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OLHIHIOBAHHA CTAHY B CUCTEMAX MOHITOPUHI'Y CHJIOBUX
TPAHC®OPMATOPIB TATOBUX MIACTAHIIIA

Beryn

[MotyxHi Tpancopmaropu € HaOLIBII JOPO-
TMMHU 1 CTPATeriuHO BaXJIMBUMHM KOMIIOHEHTaMH
Oy/Ib-KOi eJleKTporocTayaibHol cuctemu. Cepito-
3HE TOIIKO/KCHHS BEITUKOIO CHJIOBOTO TpaHC)O-
pMmaropa NpHU3BOAWTH J0 3HAYHUX BUTpPAT Ha pe-
MOHT 1 HEJOBIAIYCK €JIEKTPOCHEpTii Yepe3 BijK-
JIIOYEHHsI CIOKMBaviB. B Toif ske yac, 3HayHa vac-
THUHA JiI0Y0r0 O0JaJHaHHS €JIEKTPONOCTaYaIbHUX
CHUCTEM YKpalHCHKHX 3ajli3HWIL Oyja BBEICHA B
ekcrutyatamito me B 60-80-ux pokax MHHYJIOTO
cTomitTs. Takuii YMHOM, BUCOKHI CepeaHill TepMiH
eKCIUTyaTalii BUKJIMKAE BUCOKY IOIIKOMXYBaHICTh
CWJIOBMX TpaHcopMmaTopiB 1 Oe3nocepenHbo
BIUIMBAa€E Ha HAifiHICTh CHUCTEMH eNEeKTpOINoCTa-
YaHHA B [IIOMY.

OmHuM 13 NUIAXIB IIABUINEHHS HAIIWHOCTI €
CBO€YACHE MAIarHOCTYBaHHS PO3BHUTKY JE(EKTiB,
SKI MOXYThb HPUBECTH IO aBapiiHOrO BUXOLY 3
Jagay cuiaoBoro Tpancopmaropa. Tomy Bkpaii Ba-
KITUBO BMIiTH MPaBUIILHO OIIHIOBATH CTaH CHIIOBUX
TpaHchopMaTopiB, BU3HAYATH JOMYCTHMICTh IEB-
HUX PSXHUMIB iX poOOTH, BU3HAYATH pecypce iX i30-
JSLT Ta MPOTHO3YBATH JIOMYCTUMHUMA TEPMiH CITyXK-
ou.

B nilouMx eseKTpomocTadaJbHUX CHCTEMax
Ykpaiau 1 MiaTPUMKH €IeKTPOOoOIaTHAHHS Tij-
CTaHILi{, B TOMY YHCIIi MapKy CHJIOBUX Tpanchop-
MaTopiB, B CIPaBHOMY TEXHIYHOMY CTaHI Halvac-
Time BUKOPHUCTOBY€ETHCS IJIAaHOBO-
norepeKyBajibHa CHCTEMa TEXHIYHOTO 00CIyro-
BYBaHHS 1 PEMOHTY, SIKa PErjaMeHTY€e BUKOHAHHS
poOIT MO eKkcIuTyaTarii 3 MeBHOI0, YiTKO 33aJaHOI0,
nepioguuHicTio. [Ipore, Taka cucremMa HE € TEXHi-
YHO 1 €EKOHOMIYHO JOLJIBHOK. BigKIrO4eHHs 11
PO LTAKTHKN Ta IUIAHOBHUX PEMOHTIB CIPaBHOTO
eNIEKTPOYCTATKYBAHHS MPU3BOJUTH 10 HEBUIIPAB-
JAaHUX BHUTpAT. Y 3B'I3Ky 3 1M, 3 METOK 3MEH-
LICHHS BUTPAT Ha EKCIUIyaTalilo Ta IiJBUILCHHS
HaIIHHOCTI POOOTH CHIIOBHX TpaHCHOPMATOPIB, K
3a KOPJIOHOM, TaM i B YKpaiHi, iIHTEeHCHBHO PO3BU-
BalOTBCSI 1 BIPOBAIKYIOTHCS CUCTEMH Oe3lepepB-
HOTO MOHITOPHUHTY, 5IKi BUKOHYIOTb OI[IHKY MOTOY-
HOTO CTaHy CHJIOBHX TpaHC(HOpPMATOpiB i3 3acTo-
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CYBaHHSM CYYaCHHMX KOMITHOTEPHHMX TEXHOJIOTIH i
ABTOMAaTUYHOTO 300Dy, 00OpOoOKH Ta aHAJI3y NaHUX.

IlocTanoBka 3amaui

IcHye Benmuka KUTBKICTh €(EKTHBHHUX METOJIB
Oe3nepepBHOr0 MOHITOpHHTY (online monitoring),
0 JAKOTh MOXJIMBICTH OLIIHUTHA CTAaH 1 BUSBUTH
MOXJIMBI BIJIMOBH CHJIOBUX TpaHC(HOPMATOPIB.
BusiBJIeHHSI BCHOTO CIEKTPY MOXKIHMBHX JIE(EKTiB
TpaHcopMaTopHOTO O0JIaHAHHS BaXKO 3a0e3re-
YUTH SIK 3 YACTO TEXHIYHMX TaK i 3 €KOHOMIYHUX
NPUYMH, TOMY OCHOBHA yBara, 3BU4aiiHO, IPUALIS-
€TbCS BUSIBIICHHIO JC(EKTIB, SKi MPOSBISIOTHCS
HalO1IbII YacTo, a00 K HalOIIbII HeOe3ImeuHl s
Tpanchopmaropa. BupoOsieHHSI KOHKPETHUX BH-
MOT JI0 CHUCTEM MOHITOPHHTY TpaHC(QOPMaTOpiB
BimOyBanocs mif erinoto MEK, i B nanuit yac Haii-
OUTHII TIOBHUM JIOKYMEHTOM 3 IIhOTO ITHTAHHS
BBaXaloThCsl pekomenpauii inctutyty IEEE [1].
JiarHocTHYHI MapaMeTpH, SKi 3a3BHYail KOHTPO-
JIIOIOTHCS 32 BUMOT'aMH [ILOTO KEPIBHUIITBA HACTY-
THi:

CTPYM, Halpyra, MOTY>KHICTb;
rasy, pO3UMHEHI B MacJIi, i BMICT BOJIOTH;
3MiHa EMHOCTI Ta tgd BBOMIB;

[J TeMmepaTypa Maciia B pi3HHUX YacTHHAX Tpa-
HcopmaTopa;

[J komyTaliifHi i atMocepHi mepeHanpyru;

[J cTpyMH KOPOTKOT'O 3aMHUKaHHS;

[J 9acTKOBI PO3PSAH.

JlomaTkoBO 10 3a3HAYEHUX OCHOBHHUX Iapamer-
piB JiesiKi BUPOOHUKH CHCTEM MOHITOPHHIY IIpPO-
MOHYIOTh HACTYITHI MOJJIMBOCTI: BUMIp Ta aHai3
Bosiorocti Macina B PITH; KiapKicTh 1 IIBUAKICTH
3MiHU Ta3iB y Ta30BOMY pelie; TUCK, PI3HUI THC-
KiB Macjia y BBOZAAX; BiOpOXapaKTepUCTUKU TpaH-
chopmatopa ta PITH; BomoricTs mOBIiTps B po3IIu-
pHUKY [2].

[Ipore, BUKOPUCTAHHS BCIX IUX METOMIB IS
CHJIOBOTO TpaHc(opMmaropa TAroBoi MmiACTaHLIl sK
MIPaBUJIO HEIOIIUThHE, OCKUIBKY I1i METOAM TOTpe-
OYIOTh BCTAHOBJICHHSI NOPOroro oOjajaHaHHS abo
BIJKIIIOYEHHS1 TpaHc(popMaTopa Ha 3HAYHHMHA Yac
JUTE BUKOHAaHHS AiarHOCTUKA. CYKYITHICTh BCTAHO-
BIIFOBAaHUX JATYUKIB 1 CHCTEM MOHITOPHHTY IIO-
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BUHHE BU3HAYAETHCS EKOHOMIYHOIO OIUTBHICTIO
BIJIIOBIIHO 3ajiayaM Ta MOTYXKHOCTI TpaHchopma-
Topa.

PosrasaemMo aeranmpHime mito pi3HUX (HaKTOPIiB
Ha TMPOIeC 3MIHU CTaHy CHJIOBUX TpaHC(HOpMAaTO-
piB, SIKMI BIUIMBAa€E Ha TEPMiH CIy>KOU Ta iMOBIip-
HICTh TOSBU Ne(EKTIB, SKi MPU3BOIATH O BUXOAY
obnagHaHHA 3 TamIy.

MarepiaJ i pe3yJbTaT 10CTiTKEHb

TemoBuii BILUTUB, SK MPABHIO, PO3TISNAETHCS
SIK ONWH 3 HaHOUTBII BaXXIWBUX (PaAKTOPIB, IO
BIUIMBAE HA TEPMIH CIYXOU CHIIOBUX MACIISTHHX
TpaHncpopmaropiB [3]. Ha manuii wac pospoOiieHi
YUCIICHHI MAaTEeMAaTHIHI MOJIEITi IIOTO MPOTIECY IS
OIIIHKA MOXIIMBUX HACIIJIKIB Pi3HUX PEKHMiB Ha-
BaHTAXXCHHS, NUKIIYHUX a00 CHUCTEMaTHYHUX, 3a
PI3HHUX TeMIepaTyp OXOJOIKYyBAIBHOTO CEpelo-
puma. OpHa 3 TakuX Moneneld HaBeleHa B
I'OCT14209-97 [4], sxuii MICTUTh METOIUKU PO3-
paxyHKy IOIyCTHMOI TeMIlepaTypu B TpaHc]op-
MaTopi, 30KpeMa, TeMIIepaTypy HalOiIbII HArpiTOi
TOUKH 00MOTKH. TeMnepaTypy HalOLIbII HATPITOT
TOYKH OOMOTKH, Y CBOI 4Yepry, BUKOPUCTOBYIOTh
JUTS BU3HAYEHHS BiTHOCHOI IIBUAKOCTI TEPMIYHOTO
3HOCY 130JIS111.

B crangapti [4] po3paxyHKoBi (opmyim ams
BH3HAUYEHHS TEMIIEpaTypu Maciia B YCTaJICHOMY
TEIJIOBOMY PEXHMMi 3a HaBaHTaXeHHAS K TMomaHi
JUISL PI3HUX BUIB OXOJIODKCHHS.

Hns Bun oxonomxeHHs: ONAN, ON BUKOpUCTO-
BYEThLCS HACTYMHA (popmyra

1+ RK(£)?
0,(1) =0, (0)+ A0, | ——— | . (1)
1+R

Jnsa Buny oxomnojkeHH OF METOA po3paxyHKy
3aCHOBAaHMHA Ha TEMIIEpaTypi Macia B HIDKHIN i
cepe/iHii yacThHaX OOMOTKH 1 cepeiHill TeMmepa-
Typi Macna:

1+ RK (1)

9o(l)=9a(t)+A9brT + 2

+2[ A8y — MO, | K (1)

VY nux ¢dopmynax 0,(f) — Temmeparypa 0xoJjio-
JOKYIOUOTO Cepe/loBHUINa, X — MOKA3HUK CTENEHIO
Macia, R — BiIHOIIEHHS BTpat, A, — IepeBUILICH-
Hsl TEeMIIepaTypH Maciia B HW)KHIA 9acTHHI 0OMOT-
ku, AD; — NEPEeBHUIICHHS TEMIIEpaTypyu Macjia Ha
BHXOJIi 3 0OMOTKH.

st Buny oxomomkeHHs OD MeTo po3paxyH-
Ky, B OCHOBHOMY, TaKHl e, 5K 1 JJI By OXOJIO-
JokeHHst OF, 3a BUHSATKOM TOTO, IIO J0 3HAYCHHS
TeMIrepaTypy HaHOUIBIT HArpiToi TOYKH OOMOTKH
0,(f) nonaeThcst MOMpaBKa Ha 3MiHY OMIYHOTO OIIO-
py 0OMOTOK Bijx TeMriepaTypu (3a K >1).

IlIo Bigmomennio woxem ['OCT14209-97,
OiMBpII TOYHUMH € Moxedi 3rimao Swift [5] i
Susa [6]. 1li Mozmem XapaKTepHU3yIOTHCS HACTYII-
HUMH Au(epeHIiaTbHUMHU PiBHIHHAMHA

0 Swift
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ArmapaTHa 4acTMHA CHCTEMH MOHITOPHUHTY MO-
JKe BKJIIOUATH JATYUKU Ul BUMIpIOBaHHS TeMIIe-
paTypy Macja B Pi3HHX YaCTHHAX 0aKy, a B ACIKUX
BUTIAJIKaX 1 TEMIEpaTypu HOro HaOULIbII HArpiTol
Touku 00MOTKH. [IpoTe, 3Bakatoun Ha EKOHOMIYHY
JIONUTBHICTh Ta TEXHIYHY MOKJIMBICTh, HalidacTile
BUKOHYIOTh BHMIPIOBaHHSI TUIBKH TEMIIEPaTypH
Maciia B BepxHix mapax. [Hopmaris Big naHoro
IaT4vKa Moke OyTH BHUKOPHCTaHA IJIsl BUSIBICHHS
pizHEX AedekTiB TpaHchopMaTopa MUIIXOM CIIiBC-
TaBJICHHS 13 MOJICIUTIO IIBOTO TIpOLECy. AJITOPUTM
poOOT cHCTEMH MOHITOPUHTY Tiependadae mocTiii-
HE TIOPIBHSHHS BHUMIPSHUX 3HAUYCHb IapaMeTpiB
cTaHy (B JaHOMY BHIIQJIKy, TEMIIEpaTypu) 3 OAep-
’)KaHUMHU 3a JOIIOMOroi0 ix Mojenei. TakuM 4u-
HOM, IHAMKATOP MOHITOPHHTY AJISI MOJEI aHallizy
TEeMIIEpaTypy Maciia B LIbOMY BU3HAYUMO SIK

_ eo.t (- eo.p (1)
eo.t O]

ne 0,,(f) — TeopernuHe 3HAUCHHS TEMIIEPATypH

Vo , (5)

MacJya 3HaieHe 3a piBHIHHEIMUA (1)—(4);
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0, p(t) — IIPaKTU4YHE 3HAYEHHS TEMIIEPaTypH

BHUMIpPSIHE BiMOBIAHUM JaTYUKOM.

[HIIMM Ba)XITMBUM 3aBJAHHSM, 10 BUPILIYETHCS
CHUCTEMOI0 MOHITOPHHIY B TIpOIleCi eKcInTyaTarlii
Tpanchopmaropa, € OIiHKa IMOTIPIICHHS TEXHITHO-
ro craHy HOro i3oJsmii CHpUYMHEHE TepMIYHUM
CTapiHHAM BHACIIIOK pOOOTH MiJ] HABAHTAKCHHSIM.
Buxopucranas ['OCT14209-97 B imkeHepHiH
MPaKTHINl 3a3BUYall mependadyae IeTepMiHOBaHUMH
MiJXiJ O OI[iHKK PEKUMIB HaBaHTAXKCHHS TPaHC-
(dhopmaTopa 3a pizHUME KpuTepismu. [Ipore 3 pos-
BUTKOM Ta BIIPOBA/KCHHSM CYy4acCHHX MiKpOIpO-
LECOPHUX CHCcTeM 300py Ta oOpoOku iHpopmamii
PO EJNEeKTPUYHI HABAaHTKEHHS Ha IIiJICTaHIIisIX
3’SIBISIETHCSI MOYKJTMBICTH CKOPHCTATHCS OLIBIT TO-
YHUMHU CTOXaCTHYHUMH MOJETISIMH, sIKi 0a3yIOThCs
Ha MOJIENIOBaHHI BUMAAKOBUX (DI3MYHMX MPOLECIB
B TpaHcopMaTopi 3 BHKOPHCTAaHHIM HMOBIpHiC-
HOT BUXIJHOI iH(opMarrii.

Y T'OCT14209-97 BHUKOPUCTOBYETHCS BiTHO-
menHs MoHTcinarepa [7], sike € CIpOIIeHHSIM 3aK0-
Hy AppeHiyca 1010 TepMoxiMidHoro 3xocy. HMoro
MOYKHA 3aITCaTH K

to~ aeP® (6)
,
Je . — TepMiH CIIyxOH 130Js1ii;

a, b —crani; 6 —TeMneparypa.

J1st pO3TIITHYTOTO B CTAaHAAPTI Mialma3oHy TEM-
mepaTtyp BHUKOPHCTaHHS pIBHSHHA MOHTCiHTepa
BBXXAETHCS JOCTATHIM 1, IO CYTi, JIa€ OI[IHKY Tep-
MIYHOT'O 3HOCY 3 3a[1aCOM MII[HOCTI.

Bupas mns o6uncieHHs BiTHOCHOTO 3HOCY 130-
nsinii (abo BiIAHOCHOTO CKOPOYEHHS TEpMiHY CIy-
OW) MPOTATOM IEBHOTO IMEPIOy Yacy MOXHa Io-
JIATH Y BUTJISII

Sli
L(31;) ZTL I 2[9}: (f)—eh.r]/Aedt; (7)
0

3BIIKH

L5ty = i ol0ni=0nr )20,
Yoo

0

®)

ne 0y; — remneparypa HHT oOmoTku st i-ro
MOMEHTY 4acy; 0, — rpaHNYHEe 3HAUCHHS TEeMIIe-

paTypu HaHOUTBIT HATPITOT TOYKA OOMOTKH.

st aeTepMiHOBaHOI IMOCTAHOBKU 3ajadi OIiH-
KA HaBaHTaXyBAJIbHOI 34aTHOCTI KPUTEPIsIMH €
HACTYITHI YMOBHU:

[J 3Ha4eHHA TeMIepaTypu B OyAb-IKHHA MO-
MEHT 4acy MeHIe a00 AOPiBHIOE MPHUITyCTUMOMY
3Ha4YEHHIO 0}, , TOOTO
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0(r) < ez(on; ©

BiHOCHMI 3HOC i30T L(¢) 3a wac 7 MmeHIe abo
JTIOPIBHIOE OJTUHMUIIL, TOOTO

L(t)<1. (10)

3a CTOXaCTUYHOTO TMiAXOMy KOXHY 3 3a3Hade-
HUX YMOB PO3TJIIAIOTH K OaxkaHy abo HeOaxaHy
nonito. Kputepiem onTUManbHOCTI B I[bOMY BHITa-
JIKY € IMOBIpHOCTI BUKOHAHHS JaHWX Tomii [8]. YV
UBOMY BHUNAIKy MaKCHMI3yIOTh a00 HOPMYIOTbH
(ymoBa yxBaJleHHS ONTUMAaJbHOTO pillleHH:) MiHi-
MaJbHY IMOBIPHICTH TOsIBH Oa)kaHOi MOMii i MiHi-
Mi3yloTh a00 HOPMYIOTh MaKCHUMajJbHY IMOBIip-
HICTh MOSBU HeOaXaHOT MO/Ii1, HATPUKIIA;

p[0(2) = Oy0y | =0,05. (11)

p[L(@)=1]=0. (12)

OI1liHKa PEeXUMY HaBaHTAKEHHS B CHCTEMI MO-
HITOPHHTY MO)Xe OyTH 3JIIiHCHEHa IUIIXOM iMiTa-
IIHHOTO MOJICIIOBAHHS BiJIHOCHOTO 3HOCY Ta Tep-
MiHY CIYXOHM i30rii. OnepkaHHS CYKYITHOCTI
peanizaniii Temneparyp Macia 0,(f), HaiOLIBII

Harpitoi Touku oOMoTkHM 04(f) Ta BimHOCHOTO

3HOCY 130l TpancdopMaropa BUKOHYEMO B Ha-
CTYIHIN TOCIIJIOBHOCTI:

1) ImiTyeMO CyKymnHICTh peaji3aliii HaBaHTa-
KyBaJbHOrO CcTpyMmy I(f) Ha iHTepBani yacy I
srigHo [8]. Ilpu mpomy Moke OyTH BHKOpPHCTaHA
SIK OLTBITT CKJTaHA, TaK 1 CIPOITNCHA IMITaIlisI CTPY-
My, SIKUH TIKOPSETHCS HOPMAIBHOMY 3aKOHY PO-
3MOALTY.

2) JIns xokHOT peamizallii HaBaHTaXyBaJILHOTO
cTpyMy obumcmoeMo peanizatii 04 () 1 0, (7)

3 BUKOPHCTaHHSIM TEPMIiUHOT Mojeii TpaHchopma-
TOpa K TOKa3aHo y [9], a Takox peanizarlii Horo
BigHOCHOTO 3HOCY 3rigHo 'OCT 14209-97.

3) [IpoBOIMMO CTAaTHCTUYHY OOpPOOKY CYKYII-
HOCTeH pealizalii KOXHOI 3 XapakTepHCTHK 3
OJICPXKAHHSAM 1X CTAaTUCTHUYHUX XapPaKTEPUCTHK,
HacaMmIiepea, JeTepMiHOBaHUX (DYHKITIH KBaHTHIIIB

90_.(1e ®, e,we (1), Lg(1), tcp 3a BiAMOBIAHUME
HMOBIpHOCTAMH 0O (IMOBIpHICTH HEPEBHIIECHHS

TeMriepaTyporo Maciia abo HHT obMoTku neBHOTO
il 3HaueHHs) Ta [ (IMOBIPHICTH TMEPEBUIICHHS

3HOCOM 130JIALliT TIEBHOTO 3HAYCHHS).

Ha ocHOBI onepkaHMX 3HAYeHb CTATUCTUYHHUX
XapaKkTEePUCTUK MapaMeTPiB MOXKHA OI[IHUTH JOIY-
CTUMICTh BUKOPHCTAHHS 33JaHOTO TpaHchopMaro-
piB JUIS )KUBJICHHS CIIOKUBa4a. [ 1bOTO MOpiB-
HIOIOTHCSI OTPUMAaHI 3HaYEHHS KBAaHTHIIIB TEMITepa-
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Typ 3 iX JONMyCTHMHUMH 3HAYCHHSIMHM, a TAKOX IIe-
PEBIPSIFOTH BUKOHAHHS YMOBH Lg (H)<l.

HasBHICTE BOJIOTH B 130JIALIMHIA CHUCTEMI CH-
JIOBOTO MACJISIHOTO TpaHchopMmaropa MpU3BOIUTH
IO CTapiHHSA HOTO 130JIAIii 3MEHIITYIOUH ii eJIeKT-
pUYHY 1 MEXaHIYHy MIlHICTb. B 3aranbHOMY, BBa-
JKAETHCS 1110 30UIBIICHHS BMICTY BOJIOTH B JIBa pa-
3 3MEHIIIYE Pecypc 30JIs1ii 3 TOYKHA 30py MEXaHi-
9HOI MIIHOCTI BJBiYi, a IMIBHUAKICTH TEPMIYHOTO
3HOCY TpOTOopIiiHa 10 BMicTy Bojoru [10]. Hass-
HICTh BOJM B MacCli TaKoX 30LIbITye WMOBIPHICTh
BHHHKHEHHS OYyJIHOAIIOK IIiJ] Yac MpoIecy aecopo-
1ii BOJIOTH 3 IIEINIIOJIO3M Yepe3 30UIbIICHHS JIOKa-
JILHO KOHIICHTpAIIii ra3iB B MaclIi.

B miroumx craHmapTax HaBOAATHCS IOIYCTHUMI
3HAYEHHSI BMICTY BOJIOTH, SIKi HE TPHU3BOIATH IO
MIPUCKOPEHOTO CTapiHHs 130JAIil Ta HEe BUKIUKA-
I0Th aBapiitHWil BHUXin HOTro 3 yamy. Y TepuomMy
Bapianti IEEE Std 62 — 1995 [11] BmicT Bosioru B
TBEpAii 13051s11ii OyB BU3HAUEHHI HACTYITHUM YH-
HOM:

[ cyxa i3omsmis 0 - 2%
[J BoJora i3oisuid 2 - 4%
[J my»xe Bosora i3oismist 4,5% 1 Oinbire.

Y oOimpmr mizHROMY mokymeHTi IEEE  Std
C57.106 - 2002 [12] nonmycTUMHUH piBeHb BOJIOTH B
po0OTi BU3HAYAETHCS 32 3HAYCHHSIMH BMICTY BOJH
B Maclli, BpaxOBYIOUH TPHUITYIICHHS NP0 CTa0ilb-
HICTh TEMIIEpaTypH 1 PIBHOBAXKHHI CTaH MPOIECIB
nepeaadi BOJIOTH MiXk manepoM i maciom (Tadu. 1).

Tab6mums 1
JonmycTumi piBHi Bostoroemicry 3a IEEE Std C57.106 - 2002
. MaxkcuMaabHUNR BMICT BOAW B MacIi, . ..
HowminanbHa Harpyraj . [EXBiBaJICHTHHIA BMiCT BO/IY|
TpaHcgopmaropa mpowmie (ppm) B mamepi
50°C 60°C 70°C
Jo 69 kB 27 35 55 3%
69 — 230xB 12 20 30 2%
230 kB Ta Bumme 10 12 15 1.25%

Jlist orucy mporiecy 3MiHH BOJIOTOBMICTY B 130-
JSLIHHIA cucTeMi TpaHcpOpMaTopa MOXKHA BHKO-
pucTOBYBaTH MoJenb onucany B [13]. Cramionap-
Ha MOJIEJIb OIL[IHIOE BMICT BOJM B Macii, Iicis 3a-
KIHYEHHSI MEPEXiHOrO MPOIeCy MOTIMHAHHS abo
JecopOrii BoaW 3 marepy HpH JaHii TeMIieparypi.
Ha Bxig Momesni moma€eTsess BMICT BOJIOTH B Tarmepi
1 Temriepatypa. BMicT Bonoru B nmanepi Moxe OyTH
BU3HAYCHHI 32 BMICTOM BOJIOTM B MAacJli, BUMips-
HOMY B Ti TIepiofu, KOJH IMPOIeC OOMiHY BOJIOTH
JIOCSIT CBOTO CTAIliOHAPHOTO cTaHy. Mojenb BBa-
JKa€ TArepoBy I30JIAIII0 K «HECKIHUCHHE JKepe-
110 Bostorm». Lle 03Hauae, o mporecH MOTJIHHAHHS
1 gecopOirii cyTTEBO HE 3MIHIOIOTH BMICT BOJIOTH B
nanepi. [IpoTe 3a meBHUX Temmeparyp, IO CHpH-
YUHIOIOTh 3HAYHE CTapiHHA 130JIA11ii, 3HAYHO 3pOC-
Ta€ BUIAJICHHS BOJIOTH 3 marepy. B TakoMmy Buma-
JIKy BMICT BOJIOTH B Iamepi He MOXE BBa)KaTUCS
MOCTIWHUM 1 MOTPIOHO BKIIFOYATH B MOJIENb JI0/1aT-
KOBUH TOMIPABOYHHNA KOE(IIiEHT.

JIns BU3HAYCHHS PIBHOBAYKHOT'O BMICTY BOJIOTH
B TMamepi BUKOPUCTOBYIOTHCS KpPHBI ManepoBO-
MAacJISTHOT piBHOBaXHOI BosiorocTti 32 Oommen [14]
3 PO3MIUPEHUM POOOINM Tialma30HOM TeMITepaTyp i
BOJIOTOBMICTY MacJia.

HacudeHHst BOJIOTOIO 1O BiHOIIEHHIO IO Mac-
JIa 3aJICKATh HE TUTBKH BiJ BMICTY BOJH, ayie 1 Bif
temnepatypu. OOMiH BOJIOIOI0 MK MMarepoM i Ma-
CIIOM BiIOyBa€ThCS MO BCi MOBEPXHI OOMOTKH.
UYepes 11e, craiioHapHa MOJEIh BUKOPHUCTOBYE Ce-

16

penHI0 TeMmIepaTypy OOMOTKM Ml OTpPUMAaHHS
KOHIEHTpalii Boioru B Macii. CepenHsi Temepa-
Typa Macia B 0OMOTKax 0y,, MOXe BH3HAUaTHCS 3a

TeMIepaTypaMu BepxHix 0, 1 HmwkHIX 0 mapis
Macia 3a HopmyJior
_ 90 + eb

5 (13)

O1m
Uepe3 MOBUTEHUI TIpolleC OOMiHY BOJIOTH MiX
MAacjIOM 1 Iarepom, a TaKoX TOCTIHHY 3MiHY TeM-
MepaTypy Macjia yepe3 Bapiallii HaBaHTa)KCHHS Ta
1000Be KOJMMBAHHS TEMIIEPaTypy HABKOJIHMIIHBOTO
cepeoBHIla, HEOOXITHO BpaXxOByBaTH IepEXiTHUI
nporec 3MiHM BosiorocTi macna. dPopma piBHSHb
LBOTO Tpolecy, OyAe 3aekaTH BiJ TUILY LUPKY-
nsmii Macia (MIPUMyCcoBa Y MIPUPOJIHS).
st BapiaHTy KOJIM MAacJIOHACOC BBIMKHEHUH
¢dopma piBHAHHS HacTynHa [13]

2
d*M,, dM,,,
T panTsens —=— | Tpap + 7T —+M, =
pap -sens dtz ( pap S@I’ZS) dt m
dM i1
=M¢Fm+m—4%il
t

(14)

Hacrtymnne piBHSHHSA siBiIsIE CO0010 (PYHKITITO TI€-
peXiIHOrO Tpolecy Al MPUPOJHOTO OXOJIOKEH-
Hs [13]:
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T pan Coil © d3M’" +
ap ‘oiltsens — 3
pap ar’
d’M,,
+(Tpaproil T TpapTsens T roilrsens) 2 +
M
+(Toil * Tsens T Tpap )_m + My, =
dM ;1
=M pjj—ss + AL (Z;tl =

(15)

st BUKOpHUCTaHHSI HaBEACHOI MOJeNi B CUCTe-
Mi MOHITOPWHTY, HEOOXiIHO TpeacTaBUTH aude-
peHIlianbHi PIBHSAHHA B AUCKpeTHiN dhopmi. OTpu-
MaEMO

1 MacioHacoc BBIMKHEHHH

My, (8) = ki My (£ =1) + oy Moy, (t—2)+(16)
+k3prM o — 55 (1) + kg M o] 5 (£ =1);
[l mpupoaHE OXOIOIKEHHSI
My, (t) = kMo, (¢ =1) + koM (£ —2) +
kM (£ =3) + kapnM i —ss (1) +
+kspnM pjf 55 (E = 1).

(17)

V nux piBHAHHAX M, (t) — BMICT BOJIOTH B
Maclli B IEBHUH MOMEHT 4acy, M ,j_gq(t) — piB-

HOB)XHUH BMICT BOJIOTH B MacJIi 3a CTaI[iOHAPHOTO
CTaHy, 3HalJeHWH 3a BIMMOBITHUMH KPUBUMHU
(puc. 1), kiur 1a ki — xOCOIIEATH, O XapaKTEPH-
3yIOTh KOHKPETHUH TpaHchopMmarop Ta BiIIMOBi-
JTAIOTh 3a TOYHE HAJIAIITYBAaHHSI MOJICII.

OTXe BUKOPHCTOBYIOUM BHINEHABEACHI piB-
HSHHS MOJXXHA OTPUMAaTH TEOPETUYHE 3HAUCHHS
BOJIOTOBMICTY Macna. Jljisi KOXKHOTO iHTepBaty
JUCKpETH3allii 3HAIOYM BUMIPSHUN TOKa3HUK BU-
3HAYA€TbCSA BiHOCHA BENMYMHA BiIMIHHOCTI Bif
TEOPETHUYHOr0 3HAYCHHS, 110 1 Oyne IHIUKATOPOM
MOHITOPHHTY JJIsl MOJIeITi aHaJli3y BOJIOTH:

_ My ¢ (t)_Mm.p (t)
VM = Mm.t (t) , (18)

ne My, (Z) — TEOPETUYHE 3HAYCHHS BOJIOTOBMIC-

Ty Maclia 3HaiijeHe 3a piBHSHHAM (16) abo (17)
BIJIIOBIIHO 70 PEKHUMY POOOTH CHUCTEMH OXOJIO-
JOKEHHS,

M, P (t) — MpaKTHYHE 3HAYCHHS BOJOTOBMIiC-
Ty BUMIpSTHE BiIITOBIJHIM JaTIYHKOM.

Bennunna Tanrenca KyTa AieJIeKTPUUYHUX BTPAT
tgd nae ycepeqHeHy 00'eMHY XapaKTepHUCTHKY CTa-
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Hy miemektpuka. OCKUTBKH tgd 30IIBIIYETHCS 3
MIJBUIICHHAM TEMIIEPATypPH, TO ISl OI[IHKU CTY-
TeHs TIOTipPIICHHS 130JS1ii OOMOTOK PEKOMEHIY-
€THCSI BUMIPSHI 3HAYCHHS TIPUBOIUTH JI0 TEMITepa-
TypH BHMIPIOBaHHS TIOKa3HUKIB 130JIS1Ii1 HA 3aBO/I.
Hanpuknaz, skmio tgd 30511 00MOTOK BHMipIO-
BaBCs IPU TEMIIEPATYpi ty, BIAMIHHOIO BiJ| TEMIIE-
paTypH t,, 3alIMCaHO1 B MAcTIOPTi TpaHchopMmaTopa,
TO TPHUBEJIEHUH 10 3aBOACHKOI TeMIepaTypu tgoy,
130mAmii OOMOTOK BW3HAYAETHCS INCIAS iJIEHHS
BUMIPSIHOTO tgdy Ha koedinieHT K (Tadmn. 2). Tem-
nepaTypa BHMIipIOBaHHS BH3HAYA€ThCs 3a IMOKa3a-

MU JIaTYMKa TEMIIEPaTypy BEPXHIX IIapiB Macia.
Ta6muis 2

3navenHs koedinienra K,
AJI IepepaxyHKy 3Ha4eHb tgo

Pizuutisg temmeparyp SnaucHis K
ty - 1o, C !
1 1,03
2 1,06
3 1,09
4 1,12
5 1,15
10 1,31
15 1,51
20 1,75
25 2,0

30 2,3

OTpumaHe 3HAYCHHS MOTPIOHO TOPIBHIOBATH 3
HOpPMAaJIbHAM 3HAYCHHSIM TaHTEHCa KyTa JlieJIeKT-
pUYHHX BTpaT IUIsl JaHOTO TpaHcdopmaropa, 3a
SIKe MOKHA TIPUHHATH BEITUUMHY BUMIPSHY IiJ] Yac
3aBOJICEKMX BHIPOOYBAHb 1 BKa3aHy B MACIOPTi. 3a
1HANKATOpP MOHITOPUHTY Ul MOJENi aHaji3y TaH-
reHca KyTa JIeNeKTPUYHUX BTPAT B [[bOMY BUMAJ-
KY MPOTOHY€EThCS MPUHHSITH HACTYITHY BEIMYNHY

tgdy —tg0yp
Vigs =——————>

19
oo (19)

e tg 8H — HOPMAJIbHC 3HAYCHHAM TAHI'CHCA KyTa

JIENeKTPUYHUX BTpAT JUIS JaHOTO TpaHCHOpMaTo-
pa, tg Snp — BUMIpSHE BIJNOBITHUM JaTIUKOM

3HA4YCHHs tg0 MPHUBEACHE 10 HOMIHAJILHOI TeMIie-
paTypu (TeMrepatypu 3a sSIKoi OTpHMaHe HOpMalb-
HE 3HAYCHH).

KpurepisMmu orinku cTtaHy TpaHchopMaTopa
MOXYTh OyTH TOpOTOBi 3HA4YEHHS BHMIPSIHUX Be-
JIUYYH, BIJIMIHHICTH 1X Bifl MMPOTHO3Y BiATOBIIHOI
MO, BigHOMEHHS BeMInH. OMIHKY TOTOYHOTO
cTaHy TpaHc(opMaropa MPOMOHYETHCS BHKOHYBA-
TH HAa OCHOBI BH3HAUYEHHS «IHJIEKCY CTaHy» IO €
MEBHOIO HEMEPEPBHOI0 BEIHYUHOIO, 1 KUl Oyje
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3a]Ie)KaTH Bil BCiX 1HIUKATOPIB ITOCTYITHUX JUIS
JlaHoro Tpanchopmaropa.

OtpumaHi 3a popmymnamu (5), (8), (19) iHnuka-
TOPY MOHITOPUHTY B 3arajbHOMY BHIIQJKy MOKHA
BBR)KaTH BWITAJKOBUMH BeJuuuHamu. J[yist migBu-
IICHHS HAaJIIMHOCTI 1 CTaOIIBHOCTI Pe3yJIbTaTiB PO-
0OTH CHCTEMH MOHITOPUHTY TIPOTIOHYETHCS BHUKO-
HyBaTH IIONIEPEIHIO CTAaTUCTHYHY OOpPOOKY ITHX
BEJIMYWH 3 OTPUMAHHSAM CTAaTUCTUYHO JIOCTOBIPHUX
xapaktepuctuk. OTpUMaHi CTaTUCTHUYHI XapakTe-
PUCTHKH TPEACTABISAIOTh IHTETPAIbHY CTaTHCTHY-
HY OLIIHKY KOXHOTO 3 1HJMKAaTOpPiB MOHITOPUHTY.
Cami iHOMKAaTOpM MOHITOPHHTY BHOPAaHO TakKUM
YUHOM, IO X 3pOCTaHHS 3a MOZYJIEM CHUTHATI3y€e
IO MOTIiPILICHHS cTaHy TpaHchopmaropa.

3agaua BigoOpakeHHs Pe3ysIbTaTiB MOHITOPHH-
Ty B 3pyYHOMY JUISI CIIPUAHATTS Ta aHANi3y 00CITy-
TOBYIOUMM TE€PCOHAJIOM BUTJISAAI BHPINIYETHCS B
pamKax MmporpaMHOro 3a0e3rneveHHs iHpopMarlii-
HO-JIarHOCTHYHUX KOMIUIEKCIB, SIKI O3BOJISIOTH
BiToOpakaTH BiKHA 3 MEBHUMH ITOBITOMIICHHSIMH
Ha eKpaHW JIOKAIbHUX abo BiAgaJeHHX podounx
MICITh, 3aHOCUTH TIOKa3HUKHU B 0a3y NaHUX MOHITO-
PUHTY, PO3JIPYKOBYBaTH HE0OXinHY iH(popMaIIito.

[l HeTlepepBHUX MOKAa3HUKIB, TAKHX SIK 1HAEKC
CTaHy, IPONOHY€ETHCSI BUBOAMTH SIK CaMe 3HAUCHHS
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BucHoBku

BripoBajyKeHHsI Cy4acHHK KOMILIEKCIB Ta CHC-
TEM MOHITOPUHTY CHUJIOBHX TpaHc(opmaropiB ma-
IOTh B TIEPCIICKTUBI SKICHO HOBI MOMJIHBOCTI IS
MiIBUIICHHS iX HaJIiMHOCTI Ta SKOCTi (QyHKIIOHY-
BaHHS. 301IbIIEHHS IHTENEKTYyaIbHOI CKJIaIOBOi B
TaKOMY €JIEMEHTI MIiACTaHIN K CHIOBI TpaHC(hO-
pMaTopu JIO3BOJHMTH BHKOHYBaTH Oe3lepepBHY
OLIIHKY iX CTaHy Ta MpH3BeJie JO CIPOLICHHS Mpo-
GiTaKTHIHOTO AOTIIAMY 3a UM OOJaJTHaHHIM. [H-
¢dopmarrist po GaKTUYHKUX CTaH JO3BOJIMUTH IIPOBO-
UTH TPOQIIAKTUYHI 3aXOAW 10 TOSBU KOHKPET-
HuX JedekTiB y Tpanchopmaropi abo 10 aHOpMa-
JBHAX PEXHUMIB HOro poOOTH. Peanizaris
PO3TJSHYTOr0 CTOXaCTUYHOI'O IIIXOAY SO OIIHKH
HABAHTAXXYBAJBHOI 3[JATHOCTI CHJIOBHX MACIISTHUX
TpaHchOPMATOPIB 32 KPUTEPIEM 3HOCY 130JISIIiT Ha
OCHOBI IMITAI[IHOIO MOJEIIOBAHHS, J03BOJUTEH
npuiAMaTy OUIbII JOCTOBIPHI pIlIEHHS MPO MOXK-
JUBICTh MOTO eKCILIyaTallii 3a JaHUX PEXHUMIB PO-
6otu.
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Buytpimniit peuenszent [emoman I'. K. 3oBHINIHIN perienseHT Jleoxcuiox 1. /1.

MopylweHHs B poboTi cunosux TpaHcdopmaTopiB 6e3nocepeaHbO BMNAMBaKTb HA HAAIMHICTE €EHEProcucTeEMn B
LifIOMY, LU0 MOSICHIOE BUCOKi BUMOIW, SIKi Npea'saBAsSoTLCS A0 iX HagiHOCTI. Ana BusBneHHs aedekTiB TpaHcdo-
KOHYIOTb OLiHKY MOTOYHOrO CTaHy. Y po6oTi po3rfisiHyTO MOXJMBOCTI BUKOPUCTAHHS Pi3HMX MoAdenen ismyHux
npouecis, sIKi BNJMBalOTb Ha CTaH TpaHcdopMaTopa, K CKNaA0BMX YAaCTUH CUCTEMU MOHITOPUHrY. Hanbinbw vac-
TO B TpaHCcdOpMaTopi MOLWKOAXKYETLCA i30N15UillHa CcMCTEMA, sika 3a3Ha€e B poboTi TEN/IOBUX, €NEKTPUYHUX | Me-
XaHIYHUX BNAMBIB. SIK TepMiyHa MoAesnb ANS BUKOPUCTaHHS B CUCTEMi MOHITOPWMHIY CcMa0BOro TpaHcdopmaTtopa
MOXYTb 6yTW 3anponoHOBaHi ik Mogeni onucaHi B ctaHgapTtax IEC Ta IEEE, Tak i 6inbw TO4Hi MoAeni onucaHi B
cy4yacHuX npausx. [nsa ouiHKM 3anuWKOBOro pecypcy Ta AONYCTUMOCTI NEBHUX PEXWUMIB HaBaHTaXEHHS B cUCTe-
Max MOHITOPWMHIY 3anpornoHOBAHO BUKOPUCTOBYBATU 6ifibll TOYHI, MOPIBHAHO 3 AeTEePMiHOBAHMMMW, CTOXACTUYHI
Moaesni npoueciB y TpaHchopMaTopi.

KnrouoBi cnoBa: MOHITOPUHI, CUI0BUI TpaHCchOpMaTop, OLiHKA CTaHy, enekTponocradyasnbHa cuctema, Tennosa
MoJesib, HaBaHTaXyBaslbHa 34aTHICTb, MOAENb BOJIOrOBMICTY.
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WHCTUTYT 3HeprocbepexeHuss n 3HeproMeHemXMeHTa, HauMOHaNbHbIA TEXHUYECKUA YHUBEPCUTET YKPawHbI
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OHEHKA COCTOAHUSA B CACTEMAX MOHUTOPUHI'A CUJIOBbIX
TPAHCO®OPMATOPOB TAI'OBbBIX IOJACTAHIINHU

HapyweHuns B pabote cnnosbix TpaHchOpPMaToOpPOB HEMOCPEACTBEHHO BAMSIOT Ha HAAEXHOCTb SHEPrOCUCTEMbI
B LeSIOM, YTO 06BbSICHSIET BbiCOKME TpeboBaHWS, NpeabsiBAsieMble K UX HaAeXHOCTU. [nsa BbisiBNeHus aedekToB
TpaHcdopMaTopa Ha paHHeW CTaguu ux pas3BuTus Hanbonee aPPeKTUBHbI CUCTEMbI HEMPEPLIBHOMO MOHUTOPUH-
ra, BbIMOJHSOLWMNE OLEHKY TEKYLLero coctosiHus. B paboTe paccMOTpeHbl BO3MOXHOCTU UCMOSIb30BaHWUS pasiny-
HbIX MoAenen uU3n4eckMx NpoLeccoB, BAMSIOWMX Ha COCTOsSIHME TpaHCchOopMaTopa, Kak COCTaBHbIX YacTen cuc-
TeMbl MOHUTOpUHIra. Hanbonee yacto B TpaHcdopMaTope NOBpexXAaeTCs U30NSALMOHHAs CUCTEMa, KOTopasl HeceT
B paboTe TennoBbIX, 3MEKTPUYECKNX N MEXAHNYECKUX BO3AeNCTBUI. Kak TepMmyeckas Moaenb A UCMONb30Ba-
HUSA B CUCTEME MOHUTOPWHIA CUSIOBOrO TpaHchopMaTopa MoryT 6biTb MPeanoXeHbl Kak MOAENN OnMcaHbl B CTaH-
naptax IEC v IEEE, Tak n 6onee TOYHble MOAENWN OMUCaHbl B COBPEMEHHbIX paboTax. [N OueHKM OCTaTo4yHOro
pecypca v AOMYCTUMOCTW OnpeaefieHHbIX PEXUMOB Harpy3ku B CUCTE-Max MOHUTOPWUHIa NpeanoXeHo UCMOsb30-
BaTb 60siee TOYHblE, NO CPaBHEHMIO C AETEPMUHMUPOBAH-HbIMUK, CTOXaCTMYECKME MOAENN NPOoLEeCccoB B TpaHchop-
maTope.
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KntoueBble crnoBa: MOHUTOPUHF, CWUIOBOM TpaHchOpMaTop, OUEHKa COCTOSIHWSA, CUCTEMa 3/IEeKTPOCHABKeHWs,
TennoBasi MOAesb, Harpy304Has CnoCO6HOCTb, MOAESb BNArOCOAEPXKaHUS.
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CONDITION EVALUATION IN MONITORING SYSTEMS OF
TRACTION SUBSTATIONS POWER TRANSFORMERS

Malfunction of power transformers directly affect the reliability of the power system as a whole, which ex-
plains the high demands placed on their reliability. To detect defects in transformers at an early stage of devel-
opment the most effective are continuous monitoring system that evaluates the current state. This article ex-
amines the possibility of using different models of the physical processes that affect the state of the transform-
er as part of the monitoring system. The most commonly damaged part is transformer insulation system that
suffers from the thermal, electrical and mechanical influences. As thermal model for use in the monitoring of
power transformer may be proposed a model described in the standard IEC and IEEE, and a more accurate
models described in the modern works. To assess the residual life and the admissibility of certain modes of load
monitoring system is proposed to use a more accurate, compared to deterministic, stochastic models of pro-
cesses in transformer.

Keywords: monitoring, power transformer, state assessment, electricity supply system, thermal model, load
capacity, water content model.
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