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MB.M. baknuupkui

HaykoBuii kepiBHUK
Yepkammna Beponika BikTopiBHa
JOKTOP TEXHIYHUX HAYK, JTOLEHT

XapkiB — 2025



AHOTALIIA

baxnuyexkuii B.M. BpockoHalleHHs Mojielield 1 MeTOAIB BHUOOPY CHIIOBUX
TpaHcQopMaTopiB B 3aJadax MPOEKTYBaHHS eNeKTpUuHuX wMepex 110 kB.
Kpanidikariitna HaykoBa mparisl Ha IpaBax PyKOIIUCY.

Hucepranist Ha 3700yTTS HAYKOBOTO CTyMeHs JokTtopa (itocodii 3a
cnemianbHicTiO 141 — EnekTpoeHepreTrka, eneKTpoTexXHika Ta enekTpoMexanika (14
— eJIEKTpUYHA 1HXeHepis). — HarioHanbHUM TEXHIYHUN YHIBEPCUTET «XapKiBChKHIM
MOJITEXHIYHUHN THCTUTYT», Xapkis, 2025.

HMucepraniitna poOoTa NpPHUCBAYEHA BUPIMIEHHIO AaKTyaJlbHOI HAayKOBO-
OPUKIIATHOI 3ajadl, MOB'SI3aHOI 3 BJIOCKOHAJEHHSM MOJENeNd 1 METOAIB BHOOpY
CHJIOBUX TpaHC(OpMAaToOpiB /Ui BpaxyBaHHS B 33Ja4ax MPOEKTYBAHHS €NEKTPUIHUX
mepexxk 110 kB ocobnmuBocTelt pexxumy poOOTH Mepexi 3 BiIHOBIIOBAILHUMU
JOKEpeIaMu €HEeprii 1 eKCIUTyaTallliHUX IOKAa3HUKIB IMiJICTAHIl, IO J03BOJUTH B
neplosl eKCIulyaTalli 3HU3UTH BIUIMB HEOJHOPIAHOCTI EJIEKTPUYHUX MEPEX,
3MEHIIUTH TEXHOJOTIYHI BTPAaTH TOTYXHOCTI Ta BUTPATH Ha TpaHCHOpPMYyBaHHS
rapameTpiB €JIeKTPUUHOI EHEePrii.

06 ’exm 0ocniodiceHHs — IPOIIECH B eJIeKTpuuHuX Mepexkax 110 kB Ta ix BriuB
Ha TEXHIYHI 1 EKOHOMIYH1 XapaKTEePUCTUKHN CHIIOBUX TpaHCPOpMaATOpPiB

Ilpeomem Oocniodxcennss — €NEKTPUYHI Ta €KOHOMIYHI MapameTpu CUIIOBUX
TpaHchopmatopiB enekTpuuHux Mepexxk 110 kB 3 BpaxyBaHHSM eKCIUTyaTalliifHUX
YMOB MiJCTaHI[I}.

Mema pob6omu — BIOCKOHAJEHHS MoOJeleil 1 METOAiB BHOOpPY CHIIOBHX
TpaHchOpMaToOpiB Il BpaxyBaHHS IIiJ] 4ac PO3POOJICHHS MPOEKTY PEKOHCTPYKIIIT
enekTpuuHux Mepex 110 kB ocobmuBocTel pexumMy poOOTH  MeEpexi 3
BiJTHOBJTIOBAJILHUMH J[KEpeslaMy €HEPrii 1 eKCITyaTalifHiuX MOKA3HUKIB TCTaHIIi,
10 T03BOJIUTH B TIEPI0JT €KCIUTyaTallli 3HU3UTH BITUB HEOTHOPITHOCTI €ICKTPUIHUX
MEpeX, 3MEHIIMTH TEXHOJIOTIYHI BTpaTH MOTY)KHOCTI Ta BHUTpaTd Ha

TpaHchOpMyBaHHsI MTApaMETPiB €IEKTPUIHOI CHEPTii.
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Y ecmyni oOTpyHTOBaHO aKTyaJbHICTh TEMH IWCEPTAIlii, BU3HAYEHO METY 1
3aja4l JOCHIKEHHs, MOKa3aHO 3B'A30K poOOTH 3 HAYKOBHMMH TeMaMH, HaBEICHO
B1JIOMOCTI PO HAYKOBY HOBU3HY, MPAKTUYHE 3HAUCHHS, arpoOaIliio pe3yybTaTiB Ta
myOiKarii.

Y nepwomy po3oini mnpoaHani30BaHO YMOBH poOOTH 1 eKcIuTyaTarliiiHi
XapaKTepUCTUKU eJeKTpuuHuX Mmepexk 110 kB Ta iXx 00’ekrtiB. BusBiaeno, mo B
3aJjayax MPOEKTYBaHHS Tiepepi3 MPOBOAIB TMOBITPSAHUX JIiHIK OOMpaAEThCS 3
BpaxyBaHHIM TEXHIKO-€KOHOMIYHUX MOKA3HHMKIB TPOLECy MepeAadi eJIeKTPUYHOI
€Heprii, a HOMIHAJIbHA MOTYXHICTh CHJIOBHUX TpaHC(OpPMATOpIB MPHUIMAETHCH,
COUpPAIOYMCh Ha TIOKAa3HMKM 3aBAaHTAXEHOCTI TpaHCPOPMATOPIB, MNpPHU SKHUX
oOnanHaHHA Oyae mpaiuoBaTH 06e3 BUXOAy 3 Jiaay. Po3risiHyTo MaTeMaTnyHi METOIU
peanizanii TEXHIKO-€KOHOMIYHHMX MOJIeNIel 00’ €KTIB €EeKTPUYHUX MEPEK 1 BUSBIICHO,
IO JUId aHaji3y Mojejeil JAMCKOHTOBAaHMX BHUTpAT CHJIOBUX TpaHC(HOPMATOpiB 3
HanpyTolo Ha BUCOKiH cTopoHi 110 kB mMae ceHc 3acTocyBaTH KpUTEpialbHUNA METO/I.
BianoBinHO 10 yMOB (PYHKIIOHYBaHHS eneKTpuuHux mepex 110 kB ta anropurmin
BpaxyBaHHs €KCIUTyaTalllMHUX XapaKTEPUCTUK iX 00’€KTIB B 3a/1auax MPOEKTYBaHHS
chopMOBaHO METY 1 3a7a4l AUCEPTALINHUX JOCIIIKEHb.

Y oOpyeomy po30ini BIOCKOHAJIGHO TEXHIKO-CKOHOMIYHI MOJIENl CHIJIOBHX
TpaHchopmaTopiB enekTpuuHux Mepex 110 kB nuisaxom anpokcuMmaliii CKJIajoBUX Ha
0a3l ONTUMI3ZYEMOTO TapamMeTpy, SKUM € HOMIHaJbHA MOTYXHOCTI CHJIOBOTO
Tpancopmaropy. Po3poOiieHI TEXHIKO-€KOHOMIYHI MOJIeNll  MpOaHaji30BaHO
KpUTEpIAIbHUM METOJIOM, IO JO03BOJHUJIO OILIIHUTH I MOJENI 32 YMOBH HEMOBHOL
BUX1JHOI 1H(pOpMALlil Ta BUKOHATU MONIYK KPUTEPIiB MOA1I0HOCTI, SIKI BIANOBIAAIOTH
KpUTEPit0 MIHIMYMY TUCKOHTOBAHHMX BUTpaT. OTpuMaH1 KpUTEPii MOAIOHOCTI OIiHEH]
[UIIXOM MOPIBHSIHHS 3 PO3PaXyYHKOBUMU KPUTEPISIMU MOIIOHOCTI, K1 OyIH OTpUMaHi
METO/IOM IHTETPAIIbHUX aHAJIOTIB. 3a Pe3yJIbTaTaMH OIIHIOBAHHS, OTPUMaH1 KpuTepii
moiIOHOCTI OJIM3BKI 32 3HAYCHHSIM JI0 PO3PaXyHKOBHX, 110 BKa3y€ Ha BIAMOBIIHICTH
OPUUHATUX KPUTEPIIB MOAIOHOCTI A0 peanbHO1 KApTUHH PO3MOJILITY BUTPAT B MEPE)ax
110 xB. Po3pobiieni moiesni CuioBuX TpaHCHOPMATOPIB MPOaHATI30BaHO HA TEXHIKO-

€KOHOMIYHY CTIMKICTh Ta YyTTEBICTb.
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Y mpemvomy po30ini chopMOBaHO ONITUMATBLHUHN MApAMETPUIHHUN PSJT CHIIOBUX
TpaHCcPOpMATOPIB HA OCHOBI BIAOCKOHAJICHUX TEXHIKO-€KOHOMIYHHMX Mozenei. s
IOTO  pO3pOOJIEHO  TOCIHIIOBHICTh BHU3HAYEHHS  ONTUMAJIbHOI  MOTY>KHOCTI
JIBOOOMOTKOBUX CHJIOBHX TpaHcpopmaropiB 110 kB 3 BpaxyBaHHAM AIFOYHUX
eKCIUTyaTalliiHuX yMOB 1 c(OpPMOBaHO BHpa3 MJs PO3PAXYHKY ONTUMAIBHOT
MOTY>KHOCTI, IKUH OTPUMaHO Ha OCHOBI BJIOCKOHAJICHOT TEXHIKO-€KOHOMIYHOT MOJIei
B KputepianbHiid popmi. JJocnipkeHHs BUKOHYBAJIUCS Ha MPUKIAl AUISHKH CXEMHU
CTaJoro peXumy poboTu enekTpudHoi Mepexi AT «BiHHUIL0OIEHEPTOY.
ChopmoBano BuOipKy g TMOOYJOBH  CTAaTUCTUYHOTO  PO3MOAULY  TOSIBU
PO3paxXyHKOBHX 3HAYCHb ONTHUMATIBHOI MOTYXHOCTI MUISIXOM 3aCTOCYBAaHHS METOMY
MOBHOTO (PAKTOPHOTO €KCIIEPUMEHTY, 10 JO3BOJIMIIO BPAXyBaTH MOXKJIMBI MO€THAHHS
3Ha4Y€Hb MapaMeTpiB I 3HAXO/KCHHS ONTUMAJIbHOI MOTYXHOCTI. Ha ocHOBI
OTPUMAHUX 3HAYEHb ONTHUMAJIBHOI TOTY)XHOCTI MPUHHATO IHTEpPBaJ, SKUU
3aJ10BOJIBHSIE 95% OTpUMAaHKUX PO3PAXYHKOBUX 3HAYEHB MOTYKHOCTI.

Y uemseepmomy po30ini Ha PUKJIIAJl AUISTHKA CXEMHU CTaJIOr0 pekKuMy poOOTH
enexktpuuHoi Mepexi AT «BiHHUISOOIEHEpPro» MIPEeACTaBICHO JOCIIKEHHS, SKI
JI03BOJISIIOTh BPAaXOBYBAaTH BIUIMB HAsBHOCTI BiJHOBIIOBAJILHUX JDKEPEN SHEpTii Ha
eKCIUTyaTalliiiHl mapaMeTpu CHJIOBOTO TpaHc(opmaTopy 3a YMOBHU MIJAKITIOYCHHS
By3JIa PO30CEpEe/KEHO1 TeHepallii 0 CHUIBHOTO PO3MOAUIBYOr0 TMPHUCTPOIO 3
HaBaHTAXXEHHSIM, JKUBJICHHSI SIKOTO B1I0YBAa€ThCS uepe3 CUIIOBUM TpaHchopmartop.
[TokazaHo, 10 HASBHICTh TaKUX TEHEPYIOUMX MOTYKHOCTEH MOXKE BIUIMBATH Ha
eKCIUTyaTallliHl T[apamMeTpu CHUJIOBOTO TpaHcopMaTopy, IO CBITYUTH HIPO
HEOOXIJTHICTh BpaxyBaHHS 3MIHU O0OCATY MOTY>KHOCTI, fIKa MPOTIKAE Yepe3 CUIIOBUUN
TpaHchopMaTop MiJl 9ac poOOTH TEeHEPYIOUOi yCTaHOBKH. BUKOHAHO pO3paxyHOK
CIIBBIJIHOIIEHHS ~ BUTpaT B  TEXHIKO-GKOHOMIYHMX  MOJEISAX  CHJIOBHX
TpaHchOpMaTOpiB 1 OTPUMAHO TPAHWUYHI 3HAYEHHS BIAXWJICHb 32 SIKUMH MOXKE
MpUAMATUCS PIMICHHS IOJ0 TEPerysiay HOMIHAIBHOI TMOTYXKHOCTI CHIJIOBOTO
TpaHcopMaropy mija yac po3poOJICHHS MPOEKTY PEeKOHCTPpYKIlii. [IpoBeneHo anami3
3MIHU T€XHOJIOTIYHUX BTPAT aKTHUBHOI MOTYXHOCTI 1 BUSIBJICHO, 1110 BTPATH aKTUBHOT

NOTYXHOCTI Ha aHal3yeMil OUIAHII MEpeXl 3MEHIIYIOThCS TICHS 3aCTOCYBaHHS
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CHIIOBUX TpaHcdopmaropiB 3 chopmoBaHoro mapamerpudHoro psay. CpopmoBaHo
JOJJATKOBl TOJIOKEHHS [UJIsI PO3POOJICHHA TMPOEKTY PEKOHCTPYKINT EIEeKTPUIHUX
mMepexxk 110 kB B wyactuHi BHUOOPY HOMIHQJIBHOI TMOTYXHOCTI CHJIOBOTO
TpaHcQopMaTopy, SKi BpPaXxOBYIOTh OCOOJIMBOCTI peXHUMY pPOOOTH MeEpex 3
B1JIHOBJIFOBAJILHUMHU JIXKEpEIaMH eHeprii 1 eKCIUTyaTaliiHi HOKa3HUKH IT1JICTaHIIIH, 10
B MEpIoJl EKCIUTyaTailli 3MEHIIUTh BTPATU AKTUBHOI MOTY>KHOCTI Ta BHUTpPATH Ha
TpaHCQOPMYBaHHS MMapaMeTPiB €ICKTPUYHOI EHEePrii.

YV eucnosxax HaBeleHO OCHOBHI pe3yJbTaTH pPOOOTH IIOJ0 BUPIIICHHS
MOCTaBIICHUX 3a]1a4 JTOCIIKCHH.

Y 0ooamxax HaBeneHO CIUCOK MyOJIiKaIii 3a TEMOIO JucepTallii Ta BiJIOMOCTI
npo anpoOaififo  pe3ynbTaTiB  JAHUCEpTallli; pe3yibTaTH PpO3paxyHKIB; aKTU
BIIPOBA/KEHHS] HAYKOBUX PE3YJbTATIB, IKI OTPUMaH1 B JUCEPTALIii.

3a pe3ynomamamu 00CAIONCEHHI OMPUMAHO MAKI HAYKOBI pe3yIbmamu.

- oTpuMaja MOJAJBIINI PO3BUTOK MaTeMaTHYHAa MOJEIb JAUCKOHTOBaHUX
BUTpAT CUJIOBUX TpaHc(opmaTopiB enekTpuuHux Mepex 110 kB, sika BIApi3HAIOTHCS
Bl ICHYIOUMX MOXJIMBICTIO BHU3HAYUTH ONTUMAJbHY TIOTYXHICTh CHJIOBOTO
TpaHchopMaTopy, IO JO3BOJMTh 3HU3UTU BIUIUB HEOJHOPIAHOCTI MEpPEkKl Ta
BU3HAYUTH ONTHUMAJIbHE CIIIBBIAHOIIEHHS CKJIaJ0BUX B TEXHIKO-€KOHOMIYHIN MOJEII;

- BIEpIIE HAYKOBO OOIPYHTOBAHO BUKOPHUCTAHHS METOMAIB CTATUCTHUHUX
pillieHb i1  BU3HAYEHHS 3HAYECHb ONTHMAJbHOI  TOTY)KHOCTI  CHJIOBHX
TpaHchOpMaTopiB, 110 JAO03BOJUTH MIHIMI3yBaTH PiBEHb EKOHOMIYHUX BUTpAT B pasi
MPUAHATTS TOMWIKOBUX pIIIEHb MiJ 4Yac pPO3POOJIEHHA MPOEKTY PEKOHCTPYKIIIT
enexkTpuuHux Mepex 110 kB;

- BIIEpIIEe pO3pOOJIEHO METOJ BHOOPY CHIIOBOTO TpaHcopmaTopa, SKUW Ha
BIJIMIHY BiJl ICHYIOUMX BPaxoBY€E OCOOJIMBOCTI PEXKUMY POOOTH €IEKTPUUHOT MEpPEexi
3 BIIHOBITIOBIBHUMH JIKEPEJIaMU €HEPTii 1 eKCIUTyaTaliitHl MOKa3HUKH IMiICTaHIIIH,
110 JT03BOJISIE 1T Yac PO3pOOJIEHHS MPOEKTY PEKOHCTPYKITIT eeKTpuIHuX Mepex 110
kB copMyBaTu onTuManbHUA TapaMEeTPUYHUN THTEPBAJ CUIIOBUX TPaHCHOPMATOPIB
JUTSI 3SMEHIIICHHSI BTpaT aKTUBHOI MTOTYXKHOCT1 B MEPEXKi 1 3HIDKEHHSI BUTPAT B TIEPI0JT

eKCIUTyaTarlii.
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IIpakTHYHA 3HAYUMICTHL OTPUMAHUX Pe3yJIbTATIB TOJATAE B MOXKJIUBOCTI
0e3IMoCepEeTHHOT0  BUKOPUCTAHHS  3allPOIIOHOBAHWUX MOJENEH 1 METOMIB TMpH
PO3p00JICHH] Ta BIPOBAKEHHI:

- METOJIUKHU PO3PaxyHKy ONTHUMAaIbHOI MOTY>KHOCTI TpaHcopmaTopa B mpoIieci
BHU3HAYEHHS MOT0 3aBaHTAKEHOCTI B HOPMAJIbHOMY PEXHUHU1 pOOOTH, IO JO3BOJIUTH HA
eTarll IPOEKTYBaHHsI MpoaHaIi3yBaTH BTpAaTH aKTUBHOI MOTY>KHOCTI Ta MiHIMI3yBaTH
piBEHb EKOHOMIYHUX BUTPAT B pa3i NPUUHATTS MOMHUJIKOBUX PIIICHb,

- METO/IMKHU BpaxXyBaHHS EKCIUTyaTal[liHUX MMOKA3HUKIB IMIJICTAHIIN Ta BIUIUBY
BIIHOBITIOBAJIBHUX JDKEPEIT €HEPrii Ha peXUM POOOTH E€JIEKTPUYHOI MEPEXI MiJ 4ac
pPO3IJIAly OCHOBHHMX IMOJIOKEHb aHANI3y CTAIMX PEXHUMIB POOOTH Ta po3poOJEHHS
IIPOEKTIB PEKOHCTPYKIIIT €IEKTPUUHUX MEPEK;

- MeTOauKH (OPMYBaHHS ONTUMAIBLHOTO MApPaMETPUYHOTO PSAY CHIOBUX
TpaHchopMaToOpiB Ha eTaml MNPOEKTYBAaHHA JJig 3MEHIIEHHS BTpaT aKTHUBHOI
MOTYXHOCTI1 Ta BUTPAT Ha TpaHCPOPMYBaHHS MMapaMeTPiB €IEKTPUIHOI EHEPT1i;

- METOJIUKU BHUOOPY CHUIIOBOTO TpaHChopMaropa, sika BpaxoBYE OCOOJIMBOCTI
pexuMy poOOTH EJNEKTPUYHOT MEPEXi 3 BIJHOBIIOBAJLHUMU JDKEpeIaMu €Heprii i
eKCIUTyaTalliiiHl MOKa3HUKM TIJCTaHIli, 10 JO03BOJUTH B MEPiOJl EKCIUTyaTallii
MOKPAIIUTH €HeProe(PEeKTUBHICTH MPOIIECY Mepeadl eeKTPUIHOT eHeprii.

Po3pobrneni MeToAMKu TiATBEPIKEHI aKTaMH BITPOBAIPKEHHS.

Knouoei cnosa: BIAHOBIIOBANbHI JDKEpeNna €HEprii, BTpaTH, EJIEKTpUYIHA
EHEPris, eJICKTPUUYHA MEPEekKa, 3aKOHU PO3MOILTY, KPUTEPIaIbHUNA METOI, HANpyTa,
ONTUMI3alllsl, TIOBITPSIHA JIiHISA, pO30Cepe/KeHa TeHepallisi, po3MOoJiIbHa Mepexa,
CUJIOBUH TpaHC(opMaTop, CTATUCTUYHUN aHalli3, TEOPist MO11IOHOCTI.

Cnucok nyonixayiu 3000ysaua
Hayxosi npayi, siki 6i0ob6pasicaroms 0CHOBHI HAYKOBI pe3yibmamu oucepmayii.

Cmammi y nepioOudHux HayKo8ux UOAHHAX, WO VEIUWLIU 00 NepeliKy

HAYKO8UX (haxosux eudanb Ykpainu.

1. baxnuupkuit B.M. JlocnimkeHHs BIUIMBY NapaMeTpiB MPOBOJY Ha PEXKUMHU

pobotu noBiTpssHux JiHiM 110 kB / Yepkamuna B.B., bakmumekuit B.M. // Bicuux
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Binnuywvkoeo nonimexuiunozo incmumymy. Binaunsg: BHTY, 2021. Bum. 6. C. 32-37.
(b).

2. baxmuupkuii B.M. ®opmyBaHHS 1 aHajl3 TEXHIKO-€KOHOMIYHOI MOJeI
TpaHcopmarlii eIeKTpUIHOI €Heprii 13 3aCTOCYBaHHSIM KPHUTEpladbHOIO METoay /
Uepkamua B.B., baxmunekuit B.M. // Bicnux Hayionanvno2o mexniuno2o
yHigepcumemy «Xapkiecokuu nonaimexuiunun incmumymy. Cepisn: Enepecemuka:
Haoitinicmb ma enepeoeghexkmusnicmo. Xapki: HTY «XI1I», 2022. Bum. 1 (4). C. 73-
78. (b).

3. bBakmuupkmii B.M. JlochijpkeHHS TEXHIKO-CKOHOMIYHHMX ITOKA3HHUKIB
CUWJIOBHX TpaHc(OpMaTOpiB 3 ypaxyBaHHSAM YMOB ekcruryarauii / Yepkammua B.B.,
baxmuupkuit B.M. // Bicnuk Binnuybkoco nonimexuiunoco incmumymy. BIHHHIM :
BHTY, 2024. Bumn. 1. C. 32-36. (b).

4. baxmuupkuit B.M. ®opmyBaHHA KOe(]II[i€eHTY HApOCTaHHS IIKAJIH
MOTYXXHOCTEM CHJIOBUX TpaHCPOPMATOPIB 3 BpaxXyBaHHSM EKCIUTyaTalllHHUX
MMOKa3HMKIB miactanmiii / bakmuupkuit B.M. // Bicnux Hayionanvnoco mexniuno2o
VHieepcumemy «Xapkigcokuii noaimexuiunuu incmumymy. Cepis: Enepeemuxa:
HaoilHicmb ma enepeoeghexkmusricmo. XapkiB: HTY «XI1I», 2024. Bun. 1(8). C. 3-7.
(b).

5. Baxnnupkni B.M. JlocaimKeHHS IMATAHHA MOKpAaIICHHS
eHeproe(eKTUBHOCTI IpoLecy TpaHchopMallii eJIEKTPUYHOI €Heprii B YKpaiHChKUX
posnoaipunx Mepexax / bakmuupkuit B.M. // Bichux Hayionanvnoeo mexuiuno2o
yHigepcumem) «Xapxiecokuu noaimexuiynuu incmumymy. Cepisa: Euepeemuxa:
Haoilnicmb ma enepeoepexmusnicmob. Xapkib : HTY «XI1l», 2024. Bumn. 2 (9). C. 3-
8. (b).

THwi nyonixauii:

6. baxmnupknii B.M. BpockoHaleHHS TEXHIKO-€KOHOMIYHUX MOJIEIEH
MOBITPSHUX  JIHIA  eleKkTpormepenadl Ha 0a3l  KpUTEPIATbHOTO  METOMY
/Uepkammna B.B., baxmuupkuii B.M. // Bichux HayionanvHo2o mexHiuHo20

yHigepcumemy «Xapriecokui nonimexuiunuti incmumymy. Cepia: Enepeemuka:
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Haoitinicms ma enepeoepexmusnicms. Xapkis: HTY «XI1I», 2020. Bun. 1(1). C. 89-
94,
7. baxkmunekuit  B.M. KowmrmuiekcHui aHaigi3  PO3BUTKY  YKPaiHChKHUX
CIICKTPUYHMX Mepek BignmoBimHo Kouuenmii Smart Grid / Yepxammua B.B.,
baxmuupkuit B.M. // Sciences of Europe, 2021. Bum. 1, Ne 66. C.32-35.

Onyonixosani npaui anpoOauitiH020 XapaKmepy.

8. Baklytskyi V.M. Advisability of optimizing the nominal power scale of 110
kilovolt transformers / Baklytskyi V.M., Cherkashyna V.V. // IEEE 4th KhPl Week on
Advanced Technology (KhPIWeek) : Conference paper (m. Xapkis, 2-6 xoBtHs 2023
p.). Kharkiv: National Technical University «Kharkiv Polytechnic Institute», 2023. —
P. 1-4 (Scopus, Ykpaina).

9. bBaxmuupknii B.M. BaockoHaneHHS TEXHIKO-€KOHOMIYHHX MOJEIIEN
MOBITPSIHUX JIIHIN eJIeKTporiepeaadi B yMoBax puHKOBUX BiHOCHH / Uepkammnaa B.B.,
baxmunpkuit B.M. // Enekmpoenepeemuka, eiekmpomexHika ma elekmpomexaniKa:
3acmocysans, 00CaiOxceHHs, oceima . Te3u JonoBined BceykpaiHChbKOi HAyKOBOI
koH(pepenti, (M. Oneca, 15 kBiTHs 2021 p.). — Oneca : BilicbkoBa akagemis, 2021. —
C. 131-132.

10. bakmunekuii B.M. KputepianbHuii aHai3 TEXHIKO — EKOHOMIYHHUX MOJIEICH
noBiTpstHuX JiHii 35 — 750 kB / Uepkamuna B.B., baknmuipkuit B.M. I/ Ingpopmayitini
MexHON02Ii: HAyKa, MexXHIKa, mexHo02is, oceima, 300poe s : Te3u nonosiaein XX VIII
MixuapoiHo1 HaykoBo-nipakTHuHO1 KoHpepeniii MicroCAD-2021, (m. Xapkis, 18-
20 tpaBns 2021 p.). — XapkiB : HanioHanbHUI TEXHIYHUIN YHIBEPCUTET «XapKIBChKUN
MOJITEXHIYHUHN THCTUTYT», 2021 p. — C. 92.

11. baxmupkuit B.M. 3acTocyBaHHsI BUXpPOCTPYMOBUX METO/1IB HEPYIHHIBHOTO
KOHTpOJTIO B ejekTpoeHepreTuill / baknmuupkuii B.M., bopucenko €.A., Uepkaimna
B.B. // Onmumanvue xepysanus enekmpoycmanosxamu (OKEY 2021): marepianu V
MikHapoIHOT HAYKOBO-TEXHIUHO1 KOH(epeHirii, (M. Binauiis, 19-21 xoBtHsa 2021 p.).
— Binnuiig : BIHHULIBKUHN HalllOHAJIBHUM TexHIYHUM yHiBepcuteT, 2021. — C. 26-28.
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ABSTRACT

Baklytskyi V.M. Improvement of models and methods of choosing power
transformers in tasks of designing 110 kV electrical networks. Qualifying scientific
work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 141 “Electrical
Engineering, Power Engineering and Electromechanics” (14 — Electrical engineering).
— National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, 2025.

The dissertation work is devoted to solving a topical scientific and applied
problem related to improving models and methods for selecting power transformers to
take into account in the design tasks of 110 kV electrical networks the features of the
network operating mode with renewable energy sources and the operational indicators
of the substation, which will give an opportunity of reduction impact of heterogeneity
of electrical networks during operation, reducing technological power losses and costs
of conversion of parameters of electrical energy.

The object of research is the processes in 110 kV electrical networks and their
impact on the technical and economic characteristics of power transformers.

The subject of research are the electrical and economic parameters of power
transformers of 110 kV electrical networks taking into account the operating conditions
of substations.

The aim of the study is improving models and methods for selecting a power
transformers for consideration, during developing a reconstruction project of 110 kV
electrical networks, the features of the operating mode of the electrical network with
renewable energy sources and the operational indicators of the substation, which will
allow reducing the impact of the heterogeneity of electrical networks during operation,
reducing technological power losses in networks and costs for transforming of electrical
energy parameters.

The introduction substantiates the relevance of the dissertation topic, defines the

research goals and objectives, shows the connection of the work with scientific topics,
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provides information on scientific novelty, practical significance, approval of results
and publications.

The first chapter analyzes the working conditions and performance
characteristics of 110 kV electrical networks and their facilities. It was found that in
project tasks, the cross-section of overhead line wires is selected taking into account
the technical and economic indicators of the process of transmitting electrical energy,
and the rated power of power transformers is selected, relying on the load indicators of
transformers, at which the equipment will operate without failure. Mathematical
methods for implementing technical and economic models of electrical network
facilities were considered and it was found that for the analysis of discounted costs
models of power transformers with a voltage on the high side of 110 kV it makes sense
to measure the criterion method. In accordance with the working conditions of the 110
KV electrical networks and the algorithms for taking into account the operational
characteristics of their facilities in project tasks, the goal and objectives of the
dissertation research were formed.

The second chapter presented improvements to the technical and economic
models of power transformers of 110 kV electrical networks by approximating the
components based on the optimization parameter, which is the rated power of the
transformer. The developed technical and economic models were analyzed by the
criterion method, which made it possible to evaluate these models under the condition
of incomplete initial information and to search for similarity criteria that meet the
criterion of minimum discounted costs. The obtained similarity criteria were evaluated
based on a comparison with the calculated similarity criteria that were obtained by the
method of integral analogues. According to the evaluation results, the obtained
similarity criteria are close in value to the calculated ones, which indicates the
correspondence of the adopted similarity criteria to the real picture of the distribution
of costs in 110 kV networks. The developed technical and economic models of power
transformers were analyzed for technical and economic stability and sensitivity.

The third chapter formed the optimal parametric interval of transformers powers

based on the improved technical and economic models. For this: the sequence of
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determining the optimal power of two-winding power transformers of 110 kV is
developed, taking into account the current operating conditions and expression for
calculating the optimal power is formed, which is obtained on the basis of the improved
technical and economic model in the criterion form. The research was carried out on
the example of a section of the scheme of the stable operation mode of the electricity
network of JSC "Vinnytsiaoblenergo™. A sample was formed to construct a statistical
distribution of the appearing of calculated values of optimal power by applying the full
factorial experiment method, which allowed taking into account possible combinations
of parameter values for finding the optimal power. Based on the obtained values of the
optimal power, an interval is taken that satisfies 95% of the obtained calculated values
of the optimal power.

The fourth chapter on the example of a section of the scheme of the stable
operation mode of the electricity network of JSC "Vinnytsiaoblenergo™ presents studies
that allow us to take into account the influence of the presence of renewable energy
sources on the operational parameters of a power transformer, provided that the
distributed generation unit is connected to a common switchgear with a load powered
by a power transformer. It is shown that the presence of such generating capacities can
significantly affect the operational parameters of a power transformer, which indicates
the need to take into account changes in the amount of power flowing through the power
transformer during the operation of the generating unit. The ratio of the costs in the
technical and economic models of power transformers were calculated and the limiting
values of the deviations were obtained according to which a decision can be made on
the need to revise the nominal power of the transformer during the development of the
reconstruction project. An analysis of the change in technological losses of active power
and was found that the active power losses in the analyzed network section are reduced
after the use of power transformers from the formed parametric interval. Was formed
the additional provisions for developing a project for the reconstruction of 110 kV
electrical networks in terms of choosing the rated power of a power transformer, which

take into account the features of the operating mode of networks with renewable energy
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sources and operational indicators of substations, which during the operation period
will reduce active power losses and costs for transforming electrical energy parameters.

The conclusions present the main results of the work on solving the research
problems.

The appendices contain a list of publications on the topic of the dissertation and
information on the approbation of the dissertation results, results of calculations, acts
of implementation of scientific results obtained in the dissertation.

The following scientific results were obtained from the study:

- the mathematical model of discounted costs of power transformers of 110 kV
electrical networks has been further developed, which differs from existing ones in the
ability to determine the optimal power of a transformer, which will reduce the impact
of network heterogeneity and determine the optimal ratio of components in the
technical and economic model;

- for the first time, the use of statistical decision methods has been scientifically
substantiated to determine the value of optimal power of transformers, which allows
minimizing the level of economic costs in case of making erroneous decisions during
the development of a 110 kV electrical networks reconstruction project;

- for the first time, a method for selecting of power of transformer has been
developed, which, unlike on the existing ones, takes into account the peculiarities of
the operating mode of the electric network with renewable energy sources and the
operational indicators of substations, which allows, during the development of a 110
kV electric networks reconstruction project, to form the optimal parametric series of
power transformers to reduce active power losses in the network and reduce costs
during operation.

The practical significance of the results obtained lies in the possibility of direct
use of the proposed models and methods in the development and implementation of:

- methods for calculating the optimal transformer power in the process of
determining its load in normal operation, which will allow at the design stage to analyze
active power losses and minimize the level of economic costs in case of making

erroneous decisions;
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- methods for taking into account the operational indicators of substations and

the impact of renewable energy sources on the operation mode of the electric network
when considering the main provisions of the analysis of stable operating modes and
developing projects for the reconstruction of electric networks;

- methods for forming the optimal parametric series of power transformers at the
design stage to reduce active power losses and costs for transforming electrical energy
parameters;

- methods for selecting a power transformer, which takes into account the
peculiarities of the operation mode of the electric network with renewable energy
sources and the operational indicators of substations, which will allow during the
operation period to improve the energy efficiency of the process of transmitting electric
energy.

The developed methods are confirmed by implementation acts.

Keywords: renewable energy sources, losses, electric energy, electric network,
distribution laws, criterial method, voltage, optimization, overhead line, distributed
generation, distribution network, power transformer, statistical analysis, similarity
theory.
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