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Pedepar. B mpouecce skcIryaTanuu 3JIEKTPOIHEPIETHUECKOM CHCTEMBI HEPEIKO BO3HUKAET
HEOOXOIMMOCTh ITIEPETrpy3KH €€ OTAENBHBIX JJIEMEHTOB (T€HEPaTOpPOB, CHIIOBBIX TpaHC(HOPMATo-
POB, BO3IYIIHBIX M KaOENBHBIX JIMHUH SJIEKTPOIEpeiadd, KOMMYTAIMOHHBIX 3JIeKTPUUECKUX arl-
MapaToB) MPOJOKUTENBHOCTEIO OT HECKOIBKUX IECATKOB MUHYT 10 CyTOK. [IpnunHamu neperpy-
30K MOTYT OBITh MpeJHAMEPEHHbIE OTKIIOUSHUS MapalIeIbHBIX IEMEHTOB CUCTEMBI IS MPOBe-
JEHHUs IUIaHOBO-NIPEAYNPEAUTENbHBIX PEMOHTOB, IOCI€aBapHiHbIE OTKIIOUEHHSA, a Takke
HEIPeIBUJICHHOE YBEINUEHNE MOTPEOIsieMO 21eKTPOIHEPT U BCIIEACTBUE BO3ICHCTBHS Pa3nd-
HBIX (pakTopoB. [leperpy3o4Hasi CHOCOOHOCTE JIEMCHTOB CHCTEMBI II03BOJISIET ONEPATHUBHO MOBBI-
CHUTh JKCIUTyaTaI[MOHHYIO HaJIeXKHOCTh DJIEKTPOCHAOKCHUS IOTpeOuTenell 6e3 IOMOIHUTEIBHBIX
3aTpaT NpH COXPAHCHWH B OOJBLIIMHCTBE CIy4aeB NPAKTHYECKH HOPMAJbHOTO CPOKa CITyXkKOBI
aneKTpoobopynoBanus. Hanbosbleil MOTEeHIMAIBHON Heperpy309HOH CIIOCOOHOCTBIO 00IaJaloT
CHJIOBBIC MAcCJIOHAIIOJHEHHbIE TPAaHC(OPMATOPBI, YTO AAaeT BO3MOXKHOCTh PacCMaTpHUBaTh MX Kak
3HAYMMBII ICTOYHHK MOBBIMIEHNS MPOILYCKHOM CITOCOOHOCTH MEepeNaromieii 1 pacupeaeTuTeIbHON
CeTel BJIEKTPOIHEPreTHUYECKON CHUCTEMbl. Upe3MepHble Meperpy3Ku Mo TOKY CHUIIOBBIX MAaciOHa-
TIOJTHEHHBIX TPAHC(HOPMATOPOB CYIIECTBEHHO CHIDKAIOT HAJEKHOCTh U COKPAIIAIOT HOPMAbHBIN
CPOK HX CIyOBbL OTO MPOMCXOAUT M3-3a YCKOPEHHOTO MPOIEcca M3HOCA MaTepuana M30JSIINH
00MOTOK TpaHc(OPMATOPOB B pe3yibTaTe IeperpeBa TpaHC(HOPMATOPHOIO Macia, YTO IPUBOAUT
K CTPYKTypHOMY M3MEHEHHIO W, KaK CIIEJICTBHE, K MEXaHHIECKOMY ITOBPEXICHUIO U30JIILHN 00-
MOTOK, YTO MOYET BBI3BATh IEKTPHUYECKHN ITpoOoi. OHAKO HEOOIEHKa JOIYCTHMON Ieperpys-
KU TpaHC(OPMATOPOB MOXKET HNPHBECTH K SKOHOMHYECKOMY YIIepOy 3a CUeT HEJOBBIITYCKa IIpO-
OyKIOWW B Ciydae BBIXOJa M3 pPabOThl YacTH MHAapaUIENbHO BKIIOYEHHBIX TPaHC(OPMAToOpoB
JUISL TIPOBEJCHHS IUIAHOBO-IPETYNPEIUTEIBHBIX PEMOHTOB MIIM B pe3yibTaTe IOCIEeaBapPHHHBIX
OTKITIOYEHHH. Bo3HHKaeT HEOOXOIMMOCTh OIIEHKH MOTEHI[HaNna 000CHOBAHHOTO MOBBIICHUS IPO-
TyCKHOM CIOCOOHOCTH 3IEKTPUYECKOH CeTH M COOTBETCTBEHHO HAAEKHOCTH CHCTEMBI 3IEKTPO-
CHabXXeHUs C y4eToM TpeOOBaHHH, PEABIBISIEMBIX K JIOMYCTUMBIM Harpy3kam TpaHc(hopMaTopoB
HPH IPOSKTHPOBAHHUH IEKTPHUECKON CETH M paboTe B Pa3IMUHbIX PEKUMAX IKCILUTyaTaIHH.
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Influence of Oil-Filled Transformers Overload Capacity
on the Throughput Capacity of the Electrical Network

V. A. Anishchenkol), I. V. Gorokhovik”
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. During the operation of the electric power system, there is often a need to overload its
individual elements (generators, power transformers, overhead and cable power lines, switching
electric devices) for a period lasting from several dozens of minutes to a day. The overloads can be
caused by intentional disconnection of parallel elements of the system because of scheduled pre-
ventive repairs, post-accident disconnections, as well as an unexpected increase in electricity con-
sumption due to the impact of various factors. The overload capacity of the system elements
makes it possible to increase operational reliability of power supply to consumers without addi-
tional expenditures while maintaining, in most cases, the almost normal service life of electrical
equipment. Oil-filled transformers have the greatest potential overload capacity power, which
makes it possible to consider them as a significant source of increasing the capacity of the trans-
mission and distribution networks of the electric power system. Excessive over-current of power
oil-filled transformers significantly reduces reliability and reduces their normal service life. This is
due to the accelerated process of wear of the insulation material of the transfer windings as a result
of overheating of the transformer oil, that causes structural changes and, as a consequence, to me-
chanical damage to the insulation of the windings; the latter can cause an electrical puncture.
On the other hand, underestimation of the permissible overload of transformers might result
in economic losses due to under-produced products when the functioning of the part of the trans-
formers connected in parallel are ceased for scheduled preventive maintenance or as a result
of forced emergency shutdowns. Therefore, there is a need to assess the potential of reasonab-
le increase in the throughput capacity of the electrical network and, accordingly, the reliability
of the power supply system, taking into account the requirements for the permissible loads of
transformers when the electrical network and various operating modes are being designed.
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BBeaenue

Cornacno neiictyrommemy  'OCT 14209-97 mo omnpeAeneHUI0 TEXHUYECKU
00OCHOBAHHBIX PEKUMOB HArPy30K CHIIOBBIX MAacCISTHBIX TPaHC(HOPMATOpPOB, TPe-
CTaBIIOIIEMY - CO00W TONMHBIN ayTeHTH4HBIM TekcT MOK 354 (1991), pexu-
MBI Harpy3ok TpaHCc(OpMaTOpPOB MOXKHO KJIacCU(DUIUPOBAThH CIEAYIONUM 00-
pazoMm [ 1]:

— HOPMAJIbHBIN MTPOJIO/DKUTENBHBIN PEXKHUM, KOTJa TpaduK Harpy3Ku J10CTa-
TOYHO HEM3MEHEH (PaBHOMEPEH) B TEUCHHE CYTOK WJIM Ha Oojee MpOIODKHU-
TEJIbHOM HHTEPBAJIC BPEMEHH;

— HOPMaJIbHBIC PEKUMBI CUCTEMAaTHYCCKUX HATPY30K, MPEACTABISIONINE CO-
0O IMKITNYECKUE HE aBapUIHBIC PEKUMBI ¢ HOPMAJIBHBIM COKPAIIEHUEM CPO-
Ka CIyXObl TpaHC(OPMATOPOB; B 3TUX PEKUMaX B TEUCHHE YACTH LUKIA IPH
JIOCTaTOYHO BBICOKOHN TeMIIEpaType OXJIAXMAIOMIEH Cpelbl TOK HArpys3Ku Ipe-
BBIIIIACT HOMI/IHEU'II)HI)II\/'I, OOHAKO C TOYKH 3pCHHA TCPMUUYCCKOI'0 M3HOCA HU30JIA-
MU OOMOTOK TaKWe Harpy3KH SKBHBAJIEHTHBI HOMHWHAIBHON HAarpy3Ke IpH HO-
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MUHAJIBHOM TeMIepaTrype OXJIKIAFOIIEH cpelibl, YTO IOCTUTACTCS MTOHMKEHUEM
TEMIIEPATypPhl OXJAKIAMOIIEH CpEelbl MM TOKA HAarpy3KH B TEUCHHE OCTallb-
HOUW YacTH [UKJIA; IPH PadOTe B TAKUX PEKUMAX MPOUCXOJUT, KaK U TIPU TIOCTO-
SHHBIX Harpy3kax, HOPMaJbHOE COKpalleHHe CpOKa CIy»xObl TpaHCOpMaTO-
POB 3a CYET €CTECTBEHHOTO TEPMHUYECKOTO M3HOCA WX W3OJISIIHMU; TIPH TUIAHU-
POBaHHMH HATPY30K TOT MPUHIIMIT MOKET OBITh PACCMOTPEH Ha JITUTCIHHBIC I1e-
puonsl BpemeHu. CrefyeT OTMETHTh, YTO B MNPSKHUX PEIAKIUSAX CTaHIap-
ta [OCT 14209-69 [2] u TOCT 14209-85 [3] BMecTO omnpeAeNieHus «CUCcTeMa-
TUYECKUE HATrPy3KW» OBIIO KCIIOJIB30BAHO OMpPEJEIICHUE «IOMyCTHMBIE CHUCTE-
MaTHYECKHE MEePErpy3Ku», KOTOPOE MOTUCPKUBAET, YTO MEPETPY3KH MO TOKY Ha
KaKOM-TO MTPOMEXKYTKE BPEMCHH BHYTPHU IHUKJIA UMEIOT MECTO, HO SIBJIIOTCS JI0-
IMyCTUMBIMH, TIOCKOJBKY TOJHOCTBIO KOMIICHCHUPYIOTCS 32 CYET MOHIKEHUS
TEMIIEPATYPhl OXJIAKIAIOIICH CPEIbl MM TOKa HArPy3KU B TEUCHHUE OCTAJILHOM
YacTu NHKIA. YKa3zaHHOE pa3linive B CTapOil W HOBOW PelNaKkIMsAX CTaHaapTa
HOCHT CYT'y0O TEpMUHOJIOTHYECKHIA XapaKTep U He BIUSET HA CYTh POOIIEMBI;

— PEKUMBI NPOAOJIKUTECIBHBIX MUKINYECKUX aBapHﬁHBIX MEPETPYy30K, KOTO-
pbIe MOXKET BBIZCPKATh TpaHC(HOpMATOP 03 MPEBBIICHUS MPEICIBHOIO 3HaYC-
HUS TeMIIepaTypbl HanOojee HarpeTod TOYKH OOMOTKH C OONBIINM COKpaIlle-
HHEM CpOKa CIIyKObl TpaHchopMaTopa 10 CPaBHEHHIO C HOPMAIILHBIM COKpa-
IIICHUEM;

— peXHMMBI KpPaTKOBPEMEHHBIX aBapHHHBIX IEepPErpy30K, MpU KOTOPBIX TEM-
nepatypa Hauboliee HArpeTol TOYKU MPOBOJHUKOB JOCTHTAET OMACHBIX 3HAYe-
HUI, 1 MOXET POHUCXOJNUTh BPEMEHHOE CHIDKCHHE DIICKTPUYECKOW MPOYHOCTH
W30JISIIAN; TIPOJIOIDKUTEIBHOCTh TaKUX TEPErPy30K MEHBIIE TEIUIOBOM MOCTO-
SIHHOW BpeMeHU TpaHchopMaTopa 1 COCTaBIIIET MEHEe ToTydaca.

IIpoekTHpyeMblii pacueTHBIN pe:kuM padoThl TpaHchopMATOPOB

Ha cragum mpoeKTHpOBaHMS CHCTEM 3JCKTPOCHAOXKEHHUS IEeHCTBYIOLIHNE
HOPMAaTHBBI PEKOMEHIIYIOT BBIOMpPATh TpaHC(POPMATOPHI MCXOAS W3 TOTO, YTO
OHHM MOTYT Ieperpyxarbcs A0 5 cyt Ha 40 % mpw ycioBWHM, €clU HarpysKa,
MpeAIIeCTBYIONAs aBapuiiHON meperpyske, He mpesbicuia 0,93 macmopTHOM
MoIHOCTH TpaHchopmaropa. [Ipu 3TOM MPOAOIKUTENEHOCTh TEPETPY3KH B
KaXKIble CYTKA HE JOJDKHA MPEBHIMATh 6 9 (CymMMapHas IIUTENBHOCTD MTOAPST
WM C pa3pblBaMM), WU TOJKHBI OBITH 3a€CTBOBAHBI BCE cpeAcTBa st (op-
CHUPOBaHUS OXJIaXaeHus [4, 5].

HomuHamsHYI0 MOITHOCTH KaKJOTO TpaHC(OpMaTOpa TIaBHOW MOHU3UTENb-
HOW JBYXTpaHC(OpPMAaTOPHON MOJCTAHIMK MPUHUMAIOT MPH NPOEKTHPOBAHUH
paBHO# 0,7 OpOrHO3UPYEMOr0 PACUETHOTO MAKCUMyMa HArpy3KH MOJCTaHLHUU.
B sToMm cimydae mpu OTKIIFOUEHHH OJHOTO TpaHCchopMaTopa B pe3ylbTaTe aBapuu
WIN ISl TPOBEACHUSI TUIaHOBO-TIPEAYIPEAUTEIEHOTO PEMOHTA IEKTPOCHA0XKe-
Hue moTpebuteneld OymeT oOecrednBaThCSA 32 CUET MEPEerpy3KH OCTaBIIETOCS
B pabote TpaHchopMmaTopa.

Beibop TpaHChOpMATOpPOB MpPU MPOEKTUPOBAHUM HOCHT OPUEHTHPOBOUYHBIN
XapakTep, TIOCKOIBKY OCHOBBIBAETCS HAa OCPETHEHHBIX XapaKTePHCTHUKAX
TpaHchOpPMaTOPHOTO 0OOPYIOBAHUS U YCIOBUHN €ro SKCIUTyaTalii. ITOT BBIOOD
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HE YUHTHIBAET HOMHHAJIBHBIC MOITHOCTH TPaHC(HOPMATOPOB, BUIBI UX OXJIaX]Ie-
HUS, KIMMaTHYEeCKUE yCIIOBHS MECTHOCTH, T/I€ MPEANojaraeTcsl dKCILTyaTHpO-
BaTh TpaHchopmaropsl. [loaToMy mprHHMaeMble MPHU NPOSKTHUPOBAHUH AOIY-
CTHMBIE Harpy3Kd TpaHC(HOPMATOPOB M yCTAHOBIIEHHBIE CTAHIAPTAMH UX JOITy-
CTHMBIE HAarpy3Kd /s pa3iNYHBIX XapaKTePUCTUK TpaHC(HOPMATOPHOTO
000PYAOBaHHS U PEKUMOB €T0 IKCIUTyaTalluy CYIIECTBEHHO Pa3IHYatOTCA.

JlonycTuMbIe BeJTUYMHBI
U UINTeJIBHOCTH HATPY3KH TPaHC(OPMATOPOB MPH IKCIUIYyaTALMH

B mporecce HarpeBa m3oisAIUsS OOMOTOK TpaHC(HOPMATOPOB IOJABEPracT-
Csl TEPMOXUMHUYECKOMY U3HOCY. DTOT MPOLECC SBJISICTCS KyMYJISSTUBHBIM H MO-
KET MPUBECTH K HEJIOIMYCTUMOMY COCTOSIHUIO Marepuaia u3oisiuu. CKopocTh
M3HOCA W3OJSIIHUY YABAaWUBAETCS MPHOIM3UTENHHO Ha 6 % TIpH KaXI0M BO3pa-
CTaHMM TEMIIEPATyphl IS TPaHC(HOPMATOPOB, YIAOBICTBOPSIONIMX TpeOoBa-
Husm [OCT 11677-85 [6]. JlomycTuMoe 3HAuYCHHE TEMIIEPATyphl HAaUOOJee
HarpeTod TOYKH M3OJSIIMA OOMOTOK W CONPHKACAIOMIMXCS C M3OJSAIIHOHHBIM
MaTepUajIoM METaJUTUYEeCKUX YacTel, rapaHTHPYIOIEe ECTCCTBCHHBIHM HOPMaJib-
HBI M3HOC M3OJIALMH, COCTaBiseT O, =98 °C, 4r0 cooTBeTCTBYyeT pabote
TpaHcopMaTopa ¢ HOMUHAIILHOW Harpy3KO# MpH TeMIIEpaType OXJIaxTaromei
cpensl 6, = 0.

[IpeBriterne TemmnepaTypbl HarOollee HArPETO TOUKHM M30JISIIIMA HAaJ TEM-
MepaTypoi oXJaKIaroIel cpeasl onpeaenseTcs Gopmynoi

AB = eHHT - eoc'

Hecrannonapuslii mporecc M3MEHEHHS MPEBBIMICHUS TEMITEpaTyphl TOCTa-
TOYHO TOYHO OINHUCHIBAETCS BhIpaxkeHueM [1, 7-9]

t
Aet erH +(Aeym _eﬂ)'(l_e T)a

rze ¢ — TeKyIIMid MOMEHT BpeMEHH; 1 — TeIyIoBas MOCTOSIHHAS BPEMEHHU TPaHC-
dopmaropa; AD, — HayaTbHOE MPEBBINIEHHE TeMIepaTypbl; AOy., — yCTAaHOBHB-
1Ieecs MPEBHILICHHE TEMIIEPaTyphl IPU MOCTOSHHOW Harpy3ke B TEUEHHE BCETO
BpPEMEHH Harpesa.

TpeboBanus, NpeABsSBIIEMbIE K HArpy3kaM TpaHc()OpMAaTOpOB MPH UX DKC-
wryaTauuy, pernamentupoansl ['OCT 14209-97 [1]. Onu ycraHaBIMBarOT
TEXHUYECKH OOOCHOBAaHHBIE PEXUMbI HAIPy3KH CHJIOBBIX MAacisIHBIX TpaHchop-
MaTOPOB C TOYKH 3PEHUs JOIMYCTHMBIX TEMIIEpaTyp M TEPMUYECKOTO0 H3HOCA
W30JISMH, KOTOPhIE YYUTHIBAIOT HOMHHAJIBHBIE MOIIHOCTH W BHJIBI OXJIaXIe-
HUS (MAacisHOBO3IYITHOE WM MACISHOBOISHOE) TpaHC()OpPMAaTOpOB, TEMIIe-
paTypy OXJa)xJarolIe cpenbl, KpaTHOCTH MEPErpy3Ku K MPeAlIeCTBYIOLIENH €1l
Harpyske.

KpaTtHocTs momycTuMoit Harpy3ku (Teperpy3kd) MpeAcCTaBIiseT coOO OT-
HOIIICHHWE TEKYIIero Toka TpaHcopmaropa / K €ro HOMHHAJIBHOMY 3Haue-
HUIO L0y
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K, =—1—.100 %.

HOM

Ha ocHoBe TpeGoBaHMii K JOIMYCTHMBIM Harpy3KaMm IPH MPOSKTUPOBAHNH [4, 5]
U B TIporiecce dKkcruryaranuu [1] moctpoeHsl 3aBucumoctu (puc. 1-4) kpatHO-
CTEH JOMYCTUMBIX Harpy3ok (meperpy3ok) K, oT TeMmepaTypbl OXJIaKIAIOIIeH
cpenpl O, JUISL pacrpeleNUTelbHbIX MACIOHAMONHEHHBIX TPaHC(OpMaTOpOB
MOIIHOCTRIO He Oonee 2500 kB-A, TpaHcOpMaToOpoB CpeiHEN MOIIHOCTH IO
100 MB-A u tpancdopmaropoB Oonbpmioir MomHocTH — cBbimie 100 MB-A,
¢ Bugamu oxnaxaeHus ONAN (ecTecTBeHHas MUPKYJIAIMS BO3AyXa M Macla),
ON (ectectBeHHas nupKyisus Macna), OF (mpuHyauTenbHas HUPKYISIIHAS
Macjia ¢ HEHAIPaBJICHHBIMHU MMOTOKaMu Maciia), OD (mpuHyaAuTenbHAS ITUPKYJIIs-
[IMs1 Maclia C HaIllpaBJIEHHBIMU IIOTOKaMH Maciia).

2,1
K5, o.e. 6
1,9
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Puc. 1. [lomycTrMBIe HArpy3KH paclpeAeIuTEFHBIX TpaHC(HOpMaTOpOB
¢ cuctemoit oxnaxacHuss ONAN

Fig. 1. Permissible loadings of distribution transformers
with the ONAN cooling system

PaccmaTtpuBanu cnenyromue pexxumMbl paboTHl TpaHCHOPMATOPOB:

1 — mpOEKTUPYEMBI PACUSTHBIN PEKUAM HATPY3KHU MPOAOIDKUTEILHOCTRIO 6 U;

2 — HOpPMAaJBHBIN MPOIOJDKUTEIHHBIA PEKUM IKCIUTYaTaAlUU C PABHOMEPHOH
B TCUCHUE CYTOK Harpy3Koii,

3 — HOpPMaJbHBIN PEXKHM DKCIUTyaTallid C CUCTEMaTHYCCKHMMH Harpyska-
MU (TIeperpy3kamu) MPOIOJDKATEIHHOCTEIO 6 U ¢ €CTECTBEHHBIM HOPMAaJILHBIM
COKpaIlleHHEeM CpOKa CIYObl TPH KPaTHOCTH MPEIIECTBYIOIICH Harpys-
ku K, =0,25;

4 — HOpPMAJIGHBIA PEKUM IKCIUTyaTallMM C CUCTEMAaTUYCCKHUMH Harpy3ka-
MU (Tieperpy3kaMu) MPOJOKUTEIBHOCTRIO 6 4 C €CTECTBEHHBIM HOPMAJIbHBIM
COKpAaIl[CHHEM CpOKa CIIy>)KObI TPU KPATHOCTH TNPEIIICCTBYIOIIEH Harpys-
ku K; =0,8;
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5 — peXUM MPOJOIHKUTEIBHBIX aBAPUUHBIX HArpy30K (IIEPEerpy30K) Mpoo-
JKUTETHHOCTRIO 6 4 C TIOBBIMIEHHBIM COKpAIIEHUEM CpOKa CITy)KObI Oe3 yuera
MPEIICCTBYIOIICH HATPY3KY;

6 — KpaTKOBPEMEHHBIN aBapUUHBIM PEKUM TPOAODKUTEILHOCTRIO HE 00-
nee 0,5 4.

1,9
K>, o.e. 6
1,7
16
1,5
1,4 1
1,3
12
1,1
1.0
0,9
0.8———A——————————— 2
=25 -15 -5 0 5 10 1520 25 6, °C 40

3

Puc. 2. [lJonyctumbie Harpy3ku TpancgopMaTopoB cpenHeil u 0ObIIoNH MOLTHOCTH
¢ cuctemoit oxnaxaenus ON

Fig. 2. Permissible loadings of medium and high power transformers
with the ON cooling system
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Puc. 3. Jlonyctumbie Harpy3ku TpaHcopMaTopoB cpenHeil U 00bIIONH MOLTHOCTH
¢ cucreMoit oxnaxaeHus OF

Fig. 3. Permissible loadings of medium and high power transformers
with the OF cooling system

[IpencraBnennsie Ha puc. 1—4 KpaTHOCTH JOMYCTUMBIX Harpy3ok (Ieperpy-
30K) TapaHTUPYIOT, 4YTO MpeAeiibHas HEAONMyCcTUMAas TeMIeparypa HauOoJjee
HArpeTol TOYKU HU3OJISIIHUA ¢ YYETOM HOMUHAIILHOW MOIIHOCTH, BHJIA OXJIAXKIe-
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Hust TpaHcopmaropa He npeBbicuT 120-140 °C B pexuMe HOpPMaJIbHBIX CHC-
TeMaTHYeCcKUX Harpy3ok, 130-150 °C — B pexxume NpoJoIKUTEIbHBIX aBapUii-
HBIX Tieperpy3ok u 160 °C — B pexuMe KpaTKOBPEMEHHBIX aBapWUHHBIX TIepe-

rpy30k [1].

1,6
K5, 0. ¢. 6

1.4
13
1,2
1,1
1,0

0,9

0,8 f t t t t t 1 t t f t t
=25 -15 =5 0-5 10 15 20 25 0,,°C 40

Puc. 4. JlonycTuMble Harpy3ku TpaHc(opMaTopoB cpeaHeil U O0JbIION MOIIHOCTH
¢ cucreMoi oxnaxaenus OD

Fig. 4. Permissible loadings of medium and high power transformers
with the OD cooling system

Bausinne pe:xxumMoB padoTsl TpaHchopMaTOpoOB
HA MPONMYCKHYI0 CIIOCOOHOCTH JIeKTPHYECKOMH CeTH

AHanu3 Harpy30K TpaHc(OpMaTOpOB B Pa3lUUHBIX peXUMaxX pabOThI MO3BO-
JISACT ONpPCACINTL MOTCHIMAJ IMOBBINICHUA HpOHyCKHOfI CIIOCOOHOCTH OJICKTpHU-
YECKOM CETH IyTEeM HMCIOJIb30BaHUS JIOMYCTUMBIX TIEPErPY30K MACIOHATIOJIHEH-
HBIX TpaHc()OpMaTOPOB Pa3HBIX THIIOB B 3aBUCUMOCTH OT TEMIIEPATYyphl OXJia-
JKJIafoIIed cpeJibl C Y4YeTOM KpPAaTHOCTH MPEAIIECTBYIONIEH Harpy3Kud Ipu
HOPMaJIBHOM peXuUME paboThl TpaHCHOPMATOPOB C CHCTEMATHIECKUMHU TIepe-
rpy3KaMu.

HOTCHI_II/IaJ'I ITOBBIIICHUA HpOHyCKHOﬁ CHOCOOHOCTH BHCKTqueCKOﬁ CCTHU H,'
B I-M pEeKUME pa6OTBI OLCHUBACTCA B MPOILCHTAX MO OTHOUICHUIO K HOPMAJIbHOMY
NPOAOIDKUTEILBHOMY PEXMMY C PABHOMEPHOM B TEUEHUE CYTOK Harpy3koi (i = 2)
11, a0 7R %, i=1,3,4,5,

2(2)
riae Ky — KpaTHOCTb JIOIyCTUMOH MEeperpy3ku TpaHcopMaTopa B i-M pexHME
pa6OTBI; Kz(z) — TO XK€ ,Z[OHYCTPIMOP'I Harpys3ku B HOpMaJIbHOM MPOJOJDKUTCIBHOM
pexume.

HpI/I OIPCACICHNU TIOTCHLHAJIA TIOBBIIIICHUA HpOHyCKHOfI CII0COOHOCTHU
3JIEKTPUUECKON CETH HE PacCMaTPUBAJICS PEXXUM KPAaTKOBPEMEHHBIX aBapUHHBIX
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MEeperpy3okK, MOCKOJIBKY OH MPUBOJNT K 3HAYUTEIILHOMY HAPYIICHUIO HOpMAIlb-
HOU paboThl Tpanchopmaropa. B 3ToM pexume peKOMEHIYeTCsl IO BO3MOXKHO-
CTH OBICTpEEC CHU3UTH MEPErpy3Ky WM Ha KOPOTKOE BPEMsI OTKIIOYUTH TPaHC-
¢dopmarop [1].

[loTeHumanbl MOBBIMICHUS IPOMYCKHONW CHOCOOHOCTH ANIEKTPUYECKUX CeTer
3a CYeT Meperpy3Ku pacipeieuTebHBIX TPAHC(HOPMATOPOB € PA3HBIMU BHIAMU
oxnaxaeHuss (ONAN, ON, OF, OD) npuBeneHs! B a0, 1-4.

Tabruya 1
IHoTeHnuan NOBBIILIECHUS NPONYCKHOM CIIOCOOHOCTH d/1eKTpUYecKux cereii (%)
3a CYeT Meperpy3KH pacnpeieanTeJbHbIX TpaHcopmaTopos ¢ oxaaxkaeanem ONAN

The potential increase in throughput capacity of electric networks (%)
due to overloading of distribution transformers with the ONAN cooling

JlomycTHMBII PesknM paboThI Temmeparypa oxmaxaromel cpenst 0, °C
Tpanchopmaropa =25 | =20 | -10 0 10 20 30 40
IIpoexrupyemslit 2 5 12 20 28 40 54 73

HopMmanbHblif sKcIuTyaTaliMOHHbIN
C CHCTEeMaTHYECKUMH Harpy3kaMu
(meperpys3kamu) ¢ HOpMaJIbHBIM
COKpAILICHHEM CPOKa CITYKOBI

mpu K = 0,25 9 13 18 22 25 28 30 33

HopMmanbHblii 5KcIuTyaTallMOHHbIN
C CUCTEMaTU4YECKUMU Harpy3kaMu
(TIeperpy3KaMu) ¢ HOpMaJIbHBIM
COKpAILEHUEM CPOKa CITYKOBI

mpu K; =0,8 18 17 18 18 19 20 16 23

ABapuitHbINA IPOJOIKUTENbHBIN
9KCIUTyaTalHOHHBIH PeXUM

C YBEIMYEHHBIM COKpaIIeHHEM
CpoKa ciIy>kObI 0€3 IPEeBBILCHNS
IIpe/IeNIbHON TeMITepaTyphl
HanboJiee HarpeTod TOYKH 28 28 28 37 38 40 43 48

CpaBHUTENBHBIN aHATN3 JaHHBIX, IPUBEACHHBIX Ha puc. 1-4 u B Tabn. 1-4,
MOKAa3bIBAET, YTO CICTOBAHME MPUHUMAEMON MTPU MPOCKTUPOBAHUU JOIYCTHMOM
Harpyske TpanchopmaropoB K, = 1,4 NMPUBOJUT K HEHAOOLECHKE PEaTbHON IMpPO-
MyCKHOH - cmocOoOHOCTH ceTell ¢ TpaHcdopmaropamu ¢ oxnaxkaeHunem ONAN
B JIMAITa30HE TEMIIEpaTyp OXJIaXIaromIel cpeasl oT Muayc 25 1o 20 °C no cpas-
HEHHUIO C paccMaTpUBaeMbIMH B cTaHaapTe [l] aKCIUTyaTallMOHHBIMH DPEXH-
mamu. Jns TpanchopmaropoB ¢ oxnaxiaeHueM ON 3TOT nuamasoH CyKaeTcs
10 (25 °C; 0), a st Tpancopmaropos ¢ oxnaxaenueM OF — 1o (25 °C; —10 °C).
[Ipu Oonee BBICOKMX TeMIlepaTypax NPOCKTUpyeMasi KPaTHOCTh JOIYCTHU-
MO TMeperpys3Kd BeAeT K MEPEOleHKe MOTEHIMala NPOIyCKHON CIOCOOHOCTH,
ocobenno mpu 0, > 20 °C. [dns tpanchopmaropoB ¢ oxnaxaeHuem OD Ttakas
MEPEeoLIeHKa UMEET MECTO JIsl BCEro JHana3oHa pacCMaTpUBAEMBIX TEMIIEPaTyp
ot MuHyc 25 1o 40 °C, 94TO JOMOIHUTENBHO COKPAIIAET CPOK CIYKOBI BO BCEX
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9KCIUTYyaTaIl[MOHHBIX PEKUMax U He TapaHTHPYET MOBBIIICHUS TPEIEIbHON TeM-
nepaTypbl HAM0O0JIee HArPETOH TOUYKH MPOBOIHUKOB TpaHchopmaTopos [1].

Tabruya 2
IToTeHnna NOBBILIEHHUs] MPONYCKHOM CIIOCOOHOCTH 3/1eKTpHuecKuX cereii (%o)
3a cYeT Neperpy3KH TpaHc(hopMaTopoB cpeHeii U 60/Ib1I0 MOIHOCTH ¢ oXJaxaeHneM ON
The potential increase in throughput capacity of electric networks (%)
due to overloading of medium and high power transformers with the ON cooling

JlomyCTHMBIH peKUM PabOTHI Temmeparypa oxnaxaatoweit ¢peasl 05, °C
Tpancdopmaropa =25 | =20 | -10 0 10 20 30 40
[IpoexTupyemsiit 5 8 15 22 30 40 52 71

HopmanbHblii SKkcrTyaTalimoHHBINR
C cUCTeMaTHYeCKUMH Harpy3kaMu
(meperpy3kamu) ¢ HOpMaJIbHBIM
COKpAII[CHUEM CPOKA CITY:KOBI

npu K; = 0,25 13 14 19 23 24 26 26 30
IHopmasnbHbIH SKCIITyaTallMOHHBIN
C CHCTEeMaTHYECKUMH Harpy3kaMu
(Teperpy3kaMun) ¢ HOpMaJlbHBIM
COKpAII[CHUEM CPOKA CITY>KOBI

npu K; =0,8 14 14 16 16 16 17 14 22

IABapUIHBIH IPOIOIKUTETbHBIN
PKCIITyaTallHOHHBIN PEXUM

C YBEJIMYEHHBIM COKPAIIEHHEM
CpOKa CIIy>KObI 0e3 IPEeBBIIICHHUS
MpeaeIbHON TeMITepaTypsl
HanOoJee HarpeToil TOUYKK 20 19 23 22 20 30 30 40

Tabauya 3
IToTeHnuan NOBLIIEHNS NPOILYCKHOM CIIOCOOHOCTH J/1eKTPpUYecKuX cereii (%)
3a cyeT Meperpy3k TpaHcopMaToOpoB cpeaHeil 1 00610 MOIIHOCTH ¢ oxJjaaxaeHneMm OF

The potential increase in throughput capacity of electric networks (%)
due to overloading of medium and high power transformers with the OF cooling

JlomyCTUMBII pesKUM paboThI Temmeparypa oxiaxaaromeit cpexst 0, °C
Tpaxchopmaropa =25 | =20 | -10 0 10 20 30 40
IIpoexTupyemslii 7 9 16 23 30 40 52 69

HopManbHbli 5KCIuTyaTalinOHHbIN
C CHCTEMAaTUYECKUMH Harpy3kaMu
(meperpy3kamMu) ¢ HOpMaJIbHBIM
COKpAIIEHUEM CPOKa CITYKOBI

npu K; = 0,25 10 11 12 13 13 15 16 19

HopManbHbli 5KkCIulyaTalinOHHbIN
C CHCTEeMaTHYECKUMH Harpy3KaMH
(meperpy3kamu) ¢ HOpMaJIbHBIM
COKpAILIEHHEM CPOKa CITYKObI

mpu K, =0,8 9 9 11 11 11 14 13 8

ABapuiHbINA IPOJOKUTEIBHBIN
JKCIUTyaTallMOHHBIN PEXUM

C YBEJIMYEHHBIM COKPAIIEHUEM
CpOKa CITy>KOBI O€3 TPEBEIIICHUS
MIpeeNIbHON TeMIepaTyphbl
HanboJiee HarpeToH TOUKH 15 17 16 23 20 20 30 33
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Tabnuya 4
IHoTeHnHa NOBBIIIECHUS NPOIYCKHOM CIIOCOOHOCTH 3/1eKTpUYecKuX cereii (%)
3a cyeT Nneperpy3ku TpaHc(hopMaTopoB cpeHeii M 601b1I0I MOLIHOCTH ¢ oxJa:kaeHuem OD

The potential increase in throughput capacity of electric networks (%)
due to overloading of medium and high power transformers with the OD cooling

JlomycTuMBlii pexum paboThl TemnepaTypa oxnaxaaomeii cpeast 0., °C
TpaHchopmaTopa =25 | =20 | -10 0 10 20 30 40
[IpoexTupyemsiit 13 15 20 26 32 40 49 61

HopmanbHbli 3KcIUTyaTallMOHHbIH
C CUCTEMaTH4ECKHMH Harpy3KaMu
(meperpys3kamu) ¢ HOpMalbHBIM COKpa-
[ICHUEM CpoKa CIryk0bI ipu K = 0,25 9 9 9 10 11 12 13 14

HopMmanbHblif sKkcIuTyaTaliMOHHBIH
C CUCTEMaTHYECKUMU Harpy3KaMu
(meperpy3kaMu) ¢ HOpMaIIbHBIM COKpa-
LIeHUEeM cpoka cirykObl pu K; = 0,8 7 8 9 10 10 10 10 8

ABapuitHbIN IPOJOKUTENbHBIN
9KCIUTYaTalIOHHBII PEXXUM C YBEINYCH-
HBIM COKpAILCHUEM CPOKa CITYKOBI

0e3 IpeBhIIIeHNs IPeeTbHO TeMIe-
patypsl HanboJiee HarpeToi TOUKH 13 15 11 17 13 20 17 26

OnepaTtuBHast HHGOPMAIHMA O BENUYUHAX [, MO3BOIUT AEKYpPHOMY IEpCo-
HaJly TpaHC(HOPMATOPHOH MOACTAHLUHN KOJIMYECTBEHHO OLICHUTH IIOBBIIICHUE
MPOIYCKHON CIOCOOHOCTU 3JIEKTPUUECKOM CETH 3a CHET MCIOJIb30BaHUS AOIY-
CTUMOH meperpy3ku TpancopmatopoB. [IpakTriyecku Takas BO3MOXXHOCTH MO-
’KeT ObITh pealn30BaHa Kak OJHA M3 33aJa4 aBTOMAaTH3UPOBAHHOMN CHCTEMBI KOH-
TPOJIA U yIpaBiieHUs TpaHcPopMaTopHOH noacTanuu [10].

BBbIBOJIBI

1. Ileperpy3o4Hast ClIOCOOHOCTH CHIIOBBIX MAacJIOHAIIOIHEHHBIX TpaHC(hOpMaTo-
POB TO3BOJISET 3HAYUTENHHO, 0 HECKONBKHX JECSTKOB IPOLIEHTOB, YBEIUYUTH
MPOIYCKHYIO CIOCOOHOCTh BJIEKTPUUECKOH CeTH W OJaronmapsi 3TOMY IMOBBICHTD
HAJISKHOCTh JJIEKTPOCHAOKEHNSI TIOTPEOUTENIe MO0 CPaBHEHHIO C HOPMAJbHBIM
MIPOJIOJDKUTENBHBIM  KCIDTYaTal[HOHHBIM PEKUMOM C PaBHOMEPHON CyTOYHOM
Harpy3koi. [Ipu sToM yBenuueHre TPOIMYCKHON CIIOCOOHOCTH SJIEKTPUIECKON CETH
NpH paboTe B IIMKINIECKAX HEaBAPUIHHBIX PEKHMaX JIOCTHTAETCSI MPU COXPAHEHUH
€CTECTBEHHOT'O HOPMAJIBHOTO M3HOCA MaTepuaiia H30JsIii 00MOTOK TpaHchopmMa-
TOPOB, a HpH PaboOTe B LUKIMYECKHX MPOJIODKUTEIBHBIX aBAPUHHBIX PEKHMax
NPUBOIUT K HEOOJIBLIOMY, TI0 CPABHEHHIO C HOPMAJIbHBIM, YCKOPEHUIO H3HOCA H30-
msiun. B o0onx cilydasix rapaHTHpyeTcst COONII0/ICHHE JOIMyCTUMOM TeMITepaTyphbl
HarOOoJIee HArpeTo TOYKM 0OMOTOK TPAHC(HOPMATOPOB.

2. IloTeHnuan MoBBIIECHHUS IPOITYCKHON CIIOCOOHOCTH 3IEKTPHYECKON CETH,
onpenensieMbli UCXOA U3 NPUHUMAEMON IPU NMPOEKTUPOBAHMM JOIYCTUMOU
MEeperpy3Kr, MOXKET MPHUBECTH MPH JIOCTATOYHO BBICOKOHM TeMIeparype oxJia-
XKJIAIOIIeH Ccpelbl K COKPAIICHUIO CPOKA CIY)KOBbI M3-32 MOBBIIICHUS TEpMHUYE-
CKOT'0 U3HOCA MaTepualia U30JISUH 00MOTOK TpaHchopMaTopoB. [loaToMy BbI-
00p HOMHUHAJIBLHBIX MOIIHOCTEH TPaHCPOPMATOPOB HA CTAJUH MPOCKTUPOBAHHS
CJIeyeT MPOU3BOANTE C YYETOM KIMMATHYECKHX YCIOBHH MECTHOCTH, B KOTO-
poii TIpeoaraeTcs uX yCTaHOBKA.
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