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BCTYII

AKTyaJIbHiCTh TeMH. B Cy4acHMX yMOBax €KOHOMIYHOTO PO3BHUTKY
HAIIoi Jep>kaBH OJHIEIO 13 OCHOBHHX 3a/ad TOCIIONApIOBaHHS MOCTAE IH-
TaHHS NPOJOBXKEHHs EKCIUTyaTalii ITOHaJ BCTAHOBJICHUI TEPMIH CIIyXOM
oOagHaHHA Ta YCTAaTKyBaHHS, 30KpeMa eIeKTPOSHEPreTUYHOro, i3 3abe3-
TIEYSHHAM HamiiHOCTI poboTn. Ti KamiTaloBKIaIEHHS, IO 3IIHCHIOIOTHCS
Ha LeH 4ac B eNIEKTPOCHEPreTUYHY Tally3b, € HE3HAUHUMH 1 HE BUPILIYIOTh
3arajpHOi NMpobiaeMu HafiifHOi excIulyaramii eIekTpooOIagHaHHS, sKEe B
nepeBaXkHii Oinbmiocti Oyio BBegeHO B podoTy me y 70—-80 pokax MuHY-
JIOTO CTOJITTSI.

Came ToMy 3a yMOBH OOMEKEHOTO (hiHAHCYBaHHS 371HCHIOEThCA TIepe-
XiJ1 Ha eKcIuTyaTamnito o0JIafHaHHA 32 TEXHIYHUM cTaHoM. Lle ocobimBo ak-
TYyaJIbHO, KOJIM HOPMATUBHUI TEPMiH eKCILTyaTalii BXKe BHYEPIaHO, a 00-
JIaHAHHS 3HAXOJUTHCS IIe y pobouoMy cTaHi. Aje Takuil miaxig BUMarae
3aCTOCYBaHHS HaJIHMX 3ac00iB iarHOCTYBaHHS, IrHOPYBAaHHS SKHX MOXKE
MaTy Ba)KKi HACIIJKK IIPY BUHUKHEHHI aBapiifHUX CHTYaIlii.

Sk BimoMo, HE iCHY€ €IWHHX MiAXOiB 10 BU3HAYEHHS TEXHIYHOTO CTa-
Hy PI3HHUX BHIIB €JIEKTPOOOIaHAHHS, @ TOMY JUISl BUSIBJICHHS J1arHOCTHY-
HHUX O3HAK aJaNTyIOThCS Bigomi pimeHHsa. Clif 3a3HAYMTH, IO B ACSKHX
BUMAJKaxX HeoOXigHa iH(opMamis MOTAETHCA B TEXHIYHOMY IAcIOpPTi Ha
BiJITIOBiTHE OOJIaTHAHHS, 10 YaCTKOBO CIPOIIY€e aHaJi3 Horo (yHKIIOHY-
BaHHS Ta MOXJIMBICTh aBTOMATH3allil IPOLIECY A1arHOCTYBaHHS.

Jo enexTpooOiajHAaHHS Ta YCTATKyBaHHS TEIUIOBOi EJEKTPOCTaHIIiT
CTaBJIATLCS OCOOJIMBI BUMOTH 3 HajidHoCTi podotn. HopMoro crao BuBe-
JICHHS BCIX MapaMeTpiB PeXXUMy Ta TEXHIYHOIO CTaHy OOJaJHAaHHS Ha €K-
paH KOMIT'IOTepa aBTOMATH30BaHOI CHCTEMH KEPYBaHHS TEXHOJOTTYHUM
npouecoM. SIKIo napamerpu peXUMy poOOTH BHMIpPIOBAaTH Ta NepeaaBaTh
HOPIBHAHO IPOCTO, TO iH(MOPMAIIiFO PO TeXHIYHUII cTaH 00NagHAHHA B Oa-
raTthOX BHIIaJIKaX OTPUMATH JIyXKe CKJIaJHO. BayIHBY pojib B TeHEepyBaHHI
€JIEKTPOEHEPril Mae He TIIbKH OCHOBHE OOJIAJHAHHS, ajie 1 JOIOMIDKHE Ta
Kepyroue, sike 3a0e3mneuye HaliliHiCTh (yHKIIOHYBaHHSI OCHOBHOTO.

Tax, 10 CHIIOBUX TpaHCPOPMATOPIB BIACHUX MOTPEO SNEKTPOCTAHIIIT (B
TOMY YHCII 1 CyXHX TpaHC(OPMATOPIB) CTABIATHCS BHUCOKI BUMOTH 3 Ha-
mitiHoCTi po6oTH. IX 0COBMHBICTIO € KOPOTKOTpHBANA PoOOTa B PEXKHMI Tie-
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pEeBaHTaKEHHS, IO TIOB’S3aHO 3 YaCTHUMH ITyCKaMH €HEProOJIOKiB TEILIo-
BUX €JIEKTPOCTAHIIH. AJle SKIIO 3 MUTaHb JIarHOCTYBAHHS CHWJIOBUX TpPaH-
copMaTopiB B HOPMATBHOMY PEXUMI poOOTH € Oararo myOuikariii, To mi-
JIXO 710 BU3HAYEHHS CTYIICHS CIIPAIFOBAHHS TEXHIYHOTO pecypCy 130l
00OMOTOK CHJIOBHX TPaHC(HOPMATOPIB B PEKUMI MEPEBAHTAKEHHS PO3PO0-
JIeHI HeZIOCTAaTHBO.

He MeHma BianoBifanbHICTh 32 QYHKIIOHYBaHHS 00JaJHAHHS TEIIIO-
BOI €JIEKTPOCTaHIl MOKIaNa€eThCs Ha 3aco0KM aBTOMaTH3amii. Hampukian,
TypOiHa eHeproOyioka MIiCTUTH AEB’SIThb OCHOBHHX CHUCTEM 3aXHCTY 1 BHXiJ
Oynb-sKOi 3 HUX 3 Jaay NMPHU3BOANTH 0 ii aBapiliHOI 3ynuHKH. Tomy miar-
HOCTYBAHHS TEXHOJIOTIYHHX CHCTEM aBTOMATHKH 3aifiMae OfHE 3 YiTbHHUX
MICIIb B IJIaHI HAAIHHOTO (PYHKIIOHYBaHHS KOMIIOHEHT €HEpProoJIoKa.

Bkazani npo6iiemMn 00yMOBIIIOIOTE aKTYaJIbHICTh HAYKOBOI 3a1adi — IIi-
JBUIICHHS HATIMHOCTI (DYHKLIOHYBAaHHS €JIEMEHTIB JOIMOMIXXHOTO Ta Ke-
pPYIOUOro eNneKTpooOIagHaHHs €HEeprodJoKa TETIOBOI ENeKTPOCTAHIIIT
IIJSIXOM X JTIarHOCTYBaHHS.



PO3JILI 1

AHAJII3 CYYACHOI'O CTAHY 3 IUTAHb JIATHOCTYBAHHSA
EJEKTPOOBJAJHAHHSA EHEPT OBJIOKA

Binomo, mo po6oTo3aaTHICTh eNeKTpoo0IaJHaHHS BU3HAYAETHCS HOTO
TEXHIYHUM CTaHOM 1 [TOB’sI3aHa 13 3AJIMIIKOBUM POOOYUM PECYPCOM.

B cyuacHuX yMOBax B eKCIUIyartallil eJIeKTpooOJiaJfHAHHS 3IiHCHEHO
mepexia Bill CHCTEMHU TUIAHOBO-TIONEPEKYBaJIbHUX PEMOHTIB, SKa IMepe-
0avaya TeXHIYHE OOCIYrOBYBaHHS i PEMOHT EJICKTPHYHOTO OOJaTHAHHSI
4yepe3 BHU3HAUCHI TEPMIHM, O CHUCTEMH OOCIYTOBYBaHHS 3a TEXHIYHUM
CTaHOM eJeKTpoobaaaHanus [1].

IlepeBaru Takoro MiIXoAy OYEBHIHI, OCKIJIBKH Biamaaac HEOOXiTHICTh
BUKOHAHHS KOMIUIEKCY MPO(IIAKTHYHUX POOIT Ha OONaJHAHHI, SIKE Mae
3aJ0BUIbHUI TeXHIYHMN cTaH. Bimomo, 1m0 Oy/ab-sike BTPYYaHHS B CICKT-
poobnasHaHHs, MpOBeacHe HaBiTh (axXiBISIMU BHCOKOTO PiBHs, MPHU3BO-
IATH IO 3HIDKCHHS HAIIHOCTI 1 3MCHIIEHHS TEPMIiHY CIYXOH, OCKLIbKA
NpU [IbOMY HOPYIIYIOTHCS 3’ €IHAHHS 1 BiIOYBa€eThCs HOBA MPUPOOKaA JieTa-
JIeH, IO CYHNPOBOKYETHCS IHTCHCUBHUM CIPAIFOBAHHIM CJICMCHTIB KOHC-
Tpykuid. Kpim Toro, B mporieci BUKOHAHHS POOIT MOJIMBE YIIKOIKCHHS
OKpEMHX JIeTallei Ta By3JIiB.

Excryararniss enekTpooOiagHaHHS 332 TEXHIYHHM CTaHOM BHMArae
OTpPHMaHHs OJAaTKOBOI iH(OpMAILIil, 3 IKOI MOKIIMBO 3’sICYBaTU peajibHUMN
TEXHIYHUHA CTaH eNEeKTPOOOIaJHAHHS Ta MPOTHO3yBaTH MOMIIHUBICTB i 4Yac
HOro momanpnIol eKcIuTyaralii B yMOBaxX 3MIiHHM IHTEHCHBHOCTI 30BHIIITHIX
BIUIMBIB. Takuil miaxin nependadae BCTAHOBICHHS Ha OOJIaJHAHHS 0JAT-
KOBHX CEHCOPIB, 3a iH(OpMAIli€r0 3 TKUX MOXJIMBE MpsiMe ab0 omocepes-
KOBaHE BU3HAYCHHS 3aJUIIKOBOTO POOOYOro pecypcy, 1o i nependavyaeTs-
s B IIPOLIEC] JIarHOCTYBaHHS €IEKTPOOOIa JTHAHHS.

MeTor TeXHIYHOTO AiarHOCTYBaHHS €JIEKTPOoOOIaTHaHHS € 3abe3re-
YEeHHs HalO1IbII €KOHOMIYHOT HOTO eKcInIyaTalii mpy 3a1aHoMy piBHI Ha-
JAHOCTI 1 CKOPOYEHHI 0 MiHIMyMy BHUTpaT Ha TEXHIUHE 00CITyroBYBaHHS i
pemoHT. Llsi Mera mocAraeTbcs LUISXOM BiICHIAKOBYBAaHHS TEXHIYHOIO
CTaHy eNeKTPOOOJIaJHAHHS B MPOLEC] eKCIUTyaTallii, o J03BOJISIE CBOE€Ya-
CHO 3amo0iraTi BiMOBaM, CKOPOYYBAaTH IPOCTOI 4epe3 MOLIKOKCHHS,
MPOBOJUTH KOMIUIEKC 3aXOJiB IS MATPUMKH HOro poOOTO31aTHOCTI Bij-
MOBITHO JI0 JaHUX JiarHOCTYBaHH: [2, 3].
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3amavi TEXHIYHOT JIarHOCTHKK B CUCTEMI €KCILTyaTarlii eJekTpoobia-
HaHHS TOJIATAIOTh Y BCTAHOBIICHHI HEOOXITHOCTI 3aMiHU 3MIHHUX JeTanel
1 By3IiB, TPOBENICHHI PETYIIOBAHHS], BUKOHAHHI MOTOYHUX Ta KalliTAIBHAUX
PEMOHTIB, SKOCTI iX BUKOHAHHS, BCTAHOBJICHHI IIPHYNH MOXKIMBUX BiIMOB
eNeKTpooOIaTHaHHs [4].

OueBnmHO, MO OyIb-fKa BiAMOBA €IEKTPOOOIaTHAHHS, IO BHUKINKAE
CTBOPEHHS aBapiifHOI cUTYyallil, TPU3BOIUTE 0 3HAYHUX BTPAT, ITOB’I3aHUX
13 IPU3YNMHEHHAM €JIEKTPOIIOCTa4yaHHs, IICYBaHHIM OOJIaJHAHHS Ta IIPO-
aykuii Tomo. Oco0nmBo 11 MPobIIeMa TOCTPO CTOCYEThCS €IEKTPOCTAHIIIT,
aBapis Ha SKii MPU3BOAUTH 10 HEHOBIAMYCKY EIEKTPHYHOI abo TEIoBoi
€Heprii 3 yciMa MOXJIMBUMH HACITiTKaMU.

Bimomo, 1110 BUCOKI BUMOTH 3 HaJIIHHOCTI pOOOTH CTaBIATHCS JIO CHIIO-
BHX TPaHC(HOPMATOPIB €IEKTPOCTaHIIiH, sKi 3a0e3MeuyloTh IePeTBOPCHHS
Ta Tepenady eIeKTPOSHepTii BiJ reHepaTopiB 0 croxkuBadiB. He MeHII
BHCOKI BUMOTH CTaBJIATHCSA 1 IO TPAHC(HOPMATOPIB BIACHUX MOTPEd €IEeKT-
pOCTaHIIiH, sKi 3a0e3MeuyroTh HAIiiHY POOOTY MOMOMIKHOTO €leKTPOo00-
JIQJIHAHHS 1 IPAITIOIOTh HE TUTBKY B PEKUMI BEJIMKHX HABAHTAXCHb, aje | i
B PEXHMi IIepeBaHTAXEHHSA, OCOOJIMBO B MOMEHTH 3aITyCKiB IOTY)KHHX
CJICKTPOJBHUTYHIB, B TIEPiOAN JKUBICHHS BIACHUX IOTPeO iHIIMX €HEpro-
0710KiB TOIIO.

Oco01BoOi yBaru y >KMBIICHHI BIACHHUX ITOTPEO 3aCIyrOBYIOTH CHIIOBI
TpaHC(OPMATOPH CYyXOTro BUKOHAHHS, SKi XOU 1 HE JEIICBIIi BiJ MacIOHa-
MTOBHEHHX, ajie MAIOTh MepeBar 3 MO3MIIH MMOXKeK00e3MeKH Ta BIUIUBY Ha
HaBKOJIMIITHE CEPEIOBHIIIE.

He menm BaximBoIO € podieMa HagiHHOI pOOOTH CHCTEM aBTOMATH-
KM TEIUIOBOI eJleKTpocTaHMii. HasBHe ycTaTkyBaHHS, CKIaHI TEXHOJIOTIUHI
CXEMH IIPU BEIIMKOMY 00Cs31 aBTOMATH3aIliil i TEINIOTEXHIYHOTO KOHTPOJIIO
YCKIIaTHIOIOTh TIPOBEIICHHS IIEPCOHAIIOM BUKOHAHHS MIPAaBMIBHHX 1 CBO€Ya-
CHHX OIlepalliii y MOMEHTH aBapiii. B Toli ke 4ac xapakTep NpOTiKaHHS ps-
Iy TIPOIIECiB TaKMiA, [0 HAlMEHIIa 3aTPUMKa y BiIKIIFOYEHHI yCTaTKyBaHHS
IIPUBOAUTE 10 CEPHO3HUX HOr0 YHIKOKEHb.

B 3B’s3Ky 3 MM BHHUKa€ HEOOXiHICTh BUKOHAHHS IIIOTO PSAY OTe-
pamiif 3 yrpaBmiHHS 00JTaJHAHHSIM 32 JOTIOMOTOI0 aBTOMATHYHUX TIPHCTPO-
iB, sIKi JIFOTH IIPH HOPYIICHHI PeXUMY POOOTH UM BUHHKHEHHI HECTIPaBHO-
CTi TEXHOJIOTIYHOTO OOJaJHAHHI. ABTOMATHYHE KEPYBaHHS B TaKUX pe-
KHUMax 3IHCHIOETHCS TIPHCTPOSIMU TEXHOJIOTIYHNX 3aXUCTIB Ta OJIOKYBaHb.



OpHi€el0 3 HAWOUTBI BAXIIMBUX BHMOT JIO MPHUCTPOIB TEXHOJIOTTYHUX
3aXHCTIB Ta OJOKyBaHb € 3a0e3NeueHHs HaiifHOI [il B aBapiiHUX BHIIAJI-
kax. [Ipu mboMy HamiHHICTE IPUCTPOIB BU3HAYAETHCS SIK KUTBKICTIO BiTMOB
IIPU CBO€YACHOMY CIIPAlIOBaHHI, TaK 1 KiJIBKICTIO XMOHHX CIIPAaIlIOBaHb.
ToMy MOKa3HUKHU HAIIHOCTI KOKHOTO 3 3aXHCTIB 3HAYHOIO MIpOIO BH3HA-
YarOTHCSI CXEMOIO BBIMKHEHHS i HaJIMHICTIO IPHIIAJIB, 0 B Hif BUKOpHC-
TOBYIOTBCSL.

Hanpuknan, Ha Jlanmxuacbkiii TEC eHepro6yiok Mictuth 27 pi3HO-
MaHITHUX CHCTEM 3aXHCTiB, M0 3a0e3MedyloTh HOro poOOTO3JaTHICTh.
Ilepen BBeACHHSIM €HEProOJIOKa B pOOOTY TPHUBAIICTh MEPEBIPKH POOOTO-
3aTHOCTI CHCTEM 3aXHCTIB ckianae moHan 9 roaus [5]. Ile moB’s3aHo 3
BEITUKOIO KIiJBKICTIO 3aXWCTiB, 3HAYHOIO KIUIBKICTIO CHUTHAJIIB 3 CEHCOPIB
TEXHOJIOTIYHOTO O0JIaHAHHS, BEIUKOI KIJbKICTIO BUKOHABYMX MEXaHi3-
MiB Ta CKJIQJHICTIO TEXHOJOTIYHAX CXeM. Sk mpaBmiio, mepeBipka poooTo-
3/IaTHOCTI KOXKHOT 13 CHCTEM 3aXHCTiB B MpoOIleCi poOOTH eHeprodioka He
3MIMCHIOETHCS.

BripoBamkeHHST HOBHX METOJIB, SIKi JO3BOJSIOTH A1arHOCTYBAaTH CHC-
TEMH 3aXHCTIB B IpOIleci IX eKCIUTyaTalii 3a JOITOMOTO CydJacHHX 3a-
co0iB aBTOMaTH3alil Ta MPUHHATTSA PINICHD 1 BIAMOBIAHAX iM TEXHIYHUX
3ac00iB, CTBOPIOE MOXJIUBICTh NEPEXOTY 0 OLNBII EKOHOMIYHOT i edek-
TUBHOI CTpaTerii TEXHIYHOrO OOCITYyroBYBaHHS CHCTEM 3aXHCTIB 3a ix
CTaHOM.

OcTaHHIM 9acoM B €HEProrocIoapcTBaX MPOBOANTHCS 3aMiHaA 3acTa-
pisoro obagHaHHSA CydacHHUM, CTBOPEHHM 3 BUKOPHCTAHHAM HOBITHIX J10-
CSITHEHb HAYKW 1 TEXHIKW, HAIIPUKJIAJ, BHKOPHCTAHHSAM €JIera3oBoro odma-
nMHaHHA [6, 7]. Aye Takwil MiaXiJ BHMarae 3HAYHUX KaIliTAIOBKJIAJCHD 1
TPHUBAJIOTO YaCy JUTA 371HCHEHHS ITOBHOTO TIEPEOCHAICHHS ITiJITPHEMCTB.

ToMy mocTae MATaHHS MONTYKY HOBUX IIIAXIB JUI BU3HAYCHHS Ta IIPO-
THO3YBaHHS TEXHIYHOTO CTaHy €JIEKTPOOOIaIHAHHS 3 METOIO IIiIBUINCHHS
HaJIIHOCTI HOTO eKCIUTyaTaItii.

OueBHIHO, IO B MEXaxX OxHi€I poOOTH HEMOXXIMBO NMPHUIUINTH yBary
BCIM BHJIaM OOJIQIHAaHHS €HeproOIoKa, a TOMY MH 30CEPEIUMO 3YCHIUIS Ha
MUTAHHSAX MiIBUINEHHS HATIHHOCTI POOOTH CHIIOBHX TpaHCHOpPMATOpiB
BJITACHHX ITOTPEO Ta CHCTEM TEXHOJIOTIIHOTO 3aXHCTY.
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1.1. MeToau i 3acodm AiarHOCTYBaHHSI CUJIOBUX TPpaHc(opMaTOpiB
BJIACHUX NMOTPeOd SIK IONOMIZKHOT0 eJIeKTP000/JIaTHAHHS eHeprod/joka
TeIJIOBOI eJIEeKTPOCTAHIIIT

CuitoBi TpaHC(hOpPMATOPH 3aiMaIOTh KIFOYOBY IO3UIIIO B IUIaHi 3a0e3-
MICUCHHsI TCHEePYBaHHS, Iepeadi Ta PO3MOIily eIeKTPUYHOI eHeprii, a To-
My JIO HUX CTaBJIATHCS BUCOKI BUMOTH IOJO HATIHHOCTI QYHKIIIOHYBaHHS.
Caij migKpecauTH, 10 3 MUTaHb MiABUIICHHS HAJAIHHOCTI pOOOTH CHIIOBHX
TpaHcdopmarTopiB icHye 6arato poOiT, B TOMy YHCHI i 3 HANPSIMKY IXHBOTO
JiarHOCTYBAHHS B TIPOIIECi poOOTH.

He MeHI BaxkuBa pojib B IJIaHI TeHepallii eeKTpOeHeprii BiIBOAUTE-
csl TpaHc(opMaTopaM BIACHUX NMOTPeO elNeKTPOCTaHILil, AKi 3a0e3neuyoTh
poOOTYy TOTTOMI>KHOTO €JIEKTPOOOIIa JHAHHSI.

3anaui, siki pO3B’SI3YIOTBCS B MPOIECI JiarHOCTyBaHH:, MOXKHa cdop-
MYJIOBaTH Tak [8]:

- BUSIBJICHHSI (DakTy Ie(peKTHOTO CTaHy TpaHChopMaTopa;

- BU3HAUCHHS XapakTepy AedekTy Ta Horo Jokamizaiis mpu HanOiIb-
i MOXKJIMBIH TTMOWHI A1arHOCTYBaHHS,

- OIliHKa po0OOTO31aTHOCTI TpaHchHopMaTOpa, MPOrHO3 HOTO 3aJIUIIIKO-
BOT'O PeCypcy Ta BU3HAUCHHS 00CATIB HEOOXiTHOTO PEMOHTY.

CrarucTHKa MOIKO/DKEeHb, 1110 BUHUKAIOTh B MOTY)KHUX CHJIOBHX Tpa-
HcopMaTopax, CBITINTb, MO 48 % 3 HUX BUKIHMKaHI MPOOOEM BHYTPIII-
HbO1 1301s1ii BBOAIB, 14 % — HEAOCTaTHBOIO CTIMKICTIO PU KOPOTKUX 3a-
MHKaHHAX, 12 % — gepe3 cnpamroBaHHS i307smii 06MoTOK, 7 % — gepe3
MTOUTKOKEHHS 130711111 00MOTOK, 5 % — Yepe3 MOUIKOPKEHHS MPUCTPOIO
perymoBanHs min HaBaHTaxeHHsM (PITH) [9, 10]. Tomy eneprocucremu
CTaBJIATH BUMOTH 10 YKOMIUICKTYBaHHS CHJIOBHX TpaHC(OpMATOpiB Jiar-
HOCTUYHHUMU CUCTEeMaMH [9].

Pexxumu poGotu 6104HHX TpaHC(HOpPMATOPiB BiIAPI3HAIOTHCS Bim pe-
KHUMIB poOOTH MepekeBUX TpaHc(opMaTopiB MO HaBaHTaKEHHIO, CTPyMax
KOPOTKOT'O 3aMHKaHH, y4acTi B PEryIOBaHHI aKTHBHOI MOTYKHOCTI TOIIIO.
OCKiIBKY 3aBaHTaKEHHS TAaKUX TPaHC(HOPMATOPIB MiABUINEHE, TO i CTApiH-
HS 1X 130JIA11T IPOTiKae iHTEHCHBHINIE, HIXK Y MEPeXeBHUX TpaHchopmaTo-
piB. 24 % BHHUKIUX BHYTPILIHIX KOPOTKHX 3aMHKaHb OOYMOBJCHI CIpa-
LIOBaHHAM 130111l ooMoTok [11].
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B po6ori [12] 3a3Ha4aeThCs, MO CTapiHHA 130JMii CYyTTEBO 3aJICKUTH
BiJl pexuMiB poboTu TpaHchopmaTopa. KirodoBa poss TpHu [IbOMY BiIBO-
JIATHCS 3BOJIOKEHHIO 130711111

CreuiaigicTy 3aKOpIOHHHX EHEPreTHYHUX KOMIAHii BBaXKAaIOTh €KO-
HOMIYHO JIOI[ITFHUM IIPOBEACHHS HEIMEPEPBHOTO KOHTPOIIIO CTAHy CHIIOBHX
TpaHC(OPMATOPiB, a, OTHKE, i CTBOPEHHS PI3HOMAaHITHUX A1aTHOCTHYHHX Ta
ekcrepTHUX cuctem [13].

3rigHo 3 [14] B TenmepiiHii yac 11 CHIOBUX TpaHC(HOPMATOPiB 3aCTO-
coByeThea 21 BUI BUNPOOYBaHb Ta KOHTPOI0. B po6oTi [15] 3a3HavaeThcs
PO HEOOXIMHICTH PO3MIMPEHNX BUMPOOYBaHb CHIOBHX TPAHC(HOPMATOPIB,
BpPaxOBYIOYH HOBITHI JOCATHEHHS B 00J1aCTi HAYKH.

3 aHami3y JmiTepaTypd BUIUIUBAE, IO AIaTHOCTYBAaHHS CHJIOBHX TPaHC-
(opMaTOpiB 3IIMCHIOETECA B PI3HUX paKypcax, TOOTO pi3HI Mmiaxoxn Ire-
pendavarTh MEPEeBipKy Ta MPOTHO3YBAHHS TEPMiHY POOOTO3MATHOCTI Pi3-
HUX CKJIaJIOBHUX 00’ €KTa TOCIiIKEHHS.

Tak, B poboti [16] oxapakTepu3oBaHO Halip TPaJWIIHHUX THIIOBUX
HpoLeAyp MepeBipKU poOOTO3JATHOCTI CHIIOBHX TpaHchopmaTopis. ITimk-
pecIIoeThC, IO BiIOMI MiAXOAW HE BUKITIOYAIOTh HEOOXiTHOCTI CTBOPCHHS
HOBUX METOJIB Ta 3acO0iB IiarHOCTYBaHHS €NEKTPOOONamHAHHA, B T. U.
TpaHchopMaTopiB.

3okpema B poborax [17—19] mpomoHyOTECS METOH, SIKi mependaya-
I0Th BHSBIICHHS 3QJIMIIKOBOI Aedopmariii 0OMOTOK TpaHc(hopMaTopa BHA-
CIJIOK BIUIMBY €JEKTPOJMHAMIYHUX 3YCHJIb, II0 BUHHMKAIOTh B 0OMOTKax
i Ti€f0 CTPYMiB KOPOTKOTO 3aMHKaHHS. B crarti [17] mponoHyeThes 3a-
JUIIKOBY AedopMaliirto 0OMOTOK TpaHC(hopMaTopa BUSBISATH METOIOM HH-
3bKOBOJIBTHUX iMITyJbciB. Llelt MeTon mependadae BUMipIOBaHHS HOPMOT-
pam TIpu BBEJCHHI B poOOTYy HOBOTO TpaHcdopmaropa (abo micis mpoBe-
JICHHS KaIliTaJbHOIO YH BiHOBJIIOBAaJHHOTO PEMOHTIB) Ta IX MOPIBHIHHI 3
nedekrorpaMaMy, 3HATHMH IICNISA MPOTIKaHHSA CTPyMiB KOPOTKOTO 3aMH-
KaHHS B TpancdopmMaTopi. 3i CrIeKTpaIbHOTO aHaIi3y POOISATHCS BUCHOBKH
IIOJIO TIOSBM HOBHX TapMOHIYHUX CKJIQJIOBHX, 3 SIKHX 3’SICOBYIOTH CTYIiHb
nedopmanii o6mMoTok. B psaai pobit [20-22] mokasaHo, mo nosiBa nedop-
Malliii He TepelrkoKae MoJalIbIIiid eKCcIuTyaTarlii Tpancopmaropa, ajie B
Micui nedopmaniii BUHHKAIOTh IPOLECH PO3BUTKY YaCTKOBUX PO3PSIIB i,
SK HACIiJIOK, TIOTipIIyIOThCS pe3yIbTaTH XpoMaTorpadidHOro aHamilzy ma-
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cra. B pa3i mosBE 4eproBoro KOPOTKOTO 3aMUKaHHSA 3 aIepiOAWIHOIO
CKJIaJIOBOI0 MOJIIMBHUHA aBapiiHWH BHXiJ 3 Jagy TpaHcdopmaropa 3 Bax-
KUMH MOXITUBHMH HACITIIKAMHU.

B pob6ori [18] npomoHyeThCs OIIHIOBATH PiBEHb OCITA0JICHHS OIMpeco-
BaHHX OOMOTOK 3 BiOpamiiHOTO MOPTPETY MPALFOIYOr0 TpaHChOopMaTopa 3
MOJABIINM TOPIBHSHHSAM aMIUTITYAHO-9aCTOTHUX Ta (a30-4aCTOTHHX Xa-
PaKTEepHCTHK MO 1 MCIIs BHHUKHEHHS aBapiifHOI cuTyarii.

AHAaJII3 MOSABY MOKAa3HHUKIB MOTIPIICHHS CTaHy 130JIA1liT HA OCHOBI (i3u-
KO-XIMIYHHUX TPOLECiB, IO MPOTIKAIOTh B Hild, 3pobieHo B podoti [19].
[ToxazaHo, IO BHACTIJOK IOTIpIIEHHS CTaHy i30JAMii MOXXJIHMBE BHHHK-
HEHHS BHYTPIMIHIX KOPOTKHUX 3aMHUKaHb. J[0 MpUYKH, 0 MOTIPIIYIOTE CTaH
1307sMi{, BiAHOCATBCA: MiIBUILCHHS BOJIOTOCTI TPAaHC(HOPMATOPHOTO Maca,
HasBHICTH TOMIIIOK B TBEPIiH Ta piAKiH i30JIAMIsIX, PO3BUTOK 10HI3AIIIHHIX
MPOIIECiB B 130J11Ii1 TOIIO. SIK BUsABIEHO [23], HEraTUBHUII BIUIUB BOJIOTH B
i3omamii TpaHchopMaTopa MOB’SI3aHUH 3 YTBOPEHHSIM T'a30BHX Ta MapOBHUX
KYJbOK, IO BHIUIAIOTHCS 3 130JIA11iT B TpaHchopMaTopHEe MACIIO TIPH Tepe-
rpiBaHHI 1307511 Bil CTPYMiB HAaBaHTa)KCHHS B 0OMOTKAX.

Bkasani Meronu € eeKTHBHMMH, ane BOHH MAalOTh BEIMKHH DPiBEHb
CKJIAJIHOCTI JUIs 3IiACHEHHS IOCHIIKEHHsT 00’ €KTa, IKUI 0 TOrO )X HEeo0-
XI1IHO BUBOAMTH 3 eKcruryartaiii. Kpim Toro, 3a3HaveHHil migxif mnependa-
4yae HasABHICTH 0a3W MaHMX IOJO0 TEXHIYHOTO CTaHy TpaHCGHOPMATOpiB B
PI3HUX PEeKUMAx pOOOTH.

B psagi pobiT omyOnikoBaHi pe3yiabTaTH HAYKOBHX JAOCIiIKEHb,
OB’ s13aH1 3 MEPEeBIPKOI0 POOOTO3IATHOCTI CHIIOBHX TpaHC(HOPMATOPIB, 00-
MOTKH SIKUX MaIOTh MiJABHINCHUN PiBEHb BMICTY BoJioTH. B po06oTi [24] mo-
Ka3zaHo, IO HaAiliHiCTh poOOTHM TpaHC(opmMaTopa BHU3HAUAETHCA CTAHOM
HOro 130JIs1iii, 3HaYHa YaCTHUHA ITONIKOHKEHD SKOI 3aJ€)KUTh BiJ BOJOIOB-
MicTy. BBaxkaeTncsi, O IS HOBUX TpaHC(HOPMATOPIB Ta TpaHCHOpMAaTOpiB
THiCIIs KaliTalbHOTO PEMOHTY JOIYCKAEThCS 3BOJIOXKEHHS 1301l 1o 2 %,
a aus TpaHcopMaTopiB, 10 3HAXOIAThCA B eKcIutyaTamii — 1o 4 % [14].
ToMmy nmiIst BU3HAYCHHS BMICTY BOJIOTH B 13014111 Haif9acTilie BUKOPHCTO-
BYIOTh METOJI BUMIpPIOBaHHS BiHOBIIOBAIBHOI HA 130JsI1ii HANIPYTH mics 11
3apsiy Ta KOPOTKOYACHOTO PO3PsiLy, aHali3 KPUBUX CTPYyMY 3apsiay Ta po-
3psiy i3071swii a00 aHai3 3aJIeKHOCTEH €EMHOCTI Ta TaHTeHCA KyTa Jielek-
TPUYHKX BTPAT 130JIAIIi1 Bif 4acTOTH, HA SIKii 3MiHCHIOIOTHCS BUMIipIOBAaH-

13



Hs1. JIns migBHUINEHHS JOCTOBIPHOCTI JOCHIKEHb 3aCTOCOBYIOTH KOMITO3H-
il 3a3HAYEHNX METO/IB.

Sk moxkaszano B [25], mporecu aerpafaiii IeTroa03Ho1 i301ii 06Mo-
TOK BHKJIMKAIOTh 3HIKCHHs MII[HOCTI Harmepy Ta pO3BUTOK Aeriiparaii. 3
piBHA moJiMepi3allii manepoBoi 130JiA1ii 0OMOTOK, IO BHKJINKAE BUHHK-
HEHHS BUTKOBUX 3aMHUKaHb IIPU 3HIDKEHHI MEXaHIYHOI MIIIHOCTI Hamepy Ta
MICILIEBOTO MiBHIIECHHSI KOHIIEHTPALi BOJOTH, MOXXHa 3pOOUTH BHCHOBOK
Mpo piBeHb pPOOOTO3AATHOCTI 130JIsIMIii OOMOTOK TpaHchopMaTopa, a OTKe
TaKUM YMHOM BiACTiAKOBYBATH CHpAIfOBaHHs poO0Y0ro pecypey [26].

Cuiz 3a3HAYNTH, IO OCTAHHIM YacOM JUIS NPOJOBKEHHS TEPMiHY eKc-
TUTyaTanii 3apoBaKY€EThCS MIAXI, AKUH nependadae pereHepaito Helto-
JI03HOT 13011111 0OMOTOK IUIAXOM ii BiAMHUBaHHS i3 3aCTOCYBaHHIM TOBEP-
XHEBO-aKTHBHUX PEYOBHH [27]. AHAIOTIYHIM YHHOM B 3aKOPIOHHIH Ipak-
THIII 3aCTOCOBYIOTh HIEPIOAMYHI OYUIICHHS TpaHC(HOPMATOPHOTO Macia BiJ
KHCJIUX Ta OKHCICHUX MPOAYKTIB CTapiHHA ManepoBO-MacisIHOI i30msmii, a
TaK0X BUKOPHUCTOBYIOTH CIEI[ialbHI pereHepalifiHi Macna Jisi OuHIeHHS
i30Js1i{ BiJl IPOJYKTIB CTapiHH:], IO MPUCKOPIOIOTh NUIAKOYTBOPEHHS Ta
JEeTipaTalliro UeNt0I03HO1 13051111 00MOTOK [28, 29].

[ITupoko 3aCTOCOBYETHCS B TEHEPINIHIA Yac XpoMaTorpadiqHuil aHami3
PO3YMHEHHX B TpaHC(HOPMATOPHOMY MACIHi Ta3iB, KU € eEKTUBHUM 3a-
co00M JliarHOCTyBaHHS CHIOBUX TpaHchopmartopis [30], ane gepe3 BUCOKY
YYTJIIMBICTh METOJLy MOXYTh OyTH XHOHI OI[IHKH JiarHOCTYBaHHS MPH Has-
BHOCTI BHYTpIIIHIX TepMiuHHX JAe(eKTiB TpaHcopmaropa, HAIPHKIAI,
TTOITKOKEHHS 130JIAIIi1 0cTOBa TpaHC(opMaTopa, MOMKOHKEHHS MarHiTO-
HPOBOJIY TOWIO.

B TenepimHiif 9ac BOJOTOBMICT TBEpJOi i30JsMii CHIOBUX TpaHchOp-
MaTopiB BU3HAYAEThCS MEpe/l BBEACHHIM X B KCIUTyaTallilo 3a 3pa3kamu
BHKOPHCTOBYBaHOI 130J1s111ii. B mporieci ekcrutyaranii TpanchopmaTopa 11o-
ITyCKAETHCS OL[iHKA BOJIOTOBMICTY 130JISIii pO3paxyHKOBUM IIISIXOM, ajie B
CHCTEMi HOPMATHBHHX JOKYMEHTIB BiJICyTHS METO/IMKA BU3HAYCHHS BOJIO-
TOCTi TBEpIOi i30JISMIT 3 pe3yabTaTIB JiCTCKTPHYHUX XapaKTepucTuk [31].
IIs MeToauKa NMPOMOHYETHCS Y BKa3zaHiM poOOTi, ane BOHA Ma€ MEBHI 00-
MEXKEHHS, 1[0 XapaKTePU3YIOThCs CHELH(IKOI0 YMOB IPOBEICHHS BUMIPIO-

BaHb.
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3HayHa yBara B IUIaHI JOCIiDKEHHS POOOTO3AaTHOCTI OOMOTOK CHIIO-
BOr'0 TpaHC(OpMaTOpa NPUALIIETHCS MUTAHHSIM BH3HAYCHHS BIUIMBY YacT-
KOBHX po3psaiB. B po6oti [32] BukiazeHi OCHOBHI MiaXoay, sIKi mependa-
Yal0Th MOJJIMBICTh BUSIBIICHHS Ta KOHTPOJIFOBAHHS IHTEHCHBHOCTI 4aCTKO-
BHX PO3PAIIB, AKI MAlOTh MiCIle TPH POOOTI €IEKTPOOOIaTHAHHS 1 BUKIIH-
KaHi BIUIMBOM 0araTtbox (axTopiB. B TemepimiHiil yac 1is BUSBICHHS 4acT-
KOBHX PO3PSIIB B 130JIAIIi1 HAHOLIBIIIE TOIIMPEHHS OTPUMAITH eJIEKTPHYHHI
Ta aKyCTHYHHNA METOIIH.

Bimomuii minxin [33], skuii nependavyae BiACTIIKOBYBaHHS 3MiHH iH-
JQYKTHBHOTO OMOpYy TpaHcdopmaTopa, 3a SKUM MPOTHO3YEThCS MOSBA MOLI-
KOJDKEHb B 0OMOTKaX CHIOBOTO TpaHchopmaTopa. s Horo peamizarii He-
00XiHO TPOBEACHHS BUCOKOKBaIi(hikOBaHHX BUMIPIOBAHb Ha BHUBEJCHOMY
3 eKCIUTyaTalii obragHaHHI IPH HAsIBHOCTI CTATUCTHUKU 3MiHH KOHTPOJIBO-
BaHOT'O Mapamerpa.

BaxauBuM eneMeHTOM CHIOBHX TpaHcdopmaropiB e mpuctpoi PITH,
Ha/IIHHICTh POOOTH SKHUX TaKOX CYTTEBO BIUTMBA€E Ha POOOTO3MAaTHICTH Tpa-
HCopMaTopiB B ioMy. B pobori [34] 3anponoHoBaHo cIiocid OLHKYU Ia-
pameTpiB epeMHUKaHHS KOHTaKkTiB npuctporo PITH 6e3 wactkoBoro po3ou-
panns TpancdopmaTopa. Ileii croci6 nependadae ocumnorpadyBaHHs CHT-
HAJIIB [0 KO>)KHOMY KaHaly KepPYBaHHS 3 MOJANBIINM aHATi30M IIUX OCIIU-
JIOTpaM T0 XapakTepHUX Toukax. [ligKkpecanMo, M0 TaKu| IMiIXi/l MOXKITH-
BUI IS 3aCTOCYBAHHS JIMINE NP BHBEICHHI 00’€KTa MOCIHIIKCHHS 3 eKC-
ITyaTaii.

[HImUM BiTOMHM TiAXO0J0M /IO IiarHOCTyBaHHS mpuctporo PITH cuito-
BOr0 TpaHc(hopMaTopa € 3aCTOCYBaHHsS HEHPO-HEWITKOI MOJeNi s mepe-
BipKH HOro poGOTO3JaTHOCTI B MpOLECi eKCIuTyaTanlii CHI0BOro TpaHcgo-
pmaropa [35].

Jlyis minBUIIeHHS HafdiiHOCTI poboTH npucTtporo PITH cuiosoro Tpan-
chopmaropa 3acTOCOBYIOTH CKJIQ[HI aBTOMAaTH30BaHi KOHTPOJBHO-
JIarHOCTUYHI cuctemu [36, 37].

B psni BunanakiB AOLIJIBHUAM € 3aCTOCYBaHHS METOJIB Ta 3aco0iB Tell-
JIOBI31HHOTO JOCHTIPKEHHS TEXHIYHOTO CTaHy elIeKTpooOnanHaHHsS [38—41],
[POTE TAKUM YMHOM MOJXKJIMBO BHUSIBICHHS JIMIIE MOIIKO/PKEHb, 1[0 PO3BH-
BaIOThCs, 00 Ha paHHIl cTafil, abo B IepeaaBapiiiHOMy CTaHi eKCILTyara-
1ii i 30BCIM HE JO3BOJISIFOTH MPOTHO3YBATH BHUEPIIAHHS POOOYOTO pecypcy
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i30JmAIIiT a00 BY3JiB TpaHC(hOpMaTopa B TMPOIECi eKCILTyaTallii mij A€o pi-
3HOMaHITHUX YHHHUKIB.

He meHII eeKTUBHUM € TEIUIOBi3ilHE NiaTrHOCTYBaHHS CHCTEM O0XOJO-
JOKEHHS CHIOBHX TpaHcdopmaropiB. Tidpku Takuil migXix JO3BOJSE BHUSB-
JSITH Ha IMPaLO04YoMy oOJajHaHHI HeeEeKTHBHICTh OXOJIOKEHHS 4epes3
3a0pynHeHHs pebep pamiaropiB, AeeKT IUPKYISAMiHHOIO MacloHacoca,
BHACJIIIOK YOTO TeMIIepaTypa IIiIBHILYETHCS, Ta CTYIIHb 3a0pyaHeHHS di-
JIBTPIB 1 MaTpPyOKiB, O MPU3BOJAMTE JO MEPEKOCY B TEIUIOBHX IOJIAX CHC-
TEMH OXOJIOJKEeHHS [42—44].

3HayHa yBara NpHUIISEThCS TEXHIYHOMY CTaHy BHCOKOBOJIBTHHUX BBO-
IiB cuIoBUX TpaHchopMmaTopiB. OxapakTepu3yeEMO OCHOBHI METOAM Jliar-
HOCTYBaHHSI BUCOKOBOJIbTHHUX BBOJIB [45].

1. MeTon KOHTPONIO CTaHy BBOJIB, IO I'PYHTYEThCS Ha BHMIipIOBaHHI
omopy i3oisii [46], mo3Boise copMyBaTH 3araipHy ysiBY PO CTaH i30-
JISIItiT BBOIIB.

2. MeTo KOHTPOJTIO SIKOCTI YIUTbHEHBb BBOJIIB JIWIIE JI03BOJISIE 3aM00i-
I'TH BUTIKAQHHIO Macia.

3. Merox iHAMKAI] 9YaCTKOBHX PO3PsiB 3a0e3euye BUSBICHHS IOSIBH
JaCTKOBHX PO3PSIIIB.

4. MeTtoa KOHTPOJIIO BBOJIB, 110 0a3y€eThCsl HA BUMIPIOBAHHI TaHI'€HCA
KyTa JieJIeKTPUIHUX BTpaT (tg ) 1 eMHOCTI i3ouAnii. BuMiproBaHHs tg o
JIO3BOJISIE BiJICIIIAKOBYBATH IMOTIPIIEHHS i30JAMI{ 32 BUHATKOM JIOKAIbHUX
JNe(PEKTHUX MiCIIb.

3a BUMIpSHUMH 3HAYEHHIMH tg O i30JIA11i MOXIIMBE BUSBICHHS Ae(eK-
TiB Ha paHHIH cTajii po3BUTKY 3 KpUBUX ioHi3amii [47].

BumiproBaHHs €MHOCTI 130JIAIIi1 CIIprsie BHABICHHIO MiCIIeBUX Ae(dex-
TiB, HAPHUKJIA, TPOOIH YACTHHHM 130JIS1II.

5. MertonoMm IocmipKeHHs TpaHC(OPMATOPHOTO Macia BH3HAYAIOTHCS
B JJaDOPaTOPHUX yMOBaX €JIEKTPUYHA MII[HICTh, TAHICHC KyTa HiCIeKTpHY-
HHX BTpaT, KOJIp Macya, MEXaHi4Hi JOMIIIKH, TeMIIepaTypa cranaxy, Kuc-
JIOTHE YKCJIO, BOJIOTOBMICT [48].

6. Meroxn nedekrockorii, OCHOBaHMI Ha XpomarorpadigHOMy aHai3i
PO3YMHEHHX B Macii rasiB, JO3BOJISIE 3a IIEBHUMH KOHIICHTPALIISIMU PO3YH-
HEHUX Ta3iB CIIPOTHO3YBAaTH PO3BUTOK Aedexty [49]. [lns nminBumenHs no-
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CTOBIPHOCTI BHSBJICHHS Je(EKTiB JOMIIFHO KOHTPOIIOBATH BMICT 10HOITY B
TpanchopmaTopHoMy Macii [50] Ta BMIiCT QypaHOBHX pedoBHH [S1].

Brkazanuii Meton mependayae BUCOKY KBalli(ikalilo MpaiiBHUKIB Ta
HasBHICTH CHEUiAIEHOTO 00IaHaHHS.

7. MeTto MOCTIHHOTO KOHTPOJIO 130JIALi1 BBOIB [52] moisirae y BuMi-
pIOBaHHI €MHICHOTO CTpyMy (CTpyMy HebamaHCy) y HYIbOBOMY IPOBOJI
3ipKH, sfKa YTBOpEHa 3'€HAHHAM BHMIPIOBAJBHUX BIBOMIB YCIX TPHOX
BBO/IiB CHJIOBOTO TpaHC(opMaTopa.

Bimowmi iHII MeTOAM AiarHOCTYBaHHS CTaHy i30JIAlii MacjIOHAIOBHe-
HOTO eJIeKTpooOIagHaHHA, SKi 0a3yIOThCS Ha Pi3HHUX SBHINAX, — (ikcaris
CTPYMY 1 IMITyJIBCIB PO3PSAAY, aKyCTUYHHUH IIIyM 1 €JIEeKTPOMarHiTHE BUIIPO-
MIHIOBAaHHS, BUMIpIOBaHHS MAarHiTHOI iHIyKIii Ha CTiHKax Oaky TpaHCdo-
pMmaropa Tomo [53-57].

Pa3zoM 3 TUM iCHye HIMPOKE Pi3HOMAHITTS 3aC00iB KOHTPONIO TEXHIY-
HOTO CTaHy CHJIOBHX TpaHCc(opMaTopis.

B pobori [58] 3anponioHOBaHO MPUCTPIii U BUMipPIOBaHHS OIIOPY MOC-
TIHHOTO CTPYMy OOMOTOK CHJIOBOTO TpU(asHOro Tparchopmaropa, sIKHA
3aCTOCOBYETHCS IPH ITyCKOHATATOMKYBAIBHUX, MPOPITAKTHIHNX Ta Mepi-
OJUYHUX BUNPOOYBaHHSIX, a TAKOXK IPH KOMIUIEKCHUX OOCTEXKEHHSX TpaH-
cdopmaropis. IIpucTpiii 103BONISIE ABTOMATH3YBATH 3 BHCOKOIO TOYHICTIO
PEeXIM BHMIPIOBaHHS OTOPY IOCTIHHOMY CTpyMy OOMOTOK TpH(a3HHUX CH-
JIOBHX TpaHc(HOpMaTOpiB.

IMoaiOHMit miAXix 10 BUMIPIOBAHHS OMOPY OOMOTOK TPH(A3HOTO TpaH-
chopmaropa BUKIaneHO B podoTi [59].

Jlnst BUMIPIOBAaHHS CTPYMY Ta BTPAT XOJIOCTOI'O XOAY CHIIOBHX TpaHC-
(dopmaTopiB Ha CTafii JOCHIMIKEHb 3aCTOCOBY€EThCS MPHUCTPIH, B SIKOMY, 3a
paxyHOK OIHOYAcHOI (ikcarlii 3Ha4eHb CTPyMY, HAIpPYyTH, YACTOTH Ta I0-
TYXHOCTI BTpPaT XOJOCTOTO XOAy 3 aBTOMAaTHYHHM BHKIIOYCHHSM BILUIUBY
MOXMOOK BTpaT BUMIPIOBAIBLHOT CXEMH, @ TAKOX 32 PaxyHOK BUKJIIOUEHHS
BIUTMBY CKJIQIOBUX CTPYMY Ta Halpyrd KpaTHHX 4acTOT OCHOBHOI rapmo-
HIKH, TiIBUIIY€THCS TOYHICTH BUMiptoBaHb [60].

Bigomuii npucTpiit 4718 AlarHOCTYBaHHS 3aMHKaHb B TpaHC(OpMAaTopi,
HPUHIKIT POOOTH SIKOTO MOJISTAE y MOAavi y BUMIPIOBAIbHUI KOHTYD BH-
COKOYACTOTHOTO CHHYCOIJIBHOTO CHI'HALy 3 HACTYIIHHM IOPIBHSHHSAM
BUMIPSHOTO CUTHAJTY 3 €TAJIOHHUM [61].
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[onibHy QyHKIiI0O BUKOHYE MPUCTPIH I BUIPOOYBaHHS BHTKOBOI
1307151111 eNEKTPUIHUX 0OMOTOK, B IKOMY (OPMYEThCS BUIPOOYyBabHA Ha-
Ipyra y BUIJIAAl CyMH TapMOHIYHHX CKJIQJOBHX, peakiis 00’€KTa JOCmi-
JDKCHHSI Ha SIKY, y BHIVISII aMIUTITYAM CHTHAIY IEBHOI 4aCTOTH, MOPIBHIO-
€ThCS 3 ETAIOHHUM 3Ha4YCHHsM [62].

B po6otax [63, 64] onmrcaHo mpUCTPOT ATSE KOHTPOIIIO TEXHIYHOTO CTa-
Hy OOMOTOK TpaHC(hOpMaTopa, IO JO3BOJIOTH TIarHOCTYBATH ITOIIKO-
JUKEHHS OOMOTOK, BUKJIMKAHI BIUIMBOM CTPYMiB KOPOTKOTO 3aMHKAHHS.
IIpurmun ix pobOTH monsArae y BUMIPIOBAHHI YaCTOTHHUX XapaKTEPUCTUK
CTpyMy B OOMOTKaxX TpaHc(opmaropa, sIKi € peakilielo Ha TECTOBHM CHT-
HaJL

Binomuii crioci® A KOHTPOIIO TEXHIYHOTO CTaHy 0OMOTOK TpaHcdo-
pmaropa [65], mo mepexbayae MOTOYHI BUMIPIOBaHHS HAIIPYT Ta CTPYMIB
0OMOTOK, a TaKOK YaCTOTH HAIPYTH €JIEKTPUYIHOI MEpEexi Ta TeMIepaTypu
HaBKOJIMIIIHBOTO CEPEIOBHUINA 3 TOJAIBIIMM TTOPIBHSHHSAM 3HAa4eHb Iapa-
METpiB KOHTPOJIIO 3 eTaJlOHHUMH 3HaueHHsMH. Criocid mependadae KOHT-
poIb poOOTO3AaTHOCTI TpaHChopMaTopa B HOPMATBHOMY PEKUMI POOOTH.

IIpucTpif A7 KOHTPOIIO 1 3aXHCTy CHIOBHX TpaHCc(opMmaTopiB Bif
nedopmanii 0OMOTOK NPU KOPOTKUX 3aMUKaHHIX B IPOIEC eKCIUTyaTarrii
omy6uikoBaHo B [66]. HemepepBHUIT KOHTPOIb CTaHy OOMOTOK JOCIIIKY-
BAaHOTO CHJIOBOTO TpaHC(opmaropa 3a0e3MeqyeThesi IOCTIHHUM BH3HAYCH-
HSIM 3HAYCHHS BiIXWICHHS IHAYKTUBHOCTI BiJT 6a30B01.

BingkntoueHHs cui0BOTO TpaHchopMaTopa BiJl eIeKTPUIHOI Mepexi
B pa3i BUHUKHEHHS PeXXUMY HOTo poOOTH, IO MOXKE MPHU3BECTH A0 IMOS-
BH nedopmariii 0OMOTOK, 3alPOITOHOBAHO B MPHUCTPOT, IKHHA OMyOJIiKO-
BaHoO B [67].

B poboti [68] 3ampormoHoBaHMiI TPUCTPiil HETIEPEPBHOTO KOHTPOIIO
cTaHy 0OMOTOK CHJIOBOTO TpaHCc(opMaTopa, MPUHIKI pOOOTH SIKOTO TOJIs-
rae B HACTYIHOMY. BuMiproeTscst cTpyM B HEHTpalli CHIOBOTO TpaHCHOp-
MaTopa, Halpyra HyJIbOBOI IOCIITOBHOCTI Ha IIHMHAX, 0 AKOT IiIKII0OYeHa
00MOTKa 13 3a3eMIICHOI0 HEHWTpaJLTro0. 3a HOTOMOTOK BHUMIPSIHOI HAIPyrd
HYJBOBOI IOCIIIOBHOCTI (hOPMYETHCS CTPYM, HPOMOPLIHHUNA CTpyMy Hy-
JLOBOT MOCHITIOBHOCTI TpaHC(hopMaTopa B MOYATKOBOMY CTaHi, SIKHHA Bij-
HIMaeThCs Bi cTpyMy Heifrpani Tpanchopmaropa. OTpuMaHa pi3HHLS SB-
nsie co00I0 CTPYM HYJIBOBOi MOCTIZOBHOCTI Bij MOJOBXKHBOI HECHMETPIi,
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00yMOBIICHOT Pi3HUMH OTIOpPaMH KOPOTKOTO 3aMHUKaHHSI 00MOTOK (ha3 TpaH-
chopmaropa. SIKIIO Mpu MPOTIKaHHI 30BHIIIHBOIO CTPYMY KOPOTKOTO 3a-
MUKaHHS BUHHKIA AedopMariist oOMOTKH ofHi€i 3 a3 TpanchopmaTopa, TO
3MIHIOETECS OITiP KOPOTKOTO 3aMUKaHHSA Ta CTPYM HYJIBOBOI ITOCTIIOBHOCTI
0OMOTKH 13 3a3€MJICHOIO HEWTPAJUIIO, a, OTIKE, 3’ ABISETHCS PE3YJIbTYIOUHI
CTpyM, sfkuil mo (asi KoniHeapHUH 31 cTpyMOM AehOpMOBaHOI OOMOTKH,
IO € O3HAKOIO IS BHABIEHHSA (a3u TpanchopmaTopa 3 nedopMoBaHOIO
00MOTKOI0. 3Ha4eHHS Pe3yJbTYIOHUOro CTPyMy IIPOIOPLIHHE BIAXHUICHHIO
OIopy KOPOTKOTO 3aMUKAHHS Bifl IOYAaTKOBOTO, a TOMY [IiIEHHAM MOMYJIS
PE3yIBTYI0Y0TO CTPYMy Ha MOMIYTH CTPyMy NeOopMOBaHOI (a3 3HAXO-
JIUThCS BiTHOCHE BIIXHUJICHHS OTIOPY OOMOTKH.

AHAJIOTIYHMM YWHOM 3IIHCHIOETHCS KOHTPOJb Jeopmallii 0OMOTOK
CHJIOBOTO TpaHC(hOpMaTOpa 3a JOMOMOTOI0 IIPHCTPOIO, BHKJIAICHOTO B
[69].

[InstxoM TOPIBHAHHSA BUMIPSHOTO OINOCEPEAKOBAHO (PAKTHUYHOTO
3HA4YCHHA OIMOpY KOPOTKOTO 3aMHKaHHS OOMOTOK TpaHcdopmaropa 3
CTAJIOHHUM B MpPHCTPOI, mo omyOmikoBanuii [70], peanizyeTbcs BHCHO-
BOK IIPO CTyMiHb AedopMariii 0OMOTOK JOCIIIPKyBaHOTO CHIOBOTO TpaH-
chopmaropa.

B po6ori [71] peanizoBaHo croci0 BUSBICHHSI KOPOTKO3aMKHYTHX BHT-
KiB €JIEKTPUYHOI OOMOTKH, SIKMM TIepef0adaeTsCs MiAKII0UYeHHS 10 00Mo-
TOK Hampyru 3MiHHOI 9acTOTH 3 HACTYIHMM BHMIDIOBAaHHSAM IapaMeTpiB
PE30HAHCHOTO KOHTYPY OOMOTOK. 3 4aCTOTHOTO MaKCHMYyMy BHUMipIOBaHO-
TO TTapaMeTpa NPUHMAETHCS PIIeHHS PO HASBHICTh KOPOTKHUX 3aMHKAHb.

Bimomuii mepeHOCHHIA TPUCTPIH 11 KOHTPOJTIO 130JIAIIiT CHIIOBUX Tpa-
HcopMaTopiB [72], mpuHIKI poOOTU AKOro Oa3yeThes Ha ABUILI, IO IPU
TIOTIpIIEHH] CTaHy 13011 00MOTOK TpaHC(hOpMaTOpa HENiHiIfHI 9aCTOTHI
XapaKTEPUCTUKH 3MILIYIOThCS B HAIIPSMKY 3MEHIICHHS 9acTOTH. 3a JOI0-
MOTOI0 ITHPOKOCMYTOBOTO T'€HepaTopa CUHYCOINaNbHUX IMITyIbCIB CHTHA-
JIM IOJAI0ThCA Ha OOMOTKH TpaHc(opMaTopa i 3 BiIKIHUKY, ONIPaIribOBAaHOMY
32 MaTeMaTHYHOI0 MOJEIUII0, POOMTHCS BHCHOBOK NP0 IHMHAMIKY CTaHY
1307smii.

B pobGorax [73, 74] BukiageHi MaTepiaid OO0 MPUCTPOIB KOHTPOIIO
CTaHy 130JIsLii CHJIOBUX TpaHC(HOPMATOpiB B mporeci ix podortr. Ocobu-
BICTIO peai3anii 3a3Ha4YeHUX IIPUCTPOIB € BiJICIIAKOBYBAaHHS 3MIHU YUCIIO-
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BHX BEJIMYMH €MHICHMUX Ta aKTUBHHX IPOBITHOCTEH CXeMH 3aMiIIeHHS KO-
HTPOJILOBAHOTO TpaHcdopmaTopa, 3a SKUMH (OPMYETHCS BHCHOBOK IIPO
nepefaBapiiiHy CTajiif0 eKCIUTyaTalii 00’e€KTa JOCHIIKEHHS, 00yMOBIIEHY,
HaIIPHUKJIAJ, 3BOJIOKECHHAM i30ismii. /logaTkoBa QyHKIIS OIiHIOBaHHS PiB-
Hs IHTEHCHBHOCTI YaCTKOBHX PO3PSAIB B i30JIAIiT CHIIOBOTO TpaHChopMa-
TOpa peallizoBaHa B IpUCTPOT [74].

Jns niarHOCcTyBaHHS HecnpaBHocTeil mpuctporo PITH cumoBux TpaHc-
(hopMaToOpiB BHKOPHUCTOBYETHCS MiIXiM, SKAM MepeadavyaeTbCcss BHMIpIO-
BaHHA 110 KPUBil CTPyMy TPUBAJIOCTI IpoLeCy NepeMUKaHHSA Ta BU3HAUCH-
HS TPUBAJIOCTI 3HAXOKCHHS B 3aMKHYTOMY Ta PO3IMKHYTOMY ITOJIOKEHHSIX
OCHOBHMX KOHTAaKTiB KOHTaKkTopa. Marepiain 1moao peanizauii IpHCTPOIO
omy0GuikoBaHi B po6oTi [75].

B iHmiit poGorti [76] MpomOHY€ETHCSI KOHTPOIIOBATH POOOTO3AATHICTH
npucrpoto PITH nuisixoM BUMIpIOBaHHS OIOPY KOHTAKTiB B KOXKHOMY I10-
JOKeHHI TepeMuKaua. [Ipyu BiAXuIeHHI BUMIPSHOTO 3HAYCHHS ONOPY Bix
HOPMOBAHOTO TPUIMAETHCS PIIIEHHS PO MOXIIMBY HECTpaBHICTH. Taka
nponeaypa 34iHCHIOETECS Ha CTa/lil PEMOHTY CHJIIOBHX TpaHC(OpMaTOpiB.

B psni pobit mependagaeThes 3AiMCHEHHS A1aTHOCTYBaHHSA CTaHy CHU-
J0BOTO TpaHC(opMaTOopa HIIIXOM BiICHIIKOBYBaHHS 3MIHH Psmy Hapame-
TpIB, SIKi BU3HAYAIOTHCS OIOCEPEIKOBAHO Yepe3 BUMIPIOBAHHS IHIIMX Ma-
pamertpiB. Tak, B po6oTi [77] BU3HAa9a€eThCS JUHAMIYHA CTilKiCTh 0OMOTOK
TpaHchopMaTopa 3 BUMIPIOBaHUX 3HAUCHb HANPYTH Ta CTPyMY TpaHc(hop-
matopa. B iHmii my6mikarii [78] 3amponoHOoBaHO BUMIpIOBATH Ail0Ui 3Ha-
YeHHS Ta (ha3u BEKTOPIB CTPYMIB Ta HAIPYTH B 0OMOTKaxX B Pi3HI MOMEHTH
4acy, 3a SIKUMH BU3HAYA€THCS OMIpP Ta BTPATH KOPOTKOTO 3aMHKAHHS, a Ta-
KOX 3HA4YEHHs CTPyMy Ta BTPAT X0J0ocTOro xoxy. PopMyBaHHs MiAXOMiB
JI0 BH3HAUCHHS OIOPY Ta BTPAT KOPOTKOTO 3aMHKaHHSI, CTPyMy Ta BTpaT
XOJIOCTOTO XOAy, aKTHBHUX Ta IHIYKTHBHHX OIIOPIiB KOXXKHOT OOMOTKH, KO-
edinienta Tpancdopmarnii TpaHchopmaTopa, OIOpPY HyIbOBOI MOCHIiTOBHO-
CTi pO3TIISIAIOTHCS B poOOTI [79].

Kpim Toro, icHye migXin, KW mepeadadae AiarHOCTYBaHHS OIpeCy-
BaHHA 0OMOTOK TpaHC(hOPMaTOpa 3a CIEKTPATBLHOIO I'yCTHHOIO MOTYKHOCTI
HaBeJIeHOI B 0OMOTKaX eNeKTPOPYIIiHHOI CHIIM BHACIIIOK TTOSBH BiOpartiii-
HHUX MPOIIECIB MTPH MEXaHIYHUX BILIMBax Ha TpaHchopmarop [80].
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