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Oco0smmBoCTI (pOpMYBaAHHS AMHAMIYHHMX PEeKUMIB AaCHHXPOHHUX
JABUTYHIB IPH IYCKY Bi/l 0ITHOT0 MPUCTPOIO

A. O. boiiko, O. B. Haiinenxo, A. A. CaBeaben, C. M. 3a0poacskuii
Hayionanenuii ynieepcumem « Odecvka nouimexuikay

Anomauia. Y cmammi supiuyemocs npoonema Gopmy8aHs OUHAMIYHUX PENCUMIE ACUHXPOHHUX O8U-
2YHi8 ni0 4ac nycky 8i0 00H020 NYCK08020 NPUCMpOow. Bukowano mamemamuynuil onuc npoyecie ioKiuo-
YeHHs 8i0 MepedXCl HCUBNEeHHS M 8UDIeAHHA ACUHXPOHHUX 08u2yHig. [Iposedeno ananiz hopmu ma eenuturu
Hanpyeu Ha KOMYmyuux eremenmax nio uac eubiey. Jlana oyinka eniugy NOMyjiCHOCHI O8USYHI6 HA nepexi-
OHI nmpoyecu NIOKMOUeHHs 00 Mepedici dHcueienus. Jlani pekomeHOayii wooo 3a0e3neyeHHss CnpUusmiueux
VMO8 NIOKNIIOUEeHHS ACUHXPOHHUX OBUSYHIB 00 MEPEdiCi JHCUBNEHHS 3 YPAXYBAHHAM MONCIUBOCHEN HANIBNPO-
BIOHUKOBUX NYCKOBUX NPUCMPOi8 MA BUKOPUCMAHNS KOHMAKMHOL anapamypu.

Knwowuogi cnosa: ounamiuni pescumu, ACUHXPOHHUL 0BUSYH, NIOKIOUEHHS. 00 MepedCi, YMO8U NYCKY, GU-
OieanHs 08u2yHa, nepexioHi npoyecu, NOYamKo8i eleKmpoOMacHimHi YMOBU.

Beryn

B nmanuit wac sk mMycKOBi TPUCTPOI T aCHHX-
pouHnx nBuUryHiB (AJl) BHKOPHCTOBYIOTHCSA IIPH-
cTpoi mnaBHoro mycky Soft starter (Tupucropsi
neperBoproBaui Hanpyru - TIIH) abo meperBopio-
Baui gyactotu (IT4). ['onmoBHUMY TiIAMH KEPOBAHOTO
MMyCKy € OOMEXeHHSI MyCcKoBoro ctpymy A/l 3 me-
TOIO 3MEHIICHHS yIapHUX HaBaHTaKEHb y MEpekax
Ta 3MEHILEHHs IMHAMIYHUX HaBaHTaKEHb Yy MEXaHi-
3max [1] . BapTicTh myCKOBUX MPUCTPOIB MOPIBHSIHO
BHCOKa 1 TOMY TNpPH HEYACTUX IyCKaX 3MEHIICHHS
KaIliTATbHAX BUTPAT 3aCTOCOBYIOTH OJJMH MyCKOBHIA
MPHUCTPiHl 7T TIOCIITOBHOTO MYCKY NEKITbKOX IPH-
BOJIHUX acCHHXpOHHHMX JBUTyHiB. CydwacHi mporpa-
MOBaHI MPHUCTPOI TIABHOTO MYCKY HaJar0Th KOPHC-
TyBa4aM Oe€3I1iu BapiaHTIB MyCKYy IJIsl BHOOpPY ONTH-
MaQJIBHOTO 32 33aJaHUMH TEXHIYHUMH yMOBaMu. Y
TOM ke yac mpoliec nepeMukanust AJl Bix myckoBo-
ro MPHUCTPOI0 Ha MEPEXY >KUBJICHHS 3aJIMIIA€THCS
HEBpaxoBaHUM 1 HekepoBaHuM. [Ipu HecnipuATINBUX
MOEHAHHIX TIOYaTKOBHX EJEKTPOMATHITHHX YMOB
(TTEMY) migkmouenns AJl 1o Mepexi 3amaHi yMo-
BU TPOIECY MYCKY MOXYTh OyTH 3HAYHOIO MipOIO
CTIIOTBOPEHI, X04a Bi3yaJbHO MPOIEC MMEePEMUKAHHS
MOJKE€ OILIIHIOBATHCS MTO3UTHBHO [2].

1. Amnaui3 JiTepaTypu Ta HOCTaHOBKA
npooJeMu

Oco0nuBOCTI Ta HEOTHO3HAYHICTH Iepediry
JMHAMIYHUX pexuMiB B AJ] ToB'si3aHa 3 HasSBHICTIO

© boiiko A. O., Haiinenko O. B., CaBenbeB A.A.,
3abpoacekuii C. M., 2025

BTOPHHHOTO  KOHTYpPY-OOMOTKH  poTopa.  3a
BiJICYTHOCTI 30BHINIHIX JDKEPEN )KUBICHHS JAHIFOTA
poTopa Al eHepris JIaHLIOra poTopa
3a0e3MeuyeThes JIUIIE 3 TOMOMOTor0 TpaHchopMarii
i yepe3 MOBITPsAHMIA 3a30p i3 Ooky crartopa [3].
Opnak, eHepris, ska BHECEHAa B JIAHIIOT pOTOpa i

CKOHIICHTPOBaHA y dhopmi eHeprii
CJIEKTPOMATHITHOTO  TOJsI  NpH  MOPYLICHHSX
npouecy, MO0 BCTaHOBUBCS, IIOYMHAE TpaTh

CaMOCTIHHY POJIb, BIUIMBAIOYM Ha BEMYHHY 1 hopMy
MEPEXOJHOTO  €JIEKTPOMArHiTHOIO  MOMEHTYy. Y
IBOMY IIOJISITAE TOJIBIHHA POJIb JIAHIIOTa POTOpa B
IUHaMmidHuX  pexumax [4]. BignmosimHo 10
npuniuny aii Al B pexumi, mo obepraerbes,
Mar”HiTHUA TIOTIK  CTaTopa, 10 OOEpPTaEThCA,
HaBouTh enekrpopywiiHi cunu (EPC) i ctpymu B
0o0OMOTIII poTopa i Mpu B3a€MOIii 3 UMU CTPyMaMu
(abo0 MarHiTHUM TOTOKOM pOTOpa) CTBOPIOE
CJIEKTPOMArHiTHU MomeHT [5, 2]. Y pexumi
MIEPETBOPEHHS €HEprii, 110 BCTAHOBHUBCS, 34YEIUICHI
BEKTOPH IOTOKIB CTaTOpa i poTopa 00epTaloThes 3
OJTHAKOBOIO CHHXPOHHOIO IIBHIIKICTIO, aJie OCKUTEKH
LIBUIKICTH POTOpa MEHILE IIBUAKOCTI IOJS, MOTIK
poTopa «IoB3e» abo «KOB3ae» 1O poTOpy. B3aemue
MIPOCTOPOBE IOJIOKEHHS y3arajlbHEHUX BEKTOPIB
HampyT, CTPYMIB 1 IOTOKIB 100pe Bi3yallizyeThCs 3a
JOTIOMOT0I0 BeKTOpHHUX JHiarpaM. CtpubkonoaiOHa
3MiHA aMIUITYan abo ¢a3u Hanpyrd >KUBJICHHS,
ormopy B crartopi abo poropi, CKHAaHHS abo
HaKUAaHHS HaBaHTAKEHHI, B pe3ynbTari
npu3BoauTh AJ] 70 HOBOTO peXuMy, JO HOBHX
aMILTITY/] BEKTOPIB 1 HOBHX IX KyTOBHX ITOJIOKEHb
[6]. Onmnak, BIiANOBIAHO IO 3aKOHIB KOMYTaIlii,
MPUHLHITY CyNepIo3uLii Ta MPUHLHITY
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HEPO3PUBHOCTI ITOTOKO3YEIJIEHb HE3HECTPYMJIEHUX
KOHTYpiB Icis Takoro cTpubka B  poTopi
MOYMHAIOTh JISTH JBI CHUCTEMH CTPYMIB Ta
Mar”iTHUX MOTOKiB [7]. OmHa BiANOBiZaE ymMoBaM
HOBOTO peXuMy. [HIIA BH3HAYa€TbCA BUIBHUMHU
CKJIaJJOBUMH CTPYMIB Ta HOTOKIB, 1110 BUHUKIIH IIPH
CTpUOKONOAIOHOMY BIUIMBI. AHAJIOTI4YHI TPOLIECH
MaroTh MiCIle 1 B JIAHITFOTaX CTaTtopa, aje B poTopi
BOHM BHPaXEHI OUTBII dYiTKO, ICHYIOTh OLIBII
TpUBAJIMK Yac 3aBISKM OUIBIIIN eNeKTPOMAarHiTHiH
iHepUiHOCTI 1 TOMY OiNBII BIUIMBAIOTH HAa AMHAMIKY
npuBony. Temep enexkTpoMarHiTHe Iojie CTaTopa,
o 00epTaeThCs, B3aEMOJIE 3 JBOMA MAarHITHUMHU
MOJISIMA POTOpa - HOBUM YCTaJICHUM, B PE3yNbTaTi
qoro (opMyeTbCsS TOCTIHHA CKJIaJOBa MOMEHTY, 1
3aJMIIKOBUM, U0 BHHUKIM SIK peakWis Ha
CTpUOKOMOAIOHY  3MiHYy  YMOB,  3aracarouu,
HEPYXOMHM BiJIHOCHO pOTOpa TOJEM, B PE3ybTaTi
40ro (OpMYeEThCS TEPioANYHA, 3aracamda CKIIaJI0Ba
MOMeHTy. Taka KiapTHHa TEpPEXiJHOrO MPOIECY
CIIOCTEPIraeThesl MpH MycKy 3 HymnboBuMH [[EMY
ab0 TIpH TOBTOPHUX BKIIOYEHHSX IICHA JESKO1
nays3H.

Sxmo cratop A/l BiKIIOYa€eThCS Bif JuKepena
JKUBJICHHS, TO B POTOpI 3aJUINAETHCS TUTBKA OIHA
CHCTEMa 3aracalodynx CTPyMiB 1 TIOTOKiB, HEpyXxoMa
IIOJI0 POTOpa 1 00EpPTAEThCSI Pa3oM 3 HUM 3 HMOro
mBUAKICTIO. i BIIKIIOYCHHS MOXYTh BilOyBaTHUCS
MOBHICTIO 200 YacTKOBO B OKpeMux (pa3ax, Ha Ma-
JUX iHTepBaNax 4acy npu KomyTarii BeHTuaiB TITH
a00 BeNMKHX TMPU TOBHOMY BiJIKIIOYEHHI, ajie 3aB-
XKIW HOBE BKJIIOUYEHHS BUKJIMKA€ HOBHH IIpolLec,
LBOro pa3y Bxke 3 HeHynboBuMH [IEMYVY. B [9] mo-
Ka3aHo, IO MPH MOBTOPHUX BKJIIOYCHHSX 3 HEHY-
asoBumHu [IEMY xapakrtep mepexiiHOro MOMEHTY
(pyxoBuii a00 ranbMiBHHIA) 3aJ€KUATH BiJl KyTa MiX
y3arajJbHEHHUMH BEKTOpaMH MAarHITHAX MOTOKIB
«HOBOTO» CTaTOPa 1 «3aJHMIIKOBOTO» POTOpa. AMII-
JTyIU BEKTOPIB MOTOKIB BU3HAYAIOTH JIUIIIE aMILTi-
Tylly TEpexiTHOro MOMeHTy. YacToTa Ta mocTiliHa
Yyacy 3aracaHHsl BUIbBHHUX CKJIQJIOBHUX 3aJIeKaTh BiJl
napameTpiB JBUTYHIB Ta IIBHIKOCTI poTOpa, Ha
SAKOMY PpO3TJSiIaeTbesl mponec. Hespaxarouum Ha
MPOCTOTY, PO3MIIIHYTAa KapTHHA BHHUKHEHHS Iepe-
XIJIHUX TpoIIeciB OaraThMa JOCIITHUKAMH MpeCcTa-
BIISIETHCSI HEJIOCTATHRO YiTkO. Hampuknan, [10] mpo
MOJJIMBICTh BUHHKHEHHS MEPEXiJHUX MOMEHTIB Ta
X IHTEHCHBHOCTI CY/ISTh HE 32 BEIMYNHOIO TIOTOKY B
poropi, a 3a BenumunHor EPC, mo HaBoguThCS B
craropi. B pe3ynbraTi MOKHa 3pOOMTH HEKOPEKTHI
BUCHOBKH MO Te, IO 3aTyXarwde IoJie Majo He
BIUIMBAa€ Ha EJIEKTPOMArHiTHI MepexiiHi NpolecH
MPY HU3bKHUX IBUAKOCTSIX JIBUTYHA.

2. ITocTaHoBKA MPoOJIeMHU Ta METOAHN
BUpillIeHHS

[Ipu mocnipKeHHAX AMHAMIYHAX Ta CHEPICTH-
YHUX TPOIECIB B aCHHXPOHHOMY €JIEKTPOIPUBOII
Ba)XJIUBO BPaxOBYBATH, IIO:

- Oynmp-siKi cTpUOKOMOAIOHI 3MiHM KEpyHYHX
a60 oOyprOBaIbHUX BIUIMBIB BHKIJIMKAIOTh B aCHHX-
POHHOMY €NEeKTPOIPHUBOII MEPEXIAHAN TPOIIEC, IO
CYIPOBOUKYETHCS 30yIKEHHSM TEpEeXiJHUX CTPY-
MiB, MarHITHUX ITIOTOKIB 1 MOMEHTIB;

- IHTEHCHBHICTh TEPEXiTHOTO IPOIECYy Ta MO-
MEHT, [0 NPU LBOMY PO3BUBAETHCS, 3aJICKUTH Bij
nouyarkoBux [IEMY mnpouecy; uuM Oinbine Biapis-
wsatotbea [IEMY Big yMOB pexxuMy, THM CHIBHIIIIE
BUSIBIISIIOTHCSL TIEPEXigHI TPOLECH, HE3aNeKHO Bij
MOTOYHOI MIBUAKOCTI pOTOPA;

- MiHIMaJbHI TPOSIBH MEPEXiTHOTO MOMEHTY B
OyIbp-SIKUX Tporecax OyayTh CHOCTepiraTHcs MpH
IUTaBHIN 3MiHI KEpYIOUOTO BIUTUBY (KyTa BKIFOUCHHS
BEHTWIIIB 1, BI/IOBITHO, BUXITHOI HAIIPYTH TIEPETBO-
proBaua);

- MiHIMalbHI TIPOSIBH MEPEXiJHOTO MOMEHTY B
Oyab-sSiKuX Tpolecax OyayTh CIOCTEPIraTHUCS TaKOX
IIPH CTPUOKOTIOAIOHOMY 3MiHI yIIPaBISIFOYOTO BILIH-
By, skmo [IEMY B MoMeHT komyTarllii Oiu3bKi 10
€JIEKTPOMArHITHUX YMOB HOBOTO PEKUMY;

- TIpH MOJISIOBaHHI TIPOIIECY BiAKIIOYSHHS Ol
Hi€i abo mekinmpkox (a3 oOMOTKH cTaTtopa, 3 METOIO
MPaBUWIBHOTO BiIOOpaKEHHS MOTOYHUX ENEKTpOMa-
rHiTHUX yMOoB A]Jl, cmig CcyBOpo BUTpUMYBaTH
MIPUHLMIT HEPO3PUBHOCTI MMOTOKO3UYEIUICHHS HEPO3i-
MKHEHHUX 1 HEBIJIKJIFOUCHUX KOHTYPIB.

Y umii po0OTI pO3rIAAAIOTHCS TMPOLECH, IO
MPOTIKaIOTh MpU BUOIry A/l i mpu nepexiroyeHHi Ha
MEpPEeXY 3 MOXKJIMBICTIO YIPABIiHHS LKMMH IIpoLeca-
Mu. JlocnmipkeHHsST TPOBOJMIIMCS METOJIOM MaTeMa-
TUYHOT'O MOJICNIOBAHHS 13 3aCTOCYBAaHHSIM aBTOPCh-
KUX MOJENEN aCHHXpPOHHOrO enekrponpuBony [11].
Jlyis mocTaBiieHUX IUIeH JOCHIKCHHS aCUHXPOH-
HUI JIBUTYH NPEICTABIISBCS 3 ypaxyBaHHSM y3ara-
JIbHEHOI MallIMHH, L0 OMHCYEThCS Y CHCTEMi KOOp-
JMHAT 0, B. Y Moen BYEHOT0 HACHUYCHHS CTaJH I10
KOJIIIX TOJIOBHOTO MArHiTHOTO MOTOKY Ta MHUIsSXax
PO3CiIOBaHHS, TaKOX €(EeKT BUTICHEHHS CTPyMYy B
CTPHIKHSIX OOMOTKH pOTOpA.

3aBmaHHs JOCIIUKEHD:

- OILIHKa BIUIMBY IIBUJAKOCTiI Ha MpOLEC MiAK-
JIIOYEHHS 10 MEPEXi 3a HyJIbOBUX MOYAaTKOBUX eJle-
KTPOMAarHiTHAX YMOB;

- OliHKa BIUIMBY HeHynboBUX [IEMY Ta BH3Ha-
YEHHS CIPHUITIMBUX Ta HECHIPUATIMBUX YMOB ITiJK-
moueHHs A/l 1o mepexi npu HeHyIp0BuX [IEMYVY;

- OIIHKA BIUTUBY IOTY>KHOCTI JIBUTYHA Ha Tiepe-
X1/THI TTPOIECH TTiKIFOUEHHS 10 MEPEXi;

- a”ami3 GopMu Ta BEIMYMHM HANPYTd Ha KO-
MYTYIOUUX eJleMeHTax mig vac BuOiry AJ] piznHoi
MOTY>KHOCTI Ta THITOBUKOHAHHSI.

ABTOMAaTH30BaHI EJICKTPOMEXaHIUHI CUCTEMHU
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3. OcHOBHUIT MaTepiag T0OCTiTKeHHS

3.1. Iliokniouennsa oeuzyna 00 mepedxyuci 3
Hynvoeumu IIEMY

[ligkmroueHHI0 10 Mepexi mepeaye podora my-
CKOBOTO MPUCTPOI, TOMY Ma€ MiCIIe TIPOIIeC BUOITY,
MPOTATOM SKOTO IIBHIKICTh ABUTYHA MOXE 3HAYHO
3HU3UTHUCS, aX IO MOBHOI 3ynmuHKH [12]. BigHOCHO
BEIMKUH Yac BUOITYy MOXXE TaKOX MPU3BOIUTH IO
MOBHOT'O 3racaHHsl MarHiTHOrO MOTOKY potopa. To-
My TpaHHYHUM BUTIAJIKOM MigkIroueHHs A/l no eme-
KTPUYHOT MEpPEeXi € TIOBTOPHE BKIIOUYCHHSI 3 HYJIHO-

Bumu [IEMY. Ha puc. 1 HaBemeHi ocmmiorpamMu
ITOBTOPHOTO BKIIOUCHHS AJl TIpH pi3HUX KOB3aHHSX.
3 METOI0 OILIHKM BIUIMBY MOTYXHOCTi A/l Ha mepe-
X1JIHI TPOIECH MiKIFOUYCHHS JI0 MEPEXi aHai3 PO
BOJAMBCS JJISl IBUTYHIB TPHOX PIi3HOI MOTYXHOCTI 4,
55 1 315 xBt. Bci BenmmumHM Ha ocHEIOTpamMax
MPEJICTaBJICHI Y BIJIHOCHHX OJWHUILIX, Jie 3a 0azy
MIPUAHATI HOMIHAIBHHA MOMEHT, aMILTITyIa HOMi-
HAJIBHOTO CTPYMY Ta CHHXPOHHA IIBUJKICThH JBHTY-
Ha. OCKiTbKM HAMOLIBIMINK iHTEpeC MPeNCcTaBISIOTh
aMIUTITYAX CTPyMY 1 MOMEHTY B IMOYaTKoBid (asi
BKJIIOUCHHS, Ha puc. | mokaszaHi jumre meprri 10
MIEPIOJIiB MICIIs BKIIOYCHHS.

10

=05 0

-10
a
10

5=0 0

-10
a
10

-10
a
10

s=05 0

-10
a
10

=100

-10

0.1
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Puc. 1. Octmmorpamu nosropHoro BkmoueHHs A/l 3 HynsoBumu [IEMY nipu koB3annsx Bix 1 mo -0,5:

a - 4AMY100L4,

6 - AAMY225M4,

B - 4AMY355M4;

-------------- KyTOBa MIBUAKICTh POTOPA;
€JICKTPOMArHiTHUH MOMEHT;
cTpyM ¢asu craropa
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3a mpencTaBICHUMHU OCIHIIOTpaMaMHi MOKHA
3poOUTH Taki BHCHOBKH. HaWOIIBII CHPUATIHBI
YMOBH JUIsSl TIKIIOYCHHS JIO MEPEXki ICHYIOTh Ha
poOouili JUISAHIII MEXaHIYHOI XapaKTePUCTUKH BiJl
KOB3aHHsI, OJM3BKOTO JI0 HYJNS JO KPUTHYHOTO. Y
IFOMY JIialla3oHi y BCiX IBUTYHIB (DOPMYETHCS KO-
JUBaJbHUN 3aracaloyuii MOMEHT 3 aMIUIITYAOI0 Bif
2My mo 3M,. Yac 3racaHHsS eJICKTPOMAarHiTHOTO
MOMEHTY Ounbllle y ABUTYHIB OLTBIIOI TOTY>KHOCTI.
AMIUTITYIM CcTpyMy csraioTh 4-6 BiJ aMIUTTyIu
HOMIHAJIBHOTO CTpyMy. Y BCiX IHIIMX BHMagKax
(hOpMyIOTBCSI MOMEHTH Ta CTPYMH OLIBIIOrO 3Ha-
YeHHSI, 0 CATaloTh MyCKOBUX 3HAYCHb MpU s = 1.

3.2. Ilioknwuenusa oeuzyna 00 mepexci 3
Henyavoeumu IIEMY

[lepemukaHHs JBUTYHA HA MEPEKY BiIOYBA€ETh-
Csl TICIISl 3aBEPIIEHHS ITyCKY 1 JOCATHEHHS PEXHIMY,
IO BCTAHOBHBCS, 3 3aJaHMM MOMEHTOM HaBaHTa-
xeHHs. [lepen BigkimoueHHsIM (DIKCYIOTBCS KiHIIEBI
3HA4YEHHS BEKTOPY MOTOKO3YEIJICHHSI POTOpa 1 IIBU-
JIKOCTi 1 BEKTOPY HAIIPYTH Mepexi i . Y BCIX BUMAJ-
KaX peXHMYy BEKTOP MOTOKO3YEIUICHHS BIJICTaE BiJl
BEKTOpY Hampyru npubnusno Ha 90 en. rpan, a EPC
cratopa Ha 180 en. rpaa. YTOYHEHHS MPOCTOPOBOTrO
pO3TallyBaHHS BEKTOPY HOTOKO3YEIUIEHHS, Yy pasi,
HEMa€e BHUpIMIaabHOTrO 3Ha4eHHs [13].

3.3. Illepexionuii npouec eubicy A/l

3Bakarouu Ha Te, 110 B EJIEKTPUYHOMY JIAHIIO31
3 aKTHBHO-1HJYKTHBHAM HAaBaHTKEHHSIM CTPYM He
MOJKHA 3MIHUTH CTPUOKOM, HAKOIIMYEHA B HABaHTa-
JKEHHI eJIEKTPOMAarHiTHa €HepTisi He MOXe OyTH BH-
BEJCHA MHUTTEBO, 1 CIpoOM PO3pHBY JaHLIOra BU-
KIIMKAIOTh MEPEeHANpyrd B MiClli PO3PHUBY, SKi MO-
XKYTb BUSIBUTHCS HEOE3NEUHUMH IJs1 OOJIagHAHHS
[14]. SIki ocobmuBOCTI KOMYTaIii TaKMX JAHIFOTiB?
KonrtakTHOi KOMyTallii Crpusie eneKTpu4Ha JIyra,
IO BUHHUKAE TPU PO3MHUKAHHI KOHTAKTY, 3aBISIKH
YOMY CTPYM CIIaIa€ HE MUTTEBO 1 IEpEHANPYKEHHS
oomexxeHi. [lpu Oe3KOHTAKTHOI KOMyTallii, KOJIH
JIAHIIIOT PO3PHUBAETHCS JIOCUTH HIBHUIKO, 3aCTOCOBY-
IOTBHCS CHeLiaIbHI CXEMOTEXHIUHI PillleHHS Y BHUTJIS-
Il 3BOPOTHHX i0AiB, 3BOPOTHUX MOCTIB 1 €EMHICHUX
HaKONM4YyBaviB eHeprii. BIu3pkuM 110 i7eaabHOro
€JIEMEHTA, 110 KOMYTYE, € THPUCTOP, IO MPALIOE B
pexxumi mpupoanoi komytauii. Ilpum 3meHmeHHi
CTpyMy B JIAHIFO31 JO HYJIS BiH 3aKPHUBA€ThCS, B
MPUHIMII HEe BUKJIMKAIOYH IEPEHANPYT B JIAHIIO31,
10 KOMYTYE.

Pexxum BUOITY HAcTa€ Mic/s BiIKIOYCHHS JIBH-
TyHa BiJI Mepexi 1 € YNOBUIBHEHHSIM JBUTYHA IIij
Ji€f0 MOMEHTY HaBaHTaKEHHS 1 MOMEHTY MeXaHid-
Hux BTpaT. B A/l y pexxumi BuOiry, kpiMm MexaHiu-
HOTO TIPOIIECY YITOBIILHEHHS, IIPOTIKAE EIEKTpOMar-

HITHHHA TPOIIEC 3racaHHsA MAarHiTHOTO MOTOKY pOTO-
pa. Mar"iTHuil TIOTIK poTopa, Mo 00epTaEThCs, Ha-
BoauTh B oOMoTkax cratopa EPC. Cyma MuTTeBHX
3naueHp EPC 1 Hampyru mepexi BIUTMBae Ha po3i-
MKHEHI KOHTAKTH JIIHIHHOTO KOHTaKTOpa abo HariB-
MIPOBITHUKOBI MPHUIIAIH, SIKi KOMYTYIOTb, SIK TIOKa3a-
HO JUIsl OfIHI€T 3 (ha3 Ha puc. 2.

Hampyra mepexi #; Mae cTabilbHy 9acTOTy o,
a EPC cratopa e; gactoTy o0epTaHHS poTopa o.
Cknanna ¢opma cyMapHOI Hampyrd uj, Ky MOXHA
BUMIPATH Ha PO3IMKHYTOMY KOHTaKTi, NPHYOMY
BekTopu Hampyru Mepexi Ta EPC craropa B mpomeci
BUOIry MOXYTh OaraTopa3oBo 30iraThcs y HalpsSMKY
abo 3HaxoauTucs B npoTtudasi. Y nepriomMy BUMIAI-
Ky 10 KOHTaKTy NPHKIAIA€ThCI MaKCHMalbHA Ha-
pyra, a B IpYyroMy - MiHIiMallbHa.

Uy

€1

Puc. 2. Cnpomena cxema AJl y pexxumi BUOIry
IICJISl BIAKITIOYCHHSI B1JT MEpexi

J1sl KOHTAKTHOT'O anapary Li HanpyrH, MOKIJIH-
BO, HE MAlOTh BEJIHMKOTO 3Ha4yeHHs. [l HamiBIIpo-
BiZTHUKOBUX O€3KOHTaKTHHX MPWJIA/IiB - THPHCTOPIB,
TPaH3UCTOPIB, BEIMUYMHA MAKCHUMAaJIbHOI HAlpyTH B
3aKpUTOMY CTaHi MOXXE BHUSBHUTUCS KPUTHYHOIO.
ACHHXpPOHHUH JBHUT'YH € Oararoda3HuM, OaraToKoH-
TYpHUM aKTUBHO-IHIYKTUBHHUM HaBaHTAXCHHSIM.
EnexrpomarHiTHa eHeprisi 30cepeykeHa B TOJIOBHO-
My MarHiTHOMY JIaHIFO31 - KOHTYpi HaMarHiuyBaH-
HS, 1 B JJAaHLIOrax PO3CIIOBaHHS MarHiTHOTO NOTOKY
B cratopi, i B poropi. [lpu BimkmodeHHI OOMOTKH
cTaropa, KOJlu I CTpyM cCTae PiBHHM HYJIO, 3BO-
JUTHCS JIO HYJIS JIMIIIE €HepTisi TOTOKIB PO3CIIOBAaHHS
oOMoTyBaHHs cTaropa [9]. Pemra enekrpoMaraiTHOl
eHeprii B MOMEHT KOMYTAIIil 3aJMIIAeThCs HEe3MiH-
HOIO 1 MITPUMYETBCS 32 PaXyHOK CTPYMiB KOPOTKO-
3aMKHEHOi 0OMOTKH potopa. Lle o3Havae, mo Komy-
TY€ThCSI HE3HaYHa YaCTHHA MOBHOI €JIEKTPOMArHiT-
Hoi eHeprii AJl, 30cepe/keHa TITbKU B TOJSIX PO3-
CcitoBaHHs ctaTopa oOMoTkH. CaMe 10 SHEeprio Tpe-
0a BpaxoBYBaTH Wi Yac PO3PaxyHKy CHelialbHUX
emMHicHUX QinbTpiB. L[ oOcTaBuHa Tak camMo J103BO-
JISI€ TIOTO/DKYBATH MK COOOIO KIHIICBI €JIEKTpOMar-
HITHI YMOBH T€pe]l BiIKIIOUSHHAM 1 IOYaTKOBI eJie-
KTPOMarHiTHi ymMoBH pexumy BuOiry AJl. 3miHHi
PIBHSHHS OTOKO3YEIUICHHSI POTOpa AJs y3arajibHe-

ABTOMAaTH30BaHi €JIEKTPOMEXaHIUHI CHCTEMHU 9
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HOI €JIEKTPUYHOI MalllMHU, [0 OMUCYETHCA B OCSIX 0,
[}, B MOMEHT BiJIKJIFOUCHHS

. Xy . X0
¢2a ki — L2a kin on + liq kin o)
. Xy | . %o (1)
V2B kin = (28 «in oo + U1 «in "oy
1€ X, x0 - IHAYKTHBHI ONOpH JIAHLIIOIa pOTOpa Ta

KOHTYpY HamarHidyBaHHs, OM.

[lpuiimaroun HE3MIHHUM 3HAYEHHS BEKTOPY
MOTOKO3YEIJICHHST POTOpa B MOMEHT KOMYyTallii,
HOBE 3HAUEHHS CTPYMY POTOpA, MO € MOYATKOBHM
JUTS peXUMY BHOITY TIPH CTPYMi CTaTtopa, mo J0piB-
HIOE HYJITIO

. w

Lagey = 1zchJ:}ciH ’ x_:' 2
. _ wWo

128 gy = W2pwin = "

a PiBHSIHHS €NEKTPUYHOI piIBHOBaru KOHTYpPIiB CTaTO-
pa Ta poropa MaTUMYyTb BUTJISAL

( )

PiBHSIHHS TTOTOKO3YEILIICHD CTaTopa Ta poTopa

. X0 . X0
lpla = lZaw_' l’blﬁ =g
0 wo
. @)
lpza = L wo’ lpz[; =2 wo
PiBHSIHHA MeXaHIYHOI piBHOBAaru
dw
0—Mc =52 )

Hamnpyra Ha KOHTaKTi 3HAXOAUTHLCS 3 PIBHSHHSI
CJIEKTPUYHOI PIBHOBAarM KOHTYpy crtatopa (3) 3a
BIJOMUMH MHTTEBHMH 3HAYCHHSIMH HAIPYTH >KUB-
nends ta EPC, 1mo HaBoauThCcs B cTatopi oOMOTII
MAarHiTHUM HOTOKOM poTopa. [Iponec Bubiry mocii-
JoKyBaBes BiamoBigHO 10 (3) - (5). [loyaTkoBi enek-
TPOMAarHiTHi YMOBM NpOILECy BHOITy 3ajieXaTh Bif
YMOB TIONEPETHBOTO PEXHUMY, IO BCTAHOBHUBCA, a
BOHH, y CBOIO Yepry, 3ajiexarb BijJ napamerpiB AJl i
HaBaHTa)XEHHS Ha Baly. ToMmy IomepeaHbo JOCHi-
JDKYBaBCS TPOIIEC IYyCKY, a TP HACTaHHI PEXUMY
(ikcyBanucs 3HAYCHHs MMOTOKO3YEIUICHHS 1 HIBH-
kocti poropa AJl. 1li 3HaUeHHs SK MOYATKOBI 3aja-
BaJIMCA B IHTErpaTopax MOJETIi.

Ha novartky nepexiiHOro mpolecy BeKTOpH Ha-
npyru mepexi Ta EPC cratopa mpakTudHo 3Haxo-

ISThesl y mpoTudasi, TOMy Mo4YaTKoBa HaIlpyra Ha
BeHTWII HeBenuka (puc. 3). Ha ocrmorpami Hampy-
TH Uy 1S JAUITHKAa HA3WBa€eThCs By3noM. Jlaii BekTo-
Y TIOYHMHAIOTH PO3XOJUTHCS 1 HAIlpyra Ha KOHTaKTI
3pOCTa€, JIOCATAIOYM MAKCUMyMY, KOJH BEKTOPH
MMOYMHAIOTh 30iratucsa. llg minsgHka Ha3UBa€ETHCS
my4HicTio. CiiJl 3ayBakKWTH, IO HA OCIMJIOTpamMax
HaBeJIeHO TpoeKIii BekTopiB Hanpyru Ta EPC Tinb-
KH Ha BiCh a, TOMY 3a iX MHUTTEBUMH 3HAYCHHSIMH
Bi3yaJIbHO Ba)KKO CYAHMTH MpO 30ir abo po3xoKeH-
HSI BEKTODIB.

400
300
200,

100

400 i i i I I I I i |
0 002 004 006 008 01 012 014 016 048 02
Puc. 3. Ocuunorpamu pexxumy Bubiry AJl
4AMY100L4, JX = 2JaB, Mc = MH

Hagenena ocuunorpama 3usta nist AJl, HaBas-
Ta)XEHOT0 HOMiHAIBHUM MoOMeHToM. Ha BuOITy Bif-
OyBa€eTbCSl 1HTEHCHBHE TajJbMYyBaHHS 3 JOINOMOTOIO
HaBaHTaxeHHs, 1 EPC craropa Takox iHTEHCHBHO
3MEHIIIYETHCS, MEPEBAKHO 32 PAaXyHOK 3MEHIICHHS
MIBUJIKOCTI.

Y MOMEHT HacTaHHs ITyYHOCTI MaKCHMallbHa
Hampyra u; craHoButh 435 B. Hampukinii BuOiry
EPC craropy #opiBHIOE HYIIO, a HAaIlpyra Ha KOHTa-
KTi JOPIBHIOE HANpyrd Mepexi. 3HauHa KUIBKICTb
BY3JiB 1 mMy4HOCTEH Mae Micue y pasi BuOiry B pe-
KHMi XOJIOCTOT'O XOJIy, KOJIM ITOYaTKOBE IMMOTOKO34e-
IUTEHHS 1 MIBUJKICTE poTopa Oiiblie, a 3MEHIICHHS
MIBUAKOCTI BiJI0OyBa€ThCs MOBUIbHIIIE (puc. 4). Y
upoMy npuknani EPC craropa 3MeHIyeTscst B oc-
HOBHOMY 3a PaxyHOK 3aracaHHsi MOTOKY pOTOpa, a
HE 3MEHIIECHHsS MBHAKOCT. MakcuMalibHa Hampyra
Ha KOHTaKTi TyT He Oinbplia, HXK Y HONEPeIHBOMY
BUIIAJIKY, OCKIIbKM MOMEHT ITyYHOCTI HAcTa€ Mi3Hi-
1I€e i 10 I[bOr0 Yacy MOTIK poTopa 3HayHO 3racae. Ha
MPAKTUI Take MOEJTHAHHS TOYaTKOBUX YMOB MOX-
JIMBE, KOJW HampyTra Ha KOHTAaKTi Oyle MaKCHMallb
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Hoto. 11i ymoBU nermie HacTynatoTh s AJl BUCokoi
MOTY>KHOCTI, y SIKMX 3aBISKU OUIBbIIIH MeXaHiuHIH
Ta eJCKTPOMArHiTHId iHepUikHOCTI 3racaHHs Ta
MOTOKY, Ta IIBHJKOCTI BiJOyBa€eThCs HabaraTo mo.i-
npHime (puc. 5). Tyt Hampyra Ha KOHTaKTi AOCSTa€E
BxKe 525 B.
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Puc. 4. Ocumnorpamu pexumy Budiry 4AMY 100L4,
JX =2JnB, Mc =0,05Mn

o ittt

R

Puc. 5. Ocunnorpamu pexxumy BUOIry
4AMY225M4, JX = 2JaB, Mc = 0,05MHu

Cxoxa KapTHHA MOXKE CIIOCTEepIraThCs MPH BiJl-
KIIFOUCHHI BiI MEPEXi YaCTOTHO-PETyJIbOBAHOIO
EJIEKTPOTIPUBOTY 3i JIAHKOIO MOCTIHHOTO CTPyMy Ta
IHBEPTOPOM Hampyrd. Y pasi, SKIIO BiIKIIOUEHHS
BiJl MEpeXi Ta 3aKpUTTSI BEHTWIIB iHBEpTOpa BiOy-
BAlOThCSl OJHOYACHO, TO JO HHUX NPHUKIAAAETHCS
cyMa JiHiifHOi BUNpsiMIIeHOT Hanpyru ¢inbTpa Uey i

3aracatrouoi EPC cratopa. Cmin 3a3HaunTH, 110 Ma-
TEMAaTUYHUI OMUC BHKOHYEThCA LIOAO (a3HUX Be-
muunH A/l [16]. Le cipaBeyiuBo npy 0AHOYACHOMY
BIJKJIIOUEHHI BCIX TPHOX (a3 Ta CHUMETPHUYHOMY
HaBaHTaXCHHI. MOXJIMBI BUIAIKA HEOAHOYACHOTO
BiAKIIOYeHHS a3 abo, HANpPWKIIAI, BUIAIOK aBa-
pitiHorO BimkimrodeHHs AJl mpu mpoOM omHOTO 3
BeHTWNIB y (azi [1]. ¥ Takux ymoBax 10 pO3iMKHY-
TOTO KOHTaKTy a00 3aKpUTOrO BEHTWJIS B IHIINX
(azax mpuKIagaEeThca cyMa JIHIMHUX BETUYMH Ha-
npyru Mepexi ta EPC. Ilpn HecnpusTiinBoMy moe-
HaHHI MapaMeTpiB 15 HApyra B MeXi MOXKe J0csra-
TH MOJIBIHHOT aMILTITYy M JIIHIHOT HAPYTH MEPEexi.

4. CnpuaTJIMBi Ta HeCIPUATINBI YMOBH
migkaouenas A/l no mepexi

VY pasi 36iry pe3ynbTyouux Tpuda3sHUX BEKTO-
piB Hanpyru Mepexi Ta EPC craropa mporec mink-
JOYeHHsT Oyl MPOXOTUTH HANOUIBII KOPCTKO Tij
TE€r0 cyMH HampyTu enektpuyHoi Mepexi ta EPC, 3
BEJIMKAMU CTPYMaMH, MiKaMH MOMEHTY Ta KOJIWBaH-
HAMH HIBUAKOCTI. | HaBmaku, miakmodenns AJl mo
MepexXi B MOMEHT 4Yacy, KOIU BEKTOPH Hampyru
Mmepexi Ta EPC nepeOyBatoTs y npoTtudasi, BUKIHYe
M'SKIIUH TTepexiqHuil mpouec. Y 1bOMY CEHCI yMOBHU
BKJIIOYEHHSI MOKHA XapaKTePU3YBaTH SIK HECIIPHAT-
JUBUMH Y{ COPUSTIUBUMU. BiAmoBigHO 10 KapTUHU
Halpyrd Ha KOHTAaKTi MiJ 9ac BUOITY CHIPHUSATINBI
YMOBH BKJIIOYCHHS BIANOBIZAIOTH By3jaM, a He-
CTIPUSATINBI YMOBU IyYHOCTSIM KPHBOI HAIlpyTd Ha
KoHTakTi [17]. InrocTpamis mepexiJHUX TMPOLECIB
IpU COpUATIMBUX Ta Hecnpustiausux [IEMY Hase-
neHa Ha puc. 3. Tyrt, Ha T rpadika Hampyrd Ha
KOHTaKTi, HABOJAATHCS TEPEXiJlHI MPOIecH, o Bif-
PI3HAIOTHCS BUTPUMKOKO YacCy MiXK BiJKIFOYCHHSM 1
MOBTOPHUM BKJIOUeHHsIM. KoxHe 3 BKiIroueHb 30i-
raeThCsl 3 MYYHICTIO a00 3 BY3JI0M Halpyrd Ha KOH-
takTi. [Ipy miAKIIOYeHHI MOMEHT YYHOCTI CIIOCTe-
piraeMo JIECSATHKpATHI IMIYJIbCH CTPyMY 1 JIeCsITH-
KpaTHi HEraTUBHI iMITyJIbcH MOMeHTY. [Ipu miako-
YeHHI Ha MOMEHT HACTaHHs By3Jia HETaTHUBHI iMIy-
JILCH MOMEHTY BiJICYTHI, aMILTITY1 CTpyMy Halara-
TO MEHIIIE.

5. YnpasJiiHHsSI TPo1ecOM MOBTOPHOT0
YBIMKHEHHA 3 YpaXyBaHHAAM MOKJIUBOCTENH
KOHTAaKTHOI anapaTtypu

OI1iHKY MOXXJIMBOCTEH YIpaBIIiHHSI MOXKHa BU-
KOHATH, 3iCTaBIISIOYU MK COOO THMMYACOBi iHTEp-
BaJM micns BigkiaroueHHs AJl: moctiiiHy yacy 3ara-
CaHHS EPC craTopa.
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_ Jzwo

Ty = M (6)
MexaHigHa cTajia JOPIBHIOE Yacy TallbMyBaHH:I
CJIEKTPONPHUBOAY Bil CHHXPOHHOI WIBHAKOCTI 10
HYJIS TiJ Ai€10 MOCTIHHOTO MOMEHTY HaBaHTaKEHHS
[8]. V Tabmuti 1 HaBemeHO 3a3HAYCHI BETUIHHH IS
TPHOX aHANI30BAaHUX ABHUTYHIB 1 JBOX XapaKTEPHHX
PEXUMIB - Jerkoro (xomnoctuit xig 3 M. = 0,IM,) i
Ba)XKOT0 (po0oTa ITiT HaBaHTaxeHHsM 3 M. = M,). B
yCiX BHITQJIKaX BPaxOBYETHCS IHEPIIIHICT EIEeKT-

ponpuBOaY Jeypw =1, 1J 6.
Amnami3 pe3ynpratiB Taba. 1 mokasye, mo 3 BH-
KOPHCTAaHHS NEPEeTBOPIOBaYa YaCTOTH IS MOCIiAO0-

BHOI'O IIyCKY HeKiIbkoX AJl HE0OXigHO BpaxoByBa-
TH, TI0:

- JIBUTYH MOYXHA PO3TaHSATH J0 NIBUIKOCTI BU-
e CMHXPOHHOI 1, THM CaMUM, KOMIICHCYBaTH Ta-
IIHHS TIBHUIKOCTI 3a 9Yac HACTAHHSI CHPHSITIABHX
YMOB;

- mpoOjemMa BH3HAUEHHS CHIPUSTINBUX YMOB
BKJIFOUEHHS ckiaAHima. [Ticist BiIKIIFOYeHHs ABUTY-
Ha Bix 1Y Ha KoHTaKTi amapara, IO IiAKIIOYAE 10
MEpPEXKi, CIOCTEPIra€ThCs Ta K KapTUHA HAIMPYTH,
MPOTe HE CHUHXPOHI30BaHA 3 MOMEHTOM BiJIKIIFOUYCH-
HA, SK 1e Mae micre npu mycky Bim TIIH. V pasi
HACTYIl BY3JIiB Hampyrd Tpeba KOHTPOJIIOBATU HE
PO3PaxyHKOBUM, a allapaTHUM CITOCOOOM.

Tabmuua 1
BusHaveHi BeNMMYMHN JUHAMIYHUX PEKUMIB ACHHXPOHHHX JIBUTYHIB
Pesxim po- | Hocritri wacy Yac HacTaHHA BY31iB Yac CIpaIbOBYBaHHS
JBurys 6ot HaIpyTH KOHTaKTOP1B
Te, C TM, C TK315 C TK325 C TBHM, C TBMmc, Y
4AMY100L4 M~0,1My 0,712 0,18 0,259
’ 152 1 2
4 kBt M~=M, 0.15 0,0712 0,055 0,08 0.015 0.0
4AMY225M4 M~0,1Mj 3,12 0,384 0,545
’ 2 12
55 kBt M~=M, 0.9 0,312 0,118 0,169 0.0 0,03
4AMY355M4, | M~0,1M, 5,97 0,532 0,754
315 kBr M=M, 1,33 0,597 0,164 0,235 0.07 0.07
BucHoBkH

AHaIi3 Halpyrd Ha KOMYTYIOUHX €JIeMEHTax
MpH BHOITY aCHHXPOHHUX JBUTYHIB Pi3HOTO THIIO-
BUKOHAHHS TI0Ka3aB, 10 YMOBH BHHHKHEHHS Mak-
CHUMYMIB HaIlPyTH HA KOHTAKTi YacTillle HACTYNar0Th
JUISL IBUTYHIB BEJIMKOI MOTY)KHOCTI 3 MaJliM HaBaH-
Ta)XEHHSIM Ha Baly.

Y BCiX pO3IJISIHYTHX BUIAJKaX Yac MOSBU By3Jia
HaTpyTH Ha KOHTAaKTi OUIbIIE Yacy CHparbOBYBaHHS
KOHTaKTOpiB, OTXKE BBEACHHSIM J10IaTKOBOI BUTPUM-
KM Yacy MOXKHA peali3yBaTH CHpPUSTIUBI YMOBH
MOBTOPHOTO BKJTFOUCHHSI.

[ToyaTkoBi YMOBH OUIBII CIIPUATIMBI B PEKUMI
XOJIOCTOTO XOJy ACHHXPOHHOI'O JBHUTYHA, KOJH
mBuaKicte 1 EPC crtatopa He BCTHraroTh 3HAYHO
3TacHYTH JI0O MOMEHTY HAaCTaHHS By3Ja.

[Ipu poOoTi eNeKTPONPUBOAY IiJl HABAHTAXKCH-
HSIM TakoX MOXJIMBa (hopMaiibHa peastizalisi cupusi-
TIMBUX YMOB BKJIFOUEHHS, MPOTE MPH IIbOMY 32 4ac
MOSIBY MEPILIOTrO By3j1a HAIPYTW HA KOHTAKTi, [IBHU]-
KiCTh JIBUTYHa 3HAa4HO 3MCEHLIYETHCS (IBUTYH
4AMY100L4 3mennye mBuaKicTh 10 0,23wo, a 1BH-
TyH 4AMY225M4 no 0,62w) TTyCKOBHHA TIPOIEC
MOYMHAETHCS HAHOBO.

[lpu ekcrniepuMeHTaIbHOMY HAJIArOJUKEHHI pe-
KUMY TIEPEMHUKAHHS CJiJl MOEJHYBATH TOSBY CTPY-
My CTaropa B MOMEHT BKJIIOUEHHS 3 BY3JIOM Harpy-
I'Ml HA KOHTAaKTI.
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Features of Formation of Dynamic Modes of Asynchronous Motors

when Started from One Device

A. O. Boyko, O. V. Naidenko, A. A. Saveliev, S. M. Zabrodsky
Odessa National Polytechnic University

Abstract. The article solves the problem of forming dynamic modes of induction motors during start-
ing from a single starting device. A mathematical description of the processes of disconnection from the
power supply network and coasting of induction motors is performed. An analysis of the shape and magni-
tude of the voltage on the switching elements during coasting is carried out. An assessment of the influence
of motor power on the transient processes of connection to the power supply network is given. Recommenda-
tions are given for ensuring favorable conditions for connecting induction motors to the power supply net-
work, taking into account the capabilities of semiconductor starting devices and the use of contact equip-
ment.

Keywords: dynamic modes, asynchronous motor, network connection, starting conditions, motor
coasting, transient processes, initial electromagnetic conditions.
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JocJIi/I2KeHHS eKOHOMIYHOI e)eKTUBHOCTI BUKOPUCTAHHSA
TPpaHC(POPMATOPIB 3 €KO-AU3ANHOM B eJIEKTPUYHUX Mepekax
00’ €IHAHOI CHEPreTUYHOI CHCTEeMH YKPaiHH

A. O. CoxoJios, B. O. CyBopos
Hayionanvruii ynieepcumem «Odecvka noaimexHikay

Anomauia. Y cmammi 00CHiOHNCeHO eKOHOMIUHY OOYLNbHICb 8NPOBAOIHCEHHA CUNOBUX MPAHCHOpMa-
mopie 3 eKo-OU3atHoOM ) po3nodinbuux erekmpuynux mepexcax 06’ €OHanoi enepeemuunoi cucmemu Ykpai-
Hu. Ocobaugy ysazy npuoineHo ananizy eHepeemuyHux 6mpam npu excniyamayii maxux mpaic@opmamopis,
Wo 30MUCHEHO 8I0N0BIOHO 00 MeMOOUYHUX peKomMerOayiu Minicmepcmea enepeemuxku ma 8y2libHOi NPOMUC-
n0eocmi Yrpainu.

Pospaxynxu nposedeno ons mparcghopmamopie muny TMI-1000/10 y pisnux pesicumax pobomu, wo
00360UNO BUBHAYUMU IX eeKMUBHICIb V pedibHux ymosax excniayamayii. OYiHIO8aHHSA eKOHOMIUHOI 6U20-
OU BUKOHAHO HA OCHOBI MeMOOY YUCHO20 OUCKOHMHO20 NPUOYMKY, WO 040 3MO2Y NOPIGHAMU NOMEHYIUHI
Qinancosi nepesazu BUKOPUCMAHHI eKO-OU3AUHY 3 MPAOUYIUHUMU 8APIAHMAMU MPAHCHOPMAMOPHO2O 00-
JAOHAHHSI.

Ananiz noxkazas, wjo, He38axicarOYU HA NOMEHYIlIHe SHUINCEHHS 6MPAm ejleKmpoenepeii, KanimaibHi eu-
mpamu Ha 8NPOBAOIHCEHHS MPAHCHOPMAMOPIE 3 eKO-OU3AUHOM € 3HAYHO GUIUMU NOPIGHAHO 3 MPAOUYIL-
HUMU MOOENAMU. YHACTIOOK Yb020, 3a CYYACHUX eKOHOMIYHUX YMO8 ma mapu@uoi nomimuxu, ix 3acmocy-
6aHHSL 8 PO3NOOiIbYUX enekmpomepedicax Onepamopa cucmemu po3nodiny He 3a0e3neuye 00CMamHb020
EeKOHOMIUHO20 eghexmy.

Ompumani pezynomamu MoXICymsb Oymu KOPUCHUMU OJiSL eHePLeMULHUX KOMNAHIL, pe2yIsamopHUx opea-
HI8 Ma HAYKOSYI6 npu NPUUHAMMI PilleHb Wo00 MOOEPHI3ayil enekmpoeHepeemuyHol iHghpacmpykmypu.
Bucnosku docnioscenns makosic Moxcyms ciay2ysamu niOIpyHmMam OJist NOOAIbUUX HAYKOBUX POOIm, CApsi-
MOBAHUX HA ONMUMIZAYII0 NAPAMEMPIB CULOBUX MPAHCHOPMAMOPIE 3 YPAXYBAHHAM K eHepeemuyHUX, max i
(hiHaHCOBUX NOKAZHUKIS.

Knrouosi cnosa: cunosi mpaucgopmamopu, onepamop cucmemu po3nooiny, eieKmpuuHa mepesicd,
eKCNyamayis, excniryamayis mpacgopmamopie 3 eko-ou3atHoM, YUCMull OUCKOHMHUL NPUOYMOK.

Beryn KOHTEKCTI 1HTEeTpallii HalliOHAIBHOT EHEPrOCHCTEMHU
JI0  €BPONECHCHKOT  00’€MHAHOT  EHEPrOCHCTEMHU
ENTSO-E, mo BigkpuBae HOBI MOMIJIHMBOCTI st
ONTHMI3allli €HEPreTUYHHUX IOTOKIB, 3a0e3MeUeHHs
HAJIMHOCTI 1 cTabiTbHOCTI MMOCTavYaHHs eNeKTPOeHe-
prii Ta 6e3nevHoi eKcIuTyararii JiFYnX eIeKTPoyC-
TAHOBOK, a TaKOX IHTErpaiii BiJHOBIIOBAIbLHUX
JOKEpEJT HEPrii Ta Cy4acHUX TEXHOJIOriH 30epiranHs
eneprii. Lli 3MiHu mOTpeOyIOTH MOAEPHI3ALl ENEeKT-
PUYHUX MEpEeX 1 MiJBUILIECHHS iXHbOI eEeKTUBHOCTI
eKCIUTyaTalii, Mo CcTae HEeoOXiTHOI YMOBOIO IS
BIJIMOBITHOCTI HOBUM CTaHIapTaM Ta BUMOTaM €B-
POTIEHCHKOTO €HEPTeTUYHOTO PUHKY.

BakIMBOIO YaCTHUHOIO LHUX 3yCHJIb € BBEICHHS
HOBHUX TEXHIYHUX CTaHNAPTIB JJIs OOJIaJHAHHS, 30K-
pema, JUis CHIOBHX TpaHcopMmaTopiB. 30Kpema,
BiAMOBIAHO 10 noctaHoBu Kabinety MiHicTpiB Yk-
painu Ne 152, OyJio 3aTBEepIKEHO HOBHU TEXHIYHHN

© Coxoros £. O., Cysopos B. 0., 2025 pernament 10 BuMor "Exo-muzaiiHy" A CHI0OBHX
’ ’ TpancdopmaTopis notyxHictio g0 3150 kBA Ta

VY 3B’s3Ky 3 peanizali€lo NOJITHKH YKpaiHU B
chepi eHeprozOepexeHHs, 30KpeMa, Yy KOHTEKCTI
Mepexo/ly PUHKY eJNEeKTPOeHeprii Ha HOBY MOJEIb,
o nepeadavyae OUIBITY THYYKICTh Ta e(DeKTHBHICTH
eKCILTyaTallii, a Tako)K BIPOBAIKEHHS CTHMYJIIOIO-
gyoro RAB-tapudoyTBOpeHHST B  EJIEKTPUYHHX
Mepekax OIepaTropa CHCTEMH pPO3MOIiIY, IMOCTae
aKTyajbHE MUTAHHS 3MEHIICHHA TEXHOJIOTIYHUX
BUTpAT B CIEKTPUYHUX Mepexax. Lle muraHHs €
0COOJIMBO BaYKJIMBUM B YMOBaxX CTPIMKOT'O 3pOCTaH-
HSl BAPTOCTI €JIEeKTpOeHeprii Ta HeoOXiTHOCTI 3a0e3-
NeYeHHs] EKOHOMIYHOI e()eKTUBHOCTI B yMOBax 00-
MEXEHUX pPecypciB, MO CHOHYKa€e 0 MOCTIHHOTO
BJOCKOHAJICHHS IHQPACTPYKTYPH Ta TEXHOJIOTIH.

Oco0nuBa IIHHICTH CYTTEBOTO IiJIBHUIIEHHS
CTaHJApTiB eHEPro30epekeHHs B YKpaiHi BUHUKAE B

Ile craTTs Bigkpuroro nocrymy 3a minensiero CC BY (http:/creativecommons.org/licenses/by/4.0/deed.uk)
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Harpyroro He 6inbme 24 kB. Llei permaMmeHT po3po-
O6meno Ha ocHoBi Permamenty Kowmicii €C
Ne548/2014 Bim 21.05.2014 poky, IO JONOBHIOE
HupextuBy 2009/125/€C €sponeticekoro Ilapma-
MeHTy [1, 2]. BBeneHHS bOTO pErIaMeHTy CIPSMO-
BaHE Ha 3a0e3MeueHHs BiAMOBITHOCTI HAIllOHATHHIX
BUPOOIB BUCOKHM €BPONEHCHKUM CTaHAAPTaM 3 €He-
proeeKTUBHOCTI Ta €KOJOTIYHOCTI, IO JTO3BOJIUTH
3MEHIIUTH €HePreTHYHI BUTPATH, 3HU3UTH HEraTHB-
HUI BIUIMB Ha HaBKOJIMIIHE CEPEIOBUINE Ta 3a0e3-
MEYUTU OLIBIN CTIMKY 1 €PeKTUBHY poOOTY eHepre-
TUYHHUX CHCTEM.

TexHiuHMI periaMeHT, o Ha0yB YHHHOCTI 27
motoro 2019 poky, € 000B'SI3KOBUM JJ11 BAKOHAHHS
Ha TepuTopii YKpaiHu. 3rigHo 3 HUM, MaCIIsTHI TpaH-
chopMaTopH, SKi BUKOPHCTOBYIOTHCS B €IEKTPHU-
HUX MEpEKax, MOBHHHI BIJIIOBIIATH 3aTBEPHKCHUM
TexHiuHUM mapamerpaMm "Exo-mm3aitay". OcodmmBo
BKIMBOIO € BUMOTA IIOJI0 MACISTHUX TpaHc(opma-
TopiB moTyxHicTio Big 10 kBA mo 3150 kBA, mo
Bunyckatotecst cepii TMI'. Lle rapanTye He TiNBKH
MiBUIICHHS TEXHIYHUX XapaKTEpUCTHK, a W 3HH-
KEHHSI eKCIUTyaTallifHNX BUTPAT 38 PaXyHOK 3MEH-
IICHHS TEXHOJIOTTYHUX BTPAT Ta MiIBUIICHHS e(ek-
THBHOCTI pOOOTH O0JIaTHAHHS.

KoHnTponb 3a BiAMOBIOHICTIO TPOMYKINI UM
BUMOTaM 37iiCHIOE JIepKIIPOACIOKHUBCITYKOa, SKa
HarJsI1ae 32 JOTPUMAHHSM TEXHIYHHUX MapaMeTpis,
3aTBEP/KEHUX pErjaMeHTOM. Y pa3i BHUSBJICHHS
HEBI/INOBIIHOCTI TeXHIYHUM BuMoraM Eko-nuzaiiny,
cinyx0a Mae mpaBo 3a00POHUTH BHUKOPUCTaHHs abo
BUJIYYUTH Take oOnamHaHHA 3 oOopoty. Lleit koHT-
POJIb € BaXUIMBUM €IIEMEHTOM 3a0e3TeueHHs Haje-
JKHOT SIKOCTI Ta Oe3NeKu eHepreTHYHol iHppacTpyk-
TypH, IO CIPHUSE CTAIIOMY PO3BUTKY €HEPreTHYHOTO
cekTopa YKpaiHu Ta Horo iHTerpatii B €Bporeiicbke
EHepreTHYHE CIiBTOBAPUCTBO.

ExoHOMIuHMI eQeKT Momnsrac B 3MEHIICHHI
CIUTaTH aKTHUBHOI IMOTY)XHOCTi 32 TEXHOJIOTI4HI BH-
Tpatu B TpaHcopMaTopi MpHU yMOBI JIOJaTKOBHX
KalliTATbHUX BKIIAJICHB, OCKUTBKU eHepro3oepirarodi
TpaHc(hOpPMaTOPH KOMITYIOTh I0POKYE.

1. Amnamiz JgiTepaTypHHX
NMOCTAaHOBKA NMPOodJIeMHu

JAaHUX Ta

BuBueHHs1 ekoHOMIUHOi €(EeKTUBHOCTI BHKO-
pHucTaHHs TpaHC(POPMaTOpiB 3 €KO-AU3aHHOM B eJle-
KTPHUYHHX MEpEeKax € BaXKIMBUM HAINPSIMOM Cydac-
HUX HAyKOBUX JIOCHIJIKCHb, OCKUIBKU 1€ MHUTaHHS
OXOIUTIOE IIUPOKHH CIEKTP aCHeKTiB, BiJ 3MEHILEH-
HSl TEXHOJIOTIYHMX BUTpAT JIO BIPOBAJHKCHHS iHHO-
BaI[ifHUX pillleHb JIsl 30epeKeHHs eHeprii Ta eKo-
noriuHoi Oe3neku. B ymMoBax riio0anbHUX BHKIHUKIB,
MOB'A3aHUX 13 MiJBUIIEHHSIM IONUTY Ha €Heprope-
CypcH, a TaKOX HE0OXi1THOCTI 1HTeTparlii eHeprocuc-
TeM PI3HUX KpaiH, NMATAHHS ONTHMI3AIlii BHKOPHC-

TaHHS CHEPreTHYHHX PECYPCiB CTAa€ HAA3BHYAWHO
aKTyaJIbHUM.

[lepepoOHa MPOMUCIIOBICTh CIIOKUBAE HAAMIP-
HY KUIBKICTh MartepiajiB, MepeBaKHO 3 HMEPBUHHUX
JUKEpelT 1 TTOTOKIB €HEeprii, 0 3HAYHO CIIPHUSE TII0-
OaJIbHIM €KOJIOTIYHUM TpoOiIeMaM, TaKUM 5K 3MiHa
Kiimary . J{ns ZoCsTHeHHS CTanoro po3BUTKY CTBO-
PEHHS €KO-IH3aiiHy Ta HOro BIPOBAKECHHS Y BUPO-
OHMYOMY CEKTOpPi Mae BUpilIanbHe 3HadeHHs [3].

Ekosoriuni actiekTy BiJlirpaloTh KIIFOUOBY POJIh
y CTUMYJIFOBaHHI IHHOBAIIMHUX MiJXOMIB IO PO3PO-
OKM KOHIIETIIA EKOJIOTIYHOTO TU3aiHy, CIpPUSIOYU
BIIPOBA/IPKEHHIO HOBITHIX TEXHOJIOTIH Ta MaTepiais,
0 MIHIMI3YyIOTh HETaTUBHUM BIUIUB Ha JIOBKIJUIA.
3pocrarodi BUMOTH 10 eHeproeeKTHBHOCTI, 3MEH-
[IeHHS] BUKWIIB MIKiJIMBUX PEYOBUH 1 pallioHAIbHE
BUKOPHUCTaHHsI PECypCiB 3MYIIYIOTh HAYKOBIIB Ta
IHKEeHepIB IIyKaTH HOBI pillleHH, 110 BiAMOBIIAIOTH
MIPUHIATIAM CTaJloro po3BUTKY [4]. Exo-mu3aiin,
IHTETPYIOYU CTIWKI IIHHOCTI B MpPOIEC PO3POOKH
MIPOAYKTY, BPAXOBYE aCIEKTH KUTTEBOTO IUKITY MPH
CTBOpEHHI MPOIYKTiB, IpolieciB abo mocuyr [5].

Crparerisi eHepro30epeXeHHs Ta 3MCHILICHHS
BukuaiB (ESER) € kmodoBuM kKpokoMm st 3abe3re-
YEeHHSI CTIHKOCTI 00pOOHOT MPOMHCIOBOCTI B YMOBax
€KOJIOTIYHOTO Tepexoay. BuBdaroun moTovHi mpak-
tuku Ta oomexxenHs ESER y miii ramysi, y npomy
JOKYMEHTI MPOTIOHYETHCS HOBHHM MiAXiA il HA3BOO
«EKOHOMHE €HEepro30epeKeHHsI Ta 3MEHIICHHS BH-
kuaiB» (LESER), sikuit opienTOBaHMIi Ha epeKTHBHE
MiJBHUINCHHST €HEepProe()eKTUBHOCTI Ta CKOPOYCHHS
BHKHIIB BIIXOIB [6].

B po6ori [7] po3noBinaeThes, mo AW3aiiHEpH
BOJIOJIIIOTH KJTFOUEM JIO CTAIOTO PO3BUTKY MPOIYKTY
yepe3 EcoDesign. IcHye 0e3nid iHCTpyMeHTIB, po3-
poOJeHNX sl JOMOMOTH y JTOCSTHEHHI IIi€i MeTH.
[IpoTe GinblTicTs 3 HUX BUKOPUCTOBYIOTHCS PilIKO, B
OCHOBHOMY 4epe3 BIJICYTHICTh BHMOT' JI0 CTallOTO
PO3BUTKY Y crierudikaiisx mpoayKTiB. Skmo Hemae
MOMUTY Ha TIOKPAIIeHi €KOJOT1UHI XapaKTePHUCTHKH,
TO Biamnaaae i nmorpeda B incTpymeHnTax EcoDesign.
TakuM 4YMHOM, BiJCYTHICTH PUHKOBOTO TONHUTY Ha
€KOJIOT1YHO YHCTi MPOAYKTH € BHUPIMIAIBHUM YHUH-
HUKOM.

VY crarti [8] nmocmiKyrOThes Ta KiIAacHQiKy-
FOTBCS IHCTPYMEHTH, CTBOPEHI JIJISl OLIHKH €KOJIOTi-
YHHUX BHMOT JIO TIPOJYKTIB Ta iX BIPOBAKECHHS B
mporiec pPo3poOKH, 32 TAKUMH KPUTEPISIMU:

1) MeTo/, 3aCTOCOBAHUH IS €KOJOTIYHOI OITiH-
KU;

2) MoJaTKOBI BUMOTH JI0 TIPOAYKTY, SIKI HEOOXi-
JTHO 1HTETrpyBaTH pa3oM 3 EKOJIOTiuHUMH (OaraTok-
puTepianbHUN TiIXin);

3) uu BpaxoBYe€ iIHCTPYMEHT yCi eTaru  JKUT-
TEBOTO LUKIY MPOAYKTY (MIEPCIEKTHBA YKUTTEBOTO
LHKITY);
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4) T pe3ynbTaTiB (SIKICHI 9H KiJIBKICHI);

5) eTanmy KOHIIETITYaJlbHOTO MPOEKTYBaHHSA, Ha
SKHX MO>KHa BUKOPHUCTOBYBATH LIEH IHCTPYMEHT;

6) OCHOBHA METOJOJIOTIsI, IO JIGKUTh B OCHOBI
iHTerpaIii X BUMOT.

B po0ori [9] fizeTscst MOBa Ipo Te, 1O Y TpaH-
chopMaTOpiB 3 SKOAM3AWHOM ITiJIBUIIICHHS CHEPIo-
e(eKTUBHOCTI JOCATAETHCA 3a PAaXyHOK BHUKOPHC-
TaHHSI MaTtepiadiB 3 TOKPAIICHUMH MaTrHITHUMHA
XapaKTepUCTUKaMU Ta/ab0 30UIBIICHHSAM Macu
OCHOBHHX KOMITOHEHTIB. Lle Beje 1o maBUIICHHS 1X
KIHIIEBOI BapTOCTI, 110, B CBOIO YEPTY, IIO3HAYAETHCS
Ha 3pOCTaHHI IiH Ha CTaHAAPTHY MPOAYKIIitO.

VY crarti [10] po3mnoBigaeThcs, M0 3aBIaHHIM
PO3POOHUKIB EKOTIPOMYKTIB € 3a0e3MeYeHHS 33/I10BO-
JICHHS MOTped a00 BUTOAM JIs CIIOXKHMBaya 3 MiHi-
MaJbHUMH C€KOJIOTTYHUMH T4 EKOHOMIYHHUMH BHUTpa-
TaMu. J{JI IbOTO €KOJIOTIYHI aClIeKTH OBHHHI OyTH
IHTETpOBaHi Ha €Talli MOYaTKOBOI pO3POOKH MPOAYK-
Ty, OCKIJIbKH 0€3 I[bOr0 €KOJIOTi4HI BUMOTH HE 3MO-
XKyTb OyTH HaJIe)KHUM YMHOM BpaxoBaHi

Ak Oynmo 3a3Ha4eHO paHillle, HABKOJHIIHE Ce-
PEAOBHIIE CTAJI0 OCHOBHO MPOOIEMOIO MICIIS TOTO,
K TpaAMLiAHI TAXOAM IO PO3POOKH TPOIYKTIB,
Opi€HTOBaHI Ha 30LIBIIEHHS E€KOHOMIYHOI BHTOIH,
Oynm migmani kputwmi. OZHaK B OCTaHHI POKH iH-
CTPYMEHTH JJIsl CTaJloro AW3aifHy MpPOAYKTIB 3a3Ha-
M 3HAYHUX 3MiH TOPIBHAHO 3 THM, IO iCHYBajo
paninre. Boan TpaHchopMyBamcs 3 IPOCTHX €KO-
JM3aiHEPCHKUX 1HCTPYMEHTIB y OB CKJIAHI CHC-
TEMH 3 PO3IIUPEHUMH MOXKIMBOCTSIMU, MEXKaMHU Ta
3aCTOCYBaHHSM, CIPSMOBaHI Ha peali3aiifo KOHIIe-
nuii cranoro Au3aiiHy npomykry [11].

I'moGansHa pobiieMa 3pocTarouuX BTpaT elleK-
TpPOEHEPrii Ta HETATUBHOTO BILTUBY €HEPTeTHYHOTO
CEKTOpY Ha JIOBKLIJIS BUMarae MOIIyKy e(QeKTHBHUX
pillleHb, CHOpPSMOBAaHUX Ha 3MEHIIEHHs eKCIuTyarta-
MIHHUX BUTPAT i CKOPOUYECHHSI BUKH[IB MTAPHUKOBHX
ra3is. OgHUM i3 TakuX pillleHb € BIPOBAKECHHS
TpaHc(hOpPMATOPIB 3 €KO-AW3alHOM, SIKi, 3aBISKU
BUKOPUCTAHHIO CYYacHHX MarepiajiB 3 HU3bKUMH
BTpaTaMH, YAOCKOHAJIEHI KOHCTPYKLil MarsiTor-
POBOJIB Ta IHTErpaiii CHCTEM MOHITOPHHIY CTaHY
oOJiaJiHaHHs, JEMOHCTPYIOTh 3HAYHI IEpeBarn B
MOPIBHSAHHI 3 TPAAULIHHUME MOCIISMHU. Ix migBu-
IeHa eHeproe)eKTUBHICTh JO3BOJISE HE JIUIIE MiHi-
Mi3yBaTy HETaTHBHWH BIUTMB Ha HABKOJMIIHE cepe-
JIOBUILIE, a W CHpHs€E IOCSITHEHHIO LiNeH CTanoro
PO3BHTKY.

CamMe 11l BUKJIMKH Cy4acHOCTI 3yMOBIIIOIOTh He-
OOXIHICTh JETAJIBLHOTO BHUBYEHHS EKOHOMIYHOIL
e(eKTHBHOCTI BIPOBAPKEHHA TpaHCPOpMaToOpiB 3
eKOJIM3aiHOM Ta iX poJii B onTuMi3zauii poboTu ene-
KTPOMEPEK.

2. MeTa Ta 3aaa4i J0CTiKeHHS

MeTor0 ToCTiKEeHHS € BU3HAYEHHS] €KOHOMId-
HOTO e()eKTy BiJl BIIPOBAKEHHS €HEPTrOeEeKTHBHIX
tparchopmaropis TMI 31 3MEHIIIEHUMHU BUTPATaAMH,
SIKI  BHPOOJIAIOTHCS  TATPUEMCTBOM-(hIarMaHOM
TOB «YxpenekTpoamnapar.

Jns gocsarHeHHS METH JOCIIIHKCHHS HeoOXina-
HO:

1) po3paxyBatu BTpaTH €NEKTPUYHOI €Heprii B
TpaHcpopMaTopi;

2) OIHUTH €KOHOMIYHUH €(eKT BiJ BCTAHOB-
JIEHHS TPaHC(HOPMATOPIB 3 €KO-ITH3AIHOM.

3. BusHavyeHHs1 BTPAT eJIeKTPUYHOI eHeprii B
TpaHcdopmaTopi

Po3paxyHOK MpOBOAMBCS IS IIMPOKO BIIPOBa-
JDKeHOTo TpaHchopmaTopa nmoTyxHicTio 1000 kBA,
MacHOPTHI MapaMeTpH sIKOro HaBeACHI B TaOuIli 1.

Taomums 1
[MacnopTHi mani Tpancdopmaropis TMI'
(TOB «YEAY)

Maca | Bap-
Tun tparcdo- | Uy, | Pw, | Px, | TOB- | TicTh*,
pmaTopa % | kBt | kBt | Ha, THC.
KT IpH
TMI'-1000/10
Gpuaini | 5 51 g6 114 | 2570 | 250
XapakTepuc-
THKH)
TMI'-1000/10
(3MeHIIIeH] 551 10,5 | 1,1 | 2730 335
BUTPATH)

* BapTICTh HA OCHOBI MPalCOBOI MPOIO3HIIiT 3aBOJTY-
BUpOOHUKA 3a yepBeHb 2022p.

Bu3HaueHHsT TEXHOJIOTIYHUX BUTpAT €JIEKTpoe-
HEeprii MPOBOAMIOCS Y BIAMOBIAHOCTI 10 Meroany-
HUX PEKOMEHJAIiii BHM3HAYEHHS TEXHOJOTIYHUX
BUTpAT €JIEKTPUYHOI eHeprii B TpaHcopmaTopax i
JMHISX eNeKTporepeaay, 3aTBEp/PKEHUX HaKa30M
MinicTepcTBa €HEPreTHKH Ta BYTUIBHOI MPOMHUCIIO-
BocTi Ne 399 Bim 21.06.2013 [1, 2]. JorpumaHHs
3a3HaYCHUX METOAWYHUX PEeKOMeHZauii 3abe3neydn-
JIO KOPEKTHICTh 1 TIOPIBHSHHICTh OTPHUMaHHX
pe3yabTaTiB i3 HOPMATUBHUMHU Ta Taly3¢BUMU BU-
MOTaMH, IO € BAXIMBUM IJIS1 HOAAJBIIOIO aHaJi3y
E€KOHOMIYHOI JIOLIJIBHOCTI BIPOBAPKEHHS HOBHMX
TEXHIYHUX PIlIeHb Y PO3NOJUILYHX EJIEKTPUIHUX
Mepexax.

TexHomnoriyni BTpatu B TpaHcopMmaropi Bu-
3HAYAIOTHCS 32 POPMYIIOI0
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AW = 31° Rk - 107 T, + P, T,, (1)
ne 1 . CEepEeJTHE MPOTATOM PO3PAXyHKOBOIO Tepi-
Oy Aifoue 3HAYCHHS CHJIM CTPY-MYy TpaHchopmaro-
pa, KBapaT SIKOTo 00YHCIIOEThCS 3a (popmynoro (2);

2 .. .
kp — xoedimient Gopmu rpadixa HaBaHTAKEH-
Hs1 TpaHchopMaropa;
R, — aktuBHui omnip Tpanchopmaropa, Om;

P, — BTpat; Hepobodoro xoxy Tpanchopma-

H.X
Topa, kBT;
Tp — 4ac poboTtH TpaHcopMaTopa MijJ HaBaH-
TQXCHHSIM TPOTATOM PO3PaXyHKOBOTO TIEPiony,
TOJIUHY;

T, — yac HaxomXeHHs TpaHcdopmaropa mix

HATpYyrol TMPOTArOM PO3PaxyHKOBOTO IepioAy,
TO/INHH.

KBagpaT cepeqHbOTO Mil0YOTr0 3HAYCHHS CHIIH
CTPYMY B €JIEMEHTI €JEeKTPUYHOT MEpEKi MPOTIroM
PO3paxyHKOBOTO TIepioy B OOUUCITIOIOTH 3a (hopMy-
J010

(W(P) )2 " (W(Q) )2

12
2 2
bT?pU% Y

2

e W(P), w@ . MepeTiKaHHs BiAMOBIIHO aKTH-

BHOI 1 PEaKTHBHOI eHeprii 4Yepe3 eJIeMEHT
MEpeKi 32 pPO3pPaxyHKOBUH Tmiepion, KBt rom.
(xBAp-ron.);

b - xoedimient, mo gopiBHioe 3 s Tpudaz-
Hoi Mepexi i 1 s omHodazHoT Mepexi;

Uy - HOMiHaNbHA BUIIA Hanpyra TpaHchopma-
topa 3riguo 3 'OCT 11677, xB.

BusHaueHHS CepeHbOMICSYHOTO CHOKHBAHHS
eNeKTPUYHOI €Hepril MPOBOANTHCS TaK:

P
) =237
12

Maxc » KBT-TOIL, 3)

kBAp-rog, 4)

Makc»

W(Q) _ Qp.3
12

IS TMaKC — YaC MaKCHMaJIbHOI'O HaBAaHTAXXCHHS B

piK, axuil yMOBHO npuiimaeTbes piBHuM 2000, 4000
ta 6000 TrOmMH AN OHO-, IBO- Ta TPHU3MIHHOTO
rpadika HaBaHTa)XCHHS BIIOBITHO, TOIMH;

P, 3,0, 3 — pO3paxyHKOBI aKTHBHA T PEAKTH-

BHA MOTYXHOCTI, 5IKi BU3HAYAIOTHCS 13 YMOBH BifIoO-
BITHOCTI 3aBaHTa)XEHHS TpaHcopMaTopa Ha piBHI

0,9 ta 0,65 mis omHO- Ta ABOTpaHC(HOpPMATOPHOT
migcraniii, kKBt, kBAp.

3a ¢opmynamu (3), (4) IpOBEACHO PO3PAXyHOK
TEXHOJIOTIYHUX BUTPAT EJIEKTPOCHEPTil sl OJHOT-
panchopmaTopHOi TpaHCHOPMATOPHOI  IMiACTAHIIT
(TID), sxa ¢yHKIIOHYE BIAMOBIAHO IO OIHO3MiH-
HOTO Trpadika CIIOKUBaHHS €JIEKTPOEHEeprii 1 cTaHo-
BUTh

wP) _ % -2000 =145.5 Tuc.xBr-Tog,

w@ % -2000 = 36,38 Tic.xBAp- ro.

Tak, 3a ¢dopmymnoro (2) KBajgpaT cepemHbOTO
JI0YOTO 3HAYEHHS CHIIM CTPyMy B TpaHcdopmaropi
MPOTSITOM PO3PaxXyHKOBOTO MEPIOly CTAHOBUTH LIS
onHorpancdopmaroproi TII, mpairrorouoi 3a ogHO3-
MiHHUM TpadikoM HaBaHTaKEHHS JOPIBHIOE

1455007 +36380°
3-720% 107

& =136,1A2.

3a popmymoro (1) cepenHpOMICSIYHI BTpATH aK-
TUBHOI eHeprii B TpaHCHOPMATOPi CKIaIaTHMYTh

AWT(P) =3-136,1-1,06-1,48-720/1000 +... —>

—..+1,4-720=1469,3 kBt rox.

Po3paxyHOK TEXHOJOTIYHHMX BHUTpAT €JIEKTPOe-
Heprii MPOBOIUBCS Ui PI3HUX PEXKUMIB POOOTH
TpaHcopmaropa, 110 JO3BOJWIO OIIHUTU 3MIiHY
BTpaT 3aJIeXKHO BiJ HAaBaHTAXCHHS Ta EKCIUlyarta-
OiHHUX YMOB. Y JOCHIDKEHHI BPaxOBYBAIHCS SIK
XOJIOCTi BTPATH, TaK 1 BTPaTH KOPOTKOT'O 3aMHUKaHHS,
0 JJaJI0 3MOTY OTPHUMATH MOBHY KapTHHY €Hepre-
TUYHOT €(PEeKTUBHOCTI TPAaHCPOPMATOPIB.

Pesynbratu po3paxyHkiB st TpaHchopmaropa
31 CTaHJapTHUMH XapaKTepUCTUKaMU HaBEJCHI B
Tabmauui 2, ne OeTajdbHO BiJOOpaKEHO BEIUYUHH
BTpAT €JEKTPOEHEPTii y Pi3HUX pekuMax Horo po-
0otu. 30KkpeMa, B TaOJHII HPEACTAaBICHI 3HAYCHHS
XOJIOCTHX BTpaT, BTpaT KOPOTKOIO 3aMUKaHHS, a
TaKOXX CyMapHi TEXHOJOTIYHI BUTPATH €JIEKTPOCHE-
prii py pi3HUX PiBHSX HABAHTAXKEHHSI.

AHai3 OTpUMaHUX JaHUX JI03BOJIAE OI[IHUTH,
SIK 3MIHIOIOTBCSI BTPATH €JIEKTPOEHEPTii 3aJIeKHO Bif
eKCIUTyaTallifHuX yYMOB, 30KpeMa BiJ PiBHs 3aBaH-
TaXEHOCTI TpaHchopmaropa.
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Tabnuus 2
PesynbTratu po3paxyHKy TEXHOJIOTIYHHUX BUTPAT B TpaHCPOPMATOPI 31 CTAHAAPTHUMH XapaKTEPUCTHKAMHU
ITapameTpy HaBaHTAKEHHS CepenHboMicsiuHe C;Ii)cef[l?;o'
TpaHcopmaropa CIIO’KUBaHHS BuTpaTH
Pexum Wa, Wp, dWa
P,, Qp, | Tuaxes B K2 THC. THC. I?, KBT": dWa,
kBt | xBAp | rox ' ? kBr* | kBAp* A o %
o o A
Tpancdopmarop TMI'-1000 3i cTanIapTHUMHA XapaKTePHCTHKAMH
1 Tparchop-
maropra TIL 1 gm0 1 5103 10000 | 0,9 | 148 | 1455 | 3638 | 136,13 | 14693 | 1,01
OJIHO3MIHHHUH
rpadik
1 Tpaucdop-
maropra TIT | -0 1 5103 1 4000 | 09 | 127 | 291 | 7275 | 54454 | 25914 | 0,89
JABO3MIHHUHN
rpadik
1 Tpaucdop-
maropua TIT 1 g5 1 5193 | 6000 | 09 | 1,02 | 4365 | 109,13 | 122521 | 38693 | 0,89
TpI/ISMlHHI/II/I
rpadik
2 tparcdop-
maropra TIL 1 04 5 | 1576 1 2000 | 0,65 | 1.48 | 105,08 | 26.27 71 1248,6 | 1,19
OJIHO3MIHHUHU
rpadik
2 tpaHcdop-
matopHa TII 630,5 | 157,6 | 4000 | 0,65 | 1,27 | 210,17 | 52,54 | 284,04 | 1833,9 | 0,87
JABO3MIHHUHN
rpadik
2 tpaHcdop-
maropua TIT 1 ¢4 5 | 1576 | 6000 | 0,65 | 1,02 | 31525 | 78.81 | 639,07 | 25005 | 0.79
TpI/ISMIHHI/II/I
rpadik

Hnst Tpanchopmaropa 3 MOKpAIICHUMHU Xapak-
TEPUCTHKAMH, 30KpeMa 31 3MEHIIIEHUMH TEXHOJIOTi-
YHUMU BHUTPAaTaMH, PEe3yJIbTaTH PO3pPaxXyHKIB HaBe-
JeHi B a0 3.

VY Hill npeAcTaBIeHO AeTalbHI 3HAYEHHS BTpAT
€JIEKTPOCHEPTil y pi3HUX peKUMaX POOOTH.

OcobnuBy yBary TMpPHIUIEHO IOPiBHSIHHIO
MOKa3HMKIB 13 TpaHC(HOPMATOPOM 31 CTaHAAPTHUMHU
XapaKTEPUCTUKAMHU, IO TO3BOJISIE OLIHUTUA €PEeKTH-
BHICTh 3aXO[(iB, CIIPSIMOBAaHWX Ha 3MEHIICHHS TeX-
HOJIOTYHUX BHUTpAT.

VY po3paxyHKax BpaxoBaHO BILTUB MOJIEPHI30-
BaHUX KOHCTPYKTHUBHHX DIillleHb, TaKUX SIK IMOKpa-
LIEHI MarHiTONPOBOJIY, BUKOPUCTAHHS MPOBiIHUKIB
3 HWKYUM EJCKTPUYHHM OIOPOM Ta ONTHMi3amis
pEeXUMIB pOOOTH.

OtpumaHi pe3ynbTaTH MOXYTh CIYTyBaTH OC-
HOBOO JIJIS1 [TOJIAJIBIIIOT0 aHaJli3y EKOHOMIYHOI JIOLIi-
JFHOCTI BHKOPUCTaHHS TpaHchopMaTopiB i3 MOKpa-
LICHUMH XapaKTEPUCTHKAMHU B PO3IOIIIBYMX EJIEKT-
poMepexax, OCKIJIbKM BOHU HAAalOTh JIETaJbHY iH-
(dopmariito 1010 3HWKEHHS TEXHOJOTIYHHX BTpatT
€JIEKTPOEHEPrii B pi3HUX yMOBax ekcruryaTauii. Llei
aHaJIi3 € KIIOYOBUM JUISl OOTPYHTYBaHHS MOXKIIMBOC-
Ti MiABUIICHHS e(QEeKTHUBHOCTI (QYHKIIIOHYBaHHS
SJIIEKTPUYHUX MEPEX 3a JONOMOTOI MOJIEPHI30Ba-
HOTO TpaHc(opMaTOpHOTO 00JIaAHAHHS.

30kpemMa, OTpUMaHi JiaHi JJO3BOJISIOTH OOTPYH-
TYBaTH MOXJIMBICTh 3HWKEHHS EKCIUTyaTalliifHuX
BUTPAT 32 PaXyHOK 3MEHILEHHS BTPAT €JIeKTPOCHEp-
rii.
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Tabmuus 3
Pesynbratu po3paxyHKy TEXHOJNOTIYHAX BUTPAT B TpaHCPOPMATOPI 31 SMEHILICHUMH BUTPAaTaMH
ITapameTpy HaBaHTAKEHHS Cepennbomicayne C;Iijcej?;o-
Tparchopmaropa CIIO>KUBAHHS

BI/ITpaTI/I

Pexum
Wa, Wp, ) dWa,
Py, Qp, Taxcs B K2 THC. THC. 7, <Br* dWa,
kBt | kBAp | rox ! ¢ kBt* | kBAp* A o %
Trofn rong A
Tpancdopmatop TMI'-1000 3i 3MeHIIeHMMH BUTPATaMH

1 Tparchop-

maropua TIT 1 g5 | 5103 10000 | 0,9 | 148 | 1455 | 3638 | 1361 | 12489 | 0.86
OJIHO3MIHHHUHU
rpadik
1 Tpaucdop-

maropra TIT o051 5103 | 4000 | 09 | 127 | 291 72,75 | 5445 | 2360,5 | 0,81
JOBO3MIHHUHN
rpadik
1 Tpaucdop-

maropua TIT 1 e5 | 5103 1 6000 | 09 | 1,02 | 4365 | 10913 | 12252 | 36264 | 0.83
TpI/ISMlHHI/II/I
rpadik
2 tpancdop-

maropra TIT 136 | 1596 | 2000 | 0,65 | 148 | 105,08 | 2627 71 10303 | 0,98
OJHO3MIHHHUU
rpadik
2 tpancdop-

maropra TIT 16 | 159 6 | 4000 | 0,65 | 127 | 21017 | 52,54 284 | 1610,1 | 0,77
JABO3MIHHUU
rpadik
2 tpancdop-

matopHa TII 630,5 | 157,6 | 6000 | 0,65 | 1,02 | 315,25 | 78,81 | 639,1 | 22704 | 0,72
TpI/I3M1HHI/II/I
rpadik

3 MeTOI0 OIIHKH €(eKTHBHOCTI BIPOBAKEHHS
TpaHc(hOpMaTopiB 13 3MEHIIEHUMH BTpaTaMu Ipo-
BEJICHO IMOPIBHSIHHS OCHOBHMX IOKa3HUKIB €Hepre-
THYHUX BHTPAT, sIKe BijjoOpakeHe B Tabmwumi 4. Lle
MOPIBHSHHS Ma€ Ha METi OLIHUTH BIUIMB MOJICpPHI3a-
uii TpancopMaTopiB Ha 3HWKEHHS 3arajibHUX BTpAT
EJIEKTPUYHOI €HEeprii B eNEKTPUYHUX Mepekax, o
JI03BOJISIE OOTPYHTOBAHO TOPIBHATH J[BA THUIIH TPaH-
chopMaTopiB — 3i CTaHIAPTHUMU Ta MOKPAIICHUMHU
XapakTepucTukamu. [IOpiBHSHHA BKIIIOYA€E JAETallb-
HUI aHai3 BTPAT EJIEKTPUIHOT eHEeprii Ui KOXKHOTO
TUIy TpaHchopMmaropa y pi3HHX pexHMax poOOTH.
e no3Bosisie BUSBUTH BiAMIHHOCTI B PiBHSIX BTpar
3a YMOB HOMIHAJIbHOTO HABAHTa)KEHHsI, KOJIU TPaH-

chopmarop MpaIoe B ONTHUMAILHOMY DPEXHMI, a
TaKOX NPH YaCTKOBOMY HAaBaHTA)KEHHi, KOJIM TpaH-
copmarop mpamroe NpU 3HIKCHUX HaBaHTaKEH-
HAX.

BuKOHaHHS I[LOTO MOPIBHSIHHS JI03BOJISE JETa-
JBHO OI[IHUTH BIUIMB MOKPALICHHX XapaKTEPHCTHK
Ha 3MEHIICHHS BTPAT B KO)KHOMY 3 PEKHUMIB.

4. BuzHauyeHHs] eEKOHOMIYHOI0 e(heKTy

Yuctuil nuckontHuid npudytox (YAII) Busna-
YaeThCsl K cyMa MOTOYHHMX e€(eKTiB 3a BeCh po3pa-
XYHKOBHI TIepioj1, IpUBEJIeHa J0 MOYaTKOBOTO KPO-
Ky, a00 fK TEpeBUIICHHS IHTErpaJbHUX pe3yJib-
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Tabnuus 4
[NopiBHsHHS BUTpaT B TpaHchopMaTopax
Tparcdopmarop 3i Tparcdopmarop 3i Pistuis
CTaHJAPTHUMH BUTPATAMH 3MEHIIICHUMH BUTpATaMU H
Pexum
Cepennbomicsuni Butpatn | CepennboMicsiuni Butparu | dWa, dWa,
dWa, xBrt*rox dWa, kBr*roxa kBr*ron | rpa/mic
1 TpaHC(pppMa:ropHa TH 14693 1248,9 2204 771.4
OJHO3MIHHUI Tpadik
1 TpaHC(POpMilTopHa. TII 2591,4 2360,5 230,9 808,15
JIBO3MIHHUI Tpadik
1 TpaHC(I.)OpM?TOpHa. TII 3869,3 3626,4 2429 850,15
TPU3MIHHUI Tpadik
2 TpchtbppMavTopHa TH 1248.6 1030,3 218,3 764,05
OJTHO3MIHHUI rpadik
2 TpaHC(I?Ong.TopHa. TII 1833.9 1610,1 223.8 783.3
JBO3MIHHUI Ipadik
2 TpaHC(l.)OpM?TopHa. TII 2500.5 2270,4 230,1 805,35
TPU3MIHHUI Tpadik

Ha/I IHTETPATEHUMH BUTPATaAMU:

NPV =Y (R ~B)/(+ EY), o, (5

t=0

e R - npuOyTOK 32 7-POKiB;

B _ piuni Burparn 3a -pokis;
KZ — KariTalbHi BKIIQJICHHS B POIIi £

E — HOpMma NMCKOHTYBaHHS (NPUIAMAETHCS Y
BIJMOBIZTHOCTI 710 po3paxyHKoBoi crtaBku HBY 3a
gyepBeHb 2022 poky Ha piBHI 25%).

[lepiox okymHocTi mpoekry Tm - mepiom 3a
SIKMH BiJ1a4dl Ha KaIlTaJl JOCATac 3HAYEHHS JIUCKOH-
TOBaHUX IMOYATKOBUX BKJIAJEHb. [lepion OKyITHOCTI
BU3HAYAIOTh 33 TAKOIO (HOPMYJIIOIO

NPV:i((Rt—B;)/(HE)’):o. (6)

t=0

BrytpimHs HOpMa nipuOyTKy [RR Xapaktepu-
3y€ peHTabeNbHICTh MPOEKTY 1 BU3HAYAETHCS HACTY-
MTHUM YAHOM:

[RR=%,%. (7)

ne T — TepMiH OKYIHOCTI.
[lig yac BUKOHAHHS €KOHOMIYHOT'O PO3PaxyHKY
OCHOBHI OKa3HUKH BH3HAYAJINCH TAK:

— KamiTajabHI BUTPATH: K PI3HUIIO MiX BapTic-
TIO TpaHchopMaTopa 31 CTaHAAPT-HUMHU Ta TOJiN-
HICHUMH XapaKTepUCTUKAMU;

— JIOXOJ Bij eHepro30epeKeHHS: SK PI3HHUIO
MiX IIOPIYHOIO BApTICTIO BUTpPAT 3 ypaxyBaHHIM
HIOPIYHOTO MOIOPOXKUAHHS eNeKTpoeHeprii Ha 5%;

— IIOPIYHI BUTPATH: K aMOPTHU3alliiiHI BUTpAaTH
(ma piBHI 4%) NOMHOXEHI Ha PI3HULIO BapTOCTI
TpaHcPOpPMAaTOPIB.

OcCkinbKH 3a JaHUMH DPO3PAaXyHKIB Pi3HHUL
€KOHOMIYHOTO €(eKTy IS pi3HUX BHIIB TpaHCHOp-
MartopiB He3HauHa, To YJII1 po3paxoByeThcs is
HaMOLIBII Ta HAWMEHII BUT1THUX PEXKUMIB.

B Tabmuisax 5 ta 6 HaBOASTHCS Pe3ynbTaTH PO-
3paxyHky NVP s Hadripmoro Ta HaWIINIIOro
BapiaHTa.

5. Pe3yabTaTH 10CTiAKEHHS

3a pe3ynbTaTaMH MPOBEJACHUX PO3pPaxXyHKIB Oy-
JIO OTPUMAHO TaKi BHUCHOBKM IIOJO E€KOHOMIYHOT
JOLTBHOCTI BCTaHOBJIEHHS TpaHchopMmaropiB 3i
3MmeHmeHuMu Brpatamu Big TOB «Ykpenekrpoana-
paT» IUTS CTIOKHMBAaviB PI3HUX KJIACIB HANIPYTH:

— aHami3 (hiHAHCOBHX TNOKa3HUKIB IMOKa3aB, IO
BIIPOB/KEHHSI TpaHCHOPMATOPIB 31 3HMIKEHUMHU
BTpaTaMy [UIsI TIANPHEMCTB, SKi HaJIeXaTb 0
2 Kjacy HamnpyrH, He € eKOHOMIYHO BHUIIPaBIAHUM.
BuytpimHiit koediuient pentadensHocti (IRR) ms
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TaKuX MIAIPUEMCTB CTAaHOBHUTH -22%, IO CBIAYUTH

Pozpaxynok NVP ans neotpanchopmatoproi TI1 3 oqHO3MIHHUM TpadikoM HaBaHTaKCHHS
(maitriprmit BapiaHT)

PO 3HAYHUN €KOHOMIYHUHN PU3HUK T4 HEMOXIJIHBICTh

Taomus 5

POK.I/I PO3paxyHKOBOI'O 0 1 2 3 4 5 6 7 8 9 10
nepioxy
KanitansHi BUTpaTH
85
K, tuc rpu
floxon six encprosgepe- 92 | 9,6 | 10,1 | 10,6 | 11,1 | 11,7 | 123 | 12,9 | 13,6 | 14,2
*keHHs R, tuc rpu
Ioprni BrTpaTh 34 | 34 | 34 |34 |34 |34 |34 |34]34] 34
C, THc rpH
IMpubyTok 85158 |62 |67 | 72| 77|83 ]| 89|95 ]10,1] 10,8
Kymynsrupnuii nprOyroi, | g5 | 99 | 73 | 66 | -59 | -51 | 43 | -34 | 25 | -1 | 37
THC. TPH
KoeinieHT TUCKOHTYBaHHS 1 |080| 0,64 051|041 033|026 1|0,21 0,17 | 0,13 | 0,11
Auciouropauttil MPHOYTOK, | g5 | 461 | 308 | 3,43 | 2,95 | 2,54 | 2,18 | 1.86 | 1,59 | 1,36 | 1,16
THC. TPH
— - % +FE\ _ - - - - - - - - - -
NVP=2R-C)*(I+E)t 85 80,4 | 76,4 | 73,0 | 70,0 | 67,5 | 65,3 | 63,4 | 61,8 | 60,5 | 59,3
Tabnuus 6
Poszpaxynoxk NVP mis oqHoTpanchopmaroproi TI1 3 Tpu3MiHHUM rpadikoM HaBaHTaKEHHS
(Haimimuui BapiaHT)
POK.I/I PO3pPaxyHKOBOTO 0 1 ) 3 4 5 6 7 2 9 10
nepiony
Kamitanshi Butpatu K, 85
THC TPH
floxon i eteprosoepe- 9,66 | 102 | 10,7 | 11,2 | 11,8 [ 12,3 | 13 | 13,6 | 143 | 15
JKeHHs1 R, Tuc rpH
Wopiuri purpati C, 34 | 34 (34 (343434343434 34
THC TPH
[TpudyTox 85163 |67 | 73 | 78 | 83 | 89 | 9,6 | 10,2 | 10,9 | 11,6
KymynstuBauii npubyToK, -85 - - - - - - - - 90 | 26
THUC. TPH 78,7 | 72,0 | 64,7 | 56,9 | 48,6 | 39,7 | 30,1 | 19,9 ’ ’
KoediieHT TUCKOHTYBaHHS 1 0,8 | 0,64 | 051|041 033|026 10211 0,17 | 0,13 | 0,11
JluckonTopannii MPHOYTOK, | g5 | 501 | 432 [ 3,71 | 3,19 | 2,74 | 2,34 | 2,00 | 1,71 | 1,46 | 1,24
THC. TPH
— - *(1+E) _ - - - - - - - - - -
NVP=2R-C)*(I+E)t 85 80,0 | 75,7 | 72,0 | 68,8 | 66,0 | 63,7 | 61,7 | 60,0 | 58,5 | 57,3
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MMOBEpHEHHSI 1HBECTHIIIH Yy BCTAHOBJICHHSA IHOTO
obOmagnannas. Big'emnue 3umauenns IRR os3nauae, 1o
OUiKyBaHi EKOHOMIYHI BHUrOJM HE KOMIICHCYIOTh
BHATpAT Ha MPUAOAHHS Ta €KCIUTyaTaIlito Tparchop-
MaTopiB, IO POOWTH iX BUKOPHUCTAHHS HepeHTabe-
JBHUM Y JaHUX YMOBAX;

— y BUNAJKY CHOXHBadiB | Kacy HaIpyTrH CH-
Tyarisi BUTJISAAE JEII0 Kpame: eKOHOMIYHI TOoKas3-
HUKH JEMOHCTPYIOTb TOKPALICHHS MOPIBHSIHO 3
nmianpuemMcTBaMu 2 kiacy. [Ipote, He3Bakaroun Ha
Ile TOKpaIeHHs, piBeHb (IHAHCOBOI IOMUILHOCTI
BCE M€ 3aJTUIIAETHLCA HEAOCTATHIM IS TOTO, II00
OOIpYHTYBaTH IIUPOKOMACIITaOHE BIPOBAIKEHHS
naHnx TpanchopmaropiB. OTpuMmaHi po3paxyHKH
MOKa3y0Th, [0 HABITh 33 CHPUSTIMBIIINX YMOB JUIS
mignpueMcTB 1 Kiacy iHBeCTHII y Taki TpaHchop-
MaTOpH HE Jaf0Th 0a)KaHOTO PiBHS MPUOYTKOBOCTI.
TakuMm yrHOM, 0€3 TOTATKOBUX CTUMYIIOIOYHX (hak-
TOpiB, TaKWX SK JAepKaBHI cyOcumii, 3MCHIICHHS
BapTOCTI 00JIaHaHHS a00 BBEJCHHS IMIJIIOBUX Ta-
pudiB HA EIEKTPOCHEPTII0 ISl eHePrOePEKTUBHOTO
oOyiaiHaHHs, BIPOBAKEHHS TpaHcPOpMaTOpiB 3i
3HW)KEHUMH BTpaTaMu s CIOXKWBadiB 1 Kimacy
3aNUIIaeThCs (PIHAHCOBO HEBUTIPABIAHNIM;

— aHali3 BapTOCTi TpaHCHOPMATOPIB y PIi3HUX
pexxuMax poOOTH MOKa3aB, IO Pi3HUI Y BUTpaTax
He nepesuurye 11,3%. OCHOBHUM UYMHHHUKOM, LIO
BITMBAE HA IO HE3HAYHY Bapiallito, € BIIMIHHICTD Y
BTpaTi KOpOTKOTo 3amukaHHS (Pk3) MiX pisHUMH
MOJIeTISIMH CUJIOBUX TpaHcdopmaropis. Lle o3Hauae,
1110, HE3BAKAIOYM Ha BIPOBAUKEHHSA TpaHchopma-
TOPIB 31 3HIKEHUMH BTPATaMH, KiHIIEBHI €KOHOMi-
YHUH e(eKT 3aMIIAETHCS BiTHOCHO MajkM 4epes
HE3HAYHy DI3HHUII0O y BHUTpATaXx Ha EKCIUTyaTalilo
oOJIaTHAHHS.

Ha pucynkax 1 — 4 HaBeneHi rpadiku NVP Tta
KyMYJSITHBHOTO MPUOYTKY JUIst IBOTpanchopMarop-
Hoi TIL.

Npadik NPV

0 T T 1

I 0 5 10 15
o
L

. -50
S
S <M

-100
Poku

Puc. 1. I'padix NVP
st iBoTpanchopmaroproi TII
3 OJIHO3MIHHUM TpadikoM HaBaHTAKEHHS

padik KymynaTtuBHoro
npubyTKy

O T 1
o 0 5 10 15
—_
. 50
< V,A/*'a
= <
-100
Poku

Puc. 2. I'padix KyMyISITUBHOTO IPUOYTKY
st iBoTpanchopmaroproi TII
3 OTHO3MIHHUM TpadikoM HaBaHTaKEHHS

Npadik NPV

O T T 1

I 0 5 10 15
o
—_

. -50
(@)
=
= ) w

-100
Poku

Puc. 3. I'papix NVP
st oqHoTpancdopmaroproi TTI
3 TPU3MIHHUM TpadikoM HaBaHTAIKEHHS

padik KymynaTtuBHoro
npubyTKYy
50
52 0 52,4*"25 s
el

Twuc. rpH

100
Poku

Puc. 4. I'padix KyMyJISITUBHOTO IPUOYTKY
s oqHoTpancdopmaroproi TII
3 TPU3MIHHUM TpadikoM HaBaHTAKEHHS

6. BucHoBkn

Pesynbraty npoBeneHOro aHani3y CBiAYaTh MIpo
TE, [0 B NOTOYHUX EKOHOMIYHHX YMOBAax 3acTOCY-
BaHHS TpaHCPOPMATOPIB 3 €KO-AM3alHOM € (iHaH-
COBO HEBWIIpaBJaHMM. Brcoka mo4yaTtkoBa BapTiCTh
TakuX TpaHc(hopMaTopiB MPU3BOAUTH O TOTO, LIO iX
OKYIHICTh HE JocATaeTbca MpoTsroM 10-pigHOrO

24 CucrteMu BUpOOHHIITBA, TIEpeAadi Ta pO3MOALTY eIeKTPOSHEPTil



ISSN 2221-3805. EnekrpoTexHiuHi Ta KoMI FoTepHi cucteMu. 2025, Ne 43 (119)

Tepioay eKCIUTyaTallii He3aJe)kKHO Bil piBHS 3aBaH-
TaxeHHsA. lle cTBOproe cepito3Hi Oap’epum Mg ix
BIIPOB/XKEHHSI Y PO3MOJUIBbHI €IeKTPUYHI Mepexi
Ta MPOMUCIIOBI MiANPHEMCTBA.

OCHOBHOIO TIPHYHMHOIO HE33aIOBITEHUX EKOHO-
MIYHUX TTOKa3HWKIB € 3HaYHE 3pOCTaHHSI Macorada-
PUTHUX MapaMeTpiB TpanchopMaropiB, 1O Oe3Mmo-
CepeqHbO BIUTMBAE Ha TXHIO KiHIIEBY BapPTICTh.

Y KOHCTPYKTUBHOMY DillleHHi IJI 3MEHIICHHS
BUTPAT XOJOCTOTO XOAy OyJI0 BUKOPHUCTaHO METOJ
30inbLIEHHsT Macu MarHitonpoBoay Ha 470 kr Ta
00’emy TpanchopmaropHoro macia Ha 480 kr. [Ipo-
TE Taka CTpareria He mepeadadana 3acTOCYBaHHS
BUCOKOC()EKTHBHUX MapoK CTalli 3 IMOKpaIlleHUMH
MAarHiTHUMHU BJIACTMBOCTSIMH, IIO MOTJIO O CYTTEBO
3HM3UTH BTpaTH 0e3 3HA4YHOrO 301IBIIEHHS Mach
TpaHcopmaropa. TakuM YMHOM, BHOIp TEXHOJIOTI-
YHOTO MiAXOAY [0 3HIKEHHS BHUTPAaT XOJOCTOTO
XOAy BUSIBUBCS HEE(EKTHBHUM 3 TOUKH 30py €KO-
HOMIKH BUPOOHHMIITBA Ta EKCILTyaTallil.

3riJHO 3 TEXHIYHUM PETIaMEHTOM, MapaMeTpu
CHJIOBUX TpPaHC(OPMATOPIB 3 €KO-AU3AIHOM CYTTEBO
BiJJPI3HAIOTECS 3a PIBHEM BHUTPAT XOJIOCTOTO XOY,
OJHAaK MaroTh JHIle He3HauHi (MeHine 1%) BimMmiH-
HOCTI y BUTpaTax KOpPOTKOro 3amukanHs. Lle € kpu-
TAYHUM (PAKTOPOM, OCKUTBKH Y PO3MOIIIBHAX €JIeK-
TPOMEpEKax BUTPATH KOPOTKOTO 3aMUKAHHS € 3Ha-
YHO BUIIUMH 32 BTPATH XojocToro xoay. OcobnmBo
LI€ CTOCY€EThCSI HABAaHTAKEHUX IiJICTAaHLH, 1€ OCHO-
BHA YacTKa BTPAT NPUIA/AE caMe Ha PEXHUM POOOTH
1] HaBaHTAXKEHHSM.

AHami3 pexuMIB eKCIUTyaTalii Mmokasye, mo y
Mmepexax OCP (omepaTopiB cHCTEMH PO3MOALTY)
3Ha4YHa KUTBKICTh OJHOTpaHc(opMaTOpHUX MijcTa-
HIIH, 16 HaBaHTa)XyBaJIbHI BTPATH KOPOTKOTO 3aMU-
KaHHA BiJIrparoTh 3HAYHO OUTBIIY POIb, HIXK BHUTpa-
TH XoJOocTOro xoay. Boanouac, y aBoTpaHcdop-
MaTOPHHUX MIiJCTAHINAX, OCOOJUBO TIPU HU3BKHUX
HaBaHTAXXEHHSX, YaCTKa BUTPAT XOJOCTOTO XOOy €
BuIor. Ile Bka3zye Ha HEOOXIIHICTh THYYKOI'O IijI-
X0y JO PO3poOKkHu TpaHChOpMATOpiB 3  €KO-
JU3aliHOM, sIKi O Manu pi3He CHIBBiJHOIICHHS BH-
TpaT XOJIOCTOTO XOAYy Ta KOPOTKOIO 3aMHKaHHSI.
Takuii migxix 103BOJUThH MIABUINUTH eHeproedek-
TUBHICTh OOJIQJIHAHHS Y 3aJIC)KHOCTI BiJ crienudid-
HUX YMOB €KCIUTyaTaii.

Ilomo 3a0e3meyeHHs] EKOHOMIYHOT ITOIIIBHOCTI
BIIPOBKEHHs1 TpaHcpopmaropis TMI'-1000/10 3
€KO-AM3aiHOM, PO3paxyHKH IOKa3ylOTh, IO iXHSA
OKYIIHICTh MOXK€ OyTH JIOCSATHYTa JIUIIE 32 YMOBH
3aCTOCYBaHHSI BUCOKOTO KOoedillieHTa JUCKOHTYBaH-
H1 (10%) Ta BapTOCTi enekTpoeHeprii Ha piBHI
9 rpa/kBt'roa. Takuii cueHapiii € ManoHMOBIpHUM
y MOTOYHHX YMOBaxX pPUHKY EJIEKTPOCHeprii Ta He
BIJITIOBiZIa€ TApU(PHUM peaisiM JJisi OUTBIIOCTI CIO-
KUBAYiB.

OkpeMo CIiJ 3a3HAYNATH, IO CKOHOMIYHUH
e(eKT BiJ BUKOPUCTaHHS TpaHCc()OpMaATOpiB 3 €KO-
mu3aitHoM 'y Mepeskax OCP Oyae me ripumm. Lle
MOSICHIOETBCSL TUM, IO BapTiCTh €JIEKTPOSHEPTii s
OCP ne Bxirouae Tapud Ha PO3MOMLI, IO 3HAYHO
3HIDKY€E MMOTEHIIHHUN €KOHOMIYHHAN 3WCK BiJ 3MEH-
meHHs BTpaT. BinnosigHo, OCP OynyTh MeHII 3arii-
KaBJICHI y BOPOB/DKEHHI TaKWX TpaHC(HOpMATOpiB
yepe3 HU3bKY (PiHAHCOBY BiAmady Bijg iX eKcIuryaTa-
mil.

OtpumaHi pe3ynbTaTd BKa3ylOTh Ha HEOOXif-
HICTh TOAAJBIIOTO BIOCKOHAJIEHHS TEXHOJIOTIYHHIX
napamerpiB  TpaHc(OpMaTOpiB I JAOCATHCHHS
OUIBIIT BUPAKEHOTO0 C€KOHOMIYHOTO €(eKTy, IO MO-
e 3pOOUTH X IPHUBAONHUBIIIUMH IJIS CTIOKUBAYIB Y
MaiOyTHBOMY.
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Research on the Economic Efficiency of using
Eco-Designed Transformers in the Electric Grids
of the Unified Energy System of Ukraine

Ya. O. Sokolov, V. O. Suvorov
Odessa Polytechnic National University

Abstract. The article investigates the economic feasibility of implementing eco-designed power trans-
formers in the distribution electricity networks of Ukraine's Unified Energy System. Special attention is given
to the analysis of energy losses during the operation of such transformers, which was carried out in accord-
ance with the methodical recommendations of the Ministry of Energy and Coal Industry of Ukraine.

Calculations were made for TMH-1000/10 type transformers in various operational modes, allowing for
the assessment of their performance under real-world operating conditions. The economic benefits were
evaluated using the net present value (NPV) method, which made it possible to compare the potential finan-
cial advantages of using eco-design with traditional transformer equipment options.

The analysis showed that, despite the potential reduction in energy losses, the capital expenditures for
implementing eco-designed transformers are significantly higher compared to traditional models. As a re-
sult, under current economic conditions and tariff policies, their application in the distribution networks of
the Distribution System Operator does not provide sufficient economic benefit.

The obtained results may be useful for energy companies, regulatory authorities, and researchers when
making decisions regarding the modernization of the electric power infrastructure. The conclusions of the
study could also serve as a foundation for further scientific work aimed at optimizing the parameters of pow-
er transformers, taking into account both energy and financial indicators.

Keywords: Power Transformers, Distribution System Operator, Electrical Grid, Operation, Operation
of Eco-Designed Transformers, Net Present Value (NPV)
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AHaJi3 npodJemM (PyHKIIOHYBAHHA CUCTEMHU €HEPrOMOHITOPUHTY
KOMYHAQJIBHOT'O CEKTOPY

B. O. PasinkoB
Hayionanvruii ynieepcumem «Odecvka noaimexnikay

Anomauia. Y cmammi 30ilicheno ananiz QYHKYIOHYBAHHA CUCMEMU eHeP2OMOHIMOPUHEY 8
KOMYHAIbHUX YCMAH08ax, 30kpema 6 Odecvkill obnacmi, 3 AKYeHmoM Ha OCHOBHI NPOOIEMU, WO BUHUKAIOMb
nio uac ii 6npoeadxcenta ma excniyamayii. J{ocnioxceHo mexuiuni, opeanizayitini ma kaopoei acnekmu, siKi
BNIUBAIOMb HA  eheKMUBHICMb CUCmeMU, 30KpeMd, NUMaHHsA peecmpayii 00°€xkmis, GU3HAYeHHs
8i0nogioanvuux ocib6 ma Hedocmamue Haguanus nepconany. Okpemy ysazy npuoileHo 0OMENCEeHHIM, WO
BUHUKAIOMb Hepe3 HUZLKY KIIbKICMb MOYOK 00Ky eHepeopecypcie ma 8i0CymHicmb KOMIAEKCHO20 Ni0X00y
00 auanizy CnoJcusanHsi Ha pieui yinicnux ycmanos. Ha ocnoei eusenenux npobaem po3pobieHo
pexomeHOayii w000 MNOKpauwjeHHs: SKOCMI (QYHKYIOHYBAHHA CUCMEMU eHEePeOMOHIMOPUH2Y, 30Kpemd,
onmumizayis npoyecy 300py OaHUX, NIOGUWEHHS KEanigiKayii 6i0N06I0aIbHUX 0CiO ma YOOCKOHANEHHS
MexHIYHOI iHpacmpykmypu. 3anponoHo8ari 3MiHU CNPAMOBAHI HA NIOBUYEHHS eDeKMUBHOCTE YRPABIIHHSA
EeHep2OCNOJCUBAHHAM MA 3HUICEHHS GUMPAM HA eHep2opecypPCU 8 MediCax KOMYHATbHUX YCMAHO08, W0 Mac
NO3UMUBHUL 8NIUE HA eKOHOMIKY Ma CAIULL PO3GUMOK 2POMAO.

Knrwowuosi cnoea: enepcomonimopune, eHepeOCNON’CUBAHHS, KOMYHANbHI YCMAHOBU, eHepeo-
MEHeOHCMEHM, eHepeo30epediCenHs, CUCIeMd eHePLOMOHIMOPUHS) ..

Beryn Y  jmaHiii cTaTTi pO3MIANAIOTBCS  KIFOUOBI
po0yeMu, K1 BUHUKAIOTh Yy  TIporeci
(YHKIIOHYBaHHS CHCTEMH CHEPTOMOHITOPUHTY B
KOMYHQJIbHUX yCTaHOBaX, 30kpeMa B OJecbKiii
00JacTi, a TAKOXK MPOTOHYOTHCSI MOYKIIUBI TIUTSAXH 1X
BupimieHHs. [IpormoHoBaHI pekoMeHaarii MaroTh Ha
MeTi TMOKpamieHHs: e(EeKTHBHOCTI BUKOPHUCTAHHS
€HEepropecypciB, IMiIBUIIEHHS TOYHOCTI JaHUX, IO
30MparOThCs, 1 ONTUMI3AII0 TMPOIECY YIMPaBIiHHS
€HEePTOCIIOKUBAHHAM Ha PiBHI TPOMAJIH.

VY cy4acHMX yMOBax 3pOCTar0uoro IMOMUTY Ha
CHEPropecypcu Ta  HEOOXIAHOCTI  3HIDKCHHS
HETaTUBHOTO BIUIUBY HA HABKOJMIIHE CEPEIOBUIIE,
edeKTUBHE YTPABIIHHS EHEPTrOCIOXHBAHHIM CTa€
OJHUM 3 KJIIOUYOBHUX AacCIEKTiB CTaJOro pPO3BUTKY
rpomag. OpHUM 13 IHCTPYMEHTIB, IO JIO3BOJISIE
3a0e3MeYnT KOHTPOJb 3a EHepropecypcam Ta
ONTHUMI3yBaTH 1X BUKOPDHCTaHHSA, € CHCTeMa
CHEPrOMOHITOPHHTY. BoOHa 103BOJISIE HE TIIBKU
3MIACHIOBATH TOYHUN OOJIK EHEProCIOXHBAHHS,
asie 1 BUSABJISITH HEPALiOHAJIbHI BUTPATH, CBOEYACHO
pearyBaTH Ha BiIXWJIEHHs Ta IpUAMaTH e(eKTHUBHI
pilIeHHS 115 3HIDKEHHS €HePTeTHYHUX BUTPAT.

3acrocyBaHHS ~TakMX CHCTEM Ha  piBHI
KOMYHQJIbHUX YCTaHOB € OCOOJIMBO BayKJIMBUM,
OCKUJIBKH 11l 00’€KTH 4aCTO CTUKAIOTHCI 3 BUCOKUMU
BUTpaTaMd Ha  CGHEpriro Ta  HEOOXIIHICTIO
ONTHUMI3yBaTH  BUKOPUCTAHHS  peCypciB  Juis
JIOCATHEHHSI €KOHOMIi OroKeTHHX KOmTiB. OIHaK,
SK  TOKa3ye  MpaKTWKa, ICHYIOYl  CHUCTEMH
CHEPrOMOHITOPMHTY MalOTh HHU3KY HEAOJKiB, IIO
CTOCYIOTBCSI SIK OpraHi3allifHuX, TaKk 1 TEXHIYHUX
aCIIeKTiB ix BITPOBAJIXKCHHSI. OxpeMuMu
npobjeMaMu € HempaBWIbHA peecTpauis 00’ €KTiB y
CHUCTEMI, BH3HAYEHHS BIJIMOBIZAILHHX O0CIO 0e3
Haje)xkHOl  KBami(ikamii, a TakoX HEJI0CTaTHE
HaBYaHHS [IEPCOHATY. 2. Marepiaiau Ta pe3yJIbTaTH AOCTIAKEHHS

1. Mera pocaixKkeHHA

MerToro JaHOT pobortu € aHaJi3
(hyHKITIOHYBaHHS CHCTEMH EHEPTOMOHITOPUHTY B
KOMYHAQJIbHUX YCTAHOBaX, BHSBICHHS OCHOBHHX
po0JieM, 0 BUHHUKAKOTH Mija Yac ii 3aCTOCYBaHHS,
Ta pPO3po0Ka pPEeKOMEHMAAIlid II0A0 IOKpAIICHHS
e(eKTUBHOCTI Ta TOYHOCTI 300py, 0OpoOKHM Ta
BUKOPUCTAHHsSI JIaHUX TIPO  EHEPrOCIOKHBaHHS.
3okpema, poboTa CHpsSMOBaHA Ha yAOCKOHAJCHHS
oprasizariifaux MIPOIIECIB, I ABUIIIEHHS
kBarmiikarii BIAMOBimambHUX 0Ci0, a TaKoOXK
OIITUMI3AIlil0 TEXHIYHUX ACTEKTiB (QYyHKIIIOHYBaHHS
CHUCTEMH €HEPrOMOHITOPHHTY JJisi 3a0e3NeueHHs
CTaJIOTO PO3BUTKY Ta €KOHOMIl eHepropecypciB Ha
PiBHI MiCIIEBHX IPOMa/I.

quaCHa MMpaKTUKa CHCPrOMCHC/DKMCHTY Ha

© Pasinkos B. O., 2025 MYHILMNAJILHOMY PiBHI Hependayae BIPOBaKEHHS
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CHCTEM  CHEPrOMOHITOPHHTY  SIK  OJHOTO 3
Halie(peKTUBHIITNIX IHCTPYMEHTIB KOHTPOITIO,
aHaizy Ta onTUMizarii CIIO>KMBAHHS
eHepropecypcis. Y rpoMaachkux OyaiBIsIX, 30KpemMa
y IIKOJIaX, TKapHSX, KYJIbTYPHHAX i
aJMIHICTPAaTHBHHAX yCTAaHOBAX, 1€ JO3BOJISE 3HAYHO
MiABUIIUTH  €HEeproe(eKTUBHICTD, CKOPOTHUTHU
BUTpaTH  OIODKETHUX  KOMTIB 1  CTBOPUTH
MEePEAYMOBH JIJISI CTAIIOTO PO3BUTKY TEPUTOPiaIbHUX
rpomas.

JocBix mokasye, MmO BIPOBAIXKECHHS CHCTEM
€HepTrOMOHITOPHHTY 3abe3mneuye €KOHOMIO
eHepropecypcie 1o 10%  0e3  momaTKOBHX
KaltiTanoBkIageHb. B Ykpaini cepenHiii mokasHHK
€KOHOMIl 3a TepImuil piK CTAaHOBUTH IMPHUOIH3HO
5,5% BUTpaT HA EHEPTOCIIOKUBAHHS B OIOJPKETHOMY
cekTopi. Takuil pe3ynbTaT AOCITAETHCS 3aBASKU

MOCTIHHOMY 300py JIOCTOBIPHUX TAHWX,
CBOEYACHOMY BUSIBIICHHIO HepalioHAIEHOTO
CIOKMBaHHS Ta  MPUHHATTIO  OOIPYHTOBaHUX

YIPaBIiHCHKUX pillleHb. Y 0araTh0oX BUMAIKax e
TaKkoX crpusie (HOPMYBaHHIO KyJIbTypH OIIATHOTO
CTaBJICHHSI IO CHEPrOpecypciB cepell MepcoHaly Ta
MEIIKAHI[IB TPOMaJIH.

Cucremn aBTOMAaTU30BaHOIO
CHEPrOMOHITOPUHIY MalOTh HU3KY YHIBEpCaIbHUX
nepear. BoHU MigBUINYIOTh MIBUAKICTH 1 TOYHICT
NPUAHSTTS YOPaBIIHCHKUX PillleHb, 3a0e3MedyroTh
MPO30PicTh 1 JOCTOBIPHICTH HaHHWX, CHPUSIIOTH
SKICHOMY TUIaHYBaHHIO €HEpProCIOXKHWBAaHHS Ta
JIO3BOJISIIOTH  TIPOTHO3YBAaTH MaiiOyTHI  BHTpATH.
Hakonmuena anamiTuHa iHQOpMAIisS Ja€ 3MOTY
rpomMasaM BHOYNOBYBaTH e(EKTWBHI E€HEpPreTHYHI
cTparerii ~Ta  MiJBUINYBaTH  piBeHb  CBOET
IHCTUTYIIHOT CIIPOMOXHOCTI. Taxox
aBTOMAaTH3allisl 3MEHLIyE pPH3MKH, TIOB’SI3aHi 3
JIIOJCHKUM (haKTOPOM, 1 JIO3BOJISIE 30CEPEIUTHCS Ha
BIIPOBAJKCHHI 3aX0/iB 13 TTOKPAIICHHS
eHeproe(eKTUBHOCTI 3aMiCTh MeEXaHIYHOro 300py
JaHUX.

CrorojHi  yKpailHCHKUH PHUHOK  TIPOIIOHYE
pi3HOMaHITHI aBTOMAaTHU30BaHi iH(hopMartiiHi
cuctemu. Hampuknan, cucrema AIC «ICE», sika
BUKOPUCTOBYETBCS B Opnecekiit o0acri,
XapaKTepU3YETbCS BUCOKMM piBHEM KOMYHiKalii,
HAsBHICTIO SIKICHOI TEXHIYHOI MiATPUMKH, 3PyYHHM
iHTEepdeiicoM, Xodya Mae TeBHI OOMEXEHHS Y
¢dyHKImiOHaNi, 30Kpema Yy ¢opmari 3BITIB Ta
MOJKJIMBOCTI TEperyisiay UIOACHHUX JaHuxX. IHma
cucreMa — ACEM — 3abe3nedye MOHITOPHHT Y
pealbHOMY 4Yaci, Ja€ 3MOTY BHUSBIATH BTpPaTH
EHepropecypciB, IIBHIKO pearyBaTh Ha apapiiiHi
CUTYyallil, MiKIF0YaTUCS 10 JTIYHIBbHUKIB TEIIOBOT
eHeprii, eIeKTpoeHeprii, ra3y Ta BOAHM, IO 3HAYHO
migBHINYE e(heKTUBHICTH CHEPrOMEHEPKMEHTY .

VY paMmkax JOCHi/DKEHb, M0 CIHUPAIUCS Ha
MikHapoauuii ctanmapt ISO/IEC  9126-1:2013,
OyJ0 MpoaHaNi30BaHO Pi3HI CHUCTEMH 3a TaKUMU
KpUTEPisIMUA,  AK  3PY4YHICTh  BHUKOPHUCTAHHS,
MATpUMKa  KOPHCTYBadiB,  (DYHKIIOHAJIBHHICTD,
HaJiHICT, MOKIUBICT MoaH(iKalii, CympoBia Ta
BapTiCTh TOCHYr. Pe3ynabTaTH JEMOHCTPYIOTH, IO
HalyCHiHIMI MIaTGOpMH MATPUMYIOTh MOOLITBHI

MPUCTPOi, MAalOTh JOTIYHY CTPYKTYpy OOiKy,
3a0e3MeuyroTh 3aXWCT BiJ TMOMWIOK 1 37aTHI
IHTETpyBaTUCS 3  HAsBHOK  1HQPACTPYKTYPOIO
TPOMa/IH.

ITonut Ha aBTOMAaTU30BAHUI

€HEPTOMOHITOPUHT 3pOCTa€E, OCOOIUBO cepe] MaInX
Ta CEpemHiX TpoMan, SKi YacTO CTHKAIOThCI 3
oOMexenicTio (iHaHCcOBUX pecypciB. Came Tomy
BOXKIMBHM € CyNpoBii 3 OOKy MDKHApOIHUX
MapTHEPIB 1 JOHOPCHKUX opraHizanid. Hampukmnan,
[Iporpama poszButky OOH peamnizye mpoexT, sKuit
CYIIPOBOUKYE TpPOMaad B MpOIEci BIPOBAKECHHS
E€HEPTOMOHITOPUHTY TPOMaJChKHX OyniBenb, Halae
KOHCYJNbTAllii Ta METOIWYHY MiATPUMKY. OKpiM

¢inancoBoi BUTO/TH, BIIPOBAIKEHHS
CHEPTOMOHITOPUHTY  TIO3UTHBHO  BIUIMBaE  Ha
EKOJIOTIYHY  CHTyallilo, 3HWKYIOUH  BUKHIU

BYIJIGKHCIOIO Trasy Ta CHPUSIOYM BUKOHAHHIO
KJIIMAaTUYHUX 3000B’s13aHb TPOMa/TH.

CucteMHuit MOHITOPHHT CIIOKHBaHHS
eHepropecypcie popMye HOBUH DPiBeHBb MPO30POCTI
Ta BIATOBIJAILHOCTI, JI03BOJISIE rpomai
MO3MIIOHYyBaTH cebe SIK CcydacHy, eKOJIOTI4HO
CBIJOMY aJMIHICTpaTHBHY OJMHUITIO, a TaKOX €
BaXJIUBUM KpPHUTEPIEM Yy 3arajbHOHALiIOHAIBHUX
pEHTHHTaX CTaNoro pO3BUTKY. 3 OIJSILy Ha I,
CTBOPEHHS HaliOHAJIBHOT mathopmMu
€HEPrOMOHITOPHHTY Ha OCHOBI BIIKpUTHX JaHUX €
JIOTIYHUM  HACTYITHUM  KPOKOM Yy  MOOyIOBi
e(eKTHBHOI €HepreTUYHOI OJTITUKY B YKpaiHi.

Amnami3 iH(opMartiHOT CUCTEMU
€HEeprOMOHITOpUHTY, MO (yHKIiIOHYe B OecbKii
00JacTi, BUSIBIISIE CYTTEBY NpoOJeMYy B Oprasizaiii
JaHOT CUCTEMH, fIKa TIOJNAra€ B HENPABUIBHOMY
MiXOM1 0 CTPYKTYPYBaHHS 00’ €KTiB CIIOKMBaHHS
E€HEePropecypciB. 3okpema, B CUCTEMI
€HEPTOMOHITOPUHTY KOMYHaJIbH1 3aKJIa Iy,
BIJIMTOBITHO 10 TEXHIYHUX MACTIOPTIB, YACTO MAIOTh
B CBOEMY CKJIaJi YHCJIEHHI CIOPYyId 3 pi3HUM
(yHKIIOHAJIBHAM TPU3HAYCHHSM, TaKi SIK KOTEIbHI,
BOJIOHAIIPHI BEXi, aIMiHICTpaTUBHI OyJiBJi TOLIO.
OpHak mpu peecTpaliii Takux 00’€KTIB y CHUCTEMY
KOKHa CTIOpYJla PO3TIIAIAETHCS SIK OKPEMHH 00’ €KT
CTHIOKMBaHHS €Heprii.

Taka mpakTuKa € HEJOCTaTHBO €PEKTHBHOIO 3
TOYKH 30py KOMIIJICKCHOT'O aHaizy
CHEPTOCIIOKMUBAHHS, OCKIUIBKM HE BpPaXOBYETHCS
3arajibHa 1HTETPOBAHICTH YCTAHOBU SIK €JUHOTO
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o0’ekta. Hampuknan, anamiz jganux (puc.l) 3
ABTOMATH30BaHOI CHCTEMH €HEPrOMOHITOPUHTY
MOKa3ye, 0 KOTEJbHS Ta JIBa KOPIYCH LIKOJH, L0
HaJIe)KaTh OJAHIM 1 Til K€ KOMYHalbHIM YCTaHOBI,
CHOXHBAIOTh OJJHAKOBY KUTBKICTh MPHUPOJHOTO rasy
Ha OJWHHUNIO IUION{, IO € HEKOPEKTHUM

pe3ynpTaToM. BpaxoByroum, 1110 KOPIyCH LIKOJIU HE
po

rasuQikoBaHi, Taka CHUTyallis CBIIYHUTh
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TEXHIYHY  TIOMHIIKY,
BBE/ICHHSM JaHUX.
Iert migxim 1m0 peecTparii croopyn OHi€l
KOMYHAJIbHOI YCTaHOBH 3 Pi3HHM (YHKI[IOHAJIEHUM
MPHU3HAYCHHSIM y CHUCTEMi CHEPrOMOHITOPHHTY €
HEKOPEKTHHM HE JIMIIE 4epe3  BIACYTHICThb
KOMIUICKCHOTO aHaJlizy, aje W uepe3 OOMExKeHy

3YMOBJIEHY HEKOPEKTHUM

KUTBKICTb TOYOK 00Ky CTIOXKHBaHHS
eHepropecypciB. Y~ HaWOUIbI  TONIMPEHUX
18.10
18.10
18.10
18.10
2001

5 75 10 12.5 15 175 20 s B

Puc. 1. Peiitunr eneproeeKTHBHOCTI OyAiBeNb 3a 3aBeplIeHi Micsli HoToYHOro poky 3 AIC «ICE»
Onecbkoi obnacti
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BHITaJIKaX, KOJM 00 €KTH Ta CIIOPYIHd KOMYHAJIBLHOI
YCTaHOBH PO3TAIIOBAHI 33 OIHIEI0 IOPUIMIHOIO
aJpecoro, IHXEHEePHI KOMYHIKallii Ta CHCTEMH, SIK
NpaBWIo, 3°€QHAaHI 3 OJHUM BY3JIOM OOJIKY
€HepropecypciB. Le O3HaYJae, 110 yci
CHEepropecypcu Ui pi3HUX CIOPYJ MOCTAYar0ThCS
4yepes €IMHY TOYKY OOJIiKY, III0 CYTTEBO YCKJIAJIHIOE
Mpollec BUAUIEHHS CIIOXKHBAHHS €HEPrOpeCcypCiB MO
KOKHOMY OKpEMOMY 00’ €KTY.

Y Takux yMOBax, KOMYHalbHa YCTaHOBa
3a3BHYail Ma€ JIUIIE OWH PO3PaXyHKOBHH PaxyHOK
JUTSL BCIX CBOIX 00’€KTIB, IO II¢ OUTBINE YCKIATHIOE
TOYHY iCHTHU(]IKaLil0 EHEProCHOXKUBaHHS  TIO
KOXXHOMY 3 HUX. TakMM YMHOM, Ha TPAKTHUIII BaXKKO
3MIACHUTH KOPEKTHWH  PO3MOMUT  CIIOKHBAHHS
eHeprii cepen pi3HUX CTPYKTYPHUX OIWHHUIIG, IO
M IOPSAKOBYOTECS €JIMHOMY FOPUAUIHOMY
o0’exty. lle Beme 0 HEMOXIIHMBOCTI 3AIMCHEHHS
TOYHOTO aHaIi3y Ta IUTAHYBAaHHS CHEPro30epeKeHHS
JUIS  OKPpEMHUX CIOpYJA, OCKIJIBKH  PEeCTpallis
CHOXKMBaHHS EHEPropecypciB depe3 €IHHY TOUYKY
00Ky  He  Ja€  MOXJIHBOCTI  3MIHCHHUTH
mudepeHiiioBaHy  OIIHKY Ta  KOHTPOIb  3a
e(EeKTHBHICTIO BUKOPHCTaHHS €HEPrii B KOXHOMY
KOHKPETHOMY 00’ €KTi.

HeBiamoBiaHICTh JaHUX € HACTIAKOM PYIHOTO
BBeZIcHHS  iHGopMamii IS KOXKHOI  OKpeMoi
CHOpYAW, WO CIPHYHMHSE HENpPaBWIBHY (QiKcalito
€HEPTrOCIOKUBAHHS I 00 €KTIiB, SIKI pealbHO HE
BUKOPUCTOBYIOTh TeBHI pecypcu. Lled miaxinm, y
CBOIO 4epry, He JO3BOJSE OTPUMATH 00 €KTHUBHE
VSBJICHHS TMPO CHEPreTUYHI TMOTPeOU  KOXHOT
KOMYHAJIbHOI YCTAaHOBH 1 He 3a0e3Meuye KOPEKTHU
aHami3 Ui TOJaNbIIUX  MPOTHO3YBaHb  abo
yXBaJleHHS OOIpYHTOBaHHX pilieHb y  cdepi
CHEepPro30epeIKeHHSI.

OnHiero 3  KIIOYOBHX  mpolieM Yy
(YHKIIIOHYBaHHI CHCTEMH CHEPrOMOHITOPUHTY €
MMTAHHS BH3HAYEHHS BIAMOBIJAJBHUX 0CIO, M0
Oe3nocepe/lHb0 BIUIMBAE HA SKICTh 1 TOYHICTh
BBEJICHHS JIaHUX. Y 3arajbHUX JaHUX MPO YCTaHOBY,
SK  TpaBWJIO,  3a3HAYAIOThCS ~ OCOOHM, IO
BiJIMTOBI/TalOTh 32 BHECEHHs iHQoOpMalii B CUCTEMY
CHePrOMOHITOpUHTY. Y  BHUNAJAKy  BEIIMKHX
KOMYHaJIbHUX YyCTAHOB 3a3BHYail MPU3HAYAETHCS
BiJIMOBiTajibHA 0Cc00a 3a T'OCMOJAPCTBO, KA YacTo
CTa€ OCHOBHOIO JUIS PEECTpallii Ta KOHTPOIIO 3a
€HEeproCIIOKUBaHHAM. B 1HIINX Bumakax, ocodbamu,
SIKi HECYTh BIAMOBIJANBLHICTh 32 BBEJICHHS JIaHUX,
MOXYTh OyTH I1HXEHEPH, CHEPIeTHUKH, EJIEKTPHKH
a00 CIEMIaTICTH 3 BIIMOBIIHUX TEXHIYHUX CITYXO.

OpHak I HEBEITUKUX KOMYHAIbHUX YCTaHOB
npobjemMa BH3HA4YEHHS BIANOBiZaTbHUX OCIO cTae
Outein  roctporo. Yepes  oOMekeHH# — miTar
MEPCOHAITY HEPIJKO IMPHU3HAYAOTh BiANOBIIATbHUMU
ocobamm 0cib, sKi HE MawTh Oe3M0CepeTHBOTO

BIIHOIIEHHS JO0 VIPABIIHHA EHEPropecypcamu,
TaKUX SIK BOAil YW Pi3HOPOOOUi, IO 3HAYHO
YCKIIQJHIOE e(eKTUBHE BBEICHHS Ta KOHTPOJIb 3a
JaHuMu B iHQopMamidHii cucremi. Y  Takux
BHITAJIKaX BaXKKO 3a0€3MEYNTH HAIEKHY 0013HAHICTD
1 KOMIIETEHTHICTH 0OCi0, 1[0 3alMarOThCs BHECEHHSIM
JaHWX, Y MUTaHHSIX MPaBHIBHOCTI Ta aKTYaJbHOCTI

(hopmyBaHHS 3BITIB po CTIO’KMBAHHS
€HepropecypciB.

Honatkogo, npobiema 3arajbHOl
moiH(OpMOBaHOCTI CHiBpOOITHUKIB 11010

BaXJIMBOCTI Ta INPAaBUIBHOCTI BBEACHHS NAHUX Y
CHCTEMY EHEPrOMOHITOPHHTY TaKOX 3aJIHIIA€ThCS
HeBupilmeHow. Ha chOromHINIHIA JCHb A1 TaKUX
oci0 MaibKe He TPOBOIATHCA PETYJSpHI HaBUAHHS
1010 (hyHKITIOHYBaHHS Ta e(heKTUBHOTO
BUKOpHUCTaHHs cuctemH. Lle Benme 10 Toro, mo aeski
CHiBpOOITHHKY, dYepe3 He3HaHHS ab0 HEJOCTaTHIO
HiATOTOBKY, MOXKYTh ITHOPYBATH 3aIIOBHEHHS JJAHUX
y cuctemi abo pobuTH lie HenpaBmiIbHO. Kpim Toro,
3pOCTaHHS 00CATY MOCaIOBUX 000B’sI3KiB, OCOOIMBO
B yMOBaX OOMEXEHOr0 KaJIpoOBOTO pecypcy, 4acTo
OpU3BOAUTH A0  TOrO,  MIO  3allOBHEHHS
AaBTOMATH30BaHUX  CHCTEM  EHEPrOMOHITOPUHTY
BIIXOMUTHh HA NPYTHi IiaH. B pe3ynbTari, OCHOBHI
(dbyHKIil, SKi TOKIAAalOTbCI Ha [HX  0cio,
3aJIMIIAI0TECS BUKOHAHMMH HAJCKHUM UYWHOM, a
BUMOTH JI0 CHEPrOMOHITOPHHTY  4YacTo He
BHKOHYIOTHCS HA JIOCTATHHOMY DiBHI.

Jdns  moxpamieHHS SKOCTI  (YHKIIOHYBaHHS
CHUCTEMH E€HEPrOMOHITOPUHTY B  KOMYHAaJIbHHX
YCTaHOBAX, 3 YpaxyBaHHSIM HaBEICHHUX HpPOOIEeM,
MOYKHA 3aIPOIIOHYBATH TaKi peKOMEH/Iallii:

1. TokpaleHHs CTPYKTYpH peecTpailii 00’ €KTiB
Ta CIOPYI y CHUCTeMi eHepromoHitopunry. Cruix
MEPEeTJISIHYTH TiAXiA 110 peecTparii 00’€KTiB B
CUCTEMI CHEPrOMOHITOPHHIY, J¢ KOXKHa Cropyaa 3
pizHUM (GYHKIIOHATEHUM MpU3HAUYEHHAM
00JIIKOBY€ThCS OKPEMO. Pexomenayerbcs
pO3TIIAaTH KOXKHY KOMYHaJbHY YCTaHOBY SIK
€IMHUN 00’€KT, M0 JO3BOJMTH Kpallle OIIHIOBATH
3arajbHe CIIOKMBAHHS €HEPropecypciB i YHUKHYTH
NepeKpydyBaHb  JaHUX. Bapro  3ampoBamutu
KOMIUIGKCHMI MiJXiJ 10 OONIKY CIIO)KMBaHHS
EHEePropecypciB 3 ypaxyBaHHSIM B3a€MO3B’A3KY MiX
CHIOpYAaMH Ta IXHIMH KOMYHIKaIlisIMH.

2. PosmmpeHHs KIIBKOCTI TOYOK OOJIIKY Ta
iHTerparlis 3 TH)KEHEPHUMHU CHUCTEMaMHU.
BpaxoByroun 0OMeXeHICTh KUIBKOCTI TOUOK OOJIIKY,
cmija mependaduTH OUIBIN JICTallbHY IHTETpaliiro
CHUCTEMH C€HEPrOMOHITOPUHTY 3 IH)KEHEPHUMHU
MepexaMu 00’€KTiB. PekoMeHyeThes 3ampoBaiuTh
OlpII TOYHE 1 AeTalibHE BU3HAYEHHS CIIOXKWBAHHS
EHEepPropecypciB JJisi KOXKHOTO IiJICHCTEMH B MEXKax
OHOTO  00’€KkTa,  3a0e3neuuBIIM  HEOOXiNIHY
KUIBKICTH TOYOK OOJIIKYy Ui KOXHOI OKpeMoi
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(yHKIIOHATBLHOI ONWHMIN, TAaKOI SK KOTEIBHS,
BOJIOHAITIPHI BEX1, OCBITJICHHS TOIIIO.

3. Yirke BH3HAYEHHsS BIANOBIZAILHUX OCIO.
BaxxinmuBo 4iTKO BH3HAYMTH BiAMOBiAaILHHUX OCIO 3a
BHECCHHSI JIAHMX Y CHCTEMY EHEPrOMOHITOPHHTY,
0COOTMBO B yMOBax OOMEXEHOTO KaJpOBOTO
pecypcy. 3aMicTh Mpu3HaUYeHHS 0ci0 0e3 HeoOXiqHOT
KBamidikarii (manpwuktam, BOJIiiB abo
pi3HOPOOOYMX), CIiJl 3alydaTd CHEIlaliCTiB 3
BIAIIOBIAHOIO OCBITOI0 Ta JOCBIAOM, TaKuX SK
CHEPreTHKH YW iHmkeHepu. s 1poro Bapto
PO3pOOHUTH HITKY KaIpOBY MOJITHKY Ta MPOLEAYPH
MpU3HAYCHHS BIAMOBIJAIBHUX OCIO, IO JO3BOJHTH
3a0e3MeYnTH HAJICKHUN PiBEHb KOMIIETEHTHOCTI Ta

BIAMOBIMATBHOCTI 3a TpaBWIbLHE BBEACHHS 1
00pOOKy TaHMX.

4. PerynspHe HaBYaHHS Ta IiJBUIICHHS
kBamidikamii  mepconamy. [ 3a0e3medeHHs
e eKTUBHOTO BUKOPHCTAHHS CHCTEMH
CHEPrOMOHITOPMHTY  HEOOXIZHO  OpraHi3yBaTu
peryisipHi TpPEHIHTH Ta HaBYaHHS JUId  yCix

BignmoBigaapHUX oci0. Ille BKIIOYAaEe HE TIUIBKH
TEOPETUYHY MiArOTOBKY, & ¥ MPAaKTUYHI 3aHATTA 3
BUKOPUCTAHHS CHCTEMH, PO3YMIHHS Ba)KIIMBOCTI
MPaBUILHOTO (DOPMYBaHHS 3BITIB Ta MOHITOPUHTY
eHeprocrokuBanHs. OHOBJICHHS 3HAaHb ITOBHHHO
MPOBOJUTUCS  Ha  pEeryisipHid  OCHOBI  yid
3a0e3MeUeHHsT BUCOKOT KOCTI JaHUX.

5. BopoBaKeHHSI aBTOMaTUYHUX HPOLEAYyp Ta
3MEHIIEHHsI Jroickkoro (akropy. Ciig 3abe3mneunTH
aBTOMATH3AI[iI0 OUIBIIOCTI MPOLECIB, 10 JO3BOIUTH
MiHIMI3yBaTH BIUIMB JIOACHKOTO (hakTopa Ha
TOYHICTh BHECEHHUX JaHUX. BKIIOYEHHS OUIBII
PO3BHHEHHX  aJrOPUTMIB  JJIsl  aBTOMATHYHOTO
30upaHHA Ta OOpOOKM JaHWX, a TakKoX s
CTBOPEHHSI 3BiTiB, JIOTIOMOXK€ 3MEHIIUTH KiJIbKICTh
TTOMHJIOK Ta 1 IBULIIATH e()EeKTUBHICTh
(YHKIIOHYBaHHSI CHCTEMH.

6. BpaockoHaneHHs iHTerpamii 3 IHITUMH
cUCTeMaM{  YOPaBIiHHS  CHEProCHOXKHBaHHSIM.
BaxkiauBo  3a0e3neunTd  HAJICKHY — IHTErpaIliio
CHCTEMH €HEePrOMOHITOPHHTY 3 IHITUMHA
IHCTpyMEHTaMH YIIPABIiHHS CHEPrOCIIOKHUBAHHSIM,
TaKUMH SIK CHCTEMH EHEpro30epexeHHs  abo
aBTOMAaTH30BaHi CUCTEMH YIpaBiiHHA Oyxisiero. Lle
J03BOJINTH ~CTBOPUTH €IWHY IUIATGOpPMYy LIS
KOMILJIEKCHOTO yIpaBIiHHS E€HEepreTHIHUMH
pecypcamu Ha piBHI TPOMaJIH.

7. IlokparnieHHs: B3aEMOJII1 3 iHIIMMHA OpraHaMH
Biaau Ta oprasizamisma. OCKIJIbKH  HHUTaHHS
SHEPTOMOHITOPUHTY € BaXKJIMBUM Ha PiBHI TPOMAJIH,
BRXIMBO 3a0€3MEYUTH B3AEMONII0 3 IHIIUMH
Jep)KaBHUMH OpraHaMH Ta OpraHi3amisiMu IS
OOMiHY JIOCBIJIOM, 3alpOBa/DKEHHS HaMKpaIuX
MPaKTUK Ta OTPUMAHHS HEOOXIJHOI TMiNTPUMKH.
B3aemonisi 3 eKOJOriYHMMH Ta EHEPreTUYHUMH

areHTCTBaMH JIO3BOJINTH TTOKPAIIUTH CTpaTeTiyHe
VIIPABIIHHS CHEPropecypcaMy Ha BCIX PiBHSX.

8. TIlocriliHuii MOHITOPHHT  €(EeKTUBHOCTI
CHCTEMH. Hns TOTO, o6 cucremMa
€HEPrOMOHITOPHUHTY 3aJIAIIaacs aKTyalbHOI 1
e(heKTUBHOIO, HEOOXITHO TOCTIHHO MOHITOPHTH il
poOOTy, BUSBIATH Ta BHUIPABIATH HEHOJNIKH.
PexomenyeTscst BCTAHOBJICHHS PETyISpHUX
MIEPEeBIPOK Ta ayIuTiB, MO TO3BOJIUTH CBOEYACHO
BUSIBJIATH TPOOJIEMH Ta OMEPAaTUBHO pearyBaTh Ha
3MiHH B YMOBaX €HEPrOCIIOKUBAHHSI.

3arajgoMm, A TOKpamieHHS (yHKIIOHYBaHHS

CUCTEMH €HEPrOMOHITOPUHTY HEOOXiAHO
KOMIUIGKCHO MiAXOIUTH JO 1  MOJEpHi3allii,
BKJIIOYAIOYM  KaApOBI  3MiHHW, aBTOMATH3aIlii0

mpotieciB, 3abe3rneueHHs] HaBYaHHS IEPCOHATY Ta
IHTETpalliio 3 IHIIMMUA CUCTeMaMHu yrpaBiiHHas. e
JO3BOJUTh HE IMIIE TMiABUIIUTH e()EeKTUBHICTh
BHKOPHCTaHHSI €HEpropecypciB, a i 3a0e3nednTh
CTAIMA PO3BUTOK 1 CKOHOMIYHY BUTOAY IS
rpOMa/Iy.

Cnucox BUKOPHMCTAHOI JiTepaTypH

1. ACTVY ISO 50001:2020 (ISO 50001:2018,
IDT) CucremMun eHEpreTHYHOTO MEHEIKMEHTY
[Uunnuit Bix 2020-03-06] — Kwuis: JAIT YkpH/HII,
2020. 33c.

2. ExcneptHuii orysiy MPOrpaMHOro
3a0e3MeUeHHss  JUIi  CHEPrOMOHITOpUHTY  Ta
eHepromeHnepkMeHty [Enexktponnmii  pecype] //
Acouianist «EneproedextuBni micra Ykpainu». —
2018.
https://enefcities.org.ua/upload/files/Publications/An
alytics/Expert_review SW_2018.pdf

3. IlpaxoBHuKa A. B.
eHeproBukopuctanusm [Teker] —
30epexxenns eneprii — 2001 568 c.

4. Komap O.B. [lopoxHs KkapTa pO3BUTKY
ACKOE B VYkpaini B pamkax [Tekct] — Enepr. ta
enektpudikaiis, 2019. —Ne 2 ¢. 16 — 30.

VYnpaBniHHS
AnpsiHC  3a

References

1. DSTU ISO 50001:2020 (ISO 50001:2018,
IDT) Energy Management Systems [Valid from
2020-03-06] — Kyiv: DP UkrNDNTS, 2020. 33p.

2. Expert review of software for energy
monitoring and energy management [Electronic
resource] // Association "Energy Efficient Cities of
Ukraine". - 2018.
https://enefcities.org.ua/upload/files/Publications/An
alytics/Expert_review_SW_2018.pdf

3. Prakhovnyka A. V. Energy Use Management
[Text] — Alliance for Energy Conservation — 2001
568 p.

32 Enepro30epiraroui TEXHOJIOTIT B €IEKTPOCHEPI €T



ISSN 2221-3805. EnekrpoTexHiuHi Ta KoMI FoTepHi cucteMu. 2025, Ne 43 (119)

4. Kotsar O. V. Roadmap for the development [Text] — Energy. and electrification, 2019. — No. 2
of ASKOE in Ukraine within the framework of pp. 16 —30.

Analysis of Problems in the Operation of the Energy Monitoring
System in the Municipal Sector

V. Razinkov
Odesa Polytechnic National University

Abstract. The article provides a comprehensive analysis of the functioning of the energy monitoring
system in municipal institutions using the example of the Odessa region, in particular, it examines key
problems that arise during its implementation and operation. In particular, it focuses on technical,
organizational and personnel aspects that affect the accuracy and efficiency of collecting and processing
data on energy consumption. One of the main problems is the breakdown of municipal institutions into
separate structural units, which complicates the implementation of a comprehensive analysis of energy
consumption. The issue of a limited number of energy resource accounting points is also considered, which
does not allow for an accurate division of energy consumption into different parts of one institution. The
problem of determining the persons responsible for entering data into the system is separately raised, in
particular, due to the insufficient level of staff awareness and the lack of regular training.

It was determined that one of the reasons for the imperfection of the system is also the ineffective
organization of the monitoring process and the lack of a unified approach to collecting energy consumption
data at the level of all facilities of the institution. Many municipal institutions in Ukraine, especially those
with limited resources, face the problem of insufficient staffing, which leads to the transfer of responsibility
for maintaining the energy monitoring system to non-core employees.

The article develops recommendations for improving the functioning of energy monitoring systems,
including: improving the process of registering objects in the system, integrating a larger number of
metering points, improving the skills of responsible persons through regular training, and ensuring better
coordination between different departments of the institution. It is proposed to improve the technical
infrastructure to ensure more accurate data collection, which will allow for real monitoring of energy
consumption at the level of the entire institution, rather than its individual parts. Special attention is also
paid to the need to integrate the energy monitoring system into the overall energy management strategy of
the community, which will contribute to reducing energy costs and increasing energy efficiency.

The study is important for improving energy efficiency at the level of local communities, contributing to
the optimization of energy saving processes, reducing energy consumption costs and ensuring sustainable
development. The implementation of the proposed recommendations will not only reduce energy resource
costs, but also improve the environmental situation, contributing to the creation of a positive image of the
community as progressive and environmentally responsible..

Keywords: energy monitoring, energy supply, utility installations, energy management, energy saving,
energy monitoring system.
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A Phase Correction Node Construction for Cyber-Physical Systems
Based on All-pass Filters

T. Sytnikov V. Sytnikov
Odessa National Polytechnic University

Abstract The article examines a cyber-physical system using the example of an autonomous mobile plat-
form (AMP), which contains hardware and software components. However, AMPs have limitations regard-
ing power consumption, computational capacity, and real-time operation independently. The uncertainty of
the environment necessitates the use of means that correct sensor signals. To correct the phase of AMP sen-
sor signals, all-pass filters are used. The paper discusses the construction of all-pass filters based on low-
order LPF and HPF, as well as BPF and BRF. Phase correction improvement is achieved by increasing the
order of the transfer function through the sequential connection of such filters. Schemes of correction nodes

implementation are presented.

Keywords: cyber-physical system, autonomous mobile platform, all-pass filter, LPF and HPF, BPF and
BSF, frequency characteristics, phase correction formation

Introduction

The modern development of society is charac-
terized by the rapid growth of cyber-physical sys-
tems. At present, there are many definitions of
cyber-physical systems [1-7]. In general, cyber-
physical systems (CPS) are systems consisting of
various natural objects, artificial subsystems, and
controllers that manage them, which makes it possi-
ble to consider such a formation as a single whole.
The interaction between computational and physical
resources of the system enables active monitoring
and control of physical processes based on feedback.
The main technical prerequisites for the emergence
of cyber-physical systems are [1-7]:

— the increase in the number of devices with
embedded microprocessors and processors, as well
as data storage facilities;

— integration, which allows achieving the
greatest effect by combining individual components
into large systems;

— the presence of a large number of sensors
and actuators;

— imitations of human cognitive abilities,
which evolve more slowly than machines, and inevi-
tably comes a point when they cannot cope with the
amount of information required for decision-making
and event response.

Typically, this is an embedded system as a spe-
cial-purpose system, in which the computational
element is fully embedded in the device it controls.

© T. Sytnikov, V. Sytnikov, 2025

Unlike a general-purpose computer, an embedded
system performs one or several predefined tasks,
usually with very specific real-time requirements.
Technically, an embedded system interacts with the
environment in a controlled manner, meeting a
number of requirements for ensuring the quality and
timeliness of information necessary for control and
task execution.

Cyber-physical systems integrate cybernetics,
computer hardware and software technologies,
qualitatively new actuators embedded in the envi-
ronment and capable of perceiving its changes, re-
sponding to them, self-learning, and adapting. It
should be noted that the general architecture of CPS
is divided into four fundamental levels [1-3]:

— physical level (the physical level forms the
foundation of the CPS architecture);

— network level (packet routing based on the
transformation of the unique identifier assigned to
each active equipment in the network);

— transport level (packets are divided into
small fragments);

— intermediate level (terminal management,
protocol conversion);

— application level (stores, analyzes, and up-
dates information).

Autonomous mobile platforms (AMP) can also
be attributed to such systems, as their structural or-
ganization corresponds to cyber-physical systems.
Since the integration of physical processes and cy-
bernetic components makes it possible to enhance
the intellectual capabilities of such platforms when

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/deed.uk)
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performing their functions [8]. In such systems, pre-
liminary motion modeling is often used to ensure
safety within an AMP group when performing a task
[9, 10]. Reliable data on the state of the AMP and
the environment are required for this.

Hardware and software components must be
mobile, flexible, adaptive, and able to adjust to oper-
ating conditions with limited power sources, dimen-
sions, and weight. This is possible when using multi-
functional sensors, hardware, and software compo-
nents of computing systems that must operate in real
time.

However, such systems also have a number of
requirements and limitations. Usually, AMPs are
limited in size, power supply, and computational
capacity. This leads to the need to develop hardware
and software components with minimal power con-
sumption while ensuring task execution, and data
processing is also limited in algorithm implementa-
tion. This fits well into modern concepts of Industry
4.0-6.0 development [11-15].

The object of the study is the process of pro-
cessing and correcting AMP sensor signals within a
cyber-physical system without operator involve-
ment. With a large number of sensors and in the
presence of interference, filtering and correction are
required with the ability to reconfigure processing
component parameters in real time. Such adaptation
to operating conditions increases the reliability of
decision-making data and the execution of tasks by
actuators.

The subject of the study is the construction of a
node for correcting the phase of AMP sensor signals
onboard, with the ability to reconfigure parameters
and configuration to ensure operational work.

Sensor signal correction must compensate for
amplitude and phase distortions in sensor signals
[16]. Such a task can be assigned to amplitude and
phase correctors.

Therefore, the aim of the study is the need to
use convenient and simple approaches to create digi-
tal devices that make it possible to compensate for
phase distortions for AMP based on all-pass filters.

1. All-pass filter

Phase correctors, or all-pass filters, pass all sig-
nal frequencies with equal gain, but they change the
signal phase [17]. Thus, these filters are used for
phase correction in sensor signal processing to com-
pensate for phase distortions.

It is known that such filters have a transfer
function denominator described by the Hurwitz pol-
ynomial Q(p), and its numerator by the related poly-
nomial. If Pk - is a root of the denominator, then (-
PKk) - is a zero of the numerator.

0(-p)
K(p) ==
=00

For digital all-pass filters, the corresponding
analogue of the Hurwitz polynomial is used. In this
case, in a first-order digital all-pass filter, the zero
and pole lie on the real axis of the Z-plane, so that
the pole module has a value r<1, a and the zero
module equals - 1/r. As a result, the zero compen-
sates for the effect of the pole. This circumstance
leads to the fact that the amplitude-frequency char-
acteristic (AFC) equals one over the entire frequency
range.

2. First-order filter

Based on this description of a first-order digital
all-pass filter, its transfer function will have the fol-
lowing form

b+z"

M=
1

, M

where b1 - is the transfer function coefficient.
Let us find the phase-frequency characteristic
of such an all-pass filter

(1-b)sin(w)
2b, +(1+b?) cos(w) .

@ =—arctg

Thus, in general, such a filter does not change
the signal amplitude but corrects its phase. However,
there is one peculiarity: the closer the coefficient bl
to one, the stronger the phase correction.

The creation of all-pass filters is not a simple
task [17—19]. Therefore, simpler methods are needed
for their construction.

In this work, low-order digital low-pass and
high-pass filters are used for this purpose. The trans-
fer functions of first-order normalized low-pass fil-
ters HL(z) and normalized high-pass filter HH(z)
have the following form

—1 _

a, +a a,—a

L Li HH(Z)= H H—Zl
+bz ’ I+bz™ @)

1

H, (z)=

In this case, the transfer function of the all-pass
filter can be obtained by transforming the denomina-
tor of these filters to form the numerator in such a
way that it has the following form bl1+z-1. Then, the
transfer function of the all-pass filter HF(z) can be
obtained as their difference.
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H,(z)=H,(2)-H, () (3)

In this case, the required numerator and denom-
inator polynomials are formed, and the phase is de-
termined as follows.

(ab, —d)sin(w)
(a+db,)+(ab, +d)cos(w)’

?, (Z)) =arctg

where a=al_-aH,d=al.+aH.

Increasing phase correction makes it necessary
to increase the order of the transfer function, which
can be done by sequentially connecting identical
low-order all-pass filters. When connected in series,
their transfer functions are multiplied, and since they
are identical, this is equivalent to raising to the pow-
er equal to the number of sequentially connected
filters.

(H, @), =] [ Hn(2) =(H, @)
@

It should be noted that in this case the phase
changes according to the relation

@, = ne, (5)

b

where @l - is the phase of the first-order all-pass
filter.

This solution makes it possible, depending on
the system operation, to automatically change the
processing path configuration according to the dis-
tortion criterion.

For practical implementation, a block diagram
of the correction unit has been developed, where the
signal enters two channels, Fig. 1.

Zirl MX }_’ +1
f f f
| Rgl | | Rg2 | Rgn

SM Re

out

i MX

Z>

Fig. 1 Structural diagram of the formation
of a first-order all-pass filter

In the first channel, n digital LP filters of the
first order are connected; in the second, n digital HP
filters of the first order. The outputs of each filter of
such a connection in each channel go to a multiplex-
er (MX), which, depending on the functioning of the
path and signal distortion, switches the outputs of
the required number of elementary filters to an adder
(SM), which performs subtraction according to rela-
tion (3). Thus, the AFC and PFC of a new connec-
tion are formed, which is equivalent to an all-pass
filter of the corresponding order. In this case, the
coefficient bl becomes the control parameter of
phase correction [20].

In addition, it is possible to form the transfer
function of the all-pass filter by preparing such a
function in advance and creating a table of denomi-
nator coefficients bl. Such a coefficient table will
correspond to the level of phase correction, and the
increase in the degree of the transfer function, to
enhance phase correction, can also be formed
through the table when such an influence is studied
in advance.

3. Second-order filter

The transfer function of a second-order all-pass
filter, based on theory and by analogy with the first-
order filter, has the following form

b,+bz ' +z7

H. (z)=
r2(?) 1+blz_1+bzz_2

(6)

Based on this description of a first-order digital
all-pass filter, let us find the phase-frequency char-
acteristic of the phase filter

(1-b,)sin(w)
b, +(1+b, ) cos(w)

@ =—arctg

where b1, b2 - are the transfer function coefficients.

To form a second-order all-pass filter, one can
use a band-pass digital filter and a band stop digital
filter. The transfer functions of the first order (alt-
hough their transfer functions are described by sec-
ond-order equations) of the band stop digital filter
HR(z) and the band-pass digital filter HB(z) have
the following form

-1 -2
Apo TApZ  +ap,Z

H,(z)=
#?) l+bz ' +bz7
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-1 -2
Qg T ApZ +ap,z

H,(z)=
5 lerlz*lerzzf2

(7

In this case, the transfer function of the all-pass
filter can be obtained by transforming the denomina-
tor of these filters to form the numerator so that it
has the form as in (6).

Then, the transfer function of the all-pass filter
HF2(z) can be obtained as their difference.

HFZ(Z) = HR (Z) - HB (Z) ] (®)

Increasing phase correction makes it necessary
to increase the order of the transfer function, which
can be done by multiplying identical all-pass filters,
as in the case of first-order filters in relations (4) and
(5).

For practical implementation, a structural dia-
gram of the correction unit is proposed, where the
signal enters two channels, Fig. 2.

Re
A E

Iz,

Fig. 2 Structural diagram of the formation
of a second-order all-pass filter

In the first channel, n band stop filter (BS) are
connected; in the second, n digital band-pass filters
(BP). The outputs of each filter of such a connection
in each channel go to a multiplexer (MX), which,
depending on the functioning of the path and signal
distortion, switches the outputs of the required num-
ber of elementary filters to an adder (SM), which
performs subtraction according to relation (8). Thus,
the AFC and PFC of a new connection are formed,
which is equivalent to an all-pass filter of the corre-
sponding order.

When forming the phase correction unit of sen-
sor signals, it should be taken into account that the
AMP has limited energy resources onboard. There-
fore, the solution shown in Fig. 1 and Fig. 2 is not
very successful from the point of view of power
consumption, since 2n filters will be connected sim-

ultaneously, but on the other hand, in such an im-
plementation, the transient process during switching
is reduced, since the filters are already connected,
and the multiplexer only switches the necessary
signals to form correction. In this case, this contra-
diction must be resolved in a specific task, and the
correction channel must be formed. It should also be
noted that all filters are identical and need to be re-
configured only once, not each individually.

However, such a solution can be implemented
on an FPGA, which will be pre-programmed and
embedded into the processing path, allowing, de-
pending on platform functioning, automatic recon-
figuration of the correction channel according to the
distortion criterion.

4. Software implementation
To build a software implementation of the all-

pass filter formation, used a directed and ordered
graph of the first-order transfer function (1), Fig. 3.

Fig. 3 Directed graph of the first-order all-pass filter

Based on this graph, a system of state equations
of the graph nodes can be formed.

x[i] = x,,[i]

X,[i] = x;[i-1]
x;[1]=x[1]=b, x,[i]
x,[1]=x,[i]+b, x[i]
Your[1]= 2, [1]

Based on this system of equations, form a pro-
gram for generating the output signal yout from the
input xin, which implements the transfer function
(1).

Based on the implementation of this system of
equations, it is possible to form their sequential con-
nection programmatically using recursion. A frag-
ment of a C\C++ program looks as follows.

struct Parameters {

double x3 = 0;
double y out = 0;
} param;
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void firstOrder(const double bl, int deep, const
double value)

{

const double x3 = value - bl * param.x3;
param.y_out = param.x3 + bl * value;
param.x3 = x3;

if(deep-1 == 0)
return;

firstOrder(bl, deep-1, param.y out);
/

For the second-order filter, such a graph has the
following configuration, Fig. 4.

Fig. 4 Directed graph of the second-order
all-pass filter

Then the system of state equations of the graph
nodes will have the following form.

1] = 5,11
x,[1] = x;[1—1]
xlil = x i 1]
x,[1]= x,[i] = b, x;[i] = b, x,[i]
Xs [i]=D, x,[i]+b, x3[i] +x,[1]

Youl1] = Xs[i]

Based on this system of equations, we form a
program for generating the output signal yout from
the input xin, which implements the transfer func-
tion (6).

Based on the implementation of this system of
equations, it is possible to form their sequential con-
nection programmatically using recursion. A frag-
ment of a C\C++ program looks as follows.

struct Parameters {

double x3 = 0;

double x4 = 0;

double y out = 0;
} param;

void secondOrder(const double bl, const dou-
ble b2, int deep, const double value)
{
const double x4 = value - bl * param.x4 - b2
* param.x3;

param.y out = b2 * paramx3 + bl *

param.x4 + x4,

param.x3 = param.x4,;
param.x4 = x4,

if(deep-1 == 0)
return;

secondOrder(bl, b2, deep-1, param.y out);
/

The software sketch simplify the implementa-
tion of the sensor signal phase correction unit.

Conclusions

The work shows that the use of digital filters
makes it convenient to build an all-pass filter, and its
use makes it possible to form a phase correction unit
for AMP. In the authors’ opinion, the software im-
plementation of such a filter is convenient and more
flexible for use and reconfiguration. The use of such
a unit will automatically evaluate and change its
characteristics when phase distortion occurs, in order
to improve the correction of sensor signal phases
and the efficiency of the system as a whole.
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IToOynoBa By3j1a kopekuil pa3u 1 KidepPizMuHUX cUCTEM
HAa OCHOBI BCENPONYCKHMUX (iIbTPiB

T. B. CutHikos, B. C. CutnikoB
Hayionanvruii ynieepcumem "Odecvka nonimexuika

Anomauia. Y cmammi poszensoacmocsa kubepizuuna cucmema, Ha NPUKIadi a8mMoHOMHOL MOOITbHOL
naamegopmu (AMII), sika micmums 6 codi anapamuo-npoepamui komnonenmu. Oonax AMII marome obme-
JHCEHHS 00 eHEPLOCNONCUBAHHSL, 0OUUCTIOBATILHOI HOMYAICHOCHE MA PYHKYIOHYBAHHT 8 PealbHOMY Yaci camo-
cmitino. HesusHaueHicmos HABKOIUWHBO20 Cepedosuyd 0OYMOBIIOE 3ACMOCY8AHHA 3dC00I8, WO KOpeKmy-
fomb cuenanu damuuxis. [na xopekyii ¢asu cuenanie oamuuxie AMII suxopucmosyroms 6cenponycKHi
@inempu. B pobomi posensnymi numarnus nob6y006u 6cenponyCckKHux Qinbmpie Ha 0CHO8I (Pitbmpie HUZLKO2O
nopsoxy ®HY ma @BY, a makosc C® ma PD. [liosuwenns kopekyii pasu uKonyemuscs uepes nioeuuerHs
NOpAOKY nepedasanbHoi QYHKYIL wiaxom nociioogHo2o 3 €OHanHs maxkux ginempis. Hagedeni cxemu peari-
3ayii 8y3/1i6 KOpexyii.

Knrouoei cnosa: xivepizuuna cucmema, a6moHOMHA MOOIIbHA NAAM@POpMA, 6CENPONYCKHUL Qinbmp,
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CTaH Ta pO3BUTOK TEXHOJIOTIil MOBTOPHOI iIeHTH(iKALII JIHOINHA
B IHTeJIEKTYaJIbHUX BieocucremMax

A. C. Koamnikos, E. M. 3a6apna, M. B. Jlo0ayes
Hayionanenuii ynieepcumem «Odecvka nonimexnika»

Anomauia. B cmammi po3ensiHymo cy4acHuli Cmau i OCHO8HI HANPAMU PO3GUMKY MEXHOLO02IU NO8Mop-
Hoi i0enmudbikayii 1roounu (re-ID) 8 inmenekmyanvHux cucmemax gioeocnocmepedicenus. Busnaueno ¢gop-
MAbHY NOCMAHOBKY 3a0adi No8MopHOI ioenmugikayii ma oxapaxmepuzo8aHo ii ponv y 3abesneyeHHi 6e3-
NEePepeHO2O ABMOMAMUYHO20 MOHIMOPUHZY 00'€kmig Midc HenepemuHHumu xamepamu. Ilpoananizosano
OCHOBHI GUKIUKU, WO YCKIAOHIOIOMYb GUPIUeHHs Yiel 3a0ayi 8 peanbHUX yMosax, ceped sKux — eapiamug-
HICMb 308HIUHBLO20 BUTAOY, 3MIHU PAKYPCY MA OCBIMIEHHS, YACMKO8e NepeKpummsl, NepeHoc 3HaHb MidiC
domenamu (domain shift), obmescenicmos HABUATLHUX OAHUX MA ANAPAMHUX pecypcie. B pobomi yzazanvhe-
HO niOX00u 00 BUTYYEHHS 03HAK, 3ICMAGNEHHS 300pAdCeb Ma Memooie 2IUOUHHO20 HAGYAHHS, SKI GUKOPUC-
mogyomucs 011 nobyoosu epexmusrux re-ID moodeneti. Ocobaugy ysazy npuoiieHo CyyacHuM meHOeHYisaM
BUKOPUCMAHHI 2eHepamusHux smazanreHux mepedc (GAN) ma attention-mexauizmie (Mexanizmis ysaeu), uwo
CHpusiiomb NOKpaujerHio mouxnocmi ioenmugpikayii. Hasedeno nepcnexmueri nHanpsimu nooanbuiux 0ocCi-
02iceHb, 30Kpema y cqhepi MyIbmuUMoOdIbHO20 HABUAHHS, A0anmayii 00 HOBUX OOMeHI8 ma emuyHo20 8npo-
8A0XCEHHS MEXHON02IN Y NYONiUHI cepedosuLya.

Knrouoei crosa: nosmopua ioenmugpikayis 1o0uny, iHMeNeKmyaivbti gideocucmemu, KOMN 10mepHul
3ip, 2nuboKe HABYAHMSA, O3HAKOGUU NPOCMIP, Mempuune HABUAHHS, 2eHePaAMmUBHI 3MA2ANbHI Mepedici,
attention-mexauizm (.Mexauizm ysazu).

MiCTax, TPAHCHOPTHUX BY3JaX, TOPIrOBUX LIEHTpaXx,
aepomnopTax Ta IHMMUX 00 €KTaX KPUTUYHOI iH(pa-
CTPYKTYpHU. Y TakuX yMOBax HEOOXiIHICTb aBTOMa-
TU30BAaHOIO Ta HAJIMHOTO BCTAHOBJIEHHS 1J€HTHUY-
HOCTi 0COOM MiXX HETEePeTHHHUMH KaMepaMH CTa€e
KIFOUOBHM YHHHHUKOM €(DEeKTHBHOCTI poOOTH Bizeo-
aHamTHYHUX cucTeM. [loBTopHa imeHTH]IKamis
JIO3BOJISIE HE JIMIIE BiJCTEXKYBAaTH IEPEeMilICHHS
JOAEH y MpoCTopi, a i CripHs€e PO3LIMPEHHIO (PYHK-
[IOHAJLHOCTI CUCTeM Oe3NeKH, BUSBICHHIO aHOMa-
JBHOT TOBEIIHKM, aHaji3y MOTOKIB Bi/IBiyBadiB Ta
iHTeTpamii 3 IHIUMH aHATITHYHAMHA MOIYJISIMU [2].

Pazom 3 THM, pO3B’s3aHHS 3aAa4i MOBTOPHOL
ineHTu(ikaii € CKIaJHUM TEXHIYHUM 3aBIaHHSIM,
IO CYNPOBOJIKYETHCS HU3KOIO CYTTEBHX BUKIIHKIB.
Jo ocHOBHHMX mpoOjeM HajexaTb BapiaTUBHICTbH
30BHIIIHBOIO BUIJIAAY JIFOJWHU BHACIIIOK 3MIH
OJISITY, PaKypcy, OCBITIICHHS, SIKOCTI 300paKeHHsI, a
TaKOX CKJIaJHICTh YMOB 3HOMKH y pi3HUX KaMmepax i
HasBHICTh ITyMOBUX (h)aKTOPiB Y (POHOBOMY CEpelo-
BUIII.

Kpim Toro, imeHtudikamisi BUMarae CTIHKOCTI

Beryn

Y KOHTEKCTi 3pOCTal04oro MOnuTy Ha CUCTEMH

3a0e3neueHHs] TPOMaJICbKoi Oe3leKkn, aBTOMaTh30-
BaHWIl MOHITOPUHT MyOJIIYHUX MPOCTOPIiB HaOyBae
nenani OiIbIIoro 3HaueHHs. [HTeJIeKTyaabHI Bijeo-
CHCTEMH, OCHAILICHI 3ac00aMU KOMI IOTEPHOTO 30py
Ta MTYYHOTO 1HTENEKTY, BIIKPUBAIOTH HOBI MOKIIU-
BOCTI /i1 aBTOMaTHYHOTO aHAJIi3y MOBEIIHKU 00'€K-
TiB y peanbHOMY 4aci. OnHi€r0 3 KIOYOBUX 3ajad,
IO IOCTa€ B paMKax TaKUX CHCTEM, € IOBTOPHA
ineHTU(IKALIS JTIOIUHA —
MpOIleC BCTAHOBJICHHS BiIIMOBIHOCTI MIX Bi3yaib-
HUMU 300paKEHHAME OJHI€T i Ti€l )k ocobn, 3adik-
COBaHMMH DPi3HUMH KaMepamH abo B Pi3HI MOMEHTH
gacy [1].

Ha BigmiHy Bia KJIIaCHYHOTO pO3Mi3HABaHHS 00-
JIMYYsi, TIOBTOpHA ineHTH(IKaLs mependadae ifaeH-
TU}IKaIiI0 0cO0M B YMOBAaX, KOJIU ii 30BHIIIHII BHU-
[T MOXKE 3MIHIOBATHCS, a 300pakK€HHsSI MiCTATh
JIMIIE 3araJbHUM BUIVIAA IOCTAaTi, O€3 YiTKO BHIHU-
MUX 010METPHYHHUX PUCYHKIB.

AKTyanbHICTh JOCTiIKeHb y Lill cdepi 3yMoB-

JICHA MOMMUPCHHAM CUCTEM Bi,Z[COCHOCTepe)KeHHH y

© Komnmikos A. C., 3abapna E. M.,
JloGaues M. B., 2025

MOJIETIeH 10 YaCTKOBUX OKJIFO3iH, pI3HOTO MaciiTady
300pakeHb Ta OOMEKEHOT KIIBKOCTI MPUKIAIIB JJIs

HaBuaHHs (puc. 1) [3]. OcobmuBy cKiIajHicTh CTa-
HOBUTH IEPEHECEHHS MOJIeNIel, HABYCHUX Ha OJTHUX

e cratTs Bigkpuroro nocrymy 3a jdinensiero CC BY (http:/creativecommons.org/licenses/by/4.0/deed.uk)
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JTAHUX, Y HOBi CepeIOBHIIA, 1€ YMOBH 3HOMKH 3HAU-
HO BiIPI3HSAIOTHCA.

VY BiAMNOBiIe Ha Ii BUKIUKK Cy4YacHa HayKOBa
CHUIBHOTA aKTUBHO PO3pOOJIs€ HOBI aNrOpUTMidHi
pIlIeHHsA, 3aCHOBaHI Ha METOJaX TJIIMOOKOTO HaB-
YaHHsA, 30KpeMa 3TOPTKOBHX HEHPOHHUX MeEpex,
attention-mMexaHi3MiB, TpaHCHOPMEPHHUX aAPXITEKTYp
Ta HaBYaHHS Ha MOAIOHOCTI 03HaK (metric learning).
BaxxnuBy poip Bimirpae TakoX CTBOPEHHS BEJIHUKHX
BIJKPUTHUX JATACETIB, IO O3BOJIAIOTH JOCHTiTHUKAM

PO3pOOIIATH Ta TECTYBAaTH MOJIEINi B YMOBax, HaOIH-
KEHUX JI0 peabHuUX.

Meroro i€l cTarTi € BCceOIYHMIA aHATI3 cydac-
HOTO CTaHy TEXHOJIOTi TOBTOPHOI imeHTU]iKamii
JIFOIMHM B CUCTEMaX BiJI€OCTIOCTEPEKEHHS.

Y poGoTi pO3rIAIalOTECS KITFOYOBI MAXOIN 0
po3B’si3aHHs 3amaui re-1D, aHamizyloTbcs OCHOBHI
TpyIHOII i TPaKTHYHOI peaizaiii, MOPiBHIOIOTHCA
HaWOUTBII MOIIMPEeHI METOAW Ta MOZENi, a TaKOX
OKPECITIOIOThCS TIEPCIICKTUBHI HAMPSIMU MOJATbIITHX
JOCTIDKEHb Y i raysi.

Puc.1. Kinbka npuknazais 300paxeHsb 3 HaBuanbHoro Habopy nanux RelD780. Koxen psiok Bignosigae
PI3HUM 300pasKeHHSM JIJIS OJIHIET 0cOOH. B sIKOCTI MpHKIaLy MOYKHA HABECTH PSJIOK 300paKEHHS MAIOTh
Pi3HY OpI€EHTAIIifO Ta 103y BIAMOBIIHOT JFOIMHY, @ TAKOXK Pi3HI YMOBH OCBITIIEHHS Ta (poHm [3]

1. IlocTanoBka 3agaui

3amaya TMOBTOPHOI iJeHTU}IKAIi JIOIUHU
(person re-identification, re-1D) nonsrae y BCTaHOB-
JICHHI TOTO, YM Hajiexarb JBa abo Ouiblie 300pa-

’KEHb, OTPUMAHHX 3 PI3HUX KaMep CIIOCTEPEKEHHS
a00 B pi3HI MOMEHTH Yacy, OJIHIH 1 Ti# camiii 0coOi.
B paMkax iHTeNEKTyaJbHUX CUCTEM BiJIEOCIIOC-
TEPEKEHHS 1 33/1a4a € KIIOYOBHM KOMIOHEHTOM,
mo 3abe3neuye Oe3nepepBHE BiJCTEKEHHS 00'€KTiB
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MDK HEMIEPETHHHUMH KamepaMmu 0e3 pydHOl ydacTi
oreparopa.

Hexait 3a71aHO MHOKUHY BiJilcoKamep
{C1,C,, ...,Cx}, #Ki TeHepylOTH 300paxeHHs abo
BiJICO ITOTOKH, B SIKMX BHSIBILIIOTHCS 00'€KTH (JIFO/IH).
[Ticas eramy meTekilii 3 KOXHOTO KaApy BUIIAIOTH-
csi (parMeHTH 300pakeHb, MO0 MICTATh OKPEMHX
oci0. [loznaunmo Habip 300pakeHb MOAeH K I =
{I,,1,,..., Iy}, ne koxHe 300paxkeHHs [; MiCTHThL
30HY KaJIpy 3 OJIHIEI0 0CO0O¥0.

KoxHoMy 300paxkeHHIO [; BiJIIOBia€ BEKTOP
o3HaK f; € R, oTpuMaHuii 3a 10MOMOTo0 QYHKIIi
eKcTpakilii o3Hak f(*), sKa peani3yeThCsl, sIK MpaBH-
J10, TIIMOOKOI0 HEHPOHHOK MEPEKEIO:

fi=fUs;6), (1

Je 6 — mapaMeTpu Mepexi, 0 MiUISIralTh Ha-
BYaHHIO.

Merta moBTOpHOI ifeHTH(DIKAMIi TONIATaE B TO-
My, o0 JuIs 3aJaHoro samury (query image) I,
3HalTH cepen ranepei 300paxkens G = {Iy, ..., Iy}
BCi Ti, IO BiJMOBINAIOTH TiM ke 0c00i, mo i I,. 3a-
nada (OpPMYITIOETHCS AK 3a/a4a MOMIYKY HaiOiIhII
CXOXHX 300paKeHb Y 03HAKOBOMY MTPOCTOPI:

[ = arg gleigd(fq,fj), ()

e fq = f(lq),fj = (Ij), a d(:,") — dyskIis BigcTa-
Hi, HAPUKJIAJl, €BKJIiI0BA BiJICTAHb:

d(fo 1;) = fa = £ill» (3)
a00 KOCHHYCHa BiJICTaHb:
fa fi
deos\Foo f7) =1 —7miar 4
N T 7

s HaBYaHHS MOJIENI BHUKOPHCTOBYIOTH ab0
iXiJ Kiacudikarlii, e KOXKHOMY KJIacy BiAIOBimae
OoKkpemMa ocoba, abo MeTpu4yHe HaBuaHHS (metric
learning), sike HailiJieHe Ha (OPMyBaHHS TaKOI'O
03HAKOBOT'O MPOCTOPY, B AKOMY 300pakeHHS OJHIET
i Ti€l % 0co0M 3HAXOIATHCS OJTU3BKO OJTHE J0 OJTHO-
ro, a 300pakeHHs pi3HHX 0cid — ganeko. OmuH i3
HANMOIUPEHIINX MiXOIB — BUKOPUCTaHHS (YH-
KIIii TPUTUICTHUX BTPAT:

Ltriplet = maX(O, d(foufp) —d(fa, fo) + a): (5)

1€  fa, fp» fn — BEKTOPH O3HAK JUIS BiANOBIHO aH-
kopa (anchor), mo3uTuBHOTO TpHKIALy (TOM camMuid
KJIac) 1 HeraTWBHOTO MpHKIaay (1HIIWHA Kiac), a a —

MTOPOTOBHH MapameTp (margin), Mo BH3HAYAE MiHI-
MaJbHY Oa)kaHy BIJICTaHb MiXK KJIacaMH.

B anpTepHaTHBHUX MiIXOAaX TaKOXX BHKOPHC-
TOBYETHCS KOHTpAacTUBHa BTpaTa, KiacuikawiiiHa
BTpara Ha softmax-mapi, abo koMmOiHOBaHI (QyHKIIT
BTpAT, IKi BOJHOYAC ONTHUMI3YIOTh SIKICTh PO3MOILTY
O3HAK 1 3[JaTHICTh KJacu(ikyBaTh 00'€KTH.

VY 3aranpHOMY BHUIAJKY, 33/1a4a MOBTOPHOI ifie-
HTUGIKAmIi PO3MNIAMAEThCA SK 3aJava MOIIYKy 3a
3paskoM (retrieval), sika BUMarae:

— (bopmyBaHHS TUCKPUMIHATUBHOTO O3HAKOBO-
r'0 IPOCTOPY;

— BUKOPUCTaHHS e(EeKTUBHOT METPUKU CXOXKO-
CTi;

— 3a0e3neyeHHs y3arajJbHIOBAaHOCTI MOJIeNeld Ha
HOBI JjaHi (TIEPEHOCUMICTB).

Takum 4rHOM, 3 (OpPMaJbHOI TOYKH 30Dy, 3a-
Jlava MOBTOPHOI ineHTH(diKamii moisarae y mooymaosi
dynkuii f: ¥ - RY, sxa MiHiMi3ye BHyTpilIHbOKIA-
COBY BIJICTaHb:

v(1; 1;) € SamelD:d (£ (1), £(1;)) - min, (6)
Ta MaKCUMI3y€ MIXKKIIACOBY:

V(I I}) € DifID:d(f (1), f(I)) » max, (7)

B peanbHux cucremax 10 mbOro (GOpMyIIOBaH-
HS JOAAIOTHCS T0JaTKOBI OOMEKEHHS: pealibHUil 4ac
00poOKH, OOMEXKEHICTh HaM’siTi, 3MIHHICTH YMOB
3WOMKH, BiJICYyTHICTb MapKOBaHUX JaHUX y HOBHX
cepeIOBHILaXx.

Lle 3yMOBIIOE aKTyaJIbHICTh PO3POOKH eeKTH-
BHUX 1 CTIHKHMX MOJeNeH, 3[aTHUX MpaioBaTH B
YMOBaxX HEBHM3HAUEHOCTI Ta CKIAJHHX BXITHHX Ja-
HHX.

2. Bukjauku Ta mepemkoau 3aaadvi moBTOP-
HOI ifeHTHdiKaLil TrOAMHA

Po3B’s3aHHs 3amayi MOBTOPHOI iaeHTH]IKAIT
JIOAMHU B YMOBaX PEajbHOrO CEpEelOBHINA CYNpPO-
BOJKYETHCS HM3KOK CYTTEBUX TEXHIYHUX 1 MPUKIA-
JTHHUX BUKIMKIB. CepeJl OCHOBHUX 3 HUX MOXKHA BHO-
KPEMHTH HACTYIHI [4]:

— BUCOKA 8APIAMUBHICING 3068HIUHBO20 BUTAOY
moounu. OaHa i Ta caMa ocoda MOKe MaTH Pi3HHUHA
BUTJIST Y Pi3HI MOMEHTH 4Yacy: 3MIHIOETBCS OJIAT,
B3YTT#, 3a4iCKa, HASBHICTh a00 BIJICYTHICTh aKcecy-
apiB (HampHKIaA, CYMKH, Kameatoxd, Macku). Mo-
Jenb MOBHHHA OyTH 34aTHOI0 (DOKycyBaTuCS Ha
CTAIMX I1HAMBIAyaJIbHUX pUCaxX, 30epirarouu CTik-
KICTh 0  HECYTTEBUX  3MIiH  30BHIIIHOCTI;
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— 3MiHA VMO8 3UOMKU 8 pI3HUX Kamepax.
Kamepu MOXyTh BiIpi3HATHCS KyTOM OTIIATY, SKiC-
TIO 300pakeHHS, PiBHEM OCBITJICHHSI, KOJIHOPOBUM
OamancoM 1 ¢oHoBuM mymoM. Lle ycknamHioe Oe3-
MocepeHe TOPIiBHAHHS 300pakeHb 1 3HUKYE SKICTh
O00YHMCIIEHHS CX0KOCTI O3HAK;

— YacmKoge nepekpumms mina abo Henogue
6x00ocents 6 kadp. JlromuHa Moxke OyTH YacTKOBO
3aKpUTa IHIIMMH 00'€éKTaMu a0 MOTPAITUTH B Kajp
JuIIe 9acTKoBo. Lle 3HIKye eeKTHBHICTh BUALICH-
HS O3HAK 1 MOTpedye 3acTOCYBaHHS METOIIB, 37aT-
HUX IMPAIFOBaTH 3 HEMTOBHOIO iH(OPMAITIETO;

— CX024CiCmb 306HIUHBO2O BUTIADY DIZHUX OCIO.
Y nmyOniyHUX MicIsIX ©arato JIoJeld MOXKYTh MaTh
moniOHI cmimyetn abo omar. Lle migBumIye pHU3HK
XMOHUX BIAMOBIAHOCTEH MiX Pi3HUMH OCO0aMu Ta
norpedye mNOOYAOBU OBl JUCKPUMiHATHBHOTO
03HAaKOBOT'O IIPOCTOPY;

— npobnema nepenocy 3HaHv MidXc pisHUMU 0O-
meHamu (domain shift). Monenb, HaBYeHa Ha OJHO-
My JIaTaceTi, 4acTO JEMOHCTPYE TMOTaHy MpPOIYKTH-
BHICTh Ha HOBHX JJaHUX i3 BIIMiHHUMH XapaKTepHC-
Trkamu. HeoOximHe 3acTocyBaHHS METO[IB JOMEH-
HOT ajlanTailii 800 HaB4YaHHsS 0€3 yUUTeIs;

— gi0cymHuicmb YimKux 6ioMempudHux osHax. Y
OUIBIIOCT] BUMNAJKIB 0044t 0coOM ab0 IMOBHICTIO
BIJICYyTHE B KaJpi, a00 Ma€ HEAOCTATHIO PO3ILTbHY
3ATHICTh JJI1 BUKOPHCTAHHS KJIACHMYHUX METO/IIB
OiomerpuuHoi imeHTudikanii. lle Bumarae 3ocepe-
JDKEHHSI Ha HENIPSIMUX O3HAaKax — KOJIbopax, opmax,
X0/l

— 8uUcoKi obyucarsanvhi eumpamu. J1ns odpo-
OKHU BIZICONOTOKIB 3 0ararboX Kamep y peaibHOMY
gaci moTpiOHI 00YHCITIOBaIbHI €(EeKTUBHI alrOpPHT-
Mu. Benmuki momemi MOXyTh OyTH TOYHUMH, aie
HETNPUJIaTHAMH JIJISl 3aCTOCYBaHHS y pecypcHO 00-
MEXEHHUX CHCTeMax a00 Ha BOYIOBaHHUX MIPHUCTPOSIX;

— emuuHi ma npagosi obmedgniceHHs. 3aCTOCY-
BaHHS  TEXHOJOTIH  MOBTOPHOI  imeHTH]iKarii
MOB’si3aHE 3 PHU3UKAMH MOPYIICHHS MPHUBATHOCTI,
KOHTPOJIIO 32 TpoMaasHamu Oe3 iXHBOI 3roju Ta
37I0BXKUBAHHAM aHATITHYHUMH MOXIHMBOCTSIMHU. Lle
BUKJIMKA€ HEOOXIJHICTh 3a0€3MeUYEeHHs MPO30POCTi,
peryJoBaHHS Ta JOTPUMAaHHS HOPM 3aXHUCTy TepCo-
HAJIBHUX JIaHUX.

TakuM 4MHOM, 3a/1a4a HOBTOPHOI iAeHTUi-
Kamii JIOAMHA BUXOIWTH 33 MEXI CYTO TEXHIYHOI
npobnemu. BoHa nepenbayae po3B’si3aHHS KOMILIE-
KCy MHTaHb — BiJl iH)KEHEPHHX 1 allTOPUTMIYHHUX JI0
€THYHHUX 1 COLAIbHUX.

VceminHe nmoaoiaHHs BKAa3aHUX BUKIIMKIB €
3amopykoio edekTtuBHOi iHTerpauii re-ID y mosHo-
LiHHI 1HTEJEeKTyaJbHI CUCTEMH BiJ€OCIIOCTEpEKEH-
HSl HOBOT'O TIOKOJIIHHSI.

3. Orysa miaxoaiB 10 BUpilIeHHs 3aaa4i 1mo-
BTOPHOI ineHTHdiKALiI JTI0AUHI

[limxomn no0 moBTOpHOI imeHTHdIKAMmi 0co0H,
SK TPaBHJIO, BUKOPHCTOBYIOTh JECKPUITOP 30BHIII-
HOCTI [T IpeNCTaBlIeHHsI 0co0M Ta QYHKLUII 3icTaB-
JIGHHS JJIA TIOPIBHSHHS IHX IECKPUIITOPIB 30BHIII-
HOCTI.

[IpoTsirom OaraTbox pPOKiB poOMIHCsA CHpoOH
MOKPAIIUTH SIK TPEACTaBICHHS, TaK 1 allTOPUTM 3ic-
TaBJICHHs, 100 IMIBHWIIUTH CTIHKICTH A0 Bapiariii
MO3H, OCBITJICHHS Ta ()OHY, NIPUTAMAHHHX 1[Il MPO-
onemi.

HemomaBHo, 11s TOBTOPHOT imeHTHDIKAITT JTFO-
muHE OyIid 3acTOCOBaHI MiAXOMU TIUOOKOTO HaB-
YaHHS, IO JO3BOJIJIO JOCATIM HaWCy4YacHIIINX
pe3ynbTaris [5].

[linxoan rMMOMHHOTO HaBYaHHS A imeHTH(I-
Kailii 0coOH CIiJIbHO BUBYAIOTh Bi3yasibHI MPEICTaB-
JICHHS O3HaK 1 MeTpuky moaiOHocTi. Y mitepaTypi
po3mizHaBaHHS 0Ci0 37e0LIBIIOTO BHUKOHYETHCA 3a
30BHIIIHIM BUTJIAAOM JIIOAMHA Ha OJHOKOJIIPHUX
300paxeHHsX [6].

Opnak, 6araTo migxoAiB BUKOPUCTOBYIOTh 1HIIT
O3HaKW JJI BUKOHAHHS 3aBHaHHA imeHTH(]iKarii
ocobu, Taki sIK 4acoBa iH(poOpMaLis, 300paKeHHS
[JIMOMHM, XO1a, TOIIOJIOTIsE KaMepu Touio [7].

3.1 ITioxoou 00 eunyueHHs 03HAK

Bunyuennss oszHak — 1e (QyHIaMeHTaIbHUI
KpPOK y TIOBTOpHIH ifeHTH(]IKAIll 0co0u, cripsMoBa-
HUN Ha CTBOPEHHS HAJIMHUX 1 JUCKPUMIHAIIHHUX
Bi3yaJIbHUX 300pakeHb JtoAed. Y naHiil cTtaTTi Tpa-
TUIIIHI METOAM TOJUIAIOTECS HAa TPU OCHOBHI Tij-
XOJIU: XOJICTUYHHM, MaTY-OPi€EHTOBAHUMN 1 BUJILICH-
Hs O3HAK Ha OCHOBI 4acTHH Tija [8].

XOoMiCTHYHI MIXOAW YacTO BUKOPUCTOBYIOTH
rio0alibHI KOJIBLOPOBI TiCTOrpaMH JUIsS OTIHCY 30BHi-
IIHOCTI JIIOJIeH, a MeToIu (POTOMETPHYHOT HOpMaJTi-
3alii (Hampukiaa, BUPIBHIOBAHHA ricrorpaMu abo
¢byHKUii mepenayi SCKpaBOCTi) 3aCTOCOBYIOTH IS
MMOM'SIKIIICHHST BIUIMBY OCBITJIGHHS Ta Bapiallii Ka-
mepu [9].

[lizxooqm Ha OCHOBI MAaT4iB YCyBalOTh OOMe-
JKEHHS LUTICHMX O3HaK IUISIXOM IIUIBHOT BHOIpKH
JoKanbHUX obmactel (Hanpukman, nardi 10x10) i
BUJIYYEHHS JICCKPUIITOPIB, TAaKUX $K TiCTOTPaMU
LAB/HSV, SIFT, LBP a6o rpagientHi o3naku [10].
L{i 03HaKK YaCTO arperyrThCs 3a JOTOMOIOI TaKHX
MeToliB, sik Bag-of-Words a0o nokanpHe KoayBaHHS
KOOpauHAT Juis (pOopMyBaHHS KOMITAKTHUX, ajie iH-
(hopmaTHBHUX 300paKEHbD.

[linxoan Ha OCHOBI YaCTHH TiJIa MiJBHUILYIOTh
MIPOCTOPOBY CTiHKiCTh, BUKOPUCTOBYIOUYH CTPYKTYPY
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JIIoJIcbKoro Tiia. Taxki METOOM, K CErMEHTalls Ha
ocHOBi cumeTpii (Hampukiaax, SDALF) abo ropuso-
HTaJbHUWA TOMIN HA CMYTH, CIPSIMOBaHI Ha BHPIB-
HIOBAaHHS Ta KOAYBaHHS CEMAaHTHYHO 3HAUYIIHUX
oOyactelt, Takux 5K Tyny0 abo morm [11]. Hesxi
METOJI! TIOEAHYIOTH O3HAKH Ha OCHOBI CMYT 1 IISAM
JUTSL TTIOKPAICHHSI TUCKPUMiHAaIliHHOT 31maTHocTi [12].

JlomaTtkoBi cTparerii BKIIIOYalOTh BUKOPHCTAH-
HA KOBapialliiHUX ECKPUIITOPIB, MOMICITIOBAHHS
perioHiB Ha ocHOBI ["aycca Ta BuOip 03HaK Ha OCHOBI
Oycrinry [13].

HesBaxkaroun Ha pi3HOMaHITHICTH ITUX METO/IIB,
BCi BOHH CIIPSIMOBaHI Ha BHSIBJICHHS 1HBapiaHTHHX 1
BIIMIHHUX MaTepHIB y Pi3HUX paKypcax KaMepH IUIs
TTOKpaIteHds e(eKTUBHOCTI IMOBTOPHOI iIeHTH(]iKa-
i

3.2 ITioxoou na o6asi 3icmaeénenns

[Mizxonn Ha 6a3i 3icTaBieHHS NPU MOBTOPHIH
inenTudikamii ocodu 30cepelkeHi Ha BUMipIOBaHHI
CXOOCTI MK TPECTaBICHHSMHU O3HAK, BHTATHY-
TUMH 3 pi3HUX 300pakeHb [14]. Ockinbku Tpaau-
LIAHI METPUKH BiJICTaHI, TaKi K €BKJIiI0Ba BiJCTaHb
abo BifcraHp brarrauap's, 4acto € HETOCTaTHIMHU
IUIE 0OpOOKH BETMKWX BHYTPINTHBOKIACOBHX Bapia-
Uil (HanmpuKiIaj, yepe3 3MiHy TOYKH 30py a0 OCBIT-
JICHHS), JUIS MiABUINCHHS HAIIHHOCTI Ta JTUCKPHUMI-
HaI[IHOI 3/1aTHOCTI 3aCTOCOBYIOTKCS CIEIlialli3oBaHi
MeToAM 3icTaBiaeHHs [15].

BaxnuBuM HampsIMKOM € METpUYHE HaBYaHHS,
METOI0 SKOTO € BUBYEHHsI (DYHKIIii BifCTaHi, MMpHC-
TOCOBaHOI JI0 3aBJIaHHS TOBTOPHOI imeHTHdiKaIii
JIOAWHU. BiNbIIicTh METONIB BUKOPHUCTOBYIOTH Ma-
XanaHoOICOBY BiJICTaHb, MMapaMeTPU30BaHY IMO3UTH-
BHOIO HamiBBu3HaueHoto (PSD) wmarpunero [16].
Besnocepenns ontumizaltis i€l MaTpuill Moxe OyTH
00YHCITIOBATILHO TPYJIOMICTKOIO, TOMY Oararo Immij-
XOJIiB pO3KJIAIAI0Th 11 Ha MiJIPOCTOPH MEHIIOI PO3-
MipHOCTI a00 3aCTOCOBYIOTh OOMeEXeHHs st 30e-
PEXEHHSI OMyKIJIOCTi. MeToJu METPUYHOTO HaBYaH-
HsI MOYKHA YMOBHO TIOJIUTMTH Ha JiBa THIH [17]:

— onTUMi3allig Ha OCHOBI 0OMEXEeHb Ha BijCTa-
Hi, Ie UiNboBa (PYHKIIS MpU3HAYEHA AJIS 30TMKEHHS
CXOKHUX Tap 1 po3CyBaHHsI HeCXOXHUX map. Taki me-
tomu, sk KISSME (Keep It Simple and
Straightforward Metric), 3a0e3neuyioTh epeKTUBHI
piteHHst 3aKpuTOi (OPMH, 3aCHOBAHI Ha TayCCiBCh-
KHX MIPHITYIICHHSAX PO MPOCTip 03HAK;

— MUCKpUMIHATUBHE HAaBUYaHHS IiIIPOCTOPY,
METOIO SIKOTO € BUBYEHHS NPOEKIii, e BHYTPILIHBO-
KJlacoBa JIUCIIEPCis MIHIMI3YEThCS, & MIKKIacoBa
MaKCUMI3YeThcsl. [IpUKIIaiM BKIFOYAIOTh METO/IN Ha
ocHoBi LDA, LFDA (JiokanbHMH TUCKPUMiHAHTHUH
ananiz @imepa), XQDA (skmii inTerpye QDA 3
KISSME) i NFST (mynboBe meperBopeHHss Doiti-

CamMoOHa), sIKe TPOEKTYE 3pa3Ku OJHOTO KiIacy Ha
CHUTbHY TOYKY, MaKCHMI3yIOUH MPHU IbOMY MiXKKIJIa-
COBY BiJIOKpeMITIOBaHicTh [17].

Kpim Toro, mist mokpamieHHs: MaciTaboBaHOCTI
Ta TOYHOCTI, OyJIM 3aCTOCOBaHI aHCaMOJIEBI METOMM.
Hampuxutan, ancam6me RankSVM  ¢opmymioe 11o-
BTOpHY iJeHTU(}IKALIO SK 3aJady paHKyBaHHS Ta
arperye nekimpka ciraOkux SVM misi 3MeHIIeHHS
o0uncIIoBaILHUX BUTpAT [18].

3arajomM, MmigXOAM 3ICTABIEHHS JOMOBHIOIOTH
EKCTPaKIil0 O3HaK, YTOYHIOIOYM CIHOCIO BHMIpIO-
BaHHS CXOXXOCTi, IO BIAIrpae XHUTTEBO BAXKIHBY
POJb y MiABUIIEHHI TOYHOCTI ineHTH(IKALIT B CKa-
JHHX CLEHapisX MepexpecHOro pakypcy.

3.3 ITioxoou na 6a3i 2aiubunn020 HAGUAHHA

I'mnOoke HaBuaHHSA 3HAYHO BIOCKOHAJIWIO HO-
BTOPHY 1MEHTU}IKAIIO JIOAWHU, YMOXJIHMBHUBIIN
CHiJIbHE HaBYAaHHS TPEACTABICHb O3HAK 1 METPHUK
CXO0OCTI B HAaCKpi3Hu# cnoci6. Ha BiaMiHy Bin Tpa-
TUIHHAX py4HUX (YHKIHA, 3rOpTKOBI HEWpOHHI
Mepexi (CNN) aBTOMaTMyHO BHUBYAKOTH JTUCKPHMI-
HaIliiiHI 03HaKW 3 HEOOpPOOJIEHUX JaHWX 300pakeH-
Hs, 1[0 TIPU3BOJUTH J0 OUTBIN HafiitHOI poboTH mpu
3MiHI 103U, OCBITJICHHS Ta (POHY.

[linxoau, 3acHOBaHI Ha IIMOOKOMY HaBYaHHI,

4acTO BUKOPUCTOBYIOTh CTPYKTYPHI MPIOPUTETH, IO
3aCTOCOBYIOTbCA B KJIACHYHHX METOJax — Halpu-
KJIaJI, apXiTeKTypy Ha OCHOBI CMYT, maryiB abo vac-
TuH TiNa [19]. Moeni Ha OCHOBI CMYT AUIATh BX1IHI
300pakeHHs] Ha TOPH3OHTAIIbHI O0JIACTI, MPHUITyCKa-
04Yd TpyOe BUPIBHIOBAHHS MK 300paK€HHSIMU JIFO-
neii. Hanpukiaa, ciamMcbhki Mepexi 31 CHIJIBHHUMHU
napameTpamMu MOXYTh ITOpPiBHIOBATH CMYI'H He3aJle-
’KHO OJHMH BiJl OJHOI'O, TOAl IK MEXaHI3MHU BEHTHIIIO-
BaHHS MOKPAIYIOTh Bi/IMOBiTHI XapaKTepUCTUKN Ha
piBHI cMyT mij yac 3ictaBieHHs [20].
MeToan Ha OCHOBI YacTUH Tilla BHUKOPHCTOBYIOTbH
iH(pOpMAIIiI0 PO MO3Y LIS BIIYYEHHS Ta 00'eTHaH-
Hs O3HAaK 13 CEMAaHTUYHO 3HAYYIIMX oOyacTei (Ha-
MpUKIaJ, TOJO0BH, Tyiy0a, Hir) [21]. Heski moxmemi
BUKOPUCTOBYIOTH MeEpEeXi Tpomo3uuiidi obiacrteit
Tima abo TMPOCTOpOBI TpaHCHOPMAHTHI Mepexi
(STN) mns nokamizamii YacTHH Tijla MIIOXOAIB 0e3
SIBHUX aHoTawii [22]. [HI1i BUKOPUCTOBYIOTH MeXa-
HI3MH yBard i aBTOMaTHYHOTO HaBYaHHS JIHC-
KpUMIHATUBHHUX OOJIACTEH Tija IiJ] 4ac TPEeHyBaHHS,
BUKOPUCTOBYIOUH KiJIbKa T1JIOK Mepexi abo Barosi
macku [23].

omo ¢yHKIii BTpar, TIMOOKI MOJET BHKO-
PHUCTOBYIOThH MapHi BTPaTH (HaNpHUKJIAA, KOHTPACTHI
BTpaTH), NOTPiliHI BTpaTH abo ixHi KoMOiHawii (Ha-
MPUKIIAJ, KBaJPYIUIETHI BTPATH) S ONTUMI3alii
cxoxocti igeHtudikamii. i BTpatH MmokpamryrmoTh
y3araibHEHHS MOJENi, 3MEHIIYIOYH BHYTPILIHBO-
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KJIACOBY JHCIIEPCII0 Ta 30UIBIIYIOYH MIKKJIACOBY
BiJIOKPEMITIOBAaHICTh Y BUBYEHOMY IPOCTOPi BOYITO-
ByBaHHS [24].

OcTaHHI TEHJAEHIII BKIIOYAIOTh T'€HEPATUBHI
3marambHi  Mepexki  (Generative  Adversarial
Networks, GAN) miis momoBHEHHSI HaBUaJILHUX Oa-
HUX a00 3MEHILIEHHS PO3pHBIB MiX Habopamu na-
HUX, @ TaKO)k MEXaHi3MH yBard Ijsi BHOIPKOBOTO
BHIIUJICHHS BaXXJIMBHUX oOmactedt abo kanpiB (mpu
MOBTOPHIH ieHTH(iKallli HA OCHOBI BiJC03aIHUCIB)
[25]. Lli BHOCKOHaJICHHS BUPIIIYIOTH Taki mpoOIe-
MU, SK OediInT AaHuX 1 Bapiamii TOYOK 30py, IIe
OiTbILe MiABUILYIOYH TPOAYKTHBHICTb.

TakuM 4YWHOM, MiAXOAW TIMOOKOTO HaBUAHHS
PEBOIIOIOHI3yBAI BHITyYEHHSI Ta CITIBCTABJICHHS
O3HaK TP MOBTOPHIH imeHTUdiIKaMii 0cOOH, TPOTIO-
HYIOYHM MacIiTa0OBaHi, aJanTHBHI Ta BUCOKOHUC-
KpUMIiHAIiiiHI pemnpe3eHTariii 3a IOMOMOTOK Ha-
CKPI3HUX HABYANLHUX (hPEHMBOPKIB.

3.4 Inwi nioxoou

Xoua OiNBIIICTh METOIB MOBTOPHOI imeHTH(DI-
Kamil JIOAUHU MOKJIAJal0ThCs Ha 30BHIMIHINA BUIIISAT
RGB-300pakeHHs1, iHII O3HAKKM MOXYTh HAJaTH
JOJTATKOBY ab0 OUThIN HamidHy iH(pOpMaIiio, 0coo-
JMBO B CKJIAJHUX yMOBax. Y I[bOMY IYHKTi 0OTOBO-
PIOIOTBCS QJIbTEPHATUBHI CIIOCOOM Ta KOHTEKCTHA
iH(opMartis, sKi miIBUIIYIOTh €EKTUBHICTH ITOBTO-
pHOI imenTH}iKarii.

Yacosa iHpoOpMaIllis, SKy 3a3BUYall OTPUMYIOTh
3 BiJICOTIOCIIIOBHOCTEH, (hiKCye MaTepHU pyXy, Taki
SK Xo1a. PaHHi poOOTH BUKOPHUCTOBYBAIH BiI€O IS
BiHIMaHHS ()OHY a00 CerMeHTallil YacTHH, TOML SIK
OLIIBII Cy4YacHI METOJIM arperyroTh O3HaKW Ha PiBHI
KaJpy 3a JOIOMOTOI0 CTpareriii o0'eqHaHHS abo
BUMIPIOIOTh MiHIMaJbHY BiJICTaHb MiX ITOCIiIOBHO-
cTsamu [26]. JleckpunTopy Ha OCHOBI XOJH, TaKi sIK
Gait Energy Images (GEI) a6o Flow Energy Profiles
(FEP), BUKOpUCTOBYIOTh JUHAMIKY XO/H, K 4aCTO
€ YHIKQJIBHOIO ISl KOXHOI JItoAuHU. [ THOOoKi peky-
pentHi mogeni (Hanpukian, RNN a6o LSTM) ra-
KOXXK BHKOPHCTOBYIOTBCS Ul KOAYBAaHHS YacOBUX
3aJICKHOCTEH JIJIsl TPEICTABJICHHS Ha PIBHI MOCII/I0-
BHOCTEH [27].

BiomeTpuuHi 03HaKM — Taki SK pUCH OOIMYYS,
Bi3epYHKH paliay»XHOI OOOJIOHKH OKa abo0 BiIOWUTKH
NGB — MPONOHYIOTh BHUCOKOJMCKPHMIHAIIHHY
iH(popMaito npo ocoly. OaHaK IXHE BUKOPUCTAHHS
00OMEXEHE Yy CIIOCTePeKEHHI uepe3 moTpedy B 30-
OpaXeHHSX BHCOKOI PO3IiIBHOT 34aTHOCTI, CIelia-
J30BaHUX ceHcopax i cy0'ekTax, s[Ki CIiBIpaLo-
10Tb. TUM He MeHII, aTpuOyTH OOIMYYA, TakKi fK
3ayicka a0 OKYJISpH, JOCHIIKYBAIUCSH SK M'SIKI
OloMeTpHYHI 03HAKH IS NOIIYKY Jrojaei [28].

Meroawm, 3acHOBaHI Ha aTpuOyTax, BUKOPHUCTO-
BYIOTh CEMaHTHYHI JIECKPUNTOpU (HATPUKIIA,
CTHJIb OZATY, KoJp abo akcecyapH), siKi € 3po3yMi-
JIUMH TSl JTIOAWHUA 1 TMPUAATHUMH JUIS TOMIYKY 3
Hyma. i M'axi GiomeTpudHi O3HAKH 3a0€3MeuyroTh
MPEJCTaBIICHHS CePEeTHHOTO PIBHS, SKE MOXE JOTO-
BHIOBaTH HU3bKOPIBHEBI O3HAKH 30BHINTHOCTI [29].

[ndopmaris mpo rmmubuHy 1 3D-300pakeHHs,
OTpHMaHa 32 JIOTIOMOTOK0 TaKHMX MPHCTPOIB, SIK OOp-
TOBa Kamepa, JIa€ 3MOTY CTBOPIOBATH 300pa)KCHHS,
o0 He 3ajJeXaThb BiJ TOUYKK 30pY 1 OCBITJIEHOCTI.
CurHany TIUOWHM CIPHSIOTh Kpamlid cerMeHTamii
MIIIOXOJIB 1 TO3BOJISAIOTh BUOKPEMHUTH CKEJIIETHI Ta
TPUBUMIpHI 03HaKH Gopmu Tinma. Metonu Mozemnto-
IOTh TiJIO, BUKOPHCTOBYIOYM JOBXHHY KIiHIIIBOK,
XMapHy TOYOK ab0 0COOJIMBOCTI CKeneTa, iHOI AOTo-
BHEHI rIMOOKKMM HaBuaHHsM [30].

Tomomnoris xamep 1 MepexeBi 0OMeXeHHS Ta-
KOX MOXYTb JOITOMOITH B MTOBTOPHIH 11eHTH(IKAIT
[UISXOM BKJIFOYEHHSI ITPOCTOPOBO-YaCOBOI'0 KOHTEK-
CTy, HaNpPUKIAa, MPOrHO3YBaHHS HMOBIpHUX IEpe-
XOMiB Kamep a0o0 MIMIOXiAHWX MUIIXiB HAa OCHOBI
MaKeTa Mepexi.

3arajoM, miXoIyu Ha OCHOBI O3HAK CIPSIMOBaHI
Ha I10JI0JaHHs 00OMeEKeHb, IOoB's13anux juiie 3 RGB-
XapaKTePUCTUKaMH 30BHIIIHOCTI, MUIIXOM BKJIO-
YeHHs1 Oararmioi, 4acto MyJIbTUMOJAIBHOI, KOH-
TeKkCcTHOI a00 (hizionoriuHoi iH(opMaii s miaBu-
[IeHHS] TOYHOCTI 1IeHTUdIKaIlii B CKIQJIHUX CEepeJIo-
Bumax [31].

4. HoBiTHi TpeHau B 3a1a4i NOBTOPHOI ieH-
Tudikanii Jr0a1MHA

Hogi Tennenmii y BupimieHHi 3a7a4i TOBTOPHOI
ineHTr(ikamii iIKOM 0a3yrOThCS HAa BUKOPHCTaHHI
MIMOMHHOTO HaBuyaHHS. [lOCTIHHO NPONMOHYIOTHCS
HoBI apxiTekTypu IIIHM. 11i HOBI inei nar0Th aesiki
HOBI TeHpaeHIil anms 3actocyBanHs IIHM no 3amadi
MOBTOPHOI iieHTHiKaii sroauau. OIHIE 3 TaKUX
TEHJIEHIIIH MOKe OyTH TeHepaTUBHA 3MarajbHa Me-
pexa (GAN).

B 3apmauax igentudikanii ocodu icHye Oararto
Bapiamiii. Aje 4epe3 OOMEXECHHUH po3Mip HaOOpiB
JaHMUX HaBECHI NMPHUKIIAAN HE MOXKYTh BiJOOpakaTH
BCi MONIMBI Bapiawii. Jleski miaxoqu po3risiiaoTh
BHKOPHCTaHHS Te€HEepaTHBHUX Mojenei. Lle momeni,
SIKI MOXXYTh HABUMTHCS CTBOPIOBATH JaHi, MOAiOHI
10 1aHuX, ki Mu HagaemMo. GAN OyJ0 3anpornoHo-
BaHO B [32] i WIBHUAKO 3aCTOCOBAHO JIO Pi3HUX 3a-
Baanb. GAN HaBuae JBI TiJIMepexi: TeHepaTop i
OUCKpUMiHATOp. JlMCKpUMiHATOp BUSBIAE, YU €
3pa3oK 3reHepOBaHMM a00 CHPaBXKHIM, TOII SK Te-
HEPaToOp CTBOPIOE 3pa3Kku, MI00 OOJYpPHTH ITUCKpH-
MIHATOP.
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B pobGoti [33], aBTOpH BIIEpIIE 3aCTOCYBAIH
GAN 1o npobieMu TOBTOpHOI imeHTHbIKAmii. [mxes
MpOCTa: BHKOPHUCTAHHS 3TEHEPOBAaHMX 300pa’keHb
JUIsl TOTIOBHEHHsI HABYANIbHUX JaHuX. BoHM BUKOpU-
CTOBYIOTh TJIMOOKY 3rOPTKOBY T'CHEPATHUBHY 3Mara-
meHy Mepexy (DCGAN) mnst renepamii 3paskiB i
6a3oBy CNN ans HaBuaHHS pernpesenTaunii. Excre-
PUMEHTH MMOKa3yoTh, 10 JIOJABaHHS JaHUX, 3TCHE-
poBarnx GAN, mokpaiiye BHBYEHI BOyIOBYBaHHSA
CNN.

B po6orti [34], 3amicTh TOrO, 00 TeHEPYBaTH
TOBUIRHI 300pa’keHHS ITMIOXOMIB, aBTOPH IIPOIIO-
HYIOTh TEHEPYBaTH 300pa)KCHHs OCOOM B Pi3HHUX
Mo3ax 3 pi3HUMH CcKeneTaMu. J{Jsi HakIagaHHs i1eH-
TAYHOCTI 3T€HEPOBAaHUX 300paKEHb MPOMOHYETHCS
MOIYJb-TIPOBiTHUK. B po6oTi [35] aBTOpH 3amporio-
HYBaJI BUPILIUTH MPOOJIEMY PO3PUBY MiX JOMCHA-
Mu 3a fonomororo GAN.

Iz mpoOnema 3a3BHYail icHye MiK HaOopamu
JIaHWX, CIPUYMHEHA BapiamisMd HaJlallTyBaHb Ka-
MEpHU Ta YMOB 3lloMKHU. Lle mpu3BoauTh A0 TOrO, IO
MOJIe)Ib, HABUCHA HAa HASBHUX HABYAIBHUX JAHUX,
HE MOXKe OyTH €(EKTUBHO BUKOPHCTaHA JJI HOBHX
TECTOBUX O0JIacTEH.

[[o6 3MeHIUTH MTOpOTi BUTPATH HA aHOTYBAH-
HS HOBUX HABUAIBHHX BHOIPOK, aBTOPH BUKOHAIH
nepekay 300paxens 3a ponoMororo GAN mis mo-
JOJIaHHS PO3PUBY MIDK JOMEHaMH, TOOTO IMepeHe-
CEHHs 300pa)eHb 3 OJIHOTO JIOMEHY B iHIIIHH.

[HIIa TeHIEHINS — 1€ MeXaHi3M yBaru. Mogaeii
IMOOKOTO HaBYaHHS 0€3 MEXaHi3My YBard IoKJja-
JAIOTHCS Ha BCi 300pakeHHs 200 BCi KaJIpu B MOCITi-
JIOBHOCTI 300paKeHb.

OpHak, 3 0IHOrO OOKY, 3MIIIEHHS MIIIOX0a B
oOMexyBaJbHIM pamili abo 3MiHa HOro MO3H MOXKE
MPU3BECTH JIO TOTO, IO ACIKAM O0JIACTSIM CIiJ| TIPH-
JISITA OUIBIIE yBard, 3 1HIIOTO OOKY, Yepe3 3aTeM-
HeHHS a0o 3MiHYy TOYOK 30pYy, JUIS TOCIiJOBHOCTI
300paxKeHb JesKi KaJpH € OLTbII BAXKITUBUMHU.

3 wie0 MeTOr, aBTOpH podotu [36] 3amporio-
HYBaJI CIIIJIbHO HaByaTHCSl OaraTopiBHEBiH M'sKiif
MiKCeJbHIN yBa3i Ta JKOPCTKiM perioHanbHIN yBasi 3
OJHOYACHOIO ONTHMI3alli€l0 MPEICTaBICHHS O3HAK.
Astopu pobotH [37] 00'eIHYIOTH TPOCTOPOBY 1 Ya-
COBY yBary B MOJEJi IMPOCTOPOBO-4acOBOI yBaru
JUIs BUpilIEHHsS MpoOseM MOBTOPHOI imeHTudikamii
JIIOJIMHU Ha OCHOBI Binmeo. s mpocropoBoi yBaru
BUKOPUCTOBYEThCS TEPMIH «TICHATI3AIis» IS BIIO-
PSAAKYBaHHA MHOXKHHHOI HAQJIMIIKOBOI yBaru. Ya-
COBa yBara BUKOPUCTOBYEThCS JJIsSi IPUCBOEHHS Bar
PI3HUM BXJIMBUM OOJIACTSIM Ha OCHOBI KOXXHOTO
KaJpy, 1100 OBHOIO MIpOI0 BUKOPHUCTATH MEPEBaru
JTUCKPUMIHATUBHUX 00acTeli 300pakeHHs.

BucHoBKkH

VY crarTi OyJIO IPOBEACHO KOMIUICKCHUN aHali3
CY4YacHOTO CTaHy Ta MEPCIEKTUB PO3BUTKY TEXHOJIO-
rili TOBTOPHOI iAeHTH(IKALIi IFOJUHH B IHTEIEKTya-
JHFHUX CHCTEMax BifieocmocTepexeHHs. BcraHosme-
HO, 10 3aj1aya re-ID € Haa3BU4ailHO aKTyaJlbHOK B
KOHTEKCTI CTPIMKOTO TIOIIMPEHHS BiIeOaHATITHKH
JUIS 3a0e3MeueHHsT TPOMaJChKOoi Oe3MeKH, MOHITO-
PHUHTY MyONIYHUX MPOCTOPIB 1 MOOYIOBH aHATITHY-
HUX TIATPOPM HOBOTO MOKOJIIHHSL.

JetanpHo po3risiHyTO (hOpMaNbHY MTOCTAHOBKY
3aja4di MOBTOPHOI imeHTHGIKAlil, M0 IPYHTYETHCS
Ha TONIYKY BIAMOBIAHOCTEH MiXK 300pakKCHHSAMU
OItHI€T 0COOM y OaraToOBUMiIpHOMY O3HAKOBOMY IIPO-
cropi. llokazaHo, MmO MEHTPATPHUM BHUKIHKOM €
nmo0Oy0Ba JAUCKPUMIHATHBHOTO, iHBApiaHTHOTO JI0
YMOB 3MOMKH TPOCTOPY O3HAK, a TaKOX 3abe3rme-
YeHHsI 3[TATHOCTI MO 0 y3arajlbHeHHS Ha HOBI
JOMEHH.

[IpoananizoBaHO OCHOBHI BHKIJIHMKH, IO YCKJIa-
THIOIOTH PO3B’SI3aHHS 33/adi B pEealbHUX YMOBAaX,
cepes SIKUX — BapiaTUBHICTh 30BHIIIHBOTO BUTJISNLY,
3MiHa OCBITJICHHS 1 paKypcCy, YacTKOBE MEPEKPHUTTS,
domain shift, BimcyTHiCTF OiOMETPHYHUX O3HAK, a
TaKOXX OOMEXEHHS OOYHCIIOBATBHHUX PECypciB 1
BUMOTH 10 KoH(]ineHniHocTi. Li dakTopu 3ymoB-
JIIOIOTH MOTPeOy B pO3poOIll aJanTHBHHUX, BUCOKOII-
POIYKTUBHUX Ta €THYHUX CHCTEM IOBTOPHOI iJleH-
TUdiKarii.

VYV crarti y3araJbHEHO MPOBIAHI MiAXOAU O
BHJIyYEHHsI O3HAK, BKJIFOYAIOYM XOJICTUYHI, TMaTd-
OpIEHTOBaHI Ta METOJU HAa OCHOBI YacTHH Tina. Ok-
pEMO MpoaHaji30BaHO MiJXOAW O 3ICTAaBICHHS 03-
HaK Ha OCHOBI KIIACHYHUX Ta METPUYHHUX METO/IB, a
TaKOXX Cy4YacHi apXiTeKTypH TIHOOKOTO HaBYaHHI.
ITokazano, mo BukopucranHs CNN, attention-
MeXaHi3MiB, TpaHc(opMepiB Ta TeHEPaTUBHHX MO-
Jiesield JO3BOJISIE CYTTEBO MIJABHUIMUTH TOYHICTH IIO-
BTOPHOI iIeHTU(iKAIIi].
OxpeciieHo HOBITHI TCHJIEHIIIT y LIl ramy3i, 30KpeMa
3aCTOCYBaHHS TEHEPAaTHBHUX 3MarajlbHUX MEpex
(GAN) st DOTIOBHEHHS HaBYAJIBHHMX JTAHUX Ta 3Me-
HureHHs domain gap, a TakoX BIPOBJIKCHHS MeXa-
Hi3MIB NIPOCTOPOBOI Ta 4acoBOi yBarW Jyis IOKpa-
IIeHHS JIOKaJTi3allii Ta TMHAMIYHOTO aHAi3Yy.

3arajgoM, IOCHIDKEHHS MIATBEPIKYE, IO CY-
YacHI MEeTOJH, 0a30BaHI Ha IIIMOMHHOMY HABYaHHI,
BiJIKpUBAIOTh IMIUPOKI MOMIIUBOCTI JUIS TIOJJAJIBIIIOTO
po3Butky re-ID-cuctem. BoaHouac nepcneKTUBHHU-
MU HalpsMaMH 3aJIHIIAI0THCS: MiIBUIICHHS CTIHKO-
CTI Mojene J0 3MiH CepelOoBHINA, OINTUMI3aIlis
PECYPCOCIIOKMBAHHS, PO3POOKa MYJIBTUMOJATBHUX
MiJXO/IB Ta CTBOPEHHSI €TUYHUX, MTPO30PUX 1 KOHT-
POJBOBAaHUX CHUCTEM BIJICOCIIOCTEPEKEHHSI HOBOTO
TTOKOJIiHHSI.
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State and Development of Human Re-Identification Technologies
in Intelligent Video Systems

A. Kolpikov, E. Zabarna, M. Lobachev
Odesa Polytechnic National University

Abstract. The article discusses the current state and main directions of development of human re-
identification (re-ID) technologies in intelligent video surveillance systems. The formal statement of the re-
ID problem is defined and its role in ensuring continuous automatic monitoring of objects between non-
overlapping cameras is characterized. The main challenges that complicate the solution of this problem in
real conditions are analyzed, including variability of appearance, changes in angle and lighting, partial
overlap, domain shift, limited training data and hardware resources. The paper summarizes the approaches
to feature extraction, image matching, and deep learning methods used to build effective re-ID models. Par-
ticular attention is paid to current trends in the use of generative adversarial networks (GANs) and attention
mechanisms that improve identification accuracy. Promising areas for further research, in particular in the
field of multimodal learning, adaptation to new domains, and ethical implementation of technologies in pub-
lic environments, are presented.

Keywords: person re-identification, intelligent video systems, computer vision, deep learning, feature
space, metric learning, generative adversarial networks, attention mechanism.
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Method for Constructing an Asset-Conditioned Index
of News Direction of Impact for Crypto Assets
using Zero-Shot NLI and GDELT

L. S. Uzun
Odesa Polytechnic National University

Abstract. This paper presents a reproducible pipeline for constructing asset-conditioned, direction-of-
impact news sentiment for cryptocurrency markets. A multilingual news corpus is assembled using the
GDELT DOC 2.0 API, and a cross-lingual Natural Language Inference encoder is applied to judge whether
a headline indicates a positive or negative effect on a given asset’s price direction. The approach is zero-
shot, meaning it does not require task-specific labeled data. It is language-agnostic and computationally
efficient. The output includes per-article sentiment scores and daily indices per asset, suitable for descriptive
analysis and for integration into decision-support contexts. The method is framed within research on cross-
lingual inference and zero-shot classification and is designed for clarity, portability, and reproducibility.

Keywords: cryptocurrency, news analytics, sentiment analysis, zero-shot NLI, cross-lingual NLP,
GDELT, event-driven markets, volatility, decision-support systems, sentiment index

Introduction

Cryptocurrency markets react quickly to new
information from traditional media and online plat-
forms. Prior studies report links between the tone
and content of news, trading activity, and volatility,
although the size and duration of these effects differ
across datasets, assets, and regimes [1, 2, 3]. Social
media can carry strong signals and at times rivals or
exceeds the influence of mainstream news, which
underlines the need for transparent methods and
careful interpretation [4].

This paper focuses on direction-of-impact sen-
timent. For each news item about an asset such as
Bitcoin or Ethereum, we assess whether the content
indicates a positive or negative impact on that as-
set’s price direction. We operationalize this as a
hypothesis-testing problem using cross-lingual Natu-
ral Language Inference. A headline is treated as a
premise, while short label descriptions such as “this
news is bullish for the price of Ethereum” serve as
hypotheses. An encoder trained for multilingual NLI
returns probabilities that the premise supports each
hypothesis, which avoids task-specific labeling and
works across many languages [5, 6, 7].

The paper makes three contributions. Firstly, it
provides a simple, reproducible data pipeline that
collects crypto-relevant news via the GDELT DOC
2.0 API and stores a single, normalized file suitable
for analysis [8]. Secondly, it defines an asset-
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conditioned sentiment procedure based on zero-shot
NLI and produces per-article scores along with daily
indices for each asset, aligning with established ze-
ro- and few-shot formulations in the literature [9, 10,
7]. Thirdly, it delivers ready-to-use outputs designed
for academic reporting and for integration into deci-
sion-support contexts. The scope is descriptive; fu-
ture work can pair these measures with returns using
event-study and related empirical designs [11, 12].

1. Literature review and related work

News and crypto markets. Empirical studies as-
sociate news tone and content with trading intensity,
liquidity conditions, and volatility. Positive devel-
opments are often linked to increased activity, while
negative news may raise perceived risk and uncer-
tainty [1, 13, 14]. Forecasting papers show that in-
cluding news-based indicators can improve volatility
models relative to traditional baselines [2]. At the
same time, several works highlight the role of social
media sentiment, emphasizing that evidence is het-
erogeneous and sensitive to data sources and hori-
zons [4, 3].

Recasting classification as textual entailment al-
lows label assignment without task-specific training
data. A model trained for NLI estimates whether an
input supports a short natural-language label descrip-
tion. This approach has become a standard route to
zero-shot text classification and can perform com
petitively when labels are well phrased and domains
are not too distant from pretraining data [9, 10].
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Known caveats include sensitivity to label wording
and domain shifts, which motivates clear reporting
and robustness checks.

The XNLI benchmark established a shared
testbed for multilingual inference and stimulated
progress in cross-lingual transfer [5]. DeBERTa-v3
introduced training improvements that raised encod-
er quality, and multilingual variants fine-tuned on
NLI demonstrate strong cross-lingual performance
(6, 7].

Domain-adapted large language models for fi-
nance report strong results on sentiment and related
tasks through domain pretraining and instruction
tuning. These models are promising for future exten-
sions but are heavier to run and reproduce than com-
pact NLI encoders. For the goals of this paper -
clarity, portability, and efficiency - a zero-shot NLI
encoder offers a balanced choice while enabling
future comparisons with finance-specific models
[15, 16].

2. Data preparation

The corpus of news headlines used in this study
was assembled through the GDELT DOC 2.0 inter-
face. GDELT (Global Database of Events, Lan-
guage, and Tone) is a large-scale monitoring plat-
form that continuously indexes online news from
thousands of outlets worldwide. It provides pro-
grammatic access to article-level metadata via public
APIs. The DOC 2.0 endpoint, which is specifically
designed for full-text discovery, returns for each
item the canonical URL, the headline text, the time
at which the aggregator observed the article, and
source attributes such as the registrable domain,
declared or detected language, and a country tag for
the outlet. Because it covers multiple languages and
regions in near real time and offers consistent
metadata fields, GDELT is particularly suitable for
constructing multilingual, time-stamped corpora for
computational analysis.

News acquisition proceeds by defining, for
each target asset, a compact set of keywords that
balances recall and precision. For example, queries
for Bitcoin use «bitcoin» and «btcy», while those for
Ethereum use «ethereum» and «eth». Similar lists
are constructed for Solana, Binance Coin, Ripple,
and Tether. Each query is executed over a clearly
specified UTC time window, which can be either a
fixed historical range for reproducible snapshots or a
relative span for rolling updates. The interface ac-
cepts multilingual input and outputs records in
JSON, which are ingested directly into a tabular
structure. To respect service limits and maintain
stability, short pauses are introduced between re-
quests.

Returned items are normalized in several steps.
Text fields are standardized to Unicode, URLs are
validated for scheme and basic syntax, and
timestamps are parsed into Coordinated Universal
Time with timezone awareness. Each record is
tagged with the asset that originated the query so
that later sentiment modeling can be conditioned on
the correct target. When an article mentions multiple
assets, the dataset preserves one row per pair of arti-
cle URL and asset, ensuring asset-specific analysis.
Duplicates are removed at this pair level, and rec-
ords with empty titles, invalid URLs, or unparseable
timestamps are excluded. The consolidated table is
sorted by observation time and stored in a com-
pressed columnar format to support efficient access
and exact reproducibility.

The schema is minimal but sufficient for multi-
lingual news analytics. The asset field stores the
uppercase code of the cryptocurrency associated
with the row. The fitle field contains the headline as
published and later serves as the textual premise in
the inference step. The ur/ field records the canoni-
cal link and functions as the primary identifier for
deduplication; in some cases an alternative
url_mobile link is also available. The seendate field
holds the UTC timestamp observed by GDELT,
providing a consistent anchor across outlets. The
domain field specifies the registrable domain of the
source, while the language and source country
fields record the detected language and the outlet’s
country association. An optional social image field
may include a preview image. For reproducibility,
the collected at field logs the local pipeline run
time. During later analysis, derived fields such as a
calendar day extracted from seendate, per-day article
counts, and sentiment outputs are added in separate
result files without altering the original ingest.

To ensure quality and reproducibility, the pipe-
line logs the run timestamp, library and code ver-
sions, query parameters, and per-asset record counts.
It verifies that the corpus is non-empty, audits null
proportions per column, and reviews the distribution
of languages, source countries, and domains. Dupli-
cate ratios are monitored to detect overly broad
keyword sets. When preparing camera-ready da-
tasets, both the query time window and the code
version are frozen to guarantee exact replication.

A small illustrative sample demonstrates how
records appear after normalization. Each line lists
the UTC observation time, the target asset, the origi-
nal headline, the source domain, and the outlet’s
country. Titles are preserved exactly as published,
since these strings are the textual input for the infer-
ence model.
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—2025-08-25 11:30 UTC; SOL; Galaxy , Jump
and Multicoin join forces for $1b Solana buy; dai-
lystar.com.lb; Lebanon;

— 2025-08-25 11:00 UTC; SOL; Crypto Giants
Galaxy , Jump , Multicoin Look to Raise $1B for
Buying Solana SOL : Report; coindesk.com; United
States;

— 2025-08-25 10:15 UTC; SOL; Analyst Says
Solana Price Is At The Gates Of Massive Breakout ,
Here The Target; newsbtc.com; United States;

— 2025-08-25 04:45 UTC; SOL; 1 Brand - New
Catalyst for Solana That Could Portend Great Re-
turns Ahead; fool.com; United States;

— 2025-08-25 04:30 UTC; BTC; Top 3 Price
Prediction : Bitcoin , Ethereum , Ripple — BTC and
XRP hover near key supports while ETH consoli-
dates after record highs; fxstreet.com; China.

This snapshot shows a coherent information
burst around Solana on 25 August 2025 reported by
multiple outlets and countries, along with a contem-
poraneous multi-asset market note. It illustrates the
one-row-per-(url, asset) design, the consistent use of
UTC timestamps for aggregation, and the multilin-
gual, multi-source character of the dataset. These
properties motivate the choice of a cross-lingual
inference model for the subsequent sentiment analy-
sis.

3. Methodology

The central methodological innovation of this
work is the reformulation of financial news senti-
ment as a Natural Language Inference (NLI) prob-
lem. Rather than classifying headlines into generic
positive or negative categories, each headline is
evaluated relative to a target asset and with respect
to price direction.

Formally, let P denote a news headline (prem-
ise) and a a target cryptocurrency asset. For each
(P, a) pair we define two natural-language hypothe-
ses:

Hp,(@): “This news is bullish for the price of asset a.”

Hpeqr(@): “This news is bearish for the price of asset a.”

The task is to assess whether the headline P en-
tails, contradicts, or is neutral with respect to each
hypothesis. A multilingual NLI encoder trained on
large-scale datasets (XNLI, ANLI, etc.) provides the
probabilistic judgments.

The encoder produces raw logits z € R3 over
classes C = {entailment,neutral,contradiction}.
Applying the softmax function yields probabilities:

exp ()

P, H) = .
Pl P H) = s ap o)

For each asset-conditioned hypothesis we de-
fine:

Ppun = p(entailment | P, Hyy i (a)),
Ppear = p(entailment | P, Hypqr(@)).

The directional sentiment score is then:

S = Pbuit — PpearsS € [_1;1]-

— If s = +1, the headline strongly supports a
bullish interpretation;
— If s =® —1, the headline strongly supports a
bearish interpretation;
— Ifs = 0, the evidence is weak or conflicting.
To provide a categorical label, we introduce a
threshold parameter 7:

label(P, a)
bullish, ifs > 0 and max(ppyu1, Prear) = T
= { bearish, ifs < 0 and max(pPpyu1, Prear) = T
neutral, otherwise.

In our setup, T = 0.5. This conservative rule
ensures that ambiguous cases remain neutral rather
than forcing a bullish or bearish label.

Consider the headline observed on 2025-08-25:
«Galaxy, Jump and Multicoin join forces for $1b
Solana buyy

This yields the pair (P, a) = (headline,SOL).

Hypotheses:

—  Hpuu(SOL): «This news is bullish for the
price of Solanay;
Hpear(SOL): «This news is bearish for the
price of Solanay.
The model outputs (illustrative values):

p(entailment | P, Hy,;;) = 0.84,
p(entailment | P, Hy,,,-) = 0.07.

Thus,
s =0.84-0.07 =0.77.

Since s >0 and max(Ppyi, Prear) = 0.84 >
7, the label is assigned as bullish.

Narratively, the headline explicitly mentions
large institutional purchases of Solana, which the
model correctly interprets as strongly supportive of
the asset’s price.
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Consider the headline observed on 2025-08-25:
«Top 3 Price Prediction: Bitcoin, Ethereum, Ripple
— BTC and XRP hover near key supports while ETH
consolidates after record highs»

This headline enters the dataset three times,
once each for BTC, ETH, and XRP.

For BTC:
Ppuil = 0.22,0peqr = 0.64,5 = —0.42 = bearish.

For ETH:
Poull = 055, Prear = 0.18,5 = 0.37 = bullish.

For XRP:
Poun = 0.24,Dpeqr = 0.61,5 = —0.37 = bearish.

This example demonstrates how the one-row-
per-(url, asset) structure allows a single article to
contribute different directional signals depending on
the asset focus.

Individual article scores are noisy and often re-
dundant, especially when multiple outlets cover the
same event. To extract consistent temporal patterns,
we aggregate article-level scores into daily asset-
level indices.

For asset a on day d with N, 4 headlines:

=1

This daily index can be interpreted as the aver-
age directional sentiment expressed in the news
flow.

To further smooth short-lived spikes and em-
phasize persistent trends, an exponentially weighted
moving average (EWMA) is applied:

& _ Y=o ASqa-i

wd i 0<A<1
k=0

where A is the decay factor and K the window

length. A half-life of 2—3 days provides a balance

between reactivity to shocks and noise reduction.
Advantages of the zero-shot NLI approach:

— No manual labeling: The method leverages
entailment training on general-domain corpora,
eliminating the need for expensive, domain-specific
sentiment labels;

— Asset-conditioned interpretation: The senti-
ment signal is explicitly tied to an asset’s price di-
rection, avoiding the ambiguity of generic «posi-
tive/negative» polarity;

— Multilingual coverage: The cross-lingual en-
coder can directly process headlines in many lan-

guages, reflecting the global scope of crypto markets
without requiring machine translation;

— Interpretability: Each prediction can be ex-
plained by showing the headline, hypotheses, and
entailment probabilities, which enhances transparen-
cy in academic and applied settings.

The process of deriving an asset-conditioned
sentiment index from raw news headlines can be
represented as a sequential pipeline:

— Headline (premise) — a news item is re-
trieved from the corpus and used as the textual
premise;

— Hypothesis generation — for each target asset
two short hypotheses are generated: «This news is
bullish for the price of [asset]» and «This news is
bearish for the price of [asset]»;

— NLI model inference — a cross-lingual en-
coder fine-tuned on natural language inference tasks
evaluates the premise—hypothesis pairs and outputs
probabilities for entailment, neutral, and contradic-
tion;

— Probability extraction - the entailment prob-
abilities for the bullish and bearish hypotheses are
stored as ppyn and Ppear ;

— Score calculation - the scalar directional
score is computed as S = Ppunl — Ppear» ranging
from -1 (strong bearish) to +1 (strong bullish);

— Label assignment — if the maximum proba-
bility exceeds a confidence threshold, the headline is
labeled bullish or bearish; otherwise, neutral;

— Aggregation — article-level scores are aggre-
gated by asset and day into daily indices, optionally
smoothed with an exponentially weighted moving
average.

Each record is one news item (typically a head-
line with a URL and metadata). The same article
may be linked to more than one asset if the headline
mentions multiple assets.

All timestamps are converted to Coordinated
Universal Time to enable daily aggregation without
ambiguity.

We keep all languages because the downstream
classifier operates cross-lingually. Language tags are
preserved for later descriptive analysis.

3. Results

The zero-shot NLI framework produced senti-
ment scores for each news item in the multilingual
corpus, which were then aggregated into asset- and
day-level indices. This section highlights the main
descriptive findings, with a focus on the most ex-
treme signals identified in the sample.

Across the full corpus, the majority of headlines
were classified as neutral, reflecting the model’s
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conservative design and the heterogeneous character
of news coverage. Bullish and bearish labels were
assigned when entailment probabilities surpassed the
0.5 confidence threshold, yielding subsets of articles
with strong directional signals. The average senti-
ment scores were centered near zero, while tails
contained news items with values close to =1, corre-
sponding to highly directional headlines.

The most negative headlines were concentrated
in episodes of market stress and periods when
maistream outlets highlighted technical weakness or
declining investor appetite. Representative examples
include:

— 2025-05-28, BTC: «Bitcoin Price Forecast:
BTC flashes early signs of weakness as profit-taking
activity hits three-month high» (fxstreet.com), score
=-0.99;

— 2025-06-14, ETH: «Ethereum Price Forecast:
ETH maintains downtrend despite Sharp Link $463
million purchase» (fxstreet.com), score =—0.99;

— 2025-06-03, BTC: «Bitcoin Price Forecast:
BTC falls below $106,000 as risk-off sentiment
persists» (fxstreet.com), score = —0.99;

— 2025-07-16, BNB: «Binance Coin Price Pre-
diction: Bearish Pressure Mounts After Sharp Rejec-
tion From $710» (bravenewcoin.com), score = —
0.99.

These examples illustrate that the model relia-
bly identified price-focused headlines with explicitly
negative tone and framed them as strong bearish
signals.

On the opposite tail, bullish sentiment was cap-
tured around news of institutional adoption, valua-
tion upgrades, and optimistic forecasts. Examples
include:

— 2025-07-17, ETH: «Ethereum Price Forecast:
ETH surges above $3,400 on back of robust treasur-
ies, derivatives, and on-chain boost» (fxstreet.com),
score = +0.996;

— 2025-08-08, ETH: «Ethereum Price Forecast:
ETH surges above $4,000, fueled by demand from
treasury companies» (fxstreet.com), score = +0.996;

— 2025-08-03, SOL: «Solana Price Forecast:
SOL Looking At 30% Upside In August, As Lite-
coin and Remittix Target 2-3x Gains» (news.az),
score = +(0.995;

— 2025-06-13, ETH: «Ethereum Price Forecast:
ETH new valuation framework tags it digital oil,
highlights an $8,000 bull case» (fxstreet.com), score
=+0.995.

These results indicate that the system responded
strongly to upward-facing narratives, especially
those associated with Ethereum during mid-2025,
where multiple outlets highlighted fundamental and
technical drivers of appreciation.

When aggregated to daily indices, short-lived
bursts of bullish or bearish sentiment became appar-
ent. For example, clusters of bearish headlines were
visible around early June 2025 for Bitcoin and
Ethereum, coinciding with reported drawdowns and
profit-taking episodes. In contrast, Ethereum and
Solana registered consecutive days of highly bullish
sentiment during July and August 2025, correspond-
ing to news of surging institutional demand and
favorable valuation analyses.

Overall, the results demonstrate that the zero-
shot NLI approach produces consistent and inter-
pretable measures of directional news sentiment. By
conditioning on specific assets, the method differen-
tiates between bullish and bearish signals even when
multiple cryptocurrencies are discussed in the same
article. The high-scoring extremes provide an intui-
tive validation of the model’s behavior, aligning
with market narratives reported in financial media.

Figure 1 shows the exponentially weighted
moving average (EWMA) of daily sentiment indices
for six major assets. Ethereum (ETH) exhibited the
most pronounced swings, with very strong bullish
sentiment in early June followed by a correction,
then another peak in mid-July before trending
downward in August. Bitcoin (BTC) hovered around
neutral to mildly positive values, while Solana
(SOL) showed a gradual increase through July and
August. Binance Coin (BNB), Ripple (XRP), and
Tether (USDT) remained closer to neutrality, though
XRP had occasional bullish bursts. This suggests
that Ethereum and Solana were most strongly cov-
ered by directional news narratives, while stable-
coins and secondary assets generated less polarized
coverage.

Figure 2 presents the histogram of per-article
sentiment scores. The distribution is tri-modal: a
dense cluster near zero (neutral or ambiguous news),
and sharp peaks near —1 and +1 (strongly directional
headlines). This confirms that the model was con-
servative in assigning direction, but when confident,
it placed articles firmly at the extremes. The preva-
lence of scores at both tails also demonstrates that
the approach captured strongly bullish and bearish
headlines across different assets.

Figure 3 plots the daily count of headlines per
asset. Coverage was uneven and episodic: Bitcoin
and Ethereum received steady attention throughout
the period, but Solana and Binance Coin saw bursts
of activity tied to specific events (for example, insti-
tutional investment announcements or technical
breakouts). Ripple (XRP) showed periodic spikes,
reflecting its sensitivity to regulatory and market
news. USDT coverage remained sporadic, dominat-
ed by occasional stability reports or controversies.
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The uneven distribution underscores the neces- lines for each asset. All six assets display symmet-
sity of asset-conditioned analysis, since event-driven  rical behavior: their top bullish headlines score near
bursts strongly influence the aggregate indices. +1, while their top bearish headlines score near —1.

Figure 4 summarizes the average sentiment This validates that the model can confidently classi-
scores of the most extreme bullish and bearish head- fy highly directional items across the asset set.
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The strongest bullish extremes were observed for
Ethereum and Solana, while the most negative bear-
ish headlines were concentrated in Bitcoin and Bi-
nance Coin. This aligns with the qualitative exam-
ples presented earlier and indicates that the method-
ology captures clear market narratives.

Taken together, these results highlight three key
properties of the proposed approach. First, the NLI-
based framework produces intuitive article-level
scores that align with human expectations of bullish
and bearish language. Second, aggregating to daily
indices reveals asset-specific sentiment dynamics
and event-driven bursts. Third, the combination of
conservative neutrality with strong extremes ensures
that the indices are both interpretable and robust,
avoiding over-classification while still capturing
meaningful signals.

4. Discussion

The results demonstrate that a zero-shot NLI
approach to cryptocurrency news sentiment is feasi-
ble, interpretable, and reproducible across multiple
assets and languages. Several aspects merit further
discussion:

Unlike opaque black-box classifiers trained on
proprietary data, the NLI-based framework relies on
a simple, transparent mapping: each headline is test-
ed against explicit hypotheses formulated in natural
language. This design allows researchers and practi-
tioners to trace back each sentiment score to the
original textual evidence and the logical entailment
relation, thus satisfying academic standards for in-
terpretability. Moreover, the framework avoids reli-
ance on subjective lexicons or domain-specific an-
notation, which often introduce biases and reduce
portability.

A key innovation of this work is the explicit
conditioning of sentiment on specific assets. Generic
polarity classifiers, when applied to financial text,
often misclassify because «positive» news in a gen-
eral sense may not be «positive» for the price of a
given cryptocurrency. By anchoring the hypotheses
to each asset (e.g., «bullish for Bitcoiny»), the pro-
posed method ensures that sentiment always reflects
expected price direction rather than general tone.
This is particularly valuable in multi-asset news
items, where one article can carry distinct signals for
Bitcoin, Ethereum, and Ripple simultaneously.

The descriptive analyses highlight the uneven
coverage of assets in global news flows. Bitcoin and
Ethereum remain the most reported, but Solana,
Binance Coin, and Ripple exhibit episodic spikes
tied to market events. Stablecoins such as USDT
show sparse coverage, often tied to crises or major
policy changes. This heterogeneity emphasizes the

need for daily aggregation and smoothing, as raw
per-article sentiment would otherwise reflect noise
from unequal coverage volumes. It also illustrates
the importance of reproducible data acquisition pipe-
lines that can capture bursts without manual cura-
tion.

The distribution of scores is tri-modal, with
peaks near neutrality and both extremes. This pattern
is desirable: neutrality dominates when headlines are
ambiguous, while confident extremes emerge when
headlines carry unambiguous market narratives. The
prevalence of strong tails suggests that the NLI
model is sensitive to explicit financial phrasing (e.g.,
«surges above $4,000» or «flashes early signs of
weakness»), which is common in financial journal-
ism. However, it also implies that the model’s cali-
bration is highly dependent on hypothesis phrasing;
future work could systematically test alternative
hypothesis formulations to ensure robustness.

Several limitations must be acknowledged.
First, the NLI encoder was not trained specifically
on financial text; its performance may degrade for
idiomatic or technical financial expressions absent
from general-domain corpora. Second, although
multilingual, the model’s accuracy is likely higher in
English than in low-resource languages. Third, the
aggregation procedure assumes equal weight per
article, whereas in practice some outlets or article
types may have disproportionate market impact.
Finally, while sentiment indices are plausible de-
scriptive indicators, linking them rigorously to price
returns or volatility requires careful event-study or
causal designs, which are beyond the scope of this
paper.

Recent advances such as FinGPT and FinTral
illustrate the potential of domain-pretrained large
models for financial tasks. These models often out-
perform general-purpose encoders in downstream
benchmarks. However, their computational cost,
reproducibility constraints, and proprietary training
data limit academic accessibility. By contrast, the
zero-shot NLI approach is lightweight, reproducible,
and language-agnostic. A promising future direction
is to benchmark the two approaches side by side,
assessing whether the interpretability and efficiency
of NLI can complement the domain-specific
strengths of financial LLMs.

From a systems perspective, the proposed
method aligns with the goals of risk-oriented deci-
sion-support in volatile markets. A pipeline that
translates raw multilingual headlines into daily sen-
timent indices can be integrated into portfolio dash-
boards, early warning systems, or automated trading
environments. Because the approach is modular and
transparent, it can be combined with technical indi-
cators, blockchain analytics, or causal inference
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models to provide holistic, explainable decision-
support.

Conclusion

This study introduced a reproducible methodol-
ogy for constructing asset-conditioned sentiment
indices from cryptocurrency news using a zero-shot
Natural Language Inference framework. By framing
sentiment classification as an entailment task, the
method avoids reliance on task-specific labels, pro-
vides multilingual coverage, and delivers transparent
and interpretable outputs.

Empirical results demonstrate that the approach
successfully captures both strongly bullish and bear-
ish narratives, while assigning neutrality in ambigu-
ous cases. Aggregated daily indices reveal asset-
specific sentiment dynamics and event-driven bursts,
particularly for Ethereum and Solana during mid-
2025. The distribution of scores confirms that the
framework balances conservatism with sensitivity to
clear signals, producing indices that align with jour-
nalistic narratives and market episodes.

The main contributions of this work are three-
fold: (i) the design of an asset-conditioned, zero-shot
sentiment methodology anchored in NLI, (ii) the
implementation of a reproducible data acquisition
and normalization pipeline based on GDELT, and
(iii)) the demonstration of descriptive results that
confirm the plausibility and interpretability of the
indices.

Future research should pursue several direc-
tions. First, systematic comparisons with domain-
specific financial LLMs can clarify performance
trade-offs and highlight the complementary roles of
efficiency and domain adaptation. Second, the inte-
gration of weighting schemes (by source credibility,
readership, or social amplification) could refine the
aggregation of sentiment signals. Third, causal anal-
yses linking sentiment indices to price movements,
volatility regimes, and trading volume would pro-
vide stronger evidence of predictive utility. Finally,
extending the pipeline to include social media,
blockchain transaction data, or alternative media
channels would broaden its scope for multi-source
risk-oriented decision support.

In conclusion, the proposed zero-shot NLI pipe-
line represents a practical, academically transparent,
and globally applicable method for translating heter-
ogeneous news flows into structured sentiment indi-
ces. Its interpretability, portability, and reproducibil-
ity make it a strong candidate for integration into
next-generation information systems for financial
analytics and decision-support in cryptocurrency
markets.
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MeTtox no0ya0BH aKTHB-3YMOBJICHOI'0 IHACKCY HATIPSIMKY HOBHHHOI'O
BILIMBY [JISI KPUNITOAKTUBIB Ha 0CHOBI zero-shot NLI ta GDELT

I. C. Y3yn

Anomauisa. ¥V pobomi nooano 6i0meoproeanuti KOHgeep no6y008u HaANPAMACHO20 HOBUHHO20 CEHMUMe-
HMY, 3YMOBNIEHO20 KOHKPEMHUM AKMUGOM, Ol PUHKY KPUNMOBAIOmM. MyrbmumosHuti Kopnyc Ho8uH Qop-
myemwcst 3a oonomozoro GDELT DOC 2.0, nicisi w020 3acmoco8yemucs KpOC-MOBHA MOOEb J02ITUHO20 6U-
cnogysanns (NLI), sika oyintoe, uu 6xa3zye 3a201060K HA NOZUMUBHUT aOO He2amueHUL 6NIUE HOBUHU HA HA-
npam pyxy yinu 3adanoeo axmugy. 11ioxio € zero-shot i He nompedye cneyianibHoO pO3IMIYEHUX OAHUX, GIH
MOBHO He3anelCHUll ma 0OYUCII08ANbHO owaonusul. Pesyiemam exniouae nocmameuni oyinKu ceHmumen-
my ma OeHHI IHOeKCU 3a aKMUusamu, npuoamti 0Jisi ONUCOB020 AHANIZY Ma THmMe2payii y KOHMeKCmu niom-
PUMKU nputinsimms piwens. Memoo eénucano @ 00CHiONCeH sl 3 KPOC-MOBHO20 BUCHO8Y8AHHSL ma zero-shot
Kaacughikayii i cCnpoeKmoBano 3 akyeHmoMm Ha NPo30picmv, NOPMAMUBHICIDb | 8I0MBOPIBAHICHIb.

Knwowuogi cnoga: xpunmosaniomu, ananimuxa HOSUH, CeHMUMeHmM-ananis, zero-shot NLI, kpoc-mosna
00podxa npupoonoi mosu, GDELT, nodiceo-opienmosani puHKu, G0AAMUILHICHb, CUCMEMU NIOMPUMKU
NPUTHAMMSL pilieHs, THOeKC CeHMUMEHMY
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AHAaJI3 0c00,1MBOCTEeNl BUKOHAHHA MU (epeHIIiHUX 3aXUCTIB
JIIHIH eJIEeKTpoIepeaay HAABUCOKOI HANIPYT'U

A. K. Tonop, M. 10. lllaGoBTa
Hayionanenuii ynigepcumem « Odecvka nouimexuikay

Anomauisn. Y yiti cmammi npoananizosano ceimosuti 00c8io 600CKOHANEHHS OUDEPEHYIUHUX 3aXUCTIE
ma npeocmasieHo NOPIGHANIbHULL AHANI3 BUCOKOUACHOMHUX 3AXUCMI8 01 JIHIU HA0BUCOKOI Hanpyau, a came
oughepenyitiHo-asHutl cmpymosuti 3axucm ma HanpasileHull 8UCoKo4acmomuull saxucm. Buseieno cknao-
HOWI y 6NPOBAOINCEHHT AN2opummy pobomu oupepeHyiiino-ghazHozo 3axucmy y yuposux mepmiHailax came
0151 0082ux AIHIU HA0BUCOKOL Hanpyeu. B pesynomami ananizy Hayko-mexniynoi aimepamypu 6yno niomeep-
02fCEHO aKmyanbHicmb 3a3HaueHoi npooremu. J{ns ii supiulenHs 3anponoHo8ano no2nubieHull auaniz pooo-
MU penetinozo 3axXucmy 0CHO8AHO20 HA YUPPOosil eremenmuii 6a3i 3a 00NOMO2010 MAMEMAMUUHO20 MOJe-

J08anHs pOOOMU NiHII HA0BUCOKOT HANPY2U.

Knrouoei cnosa: penetinuii 3axucm, ougepenyiinux 3axucm, oupepeHyiuno-gazHuil 3axucm, UcoKoua-
CmomHull 3axucm, NiHia elekmponepedaui HA0BUCOKOI Hanpyau, nepexioni npoyecu, KOPOMKI 3aMUKAHH,

MO@eJZIO@aHH}l, eHnepecocucmema.

Beryn

VY 3B’a3Ky 13 OypXJIMBUM PO3BUTKOM HOBHX
TEXHOJOTIM Ta 3aCTOCYBaHHI iX B EHEPreTUYHIH
cdepi Ha maHUil Yac € HEOOXiTHICTh MOIIYKY HOBHX
pillleHb AJ1s1 BIPOBaKEHHS iX B 3aCO0M peneitHOro
3axucTy. I3 po3BUTKOM HU(POBHX TEXHOIOTIA Ta
3aCTOCYBaHHS iX IS PEIEHHOTO 3axXWCTy IiHIN
eJIeKTpoIepeiadi BAHUKAE HEOOXIIHICTh MOCTIHHOTO
aHami3y iXHbOI pOOOTH Ta BIOCKOHAIECHHS NpPWH-
IIUTIiB BUKOHAHHS 3aXUCTiB. B 3amexHoCTi Bix mapa-
METpIB JiHIH elleKTporepenayi Ta KaHaliB 3B’S3KY
MIX TI KIHI[IMH, & TaKOXK BHUMOT JI0 CTIHKOCTI €Hep-
TOCHUCTEMH, 3aCTOCOBYIOTHCS BiJIITOBI/IHI 3aXUCTH.

Ha nanwmii yac B)ke BHKOHaHa peasti3allis THIO-
BUX IU(EpeHIIHHNX 3axHUcTiB Ha 0a3i 1udpoBUX
NPUCTPOIB. AJle i3 MOJANbIINM PO3BUTKOM €HEpro-
MEpEeX, MOB’SI3aHUM 13 301IBIIEHHSIM 3aCTOCYBaHHS
BiJTHOBJTIOBAJIbHUX JDKEpeNl €Heprii, BUKOPHCTAHHS
PO3MOIiIeHOT reHepallii, a TaKoX Tepeaadl BEeIUKOi
MOTY>KHOCTI Ha BEJHKI BiJICTaHi, TUTIOBI 3aXUCTH HE
3aBXKAM 3a0€3MevYyl0Th YMOBU CEJICKTHBHOCTI Ta
IIBUIKOTIT.

B cyuachiii 00’eqnaniii eneprocucremi (OEC)
VYkpainu i nepefadi BEIMKOI MOTY>KHOCTI 3acTO-
COBYIOTbCS Mepexi Hajsucokoi Hamnpyrun (HBH)
330-750 kB. Ile mo3Bossie 3MEHIIUTH CTPYMHU
HaBaHTAXXEHHS, a TaKOX BTPATH MHOTYXKHOCTI IpH
nepeadi eJeKTPOSHEePTii.

© Tomop A. K., [lladoBta M. 1O., 2025

Jyxe BaxXITuBUM (GaKTOpoM poOOTH 00’ €JHAHOT
EHEepProcucTeMH € ii cTilikicTb. Ha cTilikicTh eHepro-
CHCTEMH BIUIMBAE Yac BUMHKAHHS IOIIKOJKEHB il
€JIEMEHTIB Ta CEJICKTHBHICTh TAaKOrO BHMKHEHHS.
Tomy mis mepexk HBH HeoOximHO 3acTOocOBYBaTH
3aXHUCTU i3 HaMEHII MOJKJIUBHM 4YacOM cripalb-
OBYBaHHS Ta abCONIOTHOIO celeKTuBHICTIO. J[o Ta-
KHX 3aXWCTIB BITHOCAThCA MUQEPEHIINHI 3aXHCTH

(113).
1. IlocranoBka mpodaemu

HeoOxinnicTh 3aMiHM 3acTapijiixX eJeKTpoMe-
XaHIYHUX TPUCTPOIB 3aXUCTy HA CydacHi IUPPOBI
NPUCTPOi BUMArae JAETAJbHOTO aHali3y alIrOpUTMY
Horo pobotu. Hapasi € ckmagHoli y BIpoBaKeHHI
anropuTMy poboTH AudepeHIitHO-(Pa3HOTO 3aXUCTY
(AP3) y undpoBux TepMmiHamax i AOBTUX JiHIN
HBH. Jlinii njanoi Hanmpyrd MalTh BEITUKY €MHICHY
CKJIaJIOBY, IO MPHU3BOAUTH JIO TOSIBH CKIIQJHUX IIe-
peximgaux mporecis. i mporecu BIITMBAIOTH SIK Ha
BEIMYMHY BHMIPIOBaHUX TIapaMeTpiB, Tak 1 Ha
SKICTh CUTHAITy, SKWH IEpeaacThcs BHCOKOYACTOT-
HuM kananoMm (BY). lle BmimBae Ha CENEKTHBHICTh
poOOoTH Ta 30LIBIIEHHS Yacy CHpanbOBYBaHHS 3a-
XHCTIB, 1[0 3MEHIITY€ CTIHKICTh €HEPrOCHCTEMH.

MoskHa BHAUIMTHA IIOB’s3aHl 13 UM OCHOBHI
npobiemu:

— MOXJIMBE 3aiiBe crpanpoByBaHHsI D3 mpu
30BHIIIHIX HECUMETPUYHHX KOPOTKHUX 3aMHUKAHHSIX
(K3) 3a paxyHOK MOsIBM €MHICHOTO CTPYMY JIiHiT Ha
KIHII, 10 OJIM)KYE 4O MICLS MOIIKOMKEHHS;

Lle craTTs Bigkpuroro noctymy 3a minensiero CC BY (http:/creativecommons.org/licenses/by/4.0/deed.uk)
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- 3HaYHI MEePeNTKOAN TPH Tepenadi CHTHAIIB
BY xaHamoM Ha JOBTHX JIHIAX EJIEKTpoIepenadi
HBH cnpusitots 3MiHi 3Hau€HHS CUTHAITY 1 XUOHUM
CHpalbOBYBaHHIM 3aXHCTY.

Jns 3abesreueHHs TPaBHIIBHOI poOOTH 3a-
XHCTIB MPOTATOM AECSTUIITH IMPOBOAMIUCH BIOCKO-
HAJICHHS CJICKTPOMEXaHIYHUX Ta HaIliBIIPOBITHUKO-
BHX TPHUCTPOIB 3axucTy. [lOCBiMl BHKOpPHCTAaHHS Ta
eKCIUTyaTalii TakKuX THITB 3aXUCTIB Ha 0a3i mudpo-
BUX MPUCTPOIB MOKa3ye moTpedy B iX MOCTiHHOMY
noompamtoBanHi. ToMy, Lle muTaHHA MOTpeOye MO-
JANTBIIOTO TOTJIMOJICHOTO BHBUYEHHS Ta JETaTbHOTO
aHaizy.

2. Oraspn jgitepatypu

Inozemui docepena inghopmayii

Jnst BmocKOHaNeHHS poOOTH auQepeHIiHIX
3aXUCTIB, B JaHIA CTaTTi MPOaHANi30BaHO OCBif
3aKOPJOHHUX Ta BITYU3HAHUX (DaxiBIlB.

Y po6oti [1] po3risnacTbcs HaNpaBICHUHA 3a-
XHUCT 13 BHCOKOYAacCTOTHUM OnokyBaHHsM (HBUY3)
JUISL JIiHIHA eNeKTporepenadi, sSKi 3'€THYIOTh BEJIUKI
BITPOBI €JIEKTPOCTAHIIIT 3 EHEPTOCUCTEMOIO.

ABTOpPHM HAaroJOIIyIOTh PO BIUIMB BiZHOBIIO-
BaJIbHUX JDKEPEN €Heprii MOPIBHSAHO i3 TpaauIliiiHu-
MU CHCTEMaMH TeHepallii eJeKTpoeHeprii Ha mnepe-
xigauii nporiec mpu K3. Lg curyanis moripurye
HaJIMHICTD TPATUIIHHUX AUCTAHIIHUX 1 nudepen-
LIHHUX 3aXUCTIB JIiHINA enekTponepenayi. Tomy s
MOJIOJIAHHS 1MX Mpo0jeM OyJI0 3amporOHOBAHO
HOBY CXEMy 3aXHCTYy 3 JIOKaJbHO BHUMIpPIOBaIbHUX
CUTHAJIIB HANpyrd Ta CTPyMY 3 BHUKOPHUCTAHHIM
BUCOKOYACTOTHHX CKJIQJIOBUX, IO TEeHEPYIOThCS
BHACJIIZIOK BUHUKHEHHS MOIIKOKEHHS. 3aIlpOIOHO-
BaHa CX€Ma 3aXUCTy HE BHMarae ajiropurMy KOM-
neHcarii eMHICHOTO cTpyMy JiHii. Pesymeratn mo-
JICITIOBAHHS IMiIKPECIIIOI0Th HAIIHHICTh Ta Oe3reKy
3allPOIIOHOBAHOI CXEMH 3aXHCTy 3a PI3HUX YMOB
BUTIPOOYBaHb IS JiHIHM AOBXHHOO 710 200 KM.

V¥ crarti [2] HaBeIcHUH HOBHUI MPHUHIIUI 3aXH-
CTy JUI JIiHIH, SKi 3’€JHYIOTh BEIMKi BiTPOBi eleK-
TpocraHiii. KonuBaHHS BHXiZHOI TOTYXKHOCTI
BiTpoBHUX enekrpocTaniiii (BE) Ta ixni xapakrepu-
CTHKH TNEPEXiHUX MPOLECiB KOPOTKOTO 3aMUKAHHS
HETaTHUBHO BIUIMBAIOTh Ha CHCTEMHU IUQepeHLiiHO-
ro 3aXWCTy. 3i 30UIbIICHHSIM JOBXHHHU JIiHIT eleK-
Tpomepeiavi Ta y BHUMAJAKY cllabKol BUXIAHOT MOTY-
xHocTi Bin BE, audepenuiiinuii ctpym mix oboma
KIHIISIMH JIiHIT 30UTBITY€THCS B HOPMAILHUX YMOBAX,
OCKUIbKM EMHICHUHA CTPYM CYMIpHUH 31 CTpyMOM
HaBaHTAXEHHS. Y Wil CTaTTi MPONOHYETHCS HOBHUM
ITOPUTM  TU(EPEHUIHHOTO 3aXUCTY JJs TaKuX
JHIA enekTporiepeaayi. 3anporoHOBaHUN AITOPUTM
TQepeHIlifHOro CTPyMOBOTO 3aXHCTY PO3pOOJICHO
Ha OCHOBI 3HaKiB ()a3HOTO CTPyMy Ha 000X KiHIIIX

JIiHIi, 3aMiCTh 0E3MOCEPEeTHFOTO BUKOPHUCTAHHS Be-
JIMYUH CTPYMY.

Buuenns mepexinaux mpoueciB npu K3 mae
BUpIlIaTbHE 3HAYEHHS U MiABUIICHHS e(eKThB-
HOCTI 3aXWCTy JiHii BiTpoBUX enekTpoctaHmiid. Lle
HaroiomryeTbcst B pobortax [3], [4], [5]. B =Hmx
PO3TIIAJAETHCSl METOJ] aHai3y 4acTOTHOI CKJIago0BO1
IuepeHIifHoro CTpyMy y BiTPOBiH €JeKTPOCTaHIIIi
Ta TIOPIBHSIHHS 13 CKJIaJ0BOI0 OCHOBHOI ITPOMHCIIO-
BOI YacTOTH. ABTOpHM KUIBKICHO aHAIli3yIOTh
JOMIHAHTHY YacTOTHY CKJIaJoBY AudepeHUiitHOro
CTpyMy 3aMUKaHHS Y IHII Ha OCHOBI METOAY
EKBIBAJICHTHOI JIiHIT 13 30CEPe/PKCHUMU TapaMeTrpa-
MH Ta YacCTOTHOTO IMIENaHCy BITPOBOi €IeKTpo-
crantii. [lopiBHIHO 3 mUGEpPEHIIHIM 3aXHCTOM
IPOMHMCIIOBO] 4acTOTH, Ll CXeMa MiABHUILY€E IIBHU]-
KicTh poO0TH 3axucTy Ta 4yThnuBicTh. 11100 yHUK-
HYTH HETaTUBHOIO BIUIMBY BiJ HACHYEHHS TpaHC-
(dbopMaTopiB cTpyMy, Ui Ail 3aXUCTY BUKOPHUCTO-
BYETBCS IPOMIXKOK Yacy MEHIIUH 5 Mc.

3anpornoHoBaHa cxema J[3 Bim mnepexigHUX
MPOIIECiB HOBa Ta MOTpeOye BIPOBAIKEHHS Ta MO-
JAIIBIIOTO aHaJli3y B pealbHUX YMOBAX.

B pobGorax [6], [7] po3risaaeTbesi MOKpalieHa
CcXeMa 3axHCTy JiHil eleKTpomepenadi Ha OCHOBI
Oikywoi xBuii. TpamuriitHi METOIU 3aXUCTY OCHO-
BaHI Ha ODKydYOl XBWJII MarOTh OOMEXKEHHS MO0
HAOIAHOCTI Ta IIBUAKOCTI IUIA JIHHIA HAaIBUCOKOI
Hampyru. 3ampoloHOBaHA CXeMa MAJsl IMiABUILUTH
HaJIMHICTh Ta C(QEKTHUBHICTH MEXaHI3My 3aXUCTY
BUKOPHUCTOBYE CITIBBIIHOIICHHSI MK XBWJISIMH, IIIO
OXKaTh BiJ MiCI IOIIKOKEHHS, a CaM€e BiAOMTUMU
XBWIAMH Ta 3aJJOMJIEHUMM XBWIAMM HA KIHIN JHHil.
HapniliHicTh 3ampoNOHOBaHOT CXEMH 3aXHUCTy Iie-
peBipeHoO Ta MiATBEPIDKEHO 3a JOMOMOIOI0 EKcIIe-
PUMEHTIB, TPOBEACHWX Ha IU(POBO-aHATIOTOBIH
TECTOBIH MIaTHOPMI CTUMYJISITOPY PEATBHOIO Yacy.
[opiBHspHMIA anamni3 3axuctiB giHidk HBH mepex
3MIHHOTO Ta MOCTIHHOTO CTPYMiB BHKOHAHO y pO-
ootri [8]. CucremMu 3MIHHOTO CTPyMY BHCOKOi
Hanpyru (BH3C) Tta moctiiiHOro cTpyMy BHCOKOi
Hanpyru (BHIIC) e BaxxnuBumu Ui €eKTHUBHOTO
nepexoy eHeprii Ta enekrpudikarii, mo CTBOPIOE
3HAYHI TPYIHOII Ui 3a0e3MeueHHs HaIIHOCTI Ta
0e3MmeKkn eNeKTpOeHepreTHIHNX Mepex. PizHi cue-
Hapii MOIKO/KEHb OyJIM MPOTECTOBaHI 3a OMOMO-
roto (aitnie COMTRADE, 1o BUSBHIO BaXKIHBI
0COOJIMBOCTI TIPW TMOPIBHIHHI MiJIXO/IB IO 3aXHUCTY
Ha OCHOBI iMmemaHcy Ta ObKy4oi XBWIi, MI00
BUIINTH CHJIbHI Ta CJIA0KI CTOPOHH 000X MiAXO/IiB
o 3axdmcry. Y mill crarti Oynu pO3TISIHYTI JIBi
CXEMHU 3aXHCTy JUIi OIMOJSIPHUX CHUCTEM BHCOKO-
BOJIFTHOTO MOCTIHOTO CTPyMy 3 BHUKOPUCTaHHSIM
Teopii 0iXKy4oT XBUIII Ta MOJIAJIBHOTO MTEPETBOPCHHSI.
Cxema 3axHMCTy Ha OCHOBI OiKYy4HMX XBHIIb MEHII
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BpasliiBa JIO CIPaIlbOByBaHHS HECTAOIILHUX OIIe-
paltiif 3a pi3HHX CIIEHapPiiB MOMIKOHKCHHS.

VY pobori [9] Ta [10] HaBeneHI HOBI MPUHIIUITN
BUKOHAHHS JUQEPCHIINHUX 3aXHMCTIB JJIs JIHIN
HAa/IBUCOKOI HAaNpyrd MiJKIIOUEHUX OO0 JDKepeln
BIIHOBJTIOBAJIGHOI €HEprii. 3ampomoHOBaHI CXEMHU
BUKOPHUCTOBYIOTh MOJIeNb bepxepoHa Al yCyHEeHHS
BIUTMBY PO3MOJIIIEHOTO €EMHICHOTO CTPYMY Ta HOBUH
MIPUHIIUTT aIANTUBHOTO NHU(EPEeHIIHHOTO 3aXUCTy Ha
OCHOBI aMmIuIiTyIHOi Ta (pa3oBoi komrmeHcarlii. Pe-
3yJIbTaTH MOJCTIOBAHHS 33 PiI3HUX YMOB Y cepezo-
Bumi Matlab/Simulink nemMoHCTpyIOTB, 110 TPUHIATT
3aXHCTy MOXe J00pe ajanTyBaTHCS A0 pi3HUX pe-
XKHUMiB POOOTH €JIEKTPOCTAHIII].

V¥ crarti [11] po3rasnaroThCs MOCTIHHI BHKITH-
KM JI0 TiABUINCHHS HATIMHOCTI POOOTH PO3MOMiTIE-
YUX CHUCTEM Ta BHUMOTH JI0 CXEMH 3aXUCTy Ui 3a-
OesnedeHHs] HAiHOI Ta CTIHKOI poOOTH eHepre-
THYHOI cructeM. OTJsia JiTepaTypH, MpeacTaBIeHIH
y LIl CTaTTi, HOKa3ye, M0 BUKIMKH T4 MOXKIHBOCTI
JUIsL 3aXMCTY BHHHKAIOTh y 0araTthbox pi3HUX o0Jia-
CTSIX, BKJIIOYAIOUYM HOBI CTaHAAPTH MO€AHAHHS
posnoninenux eHepretnunux pecypcis (PEP), sminu
B po0OTi cHCTEeMH Ta 3[JaTHICTh €KCILTyaTyBaTH CH-
CTeMH SIK PEKOH(IrypoBaHI Mepexi 3 MTaTHUM pe-
XKHMOM OCTPiBKYBaHHSI.

Bimuusnusani oocepena ingpopmayii

VY 3B’s3Ky 3 TUM 110 B YKpaiHi Bxke Oarato
POKIB €KCIUTyaTyIOThCS BHCOKOYACTOTHI 3aXHCTH
st miniid 330-750 kB, nani po3risaaloThes HAyKOBi
mpaili BITYM3HSIHUX aBTOPIB MOB’si3aHi i3 0COOIMBO-
CTSIMU CaMe€ BHCOKOYACTOTHUX 3aXHUCTIB.

IIuTaHHs BHCOKOYACTOTHUX JHU(epeHLiiHOo-
(ha3HUX Ta HANpPaBJICHUX 3aXMCTIB JIHIN eleKTpore-
penavi JOCUTh LIMPOKO PO3IJISIHYTO B HAaBYAJIBHHUX
nociOHukax peneitHoro 3axucty PenoceeBa O. M.
ta Kiguou B. I1. ¥V uux po6oTrax HaBOAUTHLCS MPHUH-
nunu poooru [A®3 BU ta HBY3, mera Ta chepa
3aCTOCYBaHHS IMX 3axucTiB. Takox riImMOOKO
PO3IJISAAETHCS IPUHILIMIT POOOTH 3aXUCTIB Ha €JeK-
TpoMexaHiuHii 0a3i, sika B TaHU Yac € 3acTapijioro.
OCHOBHOIO OCOOJIMBICTIO € ONHKC 3aCTOCYBaHHS LUX
3aXUCTIB AJs JiHIM Bucokoi Hampyru 110-220 B,
OUTBII PO3MOBCIOJIKEHUX, HDK JIHIA HAJIBHUCOKOI
Hanpyru 330-500-750 kB, mi1s SKuX BHHHKAIOThH
CKJIaJHOLI Y BUKOPUCTAHHI 3aXHCTiB.

B po6orax [12] Ta [13] po3rasiHyTO MpakTHYHE
3aCTOCYBaHHS TCOPETHYHHUX IMiJXOMIB BHKOHAHHS
J®3 Ha 0asi enekTpoMexXaHIYHUX EJIEMEHTIB, MOKa-
3aHi THUIIOBI CXEMH Ta pPO3PaxyHKH YCTAaBOK 3a-
XHCTiB. ['OJIOBHUM TUTAHHSIM 3JIMIIAETHCS BHKO-
HaHHA JaHOTO 3aXHCTYy Ha cydacHiil nudposiii 6asi
quts i HBH.

Pexomenparii mo Bubopy ycraBok Ta BraziBku
JI0 3aCTOCYBaHHS MIKPOIPOIIECOPHOTO IPHCTPOIO
L60 ¢ipmu General Electric naBeneHi y poOorax

[14] Ta [15]. BaxyimBuUM NMHUTAHHAM € €KCIICPUMEH-
TambHE BUMPOOYBaHHS 3a3HAYCHHX PIIIEHb 3a JO-
MOMOTOI0 MOJENIOBAaHHA JJIsl peajbHUX Mepex
HBH.

Y waBwansHOMy mToCiOHMKY becconoBa JLA.
«TeopeTnuni OCHOBH eJeKTpoTexHIKM» (Bessonov.
L.A. Teoreticheskie osnovy elektrotekhniki : Izd. 9-
e, pererab. i dop. M. : Vysshaya shkola, 1996. 638
S.) pO3TIANAIOTBCS  XapaKTePUCTUKHM  JIHIA 3
PO3MONIIEHUMH TTapaMeTpaMy, 3HAXOJKCHHS mapa-
METpiB LUX JiHIA Yepe3 po3B’s3Ku AudepeHIiitHuX
piBHsSHB. JIiHIT 3 pO3MOAUICHHIMH TapaMeTpaMu
MoOKHa mpupiBHATH 10 JiHiii HBH 3a paxynok ix
JIOBKMHHM, KOHCTPYKILii Ta Hampyru. Omnucani MeTo-
JTi 3HAXOJ[KEHHS CTPYMIB Ta HaNpyT Ha MOYATKy i B
KIHITl «TOBTHX JiHII» 32 MTOTOMOTOI0 mudepeHItii-
HUX PIBHSIHb BIAITParOTh BAXKIUBY POJIb JIJIS aHAITIZY
MEPEeXiTHUX pEeXWMIB Ta 3HAXOPKEHHS YCTaBOK
CTPYMIB CHpallbOBYBaHHS 3aXWCTIB JIiHIN HaJIBHUCO-
KOl HallpyTH.

Taki BugatHi HaykoBmi, sk Jlepiym O.l. Ta
Honi M.A y cBoix poborax [16], [17] Ta [18] 3a3Ha-
YarTh PO HASBHICTH MPOOJEM Ta OCOOJIIMBOCTI BH-
koHanHst {®3 s miniid 330-750 kB. ABropu min-
KPECIIOITh BAXKJIMBICTP BHKOHAHHS KOMITEHCAIT]
€MHICHUX CTPYMIB JUISl JIiHIA HAJABUCOKOI HANpPyTH
JnoBxkuHOIO Oinbie 200 KM, a TaKOXK CKIAJHOLI Y
BUKOHAHHI IUX PillIeHb Ha nudpoBiii 6asi.

VY crarrax [19] Ta [20] posrmsgaeTbes aHami3
napaMeTpiB eJEMEHTIB €HEPrOCUCTEMHU Ta MOEIIO-
BaHHSI JUISTHKM BUCOKOBOJIETHOI MEPEXi 3a JI0TOMO-
roto cepenopuma Matlab&Simulink. ¥V crarti [20]
MIOKA3aHO MOJICITIOBAHHS OKPEMOT'0 €JIEMEHTY CHep-
TOCHCTEMH (cuzoBoro aBTOTpaHCHOpPMATOPY
750 kB) Ta anamizy mepexigHux mpouecis npu K3
JUTsL BJOCKOHANIGHHsT nudepenninoro 3axucrty. Lli
po0OTH TMOKa3ylTh BAXKIMUBICTH Ta €()EKTHBHICTH
3aCTOCYBaHHS MOJICTIIOBaHHSI €JIEMEHTIB €HepromMe-
pexi Uil BIOCKOHAICHHS AITOPUTMY pPOOOTH pe-
JIEHHOTO 3aXUCTY.

3. Marepiaun i meTogu

JudepeHiiiuuii CTpyMOBUI 3aXHUCT — II€ 3aXHUCT,
II0 OCHOBaHMH Ha MNPHHLUNI Oe3rnocepeIHbOTO
MOPIBHSIHHS CTPYMIB 3 Pi3HUX KiHIIB 00’€KTY 3aXu-
cry. Jlanwii 3axuct He pearye Ha 30BHimHI K3 Ta
MOJXKE TisATH 0€3 BUTPUMKH 4Yacy, TOOTO MpAIoE 3
a0COITIOTHOIO CEJIEKTHUBHICTIO.

Ha nudepeniiiiinoMmy NpUHIHAII 311ACHIOIOTHCS
MO3JIOBKHI Ta monepeyHi audepeHtiiiai 3axucta. Y
MO3JIOBXKHIX 3aXHMCTax MOPIBHIOIOTHCS CTPYMHU ABOX
CTOpiH  AiNsHKH  3axucTy. s  MOXXIMBOCTI
MOPIBHAHHS CTPYMIiB BHKOPHCTOBYIOTHCA KaHAIIH
3B’SI3KY Y BUIJISAJI JIOTIOMDKHHUX JIPOTIB, BUCOKOYA-
CTOTHI abo panio KaHaJIH.
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[Tonepeunnii 3aXUCT OCHOBAaHWW Ha TOPIBHIHHI
CTPYMIB OJTHOMMEHHUX (a3 mapayleTbHUX JIAHITIOTIB
3 moniOHumu mnapamerpamu. [lomepeynuii 3axuct
Ma€ ICTOTHHH HEIOIMIK, a caMe MEepTBY 30HY Yy KiHII
30HM 3aXHCTy, TOMY AaJl PO3IJIAJA€THCSI BUKIOYHO
MO3I0BKHIH 3aXHCT.

[lo3moBxHi nudepeHiliHi 3aXUCTH € JBOX
TUIIIB, @ caMe: MPSIMOTO TMOPIBHAHHS CTPYyMiB — i3
3aCTOCYBaHHSIM  JIOTIOMDKHHUX  TPOBOMIB  (Maui
Bifcrtani, 10 100 kM), Ta HEMPSMOTO MOPIBHIHHA — 13
3aCTOCYBaHHSIM BUCOKOYACTOTHUX KaHAJIB mepeaadi
CUTHAJIIB (BeNWKi BiacTani, moHam 100 km).

OCHOBHMMH TepeBaraMM MO3[0BKHBOTO 3aXH-
CTYy JIiHi{ €: aOCOJIIOTHA CENEKTHBHICTh, MIBUAKOIIS,
HEYyTIUBICTh 10 XUTaHb Ta ACHHXPOHHOIO XOAYy B
Mepexi, BITHOCHO MPOCTWIl y BUKOHAHHI Ta Hamiil-
HuH. ['0JIOBHUM HEIOJIIKOM LBOTO 3aXKHCTY € KaHAJIU
3B 53Ky, MOIIKOXEHHS SIKUX IMPU3BOAUTH 10 BUXO-
Iy 3aXHCTy 3 poOOTH ab0 MOro HECeIeKTHBHOI i
BapricTe 3axHCTy MepeBaXHO 3aJIeKHUTH BiJ Bap-
TOCTI IOTIOMDKHUX JIPOTiB a0o BY kanaiy.

B cywyacHux Mepekax sl TIOBITPSHUX IiHIH
Hanpyroto 110-330-750 kB Benukoi HOBXUHU Yy
SIKOCTI OCHOBHOTO 3aXHCTy BHKOPUCTOBYIOThCS BU
3axucty, a came JIdD3. [lanmii 3aXUCT OCHOBAaHUH Ha
6e3nocepeTHFOMY TIOPIBHSAHHI (ha3 CTPyMIB 3 Pi3HHUX
KIHIIB JiHIT, [0 3aXHUIIAETHCA. 3B'SI30K MIXK KIHIIIMH
miHil 3a0e3mevyeTbesi CTpyMaMd BHCOKOI 4acTOTH
(3azBuuait 50-300 ['m), sKi mepemarOThCA MO TMPO-
BOJaM i€l k JiHii. CTpPyMH BHCOKOi 4acTOTH T'eHe-
PYIOTBCSI 1 0OpOOIISIFOTHCS 32 JIOTIOMOTOKO CIIeIliajlb-
HUX TpuiiomMo-niepenasadiB. s nepenaui BYU cur-
HaJTIB TPOBOJAMH JIiHii eJeKTporepenadi Ha KiHIISIX
JUJISTHKH, BCTAHOBITFOIOTHCS 3arOPO/DKYBavi, KOH/ICH-
catopu, QUIBTPU TPUETHAHHA Ta BHCOKOYACTOTHI
kaOemi. Jlaauii TUN 3aXKUCTy BUMAarae juimie oguH BY
KaHaJ, 1110 € HOTo MepeBarolo.

B Mepexxax uis 3aXUCTy MOBITPSIHUX JIiHIN
Hanpyrowo 330-750 kB Benukoi JOBXHHH 3aCTOCO-
ByeThcst Takok HBU3.

MoskHa BIJIMITUTH OCHOBHI OCOOJIMBOCTI MPHH-
IUTIB POOOTH UX 3aXUCTIB:

- mudepeHniiHO-(ha3HI CTPYMOBI 3aXHCTH OC-
HOBaHi Ha MPHUHIMII 0€3MOCePEAHHOr0 TOPIBHIHHS
(a3 cTpyMiB Ha KiHIIX AUISIHKH 3aXHUCTY;

- HampasneHi BY 3axucTu ocHOBaHi Ha MpHH-
IIUIT1 HETPSIMOTO MOPIBHSHHS 3HAKIB NOTYXHOCTI Ha
KIHIISX JISTHKY 3aXHUCTY.

Ananiz 3axucmis /[3® ma HBY3

J@3. Tlpwamun npii D3 3acHOBaHmii Ha
MOpPIBHIHHI (a3 CTPyMiB Ha KiHIIX JIiHIT HEMPSAMUM
LUISIXOM, & CaMe 3a PaxyHOK CTPYMiB BHCOKOI 4a-
CTOTH.

3a npunnmnomM il JId3 He pearye Ha HaBaHTa-
JKCHHsSI Ta Ka4aHHsS B JIiHII, TaK SK B X PEXUMaXx
CTpyMH Ha 000X KiHIAX JIiHII MPOTHIICKHI.

OcHoBHi enementu JJD3:

- TYCKOBUH OpraH, SIKHM ITyCKa€e TreHepaTop
Bucokoi yactotu (I'BY) Ta no3Bonse miATH 3aXHCTY
npu K3;

- opraH MaHimynsmii, skt kepye I'BU B 3a-
JISKHOCTI BiJl HAIPSMKY CTPYMY;

- oprad nopiBHsAHHS (a3 cTpyMiB, IKHI Ji€ HA
BUMKHEHHS TIpH 30iry (a3 cTpyMmiB Ha 000X KIHILSIX
JiHil.

OCHOBHI IlepeBaru AaHoro 3aXUCTy, Le:

- BHCOKa IIBUAKOMiS, YYyTJIMBICTh Ta CeleK-
THBHICTH pOOOTH;

- HecIpalbOBYBaHHS MPH KauyaHHIX Ta HEMOB-
HO(a3HUX peKUMax.

Henomniku:

- BHUCOKI BUMOIU 10 BUCOKOYAaCTOTHOIO KaHa-
Jy Tepenayi NaHuX JUIS JOBTUX JIiHIM HaJBUCOKOI
Hanpyry;

- CKJIaJHICTh BUKOHAHHS.

HBY3. Tlpunmun nii HBY3 3acHoBaHmii Ha
0JI0OKyBaHHI poOOTH 3aXHCTy IpH 30BHIIIHEOMY K3
3a paxyHOK KOHTPOJIIO HampsMKy HOTyxHOCTi. Oc-
HOBHI €JIEMEHTH 3axHCTy: IyCKOBUH OpraH, Opra
HaIpaBJICHHS MOTYXHOCTI 1 pesie OJ0KyBaHHs (pelie
CIIPAIIOBaHHS a00 HECTIPAIlbOBYBAHHS 3aXHUCTY).

OcCHOBHI IlepeBary AaHOro 3aXUCTY:

- BUCOKA IIBHIKOMIisI, YYTJIUBICTH Ta CEJEK-
TUBHICTH POOOTH;

- MEHILi BUMOTHU 10 BUCOKOYACTOTHOTO KaHAIY
nepegavi JaHUX YIS JIOBIMX JIHIA HaJIBHUCOKOI
HanpyTH.

Henosnikom nanoro 3axucry €:

- MOXIIMBICTD CIIPAaLbOBYBaHHS 3aXHCTy IPH
KayaHHSX Ta HENOBHO (Pa3HMX peXHMax aBTOMa-
TUYHOTO BMHUKaHHSA pezepBy (OAIIB);

- CKJIaJHICTh BUKOHAHHSI.

Ilepesacu /{®@3. B HemoBHO(A3HHX peXHMax

(pexxum OAIIB) ta kauanusx JA3® mpairoe OibIn
HaAiiHO Ha BimMiny Bim HBY3.
Ilepesazu HBY3. binpma mBuakomis HBU3, wHix
JA®3 s miniid HagBucokoi Hanpyru. HBU3 y mos-
HO(pA3HOMY peXHUMiI TpH BHUKOPUCTAHHI pelie
HAmNpsSMKY ITOTYXKHOCTI 3BOPOTHOI TOCHIIOBHOCTI
(PHII3II). 3 3-x ¢a3HOIO CXeMOK MOPIBHSHHS Be-
JIMYUH CIPalbOBYBaHHS 3a0€3MeUy€eThCS 4ac poOOTH
3axXMCTy MEHILE OJHOTO IMEepiogy MPOMHUCIOBOI Ha-
crotu (meHnmie 20 Mmc).

BaxiuBo, 1110 3aBafOCTIHKICTh HAIPaBICHOI'O
3axucTy Ha chpansoByBaHHs (o BY kanamy) 3a
MIPUHIIAIIOM JIii BUSIBISETHCS 3HAYHO BUINE, HIXK Y
J®3, ockinbku JID3 cripanboBye Mmij] yac nays3u Mix
BY nakeramu npuitomo-nepenasauis. [Ipu K3 B 3011
3axHUCTy y HaIllPaBJICHOTO 3axXHCTy OOWABA Mepeaar-
YhKa He HAJCWIAIOTh curHanum BY OmokyBaHHS i
YMOBa HOTO CIpalibOBYBaHHS BUXOJUTh Kpalie, HixK
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y J®3. Bkazane oco0uBo BaxmBo ajs jiHid HBH
BEJIUKOI MPOTSDKHOCTI, 16 BUHUKAIOTH TPYIHOII i3
3a0e3MeYeHHsIM HEOOXIJHUX 3amaciB MepeKpUBaHHS
3aryxaHHs BU kanany.

Takox, mpu 3oBHIIIHKOMY K3 17151 OmoxyBaHHS
HaIpaBJICHOIO 3aXHCTY BHUCYBA€ThCS MEHIIE YMOB
(cripanibOBYBaHHSA OpraHy HaNpsMKYy MOTY)KHOCTI 3
onHiel croporn), Hix D3, ge O6imbIr KOPCTKi yMo-
BH (4O TOro X 3aXxWCTH 3 000X KIHIIIB MOBHHHI
MpamoBaTi norokeHo). Ock YoMy B MaHensx 3a-
xucty niHid tumy I[1/IE-2003 BUKOPHCTOBYIOTHCS
KOMOIHAIlis BKa3aHMX 3aXHCTIB, a caMe: JUIsI CHMET-
PUYHOTO PEXXUMY MOIIKOHKEeHHs — npairoe HBU3, a
s HecumeTpuaHoro pexumy (OAIIB) — mpaigioe
JAD3.

Lughposi npucmpoi 3axucmy. 13 PpO3BUTKOM
TEXHOJIOTIH PO3TJISIHYTI TUIIH 3aXUCTIB 3 ENEKTPOMe-
XaHIYHOI eNIeMEeHTHOI 0a3u MepexosiTh A0 IHudpo-
Boi. CydJacHi TeXHOJOT1] BAKOHAHHS 3aX¥CTiB MalOTh
OaraTo repear nepe;] 3acTapiuMu. 3 OCHOBHHX IIE:
TOYHICTh CHpaIbOBYBaHHS, IIBUIKONIS, YHIBep-
CaNBHICTh (DYHKIIOHYBaHHS, 3MEHIIIEHHS Ta0apuTiB
Ta crokuBaHHs eHeprii. OCHOBHUMU HEJIOJIIKaMHU €:

- 3HWKEHHsS HaAiHHOCTI (QYHKIIOHYBaHHS 3a
PaxyHOK MEHILOTO Yacy HalpalfoBaHHS Ha BIIMOBY
U POBUX EIIEMEHTIB;

- 3HaYyHA KOHICHTpALis 3aXMCHUX (QYHKIIH
Ha OJHOMY TPHUCTPOi, BHUXiA 3 Jaay Takoro MHpu-
CTPOIO PU3BOIUTH 10 BTPATH YCIX 3aXHUCTIB;

- YCKIaIHEHHS eKCIUTyaTalii 3a paxyHOK
O1UIBII BUCOKOT BUMOTH JI0 KBasTi(hikallii nepcoHaa.

Hapasi B mepexxi OEC VYkpainu mist 3axucty
nini# 330-750 kB 3aCTOCOBYIOTHCS HACTYTIHI TOMIH-
pEHi TUMH naHesel 3axucty Ta aBroMaTuku (P3A) i3
BukopuctanHsaM ¢ynxuii 1P3 Ta HBY3:

- enexkrpomexadiydi (tumy HAP3-503, HD3-

504);

- HamiBnpoBigaukoBi (tuny [TJE-2003, IT1E-
2004);

- uudposi mpuctpoi (tumy L60, JliamaHT
L040).

B Ham dYac mnpoAoBXKYeETbCS TEHIEHLIS II0
3aMiHI BCiX 3acTapiuX eINeKTPOMEXaHIYHHX Ta
HaMiBIPOBITHUKOBUX NpUCTPOiB P3A, siki ¢izndHO
BiJNpalOBaii CBil pecypc Ha HU(POBI MPUCTPOI.

lopieuanua JJ®P3 Ha enekmpomexaHiumii,
HAnienposioHuKosill ma yugpositl eremenmuiti 6asi.
BukoHaHHS TaHOTO 3aXMCTy Ha PI3HUX €JIEMEHTHUX
0a3ax mae cBoi ocobnuBoCTi. OCHOBHUMHM BiMiHHO-
CTSIMA € BHUKOHAaHHS OCHOBHHMX OpTaHiB 3axHCTY,
TaKUX SIK MYCKOBI OpraHW, OpraHH YIPaBIiHHS Ta
nopiBHsHHS (pa3. s BU3HAUEHHS OCHOBHHUX Iapa-
METpiB CHpalbOBYBaHHS 3aCTOCOBYIOTbCS —Pi3Hi
GiNbTpH, HANPUKIAJ CUMETPHYHHX CKJIaJIOBHX,
rapMOHIMHHMX CKiajoBuX. Pi3Ha enemeHTHa 0a3a
OCHOBHHUX OpraHiB 3aXHCTy BHOCUTH 3MiHU B ajro-

puUTM pobotm 3axucty. lle crpuumMHSE CKIaTHOIII
IpH iXHiM cyMiCHIM poOOTI, sIKi HEOOXITHO BUPILIY-
BaTH TaKOX.

Peanizayis npunyunie J{®3 na yugposiii 6asi.
B cydacHux mu¢poBHUX MPHUCTPOSX 3aXUCTY, TAKUX
sk L60 ta JliamanT L040 peamizoBaHO MPUHITAII
pobotu JIP3. 3 mocBimy ekcrutyararii BijoMo, IO
Takuit anroput™m podotu D3 mams mux mpHUCTPOIB
Ha niHisx HBH npamtoe HecemekTuBHO ab0 3 BEH-
KHUMH YacoM CIpalbOBYBaHHS, L0 CIUIMBaE Ha
CTIMKICTh €HEPrOCUCTEMH.

AnroputM po6oTH TU(EPEHIIHOTO 3aXHUCTY,
AHAJIOTIYHUI TOMY IO peai3oBaHO y MaHeNi THITY
ITAE-2003, sika Bke Ma€ BETMKHHA TEPMIH YCIIIIHOT
eKcInTyaTallii, Ha 0a3i nudpoBUX MPHUCTPOIB HE pe-
amizoBano. ToMy aHaii3 anropuTMy poOOTH TaHei
tuny [1JE-2003 na ninisx HBH 3 fioro amanramiero
Ha 6a31 mupPOBHUX MPUCTPOIB 3aXUCTY € aAKTYAITHHOIO
HAyKOBOIO 33]1a4el0.

4. Pe3yabTaTH O10CaiIKEHHS

VY po3rasHyTHX HAayKOBHX pPOOOTax OCBITIIO-
IOTBCSl HAsIBHOCTI TPOOJIEM MIBHAKOMIT Ta YyTJIH-
BOCTi 3axucTiB A iHiii HBH Benmukoi moTykHOCTI.
HaronomyeTbest, mo iCHyrOUi THIIOBI 3aXWCTH HE
CHpAaBIAIOTBCS 13 BUKIMKAMH CYYacHOCTi, fKi
MOB’s13aHi 31 3MiHAMH B €HEproMepeskax 3a paxyHoK
BIIPOBA/KCHHS BiJHOBIIOBAJIBHUX JDKEpEN EHeprii
Ta HEOOXIJHOCTI Tepesadi BEJIMKOI MOTYXHOCTI Ha
naneki Bigcrani. Y cratsax [1-13] mokazaHo HOBI
NPUHLMIIY BUKOHAHHS THUIIOBHUX 3aXHUCTIB, SIKI € TOKH
II0 TEOPETUYHUMH ab0 EKCIIEPUMEHTAIbHUMH MO-
JenssMU. ABTOpH poOOIT aHami3yloTh pe3yJbTaTH
JOCHI/DKEHb Ta MOKa3yIOTh IE€pPeBar HOBHUX IPHH-
[IUTIB BUKOHAHHS 3aXUCTiB. B ocHOBHOMY, I1i 3aXu-
CTH PO3TIIIAIOTECA JUIS TOTY)KHUX EGHEProMepexK
KpaiH i3 Benukorw tepuropismu, tTakumu sk CIHIA,
Kanana, Kuraii, Konym6isi, @panmis, [aais, laku-
ctaH. Po3risiHyTi HOBI TpuHOMOMN Uit aAudepeH-
[IHOTO 3aXHCTy IIMX MEPEX IMOB’si3aHi 13 BUKOPH-
CTaHHSM NPOBITHOTO BOJOKOHHO-ONTUYHOTO KaHAITY
3B’s13Ky ab0 JK CYIMyTHHKOBOTO 3B’s3Ky. MokHa
BiJI3HAYMTH, 1110 B POOOTaX HE POOUTHCS aKICHT Ha
PO3IIIsA] caMOro KaHally 3B’A3Ky IepeAadi CUIHaNiB
MK KOMIIJIEKTaMH 3aXUCTiB Ha KiHLAX JiHii. [IpoTe
MIPUHIIAIT BUKOHAHHS 3aXUCTy TPSMO 3aJICKUTh Bij
KaHaly Tiepenavi curaaiiB. ToMy Juis pi3HUX KpaiH,
AK1 MOYMHAIH BIPOBAUKYBATH 3aXUCTH CBOIX €Hep-
TOMepex, JIy’Ke BaXIUBUM € MPUB’SI3Ka JI0 KOHIIETI-
i HAIBHUX KaHATIB 3B’s3Ky. Lle 0coOIMBO BaXkiH-
BO JJIS JIiHIM HaJBHCOKOI HampyTrH, Tak SK, HAIpH-
KJIaJl, BapTiCTh BUKOHAHHS BHCOKOYaCTOTHOT'O KaHa-
7y 1 BOJIOKOHHO-ONITUYHOTO OyJ/ie CYTTEBO BijIpi3Hs-
THUCh.
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B VYkpaini Bim camoro moyaTKy BIpPOBaKyBa-
JINCh BHUCOKOYACTOTHI KaHAIM 3B’S3Ky 1 Ha NaHWUN
MOMEHT BOHU € Ha0araro JCHICBIINMHU B MOPiBHSIHHI
13 BOJIOKOHHO-ONITHYHUMH. Tpeba 3a3HAYUTH, WO Y
BiTUM3HSHUX Mepekax HBH Ttakox € gocBim 3a-
CTOCYBaHHSI BOJIOKOHHO-ONTHYHOTO KaHAITy Ha HO-
BHUX JIIHISIX, aJIe TaM € CBOi OCOOJIMBOCTI MPH JIOBXKH-
Hax i O6uteme 150 km. Hapasi B eneprocuctemi
Ykpainu € JiHIi HaJBUCOKOI HAINPYTH JOBXHHOIO
oinbie 250-350 kM, ne BukopuctoByeThest BU ka-
Has 3B’s3Ky. B poGortax [14-22] miaKpecmoloThCs
ocoommBocti BYU 3axmucTiB Ta ix mpoOiemarmka.
Tomy mns HBH Mepex VYkpaiHu € akTyanbHUM
pO3TJIsii HOBUX TIAXOJIB BUKOHAHHS ITU(PPOBUX
TUEpeHIIifHNX 3aXUCTIB, SIKi BHUKOPHCTOBYIOTH
BHCOKOYACTOTHUH KaHAaJ 3B’ SI3KY.

Jlnst miIBUINICHHS TOYHOCTI BHU3HAYCHHS Mapa-
METpIB CHpaIlbOBYBaHHS 3aXUCTy HEOOXiIHE MaTe-
MaTHUYHE MOJIENIOBAHHSA TEPEXiHUX IPOIECIB Me-
peXi Ta MpakTUYHE JOCHIPKEHHSI poOOTH alropHT-
My CIpalbOBYBaHHS 3aXHCTy B yMOBax, HaOIMxe-
HUX J0 peanbHuX. ToMy akTyanbHOIO € 3ajada
CTBOPEHHSI HOBOT'O METOJy BH3HA4YCHHS IMapaMeTpiB
cipanpsoByBanHs 3axucry JIEII HBH Benukoi npo-
TSDKHOCTI, SIKMH BpaXxOBYBaB OW MepexigHi mporecH
y BCiX HEOOXiIHWUX peXuMaxX, MaTeMaTHIHOI Ta
EKCIIEPUMEHTAIBHOT MOZICIi pOOOTH METOY.

EdextuBHUM crmocoOoM it aHai3y Tmepe-
XITHU{ TIPOLIECiB MPH KOPOTKUX 3aMHUKAHHIX B Me-
peXi 3 TaHO KOH]Irypalli€e € modyaoBa MaTemMa-
TUYHOI MOJENI MIISHKA MEpeXi B IPOrPaMHOMY
KOMIUTEKCi. 3aBJITKH HOBOMY aJITOPUTMY 3aXHUCTY Ta
MaTeMaTHYHIN MOJ/ieTli MO)KHA aHaJli3yBaTH Ta BJIOC-
KOHAJIIOBaTH POOOTY 3aXUCTy Ui PI3HUX PEIKUMIB
MepexKi.

5. BucHOBKH

Ha ocHOBI aHamizy HayKOBO-TE€XHIYHOI JiTepa-
TypY MiATBEPHKEHO aKTyaJlbHICTh MPOOJIEeMH BHKO-
HaHHS 3aXMCTIB JIiHIH HAJBUCOKOI HAIIPYTH HA UQ-
pOBili eleMeHTHIN 0a3i. 3a3HA4YEHO MPO CKIIAJHOII
3aCTOCYBaHHS JU(EPEHIIIHOr0 3aXUCTy Ha JTOBTUX
niHi# HajgBucokoi Hampyru 330-750 kB i3 Bukopwu-
CTaHHSM IU(PPOBOI EIIEMEHTHOT 0a3H.

3anponoHOBaHO HOBI HANpsMH Yy BHUpILICHHI
JaHo1 MpoOJIeMH LUIIXOM BJIOCKOHAJICHHS aJITOPUT-
My poboth nudepeHIiiHOTO 3aXHCTy JiHIA JUIs
3a0e3neyeHHs CTa0UILHOCTI €HEePrOCUCTEMH
VYkpainu.

BcranosieHo, mo eQekTHBHUM CrocoOOM st
BUPIIICHHS JaHOT 3a/1a4i € o0y 0Ba MaTeMaTUIHOI
MoJieNi JiHil HaJBUCOKOI HANPYTU Ta JOCIIIKEHHS
POOOTH HOBOT'O METOJY 3aXMCTY TAKUX JIiHIH.
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Analysis of the Features of Implementing Differential Protections
of Extra High Voltage Power Transmission Lines

Andrii Topor, Mykhailo Shabovta
Odesa Polytechnic National University

Abstract. Nowadays, there is a need for constant analysis of the operation of relay protection and im-
provement of the principles of its implementation, due to the fact that microprocessor technologies are rap-
idly developing and being implemented in relay protection. The purpose of the research is to develop direc-
tions for improving protection and ensuring the correct operation of differential-phase protection of 750 kV
lines based on microprocessor devices. Therefore, the objectives of this study are an in-depth analysis of the
principle of operation of this protection and determining directions for solving the problem. The scientific
value is to actualize the problem for improving the algorithm of operation of differential-phase high-
frequency protection of extra-high voltage lines. The practical significance of the research lies in increasing
the efficiency of relay protection of the country's power system. There is used the method of analysis of the
available scientific and technical literature to identify the problem in this paper. There are considered both
existing protections and the principles of their operation, as well as new theoretical and experimental mod-
els of protections that have not yet been implemented. The characteristics of protections and the features of
the scope of application are analyzed. Difficulties were identified in implementing the differential phase pro-
tection algorithm in microprocessor terminals specifically for long extra-high voltage lines of 330-750 kV.
Lines of this voltage have a large capacitive component, which leads to the appearance of complex transi-
ents. These processes affect both the value of the measured parameters and the quality of the signal transmit-
ted over the high-frequency channel. All this affects the selectivity of operation and increases the time of
protection operation, thereby reducing the stability of the power system. The result of the research is confir-
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mation of the relevance of the problem and the determination that an effective way to solve this problem is to
build a mathematical model of the research object for further in-depth consideration. There was established
that the problem of implementing microprocessor protection of extra-high voltage lines is not solved based
on the analysis of scientific and technical literature. New directions in solving this problem are proposed by
improving the algorithm of protection to ensure the stability of the unified power system of Ukraine. There is
established that an effective way to solve this problem is to build a mathematical model of a specific extra-
high voltage line of Ukraine and study the operation of a new method of protecting such lines.

Keywords: relay protection, differential protection, differential-phase protection, high-frequency pro-
tection, extra-high voltage line, transients, short circuits, modeling, power system.
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OnHO30HHMI TATOBHUI €JIEKTPONPUBO/I MiCbKOI0 JIETKOBOI0
TPAHCIOPTHOIO 3aC00Y

B. A. Boiitenko, B. A. Boaiues, O. I'. Kajinin, B. O. 'naguenko
Hayionanvruii ynieepcumem «Odecvka noaimexnikay

Anomauia. Ilposedeno awnaniz mMexHiYHUX NApAMempie MPAHCMICII 1e2K08020 a8MOMOOINL 3
O0BUSYHOM  GHYMPIUWHBO20 320PAHHA, AKUNL Mae Oymu nepepoOneHull Ha MICbKUl  enekmpomooins.
Cohopmynvosano sumozu 00 MeEXHIYHUX NApPaAMempie MICbK020 eneKmpomodina. Busnaueno 3anedichicmo
CUNU ONOpY DYXYy enleKmpoMoOins 6i0 WEUOKOCHI pYXy eNeKmpoMoOiia no 20PU3OHMANbHIL 00pO3i,
PO3PAX0BAHO 3ANEHCHICTNG 3HAYEHHS NOMYAICHOCMI MEXAHIYHOI eHepeii, AKY Maromov po3eUusamu npueooHi
Kojeca enekmpomodins, 8i0 WeUOKOCHIE PYXY eNeKmpPpoMOOLis, GUHAUECHO 3A/IeHCHICIb KITbKOCI MEeXAHIYHOL
eHepeil, AKy eumpayaomes NPUBOOHI Kojleca eneKmpomoOiia 6i0 WeUOKOCMi pyxXy eneKkmpomodins no
20pU3oHmManbHitl 0oposi Ha eidcmanv 100 km. Bubpano msico6uii ACUHXPOHHUU eleKMPUYHUL OBUSYH |
nepemeopoay yacmomu 00 Hb020. Pospaxosano ocnoemni napamempu 60pmogozo 0dicepena eneKmpuyHoi
enepeii enekmpomobina. Ilposedeno cunmes napamempie mMsa208020 eIeKMPONPUBOOA eNeKMPOMOOLIA.
Pospobneno mamemamuuny moOenb OOHO30HHO20 MA208020 eNeKMponpugooa eiekmpomobini. Ha

mamemamuytiu  mooeni

NpPOBEOeHO  OOCTIONCEHHS  eNeKMPOMEXAHIYHUX —NePeXiOHux npoyecie, sKi

8i00Y6ai0MbCsi 8 OOHO30HHOMY MA0B0MY €AeKMPONPUBOOi eIeKMPOMODINA NPU pO320HI | NPU 2ATbMYBAHHI

eneKmpomMooins.

Knrouosi  cnoea: enexkmpomo6in,

ACUHXPOHHULL

eNeKMPUYHULL  O8USYH,  eJLeKIMPONPUBOO,

aKymyaamopua bamapesi, e1eKmpudHa eHepeis, Mamemamudna Mooeib, nepexioni npoyecu.

Beryn

B VYkpaini i B ychOMy CBITI MOMYJSAPHICTH
eJIeKTpOoMOO1ITiB TocTiiiHO 3pocTae. lle o0ymoBieHo
THM, WI0 BapTICTh NAJBHOTO JJIsS JIBUT'YHIB
BHYTpimHbOro 3ropsuHs ([IB3) mocTiifHo 3pocTae i

HAa CBOTOAHI 3HAYHO  TEPEBUINYE  BapTICTh
enektpuunoi  eHeprii. Tomy geski  Bomomapi
asromo0imiB 3  JIB3  3aMHCIIOIOTBCS  Ha

mepepoOKo0 X aBTOMOOUTIB Ha E€IeKTPOMOOLNb,
NpU3HAYCHUH ISl TIepecCyBaHHS HA HEBEIHKY
Bijctanb [1]-[4]. [IpoTte, 10 OCHOBHUX MPOOJIEM, SIKI
MEePEIKOKAIOTh PO3MOBCIOJKEHHIO
eJIEKTPOMOOITiB B YKpaiHi MOXXHa BiIHECTH SIK
BEJIMKY BapTICTh HOBHMX €JIEKTPOMOOLTIB, Tak 1
BEJIMKY BapTiCTh MEpPEepoOKH CTaphuX aBTOMOOLTIB 3
JAB3 na enektpomoOimi. OmHUM 3 MOMKIMBHUX
crnoco0iB 3MEHIIEHHS BapTOCTI HOBUX
CJIEKTPOMOOITIB € TapayeNbHUil CepiiHUi BHUITYCK
eJIEKTPOMOOINIiB, MoOyJOBaHUX Ha 0a3i aBTOMOO1IIIB
3 IB3, ski Bke BHUIycKawoTbesi cepiiiHo [5]. Ilpu
MpoBeNIeHHI nepeobajHaHas aBToMoois 3 JIB3 Ha
€JIEKTPOMOOITIL 0aXaHO MaKCHMaJIbHO CHPOCTUTH
TEXHOJIOTII0 1 3MEHIIUTH BHUTPAaTH KOWTIB. Tomy
OaxxaHo npu o0y 10Bi SJIEKTPOMOOILIIS

© Boiitenko B. A., Boaiues B. A.,
Kaniuin O. I'., 'maguenko B. O., 2025

BUKOPUCTOBYBAaTH SIKOMOTa OilbIIe €JIeMEeHTIB 1
BY3JIiB MEXaHIYHOI TpaHcMicii aBTromo0inst 3 JIB3.
HaiiGinpmm  gemeBuii  BapiaHT TNPOEKTYBaHHS 1
BHTOTOBJICHHSI €JIEKTPOMOOLIS TONATaE B 3aMiHi
JAB3 Ha eleKkTpU4YHUN JBUTYH 1 B BCTaHOBJICHHI
[epeTBOPIOBaYa EJIEKTPUIHOT eHeprii i
akymynstopHoi Oatapei (AB) 3amicte OeH300aKy.
Ab Mae HaKONW4YyBaTH KiJIbKICTh €NEKTPUIHOL
eHeprii, HEOoOXiHY JUTS nepecyBaHHS
eNeKTpoMOOiNIT Ha 3amaHy BiacrtaHb. Tpeba
3BepHYTH yBary Ha Te, mo Ab BigHocuTbCA 10
HAHOLIBII KOIITOBHHUX 1 HAWMEHII JOBrOBIYHUX
€JIEMEHTIB €JIeKTPOMEXaHIIHOT TpaHCMicii
enekTpomoOinsa. Bara 1 Bapricte AB  cyTreBO
3aJIeKUTh BiJI KUTBKOCTI €Heprii, ska Moxe OyTH
HakonmyeHa B ADB. Jlns 3MeHIIEHHS BapTOCTI

eNeKTpoMoOinss OakaHo BUKOpHCTOBYBatH Ab
sKoMora MeHmoi emHocti. Tomy  HaiOinbII
JEIIEeBUM eJIeKTPOMOOiIEM MOJKe OyTH

€JIEKTPOMOO1IIb, MPU3HAYCHUH HJIs TepecyBaHHS B
MICTi Ha HeBeNMKY BiacTanb (Bix 50 kM 1o 100 km).
EnexTpomo0iib Oyze OLIbII ISIICBUM, SKIIO Ha
HBOTO BCTAHOBUTH HAWOUIBIN  JIENICBHiA, aJye
HaJiiHWIA TATOBUH nBUTYH. [lo HaliOimbII AemeBUX,
JIETKUX 1 HAJIMHUX JBUT'YHIB HajeKaTh aCHHXPOHHI
mBuryHu (AJl) 3 KOpPOTKO3aMKHEHOI OOMOTKOIO
poropa. ToMy 3 MeTOH 3MEHIIECHHS BapTOCTI
CJIEKTPOMOOLIA 1 MIJABHUINEHHSA HOro HaIIHHOCTI

Lle craTTs Bigkpuroro noctymy 3a minensieto CC BY (http://creativecommons.org/licenses/by/4.0/deed.uk
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O0akKaHO B EJIIEKTPOMOOLISIX 3aCTOCOBYBATH TSATOBI

AJl. Jlms B3MEHIIEHHS BapTOCTI EIESKTPOMOOLISI
Tpeba  BHUKOPUCTOBYBAaTH MpOCTi 1  Jemesi
neperBoproBaui  yactrorn (ITY), sKki cepiitHO

BHUITyCKA€ MPOMHUCIIOBICTb.

TakuM YHHOM MOXKHA CTBEp/KYBATH, IO
npobiemMa mepeoOiafHAaHHA TPAaHCIOPTHUX 3ac0o0iB
3 JIB3 Ha enexTpuuHi TpaHcmoptHi 3acobu (ET3) 3
MIHIMAIbHOIO  3MIHOK  KOHCTPYKIi  0a30BOro
aBToMo011s 3 JIB3 € akTyanbHOM0.

3. Mera gocaixkeHHs

Mertoro maHoi poOOTH € po3poOKa OTHOZOHHOTO

TATOBOTO  CJIEKTPOIIPHBOAA 3MIHHOTO  CTPyMY,
MPU3HAYEHOTO JJIs JICHICBOIO MiCBKOTO JISTKOBOTO
EICKTPOMOOUISI, Ta aHali3 eJIeKTPOMEXaHITHUX

MPOIIECiB, SKi BiAOYBAIOTHCS B EIEKTPOMEXaHIUHIN
crcTeMi eJIeKTPOMOOiIIs il yac HOro pyxy.

4. Marepiaan Ta pe3yJbTaTH J0CTiIZKEeHHS

Hus  mepepobku aBromoOinst 3 JIB3 Ha
CJICEKTPOMOOLTL Oysi0 00paHO aBTOMOOUL 3A3-

968M, OCHOBHI TEXHIYHI MapaMeTpH SKOTO
npuBeneHo B Tabin. 1 [6]-[8]. Ha miacraBi TexHigHIX
napamerpie  aBToMoOinas  3A3-968M  MokHa

c(hOpMYJTIIOBaTH BUMOTH 0 TEXHIYHUX IapaMeTpiB
eJeKTpoMOOiNsA, TOoOyIOBaHOTO Ha ioro Oasi.
OCHOBHUM TPHHIMIIOM TPH BU3HAYECHHI BUMOT 0
TEXHIYHHUX IapaMeTpiB EIEeKTPOMOOiIs € Te, IO
Horo mapaMeTpu MaioThb OyTH HE TipUIMMH 3a

napaMmeTpu aBTOMOO1JIS 3A3-968M. IIpn
BU3HAYEHHI BHMOT JI0 TEXHIYHHUX MapameTpiB
eNIeKTpOMOOiNs  OakaHO BpaxOBYBaTH BUMOTH

3aKkoHOAaBcTBa Ykpainu. TpeOa 3BepHyTH yBary Ha
Te, mo 3 1.11.24 B micrax YkpaiHum MakcuManbHA
HIBUJIKICTH TepecyBaHHsi T3 oOMmexena Ha piBHI 50
KM/TOJ [9]-[10]. Tomy 3  BpaxyBaHHSIM
MPUITYCTUMOTO  TIEPEBUIIEHHS IBHIKOCTI  (+20
KM/TOJI) MakCcUMallbHa IIBUJAKICTh TepecyBaHHs
MICBKOTO €JIEKTPOMOOiIsT MoXe OyTH He OUIBIIO0
70 km/TOx.

JInst  3MeHIIeHHS ~ BapToCcTi  mepepoOKu
aBTOMOOLUISI Ha eNeKTPOMOOib OYyJI0 BHKOPUCTAHO
4-mBHAKICHY KOpPOOKY MHEepeMHKaHHS —Iepenad

(KIIIT) aBromoOina 3A3-968M. B  oOimbmocrti
BUTIQJIKI JIOCTATHRO KOPUCTYBATUCh 1-10 1 4-10
nepenagamu  KIIII. Ilepma mnepemawa KIIII mae
3a0€3MeYUTH EJIEKTPOMOOIII0 BEJIMKY CHIIy TSITH,
MOTPIOHY IS JOJIaHHS HigdoMiB moporu (1o 36%).
UerBepra mepemaua KIIII wmae 3abe3neuntn
JOCTaTHBO BEJIMKY MaKCHMAJbHY IIBHUIAKICTH PyXY
€JIEKTPOMOOINIS 110 TOPH30HTAIBHINA J10po3i (60-80
KM/Ton.). Aje 3actocyBaHHs iHmmx nepemad KIIIT
JI03BOJISIE MIOKpAIIUTH OTUHaMiuHi BractuBocTi ET3,
T00TO, 30LMBIIMTH cwiIy TIrM  (IPUCKOPEHHS)
MPUBOJIHUX KOJIIC €IEKTPOMOOLIS 1, 3aB/ISKU ILOMY,

3MEHIIUTH  Yac  PO3roHy 1  raibMyBaHHS
CJIEKTPOMOO1JIS 10 MOTPIOHOTO 3HAYCHHS IIIBUAKOCTI
pyxy. Le BaxmuBo a7t OUIBII JWHAMIYHOTO
MepecyBaHHs eleKTpoMoOins B Micti. o Toro x
MaKCUMaJIbHE BUKOPUCTAHHS CIIEMEHTIB
KOHCTPYKIii aBTomMo6inst 3A3-968M mpu po3poOiti
CJICKTPOMOOLIIT  JIO3BOJISIE  3HAYHO  3MCHIIIHUTH
BapTICTh TIEpepOOKH aBTOMOOIIIS Ha EIEKTPOMOOLITE.
OxpiM TOro, BaXIWBO QJaNTyBaTH OpTaHU
KepyBaHHS eJIeKTPOMOOiIeM Tax, o6
KOPHUCTYBaTHCh HHMH OyJI0 3BHYHO BOJOJOPIO
3BHUYaitHOTO aBTOMOOLIT 3A3-968M [11].

Tabmurs 1
OCHOBHI TEXHIYHI ITapaMeTPH aBTOMOOIIIS
3A3-968M (mxepeno: [6])

HaiimenyBanus napamerpa 3HaueHHS
Koeoiuient onopy nositps 0,43 Hc?/m/kr
IToBHa Maca aBTOMOOILIsS 1200xr
KopucHe HaBaHTa)KeHHS

prcte 450xr
aBTOMOO1IS
MakcumanbHa MBUIKICTE
A 120 km/rox
pyxXy
Yac posrony Bix 0 1o
100 km/roJ 3 BOJIEM 32,0c
Ta 3 OJJHUM TTaCaKHPOM
MaxkcuManbHUN TiaioM, SKUR
JIHOM, 3 36% (20°)
MOJKe II0I0JIaTH aBTOMOOILIEL
Howminansna norysxHicts JIB3
y A 30,8 kBt /

/ ipH 9acTOTi 0OepPTaHHS BaITy 1pu 4400 06/xB

B3
N oS 0| 745 1
P mpu 3000 06/xB

obepranus Baiy B3

4-mBUIKicHA
MexaHlvyHa

Kopobxa nepemMukaHHs
nepenad

1-nepa — 3,800

[epenarouni yncna 2-npyra - 2,120

Ha BIJIIOBIAHUX II€peavax: 3-tpera — 1,409
A A pei ' 4-yetBepra — 0,964
Bannasa — 4,156
l'[epe)IaT.que YUCJIO TOJIOBHOI 4,125
nepeaadi
Po3mip panianbHuX MIUH 155/70 R13

Bynemo BBaxaru, mo rabapuTHi po3Mipu
€JIIEKTPOMOOINST 1 MakcMMallbHa IIOBHa  Maca
€JIEKTPOMOOLIISL JIOPIBHIOIOTH Ta0apUTHAM pO3Mipam
i moBHIlT wmaci aBTromoOuts 3A3-968M. Tomy
3HAYEHHS CWIM OMNOpY pYXy eIeKTpOMOOis
BH3HAYAEMO JIJIsl rabapUTHHUX PO3MIpIiB 1 TOBHOI Maci
aBromo0Oisst 3A3-968M [9], [10], [12].
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B Tabm. 2 HeBemeHi pe3ydbTaTH PO3PaxXyHKY
cun omopy moBitps (Fommos) [12] 1 cymapHoOi cumm
omopy  pyxy  (From)  enexTpoMoOins 1o
TOPHU30HTAJIBHIN 10pO3i 3 3aaH0r0 WBHUIKICTIO (V).

B Tabm 2 Takoxx HEBEAGHO pe3yNbTaTH
PO3paxyHKy 3aJie)KHOCTI 3HAY€HHS TOTYXKHOCTI
MexaHiuHOi eHeprii (Px), Ky MaloTh PO3BHUBATH
MIPUBOHI KOJIeCa EJIEKTPOMOOUIS, Bill IIBHIKOCTI

pyXxy enekTpoMobins (V) mo ropu3oHTaIbHIA 10p0o3i,
a TaKoX pe3ylabTaTH pO3PaXyHKY 3aeKHOCTI
3HAYCHHS KUILKOCTI eHeprii (A4x), fKy OyIyTh
BUTpAvaTH NPHUBOJHI Kojeca eNeKTPOMOOINs, MpH
pyci eIeKTpoMOOLIS MO TOPMU3OHTAIBHIN TOopo3i 3
3a/1aHOI0 MBHUIKICTIO Ha BiacTanb 100 kM [9].

Taommums 2

Pesynbratu po3paxyHKy CHIIM OTIOPY PYXY, IOTY>KHOCTI 1 KiJIBKOCTI €HEeprii,aKy MaloTh pO3BHBATH i
BHTpadaTH MPUBOIHI KoJIEca MPH PYCi eIeKTPOMOOIIIS IO TOPU30HTAIBHIN JOPO3i 3 MTOTPIOHOIO MIBH/IKICTIO

V, kM/TO. V, m/c Fonnos., H Fson, H Pk, Bt A M]Tx
0,36 0.1 0,0051 211,9051 21,19 21,191
10 2.78 3,94 215,84 600,04 21,584
20 5.56 15,78 227,68 1265,90 22,768
30 8.33 35,41 247,31 2060,09 24,731
40 11.11 62,99 274,89 3054,03 27,489
50 13.89 98,46 310,36 4310,90 31,036
60 16.67 141,81 353,71 5896,35 35,371
70 19.44 192,86 404,76 7868,53 40,476
80 22.22 251,96 463,50 10299,00 46,350
90 25,00 318,95 530,85 13271,25 53,085
100 27,78 393,78 605,68 16825,79 60,568
Bynemo BBaxkatu, mo mpu pyci ereKTpoMoOisst
Bropy Io J0po3i 3 YKIOHOM 36% IIBHAKICTH PyXy 1
OyZIe MOCTaTHRO MaJIOl0, TOMY CHIIY OIOpPY MOBITpS
BpaxoByBatu He Oymemo [9]-[10]. Cymapny cumy
OMOpY PYXy TOBHOTO €NEKTPOMOOIIs Bropy IO
nopo3i 3 ykiaoHoOM 36% (Fyisew) BHU3HAYAEMO 3a 2
dhopmyoro (1): )
Fy36u. = Frorsew. + F vkinzew (1) 3

Fs 360 = 199,12 + 4026,26 = 4225,38 H.
ne Frorssw. — CcWiIa omHopy KOTIHHS — KOJIC
€JIEKTPOMOOIJIS 110 110 A0PO3i 3 YKIoHOM 36%);

Fykin3en— cuiia ommopy pyxy eaeKTpoMoOist Bij
YKJIOHY JIOPOTH.

@OyHKIIOHAIBHY CXEMY  eJIeKTPOMEXaHIYHOI
TpaHCMICIi eNeKTpoMOOis MMoKa3aHo Ha puc. 1.
[udpamu No3HAYEHO HACTYIHI E€JIIEMEHTH i BY3JIH
TpaHcMicii enekTpomobinsa: 1 — GopToBe mKepeno
CJIEKTPUYHOI eHeprii; 2 — MmepeTBOpIOBad YaCTOTH
(IT1); 3 — taroBwii enekTponBUTYH; 4 — KOpoOKa
nepemukanas nepenad  (KIIII); 5 — romoBHa
nepegaya 3 audepenmianom (I'Tl); 6 — miBoci
MPUBOJIHUX KOJIiC; 7 — MPUBOJIHI KoJieca.

CraTu4HUi pajiyc IIMHUA €JIEKTPOMOOLIS BHU3-
HAYeHO Ha MiJICTaBl MapameTpiB IIMHU aBTOMOOLIS
3A3-968M [6]-[8], sixi HaBeneHO B Tabm. 1:

RCT = 0,257 M. (2)

(VI e I

6 6
7 7

Pucynok 1 — dyHkuionaiabHa cxema TpaHeMicii
EIeKTPOMOO1IIA

Ha migcraBi 3HaueHb IepelaBajbHUX YHCEN
KIIII i mepemaBaibHOTO YHcla TOJOBHOI Tepenadi
(I'lT), naBemenux B Tabm. 1, Oynm po3paxoBaHi
nepeaBaibHi YMClia TPAHCMICIT eJIeKTpOMOOiIS Ha
Bcix nepemayax KIIIT 3a dpopmynoro (3):

ItpaHCi = Iknmilrm » (3)
ne ikpmi — NepenaBanbHe YHMCIO Ha i-if mepenaui

KIIIT, Big.ox.;
irg — nepenaBanbae yncno 'L, Big.oxm..
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PesynbTatu po3paxyHKy HepelaBallbHUX YUCET
TpaHCMicii elIeKTpoMoOisa Ha Beix mepemayax KIIIT
HaBEJICHO B Ta0I. 3.

Tabnuns 3
IlepenaBanbHi urciIa TpaHCMICiT
enekTpoMoOis Ha Beix nepenauax KIIIT

Howmep [lepenaBanpHi yncna TpaHCMIcii,

nepenaui KIIIT ITPAHC
1-nepmra 15,675
2-npyra 8,745
3-Tpets 5,812
4-geTBEpTa 3,977
3anHii Xig 17,144

Ha mincraBi cratmyHOrO pamiycy MIUHHU

enekTpomMobinsg  (2) 1 mepemaBalbHUX — YHCEI
TpaHcMmicii  exekTpomoOins (Tabm.3) BH3HAYUMO
KyTOBY WIBHIKICTb 3 SIKOIO Ma€ oOepTaTucs Bal
TAroBoro jaBuryHa Ha 4-ii mepemaui KIIII, skmo
MaKCUMajbHa MIBUIKICT PYyXy €IEKTPOMOOiIs
nopisatoe 70 km/rox (19,44 m/c) 3a popmymoro (4):

_ VET3.70°iTPAHCA
Wpga.70, = LERTTEAICE @
CT
19,44%3,977
w =—=———""—=1300,83 pax/c.
AJ1.4.70. 0257 ,83 pan/
ne Versao. 19,44 m/c — MakcuMaibHa JIiHiMHA

HIBHJIKICTH PyXy enekTpoMoOins (70 km/rom);

ITPAHC 4 3,977 — mnepenaBalbHE YHUCIO
€JIEKTPOMEXaHIYHOI TpaHCMicCii eleKTpoMoOins Ha
4-ii nepenaui KIIIT (Tabm. 3).

TakuM 9uHOM, AJIS TOTO, MO0 EIEKTPOMOOLITH
pyXaBcs 3 MaKCHMaJbHOI MBHAKICTIO (70 KM/TOT)
Ha HavBuimi 4-i nepenaui KIIIT HeoOXximHo, 11100
BaJl TATOBOTO JIBUTYHa oOOepTaBcsi 3 KyTOBOIO
mBuakictio 300,83 pan/c (2872,7 06/xs.). Lle Tpeba
BpaxoByBaTH mpu BuOOpi Tarosoro AJ] s
OJTHO30HHOT CUCTEMH PETyIIOBAHHS HIBHKOCTI.

Ha  minmcraBi  pesynmsTaTiB  po3paxyHKY
MOTY)KHOCTI MEXaHIYHOi eHeprii, sKy MarwTb
pO3BUBATH NPHUBOHI Kojieca eleKTpoMoOiis (Tabi.
2), Ttpeba BH3HAYHTH TMOTYXHICThb, SKy Mae
PO3BHBATH TATOBUI JIBUTYH npu pyci
CJIEKTPOMOOLIT 10 TOPU3OHTAIBHIN J0p0o31 Ha
mBuakocti 19,44 m/c (70 xm/rox). Takum YUHOM,
HOMiHQJIbHA TIOTY)XHICTh TATOBOTO JIBUTYHa Ma€
BiANOBiAaTH yYMOBI (5):HOMiHaJIbHA TOTY)KHICTb
TSATOBOTO JBUTYHA Ma€ BiAMOBimaTH yMOBi (5):

Pap70H (5)

P > .
AlLH TITPAHC

p 786853
ALH ™ 7o g5

= 9257,1 BT.

ne  Pugzom = 7868,53 BT — moTyXHICTh MEXaHIYHOI

eHeprii, sKy pO3BHBalOTh MNPHUBOAHI  KoJeca

enekTpomobing mpu pyci ET3 mo ropuzonTanmpHii

JI0pO3i 3 JIIHIHHOK MBUAKICTIO 70 KM/TOI;
nrrarc=0,85 — KKJI mexaniuHoi TpaHcMiccii

€IEKTPOMOO1II.

Takum 9uHOM, IUIS TOTO, OO EIEKTPOMOOITH
pyxaBcs 3 MaKCUMaJIbHOIO JIiHIHHOIO mBUAKICTIO 70
KM/TOA. Ha HaWBumui (4-i) mnepemaui KIIII
HeoOXigHo, MaTu TaroBuit AJl, HOMiHaIbHA
MOTY>KHICTB IKOTO Mae OyTu He MeHmie 9257,1 Br, a
HOMiHaNbHa KyTOBa INBUAKICTH Bajia TSITOBOTO
neuryHa mae Oytu He meHme 300,83 pan/c (2872,7
00/xB.). B 3B’sa3ky 3 mmM Oymo oOpaHO TSATOBHUI
ACUHXPOHHUI JBUT'YH THITY 4A132M2V3
OCHOBHOTO BUKOHAHHS 31 cTymeHeM 3axucty [P44
[13] wHowminampHOIO moOTyXHicTFO 11 ®XBt 1 3
HOMIHAIBHUM 3HAY€HHSM CHHXPOHHOI KyTOBOi
MBUAKOCTI  obepranHs Baimy 314,16  pan/c
(3000 o06/xB.). Maca AJl Ttumy 4A132M2VY3
JIOPiBHIOE 93 KT.

3amumemMo  piBHSHHA  3B’sBKYy  (6) Mik
3HAYEHHIM TMiHIAHOT IIBUAKOCTI pyxy
enekTpomoOins (Vgrs;) 1 HOMIHATHPHAM 3HAYCHHSM
KyTOBOI IIBUAKOCTI 0OepTaHHsS Baly TSITOBOTO
JBUTYHA!

__ wanHo.(1-sn) R
Versi = iTPAHCI

cr- (6)
ne  ®4zH0. = 314,16 pan/c — HOMiHANBHE 3HAYEHHS
CHUHXPOHHOI KyTOBOi HIBHJKOCTI OOEpTaHHS Baly
TATOBOTO ABUryHa TUIy 4A132M2V3;

su = 0,023 — HomiHambHE KOB3aHHS Bally
TsaroBoro A/l Tumy 4A132M2V3;

ITPAHC. nepeaBaJibHe YHUCIIO MEXaHIYHOT
TpaHcMiccii enexkTpoMoOing Ha i-if mepemaui KIIIT
(Tabm. 3).

3a dopmyiioro (6) OyJi0 po3paxoBaHO 3HAUCHHS
JMHIAHOI MIBUIIKOCTI PyXy eNeKTpoMoOiIs Ha ycix
nepegayax KIIII npu HOMiHaIBHOMY 3HAY€HHI
KyTOBOI IMIBUJIKOCTI OOEpTaHHsS Baly TSITOBOTO
JIBUTYHA 3 BpaxyBaHHAM paliycy NPUBOJHHUX KOJIC
Ta HepeaBaIbHUX YHCEN TPAHCMICIi eneKTpoMOoOiis
Ha BianmoBigux nepemadax KIIIT (tabm. 3).
Pesynbratu po3paxyHKy HaBeJIeHI B Ta0II. 4.

3a  Qopmynoro  (7) Oyno  BH3HAYCHO
HOMIHAIBHUH PyUIiHHUA MOMEHT TsiroBoro A/l Tuimy
4A132M2V3:

- (7

MAZ['H - wALI.HO.'(l_SH);
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11000
Manu = 314,16:(1-0,023) 35,84 Hwm.
ne P,y = 11000 Br — HoMiHaJbHE 3HAYCHHS
MEXaHIYHOI TIOTYXKHOCTI TSATOBOTO JBUTYHA THITY
4A132M2VY3.

3a momomororo piBHAHHA (8) OyiO BH3HAYEHO
CWIIy TATH, SIKy OYJyTh PO3BHUBATH IPUBOIHI KoJieca
enexTpoMoOits Ha koxkHiM epemxadi KIIT (Fgrapi),
aKmo Bax  TsAroBoro A/l Oyme po3BuBarm
HOMiHabHUK MOMEHT (My 1 = 35,84 Hm):

Mann

AL ®)

Rer

FETB.H.i = TNTpPAHC iTPAHC.i

Pesynpratu po3paxyHKy HaBeseHi B Ta0. 4.

Tabmuus 4
Pesynbratu po3paxyHKy MIBUAKOCTI PyXy
EJIEKTPOMOOIIIA 1 CHITH TSITH, SIKYy PO3BUBAIOTH
MPUBOJIHI KoJIeca eNeKTPOMOOiLIs Ha Pi3HUX
nepenavax KIIII mpu HOMiHAIEHOMY 3HAYEHHI
KyTOBOI IIBHIKOCTI 00epTaHHs Baiy TsAroBoro A/l i
HOMiIHAJIEHOMY 3Ha4€HHI MOMEHTY, SIKUI PO3BHUBAE
TsaroBui AJ]

Howmep VEers, Vers, Fersni,
nepenaui KIIIT M/c KM/TO/I. H
1-nepima 5,032 18.12 1858,1
2-npyra 9,020 32.47 1036,6
3-tpets 13,572 48,86 688,9
4-geTBepTa 19,835 71.40 471,4
3amHii xig 4,601 16,56 2032,2

[NopiBHSEMO pe3ysbTaTH PO3paxyHKY 3HAUEHHS
CHII OTIOPY PYXY €NEeKTPOMOOLIS Bropy IO J0po3i 3

ykioHoM 36%, ske Oyjno po3paxoBaHO 3a
¢dopmysioro (1), 1 3HAYEHHA CWJIM  TSATH
enektpomobinsgs Ha 1-it mepemaui  KIIII mnpm
HOMIHAJILHOMY 3Ha4eHHI pYyIMIIAHOTO MOMEHTY

Taroporo nsuryHa (tabmn. 4). 3a dopmynoo (9)
BHU3HAYMMO KPATHICTh MEPEHABAHTAXKEHHS TSATOBOTO
JIBHTYHa 110 MOMEHTY TIIpU pyCi IOBHOTO
€JIEKTPOMOO1JIS Bropy 1o J0po3i 3 yKioHoM 36% Ha
nepmii nepepaui KIIT 3 Manoro mBuaKicTIO:

}\ — FE36% (9)

.
FEr3H1

4225,38
| =228 997,
1858,1

ne  Fissew — cymMapHa cuima omopy pyxy MOBHOTO
CJIEKTPOMOOLJIS BrOPY 110 A0PO3i 3 YKIOHOM 36%);
Fer3.ni — cuia Tru, siky po3BUBAIOTh MPUBOIHI

KoJieca enekTpomobinsa Ha 1-if mepemadi KIIIT mpu
HOMIHAJLHOMY 3HAYCHHI MOMEHTa TATOBOTO A
tuny 4A132M2V3 (tabn.4).

BiamoBigHo 10 mapaMmerpiB  aCHHXPOHHOTO
meuryHa — tamy — 4A132M2V3 [13]  #oro
MepeHaBaHTAXyBallbHa 3JaTHICTh 32 MOMEHTOM
JIOPIBHIOE:

Mg
= 2,8. 1
ManH ’ (10)
Je Mg — KpUTUYHHM MOMEHT aCHHXPOHHOTO
nBuryHa tamy 4A132M2VY3;
Masx — HOMIHANBHUIT MOMEHT acCHHXPOHHOTO
neuryHa tamy 4A132M2V3.

Taxkum uymHOM Ha TifcTaBi piBHAHB (9) 1 (10)
BUJIHO, 1110 ACHHXPOHHUHU ABUTYH Ty 4A132M2V3
MOXX€ PO3BHHYTH JOCTAaTHHO BENUKWH PYIIIHHHAN
MOMEHT, 100 3a0e3MeYuTH pPyX EIeKTPOMOOLI
Bropy Mo J0po3i 3 ykiaoHoM 36% Ha mnepmii
nepeaayi.

OkpiM TOro MOXHA  BHUKOPHCTOBYBaTH
nepeaavyy 3aIHbOr0 XOAY SK JOJATKOBY MOHMKEHY
nepegaay KIIII. JIns boro 10CTaTHHO BKIIIOYUTH 32
moromororo  KIIII mepemady 3amHboro xomy i

3MIHATH HampsM  oOepraHHs Bamy AJ[ 3a
nonomororo IT4.
Hns 3armobiraHHs MepeHaBaHTAXKEHHS

neperBoproBada dactotu ([1Y) BakmuBo, mo6 mpu
pyci enekTpomoOins Ha mneprnii mnepemadi  KIIT
Bropy o Jiopo3i 3 ykioHoM 36% Tsrouii AJ] He
cnoxuBaB Big [IY 3aHanTo Benuke 3HAYCHHSA
cTpyMy. ToMy HOMiHaJbHE 3HA4YE€HHS CTPyMY
obpanoro ITY mae OyTH OiIbIINM 3HAYCHHSI CTPYMY,
skuit  AJl  cnoxuBae Big MY mpm  pyci
enekTpomoOins Ha nepriid nepexadi KIIIT sropy mo
nopo3i 3 ykioHoM 36%. BignosigHo Oyjio oOpaHO
mepeTBoproBad  4yactotu tumy DV6-340-22K 3
HOMIHAJILHUM 3HAYeHHSM BUXITHOTO CTpyMy 48 A
[14]. Maca ITY tuty DV6-340-22K nopisatoe 12 kr.

3 Tabnm. 4 BHAHO, WO NPH HOMIHAIBHOMY
3HAYeHHI KYTOBOI IIBWAKOCTI Bajly TSITOBOTO
meuryHa (306,9 pan/c) enexktpomoOins Ha 4-i
nepefayi Moxe pyxaThch Ha mBHIKocTi 71,40
km/ron. 3 Tabn. 4 TakoX BHIHO, WO TIpH
HOMIHAJIBHOMY 3HAa4Y€HHI PYIIIHHOIO MOMEHTY
TsroBoro gapuryHa (35,8 Hwm) mpuBomHi Koneca
enekTpomoOis Ha 4-i nepemadi KIIIT po3suBaroTh
CWIIy TATH, siKa aopiBHioe 471,4 H. 3 tabin. 2 BugHO,
0 TP PycCi €IEeKTPOMOOIIS MO TOPHU30HTAIbHIN
J0po3i 31 mBUIKicTIO 70 KM/TOJ cHila ONOpY pPyXy
enekTpomMobins (Fyor) nopisaioe 404,76 H, a mpu
pyci enekTpoMoOiis 31 mBUAKICTIO 80 KM/TOI chita
Ommopy pyxy enekTpomoOits mopiBHioe 463,50 H.
Tomy MoOXHa CTBEpAKYBaTH, LI0 HPU TPHUBAIOMY
pyci enekTpoMoOins Mo TOPU3OHTAIBHIN JOpo3i 3i
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mBuakicTio g0 80 km/rox Tarosuit AJl Oyme
pO3BUBAaTH  MOMEHT, SIKMH HE  IIEpPEBHIUIYE
HOMIHAJIBHOTO 3HAYEHHs, 1 TOMY TeMIepaTypa
TaroBoro AJl Takox He Oyae NepeBHIYBaTH
HOMIHAJBHOTO 3HAYCeHHS. Takok MOXHaA 3pOOHTH
BHUCHOBOK IIPO T€, 1[0 [IPU YaCTOTHOMY PeryJIOBaHHI
mBuAKocTi AJl enekTpoMo0iah KOPOTKOYACHO MOXKE
pyXaTHCh 31 MIBUAKICTIO, siKa repesuirye 80 Km/Tof,
aye It IIbOr0 Ha OOMOTKY cTaTtopa Tpeba momaBaTi
Hampyry 3MIiHHOTO CTpPyMy, 4YacToTa fKOi Oyne
MepeBUIyBaTH HOMiHalbHe 3HaueHHS yacToT (50
I'm). KparHicTe MakcHMallbHOTO KPYTHOTO MOMEHT
TATOBOTrO ABUryHa Tty 4A132M2VY3 nopisHioe 2,8.
ToMy BOpPOIOBK KOPOTKOTO Hacy eJleKTPOMOOLIb
30aTEH J0JIaTH AOPOTY 3 YKIOHOM 36%.

Ha migcragi mapamerpiB A/l Ty 4A132M2VY3
[13] 6yno BuzHaueHo mapameTpu TsroBoi AB [15].
HominanpHe 3HaueHHS HAmpyrw TATOBOI JITIH-
rtorHoi Ab enmextpomoOinst mopisaroe 592 B [16].
Ha migcrasi pe3yibTaTiB po3paxyHKiB, HABEICHUX B
Tabyuii 2 Oyj0 BH3HAUEHO, IO eMHICTh Ab, ska €
JOCTAaTHBOIO ISl TIEPECYBaHHS EIEKTPOMOOINS Ha
Bigctaup 100 kM 31 mBuakicTio 80 KM/Toa, Mae
nopisaoBaty 30 AXroz. Takum YHHOM, pO3po0IIeHa
Ab moxe HakonmayBatu 17,76 kBrxron (64 M/Ix)
enekTpuaHOi eHeprii. Maca Ab nopisaroe 130 xr.

Ha migcraBi Toro oOMeKeHHsI, 1110 IOBHA Maca
CIIEKTPOMOOIIST He MOXe OyTH OUTBIIOI 32 MOBHY
Macy aBToMo0ins 3 JIB3 (1200 kr) O6ymno Bu3HauUEHO,
0 B MOPIBHSHHI 3 aBTOoMOOineM 3 [/IB3 kopucHe
HABaHTaXXEHHS eJIEKTPOMOOUIS 3MEHIIUTBCS  BijI
450kr go 360xkr.

Hdns  cuHTE3y  mapaMeTpiB  perynaropa
mBuakocti AJl Tpeba 3HATH 3HAYCHHS CYyMapHOIO
MOMEHTY iHEepLii eJIeKTPONPHUBOIA, IPUBEAECHOTO 110
Bamy TaroBoro AJl. PesympraTH po3paxyHKy
3HAYCHHS CyMapHOTO MOMEHTY iHepii
€JIEKTPOTIPUBO/IA, TPUBEACHOTO JI0 By TATOBOTO
AJl, 1UIS IOBHOTO €JIEKTPOMOOLIA, KU pyXaeTbes
Ha 1-i, 2-#, 3-H, 4-i nepenaui KIIIT i Ha nepenauyi
3aJIHLOTO XO/Ty, IPUBE/ICHI B Ta0JI. 5.

Taomuus 5
Pesynbrati po3paxyHKy 3HA4E€HHSI IPUBEIEHOTO
710 BaJIy TATOBOT'O JABHI'YHA CyMapHOTO MOMEHTY
IHEepIiT JUTS TOBHOTO €JIEKTPOMOOIIS.

nepenaui KIITT P ’ KI* M2
LTPAHC

1-mreprra 15,675 0,3686

2-npyra 8,745 1,082

3-tpers 5,812 2,392

4-geTBepTa 3,977 5,057

SamHiil Xia 17,144 0,3157

OCKUTBKM  TIpUBEACHE N0 Bajly JBHUTYHA
3HAQYCHHS CyMapHOTO0 MOMEHTY iHEpIlii TITOBOTO
EJICKTPOTIPUBOJIA 3MIHIOEThCS Y 16 pasiB, TO CHHTE3
MapaMeTpiB PeryysTopa IIBUIKOCTI EICKTPOMOOLIS
OyJI0O BUKOHAaHO JUII MaKCHUMAalbHOTO 3HAYCHHS
CyMapHOTO MOMEHTY 1HEpIIii eJeKTPOIPHUBOIA:

J.

YET3.MAX.

— 2

Ane Tpeba ckazaTu, IO HAcHpaBii (YHKIIIO
peryisiTopa MIBHAKOCTI BUKOHYE BOMIN, AKHHA 3HA€E
3aJjaHe 3HAuYeHHs IIBUIKOCTI, 3 SIKOI MAa€ PyXaTUCh
CJIEKTPOMOOib,  OLIHIOE  3HAYCHHS  peasbHOI
MIBUKOCTI PyXy eNeKTpoMoOins i (opMmye curHai
3aBIaHHS MIBUAKOCTI €JIEKTPOMOOLISI HATHCKAIOYi Ha
neaanb razy. CHrHaN Bij meaaji rasy MoAaeThes Ha
Bxig IIY i 3MiHIOE YacTOTy Hampyrd Ha OOMOTIII
cratopa A/l.

MopentoBaHHs CHCTEMH peryJIIoBaHHS
LIBUJKOCTI  €JIEKTPOMOOLIST BHKOHAHO Y MakeTi
Matlab Simulink [17].

Ha puc. 3 mokazaHo dacoBi miarpamu
MEPEXiTHUX MPOIECIB MO MIBUAKOCTI €IEKTPOMOO1IIS
i IO CWJIi TATH, Ky PO3BHBAlOTH NMPHUBOAHI KoJeca
EJIeKTPOMOOINISA, TpPU PO3TOHI JO MaKCHMAaIbHOI
mBuakocti (73,09 km/rox.), 3 nepemukanusm KIII1
Bin 1-i mepemaui mo 4-i mnepemaui, ¥ npu
raJlbMyBaHHI elleKTpoMo0ins 3 mepemukanasam KIIIT
Bix 4-i mepenadi no 1-1 nepemayi.

Ha wuyacosiit miarpami 2 (puc. 3) BUAHO, IO
PO3TiH €NeKTPOMOOLIS 10 MAKCUMAIILHOI IIBUIKOCTI
(73,09 xkm/rom) 3 mepemukanasMm nepemad KIIII
BiOyBaeThes 3a 17,22 cexyHu.

Ha puc. 3 Takox BUAHO, MO TPU PO3TOHI
enekTpomoOins Ha 1-if mepemaui KIIII mpuBomHi
KOjieca CJIEKTPOMOOIIST PO3BUBAIOTh CHUJIY TSCH
4652,24 H (uacoa giarpama 3), a TATOBUI JIBUTYH
po3BuBae pymriiiHuii mMomeHT 84,75 Hwm (uwacosa
miarpama 5). MakcuManbHE 3HAY€HHS PYLIIHHOTO
MOMEHTY O0OMEXEHO IITY4YHO.

[Ipu posroni emekrpoMoOinsg Ha 2-i mepemadyi
KIIIT mpuBoaHi Kojeca elreKTpoMoOiisi pO3BUBAIOTh
cuty Taru 2595,46 H (wacoBa miarpama 3), a
PYWIHHUHA MOMEHT TSITOBOTO JBUTYHa IITYYHO
00MeKEeHO MAaKCUMAJILHHUM 3HaueHHSIM 84,75 Hwm.

[Ipu po3roni enekTpoMoOLIs Ha 3-ii mepemadi
KIIIT npuBoaHI Kojeca eIeKTPOMOOLIs pO3BUBAIOTh
cuny Tarn 172496 H (wacoBa niarpama 3), a
PYUIHHUH MOMEHT TSIrOBOIO JBUTYHa IITYYHO
00MEXeHO Ha MaKCHMaJIbHOMY 3HaueHHi 84,75 Hwm.

[Ipu posroni enexTpoMoOiNg Ha 4-i nepenadi
KIIIT npuBoaHi Kojieca eneKTpoMoOiisi pO3BUBAIOTh
cuny Tarn 1180,35 H (wacoa miarpama 3), a
TSATOBUH JIBUTYH PO3BUBAE MaKCHUMaJbHE 3HAYCHHSI
pyuriitnoro momeHTy 84,75 Hm (uacoBa miarpama 5).
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Pucynok 3 — I'padyiku mepexiTHUX MPOIECIB MPU PO3TOHI eNEKTPOMOOLIS 10 MAaKCHMAIBHOI IIIBHIKOCTI
(73,09 km/ron.) 3 nepemukannasm KIIIT Bix 1-i nepenaui go 4-i nepenayi. ['abMyBaHHS €1EKTPOMOO1IIS
TakoxX BinmOyBaeTwes 3 nepemukanasam KIIII six 4-1 mepenadi go 1-i mepenadi

IIpu pyci moBHOTO enekTpomMoOinsa Ha 4-i
nepenaui KIIIT 3 MakcuManbHUM MOCTIHHUM CTaJIUM
3Ha4YeHHAM MBUAKOCTI (73,09 kM/rom.) TATOBUH
IBUTYH po3BuBae pymidHuii momeHT 30,32 Hwm
(uacoBa miarpama 5), SKHi YPIBHOBaXXY€ CHITY OIIOPY
pyxy enextpomoOins 422,24 H (uacoBa giarpama 4).

TakuM  YMHOM, TIpM  PO3TOHI  MOBHOTO
SJIEKTPOMOOLIIS 10 MaKCHUMaJIbHOI mBuaKocTi (73,09
km/ron.) 3 nepemukanusam KIIIT Bix 1-i nepemaui no
4-i mepenaui TaroBuii AJl po3BHBaE MOMEHT:

MP03[‘:2,36 MA}I.H-

[Ipu pyci moBHOTO enekTpoMoOins Ha 4-i
nepenayi 3 IOCTIHHUM  CTaJIMM  3HAYCHHSAM
mBuakocti (73,09 km/roxn.) tsaroBuir AJl po3BuBae
MOMEHT:

MCT,4:0,846 MAﬂ,H.

PosrnsiHeMo OJMH 3 MOXIJIMBUX QlTOPUTMIB
nporecy rajbsMyBaHHI eJIeKTPOMOO1IIS 3
peKyIepaniero KHHETHYHOI eHeprii eIeKTpoMoOiIs 3
nociinosanM nepemuxannsam KIIII Big 4-1 nepenaui
no 1-i nepenaui.

[Ipu raspMyBaHHI CHOYATKy 3MEHIIYETHCSA 10
HyJisl 3HAUEHHS CHUTHATy 3aBJaHHS IIBHUAKOCTI
CJIEKTPOMOOINISL 1 TalbMyBaHHS 3 pEKyIeparieo

KMHETHYHOI CHEPTil eJIeKTpOMOOiIs BiIOyBaeThCs Ha
4-i  mepemawi  KIIII.  IlpuBomni  koseca
eNIEKTPOMOOITISI PO3BUBAIOTH CHIY TallbMyBaHHS
(-1180,35 H) (uwacoBa miarpama 3), a TATOBUI
JBUTYH PO3BHMBAE MaKCUMallbHE 3HAYCHHS MOMEHTY
raneMyBaHHS (—84,75 Hwm) (wacoBa miarpama 5),
3HAUCHHS SIKOTO 0OMEKEHO IITYYHO.

[Ipnu 3MEHIICHHI HIBHJIKOCTI pPyxy
eNeKTpoMOOUIs  npubim3no g0 50  km/ron
BinOyBaetThes nepemukanus KIIIT 3 4-1 mepenaui Ha
3-10 nepenady. [IpuBojHI Kojeca €JIEKTPOMOOLIS
PO3BHBaIOTH CHITY rajJbMyBaHHS
(-=1725,0 H) (9acoBa giarpama 3), a TATOBHIA IBUTYH
pO3BMBa€  MaKCHUMalbHE  3HAYCHHS  MOMEHTY
rasibMyBaHHS (—84,75 Hwm) (wacoBa giarpama 5),
3HAUCHHS SIKOTO 0OMEXEHO IITYYHO.

IIpn 3MEHILIEHHI HIBUJKOCTI pyxy
CIeKTpOMOOUIT  npuOJIM3HO 10 33  KM/Toj
BinOyBaeThes nepemukanns KIIIT 3 3-i nepenaui Ha
2-y mepenauy. llpuBomgHi koneca eneKTpoMoOiIs
pO3BUBaIOTh Cwily rampMyBaHHSI (—2595,5 H)
(gacoBa pmiarpama 3), a MaKCHUMaJibHE 3HAYCHHS
MOMEHTY  TaJbMyBaHHS  TATOBOTO  JIBUTYHa
oOmesxeHo Ha piBHi (—84,75 Hwm) (yacoBa miarpama
5).

IIpn 3MEHILIEHH] HIBUJKOCTI pyxy
eNeKTpoMoOinss  mpuOmmzHo g0 18,5  xmM/rox
BinOyBaeThes nepemukanns KIIIT 3 2-i nepenavi Ha
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1-y mepenaay. IIpuBoaHi Kojieca pO3BUBAIOTEH CHITY
ranpmyBadHsa (—4650,0 H) (wacoBa miarpama 3), a
MaKCUMajbHEe 3HAa4YeHHS MOMEHTY TallbMyBaHHs
TATOBOTO ABHTYHa oOMexxeHo Ha piBHI (—84,75 Hm)
(gacoBa miarpama 5).

[Iporec rampMyBaHHS TOBHOTO €IIEKTPOMOOIIS
BiJl MakcuMaybHOI mBHaKocTi (73,09 kMm/roa.) a0
moBHOi 3ymuHKH (0 KM/TOX.) 3 BHKOPHUCTAHHSAM
niepemukanas KIIIT Bix 4-1 mepenadi mo 1-i mepemadi
BiOyBaeThes 3a 11,12 cexyHnu.

Ha puc. 4 nokazano yacoBy aiarpamy 3agaHoi
KyTOBOi IIBHAKOCTI Baldy JnBUTyHa (miarpama 1),
4acoBy JiarpaMy peaibHOi KyTOBOI IIBUAKOCTI Baly
IBUTyHa (Iiarpama 2) IpU pO3TOHI €NeKTPOMOOLIS

o0 MakcumanbHoi 1uBuukocTi (73,09 xm/rom) 3
nepemukanasiM  KIIIT Big 1-1 mepemaui go  4-i
nepenayi (uacoBa miarpama 3). [amepMmyBaHHS
EJICKTPOMOOLIIS TaK0XK BiJI0OYBa€ThCS 3
nepemukanasiM  KIIIT Bim 4-1 mepemaui go 1-1
mepenavi (gacoBa miarpama 3). CrowyaTtky 3amaHe
3HA4YeHHS IIBUAKOCTI Bamy A/l 3MeHIIyeTbCs 10
Hyns. [lounHaeTbecs ranmbMyBaHHS €JIEKTPOMOOLIS
Ha 4-if mepenaqi KIII1 (vacosa miarpama 2).

[Tpu 3menmenHi mBuakocti Bama AJl mo 215,6
pan./c BinOyBaeTbcsl iepeMHUKaHHs ¢ 4-1 epenavi Ha
3-t0 mepemauy KIII. Iunkicte Bamy AJ]
30inmpmyeTbess g0 314,16 pam/c (3000 06/xB).
BinOyBaetncs ransmyBanHs Ha 3-ii nepenaui KITIT.

350
o, rad/s

300

250

200

150)

100]

50

30 40 50 t.s 60

Pucynok 4 — I'padixu mepexiqHuX MpoIeciB MPH PO3TOHI 1 TaIbMyBaHHI €JIeKTPOMOOLIS
3 MOCHIIOBHUM TiepeMukanHsiM nepeaad KITTT

[lpu 3menmenni mBuakocti Bama AJl go 209,4
pan./c BimOyBaeThCs IepeMUKaHHs ¢ 3-1 mepenadi Ha
2-y mepemauy KIIII. IIBunpkicte Bamy A/l
30inmpmyerbest 1o 314,16 pam/c (3000 06/xB).
BinOyBaerscs ransMyBaHHA Ha 2-i nepenaui KITI1.

[Ipu 3menmenHi mBuakocti Bama AJl mo 175,0
paj./c BiIOYBa€eThCs NIEpeMUKaHHs ¢ 2-1 mepenadi Ha
l-y mepemauy KIIII. HIBunkicte Bamy A/l
30inmpmyerbest 1o 314,16 pam/c (3000 06/xB).
BinOyBaerscs ranmbmyBanHs Ha 1-i mepenaui KIIIT
710 TIOBHO1 3yTIIMHKHU €JIEKTPOMOOLIS.

OxkpiM TOro, OYyJIO TPOBEACHO OCIiIKEHHS
CJIEKTPOMEXaHIYHUX TPOIIECiB, sIKi BiJ0OYBalOTHCS B
enekTpoMexaHiuHid  cuctemi  ET3  mim  yac
rajJbMyBaHHs €IEKTPOMOOLIS Ha MAKCUMAJIbHOMY

3HaveHHi mBuakocti (73,09 km/roa.) Timeku Ha 1-i
nepenayi KIII1, abo Tineku Ha 4-it mepemaui KIII1.

lanemyBaHHS eJIeKTPOMOO1IIS npu
MakCUMaJbHOMY  3HaueHHi mBuakocti (73,09
KM/ToA.) Tinbku Ha Ha 4-ii mepemaui  KIIII

BiOyBaeThes 3a 16,84 cexyHau.
BucnoBkn

1. Jlnsg Toro, mo0 3a0e3MeuuTy BiAIOBIIHICTH
OCHOBHHUX TEXHIYHUX XapaKTEPUCTUK
eJIeKTpoMoOiNs 1 aBTomMo0ist 3A3-968M (3 MOBHOIO
Macoro 1200 kr), npu3HaueHUX AJsl eKCIUTyaTalii B
MICTi, TOCTaTHbO BCTAHOBHUTH Ha e€JEKTPOMOOIIb
TsroBuii AJl motyxHicTio 11 kBT 3 HOMiHaNIBHOO
CHHXPOHHOIO KYTOBOKO IIBHJIKICTIO Baiy 314 paj/c.
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2. Ilpu BukopuctanHi KIIII aBromobins 3A3-

968M 1Tpu HOMIHAJFHOMY 3HAYC€HHI YacTOTH
Hanmpyru Ha oOmormi cratopa AJ[ Tumy
4A132M2Y3 (50 Ti) enekTpomMoOiIE MOXe

pyxatuch Ha 4-if mepemaqi KIIII 3i mBuakictio 73,1
KM/TOI.

3. [pu pyci enekTpoMoOiIs 0 TOPU30HTAIBHIH
nopo3i 31 mBuakictio 73,1 xm/rom AJl Oynme
PO3BUBATH 3HAYEHHS PYLIITHOTO MOMEHTY, SIKU HE
Oyzne mepepuilyBaTd 85% HOMIHAIBHOTO 3HAYCHHS
MoMmeHTy TsaroBoro AJ[. Tomy TemmepaTypa
taroBoro A/l He Oyze mepeBHIyBaTH HOMIHAIEHOTO
3HAYEHHsI TeMIepaTypH ABUryHa Ty 4A132M2VY3
(130 °C).

4. KputnuyHe 3Ha4eHHS KPYTHOIO MOMEHTY
TaroBoro ABuryHa tumy 4A132M2VY3 y 2,8 pasu
MEPEeBUIlye  HOMIHAJbHE 3HAUCHHS  KPYTHOTO
MOMEHTY. ToMy IIpM YacTOTHOMY peryJIlOBaHHI
mBUAKOCTI Baimy TsroBoro AJl tumy 4A132M2V3
CIIEKTPOMOOISIb KOPOTKOYAaCHO MOXE PyXaTHCh B
ropy 1o JI0po3i 3 YKJIOHOM, sIKui mepeBuinye 36%
(20°). dns uporo tpeda BuOparu ITY 3 mocraTHBO
BEJIMKUM HOMIHAJLHUM 3HAYCHHSM  BHXITHOTO
CTpYMy.

5. B mopiBasiHHI 3 aBTOMOOiNeM 3 [IB3 mpu
0oOMeXeHHI TIOBHOI MacH eJEeKTpOMOOLIsS Ha piBHI
(1200  kr) #oro  KOpUCHE  HaBaHTaKEHHS
3MeHInyeteest Big 450 kr go 360 kr. CymapHwuii
00’em Ab, IT4 i A/l € meHIIIM 06’ €My MOTOPHOTO
Bifgciky aBTomoOins 3A3-968M. Tomy AB i T4
MOJKHA PO3TaIllyBaTH y MOTOPHOMY BiJICIKY TIOPSI]T 3
TaroBuMm AJl.

6. UYac ranpMyBaHHS EJEKTPOMOOUII Ha
MakCUMaJlbHIM mBHAKOCTI pyxy (73,09 xm/ron.) 3
peKynepariiero KiHeTHYHO1 eHeprii Ha 4-il mepenadi
KIII nopisutoe 16,84 cexyHau, mo Moxe OyTH
3aHQ/ITO BEIMKUM TIPH TEPMIHOBOMY TaJIbMyBaHHI.
ToMy ranpbMyBaHHA 3 pEKyMepamiero KiHeTUIHOL
eHeprii Ha 4-ii  mepemaui KIIII  moxHa
BUKOPUCTOBYBAaTH JUIsi TOCTYIOBOTO 3MEHIIICHHS
HIBUJIKOCTI PyXY €JIEKTPOMOO1Is.

7. Jlns  OimbIl  MIBUIKOTO  TaJlbMyBaHHS
EJIEKTPOMOOIIIS 3 PEKyIepalier0 KiHeTHIHOI eHeprii
B TIOPIiBHSIHHI 3 TaJbMyBaHHSM €JIEKTPOMOOLI Ha
4-it mepenmaui KIIII Oyno posrasHyTo OOUH 3
BapiaHTIB raJlbMyBaHHS eJNeKTpoMOOiIsT 3
BukopuctanHsaMm nepemukantst KIIIT 3 4-1 nepenayi
Ha 1-y nmepenauy. Yac ranpmyBanHs gopiBHioe 11,12
CeKYH/H.

8. Jlns Oumbll  MIBHJKOTO  aBapiiHOTO
raJIbMyBaHHs €JeKTpoMoOina Tpeba 3aCTOCOBYBAaTH
MexaHiuHi rajgpbma. Asie Tpeba 3BEpHYTH yBary Ha
Te, II0 NMPH MEXaHIYHOMY TajbMyBaHHI KiHETHYHA
EHeprisi eleKTpoMOoOis He Oyne peKylepoBaHa Ji0
Ab, BoHa Oyme BTpadeHa. lle mnpmsBeae 10
3MEHILIEHHS] MaKCHUMaJjbHOI BiJICTaHi IepecyBaHHS

eneKTpoMoOiIs Ha omHoMy 3apsai Ab. Tomy Ttpeba
MaKkCHUMajJbHO  BUKOPHCTOBYBaTH  IaJlbMyBaHHS
EJIEKTPOMOOINIS 3 peKyNepaliero KiIHeTHIHOI eHeprii
CJIEKTPOMOOINISL 10 HaKOMU4YyBaya eJICKTPHUYHOI
eHeprii 3 TOBTOPHHM BHKOPHUCTAHHAM i TSI
HACTYITHOTO PO3TOHY €JIEKTPOMOOLIIS.

9. Hnsa mepemukanns nepenad KIIIT mig wac
PyXy eNeKTpoMoOinsi HEOOXiTHO KOPHCTYBaTHChH
MeJalUTi0 3YeIUieHAs. TOMy TakKuil elIeKTpoMoOiib
Oyze MaTH TpHW TejAanti: Meanb 3YeTUIeHHs, Neaanb
MEXaHIYHOro TajbMa, medaib razy. llegamb rasy
Oyle perymroBaTH MIBHAKICTb PyXy €JIEKTPOMOOLIs
Ha oOpanid mnepemaui KIIII, mpu 3MeHIIcHHI
3yCWUIA HAaTHCKaHHsS Ha Tejans razy Oyne
3MEHITYBATUCh  IMIBHIKICTh  €JIEKTPOMOOLIT 3
BHUKOPHUCTAHHSM €JIEKTPUYHOTO rajbMyBaHHs. To0To
mporiec KepyBaHHS IHM eleKkTpomoOineMm Oyne
CXO0XHM Ha TIporiec KepyBaHHs aBToMo0inem 3 JIB3.
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Single-Band Traction Electric Drive of a City Light Vehicle

V. Voitenko, V. Vodichev, O. Kalinin, V. Gladchenko
Odesa National Polytechnic University

Abstract. The analysis of the technical parameters of the transmission of a passenger car with an
engine, which is to be converted into an electric vehicle, was carried out. The requirements for the technical
parameters of the electric vehicle were formulated. The dependence of the resistance force of the electric
vehicle on the speed of the electric vehicle on a horizontal road was determined, the dependence of the value
of the power of the mechanical energy that the drive wheels of the electric vehicle should develop on the
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speed of the electric vehicle was calculated, the dependence of the amount of mechanical energy consumed
by the drive wheels of the electric vehicle on the speed of the electric vehicle on a horizontal road for a
distance of 100 km was determined. A traction induction motor and a frequency converter for it were
selected. The main parameters of the on-board source of electric energy of an electric vehicle have been
calculated. The parameters of the traction electric drive of an electric vehicle have been synthesized. A
mathematical model of a single-zone traction electric drive of an electric vehicle has been developed. The
mathematical model has been used to study electromechanical transient processes that occur in a single-
zone traction electric drive of an electric vehicle during acceleration and braking of an electric vehicle.

Keywords: electric vehicle, induction motor, electric drive, accumulator battery, electric energy,
mathematical model, transient processes.
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