[image: ]

[image: \\Bs\user\MARINA\Статьи (transform)\Автаев\Avtaev.jpg]
[image: \\Bs\user\MARINA\Статьи (transform)\Автаев\Avtaev 001.jpg]
[image: \\Bs\user\MARINA\Статьи (transform)\Автаев\Avtaev 002.jpg]
[image: \\Bs\user\MARINA\Статьи (transform)\Автаев\Avtaev 003.jpg]
image1.png
© OHERFETUK 28

EXXEMECSAYHbI NPON3BOACTBEHHO-MACCOBbI XYPHAJT





image2.jpeg
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ABTAEB M. H., HUY M3M, Mocksa

ABTAEB M. H.|, OO0 «TonbatTHHCKMM TpaHcopmaTop»
ANEKCAHAPOB H. M., HMM «[uHammkar, r. Ye6okcapb!

PAJUH M. C., FOxHo-AxyTckumit PIC

tunmana MAO «®DCK E3C» M3C Bocroka, r. Xabaposck

XPEHHMKOB A. 1O., noktop texH. Hayk, AO «HTL, ®CK E3C», Mockea
LUKYPOTAT M. A., KaHA. TeXH. HayK

3AO «IK «3nektpowmr» — TM Camapa», r. Tonbartu
Ak2390@inbox.ru

Hanbonee pacnpocTtpaHéHHbIM 1 AOCTOBEPHBIM METOROM OBHapYKeHus nedeKTa mac-
NSHOrO TPaHCOPMaTopa sBMsAETCs XPOMaTorpadMuecKMil aHanms rasos B macne. Mpu
3TOM MpPEBbILLIEHUE KOHUEHTPALMM OTAENbHbIX ra30B B BOMbLUMHCTBE Crly4YaeB He MO3BO-
NSET NOKanM3oBaTh M YCTaHOBUTb MPUUMHY BO3HMKHOBEHMS AE(EKTOB 3MEKTPUYECKOro
XapakTepa (3neKTpuuecKas Ayra M YacTMHHble Pa3psmabl B Macre) M TEPMMUYECKOrO Xa-
PaKTepa (Tennosoe pasfnoXKeHne macna, cTapeHue TBEPAOH M3oMsLwM).

Cnocob sbisenenms 1 nokanusapm pedekta NyTém M3MepeHUi i COMPOTUBREHMA KOPOT-
KOrO 3aMbIKaH1si CO CTOPOH BbICLLErO M HU3LLEro HAMpPsKEHWM, HaMpPOTMB, Mo3BonseT
BbISBMTb [EedeKTbl, BIMSIOLIME Ha rasoobpa3oBaHWe, BO3HMKLLEE B MPOLLECCe M3roToB-
N€HUA M IKCMNyaTaLym. PasHOCTL CONPOTUBNEHMI KOPOTKOrO 3aMbIKaHus, M3MEPEHHbIX
€O CTOPOH BbICLLIErO M HM3LLEro HaMPsSXKEHWH, NPUBEAEHHBIX K OQHOM M3 CTOPOH TPaHC-
opmaTopa, HaXOaMTCs B MPSIMOM 3aBUCMMOCTH OT BENMUMHBI LIMPKYNMPYHOLLX TOKOB,
CO30aHHBIX MOMAMM PACCEsHMS, BbIPAXKEHHOM B MPOLIEHTAX, T. €. MPOLEHT KONMYecTBa
HECKOMMEHCMPOBAaHHbIX BUTKOB (LIMPKYMMPYHOLWLMIA TOK) OBMOTOK € TOKOM. Hekomnen-
CMPOBaHHbIe BUTKM OBMOTOK ¢ Tokom Bonee 2,0 % 1 HepaBHOMEPHOCTbL Harpy3ku o6-
motok HH1 m HH2 tpaHccopmatopor ¢ paciiennénHbiMu obmoTkamm Gonee 20 %
MP1BOASAT K BOSHMKHOBEHMIO Pa3psA0B B KOHTAKTHbIX CTbIKaX KOPOTKO3AMKHYThIX KOHTY-
POB U NNAacTMH MarHUTHOM CHUCTEMBI.

Kniouesbie cnoea: cunosoii TpaHcchopmatop, medekt, razoobpasosaHue, ge-
$EKTbI INEKTPMHECKOTO XapaKTepa, AedeKTbl TEPMMIECKOrO XapaKTepa, ConpoTHBne-
HME KOPOTKOrO 3aMblIKaHusi.

npouecce  3KCMNyaTauuu  CUNOBbIX Hanbonee pacnpoctpaHéHHbIM M poc-

MacnsHbIX TPaHCOPMAaTOPOB M aB-
TOTPaHCCOPMATOPOB BOHMKAIOT pPasniy-
Hbl€ aHOMarbHble SBMEHMs, TaKME KaK ra-
3006pasoBaHue, pasHuua hasHbIX TOKOB
B OBMOTKaX, COEOMHEHHBIX B TPEYrofb-
HUK, HecooTBeTCTBME NGFIOKEHUs peryns-
Topa Hanpskenms PIH yposHio nogse-
BEHHOrO HamnpsKeHMsl, YaCTH4YHbIE pPa3ps-
Obl, neperpesbl  OTAEMbHbIX  YacTeH
pasbéma baka u T. 4.

BO3MOMHBIMM  MPUUYMHAMM, TaKMX  aHO-
MarbHbIX SIBNEHMIH MOTyT BbITb KaK KOHCT-
PYKTHBHbIE M 3KCMnyaTaLyoHHbie ocobeH-
HOCTM TPaHChOPMaTOPOB, TaK M AedeKTbl,
BO3HMKLLME B MPOLECCe 3KCMnyaTauyM,
nof, BO3AEMCTBMEM KOTOPbIX MPOMUCXOAUT
pasnoxeHue TpaHchPOpPMaTOPHOro macna
1 ByMarKHO-MacnsHOM M3ONsLMM C Bbie-
NEHMeM YrneBoJopPOpHbIX rasoB, OKcuaa
M puoKcupa yrnepopga.

TOBEPHbIM METOAOM OBHapy»KeHus pe-
chekTa cunosoro TpaHcpopmaropa sens-
€TCsl XPOMAaTOrpadpMHECKuii aHanMs rasos,
pacTBopéHHbIx B macne (XAPI), npu atom
MPEBbILLEHNE MIM BO3PACTaHWE KOHLLEH-
TPauMM oThenbHbIX rasoB B HonbLUMHCTBE
CnyyaeB He MO3BOMSIOT JIOKanM3oBaTh
M YCTaHOBMTb MPMYMHY BO3HWUKHOBEHMS fe-
dhexTa, a TaKKe YCTaHOBUTb BrMsSHUE 3TO-
ro pedeKta Ha IKCMNYaTaUMOHHYHO Ha-
AEXHOCTL TpaHchopmaropa [1 — 5].
TpaHcdopmaropHoe macno MK no Tex-
Honormyeckon  obpabotke  oTHoCMTCS
K HapTEHOBbIM MAacnam C MOMOKMTENb-
HOM ra3oCTOMKOCTbIO. [N noBbILLIEHMS
CTabMNBLHOCTM MPOTHMB OKMCIEHUS TPAaHC-
cdopmatopHoe macno K nopgsepraetcs
MHTEHCHBHOM obpaboTke (rMppoouncTke)
BOA,0POAOM MPH BbICOKOM [A3BNEHUM M Bbl-
COKOI TeMnepaType C MPUMEHEHUEM Ka-

TarmsaTtopoB. Bce xumuueckue peaxuym
B MPOLEcCe rMOPOOYUCTKM HaxogsTca
B COCTOSHMM PaBHOBECHS M, BrOSIHE BO3-
MOXHO, UYTO TEOPETMYECKM OHWU MOryT
MATM B OBPATHYIO CTOPOHY MPM YCNOBMSX,
OTMMYHBIX OT TEX, MPH KOTOPbIX NPOXOmMI
MPOLLECC MMOPOOUUCTKM.

Ha npakmike 310 o3Hauaer,.uto HoBoe
paBHOBECHE YCTaHaBMMBAETCS, KOTAa HO-
BOE TPaHCPOPMATOPHOE MACIO BBOAMTCS
B 3KCNnyaTtaumio, M Cpefa, B KOTOPOM Cy-
LLLeCTBOBANO Macno, M3meHsercs. PasHo-
BECME B aKTMBHOM 4acTW CMIIOBOrO TPaHC-
hopMmaTopa MOMKET M3MEHSTLCS BCNEACT-
BME M3MEHEHMs TEMMEPATYPbI, AaBNeHUs,
BubpaLym, 3arps3HEHMM, Bbi3blBas MpPM
3TOM He3HauuTernbHoe rasoobpasosaHue.
Mpn otcyTcTBMM  KakmMx-MMBO  BHELLHMX
haKTOpOB, NPMBOASLLMX K razoobpasosa-
HMO, rasoobpasosaHue B TpaHcchopma-
Tope B TeueHne 6 — 8, a uHorpa u Gonee,
mecsues npekpatiaercs. OCHOBHbIM ra-
30M TaKux razoobpazoBaHui SBNSETCS BO-
nopog,.

Mop, BospelictBuem pedbeKkToB anek-
TPMHECKOro XxapakTepa (anexTpuueckas
Ayra B Macrie, 4acTuuHble paspsgs! M gyra
B macnobapbepHOi wm3onSLMM M T. A.)
M AedeKTOB TEPMMHYECKOro xapaktepa
(tennoBsoe paznokenue macna M macro-
6apbepHON M3OMSLYM, Neperpesbl TBEpP-
LOM M3ONsLMM, CTapeHne TBEPROH M30Ns-
MM M Macna M T. fi.) NPOMCXOOMT Pasno-
EHMe  TPaHCPOPMATOPHOro  Macna
M TBEPAOM M3OMSLMA C BbgENEHUEM YrTie-
BOAOPOAHbIX ra3oB, OKCMAA M OMOKCMAA
yrnepopga [7].

Hedeksl, Bbi3biBatoLLME Fazoobpaso-
BaHME MW BbISBMIEHHbIE MO pe3ynbTaTam
XPOMaTorpadMHeckoro aHarmsa rasos,
PacTBOPEHHbIX B Macre, criefyeT nogpas-
BENUTb YCMOBHO Ha HECKOMbKO rpynn,
a UMEHHO:

AedbeKTsl NepBoi rpynnbl — pedex-
Tbl, Bbi3biBatoLLyeE rasoobpasosaHue, ces-
3aHbl C KOHCTPYKTUBHBIMM M 3KCRyaTaLm-
OHHbIMM OCOBEHHOCTIMM TpaHchopmaTo-
POB, @ MMEHHO, AedeKTbl C HanMuMem
LMPKYIMPYHIOLLIMX TOKOB B OBMOTKAX M KO-
POTKO3aMKHYTbIX KOHTYpaXx, MHAYKTMPY-
€Mble MOTOKAMM PaccesHusl, CO3faHHble
obMOTKamM B mpoLecce 3IKChnyaTaLym
M UCTbITaHUA.

K KOHCTPYKTHMBHBIM®* OCOBEHHOCTSM
TaKMX TPaHCHOPMATOPOB OTHOCATCS O6-
MOTKU C HECMMMETPUYHLIM M HEPaBHO-
MEPHbIM pacrnpefeneHMem NMHENHON Ha-
rPY3KM OTHOCUTENBHO CepemyHbl 0bMo-
TOK M APYrux OBMOTOK (BXOAHbIE KaTyLLKM
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C Topua OBMOTOK, perynMpoBOYHbiE Ka-
TYLIKM M T. A.) HECUMMETPUHHOE pPacro-
noxeHue OBMOTOK OTHOCHTEMBHO OKHa
MarHMTHOM CHMCTEMbI, HECMMMETPUYHOE
PacronoXeH1e LUYHTOB OTHOCMUTENbHO
TOPLIOB OBMOTOK M T. .

SKcnnyaraupoHHble 0COBEHHOCTH TPaHC-
hOpPMaTOpoOB — HEPaBHOMEPHasH Harpy3-
Ka pacwernnénibix obmotok (bonee
20 %) TpaHCcOPMAaTOPOB C pacLLennéH-
HbIMM OBMOTKaMM, 3aMblKaHus napan-
nenbHbIX MPOBOJHUKOB, Pa3HOBLICOTHOCTb
0BMOTOK, AedopmaLysi OBMOTOK, BUTKO-
Bbl€ 3aMbIKaHUS, T. €. PEXMMbI U aedeK-
Tbl, MPUBOASLLME K HEPABHOMEPHOMY
M  HECMMMETPMYHOMY PacrpepeneHuo
Harpy3oK Mo BbICOTe OBMOTOK.

OnNeKTPOMarHMTHOE paccesHue — 3TO
SBNEHME HEMNOMHOM  3NEKTPOMAarHUTHOM
cBA3M B TpaHcgopmartope, obycroeneH-
HOE HaNMHMEM MarHWTHbIX MOTOKOB, HE SiB-
nsroLpmxcs obLmmm ans oboux obMOTOK,
T. €. 3aMbIKAIOLLMXCS BHE MarHUTHOM CHC*
Tembl. CTeneHb HEMOMHOTBI 3reKTPoMmar-
HUTHOM CBSI3M OKa3biBaeT BorbLuoe Brs-
HME Ha MHOrME TEXHMYECKME NapameTpsbl
TpaHcchopMaTopa, B TOM 4Mcre Ha napa-
METPbl KOPOTKOrO 3aMbIKaHHsI.

MseecTHo, 4TO MarHuTHOe none (no-
TOK) paccesHus B peanbHOM TpaHctop-
matope MoxeT 6biTb NpepcTasneHo
B Buge TPEX ronen: npoAosbHOro nons,
CO3[aHHOrO MOMHbIM YMCNIOM BUTKOB O6-
MOTOK C TOKOM; MOMEepeYHoro rnons, Bbi-
3BaHHOrO KOHEYHbIM COOTHOLLEHMEM Bbi-
COTbI U LUMPHHLI OBMOTOK, 1 BTOPOro rno-
nepeyHoro nons,  obycrnosneHHOro
HanMuMeM HepPaBHOMEPHOro pacnpegene-
HUS| TMHENHOM Harpy3Ku Nno BbicoTe obMo-
TOK.

OecdbexTbl, Bbi3bIBatOLIME ra3006paso-
BaHMe B CMIIOBOM TpaHcdhopmatope, CBsi-
3aHbl C HanMYMEM MAarHWUTHbIX MOTOKOB
paccesHusi B 3aMKHYTbIX KOHTypax mpo-
CTPaHCTBA MAarHMTHOro paccesHus obmo-
ToK. [MpM HamMMuMM CTBIKOBBIX Pa3bLEMOB
B KOHTYPaXx MMEHHO K M3OMALMOHHbIM
MPOMEXYTKAM CTbIKOB MPMIIOMEHO MWH-
LOYKTMPOBaHHOE HarnpsiKeHMe OT none
paccesHus. [Moatomy Mmoser obpaszo-
BaTbCsl Y4acCTOK C MOBbILLEHHbIM HEOOHO-
POBOHbIM 3MEKTPUYECKMM MONEM, Bbi3bi-
BAOLLMM Pa3psiaHble SIBMEHUS B MaCTSIHOM
NPOMEXYyTKe CTbika. [lnurenbHoe BO3-
pencTeue (MecsiLibl M rofpl) TAKOro HesHa-
UMTEMNBHOrO MO BENMUMHE BNEKTPHUECKOro
nons Ha TPaHCPOPMaTOpPHOe Macno
B palOHe CTbIKa NMPMBOAMUT K NOCTENEHHO-
MY HaKOMMeH1to rasos B macne. [aHHbii
npouecc — 310 0bpasoBaHMe HacTMHHbIX
PaspsaoB B CTbIKax 3aMKHYTbIX KOHTYPOB.

XapaKTepHbIM MPUMEPOM TaKoro TH-
na pgedeKToB pAns pacnpepenurenbHbIX
TPaHCOPMATOPOB MOKET bbiTb Hapy-
LLIEHME M3OMSILMM CTSKHBIX LLUMUMEK, SPMO-
BbIX Npeccytowyx banok, Koraa B pe3syrb-
Tate 0bBpasyloTCsi KOPOTKO3aMKHYTbIE
KOHTYPbl CO CTbIKOBbIMM 3330PaMM B OT-
BEpPCTHsIX LLBENNEPOB SPMOBbIX Hanok co
LUMMIBbKaMM.

B cnyuae napannensHbix BeTBel B 06-
MOTKaX CMIOBbIX TPAHCOPMATOPOB pas-
PSOHbIE SIBMEHUS MOTYT BO3HUKHYTb MEXK-
LY CaMMMM MapanmnensimM, SBMAIOLLMMMCS
OTAEMNbHBIMMU 3MEKTPOAAMM, MEXKAY KOTO-
PbIMM B  M3OMSLMOHHOM MPOMENKYTKE
(cTbIKOBOM pasbéme) MPHUIoXKeHa 3nek-
Tpopsmkywas cuna (3AC). OtHocurens-
HO Mmanas sermumHa aton SAC npu grm-
TensHoMm (B TEUEHME MECSLIEB) BO3OENCT-
BUM M MPMBOOMT K PasmoXeHWo macna
1 ra3oobpasoBaHMIo.

[None paccesHua TpaHcdopmaropa UH-
ayumpyet 3[C B npoBopax U KOHTypax,
HaXOMSLLUMXCSl B 30HE MONsi, MOJ, BO3AENCT-
BMEM KOTOPbIX MPOTEKAIOT TOKW. DTH TOKM
3aMbIKAIOTCSl BHYTPU MPOBOAOB U MEXAY
napannenbHbIMKU BETBSIMU OBMOTOK, B KO-
POTKO3aMKHYTbIX KOHTYpax, B TOM u1cne
M B MarHMTHOM CMCTEME, U B OTNM4YME OT
TOKOB Harpy3Ku, He BbIXOAST 3a npegerbl
OBMOTOK M KOHTYPOB, M MOTYT MpPOsiB-
nsTecs B npouecce mcnbitaHwi. B ceoro
ouepenb, LMPKYNMpytoLLMe TOKM B O6-
MOTKax CO3AaOT [OMOfHUTENbHbIE MOTO-
KM, KOTOPbIE, CYMMMUPYSCb C OCHOBHbIMM
MOTOKaMM paccesHusi, YBENMUMBAIOT Mar-
HUTHbIE MOTOKM B IPMAX MarHUTHOM cucTe-
Mbl 1 BaKe, Bbi3bIBasi MX HarpeB. A LMPKY-
FMPYIOLLME TOKM B CTbIKOBBIX Pa3bémax
KOPOTKO3aMKHYTbIX KOHTYPOB, B TOM YMC-
e B CTbIKax NNacTMH MarHUTHOM CUCTEMBI,
CO3patoT paspsaHble SBNeHus.

PesynbTathl XxpoMaTorpacMHecKoro aHa-
nM3a ra3os, pacTBOPEHHbIX B Macne, 1 oc-
MOTpa TPaHCPOPMATOPOB, MOABEPIKEH-
HbIX ra3006pa3oBaHUIO, MOATBEPKOAIOT
HanMuMe MPOAYKTOB PAa3NOXEHMs MAacna
(caxkn) B CTbIKax MNACTMH MarHUTHOM
CUCTEMbBI M CTbIKaX KOPOTKO3aMKHYTbIX
KOHTYPOB 3MEMEHTOB KOHCTPYKLMM, Bbi-
3BaHHbIX  3MEKTPUHECKUMU  pPaspsipamu
M TeMnepaTypHbiMM BO3LENCTBUIMM Ha
3™ yuacTku [7].

Takum o0b6pasom, pedeKTbl nepsom
rpynnsl, Bbi3biBatoLLUME rasoobpazosaHue,
COMPOBOXQAIOTCS  BbIAENEHNEM ra3os,
CBS3aHHbIX C AePEKTaMM NEKTPUHECKOrO
M TEPMMHYECKOrO XapaKTepa, a MCTOYHW-
KOM ra3oBbiOereHus SIBMstOTC MarHUTHas
CUCTEMA M 3MIEMEHTbI KOHCTPYKLMM, @ TaK-
e 0B6MOTKM C 3aMbIKaHMAMM Maparnnenbs-
HbIX NMPOBOJHMKOB M BUTKOBBIMM 3aMbIKa-
HUSIMM.

JedexTbl BTOPOH rpynnbl — pgedek-
Tbl, Bbi3blBaloOLLME ra3oobpasosaHue, cBsi-
3aHbl C 3aBbILLEHUEM NEPEXOAHBIX COMPO-
TMBMEHUI Y3MOB 3a3EMIMEHMI 3MEMEHTOB
KOHCTPYKLMM, HarMuMem 3MEeMEHTOB KOH-
CTPYKUMM, HaXOASLLMXCS MOL, NNaBatoLLMM
NOTEHUMANoM, M MOBbILUEHHbIMM MOTEH-
LManamm B 3rIEMEHTaX KOHCTPYKLMM U OT-
BOAAX.

MHupyumpyembie S0C nons paccesHus
B KOPOTKO3aMKHYTbIX KOHTypax, Haxops-
LUMXC B 30HE MOMsl, BbI3bIBAIOT B HMUX
Tokn. LiMpKynupytolyie TOKM BbI3bIBAIOT
HarpeB W paspsigHble SBNEHWs B CTbIKax
KOHTaKTHbIX COEOMHEHUI 3MIEMEHTOB 3a-
3emnenuns. Kpome Toro, paspspgHbie sBs-
NEHUsI BO3HMKAIOT MEXY SNemeHTamM

KOHCTPYKUMM, Haxogaummuca nopd, nna-
BarOLLMM MOTEHUUANnom m 3a3eMNEHHbIMM
3NeMeHTaMM KOHCTPYKUMH.

[edekTbl ¢ HapyLUEHUMEM KOHTAKTHbIX
COMPOTUBIIEHUA 3MEMEHTOB 3a3eMIeHUs
U HanM4yue 3NEeMEeHTOB Mnopg MrnaBaroLLUM
NOTEHLIMANOM COMPOBOMAAIOTCS Bbipere-
HMEM TrasoB, CBA3aHHbIX C AeddeKTamu
aneKTpuyeckoro xapaktepa. lpu 3atom
AedeKTbl NEPBOM rpynmbl YCUIMBAIOT pas-
pspHblE SBNEHMS B 3rIEMEHTax 3asemne-
HUA.

HedexTbl TpeTLEH rPyNnbl — aedek-
Tbl, Bbi3blBalOLLE ra3oobpa3zoBaH1e, CBs-
3aHbl C YaCTUHHBIMM Pa3PARAMU MACTISIHBIX
MPOMEIKYTKOB U MO NMOBEPXHOCTH TBEPHON
nsonaumm nopg, BO3,D,eﬁCTBMeM NPUNOXeH-
HOFO HAaMNPSXKEHUS, WCMbITATENBHOrO Ha-
NpsXKeHns, rPO30BbIX U KOMMYTALMOHHbIX
nepeHanpsiKeHUH, a TaKXKe MPOMEXYT-
KOB C MOBbILLIE€HHbIMH Hal'lpﬂ)KéHHOCT‘}lMM
3MNEKTPHYECKOro nons.

OedeKTbl TpeTbel rpynmbi COnpoBOXK-
[alOTCsl BbIAENEHMEM ra30B, CBSI3aHHbIX
C pedeKTaMM 3MEKTPUUECKOro XapaKTte-
pa. Mpn aTom pedexTbl NepBor rpynbl
YCHIMBAIOT paspsipHble SBEHMs.

JedekTbl 4eTBEPTOM rpynnbl — pe-
cheKTbI, BbI3bIBatOLLME rasoobpasosaHme,
CBSI3aHbl C HAPYLUEHWEM KOHTAKTHbIX CO-
€OMHEHNI TOKOMPOBOASALLMX Lienei. .

Hanbonee pacnpocTpaHéHHbIMM Oe-
heKTaMM C HapPYLLIEHMEM KOHTAKTHbIX CO-
€OMHEHWI TOKOMPOBOASLLMX Lienen sBns-
totcsi HGonToBble M MasHble coepmMHEeHMs,
T. €. KOHTaKTHble COEeOMHEHWs BBOMOB,
PMH, nepekntouarens 6e3 Bo3by>kpeHus
(MBB) 1 oteopoB.

[edeKTbl TOKONPOBOASLLMX Liernei co-
NPOBOXAAIOTCS BbIAENEHMEM ra30B, CBs-
3aHHbIX C AedeKTamMmu TEPMHUYECKOro xa-
paktepa. lMpu 3Tom pedekTbl nepsoM,
BTOPOM U TPETLEM IPYMM HE OTPAXKAOTCS
Ha pedpeKkTax YeTBEPTON rpynmbl.

JedeKkTbl NATOM rpynnbl — AedeKTbl,
Bbi3blBatOLLME razoobpazoBaHue, CBA3aHbI
C NeperpeBOoM M CTapeHuem TBEPAOM
M30MSILMM U TPAHCPOPMATOPHOro macna.

M3BecTHo, 4TO TepmoKaTanuTHyecKas
nerpapaups TBEpAOH m3onsLM OBbINHO
conpoBOXpaaeTcs aerpapaupmen (Beixonom
BOfbI) C MOBBILLEHMEM KOHLIEHTPaLWM Oy~
okeupa (CO,) u okenpa (CO) yrnepona,
MX MOBbILLEHHLIM COOTHOLLIEHUEM M YBENU-
YeHMeM BriarocofeprKaHus TpaHcopma-
TopHoro macna [6, 7].

[edexTbl cTapeHusi TBEPAOH M3ONALMM
COMPOBOMOAIOTCS CHUXKEHUEM CTEmneHu
NOMMMEPU3aLIM, MOBLILLIEHMEM BIIaroco-
LEepKaHusi Macna M BO3PaCTaHMEM KOH-
LEHTPaLMM OKCMAA M OMOKCHAA yrnepoaa.
Mo aTom pedbeKTbl MEpsoH M TPeTbeu
rpynn yCurMBaloT MPOLECCH  CTapeHus
M3OMSALMM M TPAHCCPOPMAETOPHOIO Macna
[8 — 14]. §

AHanus rpynn gedeKTos TpaHchopma-
TOPa M UX B3aMMOCBSI31 MOKa3LIBAIOT, YTO
nedekTbl, NpuBoasLUME K rasoobpasosa-
HUIO, KpOMe AedeKTa TOKOMPOBOASLLMX
Lenei, CBA3aHbl C COCTOsHMEM OBMOTOK,
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LipxyrmpyroLupmii Tok Pasnuua Yucno HeckomneHcH-
anoPI)_'K:iHue Pe)}gm éoz;om;n t;H»gM B KOHTPONbHbIX conpotuenenmit K3 | poBaHHbix BUTKOB
K8l el BuTKax, A (AZ), % c Tokom, Aw!
1 BH-HH 30,54 5,2 587 3250
HH-BH 2,307 4,8 7.
BH-HH 23,91 3,6
5 5,62 3100
HH-BH 2,19 3,15
9 BH-HH 18,15 2,5 23 1200
HH-BH 2,11 2,25 '
T Aw — Amnep-sutku.
T. €. C U3SMEeHEeHHnEeM U BO3pacTaHnem no- 3aHoO Cc ,D,ereKTaMM KOHTAaKTHbIX
nen paccesHus. coepMHEHMM  TOKOMPOBOOSALMX  Lienen

OpHMM 13 napameTpoB, Ha KOTopble
BMUSIIOT MOTOKW pPaccesius, SBMseTcs co-
NPOTHErNEHWe (Hanps>KeHWe) KOPOTKOro
3ambikanms. [Npu aToM m3BecTHO, YTO NpM
OMHAKOBbIX FEOMETPHHECKMX pasmepax
M OfMHAKOBbIX PACMONOMEHUAX KaTyLLekK,
MX MHOYKTMBHOCTM M MHAYKTMBHbIE COMPO-
TUBMEHMS MPOMOPLIMOHArbHBI KBagpaTam
YMCEN BMTKOB, T. €. MEXAY MHAYKTMBHbI-
MM COMPOTUBMEHUAMM BbICLLIEIO M HM3-
LLEro Harpsi>KeHusi CyLLeCTByeT COOTHO-
LeHHe:

ZKB = 'éZKH ’

roe Z,, — COMpOTHBNEHUE KOPOTKOro 3a-
MbIKaHWsl, K3MEPEHHOE CO CTOPOHbI BbIC-
wero Hanpsbxkenus, OMm; Z,,, — conpoTms-
NiEHWE KOPOTKOrO 3aMblKaHus, M3MepPeH-
HOE CO CTOPOHbI HU3LLEro HAarMpPsiXKEeHUs,
OM; K, — KO3PMUMEHT TpaHcopMa-
LM, CTYNEHU perynmpoBaHmsl.

B peanbHom TpaHcdopmarope, npm
HanMuMM Kaknx-nbo pedeKkTos, conpo-
TUBMIEHUS] KOPOTKOrO 3aMmblKaHusi, M3me-
PEeHHbIE CO CTOPOHbI BbICLLErO M HU3LLEro
Hanps>KeHuH, NpUMBEOEHHbIE K OJHOW M3
CTOPOH TpaHcdopmaTopa, He pasHbl me-
oy cobou.

Takum obpazom, npu pasnuymm reo-
MeTpHUYECKMX pa3mepos (aedopmaups,
|Pa3HOBbLICOTHOCTb, 3amblKaHue napanne-
neN U T. A.), PacronoXeHus KaTyLueK 1m
HanMuMM OPYrux [edeKToB, BO3HMKaeT

pasHUALA COMPOTHBMEHMI KOPOTKOro 3a--

MbIKaHWS, M3MEPEHHbIX CO CTOPOH BbIC-

LUEero M Hu3Lero Hanpsixkenun [15].
PazHuua conpoTHeneHuit KOpoTKoro 3a-

MbIKaHHS, MPMBEAEHHbIX K CTOPOHE BbIC-

LLEero HanpsiKeHus, onpepensercs 13 Bbi-

parkeHus:

ZKB

AZ, =ﬁ.100 %.

KB

CornacHo [16] B pexxume pabotbi
BH-HH npu otknoHeHmm 3Hauenus Z, ot
6a3zoBoro Ha 3 % MM OT BbIYMCHIEHHOTO
no nacnopty Ha 5 % TpaHcopmaTop He-
06X0OMMO BbIBOOUTL B PEMOHT.

OpHako u3 [15] ussectHo, uTo pasHMua
COMPOTHBMEHMI KOPOTKOTO  3aMblKaHus,
M3MEPEHHOTO CO CTOPOHBI BbICLLErO M CO
CTOPOHbI HM3LLEro HanpsbKeHus, Gonee
2,0 % cBupeTEnbCTBYET O HanMuMM pe-
dekta B obMoTKax, a meHee 2,0 % ces-

M Lenei 3a3eMmneHusi AMEMEHTOB KOHCT-
PYKLMM, @ TAKXKe HaCTMUHbIMM Paspsigamu
nop, BospeicTeuem paboyero Hanpsike-
HUSt U FPO30BbIX KOMMYTALMOHHBIX Nepe-
HanpskeHn [16—21].

Bsaumocesasb npuumH rasoobpasosa-

HUS, BO3HMKLUMX B MpoLiecce 3KCrnyara-

‘umm BCriepcTeMe obpasoBaHMs AedbekTa
KOHCTPYKTMBHOrO Xxapaktepa (HecMmmer-
pMUHOE M HepaBHOMEPHOe pacnpepene-
HUE NIMHEMHOM Harpy3KM OTHOCUTENbLHO ce-
pemmHbl OBMOTOK M MX Pa3HON BbICOTbI)
npvBegeHa Ha npumepe TpaHcdopmarto-
pa TMH-4000/35 3as. Ne 23107.

Tpatccopmarop TMH-4000/35 3ae.
Ne 23107 akcnnyatmpyetcs B OAO «Ko-
ranbimMHedpTeras».

TpaHcdopMaTop 3KCryaTMpoBanM B Te-
yeHme natu net. Harpyska coctasnsna He
6onee 50 %. lMpu stom Habniopanochb
curbHOe rasosbigeneHue (rasosas 3alwmra
cpabatbiBana Ha curHan). CocTas Bbige-
NAEMbIX Fa3oB: BOJOPOA, M HE3HaUMTENb-
HOEe KOMMYECTBO YrneBOofopPOAHbIX rasos.
B npouecce pasbopku CUNOBOro TpaHc-
dopmatopa Ha MOBEPXHOCTAX AKTMBHOM
uacTM obHapy»eH Hanét ceporo useta
TonwpHon po 0,5 Mm. [aHHbit Hanér
(wnam), BeposTHO, SIBNSETCS NMPOAYKTOM
OKMCreHMs Macna npu BOoMbLUIOM Konmue-
cTBe BblgeneHHoro Bogopoaa. [pyrux eu-
IMMbIX EeEKTOB, KDOME Pa3HOBbICOTHO-
CTM OBMOTOK M HECMMMETPMYHOrO pac-
npepeneHs BUTKOB MO MX  BbiCOTE
M MOBbILEHHbIX HANPSIKEHHOCTEN 3neK-
TPMUECKOrO MONsi MEXAY CrosiMu obmo-
TOK, He OBHapy»KeHo.

[ns BbisBNEHUs HanMuMsi HECUMMETPMM
nons paccesHus BbiM HAMOTaHbI, NoBePX
perynupoBouHbix obmotok (PO), koh-
TPOMbHbIE BUTKM B BMOE [BYX KaTyLUeK.
Butku pacrionokeHbl CHMMETPHUYHO OTHO-
cUTenbHO cepepyHbl OBMOTOK M coeppHe-
Hbl napannensHo. [Mpu npoBeaeHH onbita
KOPOTKOrO 3aMbIKaH1si M3MEPSINMCb TOKM
B NapannenbHO COeaMHEHHbIX BETBSIX KOH-
TPOMbHbIX BUTKOB. TOK B MapannensHo co-
€OMHEHHbIX BMTKaX MOXKET BO3HMKHYTb
TOMBKO MPM HaNMM4MM HECMMMETPMM More-
peyYHOro nonsi paccesHMs.

PesynbtaTbl M3MepeHud CconpoTHBne-
HUI{ KOPOTKOrO 3aMbIKaHWA M LIMPKYNu-
PYIOLLEro TOKa B KOHTPOTbHbIX BMUTKax
TpaHcpopmatopa TMH-4000/35  3as.
Ne 23107 npueepeHsb! B Tabnmue.

Uz tabrmupl, cnepyer:

1. TexHuueckre XapaKTEPMCTMKM TPaHC-
chopmatopa  COOTBETCTBYIOT ~ O6BEMY
HOPM MCMbITaHWI 3NEeKTPoobopyaoBaHUS
M KOMMMEKTY 3KCMNyaTaLUMOHHOM [OKY-
MEHTaLWM 3aBOAA-M3roTOBMUTENSI.

2. Harnmune TOKa B napannensHo co-
€MHEHHBIX BETBAX KOHTPOMNbHOM OBMOTKM
cempeTenscteyeT o pasHoctn J[C B BeT-
BAX, HaBEOEHHbIX HECUMMETPUYHBIMM MO-
nepeYHbIMM MONSIMM paccesHus, T. €. CO3-
[aHHble HEepPaBHOMEPHbIM M HECMMMET-
PHUHBIM pacnpepeneHMem ToKa Harpysku
no BbiCOTE OBMOTOK.

3. PasHOCTb COMPOTUBNEHUM KOPOTKO-
ro 3amblKaHusi, M3MEPEHHBIX CO CTOPOH
BbICLLErO M HU3LLIEro HaNPsXKEHUH, NpuBe-
LEHHbIX K OQHOW M3 CTOPOH TPaHcopmMa-
TOpa, HaxopuTCsi B MPSIMON 3aBUCMMOCTH
OT BENMYMHbI LMPKYNMPYIOLLEro TOKa,
a BbIpaXKEHHas B NPOLIEHTax — MPOLIEHT
KOMMYECTBA HECKOMMEHCHMPOBAHHBIX BMT-
KOB OOMOTOK C TOKOM.

[ns Toro, utobb1 onpepenuTe LMPKY M-
pytoLMii TOK, HEOBXOmMMbI HEKOTOpbIe
MOSICHEHMSI.

MasHas MOLLHOCTb TpaHcdopMaTopa
onpepenseTcs creayopm obpasom:

SH.cb o H1¢IH1¢> i (m/ﬁ)BmScwiluw)'

rae S, — HOMMHamNbHas dpasHas MOLLL-
HOCTb TpaHcdopmaropa.

HomuHanbHoe ¢pasHoe HanpshkeHue
obmotku BH:

Un1¢ = (0/ ‘/5)W1Bmscr

roe ® — KpyroBsas 4actoTa cetu; wy; —
umcno eutkos obmotku BH; B,, — amnnn-
TYAA MarHMTHOM MHOYKUMM B CTEPIKHE
B PEXMMEe XOroCTOro Xopa, Kak npasu-
no Ans  curoBbiX  TPaHCOpPMaTopos
B,=1,65Tn, BenMuMHa nOCTOsHHAaS;
S. — aKTnBHOe ceyveHue cTepHs. Liuknm-
yeckas 4acrtota cetm o = 2nif, rpe f —
vacrora ceTu.

AKTUBHOE CEeYEHUE KPYITIOro CTEPIKHS:

S. = kkieou(m/4)D?,

roe D — praMeTtp onMcaHHOM OKPYHO-
CTU CTEPXKHSI MarHuTonpoBopa; k. — Ko-
3PPUUMEHT 3arOnHEHMS MaKEeTOB MarHu-
TONPOBOAA 3NEKTPOTEXHUHECKOM CTalbIO,
k. = 0,965; k.., — reomerpryeckmii Ko-
3dpPULMEHT 3anonHeHUs KPYroBoro ceve-
HUsI CTEPIKHSI MaKeTamMM 3MeKTPOTEeXHWYe-
ckon cramm, k..., = 0,925.

JTorpa

Uuiq.a = (m/ﬁ)w1Bn|kckrmM(n/4)D2 =

= B, w,D?, B,, = const.

LivpKynupytoLpii TOK MOXHO Bblpa-

3uTb criegyrom obpasom:

I, = (AZ,/100)},p, =
= (AZ,/100)S, 4/ BnwiD?,

roe B, — amMmnuTypa MarHMTHOM MHOYK-
UMM B CTEPXKHE B PEXNMUME XOMOCTOro
xopa. Kak npasuno, ans cunosbix TpaHc-
dopmaropos B, = 1,65Tn, BenmumHa
NOCTOSIHHAS.




image5.jpeg
B paHHOM cbopmyne pasmepHOCTb npa-
BOM CTOPOHbI (POPMYMbl  nony4aeTcs
[KBA /M?] BcnepcTeue MpuHATUS yCnoBust
B,, = const pgns 6OMbLUMHCTBA CHIOBbIX
TPaHCPOPMATOPOB; |, — CyMMapHbII
LMPKYTMMPYIOLUMIA TOK B KOPOTKO3aMKHY-
TbIX KOHTYpax, B TOM 4MCrie B MarHUMTHOM
cucteme, A; D — prameTp CTepiKHs mar-
HUTHOM CMCTEMbI, M; W, — YMUCFIO BMTKOB

obmotku BH; AZ, — pasHocTb conpoTme-
NEHUI KOPOTKOrO 3aMblIKaHWsi, M3MepPeH-
HbIX CO CTOPOH BbICLLErO M HMU3LLEro Ha-
NPS>KEHWM, NPUBEAEHHBIX K OJHOM M3 CTO-
poH TpaHcpopmatopa, %; Sy —
HOMMHAarbHas MOLLHOCTb TpaHcdopmaTo-
pa, kBA.

4. MuHMManbHoe 3HayeHue pPasHuLbI
COMNPOTMBIEHUIA KOPOTKOrO 3aMbIKaHMs Ha
MMHMMArbHOM OTMalKe CTYMEeHW perynu-
poBaHusi TpaHcpopmartopa, a Hambonb-
Lee 3Ha4YeHWe Pa3’HOCTU COMPOTHUBMEHWM
KOPOTKOrO 3aMbIKaHWsi HA MaKCMMarnbHQH
OTnaMke CTyrneHW peryrvpoBaHus CBupae-
TENbCTBYHOT O HECUMMETPHYHOM M Pa3HO-
BbICOTHOM PacronoMXeHMM BUTKOB perynu-
[POBOYHON OBMOTKM OTHOCHTENBHO OBMO-
TOK HM3LLEro M BbICLLErO HanpPsKEHWN.

5. HeckomneHcupoBaHHble BUTKM O6-
MOTOK ¢ Tokom (3250 Aw B nonokeHum
MaKCUMarbHOro KoadpdmumeHTa TpaHc-
dopmaupm, 3100 Aw B nonoxkexum
HOMMHANbHOrO  KO3pbMLMEHTa  TPaHC-
dopmaupmm, 1200 Aw B nonoxxeHmm mu-
HUMMarbHOro KoadpdmumeHTa TpaHcdop-
MauMM)  KOMMEHCHPYIOTCS  LMPKYNUPY-
IOLLWMMHK TOKaMWM B KOPOTKO3AMKHYTbIX
KOHTYpaXx, B TOM YMCNE B MarHMTHOM CMC-
TeMe, Bbi3blBasi 3NEKTPUUECKME paspsabl
B CTbIKax MNacT1H M MX Harpes BCrieacTeMe
HECMMMETPHYHOIO PAaCroNoXKeHUs pery-
NIMPOBOYHbIX BUTKOB OBMOTKM, UTO U sIBNS-
eTcsi NPUMYMHOM razoobpasoBaHus C Bblae-
nexvem sogopopa H, u HesHauuTensHoro
KONM4EeCTBa YrneBOAOPOAHbIX rasos.

Bobieoowt

1. Cnocob BbisBNEHMs M NOKanM3aLym
OeeKTOB CUNOBbIX TPaHCOPMaTopOB
NyTEM M3MEPEHMIH COMPOTUBNEHUIH KOPOT-
KOrO 3aMblKaHMs CO CTOPOH BbICLLEro
M HM3LLEro HanpPsHKEHWM NO3BONSET Bbi-
ABUTL OedeKTbl, BIMsoLLE Ha rasoobpa-
30BaHWe, BO3HMKLLIEE B MPOLIECCE: MPOeK-
TUPOBAaHMsl, M3rOTOBMNEHMS, 3IKCrryaTaumm
M PEMOHTa, a TaKXKe ONpPeaen1Tb BNusHWE
fedeKTa Ha 3KCryaTaLMOHHYHO Hapex-
HOCTb CMMOBbIX TPaHCOPMATOPOB.

2. PasHOCTb COMPOTMBNEHWUMA KOPOTKO-
ro 3ambIKaHWsi CMMOBbIX TPaHcopmaTo-
POB, M3MEPEHHBIX CO CTOPOH BbICLUEro
M HM3LLErO HanpsDKEHWH, MPUMBEAEHHBIX
K OfJHOM M3 CTOPOH TpaHcdopmaTtopa, Ha-
XOOMTCSA B MPSIMOM 33BUCMMOCTHU OT BESu-
UMHBI LMPKYIMPYHIOLLMX TOKOB, CO3AaHHbIX
MONSIMM PAaccesiHusi, BbIPaXKEHHOM B MPO-
LEHTax, T. €. MPOLEHT KOMM4ecTea He-

CKOMIMEHCUPOBAaHHBIX BMTKOB  (LIMPKYNM-
PYOLLMI TOK) OBMOTOK C TOKOM.

3. HexkomneHcHpoBaHHble BUTKM O6-
MOTOK CHFOBbIX TPAHCPOPMATOPOB C TO-
Kom 6onee 2,0 % u HepaBHOMEPHOCTb
Harpysku obmotok HH1 u HH2 tpaHc-
hopmaTopos ¢ pactennéxHbimm obmoT-
kamm 6onee 20 % nNpUBOAST K NOKarnbHbIM
HarpeBaM  3MEMEHTOB  KOHCTPYKLMM,
B TOM YMCNiE SPM MarHUTHOM CMCTEMbI
M BO3HUKHOBEHMIO Pa3PSsAoB B KOHTAKTHbIX
CTbIKaXx KOPOTKO3aMKHYTbIX KOHTYPOB,
B TOM YMCre B CTbIKaX MNacTMH MarHUTHOM
CUCTEMBI CHIOBbIX TPAHCOPMAaTOPOB.

4. Mpu  Hanuumm  rasoobpazosaHus
U oTCyTCTBUA AedpeKTa B 0BMOTKax cuno-
BbiXx TpaHccopmartopos (AZ, < 2,0 %),
nedekTbl B TpaHcopmarope CBsi3aHbl
C HapyLUEHMEM KOHTAKTHbIX COEIMHEHMM
TOKOMNPOBOJSALLWX Lienei U Lienei 3asem-
NeH1si, BO3HMKHOBEHMEM MOBTOPHbIX 3a-
3emneHnit ¢ obpa3oBaHMEM KOPOTKO-
3aMKHYTbIX KOHTYPOB M HanmuuMem arne-
MEHTOB KOHCTPYKLMM, HaxOOsLLMXCs Mop,
MNaBaloLLMM MOTEHLMANOM, a TaKKe 4ac-
TMUHble paspsgbl MOf, BO3[OENCTBUEM
MPUIMOMKEHHOrO  HAaMPSXKEHUs, PO30BbIX
M KOMMYTALMOHHBIX MEpPEeHarnpsixeHni.

5. B COOTBETCTBMM C PEKOMEHOALMSIMM
M3K-6099 u PO 153.340-46.302—00 Ha
TPaHCPOPMATOpbl  C  PacLLEnnEHHbIMM
06MOTKaMM U TPAHCHOPMATOPBI, Y KOTO-
pbix AZ, > *£2,0 %, a TexHuueckue xa-
PaKTEpUCTUKM  YAOBNETBOPSIOT 06BEMY
HOPM MCMbITaHKsl 3NEKTPOOBopyaOBaHUS
M NacropTHbIM 3HAYEHMsIM 33aBOLa-M3ro-
TOBMTENS,, NPW MOBBLILLEHHON KOHLIEHTPa-
LMK NO OTAENbHbIM ra3am AOMKHbI BbiTb
YCTaHOBMEHbI MOBbILLEHHbIE MPaHUYHBIE KOH-
LieHTpaLyM rasos, PacTBOPEHHbIX B Macrne
KaK Mo OTAENbHbIM ra3aMm, TaK U rno obbé-
MY ra3ocopepiaHus.
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