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C HACbILWULEHUEM TPAHC®OPMATOPOB TOKA
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Llenn n 3agaumn paboTthbi

AHanu3 nmetoLenca HA B yactn TpeboBaHui K pabote 3awmT WMHC TT. ... o

O606u1eHme onbiTa NnpoussoauTenen MIM ycrponcTts P3 B pelleHuu
npo6sieMbl BNSHUA HacbiweHusa TT Ha paboTy anddepeHumnanbHbIX

3aWunT TANTA
/0 \A I"\ A A\

Pa3paboTka NporpamMM 1 METOAMK UCMbITAHUIA 3aLUMT LUNH B PEXMMAX RZRVANY '\/ U -
C HacbiweHmnem TT

[poBeaeHne TECTOBBIX UCMbITAHUA YCTPOUCTB MIT 3alUMT WKH,
NnpeacTaB/ieHHbIX HAa 06bekTax aHeprocuctemol PO

MoaroToBka TpeboBaHuM K yctporcteam MI P3 wnH npu paboTe ¢
TT B pexxnmax € HacblweHneM (NpoekTa cTaHAapTa)

Aucp.mox ’_I_I_I_I_
[ Kpammsid l1ro 5 ‘ 3owa pabome:
I

Fona paBomes




OcHOBHbIe TpeboBaHMA K 3alMTaM C60pPHbIX LUUH

CTO ®CK E3C TT k MI P3A (2017/2019 r.)
YCTaHaBJ/1nBaeT, NOMNUMO KOJIMHECTBEHHDbIX r|0|<a3aTenel71 n
JIOTUKU Ll,el)’ICTBMFl, cneaywouime OCHOBHbIE TPEGOBaHMﬂ K

MIN YP3A, coaeprxawmmMm pyHkuuro A3 vam A30 knacca
HanpsyxeHusa 6 - 750 kB:

Q

OTcyTcTBME M3NUILIHKUX cpabaTbiBaHun A3LLU npu 6pockax Toka
HaMarHn4YnMBaHus TpaHcopMaTopa (BK/IOYEHME CO CTOPOHDI
LUMH «C OTKPbITbIM NAE4YOM>»)

OTcyTCcTBUE M3NULLIHKX cpabaTbiBaHmi A3 npu BHewHnx K3 ¢
HacblLeHneM TpaHcopMaTopaM TOKa Mpu BbIMOHEHUN
3asB/IEHHbIX Npou3BoanTenem TpebosaHmi K TT

MonHoe BpeMsa cpabaTbiBaHUs YyBCTBUTENbHOM CTyneHun A3LLU
npun anpdepeHumanbHOM ToKe bonee 2-X KpaTHOro Toka
YCTaBKM, C YYETOM HaMumMsl anepuoamyeckon COCTaBNSIOLLIEN U
BpeMeHu cpabaTbiBaHMS BbIXOAHOrO pesne He bornee - 50 Mc

Bpemsi cpabaTbiBaHMs YyBCTBUTENBHON cTynenn A3 npwu
nepexope BHewHero K3 Bo BHyTpeHHee B YCNOBUAX Han4dns
HacblweHnsa TT He 6onee — 60 MC

IIYBJIMHOE AKLHOHEPHOE OBIIECTBO
«PEJEPATIBHAA CETEBAA KOMIIAHIA
EMMHOH 3HEPTETHUECKOH CHCTEMBE:

@ CTAHTAPT OPTAMITIAITIOI CTO 56947007
A0 «SCRE3CH 29.120.70.241-2017

Crasmapr opramesamms

Jara epenemz: 28.02.2017
Jara seenems mamememdi: 11.12.2019




OeucrBoBaBLasa Ha 2021 r. oteuecTtBeHHasa H no
TpaHcopMaTopaM TOKA, B TOM YKUCsie 3aTparmsaroulasn
BO3MO)XXHOCTb HacbileHusa TT B nepexofHbIX peXXxuMax

FOCT 18685-73. MexrocyaapCTBEHHbIM CTaHAAPT. TpaHCOpMaTOpbl TOKA U HaNpPsHXKEHUS. TEPMUHBI U
onpegeneHus

FOCT IEC 60044-1-2013. TpaHchopMaTopbl u3MepuTenbHble. YacTb 1. TpaHcdhopMaTopbl TOKa
FOCT 7746-2015. MexrocyaapCTBEHHbIN cTaHAapT. TpaHchopMaTopbl Toka. ObLme TEXHUYECKME YCNOBUS

FOCT P M3K 61869-2-2015. HaumnoHanbHbIM cTaHaapT Poccuinckon ®eaepauunn. TpaHchopMaTopsl
n3meputenbHble. YacTtb 2. JononHutenbHble TpeboBaHnsa K TT

MHCT 283-2018. [lpeaBapuTenbHbIN HAUMOHaAbHbIA CTaHAaApPT. TpaHchopMaTopsl
n3MepuTesbHble. HYacTb 2. TexHn4eckme yCcrnoBms Ha TpaHcdopMaTopbl ToKa

FOCT P 58669-2019. ESC 1 nsonnposaHHo paboTatowmne sHeprocuctemol. P3. TT
n3MepuTenbHble MHAYKTUBHbIE C 3aMKHYTbIM MarHUTONPOBOAOM A5
3awmTbl. MY no onpegeneHunio BpeMeHu A0 HacbiweHus npu K3.

MuHucrepcreo dHepreTtuku PO. NMucbmo YA-3440/10 ot 02.04.2019 r. O mepax no
HeAoMyLIEHNO HENPaBU/IbHON PaboTbl YCTPOWUCTB pENENHON 3aLLunThI



UcnbiTaTenbHble CXeMbl 06bEeKTOB
Aana NnpoBepKn 3allimT LINH
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MIN yctpouctBa P3A, 3agenCcTBOBaHHbIE B TECTOBbIX
MCNbITaHUAX

Knacc HanpshkeHus
Ha3sHauyeHue

o MCNbITaTe/IbHOM Ucnbityemoe MI ycrpoucreo P3
YCTPOMCTB
cxeMmbl, kKB
220 TOP 300 A3LU 541 Bepcus NO 21.1 (PenemaTuka)
3awmTa SIPROTEC 5 7SS85 V.08.80 (Siemens)
Cc60pHbIX 532704 403026 sepcusi M0 562 308 (AKPA)
HH 500 TOP 300 A30 602 sepcns N0 19.1 (PeneMaTnka)
REB 670 Bepcus N0 2.1 (ABB (Hitachi Energy))
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Knaccbil TT, 3aa4eMCcTBOBaHHbIE B UCMbITAHUAX

MpeaenbHble 3HaYEHUA A0NYCKaeMOi NOrpeLlHOCTH

MorpewHocTb Npu

NonHasn MNMorpewHoCTb B
Knacc HOMUHANLHOM NepBMtHOM NorpeLwwHocTb Npu nepexoaHom
TOYHOCTU TORE TOKe HOMWHaNbHOM peXkume B
ToKoBas, Yrnosas npeaenbHOU HOPMUPOBAHHOM
KPATHOCTU €, % uukne, %
rpag, cpag,
10P 13 He HopmupyeTtca 10 He HopmupyeTtca
10PR 13 He HopmupyeTtca 10 He HopmupyeTca
TPY +1 +60 i].,8 10 Emaxe < 10
TPZ +1 180+18 | 5,3+0,6 10 €acmave < 10




O6wme ocobeHHOCTH BbI6GOpa NapaMeTpoOB TECTOBbIX
Mmoaeneun TT ana ncnbiTaHUMU

1. Boblbupatotca napameTpsbl 6a3oBoro TT (No Hanbonee THXKENoMy pexmmy
ycTaHoBMBLUErocs K3 B TecToBon cxeMe 6e3 yyéTa «3anaca Ha NePEXOAHbIN PEXMUM»)

2. Cnepytowme napameTpbl TecToBoro TT 3a4atoTcs paBHbIMU napameTpam 6asosoro TT:

MapameTtp OnucaHue EAMHULBI U3MepeHUa
[110m HoMMHaNbHbIN NepBUYHbIN TOK A
[2Hom HomMWHanbHbIM BTOPUYHDBIM TOK A
R2 ConpoTuBneHue BTOPUYHOU 0BMOTKU Om
Rur ConpoTmnsneHune Harpyskmu Om
B(H) XapaKTepucTuka HamarHUM4MBaHMA Tn(A/m)

3. BAX Mopenen TectoBbIX TT pacCUMTbLIBAIOTCA ANS KaXXA0ro MOAeIMPYEMOro pexmnuma
OTAeNbHO, NyTEM MacwTabupoBaHua BAX 6a3oBoro TT, ¢ y4ETOM TpeboBaHUN K
BEIMYMHE MOrpELLHOCTN B nepexoaHoM pexume (TPY, TPZ) nnn tpeboBaHuin K
BPEMEHWM A0 HacbIWeHUs TecToBbIX TT B nepexoaHoM pexume (10P, 10PR), uto
cootBetcTtByeT FOCT P 70358-2022.



OCHOBHbIE rpynnbl NCNbiTaTe€J/ibHbIX PpEXXUMOB
ansa 3alluT LLUUH

O BHyTpeHHMe K3 B 30He geicreusa OA3LU (B ToM uncne npu yactote cetn 45 u
55 ') - nccneayetcst paboTta NyCKOBbIX U OTK/IOYAIOLWMX OPraHOB B Pa3/IMYHbIX
yCNoBMSIX U nogpexxmmax (€ ycnewHbiM/HeycnewHbiM AlB WnH, B «<MepTBON 30HE»
BbIK/lOYaTENEN , C HapyLueHneM dukcauunn), BpeMs paboTbl YCTpONCTBA NpU
pabote ¢ «mpaeanbHbiMu» TT

0 BHewHue K3 (B TOM umncie npu yactote cetn 45 n 55 'y, a Takke pexxumsl ¢ AlB
NpUCOeaNHEHUN NNHUNA, BKIKOYEHNE TpaHCOpMaTopa Miv aBToTpaHcdopMaTopa C
BTHT) — npoBepsieTcst OTCYTCTBUE U3NULLIHEro cpabaTtbiBaHus dyHKunn 3L npwu
pabote ¢ «mpgeanbHbiMu» TT

0 nepexop BHewHero K3 Bo BHyTpeHHee, BO3HUKHOBeHUue BHyTpeHHero K3
Ha (pOoHe BHEeLUHero - Nposepka NpaBubHOCTM noseaeHns pyHkumn A3LLU
YyCTpOWCTBa nNpu paboTte ¢ «unaeanbHbiMu» TT

0 peXnMbl UCNbITaHUM C HacbiweHueMm TT — BKIOYAlOT B cebs NOBTOPEHME
NEPEYNCTIEHHbIX BbILLE FPYMNN PEXMMOB, C HacbileHueM ogHoro unm 6onee TT
B KQUeCTBe YTSHKeNsoLWero npusHaka, a Takxke ans komMbuHauum TT — co BceMu
TUNaMN PacCMOTPEHHbIX TT B «KPUTUYECKOM>» Mieye B COYETaHMMU C ApYyruMn TT B
OCTaNbHbIX Nieyax



0606L1eHHble pe3ynbTaTbl UCMbITAaHUW YCTPOMUCTB
A3L-220 v A3LL-500 kB

Pe>xuMbl BHyTpeHHux K3 — cBogHasa nHgpopmauua no

HEeWTaTHOMY nNoBeaAeHunto

B 30He
asul

BHyTpeHHUe K3, ¢
HeyCneLwHbIM
AMNB wwH

Cnyyan 3amepnieHms pa6otbl YTO npu
onpo6oBaHuM B cny4vae HacbiweHns TT (10PR ¢
THac=3 MC B «KpUTUYECKOM>» nJieye)

Q [Jdeictere Ha YTO noruku oTCTPOMKM OT
BTHT

Cnyyan 3amepnenus gencreusa A3LU npu
HecnMmMeTpuyHbIX K3, coyetanmum TT knaccos TPY u
10PR (B «KpUTMYECKOM>» Mrieye U HacblLLeHUn C
THac=5Mc)

O HepoctaToyHas vyBCTBUTENLHOCTL MO

MNepexon BHELHero
K(1) BO BHyTpeHHee

a) B ToM xe dase;
6) B apyrou dase,
C COXpaHEHNEM
NCXOAHOrO HELIHEero

Cnyyau 3amepgnenusa paencrsua A3LU nocne
BO3HUKHOBEHUSA BHYTpeHHero K3:

a), 6) - npu MCNoNb30BaHUN B «KPUTUYECKOM»
nfeye Kak HeHacblwarowmxcs («ngeansHoix», TPY,
TPZ) Tak n Hacbiwatowmxes TT (10P, 10 PR ¢ THac)
B «KpuTuyeckoM» nneye (c K3), B. T.4u. npwm
NCMosb30BaHMM COBMECTHO C HEeHaCbILWaWwmMMncs
-

Q [Jencrere 610KMPOBOK (AeTEKTOPA) NpW
BHewWwHuX K3 npu HavanbHOM K3

U HepocraTouHas 4yBCTBUTENBHOCTL MO

O OcobeHHocTM paboTbl MO, 3an0XKEHHbIE
Npou3BoOANTENAM

BHyTpeHHMe K3,
Ha ¢oHe
npeaLwecTByoLLero
BTHT Bnnevyec T

Cnyyau 3amenneHue gencrsusa A3LLU:
a) XapaKTepHble — /19 HeCUMMETPUYHbIX K3 npu
MCNONb30BaHMM Nt0bbIX TMNOB TT K UX COYETAHMUN
6) BO3MOXHbIE — /19 CUMMETPUYHbIX K3 npu
MCNONb30BaHMM Hacblwarowmxcs Turnos TT (10P,
10PR ¢ THac=5 McC) B «kpuTnyeckom» nnede (c K3)

O Otkas 6nokuposku BTHT npu BTHT

O CpabatbiBaHne 6noknposku BTHT ripu
K3 (Bkntoyas aAnuTenbHoe nepekpectHoe
610KkMpoBaHMe Npu HacbllweHnn TT)




0606uleHHble pe3ynbTaTbl UCMNbITAHUN YCTPOUCTB
A3W-220 n A311-500 kB

Pe)xxumbl BHewHux K3 — ceogHas nHdopmauus no
HewWwTaTHOMY NoBeAeHUIo

Fpynna no
mecty K3

Bupa

MonyuyeHHble pe3ynbTaTbl U

MpuyYKnHbI

BHelwlHue

pexxuMa

HecummeTpuyHble K3,
B T.4Y. NPY U3MEHEHUM
4acToThbl

0CO6eHHOCTU NOBEeAEeHUS UCMbITYEMOro yCTPoOMCTBa

Cnyyau M3nmLIHero OoTK/IIDYEeHUs B pexummax C
coyeTtannem TT nobbix knaccoB n TT knacca 10 PR
npu HacbiweHun TT (10 PR ¢ THac=3Mc) B
«KPUTUYECKOM> M/ieye

K3 Ha npucoeamHeHuun
BJ1 c HeycnewHbIM

Cnyyan U3nMLLIHEro OTKJ/IFIDYEHUSA B PeXnMax C
coyeTaHmeM TT nmobbix knaccoB n TT knacca 10PR
npwv HacblweHun TT (10 PR ¢ THac=3Mc) B

TAINB «KPUTUYECKOM>» nfiedve
(3adumkcmpoBaHbl npu nepsoM K3 nnu AlB)
AnuTenbHble Cnyyan M3nIMLLHEro OTKJ1IFOYEHMUsA B peXxunmax C
HecummeTpuuHble K3 | couetaHmeM TT ntobbix knaccos u TT knacca 10 PR
Ha BJl, npwv HacblweHun TT (10 PR ¢ THac=3Mc) B
NUKBUANPYEMbIE «KpUTUYECKOM» Mrieve

3awmTtamm c BB

AnvtenbHble K(3)
BrneyecT,C
NnpeALwecTBYOWUM
BKNOYeHuem ¢ bTHT

Cnyyan nanuwHero otknrovyenms (t=409..563
MC) B codeTaHuax TT knaccoB TPZ n 10 PR (B
«KpuT.» nneye), TPY n 10PR (B «KpuT.» nne4e) n
npwv HacbiweHun TT (10 PR ¢ THac=3Mc) B
«KpUTUYECKOM» Mrieve

CpabaTbiBaHue U0 A3LLU
C COMyTCTBYOLMM

Q cpabaTbiBaHNeEM (aKTUBaLMEN
Ha 3a10)XeHHOe BpeMsl) U
nocneayoLwmm BO3BpaToM
610knpoBKK (aeTekTopa) nNpu
BHeLWwHux K3

JmMbo

O oTka30oM 6/10KMPOBKM
(neTexkTopa) Npu BHeWHUX K3

Jmbo
O oTkasom 6nokmposkn BTHT




0606LeHHble pe3yibTaTbl UCMNbITAaHUNA YCTPOUCTB
A31-220 n A31-500 kB

NMpumep cpabatbiBaHusa A3LU c 3amepgneHuem npu BHyTpeHHeMm K3

®parMeHT ocuMnNorpaMmel € 3aMmegsieHmeM cpabarbiBaHma ycrponctea [3LU-220 kKB npy BO3HUKHOBEHUM
BHyTpeHHero 1-¢. K3 (B ¢ase B) Ha ¢poHe BHelwHero (B a3e A) (B cxeMe € Hacbiwarowmmea TT-1 knacca
10PR B coueTaHuu ¢ ocTanbHbIMKM TT TaKoro e Kiacca)
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0606uleHHble pe3yibTaTbl UCMNbITAHUU YCTPOUCTB
A3W-220 n A31-500 kB

NMpumep cpabartbiBaHusa A3LU c 3amenneHnem npu BHyTpeHHeMm K3
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0606LeHHble pe3yibTaTbl UCMNbITAaHUNA YCTPOUCTB
A31-220 n A31-500 kB

NMpumep nsnuuiHero cpabarbiBaHusa 431U npu BHewwHeM K3

®parMeHT ocumnorpaMmMel M3nuiLHero cpabarbiBanuna [311-220 KB npu BHewWWHEM
1-¢p. K3 (B cxeMe c Hacbiwarowmmes TT-2 knacca 10PR B coueTtaHmm ¢ octanbHbiMu TT

knacca 10P)
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0606LeHHble pe3yibTaTbl UCMNbITAaHUNA YCTPOUCTB
A31-220 n A31-500 kB

NMpumep nanuuiHero cpabarbiBanma A3LU npn BHewwHeM K3
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dparMeHT ocuMINOrpaMMbl M3NMULLIHEro cpabarbiBaHma ycrponcrtea [3LU 500 kB npwm
BHewHeM K3 Bupa «AB>» Ha cmexxHon BJ1 (B uenn Q01) (TT knacca 10PR Bo Bcex nnedvax
3alUnThI)



AcnbiTaHUa 3alUMT LUUH. BbiBOADI

0606wWweHna No pesynbTaTtaM ucnbiTaHmin ycrpoincrs [A3LLU-220 n 500 «B:

npobnema HacbilweHuss TT y4nuTbiIBaeTCa BCEMM Npou3dBoauTenamu ycrpoucts 3L B
3a/T0XeHHbIX anroputMax [3LLU. B To ke BpeMsi B paCCMOTPEHHBIX YCTPOMCTBAX MMEIOTCS,
CYLLLECTBEHHbIE pa3iNymMs MO COCTABY U YPOBHIO 3a€ACTBOBAHHbIX aITOPUTMUYECKUX PELLEHWN

3a/10KeHHble npou3soauTeneM yHKUNOHaNbHbIE BO3MOXXHOCTM HE MOryT 6bITb B
AOCTAaTOYHOM 06beMe NPOKOHTPOIMPOBaHbI U NPOAHaIM3NMPOBaHbl BBUAY OrpaHNYEHHOro
COCTaBa AOCTYMHbIX BbIXOAHbIX IOTMYECKNX CUTHAMOB, XapaKTepu3yoLmMX paboTy dyHKUMI
A3LL n eé BcnomoraTesibHbIX anropuTMoB

M3JIMLWLHASA Npyn BHewWwHnX K3, nMbo 3aTaHyTas npu BHyTpeHHUX K3 paboTta ¢dpyHkuum 3L B
OTEYECTBEHHbIX N 3apyOEXHbIX YCTPOMCTBAaX MaJIOBEPOATHA B C/Ty4asix NMPOCTbIX BHELLIHMX
NN BHYTPeHHUX K3, conpoBoXxaatowmxcs HacbiweHnem TT (koraa THac COOTBETCTBOBASIO
BpPEMEHU, YKa3aHHOMY Npon3BoanTeNnem)

HewTaTHasa pa6ota /3L HabnioaaeTcs, B OCHOBHOM, B CNIOXHbIX peXuMax, Koraa
HacbiweHne TT (¢ THaC, COOTBETCTBYIOLNM BPEMEHU, YKA3aHHOMY NPOU3BOAUTENEM)
AOMNOSIHEHO yCNnOoXHAIOWMMU pakTopaMm (nepexoa BHelHnX K3 Bo BHYTpeHHWe,
npeawectsyowm BTHT, HeycnewHoe OAINB/TAIMNB cMeXHOM NMHUKN, ANTUTENBHO
cyllecTBytowiee BHewHee K3, MeaneHHbIn Bbixoa TT 13 rnybokoro HacbIWeHNs)



NMpeanoXxeHus No pewieHnsaM, HanpaB/i€HHbIM

Ha obecneyeHus npasusbHOCTM paboTbl MI1 P3A
B NepexoAHbIX peXXxuMax, ConpoBoXXAatoLLunXCcs
HacbiljeHueMm TT

U Koppekuua nogxoaa npoussoautenamm MIM-ycrpoiicts P3A K oueHKe BO3MOXKHOCTel
MCNO/1Ib30BaHMUA CBOUX YCTPOMUCTB NPUMEHUTENBHO K MMEIOLLMMCA XapaKTePUCTUKaM
TT pa3Hbix Knaccos (0becneyeHuna 6onbliero 3anaca K BeiMunHe bbicTpoaencTema
OpraHoB BbifABAeHUA BHewHero K3)

0 OnTumwusauma HacTpoek M Noruku paboTbl YCTPOUCTB (YyTouHEeHMe napameTpos
cpabatbiBaHuA N0 3awwuT, OpraHoB A0MNO0/IHUTE/IbHOrO TOPMOXKEHUA )

0 OnTumunsauyma cocrasa, 10rMKu paboTbl UMEIOLLLUXCA A0NONAHUTEIbHbIX OPraHoB,
obecneuuBalowmx npasuabHoe nosegeHne aupdepeHuymnanbHbIX 3aLLUTbI B
nepexoaHbIX pexXnmax ¢ HacbiweHuem (getektopa BHewwHero K3/610KMpoBKU npu
BHewHux K3)

) BbinonHeHue 6a3oBbix TpeboBaHUIM - o6ecneueHne Tpebyemoro (onTMmanbHOro)
pexXuma pabotbl TT



CrNnACNBO 3A BHUMAHME!

AO «<BHUNP»

RABC SnekTpo

np. N.4. fkosnesa 4

428024, Yebokcapebl, Poccus
Ten. : +7 (8352) 39-00-00
®akc: +7 (8352) 39-00-01
Email: vniir@vniir.ru
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