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Mema pobomu. Memoio danoi pobomu € npoeedeHHs OYiHKU He2amusHUX akmopis, wo 6NiIueaOmsy Ha CMapin-
HA CUNOBUX PO3NOOITbHUX MPAHCHOpMamopis, po3pobka Hedimkoi mMooeni ynpasninus 3acobamu ix Komnencayii ma
00CTIONHCEN S Pe3YIbmamie 3acmocy8ants 3anponoH08anoi MoOeni 0N PI3HUX pedcumie pobomu enekmpuynoi mepe-
JHCI.

Memoou oocnidxcennsn. /[ns peanizayii cucmemu ynpagiinHsa pexcumamu pobomu eieKkmpuyHoi mepeici 6y6 6uKo-
PUCMAHUT MAMEMAMUYHUL MEMOO0 HeYimKoi 102iKU.

Ompumani pesynemamu. B pobomi npedcmagieHo cmpykmypy Ha OCHO8I HedwimKoi 102iKu O KomMheHcayii Qax-
mopie cmapinua po3noditeHux mpancgopmamopis. byno pospobdieno areopumm Harauwimyeants ma po3pooieno 3axo-
OuU, CNPAMOBAHI HA ONMUMI3AYTIO PIBH HABAHMANCEHHA ma Koeiyicuma nomyscHocmi mpancghopmamopa. Pospobrne-
Ha MoOenb ananizye napamempu ma Gaxmopu, wo eNAUBAIOMb HA HOPMATbLHY pobomy mpancgopmamopa, i nonepe-
0Ccae Npo HAABHICMb HeDe3neyHux Qakmopis, AKi CMaHo8IAMs 3a2po3y HAOIHOCII MA MOJNCYMb Npu3eecmu 00 He-
cnpasnocmi. Kpim moeo, 6yno npoananizosano ma 062060peHo eeKmusHicms GomoeneKmpuyHux eeHepyouux Cman-
yitl, bamape WyHMOBUX KOHOEHCAMOpI6 i cucmem HAKONUYEHHA eHepeill, 6CMAHO8NeHUX HA CIOPOHI 6MOPUHHOI Ha-
npyeu, 0711 30epedceHHss mepMIHY CIYHCOU PO3NOOLIbHUX MPAHCHOPMAmMOpIs..

Hayxosa nosusna. B pobomi ompumanu nooansuiuii po3eumox Mooei Hewimkoi 102iKu, Wo 8UKOPUCMOBYIOMbCS
ona onmumizayii pobomu erekmpuyHoi mepexci ma Komnencayii oaxmopie cmapinHa CUI08UX po3NOOIILHUX MPAHC-
Gopmamopias.

Ipaxmuuna yinnicmo. Ompumani 6 pobomi pe3yromamu MO#CYms 6ymu uKopucmani 0 no6y0o8u onmumais-
HOI cucmemu YNpaguinHa percumMamu pooomu elekmpuyHoi Mepexci, AKA 3MeHULye paKmopu, wo nPUcKopiooms cma-
DIHHA CUNOBUX PONOOINLHUX MPAHCPHOPMATOPIS.

[IETPOBCBHKUH M. B.

BOJIOXIH B. B.

Kurouoei croea: enexmpomobini; cmapinns mpancgopmamopis; HaKonuueHHs enepeii; goomoenexmpuuni cucme-
MU; pO3no0in enexmpoeHepeii; KOMREHCayis peakmueHoi ROMYHCHOCMI.

JpyTe, N0 IIOJCHHUX ITKIB CIIOXKWBAaHHS TONAETHCS HO-

I. BCTYII 2 Ll ..
BUIl — BeUipHid, KOJIU €IEKTPOMOOUTI 3apsaKaTUMyThCs

OOMexeHicTh pecypciB 1 ekoJsoriuHi mpoOiemu
OCTaHHIX JECATWIITh aKTHBHO INTOBXAlOTh JIIOJICTBO [0
BiZIMOBHM BiJi BUKOPHCTaHHS Ha(TH 1 Iepexoy Ha ajbTe-
PHaTHUBHI JpKepena eHeprii. BaKIMBUM KPOKOM Ha LIbOMY
HIISIXY Ma€ CTaTH IMOCTYIOBUH Iepexill BiJ aBTOMOOLIIB 3
JIBUTYHOM BHYTPIIIHBOTO 3TOPSHHS /0 EJIEKTPOMOOLTIB
(EM).

OpHak mepexif A0 TPaHCTOPTHUX 3acO0iB 3 €JEKT-
PUYHKM TPHBOJIOM NPUHOCHUTH HE TIJIbKH NepeBar, ae i
BUKJIMKH, sIKI HeoOXinHO BupimmTy. [lo-nepiue, rnodasb-
HE CIOKMBAHHS €JIEKTPOEHEPTil B MPUHIIMII 3pOCTE, TOMY
110 MacoBa 3apajKa eJIeKTpoMoOiliB Oyze AojJaHa A0 IOo-
OyTOBOI TEXHIKH, MICEKUX 1 mpoMucioBuX 00’ ekTiB. [To-

BIIOMa Ta Ha MapKoBKax. [lo-TpeTe, 3pocTe HaBaHTa)KECHHS
Ha JiiHii enekrporepenadi i TpaHchopmMaTopH, OCKiIBKU
3apsijika eJICKTPOMOOIITIB CIIOKUBAE 3HAYHO O1IBIINE €JICK-
TPOEHEPrii, HiK 3BU-4YaifHa MOOyTOBa TEeXHIKa. Y TaOIuIli
1 HaBexeHo KiacH(iKallilo 3apsIHAX CTaHLINH 3TiITHO
3[1], [2]. Takum YMHOM, JHIIE ACKIIbKA 3apSITHUX CTaH-
il ;MyKe IBUAKOI 3apsAKH, IO MPaLIOTh OJHOYACHO,
MOXYTb TIPU3BECTH [0 3HAYHOTO IEPEBAHTAXKEHHS PO3-
HOJUTBHOTO TpaHchopMaTopa i akTuBi3auii Gpakropis, Mo
NIPUCKOPIOIOTH Horo crapinHs. CwiioBi TpanchopMaTopu
€ OJHMMH 3 KITIOYOBUX €JIEMEHTIB PO3MOIITBHUX EIICKT-
poMepex, 1 3abe3rmedeHHs X HAIHHOCTI Ma€ Tepuoyep-
roBe 3HaueHHA. [lepemawa Ta po3monALT eNEKTpOEHEpTil
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HEMOXXJIMBI 0€3 BHKOPUCTaHHS CHJIOBHX TpaHC(OpMaro-
piB, 110 BUMarae MpaBWIIbHOI eKCILTyaTalii Ta MOHITOpH-
HI'Y IUX €JIEKTPUYHUX MAaIIHH.

Tabauus 1. Kareropii 3apsmHux craHIiit

Tum [otyx- Crpym Yac zaps-
HICTH JDKaHHS,
roj
TToBinbHMI <10 kBt 3MIHHUU 3-24
3apsy
Hopwmans- Bix 10 kBt 3MIHHUHA 3-12
HUU 3apsa 1o 22 kBt
HIBuakwnit Big 22 kBt 3MIHHUUA 1-3
3apsn 10 55 kBt abo mo-
CTIHHHAI
Hyxe mBu- > 50 kBt MOCTIH- <1
JIKUH 3apsi HUN

I1. AHAJII3 JOCJILKEHD I ITYBJIKAILIA

[IpuiiHATO BBaXKaTH, IO 3apsaKa EICKTPOMOOiIiB
YacTO MOYMHAETHCS IICIS MOBEPHEHHS JIIOASH 3 poOOTH,
110 30ira€Thes 3 BEUipHIM MiKOM HaBaHTakeHHs [3]. Llei
OJTHOYACHHUH TMOIMKUT Ha OCBITJIIEHHS, MTOOYTOBY TEXHIKY Ta
3apsJIKY €IEKTPOMOOLTIB MOXKE MEPEBAHTAKUTH CUCTEMY
PO3MOITY SIEKTPOCHEPTii, sika CIIoYaTKy mependadanacs
JUISL HIDKYOTO TIOMMTY Ha eHeprito. IIpoTsirom ocrtaHHIX
POKIB 6arato JOCIHIAHUKIB 3aiiMaucs MATAHHSM BIUIHBY
3aps/PKaHHS eJIEKTPOMOOITIIB Bifl €JIEKTPOMEPEXi Ha CHUC-
TEMH PO3MOJTy eleKkTpoeHeprii Ta ii emementu. Y [3]
ABTOPH OIHWIH BIUIUB 3apsUKaHHS EIEKTPOMOOITIB Ha
EJIEKTPOMEPEXKY, BIOMA Ta Ha poOOTi, i MOBIIOMUIN TIPO
MTOMiTHE 3017TbIIeHHS HABAaHTKEHHS Ha JIiHII0 IPHOIN3HO
Ha 15%. Y poboti [4] moka3zaHO, mO poOOTa CTaHIH
HIBUJKOT 3apsKM MOXE MPU3BOIUTH 0 3HAYHOTO IijI-
BUILICHHSI TeMIepaTypHu TpaHcdopmaropa Ta CKOPOUSHHS
TepMiHy HOro ciyx0u. BIuiuB rapMOHIHHUX CIIOTBOPEHB
CTPyMy Ta Hampyrd Ha CTapiHHS PO3MOJUIBHOTO TpaHC-
¢dopmaropa omineHo B [S]. JlocmimkeHHs [6] mokasaio,
IO TapMOHIKM Hamnpyru MOXYTb CIPHYMHUTU 3HA4YHE
MiBUIIEHHSA TEMIIEpaTypd BEPXHBHOTO IIapy Macia Ta
BTPaTH B CEPACUHUKY MaCIITHUX TpaHC(OPMAaTOpiB, MOTi-
pIIeHHS 30y1sMii 0OMOTKH. Y [7] 3amporoHOBaHO METO-
JIOJIOTII0 UII OTPUMAHHS INPOCTOPOBUX 1 YaCOBHX IIPO-
THO3IB TONHTY HA 3apsKaHHS Ta OIHKH ITOTEHIliary
3MEHIIICHHS MIKOBUX HABaHTAXXCHb BiJl €IEKTPOMOOLTIB.
VY poboti [8] HpomeMOHCTPOBAHO MOMKIHMBICTH IIO/IOB-
KEHHA TEepMiHy cIykOm TpaHchopMmaTropa MIUIIXOM OII-
THMaJIbHOTO TUIAHYBAHHS 3apsIKH eIeKTPOMOOiIsL. ABTO-
pu [9] AOCHIKYIOTh, Y € MiACHICHHS MEPEeXi IOILIb-
HHUM 3 TOYKH 30pY BapTOCTi EIEKTPUYHOI MEPEeXi 3 BHCO-
KAM piBHEM BUKOPHCTAHHS €JIEKTPOMOOLUIIB, IiHIIOBIIN
BHCHOBKY, IO MOXXHa 3MEHIIMTH BHUTPATH Ha 3apsaKy
EM 3a nmoty»xHocTi TpanchopmaTopa CTpymy.

O1iHKa TOPUCKOPEHHS CTapiHHA  PO3MOAUIBHUX
TpaHc(hOpMATOpPiB B PE3YJIbTATI MTOJATKOBHUX 3apSIHHUX

HaBaHTAXEHb, JNOAAHUX TIOPUIHUMH EJIEKTPOMOOUIIMH,
0 MIAKTI0YAI0ThCS 10 SIEKTPOMEpeKi, HaBeaeHa B [10].
B [11], [12] npexncTaBieHi HMOBIpHICHI METOIH, KEPOBaHi
JAHUMH, JJIsI OLIHKM IIepEBaHTaXEHHS Ta CTapiHHSA
TpaHcdopmaropa, KOJH Lie MMOB’S3aHO 3 BUCOKHM piBHEM
TIONUTY Ha 3apsAKy eJEeKTPOMOOUIIB y MO€IHAHHI 3 TeHe-
pati€tro Bif (HOTOCIEKTpUYIHOI cucTeMH Ha aaxy. Y [13]
OLIIHEHO TEIIOBE CTapiHHA MAaciIsIHUX TpaHC(HOpPMaTOpiB
3a JIOTIOMOTOI0 IITY9HOI HEHPOHHOI MEpexXi Ta MOJEIIO-
BaHHS 3a MeTofgoM Monte-Kapmo. ¥V cratri [14] nporro-
HY€ThCSI BUKOPUCTOBYBATH MIAXiJ TITUOOKOTO HABYAHHS
Ha OCHOBI HEHPOHHOI MepeXxi I MPOTHO3YBaHHS TPUBA-
JocTi KUTTA TpaHcpopmaropa. ABropH [15] 1 [16] ouinu-
JU BTpATy pecypcy TpaHC(HOpPMATOPIB y PO3MOAUTEIHX
Mepexax 3 IHAMBIAyaJIbHUMH KUTJIOBUMH Oy/JMHKaMHu Ta
BEJIMKOIO KUIBKICTIO MiJKITIOUCHHUX CICKTPOMOOLTIB 1 J10-
CHIZIMIIH, SIK MOXKHA KOMIIEHCYBaTh (haKTOpH, 110 BHKIIH-
KaloTh CTapiHHA TpaHcdopmaropa 3a JIOOMOTOI0 Mi/ICH-
JICHHSI CUCTEMH JKUBJICHHS, BKJIIOYAIOYH JIOKaJIbHY (HOTO-
enexktpuuHy renepaunito (PE) ta akymynstoproi OGarapei
(BESS). Pesympratu [11], [12] moka3anu, mo HasBHICTH
(horoenekTpuuHOi reHepanii B €JIEKTPUIHAX MEpexax i3
3apSJHUMH MIPUCTPOSIMU IJISL €IIEKTPOMOOLITIB MOXE 3Me-
HIIATH CTapiHHA TpaHchopmatopa, a 3 BESS meli mos3u-
TUBHUH edekT € me Oinbmt 3HaunuM [15], [16]. YV [3], [7]
BIUIMB TIOTIUTY Ha 3apsAKY €IeKTPOMOOLIIB AOCHTIIHKEHO
JIMIIE AJIsl HATIPYTY Ha IIUHI Ta PiBHIB HaBaHTa)XCHHsS Ha
Bigraiayxernus. Y crarrsax [4], [7]-[10] mocmimkyeThes
3HOLIEHHSI TpaHCc(POpPMAaTOpiB, ajle HE BPaXOBYIOTHCS
BIUIMBH CIIOKUBAYIB i3 POTOENEKTPUYHUMH TTaHEISIMU Ha
Jaxy abo BapiaHTH MOZEpHI3allil eleKTPUIHOI Mepexi 3a
nonomoroto 6sokiB BESS. EcdexT po3nonineHoi renepa-
il Ta TeXHOJOTiHd 30epiraHHs eHeprii He BKIIIOYEHO B
MoOJIeNb CTapiHHs TpaHcdopmaropa B [13]. Meroau, 3a-
CHOBaHI Ha IITydyHOMYy iHTenekti [13], [14] BuMararoTh
BEJINKOI KIIBKOCTI AaHUX 3 BIIOMHMH yMOBaMHd Uil Ha-
BYAHHS Ta TECTYBaHHS, ajie BOHU BCE e CyO0'€KTHBHI.
Kpim Toro, B [14] xapakTepuCTU9HI BETUINHH, IO BUKO-
PUCTOBYIOTECSI B MOJIENI POTHO3YBaHH:, Oy OTpUMaHi
3 TPUOYHICHHSAM iX po3moxiny BeitOymma, skuit Moxe
OyTH MIHCHUM HE y BCiX BHMankax. J[ist KUTbKICHOTO BH-
Mipy HEBH3HA4YEHOCTEH BMIIAJIKOBHX MPOILECIB B poboTax
[11]-[13] BuxopuctoByeTbess MeTon Monrte-Kapio. On-
HaK TOYHICTh pO3paxyHKiB MeToioM MoHnTe-Kapio cuiib-
HO 3aJIeXHUTh Bif KUIbKOCTI iTepauiii. Hanpuxmiaza, mo0
MiBUIUTH TOYHICTh y 10 pa3siB, HEOOXIMHO 30LTBIIUTH
KiJbKicTh iTepaniii y 100 pa3iB. A 3i 30iIbIICHHSIM KiJb-
KOCTi iTepariii 301IbIIyeThCs 1 9ac po3paxyHky [17]. V
[16] monemoeThCs JTMIIIe OAWH PiBEHh MPOHUKHEHHS EM,
TONI SK PO3TJIAHYyTa YacCTKa PEaKTHUBHOI MOTYKHOCTI €
HepeasbHO BUCOKOIO IS KHTIIOBOI €JIEKTPOMEPEKi.

e nmocmimkenns: 0a3yeTbess Ha pe3ysbTaTax IoTIe-
penHix mocuimkens [15], [16]. [TopiBusHo 3 [15], y Moxe-
JroBaHHS OyJI0 BpaxoOBaHO BILIMB BHIIMX I'apMOHIK 1 Oa-
Taped mmyHTOBMX KOHAeHcaTopiB (BK) Ha crapinHs
TpaHchopMaTopiB, i OymT0 CTBOPEHO OiNBIIE CICHAPIIB.
[opiBasHO 3 [16], OymH PO3TIAHYTI Pi3HI PiBHI MPOHUK-
HeHHA EV, mo0 oxorumoBany miana3oH MPOHUKHEHHS Bij



ISSN 1607-6761 (Print)
ISSN 2521-6244 (Online)

«EJIEKTPOTEXHIKA TA EJIEKTPOEHEPI'ETUKA>» Ne2 (2024)

Po3nin «EnexkTporexHika»

0% no 100%, i moreHwian (HOTOENEKTPUIHUX YCTAHOBOK
BHKOPHCTOBYBABCSl Ul KOHTPOJIIO KOe(illi€HTa IMOTYX-
Hocti (KIT). Byso omineHo eeKTHBHICTH KUIBKOX CTpaTe-
Tifl TOCWIICHHS eNEeKTPUYHOI MepeXi I KOMIICHCAIlil
CTapiHHs TpaHChOpMAaTopa 3a Pi3HUX PIBHIB MPOHUKHEH-
1 EM. Li ctpaterii BkimtowatoTs posropranHs BESS,
po3ocepemkeHy (OTOEIEKTPHYHY TEeHEepaIlilo Ta BCTaHO-
BIICHHA Oatapeil KOHAEHCATOpiB JUId KOMIICHCAIlil peax-
THUBHOI MOTY>KHOCTIi. |HCTpYMEHT Ha OCHOBI HEYIiTKOI JIO-
riku OyJi0 HalalITOBaHO JUIs 3aroOiraHHs IepeBaHTa-
JKEHHIO Ta IeperpiBy MaciisiHoro tpaHcgopmaropa, mij-
tpumytoun ripu upoMy KII Ha G6axanomy pisHi. [IpaBuna
HACTPOMKHM HaJAIITYBaHHS MOXYTh OYyTH CKOPHUIOBaHi
KOpUCTYBayeM 3aJIeKHO BiJ] HOMIHaJbHOI MOTY)KHOCTI,
piBHS Hanpyru a0 KOHKPETHHMX YMOB eKkciutyaTarii. Ta-
KMM YHMHOM, 3aIlpONOHOBAaHMH MiAXix Moxe OyTH 3acTo-
COBHHH JIUISI PI3HUX AISTHOK PO3MOIIIBUUX MEPEXK.

III. META POBOTH

e mocmimkeHHsS CIPsAMOBaHE Ha OIIHKY HETaTHB-
HOTO BIUIMBY BHIIE3a3HAUYCHUX (aKTOPIB HA CTApIHHA
TpaHchopmaTopa Ta po3poOKy HOBOI OCHOBHU ISl 3aro0i-
TaHHA BUXOXY 3 Jagy TpaHc(opMaTopa Ta IPOAOBKEHHS
TEepMiHy CiyXOu. JIOCATHEHHS TEXHOJIOTIH 30epiraHHs
eHeprii, po3noilieHol reHeparii, KOMIeHcalii peakTHB-
HOI TOTY>KHOCTI Ta HEYITKOI JIOTIKH OyAyTh BUKOPHUCTaHI
JUTS. BUPILIICHHS 3a3HAYEHOT ITPOOIEMH.

IV. BUKJIAJEHHSI OCHOBHOI'Y MATEPHAJLY 1
AHAJII3 OTPUMAHHUX PE3YJIBTATIB

SIk mpaBWIIO, €IEKTPONOCTadyaHHs KUTIOBUX Oyau-
HKiB y €Bpomi 3MiACHIOETCS Yepe3 CHCTEMH €JIeKTpOIIe-
pemaugi (CEII), ski migKiIfOYeHi A0 PO3MOMUIEHAX TpaHC-
¢opmaropiB. Tomy 1 pobGora 30cepemkeHa Ha BIUIUBI
JOMAIIHBOI 3apsAAKH Ha PO3MOIUTBHI TpaHCHOPMATOPH,
10 xuBiATh i CEIL. 36impImeHHs CIOKUBaHHS €IEKTPO-
eHeprii TpaHchopMaTopaMu, 110 KHUBJIATH KUTIOBI OY/TH-
HKH, OCHAIICHI €JICKTPOMOOLISAMH, SIKI MOTPEOYIOTH MO-
TYXHUX 3apsiIHUX MpHUCTpoiB (Hampukian, 10-22 kBr) i,
LIBHIIE 32 BCE, 3apsKAIOThCS BBEUEPl, MOXKE 301/IbIIN-
TH HaBaHT)XEHHS Ha Il TpaHc(opMaTopH, OTKe, IIPUCKO-
proeThes iX cTapiHHs.

[TapanensHO 3 UM MPOJOBXKYIOTH 3pOCTaTH TapMo-
HiitHi ciotBopenHs B CEI uepe3 nommpeHHs: HeMHIHHIX

HaBaHTAXEHb 1 €JIEKTPOHHUX NpucTpoiB. Kpim Toro, do-
TOEJEKTPUYHI CHCTEMH 3 HU3BKOIO NOTYKHICTIO KOPOTKO-
rO 3aMHKaHHS MOXYTh BIUIMBaTU Ha MPO(iib HANPYTH Ta
CHPUYUHATH FApMOHIHHI CIIOTBOPEHHS! HANPYTH Ta CTPY-
My [18], [19]. Konu HeniHiiiHI HABAHTAXXCHHS MIKITIOYCHI
mo CEIl, BoHM, SK TpPaBWIO, CIIOKHUBAIOTh HENIHIAHI
CTPYMH 1, SIK HACJiJIOK, CHOTBOPIOIOTh HANpPYTy CHCTEMHU
[20]. HaiiGinpm cyrreBUM e(heKTOM TapMOHIHHHMX CIIO-
TBopeHs BcepennHi CEIl e migBuIeHHS Temrmeparypu.
Kpim Toro, rapMoHiifHI CLIOTBOPEHHS MOXYTh HETaTHBHO
BIUTMBAaTH Ha MiKPOKOHTPOJEPH CHCTEMH, JIYHILHHKU
eJIeKTPOeHeprii, BUMUKAYl Ta pejie, BUKIMKAIOYH IX He-
cTabinpHy podoty [21].

MicnieBe BBEJCHHS CIEKTPOCHEPTIi BiJ (HOTOCIEKT-
pUYHOI CHCTEMH Ha PIiBHI rpoMaay Ta BiJ] CIIOKUBAYiB i3
(OTOCEKTPUUHIMH TTAHEISIMH Ha JIaXy MOXE JOMOMOI'TH
YHHUKHYTH TIEPEBaHTaXEHHsI TpaHchopMaTopa depes 3a-
pspkaHHs enekTpoMoOuTiB. OnHak, yepe3 crenudiuHui
npodiab reHepanii (COHSYHI YCTAaHOBKM 3a3BHYail po0-
JISTH CBiff OCHOBHUI BHECOK OIIiBAHI), BIUIUB HA CTapiHHSI
TpanchopmaTopa Oyze HempocTaTHIM [22].

Juis Oinbmn eeKTHBHOT KOMITEHCAIii (akTopiB, II0
MIPUCKOPIOIOTH CTapiHHSA TpaHchopmaTopa, reHepanis OE
MOBUHHA TIOETHYBATUCS 3 CHCTEMAaMU HAKOIIMYEHHS €He-
prii 3 BUKOpHUCTaHHS aKyMyJATOpHOi Oartapei [23]. Bera-
HosneHHsI BESS € Haii0inpm nommpernm ams Oy IHHKIB 3
(OTOCNEKTPUUHIMHU CHCTEMaMH, IO JIA€ JIOMOBJIACHUKAM
MOXJIMBICTh 30epiraTv IOCTYHHHMH HAIUIMIIOK eHepril
NPOTATOM JHS Ta CIOXHMBAaTH IF0 €HEpPrilo Iij 4Yac Iija-
BUILEHOTO TIOMHTY a00 KOJIM HeMae TeHepanii 3 BiJHOB-
JIOBaHUX Jpkepen [24]. Takox ais KOMITEHCAIlli peakTu-
BHOI MOTY>XHOCTI BUKOPHCTOBYIOTh OaTapei KOHIEeHcaTo-
piB (BK).

VY it poboTi OyaM BUKOPUCTaHI HaHi PIYHHUX IPO-
¢biniB HaBaHTakeHHs 11 peanbHUX JKUTIOBUX OYJHMHKIB i
MaJloro mjnpuemMcTsa (auB. puc.l). ArperoBasi rpadiku
MONUTY Ha MOTYXHICTh BiJl TOOYTOBHX 1 HPOMHCIOBUX
croxuBauiB arperoBani Ha muHi 0,4 kB Tpancdopmaro-
pa. Koedimient norysxnocri (KIT) kymyasTuBHOrO HaBa-
HTQXXCHHS 3MIHIOETBCS 3 YacOM, 1 HOro BUXIJHE CEepeHE
3Ha4YeHHs crtaHoBUTh Omm3pko 0,73. Ilpodims HaBaHTa-
JKESHHSI Ma€ PAHKOBUH 1 BeUipHill MAKCHMYyMH.
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Pucynok 1. TunoBa cxeMa po3mOAUTEHOI Mepexi

[ToropuHHe HaBaHTaXeHHs TpaHcdopmaropa Ha
KOXKHOMY t-My KpOILi BUOIPKH MOYKHA pO3paxyBaTH SIK
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IIpodini HaBanTakeHHs Ta rerepamis PE myst Tumo-
BOTO JITHBOTO POOOYOro [IHS B PO3MIISTHYTOMY MiCLi I1O-
Ka3aHi Ha puC. 2. 3HaYCHHS Ha OCI OPJAMHAT MEPEBEICHO Y
B.0. 1 MOKa3aHO y BiJICOTKaX BCTAHOBJIEHOI MOTYXHOCTI
TpanchopmaTopa.
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Pucynox 2. IIpodini crioxxuBaHHs pO3NOAITIBHOT MEpeKi

Xoua npoini Ha puc. 2 MoXyTh OyTH crienudivHu-
mu s CxinHoi €Bpomny, BHKOPUCTaHa METOJIOJIOTIS €
3arajpHOIO 1 MOke OyTH NpuifHATa B Oy Ib-sKiil KpaiHi un
perioHi.

B ocHOBI HaBeZieHOTO Ha pHUC. 3 ANTOPUTMY HaNAIl-
TYBaHHS 3HAXOJIMTHCS HEUITKHH KOHTPOJIEP.

10

VY wiii po6oTi po3riIsAHyTI 4 crieHapii PoOOTH EICKT-
PHYHOT Mepexi.

» ba3oswii crieHapiif. ®igep MICTUTH JIMIIE KUTIOBI
Ta BUPOOHMYI HAaBaHTAXKEHHs Ta eaekTpomooOini. Binco-
TOK eJeKTpoMoOiniB nocsrae 70%, a B ToguHM MiaGopy
Moxe nocsirati 60% B HOMIHAJILHOTO 3HAYEHHS TPaHC-
dhopmatopa. Cepenniit KIT dinepa 3a pik cTaHOBUTH OJH-
3pK0 0,73.

* Coenapiit 1. Ha mogaTok 10 KHUTIOBUX 1 BHPOOHH-
YUX HABAHTA)XXEHBb 1 €JIeKTPOMOOLTIB, y (imepi BCTaHOB-
neHo (ortoenekTpuyHi Om0kn. OCTaHHI MOXYTh OyTH
q)OTOGJ'IeKTpI/I‘-IHI/IMI/I CUCTEMaMU Ha JaxXy, aBTOHOMHUMMU
(HDOTOCIEKTPUYHUMHU CHUCTEMa-MH a00 KOMYHAJIbHUMHU
q)OTOGJ'IeKTpI/I‘-IHI/IMI/I CHUCTEMaMH, BCTAHOBJICHUMH Ha BTO-
pHHHIH cTopoHi TpaHcdopmaropa. BeraHoBieHa moTyx-
HICTh (DOTOETIEKTPUYHNX YCTAHOBOK cTaHOBUTH 100% Bin
MacIIOPTHOI NOTYKHOCTI TpaHcdopMmaropa.

* Cuenapiit 2. TloaiOHuit 10 momepenHbOro, aue 3
HEPEryJIbOBAHOK IIYHTOBOK OaTapeerd KOHICHCATOPIB,
BCTaHOBJICHOIO Ha BTOPHHHIA IIHHI TpaHchopMaTopa.
[Motyxnicte Kb cranoButh 90% peakTUBHOI MOTYXHOCTI
dinepa.

* Cuenapiit 3. IlogiOHuii 10 mOIEpEAHHOTO, ajie 3
koHTposiboBanuMu BESS. HakomuuyBau eneprii moxe
OyTH JOKalbHUM (HANpPHKIA, CTAlliOHAPHUI NOMAIIHIN
HaKOINMYyBay eHeprii) abo Ha piBHI IpoMajy, BCTAHOBJIE-
HUM Ha BTOPHUHHII CTOPOHI TpaHcopMaTopa.
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Mouatok
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DOedasidikauin
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MepepaxysaTi NapameTpu
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OHoBAEHi curHany Ana
AiarHocTuTn

paxysah T
cTapiHHA TpaHCHOpMaTOpa

CrBopUTH
noBiAOMAEHHS AnA
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Pucynok 3. Anroput™M  3allpONOHOBAHOTO  HEUITKOTO
KOHTpOJIEpy

MerTor0 HaNAIITYBAaHHS € YHUKHEHHS CHJIBHOTO Iie-
peBaHTaxkeHHsT TpaHchopmaropa Ta miarpumanns KII
6mu3pko 0,92, xomu 11e MoxkIHBO. Lle MoXxHa pearnizyBaTn
IIISIXOM PETyJIFOBAHHS BHUXIJHOI PEaKTUBHOI MOTY>KHOCTI
BK, nuiaxoM kepyBaHHs peXUMaMH 3apsaIKU Ta pO3PAIKU
BESS, a Takox mIIsIXOM THMYacOBOI'0 NPUITMHEHHS T'eHe-
pariii ®E.

Cucrema HediTKOI JOTIKH Ui HaJaITyBaHHS ITOKa-
3aHa Ha puc. 4. BoHa Mae Tpu BXOOH, SIKi € JAaHUMHU TIPO
renepariro OF (PV_power), 3araipHy NOBHY HOTYXHICTh
(S_power), sika 3aJeKUTh BiJl IOTPeOH B eHeprii, i koedi-
nieHT notyxHocTi (cos_fi) Ha BropuHHii mmHI TpaHcho-
pmaropa. Koxen Bxin mae BOynoBaHi (QyHKIii HajeKHOC-
Ti.

power_control_with_BES

{mamdani)

™~
7

control_actior

S power

Pucynok 4. Cucrema HEYITKO1 JIOTIKH

HaJIalITyBaHHA

IS

11

Tpu dynkuii Hanexnocti «PV_power» Bu3HauaroTh
rerepamniro OF B giamazoni Big 0% g0 140% Bin HOMiHA-
JILHOT MOTY)KHOCTI TpaHchopMaTopa K HU3BKY, CEPEAHIO
abo BuCOKy (puc. 5a). JIpi pyHKmii HamexxHOCTI “cos_fi”
BU3HAYAIOTh MEPEeXiJi MK IMOTaHUM 1 BUCOKHM 3HA4YEHHS-
mu KIT (puc. 56). [IBi ¢hyHKII{ HaIeKHOCTI I 3araibHO-
T0 HaBaHTaKEHHS MepeTHHaAIOThCs B Touli 100% HOMiHA-
JBHOI MOTYXKHOCTI TpaHcopmaropa (puc. 5B). Tpu Buxi-
nIHI (QYHKINT HaJICKHOCTI BH3HAYAIOTh MOMIIMBI peakiil
cucremu. Bee Bin 0 10 0,5 BUMarae «TOHKOro» HajauTy-
BauHs1, Big 0,25 10 0,75 — «akTUBHOIO» HaJAIITYBaHHS, a
Bix 0,75 10 1 — «IHTCHCHBHOTOY» HAJIAINITYBaHHS (PUC. ST).
3aJeXHO B/l BUXIJHOTO 3HAYCHHS, CUCTEMa MOXE pery-
JIIOBAaTH BUXIZHY peakTuBHY motyxHicte Kb Bix 0% no
100% (ommH Kpok cTaHoBUTH 8,33%), ckopouyBaTH IO
15% nocrynnoi BuxinHoi notyxHocti PE Ta nmepemuxa-
THCSI MK peXKUMaMH 3apsiIki Ta po3psinku BESS.

[IpaBuia a1 HEUITKOTO AJTOPUTMY HATAIITYBaHHS
BU3HAYAIOTHCSA KOPUCTYBa4YeM 1 HaBeJeHi B Ta0m. 2. Heui-
TKi MTPaBHJIa HANAIITYBaHHS

Tabuuus 2. HamamryBaHHS HEHITKOTO KOHTPOJIEPY

IF OR AND THEN
PV_power cos_fi S power Output
low High - subtle
medium - - active
high poor - intense
low - high intense
medium - high intense
- high normal subtle

[IpogemMoHCTpyeEMO €(EKTUBHICTh HATANITYBAHHS
3alpPOIIOHOBAHOTO METONy JUIs KOMIIeHcalii (akTopiB
CTapiHHS PO3MOALIBHOIO TpaHc(hopMaTopa Ha TPHKIIAL
Toro camoro pobodoro gus npu 100% Bukopucranni EM.
[Tponiec HanmamTyBaHHS MOXXHA BBa)XKATH YCHIIIHUM, SK-
IO TPHUBAJICTH POOOTH TpaHCPOpMAaTopa B OLIBII KOPCT-
KHX YMOBaX CKOPOYYEThCS Ha KOPHCTH MEHII YKOPCTKUX
yMOB. Buxoay KOHTpOJIEepiB HEWITKOI JIOTIKK 111 0a30BO-
TO CIIEHapil0 Ta CIeHapilo 3 Micisi HANAINTyBaHHS HaBe-
neHi Ha puc. 6. [IpoananizyBaBim puc. 6, MOXHa 3p0o0Ou-
TH BUCHOBKH, L0 HAJIAIITYBAHHS JI03BOJIMJIO CKOPOTUTH
TPUBAIICTh HAWOLIBII PI3KOr0 PEXUMY POOOTH (Lise Yu-
cio 3 Bianosigae pexumy «Hemunyuoi npobiemn») Ha
KOPUCTh MEHII HECHPUSTIMBOTO pexXHMy «MoKinBa
npoGyiemay (4iTke 3Ha4eHHs 2). 3a3Ha4nMO, 10 Yuciy |
BiZMoOBiae pexxuMm «YBaray, a unciy 0 pexnm «Hemae
npobmemm» [25].
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low_PV medium_PV high_PV

input variable "PV_power"

(2)

high_cos_fi

poor_cos_fi

n n T L .
01 02 0.3 0.4 0.5 06 0.7 0.8 0.9 1
input variable "cos_fi"

(©)

nermal high

20 40 60 80 100 120 140 160 180

input variable "S_power"

(8)

subtle active intense

01 02 03 04 05 06 0.7 08 09 1
output variable "control_action”

(r)

Pucynok 5. ®ynkuii HanexxHocti: (a) renepauis OE; (0)
KOe(IIEHT MOTYXKHOCTI; (B) 3arajbHa IMOTYXHICTh; (T)
BUXiJl KOHTpOJIEpa HEYiTKOT JIOTIKU

12

BasoBMi cueHapii
== == Cuewapid 3

Cratyc TpaHcdopmaTopa

(V] 3 6 g

'-Iac:rron.
Pucynoxk 6. JIemoHCTparist pe3yabTaTiB podoTH
3mian KII mpoTsroM TOTO OMHOTO 3WMOBOTO JHS

JUTSL PI3HUX CIICHAPIIB 3MIIHCHHS €JIEKTPHUYHOI MEPEKi, 3a
100% xinekictio EM, nmponemoHcTpoBaHi Ha puc. 7.

Koediulent noty=HocT!

Yac, rog,

Pucynok 7. 3mina xoedimienty motyxuocti (KII) mpwm
100% 3acrocyBanni EM

st 6a3zoBoro Bunajaky cepenne 3naueHus KII cra-
HoBHTH Onm3bKo 0,9. Ilo crocyerbes Bumanxy 1, 3 mona-
BaHHSIM HEeKOHTpoabroBaHOi renepanii @E, To KII nanae, 3
0c00MBO TMOokuM mamindsM Mix 7:00 1 13:00. Axru-
Bailist koutposmo ®FE mis perymosanns KII moxe ioro
MOKpaluTy, ane B yacoBoMy BikHi Mixk 7:00 1 13:00 Bin
BCe IIl¢ 3HAYHO HIDKYMIA 3a Oakane 3HaueHHs 0,92. [luB-
JSTYACh HA BUIMAJOK 2, 3 JOJaBaHHSIM HEPEryJIhOBaHOI
koHaeHcatopHoi Oatapei KII 3anmummaeTbes 3aHAATO HU3b-
kM Mixk 6:00 1 12:00, Toi K IPOTITOM JESKUX TIEPiOJIiB
gacy (aampuknan, 3 15:00 mo 2:00) BiH GIU3BKHIA 1O OHU-
HUIl. AKTHBAIlil HEYITKOTO HAJAIITYBAHHS MOJIENI JUIS
KepyBaHHS BHXIJHOIO PEaKTHBHOIO MOTYkHIicTI0O Kb mo-
kpamrye KII nmmme dacTkoBO: BiH BCe IIe JalNeKWid Bij
Oaxcanoro 3Ha4deHHs 0,92 mpoTsrom OUIBIIOI YaCTHUHU
nas. Haitkpamux 3nadens KII MojkHa TOCSTTH Y BULIAAKY
3, KOJU eNeKTPUYHA Mepeka J0JaTKOBO MOCHIIEHA Kepo-
pauuM BESS.

V.BUCHOBKH

VY 1pOMYy JOCTIJDKEHHI TPENICTaBICHO CTPYKTYpPYy Ha
OCHOBI HEYITKOI JIOTIKH Il KOMIIeHcamii (akTopis, sKi
BU3UBAIOTH CTapiHHS TpaHC(POPMATOpa, IO KUBUTH CHC-
TEMy pPO3IOJUTYy €JIEKTPOCHEPrii 3 BUCOKHM piBHEM IIPO-
HUKHEHHS MiIKII0YeHUX eNeKTpoMoOiniB. bymo omineHO
e(eKTUBHICTh HACTYIMHHX METOMIB MiICHIICHHS Mepexi
JUTS 3amo0iraHHs cTapiHHA TpaHchopmaropa: GoToenekT-
pHUYHI TeHepyrodi OokH, Oarapei HIYHTYIOUHX KOHJeHCa-
TOpIB 1 CHCTEeMH HAKONMYEHHS €Heprii, sSKi BCTaHOBIIEHI
Ha CTOPOHI BTOPHHHOI HAIIPYTH.
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3anporoHOBaHUI HEUYITKHH ajJrOpUTM HaJallTyBaH-
HSl CHCTEMH CIIPSIMOBAaHHMH Ha YHUKHEHHS HEMPUHHATHOTO
NIepeBaHTaKCHHS Ta MiATPUMKY KoedilieHTa MOTy>KHOCTI
mo0nm3y O0a)kaHOTO piBHA. BiH MOXe KepyBaTH BUXOJOM
renepanii ®F, Buxonom Oarapei MIYHTYIOUMX KOHJECHCA-
TOpIB 1 3apsaKoro/po3psaakoro BESS.

3 orysiy Ha cTpaTerii MOCUIICHHST MEepexi, HalKparii
pe3ysIbTaTi MOXKHA CHOCTEpIraTd, KOJH eJICKTpUYHa Me-
pe’ka JI0JaTKOBO OCHAIIEHa KOHTPOJIHOBAHUM HAKONHTY-
BavyeM eHeprii, POTOCNEeKTPUIYHIMH yCTaHOBKaMHU Ta Oa-
Tapeero MIYHTYIOUHX KOHICHCATOpiB (TOOTO, BHMAIOK 3
JocimKeHHs). Y npoMy Bunaaxy npu 100% mpoHUKHEH-
Hi EM koeoimienT crapinas TpanchopMaTopa 3MEHIIY-
€ThCA OUTBII HIX y 5 pa3iB MOpiBHSAHO 3 0a30BHM BapiaH-
TOM. 3a JIOMOMOTroI0 Ifi€i KOMOIHOBaHOI CTpaTerii 3Mill-
HEHHSI MEepeKi MOKHA YCYHYTH BIUTHB 3pOCTAOuOro IMO-
NHUTYy Ha 3aps/IKy elIeKTpOMOOLTIB Ha cTapiHHs TpaHcho-
pmaropa.

HesBakaroum Ha TIOKpAaIEHHS pPEXUMY poOOTH
tpanchopmaropa, KII s BumankiB | i 2 3anumaerscs
HecTaOUIBHUM 1 YacTO Majae HIKIe OKaHOTO 3HAYCHHS.
Hns Bunanky 3 moskHa migrpumysati KIT 6mikde no
6a)xaHOTO 3HAYCHHS IPOTATOM JHS.

Po3pobnennit anroput™m i 3aci® Ha ocHOBi (a3i-
JIOTIKH € yHIBEpCAaTbHUMH i MOXKYTh OyTH 3aCTOCOBaHI Ha
Oynpb-sIKiii IIMAHII ENeKTPUYHOI Mepeki 3a HasBHOCTI
BHUXIIHUX [aHUX Ha II0 TUIAHKY. Y MalOyTHii poboTi
CIIJl PO3TIISIHYTH «M SIKi» CTpaTerii s MOKPameHHS KO-
ediuieHTy cTapiHHS TpaHCPOPMATOPiB, SKi BKIIOYAIOTh
IUTaHyBaHHS 3apsakd EM Ta enacTHyYHICTh HOMUTY.
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Purpose. This paper aims to evaluate the negative factors that affect the aging of power distribution transformers,
develop a fuzzy control model for their compensation, and study the results of applying the proposed model to different
modes of the electrical power network.

Methodology. The mathematical method of fuzzy logic was used to implement the control system of the power grid
operating modes.

Findings. The article presents a structure based on fuzzy logic for compensating depreciation factors of distribu-
tion transformers. A tuning algorithm and measures were developed to optimize the transformer's load level and power
factor. The developed model analyzes the parameters and factors affecting the normal operation of the transformer and
warns of dangerous factors that threaten reliability and may lead to a malfunction. In addition, the efficiency of PV
generating stations, shunt capacitor banks, and energy storage systems installed on the secondary voltage side to pre-
serve the service life of distribution transformers was analyzed and discussed.

Originality. The paper further develops the fuzzy logic models used to optimize the operation of the power grid
and compensate for the aging factors of power distribution transformers

Practical value. The results obtained in the paper can be used to build an optimal system for controlling the op-
eration modes of the electric power grid, which reduces the factors that accelerate the aging of power distribution
transformers.

Keywords: Electric vehicle; transformer’s aging; battery energy storage; photovoltaic systems, power distribu-
tion, reactive power compensation.
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