanchopmartopH, a npu crparpoBani A3I 3amumnraeTses
TiTBKY JBa, IO TO03BOJISIE€ 3HAYHO 3HU3UTH CTPYMH aBapiiHUX PEKUMIB.

[IpoBeneHi mocmimxeHHs aBapiiHUX pexxumiB ipu K3 BBogax Tpancdopmaro-
PiB Ta MIMHAX TOJIOBHOI 3HIKYBAIBHOI MiICTAHIIIT MiANPUEMCTBA, BUBEIICHI 3aJIeXK-
HOCTI CTpyMiB oxHO(a3Hux Ta Tpudasuux K3 Big pexxumy pobotn J[HimpoBcbKol
I'EC Tta mpu pi3HHX enekTpuyHHX cxemax miactaHuii «[ipaumda — 33&B». [Ipn
cnpamtoBanHi A3l Ha migcrannii «[ipanua — 33&B» ctpymu K3 3HMXKYI0THCS Ha
6%. 3anexuicte crpymiB K3 Bix pexumy podotn 'EC 3nauno Oinpma. Tak npu
NOBHIcTIO BBeseHii B poboTy KaxoBcrkoi 'EC ctpym K3 Ha mmHax 301mbInyeThes
Ha 41%npu pobouiit cxemi migcranmii «Iiparya — 33GB», Ta Ha 46% npu crpa-
mroBanHi A3II. 3 ypaxyBaHHSM TOTO, 1[0 BUMHUKAJIbHA 3IaTHICTh BUMUKAJiB JOCTa-
THA JUTs BigkroueHHs ctpymiB K3, a Big TEC oTpuMyIOTh KHUBJICHHS 1HIII CITOXKH-
Bayi 3aCTOCOBYBATH IITMIIbHY aBTOMATUKY st BigkmoueHHs [ EC Hepo1inbpHO.

VJIK 628
3adomotHbI A.J1.L
! kann. Texn. Hayk, gou. HY «3anopizbka HOTiTEXHIKa»

HIABUINMEHHA EOEKTUBHOCTI CUCTEMUA
EJEKTPOIIOCTAYAHHSA METAJIYPTTAHOI'O KOMBIHATY

[puckopeHHs HAYKOBO-TEXHIYHOTO MPOTPECY BUMArae BIPOBAKECHHS Cydac-
HUX TEXHOJIOTIYHHX MPOIIECIB, B SKHMX 3aCTOCOBAHI YCTAHOBKH 1 IPUCTPOT 3 BUKOPU-
CTaHHAM eNeKTpU4HOI eHeprii. Lle moTpedye moaambIIoro pO3BUTKY CIEKTPUIHHUX
MEpEeX MPOMHUCIIOBUX MIAMPUEMCTB Ta CLIILCHKOTO TOCMOIapCTBa Ta X MOJepHizamii
JUTst 3a0e3TeUeHHsT EKOHOMIYHOTO Ta HAJAIMHOTO eeKTPOIIOCTAYaHHS CIIOKUBAYiB.

3HIDKEHHST BTpPAT EJEKTPOSHEPTii y JKUBJIAYIA Ta PO3MOAUTRYIN Mepekax
TPYIH LIEXiB METaIypriiHOTO KOMOIHATY, a TaKOK 3aCTOCYBaHHS eHEepro3oepiraro-
YUX TEXHOJIOTIH i CHCTEM aBTOMATHYHOTO KepyBaHHS TEXHOJIOTIYHOTO TIPOIIECy 3a-
Oe3rneuye 3HWKEHHS cOOGIBAPTOCTI MPOAYKIIT, 110 BUIyCKa€Thest (0COOIHBO edek-
TUBHUM € 3HW)KCHHS BTPAT €JICKTPOCHEPTil ISl eHEPrOEMHHUX BUPOOHUIITB, A€ Yac-
TKH BTPAT Ha CJICKTPOCHEPTII0 CTAHOBIIATH 3HAYHY BEIIMYHHY Y 3aTajbHUX BUTPATaX
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Ha BUITyCK MPOJYKIIi), i B KIHIEBOMY MiJICYMKY MPH3BOJHUTH O MiJABUIICHHS KOH-
KypPEHTHOT 3/[aTHOCTI MPOAYKIIii.

Jlo eHeprozoepirarounx 3axofiB, sIKi 3aCTOCOBYIOTHCSI B €JIEKTPHYHUX Mepe-
JKax HaJISKaTh !

- BUOIp parioHaabHOI KiJBKOCTI 1 pO3TanlyBaHHs JUKEPE )KUBJICHHS Ta BY3JIiB
HAaBaHTAKCHHA, a TAKOXK CXEMH iX CJeKTPUYHHX 3’ €HaHb, 10 3a0e3euye BUMOTH
HAJIHOCTI €JIEKTPOIOCTadYaHHsI CTIOXKHUBAYiB y BIAMOBIMTHOCTI A0 iX Kareropii 3a
IIYE;

- BUOIp pamioHaILHOT KiJTBKOCTI 1 peskuMy poboTu Tpanchopmaropis KTTI;

- BUOIp ONTHMAILHOI MOTY>KHOCTI 1 MICISI YCTAHOBKH KOMIICHCYIOUH TIPH-
CTpOIiB,;

- 3aCTOCYBaHHS aBTOMAaTHYHOTO KEPyBaHHS €JIEKTPOCIIOKMBAHHIM Ha OCHOBI
BUKOPHCTAHHS KOMIT IOTEPHUX TEXHOJIOTIH.

ITpn nmpoekTyBaHHI CHCTEMH EJICKTPONIOCTAYaHHS TPYNH LEXiB MeTalyprii-
HOTO KOMOIHATy TaKo)X He0OXiJHO 3a0€3IEeUNTH SKICTh EJIEKTPOCHEPTii y BiNOBIA-
HocTi 10 BuMor ['OCT 13109-97 — HkicTh eneKTpuIHOi eHeprii».

KoHCTpyKTHMBHE BHUKOHAHHS MEPEX EJIEKTPOIIOCTauyaHHs TPYNH ILEXiB I0-
BHHHO BPaxOBYBaTH BUMOTH TEXHIKH Oe3IekH, kareropieto npuMinieHus 3a [IVE, a
TaKOX JIOIIbHICTh 3aCTOCYBaHHS KOMIUIEKTHHX TPUCTPOIB, 10 3a0e3medye CKOpo-
YeHHS CTPOKIB MOHTaXY 3aBISKH 3aCTOCYBAaHHIO iHIYCTPiabHUX METOJIIB.

KpumM Tor0, peneitamii 3aXuCT i aBTOMAaTHKA € YaCTHHOIO KOMITIEKCY €JIeKTPO-
00NaTHaHHS CHCTEM EJISKTPOTIOCTaYaHHA. be3 HuX Ha cydacHOMY TeXHIYHOMY PiBHI
HEMO>KJINBO 31HCHIOBATH HaJlIHHE €NEKTPONOCTaYaHHs CIIOKUBaUiB.

Takox NpH NMPOEKTYyBaHHI €IEKTPUYHUX MEPEK IMPOMUCIOBHX IMiAIPHEMCTB
NOTPiOHO BUKOHYBaTH BUMOTH OXOPOHH IIpalli Ta MPOMHUCIIOBOT caHiTapii.

VK 621.311

Tonos B.B.%, ITpuxno JI.€.2

! kann. Texn. Hayk, nou. HY «3anopisbka HOmiTEXHiKa»
2 acn. HY «3anopisbka nomitexnika»

BUBIP OIITUMAJIBHOT'O BAPIAHTY KOMIEHCAIIIi PEAKTUBHOI
MNOTY>XKHOCTI

KomrieHcartiss peakTHBHO MOTYKHOCTI € OJHUM 3 Hale(hEeKTUBHIIINX €HEPTo-
30epirarounx 3axofiB, SIKAH JO3BOJISIE 3HU3UTH BTPATH aKTHBHOI €JIEKTPOEHEPTii
mpu 11 TiepenaBaHHi, PO3MOIUTY Ta MEPETBOPIOBaHHI y TpaHchopMmaTopax Mepexi
EJIEKTPOINIOCTAYaHHS IPOMHUCIOBUX MIANPUEMCTB 33 PAXYHOK 3HMKECHHSI BETUYUHU
PCaKTHBHOI MMOTYKHOCTI, III0 MEPEIAETHCS Yepe3 CIEMEHTH SIICKTPHIHOT MEPEKI.
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BcTaHoBNeHHS NpUCTPOIB KOMIEHCAlii peaKTUBHOI MOTYKHOCTI B Mepeskax
MPOMUCIIOBUX IIIPHUEMCTB CTUMYJIOETBCSI €HEProIOCTavyalIbHOI0 OpraHi3alielo
[IISIXOM BH3HAYEHHS ONTHMAIILHOTO KoedillieHTa peakTHBHOT MOTY)HOCTI (1 Ponr)
B pEKAMI MAKCUMAITLHOTO HABAHTAXKCHHS, SKUI BCTAHOBIIIOETHCS B JIOTOBOPI HA TO-
CTa4aHHs eJIEKTPOCHEPTil MK €HEProCUCTEMOIO Ta IiAIPHEMCTBOM. Y pasi epeBu-
IIEHHS 3aJaHOr0 KOoe]ili€HTa PeaKTHBHOI MOTY>KHOCTI B PEXHUMI MaKCUMAaJIbHUX
HABaHTAXXCHb 30UTBIY€ETHCS BETMUMHA TApU(PHOI CTABKH OIUIATH EICKTPOCHEPTii Ha
BEJIMYHHY MPOTIOPIIHHY TIEPEBUIIICHHIO 33/IaHOTO Koe(ilieHTa peakTUBHOI MOTYX-
HOCTI.

3arajbHa MOTYXKHICTH MIPHUCTPOIB KOMIIEHCAIIl pEaKTHBHOI MOTYKHOCTI Qxy
BH3HAYAETHCS HAa OCHOBI 3a0e3MeueHHs1 OalaHCy pPeakTHBHOI MOTYKHOCTI Ha Tpa-
HUTI 0aJaHCOBOT HANISKHOCTI: €HepronocTadalibHa OpTaHi3allis — miIIMpUEMCTBO, 3a
YMOBH 3a0€3IIeUeHHS 3a/IaHOT0 KOoe(illieHTa pPeaKTHBHOI IOTY>KHOCTI B PEXXUMI Ma-
KCUMAaJIbHOT'O HaBaHTa)KCHHS.

3anpornoHoBaHO MeTox BUOOpY onTHMansHOro BapiaHTa posmonimy KPIT 3a
YMOBOIO MiHIMaJIbHUX 3BEJCHHUX BHUTpaT. PO3risiHEMO CyTh 3alpOIIOHOBAHOTO Me-
TOJA.

Bu6ip npuctpois KPII npoBomuThCs B Takiil moCiiT0BHOCTI:

- st koxkHo1 KTTI Bu3HawaeThest onTUManbHU Koe(ilieHT 3aBaHTaKeHHS;

- BU3HA4aeThes moTyxHicTh HKY 3a yMOBOIO 3a0e3medeH s MPOITyCKHOT 371a-
THOCTI TpaHcopMaTopa 3a PEaKTHBHOIO MOTYXHICTIO;

- BU3HAYA€ETHCS PI3HUIS IPUBEICHUX BUTPAT JJIS BAPiaHTIB 3 BUKOPUCTAHHAM
1 6e3 Bukopuctanusa Kb na croponi HH tpancdopmatopa.

3MiHIOIOYHM Yy BapiaHTax BHMXiaHi JaHi (YUCIIO i IIOTYKHICTH TpaHCHOPMATOPIB
KTTI, BapTicTh €IeKTpOSHEPTil 1 TaK Jai) MOXIHBO BU3HAYCHHS ONTUMAILHOTO Ba-
piadTa BUOOPY 1 pO3MOALTY KOMIEHCYIOUHX IPUCTPOIB, 11O BIANOBiAa€ BUMO31 35 =
3min.

3arporoHOBaHUHi METO]T BHOOPY KOMIIEHCYIOUUX IIPUCTPOIB JO3BOJISIE!

- BU3HAYUTH ONTHUMAJFHUN BapiaHT PO3IOALTY KOMIICHCAILlIT pEaKTHBHOT MOTY-
xHocti Ha cropoHi HH 1 BH tpancdopmaropis KTIT,

- BU3HAUNTH ONITUMAJIbHE YMCIIO | HOMIHAJILHY HOTYKHICTB TpaHc(opMaropis;

- BU3HAYHUTH €KOHOMIUHY e(DeKTHBHICTH BiJI BIPOBAKEHHS KOMIICHCAIlii pea-
KTHBHOI TIOTY>KHOCTI;

- (opMarizyBaTH pPO3paxyHOK KOMITEHCAIlil PEAaKTUBHOI TIOTY)KHOCTI B KOM-
TUIEKCi 3 BUOOPOM IHIITHX €JIeMEHTIB eJIEKTPHIHOI MEepexKi.

Jlanuit MeTox Moke OyTH BUKOPHUCTAaHHWH SK Ha CTalii MPOEKTyBaHHS €JEKT-
pOTIOCTadaHHs, TaK i MPH OIIHIOBAHHI €(EKTUBHOCTI EIEKTPONIOCTAYaHHS TiAIpH-
€MCTBA, SIKC 3HAXOJUTHCS B CKCILTyaTallii.
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YK 621.311

Hbsiuenxo B.B.1, Suemupceka E.O.2

! kann. Texn. Hayk, gou. HY «3anopizbka HOTiTEXHIKa»
2 cryn. rp. E3-110m HY «3anopis3bka MosiTexHiKa»

BHUBIP MICLSI PO3TAIIYBAHHA JIZKEPEJIA KUBJIEHHS
EJEKTPUYHOI MEPEXKI

OpHi€ro 31 CKIIaJ0BHUX 3arajlbHOI0 KOMIUIEKCY €Hepro30epiraroumx 3axo/iB €
3HW)KEHHS BTPAT €JIEKTPOCHEPTii MpH ii TpaHCIIOPTYBaHHI 110 EJICKTPHIHNX MEpeXax
(EM). Lle MOSCHIOETHCS THM, IO BTPATH €JEKTPOEHEPTii JocsaratoTh 3HaueHp 10 -
20%sin nepenanoi enexkrpoeHeprii mo EM, T00TO, € pe3epBH 10 3HHKEHHIO CIIOKH-
BaHOI eJeKTpoeHeprii, ocoommBo B EM mpoMHCIOBUX eleKTpocrokuBadiB. Kpim
TEXHIYHMX XapakTepucTUK (KOHCTPYKIIi Ta mepepisy) enementr EM, 1o nepena-
IOTh EJIEKTPOCHEPTiI0 XapaKTepH3YIOThCs 1 IOBXKHMHOIO, 1[0 Pa30M i BU3HAYAE Mapa-
METpPH MEPEXi - IX OTip i BIUITMBA€E HA BTPATH B HUX, a 3HAYMTH i BTPATH B MEPEkKax
B I[LJIOMY.

TakuMm YMHOM, BIUTMBAIOYH y KOMIUICKCI 3 PS)KUMHUMHY | KOHCTPYKTHBHUMU
napaMeTpamMM Mepexi Ha JOBKHHU JIiHIH 3B'SI3Ky MiX 11 By371aMu MOXHA 3a TIOIepe-
JHIMH OLIIHKaMH 3HaYHO 3HU3WUTH BTPATH eJeKTpoeHeprii. JJoBXHUHN eIeKTPHUIHOTO
3B'I3KY MiXK By3J1aMHU MepesKi BU3HAYAIOTHCS IX MICIIEM PO3TallyBaHHs, TOOTO TOIIO-
noriero EM. TIpudomy, SIKIIO po3MoOIiT MpuitMadiB eeKTPOSHEPTIi B miiaHi 00'ekTa
HaWJacTile 3yMOBJICHO TEXHOJIOraMK Ta OyIiBeJIbHUKAMU, TO PO3TAIIlyBaHHS By3Jia
MEpEexXi K JKepesa )KUBICHHS TOIycKae BapitoBaHHs. TakuM YMHOM, TOTIOJIOTIdHA
3amada B EM sk BuOip Micls po3TaliyBaHHS JKepera >KUBIICHHS MEPeXi, BIUTUBAE
Ha eHepro30epekeHH .

SIkicTh pimeHHs TOMOJIOTiTHOI 3a1a49i B EM mipalttoe Ha BUpiIeHHS TIPOoOIeMu
€Hepro30epeKeHHs, O MiATBEPAKYETHCS TTOTIEPEIHIMHU TOCTIDKCHHIMH, HaIpH-
KA. mepeMilieHHs By3na Mepexi B Mexax Big 50 mo 500 M. mo3Bosie 3HU3UTH
BTpaTH aKTUBHOI enekrpoeneprii Bix 1,5 no 5 pa3s. [Ipudyomy, uncioBi MokasHUKH
CTYIEHS PalliOHAJIBHOCTI PO3TAIIyBaHHs By3Ja MEPEXi, B IUIaHI 00'€KTa HE MOXHA
y3araJsHUTH. BoHN iHIMBIAyalbHI 111 KOHCTPYKTUBHOTO TA €HEPIeTUYHOTO Bij0-
OpakenHss EM, To0TO BU3HAYaIOTHCS KUTBKICTIO €JIEKTPOCHOXKHBAUiB, KOHCTPYKTH-
BHUM BHKOHAHHSM MepellaBalibHAX €JIEMEHTIB Ta JPKepell )KUBICHHS, PO3MOIIIOM
HaBaHTaXCHHS 110 MEPEXi, pO3TallyBaHHAM CIIOKMBAUiB B IJIaHi 00'€KTa Ta IHITUMH
napaMeTpamH.

Jlo Toro x TomosoriuHa 3aiada B EM, sik oHa i3 3a71a4, 110 BUPIIIYIOTHCS TIPH
MPOEKTYBaHHI CUCTEM EJIEKTPOIIOCTAYaHHS], BIUTMBAE Ha PIIICHHS 1HIINX MPOSKTHUX
3aqa4. Hanpukian, po3mnoiii eJeKTpUYHOrO HABaHTAXKEHHS 110 By3Jax Mepexi mo-
B'SI3aHO 3 TXHIM MICIIEM pO3TallyBaHHs, sIKE, B CBOIO YEpry, B3a€MOIIOB'I3aHe 3 1H-
MU (haKTOPAMHU: TEXHOJIOTI€0, KOHCTPYKTUBHIM BHKOHAHHSM Ta iHIIE. Takox
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Mae Miclie B3aEMOBIUIMB 1 3 3a1a4eto BUOOPY panioHaNbHOI eleKTpudHoi cxemu. Le
TIOB'SI3aHO 3 THM, IO EJIEKTPUYHI 3B'I3KH MIXK BY3J1aMHU 3yMOBITIOE TIOSIBY MOXKJIIMBUX
MPOMIXXHUX BY3JIB, sIKi IPEJCTaBIISIOTH COOOIO HOBI 31 CBOIMH MapaMeTpaMH eJeK-
TPUYHHX PEKUMIB i 31 CBOIMU KoOpAMHATaMHu (B muiaHi 00'ekta)). Takum 4iHOM, 3
TPUYHOT CXEMH, BIUTHB PE3YJbTATIB ii PIllICHHS HA 3HIKEHHS BTPAT €JICKTPOCHEPTii
B EM, a TakoX BiJICYyTHICT B iICHYIOUMX METOJIaX KOPEKTHOCTI ii pilieHHs, HeoO-
XiJIHI CTBOPEHHS Ta AOCHIDKEHHS HOBHX ITiIX0JIiB BUPIIIICHHS IIi€l 3a1adi.

VK 621.643

Hpsaaenko B.B.Y, I'puns K.B.2

! kann. Texn. Hayk, gou. HY «3anopizbka HOTiTEXHIKa»
2 cryn. rp. E-510m HY «3anopi3bka IoJtiTeXHiKa»

AHAJI3 EOEKTUBHOCTI BUKOPUCTAHHSA BE3KOHTAKTHOT'O
PET'YJIIOBAHHS HIAPAMETPIB EJIEKTPOEHEPTIi IIEYIT

Ha cporonuinisiii 1eHs po3poOieHi Oe3KOHTaKTHI CIOCOOM pETYJIIOBaHHS 3
BUKOPUCTAHHSIM TPUCTPOIB OC3KOHTAKTHOTO PETYIIOBAHHS MapaMETPIiB eIeKTpoe-
Hepril (BPIIE), ocHOBOIO sSKHX € THPHCTOpHe-TpaH3uctopHi Moy (TTM). Ipu-
ctpoi BPIIE 3a paxyHOK BUKOpHCTaHHS THPUCTOPHUX KJIFOUiB JJO3BOJISIOTH 3a0e311e-
YUTH OUTHIIT €()EKTUBHY MiATPUMKY ONTHMAIBLHUX MapaMeTpiB poOOTH iHIYKTOpa i
320€3MeYnTH CKOPOUCHHS TIEPioy IJIABKH, a TAKOXK BUKIIOUNTH 31 CXEMHU PEaKTop
PeryIoBaHHS CHMETPipYIOUOro MPHUCTPOIO, IO 3abe3nedye 3HIKEHHS BTPAT eJIeK-
TPOCHEPTIi B CUCTEMI PETyIIOBAHHS.

[TopiBHIOIOYM IU(MPOBI TaHi CTAPOTO 1 HOBOTO MOKOJIiHE 00JIaTHAHB TSI PETY-
JIFOBaHHS TIApaMETPIB eICKTPOCHEPTrii Ha 3aTUCKadaX KOHKPETHOTO EICKTPOTEXHO-
JoriuHoro mpuiiMaua eneprii (meui [YT-31/7), mokHa mpoaHanizyBaTu e(eKTHB-
HiCcTB 3acTocyBaHHs puHIMIIB o0ynoBu BPIIE. B sikocTi mepmroro 3 HUX MOXHa
PO3TIISTHYTH BiJIMOBY Bijl CEKI[iOHYBaHHs KoHAeHcaTtopHoi 6atapei (KB), sike mmu-
POKO BUKOPUCTOBYETHCS B 00TaJHAHHI CTAPOTO TTOKOJIIHHS.

3acrocyBaHHs cekiionyBaHHs Kb NpH3BOOUTE MO ICTOTHOTO 301NBIICHHS
BCTaHOBJICHOT MTOTYXHOCTI B IMOPIBHIHHI 3 ii HEOOXiTHOIO €NEKTPUYHOIO MOTYXKHi-
ctio. Bigmoa Bin cekrionyBants Kb B BPIIE mpu3BoauTs 10 30i1bIIEHHS TEPMiHY
CITyx0w 1X, TOMY TIO IIiJ1 MOBHOIO Hanpyroo Kb 3HaXomsThes TLMBKU B KiHIII TIIA-
BkH. Kpim Toro, cekmionyBannas Kb mae 1 iHIII HeraTUBHI SBHUIIA, TaKi K. HEOOXiI-
HICTh YCTAaHOBKH B JIAHIIOT KOXHOI cekilii Kb iHIyKTHBHUX eleMeHTIiB aJis oOMe-
JKEHHS 3apsIIHAX KUJKIB CTPyMy TIPH BKITIOUEHHI He3apskeHnx cekiii Kb mix Ho-
MiHAJBPHY HANpYTy; MepeBaHTaxkeHHs cekiii Kb npu iX koMyTallii MeXaHIYHUMU
KOHTAaKTaMH 3 BaKYyMHHM IYT'OTaCiHHSM 3a CTPYMOM i HANPYTOI B MEPEXiTHUX
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pexuMax poOOTH; BayKKi yMOBH pOOOTH MEXaHIYHUX KOMYTALIIIHUX arapariB IpH
BKITIOUCHHI 1 BinkitoueHHi cekuii Kb it mepenyacHuit Buxin ix 3 many.

JpyruM npunnunom nodyzoBu BPIIE morpiOHO BBakaTW BHAAJEHHS 3i
CKJIaJly PETYIIOBaJIBHOTO OpraHy Horo eneMeHTiB 3 Hu3bkuM KK/I, Takux sik cume-
TpyBaJIbHI PEaKTOPH 1 iHILIE peaKTOpHE ycTaTKyBaHHs. [IpH BifCYyTHOCTI cuMeTpy-
BaJIbHUX CTPYMiB y Tpuda3zHoro Tpanchopmaropa akTUBHY CKJIAOBY CTPyMy Mae
Tinbku ¢aza A. Ilpu mpoMy daza B HaBaHTa)keHA TUIBKH PEAKTUBHUM CTPYMOM, a
(aza C mMae HyImHOBUH CTpyM HaBaHTaxkeHHS. Jlis cTpymiB, mo B (a3i A akTHBHA
CKJIaJIOBa CTPYMY iCTOTHO 3MeHIIyeThCs, a a3 B i C 3aBaHTaXyIOTHCS aKTHBHUMH
CKJIQJIOBUMH CTPYMY NMPUOIU3HO TAKOI K BEJIMUUHH, K 1 B Pa3i A.

Hactymaum BasknuBuM npuHIunoM nodynosu BPIIE notpibHo BBaXkaTh yi-
PaBIIiHHS PETYJIIOBAJIBHUM OPraHOM OE3KOHTaKTHOTO PETyJsITopa N0 BEIWYHHI iH-
TErPOBAHOTO CUTHAITY BiJl 3MiHHU [TapaMeTpiB €JIEKTPOCHEPTril He KOXKHOTO OKPEMO, a
OJTHOYACHO JIBOX a0o Oijibliie mapaMeTpis.

JlocTaTHBO CKa3aTy, IO HaBiTh NPH HE3MIHHOMY HOMIHAJILHOMY Hampy3i Ha
3aTHCcKavyax IHAYKUIMHIA medi B mpoleci IJIaBKHM Ui KOMIICHCAI] CIIOXXMBaHOi
MIYYI0 PEaKTUBHOI MOTY>KHOCTI MOTPiOHO Kb enexTpiyHOI0 MOTYKHICTIO HE MEHIIIE
36,6 MBT. Kpim Toro, mst 1ijieii CHMETpyBaHHS CIOXKHBAHOI MMYYI0 aKTUBHOI 10-
TY>KHOCTI TI0 (pa3ax BKIIOYAETHCS PeaKTop MOTykHicTIO 5 MBT. Ajie peaktop cro-
JKUBa€ PEaKTHBHY MOTYXKHICTH BiJ )KMBWIBLHOT Mepexi. Ake Aiis il KoMITeHcartii
notpioHa monatkoBa Kb, moTyxHICTh skoi moBuHHA OyTH He MeHIe MBT. [Hma
cipasa B bPIIE, ne ynpaeniaus TTM BUKOHYEThCS Ha 0a3i iHTETPOBAHOTO CUTHAITY,
SIKHI MICTHTB B 001 MOTOYHI 3HAYCHHS 000X 3raJlaHiX BUIIEC ITAPAMETPIB €JICKTPO-
eneprii. B sixocTi inTerpoBaHoro curtany B BPIIE BukopucTOBYy€eThCS HEraTHBHHUNA
TPUBUMIPHHH BEKTOP CHUMETPii, sIKi KOMIIEHCYIOTh HaBaHTa)XEHHS I1edi. B pe3yinb-
TaTi cyMapHa eJeKTpHYHa MoTyxHicTh (piBHa BctaHoBieHii) Kb B BPIIE i He me-
pesuiye 3 MBT HaBiTh U151 pO3ALTEHOTO cr1oco0y TUIABKH, KOJIM HAIpyTa Ha 3aTH-
CKauax Iedi B mpoueci ii icTOTHO 3MIHIOEThCS, a CTPYMOBE HaBaHTAXXEHHS KOHTYPY
IHAYKTOpa J0CATa€ MAKCUMAIBHO JOITyCTUMOI BETUMIHHU.

[Ile omauM 3 BasknmuBuX mpuHIHIB Mo0yaoBu BPIIE, sxuii moTpibHO BHKOPH-
CTOBYBATH IIPH CTBOPEHHI TAKUX PETYIATOPIB IS €IEKTPOIIOCTAYaHHS IOTYKHHUX
reveil iHAYKIIHHOTO HATpiBaHHS € ONTHMaJIbHE YIPABITIHH 32 JJOTIOMOTOI0 MiKpO-
MPOIECOPHOI CHCTEMH (3aITPOrPaMOBAHOTO JIOTITHOTO KOHTPOJIEpa) BEHYHHOIO 3a-
BaHTaXXCHOI B IHIYKTOP IMeYi aKTHBHOI MMOTY>KHOCTI B XOJi TPOIIECY TUIaBKH. 3 OJI-
HOTo OOKY, I1e HEOOX1/THO JUTS OTPUMAaHHS MaKCUMaJIbHOI IPOIYKTHBHOCTI Iedi pu
PO3IUIEHOMY cIIOCO01 TUIABKM MIMXTH 3 NIEBHUM CEPEAHIM PO3MipoM il IIMaTKiB B
THUreJIbHOT Tedl 1HAYKIIIHOro HarpiBaHHSA 3 KOHKPETHUMH TEXHIYHHUMHU HapamerT-
pamu. 3 iHmOro OOKy, ONTHMaJbHE YNPABIIHHS IO3BOJSIE CKOPOTHTH Jiala3oH
3MiHHM HalpyTH Ha 3aTHCKayax I1e4i i CIOKMBaHOI PEaKTHBHOI MTOTYXHOCTI B MPO-
1eci TIaBKH.
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YK 620.97

Baiima O.1.1, Mimenko B.}0.2, Mimenko C.M.3

! kanj. Texn. Hayk, nou. kad. EII HY «3anopizbka momitexHika»
2 acn. ka¢. EIIT HY «3anopisbka moyiTexHika»

S cryn. rp. E-510u HY «3anopi3bka moJTiTeXHiKa»

PO3POBKA EHEPTETUYHOI'O KOMILJIEKCY I10 BUKOPUCTAHHIO
BIOT'A3Y CMITTE3BAJINIIA

30ip i mepepoOKa CMITTS — aKTyaJbHE IIMTaHHS HE TUIBKU JJISl HAlIol KpaiHH.
Heo0xinHo 3HU3WTH BUTPATH Ha 3aXOPOHEHHS, MO30YTHCS IIKiJIMBUX BIUIUBIB BiJl-
XOJIiB, 1 TPH IIbOMY OTPUMYBATH KOPUCHI BTOPUHHI NpoaAyKTH. B YkpaiHi mopiuao
YTBOPIOETHCST 13 MITH. TOHH CMITTS, a 3aranbHa Kitbkicts TIIB mocsirae Gimpmn 12
witp ToHH. IicTh THCSY JeraJbHUX 3BaNUIN 3aiiMaroTh ruionry noHasn 10 Tuc. rek-
tapiB, 16%3 HuX HepeBaHTakeHi. Bimxoman 4acTo 3BO3ATh Ha CTUXIHHI CMITTE3BA-
JUINA, X KiTBKICTh 1 CTaH HIXTO He KOHTpOJoe. CyMHa CTAaTUCTHKA TOBOPHUTH TIPO
Te, 0 Ha mepepoOKy HamxoauTs jume 5,93%TIIB. Pemra 94%HanxonaTh Ha 3Ba-
JIMIIA 1 TOJIITOHH, JIe BiIOYBAIOThCS MPOIIECH PO3KIaIaHH. 3aXOPOHCHHS HECOPTO-
Bauux TIIB npusBoauTh 10 yTBOpeHHs Oiorasy. SIkiio Horo He 30upaTH, To Oy Iy Th
BUHHUKATH TaKi CUTYaIlii, IK ClTaJIaX METaHy, OOBAJIU CMITTS BHACIIIOK BUXOy Ta3y,
eMiCisi TApHUKOBHX Ta3iB B aTMochepy [1].

OCHOBHHUM 3ac000M yTHIII3AIlil Ta3y 3BAJUII SABJISETHCS BUPOOHHUIITBO €IIEKT-
poeHeprii abo npsMe CIANOBAHHS Ul OTPUMAHHS Teluia (KO € HASBHICTH CIIO-
KMBaviB B pajiyci Menme 5 k). JIroOuii mosiiron TBepaux MOOyTOBHX BiIXojiB
MpeICTaBIsiE COO0I0 CBOEPITHUMN O10XIMIYHHUI peakTop, B IKOMY B TIPOIIECi €KCILTY-
aTarlii MoJIIroHy 1 MEKITbKOX NECATUPIUb IMICIs 3aKPHUTTS, BHACIIIOK aHaepOOHUX
TIPOIIECIB PO3KIIAIEHHS BiJXOMIIB, YTBOPIOETHCS Oioras.

I3 3aranbHOT KinbKoCTI 3BaNUII OUbie 140cKIamaroTh MOMITOHH TBEPAUX ITO-
OyTOBHX BIIXOIB, SIKi MO’KHA 3aCTOCOBYBATH ISl 3J00YTTS i BUKOPUCTaHHS 010-
ra3y. EKoHOMiuHI po3paxyHKH MOKa3ay, 1[0 HalOLTbII peHTa0eNbHIM [UIsl yCTaHO-
BKM CHCTEM 300Dy 1 yTHIIi3alii ra3y 3BaJIMII SBISIFOTHCS] HAHOLIBII MTOITOHY 3 00-
CSrOM HAKOIMMYEHHUX BiaxoaiB Ouasine 1 MiH. T. 1 rimmbuHoro He MeHme 10m. Takum
YHUHOM, TIEPIIOYCPTOBIMH KaHAUIATAMY HA PEalli3allif0 TAKUX MPOCKTIB SBJISIOTHCS
MOJIITOHK 00JTACHUX IICHTPIB 1 MICT 3 HaceneHHsIM Oinbire 100THC. 4OIOBIK.

Micrto 3amopixoks 3 HaceneHHsM 790 Tucsd i mopiuaum HakonuueHHsM 300
THCSY TOH TBEPIUX MOOYTOBHX BiAXOJMIB MiUIATAE il BCi KPUTEPIi OLIHKK peHTa-
OeIbHOCTI yCTAaHOBKH 300py 1 yTHIII3aIlil ra3y 3Bayni. PigHuii Buxia 6iora3y Ha 1mo-
Jironi ckinagae 6nu3pko 3 — SM3/T BiIXO/IB Ha piK, a KIIBKICT 6iorasy, sIKy MOJKHa
yTunizyBati — 6m3sko 50%00c¢sry razoytBopenss [2] .
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Buxonsun 3 BUIle BUKIJIQJIEHOTO MPONOHYETHCS 3pOOMTH OUIBII JETalbHUN
aHaJIi3 TEXHIKO-€KOHOMIYHHUX ITOKAa3HUKIB yTHIIi3alii Oiorasy. {11 mboro HeoOXiTHO
BUPIIINTH HACTYIHI TUTaHHS:

- siKa TIPOTHO30BaHa KiNBKICTh IOPIYHOrO YTBOPEHHs Giora3y (B 3aJeKHOCTI
BiJl pO3MIpIB MOJIrOHY, XapaKkTepy BiIXO/iB, TOBLINHH 3aCUIIAHHS CMITT);

- sIK caMe BHKOPHUCTOBYBAaTH OJEpyKaHuii 6ioras (remepariis TEIoBoi eHeprii
a0o0 eJIeKTPUYHOT SHEePTii I BIACHUX MOTPed 4u I Tiepeadi 3a 3eJIeHUM TapH-
(hOM B €EHEPTOCUCTEMY);

- sIKe came eJleKTpUIHe 00JaAHaHHs Tpeba BCTAHOBUTH JIJIS TIepeiadi eNeKT-
POCHEPTIi B MEPEXKY.

Tako’k METOI0 po3pOOKH CHEPTETHIHOTO KOMIUIEKCY 110 BUKOPUCTAHHIO 0i0-
ra3y Ha CMITTE3BaJHII € po3poOKa yHIBepCaIbHOTO AITOPUTMY BHOOpPY criocoly
onep>kaHHs Oiorasy Ta Horo yTuiizamii B 3aJ€XHOCTI BiJl XapakTepy CMITTe3Ba-
JIHIIA.

CIIMCOK BUKOPUCTAHOI JIITEPATYPH

1. ECODEVELOP:buorasossie xommekcel. URL: https://ecodevelop.ua/
(nara 3Beprenns: 10.04.2021).

2. Martgees 1O. b. Bioras 3 nosirony Bigxoais // KoMmyHansHe rocrnomapcTBo.
2007.N\e7. C. 24-27.

VK 692.92

Maxnin I1.B.%, ITrymenxo H.A.2, Macsos C. B.2

! kann. Texn. Hayk, gou. HY «3anopisbka HOTiTEXHIKa»
2 cryn. rp. E-110u HY «3anopisbka mosiTexHika»

JOCJIJUKEHHSI ABAPIHUX PEZKUMIB HA BY3JIOBIi
MIACTAHIII

Posnoxineuuii mpuctpiii Hanpyroro 330 kB Bysznosoi migcranmii 330/150/35
CKJIaIA€THCS 3 IBOX CHCTeM 30ipHuX mmH Hanpyrowo 330kB. Jlo mepioi cucreMu
30IpHMX IIHMH npueaHanHi il JI1, JI2 no mpyroi — JI3, JI4. 3a mOMOMOIOI0 MIHH-
HOTO BHMHKaua 3a0e3nedyeThesi 0e3nepeOiifHiCTh 1 HaiiiHICTh KUBJICHHS ITiJICTaH-
11 Y BUBOJIi B PEMOHT OJIHI€T 13 cucTeM 30ipHUX mnH. Ha micTaHIii 3HaXOAUTHCS
YOTUPHU aBTOTpaHchopmaropu noTyxHictTio 250MBA nampyroto 330/150/35kB.
Posnoxinsauii npuctpiii 150xB ckiragaeThbes 3 TBOX CHCTEM.

30IpHUX IIMH, CEKLIT SKUX 3’ €HAHI CeKIIHHUM BUMHKa4eM. Y HOPMaJILHOMY
pexuMi poOOTH BCi MIXK IITMHI Ta CEKLiITHI BUMUKa4i BKIIOYCHI.

27



Jlist mocmipkeHp aBapiiiHAX peXUMiB poOOTH MTPOBENCHUH aHali3 Ta BUOpaHi
CXEMH TiJCTaHMLii U1l pOo3paxyHKy CTpyMiB OJHO(A3HUX Ta TpU(pa3HUX KOPOTKUX
samukanb (K3). s po3paxysky crpymiB K3 po3poGiieHi cxemu 3aMillieHHSI.

Sk mokazanu pe3ynbTaTd JOCHiIKeHb PIBEHb CTPYyMiB OHO(A3HUX Ta Tpuda-
3HUX K.3. Jy’)K€ BUCOKHH, mpuiyomy cTpymu oxHodaszHux K3 mepesumniye crpymu
tpudasnux K3. Tak ctpymu Tpudazaux K3 B 3a1€KHOCTI BiJl CXeMHU PO3MOIIIHIOTO
MPUCTPOIO Ta MICIIA ITOIIKOPKEHHS 3HAX0AUThCS y Mexkax 19.4 - 31.%A. J{ist 3Hu-
JKeHHS piBHsI TpUdazHux K3 po3risHyTa MOKIUBICTS BUKOPUCTAHHS AUTHIHHOI aB-
TOMATHKH - aBTOMATy 3HWXCHHSI TTOTYXHOCTI, IO JIi€ Ha BiIKIIOYEHHS CEKIIIHUX
BUMHKa4iB Ha muHax 150kB, B pe3ynbTaTi 40ro 3MEHIIyBalach KUTbKICTh JTAHITIO-
riB mimpkuBnenHs K3. Tak mpu BiIkIItOUeHi CEKIIHHUX BUMHKAYiB MaKCHUMAJIbHUN
ctpym Tpudaznux K3 Ha migcranmii 3HM3UBCS 3 31.2KA 10 22.4KA, ogHO(pa3HIX
K3 3 36.4kA no 25.6kA. Ilpu BiAKIIFOYCHI CEKIIHHUX Ta MIXIIUHUX BHMHKAYiB
ctpym K3 3umurtbes 1o 17.7xA ta 20kA, BiAmOBiIHO.

J1J1s1 3HIDKEHHS piBHS CTPYMiB 01HO(a3HHUX Y HEWTpaslb aBTOTPaHCHOPMATOPIB
BKJTIOUAITHCS 3a3eMITIotoui peaktopu. [IpoBeneHi pociikeHHs 3HKeHHS piBHS K3
BiJI OTIOPY peakTopa.

B pesynbrati gociimkeHHs 00paHo ONTUMaIbHE 3HAYEHHS OIOPY peakTopa.

Ha ocHOBI mpoBeIeHNX TOCITIHKEHb pO3paxoBaHi aBapiiHi pexkuMH poOOTH Ha
BY3JIOBIH IMiJICTAHIIIT Ta 3aPOTIOHOBAHI 3aX0 ¥ JJIs 3HWKEHHS cTpyMiB K3.

VIIK 629.92,

Maxmnin I1.B.%, Ocunenxo O. /1.2, Auroniok I1. B.2

1 xann. Texn. Hayk, nou. HY «3amopispka momiTexHika»
2 cryn. rp.E-110v HY «Banopizbka HOTiTEXHIKa»

JOCILIKEHHSA PEXKUMIB POBOTH CUCTEMUA
EJIEKTPOIIOCTAYAHHSA ®EPOCIIJIABHOT'O 3ABOY

BupoOHHUITBO (hepociuiaBiB yke eHeproeMHe, a rpadik CIIOKUBaHHS €IIEKT-
POCHEPrii y TEXHOJIOTIYHOMY TpoIIeci B HepiBHOMIpHHN. OIHI€I0 3 HAHBaXKITHBIIITIX
3a/a4 Mpy bOMY € 3a0€3MeUCHHS HAAIHHOCTI €IeKTPOIOCTAaYaHHs 3 HAIMCHIIINMU
BTpaTaMH EJICKTPOEHEPTii.

depocIutaBHAN 3aBOJI OTPUMYE KHUBJICHHS Bia By3/10BO1 migcTanmii « JI — JI»
Ta rigpoenekrpocTaniis «Juinporec — 1» o minism enxekrponepenau (JIEIT) 150
kB Ta ronosHoi 3HmKyBaneHoi migcranmii (I'3I1) 150/35/10B.

B po6oti mpoBeneHuit aHaTi3 MOKIMBUX CXEM Ta PEKHUMIB POOOTH CHCTEMH
€JICKTPOTIOCTAYaHHsI TIPH >KUBJICHHI BiJl MiICTaHIIl By3JMoBoi migcraniii «JI — JI»
KOJI TpU aBTOTpanchopmaTopu 1o Hampysi 150 kB BkiroUyeHi mapaneibHo - Cek-
ifHI Ta MK ITMHHI BAMUKA4i Ha miacTaHmii « J{ — JI» BKIIOYEHI; KOJIH KUBICHHS
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ko>xHo1 JIEIT mpoBoanThbes Bix OKpeMoro aBToTpaHcdopmaropa - CEKIiHHI BUMH-
Kadvi BiJJKJIFOUYCHI; IPU BKIIFOYCHOMY 1 BITKITFOUCHOMY TIOJI0KEHHI CEKIIITHOTO BUMU-
kaua Ha [ 3I1 depocmiaBHorO 3aBOMY.

Pexxum poboTH rinpoenekrpoctaHuis « [Hinporec — 1» 3anexuTs Bin yacy
JI0OH, TIOPU POKY, TIOJOKEHHS B CHEProcucTeM. B po0OoTi mMpoBeAeH JOCHTIIKSHHS
MIPY 9aCTKOBO 1 TOBHOMY BKJIFOUEHHI B pOOOTY TifpoenekTpocTanilii «/IHinporec —
1». IIpu BuOpaHUX cXeMaX CHCTEMH eJEKTPOIIOCTaYaHHs Ta 3a3HAUYCHHUX PeKUMax
poGOTH TimpoeneKkTpocTaHiii Ta 3aBoxy (IpH MiHIMaJIbHOMY Ta MAKCHMAJIbHOMY
CIIOKHBAHI €JIEKTPOEHEPTIi) IMPOBEIEH] pO3paxyHKH MOTOKIB IIOTYKHOCTI €JIEKTPO-
EHEPrii TI0 PI3HUM JIiHISM 3B'13KYy, BU3HAYCHI BTPATH MOTY>KHOCTI B €JIEMEHTaXx eJie-
KTpOMEpEXi, 3HAWIEHUI ONTUMAIBHUN PEKUM POOOTH.

B poOoti mpoBeneHi AOCIHiIKEHHS! pOOOTH CHCTEMHU €JIEKTPOIOCTAaYaHHSI B
aBapiifHux pexxnmax. [Ipu pi3HHX cxeMax CHCTEMH eJeKTpoIocTadyaHHs (epocra-
BHOT'O 3aBOJIy NPOBE/CHI PO3PaxXyHKU CTPYMiB TpH(pa3HUX Ta OJHO(A3ZHUX KOPOT-
kux 3amukanb (K3). BusieieHo, o piBeHs cTpyMiB oaHOda3Hux K3 myske BHCOKHit
Ta BHIIE piBHA cTpyMiB Tpudasunx K3. Po3rmsHyTi 3axoam Aist 3HWKEHHS PiBHS
aBapiifHux cTpyMiB. EQekTHBHNM € 3acTOoCyBaHHS TUTHIIEHOT aBTOMATHKH - BIIKITIO-
YCHHS CEKI[IMNHMX BUMHKKadiB Ha muHax 150kB By3moBoi migcranmii. B pe3yabrati
ii mil 3MeHIIyeThes KUTbKICTh JTaHIFOTIB MipkuBieHHss K3. Jls 3HWKEHHS PiBHS
CTPpYMiB OTHO(A3HUX Y HEUTPaATb aBTOTPAHCHOPMATOPIB BKITIOUATHCS 3a3EMITFOI0OT1
peakropu. [IpoBeneHi po3paxyHku cTpymiB ogHodazaux K3 mpu pizHEX onopax 3a-
3eMITIOIOYOTO PEAKTOPY peakTopa. B pe3ynbrarti mpoBeneHUX AOCTiHKEHb 00paHo
ONTHMaJIbHE 3HAUCHHS OMIOPY peaKTopa.

Ha ocHOBI IpoBeieHUX OCHIPKEHb 00paHnil pesKMM poOOTH CUCTEMH EIIEKT-
porocTayaHHs (epOCIIaBHOTO 3aBOAY 3 MiHIMAaJIbHUMH BTpAaTaMH MOTYXHOCTI eJle-
KTpOEHeprii, po3paxoBaHi aBapiliHi pexXUMHU POOOTH CHCTEMH €JIEKTPOIIOCTauyaHHs
Ta PO3JISTHYTI 3aXO0IH JUIsl 3HIKEHHs cTpyMiB K3.

VK 621.311

Ionos B.B.%, Bacunsuyk €.C.2

! kann. Texn. Hayk, nou. HY «3anopisbka HOmiTEXHiKa»
2 cryn. rp. E-110u HY «3anopisbka mosiTexHika»

BITPOBAI’KEHHSA EJIEKTPOOBJA/ITHAHHSA 3 BUKOPUCTAHHAM
E®EKTA BACOKOTEMITEPATYPHOI HAJIITPOBIJTHOCTI

OCHOBHU TIPUHIIMIT TIPUCTPOIO i poOOTH TOHA] ITPOBITHUKOBOTO TpaHCHOpP-
MaTopa. OOMOTKH 3aHYPEHI B PiIKHHA a30T, CITyOOBEIh OJJHOYACHO 1 130JIAIII€T0, 1
0XOJIOJKYI0UO01 cepenopuiieM. CeplIiedHUK TpaHCPOpMAaTopa MPAIOE TMPU TeMITe-
paTypi HABKOJIHITHBOTO CEPEAOBHINA, TOMY HOTO 0XOJIO/KEHHS IPU3BEC TUTBKHU JI0
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3aliBUX HAaBaHTa)KCHb KPIOTEHHOI CUCTEMH, a He 10 MOJIMIIEHUX XapaKTePUCTHKAM.
OOMOTKHM TepMIYHO i30JIb0BaHI BiJl CepJCYHMKA I HABKOJIHMIIHHOTO CEpEIOBHIIA 32
JIOTIOMOTOI0 IBOCTIHHUX KOHTEHHEPIiB (Tak 3BaHUX KPiOCTATiB), BAKOHAHHX 3 €IIOK-
CHJY, MK CTIHKaMH SIKMX HIATPUMY€EThCS BaKyyM, II0 3a0e3reuyeThest Oe3nepeps-
HOIO poOOTOIO Hacoca.

OcCHOBHI iX TIepeBaru Takux TpaHcHOPMaTOPiB B JaHHUH Yac BU3HAYAIOTHCS Ha-
CTYITHUM: €KOJIOTiuHa Oe3Ieka 3aBIsSKH BiJCYTHOCTI TpaHc(opMaTOpHOTO Macia,
3MEHIIIeHi MacorabapuTHI MOKA3HUKH; TiIBUINEHA HAMIHHICTh 3aBISKH BiJICYyTHOCTI
CTapiHHS BUCOKOBOJIBTHOT 130JIA11i1 TP KPIOTEHHUX TEMIIEpaTypax; 3HIKEHI BTpaTH
1 migBumennii KK/I.

KamitansHa BapTicTh HAAMPOBIAHUKOBOTO TpaHcopmaTopa Oyae mpubdIn3HO
Ha 20% HipK4Ye, HDK TpaaumiiHOTO aHajora Takoi K MOTY)KHOCTI HaBiTh 3 ypaxy-
BaHHSAM JOCHTh HM3BKHMX XapakTepHcTHK oOmoTouHoro BTHII matepiamy: miiis-
HICTh KPUTHYHOTO CTPYMY CTaHOBHUTH IIPU TEMIIEPATYpi PIAKOTO a30Ty B BIaCHOMY
noJti cTpyMy 1 BTpati Ha 3MiHHOMY cTpyMi 0,25MBT / A * M B nosie 0,1 T,

IcroTHOIO TIEpeBarolo € TakoX BHCOKa NepeBaHTaxyBallbHa 31aTHicTs BTHIT
tpancdopmaropa - 1o 100%nporsirom Gararbox roaus. [lopansior meroro cra-
BUTBCSI AocsarHeHHs motysxHocti BTHII-tparcdopmaropa 30 MBA, a kiHIEBOIO -
100MBA.

BurorosieHi i BunpooOysani momeni Big 630kBA mo 1 MB 0 A, BexyThes po-
3po0ku Tpancdopmaropis moryxuicTio Bix 10 10 40 MB-A. 3a qanumu MiHicTep-
ctBa erepretuku CIIA, sikuit 3poouB B 1993 pori moKmagHuii aHATI3 MOKIHBOTO
3acrocyBanHsi BTHII-tpanchopmaropie notyxuicTio 10 30 MBA, Butpatu (mpu
cepelHiil OLiHII) Ha Bech TepMiH ciy)0u mpu excrutyatauii BTHII-tpancdopma-
TOpiB OyIyTh HAIIOJIOBUHY MEHIIIE HOPIBHSHO 3 BUTPAaTaMHU Ha 00CITyTrOBYBaHHS Tpa-
JULIHHO 3aCTOCOBYBaHUX TPaHC(HOPMATOPIiB. A B pe3yJIbTaTi aHallizy MaiOyTHHOTO
3actocyBanHsi BTHII-tpancdopmaropis 30-1500MBA, mpencraBiieHOro Ha KOH-
¢epenuii y @pannii B 1994 poui, Oyno BusiBieHo, mo ButpatH Oyayts Ha 70%
MEHIIE.

YK 621

Bparkosceka K.O.2, Tyseit 51.0.2, Cunopos P.E.2, Pamienxo O.A.2, Kypca M.B.3
! kanz. exon. Hayk, gou. HY “3anopisbka nomiTexHika”

2 ctyn. rp. E-119HY “3anopizbka nositexHika”

3 cryn. rp. E-219HY “3anopiszbka nositexHika”

BUKOPUCTAHHA JPOHIB Y CUCTEMAX EJIEKTPOIIOCTAYAHHSA

CHCTeMH eNEeKTPOIOCTaYaHHI — KOMILICKC TEXHIYHUX 3aCO01B i opraHi3ariiii-
HUX 3axOiB Ui TMepefadi Ta pPO3NOALTY €JIEKTPUYHOI eHeprii 3 MeTolo
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3a0e3redeHHs CIIoXKMBaya eJIeKTpoeHeprieto. Ha choroaHimHii 1eHb BeIUKa Kijlb-
KICTP 3aJ1a4 II0JI0 eKCIUTyaTalii eJTeKTPUIHUX MEPEX BUPILIYETHCS 3a JOMOMOTOI0
JIPOHIB.

JIpoH — 11e JiTaneHUH anapar, sKui JliTae Ta cinae 6e3 Gpi3uyHOl MPUCYTHOCTI
misota Ha #oro O0pTy, KepyBaHHS ITOJBOTOM SKOTO 1 KOHTPOJIb 32 SIKUM 31iHCHIO-
FOTBCSI 32 JOMTOMOTOIO CIIEIiaIbHOT CTaHIIii KEPYBaHH, 10 PO3TAIIOBaHA 1103a IOBi-
TPSIHUM CYIHOM.

JlpoHu Oynm po3poOIIeHi Al 3aCTOCYBaHHS y BIICHKOBIH CIIpaBi , ajie BeJHKa
KUTbKICTh KOPUCHHUX (DYHKITiH T03BOJIAIIA 3aCTOCOBYBATH iX JUIsl PO3B'SI3aHHS IITUPO-
KOTO KOJIa 3aB/IaHb, BUKOHAHHS SIKUX IMJIOTOBAHUMU JIITAIbHUMU anapaTamMu 3 pi3-
HUX [IPUYHH HEAOUIIbHO. TakuMu 3aBIaHHIMH B CUCTEMaX EJIEKTPOIIOCTAYaHHS €!

- MOHITOPHHT CTaHy JIiHIH enexTpornepenad Ta 001aHaHHs MiICTaHIH, 0c00-
JIMBO y Ba)KKOJOCTYITHHX MICIISIX;

- KOHTPOJIb TEMIIEPAaTypH YaCTHH 00JIaTHAHHS 3a JOTIOMOT0I0 iH()padyepBOHUX
JATYUKIB;

- PO3BUTOK CHCTEM 3B'I3Ky IUIsg 300py abo nepenaui indopmanii, ¢poto- Ta Bi-
neodikcarrii, B TOMy YHCII JJIs BiICTEKEHHS HECAHKIIIOHOBAHOTO IiIKIIOYCHHS 10
CNIEKTPUYHHUX MEPEXK.

Buxonsa4u 3 11b0ro, BAMOTH JI0 APOHIB HACTYIIHI: KOPITYC MPUCTPOIO MOBUHEH
OyTH 3aXUIIEHUN, OCKUIBKH CEPHO3HOI0 TPOOIEMOIO JIJISl ONITHKO-EICKTPOHHHUX CH-
CTEM JPOHIB € TIOTOJIHI YMOBH, HAIIPUKIIA, K 3aXUCHAN MaTepiall MOke BUKOPHC-
TOBYBATHCS KapOOH,3 OTJISITY HAa HOTO Bary Ta MiIHICTh; JBUTYH TIOBUHEH OyTH JieT-
KM Ta €EKOHOMIYHUAM, MaTH JIOCTATHIH 3amac HaliHHOCTI 1Jis1 3a0e3nedeHHs baraTo-
TOAMHHOTO 3HAaXO/KEHHs IPHCTPOIO Y TOBITPi; B HEBEIMKUX JPOHAX Uil 00CTe-
JKEHHSI 00J1aJHaHHA MICTaHII MOXYTh BUKOPHCTOBYBATHCS JITi-NIOTIMEPHI aKy-
MYJIATOPH, COHSUHI OaTapei, TigporeHi NaaMBHI €IEMEHTH, a I OLIBIIOTO 3amacy
X0y IpH IHCHEKTYBaHHI CTaHy JiHIH elleKTporiepeiad — ABUI'YHH BHYTPILIHEOTO
3TOPSIHHSL.

3a OliHKaMH €KCTIePTIiB APOHH JTOTIOMAararoTh IMiABUIINTH O€3MeKy 1 epeKTHB-
HICTh BUPOOHUIITBA B 2-3 pa3u. 3apas APOH MOXKe pO3pi3HiATH 10 (5% pi3HUX aBa-
pIHHUX TOIIKOKEHB Ha JIiHIAX eJleKTporiepenad. 3aBAsSKA OTPUMAHUM JaHUM KOM-
MaHii 3MOXyTh 3TIHCHIOBATH PEMOHT Ta BUKOHYBATH OiIBIN SKICHUN aHAJi3 OTpH-
MaHHUX JaHHX.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

1. JIpoHBI nmns WHCHEKIWMU JUHHWHA 3aekTporiepenad u omop JIOII. URL:
https://brlab.ru/scopes/monitoring-linigara ssepuenns: 13.04.2021).

2. By IiBHHUIITBO, MOJICPHI3AIlisl T PEKOHCTPYKIIiSI SICKTPHYHIE MEPEX Ta 00-
nagaanas. URL: https://dtek-krem.com.uadra 3Beprenns: 13.04.2021).
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YK 621:620

bparkoscrka K.0.1, Binan O. 0.2, Kpyrosuii B. B3

! kann. exon. Hayk, gou. HY “3anopisbka momiTexHika”
2 ctyn. rp. E-510m HY “3amnopisbka nositexnika”

3 cryn. rp. E-110m HY “3amnopisbka nosiTexHika”

OIITUMIBALIA NPOI'PAM EHEPTO3BEPEXKEHHS ITPOMHUCJIOBUX
NIAIPHEMCTB 3 YPAXYBAHHSM ITPOTHO3YBAHHS OBCATIB
CIIO’)KUBAHHS EJIEKTPOEHEPTI'TI

JIst MpOMUCTIOBUX TIANPUEMCTB BUTPATH Ha OIUIATY PaxyHKIB 3a €HEPriio
CKJIQIAI0Th 3HAYHY CTATTIO OIO/DKETY. 3 METOIO iX 3HWKEHHS pO3pOOIIOI0TH CHEp-
ro30epirarodi 3axoad, SKi A7 MiABUINECHHS Pe3yJbTaTUBHOCTI MOENHYIOTh Y MPO-
rpamu eHeprosoepexents. [Ipu bOMy IPOTHO3YBaHHS JUHAMIKH €JIEKTPOCIIONKH-
BaHHS Ha0yBa€e 0COOJIMBOT aKTyaJTbHOCTI.

lonoBHA 1B MPOTHO3YBaHHS MOKe OYyTH MpeIcTaBiIeHa TakuM (hopmyirro-
BaHHSM. «OTPHMAaTH siIkoMora Oiiplie iHpopmanii 3 HasIBHUX TaHHX, Ta MO0y yBaTH
SIKOMOTa OUTBII TOYHUH NPOTHO3». BuxinHa iHpOpMaIis s MporHO3yBaHHs 00cs-
TiB CIIO’KMBAHHS EJIEKTPOHEPTi sABIIsi€ CO0010 Halip HE3B SI3HUX 3aIKCIiB BiIOBIIHO
10 iHopMmarii, 1110 30upaeThCs, PO CIIOKUBAHHSI €JICKTPOCHEPTI] Ta 4ac J00H, KOIn
CIIOCTEpIrajocs Take 3HaUYCHHS CIIOXKMBAaHHS €JICKTPOCHEPTIii.

JlomaTkoBO MOKHa OTpHMAaTH iH(GOpMAIIiIo 3 BIZKPUTHX JKepeda abo 3a pe-
3yJIbTaTaMH €KCIIEPTHOIO ONMUTYBaHHsA [1] 11010 iIMOBIPHOTO BILIMBY €HEPro3Gepi-
rar4oro 3axo.ry abo MporpamMu Ha 3HWKEHHS 00CATIB CIIOKUBAHHS €JICKTPOSHEPTii.

[Toxi6Hoi iHOpMarii 1ocTaTHRO YIS PO3B’SI3KY 3a1a4i MPOTHO3YBaHHS CIIO-
JKMBaHHS EJIEKTPOCHeprii. AHaNI3 HAsIBHUX JaHUX JI03BOJISE TIOCTABUTH P JOAAT-
KOBHUX 3aJ1ad, sIKi, B PEIITi-peIIT, TO3BOJIATh JOCITTH MOCTABIEHOI METH — OOy Ty-
BaTH NPOTHO3 MaKCHMAJILHOI TOYHOCTI. 3arajibHa 3ajada pO3IOAUIETHCS Ha psil
nig3anay, cepen Akux [2]:

- onwmcoBui (rpadivHuii) aHaNIi3 YaCOBOTO PANY;
- JOCII/DKEHHSI 9YacOBOTO DSy, Y TOMY YHCII BHSBJICHHS MOCTIHHUX 1 peryis-

LIMHUX KOMIIOHEHTIB;

- TOYHHUH NPOTHO3 YacoOBOT'O psay, K JOOOBMX KOJHMBaHb, TaK 1 Ha <JICHHIN»

LIIKAJI;

- He3aJeXHa OIliHKA SIKOCTi MPOTHO3Y.

AHai3 TOITBHO po3aimuTH Ha 1Bi ctamii. [lepma Oyme crocyBaTucs A0CTi-
JUKCHHST TOOOBUX KOJHMBAaHb CIIOKHBAHHS €JIEKTPOeHeprii, a apyra- mo0y-
JIOBH MEHIIT TOYHOTO MPOTHO3Y Ha OibIIHIA TIepioJ.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

32



1.T'paborenpkuii b. €. MeTou eKCIIEPTHHUX OLIIHOK: TEOPist, METOJIOJIOTis, Ha-
NPSIMKH BUKOpHCTaHHS : MoHorpadis. Binnuusg : BHTY, 2010. 17%k.

2. IlpornosupoBanne 00beMOB mOTpebiIeHUst 3nekrposnepruu. URL:
http://statsoft.ru/solutions/ExamplesBase/brandetail. php?ELEMENT_ID=644
(mara 3BepHenHs: 12.04.2021).
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KEPYBAHHA MNOTYKHICTIO KOMIIEHCYIOUYUX YCTAHOBOK B
EJEKTPUYHUX MEPEXAX IPOMUCJIOBUX HIIAITPUEMCTB

HasBHICTH KOMIICHCYIOUHX IIPUCTPOIB B CICKTPUIHUX MEPEKAX IPOMHUCIIOBHX
MiATPHEMCTB CTBOPIOE YMOBH IS 3HAYHOTO 3HIDKCHHSI BTPAT CICKTPHYHOT MEPEexki
B IIUX Mepexax. Takoro 3HIKEHHS MOXHA JIOCSITTH JIMIIIE 32 YMOBH YIIPABIIHHS I10-
TY>KHOCTSIMH KOMITCHCYIOUUX MPUCTPOIB MPOTAroM 100u. Ha chOrofHimHii AeHb
OUTBIIICTH MPOMUCIOBHX MIAMPHUEMCTB MAE MOXKIIUBICTh CAMOCTIHHO BU3HAYUTH Be-
JMYUHY BXiTHOI pEaKTUBHOI ITOTYKHOCTI BiJIIIOBITHO IO CBOTX IHTEPECIB Ta YAHHUX
TapudiB Ha eTeKTPOeHePrito. BiAnoBiHO BUHUKAE MOTpeda y CTBOPEHI CIIPOIIEHUX
MOJIEJICH YIPaBIIHHS MMOTYKHOCTSIMH KOMIICHCYIOUHX MPUCTPOIB, SKI T03BOJSIOTH
JIETICHTpaTi3yBaTH poOOTY BKa3aHUX CUCTEM.

KpurepieM onTuManbHOTO KEpYyBaHHS KOMIICHCYIOUOTO IPUCTPOIO MPOTATOM
NPOMDKKY dacy Atj; € MiHiMyM (QyHKIIiT BUTpaT Ha 3a0€3[E€UYEHHS ITiAMPUEMCTB pe-
aKTHBHOIO €HEPTIi€I0

3=AW+II+B,, (1)

ne AW — BTpartu eneKTpoeHeprii B Mepexax MiINpPHEMCTBA Bijl IEPETOKIB PEaKTHB-
HOT MOTY>KHOCTI MMPOTATOM MPOMIXKKY dacy Atj;

IT — mnaTta MiAIIPUEMCTBA 32 PEaKTHBHY €HEPTil0 MPOTSATOM BKAa3aHOTO IMPOMDKKY
qacy;

Be — excrmyaraiiifiHi BUTpaTH 0OCITyTOBYBaHHS KOMIICHCYIOUiX MPUCTPOIB MPOTSI-
TOM BKa3aHOTO IPOMDKKY 4acy.

PosrisiHeMo ympaBiHHS MOTYXHICTIO KOMIICHCYIOUiX MPHUCTPOIB JJIS TAaKUX
BUTIAJIKIB.

Ha mignpureMcTBi ycTaHOBIICHI TUTBKH HU3BKOBOJIBTHI OaTapei KOHIEHCATOPIB.
Minimy™m BTpar enekrpoereprii AW B IbOMy BHITaJIKy TOCSATAETHCS 3a PaXyHOK I10-
BHOTO BHMKODUCTAaHHS KOMIICHCYIOUIX HPHUCTPOIB MPOTATOM J00H, SIKIIO Lie He
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MPUBOJIUTH IO IEPEKOMIICHC ANl PEAKTUBHOI MOTYKHOCTI. OCKUTBKH KOMIICHCAITIS
PCaKTHBHOT MOTYKHOCTI CITOKHBAYiB 3a0e3IeUy€e 3HUKCHHS CII0)KUBAHHS PCaKTHB-
HOi eHeprii, To MiHIMyM matu /1 TakoX BiJIOBIa€ MakCHMaJILHOMY BHKOpHC-
TaHHIO KOMIICHCYIOUiX IPUCTPOIB MPOTSroM 100u. Excruryarariitii BUTpaTH He3Ha-
yHi Be, mopiBHIOtOUH iX 3 BenmuuuHamu AW Ta /1, Tomy MoxHa 3amucatu Be = 0.
TakuM YHHOM, MIHIMYM KPHTEPil0 3 B JaHOMY BHIAIKY AOCATAETHCS 33 PAXYHOK
MOBHOTO BUKOPUCTaHHSI HU3bKOBOJIbTHUX OaTapeil KOHJICHCATOPIB.

3a HassBHOCTI Ha MiANPUEMCTBI HU3bKOBOJBTHHUX OaTapeil KOHIEHCATOPiB Ta
BHCOKOBOJIbTHUX Oarapeil KOHAEHCATOPIB B MEpIIy Yepry MOBUHHI BMUKATHCh HH-
3bKOBOJIbTHI OaTapei KoHAeHcaTopiB. Lle moB’ s;3aHO 3 THM, 110 BOHH Jal0Th OibIe
3HKeHHsT AW, Hi’k BUCOKOBOJIBTHI OaTapei KOHIeHCATOPIB.

IToTyXHiCTh BUCOKOBOJIFTHHX OaTapeil KOHJEHCATOpiB HEOOX1THO 3MIHIOBATH
MPOTOPLIHHO BUCOKOBOJIBTHOMY PCAKTHBHOMY HaBaHTa)XCHHIO. [Ipu 1IbOMY KOHT-
POJIb i€l BETMYMHU TPOBOANTHCS HA po3noainsuoMy myHKTi 10kB, 1o sikoro migx-
JIF0YEHI BUCOKOBOJILTHI OaTapei KOHAEHCATOPIB.

VY Bumnanky, KOJu Ha MiANPHUEMCTBI € HU3bKOBOJILTHI Ta BUHCOKOBOJIbTHI OaTa-
pei KOHACHCATOPIB, a TAKOK CHHXPOHHI IBUTYHH, BCTAHOBIICHI BiJIIOBITHO CXEMHU B
HepIly Yepry BUKOPUCTOBYIOThCS HU3bKOBOJIBTHI Ta BUCOKOBOJIBTHI OaTapel KoHe-
HCaTOPiB, BiIMTOBIAHO JOMUILHICTE BUKOPUCTAHHS CHHXPOHHUX JBUTYHIB BU3HAUa-
€THCS IIISIXOM €KOHOMIYHOTO MOPIBHSHHSI X 3 €KBIBAJICHTHUM JIKEPEJIOM PEaKTHB-
HOT TIOTY>KHOCTI €HEPrOCUCTEMH .

[IpoBeneHi TOCHiTKEHHS JO3BOJISIOTH CPOPMYITIOBATH TAKUH aJrOPUTM OITH-
MaJIbHOTO KEPYBaHHS KOMITCHCYIOUHMH MPUCTPOSMHU B MEPEKAX TPOMHUCIIOBHUX ITiJI-
TPUEMCTB.

1. PospaxyHok Qcionm

2. TIporuo3 peakTHBHOTO HaBaHTaxeHHs QCj Ha MPOMIXKKY Atj.

3. TlepeBipka MOKITHBOCTI KOMIICHCALIl peaKTHBHOI MOTYXHOCTI Qj 3 momo-
MOroIo 6arapeii KoHIeHcaToOpiB, TOOTO mepeBipka HepiBHOCTI Qurst Qsrs > QCj.

4. SIkmo HepiBHICTH B I1.3 HE HE BUKOHYETHCS, TO MPOBOIUTHCS PO3PAXyHOK
AQcj = Qcj - Quxs - Qprs

5. Ilepesipka oomexeHHST Qcromm.< Qx, AQC].

6. Skmo .5 BukoHyerbest To CJI 3aBaHTaXy€ThCS PCAKTHBHOO IMTOTYKHICTIO
BeNIMUMHOI0 Qcyonr , @ SKIIO HE BUKOHYETHCS, TO 3aBAaHTAXKY€EThCS PEAKTHBHOIO I10-
TyxHicTIO Qk a60 AQC].

EnemenrtapHuii aHali3 OiepKaHUX PE3YIIbTATIB TOKA3YE, IO ABTOMATUYHE YII-
PABiHHS MOTY>KHOCTSIMH KOMIICHCYIOUHX MPUCTPOIB MOXKHA TPOBOJAUTH HA OCHOBI
BIZIOMHX JIOKQJIbHUX PETYJISATOPIB.
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MATEMATHWYHI MOJAEJII JJIsS1 OOIHIOBAHHS 3HUKEHHS BTPAT B
CUCTEMAX EJIEKTPOIIOCTAYAHHSA TPOMUCJIOBUX
HNIAIIPUEMCTB

CHCTEMOIO CIIEKTPOIIOCTaYaHHS HA3UBAIOTh CYKYITHICTh MPUCTPOIB IS BUPO-
OHHMIITBA i PO3MOTY €NEKTPUIHOT eHeprii, BoHa 3a0e3meuye )KUBIEHHS €IeKTpOe-
HEPTi€I0 CMOKMUBAYiB MiANPUEMCTBA a00 TPYTH MiAMPUEMCTB. BTpaTn enexTpuaHoi
EHeprii XapakTepHi IJIs BCiX CHCTEM PO3IMOAUTY eNeKTpUIHOo1 eHeprii. [IpaBuiapHe
MPOEKTYBaHHS Ta EKCILTyaTallisi CHCTEM €JIeKTPOIOCTauYaHHsI TPOMHUCIIOBUX i TIPH-
€MCTB JIO3BOJISITh 3BECTH X 10 MiHIMyMY.

Ceper OCHOBHUX BHUMOT JI0 CUCTEM €JIEKTPOIIOCTAuYaHHs 3 OISy Ha e(DeKTH-
BHICTh 3HMKCHHS BTPAT CICKTPOCHEPTIi MOXKHA BUIUTUTH:

- HeOOX1/THY HaJIIITHICTh XKUBIICHHS ITi IIPUEMCTBA i OKPEMHUX CIIOKUBAYIB BiJI-
MOBIJTHO JI0 IXHBOI KaTeropii;

- 3aX0/11 10710 3a0e3MeYeHHs HeOOX1THUX MOKa3HUKIB SIKOCTI eNIeKTpOeHepril
(30xpeMa cTabiIbHICTh, MiHIMYM KOJHMBAHb i IPHITYCTUMI BETMYMHH BiIXUIICHb Ha-
NpPYTH B HOPMAJIbHUX, aBapiMHUX 1 MiCISaBapiiHUX peKUMaXx).

3 omHoro 60Ky, po6oTa BCiX eneMeHTiB cxemu (JIiHii, TpaHC(HOPMATOPIB) 110-
BHHHA TTepea0davaTucs, K MPaBHIIO, pO3/IiIbHA, TOMY 1110 TIPH MapajelbHiid poOoTi
30UTBIIYIOTBCS CTPYMH KOPOTKOTO 3aMUKaHHS U YCKIIaIHIOIOTHCS TIPUCTPOI peIeii-
HOTO 3aXHCTY, a 3 iHIIOTO — IPH TapaielbHild poOOTi 3SMEHIITYIOTHCS BTPATH EJICKT-
PUYHOT €Heprii B eJIeMEHTaX CUCTEMH €JIEKTPOIIOCTadYaHHSI.

JIyist 3MCHIIICHHS pO3PaXyHKOBHX BTPAT CICKTPOCHEPTIT B CHCTEMI €JIEKTPOIIO-
CTaYaHHS IMPOMHUCIIOBUX IiIIPUEMCTB MOXIIUBUMH € HACTYIIHI i IXOH: TIO-TIepIIIE,
3MCHIIICHHS CEPEIHIX HaBaHTaXKCHb, IKOTO MOXHA JIOCSTTH 3a JIOTIOMOTOIO 3aIpo-
Ba/DKEHHSIM HOBITHIX TEXHOJIOT1H; ITO-ApyTe, BUPIBHIOBaHHS rpadikiB HAaBaHTaKCHb
NUITXOM 3MIIICHHS B Yaci MOYaTKy TEXHOJIOTIYHHUX MPOIIECIB; TIO-TPETE, SMEHIICHHS
BTpaT HOTYKHOCTI B Pe3yJIbTaTi ONTUMI3alil peKUMIB EJIEKTPUIHOI MEPEXKI.

CyTHICTh MATEMaTHUIHOT'O MOJICTIOBAHHS TIOJISTAE Y TOMY, 11O HEOOXiIHO Bif-
HaWTH Take MaTeMAaTHYHE CITiBBITHOIIICHHS MiX IMapaMeTpaMH eJIEMEHTIB CHCTEMU 1
napaMeTpamH iX pexXumy, 3a SIKMX Taka CHCTeMa 3/1aTHA BAKOHYBATH CBOIO (DyHKIIif0
— 0e3MneYHo, eKOHOMHO Ta Oe3nmepebiiiHO MocTavaTH CIoKUBadaM eJIEKTPUIHY eHe-
prifo 3 3a0BUTLHIMHU TTOKa3HUKAMH SKOCTI.

Martpuiro BiTHOCHOI BapTOCTI BTPAT MOTYXKHOCTI MOYKHA ITOJATH y TaAKOMY
Bursii [1]:
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=5

D

IT'RD T, 1)

ne R — niaronansHa MaTpHIls aKTHBHHX OTIOPIB BITOK PO3PaXyHKOBOI CXeMH MEPExKi
R =diag(Ra....., R) ; I —MoaudikoBana matpuis KoediuieHTiB po3noainy (Ma-
TpHUL HUTIXiB) po3MipoM (Mxn); Do — giaroHanpHa MaTPHI BiIHOCHOI BapTOCTI
BTpAT eNEKTPHYHOI eHeprii B Bitkax D, =diag(Cc,r, /d?,....cf,, /& ) —y pasi Bu-
KOPHUCTAHHS MAaKCHMaIbHUX 3HaYCHb HOTYXXHOCTEH i
— A 2 2 2 2 . .
D, =diagC,k;,I" /d; ,....c.k;. T M ) —y pasi BukopucTaHHs cepenHiX 3HaueHb
HOTY)KHOCTI, TYT Tj - 9aC MAaKCHMaJIbHHUX BTPAT aKTHBHOTO, PEaKTUBHOTO abo MOB-
HOTO HaBaHTaxeHHs |-1 BiTku (j = 1,m); k,; —xoedinient popmu rpadixa Hapan-
Taxenns -1 Bitku; T - pospaxynxosuit nepion wacy; d; =U,; /Uy, —Binnocue 3na-

YEHHs CepeIHbOI HAMPYTH j-i BITKM O HOMiHANBHOT HATIPYTH.

OpnHuM 3 Halie()eKTUBHIIINX 3aXO0/IiB € 3HIKCHHS CEPEIHIX HaBAaHTAXKCHb 3a-
BIIIKM BUKOPHUCTAHHIO MTPOTPECHBHUX TEXHOJIOTIH 1 3MEHIICHHIO €HEPTOMICTKOCTI
npoaykiii. OniHioBaHHS €()eKTUBHOCTI 3aX0/1iB 3 BUPIBHIOBaHHS Tpad)ikiB HABaHTa-
JK€Hb BUKOHYETHCS aHAIOTIYHO, 5K 1 y pa3i 3MEHIIIeHHS CepeIHIX HaBaHTaXCHb.

Pizke 3aroctpeHHs mpoOiaeMu BTpaT eNEeKTPOCHEPTIi B EIEKTPUIHIX MEPE)Kax
BAMAara€ akTHBHHX TOIITYKIB BUPIIICHHS I[bOTO MUTAHHS IIJISTXOM HOBHX IIiJIXOJiB
JI0 BHOOPY BiATIOBITHUX 3aXO0/iB MO0 OpTaHi3arii poOOTH i3 3HUKCHHS BTpaT.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Menpanuyk JI.M. MaTemaTidaHi MOJEi JIs OI[iHIOBaHHS €KOHOMIYHO1 ede-
KTHBHOCTI €HEPro30epexeHHs B eleKTpuuHuX Mepexax // Bicuux BITI. 2005.Ne 5.
C. 72-75.
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NIJIBUIIEHHSA EHEPTOE®EKTUBHOCTI MOJA®IKALIT TOBEPXHI
CKJIA

CkJ10, SIK KOHCTPYKIIHHUI MaTtepiall, JOCUTh TPUBAJIUHA Yac 3BepTac Ha cede
MMWJIBHY YBary JIIOJUHHU IPH BUKOPHUCTaHHI HOTO 5K Y MTOOYTI, TaK i B IPOMHCIOBOCTI.
Bubip cxia myxe 3aleXWTh BiJ] BIUIUBY 30BHIIIHIX ()aKTOpiB Ha HHOTO. BoHO
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MOBHUHHO BiJIOBIiJaTH MEBHUM (Di3MKO-XIMIYHAM a00 MEXaHIYHHM BIACTUBOCTSIM,
SIK1 He 3aBKIU JOIIEHO 3a0e3MeuyBaTH 10 BCii CKIIOMAci, MOYNHAIOYHN BiJ| MiATO-
TOBKHM KOMIIOHEHTIB BHX1JTHOT CHPOBHHHU JI0 OJI€p>KaHHS TOTOBOTO NpoaykTy. CTBO-
PCHHS Ha MTOBEPXHI CKJIA TOHKHX IIAPIB i3 3alaHIMHU BIACTUBOCTSMH ILISIXOM Bif-
HOBiHOT 0OPOOKH 103BOJISIE€ 3HAYHO 3MEHIINTH €KOHOMIYHI BUTPATH PU BUPOOHH-
IITBI KOJIBOPOBOTO Ta CIIEIiaJbHOTO CKIIA.

BuxopucTaHHs TEXHOJOTIH, 0 3HAWIIUIA CHOTOMHI IIMPOKE 3aCTOCYBaHHS B
MIPOMHUCIIOBOCTi, HE 3aBXIHM BiJIOBiJla€c BUMOTaM KiHIIEBOTO PE3yJIbTATy — OJep-
JKaHHS Ha TIOBEPXHI MaTepialy 4i BUPOOY BIIACTUBOCTEH, BIIMIHHUX BiJ] OCHOBH i
0e3 moaTKOBUX BUTPAT. EfekTpoxiMivuHi MeToau 00pOOKH CKJIa Ta CKIIOBUPOOIB Xa-
PaKTEPU3YIOTHCS TPUBAIUM YacoM 00poOKH, skuii ckinagae 30 — 60XBHINH [IpH Te-
mneparypi 450 — 600C, Ta 103BONISIOTH CTBOPIOBATH HA ITOBEPXHI CKJIa y OLIBIIOCTI
BUIMAJKIB JIMIIE HEMPOHUKAYi MOKpHUTTA [1, 2]. O6pobKa ckiia KaTOAHHM PO3IH-
JICHHSIM 200 32 JONIOMOT0I0 MarHeTPOHHHUX CHCTEM JI03BOJISIE (POPMYBATH TITIBKH 3a-
JTAHOTO XIMIYHOTO CKJIAJy IMIEBHOI TOBIIMHH 13 3aIOBUILHOIO JJIS SKCILTyaTallii ajre-
3i€10, OIHAK Il METOAM BUMAaraloTh HasBHOCTI 0OMEXeHOI y po3Mipax KamepH, y
AKif CTBOPHOETHCS BakyyM y Mexkax 10% — 10 T1a, anapatis ounmienss i 103yBaHHs
rasiB, sIKi MOJAIOTHCS Y KaMepy; CIeliadbHOI MATOTOBKH 00CIyTOBYIOYOTO TIepCo-
HaJTy JUI CIIOCTEPEKECHHSI 32 TEXHOJIOTIYHUM TIPOIIECOM, IO BiPi3HAETHCS BHCO-
KOKO €HEPTOEMHICTIO [2].

BukopHcTaHHS! TIOTOKIB HU3bKOTEMIIEPATYPHOI IUIa3MH JJO3BOJISIE BiMOBH-
THUCS BiJI 3aCTOCYBaHHS CKJIAHOTO Ta €HEPrOEMHOT0 BAKyyMHOTO O0JIa/IHAHHSI, aje
He /103BOJIsIe 30eperTy npu (JopMyBaHHI TOKPHUTTIB MPO30PICTh CKIIA. 3aCTOCYBaHHS
y IIa3MOBHUX METO/IaX MOBEPXHEBOT 0OPOOKH BUXITHMX MaTepiaiiB y BUMIIAI OPO-
IIKiB a00 JPOTY, KOJU B SKOCTI CEPEJOBHIIA, IO YTBOPIOE IIa3My, BUKOPHCTOBY-
€TBCS apTOH UM BOJAEHB, a00 CyMIlI IMX T'a3iB HE 3aBXIH BioOpakae eKOHOMIUHY
JOULTBHICTB.

Opranizanis TEXHOJIOTIYHOTO Tpolecy 3 BHKOPUCTAHHSM 1OHHO-TIIIa3MOBOT
00poOKH ITpH aTMOCPEPHOMY THUCKY JTO3BOJISIE YCYHYTH 3a3HaueHI HETOMIKHU i iHTe-
HCHU(}iKyBaTH MPOIIEC BIPOBAKEHHS €IIEMEHTIB Y TIOBEPXHIO MaTepialiB, 10 00po-
OJIAIOTHCS TIOBITPSHOKO TUTA3MOI0. Marepiaiii BIPOBAKEHHS MOXKYTh SIBISITH CO-
0010 SK YUCTI eJeMeHTH (HAalpUKIal, MiJb, MapraHellb, XpoM), TaK i KOMIIOHEHTH
X €JEMEHTIB a0 CIuIaBiB (Migp + KOOANbT, MapraHelpb + Miab, HIXpoM, KapOoHi-
TPHJI TUTAHY # iH.), IO TO3BOJIAE POSIIUPUTH CIIEKTP MaTEPialiB, AKi BAKOPUCTOBY-
FOTBCS 1 3MEHIIUTH BUTPATH HA MOTIEPETHIO MMirOTOBKY MaTepialiB BIPOBAKCHHS,
OCKIJIbKM BOHU MOXYTb OyTH BUKOPHCTaH1 Y BHI1 arjioMepariB, CTPY>KKH, OOTIHIIIO-
BaHb, MPYTKIB.

OpepKyBaTH MPOHHUKAIOY] AEKOPATHBHI MOKPUTTS 1 TOKPUTTS 3 BiAMiHHUMH
BiJl OCHOBH (Di3UKO-XIMIYHUMHY 1| MEXAHIYHUMHU BIACTHBOCTSIMHY, HATIPUKIIAN, 3 TTiJI-
BUIICHUM KOC(II[IEHTOM BIIOUTTS — MOKIIMBO 1 TP BUKOPUCTAHHI BOJITHUX PO3YH-
HiB XIMIYHUX CTIOJYK. 3aCTOCYBaHHS BOJSHUX PO3YHHIB JI03BOJISIE iHTEHCH(IKyBaTH
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MpPOIIEC BIPOBAKCHHS MaTepialdy MOKPUTTS 1 CKOPOTHUTH 4Yac oO0poOku. Ilpucyr-
HICTB y TUIa3MOBOMY CTPYMCHIO BOJHIO CIIOBLIBLHIOE MPOIEC OKUCITIOBAHHS BIIPOBA-
JUKYBaHHX €JIEMEHTIB 1 3a0e3reuye ojepKaHHs OLIBII YUCTUX 1 PIBHOMIPHUX ITOK-
pHTh.

Mo 3aKiHYECHHIO MPOBEICHUX EKCIIEPUMEHTIB 3 TAKMMHU BOJISTHUMHU PO3YHMHAMU
coJiell i cronyk sk; xyopuctuit ko6ansT COCh, mepmanranar kaniro KMn4Oa, 6ix-
pomar amoHiro (NH4)2Cr.07, po3unH cynbdhary aaroMiHio i3 CIpYaHOKHUCIIO MiJII0
BIJIMTOBIAHO OyJIM OTpUMaHi MPO30pi 3pa3Kh POKEBUX, OJAKUTHHX, CIPHX, 3TICHHX,
YePBOHWX BiJITIHKIB i3 COHIIE3aXUCHUMHU BIACTUBOCTAMH. HacHaeHICTh KOTBOPOBHUX
BIATIHKIB 3aJICKUTH BiJl BATPUMKH 4acy 0OpoOKH, sika ckiaaaia Bix 3 mo 25 cekyH .

CITACOK BUKOPUCTAHOI JIITEPATYPU

1. Asnees U. B., llIpam A. A. Bo3MOXHOCTH MJIa3MEHHOM AJIEKTPOTEXHOJIO-
iy 00paboTKK CTEKIA M CTeKIIon3enui. // BiCHUK KpeMEHUYIBKOrO J€PIKaBHOTO
noJitexHiunoro yHisepcurety. 2004.Ne 2. C. 105-107.

2. Kpoxun B. I1. u mp. JlekopupoBaHue CTEKIa M U3IACIUI U3 HErO METOIOM
iasMenHoro HanbuieHns // Crexino u kepamuka. 1999.Ne3. C. 12-15.
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AOCUKEHHA ITAPAMETPIB ILTASMOBOTI'O IOTOKY
YCTAHOBKMU JJIs1 IOHHO-IIVTASMOBOI MOJU®IKALII
MATEPIAJIIB

3MiHa TIOBEPXHEBUX BIACTHBOCTEH MaTepialiB 3 BUKOPUCTAHHIM IUIA3MOBOT
00pOOKH - IPOTPECUBHUN TEXHOJOTIYHUI METOI, SIKUH TO3BOJIIE OTPUMYBATH TI0-
BEPXHEBHH Map i3 3alaHUMHU (HI3MIHAMHU BIACTHBOCTSMH, 3MEHIITUTH 9ac 00pOOKH
1 CKOPOTHTH BUTpATy eleKkTpoeHeprii. /s BHOOpPY TEXHOJOTIYHHX MapaMeTpiB
10HHO-TUTa3MOBOI OOPOOKHM MOBEPXHI CKJIa MpH aTMoc(hepHOMY THCKY HEOOXiIHO
JIOCIIIKYBATH 3MiHA MOTEHITiaTy TIA3MOBOTO MIOTOKY 1 OIIHUTH KOHIIEHTPAIIIFO TO-
3UTHBHUX 10HIB MaTepialy BIIPOBa/DKEHHS. 30HIOBUI METOJ| € OJJHUM 3 HAHOUIBII
MIMPOKO BUKOPHUCTOBYBAHMX 1 iIH(OPMATHBHUX METOMIIB TIarHOCTUKH IIJIa3MH, L0
JI03BOJISIE BU3HAYMTH 11 JIOKAJIbHI Xapakrepuctuku [1, 2].

JIist mociiKeHHS pO3NOALUTY TIOTCHIIATY, TEMIIEPATyPH 1 KOHIICHTPAIIiT TO3U-
TUBHUX YaCTHHOK I10 Mepepi3y IIa3MOBOTO TOTOKY BUKOPUCTOBYBABCS OJTUHOYHHN
CJIICKTPUYHHI 30H], SIKUH IpeacTarise co00r Boab(hpamoBuil apit miamerpom 0.3
MM 1 JOBXKHHOIO 2 MM, II[0 PO3TAIIOBAHUI B allyHIOBOMY i30saTopi. EnekTpuanuii
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30H/1 BBOJIUBCS B IIA3MOBUH IMOTIK 32 JJOIIOMOTOO €IIEKTPOMATHITY, SIKHIA JO3BOJISIE
3 BHCOKOIO IIBUJIKICTIO 1 TOUHICTIO BBOJUTH 30H] B MEBHY TOYKY ILIA3MOBOTO ITO-
ToKy. [ImaBHe perynroBaHHS BHUTPUMKH 4Yacy 3HAXOJDKCHHS 30HIA B IUIa3MOBOMY
MOTOII JTO3BOJISUIO 3aXHUCTHTH HOTO BiJl MOXKIIUBOIO TeperpiBy. PeecTparrist moka-
3aHb EJICKTPUYHOTO 30HA 3/IIHCHIOBAIACS 32 JOMIOMOTOI0 30BHIIIHBOT'O IIPUCTPOIO
aHanoroBo-uudposoro neperpopenns JIA-50USB 3 moganbiinon oOpoOKO CHr-
HaJly 3a JJOIIOMOTOI0 IEPCOHAILHOTO KOMIT FOTepa.

B pesynbraTi 30HIYBaHHS TIa3MOBOTO TOTOKY OyJIM OTpHMaHi 3aJeKHOCTI
CTYTICHS 10Hi3aii 1 KOHIIEHTpaIlil MO3UTUBHUX 10HIB MaTepiay BIPOBAKCHHS BiJ
TeMIleparypu. BcTaHOBIIEHO, 110 NMPW BUKOPHUCTAaHHI pO3pOOICHHUX IIa3MOTPOHIB
JUTS OpraHi3aiii mporecy i0HHO-TIa3MOBOT 0OPOOKH MOBEPXHI CKJIA iICTOTHO ITiIBH-
IIy€ThCS KOHIEHTPALLS IIO3UTHBHUX 10HIB MaTepialy BIPOBaKCHHS 1 CTYIIEHS i0-
Hi3aIli1 IT1a3MOBOTO TTIOTOKY .

Ha mixcraBi 30HIOBOi METOIUKH BCTAHOBJICHI TPAaHWYHI BEIWYHHU CHIIA
CTPYMY IUIa3MOBOI AyTH NPH MakCUMallbHIl KOHIEHTpallii i0HiB: Ipu ctpymax 100
- 105 A koHueHTpanig ioHiB Mifi cranoButh 1,2916x16° cM3, npu ctpymax 104 -
110 A xonuenTpanis ionis kob6ansTy - 1,21x10° cm3. B mianasoni po6o4ux Temie-
paryp 3000 - 320K crymiHs ioHI3a1Iii I1a3MOBOT0 OTOKY cTanoButh 0,6 - 0.68%
npu poOOTi 3 BOMHHM PO3YMHOM coJicii kobapty, 0,8 - 0,9%pu poboTi miasmor-
poOHa 3 BOIHUM po3unHOM cojier mimi i 0,91 - 1, 1% #1ipu poOOTI 3 BOAHUM PO3UH-
HOM COJIEH MapraHIlio.

CITACOK BUKOPUCTAHOI JIITEPATYPU

1. Chen F. F. Principles of plasma processing.Amgeles : Plenum/Kluwer
Publishers, 2002. 249 p.

2. Augpees B. JI., Bparun U. B., Muxaiiios B. ®. JluarHocTrKa 1mia3Mbl 30H-
Jamu npoBoguMocTH | Yueb. ITocobue. CII6. : CITIOI'Y AIL, 2000. 104.
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TAPMOHIMHWN AHAJII3 TOCJIIHAX CTPYMIB HEPOBOUYOT'O
XO1Y

B pe3ynbTati mpoBeaeHHS 0CIiay HepoOOUOTo XOIy BiAMOBIIHO O YMOB Ta
00MEXEeHb BCTAHOBJICHHX CTAaHJAPTaMH T4 HOPMAaTHBHUMU JOKYMEHTaAMU Ha CHIIO-
BOMY Tpr(hasHOMY TpaHC(HOPMATOPi 3 TUTACKOIO MAarHITHOIO CHCTEMOIO THITOBOT KOH-
CTpYKINi B iHTepBaii 3MiHeHHs Hanpyrd 0+1,2 Bix #Oro macmopTHOTO 3HAYEHHS
OyJna eKCIIepuMEeHTATLHO BU3HAYEHA HEPIBHOMIPHICTH PO3MOIiTy 1Mo (a3ax TpaHc-
(dhopmaropa rapMOHIHHOTO CKJIaay MOCHTITHUX CTPYMiB HEPOOOUOTO XOIy, SKY BH-
KJIIMKA€ 3HAYHA 3MiHA KyTiB ()a30BHX 3MIIl[EHb Ta 1X BIAXIMJICHHS BiTHOCHO BEKTOPIB
cTpymy rapMoHik ¢asu A (mo3za 1201 240enexktpuynux rpanycis y ¢asax B i C st
CHMETPUYHOTO PEIKUMY).

AHaii3 KoXHOI 3 (pa3HUX TapMOHIK y TpH(a3Hii cucteMi CTpyMiB HepoOO4OTOo
XOJy IPOBEIICHHUI METOIOM CUMETPHUYHUX CKJIAJOBUX JO3BOJIHMB BU3HAYUTH rapMo-
HIKH CTPYMiB IPsIMOT Ta 3BOPOTHOI mocigoBHocTi das [1, 2]:

ImJ ,1:|Hj ,1+|3j ,1+|0j ,1;
Imj,zzlnj,2+|3j,2+|"j,2' (1)
|mJ ,3=|Hj 13+|3j |3+|0j 3

ne ingexcamu 1,2,3 —1o03HaueHo ¢asu A,B,C, nitepamu «I1, 3, 0» - IPSIMY, 3BOPOTHY
1 HyJTbOBY ITOCITITOBHOCTI (a3,

IO JIO3BOJIMJIO PETEIBHO MPOaHaTi3yBaTH CUMETPUYHI CKIIaIOB1 7S TpU(a3HUX CHU-
CTEM TapMOHINHHX CKIIAJOBUX ()a3HUX CTPYMIB Ta BUSBUTH:

- Io-TiepIe, HepiBHOMIpHE HECHMETPUYHE 3aBaHTAXKCHHS 110 (hazax TpaHc(o-
pMaTopa JJisl KOXKHOT TapMOHIKHY;

- MO-JpyTe, HASBHICTh HEMIAPHUX FAPMOHIK i3 IIEPEBa’KHUM BILTHBOM TPETHOI,
I’ 1T01 Ta CbOMOI TapMOHIHHUX CKIafoBuX (puc 1).

Knacu4ri METOIMKH pO3PaxXyHKY CHIIOBHX TPAHC(HOPMATOPIB 3 IJIACKOIO TPH-
(ha3HOIO0 MAarHITHOIO CHCTEMOIO IIeH (haKTOp HEe BPaXxOBYIOTh MPOTE iX CKIAJ0OBI Ma-
FOTh 3HAYHI aMIUTTYIH BiIHOCHO aMILIITYIU CTPyMy HEpOOOYOro XO[ay, BU3HAUE-
HOTO JUIs TTACTIOPTHOT'O 3HAYEHHS.
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Pucynok 1 —Kpyrosi BektopHi giarpamu Tpetsoi (a), i’ saroi (6) Ta ceomoi (B) rap-
MOHIK ()a3HUX CTPYMiB HEPOOOUOTO X0y .

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. Yarymbash, D. Hysteresis and Eddy Currents Eff&imulation in Idling
Mode of the Transformer [Text] / D.Yarymbash, M.Kat, .S. Yarymbash, T.
Divchuk // Problemele energeticiti regionale. — 20Mlo.1, pp. 12-21.

2. Yarymbash, D. Analysis of inrush currents of timoaded transformer us-
ing the circuitfield modelling methods [Text] / Da¥ymbash, .S. Yarymbash, M.
Kotsur, T. Divchuk // Eastern-European Journal wfeEprise Technologies. — 2018.
Vol. 3. Ne 5 (93),pp. 6-11.
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BIPTYAJIBHA MOJIEJIb ACHHXPOHHOTI'O /IBUT'YHA 3
EKCIHEHTPUCHUTETOM POTOPA

OHUM 3 OCHOBHHX KPHTEPIiB HaIiHHOCTI acCHHXpOHHUX ABUTIYHIB (AJ]) € pi-
BHOMIPHICTb TIOBITPSHOTO 3a30py. HepiBHOMIPHICTH MOBITPSIHOTO 3a30py MOTIpIIye
EHEPTeTHYHI XapaKTePUCTHKH, MiJABHUINYE PiBEHb ITyMy i BiOpariil acCHHXpPOHHUX
JIBUTYHIB.

HasBHICTP €KCIEHTPUCHUTETY POTOPA MPU3BOIAUTH J0 OJHOCTOPOHHBOTO Mar-
HITHOTO MPUTSATAHHSA 1 MiABUINECHOTO 3HOCY MiAIMITHUKIB. B IboMy BUMAnKy, mpu
po6oti AJl Moxke OyTH IepioJiyHi 3iTKHEHHS POTOpP MPO CTAaTOP.

JIst BU3HaYCHHS HOBUX 200 YTOUYHCHHS HASIBHUX 3B'S3KIB MiXK JiarHOCTHYHIM
03HAKOI CKCICHTPUCUTETY 1 CKCIICHTPUCUTETOM OyJia 3aCTOCOBaHAa MaTeMaTHUYHA
mojenb AJl, B sIKiif BpaxoBaHa 3aJe)KHICTh BEJIUYHHU MOBITPSHOTO 3a30py O Bix
KyTa IOBOPOTY pOTOpa TpH 3MIIICHHI HOro Oci Ha 3ajaHy BifCTaHb BiJ OCi
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obepranHs cratopa. OTpuMaHa MaTeMaTHYHa MoJelb AJl T03BOIIsE 3MOJICITIOBATH
poboty AJl npu pi3HUX 3HAYCHHS CTATHIHOTO EKCIICHTPUCHUTETY POTOPA.

Otpumana mareMatudHa mMojenb A/Jl, M0 Mae CTaTUYHUI €KCUEHTPUCHUTET,
BuMarae Bepudikarii. it nporo 6yno BUKoHaHO MojemoBaHHs AJl B cepeoBuIi
KOMIT'I0TepHOi MaTematuku Simulink / Matlabs Bukopucranssm cranpapTHUX SPS-
mozener Simulink / Matlabs 6i6miorekn SimPowerSystems.

ImiTarmiitna Monens camoro AJl ckiagaeTbes 3 €IEKTPUIHOL MiICUCTEMH, Me-
XaHITHOT TiICHCTEMH, TTiICHCTEMHU OOYHUCIICHHS B3a€MHOI 1HTyKTHBHOCTI.

3a pe3yabpTaTaMy BUKOHAHHS JaHO1 pOOOTH MOXHA 3pOOUTH HACTYITHI BUCHO-
BKH.

OtpumMana MaTeMaTHdHa MOJEeNb AJl, sika TO3BOJISIE TIPOBECTH MOJICITIOBAHHS
pobotu A/l B CTallioOHAPHOMY CTaHi MPH Pi3HUX 3HAYCHHSAX CTATUIHOTO CKCLCHTPH-
CUTETY POTOpA.

MaremaruuHa Mojens peanizoBana B Simulink / Matlab.Pesynsratu mose-
mroBanust B Simulink / Matlabrokasyrots, 1110 oTpiMaHa MareMaTiHaHa Mojeb AJ]
B CTaI[lOHAPHOMY CTaHi JTO3BOJISIE BUSBIISATU JIarHOCTUYHY B3a€EMO3B'I30K MiXK Jie-
(exToM (CTATUYHMM EKCIEHTPUCHTETOM) 1 JIarHOCTUYHOIO O3HAKOIO (TMEepeBu-
IIEHHS CTPYMY Ha XapakKTepHii 4acTOTi B Aiana3oHi crpymy cratopa AJl).

€ MOXJIUBICTh BIOCKOHAJICHHS OTPUMAHOI MaTeMaTHYHOT MOJEII Il MOJIe-
JIIOBAaHHS 3MIIIAHOTO EKCIICHTPUCUTETY poTopa A/l.

VIK 621.316.71
Hazapenko L.A.
KaHJI. TeXH. HayK, Aol. HY «3amopi3bka momiTexHika»

TEIIJIOOBMIH ITPU TEPMOEJIEKTPUYHOMY E®EKTI IIEJIbTHE

OCHOBHI piBHSHHS TEIIOBOTO OaJIaHCy Ha CTOPOHAX TEPMOEIEKTPUIHOTO MO-
JyJIsl BITHOCSATBCS IO TPOCTOTO BUMAJKY, KOJH (piKcoBaHI TeMIiepaTypH XOJIOIHUX
Ta rapsuux CTOPiH, IPUYOMY BOHHM HE 3MIHIOIOTBhCS IPH 3MiHI IIUIBHOCTI CTPYMY
xuBieHHs. [lepenuiiemo ix y HactymHomy Burisiai [1-3]:

1, A

& =eJT1_512105_5_( z_Tl) ) (1)
1. A

o =ejT, =~ j°po _E(Tz -T,), )

Jie Qi Ta Op — IIIJIBHICTH TETIOBUX MOTOKIB Ha XOJIOAHIHN Ta rapsdiii crTopoHax Tep-
MOEJIEKTPUYHOTO MOyJIst, B/ M2,
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B peanpHux ymMoBax poOOTH TEPMOCIEKTPUIHOTO MOIYJIS TOBOJI YacTo (ik-
COBAaHUMH € TEMIIEpaTypu cepean abo 00’ €KTIB, O OTOYYIOTHh XOJIOIHI a00 rapsdi
CTOPOHH TEPMOCICKTPUIHOTO MOy, TepMivHi OITOPU MiXK CTOPOHAMHE TepMOEIIe-
MEHTY Ta cepellaMH, II0 OTOYYIOTh HOro CJIabo 3aliekaTh BiJl TEMIIEPATYPH, a BH-
3HAYAIOTHCS JIMIIC KOHCTPYKIEI TEIIOOOMIHHHX amapariB, TOMY JUIT KOXKHOTO
KOHKPETHOTO TIPUCTPOIO X MOXKHA BBAXKATH TOCTIHHUMU. SIKIIO TiABEIEHHS Ta BilI-
BEJICHHS TETUIOTH 3 MOBEPXOHb KOHJEHCAIIHOI KamMepH 3MIHCHIOETHCS MUISIXOM
KOHBEKTHBHOTO OOMiHY, TO BETMYMHA TEPMIYHOTO OTIOPY OyJie BU3HAYATHCS KOoedi-
LIEHTOM TEIUIOBIAIAYi.

[Ipu dikcoBaHNX TemIepaTypax 30BHIIIHIX cepea TEMIEpAaTypHu CTOPIH Tep-
MOEJICKTPUYHOTO MOJIYJISl BH3HAYAIOTHCS HACTYITHUMH CITiBBiTHOIICHHAMHU:

_ g .
T, =t - 3
1Th T, 3
_ a
T,=t,- 2
2 =1 a, 4)

Ie ty Ta to — TeMInepaTypu CepeOBHIL, IO OMUBAIOTH XOJIOJHY Ta rapsidy CTOPOHH
TepMOeJIEKTpUYHOTO MotyJs, K;

0.1 Ta 02 — KOe(ili€HTH TEIIOBiAIadl 3 XOJIOIHOI Ta Taps901 MOBEPXHI TEPMOEIIEKT-
puuHoro moayins, Br/(m2K).

Bepyui no ysaru ¢popmyiu (1) ta (2) piBusans (3) Ta (4) 3anuinyTecs y HACTy-
MTHOMY BUTJISI:

A

o, t, - T,) = §T, ——J *po =T, -T.) 5)
1, A

a, [ﬂTz‘tz)—esz _EJ ,05‘5(1—2 _Tl)' (6)

Bupimyrouu cuctemy piasiab (5-6) BinHocHo T1 Ta T2, oTpuMaeMo 3amex-
HICTB!

T= Aat +Aat, + daat, + poli? + 0500° j°a, — 0500%€]° —@Jat @)
' Aa,+Aa, - &%)+ doa, - Bja, + Eja,

T _Aat +Aat, + dagt, + poli* + 05p5° j°a, — 0500°%€)° - Bjat, (8)
2

Aa, +Aa, - &?|* +daa, - Bja, + Eja,
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Pieasnns (7) ta (8) BHU3HAYAIOTH TEMIIEPATypH CTOPIH TEPMOEICKTPHYHOTO
MOJIyJISl B IPOLIECi TEIUIO0OMiHY 3 OTOUYIOUHMMH IX cepeaoBHIIaMu. baunmo, 1mo Te-
MIIEpaTypH CTOPiH TEPMOEIEKTPUIHOTO MOJYJIS B IPOIEC] TEIII000MIHY € (yHKIIi-
SIMH IEKITBKOX 3MIHHHX ! IIUTBHOCTI CTPYMY, TEMIIEPATyp CEpPEeAOBHII, Koe]ilieHTIB
TerIoBiagayi 3 nosepxHi. Ha pucynkax 1-2 mokasaHo 3MiHY TeMIIEpaTyp CTOpPiH
TEPMOCTIEKTPHIHOTO MOJIYJIS B 3aJIEXKHOCTI BiJI IIITLHOCTI CTPYMY B HUX TIPH PI3HUX
YUCJIOBUX MapaMeTpax TeMIlepaTyp Ta KoeQilli€HTiB TeTUToBiAadi.

OcHOBHI BUXizHI AaHi 1151 mo6ynosu rpadikis; a;=300B1/(M?%K); ;=50 C;
t2=20°C. Bigpisusatucs OyayTe TiUbkn Koe(imieHT TemIoBigmaui: Psagl —
02=300B1/M2-K; Psin2 —a,=500B1/M2-K; Psin3 —a,=1000B1/M2-K.

400

/>
OU 300 /
l_;|200 / —Psinl

100 =& P2
O T T T +Pﬂﬂ3

j-1C, Alm
Pucynok 1 —3anexHicTh TeMIepaTypH rapsiaoi CTOPOHN TEPMOESIEKTPUIHOTO MO-
JTyJisl BiJl IIITBHOCTI CTPYMY

800
3
600 /
©
|_& 400 ——Panl
200 == Pn2
0 ——P13

j-10°, Alm
PucyHok 2 —3anexHICTh TEMIIEPATyPH XOJIOIHOT CTOPOHU TEPMOECIEKTPUIHOTO
MOJIYJISI BiJl IIUTBHOCTI CTPYyMY
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Amnani3 pucyHkiB 1-2 oka3sye, mo npu 30UIbIIeH] KoedilieHTy TeIoBiaayi
3 rapsiuoi CTOPOHM TEPMOEJIEKTPUYHOTO MOYJISI TEMIIEpaTypa XOJIOJHOI CTOPOHU
3HMXKY€TbC. TOMY yMOBa iHTEHCHBHOI TEIUIOBiaYl 3 Taps40l CTOPOHU € OCHOB-
HOIO JU1s1 €(peKTHUBHOI pOOOTH TEPMOEIEKTPHUIHOTO MOAYJIS. 30UIBINCHHS IIIBHOCTI
CTPYMY B TEPMOEJIEKTPUYHOMY MOJYJIi TaKOX HE 3aBXKIH JOLUIEHO, TaK SIK, TOYH-
HAIOYH, 3 IEIKOTO MOMEHTY, II¢ HETaTUBHO MMO3HAYAETHLCS Ha Horo poOoTi, BHACITI-
JIOK YOTO BiH MmoumHae meperpiBatucs. OTke, KepyBaHHS TeMIIEpaTyPHUME PEKH-
MaMH TEPMOCJICKTPUIHOTO MOXYJIS, MOXKE 3IIMCHIOBaTHCS 3a JOIOMOIOI0 3MiHH
EJIEKTPUIHOTO PEXKUMY, a TAKOXK 3MIHOIO YMOB TEIJIOOOMiHY Ha HOT'O CTOpOHAX.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. Bypmreitn, A.M. ®usudeckue OCHOBBI pacueTa MOIYMPOBOTHUKOBBIX
TepMo-3JiekTpuueckux ycrpoicts [Tekcer] /AW Byprreitn. —Mocksa : Iocymapc-
TBEHHOE M3JATCILCTBO (PH3NKO-MATEMAaTHUECKOM tuTepaTypsl, 1962. —13%.

2.3opuH, U.B. TepMoasiekTpuUecKre X0IOAUIBHUKN U reHepatopsl [Tekcr] /
N.B. 3opuH, 3.51. 3opuna -Jlenunrpay : «Oueprus», 1973. —25t.

3. Konenko, E.A. TepmoaiekTtpuueckue oxnaxmaromiue mpudopsl [Tekcr] /
E.A. Konenko. - Jlenunrpan: Hayka, 1967. —28%k.
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METO/JUKA BUSHAYEHHS MPC__HOHEPE‘IHOi PEAKIIIT AKOPSA
JAIIC CEPEJHBOI ITOTYKHOCTI

BruiB 3Ha4eHHS MOBITPSHOTO 3a30py Ha OCHOBHI XapaKTEPUCTUKH JBUTYHIB
noctiiiHoro crpymy (AIIC) mocTaTHBO BeaMKuii. B 0cHOBHOMY, HOT0 3HAYEHHS BH-
OupaeThCS BUXOIMYH 3 KOHCTPYKTUBHUX Ta TEXHOJOT1YHUX MipKyBaHb.

Benuurna MoBiTPSHOTO 3a30py 3HAYHO BIUIMBAE HAa TIOTEHITIHHI YMOBHU Ha KO-
JIEKTOpI Ta JOMYCTHMHUM Jialla30H PETryJIIOBaHHS YaCTOTH OOEpTaHHS SKOPS JIBU-
ryra. Ockinbku miTku y JII1C BCTaHOBIIOIOTHCS CyBOPO HAa TEOMETPUUHIN HEWT-
paJti, Ipy HaCHUCHIH MarHiTHIA CUCTEMI, TO IPH PO3paxyHKaxX MarHiTHOTO JaHIIora
CJIESKTPUYHOT MAIIMHU PO3MIISAAIOTH TUTBKU HONEPEYHY CKJIAJIOBY peakuii Skopsi Ta
ii BIUTMB Ha MarHiTHE 1OJIE y MOBITPSHOMY 3a30pi.

Meroauka po3paxyHKy 3aKIIOYA€ThCs Y MOOYI0BI XapaKTEePUCTHKH HEPOoOo-
4Oro X0y Ta mepexignoi xapakrepuctuku Bs = f(F; + F, + Fj), 3a pesynpraramu
po3paxyHKy marHiTHoro noss y [13 FEMM (puc.1).

Sk BugHO 3 pric.l nMpu HaBaHTAXEHHI €JIEKTPOJBHUTYHA i AI€I0 TOTIEPEIHOT
peaxiiii sKopsi MarHiTHE TOJe y TOBITPSHOMY 3a30pi CIIOTBOPIOETHCS: i OJHUM
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KpaEeM TIOJTFOCA BEJIMYUHA 1HIYKIIIi 30UThIIY€ETHCS, a i iHIIUM 3MCHITYEThCS. J1Jist
PO3paxyHKiB IHAYKIIN: y TOBITPSIHOMY 3a30pi, 3yOLsIX Ta SpMi SIKOpsl, BHKOPHUCTO-
ByBainocst [13 SMathStudio3a pesynpraramu po3paxyHkiB (Ha MPUKIAIl ABUTYHA
tumy 2[1160motyxHicTio 11kBT), 6ynu mobyaoBaHi: XapaKTepUCTHKA HEPOOOIOTO
X0y Ta IepexifHa Xapakrepuctuka (puc.2).

Pucynok 1 —Po3moain niHiii MarHiTHOTO TOJISL y CTPYKTYpi 3acobis FEMM: a - pe-
J)KUM HEpOoOOYOTo X01y; O - pe’kUM HaBaHTa)KCHHS

Ta Ba
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Pucynox 2 —3anexHicts iHAYKLIT y moBiTpsHOMY 3a30pi Bix MPC: 1 —xapakrepu-
CTHKa HEpOOOUOTo XO/Iy; 2 —IIepexiHa XapaKTepHCTHKa

3a pesynsraTamu pospaxyskis (I13 FEMM ta SMathStudio)a mo6ymoBannx
XapakTepUCTHK (pHc.2), BU3HAYAETHCS MOMIEPETHA PEaKIlis SIKOPS K PI3HUILT MiX
3naueHHAMU MPC Ha 1 Ta 2 KpUMBHX NPHU 3HAYCHHI 1HAYKIIi, IIO BiAMOBIZa€ HOMI-
HanpHOMY 3HaueHHI0 EPC 06MoTKH sikopst. Jliist nanoro npuknana (Bs = 0.655Tx):

Fqd=1503-1258=245..
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3 puc. 1BuIHO, MO NONEpeYHa PEeaKList IKOpsl 3pOCTaE BiJl CEPEUHH TTOITIOC-
HOT Ayrd IO KParo MOJNIOCHOTO HAKOHeuHHKa. [Ipu 3HayHMX 3HaueHHsx FQqd, Mox-
JIMBO TIEPEKUIAHHS MarHITHOTO TIOJISI il OAHMM KpPaeM TOJIOBHOTO mostoca (o 06-
JacTi Big eMHUX 3Ha4YeHb Bs). ToMy mpu BUOOpI 3HAUEHHS MOBITPSIHOTO 3330y, He-
00XiZIHO 3BEpTAaTH yBary Ha. BHOIp reomerpii 3yOLEBHX Ta SIPMOBHX 30H OCEps
SKOPSL, PO3MIPH TIOJIIOCA T BUKOHAHHS ITOJIOCHOTO HAKOHEYHHKA, JUIS TOTO II00
3HAYEHHS 1HAYKIII 10 JOBXKHHI yCi€l MOFOCHOT MOUIKK HE 3MiHIOBaJIa CBOTO Ha-
IPSIMKY .

TakuM YMHOM, 3aCTOCYBAaHHS IIOJBOBOTO MOJCTIOBAHHS Ta MaTEMaTHYHOI
nporpamu SMathStudionpu pospaxyrkax marditHoro janiora JI1C, 103801110
3MOJISITIOBATH METOJIMKY BU3Ha4YeHHs morepednoi MPC s IBUTYHIB cepemaHbOl
MOTY>KHOCTI. []e iCTOTHO MiJBUIMIO TOYHICTh MOJCIIOBAHHS Ta PO3PaXyHKIB Mar-
HITHUX I10JIiB, @ TAKOX CKOPOTHJIO BUTPAUCHHH HA Lie Yac, y MOPIBHSAHHI i3 aHaIITH-
YHUMH PO3PaxyHKaMH.

YK 621.313
Comonosuikosa T.I1.
crapm. BuKiI. HY «3amnopi3bka mosiTexHika»

MOXJ/IMBE OIITUMAJIBHE PIINEHHA ITPHU ITPOEKTYBAHHI
EJEKTPUTYHUX MAIIINH

JIost BUpimIeHHs 3aBAaHb ONTUMI3allii TEXHIYHUX TPUCTPOIB 3a3BUYail KOpHC-
TYIOThCS 3ac00aMU, SKi IPUCYTHI B OYIb-IKOMY MaTeMaTHYHOMY TIPOIIECOPI.

Ile moxe Oytu maker MatlLab skuii mictuts aBi GiGmioreku: «Optimizftion
toolbox» Gibmioreka onTHMi3allil 3 BAKOPUCTAHHIM MaTEMATHYHOTO arapaTy Helli-
HiliHOTO MporpamyBanHs) uu «Global Optimization Toolbox»{61ioTexa MeToiB
CIPSIMOBAHOTO BHIAJKOBOTO MOIIYKY).

bi6mioreka ontumizariii MatlLab no3Bossie 3HaX0UTH TOKANBHHIA EKCTPEMYM
1iTb0BOT QyHKIIT, sika Oe3nepepBHO AU(EPEHIIIOETECS AEKITbKOMa 3MIHHUMH 3 3a-
JIAHOIO CTAPTOBOIO TOYKOIO 3 BUKOPUCTAHHSM KBa31HBIOTOHOBCHKOTO AJIITOPUTMY 3
KOpHUTYyBaHHAIM recciana 3a ¢opmyinoro BSGD (Broyden-Fletcher-Goldfarb-
Shanno)V pasi "Hernagkux abo 3aryMIEHHUX IiI0BUX (QYHKIIIH JOIIIEHO BUKO-
pucToByBaTH anroput™m Hemgepa-Mina (CHMILIEKC-METON). 3aBIAHHS ONTHMI3aLii
BHPINIYETHCS 3 ypaxyBaHHIM MapaMEeTPUIHUX 1 QYHKITMOHATLHUX 0OMEXeHb. A 3a-
JUTSI BUPIIIIEHHS 3a7a4i OaraToKpuTepiaabHOT ONTiMi3alliil 3a3BHUYail KOPUCTYIOTCHCS
METOJIOM ITpaPHUX QYHKIIH 200 MIHIMAKCHMYMHHM ITiTXOJIOM.

BuxopucToByBaHH B SIKOCTI OCHOBH ISl peaitizariil intepdeiicy po3po0o:ro-
Banoi CATIP konekropHoi MannHu TabnuyHuii npouecop MSEXcelrakox mae BOy-
JIOBAHMI amapar momyky pinteHts. OJHak (QyHKIIOHAT JAHOTO amapaTty IOCHUTh
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caOKui 1 103BOIIsE 3/1ICHIOBATH MOIIYK ONTHMI3alilo TUIBKH 3 BUKOPHUCTAHHIM
KBa3irpaicHTHOTO METO/Y.

Jlyist BUpiIeHHS ONTUMI3aliiHUX 33/1a4, XapaKTEepHHUX IS eICKTPOMEXaHIKN
(6araToekcTpeManbHUiL, 1 TUCKPETHUIA XapakTep LiboBo1 QyHKIIIT), HEOOXiaHO 3a-
CTOCYBaHHSI €BPUCTHYHUX ONTHUMI3aliiHUX METOJIB, IKi BKIIOYAIOTh MPAaKTHYHUN
METOJ, 10 He € rapaHTOBAaHO TOYHHM, a00 ONTHUMAILHUM, ajle € IOCTaTHIM IJIA
BUPILICHHS IIOCTaBICHOTO 3aBIaHHS.

Hatikpammii ehekT B IbOMY BHIAJKY NAIOTh TCHETUIHI allTOPUTMH. 30KpeMa,
TFeHETHYHHUI alropuT™, peaiizoBanuii B makeri MatLab, noGpe 3apekomenmyBaB
cebe, Harpukian, B CAIIP cuioBux TpanchopMaTopiB. AJie ) aHaJI3 MOKa3ye, 110
HaWKpall pe3yibTaTd MPH ONTHMI3aIii eeKTPOMEXaHIYHUX TMPHUCTPOIB MOXKYTh
OyTH OTpHMaHi pY BUKOPHCTaHHI KOMOIHAIT apaienbHOro FTeHETHYHOTO allrOpH-
TMY, 3aCHOBAHOTO Ha OCTPIBHOW MOJEJi 3 JEKUIbKOMa IapajeabHO PO3BUHEHUMH
HOMyJsILisMH, 3 anroputMoMm Hennepa-Mina, sikuit OiIbII TOYHO BKa3ye Ha 3Hai-
JICHE Kpallle pilleHHs 10 ONTHMYMY.

Januii anroput™ OyB peanizoBaHuM y Bimkpuromy koxai MatLab. Kpim toro
icHye Bepcist anroputMy Ha MoBi VBA. Takum 4nHOM, JaHU aropuT™M MOKe OyTH
BIPOBAKEHUM B OY/Ib-SIKMH J0JaTOK, KU QyHKIIOHYe B cepemopuinax MatlLab,
SciLab, ExcelKpim Toro, i#oro Jierko nepeBecTd Ha Oyab-sKy iHIITy MOBY. Tomy
OaxaHO NPUHHATH JaHy HPOrpaMy B SIKOCTi aBTOHOMHOT'O MOJIYJIS, SIKHH € SApOM
nigcucremu ontumizanii CAITP KM.

VJK 621.313

Hipuyk T.€.Y, Casennes B.I'.2

! kann. Texn. Hayk, gou. HY «3anopizbka HOTiTEXHIKa»
2 nou. HY «3anopizbka nomitexHika»

OB’ €EKTHO - OPIEHTOBHUM X1 ITPA 3ABJAHHI
AHI3OTPOITHUX BJJIACTUBOCTEM XOJIOJJHOKATAHOT
EJEKTPOTEXHIYHOI CTAJII MATHITHUX CUCTEM CHJIOBUX
TPAHC®OPMATOPIB

[Ipu MozmenmoBaHHI €JIEKTPOMATHITHUX TMPOIECIiB B aKTUBHIN YaCTHHI CHIIO-
BOTO TpaHcdopmaTopa € HEOOXiTHUM 3aBIAAaHHS BIACTUBOCTEH BCiX CTPYKTYpHHUX
KOMITOHEHTIB. BayKIIMBUM €TaroM € 3aBJaHHs aHI30TPOITHUX BIACTUBOCTEH XOJIO-
HOKATaHWX €JICKTPOTEXHITHUX CTaJIell MarHiTHOI CUCTEMH, sIKa CKITAIAETHCS 3 JTiJIs-
HOK B SIKUX TIPUCYTHIH TMepEeBaKHUHM HAMPSIMOK MarHiTHOTO MOTOKY. [Ipn 06’ €kTHO
— OpIEHTOBHOMY ITiAXO/I IIMMH JiITHKaMU € 1) spMa Ta CTPHKHI B AKUX HAIIPSIMOK
MAarHiTHOTO IIOTOKY CITiBIaga€ 3 HAIPSIMKOM MPOKATKH CIEKTPOTEXHIYHOI cTai; 2)
IpsAMi CTHKH IIPY MIMXTYBaHHI INIACTHH MarHiTHOI CUCTEMH B AKX KyT ckiangae 90,
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3) cxoweni ctuku — 3 kyramu 3(P; 45° Ta 6P 1o Hanpsmky npokatku. Takuil pos-
TOZIJ TO3BOJISE TMPENCTAaBUTH IUISHKH aHI30TPONHUX (PepOMarHiTHUX MartepialiB
MarHiTHOI CHCTEMH CHJIOBOTO TpaHC(OpMaTopa SIK i30TPOIHI CepeoBHIIa i3 Hei-
HIfHUMHM BIIaCTUBOCTSIMHU Ta BU3HAYUTH BEKTOP (DYHKIIIIf MarHiTHUX MPOHUKHOCTEH

= o(B) s o(B) s o(B).u o(B) .t o(B).u B}

oD 0 (2 0 (B (D Do
KOMITOHEHTH SIKOTO BiJIITOBiAAI0Th KOMITOHEHTaM BEKTOpa KYTiB MiX HalpsIMaMH 1H-
TYKITi1 i HaTPsIMOM MIPOKATyBaHHS €JIEKTPOTEXHIYHOT cram

a:(OO ,15O ,30o ,450 ,60o ,90O ) Takuif moia MarHiTHOI CHCTEMH TpaHCc(hopMaTopa Ha

JUISTHKA J03BOJISIE TOCTOBIPHO BiMOOPa3HWTH BILTUB aHI30TPOIMii BIACTUBOCTEH XO-
JIOHOKATAHUX EJIEKTPOTEXHIUYHHUX CTallel Ha mapamMeTpu HEepoOOYOro XOJy CHIIO-
BOTO TpaHC(hOpPMATODY.

Bkpaii BakIuBUM € BpaxyBaHHs B criBBigHomerHi (1) edekry rictepesucy,
SKAN 3aiHCHEHO Ha 0CHOBI Mozeni JIkuica-AtrepToHa (2) OCHOBOIO SKHX € 0€e3ri-
CTEPE3NCHI KpHBi HaMarHiuyBauHs (3)

dM/dt [ x@Hg/dt] " x/| x| +cdm, /clt
He aM

COth e/a|)_|a/He|) o/ |Hel @
)((I an

ne M —unamarHiueHicTb; H, — Hanpy>KeHICTh €KBIBaJIEHTHOTO BHYTPILIHBOTO TOJIS,
Man—0e3ricTepe3ricHa HaMarHiYeHiCTh; & — apaMeTp GopMH; ¢ —ITapaMeTp 3B0po-
THOCTI; K — mapaMeTp 3akpimieHHs; o — MapaMeTp BHYTPILIHbO- JOMEHHOT'O 3B'SI3KY;
Ms —mapaMeTp MakCUMaJIbHOT HAMarHi4YeHOCTi.

{ 8 { 1, m(B) B} . 3)

Anpokcumanii 6e3ricTepe3ncHUX CHiBBiIHOLICHb ¥ cucteMax (2), (3)3miiic-
HIOETBCS 32 paXyHOK CHeLiaJIbHOTO Oa3ucy i3 ¢yHKIisiMu [ayca Ta momaTKoBUMHA
apr 3 j
Hi (B)=X G’ [exp|-

q) y HKHIHMI/I HOXI/I60K.

+Aj llrfcl(l ] 2[EB A] 3)+A 4lrfc( ] 5[B A] 6)

Jie KoedilieHTH perpecii iGj }’{Aj k}( n=1..,3k=1,..,6) BH3HAYAIOTHCH METO-
m,z !

JIOM HaliMEHINKX KBaJ[PATiB.
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BinnocHa moxm0ka qaHuX anpoKCHUMALil IPH TAKOMY MiAXOJ1 3HaXOAUTHCS B
inrepBani 0,612 — 1,62%im0 3abe3nedye BUCOKMI piBeHb 301)KHOCTI pO3paxyHKO-
BUX JIAHHX JIJIS1 CITIBBIAHOIIEHD (4) 3 TaHUMH EKCTIEPUMEHTIB.

YJK 621.313

Mapruros B.C.2, Koyp [.M.2

Y eryn. rp. E-910v HY «3anopisbka MoiTexXHiKa»
2kanjl. TexH. Hayk, go1l. HY «3anopi3bka mosiTexHika»

MATEMATHUYHE MOJE/JITIOBAHHSA ACUHXPOHHOT O IBUT'YHA 3
KOPOTKO3AMKHEHUM POTOPOM TP HECUMETPUYHIMI
HAIIPY3I )KUBJIEHHS B ITPOI'PAMI MATLAB SIMULINK

[Mpu nocnimkeHHi poOOTH ACHHXPOHHUX IBUTI'YHIB (AJl) aKTyabHOIO € 3a1a4a
OLIIHKM BIIMBY HECHMETpii (a3HNX HANpyr Ha PeXUMH poboTH ABHryHiB. Uepes
MOPYIICHHS 130111 TPUITUHSIOTH CBOIO POOOTY OIHM3bKO 75%eneKTpOABUTYHIB.

[Topy1eHHs 13051511111 MOKEe BHHUKHYTH B PE3yJIbTATI HCHOPMAILHUX PEKUMIB
MEpEeXi KUBJICHHS, HAIIPUKIIA BiIXWJIECHHS HANPYTH y ¢da3zax i HecuMeTpist ha3zHux
HampyT, BUKIUKAHUX, ISP 32 BCE, BETUKOIO KITBKICTIO OAHO(A3HIX HABAHTAKEHD,
TaKMX K CyJacHi JKepera CBITIa, KOMITIOTepHa TeXHiKa, eNeKTPUYHA TATa Ta 1HIITi
CHJIOBI PUITAJIH, SIKI MICTSTh HEJiHIMHI TepeTBoptoBadi. O4eBUIHO, IO BCE II€ TPH-
3BOJUTH JI0 NEPEAYacCHOTO BUXOJY 3 JIally IBUTyHa ab0 CKOpOYEHHS HOro TepMiHy
CITy>KOH, KPIM TOTO MOPYIICHHS 1 MOKJIMBY 3yNTUHKY TEXHOJIOTTYHOTO MPOLECY.

Jlyist 3ano0iraHHs 1 CBOEYaCHOTO NPOTHO3YBaHHS JITAaHUX CHUTYAIliil HE0OXiaHO
BceOIUHE MOCIIKEHHS! PSKUMIB POOOTH aCMHXPOHHHX JIBUTYHIB. ToMy Mojero-
BaHHS 3a3HAYCHUX PEXKHUMIB 1 TOCITIPKCHHSI CTATHYHHX Ta IMHAMIYHUX XapaKTepH-
cTuK A/l € BayKJIMBOIO HAYKOBO-TEXHIYHOIO 33a4elO.

JI1st mocCIiKeHHST pexXUMiB poOoTH AJl BUKOPHCTOBYETHCS CXeMa, IO CKIIa-
JIA€THCS 3 TPHOX OAHO(DAZHUX JKEPET SNEKTPUYHOT eHeprii, ACHHXPOHHOTO JABUTYHA
3 KOPOTKO3aMKHEHHM POTOPOM, OJIOKIB I BUMIipIOBaHHS OCHOBHUX TapaMeTpiB
JIBUTYHA, OCITIIOTpadiB s BUMIPIOBAaHHS CTPYMY, HAMPYTH, MOMEHTY 1 IIBUIIKO-
cti. Cxema MOJAETIOBaHHS ISl TOCIIHKEHHS PEXUMIB poOOTH aCHHXPOHHOTO JIBH-
TyHa 3 KOPOTKO3aMKHEHHUM POTOpPOM, copMOBaHA 3aco0aMH iMiTaIifHOTO Moje-
nroBanust B cepenoBuii MATLAB / Simulink.

Ha 6a3i po3po0ieHoi BipTyalibHOT MOJIEIl MOXXHA BUKOHYBATH JOCIIPKCHHS
CTaTHYHMX 1 IMHAMIYHHAX XapaKTEPUCTUK B PI3HUX PEKUMaxX pOOOTH aCHHXPOHHHUX
JIBUTYHIB. Po3po0iieHa MO/Eb JO3BOJISE BUSBUTHU JIESKi TPOOIEMHI PEKUMHE, TIPU
SKAX MOXKE CrocTepiratucs HectabuibHa poboTta A/l Mpy BUHUKHEHHI TabMiBHUX 1
MyJIbCYIOYHX MOMEHTIB CHIL
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OTpuMaHi pe3ybTaTi JOCHIKEHHs Oy Iy Th 3aTpeOyBaHi pH HaJlAIITYBaHHI
peNeifHOTO 3aXKCTy €NeKTPOABUIYHIB B YMOBaX HecHMMeTpii Hanpyr. Takoxx Mox-
JIMBE 3aCTOCYBaHHSI /ISl PO3POOKH 1 HACTPOWKHM TPOTrpaM yNpaBiiHHS 4acTOTHO-pe-
TYJIbOBAHOTO €JIEKTPOIPHBOAY, B YMOBaX 3MiHH BiIXUJICHHS HAIPYTH JKHBICHHS.

VK 621.313

Mockanenxo M.M.%, Cusam P.B.2, Komyp I.M.3
Leryn. rp. E-910v HY <«3Banopisbka nosiTexHika»

2 cryn. p. E3-210m HY «3anopisbka nositexHika»
Skanz. TexH. Hayk, gou. HY «3anopi3bka mosiTexHika»

3ACTOCYBAHHSA TPOI'PAMHOI'O TIAKETY COMSOL
MULTIPHYSICS JIs1 PO3PAXYHKY EJIEKTPUYHUX MALINWH 3
3AJJAHUMU XAPAKTEPUCTUKAMHA

TumoBuM 3actocyBanHsM nporpamuoro nmakery COMSOL MULTIPHYSICS
MOXe OyTH aBTOMaTH30BaHUI PO3PaxXyHOK ENEKTPUYHHUX MAIIMH 3 33IaHIMH Xapa-
krepuctrkamu. L{eit Habip mporpam npu3HAYCHHUN T MOJICITIOBAHHS CIIEKTpOMar-
HITHHX TIOJIiB IIPH MPOCKTYBAHHI 1 JOCHIPKEHHI MOJENCH TBUTYHIB, TaTIUKIB, Tpa-
HcopMaTopiB Ta IHIINX €JIEKTPUIHUX 1 €IEKTPOMEXaHIYHUX MPUCTPOIB Pi3HOTO 3a-
crocyBanHsi. COMSOL MULTIPHYSICSnoOynoBanuii Ha OCHOBHHX PiBHSHHSX
MakcBenna i A7k po3paxyHKiB BUKOPHCTOBY€E METOA KiHIEBHX enemeHTiB (Finite
Element Method - FEM)y1o 1o3Bosisie po3paxoByBaTH eIEKTPOMATHITHI Ta €leKT-
PHUYHI TIOJISA, & TAKOK TIEPEXiIHI TIPOIIECH B TIOJHOBUX 3aBJIaHHAXK. Y MaKeTi mporpam
€ BenuKa 010ioTeka madJIOHIB BiIOMHUX €JICKTPHUYHUX MAIIWH. Y MHUX M1abjJoHax
JIOCUTH BBECTH OCHOBHI I'€OMETPHYHI pO3MipH, MaTepialii, mependadyBaHi 10 BUKO-
pHCTaHHS, 1 32 MU BUXITHUMH TAHUMH BUKOHATH PO3PaXyHOK XapaKTEePUCTHUK J0-
CIIKYBAHOI eKTPUIHOI MaliHA. € MOXKIIUBICTh pO3paxyHKy 1 aHai3y Ha TPhOX
PI3HHX PiBHSX: MPUCKOPEHUH aHAJI3 32 CXeMaMH 3aMIillIeHHS; PO3PaXyHOK METOJOM
KiHIICBUX CIIEMCHTIB B IBOBUMIPHOI ITOCTAHOBKH 3a/1a4i; PO3PaxXyHOK METOIOM KiH-
[[CBUX CJIIEMCHTIB B TPUBHUMIPHIil MOCTAHOBII 3aBIaHHs. B OCTaHHIX TBOX PIBHAX
PO3paxyHKY ICHY€ MOXKIIHBICTh BUPIIICHHS MarHITHOCTATUYHOTO 3aBIaHHS, TUHA-
MIYHOT 3af1a4i, € MOKJIMBICTh MiJKIFOUCHHS CJICKTPUYHOI CXEMHU CHCTCMH, a 3Ha-
YHTB, € MOXKJIUBICTB aHaJli3y poOOTH EJIEKTPUYHOT MAIIMHK NPH MiAKIIOYCHHI Halli-
BIIPOBITHUKOBO1 TEXHIKH, PI3HOTO HABAaHTAKEHHS 1 T.J1. TakoXK € MOXKIIMBICTh O3Ha-
HOMUTHCS 3 PI3HUMU OCIIIIOTPaAMaMH, ITOOAYNTH BEIMUMHY 1HAYKIIIT, KApTHHY IS~
XiB 3aMHKaHHSI CHJIOBHX JIiHIH MTOTOKY, IMPOBECTH PO3PAXYHOK MarHiTHUX, EICKTPH-
YHUX BTpaT, a TaK e BTPaT, BUKIMKAHUX TeHEePALli€l0 BUXPOBUX CTPYMIB B MArHIT-
HOMPOBITHUX YaCTHHAX CUCTEMH.
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Bymu cniBcraBneHHI aHi MaTeMaTHYHOTO MOJICIIOBAHHS 1 PO3PaxyHKIB 3a
KJIaCUYHOT METOIMKOI0. B X011 mepeBipku Oyu po3paxoBaHi BTpaTH B €JCKTPHIHIN
MalvHi, OyJo po3paxoBaHO MarHiTHHH JIAaHLIOT, MO0y J0BaHI poboui xapakrepuc-
THKH 1 OCHMJIOTPAaMH HampyT i cTpyMiB. Bei po3paxyHky, mpoBesieHi Bpy4Hy, HiIT-
BEpIMIM Ppe3yJbTaTH pO3paxyHKy 3a jgomomororo mnporpamun COMSOL
MULTIPHYSICS. Ilpu upomy cimig 3a3uauntd, mpo COMSOL MULTIPHYSICS
HaJa€ NesKi JOJATKOBI MOXKIIUBOCTI, sIKi HEMOXKJIMBO OTPUMATH TIPH PO3PaXyHKY
BpPYUYHY, TakKi sSIK KUAKW HAMPYT 1 CKAYKH CTPYMiB, BTPATH BiJl BUXPOBUX CTPYMIB i
MyJIbCaIlii eJIeKTPOMArHiTHOTO MOMEHTY. AHAJI3YI0UH pe3yJbTaTH BUKOHAHOI PO-
00TH 3 po3paxyHKy €NEeKTPUIHOT MAITUHI MOYKHA 3pOOUTH HACTYITHI BUCHOBKH: TO-
YHICTh PO3PAXyHKY CJICKTPUYHHX MalIHH B mporpamuomy mnakeri COMSOL
MULTIPHYSICS ne noctynaerbcst TOYHOCTI OOYHUCIICHD 3a TPAAULIHHIMH METO-
JMKaMH PO3paxyHKY; Ul BUKOHAHHS CIIOYATKy OLIIHOYHOTO PO3PaxyHKY €lIeKTpo-
MEXaHIYHOI CHCTEMHU Ta BH3HAYEHHS OCHOBHHX PO3MIpIB JOIIIBHO KOPHUCTATHCS
CIPOIIEHNMH OIIHOYHUMHU METOJMKAaMHU MPOEKTYBAHHS, JJISI aHAI3y 1 MepeBipKH
PO3paxyHKiB, IPOBEJCHHS ONTUMI3aLlil CJIiJl BAKOPUCTOBYBAaTH Cy4acHE IMPOTrpaMHe
3a0e3MeueHHs, M0 Ma€ 3a0e3MeUYUTH BUCOKY TOUHICTh OOUYHCIICHD 1 IIBUAKICTH MPO-
BeJICHHS pOOIT.

VK 621.313

I'puropenxo O.M.%, Konyp 1.M.2

Y cryn. rp. E-910v HY «3anopisbka MoiTexXHiKa»

2 xaHq. TexH. HayK, nol. HY «3amnopispka momrexHika»

JOCIIIIKEHHA MATHITHOTI'O ITIOJIA ACUHXPOHOI'O IBUT'YHA 3
PI3BHUMU MATEPIAJIAMU OBMOTOK POTOPA

IcHyroui cmocobu po3paxyHKy €ICKTPOMATHITHUX IOJIIB JTO3BOJISIOTH 3MCH-
[IATH YaC HA BU3HAYEHHS 3HAYCHb MATEMAaTHYHUX JaHUX, 30KPEMa, BUKOPHUCTABIIIN
METOJ KiHIICBUX €JIeMEHTIB. BiH BBaxkaeThCsl OUTBIN e(DEeKTUBHUM, aje HE 3aBXKIU
npocTimuM. JIjis BUPINIEHHS [bOTO MUTAHHS CTBOPEHA MEBHA KUIBKICTh MPOrPaM.
Onna 3 takux nporpam Comsol Multiphysics.

Ile moTy>kHE iIHTEPaKTUBHE CEPEIOBHIIE JIJIST MOJIETIOBAHHS 1 pO3paxyHKiB 0i-
JBIIOCTI HAYKOBUX 1 IHDKEHEPHHX 33]1a4 3aCHOBAHMX Ha JU(EPCHIiaTbHUX PiBHSIH-
HSX B YaCTKOBHX ITOX1THUX METOJIOM KiHIIEBUX €JIeMEHTiB. [lOBHY TpHBUMIpHY KOM-
M'IOTEPHY MOJIEJb €JNEKTPOJIBUTYHA, MOXKHA BH3HAYUTH SIK 3arajibHy IiIMOJEINb.
Bona Moxe BKITIOYaTH B ce0e OmMHC reoMeTpii 1 JeTaabHOi CTPYKTYpH 0OMOTOK. 3a
nonomoror Comsol MultiphysicsioxiuBe cTBOpeHHs BapiaHTiB MOJIENEH T elleK-
TPOJBHUTYHA 3 PI3HUMU MaTepiaTaMu 0OMOTOK POTOpa.
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AKTyanpHICTh 1i€l pOOOTH 3yMOBJICHA BUMOTaM 3araJlsHOCBITOBOT MOJIITHKA
€Hepropecypco30epexeHHs, 0 MOXe OyTH JOCSATHYTO 332 paXyHOK BUKOPHCTaHHS
POTOPIB 3 MiTHOIO KOPOTKO3aMKHEHOIO0 0OMOTKOFO

OpHaxk, SKII0 BUKOPHCTaHHS aCHHXPOHHHUX T'€HEPaTOpiB 3 JIMTOO MiTHOIO 00-
MOTKOIO POTOPA, 3aMiCTh JINTOI ATFOMiHIEBOT, HE BUKIIUKAE HIIKHUX MPOOJIEM, TO BU-
KOPHCTaHHS JBUTYHIB 3 JINTOIO MiJTHOIO 0OMOTKOIO BUMArae J10-BHKOHABYUMHU JIOC-
JiKeHb, 0COOJIMBO B TUIaH1 3a0€3MEeYCHHS IOMYCTUMHX ITyCKOBUX XapaKTEPUCTHK.

Meroro maHoi poOOTH € JOCIIIKEHHsS 3a JIOIOMOror mporpamu Comsol
Multiphysics enexTpoMardiTHUX MPOIECIB B ACHHXPOHHOMY JBHUI'YHI 3 KOPOTKO3a-
MKHEHHM POTOPOM MPHU Pi3HHUX MaTepiagax 0OMOTOK poTopa.

ITo pesymnpratam mocmimkeHHss AJl 4A225M6Y3 3 BUKOPHUCTAHHIM MAKETy
Comsol Multiphysic®Tpumani HaitOLIbII TOYHI TAPaMETPH, SIKi OLIBII TOCTOBIPHO
BiZIoOpaxatoTh MiCHUE mporiec. BUKOpUCTAHHS MaTepiany 3 MEHIIUM aKTHBHUM
OTIOpY-ONOpPOM B OOMOTIII POTOpa J03BOJISIE€ BUKOHATH HOTO OUIBII KOMIIAKTHHM:
3MEHIINTH JOBXHHY ocepis ctatopa i potopa B A/l Ha 7,1%,npu 36insmenni KK/
Ha 1,5 %.CKOpOoYeHHS JOBKHHU MAIlIUHU JTO3BOJISIE 3MCHITUTH BUTpaTa MiJi, eJre-
KTPOTEXHIYHOI cTai i 30JIAIIHNX MaTepiaiiB, CKOPOTUTHU TPYIXOMICTKICTh BUTOTO-
BieHHs. [lepeBaHTaXyBajbHA 3IaTHICTH MAIIHH, 30UTBITYIOThCS. 3MEHIICHHS 1Ty~
CKOBOTO MOMEHTY BHUIIPABIISETHCS 30UTBIIICHHSIM PO3MipiB Ma3za abo armapaTHUMU 3a-
c00aMH YaCTOTHOTO HIepeTBOpIOBaYa.

Omxe, BukopucTanas Comsol Multiphysicsiossoisie 3Mo/1e1I0BaTH i HA0UHO
MIPOJIEMOHCTPYBATH PO3MOILT MarHIiTHUX OB AJl 3 pi3HUMH MaTepiaaMu 0OMO-
TOK POTOpA IIPH Pi3HUX PEKUMAX POOOTH €IEKTPOABUTYHA.

VK 621.313

JHansko B.J1.%, Komyp L.M.2

Leryn. rp. E-910u HY «3anopi3bka IoJTiTeXHiKa»

2 xaHJ1. TexXH. HayK, noi. HY «3anopispka nomirexHika»

AOCJIKEHHSI MATHITHOT'O TOJISI ACHHXPOHOI'O IBUT'YHA
ITPA PI3HIU TEOMETPII 3YBIEBOI 30HU POTOPA

Ha ocHoOBI po3paxyHKy MarHiTHuX 1011 (MII) Moke OyTH BU3HAYEHO IIiIMiA
PAI €IEKTPOMATrHITHUAX MapaMeTpiB, SAKi HEOOX1THI IS TOCIIKSHHSI TTPOLIECIB ele-
KTpUYHUX MaiuH (3okpema AJl) . Jlist po3paxyHkie asomipaux MIT mHpoKo BUKO-
puctoByeThes iporpama FEMM | sika 3acHOBaHa Ha METOJIi CKIHUEHUX €IIEMEHTIB.
Ils mporpama € BiZKpUTOIO i TOMY MOKe OyTH BUKOPHCTaHa YIS i IBHIIEHHS TOY-
HOCTI PO3PaxyHKIB €JIEKTPOMEXaHITHIX TIPUCTPOIB.
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Opna 3 Takux nporpam — FEMM 4.2 Finite Element Method MagneticSpy-
4yHuH iHTepdeiic Ta MpocToTa y BAKOPUCTAHHI 03BOJISIE MIBUAKO OCBOITH IIPOTpamy
HaBiTh 0€3 0COONIMBHX 3HAHb TpadiYHNUX PEAAKTOPIB.

Mertoto 1aHOT poOOTH € AOCIKEHHS 3a AoroMororo nporpamu FEMM 4.2.
(hi3MKH eJICKTPOMATHITHHUX IMPOIECIB B ACHHXPOHHOMY IIBUTYHI 3 KOPOTKO3aMKHeE-
HUM poTopoM Tuity 4A225M6Y 3 ipu pi3Hiii BUCOTI 1a3iB KOPOTKO3aMKHEHOTO PO-
Topa.

BuxigHuMu qaHUMU JUTSL pO3PaxXyHKY MarHiTHOTO TIOJS € T€OMETPHYHI po3-
MipH, XapaKTePHUCTUKN MaTePialliB i CEPEeIOBUIII, IIIILHOCTI CTPYMiB B 0OMOTKaX, a
TaKOX IPaHUYHI YMOBH, SIKi BBOJSTHCS JJIsl OTPUMAHHS OJHO3HAYHOCTI PillICHHS.

3a pe3yabpTaTaMu MOJEITIOBAHHS MarHiTHOTO 1o AJ] mpu 30ibIIeHi BUCOTH
nasiB poTopa OyJM po3paxoBaHi eHEepreTHYHI MOKA3HUKH.

Brpatu B 0OMOTIII poTOpa HOBOI KOHCTPYKIii 3MeHIIYyI0ThCS. B pesynbrari
4oro 30ibIIy€eThes KoprcHa rmotyxHicTs 1 KKJI, mpu iboMy cymapHi BTpaTy 3aiiu-
NIAFOTHCS MPUOIM3HO HE 3MIHHUMH.

Tax 1 acHHXPOHHOTO JBHUTYHA T NMOTYKHicTIO 37kBT 30UIbIICHHS BUCOTH
ma3a potopa Ha 32%pUBUIIO 10 30UTBIIICHHS IXHBOTO MOMIEPEYHOTO Tepepidy, Mo
B CBOIO 4yepry npuBmio 10 30insinenns KKJI neuryna na 0,2%.

ITo pesynbratam gocmimkenns A/l 3 Bukopucranasm FEMM otpumani Haii-
OLIBII TOYHI MapaMeTpH, SKi OLTBII JOCTOBIPHO BiIOOpaXkaroTh AIMCHHIA MTpOIIEC.

301BIIICHAS] BUCOTH T1a3iB KOPOTKO3aMKHEHOTO POTOpa JTO3BOJISIE 301IBITUTH
MoMNepeyHui epepi3 masiB poTopa, 10 MPU3BOAUT A0 MOKPALICHHS eHEPreTHIHUX
MoKa3HUKiB AJ.

YK 621.313

Capaganrox JI.C .1, Komyp 1.M.2

Y cryn. rp. E-910v HY «3anopisbka MoiTexXHiKa»

2 xaHJ1. TexXH. HayK, noi. HY «3anopispka nomirexHika»

MATEMATHYHE MOJEJJIOBAHHS EJIEKTPOMATHITHOI'O ITOJISL
ACHHXPOHHOT O IBUI'YHA 3 KOPOTKO3AMKHEHHNM POTOPOM
TP BAHUKHEHHI EKCOHEHTPUCHUTETY

OHUM 3 OCHOBHHX KPHTEPIiB HaiHHOCTI acCHHXpOHHUX ABUTIYHIB (AJ]) € pi-
BHOMIPHICTb TIOBITPSHOTO 3a30py. HepiBHOMIPHICTH MOBITPSIHOTO 3a30py MOTIPIIye
E€HEPTeTHYHI XapaKTePUCTUKH, TiIBHUINY PiBEHb ITyMY 1 BiOpaIlii aCHHXpOHHUX JBH-
ryHiB. CepeHiil CTPOK CiIyK0M aCHHXpOHHMX JABUTYHIB ckiagae 20000roaun (npu-
6am3Ho 5 pokiB). Ipu 1ipoMy Ha 1010 06MoTOK mpunagae 90% BigMoB, a Ha -
mmnHuKY - 10%.B pesynbrari HarpiBy oOMOTKH, i i305s1is py#iHyeThes. Taka cu-
Tyallis BHHUKAE 1 Y BUMIAIKy BHHUKHCHHS CKCIICHTPUCUTETY. B pe3yibpraTi TpuBanoi
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PpOOOTH 3HOLIYIOTHCS MiAMIMIHUKN POTOPA, BHACIIIOK YOTO 3MIHIOETHCS BEINYMHA
HOBITPSTHOTO 3330pYy.

B nBonomocHUX aCHHXPOHHUX ABUT'YHAX 3arajbHOTO MPU3HAYEHHS CepeTHbOT
notyxHocti Hanpyroio 10 1000B ¢a3u craTopHuX 0OMOTOK SIKMX BHKOHYIOTH 13
JIBOX MapajeibHUX TUIOK, MiCJIs MEPIIOro pEMOHTY B MOAAIBIIOMY MalOTh Habarato
OLIBITY 9YacTOTY iIHTEHCHUBHOCTI PanTOBHX BiJIMOB. Y Maiihke BCiX BHITaIKax BHUXIiT i3
Jaay NBUTYHIB OyB CIPHYUHEHHH MIKBUTKOBHMH 3aMHUKAHHSMH B KOTYIIKAaX, IO
3HaXOAATHCS 110 BEPTHKAJi BHU3Y ab0 Bropi cratopa.

BcTaHOBIICHO, 1110 B PE3yJIbTaTi 3HAYHOI'O EKCHEHTPUCUTETY POTOpa 3HUKY-
etbest KKJ[ AJl , MakcUMabHAMN 1 ITyCKOBUH MOMEHTH, & KOB3aHHS 301JTBIITY€EThCSI.
3BificKH OYEBHUHO BUILIMBAE, IO MOBUHHA TTOMITHO 3MIHUTHCS KapTHHA PO3MOIITY
MarHiTHOTO ITOTOKY B aKTHBHIH CTaJIM i HOBITPSTHOMY 3a30pi.

Mertoro 1aHOi poOOTH € AOCIiKEHHS 3a AoroMororo nporpamu FEMM 4.2.
CJICKTPOMArHiTHUX IPOIECIB B aCHHXPOHHOMY JIBUTYHI 3 KOPOTKO3aMKHEHUM PO-
TOPOM TIPY BUHUKHEHHI EKCIIEHTPUCUTETY. B sikocTi 00’ €KTa mociikeHHs 00paHo
TpudasHui aCHHXPOHHUH IBUTYH NOTYXHICTIO 55BT. 3 nopiBHAHHS KapTHH Mar-
HITHOTO TOJIS TPU(aA3HOTO ACHHXPOHHOTO JIBUTYHA 3 KOPOTKO3aMKHEHHM POTOPOM
NPV BUHUKHEHHI €KCIICHTPUCHUTETY W 0€3 HhOT'O BUIHO, 110 3HAYCHHS MarHiTHOI 1H-
IYKIIii y 9aCTHHI JBUTYHA i3 MEHIIIMM ITOBITPSHUM 3230pOM 3HAYHO O1JTbIIIE.

Ha npuknazi acHHXpOHHOTO IBUTYHA 3 KOPOTKO3aMKHEHUM POTOPOM TOTY K-
HicTI0O S5KBT pO3rIsIHYTO 0COOIUBOCTI PO3IMOMIY MAarHiTHOTO TIOJS TIPH BUHUK-
HEHHi eKCIICHTpUCUTETY. Ha09IHO MPOITIOCTPOBaHO TMPHYNHA 3MEHIIICHHS HaTiifHO-
CTi poOOTH IBOIOJIIOCHOTO aCMHXPOHHOTO JIBUTYHA CEpeIHbOI MOTY)KHOCTI MicIIs
HEPLIOr0 PEMOHTY OOMOTOK (HasIBHICTh €KCLICHTPUCHTETY).

VK 621.313

Ilynaxos JI.JI.Y, Troraes P.K., Komyp L.M.?

Leryn. rp. E-210m HY «3anopisbka mosiTexHika»

2 xaHJ1. TexH. HayK, noi. HY «3anopispka nomirexHika»

JOCJIII)KEHHSA BIBPOIIYMOBUX XAPAKTEPUCTHK
ACHHXPOHHOT O IBUT'YHA HA OCHOBI METOZY KIHIIEBHUX
EJIEMEHTIB

B enekTpoMexaHIYHUX MPHUCTPOSX, MPOLEC MEPETBOPEHHS e€HEprii CynpoBo-
JUKYETBCST PSIOM SIBHII, JIO YHCTIA SIKUX HAJESKUThH IIyM i1 BiOpartisi, BUpOOJICHUMHU
EJICKTPUIHUMH MalluHaMHd. EIeKTpOMarHiTHi CHJIM JiIOTh B MOBITPSHOMY TPOMi-
JKKY MK CTaTOPOM 1 pOTOPOM 1 MalOTh XapakTep 00epTOBUX ab0 MyJIbCYIOUHX CH-
JIOBUX XBHJIb, IX aMILTITY/a 1 4acTOTa 3aJIe)KaTh BiJl KOHCTPYKTHBHOTO BUKOHAHHS
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cTatopa i poropa. EJIeKTpu4HI MalmIMHU CTBOPIOIOTH IIyMOBE 3a0pymHEHHS J10-
BKIJUUIS, YMHSATH HETaTUBHUH BIUIMB Ha JIIOAWHY.

BiOpomrymMoBi  XapakTepHCTHKH ENEKTPUYHUX MAIIWH PpErIaMeHTYIOThCS,
BXKHMBAIOTh 3aXO0JIB J10 X 3HIKECHHS. IIPH KHUBJICHHI aCHHXPOHHOT'O JIBUT'YHA BiJ 1€~
peTBOpIOBayYa YacTOTH B HANpPY3i NPUCYTHIH MIUPOKHUH CIIEKTP THMYACOBHX rapMo-
HIK.

Jlnst aHamizy BiOpOITYMOBHX XapaKTEPHCTHK Oyjla CTBOpEHA 1 BUKOpHWICTaHA
METOJIMKa, 3aCHOBaHa Ha 0a3i MeTOIy KiHIIeBE €IEMEHTHOTO MOJICITIOBAHHS B Cepe-
nosuii FEMM, B sxomy BupinryBanacs 3B's3k0Ba 3aBJIaHHS MAarHiTOCTATHKH 1 Me-
XaHITHOTO TIOJIS HATPYTH 1 AeopMartiii.

B xomi mpoBeneHHs TOCTiIKEHHS OyIIH po3paxoBaHi piBHI ITyMY ISl BUIITHX
TUMYacOBHX I'apMOHIK Hampyru. B pe3ynbrari Oyno BUsBICHO 30UIBIIEHHS PiBHSA
mrymiB Ha 4,6J16. HacTymHIM KpOKOM JIOCTI/DKEHHS € IIPOBENICHHS PO3PaXyHKOBUX
JIOCJTIKEHB BIOPOIIYMOBHX XapaKTEPUCTHK ACHHXPOHHOTO IBUTYHA IIPH pOOOTI Bix
nepeTBoproBaya yactoTi Ha 0a3i makera Comsol Multiphysics.

Ie 103BONUTE OTPUMATH PE3YNBTATH IMIYMIB 1 BiOpamii 63 BUKOPUCTaHHS Ha
KIiHIIEBOMY €TaIli pO3paxyHKy aHATITHYHUX GOPMYJI i JOMOTrTUCS O1IbII TOYHUX pe-
3yJBTATIB PO3PaXyHKY, 0 BAKJIMBO HA CTaIil MPOSKTHUX PO3PaXyHKIB aCHHXPOH-
HOTO JIBUTYHA.

YK 621.313

Cwuiroxa A.B.}, ITanuenxo H.B.?, Hazapenko L.A.2

Y eryn. rp. E-910v HY «3anopisbka MoTeXHIKa»

2 cryn. rp. E-919v HY «3anopi3bka IoJTiTeXHiKa»
Skann. TexH. Hayk, nou. HY «3anopisbka momitexHika»

AHAJII3 CUCTEM OXOJIOIXKEHHA CUJIOBUX
TPAHC®OPMATOPIB

Hopwmanbna TpuBana 6e3aBapiiiHa po0OoTa CHIOBUX TpaHchopmaropiB 3a0e3-
MEYYETHCS 32 YMOBH KOHTPOJIIO 1 JJOTPUMAHHS JOMYCTHMUX MEX PI3HUX ITapamer-
PiB, OMHUM 3 SIKHX € TeMIepaTypHuil pexuM. [JoTpUMaHHS TEMIIEpaTypHOTO pe-
KHMY B MEKax BCTAHOBJICHHX JUIsS TOTO YH IHIIOIO THIYy TpaHchopMaTopa HOpM
3a0e3meuy€eTbes CIelianbHO Mepen0adeHuMU CUCTEMaMH OXOJIODKeHHS. Po3ris-
HEMO, sIKi OyBaIOTh CUCTEMH OXOJIO/PKEHHS CHJIOBUX TpaHCPOPMATOPIB.

Oxonomxkennst Turry C, CI', C3, C/I. byksa C B MapKyBaHHI ITOKa3ye, IO CH-
JIOBHH TpaHC(HOPMATOP CYyXHil - TOOTO B HHOMY HeE Iepea0aueHo BUKOPUCTAHHS Tpa-
HC(OPMATOPHOTO Macja JJIsi OXOJIOKeHHs. B manoMy BHUMaaKy OOMOTKH i MarHi-
TOMPOBIJ TpaHcHopMaTopa OXOJOKYIOTHCS MPHPOTHOK IUPKYISAIIEID TMOBITPS.
IcHyroTh MOIMGIKaIiT NaHOi cicTeMu oxonokeHHs: CI' - repMeTHYHE BUKOHAHHS,
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C3 - 3axumieHui kopryc. MoXxirBa HasBHICTb TPUMYCOBOT LIUPKYJISIii HOBITPS Ha
Kopmyc TpaHcdopmaropa - e oxojomKkyroda cucrema CJI.

Cuctemu oxonompxeHHs C 11X Moandikamii XxapakTepru3yroThCsl HU3BKOIO ede-
KTHBHICTIO, TOMY 3aCTOCOBYIOTBCSI Ha TpaHc(opMaropax Majol IOTYKHOCTI, SIK
npasmio, 10 1,6 MB'A knacy nanpyru 61 10xB.

Ha tpancdopmaTopy gaHOT CHCTEMH OXOJIOMIKEHHS MOHTYIOTECS IaTYHKH Te-
MITEPATYPH JIJISI MOKIIMBOCTI KOHTPOJIIO TEMITEpaTypH 1O KOXHiH 3 a3 TpaHcdop-
Maropa.

Cuctema oxosiomkeHHss M. BimbIn moTyxHi TpaHCchOpMaTopu BHUMAararmoTh
OLIBII MPOTYKTUBHOT CHCTEMH OXOJIO/PKEHHS - MaclisiHo1. Macio 3abe3nedye OibIn
e(heKTUBHE BiJBEICHHS TEIUIA BiJl OOMOTOK i MAarHiTHOI CUCTEMH TpaHChopMaTopa,
3a0e3neuyroud iX piBHOMipHe oxosokeHHs. CructeMa oxoiokeHHss M nepenba-
Yae NpUPOJHY IMPKYJILiI0 Macna B 6aky TpaHcdopmaropa. Termto Macia nepena-
€TbCs OaKy TpaHCPOpMaTOpa, IKUI 0XOJIO0IKYETHCSI HAaBKOJIMIIHIM MOBITpsM. [lana
cHCTeMa OXOJIO/PKCHHS He Tepeadadae NpUMYCOBOI IIMPKYIISLIT TOBITPS.

Jist Ginbir e)eKTUBHOTO OXOJIOMKEHHS Ha Oaky TpaHc(hOpMaTopa BCTAHOB-
JIOIOTHCS PajiaTopH, IO CKJIAAAIOThes 3 pedep abo TpyO, Mo sSKMX 3mIHCHIOETHCS
MUPKYJIAIS Maca.

CucreMa 0XOJODKEHHSI M BUKOPHCTOBYETBCS HA CHIIOBHX TpaHC(HOpMaTOpax
HOMIHAJIBHOIO MOTYXHICTIO 10 16 MB-A. BiACyTHICTh JOJAaTKOBHX IPHUCTPOIB B
KOHCTPYKIIii TpaHC(HOPMATOPIB TaHOT CHCTEMH OXOJIOHKEHHS CIIPOIIYE IX eKCInTya-
TaIiko.

O06ciTyroByr0uOMy IepcoHary He0OXiTHO JIMIIIE epeBipsTH piBEHb Maca i Te-
MIIepaTypy Horo BepxHiX mapiB. PiBeHp Maciia MOBHHEH NPUOIM3HO BiANOBIIATH
cepeHbo1000BIH TeMIepaTypi HABKOJIHMITHEOTO CEPEIOBHIIA 3 ypaxXyBaHHIM HaBa-
HTa)XeHHsI TpaHchopmaropa (e aKTyanbHO Ui BCIX THIIIB 0XO0J0KeHHs). Temre-
parypa BepXHix MIapiB Maciia TpaHC(OPMATOPIB 3 0X0JIOKeHHIM M 1 J] He ToBHHHA
nepesuirysata 95 C.

CucteMa 0X0J0/KeHHS TpaHchopmartopa [1 - 3 IyTTSM i IPUPOTHOIO ITUPKY-
nuieto Macia. TparcdopmaTopy 1aHOT CHCTEMH 0XOJIOKCHHS KOHCTPYKTHBHO Ma-
FOTh BEHTHJISITOPU OOYBY, 110 BCTAHOBIIOIOTHCS B HAaBiCHI pagiaToOpH, MO SIKUX IIH-
pkymroe TparcopmaTopHe Macio. O0xyB TpaHC(hOpMATOpa JAHOT CHCTEMH 0XO0JI0-
IDKCHHSI BKJIIOYAETHCS NIPU JOCSATHEHHI TEMIEPaTypu BEPXHBOTO IIapy TpaHchop-
MaTtopHoro maciaa 55 C i Oinbire, a00 MpH AOCITHEHHI HOMIHAJIBHOTO HaBaHTA-
JKEHHsI TpaHc(OopMaTopa, He 3aJISKHO BiJ Temreparypu Mmacia. Cucrema 0Xouo-
JokeHHs J{ € OinbIn e(heKTUBHOIO 1 BUKOPHCTOBYETHCS AJIsl TPAaHC(HOPMATOPiB HOMI-
HaJBbHOIO MOTYXHicTIO0 (16...80)MB'A.

Buxonsdi 3 BUIIIEHaBEeICHOT0, MOKHA 3pOOUTH BUCHOBOK, 1[0 CYYacHI CHIIOBI
Tpancdopmaropu MarTh nocuth Bucokuit KK (97...98) %,ane yacTuHa moTyX-
HOCTI BTpayaeThCs Yepes3 omip Marepiary oOMOTOK i cepaeuynuka. Lli BrpaTu Butpa-
JarloThesl Ha HarpiBanHs. [I[o6 TpancdopmaTop mpaloBaB CrpaBHO, HEOOXiTHO
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00J1aIHyBaTH CHCTEMY OXOJIOMKECHHS HOro pobo4oi yacTuHu. YuM OLIBII MOTYXKHE
yCTaTKyBaHHs, THM OiJIbII IHTEHCHBHOTO OXOJIOJDKCHHSI BOHO BUMAarae.

VK 621.313

Mimeuxin JI.B.%, Kosnos C.0.%, Hazapenko 1.A.2
Leryn. rp. E-910v HY <«3anopisbka nosiTexHika»

2 xaHJ. TeXH. HayK, noi. HY «3amnopispka nomirexHika»

EJEMEHT NEJbTHE, AK HETPAJIUIIMHE )KEPEJIO EHEPTTI

Edexr [lenbThe MOXKHA HA3BATH I3€PKAIHLHUM BiOOpaKCHHIM TEPMOECTICKT-
pHUKH. Y [[bOMY BUIAJKY CTPYM IEPEHOCHTH TEIJIO 3 OJHOTO KIHIlS TepMONapH Ha
inmmii [1,2]. [puurHoro BUHUKHEHHS edekTy IleapThe Ha KOHTAKTI HAIBIPOBiI-
HHKIB 3 OJJHAKOBMM BHIOM HOCIiB cTpyMy (IBa HaIliBIPOBIIHUKHU M- THITy abo IBa
HAITBIIPOBIJHUKH — P- THITY) € Ta X, sIK i B BUMAIKy KOHTAKTy JBOX METAJIEBHX PO-
BizHuKiB. Hocii ctpyMy (enektponu abo JipKH) 1O pi3Hi CTOPOHH CIal0 MaloTh pi-
3HY CEpPEIHIO CHEPTII0, sIKa 3aJICKUTH BiJl 0araThbOX MPHYUH: CIEKTPUIHOTO CIICKTPY,
KOHIIEHTpAIlil, MEXaHi3My PO3CilOBaHHS HOCIIB 3apsmy. SIKio Hocii, mpoHIIoBIIN
Kpi3b clall, IOTPAIUISFOTH B 30HY 3 MCHIIIOKO CHEPTi€I0, BOHH TIEPEIAI0Th HATHIIIOK
eHepril KpUCTaNIYHIN penriTni, B pe3ysIbTaTi 4oro nodau3y KOHTaKTy BiIOyBa€eThCs
BumineHnst temwiotu Ilensthe (Qp > 0) Ta Temmeparypa KOHTAKTY MiIBHILY€ETHCS.
ITpu oMy Ha iHIIOMY cIiai HOCi1, IEPEXOATYH B 30HY 3 OUTBIIIOI0 EHEPTIEI0, 3aro-
3UYYIOTh BiICYyTHIO €HEPTilo BiJl PEIIiTKH, BiIOyBa€ThCA MOTJIMHAHHS TerioTH [le-
161he (Qp < 0)1 Temmeparypa 3HIKYETHCS.

HanzBuuaiino Mana eekTHBHICTD MEPIINX TEPMOESIECKTPHYHHUX XOJIOANIbHH-
KiB, 3aCHOBaHUX Ha BiAKpUTTi [leNbThe, CTaa OCHOBHOIO MPUYHUHOIO TOTO, 1[0 BOHU
TPUBAJIMH Yac He 3HAXOAWIN MIPaKTHYHOTO 3acTocyBaHHs. B kinmi 40x pokiB XX
CT. IIUM SIBHIIEM 3allikaBUBCs akaaeMik A.D. logde - 3'sBuircs HOBI HAMIBIPOBII-
HUKOBI MaTepiaiy, sKi JO3BOJISUTH CIOIBATHCS HA MOJIIIIICHHS XapaKTePUCTUK X
XOJOJWIBHUKIB. JlOCTiKeHHST He3abapoM MiATBEPAMIHN Iie, i MOYalocs IIUPOKE
KOHCTPYIOBaHHS Pi3HUX MPUIIAJiB, 3aCHOBAaHUX Ha LbOMY edekri [3].

SIKImo TN TMPOBIAHOCTI HAMiBIPOBIIHHUKIB B TEpMONapi HEOIHAKOBHH, TO
e(heKT MOsCHIOETRCS iHaKIIe. ENeKTpoH, MOTparuisioun B P-MaTepial 3aiiMae Ha eHe-
preTHYHOMY PiBHI Miciie Iipku (ITO3UTHBHOTO HOCIS 3apsiy), B pe3yJbTaTi BTpayae
CBOIO KiHETHUHY €HEPrilo pyXy i pi3HHIIO MK HUHIIIHIM 1 MUHYJIUM cTaHOM. Bu-
BUTbHEHA KUIBKICTh He HAa YTBOPEHHS BUIBHUX HOCIIB IO OOWIBI CTOPOHU P-NdIe-
PEXOyY, a TaKOX 3IUIIOK MOBIIOMISETHCS KPUCTANIYHINA PENTiTI, BiJl SKO1 1 Hie
HarpiBaHHS.
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EnexTpoHu Ta IOipkn pyxaroThCs Ha 3yCTpid OJMH OJHOMY, a IPH 3iTKHEHHI
peKoMOiHYIOTb. Y pe3ysbTaTi peKoMOiHamii BUBIIBHAETHCS €HEPTisl, 10 BHILIS-
€TBCS y BUTJISII TEIUIOTH.

BennunHa notyxHocTi [pKepena temtoty [lenbThe, BT

Q. =, 1)

ne T —koedinieHT [lenbThe st JAHOTO KOHTAKTY, 1110 HOB’ sI3aHUH 3 aOCOTIOTHUMH
koedinientamu [lenbThe 71 Ta T2 MaTepialis, 0 KOHTAKTYIOTh, B; | — cuita ctpymy,
1110 ITPOXOJHUTH KPi3b KOHTAKT MaTepiaiis, A.

[Mpu Buninenni rertoru [ensthe Q,> 0, > 0, 11> mo. [Ipu mornuHanHI Tem-
notu Ilenstee - Q,< 0,7 < 0,71 < 7o

Enemenrt IlenbThe ckiamaeThes 3 oAHiel a00 OibIe Map HEBETUKHAX HAIIiBII-
POBIIHUKOBHUX MapajiejemineiB - OJHOT0 N-THILY 1 OJHOrO P-TUIY B mapi (3a3BHUaii
TEYpPHUIY BiCMYTY 1 repMaHiia KpEMHII0), sIKi IIOTIAPHO 3'€IHAHI 3a JOIIOMOI0I0 Me-
TaJIeBUX MEPEeMUYIOK. MeTaneBi mepeMUvKi OJHOYACHO CITYKaTh TEPMIYHUMHU KOH-
TaKTaMH 1 130JTbOBAHOIO HETPOBIJHOIO TUTIBKOIO 200 KEepamidHOIO IUIACTHHKOIO.
[Tapu mapaneneninemiB 3'€THYIOTbCS TAKUM YUHOM, IO YTBOPIOETHCS TOCITIIOBHE
3'eJHaHHA OaraThOX Map HAIMIBIPOBITHHUKIB 3 PI3HUM THIIOM IIPOBITHOCTI, TaK 00
Bropi OyJu ofiHi MOCNIZOBHOCTI 3'¢MHaHb (N-> P),a 3HU3Y MpoTUIeKHI (P-> n).3a-
JIGKHO BiJl HAMPSIMKY CTPYMY BEPXHI KOHTaKTH OXOJIOJUKYIOThCS, & HIDKHI HarpiBa-
FOTECS - 200 HaBIMaku. TakuM YHHOM EJICKTPUYHUN CTPYM MEPEHOCHUTH TEILIO 3 O-
HOro 0OKy enemMenTa [lenbThe HA MPOTHIICHKHY 1 CTBOPIOE Pi3HHMILIO TemmepaTyp [4].

B niporieci po6oTH TePMOETEKTPUIHOTO MOYJIS TeTIoTa J[»KOoyIist piBHOMIpHO
BHITSIETHCS Ta TIPOTPiBa€ yCio cucteMy. ToMy He0OXiaHO cTabi1i3yBaT MOBEPXHIO
raps90i CTOPOHH TIPH TeMIepaTypi HaBKONWIITHBOTO CEPEelOBHINA. TakKuM YHHOM,
MOHATTS TEPMOEIEKTPHYHOTO MOTYJIS HE BiTOKPEMIICHO BiJ IOHATTS TEIUIOBIABOMY .

VY 3B'3Ky 3 BHINECKAa3aHUM, aKTyaJlbHUM CTa€ MoJAaibIne OibIT TIHO0KE BH-
BYEHHS TaHOI TEMH.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Anarerayk, JIL.UA. TepMOdIeMEHTB U TEPMOIJIEKTPHUECKHAE YCTPOHCTBA!
cupaBounuk [rexct] / JI.II. Anaterayk. - Kues: «Haykosa mymka», 1979. - 768.

2. Bypmreiin, A.J. ®u3nyecKHe OCHOBBI pacyeTa IMOIYIPOBOIHUKOBBIX
TEPMO-3JIEKTpUUECKUX ycTpoiicTs [Tekct] /AU Bypiureiin. - M.: TocynapcteenHoe
M3/1aTeNbCTBO (PU3MKO-MaTeMaTHIecKoH uTeparypsl, 1962. - 13%.

3. Kopabines, B.A. Ilpuknagnas ¢usuka. TepModaekTpudeckue MOIYIH U
YCTpPOHCTBA Ha UX OCHOBE: yueOHoe mocodue [Teket] / B.A. Kopabnes, @.10. Taxu-
croB, A.B. lllapkos; nox pen. A.B. llapkosa. - CI16.: CIIGTUTMO(TY), 2003. -
44.c.
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4. Koteipno, I'.K. Pacuer n KoHCTpynpoBaHue TEPMOIIEKTPUIECKUX TeHepa-
TOpoB U TemIoBbIx Hacoco [Tekct] / K. Kotsipno, FO.H. Jlobyren. - Kues: Hay-
KoBa qymka, 1980.-32&.

YJK 621.313

IMetpux b.B.%, Hazapenxo I.A.2

L eryn. rp. E-250HY «Banopisbka HOTiTEXHIKa»

2 xaHJ. TexH. HayK, noi. HY «3amnopispka nomirexHika»

EKOHOMIsSI YMOBHOTI'O ITAJIMBA TTPY CKOPOYEHHI BUTPATHU
PEI'’EHEPATHUBHOI'O TOBITPA B XOJIOJAHI NTEPIOAH IIJTABKH

3 MeToro 3a0e3NedeHHs] ONTUMANBFHOI OpTaHi3allii XapakTepucTuk (akena B
pobodoMy MpoCTOpi Mmedi i mIBHIEHHS eEKTUBHOCTI CIIaTIOBaHHS MaauBa OyJn
Po3pobieHi crioco0r BBEJAECHHS PEXUMY IUIABKH MapTeHiBchKkux meueir (MII), 3a-
CHOBaHi Ha ONTUMI3alii po3noainy Butpar npupoaHoro rasy (II') i 3abe3neueHHs
OLTBIII ITOBHOTO CHATFOBAHHS MAMBA. BCTAHOBIICHO, IO ONTUMANEHA YaCTKA BUTPAT
III" Bix 3arajpHOT Or0 BUTPATH HAa TOPIECBUI MANEHUK MOTPEOY€E BEIUKY KiNBKICTh
pereHepaTHBHOTO MOBITps. [Ipy HemocTaTHIM BETUYWHI TaKOi IMOavi JJIsl TOBHOTHU
3TOPSHHS TTOBITPS, CIATIOBAHHS TTAJTHBA 3AIMCHIOIOTH 3 ICSIKUM HaUTAIIIKOM, PiIBHUM
3azguuail 10-20%~1,1 + 1,2 (koediuieHT HaTUIIKY MOBITPs - o [1]).

IMpu Takux po3paxyHkax (JUIs BiAMOBIAHOTO Aiara3oHy BBEICHHS IUIABKH)
CTIATIOBaHHS TIOBITPS € HE3aJ0BUIHLHUM, 00 1€ MPHU3BOAMUTH JO iCTOTHOTO IOTip-
IIEHHS AKOCTI CIIAIIOBAHHS MajuBa (MoTpiGHO HabaraTo OLIbIIE MATUBA 3 IHTEHCH-
(ikalriero ropiHHs [[HOT0 MAKMBA - OAa4€l0 TEXHIYHOIO KMCHIO), 3HUKEHHS TEMIIE-
paTtypu ¢akena i 3MIIIeHHS TeMITepaTypHHUX 30H. [[OTipIIyIOThCS TIOKa3HUKNA BHKO-
PHUCTaHHS TIAJIMBA B pOoOOYOMY MPOCTOPI arperary B Iiyiomy. Ilpu HamMipHO BHCO-
KOMY 3HA4YeHHI MmapameTpa o, BeJAeHHs TutaBku B MII BimOyBaeThCs 3 «HATHINKO-
BUM> TIOBITPSIM, II0 MIOMITHO 3MEHIIYE XapaKTCPUCTHKU (hakena. 3 METOI MaKCH-
MaJIbHO MOXKJTUBOTO BUKOPHCTAHHS MOTEHIIIHOT eHeprii mamuBa [1I" amst cmamo-
BaHHsS PETCHEPATUBHOIO TOBITPS, 3MCHIICHHS BHKHIIB 1 PO3IIMPCHHS MOYKIIHBO-
CTel peryJtoBaHHs napameTpiB Qakena Oyim 3pobneni pozpaxyHku 11t S00ToHHOT
MIT ipu poOOTi Ha TEIIOBUX PEKUMAX i3 3MEHIIICHOIO BUTPATOIO PEreHEPATHBHOTO
noBiTps 3 BigmiTko0 20000Mm° / rof i a 10 MPUNKMHEHHS MOAAaYi pEreHePaTUBHOTO
nosiTpst (O M3 / rox), MpoTH iCHYIOUMX TIPU BUTpATi pereHepaTHBHOTO HOBITPs V -
30000Ta 20000m2 / rog.

Y nepiona mporpiBy, BiICYTHICTh PETeHEPATHBHOTO MOBITPS HE TIPU3BOIUTH IO
3MEHIIIEHHSI BMICTY KHCHIO y BUXIIHWUX Ta3aX, BiOYBa€ThCs IMOBHE 3TOPAaHHS Ia-
nuBa. OTHaK HEJOJIK pereHepaTUBHOTO MOBITPSI HA TOPIHHSA KOMIICHCYETHCS 301J1b-
IICHHSM ITiJICOCIB XOJIOJHOTO MOBITPS B ITiY, IO 3HWXKYE TEMIIEPATypy B poOOIOMY
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HpocTOopi medi 1 301IbIIye TPUBAJIICTh IUIaBKU. JlaHe sBUIE MOB'I3aHE 3 pOOOTOIO
Ta300YHIICHHS, TaK SIK IIPH 3aKPHUTTI MOBITPS CIIOYATKY BiTOYBAE€THCS 3MCHIICHHS
00CSTIB MPOIYKTIB 3rOpaHHsl, 30UIBLIYETHCS PO3PIIKEHHS B I1€4i, 10 NPU3BOJUTH
JIO TIJICOCIB XOJIOJTHOTO MOBITPSI.

ITpu po3rmsazi aii oOcsIriB migcocy MOBITPs, BApTO J0JATH IO PO3MIp OTBOPIB
Oe3mocepeIHbO BIUIMBAE HAa OOCSAT TIOBITPS, SKWH 3aCMOKTYETHCS B TOTIKOBHI
npocrip meui. Hanpuknan y kamepax 3ropsiaHs MIT € Benrka KiIBKICTh OTBOPIB pi-
3HOT'O TIPU3HAYEHHS. BIIKPUTI BiKHA IS B3ATTS MPOO, BEJIIMKE YHCIIO 3'€AHAHD, SIKi
Mpu pyHHYBaHHI MOXXYTh ITPUBECTH JO YTBOPEHHS MICIlb MiJICMOKTYBaHHs, Ta TPi-
IIVHH, 1[0 MOXKYTh OyTH JOCUTH MaJi, B pe3yJbTaTi HE MOMIYeHi 1 He YCYHYTI, aje
MOXKYThb TIPU3BOJUTH JI0 BEIMKUX OOCSTIB MiACOCY MOBITPs. SIKIIO K TATA B IMe4i HE
PETYIIOETHCS, TO SKCIUTyaTallisl BiIOYBaTUMETHCS 3 BEIUKUM 00'€éMOM JI0aTKOBOTO
MOBITPsI, IO MPHU3BEE O 3HIDKCHHS cHeproedeKkTuBHOCTI medi. ToMy po3risay-
FOYM BIDTHB KOC(illi€HTa HAJIUIIKY TMOBITPS HA CIIOXKUBAHHS TTaJIUBA, HE MOYKHA HE-
JTOOI[IHIOBATH BILIHB, SIKUI YHHUTH KOC(]Ili€HT HAUTHIITKY TIOBITPS Ha TEIUIOBY ede-
KTUBHICTb TICUeii.

{06 perymoBaTH TeryioBy e(eKTHUBHICTH Ieueil MoTpiOHA iHTeHCH]iKamis
3ropaHHs MajiuBa, o 3rigHo 3 [2] mpu 36iabineHHI BMicTy KUCHIO Ha 3% 00'eMy
MPU3BOAMTE 10 301IBIICHHS CIIOKUBAHHS MajuBa He MeHire Hix Ha 10%. ko
MOBa HJIe PO Tedi 3 BEJMKOO MPOTYKTUBHOCTI, TO EKOHOMIYHUH e(heKT MoXke OyTH
JIy’Ke 3HAYHUM.

T'onoBHMM ITyHKTOM Y ITili poOOTI € omMcaHHs HaOIIbII paioHaTbHOTO CITiB-
BiJTHOIICHHS BUTPATH TOBITPS BiJl BATPATH MAJIHBA, 1 IMiJICOCIB MOBITPs. MiHIMaIbHO
JIOITyCTUMI BUTPATH TOBITPs sl OTPUMAHHS HAHKPAIIOro TOPIiHHS Ta3y 3a YMOBU
MiHIMaJPHUX MiCOCIB. BUKOpUCTaHHS MiHIMaJdbHE 3HAYCHHS B TaKil 3aJIeKHOCTI
MpU3BEJIC 10 HAHOIIBIIOT eKOHOMIT IPUPOJTHOTO ra3y, 3HWKEHHS BTPAT 3 BXITHUMU
ra3aMu i BiICyTHOCTI IiICOCIB XOJIOAHOTO MOBITPS B TMiY.

Byno po3risHyTO Aiana3oH 3a TAKMMHU XapaKTEPUCTHKAMH SIK 00CAT MoJaBa-
HOTO PEreHEePaTHBHOTO MOBITPS B XOJIOIHI PEKUMH BEIEHHS TUIABKU Ha KOEQIIli€HT
HAJJIMIIKY TTOBITPSI PU BUTPATI pereHepaTHBHOTO TMOBITPS o BimmoBimaHo. Bix ca-
MOT0 BeJMKOro 3HaueHHs 00'emy 30000m° / rox i o = 3,01 10 HaliHMWK4Yero mpu
06'emi O M3/ o i a=1,64.

OCKIUTBbKY TP MIOBHOMY TIPUITMHEHHI PET€HEPAaTUBHOTO TMOBITPS — KOEQIIli€HT
HAJIUIIKY TOBITPs € 3amanuM. MIT OyJie MOCTIHHO 0XO0I0KYBATUCS TIOBITPSIM 30-
BHI, 0 Oyzie yHeMoxmBoBaTH poboty MII. Tomy Bunazok mpu V=0 m3ron €
HEMOXXJIUBUM Y BUKOPUCTaHHI. TaKUM YHHOM, iCHY€ ONTHMajbHA BUTpaTa percHe-
parusHoTro nositpst 20000M3/ro1, Mpy AKOMY TIiJ1 Yac MPOTPiBY BUKIIOUAETHCS Tijl-
CMOKTYBaHHS XOJIOJHOTO TOBITPS B MiY, @ HAJUTUIIOK TOBITPSI MiHIMAITbHHIA.

Ha nymky ekcneptiB, y 3B'I3Ky 3 HEIOJIKaMU Ha METaIypriiHUX ITiIpHEMC-
TBaX BEJHMKHUX (hiHAHCOBUX KOIITIB JJIS 3aMiHM MapTECHIBCHKOTO BUPOOHHIITBA KOH-
BEpTEpHUM a00 eNIeKTPOCTAJICIUIABUIBHIM, TOMY MOBHE 3aKPUTTS MapTEHIBCHKUX
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LeXiB B JaHU{ 4ac mpobieMaTn4HO. TOMY, IMTaHHS BIOCKOHANCHHS TEIIOBOI po-
00TH MapTEHIBChKHX TeUeii 3 METOK CKOPOUYCHHS ITUTOMOT BUTPATH MAJHBA TA CHE-
PTOHOCITB Ha BHIUIABKY CTalli, & TAKOXX 3HIKCHHS IIKIAIMBUX BUKUIIB B HABKOIH-
IIHE CEPEIOBHUIIE AyKe aKTyasbHi[3].

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. TomuBo MapTeHOBCKUX neyeit [Enektponuit pecype]. — Pexum moctymy:
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BU3HAYEHHS EJIEKTPUUYHUX HATIPYKEHOCTEM Y KABEJIAAX BH
13 IBOITAPOBOIO 130JIs1I€1I0

Posrisinemo npuctpiii Bucokoi Hanpyru (BH), enekTpogamu skoro € Koakcia-
TpHI mumiHApy. Takuid mpUCTpiil MoXke posrsagaTucs sk kabenr BH, enemenT Ha-
KOMUYyBa4ya eHeprii, MOXKe 3aCTOCOBYBATHCS Y KOHCTPYKIIiSIX BHCOKOBOJIBTHHX YBO-
niB Tpancdopmaropis it 1.11. Kabenb 3 0qHOPIAHOIO 130JISITIEI0 MA€ TToJIe, HapyKe-
HICTh SKOTO CIAJAa€ i3 pOCTOM MOTOYHOTO 3HAYEHHS pajiyca 3a Tinmepoosoro. 3mMiHa
PO3MOIiTy HAPYKESHOCTI IOJIS 10 TOBIIUHI 130JIA11iT KaOeITto MOXe OyTH TOCATHYTO
HIISIXOM 3MiHH JIieNIeKTPHYHOT IPOHUKHOCTI 13014111, BupiBHIOBaHHS MOIIs y Kabesi
MPU3BOJUTS JI0 JESIKOTO 3HIDKEHHS! EMHOCTI Ha OJJMHUIIIO JIOBKUHH Ta MiIBUILICHHIO
eHeproeMHocTi. Takox BiIOMO, 110 TIPH OJHAKOBHX HAIIpyrax Hampy>XeHIiCTb TOJIs
y kabeni 3 piBHOMIPHUM TI0JIEM MEHIIIE, HDK Yy Kabewi 3 0HOpPIIHOIO i30isiiero. 3
IIUX MPUYMH pO3po0Ka KOHCTPYKIii KaOelsto i3 piBHOMIPHHM HOJIEM MOXE CTaHO-
BUTH BEJIMKUH iHTEpeC.

62



TexHouoTisl BUTOTOBJIEHHS 13051511 13 Oe3nepepBHO-3MIHHOIO MPOHUKHICTIO
JI0 TETePilIHBOTO Yacy He po3poliieHa. Y 3B'SI3Ky 3 IIMM YCi BioMi cIipoOH BHpiB-
HIOBaHHS 1OJI Y KaOelli MoB's3aHi 13 3aCTOCYBaHHSM IIApOBOT 130JIAiT 3 IieNeKTpH-
YHOI MPOHMKHICTIO, SIKa 3MIHIOETHCS] CTPUOKONOAIOHO Bix mapy 1o mapy. s sxi-
CHOTO BHPIBHIOBaHHS ITOJIsI HEOOXIHA BEJIMKA KUIBKICTD HIapiB. Y I[bOMY BUIIAIKY
BiJTHOIIIEHHST TTPOHUKHOCTI CYCIJTHIX IIapiB MOBHHHO OyTH HEBEIWKUM, IO TaKOXK
HpecTaBisie JOCUTh CKIagHe 3aBraHHs. Ha mpakTuii, Sk npaBuiio, 0OMeKyIOThCS
3aCTOCYBaHHSIM JIBOIIAPOBOT 130JIAIIi1.

Jlost aHaumizy po3moIiTy HalpyKEHOCTI eTIEKTPHYHOTO TI0JIs OYJIH BifiOpaHi Ba-
piaHTH, IpecTaBiIeHi Ha puc. 1. Po3rismamucs KOHCTPYKII 13 MPSAMOITiHIHHOIO ¢o-
pMoro Mexi mienexkrpukiB (puc. 1,a-6) Ta kpuBoiHiiiHOWO Gopmoro (puc. 18-1). Y
BapiaHTi 3 puc. 1,0 mapu niesekTprKa po3TanioBaHi Tak, 0 B OKPEMHUX IEpEeTHHAX
(manpuknan, nepetutax AB ta CD) i30Jsiiist MIJIKOM CKIIAMAETHCS 3 OHOTO a0o iH-
IIOTO JiCIEKTPHKA, YOTO HEMAE B IHIINX BapiaHTaX.

JlocimKyBaBcsl TaKOXK BIUIMB 3HaUEHHsI NTapaMeTpa I3, Tak 3BaHW HaiiMeH-
it pajiyc mapy i30Jis1ii i3 IPOHUKHICTIO £ Ta pajilyca CKpYTJICHHS! KOHTYPY y il
touwi p (puc. 1, r-m). Bei po3risiHyTi BapiaHTH KOHCTPYKLIT IPH BCbOMY iX pi3HO-
MaHITTi MOKyTh OyTH OXapaKTepHU30BaHi OJHUM 3arajJbHUM O3HaKoro. Kabensr Mae
JIBOIIIAPOBY 130JIAIIIF0, TOBIIMHA IIAPIB SIKOT MEPIOTUIHO 3MIHIOETHCS TAKIM YHHOM,
0 Y TUIONIKHI SKa MPOXOIUTH KPi3h BiCh O0EPTaHHS CHCTEMH €JIEKTPOJIIB, TIIOIIA
MIEPETUHY MieTIeKTPUKa 3 OUTBIIOI0 MPOHUKHICTIO & MOHOTOHHO 3MEHIIYETHCS IO
BCil TOBITHMHI 1305151111 200 Ha 11 O1TbIIi YacTrHI pH 30inbIIeHH] pajiyca. OcCHOBHA
Maca po3paxyHKiB OyJia MpoBeJieHa PH BiHOLIEHH] pajiiyca 000JIOHKH 110 pajiycy,
110 JOPiBHIOE TPHOM.
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Pucynox 1 —Po3paxyHkoBi Mozeni KaOelto i3 IBOIIapOBOIO 130JISILIETO.

Jluist BapiaHTy KOHCTPYKIII 32 puc. 1a po3paxyHKH IPOBOIMIIKCS VISl BITHO-
weHHs &,/eo = 10. [Ipu BUKOpUCTaHHI METOAY IUIaHYBAaHHS EKCIICPUMEHTY Oyna
OTpHMaHa 3aJIe’KHICTh MaKCUMAJILHOT HAIIPYTH B 1301111 KaOeJro BiJ mapameTpiB
ro, Ro, r3, d: EmadEoms = 2.084 + 0.326Ry/ ro - 1.714 ray/ro — 0.152 d/ rp —
0.012(Ryfrg)? +0.528(r3/ro)? + 0.004(d/ ro)? + 0.073(rzd/ro)? — 0.121(Ro r3/ ro). s
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3aJIeKHICTh CIpaBe/InBa Ul iHTepBaly BapitoBaHHA 3MiHHHX: Ro/fg = 2+5; ra/ro
=1.01+1.7;d/ ro = 1.05+5.0.

IMoxubka anpokcuMarii pe3ynbTaTiB po3paxyHKy 3a (1) He mepepuinye 5%.
PesynbpraT po3paxyHKy IOJsS B IHIIMX BapiaHTax KOHCTPYKIIi i3oisimii xabeito
npezcTaBieHi y Tadi. 1.

Tabmurs 1-Pe3ynpTat po3paxyHKy TOJIsS

Mo-
gg' ,PE[QHB]- EH/EO A/Ro D/Ro RdRo Ro/Ro P/Ro E]_/Eo;u{ Ez/EoﬂH E3/EOL[H E4/Eo;u—1
HC.
1| b 4 [01]1C| - 3 - | 0.81% | 0.843 | 0.431 | 0.42¢
2| b |10C{01)1C| - 3 - | 0.72% | 0.757 | 0.53¢ | 0.50¢
3| B 4 - 10.96€/1.058] 3 | 6.3 | 0.465 | 0.72¢ | 0.47% | 0.47:
4| B |10C| - |0.96€1.08| 3 | 6.2 ] 0.227 | 0.57¢ | 0.891 | 0.60¢4
5| B [10C| - |1.867 1.1 | 3 [3.5&| 0.14¢ | 0.69¢ | 0.50« | 0.49¢
6| B 4 - 10.96€ 1.1 | 5 | 6.3 0.272 | 0.641 | 0.2€1 | 0.30z
7| B [10C| - |0.96€¢1.05] 5 | 6.3 0.1 0.47¢ | 0.39¢ | 0.37
8| T 4 - 10.96€ 1.05] 3 - | 0.31¢ | 0.74¢ | 0.74¢ | 0.41;
9] I' [10C| - |0.96€1.08] 3 - 0.1% | 0.63¢ | 0.47Z | 0.41¢

L1i pe3ynbpTaTé MOKa3yloTh HAcTymHe. E(eKkTHBHE peryioBaHHS IO MOXeE
OyTH OTpUMaHO AJIs pi3HHUX KoH(pirypauiit koHTypy l1(r). dns Hait6Ginpm nommpe-
HOTO BiTHOLICHHS AiaMeTpiB enekTponiB Ro/fo = 3 3abe3nedyeThest 3HUKCHHS Ha-
NPY>KEHOCTI eneKkTpudHoro noist y 1.5 pas. 3ampornoHoBana KOHCTPYKIis 130111
JTO3BOJISIE 3aCTOCOBYBATH IPU HEOOXITHOCTI Kabeli i3 CIIBBIJHOIICHHIM JliaMEeTPiB
enektponiB 10 Ro/fo = 5.Cepen po3risiHyTHX BapiaHTiB € Taki, y SKuX (HANpUKIaj,
no3uuis 4y tabn. 1) HanpyxenicTs nuine Ha 10%Buie, HiX y Kabeni 3 piBHOMIpHO
PO3IOAUICHUM ENEKTPUYHHUM I10JIEM.

YK 621.313

Bananiok B.T.}, Cosnonosrikosa T.IT.2

Leryn. rp. E-210m HY «3amnopisbka mosiTexHika»
2 crapur. Bukn. HY «3anopisbka mosiTexHika»

JIESIKI IPOBJIEMU ABTOMATU3AIII IPOEKTYBAHHSA
KOJIEKTOPHUX MAIIINH

IMpoGeMa aBTOMATH30BAHOTO MPOEKTYBaHHS KoJiekTopHHX MamuH (KM) e
MPUBATHOIO mpobiieMoro 3arambHOi Teopii CAIIP. Cuig 3a3HaYuTH, MO CTBOPEHHS
noBHowinHOT CAIIP KM, ananoriunoi, nampuknanm, cucteMi CIIPYT AT mns
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MPOEKTYBAaHHS aCHHXPOHHUX MalllMH, € MacIITaOHUM 3aBJIaHHSIM, SIKE, K MPABHJIO,
He MiJ CWIy MiIIpHEMCTBAM MaJoro i cepemHboro Oisnecy. Ilpore, ememeHTH
CAIIP, ocHOBaHi, B IepIly Yepry, Ha THIIOBHX IHKCHEPHUX METOIUKAX PO3PAXYHKY
€ Ha KO)KHOMY HIJIIPHUEMCTBI, SIKE CIeliani3yeThest Ha BUITycKy KM.

B ocHOBI iHXeHepHHUX METOUK MpoekTyBaHHsI KM nexars 1oCiipKeHHs, 0
YBIWIIUIA B y3arajlbHEHOMY BHTJISIII B Pi3HI MOCIOHWKH Ta BiIPI3HAIOTHCS pi3HOMA-
HITHICTIO METOJMK NPOCKTYBaHHS €IEKTPUYHUX MAIIMH MAJIOi IIOTYXKHOCTI, IO B
CBOIO Yepry BUKIIMKAHO Pi3HOMAaHITHICTIO KOHCTPYKTHBHOT'O BUKOHAHHSI.

OpHiero 3 0coOIMBOCTEH THXKEHEPHUX METOIUK MPOEKTYBAHHS €IEKTPUIHUX
MallWH € TOH (haKT, o BOHU OyIyIOTHCS, TOJIOBHUM YHHOM, Ha 0a3i MoJenei cra-
TUX pexkuMiB poboTH. OOIIK 0COOIMBOCTEW MUHAMIYHUX PEKUMIB POOOTH 3Jiiic-
HIOETBCS LIUIIXOM PEKOMEHAIiH, po3po0JIeHNX Ha OCHOBI aHaNi3y MHHYJIOTO J0C-
BiJly BUPOOHUIITBA.

OpHak B pa3i MallvH HETUIIOBOI KOHCTPYKIIi BUKOHAHHS JJaHUX PEKOMEH[a-
1[I YacTo BUABISAETHCS HeJOCTaTHIM. TyT MoTpiOHI 10JaTKOBI 1OCITIDKEHHS poO0OTH
MAIIMHU B PI3HUX peKHMax poOOTH, B TOMY YHCIIi IMHAMIYHUX, OCOOIMBO MPH po-
0O0Ti MallIMHY B CKJIaJli aBTOMAaTH30BAaHOTO EJIEKTPOIIPHBOLY.

[Iporpec B oGiacTi KOMITIOTEPHUX TEXHOJIOTiH MPHU3BIB 70 TOTO, IO HABITH
MiAIPUEMCTBO 3 BITHOCHO MAJIUM JIOXOJIOM MO€ JTO3BOJIUTH COO1 CTBOPEHHS BIlac-
HO1 HAYyKOEMHOT pO3paxXyHKOBOI CUCTEMH.

Sk agUTHBHUM eNeMeHT (QYHKIIIOHYBaHHS pO3pOOIIOBAHOTO KOMIUIEKCY MO-
’KHA BUKOPUCTOBYBATH Pi3Hi CepeloBUINA pO3pOOKH, B TOMY YHCIHI 1 Bi3yasbHi. 3a-
3BUYAll IPUAHATHO BUKOPHCTOBYBATH TabiuuHuid mpouecop MSEXcel,BiH no3Bo-
JIsl€ BUKOHYBATH orepaii TBop4oro xapakrepy. MSEXcelnanae 3pyunuit Tabmny-
HUH iHTepdeiic 1 cepenoBuIle mporpaMmyBaHHs Ha MoBi VBA, sKy 3naTHuit ocBoitn
Oy/b-sIKMI CTYJICHT.

[Mpouecop MatLab,mio 3a6e3neuye npoekTyBanbHHKa TOBHUM HAOOPOM 3aC0-
01B iH)KCHEPHOT MaTEMaTHKH € HaWKpamyM, aje He 6e3komTOBHUM. OTHaK ICHYIOTh
anajiorn MatlLab 3 Bigkpuroro minensicro. Hampukian, sk MareMaTHYHE SAPO
CAITIIP KM MOXJIHMBO 3aCTOCYBaHHS TaKOX BiJIbHO PO3TIOBCIOKYBAHHA MaTeMaTH-
yHui naket ScilLab,pyHkiionan sKkoro He3HAYHO HIDKYE, HiX QyHKionan MatLab.

Jlost BEpiteHHs MOMiOHUX 3aB/IaHb HA PUHKY MTPOTPAMHOT MPOAYKIIii HAIBHUN
LiIKi CHEeKTp cucTeM imkeHepHoro amamizy — Computer-aided engineeringgi
3MIMCHIOIOTH PO3PaxyHOK (DI3UYHHX OB HAWYACTIIIE METOIOM KiHIIEBHX €JIEMEH-
TiB.

30KkpeMa, B 001aCTi eeKTpOMEXaHiK1 HalO1IbIIOT OMYIIIPHOCTI 300YJIN Na-
ket ANSYS Maxwell, COMSOL Multiphysicsa EICut.

OpHuM 3 HalOLTBII MTOTYKHUX IHCTPYMEHTIB 1HKEHEPHOTO aHAI3Y €JeKTPH-
yaux Mamvh € maket ANSYS Maxwell,sikuit 103B0J1s1€ BUPINIHUTH IPAKTHYHO BECh
CIIEKTp 3aBJaHb IPOEKTYBaHHS NPH JO0CTaTHLO 3pYYHOMY iHTEpdeici, a TAKOX KO-
IITH JUTS TTapaMeTpHu3allii MoIerTi 1 aBToMaTu3allii po3paxyHKiB.
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YK 621.313

Konots O.1.1,Janunis A.M.%, Jliteinos /1.0.2
Leryn. rp. E-910u HY «3anopisbka IoJTiTeXHiKa»
2 crapur. Bukn. HY «3anopisbka mosiTexHika»

BILJIMB CIIBBITHOIEHHS TEOMETPIi 30H OCEPJIb CTATOPA TA
POTOPA B ACHHXPOHHOMY JIBUTI'YHI HA PO3HO/1JI
MAT'HITHOTI'O ITOJIA

Po3mofin MarHiTHOTO MOTOKY B OCEPJsIX CTaTopa Ta POTOpa 3aJICKUTH BiJl
KOHCTPYKTUBHOTO BHKOHAHHSI aCHHXPOHHOTO JABUTYHA, PO3MIPHHX CIIBBIAHOIICH
ocepb Ta PiBHSA HACHYEHOCTI CTall, 3 sIKO1 BOHM BUTOTOBJIEHI. 3HAYEHHS MTOTOKY Y
PI3HHX TEpEeTHHAX Y3J0BXK CEepeHbOi JiHil spMa He mocTiitHo. [Ipnu posmoxineHii
0OMOTITi, HAHOLTBIITNH TOTIK y PMax CTaTopa Ta poTopa Mae micre y nmepeturi 1
— 1 (puc. 1), Tak sk Ha Wil TUIAHIN SPMa TTOTOKK Y 3yOIsX, 10 3HAXOMITHCS Ha
TTOJIOBUHI TIOJIFOCHOYO MOIKH, CYMYIOTBCS.

Pucynok 1 - MaruiTHi cHITOBi JIiHIT TOTOKY B OCEpASX aCHHXPOHHOTO JIBUTYHA

Po3nonin moToky 1o BUCOTI sipMa TaKOX € HEPIBHOMIPHUM, 33 TPUYUHOIO KPH-
BU3HH sIpMa Ta JIIKOT0 3MIHEHHsI HOT'0 TIEPETHHY Y MICIISIX CIIOJIyYEeHHS MOJIOCIB Ta
i1 OCHOBaMH 3yOLIiB. OJIFKYE 70 OC €IEKTPUYHOT MAaIIMHY 1HIYKIis y sIpMi Oiblie
HX Ha nepudepii. HepiBHOMIPHICTB IHAYKIIT 301IbIIYETHCS 13 HACHYSHHSM CTaJli Ta
3MEHILIECHHSM JliaMeTpy ocepisi CTaTopa abo poTopa. MpU NPaKTHYHNX PO3paxyHKax,
3BHYAHHO HEXTYIOTh KPHBHU3HOIO OCEPIIs, TOOTO PO3IIAAIOTE OIePEYHHIH NepeTHH
spMa SIK TIPSMOKYTHHK 13 TOBXHHOIO, IO JTOPIBHIOE OBXKHHI CEpeIHIA MarHiTHiH
CHJIOBIH JIiHIT MarHiTHOTO MOTOKY Y SPMi.

HepiBHOMIipHICTB pO3ITOIiTy MarHITHOTO TIOTOKY IO TIEPETUHY SIPEM BPaXOBY-
FOTh, a00 KOPUCTYIOUHCH CIEIliaITbHUMHA KPUBUMHU HAMarHidIyBaHHsI, SKi Oy IyIOThCS
VIS TIeBHUX (IOCTIAHKUX) MapOK CTaleH, 10 BUKOPHCTOBYIOTHCS ¥ EICKTPOMAILIH-
HOOYy/lyBaHHI, 200 BBEJCHHSIM B aHAJIITHYHI PO3paxyHKH KoedinieHTa &. po3paxyHOK
HEOoOX1THO BUKOHYBATH 3a 3HAUECHHSMH IHIYKLIH y cepelHbOMY IEPETHHY sipMa.
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Bu3HaueHHSI MPC sipeM 3a1eXXnTh BiJi KOHCTPYKTHBHUX OCOOJIMBOCTEH acCHHXPOH-
Horo aBuryHa (hopma masiB, FeOMeTpisi OCeplib), a TAKOK 3 YpaxyBaHHIM Biaramy-
JKEHHSI MarHiTHOTO TIOTOKY SpMa pOTOpa 10 BTy MalIlHU.

Cepen aHANIITHYHUX METOIB, 3aCHOBAHNX Ha TEOPIil eIEKTPOMArHiTHOTO MOJIS,
MOJKHa IPUBECTH METO/H, III0 BUKOPHCTOBYIOTH JIIHIMHI Ta HE JIHIHHI cXeMH 3ami-
IEHHS. BOHU JIO3BOJITIOTh CTBOPIOBATH JOCTATHHO MPOCTI Ta €PEKTUBHI MO
SJNEKTPUYHIX MAIlHH, U peani3amii SKuX He MoTpeOyeThCs CyTTEBHX 3aTpar 00-
YHCIIOBAIBHUX PECYPCiB.

IHmuit migxin 3acHOBaHUI Ha YHUCETHHOMY MOJAETIOBAHHI MarHiTHOTO ITOJIS B
00’ eMi eNeKTPUYHOI MAITHHM. BiH 0a3y€ThCS Ha METOJI CKiHUEHUX €JIEMEHTIB. IS
CXEMHO-TI0JIbOBOTO MOJEIIOBAHHS Ta JOCHTIIKEHHSI €JIEKTPOMArHiTHOTO Mo, OyB
NMPUAHATHH aCHHXPOHHUHM JBHTYH 13 KOPOTKO3aMKHEHHM pPOTOPOM  THILY
4AH250M4VY 3 i3 HOMiHaIBHOO NOTYXHICTIO P2 = 90kBT. 3a pesynbraTamu mMose-
mroBanHst 3acobamu [13 FEMM, Gyno oTprMaHO po3nois JIiHii eJIeKTpOMarHiTHOTO
nosst (puc. 2)Ta 3Ha4YeHHS MOIYJB IHAYKIiH y 3yOLuix Ta sspmax ocepap Al (puc.3).

Pucynok 3 - KapTuna po3mno/iiny MoayJist iHAYKIiT MATHITHOTO TIOJISL Yy MEXax Oll-
Hi€T TOMIOCHOT OIIKHA
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Pucynok 4 - Posnonin iHaykuii 6; y moBiTpsiHOMY 3a30pi (dac t = 0) o qoBxuHi
OJTHI€T TTOJIIOCHOT MOJITKU

Otpumane 3HaYCHHS IHAYKIT y TOBITpsiHOMY 3a30pi (prc.4) Gimbir TOYHO Bi-
noOpakye XapakTep 3MiHU HOTO 3HAYCHHS Y TIOPIBHAHHI 13 aHATI THIHUME PO3Paxy-
HKaMH. y BiJIMOBIAHOCTI i3 OTpUMAHUMHW 3HAYCHHSAMH 1HIYKIIN, HaJaJli MOXHA BU-
KOHATH pO3paxyHOK IMapaMeTpiB MarHiTHOTO JIAHITIOTA, 3 ypaxyBaHHIM HE JiHIHHO-
CTi cTali Ta poOOYMNX XapaKTEPUCTHUK .

VY HominampHOMY pexumi mpu t = O (prc.3) MarHiTHe TOJe JIOKATI3y€EThCS Y
MATHITHIH CHCTeMi; HAOIIBIIIOT0 3HAUYCHHS BOHO NPUIMae y 3yOIIsIx cTaropa Ta po-
Topa Ointst pazu B Ta y crimnui ctatopa 6ins gpazu Ata C. Y 3yOusix craropa MarHiTHe
noJie JiexuTh B iHTepBanax Big 0.514Tn no 2.315Tmn; y 3y6usx poropa Big 0.386
T no 2.443Tx; y cimni cratopa Big 0.386Tn no 2.186Txn, y criuHmi poTopa Omu-
36k0 1.2Tx (puc. 3).

Tabmung 1 —3HaveHHs iHAYKINHN y 3yOLsx cTaropa

Ne 1 2 3 4 5 6 7 8 9

Bz1,Tn |2.31£]1.92¢ [1.54% [1.15: |09 [0.514 |1.02¢ |1.67:z |2.44:

Tabauis 2 —3HauCHHS IHAYKINH v 3yOIsIX poTopa
Ne 1 2 3 4 5 6 7 8 9
By, Tn |2.31F 1.8 1.41f |1.15% |0.77 [1.41f |1.€ 2.05¢ |1.672

VY BiANOBIAHOCTI i3 OTPUMAaHUMM 3HAYEHHSAMH iHAYKIH (Tabm.1l ta Tadm1.2),
HaJaJli MOYKHA ITPOBECTH PO3PaXyHOK IMapaMeTpiB CXeM 3aMillleHHS 0OpaHOTO aCHH-
XPOHHOTO JIBHTYHA.

3a JI0TMOMOTrOI0 CXEMHO-TIONEOBOTO MOJIETIOBAaHHS Yy CTPYKTYypi 3aco0iB
FEMM, npu npuiHATHX Hicis EBHOI ONTUMI3allil TeOMETPUYHUX PO3MipiB 3yOlLie-
BHX Ta SIPMOBHX 30H ocepap AJl, Oyio OGinblr TouHire Ta mwBHILe (y TOpiBHAHHI i3
AQHANITHYHIMH PO3PaxXyHKaMH) BH3HAYCHO 3HAYCHHS IHAYKLi# y 3yOLsx ocepms
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cTaTropa Ta poTOpa, MO JO3BOJUTH OUTBII TOYHO BHU3HAYUTH TECXHIKO-CKOHOMIUHI
MOKa3HUKH ACHHXPOHHOTO JIBUTYHA.

YJK 621.313

Mensanuyk 0.0.%, Minbkos J1.0.%, Jliteinos J1.0.2
Leryn. rp. E-210v HY <«3anopisbka nosiTexHika»

2 crapm. Bukn. HY «3anopisbka momitexHika»

MATEMATHYHE MOJEJIOBAHHS EJIEKTPOMATHITHHUX SIBUII B
ACHHXPOHHOMY JABUTI'YHI METOJOM ITPOCTOPOBOT O
BEKTOPY

MexaHiuHi XapaKTepUCTUKH aCHHXPOHHUX JBHUTYHIB MoOyI0BaHi 3a 3arajb-
HOBizoMo10 (hopmyroro Kitoca # BiMOBINAIOTh TITbKA CTATUYHUM PEKHMaM, KOJTH
MOMEHT HE TEPEBHUIIYE MOMEHTY KPUTUYHOTO My 3a MacIOPTHUMH TaHHUMH, aje
BOHH ICTOTHO BiJIpi3HSIOTHCS BiJl XapaKTEPUCTUK PEANbHUX, Y SIKUX BPaXOBYIOTHCS
€JISKTPOMArHiTHi MpoIecH.

TouHuMT MaTeMaTHYHUI OTIHC SBUIL, IO BiIOYyBaIOTHCS B ACHHXPOHHUX MalllH-
Hax, CKJIQJHUI Ta TPOMI3IKHI, TOMY MOKHa BUKOPHCTOBYBATH HACTYITHI 3arajibHO-
BiJIOMIi JIOMYIIICHHS:

- BIJICYTHICTh HACHYICHHSI MAarHITHOTO KOJIa;

- BIJICYTHICTB TiCTepe3ucy;

- CHHYCOiJabHHH po3noin y kpuBux MPC Ta MarHiTHUX 1HIYKITIH;

- HE3JIeXKHICTh 1HIyKTUBHUX OTOPIB PO3CIIOBAHHS BiJl TIOJOKEHHS POTOPA,

- IOBHA CUMETPist 0OOMOTOK cTaTopa.

MaremMaTHyHHUI ONHC ACHHXPOHHOTO KOPOTKO3aMKHEHOTO JIBUI'YHa, 13 ypaxy-
BaHHSIM IPUITYLICHb, MOXHA MPECTABUTH y BUIJISIII CUCTEM PiBHSHB (piBHSAHHS Ha-
OpyT AJ1s1 OOMOTKH CTaTOpa Ta KOPOTKO3aMKHEHOTO POTOPHOTO saHiora). [lotoko-
34eryIeHHs] 0OOMOTKH KOKHOI (ha3H € (PyHKIIIE€I0 BCIX CTPyMiB CTaTOpa Ta poTopa.

VY cucremax piBHSIHb TapaMeTpH: LsTa Lt € BIacHUMU 1HIYKTUBHOCTSIMH Bif-
MOBITHUX OOMOTOK cTaTopa Ta poTopa, YCi iHIIi mapaMeTpH — e B3a€EMOIHIYKTHB-
HOCTI MiX BIATIOBITHUMH 0OMOTKamu cratopa Lsi2 poropa L2 i craTopa Ta po-
TOpa, HANpUKIIAM, L1,1 —B3a€EMOIHAYKTUBHICTh MIXK TIEPIIOI0 OOMOTKOIO CTaTOpa Ta
nepmoi 0OMOTKOIO poTopa. Jlo cucTeMu piBHSIHbD BUKOPHUCTOBYETHCS OCHOBHE PiB-
HSIHHS TUHAMIKH €JIEKTPOTIPUBO.LY

IE.do/dt = M - Mc, 1)

ne k, M, M¢, ® —BiMoOBiTHO CyMapHUi MOMEHT iHEpIIii, eIeKTPOMAarHiTHHH 1 cTa-
THYHHH MOMEHTH Ta KyTOBa IIBUAKICTH JBHTYHA.
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EnexTpomarHiTHUH MOMEHT MOKe OyTH BHpaKeHHH 4epe3 BEKTOPHI BEJIH-
YHHH NOTOKO3YEIJICHHS Ta CTPYMOM POTOpa y KOOPAUHATHUX OCAX X, Y:

M = yrx.Irx. (2)

He3Baxxarouu Ha MOBHUY Ta CyBOPUIA MaTEMaTHYHUIA OITUC, BUKOPUCTAHHS CH-
CTEMH PIBHSIHB JJIS JOCHIHKCHHS SJICKTPUYHOI MAIIMHU 3yCTpiYae Cepro3Hi TPy/I-
HOIII.

[TepenianmMo OCHOBHI:

- Y pIBHSHHIX (QIrypyrOTh BEKTOPHI Ta CKIAPHI BETMYHHH,

- KUTBKICTB B3a€MOTIOB SI3aHUX PIBHIHD TOPiBHIOE 16,a KiIbKICTh KOChII[iEHTIB
TIpu HUX - 44,

- KoeQilli€eHTH B3aEMOIHAYKIIIT Mik 0OMOTKaMH cTaTopa i poTopay piBHIHHIX
€ (QYHKIIIEI0 KyTa MOBOPOTY POTOpA IIOJI0 CTATOPa, TOOTO Ili PIBHSIHHSA € PIBHIHHIMU
31 3MIHHUMH KOeQillieHTaMH;

- IPUCYTHE HEJliHIMHE PIBHSIHHS, TaK K Y HbOMY IIEPEMHOXXYIOTHCSI 3MiHHI.

Ha mmsxy cnpomeHHs MaTeMaTHYHOTO OIMUCY AaCHHXPOHHOT MAIlMHU MOYKHA
3aCTOCYBaTH METOJI MPOCTOPOBOTO BEKTOPA, SIKHI JO3BOJIUTH ICTOTHO CIPOCTUTH 1
CKOPOTHUTH CTBOPCHY CUCTEMY PIBHIHB; METOJ JI03BOJISE 3B'I3aTH PIBHSHHS JI0 €U~
HOI CHCTEMHU i3 BEKTOPHUMH 3MiHHUMH CTaHAMH.

CyTbh METOAY MOJISITAE Y TOMY, 110 MUTTEBI 3HAUYEHHS CUMETPUYHUX TpHpas-
HHUX 3MIHHUX CTaHiB (HAmpyrd, CTPYMH, MOTOKO3YEIUICHHS) MOKHA MaTeMaTHIHO
MIEPETBOPUTH TaK, MO0 BOHU OYyJIM MpeACTaBIeHi OJHUM MPOCTOPOBUM BEKTOPOM.
Ie MaTeMaTHYHE TIEPETBOPCHHS Ma€ BUTIISIA (HATPUKIIA, TSI CTPYMY CTaTopa):

1= 2/3(iA +3. iB +32. iC), 3)

ne a = @>3 32 = d*BpexTopu, 0 BPaXOBYIOTH 3MillleHHS 0OMOTOK.

TpudasHy cumeTpito cTpyMiB B OOMOTIII cTaTopa MOXHA IPEICTABUTH, SIK:
iA = Imcosot, iB = Imcosft-2x/3), iC = Imcospt-4n/3). (4)

VY sK0CTI OCHOBHHMX 0a30BHX BEJIMYMH BUOMPAIOTHCS aMILTITYAHI HOMIHAIbHI
3HaveHHs (ha3HOT HANPYTH Ta CTPYMY, a TAKOX HOMiHaJbHE 3HAYCHHS KyTOBOI Yac-
TOTH. Bu3HavdaroThCst 6a30Bi 3HAUEHHS yCiX 3MIHHUX Ta KOC(IIIEHTIB, O BXOIAThH
y PIBHSIHHS, a TaKOK 0a30BOT0 Yacy. Y3araibHeHa CHCTEMa PiBHSAHB JIJISl OTTUCY eJie-
KTPOMEXaHIYHHX SBHUIIl ACHHXPOHHOTO IBUTYHA HAOyIe BUTIISILY:

s = rsis + dys/dt + pk.ys, (5)
ar = rr.ir + dyr/dt + j(ok - pnv).yr, (6)
YS = XS.Is + Xm.is, @)
Yr = Xm.1s + Xr.1r, (8)
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p = k.Mod(yi.ik), 9
Ju.dv/dt =p —pc. (20)

VY 1ux piBHSHHSX BCi 3MiHHI BiTHOCHI, OTpUMaHi SIK pe3yJbTaT IUICHHS pea-
JBHUX 3HaYeHb Ha 0a30Bi, Bci KOE(DIIEHTH TaKOX Oe3p03MipHi, OTPUMaHi aHaJIOTi-
yHO. /Iyl po3paxyHKy MAarHiTHOTO JIAHIIOTa, HaJajdl peKOMEHIYETHCS 3aCTOCOBY-
BaTH CXEMHO-TIOJIb0OBE MOJICIIIOBAHHI.

YK 621.313

Xoxuos FO.M.2, Crinuenko A 0.1, Conomosnikosa T.I1.2
Leryn. rp. E-210u HY «3amnopisbka mosiTexHika»

2 crapur. Bukn. HY «3anopisbka mosiTexHika»

OBIPYHTYBAHHS B TEOPII CTPYKTYPU MOJIEJII ONITUMIBAILIIL
KOJIEKTOPHOI MAIIIMHU

[IpoGnema aBTOMaTH30BaHOTO MPOSKTYBaHHs KoeKTopHuX MaumH (KM) €,
K 3aBX[IH, IPUBATHOIO MpobIeMoro 3aransHoi Teopii CAIIP.

[lix onTHMIi3aliifHOI0O MOAEIIO B Cy4acHIH HayKOBif JiTepaTypi npuii-
Ma€TbCs MaTeMaTHYHa MOJAENb, sKa BHUKOPHUCTOBYETHCS JUISl BHPILICHHS OII-
TUMI3aIiitHo1 3a1a4i. [1in onTuMi3aIiitHOIO 3a]a49el0, Y CBOIO YepTy, B IPOCKTYBaHHI
pO3yMi€ThCS MiHIMaJbHE YUCENbHE 3HAUCHHS NesAKoi QYHKII METH BHUHAMIEHE 3a
PaxyHOK CTPYKTYPHOI YU MapaMeTPUIHOI ONITHMI3aIllii.

OnTumizariro MoIei KOJIeKTOPHOI MalllMHN HaWO1IBII TOTTEHO TPOBOAUTH
13 3aCTOCYBaHHSM JEKOMITO3UIIIi 00acTel o0y J0BY MIPY BUKOPUCTAHHI KiHIIEBO-
eneMeHTHO1 Moaeni. [lpu mboMy HEOOXiTHO TIPOBECTH aJANTaIlif0 HAYKOBHX ITOJIO-
JK€Hb METOAVKH, III0 PO3POOIISETHCS IO BUPIIIICHHS IHKEHEPHUX 3a/1a4 3 TIPOBEICH-
HSIM MOJZIETIbHUX 1 HATYpHHUX €KCIEPHMEHTIB.

[Tix cTpyKTYpOIO ENEeKTPUYHUX MallWH, Y IUIaHi MPOEKTyBaHHS, MAETHCS Ha
yBa31l KOHCTPYKIList MAaIIMHK. B Toi1 e yac KOHCTpyKuist popMaitizyeTbest y BUTTISI
0e371i4i KOHCTPYKTHBHUX €JIEMEHTIB, KOJKEH 3 SIKUX XapaKTepU3y€eThCsl CBOIM Habo-
POM 3MIHHHX MapaMeTpiB, SIKMH B CBOIO YEpry, BAPIIOETHCS B IIMPOKOMY [iara3oHi.
Tomy onTumizauiliHe 3aBIaHHs MEPEXOIUTh B PO3Ps 3aBIaHb CTPYKTYpHO-TIapa-
METPUIHOTO CHHTE3Y.

Jlo ocobnuBoCTEl MOIeeH, MPU3HAYCHHX JJIs BUPIIIICHHS 3aBIaHHS CTPYK-
TypHO-TIApaMETPHYHOTO CHHTE3Y BiTHOCSTH:

- BIJICYTHICTh Hamepena 3aJaHoi 1 He3MIHHOT CTPYKTYypH 00'€KTa, 110 MOXKE
CHHTE3yBAaTHCS aBTOMATHYHO;

- oprasi3arlis oIIyKy Ha 0e3iidi CTPYKTYpPHHX €JIeMEHTIB i B IPOCTOPi iX
napameTpis;
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- BIICYTHICTb 3a/1aHOT PO3MIPHOCTI 1 HE3MIHHOT'O EJIEMEHTHOTO CKJIaTy BEK-
TOpa 3MIHHHX HapaMeTpiB, sIKi caMi BapilOIOTbCS B 3aJIS)KHOCTI BiJl HOTOYHOTO
HabOpY CTPYKTYpHHX €JIEMEHTIB.

VY pasi eJIeKTpUYHUX MaIIuH IIPH pO3paxyHKy (QYHKIIT METH HAJIEKHO BUKO-
PHUCTOBYBATH KiHIIEBO-EJIEMEHTHY MOJENb MarHiTHOro 1mois. I1pu 1boMy pi3Hi Bu-
KOHAHHS €JIEKTPHYHOT MAIIHHU (00'€KTH Pi3HOMAHITHOI CTPYKTYPH) BUSBIISIOTHCS
JIUIIIEe BapiaHTaMU OAHIE] TOJLOBOI MOJIENI Ta BiIPI3HAIOTHCS KOHQITYpaIlisiMu po-
3paxyHKoBoi o6Oiacti. Lle no3Boisie 3BecTH 3a7ady CTPYKTYPHO-TIapaMeTPHYHOTO
CHUHTE3y 10 TPAAMINIIHOI 3amadi mapamMeTpudHoi ontumiszartii. [leit Hanmpsmok mae
0e31id MiIXOMIB 10 peai3altii.

YK 621.313

3aryra B.L.%, JliBuyk T.€.?

Y cryn. rp. E-910v HY «3anopisbka MoiTexXHiKa»
2 nou. HY «3anopisbka nomitexHika»

OCOBJHUBOCTI PEAJIIBALII TEOMETPUYHOI MOJIEJII B
CEPEJOBUIII ITPOI'PAMHOI'O 3ACOBY FEMM ITPU BU3HAYEHHI
ITAPAMETPIB KOPOTKOI'O 3AMUKAHHS CHJIOBHUX
TPAHC®OPMATOPIB

Po3B’s13aHHS 3amadi MOJCITIOBAHHS €JICKTPOMArHiTHUX TPOIECIB B CHIIOBUX
TpancopmaTopax moTpedye modya0BH pealbHOT TEOMETPUIHOI MOJAEIi aKTUBHOI
YACTHHH, SKa CKJIAAETHCS 3 OOMOTOK Ta €JIEeMEHTIB KOHCTPYKITil KiCTSIKa, a TAKOK
3aBIaHHS CTPYMOBHX HaBaHTa)XEHb BCIX OOMOTOK BianoBimHuUX ¢a3. J[s Bizyarmiza-
11i1 30HW aKTUBHO{ YaCTHHU CHUIIOBOTO TpaHc(hopMaTopa B cepeIOBHIII IPOTPaMHOTO
3aco0y FEMM mnipu nociiHOMy KOpOTKOMY 3aMHKaHHI repeadadeHa nodyiosa re-
OMETPUYHOT MOJIEN TSl TIOCKOMapanenbHoi (puc.la) Ta BicecumeTpuuHoi (puc. 10)
3aaui.

3a pesynpTaTaMu MOJCITIOBAHHS OyJI0O OTPUMAHO KapTHHHU PO3MOJLTYy 3HA-
YCHHS 1HIYKINi MarHiTHOTO TOJIS Il MOJIeNiel 3 000Ma TUTIOBUKOHAHHSAMHU 00MO-
TOK, BU3HAYCHO IO MPH JOCIIIHOMY KOPOTKOMY 3aMHKaHHI HaHOUTbIIA KOHIICHT-
partisi MarHiTHOTO TOJISI CITIOCTEPIraeThes B 30HAX 0OMOTOK CHIJIOBOTO TpaHc(hopma-
TOpa Ta XapaKTEPHU3Y€EThCS 3HMKCHUM 3HAYEHHSAM THAYKIN{ MarHiTHOTO ITOJIA.

JeranpHa moOymoBa OOMOTOK 3 3a3HAYEHHSIM KOJKHOTO BHUTKA Ja€ 3MOTY
Oinbm HiK Ha 17% MOMMIUTH pe3yabTaTH PO3PaxyHKY MapaMeTpiB KOPOTKOTO 3a-
MHKaHHSI CUJIOBHUX TpaHC()OpMAaTopiB 3 MNIACKUMU MarHiTHUMHU CUCTEMaMH Ta BH-
MPaB/IOBYE BUTPATH Yacy IS IX pO3PAXYHKY.
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Pucynok 1 —Posmomin iHAyKIii MarHiTHOTO MOJIS B aKTUBHIM YaCTHHI CHIIOBOTO
Tparchopmaropa Tury TMH-1600/20Y 1 B peskumi TOCIIAHOTO KOPOTKOTO 3aMH-
KaHHS JIs IUIOCKOMapajensHol 3aaadi (a) Ta BicecumetpryHoi 3aaadi (6).

YJK 621.313

JHosxenko B.0O.%, Bi6ik A.0.?, HInsuin 0.0.3
Leryn. rp. E-910u HY «3amnopisbka mosiTexHika»
2 cryn. rp. E-210v HY «3anopi3bka mostiTexHika»
3 crapm. Bukn. HY «3anopisbka momitexHika»

OLIIHKA CEMCMOCTIMKOCTI I BIFPOCTIMKOCTI CUJIOBOI'O
TPAHC®OPMATOPA

CelcMOCTIHKICTB 1 BIOPOCTIHKICTh BU3HAYAIOTH HAMIHHICTh BUPOOY 1 CTIHKICTh
HOTo 10 MeXaHIYHHUX BIUTMBIB - BiOpaIliii, 3eMyeTpycis.

Po3paxyHok Ha BiOpOCTIHKICTh 1 CEHCMOCTIHKICTh MPOBENESHUN HA JOCIIJI-
HOMY 3pa3Ky TpaHcpopmatopa TC-63/0,66¥3, 3 ypaxyBaHHAM BHMOT
JACTY I'OCT 17516.1-9Quns rpyn M13 ipu BIUIHBI 3eMJIETPYCiB IHTEHCHBHICTIO
IX 6anie mo ICTY b.B.1.1-28: 2010.

3aBIaHHIM PO3PaxXyHKY € BH3HAYCHHS HAWOUIBIN HANPYKCHHUX 30H, a TAKOXK
BEIMYMHA MaKCHUMAaJIbHOTO HABEJCHOT HATIPYTH 1 pe3yIbTYIOUOr0 ICPEMIIIICHHS.

Haii0inpIn moBHY KapTHHY HApPyKeHO-Ie(OPMOBAHOTO CTaHY AIOTh:

a) Hageneni nanpyru mo Misecy, ie BpaxOBy€eThCS BECh TEH30p HANPYKEHb, a
OTpHUMaHa NpUBe/IeHa BEINYNHA HATIPYKEHb IOPIBHIOETHCSI 3 JIOIYCKAIOTHCSI HAIPY-
roI0.

Kpurepiit Mizeca - 11e 4eTBepTa TEOpist MiI[HOCTI.

a‘l‘ééé = \/15\/(0-6 - Jy )2 + (Jy - Jz )2 + (az - Jx )2 +6 |:ﬁz—xyz + Tyzz + szz) ’(1)

6 ) CymapHi nepemileHHs:
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— 2 2 2
Use =4/Uy +US +U;, 2)
Ie U, Uy, U —TIepeMilieHHs 10 HapsiIMKax 3arajibHoi cucTeMH KoopanHaT XYZ.,

Po3paxyHOK MPOBOJMBCS METOJOM KiHIIEBUX EJIEMEHTIB 3 BHKOPHUCTAHHSIM
nporpamHoro cepemosumia ANSYS. PospaxyHkoBa cxema (TpUBHMipHA MOJEIb)
MaKCUMaJIbHO HaOJIKeHa 10 pealbHOi KOHCTPYKITi. [ MoaenmoBaHHS 0OMOTOK
TpaHcdopMaTopa BUKOPUCTOBYBABCSI YMOBHUH MaTepiall, 1o 3a0e3Ieuye iHepIiiHi
XapaKTepUCTUKU Mozeni. Mozenb 3akpimieHa B MiCIsIX KpiIUIeHHs! OOJITIB B OIOp-
HUX eJIeMEHTaX. 3reHepOBaHa CiTKa aKTUBHOT YaCTHHM TpaHC(hOpMaTopa IpecTaB-
neHa Ha puc. 1,a.

[Ticnst moOy0BM reOMEeTpUYHOT MOJIENi TeHEPYETHCSI CITKa KIHIEBHUX €IeMEH-
TiB BIAMOBIIHO IO PO3MIPHOCTI MOJIEITI.

PesynbTats po3paxyHKy MPeCTaBISIOTHCS rpadiqHo y BUTIIAII 130ITOBEPXOHD
Ha TPUBHUMIPHiA MoJeli ab0o y BUTIISII BEKTOPHOTO YSIBIICHHS 3 HABEIEHOI IIKAJIOIO,
B SIKiHl TA€THCS B3a€MHE BiAMOBITHICTH MK KOJTLOPOM 1 IU(DPOBUMH TAHUMH.

JI71s1 BU3HAYEHHS BIACHUX YacTOT MPOBAJAUBCS MOJALHUHN aHaJi3 Y diarna3oHi
(0.5 ... 100)'1. B pesynbrari aHamizy OTpUMaHO CIIEKTP BIacHuUX gactot: 37,983;
47,184, 73,131; 81,957, 82,048; 82,1, 82,376, 82,82,597; 82,599.

®dopma konuBaHb A yactotd 37,983y BUIIIAAL 130MTOBEPXHI 1 BEKTOPHOTO
ySIBJICHHS ITOKa3aHa Ha puc. 10.

E: Modal

WODE L

Typa: Toed g reton [

LA drr = X i g -=15u ey ‘/[\l
ET] [ : E

nn i

Pucynok 1 —Mopens akTUBHOT YaCTHHH: 8 — MOJIC)Tb aKTHBHOT YacTHHU; 0 — (ho-
pMa KonuBaHb s yactot 37,9830 .

PesynbTats po3paxyHKy Ha BiOPOCTIMKICTh MMOKa3aJId, 110 MAKCUMAJIbHA aMTI-
JiTy[a nepeMilieHb aKTUBHOI YacTuHu gocsria 1,146MM, mio MeHIe T0myCTHMUX
10mm [1, ta6u. 3a], mpu 1bOMY MaKCHMaJIbHi CKBiBAIICHTHI HAMIPYKCHHS B OTIOPHUAX
enemenTax gocsarin 180MIla. TakuM 9HHOM, Gmax <[0]s.
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PesynbTaTi po3paxyHKy Ha CEHCMOCTIHKICTh MTOKA3all, [0 MAKCUMAbHE €K-
BiBaJICHTHE HANpY)KCHHS B OMOPHHUX elleMeHTax gocsarinu 107 MIla, TakuM 4uHOM
Omax <[G] S

PesynbTaTi po3paxyHKiB MOKA3alH, U0, TPAHCHOPMATOP CEUCMOCTIHKUIA MpH
BILUTUBI 3emuieTpyciB iHTeHcuBHicTIo |X 6aniB o JICTY B.B.1.1-28: 201Ga ycra-
HOBIIi HaJl HYJIbOBOIO Mmo3Hauko 70m [2,3].

CIIACOK BUKOPUCTAHOI JIITEPATYPA

1. ACTY I'OCT 17516.1-9013nenus 3nekrporexaudeckue. Oomme TpedoBa-
HUS K MEXaHUYECKAM BHEITHUM BO3JICHCTBYIONINM (hakTopam.

2. ACTY b B.1.1-28:20103axucT Bix HeOE3MEYHUX T'CONOTIYHUX MPOIIECIB,
MIKIJJTMBUX €KCIUTyaTalliiHUX BIUTMBIB BiJ moxex. [1Ikana ceficMidHOT iHTEeHCHUBHO-
CTi.

3. TMucapenko, I'.C. CnopaBOYHHK II0 CONPOTHBICHHIO MAaTEPHUAIOB
[Teker]./T.C. ITucapenxo, A.I1. Skosnes, B.B. Matsees. K., Haykosa nymka, 1988.

YJK 621.313

Bapromuxk B.J1.Y, Booskina C.0.%, Cononosnikosa T.I1.2
Y eryn. rp. E-210v HY «3anopisbka MoTeXHIKa»

2 crapur. Bukn. HY «3anopisbka mosiTexHika»

BUPIINEHHSA 3ABJAHHSI CUHTE3Y KOJIE‘KTQ_PHOi MAIIWHA HA
BA3I PO3POBKH OIITUMIBAINIMHOI MOJIEJIT

BuxopucTaHHs KiHIICBO-SJIEMEHTHOI MOIEII TP MOIIYKY ONTHMAaIbHOT KOH-
CTPYKIIiI eICKTPUIHOI MAIIIMHU JTO3BOJISIE IEPEBECTH 3a1a4y B PO3PS CTPYKTYPHO-
MapaMeTPUIHOTO CHHTE3Y, IO JO3BOJISE NIYKATH Kpalll BapiaHTH KOHCTPYKIIII Me-
TOJaMH TIapaMeTPUYHOT oNTHMi3allii. B sikocTi mapaMerpis, Mo 3MiHIOIOTHCS, TIPU
IOMY MOXKYTh OyTH BUKOPHUCTaHI BEJIMUNHH, SIKi BU3HAYAIOTh TE€OMETPII0 PO3paxy-
HKOBOT 00JIacTi IpW aBTOMATHYHIN TeHeparlil KiHI[eBO-eIeMEHTHOI MOJIETI.

BapiaHTu 1eKOMITO3UIIii MAIIHHA MOXXYTh JIO3BOJIUTH AOCSITHEHHS MaKCUMa-
JLHOT THYYKOCTI TOOYTOBU PO3PaxyHKOBOI 00JIACTI MPU MiHIMAIbHIN KIIBKOCTI BXi-
JHUX TapameTpiB konekropHoi Manmau (KM). [IpakTudHO BCi pi3HOMAHITTS mas3iB
CTaTopa MOXHa 3BECTH O KOMOIHAI[IT YOTUPHOX THIIOBUX KOMIIOHCHTIB, KOKEH 3
SKHX PeaNi3yeThCcs TPhOMa YOTHPMAa BUKOHAHHsAMH. KpiM TOro, M0JaHi HETHIIOBI
TEXHOJIOTIYHI BUIMKHM 1 YCIYE€HHS 3[aTHiI BIUIMHYTH HA CHHTE3 ONTHUMAIBLHOTO
Bapianra. Takox, 0i0I0TeKy TaHHUX €JIEMEHTIB JIETKO PO3IIMPIOBATH B MPOLIECI MO~
JTANTBIIIOTO PO3BUTKY CHCTeMH MpoekTyBaHHsI KM. B pe3ynpTati MOXHA CTBOPHUTHU
migcucremy KM, sika 103BOJUTH OXOMUTH MPAKTHYHO TMOBHUH CIIEKTP MOXIJIMBUX
THUIIOBUKOHAHB SIBHOTIOJIOCHUX 1 HESIBHOTIOJIFOCHHUX MAIIIHH.
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[puHIMNOBKH MiIXiM A0 BUPINICHHS MOCTABICHOTO ONTIMI3aIliOHHOT 3a1a4i
BXKe OyB omnpaiboBaHui. [IpakTniHa 3HAYMMICTH pe3yibTaTy Oy/e MOIAraTH B po-
3po0ui roToBoi Bepcii MporpaMHOro MpoayKTy, SKUi MoXe OyTH BUKOPHCTaHUH Oe3
3MiH MY BUPIIICHH] 3a3HAYEHOTO KJIacy ONTUMI3alifHUX 3a7a4 [Py NPOEKTyBaHHI
KM. HoBusna Takoi onTumizamiiHoOi MoJiesi BU3HAYa€ThCsl caMe THYUKICTIO Imapa-
MetpuyHoi KM, 1m0 103BOJIsSIE BUWTH Ha 3aBJIaHHA CTPYKTYPHO MapamMeTpPUYHOTO
cunrtezy KM.

VY upMmanoMy CTyneHi BHPINICHHS 3aBIaHHS CTPYKTYypHO-IIAPaMETPUIHOTO
CHUHTE3y CHpHUSE BUKOPUCTAHHS B ONTHUMI3alliiHOT MOJIEJi TCHETUIHHUX aJTOPUTMIiB
3aMiCTh METOJIIB HETIHIMHOTO TporpaMyBaHH, SKi BUKOPHCTOBYBAIM paHillle, 1110
TaKOXX € eJEMEHTOM HAayKOBOi HOBM3HH. lle MoOKe MO3BONMTH BHpILIEHHS OII-
TUMI3aliifHNIX 33714 3 ypaxXyBaHHIM AUCKPETHOCTI 1 6araToekcTpeManbHol QyHKmii
METH, Bl YOT0 HEMOXIIMBO 11030y TUCS IIPH CTPYKTYPHO-TTapaMETPUIHOMY CHHTE3I.

Anpo0anist onTuMizamiiiHol Moaeni Ha NMpUKiIanl HesBHoMoMocHoi KM mo-
Ka3aJia MOXJIMBICTh ICTOTHOTO MOJIIIIEHHS Pe3yJbTaTy ONTHMI3anii y HOpiBHSIHHI
3 TIOTIEPEHIMY Pe3yJIbTaTaMHU, IO € JOKa30M O1IbII BUCOKOT €()eKTHBHOCTI pO3p00-
JIEHOT OITUMI3aLiiHOT MOIEIII.

YK 621.313

Kpasuenxko 10.B.%, 3enincekuii 3.C., Spumbam JI.C.2
Leryn. rp. E-910v HY <«3Banopisbka mosiTexHika»

2 1-p. Texn. Hayk, npod. HY «3anopizbka nosiTexHika»

MOJEJIOBAHHA EJTEKTPOMATHITHUX ITOJIB ACHHXPOHHOI'O
JABUI'YHA 3 YPAXYBAHHAM IIOBOPOTY POTOPA

MoenoBaHHs €IEKTPOMATHITHUX TOJIIB aCHHXPOHHOTO JIBUTYHA MPOBOIH-
JIOCh B cepenoBuIli nporpamuoro 3aco0y FEMM, sk 3aransHOmOCTYTHOTO Ta O€3-
KOILITOBHOTO POTPaMHOTO 3aco0y.

3a pe3ynpTaTaMi MOJCITIOBAHHS, OYJIO OTPUMAHO PO3MO/ILI JTiHIN eNeKTpoMa-
THITHOTO TOJIS i3 3a0€3MEeUCHHSAM iMiTallii 00epTaHHs poTopa 3a JOMOMOTOK HOro
YCTaHOBKH B KYTOBI NO3HIIIi 3 KpokoM 45°. J[11s1 KO>KHOTO 3 3aIJaHOTO KyTa MOBOPOTY
poropa (0°, 45, 9C°, 139, 180) Gyna oTprMaHa KapTHHA PO3MOALTY MarHiTHOTO
TIOJISL T PO3PaxOBaHi 3HAYCHHS €JIEKTPOMArHiTHOTO MOMEHTY Ta BHXIiJHOI IMOTYX-
HOCTI.

AHai3 KapTUHU TOJIsI B HOMIHAJIBHOMY PEXKUMi TPHU JOCITiAy HEpOoOOYOoro
XO0JIy TO3BOJIMB 3pOOWTH BUCHOBKH ITPO JIOKAJTI3AIlIF0 MAarHITHOTO TIOJISl B MarHiTHiH
CUCTEeMi, HAOIBIIOTO 3HAYCHHS 1HAYKIiSI MarHITHOTO TOJISI cSTa€e B 3yOISIX CTa-
topa (1,465+2,123Tn) i portopa (1,38+1,98Tn) ¢asu B, Ta y crmuui cratopa
(0,9+1,7Tn) a3 A raC.
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Ha pucynky 1 HaBeneHi po0odi XapaKTEpPUCTHUKH, OTPHMAaHI 3a JOIOMOTOI0
AQHATITUYHOTO PO3PaxyHKY Ta CXEMHO-TIOIEOBOTO MOJICTIFOBAHHS.
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Pucynox 1 —IlopiBHsuIbHIH aHaJ3 pOOOYNX XapaKTEPUCTUK ACHHXPOHHOT'O JIBH-
ryHa 4A250S4/3: a — cTpyM cratopa; 0 — CHIO)KMBaHa eJEKTPUYHA TTOTYKHICTh; B
—xoedinient moryxkHocTi; T — KK/

[opiBHsUTEHUI aHANi3 KPUBUX (DA3HOTO CTPyMY IMOKa3ye, MIO B MEPEXiTHUX
nporecax noxuoka He nepesuinye 2,2%,a y cranomy pexxumi - 0,35%.Anani3 kpu-
BHUX MUTTEBOI CITOKMBAHOT MMOTY)KHOCTI IMTOKA3Y€, IO HAROUTBII BiIXHJICHHS KPUBUX
CIIOCTEPITAIOTHCSI TIPH TIEPEXO/Ii BiJl MIOYATKOBOTO €TAIy MyCKY JIO CTAJIOTO PEKAMY
it He mepeumyoTh 1,6%; 1,1% 0,55%giamosiano. ITicisa nepexomy B ycTaieHUi
PEKHMM 3HAUCHHS TOXUOOK HE MEPEBUIIYIOTh COTUX YaCTOK BiICOTKA. TakuM 4uHOM,
JOCITIPKeHHS JUHAMIKHY eJIEKTPOMArHITHUX MPOIIECiB MPH MIOBOPOTI pOTOPA, J03BO-
JIWJIO iICTOTHO MiABWINUTH TOYHICTH MOJEIIOBAHHS €IIEKTPOMArHITHUX TPOIIECIB
Tpu(da3HOTO ACHHXPOHHOTO JIBUTYHA.

VK 621.313

Boiitkesuu P.1.Y, Tuxosog C.M.?

Leryn. rp. E-910u HY «3anopi3bka IoJTiTeXHiKa»

2 1-p. TexH. HayK, goi. HY «3anopi3bka HOTiTeXHiKa»

TMOJIMIEHHA 3BIKHOCTI ITEPAIIMHOT O ITPOLIECY NTPU
MOJEJJIIOBAHHI EJIEKTPOMATHITHUX ITPOLECIB B KOJIAX 3
KOTYIKAMMUA IHIYKTIBHOCTI 3 CYYACHOIO CTAJJIIO

Pi3ka 3MiHa pesxuMy poGOTH CHIIOBOIO TpaHcdopMaTopa (HaIpHUKIIaI, BKIIO-
YeHHs HOro il HOMiHaJbHY HAIPYyTy) IPU3BOIMUTE J0 MEPEXiAHOrO MPOLECY B HOTO
eJIeKTpOMarHiTHoO1 cuctemi. [lepeximHuii mpoiec MOXKe MPOTIKATH TaK, IO MarHiTo-
MPOBIJ BXOJUTH B IIOBHE HACHYEHHS, & KUIOK CTPYMY MOXeE B JICCSITKU pa3iB mepe-
BUILUTY HOMiHaJIbHE 3HaYeHHs. TOMy 3aBJaHHs OLIIHKH NEPeXiHUX MPOLECIB MPH
Ppi3Kiii 3MiHI peXXUMy poOOTH CHIIOBOTO TpaHC(hopMaTopa ado KOTYIIKH 3 epomar-
HITHUM CEpJICYHHKOM € aKTyaJIbHOIO0. B manmii yac Taxky OIiHKY IIMPOKO MPOBOJSTH
3a JIONIOMOTOI0 MOJICTIFOBAHHS €JIEKTPOMArHiTHUX IPOLECIB B CXeMaX 3aMillleHHs
TpaHcopmaropa 1 eIeKTpUYHOTO KoJia, B Ky BiH BKIroueHHid. TpanchopmaTop
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PO3TTIAETHCSA SIK EICKTPOMArHITHE KOJIO, III0 MICTHTH TOB'SI3aHi MiXk COOOIO TUITKA
pi3HOI MPUPOAHU. 3a ENEKTPUYHHIM TiJIKaM MPOTIKAa€e eICKTPUYHUI CTPYM, a MO Mar-
HITHUM T1JIKaM - MarHiTHUH MOTIK. EXeKTpu4Hi cTpyMH, 10 MPOTIKAIOTH 110 0OMOT-
KaX, CTBOPIOIOTH BIJIIIOBIIHO /10 3aKOHY MOBHOT'O CTPYMY MarHiTOpyIIiiHUX CHIIH, 1
1Ie BPaXOBY€ETHCSI BBEICHHSIM B KOJIO JKEPEN HANPYTH, KEPOBAaHUX CTpyMOM (iHYC).
MarsiTHi MOTOKH, IO MPOTIKAIOTh 1O TiJIKaX MarHiTOMpPOBiTy, BIIMOBIAHO 10 3a-
KOHY €JIEKTPOMArHITHOI iHIYKIIii CTBOPIOIOTH B 0OMOTKaX JA0AaTKOBi HampyrH. Lle
BPaXOBYETHCSl BBEJICHHSM B KOJIO JDKEpell Halpyry, KEPOBaHUX MOXIITHOI MarHiT-
Horo noToky (IHY dd/dt). [l MomentoBaHHs THUHAMIYHHUX €IEKTPOMArHiTHUX IPO-
[[ECiB B TAKMX CXEMaX 3aMIIICHHs po3poOiicHa crierianizoBana nmporpama COLO.
OcranHiM yacoM B TpaHchopMaTopoOyIyBaHHI 3HAXOAUTH IIUPOKE 3aCTOCYBAHHS
XOJIOJIHOKATaHa TEKCTYpOBaHa €JCKTPOTEXHIYHA CTajb. L[ cTamb B MOPiBHSIHHI 3
rapsiueKaTaHol CTaJUTI0 Mae Oifbllle 3HAUEHHS MarHiTHOI MMPOHMUKHOCTI 1 OlibIIoro
3HAYCHHs MAarHiTHOI iHAyKUil HacudeHHs. [Ipu upomy 3anexHicte B(H) xomoano-
KaTaHOi TEKCTYPOBAaHOI CTali Ma€ BHUIVISAA Pi3KO 3MIHIOETHCS (DyHKLUIT BiX HyJS 0
MAarHITHOI 1HIYKIi1 HacuueHHs. L{e mpU3BOIUTE MO MOSBH TCHICHINIT PO30IKHICTH
00YNCITIOBAIILHOTO NPOLIECY ITPH MOJAEITIOBAHHI.

IMocTaBieHe 3aBIaHHS BUpIIIEHE 33 JOMNOMOIOI0 MPOrPaMHOTO KOMILIEKCY
COLO, pospobdaenoro asropom crarti. [Iporpama COLO mpusHayeHa ais pospa-
XYHKY YaCOBHX 3aJIe)KHOCTEH CTPyMiB, MarHiTHUX IMOTOKIB, €JIEKTPUYHHUX 1 MarHiT-
HHX HANpyT B Oy/b-SIKHX €IEMEHTAX B3a€EMOIIOB'SI3aHUX €JIEKTPUYHUX Ta MATHITHUX
HeNiHIHHAX KiJ.

Bebep-amriepHi XapakTepUCTHKHM HETIHIHHMX MarHiTOINPOBOJMIB 3a/1al0ThCs
MacHBaMH OTIOPHHUX TOYOK MATHITHHX HANpYT i MarHiTHHX MOTOKiB. ToMy Bu3Ha-
YEHHSI HANIPYTH MO 33AaHOMY CTPyMy B MPOMDKHHMX TOYKAax B MPOLECi OOYHUCICHB
BUKOHY€ETHCS 3 BUKOPHCTAHHAM CIUIAiH - iHTepromsnii. MacHBU OMOPHHUX TOYOK
KPUBHX HAMArHid1yBaHHS OTPHMYIOTh EKCIICPUMEHTANBHO, @ EKCICPHMEHTAIIbHI TO-
YKH 3aBXAM MalOTh JesKuid po3kun. Lleit po3kun Moxke OyTH NpUYMHOIO PO3XO-
JUKCHHSI iTepaIiitHOro Mporiecy, KA BUKOHYETHCS HA KOXHOMY KpOIli 1HTErpy-
Bauus. Y nporpami COLO xapakTeprCTHKN HEIHIHHUX SIEMEHTIB 00POOIIAIOTECS
CHEIiaJIbHAUMH CIUIaMH-(QYHKIIAMHE, 1[0 BUKIKKaOThCS 3 Spline Toolboxcucremu
Matlab.V Spline Toolboxiepen6auena po6oTa He 3 CAMHUMH XapaKTEPUCTHKAMH, a
3 ix pp-bopmamu (HabopaMu KOE(iLi€HTIB CIUIARH-IHTEPIIOIALII), IO CIIPOILYE all-
POKCHMAIIiIO i mprcKoproe obuuciaends. Otpumaru pp-popmy B cuctemi Matlabmo-
JKHA 3a IOMOMOTor0 omneparopa: pp = csapi (MB, MH)ge MB, MH - Bextopu oro-
pHuX To4ok s B i H kpuBoi HamarnivyBanus crani. Y Spline Toolboxe takox
MOXJIMBICTh BUKOPUCTAHHSI 3TJ1a)KyBaHHS CIUIAiHA 3 3aaHUM KOe(illieHTOM 3rJ1a-
oKyBaHHs. OfHAK U Pi3KO 3MIHIOEThCS (DYHKIIT BUKOPHCTAHHS 3TUIAIKYBaHHS
CIUTaiiHa MPU3BOAUTE 0 HEANeKBaTHOIO PE3yNIbTATy. SIKIIO 3riaKyBaHUil CIUTaliH
3acTOCyBaTH 10 Jorapudmy 3aiexHocti INH(B), To oTpumaHa anmpoKkcUMallisi BUKO-
HYETBCS a[ICKBATHO 1 IIPU IIbOMY 3TJIaKYETHCS PO3KH] EKCIIEPUMEHTAIBHUX TOYOK
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KpHUBOi HaMarHiuyBaHHs. Lle NpU3BOAUTE IO MOJIINIIEHHS CTIHKOCTI YNCIIOBOTO Me-
TOJY, LII0 32aCTOCOBYETHCS IIPH MOJICTFOBAHHI €IEKTPOMAarHiTHOTO IPOLECy .

VK 621.313

Cotyna O.J1.1.%, Tuxoson C.M.?

Leryn. rp. E-910v HY <«3anopisbka nosiTexHika»

2 1-p. TexH. HayK, gou. HY «3anopi3bka HOTiTeXHiKa»

PO3PAXYHOK INEPEXITHUX ITPOLECIB B EJJEKTPUYHHUX KOJIAX
3 BUKOPUCTAHHAM INOJITHOMIB YEBHUIIIOBA

JIost imKeHepiB-eNeKTPHUKIB, SKUM BayKTuBa (Di3udHa CyTh MaTeMaTHIHUX JIiH,
NPECTaBISIETECS HAOYHIIIMM, SKIIO MaTeMaTH4YHA OIepalis CyNpPOBOJIDKYETHCS
CXeMHOI0 MoJesuTio. Po3pobiieHa 3acTymHa cxema BiJllloBigae MepexiHOMY Tpo-
IIeCy TakK, IO BiH MOBHICTIO OMUCYETHCS areOpaidHiMu piBHIHHSIMEA. CXeMHa MO-
JIeTIb JI03BOJISIE BiJl €IEKTPUYHOTO KOJIA, B SIKOMY MPOLIECH XapaKTePH3YIOThCs 1HTe-
rpo-andepeHiaIbHIMH PIBHIHHIMH, IEPEHTH 10 KOJIa 13 300pasKeHHAMH CTPYMIB,
JUTSL SIKUX CIIpaBeUTHBi 3akoHH Kipxroda, 1o NpUBOIATh O aNreOpaivHuX PiBHSHE.
Lle BimKprBae MOXIIMBICTH BUKOPHCTaHHS BCHOTO 0araTOMaHITHOTO arapary Teopii
KiJT 17151 poOOTH i3 300paskeHHAME CTpyMiB. Moaudikailisi YMCIOBOTO METOY, IO
CYIPOBOIXKY€ETHCS CTBOPSHHSM aJIEKBATHOI CXEMHOI MOZIEIII, € «IIPY’KHBOIO» IS 1H-
JKEHEPiB-eNeKTPUKiB. MoaudiKaIlisi 4UCIOBOTO METOY J03BOJIHIIA PO3POOUTH CHC-
TeMy MOJCIIOBAHHS NEPEXiJHUX IPOLECIB, SKa Ia€ MOXKIHMBICTh BUKOPHCTOBYBATH
IDKepeia HalpyTH, KepoBaHi CTPYMOM, a TAKOXK MOXiTHOIO CTPYMY.

Po3riIssHEMO OJHOKOHTYpPHE KOJIO, 110 MIiCTUTh pe3ucThBHUM (R), 1HIyKTHB-
auii (L) i emuicauii (C) eneMeHTH, BKIIOYEH] MOCTIIOBHO. Xal 10 KOMyTallii KOH-
neHcatop OyB 3apspkenuii 1o Hanpyru Uc(0). Ipu mimmukansi mpu t=0 mxepena
3minHOi EPC e(t)y ko:i BigOyBaeThcs MepexiHuil mpoLec, SKUi OMUCY€eThCs JiHii-
HHUM iHTerpo-audepeHIiaJbHuM PIBHSIHHAM 3 IIOCTIHHUME KoedillieHTaMu:

L%+ Ri+é;[i(t)dt+uc ©) = &(t) - @)

Po3B’ 130K IIyKAE€THCS B 4acoBiit o0aacTi 7, mo ckiaagaerbes 3 N KpokiB (ki
MOXYTh OYTH HEOJHAKOBMMH). By3/10Bi TOukH mo3Haummo to, ti, to,... f-1.

Po3B’ 130K 1151 CTPyMY, K QYHKILIO Yacy, B iHTepBai [to, tn-1] anpokcumyemo
noniHoMoM Yebumosa 1-ro pona:

i(t) = p(t) = CoTo (t) + ClTl(t) + C2T2 (t) te CN—lTN—l(t) ' (2)
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J71st anmpOKCHUMYHOYOTo MoniHoMa (2) 3aaM0 yMOBY, IO B TOYKaX tk JimeHHs
IHTEpBaJIy 3MiHH apTyMEHTY

i(t) = p(t,) @)
ma k=0,1, 2, ...N-1.
ITpu po6oTi 3 mosinomMaMu YeOuiosa B IKOCTI apryMEHTY 3py4Hillle BUKOPH-
cTaTH He 9ac t, a 3MiHHy X, B inTepBaii [-1, 1].

Skmro ymoBy (3) 3ammcats Uit KOXKHOI TOUKH Xk, TO OTPHMAEMO CHCTEMY JIi-
HIHHUX anreOpaiyHuX PiBHSHB:

Colo(Xo) + &T1(%) + CoT,(%g) + -+ Cy_i Ty -1(X%) =g
Colo (%) + CTy(%) + €T, (%) + - Cy T4 (%) = i(%) 4)

CoTo(XN—l) + C1T1(XN—1) + CZTZ(XNfl) *ee CNTNfl(XNfl) = i(XN—l)

Sximo Bpaxysaty, mo T,(X) =1, To 3 mepuoro piBHAHHA cucTeMu (4) MOXHa

OTpHMATH:
Co =ig = [CT1 (%) + T, (%) + -+ Cyoy Ty-1(Xo)] 5)

BinniMemo 3 Beix piBHsAHB cucTeMd (4) mepiie piBHSHHSA, 3 ypaxyBaHHsaM (5)
OJIEp)KyEMO CHCTEMY y MaTpHuHii (opmi:
VIT = I —o, (6)
nae V - marpuus B cuctemi (6) mis obuncnenHs koedilieHTiB po3knany GyHKil
ctpymy 1o oniHoMax Yebummosa; C = [C1 Co... Cn-1]T — BekTOp KoedimienTin momi-

Homy (2) 6e3 koedimienta ao; | = [i(t1) i(t2)... i(tv-1)]" - BexTOp 3HAUEHH CTPyMY B
omopHux Toykax 1, 2,..N-1.

IMpomudepeniiiroemo Bupas (2):
di . ' '
a = C_I.Tl(t) + Csz(t) e CN—lTN—l(t) e e (7)
Skuio B (7) miACTaBUTH 3HAYCHHS Yacy t IUTs TOUOK 1y, b,... \-1, TO OTpUMaEMO
CHCTeMy JIHIHHHUX PIBHSHB, SIKa B MAaTPHYHINA (OpMi Ma€e BUTIISL;
I'=DC, (8)

ne: 1" =[i'(t) i' (t2)... I' (tn-1)] " — BexTOp MOXimHUX cTpyMy st Towok k=1, 2,...N-
1
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I[Mpointerpyemo Bupas (2) Big HynboBoi 10 K-if Touku 3a 3Minu Homepa K Big 1
1o N-1.Otpumaemo cucremy B MaTpuuHii Gopmi:

J=SC+A- o, 9
ne J —BekTop iHTerpaiis s 3Havens k=1, 2,..., N-1;
A:[51 52 a_N—l]T;ém:Xm_Xo- (10)
Posmumremo piBasiHas (1) 3 ypaxyBaHHsIM anpokcumariii (2) mst touok K = 1,
2,..., N.Orpumaemo B MaTpuuHiii popmi Bupas:
LI'+RI + BJ +ug, =€, (11)

ne B=1/C; e —Bekrop 3nauens EPC mkepena B TOUKax IOTOYHOIO YaCOBOT'O iHTEP-
Bany; Uco - 3HAYCHHS HATIPYTH HA KOHIACHCATOPI Ha MOYATKy 1HTEPBaYy.

Skwo mincraButy y Bupas (11) marpuui | (6), I' (8), J (9),r0 orpumaemo:
(LD+RV +BS)C =e-u,, —Ri, -BAli, ....(12)

Pieusiaus (12) MOXKHA IHTEPIIPETYBAaTH TaKMM YMHOM. Hexail y movaTkoBiii
BiTii R-L-C mpotikae ctpym i(t). 3rimso 3 piBrsauaM (12)1ii Bianosigae 3actymnna
BiTKa, B sAKii mpoTikae 300paxenns C crpymy i(t). Ilpu umpomy B 3acTymHiit cxemi
PE3UCTHBHUI €JeMEeHT Mae oneparopHii omip RV i MocnizoBHO 3 HUM Ha3ycTpid
cTpyMy BKiouaethes mxepeso EPC RAp. [HAyKTHBHUIT €IEMEHT Ma€ OmepaTopHiit
omip LD, a emuicHuii enemeHT — BS i mocnigoBHO 3 HUM Ha3yCTpid CTPYMY BKITIO-
yaethbest jokepero EPC BAigtuco.

JloBezieHo, 1m0 y By3/1ax 3acTymHOI cxemu Juid 300paxens C crnipaBennuBuii
3akoH cTpyMiB Kipxroda.

PeanpHoMy cTpymoBi i(t) BianmoBimae BekTopHe 300paxkeHHs C B 3acTymHii
cxemi. Bei 300paskennst crpymy C B 3acTyIHi# cxemi 3a10BOJIBHSIOTH 3aKoHaM Ki-
pxroda, SIKIIO 3aCTyMHA CXeMa CKIAAAETHCS 38 CHOPMYITHOBAHUMHE MPABUIAMH.

VY pe3ynbTaTi po3B’ 3Ky CUCTEMU JiHIHHUX anreOpaiuHuX piBHIHB, IO CKJIa-
neHa 3a 3akoHamMu Kipxroda, oTpuMyeMO BEKTOPH MOJIHOMiaTbHUX KOEQIIliEHTIB
Ck tst BCixX BITOK. 3HAIOYH TSI OYIb-SIKOT BITKHM KOC(IIIEHTH ITOJIIHOMY, 3HAYCHHS
io y mo4aTKoBiii Toumi tp 1 HAMPYry Ha KOHIEHCATOpi Uco, MOKEMO BHPaxyBaTd
3HAYEHHS CTPYMY 1 HAlIpYT'H Ha KOHJICHCATOP1 Y BCIX TOBUIBHUX TOYKaX Oy/b-sSKOTO
3 N-1Biapi3kiB B iHTepBai yacy [to,In-1] .

Ha Benukux intepBanax 3minu t >> N 7 piasinas (12) po3s’ si3yBaTé METOAOM
IUKJIIYHOTO TIOBTOPEHHS, 30IBIIYI0OYM KOKHOTO pa3y IOTOYHHH Yac Ha 7.
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[MopiBHAHHA NMPOIIECOPHOTO Yacy po3paxyHKy MOJETBHOI 3a/1adi 3apOoroHO-
BaHMM METOZOM i MeTo0M ['ipa rmokasaio, 1110 3arpoIroOHOBAHUH METO] Ma€ LIBHI-
KOJIit0 OLIBII Hi’K B YOTHPH pasu BHILY 3a 6aratokpokouid meron ['ipa.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. BacuiseB, H.W. Ilpumenenne nomuaoMoB YeObleBa B YMCIEHHOM aHa-
muse [Texct]/ HW. Bacunbes, FO.A. Kiokos, A.S. lllkepcrena. — Pura.: 3unarhe.
—1984. — 24@.

YJIK 681.527.2

IMoayc O.P. %, Tuxosox C.M. 2

Leryn. rp. E-919v HY «3anopisbka nositexHika»

2 1-p. TexH. Hayk, npod. HY «Banopizpka nomirexHika»

PO3POBKA MATHITOEJIEKTPUYHUX CXEM 3AMIIIEHHS, SIKI
BUKOPUCTOBYIOTb I'TPATOPHO-KOHAEHCATOPHI MOJIEJII

MoentoBaHHS € HEBIJ EMHOIO YaCTHHOIO PO3POOKH €IEKTPOMArHITHUX TPH-
CTpPOiB, HANPUKIIA, TpaHCHOPMATOPIB.

B nmanmit wac MozmenroBaHHA MEPEXiTHUX MPOIECIB B EICKTPUIHUX KOMIDICK-
cax, MOB'I3aHHUX 3 EJIEKTPOMArHITHUMH IIPUCTPOSIMH AOIJIBHO MPOBOAUTH METO-
JlaMU Teopii eJISKTPUYHHX 1 MarHiTHUX KiJ, SIKi B3a€MOJIIIOTH MiXk coboro. O6'etHane
MarHiTHe 1 eeKTpUYHE KOJIO CKIIaJaloTh TaK 3BaHy MarHiTOEJIEKTPUYHY CXeMy 3a-
mimienns (MEC3), sika MOIETIOETBCS SIK €AMHE KOJO.

I'iparopHo-koHaeHCaTOpHUK MeTo MonemoBanHs MEC3 3 BUKOpUCTaHHAM
MOHATTSI KMATHITHUH CTPyM» - IIe KpOK Briepen] B MoenmtoBanHi MEC3. 1le nae mif-
cTaBy A Moau(ikariii MaTeMaTHYHOI MOJIENi, sKa TIOKJIaJieHa B OCHOBY YHiBepca-
JBHOTO TIporpamMHoro komiurekcy Colo,a Takox JoOmpaoBaHHs CaMOT0 TIPOTPaM-
HOTO KOMITJICKCY.

PosrisiHemMo 3aMKHYTHIH (QepoMarHiTHUH MarHiTOTPOBiA MOBXHHOIO £, Ha
SIKOMY PO3TallloBaHa KOTYIKa, sika MicTUTh N BUTKIB. SIKIIO TiAKIIOYATH A0 KOTY-
KA HKEperto 3MiHHOT HanpyTH €(t), To Mo BUTKaM KOTYIIKU TIOTEYUe eJICKTPHIHMI
ctpyM i(t). BinmoBigHo 10 3aKOHY TIOBHOTO CTPYMY MOXKHA 3aIUCATH:

HM:N“ (1)

VY pobotax M.A. [llakipoBa 3arrpoImOHOBaHO BUKOPUCTOBYBATH TOHSTTS Mar-
HiTHOTO cTpyMy 3Mimennsi* = d®/dt no amanorii 3 eneKTpUYHUM CTPYMOM 3Mi-

mieHHs miineHicTIO D/ dt. [MomiOHO DO ENeKTPUYHOTO CTPYMY 3MIIICHHS, IO
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NPOTIKaE Yepe3 €EMHICHUH €JIEMEHT, MarHiTHUI CTPYM 3MIICHHS! TIOBHHEH IMPOTi-
KaTu 4epe3 MarHiTHuil eMHicHUit exeMeHT C. [Ipoxudepenioemo Bupas (1) 3a va-
CoM:

dH dB di

- —/=N—

dB dt dt )

Pucynox 1 - 3amkHyTHI pepoMarHiTHUN MarHiTONPOBil, Ha SKOMY PO3TalloBaHa
KOTYIIKa

ITepeTBopuMo Bupas (2), BAKOPUCTOBYIOYH NO3HAYEHHS AU epeHIiaTbHOT Ma-
THITHOT IPOHUKHOCTI 19 = d%H :

(do i, 3)

S dt T dt

Je S- rionia nonepeyHoro nepepizy MarHiTOonpoBoOIy.

3rinHo 3i Bupasy (3) MoKHa 3amUcaTH:

o NI, 7 (4)
d)——g =i

STy
BukonaeMo (opmasibHe epeTBOpeHHs Bupasy (4), BBOASYH AU epeHIiaNbHY
€MHICTB!
. , du
i“=@'=C ¢ —m, (5)
dt

ne Cpd - nugepeHIiabHa EMHICTh TaK 3BAHOTO MAarHiTHOTO KOHICHCATOP
3riauo 3 (4,5)

Ni'=d'/cC,* (6)
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Toxi M/IC u marHiTHa Harpyra:
Ni=d/c°. W

B3aemMHMIT BIUTMB €IEKTPHYHOTO Ta MATrHITHOTO KiJl 3MIIHCHIOIOTH 3a JIOTIOMO-
roro ripartopis. ['iparop Bnepiie 3anpornoHoBanuii Tenemkenom. ['ipaTop € eneme-
HTOM KOJIa, IKUil Mae 1Ba moptu (puc.2).

11 12

Pucynok 2 - [To3HaueHHS ripaTopa Ha cXemi

CtpyM 1 Hampyra Ha BXO/Ii 1 BUXO/Ii TipaTopa 3B's3aHi CITiBBiJHOIICHHIMHU:
U, =R,
U, =R0O,

(8)

ne R -koedimient riparii.

Bynemo inrepnperyBatu Bupa3s (7) HACTYITHMM YHHOM. Y CXeMi 3aMillleHHs
MAar"iTHOI BITKM € MarHiTHUI CTpyM, piBHHU MOXiTHIH MarHiTHOTO MOTOKY. Y Mar-
HITHY BiTKYy BKJIFOUEHWH MarHiTHUH KOHIEHCATOP 3 AuQepeHITiaTbHOi EMHICTIO.

BB MarHiTHOI BITKM Ha KOTYIIKY, & TAKOXK BIUIMB KOTYIIKA Ha MAarHITHY
BITKY BpaXxOBaHO BKJIIOUCHHSM riparopa 3 koedirienrom ripauii N (puc. 3).

N

Crm =

Pucynok 3 - Cxema 3amitneHus koTymku (puc. 1).
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MECS3 posriasigaeTbes, SIK €JUHE KOJIO, JUISl IKOTO CKJIaJAI0ThCsl PIBHSHHS 32
3akoHaMu Kipxroga i BUKOHYETbCS pO3paxyHOK YHCIOBUME MeToAamu [1-3].

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Tellegen, B.D.H. The gyrator a new electric ratnelementText]/B.D.H.
Tellegen // Philips Res.Rep. —1948(-3.-p. 81-101.

2. TuxoBox, C. M. MojentoBaHHsI EPEXiTHUX SICKTPOMATHITHAX MPOIICCIB B
TpaHcopMaTopax Ha OCHOBI MarHiTOGIEKTPUYHHUX CXeM 3aMilieHHs: [linpydHuk
[Texcr]/ C.M. TuxoBoa. —3anopixoks: 3HTY, 2017. — 94.

3. Tuxosox, C. M. MoaenupoBaHue MEPEXOIHBIX MPOLECCOB B AJIEKTPOMAT-
HUTHBIX YCTPOUCTBAX HA OCHOBE MArHUTOAJICKTPHYCCKIX CXEM 3aMEICHHS C Mar-
auTHBIME KoHeHcaTopamu [Tekct] / C.M. Tuxosox, Y. Tokmakos // EnekrpoTex-
Hika Ta enektpoeHepretuka . — 2013. —Ne 1 . — C. 5-12. —Pexum mocrymy:
http://nbuv.gov.ua/j-pdf/etee_2013 1 3.pdf.

YK 621.313

Pypenko b.B.%, Kpapuenko M.B. 2, Tuxosox C.M.3

Y eryn. rp. E-910v HY «3anopiszbka MoTeXHIKa»

2 cryn. rp. E3-210m HY «3anopi3bka MosiTexHiKa»

3 1-p. TexH. Hayk, mou. HY «3anopi3bka HOTiTEXHiKa»

METOJUKA I KOMIT'FOTEPHA ITPOT'PAMA MO/JEJIIOBAHHS
EJEKTPUYHHUX ITPOLECIB ¥ KOJIAX 3SMIHHOI'O CTPYMY
JOBIJIBHOI KOH®IT'YPAIIII

JIist po3paxyHKy eIEKTPHYHHX KiJI OKJIAJICHI TP OCHOBHUX 3aKOHU: ITCPIITHHA
- 3akoH ctpyMmiB Kipxroda (3CK), apyruii - 3akon Hanpyr Kipxroga (3HK) u 3akon
3B'A3KY CTPYMIB U HAIPYT €JIEMEHTIB (XapaKTEPUCTHKH BiTKi).

Mu Oy1eMO BUKOPHUCTOBYBATH TOTIOJIOTIYHI METO T JJIsS aBTOMATHYHOTO CKJIa-
JIAaHHS JIIHIHHIX anreOpaidHix piBHIHL HA OCHOBI 3aKoHiB Kipxroda.

Tomosorist cxeM po3risffac Taki BIACTUBOCTI CKIAIHUX CXEM, SIKi MOB'sI3aHi
TIJTBKHY 3 CIIOJIyKOIO BiTOK.

[MpupoaHiM NUISIXOM A1t ONHCY iH(pOpMaIlii, € 300pakeHHs CIIPSIMOBAHOCTEN
rpada Gd,uro Bignosinae gauiit cxemi N y BiIIOBIIHOCTI 3 HACTYITHUM MPABUIIOM:
KoxeH eneMeHT 3 TBOMa BUBOJIAMH 3aMIiHIOETHCSI HA JTIHIHHUA CErMEHT, 3BaHUU Ti-
JIKOYO, YTO MA€ CTPUIKY B TOMY HANPSAMKY, B IKOMY MPUAMAETHCS IOSUTUBHUH Ha-
npsimok Ctpymy uepes Lo BiTKy.

Xoua cnpsimoBanuii Tpa) Gd, MOBHICTIO OMUCYETHCSI CIIOTYKOIO U OMOPHUX
HaIpSMKY BITOK CKJIaJTHOI CXeMH, 1151 popma Bupa3y HE3pyIHO IS 3aIUCy B TIaM 'STi
EOM. [Inga 3ammcy B 1M(poBOMY BHII HaW3py4YHIiNlE TPEICTABICHHS Yy BHII
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MatpuLb. [HbopMmaris, o MicTiThes B HanpsaMKy rpadi Gd inopmartis Moxe OyTi
MIOBHICTIO TIPE/ICTaBJICHA MATPHUIICIO, 3BAHOT MATPHUILICIO 1HIIIICHITIH.

st cipssmoBanocTeit rpada Gd3 N By3namu u b BiTkamu MaTpHIIEHO iHII ICH-
it € N x b matpuis:

A =la] (1)

ne aij = 1, 9KIo BiTKa | HaNEeKUTh B3y i il CTpiska cpsiMoBaHa BiJ By3na i; ajj = -
1, sIKIIO BiTKA j HANEXKHUTH BY3ITY i i cTpinka cripsiMoBaHa 10 By3na i; aj = 0O, Ko
BiTKa ] HE HAJICKHUTH BY3IY I.

Jiist Toro, mo6 KoMIakTHO onucaTh piBHAHHS 3HK y BUTIIAmI €1UHOTO MaT-
PUYHOTO PiBHIHHS, HEOOXiTHO BBECTH 1HIITY MATPHITIO, SIKA HA3UBAETHCSI MATPHUIICIO
KOHTYpiB (MaTpHUIIEI0 CXEMH), IO BiAIOBigae crupsmMoBaHoMmy rpady. PosrisHemo
cupsmosanuit rpad Gd.Hexait 8 Gd6yne nbxonTypis. KoxkHOMY KOHTYPY IIpHIIH-
CaHa OJ[HAa 3 TBOX MOKJIMBHX OPIEHTAIIiH, IKi OXOTILTIOIOTh CTpUTKaMu. Taki KOHTYypHU
Ha3WBAIOTHCS OPIEHTOBAHUMH. J[aMO HACTyMHE BU3HAYCHHSI.

Matpuus koHTypiB Ba. I cnpsimoBanoro rpaga Gd3 b Bitkamu i nb opien-
TOBaHMMH KOHTypaMU MaTpPHIlsl KOHTYpPiB Oyjae nb X bmarpuiero:

=[] @

ne bj = |, sIkmo BiTKa | BXOJMTH B KOHTYP i Ta X HaIpsiM OfHAKOBO; bij= - 1, sxiio
BiTKa j BXOJAUTH B KOHTYp i Ta iX HampsaM mpoTwiexHuii; by = 0, saxuio BiTKa j He
BXOJIUTH B KOHTYD I.

3akon crpyMmiB Kipxroda popmymoerbes Tak: anredpaiuHa cyma CTpyMiB, 10
BXOJSITh (BUXOMAATH) B OyIb-SKUi BY30J CKJIAJHOI CXEMH, 3aBXKIH JOPIBHIOE HYIIO.
Binbm 3aransna ¢popma 3CK roBoputs, 1o anredpaiuHa cyma BCiX CTpyMiB depes
MIEpETHH 3aBX/IH JOPIBHIOE HYIIIO.

Jpyra popma 3CK € GinbIn 3araabHO0, TOMY IO TEPETHH MOYKE OXOILTIOBATH
BCI BITKH, IO CXOJATHCS Y BY37Ii, @ MOXKE 1 HE OXOILTIOBATH.

106 BucnoBuTH piBHSAHHSA y3aranbHeHOTO 3CK y BUTIIAAI €QUHOTO MaTpud-
HOTO DPIBHSIHHS, BBEJACMO IHITY MATPHINO, SKa HA3UBAETHCSI MATPHUIIEIO MTEPETHHIB
(crocoBHO MOAHOTO Tpady).

Marpuns neperuny Da. [l cipsimoBanoro rpada Gds b Bitkamu i nc opien-
TOBaHMMH MEPETUHAMU MU BU3HAYAEMO MATPHUIIIO MIEPETHHY K NC X b MaTpwHIlio Ha-
CTYITHOTO BHIY:

Pa :{dij} ©)

86



ae dij =1 JIKIOIO BiTKa | 3HAXOJMTHCSA B MEPETHHI i Ta iX HampsM 30iraroTbCs;
dij =-1 L - .. d; =0
, AKIIO BiTKa ] 3HAXO/MTHCS B MEPETUHI | Ta iX HANPAM MPOTHIEKHI; I

SKIIO BiTKa | HE rmepeOyBae y IepETHHi.

Tenep Mu mokaxxemo, sk Matputi A, B i D MoxyTs Oyt oTprMaHi 3a 1omo-
moroio EOM. Ile € cyTTeBUM KPOKOM y PO3BUTKY JAESKHUX OPIEHTOBAaHMX Ha KOPHC-
TyBada MporpaM MaIIHHHOTO aHAJi3y CXCM.

OTtpumManHs MaTpuli A, Birkam rpada cxeMu My CTaBUMO y BiJIIOBiAHICTH
MOCITIIOBHI YKCIIa, 3BaHi HOMepaMHu BIiTOK (3a3Buuail moumHarothes 3 1). [oai6Ho
JI0 TILOTO BY3JiB rpada CXeMH CTaBIATLCS Y BiAMOBIIHICTH HOMEpa BY3JIB, SIKi Ta-
KO € ITOCJIIJOBHUMH YHCIIaMH, 1[0 TOYMHAIOTHC Bix 1. SIkmio BiTKa K 3'eqHye By-
30IM | Ta | i3 CTPiNIKOI0, HAIIPABJIEHOKO JI0 BY3JIa, MU 3aIIMCYEMO iH()OPMALIiI0 HACTY-
mauM koxoHis: (K, i, j).

Kosxen TpumeT urcen Moke OyTH BBEACHUH B MaIIAHY.

Po3pobnena maTeMaTHYHa MOJICITH IPH3HAYCHA IS Peati3aliii B BUTIISAI TIPO-
rpamMHoro komruiekcy Complex. [lani 3aaroThCst y BUIJIAIL PSIOKIB TEKCTOBOTO
¢aiiny. Crouatky 3a momomororo miamporpamu DataCircuit Bupo6isieTbesi BBe-
JICHHS PSIIKIB TEKCTOBOTO (haiiiry i epEeTBOPCHHS B YHUCIOBUI MaCHB.

Just orpumannst Matpuns B i D EOM noBuHHa cniowatky 3xificHUTH BHOIp
nepesa. Jlyxe gacto aepeBo T MOBUHHO OyTH BUOPAHO 3 YpaxyBaHHIM JESKUX ITO-
MIEPEeIHIX BUMOT JI0 TMOPSIAKY PO3TIISAAY Pi3HUX THIIIB CXEMHHX €JIEMEHTIB, IO BXO-
IISITH B JICPEBO.

TakuM YMHOM, MalOYX MATPHITIO IHIIUACHITIH 1 IepeBO JAHIIOTa, MOYXKHA OTPH-
MaTH MaTpHIli IEPETHHIB 1 KOHTYPiB, IO IOCHThH JUIS TIOOYIOBH MOBHOI CHCTEMH
PIBHSIHB, CKJIQJICHUX 3a 3aKOHaMU cTpyMiB i HarpyT Kipxroda.

Ha migcTaBi BHKJIageHOTO pO3pOOICHHI MPOTPaAMHHNA KOMILIEKC, IO CKJIaja-
€ThbCA 3 TONOBHOI mporpamu Complexi mianporpamu DataCircuit.

TaOnuis BUXITHUX JTaHUX HAOMPAETHCS B peHaKTOpi «BIOKHOT» i momimia-
€TBCS B TIANKY 3 OCHOBHOIO MPOTPaMOI0 1 TiAMPOTrPaMoro.

[Micns mycKy BUAAIOTHCS 3HAYCHHS MATPHII 1HIIJICHIIIN 1 BEKTOP 3HAYCHB BCIX
CTpYMIB.

Buxmanena MeTouka, peaizoBaHa y BUTIISAII TPOTPaMH, BiIPI3HAETHCS THM,
0 PO3PaXyHOK CTPYMiB BUKOHYETHCS 0€3 PO3paxyHKy HAMPYTH, IO Ja€ SKOHOMIIO
KOMIT'FOTEepHOT Tam'siTi. 1{e akTyalrbHO TSt CXeM, IO MIiCTSTh BEITUKY KiIbKICTh elie-
MEHTIB, 1110 XapaKTEPHO IJIsl IPAaKTHIYHUX BHPOOIB.

Jlana mporpama MomupPIOETHCSI BUTLHO, MOJKE MPAITIOBATH B O€3KOIITOBHIH ce-
penosumi GNU Octave goctymHa BeiM cTyaeHTaM Y KpaiHu.
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COMPARATIVE ANALYSIS OF METHODS FOR RESIDUAL LIFEO F
CURRENT TRANSFORMERS PREDICTION

The demands of conserve resources and to decrpasating costs that are
trending around the world in power electric endsggnch causes increasing of usage
of “aged” (according to calendar operation lifeylnivoltage (HV) electric equip-
ment. Operating of “aged” equipment demands thecfast of its residual life, that
is why the problem discussed in this report is \stpial. One of the most important
element of all HV switchgears is a current transfer (CT). The analysis described
in this report was based on the example of rea offailure (partial short circuiting
of the main insulation) of the CT 330kV with OlRsirdation and non-tight (open-
breath) construction. This failure was diagnosedShfe-TTM online monitoring
system and due to professional actions of the pesd®f the power company the
CT was taken out of operation, without an accidarthe power system.

Research resultsTwo prediction models were applied to this caseeokding
to the first model, the resulting probability ofmtailure operation was calculated
by the diagnostic parameters — dielectric lossssiphtion factor (#§l), change of
tgé1 value during operation lifé\(go1), velocity of change & (v_tg1), calculated
insulation moisture content and base-function of non-failure operation (S0(t)
(calculated according time of operation life fockuype of CT):

S ALV _tg, 9)= §(Fromimeerwema

whereb, by, bs, bs — weights factors (quantitative assessment ointheence
of diagnostic parameters).

Calculated probability of non-failure operation4@59) and residual life pre-
diction were confirmed by the real case, predict=idual life of this CT in 2011
was between 0 and 6,5 years, which was confirmetthé¥ailure, which occurred
at the end of 2017 (6 years later after forecastiwade).

According to the second model — using the fuzzy ehadcording to the meth-
ods, the probability of failure (PF) and probafilif non-failure operation were cal-
culated according to the values of diagnostic patars of the technical state (TS)
(Risol — insulation resistance,dg— insulation dissipation factor xG- capacitance,
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At, °C — thermography data) at the two periods of ofmrat at the beginning of the
forecast period and at the end (failure after @&ry).
The probabilities of failure were calculated ac@ogd2—7):

): F(tz)_ F(tl)

H
p(H, 1-F(t) ; @
p(H,)=1- p(Hl); ©)
P:RoS; (4)

whereo — mean max/min compositio — technical state of the CT at the
moment of calculatiorR — matrix of cause — effect relationship.

2 P Y]
_j=
Yor@@ =
2 Pro),
©
P(B/Hy) = Yop; (6)
P(B/H3) = Yoq - (7)

Summary and conclusionsTwo models of residual life prediction based on
example of current transformer were analyzed. Butdel used values of diagnostic
parameters reflecting technical condition of CTeTinst method gave a more accu-
rate forecast over a longer interval (6,5 yearbjlenthe disadvantage of this method
is the too wide range of predicted failure timedentainty about the occurrence of
the event). The second model showed a tendenay ioteeasing in the probability
of failure over the interval (7 years).

At the same time, the second model gave a higltésteaccuracy over a short
interval (1 year) and well reflected trends in piebability of an event. In operation,
it is recommended to carry out calculations usinthbmethods using automated
online monitoring systems to predict the periopadsible equipment failure, which
will make it possible to schedule repairs and regphaents of equipment, to avoid
accidents, as well as to optimized distributiorfioéncial assets of energy compa-
nies.
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OPTIMIZATION OF DESIGN OF THE ROTOR OF AN INDUCTION
MOTOR

The use of the field method of calculating the &t@nagnetic parameters of
an induction motor will reduce the error in detarmg the energy performance at
the design stage of the induction motor and allmado without traditional research
methods based on alternate circuits.

In this regard, the peculiarities of the calculatid electromagnetic parameters
of induction motors were considered. The analysiscnoice of mathematical meth-
ods for researches and optimization of geomettiicaénsions of a rotor of induction
motors is carried out.

The general characteristic of the software fodfiIculation of induction mo-
tors is executed. An electromagnetic field modebofinduction motor has been
developed, which takes into account the geometatures of the design of the ac-
tive part of the stator and rotor core, as wethasspatial location of the stator wind-
ing and squirrel-cage rotor winding.

An approach to the construction of a spatial matteral model of electro-
magnetic field distribution in the design of théiae part of an induction motor with
a squirrel-cage rotor is developed, which allowddgtermine the optimal dimensions
of the core and squirrel-cage rotor winding to ioya the energy performance of an
induction motor.

As a result of improving the design of the core aqdirrel-cage of the rotor
of an induction motor, an increase in net powed®1% and efficiency by 1.03%,
while the total losses remain approximately uncleang
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STRUCTURE OF MECHANICAL CHARACTERISTICS OF INDUCTIO N
MOTOR

The electrical industry plays an important rolsatving the problems of elec-
trification, technical re-equipment of all sectofghe economy, mechanization, au-
tomation and intensification of production processéne installed electric capacity
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of some enterprises reaches 3 million kW, and tirabrer of electric machines on
them — 100 thousand. Every 10 years, the worldigymtion and consumption of
electricity is about doubled. The main consumersd@edtricity are induction motors.
Application of the field method of the analysisoalk to carry out the specified re-
searches of parameters, characteristics and apgratides of induction motor tak-
ing into account such features of their design eperating modes which are not
subject to the reliable analysis by traditionaksiaal methods. Especially relevant
is the use of field methods for hypertension, whagkerate in difficult conditions.
Thus, the development of adequate field mathematicdels and improvement of
the design of the induction motor, based on thelt®sf research conducted on the
basis of such models is an urgent scientific ankrieal problem of electromechan-
ics, which needs further solution.

As a result of the study, the mechanical charasttesiof induction motor were
calculated by means of field simulating and bydlassical method. It is determined
that the value of the maximum torque of the eleatmotor, calculated by the field
method, is less than 15% of the maximum torqueutatied by the classical method.
Such errors of the classical method are causddofirgll by disregard of nonlinear
properties of induction motor and therefore it donesallow to receive at a design
stage reliable results of calculation. As a restilesearch it is proved that calcula-
tion of the starting toque of induction motor bytraditional method can lead to
overestimation of value of the real toque by mbent15%. Therefore, the induction
motor operating in real conditions should have a&ld5-20% below its nominal
value.
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JOCJIIKEHHSA CHHXPOHM3YIOYHNX BJJACTUBOCTEN
JABOJABHUI'YHHOI'O EJIEKTPOITPUBOAY

OcHOBHa Maca KpaHiB, 110 3HAXOIATHCS B €KCIUTyaTallii, MafoTh €JIEKTPOTIPH-
BOJIH 3 PENICHHO-KOHTAKTOPHUM YIPABIIHHSM, SIKi MalOTh PSJ] 3aralbHOBIZIOMHX He-
JTOJIIKiB: HU3bKUH KOE(IIIEHT MOTY>KHOCTI, BIZICYTHICTh MOYKJIMBOCTI pearizarii ria-
BHOCTI X0y kpaHa. OcTaHHIH MPU3BOIUTH IO iICTOTHOTO 3HOCY CKJIAJIOBHX YaCTHH
MEXaHi3MiB IepeCyBaHHs, IO 00YMOBJICHO MTOSBOIO KPUBU3HH KOJIICHUX TIap i peHok
KpaHa. Haciikom 1Ioro € mosiBa He3aJ0BUTFHUX XapaKTEPUCTHK VIS y3TOIKCHOTO
obepTaHHs aCHHXPOHHUX JIBUTYHIB 3 (hasHum poropom (AJT). CydacHa TeHISHIIis
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YCYHCHHS 3a3HAYCHUX HEJOMIKIB IMOB'sI3aHa 13 3aCTOCYBaHHIM YaCTOTHOTO PETyIIBO-
BaHOTO eJeKTpornpruBoay. OHAK TaKe PIlICHHS MPU3BOAUTH J0 CYTTEBOTO YCKIAI-
HCHHS, a TAKOXK TOJA0POKYAHHS CIICKTPOIPUBOLTY.

ToMy Ui MPOBEJCHHS MOCTIIKCHHS CHHXPOHI3YIOUMX BIIACTHBOCTEH ITBOX
A/l B cepenoruini MatLAB 3a nomomMoroto ctpykTypHHX 3aco6iB Simulink pospo-
OJIeHO iMITaIlifHy MOJENb BiOMOI CHCTEMH JBOJBUTYHHOTO €JIEKTpONpUBOay. B
SIKOCTi 00'€KTa JOCIIIKEHHS BUKOPUCTOBYIOTECS nBa AJl motyxkuicTio 3,5%BT. s
JOCITIPKEHHS CHUHXPOHI3YIOUMX BIACTHBOCTEH CHUCTEMH, HEY3TOIKCHICTh 3yCHIIb
OTopy ZBOX IUIeUeit KpaHa B MOJEII MPEACTABICHO Y BUIVISAI JMHAMIYHUX MOMEH-
TiB OTIOPY, 11O 3MIHIOIOTKCS 32 CHHYCOiJaIbHAM 3aKOHOM, B TpOTH(}a3i OAHOTO ABU-
ryHa I0/I0 APYTOro JJisi OTPUMAHHS MAaKCUMAJILHOTO PO3KUILY MOMEHTY.

PesynpraTi nociikeHHsI OKa3yloTh, 1[0 BUKOPHCTaHHS JaHOTO CIIOCO0Y y3-
ro/pKeHHs obepranHs 1BOX AJl 3abesnedye 3HMKEHHS HEY3TrOJKEHOCTI POTOpPIB
A/l. Haii6inb1ie 3HMKEHHS HeY3T0JDKEHOCTI CIIOCTepiraeThes MpH 301IbIICHHI CITiB-
BiTHOIICHHS MaxoBux Mac A/l i MexaHi3My, a TAKOX IPU 301ITBIIICHH] YaCTOTH BILTH-
BalOYMX MOMEHTIB. 3HM)KEHHS HEY3TO/HKCHOCTI B MMOPIBHSHHI 3 IPSIMHUM ITYCKOM Ma€
Micie 61 Hixk B 2, 4pa3u. [Ipu 3MiHi 4acTOTH 30y PIOIOYHMX MOMEHTIB B Mexax f
= 3 + 144 11 BenmuurHa HEY3ropKEeHOCTI 3MeHITyeThest B 20pasis. Hesnauna Heys3ro-
JUKEHICTD MIBUIAKOCTEH IS IPAMOTO Imycky AJl 1 3 00OMeXeHHIM TI0 33JaHOMY ITyC-
KOBOMY CTPYMY CIIOCTEPIra€ThCs TUTLKH MPU 3HAYHO OUIBIINX 3HAYCHHSX 9aCTOTH
30ypror0unx MOMEHTIB, moHan 100 ' B giamazoni momenTiB inepitii Al J=6+108.0.
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STUDY OF THE THERMAL STATE OF AN INDUCTION MOTOR

Currently, due to the widespread use of PCs, tleaistemperature field
method of thermal assessment has become possiblatihe research stage and at
the design stage of the induction motor. This afldavdo without traditional meth-
ods of calculation and method of thermal schenrepiacement of thermal state of
induction motor, and to pass from temperature t@stes, as parameters of the ther-
mal scheme of substitution, to geometrical condhtgtdf the given scheme.

Thus, the development of an adequate electro-tHefield mathematical
model to obtain more accurate results of the catmr of the thermal state of in-
duction motor is an urgent scientific and technteak.
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As a result of the research the peculiarities wfusating of thermal processes
in the cross section of an induction motor are iwred. A mathematical electro-
thermal field model has been developed, which altwtake into account the pe-
culiarities of interconnected electromagnetic amgtmal processes in structural el-
ements of an induction motor with a squirrel-cagfer, nonlinear properties of ma-
terials, change of states of thermal conductivigfticients of each units of the in-
duction motor depending on change of its tempeeatur

The results of field electro-thermal calculationreveompared with empirical
calculations for estimating the temperatures oftiaén and main components of the
induction motor according to the methods of O.Ddberg and I.P. Kopylova. The
relative error in relation to the results of fiadlculation, according to the method
of O.D Goldberg is 20.2%, according to the methbdRoKopylova - 15.6%.

Thus, given the fact that the field electro-thermmaldel has a very accurate
calculation, is a very important result and canged at the design stage of induction
motor, as an alternative way to assess the thestat@ of induction motor.
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JOCJIIIJKEHHA PEXKUMY I'AJIBMYBAHHA ACHHXPOHHOT' O
EJIEKTPOIIPUBOAY 3 ®AZHUM POTOPOM

[IBunkuii po3BUTOK OE3KOHTAKTHHX CHUCTEM DETYJIOBAaHHA ACHHXPOHHOTO
JBUTYHA 3 (asHUM poTopoM (AJl) mpH3BeNo 10 3HWKEHHS KaIliTalbHUX BUTPAT HA
MPOJYKIIIO 1 MABUIIEHHS €Heproe(eKTUBHOCTI BUPOOHNYMX MeXaHi3MiB. OJHaK,
ICHYIOTh Taki BUPOOHMYI IMKIH, ISl SIKMX HEOOXiJHEe BUKOHAHHS MHUTTEBUX 200
aBapiifHux raixeMyBanb AJl. B manomy BUmajixy, /s ycix cHCTEM aCHHXPOHHO-Be-
HrunbHOro Kackany (ABK) i immynbcHoro perymoBanHs (IP), BUKOHaHHS Takux
oreparii IpU3BOJUTH 10 CYTTEBOTO ITiIBUIICHHS CIIOKMBAHHS €JICKTPOCHEPrii, a
iHOI, 1 IO MIBUAKOMY BHUXOAY 3 Jaxy eleKTpornpuBoay. [IopiBHSUIbHUN aHaJI3 IMo-
Ka3aB, 1110 HalOUTsII eHeproedekTrBHOIO € MoaudikoBaHa cucrema IP. Tomy came
il CUCTEeMI peryJIIOBaHHS BapTO MPUIITUTH YBary MpH i CHHTE31 3 KOHTAKTOPHOO
CXEMOI0, III0 Peaizy€e PexuM ralbMyBaHHS IPOTUBMHUKAHHSIM, TaK K BOHA JJO3BO-
JWMTh MIJBHUIIUTH €HEProe(heKTHBHICTh BCHOTO EIEKTPOIPUBOIY B MOMEHT I'allbMy-
BaHHJ 332 PaXyHOK peKyImepallii eHeprii KOB3aHHS POTOPa B MEPEKY .

Jlyist IpoBeeHHS OCIIKEHHS peaizalil peXuMy TalbMyBaHHS IPOTHBMH-
kaHHsM A/l 3 MommdikoBaHoio cucremoro IP B cepemoBnmi MatLAB, 3a

93



JIOTIOMOTOI0 CTPYKTYpHHX 3ac06iB Simulink po3po6ieHo imiTaliiiiny Moens eliek-
TPOMAarHiTHHX HPOLECIB aCHHXPOHHOTO NpuBOAYy. EnmexrpomarnitHa mozaens AJ]
IpE/ICTaBICHA Y BUIVIAAL BiTOMUX IH(epeHIiabHuX PIBHSIHD 3 3arajJbHONPUNHHS-
THUMH MIPUIYIIEHHSAMH. BIIOK KoJla BUNIPSIMIICHOTO CTPYMY POTOpa NMPEICTABICHUH Y
BUIJIAII cUCTeMH JH(epeHIianbHIX PIBHSIHb B 3aJIKHOCTI Bl CTaHy CHIIOBOTO
wiroya (IGBT tpansucropa).

3a pe3ysnbTaTaMH JOCHTIIKEHHS BH3HAUCHO BEJIMYHHY OAaTKOBOTO OIIOPY B
KOJII BHIIPAMIICHOTO CTPYMY pPOTOpa, IIO0 3a0e3nedye y3roLKeHHS e€.p.C. poTopa
AJI®P i e.p.c. imBepTopa. [Ipu mpomMy 3a0e3medyeThcsi OOMEKEHHS HapOCTaHHS
CTpyMy cTaropa B 3 pa3H, CTpyMy poTopa - B 3,5pasu i eeKTpOMAarHiTHOr0 MOMe-
HTy — B 2 pa3u. Lle 103BOINTH 3HU3UTH yIapHy CKIAIOBY €IEKTPOMarHiTHOTO MO-
MEHTY B IIEpioJl peBepCy, a TaKOX BUKJIIOUUTH PO3CIIOBaHHS €HEprii KOB3aHHS po-
Topa B 00OMOTKax cratopa i potopa A/l.

YK 621.316.1
Oinimnosua M. /.
ctyx. rp. E-410u HY «3Banopisbka mosiiTexXHika»

VYJIOCKOHAJIEHHSA KOHCTPYKIIII KOMIPKH K30 HA
HOMIHAJIBHY HATIPYTY 10KB, HOMIHAJIBHUAW CTPYM 630A

Ipu HoMiHaneHKX Hanpyrax (6-35)kB maca Ta raGapuru amapatis, sIKi BUKO-
PHUCTOBYIOTH JIJISI PO3IIOLTY €IEKTPOSHEPTii MiX CITO’KHBadyaMH, BiTHOCHO Madi. Le
JTO3BOJISIE BATOTOBIISITH PO3TIOIUTBHI IPUCTPOT, IO 30MPAIOTHCS 3 OKPEMUX KOMIPOK,
SIKH 3’ € THYIOTBCS MK CO0010 Y BH3HAUCHIH €NEKTPUIHOIO CXEMOIO MOCIiJOBHOCTI
[1-3]. Taki po3moaiibHi MPUCTPOi MAKOTh HA3BY KOMILIEKTHI PO3IIOIiIBHI IPUCTPOT
(KPII).

Cnpomenoro moaudikaniero KPIT € kamepu 30ipHI 0jHOOIYHOTO 00CITyrOBY-
BauHs (K30), SKu BUTOTOBJISIOTHCS HA HOMiHANBHY Hanpyry 10 kB 3minHOro Tpu-
(azHoro ctpymy 3 yactotoro S50['1. 3pocraroui Bumoru 10 K30 cTaBnaTh 3aBraHHS
PO3pOOKH BIOCKOHAJICHUX KOHCTPYKIIH, 110 BiIIOBIAAI0TH BUIIOMY CBITOBOMY Te-
XHIYHOMY PIBHIO 1 XapaKTepH3YIOThCsl TEXHOJIOTIYHICTIO 1 POTPECHBHICTIO PillIeHb.
TonoauM enemenToM koMipkn K30 € Bumukad. HalO1IbI BaXKKUM PEKUMOM PO-
00TH BMMHKAua € BiAKIOueHHs i BKIoueHHs (pexxumi AIIB) cTpymiB KOpOTKOTO
3amukanns (K3).

Ha mizctaBi mpoBeIeHOTO OTIIAAY ICHYIOUHX KOHCTPYKITiH koMipok K30, kom-
TUIEKTYIOUNM €JIEMEHTOM IUIAHY€THCS 3aCTOCYBATH BaKyyMHHH BUMHKAY, SIKUI Mae
BHCOKY HaJiHHICTh 1 MiHIMAJILHUH 3HOC MPH eKCIuTyartarii. HeBemwka KiabKicTh py-
XOMHX CJIIEMEHTIB Y BaKyyMHiil gyroracHiit kamepi (BJIK) o6ymoBitoe BUCOKY Ha-
HiiiHicTh po0OOTHM BUMHUKAda. BHacmigok repMeTnyHOTO BuKOHaHHS BJIK,
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3a0e3Meuy€eThCs TOBHA MOKEXKO0- 1 BHOYXOHEOE3MEeUHICTh, a TAKOK MOXKIIUBICTH PO-
6ot B arpecuBHuX cepepoBuuiax. Haniiinicte K30 3 BakyyMHHMM BHUMHKadeM
BuIe, HiX y iHmmx K30 3a paxyHOK BiJICYTHOCTI BUXJIOIY TrapsiduX rasiB npy crpa-
upoByBaHHI BUMHKad. Ctpymonposinuuii koutyp (CIIK) pospobmsemoi kamepu
K30 sBiste coboro cxilafHy cHCTEMY, SIKa CKJIQIAETHCS 3 YaCTHH, PI3HHUX 32 KOH]i-
Typari€ro i GyHKI[IOHaTbHOMY TIPU3HAYEHHIO.

OcHoBHUM 3aBaaHasM npoekTyBaHHs CIIK € BuOip KOHCTPYKTUBHUX (GopM,
PO3MIpIB 1 MOTIEPETHOTO MIEPEPi3y OKPEMHX EJIEMEHTIB 3 ypaXyBaHHSIM OCOOIHBOC-
Tell poOOTH, TOMITLHOCTI 3MEHIIIEHHS BTPAT, 3a0e31edeHHsT He0O0XiTHOTO TEIJIOBiI-
BeJICHHS 1 HeOOXiaHOT MeXaHIYHOT MIITHOCTI. BuOip eneMeHTiB monepeyHoro mnepe-
pizy CIIK 3miiiCHIOETBCS BUXOISTIH 3 ONTUMAIBHOT MIUTEHOCTI CTPYMY, HEOOX1THIX
TEXHIYHUX XapaKTEPUCTHK 1 PyHKIIOHANEHUX 0coOnmBoCcTe. MeToanka po3paxy-
HKY MPUBOAUTHCS y [4—6]. Bubip Tpancdopmartopa ctpymy mojsrae y BUOopi noro
tuiry. Tun Tpanchopmaropa cTpyMy BH3HAYAE€THCSI HOMIHAJIBHOIO HANPYTOIO yCTa-
HOBKH, PO3paxyHKOBUM pOOOYNM CTPYMOM HPUETHAHHS, BUMOTOIO II0/I0 TOYHOCTI
BUMIPIOBaHHS 1 POJIOM YCTaHOBKH. BUKOpHCTOBYBaHWI B KOHCTPYKLii TpaHc(op-
marop ctpymy Tty TOJI — 10mae migBuIeHy cTilKicTh 10 Aii CTpyMiB KOPOTKOTO
3aMHKaHHS 1 y3TOKYEThCA 3 TEXHIYHUMH XapaKTEPUCTHKAMH T'OJIOBHUX JIAHIIOTIiB
PO3MOIITHFHOTO MPUCTPOIO. B SIKOCTI MPUCTPOIO 3aXKMCTY Ta AaBTOMATHKH 00paHo cIie-
iaTbHO PO3POOJICHHI 32 BUMOTaMHU 3aCTOCYBaHHS Ha BETMKUX IMPOMHUCIOBHX 00'e-
ktax, npuctpiii MP3C-05M, skuii 3a0e3mnedye HaTiHHUI 3aXUCT PO3MOALIBHAX Me-
pex i enextpuunux MammH. MP3C 3a0e3nedye caMo1iarHOCTUKY 3 BUSBIICHHSM He-
CIPaBHOCTI 3 TOYHICTIO IO CYMHOTO OJIOKY.

3a paxyHOK BUKOPHCTaHHs OJIOKY PEJIeHHOT0 3aXHCTy Ta aBTOMAaTHUKH THILY
MP3C-05M 36inbinena i HamiiHICTE B Ipoleci ekciutyaraii 3a nepiox 20 pokis.
3a paxyHOK BUKOPHCTaHHs BakyyMHOro Bumukauya tuny BB / TEL HOBOro moko-
JIHHS 3MCHIIICHA KUTBKICTh IIOTOYHUX PEMOHTIB Y 2 pa3H, IO Ja€ 3MCHIICHHS eKC-
IUTyaTalifHUX BUTPAT Ha MOTOYHI peMOHTH. [IpoBeieHO po3paxyHOK i BUOip OCHO-
BHHUX 130JIAIIHHUX MPOMiKKIB B KoMipii K30 3 ypaxyBaHHSAM 0COOIMBOCTEH eKC-
TUTyaTarii. BCTaHOBJICHI KOS(IIlieHTH HaBaHTKEHHS JIJIS TapaMeTpPiB, IO KOHTPO-
JIOIOTHCS JUTS TTOAAIBINIOTO yIoCcKoHaIeHHs koMipku K30.
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2. Uynuxun A. A., XKaBoporkoB M. A. AnmapaTsl BBICOKOT'O HAIPSIKECHHUS
[Tekcr] / A. A. Yynuxun, M. A. JKaBoporkoB. — M.: Dueproaromusaar, 1985. —
432c¢.

3.Hexnenaes b.H., Kproukos W.I1. Dnekrpudueckasi 4aCTh CTAHIHIA U TOICTAH-
mii; CripaBounuk [Tekcr] / b.H. Heknenaes, U.I1. Kproukos. — M.: DHeproaTom-
m3gat, 1991. — 608.
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4. Caxapos B.II. [IpoektupoBanue anekrpudeckux anmnapatos [Tekct] / B.II.
Caxapos. —JI.: Dueprus, 1979. — 356.

5. Anexcannpos I'.H., bopucos B.B. [IpoekriupoBaHue 3eKTpHYECKHX arlia-
paroB [Teker] / T'.H. Anekcanapos, B.B. Bopucos. —JI.: DHeproaromusaar, 1985.
— 453c.

6. Pacuer n KOHCTpYHpOBaHHE IEKTPUICCKHX alllIaPaTOB BBEICOKOTO HAIps-
xenus [Texcr] / B.B. [Tanuenko. —M.: Dueproaromusaar,1991. — 248,

YK 621.314.212
Hpsmak O. A.
ctyx. rp. E-410m HY «3anopi3bka mosiTexXHiKa»

PO3PAXYHOK TA JJOCJIJIZKEHHS ITIOKA3HUKIB HAJIMHOCTI
KACKAJJHOI'O MACJIOHAITIOBHEHOI'O TPAHC®OPMATOPA
HAIIPYI'U HK®-126

[IBunKHit pO3BUTOK EHEPIeTHKHU Ta 30UIBIICHHS CIIOXKMBAaHHS EJIEKTPOCHEPTil
BUKJIMKAIOTh 3POCTaHHS OJMHUYHHUX TOTY)KHOCTEH ENEeKTPHYHMX CTaHLii. 3poc-
TaHHS NOTYKHOCTI €JIEKTPOYCTaHOBOK 1 HAIIPYT MPU3BOJHUTH A0 3pOCTAHHS POJIi Tpa-
HcopMmaTopiB HANPYTH SIK BUMIPIOBAJIBHOTO, TaK 1 3aXUCHOTO anapary. Kpim toro,
i ABUIIYIOTECS BUMOTH 1 0 TOYHOCTI BUMipIOBaHb, OCOOJIMBO B pa3i 3aCTOCYBaHHSI
TpaHcdopMaTopa HapyTH I 00Ky eeKTpoeHeprii, o Biamyckaerscs[l, 2].To-
JIOBHHM 3aBJJaHHSIM € YJJOCKOHAJICHHS] KOHCTPYKIIii TpaHC(hOopMaTopa Halpyru 3 Me-
TOIO 3HIDKEHHS MOTO MAaTepiaJIoMICTKOCTI Ta MiJBHINEHHS TOYHOCTI BUMIipIOBaHb.
Le nmnanyeThCs 3AIMCHUTH IUIAXOM PO3paxyHKy Ta IOCHIPKEHHSM TOKa3HHUKIB Ha-
JIAHOCTI TOMY IO OJTHUM 3 HaHOUJIBII MPOCTHX Ta EKOHOMIYHO JIOMIJIEHAX CITOCO0IB
3aJJ0BOJICHHS] BUCOKHM BHMOTaM JI0 TOYHOCTI € 3aMiHa iCHYIOUHX TpaHC(HOPMaTOpiB
HaIpyTy Ha HOBI 3 OLIBII BUCOKOIO TOYHICTIO BUMIPIOBaHb, TOMY 3pOCTa€ HOIHT Ha
OINITOBOMY Ta PO3APiOHOMY CBITOBOMY PHHKY .

TpauchopmaTtopy Hampyrd KpiM BHUMIPIOBAHHs HATPYTH TaKOXK 3aCTOCOBY-
FOTBCSI JUTS XKUBIICHHSI KiJl aBTOMATHKH, CHUTHAII3AIIl Ta PENCHHOT0 3aXUCTy JIiHIH
eJIeKTponepeaay BiJl 3aMUKaHHS Ha 3MJIIO Ta 3IHCHIOIOTH 130JIAIIF0 BUMipPIOBAIIb-
HUX TPUIAJIB | 3aXMCHUX Pelie, 0 SKUX MAIOTh JOCTYIT OOCITyrOBYIOUHIi TIEPCOHAI
BiJl JIAHITIOTIB BUCOKOi HampyrH. TpaHchopMaTop 3armoBHIOETLCS TpaHCHOPMATOp-
HUM MAacJIOM, sIK€ CITy>KHTb JUIS 130JIs11ii 0OMOTOK BiJ 3a3€MJICHHX YacTHH Ta IS
3armo0iralHs MoMaganHs BOJIOTH 10 06MOTOK[1, 2]. [lepeTrH CTpHIKHS Ma€ CTYIIiH-
qacTy GopMy, IS KpaIioro 3allOBHEHHS TUIONII KOJIa TEOMETPUIHOIO (iryporo, Ha
110 BKa3ye BiMOBITHIIA KoeilieHT. SIpMa He MatOTh 0OOMOTOK i TOMY BUKOHYIOTHCS
HPSIMOKYTHHMH 200 3 MaJIOIO KiJIbKICTIO CTyIeHiB. MarHitonposiza O0yiio oOpaHo Ha
JBa CTPWXHS Ta JBa spMa. 3poOjeHl aHai3W NOKa3aJd, IO HaIiHHICTh
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MPOEKTOBAHOTO TpaHCc(opMaTopa HAPYTH ICTOTHO 3aIEKHUTH HE TUIBKH BiJ HOTO
CTPYKTYpH, a 1 BiI KIIMAaTUIHUX YMOB HOTO EKCILTyaTallii.

Ha mincrasi ornsiay icHyr0UMX KOHCTPYKILIH OyB 0OpaHuii 3a aHaor TpaHcgo-
pMarop KackaJHOT KOHCTPYKIIi 3 MaciIsTHOIO 130iiLi€r0. Y po3pobiaeHoMy TpaHcdo-
pMartopi 3aCTOCOBYETHCS CTyIIiHYACTA 130JIMis 3 €KpaHyBaHHSM 1 3aXHUCT KpaiB Ki-
JBIIEBUMH €JIEKTPOAMH CKIIAIHOTO POQiTI0, AKi 3MIHCHIOIOTH O1TBIIT PiBHOMIpHUN
po3moii eaexkTpuaHOro mouis. Lle 3po0ireHo 3am1s 3abe3nedeHHs 1301111 MiX Jac-
THHAMH, 110 TIepe0yBarOTh il HAIPYTOIO Ta 3a3eMJICHUMH YaCTHHAMH, & TAKOXK MiXK
CTPYMOBEIYYNMH YACTHHAMHM CYCiIHIX MTOJIFOCIB, [0 3HAXOAATHCS ITijl HAIIPyrow[2,
3]. TexHiuHi pileHHs MPU3BEIM IO TOTO, IO NMPOEKTOBAHUI TpaHCcHOPMATOP Mae
MEHIITy Macy 0OMOTYBaJIbHOTO IpoTy. B Xomi moganeimoi podotu 3aiicHEHO po3pa-
XYHOK Ta JIeTAJIbHE TOCTIDKCHHS MOKAa3HUKIB HAIIIHOCTI TpaHchopMaTopa 3aiis
MeHIIo1 BiqMOBH TpaHcdopmaropa. Ha ocHOBI matepianiB, 1o OyayTh OTpHMaHi,
TUIAHY€ETHCSI CTBOPUTH OUITBII HANIHHUIN KacKaTHUH MacCIIOHAMOBHEHUH TpaHCchOp-
MaTOp HANPYTH.

CIIUCOK BUKOPUCTAHHOI JIITEPATYPH

1. deimxoB A. M. Tpanchopmatops! HampsokeHus: [Tekct] / A. M.JIpIMKOB,
B. M. Kub6ens. —M: Oueprus, 1975. — 216.

2. AdanacreB B.B. CnpaBo4yHMK 1O 3JEKTPHYECKHM ammaparaMm BBICOKOTO
Hanpsokenust [Teket] / Tlon pen. B. B. AdanaceeBa. — JI.: Dueproatomusaart, Jle-
HUHTD. oTA-Hue, 1987. — 544.

3. Imutpuerckuit B.C. Pacyer 1 KOHCTPYHUpPOBAHHUE JICKTPUUCCKON HU3OIAIHH
[Texcr] : YueGHOE mOCOOHE It BY30B 110 CIIEMHAIBHOCTH " DJIEKTPOU30IIAMOHHAS
u kabenbHas Texuuka” / B.C. ImutpueBckuii. —M. : Duepromsuar, 1981. — 392

YJK 621.314
®ypca C.B.
ctyn. rp. E-410v HY "3amopisbka momiTexHika"

HAJIAHICTH EJEMEHTIB CTPYMOBEJYYOI'O KOHTYPY TA
CTPYMHU KOPOTKOI'O 3BAMUKAHHS HA 3BIPHUX IIMHAX
PO3MOJIVIBHUX ITPUCTPOIB

CtpyMoOBeIy4Hii KOHTYpP PO3IOALTHFHOTO IPUCTPOIO SBISIE COOOK0 CKIANHY Ta
JIOCUTH PO3TaITy’KeHY KOHCTPYKIIIFO. HMoro yacTunm BKIIOYAIOTh B ceGe NEMEHTH,
pi3Hi 3a KOH(QIrypaui€elo, po3MipaMH i KOHCTPYKIi€0. XapakTepHUMH HOTO Tpen-
CTaBHHKAaMU € 3aTHCKa4i KOHTAKTHUX BUBOJIB, IPOTH, THYYKI 1 )KOPCTKI IIMHH, KO-
HTaKTHI €JIEMEHTH, PO3'€EMH Ta iH.
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B xozi poboTn Oyna BUKOHaHA OLIHKA €NEKTPOANHAMIYHOI 1 TEPMI4HOT CTii-
KOCTI €JIEMEHTIB CTpyMOBEYyH4OT0 KOHTYPY 1 130J5IIHHOT KOHCTPYKIIi IIJIIXOM aHa-
JITHYHOTO PO3PaXyHKY 3 YpaxXyBaHHSIM PEajJbHUX YMOB EKCIUTyaTallii 3 TOCTiayI0-
YUM YTOYHCHHSM Ha ITiJICTaBi €KCIICPUMEHTATbHUX TAHHX.

Oco611Bo Hebe3neuHi KOPOTKi 3aMHKaHHS Ha 30ipHUX LIMHAX PO3MOALTBHUX
MIPHUCTPOIB, SKi 9acTO BiAOYBaIOThCS depe3 3a0pyaHEHHS 1305111, abo i mpoboro, a
TaK0X BHACJIIOK MOPYIIEHHS POOOTH peleifHOTO 3aXHUCTy Ta KOMYTAIlIfHO1 anapa-
Typu. B pe3ynpTarti bOTo Ha MiJCTAHINSIX MOXKIIUBI BUOYXH 1 MTOXKEXKI, K TIPU3BO-
JIITh JIO TSDKKUX HACJIJIKIB 1 TPUBAJIMX MIEPEPB Y €IEKTPONOCTadaHHi.

ITix 4ac KOPOTKHMX 3aMHUKaHb HENPUIYCTHME MEPEBHIICHHS TEeMIEpaTypu
MOJK€ TPU3BECTH 0 MOIIKOKCHHS TPOBIIHMKIB 1 130JIA11i1, & BHHUKAIOUi €JIEKTPO-
JMUHAMIYHI 3YCHIUIS MOXKYTh 3pYHHYBAaTH CIIEMCHTH elleKTpooOnaaHaHHsI. Kpim
TOTO, 3HIDKCHHS HANPYTH B MEPEXKi MPH KOPOTKOMY 3aMHKAHHI BUKJIHKA€E 3MCH-
IICHHS KPyTHOTO MOMEHTY CIICKTPOJIBHUTYHIB CII0KHBAYiB, iX FaIbMyBaHHS 1 HABITh
MOBHY 3YIIHHKY, a TAK CaMO MOPYIICHHS pOOOTH OKPEMUX JIITHOK MEPEXK, IO B
JIO BIIKITIOYEHHS CIOXKUBadiB. [Ipy BUHHKHEHHI eJEKTPHYHOTO MpoOoko abo mepe-
HANPYTH SICKTPUYHOI MEPEIKI Y 13011 IIMHHOTO MOCTA MPUBOJUTH IO KOPOTKOTO
3aMukanHs. ToMy, 3aBIaHHSIM PO3paxyHKy Ha JAHOMY €Talli € OLliHKa MaKCUMaJIbHO
MOXITMBOTO HABAaHTA)KEHHS IIMHHOTO MOCTa PO3MOAIIEHOIO MPUCTPOIO BIIACHUX I10-
Tpeb 3 ypaxyBaHHIM pEaTbHUX YMOB €KCILTyaTarlii.

Jlnst Bu3HaueHHs Koe(ilieHTa TeruIoBiIaadi HeoO0XiTHO MpoaHali3yBaTH CKJIa-
JTHI TIPOTIECH OJTHOYACHOTO BIUIMBY TPHOX BUIIB TEIIJIOOOMiHY: KOHBEKIIii, BUTIPOMi-
HIOBaHHS 1 TCIUIOMPOBIIHOCTI. 3 METOIO CIPOIICHHS, [ MPoLec 3pyYHO PO3IIIs-
JIATH K OKPEMY IO BUIIE3raJJaHUX BHUJIB, a TIOTIM CKJIACTH OTPUMAaHI MMapaMeTpH.
OCKUTBKH TeMITepaTypa HarpiBy IIHUH TPUOJIM3HO OJHAKOBA, TO IIPH PO3PAXYHKY pe-
3yJIBTYHOUOT0 Koe(illi€HTa TEIUIOBII1aui MPHHMAETHCS OMYIICHHS, IO BiIBEACHHS
TEIUIa 3 MOBEPXHI IIMHU BiTOYBAETHCSA OJHOYACHO KOHBEKIIIEIO 1 BUIPOMIHIOBAH-
HIM.

[TepeBipka mMUH HAa TEPMIYHY CTIHKICTh TIOJSATA€ Y BU3SHAYEHHI TEMIIEpaTypu
HarpiBy IIMH CTPyMaMH KOPOTKOT'O 3aMHUKAHHS 1 TIOPIBHSHHI 3 JOMTyCTUMOIO TEMIIE-
patyporo. B xomi moganbioi poOdOTH 3MIHCHEHO po3paxyHOK HaBaHTAKyBaTbHHX
Koe(DiIieHTIB KU T03BOJISIE 3a0€3MEYNTH BUCOKY CTYITIHb €KCIUTyaTaIliHOT Ha Tik-
HOCTI €JICKTPOTEXHITHOTO OOJIATHAHHS PO3IOAUTLYOT0 MPUCTPOIO BIACHUX MOTPEO
1 Ja€ MOXJIMBICTH MOJAJIBIIOTO ITIBUILNEHHS 3JaTHOCTI HaBaHTAaKEHHS €JIEMEHTIB
CTPYMOBEIYYOTO KOHTYPY.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. ®empaman MUJL., UeprnoBenm A.K. OcoOeHHOCTH 3JIEKTPUYECKOH HYaCTH
aToMHBIX 2yekTpocranimii [Tekcr] / M.JI. ®enpaman, A.K. Yepnoser. —JI.; Duep-
roaromusnar, 1983. — 35%.
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2. YcoB C.B., Muxanes b.H., Yepnosenr A.K. n np. Dnextpuueckas gactb
anextpoctanimii [Tekct] / Tlox pen. CB. Ycosa. — JI.: Dueproaromusaat, 1987. —
616¢.

3. Br100op 3J1€KTpUYECKHUX aInapaToB JJIsl IPOMBIIUICHHBIX YCTaHOBOK. Ko.
aBropoB [Teker] / TTon pen. A.A. Uynuxuna u 10.C. Kopo6kosa. M.: U3x-8o MO,
1990.-156.

4. baymmreiin U.A., baxanos C.A. CripaBOYHUK I10 JIEKTPUIECKUM yCTaHOB-
KaM BBICOKOTO Hanpsokenus [Tekcr] / LA, Baymmreiin, C.A. baxanos. —M.: DHep-
roaromusnar, 1989. — 768.

YK 539

Capana C.0.}, ®enoros I1.1.2

Yerya. rp. E3-410v HY "3anopisbka nositexnika”
2¢cryn. rp. B-410va HY "3anopisbka nonitexnika”

JOCILI)KEHHA BIIJINBY HABAHTAKEHHSA IBUT'YHA
(JHX180MLCS8) HA 12-TU ITYJBbCHY CXEMY NEPETBOPIOBAYA

Mera poOOTH: AOCHI/KEHHsSI BIUIMBY EJIEKTPOJBHIYHa Ha 12-TH IyJbCHY
CXeMy MIEPETBOPCHHS SICKTPOIPHUBO/IY, IO MOXKYTh BUKOPUCTOBYBATHCS Y ITOB3/I0-
BXKHBO-CTPYTaJIbHUX BepcTaTax.

B nocnigi Oyma nmpuiiHATa cXxemMa BUMPSIMIICHHS, [0 TO0yI0BaHa y TIporpam-
Homy cepenopuiti MATLAB. TlokazaHo Ta ommcaHo rpadik 3aJIeHOCTI CTpyMy 1
HAINpyTy BUIMIPSMIIYE, 8 TAKOXK SIKOPS ABUTYHA T1iJ] Yac NEePEXiIHOTo MpoIecy.

OO6paHuM ABUTYHOM cTaB ABUTYH Mapku JHX kommanii ABB.

Xapakrepuctuku gsuryHa JHX200MLC8:

HOMiHaJIbHA Hanpyra oOMoTKH sikopst — 415 Uik, B;

HOMiHAJIbHA Hanpyra oOMoTku 30y pkenHs — 415 3, B;

HOMiHAJIbHA TOTYXHicTh — 15 Ry, kBT;

KIIBKICTH HOJIIOCIB — 8;

HOMiHaJIbHA MBUIKICTh 00epTanus — 74,8pan/c;

omip 00MoTKH 30ymxenHs — 15,96 R, Owm;

omip 0OMOTKH skopst — 28,4 R, Om.

JIost mpoBeieHHs TOCIiHKeHHS Oyiia CTBOpeHa METOINKA, sTKa BKITIOYAE B ce0e
moOyI0BY CHCTEMHU «IBHUTYH ITOCTIHHOTO CTPYMY — IIEPETBOPIOBAY» IS TOCIIHKY-
BaHOrO IBUTYHa i cxemu reperBopenns B maketi SIMULINK mporpamsoro cepemno-
unia MATLAB; otpumanHs rpadika poOOTH ABUTYHA HA MOYATKY MPUKIIAICHHSI
HaBaHTaXXCHHS, Yepe3 KOTpe 00epTaEThCsI ABUTYH 3 HAWOIIBII piIBHOMIPHOIO po0o-
TOFO, TaK SIK II¢ BIUIMBA€E Ha 0e3aBapiifHICTh CUCTEMU. Y pe3yNbTaTi eKCIICPUMEHTY
OyJia oTprMaHa giarpama cTpymy:
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Pucynok 1 — 1271 mysibCHA CXeMa CTPyMy Y IIEPETBOPIOBAYl 3 ABUT'YHOM IOCTIH-
HOTO CTPyMYy 3 8-Ma MmoJirocamMu

VY pe3ynbTati 10CIiy Ha OTpUMaHOMYy rpadiky BHIHO, IIO:

B 12-tu myabCHIM cXeMi BiZOyBa€THCS MOCTYIIOBE HAPOCTAHHS CTPYyMY MO IIi-
KOBOTO 3Ha4eHHs, 110 He nepesuinye 50 A, micns 4oro HayTh NepiognvHi 3MeH-
IICHHSA-3POCTaHHS aMIUTITYAN CTPYyMY.

12-t1 mynpcHA cXeMa Mae IJIaBHE HApOCTAaHHS CTPYMY JI0 YCTaIEHOTO aMILTi-
TYJHOTO 3HAYCHHS.

CIIUCOK BUKOPUCTAHHOI JITEPATYPH

1. ITerpoBuu B.I1. CunoBsle nmpeobpa3oBarenu 3JIeKTpUIeCKON SJHEPTHH: yUe-
6Hoe nocodue [Tekct] / B.I1. Iletposuy, H.A. Boponuna, A.B. I'nasa4es. — Tomck:
Usn-so TITY, 2009. — 24@.

2. CripaBoYHUK MO dIeKTprieckuM MatmuHam: B 2 1. [Teker] / TTox o6, pex.
. I1. Komosa u b. K. Knokoga. T. 1. —=M.: Dnekrpoatommsnar, 1988. — 25@.

3. Tepexun B.B. MonenupoBanue cucteM 3nekTpornprueoma B Simulink
(Matlab 7.0.1.)y4e6noe mocobue [Tekct] / B. B. Tepéxun. —Tomck: M3aatenscTBo
TOMCKOTO MOJUTEXHUYCCKOro yHuBepcuTeTa, 2010. — 292,

YJK 621.316.3
ConosiioB B. M.
ctyn. rp. E-410v HY "3anopisbka momiTexHika"

I30JISIIMHA KOHCTPYKIIIS Y BUZIKPUTOMY PO3IOJALIBHOMY
MPUCTPOI HATIPYT'OIO 750KB 3AEC

CTpyKTypHi IEpETBOPCHHS B €KOHOMIII YKpaiHU, B PO3BUTKY 11 CHEPTreTHKH,
nepeadavaroTh HE TIMBKHU ii CTabimi3amito, ail iICTOTHHUH MOJANBIINHA PO3BUTOK, B
Mepury 4epry 3a pPaxyHOK BHPOOHHIITBA HOBHX MarepialiB, KOMIUICKTYIOUHUX
BUPOOIB, BHCOKOIPOAYKTUBHHUX EIICKTPOYCTAHOBOK JJIs 3a0€3MCUYCHHS BUIYCKY
O17IBIII KOHKYPEHTOCTIPOMOXKHOT IpoayKuii. Y 313Ky 3 TiM, o AEC MatoTs cBoIO
crienudiky, HAWBKIUBIMIOW MPOOIEMOIO TPH TMPOEKTYyBaHHI 1 eKCIuTyaTarii €
3abe3mneueHHs 0e3Meku, TOOTO HEeIOMYIICHHSI MOKIMBOCTI BUKHIIB B HABKOJIUIITHE
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CepeIOBHUINE PaNiOAKTHBHUX PEYOBHH. MOXXIIHMBICTh BHKHIIB BH3HAYA€THCS HE
TUTBKM HAMIHHICTIO CHEPreTHYHOrO OONagHAHHS, al HamidHICTIO CHUCTEMU
CJICKTPOXKHUBIICHHS. Y 3B'SI3KY 3 IIMM CXEMH 1 KOHCTPYKIIii PO3MOALIBYUX MPUCTPOIB
MOBHUHHI BIAMOBIIaTH HAWBUIIMM BUMOTaM HaJiHHOCTI 1 Oe3mepebiltHOCTI
CJIEKTPONOCTaYaHHsd. TakuM YHHOM, pOJb Ta MNPHU3HAYCHHS PO3MOALTHBHUX
NPUCTPOIB HAa ATOMHHX €JEKTPOCTaHIIAX MOXKHAa C(hOPMYIIOBATH HACTYITHHM
yuaoM[1, 2] cxemMum 1 KOHCTPYKIHI pPO3NOAIIBYMX MHPUCTPOIB IOBHHHI
3abe3meuyBaTu  CTiiiky pobotry AEC, crabimeHy BHIady TOTYXHOCTI B
EHEPTrOCHCTEMY Ta HE3alleXHICTh enekTporocTadanHs AEC Bill MOMIKOIKEHb y
30BHIIIHIHA MEpexi.

T'o/OBHUM 3aBAaHHSIM € JOCIIIDKEHHsS BIUIMBY CTYIEHS PO3TayKeHOCTI
€KpaHiB Ha pO3IMOJiI HANPYTH 1 HAIIPY>KEHOCTI MOJISl Y3/I0BXK OMOPHO] 130JIsIiHHOT
KOHCTPYKLIi, a TakoX Ha eKcluryarauiiiny Haniiiaicts BPII. Ile mmanyertbcs
3MIHCHUTH  [UISXOM  TIPOBEICHHAM  KOMIUICKCY  JOCHIDKCHb  PO3MOILTY
HANPYXKCHOCTI TOJII B 3alI)KHOCTI BiJl CTYNCHS pO3TATYKEHOCTI CHCTEMHU
CKpaHyBaHHS OMOPHUX 130JIAIITHUX KOHCTPYKIIiH, a TAKOXK YIOCKOHATICHHSIM CXEMHU
Ta KOHCTPYKIT pO3NOIIIFHOTO MPUCTPOIO 3 YPaxyBaHHIM OUTBII BHCOKHX BHMOT
HAJIMHOCTI enekTpornocTadanHsa. Lle moTpiOHO Ay MiABUINEHHS HAIiHHOCTI Ta
6e3nexu AEC, 1110 kpiM TOTO 3p0oOUTH 11 OUTHIIT KOHKYPEHTOCITPOMOYKHOIO 3 BUPOOY
€JICKTpOEHEePTii.

Crioyatky BUKOHAHO PsII JOCHIDKEHb BIUIUBY CTPYKTYpH CHCTEMH
eKpaHyBaHHS Ha PO3IOAUI HANIPYTH 1 HAMPY)KEHOCTI €IEKTPUIHOTO IO Y3IOBXK
OMOPHUX 130JAIIMHUX KOHCTPYKIiH. Po3poOieHo mareMaTWYHHMU amapar Ta
OTpUMAaHI BUXITHI JaHi JJIs TOJANBIIOT OMIHKK EKCIUTyaTaIliifHOT HaIidHOCTI
i3oumsnii. Ha mizcTaBi 3anmponoHOBaHOT METOIMKY MIATOTOBIICHI PEKOMEHIAIIIT 111010
MiABUIICHHS ¢()eKTHBHOCTI 3aCTOCOBYBaHUX HA IIiJICTAHIIIi METOIB BUPIBHIOBAHHS
CJICKTPUYHUX TIOJIB.

B xozi monanbimoi po6oTH MPOBEACHO PsiJl TEXHIYHHUX pillleHb, MOB'I3aHMX 13
3aMiHOI0 MOPAJFHO 3acTapiioro OO0JaJHAHHS, BYACHOCTI PO3PSTHUKIB, Ha OLIBII
eekTHBHI B eKcIUTyartallii oOMexyBadi mepeHanpyr. s 1bOro TMpOBEIEHO
KOMIUIEKC HEOOXiHMX pO3paxyHKiB, TIOB'SI3aHUX 3 aJalTaIli€lo 00paHoro
obyiafiHaHHs 70 pealbHUX YMOB eKCIUTyaTtalii, a camMe BHKOHaHO PO3paxyHOK
CTPYMIB KOPOTKOTO 3aMHKaHHS B XapaKTEPHUX TOYKAX MEpexXi 3 ypaxyBaHHAM il
0COOJIMBOCTEH Ta 3alpONOHOBAHO 3aXOMU IOJO0 iX OOMEXKEHHS Ta PO3paxyHOK
OCHOBHHX I30JIALIAHUX TMPOMDKKIB 3 ypaXyBaHHSAM BIUTUBY XapaKTCPHHUX
npupoHuX (axTopiB. Po3pobiena MeToimka OLIHKYM HaIHHOCTI OJI0KY reHepaTop-
TpaHcdopmaTop Ui oAaIbIIOT OI[IHKY e()eKTHBHOCTI 3aX0/1iB, ITOB'I3aHHUX 3 OKpe-
MHMH eTariaM¥i MOJIepHi3allil BIIKPUTOTO PO3MOAUTEHOTO MPUCTPOIO.

CIIUCOK BUKOPUCTAHHOI JIITEPATYPH
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1.Tyx }O. b. YcrpoiicTBO, MPOEKTHPOBaHNE M SKCIUTyaTalHs CXeM AJIEKTPOC-
HaOxenus cobctBennbix Hy) a1 ADC [Teket] / 1O. B. 'yk, B. M. Ko6xys, A.K. Ue-
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VK 621.314

Adanacses O.1.,! Isaxuenko 1.B.2, @ypca C.B.2, Conosiio B.M.2, Boporumns I.B.2
! kann. Texn. Hayk, non. HY "3anopisska momitexHika"

2 ctyn. rp. E-410m HY "3anopisbka nomitexnika"

E®EKTUBHICTD 3ACOBIB PET'YJIIOBAHHSA HAIIPY KEHOCTI
HOJIA 1JIS IBOJANIAHUX KOHCTPYKIIIIA HA KJIACH HAIIPYTH
330-750KB

[305s111i#iHI KOHCTPYKIII, SIK OMOPHOTO, TaK i MiJBICHOTO THIIIB, 1[0 BUKOPHC-
TOBYIOTHCS B PO3MOAUIBHUX HPUCTPOsiX Ha kiack Hanpyr 330-750kB y Oinbiocti
BUTAJIKIB CyTTEBO BIUIMBAIOTH Ha CKCIUTyaTaIliiHy HAIIHICTh CICKTPUIHUX MEPEIK
Ta miAcTaHUii. ExekTpryHa MIlHICTh TaKMX KOHCTPYKIIH BH3HAYAETHCS CTPYKTY-
POIO EIEKTPUIHOTO ITOJIsI, CYOPMOBAHOTO HAa BUCOKOBOJIETHOMY 1 3a36MJICHUM KiH-
IITX BUCOKOBOJIBTHOT KOHCTPYKIIii, SIKE € pi3K0 HEOAHOPiMHUM. B yMoBax pi3ko He-
OJTHOPITHOTO €TIEKTPHYHOTO TTOJISI OKPEeMi IISTHKH 130JIAMIHHOT KOHCTPYKIIT HECYTh
Mi/IBUILIEHE €JIeKTPUYHE HaBaHTaXeHHsI. Taki yMOBH MIPUBOJSTH JI0 TOTO, IO HA IUX
TTSTHKAX Oy/ie BHHUKATH TTiIBUIIEHA HATIPYKEHICTh MOJIS, IO CIIPHSIE TTi IBUIIICHHIO
MIBUAKOCTI CTApiHHA 1 IOJANBINOT pyHHAIli MaTepiaiiB MepeBaHTAKEHUX TIISTHOK.
Taku HeraTuBHI NMPOIECH MPOTIKAIOTh OCOOJIMBO IHTEHCHBHO B YMOBAaX BHKOPHC-
TaHHs MOJIMEpHOI i30iAmii. OMUT eKCcIuTyaTtarii moKasye, Mo HalHOiIbI edeKTHB-
HHMM CIIOCOOOM ITOKpAIIeHHS! YMOB Tpalli SIK JIiHI{HO1, Tak 1 anapaTHoi 130iwii 00-
JaJHaHHS PO3NOJUILHUX MPUCTPOIB BHCOKOI HAIIPYTH € MOJIETIICHHs YMOB Ipari
130JISIIHHOT KOHCTPYKIIii, 0COOJIMBO B 30HI €JIEKTPOJIa 3 BUCOKUM MOTEHIIAIOM.

3HMKEHHSI HAIPY>KEHOCT] IMOJISl MOOJIU3Y BHCOKOBOJBTHOTO €JIEKTPOJia MOXK-
JIMBO 32 PaXyHOK 3JiHCHEHHS €KpaHyBaHHs BiIOBIIHMX IUISHOK 30l [1]. Bu-
KOPHCTaHHS Pi3HHUX THUIIB €KpaHiB 03BOJISIE 3MIHIOBATH MaKCHUMaJbHY po00dy Ha-
MIPYXKEHICTh Y NIUPOKHUX MeXax MPH HE3MIHHOMY 3HaU€HHI CepeHbOT HAIPYKEHO-
CTi TIOJIS B 130JIAAIHHOT KOHCTPYKIIii. ToMy, BijJl €KpaHiB CyTTEBO 3aJIEKUThH €PEKTH-
BHICTh BUKOPHUCTAHHS 130JIA11i1 Ta MOKAa3HHUKH i1 eKCTUTyaTaIliHOT HaJIHHOCT.

B ymoBax ekcrutyarailii ImmipoKo BUKOPUCTOBYIOTH Pi3Hi 3aCO0H MPUMYCOBOTO
BUPIBHIOBAHHS HAIIPY>KEHOCTI MOJISI Y3JI0BXK 130JIALIHHNX KOHCTpYKLii. Haioinpim
IIMPOKE BHUKOPHUCTaHHS B 130JUILIHHMX KOHCTPYKIISIX 3 OCEBOIO CHMETPI€I0
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OTpHUMAlI CUCTEMH €KpaHyBaHHsS 3 BHUKOPHUCTAHHSM TOPOINAIBHUX €KpaHiB, SIKi
BCTAHOBIIOIOTHCS MOOJIH3Y €JIeKTPOJa 3 BUCOKUM MoTeHuianoM [1, 2], a Takox B
IHIIUX MiCIAX, I¢ HeoOX1IHO 3HU3UTHU HANPYKEHICTH MOJA. B yMOBax 3BepX BHCO-
KUX Hampyr HeoOXifHO OiiplI rTHOOKe 0OMEXEHHS MaKCUMaJbHOI HAIpy>KEHOCTI
noJIs Mo0JIM3y BUCOKOBOJIBTHOTO €JIeKTpo/ia. B oMy BHIasKy 0161 €()eKTHBHIM
€ BUKOPHUCTAHHS €KpaHiB OUIBII CKIaHOT (hOpMH, HAITPUKIAT KYJIHOBi, 200 KOMOi-
HAaIlii KyJsl — TOpoil, IBOX Ta OibIle TOPOIIiB, SKi pO3TAIIOBaHI HA PI3HUX PIBHAX
1o BHCOTI BigHOCHO enektpoza 3 BH [1, 3]. BukoprcranHs KOMOIHOBaHHMX €KpaHiB
3 KUIBKICTIO TOPOiJiB OiJIbIlIe JBOX HE PalliOHAIBHO, TaK SK Y IIbOMY BHITAJIKy Ha-
MIPYXKEHICTh IOJIS Ha KiHIIEBUX TOPOigax 3HAYHO OUTBINE, HIXK Ha 1HIIUX, TOMY BOHH
BUKOPHCTOBYIOTECS HE epekTuBHO [1]. JIy1s migBHIIEHHS €()EKTUBHOCTI CUCTEMH €K-
paHyBaHHS OKpEeMHUH TOPOINANbEHIH eKpaH MOXKe MaTH CKJIaIHy, HallpHUKJIa ] po3Iie-
IUIEHY CTPYKTYPY. i1st 0OpaHHsI KOHKPETHOTO PillleHHsT HEOOX1IHO IPOBEACHHS J10-
JIATKOBOTO KOMIUIEKCY JIOCITI/DKEHb 3 YPaxyBaHHSIM BIUIMBY CTPYKTYpH OKpPEMHX
CNIEMEHTIB 130JILiIIHOT KOHCTPYKLIT Ta CTPYKTypH ekpanyBanHs [1, 3].

Jlist BU3Ha4eHHs e(DEKTUBHOCTI THX UM IHIIMX 3ac00iB KEpyBaHHS €IEKTpHY-
HHM TI0JIEM B 130JILIHOT KOHCTPYKIii po3p00JICHO METOANKY Ta aJrOPUTMOM OIli-
HKH PO3MOJITY HAMPYXEHOCTI Y3J0BX KOHKPETHOI KOHCTPYKIII 3 ypaxyBaHHIM
CTPYKTYPH €KpaHyBaHHs. B SKOCTI OYAaTKOBUX JaHHX, IO BBOJASTHCS B 3aralibHHN
anroput™ [1, 3], BUKOPHUCTOBYIOTHCS JIaHi, SKi BiAIOBINAIOTh KOHCTPYKINT 13015~
TOpa, 9acTHHA IMX JTaHUX OTPHMaHa Ha piBHE OakaiaBpchkoi poOoTH. B xomi moma-
JIBIIOT MaricTepchKoi poOOTH 3MIIICHEHO YTOYHEHHS allTOPUTMY Ta PO3pOOIEHO Mpo-
rpamMHe 3a0e3le4eHHs], 3a JONOMOTOI0 SIKOTO MPOBEIECHO JOCIIJKEHHS BILUIUBY
KOHCTPYKTUBHHMX YMHHHKIB Ta IapaMeTpiB HABAaHTA)KEHHS HA €(PEKTUBHICTH BHPIB-
HIOBAaHHS HANpPYKEHOCTI MOJIS 32 JONOMOT0I0 00paHOi CHCTeMH eKkpaHyBaHHs. Ha
OCHOBI MaTepiajiB, M0 OyAyTb OTPUMaHi, IJIAaHY€ThCSI CTBOPUTH YHIBEpCaJIbHE MPO-
rpamHe 3a0e3MedeHHs A5l KOMIUIEKCHOT OLIHKY PO3IIOJITY HapYyKEHOCTI OIS y3-
JIOBX 130JISIIHHUX KOHCTPYKIIIH arnapaTiB 3BepX BHCOKI HAaIlpyTH.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

1 Anekcanapos I'.H. V30ns1ust 31€KTPHUYSCKUX aNlIapaToB BRICOKOT'O HATIPS-
sxenust [tekct] / I'.H. Anexcauapos, B.JI. UBaHoB. —JI.: Dueproatomusaar, 1984. —
20&.

2. AnexcannpoB B.H. Dnexkrpudeckne ammaparbl BBHICOKOTO HalpsDKCHUS
[rexct] / T.H. Anexcannpos, A.U. Adanacses, B.B. bopucos u ap. ITox pexn. I'.H.
Anekcanaposa. —CII6I'TY, 2000. — 508,

3. Amurpuesckuii B.C. Pacdyer 1 KOHCTPYHPOBAHHE SJCKTPUICCKOMN 30 SIIIHN
[rexct] / B.C. IMuTpreBckuii. —M.: Dueprousmar, 1981. — 392.

4 Anexcannpos I'.H. IIpoeKTHpoBaHHE DIEKTPHUYECKHX alapaToB [Tekcrt].
I".H. Anekcannpos, B.B. bopucos, I'.C.Kamnan u np. [Tox pen. I.H. Anekcannposa.
—JI.: DHeproarommsaat, 1985. — 448&.
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YK 621.311.42
baumikos B.B
ctyn. rp. E-410v HY "3anopi3bka mosmiTexHuKa"

MOJIEPHI3ALISI PO3HNOALIBHUX ITPUCTPOIB MICBKOI
TPAHC®OPMATOPHOI NIJICTAHIIII 10/0,4KB

Haiicnabuioro 1aHKOIO B CHCTEMI €I€KTPOIIOCTauaHHs MicTa 3armopikiKs € XKH-
BWJIBHI TpaHC(OPMATOPHI HiJIcTaHMii, KoedillieHT HaBaHTaXEHHsI TPaHCPOPMATOPiB
SAKUX cTaHOBUTH O0si3bKko 80%. [IprumHO0 TOMY € 3acTapina cucTeMa eJIeKTpOIIo-
CTadaHHs, I¢ MOICPHI3allisA 00JagHaHH He poBoauacs iie 3 80x pOKiB MHHYJIOTO
CTOJIITTS, L0 € HEITPUIYCTUMHM.

OkpeMi CIIOXKUBaYi €IeKTPUIHOT €HEeprii, 0 KHUBIATHCS Bifl TAKOT IMiICTAHIIII,
BITHOCSTBCS 10 EJIEKTPONpPUAMAUiB MEpIIoi KaTeropii, mepepsa B €JIEKTPOIOCTa-
YaHHI SIKUX MOXKE CIPHYMHUTH HeOe3IeKy Al JKUTTS JIIoACH, a TakoX 3aaaTu
IIKOJIA TOPOTOMY O0JIaHaHHIO. J[JIs TaKMX eNeKTponpuitMadiB MMOBUHHO 3a0e31ie-
yyBaTHCs Oe3nepediliHe eNeKTPONIOCTaYaHHs, sIKe 3AIHCHIOETHCS BT IBOX HE3aJIexkK-
HHX B32€MOPE3EPBYIOUUX JKepes KUBICHHS [1].

Haii6imp1r onTHManbHUM pilleHHsIM 71 MoJiepHi3anii Oyo oOpaHe BCTaHOB-
JICHHS JJOJaTKOBOI KOMIUIEKTHOI TpaHC(HOPMATOPHOT MiJCTAHIIIT IIOTJIOBOTO TUIY B
OXOPOHHIH 30HI ICHYI0UYOI MiChKOT TpaHC(HOPMATOPHOI miAcTaHLil [2].

Take TexHIYHE PiICHHS JO3BOJISIE OTPUMATH CYTTEBHI EKOHOMIYHHH €EeKT 3a
HACTYITHUMH HaTPSIMKaMHU:

— MiHIMI3yBaTH BUTPATH Ha BUKOHAHHS POOIT 3 KamiTAILHOTO OyMiBHUITBA i
CHJIOBHX KOMYHIKaIIii;

— 3HU3WTHU J0 MiHIMyMY BHTPATH Ha €JICKTPOMOHTaXHI poOOTH;

— M IBMIITATH HATIHHICTh €JIEKTPOIIOCTaYaHHs JAHOTO PAaifoHy BHACIIIOK 3HU-
JKCHHSI HABAHTAXKCHHS Ha ICHYI0YE 00JIaTHAHHSI Ta MiJBUIICHHS PiBHS Pe3epBYBaHHS
CIIOXKHBAYiB.

[NependavaeThcst MiAKIIOYCHHS JOJATKOBOI KaOEIbHOI JIiHIT 3B'I3Ky TOPYY i3
po3TaIoBaHoi TpaHc(HOPMATOPHOIO MiJICTAHIIIEO, 1110 MOXKHA OTPUMATH 32 JOTIOMO-
TOF0 30UTBIIICHHS CTYTICHS 3aKiTbIIbOBAHOCTI XKUBMILHUX ITiICTAHIIIN 32 KJIACOM Ha-
npyru 10 kB, a Takok MaKCHMaJBHO BUKOPHUCTOBYIOUH CIEMEHTH BXKE 1CHYIOUOTO
PO3MOMIIBHOTO TPHUCTPOIO. [le M03BOMUTE ICTOTHO 3HU3WUTH WMOBIPHICTH BTPATH
JKUBJICHHSI B pa3i BiIMOBH OCHOBHOTO JDKEpelia €IeKTponocTadyaHHs i 3a0e31eunTh
THYYKICTh CHCTEMH TEXHIYHOIO OOCIyroBYBaHHs po3noiiapuoro npuctporo (PIT)
10xB [3].

Pospaxynox crpymiB K3 mokazas, 110 B MPOEKTOBaHIH CXeMi 3aMiCTh KOMipOK
KPIT moxna 3actocyBatu komipkun KCO 3 BakyyMHUMH BUMHKadyaMH, BCTAHOBJIC-
HUMH Ha miacTaHmiil y Binciky PI1-10kB. J{ns kommnekranii PIT-10 kB Bubupaetsest
koMIuiekTHu# npuctpiid Tuny KCO-393 3 BakyymHuM BuMuKadeM tuiy BB / TEL
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BUPOOHHMIITBA 3ar0opi3bKOr0 3aBOy BUCOKOBOJILTHOI amapatypu i HBO Interpan 3
BiJITIOBITHIMH CXEMaMH ITEPBUHHUX 3'€THAHb. BiIOBITHO 10 TEXHIYHUX YMOB EKC-
TUTyaTallii, HaJaroJUKCHHs Ta TEXHIYHEe 00CIYTOBYBaHHS CIEMEHTIB PO3IOALTHEIOTO
MPUCTPOIO MOBUHHA MPOBOIUTHCS MEPIOTHUYHO, HE Pijlilie OJHOTO pa3y Ha pik [4].

[IpoBeneHa mepeBipka mapaMeTpiB IMUHHOTO MOCTA 1 HOTO €JIEMEHTIB 3 ypaxy-
BaHHSIM OCOOJIMBOCTEH €KCIUTyaTarlii, a caMe MOXKJIMBOCTEH 3MiHU TIEPETIKaHHS I10-
TY>KHOCT1 BHACITIZIOK 30UTBITICHHS MTOTPE0 €HEPTOEMHOCTI CTIOKMUBAYIB HaJlama MOXK-
JUBICTh OOTPYHTYBAaTH BHOIp MOJEPHI30BAHHX E€JIEMEHTIB CTPYMOBEIYYOTO KOH-
TYpYy 3 ypaxyBaHHsM po3paxoBaHoro cTpymy K3. e 3abe3meuye minBuIieHas piBHS
eJIeKTPOOEe3NeKH, CKOPOUSHHSI BTpAT poOOYOT0o Hacy i 3pOCTaHHS eKCIUTyaTaiiHol
HaAiHHOCTI 00JaTHAHHS.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Anekcanapos, I'. H. [IpoektupoBaHue 3JIeKTPUIESCKUX aIMapaToB: y4eOHUK
quist By30B [Tekcr] / I'.H. Anexcanapos, B.B.bopucos, I'.C. Kamnan u ap.; moj pen.
I'.H.Anekcaumposa. —JI.: DHeproaromusaart, Jle-uurp.ota-aue, 1985. — 448.

2. Adanacees, B.B. CipaBoYHHK 110 3JCKTPUYECKUM allllapaTaM BBICOKOTO
Hanpsokenust [Tekct] / Tlox pen. B.B.AdanacseBa. — JI.. Dueproaromusaar, Jle-
HUHTD. oTA-HUe, 1987. — 544.

3. baymmreiin, 1. A. CripaBOYHHUK 110 JIEKTPHUECKUM YCTaHOBKaM BBICOKOTO
Hanpsokenust [Teker] / Y. A. Baymmireiin, C.A. baxanos. —M.: DHeproaroMusar,
1989. — 768.

4. CemunnoB, A. M. TOKOIPOBOBI IPOMBIIIIEHHBIX IpeanpusaTuii [Tekct] /
AM. Cemunnos. —JI.: Dueprousaar, 1982. — 208&.

YJK 621.316.37
Boponuus 1. B.
ctyx. rp. E-410v HY "3amopisbka momiTexHika"

PO3NO/IIbHUM IPUCTPII BJIACHUX IIOTPEB HAIIPYTOIO 6 KB,
IO ’KUBUTH I'OJIOBHI HUPKYJIOIOUYI HACOCH (I'lTH) 3AEC

[MpakTyHe 3acTocyBaHHS sIIEpHOI €Heprii B MHPHHMX LUBIX 3irpajo
PEBOIMIOLIIHY pOJIb B HAYKOBO-TEXHIYHOMY Iporpeci. MoXIUBICTh NPaKTHYHOTO
BUKOPUCTAHHS eHeprii JIICHHS aTOMHOTO spa —  HaWOUIBII
BHUCOKOKOHIIEHTPOBAHOTO I1ajIMBa, JO3BOJIMIO OTPUMATH BEJIMYE3HY KUIBKICTh
TeryoBoi eHeprii. Lle BiAKpWIO TpaHIiO3HI NMEPCHEKTUBH AL PO3BUTKY BCi€i
€HEPreTUKH Ta IIOBHOTO 3a/I0BOJICHHS 3pOCTAI0YNX CHEPIeTUYHHIX NOTPeO JIF0/ICTBA.
Buxoasuu 3 mporo, B yChOMY CBIiTi, aTOMHA €HEPTeTHKA PO3BUBAETHCS CTPIMKAMHU
temnamu[1, 2]. Bukopucranus atomuoi edeprii Ha AEC CyTTEBO 3HIKYE 3arpo3y
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HEJIOCTATHOCTI OPTaHIYHOTO MaJNBa, Mo BUKOpucTOBYeThCs s TEC. Kpim Toro,
BUKOPUCTAHHS OPTaHiYHOTO MAaJKMBa EKOJOTiYyHO mIKijumBe. [Ipu cmanroBaHHI B
TONKaX TEIUIOBUX €JEKTPOCTaHLi KaM'ssHOro BYyTiwisi, HapTH abo rasy
CIIOXKHMBAEThCSI BEJHMKA KIIBKICTh KHCHIO, BUKHIAETHCS B aTMOC(epy 3HAYHA
KUTBKICTh MUY, CaXi, CIPYHUCTOTO ra3y, 3HAYHA KUTBKICTh BaXKKHUX PaTiOHYKIIIIB.
ITpudomy iX KOHIIEHTpaIlis OibIlle HiXK IpH HOMiHaNBHIH podoTi AEC, a 11e 3011b-
1rye pamiamiinuii pou [3].

Opniero 3 HaiOiapm moTy)kHUX AEC € 3amopizpka AEC, sxa sBise co0or0
CKIIQJIHMHA TEXHIYHUHA KOMIUJIEKC, OJHUM 3 €JEMEHTIB SKOTO € pPO3MOJUTEHUI
npuctpitt xuBneHHs ['T[H. ToMy roJoBHAM 3aBIaHHSM € TIPOBEICHHS KOMILIEKCY
TTOCITIKeHb BIUIMBY CTYTICHS pe3epBYBaHH Ha TiABUIIICHHS PiBHS €KCIUTyaTalifHOT
HAJIIHHOCTI PE3ePBOBAHOI CXEMH JKUBJIICHHS TAKOTO BAYKJIIMBOTO BY3]a, SIK CUCTEMA
PO3XOJIOMKYBAaHHS 1 KOMIUICKTYIOYOro Horo oOmagHaHHsA. [liqroToBieHHS
peKOMEHIANIi [IOJ0 MiABUINCHHS EKCIUTyaTalifHOi HAMIHHOCTI 3 JIOTIOMOTOIO
YIOCKOHAJICHHS CXEMH 1 KOHCTPYKIIi po3MOAUIbHOTO MpUCTpoto. Lle moTpioHo s
migBUIICHHS HamifHOCTI i Oesmekn AEC, mo kpiM Toro 3poOuth ii OiLIBII
KOHKYPCHTOCIIPOMOKHOIO 3 BUPOOY €ICKTPOCHEPTil.

Crogatky po3poOJieHO 3aX0JIU MO0 BAOCKOHAICHHS CXEMH Ta KOHCTPYKIIi1
PO3MOMIIBPHOTO TPHCTPOIO 3 ypaxyBaHHSIM OUTBII BUCOKWUX BHUMOT HaJIHHOCTI
eJIEKTPOINIOCTaYanHsl. MoJepHi3yBaHHsI NPU3BENIO O TOTO, IO BiH CKJIAAAETHCS 3
YOTHPHOX CEKI 30IpHUX IIWH, MO0 MAlOTh JXUBJICHHS BiJl JBOX HE3aJEKHHUX
JOKEpel, IPH 1IbOMY 3a0€3Me4y€eThCsl yMOBa aKTUBHOTO pe3epBYBaHHSI.

B xonai moganbmioi poOOTH MPOBEICHO PO3paXyHOK OCHOBHUX ITapaMeTPiB i30-
JSIIIHOT KOHCTPYKIIi, ITMHHOTO MOCTA Ta 0T €JIEMEHTIB 3 ypaXyBaHHIM 0COOIH-
BOCTEH eKCIUTyaTallii, TAKO)K BUKOHAHO PO3PaXyHOK CTPYMY KOPOTKOTO 3aMUKaHHS
3 ypaxyBaHHIM CTPYKTYPH Ta 0COOIHMBOCTEH (DYHKIIOHYBAHHS CXCMH PO3IIOALIb-
HOTO TIPHUCTPOIO, IO MPHU3BEIO IO OTPUMAHHS BHUXIIHUX JaHWUX SKi MOTPiOHI s
MOJANTBIINX JTOCIKCHHS PO3IOAIIBHOTO MPUCTPOI0. Bylio MpoBEICHO KOMILICKC
JTOCITIPKeHb MMOKA3HHUKIB HAJAIMHOCTI CXeMH B YMOBax pe3epByBaHHs. Po3pobieHo
MaTeMaTHYHUH armapaT Ta OTPUMaHO YHCeNbHI 3HAYCHHS TOKa3HUKIB HATIIHOCTI 3
ypaxyBaHHIM OCOOJHMBOCTEN (PYHKIIIOHYBaHHS CHCTEMHU i TITMOWHH Pe3epBYBaHHS.
AHai3yl09n OTpUMaHi JlaHi, MOXKHa BHOpATH ONTHMAJIbHE CITiBBiIHOIICHHS MiX
HAJIMHICTIO Ta BapTICTIO pe3epByBaHHS.

CIIMCOK BUKOPUCTAHHOI JITEPATYPH
1. TumoBoe coneprkaHHe TeXHUYIECKOro oOocHOBaHHUs OezomacHocTH ADC
[Tekcr] — JI.: Dueproatommsaar , 1988. — 282.
2. Tyk 1O. B. YcTpoi#icTBO, MPOESKTUPOBAHKE U IKCILIyaTALUs CXCM JICKTPO-
cHaOxenus coocTBenubix Hyx1 ADC [Tekcr] / 10. B. I'yk, B. M. KoGxys, A.K.
Yepuoselr. —M.: DHeproaromusmar, 1991. — 296.
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3. Ilunnoscekuit A. K. Enepretnuni pecypcu ta motoku [Teker] / A. K. [u-
mroBcbkuit, FO. O. Bixopes, B. O. I'inaitno. — K.: YkpaiHCBbKiI €HIIUKIONEIUYHI
suanns, 2003, — 472.

VK 621.314

Adanacses 0.1, Conina K.B.2

! kann. Texn. Hayk, non. HY "3anopisska momitexHika"
2 cryn. p. E3-818HY "3anopisbka nosnitexHika"

JOCIIIKEHHA EOEKTUBHOCTI CXEMH BIIKPUTOI'O
PO3NOAVIBHOI'O NPUCTPOIO HOMIHAJIBHOIO HAITIPYT'OIO
750KB

J1o 0co0mMBO BaXKIIMBUX 00'€KTIB, IO MAIOTh BiJHOIICHHS 10 MariCTpalbHUX
CJIEKTPUYHKMX CHCTEM, B IIJIOMY, MOKHA BITHECTH BCi migcTanmii Hanpyrow 7/50kB
Ta MOBITPSIHI JIHIT IIHOTO X KJIacy HANpPYTH 3arajbHOIO0 MPOTHKHICTIO 4,1 THC. KM.

JIiHii enexTpornepenadi HOMiHaIbHOIO Hanpyroto 750kB npusHaveHi amst ne-
penadi BeJIMKHX 00CATIB eJIeKTPHUYHOI eHepril B paiioHy ii CIIO)KMBaHHS Bl BEJIMKHX
TEIUIOBHX, T1IPABIIYHUAX a00 aTOMHHX €JICKTPOCTAHIIIH, BiIIATICHUX BiJl TPOMUCIIO-
BUX IICHTPIB, a TAKOX ISl B3AEMHOTO OOMiHY MOTYXKHOCTSIMH MK OKPEMHUMH Peri-
oHamm ab0 eHeprocucTeMamu. B 3alnexHOCTI Bif epeaaBaeMoi MOTYKHOCTI i PH-
3HAYCHHS elleKTponepenadi Hanpyrow /50 kB OyayroThCs OIHEIAHIFOTOBHMH,
JIBOXJIAHIIIOTOBUMH 200 3 BEJIMKOIO KIJIBKICTIO JIAHI[IOTIB.

Ha enekTpuvHHMX MiACTaHIAX HE TUIBKH 3MIiHIOIOTHCS MapaMeTpH eJIeKTpoe-
Heprii, ayie i BigOyBa€eThCs 11 pO3ITOIL.

JInst po3momisy eneKTpoeHepTii BUKOPUCTOBYIOTHCS PO3MOIIBHI TPUCTPOI,
SKi € HEBiJ €MHOIO0 YaCTHUHOIO MiACTaHIi. 3aralbHUM MOTIK CNCKTPOCHEPTii, SKil
MPOXONTh Yepe3 CUIIOBI TpaHC(HOPMATOPH, PO3MOAIIBHI ITPUCTPOI PO3IIISAIOTE Ha
MEHII ITOTOKH 1 CHPSIMOBYIOTH IX 10 Pi3HHUX IMYHKTIB 3 METOIO IOAANBIIOTO IepeT-
BOPEHHS TTapaMeTpiB YK CHOXHMBAHHS EJIEKTPOEHEPTii, TOOTO 10 CyMDKHHX ITiicTa-
HIIHA. B 3a11€)KHOCTI Bil yMOB OTOYYIOUOT'O CEpEIOBUINA PO3PI3HAIOTH 30BHIIIHI Ta
BHyTpilHi PII 3 00713 1HaHHSIM, BCTAHOBJICHUM B MPUMIIICHHAX ab0 mo3a HUMH [1-
3].

CxeMH pO3NOIUTbHAX MPHUCTPOIB EISKTPUIHUX CTAHIIIN Ta CHIIOBUX ITiICTaH-
if MOCTaTHRO CKIaaHI. [IpHuKiaj eneKTpUIHOi CXeMH 1moka3aHo Ha puc. 1.B poboTi
00pano 6a3oBy cxemy BPII — 750kB mjist momaneioro i yaockoHaneHHs. Buko-
HAHO aHAJI3 THIIIB Ta KOHCTPYKINH eIeKTPUIHUX alapaTiB, MO0 KOMITICKTYIOTh PO-
snoauIbHuMA mpuctpiit BPIT - 750kB, BCTaHOBIICHO X TEXHIYHUI CTaH, 0COOIHUBOCTI
eKCIITyaTallii B yMOBaxX pO3MOAIIBHOTO IPHCTPOIO.
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Pucynok 1 —®parMeHT eJIeKTpUYHOI IPUHIUIIOBOT cxeMu miacTaniii /50kB

Ha ocHOBI 3a71aHiX TEXHIYHUX HMapaMeTPiB 1 BUMOT MPOEKTHO-TEXHIYHOTO 3a-
BIAHHS, 8 TAKOX aHAII3y Cy4aCHHX KOHCTPYKIIH MiJcTaHLii, BHOPAHO CTPYKTYpY
OTIOPHO-130JIALIHHOT KOHCTpYKIii Jutst Bukopuctanus y BPII — 750kB ta nposeneHo
PO3paxyHOK KOMIUIEKTYIOUHX 11 eneMeHTiB. OTpUMaHi pe3yIbTaTi MOXKIMBO BHKO-
PHUCTOBYBATH B SIKOCTi MOYATKOBHX AAHHX JUISl OAAJBIIOT0 YJOCKOHAJICHHS! HACTY-
MTHHUX TEXHOJIOTIYHHX 1 KOHCTPYKTOPCHKHX PILIEHB MO0 130JIIHHOT KOHCTPYKIII.

Jlist peamizanii 1iei 3aga4i Ha ocHOBI [4, 5] po3p0o0IEHO aNrOPUTMH PO3pPaXy-
HKY Ta HeoOXiJlHe MporpaMHe 3a0e3MeYeHHs IS OIIHKYM TOJOBHHUX IapaMeTpiB Ta
Koe(ilieHTiB HaBaHTaXCHHS KOMIUIEKTYIOUNX elleMeHTiB. OTprMaHi pe3yinbTaTd y
MOAATBLIOMY MOJIMBO BUKOPUCTATH AJISI OOTPYHTYBaHHS MOIIMBOCTEH ONTHMI3a-
1ii eNeMEeHTIB PO3MOIiITBPHUX MPUCTPOIB 3 ypaxyBaHHIM MacO-TabapUTHUX, EKOHO-
MIiYHHMX Ta HIMOBIpHICHUX (HAIIpHKIa] HMOBIpHICTH G€3BiIMOBHOI Ipalli, MATEMAaTH-
YHE OYiKYBaHHs CEPEAHBOTO HAMPAIIOBAHHS 10 BiIMOBH) MOKa3HHKIB.

Jlns 3a0e3nedeHHsT YMOB MOJEpHi3alii Ta BUOOPY HOBOTO OONaTHAHHS YIS
BPII — 750kB npoBeneHo po3paxyHOK CTPyMiB KOPOTKOTO 3aMHKaHHS JUISl PI3HUX
MOXIIMBHX PEXXUMIB (DYHKIIIFOBaHHS CXEMH NP BUHEKHEH1 aBapiiiHoi curyarii. Bu-
3HaYeHi Ta MoNepeIHb0 00paHi anmapaT s MIBHAKOTO Ta HaliifHOr0 BUMKHCHHS
Ta MOJAIBIIOr0 (YHKIIIOHYBAaHHS PO3NOAIIBHOTO MPUCTPOIO JiHIT >kuBieHHs 750
kB.

CIIACOK BUKOPUCTAHHOI JIITEPATYPU

1. Jlunkun B.1O. DnextpocHabkeHre NPOMBIIITICHHBIX NPEATIPUSATHH U ycTa-
HOBOK [TekcT] / B.YO. JIunkun. —M.: Beicm. mik., 1990. — 366.

2. Hexnenaee B.H. DiexTpryeckass 4acTh 3JICKTPOCTAHIMN WM ITOACTAHIIMN
[rexct] / B.H. Heknenaes. —M.: Dueproatomusaar, 1986. — 640.

3. Onosnesa I''H. CxeMbl 1 mojacTaniuu sjekrpocHabxenus [rexcr] / I'.H.
Omnosesa. —M.: ®opym: THOPA —M, 2006. — 480 c.
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I'".H. Anekcannpos, B.B. bopucos, I'.C. Kannan u np. Ilon pexn. I'.H.Anekcanaposa.
—JI.: DHeproarommzaat, 1985. — 448&.

5. Caxapos I1.B. [IpoekTrpoBaHue 31eKTpHUYeCKUX anmnapatos [Teket] / I1.B.
Caxapos. —M.: Dueprus, 1971. — 56@.

YJK 621.314
Adanacses O.1.%, Bomuxos P.B.2, Comnina K.B.3, Mokpoycosa P.C.4, Cepmiok 0.0.5,
Makcumenko B.O.8
! kann. Texn. Hayk, non. HY "3anopisska momitexHika"
2 ctyn. rp. E-417HY "3anopisbka moyitexHika"
3 cryn. rp. E3-818HY "3anopisbka nomirexmika"
4 cryn. rp. B-418&n HY "3anopisbka monmirexnika"
Scryn. rp. E-818&mn HY "3anopisbka nomitexHika"
6 ctyn. rp. E-417a HY "3anopisbka nositexHika"
MOKJIABOCTI MIHIMI3AILII KOHCTPYKIIA EJJEKTPUUYHUX
AIIAPATIB, U1 KOMILIEKTAIIT PO3MOIJIBHUX ITPUCTPOIB
BUCOKOI HATIPYTH

[MigBuIICHHS BUMOT 10 CKOHOMIYHOCTI Ta HQAIHHOCTI Mpalli MiICTaHIiN Ta 1X
PO3MOIUIEHUX MEPEX y MOBHIM Mipi TOPKAa€eThCs TX ENEKTPUYHOT YaCTHHU. AHAII3
o0JiasiHaHHS PO3MOJUILHUX MEPEX IMOKa3aB, 10 BATOMHUM CIIOCOOOM ITOKpAIIEHHS
eKCIUTyaTallifHuX XapaKTEepUCTUK, HAIIPHUKJIA]], CTPyMOIIPOBITHOI CUCTEMH, eJIeMe-
HTIB 130JISIIHHOT KOHCTPYKIIT, € IX YAOCKOHAJICHHS 3 METOIO 3HIKEHHS MaTepiano-
€MHOCTI TIPH YMOBI 30epeKeHHs eKCIUTyaTaliifHOT HaJifHOCTI Ha HEOOXiTHOMY pi-
BHi [1]. KpiM TOro, 115 13051 HOT KOHCTPYKIIii, i€ TOJOBHUM KPHTEPIEM € il KO-
MYTAIIHHAX Ta aTMOC(HEPHHUX TIEPEHATIPYT, € YAOCKOHAICHHS CUCTEMH 3aXHCTY Bif
HepEeHANpyT, TOJOBHUM €JIEMEHTOM K01 € 0OMexyBaui nepenanpyr (OITH).

Bumoru HOpMyBaHHSI Ta IPOTHO3YBaHHS €KCILTyaTalliiHOT HaIIHHOCTI ITi€l cH-
CTEMH CTBOPIOIOTH HEOOXITHICTH PIIlICHHS 3a/1a4i pPO3paxyHKY Ta aHaJi3y MOKa3HU-
KiB HaJifHOCTI OKpEMHUX EJIEMEHTIB 3 ypaxyBaHHIM MiHIMI3allil X CTPYKTYpHHX
€JIEMEHTIB Ta 0coOnmBOCTEH (hi3MYHMX IMPOLECIB, IO JIIOTH B ILOMY BHUMAJAKY Ha
okpemi cknanosi enementu 2, 3]. Tak, TepMiH eKCILTyaTalii KOMIULIEKTHHX PO3MO-
nineHux npuctpoi (KPIT), OITH Bi3HAYa€ThCS TAKUMH FOJIOBHUMH YHHHHKAMH, K
TEIJIOBE HaBaHTAXXCHHS, MaiHHS HAIIPYTH Ha eJeMEHTaX CTPYMOIPOBITHOTO KOH-
TYpY, €JeKTpOoJMHaMiuHa Ta TepMiuHa criiikicts. Okpemo mast OITH, ne ymoBn
TIpaili BApUCTOPIB Ta PEKUMHU HABaHTAKCHHS 130JIAIIHHOT KOHCTPYKIIii. SIKkio mep-
WA YUHHUK JOCTATHHO CTAO0UTLHUH y MPOIIeci eKCIuTyarailii, To Ipyruil — CyTTEBO
3aJIeXHUTh BiJl YMOB €KCIIIyaTallii Ta KOHCTPYKTHBHUX OCOOJIMBOCTEH, HaNPHUKIAL
CHCTEMU €KpaHyBaHHS.
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VY cygacuux KPII 11 BUTOTOBIIEHHS 130111 I{HOT KOHCTPYKLIT BCe OiblIe BU-
KOPHUCTOBYIOTh ITOJIIMEPHI MaTepiajl Ha OCHOBI €MIOKCHIHUX KOMMAyHJiB. B ymo-
BaX BIIKPUTHUX PO3MOIUILHHUX MPUCTPOIB, @ TAKOX B YMOBaX ITiJBHIICHOI BOJIOTOCTI
X TpeKiHroeposiifiHy Ta JyroBy CTIHKiCTb, a Takok 11(Bosioro po3psmHi xapakre-
pHUCTHKH 3a0e3nedye creniaibHe peOprucTe HOKPUTTS, 1[0 BUKOHAHO Ha OCHOBI CH-
JIIKOHOBOI 200 €THJICHTIPOITIJICHOBOT €JIEKTPOTEXHIYHOT TYMHU. AHaJIi3 TOJOBHHUX Xa-
PAKTEPHUCTHK BHILE [TO3HAYCHUX EJIEMEHTIB II0Ka3aB, 10 BayKIMBHM I1apaMeTPOM,
0 OKa3y€e BIUIMB Ha TMOKA3HWKH EKCIUTyaTaIliiHOI HAaMiMHOCTI € HampyXeHIiCTh
TOJIS.

B 130AMiitHIX KOHCTPYKINSAX PO3MOIAUIBHUAX MPHUCTPOIB MA€ MICIE CYTTEBO
HEPIBHOMIPHUH PO3TOIiT HATPY>KEHOCTI TIOJIST Y3[IOBK BUCOTH 130JIATOPA, IO CYT-
TEBO BIUIMBAE HA TPUBAJIICTh €KCIUTyaTalii ¥, SIK HACHIOK, Ha TOKA3HUKH HaJliiHO-
cTi. Y 11bOMy 3B’ 13Ky BUHUKA€ HEOOXIAHICTh OL[IHUTH BIIJIMB HAPYKEHOCTI TOJIS HA
TEPMiH CKCILTyaTallii Ta BiMOBIHO MOKa3HUKH HATIHHOCTI.

B po6orti npoBeneHo aHaii3 yMOB poOOTH 00JIaIHAHHS, 1[0 KOMIUIEKTYE pO3-
MOJUTHHI MPUCTPOI Ta BUSBJIICHI TOJIOBHI HATIPSAMKH, IO TAIOTh MOXJIUBICTH 3MCH-
IICHHS MaTepiaJloEMHOCTI OKpeMuX (YHKIIH HUX eJeMeHTiB Ta amapartis. [lo-me-
piIie, 1ie eJIeMEHTH CTPYMOIIPOBITHOTO KOHTYPY, KpUTEPisIMH MiHIMi3aIlil SIKUX € Te-
TUIOBE HABAHTAKEHHS, TEpMiuyHA Ta MUHAMIYHA CTIMKICTh Ta piBeHBL BTpat. [lo-
JIpyTe, IIe 130JAIiiHa KOHCTPYKITisl, KPUTEPIIMHA MiHIMi3allii SKO1 € TOJIOBHI BHIU
I30JIAIIHIX TIPOMIXKIB B YMOBaX MPHUKJIAICHHS HAMPYTH MPOMHUCIIOBOT YaCTOTH Ta
KOMYTAIlIHHAUX 1 TPO30BHX IMITYJIbCIB. [Ipy IbOMY 3aralbHUM KpHUTEPIiEM sl 000X
HaIpsMKiB € OKa3HUKH €KCIUTyaTaliifHOT HalifHOCTI pO3MOALIEHOTO TPHUCTPOIO.

Jns peanizanii miei 3agadi Ha ocHOBI [4, 5] po3po0iIeHO aNrOpUTMH PO3PAXYHKY
Ta HeoOXiJHe porpaMHe 3a0e3reueHHs ISl OLIHKH TOJIOBHUX TapaMeTpiB Ta Koedi-
II€HTIB HABAaHTa)KCHHSI KOMIUIEKTYIOUHX eJleMeHTiB. OTpHMaHi pe3ysbTaTH y H0/1allb-
IIOMY MO>KJIIBO BUKOPHCTATH JUIsl OOTPYHTYBaHHs MOKJIMBOCTEH ONTHMI3aLlil ereme-
HTIB PO3MOJUILHUX MPHCTPOIB 3 ypaxyBaHHSIM Maco-radapHTHHX, CKOHOMIUYHHX Ta
HAMOBIpHICHNX (HAIPHKJIa[ WMOBIpHICTH GE€3BIIMOBHOI Ipalli, MaTEMaTHYHE OYiKy-
BAHHSI CEPEIHBOT0 HAMPALFOBAHHS 10 BiIMOBH) MOKA3HHUKIB.

CITACOK BUKOPUCTAHHOI JIITEPATYPA

1 Omnonepa I'.H. Cxembl 1 moacTaHuuu 3jeKTpocHadxenus [tekct] / T'.H.
OmnoneBa. —M.: ®opym: MTHOPA —M, 2006. — 480 c.

2 I'yk 10.B. Teopus nHagexunoctu B snekTposnepreruke [texcr] / F0.B. I'yk. —
JI.: Dueproatomusaar, 1990. — 208,

3 dpyxwunaus I'.B. Teopus HaaeKHOCTH PAIHO3ICKTPOHHBIX CUCTEM B IIPHUMeE-
pax u 3amadax [rexct]. / I'.B. dpyxunun, C.B. Crenanos, B.JI. Illuxmartosa u jap.
Ilox pen. I'.B.[Ipyxununa. —M.: DHeproarommsaat, 1976. — 448,
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! kann. Texn. Hayk, non. HY "3anopisska momitexHika"

2 cryn. rp. E-410u HY "3anopi3bka mosiTexHika"

3 cryn. rp. E-817HY "3anopisbka monitexHika"

JOCHLIKEHHA EOEKTUBHOCTI 3BHUXKEHHSA BTPAT
HNOTYKHOCTI B EJEKTPUYHUX MEPEXAX BUCOKOI HAIIPYTH

ExoHOMIYHICTb Ta HaJIHHICT MiACTAHLIH Ta iX po3noinsHUX npucTpois (PIT)
BU3HAYAETHCS CTAHOM iX CNICKTPUYHOT YACTUHH. AHAI3 PO3MOIITEHUX MEPEK MO-
Ka3aB, 1[0 BarOMUM CIIOCOOOM MOKpAIllcHHS 03HaYeHHUX xapakrepucTtuk PII e BTi-
JICHHSI 3aC001B 1010 3HMKEHHS BTPAT EJICKTPOCHEPTIi B €JIeMEHTaX CTPYyMONPOBiJ-
Horo koHTypy [1]. Ilpu mepenadi eneKTpOSHEPrii 3 UIMH XUBILTYMX MiACTAHIIN 10
CIIO’KMBAYiB YaCTHHA €JIEKTPOCHEPTii BUTPAYA€EThCS HA HArpiB MPOBIIHUKIB, CTBO-
PEHHS eJIeKTPOMArHITHUX TOJIB Ta iHmIi edektn. [li BUTpaTH MaloTh Ha3By BTpaTH
eNleKTpoeHeprii. BennurnHa UX BTPAT CYTTEBO 3aJICXKHUTh BiJl XapaKTepy HaBaHTAa-
JKEHHS Ta HOTO 3MiHH Y MeXaX 4acy, 0 pO3TIISIAEThCSI, & TAKOXK BiJl TKOCTI €NIEKT-
poeHeprii Ta 3aco0iB 1i 3abe3meueHHs. SIKICTh €NEKTPOCHEPTIi XapaKTepu3y€eThCs
MMOKa3HUKAMH, SKi BU3HAYAIOTh Mipy BiIMOBIAHOCTI HAIPYTH HOPMOBAHUM 3HAYEH-
HSIM [IPY HOMIHAJBHHUX BEJIMYMHAX TAKUX TOJOBHUX MOKA3HUKIB, K YaCTOTa MEPEXKi
JKUBJICHHSI, HATIPYTa Ta CTPyM HaBaHTaxeHHs [2].V 3aransHOMY BHMAAKy pobiiema
SKOCTI €JIEKTPOCHEPTil CKIaaeThCsl y MIATPUMIN PiBHIB HANPYTH Ta YacTOTH Me-
peXi, MO HaOMMKEHI 10 HOMIHAIBHUX 3HaYCHb. B yMOBaX €HEpProeMHHX BHPOO-
HUIITB BUKOPUCTOBYIOTH I[UIHI PSIl €NIEKTPOCIOKUBaUiB (IPOKATHI CTaHH, JyroBi
CTaJIeTUIABUITBHI 1141, BUIPSIMIISIFOYH TIPUCTPOT, CACTEMH EJIEKTPOJTi3y Ta iH.) 3 pi3Ko
3MIHHUMH HaBaHTOKEHHSIMH, a00 HEPIBHOMIPHICTIO X po3Mmoaity 3a dha3aMu i Has-
BHICTIO CTPYMIB Ta HanmpyT, (popMa KX CyTTEBO BIIXWISIETHCS Bijl CIHYCOIAIBHOI.
i Buam crio’KuBaviB BeLyTh J0 TIOPYIICHHS IKOCTI €JIEKTPOSHEPTii, TOJJOBHAMH T10-
Ka3HUKaMU KO € BIIXWICHHS HAPyTH, PO3KHU] 3MiHEHHS HAIIPYTH, KOSQIIlieHT He-
CIHYCOIJAILHOCTI KPHBOI HANPyTH, Koe(ilieHT 3BOPOTHIH MOCITiAOBHOCTI HAIPYT,
BiJIXMJIEHHS 4acTOTH Ta iH. [3].

BrummB HU3BKOT SIKOCTI €JIEKTPOEHEpril Ha MpaIfo MEepex Ta eJIeKTpooOIaa-
HaHHS NPOSIBISIEThCS Y TMIABUINEHHI BTPAT €JIEKTPOCHEPTii, CKOPOYECHHI TEPMiHIB
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eKCIUTyaTalii o0JiaJHaHHS, TEXHOJOTIYHUX BTPATaX, SIKI BUPAKAIOTHCS y 3HIDKCHHI
BUPOOHMYHX MOXJIMBOCTEH Ta MOTIPIIEHHI SKOCTI MPOIYKILii, 0 BUPOOISETHCA.

TakuMm 4nHOM, HAHOUIBII €EeKTUBHE 3HMKEHHS BTPAT MOTY>KHOCTI MOXIIUBO
JOCSTHYTH IUIIXOM PEryJIIOBaHHS HAIpPYTH, SIKE, y CBOIO YEpTy, 3aJIeKHUTh Bill Be-
JWYMHYU BTpAT HAIPYTH Y MEPEXi, IKM BU3HAYAIOTHCS 11 OMOPOM. Y PO3IOIITBUNX
Mepekax aKTHUBHHHU OTop OibIlle peakKTUBHOTO. TakKuM YMHOM HOTO PeryJIIOBaHHSI
HaHOUTHII e(heKTUBHO 3MIMCHATH 3MEHIIICHHSIM IO 3pi3y JIiHIH eJleKTporepeaadi.
V KUBJIAYMX Mepekax HABMAKU — PEAKTHBHHUMA OMip OUTbIIE aKTHBHOTO, TOMY
BTpaTH HANPYTH y 3HAYHIA Mipi BU3HAYAIOTHCS PEAKTHBHHUM OIIOPOM JIiHIH, SKUH
MaJjio 3aJIeKHTh BiJ TIOMII 3pi3y. HaiGinpir 9acTo 3MiHEHHSI PEaKTHBHOTO OTOPY
BUKOPUCTOBYIOTB JIJIsl PETYIIOBAHHS HAIIPYTH IUIIXOM BKIIOYSHHS Y JIiHII0 KOH/ICH-
caTOpHHX Oarapeii 3a cxeMaMH MPOKOJIBHOT0 a0 MOMEPeYHOro peryoBanHs [3, 4].

AKTHUBHY TIOTY>KHICTb JKHBIJITYMX MEPEXX HEMOJKJINBO BUKOPHCTOBYBATH IS
OTIEPaTHBHOTO PETYJIOBAHHS HANIPYTH, TOMY HaiOUIbII e(DeKTHBHUM 3aCO0O0M 3alIH-
IIA€THCS] pEaKTUBHA MOTYXHICTh. J{J1s1 3SMiHEHHS peakTHBHOI MOTYKHOCTI BUKOPHC-
TOBYIOTh PI3HOMAaHITHI PETyJIIOIOUH IPUCTPOT, Cepe]] IKUX HaHOLIbII IIMPOKE BUKO-
pHUCTaHHSI OTPUMAaJTM IPUCTPOI HACTYIMHUX BHIIB. OaTapei cTaTHYHUX KOHJIEHCATO-
piB, CHHXPOHHI KOMIIEHCATOPH, CTATHYHI JpKEepeia peaKTUBHOI IMMOTY)KHOCTI Ta 1H.

JIost mocmiKeHHS BTPAT IMOTYKHOCTI B €JICKTPUIHUX MEpekax po3poOIeHi a-
TOPUTMH PO3PAXyHKY HEOOXiTHUX MTapaMeTPiB Ta TOJOBHUX ITOKA3HHKIB SIKOCTI eJIe-
KTPOCHEPTIi 3 ypaXyBaHHSIM KOHKPETHHX 0COOTMBOCTEN Mepexi Ta crienudiky cro-
JKMBaYiB €Heprii Ta cxemu iX migkmroueHss [4]. s mporo po3pobiieHa KOMIT FoTe-
pHa MOJIeNTh JIUISI MOJISITIOBAHHS IIPOLIECIB MPOTIKAHHS CTPYMIB Ta PO3IOALTY TOTY-
JKHOCTEH Ha MPHUKJIAJAI CXEeMU PO3IMOIUIBLYOrO TPUCTPOIO IS XKUBJICHHS 1HIYKIiH-
HUX eyeil mIaBmibHOro BUpoOHMITBa. Ha ocHOBI 1i€l Mozgeni po3pobieHo nporpa-
MHe 3a0e3IeUeHHs, SIKe JI03BOJISIE OLIHUTH T'OJIOBHI MOKa3HUKH SIKOCTI €JIEKTPOeHe-
prii Ta IpoBeCTH ONTHMI3AIiIO0 IPOLECY PEryJIIOBaHHS Ta OLIIHKY €()EKTUBHOCTI THX,
YM iHIIUX HOTo 3aco0iB SIK Ha PiBHI TUIZIOMHOTO MPOEKTYBAaHHS, TaK i JJIs1 BHPi-
IICHHS PAAY MPaKTHIHUX 3a1a4.

CITUCOK BUKOPUCTAHHOI JIITEPATYPA

1 Unenpunk B.U. Dnextpuueckue cucteMsl u cetu [Teket] / B.JA. Maenpunk.
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B aekrpuueckux cersax [rexcr] / FO.C. XKenesko. —M.: HYDHAC, 2002. — 280.

3. Bennkor B.A. Diekrpuyeckue CHCTEMBI. JJIEKTpUUECKUe ceTu [Tekct] /
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4 CrnpaBOYHHK 3JIEKTPO’HEPreTHKA MHPEANPUATHH IIBETHOH METalIypruu
[rexct] / TTox pen. Bacaneirnaa M. 5., Konsipuaa B.C. —M.: Mertamtyprus, 1991, —
384c.
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4cryn. tp. E-410ma HY "3anopisbka momitexHika"

OIJISII METOIAK THTEPIIPETAI[IT XPOMATOT PA®TYHOT O
AHAJII3Y PO3UNHEHUX Y TPAHC®OPMATOPHOMY MACIJII T'A3IB

XpomarorpadidyHuid aHaTi3 PO3YNHEHUX B TpaHCHOPMATOPHOMY Maci rasiB
(XAPT) BigHOCHTBCS 10 METOIIB HEPYWHIBHOTO KOHTPOJIO Ta € €(PEKTHBHUM iH-
CTPYMEHTOM JJIs1 BUSIBJICHHSI Ie(EKTiB TpaHC(HOPMATOPHOTO OOIaTHAHHS Ha paHHIX
erarax iX po3BUTKY.

JledhektH, sxi BU3HaYalOThCA 3a monioMororo XAPIT MoxHa po3ainuTy Ha Je-
KiJIbKa Ipyn — TepMidHi (B CBOIO 4ePry NOAUISIOTHCS HA TEPMidHi Ae(EeKTH, 0 BHU-
HHKaloTh 3a Temneparypu Hikde 300°C (T1), B nianmasoni Temneparyp 300-700T
(T2) i remneparypu Buiie 700 (T3)), po3psiau B i3ossiuii (dactkosi pospsiau (PD),
po3psiau 3 Bucokoi (D1) ta Husbkoi eHeprii (D2)) Ta koMOiHALS PO3PAAHHX i Tep-
MiuHuXx aedektis [1]. Po3risHeMo HailGinbII OMIMPEHi METOIH iAeHTU(IKALT THITY
nedekTy TpaHc(OpMaTOPHOTO OOJIaTHAHHS 32 BMICTOM PO3YHHCHHUX B MAacCIi ras3iB.

Meron criBBigHOIIEHD JJopHEHOYPTa € OJTHIM 13 HAHCTAPIIINX METOIIB iHTEP-
npetaiii XAPI', BiH 103BOJIsI€ BU3HAYMTH TPH THIIH AePeKTiB (TepMiuni medeKTH,
YaCTKOBI pO3PSAIM BUCOKOI Ta HU3bKOI €HEPTil) 3a JJOMOMOT00 YOTUPHOX CITIBBiIHO-
redpb raziB CHa/Ha, CoHo/CoHa, CH2/CHa ta Co/He/CoH2. st 3acTocyBanus na-
HOTO METOJy HEOOXIHUM € BUKOHAHHS HACTYITHOI yMOBH: KOHLICHTPAL[isl OTHOTO 3
KITIOYOBHX ra3iB IOBUHHA B JIBA a3y MEPEBUIIYBATH IpaHUIHe 3HaYeHH L1, 3amane
CTaHIApTOM. SIKIIO 151 YMOBa BUKOHYETHCS THI Je(EKTy BU3HAYAETHCS 32 BKa3a-
HHUMU CITIBBIAHOIIEHHIMH ra3iB.

B MeTomi cniBBigHOIICHs Po/kepea i1l BU3HAUCHHS XapakTepy ACPEKTy BU-
KOPHCTOBYIOTbCS TpH cmiBBimHOomeHHs m'ati rasziB — CHyf/H,, CH4/CoHs Ta
CoH2/CoH4. Jlianaszon 3Ha4eHb I KOXKHOTO i3 IUX CITIBBiAHOIIEHD MOMIIAETHCS Ha
IHTEpBaJIHN SIKMM NPHUCBOEHI NIeBHI n(poBi koau. [loTounnii cran TpanchopmaTopa
BH3HAYAETHCS 32 KOMOIHAIIIEIO ITUPPOBUX KOJIB BCIX TPHOX CIIBBiTHOIIECHD Ta3iB.
J11st 3acTOCYBaHHS METOJY IOCTATHIM € MIEPEBUILICHHS KOHLIEHTPALIT OJTHOTO 3 KITIO-
YOBUX Ta3iB JESIKOr0 rPaHUYHOTO 3HAYCHHS.

Merton HaBeAeHui B MibxHapogaomy crarmapti IEC 60599-201%ukopucro-
BYE€ Ti )X CIIBBIIHONICHHS ra3iB, mo i metox Pomkepca. Cranmapt IEC 60599-2015
3aCTOCOBYE IMOHATTS "THITOBI 3HAYEHHS PO3YMHEHUX Y MacCIli ra3iB 3aMiCTh IIOHATTS
"rpaHUYHI KOHIICHTpAIIT" Ta3iB.
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Meron [roBanst — rpadiqHUi METOA BU3HAUCHHS TUITYy AC(EKTY B IKOMY BH-
KOPHCTOBY€EThCS TPUKYTHA Jiarpama 1o 300paxye goiro Bmicty rasiB CHs, CHa ta
CoH: Bix ix cymu (CHs, + GHa + GHy). TpukyTHuk [roBaiis ga€ MOKIHBICTD iCH-
tudikyBaTu ciM BuaiB aedexrtiB (puc. 1). s mokpalieHHs TOYHOCTI METOAY Ha
JIaHWI Yac 3alpoIIOHOBAaHO 6 TPUKYTHHKIB J{f0Bass, sSIKi IPU3HAYEH] JUIsl BUSIBIICHHS
nedekTiB TpaHCHOPMATOPHOTO OONATHAHHS 3a PI3HUX YMOB €KCIUTyaTallii Ta mpu
BUKOPHUCTaHHI Pi3HUX THUITIB TpaHCPOPMATOPHOTO Maca.

10¢
100 % CsH, 0

Pucynox 1 —Tpukytnux [roamns 1

Cepell HEIOTIKIB METOIB CIIBBITHOIIEHh HEOOXITHO BUIIIUTH HASBHICTh Ta-
KX KOMOIHAMii KOHIICHTPAIlill PO3YMHEHUX Y MAcCi Ta3iB, VIS SKUX BiJICYTHS MO-
JKITUBICTh BU3HAYUTH THN Aedekty. s BUpimieHHS IIiel MpoOieMH 3aCTOCOBY-
IOTBCS 30KpeMa HEMPOHHI Mepexki Ta MOJIE 13 3aCTOCYBaHHSIM HEYITKOI JIOTiKH.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Anekcees, b.A. KpynHsie cunoBbie Tpanchopmaropbl: KoHTponbs cocTost-
Hus B pabote u mpu pesusun [Tekct] / B.A. AnekceeB. — M. "HT® Dueprormpo-
rpecc”, 2010r. — 88c.

VK 001.891.53

TMonsikos M.O.%, Jlykamyk 10.I.2

Ynpod. HY “3anopisbka nomitexnika”

2cryn. tp. E-410ma HY "3anopisbka nositexHika»

KOMILVIEKCHUM JABOPATOPHUM CTEH/J JJ151 OCBITHBOI
MPOT'PAMHU «EJJEKTPUYHI TA EJEKTPOHHI ATTAPATH»

Y HVY “3anopizpka mosiTexHika" MPaKTHKY€EThCS BUKOPUCTAHHS B HaBYAJIb-
HOMY TIpOIleCi CIeliaTi3oBaHuX JiabopaTopii IO OKpeMHUM HaBYaJIbHUM
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qucruintinam. Le npu3BoauTs 10 ayOmioBaHHS TEMATHKH, PO3IIOPOLIEHHS KOIUTIB,
30UIBIICHHS BUTPAT Ha EKCIUTYaTallilo Ta, B KIHIEBOMY PaxyHKY, 10 3HIKEHHS KO-
CTi 1abOpaTOPHUX 3aHSATh.

Binoma innra npaktuka oprasisanii 1a00paTopHUX 3aHATh. Hanpukinan, B yHi-
BepcuTeTi TexHoJoTiH [nbMenay Ha dakynbreTi iHGOPMATHKHM Ta aBTOMAaTH3amii
MpaIoe KOMIUIEKCHA Jlabopartopis, (hparMeHT sIKoi HaBeeHO Ha puc. 1.

Pucynok 1 —CrteHz cuCTeMH 3 KOHTPOJIEpaMH /sl KEPyBaHHS TEXHOJIOTIYHUM
MIPOIECOM Y XiMIYHOMY BUPOOHUIITBI

Merta po0GOTH: BU3HAYUTH NPUHIHUIIN OOYJOBH Ta CTPYKTYPY KOMIIIEKCHOTO
71a00paTOPHOTO CTEHAA I OCBITHBOI porpamMu «EJEKTPUYHI Ta €IEKTPOHHI ara-
parm» y HY «3Banopi3pka mosmiTexHika».

Crenp npencTasisie COO0I0 MPOTpaMHO-aTapaTHUI KOMITIEKC, SIKHH pO3MIITy-
€TBCS B KOMITFOTEPHOMY KJaci kadeapu Ta 3'eJHye, 32 JOIMMOMOTOI0 iHpOpMaIiiiHO-
KEepPYIOUUX MEPEK, poO0Ui MiCIS CTYyICHTIB, IPUIIAJIOBY CTIMKY 1 BiJIalCHI TaTYNKA
1 BUKOHABY1 MEXaHi3MH, SIKi BHKOPHCTOBYIOThCS B JTA0OPaTOPHOMY IPAKTUKYMI.

[MpunanoBa cTiiika MICTUTB CUCTEMY E€JICKTPOXXHMBIICHHS BIACHUX MOTPeO, Mi-
KPOKOHTPOJICPHI IJIaTH KePYBaHHS 00'€KTaMH CKCIIEPHMEHTY, CICIlialli30BaHi iH-
(opmariiiHO-KepyroUl NpUIIaan, MEpeKEYTBOPIOBalOYe OOJaJHAHHS Ta YaCTHHY
00'eKxTiB excriepuMeHTIB. [HIII 00'€KTH eKCIEpUMEHTIB PO3TAIIOBAHI B IPUMIIIEHH1
KOMI ' TOTEPHOTO KJIACY, IPIJIETIOMY KOPHUAOPI HABYAIBHOTO KOPITYCYy Ta 30BHIIIHIN
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CTiHI Kopirycy. KOHCTpYKTHBHO CTiliKa CKJIaIa€ThCS 3 BUCYBHUX OJIOKIB Y SIKHX Mi-
CTATBHCS CXEMH EKCIIEPUMEHTIB.

O0'eKTaMu TOCIIPKEHD € SIK QI3UYHI MOJIET eJIeKTPOMEXaHIYHUX, eJIeKTPOH-
HHX 1 MIKPOIIPOLIECOPHUX MTPHUCTPOIB 110 TEMATHII OCBITHBOT IPOTPaMH TaK 1 eneme-
HTH po3yMHOI saboparopii. Jlo ocTaHHIX MOKHA BiTHECTH CHCTEMH BUMIpPIOBaHHS
(hi3MIHUX TTapaMeTpiB MPOCTOPY JTabopaTopii Ta HABKOJIHUIITHBOTO CEPEIOBHUIIA, 0XO0-
POHHOT, TIPOTHUIIOKEKHOT CUTHAI3aIli1, BIIEOCITOCTEPEKESHHSI, YIIPABIIIHHS OCBITIIe-
HiCTIO MabopaTopii Ta MPUIIETIOr0 KOPUAOPY, KOHTPOIIO Ta MiarHOCTUKH MEpexi
€JICKTPOKHMBJICHHS, OONIKY TOJAMH POOOTH 0OJaJHaHHS, KUTBKOCTI CTYACHTIB IO
3HaXOAAThCS B JTabopaTopii Ta iHmi. CTeHI MPOEKTY€EThCS SK BiIKPUTA CUCTEMA, 3
MO>KITUBICTIO PO3IIUPEHHS CKJIATy eKCTIEPUMEHTIB.

PoGoui MicIsl CTyICHTIB € KOMITTOTEpH 3 BCTAHOBJICHUM ITPOTPaMHHUM 3a0e3-
MIEYCHHSIM /TSI TIPOSKTYBAHHS Ta €KCIUIyaTallii aBTOMaTH30BaHUX CHCTEM YIIpaB-
JIHHS TEXHOJIOTTYHUMHU TIPOLIECaMHU: CEPEIOBHILIAMH IIPOrpaMyBaHHsl, KOMyHiKaIiii-
HHM CEpPBEPOM, CHCTEMOIO JIFOIMHO-MAIIMHHOTO 1HTepdeicy 1 cuMysaTopamu 00'e-
KTiB.

VY naHuii 9ac CTeHH 3HAXOIMUTHCS B CTaJil €CKI3HOIO MPOEKTYBaHHS 3 3aJIy4eH-
HAM CTYJCHTIB y paMKaXx 3aBJaHb HaBYAJIBLHOTO NpoLecy. Y MepCHeKTUBi CTeH IUa-
HyeThest 00’ emHaT 3 WEB cepBepom, sikuii 3a0e€3ne9uTh BiaaeHuid JOCTYI CTyIe-
HTIB JT0 €KCIIEPUMEHTIB, III0 € aKTYaJIbHUM B yMOBaXx MaHIeMil KOpOHaBipycCy.
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CEKIIIA <EJJEKTPOMEXAHIYHI CHCTEMHU ABTOMATHU3AIIIL TA
EJIEKTPOIIPUBO >

VJIK 681.527.2

IMicouskuii S1.B.%, IMupoxok A.B.2

Lacn. HY «3anopisbka noyitexHika»

2 xaHJ. TeXH. HayK, noi. HY «3anopispka nomirexHika»

IIPOBJIEMH | HEPCIIEKTUBH 3ACTOCYBAHHS IITYYHUX
HEMPOHHHUX MEPEXK JUISI AJITOPUTMIB IIJIAHYBAHHA
TPAEKTOPIN AJIA IT'PYIIN MOBIJIBHUX POBOTIB

HetipoHHi Mepexki - pO3/IiT IITYYHOTO IHTENEKTY, B SIKOMY JJIsl 0OOpOOKH CHT-
HaJTiIB BUKOPUCTOBYIOTHCS SIBHIIA, AaHAJIOTIYHI THM, IO BiTOyBa€ThCS B HEHPOHAX
JKUBUX 1CTOT.

OcnoBaumu pynkmismu IHC €:

- (yHKIisA ampokcuMarii, akTyaidbHa HPU BHUPIMICHHI 3a/Ja4 MOJCIIOBAHHS,
itenTudikanii Ta 06pOOKU CUTHATIB;

- ynkuis xnacudikanii Ta po3misHaBaHHs 00pa3iB, akTyaibHa, HANPHKIAL,
TIPY BUPIIICHHI 33124 IIaTHOCTUKU CTaHy 00'€KTa;

- (yHKUis TpOrHO3YBaHHS, aKTyajbHa NP OIIHII MalOyTHHOTO HMOBEIIHKH
CHUCTEMH 32 HasIBHOIO ITOCIIITOBHOCTI i1 TIOTIEPETHIX CTaHIB,;

- pyHKUis ixenTHdIKALT Ta OLIHIOBAHHS, aKTyaJlbHa P BUPILIEHH] 3a/1a4 yII-
PaBIIHHS THHAMIYHIMH MTPOLIECaAMHU,

- (YHKIIiSI aCOI[iaTUBHOTO YIIPABIIiHHSA.

Ha ocHoBi anaizy 3apy0i>KHHX IOCIIPKEHb MOKHA 3pOOUTH BUCHOBOK IIPO
T€, IO PiBEHb BUPIIIEHHS BEIMKOI KiJIbKOCTI 3aBIaHb aHami3y i cunresy CAY Hu-
’kKue piBHS OTPeO | MOKITUBOCTEH PO3BUTKY HAYKOBHX | TEXHIYHUX JOCSITHEHbB. 30-
KpeMa, aKkTyallbHOIO € MpobiieMa BH3HAYEHHS | Jokajizalii necnpaBuocteir CAY,
IO TIPOEKTYIOTHCS HA OCHOBI MiKPOKOHTPOJIEPIB | MiKpOIPOLECOPIB.

Ionomensa IMoToummit cTan IloTouRR MoMEeRT
Oum areHTa Tacy
l l Y
JR— > »
> . ) » Temeparop - Perynarop
HefiporHa Mepeia) > Tpae i - S
- > .
Cencopra 1
2H -
imoprania TparkTopia

Pucynok 1 - ApxXiTekTypa cucTeMH TUTaHyBaHHS
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OcCHOBHa iJiesl BUKOPUCTAHHS HCHPOHHUX MEPEXK IS AITOPUTMIB IUTAHYBaHHS
TPAEKTOPIH 15t TPy MOOUTEHUX POOOTIB MOJSTAE B TOMY, 0O BUKOPHUCTOBYBATH
HEHPOHHY KapTy SK IWHAMIYHE MPEJCTABICHHS 3aJJaHOTO MPOCTOpY, iH(opMaIis
PO SIKY HaJIXOAWTD 13 30BHIIIHIX /pKepeln. EHepreTryni B3aeMo/ii HEHpOHIB B Me-
PpeXi oAi0HO MOIUPEHHIO XBUITI 30YPEHB IPU3BOSATH 10 BHHUKHCHHS TaK 3BaHOTO
naaamadTy aKTUBALI, TKUH BUKOPHCTOBYETHCS B ITOIAJBIIOMY SIK HaBiramiHa Ka-
pTa s TwIaHyBaHHS Tpaektopii. KoopamHaTy mimi, a Takox iHdopMaris mpo Ha-
BKOJIUIITHE CEPEIOBHUINE HAIXOASITh HA BXiJ aHAIOTOBOI HEHPOHHOI Mepeki Xo-
ndinma (puc. 2), sKa sBIE OO0 MIAp aJaNTUBHUX CYMaTOpiB i3 3BOPOTHUMH 3B'-
S3KaMH, BUX1IHI CHTHAIM SKHX, MiATaI09MCh HENiHiiHOT 00po0mi mo 3aganomy 3a-
KOHY, HAJIXOSITh 3 JISIKOI0 THMYaCOBOIO 3aTPUMKOIO Ha BXOJU HEHPOHIB, B Pe3yJib-
TaTi YOro BHUXIIHHUH CHI'HAJI HEHPOHHOI Mepexi (OpMY€eThCS JIUIIE HIiCIs TOTO, 5K
Mepeka TOCATHE JHHAMIYHOI pIBHOBATH.

(Al
i - [IIW2F.E] 52 :f— - H
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PucyHok 2 — ApxiTekTypa pekypeHTHOI Mepexi Xomdinaa

Heliponu Mepexxi BXOAATH B CTaH PIBHOBArd i NPUHAMAIOTh BJIACHI 3HAYECHHS
eHeprii (B 3anmexxHOCTI Bia GyHKUIi akTuBalii). B3aemonil HelipoHiB moOymoBaHOT
Mepexi 00yMOBIICHI JUHAMIKOIO | apXiTEKTYpOIO CaMoi Mepexi, a TakoXk KOHQIry-
paLi€r0 HaBKOJIHUIITHEOTO MPOCTOPY | KOOPAUHATAMH METH, KA € TOUKO aKTHBAIIIi.
3HauyeHHs eHepril HelpoHiB Ha JAaHill HeHpOHHOT 00nacTi (TaHAAadT akTHBAIii) Ha-
JIXOITH Ha BXiJ OJOKY reHepaTopa TPaekTopii, SIKUi, B CBOIO Yepry, BUKOHYE pO3-
PaxyHOK TPA€eKTOpil 3a JaHUMH 3HAYCHHSIM.

118



VK 62-83:681.5

[lynsxenxo C.C.%, Hazaposa O.C. ?, Ocamuuii B.B.?
Yacn., HY «Banopisbka nositexnika»

2 xaHq. TexH. HayK, nol. HY «3anopispka momitexHika»

NIABUIMEHHA TOYHOCTI HO3UIIFOBAHHSI KABIHH JII®TA 3A
PAXYHOK IIEHTU®IKAIII HOT'O 3ABAHTAKEHHS

Cy4acHi niTH 00JIaJHYIOTHCS TOCUTh BUCOKOTEXHOJIOTTYHUM O0JIaTHAHHSIM,
o 3a0e3MneuyoTh KOM(MOPTHICTh MIKIIOBEPXOBOTO TEPEMIIICHHSI Ta BUCOKY 0€3-
MeKy.

[TnaBHICTB pyXy MOCATAETHCS 3aBISIKH BUKOPUCTAHHIO YACTOTHHUX TTEPETBOPIO-
BayiB B CUCTEMax KepyBaHHA JTi(TiB. [Ipu 1IbOMY TOCUTH BETUKHUHA BiICOTOK JTi(PTIB,
0 eKCIUTYaTY€EThCS Ha TEPUTOPii YKpaiH!, BUKOPUCTOBYIOTH 3BUYAHI JBOIIBH/I-
KiCHI aCHHXPOHHI JIBUTYHH Ta 3acTapiiy cucteMy kepyBanHs. Came TOMy BIOCKO-
HAJICHHS CICTEM KE€PYBaHHS Ta 3aMiHa 3aCTapijioro o0iaHaHHs Ha HOBE, IS 3a0€3-
MeYCHHsI 0E3IMEYHOT0 MIXKITOBEPXOBOTO TPAHCIIOPTYBAHHS, aKTyaJIbHE JUTsl Y KpaiHu.
Aue nmuTaHHS €()EKTUBHOCTI Ta EKOHOMIYHOCTI € CTPUMYIOUUM (PaKTOPOM IPH MO-
JiepHi3alii 3actapiroro obsa HaHHS.

JlaHe mocmiKeHHS MPOIIOHYE OIWMH 3 BapiaHTIB BUPIMICHHS MUTAHHS MOJCP-
Hi3aIi1 A TBOIIBUIKICHUX JTi(TIB, IIUISIXOM BHECCHHS HE3HAYHUX 3MiH B CUCTEMY
KepyBaHHSI, 110 He MOTPeOy€e BEIUKUX MaTepiaJbHUX BUTPAT.

3aBIsKY JTOCTIKEHHSIM, [0 MMPOBEICHO Y HONepeaHix podoTax [1, 2], Oymna
po3poliieHa MaTeMaTHIHa MOJIEIh JTiTa 3 mapamMeTpaMu, IO BiAMOBIJAIOTh CIIpaB-
JKHiH cucTemi. Pe3ynbraTtu po3paxyHKiB OyJio MOPIBHSAHO 3 TaOOPATOPHUMH JTOCITi-
JUKCHHSIMH, B XOJIi IKUX OyJ0 po3po0ieHo creH, mo iMitye midr. JJoBeaeHo, mo
imiTarniitna Mmoaens midra, sika CTBOpeHa B cepenouini nporpamu Matlab/Simulink,
MOJKE BUKOPUCTOBYBATHUCH JIUISL JOCHIKCHHS PEealbHOT CHCTEMHU KEPYBaHHS JIBOIII-
BUKICHOTO Ji(hTa.

Ha mouatky pyxy ka0iHU 3a MEpPEeXiTHUMH MIPOIECCAMU BU3HAYAETHCS TIPUOITH-
3HHU CTYMiHb 3aBaHTAXXCHHS KaOiHU. YuM OiIbIIIe 3aBaHTaXCHHS KaOiHU, THM TIOBi-
JBHIIIE BiIOYBAETHCS TIEPEXiTHUMA TPOIIEC.

[Ticns MatemaTn4HOi OOPOOKHM OTPUMaHUX pe3yJIbTaTiB CHCTEMa ITOPIBHIOE
OCTaHHI 3 HA0OpPOM, YMOBHO, CTaHAAPTHUX, IO PO3PaXOBaHi KOHKPETHO IS TICB-
HOTO JTi(hTa Ta 3HAXOATHCS Y IMaM’ ATI KOHTpoJiepa. SHAWIIOBITN HAWOLIBITY KiJlb-
KICTh CHiBIaiHb, CUCTEMa OOMpAE aNTOPUTM TajIbMyBaHHS BiIIOBIIHO 70 0Opa-
HOTO CTYICHS 3aBaHTaXXEHHS. A came, BU3HAYAEThCsl HEOOX1THUI Yac rajJbMyBaHH:,
KOPHUT'YEThCS 3aTPUMKA Ta MOMEHT HaKJIaJaHHs raapma [3].

ITpocrora MeToJa JO3BOJISIE BUKOPHCTOBYBATH HENOpOTe OOJaJHAHHSI, IO
3HAYHO 330IIa/KY€ KOIITH, aJIe IIPH [IbOMY CUCTeMa 301IbIITy€e eHeproe)eKTHBHICTh
Ta MiIBUIIYE OC3MEKy TPAHCIIOPTYBAHHS.
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CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Ocamunii, B. B. Inentudikarisi cTyneHs 3aBaHTaKEHHS JBOIIBUIKICHOTO
aidra / B. B. Ocanuuii, O. C. Hazaposa, C. C. lllynasxenko // EnexrpoTexHiuni Ta
KoMIT foTepHi ~ cucremu. — 2018, - Ne  27(103).— C. 103-111.
DOI: https://doi.org/10.15276/eltecs.27.103.2018.11

2. Nazarova Olena. Computer Modeling of Multi-Mdstectromechanical
Systems. The Third International Workshop on CormpModeling and Intelligent
Systems (CMIS-2020), Vol. 2608, pp. 489-498.

3. Nazarova O., Osadchyy V., Shulzhenko S. Accumapyoving of the two-
speed elevator positioning by the identificationladding degree // International
Conference «Modern Electrical and Energy Systemt&HS-2019), September 23-
25, 2019 Kremenchuk Mykhailo Ostrohradskyi Natiddalversity, Ukrainepp. 50
- 53 DOI: 10.1109/MEES.2019.8896414

VJIK 62-83:62.529

Bpumuctuit B.B.Y, Ocanunii B.B. 2, Hazaposa O.C.?
Lacn. HY «3anopisbka momnitexHika»

2 xaHq. TexH. HayK, nou. HY «3amnopispka momitexHika»

CTEHJ JJ1A JOCTIIKEHHA EHEPTETUYHUX XAPAKTEPUCTHUK
EJEKTPOITPUBOAIB EJIEKTPUYHUX TPAHCIIOPTHUX 3ACOBIB

B yMoBax BHCOKOT KOHKYPEHIIIT Ha PHHKY CIEKTPHYHUX TPAHCIIOPTHUX 3aC0-
6iB (ET3) BupoOHHKaM HEOOXiqHO GOPOTHCS 32 BUCOKI MOKA3HUKKU KEPOBAHOCTI 1
eHeproe(h)eKTUBHOCTI pO3POOICHOT0 HUIMHU TPAHCIIOPTHOTO 3aco0y [1-2]. s moc-
JIJDKCHHS CHEPTeTUIHHX XapaKTEPUCTUK enekTponpuBoaiB ET3 po3pobieHo cren,
CTPYKTYPHA CXeMa SIKOTO MOKa3aHa Ha PUCYHKY 1.

CTeHJl CKIaaeThCsl 3 TPHOX OCHOBHHUX INJICHCTEM:. MiJCHCTEMa KepyBaHHSI
(1,2,3), mexaniyna migcucrema (4,5) i BumiproBansna migcucrema (6,7,8). Pazom
BOHH 320€3MeUyIOTh MOIIMBICTh BHUMIPIOBaHHS €JIEKTPOMEXaHIYHHUX TapaMeTpiB
JIOCJTIKYBAHOTO €JIEKTPOIPHUBOY: KPYTHHH MOMEHT Ha Baiy JBuryHa M1, mokas-
HHUKH CTPYMY Ta HAIPyTH JJAHKHU MOCTIITHOTO CTPyMy IEPETBOPIOBaYa 4aCTOTH.

Bkazani mapameTpu BUKOPHCTOBYIOTHCS TIPY BH3HAYCHHI BUTPAT CHEPTil s
BiJITIPAIFOBaHHS 3aBJJAHHS TI0 MOMEHTY Ha I[bOMY E€JICKTPOIIPHBO/II.

Ha po3pobneHOMY CTEHII MPOBEICHO MOCIIKCHHS CHEPTeTUYHUX XapaKTe-
PHUCTHK aCHHXPOHHOT'O €JICKTPONIPUBOAY MOTYKHICTIO 1,1kBT. PesynbraTn npuse-
neHi y tabmumi 1.
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Pucynox 1 —CrtpykTypHa cxeMa po3poOJIeHOTO CTCHIY.

Tabmuns 1- Pesynbrati Gi3sHIHOTO EKCIEPUMEHTY Ha PO3pOOJIEHOMY CTCHI

U,B ﬂl;ll- 0)1.'\11,]11'[ M, H*m I, A Pea, Bt Pwmex, Bt KK, %

600 10 14354 0,29 0,5 300 37,45 0,12
600 15 19776 1,44 0,75 450 188,96 0,42
600 20 24514 2,46 1 600 321,36 0,54
600 25 28916 3,40 1,24 750 44437 0,59
600 30 33225 4,32 15 900 564,7 0,63
600 35 37032 5,13 1,79 1050 671,16 0,64
600 40 40804 5,94 2 1200 776,51 0,65
600 45 44407 6,71 2,25 1350 877,25 0,65
600 50 48137 7,50 2,5 1500 981,48 0,65
600 55 51623 8,25 2,75 1650 1078,89 0,65
600 60 54970 8,96 3 1800 1172,42 0,65
600 65 58014 9,61 3,25 1950 1257,48 0,64
600 70 61343 10,32 3,5 2100 1350,51 0,64
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PesynbraTn nmokasainm, mo po3poOsIeHHI CTEH T JO3BOJISIE OTPUMATH €HEPIeTH-
YHI XapaKTEPUCTHKU JOCIIKYBaHOTO €JIEKTPOIPHBOLY, SIKi IUIAHYETHCS BUKOPHC-
TaTu MpPU PO3poOL CUCTEMH aBTOMaTHYHOTO KepyBaHHs enekTpornpuBogoM ET3 3
ypaxyBaHHSM MiHiMi3amii BUTpAT eNeKTpOeHEPrii.
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3ACTOCYBAHHA FUZZY-PET'YJATOPIB Y
ITHEBMOTPAHCIIOPTHUX CUCTEMAX

HeoOxinHicTh migBUIIEHHS epEeKTUBHOCTI BUPOOHMITBA O0OYMOBIIOE PO3BU-
TOK Ta BIOCKOHAJIEHHS IIPOMUCIOBOrO 00JIalHaHHS, BIPOBADKCHHS HOBITHIX TeX-
HOJIOTIH Y CHCTEMH aBTOMaTHYHOTO KepyBaHHS TEXHOJIOTTYHUMH nponecamu. 111u-
POKOTO PO3MOBCIOKEHHSI HAOYJIM MHEBMOTPAHCIIOPTHI CUCTEMH, SIKi 3aCTOCOBY-
IOTBCS B XIMiYHIN, aIOMiHIEBIH, 1epeBO0OPOOHiH MPOMUCIOBOCTI, HA METATYpTiH-
HUX BHPOOHUIITBAX, OyIiBHUIITBI TOIO0. Bimomuii psig GakTopis, SKi BIIMBAIOTH HA
AKICTh KepYBaHH: y ITHEBMOTPAHCIIPTHHX CHCTEMaX: IOBXKHUHA TPYOOIIPOBOLY, IIIBH-
JKICTB MoJa4i Marepiainy, Horo (i3uKo-XiMiuHI BJIACTHBOCTI, aITOPUTMH CUCTEM Ke-
pyBaHHs 3aCyBKaMu/3aclliHKaMH, PETYIIFOBaHHS PiBHEM BOJIOTOCTI MaTepiany Ta Te-
XHOJIOTIYHHM TIpoliecoM y minomy [1]. ToMy akTyalbHO 33/1aUer0 € TOCIiIKEHHS
CHCTEM aBTOMAaTHYHOTO KepyBaHHS ITHEBMOTPAHCIIOPTYBAHHSIM 3 BHKOPUCTAHHSIM
FUZZY-perynaropiB Ha piBHI 3 JOCBIJIOM OIEpATOPIB, sIKi 6€310CepeIHO BIUIHBA-
I0Th Ha CyBOpPE IOTPUMAaHHs TEXHOJIOTIYHOTO NPOLECY, 11O MiBHIIHUTH SKICTh Kepy-
BaHHJ, a OT)Ke i Ha €PEKTUBHICTH POOOTH CHCTEMH.
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OO0’ eKTOM JOCITIKEHHS € (parMEeHT MHEBMOTPACH BiJl KAMEPHOTO >KUBHIIb-
HHKa JI0 TPUHMAIIBHOTO OYHKepa eJIEKTPOJIiZHOTO 1IeXy. 3aBaHTaXCHHsI TIINHO3EMY
3 XOJIOAWIIBHUKA Tedi KabIUHAL] IPOXOIUTh Yepe3 OTBIP Y KAMEPHHN KUBUIbHUK.
[ToBOpOTOM 3aCyBKH/3aCTiHKH MOa4i CTHCHEHOTO MOBITPS Bifl HEHTPAIBHOTO KOJIe-
KTOpa PETyJIIOEThCS HAIXOPKEHHS MaTepiaily B TPaHCIOPTHY MaricTpallb, 3 KOHT-
pOJIEM THCKY Ha BXOI/BHXOJi THEBMOTPAHCIIOPTHOI MaricTpaii, i BUTpara rIIHHO-
3eMy. 3aCyBKOIO/3aCIIHKOI0 PETYIIIOETHCS 10/a4a CYyMillli y IMHEBMOTPAHCIOPTHY
cucremy (IITC). PerymoBanHs mofa4i CTHCHEHOTO MOBITPs 3a0€311eUy€eThCs 3a J10-
MIOMOT'0X0 0araToCTyIIHYacTOro BianeHTpoBoro kommnpecopa (K-250-61-2) mpuso-
qauM aeuryroM (CTI-1600-24XJ14). Byio BHABIIEHO, IO 3HMKEHHS THCKY Ha BU-
xoni I1TC 3menIIye eHeproeeKTUBHICTh CUCTEMH Y IIIIOMY, 8% JI0 MOKITHBOTO 3a-
KYTOPIOBaHHs TPYOOIIPOBOAY CHIIKMM Matepianom [1, 2].

Jlist kepyBaHHsI THEBMOTPAHCIOPTHUMH CHCTEMaMH LIMPOKO BHKOPHCTOBY-
IO0TBCS Taki perynsartopH, sk interpansHi (1), nponopuiiini (IT), nponopuiiHo-iHTer-
panbHi (I1I), npomopuiitro-nudepenuiitni ([1/1) i mponopuilHo-iHTErpaIbHO-qHDE-
penuiini (1) [3, 4]. Ha migcragi aHamizy JiTepaTypHHUX JKEpeN Ta JOCBiAy €KC-
IUTyaTyBaHHS, MOXKHA JiHTH BUCHOBKY, 110 [11J]-perynsitopn MatoTh HU3bKi MOKa3-
HUKH SKOCTI TIPH KepyBaHHI CKIATHAUMHU Ta HEUITKUMHU 00’ ekTaMu. TakoxX MaroTh
MicIie Hectada abo Opaxk iHpopMarlii mpo 00’ €KT KepyBaHHs. B Takux BHITagKax xa-
pakrepuctuku [11/I-perymsTopiB MokHa TOJIMIIATA BUKOPUCTAHHSIM METOJIIB He-
yitHoi Jtoriku [3, 4]. OcnoBrnmu Bagamu FUZZY-koHTpoEpiB € CKIaaHicTh 1X Ha-
JAITyBaHHS, TOOTO CTBOPEHHS 0as3u mpaBwl. KepyBaHHS Ha OCHOBI METOJIIB HEUIT-
koi noriku - Fuzzy Logic (FL)BukoprcToBytoTh [5] npu Hectaui iHdopMarii mpo
00’ €KT KepyBaHHs, aJie 32 YMOB HassBHOCTI JIOCBiZy KepyBaHHS HUM, KpiM TOTO J10-
LJIbHE TX BUKOPUCTAHHS y HEJIIHIMHUX CHCTEMaX, iIeHTHU]IKALs SIKHX € CKJIaHOIO
3aJa4yero, Ta y BUIMAAKAX, KOJW 32 YMOBaMH 3aJadi HeoOXiJHO BUKOPHUCTOBYBATH
3HaHHA eKkcnepTiB. OZHUM 3 BapiaHTiB 3acTtocyBaHHs FL € mimnmamryBaHHs Koedi-
uientiB [1I/]-koHTposIepa, OCKUIBLKM BHOIp mMapaMeTpiB HaJIAIITYBaHHS THIIOBOTO
[IIJI-KOHTpOJIEpa aHATITHYHUM METOIOM, K IIPABHUJIO, HE € onTUMabHuM [6]. TTin-
JAMITyBaHHSA MOXKe OyTH BHKOHAHO OTIEPATOPOM HAa OCHOBI €BPICTHYHHX IPABHII,
a00 aBTOMaTHYHO 32 JonoMororo FL. da3i-010k BUKOpHCTOBYE 6a3y mpaBuil i Me-
TOJIM HEYITKOT'O BUBEICHHS, a (a3i-IiIalTyBaHHs JO3BOJIS€ 3MEHIIIUTH ITePEPETy-
JIIOBaHHS, TPUBAJTICTh MEPEXiTHOTO TpoIlecy 1 miaBUImuTH podacTHicTh [11/[-koHT-
poinepa [5]. IIpouec aBTomMatuuHoro Hamamrysanas I11/I-koHTpoiepa 3a J0MOMO-
roto (a3i-0J0Ka PO3MOYNHAETHCS 3 TIOIIYKY ITOYAaTKOBUX HAOIIKEHNX 3HAUYCHb KO-
ediuientiB [I/I-perynaropa. dami GpopMymroeTbecs KpuTepianbHa (yHKIIsS, HE0O-
XiIHa A7 MOUIYKY ONTHMAlIbHUX 3HaueHb MapaMeTpiB HanamrtyBaHHS [11/[-koHT-
porepa MeTooM ontumizarii. [Tomryk mapamerpi HanamryBanHs [11/1-koHTposepa
BUKOHYETBCS METOJIOM ONTUMI3AIlil, JIsl Y0TO0 BUOUPAETHCS MUTbOBA (DYHKITIS K 1H-
Terpai Bif CyMH KBaJpaTiB IOMMJIKH PETyJIOBaHHS i TPHBAJIOCTI NMEPEXiIHOTO
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nporiecy. el kpuTepiit iHOMAI TOMTOBHIOKOTH IIBUIKICTIO 3POCTAHHS BUX1THOI 3MiH-
HOT 00’ eKTa KepyBaHHs [6].

OTKe, BUKOpUCTaHHS FUZZYperynsaTopiB y cucTeMax aBTOMAaTHYHOTO Kepy-
BaHHS ITHEBMOTPAHCIIOPTHUMH CHUCTEMaMH € IIEPCHEKTHBHUM HaNpsIMOM ITiJBH-
IIEHHS SIKOCT1 KepyBaHHS, IO cHpusie epeKTUBHOCTI pOOOTH CHCTEMH Y LIJIOMY.
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CYTHICTbB I OCOBJIMBOCTI EJIEKTPOT'TAPABJIIYHOT' O E®EKTY

CyTHICTB €JeKTPOTiIpaBIigyHOTO e(hEeKTy MOJIATae y NepeTBOPEHHI eIeKTpHUY-
HOI eHeprii B MexaHi4qHy, 10 Bi0yBa€eThcsl 0€3 ydacTi MPOMI>KHUX MEXaHIYHHX Jia-
HOK, 3 BucokuM KKJI. Crioci6 nosmsirae B ToMy, 10 TP 371HCHEHH] BcepeauHi 00'-
€MY PiVHHM, Y BIAKPHUTIH YU 3aKpHUTIiH Tapi, crieliagbHo c(OPMOBAHOTO IMITYJIbC-
HOTO €JIEKTPHYHOTO PO3PsIAy HABKOJIO 30HH HOTO YTBOPEHHS BUHUKAIOTH HAIBUCOKI
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TipaBiTivHi TUCKH, 3aTHI 3A1iICHIOBATH KOPHUCHY MEXaHIYHYy pOOOTY 1 CyIIpOBOJIKY-
FOTHCSI KOMIDIEKCOM (DI3MYHUX 1 XIMIYHUX SIBUIII.

B ocHOBI enekTporiapaBiIivHOTO ePEeKTy JEKHUTH SBHUIIE PI3KOr0 30UIBIICHHS
TLAPABIIYHOTO 1 TIAPOJMHAMIYHOTO €(EKTIB 1 aMIUTITYIU yIapHOI dii mpu 31iiic-
HEHHI IMITYJIbCHOTO €JIEKTPUYHOTO PO3PsAy B IOHOIIPOBIIHIN PiZIMHI 32 YMOBH MaK-
CUMAJIBHOTO CKOPOYEHHS TPUBAJIOCTI iIMITYJIbCY, MAKCUMAaJILHO KPyTOMY (DpOHTI iM-
MyJbCy 1 popmi iMIyIIbCy, OIU3BKOT 0 anepioguIHO].

Jlnst enextporiapaBimigHOTO eeKTy XapaKTepHUH peXUM BUIUICHHS SHEprii
Ha aKTMBHOMY OIIOPi KOHTYPY, OIM3bKOMY 0 KpHTUYHOTO, ToOTO Komu 1/C < R¥/4L
, ae C - eMHicTh KOHAeHCaTOpa, Ri L - akTUBHUH OITip 1 IHAYKTUBHICTh KOHTYPY.
3BiJICH BUILTHBAE, [0 OCHOBHUMH (PAKTOPAMH, 1[0 BU3HAYAIOTH BHHUKHEHHS €JIeK-
TPOTiAPABIIYHOTO €(EKTy, € aMIUNTYId, KpyTU3Ha (QpOHTY, (opMa i TpHUBAIICTH
CJIEKTPUYHOTO IMITYJIBCY CTPyMY. TpUBaJicTh IMIYJIECY CTPYMY BUMIPIOETHCS B Mi-
KpPOCEKYHJIaX, TOMY MHUTT€EBA ITOTYXHICTh IMITyJIbCY CTPYMY MOXE J0CATaTH COTCHb
THCSY KinoBaT. KpyTH3Ha (DpoHTY iMITyJIbcy CTPYMY BH3HAUYa€ MIBUAKICTH PO3ILIU-
peHHs KaHainy po3psay. [Ipn nopadi Hanpyry Ha po3psiaHi €JIeKTPOIU B KUIbKA Jie-
CSITKIB KIJIOBOJIBT aMILTITY/1a CTPYMY B IMITYJIBCI IOCSTaE ICCSITKIB THCAY amnep. Bee
e 00yMOBIIIOE pi3Ke 1 3HAYHE 3POCTaHHS THUCKY B PiJIMHI, O BHUKIHKAE B CBOIO
4epry MOTYKHY MEXaHIuHY M0 pO3psay.

3miiiCHEHHS €TIEKTPOTiAPaBIiIHOTO e(heKTy MOB'I3aHO 3 BiIHOCHO MOBITHHUM
HAKOTTMYCHHSM €HEpriil B JKepei )KUBJICHHS 1 IPAKTHYHO MUTTEBUM 11 BHIIJICHHIM
B pimkoMy cepenoBuili. OCHOBHUMH MIFOUUMHU (AKTOPAMH €JICKTPOT1IPaBIIYHOTO
e(eKTy € BHCOKI 1 HAJIBUCOKI IMITyJIbCHI T'iAPABIIYHI TUCKH, IO MPU3BOIITH J0 MO-
SIBU yTapHUX XBUJIb 31 3BYKOBOIO Ta HaJ3BYKOBOIO HIBUAKOCTSAMH; 3HAYHI IMITyJIbCHI
nepeMilieHHs 00'eMiB PIMHM, IO BiIOYBAIOTHCS 31 IMIBHIKOCTSMH, IO AOCSITAIOTh
COTEHb METPIB B CEKyHIY, HOTY)XHI IMITyJIbCHO BUHHKAIOUi KaBiTalLliifHI IpolecH,
3/IaTHI OXOITUTH BiJHOCHO BEJHKI 00'€MH piguHH; iHPPa3BYKOBI Ta yIbTPa3ByKOBI
BUIIPOMIHIOBAaHHS, MEXaHIYHI PE30HAHCHI SBUINA 3 aMILTITYJaMH, IO J03BOJISIOTh
3MIMCHIOBATH B3a€MHE BiJIIApOBYBAHHS OJHWH BiJl OJHOTO 0araTOKOMITOHEHTHHX
TBEPAMX TiJ; MOTYKHI €J€KTPOMArHITHI MmoJist (IECATKU THCSAY €PCTEN); IHTEHCUBHI
IMITYJIbCHI CBITJIOBi, TETUTIOBI, yIbTPadioNeTOBI, a TAKOK PSHTTEH BUITPOMiHIOBAHHSI;
iMImysiscHI TaMMa 1 (IpH Iy’Ke BEUKHX €HEPTiAX iIMITyJIbCy) HEHTPOHHE BHIIPOMI-
HIOBaHHS; 0aratopa3oBa i0Hi3allis 3'€JHAHb 1 €IEMEHTIB, IO MICTATHCS B PiIHHI.

Bci i hakTOpu A03BOJNSAIOTH HaJaBATH Ha PiAWHY i 00'€KTH, TOMIIIEH] B Hel,
Jy’Ke pi3HOMaHITHI (i3W4Hi 1 XIMIUHy BIUIMBH. Tak, yAapHi NepeMilieHHs piiuHH,
1110 BUHUKAIOTh IPH PO3BUTKY 1 CXJIONyBaHHI KaBiTalliiHNX TOPOKHKH, 314aTHI py#-
HyBaTH HEMeTaJeBi MaTepialli 1 BUKIMKATH TUIaCTUYHI edopMarliii MeTaneBux 06'-
€KTIB, TIOMILIEHUX MOOIN3Y 30HH po3psny. IloTyxHi iH(Pa3ByKOBi Ta yIbTpasBy-
KOBI KOJIUBAaHHS, SIKi CYIIPOBOJDKYIOTh €JIEKTPOTiApaBIiuHIH eeKT, T0AaTKOBO -
CIEPTryIOTh BXXE MOJPIOHEHI MaTepiaiy, BUKIMKAIOTh PE30HAHCHE PyHHYBaHHS Be-
TUKAX 00'€KTIB HA OKpPEMi KpHCTaTiuHI YaCTKH, 3MIMCHIOIOTh IHTEHCHBHI XiMidHi
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IpOLIECH CUHTE3Y, ToJliMepH3aii, 00puBy COpOLIHHMX 1 XIMIYHUX 3B'A3KiB. Enexr-
POMArHITHI TOJIS PO3PSAY TaKOK MAIOTh ITOTY>KHUH BIUTUB SIK HA CaM PO3psiA, TaK i
Ha 10HHI POIIECH, IO MPOTIKAKOTH B HABKOIHIITHIH piguHu. [1i X BIUIMBOM MOXYTh
BizOyBaTHCs pi3HOMaHITHI (i3W4HI 1 XIMi4HI 3MiHH B 00pOOIIOBAaHOMY Matepiati.

[ToHATTS pinuHM SIK CepeOBHIIA JUTI BAHUKHEHHS EJICKTPOTiIPaBIiYHNX yaa-
piB MOBUHHO OyTH PO3IIUPEHO HA BCi €JaCTHYHI i HABITH TBepAi (HANPHKIAI, CH-
y4i) MaTepiaim.

dopma po3psy, 0 BUKINKAE BAHUKHEHHS IMITYJIbCHUX THUCKiB, MOXe OyTH
HaWpPi3HOMAaHITHIIIOK; iICKPOBHI, KHCTHOBHUH, 30BCiM 0€3 KUCTeH (Tak 3BaHuii iMITy-
JIbCHUI €IEKTPHYHHHI BiTED).

OcHOBOIO, 110 3a0e31meuye pi3HOMaHITHI TEXHOJIOTIYHI MOXHOCTI €JIeKTPOTiI-
paBiigHOTO e(EeKTy, € METOJ] OTPUMAHHS TaK 3BaHUX HAJJOBIHX ICKPOBHX PO3PSIIB
B IIpOBiAHUX piguHax. Bucokuit KKJ] enexrporigpaBnidHoro eexry, a TakoxX yHi-
KaJIbHI MOJJIMBOCTI €JIEKTPOTiIPaBIiYHOTO BILIMBY € OCHOBOIO JUISl IMPOKOTO 3a-
CTOCYBaHHS €JIE€KTPOTiAPaBIIYHOTO eheKTy y OaraTbox 0oIacTsX.
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AHAJII3 KPUTEPIIiB CTINKOCTI ABTOMATHU30BAHUX CUCTEM
BATATOITAPAMETPUYHHUX EJTEKTPOMEXAHIYHUX OB’ €EKTIB

CkJ1aziHi eeKTPOMEXaHiqHI CUCTEMH XapaKTePU3yIOThCS MHOKHHOIO TIapame-
TpiB Pi3HOT (Pi3UYHOT MPUPOJIH, SIKI B3AEMOMIFOTH Mik COOOIO IO BiAIOBITHUMH Ma-
TEMATUIHHUM 3aJIC)KHOCTSM B TUHAMIYHUX 1 CTATHYHHX pexkuMax. DyHKIIOHYBaHHS
TakuX 00’ €KTiB 3a0e3MeUy€eThCs BiNOBITHAMU CUCTEMaMH aBTOMATHYHOTO PETy-
JIFOBaHHS, SIKi, B CBOIO UEPTy, XapaKTepU3YyEThCs epexiqHumu nporecamu. Lli mpo-
1ecH 30yPIOIOTHCS SIK BIACTUBOCTSAMH CaMOl CHCTEMH, TaK 1 BiJf OyIb-sIKUX 30BHI-
mHiX GakropiB. CyKyIHICTh TakUX (HaKTOPiB IPU3BOAITH JI0 TOPYIIEHHS CTIHKOCTI
1 piIBHOBaru CUCTEM aBTOMaTHIHOTO peryoBaHHs. OIHIEI0 3 OCHOBHUX TTOKa3HUKIB
aBTOMATH30BaHOI CUCTEMH PETYJIOBAHHS MOBHHHA OYTH CTIMKICTh 10 pi3HUX 30Y-
peHb. OTKe, XapaKTepHOIO CHCTEMH BU3HAYA€E CTYITIHB 11 CTIHKOCTI. JloCmimKeHHM
CTIHKOCTI JUHAMIYHUX CHUCTEM IpHUCBsIYeHO (pyHAameHnTanbHi podoTn [.A. Bumrer-
pancekoro, A.M. JIsmynosa, A.Il. [lasunosa, M.E. XXykosckoro, JI.I. Mennensi-
tama, H.JI. [Tanmanekci, A.l. IBaxnenko, B.A. TpanesnikoBa, A.M. JletoBa Ta iH.
JIJis BUKOHAHHS TPAKTUYHUX 3a7a4 CUCTEMa PETYJIFOBAaHHS MEpI 3a BCE MOBHHHA
OyTH CTIiHKOO.
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B po6ori po3risaaeTses HOPIBHUIBHUN aHANI3 anreOpaidHuX KpUTEpIiB CTiH-
kocti Payca-TI'ypsina Ta uyacrotHi kpurepii Muxaiinosa i Haiiksicta. [IpuBeneHo
MaTeMaTHYHY MOJENb CTIHKOCTI y3arajlbHEHOI CHCTEMH aBTOMATH30BaHOTO Kepy-
BauHs, [ToxazaHno:

- Jlns cucteM, mo MaroTh XapaKTEPUCTHYHI PIBHSHHS MEPILIOTO i JPYTOro IMo-
pAOKY HEOOXiITHO i JOCTaTHBO, MO0 yCi KOePiIieHTH OyIIH MMO3UTHBHUMU,

- Jlns cucteM, o MaroTh XapaKTepUCTHYHE PIBHSHHS TPETHOTO 1 UETBEPTOTO
MOPSAIKY HEOOXiTHO 1 TOCTaTHRO, MO0 BCi KOe(Dili€EHTH XapaKTepUCTHIHOTO PiB-
HSHHSA, @ TAKO)K BU3HAYHUKHU OYIIN TIO3UTHBHUMU,

-. AnreOpaidHi KpUTEpiil I CHCTEM BHIINE TPETHOTO TOPSAKY HEOOXiTHO
CKJIaCTH TAaKMM YWHOM, II00 yCi BU3HAYHUKH, 110 CKJIAIAIOTHCS 13 KOe]iIlieHTIB Xa-
PAKTEPUCTHYHOTO PIBHSHHS CHCTEMU,BIAMOBIIAIH MIEBHIN CXeMi.

CucTemMa aBTOMaTHYHOTO PErYIIOBAHHS, SIK Oy/Ib-sKa JHHAMIYHA CHCTEMa, Xa-
PaKTePU3YETHCS MEPEXiTHUMU MPOLICCAMH, SIKI BUHUKAIOTh B Hill P MOPYIICHHI ii
PIBHOBArH Iij BIVIMBOM Oy/Ib-SKOTO (haKTopy, 10 30yPIOIOThCS B 00’ €KTI, CUCTEMI,
JIAHITIOTaX HATAINTYBaHH Ta 30BHIMIHIME (akTopamu. Ha mepexigHuii mporec 3aB-
KM BIUTHMBAIOTH JIBi CKIIQJOBI: BUTbHI KOJNWBAHHS B cHUCTeMi X, (t), 10 BH3HAYa-
FOTBCSI TOYAaTKOBUMH YMOBAMH i BIACTUBOCTSIMH CaMOi CHCTEMH; IPOTIOPIIiiiHa BH-
MYIIECHUM KOJMMBAHHAM X, (t). CucTeMa € CTiliKO0, AKIIO BOHA MOBEPTAETHCS 0
BCTAHOBJICHOTO CTaHy IiCJIsI IPUIMUHEHHS il 30ypeHHs. i1 BUKOHAHHS NPaKTH4-
HUX 3aJa4 CHCTeMa PETyJIIOBaHH, MIEpII 3a Bce, TOBUHHA OyTH cTilikoro. MaTema-
THUYHOIO YMOBOIO CTIHKOCTI € yMOBa gLrg x.(t) = 0.

BCTaHOBIICHO:! SIKIO XapaKTEPUCTUYHE PIBHSHHS JIHEAPU30BaHOI CHCTEMHU
Ma€ BCl KOPCHi 3 HeTaTUBHUMU JIACHIMH YaCTHHAMH, TO Il CHCTEMa, TaK CaMo SK 1
JiHeapu30BaHa, Oy/e CTiHKoIO;

SIKIIIO XaPaKTCPUCTUYHE PIiBHSHHS JIHEAPU30BAHOI CUCTEMH KEpPYBaHHS Ma€
xo4a O OJIMH KOPiHb 3 TTO3UTUBHOIO JTIHICHOIO YaCTHHOIO, TO ISl CHCTEMH, TaK CaMO
AK 1 JIiHeapn30BaHa, Oy/ie HECTIHKOIO; SKIIO XapaKTePUCTHIHE PIBHIHHS JIMHEApH-
30BaHOT CHCTEMH Ma€ Xo4a 0 OJMH KOPiHb 3 HyJIbOBUM 3HAYCHHSIM JiHCHOI YaCTUHU
a00 YKCTO YSBHI, TO BCTAHOBUTH JIMCHUN TEXHIYHUH CTaH TaKOi CHCTEMHU HE MOX-
JUBO. YMOBH CTIHKOCTI a00 HECTIHKOCTI CHCTEM PETYIIOBAaHHS MOYKHA BH3HAYUTH
rpadigYHAMHU METOZaMH TUITXOM BU3HAYEHHS ITOJIOKESHHS CHUCTEMH, IO € HEOO0XiI-
HUM 1 JOCTaTHIM, 00 TOYKH, KOPEHIB XapaKTePUCTHIHOTO PiBHSIHHS CUCTEMH, PO-
3TaIIOBYBAJINCS B TUTOIIMHI KOPEHIB 3/1iBa Bij YABHOT OCi.

Ha mpakTuiii yMOBH CTIHKOCTI CHCTEMU KepyBaHHSI MOXIIUBO 3HAXOAUTH IILIS-
XOM BH3Ha4aHHsS KOPEHIB B MaTeMaTHYHIH MOJeI O KpUTepisM criifikocTi. Born
BITHOCSTBCS JIO , HETIPSIMUX O3HAK aJic JI03BOJISIOTh BCTAHOBHUTH BiJICYTHICTh B
XapaKTePUCTHYHOMY PIBHSHHI CHCTEMH KOPCHIB 3 HETaTUBHOIO JIIICHOIO YaCTHHOIO.
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VK 65.012.122:62-52

Mensruk O.BY, Bepexnoii A.10.2, 3inoskin B.B.3
Lacn. HY «3anopisbka momirexHika»

2 cryn. rp. E3-618&mn HY «3Banopiszbka HOTITEXHIKa»

3 1-p. Texn. Hayk, npod. HY «3anopizbka nosiTexHika»

ONTUMI3AIIA KPUTEPIIB CTIMKOCTI ABTOMATH30BAHUX
CHUCTEM KEPYBAHHS B YMOBAX BIUVIMBY JECTABLII3YIOUYNX
DAKTOPIB

3abe3neueHHsT CTIHKOCTI aBTOMATH30BaHUX CHUCTEM KepyBaHHS HaOyBarOTh
0COOJIMBOT aKTyaJhbHOCTI B JITANBHUX Ta 1HIMIMX 00’ €KTaxX CHEIiaJIbHOTO MpHU3Ha-
qeHHS. IX (yHKIiOHYyBaHHS BiIOyBaIOTHCA B CKIAJHMX yMOBAaX eKCIUTyaTallil i
BIJTMBOM JIEKIJIbKOX BHYTPIIITHIX 1 30BHIMTHIX (DaKTOPIB, M0 MOTpeOy€e MOCTIHHOTO 1
OTIEpPaTHBHOTO KOPETyBaHHA BiAXMICHB BiXl HOMiHANBHIX IapaMeTpis. 1T MaTeMaTn-
YHY MOJIENIb MOXUINBO MPEJICTABUTH Y BUTIIAI HEPIBHOCTEH, IKUM IpUTaMaHHi KO-
edilieHTH XapaKTepUCTUYHOTO PiBHIHHS OararornapaMeTpudHoro oo’ ekra. Anreo-
paiuHi KpuTepii BUSBISIOTHCS JTOCTAaTHIMM IPH  JOCIIKEHHI CUCTEM, SIKI OIHCY-
FOTHCS PIBHAHHAIMH BiTHOCHO HEBHCOKHX MOPSIKIB. J[JIsl cucTeM, MOYNHAKOYH 3 IT'sI-
TOTO MOPSIKY, BUKOPUCTaHHS KpuTepiiB Payca-I'ypeia HaOyBae ckilagHOCTEH, SKi
3pOCTaIOTh MPH BpaxXyBaHHI BIUIUBY Oy Ib-sIKOTO OKPEMOT0 TapaMeTpa Ha CTidKiCTh
cuctemMu B IioMmy. [Ipm 1mpomy, ¢i3wdHI BJIACTUBOCTI 00’ €KTa OTHO3HAYHO
OB’ s13aH1 MK 00010 MaTEMAaTHYHUMU 3aJIKHOCTSIMH, 110 TIPU3BOJIUTE J0 HEOO-
XITHOCTI BHUpINICHHS JIHIHHUX Ta HENIHIHHUX iHTEerpoAndepeHIliaTbHIX PiBHAHb.
Haii6inpm po3noBCIOKEH] 1 TOCUTh €(peKTHBHO BUKOPHCTOBYIOTHCS anreOpaidHi
kputepii Payca-I'ypgilia, B OCHOBY SIKHX MOKJIAJICHO aHAI3 CHCTEMH HEPiBHOCTEH,
110 YTBOPEHI 13 KoeiIiEHTIB XapaKTEPUCTUIHOTO PiBHIHHS, @ TAKOXK YaCTOTHI KpH-
Tepii Muxaitnosa i HaiiksicTa. /i cucTeM, HOYHHAIOYH 3 IT'ATOTO TOPSIIKY, 3aCTO-
coByBaTtH Kpurepii Payca-I'ypBina crae cxiiaaHile BHACIHIOK 3pocTaHHS 00  €eMiB
PO3paxyHKIB i HEBU3HAYCHOCTEH.

B po6oTi mpuBeIcHO ONTHMATbHI YMOBH 3a0€3MCUCHHS CTIHKOCTI CHCTEM aB-
TOMATUYHOTO KEPYBaHH:, sKi MPEACTABIISIOTE COOOK MEBHI MaTeMaTHYHI MOJIEII,
1110 MICTATH MEBHI KOE(DII[IEHTH XapaKTepPUCTUYHOTO PIBHIHHS.

JIst cucTeM 4eTBEpTOTO 1 BUIIIOTO TIOPSAIKY, IO MAaIOTh BiJMOBIAHI XapakTe-
PUCTHYHI PiBHSHHS HEOOXiTHO 1 TOCTATHRO, MO0 BCi KOEPII[iEHTH XapaKTePUCTHY-
HOTO piBHSIHHSA, Ay > 0; a; >0; a, >0; a3 >0; a, >0, as >0, aTakox
BU3HAYHUKK A, i A; Ta A, Oyiau MO3UTUBHMMHU. SIKIIO B IpoLECi MOIIYKY ONTH-
MaJIbHUX YMOB BHSIBUTHCS, IO SKUICH i3 BU3HAYHMKIB < 0, TO MPOIOBXKYBaTH IIO-
IIYK 3HAYCHHS HACTYIHUX BU3HAYHHUKIB HEJOIIFHO OCKUTBKY KiHIICBHI PE3yIbTaT
OyJe HeTaTUBHIM.
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MaremMaTiyHa MOJIENb CTIHKOCTI MuxaiinoBa, moOyIoBaHa Ha MifCTaBi aHAai-
THUYHHX 3B'SI3KIB MK XapaKTEepOM MEpEeXiHOTO Ipolecy, SKuil BHHUKAE PU TOpy-
IICHHI PIBHOBAru cucteMu. BoHa 03BosIsie BpaxoByBaTH aMILIITYH i a3y BUMY-
IIEHUX KOJIMBaHb, 0 BCTAHOBIIOIOTHCS B CHCTEMI IiJl BILITMBOM CHHYCOIAaIEHOTO
xapakrepy. Tomy Taka monens A(Jw) = P(w) + jQ(w) mo3BoIsi€ BU3HAYMTH KPH-
Tepil crifikocti rogorpadom Muxaiinosa. BiH 1o npeacTasisie KpuBy Ha KOMILIE-
KCHIH TUTOIIMHI, SIKY OKpECIIOE BepiinHa BekTopy A(Jw) ,lipu 3MiHI 9acTOTH @ BiX
—oo 10 +oo. [lpu npOMY BEKTOp MOXKE IOBEPTAETHCS Ha KYT +N7T, SKIIO CHCTEMA
CTifKa, 1 Ha KyT MCHIIIE +NTT, SKIIO CUCTeMa HECTilKa, Ae N — MOPSIoK nudepeH-
iaapHOro piBHAHHS cucTeMH. OCKIIBKH AificHa yactuHa P(w) € mapHoIo, a ysBHA
yactuHa jQ (w) — HemapHOW QYHKIE W, TO rogorpad Muxaiiiosa € cHMeTpuy-
HHV 100 AiiicHoi oci. [Tpyn MonenroBaHHl pO3MIISAa€ThCs KPUBY, IO OMHUCYETHCS
BekTopoM A(Jw) npu 3mini w Bix O mo —oo.

OCHOBHI pe3yJbTaT poOOTH LIIOCTPOBAHI BIAMOBITHIMHU PUCYHKaMH 1 3aie-
)HOCTsIMH. [loka3aHo, 1110 aBTOMaTH30BaHa cucTeMa Oyze BiANpaIboByBaTH 3 J0C-
TaTHBOIO JUIS TIPaKTUKHU CTIMKICTIO ITpU YMOBI Ko rogorpad Muxaiinosa 3Haxo-
JUTHCS B TIO3UTUBHII YaCTHHI AIMCHOT OCi IpH 3MiHI 9acTOoTH W Bix O mo — 0o, 0be-
PTArOYHCh IPOTHU PYXY TOJMHHUKOBOI CTPIJIKH, HE 00EPTAaIOUNCH B HYJIb, TPOXOATYN
nociizoBHo N kBaapantiB (mopsmok (n = 1,2,3 ... iT.4.)), moBeprarovuch Ha
KyTn g

YJIK 004.046

Pyxim B.JO. %, Cunenko 1.B.? Apcensesa C.I.3

Y eryn. rp. E-310cn HY «3anopi3bka IoJiTeXHiKa»

2 cryn. rp. E-319HY «Banopisbka mosiTexHika»

3 kanz. ¢i3.-mMat. Hayk, gou. HY «3anopi3bka HOTiTeXHiKa»

CIIEHU®IKA PO3POBKH CTPYKTYPU TA HAIIOBHEHHSI BA3HN
JAHUX CTYJEHTIB KA®EJPH EIIA 3A BECb IEPIOJ ICHYBAHHSA

3 METOK HA0YHOIO MPEICTABIECHHS BEIUKOI KiIbKOCTI cTymeHTiB ( Oinblire
2000)ra aHami3y iXHBOIO MPaLEBIAIITYBaHHs, reorpadii Cy4acHOTO MPOKUBAHHS ,
a TaKOK 3auTs iIHPOpMaIiHHOTO 3a0e3MmeYeHHs HaCTyITHOI BeTymHOT kommanii 2021-
202210 Ta HACTYNHUX POKIB Oya 3podseHa poboTa 31 300py HaHUX MMPO BCIX BH-
nyckHukiB kadenpu EITA, mounnatoun 3 197010 poky. Lls pobora Oyna moyara
JIeKiJIbKa POKIB TOMY Ta OB’ s3aHa 3 BEJIMKUMH TPYIHOLIAMH Yy TIEPILY YepTy 3 TOTO,
IO TaKi JAaHHI PO BUIYCKHHKIB Maibke 10 2016 poKky iCHYIOTH TUIBKH y Harmepo-
BOMY BapiaHTi y apXiBi.

Sk BuHO 3 pucyHKY 1, 6a3a JaHMX MOBUHHA BMIIIyBaTH iH(OPMAILIO PO PiK
BUITYCKY, TPYyIly, CTaTh BUITyCKHUKA, popMy HaBuaHHS, OTpHMaHy KBaidikalio, a
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TaKoX Horo ocobucTi mAani (KkpaiHy MpoKUBAHHI, Micile pobOoTH, mocaay,e-mailta
iHIII aHANOT1YHiI BimoMocTi). OcTaHHI MOKYTh OyTH HaJlaHi KOJUIIHIMH BUITY CKHH-
KaMH 3TiTHO O)KaHHIO Y IHTEPaKTHBHOMY PEXHMMI IICIIS PO3MILICHHS MOCUIIAHHS
Ha 0a3y y Facebookane BUKOpHCTaHHS TaKUX JaHUX MOBHHHO OYTH KOHTPOJIbOBA-
HUM. Lo mpo6ieMy oTpiOHO BUPILINTH.

Hazba zpynu Hazba Hazba Hazba Hazba
Dapma o ;
Haszba zpynu il sl Kbampikacis Cmame Kpaina
Y it Sk Sy P g
2001 gopra ompural Yy el
Hab4abea? HaB4aHHST? Kbanpikayio? Sl e
MaE? xube?

Cmyderm

[mg Jerm oCooucme

_ Mpursimry
lemai, menegor nocada)

Pucynok 1 —Iudomoriuna moaens BJ] «Ctynentn EITA»

CrpyKTypa po3polisiiiacsi 3 BUMOT MOKJIMBHX 3allUTIB , SIKI HaJaro0Th iHPOP-
Mariio PO CKJIaJ 3aKa3aHoi IPyIH, KUIBKICTh CTY/IEHTIB 331aH0T GOpMHU HaBUaHHS
y MOTPiOHOMY pOI , 3arajbHy KiUJIbKICTh BHITYCKHHUKIB 00paHOi KBamidikamii Ta
1HIII, HAaBiTh PO HaMOUIBII YaCTO BUKOPUCTaHI iMEHa y 0OpaHOMY IMPOMIXKY Hacy.

I1eBHi TpyJHOI BUHUKIIM TAaKO 3 MOBOIO , Ha SIKii IIpeACTaBICHI OPUTiHAIN
BIATIOBITHUX HAKa3iB IPO BiIUUCIICHHS IPYIHN CTYICHTIB y 3B’ 3Ky 3 3aKIHUCHHSIM-
CIIOYATKY POCIHCHKA, IMOTIM yKpaiHChKa, 10 MOTPiOHO BpaxyBaTu y 3amuTtax. Kpim
TOTO, 1K CTYJCHTH KOJHIIHIX POKIB HE OTPUMAIH 3 SKMXOCh TPUIMH KBaJidika-
Iifo crerfiamicra, 0OMeXUBITUCH KBaumiikariiero 6akanaspa. Lle Texx Hamano Tpyn-
HOIIIIB MPH TIOIIYKY.

Buxonana po6oTa € TepinM eTaroM y CTBOPEHHI caiiTy «BUITyCKHUK Kade-
npu EITA 3amopizbkoi MarmHKm», 3 IPOMKHHM eTaroM mepexony o MySQL.
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[pusHayeHs y caiiTa Jekibka: 30€perT BCIO MOXKITHBY iH(MOPMAILIiFO PO KO-
JMIIHIX CTYJCHTIB Ta BUKJIaJaviB Kadeapu, e HiXTo He 3a0yTui, HagaTH iH-pop-
Marito abiTypieHTaM IMpo Te, /Ie MPaOI0Th KOJIMIIHI CTYJCHTH 00paHoi CIieriaib-
HOCTI, YMM 3alMaroThCsl, y SKUX KpaiHaX, Ta JIi BCIX, IO 3aKiHYWIA HaBYaHHSI —
OTpHUMaTH MpH HeoOXiJHOCTI TTOpajy, JOTIOMOTY y MpaleBIallTyBaHHi TOIIO.

VIIK 004.946:621 313.1 — 83:621.313.236.3
Bparuenxo 1.0.%, Kpucan 10.0.2

Leryn. rp. E-310v HY <«3anopisbka nosiTexHika»

2 xaHJ. TexH. HayK, noi. HY «3anopispka nomirexHika»

BIPTYAJIbBHUM CTEH/I JOCJIPKEHHS NEPEXITHUX ITPOIIECIB B
EJEKTPONIPUBO/II IOCTIMHOI'O CTPYMY

CyJacHHiA OCBII MiATOTOBKH (axXiBIliB TOKA3ye, IO BXXUBAHHS CYyYaCHHX 1H-
(hopMariifHUX TEXHOJIOTIH i METO/IiB HABYAHHS JTO3BOJISIE JOCITTH ITiIBUIIICHHS ebe-
KTUBHOCTI y40OBOTO IPOIECY, MOMITHOTO TIOJIMIIEHHS SIKOCTI OCBITH Ta CKOpO-
YCHHS TCPMiHIB HABYAHHS.

e oquuM myske BaXXKJITMBUM MOMEHTOM € Te, IO BiIIOBIIHO /10 HOBHX JepiKa-
BHHX OCBITHIX CTaH/apTiB 3HaYHa YaCTHHA pOOOTH 3 OCBOEHHS Y400BOr0 MaTepiaiy
MIEPEHOCUTHCS Ha CAMOCTIHHY Ta TUCTAHINIMHY poOOTY cTyaeHTa. [Ipu boMy BMICT
1 o0csAT TIporpaM 3 TEXHIYHUX JUCHUTUIIH MPAKTUYHO HE 3a3HAIOTH iICTOTHHUX 3MIiH.
HeBinmoBigHicTh MiXk 00CSITOM 3HaHB, SIKi TIOBHHEH 3aCBOITH CTYJICHT, i 9acOM, 110
BiJIBOJMTHCS Ha ITI0 POOOTY, 3MYIIIyE BUKJIAaqiB IIIyKaTH HOBI METOAW poOOTH, K1
JTO3BOJIAIHM O YHUKHYTH 3HUKEHHS SIKOCTI MiATOTOBKH (aXiBIIiB.

MeToro poOOTH € CTBOPEHHS BipTyaJILHOTO JTAOOPATOPHOTO CTEHIY AJIS JIOC-
JJUKEHHS IEPEXiTHUX MPOLIECiB B €IEKTPOIPHUBOII MTOCTIHOTO CTPYMY.

BipryanbHuii cTeHa po3po0isieThCs Ha OCHOBI peabHOrO (Di3MYHOTO CTCHIY,
BHKOHAHOTO 3a CHCTEMOI0 reHepatop-aBuryH ([-/1). CTeH 103BoJIsI€ OCIIAKYBATH
CTaTHYHI 1 JUHAMIYHI PEKUMH POOOTH EJIEKTPONPHUBOAY; 3a0e3MedyBaTH MOXKIIH-
BICTb iMiTanii HOpMaJbHUX, NepeiaBapiiiHuX 1 aBapiHHUX PEKUMIB pOOOTH, HENIO-
MYCTHMUX Ha peabHOMY 00'€KTi; cIiocTepiraTv 3a HOro CTaHOM i 3a CTaHOM CHC-
TEMU B IIJIOMY.

CrpyKTypa CTeH/y JO3BOJISIE BAKOHYBATH €KCIIEPUMEHTAJIbHI JJOCITIMKSHHSI SIK
CHUCTEMH B IIIJIOMY, TaK i il CKIaI0OBUX, IPUIOMY KOHQITYpaIlist cucTeMu 1 QpyHKIIiO-
HaJTbHI MOXJIMBOCTI CTEHTy MOXYTb JIETKO 3MIHIOBATHCSI 3aJIKHO BiJI TOCTABJICHOT
3amadi. CrporieHa cxema 1abopaTopHOTO CTeHIa HaBeAeHa Ha pUCyHKY 1.
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Pucynox 1 —Enextpudna cxema 1abopaTOpHOTO CTEH/A
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Pucynok 2 —JInnpoBa naHens BipTyalbHOTO J1a00paTOPHOTO CTEHIA

ITpu po3pobui BipTyanbHOTO CTEH/Ia BHKOPHCTOBYIOTHCSI KOMIT IOT€PHI TEXHO-
J70Tii, KI e)EeKTUBHO 3aCTOCOBYIOTHCSI B TIPOEKTYBaHHI, CTBOPEHHI 1 eKCIuTyaTanii
eNeKTponpuBoAiB. [IporpaMu MomeMIOBaHHS CTPYKTYPHHUX CXEM HO3BOJIIOTH OLi-
HUTH PEakKIlito CUCTEMH Pi3Hi Kepyrodi i 30yprotodi Aii, MpOBECTH aHANI3 MepexiTHIX
TIPOIIECiB, & TAKOK MPOBECTH YaCTOTHUN aHAITI3.
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Po3pobnene nporpaMue 3a0e3nedeHHs CKIANAEThCS 3 TMPOTPAMHUX MOIYIIB,
(yHKIIIOHATIBHO TOB'sI3aHUX MiX co0ot0. [0 mepeniky nporpaMHUX MOJYJIIB Halle-
JKaTh iHTEepQelc KOpUCTyBaya i MiJCUCTEMH: MOJICITh ACHHXPOHHOTO JBUTYHA, MO-
JIeNTb TeHepaTopa, MOJIENb JBUTYHA MOCTIHHOTO CTPYMY, MOJAEIH JOCITIIKYBAaHOTO
JIBUTYHA, HABAHTA)KyBAJILHOI MAIIMHY Ta 1HIII.

JIunpoBa naHesb sABIss€ o000 BiqoOpaskeHHs cxeMu (pUCYHOK 1), sika Maiixke
TTOBHICTIO Bi3yaJIbHO BiJNOBima€e cxeMi (pi3HIHOTO CTCHIY.

CreHj BUKOHaHUI y cepenosuiii mporpamu LabView.Bci 06’ ekTr B35Ti 3 yHi-
BepCcaIbHOTO 0i0ioTeuHoro Moays. JlaHuit BipTyalbHUH CTEHI MOYKHA BHKOPHC-
TOBYBATH NIPH BUKOHAHHI J1a00paTOpHUX pOOIT 3 HACTYMHUX MUCIUILTIH: "OCHOBH
enekTponpuBoay”, "KoMmir toTepHi cHCTEMU €JIEKTPONPHUBOIIB" a TaKOX sSK Hay-
KOBO-IOCIITHUHA CTEH], IO TO3BOJISIE BUKOHYBATH JOCTITHI pOOOTH.

VK 621.3.078.3

Pa6inin A.A.Y, Kpucan }0.0.2

Y eryn. rp. E-310v HY «3anopisbka MoJTeXHiKa»

2 xaHJ. TexH. HayK, noi. HY «3anopispka nomirexHika»

JJABOPATOPHUW CTEH/ JOCJIJI)KEHHSA TATOBOTO
EJIEKTPOIIPUBOJA HA OCHOBI BE3KOJIEKTOPHOI'O JIBUT'YHA
MOCTIMHOTO CTPYMY

Mertoro pobotu € ctBopeHHs Ha kKadenpi ETTA maboparopHuii cTeHa HAa TKOMY
MOXKITUBO O€3MEYHO OCIiPKYBaTH MEXaHIuHI Ta €IeKTPOMEXaHIuHI XapaKTepuc-
THKH, 3HIMAaTH HaBaHTAKYBaJIbHI JiarpamMu Ta MPOBOJUTH €KCIIEPUMEHTH 3 cydac-
HUM JBUTYHOM HOBOTO TOKOJiHHS.

Jlo cxiany 1a00paTopHOTO CTEHIY ISl eKCIIEPUMEHTAIBHUX JOCITIPKEHD TSI~
TOBOTO €JIEKTPONPUBOY Ha OCHOBI O€3KOJIEKTOPHOT'O JIBUT'YHA ITOCTIHHOTO CTPYMY
(BATIC) BXOAsTH HACTYIHI OCHOBHI YaCTHUHU:

- BATIC 3 nocTitHUMU MarHiTaMu 00epHYTOI KOHCTPYKIIT;

- KoMyTaTop (a3 3 CUCTEMOIO KEPYBaHHS,

- MallliHA HAaBaHTA)KCHHSI 31 CBOEKD CHCTEMOIO KepyBaHHS,

- iHopMaIliitHO-BUMipIOBaJIbHE YCTATKyBaHHS.

[TpUHIMIIOBOIO 0COOIUBICTIO PO3POOIIEHOTO TAOOPATOPHOTO CTEHIYy € BHUKO-
pHUCTaHHS B HHOMY HOBOTO BaXJTMBOTO €JIEMEHTY - MPEII3iHHOTO AaTunKa obepTa-
JHFHOTO MOMEHTY, IO JI03BOJIIE TOYHO BH3HAYATH MOMEHT, III0 PO3BHBAETHCS BH-
MpoOOBYyBaHOIO MamnHOI0. DyHKITIOHAIEHA CXeMa CTeH/Ia HaBeieHa Ha pUCcyHKY 1.
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Cucrema

KepyBaHHA CHoBHil HepeTEOpOEad

BIIIC 4}:[# HagarTaxeHsEs
2TTH100L

3popoTHilt 3B'A30K |

1]
]

Pucynok 1 —®yHkIioHambHa cXeMa J1ab0paTOpHOTo CTEHAA

KoHcTpykuis 1abopaTopHOTO CTEHIY IpelcTaBlieHa Ha puCyHKY 2. Ha 3ara-
JBHIM OCHOBI PO3TAIIOBYETHCS ClapKa OBUTYHIB. Ban BHIIpoOOBYBaHO! MamImHA
CIIOJTyYCHUH 3 BaJIOM MaIllMHHM HABAHTAXCHHS Yepe3 JaTIMK 00EPTOBOTO MOMEHTY.
B sxocTi HaBaHTa)KyBaJIbHOI MalIMHU BHKOPHUCTOBYETHCS MaIllMHA IOCTIHHOTO
CTpyMy 3 HezajexHuM 30ymxeHHsIM. Ockutbku BITIC Mae 06epHeHy KOHCTPYKIIIO,
TO AJIs 3'€/IHAHHS HOTO POTOpa 3 POTOPOM JIaTYHKA MOMEHTY HEOOXiZTHO po3poOuTH
nepexinne npuctocyBanus. b/IIIC KoHCONBHO 3aKpiluIeHHH 3 OgHOTO OOKY 3a IiTa-
THE KpPIIJICHHS CTaTopa, a 3 iHIoro OOKy 30BHIIIHII pOTOp IBUTYHa Yepe3 Iepexi-
JIHE TIPHCTOCYBAHHS epeae 00epTaHHs Ha BaJl JaTYMKAa MOMEHTY.

Pucynok 2 —Kowmn’ oTepHa Moienb J1abopaTopHOro CTeHAa

CraTop CKITamaeThCs i3 CTANeBOTO CEpACYHMKA 3 Ma3aMH, B SKUX PO3MIIIy-
€TbCs OaraTonomocHa odMoTKa 3 MinHoro apoty. BJIIIC mae po3noaineny tpuda-
3Hy 00MOTKY. MarHiTHu{ NOTIK, CTBOPEHUH CTPYMOM B 0OMOTIII CTaTOpa, B3aEMO-
Jli€ 3 TOTOKOM, CTBOPEHHM ITOCTIIfHUMH MarHiTaMH Ha pOTOpi 1 PO3BUBAETHCS AKTH-
BHUI MOMEHT. {7151 KepyBaHHs IBUT'YHOM — CTBOPEHHSI MOMEHTY IOTpPiOHOI Besu-
YHMHY, 3MCHIIEHHS IyJIbcamnii MOMEHTY, OTPIOHOT0 HAaNpsIMy OOEpTaHHS MAIlUHU
BHMaraeThcsl 3HaTH MOJI0XKEHHS POTOpa B KOXKEH MOMEHT 4acy 3 IIEBHOIO TOYHICTIO.
J7st IbOT0 BUKOPHCTOBYETHCS TaTYUK MOJOKSHHS POTOPA .
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Jlis kepyBaHHSI IBUI'YHOM HEOOXiIHO MaTH iH(OpMaLilo Mpo TOYHE MOJIO0-
JKEHHSI POTOpa T10 BiTHOIICHHIO JI0 CTaTOpa. 3 Ii€I0 METOI0 3aCTOCOBYETHCS JaTUNK
TIOJIO’KEHHSI pOTOpa — JI0JaTKOBHI BY30J1, SIKHIl a00 BCTAHOBJICHHH B 3arajbHOMY
KOpIyCi 3 IBUT'YHOM (BEJIOCHIICHE BUKOHAHHS), a00 3'€AHYETHCS 3 POTOPOM 1 BH-
KOHY€ETBbCS B OKPEMOMY KOpHyci. SIK JaTYMKH MOXKYTh BUKOPHCTOBYBATHCS BUMi-
pIOBaIbHI OIOpH, NATYMKH, IPYHTOBaHI Ha edekrti Xomy abo TpaHchopMaTopu
CTpyMY.

Cunosuii iepetBoproBad (komyrarop ¢as) wis BAIC mo0ypoBanuii 3a mpoc-
TOIO CXEMOIO - 3aJICKHO BiJl OJIOKEHHS pOTOpa (BH3HAYAETHCS 33 TOMTOMOTOIO JIaT-
YHKa MOJIOKEHHS POTOPA) 3a JOMOMOTO0 TPAH3UCTOPIB J0 HANPYTH KUBJICHHS ITijI-
KITIOYAIOTHCSI BATKH OOMOTKH CTaTOpa TaK, MO0 MOTiK 30y IKEHHS, III0 CTBOPIOETHCS
MOCTIHHMMHU Martiramu, OyB HepIeHINKYSIPHAN TUIOMKHI BUTKa 0OMOTKH. Tpan-
3UCTOPH 3 CHCTEMOIO KEPYBaHHS I'PalOTh POJb KOJEKTOpa B KIIACHYHOMY BapiaHTi
ATIC.

Po3poGiniennii naboparopHuii CTEHI JO3BOJMTH IPOBOJIUTH EKCIIEPUMEHTa-
JBbHI TOCHIJPKEHHS TATOBUX HPHUBOMIB 3 JBUTYHAMH, IO BOYJOBYIOTBCSI B KOJIECO
JIETKUX TPAHCIOPTHHX 3ac00iB a TaKOK BUKOPHUCTOBYBAaTH NPU BUKOHAHHI Jlabopa-
TOPHUX poOIT AUcTHILTIHU "OCHOBH €JIEKTPOTPUBOIY .

VK 681.5

Kymuenko O.C.%, Kasyposa A.€.2

Yeryn. rp. E-318&mn HY «3Banopisbka HOTITEXHIKa»
2xauj. TexH. HayK, gou. HY «3anopisbka momiTexHika»

EJEKTPOIPUBO/I CKIIIOBOI'O MIJIINMAYA BETOHO3MIIIYBAYA

CydJacHHUI1 aBTOMATH30BaHHUHA CIEKTPOIPUBO/] MPAKTHYHO MTOBHICTIO BiAIOBI-
JIa€ BUMOTaM IPOMHUCIIOBOCTI, CUIThCHKOTO TOCIIOAAPCTBA 1 HAYKH MIOA0 HEOOXiTHOT
MOTY’KHOCTI, Aiana3oHy peryJItoBaHHs MIBUIKOCTI 1 INIABHOCTI 11 peryoBaHHS.

V 3B'13Ky 3 iHTeHCH(]IKAII€I0 TEXHOJIOTIYHNX MPOLECiB, YaCTKa Yacy Ha ITij-
HOMHO-TPaHCIIOPTHI omepauii 3Ha4Ho 3pocia. Pi3ke migBHIIEHHS MPOIYKTUBHOCTI
nparti, sike BKpail HeoOXiIHe i yac Iepexoay eKOHOMIKH Ha HOBI YMOBH PO3BUTKY
Ta YNpaBITiHHAS, MOKE OYTH JOCITHYTO IMIJSIXOM MeXaHi3aIlii i aBToMaTr3aiii miaifo-
MHO-TPaHCIIOPTHHUX 1 HACTAHOBHMX OTIepalliii, Iki MEHIII aBTOMaTHU30BaHi, Hi)K TeX-
HOJIOT14Hi.

CkinoBuii migiiMad —11e arperar, Ipu3HaueHUH IS iAoMY BaHTaxXy y Bep-
THKaNbHIN tromuHi. OCHOBHA YacTHHA MMifiiiMauda — ckin. BiH sBisge co0or0 eM-
HICTB, sIKa 3alTOBHIOETHCS BaHTaXKeM. EMHICTIO MO)ke OyTH OYHKep, KiBIII, SIIIUK 1 T.
in. CKin — mpUCTpPiil caMOPO3BaHTaXKyBaIbHUA. PO3BaHTaXKEHHS CKilla POXOAUTH
abo gepe3 OHO, a00 NUIIXOM Horo mepekumaHHs. CKIMoOBi migiiiMadi € OTHIUMH 3
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TOJIOBHHX CHJI B OKPEMUX BUPOOHMITBAX, Jie MOTPiOHE MOCTiiHE IepeMilleHHs Ba-
HTaxXy. CKinu OyBalOTh NEPEKUIHUMH, 3 Ky30BOM, IO BIAXHMIISETHCS Ta 3 HEPYXO-
MHUM Ky30BOM.

B po0ori po3rispaersest 6eToHO3MINTYBad UKIIYHUN, TPUMYCOBOI i1, poTo-
PHHUIA, 3 €IEKTPOMEXaHIYHUM MPHUBOJIOM 3aTBOpA MPU3HAYCHUH IS IPUTOTYBAHHS
JKOPCTKUX 1 pyXJTMBUX OCTOHHUX CyMillle i Oy 1iBeTbHUX pO3YMHIB Ha MiHEpATbHHUX
1 OpraHiyHuX BSDKYYHX PEUOBHHAX, 3 TIOPUCTUMH 3allOBHIOBaYaMH, a TaKOX iX Cy-
XWX KOMIOHEHTIB. OCHOBHUMHU CKJIQJIOBUMHU YaCTHHAMH OETOHO3MIIITyBaya €. Hepy-
XOMHH IWIIHAPUYHHUIA KOpIyc-4alia, PeayKTop, pOTOp, YCTAHOBKA €JIEKTPOJIBH-
TyHa, KPHIIKa, eJIEKTPOOOIaTHAHHI, THEBMaTHIHE 00maqHanHs. [ 3amodiranHs
poTopa i pexykTopa BiJl MOJOMOK, IPY MOTPATUISTHHI BETMKUX IIMATKIiB MaTepiamy,
TpuMadi JionaTei 3'eIHYIOTHCS 3 KOPILYCOM peayKTopa. beroHo3wminryBau ocHare-
HUH ckinmoBuM migimMadeM. [Tixifimad ckinoBuii 3a0e3mnedye perysipHe mocTadyaHHs
PSYOBUHH 10 3MillTyBaya, BCTAHOBICHOTO HA OJTHOMY PiBHI 3 HiJIJIOTOXO i BHIIE PiBHS
miiord Ha 4 M. Ile Hagae mepeBary nepes| iHITUMEA MOACTIME OCTOHO3MINTYBaYiB
— He TOTPiOHI 10IaTKOBI 3aBaHTaXKyBaJIbHI MpUCTpoi. OOMacTk 3acTOCYBaHHS — Te-
XHOJIOT14YHI JIiHiT 3aBOIiB 301pHOTO 3aJ1i300€TOHY, OETOHO-PO3UMHHUX 3aBOJIB 1 Oe-
TOHO3MIIIYBaJIbHI YCTAaHOBKH. BUKOPHCTaHHS JaHOTO arperaty Aa€ 3HaYHU IUII0C
3a MBUAKICTIO POOOYNX MUKIIB s mianpuemcTBa. Ha puc. 1. HaBeIeHO MUKIIOT-
pamy poOoTH GETOHOBHPOOHWYOTO ITiJIPUEMCTBA 3 3aCTOCYBAaHHSAM CKIITOBOTO ITi-
nifiMaya.

M ro3aupoeka rnoAbLeM CKuna [ nepemewmanve cmecu
3arpyska B ckun [ 3arpy3ka B cmecutens BbIFPY3Ka roTOBOI CMecH
CRYCK CKuna

weprise  ETIN 10 . EEETEE 10

ckun 10 22 [HiNa 10 22
nogbem cnyck nogbem :
LieMeHT 710
soga (1010 |
cmecuTens w15
nepebii 3amec 112 cex.
W nocneayoume 3amechl 60 cex

Pucynok 1 —I{ukiorpama po60TH 6€TOHOBUPOOHUIOTO TiAMPUEMCTBA 3 3aCTOCY-
BaHHAM CKIIIOBOTO ITigiliMaya.

B po6oTi BukoHaHO aHai3 Ta po3paxyHOK PeKHMIB pOOOTH, pO3paxyHOK ele-
KTPUYHOI YaCTHHW  EJIEKTPONPUBOJAA  CKIITOBOTO  IifiliMada, TOOymoBaHi
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nepeAaTouHi Ta 30BHIIIHI PEryIOBaIbHI XapaKTePHUCTHKH THPUCTOPHOTO MIEPETBO-
proBava Ta MmepexiiHi XapaKTePUCTHKH eJICKTPOIPUBOA, PO3paxOBaHa CHCTEMA aB-
TOMAaTHYHOTO KepyBaHHS IIBUAKICTIO IIEPEMILIeHHsI CKIOBOTO MijifiMaya Ta 3ikc-
HEHO KOMIT FOTepHE MOJICTIOBaHHS 3a Jornomororo makery Matlab/Simulink.

VK 681.5

Ipyrno J1.B.%, Kaszyposa A.€.2

Yeryn. rp. E-310u HY «3amnopisbka noniTexnika»
2xaHj. TexH. HayK, gou. HY «3amnopi3pka nomitexnika»

MOPIBHAAHHS METO/IB KEPYBAHHS ObF' €EKTAMMU 3 YUCTUM
3ANIIBHIOBAHHAM

Binbmry gacTuHy aBTOMAaTH30BaHUX O0'€KTIB JTIFOYMX CHCTEM aBTOMATHYHOTO
kepyBands (CAK) ckinagarore 00'€KTH 3 HAsBHICTIO JESKOIO YHCTOIO 3alli3HIO-
BaHHsI, BIUTUB SKOTO HAa JMHAMIYHI BIIACTUBOCTI CUCTEMH JIy’Ke BEIUKHUi. Psig 00'ek-
TIB MalOTh NMPUXOBAHE 3aIli3HIOBAHHS, SIKE B IMOPIBHSAHHI 31 MIBUAKOMIEIO TPOIIECIB
Ha 00'ekTi He 3HayHe. TakuM 3ami3HIOBaHHSIM HalyacTillle HEXTYIOTb. AJjie B psiai
BUTIAJIKIB 3aIi3HIOBAHHS € BaXKIMBOIO BIIACTUBICTIO 00'€KTa, 1[0 BUMArae ioro Bpa-
XyBaHHS TP aHaJIi31 JUHAMIYHHUX BJIAacTUBOCTEH 00'ekTa. Jlo Taknx 00'eKTiB Hase-
’KaTh BCUIAKI TpaHCTIOPTepH ab0 00'eKTH, TOOYIOBaHi 3a aHAJIOTIYHUM ITPUHITUIIOM.
IIpakTuaHO BCi 00'€KTH MOXKYTh OyTH OmHCcaHi JUQPEPEHIIHHAM PiBHIHHSIM BHCO-
KOTO TMOPSAKY, TOMY HAWOLIBII MOMIMPEHA 1X alpPOKCHMAIIisl PIBHIHHAMH 1-T0 1 2-
ro HOPSAKY 3 3ali3HIOBaHHsM, 110 (AKTHYHO MEPEBOJUTH MAaTEMAaTHYHHU OIHUC
006’ exta perymosanns (OP) 1o nudepeHIiHIX piBHAHD HECKIHUEHHOTO HOPSIKY.

ABTomaTndHe kepyBaHHs OP 3 3ami3HIOBaHHSIM Ma€ TIEBHI CKJIaTHOCTI, TIOB'sI-
3aHi 3 HEOOX1THICTIO Tepe0aYeHHs peakilii 00'ekTa micis il KepyroUyuX i 30yproro-
YHX BIUTUBIB. Biponomx GaraTopiuHUX po3poOOK cucTeM KepyBaHHs (haxiBLii mIy-
KaJi [UISIX Y MOJIIIICHHS SIKOCTI KepyBaHHs 00'€KTaMU 3 3aIli3HIOBaHHIM, TOMY ic-
Hye 0arato METOMIB i METOJUK CTPYKTYPHOTO i TTAPAMETPHYHOTO CHHTE3Y CHCTEM
KepyBaHHS TaKMMH 00'€KTaMu.

B mepumry uepry 1e, 3BHYAiHO, IH)KCHEPHI METOJIUKU MapaMETPHUYHOTO CHH-
Te3y crangapTaux (I11]]) 3aKoHIB KepyBaHHS, sIKi 0 CHX IIip CKJIaJaloTh OCHOBY 0i-
JIBIIOT YACTUHH aJITOPUTMIB IPOMHCIIOBHX CUCTEM aBTOMAaTH30BaHOT'O KEPYBaHHSI.

B po6oTi ipoBeiIeHO OPiBHAHHS HAWOIIBIIT TOMTUPEHUX METO/IIB MTapaMeTpH-
gHoro cuHTe3y [11/]-perynsaTopis.

Merton I{urnepa-Hikonbca st BU3HAYSHHS HATAMTYBaHb PETYJISTOPIB BUKO-
PHUCTOBYETHCS TSI IIBUAKOT 1 HAOJIMKEHOT OIIHKY 3HAYEHb TapaMeTpPiB peryisTo-
piB. Taki mapamerpu 3a3BHYaii NMPUBOIATH IO CYTTEBOTO IEPEPETyTIOBAHHS Y
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cHCTeMi KepyBaHHS Ta MOTPeOyIOTh 10JaTKOBUX HANAIITYBaHb. J{ist Horo 3acrocy-
BaHHS BUKOPUCTOBYETHCS peakuist OP Ha cximgacTuil BIUIHMB.

MerTo/1 ONITUMATIBEHOTO MOAYJISi BAKOPUCTOBYETHCS B TOMY BHIAJKY, KOJIU 10~
TpiOHO, MO0 cucTeMa MaKCHMaJIbHO TOYHO BiATBOPIOBaJia Kepyrounid curHai. Tak
caMo IIeil MeTOJ] MO’KHa BUKOPUCTOBYBATH B CHCTEMaX, MOJEPHI3yBaBIIN HOTO, JIie
MoTpiOHA IMIBHUJIKA JIIKBiMaIis BiAXuiIeHb mia niero 30ypens. Y CAK, me 3actocoBy-
€TBCS] METOJ] ONITUMAJIBHOTO MOIYJIS, IEPEXiAHI IPOIECH MAIOTh MaJle IIEpePETyII0-
BaHHJ 1 9ac MPOTiKAHHI.

Xopommmii pe3ynbTaT KepyBaHHS 00'€KTaMHU 3 3aIli3HIOBAaHHSIM 3a0e3redye
npenukrop Cmita. OCHOBHA ifiesl IONIATAE B TOMY, III0O CTBOPUTH MapaliedbHy MO-
JIeNTb, sTKa KOMIIEHCYE 3ami3HIOBaHHS. TaKoX T KepyBaHHS 00'€KTaMH 3 3aITi3HIO-
BaHHsIM 3acTocoByeThes [I11 (mpeaekTHBHUI NpONOpLiHHO-1HTerpyBaIbHHUI) pery-
JsTOp, KUK € Moxudikaniero npeaukropa Cmita. Y MOpIBHAHHI 3 MPEIUKTOPOM
Cwira, II1I-perynsrop moBUIBHILIE BiANpanbOBY€e BIUIMB 3a 3aBAaHHSIM abo 30y-
penHto. BoHowac BiH € OibII CTIHKKUM Ta MPOCTUM B HAJIAIITYBaHHI, OCKUIBKY Ha-
JAIITYBAHHIO MiUISTAOTh TUTBKH TPH MapaMeTpH, a He M'ATh (SK B MPEAUKTOPI
Cwmira). fxicte perymoBannas B CAK 3 npenukropom Cwmita i III-perymstopom
CYTTEBO 3AJIKUTH BiJl TOYHOCTI BU3HAUCHHS MTapaMeTpiB Moieli 00'ekTa: YuM OJTu-
KY€ BOHHM JI0 JIHCHUX 3HA4YEHb, TUM KPAI[Oi SIKOCT] PETYJIIOBaHHSA MOXKHA JOCSTTH.

Y]K 62-83: 681.51

Hasaposa O.C. !, Tuxomuposa A.B.?

! non. HY «3anopizbka mositexHika»

2 cryn. rp. E3-310m HY «3anopisbka MosiTexHika»

HEYITKA JIOTIKA B CUCTEMAX ABTOMATHYHOI'O KEPYBAHHSA
EJIEKTPOITPUBOJAMMU

BripoBamxeHHs IepeIOBUX TEXHOJIOTiH Ta CTBOPEHHSI Cy4acHOTO 00JIa THaAHHS
noTpeOyIOTh 3a0e3NeUCHHS BUCOKOT TOYHOCTI, IIIBUIKOCTI, IIUPOKOTO JIiara3oHy pe-
CYJIIOBAaHHS, PIBHOMIPHOCTI i moropkeHocTi aii enxekrponpusoais (EIT) y mporneci
BIITBOPCHHS 3aJaHUX TPAEKTOPIA PyXy 3aMKHCHHUX CICKTPOMEXAHIYHHX CHCTEM
(EMC). Oco611B0 5KOPCTKI BUMOTH CTaBIATHCS 10 cydacHHX cucTeM EIT mukimigHol
Iii (OpUBOAM €KCKAaBaTOPIB, IiTHOMHUX MAIIKMH, POMHCIOBUX MaHIIIyJIATOPIB Ta
IHIIMX MeXaHi3MiB). B yMOBax eHepreTHYHOI KPH3H Ta Y 3B’ 3Ky 3 POCTOM IliH Ha
€JICKTPOCHEPTiI0, a TAaKOXK OOMEKEHUMH MOMIJIMBOCTSAMH 301IBIIEHHS TIOTY>KHOCT1
E€HEPTOoTreHEPYIOUNX YCTAaHOBOK, MPo0IeMa eHepro30epekeHHs 3100yBae 0cOOIUBY
aKTyaJIbHICTh 1 Ma€ BEJMKE MPaKTUIHE 3HAUeHHs. OCKUIBKH €JIEKTPOIPUBOIH CIIO-
*KuBarOTh Oinbiie 60% BUPOOTIOBAHOI ENCKTPOCHEPTii, TO MiJBUIICHHS IX
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€HEepreTUYHOi e)EeKTUBHOCTI € Ty)Ke BOXKINBUMHU Ta aKTyaJIbHAMH B Cy4acHHX €KO-
HOMIYHHX YMOB2X.

CucrteMy aBTOMaTHYHOTO KEPyBaHHS Ha OCHOBI HEUITKOI JIOTIKM 3HaXOISTh
3aCTOCYBaHHS NIPAKTUYHY Y OyIb-SKHX Tally3siX IPOMHUCIOBOCTI. CTBOPIOIOTHCS CH-
CTEM aBTOMAaTHYHOTO KEPYBaHHS EJIEKTPOTEPMIYHUMH YCTaHOBKaMH Ha OCHOBI
HEHpO-HEeUiTKOI JIOTiKA B yMOBaX HEMOBHOI BU3HAYEHOCTI TEXHOJOTIYHUX XapaKTe-
PUMCTHK JUIS TIABHUIIEHHS eHeproedexTuBHOCTI BUpoOHunTBa [1]. Po3pobistoTees
CHUCTEMH KepyBaHHS MO3UIIIHHUMU €JICKTPOIPHBOIAMH 3 HEYITKOIO KOPEKITIEIO 3a-
JTAHUX JiarpaM IIBHIKOCTI Ta MMOJIOKEHHS, 110 3a0e3Iedye peai3aliito Iux Jiarpam
B ONTHMAJILHOMY 32 IIBUIKOMIEI0 Ta JUHAMIYHAM HAaBaHTKCHHSIM PEXHUMI P il
napaMeTPUYHMX Ta 30BHIIIHIX BILIMBIB [2]. 115 06’ €KTiB MOPCHKOT pOOOTOTEXHIKH,
SKi BUKOHYIOTH CKJIA/IHI OTIepalii mooau3y rnepemkoa abo iHIMX 00'€KTiB, 3aCTOCO-
BYIOTBCSI CHCTEMHU 3 a[alITHBHUM 1 HEUITKUM KEPyBaHHSM, 1 BIIMOBIHI PETYIATOPH.
BusineHo, 1110 3acTOCYBaHHS aaNTHBHOTO KEPyBaHHs Ta 3aKOHIB HEYITKOI JOTIKH
Jla€ 3MOTY JOCSITHYTH ITOKPAICHHS AMHAMIYHAX XapaKTEPUCTHK CUCTEMH i, K Ha-
CITIIOK, TiJBHUILIUTH TOYHICTh KepyBaHHs 00’ ekToM [3]. CrcTeMa 3 HEUiTKUM pery-
JEITOPOM JIa€ KAl pe3yIbTaTH B IMHAMIYHUX 3a1a4ax. JJMHaMIYHAN TPOBaJ MmicIis
BUMKHEHHS HaBaHTaKEHHS MCHIINH, HI)K B CHCTEMI 3 KIIACHYHUM peryisaropoM. Yac
BIIHOBJIEHHS IIBHUIAKOCTI ITCIAS BUMKHEHHS HABAHTAXXEHHS B HEUITKIA CHCTEMI
MaiiKe B JIBa pa3d MCHINWK B TIOPIBHSAHHI 3 KIIACHYHUMH peryisTopamu. [lpu cry-
miHYaToMy abo JiHIHHOMY KepyBaHHI MEPEXiTHI MPOIECH 3 HEUITKUM PETYIIATOPOM
MOKa3yIOTh ceOe He Tipie, a B JesIKUX BUMaJKax HadaraTo Kpaiie CTaHIapTHOI CH-
cremu [4]. KoHTponep HEwiTKOi JIOTiKM Ha 0a3i FTeHETUYHUX aJTOPUTMIB IS yCy-
HEHHS aBTOKOJIMBaHb MEXaHI3My IepeMIilICHHs MiIHOMHOTO KpaHy J03BOJISE CKO-
POTHUTH YHCIIO MpaBuiI B J1Ba pasu. 1llo 3Ha4HO crpolnye oOUYHCIIOBaIbHY HpOLe-
Iypy KepyBaHHs 0e3 BTpaTH sIKOCTi KepyBaHHs [5].

KepyBaHHS IBUTYHOM 32 JOIIOMOT'OIO HEUITKO{ JIOTIKH JO3BOJISIE 3HAYHO 3Me-
HIOUTH BUTpaTH enekrpoeneprii. [Ipnbmmzno 70%sciei enextpoeneprii B mpoMuc-
JIOBOCTI BIAXOIUTH HA eNEKTpOABHIYHH. IIpn mpomy 63% enmekTpoeHeprii reHepy-
€THCS TETJIOBUMH Ta TA30BUMH €JICKTPOCTAHIIISIMH, SIKi IPU3BOIATH 10 3HAYHUX BU-
kuniB CO2 B aTMocdepy Ta eKOJIOTIYHUX KaTacTpod, TAKUX, K KACIOTHI JIOIII Ta
riobanbHe oTeIuTiHHA. HaBaHTa)XeHHS TaKUX MAIlliH, SIK KOMIIPECOpH, HACOCH, Be-
HTWIATOPH 1 6arato iHIUX, 3aJIEXKUTH BijJ 9acy A00H, CE30HY Ta BUMOT BHPOOHHII-
TBa, 1m0 3yMoBiroe naaiaas KKJI, ocobmiBo nipu pi3kuX 3MiHaX HaBaHTa)XeHHS. Pu-
CYHOK 1 i1focTpy€ NOTeHIIHY €KOHOMIIO Ta CKOPOUCHHS 3a0pyJHEHHS BiJl BUKOPH-
CTaHHS HEYIiTKOI JIOTIKH JJI KepyBaHHS eCKTPOIBUTYHAMH [6)].
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- ToxH CO2 sMeHWeHo Ha pik
[] «Br-roa séepeeno 3a pik
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TorH SO2 smeHwWweHo 33 pik

les 109 g3

10° kBTron B
¢ 108ronn SO,

n
=1
|m|
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Bei 1-20 HP ABMryHK 20-20,000 HP

Pucynox 1 —IIporno3oBana eKOHOMIsI BiJi KEpyBaHHS JBUTYHaM{ HEYiTKOO JIOTi-
KO0

Anle cHCTEMU 3 HEYITKOIO JIOTIKOI0 MAfOTh 1 CBOi HEJOMIKHU: Habip BUXiITHUX
JaHuX (POPMYITIOETHCSI €KCIIEPTOM, MOXKE OyTH JIOCUThH CYTIEPEUIMBUM Ta Maio ¢y-
HKI[IOHAJBHUM; BUJI Ta TapaMeTpH QYHKIIH IPUHAIEKHOCTI 00MPArOTHCS Cy0'€KTH-
BHO Ta MOXXKYTh HE BIANIOBIZATH 00'€KTHUBHIH peanbHOCTI; BIACYTHS METOANKA KOHC-
TPYIOBaHHS HEUITKUX CUCTEM; HEMOXIIMBICTh MATEMAaTHYHOTO aHAJTi3y HEUITKUX CH-
CTEM 3 iICHYIOUHMH METOJIaMH.

Sk 6a4rMO, HEeUiTKa JIOTiKa - IOCUTh IIEPCIIEKTUBHUH HANIPSIMOK CUCTEM Kepy-
BaHHS Ta MTYYHOTO 1HTEIEKTY, SIKi MOXYTh OyTH BUKOPHUCTaHI TAKOX TIPH JiarHOC-
TYBaHHI Ha3BaHUX CHCTEM 3 METOIO MOIEPEKEHHs aBapiiinux crauis [7, 8]. IIpoc-
TOTA HEYITKOI JIOTiKH JJO3BOJISIE€ PO3POOIISITH CKIIATHI CHCTEMHU 32 TIOTIOMOTOIO 1HTYi-
THBHOTO PO3YMIHHS TIPOIIECIB, 110 MPOTIKAIOTh B peaibHoMy 00’ exTi. Ha a3iatch-
KOMY PUHKY BX€ JJaBHO IIMPOKO BUITYCKAIOTHCS PI3HOMaHITHI Ipriiaan Ha 0a3i He-
yiTKoi Jtoriku. Halikpalie cuctemMu 3 HeUiTKOIO JIOTiKOIO ITOKa3yIoTh cebe B CHHEpTii
3 CHCTEMaMH IUTYYHOTO IHTEJEKTy, HEHPOHHHMHU MEpEeXaMH Ta JlaTa aHaJlTHKOIO.
Bce e 3yMOBNIEHO THM, IO CHOTOJHI HA/J3BMYAafHO POCTE KIUJIBKICTh 0a3 JaHMX.
OCKITbKY CHCTEMH HEUiTKOT JIOTiKM 0a3yI0ThCsl Ha TOCBiI oneparopa Ta AaHHX, SKi
Oyun 310paHi I peaabHOro 00’ €KTY, MOKEMO 3pOOHTH BHCHOBOK, 1[0 B MalOyT-
HBbOMY, 3 POCTOM KUIBKOCTI JITaHHX, IHTEpeC 10 MTOIOHNX CHCTEM OyJie 3pOCTaTH.
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BUKOPUCTAHHS JABEPHUX TEXHOJIOI'TI Y CYYACHIM
IMPOMUCJIOBOCTI

IMopsin 3 po3NOBCIOIKEHIMH METOAaMH BUPOOHHUIITBA, TAKUMH SIK IUIa3MOBa
Ta rizpoabpa3uBHa pi3Ka, Bce OLIBIIOT MOIMYIISIPHOCTI HA0YBAIOTh JIa3epHi BepcTaTh
3 UIIK. Yacrime 3a Bce iX BUKOPUCTOBYIOTH JJISl BUPi3aHHs AeTalied 3 JIMCTOBOTO

141



MeTaly Ta IpeLU3iifHOro 3BapIoBaHHs AeTael ckiaIHol reomeTpuaHoi Gpopmu. Ta-
KO JIa3epH BUKOPUCTOBYIOTBCS JJIs TPaBifOBaHHS JIOTOTHUIIIB, MAPKYBaHHs Ta Ha-
MUCIB HAa PI3HOMAHITHUX MaTepiaiax, TaKUX sK JICPEBHHA, )KEPCTh, TPAHIT, MOIiMe-
pHI MaTepiany i T.1.

Jlazep sBnsie co0OI0 aKTHBHE CEpPENOBHINE, SIKE M JI€I0 EIEKTPHUYHOTO
CTPYMY, CBITJIOBOT'O TTOTOKY, XIMi9HOT a00 TEPMiUHOI peakilii reHepye MoJIIpru30Ba-
HUH CBITJIIOBHIA MOTiK. Pi3HI BUIM J1a3epiB MOAIAIOTHCS 33 TUTIOM aKTHBHOTO Cepe-
JIOBUIIA:

— TBEPIIOTUILHI — aKTUBHAM CEPEIOBHUIIIEM € MiHepaln a0o XiMiduHa CIIoyKa y
TBEpAOMY cTaHi (pyOiHOBI, aJIFOMO-ITPi€Bi, BOJOKOHHI JIa3epH);

— HaMIBIPOBITHUKOBI JIa3e€pH — BUKOPHUCTOBYIOTH 1HXKEKIIIIO HAJJTUIIKOBHX
SNIEKTPOHIB Yepe3 P-N mepexia y SAKOCTI MeXaHi3My HaKauykKH (KpHUCTal MOXe CKia-
JIaTUCS 3 apCeHy, iHit0, CBUHINO, (hochopy Ta ix coeil);

— OapBHMKOBI Jla3epy — BHKOPUCTOBYIOTHCSl Y HAyKOBHX HOCIHIDKEHHIX Ta
CIIEKTPOCKOTIi (BUKOPUCTOBYIOTH TaKi GapBHUKH SIK CTUIILOCH, KyMapuH, POAaMiH i
T.J1.);

— ra3oBi JIa3epy — HaOUIbII PO3IIOBCIOPKEHHUH Y TPOMHCIIOBOCTI B Jia3epa.
BukoprcTOBYIOTBCS Y METUITNHI, CIEKTPOCKOTIiT, 000pOHHIH Tamy3i Ta BHpOOHHUIITBI
(apronoBuii, reiii-HEOHOBHUH, (TOPOBOAHEBHH, BYTIIEKUCIOTHHIA).

Y BHpOOHUIITBI YacTimle 3a BCE BUKOPHCTOBYIOTh CaMe BYTJIEKHUCIOTHUHN Ta
BOJIOKOHHHIA JIa3epH Yepe3 iX BUCOKI MOTYKHOCTI BunpomintoBanHs (1o 10kBT) Ta
noctynHicTh. [IpoTte ma3zepHa 06poOka MaTepialliB Ma€e psiJ HEOJIKIB.

[Mo-nepiue, Hu3bkuit KK/ (mo 25%y noTyKHUX MPOMHECIOBUX Ja3epiB), 3y-
MOBJIEHUH PO3CIIOBaHHSM BHIPOMIHIOBaHHS NPH NEpeXoi BiJ €HEeprii CBITIOBOTO
BUIIPOMIHIOBAHHS Y TCILIOBY .

[Mo-mpyre, BUXOASYM 3 MONEPEAHBOTO, BiOOpakeHe Ja3epHE BUIPOMIHIO-
BaHHJ € HE MCHIII HEOE3IIEYHUM 1 Hece 3arpo3y TpaBMYBaHHS CITKIBKH OKa, III0 MOXe
MPU3BECTH JI0 YaCTKOBOI ab0 TOBHOT CITIMOTH.

[To-TpeTe, BapTicTh 0072 THAHHS, 3yMOBJICHA HASIBHICTIO Yy TIUBOI Ta CKIaIHOT
arnaparypH, 3aXHCHOI KaMepH Ta BapTiCTIO caMoro Jiasepa.

HaBiTb 3a 000B’ 13K0BO1 HASBHOCTI 3aXHUCHOI KaMepH HEOOXiTHO TOTpUMYBa-
THCS JOJATKOBUX 3aXOJiB O€3IMEKH, TAKUX K HOCIHHS 3aXMCHHUX OKYJISpiB. Burpo-
MIHIOBaHHSI BYTJICKHUCJIIOTHHX Ta BOJIOKOHHHX JIa3epiB JICKHUTh Y iHQpauepBOHOMY
niamasoni (1,53MikpomMerpu st BOJIOKOHHHX Ta 10,6 MiKpOMETpiB sl BYTJIEKHC-
JOTHHX) i € HEBUAUMHUM JJIsI JTIOACHKOTO OKa. TakoK 00CIyroByBaHHS JIa3epPHOTO
o6JiasiHaHHs TOTpeOye HAsIBHOCTI BUCOKOKBaITI(hiIKOBAaHHX CIEHIATICTIB.

[epcriekTHBHICTH BUKOPUCTAHHS JIa3€PHUX TEXHOJIOTIH y IPOMHUCIIOBOCTI I10-
Jsira€e y ayske BUCOKiH TOUHOCTI BUPOOJICHUX JieTaseil Ta MOTY>KHOCTI BUPOOHHIITBA.
30UIbIICHHS IONUTY Ha MPOMUCIIOBI TOBapH y Maiil0yTHHOMY 3 BHCOKOIO BipOT'iJTHi-
CTIO CTaHEe MPUYHMHOIO MTOKPAIECHHS TEXHOJIOTIYHOTO PiBHS TPOMHCIIOBOCTI Ta Iepe-
XiJ] Ha Ja3epHi TEXHOJOT11.
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CUCTEMA ABTOMATHYHOI'O KEPYBAHHS EJIETPOITPUBOJIOM
BUJABAJIBHUX POJIMKIB ATPETI'ATA IIOITEPEYHOI'O PI3AHHS

MexaHi3MU MPOKATHUX CTaHIB, NPHAYOA00YBHOTO 00JIaHAHHS, BEPCTATIB Ta
IHIIUX TPUCTPOIB MPUBOAITHCS 10 PYXY ABUTYHAMH HOCTIIHOTO CTPYMY pEBEPCUB-
HOTO pexuMy poOotr. Hailbimb BaXKTUBUMH MEXaHi3MaMHU B METaNypriifHii ra-
Jy3i € MPOKaTHI CTaHH, 10 EJIEKTPOIIPUBOIIB SKUX BUCYBAIOTHCS OCOOJIMBI BUMOTH.

3BakarouM Ha Te, IO ACOPTUMEHT MPOKATHOI MPOIYKITii MOCTIHO PO3MIUPIO-
€TBCH, 1 IO HOTO SKOCTI MPe I SIBJISIFOTHCS OTBIIT )KOPCTKI BUMOTH, BHHHKAE MTOTpeda
B MOJIEpHi3allii TEXHOJIOT1] MPOKATy 1 eperJIsi i MIPUHHATHAX paHille MPUHITUITIB Ke-
pyBaHHS eJleKTponpuBoaoM. CTapi, MOpaTbHO 3acTapilii MPUBO/IA 3aMiHSIIOTh Cydac-
HUMH, sIKi BIIPI3HAIOTHCS OLTBIIOI HAIHHICTIO, KOS(IIIEHTOM KOPUCHOT Aii, TOY-
HICTIO KCpYBaHHsS, a TaKOXK MCHIIUMH rabapuTamMy i BHTpaTaMH Ha OOCITyTrOBY-
BaHHS.

MopgepHizaliist 3acCTapijioro Ta po3podka HOBOTO 00JIaTHAHHS € OJHUM 3 OCHO-
BHHX HamlpsIMKIB KOMIUICKCHOT MeXaHi3allii Ta aBToMaTH3alii BUpOOHHYOTO Mpo-
necy. TakuMm YHHOM, PO3pOOKa CHCTEMH aBTOMAaTHYHOTO KEPYBaHHS €JIEKTPOIpHU-
BOZIOM BUJIaBAJILHUX POJIMIKIB € JIWIIE YACTHHOIO 3aralibHOT MOJEpHi3allii arperary
MOTIEPEYHOTO Pi3aHHsI, y Pe3yJIbTaTi sIK01 Oy IyTh YCYHYTI iCHYIOY1 HEJIOJIKH TEXHO-
JIOTIYHOTO MPOIIECY .

OCHOBHOIO 3a/1a4ei0 CHCTEMHU KepyBaHHS € (popMyBaHHS HEOOXiTHOTO Tepe-
X1HOTO TIpoIIeCy IpH ITyCKY, TAIbMYBaHHI Ta pEBEPCY eIEeKTpOonpruBoaa. Buxomsan
3 BEMOT JI0 MEXaHi3My CHCTeMa KepyBaHHsI MOBHHHA 3a0€311CTyBaTH:

— MiHIMAJIBHUH NEepexiHUN mpoLec;

— 0OMEXXEHHS CTPYyMY B JMHAMIL 1 IPU yAAPHUX HaBaHTKECHHSIX;

— IUTaBHUH PyX 1 M'SIKICTh MEXaHIYHOT XapaKTEPUCTHKH.

ABTOMAaTH30BaHi CICKTPOIPUBOIH 3 BEHTIJILHIMH IIEPETBOPIOBAYAMH 3HAXO-
JIITh IIAPOKE 3aCTOCYBAHHS B MPOMUCIOBOCTI. HaliOibIre mommpeHHs o1epKaig
CHCTEMH 3 THPUCTOPHUMH IIEPETBOPIOBAYAMH B KOJIi KOS ABUTYHA.

3aMKHYTI CHCTEeMH KepyBaHHS BEHTHJIBHUMH EJICKTPONPHBOIAMU MOXYTh
OyTH BHKOHAaHI 3 Pi3HUMHU 3BOPOTHHMMH 3B'SI3KAMH: 3a HAIIPYTOIO, 32 CTPYMOM, 3a
mBUAKICTIO, 32 EPC. Buxonsuu 3 BUMOT 10 poOOTH MeXaHi3My BUIABATbHHUX POJIH-
KiB CHCTeMa KepyBaHHS BUKOHYETHCS 31 3BOPOTHUMH 3B'SI3KaMH 32 IIBHIKICTIO Ta 32
CTPYMOM 3 OOMEKCHHSIM.

Jlns xepyBaHHS MOXHA OyJI0 O BUKOPHCTATH TPAAUILIHHI METOIN KEPyBaHHS
(M-, TII-, IIJ-perynsatopu), aje BOHH MAarOTh HEAOCTATHIO POOACTHICTB, MOTAHO
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MPOTHIIIOTH 30BHIIIHIM BIUIMBAM, II[0 3MIHIOIOTHCS CXiAYacTo, i HENiHIHHOMY Te-
PTIO, SIKi 3aBXJIM MalOTh MICIIe ITpH poOOTi mpokaTHOTo craHa. JJoOpy pobacTHICTh
3 BUCOKOIO TOYHICTIO KEPYBaHHs MarOTh KOMOIHOBaHI METOIU KEPYBaHH 31 CIIOCTE-
peXHUKaMU HeBH3Ha4eHOCTI. CyTh METOMY IOJIsirac B HacTynmHoMy. Bei 30BHIIIHI i
BHYTpILIHI BIUTUBH (BKJIIOYAIOYH HENiHIMHE TepTs), BIUIMBH, TMOB'I3aHi 3 mapaMer-
PUYHUMH HEBU3HAYCHOCTSIMH, 00'€ THYIOTHCS B BEKTOpP HEBU3HAUYCHOCTI, SIKUH OIIi-
HIOETBCSl TIBUAKOIIOYUM CIIOCTEPEKHUKOM B PEATbHOMY 4aci i KOMIICHCYETHCS
KOMOIHOBaHHMM PETyIATOPOM. TakuM YHHOM, MOYKHA 3a0€31IeUYNTH BUCOKY SKICTh Ta
MIBUAKO/III0 KEPYBaHHS eIEKTPOIIPUBOIOM BUAABAIBLHHUX POJIHKIB.

YJK 621.3.07

! Bonkos B.O., 2 Cunenxo 1.B.

! kanj. Texn. Hayk, noi. HY «3anopisbka nomitexHika»
2 cryn. rp. E-319HY «3anopisbka MOIITEXHiKa»

MEXAHIYHI BTACTUBOCTI ACHHXPOHHOI'O IBUT'YHA
HOJABIMHOI'O )KUBJIEHHS

Mi>x mBHAKICTIO 00EpTaHHS POTOPA, YACTOTOIO MEPEXKI KUBIICHHS 1 4ACTOTOIO
Y pOTOpIi ICHYIOTh HACTYITHI CITiBBiTHOIIICHHS:

no =2, BOp, s=f/f,, n=ng(l-s)=260{f,- f,)/p (1)

Ie p —uucno map momocis; f; —gacTora cratopa (4acTota MepeiKi JKUBICHHS);

f, —uacroTa poropa.

Ipu BKJIFOYEHH] ABUTYHA 33 3BUYAMHOIO CXEMOIO YaCTOTA KUBIIEHHS Horo (da-
cTOTa craropa) (piKcoBaHa, a YaCTOTa pOTOpPa, IPOIOPIIiiiHA KOB3aHHIO, 3MiHIOETHCS
31 3MiHOIO HaBaHTaXeHHs. Ynciio 00epTiB ABUTYHA MPOIIOPIIITHO Pi3HOCTI 000X va-
CTOT 1 3aJICKUTh BiJl HABAHTAXCHHSI TUM OLUTbIIE, UM OiJIbIIIe POTOPHA YaCTOTa IO
BiJTHOIIIEHHIO JT0 CTaTOpHOI. [Ipy HE0OXiMHOCTI 3HAYHO 3HU3UTH YUCIIO 00EPTIB JIBU-
TyHa 1 BBECTH IS I[bOTO BEITUKHUI OIip y pOTOP, TOTPIOHO MpaIfoBaTH Ha HECTIMKii
YacTHHI XapaKTepUCTUKH, TOOTO Ha Takii, KOJH IpU MOPIBHSIHO HEBEJMKIiM 3MiHI
HABaHTAXXCHHS TOCUTHh CHIILHO 3MIHIOETHCS IIBUIKICTh. [IpaKTHYHO TPUBIN T1iIpO-
TEXHIYHOTO MEXaHi3My MO’Ke CTIHKO MNpalioBaTd NPW 3HWKEHHI LIBHIKOCTI HE
oimpmr HiX Ha 25 — 30%.

JIist nestkux MpUBOJIIB, HATIPUKIIA] JJIsl TIPUBOJIIB 3aTBOPIB 3 TOJIOBHUAM HAIIO-
BHEHHSIM, MOTPiOeH 3HA4HO OibLInit niana3oH mwBuaKocTi (mpudiu3Ho 1:20a60 Ha-
BiTh 1:30).BuKopucTaHHs peryaroBaHHs BKIIOYEHHSIM OIIOPY B pOTOP 30BCIM HEJIO-
peuno. ToMy ISl TaKuX 3aTBOPIB 3aCTOCOBYIOTh TaK 3BaHWUU MIiKpOIPHUBII, TOOTO
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JPYTUN HE3aJC)KHUM MPHBIJ, IO Ji€ HA TOW caMuid TAroBui opraH. CKIagHICTb 1
HEJIOCTAaTHs HaJIHHICTh MIKpOIpHBOAa Ta AU(PEPEHLIHHOr0 MEXaHi3My uIs HOTro
BKITIOYCHHS MOTPEOYIOTh MIYKATH IHINI METOIU PilllcHHs i€l 3amadi. OQHUM i3 Ta-
KHAX METOJIIB € TIPUBIJ 3 IBUTYHAMH TOABIHHOTO KUBJICHHS.

Ha BigmiHy BiJ 3BUYaifHOT CXEMH aCHHXPOHHOTO JIBUTYHA, CTATOP SIKOTO YKU-
BUTKCSI IPUMYCOBO 9aCTOTOIO MEPEXKi, @ B POTOPi 3aMKHYTOMY Ha OITip, 4acTOTa 3a-
JIOKHUTH BiJl HABAHTA)KEHHS, IBUTYHA MTOJBIIHOTO XUBJICHHS OTPUMYE MPUMYCOBY
4acToTy 3 OOKy craTopa Ta 3 00Ky poTopa. J[ist boro 10 poTopa MiABOAUTHCS JKH-
BIICHHS BiJl OKPEMHOTI'O TeHepaTropa-mepeTBopioBada yactoTu. IIIBuakicTs o6ep-
TaHHS TAKOTO JIBUTYHA JIOPIBHIOE:

n= 260C{f, - f,)/p. 2)

Bona Bke He 3aJICKUTH BiJl HABAHTa)KCHHS, TaK SK PI3HUI 9aCTOT CTaTopa 1
poTtopa mocTiiiHa. MexXaHi4Ha XapaKTepPUCTUKA IBUTYHA MTOIBIHHOTO KHUBJICHHS Ta-
payiebHa OCi MOMEHTIB. BiJl OZJHOTO MepeTBOPIOBaYa YaCTOTH MOXKYTh KUBUTHCS
HE OJIH, a JBa 1 CKIJIbKY 3aBTOJHO JABUTYHIB i TOMI BCi BOHM OyayTh oOepTaTucs 3i
CTPOTO OJTHAKOBOIO IIBHJIKICTIO, SIK B CX€Mi EJICKTPUIHOTO BaJja.

[IBuIKICTh ABUTYHA TOABIHHOTO KUBJICHHS BU3HAYAETHCS PI3HUIICIO YACTOT
JKHBJICHHS pOTOpa 1 ctaropa, npuioMy dacrora cratopa — 51, a yactora poropa
00HpaeTbes B 3aIEKHOCTI BiJl MOTPiOHOT MBUAKOCTI 0OEpTaHHS i MOXe OYTH SIK
MeHIe, Tak i oubime 50 I'ii. B mepriomMy BHIMagKy OTPHUMAEMO IOAaTHE 3HAYCHHS
MIBUAKOCTI 00€pTaHHS, a y APYrOMY — BiJl €MHE.

B sixocTi [BUTYHA B CXEMi MOJBIHHOTO KUBJICHHS BUKOPUCTOBYETHCS ACHHX-
POHHUI NBUTYH 3 KOHTAKTHUMHU KITBIIME, OOpaHUiA 32 MOMEHTOM 1 ICpEBipEHUIT 32
HarpiBoM.

VJIK 681.5:62-83:004.09

Hasaposa O.C. !, Illeuenxo B.O.2, XKaxoscbkuii O.B. 3
! non. HY «3anopisbka nomitexnika»

2 cryn. rp. E-317HY «3anopisbka moJtiTexHika»

3 cryn. rp. E3-310u HY «3anopisbka nositexHika»

JOCJIIKEHHS JIBOMACOBOI CUCTEMM 3 YPAXYBAHHSIM
HEJIHIHHOCTI IPYKHOI IEPEJJAYI

3acTocyBaHHs iHGOPMAIIHHAX TEXHOJIOTIH MPHU AOCTiHKEHHI, po3podIli HO-
BHX T4 BJOCKOHAJICHHI ICHYIOUHX CHCTeM aBToMatnuHoro kepyBants (CAK) TexHo-
JIOTIYHAMH IIPOLIECaMU JT03BOJIIE€ OTPUMATH LIBHUJKE Ta TIOBHE 3a0e3neueHHs iH}o-
pMati€ero 3 po3pobiroBanoi pobiaemu [1,2]; Bubip TOLITbHUX HAYKOBUX METOIHK 3
BHKOPHCTaHHAM KOMIT FOTEPHOTO MopemoBanHs [3,4]; momyk B 0a3i gaHHX
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HNOTPIOHMX XapaKTEPUCTHK Ta IMapaMeTpiB MPOLECIB; 3aJEKHOCTI IS BUPIIICHHS
TEXHOJOTIYHUX Ta HAYKOBO-JOCIIJHUX 33714, [0 OTPUMaHi Ha OCHOBI CTATHCTHY-
HOTO 00po0OIeHHS iH(hopMaIlii 3 6a3u MaHWX; 3AIHNCHCHHS e()eKTUBHOTO MOPIBHSIIb-
HOTO aHaJi3y OTPUMAaHUX PE3yJbTaTIB K Ha IPOMIXXKHOMY, TaK i Ha KiHIIEBOMY €Ta-
nax [5,6]. Tomy nocnimkennss CAK 1BoMacoBoi cHCTEMH €IeKTPONPHBOIA KT
CTaHa XOJIOJHOT MPOKATKH 3 YpaxyBaHHSAM HENIHIHHOCTI MPY>KHOT TIepeadi € akTy-
AJILHOIO 3aJ1a4elo.

EnexkrpoMexaHiuHa CHCTeMa Cy4aCHHMX IPOMHCIOBHX MAIIMH Ta arperariB
(mpoxkatHi cTanu, Ge31epepBHO-TEXHOJIOTYHI arperaTH TEKCTUIILHOI 1 XiMIYHOT Ipo-
MHCJIOBOCTI, KOHBEEPH, CKIiIld, Ji)TH Ta 0araTo iHIIMX MEXaHI3MiB) XapaKTepu3y-
€ThCS IOCUTD CKIIQJTHOIO CTPYKTYPOIO MEXaHITHOI Ta eNeKTpHIHOI YacTHH. MeXxaHi-
YHA YAaCTHHA SBIISIE COO0I0 0AraTOMacoBy MEXaHIYHY CHCTEMY 3 )KOPCTKUMH Ta MPy-
KHUMH niepenadamu [7]. EnekTpuuHa 4acTHHA TaKOX € TOCHTh CKJIATHOK CHCTE-
MOI0, B 3JIS)KHOCTI BiJl CIoco0y KepyBaHHS, CXeMH 3’ €IHaHb, J1iarna3oHy 1 TOYHOCTI
peryiroBaHHs 1 Take iHmIe. ToMy Taki eleKTpOMeXaHI4Hi CUCTEMH XapaKTepH3y-
FOTHCS B3aEMO3B’ I3KOM €ICKTPOMATHITHUX MPOLECIB, MEXaHIYHUX SBUIIL 1 TEXHOIIO-
riyHuX (GakTopiB, Ai€rO 30BHIIIHIX (3MiHA MOMEHTY OIOpY, HATIPYTH YKHUBJICHHS, Te-
MIIEPATYPH HABKOJIHIIHEOTO CEPEIOBHIIA Ta 1HIIL ) 1 BHYTPIlIHIX (3MiHa eleKTpoMe-
XaHIYHUX [apaMeTpiB CUCTEMHM) 30ypeHb. BkaszaHi acrieKTH MalOTh BPaxOByBaTHCS
MIPH MaTEMaTUIHOMY OTIHCI eTIEKTPOMEXaHIIHOTO 00’ €KTa.

Bimoma mocuTh BenmWKa KUTBKICTH POOIT, MOB S3aHUX 3 BUBYCHHSM BILTUBY
NPY)KHHX [EPead Ha SKICTh MEPEXiAHUX MPOLECIB 0aHO-, B8O~ [8, 9], m'aru- [10] i
GaraTomacoBux cucTeM [11]. Benuka 4acTHHa 3 IIMX CHCTEM € HEPO3TalyKCeHUMH i
BPaXOBYIOTh BIUIUB MPYKHHUX 3B’ A3KiB, 5IKi OMHUCYIOThCS 3aKkoHOM ['yka. [lotpebye
O11BII01 yBary po3riisiy 6araTOMacoOBHX CHCTEM 3 MPYKHUMH [epeaayaMy MepIioro
i Ipyroro poxny, a TAKOXK ypaxyBaHHs MOXKIIMBUX HENiHIHOCTEH IPYKHHUX Tepeiay.

3po0IIeHO aHami3 0COOMBOCTEH TEXHOJIOTITHOTO MPOTIECY 1 BpaxoBaHi
TEXHOJIOTIYHI BHMOTH, MPOIOHOBAaHI J0O TOJOBHOTO EJICKTPOIPHBOJA
OIHOKJIITROBOTO CTaHa XOJOAHOI mpokatku. PospaxoBano CAK
eJIEKTPOTIPUBO/IA IOCTIHOTO CTPYMY CKJIaZIeHa 3arajbHa CTPYKTYpHA cXeMa
CAK mpu ABOKOHTYPHOMY IMAMOPSAKOBAHOMY KEpyBaHHI; pO3paxoOBaHi
OCHOBHI ITapaMeTpH JBOMACOBOI CUCTEMH; MPOBEJICHO TOCIIIPKCHHS BILTUBY
3MiHM 3Ha4YeHHS Koe(iLi€HTa XOPCTKOCTI MPY)KHOI JAaHKHA Ha MOKa3HUKU
skocti  CAK; mpoBeaeHO  MOAEMIOBaHHS  JBOMAcOBOiI  CHCTEMH
€JIEKTPONPUBOJA KIiTi 3 ypaxyBaHHSIM HENIHIMHOCTI MpY>KHOI mepenadi,
po3pobiieHo onTuMi3zoBany 3acobamu Matiiab CAK 1BoMacoBOIO CHCTEMORO
€JICKTPOIIPUBOAA KJIITI CTaHa XOJOIHOI IMPOKATKH, IO IOoKa3ajga Kparii
noka3Huky sskocTi CAK y mopiBHSHHI 3 JBOKOHTYPHORO ITiIIOPSAKOBAHOTO
tuny 3 [I-perynsTopoM cTpyMy y BHYTpiltHEOMY KOHTYPi i [1l-perynstopom
MIBUIKOCTI Y 30BHIMTHEOMY KOHTYpi. OTpUMaHi pe3yJIbTaTH MOJICITIOBAHHS
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MiATBEPAIIN MPABIWIEHICTE BHOOPY CUCTEMHU KEPYBAaHHS 1 11 BiATIOBIIHICTD
BUMOT'aM TEXHOJIOTIYHOTO MPOIIeCy .
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JOIIYCTUME HABAHTAKEHHSA I'IPOI'EHEPATOPA ITPU
HECHHYCOIJTAJIBHOMY CTPYMI CTATOPA

Skmo dopmMa KpUBOi cTaTopa reHepaTopa BiAPI3HAETHCS Bl CHHYCOIJalbHOT,
II0 HaNpHKJIa] Ma€ Miclle pu poOOTi HAa BUIPSIMHE HaBaHTAXXEHHS, B T€HEpaTopi
BUHMKAIOTh JIOJATKOBI BTPATH, 1110 BU3MBAIOTH ITIIBUIICHUI HAarpiB oro oOMOTOK.
Jn1s BU3HAYeHHS IUX BTPAT IPOBOJUTHCS TAPMOHIYHUH aHANI3 KPUBOi CTpyMYy 1 BU-
3HAYAIOTHCA aMILTITYX BUIUX FAPMOHIK CTpyMy |, B JOJISX OCHOBHOI FapMOHIKH.

Jliroue 3Ha4YECHHS rapMOHIK CTpyMy |\, 3aJISKUTh Bij MapaMeTpiB CXEMH 31 CTO-

POHM XHBJICHHS BUIIPSMIITYIB 3MIHHUM CTPYMOM 1 MOXke OyTH 004YHCIIeHO 3 JocTa-
THIM HaOIIMKESHHAM 32 (POpMyIIOr0:

g N ®

v 1+(|1D(v)2

ly

Je X, —IpuBeieHUll iIHIyKTUBHUHN OIip CXEMH KUBIEHH] Ui V -1 FapMOHIKH y BiA-
HocHux oquHmIix (K, =1mm v=5,7, 11, 13, 17, 19, 23, 355-tu dasHiit cxemi ta
mis V=11, 13, 23, 25 12-u dasmiit cxemi; k, =0,2 mas v=5, 7, 17, 1% 12-tu
¢basHiit cxemi).

Po3paxyHOK IPUBEJEHOTO OIOPY X, IPOBOJMUTHCS 32 CXEMOIO 3aMiIlleHH, B
SKOi 1HAYKTUBHUK OMip TpaHC(HOPMATOPIB, PEaKTOPIB, IHIYKIIIHHUX PETyIsATOPIB,
KaOeIiB 1 MOBITPSIHUX JIIHIA BH3HAYAIOTHCS Yepe3 BiJOMi OMOPH MEPIIOT TAPMOHIKH
Xy = V¥ , a iHOyKTHBHI onopu rigporeHeparopa X, = 0.7vIX, , ne koediuient 0.7
BPaxOBY€ BIUTHB ITiIBUIIICHOTO BUTHCHCHHS CTPYMY B KOJIaX pOTOpa HA PEaKTUBHUI
Ollip cTpyMaM 3BOPOTHOI HOCIiIOBHOCTI reHepaTopa Xo .
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3a BiJOMUMH 3HAUYCHHSMH BHIIUX TAPMOHIK y KPUBIH CTPyMy CTaTOpa MOXYTh
OyTH 0OUMCIIeH] Y KiJIoBaTax J10JaTKOB1 BTPaTH:
- B 00OMoOTILI cTaropa

APMV=PME|]Z|3+(kf —1)D_YIV2v2J; )
- B 00MOTIII 30y IKEHHS

_1 2 2
AR, =5 Siom E[kf300f(|5 +17) +kioof (112 + 113)° +

2
2 Xa=X | .
+kgoof (117 + 119) +] x| (3)

- B emidepHoi 0OMOTII

_1 2 2
APpy = ErdeHOM E[kfsooo(l 5+17) +kioon(l11+ l13) +

Y
+kigoop(l17 + 119) + ]Eﬁuj : 4
Xkd

KoedimieHTH 101aTKOBHUX BTPAT B OOMOTKAX CTaTOpa, 30yHKEHHS 1 teMriidep-
Hilf Bu3HayaroThes 3 Bupasis (5.17), (6.116)a (6.117)ua ¢.100Tta 152 BinmosimHo
3 kaury: U.A. I'ne6os I'unporeneparopsl. —JI.: DHepro-uzmar. — 1982. — 36&.

3 yMOBH CTajJoOCTi HarpiBy OOMOTKH CTaTOopa MaKCHMaJbHO ITOTYCTUMUI
CTpYM craropa 3aaaHoi (opMH cKiiaaae

IPM(1+\kf )

P= Liow P,L+k; J+AR,,

(5)

MakcuMaabHO JOITyCTHMHMA CTPYM B OOMOTIII 30Y/DKCHHS:

. P
le :|eHOM»‘}$ : (6)
e ev

[Tpu >xuBIEHHI BiI CHHXpPOHHOT'O T€HEpaTOpa BHMPSAMIISYIB Ha KPUBY poO0UO0i
HaIpyTH T€HepaTopa, IO BiATOBIIa€ OCHOBHINA TapMOHIIll CTPYMY, HAKIAAETHCS
PAI TapMOHIHHUX HANpyT, 00YMOBIIEHUX MPOTIKAHHSM IO OOMOTIIi CTPYMiB BUIIIHX
TapMOHIK.

3HadeHHs BiIHOCHOTO CIIOTBOPEHHS HANPYTH MOKe OyTH 00UHCIeHO 3a Gop-
MYJIOKO:
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AU =1, .70, . )

KiHIleBe MaKCUMaIbHO Oy CTUME HABAHTAXKCHHS TeHEpaTOpa IPU HECHHYCO-
imansHOMY CTPYMi CTaTopa MPUUMAETHCS HAWMEHIIIE 3 TPHOX 3HAYCHB, 1[0 BU3HAYA-
IOTBCS 3 YMOBH HE3MIHHOCTI BTpaT B 0OMOTII cTaTopa, B 0OMOTIII 30y KEHHS 1 B
nemrepHiit 0OMOTIII.

YJK 621.317

Hees C.T'. 1, Tipenko A.B. 2, 3y6axa B.C. 3

1 crapmr. Buki. HY «3anopi3bka nomitexHika»

2 ctyn. rp. E-618&n HY «3anopi3pka moiTexHika»
3cryn. rp. E-618&mn HY «3anopiszbka HOTITEXHIKa»

JABOPATOPHUI CTEH/I 3 BABUEHHS JIATUMKIB CTPYMY I
HAIIPYTH

Mertoto po0OoTH € po3poOKka Ta 00IpyHTYBaHHS TEXHIYHHX PillIeHb, CIIPSIMOBa-
HHX Ha CTBOPCHHS 1abOPAaTOPHOTO CTCHAA Ui BUBYCHHS BUMIPIOBAHHS CTPYMY i
Hampyry B OOPTOBHX eNEKTPOMEpekKax JiTadbHUX anapaTis (JIA).

B GopToOBIiii enekTpoMepeki BUKOPHCTOBYIOTECS MOCTilHA Hampyra 28 B ta
3MiHHKH cTpyM vacToToro 4001w,

Bnok Bnak
nocTiAHoro ocupnorpata

CTRYMY 1 kanan ZKEHEH) SA23

jg- | ®in
OyHryio- | 8N o . Enox
HaNbHUA =

reHepaTo i A FEmIkE
i ey Mincuntoe | crpymy
NOTYHHOCTI -
R2

i sA31
Yactoma Amnnyga |

-

Enok
Bnak D aT4HKIE

5A32
HIBIENHS: Hanpyr

Pucynok 1 —Cxema nabopaTopHOro cTeHaa

Jlist BUBUCHHS pOOOTH AATYHKIB PO3pO0ICHO HaBYaNbHUM cTeH (puc. 1), skuit
JTO3BOJISIE BUBYATH POOOTY NAaTYHKIB MPH MOCTIHHOMY Ta 3MiHHOMY cTpyMi. OCHOBY
CTEH/Ia CKJIA/IAIOTh OJIOKU ATYUKIB CTPYyMY Ta HAIPYTH, KOXKEH 3 SIKUX MICTHTh pe-
3UCTHBHHM, TpaHCHOPMATOPHHIA Ta NaTIMK Ha OCHOBI epekTy Xoinia i 610ka ociu-
nmorpada. Jlns BHBUEHHS PE3UCTUBHOTO JaTdyWKa TIPU TOCTIHHOMY CTpyMi
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BUKOPHCTAHO OJIOK IIOCTIHHOTO CTPYMY, JUIs )KMBJIEHHSI IaTYMKIB 3MIHHIM CTPyMOM-
(yHKIIIOHATILHUI r'eHepaTop, Mo GOpMy€e TapMOHIYHI Ta MPSIMOKYTHI KOJIMBAHHS 3
peTyJIIOBaHHSIM YacTOTH Ta aMIUTITYH, Ta MiJCHIIOBAaY MOTYKHOCTI.

Po3pobiiennii cTen 1 103BOJIsIE BUBYATH POOOTY AATYMKIB IPH ITOCTIHHOMY Ta
3MiHHOMY cTpyMi yactotoro 4001w, Ta BUBUATH aMIUTITYAHO- YaCTOTHI XapaKTepH-
CTHMKH IaT4rKiB B miana3oHi yactoT 20 I'n-30 kI 3 ikcartiero pe3ynbTaTiB 3a 10-
HIOMOTOI0 IBOKaHAJIBHOT'O ocuiorpagda.

[TpakTudHA IIHHICTH PE3yNIBTATIB POOOTH MOJISATAE B BAKOPUCTAHHI pO3po0IIe-
HOTO CTeHZIa B JJabOpaTOpHOMY MPaKTHKyMi MPH BHBUEHHI Kypca «lHpopmariiHo-
BHUMIpIOBAIIbHI TIPUCTPOI».

CIIACOK BUKOPUCTAHOI JIITEPATYPU

@paiinen Jx. Cospemennsie aaTuvku. CropaBounuk / JIx. ®paiimen -
Mocksa: Texuocthepa. — 2005. - 592.

YJK 621.3:681.5

Bamyxuuit M. 10.1, Oxornik I1.J1.2

crapur. Bukn. HY «3anopisbka moitexHika»

2 cryn. rp. EM-310HY «3anopi3bka IoJTiTeXHiKa»

MOJEPHI3AIISA TABOPATOPHOI'O CTEHAY HA BA3I
POBOTY MII-9

CyuacHi aBTOMaTH30BaHi BUPOOHUIITBA BUMAraroTb BUCOKOTO PiBHS (YHKIIi-
OHAJIBHOCTI B1JI BUKOHABYMX Ta 00CITyroByBaJbHUX OPTraHiB, MAlIMH Ta MPUCTOCY-
BaHb. OCOOJIMBO IIe aKTyaJbHO LIOA0 JOMOMDKHUX BHPOOHMYMX Omepamilf, TaKux
SIK: TPAHCTIOPTHI, 3aBaHTaKYBaJIbHO-PO3BAHTAKYBAJIbHI, TAPHO-TIAKYBAJIbHI, CKIIaI-
cbKi Ta iH. Li omeparii, Ha BiqMiHy BiJl OCHOBHUX TEXHOJIOT1YHUX OTIepalliii, € Ma-
JI0AaBTOMATHU30BAaHUMH Ta BHUCOKO3aTpaTHUMH. J[ys 3iiCHEHHS aBTOMATH3aIii Ta-
KHX omnepaiid moTpioHi kBamidikoBaHi CreriamicTH, sIKi 3JaTHI OpraHi30BYBaTH Ta
00CIyroByBaTH aBTOMAaTH30BaHi JIiHil.

JI71st MATOTOBKY TaKUX CHEIialicTiB ITUPOKO BUKOPUCTOBYIOTHCSI POOOTH30-
BaHHI HABYAJIbHI CTCHAN. AKTYallbHICTh POOOTH30BaHNX HaBYAJILHUX CTCHIIB 00Y-
MOBJIIOETHCSI TUM, III0 BOHU JJO3BOJISTIOTH OTPUMATH HE TIIBKM TEOPETHYHI, a i Ipak-
TUYHI 3HaHHS 1 HABHYKH poOoTH 3 poboramu. HaBuanpHi pobOTH IOMIOMAraroTs y
BUBUCHHI KIHEMaTHKH Ta KOHCTPYKIIii poOOTiB, CHCTEM KepyBaHHS, BUPOOJICHHS
YMiHB 1 HABUYOK ISl TEXHOJIOTIB-IIPOTPaMiCTiB, Halla[4MKiB 1 orepaTopiB. OxHUM 3
TaKHX CTEHIB € cTeHI Ha 6a3i pobota MII-9 (pucynok 1), mpocToTa KOHCTPYKIIl
SIKOTO Ta HOTO BHCOKA eKCIUTyaTalliifHa HaAiiHICTh BU3HAYMIIN HOTO MTUPOKE BUKO-
PUCTaHHS Y BUPOOHMIITBI Ta yIOOBHUX CTCHIIIB.
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MopgepHizatiist 1a00paTOpHOTO CTEHIY HOJATA€ B CTBOPEHHI CHCTEMHU Kepy-
BaHHA Ha 0a3i cyyacHUX MIKpPOKOHTpOJIEPiB. SIKi B CBOO Yepry JO3BOJISIOTh CTY/Ie-
HTY porpaMyBaTH poO0Ta Ha Pi3HUX MOBaxX NPOrpaMyBaHHs, 3’ €HYBaTHCh C POOO-
TOM BHKOPUCTOBYIOUH pi3HI iHTepdencH.

Byno obpano mikpokontponep ESP32-WROOM-3211eii MikpoKOHTpoJIEp
CBOIMH TEXHIYHUMH MOKJIMBOCTSMH Ta TaOAPUTHUMH PO3MipaMH HAHOIIBIT YiTKO
BIIOBIgA€ ITOCTABJIEHIH 3a1a4i.

Pucynok 1 —3aransHuii Bun podora MII1-9

B6ymosana migrpumka Bluetooth, Bluetooth LEWi-Fi rapantye Brcoky ede-
KTHBHICTB 3aCTOCYBaHHS MOJYJIS 3 BEJIMKAMH MOKITHBOCTSIMU Ha MaiGyTHe: Wi-Fi
JIO3BOJISIE TOBOPUTH TPO BUCOKY €(PEKTUBHICTH 3aCTOCYBaHHS B 3ajadax, Je BiIOy-
BAEThCS MIAKITIOUEHHS 100 Mepexi IurepHer wepes Wi-Fi — poyrtep; 3aBasku
BluetoothkopuctyBau Moske miAKIIOYaTH MOIYIH 1O CMapThOHY abo Oymab-IKOTO
IHIIOTO TPU3HAYCHOTO ISl KOPHCTYBava MPUCTPOIO (PHCYHOK 2).

U—»f—»m@

-

Pucynox 2 —CtpyKTypHa cxeMa CTeHIy
MonepHizoBaHHI CTEHN Tepe10adeHO BUKOPUCTOBYBATH IPY BUBYCHHI TIPUH-
oumiB poOOTH MTHEBMONPUBOIIB, IPOTPAMyBaHHS MiKPOKOHTPOJIEPIB Ta CHCTEM Ke-
pyBaHHSI TIPOMHCIOBHUMH poOoTaMu. Takok CTeHJ J03BOJISIE OTPUMATH HABHUKH
CTBOpPEHHSI MOOUIBHUX JJOAATKIB Ta MPOTpaM SIKi BAKOPUCTOBYIOTh OE3MPOBiAHI Te-
XHOJIOT1.
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CEKIIISI <TEOPETHYHOI TA 3AT'AJIHOI EJJEKTPOTEXHIKH»

VK 621.3.01:519.876.5

Tuxosog C.M?, Kosnos B.B.2

! 1-p. Texn. Hayk, mou. HY "3anopisbka mosiTexHika"
2 xaHJ. TeXH. HayK, goi. HY "3amnopispka momirtexHika"

3ACTOCYBAHHSA JUCKPETHUX CTPYMOBUX MOJIEJIEN JIJIS
PO3PAXYHKY HEJIHIHHAX EJEKTPUUYHUX KIJI TOCTIMHOT O
CTPYMY

Hexait B eleKTpUIHOMY KOJI € TUTbKHA OJWH HETIHIWHUN pEe3UCTHBHHN elie-
MEHT, a 1HIIIi eJIEeMEHTH — JTiHiHHI. Tomi pO3TISHEMO JiHIHHY YaCTHHY KOJIa SIK aKTH-
BHUU JIHIWHUAN TBOTIOJIOCHUK, HABAHTAKEHHSM SIKOTO € HETIHIHHUI Pe3uCTUBHUI

enement (puc. 1).
A j\

PucyHok 1 —AKTHBHUMN JTIHIHHAA JBOTIOIIOCHUK 3 HETIHIHHIM €JIEMEHTOM.

3rifiHO 3 TEOPEMOIO MPO €KBIBAJIEHTHUI T'eHepaTop aKTHBHUIL JIIHIHHUH 1BO-
HOJTFOCHUK MOYKHA 3aMiHUTH €KBiBaJEHTHHM FEHEPaTOPOM CTpyMy (puc. 2).

Gek\a

Jek\.l=EeI-w*Gek\.'

PucyHoK 2 - 3aMilieHHS JIIHIHHOTO ABOIOIIOCHUKA CKBIBaJICHTHUM I'€HEPATOPOM

Skmo Ha ogHOMY TpadikKy MOMICTUTH HABAaHTAXKYBaJIbHY XapaKTEPUCTUKY aK-
TUBHOTO JIHIHHOTO ABOMOMIOCHHKA 1 BAX HENiHIHHOTO PE3UCTHBHOTO EJIEMEHTA
(puc. 3), To Touka meperuny kpuBux (Uy, I;), BU3HAYAE PEXUM POOOTH EICKTPUY-
HOTO KoJia, To0TO cTpyM lx 1 Harpyra Uy Ha HeniHIHHOMY oropi, 5IKi OTPiOHO BH-
3HAYUTH.

Hexaii Ham Bigomo sikechk HaOmxkeHe pienHst Ug, /o — HyJ1bOBe HaOMMKEHHS.
B tourii (Uo, Io), anpokcumyemo BAX HeNliHIHHOTO OMOpY MPSIMOi, TOTHYHOT 10 L€l
touku. Toxi rouka (Ui, I1), fKa € TOYKOK MEPETHHY alIPOKCHMYIOYOI IPAMOI 1 Ha-
BaHTaXyBaJbHOI MpsiMoi, Oyne posramoBana Ommkue 10 touku (Ux, /). Bynemo
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pO3DIIsAAaTH 1 K HACTYMHE HAOIMKEHHS 10 icTuHHOTO pimenns. B toumi (U1, 1),
3HOBY Oynyerbscst notiyHa 10 BAX, i 3HOBY BAX anpokcumyetscst i€l goTnaHof i
Tak jgaii, noku He Habmusumocs 10 Touku (Uy, k) 3 33aHO0 TOUHICTIO.

U, U U u

Pucynox 3 —HaBanTtaxxyBajbHa XapaKTepUCTHKa aKTHBHOTO JIIHIHHOTO JBOIIOJIOC-
HHKa i BAX HeniHIHHOTO pe3uCTHBHOTO €JIeMEHTa.

Posrisinemo HactynHy iHTeprperanito fotnuHii 10 BAX. VsBimo, mo notu-
yHa 10 BAX — 11 HaBaHTa)XyBaJIbHA XapaKTCPUCTHKA JACSIKOT'O aKTHBHOTO JBOIIO-
JIFOCHHKA, SIKUI 3aMIHIMO €KBiBaJICHTHUM T'€HEPATOPOM CTpyMy. TOJli aKTUBHUIA JTi-
HIHHUHT TBOTIONIOCHUK, HABAHTAYKCHUI Ha HEJTiHIIHE OTip MOYKHA MTPEICTAaBUTH CXe-
MOIO 3aMillleHHsI, HaBeJIeHO1 Ha puc. 4.

TakuM 4MHOM, HENIHIHHUHN PE3UCTUBHUN €JIEMEHT 3aMiHEHUH €KBIBAJICHTHUM
CTPYMOBOTO MOAC/LTO 3 eaeMentamu Gy 1 Jk. Bu3HauMMo mapamerpu CTpyMOBOTO
MOJIEJ HEJTIHIHHOTO PE3UCTUBHOTO €JIEMEHTA. 3 TEOMETPUYHMX BUKIAMOK (puc. 3)
MOYHa IIOKA3aTH, 110

Gk:tg(a)y szlk_Uk[(Bka (1)
JIe ¢ —KyT HAXWITy NOTUYHOT 10 KpuBoi B Touri BAX Uy, .

Ik

G \
e U
J eky ) ‘ Gk Jk |

Pucynok 4 —CxeMa 3aMillieHHS] aKTUBHOTO JITHIHHOTO TBOMOJIIOCHUKA, HaBaHTaXKe-
HOTO Ha HEJNIHIHHNN PEe3UCTUBHUI €IEMEHT.
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Takum 4uHOM, BUpasu (1) J03BONATH BU3HAYHUTH MapaMeTPH CTPYMOBOI MO-
Jeni HelliHifHOoTO onopy, T. €. Gk 1 Jk. [IpoBinHicTs Gy nopiBHIOE
dl

Go=g@=1n @
I=lg

Ha xoxnOMYy Kpouti iTepanii napamerpu Jy, G cTpyMoBOi MOJIETi 3MIHIOIOTHCS.
ToMy maHa CTpyMOBa MOJIENb HA3UBAETHCS TUCKPETHOIO CTPYMOBOIO MOJEILITIO.

Skmo iTepaniiHUR TpoleC HE CXOMUTHCSA, TO TPOMOHYETHCS HACTYITHUH
HpHUIOM, TiABHUINYE 301KHICTE. 3HaueHHs Jk, G Ha Kpoili iteparii K o6uncioThes
3 BUKOPHUCTaHHSAM 3Ha4Y€Hb Ha MOMEPETHHOMY KPOILIi:

:Gk"'(p_l)Gk—l; Jk=Jk+(p_l) ‘]k—l, 3)
p p

Gy

Jie P —mapamerp, 1o NpuiiMae 3HaueHHS B Mexkax 2-20.

BuxopucroBytoun dopmynu (3) MokHa ZOMOTTHCS 30DKHOCTI iTepauiitHOro
TpOLIECy, HaBITh SIKIIO CIIOYATKY Mpoliec OyB ANBEPreHTHUM.

[ukm iTepaliiii MOBTOPIOIOTHCS IO THX Iip, TOKU BCi CTPYMU 1 HAIPYTH HE
JOCSITHYTB 3 33/1aHOI0 TOYHICTIO CBOIX ITOCTIHNX 3HAYCHB.

VK 621.3.01:519.876.5

Tuxosox C. M.}, Taramax JI.I'.2

! n-p. Texn. Hayk, nou. HY "3anopisbka mosiTexHika"
2 acr. HY "3amnopisbka mosiTexHika"

PO3PAXYHOK HNEPEXI/IHUX IMTPOLECIB B EJIEKTPUYHHUX KOJIAX 3
PO3KJIAJTAHHSIM MOXIJTHOI ®YHKIIIHI 3A ITIOJITHOMAMM
YEBUIIIOBA

MonentoBaHHs IEPEXiAHUX TMPOLIECIB B ENSKTPHIHUX KOJaX B JaHHI Yac BU-
KOHYIOTh IIUISIXOM CKJIaZaHHs 1 pO3B'sI3aHHS PIBHSIHb CTaHy Ha IijcTaBi 3akoHiB Ki-
pxroda abo OUISIXOM BHUKOPHUCTaHHS TOTOBUX MPOTPaM, B SKUX PIBHSHHS CTaHy
CKJIQIal0ThCsl aBTOMATHYHO 32 3aJIaHOI0 CXeMOlIo Kouta. [lepexinHi nmpouecu MOXyTh
OyTH IOCUTH TPUBAIUMH, IO MPU3BOAUTE O 3HAYHOTO YaCy PO3PaxXyHKY MPH BH-
KOpPHCTaHHI Cy4acHUX 00UMCIIOBaTIbHIX 3ac00iB. OOMEKEHHS METOTy Ja€ MOXHOKa
00YHCIICHHS TTOXiTHOT PO3B’ A3KY.

Mera naHoi po60TH —po3po0Ka MBUIKOMIFOYOTO METOAY PO3PaXyHKY Mepexi-
HUX EJEeKTPOMATHITHUX TPOIECiB, 10 BUKOPHUCTOBYE AampOKCHUMAIlIO TOXiTHOT
pO3B’ 3Ky 3a nosinoMamu Yebwumona.

J1Jist CrIpoleHHsT BUKJIALy PO3TIITHEMO OJJHOKOHTYPHE KOJIO 3MIHHOTO CTPyMY,
110 Mictuth pesuctusaui (R), ingyxruBHuii (L) eeMeHTH, BKIIOYEH]I TOCHIIOBHO.
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[pu ninkmrouenHi B MoMeHT t=to mxepena 3minHoi EPC e(t) B koui BinOyBaeTbes
HepexiHuUIA nporec, SIKUH ONMHCY€EThCs PIBHAHHAM 3 MOCTIHHUMHU Koe(illieHTaMu:

LI Ri=e) - (1)
dt

V 3anpornoHoBaHOMY METOI 3aaiiMO pillleHHs JJIs TOX1THOT CTpyMYy, sIK dy-
HKIIi0 Bif yacy. L{ro ¢pyHKIiI0 B yacy anpoKCUMYEMO psiioM 3a nosiHoMamu Ye-
6ummosa N-1-ro crymneHs:

() = p(X) = GTo(X) + QT (X) + CTo(X) + -+ Cy 4Ty 1 (X) @)

JIist ampoKCHMyFOUoro mosiHoMa (2) mocTaBUMO YMOBY, IO B TOYKax f Ji-
JIEHHS 1HTEepBajy 3MiHH apryMEHTy 3Ha4eHHs ITOXiIHOI 3a 4acoM CTpyMmy 30ira-
FOTBCS 3 BIAMIOBIIHUMH 3HAYEHHIMH ITOJIIHOMA.

i'(t) = p(t,) mma k=0,1, 2, .N-1. (3)
Slkwo ymoBy (3) 3ammcary A KOXKHOI TOUKH tk, TO OTPUMAEMO CHCTEMY Ji-

HifHUX anreOpaidyHuX piBHSAHB. BimHiMeMO 3 yciX piBHSHb CHCTEMH IEpIIe piB-
HSHHS 1 OTPMAEMO CKOPOYEHY CUCTEMY, sIKa B MaTpPUYHOT ()OpPMi Ma€ BUTIISL:

I'=DC+lI', , 4
T(x) T(%) (%) (%)
p,=| 0 | o 2| TEI| | 100 | %)
ne: D=0 ~D. 0] Te), ), 00,

Po3B’ 130K [u1st PyHKIIT CTPyMy Ma€e BHTIIAL:
00 = [ HYd+dy = [(gTo00 + GO+ G0 +-+-Oy Ty (dxtdys ()

Inrerpanu Bix noninomiB YebuioBa BupaxaroTbes GOpMyIaMu:

-1 1 Tea® _Tea(®
[ 1=, L0+ J"I;(x)dx—i[ﬁ—ﬁ}dx+d

; : (6)

d —mocriiiHa iHTerpyBaHHSI.

3 ypaxyBanusam (6) Bupas (5) mpeacTaBUMO y BUIIISII:
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109 = [T, +5 [T, 00, +

m{n4m_n4mkﬂm+ruw_m4m}M+m
2(k+1) 2(k-1) 2N 2(N-2)

()

BBeneMo BEKTOP-psIIOK BCiX JOAAHKIB (KpiM MEPIIOro), M0 BXOIATh Y BHpa3
(7), Ax QyHKLIIO Bix apryMeHTy X:

21 o], Tea® _Ts(9 | T s
S(X)_[Z[TZ(X)]’ 2k+) 2(k-1) 2N Z(N'z)] ®)

3 BpaxyBaHHAM (7-8) oTpuMyeMO:
1097(5,00~5,06) ~(x %) T ) [C+(x =) Gy +iy ©)
Jlnst BY3OBHX TOUOK piBHsHHS (9) Mae BUMIIS
| =(S-S, —AT,))[C+AL, +i, = VIC+AL, +i, (10)

Judepenmuianbhe piBHAHHS cTaHy 11 Koja R-L-emae Bursin (1). s By3io-
BUX TOYOK i3 3HAYEHHSIM apryMeHTy 4acy tm (Bimmosimzno Xm) m= 1, 2, ...N-1 Big-
TIOBiTa€ HACTYITHE PIBHSAHHS B MaTpUIHIi Gopmi:

LI'+RI =e (11)

Ie € - BekTop 3HaueHb EPC B By370BHX TOYKaX; | - BEKTOp 3HAUCHb CTPYMY B BY3-
JIOBHX TOYKax; | '- BEeKTOp 3HaUeHb MMOXiJHOI CTPYMY B BY3JIOBHX TOYKaX.
[MincraBumo Bupasu (4), (10)s (11)Ta nepeTBopuMO:

(LID+RIV)IC=e-RIAll ,'-RIi, — LIl (12)

OTtpumanu Bupa3 apyroro 3akony Kipxroda st 306paxens C.

Topi mpu BiJOMHX MOYATKOBUX 3HAYCHHSAX CTPYMY io i MOXiJHOK CTPyMy MO-
JKHAQ BU3HAYUTH 3HAYCHHS CTPYMY Y BCIX JOBITBHUX TOYKAX X Ha Bifpi3ku [-1,1] abo
BIAIMMOBIIHUX TOYKax { 4acoBOroO cerMeHTa.

Inrepnperysanns pisasuus (12). Hexait y Buxigniii BiTii R-L-emporikae pe-
ansHui ctpyM i(t). BuximHoro BiTii, Bigmosigae BiTka 3amimienns (puc. 2), B ki
nporikae gesike 300paxxenns C, peanpHoro crpymy i(t). 3o6paskenns C - e BEKTOD,
110 MiCTHTh Koe(illieHTH PO3KIaganHs cTpyMy i(t) B psi 10 OPTOrOHAIBHUX IMOJIi-
HOMax YeOwuosa.
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R*(io + Ao )+L* I o

-
N

Puc. 2. Cxema 3aMilieHHs 1151 300paXkeHb 0 JHOKOHTYypHOTO R-L-€ Kosta

[Tpu ibOMy B BiTIII 3aMillIEHHsT PE3UCTUBHUN eeMeHT R mae omip Ry i mocimi-
JIOBHO 3 HUM Ha3yCTPid CTPYMY BKITFOUAETHLCS JuKepeno nocTiitHoi EPC BennanHoIO
RI(AD '+ ) (muB. puc. 2). IngykruBHuii eaement L mae omip Lp, i mociimosHo 3

HUM Ha3ycTpid TOKY BKIIOYAaEThCs mikepeno noctiinoi EPC Bemmuaunoro LY.

3riIHO 3 PO3POOIICHOO TEOPii CKITaJieHa KOMII FOTEpHA MTPOrpaMa, pPo3paxyHOK
N0 SIKil 3 TOYHICTIO IO YacTOK BiJICOTKa 30Ira€ThCcsl 3 pO3paxyHKOM, OTPUMaHHM
AHATIITHYHO.

BucnoBku

1.3anponoHoBaHO METOIUKY NOOYIOBH CXEM 3aMillIeHHs eJIEKTPUYHOTO KOJIa,
sKa J103BoJIsIe Oe3mocepeHbO 00UHCIIIOBATH KOS(IIiEHTH NONTiHOMIaJIBHOT arpoK-
CHMaIli{ IIIyKaHWX CTPYMIB B MEPEXiTHUX PEKUMAX.

2. Bekropu moJiHOMiaJIbHUX KOS(IIIIEHTIB 33 10BOJIBHSIOTH 3aKOHAM CTPYMIB
1 HanpyT Kipxroda mis cxeMu 3aMillieHHs 1 € PIMICHHSIMHA CUCTEMH anreOpaiaHnx
PiBHSIHB.

3. 3anpomoHoBaHa METOAMKA BIAPI3HIETHCS THM, 1[0 B Hil BIACYTHS OIeparis
O0OYMCIIEHHS ITOX1THOT PillIEHHS, IO TO3BOJISIE 3HAYHO ITiIBUIUTH TOYHICTH PO3pa-
XYHKIB.

VK 621.3.012

Kosnos B.B., Ha6okosa O.B.?

! kann. Texn. nayk, non. HY "3amnopiszbka nomirexHika"
2 nou. HY "3anopi3bka mosiTexHika"

AHAJII3 EJEKTPUYHUX KIJI HECUHYCOITHOTO CTPYMY 3A
JOIIOMOI' 010 MTAKETY MATHCAD

3a oCTaHHI POKH B €JIEKTPOTEXHIIli BCe OibIlle BUKOPUCTOBYIOThLCS HAITIBIPO-
BiJIHUKOBI MEPETBOPIOBAYi, 10 MOTpeOye aHATI3y EJISKTPUYHUX KT SKi MIiCTATh
mxepena HecuHycoimamx EPC. Taxi po3paxyHKy JOIITPHO BHUKOHYBATH 3a
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JIOTIOMOT'0I0 KOMIT TOTEpPHUX ITporpaM. HalOuibIn momyasipHIM MaKeTOM Nporpam
KOMIT FOTEPHOI MaTeMaTHKH, KU BUKOPHCTOBYETHCS B EIEKTPOTEXHIYHUX pO3pa-
xyHkax, € MathCAD. ITaker MathCAD ctBoproBaBcs sIK TOTYKHHIH MiKpPOKaJIbKY-
JISITOP, 110 JJO3BOJISIE JIETKO CHPABIISITHCS 3 PYTHHHUMU 3aBJIaHHSAMH. | 0J0BHOIO Ite-
pearoro makera MathCAD e 3amuc ckiagHUX MaTeMaTHYHHX BHUPa3iB B TOMY BH-
I, B IKOMY BOHH 3a3BMYaii 3aIIMCYIOTHCSI Ta MOXJIMBICTH CTBOPEHHS BOYyHOBa-
HUMU 3aC00aMU BHCOKOSIKICHMX TEXHIYHHX 3BITiB 3 TaOIHUISIMH, Tpadikamu, TeKC-
TOM.

VY gKoCTi IpUKIaaa po3riTHEMO aHali3 OTHO(PAZHOTO PO3TATYKEHOTO EJIeKT-
PHYHOTO KOJIa, SIKE CKJIAA€ThCs 3 PE3UCTUBHOIO, IHAYKTUBHOTO T EMHICHOTO elle-
MEHTIB Ta JDKepeia HECHHYCOinHOI HanpyrH (puc. 1).

Hiy
1
el 1:;(;) I B

Pucynok 1 —Cxema eneKTpHYHOTO KoJia HECHHYCOiJTHOTO CTPYMY

IMapameTpu enekrpuunoro koma: R=100 Om, L=40 mln, C =20 muk®,
MUTTEBE 3HAUCHHS HATIPYTH JHKEpeIia )KUBJICHHS

u(t) =Uq +U,, Bin(w+¢;) +U,, BInGwl +¢/3) +U  [SinGw(l +¢s)

IMocriitHa ckragosa Hanpyru Uy = 20 B, amIutiTy i Ta o4aTkoBi ¢asu rap-
MOHIMHHX CKJIaJOBUX Uml =30 B, Ums =15 B, Ums =5 B, ¢, =0, Y3 =30°,

{5 =60° . Yacrota rosnosuoi rapmoniku f =50 I'y.

[ToTpiOHO BU3HAYWTH CTPYM Ha BXOJi E€JIEKTPHYHOTO KOJa, HOro Jitodue 3Ha-
YeHHS Ta aKTUBHY, PEaKTHBHY Ta MOBHY MOTY>KHOCTI 1 Koe(iieHT MOTyKHOCTI. [To-
OyIyBaTH XBHJIOBI JliarpaMu CTPyMy Ta HAIIPYTH JKEpea.

3aMiHUMO 3ajaHe JKepeIo JUKepesloM ocTiHoI Hanpyru U Ta TpboMa JDKe-

penamu cuHycoinHoi Hampyru (puc. 2)

Up, Bin(@t+¢,) , U, Bin@w +¢3) . U, BInGwl +¢s)

J1st po3paxyHKy CKOPUCTAEMOCS METOJOM HakiaJeHHs. BuzHauuMo KoM-
TUIEKC TIOBHOTO OTIOPY EIEKTPUIHOTO KoJa st K -01 rapMoHiku

o RO KL _
= =+ =

Z, =- : Z, &%
= KT R+ jkolL
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f{f}_b “(."
1

LAY

e} el e

PI/IcyHOK 2 —Cxema CJICKTPUIHOI'O KOJIa 3 ,HeKiJ'ILKOMa JUKepeiIaMnu

KommiekcHy amruaity gy K -oi rapMOHIKH CTpyMy BU3HAYA€MO SIK BiTHOIICHHS
KOMIUIEKCHOT aMIUIiTy M K -0i TapMOHIKHM Hampyru JpKepena J0 KOMIUIEKCY IMTOB-
HOTO OTOpY IS BiAMOBiIHOT rapMoHiku. CIIif BiA3HAYHTH, IO Y 3B'SI3KY 3 THUM, III0
Ha BXOJIi €JICKTPUIHOTO KOJIa pO3TAIIOBAHUH €MHICHUH €JIEMEHT, TO TIOCTiifHA CKJIa-
JIOBa CTPYMY JOPIBHIOE HYJIIO.

Hwkue HaBeeHo 3amuc po3paxyHky y cepenosuiii MathcadBpaxosytouwy, 1o
aMIUTITYIM CTYMy Ta HalpyTH 3HAauHO BIJPI3HSIOTHCS, TO HAa XBWIBOBIH Aiarpami 3Ha-
YeHHs cTpyMy 30inbIieHo y 50 pasis (puc. 3).

R:=100 L = 401073 Cc=2010"° f =50
U0=20 Um1l=30 Um3=15 Um5:=5
Y 1= (deg ¢ 3=30deg ¢5=60deg

u(t) := U0+ Umllsin(w(t + Y1) + Um3Isin@lw(t + Y3) + UmSIsin(Glwlt + Y5)

Z_;:__J +Ru_ﬂ ¢l:=arg(2) |m1::U_ml
W€ R+ jLo | 21|
Z1=1555-146784 ¢1=—89393deg Im1l= 0204
T R OB o[L o um3
Z3:= + =ar Im3:=——
3MIC R+ B W 93 | Z3]

Z3=12444- 20044 (FS: —58157deg Im1= 0636
Z5=— 1 4 R Ej_Elo[l]_ @b:=arg(Z) Im5::%
5wlC R+ jLoL | 1|

Z5= 28304+ 13217 @5 = 2503deg Im5= 016
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:=uo+\/§2+\/52+\/§2
oo () [

RRCRERE

U = 31225 | = 0486
p= Umll:lmlm: sl) + Um3|:|m3m s(gg) + 2MImS Um50m5 [Gos(b)
2 2 2
Umldmil Um30m3 Um50m5

Q=— ———8in(@) + > ——Bin(@) + TE‘HH@B)

S=UIl P
X=g

P=291 Q =—-6947 S=15163 X = 0192

i(t):=10+Imllcosuit+Yl-¢l)+ Im3lcosBlwlt+P3—-¢3) +
+ Im5[¢os6lind + P5- ¢b)

60

u(t)
500i(1)

-60

0 0.005 0.01 0.015
0 t 0.02
Pucynok 3 —XBuiboBi fiarpamu Hanpyru i(t) Ta Hampyru u(t)

OtpumaHi pe3yabTaTé MOXKYTh OyTH BUKOPHCTaHHI Y HAaBYaJILHOTO POLIECI.
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CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. TMapamuyk S.C., Mopo3z B.[. OOumcmioBaHHS Ta TpOrpaMyBaHHS B
MathCAD.

2. Kosmos B.B., Habokosa B.B. TeopeTrnuHi OCHOBH €JIEKTPOTEXHIKH. YCTa-
JIeH] peXKUMH Y JIIHIHHUAX eNeKTPUIHUX KoJiaX. HaBuambHUi MOCiOHUK - 3amopixoKs:
3HTY, 2016. - 428.

VK 621.3.012

Kosnos B.B., Ha6okosa O.B.?

! kann. Texn. nayk, non. HY "3amnopiszbka nomitexsika"
2 nou. HY "3anopi3bka mosiTexHika"

AHAJII3 NEPIOAUYHUX EJJEKTPUYHUX CUT'HAJIIB 3A
JOIIOMOI' 010 MTAKETA MATHCAD

B Hamr gyac y 3B'13Ky 3 TOIIUpEHHS MaHeMii Bce OibIlie yBaru MpuIiISIOTh
JMCTaHLiTHOMY HaBYaHHIO. [{e moTpedye nepeocMucIeHHs MMTaHb NPOBECHHS Jia-
0OpaTOpHUX Ta MPAKTUYHUX 3aHATD 3 AUCHHILTIHYU "TeopeTHdHi OCHOBH €IeKTPOTe-
xHiKH". JIesKki 3 HUX MOKHA PO3B'SI3aTH IIJITXOM BUKOPUCTAHHS JUIS aHAI3y €IEKT-
PUYHHX Ta MarHITHUX KiJI TAaKETiB MPOTpaM KOMITFOTEPHOI MAaTEMAaTHKH, Cepe TKHX
ofauuM 3 Hait6imem momymsipaux € MathCAD. ITaker MathCAD crBoproBaBest sk
HOTYKHUH MIKPOKaJIBKYJISITOD, IO J03BOJISE JIETKO CIPABILITUCS 3 PYyTHHHUMH 3a-
BaaHHAMU. CIOIM MOKHA BIJHECTH PIllICHHS anreOpaidyHux i qudepeHIiaIbHuX pi-
BHSHB 3 IIOCTITHUMH 1 3MIHHUMH ITapaMeTpaMy, aHaiti3 QyHKIIH, TOoImyk iX ekcTpe-
MYMIB, YHCENbHE 1 aHATITHYHE TU(epeHIiFOBaHHs Ta IHTErpyBaHHs, BAKOPUCTaHHS
Tabnuup i rpadikiB npu aHami3i 3HaHACHHUX pillleHb. [ 0JJOBHUM JOCTOTHCTBOM ITa-
kera Mathcadi iioro kos10cajabpHOO IEPEBAror mepes iHIMUMHE CUCTEMAMH € JIer-
KiCTh 1 HAOYHICTh MPOTPAMyBaHHS 3ajad; 3aMUC CKIATHIX MaTEeMaTUIHUX BUPa3iB
B TOMY BHIISIII, B SIKOMY BOHH 3a3BHYail 3aMUCYIOTHCS Ha apKyIIIi Harepy; mpocToTa
Yy BUKOPHCTaHHI; MOYJIMBICTh CTBOPEHHS BOYOBAaHUMH 3aCO0aMHU BHCOKOSKICHHX
TEXHIYHUX 3BIiTiB 3 TAOJUISIMH, TpadikaMu, TEKCTOM.

V sxocTi npukiana Bukopuctanss nakera MathCAD posrisiHeMo JUist aHaIi3y
JUKepesl HECUHYCOIHOI HallpyTy.

AHaii3 po3rnoyHeMo 3 po3rIIsLy JUKepena HalpyTry MHIKOoAI0H0T opmMu Tie-
piox sxoi T =2 ¢, a 3Hauenns Hanpyru 3MiHIOETECS Ha MePiO/i 3a MiHITHIM 3aK0-

nom Y =100t Ogmexumocs po3kianoM HecuHycoinHoi pyHkmii y psax yp'e 10

10-01 rapmoHiku. Pe3yspraTi po3paxyHKy HaBeneHo Ha puc. 1. Okpim rpadiky dy-
HKIIi Ha PUCYHKY TPEICTABJICHI YUCENbHI 3HAYSHHS aMIUTITy KOCHHYCOITHUX Ta
CHHYCOITHHX CKJIaJIOBUX.
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u(tT)__lom if 0<t< 099[T
T if 099[T<t<T

A(ku,T):= u(t, T) [dosk [do[1) dt

=N
o'—-EL.—|

B(k,u,T):= u(t, T) Bin(k o) dt

|~
o'—-I:L;—i

Ng =10 k=0.Ng-1 a =A(kuT)

i=LNg-1 b :=A(KuT)

Nt:=100 m = 0..Nt
_a . _TIm
ug(t):==—+ . [Cos{ [do[}) + (b, ($in(i [ t,=——
o(t) == Z (& [os{(Go)+ (b ($in( o)t =—
20 0 _
\ % b, =
[ 19.601| |
u(tm, T) -0.398| | -6.354
— -0.397| | -3.158
10 2.08
ug tm) 0.396| | -2.085
- e ) -0.394 -1.542
) 79 -0.391| |-1.211
" 4 N -
. - 0.389] | -0.987
ont W -0.385| | -0.824
-0.381| | -0.698
0 1 2 -0.377| | -0.598
tm

Pucynok 1 - PesynpTaTi aHamizy JpKepena Hanpyrd MIKOmoaioHoi popmu
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PosrisiHyTa nporpama aHanizy HECYHYCOINHHX JDKEpEN HallpyTd Moxe OyTH
BUKOPHCTaHa /Il po3KiasieHHs y psn @yp'e Oyap sSKUX NepioAndHUX (YHKIIH 110
3aJaHi aHATITHYHO. J[JIs IIbOTO TOCTaTHBO Yy MEPIINX ABOX PSIKaxX MpOrpaMH 3ami-
HHUTH NapaMeTpy nepiony ¢yHKUIl Ta 1 aHa i THYHUH 3a1Huc.

Jlist mpuKItagy po3TIIsTHEMO aHaji3 BUXIAHOI HANPYTH JUIS OJHOHAIIBIIEPio-
HUX 1 JBOHAIMIBIEPIOAHUX BHUIIPSMIISIUIB. BBaxkaTume, 1m0 BUTIPSIMIIAYi 3'€THAHI 3
JokepesioM Hanpyru 4actotoro 50T ta xirogoro Hanpyroto 220B. Bignosigso me-

piox Hanpyru T = 0002 ¢ Ta ammniTyaHe 3HaueHHs Hanpyru U, = x/E [(220=311
B.
JIy1st oiHOHAMIBIIEPiOJHUX BUIIPSIMIISIYIB HANPyTa 3a1a€ThCsl PYHKIIEI0
311&in(wd) if 0<t< 050
u(t, )= . .
if 05O <t<T

PesynbTatn aHamizy HANmpyrd OJHOHAIIBIIEPIOMHOTO BHIIPSMIISTYA HAaBEIECHO
Ha pHC. 2.

300 ket
,l \‘ ak =

! \ 197089] Pi T
' ' 5.556-10 -15 1555
it T) 200 ) \ -65.996 0
Em) ,' “ 8.756-10 15| [-4.441.10 15
--- ' \ -13.199| [-1.517-10 -14
100 : “ -6.123-10 -15( | 4.619-10 -14
4 ' -5.657 | |-4.686-10 -15
,' ' 2.275-10 -14 3.242.10 -14
0 -3.143| | 1.615.10 -14
0 0.01 0.02 -1.636-10 -15| [ 2.176.10 -14

t m
PucyHnok 2 - Pe3ynbTaTi aHaji3y HaIpyrd OQHOHAIMIBIIEPIOAHOTO BHIIPSIMIISYA

JI71s1 MBOHATIIBIIEPi0JHIX BUITPSIMIISIUIB HAIIPYTa 3a1a€THCS (HYHKITIEIO

3116inwE) if 0<t<O05[T

u(t,T) = ) i .
1) -3116in(wd) if 050 <t<T

PesynpraTy aHaiizy HanpyrH JBOHAIIBIEPIOAHOTO BUNPSIMIIsYa HaBEICHO HA
puc. 3.
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300 1y 3 =
[} b. =
' . 395.977] i
/ v |[2:806.10 15| [1.38.10 14
200 ! \
U(tm,T) ' ' -131.992| |-2.857-10 -14
_— ! V[ 786.10 15| [-3.677.10 15
ug tr) ! \
' \ 26.398| [ 1.229.10 13
100 ,' “ 2.269-10 -14| [ 2.414.10 -13
' ' 11.314| | 4.682-10 14
) V[1451-10 13| [3:316.10 13
0 -6.285| [ 4.258-10 -14
0 0.01 0.02 9.866-10 14| [ 4.432.10 13

t m
Pucynok 3 - Pe3ynbTaTi aHaji3y Hapyrd IBOHAIIBIIEPIOAHOTO BHITPSIMIISYA

OTpuMaHi pe3yJIbTaTH MOXKYTh OyTH BUKOPUCTAHHI Y HABYAIHLHOTO MPOIIECI.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. TMapamuyk S.C., Mopo3z B.[. OOumcimioBaHHS Ta TpOrpaMyBaHHS B
MathCAD.
2. Kosmos B.B., HabokoBa B.B. TeopeTrnuHi OCHOBH €JIEKTPOTEXHIKH. YCTa-

JIeHI PeXUMHU Y JHIHHUX eNeKTpUYHUX Koyax. HaBdanpHUN MOCIOHMK. - 3armopi-
axoks: 3HTY, 2016. - 428..

YK 378.147.004
Adanacpesa [.O.!
!'crapmr. Buki. HY "3amnopi3bka nomitexHika"

BUKOPUCTAHHSA CEPBICY ZOOM B YMOBAX JJUCTAHIIIMHOT O
HABYAHHA 1J11 BUBYEHHSA EJTEKTPOTEXHIKH

B yMoBax xapaHTHHY BUMTE Ta BUKJIaaqi By3iB OIMHIINCS IIepesl HeoOXia-
HICTIO OIIEPATHBHO OPraHi3yBaTH TUCTaHIliiiHe HaBYaHHS. SIKy Tiatdopmy odpaTtn?
OnHUM 3 THCTPYMEHTIB HAHOUTBI MPUCTOCOBAHUX ISl HABYAHHS Ta 3pDYYHUX Y BU-
KOpHCTaHHi, € TmaTtdopma Z00m. Z0OM -He cepBic s opraHizallii OHJaitH-3aHATh
Ta BeO-ceminapiB. Ileii cepBic ogHakoBo mobpe npaitoe sk Ha [1K, Tak i Ha cMapT-
(honax yu manmrerax. [loTpiOHO 3aBaHTaXWTH MPOTpaMy Ha KOMIT I0TEp 9H J0]1a-
TOK Juist cMapTdoHa. Jleski i3 MOXIUBOCTeH ZOOM: MPOBEICHHS OHJIAWH-3aHSITh 3
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BiIe0 BUCOKOI SIKOCTI Ta MOXJIHBICTIO y4acTi 10 100kopucTyBayiB; AeMOHCTPYBaTH
CBIl eKpaH IHIINM yJacHHKaM (IIOKa3yBaTH MPE3CHTALI0, CAlTH, Bileo);KOMCHTY-
BaTH OyIb-sIKi (haiiy B peKHMi PEIbHOTO Yacy; BAKOPUCTOBYBATH JOLIKY /IS Ma-
JIFOBaHHS, TOOTO MOBHICTIO 3aMIHUTH 3BUYHY JIOIIKY B ayJUTOPii Ha OHJIal{H aHAJIOT;
TUTaHYyBaHHS 3aHATH, MOXKJIMBICTH 3allpoINyBaTH YYaCHHUKIB; OE3KOIITOBHE IIPOBE-
nenns cecii 1o 40 XBWIKH.

[ITo6 cTBOpuTH KOHPEpeHIIito B ZOOM, MOTPiOHO BCTAHOBUTH OQIIliHHUI 10-
natok. J{ist ctBopenHs KoH(pepeHIiii B Z00OM3 KOMII'T0Tepa, BCTAHOBITH 1 3aIyCTITh
nmonmaTtok Zoom. Jlami BaM moTpiOHO 3apeecTpyBaTUcs B cepBici. Jls 1iporo HaTHc-
HiTh "VBiliTH B". BUOEpiTh MyHKT B MPaBOMY HIKHBOMY KYTKY "3apeecTpyBaTHCS
Oe3komToBHO". Bimkpuerbes caiit ceppicy Zoom. I1[o6 3apeecTpyBatucs, TOCUTh
BBECTH CBOIO MOLITY (3BEpHITh yBary, L0 BOHAa 0OOB'SI3K0BO MOBHHHA OyTH pobO-
4010, OCKITbKM Ha Hel Oy/e BUCIaHO MOCUIIAHHS [UTS aKTHBAIlii) i BBECTH KO mepe-
BipKH, IicJIs 9OT0 HaTUCHYTH "Peectpanis”. Ha momTy, siky Bu BKa3ajiu Npu peecT-
parii, mpuiae JHCT.

VY HBOMY MOTPIOHO aKTUBYBATH 0OIiKOBHIA 3amuc. [licist bOTO BiIAKPHETHCS
CTOpIHKa Ha caiTi, ie BU Oa)kaeTe 3aBEPLINTH peecTpalito B cepsici Zoom.Ilosep-
HITBCS JI0 AojaTka ZOOM i BUKOPUCTOBYHTE CTBOPEHI JIOTiH 1 IAapoib IJIs BXOAY B
cUCTeMy. BiIKpHETHCS MEHIO KOPHCTyBada, B SKOMY MOKHa BHOpaTh OakaHi Iii.
[[Mo6 3miiicHuTH KOH(EpPEeHIio, nocuTh HaTUCHYTH "HoBa kondepenmis”. ITicms
IILOTO 3aIyCTUThCS HOBa KOH(epeHtis. [Ipu mycKy A01aTok 3ampocuTh 0a30Bi Ha-
CTpOHKN KOH(EpeHIIii, BKaxiTh HeoOXinHi mapametpu. l1{o6 3anpocutu B koHDEpe-
HIIII0O KOPHCTYBadiB, HATHCHITH "3anpocuTn’ Ha HIWKHINA maHemi nporpamu. [licms
IIHOTO MOXKHA 3aIIPOCUTH KOPUCTYBAYiB, SKi Y Bac Bke ojaHi B Z00M,a00 BHCIATH
3anpomenHs. OnTUMalbHAN BapiaHT - HATUCHYTH B HW)KHIHM YaCTHHI BIKHA Ha ITyHKT
"KomiroBaTy 3anporieHHs", mcist 4oro B Bai Oydep oOMiHy Oy/ie OMILeHO TOCH-
JaHHs Ha KoH]epeHIio, ineHTHdiKaTop KOHPEPeHLIl Ta mapoiib Bij KOH(epeHIii.
Hapinonite mro indopmanito 3 Oydepa oOMiHy Oyab-sKMM CIIOcOOOM JIFOIUHI, SIKY
BH X0YETE 3aMPOCHUTH B KOH(EPEHIIiI0, 1 BOHA 3MOKE 3aiTH B TPAHCIIAIIIIO.

[I{o6 3amycTtuTn KOHEpeHiiro B Z00M3 TenedoHy, MoTpiOHO BiIKpUTH 0di-
MiHHUH MOOUTEHUE JOJATOK CEPBICY Ha MPHUCTPOI, TICHIS YOTO aBTOPHU3YBATHCS B
HEOMY a00 3apeecTpyBaTHCA. ABTOPU3YBaBIIKMCh, HATUCHITH Ha MyHKT "HoBa KoH-
dhepenmis”, mob mouatu TpaHcismioo. Jlami HatucHiTh "Tloyatn koHpepenmiro". T1i-
¢St IIboTo KOH(epeHiis Oyae 3amymeHa. 11{o6 3ampocuTi y4acHUKIB B CBOIO KOH-
(epeHLio, MO’KHA BUKOPHCTOBYBATH ITyHKT MEHIO "'YUacHUKHU" 1 BUOpATH LiKaBUH
croci6 BianpaBku iH(opManii npo koHdepeHwio, abo BiANpaBUTH iAeHTHDIKATOP
KOH(epeHwii Ta mapoik, SKi BiToOpaxaloThcs B BEPXHIHM YaCTHHI €KpaHy IpH TPaH-
cisinii. Takok MOKHA BIJNIPABILAITH MapoJi Ta iAeHTH(IKATOPU HEPCOHANBHOI KOH-
(epenii 3a momomororo CMC abo eneKTpOHHOI MOIITH.
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Zoom -1ie ye 3pydHHH i mpocTuil B ynpapiiHHi cepsic. OpraHisyBaTH Bi-
neo-koH(pepeHnito B ZOOMMokHa OyKBaJIbHO B KiJIbKa KJIKIB - 1 MO0 3aIUIaHy-
BaTH, 1 MaiOyTHIM y4acHHKaM pO3iciaTH AaHi JOCTYILY.
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BEKTOPH HAIIPYKEHOCTI EJIEKTPOMATHITHOT O ITOJIA
BUITPOMIHIOBAHHS ITOBJIN3Y JUITOJISA T'EPLA

JIst MaTeMaTHaHOT MoJeNi (Di3UIHHUX MPOIIECIB eEKTPOMArHITHOTO BUITPOMI-
HIOBaHHS B Jiala30oHax JOBTUX XBHJIb MPUPOIHUM IKepenamu (TpO30Bi pO3psiaH,
po3psinu y BucokoBoibTHHX JIEIT abo B mporieci ekcrityaraltii eleKTpoTpaHcIopTy,
i T. ) 3aCTOCOBYIOTh TeOpit0 BulpoMiHtoBaHHs aumois ['epia. Knacuuna teopis
€JIEKTPOMArHiTHOTO TOJIS IPH PO3paxyHKy aumosns [epua 3aBnoBxkw |, 30ymkyBa-
HOTO €(EKTUBHUM CTPYMOM |, , SIKUH 3MIHIOETHCS 32 TAPMOHIMHAM 3aKOHOM gt
BH3HAYAE BEKTOPH EIEKTPOMATrHITHOTO ITOJIS 3aJIe)KHO BiJl JTOBKWUHHU XBWII A, BiJic-
TaHi I BiJl IUMOJIS IO TOYKH CHOCTEPEKEHHs i KyToBOi cdhepruunoi KoopaunaTh O -

Moyt KOMITZIEKCHUX aMIUTITY BEKTOPIB HAPY>KEHOCTI €IEKTPUIHOIO 1 Ma-
THITHOTO IOJTiB AHITOJIS ['epiia, HOpMOBaHUX IO JOBXXHUHH XBHJIi BiMIOBITHAMH KO-
edimienTaMu

I _11-Z,
Ho=32: Bo="% (1)
OpEICTABUMO Y BUIIISL
212
||41;\21 +1
Hy -3 —— +sin@® ;
amz. I
A2 )
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[16Tirt  4amr?

e~z t1
Ee =g A )3\ -sin0@;

8m3 . Lo

A3 ®3)
2p2
*'4?\21‘ 1
E =2 S cos0O

am3 . T

S (4)

SIKIIO B3ATH O yBaru XBUIOBE YMCIO0: K = 2:7/] , TOi 11i MOy OTPUMAIOTh
OinpuI HarIAaHy Gopmy:

Jkarz+1
H(p=T('T'Sln® 3 (5)
—_—
B .\/k4r4_k2r2+1 . .
E@ =% 03 sin0®; (6)
E.=2 —'kzrz-l-l .cos®
r = &1 k31~3 C . (7)

KoM’ toTepHI po3paxyHKH 3aJeKHOCTI 3MiHA HOPMOBAHUX KOMITOHEHTIB BiJl
BIZICTaHi Bl TOYKH CIIOCTEPEIKEHHS IO LEHTPY AMIONA ['epria mpeacTaBiIeHO Ha
puc. 1.

E
T
E,(0.07) = 403
324
Eg(007) = 294
247
Hy(007) = 154 16"

007 017 027 037 047
Pucynok 1 —3anexHicTh BiTHOCHUX aMIDIiTyx kKoMmnoHeHT EMIT Bix BigHOIICHHS
BiJICTaHIi JI0 TOYKH CIIOCTEPEIKECHHS, HOPMOBAHOT JI0 JTOBKHHU XBUJTi BUIIPOMIHIO-

BaHHA
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BUBIP OITUMAJIBHUX TAPAMETPIB ACHHXPOHHOT O IBUT'YHA
HA OCHOBI INTAHYBAHHSA EKCIIEPUMEHTY

OpHa 3 MOXKIIMBOCTI, sIKa MOKeTe OYyTi YCIIIIHO peali3oBaHa B HACTIIOK 3a-
CTOCYBaHHS METOXy IUIaHyBaHHS EKCIIEPUMEHT, [OJIATae B TOMY, IO BiH JO3BOJISE
BCTAHOBHUTH Oe31mocepeHiil pyHKIIOHATLHNHN 3B'I30K MidK THMH ITapaMeTpamMu elie-
KTPOMEXaHIYHOTO 00'€KTa IOCIHIJKSHHS, SAKi MOB'I3aHI MK co00r0 HesBHO. [Ipu
bOMY CKIAJHUI MAaTEMAaTHYHHUII OIKC PO3IIITHYTOrO mpolecy abo sBuia (opuri-
HaJly) 3aMiHIOETHCSI BITHOCHO MPOCTHIT O HOMIAIbHOT MOJICILIIO.

Po3risiHeMO MOSKIJIMBOCTI METOXy IUIaHYyBaHHS €KCHEPHMEHTY Ha KOHKpET-
HOMY npukiazni. Hexait BuB4eHHS poOOYMX BIACTUBOCTEH CIIEIialIbHOTO HECHMET-
PUYHOTO aCHHXPOHHOTO JIBUI'YHA, III0 Ma€ Ha POTOPi 30BHIIIHI i KOPOTKO3aMKHEHI
BHYTpIIIHI OOMOTKH, BEJICTHCSl HA OCHOBI aHAIIi3y HOTO CXEMHM 3aMiIlleHHS, CKIIaje-
HOI JUIs oJfHi€T ekBiBaieHTHOT (asu (puc. 1).

R, X,
o—  }—""—ro

WIN

oI

Pucynok 1 - Cxema 3aMimeHHs aCHHXPOHHOTO JIBUTYHA
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st cxemu 3amituerss (puc. 1) npuitHATI HACTYMHI MO3HAYSHHS Z1, Z> - KOM-
TUICKCHI OTIOPH CTPYMIB IPAMOT i 3BOPOTHOT MOCHiOBHOCTI; Ry, X1 - akTUBHUIA 1 iH-
JTYKTHUBHUH or1ip po3ciroBaHHs a3y 0OMOTKH cTaTopa; Riz, X1 - IHAyKTHBHUH O11ip
B3a€MHOI IHAYKIT; Ro1, X21 - aKTUBHUI 1 IHAYKTUBHUH OMIp PO3CiFOBaHHS OOMOTKH
poTopa; Rz, Xoo-akTHBHUIA 1 iIHIYKTHBHHIN OMip pO3CiFOBaHHS BHYTPILIHBOI (3araib-
HOIO JUIS TPHOX (ha3) 0OMOTKH POTOPa; S - KOB3aHHS.

AHaNITHYHUNA BUpa3 U1 BU3HAYCHHI MEXaHIYHOI XapaKTePUCTHKH (BUI'YHA!

M= M. -M. = Z, Cos - Z, cos@, 1)
v 212+22122005( $- ¢ 2)+222

ne M1, M>- oGepTatoua i rajJbMoOBa CKJIQIOBI PE3YJIBTYIOUOTO €IEKTPOMAarHiTHOTO
MoOMeHTY M; Z1, Z, @1, @2 - MOAYJI 1 apryMeHTH o1opiB Zy i Za.

AHaJTITUYHUIA BUpa3 AJsi BU3HAYCHHSI MEXaHIYHOI XapaKTEePUCTUKHU JIBUTYHA
He J1a€ QYHKITIOHATHHOTO 3B'A3Ky MAaKCUMAIBHOTO KPYTHOT'O MOMEHTY 1 KpUTHYHOTO
KOB3aHHSI 3 [TapaMeTpaMH CXEMH 3aMill[eHHS

CraBuUTbHCS 3aBJaHHS CHHTE3y MapaMeTpiB JBUTYHA, IO 3a0€31Meuy0Th OTPH-
MaHHSI MaKCUMAaJbHO MOJIJIMBOTO 3HAYCHHS MOMEHTY B 30HI MajJHX KOB3aHb IPU
JIOCTaTHLOMY ITyCKOBOMY MOMeEHTiI. L5 excTpeManbHa 3a1ada Moxe OyTH BUpilieHa
13 3aCTOCYBaHHSIM MAaTEMATHIHOTO anapary METOY TUIaHyBaHHS CKCIICPUMCHTY .

B yMmoBax maHmemii eKCIIEpUMEHTH MIPOBOIUTH HEMOXKHA Ha PeajbHIl YCTaHO-
BIli, a MPOBEAEMO iX B BipTyasJbHOI Jaboparopii Ha ocHOBI cuctemu Electronics
Workbench (EWB).

Sk mapaMeTpu ONTHMI3allii Y BCTAHOBIIOEMO Pe3yIbTyIOUnid MOMEHT M, a He-
3aJIeXKHUX 3MIHHHX X1, X2 ((hakTOpiB) - MapaMeTpH CXEMH 3aMillleHHS 1 KOB3aHHSA S,
KpUTUYHE 3HAYCHHS SKOTO 3abe3rneuye HeoOXiaHy KOPCTKICTh MEXaHIYHOI Xapak-
tepuctukd M = f (S).IBa pakropu OymeMo BBaXKaTH 3MIHHEMH BEJIMYHHAMH, & pe-
Ty YMHHUKIB OyZeMO BBa)KaTH KOHCTAHTaMH.

OCKIUTbKH B SIKOCTI 00'€KTa JOCTiIKEHHS BUCTYIA€ MAaTEMaTHYHA MOJIECITh
(cxeMa 3aMilllEHHs), TO OCHOBHI BUMOTH, 1110 MPE IBISIOTHCS B TEOPIi IIIaHyBaHHS
SKCIICPUMECHTY 10 00'€KTiB TOCIIKCHHS, MapaMeTpaM ONTHUMI3allii, a Takox 110 (a-
KTOPIB i1 IX CyKYITHOCTi, BAKOHYIOTBCSI.

Hesinomy ¢yHKIII0, sSiKa 00YHCITIOE 3HAYEHHS KPYTHOTO MOMEHTY

Y= F 00X X X %y) )

OyzeMo alpoOKCHUMYBaTH anreOpaidaHuM MOJIiHOMOM TIepIIoro CTymeHs. [l MiHimi-
3arii yncia gocuifi N T0IiIbHO BUKOPUCTOBYBATH IOJIIHOM TIEPIIIOTO CTYTICHS

y =b, +bx +b,x, 3)
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Bin noBuHeH MicTUTH iH(pOPMAILIifO PO 3MiHY NTapamMeTpa ONTHMI3allii IpH Ba-
pitoBaHHI piBHIB (paKkTOpIB i PO HAaNpaBJICHHS I'PajlieHTa, TOOTO HANPSIMKY, B IKOMY
napaMeTp ONTHMIi3aliil 301IbIIYETHCS MBUALIE, HUK B Oyb-KOMY 1HIIOMY Harps-
MKY.

ITpu BuboOpi KOPIOHIB 3MiHU (HAKTOPiB, BUXOAUMO 3 PEJIbHUX YMOB 3/liliCHEeH-
HOCTI JIOCJIIJIXKYBaHOTO IBUT'YHA 1 aHAITI3Y anpiopHO1 iHdopMallii, oTpuMaHoi B pe-
3yJBTATI MONIEPETHIX PO3PAXYHKOBUX JAOCHTIIKEHb.

Cxema B EWB npencrasnena Ha puc. 2.

pritashenij
dL1=0.318
dR21=0.225
dR22=0.225
dl22=0.318
dlL21=0.318
d5=0.05

Puc. 2.-Monens acuaxponHoro asuryna 8 EWB

[Mapamerp ontuMisartii (), IpH bOMY, OOUHCITIOBABCS 38 BUCIOBOM EIICKTPO-
MarditTHoro MoMeHty M (1), B siKe MifCTaBIsUIMCS BiAMOBIAHI 3HAYEHHS [TapaMeTPiB
cxemu 3amimeHHs (puc. 2), B34Ti Ha BEpXHbOMY (+) a00 HIKHBOMY (-) PIBHSAX Bif-
TTOBITHO JI0 MaTPHIIi TUTAHYyBaHHSI.

KoedimienTH JiHIHHOT MOJIENI OOYNCITIOIOTHCS 33 BUpPa3aMHu.

_ (D0 + (D Oy, + (Y By + (R g

o 4 (@)
b, = D)0y + (D Oy, + (+1) Oys + (+1) Oy, '
4

3HadeHHs Koe(DilieHTiB XapakTepru3yloTh Mipy BIUIMBY Ha IMapaMeTp ONTHMI-
3arii.
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Haii0inpue 3Had4eHHs (QYHKIIH METH, TOOTO eKCTpEeMyM, MOXKe OyTH 3Haie-
HUH TaK 3BaHUM METOJIOM KPYTOTO CXOJ[KCHHSI.

VY HamoMy BUINAIKy «KPYTE CXOJKCHHS» IO TPAIIEHTy, TOOTO B HAMPSIMKY
MaKCUMYMY, TO3BOJIUTH BU3HAUYUTH 3HAUCHHS (PaKTOPIB, 110 3a0€3MeUyIOTh [Iei Ma-
KCUMYM, NpH (piKCOBAaHNX HA OCHOBHOMY DiBHI 3HAYCHHSX BCIX IHIIMX MapaMeTpiB
CXEMH 3aMiIIeHHS.

Jluist crpoleHHst po3paxyHKiB po3po0iena nporpama M1_3B cuctemi Matlab.
IIporpama mae ocHOBHUE cKpHNT 1 ianmporpamy Momentlo6uucieHHs MOMEHTY.

I'padix 3MiHH MOMEHTY 3a KPOKaMH «KPYTOTO CXODKEHHS» TI0 TPaJi€HTY,
TOOTO B HANPSIMKY MaKCHMYMY MOMEHTY TIpUBEJICHUIT Ha puc. 3.

0.08 . . . . ; ——
—

007 + -

0.06 e

005 - /
004 -

003 - /

002 - / 1

001 /

0

1 2 3 4 5 6 7 8 9
Puc. 3- I'padix 3MiHN 3HAUEHHS MOMEHTY B HAIMPSIMKY HOTO MaKCUMyMY
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JAIATHOCTHKA EJEKTPOJABUI'YHA TITYAC HOT0 POBOTH 1
HNEPEABAYEHHSA UOT'O PECYPCY

Mera npoexty: Po3pobuTn 3ax0au AiarHOCTYBaHHS OTYXKHOTO €JIEKTPOBH-
TYHA mi4ac #oro podoTu i mependadeHHs HOro pecypcy.

B mpormeci ekcrutyarartii B CHly pi3HHUX NPHYUH. CTApiHHS 130JI4Iii, TTOpY-
MICHHS PEKUMIB pOOOTH, SIK HACIIIOK MOIIMBI aBapiiiHi BUXOMIH 3 JaIy IO MPHU3-
BOJIUTH 10 30UTKiB. Ha maHMi MOMEHT peryisipHO BUXOITH 3 jdaxy 21%emexTpon-
BUTYHIB. JI711 3MEHIIIEHHS MOXXJIMBHX BiIMOB €JIEKTPUYHOTO IBUTYHA TONEPEIHBO
CIIOCTEPITAETHCS TIPEBEHTUBHE OOCITYTrOBYBaHHA. ICHY€ MiarHOCTHKA, SIKY CKJIQIHO
pearizyBaTy Ha MpaIodoMy 00J1aIHaHHI, TOMY €JIEKTPOIBUTYH BUBOJAUTHCS 3 PO-
6oTn mpoTarom Mmicsins. IlepeBara MocTiifHOT AiarHOCTHKH 3a OIOPOM 130l B
TOMY, IIIO MOXKHA OUTBIII TOYHO BH3HAYUTH JUHAMIKY, Ha CKIJIBKH 3HAYCHHI 130JIA1I11
cTab1bHO, 200 Ha CKUIBKH 11l 3HAUYEHHS 3MEHIIIYIOTHCS.

3aBSIKM OIBUJKOMY PO3BUTKY OOUYHMCIIOBAJIBHOI TEXHIKM HaOyBa€ BEIUKOTO
3HAYEHHS 3aCTOCYBaHHS CHCTEM KOHTPOJIIO, OCHALIICHHS MAIllH 1 MEXaHI3MiB aBTO-
MaTHU30BaHOIO JIarHOCTUYHOIO CHCTEMOIO Ha 0a3i MiKpoKoHTposepiB. Lle mo3Bosie
chopMyBaTH CTPYKTYypy KOMIUIEKCY OOJIaAHAHHS I JTIarHOCTHKUA TEXHIYHOTO
CTaHy €JICKTPUIHUX MAIINH.

KoMItieke MiCTUTh CHIIOBY YCTaHOBKY, JaTYUKH, iHTephercH, 00UHCITIOBAIb-
HUH OJIOK 1 TporpaMHe 3a0e3MedeHHs . 3aCTOCYBAaHHS i€l CTPYKTYpH BUTIPABIAHO B
yMOBaxX O€3MepepBHOTO BUPOOHUYIOTO ITUKITY, A€ IMO3aIlJIaHOBHUHA BUXIT i3 Jay eie-
KTPOOOJIaJHaHHS TOB'I3aHUH 3 TEXHOJIOTIYHUMH TIEpEPBaMH 1 CEpHO3HIM €KOHOMI-
YHUM 30UTKOM. Jly’Ke MepCeKTUBHUMHE € MOOUIBHI ITPUCTPO.

Inest nocraBuTh npuctpiit BKC-6 1t KOHTpOITIO 0Mopy BUHUKIIA Yepe3 Te, L0
JIaHWi MapamMeTp BUMipIoBaBcs Bpy4Hy pa3 B 30110, sknii 3acTOCOBYBaBCS B IIaXTaxX
JUISL TIOTIEPEHBOTO KOHTPOJIO 13011 OAMHOYHOTO NpHEAHAHHA. BiH BupilryBaB
npobiaeMy aBTOMaTHYHO BUMIPIOBAB OIIip 1 Ma€ 3B's130K 3a mpoTokosom ModBus,mo
3pyuno s creoperHs SCADA 1 cTe)XeHHS 3a CTATUCTHKOKO. ITiciisi BUBYCHHS CXEM,
MU [IPUATIITN O BUCHOBKY, 11O MIPUCTPIN IMiIXOANUTH 1 HOTO MOXITMBO BCTAHOBHUTH B
ymoBax [TAT «Banopixcranb».

AJle KOJHM HEYacTO BHMUKAIOTHCS JABHTYHH 3aCTOCYBAaHHS HOTO OCOOIMBOTO
CEHCY HeMae, Tak SIK OJMH JBUTYH BHBOJAUTHECS B PE3epB, a IPYTUH BMHUKAETHCS 1
HACTYITHE BMHKAaHHS BiIOYAETHCS HE CKOPO, OCh TOMY MOTPiOHO OyJI0 3HAWTH 1HTII
pIlICHHS 3 YpaxyBaHHSM JUIsl ICHYIOUOTO TEXHOJIOTTYHOTO IIPOLECY, KON JABUTYH
Ipalfoe He BUMHKAIOYNCh TPUBAJIMH Yac ane HEeoOXiTHO BCE PIBHO IPOBOIUTH
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KOHTPOJIb OTOPY 130JIALii B MPOIeci eKcIuTyarailii. BUBUMBIIM 1ie TUTaHHS, 3'IBU-
JIHCS i7iess BHKOPUCTOBYBATH METOJT BUMIPIOBAHHS YaCTKOBUX PO3psiiB. Byio 3Haii-
JICHO MIPHUCTPIi, SKUIA MOKE «KOHTPOJIFOBATH CTaH 130JIAIi1 JBUTYHA B TIPOIIECI EKC-
ryaranii. Konm quryH abo reHepatop Mpamioe B HOPMAaJIbHAX SKCIUTyaTaIliiiHIX
yYMOBax, OIeparop HiIKIro4Yae IpUCTpii 10 3'€AHyBaIbHOT KOPOOKH AaBadiB i 10 110-
PTaTHBHOT'O KOMITFOTEpa, HA SKOMY BCTAaHOBJICHO IPOTPaMHE 3a0€3NeUeHHs. AMII-
niTyna, Ga3oBUi CTaH i KUTbKICTh IMITYJIbCiB YaCTKOBHUX PO3PSIB, BUSBICHHX KOX-
HUM JaTYUKOM, PEECTPYIOTHCH, 1 X MOYKHA Bijpa3dy NeperstHyTH abo 30eperTu st
HOaJIbIIOTO aHaiizy. Ha mokasu He BIUIMBAIOThH 30BHILIHI Tepenkoau (abo mymu),
HAIpPUKJIIa]], KOPOHHI PO3PSIH EHEPreTUYHOI CHCTEMH, ENEKTPUIHOI JIyTH HA BUXIJ-
Hifl mHI a00 1HITUX MOMMPEHUX MPUIUH IIyMy. 3a3BUUail BUPoOyBaHHS MIPOBO-
JIITh 3 TIEPiOIMIHICTIO MIBPOKY; BOHH 3aiiMaroTh 30 XBHIIMH IS KOKHOI MAITUHH.

Takox Oyia 3amporOHOBaHA iiess CTBOPEHHS alTOPUTMY MMOOYIOBH MOJEII
MPOTHO3YBaHHS CTaHy JBWUTYHIB 33 NPUHIAIIOM CBiTIO(Opa. 3amponoHOBaHI Me-
TOJIU OOYAOBU PABIIILHOTO MPOTPAMHOTO 3a0€3IEeUYCHHS Ta 0OPOOKHU IIMX JaHUX.
Po6ounii mepcoHan MIBUAKO BBOJIUTH JaHi B MOAECIH i OTPUMY€E TOTOBHUH PE3yJIbTaT,
HICIISl OTPUMYE pe3yJIbTaTH KOJH eJISKTPOIABUIYH Oyzne nepeOyBaTH B JKOBTIH abo
YepBOHIN 30Hi, IO TOTIOMArae Mpu IJIaHyBaHHI PEMOHTHUX POOIT.

VK 621.3.012
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COHSYHA EHEPT'I4 5K JIKEPEJIO EJTEKTPUYHOI EHEPTTi

P03BUTOK TEXHOJIOTIH HE CTOITH HA MiCIli, CIO’KUBAHHS EIEKTPOSHEPTil CTalIo
OinbIire, 1 Oyme pocTy mopas. A uepes HecTaOUTbHICTE CKOHOMIKY B KpaiHi, IiHU, HA
CIIOKMBaHy €HEprito, 3pocTatoTh. Hampukiam, Ha ChOTOMHINIHIN IeHb Y YKpaiHi Ba-
PTICTB €IEKTPOCHEPTIi, IO CITOKUBAETHCS HACEICHHIM, ckianae 1.68rpH.

OmHUM 3 MOXKITUBUX PIllIeHb aHO1 MPOOJIeMHU € albTepHATHUBHI JpKepelia eHe-
prii. A came COHsYHa €HEprisl.

Po3pi3HsrOTh 2 HAWOIIBIIT TOIMY/ISIPHI METOIH MICPETBOPCHHS COHSYHOI CHEp-
rii: hoToBOINBTAIKA I TEeTIOTEpMabHA EHEPIreTHKA.

doTroBoNbTalKa - METOJ TEHepallil eJIeKTPOSHeprii MUIIXOM MEePETBOPCHHS
CHEPrii COHTYHOTO BHIIPOMIHIOBAHHS HA MOCTIHHUH €JICKTPUUHUI CTPYM 3 BUKOPH-
CTaHHSIM HAaIliBIIPOBIMIHUKOBHX MaTepialliB, SKi MPOSBIAIOTH (OTOCIEKTPUIHUI
edekt. DOoTOCTeKTPUYHA CUCTEMa BHKOPUCTOBYE ITaHENI COHSYHUX Oarapew, sKi
CKJIQ/IAIOTHCS 13 MHOYKHHH COHSIYHHX €JIEMEHTIB IS OTPUMAaHHS KOPUCHOT COHSYHOT
esekTpoeHeprii. Uum Oinblle KOHIEHTpAIis CBITIa, TUM OuIblle BUPOOITOK
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eJIEKTPUKH. JlaHuil BUI BUPOOITKY €JIEKTPHKH 3aCTOCOBYETHCS B ABTOHOMHIN CHC-
TEeMi €HEepronoCTayaHHs 3 BUKOPUCTaHHIM COHSYHHX Oarapeii.

ABTOHOMHA CHICTEMa CKJIaIa€ThCS 3 COHATHOT OaTapei, KOHTpoJiepa, akyMyJisi-
TOpa Ta IHBEPTOPA, SIKMI MEPETBOPIOE IOCTIHHY HANpYTy y 3MiHHY Hanpyry. ['omno-
BHUM HEJIOJIIKOM iHBEpPTOpa € 0OMEXESHHIA Yac aBTOHOMHOT poOOTH, 10 00YMOBITIO-
€THCS] EMHICTIO aKyMYJIITOPHHUX Oatapeil 1 Crio)XHBaHOO MOTykHicTIo. KoHTposep -
1€ TPUJIAJL, IO He JO3BOJISIE aKyMYJIATOPaM Iepe3apsauTUcs abo po3psAUTHCS 3aB-
yacHO. briokn akymyoBaHHS CIIyKaTh JUIsl HATPOMaPKCHHST BUPOOIIIOBAHOT €JICKT-
pukn. OCHOBHA TIpo0OJIeMa BCiX aKyMYJISTOPIB, I1e Majuid 00CAT EMHOCTI ¥ He TIpHC-
TOCOBAHICTH JI0 OUTBIINX HaBaHTaXeHb. OIHA 3 TOJIOBHHUX MPUYUH iXHHOT HEKOHKY-
PEHTO3IaTHOCTI, 1Ie IMiHa. PeHTabenbHICTh 1 OKYIHICTH MOBHICTIO 3aJISKHUTh BiJl CO-
HSYHUX JHIB Y POIIi HA MiCIli YCTaHOBKH. L{f0 cucteMy 3acTOCOBYIOTH sl Oe3mepe-
01fHOTO JKMBJICHHS aBTOHOMHHX CHCTEM TaKHX SK OCBITJICHHS, OXOPOHHA CHTHAJIi-
3aris i iHi. AGO B poIti TOMOBHOTO /DKepena eHeprii (SKIIO CI0XHBAY 3HAXOAUTHCS
Jly’Ke JaleKo Bifl IiICTAHIIii) YK Pa3oM i3 iCHYIOUMMH JIiHIIMH eleKTponepenayi [1].

IemiorepMasipHa eHepreTHka - Lie cucreMa TpaHcdopmanii, 0 Npu3HaYeHa
JUTSI TIEPETBOPEHHS COHSTHOT pajliaIlito B TEIUIO BOAM 200 iHIIIOTO PiKOTO TETUIOHO-
Cisl, sIKe B MOJAIBIIOMY BUKOPHUCTOBYIOTb ISl IPOMHCIIOBOTO OJICPXKAHHS EJICKTPO-
EHEPrii i3 3aCTOCYBaHHSIM ITaPOBHX €IEKTPOTEHEPATOPIB 200 IS OTIATFOBAHHS.

IemiorepManbHi KOJEKTOPH KiIacH(]iKyIOThCSl He3aleKHUM areHTcTBoM En-
ergy Information Administration (ElA}a BucoxoTemmepaTypHi, cepeaHbOTEMIIE-
PaTypHi Ta HU3bKOTEMIICPATyPHi KOJICKTOPH.

HusbkoTemriepaTypHi KOJIEKTOPH SBIISTIOTH COOOI0 TUIOCKI TIACTHHH, SIKi 3a3BH-
Yail 3aCTOCOBYIOTHCS JUIsl HarpiBaHHs OaceliHiB. BucokoreMmneparypHi KOJIEKTOpH KOH-
[EHTPYIOTh COHSYHE BUTIPOMIHIOBAHHS 3a JIOMIOMOTOIO JI3epKajl Ta JIiH3, 1 3aCTOCOBY-
FOTHCSI 3a3BUYall y BUPOOHMYMX HUISX Ta JUISl BAPOOHHUIITBA EJIEKTPOCHEPTTi.

CepeaHpoTeMIIEPaTyPHI KOJEKTOPH BUKOPUCTOBYIOTH Y SIKOCTI TETIIIOHOCIS
HOBITPs,, Bogy abo aHTU(pu3. B Hux BinOyBaeThcsi HarpiBaHHS pPEYOBMHHM Ha
45...50C Bume TeMIepaTypH HaBKOJIMITHHOTO CEPEIOBHINA. IX BHKOPHCTOBYIOTH
JUISl KOHJULIOHYBaHHS TIOBITPsI, TEPMOOOPOOKH MPOIYKTIB CLIECHKOTO TOCIIOIapc-
TBa 1 ONpicHeHHS! MOPCHKOI BosH. Taki COHSYHO 00irpiBaibHI CHCTEMH JyKE TOITy-
astpHi B Amowii i CHIA [2]. V Takux kpainax sk Kinp i [3paiine Takux cucreM Ha-
Oararto Ourble 3 po3paxyHKy HaceleHHS. Jlo Takoro mporpecy HamararoTbCs
npwiitu [Hnig i Kuraii. B Adpuii yepe3 ekoOHOMiYHE CTaHOBHIIE 1X BHKOPUCTAIOTH
B OCHOBHOMY JIJIsI 3aIyCKy HACOCHUX YCTAHOBOK [3].

Y BHCOKOTEMIIEPATYPHUX KOJEKTOpPaxX KOHLEHTPYIOTh COHSYHE BUIIPOMIHIO-
BaHHJ 3a JOIIOMOTOI0 A3€pKaJl Ta JiH3 y OJHil Touli. BoHu 3acTocoByIOThCS 3a3BH-
Yail y BAPOOHNYMX IUJISAX Ta Ik BAPOOHMIITBA eleKTpoeHeprii [2].

®DaKTopH SIKi CIPHUSIOTH NEPEX0.ly Ha COHSYHY €HEpTilo.

1. HeoOmexxeHuit 3amac majmBa.

2. Be3urymHMI, HEMIKiAIMBE BUPOOITOK EIEKTPOCHEPTIi.

3. ABTOHOMHI CHCTEMH €HEProNOCTaYaHHsI OC3MEeYHI i BUCOKOHAIIHHI.

5. Hecxnagne 00CciTyroByBaHHS BCTaTKyBaHHS.

175



6. BukopucraHHS €IEKTPUKH BiIJaJICHO B CUIbCHKUX paloHax.

7. Monyni MOXyTb OyTH YaCTHHOIO TH3aliHy OyIHHKY.

8. CrpimMke 3MEHIIICHHS YaCcy €HEPreTHYHOI OKYITHOCTI MOYJIiB.

9. 30inblIye HaAIHHICTD EHEPronocTayaHHs KpaiHu.

Ha ocHOBiI moBeneHOTO AOCHIKEHHST MOYXHA 3pOOWTH HACTYITHI BUCHOBKH.
11106 constuHa eHepris Oyna KOHKypeHTHOI 31aTHOI MOTpiOHI HApOOITKH 1St 301716~
MICHHS] €EMHOCTI aKyMYJISITOPiB 1 301IBIIIEHHSI TOTYXHOCTI ¥ OiIbIIE TOCHTIKEHD Y
TUTaHI KOHIICHTPAIIl COHSIYHIX POMEHIB Ha COHSYHI MaHei, 00 30UThIINUTH iXHIO
e(heKTUBHICTD 1 3MEHIIUTH CTPOK OKYIMHOCTi. CTPIMKHUI pPO3BUTOK COHSYHOI €HEP-
TETUKH, 3 BUKOPUCTaHHS iIHHOBAalliHHUX CBITOBHX TEXHOJIOTIH, € TOJIOBHUM KOHKY-
perrom i B 2050p. Oyae epeBaKHUM Ha PUHKY €HEPIeTHYHO €KOJOTIYHHUX TEXHO-
JIOTiH, 110 3a0€3MeYNTh 10 KiHIS CTONITTS BCl IOTPEOHM HACEIEHHS EJCKTPUYHOIO
EHEPriero.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. Conneunas odHepreTuka. [EnekTpoHHHiI pecypc] pEXHM IOCTYyIy
https://alteco.in.ua/technology/solar-energy.

2. KoHueHTtpaunoHHsle (reInoTepMalbHbIe) TEXHOIOTHH COJTHEYHOH IHepre-
THKH - CSP/STE.  EnextpoHHwmit pecypc] PEKIM JOCTYILY
http://renewnews.ru/info/technologies/csp/

3. IlepcnexTnBbl pa3BuTH BO300HOBIsIEMOIt sHepreTuku, Ctpedkos [1.C., xyp-
Haut. Tpyabl MEeXTyHapOTHOM HAYIHO-TEX HIIECKOM KOH(EpEHIMH YHeproodecieueHIe
1 DHEprocOepekeHHe B CEILCKOM Xo3stiicTe, 2012r.
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SOLAR ENERGY IN UKRAINE AND WHY IS THE CONSTRUCTION OF
SOLAR POWER PLANTS PROMISING?

Solar energy is a direction of alternative energyda on the direct use of solar
radiation to obtain energy in any form. Solar egarges renewable energy and is
"environmentally friendly (green)".

Nowadays, there are two main ways to convert solargy. 1) The photovol-
taic system is a type of electricity generatiomigans of the sun's rays on the panel.
The conversion of solar energy into electrical ggas based on the Photovoltaic
Effect. Principle of operation, when light penetiathe surface of the substance, the
electrodes begin to move between the anode anddmthside the panel. The panels
are composed of several layers of semiconductorenaés. The greater the
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concentration of light, the greater the generatibalectricity. 2) Solar thermal en-
ergy is a system that transforms solar energyelectrical or thermal energy in three
ways.

The first is the use of solar collectors for hegtiHeat conductor is water or
antifreeze. Such solar collectors are very popualdapan and the USA.

The second is the use of silicon-based solar dekspite the fact that this
method is more expensive than others, its populerigrowing.

The third method is based on the use of solar tiadifor transformation into
electrical energy. Mirrors are used to direct the'srays to one point.

Solar energy in Ukraine.

The climate and geographical location of Ukraine farvorable for the devel-
opment of solar energy and the construction ofrgmaver plants. Even the northern
regions of the country have significant potentiithe development of this industry,
which is not inferior to most European regions. &like has all the favorable condi-
tions for the rapid growth of solar energy. Todag tevel of development of solar
energy in Ukraine is equal to the level of solagrgy in Europe in 2010. But now
Ukraine has the most attractive conditions for gteeent in solar economy in Eu-
rope. Ukraine has created favorable conditionsattaability of resources and land
plots, a preferential tariff, government supportl antargeted energy strategy, the
goal of which is to achieve 25% of clean energydpation by 2035. According to
the forecasts of the specialists of the list, selagrgy will increase its capacity in
Ukraine, as there is a great interest of foreigrestors. Why is the construction of
solar power plants promising? Solar energy andggnsaving is a global trend.
2017 was a landmark year for solar photovoltaiagyne the most solar capacity in
the world was commissioned in comparison with otigpes of power generation
technologies. The five largest national marketsin@, USA, India, Japan and Tur-
key - account for almost 84% of newly installedaeify. Global solar energy prices
are forecast to decline by an average of 27% ben@8&9 and 2022. Utility-scale
solar installations will cost less than coal-firgawer plants in all developed coun-
tries According to experts' forecasts, by 2070ehergy of the Sun will become the
main source of electricity on Earth, and by theilveigg of the next century, in terms
of its volume, solar energy is 3.5 times largentkt@ oil industry and 6 times the
nuclear industry. And besides, solar energy hasméimited supply of fuel. Modern
technologies make it possible to obtain solar pattet, with minimal operating
costs and maintenance, will provide efficient eleity generation for at least 30
years.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Conneunas sHepreTHka B Ykpaune. [EnexkrponHuit pecypc] pexum no-
cryny https://avenston.com/ru/articles/solar/.
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2. ConmHeuHbIe AMEKTPOCTaHIMH. [ENeKTpoHHHI pecypc] peXuM AOCTyIy
https://rentechno.ua/solar.html.

3. AHayM3 pHIHKA COJIHEYHBIX Oarapeil ¥ COJTHEYHOW YHEPreTHKU B YKpauHe.
[Enextponnuii pecypce] pexum moctymy https://inventure.com.ua/analytics/ invest-
ments/analiz-rynka solnechnyh-batarej-i-solnectangrgetiki-v-ukraine.
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ELECTROMAGNETIC FIELD - THE HISTORY OF THE DISCOVER Y
AND PHYSICAL PROPERTIES

Electric and magnetic phenomena have been knowratikind since ancient
times, because they saw lightning, and knew abmagnets that attract certain
metals. But until the 19th century, electricity andgnetism were considered sepa-
rately from each other, and were accepted as uadefdhenomena.

Danish scientist Oersted established the connelsétmeen electrical and mag-
netic phenomena only in 1819. Later Ampere sugdetat there are microscopic
closed currents inside the permanent magnet, wirigdte the magnetic field of the
magnet interacting with the magnetic field of tlierent-carrying conductor.

In 1831, Faraday experimentally discovered the phmmon of electromag-
netic induction, that is, he was able to estahiish fact of the appearance of an
electromotive force in a conductor at the momen¢nva changing magnetic field
acts on this conductor.

After 30 years, Maxwell created the theory of tleeromagnetic field, accord-
ing to which the electromagnetic field includesnebnnected electric and magnetic
fields. He also created the mathematical basislfmtromagnetism, and described it
in his famous equations. Maxwell's equations dbscai huge range of phenomena,
and directly the electromagnetic field. They aretiasis of electrical and radio engi-
neering and play a crucial role in the developnoémhodern physics.

In 1887, Hertz confirmed Maxwell's theory of electragnetic waves: his re-
ceiver detected the electromagnetic waves serfidyransmitter.

The electric field is created by electric chargsdjnes of force begin on pos-
itive charges (conditionally flow from them), anddeon negative charges (condi-
tionally flow into them). Thus, electric chargeg aources of an electric field. An-
other source of the electric field is the changimagnetic field. The force acting on
an electric charge from the electric field is thetpf the force acting on a given
charge from the electromagnetic field.
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Figure 1 - The lines of field strength created ppasite charges (a) and like
charges (b)

The magnetic field is created by moving electriarges (currents), or by time-
varying electric fields, and acts only on movingattic charges.

Electromagnetic fields are usually subdivided inteak, medium, strong and
super-strong.

Weak and medium electromagnetic fields are wideldun scientific and ap-
plied purposes: in solid-state physics to studyetiergy spectra of electrons in met-
als, semiconductors and superconductors; to steislg f and antiferromagnetism,
to obtain ultra-low temperatures, in electron msoapes for focusing electron
beams, etc.

To obtain strong electromagnetic fields, superceotidg solenoids, water-
cooled solenoids, pulse solenoids are used. Thredoacting on conductors with
current in strong fields can be very large (forrapée, in such fields mechanical
stresses reach the ultimate strength of coppeg) efflect of the pressure of the elec-
tromagnetic field is taken into account when deisigrelectromagnets and sole-
noids, it is used for stamping metal products.

Super-strong electromagnetic fields are obtainethéynethod of directed ex-
plosion. A copper pipe, inside which a strong padilsegnetic field has been previ-
ously created, is radially com-pressed by the pressf the explosion products.
With a decrease in the radius R of the pipe, thgnitade of the magnetic field in it
increases ~ 1/R2. The disadvantages of this metiohatle the short duration of the
existence of an electromagnetic field (several aseconds), a small volume of an
ultra-strong electromagnetic field and the destomcof the installation during an
explosion.

The main source of electromagnetic waves is thenarat and high-frequency
electro-motive force.

Sources of the electromagnetic field: FM radio bigzesting; VHF; personal
computers; television stations; special-purposenradations; industrial installa-
tions; microwave ovens; radio relay stations; ptaisiherapy.
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GROUNDING AND ITS ROLE IN ELECTRICAL ENGINEERING

Grounding is mainly divided into functional and mctive. Functional
grounding is the deliberate connection of any pwoirthe equipment network to a
grounding device designed to ensure the operabiliglectrical equipment and not
for electrical safety purposes. For example, itsied in audio amplifiers to suppress
various extraneous noise or in computers, or rggbeser supplies. Without ground-
ing in the circuits of these things, they will medrk correctly. As an example, there
can be taken the same computer. Often, the con'puterophone and headphones
start to hum and make extraneous noise due ta@meagnetic interference from the
entire set of devices in the system. If this isspr#, it is possible that the grounding
is broken.

Protective grounding - grounding installed for élieal safety purposes. The
principle of operation of this grounding is as éo¥s: the ground loop functions due
to the ability of the soil to absorb an electriade. If the equipment case is ener-
gized as a result of insulation breakdown, thenctierge will go into the ground.
When the user touches the case, the current \iilhgtve along the path of least
resistance, that is, through the ground, and rmoutih the human body. Without
grounding, in such a situation the user would haeeived an electrical shock.

Grounding removes the threat of damaging devicesdoly currents.

With regard to the installation of grounding, euéigg is simple. Selects any
location on the mesh point and connects to a nobfakt. The metal object itself is
usually connected to the ground. In the first tgpbgrounding, if we take the exam-
ple of the same sound amplifiers, then there grimgndoes to the metal part of the
case.
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In the classification of grounding systems, thereratural and artificial types
of grounding. Natural-objects that are constantlthie ground. They cannot be used
as electrical equipment grounding due to the lddlesistance value adjustment.

Functional and protective grounding types that wesiered above refer to
artificial grounding systems they are as followll-$; TN-C; TNC-S; TT; IT. Types
of grounding - decoding of the name: T - groundidg;connection of the conductor
to the neutral; | - insulation; C - combinationtb® options of the functional and
neutral protective conductor; S - separate useirasw

TN — a system in which the neutral of the powerpdyjis deafly grounded,
and the open conducting parts of the electricahllaion are connected to the deafly
grounded neutral of the source by means of zenegtive conductors;

TN-C - TN system in which the zero protective aedozworking conductors
are combined in one conductor throughout its eigingth;

TN-S - TN system in which the zero protective artbzworking conductors
are separated along its entire length;

TN-C-S - TN system in which the functions of theaerotective and zero
working conductors are combined in one conductaome part of it, starting from
the power source;

IT — a system in which the neutral of the powermyps isolated from the
ground or grounded through devices or deviceshthat a large resistance, and the
open conductive parts of the electrical installame grounded;

TT - a system in which the neutral of the powenseus deafly grounded, and
the open conducting parts of the electrical inatmh are grounded using a ground-
ing device that is electrically independent of temafly grounded neutral of the
source.

From all of the above, it is worth concluding tigabunding is a great way to
increase human safety when working with electrsggtems and a good idea to use
it in various devices.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

1. IEC 61140:2016. Protection against electric EhG@ommon aspects for in-
stallation and equipment. Edition 4.0. — Genev&,IEF016-01.

2. Kopabuies B. I1. DnexTpobe3onacHOCTb B BOIpocax U oTBeTax. - M., Moc-
KOBCKHit pabounii, 1988. - 301 c.

3.'OCT 30331.1-2013 (IEC 60364-1:2009)1eKTpOyCcTaHOBKH HU3KOBOJIb-
tHBIE. Y. 1. OCHOBHBIE TIOJIOKEHUS, OIlEHKa OONIUX XapaKTePUCTHK, TEPMUHBI U
OTIPEICTICHUSL.
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JNESIKI ACIIEKTH BUKOPUCTAHHS BITPOTEHEPATOPIB B
VKPAIHI

BiTpsina Typ6ina a6o, iHakiue ii HasuBarOTh & Wind energy converter- e
HPUCTPIH, SIKMH TIEPETBOPIOE KIHETUUHY SHEPTilo BITPY B €IEKTPUYHY eHeprito. Bi-
TPSKH MOIIAIOTECA HA TPH KAaTeropii: MpOMHUCIOBI, KOMEpPLiiHi Ta mo0yToBi (s
TPHBATHOTO BUKOPHUCTAHH).

T'ostoBHA HOT0 BiAMIHHICTE BiJ TPAAUIIMHUX (TEIUIOBHX, SIEPHKX) - IIOBHA Bi-
JICYTHICTB SIK CHPOBHHH, TaK 1 BiIXOiB. € IMHOIO BAKITUBOIO BUMOTOIO JI0 BiTpOEIe-
KTPOCTaHIIii € BUCOKHI CepeTHBOPIYHMM piBeHD BIiTPY. [IOTYKHICTh CydacHUX BIT-
poreneparopis gocsirae 8 MBT.

Posrisinemo BiTporeneparopu, siki BcraHoBiieHi Ha Ilpumopcbkiii BiTpoese-
kTpocTanuii boTtieso:

BcranoBiena moTyxHicTh eiaekTpoctaHiii cranoButh 200MBT. ByaiBHHIITBO
npoBoamiock y npa eranu: y 2012poui Oyo 3amymeHo 30arperaris Vestas V-112,
y 2014poui - me 35.Y 2018poui enexrpocranuis reaepysaina 665,6miH. kBr-rox.

Takok BOXJIMBO MaM’ ITATH PO TIPOOIJIEMH, 110 BUHUKAIOTH TTiJT 9ac PO3BUTKY
BITPOBHX eNeKTpocTaHIii. [IpuxuinpbHUKN "3€JeH0i" eHepreTHKH MaBHO criepeda-
I0ThCSl 3 MPOTUBHUKAMH TMOHOBJIIOBAaHHX JDKEpPEN CHeprii Mmpo Te, YM HaHOCSTh
K0Ty €KOJIOTii BiTporeHepaTopu. KpuTHKM eHepreTHkH, moOya0BaHOT HA BUKOPH-
CTaHHI CHJIU BiTPY, CTBEPDKYIOTh, IO TYpOiHH HE € HACTIIIHKN O€3MEYHNM 1 €KOJIO-
TIYHAM JDKEPEJIOM €HEprii, K MOKe 3AaTHCs Ha mepmuit morsia. OJHUM 3 TOJIOB-
HHX apryMEHTIB IIPOTH BUKOPUCTaHHS BITpOTeHEpaTopiB € mryM. BiTpoBi exekrpoc-
TaHIN{ BUAIOTH J[BA TUITH ITyMY: MEXaHIYHUH Ta acpoauHamiunuii. [llym Big cyyac-
HUX BITpOreHepaTopiB Ha BijicTani 20M BiJl MiCIl YCTaHOBKH CTaHOBUTE 34 - 451b.
s nopiBHsHHS: (OHOBHI ITyM BHOYI B ceni ctaHOBUTH 20 - 40nb, mrywm Bix naca-
KHUPCHKOTO aBTOMOO1IS 31 BUAKICTIO 64 kM / ro ctanoBuTh 55 1b. Takox oxHUM
3 apTyMEHTIB IIPOTH BUKOPUCTAHHS BITPOI'CHEPATOPIB € IIKOJ[a, HAHECCHA TBAPHHAM
i nmraxam. IIporte crarucruka mokasye, mo 3 100000co06uH, meHire 1 oquHuUII THHE
yepes BITPOTECHEPATOPH, /ISl TOPIBHAHHS Bif JiHi# enekTponepenad rune 8000cio.
Yepes Bennue3Hi po3MipH KOHCTPYKITii iCHY€E MpoOieMa 3 TOpOTHM TPaHCIIOPTYBaH-
HSM JieTaliel Ta X yCTaHOBKOIO, OCKIJIBKY JUISI MOHTa)KY HEOOXiTHUN KpaH MiHiMa-
apHEM po3mipom 50 M. Ockinbky cTaHIis nepedyBae B CTEIIOBOMY PErioHi Ipo-
Osiema iH(dpa3ByKy Ta BiOparliii 3HWKIIA, OCKUTBKH TIOOIM3y HEMAa€ BEIUKHUX OY/Ii-
BEJIb, SIKI MOKYTb OYTH ITOIIKOJKEHI, ajle HaBiTh LS IPo0ieMa BUPIIIy€eThesl BUOO-
pPOM  XOpOIIOTO  aepoAMHaMiduHOrO  mpodimo, moOpe  30araHCOBAHOTO
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BiTpOreHepaTopa, cBoedacHui orian. Yactora BiOpamiit - 6-7 'y - 30iraeTscs i3
HNPUPOTHAM PUTMOM MO3KY JIFOAWHH, TOMY MOXJIMBI A€sSKi NCUXOTPOIHI e(eKTH.
Aute B CBOIO Uepry, BiTporenepaTop notyxHictio 1 MBT 3MeHIIye mopivHi BUKAAN
1800roHH Byriekuciaoro rasy, 9 TOHH OKCHILy CIpKH, 4 TOHHU OKCHAY a30Ty. Mox-
JMBO, MEpEeXiJ Ha €Heprilo BITPY BIUIMHE HA IIBUIKICTH 3MEHIICHHS O30HOBOTO
mapy Ta BINTMHE Ha MIBUAKICTH TIOO0ATBLHOTO MOTEIUTiHHS . Uepes kiiMaT Ykpainu
BITPOETEKTPOCTAHIIIT HE MOTPEOYIOTh MOPO30CTIHKHUX MaTepiajiB Ta MaCTHIIL.
AHani3yo4n BUIIETIepeTiueHe, MOXHA BIIEBHEHO CKa3aTH, IO 3 €KOJOTi9HOT
TOYKH 30pY BITPOTE€HEpPaTOpPH HE € IIKIATMBUMH. [IpakTHUHUM IiATBEPIHKEHHIM
IILOTO € Te, IO IIi TEXHOJIOTii HAa0YBaIOTh IMIBUIKOTO PO3BUTKY B €BpOINEHCHKOMY
Coro3i, CHIA, Kurai. Cy4acHa eHepris BiTpy Ha cboroai Bupoosiste monam 200mi-
TesIpAiB KBT-ron Ha pik, mo ekBiBaseHTHO 1,3%CBITOBOrO BUPOOHUIITBA €IEKTPO-
eHeprii. Y neskux Kpainax ueit mokasHuk csrae 40%. Ykpaina i1eanbHO MiIX0IUTh
JUISL BITPOBHX €JIEKTPOCTaHIIN 3aBASKU CTenaM 1 kiimary. BiTpoBi enekrpocraHmii
JIOTIOMOXYTh 3MEHIIINTH €KOJIOTTYHY MIKO/Y 1 HaBiTh MOKPAILIUTH €KOJIOT1I0 KpaiHH.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. MartBierko M. II. OcHoBu enekrponiku : Kuig, 2017. — 226@.

2. E. M. ®atees, Berpoasurarenu u BerpoycranoBku. - OI'M3, Mocksa, 1988
—-301c.

3. Jla6evimn B.I', HeTpaguinoHHbIE U BO30OHOBIISICMbBIC HCTOYHUKH YHEPTUU:
Vu. ITocobue. - CITI6. C3TY, 2003 — 79c.

4. YHuKanbpHble Oe3pelyKTOPHBIE BETPOTEHEPATOPHI pa3padaThiBacT YKpauH-
ckuil koHCTpykTOp. [Enmektponuuii pecype] pexum noctymy https://ecotechnica.
com.ua/energy/veter/2051-unikalnye-bezreduktorrgteegeneratory-raz-
rabatyvaet-ukrainskij-konstruktor.html.

5. Po3BiHuaHO 0CHOBHI Mihu po mkoxay Bitporeneparopis. llyxapn A. [Ene-
KTPOHHHI pecypc] pexum gocrymy https://www.obozrevatel.com/ukr/green/ wind-
power/rozvinchano-osnovni-mifi-pro-shkodu-vitrogesteriv.htm.

Y]K 621.3.012

Ha6oxosa O.B.%, TIpockypa B.A.2

! non. HY "3anopisbka mositexHika"

2 ctyn. rp. E-419HY "3anopisbka monitexHika"

MOPIBHAJIbHUI AHAJII3 PI3HUX TUINIB EJTEKTPUYHUX JIAMIT

Mera 1aHOTO DOCIIIKSHHS - BUSIBUTH 13 3aIIPOTIOHOBAHUX, B MICBKOMY Mara-
3WHI OCBITVIIOBAILHUX HPHIIA/IIB, HAWOUIBII €()EeKTUBHUX, 3pYYHHX, €KOJIOTIYHO Oe3-
NEYHHUX y BUKOPHUCTAHHI, 5IKi 10 TOTO K 1 JOBTOBIYHHX.
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ByB BUKOHAB OIS IPYKOBAHHX JKEPEI 1 €KCIIEPUMEHTAIBHI OCIIIKCHHS
Ha Mi/ICTaBi 4Oro 3p0o0JIeHO NOPIBHUIBHUN aHali3.

Sk ycraTKyBaHHS JUIS TOCTIDKEHHS Oyn 0OpaHi YOTUPH BUAM OCBITIIIOBAIIb-
HUX MPWIAJiB, B poOOTI mpejcTaBlicHa X KOPOTKA XapaKTEPUCTHKA (THIT JIaMmil,
OPUHIUT POOOTH, EPEBATH 1 HEIOIIKH) OCBITIIIOBAILHOTO 004 HAHHS:

1. JTamrmia po3xkaproBaHHSI.

2. Jlammia rajoreHHa.

3. LED (anrm. Light-emitting diode) eBitiogion a6o CBITI0OBUIIPOMiHIOBAIIb-
HUH Ii0x.

4. JIroMiHECIICHTHA JIaMTIa.

Martepianu i o0yiagHaHHS.

[MomoBxyBay 3 mepeMHUKaYeM Ha 5 CIIOTIB JJIS BIJIKH; KYCAUKH JUIS CIICKTPHY-
HOTO KOJIa; MyJIbTUMETp; matpoH kapoomitouii E14minsicauit NLH-BL-E14 250B
2A; narpon kapOomitoBuii E27 mroctposuii 3 kimbiem M10 NLH-BL-R-E27 250B
4A; narpon kepamivanii NLH-CL-GU 5.3 250B 2A GU5.3abenp Ha OCHOBI IKOTO
BHUKOHYBAJIOCh €JIEKTpUYHE Koo Juist ekcriepumenty: NF-USE-1291-HO5VV-F 3G
0.75mMm2 LONGWELL-P.

CBITJIOBHUH MOTIK BUMIPIOBABCS 3a IOTIOMOTOI0 BOYJOBAHOTO TaATIMKA B Te-JIe-
¢doni Mmapku: Samsung galaxy aB.MeTox0 3aXMCTy BUKOPHCTOBYBAJIKCH TYMOBI py-
KaBUYKH.

OO6'eKTH TOCHIIHKEHHS.

1. PLED JCDR 3W 5000K 260Lm GUS 3 28601 u.

2. 1ITAP npo3zopwuii P45.

3. LHE 51 2 GUS5.3 D BUBLE RED.

4. Spiral-mini Bt 220B E14 420K.

5. Spiral-mini 1Bt 220B E27 650K.

6. NLL-P-G4-5-230-4K.

BuMiproBaHHS IPOBOIMIIKCS MOCTIIOBHO, TOOTO B €ICKTPUIHE KOJIO OyIia 1o
4yep3i BMUKAJIACh OJ(HA JIAMITOYKA.

OCKUTbKM B HAsBHICTH OYB OJIMH MYJIBTHUMETP B MOMEHT BHMIipIOBaHHS Ha-
NPYTH, B MiCIli TPU3HAYSHUM JJIsl BAMIPIOBAHHSI CHIIH CTPYMY, 3aMHKAHHS SJICKTPH-
YHOTO KOJIa BiZI0YBanocs 3a JOMOMOTOI0 KYCauoK JJIsl €lIEKTPUYHOTO KOJIa.

B xoxi ekcriepumMeHTy OyIJI0 BUSBJICHO TaKi MOKa3HUKH, TPECTABIICHI B Ta0-
mumi 1. HaBenmena Tabmuis mokasye, mo HaiOIbIl e(eKTHBHUM OCBITIIOBAILHUM
npwiagom € PLED JCDR 3W 5000K 260Lm GUS 3 2860 1, iioro epeKTUBHICTH
00yMOBJICHA XOPOIIOIO CIPSIMOBAHICTIO CBITIIOBOTO MOTOKY, MPUAHATHOIO LIHOKO 1
HU3BKOIO IMOTY)KHICTIO JIAMIIH.

ITAP npozopuit P45mozno nigepa B 4,827pa3u MeHIIe eHeproe()eKTHBHUH,
OCKIJIBKY JTaHa JIAMIIA € JIAMIIOI0 PO3KapPIOBAHHS, TOMY 3aHAITO 0araTo MOTYXKHOCTI
fie Ha po3irpiB jgaMmu. Buxomsuu 3 TaONUI JaHa JIaMIa € HaWJCIIeBIIO 3 YCiX
HABEJICHUX Y TIOPIBHSHHS JIAMII.
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Tabauus 1 - Pe3ynpTaTi eKCIIEPUMEHTATBHUX JTOCTIIKCHD

Cair- Tep- ITo-
To- | nosuit | P TyX- Enepro- | Bapricts
Ham- MiH
Hazpa |Crpym | TV MOTIK Ha - HicTs | Llina | edek- |enexrpo-
JaMITu (MA) p(}];) HICTB | BifO- ;6};1 Ha |(rpH.)| THB- | eHepril
(B1) | crani (ron.) yma- HICTB (rpH.)
15¢cm "/ |kOBIIl
PLED JCDF
3W 5000K
260Lm GUS 26 | 226(5.876| 3800 | 30000 3 | 100| 56.190 274
3230B 50I'a
IITAP mpo3o-
puii PAE 174 | 225/39.15 1600 | 1000 40 | 40 | 11.641 64
LHE 51 2
CS>3D) 17.8| 23114112 400 {50000 2 | 00| 6.417| 305
RED
Spiral-mini

9Bt 220B | 39 | 228(8.892 1500 | 8000 9 | 80 | 22.497 107
E14 420K
Spiral-mini
12Br 220B| 50 | 225|11.25 2100 | 12000 12 | 100| 25.075 202
E27 650K
LED 5Br.
220B.G4- | 28 | 228|6.384 2300 3000? 5 | 320| 12.289 282
4000K

Jlamma LHE 51 2 GUS5.3 D BUBLE RERiomo migepa B 8,756pasu meHiie
eHeproe(eKTUBHHIA, TOMY 1[0 Ma€ BKpail HHU3bKE 3HAYCHHS CBITIOBOTO IMOTOKY Ha
BizcTaHi B 15 cM. Buxomstuu 3 Tabnumi 1, BoHa Mae caMmy BUCOKHI TEPMiH CITy»KOH 3
yCiX HABEJCHUX Y TOPIBHSIHHS JIAMIL.

Spiral-mini Bt 220B E14 420K uron0 tigepa B 2,498pasu MeHIe eHepro-
e(eKTMBHA, TOMY IO JaHa JIaMIa Ma€ TOKa3sHWK TepMiHy ciyxom B 3,75 pasu
mennre Hixk PLED JCDR 3W 5000K 260Lm GUS 3 2G0T 1.

Spiral-mini 1Bt 220B E27 650K oo migepa B 2,24 pa3u MEHIIIE €HEPro-
e(eKTUBHA, TOMY I1I0 JIaHa JJaMIla Ma€ IMOKa3HUK NoTyxHocTi B 1,915pa3u Oinbiue
ik PLED JCDR 3W 5000K 260Lm GUS 3 286011

LED 5Br. 220B.G4-4000Kmomo migepa B 4,609paszu menire eneproedexru-
BHHUi, TOMy III0 JaHa JaMIla Ma€ BHCOKY BapTicTh, y 3,36 pasu mopoxxue PLED
JCDR 3W 5000K 260Lm GUS 3 2BG0I 1.
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Ha 3aBepiieHHS BHIIECKAa3aHOTO XOTUIOCS O MiIBECTH MiJICYMOK, TaHE TOCTi-
JOKEHHS TI0Ka3y€ HACKIIBKH JIAMITH HOBOTO ITOKOJIIHHS OibIll eHeproc(eKTUBHI B
MOPIBHSIHHA 3 JIAMIIAMU PO3)KapIOBaHHs. 3BHYaiiHA eHepro30epiraroya Jamiia mpo-
ciyxuth Big 5000 o 50000roauH, TOMy eHeproeeKTHBHICTD JIaMIT PO3XKapro-
BaHHS BKpail HEBEJIMKa, TaK K eHepro3oepiraoua Moxe 3aminnTH S0 maMm posxka-
PIOBaHHS, TIOCIiIOBHO 3aMiHIOIOTHCS ITCIIS 3aKiHUCHHS iIXHHOTO TEPMIiHY CITYKOH.

CITUCOK BUKOPUCTAHOI JIITEPATYPU

1. Adanacwena E.1., CkobeneB B.M. «cTrouHuky cBeTa U IyCKOpPETyIH-py-
I0IIas anmapatypa»: Y4el. Al TEXHUKYMOB. -2-€ U3]., epepad. - M.: DHepro-aro-
musnar, 1986.-272.

YJK 623.3.01

Adanacsena 1.0.2, Jlenerenko B.O.2

Lcrapm. sukn. HY "3anopisbka nomitexsika”
2cryn. tp. M-219HY "3anopisbka nomitexHika”

BUKOPUCTAHHSA NOCTIMHOT'O CTPYMY B MEJTUIIMHI

®Di3uyHI YUHHUKH 30BHIIIHLOTO CEPEIOBUINA, IO Opaiy y4acTh B CTBOPCHHI
JKUTTS Ha 3eMJII 1 CIIPUSIIOY] €BOJIOLIHOMY PO3BUTKY TBaPHHHOTO CBITY 1 JIIOAWHH,
CTaJIM HEBiJl €MHUMH KOMIIOHEHTaMH HOTO eKOJIOTiYHOI cucTeMu. Bonn 3abe3neuy-
10T HOPMaJIbHUI Nepedir KUTTEBUX MPOLECIB 1 HEOOXIMHI JUIsl MATPUMKH BHCO-
KOro piBHS (DYyHKLIOHYBaHHS JIIOJICBKOTO OpraHi3amy. PO3BHTOK HayKH 1 TEXHIKH
3'IBUBCS] OCHOBOIO JUIsI PO3BUTKY (pizioTeparnii - Tay3i MeAWIMHY, 10 BUBYAE Pi3i-
OJIOTIYHY 1 JIKYBaJIbHY 0 HPUPOJTHHX 1 CTBOPIOBAHMX JIIOJUHOIO (PI3MYHUX YWH-
HUKiB. Hampuknam enekTpuaHuiA CTPyM.

B nanwmii 9ac MOCTIHHUYN €JIEKTPUIHUN CTPYM ITUPOKO 3aCTOCOBYETHCS B Me-
JTUTHIA PaKTHIL.

lanmpBaHi3alis - BUKOPUCTOBYBaHHS O€3MEPEPBHOTO MOCTIHHOTO EIeKTpHd-
HOro ctpyMy Hu3bkoi Hanpyru (30-80B) i HeBenmukol cwnu (1o 5S0MA) mist jmikyBa-
JTHHOT METH. Y TKaHWHAX TIiJT JI€F0 MOCTIHHOTO EIEKTPUIHOTO CTPYMY BilOYBa€eThCS
PSA 3MiH, IO MPUBOJATH IO CTBOPCHHS HOBHX YMOB JUTS MIPOTIKAHHS Pi3HUX 010Xi-
MiYHEX 1 ¢i3uyHuX nporneciB. Jliss MOCTIHHOTO CTpyMy Ha TKaHWHI 3aJI€XKUTh BiX
CJIEKTPOIPOBITHOCTI, ITOB'SI3aHOT 3 HASIBHICTIO B TKAHMHAX €JICKTPOIITIB. . Pi3Hi TKa-
HUHHU BOJIOJIIOTh HEOJHAKOBHM OIIOPOM, IO BIUTMBAE HA iX €JIEKTPONPOBIAHICTE.
[lkipa yHacIiI0K HasIBHOCTI POTOBOTO IIapy Ma€ BEIMKHH OIIip, 1 CTPYyM MPOXOIUTH
MEpEeBAXKHO Yepe3 MOTOBI 1 YaCTKOBO CallbHi 3aJI03U. Y 3B'SI3KY 3 IIUM EJICKTPOIPO-
BiJTHICTB IIIKIPH 3aJIe)KUTh BiJ KiJTPKOCTI TIOTOBUX 1 CATBHHX 3aJ103 1 iX (pyHKIiOHAa-
JTBHOTO CTaHy. IIpW KOHTaKTHIM eleKTpoTepamii Hampyra, MmO TOTAEThCS JIO
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€JICKTPO/IiB, IPUBOANUTH IO PO3APaTYBaHHS IIKIPHUX HEPBOBHUX PEIENTOPIB uepe3
3MiHY KOHIICHTpAIIil i0HIB Ha iX MeMOpaHax, M0 BUSBIISETHCS BIMIIYTTSIM KOJICHHS,
naninasa. Onip mKipyu Moke MiHSATHCS npoTsiroM ao6u. [TogonaBmy omip mKipH i
MiAIIKIPHOT )KUPOBOI KITITKOBUHH, CTPYM PO3MOBCIOKYETHCS B TIUOWHY IepeBa-
JKHO TI0 KDOBOHOCHHUX 1 JIIM(ATHUHUX CyJUHAX, MDKKIITHHHIN pinuHi, 000J0HKaX
HEPBOBHX CTOBOYPIB, SIKi BOJIOIIIOTh HU3bKUM OTTOpOoM. OCKIIBKH OpTaHi3M JIFOTUHI
nepeOyBae Maibxe Ha 60%3 BoaM, TO 1Oro MOKHA BBaXKaTH CIICKTPOJIITOM, III0 Ma€
10HI30BaHI MOJIEKYJIH Pi3HUX XIMIYHUX 3'emHaHb. [Ipu mMpoxomkeHHi MOCTiHHOTO
€JIEKTPUIHOTO CTPYMY 10HH, MOJICKYJIH BOJHM 1 3aps/KEeHi OUTKOBI YaCTHHKH Tiepe-
MIIAIOTHCS B MIXKEIEKTPOTHOMY TIPOCTOPI.

IanpBaHi3alis 10 HEAABHHOT'O YaCy IIUPOKO 3aCTOCOBYBANACS ISl BUIAICHHS
POIMMOK 1 BOJIOCCH.

3apa3 po3po0bienuii MeTo/] 3HeO0JICHHS TIPH CBepAJIeHHI 3y0iB. Cabkuii ene-
KTPUYHUH CTPYM IPOITyCKA€ETHCS Yepe3 CBEPUI0 OOpMAIINHU B 3y0, a 10 ByXa IpH-
KpIIJIsIe€ThCsl MeTaleBuil Kimirc. Yepe3 HbOTO 3aMHKAETHCS SNEKTPHYHE KOJIO, IO
MPOXOAUTH WO KICTKH yeperna. [Ipu iboMy 3HIKYETBCS BITIyTTs OOIIO.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. lpumeHeHnE TOCTOSIHHOTO TOKA B croMaTosioruu. [EixekTporHuit pecypc]
pexxum moctymy https://present5.com/primenenie-postoyannogo-etédskogo-
toka-v-stomatologicheskoj-praktike-galvanizaciya/

YK 504.75.05

Adanacsesa 1.0.%, Menprik O.B.2

! crapm. Buxa. HY "3anopisbka nomiTexHika"

2 cryn. rp. M-219HY "3anopisbka nonitexHika"

EJIEKTPOMOBLII, AK BUPIINEHHSA ITPOBJIEMU 3ABE3ITEYEHHSA
EKOJIOTTYHOCTI HABKOJIMIIHBOI'O CEPEJOBHIIIA

ABTOTPAHCITOPT - IIe OJ[HA 3 HAWOIIBIIT 3HATYIINX MPUIHH 3a0pyaHeHHs. Came
Ha HOTO YaCTKy B MeTaroJicax T0OBOIUTLCS 3a0py IHEHHS ITOBITPSTHOTO IPOCTOPY 110
90%.] Tax SK KiJbKiCTh aBTOMOOUILHOTO TPAHCIIOPTY B OCOOMCTOMY KOPHCTYBaHHI
rpoMaiTHAMH 30UTBINY€ETHCS, PO3PAXYHOK 1 YUCIIO MICT, HAJl IKHMH BUHHKAE 3Mir.
BinprricTe HAHOIIBIINX MIiCT 3EMITi MPOCTO <BaIUXAFTHCS BiJl CMOTY aBTOMOOIIIIB,
OCHAIIICHUX JABUTYHAMH BHYTPIIIHEOTO 3TOPSHHS.

IIpu pyci aBToM0611s 3 cepeanboro WBHAKICTIO 80-90KM/TOI B ByTIICKHCIIOTY
MIEPETBOPIOETHCS KUCHIO CTUTHKH K KUThKOCTI, 5K 1 Bi 300-35040m0Bik. OnHak He
1Ie TOJIOBHA pHuuHa 3a0pynHeHHs atMocdepu. CripaBa B TOMY, IO 32 OJWH PiK Ha
oxuH aBTOMOO1TB punanae 800KT OKKUCY BYTIICIIO Y BUIUIAAI BUXJIOMY, O1r36K0 40
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KI' OKHCY a30Ty i Oipire 250Kr BCUISIKUX BYTJICBOAHIB, SIKi OCIIAIOTh Y HABKOJIMIII-
HBOMY CEPCIIOBHIIII.

3axoau, cupsIMOBaHi Ha 3HIDKEHHS piBHA 3a0pyAHEHHS aTMOC(hepH BUKHIaMU
Bil aBTOMOOLIEHOTO TPaHCTIOPTY YMOBHO HNOAIISIOTH HA OpraHi3amiifHi Ta TEXHIYHI.

Ha nanuit MOMEHT, HalOIITBII 3HAYMMOIO 3aX00M Y 00pOTHOI 33 YUCTOTY aT-
MOC(EepH € CTBOPEHHS aBTOTPAHCIIOPTY, KWK OyB Ou exoJjoridyHo Oe3nednuii. [Tpu
IOMY HAHOUTBII TEPCIEKTUBHUM BBaXAETHCS €IEKTPOMOOLUTL, SIK TMPAKTHIHO
€WHE pileHHs MpoOieMu 3a0pyaHeHHS aTMocdepH, a TaKoX CKOpOYeHHsT HadTo-
BOT 3aJIE)KHOCTI, 1 TOJIIIIIEHHS TPAHCIOPTHOI CTiKOCTI. BBaXkaeThes, 10 BiH TOJI-
HO(YHKITIOHAJICHH, JOCTYITHUN, EKOHOMIYHHUH 1 Mae IPaKTHYHO HYJIbOBI PiBHI BU-
KHUIIB.

[epeBaru enexTpoMoOisiB:

- TsiroBi exexktpoasurynu (TE[) matore KKJI mo 90-95% B nopiBHsAHHI 3 22-
42%y J1BC;

- CJIEKTPOMOOLIL HE MOTpedye NOpOroi, rPOMI3IKOIO 1 HE 3aBXKIU Ha/IiHHOIO
KOpOOIIi IepeMHUKAHHS IIBUIKOCTEH;

- eJIIEKTPOMOOLIB BUTpaya€e MOTOPHI Macia,

- @IEeKTPOMOOINb MOXE BHUKOPHUCTOBYBATH PEKYIEPAaTHBHOTO TabMyBAaHHS
JUTS T/A3apSAKE CBOTO €IEKTPHUYHOTO aKyMYyJISITOPa,;

- TS T I3aPSIKA aKyMYJISITOpa eJIEKTPOMOO1TE MOYKE BUKOPUCTOBYBATH 1 CBOT
aMOPTH3aTOPH T BUPOOJICHHS €JICKTPOSHEPTii;

- 3MEHIIIeHHS JJ000BOTO OMOPY aBTOMOOLIS Yepe3 BiICYTHICTh pajiaropa i iH-
IINX CUCTEM OXOJIOJDKEHHA Y JesKuX Moeneil. OHaK MoTy KHi eeKTpoMo0isi Bce-
TaK{ MalOTh PIAMHHY CUCTEMY OXOJIOJDKEHHS 1, BIATIOBITHO, pagiaTop;

- IPOCTOTA TEX0OCITyrOBYBaHHS, BEJIMKHUI Mi>KCEPBICHUH Ipooir, BiJTHOCHA Jie-
mepu3Ha wianoBux TO i TP.

3a JaHUMHM JOCIiKeHb €BpOTeHChKOT (enepalii TpaHCTIOPTY Ta HABKOJIMIII-
uboro cepenosuia (T & E) Ha kBiTenp 2020poKy, piBeHb BUKHAIB BYTJICKHCIOTO
rasy IpH eKCIuTyaTarlii eeKTpoMoOiTiB, pa3oM 3 piBHEM BUKH/IIB IIKIJJTUBUX PEUO-
BHH IIPH BUPOOHUIITBI aKyMyJISITOPHUX OaTapel, y BUTIAAKY 3 €NEKTPOMOOUIAMHY Ha
22% meHiie, HiXK U1 AM3EIbHUX aBTO 1 Ha 28% MeHIIe, HiX IJIsI MaIllMH BUKOPHUC-
TOBYIOTh OCH3HH.

JlocmiguBmm Oi7bIT rIMO0KO 1€ TUTAHHS, MOXHA 3pDOOUTH BUCHOBOK, IO Pi-
3KO BiJIMOBHUTHCS BiJ 3acTocyBaHHs aBToMOOuTiB 3 JIBC, 3po0uBmm Bubip Ha KO-
PHCTh €JIEKTPOMOOLTIB, JIIOJCTBO HE TOTOBE.

Bce » mepuri KpoKH /10 HTOBCIOTHOT'O 3aCTOCYBaHHS JIEKTPOMOOLIIIB B IIOBCSK-
JICHHY JSUTBHICTB BXKE MPOMAEH], 1 3 KOXXHUM POKOM Ha Joporax Oyne 3'BisTHCS
BCe OlbIe 1 Oible aBTOMOOLTIB Ha NEKTPUYHIH Ts31.
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CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Tecna Huxona Moi Bunaxoau: biorpadis tTa memyapu. — BumgaBHUIITBO
«Craporo Jlesa», 2017. — 132.

2. Maninosckuiit C.M. 3aransHa ejgekrporexHika: [Tinpy4ynnk. —JIbBiB: Buma-
BHULTBO « Beckit Bit», 2003. - 64@.

YK 621.313.3

Adanacsena 1.0., lyanix B.1.2

! crapm. Buxit. HY "3anopisbka nosnitexnika”

2 ctyn. rp. M-319HYVY "3anopisbka nonitexnika"

I'EHEPATOPH 3MIHHOI'O CTPYMY

Enexrpuynwmii cTpyM BUPOOIISIETHCS B TCHEPATOPaX - MPUCTPOSIX, IO MIEPETBO-
PIOIOTH CHEPTIIO TOTO YH iHIIOTO BHJY B CIICKTPUYHY eHepriro. [o reHepaTopam cra-
BIISITHCS TJIbBAHIYHI €JIEMEHTH, SJICKTPOCTATHIHI MAITUHH, TepMOoOaTapei, COHIIHI
Oarapei i T.11.

[TepeBakHy poJIb B HAIIl Yac BiMIrparoTh €JEKTPOMEXaHIdHI iHAYKIIiiHI TeHe-
paTopu 3MiHHOTO CTPyMy. Y IIHX TeHEpaTOpax MEeXaHIuHa SHEPTis MePETBOPIOETHCS
B CNEKTPUUHY. IX Jis 3aCHOBAHA HA ABMIIi €ITEKTPOMATHITHOI iHmykuii. Taki reHe-
paTopu MarTh TOPIBHSAHO MPOCTHUH MPHUCTPIH 1 JO3BOISIOTH OTPUMYBATH BEIUKI
CTPYMH IIPU TOCUTH BUCOKIH Harpysi.

B nanmii yac € 6araTo THIIIB iIHAYKIIHHIX TreHepaTopiB. AJie BCi BOHH CKJIaja-
IOTBCS 3 OJTHUX 1 THX K€ OCHOBHUX YaCTHH.

Ile, mo-nepire, eNEKTPOMArHiT Y4 NOCTIHHUN MarHIT, SIKUH CTBOPIOE MarHiTHE
nouie, i, mo-apyre, 0OMOTKa, B sikiil inaykyeThbes 3minHa EPC (y po3rmsnyTiit Monei
e obepraeThest pamka). Tak sik EPC, 110 HABOAATHCS B IOCITIIOBHO 3'€IHAHMX BUT-
Kax, CKIafaroThes, To aMmiutitTyaa EPC iHayKIii B pamIli mpormopIiiiftHa 9ucity BUTKIB
B Hili. BoHa mporopiriiiHa Takok aMInIiTy Il 3MiHHOTO MarHiTHOTO moToky @ = BS
4yepe3 KOXKEH BUTOK. J[JIs1 OTpUMaHHS BEIMKOTO MarHiTHOrO MOTOKY B FeHepaTopax
3aCTOCOBYIOTH CIELIalIbHy MarHiTHy CHCTEMY, IO CKIAJa€ThCs 3 TBOX CEpACHHU-
KiB, 3p0O0JIEHUX 3 €NEKTPOTEXHIUYHOT CTaJi.

OOMOTKH, III0 CTBOPIOKOTH MarHiTHE MOJIe, PO3MIIICHI B Ma3aX OJHOTO 3 cep-
JICYHUKIB, 2 0OMOTKH, B KUX iHAyKyeThcs EPC, - B mazax inmoro. OnuH 3 cepaey-
HUKIB (3a3BHYail BHYTPILLIHIi) pa3oM 3i CBOEI0 0OMOTKOIO 06epTaeThCsl HABKOJIO IO~
PHU30HTANBEHOT 200 BEpTUKANBHOT oci. ToMy BiH Ha3WBaeThCA poTopoM. Hepyxomuii
CEpJICYHHK 3 HOTO 0OMOTKOIO HA3MBAIOTh CTATOPOM. 3a30p MK CepICYHHKAMU CTa-
TOopa 1 poTopa poOIIATH sTKOMOTra MeHIIUM. [[uM 3abe3neuyeThess HaWOLIbIE 3HA-
YeHHS TIOTOKY MarHiTHOI 1HAYKIIii.
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VY BEMUKUX MPOMHUCIOBUX TeHEPATOpax 00CPTAETHCS CIEKTPOMATHIT, KU €
pOTOpPOM, B TOU Yac K 0OMOTKH, B IKUX HaBoauThcs EPC, moknazieHi B ma3ax cra-
TOpa 1 3aUIarThcs HepyxoMumu. CripaBa B TOMY, IO TiIBOJAUTH CTPYM JIO pOTOPa
a00 BiIBOJMTH HOTO 3 0OMOTKH POTOpPAa B 30BHIIIHIH JIAHIFOT JTOBOJUTHUCS 32 JIOTIO-
MOTOF0 KOB3HHX KOHTAaKTiB. [[Jis IIbOTO POTOpP 3a0€3MeUy€eThCS KOHTAKTHUMH Killb-
IIIMH, TIPUETHAHAMH JI0 KiHITIB Horo 0OMoTku. HepyXxoMi TutacTHHY - IIITKY - TPH-
THUCHYTI JI0 KiJIeTb 1 3MIMCHIOIOTH 3B'130K OOMOTKH POTOPA 3 30BHIIIHBO1 JIAHITIOTOM.

Cuia cTpyMy B 0OMOTKaX €JIEKTPOMArHiTy, 0 CTBOPIOE MarHiTHE ToJie, 3Ha-
YHO MEHIIIE CHJIA CTPYMY, 110 BIZTAETHCS T€HEPaTOPOM B 30BHINTHIH JaHITIOT. Tomy
0 TEHEPYETHCS CTPYM 3pYUHIIIIe 3HIMATH 3 HEPYXOMUX 0OMOTOK, a Uepe3 KOB3arodi
KOHTAKTH TiABOIUTH MOPIBHAHO CIAOKUI CTPYM IO 0OEPTOBOTO €IEKTPOMATHITY.
Le#t cTpyM BHPOOISIETHCS OKPEMHUM TEHEPATOPOM MOCTIHHOTO cTpymy (30yaHU-
KOM), PO3TAalllOBaHUM Ha TOMY X Baly. Y MaJOIOTY)XHHX T€Heparopax MarHiTHe
TI0JIE CTBOPIOETHCS 00EPTOBHUM IOCTIMHUM MarHitoM. B Takomy BHnanky KumbIi i
IIITKK B3arali He MOTPiOHi.

Iosiea EPC B HepyxoMux 0OMOTKaX CTaTOpa MOSCHIOETHCS BUHUKHECHHSIM Y
HUX BUXPOBOTO EIEKTPHUYHOTO MOJIS, IIOPOKEHOTO 3MIHOIO MArHITHOTO IMTOTOKY IPU
obepTaHHI poTopa.

CyuacHuil reHepaTop eJeKTPUYHOI0 CTPYMY - Ii¢ 3Ha4Ha CHOPYAa 3 MIIHUX
MIPOBOJIIB, 130JISAIIITHAX MaTepialliB i CTaJIeBUX KOHCTPYKIii. [Ipu po3mipax B Kibka
METPiB HAMBXKITUBIIII JETaNli TeHEPATOPiB BUTOTOBJISIIOTHCS 3 TOYHICTIO JIO MiJTliMe-
Tpa. Hine B mpupoai HeMae Takoro MOEIHAHHS PYXOMHX YaCTHH, SKi MOTIIH O TOpo-
JUKYBAaTH CJICKTPUYHY CHEPrif0 HACTUIBKH XK Oe3IepepBHO i EKOHOMIYHO.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. ManuniBcekuii C.M. 3aranpHa enextportexHika: [limpyunuk. - JIbBiB: Bu-
naBHANTBO « beckun Bit», 2003. - 64@.

V]K 629.735.05; 621.3(045)

Adanacsea 1.0.Y, Kpasenp 1.A.2

! crap. Bukn. HY "3anopisbka nomirtexnika"

2 ctyn. rp. M-619HY "3anopisbka nonitexnika"

ABIAIIIMHE EJEKTPOOBJIAJTHAHHS

EnexrpoeHepris € 0THUM 3 OCHOBHHX BUJIIB CHEPTii, BHKOPUCTOBYBAHOI Ha 00-
PTy JiTanbHuUX anapaTiB. CoXuBayaMu eJIEKTPUIHOT SHEPTii € IMPAKTHYHO BCi BUIU
aBiaIfiitHoro o0agHaHHsI. PO3BUTOK CHCTEMH €IeKTPOOOIaTHAHHS BiIOYBAIOCS O
HOYACHO 3 PO3BUTKOM caMoi aBiafii.
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VY Mipy NOSIBM HOBHX THIIIB JIITAJIbHUX arapaTis, 3MiHH TEXHIYHUX BUMOT 3Mi-
HIOBABCS SKICHUH 1 KUTBKICHUAMN CKJIAJT CHCTEM CIIEKTPOOOIIaHAHHS, YI0CKOHATIOBA-
JCS HOTO XapaKTePUCTUKU.

[IpakTr4HEe 3aCTOCYBaHHS CICKTPUYHA CHEPTis 3HANWIUIA B CHCTEMAX 3araio-
BaHHS MTaJIMBHO-TIOBITPSIHOT CyMillli B aBiallifHUX JIBUTyHAaX.

Jxeperna eneKTpUIHOI €HepTii Ha OOPTY JITATBLHUX anapatiB 3'IBUIKCS TPaK-
TAYIHO OJTHOYACHO 31 CTBOPSHHIM CaMUX JIiITAbHUX amapaTiB. Tak, Ha iTakax «lms
Myponmetrs» po3podku I.I. CikopchKoro BUKOPHUCTOBYBABCS JDKEPEIIO EIEKTPOSHEP-
rii motysxHuictio 500BT.

VY mepion mepioi cBiTOBOT BiHU €JEKTPOSHEPTisi BAKOPHUCTOBYBAJacs Ha Ji-
TaKax B MPUCTPOSX paIio3B's13Ky, OCBITIICHHS, SIK BHY TPIIITHHOTO, TaK 1 30BHIIITHHOTO.
SIK mKeperno eIeKTpoeHepril BAKOPUCTOBYBAaBCS TeHEPATOP 3MIHHOT'O CTPYMY TIOTY-
xkHicTio 200BT 3 IPpUBOIOM BiJI BITPSHOTO ABUTYHA 200 Bajia aBialliifHOTO JBUTYHA.

B cepeanni 20X pokiB It XapuyBaHHS PaJioNpPUCTPOIB 3aCTOCOBYBABCS I'e-
Heparop InocTiifHoro crpymy Hampyroro g0 12 B. B 1933-1934pp. nanpyra 0yino
miABHIICHO A0 24 B 3 oqHOYaCHUM 301IbIICHHSIM TTOTYKHOCTI TeHepaTopa 10 1 kBT.
[puBin Bix BiTPSTHOTO ABUTYHA OYB 3aMiHEHU IIPUBOJIOM BiJT aBiallilfHOTO JBUTYHA.
st 3a6e3nedeHHs 3aJaHuX BUMOT TI0 HAJiHOCTI TeHepaTop MOCTIHHOTO CTPYyMY
MpaIfoBaB MapajeabHO 3 aKyMYJSITOPHOIO OaTapeero.

BaxMBHM eTaroM y po3BUTKY €JIEKTPOOOIaIHAHHS JTiTaKa CTaJI0 CTBOPEHHS
B 1939p B CPCP nikipyrogoro 6omoapayBaisHHKa KOHCTpyKTOpa B.M. IleTiskoRBa.
Ha npomMy miTaky Oynm BoepIie 3aCTOCOBaHI Pi3Hi BUIU €IEKTPOTPUBOJIIB, SKi 00-
CJIyTOBYIOTh Pi3HI OpraHW YHpaBIiHHS JITAKOM, B TOMY YHCIIi TIOCaJ04HI IIUTKH,
cTabini3arop, ynpasiiHHS paxiaTopaMH, TpHMMepaMu, maci ta iH. B sikocTi mpuBo-
JIiB BUKOPUCTOBYBAJIMCS IUCTAHIIHHO KEPOBaHI CUCTEMH. AHAJIOTI4HI pO3pOOKH 32
KOPJIOHOM TIOYAJTU MPOBOJAUTHCS TUTHKH Yepe3 3 POKH.

BripoBamxeHHs Ha JIiTakax HOBOTO BUAY 00JIaTHAHHS BUMArajo 3aCTOCYBaHHS
MOTY>KHUX JKEPEN CIEKTPHYHOI SHEpPTii.

o xinmst 40 i mouatky 50X poKiB OCHOBHHM JKEPEIIOM €HEPrii Oyin KoJjie-
KTOPHI Te€HEepaTOpH MOCTIHOTO CTPyMYy, BCTAaHOBJIEHI Yepe3 PeayKTop Ha aBiallii-
HUX JIBUTYHaX. SIK MpaBUIO, KiJIBKICTh TEHEPATOPIB BiATIOBIAIO KiIBKOCTI aBiallii-
HUX JBUTYHIB. [ eHepaTopu BKITIOYAIINCS Ha TIapalieIbHy poOOTY Mik CO0O0IO 1 3 aKy-
MYJISITOPHOIO OaTapeero.

B kinmi 40« - mouatky 50 pokiB Oyjia mpoBeacHa po3poOKa cTapTep-reHe-
patopiB. Bukopuctanuii npuHIMI 000POTHOCTI €IEKTPHYHUX MAIIHH, a TAKOXK TY
00CTaBHHY, 1110 CIEKTPUYHA MAIIHA BCTAHOBIIOBAIACs Oe3IocepeTHhO Ha aBialliii-
HOMY IBHTYHI. [Ipy 1[bOMY B peXHMIi 3aITyCKy €JICKTPUYHA MAIlHA MPAIIOBaia sK
ctaptep. [licis 3amycKy eJeKTpUYHa MaIIiHA IEPEBOIMIACS B PEXKIM FeHEpaTopa.
Takum yrHOM OYyB 3MiHCHCHHUI aBTOHOMHHH 3aITyCK IBUTYHIB JIiTaKa, O[O0 3HAYHO
TOJIIIIIMIO YMOBH HOT'O KCILTyaTaIlii.
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3HavHe 3pOCTaHHS CHOXXKHMBAUiB €IEKTPOCHEPrii 3yMOBHUB 1 30UIbIICHHS BCTa-
HOBJICHOI ITOTYKHOCTI JDKepel eHeprii. Ha nesknx Tnnax jgiTalbHUX anapariB BUKO-
PHUCTOBYBAJIOCS BiCiM I'eHEpaToOpiB MOTYXHICTIO 12 KBT KOXKeH.

3roJ0M KOJIEKTOPHI TeHepaTopH OyJM 3aMiHEeHI Ha OE3KOJIEKTOPHI. Y PO3BU-
TKy OOJIaJIHAHHS JIiTATbHUX anapariB HAMITHIACS CTiKa TCHICHINS IO BHKOPHC-
TaHHS eJICKTPUIHOI EHEePril 3MIHHOTO CTPyMY. Y 3B'I3KY 3 IIUM B €HEPTETHUUHY CHC-
TeMy Tpeba OyJI0 BKIIFOUATH NIEPETBOPIOBAYI MOCTIHHOTO CTPYMY B 3MiHHHH.

[Momanbie 3pOCTaHHS CIIOKHMBAHHS €IEKTPOSHEPTii T0YaB CTPUMYBATHCS 3Ha-
YHUM 30UIBIIEHHSIM MACH SIK CAMHX JDKEPET eIEKTPOCHEPTii, Tak i CUCTeM ii po3mo-
Ty,

EdextuBaIM crTOcOO0OM 3MEHIIICHHSI MAaCcH €IIEKTPOOOIaJHAHHS, K BiTOMO, €
nepexij Ha OLIbII BUCOKHH piBeHb Harmpyru. Pa3oM 3 TUM HiIBUIIEHHS piBHSA Ha-
NPYTH CTPUMYETHCS HAsBHICTIO KOJICKTOPA, MOTIPIICHHSM YMOB KOMYyTallii, 0co0-
JIMBO Ha BEJIMKUX BUCOTaX MOJIBOTY.

TakuMm 9MHOM, Ha3pijla HEOOXITHICTh MEPEKNIAay EIEeKTPOSHEPreTHYHOI CHC-
TEMH JIiTaka 3 MOCTIHOro CTpyMy Ha 3MIHHHH SIK OCHOBHHUII BUJI €NIEKTPOCHEPTiI.
[[poMy mepexomy mepeayBallo 3aCTOCYBaHHSI TeHEPATOPIB 3MIHHOTO CTPYMY, B OC-
HOBHOMY OZHO(a3HUX, U1 KUBJICHHS NOTY>KHHUX PaliONOKALIHHIX yCTAHOBOK.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

1. JTanenko O.1., Pomuenko O.B., CkpeOneBa C.M. [Hx)eHEpHI OCHOBH a€po-
oynysannst: [linpyunuk. - BunaBaunreo «Kui», 2017 - 31@.

2. Xapuenko B.II., Octpoymor 1.B. Asionika: Ilinpyynuk. BumaBHHUIITBO
«Kuis», 2013. - 272.

YK 504.75.05

Adanacsena 1.0.Y, Xmxnasak B.B.2

! crapm. Bukst. HY "3anopisbka nosnitexnika”

2 cryn. rp. I®-719HY "3anopisbka nomirexHika"

AJIbTEPHATUBHA EHEPTETHKA

BuxomoM i3 cutyanii mepMaHeHTHOI HadTOra3080i Kpu3u (a B Hiit MU He pa3
OIMHSITHCS 32 TEPio] HE3ale)KHOCTI YKpaiHH) € BUKOPHCTAHHS albTePHATHBHUX
BUJIIB €HEpTil.

AJbTepHAaTHBHI JKepesia eHeprii — Iie MPUPOAHI SABUINA, SIKi IUITXOM IIepeT-
BOPEHHS B CIICIIaJIbHUX yCTAHOBKAX IEPETBOPIOIOTHCS B TEIUIOBY a0 EIEKTPUUHY
eHepriro. J[o HAX BiTHOCATH:

- COHSTYHE EJICKTPOMArHiTHE BUITPOMiHIOBAHHSI;

-KiHETHYHY €HEPTIiI0 PyXy MOBITPSHUX Mac (BiTep);
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-KiHeTUYHY €HEpPril0 BOAHOTO MOTOKY (pidukm);

-€Hepril0 MOPCHKHUX MPHILIMBIB 1 BIIIUBIB;

-TEIJIOBY €HEPTil0 rapsuux JKeped.

Jlo anpTepHATHBHOI CHEPTETHKH BiTHOCATH TAKOXK OTPHUMAHHS TEIUIa B TIPO-
IeCi CITaFOBaHHs BiTHOBIFOBAHOTO MATMBa — 010ra3y, 010€TaHOITy, TATMBHUX MEJIET
Ta iH.

PosrisiHeMo TuTtocH 1 MiHyCH ambTepHATUBHUX BHIIIB €HEPTIi.

CoHsIYHA eHepreTHKa

COHSTYHI eNEeKTPOCTaHIlii Ta COHSYHI KOJEKTOPH BHUKOPHUCTOBYIOTH CHEPTIIO
CBITJIOBOTO MOTOKY, SIKa MPUPOIHUM LUISIXOM IOTPAIUIsE Ha (JOTOCIEMEHTH i Tiepe-
TBOPIOETHCS B EJICKTPUIHY €HEPTito, a00 TEIJIOBY €HEPTilo I HarpiBaHHS PiTUHU
(Bozun). T'0NIOBHHUIA TUTIOC — €KOJIOTIYHICTh 1 TIOBHA BiJICYTHICTh IMIKiJUTHBHX BHKHIIB
B arMoc¢epy. OCHOBHHMI HENONIK — HEPIBHOMIPHICTh OJEPXKYBaHOI MOTYXHOCTI
OPOTSTOM ToOM a00 IHIIMX THMYACOBUX TepiofiB. BHoui, B moxmypy abo IOMOBY
TIOTO/Ty BUPOOJICHHS €JIEKTPOCHEPTIl MPUIHHAETECS. Y SICHI HOTOXI JTHI KUIBKICTh
BUPOOJICHOT €JIEKTPOEHEPTii MepeBHUIy€e MOTPeOH CHEPrOCIIOKUBAYIB, TOMY BHHH-
Kae HeOOXiHICTh B aKyMyJIATOpaX. IX 1iHa 3HAYHO MiABHUILY€e COGIBAPTICTH BUPOO-
JeHoro kBt/roxn.

BitpoBa eHepreruka.

AJbTepHaTHBHA €HEPTisl BITPY BUKOPUCTOBYETHCS JIFOJICTBOM 3/[aBHA, PHUKJIIA-
JIOM HOTO € BiTpSAKH. IX cydacHHil Ipoobpa3 — BiTpOBAa EHEPreTHYHA YCTAHOBKA —
BUKOPHCTOBYE TIEPETBOPEHHS KIHETHYHOT €HEePril pyXOMHUX MOBITPSHUX Mac B eJie-
KTpU4HY eHeprifo. Kinbka gaecsaTkiB BiTporeHeparopis, 00’ €lHaHI B OJTHY MEPEXY,
YTBOPIOIOTH BITPOBY €JIEKTPOCTAHIIIIO.

Ie oxuH 3 HAMGIMBLI JCIIEBHX BB aTbTEPHATHBHOI CHEpPreTHKH. Moro Be-
JIMKUM HEJ0JTIKOM € HasBHICTh LIyMY, BUPOOJIEHOTO BiTpOBOi ycTaHOBKOM. [10614-
HUM HETaTHBHUM e()€KTOM MOKHA TAKOXK BBAKATHU 3aTHOCITh MIEPETITHUX MTAXiB, IKi
MOTPAIUISIFOTH B JIOTATI TEHEpaTopa.

linpoeneprernka.

PyxoMmuii BOISIHUH TOTIK K aJbTEPHATHBHE JDKEPENIO SHEPTii BUKOPHUCTOBY-
€ThCS B JCKUIBKOX BUAaX TeHepaTopiB. OHI 3 HUX BCTAHOBIIOIOTHCS Ha piukax i
HPAIOIOTh 32 paXyHOK npupoaHoi Teuil (mini — TEC), inmi “Hanamrosani” Ha po-
00Ty 3 OKeaHITHUMH a00 MOPCHKHMH TIPHIINBAMH, TPETI —3HIMAIOTh “TIHKY Ha Tpe-
Oeni xBwiii”, TOOTO TPAIOIOTh HA €HEPTii MOPCHKUX XBHWIb. OCTaHHIN THI TTOKH
3HAXOJUTHCS B MPOIIECI BUMPOOYBaHb, a MEPIIi J[BA JaBHO IPOWUIILTH €Taml TEeCTy-
BaHHS i MPALOOTh.

ITimtocoM TiipoeHepreTHKH € eKOJIOTiYHa YHCTOTA, HEJOJIIKOM — BHCOKa Bap-
TICTh 00JaTHAHHS | OOMEKEHICTh MOXKIIUBUX MICIIb YCTaHOBKH.

Bionanneo sk aJbTepHATHBHE J:KepeJio eHeprii.

ITix GionmanuBOM pO3yMiIOTH OyIb-SIKHMH B NAJIHMBa, 10 OTPUMYETHCS 3 POC-
JUHHOI CHPOBHHH, BiTXOiB TBAPHHHHUIITBA, OPTAHIYHUX BiJXOJIB MPOMHCIOBOCTI
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Ta JKUTTEIISUTLHOCTI JIFOJMHA. 3BUYAMHI IPOBA TEK € 010MAIUBOM, BiTHOBIIOBAHUM
JokepestoM TerutoBoi eneprii. lllonpasna, Ha BinHOBIIEHHS iforo 3anaciB Oyze moTpi-
OHO KiJIbKA JECATKIB POKIB.

VY npomuciioBoMy BUPOOHHUITBI 010MaIHMBO SIK aJbTEPHATUBHOTO BUY €HEpTil
BUKOPHCTOBYIOTh SIK CIICI[IaJIbHO BUPOLIYBaHi KyJIbTYPH, TaK 1 BIIXOIH CIIIbCHKOT0-
CIIOJIaPCHKOTO BUPOOHHMIITBA.

Jlo ymcIia BiIOMHX Ha CHOTOJIHI BHIIB O10IaJIiBa BiJHOCSTH.

- MAJTMBHI TIeJIETH 1 OpUKeTH;

- bioeTaHoJI, 0100€H3MH 1 010 IU3ENb,

- Gioras.

JI1st BEpOOHUIITBA TBEPIUX BUIIB OioTaMBa BUKOPUCTOBYIOTh BiIXOIH Jepe-
BOOOPOOHOT MPOMHUCIIOBOCTI, @ TaKOX CIENialbHO BUPOLIYETHCSI CHPOBHHA — €HEp-
reTuyHa aepeBrHa. [ImocoM B JaHOMY BUIAJIKy € BiJTHOCHA JICIIEBU3HA OEPIKyBa-
HOTO MPOAYKTY, MiHYCOM — JIOCUTh TPHUBAIHNI TEPMiH BiTHOBICHHS / BUPOLIYBaHHS
BUXIiJTHOi CHPOBHHU.

BupoOHHUITBO pigKKX BUIIB OiomanyBa 3aCHOBAaHE Ha IEpepooOLl CiIIbCEKOTo-
CHOJAPCHKUX KYJIBTYpP 1 TBAPUHHHX JKUPIB. Y PI3HUX KpaiHAX BUKOPHUCTOBYIOTH Pi-
3HI BUJIY POCIUHHOCTI: IlyKPOBY TPOCTHHY, parlc, COI0, KyKypyI3y TOLIO.

AJIbTepHATHBHA eHepris 0iorasy

B YkpaiHi akTHBHO PO3BUBAETHCS allbTEPHATHBHA €HEpreTHKa Ha 0a3i mepe-
POOKH BiZIXO/IiB CITLCHKOTO rOCIOAapCcTBa. bioras BUXOAUTH B pe3yJIbTaTi 30pOIKy-
BaHHS POCITMHHOI CHPOBWHHM. BiH HIYMM HE BiIPI3HAETHCS 32 CKIIAIOM Bij IPUPOI-
HOTO METaHy, 1 3aCTOCOBY€ETHCS JUISl TEIUIOBHX 1 CHEPTETUYHUX YCTaHOBOK.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. Kanrok T'.I., be3' si3nunnii B.®., bimzenko O.M., IlImatkos [.I. OcHoBu
€HEPro - 1 pecypcozbepeskeHns: (HaB4a bHU MOCIOHMK). — XapKiB: ApykapHs «Ma-
apun», 2016. - 23@.

2. Toaxustaeskuii JIJI., Jleuenko b.0O. IIpo6nemu eneprerrkn Ha Mexi XX
cromitTs: (HaByaiIbHUU MociOHKK). - Xapki: HTY «XIII», 2006. - 20@Q.

YK 629.735.05:621.3(045)

Adanacsena 1.0.Y, Canpauk A.B.?

! crapm. Buxa. HY "3anopisbka momiTexHika"
2cryn. tp. M-719HY "3anopiseka nomirtexHika”

ABIOHIKA

Asionika (Bix aBiarfis anri. Aviationi enexrponika anri. Electronics) —ey-
Ky[IHA Ha3Ba YCIX EJEKTPOHHHX CHCTEM, PO3POOJEHHX Ui BUKOPUCTAHHS Ha
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JMTaNbHHUX amapaTax, MTYYHUX CYMYTHHKAX Ta MUIOTOBAHHUX 3ac00aX KOCMOHAB-
tuku. Ha 6a30BoMy piBHI IIe CHCTEMH KOMYHIKAIIil, HaBiTallii, BiToOpaXXCHHS TaHUX
1 YIpaBIiHHS Pi3HUMH IPUCTPOSMH — BiJl CKIaqHUX (HAPUKIIAJ, pajapa) 10 Haii-
HPOCTIIIHX.

ABiOHIKa BUKOHY€E Ha OOPTY JIiTaJbHUX anapaTiB HACcTYMHI QyHKLii:

- HaBiramis,

- CIIOCTEPEKEHHSI HABKOJIUIIHBOI 00OCTAaHOBKH;

- 3B’ 130K,

- B3aEMOJIIA 13 CIY)KOAMH yIPaBIiHHS TIOBITPSIHUM TIPOCTOPOM;

- aBTOMaTUYHE YIPaBJIiHHS,;

- BimoOpaxkeHHs iHPOpMaITil eKiMaxy;

- IEpETBOPEHHS 1HTEPQEHCIB,;

- MATPUMKA €KCIUTyaTallii JTiTATbHUX anapaTiB;

Inei, siki nATIIM B OCHOBY aBiOHIKH — aBTOMLIOTY, PaIio3B’ 3Ky, palioOHaBira-
IITHAUX, paIioNTOKAI[ THHX, IHePIiaTbHHUX Ta 1HITUX CUCTEM — IPONIOHYBAJHCS IIIC Ha
MOYaTKy PO3BUTKY aBiamii. Jleski 3 HUX He MokHa Oyio peamizyBatu. B 193041
POKH MTUCAITH, 1[0 MIPHUIAIU — [I¢ Ha BCSIK BUIAJIOK, a CIIPABXKHIH MIJIOT TOBUHCH BiJ-
9yBaTH MOJIIT.

Ane Ilepmia cBiToBa BiliHa IMOYajia 3MiHIOBATH CTaBJICHHS 10 aBioHiku. [Ipu-
JIaIM TOTIOMAaraJiv JITaTH 1032 BUANMICTIO 3eMJIi, KOJIn Oyia Hid. Takok po3BUHY-
JIUCS HaBiraIfiifHa cucTeMa Ta paio3B’ 30K, 110 TOTIOMarajio po3BiayBaTh 00CTaHO-
BKY Ta IIBHJKO TIOBIIOMJIATH B yMOBax Ilepioi cBiTOBO1 BiltHH.

3 THX Tip PO3BUTOK Ta KIIBbKICTh MpmiIaziB Oe3nepepBHO 3pocTaia. JlitTansHui
amapaT yCKJIaTHIOBABCS, 10 TABAJIO MOXIIUBICTh PO3IIMPIOBATH KOJIO PO3B'SI3YEMUX
3amad. ChOroHi caMe aBiOHiKa BU3HAYAE MOYKIIMBOCTI Ta KOHKYPEHTO3IATHICTB JIi-
TaJIbHUX Araparis.

OmuH i3 HeOJIKIB — I1e 11 BEJTMKa BapTicTh. J0JIs aBiOHIKU B BAPTOCTI JITaIb-
HUX anapartiB nocsirae 30-40%.Bona o0yMoBiieHa Yepe3 Ha3BUYAfHO BUCOKY Hay-
KOEMHICTh Ta TPYAOMICTKICTb ii CTBOPEHHS.

ABioHiKa — 11e OOpTOBa eNIeKTpOHiIKa. BoHa ayXe IBHIKO PO3BHUBAETHCS Ta
3MiHIOETBCS. Te, o BYOpa OyJI0 KOMIUIEKCOM, IO CKJIAIanach i3 JIEKUIBKOX TPo-
MaJICbKHX CHUCTEM, ChOT'OJIHI CTa€ €JMHOI0 KOMIIAaKTHOI cucteMoro. Te, mo Oyio
MEXaHIYHUM TPUCTPOEM Ta MPUHOCHIIO AESIKi HE3pYYHOCTI, 3aMiHEHO eJeKTpHY-
HUMU TPUCTPOSIMH, SKUM He TIOTPiOHO Maihke HiIKUX 3ychiib. OCHOBHA TEHJICHITiS,
Ky MOJKHA CIIOCTEpiraTd B CydacHii aBioHimi — ne iHterpamis. @ynkuii 30epira-
I0TBhCS, BOHH NIOCTIiliHI, @ OCh CTPYKTYpHI AiJI€HHS MIBUAKO 3MIHIOIOTHCS.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. Xapuenko B.II., OctpoymoB [.B. ABionika: [limpyuHuk.-BugaBHUIITBO
«Kuis», 2017. - 272.
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2. Maninosckuii C.M. 3aransHa enexrportexHika : [Tinpyunuk. - JIbBiB: Buna-
BHULTBO « beckun bit»,2003.-640.

YK 621.3.01

Pomaniuenxo I.M.%, T'puropenxo M.C.?

! crapm. Buxa. HY "3anopisbka momiTexHika"

2 cryn. rp. I®-419HY "3anopisbka nomitexHika”

JOCJILIKEHHSA NEPEXI/THUX ITPOLECIB 3A JOITOMOI'OIO
CHUCTEMMU ELECTRONICS WORKBENCH (EWB).

B Electronics Workbenchioxna mpocmimkyBaTi mepexiani mpoiecd mpu
BIJIMBI Ha CXEMH BXiIHHUX CHUTHAIIB pizHOi ¢opmu. [llupokuii Habip mpmiranis mo-
3BOJIsSIE POOUTH BUMIPIOBAHHS Pi3HUX BEJIWYWH, 3aJaBaTH Ta 3MiHIOBATH BXIiJIHI mMa-
pameTpu, Oy myBaTH rpadiku. Y ci npunaan 300pakyI0ThCs Y BUTIISII, MAKCUMAIBHO
HaONMKEHOMY 10 PEalIbHOTO, TOMY IPAIIOBATH 3 HUMHU MPOCTO i 3py4HO. Pe3yib-
TaTH MOJICJIIOBaHHS MOYKHA BUBECTH HA ITPUHTEp ab0 IMITOPTYBAaTH B TEKCTOBHU a00
rpadiyHui pefakTop A MOAalbIIoi 0OPOOKH.

B Hanmaniit poOOTi HOCHIKYETHCS MEPEXIAHUI MPOIeC B KOTYIII 1HIYyKTHB-
HocTi 3acobamu EWB. [Iy1st 11b0T0 KOTYIIKY 13 «[10JI51 KOMIIOHEHTIB> ITi JKITI0YaEMO
1o lenepamopa maxmosux imnyavcie (I'TI) i3 BiGmiorexkn «JIKepe KUBIECHHS,
SIKUH BUPOOJISiE TIOCTIIOBHICTh IPSIMOKYTHUX IMITYJIBCIB.

[Tepeximuuit mporiec BUHUKAE 3aBISKH YEPTyBaHHIM BKIIOYCHHS ¥ BiIKITIO-
YeHHS BX1IHOI HANPYTH, 1[0 CTAHOBUTH MUTTEBY 3MiHY ITapaMeTpiB Koja.

Ocyunoepagh B iporpami EWRB siBiisse co6010 aHAIOT ABOIMTPOMEHEBOTO 3ara-
M'ITOBYBaJILHOTO ocimiorpada i mae nBi Moaudikarii: npocmy # pozwupeny. Jlns
crabinizauii 300pakeHHsI IMIyJIbCiB y BepxHbOMY MeHI0 Analysis Optionsa6o mpo-
cro: Ctrl+Y) i B 3aknmanui Instrumentgosainy «OscilloscopesmocraBumMo MiTKH B
BikoHIIIX «Pause after each screénsGenerate time steps automaticallysaruc-
Hemo OK.

BcranoBimroeMo BUXiZHI apaMeTpH KOXKHOTO €JIEeMEHTa CXEMH IIIIXOM I10-
JBIHHOTO KITiKa MaHIMyJIATOpOM Ha oOpaHUX eneMeHTax (3akianka Label; Proper-
ties, inmn — 3anuimaeMo 3a 3aMOBYYBaHHAM). B mogasemiomMy Bei mapameTpu Tpeda
KOpEryBaTH JJisl OTPUMaHHS HAHKpAIINX pe3yIbTaTiB.

Knagimero aktuBarii Ha a”eni iHTepdeiicy BMUKaeEMO cxemMy B poOoTy.

Ha expani ocriunorpada 3'aBIsiroThest ABi ocipuiorpamu. [pu msomy Bxin 4 oc-
uIorpada BEMIproe Harpyry Ha IIyHTi ((pakTHYHO — 1€ CTPYM B cxeMi, B mA). Mo-
JKIIUBO TOTPiOHO Oyie 3MeHIIMTH MaciuTad kanany 4 (xo ... mV/Div), mo6 Ha ek-
pasi ocumiorpada 3'sBuiacsi IpuaaTHA 10 BUMIpIB KapTuUHKa. BXin B — BuMipioe
HarpyTy BiacHe Ha iHIXyKTUBHOCTI L.
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SW2

SW1 [Space]
s
[Space] R14 Rk
L‘ 120 Ohm 60 Ohm

L1
500 mH

Pucynok 1 —IIpuknan cxemu, MpU3HAYCHOT IS TOCIIIKEHHS TIEPEXiTHOTO TPO-
[IECY B €ICKTPHIHOMY KOJIi 3 PE3UCTOPOM Ta KOTYIIKOIO iHAYKTHBHOCTI

Pesynpratu BumipiB y 9-10Toukax Hampyrd i CTpyMy Ha iHIyKTHBHOCTI (Ky-
pcopu 1 abo 2 Ha ekpaHi ociorpada) 3aHeCTH 10 TaONuIl, abo y BiAMOBITHUIMA
KOMIT FOTepHUH (ailir uu IMIOPTYBaTH B TEKCTOBHH ab0 rpadiuyHuil peJakTop uis
nojanbioi 06pooku. BuMKHYTH cxemy 3 poboTu aktiBaTopoM O/L.

HartucHyTn npaBoro KHOIIKOIO MUIIi Ha 0OJH 3 Kito4iB SWy poOouiii cxemi i
kiaBimero «[Ipo6im» (Space)ieperIounuTH K04l B iHIIE MOJOKEHHS. BKIIOYNTH
cxemy B poboty aktuBaTopom O/I.

Ha expani ocrimorpaga OHOBITIOIOTHCS JIBI OCITHIIOTPaMH, OCKUTBKH HOTO BXOIU
MAKITIOYAI0TRCS JIO 1HIMUX TOYOK CXeMH. BXin 4 BUMIipIoe HaNpyTy Ha 3aTHCKadax
qoxepena sxusiaenns I'TI (U(t)), a Bxio B — na xomywwyi inoykmuenocmi Ug(t). 3 mux
rpadikiB BU3HAYUTH aMILTITYad BXimHOI Hanpyru Um 1 Hanpyru Ha KOTymmi Uxm Pe-
3yneTatd BuMipiB y 9-10 ToYyKax Hampyrd 3aHeCTH A0 TaOiwmiy, abo y BiIXMOBimHMI
KOMIT' FOTepHHIA (haliyl A7 MOJATBIINX PO3PaxXyHKIB BaXIIUBHX IapaMeTpiB Tepexii-
HOTO TIPOLIECY.

Takuii miaxig 10 ¢GopMyBaHHS CKJIaIHOI JOCTIIHOI CXEMH i3 ocnmiorpadom B
nporpami EWB no3Bonste mBuko i sikicHo aHaizyBaTy 1i poOoTy Ha Beix 1i AUIsTHKaX
i B Oy/1b-sIKMH TIPOMIXKOK Yacy TPH MEPEXiHUX MPOLEcax B EIEKTPUIHHUX KOJaX.

CIIUCOK BUKOPUCTAHOI JIITEPATYPH

1. Kapnamyk B.I. Enektponna nabopatopis va IBM PC. IIporpama Electron-
ics Workbench ii 3acrocysanust. M.: Conon-P, 2003. 726.

2. Maninoscekuii C.M. 3aransHa enekrporexnika: Ilinpyunuk. — JIsBiB: Bu-
nasaunTBo 2beckua bit", 2003. 64C:.
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VK 621.3.012

Ha6oxkosa O.B.1, Uepesyta €.C.?

! non. HY "3anopisbka mositexnika"

2 ctyn. rp. E-419HY "3anopisbka monitexHika"

AHAJII3 CYYACHHUX CHUCTEM BE3IPOTOBOT'O JKMBJIEHHA I
MMPOBJEMMH IX BUKOPUCTAHHS B TEJJEKOMYHIKAINIMHUX
CHUCTEMAX

B cydacHOMy cBiTI 0€3ApOTOBI TEXHOJIOTII 3HAYHO MOKPALIMIN Ta CIIPOCTY-
BaJIM JKUTTS JifoAMHK. He KoXKeH 3apa3 Moke TMPEeCTaBUTH KUTTS Oe3 0e3ApOTOBUX
3apsanok Tenedonis Ta Wi-Fi B koxxHOMY OyauHKY. B HemanekoMy MaiiOyTHBOMY
3'SIBUTBCSI OE3APOTOBE JKMBIECHHS TEICKOMYHIKAIIHHAX CHUCTEM, TOOYTOBOi TeX-
HiKH, CUCTeM Oe3Mekd. Y 3B'SI3KY 31 CTPIMKHUM MOIIUPEHHSIM 0€3IPOTOBUX TEXHOJIO-
Tilt HeOOXiTHO MPUAUTHTH yBary IpooJieMi eKCIUTyaTailii X CUCTEM B TEIEKOMY-
HIKaIIHHAX CHCTEMaXx 1 MPUCTPOSX.

Bxe y HallOmmk4oMy JECATHIITTI 3 PO3BUTKOM TEXHOJIOTIH cdepa 3acTocy-
BaHHs 0€3/IPOTOBHX 3apsAHUX IPHUCTPOIB HEe Oyie 00MEkKYBATHCS 3apSAKOI0 aKyMy-
JSITOPIB BUCOKOTEXHOJIOTTYHMX rajpKeTiB. O0sacTh X 3aCTOCYBaHHS 3HAYHO TTOIIH-
putbcst. Kpim crioskMBUOTO PHHKY €JIEKTPOHIKH, O€3pOTOBI 3apsiiHi IPUCTPOI MO-
JKYTh YCIIIITHO BUKOPHUCTOBYBATUCS B CETMEHTI MEIMYHUX ITPUIIAMiB, MEpexax 0e3-
JIPOTOBHUX JATYHKIB, CBITIIOTEXHIYHOMY OOJIaHAHHI TOIIIO.

3apa3 icHye Kijbka 3aco0iB 6e31poTOBOI epeaadi eneprii. Qi - crangapt, po-
3pobnenuii  Koncopriymom 6e3aporoBoi enextpoMarniTHoi eneprii (Wireless
Power Consortium, WPGlns inaykiiitaoi nmepenadi eHeprii Ha Bigctadb 10 4 cM.
Amnaparypa Qi BKitogae B ceOe IIaCTHHY IepeaBada i CyMiCHHI npuiiMay B IiIK-
JOYeHOMY TIpUCTpOi. [TiAKIFOYeHnit IpHUCTPiil pO3MIIIyIOTh HA TJIACTHHI TIepena-
Bada. 3apsKka BilOyBa€eThcs 3a JIOTIOMOTOI0 iHAYKIIHHOT mepenadi eHeprii. Bupoo-
HUKaMH, SKi BUKOPUCTOBYIOTH I[CH CTaHIAPT B JNESIKUX CBOIX MPUCTPOSX, €. ASUS,
HTC, Huawei, LG Electronics, Motorola Mobility, Nak Samsung, Sony, Yota
Devices.

[HOyKTUBHMI CTOCIO €JNEKTPOKUBICHHS BHUKOPHCTOBYE EJIEKTPOMAarHiTHE
moJie JUTs Tepeadi eHeprii Mixk aBoMa 00'ektamu. Lle, sk mpasmio, 3ade3mnedye 3a-
psanHa craHilis. EHepris nmepemaeTbes depe3 iHAYKTUBHHUN 3B'SI30K 3 €IEKTPUIHUM
MIPUCTPOEM, KU MOKE TIOTIM BUKOPHUCTOBYBATH IO €HEPTII0 IS Mia3apsaKu Oa-
Tapei abo 3amycKy MpUCTporo. [HIYKITIHHI 3apsAaHi IPUCTPOT BUKOPUCTOBYIOTH iH-
MYKIIHHY KOTYIIKY JJIS CTBOPEHHS 3MiHHOTO €JIEKTPOMArHITHOTO OIS MOoOIH3y 3a-
PSTHOTO TIPUCTPOIO, a Apyra iHAYKIiHHA KOTYIIKA B MOPTATHBHOMY MPHCTPOT JKH-
BUTKCS BiJl €JICKTPOMArHITHOTO TIOJIS 1 IEPETBOPIOE HOTO B EIEKTPUIHUMA CTPYM ISt
3apsIKy akyMmyJsiTopa. JIBi IHAYKIIHHI KOTYIIKNA GOPMYIOTh €JIEKTPUYHHUNA TpaHC-
¢opmarop. Bemmki BimcTaHi MiX INepeAaBaIbHOIO 1 NPUHMAIBHOIO KOTYIIKOIO
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MOXYTb JIOCSATaTHCs, KOJIM iHIyKTHBHA CHCTEMA ITi13apsiIKH BUKOPHCTOBYE pe30Ha-
HCHHU TpaHchopmaTop.

Power Matters Alliance (PMA)epranizariisi, 3acHoBaHa, 1100 CTBOPUTH CHC-
TeMy A1 0e3IpOTOBUX TEXHOJIOTIH EIEKTPOKUBIICHHS, B TOMY YMCII JUIS Mia3aps-
JIKM IPUCTPOIB, SIKI OCHAIIEH] akyMyJsitopamu. Xo4a PMA BrkopHcTOBY€ aHaIIOT -
yHui cragaapTy Qi GpisMYHUN IPHHIMIT TiA3aPSIKH - EICKTPOMATHITHY 1HAYKINIO,
BiIMIHHOCTI Bce Xk €. [TonsraioTe BOHH B 4acToTi poOoTH, sika st PMA ctaHOBUTH
277-357xI'n. Ha manuii Moment PMA nocuth cuiibHO iporpae Qi B oIy IsipHOCTI.

The Alliance for Wireless Power [3] (A4WP)opranizariisi, 3acCHOBaHa IS
CTBOPEHHSI TJIOOALHOI E€KOCHCTEMH O€3JpOTOBOI MiA3apsjKh 3a TEXHOJIOTIEI0
Rezence ™IIpuHnui miei TeXHOIOT1i 6a3yeTbes Ha e(heKTi MarHiTHOTO PE30HAHCY .
Came 1e 103BOJISIE iICTOTHO PO3LIMPHUTH 00J1aCTh MiA3aPSIIKH Bij ofHieT 6a30BO1 cTa-
HITi1, @ TAKOXK 3apsKaTH Bipa3y Kijdbka MpUCTpoiB. [lepegaHa MOTYXHICTh MOXKE
nocsirat 50 Br, 1110 Moske OyTH IIIJTKOM TOCTaTHBO JUIS HOYTOYKa.

ChOro/IHi iICHY€E TP OCHOBHI TEXHOJIOT11 6€3APOTOBOTO eNEKTPOKUBICHHS: QI,
Rezenca PMA. Haii6inbu noumpeHow € Qi (BUKOPHCTOBYE iHIYKIIHHHI crociO
nepeaadi eHeprii), HaiOIbLI MePCIeKTUBHOK - REZEeNCe |KOPUCTOBYE TEXHOIIO-
Til0 MarHiTHOTO PE30HAHCY i MPAIFO€ Ha OiNIBIIIH YaCTOTI 1 3 OLIBIIO IIOTYKHICTIO).

BukopucTaHHs MPUCTPOIB OE3JPOTOBOTO EIEKTPOKHUBIICHHS B TEJICKOMYHIKa-
MIHHUX CHCTEMaXx € MEPCIIEKTUBHIM, OJTHAK MUTAHHS 301IbIIIEHHS IIOTYKHOCTI 1 6€3-
TIeKH eKCTUTyaTallii BAMararoTh MOJABIIOTO0 TOCIIHKEHHS, a CaMi CHCTEMH - BIOC-
KOHAJICHHSI.

CIIUCOK BUKOPUCTAHOI JIITEPATYPU

1. Crommunre B. BecipoBoubie muanu cBsi3u u cetd / B. Crosumuare — CII6.
N3nar. noM “Buieamc”, 2009. —195.

2. Alliance for Wireless Power. Technical Specifica. /2015. Enexrponnuii
pecypc] pexum mocrymy http://www.rezence.com/technology/technical-speaif
tion
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CEKIIA «PI3UKA»

YJIK 669.1'24:537.636

3onorapeschkuii I.B.1, Onpmanenskuii B.JO.?

Ikann. ¢is.-mart. nayk, nou. HY «3anopisbka momitexHika»
2 1-p TexH. Hayk, npod. HY «Banopisbka HomiTexHika»

ITPO 3APOAKEHHS a-MAPTEHCHUTY B CTAJISAX I CTOITAX HA
OCHOBI FE-NI B CHJIBHOMY IMITYJIBCHOMY MATHITHOMY IIOJII
TA BE3 HBOT'O

Binomo, mo mapreHcuTHe y—o-nepersopenns (MII) B cransx i cromax 3aiiza
MO’K€ TIPOTIKaTH JBOMA MPHUHIMIIOBO PI3HUMH KIHETUYHUMH BapiaHTaMH. 31aBa-
JI0Ch OM, OJTHE 1 T€ K TIEPETBOPEHHS, alie B OJIM3bKUX CKIIagax abo HaBiTh 1 B OJHOMY
CKJIaJIi, BOHO MO€E IPOXOINUTH MO-Pi3HOMY: B i30TepMiuHKX yMOBax (i30TepMiyHa
KiHeTHKa) ab0 TIIBKM IIPH 3HIKEHHI TeMIiepaTypu (arepMidHa KiHeTuka). Onuparo-
YHUCh HA CKCIICPUMCHTH 3 BIUTMBY CHJIBHHX IMITYyJIbCHHX 1 MOCTIHHUX MAarHITHUX TO-
JIiB, a TAKOK BUCOKHX BCCOIYHMX THCKIB Ha CTOIH 3 MOJBIHHOIO KIHETHKOIO TEPET-
BOpEHHSI, OyJI0 IPHITYIIIEHO, 11O Ii TPOIIECH BITHOCHO HE3aJICXKHI 1 IX IHTepBalIH He-
PETBOPECHb MOXYTh B3aEMHO MEPETHHATHUCS. AJie IPUYMHU TAaKOI MOBEIIHKA MapTe-
HCHUTHOI PeaKIlii IO I[1X Mip He BCTAHOBJICHI.

Ha 1ie#i vac HaKOTTMYEHO BEJTUKWH €KCIIEPUMEHTAITLHUIN MaTepial sK y BiaHO-
IIEHH] 40 JociimkeHs camoro MII B ctamsax 1 cromax 3ajiisa, Tak 1 JOCHIHKEHb Ma-
THITHOTO CcTaHy Y-(a3u y 3B’ 3Ky 3 iHBapHOIo npobiemoro. [TokazaHo, mo mopsa 3
BUMYIICHOIO MarHiTOCTPHUKIIIEIO TIPH Mapanporieci BeJuke 3HaYeHHS P MapTeH-
CHTHOMY IIEPETBOPEHHI B CTalAX i cTOmax Ha ocHOBI Fe-Niwmae criontanHa Marti-
toctpukiiis [1-2]. Ii MarHiToCTpHKIii B iIHBApHHUX i OJU3BKHUX J0 HHX CKIAIiB Ma-
FOTh QHOMAITLHO BEJIMKY BEJIUYUHY 1 MPU3BOMIATH 10 3HAYHHUX 3MIH MPYKHOI eHepril
(a3 1 HaBiTH MOXYTh IPU3BECTH J0 3MIHH MEXaHI3MY Y—>0-IEPETBOPEHHS 3 TUIIOBO
CTPYKTYPHOTO HA MarHITHUH.

MeTta po6oTu. Buxos/uu 3 MarHiTHOro CTaHy ayCTEHITY, BPaXOBYIOUH HOTO
HCOJIHOPITHY MAarHiTHY 1 KOHIIGHTpAIIHYy CTPYKTYPY, OIHPAIOYUCh HA JHUCIOKa-
[iifHy MOJEIh MApTEHCUTHOTO TEPETBOPEHHS, MOSCHUTH KIHCTHYHI OCOOIMBOCTI
MapTEHCUTHOT'O Y—0-TIEPEXOY B CTAJISX i cTOomax Ha ocHoBi Fe-Ni.

B po6Goti ananizyrotbest GinapHi crormu Fe-Ni3 iHBapHUMH BIACTUBOCTIMHU i
craii Ta ctonu Ha ix ocHoBi: Fe-Ni-C, Fe-Ni-Cr-C, Fe-Ni-Mn.

Po3risgaoThest MUTAHHS:

1. Ocuogni inBapHi BiaactuBocti I'IIK-(hasu cromie Fe-Ni (uBapHi anomanrii);
Koe(illi€HT TEPMITHOTO PO3IIUPEHHS, CIIOHTAHHA 1 BUMYIIIEHa MaTHITOCTPHKIIi1, KO-
edinieHT BceOIYHOr0 CTUCHEHHS, 3aJIeXKHICTh Touky Kiopi i HaMarHiueHocTi Bix Bce-
01YHOTO THCKY, 3aJIe)KHICTh OOMIHHOTO IHTErpajly Bijl Mi>KaTOMHO{ BiICTaHi.
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2. HeonHopigHa MarHiTHa cTpyKTypa iHBapHux cromiB Fe-Nii xpoMmonikese-
BUX cTajeil.

3. IIpo 3B's130K MK iIHBapHUMH aHOMAJISIMU Ta HEOJHOPITHOCTSIMHA MarHiTHOT
1 KOHIIEHTPALIHOT CTPYKTYP. 3BEpTAa€ThCS yBara Ha JIOCIIIH 3 OIIPOMIHEHHS CTOIIIB
Fe-Ni mBuakiuMu enekTpoHaMHu i MOKIIUBICTh BTPAaTH HEOAHOPIAHOTO CTaHy B pe-
3yJbTaTi BUHUKHEHHS JOCTAaTHBOI KiJTbKOCTI BAaKaHCIH MIPH HEBUCOKHMX TEMITEpaTy-
pax. BaxxnuBo, 1m0 npu bOMY BTPadatoThCsS OCHOBHI iHBapHi BIACTHBOCTI 1 pa3oM
3 HIMH TIOBHICTIO BTPAYa€THCS MOMIIUBICTD Y—0-TIEPEXOLy IIPH TEMIIEpaTypax 1o
T—0K.

4. «E(deKT TOKaJbHOIO CEPENOBHUINA» MIOA0 KOHIEHTpAMiHHUX (MArHiTHHX)
HeoHOpigHOCTeH. SKIo BUOpaHuii aToM 3ailiza B MepIIii KOOpauHAIiHIK cepi
Mae 9 abo Ginplie aTomiB Fe Haibmmkynx cyciniB), To el aTom BTpavae CBii Ma-
THITHUH MOMEHT. Y JJaHOMY BHIIa/IKy Ba’KJIMBa TOJIOBHA CYTHICTH «edekTy». Bona
HOJIATAE Y TOPIBHSHO CHJIBbHIM B3a€MOJIIT OTHOTO 3 OJJHUM aTOMIB IaHOTO KOHKpET-
HOTO €JIEMEHTY, [0 HEOOXIHO BPaXxOBYBATH NPH aHAaTi31 BIUIMBY MAarHiTHOT'O TOJIS
Ha cTaOUIBHICTh MarHITHUX HeoMHOpiaHOCTEH npu MII.

5. Tpu THNM XapakTepHHUX 3aJIe)KHOCTEH HANPYKEHOCTI KPUTHYHOTO MarHiT-
HOTO TIOJISA, TIPH SKiH 3'ABIISTIOTHCS TIEPIIi TOPIIil MAPTEHCHUTY, BiJl TEMIIEpaTypH 3Mi-
IIEHHS MapTeHCUTHOI ToUkH. [Toka3aHo, 110 BOHM MOXKYTh OYTH IOSICHEHI HEOIHO-
PITHAM MarHiTHUM 1 KOHIIEHTPAIIHHAM CTaHOM Y-(a3H.

6. Po3mo i 3MiIIeHHs] MApTEHCUTHOI TOYKH B CHIIBHOMY MarHiTHOMY ITOJTi BiJ
BMICTy aTOMIB 3aJi3a B y-¢a3i; Te X came Bijl CYKyITHOTO CKJIaay aHTH(epOMarHiT-
HHX aTOMIB 1 B/l BITHOIICHHS aHTU(EPOMArHiTHUX aTOMIB 10 KOHKYPYIOUHX aTOMIB
HIKEITIO.

7. BuMmyIieHa MarHiTOCTpHUKIIs i 3MeHIeHHs ricrepesucy MII y cuibsHOMY
MarHiTHOMy noii. BpaxyBaHHS HEOTHOPIJHOTO CTaHY.

8. JIsi kinetuku MII B cromax Fe-Ni, Fe-Ni-Mn, Fe-NMo. IuBapue 3min-
HEHHS ayCTeHITy. 3MIIHEHHS ayCTEHITy i MapTeHCHUTY Byrieunem. Mogerni 3apo-
JUKSHHSI MApTEHCUTY B CTOMAX 3aitiza. JluciokamiiHa MoJelsb 1 ii 3acToCcyBaHHSI 10
HOSICHEHHsI KiHeTnuHuX ocobimBocteit MII B cramnsix i cromax Ha ocHoBi Fe-Ni.
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OCHOBM DATA MIMING TA ®I3UYHUI MIPAKTUKYM B YMOBAX
JIACTAHIIHHOI'O HABUYAHHSA

HecnoniBanuit BUMyIIIeHHIT Iepexijl Ha JUCTAHIIMHY (OpMy HaBYaHHS, IO BiJ-
OyBcst y 6epesni 2019/202G1aB4abHOTO POKY, 3MYCHB BHKJIAa4iB BUIIIB Y YePTOBHI
a3 MeperiTHy TH CBOT TIOTIISIN HA Te, 110 caMe y TPOIIeCi HABYAHHS € HAWBAXKITUBIIITIM
JUTSL CTYJICHTIB TIEBHO1 CHeMiabHOCTI. B 0COOIMBO CKITQIHUX YMOBaX OMMHWIINCS BH-
KJIaJiadi KypciB, o nepeadadatoTh BAKOHAHHS CTYJICHTAaMH €KCIIEPUMEHTAITBHUX JI0C-
JIHKEeHB Y JTa00paTOpisiX YHIBEPCHUTETY .

Merta manoi myOmikariii — mpe3eHTyBatu JaboparopHy poboty “3akon lroo-
ara - ITti", sika Oysa po3po6ieHa crinapHo 3 gouenToM €.11. Coxo0BuM 1 MOXKe OyTH
MIpOBEIeHA 31 CTYJICHTaMH, B TIEPIITY YePTy, KOMIT FOTEPHUX CTICIIIAIbHOCTEH Y IMCTaH-
IHHOMY PEXHUMI.

Oi3nYHUH MPAKTUKYM TPATHILIHHO € OJHIEI0 3 BAXKIUBUX CKIIQJIOBHX YHIBEPCH-
TETCHKOTO Kypcy (isuku. Ane, skio momuButucs y CraHmapT cremiaabHocTi 122
“Kowmm' toTepHi Hayku”, TO, Ha MEPIIHN TTOTIIS, TICPEITiUeHI TaM KOMIIETCHTHOCTI BH-
MYCKHHKA Ii€1 CIEemianbHOCTI TyXkKe NaNieKi Bii Oyab-skoro Kypcy ¢izuku. TuM He
MEHIII, TaM 3a3HaveHi 1 “31aTHICTh 0 BUSBIICHHS CTATHCTHYHIX 3aKOHOMIPHOCTEH, 3a-
CTOCYBaHHsI METOJIB CTATUCTHYHOT 0OpOOKHM maHuX”, 1 “3MATHICTD O iHTEIEKTyalb-
HOTO aHaNi3y JaHUX, iXHbOI 00pOOKM Ta Bizyasi3aiii pe3ysbTaTiB aHaTI3y B MpoOIeci
O3B’ I3yBaHHS NPUKIATHAX 3a1a9”. Y (opMyBaHHI IIUX KOMIIETEHTHOCTEH MOXKE J0-
TIOMOTTH SIK (Di3MIHUI MPAKTHKyM B IIJIOMY, TaK 1 3a3HaYeHa BHUIIIE JabopaTopHa po-
0oTta 30kpemMa. Po3risiHemo 11 mokmamHime.

VY TeopeTHYHIN YaCTHHI CTyJCHTH 3HAHOMJIIATBCS (200 camMocCTiitHO, abo 3a nomo-
MOTOI0 BUKJIa/1a4a) i3 6a30BUMH i/IeSIMU Ta IOHATTSIMU TPOIIECY 1HTEIEKTYaTIbHOTO BU-
JMOOYTKY 3HaHb 3 0a3 MaHUX: KJIACTepaMHy, TPCHIAMH, 3aICKHOCTSIMU. Y MPAKTHYHIN
YaCTUHI M MPOMOHYETHCS MUISIXOM aHali3y 0a3u JaHUX 3HAUTH 3aKoH J{ronmoura-I1Ti
JUTSL MOJISIPHOT TEIDIOEMHOCTI PEYOBHH.

Pobora cxiamgaeThes 3 Tphox eTarmiB. Ha eTarni monepeaHsoro aHami3y CTyICHTH
00WparoTh OJMH 3 IBOX TPEHIIB YIS MOJAIBIIOTO MociipkeHHs. CTyIeHTaM Haja-
€ThCs 0a3a aHMX, B SKIi UIs ABaHAMISITH €IEMEHTIB HABOISTHCS 3HAYCHHSI: ITUTO-

moi Termoemuocti G, , ryctuan 0O | MossipHOi Macu M . 3a TOTTOMOTOFO IPOTPaMH

Excelsonu MaroTh o0y IyBaTH 1Ba TPEHIN: TPEHI 2YCMUHA — NUMOMA MENI0EM-
Hicmb 1 TPEHI MOISIPHA MAca — RUMOMA MENI0EMHICMb, 1 BKE IICHIsS Oro —
MIPUIHATH PIIEHHS PO Te, KUK 13 TPEHIIB Ma€ CEHC OCIIHKYBaTH 3 METOIO BUJIi-
JIEHHS 3aj1eXHOCTI (nuB. puc. 1).
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Pucynox 1 —Bubip TpeHma uist JOCTiKSHHS.
Ha npyromy erari (0CHOBHE HOCIIIKEHHS) BOHH IPOBOIATH ITOBHY 00pPOOKY 00-

PaHoi 3aJIEKHOCTI, TOOTO BUKOHYIOTH BUIIPSAMIIEHHS (JIUB. pHC. 2)i 00YKCIIIOIOTH T0Bi-

pumii iHTepBal UIsi KYTOBOTO KOE(illieHTa OTPUMAHOI Y CTEIIEHEBUX KOOpIUHATAX
JHIHHOT 3aJIeKHOCTI.

Incyy: 7 Cors Ax/(xrK) 1200

\ 1000 A
6 N 800

\ 600 »

5 400 4
\\ 200 /“’
4 Inp 0 1/p, Monb/kr
3 4 5 6 0 10 20 30 40 50
a) 6)

a —y norapu(MiuHIX KOOpAUHATaX; O —y CTEIIEHeBUX KOOPHHATAX.
PucyHnok 2 —BumnpsiMieHHs y pi3HHX KOOpJHHATaX.

Jaimi cryneHTaM HEOOXiTHO JaTH MigKa3Ky: IMOMPOCHTH X 3'sCyBaTH, 3Ha-
yeHHs skoi 3 Beymund: R, 2R, 3R, ... (ryr R=8,31]1x/(K-Moib) — yHiBEpCaabHA ra-
30Ba  CTajga)  moTpamsie y  moOynoBaHuil  iHTepBan  (HampUKIam,
24,8+0,3/Tx/(K-Mo:1b)). TTicis 5Oro BOHU 3MOXKYTh 3aMIHHUTH KyTOBHI KOE(IIlieHT
€10 BEMYNHOIO 1 chopmymmoBatu 3akoH Jlromonra-IITi.

Ha 3aknrouHoMy eTarm CTYJeHTH OTPUMYIOTh 3aBIaHHs 3’ ICyBaTH, UM ITiKO-
PIOIOTBCS 3HANIEHOMY 3aKOHY JITiH Ta anmMa3s. Tpeba 3a3Ha4yWTH, IO JITIH TyXKe
e(peKTUBHO MATBEPKYE 3HAMICHUI 3aKOH — BiH 1I€aJIbHO JISITa€ HA EKCIePUMEH-
TaBHY TPSAMY, IPUYOMY B JyKe AaJeKiil TOYIl, a OT ajMa3 MOBHICTIO CIIPOCTOBYE
3akoH romonra-IITi.

PoGoTa CTyIeHTIB 3aKiHUY€ThCSl HATMCAHHSIM BUCHOBKY, & BUKJIA/1a4 MOKE BH-

KOPHUCTATH 110 CUTYyallio, 1100 po3noBicTH Ipo Teopito Jlebast TerioeMHOCTI TBEp-
INX TIII.

203



UDC 620.3
Lushchin S.P.
PhD, associate prof. National University «Zaporiabaz?olytechnic»

CARBON NANOMATERIAL AS A METHOD OF HYDROGEN STORAGE

The use of hydrogen as an environmentally friersdiyrce of energy largely
depends on solving the problem of its storage amusportation. Today the most
promising is the use of nanomaterials for hydroggemage. The hydrogen sorption
capabilities of nanomaterials are many times higihan the known methods of hy-
drogen storage. For this, carbon nanotubes casdub u

Gas storage using carbon nanotubes has attradtécbhattention after the
experiment described in the work of Dillon [1], ogfing on the filling of single-
walled carbon nanotubes with a diameter of abdihin with hydrogen.

The value of the specific surface area of carbotubes is about 1107y,
Experiments show that the specific amount of alembtiydrogen is tens of times
higher than the value that corresponds to the seidasorption of hydrogen, taking
into account the measured value of the specifitasarof the nanotube. This fact
confirms that the bulk filling of carbon nanotubegh molecular hydrogen is pre-
dominant [2].

Let us estimate the possibility of bulk filling afsingle-walled carbon nano-
tube (SWCNT) with molecular hydrogen. The mass gmd such a structure in
g/mn?¥ is determined by the ratio [2]:

4o, (1)

whereD —nanotube diameter, £&m;c=0.77107 g/snf — maximum surface den-
sity of carbon.

The maximum degree of filling SWCNTs with moleculamdrogen is deter-
mined by the ratio [2]:

Pu  _ 007 )
Py +pP. 007+304/D’

M =

wherepy = 0.07 g¢/mm — density of hydrogen.

It can be seen from this expression that the degfré#ing of SWCNTS in-
creases with an increase in their diameter. Theutzlon shows that for the degree
of filling nv=6.5 wt.%, which is necessary for using SWCNTsstoring hydrogen,
the nanotube diameter should be more than 3 nmmiadtilayer nanotubes in the
form of a bundle, the sorption capacity = 6.5 wt.% is achieved at a nanotube
diameter of 2.1 nm.
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Hydrogen penetration into the nanotube cavity dan be activated by the
edge modification of the open end using variougfional groups, for example, O,
OH, and NH [3]. One of the ways to create surface-modifiedatabes is to saturate
the outer surface of nanotubes with atomic hydrogée mechanism of adsorption
of hydrogen atoms on the outer surface of semicctimy single-walled carbon
nanotubes is described in detail in [4]. The precdgsittachment of atomic hydrogen
to the surface of single-layer carbon tubulemenf and 6, 0) types is considered.
During adsorption the electron density is transf@from the H atom to the surface
with the formation of the H+ proton. This protomaaigrate over the SWCNT sur-
face.

In our opinion, the use of atomic hydrogen duriatuigation of nanotubes can
increase the degree of penetration of atoms irgontinotube cavity and increase
their sorption capacity. This is due to the greptaretrating power of atomic hydro-
gen. As a result of recombination, atomic hydrogagmbe in a molecular state in the
cavity of a nanotube, which is a favourable condifor its release during operation.
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JOCJIJIKEHHA YACTOTHOI 3AJIEXKHOCTI EJTEKTPUYHOT
MPOBIJJHOCTI IT' €30KEPAMIKH I TC Y JTIAITA30HI HU3bKHUX
YACTOT

JlocnmimKkeHHs eeKTPUIHOT TPOBITHOCTI MOTIKPUCTATIYHUX JTiCISKTPUKIB 3a-
JNEKHO Bil PIi3HUX (AKTOPIB TPEIACTABIISAE BEIUKHHA IHTEPEC MJIs1 BHBUCHHS
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MEeXaHi3My €JIeKTPOHHHUX MPOLECIB 1 MPAKTUYHOTO BUKOPUCTAHHS TAKUX MaTepiaiB.
3Ba)kalo4yM Ha HIMPOKE BUKOPHCTAHHS IT'€30KepaMiuHuX MmarepianiB cuctemu L[TC
y PI3HHX yMOBax €KCIUTyaTallii, METOI0 JaHoi poOOTH € TOCIIPKEHHSI YaCTOTHOI 3a-
JIEKHOCTI eNIeKTPUYHOI IpoBixHOCTI m'e30kepamiku LITC y nianma3oHi HU3pKUX Yac-
TOT.

Hamu gociimkyBanacs 9acTOTHA 3aJI€KHICTh TUTOMOT €JIEKTPUIHOT TIPOBII-
HOCTI I'€30KEPaMiKH Ha OCHOBI TBEPAMX PO3YHMHIB OKCHIIB IIUPKOHATY-THUTAHATY
CBUHIIO — IT €30Kepamiku Mapku [ITC-22 y mianasoni yactotr 0<v<100xI'u. Ha mo-
BepxHIO m'e3okepamiku [[TC-22 3a mpOMHUCIIOBOIO TEXHOJIOT1€0 OyJIM HAHECEH] Cpi-
OHi eNeKTPOIN IIJISAXOM BXKHUTAHHS TACTH, IO MICTHTH Cpidio. 3pa3ok Im'e3okepa-
Miku [[TC-22 siBisiB c00010 quCK miameTpoM 12wMM i ToBruHO0 1 MM. It Bumi-
PIOBaHb €JIEKTPUYHOI IIPOBITHOCTI BUKOPHCTOBYBAJIACS CXEMa, L0 JI03BOJISIE BU3HA-
YaTH OIlip 3pa3Ka 3 HAHECCHUMH Ha HOTo NMPOTHIIEXKHI TpaHi eJIeKTPOJIaMH.

Ha puc. 1 npuBeneHa 3a1exXHiCTh TUTOMOT JIEKTPHYHOT ITPOBITHOCTI IT'€30Ke-
pamixu LITC-22 Bix yacToTH 3MiHHOI Harpyry.

Y, 10-80M !
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Pucynok 1 —3anexHicTh MUTOMO] eNEeKTPUYHOT ITPOBITHOCTI I'€30KepaMiKH
LTC-22 Big yacToTH 3MiHHOT HAIPYTH.

AHani3z oTpuMaHOI 3aJIS)KHOCTI MUTOMOI €JIEKTPUYHOI MPOBITHOCTI BiJ Yac-
TOTH 3MiHHOI Hanpyru (puc. 1) mokasas, IO MUTOMA €JIEKTPUYHA IPOBIIHICT IT'€-
3okepamiku I[TC-22 36imbinyBanacss y BCbOMY Aialla3oHi OCHTIIHKEHHUX YacTOT
O<v<100xTm.

SBumie nucrniepcii eNeKTPUIHOT MIPOBITHOCTI IEIEKTPUKIB OTIUCYETHCS 3a J0-
IIOMOT'0I0 YHIBEPCAILHOTO CTyIIEHEBOr0 3aKkoHy A. Ioruepa [1]:

y~v", 1)
Jie TIOKa3HUK cTyrnenesol ¢pyukii 0,7<n<1.
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3acToCyBaHHS IIOTO 3aKOHY MiJTBEPUKYETHCS THM, IO 3aJE€XKHICTh TUTOMOT
eJIEKTPUYHOT MpoBinHOCTI Im'e30kepaMiku L{TC-22 Bix yacToTn 3MiHHOT HAIIpyTH B
OinorapumMiyHNX KOOpAWHATAX Mae€ JIHIHHMH XapakTep B IHTEpBali YacTOT
O<v<10«k['m. 3HaveHHs MOKAa3HHUKA CTYICHEBOI (DYHKIIIi HA Mil TUISHII CTAHOBUTH
n=0,9.11pu BenmKUX yacToTax JiHIHHUI XapakTep wiel 3aJIeKHOCTI TOPYIIYETHCS.

ExBiBasieHTHa eneKTpUIHA cxeMa 0aratoa3Hol MOKPUCTATIITHOT CTPYKTYPH
m'ezokepamiku LITC moxe OyTH mpencTaBieHa KOMOIHAITIEIO BEIMKOT KITHKOCTI aK-
THBHHX OTOPIB i EMHOCTEH, Uepe3 MaJli 3HAYCHHS iHIYKTUBHOCTEH. 31 301 IbIIEHHAM
YaCTOTH 3MIHHOTO €JEKTPHYHOIO IOJIS SNEKTPUIHHI OIp TaKoi CXeMH Mae 3MEH-
ITyBATHCA 1, BIATIOBITHO, €JIEKTPUYIHA POBIAHICTH 301IBIITYBaTHCS.

CryneHeBul XxapakTep 3aJIeKHOCTI MUTOMOI IeKTPUIHOI MPOBIAHOCTI Hiene-
KTPUKIB BiJl YaCTOTH 3MiHHOI HalpyTH MOXe OyTH 00yMOBIICHHH OaraTrbMa MeXaHi-
3MaMH pyXy 3apsKCHUX YaCTUHOK Y 3MIHHOMY €JIEKTPHYHOMY TOJIi. Y JAieNeKTpH-
Kax eJeKTPUYHA POBIIHICTh OB’ s13aHa 3 pyXOM Pi3HUX HOCIIB 3apsily: €JIEeKTPOHIB,
1OHIB 1 TIOJIIPOHIB NPU CBOEMY «CTPHOKOBOMY> pyCi i Ai€I0 €IEKTPUIHOTO OIS,
MIOBOPOTOM JIUIIOJIB, & TAKOXK PYXOM IHIIHUX 3aps/HKEHUX YaCTUHOK 1 KOMILIEKCIB.

36ubIIeHHS e1eKTpUYHOi npoBigHocTi N'e3okepamiku L[TC mosicHroeThes 3a-
Mi3HEHHSM TMOBIIPHUX MEXaHi3MiB noJisipu3ariii. [Ipyn HU3bKHUX 9acTOTax IepeBaXa-
FOTh TIIporiecy nodsipu3arntii. [Ipy 30iIbIeHH 9acTOTH Pi3Hi 3apsAIKeHi YaCTUHKH He
BCTUTAIOTh pearyBaTH Ha 3MiHY €JIeKTPUIHOTO TMOJIA i, BiATIOBIIHO, HE NOCATAIOTH
MO3UITIH JIoKami3amii. Y ToW ke 9ac BOHHM O€3MepepBHO PYXalOThCs, CIITYIOUH 3a
3MIHOIO €JIEKTPUYHOTO TIOJISI, 1 Yepe3 BEJIMKY Pi3HUINIO MOTEHIIIHHUX Oap'epiB i TOB-
JKMHH BIJIBHOTO TPOOIry 3apsPKEHNX YaCTHHOK CIIPHAIOTH Oe3repepBHOMY 301Tb-
LICHHIO ENEKTPUYIHOI poBinHOCTi [1].
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BILJINB MATHITHOT O TIOJISI HA ®I3MKO-XIMIYHI BJIACTHBOCTI
BOJIN

Boma e nyxe ckiagHOIO i B 0araThOX BIJHOIICHHSIX MAJOBHBUCHOKO CHCTE-
Mor0. [le mosicHIOEThCI 11 TMHAMIYHOIO CTPYKTYPOIO, YTBOPEHOIO JIAHIIIOTaMH CJ1al-
KWX BOJHEBHX 3B'S3KIB.
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OmHEM 31 CIOCOOIB MONIMIIICHHS STKOCTI BOJU € Jis HA Hei MOCTIHUM MarHiT-
HUM TI05ieM. Y pobotax [1,2] moka3zaHo, IO i BIUDINBOM MAarHiTHOTO moJjs Bif0y-
BA€THCS OCTA0JICHHS a00 PO3PHB BOMHCBHX 3B SI3KiB MK MOJICKYJIaMH BOJH, BHA-
CJIIZIOK YOT0 3pocTac iX pyXiMBicTb. BogHouac 3MiHy (i3MKO-XiMIYHHX BIaCTHBOC-
Tell BOJM IMiJl BIUIMBOM MAarHITHOTO IOJIS MOB’ I3YIOTh 3 HASIBHICTIO B Hill JOMIIIIOK,
0cobimBo (pepomartiTHux [3].

SIKIo 10 BOJIM MPUKIIACTH TTOCTIHE MarHiTHE MOJIE, TO B [IbOMY BUIIAJKY MO-
JICKYJIM BOJIH, IO MPEICTABISIOTH COOOI0 3apsIXKEeHI U0, BUIIIMKYIOTHCSI B3JIOBK
CHJIOBHUX JIIHIH MarHiTHOTO 1moJist. [Ipu TeTuioBOMy pyci TUTIOJILHOT MOJIEKYJIH BOIH
Oy/ie BUHUKaTH MOMEHT CHJI, SIKAi HAMaraeThCsi pO3TOPHYTH MOJIEKYJy. MarHiTHe
moJie OyJie TaTbMyBaTH PyX MOJIEKYJIM BOJAU MEPICHIAUKYIISIPHO JTiHISIM MarHiTHOTO
noJst. TakuM 9MHOM, Y MOJICKYJIH BOJIH 3QNIUIIAETHCS TUTHKH OJTHA CTYIIHb CBOOO U
— I1e KOJIMBAHHS y3/I0BX OC1 CHJIOBUX JIiHIH MPHUKIAACHOTO MarHiTHOTO moiist. [1pu-
YOMY, TICBHE TIOJIOXKCHHS JUITOJIB MOJICKYJI BOJU B MATHITHOMY TIOJIi y3T0OBX CHIIO-
BUX JIIHIN ToyIst Oyze 30epiraTucsi, THM caMUM pPOOJISIYM BOIY OLIBII CTPYKTYpOBa-
HOIO Ta BIIOPSTKOBAHOIO.

Tpeba Bin3HaUMTH, 1110 BOJA 3 OLIBII BUCOKMM BMICTOM CTPYKTYpOBaHOI ¢pa-
KIIii He 3aBKJIU € OB AKICHOIO 1 61010T19HO IiHHOI0. [T0Ka3HUK CTPYKTYpPOBAHO-
CTi BOJIM XapakTepu3ye 010JI0TiYHy aKTHUBHICTD BOJHM HE3JICHKHO BiJl CTYIICHS MiHe-
pasizariii, i YuM BiH BUIIHIA, TUM OiJIBII SKICHOIO € TUTHA BOJA.
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0 —6e3 Mar"iTHOTO MOJIs, © —Y MarHiTHOMY TIOJIi.
Pucynox 1 —XapakrepHa 3aJIeXKHICTh 3MIHH OKUCITIOBATBHO-BITHOBHOTO MOTEHIII-
any KaTioHHOT BOJ¥ (’KMBa BOJIA) Bij Yacy.

CrpyKTypOoBaHa-NIOJISIPU30BaHa BOA MA€ YHIKaJIbHI BIIACTUBOCTI:

— B 00‘eMi BOaM MOBHICTIO cTepTa iH(opMmanis, HagdaHa BOJOIO 3a mepion il
ICHyBaHHS JI0 CTPYKTypHU3allii;

— BOJIa Ma€ MMPaBOTBUHTOBY (IIpaBy) CIIHOBY MOJSAPHU3AIII0 MOJIEKYII, (hpaKTa-
JbHY (aHayoriuny) eHeprii mpocropy. Uepes Taky BOAy OpraHi3M OTPHMYE €HEPTi0
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1 BITHOBIIIOE €HEPTrOOOMIH Mi’K OPraHi3MOM i IPOCTOPOM, EHEPTis SIKOTO BiIHOBIIOE
OpTaHi3M Ha EHEpPreTHYHOMY, KIIITHHHOMY Ta OPraHHOMY DiBHSIX;

— BOJIa Ma€ TPaHUYHY APiOHOAMCIIEPCHY CTPYKTYPY;

— MIPUTHIYYE KUTTERISIIBHICTD ATOTEHHOT MiKpodIIopH.

JocnimpKyBanich Taki mapaMeTpd BOIH: KHCIOTHO-TyKHa piBHoBara (pH);
€JIEKTPOIPOBIIHICTE, CyMapHa KOHIEHTpalis po3uuHHMX gomimok (TDS); 3ua-
YeHHs OKHCJIIOBaJIbHO-BiIHOBHOTO ToTeHMIiaxy Boau (OBII).

Jlnst eKcliepruMeHTY BUKOPUCTOBYBAIUCH 3pa3KH aHOJNITY, KaTOJITY, JHUCTHU-
JbOBaHO1, BOXONPOBIJHOI BOAX Ta BOJH IICJIS 3BOPOTHOTO IPOLIECY OCMOCY.

Ha nepmomy erami poGOTH JTOCIHIIKYBaBCsI BIUTUB MarHiTHOTO ITOJIST HA OKHC-
JIFOBAJILHO-BIJHOBHUM ITOTEHIIAT <OKABOT BOIN.

Pe3ynbraTi eKcriepUMEHTIB IOKa3aJli BiACYTHICTh BIUIMBY ITOCTIHHOTO MarHi-
tHoro noyist B=3 Tn na ORPBoau micnst 00poOky B enekTpudHOMY 11od1i. 3 rpadika
BUAHO, IO Ticist 10 romuH <«oKWBa BOJA» MOBEPTAETHCS IO BUXITHUX MOKA3HHUKIB
ORPBozonpoBiHOT BOIH.
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BUITPOBYBAHHA MEXAHIYHUX XAPAKTEPUCTHK IIJIABMOBOI'O
HOKPUTTA

AKTyanmpHICTB TOCTIIXKCHHS OB’ si3aHA 3 BITHOCHO HU3HKOKO MIIHICTIO IITa3-
MOBOTO MOKPHUTTA. MIIHICTh 3YCIUICHHS CTaJCBUX MOKPHUTTIB CKIIANAE JIHIIC
30...40MIla, oo Ha MOPSIOK HIXKYE MIITHOCTI KOMIIAKTHOT'O MaTepialy OCHOBH.
BaxnBoIO XapaKTEpUCTHKOIO € TaKOXK KOre3iifHa MIIHICTh Ta MOy MPYKHOCTI
MOKPHTTS, SIKi IIIe HEJOCTATHRO HociimkeHi. OIHI€I0 3 MOKIUBUX MPUYHH PO3Tpic-
KyBaHHS IOKPHUTTS € 3POCTaHHS 3aMINKOBHX HAMPYXXCHb J0 PIBHSA KOIe3iiHOT
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MitHOCTI. OCKIUIBKY B TOKPUTTI BUHUKAIOTH PO3TATYIOUI 3QJIMIIKOBI TEPMOHAIPY-
JKCHHS, TO 3HAYHUI 1HTEpeC JJIsI OI[IHKH MPAane3JaTHOCTI Ma€ He TUTBKH MIIHICTh
3UCIUICHHS 3 MiJKIIKO0, e i Kore3iiiHa MII[HICTh MK YaCTHHKAMHU ITOKPUTTSI Ta
MOJTyJTb MIPYXKHOCTI, @ TAKOXK XapakTep 1X 3MIHH 332 TOBIIHMHOIO IIOKPHUTTSI.

MeToa BUKOPUCTAaHHS BUIPOOYBAaHb HA BUTHH 3pa3Ka JO3BOJSIE 3HAWTH Bif-
MiHy MEXaHIYHUX BJIACTUBOCTEH 32 TOBIIMHOIO MIOKPUTTS i PO3POOHUTH PEeKOMEH/Ia-
1ii moo 3amobiraHHs pyHHYBaHHS TOKPUTTIB. MiKpoILIi() MOKPUTTS IMOKa3ye Ha-
SIBHICTh TAKUX BHYTPIMIHIX Me(EKTiB, IK MOPUCTICTh Ta iICHYBaHHS OKCHIHUX IIIapiB,
SIK Ha TPaHMII 3 MiJKIaIKO0, TaK 1 MK MMapaMu MOKPUTTS. HasgBHICTD 3a3HAYCHHUX
neeKTiB MPU3BOAUTD J0 iCTOTHOTO 3HWKEHHS KOT€31iHOT MIIIHOCT1 Y TIOPiBHSAHHI 3
MIIHICTIO KOMIIAKTHOTO MaTepiay.

Po3risiHyTO BH3HAYEHHSI MOZYJIS TIPYKHOCTI 1 MEKi MIITHOCTI 32 TOBIIMHOIO
MOKPUTTS MPH KOHCOJILHOMY 3THHI 3pa3Kka BiANIAPOBAHOTO IIa3MOBOTO IMOKPHUTTS
ToBIUHO 1,46 MM. BUKOHAHO BUMipIOBaHHS MEPEMIIIICHHS BITBHOTO KIiHIIS CTEp-
JKHS B 3aJICKHOCTI BiJl MPUKIIAACHOI MOMEPEYHOI CHITH. 3aJIC)KHICTh MEPEMIllICHHS
Bizx aii nonepeuynoi cuim P Bu3HavaeTbest popmyroro MakcBemna—Mopa:

_PL®, (1)
Y=Y

ne P — momepeyna cuna, IpUKJIaAeHa Ha KiHII CTEp)KHs TOBXKUHOMWO |, E — MOy
npyxHocri, I=bh¥/12 —momenT inepuii nonepeunoro nepepisy npu mupuni b i To-
BIIuHi h 3paska.

BukopucrtanHs GOpMyJIH T03BOJISE BUSHAYNTH BEINIMHY MOMYJIS IPY/KHOCTI
3pa3Ka 3aJeKHO BiJ MePEeMIileHHs BITbHOTO KiHIIS KOHCOJTI:

3yl

Jns BU3HaYEeHHsI MaKCUMaJIbHUX HOPMaJIbHUX Halpys>KeHb Ha IMOBEPXHI 3pa3Karpu
KOHCOJIPHOMY BHUTHHI BUKOpHCTaHa GopMyJa:

c=H, (3)
w

ne W=bH/6 — MomeHT omopy mepepisy 3paska, b i h — mmpuna i ToBmuHa 3paska.
BenuumHa BiTHOCHOT MaKCHMAIBHOT Ae(opMallil BU3HAYAEThCS 3aKOHOM [ yKa.

Bimomo, 110 1151 MOPUCTUX MaTepiaiiB MII[HICTh PH CTHCHCHHI B KUTbKa pa3iB
Mi/IBUIILY€ MIIHICTb Ha PO3TATYBaHHs. J[0 Takoro MaTepiaiy BiIHOCSATHCS 1 IIIa3MOBI
MOKPUTTS. TOMy pyiHYBaHHS MOKPUTTS BH3HAYAETHCS MIIHICTIO PO3TATHYTHX IlIa-
piB. [TopiBHSIHHS pe3ybTaTiB BUTIPOOYBAHb MPH PO3TATYBaHHI BHYTPIIIHIX Ta 30B-
HIITHIX TTOBEPXOHb MOKa3aHo Ha puc.l.
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1 —BHYTpIlIHS, 2 —30BHILIHS
Pucynok 1 —liarpama Hanpy>keHb 3THHAHHS BiAMIAPOBAHOTO TIOKPUTTS TPH
PO3TATYBaHHI BHYTPIIIHBOI Ta 30BHIIIHLOT TTOBEPXOHD

TakuM urHOM, MEeTOAOM AedopmMariii cTepKHs i Ti€ro CHil P BU3HAYEHO MO-
IyJdb TPYXKHOCTI 3pa3ka XPOMOHIKEIEBOTO  CaMO(]IIIOCYIOYOr0  HOKPHUTTS
IMPHX15CP2, E=0,5210"I1a, BizHocHY AeopMaliio Ta HOPMAIbHE HAIIPYKEHHS
Ha TIOBEpXHi 3pa3Kka. Mexka MIlHOCTI TIOKPUTTS 3TiAHO puc.l Bu3HavaeThes 3a napa-
MeTpaM¥ pyHHYBaHHsI 3pa3ka i CKJIaJla€ pU PO3TATyBaHHI BHYTPINTHBOT, MPUIETIIOT
1o ocHoBH, oBepxHi 190MIla i s 30BHIHEBOT moBepxHi — 230MI1a.
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AEPOJUHAMIYHA AKICTbD JUTAJIBHUX AITAPATIB

AepoJrHaMiyHa SKIiCTh € TOJOBHOIO XapaKTePUCTHKOIO, 1[0 BU3HAYAE 3/1aT-
HICTB JIiTaka JITaTH Ta MPU3EMIITHCS Y 0E3MOTOpHOMY MOJbOTi. BoHa Bu3Ha4a-
€TBCS SIK BIJIHONICHHS MiAIHMANBHOI CHJIM JIO0 aepoiMHaMivHoro omopy. IlinBu-
IICHHS aepOUHAMIYHOT SIKOCTI TPU3BOUTH 10 301IBIICHHS JATBFHOCTI MOJIBOTY Ji-
taka. OCHOBHMM HANPSMKOM ITiJIBUIICHHS aCpOIUHAMIYHOI SKOCTI JUIL PEIKUMY
KpefcepCchKOro TMONBOTY € 3MCHIICHHS KoedilieHTa T000BOTO OIMOpy, SKUM 3aie-
JKUTB HE TUTBKH BiI JOPMH Ta SIKOCTI 0OPOOKH ITOBEPXHI KpHJIa, aje i BiJ] TUTOMOTO
THACKY, IIBHUIKOCTI IIOJIbOTY, BHIOBXKEHHS KpWJia Ta Micod TypOydizarii
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MOTPAHUYHOrO Iapy. Y TaONuIll HABEJCHO 3HAYEHHS aepOJHHAMIUHOI SIKOCTI — K
JICSIKUX JTITATBHUX amapariB.

Tabmuns 1 —3HaueHHS aepoAMHAMIYHOT SIKOCTI JIESIKUX JITAIBHUX anapariB

Kpaina Hep“?”“ JA k Tun
HOJIT
CIIA 1981 | Creiic lllartn | 4,5 | DAraTopasoBHif kocmid-
Huit JIA
BararopazoBuii Kocmiu-
CPCP 1988 bypan» 5,6 it TIA
BombapayBanbHUK 31
CPCP 1970 Cy-24 9,5 3MIHHOIO CTPLIOBH/IHI-
CTIO KpHJIa
CPCP 1977 Mil-29 10,4 Bunumysau
Boiur 767—
CIIOA 1983 233 (Lnanep ~14 [Macaxupcrpkuii miTak
[imuti)
CPCP 1975 Tk-42 15 PerlOHaHLHE/II/I.Haca)KI/Ip-
CBKHH JIiTaK
Vipaina 2003 Aeros Combat| 16,7 Be3mauroBuii nesbTa-
L TUIaH
Bipmxun At- Tlita Ko
CIOA 2005 nanTuk ['no- 37 TAK UL PEKOPIHHX
HIOJTBOTIB
Oasr Dnaep
Himeuunna 2005 Schieicher 52 CepiitHuii manep
ASG 2¢-18mr

Jani Tabnwuii cBim4ath, mo it OaraTtopasoBux kocmiuHux JIA — Coeiic
aTtn, «bypan» —aeponuHaMivHa SKIiCTh 4-6 € TOCTaTHBOO [UIS 3iHCHEHHS Ioca-
Jku. J{1s Han3ByKOBHX JliTakiB — boMOapayBansHuKa Cy-24, BunuiryBada Mil-29
— acpoIUHAMIYHA AKICTh MiaBUILY€EThCS 10 9,5-10,4 ITinBuiieHHS acpoIMHAMIYHOT
skocTi 3 14 no 16 xapakTepHO I JO3BYKOBUX JiTakiB boinr 767—233 k-42. Haii-
BUIIHH TOKAa3HUK aepOJMHAMIYHOT sTKOCTi — 37 —Ipu MOJOBXKeHHI kpwiia 35, mBu-
axocti 550 km/rox mocsarHyTo s Jtitaka Bipmkua Atnantuk ['noGan ®naep, Ha
skomy CriBen PocceTT 3aiHCHUB 0e3MM0CcaIKOBUI 00T 3eMHOT Kyt 3a 67 rox 6e3
nozanpasok. Ile Bumry aepoauHamiuny sikicte — 52 —mae mwianep Schleicher ASG
29-18m saxuit mae mogomxenus kpuia 301 many xopay 0,6 M, mBuakicts 180...270
KM/TOJI Ta JaMiHAPHHI PEKUM OOTIKaHHS 31 3MEHIIIEHUM OIIOPOM TEPTS Ha OiIbIIIii
YaCTHHI KPHIIOBOTO MPOdiITiO.
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EJEMEHTH MEXAHI3AIII KPUJIA JITAKA

JI31st MOCSITHEHHS BEJTUKUX IBUIKOCTEH MOIBOTY HAa CYYaCHUX JIiTAaKaX 3HAYHO
3MEHIIIEH] 1 IIoMIa Kpuia, i Horo moIoBKeHHS. AJle TIe HEraTHBHO TIO3HAYAETHCS Ha
aepoMHAMIYHIN SKOCTI JiTaka 1 0COOIMBO Ha 3JITHO-TTOCAIKOBUX XapaKTEPHUCTH-
Kax. JIJis yTprMaHHs JliTaKa B MOBITPI Ha HAWMEHIIIH MBUAKOCTI (pH IOcaIli, Ha-
NPHUKIIAN) MOTPiGHO, 11106 KoedimieHT migiomuoi cuau Cy 6yB HailOLnbmmM. OxHak
30UTBIICHHS KyTa aTaKu OUTbIIIe KPUTHIHOTO TIPU3BOIUTE JI0 3pUBY MMOTOKY Ha BEp-
XHil TOBEpXHIi Kpuia i 10 pizkoro 3meHieHHs CY, 10 HETPUILYCTHMO.

JI31st 3MEHIIICHHS TIOCaIKOBOT IIBUIKOCTI 3aCTOCOBYIOTH HA KPWJIaX CIeIialbHi
MPUCTPOT, sIKi HA3UBAIOTHCS MEXaHI3alli€l0 KPWIA. 3aCTOCOBYIOUM MEXaHi30BaHE
KPHJIO, 3HAYHO 30UIBINYFOTE BEMUIUHY C)yaxe, IO TAE MOXKIUBICTh 3MCHIIUTH TI0-
CaJIKOBY IIBHJIKICTh 1 JJOBXKUHY NPOOITY JIiTaKa MiCJA MOCAAKH, 3MCHIIUTH IIIBH/I-
KICTB JIiTaKka B MOMEHT BiJJpUBY 1 CKOPOTUTH JIOBXKHHY PO30Ir'y IPH 371bOTi.

Mexanizallist Kpuja IoJirae B TOMY, IO 3a JJOMOMOTOI0 CIeIialIbHAX MPUCTO-
CyBaHb 301LIBLIYETHCS KpUBU3HA NPOQimo (B JeIKMX BHIAAKAX 1 IUIOMIA KPHUIIA),
BHACJIIIOK YOTO 3MIHIOETLCS KAPTHHA O0TiKaHHs. B pe3ynbrari BinOyBaeThCs 301b-
IICHHSI MAKCUMAJILHOTO 3HAYCHHS Koe(illieHTa T IHOMHOI CHITH.

IcHYIOTh HACTYITHI BUAM MEXaHi3allii Kpuiia: MUTKH, 3aKPUIIKH, TIEPETKPUIIKH.
[[MuTok sBISIE COOOIO TIOBEPXHIO, IO BIAXUISIETHCA, KA B IPUOPAHOMY TTOJIOXKESHHI
MPUMHUKAE IO HIDKHBOI, 3aIHBOT MOBepXHi Kpria. LI[uTok € oJHUM 3 HAHTIPOCTIIIHX
1 HaHO1IBII MOIIUPEHUX 3aCO0IB IMiIBUIIEHHS KoedimienTa miaitomuoi cwmu Cy. 30i-
apuieHHs Cy NP BiAXWICHHI IIUTKA MOSCHIOETHCS 3MIHOI0 (hopMH MPOGLITI0 KpHIIa,
SIKC MOJKHA YMOBHO 3BECTH 10 30UTBIICHHS C(CKTHBHOTO KyTa aTaKW i yTHYTOCTI
(xpuBHU3HU) TIpOdiEO0.

[lpu BiOXWIICHHI IMWTKA YTBOPIOETHCS BUXPOBA 30HA MiJCMOKTYBAaHHS MiX
KPHWJIOM 1 IIIUTKOM. 3HIDKEHUH THCK B ITill 30H1 TIOIMUPIOETHCS YACTKOBO HA BEPXHIO
MOBEPXHIO MPOoDiTI0 ¥ 3aHil KpakIli i BUKJIMKAE BiICMOKTYBaHHS MPUTPAHAIHOTO
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Iapy 3 NOBEPXHI, 10 JISKUTH BHIIE 32 TEUi€l0. 32 paXyHOK BiZICMOKTYIOYOT JIii 1K~
TKa 3al00IraeThcs 3pUB MOTOKY Ha BEIMKUX KyTaxX aTakW, MIBHIKICTh MOTOKY HaJ
KPHJIOM 3POCTAE, 8 TUCK 3MEHIIYETHCS.

Posrisiaemo 3anesknHocTi CY Bii KyTa aTaku JUIs KpHia 3 Pi3HUM MOJIOKCHHIM
IIMTKA: puOpane, 3:iTHe d,,—=15°, mocanoune d,,~40°.IIpu BigXWICHHI IIUTKA B TI0-
cagoune monoxenus (0,=40°) mpupict Cy cranoButh 50...60%,a KpUTHUHHI KyT
aTaK¥ IpU bOMY 3MeHIryeTsest Ha 1...3°. J[ist 30inbiieHHs epeKTHBHOCTI IIUTKA
KOHCTPYKTHUBHO HOT0 BUKOHYIOTh TAKAUM YHHOM, IO TIPH BiIXMJICHHI BiH OTHOYACHO
3MINYETHCS HA3aI, 0 3aJHhOI KpalKH KpHiIa.

3aKpUIIOK € BIIXWISAIOUOI0 YaCTHHOIO 33JHhOT Kpaliky KpHita abo TOBEPXHEIO,
BUCYHYTOIO (3 OJHOYACHHM BiIXHMJIEHHSIM BHH3) Ha3aJ 3-Mi7 KpHia. 3a KOHCTPYK-
Li€10 3aKPUIIKU IUTATHCS HAa MPOCTi (HELITMHHI), OJHOLIUIMHHI 1 GaraToIiuHHI.
Hemrinnuanii 3akpuitok 30ip0rye xoediuieHT miaiomHoi cuau CY 3a paxyHOK 30i-
JBIICHHS KpUBN3HU Npodimro. [Ipu HasBHOCTI Mi>k HOCKOM 3aKpHIIKA 1 KPUIIOM CIIe-
[iaJbHO CTPO(UILOBAHOT NIUTMHN e(EKTUBHICTh 3aKpHJIKa 30UIBIIYETHCS, TaK SIK
HOBITPS, IO IIPOXOJUTD 3 BEJMKOIO IIBUIKICTIO Yepe3 3BYXKyBaHy LIUTHHY, Iepell-
KO/kKa€ HaOyXaHHIO i 3pUBY IPUTPAHUIHOTO IIAPY .

Jlst momanbIioro 301TbIeHHS €EKTHBHOCTI 3aKPHJIKIB iHOJII 3aCTOCOBYIOThH
JBOIIUTMHHI 3aKPUJIKH, SKi TaOTh MPHUPICT KoedimieHTa maiomMHoi cumm CY mpo-
¢bimro 1o 80%.3061nbIeHES CYyaxe KPHJIA TP BUIYCKY 3aKPHIIKIB 200 IIUTKIB 3aJre-
JKUTH Bil psAay GakTopiB: iX BITHOCHUX PO3MIipiB, KyTa BiIXUICHHs, KyTa CTPiJIOBH-
JTHOCTI KpuJia. BiIXWIeHHS 3aKpUIIKiB, TaK CaMoO SK 1 IUTKIB, CYIPOBOKYETHCS HE
TUTBKY migBuIieHHsM CY, ane B 1e O1TbIIOMY CTyIeHI mpupocToM CX, TOMY aepo-
JMUHAMIYHA SKIiCTh IPU BHUITYIICHIH MeXaHi3aIlil 3MCHIITYEThCS.

INepenkpuiok sBisie cOO0I0 HEBENMKE KPWIIBIL, 10 3HAXOAUTHCS TOIEpELy
kpwia. Ilepenkpunku OyBaroTh (ikcoBaHi i aBroMaTnuHi. DikcoBaHI MEepPEIKPUIIKA
Ha CIEIiaIbHUX CTifiKaX MOCTIHHO 3aKpIiIUICHI Ha NESKOMY BiJIaleHHI BiJ] HOCKa
npodino Kpriia. ABTOMATHYHI MEPEIKPIIIKU MPH MOJIBOTI HA MAIUX KyTaX aTakd
IIUTEHO TPUTHUCHYTI 10 KPHJIA MTOBITPSTHAM IMTOTOKOM. [Ipy TIOJBOTI HA BEJIMKHUX K-
Tax aTakKy BiI0YBa€THCS 3MiHA KAPTHHH PO3IIOUTY THCKY 3a Tpo(disieM, B pe3yJIbTaTi
4OT0 MEPEIKPIIIOK K O BiICMOKTY€EThCs. BinOyBaeTbcst aBTOMAaTHIHE BUCYHEHHS
nepenkpuika. [Ipu BUCYHYTOMY MEPEAKPHIKY MK KPHJIOM 1 MIEPEAKPUIKOM yTBO-
proeThest nriHa. [ToBITPSIHUM MOTIK, BUXOASYN 3 IIUIMHU, 3 BEJIUKOIO MIBUAKICTIO
CIIPSIMOBYETHCSI Y3IIOBXK BEPXHBOI MOBEPXHI Kpwia. BHACTiZOK IIbOTO MIBHAKICTH
MOTPaHNYHOTO LIapy Ha BEPXHIl YaCTHHI KpHiia 30UIbIIy€eThCs 1 BiApHB HOT0 BiACy-
BAETHCSI HA BEJIMKI KyTH atakd. KpUTHUHMIA KyT aTtaku npoQiiio npu nboMy 30116~
myerbes Ha 10°...15°%a Cyyaxc 301B1IyETHCS B cepenaboMy Ha 50%.

B minomy, MexaHi3allisi Kpuiia 3 ypaxyBaHHAM il TEePEIKPUIKIB, IIUTKIB 31
3CyBOM Ha3aj, a0 JBOLIUTMHHUX 3aKPHJIKIB CIIPHSE MiIBUIICHHIO KoedilieHTa mi-
niiomHOl cwi Cyuace Maibke Basivi. [lpm onHakoBii rmomy kpuna 1e Jae
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DETERMINATION OF ELECTRICITY LOSSES IN TRANSFORMERS
AND METHODS OF REDUCING THEM

The transformer is designed to convert and transtadtricity without chang-
ing its power. During the operation of the transfer, energy losses occur, which
are associated with the conversion of part of theteécal energy into heat, which is
heated by device and dissipated in the surrounsidage. The loss of electrical en-
ergy in the transformer consists of the main conepts electrical losses in the elec-
trical windings of the transformer, magnetic losisethe magnetic circuit and addi-
tional losses.

Load losses of electric energy for a single elenoétihe network with active
resistancd according to the Joule-Lenz law are determinethbyratio [1]:

.
AW = 3Rj 12 (t)dt. 1)
0

The analytical function describing the law of charg current in time is often
not known, therefore in practice various ways aheucal integration of this rela-
tion which define the basic methodical approacbesatculation of loading losses
of the electric power in elements of electric natwmaare applied. One of such meth-
ods is the loss time method. According to this rodttenergy loss in transformers
can be determined by the formula [1]:

W2 +W2
AW =3RIZK’T = EJTTQ RIE, ()

wherelay is the average current valugy, is the average voltage valleis the graph
form factor,Tis the calculated time periodis is the active energWgis the reactive
energy.

A similar approach is used according to the metbfocalculating electricity
consumption according to the normative documerthefMinistry of Energy and
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Coal of Ukraine "Methodological recommendationsdetermining the technolog-
ical consumption of electricity in transformers graer lines" [2].

In these guidelines, the technological costs aftetdty include energy losses
due to electromagnetic processes in the condupaves of the electrical network
and the cores of the devices during its transmissis well as climatic losses and
energy losses in the insulation of network elements

At high voltage and low current, the transmissibalectricity occurs with less
loss. For the most profitable transportation ottleity in the grid, power trans-
formers are repeatedly used: first to increasevtiitage of generators at power
plants before transporting electricity, and theretduce the voltage of the transmis-
sion line to a level acceptable to consumers.

In real transformers, energy is transferred frompghmary circuit to the sec-
ondary with losses. The cause of electrical lossti® active resistance of windings.
When current flows through the transformer, it Bagy and gives off heat to the
environment. As the frequency increases, the gesist of the windings increases
due to the skin effect. The causes of magnetiekase the reversal of the core due
to hysteresis and the existence of Foucault eddgiots. The alternating magnetic
field in the core generates an alternating vortegtac field, which causes additional
eddy currents, which also lead to heating. Paenafrgy is also lost due to the me-
chanical oscillations that occur due to magnetctitri of the ferromagnetic material
of the core, as well as the interaction of the priyrand secondary windings in al-
ternating magnetic field. Additional losses ocauother steel elements of the trans-
former, as well as a result of current asymmetnsdes in transformers depend on
the load. Without load, the losses are due toekistance of the windings, while at
full load there is usually hysteresis and eddy emnis.

Therefore, in order to reduce the loss of eledtoargy, the resistance of the
conductive wires should be as small as possibleréfbre, wires made of well-con-
ducting material, there are used - mainly alumimurmopper with a fairly large cross
section. To reduce Foucault currents, the coreaigenof thin steel plates, the surface
of which is oxidized. High resistance ferromagnetiaterials are used at high fre-
quencies.

REFERENCES

1. dypcanos, M.U. Omnpenenenue u aHamu3 HOTEPh 3JIEKTPOIHEPTHU B DIICK-
TpUYECKUX ceTsx sHeprocucreM / M.U. dypcanos. — M.: BemvHeprocoepexenue,
2005. — 208..

2. MeToauyHi peKkOMEH a1 BU3HAYCHHS TEXHOJIOTIYHUX BUTPAT CICKTPUIHOT
eHeprii B TpancopmaTtopax i JiHISIX eJleKTpolepeaaBaHHs. — PeXuM JOCTyITy:
https://lwww.energy.mk.ua/index.php/77-akcia-razalia-kategoria/634-metodi
ka9.html
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PERSPECTIVES FOR WIND FARMS IN THE ZAPORIZHZHIA REG ION

In Ukraine, wind energy was used as early as tlie dénhtury. Moreover, over
time, its use has evolved and developed. In addita the territory of Ukraine, the
construction of wind farms began to be planned tanynforeign firms. And it
seemed like the ideas were not bad, and everytiamg as planned, but there was a
problem that could not be calculated. Wind eneggpat stable in itself, because
sometimes where there used to be a strong wind, ftmmw there is a barely felt
breeze. By the way, it was precisely because ointtenstancy of the wind that the
plan of the "Comprehensive Program for the Constrn®f Wind Power Plants in
Ukraine", which was adopted in 1997, was not fi@fil The solution to this problem
is quite simple, you just need to arrange the willdmot in a row, but more scat-
tered. On the surface, this may seem like justaotit arrangement, but here an
interesting factor plays the main role - the windas. Wind roses - this is a graph
on which we can observe the same monsoons and wiadis characteristic of a
given area, that is, it is an opportunity to untkerd where the wind turbine will be
effectively installed. The main thing is not to ade it with the number of wind
turbines, because if there are enough of them, maxthwind turbine will reduce the
productivity of the station.

There are several wind farms in the Zaporizhzhjgore One of them is the
Botievo wind farm. The installed capacity of thexgw plant is 200 MWFigure 1
represents a diagram of the productivity of thisf@ver the years of operation.

Botievo Wind Farm
800
600
400
200

2012 2014 2016 2018 2020
Year

Productivity
MkW+h

Figure 1 — A diagram of the productivity of the Beb wind farm over the years
of operation
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We can see at first a large increase in the prodtycof the station, this is due
to the increase in the number of wind turbines ‘t889/-112" from 30 to 65, and
then we see a fluctuation in the graph, which nbews us how wind instability
affects energy production. In 2019, the wind powknt generated 607.2 million
kwh.

The Primorskaya wind power farm with a total inist@dlcapacity of 200 MW
has been put into operation. The Primorskaya wamneh fuses 3-MW class wind tur-
bines manufactured by General Electric. Projectaaply of "green” electricity is
680 million kWh per year.

In 2018, the Omniflow Vertical Wind Turbine was anted. It uses not only
wind energy, but also the energy of the sun aastdolar panels installed. Omniflow
is a very interesting development, as it does epedd on the direction of the wind.
The most suitable are the territories of the Azayion and the Odessa region, since
there are seas there that will give us a constart {breeze), as well as the climatic
zone will give us the opportunity to use solar geuneore efficiently. This develop-
ment will be a good alternative for wind turbineslawill make wind farms more
productive.
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ANALYSIS AND IMPROVEMENT OF OPERATION OF SOLAR POWE R
PLANTS

Recently, attention has increased to the searclilenelopment of unconven-
tional energy sources, which differ from fossiloesces in their enormous reserves,
so they are practically inexhaustible or reneweatbpécally.

One of the best types of renewable energy souscaslar energy. The sun, by
human standards, is an inexhaustible source ofjgn€here are devices that convert
solar energy into electrical one. These are sddaments.

Solar panels consist of photovoltaic cells packed common frame. Each of
them is made of a semiconductor material suchliasrsi The semiconductor heats
up by absorbing the energy from the sun's rays. ififieéx of energy is releases
negatively charged particles, electrons, insidesttraiconductor. The extra energy
turns out to be enough to rip electrons off theegponding atoms. As a result, holes
are formed in their place, and the freed electtmtsn to wander around the crystal
lattice. Under the influence of an electric fiettie separation of positively and
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negatively charged particles occurs. Thus, a cahstdtage appears. Electrons and
holes begin to move in a certain direction, antelecurrent is formed.
To calculate the energy generated by solar paselshe following formula:

_ I xKyxP,xK, 1)
U

T

E

wherel — the intensity of solar radiation hits the Eartsurface in the horizontal
plane by timé; K, — the correction factor for converting the totalff of solar energy
from the horizontal plane to the inclined surfateaar panelsPy, — the rated power
of the solar panel or solar module circlit- the coefficient taking into account the
losses of the solar battery during the conversimhteansmission of electricity,

— the intensity of solar radiation at which photib&iz panels are tested.

The efficiency of solar power plants depends pritpan the material. This
diagram (Fig. 1) shows the approximate efficientcyatar power plants for the most
common materials. Most of the panels used in Ukaaitnome power plants are
polycrystalline. Their efficiency ranges from 13&4l{7%. For comparison, in mono-
crystalline this figure is 18-22%. The huge lossescaused by the fact that most of
the light is reflected from the silicon wafers areg to heating the structure itself.
The material of the modules also affects the le¥eonversion of light energy. So,
for cheaper cadmium plates the efficiency is 1186 photocells consisting of mix-
tures of gallium, copper, indium and selenium s@GS) - 15%, and for analogs
made of organic polymers — from 5%.

0% Efficiency
20%
10% I I I
0% ! !
Monocrystals  Polycrystals Cadmium CIGS Orgpolymers

Figure 1— Efficiency of solar power plants for the most coommaterials

The slope also affects the efficiency. The fadhéat in winter the Sun is low
above the horizon and the panel needs to be glighided, and in summer, on the
contrary, lowered. In this case, it is better thatpanels are turned towards the Sun.

The peculiarity of the operation of inverters islsthat if some of the panels
are in the shade, this will negatively affect theduction of all modules, even those
that are under the Sun. They will work, as it wérg,only half of their real potential.
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What to do if the roof is not suitable for solanpts. The solution to this issue
will be installation on a support. Unlike roofiniipere is nothing to limit the space
around the panel, which makes it possible to ratate

The effectiveness of the panels depends on theiliggnsity. The better the
illumination, the more power will be generated. Adingly, weather and climatic
conditions are no less significant factor affectimgductivity.

Geographic location also affects performance. @oeXample, in the northern
latitudes in the summer there is a long day, arttiénwinter there is a short night,
which means that in the summer the SES works loagérhas more output. In the
southern hemisphere, everything is exactly the sipgo

Most of the household solar power plants are ilestain the roofs of houses.
Over time, the glass surface becomes covered wihahd fallen leaves. And if the
wind blows the foliage from time to time, the dusually remains there until the
first rain. To maintain effective performance, @aific maintenance procedure is
required for the surface of the panels.

The development of solar energy is promising inwi the inexhaustible
source of energy and safety for the environment.
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DEVELOPMENT OF ACCUMULATOR BATTERIES FOR
SMARTPHONES

First mobile phones were powered by Li-ion batterieor their time, they were
a brilliant power storage devices. Their voltagesviram 2.5 V to 4.2 V. Specific
energy consumption equals 120-270 kW/h. The ontitheng about these batteries
was their high fire risk and low lifetime. Nowadalsion batteries are rare in
smartphones. They were replaced by Li-poly batefideir voltage is the same as
in the Li-ion batteries and energy consumption hasdranged either. But their life-
time has increased dramatically (Li-ion batterigsted to lose their capacity after
1000 recharges, but Li-poly lost capacity only afi®00 recharges). Also the
amount of self-discharge has changed from 10% pettmfor Li-ion up to 3.5% for
Li-poly. This made Li-poly batteries cheaper to ws®l increased lifetime for
smartphone (Fig. 1).

Also there were other batteries such as Ni-Cd anBIiNL But they were re-
placed very fast because of low voltage, low capaand high amount of self-
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discharge. In batteries lithium is used becausesahemical properties. It is light,
compact and has high energy capacity.

100% -

80%

60% -

Capacity

40% -

20% -

0% -

T T T T T T
0 5000 10000 15000 20000 25000 30000
Ne of rechargings

Figure 1 — The graph of capacity loss, dependinthemumber of recharges
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AHAJII3 IOXNBOK BUMIPIOBAHB 3 METOIO BAJOCKOHAJIEHHSA
METOJUKHA JIABOPATOPHOI'O IPAKTUKYMY

AHai3 MoXuOOK BUMIpIOBaHb MOXKE OYTH KOPUCHHUM JIJIsl BUSBJICHHS HEJOJTi-
KiB Yy METOMIII JaOOpaTOPHOTO MPAKTUKyMy. 3 MM HaMmipoM OyJIo TOCIiHKEHO Jia-
6oparopHy poOoTy «BU3HAUYEHHS I'YCTHHH TUD. MeTOI0 poOOTH € pO3paxyHOK I'yc-
THUHH MaTepiary 3pa3ka 3a BiJIOMOIO Macol0 1 pe3yabTaTaMH BUMIPIOBAHHS HOTO PO-
3MipiB Ta HaAOAHHS HABHYOK OOYUCIICHHS MOXHOOK MPSIMHUX 1 OTIOCEPEAKOBAHIX BH-
MIpIOBaHb.

Jns 3 BumamkoBo oOpanux 3paskis 3 Macamu 440r, 216r ta 274r obuncieHa
I'yCTUHA BUSABUIACH OJHAKOBOIO i piBHOIO 8,0510° kr/M3,

Byno 3'sicoBano, 10 BUMAAKOBA CKJIaM0Ba MOXHOKH BUMIPIOBaHb BiJICYTHS.
OTxe, He MOXe OYTH TIOBHOIO MipOIO TOCSTHYTA METa OBOJIOAIHHS HaBUYKaMH 00-
YUCJICHHS TTOXHOOK.

st moipuoi iimoBipHOCcTi 0.99 miBImMpHHA TOBIPYOro iHTEpBAYy PO3MIpiB
3paska cknana 0,0655umM (BUMiproOBaHHS BUKOHYBAJIUCH IITAHT€HIIMPKYJIEM 3 OCHO-
BHOIO oxuOKor0 0,05MM). BinHocHa moxu0ka BUMIpIOBaHHS PO3MIpiB BUSBHIACH
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He Oinmbmoro, Hix 0,0022.B po3paxyHkax OyJi0o BUKOPHCTaHO 3HaueHHs n=3,142,
TaK 110 ITOXUOKOI0 OKPYTJICHHS 1i€] BEITMYMHU MOYKHA 3HEXTYBATH.

JloBizKOBe 3HaUEHHS I'YCTHHH 3BUYaifHOT BYTJIELIEBOT, IITAMIIOBOI a00 BaJIKO-
BoOi cTaui gopisnioe (7,7...7,9)10° kr/m3 3 noxubkoro mere 1% [1]. Takum uuHOM,
3 iiMoBipHicTI0O 99%p03X0KEHHS MiXK O0OYHCICHUM 1 IOBIIKOBUM 3HAYCHHSIMH Ty-
CTUHM Tpeba BiJHECTH Ha paXyHOK TIOXHOKH BUMIPIOBaHHS MacH 3pa3kiB. Taka cu-
Tyarlis € HenpuiHATHOIO. He MoxkHa, 100 moxubka 3a/1aH0i BETUIHHH, BUKOPHCTA-
HOI B pOo3paxyHKaXx, BU3Hadaisa O TOYHICTh KiHIIEBOTO PE3yJIbTaTy.

€ HMOBIpHOIO TaKOXX MPUCYTHICTh CHCTEMAaTHYHOI MOXUOKHA BUMIipIOBAHHSI
Macu (CHcTeMaTHYHE 3aBHMIIEHHS Ha KiJIbKa rpaMiB).

B pe3ynbTati mpoBeneHOro aHallizy MOKYyTh OyTH Ha/IaHi HACTYTIHI peKOMEH-
Janii moao BIOCKOHAIEHHS METOIMKH JIab0paTOpHOi pOOOTH:

1) mepeBipuTH 3aci6 BUMipIOBaHHS MacH Ha HasBHICTb CHCTEMATHYHOI MOXH-
OKH 3a JOIIOMOTOI0 €TaJOHHOI MacH; 2) 3a0e3MeYUTH TOYHICTh BUMIPIOBAHHS MaCH
0.1r; 3) 36iMbLUIMTH TOYHICT BUMIPIOBaHHS PO3MIpIiB 3pa3ka, BUKOPUCTABILIH MiK-
pomerp.

CIIMCOK BUKOPUCTAHUX JKEPEJI

1. IInotHOCTHL CTAIH Pa3JIMYHBIX TUIIOB U MApPOK: TEMII€paTypHas 3aBUCHU-
MOCTh  INIOTHOCTH. — Pexum  poctymy:  http://thermalinfo.ru/svojstva-
materialov/metally-i-splavy/plotnost-stali-tempenataya-zavisimost
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KOMITIOTEPHA CUMYJISALIA J1JIsI BAKOHAHHS JTABOPATOPHOI
POBOTH «BUBYEHHS 3AKOHIB IOCTIMHOI'O CTPYMY»

Ha croroaHi cBiT cTaB mepes mpoOIeMOr0 OpraHi3allil HaB4aHHs ITiJ] 9ac MaH-
nemii. Y 3B'S3Ky 3 0OOMEKEHHSIMHU, SIKi BBOISATHCS Jep)KaBaMU 3aJJIs 3armo0iraHHs
PpO3MoBCIOKeHHS iH(EKIIT, cTana npobiaeMa OYHOTO HaBYaHHS CTYJeHTIB. Maiixke
yci BY3u Ykpainu nepeiinuy Ha nuctanniline HaB4aHHs. B Takux ymoBax npooie-
MOIO € BUKOHaHHS IIPAKTUYHOI YaCTHHU ITPOTPaMHU, a caMe, BAKOHaHH: Jaboparop-
HHX POOIT.

Takox, B cydaCHMX yMOBaxX NMpakTH4YHa CIPSIMOBAHICTb HaBYaHHS BHCTYIA€
AK 3aci0 MOTIMOJICHHS! TEOPETHYHHUX 3HAHb CTYACHTIB BY3Y, IO CHPUSE BUKOPHUC-
TaHHIO MPOAYKTUBHUX METO/IiB HaBuaHHSA. Jly>ke Ba)KKO BMICTUTH B HaBYaJIbHI MPO-
rpaMu  BeCh TOW oOOCAT 3HaHb, VyMiHb, HaBWYOK, SKi  HEOOXimHI
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BHCOKOKBaJi(DiKoBaHOMY (haxiBIEBi B HOr0 B NMPAKTUYHIHA iSUIHOCTI, 3 OTJISITY Ha
TE, 10 B Cy4acHOMY CBITI Jy’Ke IIBHIKAMH TEMIIAaMH BiIOyBa€ThCs PO3BUTOK TEX-
HOJIOTi, OHOBJICHHS iH(popManii [1-3].

3rifiHO cTaHzapTy BHUIIOI OCBITH 3a cnenianbHicTio 121 dmkeHepis nporpam-
Horo 3a6e3neueHHs» st | piBHst [4], omHuMH 3 (haxOBUX KOMIETCHTHOCTEH, SIKUMH
TTOBUHHI BOJIONITH MalOyTHI iHXKEHEpH TPOTPaMiCTH, € «3IaTHICTh OpaTH y4acTh y
IPOSKTYyBaHHI NPOTPaMHOr0 3a0e3MeYeHHs, BKIIOYAlOYH IPOBEICHHS MOJEIIO-
BaHHs (GopManbHUE OmMHUC) HOro CTPYKTYpH, HOBEIIHKH Ta MPOLECIB (PYHKIIOHY-
BauHs (K 14)», @uaTHiCTh HopMyIIroBaTH Ta 3a0€3MeYyBaTH BUMOIH 100 SKOCTI
MPOTPaMHOTO 3a0e3MeUYCeHHS Y BiJOBIIHOCTI 3 BUMOTaMH 3aMOBHUKA, TEXHIYHUM
3aBaandsM Ta craggapramu (K 16)», @natHicTs 3acTocoByBaTH (QyHIaMEHTAIBHI i
MDKIMCIMILTIHAPHI 3HAHHS JUTS YCIIIIIHOTO PO3B’ sI3aHHsI 3aBJIaHb 1H)KeHepii nporpa-
muoro 3abe3nedeHHs (K 20)»./Ins dopmyBaHHS LUX KOMIETEHTHOCTEH 3acobaMu
Kypcy Qi3MKM CTyJeHTaM JaHOI CcrenialbHOCTI OyJIO 3alpONOHOBAHO B SIKOCTI ca-
MOCTIHHOT poOOTH CTBOPEHHS KOMIT FOTEPHOI CUMYJIALIi 10 JabopaTopHOI poOOTH
«BHBYEHHSI 3aKOHIB IIOCTIHHOTO CTPYMY>.

Iarepdeiic mporpamu (puc. 1) aysxe IPOCTHIA, yIHIO HEOOXITHO BBECTH JaHHI,
SIKi SIBJISIIOTH COO0I0 HOMEp BapiaHTy, MiaMeTp MPOBiAHHUKA IJIs 3aBHaHHA 1 Ta cuiry
cTpyMy [uis 3aBaanus 2. [Ticist BBEACHHS yCiX TaHUX HEOOX1IHO HATHCHYTH KHOIIKY
«Start» 11 po3paxyHKy pe3yibTaTy. Y pe3yibTaTi BUKOHaHHS IMporpaMu Mu 0a-
9UMO 2 CTOBOL 3 Janumu. [leprmii cToBOCIs — 3aBAaHHA 1, Ipyruii —3aBaaHHs 2.
V KiHII TOTOKY BUBOY MU 0aU4UMO 3HAYCHHS TOBXWHH, BOHO HEOOXITHO IJIS pO3-
paxyHKIB 3a (opMyaMu BiAIIOBITHO 110 3aB/aHb Ja0OpaTOpHOI poOOTH.
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@ Bagwarrr 1 O Bopuan3 O Bopwerr5 O Bapwwrt 7 O Bapwanr 9 Lrwa =09
O Bawarr2 O Bopmarr4 O Bopuarr6 O Bapwart8 O Bapmant 10
B =1

Pucynox 1 —InTepdetic mporpamu
[TporpamMoro niepeadaveHo AeKinbka yMOB-3aMO01KHHUKIB, SKIIO CTyAeHT (KO-
pHCTYBa4) BOOUTh HEIIMCHI MaHHI abo SIKIIO HE 3aJaTH 3HAYCHHS Ui OOpaxyHKY
pe3yabTary —Oy/e BUAaBaTHCS OIOBIIIEHHS PO HOMIJIKY. SIKIIIO BBECTH 3HAYCHHS,
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1o nopyurye J'IOl"iKy — KOpHUCTYBa4 TaKOXK mobaunTh HOBi,HOMJ'IeHHﬂ po MOMUJIKY

(puc. 2)

TNa6opatopHan pabora

BuiGepere sapuanT
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O Bopuarr2 O Boparrd O Bopuarr8 O Bapuanr6
JNlabopatopran patora X

HeobpaGamsisaemoe ucknoerwe B npunoxen. Mpu naxanm
‘KronKy "TIPOROMXUTL” NPUNOXEHIE NPOUTHODHDYET OUMEKY U

o
(IPIOXEHWE HEMEATEHHO SIBEPUMT PaBOTY.

VhiRexc Haxomince sHe rpar MaccHea.

[ oomonmm | [ Bovon

Beente maven 000 v

BuiGepere sapuant
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O Bapuarr2 O Bapuart4 O Bapuart6 O Bapwanr8 O Bapwan 10

Beemve cuny Toka 100/ mA

Pucynok 2 —Ilpukian ogHi€el 3 MOMUIOK

TakuM YUHOM, JIaHa TIPOTPaMHa CUMYJISILISI I03BOJIsIE BUKOHATH 3aBJaHHS Jia-
0opaTOpPHOTO MPAKTHKYMY Ta OOpOOUTH OTpUMaHi MaHi rpadiqHIM Ta aHATITHIHUM
criocobom [5].
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uyyk. // HaykoBi 3amucku. Cepis: IIpoGremMn MeTomuku (i3MKO-MaTeMaTHYHOI i

224



TexHooriuHoi ocBiTH. — Kporueaunpekuii: PBB LIJIITY im. B.Bunnnuenka, 2020 —
C. 93-100.

YJIK 004.896

T'ynsesa JI. B. Y, Ckpunka O.C. 2

1 nom. xad. pisuxn HY «3anopisbka mosiTexHika»

2 cryn. p. I®-210cn HY «3anopisbka mostitexHika»

PO3POBKA KEPYIOUOI TPOTPAMHY HA ONEPAIIIIO 3 YK

JI7st mokpareHHs: eKOHOMIKO-TEeXHIYHHUX IMOKa3HHUKIB CEpiHHOTO BUPOOHHUIITBA
JeTajell JOCUTh 4acTO BUKOPUCTOBYIOTHCS BEPCTATH 3 YUCIIOBHM IPOTPaMHHUM 3a-
6esneuennsm (aamami YITY). Ile o6rpyHTOBaHO TaKMMH CKOHOMIYHUMH MTOKA3HHU-
KaMmH, SIK MaIIWHHUHN Yac, 3Hoc oOiaxHaHHs, kBamidikaiis Ta 3apobiTHA TU1aTa po-
609oro. MammHHNN Yac 3MEHIIYETHCSA 32 paXyHOK BUKOPHUCTAHHS caMOi CHCTEMHU
UIlY, sixa He moTpedye MOCTIHHOTO KOHTPOJIO 3 OOKy POOITHHKA, Ta UM CaMHUM
3MEHIIYE KUJIbKICTh MOMUIJIOK POOOYOTO IMiJ] Yac poOOTH, IO MiJABHIINYE CTPOK BUKO-
pucTaHHS By3JiB BepcTaTy. Tak sk HaM He MOTpiOeH poOITHUK BHCOKOI KBasi(ika-
uii, 4To abo 5-To po3psy, 3MEHIIYIOTHCS BUTPATH Ha (OHJ OIUIATH Mparli. 30BHi-
mHil Burasa Bepcraty MCV-2418mnonano Ha puc. 1.

Pucynox 1 —3aransHuii BUIIIsL BepTHKAIBHO-(pe3epHoro Bepcrary MCV-2418

VYerpiit UITY — Sinumeric 802Ds TeXHOMOTiYHUMHU XapaKTePUCTUKAMU: CH-
crema UITY «Sinumeric 802Ds|» koutypHa, 3abe3mneuye ofepKaHHs 3aJaHHX PO-
3MipiB i KoH(Qirypamii oOpoOrOBaHOI AeTali, a TaKOX HEOOXiTHI TEXHOJOTIYHI
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KOMaH/AW: BUOIp 4acTOTH 00epTaHHs LINMKUHEIS 1 10/1ad CyHnopTy, BMHKaHHS IIpUC-
KOpPEHHX IIepEeMILIeHb CYNOPTY, 3MiHY iHCTPYMEHTY, BBiZl KOPEKIIii Ha 3HOC IHCTpY-
MeHTy, BBIMKHEHHsI 30OP Ta iHIIe; KUIBKICTD KEpYIOUHX KOOPAUHAT — 3,3 HUX OHO-
yacHO kepyrounx — 3; quckpeTHicts Ax=0,001mm, Ay=0,001mm, Az=0,001mMm. Ha
pHc. 2 mogaHO 30BHIMIHIA BUTILSIN MaHedi ynpasiiHHA Bepcraty MCV-2418,a y
Tabn. 1 —mapamerpu A Kepyrodoi mporpamu Ha onepaitiro 3 UIIK.

EA LM ED

ORBEE

w |5, ]1.]1 720

@0 |

Pucynok 2 —ITanens ynpapiiHHs BepTUKAIbHO-(Ppe3epHOro Bepctaty MCV-2418

Kepyroua nporpama:

19001 ( Howmep kampy)

T ( Komannma nna BubBopy iHcTpymenTy) 1( HoMep iHcTpyMeHnTy B iH-
crpymenTansHoMy 6soni)D1( Mpu BMBoOpi iHCTpyMeHTY OBOB’ A3KOBO HEOO-
ximgHo BUOpaTM HOMep kopekTopy ( llapaMeTp iHCTpyMeHTY))

MSG («strilka-vazhil») ( Bubip Has3BuM nporpamm)
FGROUP (X, Y, Z) ( OnMC KOOPIOMHAT B HAKUX OyIe NpalioBaTU [IPO-
TpamMa)

N10 ( Homep xampy) G90 ( A6comorHa cucrema koopauHat)Gl8 ( Mio-
urHa o6pobxu) GO ( leBunke nepemimenHs ( xomocTuit xim)) G54 (1 3anmaHusa
Gaszu merasni) X70Y0Z75( KoopmuHaTy Ha gK1 nmepeMicTuTbCA 1HCTPYMEHT,
Binnosimuo mo ocam XYZ, Tak gk 11 KOOpAMHATU CTOSATH B ONHINM cupiTui
3 xomaupmow G54 ui xoopamHaTy GymyTh 6az00 meTasi)

N20S200 ( lLlemnoxicTe roJjoBHOTO pyxy ( piszaHH4), 3amaeTeca B
06/ xB) M3 ( BMmxaHHA WNuUHAENd 3a TOOMHHUKOBOK CTpinkon)M8( Bumkanns
nomaui OXOJIOIKYKOUOT pPiImHM)

N30X-16Z261.8 ( XosocTwit pyxX WNMHIENS [0 KOOPAMHATAX)

N40Z16.8 ( Tepexin uepes MIOLMHY Oe3MIEKMN)

N50G1 ( JiinivHe nepemimenusa) Z11.8F220 ( BamaHHa WBUOKOCTL Io-
naui cynopra, 3amacTsca B MM/ XB)

N60X16 ( Iepwe 3HATTS CTPYXKM)

N70216.8
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N80G0z61.8

N9OMS5 ( Bynmuka mnuuzesns) M9 ( BuMKHEHHS MOmadi OXOJIOIMKYKOUOI pPi-
OVIHV)

19002

T2D2

MSG («strilka-vazhil»)

FGROUP (X, Y, 2)

N10G90G18G0G54X70Y0Z75

N20S200M3M8

N30X26.5261.8

N40222.8

N50G1Z17.8F96

N60X42.25

N70222.8

N80G0z61.8

N9OM5M9

N100M30 ( BynmHka WNuHOesNsd, BUMMKAHHA BC1X BUKOHABUMX OPTAH1B
Ta, B 3aJIeXHOCTi Binm Momeni BepcTatry, Buxin y «0»)

Ha puc. 3 npeacrasieHo, siK 3MIiHIOETBCS IETalb i 9ac 0OpOOKH Ha BEpTH-
KaJbHO-(ppe3epHoMy BepcTati MCV-24183a noomororo po3po6iieHoT porpamu.

CTBOpEHHSI, 3aBaHTAXXEHHSI, peJIaryBaHHs Ta BUAAJICHHS IIPOrpaMu MOXKeE 3/1iH-
CHIOBaTHCS Ha Oe3nocepeIHbO MaHell YIpaBiIiHH BepcTaTy, abo Ha KOMII I0Tepi 3
BCTAHOBJICHUM NPOTPAMHUM 3a0€3MEUYEHHSM Ta IEpEecHSIaTHUCs depe3 JIOKAIbHUN
cepBep 10 Bepcrary. Takoxk MokHa 30epiraTi nporpamy Ha TBEPJOTUIMX HAKOIH-
yyBauax indopmarii (diemmkax, xopcTkux auckax, SDta SSDkapTkax).

o T T =

E 1 ’Arlié,AJ-Ahw

(Y —

£ | N
it ¥

. i Y,

Pucynok 3 —EBouromist getani mpu o0poOIii Ha BEpTHKAIBHO-(Ppe3epHOMY Bepc-
tati MCV-24183a 10momMororw po3po0JieHol mporpamMmu
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Tabauus 1 —Po3pobka kep

rouoi mporpamu Ha oneparito 3 YIK

- <
1R
o .E s IIpuMiTKa: BTPy4YaHHS OIIe-
2| 2 = | 2 patopa; moOImIyK OIoKa Ta
L§ gg ‘8 ‘2 Z X AZ | AX | yMOBI IIIISIXY; OXOJIOKYIO9a
g B é E pinuHa; .BBiMKHCHO — BUMK-
z é '5 ™ HEHO Ta iHIIe.
= 5
N &
1| Tip. 1] 618 -16 75l 70 [nctpyment Nel. AGcouto-
THA CHCTEMa KOOPJAUHAT
BBiMKHEHHS obepTaHHs
2 200 16,8 HITHACIIO
’ BBIMKHEHHS 0XOJIOKYIOUOT
piauHA
3 | 22C 11,¢
4 16
5 16,¢
BuMkHeHHS obepTaHHst
HITHHIEITIO
6 | Tp. 618 BuMKHEHHS OXOJIOKYIOUOT
piauHA
Tactpyment Ne2
7 | Tp. 2| 61,8/ 26,5 75 70| AGcomroTHA CHCTEMa KOop-
JHHAT
BBimMKkHEHHS obepTaHHs
8 200 22,8 HIIMRAETIO
! BBiMKHEHHSI 0XOJIOIKYIOUOT
piauHU
9 9€ 17,¢
10 42,2
11 22,6
BumkHeHHS obepTaHHs
LINHAHAEIIO
12 | Ilp. 61,8 BuUMKHEHHS 0XOJIOIXKYIOUOT
piavHU
BUMKHEHHSI BEpCTATY
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HEPEJIIK JZKEPEJI HIOCUJIAHb

1. CNC Vertical Machining Center. Pexxum noctymy: http://www.gibas.ro/
details_s.php?page=1&cond=new&brand=challenger&tatmwe&categl=millin
g&categ2=vertical%20milling&id=202&language=en

2. ObpabarsiBaromuii ieHtp - Beprukansasiii MICROCUT CHALLENGER
MCV 2418,r.8. 2004. —Pexum noctymy: https://industry-pilot.com/ru/vertikalnyj-
obrabatyvajushhij-centr-microcut-challenger-mcv-2423730

YK 62-462.3-408.7

I'ynsesa JI. B.1, Yepenos 3.0.2

1 nom. kad. Pisuxu HY «3anopispka momitexHika»

2 ctyn. rp. I®-510cn HY «Banopisbka HOJITEXHIKa»

BUI'OTOBJIEHHA MOJEJII 1JISI OJEPKAHHSA ITOPOKHUH B
JIMBAPHUX ®OPMAX 3 BUKOPUCTAHHAM CTAJII 2011

[TaTpyOoK — HEBENHMKHUH BiIpi30K TpyOH, MpUETHAHUN O pe3epByapy Ta iH-
IIFM KOHCTPYKITiSIM, CITYTY€ ISl MiAKIIIOYCHHS 10 HUX TPYOOIIPOBOIIB Ta apMaTypu
B IIAX BiABOAY IO HOMY Ta3y, mapy abo pimuau. B 3aiexHOCTI Big MPUHHATOTO
BHUJLY 3 €IHAHHS BUTbHHI KiHEIb MATPyOKa MOCTAYaroTh (IIaHIeM, pi3sOIeHHIM ab0
pactpybom. [laTpyOok Ha3uBa€eThCs IIEPEXiTHUM, KOJIU BiH Ma€ HEOIHAKOBI 110 PO3-
Mipy Ta dopmi kinmi. [TaTpyOoK —Takoxk 3" €aHaE TPyOOIPOBOIH, AKI HEOOXiAHI st
TPaHCIIOPTYBAaHHS POOOYMX TiJ i Ai€I0 PI3HUILI THUCKY.

Pucynok 1 —Bunueka (matpy0ok)

Crpykrypa ctani 2071 ysiBisie coboro cymii nepiity Ta ¢pepury. Tepmiuna 06-
po6ka crami 2Q]T oTpEMaTH CTPYKTYpy PEHKOBOrO (IIaKETOBAHOIO) MApTEHCHTY.
[Ipu TakuX CTPYKTYypHUX MEPETBOPEHHAX MIIHICTH 3pOCTAE, a INTACTHYHICTD 3MEH-
mryetsest. [Ticst TepmiuHOTO 3MinHEHHS npokar i3 craii 201 MokHa BUKOPUCTOBY-
BaTH JUIsL BATOTOBJICHHS] METH3HOI NPOIYKIIi1.

CraJjp —1e CIuiaB 3aii3a 3 ByriieneM (3 BMICTOM BYTJIELIO y ciuiasi 1o 2,149).
KpiM ocHOBH - 3aii3a i ByIJIeIt0, MiCTUTh MOCTilHI gomimku: Si,Mn,S,Pra rasm.
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BBezieHHSI y CTalb TAKUX €JIEMEHTIB, K Ti, Mo ta Cr - miBuIIlye MeXaHi4Hi Biac-
THUBOCTI Ta J03BOJISIE TPALIOBATH MIPU BUCOKUX Temmeparypax (tabi. 1).

Tabmuus 1 - Ximiunwmii cxiag crami 2071 3a TOCT 977-85
C Si Mn S P Ni Cr | Cu | Fe
0,17...0,2% | 0,2C...0,52 | 0,45...0,9C | 0,0% | 0,0t | 0,2 | O, 0, | ~9¢

(@8]

YKapoMminHi criaBu — i CIUIABH BiIPI3HSIOTHCS BIACTHBICTIO MPOTUCTOSTH
TUTACTUIHIN medopmaltii i BIUTMBOM HANpyT NPH BUCOKiN TemmepaTypi. Ha xapo-
MIIHICTh BEJUKUI BIUIMB BHSIBISIE IPUPOJA TBEPAOTO PO3UMHY OCHOBH CILIABY,
foro TeMrieparypa IJIaBJICHHS 1 TUI KPUCTATIYHOT penriTkd. UM BuIe Temmepa-
Typa IUIaBJICHHS] OCHOBH, THM BHIIIE )KaPOMIIHICTh CILIABY.

Tabmuis 2 —Mexaniuni Baactusocti craii 2071 3a TOCT 977-85

. |Mexa Te- THMH?_ Binnocue Binnocue Y{[apl-.xa
Mapxka | Kareropis . coBUil B A3KICTb
. . .| ky4ocTi . MOJIOBXKCHHS |3BY>KCHHS
cTajgl | MIIHOCTI . MIla omip Gs, 5 % % KCU,
m MIla ’ v kJx/m®
2011 K20 216 412 22 35 491

XapakTeprcTHuKa MaTepiaiiB BOTHETPUBKOTO TTOKPHUTTS

JluBapHi GopMHU BUTOTOBISIOTH 3 (POPMYBAIBHHUX CYMIIIEH, 10 CKJIALy SKHX
BXOJISITh TillC, BOTHETPHUBKI Ta CIOJY4YHI pEYOBHHH abO CIelliabHi BOTHETPUBKI
Macu. CyMilll TOBUHHA MAaTH BJIACTHBOCTI: OYTH IJIACTHYHOIO, MIITHOIO, Ta30MTPOHH-
IIa€MOM 1 BOTHETPUBKOIO 1 pO3ITUPIOBATHCS MPH 3aTBEPIiHHI 1 HArpiBaHHI.

DopMH B TUTTI 32 BUTOTUTIOBATEHUMHU MOJEIISIMU POOJISTH OaraTorapoBUMH.
ITepmri mapu popmu, 3BaHi 0OIUITIOBATEHUMH, 0€3ITOCEPETHBO CTHKAIOTHCS 3 PO3II-
JIABJICHUM METAJIOM i TOMY ITOBHHHI OYTH BUCOKOBOTHETPHUBKI, MIITHHM i Ta30IpoO-
HUKHUMHA. OONIUIFOBAEHU TIap 0popMIIsie TECOMETPUYHI PO3MIPH BUIIMBKH, TOMY
HEOOXIHO, 00 BiH TOYHO KOIIFOBAaB MOJICIb.

SIkmo oOnuIFoBaJIbHUM MIap He Oyne MIHUM, TO CTPYMiHb PO3IUIABICHOTO
METay 3MOXKe HOro 3pyHHYBATH 1 3aKPHUTH JOCTYI METAIy JO IHIINX AUITHOK (o-
pMH a00 CIIOTBOPUTH KOHTYPH BiaimBaeMux jaertancii. [Ipu mamiii BOTHETPUBKOCTI
OOJNHIIOBATBHOTO Mapy (OpMU MiJ BILTMBOM BHUCOKOI TEMICpATypH METaldy BiH
MOXe€ OIUIABUTHCS, a00, SIK KQXKYTh, CIPUTOPHUTH 10 JUTBa». [[OBEpXHS BIIJIUTOT BH-
JIUBKH TIICTIS OYHMIIEHHS OyJie HepiBHOIO, a OTEepaIlis OYMIEHHS YTPYIHEHa, OCKi-
JIbKHM YaCTUHKHU OOJIMIFOBAILHOTO MIapy (OpMHE CIIIABOM 3 METAIIOM.

[Ipu3HavueHHs 30BHINIHBOT YAaCTHHH (OPMHU - 3MIIIHEHHS OOJMIIOBAILHOTO
mapy. OfHaK i 30BHIITHS YacTHHA (OPMU TaKOXK IMOBUHHA OyTH ra30MPOHUKHEHOIO,
JIOCUTh MIITHOI0O Ta BOTHETPHWBKOIO. Bci OONMIIOBANIbHI MaTepiand B JHTTI 3a
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BUTOILTIOBAJIbHUMH MOJICTISIMH CKJIaJal0ThCS 3 MOPOIIKY-HAIOBHIOBAaYA 1 PIAMHU —
CKJIIFOYOTO, 3B'I3yI0Y0T0 PCUYOBHHH.

B sikocTi HarmoBHIOBaYa 7151 OOJIHMIIOBAIBLHOTO APy (GOpMU 3aCTOCOBYIOTH BO-
THETPUBKI MaTepiajy, MO0 NPeICTaBIAI0Ts cO00I0 ApiOHOANCIIEPCHHH TTOPOIIOK:

1) mapmanmut (qpiOHMIT MOMeN IPUPOTHOTO KBAPIUUTY ab0 YHCTOTrO KBapLO-
BOTO I1icKy) - BorHeTpuBkicts 1700 °C;

2) kopyH[I (OKHC aTIOMIHi0);

3) eJEeKTPOKOPYHL;

4) naBiaeHU# KBapil.

3acTocyBaHHs KBapIIUTIB sIK HATOBHIOBAaYa 3aCHOBaHE HE TIIHKH Ha iX BUCOKOT
BOTHETPHUBKOCTI, aJle¢ B OCHOBHOMY Ha BJIACTUBOCTI JaBaTH 3aJMIIKOBI 3MiHH B 00-
cs131 ipu HarpiBauHi. [Ipy TpuBamoMy HarpiBaHHI KBapUUT IIEPEXOAUTH B 1HIII MO-
mudikarii, 30ipIyrouncs B 06cs3i Ha 15...19%.3Mimyroun KBapuuTH 3 TilCOM,
MOXHA OTPHMATH Macy 3 HEOOXiTHUM KOe]ili€eHTOM PO3IIUPCHHS.

Bci 1i MaTepianu He BOJIOAIIOTH TUIACTHYHICTIO. TOMY J0 CKJIaay OOTHUIFOBA-
JHHUX MAaC BBOJISATH 3B'A3YI0Yi PCUYOBHHHU - BUCOKOMOJICKYJISPHI KPEM'SHUCTI CIO-
ayk# (STHICHITIKAT, PiZKe CKJIIO).

Etmncunikar - ckmagHa KpeMHiAOpraHiyHa CIONyKa, po3po0iieHa pajsHCh-
KAMH BUCHUMHU. 3MillIaHe 3 HATIOBHIOBAa4YeM, BOHA ITOKPHBAE MOJIENTb TOHKOI €1aCTH-
9HO{ IUTiBKOIO, SIKA ITiCIIsl BACUXAaHHSA Ha0yBae HEOOXiHy MEXaHIuYHy MIIHICTb 1 BH-
COKY BOTHETPHUBKICTh TIPH BEIBMH YUCTiH MOBEpxXHi. J[ist oTprMaHHs 3B'sI3KH Ha OC-
HOBI €THJICHITIKATy HOTO MiIIa0Th TiapOi3y.

3B’ s13y104i OBUHHI BOJOJITH HACTYITHHMH BJIACTUBOCTSAMH. 3MOYYBATH MO-
JIeTIb, HE PO3YMHSAIOUM 1 HE BCTYNAIOUYH B XIMIYHY B3a€MOJIIO 3 11 KOMIIOHEHTaMH,
BOJIOJIITH TIEBHOO MiIBUIIICHOIO B'SI3KICTIO; CKIICIOBATH 3¢pHA OCHOBH B TIPOIIECi CY-
IIKK O0OJIOHKH TPU KIMHATHIN TEMIEpaTypi; YTBOPIOBATH BOTHETPUBKY, IIEMCHTY-
109y OCHOBY OOOJIOHKH, 3a0€311eUyIOYH MILHICTh Ta )KOPCTKICTh Ii IPU HarpiBaHHI
JIO TEMIIEPaTypH 3aIMBAEMOTO PO3ILIABY B IEPiO]] 3aJIMBKY 1 3aTBEPAiHHS BUIIUBKH.

BurotoBneHHsI BOTHETPUBKOI 000JIOHKH:

KinbkicTh mapis, 1o HAHOCATHCS Ha OJIOK - OMUHAIATE, OCTaHHIH 0e3 00cH-
nkd. [lepiini Tpu 1mapu BOTHETPUBKOTO MMOKPUTTSI HAHOCATH eNIeKTpoKopyHaoM Ne20.
B's3kicte cycnensii s nepmoro mapy (50...55)c. IIpu HaHeceHHI 4eTBEPTOTO i
HACTYITHUX IIapiB OOCHIIKY BHKOHYBATH IIaMOTOM. JIJIs bOTO HEOOXiTHO oOIyc-
TUTHU OJIOK B 0aK 3 CYCIIEH3I€10, a MOTIM 3aHyPUTH B mMicKocHIl. [Tics Ko)XKHOTO Ha-
HECEHOT0 IIapy BCTaHOBIIOBATH OJIOKM B CYIIWJIO JJISI YTBOPEHHS BOTHETPUBKOI
00O0JIOHKH.

BorueTpuBka cycrieH3iss nmpuaaTHa 10 poOOTH Ha TPOTs3i oaHiel noou s 1,
2 wapis, a JuI1 HACTYNHUX Ha npoTsa3i 5 ni6. Ilicnsa npurotyBanHs cycnensii 3a-
HECTH B MapIIPyTHY KapTy HoOMep Tifpoiizata abo '3, mokazaHHs TeMIepatypH i
BiZTHOCHOI BOJIOTH HA JIUISHII TEMIIEpaTypH B'sI3KOCTI Cy3IeH3ii.
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HEPEJIIK JZKEPEJI HIOCUJIAHb

1. Jlute€ 1O BBIDIABISEMBIM MoOAeNsM. — Pexum  gocrymy:
http://www.modificator.ru/terms/casting1.html.
2. Jlute€ 1O  BBIUIABISICMBIM  MOACHSIM. — PeXHM  IOCTyIy:

http://iznedr.ru/books/item/f00/s00/z0000043/st@heéml|

YK 629.463

Tarapuyk T. B. 1, ®ypmanos B. M. 2

! nomn. xad. pisuxu HY «3anopisbka moTiTeXHiKa»
2 cryn. rp. T-319HY «3anopisbka NOIITEXHiKa»

JOCJIJKEHHA OCOBJMBOCTEM 3HOCY T'AJTBMIBHUX
KOJOAOK BAHTA’KHUX BAT'OHIB

Sk BiOMO y JTBOBICHUX Bi3KaX BaHTa)KHUX BAaroHiB, FaJIbMiBHI KOJIOJKH 3HO-
IIYIOTHCS B MTOTIEPEYHUX TIEPETHHAX JOBKUHU HEPIBHOMIPHO, 3MIHIOIOYH CBOIO (ho-
pMy 1 3MEHIIYIOYH TOBIIMHY. Pe3ynbTaT Takoro sSBUINA HE 3aBXKIU OaKaHWH 3 pi3-
HHUX NPUYUH, TOMY HEKOHTPOJIbOBAHUI MPOSB HEPIBHOMIPHOTO 3HOCY KOJOAOK Ha
PyXOMy CKJIaJi He0OXiTHO YHUKATH BUKOPUCTOBYIOYH PI3HOMAHITHI KOHCTPYKTHUBHI
Ta TEXHOJOTIYHI crrocoOn. ["abMIBHI KOJIOAKH, SIKI BCTAHOBJIIOIOTHECS Ha BaHTAaXKHI
BaroHW TIpH IUTAHOBUX BU/IaX PEMOHTY Bke TpH mpodiry 50...70tuc. km He 3a0e3-
MEYyIOTh HaliHy poOOTY TalbMIBHHUX CHCTEM BaHTKHHX IIOI3JIB 4Yepe3 JOCST-
HCHHSI HCHOPMATHBHOT'O TPAHWUYHOTO 3HOCY 32 TOBIIMHOK, TOMY IX OTPiOHO 3aMi-
HIOBaTH Ha HOBIi. B pe3ynmpTari OT0 CyTTEBO 3pOCTAIOTh CKCILTYaTAIliifHI BUTPATH
1 3HIKYETBCS Oe3reka pyxy Ha 3aJi3HUYHOMY TPaHCIIOPTI.

3aranbpHa Kiacudikamis reoMeTpii 3HOCY poO0UnX MOBEPXOHb I'AJIbMIBHHUX KO-
JIOJIOK:

1. Kinekicuuii (MOHICTHYHHMI) BHI 3HOCY POOOYHX MOBEPXOHB raIbMiBHUX KO-
JIOJTOK — 3BUYHI JJTS OTJISI1a4iB-PEMOHTHHUKIB: KIIMHOTIONIOHMM, PIBHOMIpHUH Ta OJ1-
HOCTOPOHHiH 3HOC. [TpH TakuX opMax 3HOCY KpUBHU3HA POOOUOT TOBEPXHI KOIOJOK
OJIM3bKa JI0 BETMYWHH, SIKa MAJIO 3MIHIOETHCSI, 3BOPOTHO TIPOTIOPIIHHO pajiiycy KoJia
KodeHHs Kojeca R.

2. lyanpHui BHJ 3HOCY pOOOYUX MOBEPXOHB TAIBMIBHUX KOJOIOK — IPOSIB-
JISETHCS Yepe3 MPOBUCAHHS KOJIOJKH IIiJl JI€F0 BIACHOI Bary, Je poboya MOBEPXHS
KOJIOJIKH 32 IIEPEPi30M CBOET TOBKHUHU 3HOMITYETHCS OCOOIMBUM YHHOM, YTBOPIOIOUHU
«IPOBAH-TICPETHHU» Ha MMOBEPXHI CBOTO MPWJIATAHHS J0 KoJieca.

IkimBuii 3HOC KOJOAOK, SIKUH BUHHKA€E y BEPXHIH YaCTHHI 32 MiCI[EBOTO
(pUKLIITHOTO CTUPaHHS KOJOAKH, 3pOCTa€ 3 IHTEHCUBHICTIO, 1110 BUIIEPEKAE Cepe-
JIHIO HOPMY 3HOCY, IPHYOMY HE TUIbKH B PEXKHMI raJibMyBaHHsI BaroHa, aje i mpu
Horo pyci B peXuMi TATH Ta BUOIry. BinnmoBimHO, B il KiHIEBiH YaCTHHI KOJIOJKH
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yTBOpIOEThCS Mananunk Q, ne 3ycwuist G po3noAiIsieThes 10 OBEPXHI KOUEHHS
KoJieca 3 IATOMHUM THCKOM (. Y PE3yJIbTaTI BUHUKAE CTHPAHHS BEPXHBOTO KiHIS
po0oU0i YaCTUHH MOBEPXHI KOJOJKH — KIHIIEBUU 3HOC Bil JUHAMIKH, SIKHH MOTIM
HaOyBa€e BUTIISAY TyaldbHOTO 3HOCY BiJl POBHUCAHHS.

Taxe HeraTMBHE SIBHIIE Bi0OYBAETHCS Yepe3 HENOCKOHATY KOHCTPYKIIIO Tpia-
HTeJIs Ta 9epe3 HU3bKY HaliiHICTh MPUCTPOIO PIBHOMIPHOTO BiIBEIEHHS TajibMiB-
HUX KOJIOJOK Bifn kouic. TyT, y BHIagKax pyxy KoJieca MO HEPIBHOCTAX peHKOBOT
KOJIi1, M Ji€f0 THHAMIKK He30aJaHCOBAHOTO IEHTPY BarW JeTayiell KOJOIKOBOTO
rajbMa BUHHKAE cwiia N, BIUTUB SKOT MPUBOIUTE 0 BiIXMIICHHS KOJOJIKHU BiJl BPiB-
HOBQ)XEHOTO IOJIOKEHHS IUIAXOM ii IIOBOPOTY BiIHOCHO ImapHipa d, 3 0JHOYaCHO
HECTIHKMM HMPUTHCHEHHIM 3ycHiusiM G 10 Kosteca, 10 00epTaeThes. 3 4acoM, 3HOC
Bciei po6oUu0i MoBEpXHI KOJIOAKHM BiIOYBa€ThCS TakK, IO IUIONa MaiiiaHunka Q He-
nependauyBaHo 3MiHIOEThCS. [IpoTe, B peskiMax rajbMyBaHHS I 1€ TabMiBHOT
cuin K xosozka 3aBxau 3aiiMae cBO€ CTilike BpiBHOBaXKEHE ITOJIOXKEHHS.

OpHak, BEpXHsl, BXXC CTEpTa YAaCTHHA KOJOIKH, BiXOJUTH BiJ MOBEPXHI KO-
YeHHs KoJjieca i He Oepe ydJacTi B rajdbMyBaHHI. HUKHS 9acTHHA KOJIOJKU TPUTHC-
Ky€ThCS 710 KOJIeca, ajle € BKOPOUCHOIO Yepe3 110 MUTOMI I'aJIbMiBHI HATHCHEHHS (.
MIEPEPO3MOMIISIOTHCS B3IOBXK KOJIOJKH HEPIBHOMIPHO. Y BEpXHil YaCTHHI KOHIIEH-
TPYIOTBCSI 3HAYHO OB MUTOMI THCKH, SIKI 10 HU3Y MOCTYIOBO 3MEHIIYIOTHCS.
TIpomopiiitHO 3MiHIOIOTHCS IHTEHCHBHICT 3HOCY KOJIOJKH 1 TeMIIepaTypa TpiboTex-
HIYHOI MapH I 9ac raibMyBaHb. OTXe, TyalbHHUIA 3HOC Ha POOOUill MOBEPXHI ra-
JBMIBHHUX KOJIOJIOK BaHT)KHUX BaroHiB BUHUKAE B 3B’ 3Ky 3 MOYATKOBHM YTBOPEH-
HSIM IIKIJUIMBOTO 3HOCY y BEPXHil YaCTHHI KOJOAKH BiJl IMHAMIKH PYyXy Bi3Ka IO
HEpIBHOCTSIX KOl B pe’KMMax TSATH Ta BUOIr'Y i pO3BHBAETHCS P T'aJIbMyBaHHI KO-
JIOJIKOBHM TaJbMOM. Y IIUX YMOBaX Ha MOBEPXHSX, SIKI KOHTAKTYIOTh OJHA 3 OJHOIO
— KOJIOJIKA Ta KOJIECO peallizyeThes cuia TepTs Fen, a B 30HI KOHTaKTy KoJieca 3 pei-
KOO IPY BCIX peXHMMax TaJIbMyBaHHs Jli€ CHJIa OTIOpY KOUCHHS KoJleca.

YJK 53.082.781

Bapanosa O.A.%, Ceiinameron C.B.2

Yeryn. rp. PT-610cn HY «3anopisbka nositexHika»
2 crapm. Bukn. HY «3anopisbka momitexHika»

BI3YAJI3ZAIIIS MATHITHOTI'O ITOJIS 3A JOITOMOI'OXO MATHITHOI
IJIIBKA

JI71s1 HAOYHOCTI MarHiTHE TOJIe HaidacTilne 300paXxyloTh Yy BUTIISAAI JTiHIH 1H-

JYKITii MardiTHOTO MOJIsA. Y Oyb-sIKii TOYIl MPOCTOPY BEKTOP 1HAYKIIIi MAarHITHOTO
MOJIsl COPSIMOBAHUHN MO AOTHYHIN A0 wmiel miniil. JIiHii MarHiTHOI IHAYKIIT MOXXHA
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Bi3yalti3yBaTH 3a IOTIOMOT0I0 IPiOHNX (pepoMarHiTHUX 00'€KTIB, IKi MOXKYTh BUTEHO
a00 Maibke BUIBHO pyXaTUCs B 30BHIIIHHOMY MarHiTHOMY ITOJIi.

Haii0inpIr mpocTuM 1 pO3MOBCIOKEHNM METOJIOM Bi3yallizarii MarHiTHOTO
TOJIS € BUKOPHUCTAHHS 3aTi3HUX olypok [1]. Ha apkymn manepy HacumaroTsest npioHi
MeETaJeBi OLIYPKH, 3HU3Y PO3TALIOBYETHCS JIOCIIPKYBaHUH IIPEIMET, OLIypPKH YIIO-
PSIIKOBYIOTHCSI Y3IOBIK JTiHIHM iHAYKIIiT MaraitHOTO 1moist (puc. 1).

POK

OpmnauM 3 HalicTapimmx METOIiB B 001acTi Bi3yati3allii MarHiTHOTO TIOJIS € Me-
tox bBirrepa [1, 2]. Bin momsirae B 3acTOCyBaHHI 3aMiCTh ONIYPOK KOJIOITHOTO PO3-
YHHY, 10 MiCTHUTh MIKPOCKOIIIYHI MeTaJIeBi YaCTUHKH. BOHM yHOPSIIKOBYIOTBCS y3-
JIOBXK JIHIM 1HAYKII] MarHiTHOTO ToJIst, pOpMyFrOoUuH KapTHHH biTTepa, siki MOXXHa BU-

Pucynox 2 —300paxeHHs1 TOMEHIB B MOHOKPHCTAJI 3ai3a, oTpuMaHi birtepom B
1930poi [2]

Takum 9WHOM, B OCHOBI IIMX ABOX METOIUK JIEKUTH MarHiTHHH 1HIUKATOD,
SKAH TpecTaBisie o000 abo npiOHMIA mopomIoK, abo crerianbHy CyCIeHs3iro.

[le omaMM MeTOIOM Bi3yali3allii MarHITHOTO MO, SKUH MPUAOAaB MOIYIIIp-
HICTh OCTaHHIM YacOM, € BAKOPHUCTAHHSI CIIeIiabHuX TUTiBOK [1] (prc.3).
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a — JDKEepeIto MOCTIHHOTO MarHiTHOTO TI0JIT MOOUTEHOTO Tene(oHy; 0 — CTPYKTypH
MAarHiTy Ha XOJIOJWIbHUK
Pucynok 3 —BukopucTaHHS MarHiTHOI IUTIBKH IS Bi3yautizarii

Bonnu aBns10TE C00010 TOHKI, HAITIBITPO30Pi, THYYKI JIUCTH, TOKPUTI MIKPOKO-
MipKaMH, sIKi 3aIIOBHEHI YaCTHHKaMH Hikelro B Macii. CaMe 3 JOIIOMOTOIO IITIBOK
BIA€THCS SKICHO BUSBUTH, UM Mae€ JOCIIJDKyBaHE TUIO MOTPiOHI BIACTHUBOCTI 1 sIKe
pO3TallyBaHHS CTBOPIOBAHMX HHUM JIIHIM 1HAYKIII MarHiTHoro mojis. Mertomauka
nyxe npocTa. [11iBKka 3MiHIOE BIATIHOK 1 CTaE:

* TEMHiIlle, SIKIIO JiHil PO3TANIOBaHI MiJ] MPSIMUM KyTOM IO TTOBEPXHi;

* CBiTJIIIIIE, SIKIIO JIiHIT PO3TAIIOBaH] Y30BX HOBEPXHI.

CIIACOK BUKOPUCTAHOI JIITEPATYPU

1. Sk 3miNiCHIOETHCS Bi3yauisallis MarHiTHOro mois? — Pexum moctymy:
https://mirmagnitov.ru/blog/obzory/kak-osushchegigtsya-vizualizatsiya-mag-
nitnogo-polya/

2. Metoau Bi3yanizallii MarHiTHHX IIOJIB HOCIiB iH(opMarii. — Pexxum moc-
tymy: http://www.bnti.ru/showart.asp?aid=980&IvI=01.02.02.

YJK 621.333

Tarapuyk T. B. !, lumkin B.A.?

1 non. xad. pisuxu HY «3anopizbka HoTiTeXHiKa»
2 cryn. rp. E-510cn HY «3Banopizbka HOTiTEXHiKa»

PO3PAXYHOK EJIEKTPOJBUI'YHA JIJIAA POJIMKOBOT' O
CTEHAY T-30

3BaproBaibHa TEXHiKa il TEXHOJIOTIS 3alifMarOTh OJTHE 13 IIPOBITHUX MICIIb Y CY-
YacCHOMY BHPOOHHITBI. 3BapIOIOThCS KOPITYCH TIFAHTCHKUX CYIEPTaHKEPIB i CITKi-
BKa JIFOJICBKOTO OKa, MiHIATIOPHI JIETalli HAIIBIPOBIMHUKOBUX TMPIIAIIB 1 KiCTKA
JIOMVHM TPU XIpypriuHMX omepamisx. barato KOHCTpyKWiH Cy4acHMX MamiuH i
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CHOPYIKEHb, HATIPUKIIA]T KOCMIYHI PaKeTH, MiIBOIHI YOBHH, HAQTONPOBOIH, BUTO-
TOBUTH 0O€3 JIOTIOMOTH 3BapPIOBaHH HEMOXKJIMBO. PO3BUTOK TEXHIKH Mpe[ sIBIISIE BCI
HOBi BUMOTH JI0 CIIOCOOIB BUPOOHHUITBA i, 30KpeMa, J0 TEXHOJIOTii 3BaplOBaHHS.
CroroziHi 3BaprolOTh MaTepiajH, SIKi e BiJHOCHO HEJaBHO BBAXKAJMCS €K30THY-
Humu. L{e TUTaHOBI, i OCpUITi€EBI CIUTaBH, MOJIOCH, BOIb(ppaM, KOMITO3HIINHHI BU-
COKOMIITHI MaTepialii, KepaMika, a TaKoX yCUIAKI CITOJIyIeHHS Pi3HOPITHUX MaTepi-
aJiB. 3BaprOIOTHCS AETall €NEKTPOHIKU TOBIIMHOIO B TPOXHM MIKPOH 1 JIeTaii Bax-
KOT'O BCTaTKyBaHHS TOBIIWHOIO B KiJIbka MeTpiB. [IOCTIHHO yCKIIaqHIOIOTECS YMOBH,
Y SIKHX BUKOHYIOTHLCS 3BapIOBaIbHI pOOOTH: 3BAPIOBATH JJOBOJAUTHCS ITi]T BOJOIO, TIPH
BHCOKHUX TeMIlepaTypax, y NIMOOKOMY BaKyyMi, TIpH ITiIBHINEHIH panialii, y HeBa-
TOMOCTI.

Bce 11e BucyBae mizBuIeHi BUMOTH 10 KBauigikanii ¢axiBuiB B o0macTi 3Ba-
pIoBaHHS, 0COOIMBO POOITHHKIB-3BapHUKIB, TOMY IO CaM€ BOHH 0e3MocepeaHbo
OCBOIOIOTH HOBI CHOCOOM i NpHHOMH 3BaprOBaHHsS, HOBI 3BaplOBalbHI MalIWHH.
CrorozaHi po604oMy 3BapHHKOBI HEAOCTATHEO BMITH BUKOHYBAaTH TPOXH HeXal Ha-
BiTh CKJIQHHUX, ONEpaliii OCBOEHOTO M criocoOy 3BapioBaHHs. BiH MOBHHEH po3y-
MITH (i3UYHY CYTHICTH OCHOBHMX IIPOIIECIiB, IO BiOYBalOThCS MPHU 3BapIOBaHHI,
3HATH 0COOTMBOCTI 3BapIOBAHHS Pi3HUX KOHCTPYKIIIHHUX MaTepiaiB, a TAKOX 3MICT
1 TEXHOJIOT1YHI MOXJIMBOCTI 1HIIMX, K TPAIUIIHHIX, TaK i HOBUX, MEPCIIEKTUBHUX
Croco0iB 3BapIOBaHHS.

Pomukorwuii crera T-30. CTeHa npu3HAYSHUHN A1 00EpTaHHS IMIIHAPHIHIX
BHAPOOIB 31 3BapIOBAITLHOIO IMBHIIKICTIO TP aBTOMATHYHOMY 3BapIOBaHHI. A TaKOX
Juist obepTaHHS BUPOOIB 3 MapIIOBOI IIBHJIKICTIO 1 YCTAHOBKH iX B 3py4YHE MOJIO-
JKEHHSI P 3BaproBaHHi, 30ip1ii, 00poOIi, KOHTPOJII Ta IHIIUX Olepaliii 3BaploBaIb-
HOTO BUPOOHUIITBA.

I'OCT 21327-751epenbayae Tpy TUIH POIUKOBHX OTIOP 1 IICTh THUIIB CEKIiN
3BapIOBAJBHUX POJIMKOBHX CTEH/IB, @ TAKOXK JIBa BUKOHAHHS - IPUBO/IHI 1 HETIPHUBO-
JHI omopH 1 cexuii. OCHOBHUMH ITapaMeTpaMy POJIMKOBUX OIIOP 1 CEKIiH € JoImyc-
TAME pajiaibHe HaBaHTAXCHHs Ha POJHK, JiaMeTp pOJIMKA 1 Jiama3oH JiaMeTpiB
3BaproBaHUX BUPOOIB. [IJIsT MPOTHUCTOSTHHS KOPO3ii BUKOPUCTOBYETHCS 130JIS1Tis 3Ba-
pHUX CTHKIB. [IpHUBig pOTUKOBUX CTEHIIB ABISE COOOI0 CHCTEMY EIIEKTPOABUTYHA 3
penayKTopamMH, sika 3abe3rnedye o0epTaHHS MPUBOIHUX POJIMKIB B POJINKOBOMY CTE-
H7Ii 31 3BapIOBaIIbHOI 200 MapIIOBOT MBHIKICTIO.

CTeHJ CKIIaacThes 3 paMU, Ha SIKi 3MOHTOBaHI MPUBIT 1 POJIMKOOTIOPH - TIPH-
BOJHI 1 posnmkooniopu - HE npuosi. [IpuBoHI posimkoomnopy KpimisTeCs 10 Baly
3a JOTIOMOTOI0 MY (T.

3anexHO Bij BHIY pOOIT Ta 3aCTOCYBaHHS MOXHA BHOPATH OJMH i3 IUX JBU-
TYHIB JJIs TIOAAJBIIOT EKCILTyaTallii.
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Pucynox 1 —Pomukosuii cren T-30

Tabmuus 1 —Texniuni xapaktepuctuku posaukoBux crenniB T-30ta T-30b

T-30 T-3Cb
Hiamerp Bupo6is, MM | 30C...400( [oTy>HiCTh IPUBOAY:
BaHTgmoniz{ﬁOM- 10000 Ha po0OOYOi MIBHIKOCTI, 0.7
HICTb, KTI' kBt
Jomyctume HaBaHTa- . .
JKEHHS Ha OJIUH po- 1300 Ha Map mOBO]; TIBHIROCT, 2.8
JIUK, KT KBT
IBuakicTe 06ep- [IBuaKicTe 0OepTaHHS
TaHHsI IPUBOJY: [IPUBOJY:
poGoua, M / rox 24...9€ po6Goua, M / rox 24...96
MaplIiosa, M / XB 13 Mapmiosa, M / XB 13

Tabauis 2 —BuOIp CIEKTPOABUIYHIB Il po00Y0l Ta MAPIIOBOI IBUIKOCTEH

AIP 90 LA8 #em11¢, 0.75xBt, 38(B AWP 112 MAE#em13;, 3xBt, 38(B
YacTtora obep- 75006./xB YacTtora obep- 100006./x5
TaHHS TaHHS
IhaMe;S{ Bana, 24 JiameTtp Bajga, MM 32
3aXHUCT IP54 3aXUCT IP54
Maca, xr 3C Maca, xr 46
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OTxe npu migdopi ABUTYHA JUIsl posimkoBoro creHny 1-30, Oyino BuOpaHo Ha
OCHOBI HaBaHTa)XCHb NPUBOAIB 2 Tumn ABUTYHIB - AIP 90 LA8 #em118iinoro 2400
(mBi THCsui woTHpHcTa) rpH. 1 AUP 112 MAG6 #em13iiinorw 3630 (pu Tucsdi mwi-
CTCOT TPUIUATH) TPH., BUOID SIKHUX LIIKOM 3aJISKHUTh BiZl poOOTH, siKa Oy/e BUKOHY-
BaTHCh 32 JIOTIOMOTOIO CTEH/T, @ TAKOX BiJl EKOHOMIYHOI CKJIaJI0BOT MiIPHEMCTBA.

YK 53.087.61

[leuenko T.B.1, Ceiinameros C.B.2

Yeryn. rp. PT-610cn HY «3anopisbka mosiTexHika»
2 crapm. Bukn. HY «3anopispka momitexHika»

CIIOCTEPEXEHHSA ®IT'YP JIICAXKY ITPU JOJABAHHI B3BAEMHO
HNEPNNIEHAUKYJIAPHUX TAPMOHIYHUX KOJINBAHb

®Oirypu Jlicaxy — 3aMKHYTI TPAa€eKTOPii, AKi MPOKPECTIOIOTHCS TOYKOIO, IO
3IIICHIOE OJJTHOYACHO /1B TAPMOHIMHUX KOJIMBAHHS y JIBOX B3a€EMHO NEPICHINKY-
JSIPHUX HampsiMKax. Briepine BuBueHi ¢paniy3skuM HaykoBieM K. Jlicaxy. Bun
Gbiryp 3aJeuTh Bij CiBBIAHOIICHHS MiX mepiogamu (YacToTamu), $hasaMu i amri-
JiTyaamu 000X koiuBaHb [1]. ¥V HaiimpocTimoMy BUnmaaky (3a piBHOCTI 000X mepi-
0J1iB) irypu SBISIOTE COOOI0 emincH, siki npu pisauii ¢a3 0 abo T BUPOIKYIOTECS
y BIAPI3KK MPAMHUX, a IPH Pi3HULI (a3 7t/2 i piIBHOCTI aMILTITY ] IIEPETBOPIOIOTHCS B
KoJso. Skmo mepionn 000X KOJIMBaHb HE TOYHO 30iratoThbes, TO pisHHIA (a3 Bech
4ac 3MIHIOETHCS, BHACIIZOK YOTO €IIIC Bech Yac aedopMyeThbes. [Ipr icTOTHO pi3-
HUX nepiogax ¢irypu Jlicaxxy He CIOCTepiraloThCs, OCKUIBKH eMIc NeOpMyETHCS
MIBUIKO, KAPTHHA pO3MHUBAETHCA. OHAK, SKIIO MEPiOIH BiAHOCATHLCS SK 111 YUCIIa,
TO Yepe3 MPOMIXKOK Hacy, piBHUH HaMEHIIOMY KpaTHOMY 000X TepiofiB, TOYKa,
II0 PYXA€ETHCS, 3HOBY MOBEPTAETHLCS B TE€ K MOJIOKEHHS — BUXOIATH (irypu Jlicaxy
CKIIaaHIoI hopMH.

Jus otpumanss ¢iryp Jlicaxy BukopucToByBaBcs IM(MpOBHA ocruorpad
Hantekcepii DSO5000510 3amamM’ ATOBY€, Ta MPOrpaMHHii TEHEPATOP CUTHATIIB 3BY-
KOBO1 yacToTH (2 KaHau, MakcumanbHa yactota — 20480 ) [2]. OtpumaHi dirypu
Jlicaxxy Juis pi3HHX CHIBBiJHOIIEHb MIXK YaCTOTaMH Ta Pi3HHUX KyTiB 3CyBY (a3 Ko-
JUBaHb, MPeACTaBIeHI Ha puc. 1.

CIIACOK BUKOPUCTAHOI JIITEPATYPA

1. dusuueckast sHUHKIONEANS: B 5T. / 1. pea. A. M. IIpoxopos. —M.: Cose-
tckast sHImkIone s, 1990. -T.2: Jlo6potHocts —Marnuroontuka. — 1990. — 708
2. Ceiinameros, C.B. Iludpposuii ocumnorpad y nadopaTtopHoMy (i3HIHOMY
MPaKTUKyMi. MeToandHI BKa3iBKH 10 J1a00paTOpHUX Ta HAYKOBO-IOCTITHAX POOIT
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CTYJCHTIB iH)KCHEPHO-TEXHIUHHX CIIElianbHOCTeH AeHHOI Ta 3a0uHoi popmu / C.B.
Ceitnameros, C.B. JlockytoB. —3anopixoks: 3HTY, 2014. — 3@.

Kyrscysy das Ap
90°

o |
@

23

Pucynox 1 —®irypu Jlicaxy, 3anucaHni 3a 101oMororo uppoBoro ocumwiorpada,
1110 3aram’ ITOBY€
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CEKIISA <AHTJIIACbKA MOBA»

VJK 37.0:316.3
Olga Adamenkb
!PhD (Philology) assistant prof. National Universi@aporizhzhia Polytechnic»

AUTHENTIC TEXTS AS A MEANS OF TRAINING WRITING SKIL LS

Existing language teaching approach emphasizasrtfemcy of acquiring au-
thentic communicative competence to be successftriansmitting and obtaining
information properly in a real-life discourse. Suattility is essential for ESP stu-
dents to accomplish original tasks and be effidietteir professional environment.

Authentic materials help a teacher to engage stadeto true to life context
and enhance their writing skills. Being producedabseal speaker, authentic texts
are culturally colored, conveying a real messadmyTserve as real examples of
writing patterns and formats. This allows studemtsonly to enlarge new vocabu-
lary and improve linguistic awareness of coherdifmgical organization of all the
discourse elements) and cohesion (the connectisardgénces and paragraphs), but
behave like a target language group in order teebegnized and validated by them
(Kramsch 1998).

Authenticity features a link between learners’ lirggic abilities and their pro-
fessional goals. Using original texts to practicéing skills increases students’ mo-
tivation and arouses their curiosity by transfegraourse knowledge to their daily
lives. Besides it makes classroom activities maté/@, removes the monotony of
artificial texts and stimulates students to achitheelevel necessary for successful
communication in English.

However while selecting authentic content a teasheuld consider its real
purpose. It means there is a strong correlatiowdxst the text and relevant tasks.
They are supposed to be authentic and goal oriefitegte is also a risk to imple-
ment culturally biased or grammatically and leXic@lurdened material. It can lead
to frustration; reduce students’ motivation andfience. Besides too much time is
needed to decode the information given. Some relsegs argue that only upper-
intermediate and advanced level students can citheawthentic texts as they are
too complicated to comprehend. The methodologigtsgainst the use of too con-
ceptually dense authentic materials with beginaer# interferes successful under-
standing.

All'in all natural discourse makes the learneryadiue to life tasks through
the language. Realistic models of written Engligshction as clichés and facilitate
further communication in professional sphere, allmastudents to feel the realia
they can face in the future and be prepared inrazbia
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VK 372.881.111.1
Yuliya Bykova
senior teacher, National University «Zaporizhzhidyeechnic»

WRITING SKILLS AT UNIVERSITY LEVEL

At university, students learn to write specific égpof technical texts that are
pertinent to the fields they are studying. Thidudes adopting a style of writing
appropriate to the academic field and genre thegesiuis writing in. Students must
also learn to apply a rhetoric that is characterizg an exact, systematic logical
argumentation and empirical rationale. Academidimgirequires students to incor-
porate and synthesize diverse sources of knowledgen authoritative viewpoint.

However, as times have changed, so have the néstiglents and the society
they live in. Universities are under pressure gpoad to these new needs of students
and society.

Most writing students do at university today ha®etaon the all-encompassing
role of being a method of evaluation. Writing ideof the factor which decides
whether a student is successful at university dr Acstudent’s ability to master
seminar papers, reports and exams determines whaestadent will be successful
at university. Writing has become the key to sua/im many fields of study.

Despite the need for evaluative material and the firessures of mass educa-
tion, the real objective in teaching and learningdemic writing at universities ex-
tends long past the day of graduation. Today’srteldyical advancements in our
globalized world have underscored the importandéesfong learning for the indi-
vidual and society at large. The learning for todayst also focus on continued
learning tomorrow.

In a broader sense, written communication is eidentthe successful con-
tinuation and future development of important isibns — professional, govern-
mental, industrial, commercial, and nonprofit —ttimereasingly depend on special-
ized written communication in a global environment.

Students will need a greater diversity of linguisésources and rhetorical flex-
ibility to successfully enter professions and itugitbns and to transform those insti-
tutions as the pace of change continues. Studeets sufficient practice in the new
genres and rhetorical strategies that belong nlgttoruniversities but to the world
which the students will be entering after univgrsResearch in genre theory verifies
the need of students to gain practice in the tathgenres.

In addition to students’ needs to practice wriimgnultiple genres and rhetor-
ical modes while at university, they also need apputies in which they can prac-
tice writing for the sake of practice. Academicters need opportunities to practice
academic writing when there is no grade or teaetialuation at stake. When writers
feel free to experiment and to express themselkieg,are also more likely to enjoy
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putting their ideas down on paper so that othergead them. It can also be assumed
that when students are given the opportunity tetpra expressing their ideas in a
stake-free environment, they will be likely to airqgua more favorable attitude to-
ward writing.

YK 372.881.111.1
Boiitenxo C.B.!
Yerapm. suki., HY «3anopi3bka HOTiTEXHIKa»

OPTAHIBAIISA CAMOCTIWHOI POBOTH CTYJEHTIB, )
OPIEHTOBAHOI HA ®OPMYBAHHA MOBJIEHEBOI KOMIIETEHIIII
(POPMYBAHHS HABUYOK UATAHHS TA IMCbMA)

T'oBopstum mpo 3B'I30K YUTAHHS 3 IHIIMMH BUJIaMU MOBJICHHEBOI JisSITHHOCTI,
X04YeThCs 3BEpHYTH yBary Ha Te. LIO Meplll 32 BCE YUTAHHS MOB'S3aHO 3 MHCHMOM,
TOMY IO 1 YUTaHHS, 1 MUCEMO KOPUCTYIOTBCS OJIHIEI0 TpadiyHOI0 CHCTEMOIO MOBH.
[Ipn HaB4aHHI IHO3EMHHUX MOB Ii¢ HEOOXiIHO BpaXxOBYBaTH 1 pO3BHUBATH IIi JIBl KOM-
METEHTHOCTI Y B3a€EMO3B'A3Ky. | camMe BKJIFOUCHHS KPCaTWBHOTO MUCHMa JI0 HaB-
YaHHS CTYACHTIB TBOPYOMY IMHCEMHOMY MOBJICHHIO € OJHUM 3 NPIOPUTETHUX Ha-
IpsSMiB Y CHCTEMI HaBYaHHS iHO3EMHOT MOBH Y BHIIMX HaBYAJIbHHX 3akianax. [1ig
KpEaTUBHUM MHCHMOM PO3YMIIOTh OCOOJIMBI BHIIM TBOPYHMX MUCHMOBHX POOIT, sKi
MIPUITYCKAIOTh OPHUTiHANIBHICTh MUCJICHHS aBTOpa, pealtizailii Horo HecTaHTapTHUX
i71e#, IyMOK, BiTIyTTiB, OCHOBOIO SIKUX € CB000/1a caMOBHUpakeHHs. Bigomo, 1o Me-
TOIO HABYAHHS TUCHMY, SIK OJTHIET 3 YOTUPHOX BUIIB MOBIEHHEBOT JiSUTBHOCTI, € ¢o-
pMYyBaHHS IMCHbMOBOI KOMYHIKaTHBHOI KOMIIETEHIII], IKa OXOILTIOE BOJIOMIHHS M-
CbMOBUMHU 3HAKaMH, YMiHHS IPaMOTHO OOy TyBaTH 3MicT i HOpMY MHCEMOBOTO MO-
BJICHHS, TOOTO KPEaTUBHE MUCHMO CIPUSITHME TOCATHCHHIO ONTHUMAIBHOI €THOCTI
TEOPETUYHO] 1 MPAKTHYHOT MOBHOT MiATOTOBKY CTY/ICHTIB.

Kpim Toro, cydacHi 0cBiTHI TeXHOJIOTIT BIAMOBIHO 10 el bosoHchKoro npo-
1ecy nepeadavaoTh pamioHabHE TOETHAHHS ayAUTOPHOI, CAMOCTIHHOT Ta 1HIUBI-
JyaJbHOT pOOOTH CTYJICHTA 3 IEPEHECCHHSAM OCHOBHOI YBaru Ha OCTaHHI BUU HaB-
YaneHOI MisTbHOCTI. CaMe y Impolieci HaBYaHHS KpeaTHBHOMY ITHChMY B3a€MOAHAI3
1 B3aEMOKOpPETYBaHHS MMUCBMOBHUX POOIT CITOYATKY MPOBOAATHCS HA ayJUTOPHHX 3a-
HATTAX 13 MOCTYMOBUM TIEPEXOJIOM JIO CaMOCTIHHOT pOOOTH CTyIIEHTa 3a MEXaMHu
BH3. Taka npakTrka CTBOPIOE YMOBH IS TIOCHJICHHS 1HIMBITyaltizamii, OCKiIbKH
CTYJIEHT caM oOMpae cTparerii Jo0opy i opraHizallii MaTepiaay IJs HAaTUCAHHS Ye-
PHETKH 1 peiaryBaHHsI Ta KOpETr'yBaHHsI HAITHCAHOT0. Y MPOILIeC HATMCAHHS TBOPUMX
poOiT BimOyBaeThbcsi CaMOCTBEP/PKEHHSI CTYICHTIB, BOHM HaBYAIOTHCS TPAIfOBATH
CaMOCTIHHO Ta CHIBIPAIFOBATH 3 IHITUMH. BaKIMBUM € Te,II0 MPAaKTHKA 3aCTOCY-
BaHHS KpPEATHBHOTO MHChMa € JIOIUIBHOK Ha OyAb-iKOMY eTami HaBYaHHS
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iHO3eMHOI MOBi. He3ane)xxHo Bi 3aponoHOBAHOrO Pi3HOBHIY TBOPYOTO MHCHMA,
iCHy€ KOHKPETHHH alTOPUTM HaIlMCaHHs TBOPYOI poOOTH, a caMe: CTBOPEHHS HE00-
X1IHOT MOTHBAIIiT; AKyMYJIFOBAHHS 1JIeH; TUIAHYBaHHS; CKJIaJJaHHS YOPHOBOT'O MaTe-
piay; KOpEeKTyBaHHs YOPHOBOT'O MaTepialy; HalMcaHHs KiHIIEBOTO MaTepiaiy.

[Mepmmit nocBix 3acTOCyBaHHS KPEaTHBHOTO MMChMa Ha 3aHATTAX 3 aHIJIIHCH-
KOT MOBH T0Ka3aB, 1110 CTYJICHTH OTPUMYIOTh BEJIMKE 3aJ0BOJICHHS Bl HECIIO/IIBAHO
OpHUTIHALHUX JJI1 HUX CaMUX TOpoOKiB. Hampukiiam, Ha MO9aTKOBOMY €Talm MOYKHA
3aMpOTIOHYBATH 3aBJaHHS HANMCATH CIUJILHUHN TBip a0 OMOBiTaHHS, MPH ITLOMY
KOKEeH CTYJICHT Ha JIUCTKY [T0J]a€ HOT0 3ar0JIOBOK 1 MEPILUi PSIOK, IEPEAaE M0 KOy
OJTHOTPYIHUKAM, sIKi JIOTIOBHIOIOTh yMKY CBOIMH acotiarfisimu. KoJu TMcTok nose-
pTaeThes 10 aBTOpa, BiH KOperye i 00’ €JHye Bei inei B omuH TekeT. HacminkoMm Ta-
KOT'O YNTAaHHS Ta aHaji3y poOiT CBOIX OJHOTPYIHHUKIB € PO3MIUPEHHS MOBHOTO J0C-
Bily CTYZICHTIB 1 pO3BUTOK YMiHb 00’ EKTHBHO aHaJi3yBaTH Ta OLIIHIOBATH K CBIH,
TaK 1 9yHU{ TEKCT, 0 € BAXIMBUM JUIsI Maii0yTHROTO creniamicta. L{ikaBoro mis
KpPEaTUBHOTO MHUChbMa MOXKE OYTH HACTaHOBAa 00 €JHATH B OJHY KOPOTKY iCTOPIIO
TPHY pedeHHs a00 eIeMEeHTH PEeUYeHHs, SKi HaJlaHl BUKJIafadeM. Y MOAaIbLIIOMY J10-
PeYHO NMOETHATY 1HMBITyasbHI Ta KOJEKTUBHI OPMHU pOOOTH CTYICHTIB Y BUITYCKY
CIIBHOT poOOTH 32 MPUHIIUITOM OJHi€T TeMu. [Ti3Hile CTYyJeHTH MOXYTh CTBOPIO-
BaTH Bi3yaizallifo cBoix pobiT y ¢opmari Power PointGo Bimeonpesenrariiii, pos-
MIIIYIO4H iX Y COIabHUX MepeKax, pO3BUBAIOYH Ta BIOCKOHAIIOIOYH MPH [bOMY
CBOIO iH(popMariitHy KOMITETeHTHICTb. [le € myke MOTy)KHUM CTUMYJIOM i MOTHBA-
I€}0 BIOCKOHAJICHHS aHTJIChKOT MOBH Ta MOJAJNBIIOIO MPAKTUYHOTO 3aCTOCY-
BaHHS ONIAHOBAHUX TEXHOJIOTIH YIPOJOBXK NPO(ECiiHOTO XUTTS

ITpoGnema 3acTocyBaHHsI KPEaTHBHOTO MHCHEMa Yy MPOILECi BUBYECHHS 1HO3EM-
HOI MOBH JIOCTaTHBO CKJajgHa i OGaratorpanna. [lonambmoi po3poOku noTpedyroTh
NHUTaHHA 1000pY TBOPYMX BIIPAB, X KiIacU]iKalii Ta SKOCTI 3aCTOCYBaHHS KpeaTH-
BHOT'O ITUCHMA, 0COOJIMBOCTI OpraHizanii poOOTH Ha BCiX eTanax HaBYaHHS.

VK 811.111
Valentyna Kuzmenkb
senior teacher, National University «Zaporizhzhidyeechnic»

DEVELOPING READING AND WRITING SKILLS FOR
POSTGRADUATES

Students undertaking postgraduate research degreesxpected to write a
major thesis and publish conference and journallest

If they have started studying at postgraduate ltha} probably already have
good undergraduate-level skills, but these willdeeloped further and assessed
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more stringently in postgraduate study. Therefibrey will need new skills for post-
graduate study. They will be expected to:

1. read core materials in order to get a broadespeetive on their specialism;

2. demonstrate academic judgment by gathering appte published evi-
dence or data, which they then critically evaluae use as the basis for logical
argument and discussion;

3. gather their own data and consider its sigmifdea by using methodologies
such as questionnaires and statistical analysis;

4. present their findings in a professional marasera written assignment, a
dissertation, or an oral presentation to others.

They will also need to read large quantities of tpxckly, accurately and crit-
ically. In this context, 'critical' means discemithe strengths and the limitations of
the work they are studying, so they can engageiwithan appropriate level.

Through studies students acquire an understandlihg theories and concepts
of their subject. In gaining an understanding, eathan simply 'learning’ the theo-
ries, their thinking evolves and they are ableotorf well-reasoned judgments about
the theory.

The textbooks are the first source of informati®hey tell the students the
names of key theorists and they can also follovomiihe references, the bibliog-
raphy or further reading lists provided. By selegtthose that are relevant and ex-
panding their reading to them, they are led ontl@iorelevant materials with their
own lists of references.

Before starting a search for material to read,stivelents should identify the
key themes they are looking for. Also think abotaivtype of literature would be
most useful to them. If the subject is new to shislea generic text book might be a
good starting place. If this is a subject area tkreyw something about then they
may wish to refine their knowledge on the academnigrofessional literature.

They can use the OU's online library to find soumaterial (it has links to
journals, articles, e-books and more), sign indieh the audio content available to
OU students.

When searching online they can use: a Google Schetach; an OU li-
brary search; a web search; Wikipedia.

Once they've found some promising material, theyt@aassess whether or not
it is relevant so they are not to waste time regqudiaterial of little value.

Some of the sources the students might use: telth@cademic journals;
professional journals; government literature; orgational literature.

Once the students have identified the sourceghbgtthink they want to read,
they are to go through them briefly to make suat they are indeed relevant to their
studies. There is no point in reading a source ecehemsively until they are sure the
material fulfils their requirements.
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Scanning is the technique used, for example, whamgtto find a name in a
phone book. It usually involves running your fingeross and down the page to try
and identify salient words. By scanning the papens have accessed you should
soon be able to see whether or not they are rel¢wgour studies. So, the students
shouldn't discard those that aren't relevant atdtage. They may be useful later.

Skimming is the next stage of the process in degidihether or not a partic-
ular piece is worth reading more thoroughly, a®duires the students to engage
with the text a little more. There are two leveilskimming. At the basic level they
should read the abstract, summary or overview tagénsight into the purpose and
the findings of the document, then read the headamgl the subheadings to see how
the information is organized. By reading any cosidos they can make sure that
the outputs from the piece can contribute to thederstanding. They may still feel
that they need a better understanding of whatuli®oes are trying to do before they
read the text in its entirety. Here it may helpeaad the first paragraph of each sec-
tion, or even to read the first two lines of eaehagraph. Doing this will make it
easier to decide whether or not to read the ettt

Once the students have selected something to mragrehensively it is im-
portant that they engage effectively with the t®sdfore starting, there is a need to
be sure that they have thought about why theyeading it and what they want to
find out.

Critical reading can be seen as a three-stage ggogaderstanding, question-
ing, evaluating.

VK 372.881.111.1
Yuliya Sobot
!PhD (Pnhilology), assistant prof. National UniveysiZaporizhzhia Polytechnic»

TEACHING TOOLS FOR THE DEVELOPMENT OF READING AND
WRITING SKILLS IN STUDENTS OF TECHNICAL SPECIALTIES

University students study foreign language throtighframework of their na-
tive language, it results in interference thatdtagously a negative impact on learn-
ing. Mixed ability groups and limited contact hotiosces the ESP teacher to opti-
mize mastering foreign language, use scaffoldinglaimguage instruction for
strengthening core skills together with boostingnomunication competence.

The use of integrative teaching tools help fostexding and teaching and at
the same time train and develop such competencgsrasand interaction in a team,
critical thinking, ability to lead a civilized diassion and reasonably express opin-
ion, think and act on their own. All these compet=ncan be formed in real verbal
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activity while discussing topical controversialuss, open-ended questions that
awakes genuine interest of learners.

A lead-in activity like brainstorming while fillingrrayer model for main con-
cept force students clarify and discuss the tdpigives a good start for generating
interest and further classroom activity. The opedesl questions are also may
plunge learners into the theme. What is importat ¢areful thorough selection of
the issues that would give food for thought anehstate students to expressing their
vision of the problem. We discuss such topics watthnical students “Perspectives
and threats of Artificial Intelligence”, “Social i, their role in our life, advantages
and disadvantages”, “The overpopulation and fuafreumankind”, etc. Students
start with filling the Frayer model in groups (FID:

Definition I Characteristics

Examples / Non-examples

[ o

€ iginat Contunt

Figure 1 -The Frayer model

The teacher should give the students time to wartheir own.

Only in case they encounter difficulties in forntig and describing the con-
cept, teacher puts leading questions to help tiremthe groups with low language
level teacher proposes to consider several defirgtof artificial intelligence, choose
the best one and substantiate their choice, e.qg.

“ Artificial intelligence (Al) isthe science of making machines do those things
that would be considered intelligent if they weomd by people” — Marvin Minsky,
MIT professor;

“Al is intelligence demonstrated by machines, unlites natural intelli-
gence displayed by humans and animals, which imgbtonsciousness and emo-
tionality"— Wikipedia

or create their own and explain why they definedAd way.

The topic may be also introduced with the quessiach as Will robots control
human beings in the future? While filling out theayer model seems to be more
productive in terms of a more complete descripttbthe concept, as well as the
participation and contribution of all studentsiifirfg out the template.
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After such pre-reading activity the teacher mayppse students to read arti-
cles so as to find answers to the questions pasmiting the time to read (not more
than 15 minutes) and search for the necessaryniafiion will create a setup for
scanning and skimming reading. And a follow-up désgon in the form of a So-
cratic seminar contributes to the development wésd competencies. A Socratic
Seminar is a student-led discussion. One studemdrisinated as the lead speaker,
half of the group as speakers, and the rest asvaysewhose role is to follow the
discussion and evaluate the speakers using predefiriteria for scoring. It is
teacher who chooses students for the role of Ipadkers. He also offers support
with teaching materials in questions. Socratic semorks best when students are
in a circle and teacher is outside. It is importaspecially at the beginning of the
course to prepare thought provoking questions wikitkeep discussion going.
Teacher writes the questions on the board, e.g.:

How is artificial intelligence helping us today?

How intelligent are you?

What movies have you seen about artificial inteltige?

What will artificial intelligence be like in 100 ges from now?

What are the dangers of artificial intelligence?

Will artificial intelligence ever be more intelligethan humans?

Students learn how to discuss with each othertmaghtful and respectful
way. It is teachers task to find about 10-15 déferarticles of appropriate length
and level of complexity, so that students can mefar a discussion, speak with
evidence. Everybody is contributing to this shadedogue, each should be able to
see the opposing side points instead of arguing tlaed each should feel in a safe
space. A lead speaker is responsible for the dismusnoderation and time-man-
agement. Each speaker is given a floor and mustradb the regulations that are
binding on all. At the end of the seminar studewtte feedbacks, commenting on
how well he/she have argued and defended theitiposhow politely they have
disagreed with opponent’s opinion, whether theyehasked proper questions for
meaningful conversation, and what they would lixeéniprove. As a home assign-
ment the students are proposed to write an essayekceeding a page and a half)
answering the question, e.g. “What are the darafeastificial intelligence, how can
we protect ourselves?” or using a prompt, e.g. “Ganies have to race to Al or they
will be made incompatible. Essentially, if your goatitor is racing to build Al, they
will crush you” — llon Musk; “Those who rule datkilts rule the entire world...” —
Masayoshi Son.

Socratic seminar is followed by a “silent discus$idt is a learning technique
which fosters students thinking, collaborating, asftecting about open-ended am-
biguous questions — but through writing rather tspeaking. At the next lesson
students read each other’s essays silently and avadtitical review with two or three
sentences, giving their opinion whether the analyss insightful and evidential
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and how essay can be improved. It is necessarypiaia to students that they re-
spond to the essays, give evidence or explanafitimedr viewpoint. The review is
written on the same sheet or file as the essay.nhe students see the responses
from their group mates they reflect how they wodldinge their essay or on the
contrary why leave it unchanged and substantigie disagreement with comments.
The closing stage of this discussion is votingtfa best three essays except their
own essays.

Conclusion: Summing up we may assert that integrated learoiimgain lan-
guage skills enable students to learn faster, omeecthe language barrier even for
timid students, foster communicative, metacognisikils. Socratic seminar and si-
lent discussion are good teaching techniques feeldping higher order skills. At
the same time it is necessary to mention that patipa, organization and conduct-
ing such classes require much more time, effortsskillfulness on teacher’s side.
Despite the obvious advantages and perspectivaschfa communicative learning
model as integrated skills learning, it should d&deeh into account that tests has not
coincided with the shifts and developments in téaglso this communication learn-
ing type is not optimal in preparation for the $esthere each skill is traditionally
assessed discretely, especially in multiple chtésés. Nevertheless, for the EASP
integrated language teaching and learning as vgethther integrated instruction
techniques proved to be productive and need taittleer developed and refine

VK 372.881.111.1:372.46
Olena Syvachuk
Isenior teacher, National University «Zaporizhzhidyechnic»

THE IMPACT OF STRONG READING AND WRITING SKILLS ON
STUDENT'S LITERACY

Nowadays many students approach reading and whritittgtrepidation: for
quite a few it is a place of endless frustratiorraheir spelling, grammar, and punc-
tuation issues when it should be a place to comcatmideas.

Even though spelling, grammar, and punctuationiraportant, they should
not take the forefront of a writing class — gooeélipg, grammar, and punctuation
will not help you if you have nothing to say: thtlse former are mere tools for good
writing but quite useless otherwise.

Students approach academic reading with simil#udés: it is far removed
from their own lives and it is incomprehensibld| &f language and references they
don’t understand and can’t relate to. Similarlyadieag “The Great Gatsby” and
“Breakfast at Tiffany’s” at age fifteen, compared¢ading them at the age of twenty
alters our perspective on life itself. In discugsthese key literacy experiences,
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students can then begin to see the real impacingadd writing have had on their
lives and therefore the importance of continuingxpand their literacy experiences.
These are the tools they will benefit from havingheir future, and, consequently,
are a good investment of time for the future of ¢theess and the students’ future
educations.

Many students at the initial stage of reading arniting do not understand the
importance of academic reading and writing, sedirag of little value outside of
school. As a result, it becomes the job of therirsor to convince them of their
importance and of what strong reading and writikijsswill do for students. For
example, some direct connections are made in teareh between an academic
vocabulary base — derived from strong reading ariting skills — and academic
success, career advancement, economic securityuléinthtely quality of life.
When students hear these statistics, many — nefssadly all — begin to pay atten-
tion.

Another reason why many students dread acadendigeand writing is that
they associate it with endless struggle with conmfagement and fill-in-the-blank
exercises. By drawing back and demonstrating tHraligcussion, brainstorm activ-
ities, peer review, and other group exercisesahatlemic reading and writing are
first and foremost the communication of ideas -gmag from the funny and trivial
to the serious and profound - students begin torneanore enthusiastic about get-
ting these skills. The discussion of spelling andgiuation can take place in later
drafts.

Another important element of a successful readimd) ariting class is that
students feel free to share ideas without feareaidridiculed or censured. A class
with this kind of safe feeling is called a learniogmmunity, where everyone, in-
cluding the teacher, feels safe to both teach eauth! Students who feel free to com-
municate with each other, remain respectful, arpl &ach other is the sign of a true
learning community. Through peer assessment theyeean to communicate their
ideas and teach each other tolerance and patience.

Another method to get students excited and motivatenvrite is to showcase
their work. Writing, again, is ultimately an act cddmmunication with another. It
may be compared to diary-keeping: Some attemptedineir childhood to keep a
diary and each time quit, either forgetting aboutrieventually seeing it as futile.
Why bother if no one is reading it? We can onlk tal ourselves for so long. This
is how many students feel about writing: why bofifiéris only for a grade and an
instructor who is only reading because it is ti@if? As the students’ probable view-
point may be. But if students are given a senseidience, then the purpose becomes
clearer. This sense of audience can be createdhirerous ways. For example, any
student would feel a real sense of pride and viidavhen the instructor reads bits
of their writing aloud to the class as exampled (noluding the name, of course).
Working in peer groups, and sharing one’s essagisdeas, also creates a sense of
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audience. When writing something today, for example envision what our own
writing group’s response would be, and this elinesasome false or unclear places
in the writing.

So, beyond telling students, “You need this cotosgraduate,” the teacher
should learn to motivate reluctant academic reaaedswriters.

VIIK 621.791.9-023.5
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DETERMINATION OF THE OVERALL DIMENSIONS OF THE
DEPOSITED PART DURING WIRE AND ARC ADDITIVE
MANUFACTURING USING WIRE SENSING TECHNOLOGY

At all times, an important tool for increasing fhreduction efficiency has been
the production cost reduction of manufacturing dgipalar product. One of the rel-
evant methods for achieving this goal is additivenofacturing (AM) technologies.
Among different AM technologies there is one caN§de and Arc Additive Man-
ufacturing (WAAM). It is based on Gas Metal Arc \Wiglg (GMAW) methods and
uses standard welding equipment such as weldingts@nd suitable robotic weld-
ing machines. Objects that are manufactured acugridi this technology are not
limited in size compared to some other AM techn@egOne of the features of
WAAM is its relatively high heat input. The largmaunt of heat that is introduced
into the part through the electric arc does notehewough time to dissipate com-
pletely. As a result, effect of heat accumulatippears. This effect leads to the in-
creased interpass temperature, which affects,dfratl, the shape and dimensions
of the deposited object. The above problem becaritsal with increasing height
of the part and complex geometric structures ssavarhanging or horizontal com-
ponents.

To improve the traceability of the object depositimrocess, it is proposed to
use a standard welding seam finding system in daleontrol the overall dimen-
sions of the part. Currently the following systeane widely used: Through-Wire
Touch Sense, Through-Arc Seam Tracking, Laser 8gn8D Camera, Laser Seam
Tracking, 3D Camera [1, 2]. These searching teagie$ are listed in ascending
order of cost and complexity. Among them, the TigilodVire Touch Sense system
is one of the simplest.

The searching process consists in the physicahcbof the welding wire with
the surface of the conductive part about to welte $ystem uses a low voltage cir-
cuit to detect the joint during low-speed seardh F8r accurate joint detection, the
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use of automatic wire cutters is recommended ieri@ensure consistent wire stick
out during every search. Touch sensing can berdithi#-in into the welding power
source or developed and integrated as a separekagminto the robot controller.

Searching process performed by wire sensing isesitivan laser technologies.
This is due the fact that it takes some time fer tbbot to physically move to the
location of the detection, and then slowly appro#ieh point to achieve the best
accuracy (searching speed is up to 50cm per minute)

Since the search is carried out with a certaintlen§wire stick out, this allows
to determine the coordinate of the touch point.eBlasn the data of several search
points, it can be concluded in which direction tleposited part is displaced and,
therefore, in which direction it is necessary tquatithe deposition trajectory.

The following algorithm for applying the touch sewgs searching system is
proposed:

1. before the searching procedure, the welding Wwae to becut off with a
predetermined stick out (for example, 15 mm) ushegtorch cleaning station (the
robot has to be calibrated to use the torch withulire stick out);

2. the searching program with a specific angldeftorch to the surface of the
part (for example, 45 deg) is starting at predeieechdeposition stage (for example,
every 10 mm of height);

3. the welding wire is touching the part in prograed points;

4. searched point coordinates are compared with @&Del coordinates;

5. if the difference in coordinates is greater ttranspecified one, the program
has to stop with a message about the need to ttneetrajectory.

The introduction of such a searching system ingodiposition program could
increase control over the manufacturing processive feedback on the part and
improve quality control.

At the same time, this does not require the casadditional equipment, as is
the case with laser searching systems. Learnisgstistem should not take long, as
it is based on the functions built into the corigol
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PROBLEMS AND PROSPECTS OF ARTIFICIAL NEURAL NETWORK S
APPLIED FOR IDENTIFICATION AND DIAGNOSTICS OF TECHN ICAL
OBJECTS

Neural networks are a branch of artificial intedligce that uses phenomena
similar to those occurring in the neurons of livimgings to process signals [4].

The main functions of artificial neural networkgar

1. an approximation function relevant for solvimglglems of modeling, iden-
tification and signal processing;

2. a function of classification and pattern rectigni relevant, for example,
when solving problems of diagnosing the state odlgjpct;

3. a forecasting function relevant when assesgiagfuture behavior of the
system according to the neurons of living beingssfgnal processing.

4. a function of classification and pattern rectignj relevant, for example,
when solving problems of diagnosing the state efdbject;

5. a forecasting function, relevant when assessiaguture behavior of the
system in accordance with available sequence pfégious states;

6. a function of identification and evaluation,enedint when solving problems
of control of dynamic processes;

7. a function of associative control.

Analyzing foreign studies, we can conclude thatléwel of solving a large
number of problems of analysis and synthesis ofail®ematic control system is
lower than the level of needs and opportunitiesierdevelopment of scientific and
technical achievements. In particular, the problefindetermining and localizing
faults in an automatic control system designedhenbasis of microcontrollers and
microprocessors is urgent[1].

Also the study of foreign sources devoted to aitifineural networks and neu-
rocomputers allows us to highlight the followingprising areas of modern devel-
opment of neural network and neurocomputer teclyieso
. heuro packages;

. heural network expert systems;

. signal and image processing;

. management of dynamic systems and financialities;
. optical neurocomputers;

. virtual reality systems.

OO0, WNE
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Solving technical problems, such as, for examplenfiification of control ob-
jects, synthesis of regulators, diagnostics oft§auhe use of artificial neural net-
works is still quite limited. This is partly due tioe presence of a developed mathe-
matical apparatus that describes the processeghmmbmena occurring in objects,
and partly to the presence of a large number ohat for solving these problems
[2]. Despite this, in recent years, there has teepaositive trend in terms of the use
of artificial neural networks for solving probleros identification and diagnosing
faults in technical objects.

The development and implementation of new nondtialgorithms for oper-
ational diagnostics of technical objects and autantantrol systems based on arti-
ficial neural networks will improve the reliabilityf devices and, at the same time,
simplify their design by eliminating the so-calldtbt backup”, as well as reduce
operating costs, maintenance costs and equipmpairrét the same time, when
developing diagnostic algorithms and designing @oraatic control system based
on artificial neural networks, a number of probldmase not yet been resolved, the
main ones of which are the following:

1. lack of formal methods for choosing the typeadfficial neural networks
adequate to the class of problems being solved;

2. insufficient validity of the choice of optimizah methods in the training
procedure for artificial neural networks, which deato large forecast errors and
training time;

3. high combinatorial complexity of the problemsasated with the auto-
matic formation of the topology of artificial neliretworks, which in many cases
does not allow the creation of intelligent informattechnologies based on artificial
neural networks with minimal complexity.

Currently, the most promising is the use of arifimeural networks for solv-
ing problems of diagnostics and forecasting, pritmam industries where there are
no ways to formally describe the objects or phenmanender study [3].

To solve problems of identification and diagnosti€$echnical objects using
artificial neural networks, it is necessary to depdormal methods for choosing an
initial description of an object, such as artiflsiaural networks, a reasonable choice
of a learning algorithm for artificial neural netiis and optimization methods in
the training procedure. In terms of artificial n@lunetworks, the problem of identi-
fying a technical object belongs to the class gfragimation problems, and the
problem of diagnosing faults belongs to the grofiproblems of classification and
pattern recognition.

In recent years, there has been a tendency to fnmvesoftware to software
and hardware implementation of neural network atlyors.

On the part of modern software and hardware theyea restrictions on the
complexity of the algorithms used, however, to imalthe significant potential
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capabilities that control systems based on arificeural networks, it is necessary
to develop conceptually new approaches to the ngrtgin of such systems [3].
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HABYAHHS IUCHLMY YEPE3 YATAHHS B KYPCI AHTJIIICHKOI
MOBH JJIS1 AKAJTEMIYHUX IIJIEN

CTyZIeHTH 1 BYEHI IO BCbOMY CBITY TIOBHHHI 100pe OpIEHTYBAaTUCS B OCOOIH-
BOCTSIX aHIJIO-aMEPHKAHCHKOTO aKaJEeMIYHOTO IMCKYpCy, 100 Kpalle po3yMiTh
CBOIO JAWCIMIUTIHY, OylyBaTH HAyKOBY Kap'epy a0o >k IPOCTO YCIIIIIHO BUUTHCS. Y
3B'I3KYy 3 IIUM CHOT'OJIHI TOBOPSATH HE CTIIBKU PO BUKJIAJTAHHS aHTJIIHCHKOI MOBH
qutst ipodeciitaux mineit (English for Specific Purposeskinbku npo HeoOXinHiCTh
(hopMyBaHHS akageMidHOT KOMYHIKaTHBHOT KOMIIETEHIIIi B paMKaX KypcCiB 3 aHTJIiH-
ceKoi i akanemivnux wineit (English for Academic Purposesyii - EAP).

OcHoBHe 3aBaHHs KypciB o EAP mossirae B ToMy, 1106 po3BUHYTH Y CTY/Ie-
HTIB 3IaTHICTh HABYATHCS 1 MPOBOUTH BJIACHI JOCTIDKEHHS HA aHTIIHCHKIA MOBI..
JocsraeHHs miei MeTH HEPO3PHUBHO MOB'I3aHE 3 PO3BUTKOM y CTYJICHTIB 3arajibHOi
aKaJeMiYHOI TPAMOTHOCTI. € Pi3Hi MiIX0AX A0 BU3HAUCHHS TEPMiHA aKaJEMi4HOT
TPaMOTHOCTI, a TaKoX SKUM 4yMHOM Kypc EAP crpusie 1i ¢popmysannio. B crarri
pobuthcs cripoba o0rpyHTYBaTH HEOOXiHICTh HABYaHHS aKaJAeMIYHOMY IMCbMY Ha
OCHOBI UNTaHHsI, OCKUIBKU caMe LIeH MiAXil BUJae€Thess HAOUIbII e(heKTHBHUM NIPH
HaBYaHHI CTyJeHTIiB. Taka IMiIbHa yBara J0 MUCbMa SIK OJHOTO 3 KIIIOYOBHX aKaje-
MIYHMX HaBHYOK BUKJIMKaHA IIEPII 32 BCE THM, IO B 3apyOiXKHUX YHIBEpPCHTETaX
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KOHTPOJIb 3HaHb 1 yMiHb CTYAEHTIB 3[IHCHIOETHCS Y (POPMI IIMCBMOBHX POOIT, TIepe-
Ba)KHO aKaJ[EMIYHOTO €ce.

Buninstors 3 cTajii po3BUTKY aKaJeMIiYHOTO MHCHEMA,IIO0 J03BOJISIOThH 3aKiia-
CTH OCHOBY YCHIITHOI akaaeMiuHoi abo nmpoeciiHoi Kap'epH:

1. P0o3BHTOK KITFOUOBHX KOMIIETEHIIIH 3 METOIO AEKOHCTPYKIIi 1 pEKOHCTPYKIIiT
IUCKYpCY Ti€l IUCIUITIIIHY, Ha BXO/DKEHHS B SKY IPETCHIYIOTh aBTOPH.

2. PO3BHTOK «aBTOPCHKOTO TOJIOCY» i «aBTOPCHKOI IIEHTHYHOCTI» B TOMY JIHC-
KYPCHUBHOMY CITIBTOBAPUCTBi, YaCTUHOIO SIKOTO BOHW MAIOTh HaMip CTaTH.

Po3BUTOK KpUTHYHOI KOMIIETEHIII, 110 JO3BOJISIE BBOJUTH iHHOBAIIi1, KHIATH
BHKIJIUK, OCKap>KyBaTH i 3aHOBO (OopMyBaTH IUCKypC Ti€i abo iHIIOI akageMidHOl
CHUTBHOTH.

B3aeM03B's130Kk MUChbMa i YUTAHHS K KOMIUIEMCHTAPHHUX BHJIB MOBJICHHEBOI
JUSUTHHOCTI CTaB MPEIMETOM JICTaJbHOTO BHBUCHHS B 0araThOX 3aXiHUX OCIHi-
JUKEHB. ByJlo BHSBICHO MEXaHi3MH iX B3a€MOJII 1 TOBEIEHO S(EKTHBHICTH IX B3a-
€MOITOB'SI3aHOTO HAaBYaHHS. ByIlo JOBeIeHO, 10 B OCHOBI MAChMa 1 YNTAHHS JICKUTH
enuHU rpadivHUi KOMYHIKanidHuA kox. KpiM Toro, JaHi BUIM MOBHOI HisITBHOCTI
CXO0KI 1 Ha ICHXO0(i310I0TIHHOMY PiBHI.

AkaneMigHa TpaMOTHICTh CTyJIEHTa repeadavyac BOJOMIHHS CTPATETisIMU T10-
IIYKOBOT'O,TIEPETILIIOBOTO, BUBYAIOUOTO, a TaKOX KpuTHYHOro umrtaHHi. Cepen
YMiHb YUTAHHS, HEOOXITHUX JJIS YCIIIITHOTO HAaBYaHHS, YaCTO 3raAylOThCs BMIHHS
AHTHUIIUIAIIT, BU3HAYEHHS ITO3HUIIIT aBTOpa, pO3MEXKYBaHHS KIIOYOBOI 1 APYTOPSIIHOT
iHdopmarrii, BUITydeHHs iIMIUTIIIATHO BUPKEHOT iHpopMaIlii, a TAKOK 3HAHHS JKaH-
poBUX 0cOOIMBOCTEH akaJeMiYHNX TEKCTiB, 3aKOHIB iX MOOYJOBH, pO3yMiHHS NpH-
YUHHO-HACIIITKOBHX 3B'S3KIB CMUCIIOBHX CJICMCHTIB TEKCTY, 3aKOHIB 320€3IICUCHHS
HOro CMHUCJIOBOI 1 pUTOPUYHOT KOTe3Hi.

ITo Mipi HaOYTTSI BMiHb aKaJIEMIYHOTO YUTAHHS, CTYICHTH MIAXOATH JI0 TIPO-
[[eCy PempoayKIIil, a caMe, CTBOPCHHS BTOPUHHHUX TEKCTiB HA OCHOBI IMIPOYHUTAHOTO,
IO € OCHOBOIO HAIKCAHHS BIACHUX aKaJCMiYHIX TEKCTIB.

[TpuHIMI B3a€MOTIOB'I3aHOTO HABYAHHS YHTAHHIO TA TIICEMY BPaxOBYETHCS B
0araTh0X Cy4aCHHMX HaBYaJbHHX MociOHWKax 3 EAP, mo BHITyCKaloThCsS TPOBIT-
HUMU BUJABHUITBAMU. Sk MpaBuIIo, Iie iHTETPOBaHI KypCH, CIIpSIMOBaHI Ha PO3BU-
TOK BCiX MOBHHUX HaBHYOK. [IpogeMoHCTpy€eMO, SIK TPAITiO€ IPHHIIAT HABYAHHS TTH-
CbMY Ha OCHOBI YHTaHHS Ha TpHKIax mapydnnka 3 EAP «Oxford EAP»Hoswuii
Marepiayl CroJaTky BBOIUTHCS B TEKCTaX, sIKi MPHU3HAYCHI IUIsI YUTAHHS, 1 TITBKH
OCBOIBIIIH HOTO, CTYICHTH MEPEXOIATh O BUPOOHUIITBA BIACHUX TEKCTiB. Tak,Ha-
MPUKJIaJ, TPY HABUAHHI HATIMCAHHS FOJIOBHOTO peueHHs nyHKTY (topic sentencesp-
BIaHHsM Hamucatu topic sentencaepeaye Benuka poboTa 3 TEKCTaMH, B X0 SKOT
CTY/ICHTH HAaBYAIOTHCS BH3HAYaTH OCHOBHY IYMKY TEKCTY 1 CymyTHI inei Ha piBHI
CIOYaTKy OKpeMoro maparpada, a moTiM [IIOT0 TEKCTY, aHaII3yBaTh CTPYKTYPY Ia-
parpada, BU3HAYaTH TOJIOBHY TPOIIO3UIII0 B KOXKHOMY mnaparpacdi. Takum 4uHOM,
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HarucaHHs Oy/b-sIKOTO TeKCTy, OyJb TO OfHE pedeHHs abo miie ece, Imepenye po-
00Ta HaJ PO3BUTKOM HaBMYOK YHTAHHS.

B rakiit cutyanii Bukinagadam EAP npu po3po0mi Ta unTaHHI KypciB HEoOXi-
JTHO BpaxOBYBATH Ti NOTEHIIHI TPYJHOILI], 3 SKUMH MOXYTh 3ITKHYTUCS CTYACHTH
i/ Yac HaBYAHHSA 1 IUIAHYBATH 3aHATTS TaK, 00 IOCTATHHO Yacy MPHUIUIIOCS Po-
3BUTKY 0a30BHX aKaJEeMiYHUX HABUUOK YUTAHHS 1 MHCHMA.
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COMPUTER MODELING OF A TWO-SPEED ELEVATOR

In the modern world, computer simulation plays mpartant role in the de-
velopment of new devices and their control systérhsinks to modeling, a person
minimizes the conduct of dangerous experimentsdiwaidamage both the health of
others and nature. Having set in advance the dgoegemeters for units and parts,
it is possible to calculate with a sufficiently higccuracy the result of the operation
of a real device or system. Also, modern graphisvayou to see not only the
design of the future device, but also the operatforirtual equipment, provided that
all physical parameters are observed [1]. Englistupies an important position in
the lives of young scientists. This language issabgred international and most of
the software for testing various activities is venitin it. As an example, the Matlab
/ Simulink simulation environment was used to caridekperiments and build the
electromechanical characteristics of a two-speedigt elevator drive.

In the previous researches it has been proveititedvading degree of a cabin
has an effect on the starting characteristics efalectric motor and, as a conse-
quence, on most parameters of the control systethel computer simulation envi-
ronment Matlab / Simulink on the elevator modey(Fe - 1), different values of the
loading degree of the cabin were set for the erpants [2].

In the course of the study, the necessary coefisiavere calculated for the
transition to a reduced speed and brake applicititen The use of the method for
identifying of loading degree makes it possibléntrease the positioning accuracy
of the elevator almost threefold. This increasesehergy efficiency of the system
and improves dynamic performance [3]. Thus, thehofor identifying of loading
degree can be used not only for outdated equiprbahglso in the development of
new elevator control systems.
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Figure 1 — Simulation model of the elevator
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MAGNESIUM AS A PROSPECTIVE MATERIAL FOR THE
PRODUCTION OF STENTS

Nowadays medicine has reached great heights ifieldeof implantology of
human internal organs. Now it is impossible to imaga successful fusion of hard
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tissue after fractures without a variety of implarguch as wires, pins and plates. In
addition, stenting can be considered a relatively trend in implantology.

Stenting is a process of medical surgical intefeantvith the aim of installing
a special frame (stent) into the vessels or othoWw organs. This operation is per-
formed with the aim of expanding the passing paths;owed due to pathological
processes.

Although the technology of this surgical procedisrquite new, medical sci-
entists have reached great heights in its impromenitowever, the materials which
are used for production of the stents are stilhip&in important problem.

It is of crucial importance that such materials tmat have a toxic effect on
human organism. In addition, corrosion producthefmaterial should not be accu-
mulated in the tissues around the implant. Thesahs main requirements for the
nature of the impact that are put forward for staeaterials.

Also, do not forget about the mechanical propemiethese materials. Since
stenting is designed to expand the constrictionservessels and hollow organs, the
materials must be strong enough to function prgp&uit even having satisfied all
these requirements, the material must have suftigig@asticity so as not to disrupt
the functionality of the vessels.

Based on all of the above demands, today the fallpwaterials are used for
stents:

1. stainless steels - the main advantages of timederials are: low price, a
varied combination of properties (which allows twoose a material for different
tasks), relative ease of production. The disadgg#édnclude the lowest degree of
bioinertness among all the materials used. Becalggs, it becomes necessary to
use special coatings, which in turn increase tis¢ @bthese implants;

2. alloys based on tantalum - the main advantagbesfe materials is their
radiopacity (that is, these materials are cleaitjble when examined on an X-ray
tomograph). Another advantage is that a proteatixide film is formed on their
surface. However, the cost of these alloys andctimplexity of their production
limit their widespread use;

3. nitinol - an alloy consists of 55% nickel and45itanium. This alloy has
good bhiocompatibility and sufficient corrosion #ance. Nitinol also belongs to
shape memory alloys, which greatly simplifies thecgess of stent installation. De-
spite all the advantages of this alloy, it is natlely used for similar reasons as
tantalum alloys. The production process of nitiisolnuch more complex than that
of tantalum-based alloys.

All of the above-mentioned materials have foundrthpplication in the field
of stenting, but they also have a significant dragkb It's known that vascular cells
begin to grow rapidly after stent placement sulgitacedure. These cells quickly
grow through the holes in the stent and the vegaklengulfs the stent within three
weeks after surgery. Due to the rapid growth dcéhe vessel wall is strengthened
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and the presence of a stent in the body is no loregpiired. Moreover, the stent
remaining in the body can be harmful to the patiBieiw bio-soluble materials can
provide a solution to this problem. Magnesium-baaéa/s are promising materials
for these purposes.

Pure magnesium is a harmless material for the hurody. Moreover, mag-
nesium can have a positive effect on the patibetdth. This means that the elimi-
nation of the products of its biodegradation walke place without complications,
since most of it will be absorbed by the body. Loavrosion resistance of magne-
sium is often perceived as a disadvantage, howéweg biodegradable alloy it is
rather an advantage. Also, the advantages of magmésclude its specific gravity
(1.74 g / cn), which will provide a low mass of the stent.

Despite all these advantages, pure magnesium dudsane sufficient me-
chanical properties for its practical use as a ri@tior stents. However, this prob-
lem has a solution - the use of magnesium-basegsatloped with non-toxic, bio-
inert components. Heat treatment, which can sicgnifily improve the mechanical
properties of magnesium alloys, should also beidensd.
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IMPACT OF VARIOUS INOCULANTS ON THE MECHANICAL
PROPERTIES OF POLYMER

Recent development of technology puts forward ned most strict require-
ments for the physical and mechanical propertiggobfmer composites (PCM). As
long as polymers are widely used in special purposducts, it causes the urgency
of a problem. The main task is to create new pohjermeanocomposites with high
physical-mechanical and tribotechnical properti&se of the promising methods of
structural inoculation is the introduction of digeffillers, (disperse, fibers, ultradis-
perse and nanoscale) into the polymer matrix [1].

Fibers or particles embedded in the matrix of amothaterial are the best ex-
ample of modern-day composite materials, whichnaostly structural. In matrix-
based structural composites, the matrix servespsramount purposes, namely,
binding to reinforcement phases at a certain looadnd deforming to distribute
stresses among the constituent reinforcement raktemder applied force. Solids
that accommodate stress to incorporate other ¢oests provide strong bonds for
the reinforcing phase and they are potential mataterials [2].
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The introduction of fillers into polymers leads ttte appearance of a wide
range of interactions (from weak physical to chefiarising at the polymer-filler
interface. The character of these interactionlgrdepends on the surface chemis-
try of fillers. The balance of different types oftéractions occurring at interface
significantly affects mechanical, physical and cleat) including thermal properties
of polymers and filled system as a whole. Obviousiig surface chemistry of dis-
persed fillers is one of the most significant fastimfluencing the nature of interac-
tion at the polymer-filler interface and, consedlerthe properties of the polymer.
The surface chemistry of the filler and its comfiosiare particularly important in
terms of their influence on the thermal propert&the polymer and the filled pol-
ymer system [3].

The structure of filled composites is formed by tdémng polymer and filler.
Also it depends on the phenomena occurring in trgact between the substance
that binds and filler. Formation of a polymeric quosite material as a complex sys-
tem is a kinetic process accompanied by transftimm one state to another caused
by multiple changes (transformations) of spatial ssmporal structures. As a result
of interphase interaction between the filler anel pblymer there is formation of an
inoculated polymer layer on the surface of thefilProperties of this layer signifi-
cantly differ from the properties of the polymesitte the volume and determine the
properties of the polymer composite as a whole [4].

The influence of the amount of filler on the medbahproperties of polymers
has been widely studied. In general, the modulwdastticity will gradually increase
with increasing filling, while elongation at terestrength should decrease. In most
situations, the tensile strength increases, bsictharacteristic depends on many fac-
tors, such as the efficiency of interaction betwpigment and binder [5].

In general cases, solid inorganic and organica§ileee used, which are divided
into three groups: powder (dispersed), fibrous simelet. Additionally, sometimes
there are volumetric fillers, which include volumetfabrics and framing systems:
natural wood or systems obtained by foaming osesing of ceramic, metal or pol-
ymeric powders [6].

Dispersed fillers are the most common. The disgefiler content varies in
the range from few percent to 70-80%. At highdeficoncentrations, its particles
begin to contact with each other, which leads &iep change in the composite's
properties. They should be well combined with tbéymer or dispersed in it, well
wetted by the solution or polymer melt, not prooeagglomeration, have a homo-
geneous particle size and low moisture content.

The most widely used disperse fillers are minengjanic and metallic.

Mineral (chalk, kaolin, feldspar) fillers are uggdmarily to reduce shrinkage,
residual tension and tendency to break, and te&se strength characteristics. They
also impart rigidity and fire resistance.
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One of the most common organic fillers is wood flouhich is made of soft
wood (mainly pine and Canadian fir) or hardwoodchfasr maple) where the pres-
ence of wood resin is undesirable. Wood flour imbmed with mineral fillers. It is
characterized by low abrasion, increases elastinibglule at bending and signifi-
cantly increases plasticity.

Organic disperse fillers are also carbon materiat$yding soot, carbon black
and graphite, which are frequently used. Soot anldon black act as light stabilizers
and give the material electrically conductive pmbigs by facilitating the flow of
static electrical discharge. Graphite reduces tltidn coefficient and has good
thermal and electrical conductivity.

Metallic powders have little effect on durabilitutballow to change thermal
and electric conductivity, heat capacity, magnetiaracteristics, electric properties
in a wide range, and also protect materials fragotebnic and penetrating radiation,
change their density, flammability and etc. Copp&rminum, iron, bronze, tin, sil-
ver, lead, zinc are most commonly used as disgitiess [7].

Conclusions: The study of changing components ratio of polymatrix is a
promising and urgent research task for polymer amite materials which are
widely used in aircraft construction. Adding incauad to polymer matrix will allow
to obtain new materials with high mechanical prtipsr
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ANALYSIS OF THE ENERGY LOSSES IN ALTERNAITING CURRE NT
GENERATOR ANDWAYS OF ITS PRODUCTIVITY IMPROVEMENT

Electric current is generated in generators, devibat convert any type of
energy into electrical one. Generators include aatvcells, electrostatic machines,
thermopiles, solar panels, etc. The scope of e&cheolisted types of electricity
generators are determined by their characteristtegs, electrostatic machines cre-
ate a high potential difference, and are unabt@aate any significant current in the
circuit. Galvanic cells can provide high currenif their life time is short. Electro-
mechanical induction generators of alternatingentrplay a predominant role in
our time. In these generators, mechanical energgriserted into electrical. Their
action is based on the phenomenon of electromagmatiiction. Such generators
have a relatively simple design and allow high ents to be obtained at a suffi-
ciently high voltage.

Due to electromagnetic induction, when the magrfegid changes an electric
current arises in a conductor, mechanical enerdpeiisg converted into electrical
energy. Let's consider the principle of operatidémao electrical generator using the
example of rectangular contour, rotating with tlo@stant angular velocity in the
uniform magnetic field (Fig. 1).

External forces cause the chain to rotate. Wheatingt, the magnetic field
changes relative to a rectangular loop, and asudtran electric current appears in
it. Due to the fact that the circuit changes phease returns to its original position,
the direction of the current changes.

During operation, energy losses occur in the géogravhich are converted
into heat and heating elements. Although the effficy of modern generators is very
high, the absolute losses are quite high too, alehds to a significant increase in
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the temperature of active steel, copper and insualafn increase in the temperature
of structural elements, in turn, results in the@dypal destruction and a decrease in
the service life of the generator. To prevent thisjous cooling systems are used.
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Figure 1. Principle of AC geneator opeation

There are the following types of cooling systemsface (indirect) and direct
cooling. Indirect cooling, in turn, can be air gdinogen.

Hydrogen cooling systems are more often installedaoge generators, since
they provide better heat removal. Compared to @alieg, hydrogen has a higher
thermal conductivity and ten times lower densitg.ldng as hydrogen is flammable
and explosive, the ventilation system is isolated acreased pressure is main-
tained.
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ELECTRICITY GENERATED FROM THE AIR

In 2020, scientists Jun Yao and Derek Lovely frbm Massachusetts univer-
sity developed an Air-gen instrument that generatestricity by collecting mois-
ture from the atmosphere. Device works thanks tob@eter microorganisms (pro-
teobacteria, which produce electrically conductivetein nanowires. By placing
nanowires between the electrodes, you can geteatrielcharge) (Fig. 1).

The device produces a constant voltage of abouVddr twenty hours and
then "self-recharges." With the help of Air-genesttists were able to light several
light bulbs. The energy produced can charge smanigs) smartwatches and small
household devices. In the future, the invention allbw you to create electronics
that do not require connection to the mains antébateplacement.
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Figure 1 — Electrically conductive proein‘produa:ﬂ!d:ler the influence of nan-
owires

There are suggestions that the technology can tedath the paint for the
walls inside houses and apartments to help geneled#icity and heat the room.

Researchers hope to create an industrial producioAir-gen in the fu-
ture. The device will replace other sources of watde energy (wind, water or solar
energy), as they can be used even indoors withreratihg the environment.

The device produces energy that is inexpensivesamstonmentally friendly.
Warm air generated by global warming contains gdamount of moisture, so this
device fits into the picture of the future.
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THE PROBLEM OF ELECTRIC VEHICLES CHARGERS RECYCLING
AND THREATS TO ENVIRONMENT

Today, batteries do not carry a huge noticeablmharour habitat, but this is
until we take this issue seriously. We can sedulithion batteries everywhere from
small-scale products of everyday life to large-ssahicles; we can observe lithium-
ion batteries in our phones, remotes, wall cloakd batteries of modern electric
cars. This problem will become more evident in fimgre, as most non-recycled
batteries will contaminate and spoil our food aradex supplies. Then there is a need
to recycle batteries right now.

There are not many lithium-ion battery-recyclingmk in the world, just about
5%. Earlier, a large battery processing plant dpdran the territory of Ukraine, its
work was not so productive, but at least somehgwoitessed everything. Unfortu-
nately, by 2018 the Argentum plant was closed. drk&d according a simple
scheme, the battery was amenable to heating amibpsemetals such as Nickel,
Cobalt and Copper were fused from it, and the west considered slag and was
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thrown into a landfill. This method was dangeraassthere was a high emission of

carbon dioxide into the air and the formation oficdluorine compounds.
Fortunately, our world is constantly evolving anddy there is a much more

productive method of battery recycling. For exampie can take Duesentfeld

(Fig.1).

Duesenfeld Recycling

|
End-of-life batteries —»’ Discharging |—>| Disassembly |4'| process ’4’|

| | | |

Reclaimed residual Battery system housing, Electrolyte, copper, CoSO4
energy battery ystem, inium, ‘black mass’ NiSOs

screws, cables, cooling system (graphite, cobalt, nickel, MnsOs

manganese, lithium) Li2C03

graphite

Figure 1 — The Duesentfeld scheme of battery raaycl

The company has recently proven that its recyatimeghod is more efficient
as it allows 96% of the battery to be reused. Unpkimitive heating, its method is
cooling and crumbling.

Duesentfeld battery recycling mechanics includesfefiowing steps:

1. Batteries are discharged and sorted;

2. They are cooled with nitrogen;

3. They are ground under pressure;

4. The contained electrolyte is then recoveredsdoikd as a liquid;

5. The rest is all precious metals that are easikged.

The main advantage of this method is not so muehathount of substances
that can be reused, but the fact that this methaghvironmentally friendly. This
processing does not emit huge amounts of CO2 aaes ot generate toxic waste,
as in the heating method.
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WAYS TO REDUCE GLOBAL ELECTRICITY CONSUMPTION

The development of civilization on Earth in the XXl centuries is charac-
terized by a sharp increase in energy consumpBiasically, we get electricity from
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earth's resources, but they are not eternal. Torerefiow it is necessary to reduce
electricity consumption at least a little. Consittés problem from a global perspec-
tive.

Let's start with our homes. It is not uncommondiectricity to be lost without
proper use. For example, the light is not turnddasfone hour, as if not so much,
but we are talking about the global scale, thathis, drop of energy can be easily
multiplied by a billion. The situation can be imped by automating light control
and some other devices.

A significant amount of electricity is lost at niglkduring street lighting, and in
places where lighting is mandatory. Let's starhwfite streets. To begin with, the
usual incandescent lamp need to be replaced withlaBp, because they lose more
energy and give more light. It will also be appiaf# to leave 50% of the lights for
permanent operation, and with the help of motiarsees to turn on the others while
driving. This can be done by turning on the ligiht®ugh one.

Also, one of the types of savings is to increaseieficy and compensate for
electricity. Many appliances, especially obsolateouse more energy than newer
ones, performing the same amount of work. So wecoaiglude that replacing old
appliances with new ones will also save some eneglar panels can be used to
compensate for energy. It is perfect for this. dnses they can be placed on the roof
or on the walls of apartments.

In total, all these actions and their combinatian save quite a lot of energy,
which requires many different resources to produce
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DESIGN AND OPERATION CHARACTERISTICS OF ELECTRICAL
VEHICLES ENGINES

The electric vehicle engine consists of a statoiorr cooling air duct, heat
exchanger and axial fan. Under the influence oftlagnetic field that occurs in the
stator, the rotor is set in motion, where the ingluccurrent passes. After that, elec-
trical energy, falling on the winding of the motitself, is modified into rotation
energy.

There is a significant difference between eleatnmtors used in production
and those that are installed directly in electecsc In the latter case, they are much
more powerful. For new developments, scientistsheging the concept of electric
cars and other electrical devices more and more.
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The differences between a car with an internal agtibn engine and an elec-
tric car are quite significant: the scheme of eleaar is much simpler, the number
of moving parts is reduced. For this reason, d@teeghicles are often referred to as
safe vehicles.

The engine of an electric vehicle is fundamentdlfferent from an internal
combustion engine (Fig.1). There are no combustlambers, no crankshaft and
no pistons. The electric motor consists of a statip stator, through which current
is passed, and a rotor. The rotor is a set ofridedlyy conductive rods.

Axial fan Heat
= exclfanger
-
=

—— Cooling air duct
Stator

Rotor

Figure 1. The electric motor

Any electric car consists of the following compotsen

1. engine (electric); 2. power battery (its capac#n vary significantly, it di-
rectly depends on the engine power); 3. invertegeldctronics system for car con-
trol; 5. transmission of a simplified form; 6. canter.
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CONDUCTOR INSULATION AND CHARGE LOSSES

The fact that the insulating layer of a cable, Wwhias been in use for a long
time, is aging over time is obvious. As a resultns of the wiring is exposed, In the
course of time it may become very dangerous. Wtagrdalive wires come into
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contact, a short circuit and arcing occurs. Thessequences are a result of a num-
ber of factors that affect the insulation of the@doctor from the outside.

Studies by the Russian company Alliance Cable Istiosvn that the wear of
the insulation is significantly increased due te tamperature difference. For relia-
ble data, the rule of “eight degrees or the Mormrigle” is used, which states: an
increase in temperature for every eight degreesi@eis above the maximum per-
missible and reduces the life of the insulationHayf. Types of insulation aging
depend on their classifications: A - solid diel&gtB - organic dielectrics, C - some
types of inert gases, etc.

At the moment, the life time of the electrical netk insulation does not cor-
relate to the quality, since GOST checks of insorteéire not always carried out.

The development of neutral methods for insulatiagous conductors is so far
only advancing on documents and experimental work.
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AIRCRAFT FUEL MADE FROM CARBON DIOXIDE

The method for producing jet fuel using carbon diexas the main component
has been proposed by a group of researchers fretdKkhand Saudi Arabia. Scien-
tists discussed the issue in the journal “Naturey@ainications”.

Engineers searching ways to lower carbon dioxidssons are increasingly
focusing on the most promising industries. Onéheft is aviation, which accounts
for about 12% of the CO2 generated by transport.

Since reducing aviation CO2 emissions by electiyaircraft is challenging
due to the complexity of equipping aircraft withalg batteries, the research team
has developed technologies to maximize the enviesriah friendliness of jet fuel
and standard liquid fuel for jet aircraft engines.

The researchers used a process known as high-tatageself-propagating
fusion to convert carbon dioxide into a liquidfieel. It consists in heating up to 350
C in a special reactor made of hydrogen, carboriditoand citric acid in the pres-
ence of an iron catalyst containing potassium aadganese.

The interaction of these substances leads to depameat the carbon atoms
from oxygen in CO2 molecules and, by binding witldtogen, they are converted
into hydrocarbon molecules that make up aviatiomsene. This produces water,
ethylene, propylene and other substances. Tedtioged that over 20 hours, the
process converted 38% of the carbon dioxide ineagurized chamber into jet fuel
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and other products. The jet fuel made up 48% optbduced products—the others
were water, propylene and ethylene. The researef@ysiote that using this fuel in
aircraft would be carbon-neutral because burningpitild release the same amount
of carbon dioxide that was used to make it.

Scientists argue that the process they developgltesper than other methods
of producing aircraft fuel, such as the use of watel hydrogen, mainly due to the
lower energy consumption. Systems that use theteefnology can be installed in
factories that produce plenty carbon dioxide, sasthermal power plants.
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CAREER SECRETS THAT NO ONE WILL SHARE

A career is a conscious way in which there areammlom responses to the
vacancy and no quickly decisions. A conscious casahe planning of each step in
your professional development, knowledge of thelae# the labor market and the
existing options for self-education to meet theseds. A conscious career is work:
regular and continuous.

A career is also worth planning to be the best exgert in the field and an
important link within the company.

In order to move up in organizations, you havegd&town for your leadership
skills, and this would apply to both women and nmlémeans that you have to be
recognized for using your strength to achieve amiain extraordinary outcomes
while leveraging the strength of others. In otherdsg, it means you must use your
skills and talents and abilities to help the orgation achieve its strategic financial
goals and do that by working effectively with oth@rside and outside organization.

When looking for and identifying employees with higotential who are able
to reach the top of organizations, the skills anichpetencies are rated twice as high
as those in the other two elements of leadershipsé& skills and competencies can
be summarized as business, strategic, and finaaauahen. In other words, this skill
set has to do with understanding where the orgtoizés going, what its strategy
is, what financial targets it sets, and understaggiour role in moving the organi-
zation forward.

Five years ago, coach Susan Colantuono was askeuwbderate a panel of
executives, and the topic for the evening was "Vdioatou look for in high-potential
employees?" They said, "We look for people whosmart and hardworking and
committed and trustworthy and resilient." So whitément of leadership does that
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relate to? Personal greatness. They said, "Weftwamployees who are great with
our customers, who empower their teams, who negaiéectively, who are able to
manage conflict well, and are overall great comroatoirs." Which element of lead-
ership does that equate to? Engaging the greaimessers. And then they pretty
much stopped. So he asked, "Well, what about pedpteunderstand your business,
where it's going, and their role in taking it tHend what about people who are
able to scan the external environment, identifysrsnd opportunities, make strategy
or make strategic recommendations? And what abstlp who are able to look at
the financials of your business, understand they shat the financials tell, and either
take appropriate action or make appropriate recamdatéons?"

And to which the answer was: "That's a given."

When organizations direct people toward resouttasfocus on the conven-
tional advice that we've been hearing for all dfer, there's a remarkable absence of
advice that relates to business, strategic anddiahacumen. Much of the advice is
emphasizing personal actions that we need to lildkeehecome more self-assertive,
become more confident, develop your personal baaddadvice about working with
other people, things like learn to self-promotd,aeentor, enhance your network,
and virtually nothing is said about the importan€Ebusiness, strategic and financial
acumen. This doesn't mean that this advice is umitapt. What it means is that this
is advice that's absolutely essential for breakimgugh from career start to middle
management, but it's not the advice that gets psrgobreak through from the mid-
dle.

The state is also not indifferent to the fate sfditizens, since the degree of
their satisfaction with the growth and advancenientork affects the decrease or
increase in social tension in society, and theqasibnal potential of each - on the
dynamism and quality of reforms in general, esplgdiae development of manage-
ment personnel.

In 2015, the School of Mayors project was launcHeat. three months, 13
teams from different cities of Ukraine - Sumy, Be#, Boyarka, Energodar, Cher-
nivtsi, Cherkassy, Nikolaev, Borodyanka, Krivoy R@hernigov, Belaya Tserkov
and Zhitomir —have been intensively trained atkiey-Mohyla Academy.

“The implementation of the School of Mayors projisctery important for the
MIM-Kiev business school, and not only because phigect is socially significant.
Now, when the country is undergoing a global refefnpower, municipal govern-
ance requires increased attention, since it issgiple point of further growth. And
we are ready to share all our experience and krdgelén order to raise a new gen-
eration of municipal managers. As a result of traming, we expect that the grad-
uates of the School of Mayors will come to the ngamaent of cities according to
European standards, using modern innovative appesadlIM-Kiev has a success-
ful experience in training government officialsdame are confident that the School
of Mayors will become a new effective project anidl e the embodiment of the
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motto of the MIM-Kiev alumni community “We are bdihg Ukraine,” says Irina
Tikhomirova, President of MIM-Kiev, on the launchtbe program.

Career occupies a main place in the structureeohéeds of a modern person,
thereby influencing his satisfaction with work difiéin general. A successful career
provides a person with material well-being, satigta of his highest psychological
needs, such as the need for self-realization, otsped self-respect, success and
power, the need to develop and expand the spdegeof
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THE ESSENSE, GOALS AND OBJECTIVES OF ORGANIZATION’S
RELATIONSHIP MANAGEMENT

Management is a kind of activity of leading peorde. area of knowledge
aimed at forming and ensuring the achievement®btiganization's goals through
the rational use of available resources.

The purpose of management, as a science of managesi® study the laws
and patterns of the life of organizations and refet between employees in the man-
agement process.

Management is the process of influencing the stlgemanagement (that is,
the one who controls) on the object of control {lileawhat is being controlled) to
achieve a given goal, processes that ensure th#anance of the system in a given
state and transfer it to a new state of the orgdioiz through development and im-
plementation targeted impacts. The developmenoiofrol actions includes the col-
lection, transmission and processing of the necgésformation, decision-making.

Control action is the impact on the control objéptied at achieving the control
goal.

Management should promote the development of the&kehacommodity-
money relations in the wholesale trade in the me&psoduction, convertibility of
money, and stabilization of market prices.

Management is an element and function of orgarsgetems of various nature
(biological, social, technical, etc.), ensuring theservation of their structure,
maintenance of the mode of activity, implementatiérihe program and goals of
activity.

Two main tasks of management can be distinguistmadhntaining order (or-
ganization) in the community and establishing gaherdes of behavior; production
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of necessary and distribution of available resaaifteols, clothing, food), arrange-
ment of dwellings.

These tasks grew with the increasing complexityhefeconomic activity of
people, which subsequently led to the industriaohation, the emergence and
growth of the number of factories, the emergenceroblems of increasing the ef-
ficiency of labor, production and management. Sithad time, the efforts of spe-
cialists have improved the methods and methodsadyztion, organization and
management, and it is to that period that the eemerg of the science of manage-
ment is attributed.

The subject of research by specialists and sctentias the relationship that
arose between the subjects and objects of managefmgmduction processes.

The object of management can be industries (induagriculture, transport),
territorial communities of people (region, districity), individual stages of repro-
duction (production, sales, supply), aspects ohenuc activity (product quality,
interaction with the consumer, marketing), typesefources (financial, human,
etc.), as well as characteristics of productiofidieincy, attitude to work, quality of
life, level of employment).

Management subjects are managers of various lbelding a permanent po-
sition and empowered to make decisions in certaasaof activity (director, man-
ager, board of directors, city mayor, city counleéad of department, quality group,
city trade and industrial.)

Management functions determine the stable compaosdf specific types of
management activities, characterized by the hon®ityeof goals, actions or objects
of their application.

It is impossible to imagine management withoutttrgeted activities of the
governing entities.

The goal of management is the desired state afliject of management - the
organization - related to the future. In genefa, goal is a mental anticipation, and
therefore an ideal description of the result ofativity.

The main goal for which the organization was creéaed operates is called a
mission.

The goals of the next levels serve as a meansiewacthe goals of the previ-
ous levels, and so on, up to the formulation okotiyes at the lowest level. At the
same time, individual goals determine goals ofggéi level and vice versa.

Tasks are the same goals, but if the goals canpmiBntially be achieved, or
may turn out to be unattainable due to certain timmd and unfavorable factors,
then the tasks must be solved.

The goals are classified by level (national ecompsectoral, territorial, enter-
prises, etc.), duration (prospective, current),ecage of the problem and scale of
action (strategic, tactical).
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Having familiarized with the main tasks, goals aimaging the organization's
relationship, we can conclude: Management is aorasvhich the future develop-
ment of a company, business, enterprise depenasqdd#lity of work is the organ-
ization and thorough preparation (from the geneoacept to the smallest detail)
that comes with the experience of the organizatie@arning the science of manag-
ing the relationship of an organization, you caniexe the set goals and objectives
and come to a perfectly coordinated mechanism.
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TIME MANAGEMENT TECHNIQUES

Until we can manage time, we can manage nothirgg els

Peter Drucker

Time management is the act or process of learmirpmhsciously control the
time spent on activities, resulting in increasditieincy and productivity. Manage-
ment can help you acquire the skills, tools, amthinégues used to accomplish spe-
cific tasks, projects, and goals.

Time management is such a rational distributiohafrs in a day that you can
do everything, sleep a full 7-8 hours, and be éffec and stay healthy. This is a
skill that is worth pumping constantly.

Understanding what time management is and whatriteiples are, allows
you not only to achieve goals with minimal efforidaon time, but also to keep in
balance the various spheres of life, without smini§ your rest, communication
with relatives, or care for your own health.

We can manage ourselves, how we plan our day, ewdne spend our work
time. The judicious, productive and economical ofsthis resource is an important
part of the employee assessment.

Time efficiency can be achieved in two ways. Yotaiatmeaningful results
by saving time. This means you know how to getghidone in the shortest time
possible.

Effective time planning will help you reduce thenmoer and volume of tasks
you do.

The Pareto Principle states that a small propomibreasons, effort and in-
vestment are responsible for a large proportiomesilts. This principle was formu-
lated by the Italian economist Vilfredo Pareto 897 and has since been confirmed
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by quantitative research in a wide variety of areflfe: 20% of the effort gives
80% of the results

This is probably the most well-known concept of dirmanagement today,
which allows you to prioritize. This technique, ttreation of which is attributed to
the American General Dwight D. Eisenhower, allows yo sort cases both by their
urgency and by their importance. Everyone undedstainat only a limited number
of tasks can be completed at a time. Sometimelpwitprejudice to work, only one.

Mind maps are a method that allows you to:

1. effectively structure and process information;

2. think using your creativity and intellectual potial.

Time management is a combination of knowledgelssiitd abilities, thanks
to which a person knows how to set priorities, aataly plans his time.
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EMOTIONAL COMPONENT OF LEADERSHIP, ITS ADVANTAGES A ND
WEAKNESSES

What would our life be like if the organizationswdich we devote most of
our lives were initially dominated by leaders whauld evoke a lively response in
us and inspire us to feat!?

The emotional challenge for a leader is of the @inmportance because it is
not only the main but also the most important aspéteadership. Leadership al-
ways has an emotional basis. The leader must chaolective emotions in the
right direction, create an atmosphere of friendi;vand skillfully deal with negative
moods. This challenge is equally important forealker of all levels - from the board-
room to the sales floor.

An emotional leader is a leader who constantlyraxtis with employees. It's a
great job to work with people, observe, talk tontheducate them, give feedback.
Management is, first of all, interaction with peepln management, the ability to
manage emotions is important.

By instilling enthusiasm in people, productivityncancrease. Another im-
portant aspect of Emotional Leadership is thahifsact goes beyond guaranteeing
a job well done. If a manager is rude and disrafgleto employees, annoys them
and constantly points out their mistakes, employeses confidence and motivation.
On the contrary, when a leader is attentive to [geamtices and supports their po-
tential and abilities, people are drawn to him, rapfating such an emotional
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support. Whether an organization thrives or wittdgpends largely on how effec-
tively it performs its core emotional mission.

A leader who lacks the ability to understand thpesiences of others will be
involuntarily excluded from the emotional contefttiee collective, and therefore
his words and behavior can cause a negative reactio

Resonance and dissonancBissonance harms the mental and physical health
of a person. The most common types of such leaderdespots who intimidate and
humiliate their subordinates; hypocrites whose waate constantly at odds with
their deeds and who only care about their careserisitive leaders who try to evoke
a positive emotional response from subordinatesnoticing that they are at the
mercy of negative emotions.

There are six leadership styles: four positive dhascause resonance and two
negative ones that generate dissonance.

The positive leadership styles include:

1. "Dreamer". He encourages people to work towardsmmon goal. He is
most effective when a clear statement of a newitasdquired.

2. "Mentor". Such leaders combine goals of orgdinawith employees’
goals, their positive attitude contributes to theductivity.

3. "Comrade". Such a leader brings people togetrat,his skills are espe-
cially in demand situations of disagreements arebsst

4. "Democrat". The most important thing for hint@peration and openness.
He makes decisions by consensus and acts by piersuas

Negative Leadership Styles are:

1. "Pedant". Leading that results in excessive Ipslpgical pressure, makes
people anxious, causes loss of good specialigteifuture.

2. "Dictator". The authoritarian leader does nd¢rate objections. He can be
useful in a situation of crisis or major reorgati@a. But being a relic of the past
they jeopardize the viability of the entire orgatian.

Emotional Leadership - Emotional Intelligence Mag@agnt. As everyone al-
ready knows, intelligence is the ability to thinbkstractly, analyze and reason, find
interrelationships, learn, absorb information glyicknd, most importantly, solve
problems.

Five Components of Emotional Intelligence are:-s@lfireness, a knowledge
of your emotions, behavior, strengths and weakisesselerstanding how they will
affect people around you; self regulation, abitdycontrol yourself and your emo-
tions; self motivation, skills to create interestiork without any external coercive
factors;_empathy, understanding and supportingrsttsacial skills, emotional in-
telligence for building and managing relationships.

It is important for a business owner to remembat thinning a company is
primarily managing people. And interaction with pepALWAY'S includes and is
based on an emotional component.
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Communicating with employees leader should take ohthe person’s emo-
tional background that is left after this commutima Therefore, the highest art in
managing other people and, in particular, in mamggheself is managing emotions.
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ANALYSIS OF THE RISKS IN MANAGEMENT

Risk is the danger of losses in entrepreneuri@iacif certain events occur.
The main features of risk are: inconsistency, aliveness and uncertainty.

Risk leads to a clash of objectively existing rigigtions with their subjective
assessment. As along with initiatives, innovatolesis, introduction of new promis-
ing activities that accelerate technological pregrand influence public opinion and
the spiritual atmosphere of society, there is corsism, dogmatism, subjectivism,
etc.

Alternativeness in risk implies the need to chofosm two or more possible
options for decisions, directions, actions. If thex choice, then there is no risk sit-
uation, and, therefore, no risk.

Uncertainty refers to the incompleteness or inaxyiof information about
the conditions of the project or decision. The &xise of risk is directly related to
the presence of uncertainty, which is heterogengofsm and content.

In the economic world practice the following typEsisks are encountered:

1. production. It is associated with the directdurction of trade products and
arises in the case of a sharp increase or dedretigesize of production, unforeseen
costs, attracting new investments, developmemrafvations, etc.

2. commercial. It arises in the process of selliogds and services, a sharp
change in demand, the growth of commodity cosesd#velopment of new types of
trade, etc.

3. financial. This risk is constantly present, hessaany enterprise carries out
its financial relations with banks and other credgtitutions, and its finances are
embodied in securities.

When economic entities enter global industry markibtese types of risks can
be modified and significantly increased, primatilyder the influence of foreign en-
vironment. As a result, the following types of sskppear in world trade:

1. economic-legal risks. They are associated wational differences in laws
and other regulations that regulate foreign econamtivity;
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2. political risks. They are associated with chanigethe political situation in
a country, for instance, a new government comingawer and its imposition of
export or import restrictions, embargoes on goetts,

3. international risks proper. These risks are eoted with the actions of in-
ternational economic and financial organizationgjcl introduce new terms of
trade, international standards, regimes of prokibibr incentive measures in inter-
national trade.

Finally, in the foreign trade of each country, esaky in export-import trans-
actions, their conclusion and execution, the follwisks arise:

1. the risk of non-fulfilment of the terms of tigernational contract (terms
of delivery, discrepancies in quantity, qualityg.&t

2. risk of default on mutual settlement obligatianghe so-called credit risk;

3. currency risk, arising from constant fluctuaian exchange rates;

4. the sales risk is connected with fluctuationdémand for export and import
goods in the country or in a particular segmerihefforeign market;

5. price risk arises from constantly changing wanides;

6. the commercial risk is manifested in the unfasshor insolvency of the pop-
ulation of the importing country and the loss offfir

7. production and technical risk is associated withinability to use licenses,
patents, know-how bought on the world market indpidion or the inability to
properly adjust the purchased equipment.

Risks can also be classified according to theisegunences.

1. risk is a risk of a decision, as a result of4earcution of which the enter-
prise faces a loss of profit; within this zone #mgrepreneurial activity preserves its
economic expediency, i.e. losses take place, layt do not exceed the amount of
the expected profit;

2. critical risk it is a risk at which the enteigwiis threatened with loss of rev-
enue; in other words, the zone of critical riskhigracterized by the danger of losses,
which certainly exceed the expected profit anchim éxtreme case may lead to the
loss of all funds invested by the enterprise ingimect;

3. catastrophic risk is a risk when an enterpresgsoimes insolvent; losses may
reach the value equal to the enterprise's progtatys. This group also includes any
risk associated with direct danger to human lifégheremergence of environmental
disasters.

Risk management is the process of developing apttimenting solutions that
minimize a wide range of impacts of accidental afioious events, ultimately caus-
ing significant material damage to the firm.
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CRISIS MANAGEMENT FEATURES IN MODERN CONDITIONS

In the conditions of market economy formation inrélke, a special focus is
on the issues of practical application of persormahagement technologies that
would allow to increase the socioeconomic efficientthe enterprises.

Crisis management includes the management of niagkdinance, produc-
tion, personnel and information. In today’s contestaff, their interests, needs and
installations are central. Obviously, it is peopdeo live up and generate the enter-
prise system.

Crises are common to all companies, both natiomaditernational. But if the
Western business has accumulated a wealth of exerin overcoming problems,
developed a number of effective technologies faraeing the enterprise from the
crisis, the subjects of the domestic economy haveuch experience.

World experience shows that the application anth&rdevelopment of con-
temporary principles of anti-crisis personnel mamagnt in the practice of enter-
prises should serve as a powerful lever for theiretbpment, as well as prevent the
emergence of crisis symptoms. Consequently, iigent to implement optimal strat-
egies for implementing such management practicasaite consistent with sustain-
able worldwide practice.

Crisis management is the process by which an agton deals with a dis-
ruptive and unexpected event that threatens to lilaenorganization or its stake-
holders. So, three elements are common to a caigtgeat to the organization, the
element of surprise, and a short decision time.

Crisis management is a situation-based managetysens that includes clear
roles and responsibilities and process relatednizgtional requirements company-
wide. The response will include action in the faling areas: Crisis prevention, cri-
sis assessment, crisis handling and crisis terioimafhe goal of crisis management
is to be well-prepared for crisis, ensure a rapid adequate response to the crisis,
maintaining clear lines of reporting and communaratin the event of crisis and
agreeing rules for crisis termination.

Crisis management is the subject to impact thall imanifestations of an im-
moderate cumulative aggravation of contradictidvag tause the danger of an ex-
treme manifestation of this aggravation, the on$g¢he crisis.

The essence of crisis management is expressea ifollbwing provisions:
crisis can be foreseen, expected and caused; caribe accelerated, anticipated,
pushed back; it is possible and necessary to pedpacrisis; crisis can be mitigated;
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management in a crisis requires special approaspesijal knowledge, experience
and art; crisis processes can be controlled; magagiocesses to overcome the cri-
sis can accelerate these processes and minimizednsequences.

The main traits are: flexibility and adaptabilitropensity to strengthen infor-
mal governance; diversification of management; e@se in centralism and
strengthening of integration processes.

Crisis management has features in terms of itsgss®s and technologies. The
main ones are: mobility and dynamism; implementatif targeted programs; in-
creased sensitivity to the time factor in managdrpencesses; increased attention
to management decision evaluations; usage of ttiemsis criterion for the deci-
sions quality.

In the crisis management mechanism in modern donditthe main priorities
should be given to: motivation, socio-psychologitability of the activity, integra-
tion of professionalism values, initiative in salgiproblems, corporatism.

Management development should be accompanied bycezase in its effec-
tiveness. Accordingly, improving management efficig is determined by the
growth of its potential. The effectiveness of @isianagement is characterized by
the degree of goals achievement, mitigation, laatitbn or positive use of the crisis
in comparison with the resources spent on this.

It is difficult to evaluate such effectiveness otarate estimates, but you can
see it in the analysis and mainly assessment ohganent, its success or miscal-
culations.

Therefore, crisis management is designed to ersigteong position in the
market and stable financial stability of the entisgin the presence of economic,
political and social imbalances in the country.raittof crisis management is an
accelerated and effective response to significaamhges in the external environment
based on a redeveloped procedure for alternatisisida-making options, providing
for various transformations in this area dependinghe specific situation.
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REENGINEERING: CHARACTERISTICS AND SIGNIFICANCE

Reengineering is the radical rethinking and redesigbusiness processes to
achieve dramatic, discontinuous improvements inrkegern business metrics such
as cost, quality, service, and pace.

The main stages of reengineering are:
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1. visualization is the development of the imagéheffuture company;

2. reverse engineering is the creation of a mantedifi existing company;

3. direct engineering - new business development;

4. implementation - implementation of redesigneacpsses.

In reengineering, two significantly different typefsactivities are usually dis-
tinguished:

1. crisis reengineering (redesign and reengineeoinusiness processes),
where it is about solving extremely complex prokdeaf the organization, when
things have gone really badly and a set of meassieseded that would eliminate
the "foci of the disease”;

2. development reengineering (improvement of bissimocesses), which is
applicable when the organization is doing well ba thole, but the dynamics of
development has worsened, and they began to fathdéeompetitors.

Reengineering properties are:

1. rejection of outdated rules and approaches tanting the business process
from scratch, which allows you to overcome the tiggampact of the prevailing
economic dogmas;

2. disregard of existing systems, structures andqutures of the company and
radical change in the way of doing business -iff impossible to remake your busi-
ness environment, then you can remake your business

3. leading to significant changes in performanahcators (an order of mag-
nitude different from the previous ones).

There are three types of companies for which reemging is necessary and
advisable:

Companies that are on the verge of collapse dteetdact that the prices of
goods are noticeably higher and / or their qugBsrvice) is noticeably lower than
those of competitors. If these companies do na thcisive steps, they will inevi-
tably go broke.

Companies that do not currently have difficultisispuld foresee the inevita-
bility of intractable problems associated, for ex#an with the emergence of new
competitors, changing customer requirements, cingrthie economic environment,
etc.

There are leading companies with aggressive makeitlicies, that are dis-
satisfied with their current state of affairs and@nivto do better through reengineer-
ing.

Thus, the tasks of reengineering are similar tdakks of innovation: master-
ing innovations to ensure the competitiveness ofipcts and, ultimately, the sur-
vival of the enterprise.

The need for reengineering is associated with itjle tiynamism of the mod-
ern business world. The manufacturer is forceststantly adapt new technologies
and regularly change consumer needs.
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The inertia of the pyramidal organization is a lerak the path to the survival
of companies.

The solution to the problem today is to changebi&igic principles of the or-
ganization of the company and move them to a foain functions, but on pro-
cesses.

Reengineering is a method of improving the perfaroeaof a firm that leads
to radical change, along with methods such asegfi@planning, change manage-
ment, excellence and development architecture.

Reengineering means a radical restructuring atethel of both the structure
and its procedures.
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PERSONAL CHARACTERISTICS OF A MANAGER AND THEIR
INFLUENCE ON THE MANAGEMENT STYLE

Knowledge about the patterns of management, psgglual characteristics of
human behavior in organizations is an integral pad specialist in management
activities.

Management psychology investigates psychologicalitigs of the individual.
The type of temperament determines a person’s li@hat work, in the family,
among friends. By the characteristics of temperdsjeme can understand about
some of the personality traits, namely: self-estetbim level of communication, be-
havior in difficult situations, exposure to influgs and the like.

These characteristics also lead to the classificadf managers, that is, the
management style. Among them, five basic types beaglistinguished: democrat,
organizer, manipulator, dictator and pessimist.

The dictator focuses on productivity and productioot paying any attention
to the people who work with him in the same teamsHort, the production sphere
prioritizes for him over the social one. Leadersldgsire to participate in decision
making, take responsibility are not motivated agatlto a long-term conflict.

A Democrat is the complete opposite of a Dictafar. such a leader, produc-
tivity comes in last. He pays all attention to plecgnd the environment in the team.
. However, he quickly loses confidence and creidljbdls a leader.

The manipulator balances uncertainly between padoce and moral aspects,
can make concessions and compromises, but alwaysds on his own interests. In
short, he does not stand firmly on his feet.

281



The pessimist is a "faceless" manager. His motttbig not interfere with the
natural course of events." He is completely ineffec possessing minimal level of
interest in people and production.

The organizer is the most productive type. He tak&saccount the needs of
production and the interests of subordinates. Thsetimportant characteristics of
this type are the desire for innovation, focus lom ¢ontinuous development of the
organization. An organizer is a collective managdexoted to the team, setting and
carrying out tasks together with the employees.

Summing up | want to say that extremes can newet e success. You need
to make every effort to balance and control businerformance, as well as not
forget about the team, since people are very inpgrthey need motivation to create
something new. And a manager, like any leader, pastide people with this mo-
tivation, support, create a positive atmosphetbénteam.

Then the team will have unconditional success.
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ADVANTAGES AND DISADVANTAGES OF TESLA OVER
CONVENTIONAL VEHICLES

Tesla, Incis an American electric vehicle and clean enemygany based
in Palo Alto, California. Tesla's current produatdude electric cars, battery energy
storage from home to grid scale, solar panels atat soof tiles, as well as other
related products and services.

Founded in July 2003 as Tesla Motors, the comparayise is a tribute to in-
ventor and electrical engineer Nikola Tesla. Elamsk] who contributed most of the
funding in the early days, has served as CEO s2068. According to Musk, the
purpose of Tesla is to help expedite the move staguable transport and energy,
obtained through electric vehicles and solar powesla began production of their
first car model, the Roadster, in 2009.

Tesla reported 2020 vehicle deliveries of 499,5@tich was better than ana-
lysts' estimates but falling shot of the compaggal of 500,000. Tesla is ranked as
the world's best-sellinglug-in andbattery electriggassenger car manufacturer, with
a market share of 16% of the plug-in segment ar®d @8the battery electric seg-
ment 2020 sales. In 2020, Tesla accounted fory&8a#kh of all battery electric car
registrations in the U.S. At the end of 2020, @ssglobal sales since 2012 totaled
over 1.4 million units.
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But what makes Tesla so popular? What are the éalyas of electric vehicles
over other cars and what can be the disadvantages?

The electric car appeared before the internal catidruengine. Back in 1828,
the Hungarian inventor Anjos Jedlik made an eleally powered cart that looked
more like a skateboard than a car. However, therition of Jedlik served as a pow-
erful impetus in the development of this directafrengineering. The first electric
car in the form of a cart with an electric motorswaeated in 1841.

However, the Tesla company brought wide developreslectric vehicles in
the 21st century, in 2009 releasing the Tesla Readports electric car, which was
not inferior in driving performance (acceleratiomdmics and maximum speed) to
ordinary cars.

One of the most important advantages of electiokes is their environmen-
tal friendliness. It does not need gasoline, whiign emits pollution into the atmos-
phere, because it runs on electric energy. Thimm#at the level of gas emissions
into the atmosphere is much lower than that ofediears.

The vehicles are easier to maintain, do not neetiange engine oil and spark
plugs.

Electric cars are available at a cost, they arapdeto maintain and service.

Fashion is also an indisputable advantage. Morename: celebrities prefer
them, many people want to buy this car and it lem®ine a trend.

But what about the disadvantages? There are stilenough stations for re-
charging such cars. Over time, this problem wilsbésed, but so far it has difficul-
ties in everyday use.

Electric cars take a long time to charge, abou® &durs. It takes effort in
planning your day and travel.

At the moment, the range of electric cars is munhlker than that of diesel or
gasoline cars.

Electric cars are mostly compact cars and are uitdtde for transporting a
group of people.

They also have a smaller power reserve. Motorsaseamheat or overcool,
which will shorten their service life.

Today, the cost of such vehicles is more experian the cost of diesel or
gasoline vehicles.

And although electric cars are more environmenfaigndly in everyday life,
they emit more pollution during their productiorathin the production of diesel
cars.

In conclusion, at the moment, electric cars camoohpletely replace diesel
cars, as they have many disadvantages and protdBernthe trend shows that soon
they will be on the same line with other cars arelsetter than them. Tesla is already
developing more and more interesting models thatbange our lives and make it
easier, safer and more environmentally friendly.
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ZERO DAY VIRUSES TOXICITY AND WAYS TO COMBAT THEM

Definition

0-day is a term for unresolved vulnerabilitieswal as malware against which
no defense mechanisms have yet been developed.

The term itself means that the developers had 8 tajix the defect: a vul-
nerability or attack becomes publicly known urii software manufacturer releases
bug fixes (that is, the vulnerability can potenidde exploited on running copies of
the application without the ability to protect augtiit).

Vulnerability detecthn

At the moment, many virus writers are focusing rthefforts on finding un-
known vulnerabilities in software .This is due e tigh efficiency of vulnerability
exploitation, which, in turn, is associated withotfacts - the high prevalence of
vulnerable software (it is such software that isally attacked) and a certain time
interval between the discovery of the vulnerabttitythe software company and the
release of the corresponding update for bug fiXesdetect vulnerabilities, virus
writers use various techniques, for example:

1. Disasembly of program code and subsequent search for errors directly in
the software code;

2. Reverse engineering and subsequent search rfims én software algo-
rithms;

3. Fuzz testing is a kind of stress test for saftwthe essence of which is the
processing by software of a large amount of infdromacontaining deliberately in-
correct parameters;

4. Creatbn of malicious ode.

After a vulnerability is discovered in the softwatiee process of developing
malicious code begins that uses the discoveredevalhility to infect individual
computers or computer networks.

As of 2017, the most famous malware exploitingGtiay vulnerability in soft-
ware is the WannaCry network ransomware worm, whieb discovered in May
2017. WannaCry used the EternalBlue exploit inSMB (Server Message Block)
vulnerability on Windows operating systems. Up@uacessful attempt to infiltrate
a computer, WannaCry installs the DoublePulsar ¢baekfor further manipulation
and actionAlso, the equally well-known Stuxnet worm exploitedra\pously un-
known wvulnerability of Windows operating systemdated to the shortcut
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processing algorithm. It should be noted that,dditton to the Oday vulnerability,
Stuxnet exploited three more previously known vedibdities.

In additon to creating malicious pgrams that expit O day vulnerabilities in
software, virus writers are actively working on creatinglitiaus programs that are
not detected by antivirus scanners and monitores&malicious programs also fall
under the definition of the term Oday.

The lack of detection by antivirus programs is aghd due to the use of tech-
nologies such as obfuscation, encryption of progecade, etc. by virus writers.

Proection

Due to the use of special technologies, Oday thieginot be detected by clas-
sic anti-virus technologies. It is for this reagbat products that rely on classic an-
tivirus technologies perform poorly in dynamic &irtis tests.

According to antivirus companies, proactive antisitechnologies must be
used to provide effective protection against Odaware and vulnerabilities. Due
to the specifics of proactive protection technadagihey are able to provide protec-
tion against both known threats and Oday threatmlggeffectively. However, it
should be noted that the effectiveness of proagiiegection is not absolute, and a
significant proportion of Oday threats can harntims of cybercriminals. At the
moment, there is no independent confirmation of¢rstatements.
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GLOBAL OVERPOPULATION AND SCARCITY OF RESOURCES

It seems that our population grows evenly. Eversspe who didn’t think
about problem of overpopulation will say that faample in 1000 there was about
3-4 billion people, but can you believe that ouppiation stepped over 1 billion
only in 1820.

Our population increased by 6,5 billion only intlda80 years and the graph is
really daunting, because to the beginning of oartbe graph line was almost flat
and parallel.

The next steps were 2 billion in 1927, 3 in 1960n 4974, 5 in 1987, 6 in
1999 and finally 7 billion in 2011. As we see tharth population is growing expo-
nentially and a lot of scientists and doctors waipput this problem.

There are some proposed solutions:

1. Nothing to do. Many people believe that the ptasill cleanse itself if it's
necessary. It can be earthquakes, tsunami, huescamd other natural disasters.
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2. Create a virus. Someone believe that if we eraakeadly virus, we will thin
out the population. For example, there is a boalkefino” by Dan Brown and there
mad scientist created a virus due to which eveiryl therson became barren. He
believed that the most optimal number of populatsoabout 4 million.

3. A war. Of course, it's the worst choice, butliis case there will be fewer
of us. Also there is a case in which we can all die

4. Space exploration. Personally | believe thapace there are some planets
where we can live and we must find it.

I'd prefer the first variant, because people ofteamatize everything. This
fear accompanies us all history. How many peoplgalothink lived on the planet
when these words were written: "Our populatioroiigge that the Earth can hardly
support us"? They seem to have been said quigntlgc But these are the words
of the Carthaginian writer and theologian Tertuljiavho lived at the end of the 2nd
- the beginning of the 3rd century AD. They wereergd when the world's popula-
tion barely reached 300 million.

But these fears are not taken from scratch. Stofcksnerals, metals and fossil
fuels are limited and not renewable. Populatioowgh and growing demand for
industrial and consumer goods lead to a shortagatofal resources. Nevertheless,
I think it's not scary. All of these recourses barreplaced. We can stop to use metal
goods and make a choice in favor of another fuel.

But the big deal is a pollution of the environmedther natural resource s,
such as water, air and soil, may deteriorate diredigstrial use. With increasing and
often uneconomical exploitation, these high quaktyources are also becoming in-
creasingly scarce.

So, in my opinion, we must take care about ourremvnent more and think
about future, because the main problem isn’t owgufation, the main problem is
our irresponsibility.
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ARTIFICIAL INTELLIGENCE, PROSPECTS FOR ITS DEVELOPE MENT
AND POSSIBLE TREATS

Artificial intelligence (Al) is intelligence demotrated by machines, while
natural intelligence is displayed by humans andnais and characterized by con-
sciousness and emotionality. The traditional proisleof Al research include
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reasoning, knowledge representation, planning,niegr natural language pro-
cessing, perception and the ability to move andipudaite objects.

General intelligence is among the field's long-tgimals. Approaches include
statistical methods, computational intelligenced &raditional symbolic Al. Many
tools are used in Al, including versions of seaacld mathematical optimization,
artificial neural networks, and methods based atistics, probability and econom-
ics. The Al field draws upon computer science, linfation engineering, mathemat-
ics, psychology, linguistics, philosophy, and matiyer fields.

Early researchers developed algorithms that indtatep-by-step reasoning
that humans use when they solve puzzles or makealodeductions. Al research
had developed methods for dealing with uncertaimoomplete information, em-
ploying concepts from probability and economics.ddi@te successes related to af-
fective computing include textual sentimant anaysid, more recently, multimodal
affect analysis.

In the long run, social skills and an understandifiguman emotion and game
theory would be valuable to a social agent. Thhtgld predict the actions of others
by understanding their motives and emotional statadd allow an agent to make
better discussions. Some computer systems mimiahwsmotion and expression
to appear more sensitive to the emotional dynaofitmman interaction, or to oth-
erwise facilitate human-computer interaction. Alsome virtual assistants are pro-
grammed to speak conversationally or even to bamberorously.

Al is wiedly used in robotics. A modern mobile répahen given a small,
static and visible environment, can easily deteeniia location and map its envi-
ronment. Motion planning is the process of brealdogvn a movement task into
"primitives" such as individual joint movements.cBumovement often involves
compliant motion, a process where movement requiiggataining physical contact
with an object.

Artificial neural networks are an example of safitputing — they are solution
to problems which cannot be solved with a comgtegecal certainty, and where an
approximate solution is often sufficient. Othertssfmputing approaches to Al in-
clude fuzzy system, evolutionary computation andyretatistical tools.

If an Al system replicates all key aspects of huiméglligence, will that sys-
tem also be sentient—will it have a mind that hasscious experiences? This ques-
tion is closely related to the philosophical prablas to the nature of human con-
sciousness, generally referred to as the hard @moldf consciousness. David
Chalmers identified two problems in understandimg mind, which he named the
"hard" and "easy" problems of consciousness. Tlsg peoblem is understanding
how the brain processes signals, makes plans arbtobehavior. The hard prob-
lem is explaining how this feels or why it shoudéFlike anything at all. Human in-
formation processing is easy to explain, howevendmu subjective experience is
difficult to define.
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Are there limits to how intelligent machines—or hamrmachine hybrids—
can be? A superintelligence, hyperintelligencesugrerhuman intelligence is a hy-
pothetical agent that would possess intelligencetdapassing that of the brightest
and most gifted human mind. Superintelligence msy eefer to the form or degree
of intelligence possessed by such an agent.

Physicist Stephen Hawking, Microsoft founder Billat@s, history profes-
sor Yuval Noah Harari, and SpaceX founder Elon Muske expressed concerns
about the possibility that Al could evolve to thamnt that humans could not control
it, with Hawking theorizing that this could "spétie end of the human race".
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INTERNET VULNERABILITIES OF LARGE ORGABIZATIONS

Nearly all organizations depend on the Internettieir vital information and
communications needs, as well as for their dayatpdusiness operations. Thus,
Internet connections are very important.

According to statistics, 7 out of 10 industrial quanies are potentially vulner-
able to hacker attacks. The Positive Technologiedytical group, which studied
the main directions of attacks on key corporatéesys of industrial organizations,
confirmed that the main danger lies in weakly pectetd administrative channels.

The research found that cybercriminals are ablewercome the barrier
through remote access to the network of an indusirganization - the number of
such potentially vulnerable enterprises in the sewf the research was 73%.

The reason why such vulnerabilities are presemnterprises is a banal un-
willingness to change something that seems to haem working properly for a
long time (fear of harming the organization's tealbgical process). Such compa-
nies spend their main efforts on preventing theafisgternal technological systems,
separating local technological networks from cogp@iones, which can be accessed
from an open Internet network.

Administrative methods of control remain one of thain methods of gaining
access to a corporate LAN - it is not uncommonlTospecialists of industrial en-
terprises to provide themselves with remote corfoolthe sake of convenience,
sometimes neglecting security measures.

According to the study, the most vulnerable spdtsnterprise networks are
passwords that can be easily found in a dictiorasyyell as outdated software. By
the way, these shortcomings were found in eachedtbmpanies considered.
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Thanks to such errors, the attack direction catidveloped to gain the highest
rights of the corporate domain, as a result of Wl attacker can even take control
of the entire internal infrastructure.

When hackers break into a corporate network, tHinaise bugs in applica-
tions and corporate sites as a hacking methodhiPliss also very common (emails
with hidden malicious code that hackers send tpamte addresses).

To attack the networks of large industrial entesgsi hackers often consider
the ICS(Industrial control system) of equipmenaaseak point, because such soft-
ware uses highly specialized software and its owtogols, which are poorly pro-
tected from this type of attack.

To prevent hacker attacks on corporate networlentdrprises, necessary:

1. Reconsider the vision of the security organ@rgtand at the highest level.
Often, problems arise precisely because of thesa¢ff the company's management
to finance funds for information security. It iscessary to develop audit regulations,
conduct penetration checks, implement protectivasuees (systems for detecting
and countering attacks; methods of processingr@edconnecting events; antivirus
systems; security monitoring tools, software dowadk etc.).

2. Dividing the network into segments so that hagl@nnot attack critical
areas, and in the event of an attempt to penetrsitie, it would be possible to iden-
tify an attack and effectively resist it at an gatage of hacking.

3. Close attention should be paid to the separatiatcess rights and infor-
mation exchange between the office and technolbgéaions of the corporate net-
work. In addition, it is essential to update thigare versions used at the enterprise
(for example, you need to promptly update operagiysiems, application software,
security programs, firmware of equipment).

Itis very important for industrial companies taalge the approach to network
control and protection from outside hacker attatkss requires identifying the cur-
rent list of possible threats, understanding paérisks, identifying the most effec-
tive methods of protection and informing staff abitwe rules and regulations in the
field of information security, delivering informati about new types of threats.
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DIGITAL INFORMATION SECURITY

We live in a time when most of our lives, persoaad professional, resides
online. We do our banking, music purchases, biimpg social planning, and even

289



parts of our job, in the digital world. This inceeal reliance on the internet and dig-
ital networks brings risks along with the convemieit provides.

Online criminals, hackers, even just bored misehiekers lurk in the shad-
ows, waiting to rob you, commit fraud, steal yadeiitity, or simply embarrass you.
Therefore, digital information security is of paraumt concern.

Digital security is the collective term that debes there sources employed to
protect your online identity, data, and other assEtese tools include webservices,
antivirus software, smartphone SIM cards, biomstiand secured personal devices.
In other words, digital security is the processduseprotect your online identity.

Cybercriminals are opportunists attracted by treeskolume, value, and va-
riety of data available for exploitation. And dtlety need is just one good haul to
make their efforts worth it. If they can fool ordye consumer—through a phishing
attack, for example—hackers could reap there wafdsstolen identity or a com-
promised credit card with a substantial balandeutm through.

Like we said at the start, our increased reliancéhe internet means we have
a lot more to lose if something goes sideways. Sthkes are high; we need impec-
cable, reliable digital data security.

Not every bit (or byte) of your information is uskfo cybercriminals. A total
stranger finding out that you prefer the origingdrSNars trilogy to the sequels is
scarcely an earth-shattering revelation that coafdpromise your identity or finan-
cial security. So, what kinds of data are at risk?

Personal Identification Data. This data includesrytame, phone number, ad-
dress, email account name, IP address, and, mosigiiag, your Social Security
number. It also includes information that potetigdinpoints your location. Per-
sonal data is often used for identity theft andal@ngineering. Also, a hacker who
has your Social Security number (or equivalent) cpen credit card accounts in
your name, thereby eventually destroying your d¢reclre.

Personal Payment Data. If it has to do with finahtiansactions, it's consid-
ered personal payment data. This information inetuctedit and debit card numbers
(including expiration dates), online banking nunsh@ccount and routing), and PIN
codes. Criminals who gain access to your onlin&isgrninformation can even trans-
fer funds out of the accounts or make purchases.

Personal Health Data, also known as personal hedtirmation (PHI), en-
compasses information on your health, includingicadhistory, prescription drugs,
health insurance subscriptions, and doctor anditabspsits. This information is
precious to high-rolling cybercriminals since thegn use your health information
to file false insurance claims or order and regedkcription drugs.

As we can see, hacks can occur in many informatahways on the Internet.
Business organizations, mainly small and mediura;diace critical challenges in
protecting data. Limited financial and technologiesources make it difficult for
them to upgrade security system and to stay updatidtechnology. However,
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better awareness towards cyber security and pgpaning can prove to be very
beneficial for such business organizations in mtirtg their information and trade
secrets from being disclosed. Many small businegargzations are now taking in-
itiatives to protect their information from beingcassed illegally.

Cyber security is equally important for local, stednd central government as
these organizations maintain a huge amount of denfial data and records con-
cerning the country and its citizens. Yet sevemalggnment organizations face dif-
ficulty in protecting data because of inadequateise infrastructure, limited fund-
ing and lack of security awareness. Stealing ofidential data or sensitive infor-
mation, digital by terrorists from government orgations, as well as digital spying
can lead to serious threats to the country. Farrddson, cyber security is of para-
mount importance for government organizations also is a vital asset to the na-
tion.

The increasing use of the internet and social med&amade cyber security
even more important that it was before. Growingeryifireats such as data theft,
phishing scams and other cyber vulnerabilities dehthat users should remain vig-
ilant about protecting data. It is essential toensthnd the varied type of risks and
vulnerabilities that exists in the Internet wofar every user it is important to think
before connecting to someone using online mediuserséJshould also think prior to
sharing any information with other users throughititernet.
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DATA CENTERS FOR PROTECTING AND STORING BIG DATA

Nowadays, people consume a lot of information fragwertisements, social
media, and internet resources. Billions of dat@®wre hanging around us. But have
you ever asked a question: “Where is all this imfation stored?”

There are many giant buildings in the world, wistbre and protect data from
searching resources, medical organizations, sciexperiments, etc. Their name is
Data Centers. We would never have the Internasipresent form if it were not for
these repositories. Data center is a building ougrof buildings used to house com-
puter systems and associated components, suclkeaesnenunications and storage
systems. They process, store and distribute infoomeas a rule, for the corporation.
It is focused on solving business problems by mhog informational services.

Data centers consist of informational infrastruet(servers), telecommunica-
tion infrastructure, and engineering infrastructuka appropriate temperature and
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humidity level are maintained in such centers. M2gater security is a complex of
software protecting tools, aimed at raising theelexf safety for the stored infor-
mation.

Protecting of information consists of two comporsenghysical protection
(systems of temperature controlling and firefigb)irand cyber safety, which re-
quires a completely different approach. Nowadaysmost common cyber threat is
a DDoS attack. According to research evidencesithmber of DDoS attacks in-
creased by 84 percent in 2019. In Data Center's, d@skers permeate in one of the
collocation-servers and attack customers of theop@ner network.

The reason traditional security is useless isitlwn detect intrusion attempts
but cannot eliminate them. Required property fotgeting Data Center’s system is
integration with known means of virtualization, taner and cloud environment,
supporting of multilevel analysis of incoming, ooitgg and intranet traffic to iden-
tify threats, that can pass existing protectiveibes, also system control of detecting
inadmissible changes in the server parametersagsttproviding antivirus checking
with minimal demands to computing resources, fo@tsystem conditions to pre-
vent installing different unknown apps.

Big Data is a designation of structured and unsined arrays of huge
amounts of information, which have great varietgd anormous volume and are ef-
fectively processed by programming software tobfere are many options for pro-
tecting Big Data, such as biometrical parametei@nétrical cryptosystems, and
double and triple verification if it comes to gomerent information. However, bio-
metrical methods cannot guarantee full protectionmodern Big Data Systems are
working with combination of several identificatiparameters.

Security systems have come a very long way forlakethirty years, from
small simple structure with physical safety andamigational measures to compli-
cated systems which use artificial intelligenceredats. However, modern technol-
ogies cannot save and protect data without spsisiadind daily work to identify
priority threats.
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EXPEDIENCY OF REPLACING INDUCTIVE CURRENT MEASURING
TRANSFORMERS WITH OPTOELECTRONIC ONES

Introduction. At this point of the development dfivoltage technology,
most commonly used methods of measurement basetheorelectromagnetic
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principles cannot satisfy new requirements becthesse methods have reached the
limit of their capabilities. They have arisen deetéchnological revolution of the
last several decades. Therefore, modern developaiegiectrical complexes and
systems require the introduction of the latestgtesof instruments and equipment.
Therefore, scientists had to work hard to find & approach to creating new meas-
urement systems that would meet the new requireanAsta result, scientists have
found a previously known so-called optical-elecicaf®©E) measurement methods,
which make it possible to realize the requiremefitsonsumers. They are based on
the use of optical communication between the prynaaid secondary transducers of
the measuring system. Such methods use a compbifedyent, more promising
approach, based on the use of the magneto-opticatigy's effect. Most often, this
effect realized in fiber optic current transform@CT) is used in combination
with modern digital signal processing and datagnaission technologies.

Currently, the development of the FOCT is produbgdeading companies
around the world. Such transformers are considerdae the next generation of
transformers, because they eliminate defects cdlaédog transformers and meet all
the necessary requirements.

Faraday’s effect. Nowadays FOCT use the magneticadfgtaraday's effect,
which is a fundamentally different promising apprioa

Khairullin, Giniyatullin and Pashali, speaking ¢fet magneto-optical effect,
write that “In 1845, Faraday discovered a phenomehat became one of the main
steps in the development of optical current comrsr— the phenomenon of rotation
of the plane of polarization of linearly polarizkght in a constant magnetic field”,

as in Figure 1.
I
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Figure 1 - Schematic diagram of the Faraday's effeclaser diode; 2 - polarizer;
3 - Faraday's element (twisted optical fiber);ahalyzer; 5 — photodiode; 6 - elec-
tric current conductor.

Expediency of replacing inductive current measuringiransformers with
optoelectronic onesIn comparison with conventional transformers, HOGave
several benefits. They are compact and lightweiglsp they are easy to install.
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Another advantage is flexibility of transformer.i3ls possible thanks to its insula-
tion. Insulation is an essential element of eleatrapparatuses and has a significant
impact on both its design and operational religbillso they are fire and explosion
proof. At the same time the sensor element is aliyudecoupled from the voltage
line. And there is minimal electrical interfererme the signal line.

Conclusion Based on these benefits it is safe to say th&@ T3 the trans-
former which will be used all around the world besathey eliminate defects of the
analog transformers and meet all the necessaryreagents.
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VOLTAGE MEASURING TRANSFORMER AND ITS INSULATORS
RELIABILITY EVALUATION

Reliability evaluation of insulating structuresréasuring transformers is one
of the most important components during commissigtin various substations.

The design of measuring transformers has a supgoitisulating structure
(tire) that places conductive and grounded pasdisl&

For example, in multi-stage transformers, sucH&E— 362, which consist of
two stages, the lower insulator is pressed by thight of the upper insulator with
magnetic conductors and coils inside, so the requénts for the lower reference
insulator are greater.

In this case, with increasing stages of the transfo, along the insulating tires
a sharp uneven distribution of voltage and fietérggth from the electrode with a
high potential to ground is observed.

The authors [1, 2] published a series of artickfinihg methods for evaluating
the distribution of electrical load on the suppagtinsulating tire on the basis of
capacitive substitution schemes, on the exampkeafrrent transformer of TO-
362series.

Based on the considered methods, it is possitdgdtuate the specified distri-
bution of voltage and field strength along the lasng tire, taking into account all
the design features of the device.

The structure of the polymer tire insulation of giled measuring transform-
ers is very complex, and the uneven distributiofieddl strength significantly affects
the service life of the insulation.
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Under such conditions, the criteria for assessatighility may be such char-
acteristics as the probability of failure, the imdity of failures and the density of
failure.

All of the above reliability characteristics ardated by simple mathematical
relations, which are defined for the chosen théwaktaw of distribution of a random
variable, such as operating time to failure or @agevoltage.

Therefore, it is almost impossible to determir@récisely, but it is possible to
make a rough estimate.

The method developed by the authors [1, 2] allexdetermine the operational
reliability of measuring transformers by determgithe parameters of theoretical
distributions, which are based on data from expenital studies and statistical in-
formation and monitoring data of insulation struetithat can be obtained during
actual operation.

Accurate data using this method of predicting themmeters of the theoretical
laws of distribution can be obtained by conductdglitional series of calculations
and experimental tests of specific insulating stress, and the more tests will be
conducted, the greater the accuracy of the inigisiilts will be achieved.
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FIBER OPTIC 110 KV CURRENT TRANSFORMERS

Nowadays all the industries are modernized, ank widtage technology is no
exception.Very often we can observe a situationnaae old equipment does not
satisfy new requirements, causes glitches andidedéon in nearby related equip-
ment deterior. Thus, there is an urgency in quegdacement of old facilities. All
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analogue measurements methods are from the pdastyeioday there are a lot of
new ones, that come to the fore and replace evngytid.

The implementation of new technologies into hightage electrical com-
plexes are gradually taking place. As a result, m@asurement methods performed
with digital fiber optic transformers have emerga#th the help of fiber-optic trans-
formers, it is possible to discover modern and pescive measurement methods
based on the Faraday'’s effect. This effect congistise rotation plane of light po-
larization under the influence of the external megnfield. Measuring the angle of
rotation plane of light polarization, it can detémsmagnetic induction or current.

Besides sensors, special attention in the FOCTvengo the insulation. The
issue of insulation is still relevant, since onlyedo the choice of high-quality ma-
terial, the correct shape of the ribs, the FOCTuaeg such features as flexibility,
insensitivity to external influences and ease eoféltation.

The Canadian company NXT Phase is one of thediesitors of this type of
device. Since 2002, the devices of this company ieeen tested on existing high-
voltage power lines in different countries. In Rasthe best practical results on the
creation of domestic devices of this type have lmsained at the company Profotek
CJSC. The design of such type of transformer igdbam the current locations of
the sensors on the support insulator, and it ctsngfsa measuring element, a sensi-
tive optical fiber in a quartz tube and currentrgiaag bus. A linearly polarized light
signal is supplied from the electro-optical unihigh enters the electron-optical unit
through the optical fiber.

The principle of operation of the FOCT of the Caanadmanufacturer NXT
Phase is the same as that of the Russian onevdrik noting that NXT Phase offers
a new design of the FOCT with a breakable opticapINXCT-F3. Such optical
current transformers can be used in informationsagag systems of technical and
commercial metering and quality control of eleatienergy.

The transformer has a measuring sensor made ifortimeeof multiturns fiber
optic loop covering a high voltage input, a gerardius, or a current conductor.
Design features allow to install the transformethiose places where the installation
of traditional transformers is extremely difficolt simply impossible. The measur-
ing loop of the sensor is a polarization-presenaptjcal fiber connected to a stand-
ard NXCT, electronics kit with a standard set ofpatt interfaces. This is an ideal
solution that allows, in a short time and with animum amount of preparatory
work, to organize the deployment of a measuringeoification complex.

The insulation is an essential element in the desiglectrical appliances and
has a significant impact on both its design andapmal reliability, especially in
ultra-high voltage devices. It is known that theutsle proof operation of networks,
the service life of high-voltage equipment, theesafof maintenance directly de-
pends on the quality of the insulators, and esfig@a their material, reliability,
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type and number of ribs. If to analyze the curstate of the high-voltage equipment
parks, one can be sure that they are in poor dondit

In modern apparatus engineering, the use of polynsatation is increasing.
And this is due to the high level of electrical andchanical strength (achieved by
reinforcing them with fiberglass). Polymer insulatin outdoor FOCT are made of
epoxy compounds based on cycloaliphatic resinspsi rubber, polyester resins
with mineral filler and fluoroplastic additive. Guide, they are coated with a protec-
tive coating to protect against ultraviolet radiatiand chemical attack, as well as
waterproof varnishes for reducing hygroscopicithieuse of polymer insulators on
power lines can significantly reduce the mass sidiliators, and accordingly the mass
of the entire transformer. They allow to replaceolglgarlands of porcelain insula-
tors, since they are much lighter.

The advantages of polymer insulators is a higheetetal resistance during
pollution, compared to similar porcelain insulataish an equal leakage path, this
advantage is even more evident due to the usedfyttirophobicity of the material.
The other important advantages of polymer insusatoe:

1.flexibility, that allows to install optical traftgmers in vertical, horizontal
and tilted positions, that does not affect the ety of measurements;

2.compactness that allows them to be installedimlitions that are unaccepta-
ble for analog transformers;

3.insensitivity to external electromagnetic fietdat does not require analysis
of the relative position of the tires;

4.light weight that allows installation without thise of cranes.
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COMPUTERS IN MEDICINE

Today computers are everywhere: from patient bedsichedical carts, nurse
stations, laboratories to operating rooms. Let'elthan their most common medical
applications.

1. Medical imaging is widely used in hospitals teate images of a human
body for study and diagnosis. It includes magnetsonance imaging (MRI), ultra-
sound, CT scans and X-Rays. Even X-Ray imaging mgss computers for image
adjustment and transfer.

2. Computers are used to assist in planning, tegchnd performing many
surgical procedures. RAS devices enable a surgeosa computer and software
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technology to control and move surgical instruméimteugh one or more tiny inci-
sions in the patient’s body (minimally invasive} #ovariety of surgical procedures.

3. Computer networks and the Internet have incrbtiemeans of communi-
cation between medical professionals with emadtant messaging, video chats and
webinars.

4. Hospitals began to use the Electronic Medicaldr# Electronic Health
Records is a digital version of a patient's papertcthat is instantly available to
authorized health providers. EHRs are built to shaformation with other health
care providers and organizations — such as lah@gajspecialists, medical imaging
facilities, pharmacies, emergency facilities, ando®l and workplace clinics — so
they contain information from all clinicians invas in a patient’s care.

5. A computer network is a far more secure waytdoesand organize patient
records. Filing patient records in cabinets orlogheing is quickly being phased out,
with computer systems offering a more efficienusioh. Traditional filing systems
are problematic. In an emergency, medical staftiriast access to patient records.
If it's a life or death situation, rummaging thrdug cabinet to find a patient file
wastes precious time.

6. Supercomputers are able to handle massive amofimésearch data and
analyze millions of possible outcomes (for exanthk mapping of the human ge-
nome). This helps doctors plan treatment much ifaste

7. Modern computer-based patient monitoring machallew heart rate, res-
piratory activity, blood pressure and other criticidal signs to be collected auto-
matically in digital form. Computer monitoring machs cut down on the time spent
on routine tests in doctors' offices.

8. Computers in the healthcare field have vasttydased the amount of
knowledge that medical staff can access. Doctanscoasult medical databases to
learn more about a specific disease or treatmant glomputers can run simulations
to try and find causes and cures for diseases amk with other machines to in-
crease the chance of success.

9. Knowing what medications are in stock is cruda@l patient treatment.
Therefore, keeping inventory lists up to date ig/\mportant. If a doctor prescribes
something that is not in stock without knowing, yttmould slow down recovery.
Instead, using a computer to track inventory walddt the staff immediately when
something is wrong so they can change their treatplan if needed.

10. Not all patients can access a hospital dukd health condition, which
means sometimes doctors and nurses have to gtedtidreat people. Laptop com-
puters are portable so can accompany doctors aisésion home visits, allowing
them to access the hospital network even whenmstte.

Of course, these are not all the advantages of atargpin medicine, but we
discussed the main details.
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FEATURES OF PROGRAMMING LANGUAGES AND THEIR MAIN
APPLICATION

Today, one of the leading professions is progrargmiinis used in almost all
spheres of human activity. In order to program gbing you need to know the
sequence of commands. These commands are combitoed programming lan-
guage. More than 2,500 different languages haeadyr been created. They can be
used for a single industry or to combine several.

JavaScript is the most widely used programming dage. It allows you to
make a Web page interactive, that is, responsiueséo actions. A sequence of in-
structions (called a program or script) is execugdn interpreter built into a regu-
lar Web browser. In other words, the program cedembedded in the HTML doc-
ument and executed on the client side. You do retrio reload the Web page to
run the program, all programs run in response yoement.

JavaScript is used to write web page scripts toentladm interactive; to create
one-page and progressive web applications (ReagularJS, Vue.js); for server-
side programming (Node.js (Express.js)); in statignapplications (Electron,
NW.js); mobile applications (React Native, Cordguayide PDF documents, etc.

C # is a modern object-oriented programming languégallows developers
to create many types of secure and reliable progthat require the NET ecosys-
tem. C # belongs to the well-known family of C laages, and will seem familiar
to anyone who has worked with C,C ++, Java or JeraiS

It took the best from the programming languaget€Kigh performance), C
++ (object-oriented structure), Java (high secuaitgd garbage collection). In C #,
you can create a dynamic page, an XML service,tabdae access component, a
Windows desktop application, and a client applaraor component. The C # pro-
gramming language is not only suitable for writmgfwork and web applications. It
offers tools for developing any type of componamtWindows platforms.

The C # programming language was originally desigteework with NET,
has simple syntax, more standard libraries, ancha@tsdevelopment environment
(IDE). It can be used to develop websites (ASP.NET@nt and web applications,
cross-platform mobile applications and games inyJ8D and CryEngine.

C ++ - compiled strictly typed general purpose pangming language. It sup-
ports different programming paradigms: procedugaheralized, functional; most
attention is paid to the support of object-orientealgramming. The purpose of cre-
ating C ++ was to complement the C language wittvenient capabilities for large-
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scale software development, while maintaining tagilbility, speed and portability
of C. However, the creators of C ++ sought to naamtompatibility with C: the
syntax of the former is based on the latter wabalork as C ++. Initially, the new
language was called "C with classes", but them#ree was changed to C ++ - this
was to emphasize both its origin from C and itsesigpity over the latter.

C ++ is widely used for software development, being of the most popular
programming languages. Its scope includes theioreaf operating systems, vari-
ous applications, device drivers, applications dotbedded systems, high-perfor-
mance servers, and games. There are many impletoestaf C ++, both free and
commercial and for different platforms. For example the x86 platform it is GCC,
Visual C ++, Intel C ++ Compiler, Embarcadero (Bod) C ++ Builder and others.
C ++ has had a huge impact on other programminguizges, especially Java and
C +.
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CLOCK OPERATION OF THE BASIC COMPUTER PROCESSOR BY
THE EXAMPLE OF ADD INSTRUCTION

Memory
Tablel 1 — Cells and content

Content of cell
Ne cells
(data and commanc

20 53

21 10€

22 0

23 CLA

24 ADD 20

25 ADD 21

26 MOV 22

27 HLT

The program is recorded into computer memory sigiftom cell 23 (Tablel.),
and numerical data from cell 20. Cell number 22ligcated to record the amount.
To execute the program, set number 23 to the cormdroannter and start the com-
puter. The program will then begin by reading tlatents of cell 23. The CLA
command will set the battery to zero. When this e@nd is executed, the contents
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of the command counter will be increased in 1 d@drntext command will be read
from cell 24. This command ADD 20 adds the contémtsell 20 with the contents
of the battery, i.e. 53 s 0. At the end of the canthexecution, the battery contains
number 53, and the command counter - 25 (it israip@reased in 1).

The following command is read from cell 25, the temts of cell 21 and bat-
tery, i.e. 106 and 53 are summed. At the end ottilemand, the battery contains
the sum 106 + 53 = 159, and the command countér Tt following command -
MOV 22 forwards the contents of the battery todhk with address 22.

Now this cell and battery contain number 159, dr@ddommand counter - 27.
The HLT command is selected from cell 27, the cominzounter is incremented in
1 (it contains number 28), but the HLT command stigbching commands, that is,
the end of the program execution is fixed (the ent# of cell 28 are not selected in
the instruction register and are not interpretedragstruction).

Let's take a closer look at the execution of onthefcommands in this pro-
gram, such as ADD 21.

A) Before its execution, the previous instructigkDD 20) is stored in the
instruction register, its operand address (20)ases in the address register, the
value of this operand (53) is stored in the datgster and accumulator, and the
address of the instruction under consideration 25jored in the instruction coun-
ter.

First, the command address is forwarded from thmansand counter to the
address register. Here, it should be noted thétterbase computer, all transfers be-
tween registers are performed through the ALU ¢i€essary, the forwarded value
is inverted, a unit is added to it, etc.).

B) From the memory to the data register, the cdatefthe memory cell,
whose address is located in the address registesetected. The ALU then incre-
ments the contents of the command counter by one.

C) With ALU, the increased command number is tratiechto the command
counter

D) Finally, the contents of the data register tiglothe ALU are sent to the
instruction register, and the control device begmanalyze the contents, that is,
ADD 21 command

The above actions apply to the command Takeoff.

E) After decrypting the operation code of the comchADD 21, the control
device through the ALU forwards its address pattifass 21) to the address register.

The transfer is made from the data register, wherepy of the command is
still saved.

F) The contents of the memory located in the addregister are then read
from the memory to the data register. This actgosiinilar to the action in Figure b,
but the control device will now treat the conteotshe data register not as a com-
mand, but as a term.
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G) This step adds up to the contents of the battedythe data register.
H) At last, the sum received in ALU is sent to mcumulator and by that
"Execution of the command" comes to the end.
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3D MODELLING

3D modelling is a combination of mathematics, getwynand design. With
special programs, you can create files that ateuictsons for 3D printers. The work
of these programs can be compared to what a scugpthitect or builderdoes - they
demonstrate how an object will be created.

If the drawing is a two-dimensional image of thélding, then the model is
its three-dimensional layout, which provides a reathtical description of the sur-
faces of the object. In special programs, 3D desigereate files that describe the
state of points in space - such models involve nmgagmetric shapes. Ultimately,
polygons and curves make up a three-dimensionatubj

There are two main types of 3D models: CAD modetsautomatic design
systems and polygonal grids that define the shagearface of an object. The CAD
model can be represented as a set of actions éteca@ object - in this case, indi-
vidual actions can be changed without overwritimg file completely.

A polygonal grid (or mesh) is an image of the scefaf an object that really
resembles a grid wrapped around it.

3D-modeling and 3D design differ mainly in the erdult. In the case of 3D
graphics, the result is a two-dimensional imagesralering of a three-dimensional
object, or an animation, such as a photograph abgect. On the other hand, in 3D
modeling, the result is a technical file that canused as an instruction to create a
real object. Simply put, 3D modeling is used toatié® the process of creating an
object, while 3D rendering is used to obtain angmaf the finished object.

3D modeling provides a whole host of new possibdit allowing you to
quickly and inexpensively prototype 3D objects. Téwult of working with 3D mod-
eling can be: 3D models printed on a 3D printer,i@i2ges created using 3D ren-
dering, 3D simulation of an object or building.

3D models are used in a variety of industries, fgames, films and animation
to industrial manufacturing, medicine, architectangl even geology.
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SOFTWARE CLASSIFICATION

Software is a collection of programs designed teesproblems on your com-
puter. Software and hardware work in an intercotetemanner. Any hardware de-
vice is controlled by software. Software can bdd#d into three classes: system,
application and tool.

Modern software is universal. In addition, there atilities and applets. Utili-
ties - small useful programs with limited featur@sy software product must be
tested to identify defects and errors made dutiegsbftware development phase.

The main components of system-wide software areabtipg systems, which
solve the problem of interconnected operation dividual components. There are
three operating systems: a batch processing opgrayistem, an operating system
with a real-time distribution of tasks, an opergtsystem used to control various
processes.

Programming systems are designed to facilitatepaniihlly automate the pro-
cess of developing and debugging programs. The cwamponents of these systems
are translators and installers.

Maintenance programs are test programs and speaiggement programs.

Application software is designed to solve appliedbfems of human profes-
sional activity (application in practice). The rangf such programs is extremely
wide: from industrial and scientific to educatiomald entertainment. Here you can
select general-purpose programs and spreadsheets.

Tool software is designed to develop all typesndbrimation software. This
software includes subwoofer: editors, spreadshdatapase management systems,
programming language translators and integratedyston systems.
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DEVELOPMENT HISTORY OF C++ PROGRAMMING LANGUAGE

Everything started with creation a language thetiiporated features of other
advanced languages of the time, such as SimulBjdipe Stroustrup in the 1980s.
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The new language was called “C with classes”. Diwakent time was short-
ened thanks to Simula classes, and computationwiageshortened thanks to the
speed of the C language.

One of the main features was the translation of@hwith classes” code into
standard C. This made it possible to create prejadiwo programming languages.
Also, programmers did not have to learn a new laggu

In 1983, the language was renamed C++ becausesinwdonger a simple
extension with classes.

The first commercial release of C++ took place 984.

The first addition to the standard C++ library waput/ Output streams,
providing a means to replace the traditional C fioms.

Every few years new standards came out in the EgguThe last version of
the standard was released in 2017 and was called T+

At the moment no one has the rights to the C++uUage, it is a free language.

C++ is the most versatile language of its time WHias taken the best from
other languages.

As a universal language, C++ had to match manynpeters; it had to incor-
porate the best of other languages.

C++ is widely used for software development, being of the most popular
programming languages.

C++ has had a huge influence on other programnainguages, most notably
Java and C#. But the direct descendant of C++ isoceived as a reworking of
C++ to eliminate its most obvious problems.

This language is criticised for the same things firaised for, C compatibility.

Many of the stated C language systems did not \perkectly, (for example
an impossible hierarchy of complexes; primitive apebgramming and so on).

To sum up, C++ has really turned the world upsiolerd It gave rise to many
other popular programming languages. It has be@paet of the history and is used
by a huge number of people and companies.
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THE HISTORY OF VIDEO GAMES

For years, people have been looking for differeayswto relax from everyday
life and everyone has their own way of entertaintmBat not long ago, a completely
new way appeared - video games.
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The first games were Tennis for Two and SpaceWareldped by William
Higginbotham and Steve Russell, respectively.

In 1971, there was a real breakthrough in the histbvideo games - the first
arcade video game was created - Computer Space.

Later, gaming systems began to appear - Atari (1 9ngellivision (1979),
Nintendo (1985), Sega Genesis (1989), which werditst to use 16-bit technology,
Neo-Geo (1990) and Super Nes (1991).

1995 - the first 32-bit gaming system, the PlayiBtatwas released. Nintendo
released the Nintendo 64 in 1996, which already ®&dbit graphics. Sony re-
sponded and in 2000 released the PlayStation 2itsift28-bit technology.

Microsoft burst into the race. They released Xbgtendo produced a sys-
tem without cartridges called Nintendo GameCub®520Microsoft released the
Xbox 360.

Sony responded to the Xbox 360 call and in 200Fasdd the PlayStation 3,
which stormed into the war of gaming systems.

Gaming consoles have had a huge economic impattteodnited States, but
not without problems. In 1984, there was the G@rash of video games - a 12-year
video game empire collapsed in 6 months.

The failure of ET: The Extra Terrestrial, a low-lged version of Ms. Pac Man
with terrible graphics and inability of any compa present something special -
all these were the main causes of the economiis @nishe history of video games.
But with the advent of Nintendo, the whole industas been rethought.

Video games not only help the economy, but alseigejobs for many tal-
ented people. $ 90,000 is the average annual sal@agame developer.

To crown it all, gaming is much more than just rmagva joystick. This is the
emotional and psychological interaction of a playeh his character. It's an oppor-
tunity to become someone else - whether a city,leeocourier, a pilot and so on.
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OBJECT ORIENTED PROGRAMMING

Object-oriented programming aims to implement reaitd entities like inher-
itance, hiding, polymorphism in programming. Togetthese entities form a pow-
erful tool for the development of a variety of sedre.

Object-oriented programming is versatile. A develogan create and describe
a class that is understandable and corresponds togic of a real world.
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Classes and objects increase the readability evaldper’'s code, which in
turn helps him maintain finished projects and idtree innovative ideas without un-
necessarily cluttering his code.

The developer can create not only separate objadta)so logical connections
between different objects, thus forming whole systeSome languages and frame-
works are built on the basis of classes and ob{émt&xample, C # or Qt).

Thus, technical writing has just got easier. Infation has become more ac-
cessible.
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HISTORY OF THE C++ LANGUAGE

The first programming languages were charactelized subject orientation,
which means that each language was designed te aadertain class of problems
(economic, business, mathematical, etc.).

The C programming language was developed in e®&R3 &t Bell Labs by
Ken Thompson and Dennis Ritchie, and it allowed youwrite programs that
worked directly with the hardware.

Based on the success of UNIX, C became widely aseldis now one of the
most commonly used programming languages (avaitablmost platforms).

It is the main language for low-level developmend & is relatively simple
when compared to other programming languages (tlen@uage standard is 230
pages long (compared to 670 for Java and 1340+ei))C

The C++ language has been developing since the £880s, it was created
by Bjorn Straustrup of Bell Labs and was originally extension of the C language
to support working with classes and objects, all@gyprograms to be developed at
a higher level of abstraction.

As a result, practical modeling tasks were madéable to solve both in terms
of development time (thanks to the use of SimWka-tilasses) and in terms of com-
putation time (thanks to the speed of C).

The first C compiler with classes was called Cfrevttich was derived from a
C compiler called CPre. It is interesting that @fravas written mostly in C with
classes, which made it a self-maintaining comggecompiler that can compile it-
self).

In early 1983, many new functions were added tddhguage (virtual func-
tions, overloading of functions and operators, negfees, constants), and thus the
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resulting language was no longer just an updatesioreof the classical C language
and was renamed from "C with classes" to "C++".

In 1985, Stroustrup's article "The C++ Programmirajpguage" was pub-
lished, and in the same year C++ was implementesl @smmercial product and
since C++ was not yet officially standardized, timiade the book a very important
reference book.

C++ is still the third most popular programmingdaage according to the TI-
OBE Index’s latest study of 2019, after Java & € khocking out Python.

C++ continues to evolve to meet modern requiremé®ise of the groups that
develops the C++ language and sends suggestidhe ©++ standardization com-
mittee on how to improve is Boost, which is dedicitamong other things, to im-
proving the language's capabilities by adding nregamming features to it).

The C++ fully supports the principles of objectemted programming, includ-
ing the three pillars on which it stands: encapsuta inheritance and polymor-
phism.

"The C++ language owes a lot to the C language e language remains
a subset of the C++ language (but C++ eliminatedesserious flaws in the C type
system)," said Bjorn Straustrup in his interview.

The programming language C++ is now considereddtitainant language
which is used to develop commercial products, 9@%ames are written in C++
using DirectX.
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URBANIZATION PROBLEMS

Order avoids confusion.

Order can be easily found in physics, mathemati@ng other science where
the basics are clearly defined, but it becomes nmole difficult to identify any
order in a science where basics are blurry.

History suggests that there were more scientists eibcovered the laws of
nature rather than the laws of social behavior.

This is probably due to the fact that people temdliscover more obvious
things, rather than theoretical ones.

If we look back at the way of living at the begingiof science we can confi-
dently say that it was more a rural way of livifiguh an urban one.
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It means that people did not interact with one heots much as we do in
modern life and therefore the science of nature mase obvious and had more
practical use.

The modern economy has changed the way we liveraat with each other
and behave under certain circumstances.

It has even changed the way the science is prdctice

In past only wealthy people could afford practicthg science, they made dis-
coveries without any expectations.

Nowadays the science has become a profession arsevenore and more
people are engaged in science only for money.

Modern technology and the economy have changedayiof living.

We are less concerned with quality of food we edt@nly think of a price we
pay.

Recent statistics show that by 2030, 60 % of th& fmopulation will live in
cities compared to 14% in 1950.

These changes are forcing us to find a sciencentiiadeal with human be-
havior and/or interactions in the society, a saethat will help us understand what
makes us prefer one place to another.

This might help us solve many issues in our lifa thave a reputation of un-
decidable ones.
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INTELLIGENT RECONSTRUCTION SYSTEM VIDEO SEQUENCES

The level of the modern computer technology devakpt makes it possible
to solve problems of great computational complexitiich include the processing
of video sequences. Reconstruction of video sempseis relevant direction in con-
nection with the increasing need of potential congts such as specialists in work-
ing with video archives, specialists in the fiefdcmema production and restoration,
specialists in preparing TV programs for air, adl @& specialists in the analysis of
visual data obtained by various methods, and nanaelfal photography, satellite
photography, laser ranging and others sensor sgstiérehould be noted that the
market for commercial recovery systems and work witdeo sequences is quite
wide and diverse. The Lowry Process system (UBKigins for popular video se-
quence processing systems "Virtual Dub", "Sony $&gsystems manufactured by
Adobe (USA) are widely known. However, these systerequire operator
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intervention and control during all stages of tigew sequence reconstruction pro-
cess. In the developed complex, operator intefwens necessary only in the case
of deleting a scene object that is not determinethb built-in expert system. The
video sequence reconstruction software packageestare the scene background
under artificially superimposed iso-151 imagesahputer graphics (logos of tele-
vision channels, subtitles, etc.), distortion af ttnage due to damage to the storage
medium (film scratches, etc.) and other small dgjéimmage of person, wood, stone,
etc. on some background).

Overlaid computer graphics images found in vidatesecan be divided into
the following types: - TV logos - small images, akyiplaced in one or more corners
of the frame or at the edges of the frame; - titlest areas with information about
the filmmakers, can be placed anywhere in the frareabtitles -text areas near the
upper or lower boundaries of the frame with pegally changing static text; -
creeping line - text area near the top or bottorthefframe with moving text, the
text moves according to generally accepted rulesading and writing.

The whole variety of CG overlays can be to clasaifgording to various cri-
teria. Here are the most common signs: - by simall (up to 5% of the screen),
medium (up to 20% of the screen), large (up to BUhe screen); - by location:
angular, stretched along the horizontal bordehefftame, stretched along the ver-
tical border of the frame, in accordance with tBeljstation Alpha "or otherwise;-
by dynamics: static (the image is always constanderately changing (the image
is not resized), fully dynamic (the image changesedisions, within these dimen-
sions another video sequence can be superimpessdiiuration: constant through-
out the entire video sequence, periodically absdoy; chromaticity: monochrome,
black and white, gradient, with a limited numbeicofors, full color; - by transpar-
ency: transparent and opaque; - by the presermmnédur lines: framed, not framed,;
- by the presence of its own background: with thesence of its own background,
without its own background.

The result of the software package is a recongtdueideo sequence. How-
ever, the main disadvantage is that, in genersljltiecan be assessed subjectively
or through expert judgment. When working on thitveare package, a number of
problems were solved: - a model was developeddoonstructing the artificially
superimposed graphics by replacing the pixels ef antificially superimposed
graphics with background pixels from the vicinitiytbe reconstruction area on the
current and adjacent frames, taking into accoumsfface-time displacement; - the
method of overlaying texture fragments with positituctuations has been im-
proved by parameters, based on the coincidendeedbdundaries of texture frag-
ments; - an algorithm for image compensation lim&ed spatial area was devel-
oped, based on replacing image pixels with backgfqixels or textons, found in
the vicinity of the restoration region on the catri'|ame and adjacent frames, taking
into account the space-time offset.
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HISTORY OF MATHEMATICAL ECONOMICS

Mathematical economics is the application of miathtcal methods to repre-
sent theories and analyze problems in economicthévaatics allows economists
to form meaningful, testable propositions abouteaidnging and complex subjects
which could less easily be expressed informallytiar, the language of mathemat-
ics allows economists to make specific, positivanak about controversial or con-
tentious subjects that would be impossible withmathematics. Much of economic
theory is currently presented in terms of matherahtconomic models, a set of
stylized and simplified mathematical relationshisserted to clarify assumptions
and implications.

The use of mathematics in the service of socialegwhomic analysis dates
back to the 17th century. Then, mainly in Germaersities, a style of instruction
emerged which dealt specifically with detailed praation of data as it related to
public administration. Gottfried Achenwall lecturiedthis fashion, coining the term
statistics. At the same time, a small group of @ssbrs in England established a
method of "reasoning by figures upon things retatmgovernment" and referred to
this practice as Political Arithmetick. Sir WilliaRetty wrote at length on issues that
would later concern economists, such as taxatielgcity of money and national
income, but while his analysis was numerical, Hected abstract mathematical
methodology. Petty's use of detailed numerical ¢&tang with John Graunt) would
influence statisticians and economists for some tienen though Petty's works were
largely ignored by English scholars.

The mathematization of economics began in the d&titury. Most of the eco-
nomic analysis of that time was what would latecaled classical economics. Sub-
jects were discussed and dispensed with througtbedgc means, but calculus was
not used. More importantly, until the appearancdatfann Heinrich von Thiinen's
work “The Isolated State” in 1826, economists did ekevelop explicit and abstract
models for behavior in order to apply the toolsr&thematics. Thiinen's model of
farmland use represents the first example of matginalysis. Thiinen's work was
largely theoretical, but he also gave empiricabdatorder to support his generali-
zations. In comparison to his contemporaries, Thimglt economic models and
tools, rather than applying previous tools to neabfems.

Meanwhile, a new cohort of scholars trained inrethematical methods of
the physical sciences gravitated to economics, @atirtgg and applying those meth-
ods to their subject, and described today as mofvorg geometry to mechanics.
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These included W.S. Jevons who presented papetgenaral mathematical theory
of political economy" in 1862, providing an outlif@ use of the theory of marginal
utility in political economy. In 1871, he publish&the Principles of Political Econ-
omy”, declaring that the subject as science "masnhthematical simply because it
deals with quantities”. W.S. Jevons expected tinéy oollection of statistics for
price and quantities would permit the subject &s@nted to become an exact sci-
ence. Others preceded and followed in expandindnenadtical representations of
economic problems.

For example, Augustin Cournot, a professor of matites, developed a
mathematical treatment in 1838 for duopoly—a madagtdition defined by com-
petition between two sellers. This treatment of petition, first published in “Re-
searches into the Mathematical Principles of We&ai#hreferred to as Cournot du-
opoly. It is assumed that both sellers had equagsscto the market and could pro-
duce their goods without cost. Further, it assuthatiboth goods were homogene-
ous. Each seller would vary one output based orptliput of the other and the
market price would be determined by the total gitvastipplied. The profit for each
firm would be determined by multiplying their outand the per unit Market price.
Differentiating the profit function with respectdgaoiantity supplied for each firm left
a system of linear equations, the simultaneougiealof which gave the equilibrium
quantity, price and profits. Cournot's contribudon the mathematization of eco-
nomics would be neglected for decades, but evaptudluenced many of the mar-
ginalists. Cournot's models of duopoly and Oliggpalko represent one of the first
formulations of non-cooperative games. Today thHetiem can be given as a Nash
equilibrium but Cournot's work preceded modern gémeery by over 100 years.

VJIK 331.53

Evgeniy MechriykoV, Svitlana Voitenkd

Istudent of group CST-819, National University «Zdglwzhia Polytechnic»
2senior teacher, National University «Zaporizhzhidyechnic»

MODERN MATHEMATICAL ECONOMICS

From the later-1930s, an array of new mathemattizd$ in a way similar to
new mathematical methods earlier applied to phydibe process was later de-
scribed as moving from mechanics to axiomatics.s€éhmethods are: differential
calculus, game theory, agent-based computatioraiaggics and otherd-ormal
economic modeling began in the 19th century withubke of differential calculus to
represent and explain economic behavior, suchildg otaximization, an early eco-
nomic application of mathematical optimizatiddome scientists (Vilfredo Pareto,
Paul Samuelson) applied mathematical conceptsfitoysics to economic problems
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and lead to fundamental premise of mathematical@woics. Pareto's statement was
the first formal assertion of what would be knoventlae first fundamental theorem
of welfare economics. These models lacked the ialgegs of the next generation
of mathematical economics. Samuelson approacheprtfidems of applying indi-
vidual utility maximization over aggregate groupshwcomparative statics.

This and other methods provided the foundatiomfathematical economics
in the 20th century. Also it is worth mentioningclumodels and theories as linear
and input - output economics models, mathematiptihization, linear optimiza-
tion, nonlinear programming, functional analysigl afifferential decline and rise
theory that had a great influence on the developmiemathematical economics.

In 1936, economist Wassillie Leontief built his nebdf input-output analysis
from the 'material balance' tables constructeddie® economists. With his model,
Leontief described how changes in demand in one@u@ sector would influence
production in another. He estimated the coeffigaithis simple models, to address
economically interesting questions. In producti@oremics, "Leontief technolo-
gies" produce outputs using constant proportionsmits, regardless of the price of
inputs, reducing the value of Leontief models foderstanding economies but al-
lowing their parameters to be estimated relatiwzgily. In contrast, the von Neu-
mann model of an expanding economy allows for ahoictechniques, but the co-
efficients must be estimated for each technology.

John von Neumann, working with Oskar Morgensterithertheory of games,
broke new mathematical ground in 1944 by extendlimgtional analytic methods
related to convex sets and topological fixed-ptiiebry to economic analysis. Their
work thereby avoided the traditional differentialaulus, for which the maximum-—
operator did not apply to non-differentiable funas. Continuing von Neumann's
work in cooperative game theory, game theoristydI§. Shapley, Martin Shubik,
Hervé Moulin, Nimrod Megiddo, Bezalel Peleg infleed economic research in
politics and economics.

Agent-based computational economics (ACE) studies@mic processes, in-
cluding whole economies, as dynamic systems ofantang agents over time. In
corresponding agent-based models, agents are aopeeple but "computational
objects modeled as interacting according to rulesivhose micro-level interactions
create emergent patterns" in space and time. Ths ane formulated to predict be-
havior and social interactions based on incentabsinformation. ACE models ap-
ply numerical methods of analysis to computer-bageuilations of complex dy-
namic problems. It has a similarity to, and oventdfh, game theory as an agent-
based method for modeling social interactions.

Some economists state that mathematical economgeseks support just like
other forms of mathematics. Mathematical econoraia$ other mathematical sci-
ences have a history in which theoretical advahe&s regularly contributed to the
reform of the more applied branches of economioioWwing the program of John
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von Neumann, game theory now provides the foundatfor describing much of
applied economics. In the last decade, with the oisthe internet, mathematical
economists and optimization experts and computenssts have worked on prob-
lems of pricing for on-line services.
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GRAPH ANALYSIS OF THE BIOLOGICAL SYSTEM

The goal of the report is the construction of acemtual model of coordination
of multidimensional biological data as a basistfer development of methods for
integrated assessment of the state of biologicatesys of different levels of struc-
tural and functional organization and their softanplementation.

To achieve the purpose of the study, the followagks were set: 1.Based on
the analysis of the set of biological data as #esybject to develop a conceptual
model of an integrated biometric data system. Z.eligp a model of levels of coor-
dination of biometric data that meet the requiretsef a given model description
of the biological system. 3. To propose a critergon substantiate the method of
integrated assessment of the state of biologicsteays on the basis of statistical
modeling of data sets. 4. To develop and test afsptoblem-oriented computer
programs for integrated assessment of the statélafgical systems on the exam-
ples of assessment of the state of biological systf different levels of structural
and functional organization.

The methods of mathematical modeling, mathemastatistics, computer
methods of computational experiment and systenyaisadre used in the work. The
reliability of the obtained results and conclusigsbased on the correct use of con-
ventional mathematical methods, the results of rirogland verification of the pro-
posed models, as well as the agreement of theseguhathematical modeling with
conventional estimates of the parameters of thiiesiibiological systems. Checking
and modeling of the system is carried out on thdist effects of factors that affect
the ecosystem in the cultivation of crops

To achieve the goal of research, we normalizeripatidata presented in the
form of a matrix containing a set of values of nfwlogical features by dividing by
the norm calculated by the formula:

Ni = P, MAX — P . MIN
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for each sign. For small amounts of data, stasistimodeling techniques can be used
to obtain samples that provide robust estimatabebiological system state. The
next step is to cluster the data obtained. To @) the use the Euclidean distance
which gives an idea of the closeness of the optiGakulations are performed using
the developed program CLUSTERS BIO xIs which gigeduster - a normalized
matrix, and also calculates the normalized Euctliddiatances for all combinations
of pairs of variants. Based on the level of pragn{similarity) of options in the
group we build clusters. To build them, we usesttamdard program STATISTICA
10. And also build a dendrogram of the dependehtieecoption in the study of the
biological system which is used to obtain inforroatabout the main thing that af-
fects the processes in the biological system. Thaxgers that have an accession of
less than 0.5 have little effect on the problemngeitudied. For the analysis of the
received data we use the Graph of the maximum icteits of correlation of signs.
This initial form of graph analysis is used to dbtamformation about the structure
of relationships in biological systems. The grapbased on the hypothesis that the
direct relationships between the components obiblegical system have the larg-
est modulus of correlation, and the correlationffadents of indirect relationships
are less modulo and are calculated by multiplylrgdorrelation coefficients of the
corresponding direct relationships.

The problem of biological system research conductethe impact of the use
of organic and mineral fertilizers on soil conditishowed that the use of fertilizers
gives a significant increase in crop yields. Howewdespite the positive results of
the application of fertilizers in nature, we gsignificant burden on the environment
and changes in the ecological landscape.
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MEASUREMENT SYSTEMS ANALYSIS IN PROCESS INDUSTRIES

To evaluate the adequacy of a measurement systdnregard to measure-
ment variability, the standard tool such as theega&R study is used. While it is
well established and widely used in the discretaufecturing industry, it is less
useful in process industries where the nature afsmements is different, necessi-
tating a different approach to the assessment asarement systems in these in-
dustries. A measurement system, as defined in @ B&R, consists of a number of
operators using a number of gages to measureipartsordance with some defined
procedure. A gage R&R partitions the total measergmariation into the following
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categories: 1. Gage-to-gage, 2. Operator-to-operéo Replicate-to-replicate,
4. Part-to-part.

The first three categories of variation compriséeadi.e., undesirable meas-
urement variation), while the fourth category ofigdon is the quantity that needs
to be determined accurately. In general, the désiteat the part-to-part variation is
large relative to the sum of the other three caiegmf variation so a Six Sigma
practitioner can be confident of discerning the tpart-to-part variation without be-
ing swamped by the measurement noise.

The gage R&R thus enables the analyst to asseabithig of the measurement
system to discern a within-specification part framout-of-specification one and to
take the appropriate corrective action when necgsHais the appropriate tool to
use when the measurement system is employed iedtisg discrete parts off a
production line for conformance to specifications.

In process industries, however, the premise onwtiie gage R&R is based
is not applicable to the many gages that are eregloy perform on-line measure-
ments. A typical example from the mining industrguld be the belt scale— a gage
mounted under a conveyor belt to measure the n@ggtbns per hour) of material
being processed. The scale is an automated devideg@ng a continuous measure-
ment that is sampled by a computer. There is tylgicaly one scale at each meas-
urement point in the system and no operator invobm is required to produce a
measurement. As a result, gage-to-gage and opecatqrerator variations are non-
issues, making it unnecessary to partition thd t@gdation into its various compo-
nents as with a conventional gage R&R. In the cdisa on-line measurement, an-
alysts are interested in two questions:

1. With the measured value of a physical quantjtyhie gage, what is an esti-
mate of the true value?

2. What is an estimate of the uncertainty or cafick interval around the es-
timated true value?

In order to answer these two questions, the totalsurement error of the gage
needs to be partitioned into its systematic andeancomponents. Mathematically,
the systematic-error component is characterized bgterministic function while
the random-error component is characterized byaitance. The former enables the
analyst to estimate the true value from the measuatie while the latter allows the
establishment of a confidence interval aroundéktimated true value.

A process MSA is essentially a special case ohglaifactor experiment in
which a model equation for the relative outputhe process Xu — %), in relation
to its input ¥y) is trying to be established. All the usual premms of normal ex-
perimentation, such as randomization, apply hengeds The MSA is as much an
art as a science and requires no small degreellodusé judgment as well as a com-
bination of mathematical, technical and practicad\wledge to execute well.
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INVESTIGATION OF THE POSSIBILITIES OF USING TREES IN THE
COURSE OF SOLVING KNAPSACK PROBLEM USING DISTRIBUTE D
CALCULATIONS

The knapsack problem is of interest to researclsérse its solution is associ-
ated with a large number of applied problems imecaics, logistics and other areas.
In recent years, there has been an increasingsttierthe use of backpacks as cryp-
tographic primitives in the development of new nleds encryption systems. The
resistance of such encryption systems to analysistermined by the complexity of
finding an exact solution to the knapsack problagna result of which the improve-
ment of accurate algorithms becomes relevant. Twowe the efficiency of these
algorithms, it is advisable to use distributed padallel computing.

The general formulation of the knapsack problenegadepending on the spe-
cific application area. The knapsack problem isfislated as follows. You are given
an ordered set of objects, each of which is assatwith a non-negative, integer
weight value. The task is to find all possible sdtthese items, the weight of which
is exactly equal to the given value. Each of thests is hereinafter referred to as
“packing the backpack”, the total weight of thenitein this set is the weight of the
packing. As already noted, there are a large nurabatgorithms for solving the
knapsack problem, but only a few of them are desigio find the exact solution.
This is due to the fact that, in a significant nembf practical problems, the quan-
tities appearing in the knapsack problem have physieaning. For example, when
planning the loading of a transport ship, itema backpack can be characterized by
a real value of weight or volume. A solution appnoated in terms of total weight /
volume may be quite acceptable. This makes it egleio study algorithms that are
able to find quickly a solution that is close te thptimum. Such algorithms, in gen-
eral, have exponential complexity, which means than for a small number of
objects, finding an exact solution to the knapgardblem will require a significant
investment of time. This makes it advisable to paeallel and distributed compu-
ting.

There are several known approaches to finding xaetesolution to the knap-
sack problem. The basic approach involves enumeratil possible layouts and
checking the resulting weight values for each efithThe transition from this algo-
rithm to a more efficient one is possible by redgcfcutting off) a certain number
of packings, which obviously cannot contain solngio
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Two more algorithms for the exact solution of tikajgsack problem are based
on this principle: the algorithm for traversing ttree of packing options and the
algorithm for merging Horowitz-Sani lists. The ligerge algorithm is based on the
idea of dividing the original set of items into twabsets. For each of the subsets,
the weights of all possible packings are calculaédr which the lists of weights
are sorted, and the elements from these listsuamengd up in pairs. Since both lists
of calculated weights are sorted, some of the fties sum of which exceeds the
specified weight value) can be excluded from cagrsition. The price for this is the
high complexity of memory: it is necessary to stalleintermediate values of the
weights in memory. This makes the algorithm unusébt cryptographic analysis
purposes. The algorithm for traversing a tree akpa options is based on repre-
senting the set of packing in the form of vertiota connected graph. By traversing
the graph using well-known algorithms, one can klaicpossible packing by anal-
ogy with the exhaustive search algorithm. The @@im using this algorithm lies in
the possibility of cutting off tree branches thhtimusly do not contain solutions.

The introduction of the linearization algorithmarthe distributed implemen-
tation of the search tree traversal algorithm wdllve the problem of load sharing
between processors. This solution will not be idsialce the efficiency of the algo-
rithm will decrease as the number of computatiowales used increases. Moreover,
pruning subtrees during analysis can lead to anaegligtable reduction in computa-
tional load; as a consequence, it is required twige dynamic load balancing,
which will further complicate the algorithm and te its efficiency.
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'EARABLE' COMPUTING: A NEW RESEARCH AREA IN THE MAK ING

CSL's Systems and Networking Research Group (SyN&@gfining a new
sub-area of mobile technology that they call "elrabmputing.” The team believes
that earphones will be the next significant milestin wearable devices, and that
new hardware, software, and apps will all run as phatform.

"The leap from today's earphones to 'earables'dvmirhic the transformation
that we had seen from basic phones to smartphosaisl'Romit Roy Choudhury,
professor in electrical and computer engineerinGEE "Today's smartphones are
hardly a calling device anymore, much like how torow's earables will hardly be
a smartphone accessory."
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Instead, the group believes tomorrow's earphonkgaevitinuously sense hu-
man behavior, run acoustic augmented reality, Wdera and Siri whisper just-in-
time information, track user motion and health, affédr seamless security, among
many other capabilities.

The research questions that underlie earable cangpdtaw from a wide
range of fields, including sensing, signal proaagsembedded systems, communi-
cations, and machine learning. The SyNRG team itherforefront of developing
new algorithms while also experimenting with thenreal earphone platforms with
live users.

Computer science PhD student Zhijian Yang and atfeanbers of the SyNRG
group, including his fellow students Yu-Lin Wei ahi Li, are leading the way.
They have published a series of papers in thig ataging with one on the topic of
hollow noise cancellation that was published at AGNECOMM 2018. Recently,
the group had three papers published at the 26tlu@rinternational Conference on
Mobile Computing and Networking (ACM MobiCom) orréle different aspects of
earables research: facial motion sensing, acoastimented reality, and voice lo-
calization for earphones.

"If you want to find a store in a mall," says Zhiji, "the earphone could esti-
mate the relative location of the store and pl&pavoice that simply says ‘follow
me.' In your ears, the sound would appear to caora the direction in which you
should walk, as if it's a voice escort."

The second paper, EarSense: Earphones as a TdetiyA8ensor, looks at
how earphones could sense facial and in-mouthiesivsuch as teeth movements
and taps, enabling a hands-free modality of comoatioin to smartphones. Moreo-
ver, various medical conditions manifest in tedthtter, and the proposed technol-
ogy would make it possible to identify them by wegrearphones during the day.
In the future, the team is planning to look intalgming facial muscle movements
and emotions with earphone sensors.

The third publication, Voice Localization Using Nlbg Wall Reflections, in-
vestigates the use of algorithms to detect thectiline of a sound. This means that if
Alice and Bob are having a conversation, Bob'steamps would be able to tune into
the direction Alice's voice is coming from.

"We've been working on mobile sensing and computirglO years," said
Wei. "We have a lot of experience to define thieaging landscape of earable com-
puting."

Haitham Hassanieh, assistant professor in ECHsés iavolved in this re-
search. The team has been funded by both NSF andasIwell as companies like
Nokia and Google.
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DEVELOPMENT OF THE LOIHI NEUROMORPHIC COMPUTING CHI P

Loihi is a neuromorphic research test chip desidnebhtel Labs, which mim-
ics the architecture of the human brain, includiegrons and synapses. The aim of
this report is to tell about its development frdme imoment of its creation to the
present day.

The first study was conducted in collaboration witurophysiologists at Cor-
nell University who study the biological olfactosystem in animals and measure
the electrical activity as they smell odors. Thentetook a dataset consisting of the
activity of 72 chemical sensors in response to dfegus substances circulating
within a wind tunnel. The chip rapidly learned reduepresentations of every smell
and identified them even in the presence of stimaakground interferents. Poten-
tially, the technology can be used in the desigmbbts that will search for weapons,
explosives, drugs. Furthermore, the chip can b&ulsemedicine for the recogni-
tion of diseases that emit specific smells. It barembedded in robots used for en-
vironmental monitoring and dangerous materialsaite, or quality control chores
in factories.

Further results were obtained by various compapéetcipating in the Intel
Neuromorphic Research Community, which includeseriban 100 members who
help to study the use of technology in businesseAture compared the use of Loihi
to a standard GPU for voice recognition and fourat this chip could achieve the
same accuracy, but 200 milliseconds faster and 1i@@s more energy efficient.
Mercedes-Benz is interested in this result andidensg the possibility of includ-
ing this technology into its vehicles.

It was also noticed that by processing data frorawomorphic camera, Loihi
can learn new gestures in just a few exposures. ddild be applied to a diversity
of use cases, such as interacting with smart ptedndhe home or touchless dis-
plays in public spaces.

Researchers from the retail industry evaluated iLfothimage-based product
search applications. They found the chip could geteamage feature vectors over
three times more energy-efficiently than CPU andUGBlutions while maintaining
the same level of accuracy.

Intel and its partners have discovered that Lo#n solve optimization and
search problems over 1,000 times more effectiveld@idtimes quicker. It can be
used to enable drones to plan and make complegatév decisions in real-time.
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Rutgers and TU Delft researchers published new dstrations of robotic
navigation and control applications running on lioiflJ Delft's drone performed
optic flow landings with an evolved 35-neuron spikinetwork running at frequen-
cies over 250 kilohertz.

In conclusion, the technology behind the Loihy clipmpared to the compo-
nents already in use, shows the same accuracywuwtseavith less time and energy
investments. But the price of this device is toghhio be utilized for the same tasks
that conventional equipment can handle. The ukeibf can be considered justified
when performing complicated and complex tasks thatiire a lot of time and re-
sources.
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LOW-CODE DEVELOPMENT PLATFORMS

Low-code is a software development approach thalbles the delivery of ap-
plications faster and with minimal hand-coding. -oade platforms are a collection
of tools that enable the visual development of i@pfibns through modeling and a
graphical interface. Low-code enables developeski hand-coding, speeding up
the process of getting an application to production

Low code primarily benefits business professionet® want to build apps
without the complexities of traditional softwarevéopment. Its positive impact
reaches all members of the organization. 93% of@tiees say custom applications
bring strategic business advantages to their ozgtioh. With low code, C-level
executives have access to custom apps producedahye These tools improve cus-
tomer experiences and optimize internal workflowsreas that directly impact the
bottom line and are under the direct ownershighef@-suite.

Some other benefits of Low-Code are as follows.

Great UX by default. With low-code, you can desigmm scratch, customize
pre-built templates, or import existing designsijle/bnsuring performance or func-
tionality.

Easy integrations. Low-Code platforms simplify opation with existing sys-
tems and support the creation of APIs to fuel tivet igeneration of apps.

Fast time to value. Improve developer productivifth low-code attributes,
such as a development toolkit (based on develogmrience), a visual user inter-
face, reusable components, and more.
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Cross-platform accessibility. Multi-device compdiilp is a useful feature of
low-code platforms. In addition to the ability tseauthe low-code platform on any
device running major operational systems, its eptaform compatibility allows
users to build apps that can also run on all ctatigpms and devices.

Even though low-code development has a lot of benehere are concerns
about security that have been increasingly growesgecially for apps that use con-
sumer data. There can be concerns over the seatfirédpps built so quickly and
possible lack of due governance leading to compéassues.

However, low-code apps do also fuel security intiovs. With continuous
app development in mind, it becomes easier to ersature data workflows.

Here are some examples of low-code developmerfopias that are available
on the market: Visual LANSA, Zoho Creator, Appi#iSSFLOW, OutSystems.
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GOOGLE TENSOR PROCESSING UNIT

Machine learning has produced business and resbagakthroughs ranging
from network security to medical diagnoses. Tem&ocessing Unit (TPU) created
in order to make it possible for anyone to ach&walar breakthroughs. Cloud TPU
is the custom-designed machine learning ASIC tlwatgps Google products like
Translate, Photos, Search, Assistant, and Gmail.

Cloud TPU is designed to run cutting-edge mach#aering models with Al
services on Google Cloud. And its custom high-spestdiork offers over 100 pet-
aflops (quantity used to measure the performanceoofputers 1015) of perfor-
mance in a single pod — enough computational pdwéransform your business
or create the next research breakthrough. Traimiaghine learning models is like
compiling code: you need to update often, and yantvwo do so as efficiently as
possible. ML models need to be trained over ana aseapps are built, deployed,
and refined.

Cloud TPU's robust performance and low cost maldeil for machine learn-
ing teams looking to iterate quickly and frequemttytheir solutions. The minimum
cloud-based TPU configuration consists of four fecchips and 64GB of HBM2
memory (high bandwidth memory provides higher badtwwith less power con-
sumption and significantly smaller footprint tha®R4 or GDDR5). The price is
$6.50 per TPU per hour. Cloud TPU offering: CloudlUrv2(180 teraflops, 64 GB
High Bandwidth Memory (HBM) $4.50 / TPU hour), CBbd’PU v2 Pod (11.5
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petaflops, 4 TB HBM, $8.00 / TPU hour), Cloud TPB (420 teraflops, 128 GB
HBM), Cloud TPU v3 Pod (100+ petaflops,32 TB HBM).

The potential of using Cloud TPU pods to acceledsep learning research
while keeping operational costs and complexity isva big draw. It takes now a
little over 24 hours to train models on our loc&\Gcluster. It will take depending
on the size of the TPU pod, anywhere from 7 hooirsst minutes. By using Cloud
TPUs you can save money for fault-tolerant machaéaening workloads, such as
long training runs with checkpointing or batch potidn on large datasets.
Preemptible Cloud TPUs are 70% cheaper than onuginatances, making eve-
rything from your first experiments to large-schigmerparameter searches more af-
fordable than ever.
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CHALLENGES AND RISKS OF THE SMART HOME

A smart home is a residence that uses connectéckddwo enable remote mon-
itoring and management. These devices are connagtieceach other and can be
accessed through one central point — a smartplablet, laptop or a special hub.
Door locks, televisions, thermostats, home monjtoasneras, lights, and even ap-
pliances such as the refrigerator can be contrdhesugh one home automation
system. The system is installed on a mobile orratkvorked device, and the user
can create time schedules for certain changekéoeffect.

Nowadays smart home technologies are developing initreasing speed as
more and more people begin to use them. But, astugy technology, it should not
come at the cost of safety and security. Heredgéiview of the most widespread
security risks in this sphere.

Targeted Attacks are one of the most common sgdurifaches. Smart-home
devices contain a huge amount of personal infoonafrom person’s birth date to
credit card details, that cybercriminals can sthacking if the 10T devices have
software vulnerabilities. Hackers can use stolda fta misleading or blackmailing.
To avoid becoming a cyber victim, do not sharerfgial information, such as bank
details, with smart devices, and always keep yewiags’ software updated.

Identity theft happens when hackers infiltrate da¢abase of a smart-device
company to pilfer the data of all its users. Thadd thousands of users of certain
smart devices can be stolen. Digital thieves can #pply for credit cards using or
take out a mortgage using exposed users’ informafitways care about the safety
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of your online banking operations. Share minimakpeal information with smart
devices and regularly monitor your credit reportriegative changes.

The lack of user's attention to authentication ggcaften becomes a cause of
security breach. Too often, 10T hubs that connédha smart devices on the net-
work are secured with just a weak password, instéaaife two factor authentica-
tion. This security lapse allows clever hackersdsily penetrate and gain access to
the hub and tamper with it and other smart devicesnart home. Two factor au-
thentication together with complex, unique passwaftibuld always be used.

New technologies require new approaches to seamaiptenance. The smart
home technologies will be developing and we witlanew security challenges in
future. Be always aware of digital security threaats follow all recommendations,
so you can safely enjoy new technologies.
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THE NEXT GENERATION CONSOLES

The next generation of video game consoles is neng.t5ony and Microsoft
released the PlayStation 5 and Xbox Series X an@ss8 both in November 2020
during Covid-19 lockdown. Despite this strange aodry pandemic crisis, the au-
dience of console gamers is gaining momentum begaesple have more free time
working at home.

Since the start of the 21st century, the battlevbenh Microsoft and Sony has
been a hotly contested one. Now we can see a naptethin an ongoing face-off
between them. PlayStation 5 and Xbox Series X ae$ S are considered to be
their highly anticipated next-generation systemseality, they continue the trend
from the eighth generation with overall general ioygd computational perfor-
mance, graphical output, and strong backward cabifigtsupport to minimize the
disruption of upgrading to the new platform.

Here is an overview of the next-gen consoles featur

The PS 5 is big, fast, and powerful console, withkéHDR-capable GPU and
an SSD that loads games at lightning speed. Thaeagtething about PlayStation 5
is the revolutionary DualSense controller. The gaadés top holds two sets of
bumpers and triggers. This is where one of the Berde's big upgrades is found:
adaptive triggers. The L2 and R2 triggers do nst iave a vibration response, but
also variable resistance that alters the pull'gtlerand feel. This new feature and
vibration contribute to the controller precise, @wete haptic feedback. The
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controller produces vibrations of varying strengétsoss the gamepad's surface,
creating specific sensations for different situasio

The Xbox Series X stands at the top of the laddéeims of power and fea-
tures, with 4K, HDR graphics, impressive performgnand incredibly fast load
times thanks to its Zen 2 CPU, RDNA 2 GPU, and S&ibage. Unlike PS5, the
new Xbox Wireless Controller included with the Xb®eries X isn’t much different
from the one you get with the Xbox One systems.rb&ioft sells more affordable
Xbox Series S for $299.99. It lacks an optical rivut on top of that its SSD is half
as large at 512GB, and its GPU has a quarter gidier at 4 TFLOPs.

Comparing these two next-generation consoles, iieadly hard to choose.
They have the same price, really similar power ati@ristics and both have back-
ward compatibility. Earlier, choosing between asmia meant weighing specs. This
time, picking between the Xbox Series X or PlayiStab will be less about hard-
ware and more about Microsoft's and Sony’s phildsep about this generation of
consoles.
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DEVELOPMENT TRENDS IN CYBERSECURITY

The year 2020 was without a doubt one of the mossequential and trans-
formational in recent memory: a global pandemigneenic shocks impacting mil-
lions of people’s lives, and social and politicatest.

As per the World Economic Forum's Global Risks ReR021, cyber risks
continue ranking among global risks. The COVID-1#hgemic has accelerated
technological adoption, yet exposed cyber vulnditedsi and unpreparedness. Cy-
bercrime's attack surface has increased becauke eWitch to home working.

Common types of cyber-attacks are as follows:

1. malware (malicious software, including spywaessomware, viruses, and
worms);

2. phishing (fraudulent communications that appgearome from a reputable
source, usually through email);

3. man-in-the-middle attack (MitM, occurs when ekiers insert themselves
into a two-party transaction);

4. denial-of-service attack (DDoS, floods systesgsyers, or networks with
traffic to exhaust resources; as a result, theesyss unable to fulfill requests);
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5. a Structured Query Language (SQL) injection fogavhen an attacker in-
serts malicious code into a server that uses S@Lf@ces the server to reveal in-
formation it normally would not);

6. a zero-day exploit (hits after a network vulindigy has announced but be-
fore a patch or solution has implemented; attacleeget the disclosed vulnerability
during this window of time);

DNS Tunneling (utilizes the DNS protocol to comnuaie non-DNS traffic
over port 53). They can be used to masking outgwaftic as DNS, concealing data
that has typically shared through an internet cotioe. For malicious use, DNS
requests are used to filter data from a hacke@sysd the attacker’s infrastructure.
It can also be used for command and control céforom the attacker’s infrastruc-
ture to a hacked system.

So far this year, we have seen some big-name caegamith supposedly
first-class security, become victims: World Heafdinganization, Twitter, Zoom,
Magellan Health, Marriott International, MGM ResyrSolarwinds.

IBM Security X-Force drew on billions of data parollected from their cus-
tomers and public sources between January and Dere?020 to analyze attack
types, infection vectors, and global and induswynparisons. The following are
some of the top findings presented in the X-Foregedt Intelligence Index:

1. 23% Ransomware share of attacks. $123 millistinated profits from top
ransomware.

2. 35% Scan-and-exploit share of top infection eext#2 Manufacturing rank
in top attacked industries.

3. 49% ICS-related vulnerability growth rate, 2@®20.

Top 3 attack types are:

1. Ransomware (23% of attacks)

2. Data theft (160% increase since 2019)

3. Server access (233% increase since 2019)

Top 3 initial attack vectors include

1. Scan-and-exploit (35% of attacks vs. 30% in 2019

2. Phishing (33% of attacks vs. 31% in 2019)

3. Credential theft (18% of attacks vs. 29% in 2019

Security Trends for 2021 are the following:

1. Rise of Automotive Hacking

2. Integrating Al with Cyber Security

3. Mobile is the New Target

4. Cloud is Also Potentially Vulnerable

5. Data Breaches: Prime target

6. loT with 5G Network: The New Era of TechnologyaRisks
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IS ARM CPU GOING TO REPLACE X86?

The ARM architecture is nothing new because maftilenes and embedded
devices have used mostly it almost since the sfdfie smartphone era. However,
since Apple has decided to twist its equipment andeplace the x86 architecture
with ARM, nowadays it is on the lips of all hardwanthusiasts. Seeing that Apple
is the one who always sets trends, people are wimgdé ARM CPUs going to
replace x86.

Someone could question this because it soundsmashifle CPUs could re-
place PCs. Will ARM architecture be good enoughefolace x86? Apple Silicon
M1 processor answer this question itself, whictsriaster than desktop Intel CPUs
and nearly as fast as AMD’s Ryzen 5000 seriesctineent performance crown. It
is custom silicon, which makes Apple Macbooks theent fastest laptops in the
world.

Firstly, it is highly interesting if the ARM can dbe same task as x86. Actu-
ally, the answer is ‘yes’ as ARM could do the samssignments, but it has some
very important nuances that involve the “in whatyand especially the “in how
long” (in terms of performance) as the x86 architexis massive and has more than
a thousand instructions, some of which are verymera This approach is called
Complex Instruction Set Computing (CISC). While ARNRISC (Reduced Instruc-
tion Set Computing) philosophy is much simpler, améntionally so. The design
goal here is to build simple designs that are ¢asyanage, with a focus on power
efficiency, too. However, today this comparisomécoming pointless as both de-
sign approaches copy and use the best parts ofo¢taeh

As a result, an ordinary user, who uses a laptopvib surfing, photo and
video editing and works with a huge amount of filesuld not notice any differ-
ence. Nevertheless, there is one for those pedmbeuse old applications that were
meant for x86 because they need to be recompileanton ARM as well. Thus, it
should be born in mind that all the software mwstldapted or ported, and this is
something that not all companies can do, nor afiganies can afford. It is some-
thing that currently has no viability, not evertlire medium term; in the long term,
it is something that could happen, but we cannpeekit soon. However, even that
can usually run through x86 emulation, which Windasvstarting to support.

For developers, there are a lot of differencesoiw hpplications get compiled,
but these days, most compilers do a good job opatimg the major instruction
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sets, and you will not have to make any changegetat compiling for multiple
platforms.

However, the point of changing x86 to ARM architeetis mainly all about
speed. ARM and x86 are both instruction sets, whieha list of micro-code “pro-
grams” that the CPU supports. CPUs execute opesasiequentially, like a machine
given a list of tasks to do. Each instruction isWn as an opcode, and architectures
like x86 have a lot of opcodes. That is why x8Briswn as a “Complex Instruction
Set,” or CISC.

These architectures generally take the design approf packing a lot of stuff
into a single instruction. While RISC basically daavay with complex multi-part
instructions. Each instruction mostly can execata single clock cycle. As CPUs
need to load all their instructions from RAM anckeute them as fast as possible. It
turns out it is far easier to do that when you hanamy simple instructions versus a
lot of complex ones. The CPU runs faster when isé&ruiction buffer can be filled
up, and that is a lot easier to do when the instrns are smaller and easier to pro-
cess. Which makes ARM much faster in daily use.

To sum up, is ARM CPU going to replace x86? Mog#g, especially on lap-
tops. But this is not to say that x86 will die affiytime soon, it will still have its
consumers, for instance, mainframe which does eetlihigh speed. But we should
not neglect the benefits of RISC architecturesctviig the way of the future.
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ARTIFICIAL INTELLIGENCE IN AUTONOMOUS VEHICLES:
BENEFITS AND CHALLENGES

Autonomous driving is one of the key applicatioeas of artificial intelligence
(Al). Autonomous vehicles are equipped with mud#tiglensors, such as cameras,
radars and lidar, which help them better understardsurroundings and in path
planning. These sensors generate a massive ambdatao To make sense of the
data produced by these sensors, AVs need supertemniipe, nearly instant pro-
cessing capabilities. Companies developing AV sgsteely heavily on Al, in the
form of machine learning and deep learning, to @ssche vast amount of data effi-
ciently and to train and validate their autonomdriging systems.

Autonomous vehicles can be classified in the mabegories of artificial in-
telligence. The classification of these categasesill controversial - the definition
of artificial intelligence is an ongoing discussidn some cases, it is defined as the
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ability to solve problems independently, in somehasability to imitate human in-
telligence or human behavior and in others by Hiktyaof ethical judgement equiv-
alent to those of humans. Artificial intelligencan be classified into the following
three sub-areas:

1. Weak Artificial Narrow Intelligence (ANI): Arti€ial intelligence that is on
a par with human intelligence in specific areasxweeds it. It is also referred to as
weak Al.

2. Artificial General Intelligence (AGI): AGI is thterm used to describe an
artificial intelligence that is equal to human itigeence in all areas. Itis also referred
to as strong Al.

3. Artificial Super Intelligence (ASI): Artificialntelligence that exceeds hu-
man intelligence in all areas.

4. Al that is used in the self-driven cars belotigthe ANI.

The autonomous vehicle is projected to contain nliaess of code than any
other software platform that has been createdtm &y 2020, the typical vehicle is
expected to contain more than 300 million linesade and will contain more than
1 TB (terabytes) of storage and will require memisapdwidth of more than 1 TB
per second to support the compute performance sagekr autonomous driving
platforms. A self-driving car's Al system requires continuous, uninterrupted
stream of data and instructions in order to makétime decisions based on com-
plex data sets.

Successful self-driving vehicles are present onrtizal today, however the
success of many early vehicles is the result oéatgally driving the same route
consistently over many days, where they learn edetsil of the route and generate
high-resolution maps that are then used as a keyopahe self-navigation sys-
tem. With less reliance on the need to recognigedhte, the attention of the auton-
omous computer can be paid to traffic, pedestréamsthe other potential real-time
hazards. This means that high-speed memory isstengal component of autopilot
systems.

Despite all its benefits, this technology is d@it from perfect or even com-
plete. As an example of already existing autogjatems there is Waymo company.
They are using simulations to train their Al syssefaven with all gained experi-
ence, their autonomous vehicles are cannot be dienesi safer than a common car
because Waymao's cars had been driven only 20 miittides and, according to sta-
tistics, there is 1 fatal accident for 100 millimiles driven. Another example — Uber
didn’t even reach 20 million miles and already ealia lethal incident.

Thus, this technology still has a long way to ga aareful consideration
should be given to minimizing the risks that ait tstere when using Al in autono-
mous vehicles.
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APPLICATION OF MACHINE LEARNING IN ROBOTICS

Artificial Intelligence (Al) is set to disrupt précally every industry imagina-
ble, and industrial robotics is no different. Tleyerful combination of robotics and
Al or machine learning is opening the door to efyinew automation possibilities.
In particular, deep learning methods have brougbutisignificant improvements
in a broad range of robot applications, includingnes, mobile robots, robotics ma-
nipulators, bipedal robots, and self-driving cars.

There are several areas of robotic processes thatdmachine learning are
impacting to make current applications more effitiand profitable. The scope of
Al in robotics includes: computer vision, imitatitgarning, self-supervised learn-
ing, assistive and medical technologies and mgkird learning.

An influx of big data, i.e. visual information alatile on the web (including
annotated/labeled photos and videos), has propatlednces in computer vision,
which in turn has helped further machine-learniagda structured prediction learn-
ing techniques, leading to robot vision applicagitike identification and sorting of
objects. One offshoot example of this is anomatgcteon with unsupervised learn-
ing, such as building systems capable of findindj@ssessing faults in silicon wafers
using convolutional neural networks.

Imitation learning is closely related to observatiblearning, a behavior ex-
hibited by infants and toddlers. It is also an uefiarcategory for reinforcement
learning, or the challenge of getting an agentctarathe world so as to maximize
its rewards.

Imitation learning has become an integral pariaiéifrobotics, in which char-
acteristics of mobility outside a factory settimgdomains like domains like con-
struction, agriculture, search and rescue, miljtand others, make it challenging to
manually program robotic solutions. Examples ineludverse optimal control
methods, or “programming by demonstration”, whiéls lheen applied by Carnegie
Mellon University and other organizations in theas of humanoid robotics, legged
locomotion, and off-road rough-terrain mobile natays.

Self-supervised learning approaches enable robagsrierate their own train-
ing examples in order to improve performance; itni$udes using a priori training
and data captured close range to interpret “lomg@aambiguous sensor data.” It
has been incorporated into robots and optical @ésvibat can detect and reject ob-
jects (dust and snow, for example); identify vegkts and obstacles in rough ter-
rain. Autonomous learning, which is a variant df-sepervised learning involving

329



deep learning and unsupervised methods, has atsodpplied to robot and control
tasks.

An assistive robot is a device that can senseggssensory information, and
perform actions that benefit people with disat@itand seniors (though smart assis-
tive technologies also exist for the general poja such as driver assistance
tools). Movement therapy robots provide a diageastitherapeutic benefit. Both of
these are technologies that are largely (and unfately) still confined to the lab,
as they're still cost-prohibitive for most hosp#tah the U.S. and abroad.

Coordination and negotiation are key componentsnafti-agent learning,
which involves machine learning-based robots thatable to adapt to a shifting
landscape of other robots/agents and find “equilibr strategies.” Examples of
multi-agent learning approaches include no-regeatrling tools, which involve
weighted algorithms that “boost” learning outconiresnulti-agent planning, and
learning in market-based, distributed control syste

Robots combined to build a better and more incliddarning model than
could be done with a single robot depending orctireept of exploring a building,
its room layouts, and autonomously edifice a knogyeebase. This type of machine
learning approach enables robots to compare datasettalogs, reinforce mutual
observations and correct omissions. It will undedbt play a near-future role in
several robotic applications, including airborndiees and multiple autonomous
lands.
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STRUCTURED PROGRAMMING

Structured programming (sometimes knownnasdular programmingis a
programming paradigm that facilitates the creatbprograms with readable code
and reusable components. All modern programminguages support structured
programming, but the mechanisms of support, likesyntax of the programming
languages, varies.

Where modules or elements of code can be reuseddrlibrary, it may also
be possible to build structured code using modwlitsen in different languages, as
long as they can obey a common module interfa@pplication program interface
(API) specification. However, when modules are egl d's possible to compromise
data security and governance, so it's importadéfme and enforce a privacy policy
controlling the use of modules that bring with thienplicit data access rights.
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Structured programming encourages dividing an appitin program into a
hierarchy of modules or autonomous elements, whiely, in turn, contain other
such elements. Within each element, code may blediustructured using blocks of
related logic designed to improve readability aradntainability. These may include
“case”, which tests a variable against a set afies| “Repeat”,” while” and “for”,
which construct loops that continue until a comdfitis met. In all structured pro-
gramming languages, an unconditional transfer ofrod, or “goto” statement, is
deprecated and sometimes unavailable.

The base composition of any type of structured @nogning includes three
fundamental elements, sequencing, selection, gretitien.

Sequencing has to do with the logical sequenceigedvby the statements in
the program. As they are executed, each step isetipgence must logically progress
to the next without producing any undesirable a@ffec

Selection allows singling out any number of statetsi¢o execute in the pro-
gram. These statements will contain certain keywindt can identify the sequence
as a logically ordered executable. These term&fdréthen,” “endif,” or “switch.”

As a program proceeds, a select statement continuesactive until the pro-
gram gets to the point where some other actionseethke place. The keywords
include “repeat,” “for,” or “do...until.” The repetin factor dictates instructions to
the program about how long to continue the opematiefore requesting further in-
structions.

Depending on the purpose and function of the progthe exact nature of
structured programming will vary. For example, mfosis of structured program-
ming will have a single entry point but may haverenthan one exit point. In another
form, called modular programming, the creation ofules within the overall struc-
ture of the program will interact with one anothéepending on the type of code
that is executed.

The advantages of structured programming are syl

1. Itis user friendly and easy to understand.

2. Similar to English vocabulary of words and sytsbo

3. Itis easier to learn.

4. They require less time to write.

5. They are easier to maintain.

These are mainly problem oriented rather than nmechased.

Programs written in a higher level language catréeslated into many ma-
chine languages and therefore can run on any ca@nfut which there exists an
appropriate translator.

Itis independent of the machine on which it isclise. programs developed in
high level languages can be run on any computer.

The disadvantages of structured programming aréottoaving:
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1. A high level language has to be translatedtimomachine language by the
translator and thus a price in computer time il pai

2. The object code generated by a translator nhighihefficient compared to
an equivalent assembly language program.

Data types are proceeds in many functions in actstred program. When
changes occur in those data types, the correspprtiBnge must be made to every
location that acts on those data types within tloggam. This is really a very time
consuming task if the program is very large.

Let us consider the case of software developmenthich several program-
mers work as a team on an application. In a stradtprogram, each programmer is
assigned to build a specific set of functions aath dypes. Since different program-
mers handle separate functions that have mutuadisesl data types. Other program-
mers in the team must reflect the changes in gatstdone by the programmer in
data type handled. Otherwise, it requires rewriiggeral functions.

Structured programming is a major paradigm thgp$ & develop a program
using a set of modules or functions. Structuredymmming began the theoretical
study of programming design. It forced programmerapproach programming
from the conceptual point of view, making them gagprograms before they wrote
code. It cleared up spaghetti code and forceddheeapt of correctness into the pro-
gram.
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AI/ML APPLIED TO CYBERSECURITY

Cybersecurity is one of the multiple uses of Acidl Intelligence. A report by
Norton showed that the global cost of typical datach recovery is $3.86 million.
The report also indicates that companies need 496 dn average to recover from
any data breach. For this reason, application oa#d machine learning (ML) to
cybersecurity is essential.

Machine learning and Artificial Intelligence in ogtsecurity is much more
than a mere application of the algorithms. It canused to analyze cyber threats
better and respond to security incidents. Theradesv other significant benefits of
machine learning:

1. detecting malicious activities and putting emdyber attacks;

2. analyzing mobile endpoints for cyber threatsd@e is already using ML
for this purpose);
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3. improving human analysis — from malicious attaekection to endpoint
protection;

4. automating mundane security tasks;

5. eliminating zero-day vulnerabilities.

Traditional security techniques use signaturesdicators of compromise to
identify threats. These methods might work wellgogviously encountered threats,
but they are not effective for threats that havelsen discovered yet.

Signature-based techniques can detect about 9Qbtezts. Replacing tradi-
tional techniques with Al can increase the detectaies up to 95%. The best solu-
tion would be to combine both traditional methodd &l. This can result in 100%
detection rate and minimize false positives.

While traditional vulnerability databases are cetito manage and contain
known vulnerabilities, Al and ML techniques like étsand Event Behavioral Ana-
lytics (UEBA) can analyze baseline behavior of wsarounts, endpoint and servers,
and identify anomalous behavior that might signaée-day unknown attack. This
can help protect organizations even before vulrikiab are officially reported and
patched.

The purposes of a remote attack are to abuse keddaachy information from
the framework or to harm by presenting a noxiousmater program. Remote ex-
ploitation can happen in different ways.

Denial of service attack. Typically, a proceduréaion the server inaccessible
for clients by flooding the servers with untrueeali demands. It makes a tremendous
utilization spike which makes servers solidify gméoccupies them with a huge
number of pending demands to continue.

DNS poisoning. DNS servers are frameworks thatjpméz human-memorable
space names like facebook.com to compare numedddResses. DNS frameworks
are utilized to distinguish and approve assethemieb. Harming DNS servers fun-
damentally implies deceiving them to acknowledgerepresented information be-
ginnings as true and clients who are getting te¢hmrmed DNS servers are diverted
to locales that unwittingly download malevolent gnams or infections into the
framework.

Port scanning. Computer ports are utilized to semdi get information. Port
scanners can be utilized to distinguish vulneréidiof information and pick up get
to control computers by abusing those vulnerabditi

Artificial Intelligence/Machine learning algorithntan be utilized to analyze
framework behavior and recognize anomalous occadiaat do not match the ordi-
nary behavior. Algorithms can be prepared for défe information sets so that they
can track down a misuse payload in advance.
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NEURAL NETWORKS AND DEEP LEARNING

A neural network is a series of algorithms thateswbrs to recognize under-
lying relationships in a set of data through a pescthat mimics the way the human
brain operates. In this sense, neural networks tefsystems of neurons, either or-
ganic or artificial in nature. Neural networks cagapt to changing input; so the
network generates the best possible result witttmuhecessity to redesign the out-
put criteria. The concept of neural networks, whiels its roots in artificial intelli-
gence (Al), is swiftly gaining popularity in thexddopment of trading systems.

Deep learning (also known as deep neural learnirtgep neural network) is
an Al function that imitates the workings of thenfan brain in processing data and
creating patterns for use in decision making. Dieepning is a subset of machine
learning in Al that has networks capable of leagninsupervised from unstructured
or unlabeled data.

While traditional programs build analysis with data linear way, the hierar-
chical function of deep learning systems enableshinas to process data with a
nonlinear approach.

Deep learning is different from machine learninghe way each algorithm
learns. Classical, or "non-deep”, machine learrsrdgpendent on human interven-
tion to learn, requiring labeled datasets to urtdadsthe differences between data
inputs. For example, if a person were to show y@eries of images of different
types of transport, he/she would label each pictitk a transport type, such as
“car,” “motorcycle,” or “bus.” The machine learnimgodel would train and learn
based on the labelled data fed into it, which $® &nown as supervised learning.

"Deep" machine learning can leverage labeled dstésénform its algorithm,
but it doesn’t necessarily require a labeled détasstead it can also leverage unsu-
pervised learning to train itself. While supervidedrning leverages labeled data,
unsupervised learning uses unstructured, or urddbdhta.

By observing patterns in the data, a machine lagrmodel can cluster and
classify inputs. Taking the same example from earlive could group pictures of
cars, buses, and motorcycles into their respectitegories based on the similarities
identified in the images. With that said, a deegprég model would require more
data points to improve its accuracy, whereas a madbarning model relies on less
data given the underlying data structure. Deemlegris primarily leveraged for
more complex use cases, like virtual assistantsaad detection.
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The “deep” in deep learning is referring to thettepf layers in a neural net-
work. A neural network that consists of more thiareé¢ layers — which would be
inclusive of the inputs and the output — can besiered a deep learning algorithm.

Most deep neural networks are feed-forward, meathiag flow in one direc-
tion only from input to output. However, you carsa@ltrain your model through
backpropagation; that is, move in opposite directiom output to input. Backprop-
agation allows us to calculate and attribute theremssociated with each neuron,
allowing us to adjust and fit the algorithm appiafely.

Neural networks label data into classes by impyi@nhalyzing its parameters.
For example, a neural network can analyse the peamof a bank client such as
age, solvency, credit history and decide whethésda them money.

The algorithm has the ability to make predictidhst example, it can foresee
the rise or fall of a stock based on the situatiothe stock market.

Recognition is currently the widest applicatiomefural networks. For exam-
ple, a security system can use face recognitiamlp let authorized people into the
building.

Deep learning and neural networks are useful tdolgiess that expand human
intelligence and skills. Neural networks are jusé dype of deep learning architec-
ture. However, they have become widely known bezaesiral networks can effec-
tively solve a huge variety of tasks and cope wittm better than other algorithms.
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THE IMPORTANCE OF CYBER SECURITY IN EDUCATION SYSTE M

Cyber security is the protection of internet-corirdcsystems such as hard-
ware, software and data from cyberthreats. Thetipeats used by individuals and
enterprises to protect against unauthorized adoedsta centers and other comput-
erized systems from malicious attacks designedctess, alter, delete, destroy or
extort them.

Implementing effective cyber security measuresisiqularly challenging to-
day because there are more devices than peoplat@utters are becoming more
innovative. The speed of technological change tesunlnew risks, requiring new
solutions.

The education sector needs to secure its applicatmd systems and over-
come any challenges that come in the way of cybeurity. The sector is prone to
Distributed Denial of Service (DDoS) attacks whate very common. In the past,
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several instances of students or teachers perfgramibDoS attack have surfaced
with all kinds of motives right from demanding aydsf to protesting against some-
thing. Other than that, there is data theft thatpetentially affect all levels of edu-
cation. Now at risk: financial data, personal dataterprise data, educational data.
This data can be wrongfully used to sell informatiw to extort money.

All the most popular social media platforms, sushFacebook, Instagram,
Twitter, and LinkedIn are subject to various riskee authenticity and accuracy of
information in this virtual space can be disputerthat children need to be equipped
to protect themselves and take responsibility whaeimng cyber threats.

TheJoint Information Systems Committesport identifies the following chal-
lenges:

1. lack of resources and budget (potentially pogto the lack of finances to
invest in cyber security, be it software or staff);

2. cultural issues (a ‘Bring Your Own Device’ cuklis common in Educa-
tional institutions and can present difficultiessiecuring the wider network, partic-
ularly with IT staff already facing stretched resms);

3. absence of policy (setting out policies for gdime network and making sure
they’re adhered to can be difficult in large ingiibns with a dynamic user popula-
tion).

The challenges schools face in implementing cybeursty education include
lack of expertise, funding, and resources. Teacheesl to enlarge and update their
knowledge and expertise regarding cyberspace. $&hod government may lack
resources and facilities to implement cyber segwitucation. This is a major ob-
stacle for teachers, as they lack access to legamaterials and need to be sensitive
to technological change.

In order to prevent cybercrimes in the educatiauatext, it is necessary to
provide basic training for all users (young peofgachers, parentsypecial educa-
tion courses must prepare pre-service teacherggigm and teach cyber security
topics and safe computing methods, the ethics loéispace, as well as the ways to
keep themselves careful and secure online. CylmnBgawareness workshops are
one of the best techniques that can promote cywerity education at schools.

What is more, the academic community and corparativeed to team up.
Knowing what corporations are looking for in andfessional and what the com-
pany’s needs are, the academic community will Be tbcome up with the curric-
ulum that meets those needs and ensure that coliegduates possess the
knowledge, skills, and cyber security capabilitesandle the new challenges asso-
ciated with the digital age.
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BLOCKCHAIN AND HOW IT WILL CHANGE THE WORLD

There has been a lot of hype going around recextitbut bitcoin and other
cryptocurrencies. It all started in 2008 when aargimous developer or group of
developers named Satoshi Nakamoto invented newaiéc peer-to-peer cash sys-
tem that had ability of conducting transactionsheitt any government or banking
system involvement which means that this systedetentralized. It has its own
currency - digital token, Bitcoin.

Blockchain takes that model of ownership and deaénés it. It gives the
ownership, the power, and the voting rights to gore, based on a distributed con-
sensus model. No single authority can ever lock fimds, repossess what you own,
or prevent you from transferring that property emebody else. You are the only
owner of your bitcoin wallet. With great power ca@argreat responsibility: because
of its decentralization no one is going to protemt if you lose access to your wallet
or if your digital possessions get stolen by hasker

Bitcoin is based on the system called “blockchawhich consists of blocks of
data about transactions. Each block needs a spgi@ithm to be solved in order
to be created. Users who solve these algorithmbigmiin tokens in reward, this
process is called “mining” and computers that arelived in mining are called
“nodes”. Each block also contains data about tlewipus block, hence cannot be
altered in the future. This system controls itselfl it is surprisingly secure, because
in order to alter information about transactionekesis need to get access to 51% of
nodes, there are thousands of them around the yearlid is practically impossible.
Even creators will not be able to make major charigehe system after it has been
opened to public.

The blockchain is a decentralized database whktteeakansactions are stored
and validated that has value. The value can represg/thing at all, e.g. money,
lands, jewels, etc. With blockchain technology, ywan transact directly to its re-
ceiver, which indulges any third party. The impafdblockchain here is establishing
peer-to-peer transactions rather than a clientesenodel.

Blockchain will change the world by getting rid oéntralized control. Alt-
hough the public blockchain system is autonomougtivate blockchain system
does need authentication to function. But it cdhrstduce the level of centralized
control.
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Using the hash function and cryptography methdahaltransactions are en-
crypted, and none can keep track of your transagti@ne of the best things about
blockchain is that it promotes transparency.

Blockchain will change the world by getting rid @frruption. As we are still
operating on legacy network systems and paper-bdsedments, it is easy for
fraudulent parties to alter them. But blockchaires @ompletely immutable by na-
ture. It is impossible to alter contents insiddack. If someone tries to tamper with
it, all the nodes in the system will reject it austly.

However, there is a number of challenges associaithdlockchain.

51% attacks are among the most discussed onesa8wattack may happen if
one entity manages to control more than 50% oh#tevork hashing power, which
would eventually allow them to disrupt the netwdmk intentionally excluding or
modifying the ordering of transactions.

Despite being theoretically possible, there waenavsuccessful 51% attack
on the Bitcoin blockchain. As the network growgykarrthe security increases and it
is quite unlikely that miners will invest large aomis of money and resources to
attack Bitcoin as they are better rewarded fomgdtionestly. Other than that, a suc-
cessful 51% attack would only be able to modify tast recent transactions for a
short period of time because blocks are linkedughocryptographic proofs (chang-
ing older blocks would require intangible levels aifmputing power). Also, the
Bitcoin blockchain is very resilient and would dklicadapt as a response to an at-
tack.

Another downside of blockchain systems is that aifeia has been added to
the blockchain it is very difficult to modify it.

Blockchain uses public-key (or asymmetric) crypsgty to give users own-
ership over their cryptocurrency units (or any othickchain data). Each block-
chain address has a corresponding private key.ettdl address can be shared, the
private key should be kept secret. If a user ltses private key, the money is ef-
fectively lost.

Blockchains are highly inefficient. Since mining hgghly competitive and
there is just one winner every ten minutes, thekvedrevery other miner is wasted.
As miners are continually trying to increase tlomimputational power, they have a
greater chance of finding a valid block hash, #sources used by the Bitcoin net-
work have increased significantly, and it curretipsumes more energy than many
countries, such as Denmark, Ireland, and Nigeria.

Blockchain ledgers can grow very large over timee Bitcoin blockchain cur-
rently requires around 200 GB of storage. The curgeowth in blockchain size
appears to be outstripping the growth in hard driged the network risks losing
nodes if the ledger becomes too large for indivisita download and store.

338



YK 539

Maria Mikhailova, Valentina Kuzmenké

Istudent of group CST-110, National University «Zdgiwzhia Polytechnic»
2senior teacher, National University «ZaporizhzhidyBchnic»

THE ECOLOGICAL PROBLEMS

The word “Ecology” comes from the Greek language iex@ans “the study of
the place we live in". So, there is no person orttEaho is not affected by ecolog-
ical problems.

However, at present times we have to face suctogiwall problems as acid
rain, global warming, loss of rare species, ozaukiction, etc. Environmental prob-
lems have become one of the most urgent problemsodern society. More and
more people suffer from air and water pollutioneBryear world industry pollutes
the atmosphere with tons of dust and other harthfngjs. As a result many species
of animals and plants disappear forever, includisty and birds. Many large cities
suffer from factory smog. Their activity polluteésetair, the water, the forests and
the land.

As a result the level of harmful substances indinelso increases. Another
problem which is worth mentioning is the tree mgtiTrees are a source of oxygen
and clean air. So, by doing this people simplyatiotthe biological balance.

Every day a big number of animals disappears. dabhnimals for different
aims: e.g. people hunt whales for their meat ahdmcodiles for their leather and
so on. And also animals are used for medical exparis. The seas are in danger.
They are filled with poison: industrial and nucleaste. If nothing is done about it,
one day nothing will be able to live in the seas.

Speaking about the problems of pollution | canlpteaying about the ecolog-
ical problems of our country and city. Needlessdg, that the main problem in our
city is the pollution of air. In the district theege some heat stations and they also
influence the condition of the air around. A lotteénagers and adults are used to
setting scrapes of paper, cigarette ends and ansrtel-sized garbage down and
don’t think that these things decay, pollute theumd.

Fortunately, there are many ways to suspend theddems. If everybody
starts caring about the planet we live on, manyirenmental problems can be
solved. For example, if we start recycling papat eardboard, we can save lots of
trees. Of course, people can't stay indiffererthsse problems. There are a lot of
special organizations, which try to save our natlitee most important thing is, of
course, to start acting immediately, otherwise wehtnhave to face many global
disasters.
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PROGRAMMING LANGUAGES IN PROGRESS

Until the mid-1960s, computers were too expensieehines, used only for
special tasks, and only performed one task ata tim

The programming languages of this era, like thematers on which they were
used, were developed for specific tasks such ast#ftt computing. Since machines
were expensive and slow, machine time was alsornesige - so the speed of the
program was in the first place.

However, during the 1960s, the price of computega to fall so that even
small companies could afford them; the speed ofpeders increased and the time
came when the creators of programming languagesnbiegthink more and more
about the convenience of writing programs, andugitthe speed of their execution.

At the dawn of computerization, machine languags tha only language that
humans could not have invented by that time. T@ gaegrammers from the harsh
machine programming language, high-level languéigeshon-machine languages)
were created. "Small" (atomic) operations perforrdedctly by machine devices
were combined into "larger”, high-level operatiars whole structures which is
much easier and more convenient for a person t&.w&o programming made a
colossal breakthrough: new languages became aokioohnecting bridge between
man and the machine language of a computer.

The progress of computer technology determinegtbeess of the emergence
of various new sign systems for writing algorith{psogramming languages) and
the development of the programming process as éwho

The term programming means the process and areaficg computer pro-
grams using special programming languages.

Different programming languages support differerogpamming styles.

The only language directly executed by a proceissmrachine language (also
called "machine code").

At the heart of a programming language is someiggidiea that has a signif-
icant impact on the style of the corresponding paots.

Currently, the direction associated with the tedbgy of creating software
products is rapidly developing.

The process of a computer is to execute a prograhis, a set of well-defined
commands in a well-defined order.

A programming language is a special language ilvbdmmands are written
to control a computer.
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In various programs, there are some quite ofted usenmand sequences that
correspond to certain procedures for convertingrmftion. The effective imple-
mentation of such procedures is ensured by theigdén the form of special macros
and the inclusion of the latter in the programmamguage available to the program-
mer.

With the expansion of the fields of applicationcoimputer technology, it be-
came necessary to formalize the presentation dbtineulation and solution of new
classes of problems.

Universal languages have been created for a witlgeraf tasks: commercial,
scientific, modeling, etc.

The emergence of new technical capabilities setable for system program-
mers - to create software tools that ensure theatipeal interaction of a person with
a computer, they were called dialogue languages.

Non-procedural languages constitute a group ofdaggs that describe the
organization of data processed by fixed algoritt{tabular languages and report
generators) and languages for communicating wigraimg systems.

The invention of a high-level programming languafiewed us to communi-
cate with a machine, it seems, even to understand i

Perhaps it is the Java programming language, aelegant and beautiful lan-
guage, that will become the basis for the programynoif the future. After all, it is
Java that is equipped with the richest class libeand at the same time is quite easy
to learn.

The Java language, while more complex than shedllages, is immeasurably
easier to learn than other programming languages &si C ++. Java differs from C
++ in its lightweight Java syntax.
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HISTORY OF ESPORTS IN UKRAINE

ESports is one of the most democratic sports. tfuise accessible without
special equipment and to be physically active. Yom't need to spend a lot of
money to become a pro. According to statisticg, [lesying at home is impossible
to break into big esports, you need to practiceratting with other players.

In the early 90s, when Ukraine was just beginnmgdcome an independent
consultant, no one knew about esports. And it viffisult to associate 8-bit Dendy
with such a big word. The video games availablpl&yers in Ukraine were fairly
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simple, cartridges were expensive, and salaries leer. But the story had a differ-
ent continuation. From the eternal undergroundomtsfas gradually turned into a
serious business with huge winnings and turno¥aw.initially imagined that video
games would become a huge lucrative industry, niytfor game creators, but also
for the players themselves.

In the early 2000s, the first esports organizatiapgeared. The first tourna-
ments were held in small computer clubs, oftenasdments. And the prizes could
be gaming devices or free time at the computer.

Tournaments with real prize money were infrequent became a fan event.
Only the strongest teams in the region could wisugh tournaments.

Only since the 2010s has eSports really startei@velop in Ukraine. The re-
lease of Dota 2, CS: GO (Counter Strike: Globale@éive), League of Legends
games aroused interest not only among milliondayfgrs, but also sponsors.

The first large-scale cybersport tournament in iHaaook place in 2010,
when the Kiev Cybersport Arena opened. And sind226yber competitions have
been regularly held at the StarLadder playgroun®Q018, its own cyber arena ap-
peared in Dnipro.

In 2010, the first serious cyber successes appéaldkraine: the Ukrainians
won $ 1 million at the international Dota 2 tourrerth The team's prize winnings
impressed even the biggest skeptics. It became tlaayou can make money on
eSports.

Now in Ukraine, cybersport tournaments with prizeds of hundreds of thou-
sands of dollars are regularly held. And partidggain international competitions
allows you to claim millions of winnings.

Cyber tournaments gather an audience comparaldeaie to a concert by a
famous star or a football match. For example, thal bf The Kiev Major brought
together the full Ukraine Palace. And the finatted recent WePlay! Bukovel Minor
2020 was broadcast in cinemas in 6 cities of Ulerain

Moreover, thanks to sponsorship, the practice gtiler salaries for cyber-
sportsmen has developed. This allows you to foculaning your skills in your
chosen cyber discipline and attract more and mpeetators' attention during tour-
naments.

For a beginner esports player, the salary can3f¥®&.000. For a player of the
"second echelon" - $ 3-4 thousand. For pros fromel-known cyber team from $
6 thousand to $ 30 thousand.

The capital of Ukraine is already claiming the ssadf an international cyber-
sport city: Kiev has officially applied to host thergest global Dota 2 tournament
The International 2021. And this is not at all ltke previous games in small com-
puter clubs.

In conclusion, | would like to say that cyber toamments gather an audience
comparable in scale to a concert of a famous starfeotball match.
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NUCLEAR ENERGY AS THE CLEANEST SOURCE

Over the past 20 years, the volume of clean eneagydoubled. This is energy
obtained from environmentally friendly soureeBydropower, nuclear, solar, wind,
geothermal, tidal, biomass energy. However, itseslra the total volume of pro-
duced energy remained the same and even decrdigbdlg s from 36% in 1999 to
34% in 2020. The fact is that the fossil fuel inmys$s growing faster than the clean
energy industry. Many poor countries still use woddng and coal as their main
fuel.

It is difficult to make nuclear energy even safart it is now. According to a
study by one of the largest medical journals, thedet, nuclear energy is the safest
of all other sources of energy. It is safer thandmurbines and solar panels.

Wind. You put up a farm of wind turbinesand here it is, pure energy! True,
but for this it is necessary to allocate an opeacegfor the farm, where the winds
constantly blow. It is okay, if you have a goodgalahear the city (or maybe, you
were going to set up a park or a plantation thé#ejvever, what if there is no such
place? Can you provide a reliable supply of enef@y2ourse not. No wind, no
energy. The power of the windmill is proportionalthe third power of the wind
speed- the wind speed has dropped by half, the poweneftindmill by eight.

The sun. Looks good too. You put on panelgou get energy. This is, of
course, if the weather is good in your area. Butirgglet's determine if you can
provide a reliable supply of energy. Not unless wo@ in Atacama. Unfavorable
weather conditions leave the city without electyici

For a person living in a large city like London,rBeor New York, the risk of
death increases by 2.8% from air pollution alorme.tRose who live next to smokers
— by 1.7%. For the liquidators of the Chernobyl deait, who received a radiation
dose of 250 millisieverts, it increased by 1%.

By comparison, fuel energy creates uncontrolledtevasthe form of green-
house gas emissions/ million people die from them a year. Therefdhe, reduc-
tion of fuel energy in favor of nuclear energy hafready saved the lives of 1.8 mil-
lion people.

What about waste? Waste from nuclear energy i€sc#ryou take nuclear
waste from the entire history of the United Stated fill a football stadium with it,
its height will be only 6 meters. Waste is stonedpecial insulated containers and
is constantly monitored. In addition, developmearesnow underway to use nuclear
waste as fuel.
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What about nuclear weapons? There are no examipheswocountries with a
nuclear industry suddenly began to develop nueleapons. In fact, the opposite is
happening. It turns out that the only known waygét rid of a large number of nu-
clear weapons is to use plutonium from warheadselgor nuclear power plants.

What do we have? All alternative sources fundantigrgaffer from the fol-
lowing problems:

(a) they do not guarantee the required power; naEngiot guarantee at least
some minimum power at all;

(b) they require the transfer of vast suitable aufea a farm / reservoir; how-
ever, there is usually no choice where to placdahe;

(c) they scale poorly or do not scale at all.

What does nuclear power provide us with?

(a) an absolutely predictable and reliable soufoenergy— how much MW
you need, so much is put into the project;

(b) a highly scalable power source; there is nough power- build another
power unit. At the same time, there is usually redhto build a new farma new
power unit is being built within the framework dfet existing NPP complex and
does not consume additional space.

Nuclear energy is a growing industry that offerBcefnt energy options to
businesses and families across the world. Withicoats efforts to advance tech-
nologies, nuclear energy will become more saferedficient than it ever has before.
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ELECTRONICS IN MEDICINE

In an age of electronic engineering, we are uslagt®nics for different ap-
plications in medical electronics, by means of Wwhige are able to modify the hu-
man medical treatment. Non medical professionalsaiso observe the health prob-
lems using easy medical electronic devices. Thpplications have made medical
field very simple and allow perfect identificatiohdifferent diseases. Medical elec-
tronics finds cures for almost all diseases thakmnew for today and recommends
treatment of these diseases. By using medicalehacs all the doctors and surgeons
can do medical examinations and operations inyasmart way. Medical electron-
ics provides sophisticated equipment with precishadical electronic profession-
als are people who know how to operate these mledieatronic applications.
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Without medical electronics, it would be difficdtir doctors to identify particular
diseases which people suffer from.

The first example of technology in medicine is tlleod gas analyzer. It is
used to determine the pressure of chemical elenikatsarbon monoxide, nitrogen,
oxygen in human blood. By analyzing the resultsaneeable to understand if there
is any infection in blood. With the help of resulte are also able to determine if
there is any disorder when we feel sick. Bloodezittd from a person is fed into the
chemical device strip that has particle selectieeteodes. Using the device ampli-
fiers and analog electronic device, the resultslelshown digitally with ADC for
a microcontroller. Then the output will be displdyan the digital display module in
millimeters of mercury (mmHg) .

The second example of great technologies is bldodoge monitor. Blood
glucose monitor is used to calculate glucose léwetliabetic patients. Blood glu-
cose monitor works as follows: a little drop of hamrblood is placed on the special
chemical strip, the strip has sensors to live aarmévarious chemical components,
within seconds it calculates the amount of gludaselood and displays the result
on a LED display. It is really helpful to keep sudgvels less pricey and with a
straight forward approach. It is a huge reliefltambetic patients.

Electronic cardiac monitor is also worth mentioniitgs used in all medical
electronic applications. This medical electroniwide is used to show the electric
current and pressure in the cardiac system. Byampspecific electrodes to various
parts of the body we can get ECG of the cardiatesy®f our heart. It will observe
sporadic activity within the cardiac system andntifg heart issues. It is used
throughout medical treatment and especially ineyrg

Defibrillator is of no less interest. It is usedemergency conditions like heart
attacks. It affects the rhythm of the heart sucheagricular fibrillation, cardiac ar-
rhythmia and pulseless ventricular tachycardiait#itor works in the following
way: when the electric shock reaches the hearguses depolarization of the mus-
cles of the heart and regenerates normal conduatithe electrical pulse of the heat.
There are different types of defibrillators, indluglimplanted, trans venous and ex-
ternal ones.

And the last example of great technologies in medits a MRI. The medical
resonance imaging technique is used in radiolaggevtiew inner parts of the body.
It uses strong magnetic fields to make figuresheftitody. Magnetic resonance im-
aging includes a huge selection of applicationdi@gmnosing. Magnetic resonance
imaging has an impact on identification and cuiingeveral specialties, though the
effect on improved health is unsure.

So, electronics has long made an undeniable anghbigl contribution to the
field of medicine. New medical electronic devices based on available medical
knowledge combined with technologies availablénaelectronics field. Electronics
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in medicine has a wide range of applications, fdiagnostics to therapy, always
aiming to provide new tools to improve the well+impbf the population.
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ALTERNATING CURRENT GENERATOR

Electric current is generated in generatodgvices that convert energy of one
kind or another into electrical energy. Generaitachide galvanic cells, electrostatic
machines, thermopiles, solar panels, etc. The sobgach of the listed types of
electricity generators is determined by their chmastics. So, electrostatic ma-
chines create a high potential difference, butiaable to create any significant cur-
rent in the circuit. Galvanic cells can provide ighhcurrent, but their duration is
short. Electromechanical induction generators fraating current play a predom-
inant role in our time. In these generators, meahenergy is converted into elec-
trical energy. Their action is based on the phemamef electromagnetic induction.
Such generators have a relatively simple designadiod high currents to be ob-
tained at a sufficiently high voltage.

There are many types of induction generators ctlyrenailable. But they all
consist of the same basic parts. This is, firgttyelectromagnet or permanent mag-
net that creates a magnetic field, and, secondhjinding in which an alternating
EMF is induced. Since the EMF induced in seriesaeated turns is added, the am-
plitude of the induction EMF in the frame is propomal to the number of turns in
it. It is also proportional to the amplitude of thkernating magnetic flux through
each turn. To obtain a large magnetic flux, a slenagnetic system is used in the
generators, consisting of two cores made of etsgdtsteel. The windings that create
a magnetic field are placed in the slots of ontghefcores, and the windings in which
the EMF is induced are placed in the slots of ttieo One of the cores (usually
inner), together with its winding, rotates arountaoaizontal or vertical axis. There-
fore, it is called a rotor. The fixed core with wénding is called a stator. The gap
between the stator and rotor cores is kept as sraglbssible. This ensures the high-
est value of the flux of magnetic induction. Inganindustrial generators, an electro-
magnet rotates, which is a rotor, while the windinig which the EMF is induced,
are laid in the stator slots and remain station@he fact is that it is necessary to
supply current to the rotor or remove it from tbéor winding into the external cir-
cuit using sliding contacts. For this, the rotoedgiipped with slip rings attached to
the ends of its winding. Fixed platesrushes- are pressed against the rings and
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connect the rotor winding with the external circiiihe strength of the current in the
windings of the electromagnet, which creates a ratigfield, is much less than the
strength of the current given by the generatoh&external circuit. Therefore, it is
more convenient to remove the generated current fhe stationary windings, and
to supply a relatively weak current to the rotatectromagnet through sliding con-
tacts. This current is generated by a separate é@@rgtor (exciter) located on the
same shaft. In low-power generators, the magnielid is created by a rotating per-
manent magnet. In this case, rings and brushesareeded at all. The appearance
of an EMF in the stationary stator windings is expéd by the appearance of a vor-
tex electric field in them, generated by a changéhe magnetic flux during the
rotation of the rotor.

The modern electric generator is an imposing streatnade of copper wires,
insulating materials and steel structures. Withetigions of several meters, the most
important parts of the generators are manufactwigd millimeter precision. No-
where in nature is there such a combination of mg\arts that could generate
electrical energy just as continuously and econaltyic
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THE ROLE OF INDUSTRIAL ELECTRONICS IN MODERN SOCIET Y

The development of physical electronics, the discpwf new physical phe-
nomena, and the establishment of their qualitativi quantitative regularities stim-
ulate the development of electronic technology ti@nbasis of these discoveries, it
is possible to:

1. create fundamentally new devices (gas and stditk lasers, semiconductor
devices with charge coupling, surface acoustic waeptoelectronic devices, etc.);

2. develop advanced technological processes foptbduction of devices
(ion-plasma doping of semiconductors, laser pracgssf thin films, electron li-
thography, X-ray lithography, etc.), which signifitly improve the parameters of
devices and solve the fundamental problem of modietronic technology max-
imum microminiaturization and a high degree of gn&gion of solid-state devices;

3. expand and deepen the understanding of theqatiysbcesses in electronic
devices, which allows developers of electronic desiand systems to reasonably
choose the element base and operating modes afedevi

Physical electronics encourages the developmenbdnly its own material
base-electronic technology, but also a numbertadraechnical areas. In particular,
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the achievements of physical electronics have apepefundamentally new ways
in the field of energy. These include the conversf solar energy into electrical
energy, the direct conversion of thermal energy &lectrical energy in MHD gen-
erators and thermal emission converters, the tresgmn of electricity over long
distances by direct current transmission lines witfoltage of more than a million
volts, etc.

Employees who are engaged in the installation leEtanmunications equip-
ment, very often need adapters in their work, wisigmificantly make the installa-
tion process easier. Every day, the demand fotralatequipment is growing more
and more, which is increased by consumers thensdbeeause their number is be-
coming more and more every day. In addition, anstéss in her kitchen will cer-
tainly use electrical appliances, the choice ofolhinust be taken seriously.

The role of electronics in modern science and teldyy is huge. It is rightly
considered a catalyst for scientific and technaalgprogress. Without electronics,
neither progress in the exploration of space ardttean depths, nor the develop-
ment of nuclear energy and computer technologythautomation of production,
nor radio broadcasting and television, nor theystfdiving organisms is unthinka-
ble. Based on the achievements of electronicsnthestry is developing, producing
electronic equipment for various types of commutiica automation, television,
radar, computer technology, process control systéghging, infrared technology,
X-ray technology, etc.
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THE FUTURE BELONGS TO ROBOTS

A robot is a programmed machine that can performiraber of actions, and
in most cases autonomously. The robot can indepgiyd=arry out production and
other operations, partially or completely replacingnan labour, while communi-
cating with the operator, receiving commands.

In information technology, "robots" may also meams autonomous pro-
grams, such as bots or search robots. The devetdprheobotics will largely de-
pend on related areas: the science of materialadwahces in computer technology.

There are such basic types of robots as: indusiladts, medical robots,
household robots, security robots, battle robatsot scientists, robot teachers. Ro-
bots are already bringing enormous benefits to mitmaMachines can do any job
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many times better than humans can, which is prbyehe latest advances in robot-
ics. For example:

1. Da Vinci SP Intuitive Surgical Platform, whichdapable of inserting three
instruments into the body through a single 2.5 ebef gives a whole new meaning
to minimally invasive surgery.

2. Artificial Muscle is a self-healing, hydraullgareinforced actuator. In an
effort to find a way to power soft robotics, lagtay scientists of University of Col-
orado developed a series of extremely inexpensiifecel muscles capable of lift-
ing 200 times their own weight and even healingrtbelves.

3. Self-assembled nanoscale DNA robot which isagof tightly bound DNA
molecules created to act as a manipulator andashad to the base of the DNA
using a flexible joint. Because the DNA carriesrgfea they were able to make the
arm rotate like the hand of a clock, applying vgétaand changing direction by
changing the voltage. It is hoped that this hamdesaentually be used to craft mate-
rials piece by piece at nanoscale.

And simpler, but no less useful is the winged robetFlyRobotics that not
only borrows from biology- it sometimes pays back debts. The new winged robot
designed by Dutch engineers to mimic a humble flyitlid just that, showing how
animals perform their maneuvers while dodging pteda After almost 20 years of
hiatus, the robotic dog Aibo by Sony is back, drisltime with some very interesting
updates. In addition to improving its appearanice,rtew robot pet takes advantage
of artificial intelligence, better understands &mvironment and commands, and de-
velops a unique character through interaction wstlowner.

Nowadays there is a focus on two promising matergallium nitride (GaN),
which can successfully replace silicon for tramsishanufacturing; and graphene, a
super-thin and super-strong material from whicdl ppossible to produce actuators
for robots, new batteries and much more.

No less important are new sources of energy, tdobies for its collection
and storage, for example, the improvement of thieeatilithium batteries, the crea-
tion of new batteries based on hydrogen, etc. Alsomust not forget about alter-
native, renewable energy sources. Finally, a teloigyocan be implemented to re-
motely recharge robots, for example, from energyrasss built into the floor or
walls.

Interaction between robots and people is also plessiVe are talking about
unmanned traffic management systems. To avoid émtidand accidents, transport
robots must have a channel of communication with bomans and each other.

As you can see, robots can not only replace a peavih a robot, help achieve
rapid and significant progress in all branchesaiérsce, but also simplify our life,
make it easier, and even more fun. Adhering tdahewing trends in the develop-
ment of robotics will enable humanity to preseive &nding natural resources and
many human lives.
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WHAT IS COMPLETE SWITCHGEAR, ITS APPLICATION,
ADVANTAGES AND NECESSITY IN OUR LIFE

Complete switchgear (CS) is a device that opefataceiving and distribu-
tion of electrical energy.

It consists of cabinets and connecting elements (@nductors), which are
supplied as separate cubicles or in blocks congistf several cubicles, assembled
or prepared for installation.

CSs are fully manufactured at factories: which nsethey are only mounted
on site.

These switchgears meet the requirements of indligation of power con-
struction to the fullest; therefore they are cutlsebecoming the most common form
of switchgear design.

At the same time, mixed-type switchgears are alstely constructed, partly
as prefabricated and partly as complete.

Complete switchgears can be used for both indodroatdoor installation (in
the latter case, they are called CSO). CSs ardywmided when a tight placing of the
switchgear is required.

Particularly, switchgears are used at power plamtsgn substations, for pow-
ering oil industry facilities such as oil pipelinefilling rigs, and in ships' power
consumption schemes.

Prefabricated chambers of one-sided service (PGIDS)separately distin-
guished among switchgear cabinets.

One-sided service allows you to place PCOS rigltthi¢owall or back walls to
each other, which saves space that is importatiteirhigh density of constructing
areas.

The application of complete switchgears is the $&si industrialization of
construction and installation work in the constimetof power plants, transformer
substations and electrical devices of industriéémamises.

Complete switchgears have the following main adsges: a significant re-
duction of the volume of construction and instédiatwork and a reduction of their
execution time; significant savings in labor costgrovement of quality of electri-
cal devices and increase in reliability and saééttheir maintenance and reduction
of operating costs.
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They also provide the convenience and speed whaameling and renovating;
mounting and supply in production of construction anstallation work is simpli-
fied and the scopes and design times are reduced.

So, | believe that the creation of CS is a veryantgmt event in the world of
the electric power industry. Moreover, CS in oundiis an irreplaceable electrical
apparatus, as it greatly simplifies the work otafeal substations, power plants and
other enterprises.
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RADIATION SYSTEM. AIR CONDITIONER AND WATER HEATER
INDEPENDENT OF ELECTRICITY

According to one of the reports from the UnivergifyBerkeley, 700 million
air conditioners will be installed in the world B@30, and this figure will reach 1.6
billion by 2050. In terms of electricity consumptiand greenhouse gas emissions,
this is comparable to the emergence of severalamantries in the world.

80% of air conditioners contain R22 freon, whichtains hydrofluorocarbons
(HFCs). According to scientists, this freon ha®atructive effect on the ozone ball
and contributes to global warming.

In order to reduce this effect, in 2016, 200 caestfrom all over the world
signed agreements on the replacement of R22 fribrthwee-component freon 407
and two-component R 410a in the production of anditioners.

To maximize the effect, researchers are exploring to use a passive turbo-
charged cooling technology known as radiation ecwplor sky cooling with sun-
screen nonmaterials that radiate heat from theapsfof buildings.

A new study by engineers at the University of Blafdescribes a unique ra-
diation cooling system that:

1. does not use toxic substances;

2. reduces the temperature inside the test systitmoars in direct sunlight by
more than 12 degrees Celsius;

3. uses solar energy to heat water up to abouegfeds Celsius.

The system tested was only 70 centimeters squargd@uld be extended to
cover roofs to reduce society's reliance on fdasils for cooling and heating.

The system consists of two mirrors made of 10 vy layers of silver and
silicon dioxide arranged in a "V" shape. These angrabsorb incident sunlight, con-
verting solar energy from visible and near infraveaves into heat. Mirrors also
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reflect mid-infrared waves from a "radiator" whittten reflects the heat they carry
into the sky.

Such a system can store the effects of solar lgpatid radioactive cooling in
one system without the need for electricity. Tlsisn opportunity to preserve the
ecosystem and help communities with limited actesdectricity.
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HYBRID VEHICLES: NOTHING BUT BENEFITS OR JUST ANOTH ER
COMPROMISE SOLUTION?

Hybrid cars are becoming more popular and more comiBasically, a hybrid
car is one that uses two or more engines, i.elaentrie motor and a conventional
engine (either petrol or diesel). The electric aegbowers the car at lower speeds,
and the gas engine powers it at higher speeds.bfichgar, like Toyota Prius and
Civic Hybrid, not only conserves fuel but also puods less CO2 emissions.

Though hybrid vehicles are now growing in populasitill few people are ac-
tually using them mainly due to the lack of knovgedf how hybrid vehicles work
and whether they are as good as other gasolinerpdwehicles. While the tech-
nology has existed since the early 1900s, it h&s loeen in the past decade or so
that the price of their manufacturing has brouglent into the range of possibility
for the average driver.

First of all, let's figure out how the hybrid-eleictvehicle works. Hybrid-Elec-
tric Vehicles (HEVs) combine the advantages of ltl¢hinternal combustion engine
or gasoline engines and electric motors that useggrstored in batteries. The key
areas of performance are regenerative braking,phwaér sources, and less idling.

Now, let's move to some features of HEVs and stétt the regenerate brak-
ing. A hybrid electric vehicle cannot be pluggedfan the battery to charge. The
battery is charged with the help of regeneratiaking and by the internal combus-
tion engine. It helps to transform kinetic energgduced by the moving car into
electrical energy stored back into the batteriég dlectric motor powers the vehicle
as well as resists its motion. When you apply bsakeslow down, this resistance
slows down the wheel and simultaneously rechatyebatteries.

The next feature is dual power. Depending on dgwircumstances, power
can come from either the engine, motor or both. dlketric motor is in use at low
speeds. When you pick up the speed, your combustigine kicks in. Afterward,

352



the electric battery recharges itself using thelmastion engine. The electric motor
also provides additional power to assist the enigiraecelerating or climbing.

When the vehicle comes to a stop, it automaticstiiyts off the engine and
restarts it when the accelerator is pressed dotva battery not only power auxiliary
loads, but it also reduces engine idling wheroipst These features altogether result
in better fuel economy without hampering perforneank hybrid car is best defined
as a vehicle that has an engine that can switchest fossil fuel and an alternate
fuel source.

Let's consider advantages of HEVSs. First of alle af the biggest advantages
of a hybrid car over a gasoline-powered car isithains cleaner and has better gas
mileage, which makes it environmentally friendlgc8ndly, HEVs are made up of
lighter materials, which means less energy is reguto run. The engine is also
smaller and lighter, which also saves much energy.

Furthermore, the electric motor assists the interambustion engine in case
of accelerating, passing or climbing a hill. Hybriehicles can be driven entirely
with electricity. This usually happens while moviaglow speeds, when the engine
is idling at a stoplight or when the engine stags

However, there is nothing perfect in our world avérything has some disad-
vantages.

To begin with, the combined power of both is oftess than that of a gas-
powered engine. It is, therefore, suited for citividg and not for speed and accel-
eration. Secondly, extra weight results in fuelfficeency and manufacturers cut
down weight, which has resulted in motor and battEnwnsizing and less support
in the suspension and body.

Third serious drawback is higher maintenance cdsts. presence of a dual
engine and continuous improvement in technologyeniakifficult for mechanics
to repair the car and maintenance cost is also rhigdter. It is also difficult to find
a mechanic with such expertise.

The biggest drawback of having a hybrid car is thean burn a hole in your
pocket. Hybrid cars are comparatively more expengian a regular petrol car and
can cost $5000 to $10000 more than a standarcoversi

To sum up all above, a hybrid car is an interestiogpromise solution for
those who prefer calm city driving style, for thgeople who need a car just to take
them from point A to point B. It would be nice fpeople who care about environ-
ment and want to try something new and unusuagetmew, unique experience. A
hybrid car is definitely an interesting thing tg,tespecially if you have an everyday
car and want to buy it as a second one.

However, if you like fast driving, regularly haveface bad road conditions or
just don’t have enough money to buy and maintdigtaid car, you’'d better choose
a petrol or a diesel one.
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ENERGY PRODUCTION ON MARS AND MAJOR ENERGY
CONSUMPTION ITEMS

Among the priority tasks on the way of Mars colatian is the stage of choos-
ing the electrical energy generating methods.

Providing energy from the sun is a bad idea on MEng solar radiation flux
on Mars is 2.5 times less than on Earth therefoliar panels are not an economically
viable way to generate electricity. There are disst storms on Mars, which reduce
the amount of light received from the sky and et from several weeks to several
months. This means that if you want to get enougdrgy throughout the year, you
have to increase the size of your solar instalatishich significantly affects the
cost. Moreover, even without dust storms, thervisys a suspension of particles
in the air, which will constantly settle on solamngls, reducing their efficiency.

The basic method of obtaining energy on Mars antbenent is radioisotope
energy sources (RTG, RITEG) with a power of upG0 %/, used in the construction
of satellites and mobile research rovers. Theséeaubatteries convert the thermal
energy released during the natural decay of ratli@aisotopes (mainly 238Pu) into
DC energy using a thermo-electric generator. Type bf power supply is attractive
for reasons of compactness and reliability. Busiggificant drawback is low output
power and its gradual output power decrease aft@Byears of operation.

Providing a safe installation for powering the bsen a radioisotope battery
with a capacity of 10 kW or more is not a triviabk. A real nuclear reactor of a
standard design is more suitable for such capacilibe requirements for such a
reactor are compactness and operational safetthisndirection, the design of a
compact and, more importantly, a safe nuclear oedets already been developed.
This reactor project is named "Kilopower". NASAcisrrently planning to send five
10-kilowatt reactors of this design to Mars. Thlishough to provide 40 kilowatts
of electricity required to operate the Martian hasdes one spare reactor.

Next, let's discuss the consumption items of dksdtenergy by the Martian
base. According to the priority, consumption itecas be divided into basic and
target ones. Basic expenditures include oxygenumtiah, ventilation and pressure
maintenance, water extraction and purificationsrii@egulation, lighting, food pro-
duction (in hydroponic installations), radio ande#lde communications. Target
items of expenditure include: drilling, constructiand installation work, fuel pro-
duction (mainly CH4 methane), research work.
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Next, basic energy consumption items such as oxypgeduction, water ex-
traction and purification, space heating, havedadnsidered.

It is known that the atmosphere of Mars is rareéiad is 96% carbon dioxide
CO2. The water is in the state of ice in large andgations under the surface layer
of the soil. The average temperature is -63 °C.

Under such conditions, oxygen production can bkzeshin two ways of elec-
trolysis:

1) the reaction of the splitting of the carbon ditexmolecule CO2 into carbon
monoxide CO and oxygen O;

2) the reaction of splitting water H20 into hydragd2 and oxygen O;

These electrolysis reactions are now being usedemternational Space Sta-
tion to produce breathable oxygen from water.

In addition to the extraction of water-containirg,i water can be generated
from the reaction of reducing carbon dioxide CORg$ydrogen 4H2 to methane
CH4 with the release of water 2H20 (Sabatier reagti

Thermoregulation of the station, or rather its lmeggtcan be carried out using
the thermal energy of a nuclear reactor, sinceanthBhe efficiency of heat transfer
from the reactor is lower than on Mars when commathe heat-conducting prop-
erties of the atmosphere of both planets.

On Mars, as it has been on Earth throughout redonéstory, the prosperity
and freedom of action of human population will lendent, necessarily, on the
availability of energy. As such, it is of centradportance that the methods by which
such energy is collected, generated, stored, ctetietransmitted, and ultimately
utilized, be thoroughly examined and analyzed, taethest be chosen.
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RENEWABLE ENERGY SOURCES AND THEIR APPLICATIONIN T HE
CLEAN-UP SYSTEM OF THE WORLD’S OCEANS

In today modern and past paced world the consumpfithe electrical energy
has been increasing annually. For this reasondiemtists and engineers provide
research to find a new more efficient energy sairébe renewable sources of en-
ergy are used in many branches such as heatihginkig water supply, waste recy-
cling and etc. But one of the most important isgshas has been resolved by means
of renewable energy is water cleaning systemsdeans, seas and rivers.

Energy sources that are used in oceans cleanitensys
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Sunlight is one of our planet’s most abundant ardly available energy re-
sources available. According to researchers theuatraf solar energy that reaches
the earth’s surface in one hour is more than theails total energy requirements
for a whole year. Solar energy is the sun’s ragimthat reaches Earth. When sun-
light hits the photovoltaic (PV) cells inside sofmnels, these cells transform solar
radiation into electricity.

Wind is technically a form of solar energy. Whee #un’s radiation heats
Earth’s uneven surface, hot air rises and coosetitles. This difference in atmos-
pheric pressure creates wind, a kinetic (motioretipform of energy. Wind turbines
capture that kinetic energy. When wind blows oherturbine’s blades, its generator
converts the energy of the rotating blade into raedaal power- which can then be
converted into power.

These two energy sources are used in oceans desystems and as any sys-
tem they have pros and cons. The advantages &f soesces are the following: they
cannot be depleted, have low operational costsl sestainability as the fastest
growing energy sources and provide energy to thel areas. Disadvantages may
include the inconsistent operation of power soarug expensive costs for materials
to manufacture panels and turbines.

Ocean pollution problems.

Over the last few decades, plastic has becomesantia part of our everyday
lives. From grocery bags to toys and bottles, pasbne of the most used materials
to date. However, this material is unfortunatelysiag a great deal of harm to ocean
life, too.

A whopping 8 million metric tons of plastic is fodiin seas and oceans every
year, which is bad news for marine species. Plasticbecome a popular material
because of its ease of manufacture and duralilitiyvhen this trash is disposed of
and finds its way into the ocean, some productsraatérials can take up to 600
years to break down, posing a great risk to ouase&nd their inhabitants in the
process.

By 2050, it is predicted by scientists that theri# ke more plastic in our
oceans than fish. While this problem is not gomgyany time soon, scientists have
been working to create solutions that can slowdytsb clean up our oceans and put
an end to this major issue. Here are just soméeirtnovative techniques being
used.

System 001 is a 62-mile long barrier that targéstie debris, micro plastics
and ghost nets from the gyres, also known as tleatGtacific Garbage Patch. Cre-
ated by Boyan Slat, CEO of The Ocean Cleanup,itinisvative design cleans up
80,000 tons of garbage located between Hawaii alifiothia. It operates autono-
mous by means of PV cells and turbines that gemarrad feed all devices on board
including radars and Global Position System (GH8)s unit has a slow-moving
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design that moves with the ocean’s currents tecbtbcean plastic and contain de-
bris. Once full, the accumulated plastic is remoaed recycled on land.

Mr. Trash Wheel is the next unique cleaning systeeated by Clearwater
Mills, LLC. It is an innovative water wheel thatptares trash in rivers, streams and
harbors, and then turns it into electricity. It cd@an up 38,000 pounds of trash daily
and has prevented 1.6 million pounds of debris femtering the ocean.

This technology is aimed at collecting debris aitdlaks. It uses a conveyor
belt powered by solar panels to move the trasharftoating barge. When the trash
reaches the barge, it is then converted into ébitgtrBecause of its slow movement,
any wildlife that comes near the machine has pleftyme to move out of harm’s
way.

The benefits of these systems are that they araléss for environment and
life organisms, operate autonomously, are relatiir@xpensive in service, and can
help provide scientific analysis and environmenitoal.

The water cleaning systems that operate on themarie sources of energy
are now one of the most efficient and cost-effeciystems. According to estimates
of their creators and the examination carried gquspecialists, these systems are
able to clean 90% of the ocean garbage by 2040.
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ELECTRIC CARS AND THEIR IMPACT ON THE ENVIRONMENT

One of the main tasks of humanity in the modernavisrthe preservation and
protection of the environment. This task is veff§iclilt due to the fact that the ecol-
ogy is influenced by many factors. One of the majdluences is carbon dioxide
emissions. In order to reduce the level of the @arthoxide emissions into the at-
mosphere, it was proposed to replace cars withnateombustion engines by elec-
tric cars. But will this work? At the first glancthe idea seems great: electric cars
have zero emissions as opposed to cars with inteomabustion engines, so it is a
perfect replacement.

Unfortunately, it is not entirely true, because entiren 60% of electricity pro-
duced in the world is generated by combustion obamas (coil, gas, etc.), during
this process a large amount of the carbon dioxddeleased into the environment.
So, electricity consumed by electric cars isn'tapa “clean”.

Another disadvantage of electric cars is lithium batteries (the total weight
of which may exceed 500 kg in one electric carsfaoise of its direct and indirect
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impacts on the environment. Lithium ion batterieatain toxic chemical elements
such as cobalt, nickel, production of which is mdamgerous in comparison with
others power supplies. Also, incorrect recyclindithium ion batteries leads to the
soil and groundwater contamination.

Despite the listed disadvantages, electric carg lsamne advantages if com-
pared to internal combustion engines. Due to zens®ons as well as complete
absence of noise during operation, using of elecairs allows us to reduce volume
of CO2 and noise pollution in cities, where roadfic is heavy (power plants, where
carbons are combusted are located outside the city)

In conclusion, it should be noted that in generakkectric car is more envi-
ronmentally friendly, than cars with internal corsban engines. But for this, it is
necessary to use “green” electric power for chargihelectric cars. Also, develop-
ment of the electric vehicle industry is directlyp@nds on development of the port-
able energy sources (increasing of capacity angcied of the amount of toxic ele-
ments in its composition). Therefore, the more emmentally friendly the electric
energy source is, the more environmentally frieradiyelectric vehicle becomes.
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THE IMPACT OF ELECTRONIC DEVICES ON HUMAN HEALTH

The modern world is impossible without all sortsetdctronic devices. All of
these devices have some impact on human healthharhet not it is as harmful as
we have been told before. Now electronics surrowsl®very day — we carry
phones, tablets, warm up food in the microwave kvedithe computer, watch mov-
ies on TV and more. In our article we will lookthe most commonly used sources
of electromagnetic radiation directed at us.

Computers

The computer has become an integral part of oaslind when we talk about
the threat of electromagnetic radiation, it isE@that is implied by one of the most
common sources of EMP. A regular personal compaesists of several devices —
a system unit, a monitor, a mouse and a keyboard, for some reason, when we
talk about its harm, we always mean the monitoprinciple, there is nothing sur-
prising in this, because it is the screen of thaitoo which is always in direct con-
tact with the eyes of the person. Of course, tbpldy can have some effect on the
state of human health, but the myth of the exceptibharm of the computer was
created at a time when the screens of monitoraHaidly primitive structure, which
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increased the possibility of their X-ray, ultrawgbhnd infrared radiation. At the mo-
ment, manufacturers are increasingly concernedtahetsafety of users and every
year improve the technologies used in displaysyTingt the detrimental effects on
consumers. Of course, this does not mean that gou'stare” into the computer
screen for 24 hours a day.

TVs

Modern TVs are great for computer monitors, so@héang that has been said
above about the computer display applies to TV& Main condition for limiting
the impact of the TV is a sufficient distance wheatching it, given the rather large
size of modern TV models. The recommended distaren watching TV should
not be less than two meters in front of the TV and meter and ten centimeters on
the sides, but it all depends on the signal angadtial.

Microwaves

Microwave furnaces and air grills are the most pdwesources of electro-
magnetic waves. The impact of these electricalasvidepends on the parameters
of a particular model, namely industrial frequemgicators. Naturally, the higher
it is, the greater the effect of the microwave negnfield on human health. How-
ever, this was relevant for microwave ovens produefore 1995. At the time, users
complained of skin, nervous and cardiovascularadiss, explaining the harmful ef-
fects of the electronic devices.

Air conditioning

A modern house is almost always equipped with airditioning to protect
against heat. Climate equipment not only helpotonalize the microclimate in dry
weather, but also prevents the possibility of @alth due to heat and exacerbation
of cardiovascular diseases. But almost 20 years emple were terrified of the
possibility of an enormous influence of electromatimwaves, the source of which
was air conditioning. Of course, such informatioaswnot plausible, and the ad-
vantages of the use of air conditioning were mugigédr than cons.

Hairdryers and razors

A hair dryer and an electric razor can have ayeatdtrimental effect. Variable
electromagnetic radiation of these small electrégadliances can cause DNA dam-
age and cell death, but these processes can heakeaxt over time. The most unu-
sual is that such a harmful effect has the ahititaccumulate. However, it has not
yet been fully established how dangerous short-tesenof these devices is.

Players

Each device can be harmful to health if it is urahjisised, including a regular
audio player. This mobile device can disrupt a'agexaring when listening to music
at a high volume level. Also, such treatment ofiauwsjuipment during a walk can
lead to dulling of vigilance of the user on thedoa

Cell phones
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Mobile phones today are an integral part of ouedivProlonged use of phones
can indeed have a detrimental effect on your bdtg.smartphone can be the cause
of headaches, tinnitus, feelings of heat on the.fibe phone can also cause addic-
tion, psychiatrists say.

Refrigerators

Scientists have not yet been able to determinendigative impact of the re-
frigerator's electromagnetic waves, but due tddbk of sufficient ventilation it can
become a place of unpleasant odors and harmful,raslévell as bacteria that ac-
celerate the rotting of products. A possible solutinay be forced ventilation of the
refrigeration chamber. However, manufacturers Hiavued a modern solution to this
problem — air ionization.

In conclusion we can say that the electronic tetdgyitself is neutral.
Whether it is good or not all depends on how peapkeit.
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THE EFFECT OF ELECTRIC CURRENT ON THE HUMAN BODY

Electric current passing through the human bodyczause two types of dam-
age - electric shock and electrical injury. Elecshock is more dangerous, as it
affects the whole body. Death occurs from heareepiratory paralysis, and some-
times from both at the same time. Electrical irgarare electric shocks to outer parts
of the body: these are burns, metallization of skie. Current damage is usually
mixed and depends on the magnitude and type oérilowing through the human
body, the duration of its impact, the pathways tigltowhich the current passes, as
well as the physical and mental state of the peasadne time of defeat.

Another note to pay attention to is different ef§ecf alternating current and
direct one. As to the alternating current, it defgemainly on the frequency, in fact
the low frequency alternating current is more daoge than the high-frequency al-
ternating and direct current of the same voltage.

The low frequency alternating current producesredgel muscle contraction-
tetanus. Tetanus is the condition where musclesumrily contract due to the pas-
sage of external electric current through the b&diien involuntary contraction of
muscles controlling the fingers causes a victimaanable to let go of an energized
conductor, the victim is said to be frozen on threuit. Alternating current of in-
dustrial frequency a person begins to feel at B mA. The current of 12 - 15 mA
causes severe pain in fingers and hands. A peomvithstand this condition for
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5-10 seconds and can tear his hands off the etkxtrd’he current of 20 - 25 mA
causes very severe pain, the hands are paralyddateathing is difficult, the person
cannot free himself from the electrodes. At a aurief 50 - 80 mA there is the
respiratory paralysis, and at 90-100 mA - heaftifaiand death.

The human body is less sensitive to direct curiéniffect is felt at 12 - 15
mA. The current of 20 - 25 mA causes a slight @wtion of the arm muscles. Only
at the current of 90-110 mA there occurs respiyaparalysis. Alternating current
with a frequency of 50 - 60 Hz turns out to be ti@st dangerous. With increasing
frequency, the currents begin to spread on theaserrdf the skin, causing severe
burns, but not leading to electric shock.

Internal organs are mainly affected by electriaainis. The burns of this kind
may appear slightly or they doesn’t show on tha skiall. They are caused by the
heat generated from the body’s resistance to themupassing through it. These
cases are more dangerous than external injuriessnbd burns are devastating and
often have serious consequences: scarring, amputédss of function, loss of sen-
sation and even death. For example, if a lot sligsis destroyed, the large amount
of waste generated can cause serious kidney od lgioculation disorders.

The amount of current flowing through a human boépends on the re-
sistance of the body and the applied voltage. Tieatgst resistance to current is
provided by the upper stratum corneum, devoid o¥emand blood vessels. With
dry intact skin, the resistance of the human baxlectric current is 40,000 -
100,000 ohms. The stratum corneum has a smallrtegsk(0.05 - 0.2 mm) and at a
voltage of 250 V instantly penetrates. Damage éostinatum corneum reduces the
resistance of the human body to 800 - 1000 Ohmes.r&kistance also decreases
with increasing current time. Therefore, it is vénportant to quickly eliminate the
collision of the victim with live parts. The outcenof the defeat also largely
depends on the path of the current in the humag.Bidte most dangerous paths are
arm - legs and arm - arm, when the largest path@fcurrent passes through the
heart.

The amount of resistance, and hence the resuleofrie shock is greatly in-
fluenced by the physical and mental state of a nrameased sweating of the skin,
fatigue, nervous excitement, intoxication lead tsharp decrease in the resistance
of the human body (up to 800 - 1000 Ohms). Theegfeven relatively small volt-
ages can lead to electric shock.

It is necessary to remember that the human boalffésted not by voltage, but
by the amount of current. Under adverse conditiemen low voltages (30 - 40 V)
can be life threatening. If the resistance of thenéin body is 700 ohms, then a volt-
age of 35 V will be dangerous. Electric currenghhénough to cause involuntary
muscle action are dangerous and are to be avotddbcasts.
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RENEWABLE ENERGY SOURCES

Renewable energy resources hold great promise éating the energy and
development needs of countries around the world. @ifomise is particularly strong
for developing countries, where many areas have/@tptommitted to dominating
fossil fuels.

Renewable energy sources include a significant murob proven and new
technologies. For example, electricity can be gatieer from sunlight using photo-
voltaic cells for individual buildings or commurasi of buildings, for generating
electricity at central stations, and for local &skich as providing homes with hot
water or heating rooms. Other renewable energycssunclude parabolic collector
fields that focus on a fixed source of hot watesalar ponds, crop waste pulp that
can be gasified for thermal, electrical, and trantgtion applications, as well as en-
ergy derived from wind, geothermal applicationssat tides and waves, tempera-
ture fluctuations between the surface and the depitthe ocean, hydroelectric in-
stallations, biomethanation (energy from agricdtuvaste), and biomass from
crops grown for energy use.

Many countries have significant renewable instalteg and programs. For ex-
ample, in Europe, Finland produces about thirtyceer of its electricity from re-
newable sources, most of which comes from bion@#ser Nordic countries and
Germany also have significant renewable energyrprog. Renewable resources
are attractive to developing countries, where albwotbillion people do not have
access to electricity. In 1990, fifty-six percefttoe world's rural population did not
have access to electricity, and today, ninety perafthe entire population of Africa
does not have electricity. In rural areas, renewaddources are often much cheaper
than traditional resources, which have large chpiats for generating equipment,
and also require high transmission and distributemuirements.

Wind, photovoltaic, biomass and hydroelectric reses are today the most
profitable and widely used renewable energy sourcdsveloping countries. Wind
power for electricity generation is a mature, cotitige and virtually non-polluting
technology that is widely used in many regionshaf world. It is also still used to
some extent for pumping water; however, wind posystems have some placement
issues, such as aesthetics and a real but dimigistinger to birds that fly into the
blades. Denmark used wind power for electricityagation for the first time. Cur-
rently, fourteen percent of the country's eledlyics generated by wind. The partial
repayment of the Danish carbon tax levied on altteicity, regardless of its origin,
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provides the main support mechanism for the Danistd energy industry. Den-
mark operates 4,800 wind turbines, more than eigatgent of which are owned by
wind energy cooperatives or individual farmers. Apgmately 100,000 families
either own shares in wind energy cooperatives or thwir own wind turbines. Wind
power has become a big business for Denmark. lbréxpvindmills to thirty-five
countries and produces more than fifty percentlafevices produced in Germany,
also has extensive applications in wind power,iaredmajor manufacturer and ex-
porter of wind machines.

Based on these successful models, developing esisan also produce and
sell their own wind machines. Solar energy offensat) opportunities for develop-
ment in developing countries, especially becausst wiothem receive a significant
amount of sunlight throughout the year. In rur@aasr not served by electric grids,
solar photovoltaic power can provide basic servitesh as cooling, irrigation, com-
munications, and lighting.

Thus, the development of renewable energy in thddviman actual and prom-
ising project. First, the development and use néveable energy has a positive im-
pact on the environmental situation in the worltjch has recently been "limping".
Secondly, in the future, the lack of traditionaaarces can have a strong impact on
the market, perhaps there will be a global enerigis¢ so it is very important to
start developing non-traditional energy sources,remthat in a few decades, and
maybe less, to prevent economic collapse.
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THE IMPORTANCE OF ELECTRICAL SAFETY FOR ELECTRICIAN S

Electrical safety is a complex of actions and tézddnmeans that prevents
harmful and dangerous effects of electric currant, electromagnetic field and
static electricity on a worker.

The rules of electrical safety are establishedelgal documents, technical doc-
uments and the regulatory framework. Everyone waykvith electrical installations
and electrical equipment in general should knowlthsics of electrical safety. In
Ukraine, for electrical safety there was adopted’DS237:2011. The protective
grounding must comply with GOST 21130-75 and GOTL..D30-81. The defini-
tion of the product class for the protection ofesigon from possible electric shock
is determined by GOST 12.2. 007.0-75, GOST 12.27®&nd DSTU 3798-98.
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Why should electrical safety be observed? As a trefwdn electric shock, a
person will receive burns and some internal injuries. Depending on the strength of
the current, the path of its passage, its type (AC or DC), the time that the current
passes and resistance of a human, a person can lose consciousness, he can be par
lyzed, and in the worst case, he will die. According to the rules for electrical safety,
a dangerous current is considered from 100 mA, and when the current reaches 0.1 -
0.15 A, a person can not tear the touching part of the body from the current-carrying
part.

Electrical safety can be divided into electrical safety when working with elec-
trical equipment and electrical safety when installing electrical equipment.

To prevent a possible risk of electric shock when working with electrical
equipment and electrical safety, the electrician must always check the presence of
voltage at the place of work before working.

Checking the absence of voltage on the bare conductors is carried out with a
two-pole voltage indicatoyHH-1. Before operation, the device is checked for ser-
viceability in the place of the corresponding voltage. In power grids with more than
1000V, the high voltage point®BH is applied. If there is need to check the absence
of voltage, but in everyday life there is no voltage indicator at hand, then one of the
easiest ways to do this — is to take a screwdriver with an insulated handle, at the end
of which there is an LED that lights up if the metal part of the screwdriver touches
the device connected to the voltage.

If the voltage indicator has detected a voltage, and it is not be possible to re-
move it, then electricians use special equipment: rubber gloves, shoes, mats, tools
with isolated handles and face protection from burns. Before the work itself, all pos-
sible risks are reduced to a minimum (switching off all switches, breakers, automatic
machines, checking the voltage at the place of work).

As for the electrical safety in the installation of electrical equipment, the es-
sence of this electrical safety is to reduce the risks of failure of devices associated
with electricity. For example, all the conductive wires should be securely hidden
after the work is finished. Also the installation of some fuses and switches can be
included here.

It is also worth mentioning the warning signs when working with some elec-
trical appliances: 1) a black-bordered yellow triangle with a black lightning bolt -
indicates the presence of electrical voltage. 2) a black-bordered yellow triangle with
a black exclamation mark - indicates a general danger. 3) a black-bordered yellow
triangle with a black-and-white magnet - indicates strong magnetic radiation.

Training employees to work safely around electrical hazards is a critical re-
quirement for maintaining worker safety. Electricity is a serious workplace hazard
that can result in serious injuries and even fatalities if workers are not properly
trained. Only “qualified” workers can perform maintenance and repairs of electrical
equipment. These qualified workers must be fully trained to identify exposed live
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electrical parts and their voltage, and know exaetiat procedures to follow when
they work on exposed live parts or are close enough to be at risk.

From all of the above, it is necessary to summarize that every electrician should
be guided by electrical safety in order not to risk getting an electric shock.
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WHAT HAPPENS WITH ELECTRICAL DEVICES DURING SHORT
CIRCUIT

Short circuit is the circuit with dangerously high amperage. It has negligibly
little resistance, therefore at the same voltage value of the current flowing through
conductors is extremely high.

Usually it occurs when a live wire is connected to ground bypassing any load.
Short circuits may occur between two phases as well. A short can happen uninten-
tionally, for example, when insulation breaks. Also, it can happen between ground
and neutral wire or between two wires of the same phase yet the hazardous current
may not arise as quickly. In such situations the short circuit (SC) can be undetected.

To prevent high current from flowing through the wire, single-use fuses or
multi-use circuit breakers are applied. Fuses mustn't be replaced by other conductive
materials because they can’t melt upon action of SC! In that case all working elec-
trical devices will accept the impact. At first, wires’ temperature will increase ex-
tremely high. Next, wires can burn, causing risk of fire or more powerful shortage.
Even electric arc may occur. Lightning strike can damage devices as well, so light-
ning protection is very important too. Short may happen deliberately by some spe-
cialists. They use a special device to disable a certain part of the circuit.

Depending on place and time of shortage, it can impact a device or make the
entire electrical system unusable. As mentioned above, SC has low or zero re-
sistance. That's why at the same voltage current arises to dangerously high values
and keeps growing.

If during shortage fire begins spreading, it must be extinguished. But make
sure that power went down, because it can cause more hazards. Then limit access of
oxygen to fire by covering burning wire or device by a blanket or thick cloth. One
mustn’t extinguish flames with water because it leads to high risk of injury or another
SC when power is on! Then you should find the place, where the short occurred. It
can be detected visually or by smell.
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SC often occurs in a socket. In that case it cafixed without difficulties if
you have some experience. But if it happened soraemih wires, it can be hard to
detect without a multimeter. A short circuit in thell will lead to replacement of
the damaged wires. To avoid such risks, it is resrgsto lay wires in advance that
correspond to the expected load. Experienced #liats advise to lay them in spe-
cial skirting boards - this eliminates many probdeimcase of their failure.

Summarizing all the above, | want to add that allses of short circuit can be
successfully dealt with if you follow some rules:

1. Do not use old wires with inadequate insulation.

2. Be careful when carrying out electrical work. it drill or cut walls where
the power cable is laid.

3. Carefully remove the insulation during instatlat do not cut the wire with
a knife along the cores.

4. Make sure that the electricity is disconnecté@gmvworking with it. On the
dashboard, you need to hang out a sign "work igragress, do not turn on the
electricity” or leave a person there.

5. Install protective shutdown devices - circuigdikers, residual current de-
vices.

6. Regularly monitor the condition of electricalimis - sockets and switches.
Replace them immediately if necessary.

7. Do not use damaged electrical appliances thatsparks.

8. When installing the wiring, do not lead the wiia one large bundle, it is
better to run them side by side in parallel or gfzecial boxes.
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