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IIpemnosxen cioco6 BEIOOpa HOMHHATIBHON MOITHOCTH CHJIOBBIX MAcJISTHBIX TpaHC(opMa-
TOPOB C y4eToM 0ojiee TOYHOIO pacyeTra MX Harpy30yHOH CHOCOOHOCTH. APryMEHTHPOBAH
GoJsiee TOYHBII METOZ ONpENEICHNs] HArPy304HOM CHOCOOHOCTH CHIIOBBIX MACISHBIX TPaHC-
(hopMaTopoB, NOMyCKaeMbIl AEHCTBYIONMMH HOPMAaTHBHBIMU TEXHHYECKUMHU JOKYMEHTaMH.
OCHOBHOE BHUMaHHE yJIEICHO aHaIM3y TpeOOBaHUH HOPMATHBHBIX TEXHUYECKUX JIOKYMEHTOB
10 BBIOOPY HOMUHAJIEHO} MOIIHOCTH CHJIOBBIX MaciISIHBIX TpaHCc(opmaTopoB. [IpoBeneH kpu-
THUYECKMIl aHaJM3 CIIOKMBIIErOCs IPEJEIbHO YNPOLIEHHOrO MeTosa BbIOOpa HOMHHAIbHOM
MOIIHOCTH CHJIOBBIX TPaHC(OPMATOPOB U 0OOCHOBAHA €r0 HECOCTOSTEIHHOCTh. BEIoIHEHE!
0030p M aHAJIU3 CYIIECTBYIOIIMX HOPMATUBHBIX TEXHUYECKUX JOKYMEHTOB IO BbIOOPY HOMH-
HaJIbHOH MOIIHOCTH CHJIOBBIX MAacILIHBIX TpaHchopMaTopoB. IIpoaHanm3upoBaHa BOIIOLHS
TpeOOBaHUH HOPMATHBHBIX TEXHUYECKUX JOKYMEHTOB.

Toxazano, 4To Bce MeTOIbI BBIOOpa HOMHUHAIEHON MOIIHOCTH CHJIOBBIX TPaHC(HOPMATOpOB
SIBISIIOTCS YIIPOLICHUSIMM METOJIa OMPEJIENICHNs OMYCTUMBIX Harpy30K TpaHc(OpMaTopoB, OCHO-
BaHHOTO Ha Pacyere TEIUIOBBIX MEPEXOIHBIX IIPOIECCOB. APryMEHTHPOBAHO, YTO TPEOOBAHUS
0 JIOIYCTHUMOCTH JIF000ro pexxuma padoTsl TpaHcdopMaropa Hanbonee TOYHO MOTYT ObITh BBIpa-
XEHBl B BHJE JOIyCTHMBIX TEMIIEPATyp KPUTHUYECKUX TOYEK, a JOIYCTHMbIE KO OHUIMEHTEI
Heperpys3Ky, UCIONb3yeMble B OOJIBIIMHCTBE IPUMEHSAEMBIX METOJIOB, SABIIIOTCS JIMIIb KOCBEHHO
onpenesieMbIMU BelTMUMHAMHU. [IpUBeIeHbI 3HAUEHHS JIOITYCTUMBIX TEMIIEPATyp KPUTUYECKHX TO-
YeK, perJIaMeHTHPOBAHHBIC HOPMATUBHEIMH TEXHUUECKUMU JOKYMEHTAMM.

VYKa3zaHbl BO3MOXHbIE OIIMOKU YIPOLIEHHOTO METO/a BEIOOpa HOMHHAIBHOH MOIIHOCTH
CHJIOBBIX MacCJISIHBIX TpaHc(hOpMaToOpoB. sl MINTIOCTPAIMK BO3MOKHBIX OMIMOOK IPHUBEICHEI
pE3yJIbTaThl PAcYeTOB MaTEMAaTHYECKOTO MOAEIMPOBAHHUS TEIUIOBBIX NEPEXOHBIX IIPOLECCOB
B TpaHC(HOPMATOpax MPH HPUHATHIX B YIIPOICHHOM METOJE YCIOBUsX. Pe3ynbTaTsl pacueTos
TEIUIOBBIX MEPEXOJHBIX MPOLECCOB B TpaHCHOpMATOpe Ul IPOU3BOJIBHOIO rpaduka dieK-
TPUYECKHUX HArpy30K IPOIOJDKUTEIHFHOCTHIO 168 9 1eMOHCTPHPYIOT BO3MOXKHOCTH IIpeIara-
€MOr0 MeToa.

Knwu4eBble c10Ba: CHIOBHIC MaCIISTHBIE TpaHC(i)OpMaTOpLI, HarpysodHas CHOC06HOCTB,
TEIUIOBBIC NEPEXOAHBIC IIPOLECCHI, MATEMATUIECCKOE MOJACIUPOBAHKE.

Wn. 3. Tabn. 1. bubmmorp.: 12 Ha3zs.

SELECTING RATED CAPACITY
FOR POWER TRANSFORMERS

FURSANOV M. I, DUL I. I.

Belorussian National Technical University

The article proposes a method for selecting the rated capacity of oil-immersed power
transformers adjusted for a more accurate calculation of their load-carrying capability. A more
precise method to determine load-carrying capability of oil-immersed power transformers,
which is admissible with valid technological normative documents, is offered and reasoned.
The major attention focuses on the analysis of the requirements of the technological normative
documents on selecting the rated capacity of oil-immersed power transformers. The authors
present the critical analysis of the well-established and extremely simplified method for rated-
capacity selection of power transformers and justify its inconsistence.

The paper shows that all the methods for selecting power-transformers rated capacity are
the simplifications of the transformers load-capability assessment method based on thermal
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transient-processes computations. It is reasoned that the requirements of any transformer
operational-mode acceptability can be most precisely expressed in the form of critical-point
allowable temperatures and the allowable overload-factors used in most applied methods are
only indirectly calculated values. Allowable-temperature critical points regimented by the
technological normative documents are cited.

The authors point to possible errors of the simplified selection-methods for rated capacity
of oil-immersed transformers and adduce the computation results of the mathematical model-
ing of the thermal transient-processes under simplified conditions assumption to illustrate the
possible errors. The thermal transient-processes computation results for a transformer with
a 168-hour random electrical-load list demonstrate the performance capabilities of the offered
method.

Keywords: oil-immersed power transformers, load-carrying capability, thermal transient
processes, mathematical modeling.

Fig. 3. Tab. 1. Ref.: 12 titles.

B cymecTByromiei mpakTUKe MPOCKTUPOBAHMS BHIOOP HOMHHAJIBLHON MOIII-
HOCTH CHJIOBBIX TPaHC(OPMATOPOB Yallle BCETO MPOU3BOIUTCS HA OCHOBE YIPO-
MEHHOTO Kiaccudeckoro Meronaa [1, 2]. CyThb €ro COCTOUT B yUeTe MOIMYCTUMOM
Harpy3kd TpaHchopMaropa B aBapHUITHOM pPEXUME C MOMOIIBI0 KO3 hHUIINCH-
Ta aBapuiiHON meperpy3ku K,,, MeToa mnpenHasHaueH Ijisi BBIOOpAa MOIIHO-
CTH TpaHchopMaTopa Ha ABYXTPaHC(HOPMATOPHOHN TOJCTAHIIMK M paccMaTpH-
BacT pexUM pabOThl MPU aBaPUHHOM OTKIIOYCHHH OJHOTO W3 TpaHCc(hopMa-
TOPOB.

dopmyna s pacuera KodQPUIHEHTa aBapUHHON Meperpy3Ku TpaHcopma-
TOpa 3aMMCBHIBAETCS B BHUIIE

iy = 22 <14, (1)

TJI€ Smax ap — MAKCHMaJIbHAsI HArpy3Ka MOJCTAHIIMUA C YYETOM BO3MOXKHOTO pe-
3epBHPOBAHMA YaCTH HArpy3KH IO CETAM HHU3KOIO HANpPKEHUS; Sipuow
HOMHHAJIbHAsI MOIITHOCTH TpaHc(hopMaTopa.

B cooTBeTCTBUM ¢ KIaCCHYECKUM METOJOM 3HaueHue kol uimeHTa aBa-
pUiHON Meperpy3Ku NPUHUMAETCS PaBHBIM 1,4 1 apryMeHTUpyeTcst TpeOOBaHU-
ssmu CTII 34.20.501 [3]. Omaako 6€3 JOHKHOTO BHUMAHUS OCTAIOTCS 3HAYMMBIC
netanu. B pelicTByromed penakuuu [3] mpuBeleHa cIeAyromias IUPEKTHBA:
«JlommyckaeTcst meperpys3Ka MaciisiHbIX TpaHC(OPMAaTOPOB CBEPX HOMHHAIBHOTO
Toka 70 40 % o0mIeit mpoIOIKUTETFHOCTRIO HE 0oiee 6 4 B CYTKH B TEUCHUE
MIATH CYTOK MOJAPSA MIPH MOJIHOM HCIOJIB30BAaHUH BCEX YCTPOMCTB OXJIAXKICHUS
TpaHcdopmaropa, eciii MoJo0Has meperpy3ka He 00yCIIOBICHa TPeOOBAHUSIMH,
YKa3aHHBIMH B MHCTPYKIIMH TIO 3KCIUTyaTallid TPaHC(POPMATOPOB WU HOpMa-
THUBHBIX TEXHUYECKUX JTOKYMEHTAX.

Crnenyet oOpaTUTh BHUMaHHE Ha CIIECAYIONIUE JIBE YaCTH YKa3aHHOM TUpPEK-
THBHI [3]:

e TIEpBasi OMHCHIBACT TEXHUYECKHUE MMAPaMETPHI M YCIOBUS;

e BTOpas CChUIACTCS HA BO3MOXKHBIC TPeOOBaHHS WHCTPYKIIMH TIO IKCILTya-
Taluu.

Uto kacaetcst mepBoit yactu [3], To caMoe paHHee YIOMHHAHHE MPUBEACH-
HBIX B HeM TpeOOBaHWH BcTpedanoch B llpaBuiax ycTpoicTBa 3JEKTpOyCTa-
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HOBOK 3-To (k3eMiuisip 1964 r.) u 4-ro m3panuii (1966 r.). B 1977 r. nannasie
TpeGoBaHUs B Oojiee MO3AHUX BepcHsax 4-ro m3manus [1YD Obutu ynpa3gHEHBI.
TpeboBauus mupextussl [3] mpucyrcTBoBanm Takke B TOCT 14209-69 [4]:
«B aBapuitHBIX ciydasx, ecinm Kod(pHUIMEHT HadaabHOW HArpy3kd He 00-
nee 0,93, Tpancdopmaropsl ¢ cuctemamu oxiakaenus M, [, JL u 11 gomycka-
0T B TeueHne He Oosee 5 cyTok meperpysky Ha 40 % cBepX HOMHUHAIBHOTO TOKa Ha
BpeMsI MAKCHMYMOB Harpy3KH OOLIeH MPOJOJDKUTENBFHOCTBIO He 6oJiee 6 4 B CYTKU.
[Ipu 3TOM HEOOXOAMMO NPHUHATH BCE MEPHI sl YCWICHUS OXJIXKICHHUS TpaHcgop-
Maropa (BKIIOYEHHE BEHTWJISITOPOB IYyThs, PE3EPBHBIX OXJIAWTENICH W T. 1.)».
B nactosmee Bpemsa 'OCT 14209-69 3amenen na 'OCT 14209-85 [5]. B [5]
chopMyupoBaHbl TPeOOBaHMS, aHAJIOTMYHBbIE NPUBEACHHBIM B [3], OJHAKO
dbopMynupoBKkH [5] 3HAUUTENBHO pACHIMPEHB W MPEAyCMATPUBAIOT  PsiJI
JIOTIOJTHUTENIEHBIX YCIIOBUH, OTCYTCTBYIOIIMX B KIIACCHYECKOM METOJIE.

[Ipoananu3upyeM BTOpPYIO YacTh AMPEKTUBHI [3], B COOTBETCTBHU C KOTO-
poii meperpyska TpaHcopmaropa He Oblia 0OycJIOBIEHa HOPMAaMH HHCTPYK-
OUM TI0 3KCIUTyaTalud TPaHC(OPMATOPOB MM HOPMATUBHBIMH TEXHUYECKU-
MH JIOKyMeHTamH. B Hacrosmee Bpemsi B PecnyOnmuke bemapych aelcTByet
CTII 09110.46.500-05 [6]. TpeOoBaHusi maHHOTO TOKYMEHTa B YacTH Harpy-
304HOM CIOCOOHOCTH TpaHC(POPMATOPOB OCHOBBIBAIOTCS M COTNIACyIOTCs [5].
[Ipoananu3upyeM oCHOBHBIE TpeOOBaHUS [5].

[lpu ompeneneHun AomMycTHMOW Harpy3ku TpaHcdopmaropa B [5] mpemy-
CMOTpPEH Y4eT CJIEAYIONUX TapaMeTPOB:

e IPOJOJKUTEIBHOCTD TIEPErPy3KH (B KIACCHYECKOM METO/IE PUHSTA 6 1);

e TapaMeTphl TEIIOOTauN TpaHchopMaropa;

e TEMIIEpaTypa OKpYyKaromeil cpenpl (B KJIACCHYECKOM METOJE TPHHSA-
Ta 20 °C);

 hopMa rpaduka ICKTPUISCKUX HArPY30K.

IIpu aTom 1t TpaHCHOPMATOPOB ¢ HOMHHAILHBIM HamnpsbkeHueM 10 110 kB
W HOMHHAIBHON MomHOCThI0 70 100 MB-A koaddunuent aBapuitHol nepe-
TPY3KH IIPH NPUHATHIX B KJIACCHYECKOM METOJE YCIOBUSX cocTaBisieT oT 1,3
1o 1,4 (mpu npenmecTByomei Harpy3Ke, He mpeBbimaroneit 0,9, koadpunmueHt
paBen 1,4). Hdns TpaHcopMaTOpoB C HOMHHAIBHBIM HaNpSHKEHHEM BBIIIE
110 kB u momHuocThio 10 100 MB*A k03 uUIMEHT neperpy3kl COCTaBUT OT
1,1 mo 1,2. IIpu Bapuaiuu ykasaHHBIX BbIre mapamerpos 'OCT 14209-85 [5]
JoIycKaeT KoahUIMeHT aBapuiiHOM meperpy3ku oT 1,1 10 2,0.

Takum o00pa3oMm, BBIOOP HOMHHAIBHOH MOIIHOCTH TpaHchopMaTopa Ha
OCHOBE KJIACCHYECKOTO METOJia MpH NPHUBEACHHOM B [3] 3HaYeHHMH Meperpys-
ku 40 % u3-32 HEYYTEHHBIX MapaMETPOB MOXKET ObITh OmMOOYHBIM. B Takom
cllyyae B IPOLECCE IKCIUTyaTallil MOT'YT BOSHUKHYTh aBapUHHbBIE CUTyalluH 13-
3a 0TKa3a TpaHCPOpMaTOpa, a TakkKe HEOOOCHOBAHHO 3aBBILICHHBIH 00bEM HH-
BECTHIIMI B CTPOUTEIHCTBO JEKTPOCETEBBIX 00beKkTOB. Hanbomnee npocroii me-
TOJl BEIOOpa HOMUHAIIBHON MOIIHOCTH TPaHC(HOPMATOPOB MPH MPOESKTUPOBAHUT
CHCTEM JIIEKTPOCHAOKEHHS [5] mperycMaTpuBaeT pa3indHbIe 3HAUCHHS JIOITY-
CTUMOTO K03 durrenTa neperpysku (tadm. 1).

U3 Tabn. 1 BuaHO, 4TO Aaxke caMblii MPOCTON MeTOoJ BEIOOpa HOMHHAIBHON
MOIITHOCTH TpaHC(HOPMATOPOB 10 [5] mpeaycMaTpuBaeT y4eT JJIMTeIbHOCTH Tie-
PErpy3KH, CUCTEMBI OXJIAXKICHHUS U TEMIEPaTyphl OXJIAXKJAIOIIETO BO3AYXa.
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Tabnuya 1
JlonycTuMbIe aBapHiiHbIe Meperpy3kn TpancopMaTopos” mpH BhIGOpe
X HOMHHAJILHOW MOIHOCTH /IJIs IPOMBINLIEHHBIX MOACTAHIIIT
NpH NpeAlIecTBYIONIeH HArPYy3Ke, He npeBbiaomeii 0,8

IMeperpy3ka, B 10X HOMHHAJIBHOTO TOKA, B 3aBUCUMOCTH

Hpogomxurens- OT AKBUBAJICHTHOH TeMIIEpaTypbl OXJIaXAa0IEero Bo3ayxa, °C

HOCTD HMEPETPYSKH | 50 -10 0 +10 +20 +30 +40

B T€UECHHE CYTOK, U

M, [ A0 M, I A0 M, I A M, ) A M, TG A (M g AT (M, T I,

0,5 20({19(20(18|20(18|20|17|20(16(20(15(20/|15
1,0 20(18(20|1,7|20|17|20|16|20(15(19|15[17 |14
2,0 20(14,7|20|16|19|16|18|15|17|14|16|14[14|13
4,0 1816 (1715147 |15(16|14|14|14]13|13|12|13
6,0 17116161515 |15(15|14|14|14]|13|13|12|1.2
8,0 1711616 (1515|1514 (1413|1412 131112
12,0 1615151515 |15(14|14|13|14|12|13|11|1.2
24,0 1615151515 |15(14|14|13|14|12|13|11|1.2

Tpancdopmarops! kinaccoB Hanpspkerus 10 110 kB BKiIrounTeIbHO.

Crnieryer OTMETHTB, 4TO Yoke B 1986 1. B cBsizu ¢ BBenennem ['OCT 14209-85 [5]
ObU1 M3aH TexHuueckui uupkysip TL[ 656—86 [7], KOTOpbIH MpeanuchBal NP
ONIpEeTICHUH TOIMyCTUMON aBapUItHON Meperpy3ku TpaHC(HOPMATOPOB B CHCTE-
Max 3JIEKTPOCHAOXKEHUS IIPOMBILIUICHHBIX MPEANPHUIATUN PYKOBOACTBOBAThCS [5]
HE3aBHCHUMO OT KaTeropuu 3iekTponprueMHuKoB. TL[ 656—86 [7] otmenun tpe-
OoBaHMA IEHCTBYIOIINX B TO BpeMs cTpoutesbHbIX HopM CH 174-75 [8], B Ko-
TOPBIX BIOOP HOMUHAJIBHOM MOIIHOCTU TPaHC(HOPMATOPOB HA NPOMBIIIIEHHBIX
HNPENNPUATHAX OCYIIECTBISUICS B 3aBUCUMOCTH OT KaTErOPHM IOAKIIIOYEHHBIX
3NEKTPONPUEMHHUKOB:

«7.20. Ins TpanchopMaTopoB LIEXOBBIX MOACTAHLHUN PEKOMEHAYETCS, Kak
[IPaBUIIO, IPUHUMATH CIEAYIOLIe KO3QPUIIMEHTHI 3arpy3KH:

e IS LIEXOB ¢ MpeoOagaroniel Harpy3Kkoi I kaTeropuu mpu AByxtpanchop-
MaTopHbIX nojactanusax — 0,65-0,70;

o ISl LIEXOB C Ipeobnangaromeii Harpyskoi Il xareropum npu omgHOTpaHc-
(opMaTOpHBIX IMOJCTAHIMAX C B3aUMHBIM PE3EPBUPOBAaHMEM TpaHchopMaTo-
pos — 0,70-0,80;

e IS IEXOB ¢ Mpeobnaaarommel Harpy3koi I kateropuu mpu BO3MOXKHOCTH
WCTIONB30BaHMs LIEHTPATU30BaHHOTO pe3epBa TpaHC(HOPMATOPOB M Ui LIEXOB
¢ Harpy3kamu Il kareropumn — 0,90-0,95».

B cootBercTBUM ¢ [7] BBIOOpP MOITHOCTH TpaHCHOPMATOPOB IpeaIaracTcs
BBINOJIHSATD CIEAYIOIINUM 00pa3oM:

a) PACUYETHYI0 CYTOYHYIO MpOJOJKUTEIBHOCTh aBAapUMHON Meperpy3ku
TpaHC(OPMATOPOB NPHUHUMATH COOTBETCTBEHHO KOJIMYECTBY pabOuux CMeH
npennpusTys (1iexa): Ipu OJHOCMEHHOH padore — 4 9; Tpu ABYXCMEHHOH — § |;
[IpH TPEXCMEHHON — 12-24 u;

0) IomycTHUMble aBapUiHbIE TMEPErpy3Kd TpaHCPOPMATOPOB OMPENEIIATh
C YYETOM BH/Ia YCTAHOBKHU:

e JUIsL TPAaHC(OPMATOPOB, YCTAHOBICHHBIX Ha OTKPHITOM BO31yX€, — B 3aBU-
CHMOCTH OT DKBHBAJICHTHOHN T'OIOBOH (WJIM CE30HHOW) TEMITepaTyphl OXJIaKIa-
IOLLET0 BO3/1yXa;
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o Ui TpaHC(OPMATOPOB, YCTAHOBICHHBIX B 3aKPHITHIX KaMepax WA B
HEOTaIJIUBAEMBIX NIOMEIEHHUAX (LIe€Xax), — MPH KBUBAJCHTHON T'O0BON TeMIIe-
patype 10 °C;

e Ui BHYTPHUIIEXOBBIX IMOJCTAHLUH, YCTAHOBJICHHBIX B OTAINIMBACMBbIX Lie-
Xax, — IpU SKBUBAJICHTHOM TofoBoi Temmepatype 20 °C.

B nHacTosmee BpeMs CyIIECTBYIOT M Apyrue MOKyMeHTHI [9, 10], mpemrara-
IOLIMe OCYHIECTBIATh BBHIOOP HOMHMHAIBHOW MOIIHOCTH CHJIOBBIX MACISHBIX
TpaHcHOpPMaTOPOB CITOCOOAMH, OTJIMYHBIMH OT KJIacCHIecKoro Metona. OmHako
aHaJIM3 YKa3aHHbBIX OKYMEHTOB BBIBMII, YTO MX TpeOOBaHUS OCHOBAHBI Ha [5].
W3 nmpusenennoro omnmcanus cineayet, yto I'OCT 14209-85 sBnserca ocHOB-
HBIM JIOKYMEHTOM, HOPMHUPYIOILIMM HAarpy304HyI0 CHOCOOHOCTh TpaHC(OopMaTo-
POB, TpeOOBAHUAMH KOTOPOT'O CIEAYET PyKOBOACTBOBATHCS NP BHIOOPE HOMU-
HaJILHOW MOIIHOCTH CHJIOBBIX MAaCIISTHBIX TPaHC(OPMATOPOB.

AHanu3 TpeOoBaHMii [5] MOKa3al, 4YTO B Ka4eCcTBE Hauboyiee TOYHOTO U yHU-
BEPCAJIbHOTO METO/A ONPEAETCHUS NOMYCTUMBIX IEPEerpy30K TpaHC(opmaTo-
POB PEKOMEHAYETCsI HCIIOIb30BaTh METOJI pacueTa TEIUIOBBIX MePEXOJHBIX MPo-
neccoB. HeoOXoauMOCTh B BBIIIOJIHEHUH PACUETOB TEIUIOBBIX MEPEXOAHBIX MPO-
LIECCOB OOYCIIOBJIEHA CHIDKEHUEM MPOYHOCTH M30JILKMU MAcisiHOrO TpaHchop-
MaTopa NpH MOBBIIIEHUH TEMIIEPATyphl ero dJieMeHTOB. CHIDKEHHE DIIeKTpUye-
CKOW MPOYHOCTH BBI3BAHO BBIJCJICHHEM ITy3BIPHKOB Ia3a B MECTaXx C BHICO-
KOH 3JIeKTPOCTaTUYECKON HANpPsIKEHHOCTBIO, T. €. B OOMOTKaxX WM COEIHHE-
HUsAX TpancdopmaTopa. B OymakHoW u3onsmu TpaHcHOpMATOPOB My3BIPHKH
ra3a HauYMHAIOT BBIACNSATHCA IPU MOBBIIICHUH TeMIEpaTypbl. UeM BBIIIE TEM-
nepatypa oOMOTOK WM Maciia TpaHcdopmaropa, TeM OOJblIe BEpOATHOCTD
€ro oTKasa.

Takum o0Opa3om, TpeOOBaHHS O OOMYCTUMOCTH JIOOOTO pexuMa PadOThI
TpaHchopmaropa HanOoJIee TOYHO MOTYT OBITh BBIPAKEHBI B BUJE JOIMYCTUMBIX
TEeMIIEpaTyp XapaKTepHBIX KPUTHUECKUX TOUeK B TpaHchopmaTtope. Koaddurm-
€HTBI JOMYCTHUMOM MEeperpy3Ku, HCIOIb3yeMble B YIOMSHYTHIX BBIIIE METOAAX,
SBJISIFOTCS JIMIIb KOCBEHHO OTIPEJICJIEHHBIMH BETUYMHAMH.

B I'OCT 14209-85 [5] pernmaMeHTHPYIOTCS:

e IOIyCTUMOE 3HAa4YCHUE TEMIIEpaTypbl Maclla B BEPXHUX CJIOAX TpaHcdop-
MaTopa;

e IOIyCTUMOE 3HAUYCHHUE TEMIIEpaTyphl HauboJIee HATPETO TOUKH OOMOTKH
Tpanchopmaropa.

JonycTuMble 3HaYCHUS] TEMIIEPATyphl Maciia B BEpXHUX CJIOSX TpaHchopma-
TOPOB COTJIACHO [5]:

e JUISI CHCTEMAaTHYECKHUX Harpy3ok — 95 °C;

e I aBapUUHBIX Teperpy3ok — 115 °C.

JlonycTrMble 3HaueHHs TeMIepaTypbl HanOojee HarpeTod TOYKHM OOMOTKH
coryacHo [5]:

e IS CICTEMaTH4eCKUX Harpy3ok — 140 °C;

o ISl aBapHUHBIX TEPErPY30K TPaHCPOPMATOPOB KIACCOB HANPSHKCHUS
110 kB u menee — 160 °C; xmaccoB Hampspkenus 6omnee 110 kB — 140 °C.
TemmepaTypsl BEpXHUX CJIOEB Macia M HauOojiee HAarpeTod TOUYKH OOMOTKH
TpaHcdopMmaTropa 3aBHCAT OT MapaMeTpoB TpaHcopMaTopa, €ro CHCTEMBI
OXJIQXKIECHUSI M TeMIIEpaTyphl OXJIaXKAAOLIEH Cpelpl, a TaKxKe rpadrka exTpu-
yeckoil Harpy3ku. OmnpeneneHue IOMyCTUMBIX HAarpy3ok TpaHc(hopMaTopoB
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Ha OCHOBE TEIUIOBBIX IEPEXOAHBIX MPOLECCOB B HOPMATHBHBIX TOKYMEHTaX
MSATHASCSITUICTHEW JaBHOCTU YNPOIIAJIOCh M3-32 HEOOXOIMMOCTH BBIIOTHEHUS
TpynoeMkux an¢¢epeHInanbHbIX BIYUCICHUN. B HacTosIee BpeMs IpoeKTu-
pOBaHUE 3JIEKTPOCETEBBIX OOBEKTOB OCYILECTBISIETCS C MCIOJIH30BAHUEM KOM-
MBIOTEPOB, MOATOMY TPYAOEMKOCTh An((epeHIINaTbHbIX BBIYUCICHUH HE MO-
XKeT ObITh OCHOBAHMEM [UIS BBINIOJHEHHS I'PYOBIX PacdeToB, 0COOEHHO BBHIY
BBICOKOW CTOMMOCTH TPaHC(QOPMATOPOB 1O OTHOIICHHIO K OOIIEH CTOMMOCTH
MOJCTaHIIH.

B xauectBe mpumepa Ha puc. | moKaszaHbl pe3yJbTaThl pacdyera TEIUIOBBIX
MEPEeXOAHBIX IPOLECCOB B TpaHC(hOpMATOpE IIPHU YCIIOBHSIX, COOTBETCTBYIO-
LIMX KJIaCCHYECKOMY MeToay. Pe3ynbraThl pacueTa mpencTaBieHbl B BUIE Ipa-
(hMKOB M3MEHEHHUSI BO BPEMEHHU TEMIIEpPaTyphl KPUTHUECKUX TOUEK B TpaHCHOp-
Matope. Pacuer BeimonmHeH mist TpaHcdopmaTopa Hanpsbkenuem 110 kB ¢ cu-
cTteMoil oxjaxaeHuss M (ectecTBeHHOEe oxJaxkaeHue) win J| (oxnaxkaeHue
BEHTHJISITOpamH) [5]. B pacueTax MpHHATHI CIEAYIOIIUE YCIOBUS KIIaCCHUECKO-
ro METOJa:

e IPOJOJKUTEIBHOCTD IIEPErpy3Ku 6 u;

o TEMIIEpATYpa OKpyskaromieit cpeast 20 °C;

* opma cyrouHoro rpaduka MEKTPHUECKUX HATPY30K — IBYXCTYHNECHYATAS:
ocHoBHas Harpy3ka 80 %, Bo Bpems neperpy3ku 140 %.
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Puc. 1. T'padux u3MeHeHs TeMIepaTypbl KPUTHYECKHX TOYEK
B TpaHcdopmarope HanpspxenueM 110 kB ¢ cucremoit oxnaxxaenus M wu [1:
K — ko3¢ durrent narpysku tpanchopmaropa; Q, — TeMneparypa BEpXHHUX CIOEB Macia;
Qn — Temmneparypa Hauboee HarpeToi TOYKH 0OMOTKH

Ha puc. 1 mokaszansr: K = f(T) — rpaduk usmMenerus ko> duireHTa Harpys-
ku Tparcdopmaropa; Q, = f(T) — To ke TeMmepaTypsl BEpXHHX CIIOEB Macia
B Oake Tpancdopmaropa. IIpu 10mMycTUMO# Harpyske TpaHchopmaropa TeMmiie-
parypa JaHHOW KPUTHYECKOW TOYKH HE JOJDKHA MPEBBICUTH JOMYCTUMOE 3HAYe-

1 =115 °C [5]; Qn = f(T) — To *e TemmepaTypbl HauboJIee HArpETOM

e Q,

TOYKH OOMOTKH TpaHchopmaropa. [Ipu nomyctumoit Harpyske Tpanchopmaropa
TeMmIieparypa JaHHOH KPUTHUYECKONH TOYKHM HE JOJIKHA IPEBBICUTH JIOIyCTUMOE

snauenue Q)" =160 °C [5].
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AHanu3 pe3yNbTaToB pacueTa TEIUIOBBIX MEPEXOMHBIX MPOLIECCOB B TPAHC-
(dopMaTope, MPUBEACHHBIX HA pHUC. 1, MOKa3an, 4To TpaHC(HOPMATOP MOXKET
BBIJIEP)KATh OOJIbIlIee 3HaUSHNE aBapUITHON HArpy3KH, TaK Kak HauOoJbIIee 3Ha-
YCHHE TeMITepaTypbl KpuTudeckux touek (Q,, Qn) HIKE COOTBETCTBYIOIIUX JIO-

mycTuMbIx 3Hauenuit (Q,*", Q") Hna 10 °C.
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Puc. 2. I'paduk N3MEHEHHS TEMITEPATyPhl KPUTHIECKUX TOUECK
B TpaHc]opmaTtope HanpspxernueM 110 kB ¢ cucremoit oxmaxknenus L wmi L]
(0o603HaueHusI Te Ke, YTO Ha puc. 1)

Pe3ynprarel pacueToB TEIUIOBBIX MEPEXOAHBIX MPOIIECCOB B TpaHCPOpMAaTo-
pe HanpsoxkenueM 110 kB ¢ cucremoint oxnaxzaeHus L (oxnaxaeHue ¢ mpuHy-
JTUTENbHOM IUpKyIsanued Macia) wiu 1 (oxyiaxaeHue BEHTWIATOpaMU C MpU-
HYJIMTEIBHON IUPKYJSIMEed Maciia) NmpuBeaeHbl Ha puc. 2. B pacuerax, kak
U paHee, MPUHATHl YCIOBUS KJIACCHYECKOTO0 METoJa. B COOTBETCTBUU € MpHUBE-
JICHHBIMU Ha PHUC. 2 pe3yibTaTaMU pacyera Harpyska Juis TpaHchopmaTopa
HEJOIMyCTHMA, TaK KaK HauOoublliee 3HAYCHHE TEeMIIepaTyphbl BEPXHHX CIIOCB

macia (Q,) mpeBsimaer gomycrtumoe 3Hauenue Q)" =115 °C [5]. B obmem

Clly4yae MPH BHITIOJIHEHUH PacYeTOB TEIUIOBBIX MEPEXOAHBIX MPOLIECCOB IPapuKH
Harpy3ku TpaHC(OpMaTopa, TaK K€ KaK TeMIepaTypa OKpYXaroLeH cpemsl,
MOTYT OBITh IIPOU3BOJIHBIMH.

PesynbpTaThl pacyeToB TEMJIOBBIX MEPEXOAHBIX MPOLECCOB B TpaHCHOPMATO-
pe HanpspkenueM 110 kB ¢ cucremoit oxmaxnenus 1| wim JII npuBeneHs Ha
pHc. 3 Ipu CIeIyIONUX YCIOBHAX:

e popma rpaduka ¥ MPOJOIKUTEIBHOCTh IEKTPUIECKUX HArPy30K MPOU3-
BoJibHas, T = 168 u;

® TeMIiepaTypa OKpykaromei cpeapl n3mensercs ot 15 mgo 30 °C.

I'pacduk snekTpryeckux Harpy3ok (puc. 3) 3a7aH B POU3BOJIBHOM BHUJIE JJISI
HEZAEIBbHOro nepuona. Pe3yibpTaTsl pacyeToB TEIUIOBBIX MEPEXOJHBIX MIPOLIECCOB
B TpaHcdopmaTope mpuBeeHbl st ogHoi Henenu (168 u). IlepBbie Tpu gHS
Heznenu TpaHcopMmarop paboTad B HOPMAalIbHOM pPEXKHME, YEThIpE MOCIEIYIO-
IUX JHS — C aBapUMHON meperpy3koil. B coOTBeTCTBHM ¢ NpHUBEICHHBIMU Ha
puc. 3 pe3yiabTaTaMH pacueTa Harpyska Uil TpaHcopMaTopa JOIyCTHMA, TaKk
KaK HauOoIblliee 3HAUCHUE TEMIepaTypbl KpuTuueckux touek (Q,, Qn) Hinke

pomyctuMbix 3HaueHui (Q;°", QF") [5].
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Puc. 3. I'paduk u3MeHeHNs TeMIepaTypbl KPUTHIECKHX TOUEK

B TpaHcdopmaTtope HanpspxernueM 110 kB ¢ cucremoit oxmaxxnenus L wmi L]
(o603HaueHus Te Ke, 4TO HA pHC. 1)

Crnenyer OTMETHTh, YTO BO BpeMsl aBapUHON Neperpy3Kd HpPOHCXOAUT
HOBBIIIEHHOE COKpALIEHUE pecypca TpaHCHOopMaTopa, 4TO MPUBOAUT K YMEHb-
LICHUIO CpPOKa CiIykObl. OCHOBHOE COKpallleHHEe pecypca TpaHcopmaTopa o0y-
CITOBIIEHO ITIOBBIIIEHHBIM TEIUIOBBIM M3HOCOM m3oisuu. TOCT 14209-85 [5]
IPeoyCcMaTpUBaeT METOA pacueTa TEMIOBOr0 M3HOCA M30JLIUUU. DTO IO3BOJISET
OIIPEENIUTh JOMYCTUMBIH, C TOUYKH 3PEHHUS] HOPMAIBHOTO CPOKa CITY>KOBI, PEKUM
pabothl TpaHchopMaTopa ¢ NEPHOAMUYECKON MEPEerpy3KOM MM paccyuTaTh IO-
CJIEICTBHSI aBApUMHON NEPETPY3KU.

B 3aknrouenue crnenyer oopatuth BauManue, uto 'OCT 14209-85 Hopmu-
pYeT Harpy304HyI0 CIIOCOOHOCTH CHJIOBBIX MACJISIHBIX TpaHC(HOpMAaTOpOB MOIL-
HocThiO 70 100 MB-A, ecnmn WHOE HE OTOBOPEHO B CTaHAApPTaX WM TEXHH-
YeCKUX YCJOBHAX Ha KOHKPETHBIE TPYIIBI WM THUIEI Tpanchopmaropos [11].
st TpaHcopmaTopoB MomHOCTEIO Ooniee 100 MB-A TpeGoBaHUs K HArpy304-
HOW CIOCOOHOCTH AOJDKHBI OBITh NPHUBEICHBI B MHCTPYKLUHU IO SKCILTyaTta-
muu [11]. OgHako MeToJ pacuera Harpy304HOW CIOCOOHOCTH TpaHCopMaTo-
POB Ha OCHOBE TEIUIOBBIX MEPEXOAHBIX MPOIECCOB ABISIETCS OOJiee YHUBEPCAIIb-
HBIM M NPH HAIMYHMU JOCTATOYHOTO O0BEMa HCXOJHBIX JAHHBIX MOXET OBITH
MPUMEHUM JUIsI CHJIOBBIX TpaHc()OpMaTopoB 000 MOIIHOCTH, YTO M NpEdy-
cmotpeno [12].

BbIB O bl

1. BeiOop HOMHHAIBHON MOIHOCTH CHJIOBBIX MACISHBIX TPaHC(HOPMATOPOB
CJIeyeT BBIMOJHATH B COOTBETCTBUH C TPEOOBAHMSIMU HOPMATHBHBIX JOKYMEH-
TOB, PErVIAMEHTHPYIOIIUX MX HArpy304YHYIO CIIOCOOHOCTh. B Hacrtosiee Bpems
I'OCT 14209-85 siBnsieTcsi OCHOBHBIM JIOKYMEHTOM, HOPMUPYIOIIUM Harpy3ou-
HYIO CIIOCOOHOCTH TPaHC(HOPMATOPOB.

2. B kayecTBe Hambojee TOYHOTO W YHHUBEPCAIBHOIO METOAA ONpEACICHUs
JOMYCTHUMBIX HAarpy30K TpaHcdopMaTopa cielyeT HCIOIb30BaTh pacueT TerIo-
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BBIX ITIEPEXOJHBIX MPOIECCOB B HEeM. TpeOOBaHUS O AOMYCTHMOCTH JHOOOTO
pexxuma paboTel TpaHcpopMaTopa Hambojiee TOYHO MOTYT OBITH BBIPa’KEHBI
B BHUJE JOIyCTUMBIX TeMIleparyp KpuTmdeckux Toudek. KoadduimeHTsr mormy-
CTHMOM TIEperpy3KH, UCIOJIb3yeMble B OMMMCAHHBIX B CTAaTbe METOAAX, SIBISIOTCS
JIUIIB KOCBEHHO ONpeACICHHBIMI BETHYMHAMHU.

3. B HacTostiee BpeMsi NMPOSKTHPOBAHUE DIIEKTPOCETEBBIX OOBEKTOB OCY-
LIECTBIISACTCS C WCIOJIB30BAaHUEM KOMITBIOTEPOB, TIOATOMY TPYAOEMKOCTH AU-
(epeHIMaNbHBIX BBIYUCICHUH MPH pacyeTe MepeXOTHBIX MPOLECCOB HE MOXKET
OBITH OCHOBAHHMEM ISl BHITIOJIHEHUS TPYOBIX PacdeToB, OCOOCHHO BBUY BBICO-
KOH CTOMMOCTH TpaHC(OPMATOPOB IO OTHOIIEHHWIO K OOIIeil CTOMMOCTH TO/I-
CTaHIIMH.
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ToxonpoBosIIHMe KUIIBI CUIOBBIX 3JIEKTPUUECKUX Kabeneil TOMKHbBI OBITh CTOMKUMH K
BO3JIEHCTBUIO TOKOB KOPOTKOT'O 3aMbIKaHHsI, 3HAUEHNUS] KOTOPBIX 3aBUCST OT MaTepHaa >KHJIbI,
IUTOIIAAN €€ MOIEePEYHOr0 CeUCHUsI, CBOMCTB M30JIIINHU Kalells, TeMIIepaTyphl OKpYXKaIoIeH
Cpezibl, a TaKKe BpeMEHH IIPOTEKaHUs TOKa KOPOTKoro 3amblkanus (1 u 3—4 ¢ mpu ucneITaHu-
X Ha JUHAMHYECKYIO U TEPMHYECKYI0 CTOMKOCTb). YCTaHOBKH JUISI MCIBITAHUS TOKAMH
KOpPOTKOTO 3aMbIKaHWs KaOenedl HampspbkeHHeM 10 kB ¢ aqroMHHHEBBIMH KHMIAMH JIOJDK-
HBI 00ecreYnBaTh TOK JAWHAMHYECKOW CTOMKOCTH 56,82 KA, TOK TEPMHYECKOW CTOWKOCTH
11,16 xA. Takue 3Hau€HUS UCTIBITATEIBHBIX TOKOB HAMIIYUYIINM 00pa3oM o0ecreunBaoT KOH-
neHcaropbl. Mcnonp3oBaHne TpaJMIMOHHBIX KOHICHCATOPHBIX YCTAHOBOK IOBJICYET OONbIINE
3aTpaThl Ha CTPOUTEIBCTBO U SKCINTYaTallHIo OTACIHHOTO IIOMEIIeHHs. B kadecTBe HCTOUHHKA
MIUTaHUS UCTBITATENBHBIX YCTAHOBOK, Te TPeOYyIOTCs TOKH 3HAYCHHUSMH JECSTKU KIIoaMIep,
11e71eCOo00pa3HO UCIOIB30BaTh KOHACHCATOPHI C JBOWHBIM 3JEKTPUUECKUM CIIOEM — CYIep-
KOHJICHCATOPBI.

IIpu npoBeneHUN UCTIBITAHUN TOKAMU KOPOTKOTO 3aMBIKAHUS HAIPSKCHUE HAa U3OJALUU
HE CTaHIapTU3UPOBAHO, IOATOMY CHJIOBBIE dJIEKTpHUecKue kadenu ¢ usoisnueil Ha 10 kB To-
KaMM TEPMUYECKOHl M JUHAMHUYECKOH CTOMKOCTH HE 3amlpelleHO HCIBITBIBaTh MPU Hamps-
xeHnn Menee 10 xB. I'paduk m3MeHeHHs HANpPsDKEHUsI CYNEPKOHJEHCATOpa BO BPEMEHH
COCTOUT M3 JIByX Y4aCTKOB: EMKOCTHOI'O U PE3UCTUBHOI0. EMKOCTHBIN y4acTOK IIpeJCcTaBiIsieT
co00if M3MEeHeHMEe HAmNpsKEHHS BCIEICTBUE HM3MEHEHMs SHEPIrHMH B CYNEpPKOHAEHCATOpE.

20





