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MNpepgucnosune

1 PABPABOTAH AKuMOHEpHbIM 06uiecTBOM «CUCTEMHbIA onepaTop EpunHOW 3aHepreTuyeckow cucrte-
MbI» (AO «CO E3C»), O6uWecTBOM C OTpaHUYeHHO OTBETCTBEHHOCTbIO «Idnbmaw (Y3TM)» (OO0 «3nbmaw
(Y3TM)»)

2 BHECEH TexHu4yeckuMm KOMUTETOM No cTaHpaptusauum TK 016 «DnekTpoaHepreTnka»

3 YTBEPXJ/JEH W BBEJAEH B AJEWCTBWE [pukasom denepanbHOro areHTCTBa MO TEXHUYECKOMY
perynupoBaHuio n metposorum ot 17 gekabpsa 2024 r. Ne 1928-cT

4 BBEJEH BIEPBbIE

MpaBuna NpMMeHeHNs HACTOoALWEro cTaH4apTa YCTaHOB/IeHbl B CTaTbe 26 ®defepanbHOro 3akoHa
oT 29 uoHa 2015 r. Ne 162-®3 «O cTaHgapTwusauum B Poccuiickoin depepayumn». MHdopmaynsa o6 ns-
MEHEeHMAX K HaCToAlemMy cTaHgapTy NnybmkyeTcsa B eXerogHom (No cocTOAHUIO Ha 1aHBapsa TeKywero
roga) nHpopmaymoHHom ykaszaTene «HaumoHanbHble cTaHfapThbi», a ouunanbHbll TEKCT W3MEHEeHui
N NonpaBoK — B eXemMecsayHoM MHopMaLMOHHOM ykasaTene «HauuoHanbHble cTaHfapTbi». B cnydae
nepecmoTpa (3aMeHbl) UK OTMEHbl HACTOALWEro cTaHjapTa CoOTBETCTBYKLULee yBegoMNeHne byneT
ony6a11MkoBaHO B 6amxalillem BbIMYyCKe €XeMeCsa4YHOro uHgopMaumoHHOro ykasaTensa «HauuoHanbHble
CTaHgapTbl». CooTBeTCTBYlOWAaa nHpopMmaumsa, yseoMneHne U TeKCThl pasMeLwalnTCca TaKxe B WH-
popmaymoHHol cucTeme 06Wero Nnoib3oBaHusa — Ha opuumnanbHOM caliTe dPegepanbHOro areHTcTBa Mo
TEexXHNYeCKOMY perynmpoBaHunio U meTposorum B ceTn NHTepHeT (Www. rst.gov.ru)

© OdopmneHne. ®IrbY «NHCTUTYT cTaHpgapTulaummn», 2025

HacTosiwuii ctaHgapT He MOXeT GbiTb MOMIHOCTHLIO WM YAaCTUYHO BOCMPOM3BEEH, TUPAXUPOBaH W pac-
NpoCTpaHeH B KayecTBe ohuLMaNbHOIO U3gaHus 6e3 paspeweHua defepasbHOro areHTCTBa No TEXHUYECKO-
My perysimpoBaHui 1 MeTposioruu
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BeepneHune

MonoXxeHns HacTosAWero cTtaHgapTa HanpaB/ieHbl Ha obecneyeHue BbINOSIHEHUS TpeboBaHUn npa-
BuN [1] (NyHKT 128), B COOTBETCTBUU C KOTOPbIMU TEXHUYECKME XapaKTepUCTUKU TpaHcopmMaTopoB Toka
(TT) n NOAKNIOYEHHBIX K HAM YCTPOWCTB peneliHol 3alWunTbl B COBOKYNHOCTU [OJ/IXHbl obecneymBaTb npa-
BUNbHYI0O paboTy YCTPOWCTB peneiiHON 3awuTbl MPU KOPOTKUX 3aMblKaHWAX, B TOM 4ucjae Npu BO3HUKHO-
BEHMWN anepuonyeckoil cocTaeBnawLWwen Toka.

OnpegeneHne BpeMeHU [0 HacblWeHUA TpaHCOopPMaToOpoB Toka HeEOBX0AUMO:

- Ana dopmuposaHua TpeboBaHWii K MUHUManbHO HEO6XOAMMOMY BPEMEHMN AOCTOBEPHOrO M3MeEpeHus
3Ha4yeHnsa Toka, NpU KOTOpPOM obecnevmBaeTcsa npaBunbHaa paboTa yHKuui peneliHon 3awutel (P3), pea-
NTM30BaHHbIX B YCTPONCTBE peneliHoi 3awunTbl U aBToMaTtukn (P3A), B nepexofHbliX pexunmax, CoOnpoBoOXAalo-
wuxca HacbiweHvem TT, npu co3gaHuy (MoAepHM3aLumM) KOMNAEKCOB U YCTPOWCTB peneiHon 3awunThl;

- ANa NpoBepKW NpaBuUbHOCTU PYHKLUOHUPOBAHWUA YCTPOWCTB pesieiiHol 3alnTbl B NepexofHbiX pe-
XUMax npu KOPOTKUX 3aMblKaHUAX.
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HALULWOHAIMNDBHEBI R CTAHAOAPT POCCUWNCKOW PEOLEPALMNMN

EavHaa saHepretunyeckas cucrema M M30/IMPOBaHHO pa60Tarou_|,|/|e QHEProcnucTemMbl

PENENHASA 3ALWNTA.
TPAHC®OPMATOPbLI TOKA UMSBMEPUTEJIbHBIE MHAOYKTUBHbBIE ANA 3AWNTDbI
C HOPMUPYEMOW MOTPEWHOCTbIO B MEPEXOAHbLIX PEXNUMAX
nCOrPAHMY4EHHBIM OCTATOYHbLIM MOTOKOCUEMAEHNEM

MeToguyeckne ykasaHuda no onpenesieHnio BpeMeHN A0 HaCbIWEeHUA NPU KOPOTKUX 3aMblKaHUAX

United power system and isolated power systems. Relay protection. Inductive measuring current transformers for
protection with a normalized error in transient states and with limited residual flux-linkage. Guidelines for timing to
saturation during short-circuits

Jata BBegeHna — 2025—02—01

1 O6nacTb NpUMeHeHUA

1.1 HacTofwunii cTaHfapT ycTaHaBineBaeT MeTOAbl pacyeTa BpeMeHW A0 HacCbIWeHWS U3MepuTenbHbIX
MHAYKTUBHbLIX TpaHchopMaTopoB Toka ANA 3awuTblil) C HOPMUPYEMON MOFPELHOCTbI0 B NEePEXOAHbIX PexXu-
Max U C OrpaHMYEeHHbIM OCTaTOYHbIM MNOTOKOcuensieHnem (knaccbl ToyHocTun 5PR, 10PR, TPY, TPZ, TPE2))
Npy KOPOTKMX 3aMblKaHWUSAX, onpenensieT UCXOAHble AaHHble, Heo6XoauMble A MPUMEHEHUS KaXAoro us
MeToA0B, YycTaHaBNMBaeT TpebGoBaHWA N0 NOATOTOBKE K NPOBEAEHUI0 pacyeTOB BPEMEHMW A0 HACLIWEHUA n3-
MepUTENbHbIX UHAYKTUBHbIX TPAHCOPMATOPOB TOKa M MOPAAOK BbINO/IHEHNS yKa3aHHbIX pacyeToB C UCMNOb-
30BaHMEM KaX[0ro 13 yCTaHOBJ/IEHHbIX METO0B.

1.2 HacTtofwunii cTaHgapT npefHa3HayYeH ANa NPpUMeHeHNsa COGCTBEHHUKAMWU N UHbIMW 3aKOHHbIMUW Ba-
Jenbuamn 06bEeKTOB 3/1EKTPO3HEepreTnkn, cybbekTtaMu onepaTtuBHO-AUCNETYEPCKOrO ynpaBieHns B 3/1eKTpo-
3HepreTMke, NPOEKTHbIMU OpraHM3auusaMu, opraHusaynssMu, ocyLW ecTBAAKLWMMU co3gaHne (MoAepHM3aLnto)
KOMMN/IEKCOB W YCTPOWCTB peneiHoli 3awunThl.

2 HopMaTUBHbIE CCbINIKN

B HacToAwem cTaHgapTe UCNONb30BaHbl HOPMATUBHbIE CChIJIKUM Ha crnejylouime ctaHAapThl:

FOCT 15150 MawuHbl, Nnpubopbl 1 Apyrue TexHuyeckne usgenus. VicnonHeHna ona pasfiMyHbIX KNu-
MaTU4YeCcKux panoHoB. KaTeropuu, ycnoBmsa akcnayartaumm, XpaHeHus u TpaHCNOpTMPOBaHUA B YacTu BO3fel-
CTBUSA KNMMaTuyeckux hakTopoB BHeLWHeW cpeabl

FOCT 18685 TpaHccopmMaTopbl TOKa WU HANPsXeHna. TepMUHbl 1 onpegeneHns

FOCT 26522 KopoTkue 3aMblKaHUA B 3/1eKTPOyCcTaHOBKaX. TepMUHbI U onpefesieHns

FOCT P 58669 EpnHaa aHepretuyeckass cuctema M M30MpoBaHHO paboTatuwme aHeprocuctembl. Pe-
neiiHas 3awmuTta. TpaHcopmaTopbl TOKa M3MepPUTEbHbIe NHAYKTUBHbIE C 3aMKHYTbIM MarHMTONPOBOAOM A/S
3aWwunTel. MeTognyeckne ykaszaHusa No onpefesieHnto BpeMeHU A0 HacbIWEeHUs NpU KOPOTKUX 3aMblKaHUAX

FOCT P 70507.1 TpaHcchopmaTtopbl nsmeputenbHble. HacTb 1. O6uwne TexHNU4Yeckne ycnoBus

FOCT P 70507.2 TpaHcopmaTopbl nsmeputenbHble. Yactb 2. TeXHUYeCckne ycnoBua Ha TpaHcdopma-
TOpbl TOKa

1) TpeboBaHNsA pacnpocTpaHATca U Ha TT «aNnsa U3MepeHus 1 3alnTbl».
2) Mpy Mcnonb3oBaHMM B KAYECTBE MEePBUYHOIO JaTtynka MHAYKTUBHOTO TT.

M3pgaHne odpuymnanbHoe
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MpumedaHune — TMpu NOMb30BAHUM HACTOSLMM CTAHAAPTOM LE/ecoo6pasHo NpPOBEpUThL AeCTBME CCbIfou-
HbIX CTAHAAPTOB B MHIOPMALMOHHON cucTeme 06LLErO NOMb30BAHNUA — Ha OuLMANIbHOM caitTe deaepasibHOro areHT-
CTBa MO TEXHUYECKOMY PETYNIMPOBaHUIO U METPOIOTMN B CETU VIHTEPHET WU/ N0 eXEerofgHoOMY MHPOPMAaLMOHHOMY yKa3a-
Teno «HaunoHanbHble CTaHAAaPTbl», KOTOPbI ONy6/MKOBaH MO COCTOSIHWIO Ha 1 AHBaps TeKyllero roga, v no BbiMyckam
€XeMeCcsYHOro MHPOPMALMOHHOIO yKkasaTens «HauuoHabHble CTaHAAaPThI» 3a TeKyLW it rog. Ecnu 3aMeHeH CCblfTOUHbINA
CTaHZapT, Ha KOTOPbIi AaHa HeJaTMPOBaHHAs CCbIIKA, TO PEKOMEHAYETCS MCMONb30BaTh AENCTBYIOLLYI0 BEPCUIO 3TOTO
CTaHAapTa C yYeTOM BCEX BHECEHHbIX B [JdHHYI0 BEPCUIO M3MEHEHWi. ECNM 3aMeHeH CCbINIoYHbI CTaHaapT, Ha KOTOpbIN
[laHa AaTMpoBaHHas CCblKa, TO PEKOMEHAYETCA UCMO/b30BaTh BEPCUIO TOMO CTaHAapTa C yKa3aHHbIM Bbille roAo0M YT-
BepxaeHus (NpuHsaTus). Ecnv nocne yTBEPXAEHMS HACTOALEro CTaHAapTa B CCbIIOYHbLIA CTaHAapT, HA KOTOpbIA gaHa
[JaTnpoBaHHas CCblfika, BHECEHO U3MEHEHMWE, 3aTparuBaroLlee NnosiokeHue, Ha KOTOPOe AaHa CCblfika, TO 3TO MOJIOXEHWE
pekoMeHAyeTcs NMpUMeHsTL 6e3 yueTa JaHHOTO U3MEHeHUsl. ECNM CCbIIoYHbI/ CTaHAapT OTMEHEH 6e3 3aMeHbl, TO Mosio-
X€eHUe, B KOTOPOM flaHa CChl/IKa Ha HEero, peKoMeHayeTcsl MPUMEHSITb B YacTW, He 3aTparvBatoLLeli 3Ty CCbI/KY.

3 TepMuHbI, onpeaesnieHns U cokKpalleHus

3.1 TepMUHbI N onpeneneHns

B HacTosawem cTaHpgapte npumeHeHbl TepmuHbl no FOCT 18685, FOCT 26522, TOCT P 58669,
FOCT P 70507.1, TOCT P 70507.2.

3.2 CokpaweHud

B HacTosiLleM cTaHapTe MCNO/b30BaHbl CAEAYOWNE COKpaLLEHUS:

AlMNB — aBTOMaTMyeckoe NOBTOPHOE BK/OYEHUE;

BAX — BO/NbTamnepHas xapakrepucTuka TpaHcdopmarTopa TokKa;
K3 — KOPOTKOEe 3aMblKaHue;

N3M — nuHna anekTponepepayu;

OAC — a3neKkTpoABuxXylwaa cuna.

4 O6wKre NOIOXKEHUSA

4.1 B 3aBMCMMOCTU OT 06bema cBeAeHuiA 0 TT, UMEKLNXCA Y COOCTBEHHNKOB N MHbIX 3aKOHHbIX Bna-
JenbueB 06bLEKTOB 3/1€KTPO3IHEpPreTukn, cy6bLEKTOB OnepaTWBHO-AUCMETYEPCKOro ynpaBfeHUs B 3/1eKTpo-
3HepreTuke, NPOEKTHbIX OpraHnsaunii, opraHusaunii, ocywecTenaWmnX codgaHme (MogepHusaLmno) Komnaek-
COB M YCTPOWCTB penieiHOi 3awuTbl, cneayeT MCNONb30BaTb OAWH WU HECKOSIbKO M3 CNeAylLlWunx MeToAo0B
pacyeTa BpeMeHM [0 HacCbIWeHUA U3MepUTenbHbIX UHAYKTUBHbLIX TT Ang 3awWuTbl KnaccosB ToyHocTu 5PR,
10PR, TPY, TPZ, TPE npu K3 (ganee — Bpems Ao HacbliweHusa TT, fHac):

- aHa/IUTUYECKUii MeTog;

- rpacumyeckmin MeTo4 N0 NAcCNOPTHbIM AaHHbLIM;

- rpadmyecknin metoq ¢ mcnonbloBaHnem BAX TT.

4.2 Tlpn MCNONb30BaAHUN Kax[oro U3 MeTo[0B pacyeTa BpeMeHU A0 HacbiweHua TT gna onpefenieHns
€ero Bes/INYMHbI (EHac) Heo6xo4MMO NOATOTOBUTbL UCXOAHblE AaHHble ANS pacyeToB, OonNpefesinTb CXeMHO-pe-
XVWMHblE YCNOBUA U pacyeTHY TOoukKy K3, BbIMOMHUTbL NOATOTOBUTE IbHbIE pacCYeThl.

4.2.1 K ncxo4HbIM AaHHbIM A1 pacyeToB OTHOcATCAL);

M HOM — HOMMWHa/IbHbIN NepPBUYHbLIA TOK TT;

/2HOM — HOMWHaNbHbIA BTOPUYHbIW TOK TT;

A2 — akTUBHOE CONPOTMBNEHWE BTOPUYHON OO6MOTKM TT;

/2 — WHAYKTUBHOCTb paccesiHUs BTOPUYHOW 06MOTKM TT;

ZHHOM — HOMWHaNbHasa Harpy3ka TT (M SHHOM — HOMWHaNbHAs MOLWMHOCTb BTOPUYHOW Harpyskm TT);

£ — nonHaa norpewHocTb TT;

KHOM — HOMUWHasbHaa npefenbHas KpatHOCTb TT;

7'shom — HOMWHa/IbHas NOCTOAHHaA BPeMeHU BTOPUYHOTO KOHTYpa,;

Kr— koappuuMeHT ocTaTOYHOW HaMarHM4eHHOCT!;

1) B cootBeTctBUM ¢ TOCT P 70507.2 ykasaHHble napaMeTpbl MPMBOAATCA M3rOTOBUTENEM B 3KCM/yaTalWOHHOW
OOKyMeHTauum Ha TT.

2
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KnpHOM — HOMWHaNbHbIA KO3 PULNEHT NnepexofHOro pexuma (Tonbko ana TT knacca TouyHocTu TPRY,
TPZ, TPE), ana TT knaccoB ToyHocTn 5PR, 10PR 3HauyeHne KnpHOM HEO6XO4MMO MPUHATbL PaBHbIM eguHuLe;

COS CH HOM — KO3 (PULUMNEHT MOLWHOCTA HOMUHANbHON BTOPUYHOI Harpysku.

3HauYeHna akTUBHbIX CONPOTUBAEHUA HeobXoAUMMO MPMBECTM K HOpPMasibHOIW TemnepaTtype B COOTBET-
cteum ¢ FOCT 15150.

4.2.2 CXEMHO-pexXnMHble YyCN0BUA N pacyeTHy Touky K3 Heo6xoaumo BbiGupaTb TakuM o6pa3om, 4TO-
6bl yepes3 npoBepsAemblin TT npu K3 npoxoaun HambonbWKUA TOK /K3, NpM 3TOM HEO6X0AMMO paccmaTpuBaTthb
BHELWHMNE N BHYTpeHHUe K3.

4.2.3 [na onpepeneHns 3HavyeHus /Hac HeO6X04AMMO NPoOU3BecTU pacdyeTbl nNpu TpexdasHbix K3, a gnsa
ceTell C rnyxo3a3eM/IeHHOW HelTpanbio 1 Npn ogHodasHbix K3.

4.2.4 Mpwun ocywecTBNeHNn NOATOTOBUTENIbHbIX pacyeToB HEOO6XOAMMO onpefennTb BEeIMYUHY Harpysku
BO BTOPUYHbIX Uuenax TT un Tasks 4NA KaX[0ro u3 pacyeTHbix Bngos K3.

4.2.5 PacyeT Harpysok BO BTOPMYHBLIX LenAx TT, UCNONb3yeMblX B CXemax YCTPOWCTB peneiHol 3a-
WKWTbl, 4O/DKEH OCYLWECTBAATLCA C UCNO/b30BaHMEM pacyeTHbiX dpopmyn B cooTBeTcTBUM ¢ TOCT P 586691).

4.2.6 OKBMBA/IEHTHYI0 MNOCTOAHHYIO BpemMeHU TaskB HeO06XO04UMMO paccyuTbiBaTb C UCMNO/Ib30BAHUEM
cneunann3npoBaHHbIX MPOrPaMMHBIX KOMNEKCOB U CO3[4aHHbIX B HUX MaTeMaTuyeckux mogenei cetun, npeg-
Ha3HaYeHHbIX 414 pacyeTa 3/1IeKTPOMAarHMTHbIX NepexofHblX npoueccos. TpeboBaHUA K MaTeMaTUyeCckUM Mo-
fenam ceTn NpuBefeHbl B NPUOXEHUN A.

Mpu NpMBAMXKEHHBIX pacyeTax 3KBMBA/IEHTHYI MOCTOAHHYK BpeMeHW TaskB JONycKaeTCA pPacCUuThbl-
BaTb no chopmyne

, Bk3/Ta (1)
K3 p=1
roe /k3 — pencTBywl,ee 3HayeHUe cymmapHoro toka K3;
/k3/ — peicTBylowee 3HayeHne Toka K3 B /-1 BETBMU;
fal — nocTosiHHasA BpeMeHM 3aTyxaHua anepuogmnyeckoli cocTaBnsaoLLeli Toka B Kaxgoi 13 /-ii BeTey,

nutawlwein mecto K3.
MOCTOAHHYIO BpeMeHM 3aTyXxaHusa anepuofuyeckoil cocTaBnsiloleil Toka B Kaxfol /-ii BeTBM, nuTato-
wei mecto K3, Taj Heo6xo4MMO paccyuTbiBaThb:
- Aansa TpexdasHoro K3 no copmyne

r~i_ *1/
al  rof?y 2)
roe X1- — 3KkBUBaNeHTHOE WMHAYKTMBHOE COMPOTMB/EHWE MNPSAMOM nocnepoBaTenbHOCTW [-ii BETBU OTHO-
CUTEeNbHO TOYKM K3;
W — yraoBas 4yacToTa,
RN — akBMBaneHTHOe aKTMBHOE COMNPOTUBNEHWE NpsAMOli nocriefoBaTe/lbHOCTU /-l BETBM OTHOCU-

TesibHO TOoYkn K3.
- Aana ogHodasHoro K3 no popmyne

iy X M+*2/+*0;
a/ i»{Rv+R2i+Roi)'

roe X2/ — 3kBMBaJZIEHTHOE WHAYKTUBHOE COMNpPOTMBAEHMEe ob6paTHON nocnepoBaTesibHOCTU [-i BETBU OT-
HOCUTEJIbHO TOYKK K3;

X0/ — 3KBUBaANEHTHOE MHAYKTUBHOE COMPOTMB/IEHWE HYNEBOI NocnenoBaTebHOCTM /-ii BETBUM OTHO-
CUTENbHO TOYKN K3;

1) Mpn 3ToM NpW NocnefoBaTeNlbHOM COEAUHEHUU [BYX WAEHTUUHbLIX BTOPUYHLIX 06MOTOK TT 3HaueHue pac-
CUMTaHHOI Harpy3ku Ha BTOPUYHYIO OGMOTKY Kaxgoro TT Heo6XxoAuMMo YMeHblWTb B ABa pasa, Npyu napasnnefibHoM
coeMHeHU — yBEeNMUUTL B ABa pasa.
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R2i — 3kBMBaneHTHOe aKTMBHOE CONPOTUB/EHME 06GpaTHO nocrnefoBaTenbHOCTU /-ii BETBU OTHOCH-
TeNbHO TOYKK K3;

ROj — 3kBMBa/ileHTHOE aKTWBHOE COMPOTUBJ/IEHWE HYMEeBOW MnocrefoBaTeNnbHOCTU /- BETBU OTHOCU-
TeNbHO TOYKM K3.

5 OnpegeneHve BpeMeHU A0 HacblWweHNSa TpaHCcopMaTopoB ToKa

51 OnpepeneHne BpeMeHU 00 HacblweHUsa TT aHa/INTUYECKUM MeETOA0M

5.1.1 Mpu NpUMeHeHUn aHaNUTUYeCKOro meToga cnegyeT WCNOMb30BAaTb MCXOAHble AaHHble B COOT-
BeTCcTBun c 4.2.1.

5.1.2 Mpwn pacyeTe BpeMeHU A0 HacbiweHna TT aHaANUTUYECKUM METOLOM:

a) Heob6bxoAMMO onpeAenuTbL NnapameTp pexuma A B cooTBeTcTBUM c 5.1.3;

6) Heob6xoAMMO onpefenntb PakTUYeCcKyr MOCTOSAHHYI BpeMeHW BTOPUYHOIO KOHTypa TS B coOTBeT-
cTBuu ¢ 5.1.4;

B) BpeMsA [0 HacblweHua TT Heob6xoAMMO onpenensATb B cooTBeTCcTBUM € 5.1.5 npu BO3HUKHOBEHUMU
nepsoro K3 un B cootBeTcTBUM € 5.1.6 npn BO3HUKHOBeHMN BTOporo K3 (npu HeycnewHom AlB).

5.1.3 MapameTp pexuma A Heob6X0AUMO BblYMCAATL NO hopmyne

A= Ahgm ' Hom ‘M1.p.HOM + 2HHOM COSCP”om)2 +((0-1-2 +*H.HOM - 51M®H.HOM)"
(4)
3 + "H.thakT )
roe RHakr —  dhakTnyeckoe akTUBHOE CONPOTUB/EHWE Harpysku TT;
XHakt — dakTnyeckoe UHAYKTUBHOE CONPOTMBAEHUe Harpysku TT.

5.1.4 ®akTUYeckyl MOCTOSSHHYI BpPeMeHW BTOPUUYHOIO KOHTypa TS Heo6xo4umo onpeaensatb no gop-
myne

-T N2 +2n.Hom - OQB<Ph HM

S Shom E . 0 ' (5)

2 + K H.chakr K"

5.1.5 Bpems Ao HacbiueHns TT npu BO3HUKHOBEHWM nepBOoro K3 Heo6xoauMmo paccuutbiBaTb No pop-
mMyne

TNn-
(6)

raoe 3HavyeHne T Heo6Xx04MMO NPUHMMATL PaBHbIM HaMMeHbLEeMY U3 BeNIMYUH TasakB U TS.

Kr Heo6xo4nMMo NPUWHATL paBHbIM 3Ha4YeHWto, yKa3aHHOMY B nacnopte Ha TT. Mpu OTCYTCTBUU TaKux
OaHHbIX onpepennTb B cooTBeTcTBUM ¢ FTOCT P 70507.2 nnn npuHATL paBHbiM 0,11).

Pacuet no dpopmyne (6) gonyctum npu cobnwgeHun ycnosuin (7) n (8):

w.T+ 1>Aml-Kr), )
A m(1 - Kr)> 1. (8)

HeBbinosnHeHne ycnosusa (7) o3HavyaeT, YTO HacCbILWEeHMe MarHMTonposoja OTCYTCTBYeT M BpeMs A0 Ha-
cbiuieHna TT paBHO GECKOHEYHOCTMU.

B cnyuyae, ecnu ycnoBue (8) He BbiNnonHseTcs, 3HayeHue fHac, BbluncneHHoe no copmyne (6), NpUHK-
MaeT oTpuuaTtesibHOe 3HayeHue, U A9 ONpefeneHna BPeMeHW [0 HacbiweHus TT cnepgyetr ucnonb3osaTtb
rpadpuyeckme MeTofbl MO NACNOPTHLIM AaHHbLIM B COOTBETCTBUM € 5.2 nnm ¢ ncnonb3osaHnem BAX TT B co-
oTBeTCcTBUU C 5.3.

1) Tonbko gns TT knacca TouHocTn 5PR, 10PR, TPY, TPZ.
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5.1.6 Bpemsa go HacbiuieHus TT npn BO3HUKHOBEHUM BTOporo K3 (npu HeycnewHom AlMNB) Heob6bxoaMmMo
paccunTbiBaTh No popmynel)

9
wrl+/[e -A-W -K2 M+
roe 3HayeHue I HeEOGXOAMMO NPUHUMATbL PaBHbIM HaUMEHbLWEMY W3 BE/IMYUH 7askB U Ts;
fK3 — Bpemsa oTknw4YeHusa neporo K3 (nonHoe Bpemsa nukeugauynn K3);
t2=fK3 +t6n — Bpemsa BO3HMKHOBEHUS BTOpoOro K3.
PacueT no coopmyne (9) gonyctum npu cobnwogeHnmn ycnosuin (10) n (11):
w-T+1>A-(1-Kr)-N-e Ts , (10)
f2 ~ fK3lI
A(l-Kr)-A& Ts »>1. (11)

HesblinosnHeHne ycnosusa (10) o3HavyaeT, 4TO HacCblLWEeHNe MarHUTONPoOBOga OTCYTCTBYET U BpeMs A0 Ha-
cbiweHna TT paBHO 6ECKOHEYHOCTH.

B cnyvae, ecnu ycnosue (11) He BbINONHSAETCA, 3HayYeHue fHac, BbluncneHHoe no cgopmyne (9), npu-
HMMaeT oTpuuaTeslbHOe 3HayeHue, U NS onpefesieHNs BpeMeHuW A0 HacbiweHusa TT crnegyeT ucnonb3oBaTtb
rpadunyecknii meton NO NacnoOPTHbIM AaHHbIM B COOTBETCTBMU C 5.2 unu ¢ ucnonb3osaHnem BAX TT B cooT-
BeTCcTBMMN C 5.3.

5.1.7 Ecnun 3HauyeHune fHac, NoONly4eHHOe No pes3ynbTaTam BblYMCAEHWIA NO aHaAMTMYEeCKoMy meTogy, Co-
cTaBuno meHee 15 mc, cnepyeTt Mcnonb3oBaTb rpapuyeckne metTofbl NO MACNOPTHbIM AaHHbLIM B COOTBET-
cTBMM € 5.2 nnu ¢ ucnonb3osaHnem BAX TT B cooTBeTCcTBUN C 5.3.

5.2 OnpepgeneHve BpeMeHU A0 HacbliweHus TT rpadpuyeckum MeTOAOM MO NAaCMNOPTHbLIM
LaHHbIM

5.2.1 Tpun npumeHeHnn rpacumyeckoro metofa no NacnopTHbIM AaHHbLIM c/lefyeT UCcnosb3oBaTb NCXOA-
Hble JaHHble B cOOTBeTCTBUK C 4.2.1.

5.2.2 Tpu npuMeHeHUn rpamuyeckoro metoga no NacnopTHbIM AaHHbIM HEO6X04MMO NOCTPOUTL Bpe-
MeHHble anarpammbl Knp (£):

a) ANns onpefeneHns BpeMeHu A0 HacbiweHus TT npu BO3HUKHOBEHUM nepBoro K3 no gpopmyne

t _n
n.p. T faae _e T8 coghk3 +sin(hk3)ee Ts - sin(w*+ dk3). te [0, ], (12)
-Tc
J
roe k3 € [0,90°] — HavanbHaa ¢asa nepumoaumyeckoin coctaBnsAwwein Toka K3. 3HavyeHue hk3 Heob6-

XOAMMO NMPUHUMATbL Takum, MpPU KOTOPOM ONpefesieHHoe B COOTBeTCTBUM C 5.2.3
Bpemsa A0 HacbiweHusa TT 6yaeT MUHUMASbHbIM;

i3l — BpeMs oTKAuYeHuUs nepeoro K3 (nonHoe Bpems nuksupauun K3);

6) 4NA onpefeneHus BpeMeHW A0 HacbilweHWs TT npu BO3HWKHOBEHUM BTOporo K3 (npu HeycnewHom
AMB) no dpopmyne?2)

1) ®dopmyna (9) yunTtbiBaeT HacbiweHne TT npu nepBom K3, 4TO NPUBOAUT K 3aHMXEHMWIO pesy/bTara pacuyetra npu
OTCYTCTBUW HacbiweHus TT npu nepsomM K3. [1ns yTOUHEHMA pacyeToB (Npu HEO6X0AMMOCTM) cnefyeT NCno/sb30oBaTh rpa-
omyeckne meToAbl N0 NACMOPTHbLIM AAHHbLIM B COOTBETCTBUM C 5.2 nam ¢ ncnonb3osaHmem BAX TT B cooTBeTcTBUM C 5.3.

2) OnpegfeneHve BpeMeHN A0 HacbiweHns TT npy BO3HWKHOBEHUM BTOporo K3 Heo6xoArMO OCyLLeCTBASATL OTHOCU-
TeNbHO BPEMEHN BO3HWKHOBEHUS BTOporo K3 (f2).



FOCT P 71879—2024

t-t2 t-t2
T ' ' . .
K"n.pX*>=Kn.p.(Y+Lu 8.9k8'3 T cosoK3+sin(<pK3)-e r« -sin (w (f-f2)+<pK3),
(13)
f <Ep2>*2 + iKY
raoe Knp (f2) — 3HaveHune koapduymeHTa nepexofHoOro pexunma B MOMEHT BO3HWUKHOBEHMS BTOporo K3,
KOTOopoe HeobxoanmMo onpepenaTb nNo opmyne
_<ris!

An.p.(*2) = ~n.p.Tax((k3l)'e S » (14)

roe t2 =231 + f6n —  Bpemsa BO3HWKHOBEHMUS BTOporo K3;
Knpmax"K3i) = tax {*n p(0> "e [0, &31]} — MakcummManbHOe 3HayeHWe KoaPduuMeHTa NnepexofHOro pe-

XrnMa 3a nepuog BpemeHun te [0, &31l]. Ecnn Kn Tax(*k3l) > A,
To 3HayeHne Knpmax(fK3l) Heo6x0aAMMO NPUHATL paBHbIM A,
onpejenieHHbIMm B cooTBeTCcTBMM € 5.1.3;

®k3 e [0,90°] — HavyanbHas asa nepuoaMyYecKoin cocTaBaswwein Toka K3.
3HayeHne Qgx3 Heo6xoAMMO MPUHMMATb Takum, MPU KOTOPOM
onpepeneHHoe B COOTBETCTBUMU C 5.2.3 BpeMsa [0 HacblWeHUsa
TT 6yaeT MUHUMAsbHbIM;

fK2 — Bpema oTk/o4YeHUA BTOporo K3 (mosiHoe Bpemsa NukBupgaumu
K3).
5.2.3 [Onsa onpepeneHna BpemeHn A0 HacbiweHnsa TT Ha ocu Knp (t) BpeMeHHbIX gunarpamm, NOCTPOEH-

HbIX B COOTBETCTBUM C MepeyuncsieHnsamu a) n 6) 5.2.2, Heo6xoAMMO OT/IOXUTb 3HaueHus A(1- Kr), n onpege-
NNTb cooTBeTCcTBYOWME UM 3HavyeHmnsa (f'Hac, 'Hacl):

*n.p(*Hac) = *<1 -*I'). (15)

roe KrHeo6xo4umo npuMHMMaTh paBHbIM 3Ha4YeHuto, ykazaHHomy B 5.1.5.

5.3 OnpegeneHne BpemMeHU A0 HacblweHNa TT rpathuyecknm MeTooM C Ucnonb3oBaHnem BAX

5.3.1 Mpu npumeHeHuUn rpacmnyeckoro metoga c ucnono3osaHnem BAX TT cnegyeT ucnonb3oBatb UC-
X0AHble faHHble B cooTBeTcTBUN C 4.2.1 n BAX TT.

BAX TT posmxHa 6biTb CHATA 40 3HAYEHWI TOKA HaAMarHuyMBaHWSA, COOTBETCTBYHOLWMNX MOJIHOW norpew-
HocTu TT £, T. e. He meHee yem o 0,1 unm 0,05 OoT TOKA HOMWHaNbHON NpeAenbHOW KPaTHOCTU.

5.3.2 Tpaduueckunii metod ¢ ucnonb3osaHmem BAX TT gonyckaeTcs NPUMEHATb, €C/AW BbINOSHAETCSA
ycnosue:

>3,
(MWH * “nnH (16)
roe/0e — TOK HamMarHuyvBaHus;
Uz — HanpsikeHwe HamarHmymBaHusa, KOTOpoe Heob6xoaAMMo onpegenuTb No BAX TT ana paccumtaH-
HOro 3HauyeHusa /O£

/MMH —  TOK. COOTBETCTBYHLWUA LnuH;
UnvH — HanpsikeHue, COOTBETCTBYHLULee cepeanHe NUHERHOro yyactka BAX.

Tok HamarHn4yuBaHua /0 £ He06X0AMMO BblYMCAATL NO hopmyne

h .t ~"QQ *2Hom' K akn (17

roe Kpakr— dpakTmyeckasa KpaTHOCTb MepBUUYHOTO Toka K3.
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®aKTMUeCcKylo KpaTHOCTb NnepBuYHOro Toka K3 Kdakt Heo6X0AMMO BbIUMCASATL MO PopMyne

K _Jks_,
anKT = ’l’]_HQV| (18)

roe /k3 — peiicTBylollee 3HauYeHWe nepuoanyeckoil coctaensatuieit Toka K3 B pacueTHoin Touke K3.

5.3.3 TMMapameTp pexvnma A He06X04UMO BbIYUCNATL MO Popmyne

(19)
roe Ut —  HanpshkeHue HamarHuumBaHus, KOTOpoe Heobxogumo onpepennTb No BAX TT gnsa paccuntaH-
HOro 3HauyeHusa /0 £
I/2sjn — HanpshxeHue, cooTBeTcTByowee 3AC BTOPMYHOK 0OMOTKM Mpu hakTuyeckoih KpaTHOCTUM nep-
BUYHOro Toka TT KT cymMMapHOM COMPOTUB/IEHWN KOHTYpa BTOPUYHOrO ToKa z2”°.
HanpsxeHne U2sm Heo6xoganMo BblYMCAATL No hopmyne
UgaiR —Kpakr *2vom “M("2 +MH.pakT) +  *Lj + XHeparr| (20)

roe Kiakt — chaktnyeckas KpaTHOCTb NepBUYHOTO Toka TT, KOTOPY HEOOX0AUMMO BblUMCNATL No popmyne (18).

5.3.4 lpu npumeHeHnn rpacnyeckoro mertoga c mcnonb3oBaHnem BAX TT Heo6XxoAMMO NOCTPOUTL
BpeMeHHble gnarpammsl Kn (t):

a) ANns onpejenieHUs BpeMeHW A0 HacbliweHua TT npu BO3HUKHOBEHUM nepBoro K3 no chopmyne (12);

6) oNna onpefeneHus BpeMeHu A0 HacbliweHns TT npu BO3HUKHOBeHWM BTOporo K3 (npu HeycnewHom
AMB) no dpopmyne (13).

Ona onpepeneHna BpemeHW A0 HacbiweHus TT Ha ocu Knp BpeMeHHbIX guarpaMM, NOCTPOEHHbIX B
COOTBETCTBUM C nepeuncreHnssMu a) n 6) 5.3.4, Heo6xoanuMo OTNOXUTb 3HadyeHuss A(l - Kr), n onpegenntb
CoOoTBeTCTBYylOUWNE UM 3HaYeHus tHac no popmyne (15).

5.4 Tlpumepbl BbIMOJIHEHUA pacUYeTOB BpeMeHU A0 HacbiweHnsa TT npuBepeHbl B npunoxeHunn b. Kpart-
Kne ceepeHus o pabote TT B nepexofHbliX pexnmax K3 npuBefeHbl B NpuaoxXeHun B.
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MpunoxeHue A
(o6sa3aTenibHoOe)

Tpe6oBaHMA K MaTeMaTUYeCKUM MOAEeNSAM CeTu, CO3[4aHHbIM B cneunanm3npoBaHHbIX
nporpaMMHbIX KOMMJieKcax, NnpeAHasHaYeHHbIX 418 pacyeTa 3/1eKTPOMArHUTHbIX NepexoaHblX
npoueccoB ANA onpegeneHns 3KBUBaNeHTHOW NOCTOSSHHOW BpeMeHU 3aTyxXaHus anepuogmnyeckoii
coCcTaB/iAOWeEN TOKa KOPOTKOTO 3aMblKaHUs

A.l MaTtemartunyeckme mMogfesiv Cetn, NCnosib3yemMble ANA pacyeTa 3/IEKTPOMAarHMTHOro nepexofHoro npowecca npu
K3 n onpepenexnvs BenuuvHbl Ta (ganee — Mogenu cetun), AO/MKHbI POPMUPOBATLCHA MHAMBUAYA/IbHO ONSA KaXA0ro 13
paccmatprBaemblX 06BEKTOB 3N1EKTPO3HEPTETUKM.

A.2 Mogenb cetn AN Kaxgoro o6bekra aNeKkTPo3HepPreTMkN A0/HKHA BKAOYaTh B Ccebs:

1) nogpobHyl0 MareMaTUyeckyld MoAeflb paccMaTpuBaeMoro 06bekTa 3/1EKTPO3HEPreTUKN U OTXOAALNX OT Hero
N3AN. YuuTbiBas, 4To NnapaMeTpbl MOAEMPYEMbIX 3/IEMEHTOB 3/IEKTPUYECKON CeTun, Kak NpaBu/io, ABMAAIOTCA onpeaensio-
WMMKN ANS BennumnHbl Ta, Ao/mkHa 6bITb o6ecneyeHa MakCMMaibHO BO3MOXHAsA AeTanm3auus matematmyeckoli mogenv;

2) 9KBUBANEHT 3HEProcUCTEMbI, NPUBEAEHHbIN K LUMHAM O6BbEKTOB 3/1eKTPO3HEPreTkn, TEXHOMOTMYECKN CBA3aH-
HbIX C paccmaTpvBaeMbiM OOBEKTOM, pPacCUMTaHHbIM 418 MaKCUMaibHOTO0 peXxuma 3HeProcUcTeMsI.

A.3 Mpn chopmMupoBaHUN MOAENN CETU B KAYECTBE WCXOAHbIX AAHHbIX CrefyeT MPUHUMaTb NacrnopTHble AaHHble
060pyA0BaHNSA paccmaTprBaemMoro 06bekTa 3/1IEKTPOIHEPTETUKNA N OTXOAALWNX OT Hero J13MM.

A.4 O6o6LeHHoe npeAcTaB/ieHNe MOLENN CEeTU NPUBELEHO Ha pucyHke A.l.
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L E
El, E2, E3,...En — 3kBuBasieHTHble 3[IC, BXOAsLIME B COCTAB 3KBMBA/IEHTA IHEPTOCUCTEMDI;
Z1, 72, 73,..Zn, Z1-2, Z1-3, Z2-3,..., Z1-n, Z2-n, Z3-n — 3KBUBAJIEHTHbIE COMPOTUB/IEHNs, BXOAALLME B COCTaB 3IKBMBa/IEHTA

SHEProCnCTeEMbI

PucyHok A.1 — O606LLeHHOE NpeacTaBNeHne MOgenn cetm
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MpunoxeHve b
(cnpaBo4yHOE)

Mpumepbl BbINOJIHEHMA pacyeTOB BPeMEHU A0 HacblWeHUs TpaHCOpPMaToOpPOoOB ToKa

B.1 Mpumep pacyeta BpeMeHW [0 HacbkiweHna TT tuna TPM-Y3TM®-500-10PP-2000/1 aHanutuyecknm
MeTo40M

5.1.1 VicxopHble faHHble:
- napameTpbl TT: knacc TodHocTM 10PR; /1Hom = 2000 A; /2Hom = 1 A; R2=6,96 Om; L2 = 1,82 mIH; zHHOM = 20 Om;
£= 10 %; KHom = 40; cos dH Hom = 0,8; I'5 Hom = 0,507 c; Kr= 8,5 %;

- =23145A; 43 =26900A;
- "™ =0.128¢; =0,180 ¢;

- YEUT=680m; aEk L r=12>%0m; X HPaKT = 0,

- *&31=0-1c;b =11 w =°-1lc-
B.1.2 OnpegeneHne napameTpa pexuma A ans TpexdasHoro n ogHodasHoro K3 B cootBeTcTBun ¢ chopmynoii (4):
- ana TpexdasHoro K3:

~(3) _ ™MHome*HOM **n.p.HOM -Yj{R 2 + "H.HOM ' 005 ®H.HOM)2 +(CO-L2 + Zh Hom *Sin<Ph.hgM)2 _
"H.pakT) + ‘A2 + -MH.dpakT)
2000 +40-1-~/(6,96+20-0,8)2 + (314 -0,00182+20 «0,6)2

= e 1 - -~ =6,82;
23145-7/(6,96+6,3) +(314-0,00182f

- pna ogHodhasHoro K3:
N1)  ™MHom *“HOM *Kn.p.HOM '\j(R2 + ZHHOM ¢cO$ DH.HOM)2 + (<>mL2 + ZHHOM - Sin<pHHOM)*
pakt) + ot-2 + -"H.chakT)

_ 2000¥40-1-(6,96 +20*0,8)2 + (314-0,00182+ 20-0.6)2 __

26900*/(6,96+1,6)2 +(314-0,00182)2

B.1.3 OnpegenexHne hakTUYECKON NOCTOAHHOM BPEMEHW BTOPUYHOIO KOHTYpa B COOTBETCTBUU C hopmynoit (5):
- Ana TpexdasHoro K3:

7P =T3HOMR2 + . hom-O0&Pnhhom = 0,507~ [~+ 22M  =0,878 c;
s SHOH A2 + AH.chaer 6,96 + 6,3

- Ans ofgHodhasHoro K3:

7+ -TSKmRi +# -NN =0 ,5 0 7 - =059%c
S SHOM «2+4,,.q8, 6,96 +12,6

Bb.1.4 OnpepgeneHve BpeMeHN A0 HacblweHna TT npu BO3HUKHOBEHUN nepBoro K3.
B5.1.4.1 BbinonHeHue nposepku no ycnosusam (7), (8) ansa tpexcasHoro K3:
- no ycnosuio (7):

W-4 % ™ > a{3)1-Kf); 314 0,128 +1=41,192 >6,82 (1-0,085) = 6,24 — HepaBEeHCTBO BbINOJIHAETCH;

10
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- no ycnosuio (8):

NB)+@- Kn>1,6,82+(1- 0,085) =6,24 >1 — HepaBEeHCTBO BbINOJIHSETCS.
B.1.4.2 BbinonHeHWe nposepku no ycnosuam (7), (8) onsa ogHodasHoro K3:

- no ycnosuto (7):

w-Tj|l<B+1>/~-{I-Kr); 314 -0,18 + 1 = 57,52 > 3,97 -(1 - 0,085) = 3,64— HepaBEHCTBO BbINOJIHAETCH;
- no ycnosuto (8):
[O) (1 - Kn>1;3,97 «(1- 0,085) =3,64 >1 — HepaBEHCTBO BbIMNOJ/IHAETCS.
B.1.4.3 OnpegeneHne BpemeHn A0 HacbiweHus TT npu nepBomM TpexdazHom K3 B cooTBeTCcTBMM € chopmynoii (6):
<3} rAn- w-T =0,128-In 3140,128 = 17,87 wmc.

@ [ =A63b- (=K +1 314.0,128-6,82-(1-0,085)+ 1
B.1.4.4 OnpepeneHve BpeMeHu A0 HacbliweHnsa TT npu nepsom ogHodasHoMm K3 B cooTBeTCTBUM € chopMyrioit (6):
fdde = 7 .In n-7 314 0,18

:0,18-In = 8,61 mc.
w-7-4()-(1-Kr)+1 314*0,18-3,97*(1-0,085)+1

B5.1.5 OnpegeneHne BpemeHn A0 HacbiweHna TT nNpu BO3HMKHOBEHUN BTOporo K3 (npy HeycnewHom AllB).
B5.1.5.1 BbinonHeHue nposepku no ycnosuam (10), (11) ansa TpexdasHoro K3:
- no ycnosuto (10):
2~4a3l
Wari. L +1 > 1(3)(1- /cr) - N1(3) *e
11-01
314 0,128+1 =41,192 >6,82-(1-0,085)-6,82-e °-878 = 4,05 — HepaBeHCTBO BbINOMHAETCS;
- no ycnosuio (11):
1101
03 (1-Kr)-p(3)-e r« >1; 6,82 (1-0,085)-6,82 e °'878 =4,05>1 — HepaBEHCTBO BbINOMHAETCA.

B.1.5.2 BbinonHeHne nposepku no ycnosuam (9), (10) ansa ogHodasHoro K3:
- no ycnosuto (10):
<-*ul 1101
w-TE}T+'1>AM('\-Kr)-A~‘e T ;314 0,18+1=57,52>3,97%(1-0,085)-3,97.e °595 =2,90 — Hepa-
BEHCTBO BbIMOJIHAETCS;
- no ycnosuto (11):
2431 1101

A~ (1-Kr)-4"~-e Ts >1; 3,97 (1-0,085)-3,97 *¢ 595 =2,90>1 — HepaBEHCTBO BbINO/HAETCS.

B5.1.5.3 OnpegeneHne BpemeHn A0 HacbluweHns TT npu BTopoM TpexdpazHom K3 B cooTBeTcTBUM C chopmyioli (9):

> _ w.r
t ﬁ{?’c =7 In el
w-r+J1n «e -An~-(1-/Cr)+1
_ 314*0,128 _
=0,128 .In- 1101 =10,12 mc.

314 0,128+6,82 *¢ °-878 - 6,82*%1-0,085)+1

B.1.5.4 OnpegeneHne BpemeHn A0 HacbiweHna TT npu BTOpom ogHodasHoMm K3 B cooTBeTCTBMM € thopmynoit (9):

(3 = w7 _ _ 314*0,18 _
MB=T1.\n. Tl 0,18*1n 1101 6,15 MC.
WwT +Are SO A*(1-Kr)+1 314*0,18 +3,97 0 °*595 - 3,97+ (1-0,085)+1

Tak Kak noslydyeHHoe Bpemsl A0 HacbiweHuss TT meHbwe 15 mc, cornacHo 5.1.7 cnegyeT ucnonb3oBaTtb rpaduye-
CKMe MeTofbl No NacnopTHbIM AaHHbIM B COOTBETCTBUM C 5.2 unn ¢ ncnosb3osaHnem BAX TT cornacHo 5.3.

5.2 Mpumep pacyeTta BpeMeHU A0 HacblweHua TT Tuna TPI-Y3TM®-500-10PN-2000/1 rpadunyeckum
MEeTO40M MO NacnoOpPTHbIM AAaHHbIM

b.2.1 WcxofHble AaHHble aHanornyHbl AaHHbIM, npuBeAeHHbIM B b.1.1.
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b.2.2 [ns onpepeneHvns BpemeHu A0 HacblweHuss TT npy BO3HWMKHOBEHMM nepBoro K3 Heo6xoAMMO MOCTpOUTb
BpeMeHHble anarpammbl Kn (t) B cooTBeTCcTBMM € chopmynoin (12) npu dk3 e [0,90°].

3HauyeHne gqx3 NPUHATO pasBHbIM 10° npu TpexdasHom K3 n 30° npu ogHodaszHom K3, T. K., MpU Taknx 3HaYeHnsAx
onpegensieMoe B COOTBETCTBUM € 5.2.3 Bpems A0 HacblweHna TT 6yaeT MUHUMAbHbIM, CM. PUCYHOK B.1.

—  K'n.p.TO)
K'np.(0(3)
— JI1)(1-Kn)

— AS\(3)(L-/C)

*'Hac(1)

0,035
t C
PucyHok B.1 — OnpegesieHne BpemeHn Ao HacbiweHua TT npu nepsom K3

[na onpegeneHns BpeMeHu o HacbliweHus TT Ha ocy K'Mp Heo6xoAuMMo OT/10XWTbL 3HadeHust A(1 - Kr), paccum-
TaHHble B 5.1.4, 1 onpefennTb COOTBETCTBYHOLLINE UM 3HAYEHUA £HAC:

K'np(tHeg) =A ~-K 1),

- Ana TpexdasHoro K3 MnHumansHoe Bpems A0 HacbiweHua TT npn qx3 = 10°
*nac -25,5 MC;

- Ans ogHochasHoro K3 MnHumansHoe Bpems A0 HacbiweHus TT npu dx3 = 30°:
(«=10 wmc.

B5.2.3 [Ana onpegeneHus BpeMeHn A0 HacblweHns TT npu BO3HMKHOBEHMM BTOporo K3 (npu HeycnewHom AlB)
Heo6X0ANMO MOCTPOUTL BpeMeHHble anarpaMmmbl Knp(t) no cdhopmyne (13) npu dx3 e [0,90°]. 3HaueHne k3 NpUHATO
pasHbiM 30° npu TpexcazHom K3 n 40° npu ogHodhaszHoM K3, T. K., Npy Takmx 3Ha4YeHUaX onpegensemoe B COOTBETCTBMMU
¢ 5.2.3 Bpems o HacbiweHna TT 6yaeT MUHUMabHbIM, CM. PUCYHOK B.2.

3HayeHne KoadpmumeHTa NepexogHoro pexvMa B MOMEHT BO3HMKHOBEHUS BTOporo K3, koTopoe Heo6Xxoaumo
onpegenatb no popmyne (14):

- pna TpexdasHoro K3:

*2-k»i 1101
~np.(f2) = Kr.p.max((rai)-e ™ =6,82-9 °-878 =2,182,

rae Knpmex(K3l) A( Tk pmax(fK3) = 20,70 >/\(3) = 6,82;

12
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- Ans ogHodpasHoro K3:

2131
Kn.Obl-Kn.pnwkiiaO e 75 =3,97-e °595 =0,741,

we K, . TaA3,> =2 (13T« Kn, TaA31) = 19,72 > A<Q = 3,97.
12

........ *n.p.(*)(1)
KnP*(3)

— Pmv-Kru)
«—  *Hac(MN

#1e0(3)

0,035
%C

PucyHok B.2 — OnpegeneHvie BpeMeHn A0 HacbiweHnsa TT npy BTopom K3

Lns onpepeneHvns BpemMeHW Ao HacblweHuss TT Ha ocn K'np Heo6xoAnMo OTNoXWTb 3HaveHus J1(1- Kr), paccum-
TaHHble B B.1.4, n onpefenntb COOTBETCTBYOLME UM 3HaYeHUs [ Hac:

K'n.AVHac) = A-('-Kr)>

- Ansa TpexdasHoro K3 MuHumansHoe Bpems A0 HacbiweHus TT npu dk3 = 30°:
n*) =10,9 mc;
- AnAa ogHodasHoro K3 muHumanbHoe Bpems 40 HacbiweHna TT npu ¢k3 = 40°:

* yac =3,6 MC-

B.3 MNpumep pacyeTa BpeMeHu A0 HacblweHua TT Tuna TPM-Y3TM®-500-10PP-2000/1 rpadunyeckum
MEeTo40M C ucnosib3oBaHmem BAX

B5.3.1 cxoaHble gaHHble aHanornyHbl AaHHbIM, npuBedeHHbIM B b.1.1. BAX TT npuBegeHa Ha pucyHke B.3.

13
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1400

PucyHok 6.3 — OnpegeneHune napameTpa pexuma A no BAX TT

B5.3.2 BbInosiHeHMe NpoBepKM AO0MYCTUMOCTU MCNOJIb30BaHNA METOoAaA.
OnpegenexHne ghakTuyeckoli kpatHocTn Toka K3 B cooTBeTCcTBUM € chopmynoii (18):
- ana TpexdasHoro K3:

K = Q) 23145 1167
‘1HoM 2000
- ans ogHodasHoro K3:
KOr =1 26900 455
1mom 2000

OnpegeneHve Toka HaMarHM4yMBaHusi, COOTBETCTBYHOLLErO Knaccy TOYHOCTU TT, B COOTBETCTBUM C hopmynoii (17):
- pna TpexdpasHoro K3:

ft =01wW K $, =01-1-1157=1,157 A;

- pna ogHodhasHoro K3:
'So =0,1'24om-K$kT =0,1-1-13,45 = 1,345 A.
Mo BAX TT (cM. pucyHok 5.3) Heo6xoaMmMo onpeaennTb 3HaYEHNST HanPsHKeHUM, COOTBETCTBYHOLLME paCCUYMUTaAHHbIM
3HauyeHusm /$> un /$<,:
U$ =1132 B;

1(§=1136 B.

Mo BAX TT (cm. pucyHok B.3) Heobxoanmo onpeaenuTb napameTpbl cepeamnHbl IMHENHOro yyacTtka BAX:
U,, =524 B;

14
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0,H03A.

MpoBepka BbINOMHEHUA ycnoBus (16):
- Ansa TpexdasHoro K3:

1.157/1132
‘nmu/YnuH  0.103/524

- YC/I0BUE BbIMOHAETCS;
- Ans ogHodpasHoro K3:

_1,345/1136 =6,023 >3
0.103/524

- YCNoBWeE BbIMOMHAETCS.
B5.3.3 OnpepgeneHune napameTtpa pexunma A gnsa TpexdasHoro n ogHodasHoro K3 B cootBeTcTBUN € hopmynoin (19):

- Ansa TpexdasHoro K3:

(3)-# _ 1132 _

(3) "153,56 '

~ Wasin

roe WigiH = AdpakT *BEmom - f a +75,aKT)2 + (*2 +*H.cpacr)2 =11.57-1,0 26.96+6,3)2+(0,57)2 =153,56 B;

- Ans ogHodasHoro K3:

1136
T 263,08

roe + 4 =13,45-1,07(6,96+126)2+(0,57)2 =263,19 B.

B5.3.4 [ns onpefeneHns BPEMEHU A0 HacbIWeHUs npu BO3HWKHOBeHMM nepBoro K3 TT Ha ocn K'Mp BpEMEHHbIX
anarpamm K'np(t), noctpoeHHbIx B cooTBeTcTBMM ¢ 5.2.2 npn qx3 e [0,90°] (3HaueHne g3 MPUHATO paBHbIM 10° npu
TpexdpazHom K3 un 30° npu ogHohaszHoM K3, T. K, Npu Takux 3HaYeHUsAX onpegensemoe B cooTBeTcTBMM € 5.2.3 Bpems
[0 HacbiweHna TT 6yLeT MUHUMasIbHbIM, CM. PUCYHOK B.4), He06X0AMMO OTNOXMTb 3HaveHust A « (1 - Kr), u onpegenvtb
COOTBETCTBYIOLLME UM 3HaYeHUsA [Hac:

Kn.p.(flag =~ (1-/g,

- Ansa TpexdasHoro K3 MuHumansHoe Bpems A0 HacbiweHus TT npu qx3 = 10° =26,7 mc;

- Ansa ogHochasHoro K3 MuHuUmMansHoe Bpems A0 HacbiweHusa TT npu gx3 = 30°: f°2C=10,6 mc.

15
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K n.p.0()
KTP.Ne )

-»> JIL)(1-KY)

—  N(3)(1-KD

*Hac(1>

0,035

f,C
PucyHok B.4 — OnpepgeneHne BpeMeHn A0 HacblweHua TT npu nepsom K3

B5.3.5 Ana onpefgeneHns BpeMeHu 40 HacbiweHua TT nNpu BO3HUKHOBEHMM BTOoporo K3 (npu HeycnewHom AlB) Ha
ocn K"np BpemeHHbIx gnarpamm K"np (f), nocTpoeHHbix B cooTBeTCcTBMM € 5.2.3 npn qx3 e [0,90°] (3HaueHune (pK3 NpUHATO
pasHbiM 30° npu TpexdasHom K3 n 40° npyn ogHodasHoM K3, T. K., Npy Taknx 3Ha4YEeHUAX onpegensemoe B COOTBETCTBMMU
¢ 5.2.3 Bpems A0 HacblweHus TT 6yaeT MUHUMa/IbHbIM, CM. PUCYHOK B.5), HE06X0AMMO OTNIOXMTb 3HaueHus A - (1 - Ki),
1 onpegennTb COOTBETCTBYHOLME UM 3HaYeHns f"Hac:

~.p.(Hac) =/1-(1 - * ),
- ons TpexdasHoro K3 MuHuManbHoe Bpemsi A0 HacblileHns TT npu gx3 = 30°: t"fac =12,2 mc;

- Ansa ogHohasHoro K3 MnHMmansbHoe Bpems A0 HacbiweHua TT npu qx3 = 40°: f'£2c =9,2 mc.

16



FOCT P 71879—2024

12

— *V(0(1)
k' p.(0(3)

— NIk

— A>\(3)(1-KD
r (1)

* — [-nao(3)

0,035
f.c

PucyHok B.5 — OnpegeneHve BpeMeHn A0 HacbiweHns TT npy BTopom K3

5.4 Pe3ynbTaTbl pacyeTa BpeMeHW A0 HacbiweHua TT

Ta6nuuya Bl — 3HavyeHns BpemeHu A0 HacblweHnsa TT

MpachnyeckuMm MeTofoM MpachyeckuM MeTofoM

AHaNNTUYECKUM METOAOM
A Nno NacnopTHbIM AaHHbIM C ucnosnb3osaHnem BAX TT

T
S "HEO» MC F@>M8 & MC & M a', o
Mpy - 17,87 8,61 25,5 10,9 26,7 10,6
TPr-y3TM®-500-  MEPEOM
10PR-2000/1 Mpu
10,12 6,15 10,9 8,6 12,2 9,2
BTOpOM K3

17
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MpunoxeHve B
(cnpaBo4yHOE)

KpaTkue cBefeHna o pabote TpPAaHCPOPMATOPOB TOKA B MEePEXOAHbIX PeXnmMmax KOPOTKOro 3aMblKaHUS

B.1 Cxema 3amelieHus TT n OCHOBHble BO3aelicTBYytOLnE (hakTopbl

Cxema 3ameleHns TT npuBedeHa Ha pucyHke B.1. B aToii cxeme NpuHATLI cregytouwie AonyLieHns: npeHe6épe-
raloT akTUBHbIMU NOTEPSIMU B CTa/IN CEpPAEUHMKA TpaHcopmaTopa 1 MHAYKTUBHOCTLIO pacCesHWsi NepBUYHOi 06MOTKM.

22 £2

i\ — npuBeAeHHbIA KO BTOPUYHOI OOGMOTKE NepBuYHbI TOK A (Al= A/nHom, rae iHOM — KO3(POULMEHT TpaHchopmauum); /1 — ToK

HamarHuunBaHus, SIBNSIOLMIACA Taloke M TOKOM NOrpeLuHocTy /£= [T ; /2— TOK BTOPUYHON Lenu; Lm— WHAYKTUBHOCTb HamarHu4nBaHus

Ha TOM YyyacTKe KpMBOM HaMarHM4MBaHUS MarHUTONpPOBOAA, KOTOPbIA MOXHO CuMTaTb JIMHEWHbIM (40 Havana HacbIeHus);

R2— conpoTuBneHne BTOpn4HOI 06MOTKM NOCTOSIHHOMY TOKY; / 2— UHAYKTUBHOCTb paccesiHvsi BTopuyHol o6moTku; RH—conpotusneHne
Harpyskn NOCTOSAHHOMY TOKY; LH— WHAYKTMBHOCTbL Harpysku

PucyHok B.1 — PacueTHas cxema

MoBeaeHne TT B NEPEXOAHOM PEXUME ONPeaensoT NOCTOSHHOW BPpeMeHN BTOPWUUYHOTO KOHTypa, 06pasyemMoro uH-
[LYKTUBHOCTbIO BTOPUYHOMO KOHTYPA, U CYMMapHbLIM aKTWBHBIM COMPOTUB/IEHNEM KOHTYpa

(B.1)
rge Ls — cymmapHaa MHAYKTUBHOCTbL BTOPUYHOIO KOHTYpa.
LS~ Lm+ 12+ (B-2)
roe WHOYKTUBHOCTb HaMarHnymBaHua,
WHAOYKTUBHOCTb pacCesiHusi BTOPUYHO 0O6MOTKY;
WHAYKTUBHOCTb Harpysku;
R hakTmyeckoe cymMMapHoe CONPOTUB/IEHNE BTOPUYHOIO KOHTYpa MOCTOSAHHOMY TOKY;
Rs = R2+Rh (B.3)

OTHOCUTENLHO TOKA B NEPBUYHON LENV B NEPEXOAHOM PEXMUME MPUHSTLI criedytolive AonyLWeHus:

- OTCYTCTBYIOT COCTaB/SIlOLME BTOPOIt 1 NOC/EAYIOLMX TapMOHUK;

- He y4uTbiBaeTCA M3MEHeHue aMnauTyAbl NepuoAMyYeckoil cocTaBnsiowell Toka (NepBoil rapMoHMKM) B XoAe ne-
pexoaHoro npouecca (Hanpuvep, AeiiCTBMEM aBTOMAaTUUYECKUX PErynsTOpOB BO3GYXAEHWUS TeHepaTopoB W BCNeACTBUE
3/1EKTPOMEXaHUYECKMX NepexoiHbIX NPOLLEecCcoB).

ToK B NEPBUYHOIA Lienn B NEPEXOAHOM pEXUME XapakTepusyeTcs, KpoMe aPPEKTUBHOIO 3HAUEHUA NEPUOANYECKON
COCTaB/IAOLWEN, HA/IMUYMEM anepuoanyeckoii cocTaBnstowein (Ha pucyHke B.2 3HaUeHUs ToKa NepexogHoro pexuma npu-
BEleHbl B OTHOCUTE/bHBIX €AMHULAX, CUMTAs 3a eAUMHULY amMmnauTyLy NepuoAnyeckoil CocTaBNsoLLei Toka).

KoNMyecTBEHHO XapaKTepPUCTUKM anepuoauyeckoli cocTaBnsiolell onpeaensioTcs ABYMs napameTpamu: hasoii
nepuoauyeckoii (CvHycouganbHoii) coctaBnsioweli Toka B MOMEHT €ro BO3HUKHOBEHWUSA (Had U NMOCTOSIHHOM BpemMeHu 3a-
TyXaHusl anepuoanyeckoii cocTaBnstoleil Toka TaB ceTn, B KOTOPYIO BK/IoueHa nepeuyHas 06MoTKa TpaHcdopmMaropa.

18
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_t
B Tasin<phHd- sin(w «f + qmav) L (B-4)

rae v) — yriosasl yacToTa, COOTBETCTBYIOLLAA HOMUHAMBLHONM YacToTe HanpsxeHus cetu fHOM

w=2"‘a.WwW (85)

[Onsa cnyvasn, korga TOK NepBUYHO 06MOTKM C MakCMMasibHbIM COAEpXaHveM anepruoauyeckoin coctasnsiowein (Ha-
YyasibHOe 3Ha4yeHWe KOTOpOli paBHO aMNAUTYAHOMY 3HAYEHWI0 MepuoAMYEcKOol COCTaBALWeR Toka) BbipaxeHue (B.4)
4Na Toka 6yfeT cnefyowmm:

i-\V2
<(*) 4 {e le -cos(c*>-f)}» B.6)
roe /1 —  peiicTByowee 3HaYEHVE NEPUOLMYECKON COCTaBASAKOLWEN NEPBUYHOMO TOKA;
t — Tekywee Bpewms.
MpumevyaHne — B obuwem cryyae B NEPBUYHOM TOKE MOXET COAEPXATbCS HECKO/IbKO COCTaBASIOLLNX TOKa

C pasHbIMU NOCTOSHHLIMW BPEMEHMW 3aTyxaHUs anepuofuyecknx COCTaBASALWMX. B Takmx cnyyasix MOXHO MPUMEHUTb
MPUHUUN HATOXEHUS, BbIYUCAAS COOTBETCTBYIOLME COCTABNALME MArHATHOTO NMOTOKA OT KaXKA0W COCTaBNSALLENA TOKa U
onpenenss pesynbTaT Kak CYMMY COCTaBAsSIOLWMX, MMGO UCMONb30BaTh 3KBUBA/IEHTHYIO NOCTOSIHHYKO BPEMEHW, Hanpumep
B COOTBETCTBMM C chopmynoit (1).

B.2 BblpaxeHna gnsa noToKOoCUENNEHNA U TOKa MOrpewHocTn

lMpouecchl B cxeMe Ha pucyHke B.1 xapaktepusyeT crefylolee ypasHeHme:

dim (L2 +Ln) R<

dt Lm dt (‘Wm)- B.7)

YunTbiBasl, YTO WHAYKTUBHOCTb BETBM BTOPMYHOMO TOKA B GOJIbLUMHCTBE C/lyyaeB MHOMO MeEHbLUe WHAYKTUBHOCTU
HamMarHuumeBauus, T. €. L2 + LH« LS, MOXHO npeHe6peub Ana ynpoLieHUsi NepBbiM Y/IEHOM B NPaBoil YacTy ypaBHEHUS W
paccmaTpuBaTb ypaBHEHUS A/1s1 TOKA HaMarHUYMBaHUs 1 NOTOKOCLENEHNS MAarHUTONPOBOAA B C/IEAYIOLLEM BUAE:

dm=Rs
B-
dt Lm (B-8)
dy
dt (B-9)
NS yCTAHOBUBLIErOCA PeXmma NepBUYHOrO TOKA PELUEHUAMU BYAyT:
im(t) ~ ~ im.max (B.10)
®(0 = “ drmax sinM ). (B.11)
rae
(B-12)
dTax = FHOM-W * (BM3)
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[Nns nepexoAHoOro pexuma yfo6HO BbipasuTb pelleHne B 6e3pa3MepHoii hopMe B BUAE NepexoAHoro koagguum-
€HTa, NPUHSAB 3a 6a30Bble 3HAYEHUSI aMNAUTYAHbIE 3HAUYEHUs] YCTAHOBMBLLEroca pexuma. BespasmepHas yHKUUS Bpe-
MeHU GyAeT OAMHAKOBOW U AN TOKA MOTPELUHOCTM, U A1 MOTOKOCLEN/IeHUs

*n.p(0- (B.14)

Tmax “max

MonHoe pewexne gns Knp(t) cocrasuT:

C t t A \
T-e W-Te e Ts- +(we7S)2sin a)*f+arctg W:El'g‘] (B.15)

e
Kn» {t)- Ta-Ts W Tsr
\

Mocne ynpoLueHunid, CBA3aHHbIX C TeM, YTO, Kak npasuno, WT5» 1, BelpaxeHue (B. 15) npyHumaeTt Bug;

(B.16)

1— neprioanyeckas COCTaBSHOLLAA NOTOKOCLIEM/IEHNS: 2 — anepuojuyeckasl COCTaBsoLWLAas NOTOKOCLENIEeHNs; 3— pe3y bTupytoLlee
noToKoCLen/IeHne nepexofHoro pexviMa K3; 4 — ornbatowas

PucyHok B.2 — TMpumep U3MEHeHUsi MOTOKOCLENIeHNsi BO BPEMEHU

MrHoBeHHOE 3HauyeHue MOrpeLlHOCTU MEPEXOAHOr0 pexuma B KaXAbli MOMEHT BpeMEHU MpPUHMMAET 3HayeHue
60/bLUEe, MO CPABHEHMWIO C aMM/IMTYA0W MOMHOW MOrPeLlHOCTY YCTaHOBMBLLETOCS pexumMa, 1 MakCMMyM MIHOBEHHOW no-
rpewHocTn cootBeTcTByeT Knpomb Tax (pucyHok B.2).

Ana ynpolieHusi onpeaenieHns MakCuMasibHOro 3HaudeHust Knpomb Tax MOXHO MPUHATb ero paBHbIM MaKCUMyMy
ornbarwen nmHun K nuHnn Knp ().
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BbipaxeHue gns ormbatowiei:

( t t >
K M’'Ta'Ts
Nnp. o6 \V*/ -y _ € -e +1 (B-17)
a=*5
Yy
MOMEHT HaCTynneHus MakcuMyMma orubatolleli paBeH:
t o Zklzs ip72- B.18
maX_YB"TSﬁTS (B.18)

N 3HAaYeHMe Makcumyma onpegensioT no BbipaxeHuto (B.17) nogctaHoBkoi (B. 18). MNocne npeobpa3oBaHuii:

_U-TaTs Tm)TSTa T, T-re
K'n.p. ormb.tax ~ T

- +1.
la~'S KIS fsJ

(B.19)

PakTnyeckn koadpdpmumeHT Knp (t) nokasbiBaeT, BO CKOSIbKO pa3 anepuoguyeckas coctaBnsawuian toka K3 ysenm-
ymBaeT MOTOKOCLEN/IEHNe N0 CPaBHEHWIO C TeM, kakoe 6bl10 6bl MpY NMepuoanyeckom TOKe mpu TOW e Harpyske. B Ho-
MUHa/bHBIX JlaHHbIX TpaHctopMaTopa ecTb KoadphuumeHT KN HoM, KOTOpbIi XxapakTepusyeT Touky Ha BAX, fo koTopoii
M3roTOBUTENb AO/HKEH 06GECMNeYnMTb OTCYTCTBME HACHILEHUS NPU BCEX MPOYMX NapameTpax, paBHbIX HOMUHAJIbHbIM. YcC-
JIOBMEM OTCYTCTBMS HACbILWEHNA TpaHCopMaTopa B aKCnyarauun npy KOHKPETHbIX napameTpax Harpy3ku 1 nepBUYHON
CeTu, KOTOpble MOFYT OT/IMYATLCS OT HOMUHALHLIX, SABNsSETCS

(B.20)
K mp. Max
rae A — KO3I(PMULMEHT, YUMTbIBAIOLLNIA COOTHOLIEHUE MeXAy MakCumasnbHO A0NyCTUMbIMM napameTpamu TT u
peasibHbIMY NapaMeTpamn B MECTe ero yCTaHOBKM:
_ 1lHom ‘~“HoMm '~n.p.Hom \/(f?2 +Rh.HOM )2 + (X 2 +Z,, .HOM *SiN ®H.HOM>2
A= (B-21)
NG -\j(N2 + MH.bakr ) '(N-2 + MH.goakT )
rie i@ —  peasibHOe 3HauYeHue NepuoanyecKkoin cocTabnstoLLeli Toka NnepBnYHON 06MOTKM Npu K3;
M .
Ryvom M BH.CbaKT HOMUHasIbHOE U haKTM4eckoe CONPOTUBIEHUS Harpy3ku NOCTOSAHHOMY TOKY;
AH.HOM S"N(PHHOM 1 A-H.chakT HOMUHasIbHaa 1 akTmyeckas UHAYKTUBHbIE COCTaB/IAOLME COMPOTUBIEHNS Harpysku;
R2 - COMPOTUB/IEHNE BTOPUYHON OBMOTKM MOCTOAHHOMY TOKY;
X2 - WHAYKTUBHOE COMNPOTUB/IEHNE BTOPUYHON OBMOTKY;
Kmax MakcuMasibHas npefenibHas KpaTtHoOCTb;
N — WHOYKTUBHOCTb paccesiHus BTOPUYHON 0GMOTKW (ECnn el Henb3s npeHebpeub).

B Tex cnyuyasx, korga ycnosue (B.21) He ygaeTcs BbINOJHUTL, NOTPEOUTENIO BaXKHO 3HATb BPeMS [0 HacbIWeHus.
OHo onpegensaeTcs u3 ypasHeHus

kn.p.orn6(0- ~ «(L-Kr=0. (B-22)

BBuay TpaHCUEHAEHTHOCTU BblpaxkeHus (B.17) ansa Kn o6 (t) TouHoe pelueHne ypaBHEHMS MOXET ObiTb HaWAeHO
YMNCMEHHBIMN MeTofjamu, Hanpumep MeTO4OM MOCneAoBaTe bHbIX NPUOAMXeHWn. Ona npubnmxeHHoW OLeHKU BpPeMeHu
[0 HacbllweHna (f’'Hac) MoxeT 6bITb MPUMEHEHO YNPOLLEHHOE BblpaXeHue

bl-7
La=T In-
w r-A»(1-Kr)+21’ (B.23)

rae T — HauMeHbliee U3 ABYX 3HAUYeHWi NOCTOSHHbIX BpemeHn Tau Ts.
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BbipaxeHue (B.23) nMmeeT pelleHve npu yCnoBumu cob60aeHNs IBYX HEPaBEHCTB:

Q7+ 1>/1 m(1-K), (B.24)
Aml-Kn>1 (B-25)

Mpy nogcTaHOBKE peasibHbIX 3HAYEeHW OHW MOTYyT He Bcerga ObiTb yAOBNETBOPEHbl. HEBbLINOMHEHNE MEepBOro He-
paBeHcTBa (B.24) HeceT (PM3NYECKMI CMbIC/, YTO TOUYKA NEpPeceyeHuss KPUBOW U3MEHEHUs MOTOKOCLEN/IeHNs C YPOBHEM
HacbILeHNA OTCYTCTBYET, TO €CTb HAaCbILWEHNsA He HacTynaeT U COOTBETCTBEHHO He CYLLEeCTBYEeT M BPeMS HacChbILLEeHNs.

Mpu HEeBLINONHEHMM BTOPOro HepaBeHCTBa (B.25) Touka nepeceyvyeHnsi YpoBHSA HacbILWeHMsA ¢ ormbaroLleli KpuBo
N3MeHEeHMs NOTOKOCLEMIEHN HaxXoAWTCSA B OTpuUATeNbHON 06/1acT OCU BPeMEHU, TakK Kak YPOBEHb HAaCbILEHUSs MeHb-
e, YeM aMnAuTyAa NepuvoamMyeckoil cocTaBnsilollell noTokocuenneHns. B atom cnydae A < (1 - Kr) < 1 n cepaeyHuk
TpaHcopmaTopa 6yaeT HacbIWaTbCA 3HAKONEPEMEHHO Ha KaxXAblli NONynepuos Toka NpPOMbILLIEHHON YacTOThlI.

BbipaxeHue (B.23) faeT HECKONIbKO MeHbllee 3HayeHne BpPeMEeHMW [0 HacCbIWeHWs, YeM TOYHOe pelleHne ypaBHe-
Hus (B.17), 4To rapaHTMpOBaHHO o6ecneynBaeT OTCYTCTBME HacbliweHns TT go atoro BpemeHun. Ecnu TpebyeTcs 6onee
TOYHas OLEeHKa, UM Bpems [0 HacbIWeHUs cocTaBuno MeHee 15 mc, cnegyeT NPUMEHATb Apyrve, Hanpumep YUC/EHHbIe,
MeToApl A5 peweHns ypaBHenuii (B.8) n (B.9).

B.3 Pab6oTta B uukniax AllB

Ans TT, npeAHasHaYeHHbIX 415 YCTAHOBKM B TEX TOUKAX CETEN, rae BO3MOXHO npumeHeHne npu K3 AMB, HopMupy-
eTCcs CTaHAapTHbIM LKA, cOCTOoAWMA 13 ABYX K3 1 6eCcTOKOBOI naysbl Mexay HuMK (CM. pucyHok B.3). B kayecTBe Hanbo-
nee TAXeNbIX YC/I0BUIA paccMmaTpuBaloTca Takme, Korga B 06omx K3 anepuognueckas coctaBnsiolLas MMeeT O4HY U Ty xe
NoAISAPHOCTb. MpK 3TUX YCNOBUAX TPAHCHOPMATOP CUMTAIOT YA0B/1ETBOPAIOLWMM HOPMUPOBaHHbLIM TPE6OBaHUAM, eCin OH
BbliEPXMBAET nokKasaTenu, xapakTepusylolLne knacc TOYHOCTU B TedyeHne BpemMenun I Hac u " Hac, rae f'Hac,f"Hac— 6onblie
NN paBHO MUHMMasIbHO HEOBXOAMMOMY BPEMEHWN [OCTOBEPHOr0 M3MepeHUss 3HaYeHUs1 Toka, Npu KOTOpoM obecneynBa-
eTcs npaBu/bHaa paboTa (PYHKLWI penenHoli 3almnTbl, peasin3oBaHHbIX B YCTPOWCTBE PeneinHon 3awuTbl 1 aBTOMATUKN,
B MEPEXOAHbIX pPexumax, CONpoBOXAAKLWNXCA HacbiWweHnem TT, B NepBOM U BO BTOPOM K3 COOTBETCTBEHHO.

Becb nNpomMexyTok BpeMeHn paboTbl TpaHcopmaTopa B 3TOM C/yvyae COCTOWUT U3 HECKOSIbKMX MHTepBanoB. Kax-
Oblli U3 UHTEPBAsIOB BPEMEHN MOXET paccmaTpuBaTbCs MO OTAEMbHOCTU, HO C YYETOM HayaslbHbIX YCNOBWIA, CO3A4aHHbIX B
pesynbTare npouecca BO BPeMs npejblayLuero nHrepsana.

BbipaxeHue (B. 16) gna nHTepBana BpemeHun nocne t2 (Bpemsi BO3HNKHOBEHUSI BTOporo K3), npuHumMaeT Bua:

t-tu t-tu
KpQ=KMp(2)+1 7 o '« e T -sinlwi(f—adl, (8.26)
o> ™ |
roe Knp(t2) — 3HavyeHve KoadppumumeHTa nepexofHoro pexvMma B MOMEHT BO3HUKHOBEHMSA BTOporo K3;
{2 — Bpems BO3HUKHOBEHMS BTOporo K3.

PucyHok B.3 — Pab6ota TT B uuknie AlNB
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[na moMmeHTa BpeMeHn BO3HUKHOBEHMA nepBoro K3 Takxe, kak 1 npy oguHoyHom K3, Knp (0) = 0. Ans BToporo K3 B
uukne AlMB B HayasbHbIi MOMEHT BpeMeHN paBeH t2 = gl + t6n, Knp (t2) paBeH 3HauveHnto koachmumneHTa nepexoaHoro
pexuma B MOMEHT OKOHYaHWA 6eCTOKOBOW Mays3bl.

Bo Bpems 6ecTokoBoit may3bl Kn (t) nameHsietca (3aryxaeT) Mo 3KCMOHEHLMANIbHOMY 3aKOHY, HauuHas OT Takoro
3HayYeHus, Kakoe OH MMen B MOMEHT MpeKkpalleHns Toka, C NMOCTOAHHOW BPEMEHM BTOPUYHOIO KOHTypa, Npuyem oTcuet
BPEMEHN MAeT OT Ha4yasnia 6€CTOKOBOW Mmay3bl:

*N31
KnpO=Kn.p(W e Ts = (B-27)

B.4 BblpaxeHus Ansi onpepesieHns norpewHocTei

[nsa TpaHccopmaTopos knacca TPY, TPE HopMmupyeTcs Hanbosbllee 3HaYeHNe MTHOBEHHOI MOrpewwHocT B nepe-
XOOQHOM pexume £rax, %, KOTopoe cocTaB/iseT

max(/\n_p_ 0)

Wl-re 100 %, (B.28)

roe max(Knp (t)) — makcumanbHoe 3HaveHne Kn (t) Bo BceM MHTepBasie BPEMEHMU.
Lna TpaHcdopmatopoB knacca TPZ HopMupyeTca nepuogmyeckas cocTaB/istowas norpewHocTy £ac tax, %, Bbl-
paxaroLljaaca Kak

1
. 0
£ac max W'TS 100 %. (B.29)

MonyyeHHble 3HAYEHMA He AO0/DKHbI NPEBbIWATL 3HAYeHWN, ykaszaHHbix B TOCT P 70507.2. BoipaxeHus (B.28) u
(B.29) cnpaBeannBbl TO/IBKO NPW OTCYTCTBMM HACbIWEHMA MarHUTONpoBoAa TpaHcdopmaropa.
B.5 Pa6oTa npu AOCTUXEHNN YPOBHSA HacbIWEeHUs

MonoxeHune o paseHcTBe Kn (t) 4na Toka norpewwHocTy n gna notokocuenneHusa (B.14) cnpaBeA/IMBO TOMbKO Ha
yyacTke KpuBOW HamarHuumBaHusi (BAX), KOTOPYH MOXHO cuuTaTb JIMHEWHOW, T. €. OT HyNs A0 Hayana yyacTka Hacbllie-
Hus. Mpy OOCTMXEHUW YPOBHS HACbILEHWS XapakTep WX U3MEHEHUs1 CTAHOBUTCS Pa3nnyHbIM. Ecnn HacbilweHne orpaHu-
ynMBaeT POCT NOTOKOCLEen/IeHNs, TO TOK NOrPeLlHOCTH (TOK HaMmarHmynsaHusa) pesko Bo3pactaeT. Ha pucyHke B.4 npusBegeH
TOT X€ MpuMep, UYTO Ha pucyHke B.3, HO € 3alaHHbIM YPOBHEM HACbILLEHNSI, COOTBETCTBYHOLMM Knp (t) = 9.

0 01 0,2 0,3 0,4 0,5 0,6 0,7 tc

PucyHok B.4 — Pa6ota TT npu Ha/IM4Mn HacbILWeHUs
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[Mocne MOMeHTa AOCTUXEHMS YPOBHS HACbIWEHUS NPOLEecC BO BTOPUYHOM KOHTYpPE YXe He COOTBETCTBYET Bbl-
paxeHuam (B.15), (B.16), (B.17) oo camoro koHua npoTekaHus Toka K3, HeCMOTps Ha TO YTO MOTOKOCLENIeHne MOXeT
CHU3NTBLCA HWKE YPOBHSA HacblleHns paHblie. [ 6eCTOKOBON nay3bl MOXHO cUMTaTb NPUMEHUMbIM BblpaxeHue (B.27),
C TOW pasHuueit, 4To 3a HavasibHOe 3HauyeHue cnegyeT NPUHMMAaTb YPOBEHb HACbILLEHUS.

3HayeHne BpeMEHU A0 HacbilWeHnUs B NepBoM K3 MOXHO onpefennTb Mo BbipaxeHuto (B.23). 4na BpeMeHW Hacbl-
weHna Bo BTopoM K3 I Hac cnepyeT ydyecTb Hadas/ibHOe 3HayYeHne B MOMEHT Hadana BToporo K3 Knp (t2):

wT
HAC=T-IM o f Knp.(f2)-/* (1-K 1)+1- (8:30)
HepaseHcTBa (B.24) 1 (B.25) B 3TOM c/yyae npuvHMMaloT BUA;
w.r+1 >1(1-Kn-Knp2), (B.31)
N -Kr)-Knp(f2) > 1. (B.32)
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Bun6nuorpadus

MpaBnna TeXHONOrMYeckoro YHKLMOHUPOBAHUS 31EKTPO3HEPreTUYeCcKnX cuctemM (YTBepXaeHbl NOCTaHOB/IEHW-
em lMpaButensctBa Poccuiickoit depepaunn ot 13 aBrycta 2018 r. Ne 937)
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