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MOIIHOCTE CHIIOBBIX PaclpeieNUTENbHBIX MACITHBIX TPAaHC(OPMATOPOB BBHIOMpAETCS HC-
XOJISI U3 SKOHOMHYECKOH IeNIecO00pPa3HOCTH peXXnMa HX pabOThl M HAJEKHOCTU JIEKTPOCHAO-
JKEHHSI TIPUEMHHKOB JIEKTPOSHEPTHH NP YCIOBHH, YTO Harpys3ka TpaHc(hOpMaTopoB He JOJDK-
Ha MPHBOIUTH K COKPAIIEHHIO MX HOPMAJBbHOTO CPOKa CIy>XObl. UpesmepHO Oonblve W AJH-
TeNbHBIE MEPerpy3KH CYIIECTBEHHO CHIDKAIOT HAIEKHOCTh U COOTBETCTBEHHO CPOK CITyXKOBI
TpaHC()OPMATOPOB M3-3a TOBBIIIEHHOTO H3HOCA HM30MSILUM OOMOTOK B pE3yibTaTe Ieperpe-
Ba. Heyuer mpenpicTOpuM Harpy3kd M BO3MOXHBIX HM3MEHEHMH BO3HUKIIEH Ieperpys3ku
B IpoLiecce ee AATbHEHIIero pa3BUTHSI MOXKET MIPUBECTH K OOJBIINM MOTPENTHOCTSIM OIIpese-
JIIeMOH TONyCTUMOH JIMTENILHOCTH MEPErpy3KH M Kak CIEICTBHE K HEJOIYCTHMOMY IIepe-
IpeBy U30JBIIUNA OOMOTOK HIJIM HEIIOJHOMY MCHOJIB30BAaHMIO IMTOTECHIHAIBHOM Heperpy30uHoM
CIOCOOHOCTH TPaHC(HOPMATOPOB, YTO OTPAHUYUT BO3MOXKHOCTH IOJHOTO YJOBJICTBOPECHHS
3anpocoB NoTpeduTenei aaekTposnepruu. Vimenno nosromy neiicreyromuii TOCT 14209-97
HACTOSTENBHO PEKOMEHIYeT MOTPEOUTENAM JIeNIaTh CBOM COOCTBEHHBIE PACUETHI AOMYCTUMBIX
Harpy30K Ha OCHOBE PeasbHBIX I'PA(UKOB HArPy3KH.

Pazpaborana mMeToaMKa OIMpPEAENCHUS JOMyCTHMON NPOAODKHTENBHOCTH CHCTEMAaTHIe-
CKOM HeaBapUITHOM Meperpy3KH pacHpeAeIuTeNIbHOTO MAacisTHOTO TpaHchopMaropa, YyIuThl-
BalOIlas M3MEHEHUS KpPaTHOCTH IeEperpy3kd Ha HHTEpBaje BPEMEHU €€ CyILeCTBOBAHUS
U COOTBETCTBEHHO M3MEHEHHS TEIUIOBOTO COCTOSHHMS TpaHchopmaropa. [IpuMeHeHne SToM
METOAUKU IO3BOJUT IMOBBICUTH TOYHOCTH OIpEAENIEHHs JOIyCTUMOH HpOJOJDKUTEIBHOCTU
CHCTEMAaTHYECKUX HEaBapUHHBIX IMEeperpy3oK M, B KOHEYHOM HTOTe, HAJIeKHOCTh PabOTEI
TpaHc(hopMaTOpa M CHCTEMBI SIIEKTPOCHAOKEHNS B IEIOM. Peanu3anust MeTOIUKH Mpeanona-
raeTcsi MOCPeACTBOM MOHMUTOPHHIA HArpy3KH TpaHc(hopmaTopa Kak OAHON M3 3a7ad aBTOMa-
THU3UPOBAHHOHN CHCTEMBI KOHTPOJIIS U y4eTa JIEeKTPOIHEPTUHL.

KiroueBble cjioBa: MacisHbId TpaHCopMaTop, MPOAOIKUTENBHOCTD MEPErpys3Ku, Io-
TpeOUTENb IMEKTPOIHEPTHH, TPAPHK IIEKTPOIOTPEOICHHSI.

Wn. 5. Tabn. 5. bubnwuorp.: 11 Ha3s.

ASCERTAINMENT OF ADMISSIBLE SYSTEMATIC OVERLOADS
IN THE DISTRIBUTIVE OIL-TRANSFORMERS
ANISHCHENKO V. A,, IVANOV V. V.

Belarusian National Technical University

The capacity of power-distributive oil-transformers is selected on the basis of their opera-
tional mode cost-effectiveness and power-supply reliability of the electrical recipients on con-
dition that the transformers duty should not lead to reduction of their normal life-in-service.
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Unconscionable and protracted overloads intrinsically decrease reliability and respectively
service life of the transformers owing to increased wear of the winding insulation because
of the excessive heat.

The unaccounted previous loading history and possible changes of the risen overload in
the course of its further development can lead to poor accuracy in the admissible overload-
time estimation. Therefore, that may lead to intolerable excessive heat in the winding insula-
tion or underutilization of the potential overload capacity of the transformers. Which limits the
potentiality of complete demand satisfaction of the electrical consumers. This is exactly why
the acting GOST 14209-97 strongly recommends the consumers to make their own calcula-
tions of the load-carrying capacity based on the real load curves.

The authors present a method for ascertainment of the admissible duration of the syste-
matic non-emergency overload of a distributive oil-transformer. The ascertainment method
accounts for the overload repetition-factor alteration on the time-interval of its occurrence and
respectively the variation in the transformer thermal state. The employment of this method
will allow improving accuracy in ascertainment of the admissible duration of the systematic
non-emergency overloads and eventually the reliability of the transformer operation and
the power-supply system in its entirety. The method realization is intended by means of the
transformer-load monitoring as one of the tasks of the electric-energy automated control and
accounting system.

Keywords: oil-immersed transformer, overload duration, electric consumer, load
curve.

Fig. 5. Tab. 5. Ref.: 11 titles.

BBenenne. MOITHOCTh CHIJIOBBIX PACHPEICIUTEIBHBIX MACISHBIX TpPaHC-
(hopMaTopoB BEIOMpAETCS] UCXOJISl U3 SKOHOMHUECKON 11eNneco00pa3sHOCTH PEXU-
Ma UX paldOTHl U HAJEKHOCTH SIEKTPOCHAOKEHHUS MPUEMHHUKOB AJIEKTPOIHEPTHH
MIpH YCJIOBHH, YTO Harpy3ka TpaHcQOpMaTOpOB HE JOJDKHA MPUBOIUTH K COKpa-
IIEHUIO UX HOPMAaJBHOTO CPOKa CIy>KOBI. Upe3mepHO OONbIIne W ATUTENbHBIE
MEePerpy3kKu CyLIIECTBEHHO CHWXKAIOT HAaJEeKHOCTh W COOTBETCTBEHHO CPOK
CIIy>kObl  TpaHc(OpPMAaTOPOB H3-3a MOBBILICHHOTO W3HOCA HM30JSIIUKM OOMOTOK
B pe3ynbTaTe meperpeBa. B To ke Bpemsi HelIOHMCIIONb30BaHNE MOTEHITHAIBHON
MEePerpy309HOi CrTOCOOHOCTH TpaHCHOPMATOPOB MOXKET IIPUBECTH K HEOOOCHO-
BaHHOMY MpPEXAECBPEMEHHOMY OTKJIIOUECHUIO TOTPEOUTENeH 3JIeKTPOIHEPruu
U KaK CIIEICTBHE YKOHOMUYECKOMY YILEpOYy.

[Ipu mpoexTHpoBaHNH PEKOMEHIYETCS BHIOMPATh TPAHC(HOPMATOPHI C TAKIM
pacueToM, 4TO UX MOXKHO OyzmeT meperpyxath Ha 40 % B TeueHHE IIITH CYTOK
C POIOJDKUTENLHOCTBIO TIEPETPY3KU B KaXKIble CYyTKH He Oosiee 6 4. DTa HOpMa
HOCUT OCPEJHEHHBIH XapakTep W He YUYHTBHIBAET pa3Hble THUIBI TpaHCPOpPMATO-
POB, CHCTEMBI HX OXJKICHHUS M KIMMAaTHIECKIe YCIOBUA. B mpomecce skcIuty-
aTalMy TPH POCTE€ C TEYCHWEM BPEMEHH Harpy30K MOTpeOWTeNed 3IeKTpH-
YEeCKOH PHEPTrUH M JOCTATOYHO BBICOKHX TEMIIEpaTypax OXJIAXKJAIOIIEH Cpeabl
BO3HHKAaEeT HEOOXOOUMOCTh OOOCHOBAHHO MEPErpyXatb TPaHCPOPMATOPHI C
Y4eTOM KOHKPETHBIX YCIIOBHUI pabOTHI.

MexrocymapctBernbiii crangapt ['OCT 14209-97 [1], mpenctaBistoniuit
co0oii monmHbId ayTeHTHUHBIA TekcT MOK 354 (1991), ycranaBnmBaeT TexHUYe-
CKA 000CHOBAaHHBIE PEXHMbI HArPY3KH TpaHC(HOPMATOPOB C TOUKU 3PEHHUS JI0-
MyCTUMBIX TEMIIepaTyp WX HarpeBa W TEPMHUYECKOro M3HOca. B wacTHOCTH, Iyt
pacIpeeUTeNIbHBIX TPAaHCHOPMATOPOB MOITHOCTHIO 10 2500 KB-A BKJIFOUUTEB-
HO U HampsokeHueM 35 kB u MeHee ¢ ecTecTBEHHOM HHUPKYJSIMEH BO3IyXa
u Macna (cucrema oxnaxaenus ONAN), coorserctByromux ['OCT 3484.2-88 [2],
cragaapt [1] npuBoauT rpaduku W TaONMHIBI A OMpENeNeHUS IOMyCTUMON
MPOJOJDKUTEIIEHOCTH PEKUMOB CHCTEMATUYECKUX HEaBapUHHBIX HATPY30K JUIS
3aJJaHHOM TEMIIEpaTypPbl OXJIAKIAIOIIEN CpEIbl.
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CrnenyeT 3aMeTUTh, YTO B 00Jiee paHHUX peaaknusx [1, 2] BMecTo MOHITHS
«CHUCTEMAaTHYECKHE HArpy3KW» HCIIONb30BaJOCh ONpEIENIeHHe «CHUCTeMaTH4e-
CKHE TIEPErpy3Km», KOTOPOe TIOJIEPKHUBAIIO, UTO TIeperpy3KH Mo TOKY Ha KaKOM-
TO MHTEPBAJIEC BPEMEHH BHYTPH CYTOYHOTO ITUKJA UMEIOT MECTO, HO SBISIOTCS
JIOITYCTUMBIMH, IIOCKOJIbKY KOMIICHCHPYIOTCS 32 CUET MOHMKCHHUSI TEMITCPATYPhI
OXJTXKIAFOIICH CPebl UM TOKA HATPY3KH B TCUCHHE OCTAIHHOW YacTH IUKJIA.
IIpu 3TOM, Kak M IpU MOCTOSTHHON HOMUHAJIBHOW Harpyske, MPOUCXOJIUT €cTe-
CTBEHHOE HOPMAIIbHOE COKpAIIEHUE CITYKOBI TpaHC(OPMATOPOB B CBSZH C IKBH-
BaJICHTHOCTBHIO TEPMHUYECKOTO HM3HOCA H3OIIMU B 000mX ciydasx. Pasmmdme
CTapbIX ¥ HOBOW pelaKIMii HOCUT TEPMHUHOJIOTUYECKHA XapakTtep. [Ipeacrasis-
eTcsi 00JIee TOYHBIM OIPEJIEICHUE «CHCTEMATHUECKUE HEaBAPHUIHEIC TIeperpys3-
KI», KOTOPOE HCIONB3YeTCs B JAHHOH CTaThe.

HopMajabHbIii MPOIO/LKUTENbHBIH PeKUM HArpy3ku. M3omsmums oOMOTOK
TpaHCQOPMATOPOB TOABEPraeTCSs TEPMOXUMHUYECKOMY H3HOCY. DTOT MPOIECC
SIBJIICTCS] KyMYJISTUBHBIM M IIPUBOJUT K HEJIOIYCTUMOMY COCTOSTHUIO U30JISIIUY.
CKOpOCTh M3HOCA M3OJSIUH YABAUBACTCS MPH KaXJJIOM BO3PACTaHUHM TeMIIepa-
Typbl npubausuTensHo Ha 6 °C. OHa omnpenensercss TeMIEepaTypoi Haubolee
HarpeTod TOYKH U30JISLHMU U COINPHUKACAIOIIUXCS ¢ HEM METaUIMYECKUX YacTel.
Jlist TpancdopMaTopoB, yaosierBopsiomux Tpeboanusm I'OCT 11677-85 [3],
JIOTyCTHMOE 3HAYCHUE TEMIepaTyphl HaNOOJIee HArpeTOW TOYKH, TapaHTUPYIO-
1ee HOPMaJIbHBIA U3HOC TpaHC(HOPMATOPOB, cocTaBiseT 0,,, = 98 °C, uTo cooT-
BETCTBYeT pabore TpaHCcOpMaTopa MpPU TEMIIEPAType OXJIAXKIAOUIEH Cpellbl
0o = 20 °C 1 npeBBILICHUIO TEMITEpaTyphl HanOo0JIee HarpeToi TOYKH 0, = 78 °C.

[Ipu mocratoyno paBHOMEpPHOM rpaduKe HArpy3Kd B T€UEHHE CYTOK WJIHM Ha
0oJiee MPOJIOKUTEIIFHOM MHTEPBAJIC BPEMEHHU JOMYCTUMAas KPaTHOCTh HArpy3-
KU CYIIECTBEHHO 3aBHUCHUT OT TEMIIEPATyphl OXJIaXKAaroIel cpenbl. JJomycTumas
KpaTHOCTh HArpy3kd B 3TOM HOPMAJBHOM MPOIOKUTEIIEHOM DPEXUME Tpe/I-
CTaBJISIET COOOM OTHOIICHHE JAOIYCTUMOTO TOKa TpaHchopmaropa |, K ero Ho-
MUHaJIbHOMY 3HaueHHIO |, TIpu Temneparype oxnaxaaromuiei cpeasl 0, = 20 °C

K, = o (1)

JlommycTrMoe TIpEeBBIIIEHNE TeMIepaTypsl HanOoJiee HArpeTOW TOYKH OIpe-
JeNAeTcsl KaK pa3HOCTh TeMIIepaTypbl HanOoJiee HarpeToi TOYKM OOMOTKH H30-
nsimu 0, ¥ TeMIepaTypsl OXJIaKJAIOIEH cpesl

Tnon = 9143 - eoc' (2)

3HadcHUS A0IyCTUMBIX KpaTHOCTeﬁ Harpy3km B HOPMAJIbHOM IIPOJOJIKU-
TCJIBHOM PCKHUMC IIPpHU PAaBHOMCPHOM l"pa(i)I/IKe 1 pa3HbIX TCMIICpATypax IpUBEC-

eHsl B Ta0I. 1.
Tabauya 1

Temnepatypa oxnakaaroien cpeast 0., °C | =25 | =20 | 10 0 10 20 30 40

JlonmycTrMoe IpeBbllIeHUE TEMIIEPaTyphl
Tyom 'C 1231118 | 108 | 98 | 88 | 78 | 68 | 58

Jomnycrumas kpaTtHocTb Harpy3ku K., o. e.[ 1,37 1,33 | 1,25 | 1,17 | 1,09 | 1,00 | 0,91 | 0,81

HopMmanbHble pexuMbl cucTeMaTHuecKHX mneperpy3ok. CormacHo [1],
HOPMAaJIbHBIC PEXHUMbI CHCTEMATHUCCKUX MEPErpy30K MPEACTABISIOT CO0Oi
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UUKINYECKUE HeaBapUiHbIE PEKUMBI C HOPMAalbHBIM COKPALICHHEM CpOKa
CITy>KOBbI, 3KBUBAJICHTHBIM €T0 COKPAIEHHIO B TIPOIECCE IPOIOIDKUTENHHON
paboThl ¢ HOMHHAJIBHON HArpy3KOH IPH TEeMIIepaType OXJIAKIAIOMIEH Cpembl
0oc = 20 °C. Ilpu sTOM HE MOJKHA MPEBBINIATHCS JOMYCTHMasi TeMIIepaTypa
HanOoJiee HArpeTol TOYKH, HO AOMYCKAETCS MPEBBILICHUE NOMYCTHUMBIX MPH
HOPMAaJIbHOM TIPOAOJKUTENBHOM PEXHME KPaTHOCTEH HAarpy3KH, MPUBEICHHBIX
B Ta0u. 1. lHTEpBansl BpeMeHH, B TEUCHHUE KOTOPBIX TpaHchopmaTop paboraer
C TOBBIIIEHHOW CKOPOCTHIO OTHOCHUTEIBHOTO HM3HOCA W3OJISILHH, KOMIICHCHPY-
I0TCS] HHTEPBAJIAMH C TIOHIXKEHHOM CKOPOCTBIO H3HOCA.

Jnst  pacmpeleIMTeNbHBIX TpaHC(HOPMATOPOB € CUCTEMOW OXIIXKJICHUS
ONAN crangaprom [1] onpeieneHsl JONYCTHMbIE TPOJODKUTEILHOCTH CHCTE-
MaTHYECKHX HEaBApUHHBIX MEPErpy30K B 3aBUCHMOCTH OT KPAaTHOCTH Hayallb-
HoW Harpy3ku K;, mpeamecTByromeil MOMEHTY BO3HHKHOBEHHUS IEPETPY3KH,
Y KPaTHOCTH Teperpy3ku K, mpu pa3HbIX 3HAYCHHUAX TEMIIEPATyphl OXJIaKIaro-
e cpeapl B AuanazoHe ot —25 10 40 °C. DTu J0MyCTHMBIE MIEPErPy3KH MOy-
YeHBI C HEBBICOKOW TOYHOCTHIO M3-3a MPHUHATHIX MPU UX OMPEIEIICHUH JOITyIIe-
HUI, OCHOBHBIMHU M3 KOTOPBIX SIBJISIOTCS:

e TeMIepaTypa OXJIaXAAIOIEH Cpeabl oIaraeTcsl HeM3MEHHOM Ha MpOTshKe-
HHUH BCETrO CYTOYHOTO Tpadrika Harpy3Ku;

® CYTOYHOE M3MEHEHHE HArpy3KH MPEACTaBICHO YIPOLUICHHBIM JIBYXCTYIICH-
YaTbIM NPAMOYT'OJIbHBIM Fpa(bI/IKOM.

B ykazanHOM cTaHmapTe paccMaTpHBarOTCs M Oojiee CI0XKHBIE THUIIBI JBYXCTY-
MEeHYaTIX TPaQHKOB: C OJHUM MAaKCUMyMOM HAarpysKH, ¢ IBYMS MakCUMyMaMH
Pa3IMYHON NMPOJOILKUTEIBHOCTH, ¢ OCIEA0BaTEIbHBIMA MakcuMyMamMu. OHE MO-
I'YT KUCIOJIb30BAThCS Ul BHIOOpa HOMHUHAIBHOM MOIIHOCTH TpaHC(OpMaTopoB Ha
CTa/IM¥ TIPOEKTUPOBAHMS CUCTEM 3JIeKTpocHa0KeHus. OHAKO MPU AKCIDTyaTanum
Harpy3ka MOXKET HENPEPHIBHO W3MEHATHCS B LIMPOKHX IpeAenax, u ee (akTude-
CKUi TpaduK OyNeT CYIIECTBEHHO OTIMYATHCS OT CTaHJApPTHOTO, YTO CHIDKAET
TOYHOCTH OIPEAEIAEMON TOMYCTUMOMN MPOIOJIKUTENILHOCTH MEPETPY3KU.

OueHKa TOYHOCTH CTAHIAPTHBIX JOMYCTHUMBIX CHCTEMATHYECKHX Mepe-
rpy3ok. [IpomsBeneM nmpUMEpHYIO OIIEHKY TOYHOCTH OMpEIeNsseMOi CTaHmap-
TOM I[OHYCTHMOﬁ MPOAOJDKUTCIIBHOCTH CUCTEMATUYCCKUX NEPErPy30K HA IIPU-
Mepax pPeKHUMOB, MIPEICTABICHHbBIX Ha pUC. | u B Tabm. 2, 3.

a 0

o S| T T T
Ks <11 \\t:0|5 K, 105
18 SEA SRS NFRY
YT %‘“"“"-.. \\ \“\ NP - \\\\
1,4 NWAY! 14l T AN

SNER N
1,2 8 - 1,2 “_Hh:. H:\‘
1.0 24 10 -\

0o =20 °C 24 0oc = 30 °C]

08 LITT el

v2 04 06 08 10 12K;14 02 04 06 08 10 12K;14

Puc. 1. PacnipenenutensHbie Tpancdopmaropsr ¢ oxnaxaeaneM ONAN.
JlomycTiUMBbIE PEKUMbI HATPY3KU ¢ HOPMaJIbHBIM COKPAILIEHUEM CPOKa CITyXKObI IIPH:
a—0,=20°C;6-30°C



Tabauya 2
Pexxum narpysku npu 0, = 20 °C

Ky
L 0,25 0,50 0,70 0,80 0,90 1,00
0,5 1,50 1,50 1,50 1,50 1,50 1,00
1,0 1,50 1,50 1,50 1,50 1,50 1,00
2,0 1,50 1,50 1,49 1,43 1,34 1,00
4,0 1,37 1,34 1,29 1,25 1,19 1,00
8,0 1,18 1,17 1,15 1,13 1,10 1,00
24,0 1,00 1,00 1,00 1,00 1,00 1,00
Tabruya 3
Pexxum Harpy3ku npu 0, = 30 °C

t,u K

’ 0,25 0,50 0,70 0,80 0,90

0,5 1,50 1,50 1,50 1,50 1,12

1,0 1,50 1,50 1,50 1,45 1,03

2.0 1,50 1,35 1,35 1,26 0,97

4,0 1,27 1,23 1,17 1,10 0.94

8,0 1,09 1,07 1,04 1,01 0,92
24,0 0,91 0,91 0,91 0,51 0,91

[Ipeamnonoxxum, 9T0 KpaTHOCTh HadaJIbHOH Harpy3ku K; = 0,6 u meperpy3ku
K, = 1,4. IIpu TemnepaType oxnaxnparomiei cpeapt 0, = 20 °C UM cOOTBETCTBY-
€T OMyCTHMasl MMPOJOIDKUTEIBHOCTh MEePETPy3kH t; = 3,6 4, a Ipu pe3KoM I1o-
BBIIIICHUU TEMIIEPATyphl Cpa3y MOCIe HacTynuBIIeH neperpysku a0 0, = 30 °C
momydaeM t, = 2,0 u. Ilpu kpaTHOCTSX Harpy3ku u mneperpy3kun K; = 0,8
nkK;=1,4umeemt,=2,8 anpu 0, =20°Cut,=1_2qmnpu 0, =30 °C. Takum
o0pa3oM, HEyYeT W3MEHEHHS TeMIepaTyphl OXJIaXIAoMmel cpeapl MOXKET 3Ha-
YUTENBHO, O NIBYX W OoJiee pa3, M3MEHHUTH OMYCTHMYIO MPOAOKATEIHHOCTD
Meperpy3KH.

He B MeHbIIEH CTETIEHH Ha TOYHOCTh ONPENIEIEHUS JOITYCTUMON MEPErPy3KU
MOJKET TOBIIMATH HEY4YeT (PAKTUIECKOTO TETUIOBOTO COCTOSHHS TpaHCchopMaTo-
POB B MOMEHT BPEMEHH t;, Tpe/IIIecTBYOIMUN Havary neperpy3ku. O0paTtumcs
K 9KBHBAJICHTHOMY CYTOYHOMY rpauKy Harpys3ku (puc. 2), Ha OCHOBE KOTOPOT0O
cTarnaprt [1] ompenenser JOMyCTUMBIE 3HAYEeHNUS 1.

K t.

Ko

Ki

0 tl 244 t

Puc. 2. DXxBUBaJICHTHBIN IBYXCTYIIEHUATHIN rpaduK HATPy3KH

KpaTHOCTB K]_ B 3TOM CJiy4dac IoJjiaracrcsa IIOCTOSIHHOM Ha BCEM HUHTCPBAJIC
(0, t]_), HO B ,Z[eﬁCTBHTCJ'IBHOCTH OHa MOXKCT CYHICCTBCHHO U3MCHATHCA U €C 3HA-
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YCHHE B MOMEHT BpeMeHH 1) He Oy/eT COOTBETCTBOBATH TEMIIEpaType Hanboee
Harperoli Touku. OIHOMY W TOMY e 3HaueHHI0 K, MOTyT COOTBETCTBOBATH
pa3HbIe 3HAYEHHS TEeMIIepaTyphl H3-3a WHEPIHUOHHOCTH TEIUIOBOTO IpoIlecca.
Heyuer npeapicTOpuu Harpy3kd Ha WHTEpPBAJC BPEMEHH, IPEIIICCTBYIOIIEM
neperpyske, CHIDKAeT TOYHOCTh ompeneneHus t,, Hampumep, mpu kpaTHOCTH
Harpy3ok K; = 0,9 u K, = 1,3 npu 0, = 20 °C umeem t, = 2,5 4. Eciiu Temnepa-
Typa HanboJiee HarpeTol TOYKH B MOMEHT BpeMeHu {; coorBercTByeT K; = 0,7,
TO JOJDKHO OBITH t; = 4,0 4.

Takum 00pa3oMm, HEydeT MPEABICTOPUU HArPy3KH U BO3MOXHBIX M3MEHEHUI
BO3HUKIIEH Teperpy3Ky B MPOIECCe €€ JATBHEHUIIEro pa3BUTHI MOXKET MPUBE-
CTH K OOJIBIIIMM MOTPENTHOCTSM OIPEACTIICMON TOMYCTUMOHN JUTUTEIHHOCTH Tie-
pErpy3KU W, KaK CIEACTBUE, K HEJOMyCTUMOMY TEeperpeBy U30JSAIHA 0OMOTOK
WJIM HETIOJTHOMY HCITOJIb30BAaHHUIO MOTEHIIHAIBHON TIepErpy309HOi CITIOCOOHOCTH
TpaHC(OPMATOPOB, UYTO OTPAHUYHUT BO3MOKHOCTH TOJHOTO YJIOBIICTBOPSHUS
3alpocoB MOTpeOuTenei 3aekTposHepruu. MmenHo mostomy crangapT [1]
HACTOATEIHHO PEKOMEHYeT MOTPeOUTENSIM IeJIaTh CBOM COOCTBEHHBIE PACUETHI
JOITYCTUMBIX Harpy30K Ha OCHOBE PEaNIbHBIX TPapUKOB HATPY3KU.

MaremaTu4yeckas Mojejib TEIJIOBOro pexxkuma tTpanHcdopmartopa. Pac-
CMOTPUM MOJIC/b, OMHCHIBAIOIIYI0 M3MEHEHHS TeMIIepaTyphl TpaHcdopmaropa
B HEYCTAHOBHBIIEMCS pexume paboThl. C TOCTATOYHOM I MPAKTHYECKUX IIe-
Jiell TOYHOCTBIO TPH pacdeTaX HOPM HArpy304HOW CIIOCOOHOCTH TpaHcdop-
MaTopa MOJXKHO HCIIOJB30BaTh KJIACCHYECKOE ypaBHEHHE TEIJIOBOTO OaiaHca
B «4HCTOM BHUJIE» [4—6]

APdt = Atdt — Ddr, (3)

rae AP — MOITHOCTH aKTHBHBIX TIOTEPh MPH MPOXO0XKICHUH NEKTPUIECKOTO TO-
ka, Bt; 4 — ko3 punmenT reruoornaun, B1/°C; D — Terioemkocts TpaHCchOp-
maropa, Br-¢/°C; T — npeBblieHre TEMIIEpaTypbl HanboJIee HArPETOM TOYKH 00-
MOTKH HU30JISIHH 0,; HAT TEMIIEpaTypOH OXJIaXKTArOIICH Cpeapl O,.,

1=0,-0_, 4)

dt — IPUPOCT TIpeBhIIeHNs TeMIepaTypsbl, °C; dt — miar BpemMeHw, c.

N3 ypaBHeHUs (3) MOXHO ONPENCTUTh YCTAHOBUBIIEECS 3HAUCHHUE IPEBHI-
IICHHUS TEMIEpaTypbl HAauOOoJIee HArPeTON TOYKH HaJl TEMIIEPATypOil OKpYXKaro-
e cpebl

T =—=T+T—t, (5)

rae T = D/A — mocrostHHast BpeMeHH HarpeBa TpanchopMaropa, C.

[TockoapKy MOCTOSTHHAS BPEMEHH HarpeBa 0OMOTKH HeBennka (5—10 c¢), mo-
CTOSIHHAsl BpEMEHU HarpeBa TpaHcopMaTopa o0ycIOBIicHa B OCHOBHOM Harpe-
BOM MacJiia ¥ JUIs paclpeieuTeIbHbIX Tpanchopmaropos 7'~ 3 u.

N3 (5) moiryqaem 3aBUCHMOCTD TIPEBBIMICHNS TEMITEpaTyphl Hanbosee Harpe-
TOW TOYKH B HEYCTAHOBHBIIIEMCSI PEXKHME OT BPEMEHU

t=t,, (1, - mexp[—%} (©)

T/Ie T,, — HAa4aJIbHOE MPEBHIIICHNE TEMIIEPAaTypbl HanOOJIee HarpeTO TOUKH.
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U3 (6) momyuaem opmymy Ans pacdera JOMyCTUMON MPOJOKUTEILHOCTH
CHCTEMAaTH4YeCKON HeaBapuHHOW Meperpy3ku TpaHchopmaropa, padOTaromero
C HOPMAaJIbHBIM COKPAIIIEHNEM CPOKa CITy>KOBI:

T T
t =T In—¥r ot )

TyCT - TH

1€ Tyon — JOIYCTHMOE TPEBBILICHIE TEMIIEPATYPhl HanOoiee HarpeToi TOUKH.
[lepexoHOM HEYCTAaHOBHMBILUICS MPOLIECC HArpeBa IMOKa3aH Ha puc. 3.

T

Tyer

TZIOH

Tu

Puc. 3. TIpeBsbliiienne TeMiepaTypsl HauboJsiee HarpeToi Touku 0OMOTKHU TpaHchopmaTopa
B 3aBUCHMOCTH OT BPEMEHHU

MeTtonuka onpeaesieHus: JONMYyCTUMOI MPOJOKUTETbHOCTH CHCTEMATH-
YyecKOi HeaBapHiiHOM Meperpy3Ku ¢ y4eToM peajibHOro rpadguka Harpy3KH.
CorracHO peKOMEHIAInK cTaaapTa [1], OCHOBHBIM KPUTEPHEM TOITYCTUMOCTH
neperpy3ku Tpancopmaropa SBJseTCsl TeMepaTypa Haubojee HarpeToi TOUKH
06MoTkH m3oJsK. OHA OTrpaHWYMBACTCS IS PACTIPEACITUTEILHBIX TpaHCcOp-
MaTtopoB 3HadeHneM 140 °C, KOTOpoe COOTBETCTBYET Hadally yCKOPEHHOTO CTa-
peHust m3omsmuH. HemocpencTBeHHOE W3MepeHHe TeMIepaTypsl Hawmbosee
HArpeTo TOYKH 3aTPyTHHUTENBHO M3-3a BHICOKOT'O HAIMPSKEHMsS, U OOBIYHO ee
BBIYHCIISIIOT 110 METOJHWKE, OCHOBAaHHON HAa TEPMOXHMHYECKOM 3aKOHEe AppeHH-
yca W ympomeHHOM cooTHomennn Montcuarepa [7]. Ho maxke ecnm mpumu-
PHUTBCS CO CIIOKHOCTBHIO M3MEPEHUS TeMIepaTyphl U OTKIIIOYaTh TpaHchopMaTop
Ha OCHOBE IOKa3aHHS €€ JaT4yrhKa, He MOJy4daeTcs MPOTHO3UPOBATH AOIyCTH-
MYIO TIPOAOJKATENBHOCTh TIEPETpy3KH W3 ypaBHEHHUS (7), TaKk KaK HEN3BECTHO
0XUIaC€MO€ YCTAaHOBUBLICCCA 3HAYCHUC IMPCBBIILICHUSA TCMICPATypPbl, COOTBET-
CTBYIOIIlEE BOHHKIIIEH TIEpeTpy3Ke.

Cnez[yeT TAaKXXC YUYHTBIBATH 3aBUCHUMOCTD MMOCTOSIHHOM BPEMCHU HarpeBa OT
Meperpy3Ku, MOCKOIBKY ¢ POCTOM TeMIIEPaTyphl YBEIMUHBAETCS OMUIECKOE CO-
MPOTUBJIEHHE 0OMOTOK TpaHcopmaTopa. [Ipu HeOONbINX Meperpy3Kax MmopsI-
ka 10-25 % stum (akropom MOkHO TipeHeOpeub. OHaKO MpH OOJBIINX Tiepe-
rpy3Kax HEOOXOJMMO YUYUTHIBATH YBEIMYCHHE OMHYECKOTO COMPOTHUBIICHUS,
MOCKOJIBKY OHO BEZET K POCTY TEIJIOBOM MHTEHCHUBHOCTH 3JIEKTPOTEPMHUYECKOTO
MpoIriecca U yMEHbBIIIAET MMOCTOSTHHYIO BpEMEHHU Harpesa [4].

[ToaTOMy HE ciydaifHO AEHCTBYIOMMMA cTaHAapT [1] permaMeHTUPYET AOITy-
CTHUMYIO IIPOAOJKUTEIBHOCTE MEPErPy3KH B 3aBUCUMOCTH HE OT TEMIIEPaTypBhl,
a OT TMepBOHAYAIBHOW KPaTHOCTH Harpy3ku K; u meperpysku K, ¢ yueTom Tem-
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nepaTypsl oxyaxaaromeil cpeasl (taba. 2, 3 u puc. 1). CBa3p MexIy KpaTHO-
CTBIO MEPErpy3KH U 0OYCIIOBJICHHOM €10 KPAaTHOCTHIO HMPEBBILICHUSI TEMIIEpaTy-
pBl M30ISIMKM OOMOTOK HajJ TEMIIEPAaTypoH OXJIAKIAIOMIEH Cpelasl OTpa)aer
WHEPIHOHHOE 3BEHO MEPBOTO MOPSAKA C ePeJaToOuHON QyHKIHEH

W)= ©®)
TP +1
I/Ie BXOJHBIM CHUTHAJIOM SIBIISIETCSI KPATHOCTh IMEPETpy3KH, BBIXOIHBIM — KpaT-
HOCTh TIPEBBIIICHUS TeMIIepaTypsl Harbosee Harperoi Touku; P = d/dt — omepa-
Top nudhepeHIMPOBaHNs; K — K02 GUIMEHT TPOIOPIHOHATEHOCTH.

Ecnu B mpomiecce neperpys3ku ee KpaTHOCTh U3MEHSAETCS, TO €€ MOXHO TIpe.I-
CTaBUTh PSJIOM HAKJIABIBAIONIUXCSA CTYIEHEK KPAaTHOCTH, CIABUHYTBIX OTHO-
CUTENFHO Hadalla Meperpy3Kd Ha WHTEPBAIBl BPEMEHHOH AMCKPETHU3aIllNU MpPO-
mecca. Tekyliee TMpeBBIIIEHWE TeMIIEpaTypbsl B JTOM CiIy4ae OyaeT CyMMOW
nepexoAHslx GpyHKIuA (6), CIBUHYTBIX Ha T€ K€ MHTEPBAJIBI BPEMEHH U YMHO-
JKEHHBIX Ha BEIIMYMHBI CTYNMEHEK KPATHOCTEH IMPEBBIIIICHUS TeMIIepaTyphl.
HpI/I 3TOM IOOJIXKHBI 6I>ITI> YUYTCHBI HadYaJIbHBIC YCJIOBUA, PA3JIMYHBIC B Ha4dajic
KaXaoro MHTCpBaJIa. B oTtHOCHUTEIBHEIX CAMHUIAX TPECBBIIICHUC TEMIICPATYPhI
SKBHUBAJICHTHO OCPEIHEHHOH C IMOCTOSHHOW BpeMeHH 1 Teperpyske, KOTopas
MOXKET HCIPCPBIBHO M3MCHATLCA. OCpC,I[HCHI/Ie YILO6HO MMPOU3BOJUTH METOAOM
9KCTIOHEHIIHAILHOTO CriTakuBaHus [8—11]

K, (1) = ak, () +[1 - a]K, (t - h), 9

rie E(t) — OCpeIHEeHHass KpaTHOCTh Harpy3KH B MOMEHT BpEMEHH t; E(t -h) -
OCpeIHEHHAsi KPAaTHOCTh HArpy3KH B MPEABIAYIIHA MOMEHT BpemeH: t— h;
h — uHTEpBaN BpeMEHN TUCKPETU3AIMU TIPOIIECCa.

ITapamMeTp criiaxuBaHus o, onpeaeisercs mpu T >> h kak

o= l—exp(—$). (20)

Hcnonp3ys peKypcuBHOE COOTHOIMIEHHUE (9), MOKHO HENPEPBIBHO OTCIICHKH-
BaTh OCPEIHCHHYIO KPATHOCTh MIEPErPy3KU U TAKUM 00pa3oM KOCBEHHO KOHTPO-
JIUPOBATh TEIUIOBOE COCTOSHME TpaHChopMmaTopa. DakTuueckas KpaTHOCTh Tie-
perpysku B TekyIuii MoMeHT BpemeHH Kj(t) SKBHBaJIeHTHA COOTBETCTBYIOIIEMY
ell oxkumaeMoMy B MOMEHT BpeMeHU t + 3T ycTaHOBUBIIEMYCS MPEBBIIICHUIO

TEeMIEPATypsl Ty,. OcpenHeHHass KpaTHOCTh Heperpysku K, (t) skBuBaneHTHa

MEPBOHAYAILHOMY TIPEBBIIIEHUIO TEMITEPATYPHI T,; B HaUaJIe KaKJ0r0 HHTepBaia
nuckperusanuu [11].

Ucxons u3 mepexomnoit pynkimu (6), BeIBOUM wHiaeHTHYHYIO (7) hopMyiry
JUI ONpeAeeHUs] JOMYCTUMOM MPOJOKUTETIbHOCTH CUCTEMaTHYeCKOH HeaBa-
PUHHON eperpy3Ku

t = TineO-Ks (11)
Ko (1) - Ky(t)

rae K; — KpaTHOCTb meperpys3Kd, COOTBETCTBYIOIICH NOIIyCTUMOMY IpEBBILIE-
HUIO TeMIepaTyphl HauOoJee HarpeTol TOUKH.
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3nayenne K; paccumThIBaeTCs HMCXOAS W3 pPErNIaMEHTHPYEMBIX CTaHIap-
ToM [1] momycTuMmbix 3HadeHuil kpatHocTedl K; m K, (MHIEkc BpeMeHH 31ech
OTYIIICH)

b
Ky=K,—(K,-K)e T. (12)

Pesynbprater pacuetoB kpatHocTH Ki o dopmyne (12) mpu pa3HBIX TemIe-
paTypax OKpyKaroIlel cpembl mpeAcTaBieHsl B Ta0m. 4, 5. 3nauenus K; u K;
B3SATHI U3 TA0II. 2, 3.

Tabruya 4

KpaTtnocTb nonmycrumoii neperpysku K; npu 0, = 20 °C
Ky, 0. ¢./0,900|0,800|0,700 (0,500 | 0,250 | 0,900 {0,800 | 0,700 0,500 {0,250|0,800|0,700| 0,500
K, 0.¢e./1,100|1,130|1,150(1,170(1,180|1,190{1,250|1,290|1,340|1,370| 1,40 |1,490|1,500
Ks, 0.¢./1,086(1,107|1,119(1,122|1,115(1,113| 1,13 |1,133|1,116|1,073|1,122|1,085|1,090

Tabauya 5
KpaTtnocTs nomyctumoii neperpysku K; mpu 0, = 30 °C

Ky, 0. e.

Ky, 0. ¢.

Kz, 0. ¢.

0,929 | 0,940 | 0,900
0,915 | 0,920 | 0,900
0,981 | 0,970 | 0,900
0,886 | 1,000 | 0,800
0,91 | 1,100 | 0,800
0,984 | 1,030 | 0,900
1,016 | 1,040 | 0,700
1,03 | 1,070 | 0,500
1,032 | 1,090 | 0,250
1,045 | 1,170 | 0,700
1,056 | 1,230 | 0,500
1,024 | 1,260 | 0,800
0,999 | 1,270 | 0,250
1,017 | 1,350 | 0,700
0,984 | 1,450 | 0,800
0,926 | 1,500 | 0,700

CpenHee 3HayeHHE KPATHOCTH JOIMYCTUMOW IEpErpy3ku cocTaBuao Kjg, =
= 1,1086 mpu 0, = 20 °C u Kj, = 0,9843 mpu 6, = 30 °C. Ocpennenue 3Haue-
HUI KpaTHOCTU K3 MMO3BOJISIET YIIPOCTUTH alNTrOpUTM. AHAJIHN3 MOKAa3al MpaKkTHie-
CKM YIOBJIETBOPHUTENIBbHYIO TOYHOCTH OMNpEACNCHUS IOMYyCTUMON TPOIOIIKHU-
TEIHHOCTH TIeperpy3Ku MpH MOACTaHOBKE B pacueTHyr0 ¢opmymy (11) cpemnero
3Ha4YeHHsl KpaTHOCTH Kj,.

AnpoOanusi MeTOAUKH ONpeeSeHUs JOMyCTUMOH MPOA0IKUTEIbHOCTH
CHCTEMAaTH4YeCKOoi HeaBapUIiHOM Ieperpy3KHu ¢ y4eTOM peajbHOro rpaguka
HArpy3ku. AnpoOanust MpeyIoKEHHOH BbIIIE METOJUKH HOPMHPOBAHUS JOIY-
CTHUMOM MEepeMEeHHOH Meperpy3ku Oblia MpoM3BeneHa MOCPEICTBOM BBIYHCIIHU-
TEITLHOTO JKCIEPUMEHTa. 3aBUCHMOCTH OT BpeMeHH (PaKTHUecKOH (Heocpenm-
HEHHOM) KpaTHocTH neperpy3ku Ky(t) u paccunrannoi mo ¢opmyne (9) ¢ yue-

toM (10) ocpennennoit kpatHoctu K, (t) mokasans! Ha puc. 4. belnn MPUHATHL:

nepBoHavyanbHas KpaTHOcTh Harpysku Ki(0) = 0,25; kpaTHOCTH BO3HMKILEH
B OTOT K€ MOMeHT BpeMeHu neperpysku Ky(0) = 1,18; temmepartypa oxiaxaa-
romieit cpeast 0, = 20 °C; mar BpemenHoi auckperusanuu h = 3 mun. IToce-
Jyromre u3MeHeHus meperpysku coctaBmin Ky(2) = 1,50 u Ky(3) = 1,25.

W3MmeHeHus nomycTUMON NpPOAOIKUTENBHOCTH NEpPerpys3ku, NpPUBEIACHHON
Ha puc. 4, moKa3aHkl Ha puUC. 5.

KpuBas 1 cooTrBeTcTBYeT ciydaro, KOTAa HE YUUTBIBAIOTCA IMOCIEAYIOLINE
M3MCHEHHUS BO3HUKILCH B MOMEHT Bpemenu t = 0 meperpyskuy, T. e. Ky(t) = const,
U TEIUIOBOTO COCTOSIHMA TpaHcopMmaropa B IPOLECCE IEPErpys3Kd, T. €.

K, (t) = const.
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Puc. 4. dakruueckas u OCpE€AHCHHAs1 Puc. 5. ﬂOHyCTHMaSI MMPOAOJKUTCIIBHOCTD
NEePErpy3Kku NEPErpy3Ku

KpuBas 2 COOTBETCTBYET Cilydaro, KOTJIa YYHTHIBAIOTCS W3MEHEHUs Tepe-
rpy3ku (Ky(t) = var), Ho He Y4YHMTBIBAaIOTCS M3MEHEHHs TEIUIOBOIO COCTOSHIS

Tpanchopmaropa (E(t) = const).

KpuBas 3 cooTBeTCTBYET Citydaro, KOTAa YUUTHIBAIOTCS U3MEHEHUS Kak (pak-
trueckoil meperpysku (Ky(t) = var), Tak u xapakTepH3yromei TeIIoBOe COCTOSI-

HHE TpaHCPOpMaTopa OCPEIHECHHOH TIeperpy3Ku (E(t) = Var).

JlommycTrMyto MpOAOKUTENBHOCTh NEPErPY3KH BO BCEX TPEX PacCMOTpPEH-
HBIX CJIydasx paccuuTbiBaiu 1mo ¢opmyne (11), cipaBeanuBoi Kak 11 HOPMU-
pyeMBIX cTaHmapToM [1] HEM3MEHHBIX B TIPOIECCE HACTYMHBIICH MEpPErpy3Ku
sHauenuit K,(t), Tak u 1t mepeMenHbix 3HaueHnii Ky(t), 00yCIIOBIEHHBIX H3Me-
HEHHMEM y4acTKa rpad)uka Harpy3KH, Ha KOTOPOM IIPOUCXOJHUT Neperpys3Ka.

AmHanu3 pe3ynbTaToB pacuera 3HadeHu U, s 0, = 20 °C, mpuBeIeHHBIX HA
pHcC. 5, KaK ¥ AJs APYTUX 3HAUCHUH TEMIIepaTyphl OXJIa)XIalolel cpeapl B Aua-
naszone ot —25 °C go 40 °C, mokasbpIBaeT, YTO y4eT MEPEeMEHHOTO XapakTepa
BO3HMKILEH Ieperpy3ku IOBBIIIAET TOYHOCTH OIPEAEICHUS €€ IOIyCTHMOM
IIPOIOJKUTENIBHOCTH B HECKOJIBKO Pas3.

BBIB O 1 bl

1. [IpoBeaeHHBIN aHAIN3 ITOKA3aJl, YTO HEYYeT PEaJIbHOr0 CyTOYHOTo Ipadu-
Ka Harpy3ku IHOJICTAaHLMU M NEPEMEHHOIO XapakTepa NEPErpy3Kd CHIOBOrO
pacnpeeMTeILHOTO TPaHC(hOopMaTOopa MOXKET MPUBECTH K OOJIBIINM OIUOKAM
B ONpENEICHUN TOMYCTUMON MPOAOIKUTEIBHOCTH MEPErpy3Kd, YTO CHHU3UT
HAJEKHOCTh U CPOK CIY>KOBI WM TPHUBEAET K HEAOOTIIYCKY 3JIEKTPOIHEPTHH
MOTPEOUTENSIM U3-32 HEOOOCHOBAHHOTO MPEKICBPEMEHHOTO OTKIFOYCHHS YaCTH
3IEKTPONPUEMHHUKOB.

2. PazpaboraHa MeTOIUKa OMNpeJeieHHs JOMYyCTHMOW TPOJOIDKATEIBHOCTH
CHUCTEMATUYECKON HEaBapUMHOW TMEPETPY3KH PACTIPEACITUTENBHOIO MAacIsSHOrO
TpaHCPOPMATOpPa, YUUTHIBAIOIIAS M3MEHEHHSI KPATHOCTH TIEPETPY3KU Ha WHTEPBa-
JIe BPEMEHH €€ CYLIECTBOBAHUS MU COOTBETCTBEHHO M3MEHEHHS TEIJIOBOTO COCTOS-
Hus TpaHcdopmaropa. [IprMeHeHre STOW METOMWKH TO3BOJUT TOBBICHTH TOY-
HOCTb ONpPEAENICHUs] AOMYCTUMON MPOAOKUTEILHOCTH CUCTEMATUUECKUX HEaBa-
PHUIHBIX TIEPETPY30K U, B KOHEUHOM UTOTE, HaJCKHOCTh PaboThl TpaHCc(opMaTopa
M CHCTEMBbI JJICKTPOCHAOKEHHUS B 1IEJIOM. Peanu3anus METOIMKH MPEAIoiaracTcs
MOCPEJICTBOM MOHHTOPHHIA HArpy3kd TpaHcdopMaTopa Kak OJHOW W3 3ajad aB-
TOMAaTU3UPOBAHHOU CUCTEMBI KOHTPOJISI U YUETa AIIEKTPOIHEPTUU.
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