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Mpeancnoeue

1 PABPABOTAH AkuuoHepHbiM 06wecTBoM «CuUcTeMHbIA onepaTop EouHOM 3HepreTuyeckon cucte-
Mbl» (AO «CO ESC»), ObLLecTBOM C OrpaHUYeHHON OTBETCTBEHHOCTLI0 «AnbMatt (Y3TM)» (OO0 «3nbmalu
(YOTM)»)

2 BHECEH TexHun4yecknm KOMUTETOM no cTaHgaptM3auun TK 016 «DnekTpoaHepreTuka»

3 YTBEPXIOEH W BBEJEH B JEVWCTBWE lMpukasom ®eaepanbHOro areHTcTea No TEXHUYECKOMY
perynipoBaHuio 1 metponorun ot 17 nekabps 2024 r. Ne 1928-ct

4 BBE[OEH BIMNEPBbIE

MNpasuna npumeHeHUss Hacmosweao cmaHdapma ycmaHoeneHbl 8 cmamse 26 @edepansHO20 3aKOHA
om 29 uwoHsa 2015 a. Ne 162-03 «O cmandapmusauyuu e Pocculickol ®edepayuu». MHgopmayusa ob u3-
MeHeHUSaX K HacmosuwieMy cmaHdapmy rybrukyemcs 6 exezs00HOM (10 COCMOSAHUK Ha 1 AHeaps meKyuwieao
2o00a) uHghopMayuoHHOM yKazamene «HayuoHanbHble cmaHOapmeiy, a oghuyuanbHbil MmeKecm uamMeHeHul
U MONPasoKk — 8 EXEeMEeCcHYHOM UHOPMAaUUOHHOM ykazamene «HauyuoHanbHeie cmaHOapmel». B cnyyae
rnepecMmompa (3aMeHbl) Uunu ommMeHbl Hacmosuje2o cmaH@apma coomeemcmeyouwiee ygedomMneHue bydem
onybnukoeaHo 8 bruxaliweM 6bINyCKe eXeMeCsYyHO20 UHGHOPMAaUUOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomeemcmayou,as UHGopmayus, yeedoMeHUe U mMeKcmbl pa3Mewalomcs makxe 6 UH-
hopmayuoHHoOU cucmeme obuwe2o nob3o8aHus — Ha oguluanbsHoM calime @edepansHo20 azeHmemeaa rno
MexHUYeckoMy peaynupoeaHuro U Memponoauu 8 cemu MHmepHem (www. rst.gov.ru)

© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaayuuy», 2025

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OCbMLI,I/‘IElJ'IbHOFO n3naHua bes pa3pelieHunsa G)e,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BeegeHue

lMonoxeHna HacToAlWero cTaHgapTa HanpaeneHsl Ha obecneyeHue BbIMONHeHUs TpeboBaHUIA npa-
Bun [1] (nyHkT 128), B COOTBETCTBMM C KOTOPBIMU TEXHUYECKME XapaKTepUCTUKU TpaHchopMaTopoB TOKa
(TT) N NOQKMHYEHHbLIX K HUM YCTPONCTB PENelHON 3aLllMThl B COBOKYMHOCTH OOMXHbI obecnednBaTth npa-
BUNbHYO paboTy yCTPOWCTB penemHoi 3aluTel NPYM KOPOTKUX 3aMblKaHMAX, B TOM YUCHE NPU BO3HWUKHO-
BEHUW anepuoanyeckon coCTaBnsLWen Toka.

OnpepeneHne BpeMeHU 00 HACkILEHUs TpaHcopMaTopoB Toka HeOBXoAUMO:

- Ansa popmupoBaHus TpeboBaHUM K MUHUMAaNbHO HEOBXOOUMOMY BpEMEHMW JOCTOBEPHOTO U3MEPEHUS
3Ha4yeHusa Toka, Npu KoTopoM obecnevnBaeTcsa npaBunbHasa padoTta yHkUMA penenHon 3awmTel (P3), pea-
JIN30BaHHbIX B YCTPOWCTBE perenHon 3alntel 1 asToMmatukm (P3A), B nepexogHbiX pexmMMax, COnpoBOXaAato-
LMXcH HacbllweHrem TT, npu co3gaHuy (MOOepHU3aLUM) KOMMIMEKCOB U YCTPOWCTB penenHon 3aunThl;

- ANSA NPOBEPKWU MPaBUNbHOCTU (PYHKLWMOHUPOBAHUSA YCTPOUCTB penelHon 3aluThl B MepexonHbiX pe-
XKUMaX MPY KOPOTKUX 3aMbIKAHUSAX.
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HAUWOHANBbHBLIA CTAHOAPT POCCUUCKON OEOQEPALUNMN

Epounan JHepreTu4yeckKana cumcrtemMa M N30NMpPoOBaHHO paGOTalOLI.IME JdHeprocucTemMbl

PENEWHASA 3ALLUUTA.
TPAHC®OPMATOPbLI TOKA UBMEPUTEINBbHBIE MHOYKTUBHBLIE OANA 3ALLUTDI
C HOPMUPYEMOW NOTPELIHOCTbLIO B NEPEXOAHbLIX PEXUMAX
M Cc OrPAHUM4YEHHLIM OCTATOYHbLIM NOTOKOCUENNEHWUEM

MeToau4yeckue yKazaHuA No onpeageneHnio BpeMeHu 40 HaCbIWEeHUA NPU KOPOTKUX 3aMbIKaHUAX
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

Oarta eBegeHna — 2025—02—01

1 O6nacTtb NnpUMeHeHUA

1.1 HacToswwni ctaHgapT ycTaHaBnNvMBaeT MeToAbl pacyera BpeMeHW 40 HaChIeHWUs 3MepUTenbHbIX
WHOYKTMBHbBIX TpaHchopMaTopoB ToKa Ans sawuTtel) ¢ HOPMWPYEMOW MOrPeLUHOCTBI0 B MEPEX0AHbLIX PeXu-
Max U C OrpaHWYeHHbIM OCTaTOYHbIM MOTOKOCcUenneHnem (knaccel TodHocTM SPR, 10PR, TRY, TPZ, TPEZ))
Npu KOPOTKMX 3aMblKaHWSX, OonpeaenseT UCXogHble AaHHble, Heobxoaumble ONA NPUMEHEHWA Ka)Xaoro u3
MeTO[OB, ycTaHaBnNMBaeT TpeboBaHWsA NO NOATOTOBKE K NPOBEAEHMIO PACHETOR BPEMEHMW A0 HACLILEHUA U3-
MEpPUTENbHbLIX MHAYKTMBHbBIX TpPaHCOpMaToOpOB TOKa M MOPSA0OK BbINMOMHEHWS YKa3aHHbBIX PacyeToB C UCMOonNb-
30BaHWEM KaX4O0ro 13 yCTaHOBMEHHBLIX METOO0B.

1.2 HacTtoswmin ctTaHgapT npegHasHayeH ana npumeHeHWs cObCTBEHHUKaMM U MHBIMUY 3aKOHHLIMW BRa-
JenbLuaMn 06beKTOB 3MEKTPOIHEPreTUKM, CyObeKTaMn onepaTUBHO-ANCNETYEPCKOrO YNpaBneHns B aNeKTpo-
3HepreTuKe, MPOEKTHLIMW OpraHM3auusaMM, opraHnu3aguamm, ocyLLEeCcTBAAKLWMMKU co3faHue (MogepHM3aLUmio)
KOMMMAEKCOB 1 YCTPOWCTB PErenHOn 3aLuThbl.

2 HopmaTuBHbIE CCbINKK

B HacToslem cTaHgapTe UCNonNb3oBaHbl HOPMATUBHLIE CChIMKW Ha cnefylolue cTaHaapThl:

MOCT 15150 MawwHel, npubopbl U Apyrie TexHudeckne usgenus. MicnonHeHusa Ansg pasnuuHbIX Knv-
MaTUYEeCKUX panoHOB. KaTeropuu, ycrnoBus aKcnnyaTtauu, XpaHeHusl 1 TpaHcnopTUpoBaHWs B YacTW Bo3aen-
CTBUSA KNMMaTMHeCKMX 0akTOpPOB BHELWHEN cpeqbl

FOCT 18685 TpaHcdopmaTtopbl TOKa W HANPSKEHWUA. TepMUHbl U onpeaeneHust

FOCT 26522 KopoTkve 3aMblKaHUsA B 3NEKTPOYCTAHOBKAX. TEPMUHbI U ONpeaeneHuns

FOCT P 58669 EguHas aHepreTuyeckasa cuctemMa M M3onMpoBaHHO paboTawlimne aHeprocuctemMsl. Pe-
nenHas 3awuTa. TpaHcdopMaTopbl TOKa U3MepuTenbHble MHOYKTUBHbIE C 3aMKHYThIM MarHMTONpoOBOAOM AN
3awuTel. MeToguveckue yKkasaHusa no onpegeneHuo BpeMeHu 40 HachkIWeHUs NpyU KOPOTKUX 3aMblKaHUSX

FOCT P 70507.1 TpaHccopmaTopbl U3MepuTenbHblie. YacTts 1. Obline TexHUYeCcKMe yCrioBus

FOCT P 70507.2 TpaHcdopmMaTopbl M3MepuTernbHble. HacTb 2. TexHuyeckne yCcrnosums Ha TpaHcdopmMa-
TOpbl TOKA

1) TpeBoraHus pacnpocTpaHaoTcs 1 Ha TT «Ana M3MepeHus 1 3aluTb».
2) Mpu NCnonb30BaHUN B KAYECTBE NEPBMYHOIO JATYMKa MHOYKTMBHOO TT.

MapaHune ochbuumnansHoe
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MpumevaHue — [pK NONb30BAHUW HACTOALLMM CTaHZAPTOM LenecoobpasHo NpoBepUTL AeHCTBME CCbINoY-
HbIX CTaHO4APTOB B MHMOPMALUMOHHONW cucTemMe oBLLEro Nonb3oBaHUsa — Ha oduumansHoMm caiiTe degepansHoro areHT-
CTBA N0 TEXHUYECKOMY PEryNnUPOBAHUIO U METPOMOTUU B CETU VIHTEPHET UMK NO exeroaHoMy MHMOPMaLMOHHOMY yKkasa-
Tenw «HaumoHanbHble cTaHa4apThl», KOTOPLIA onyBnUMKoBaH No COCTOSHWKO HA 1 AHBapA TeKyLero roga, U no BbiMycKam
EXEMECHYHOro MHhOPMAaLMOHHOTO yKasaTens «HaunoHanbHble cTaHaapTel» 3a TekyLnii rof. Ecnu 3ameHeH cebinoyHbIi
CTaHAapT, Ha KOTOPbIA AaHa HeaaTMpoBaHHAA CCbiNKa, TO PEKOMEHOYETCH WCMONb30BaTh AEWCTBYIOLLY BEPCWMID 3TOrO
CTaHAapTa C Y4eTOM BCEeX BHECEHHbIX B AaHHYH BEPCUKD M3MEHEHMIA. ECnn 3aMeHeH CCbIMOYHbIA CTaHOapT, Ha KOTopbIi
JaHa 0aTMpOoBaHHas coblfka, TO PEKOMEHAYETCA UCMONb30oBaTh BEPCUID 3TOTO CTaHAapTa C YKasaHHbIM BbiLUe rogoM yT-
BepaeHus (NpuHATKS). Ecnu nocne yTBepXOeHWs HAcTOSLIEro CTaHA4apTa B CChINIOMHBLIA CTAHAAPT, HA KOTOpLIA AaHa
[aTUpoBaHHAas CChINKA, BHECEHO U3MEHEHVE, 3aTparMBalLLee NonoxeHne, Ha KOTOpoe AaHa CChinka, TO 3TO MONOKEHNUE
pekoMeHOyeTcsA NPUMeHATL Ge3 yyeTa OaHHOTO U3MeHeHus. Ecnu cobiNoYHbIA CTaHgapT oTMEHEH Be3 3aMeHbl, TO Mono-
)KEHMWe, B KOTOPOM [1aHa CCbIfKa Ha Hero, PEKOMEHAYETCA NPUMEHATL B YACTU, HE 3aTpParnBaloLLei 3Ty CCbIMKY.

3 TepmMuHbI, onpeageneHUsa U COKpaweHns

3.1 TepMKUHbI M onpegeneHun

B HacTtoswem crtaHgapTe npumeHeHbl TepMuHbl no TOCT 18685, NOCT 26522, TOCT P 58669,
FOCT P 70507.1, TOCT P 70507.2.

3.2 CokpaweHus

B HacToswem CTaHgapTe MCnonb30BaHbl Creyrline CoOKkpalleHnA:

AlNB — aBTOMaTtu4eckoe MOBTOPHOE BKIKOYEHWE,;

BAX — BonbramnepHas xapakTepucTuka TpaHcdopMaTopa ToKa;
K3 — KOpPOTKOE 3aMblKaHue,;

N3N — nuHKWA anekTponepeaayu;

B30C — anexkTpoaBwXkyLlas cuna.

4 OOwwne nonoXxeHus

4.1 B zaBucumocTun oT obbemMa cBegeHuid o TT, UMerLWnxcst Y COBCTBEHHUKOR U MHBIX 3aKOHHLIX Bra-
OenbLeB 0ObLEKTOB 3NMeKTpO3HepreTukn, cybbekToB onepaTMBHO-OUCMETYEPCKOrO YNpaBreHWsl B 3IeKTpo-
3HepreTuke, NPOEKTHBIX OPraHu3aLMi, opraHn3aLn i, OcyLLecTBASILWNX cCo3aaHne (MOAepHN3aLMI0) KOMMek-
COB W YCTPOWCTB penenHon 3aluTbl, crnegyet UCNnonb3oBaThk OAWH U HECKOSbKO M3 creaylowmnx MeTtogos
pacyeTa BpeMeHW 00 HacbleHUs U3MepUTENbHbIX MHAYKTUBHBLIX TT Ang 3awWuThbl KNaccoB TouHOcTU SPR,
10PR, TPY, TPZ, TPE npu K3 (nanee — Bpemsi oo HacbiweHusa TT, ¢

- aHanuMTUYecKUin MmeTonq;

- rpaUYecKnin MeToq No NAacnopTHbLIM AaHHbLIM;

- rpadmyHeckuin Metoqd ¢ ucrnonb3oBaHmem BAX TT.

4.2 TlMpwn ncnonb3oBaHUN KX40ro U3 METOL0B pacyeTa BpeMeHM 40 HacbkilweHnsa T1 gna onpegenenus
ero BenuuuHbl (f,,.) HeobxooMmMo NOATrOTOBUTL UCXOAHbIE AaHHble ONA PacyeToB, ONpenenuTb CXeMHO-pe-
MMHbIE YCNOBUS M pacyeTHYH Touky K3, BEIMONMHUTL NOATOTOBUTENBHEIE pACYEThI.

4.2.1 K ncxogHelM JaHHBIM SNa pacyeToB otHocaTca):

— HOMMWHAanNbHbIA NepBUYHLIA TOK TT;

I51,6m — HOMWHAMbHBIA BTOPUYHBIA TOK TT;

R, — aKkTMBHOE COMNpOoTMBIEHWe BTOPUYHON obmoTkn TT;

L, — WHOYKTUBHOCTbL paccesiHua BTOPUYHON obmoTku TT;

Z, yom — HOMUHanbHas Harpyska TT (unu S — HOMWHAanNbLHAas MOLLHOCTbL BTOPUYHON Harpy3ku TT);
€ — MonHas NorpeLuHocTs 1T,

K, om — HOMUHanNbHaA npefensHan kpaTtHoCTb TT;

Ts jom — HOMUHAMNbLHAA NOCTOAHHARA BPEMEHMW BTOPUYHOTO KOHTYPa;

K, — KO3(h(OULNEHT OCTAaTOMHON HaMarHU4eHHOCTU;

HaC)

I']HOM

H.HOM

1) B cootBetctBMM ¢ TOCT P 70507.2 yKazaHHble napameTpbl NPUBOAATCA M3rOTOBUTENEM B SKCMMyaTaLMOHHOM
OOKyMeHTauuu Ha TT.

2
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K. b how — HOMUHanNbHLIA KO3 dUUMEHT NePexofHoro pexuma (Tonbko ans TT knacca To4HocTn TPY,
TRPZ; TPIE), onsa TT knaccos TodHocTu 5PR, 10PR 3HaveHuve Kn_p_HOM HEOBXOANMMO NPUHATH PABHbLIM €AUHNLE;

COS @, ;om — KO3DDULMEHT MOLLHOCTU HOMUHATNBHON BTOPUYHOW HArpy3ku.

3HauyeHUsl akTUBHBLIX COMPOTMBIEHWI HeobX04MMO NMPUBECTWM K HOpManbHOW TemnepaType B COOTBET-
cteun ¢ MOCT 15150.

4.2.2 CXeMHO-peXUMHbIe YCrOBUS 1M pacHeTHyto Todky K3 Heobxoammo BeibupaTte Takum o6pa3om, YTo-
obl yepes npoBepAemMblid TT npu K3 npoxogun HanbonblWui TOK /.., Npu 3TOM Heobxogumo paccMaTpuBaTth
BHELHWEe W BHYTpeHHWe K3.

4.2.3 [ns onpefeneHus 3HaveHus t,.. HeobxoaAWMo NMpou3BecTu pacyeTsl Npu TpexdasHeix K3, a ans
ceTell C rMyxo3a3eMIeHHoN HeMTpanso U Npu ogHodasHbix K3.

4.2.4 TMpw ocylecTBNEHNU NOATOTOBUTENBHLIX PACYETOB HEODXOAMMO ONpPefeniThL BEMUUYNHY Harpy3ku
BO BTOPUYHbIX Lenax TT v T, .. ONA KaXA0ro 13 pacyeTHbIX BUOOB K3.

4.2.5 Pac4yeTt Harpysok BO BTOPWYHbIX Lenax TT, NCnonb3yemblx B cXemMax YCTPOWCTB penenHon 3a-
LWMTbI, AOMKEH OCYLLECTBMATLCS C UCMONMb30BaHWEM pacHeTHbIX hopmyn B cootesetcTeum ¢ FOCT P 586691).

4.2.6 OKBMBANEHTHYIO MOCTOSAHHYK) BpeMeHu T, . . HeoOGXOAMMO paccuuThiBaTb C MCMOMb30BaHUEM
cneumnann3vpoBaHHbIX NPOrpaMMHBLIX KOMMIEKCOB 1N CO34aHHbLIX B HUX MaTeMaTUYecKUX Mogenen cetu, npen-
Ha3Ha4YeHHbIX ON5 pacyeTa aNekTPOMarHUMTHbIX NepexodHblX npoueccor. TpeboBaHWa kK MaTeMaTUYeCKMM MO-
Oensam ceTu NnpueeneHbl B NpunoxeHnn A.

Mpwn NpmBnmKeHHbIX pacyeTax 3KBMBANEHTHYIO MOCTOSAHHYI BpemeHn T, ... OOMNYyCKaeTca paccHuThbl-
BaTb no dopmyne

K3'

1 n
Tase = ki Tai | (1)
K3 i=1
roe lys — [encTBylollee 3HaYeHe CyMMapHoro Toka K3;
lksj — MAenCcTBylOWEee 3HaYeHe ToKa K3 B i-i1 BETBU;
T,; — TNOCTOsIHHasi BpeMeHY 3aTyXaHua anepuoguyeckoi COCTaBNAOLLEN TOKa B KaX4oi U3 /-1 BETBU,

nutawLlen mecto K3.
[MocTosiHHYIO BpeMeHW 3aTyxaHusl anepuoguyeckoi COCTaBnsaoWEen ToKa B KaXaon /-i BeTBW, nNuTato-
wen mecto K3, Ty HeobXxoOauMO pPacCYUTLIBAT:
- ona TpexdasHoro K3 no cdopmyne

73 _ X4 , >
i =Ry (2)
raoe X'If — JKBUBaAlrieHTHOE MHOYKTUBHOE COMNpoTUBIIEHUE HDHMDH nocnegoBaTteribHOCTU /- BETBW OTHO-
cuTenbHO Toukn K3;
W — YyrnoBasd 4acTtoTa,
R, — 9KBMBANEHTHOE aKTMBHOE COMPOTWBIEHWE NPAMOI MOCNEAOBATENbHOCTH i-ii BETBU OTHOCH-

TenbHO TOYKK K3.
- ons ogHodasHoro K3 no dhopmyne

700 _ X+ Xp; + Xo;

al — J 3

w-(Ry; +Rg; +Ryy) 3)

rae X,;, — 9KBMBANEHTHOE WHAYKTUBHOE COMPOTWBNEHWe 0BpaTHON MOCNenoBaTENbHOCTY i-it BETBM OT-
HOCUTENbHO To4kM K3:;

Xy — OKBMBANEHTHOE MHOYKTUBHOE COMPOTUBIIEHME HYTEBOW MOCMEA0BATENbHOCTY i-it BETBU OTHO-

cuTensHo Toukn K3;

1) Mpu aToM Npu nocrenoBaTenbHOM COEAUHEHUU ABYX WAEHTUYHbIX BTOPWYHBLIX 06MOTOK TT 3HaYeHWe pac-
CYWTAHHON HArpy3ku Ha BTOPWYHYH 0BMOTKY Kaxgoro TT HeobxogMMO YMEHbLUMTb B ABa pasa, Npy napannensHoM
COeOMHEHUN — YBENUYUTL B [iBa pasa.
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R,; — 9KBMBaNeHTHOe aKTVBHOE CONpOTUBMEeHMe obpaTHOMi NocrneaoBaTensHOCTH /-t BETBU OTHOCK-
TenbHo To4kK K3:

Ry — 9KBMBaNeHTHOe aKTUBHOe COMPOTWUBMEHWE HYNEeBOW NocneaoBaTenbHOCTU /-t BETBM OTHOCK-
TenbHO To4ku K3.

5 OnpepeneHue BpeMeHU A0 HacbIWeHUA TpaHCcopMaTOpPOB TOKa

5.1 OnpepeneHve BpeMeHM 40 HacbllweHUAa TT aHaNUTUYECKUM METOO0M

5.1.1 lMpwn NpUMEHEHUN aHanUTUYEeCKoro MeToda clefyeT UCMNOMNb30BaTb MCXOOHbLIE AaHHble B COOT-
BeTcTBUM C 4.2.1.

5.1.2 lpwu pacyeTe BpeMeHK 00 HackiweHUa TT aHannMTu4YecknMm MeTo4oM:

a) HeobxoguMO onpefenuTs NapamMeTp pexuma A B COOTBETCTBMM € 5.1.3;

6) HeobxoaMmo onpenenuTb PakTUYECKYK NOCTOAHHYI0 BPEMEeHU BTOPUYHOro koHTypa Tg B cOOTBeT-
ctBun ¢ 5.1.4;

B) BpeMs 00 HackilleHus TT Heobxoaumo onpefenaTs B COOTBeTCTBUMM ¢ 5.1.5 npu BO3HUKHOBEHUM
nepeoro K3 u B cooTBeTcTBUYM € 5.1.6 Npn Bo3HUKHOBeHUKM BTOporo K3 (npu HeycnelwHom AlB).

5.1.3 MNapameTp pexunma A HeobXxoOUMO BLIMUCATL NO hopMyne

A I‘IHOM 'KHoM ‘Kn.p.mm 'J(RZ t Z vom *COSPy om )2 +(w'L2 + 2, hom 'Sinq’H.HOM )2
- 2 2 ' (4)
I’I(:! 'J(RZ +RH.¢ax'r) +(w‘L2 +XH.¢IEKT)

rae RHmaKT hakTnyeckoe akTMBHOE CONPOTUBNEHWE Harpy3kn TT;

X

H.chakT
5.1.4 daKkTnyeckylo NoCTOSIHHYIO BPEMEHU BTOPUYHOTO KOHTYpa T¢ Heobxoaumo onpepensts no gop-
Myne

CbaKTI/I‘-IeCKOE WHOYKTUBHOE CONPOTUBIEHWNE HAarpy3ku TT.

Ts=Ts Ra + 2, o1 - COS By iom ]
_HOM R, + RH.anlcr (5)

5.1.5 Bpemsa oo HacbiweHna TT npy BO3HWKHOBEHMW nepBoro K3 Heobxoanmmo paccynTbhiBath no dop-
Myne

w-T

t'yae=T-IN ;
Hae Fw-T—A-(1—K,.)+1 (6)

rae 3HadeHve T HeobxoauMo NMpYHUMaTL PaBHLIM HAUMEHbLLIEMY U3 BEMUYUH T, . .1 T
K, HeobxoaMMO NPUHATL PaBHbLIM 3HAYEHWIO, yKa3aHHOMY B nacrnopte Ha TT. lNpu OTCYTCTBUM TakKux
JaHHbIX onpenennTb B cooTBeTcTBMU ¢ TOCT P 70507.2 N NpUHATL PaBHbIM 0,11).

Pacyet no cdoopmyne (6) gponyctum npu cobniogeHun ycnosui (7) v (8):
w-T+1>A-(1-K), (7)
A-(1-K]}=1. (8)

HeebinonHeHue ycnoBus (7) 03HA4aeT, YTO HaChILEHWEe MarHATONPOBOAA OTCYTCTBYET U BpeMs [0 Ha-
cbileHna TT paBHO BECKOHEYHOCTH.

B cnyuae, ecnu ycnosue (8) He BLINONHAETCA, 3HAYEHUe t, ., BbYACNEHHOEe No dopmyne (6), MpuHK-
MaeT oTpuuatenbHoe 3HavyeHue, U And onpefeneHus BpeMeHW O0 HacblweHua TT cnefyeT UCMNOMb30BaTh
rpacuyeckne metodbl NO NAcNOPTHEIM AaHHBIM B COOTBETCTBUM € 5.2 nnun ¢ ucnonezoeanunem BAX TT B co-
oTBeTCTBUM C 5.3.

1) Toneko ona TT knacca TouHocTu 5PR, 10PR, TPY, TPZ.
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5.1.6 Bpewmsa go Hacbiwenusa TT npu Bo3HUKHOBeHMU BTOoporo K3 (npu HeycnewHom AlB) Heobxogumo
paccynTbIBaTL MO d)opmyne”

w-T
bt

w-T+Ae 5 —A-(1-K,)+1

t"ee =TIn

: (9)

rae saHaveHue T HeobxoaAMMO NPUHMMATE PaBHbIM HaVMeHbLLEMY U3 BenuduH T, . 1 Tg;
ta1 — Bpems oTknoyeHus nepsoro K3 (nonHoe spems nuksnaaumm K3);
ty =t * g, — BPEeMs BO3HMKHOBeHMsi BToporo K3.

Pac4et no dhopmyne (9) gonyctum npu cobniogenun ycnoeui (10) n (11):

_b—t
wT+1>A-(1-K,)-Ae s | (10)
ot
A(1-K.)-Ae 5 >1. (11)

HesbinonHeHue ycnosus (10) o3HavaeT, 4TO HacbILLeHne MarHMTonpoBoga OTCYTCTBYET U BpeMs 4o Ha-
cbileHusa TT paBHO BECKOHEYHOCTH.

B cnyyae, ecnu ycnosue (11) He BbINONHAETCH, 3HAYEHWE .., BblMUCIEHHOE no copmyne (9), npu-
HUMaeT oTpuuaTenbHoe 3Ha4yeHue, N ANA onpedeneHus BpemeHu Ao HackiweHus TT cnegyeT Ucnonb30BaTh
rpadomYecknin MeTod No NacnopPTHLIM OaHHbIM B COOTBETCTBMK C 5.2 unun ¢ ucnonb3osaHmem BAX TT B cooT-
BeTCTBMMK C 5.3.

5.1.7 Ecnu 3HaueHue t,,., NoNyYyeHHoe No pesynsTataM BblYMCIEHUA MO aHaNIMTUYECKOMY METOAY, CO-
cTaBurno meHee 15 Mc, cnegyeT ucnonb3oBaTk rpaduyeckme MeTofbl Mo NacnopTHbIM JAHHLIM B COOTBET-

cTBUKM ¢ 5.2 unu ¢ ncnono3oeaHnem BAX TT B cooTBetcTBUM C 5.3.

5.2 OnpegeneHue BpeMeHU 00 HacblweHUa TT rpacpMuyeckMM MeTo40M MO NacnopPTHLIM
OaHHbIM

5.2.1 lNpu npumMeHeHun rpahn4ecKkorc MeToga rno nNacnopTHbIM AaHHLIM CIIe4yEeT UCMNOoSb30BaTh MCXOM-
Hble JaHHLIe B COOTBETCTBUN C 4.2.1.

5.2.2 lNpu npuMeHeHnn rpacdn4eckoro MeToda no NacnopTHBIM AaHHbIM HE0BX04MMO NOCTPOUTL Bpe-
MEeHHble gnarpammol Kn_p_(t):

a) ons onpefeneHusa BPeMEeHMU A0 HacblilweHus TT npy Bo3HWKHOBeHUK nepeoro K3 no cdopmyne

f f f

W-Taow-Ts

Kip()= —wwe— e Tase _g Ts -COSQys +8in(@ys)- @ Ts —sin{wt + s ), t €[0,fy |, (12)
aske 'S
rae @ys € [0,90°] — HauvanbHasi chasa nepuoAnyeckon cocTasnsiowen Toka K3. 3HadueHne @y, Heob-
XOOMMO MPWHMMATL TakMM, MpyM KOTOPOM OnpefeneHHOe B COOTBETCTBUM ¢ 5.2.3
Bpems A0 HackiweHus TT Byger MUHUMAnbHBIM;
taq — Bpems oTkndeHus nepeoro K3 (nonHoe Bpems nuksuaauunm K3);

6) Ana onpegeneHns BpeMeHn 4o HackiweHna TT npu BO3HMKHOBEHMM BToporo K3 (Mpu HeycnelHom
AMNB) no hopmyne?)

1) dopmyna (9) yuntsisaet HackiweHue TT npu nepeomM K3, 4TO NPUBOAWNT K 32HMKEHWIO peaynkTaTa pacyerta npu
OTCYTCTBUM HacklweHua TT npu nepeom K3. [na yTouHeHWs pacveToB (Mpy HeobxoaumMocTy) cnedyeTt UCnonb3oBaTh rpa-
duryeckme MeTodbl MO NacnopTHLIM OaHHLIM B COOTBETCTBUU C 5.2 nnu ¢ ncnone3oBadnem BAX TT B cooTBeTCTBUM C 5.3.

2) OnpeneneHve BpeMeHm 10 HackilleHns TT Mpy BO3HMKHOBEeHUM BToporo K3 HeoBxoaumo ocyllecTenATL OTHOGK-
TeNbHO BPEMEeHU BO3HMKHOBEHUS BTOpOoro K3 ().
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t—t, -ty -t
i W aels| T ; T
K n.p.(t)=Kn.p.(tz)+.‘,,.e'—"’m.‘rS e fasm g Ts -C0Sys +sin(Pys)-e ’s _3'"(w(t_t2)+‘l’l(3).
ase 'S (13)
te[taty +iez ],
rae K p () — 3HayeHue koathbuLUMeHTa NEPEXOAHOTO PexnMa B MOMEHT BO3HUKHOBEHMs BToporo K3,
KoTopoe HeobxoaMmo onpeaenaTb No dpopmyne
bt
T;
Knp(t2)=Knpmaxllar)-e % . (14)
roe ty =ty t g, — BPEMS BO3HWKHOBEHWsI BTOPOTO K3;
Kn.p.max(tia1) = max {K, , (), t € [0, 4]} — WmakcumanbHoe 3HaueHWe KOIPPULMEHTa NepexoJHoro pe-

Kuma 3a nepuop spemenn t € [0, ¢ 4]. Ecnn Kn.p.max(tm) > A,
TO 3HaJeHwue Kn_p_max(txaw) HeobxoQUMO MPUHATE paBHbIM A,
onpeaeneHHeIM B COOTBETCTBUK € 5.1.3;

@Pks € [0,90°] — HavanbHas pasa nepuoguyeckon cocTasnsowen Toka K3.
3HaueHne @, , HeobxoanmMo NpUHUMaTL TakuM, NMPU KOTOPOM
onpeneneHHoe B COOTBETCTBUM € 5.2.3 Bpema A0 HackILLeHns
TT 6ygeT MUHUManbHbIM;

f., — BpeMs oTKnoveHusa eToporo K3 (nonHoe Bpems NMMKBUAALMK
K3).
5.2.3 [nA onpegeneHns BpemeHy 4o Hackiwenna TT Ha ocn K b (f) BpEMEHHBIX OMarpaMm, NoCTPOeH-
HbIX B COOTBETCTBMM C nepedncneHnamu a) u 6) 5.2.2, Heobxoammo oTnoxuTb 3HadeHus A(1 — K)), n onpege-

NUTb COOTBETCTBYIOLLME UM 3HaYeHusa (t' &

K32

Hac’ © Hacl ):

K A(1-K,), (15)

I'I.p(tHElC) =
roe K, HeobXo4MMO MPUHMMATL PaBHLIM 3HAYEHWID, yKa3aHHOMY B 5.1.5.

5.3 OnpepeneHne BpemeHu 0o HacbkiweHua TT rpachu4ecKMM METOAOM € ucnonb3oBaHueMm BAX

5.3.1 lMpw npumeHeHnn rpadmyeckoro Mmetoga ¢ ucnonb3osaHvem BAX TT cnegyet ncnonb3oBath UC-
X0OHble gaHHble B cooTBeTcTBUM ¢ 4.2.1 M BAX TT.

BAX TT gomkHa ObiTe CHSITA 40 3HAYEHWI TOKA HAMarHWYMBaHWs, COOTBETCTBYIOLMX MOMHOW NorpeLu-
HocTu TT g, T. e. He meHee yem Ao 0,1 unu 0,05 oT ToKa HOMUHANBHOW NpegenbHON KpaTHOCTH.

5.3.2 Ipacbuuecknin metoq ¢ ucnonszoeaHnem BAX TT pnonyckaeTcs NpUMEHATb, eCr BhINONHAETCS
yCMOBMWE:!

Ioe U,
0e'%e >3,
’J‘IHH ’UHHH (1 6)
roe Iy, — TOK HaMarHu4mBaHus,
U, — HanpsikeHue HamarHu4YMBaHus, KoTopoe Heobxogumo onpeaenuTe no BAX TT ans paccuutan-
HOTO 3HaYeHus [y
lowsw — TOK, cooTeeTcTBYOWMIA U,
Upyy — HampsikeHwe, COOTBETCTBYIOLEE CepeanHe nuHerHoro yyactka BAX.

Tok HamarHu4YMBaHus IO € HEO6XO,EI,VIMO BbIMUCIATE NO qbopMyne

£
loe =W"2H0M'K¢3KT' (17)

raoe K(bam — hakTuyeckas KpaTHOCTb NepBUYHOro Toka K3.
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dakTUYeCKy KpaTHOCTL NepBUYHOro Toka K3 Kepaxr HeoBXoaUMO BLIYUCTATEL N0 hopMyne

Koaa =7 (18)

rae fyz — AedcTBylOLiEe 3Ha4YeHMe NepUoaMHECcKOn COCTaBNSOLLEN Toka K3 B pacueTHoi Touke K3.
5.3.3 MNapameTp pexuma A HeoBX0AMMO BEIYUCIATL Mo ddopMyrne

U
A=—Ft, 19
Uagin (19)
roe U, — HanpsbkeHWe HamarHu4vBaHwa, KoTopoe Heobxoaumo onpegenuTs o BAX TT ana paccyuTas-
HOTO 3HaueHus [y .
Uygiy, — HanpsikeHnue, cootseTcTayiowee 3C BTOpUYHON OBMOTKM Mpy (haKTUYECKOW KPaTHOCTM nep-
BUYHOro Toka TT Kd)aKT W CyMMapHOM CONPOTUBIEHNM KOHTYpa BTOPUYHOTO TOKA Zys-.
Hanpsikenue Uy, HEOBX0OWMO BLIYMCIATL MO hopMyrne
2 2
Ussin = Kapar *2uom“4f(Re + Rugparr) +(W-L2 + Xy pancr ) » (20)

roe Kq)am — chakTMYecKkas KpaTHOCTb NEePBUYHOMO ToKa T T, KOTOPYH HEOBX0AWMO BblMMCNATE No hopmyne (18).

5.3.4 MNpu npumMmeHeHnn rpadcuryeckoro metoga ¢ ucnonb3oeaHem BAX TT HeobxoOumo NOCTPOUTb
BPEMEHHbIe AnarpaMmmbl Kn_p_(t):

a) Oons onpeferneHusa BpeMeHn A0 HackllweHus TT npy Bo3HUKHOBeHUK Nepeoro K3 no copmyne (12);

6) ona onpepeneHus BpeMeHU A0 HacbkileHMa TT npu BO3HUKHOBeHUM BToporo K3 (npu HeycnewHom
AlB) no chopmyne (13).

[nsa onpepeneHusa BpeMeHW 40 HackiweHus TT Ha ocu Kn_p_ BPEMEHHbIX guarpamm, nocTPOEHHbIX B
COOTBETCTBUM C nepeyncneHusimu a) u 6) 5.3.4, Heobxoammo oTNOXUTL 3HaveHus A(1 — K)), n onpegennts
COOTBETCTBYIOLWMNE UM 3HAYeHUs t .. no hopmyne (15).

5.4 lNpuMepkl BLINOSTHEHUA pacyeToB BpeMEHU 00 HacklweHus TT npueeneHsl B npunoxeHun b. Kpat-
Kne ceefeHus 0 paboTe TT B nepexofHbIX pexumax K3 npuseneHsl B npunoxeHuu B.
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MpunoxeHune A
(o6azaTtensHoe)

TPEGOBaHMH K MaTemMaTU4eCKMM mMmogendam CeTu, co3gaHHbIM B cnelynanmManpoBaHHbIX
nporpaMmMHbLIX KOMONeKcax, npegHasHavyeHHbIX OANA pacyeTa 3NeKTPOMarHUTHbBIX nepexoaHbIX
npoueccoB OonA onpegeneHns 3KBWUBANEeHTHOW NOCTOAHHOWN BpeMeHW 2aTyXxaHuA anepuo,qw-necxoﬁ
COCTaBnAOLWEN TOKA KOPOTKOrNo 3aMbliKaHuUA

A.1 MaTtemartuyeckne MoOOEenu CETU, UCMOMNb3yeMbIE AN pacyeTa 3NeKTPoOMarHUTHOrO NEpPEXCAHOro npoLlecca npu
K3 n onpeneneHunsa BennyuuHel Ta (Oanee — MOAENW CETW), AOMKHEI QOPMUPOBATLCA UHAMBUAYANLHO ANA KaxOoro na
paccMmaTpyBaeMblX 0OBEKTOB AMNEKTPOIHEPTETUKM.

A.2 Mopenk ceTu Ans Kaxaoro obbekTa 3NeKTpO3HEePreTMKN JOMKHA BKNoYaTh B cebs:

1) nogpobHylo MaTeMaTWYecKyld MOAENs paccMarpuBaemMoro 00bekTa 3NeKTPOIHEPTeTUKM M OTXOOSALUMX OT Hero
N3r. YunTeiBas, 4To NapameTpbl MOAESNUPYEMbIX ANIEMEHTOB 3NIEKTPUYECKOW CeTU, Kak NpaBuIio, ABNAKTCA onpeaensto-
WKMMW ANs Benn4uMHbl Ta, AomkHa BbiTe obecneveHa MakcKMManbHO BO3MOXHasA AeTanusaunsa MateMaTUyYeckon Moaenu;

2) 9KBMBANEHT 3HEeProcUCTEMBI, MPUBEOEHHbLINA K LWIMHAM OOBEKTOB 3MEKTPO3HEPreTMKNU, TEXHONOMMYECKN CBA3aH-
HbIX C paccMaTpyMBaeMbIM OGBEKTOM, pacCHUTaHHLIA AN MAKCUMAanbHOIO PEXMMAa SHEPrOCUCTEMbI.

A.3 [MpKn cbopmMUpoBaHUM MOLENW CETU B KAYeCTBE UCXOAHbLIX AaHHbIX crieqyeT NMPUHUMAaTh NacrnopTHble AaHHble
0060pyaoBaHUA paccMaTpUBaemMoro obbeKkTa aNeKTPOIHEePreTUKN M 0TXoasaLWMX oT Hero J13[1.

A.4 ObobLieHHoe NpeacTaBneHue Mogenu ceTy NpuBeaeHo Ha pucyHke A.1.
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mopens 13N 2

MaremaTwieckan

MaTemaTudeckas

" Mogenb it
aTemaTireckan aTemaTaqeckan
mogans 30 1 snelcrpooﬁopynoBaHm mopens JTan 3
obbekra
INEeKTROIHEePreTNKA

Maremaruqeckas
mopens N3N n

IN

E1, E2, E3,...En — 3kBuBaneHTHble 3[1C, Bxoaslme B COCTAB IKBUBAINEHTA IHEPIOCUCTEMBI;

Z1, 22, Z3,..Zn, Z21-2, Z21-3, Z2-3,..., Z1-n, Z2-n, Z3-n — 3KBMBaNneHTHbIE COMPOTUBMNEHWUs, BXOAsLIWEe B COCTaB 3KBMBANeHTa
3HEeProcucTeMb!

PucyHok A.1 — OBobueHHoe npeacTaBneHne MoOeNu CeTH
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Mpunoxenune b
(cnpaBo4Hoe)

MpuMepbl BbINOMIHEHUA pacyeTOB BPEMEHM A0 HacbIWeHUA TpaHcdhopmMaToOpoB TOKa

B.1 Mpumep pacyeta BpemeHU Ao HacbliweHna TT Tuna TPI-Y3TM®-500-10PR-2000/1 aHanuTu4ecKkum
MeToO0M

B.1.1 McxoaHble gaHHbIe:
- napametpbl TT: knacc Tounoctn 10PR; 1y, = 2000 A; L 0 =1 A Ry = 6,96 Om; L, = 1,82 MITH; z
£=10 %; K oy =40; cos @, o = 0.8; Tg,on =0,907 c; K, = 8,5 %;

=20 Owm;

H.HOM

H

) 1 :
- ’l(ca) =23145A; ll((3) =26900A,

78 =0,128¢; Tilp =0,180 c;
- Rl?&!alﬂ' = 6.3 OM; RE%)SKT =12,6 OM; XH.CbaKT - 0,
-t =01ct=11¢14,=01c

B.1.2 OnpeneneHue napametpa pexuma A Ana TpexdasHoro u ogHopasHoro K3 B cooTBeTcTBUM ¢ chopmynoi (4):

- ans TpexdasHoro K3:

2 | 2
A(S) _ T1uom * Kuom * Kn.p.rom - '\/(RZ + 2 om - COS ‘PH.HQM) "'(w' Ly +2, yom 's|n¢H.HOM)

i 'J(Rz + R par )2 +(wLo+ xu-ebawr)z

 2000.40-1.4/(6,96+20-0,8)° + (314.0,00182+20.0,6)°

=6,82;
23145.,/(6,96+6,3)° +(314.0,00182)?

- ansi ogHocpasHoro K3:

2 : 2
Al _ Nwom * Kiom * K p.vom '\j(R2 +Zy.om €03 Puuom ) +(W-L + Zy yom *$IN Py om) _

’Igg : (RZ + Ry tparr )2 "'(w Ly + Xu.tban)z

2000-40-1.,/(6,96-+20-0,8)° +(314.0,00182+20.0,6)°

- - =3,97.
26900-/(6,96+16)” +(314-0,00182)

B.1.3 OnpegeneHve dakTM4eckoin NOCTOAHHOW BpEMEHU BTOPMYHOIO KOHTYpa B COOTBETCTBMU ¢ chopmyrnon (5):
- ans TpexdasHoro K3:

3) Ry + 2, yom " COSP, 6,96+20.08 .
T( =T, L H.HOM _ g 507 .————— = 0,878 ¢;
S ST R +Rygaxr 6,96+6,3
- Ans ogHodpaszHoro K3:

Tg‘) =T om R3 + 2, yom * COS Py iom —0,507- 6,96+20.0,8 —0,595 c.

Rz =+ RH¢aKT 6,96 +1 2,6

B.1.4 OnpeneneHve BpemMeHU J0 HackllweHua TT npy BO3HWKHOBEHUW nepsoro K3.
b.1.4.1 BeinonHeHwe nposepky no ycnoeuam (7), (8) ana tpexdpasHoro K3:
- no ycnoeuio (7):

w'Té.i)m +1> A(a) '(1—Kr); 314.0128 +1=41192 > 5,82 .(1 _0,035) =6,24 — HepaBeHCTBO BbIMNOMHAETCH,;
10
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- Mo ycnosuk (8):

AB) (1 - K)>1,6,82-(1-0,085) =6,24 > 1 — HepaBEHCTBO BbINOIHAETCH.
B.1.4.2 BbinonHeHue npoBepku nNo ycnosuam (7), (8) ansa oaHodasHoro K3:

- no ycnoBuk (7):

w-T{Ye+1> A .(1-K,); 314 -0,18 + 1 = 57,52 > 3,97 (1 - 0,085) = 3,64— HepaBeHCTBO BLINONHAETCS:;
- no ycrnosuk (8):
A (1-K)>1;3,97 - (1-0,085) = 3,64 > 1 — HEpPaBEHCTBO BbINOJHAETCS.
B5.1.4.3 OnpeneneHue BpemeHW Ao HackiweHnus TT npu nepeoM TpexdasHom K3 B cootBeTcTBUMM € chopmyrnon (6):
-T 314-0,128
3 ~T.In b ~0,128-In '
nae w T-A®.(1-K,)+1 314.0,128-6,82-(1-0,085) +1

B.1.4.4 OnpepeneHune BpemeHW 00 HackiWeHna TT npu nepsomM ogHodasHom K3 B cooTBeTCTBUM C chopmynon (6):
w-T 314.0,18
=0,18-In = =8,61mc.
w T-AD.(1-K ) +1 314.0,18—3,97-(1-0,085) 1 M

B.1.5 Onpenenenve BpemMeHn Ao HacbiweHnsa TT npu Bo3HWKHOBeHWK BToporo K3 (npu HeycnewHom AlNB).
5.1.5.1 BbinonHeHue nposepku no ycnosusam (10), (11) anga TpexdazHoro K3:
- no ycrioeuio (10):

=17,87 Mmc.

{1
ts,a),::T-ln

_bte
w T +1> A0k, )-aP .6 T ;
1101
314.0,128.+1=41192 > 6,82-(1-0,085) 6,626 0878 — 4,05 — HEPABEHCTBO BLINOMHAETCS,

- no ycrnosuo (11):

ty—tg _11-01
A3 (1 ‘Kr) _A®) e s 1 5,32.(1 _0,035)_5,32.9 0878 _ 4 05 » 1 — HEPABEHCTBO BLIMNOMHASTCS.

B.1.5.2 BeinonHeHue npoeepku no ycnosusam (9), (10) ans ogHodpasHoro K3:
- no ycrnosuo (10):
bt _11-01
w T e +1>A0(1-k,)-A".6 75 ;314.0,18+1=57,52>3,97.(1-0,085)-3,07-¢ 0895 _290 — Hepa-
BEHCTBO BbIMNOIHAETCS;

- no ycrniosuwo (11):
fp—ta 11-01

A(1) ‘(1—Kr)—A(1) ‘e_ s 51397 .(1_0,035)_3,97 ; e_ 0595 _ 2 g » 1 — HepaBeHCTBO BbIMOIHAETCS.

B.1.5.3 OnpeneneHune BpemMeHW 0 HacbilweHus TT npu BTopoM TpexdaszHom K3 B cooTBeTcTBUMM C chopmyrnon (9):

T i -

e e -

wT+A%.e T _aA®.(1-K)+1

314-0,128
1101

314.0,128+6,82.¢ %878 _§,82.(1-0,085)+1

=0,128-In

=10,12 mc.

b5.1.5.4 OnpeneneHre BpemMeHW 40 HacbileHms TT npy BTopom ogHodaszHom K3 B cooTBeTcTBUM € chopmMyrnon (9):

w-T 314-0,18
=0,18:In 07

wT+ale 75 _a0 (1K )1 314.0,18+3,97-¢ 0% _3,97.(1-0,085)+1

t"EuL)c=T'|"- =6,15 mc.

Tak kak nony4yeHHoe BpemMsi 40 HacbiweHus TT mMeHblle 15 mMc, cornacHo 5.1.7 cneagyeT ucnonb3oBaTth rpacduye-
CKWe MeTofdkl Mo NacnopTHLIM AAHHBIM B COOTBETCTBMM € 5.2 unu ¢ ucnones3osaHmem BAX TT cornacHo 5.3.

B.2 Mpumep pacyeta BpemeHu o HacbiweHus TT Tuna TPI-Y3TM®-500-10PR-2000/1 rpacdhruuyeckum
MeTOAOM MO NacnopTHLIM AaHHbLIM
B5.2.1 VcxoaHsle gaHHble aHanormyHel AaHHbIM, NpuBedeHHsM B B.1.1.

11
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b.2.2 [na onpeneneHns BpemMeHW A0 HacbilweHnsa TT npv BO3HUKHOBEHWK nepBoro K3 HeobxoanMo NOCTPOUTb
BpeMeHHLIe guarpaMmel Kn_p_(t) B COOTBETCTBUM C popmynoit (12) npu @4 « [0,90°].

3HaueHne Qyy NPUHATO pasHbiM 10° Npu TpexdasHom K3 u 30° npu ogHocdasHom K3, T. K., Npy TaKUx 3HAYEHUsX
onpefensemMoe B COOTBETCTBUU ¢ 5.2.3 Bpems A0 HackliweHua TT ByaeT MUHUMAansHbIM, CM. pUCyHOK B.1.

= 9
3 g
7
6
. — Ko (1)
— Ko p.(0(3)
4 - A(1)(1-K)
— AR)(1-K,)
2 < tiac(1)
2 _t'Hac(s)
1
0 "
0 0,005 0,01 0,015 0,02 0,025 0,03 0,035
-1

PucyHok 5.1 — OnpegeneHve BpemeHu 00 HackilweHWa TT npu nepsom K3

[ns onpeneneHua BpemeHu 00 HacklweHua TT Ha ocu K'n_p_ HeobxoauMo OTNOXnTe 3HadeHun A(1 — K)), paccuu-
TaHHble B b.1.4, 1 onpenennTs COOTBETCTBYIOLUME UM 3HaYeHunsA 1,

K'np(tuac) = A1 = K,

- Ans TpexdasHoro K3 MuHUMansHoe BpemMs 00 HacklleHna TT npu ¢yq = 10°:
t) — 255 wc;

- Ans ogHodasHoro K3 muHMMansHoe Bpems [0 HackiweHus TT npu ¢y, = 30°:
i) —10 wme,

B.2.3 [na onpemeneHusa BpeMeHU OO0 HackiweHus TT npu Bo3HWMKHOBeHuWM BTOoporo K3 (npu HeycnewHom AlB)
HeobOXoAMMO MOCTPOUTL BPEMEHHbIE OMarpamMmbl Kn_p_(t) no copmyne (13) npu @5 < [0,90°]. 3HaqeHue @y NPUHATO
paeHbiM 30° npu TpexdasHom K3 1 40° npu ogHodaszHom K3, T. K., NPy Takux 3HAYEeHUSX onpegensdemoe B COOTBETCTBUM
c 5.2.3 Bpems 4o HacbiweHua TT 6yaeT MUHUMarbHbIM, CM. pUCYHOK B.2.

3HadeHve koaduuMeHTa NEPEXOOHOTO pexMMa B MOMEHT BO3ZHWKHOBEHWs BToporo K3, koTopoe Heobxogumo
onpefenaTe no popmyne (14):

- ans TpexdasHoro K3:

_tp—tent _11-04
Kn.p.(tz) = Kn.p.max(txm )-e s - 6,82-0 0.878 _ 2182,

rae Ki p.max(far) = AR T K K 5 manlben) = 20,70 > AG) = 6,82;

12
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- Aans ogHodhasHoro K3:

bt _11-04
Koplt2)=Kopmexllsr)-€ 'S =397.e 059 =0,741,

)y =AM 1.k K

n.p.max(tK31) =19,72> A1) =3,97.

rne Kn.p.max(t«ﬂ

s 12

— Ko (0(1)
— Ko (B(3)
— ACY(IK,)
—> AB)1-K)
)

«— £a0(3)

0 0,005 0,01 0,015 0,02 0,025 0,03 0,035
tc

PucyHok B.2 — OnpeneneHve BpemeHn o HaceiweHus TT npu BTopoM K3

dna onpepeneHns BpemeHn fo HackiweHus TT Ha ook K" | Heobxogumo oTnoxuTte 3HadeHnsd A(1 — K,), paccum-
TaHHble B B.1.4, ¥ onpeaennTe COOTBETCTBYIOLIME UM 3HadeHus " .

K“n.p.(tnac) =A-(1-K),

- Ana TpexdasHoro K3 MuHMMansHoe Bpema [0 HacklWeHWsa TT npu @y, = 30°:
3 ~10,9 me;
- ANs ofHothazHoro K3 MUHUMansHoe Bpems [0 HackiWeHua TT npu @y, = 40°:

i
) =86 mc.

B.3 lMpumep pacueta BpemeHu Ao HacbiweHusa TT tuna TPI-Y3TM®-500-10PR-2000/1 rpacdunyueckum
MeTOOOM C ucnonb3osaHuem BAX

B5.3.1 McxogHble gaHHble aHanorMyHel aHHbIM, npuBedeHHsiM B B.1.1. BAX TT npuBegeHa Ha pucyHke b.3.

13
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PucyHok B.3 — Onpenenexue napameTpa pexuma Ano BAX TT
B5.3.2 BbinonHeHwe npoBepkn AOMNYCTUMOCTM MCMONb30BaHUA METOAA.

OnpepeneHue hakTUYeckor KpaTHoCTH Toka K3 B cooTBeTcTBMM ¢ chopmynon (18):
- Ansi TpexdasHoro K3:

() _ ) 23145
AT e 2000

=1157;

- Anga ogHodhasHoro K3:

<0 _ K% 26900

= = =13,45.
PaKT w2000

OnpepeneHue Toka HaMarHUYMBaHWA, COOTBETCTBYIOLLIErO Knaccy ToyHoCcTY TT, B cOOTBETCTBMM ¢ chopmynon (17):
- Ans TpexdasHoro K3:

1’3?1)0 =0,120m -Kggm =0,1-1-1157=1157 A;

- Anst ogHodasHoro K3:

1 1
"((),‘?0 =0,20m - Kgyln =0,1-113,45=1345 A

Mo BAX TT (cm. pucyHok B5.3) Heobxogumo onpefenutb 3Ha4eHUa HanpsaXeHWin, COOTBETCTBYHOLLME pacCHMTaHHbIM
(3) U
3HAYEHUAM 10_10 n ,'(()11)0.

uld —1132B;

ull <1138 B.

Mo BAX TT (cm. pucyHok B.3) Heobxogumo onpenenuTe napameTpbl CEPeaMHbl MMHEMHOro yyacTka BAX:

U“MH =524 B;
14
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Iy = 0,703A.

Mpoeepka BbiNnonHeHus ycnosus (16):
- ansa TpexdasHoro K3:

3 3
’8,1)0 /U-So) _1157/1132

= =5200>3
b fUnn 0103/524
- YCIOBME BLINOMHAETCSH;
- ansa ogHodasHoro K3:
PO
o40/Y1g  1,345/1136 ~6,023>3

T/ Uny 0,103/524

- YCMNOBWE BbINOMHAETCA.
B.3.3 Onpenenenune napameTpa pexxunma A ansa TpexdiasHoro u ogHochasHoro K3 B cooTeeTcTBUK ¢ hopmynon (19):
- ana TpexdasHoro K3:

A0 _US _ 1132
TG 15356 T

2sin

@ _ ) @ Y 2 P 2 ;
rme U, =Kidr l2uomof| Re + Rudarr | +(Xz2 + Xparr) =11,57-1,0-\/(6,96+6,3) +(0,57)" =153,56 B;

2sin
- ana ogHodhasHoro K3:

AU _ 1138
ylh 263,08

2sin

4,32,

e ) k)

2zin haxT .hakr

o 2 _ J 2 2 _
Doom 4[| R2 +RY +(Xg + Xy pacr) =13,46-10-,(6,96+12,6)° +(0,57)" = 263,19 B.

b.3.4 [na onpegeneHns BpeMeHW OO HacbIWEeHWs Npr BO3HMKHOBEHWKW nepeoro K3 TT Ha ocu K'n_p_ BPEMEHHbIX
auarpamMm K‘n_p_(t), MOCTPOEHHBIX B COOTBETCTBUM C B.2.2 npu @y, € [0,90°] (3HauveHne @yg NpUHATO paBHbIiM 10° npw
TpexdazHomMm K3 n 30° npu ogHodasHom K3, T. k., MpW Takux 3Ha4eHUsIX onpedensemoe B COOTBETCTBMU ¢ 5.2.3 Bpemsa
A0 HacbiweHua TT ByaeT MUHUMATIbHLIM, CM. PUCYHOK B.4), Heobxoaumo oTnoXuTe 3HadeHns A - (1 — K), u onpegennTs
COOTBETCTBYIOLIME UM 3HAYeHUA '

Krn.p.(tHac) =A- (1= Kr)’

- Ana TpexdasHoro K3 MuHUMarnbHoe Bpemsa 4o HackiweHna TT npu @y, = 10° t's,aa)c =26,7 mc;

- Ansa ogHoasHoro K3 MuHuMansHoe Bpems 4o HackiweHua TT npu @y, = 30°: t{,‘,}c =10,6 mc.
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= 9
x 8
7
6
5 — KL (1)
— Khp{)(3)
4 / = A(1)(1-K))
" . — AQB)1-K))
I %= t'uac(")
3 |i — t1ae(3)
1 |
0 W v
0 0,005 0,01 0,015 0,02 0,025 0,03 0,035
-1

Lc
PucyHok b.4 — OnpegeneHve BpemMeHu 0o HackiweHua TT npu nepsom K3

B.3.5 [Ina onpegenenus BpemMeHU o HackiweHus TT npu Bo3HMKHOBeHMM BToporo K3 (npu HeycnewHom AlB) Ha
oc K", | BpemenHbIx anarpamm K" (), NOCTPOEHHBIX B COOTBETCTBUM C B.2.3 Npu @4 < [0,90°] (3HaueHue @yq NPUHATO
paBHbiM 30° npu TpexdasHoM K3 u 48" npw ogHodazHoMm K3, T. K., Npy Takux 3Ha4eHuUsxX onpegenseMoe B COOTBETCTBUN
C 5.2.3 Bpems 00 HackllweHua TT ByaeT MUHUManNbLHLIM, CM. PUCYHOK B.5), He0BX0ANMO OTNOXUTE 3HadeHus A - (1 - K)),
1 onpefennTb COOTBETCTBYHOLLME UM 3HaYeHns ",

K"n.p.(tnac) =A-(1-K),
11 3
- Ans TpexdrasHoro K3 MuHUMarsHoe Bpemsi A0 HackileHnst TT npu @y, = 30°: ¢ ﬁaL =12,2 mc;

- Anga ogHodpasHoro K3 MuHumaneHoe Bpems 4o HackiweHua TT npy @y = 40°: t"Q).c =9,2 mc.
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0 0,005

B.4 PesynbraTthl pacyeta BpeMeHW 0o HacbiweHua TT

0,01

0,015

0,02

Tabnuya b.1 — 3HadyeHnsa BpemeHn OO HacklweHus TT

0,025

0,03
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0,035
tc

PucyHok B.5 — OnpeneneHve BpemeHn go HaceiweHus TT npu BTopoM K3

—— K 1)
— Kup (043)
> A(1)(1-K)
— A@)1K)
— L)

<« thac(3)

y e — pachnyeckm mMeToaom paduyeckum MeTogom
no nacnopTHbIM daHHbIM | C ncnonek3osBaHvem BAX TT
T
t,(,:l. MC t,Qc, MC t,(,gl. MG tr(il)c, MC t,(,:l. MG t,(,“a)c, MC
L - 17,87 8,61 25,5 10,9 26,7 10,6
TPI-¥Y3TM®-500- nepBoM
10PR-2000/1 Mpw
10,12 6,15 10,9 8,6 12,2 9,2
BTOpOoM K3
17
Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 21/32

Crpanuua ookymeHTa - https://GostExpert.ru/gost/gost-71879-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=69754
https://gostexpert.ru/gost/gost-71879-2024?utm_source=pdf&utm_medium=69754&utm_term=page

FOCT P 71879—2024

MpunoxeHune B
(cnpaBo4Hoe)

KpaTtkue cBegeHus o paGOTE TpaHcOopMaTOPOB TOKa B NepexoAHbIX peXXMMaxXx KOPOTKOro 3aMblKaHUA

B.1 Cxema 3amelwieHua TT U OCHOBHbIe BO3AeHCTBYHOLWMKE (haKTopbI

Cxema 3amelleHnss TT npuBefeHa Ha pucyHke B.1. B 3Tol cxeMe NpuHATHI cnegyolwme OonylleHus: npeHebpe-
ratoT akTMBHBIMW NOTEPAMW B CTanu cepaeqHuka TpaHcchopmaTopa U MHAYKTUBHOCTBLIO paccesHWs nepBUYHON 0BMOTKN.

R L,
1 Y'Y Yy
I
—>
4
Ry
in] 3[Lm
LF!
Ly
i'y — NpUBEAEHHBLIA KO BTOPUYHOW OBMOTKE NepBUYHBIA TOK iy (i' = iy/ng.,. tae N, — Ko3huUmneHT TpaHcdopmauum), i, — Tok

HaMarHM4MBaHNs, SBMSIOLLWMACS TaKKe 1 TOKOM NOMPELUHOCTW g = i ; i, — TOK BTOPUYHOW Lenu; L — WHOYKTMBHOCTb HamarHuiMBaHus

Ha TOM Yy4acTKe KPUBOW HaMarHWUYMBAHWS MAarHUTONPOBOAA, KOTOPBIA MOXHO CUMTATb JIMHEWHbIM (40 Havana HacbIWEeHUs);

R, — conpoTueneHne BTOPUYHOM 0BMOTKN NOCTOAHHOMY TOKY; L, — MHAYKTUBHOCTL PACCEAHWA BTOPUYHOMK 0BMOTKU; R, — CONpoTHENEH1e
Harpysku NOCTOAHHOMY TOKY; L, — WHOYKTUBHOCTb Harpyskm

PucyHok B.1 — Pac4yeTHas cxema

MoeeneHve TT B NepexodHOM PEXMME ONPEOENSAOT NOCTOAHHOW BPEMEHW BTOPUYHOIO KOHTYpa, 06pa3yeMoro vH-
OYKTUBHOCTLIO BTOPUYHOTO KOHTYPA, U CyMMAapPHbBIM aKTUBHBLIM COMPOTUBMEHWEM KOHTYpa

L
Tg=—2,
Rg (B.1)
rae Lg — cymMmapHasa WHOYKTUBHOCTb BTOPMYHOTO KOHTYpPA.
Le=L,,+L,+L,, (B.2)
rae L,, — WHOYKTMBHOCTbL HaMarHn4KMBaHus;
L, — WHAYKTMBHOCTbL PACCEAHNA BTOPMYHOWM OBMOTKM;
L, — WHAYKTMBHOCTL HarpysKu;
Rg — daKTuyeckoe CyMMapHOe COMpOTUBNEHNE BTOPUYHOMO KOHTYpa MOCTOSHHOMY TOKY;
Rs=R,+R,. (B.3)

OTHOCUTENBHO TOKA B NEPBUYHON Len B NepexoqHoM PeXUME NMPUHATLI CrieayioLime AonyLWeHns:

- OTCYTCTBYHT COCTaBNAKLLIME BTOPON Y NOCNEdYHLWMX rapMOHUK;

- He YYUThLIBaeTCA U3MeHeHUe aMNNUTyabl NePUOANHECKO COCTABNAILLEN TOKa (NepBoi rapMOHMKK) B Xode ne-
pexodHoro npouecca (HanpuMep, AefCTBUEeM aBTOMATUYECKUX PErynATOPOB BO3OYKOEHWA reHepaTopoB U BCNeACTBUE
ANEeKTPOMEXAHUYECKNX NEPEXOAHLIX MPOLECCOB).

Tok B NepBUYHONM LENX B NEPEXOQHOM PEXUME XapakTepuayeTcs, Kpome athheKTUBHOIO 3Ha4eHWs Nepuoauyeckoit
COCTaBNAKLLEN, HANMYMEM anepuoguYeckoi CocTaBnNAKLLEN (Ha pUcyHKe B.2 3Ha4YeHUs ToKa NepexodHoro pexmnMa npu-
Be[eHbl B OTHOCUTESbHBLIX EAMHULIAX, CYMTAsA 3a eAUHMLY aMMNUTYOY NepuogUYecKoi COCTaBNALLEN TOKa).

Konn4yecTBeHHO XapaKkTepUCTUKMA anepuognyeckoi COCTABMSAIOWEN ONpenensTcs AByMs napamMeTpamu: gasoi
NepUOAMYECKOi (CUHYCOWAANBHOM) COCTABNALEN TOKA B MOMEHT €r0 BO3HWKHOBEHWS @, 1 MOCTOAHHON BPEMEHN 3a-
TyXaHWs anep1Moauyeckoi cocTaBnsalowen Toka T, B CETW, B KOTOPYIO BKITKOYEHa NepeuYHas 0bMoTKa TpaHcdopmaropa.
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i;(t)=M

HOM

) TﬂsintpHaq—sin(w-thHaq) . (B.4)

roe w — yrnoeasd 4actota, COOTBETCTBYHOLAA HOMUWHAanNbLHOW YacToTe HanpaxeHua ceTn fHOM:
W=2" 7 Fg (B.5)
,D,.ﬂﬂ cny4an, Korga ToK I'IEFJBVI‘-IHOI?I 0BMOTKU C MakcUManbHbIM cogepxaHnem anepmo,qmqecxoﬁ CDCTaBJ’IﬂPOLLI,Eﬁ (Ha-

YanbHoe 3HayeHWe KOTOPOW paBHO aMMiMTYOHOMY 3HAYEHWK NepUoaUYECKOW COCTaBMANLLEN ToKa) BhipaxeHue (B.4)
Ons Toka byaeT cnegyoLwnm:

f
L] . =
A ’1 Vz T
- a4 .
i(t)= oo {e cos{w- 1)}, (B.6)
roe /; — [EencTBYIOLLEE 3HA4YEHWE NEePUOAMYECKON COCTABNAIOLEN NEPBUYHONO TOKA;
t — TeKkywee Bpems.
MpumeyaHune — B oblwem cnydae B NEPBUYHOM TOKE MOXET COAEPKATECH HECKOMBKO COCTABMANOLWMX TOKa

C pa3HbIMW MOCTOAHHBIMW BPEMEHM 3aTyXaHWsa anepuoguyeckux COCTaBndalowmx. B Takmx cnyyanax MOXHO MpUMeHUTb
NPUHLMM HANOKEHUS, BbIYMCNAA COOTBETCTBYIOLLME COCTABMALLME MarHMTHOMO NOTOKa OT KaXKA0W COCTABMALLEN TOKa U
onpenenssa pesynsrat Kak CyMMy COCTaBnAlLWwmX, NMBo Ncnonb3oBaTh IKBUBANEHTHYIO NOCTOAHHYIO BPEMEHW, HAanNpumep
B COOTBETCTBUK C chopmMynoit (1).

B.2 BbipaxeHusi AN NOTOKOCLENNEHUA U TOKa NOrPeLIHOCTU
Mpouecchkl B cxeMe Ha pucyHke B.1 xapakTepuzyeT crieflylollee ypaBHeHMe:

. d .'_.m
dp_ (), i )+f_:.(,1-:,,,). B

YuuTbiBas, YTO MHOYKTMBHOCTb BETBM BTOPWUYHONO TOKA B BOMbLUMHCTBE CIy4aeB MHOMO MeHblUe MHOYKTUBHOCTU
HamarHuunBaHua, T. e. L, + L, << L5, MOXHO npeHebpeyb ANS YNPOLEHNA NepBLIM YNEHOM B NPaBoii YacTk ypaBHEHUs 1
paccMaTpuBaTb ypaBHeHUs ANs Toka HaMarHUYMBaHUS 1 NOTOKOCLENNEeHUs) MarHWTONPOBOA4A B CredyrlweM BUae:

dl.m Rs(.' . ) i1—fm
— =7 M —ip)= i :
dy o
ar ~Rs (=i} ®.9)
[na ycTaHOBMBLLErOCA PeX1Ma NepBMYHOTO TOKa pelleHnamu byayT:
() = = ) hax Sin(wt), (B.10)
WD) = =W SIN(WI), (B.11)
roe
i __ 2
m.max om0 Ts 6.12)
_h2-Rg
max Mo - W (B.13)
19
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[nsa nepexogHoro pexuma yoobHo BbipasnTh pelleHre B Be3paszmepHor hopmMe B BUAE NEPEXOAHOro Koadhduium-
€HTa, NpUHAB 3a Ba30Bble 3HAYEHUSA aMNNUMTyAHbIE 3HAYEHUS YCTaHOBUBLLUErocA pexuma. beapaamepHasa dyHkuus Bpe-
MeHu ByneT oAMHAKOBOW U ANS TOKa NOrpeLlHOCTU, U ANA NOTOKOCUEenneHus

imlt Wit
Kn.p(l‘)=—,'"() =—q,( ). (B.14)
m.max max
MonHoe pellenve ana K, , (f) cocTaBuT:
T, T e~ T - 1
Weig: T, T, w- T .
K (t)]=—2S|gla_efs |4 —85 _lg's —1/1+(u1-T Psin| w-f+arctg—— |}. B.15
"-p() Ta_TS 1+(wTs)2 s W'Ts (B.15)
Mocne ynpolleHuid, CBA3AHHbIX C TEM, YTO, KaK Npasuno, w-Tg >> 1, BoipaxeHue (B.15) npuHumaeT Bua:
T,-T = -
Kiip (1‘)=m e =—e 'S |-sin(w-f).
Ly Ta—Ts (B.16)
= 12
2 3 3
¥ 4

) DT S

Kn.p ommb.max

1
, [

u///\/\/\/\f/\ ANNNN
VAVAVAVAVEVAVAVIVAVEVAVEVL

0,05 0,15 0,25

5

1 — nepuoauyeckas CoCTaBnaALLasn NOTOKOCLENNEHUs; 2 — anepnoamyeckan CoCTaBNAWAA NOTOKOCLENNEHNS; 3 — pe3ynsTupytoLee
noToKocuenneHue nepexogHoro pexxunma K3; 4 — orubatowwan

PucyHok B.2 — Npumep u3aMeHeHnsa NOTOKOCLENMEHUS BO BPEMEHU

MrHoBeHHOe 3HaYeHue NOrpeLiHOCTU MepexodHOro pexnMa B KaXdbli MOMEHT BpeMeHW NpUHMMaeT 3HadeHue
Bornbluee, N0 CpaBHEHMIO C aMMNNUTYO0N NOMHON NOTPELIHOCTH YCTAHOBMBLLErOCA PEXKMMA, U MaKCUMYM MIHOBEHHOI no-
TPELIHOCTM COOTBETCTBYET K, ; 46 max (PUCYHOK B.2).

[ns ynpouieHns onpefeneHns MakCMMansHOro 3HadeHma K,

} n.p.0oru6.max MOXHO MPUHSATE €r0 PaBHBIM MakcUMyMy
orubatoLLeit NUHAN K NI K, | ().

20
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BrlpaxeHune ana ornbaroLlei:

t f

w-,Te|l "7 "Te
K f)=ml 8 & e 18 |41, B.17
n.p. omﬁ( ) T,~Ts ( )
MOMEHT HacTynneHus Makcumyma ornbatoLLein paseH:
T, T T
fnax =—2——-In-2&

W 3Ha4YeHMe MakcMMyma onpegensioT no BeipaxeHuto (B.17) nogctaHoBkon (B.18). MNocne npeobpazoBaHui:

Ts Ta
w-Ty-Ts [&JTS‘E _(EJTS'T” 1. (B.19)

K =
n.p. omG.max Ta — TS TS TS

dakTnyeckn KoathpULNEHT Kn_p_(t) NnoKasbIBaeT, BO CKOMbKO pa3 anepuoguyeckan coctaenaowan toka K3 yeenu-
YMBAET MOTOKOCLIENSIEHWE NO CPAaBHEHUIO C TEM, Kakoe Bbino Obl Npy NeproguyeckoM TOKe NMpU TOW e Harpyske. B Ho-
MWHanNbHbLIX AaHHLIX TpaHcdopMaTopa ecTb KO3 OUUMEHT Kn_p_HDM, KOTOpbLIM XapakTepuayeT TouKy Ha BAX, 0o KoTopon
W3roTOBUTENb AOMKEeH 06ecnedYnTs OTCYTCTBUE HACBILEHUS NPY BCEX MPOYMX NapameTpax, paBHbIX HOMUHAmNbHBIM. YC-
NOBMEM OTCYTCTBUS HAcbILEHUS TpaHcopMaTopa B 3KCNNyaTauum npy KOHKPETHBIX NapaMeTpax Harpy3ku U nepBu4HON

CEeTHN, KOTOpPbIE MOTYT OTNM4YaTbCA OT HOMKWHAINbHbIX, ABNMAETCA

A'(1_Kr)

- 21 B.20

Kn.p. max ( )
rie A — KO3(PPULMEHT, YYUTLIBAKOLWMWA COOTHOLWIEHWE Mexay MakcuMmarnbHO OoNycTUMbIMK napametrpamu TT u

peanbHbBIMKW NapamMeTpaMi B MECTE €ro YCTaHOBKU:

A= J'1 HOM 'KHUM 'Kn.p.HOM \/(RZ +RH.HOM )2 +(X2 +ZH.HOM -sin Ph.Hom )2

2 > : (B.21)
fes (R + Ry gpar )2 +w - (Ly + L parr
rne |, — peanbHOe 3Ha4eHWe NeproanYeckoll COCTaBMNALLEH ToKa NepBU4HOR 0BMOTKM Npu K3;
R om ¥ RH.CbaKT —  HOMWHanbHOE U (haKTUYECKOE CONPOTUBMEHUS HArPY3KM NMOCTOAHHOMY TOKY;

Z,, omSIN®, ow Y Lqu_r —  HOMWHanbHaA U chakTUYecKas MHAYKTUBHLIE COCTABNALINE CONPOTUBNEHUS Harpy3Kku;

R, — CONpOTWBMEHWE BTOPUYHON OBMOTKM NOCTOAHHOMY TOKY;

X5 — WHOYKTUBHOE COMPOTUBMNEHWE BTOPUYHON OBMOTKM;

Kpax — MaxcumanbHas npeferbHas KpaTHOCTb;
L, — WHOYKTMBHOCTb paccesiHvsi BTOPUYHON 0BMOTKM (eCnK eto Henb3asA npeHebpedb).

B tex cnyyasx, korga ycnosue (B.21) He yaaeTca BbINONHUTL, NOTPEBUTEND BAXKHO 3HATh BPEMS A0 HACLILEHUS.
OHo onpegensieTcs U3 ypaBHeHWs

K

n.p.orud

(t)—A (1-K)=0. (B.22)

Beuay TpaHcueHOeHTHOCTU BoipakeHus (B.17) ana Kn_p_omﬁ_{t) TOYHOE pelleHne ypaBHeHWs MOXeT OblTb HaaeHo
YUCNEHHBIMWU METOAAMM, HaNPUMepP METOAOM NocnenoBaTenbHbIX NPUBNMKeHUA. [na npubnmKeHHONW OLEHKM BPEMEHW

A0 HacbllWeHus (', ) MOXET BbITe NPUMEHEHO YMPOLLEHHOE BblpaXeHue
w-T
t..=T-In 4
i w-T-A-(1-K,)+1 (B.23)

roe T — HauMeHbLlee U3 ABYX 3HAYEeHWI MOCTOAHHLIX BPEMEHN Ta_ ] TS.

21
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BhipaxeHue (B.23) nmeeT pelueHne npu ycroBumM cobnogeHns OABYX HEPABEHCTB:
w T+1>A (1-K), (B.24)

A-(1-K)>1. (B.25)

[Mpw nogcTaHoBKe peanbHbIX 3HAYEHWM OHWM MOryT He Bcerda bbiTe yooBneTBopeHsl. HeBbINONHeHWe NepBoro He-
paBeHcTBa (B.24) HeceT h13NYeCKUI CMBICT, YTO TOMKa NepeceyYeHus KpUBOW M3MEHEHUS MOTOKOCLENNeHUs ¢ YpoBHEM
HaCbILWEHWs OTCYTCTBYET, TO CTh HACLILLEHUA He HAcTynaeT U COOTBETCTBEHHO HE CYLLECTBYET W BPEMS HAChILLEHWS.

[Mpn HeBEBINOMHEHMW BTOpOro HepaeeHcTBa (B.25) Touka nepeceveHus YpoBHA HackIWEeHUs ¢ orubarollein Kpreon
W3MEHEHWA NMOTOKOCLENMEHWA HAXOAUTCA B OTpUMLUATENBHOW 0BnacTu ocn BpeMEHHU, TaK Kak YPOBEHb HACLILLEHWS MEHb-
e, YeMm amnuTyga nepuoaryeckor cocTaBnalwein notokocuenneHus. B atom cnyqae A - (1 — K) < 1 u cepaeqHnk
TpaHcdopmaTopa ByaeT HackILWaTbCs 3HaAKoNepeMeHHO Ha Kaxkapblld MoMynepuos ToKa NPOMBbILLNEHHOW YacToThbl.

BeipaxeHue (B.23) gaeT HECKONMBKO MeHblUee 3HaYeHne BpeMeHU 0 HachILWeHWs, YeM TOYHOe peLleHWe ypaBHe-
Hua (B.17), yto rapaHTMpoBaHHO obecneymBaeT OTCYTCTBUE HackiweHua TT oo atoro BpemeHu. Ecnu Tpebyetca 6onee
TOYHasA OUEHKa, UMW BpEMS A0 HACkILLEeHWA cocTaBmno MeHee 15 Mc, cnegyeT NpUMeHsATE Apyre, HanpuMep YUCHEeHHbIE,
MeTodbl ONs pelleHus ypasHeHun (B.8) u (B.9).

B.3 Paborta B umMknax AlNB

Onsa TT, npegHazHavyeHHbIX ANSA YCTAHOBKW B TEX TOYKaX CeTeN, rae Bo3mMoXHO npumeHeHne npu K3 AlNB, Hopmupy-
€TCH CTaHOAapPTHBIA UMK, cocToAwmiA 13 aByx K3 1 6ecTokoBow nay3sl Mexay HUMK (cMm. pucyHok B.3). B kauecTee Hanbo-
nee TsKenbIX YCNOBWIA paccMmaTpuBaloTcs Takue, Korda B oboux K3 anepuogmnyeckas cocTaBnsatolLas UMeeT OgHY 1 Ty e
nonsapHocTb. MNpu 3TKX ycnoBusix TpaHcopMaTop CHMTalT YAOBNETBOPSAOLMM HOPMUPOBAHHbLIM TpeGoBaHMAM, ecrnv OH
BbILEPKMBAET NOKA3ATENN, XapaKTepuUayioLmMe Krnace TO4HOCTU B Tedenune Bpemennt' ut"  roet'  t"  — 6Gonbwe
WK paBHO MUHWMAnNBHO HEOBXOANMMOMY BPEMEHW AOCTOBEPHOIO M3MEPEHWUS 3HAYEHUA TOKa, NpKU KoTopoM obecrneunsa-
eTcs npaeunbHana paboTa PyHKUWMIA peneiHon 3allMThl, peann3aoBaHHbIX B YCTPONCTBE peneinHon 3allnTel U1 aBTOMaTUKK,
B NepexogHbIX Pexumax, CONpoBOXOALMXCA HackiweHneM TT, B NepBOM M BO BTOPOM K3 COOTBETCTBEHHO.

Beck npomexyToK BpemeHn paboTel TpaHcopMaTopa B 3TOM Cry4ae COCTOMT M3 HEeCKOMbKUX WHTepBanoB. Kax-
AbliA N3 MHTEPBANOB BPEMEHW MOXKET paccMaTpyUBaThCs N0 OTAENBHOCTH, HO C YH4ETOM HavanbHbIX YCNOBWIA, CO3AaHHLIX B
pe3yneTaTe Npolecca Bo BpeMs npefpiayLlero uHTepeana.

Beipaenue (B.16) ana uHtepeana spemenu nocne t, (BpemMs BO3HUKHOBEHUA BTOporo K3), npuHuMaeT Bug;

T.T iy _thay
w- o T. T :
Kop(t}=Knp (t2)+—_r aT Sle Ta _¢ Is —sm[m-(t—tHaq)], (B.26)
a '§
roe Kn_p_(tz) — 3HayeHue ko3(pULMEHTA NEPEXOOHOMO PEXMMAE B MOMEHT BO3HWKHOBEHUA BTOporo K3;
t, — BpeMsi BO3HUKHOBEHMA BTOporo K3.

212

112 (\ﬂf\ﬂ ; (\ﬂ L4,

BN ALiiii i

Koplf) ‘(1-11) _(t-tq)
K. p{te T Koplta)e Tg
site Ts N e

- AUI\U UﬂUﬂ\/
) N T K.t
| Y]

15

2)*Knp(t-tz)

5

f1= ty=testlg t3=tar+ter o
0 0,1 0.2 03 04 05 0,6 0,7 Le

PucyHok B.3 — Pabota TT B unkne AlNB
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[ns MOMeHTa BpeMeHW BO3HWKHOBEHWA NepBoro K3 Takke, Kak U Npu ognHovHoM K3, Kn_p_(O) = 0. na sToporo K3 B
uukne AlNB B Ha4anbHbI MOMEHT BPEMEHW paBeH i, = {4 + {5 ., Kn_p_(tz) paBeH 3HAaYeHWo KoaddULUMEHTa NEPEXOOHOro
peXrMa B MOMEHT OKOHYaHUA BecToKOBOIN nayabl.

Bo Bpems BGecTokoBoi naysbl Kn_p_(t) W3MeHseTcs (3aTyxXaeT) Mo 3KCNOHeHUManbHOMY 3aKOoHY, HauuMHas OT Takoro
3HaYEHWA, Kakoe OH MMen B MOMEHT MPEeKpaLleHns TOoKa, C MOCTOSIHHOW BpeMeHW BTOPUYHOMO KOHTYpa, MpuyemM OTcHeT
BpEMeHW MaeT oT Havana becTokoBoW naysbl:

_ttar
Kop(t)=Kop(tat)e ™5 . (B.27)

B.4 BbipaxeHua ansa onpegeneHUs norpewHocTen

[na tpaHcdopmatopoe knacca TPY, TPE HopMmupyeTca Hanbonbllee 3Ha4eHne MIHOBEHHOW MOTPELLHOCTU B Nepe-

0,
XOOHOM PEXUME £, Yo, KOTOpO€ COCTaBnAeT

max (K, (¢
Bicss =%-100 %, (B.28)

rae max(K, o (f)) — makcumanbsHoe 3HaqeHue K (t) BO BCEM WHTepBane BpemMeHMW.
[na TpaHcdopmaTopor knacca TPZ HOpMIpryeTCFl nepuoauyeckas CoCTaBNAKLAsA NOrPeWHOCTA £, . .y 70, Bbl-
pakaloLanca Kak

1
€5c max =w’__rs‘100 %. (829)
Mony4yeHHble 3Ha4YeHUsA He OOIMKHbI NpeBbiaTh 3Ha4YeHW, ykasaHHblx B TOCT P 70507.2. BreipaxeHus (B.28) u
(B.29) cnpaBednuBbl TOMBKO MpuW OTCYTCTBUUW HAckILLEHUs MarHUTONPoBoaAa TpaHcdopmaropa.

B.5 PaGoTta npu QOCTMXEHMWU YPOBHA HaCbILWEHUA

MonoxeHue o paseHcTBe K, (f) ANA Toka NOrpeLHocTH u Ana notokocuennenus (B.14) cnpaBeanueo Tonbko Ha
YyYacTke KpYBOW HamarHu4nsaHus ( EAX) KOTOPYIO MOXHO CYMTATb TMHENHON, T. €. OT HYNsA A0 Havana y4acTka Hacblle-
HWA. [pn OCTUNKEHUW YPOBHA HACLILEHWS XapakTep UX U3MEHEHUS CTaHOBUTCS pas3nuyHbiM. Ecnn HacklWeHne orpaHu-
YMBAET POCT NOTOKOCLENMEHNs, TO TOK MOrPELUHOCTH (TOK HaMarH4MBaHua) pesko Bo3pacTaet. Ha pucyHke B.4 npuegeH
TOT e NpUMep, YTo Ha pucyHke B.3, HO ¢ 3agaHHbIM YPOBHEM HaCbILEHWUS], COOTBETCTBYIOLLMM Kn_p_(t) =9

15 T, I I
i) I
Ana MarHWTHOrO NoToKa YPOBEH HACHILEHNA
10
. NV — | r —
/v ~———
0
tc
15 [ip [inf ToKa HAMATHMYMBAHNS !
{ToKa norpewHoecT) YpoBeHE HaCkIWEHWA
" \/\/\\
5 I —— —
B
: lec
PRLU) I
BTOpUdHBINA Tok A
1 n ‘ i
JULLUL HULULLAA
o AN
-1
0 01 0,2 03 0.4 0,5 0,6 0,7 tc
PucyHok B.4 — Pabota TT npu HanM4nMu HackiLLeHnA
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[Mocne MoMeHTa OOCTMMXEHWUS! YPOBHSI HACbILLEHWA MpPoLecc BO BTOPUYHOM KOHTYpPEe YXe He COOTBETCTBYET Bbl-
paxenuam (B.15), (B.16), (B.17) no camoro koHua npoTekaHusa Toka K3, HecMOTps Ha To YTO MOTOKOCLENMeHe MOXET
CHU3UTLCSH HUXKE YPOBHS HachILeHUs paHblue. [ins 6ecToKOBOW Nay3bl MOXHO cYATaTb NPUMEHUMBIM BblpaxkeHue (B.27),
C TOW pa3sHuLIel, YTO 3a Ha4YaneHoe 3Ha4YeHue crnedyeT NPUHUMAaTE YPOBEHb HAChILLIEHUS.

3HavyeHre BpeMeHu 0 HacbkiWweHus B nepeomM K3 MoxHO onpenenyTs no BelpaxeHuto (B.23). [lns BpeMeHn Hacbl-

lieHus Bo BTopom K3 t", .. cnieAyeT y4ecTb HadvarbHoe 3HadeHne B MOMEeHT Hadana BToporo K3 K, ,, ():

t"ac =TI Xl
Hag 0T+ Ky, (b)) - A—K)+1 (B.50)
HepaeeHctea (B.24) n (B.25) B aTOM cny4yae npMHUMatOT BUA!
w-T+1>A(1-K) - Kn_p_(tQ), (B.31)
A(1-K)- Kn,p_(tz) >1. (B.32)
24
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Bubnuorpadcgun

[1] MNpaBuna TeXHONOrMYEeCKoro (hyHKLMOHMPOBAHWS 3NEKTPOIHEPreTUHECKNX CUCTEM (YTBEPKAEHbI NOCTaHOBNEHN-
em [NpaButensctBa Poccuiickon ®epepaumn ot 13 asrycta 2018 r. Ne 937)
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YOK 621.311:006.354 OKC 27.010-01

Kntoueskle crioea: peneﬁHaﬂ 3aunTa, TpchcboprwaTop TOKa And 3alnThbl, HaCcbliLWEeHWe, KOPOTKOE 3aMblKaHWe
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