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HacTosawmin ctaHaapT pacnpocTpaHseTcs Ha 3MeKTPOYCTaHOBKM MOCTOSIHHOMO TOKa, B KOTOPbIX MCTOYHUKAMU SHEPTn
NMOCTOSIHHOIO Toka (NpeobpasoBaTensMm) ABNSIOTCS:

- CBMHLOBO-KUCJIOTHbI€ aKKyMYNATOPHbIE 6aTape|/|;
- MalUnHblI NOCTOAHHOIO TOKa napannefnbHOro BO36y)KJJ,eHVIF|;

- TpeX(pa3Hble BEHTUINbHbIE NONYNPOBOAHMUKOBBLIE BbINPAMUTENN, BbINONTHEHHbIE MO CXemMe OBe 06paTHbIe 3Be3abl C
YPaBHUTEITbHbIM PEaKTOPOM;

- TpexcdasHble BEHTUIIbHbIE MOMYNPOBOAHWUKOBLIE BhINPSIMUATENM, BbIMOMHEHHbIE N0 CUMMETPUYHON MOCTOBOM CXEME.
CTaHQapT He pacnpocTpaHsaeTcs Ha ANeKTPOYCTaHOBKW MOCTOSIHHOTO TOKa HanpshxeHWeM Bbille +750 kB.

CTaHZapT He pernamMeHTUpyerT:



- MeTOAMKYy pacyeTa TOKOB Mpu BHYTPEHHUX MOBPEXAEHUAX B WCTOYHWKAX IJHEPrMM MOCTOSHHOTO Toka
(npeobpasoBaTensx) (Npy 3amMmblKaHUM MAACTVH B aKKyMynsiTopax, Npyu 3aMblKaHUM BUTKOB U CEKLMIM 0OMOTOK B MalLMHaX
MOCTOSIHHOTO TOKa, NMpY NPOBosiX BEHTUIEN B NpeobpasoBaTensx);

- mMeToamky pacyeta TokoB K3, yuutbiBaiowyio passutne asapum (K3 B ceTum MOCTOSAHHOrO TOKa W BHYTpPEHHee
noepexaeHue);

- MeToAuKy pacyeTa TokoB K3 npu CnoxHbIX BuAax noBpexaeHnin B CETN NOCTOAHHOro Toka (K3 nontocHbIX NpoBoAos -
OTXUT NPOBOAA - 3aMblKaHVe NPOBOAA Ha 3EMII0);

- MeToauky pacyeta TokoB K3, yuuTbiBalOWyl B3aMMHOE BRMsiHWE 4epe3 obLyld BeTBb TOKA WCTOYHWMKOB
(npeobpasoBaTternei) NOCTOSHHOIO TOKa pa3HbIX BUAOB (TUMOB);

- METOAUKY pacyeTa TOKOB K3, Y4UTbIBaKOLLYIO 3N1eKTpoMexaHn4eckmne nepexoHble peXXnumMbl 3rIeKTPUYHeCKUX MaLlunH;
- METOAUKY pacyeTa TOKOB K3, y4nUTbiBaOLWYO pacnpeneneHHOCTb napamMeTpoB ANMMHHbIX JIMHUIN NOCTOSIHHOIO TOKa;

- METOAMKYy pacyeTa TokoB K3 B crieumanbHbIX YCTAHOBKax (aBTOHOMHblE CUCTEMbl, YCTAaHOBKM MOCTOSIHHOMO TOKa
NOABWXHOrO COCTaBa);

- MeToauky pacyeta TokoB K3 B kaHanax MI'1-ycTaHOBOK;

- MeToauKy pacyeTta TokoB K3 C y4eTOM HenMHEMHOCTEN 3NEKTPUYECKUX XapaKTePUCTUK MaLUUH MOCTOSIHHOIrO TOKa,
TOKOOrPaHNYUBAIOLLMX U CrMaXMBaKOLNX PEaKTOpPOB.

Bce TpeﬁOBaHVIH CTaHAapTa ABNATCA obs3aTenbHbIMU.

1. OBLUWMUE MNOJIOXKEHUA

1.1.AcxoaHble nonoxeHns

1.1.1. HacToswmii ctaHgapT yctaHaBnmBaeT obLUy0 MeToamKy pacyeTa TokoB K3 B aneKkTpoycTaHOBKax NOCTOSIHHOMO
TOKa B HayarbHbIA M NPOM3BOSbHBIN MOMEHTBI BpeMEeHW, HeobxoanMbIX AN BbIbopa anekTpoobopyaoBaHMs 1 NMPOBEPKN
ero no ycrosuam K3, ansa Bbibopa ycTaBOK M OLEHKM OENCTBMSA 3aluT M aBTOMaTUKWU, AN pacyeTa 3a3eMnsioLmx
YCTPOWCTB.

1.1.2. CTaHgapT ycTaHaBnvuBaeT MeTOAMKY pac4eTOB TOKOB MPW 3aMblKaHWW MOSIOCOB CETU MOCTOSHHOrO TOKa, a
Takke Npu 3amMmblkaHUK NOOCa Ha 3eMnio (KOpnyc) 3a3eMeHHON CeTn.

1.1.3. BenunuuHbl, nognexawue onpegeneHvio, u OonycTMMmasi NorpelHocTb pacyeTtoB TokoB K3 onpepenstorcs
ykasaHHbiMM B n.1.1.1 uenamu. [na Bbibopa anekTpoobOopyaOBaHUS M 3aWwUT AOMYCKaTCA NPUONMKEHHbIE MeTOoAbI
pacyeTa. OnpegeneHunto nognexar:

- 3HaveHune Toka K3 B Liensix NOCTOAHHOIO TOKa B MPOM3BOMbHbBIN MOMEHT BPEMEHMW;

- MakcumarnbHoe (NMMKoBoe) 3HayeHne Toka K3 B Liensx noCTOAHHOro TOKa;

- yoapHbli Tok K3 B Lensx nepemMeHHOro Toka BEHTUITbHbIX MpeobpasoBaTtenen (npu Tpex- n AByxdasHbix K3 B
BEHTUNbHbLIX 06MOTKax Npeobpa3oBaTenbHbIX TPAHCOPMaTOpPOB);

- MakcumMarbHOe 3Ha4YeHue ycTaHoBMBLUErocs Toka K3 B Liensix NOCTOSAHHOTO Toka BEHTUINbHBLIX Mpeobpa3oBaTenen;
- MMHUMarbHOE 3Ha4YeHMe yCTaHOBMBLLIErocst Toka K3 B Liensix NOCTOSIHHOTO TOKa BEHTUIbHbLIX NpeobpasoBaTtenei.
1.2. VicxoaHble aaHHble

1.2.1. Ons pacyeta TokoB K3 B 3neKTpOyCTaHOBKAx MOCTOSIHHOIO TOKa HEOOXOAMMbI [OCTOBEPHble AaHHblE O
napameTpax UCMosSib3yeMOro 3NeKkTpooGopyA0BaHUS.

1.2.2. MNpuBefeHHblE HWXE pacyeTHble MEeTOAMKU YCTaHaBIMBAKT CBSI3b MapameTpoB 3MneKTpooGopyaoBaHUs C
napameTpamy 3KBUBANEHTHbIX CXEM 3aMELLEHUs, MO3BONSIOLLYI0 YYECTb €0 OCHOBHbIE XapakTepUCTUKU.



1.3. CxeMbl 3ameLLeHns

1.3.1. SneKTpooﬁopy,u,osaHme YCTaQHOBOK MOCTOAHHOIO TOKa B CxeMax 3aMelleHud, COOTBETCTBYHLKMX pacCHETHbIM
cXemawm, crnenyet yuYnTbiBaTbh 3fieMeHTaMn C cocpenoTo4YeHHbIMU napaMeTpamMi.

1.3.2. Bce aneMeHTbl CxeMbl 3aMeLleHUsl, KpOMe 3reMeHTa, 3aMeLlalollero 3nekTpuyeckylo ayry, AonycTuMo
cuuTtatb ObnagavWmMMM MMHENHbIMU XapakTepucTMKamu, T.e. WX CaMOVMHAYKTUMBHOCTb W B3aMMOWHAOYKTUBHOCTb,
KO3(pPULNEHT MArHUTHOrO paccesHusl, a TakkKe INEKTPUYEeCcKoe COMPOTUBMEHUE MOCTOSAHHOMY U MEepPeMEHHOMY TOKY
NPUHUMAaTb HEU3MEHHBIMU, HE 3aBUCALLIMMUN OT 3HAYEHMWS TOKa U HanpshKeHUs.

1.4. NapamMeTpbl CXeM 3ameLLeHns

1.4.1. NapameTpbl cxeM 3amMeLLeHns MOryT ObiTb BblpaXeHbl Kak B MUMEHOBAaHHbIX, Tak U B OTHOCUTENbHbLIX eAMHULaX.
MpeanovtTuTeneHO NCNOMb30BaHME CUCTEMbI MIMEHOBaHHbIX €4MHUL,.

1.4.2. MapameTpbl 3aNEMEHTOB CXEMbI 3aMeLLEHUS criefyeT OTHOCUTb K CTYMEHN HanpsXXeHNs ceT NOCTOSIHHOMO TOKa.

1.4.3. Tpn pacyeTax TokoB K3 B anekTpoycTaHOBKax, B KOTOPbIX WCTOYHMKamMu 3Hepriu (npeobpas3oBaTensmMu)
ABNATCA TpexdasHble BEeHTUMbHbIE BbINPAMUTENWN, COCTaBMEHNE CXEM 3aMeLLeHns TpexdasHblX Lenen nepeMeHHoro
TOKa, a TaKke onpeferieHne napamMeTpoB PasfNYHbIX INEMEHTOB W MPUBEAEHUE WX K OZHOW CTYMeHW HanpsiKeHus
cnegyet nponssoautb B cootBeTcTBUM ¢ FOCT 27514.

[Mpu ynpoLueHHbIX pacyeTax JOMYyCTUMO UCTOMHUKN 3Heprum (NpeobpasoBaTeny) B CxeMax 3aMeLLeHns NpeacTaBndTb
SKBMBANeHTHbIMW NapaMmeTpamMmn, KOCBEHHO Y4MTbIBaOLWMMN NapaMeTpbl CXEMbI U Pexmma nuTatoLLen cetn NnepeMeHHoro
TOKa.

1.5. Vcnonb3oBaHne 3BM

1.5.1. 3BM pekomeHayeTCcs Mcnonb3oBaTb MPW MacCoOBbIX pacyeTax TOkoB K3 Ans OueHKM aBapuiHbIX PEXMMOB

obopynoBaHMSA 3NEKTPOYCTAHOBOK MOCTOSIHHONO TOKa, a Takke MPU pacdeTax NepexofHbiX PEeXUMOB perynmpyembix
BEHTUNbHbIX NpeobpasoBaTenen, B YacTHOCTU, Npeobpa3oBaTenen anekTponepeanayd UM BCTaBoK NOCTOSHHOMO TOKa.

2. PACYET TOKOB K3 B 3JIEKTPOYCTAHOBKAX, MONY4YAKOLWNX MATAHUE OT
AKKYMYJIATOPHbIX BATAPEU

2.1. UcxopHble aaHHble Anst pacdeTa U nx ycrioBHble 0603Ha4eHnst

2.1.1. F'eomeTpuryeckne napameTpbl NIIACTUH CBUHLIOBOIO aKKymMmyndaTopa:
k- BbICOTa 3MIEKTPOAHbIX NITACTUH, M;
d - AONWHa 3NeKTpOoaHbIX NacTuH, M;

{ - paccTosiHVe Mexay aneKTPOAHBIMU MIACTUHAMM, M.
2.1.2. Yncno anemMeHToB akKyMynaTopHon 6atapen:

X - 4Mcno nocrnenoBaTenbHO COeANHEHHbBIX 3IEMEHTOB;
#? - yncno napannenbHO COeAMHEHHbIX ANIEMEHTOB.

2.1.3. HavanbHble napameTpbl:

qn - Ha4anbHaA OTHOCUTENbHaA NTIOTHOCTb 3NIEKTPONINTA;

R3|:| - Ha4YanbHOE ConpoTUBIIEHUE ANEKTponunTa, Ow;



+ <
RD - Ha4anbHoOe conpoTuBieHmne NoJIoXNUTes1ibHOU NNacTUHbI, Owm;

K. - HavanbHoe conpoTuBnexme cenapatopa, Om.

2.1.4. ONeKTPOXMMUYECKMNE KOHCTaHTbI:

L} - koacpcbmumenT anddysum noros Hl1y gl :

y -1 -1
M - nonoxutensHas KOHCTaHTa, XapaKTepU3yoLLas MHTEHCUBHOCTL 3NEKTPOAHBLIX peakumi, MOIE ' I " M*' A7 ;

-1
¥5 - YAenbHasa aneKkTponpoBOAHOCTL 3nekTponnta, CI'.'I "M

gll gzl - nonoXxutenbHaa U oTpuuaternibHaAa KOHCTaHThbI, onpeaendemMble npu anpokcnMmaunm ypaBHeHVIVI HepHCTa,
-1
B/(MoNE 1 7).

2.1.5. PacyeTHble 3Ha4YeHusi napameTpoB akkymynatopa CK-1 1 3HauyeHUsi aneKTPOXMMUYECKUX KOHCTAHT CBUHLIOBO-
KMCIOTHBIX aKKyMYNATOPOB NPUBEAEHb! B MPUIOXKEHUN 1.

2.1.6. OnpegensemMble napameTpbl (MPOMEXYTOYHbIE), UCMONb3yeMble NP pacyeTax:

B - KkoHcTaHTa, xapakTepusyiollasi yOenbHOe COMPOTUBMEHUE JMeKTPONUTa MNpU 3aAaHHONM KOHLEHTpaLun W
Temnepartype, Om/m;

ED - obpatumas 3[4C akkymynsaTopa, B;

EH - 3C nonsipmsaumun akkymynatopa, B;

EBT - BHYTpeHHsa SM1C akkymynsTopa, HaXoAsALWerocs B pexvmMe KpaTkoBpeMeHHOro pa3psaa 6onbLmnm Tokom, B;
rpachuyecky onpeaensioT Kak TOUKY nepeceveHunsi CNpsMIeHHON BOMbT-aMMNePHOW XapakTEPUCTUKN C OCbO OPAUHAT;
RBT - BHYTPEHHee conpoTuBReHne akkymynsaTopa, Om.

2.1.7. NapameTpbl, XapaKTepun3yrLLMe CeTb NOCTOSHHOIO TOKa:

RBI.L[ - aKTUBHOE COMpPOTUBIIEHNE BHeLWHel ceTu (uenu K3), Owm;

an - aKTUBHOE COMpPOTUBIIEHNE OLWMHOBKKU, OMm;

Rnﬁ - aKTUBHOE conpoTuBreHne kabenewn, Owm;

Rnp - aKTUBHOE COoMnpoTUBNeHne nposoaos, Owm;

RTK - aKTMBHOE COMPOTUBIIEHME TOKOBBIX KaTyLLEK OTKMoYaLwmx annapaTtos, Owm;

RKC - COMPOTUBIIEHME KOHTAKTHBLIX COeaMHeHU, Om.

2.2. Cxema 3amelLeHus

2.2.1. MNpwu cocTaBneHWN CXeMbl 3aMelLeHNst Ans pacyeTa TokoB K3 B anekTpoycTaHoBKax, MOnyvaoLlmx nutaHue ot
aKkymynsTopHov 6atapeu, ONYCTUMO He YUYUTbIBATb MHAYKTUBHLIE COMPOTUBMEHUS 3NIEMEHTOB Lieneii (CM. YepT. 1).



2.2.2. MNpwu pacyeTe TokoB K3 cnegyeT y4uTbiBaTb CONPOTMBEHNE NOCTOSIHHOMY TOKY OLUMHOBKW, Kabenewn, npoBoJoB.,
TOKOBbIX KaTyLLUeK OTK/o4aloLLMX annapaToB Y NepexogHoe CONPOTUBAEHNE KOHTaKTHbIX COEAMHEHWI, MO3TOMY BHELLHee

conpoTuBnexune uenu K3 ( RB]’.L[ ) B oMax B obLiem cnyyae paBHO

RBIH=RDIL[+RKI5+RHP+RTK+RKC' 1)

2.3. Pacuet Toka K3 ¢ yueTtom anektpuyeckoin ayrn B mecte K3
2.3.1. lNpu onpeaeneHMn MUHUMAnbHOrO 3HaveHms Toka K3 HeobxoAumo yuuTbiBaTb BNMSHME Ha Tok K3 akTMBHOro
CONPOTUBINEHNSA 3NeKTpUYeckor Ayrun, Bo3HUKawwen B mecte K3. 3To 3HaveHWe pekomeHayeTcs onpegensatb Mo

dopmyne

fom =K 1

KR O KM

roe K.u - NoNpaBoYHbIi KOIPDULNEHT;

Ly - TOK MeTannmueckoro K3.

Cxema 3ameLLeHusi ceTu, MUTaeMon OT aKKyMynsiTOpHOM GaTapeun

Eom Pom Row Rxs Rnp Rmu A AUp

i"—l_l—ll—ll—[
—-

P

Yepr. 1

3HaueHns KoapuLmeHTa K.u AN 3NEeKTPOYCTAHOBOK C aKKyMYNATOPHLIMW GaTapesiMu SIBMSATCA yHKUMEN
pes3ynbTMpYHoLLEro conpoTueneHns uenu K3

R=RBT +RBI.I'.[

1 nx criegyeT onpenensaTb no kpueow 1 Ha yepT. 11.

2.3.2. lMpu onpeaeneHnn MUHMManbHOrO 3HavyeHusa Toka K3 pekomeHayeTcst yunTbiBaTb YBENUYEHWE aAKTUBHOMO
conpoTuBneHus kabensi kK MOMeHTy oTkntodeHust K3 Bcneacteue ero HarpeBaHus Tokamu K3. AKTMBHOE CONpoOTMBREHNE

kabens (#g,) B OMax npu Harpese ero Tokom K3 paccunTbiBatoT no dopmyne
rg = Cprap,

roe CE, - KOS(*)(*)VILI,MBHT, yLWITbIBa}OLLI,I/IIZ yBenn4yeHne akTMBHOIo COnpoTMBIEHUA MeOHOro unu antoMUHMEBOrO



kabens. Mpu NpUONMXKEHHbIX pacyeTax 3HauyeHue KoadduumeHTa Ca JonyckaeTcs npuHuMaTtb paBHbiM 1,5. Mpu

YTOYHEHHbIX pacyeTax KoapdUUMeHT Cg. cnepyeT onpegenaTtb B COOTBETCTBMM € 4epT. 13-15 B 3aBucumoctn ot
ceyeHus kabens, Toka 1 npogomknTenbHocTh K3;

P20 - aKTUBHOE COMPOTUBIIEHNE MEHOTO UIN anioMUHUEBOTO KaBens Npu TemMnepaType 1+ =+20 °C, Om.

2.3.3. anI pacyeTe MakCMMalibHOro 3Ha4eHunda ToKa K3 nageHnue HanpsaXxeHuda Ha GHGKTpVIHeCKOVI ayre onyctumMmo He
Yy4unTbiBaTb, KOrga TOK K3 B YCTaHOBKE He npesBblllaeT 25 KA, a Takke B yCTaHOBKax C 6onbwummn Tokammn K3, ecnu He
NPUHATBI Mepbl, UCKNK4YaKwLline BKIKYeHne WUCTOYHUKa NMUTaHMA KOMMYTaUMOHHbIM annapaTtoM Ha npeaBaputenibHO
YCTAHOBJIEHHYIO 3aKOPOTKYy WINM Ha Uuenb, npeaBapuUTesibHO 3akKOpPOYeHHy nyTeM HenpaBuilbHOrNo BKIKOYEHUA
KOMMYTaUMOHHbIX annapaToB.

2.4. Pacyet TokoB K3 B ceTu, nuTaemon oT CBUHLOBO-KMCIIOTHOIO akkyMynsTopa

2.4.1. Pacyet Toka K3 B Npon3BOSibHbIA MOMEHT BPEMEHM

2.4.11. Tok K3 (Tok paspsga fpt) B amnepax CBUHLIOBO-KUCIIOTHOIO akKyMynatopa C MrockonapannenbHbiMm

SMNeKTPOAHLIMW NNacTMHaMU Ha MOCTOSHHOE aKTUBHOE COMpPOTUBIEHME B MPOW3BOMbHBLIA MOMEHT BpeMeHu cregyet
onpefensTb nNo opmyne

2.2
4EDE—{4DH e

i @
B S o(R,, + Ry B/ sin ix,

roe & - Bpemsi ¢ Havana paspsiaa, c;
= + .
Rep = 8yp + &Ky + Ko

i

Ryp = Rp A1+ — 11—
ET RBTD 2;51'?"'331“

. n=0,002;

By =032 +1,4%);
B =gy — gy N/ (hd);

ctox = z[ﬁnm +an), X
Xx - kopHu ypaBHeHus “LE —Bf
[Lns onpepeneHusi KopHert ypaeHeHust Tuna St % = @X npumensior MeTon uMCrieHHOM UTepaLmu.

MpumevaHmre. B kadyecTBe npuMepa Ha YepT. 16 NpuBeaeHa 3aBUCUMOCTb Pa3psAHOro Toka akkymynsitopa tuna CK-1
ot gnutenbHocTn K3 npu K3 Ha ero 3axumax.

2.4.2. Pacyet Toka K3 B Ha4arnbHbIi MOMEHT BPEMEHMU

2.4.2.1. HavanbHbin Tok K3 (TOK paspsiga) CBMHLOBO-KMCIIOTHOIO akKymynstopa (fpn) B amnepax cnegyet
onpenensite nNo dopmyrne

45,
P2 Ry + Ry )+ Bl F sin * x

s

lrpEI = (3



MpumevaHre. B kavecTBe npuvmepa Ha 4epT. 17 npuvBedeHa 3aBUCUMOCTb HaMPSDKEHUS Ha 3aXnMax 3apsXeHHOro
akkymynatopa tuna CK-1 oT cunbl Toka B HayanbHbI MoMeHT K3.

2.4.2.2. Tlpn ynpoLleHHbIX pacyeTax HayamnbHbI TOK paspsda CBUHLOBO-KUCIIOTHOTO akkymynstopa [onycTuMo
onpeaensTb No opmyne

;L EEy
2t B+ RB
ET I

v npunumate & =2,05 - 2,15 B; F =0,10 - 0,15 B u &5, =0,004 - 0,007 Om.

(4)

2.5. Pacuet TokoB K3 B ceTu, nuTaemon oT CBUHLOBO-KMCIIOTHOWN akKyMyrnsiTOpHOW 6aTapeu

2.5.1. Pacyet Toka K3 oT akkymynaTtopHoi 6atapen B NMPOM3BOSIbHBIA MOMEHT BPEMEHM crieayeT paccyvTbiBaTh Mo
chopmyne (2), samenns B Heit B, na Hj = #F, Rypva Rpp = (n/m)Ry v B na Br =nf .

2.5.2. Tok K3 ot akkymynatopHou 6atapen B HavarnbHbIi MOMEHT BPEMEHU criedyeT paccunteliBaTtb no dopmyre (3) ¢
yyeTtom n.2.5.1.

2.5.3. Mpwn ynpoLleHHbIX pacyeTax HayanbHbii Tok K3 OT akkymynatopHonm GaTtapewn cnepyeT onpegensatb Mo
MeTOAMKE, U3NOXKEHHOW B NpUIoXeHun 5.

3. PACYET TOKOB K3 B 3JIEKTPOYCTAHOBKAX, NMONYYAIKOLWKUX MATAHUE OT MALLUUH
NOCTOAHHOIO TOKA

3.1. cxoaHble gaHHble 4nS pacyeTa, Mx yCIrnoBHble 0603Ha4eHus 1 6asncHble ycnosua

3.1.1. VicxoaHble AaHHbIE HOMUHAMBHOMO PEeXNMa MaLUUHBbI:

PmH - aKTUBHAsA MOLLHOCTb (MOLLHOCTb Ha Bany), kBT;
U e - HaNpshkerue sikopsi, B;

L o - TOK sikopst, A;

Ifl-l]:l]'.'[ - TOK OBMOTKM BO3BYXaeHUs, A;

Mynp - YacToTa BpalleHus SKops, 06/MuH;
3.1.2. HavanbHble 3Ha4YeHUs NapameTpoB pexuma:

ED - 3AC maLwmHbl Npu XONocToM xoAe, B;
f_,f"EI - TOK 0OMOTKM BO3OY>XAEHNSA NMPU XONOCTOM Xozae, A;

#[ - YacToTa BpaLleHus AKops B MOMEHT K3, 06/MuH.
3.1.3. fononHuTenbHble NapameTpbl pexuma:

A5 - nuneitnas Harpyaka sikopst NPy HOMUHANBHOM peXUMe paBoTbl MaLLMHBI, A/CM;



A

w?‘fi' - amnep-BUTKN NOMEPEeYHON peakunmn SKops NP HOMUHAaIbHOM peXxume paGOTbI MallWUHbI;

.{'IZIWH - amnep-BUTKN NocnegoBaTeNnbHON 0OMOTKM NP1 HOMUHAINbHOM pexnme pa6OTbI MaLlUWUHbI;

ﬂwﬁ{ - aMnep-BUTKN BO36y)KJJ,eHVIF| Npu XO0N10CTOM Xo4e MallWnHbI.

3.1.4. OnpepgensiemMble 1 Opyrve napameTpbl, UCMOMb3yeMble Npu pacyeTax TokoB K3:

N

g - 4UCIIo NMPOBOAHMKOB OBGMOTKM KOS,
Wf - 4YMCNOo BUTKOB OOMOTKM BO3OYXAEHUS;

W[ - YMCNO BMTKOB MNocnenoBaTenbHoN 06MOoTKuY;

¢ - YMCHOo nap napannenbHbIX BETBEN SKOPHOMN 0OMOTKM;

c;tf - YMCno napannenbHbiX BETBEV 0OMOTKM BO3OYXAEHMS;

- YMCNo napannenbHbIX BETBEW nocregoBaTenbHON 0OMOTKY;

£F - KOOPDULMNEHT MArHUTHOrO paccesHNA rnaBHbIX NOJSHOCOB,;

2 - 4Mcno nap NoncoB MalLWHbI;

E:'K - KO(PPULMEHT (LUMPUHA) KOMMYTaLMOHHON 30HbI;

£ p - peaktueHas 31C KOPOTKO3aMKHYTOMN ceKumum 06MOTKU aKkops, B;

BK - YMCIO NEPEKPbITbIX LLLETKON KOMMEKTOPHbIX NNacTuH;

&Um - NepexodHoe NageHne HanpsHkeHust LWEeTOYHOro KoHTakTa, B;

Ra - aKTMBHOE COMPOTUBIIEHNE SIKOPHOW 0OMOTKM, OM;

Rw - aKTUBHOE COMpPOTUBIIEHNE 0OMOTKM 406aBOYHbLIX NOMIOCOB M KOMMEHCALMOHHON 06MOTKM, OM;
RH - aKTUBHOE COMPOTMBIIEHNE nocnegoBaTenbHol 06mMoTkM, Owm;

Rm - NepexogHoe CONPOTUBIIEHNE LLEETOYHOTO KOHTakTa, Owm;

K1 - cymmapHoe aKkTMBHOE ConpoTUBIEHME BCex 0BMOTOK IKOPHOM Lienu, OMm;

K9 - cymmMapHoe akTMBHOE COMpOTUBIEHNE BCEX OBMOTOK SIKOPHOW LIEMM C y4ETOM NEPEXOAHOro CONPOTUBIIEHNS!
LLLeTOYHOro KoHTakTa, OMm;

RH - CyMMapHOe akKTMBHO€e conpoTmneneHne uenun akopAa, Ow;

RBLU - aKTMBHOE conpoTmeneHune BHellHeln ceTu (uenun K3), Om, koTopoe cnegyeT onpeaensTts no n.2.2.2.

3.1.5. basucHsle ycnosua Ana onpeneneHna BenMynH B CUCTEME OTHOCUTESbHbIX €OUHNLL



Uﬁ =UHDH; .lirﬁ =EHDH; Rﬁ =Uﬁ.'rfﬁ.
3.2. Cxema 3amelLeHuns

3.2.1. I'Ile COCTaBMEHNN CXEMbl 3aMeLLEHUs CeTU, NMUTaeMoM OT MalUMHbl MOCTOSIHHOIO TOKa, cnegyet yyvutblBaTb
MHOYKTUBHbIE CONPOTUBNEHUA 0OMOTOK MalUMHbI U aKTUBHbIE COonpoTuUBIIEHUA 3N1EMEHTOB uenen MalluHbl U BHELUHEN
ceTn.

Cxema 3amelLeHnst 4na pacyeTa TokoB npu K3 nontocoB ceT NOCTOSIHHOrO TOKa NpyBeAeHa Ha YyepT. 2.

3.3. Pacuet TokoB K3 B ceTu, nMTaemoi oT MalluHbl NMOCTOSIHHOIO TOka

3.3.1. Tokn K3 B uenu sikops (ig ) M B Lenn oBMOTKM BO3GYXAEHWS (iﬁ) MaLUUHbl MOCTOSIHHOTO TOKa B

NPOW3BOSIbHBLI MOMEHT BPEMEHW CrieayeT onpeaensitb no hopmynam:

. o TS i : iy
g =igw —igne ¢ G0 Tiaole T @)

g =i *io ~ip0 b + i ‘l‘fm)‘-’_”@, ®)

rae idm - ycTaHoBuBLIMICA TOK K3 B Lenn sakops;
:-fﬁﬂ - ycTaHosmBLUMINCA Tok K3 B Lilenn o6MOoTkM BO3OYXAEHWS;
140 - NepexoaHbin Tok K3 B Lien sikopsi B HayarbHbIii MOMEHT;
. . .
I - NePeXOAHbI TOK K3 B uenv o6mMoTkM BO3OYxaeHWS B HaYarnbHbI MOMEHT;
"
Td - nepexoHasi NOCTOSIHHAasA BpEMeHW Lenu skops, C;

‘
Tj‘ - nepexoaHasa NoOCTOAHHAA BpeMeHU uenu obMOoTKM 3036y>K,quv|9|, C,

£ - Bpems ot Havana K3, c.

3neKTpV|qecxa;| cXemMa U cxemMa 3aMeLleHns ceTu,
NUTAaeMoOMn OT MaLLIMHbI MOCTOAHHOIO TOKa



YepT. 2

Mpumeyanue. B obliem cnyvyae mallmHbl MOCTOSIHHOTO TOKa MMeIT ABe 06MOTKM BO36YxaeHUs (CaMoBO30YXAEeHNS 1
He3aBUcUMOro Bo30yxaeHus). Mpy MaTemMaTMYeCKOM OMUCaHWM MNEPEXOAHbIX MPOLECCOB 3TV OOMOTKM [OMYyCTUMO
3aMEHATb OAHOWN 3KBMBANEHTHOM 0OMOTKOM BO30YyXaeHUS.

CocTaBnsiiolimMe TOKOB AKOpA U oBMOoTKM 3036y>|<,quV|9| npu K3 B ceTun, nutaemMoi OT MalLMHbl NOCTOSTHHOrO TOKa,
nokasaHbl Ha 4epT. 3.

3.3.2. PacueT HavanbHoro nepexogHoro Toka npu K3 B uenu sikopsi

3.3.2.1. HayanbHoe nepexogHoe COnpoTMBIIEHME Lienn SKOps (R:m ) B OMax criefyeT onpenensatb no opmyne

\ -1
RdD=RH+B?Rﬁ' ©)

roe B - KO PULMEHT, yUYNTLIBAIOWNA peakumio SKOpS Npu 3anasfbiBalollern KoOMMyTauuu, KOTOpbI A0nyCTUMO
onpefensaTb no gopmyne

B = (Awg + b AS Awg, | (10)

F - KOIPPULMEHT, YUNTLIBAIOLLMI MarHUTHOE PacCesHUE MaBHbIX MOJIOCOB, 3HAYEHWe KOTOPOro HAXOAUTCS B
npepenax 1,15 £ 2118,

PacuyeTHble cocTaBnsAOLWMNE TOKOB AKopA



1 obMoTKM Bo3OyxaeHusA npu K3
MaLlMHbI MOCTOAHHOIO TOKa

ldmax

=~

If max /_,.-

?Lmﬂ..l

'(’;a'ffa)* -+
YepT. 3

CyMMapHoe aKTMBHOe COnpoTUBIeHMe Lenn akops (X5 ) B oMax ¢ y4eToM akTMBHOIO COMPOTUBMEHWS BHELUHEi CeTh
[0 Touku K3 cregyeT onpeaensite, MCMOMb3ys BhipakeHue



RH = Ral + ("ﬂUIU: +ERBK)I f1-|J:|1'.'[ + RBI.L[' (11)

npuyemM CcymMmapHoOe aKTuUBHOE conpoTuBlrieHne 0OMOTOK SAKOPHOW Lenn MalluHbl (Rﬂl) B OMax pekomMmeHayeTCA
NPUHUMaTb paBHbIM

Ry =124[R, +R, +R,). (12)

o o 2 o
3.3.2.2. HavanbHblii NepexofHbiii Tok uenu sikops (I4p) B amnepax npu K3 B 9701 Lenu crnedyeT onpeaensrts no
dopmyne

ian =0/ Ran, (13)
rae € - HadanbHas 3[C, pasHas O[1C xonocToro xo4a MaluHbl, B.
3.3.3. PacyeT ycraHoBuBLLerocs Toka npu K3 B Lenu skopsi

3.3.3.1. YcTaHOBMBLUMICA TOK LIENU SKOPS (ia‘m) B amnepax npu K3 B 3aton uenu n He3aBMCMMOM BO30YyXOeHUU
MaLLWHbI cnegyeT onpeaensTts no opmyrne

I-dm =8 S/ Rd , (14)
roe 2., - 9OC akops B yctaHoBuBLIEMCS pexume K3, pasHasa S[AC xonoctoro xoga MaluuHel, B;
Rd - CONpPOTUBIIEHME Lienn SKOps B ycTaHoBMBLUEMCH pexmme K3, OM, KoTopoe A0NyCTMMO ONpeaendTb Kak

Ry =Ry +(B-v)&;s, (15)

roe ¥ - koaMUUMEHT KOMNAyHAMPOBAHWUS MaLUWHbI, KOTOPbIA AN MalWH MOCTOSIHHOIO TOKa HOPMarbHOro

MCNOJTHEHNA NpU y4eTe peakumm KOMMYTauMOHHbIX TOKOB MEeHbLLe I:J:' nonpeaendeTca no CbOpMyﬂe
¥ = Awy [ Awg (16)

3.3.3.2. YcTaHOBMBLUMIACA TOK Lienu siKops (idm) B amnepax npu K3 B 3TOM uenu n camoBo3byXAeHUn MallvHbl
A0ONYyCTUMO onpeaensTb, MCNomnb3ys NpubnmKeHHoe COOTHOLLEHNE

Igon = &ep ’{[Raz + RBIL[:I’ (17)

roe & = 0,05-0,15, Mpu4eM CyMMapHOE aKTMBHOE COMPOTUBMEHME OBGMOTOK SIKOPHOIW Lenn U wweTok (6e3 yyeTa
N3MeHeHMWs NafeHns HanpshkeHus nopg wetkamu npu K3) (Rag ) B OMax onpeaensioT Nno BblpaXkeHUo

Raa =124(R, + R, + Ry)+ Ry, (18)
3.3.4. PacyeT NOCTOSIHHBIX BpEMEHU

3.3.4.1. TlocTOsAHHYO BpEMEHM Lienn sikopsi (Td ) B CEKyHAaXx Npu Hey4YeTe B3aMMONHAYKLMM C OOMOTKON BO30YXAEHMS
cnepyeT onpegdensite no dopmyne

Ty =Ty =L/ R, (19)

roe Ly - cyMMapHas MHAYKTUBHOCTL OBMOTOK Lienu sikops, [H, KoTopas paeHa



La=Ly+Lp+iy, (20)
rae L, - MHOYKTMBHOCTb sIKOpHOW 0BMOTKM, [H;
L - nHoykTMBHOCTL NOCNegoBaTensHoN 06MOTKM, [H;
L,y - VIHAYKTMBHOCTb KOMMEHCALIMOHHOI 0BMOTKN 1 0BGMOTKM [JO6ABOYHBIX MOMIOCOB, H.

3.3.4.2. TlocTOsIHHYIO BpeEMEHN 0BMOTKM BO3OYXAeHUs (T_,f' ) B CeKyHAax npu Hey4yeTe B3avMOWHAYKUWUM C SKOPHOW U

nocrnegosaTenbHOM obMoTkamu cnefyeT onpeaensaTtb No opmyne
Tf=£.ff'riqf, (21)
roe L f - VHOYKTUBHOCT 06MOoTKM BO3BYxaeHUs, H;
Rf - aKTUBHOE COMNPOTUBIEHNEe 06MOTKM BO3DOYyxaeHWs, OM, KOTOpoe AOoNyCTUMO OnpeaensTb Kak
Rf=E|:|f'rfj‘|:|. (22)
3.3.4.3. lepexoaHy0 MOCTOSHHYO BpemMeHn obMOTkM BO3GYXAEeHMS (Tji) B CeKyHOax cnegyet onpegenatb Mo
dopmyrne
T; =Te(Ran/ Ry ). (23)
3.3.4.4. TlepexofdHyl0 MOCTOSIHHYIO BPEMEHW LEenu sikopsi (Tailjl) B CeKkyHOax B NpeanonoXeHWu, 4To obmoTka

BOSGy)K,EI,EHMﬂ SIBMSETCA CBEPXNPOBOASLLEN, cnepyet onpenendartb no cbopmyne

Tig = Ta(Ra/ Ry ). (24)

!
3.3.4.5. TepexoaHyto NOCTOAHHYIO BPEMEHMU Lienn AKops (Td) B CEKyHAaxX C y4eTOM aKTMBHOIO COMPOTUBIIEHUSA
06MOTKM BO3OY>KAEHUSA cneayeT onpenensTs no gopmyne

T =T T';"
d = dd0 - (25)
Ty - Tao

3.3.5. PacueT HauyanbHOro NepexofHoro Toka B Lieny o6MOTKM BO30YXAeHUS

3.3.5.1. HayanbHbIi NepexofHbIn TOK B Lenu obMOTKM BO3OYXaeHWs (I':;pn) B amnepax npu K3 Bo BHeluHew ceTu

crefyeT onpeaensTtb no gopmyne

3.-:1!1] =ij'|]|[Rd f'rR:i:] , (26)

roe

Ry = R:;‘D(I_ETQ:D"{T}). 27)

3.3.6. PacueT ycTaHOBMBLLErOCS TOKa B Lieny 0OMOTKM BO30yXaeHus



3.3.6.1. Ecnu mMawmHa MOCTOSIHHOTO TOKa MMeeT He3aBUCMMOe BO3BYXAeHue, TO MpU KOPOTKOM 3aMblkaHUM BO
BHELLHel ceTu crneayeT NpyHUMaTh :e.‘ﬁ,:, = ifﬂ ; ECINY e MalLHa UMeeT caMoBO30YXaeHVE, TO iﬁ,c, GrM30K K HyIH0.

3.3.7. OnpegeneHve MOMEHTa BpeMeHu, Koroa TOKM B LeEnsx sAKops UM napannenbHol o6MoTKM BO3GyKaeHus
MaKcuMMarbHbl, U TOKa B MecTe K3

3.3.7.1. Bpemsa OoT MOMeHTa BO3HVKHOBEHUs1 K3 4O MOMEHTa, Korda TOK B Lienn SIKops OKa3blBaeTCsl MakCUMarnbHbIM,
(£44+ ) B CEKyHOAX CRieAyeT onpeaensiTh Mo BbIPaXeHMIo

s i
tmar = 23730 [i,]lg % ; (28)
Ta ) g " igm

roe

3:;; =& d R:i (29)

3.3.7.2. TOoK MalLMHbI, 3aMbIKaIOLUACH Yepe3 BHELLHIOI KOPOTKO3aMKHYTYIO CeTb (CM. CXeMy 3aMeLLeHns Ha 4epT. 2),
crnepyeT onpedensite Kak

B obnacTtn makcMmanbHbIX TOKOB OonyctmMmo cynutaTtb

Temar = :";ri max- (31)
3.3.8. ¥YnpoueHHble pacueTbl TokoB K3

3.3.8.1. Mpun HenonHbIX NCXOAHbLIX JaHHbLIX MaKCUMarnbHOE 3HaueHne Toka K3 (I sy ) B OTHOCUTENbHBLIX €AMHULIAX
E

4onyctmMmo onpenenatb no OAHOM 13 CbOpMyJ'II

€
3 = * ; 32
T e e -1)/ a 2
€0
— : , (33)
. i AP, 2+{D,3PMHIDHJ+M
* PHDH UHDH

roe £R - nOTepy akTMBHOM MOLLHOCTY B Liemn AKOPA MaLLMHBI, KBT;
L) - nnawmetp sxops, cm;

M - koacbpuLMEHT, yuuTLIBAIOWMI BNUSHAE pEaKLUMM SKOPSl U NMOTOKOB PACCEsIHUS: NS HEKOMMEHCUPOBAHHbIX
maLwwmH npuanmatot M =0,05 1 ans koMneHcupoBaHHbIX MawuH A =0,025;

Ry = RH'[*FI-D::H ’{Um:um)?

Ed



if“ s = Rew Fvom! Unom)

3.3.8.2. lMpn oTcyTCTBMM NOMHOW WMHOpPMaLMM 06 MUCXOAOHBLIX NapameTpax, MakcumanbHoe 3HadyeHue Toka K3 ot
MaLUMHbl MOCTOSIHHOTO TOKa MOXHO OL€HWUTb, MCXOAS U3 OMbITHbIX AAHHBIX, MPUBEAEHHbIX B NPUNOXeHUN 6.

3.3.9. Yyet anekrtpuyeckon ayrn B mecte K3

3.3.9.1. Tpu onpegeneHnn MUHUMAanNbLHOrO 3HaveHus Toka K3 oT MalumHbl MOCTOSAHHOrO TOKa credyeT yyYuTbiBaTb
anekTpuyeckyto ayry. Metoauka ydyeta aHanormyHa nsnoxeHHon s n.2.3.1.

3HaveHusa koadpdpuumeHTa K ons 3NEKTPOYCTaHOBOK C MaluuHamu molHocTbio Ao 100 - 150 kBt ponyctumo

onpenensite No KpMBOM 2 Ha YepT. 11, a AN aNeKTpoyCTaHOBOK C reHepaTopamu 6onbLuon mowHocTy (Tok K3 go 140 kA)
- NO KpMBbIM YepT. 12.

3.3.9.2. MNpw onpegeneHun MuHUMarnbHOro 3HadeHus Toka K3 pekomeHOyeTcsi yunTbiBaTb yBENIMYEHME AKTUBHOIO
conpoTuereHnst kabens BcneacTeme ero Harpeea Tokamm K3. MeToamka ydeta aHanormyHa usnoxeHHowm B n.2.3.2.

3.4. OnpepeneHve napameTpoB CXeM 3aMeLLeHNS MallMH NOCTOSAHHOTO ToKa

MH}J,yKTVIBHOCTVI 06MOTOK MalUMHbI MOCTOSIHHOrO TOKa W aKTMBHOE conpoTtmeneHune 0OMOTKM AKOPA pekoMeHayeTca
paccynTbiBaTb NO cbopmynaM, NpUBEAEHHBLIM B NPUITOXEHUN 7.

4. PACYET TOKOB K3 B JJIEKTPOYCTAHOBKAX, NMOJIYYAIOLLUX MATAHUE OT
TPEX®A3HbIX BEHTUNbHbIX MPEOEPA30OBATEJIEN

4.1. VicxogHble AaHHble ANg pacyeTta u ux yCrnoBHble 0603Ha4eHus

4.1.1. VicxogHble AaHHble HOMUHAIBHOMO pexnma BEHTUNbHOro npeobpasosaTtens:

UdHDM - BbINPSIMIIEHHOE HanpsikeHve, B;
deDM - BbINPSAMIEHHBIN TOK, A;

Sy - Yron BKMIOYeHUs BEHTUNEeN, an. rpag.
4.1.2. MacnopTHble AaHHbIE NOMYNPOBOAHUKOBBLIX NPUOOPOB:
i'ﬁf.ﬂ. - yAapHbI HENOBTOPSIIOLLMIACS TOK Npubopa, A;
.2 o
_[3 ff - MaKcUManbHO JONyCTUMOE 3HaueHwe WHTerpana [Dkoynsi B WHTepBane BpemeHn 10 MC (3aLUMTHbIN
2
nokasartenb), A~ -C;
Rﬂ - andbdepeHumanbLHoe conpoTuaneHne npudopa, Om;

¥ W M - uyucna COOTBETCTBEHHO MoCfedoBaTeNbHO W NapasnnefibHO BKIYEHHbIX B PYNMOBOM BEHTUMb
NoynpPOBOAHMKOBbIX NPUMBOPOB.

4.1.3. HoMuHanbHble AaHHble Npeobpa3oBaTenbHbIX TpaHCHopMaToOpPOB:

SH,:,M - MOJTHasA MOLLHOCTb, , KB-A;

L1 am - NMHEHOe HanpshkeHne NepBUYHON (CeTeBoit) 06MOTKM, B;



UHDM? - NMHEHOE HanpshXeHWe BTOPUYHOM (BEHTUINBHOM) 06MOTKY, B;
AFL - noTepu KOpOTKOrO 3ambikaHus B TpaHcdopmaTope, kBT;

L) - HanpshKeHUe KOPOTKOro 3amMblkaHus, %. .
4.1.4. NapameTpbl peakTopoB:

Ld - MHOYKTMBHOCTb CriaxuvBaroLero peaktopa, I'k;

Rd - aKTMBHOE COMPOTUBIIEHNE CrnaxmBatoLlero peakropa, Owm;

L‘IF' - MHOYKTUBHOCTb YPaBHUTENbLHOTO peakTopa, [H.

4.1.5. VicxogHble AaHHble, XxapakTepusyloLime ceTb NepeMeHHoro Toka:

Py - YAENbHOE aKTUBHOE CONPOTUBIIEHUE NIMHUM NepeMeHHOro Toka, Om/kM;
Xyn - YAeNbHOe NHAYKTUBHOE COMPOTUBIIEHUE NIMHUM NepeMeHHoro Toka, Om/km;

! - pnvHa nuHUK, KM.

4.1.6. VcxoaHble AaHHble, xapakTepusytoLlme ceTb NOCTOSHHOro TOKa:

Fyf - YAenbHOe aKTUBHOE COMpOTUBIIEHME MOMIOCHLIX kabeneii (BbIBOAHbIX, NUTalOLLEro, oTcackiBatoLlero), Om/km;
Fi ¢ - YAenbHOe aKTMBHOE COMPOTUBIIEHNE NPOBOMOB KOHTAKTHOW CETW Ha3eMHOro TpaHcnopTa, Om/km;
7 - YAErbHOE aKTUBHOE COMPOTUBIEHNE PENbCOB Psifia NapanienbHO COeANHEHHbIX nyTen, Om/ku;

¥np - yoenbHoe akTMBHOE CONPOTUBIIEHNE NUHWUK MOCTOSHHOTO TOKa B cUcTeMe "nposof-nposoa”, Om/km;

Fn = - yAenbHOe akTMBHOE CONPOTUBIIEHME MUHIUM NMOCTOSIHHOIO TOKa B cucTeme "nposof-3emns”, OM/KM.

4.1.7. OnpegensiemMble napaMeTpbl, XapaKTepusylllne BeHTUIbHbLIA npeobpas3oBaTerb U MPUMbIKAOWYH CeTb
nepeMeHHoro Toka:

RE XI: - 9KBMUBAJIEHTHbl€ aKTUBHOE N UHOYKTUBHOE COMNPOTUBIEHUA CUCTEMbI NEPEMEHHOI0 TOKa, Ow;

Ry A7 - aKTvBHOE 1 MHAYKTMBHOE COMPOTMBIEHNS NPEOBGPA3OBATENLHOO TPAHCHOPMATOPA, OTHECEHHBIE K OfIHOV

BeHTUrNbHOM obmoTke, OMm;

RL XL - aKTUBHOE N UHOYKTUBHOE CONPOTUBIEHUA NTMHUN NEepEeMEHHOr0o TOkKa, Owm;
1

Rlﬂ,‘ - aKTMBHOE CONPOTUBIIEHNE aHOAHbLIX NPOBOAHUKOB, OMm;

Ap - aKTMBHOe coNMpoOTMBrEHME BeHTUNA (C yyeTOM # MOCrefoBaTeNnbHO W # NapanmiensHo COeAMHEHHbIX
NonynpoBOAHUKOBbLIX NpUGopoB), OM;

4.1.8. OnpefensieMble NnapameTpbl, XapakTepuayioLLme ceTb NOCTOSIHHOIO TOKa:



chﬁ - aKTUBHOE COMPOTUBIIEHNE BbIBOAHBIX NOMOCHbIX Kabenen, Om;
Rn - aKTUBHOE COMpOTMBEHne nutatowero (+) kabena, Owm;

RD - aKTMBHOE COMpPOTMBIIEHME OTcackiBatoLLero (-) kabens, Owm;

Ra - COMPOTUBIIEHME 3eMITN pacTekaHUo NOCTOSIHHOro Toka, Owm;
RSK - COMPOTUBIEHNE 3a3eMNSAIOLLErO KOHTYpa (3azemnutens), Owm;

Rl.ﬂ - aKTUBHOE conpoTuBieHne NIMHNMN NOCTOAHHOIO TOKa, Owm.

4.2. PacyeT TOKOB NMpu KOPOTKOM 3aMbIKaHUM NOMOCOB BbINPSAMUTENBHOrO NnpeobpasoBaTens

4.2.1. Pac4yeTHble CXeMbl N CXEMbl 3aMeLLEeHMS

4.2.1.1. MNMpwu cocTaBneHnn cxeMbl 3aMeLLieHns (4epT. 4) NnapameTpbl ANEMEHTOB pac4eTHOW CXEMbI CrieyeT NpUBECTU
K CTYNEHW HanpsKeHUss BTOPWUYHOW (BEHTMIbHOW) OOMOTKM MpeobpasoBaTenbHOrO TpaHcgopmatopa B CUCTEME
UMEHOBaHHbLIX eauHuy. PekomeHayemble ¢oOpMynbl ANs pacdeTa NapameTpoB CXEM 3aMeLLeHWsi NpuBEAEHbI B

npunoxexHum 8.

PacueTHas anekTpuyeckas cxema (a) U cxema 3amelleHus
(6) aneKkTpoycTaHOBKM C BbINPAMUTENbLHbLIM arperatom

LR

I,
4]

YepT. 4

4.2.1.2. Cxembl 3amelLeHns TpexdasHbiX BEHTUIMbHbIX Npeobpa3oBaTenen, BbIMOMHEHHLIX N0 CXeMe ABe obpaTHble



3Be3/ibl C ypaBHUTESbHLIM PEAKTOPOM 1 MO TpexdasHol MOCTOBOM CXeMe, NpUBeLeHb! Ha YepT. 5.

4.2.1.3. KatogHbIl peakTop C napameTpamu de Rd npu oueHke ycnosui K3 cnegyeT paccmartpuBatb Kak

TOKOOrpaHWYMBaOLWMA, a MpU OLEHKE YCMOBWA HOpManbHOW paboTbl Harpyskm Ha MNOCTOAHHOM TOKe - Kak
CrnaXXnBatrLLNNA.

4.2.1.4. PacueTbl TokoB K3 B ycTaHOBKax, BbIMOMHEHHbIX NO CxeMe ABeHaauaTtudgasHoro npeobpasoBaHus, crieqyet
BbINOMHATL C NpMeHeHneMm OBM, ncnonbsys, HanpyMep, MaTpUYHO-TOMONOrMYEeCcKMe METOAbl pacyeTa pa3BeTBEHHbIX
uenen.

4.2.2. Pac4yeTHble ycrnoBus

4.2.21. Toxn K3 gnsa BelGopa v npoBepku arperatHoro obopygoBaHusa no ycrioBuam K3, a Tawkke gna Beibopa
3aLLMTHBIX YCTPOWCTB CrieAyeT paccyMTbiBaTh Npy Hambornee TsxXenbiX YyCNoBUSIX:

CxeMmbl 3amMelleHus npeobpasoBarenen
(npn ux pa6oTte rpynnamm no 2-3 BEeHTUNA)






a - ABe obpaTHble 3Be3Mbl C YpaBHUTEbHBLIM PEAKTOPOM;
6 - TpexcasHas MocToBas

YepT. 5

- K3 nontocoB BbiNpsAMUTENsT HE COMNPOBOXOAETCS OYroBblMW SABIMEHUSIMA B MeCTe MOBpexaeHus (Ucknoyas
anekTpoycTaHoBku ¢ Tokamu K3 Bbiwe 100 kA);

- MOMEHT BO3HMKHOBEHMSA K3 coBnagaeT ¢ MOMEHTOM OTKPLITUS KAKOro-niMbo BEHTUNS.

4.2.2.2. PacuyeTy nognexat aMnnutyga nepuoanyeckori COCTaBnsAlolWen asHOro Toka BTOPUYHONM OBMOTKM
npeobpasoBaTesfibHOrO TpaHcdopmaTopa, MakcumarbHOe 3HaveHne Toka K3 B Lenn nepemMeHHOro Ttoka M BeHTUIen,
yOapHbIA TOK, NpOTeKalLWnii B NONynpoBOAHUKOBOM Mpubope, MakcumanbHoe U cpedHee 3HauyeHWsi BbINPAMIIEHHOMO
TOKa B MeCTe NOoBpeXaeHus.

Kpome Toro, npoBepsitoT Tennosoe AencTeue Toka K3 Ha nonynpoBOaHMKOBbLIN Npubop.

4.2.3. PacueT TokoB B criydae K3 norntocoB HeynpaBrsieMoro BbiNpsiMATENbHOTO arperata npu otcytcTaum (6e3 yyeta)
KaToaHOro peakTopa

4.2.3.1. Tpun pacyeTe TOKOB B Criydae, Koraa Heynpasnsembli BbINpsMUTENb HE UMEET KaToAHOro peakTtopa, criegyet
yunTbiBaTh, 4TO K3 MOMOCOB Takoro BbINPAMUTENSA SKBMBANEHTHO TpexdasHoMy K3 BTOPMYHLIX (BEHTUNBbHLIX) 0OGMOTOK
npeobpasoBaTenbHOro TpaHcdopmartopa.

4.2.3.2. AwvnnuTygy nNepuoau4eckon CoCTaBnsolle ¢asHOro Toka BTOPWUYHOW  (BEHTWUMbHOM)  OOMOTKM
npeo6pasoBaTensHoro TpaHcdopmartopa (£ m ) B amnepax criefiyeT onpefenaTh Mo BblpaXeHu o

J2E

Iy =—— (34)

rone & - aewncrteylollee 3HavyeHne gasHon OC TpexdasHom CMCTEMbI NEPEMEHHOTO ToKa, B;

RE - CyMMapHO€e aKTUBHOE COMPOTUBIIEHNE 3NIEMEHTOB OAHOW a3kl NnepemeHHoro Toka, Owm;

A¢ - CyMMapHoe MHAYKTBHOE COMPOTUBIIEHNE 3NIEMEHTOB OAHON (hasbl NePeMEHHOro Toka, OM.

YkasaHHble napaMeTpbl CrieayeT onpeaensTb no gopmynam:

E=Urﬂ:m2‘f\"{§;
Rp =R + Ry + Ry + R
Ry =Ry /(n/m);

Xe=X, +X,.

4.2.3.3. MakcumanbHoe 3HadeHne Toka K3 B LenuM nepemMeHHoro Toka U BeHTunemn (fmax) B amnepax cneayet
onpeaensite Mo COOTHOLLEHMIO

fmrzx = l[fmax "Ilr fm :lfm ! (35)



roe fmax x'rfm - yoapHbIn koadbduumeHT uenn K3, onpepensiembit no kpuBor 1 Ha 4epT. 6, B 3aBUCUMOCTU OT

OTHOLLUEeHNA RI& KOPOTKO3aMKHYTOW Lenu.

4.2.3.4. YpapHbIi TOK, NpOTeKalLWwnin B NOMynpoBOAHUKOBOM npubope, (zyu) B amnepax cnegyeTt onpegensatb C
yyetom % napannenbHbIx BETBEN B LIENM rpynnoBOrO BEHTUNS, T. €.

By = 4

i max fm (36)

4.2.3.5. TennoBoe genctane Toka K3 Ha nonynpoBoAHMKOBbLIM Npnbop cneayeT NpoBepsiTb, MCMOMb3ysi COOTHOLLEHME

2 E 2
Lty Sm[i%dz, (37)
1]

rge fK - NPOAOOJTIKUTENTbHOCTb KOPOTKOIo 3aMblkaHu4, C,

faq:, - a(bheKTMBHOE 3HAYEeHUe ToKa, MPOTEKaKLWEero Yepes BeHTUNb BO Bpems K3, KoTopoe A0nyCTMMO NpuHMMaTh

paBHbIM

f3¢| = fmﬂx-"('\'lri npu f’K =20 MC “ lil-3¢| = fmax"lr"\'lla npu fK>20MC.

3aBMCMMOCTb OTHOLUEHUA MaKCMMarNbHOW aMnNnuTyAbl
Toka K3 kK amnnutyae nepuoanveckon coctaBnsmoLen
3TOro TOKa OT OTHOWEeHUA X/ X KOpPOTKO3aMKHYTOW Lenu



1,2 =
-

0,8 \'\'i-z'--— oc=g°
“L_ﬂ_- a:' =500

0,4

[ T ] T 1
a 0,2 04 INs] 08 R/X

1 - HeynpaBnsieMblit BbINPAMUTESb;
2 - ynpaBnsiemblii BbINPSMUTESNb C 3NTEKTPOHHON 3aLLUTON

1
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4.2.3.6. MakcumansHoe 3HaueHue BLINPSMIIEHHOMO TOKa B MecTe MoBpexaeHns [fdmm:l B amnepax cneayet
onpenensTe no dopmynam:

npu BbINOJTHEHNN npe06pasoBaTenel7| no cxeme ase O6paTHbIe 3B€3bl C ypaBHUTENIbHbIM PEaKTOPOM

Tamax = 2lmar: (38)

npv BbINONHEHNW Npeobpa3oBaTtener No TpexdasHon MOCTOBOWN CXeme

fd max lrm:er : (39)

Mpumevanne. Mpn Hanmuum B uensx rpynnoBbIX BEHTUNEN MOCTa aHOAHbLIX PeaKkTopoB cnegyet ucnonb3oBaTb
thopmyny

Lamar = &01y,
roe Ly =-\J'§EJ’(XE +Xap)’

}fap - UHOYKTMBHOE COMPOTUBMEHVE aHOAHOro peaktopa, OMm.

4.2.3.7. CpefiHee 3HayeHWe BbINPSIMIIEHHOrO TOKa B MECTE MOBPEXAEHUS NMPU YCTaHOBMBLLEMCS pexumMe K3 cnenyeT



onpenensiTb No hopmynam:

npv BbINOMHEHWN Npeobpa3oBaTereii Mo cxeme ABe o6paTHble 3Be3/bl C YpaBHUTENbHLIM PEAKTOPOM
Iy =(6/ )iy, (40)
npv BbINONHEHNW NpeobpasoBaTtenen No TpexdasHon MOCTOBON cXeMe
Iy =(3/ )iy (41)

4.2.4. PacyeT TokoB B cryyae K3 MomocoB HeynpaBrsieMoro BbINPSIMUTENS MPU HanMuuu (Npu yyete) KaTOAHOMO
peakTopa

4.2.4.1. Ecnu HeynpaBnsembin BbINPSIMUTENb UMEET KaTOAHBIN peakTop, TO NpW pacyeTe TOKOB AOMNYCTUMO cyuTaThb,
YTO BbIMPAMIEHHBIV TOK MAeanbHO CriaxeH.

4.2.4.2. PacyeTHbIM pEXUMOM B paccMaTpuBaeMOM Crlyyae crnegyeT cuyuTaTb YCTaHOBMBLUMWACA pexum K3 (Tak kak
HavanbHble TOKkM K3 cyllecTBEHHO oOrpaHuM4eHbl KaTOAHbIM peakTopoM). [pu aTom crnegyeT yuuTbiBaTb, YTO B

ycTaHoBuBLEMCS pexuMe K3 MonocoB HeynpaBrnsieMoro BbINPAMUTENS C KaTOAHbIM PeakTopoM MpUBOAMT K
TpexdasHoMy K3 BTOpUYHBIX (BEHTUMBHBLIX) 0GMOTOK NpeoGpasoBaTenbLHOIo TpaHcgopMaTopa.

4.2.4.3. CpegHee 3HayeHWe BbINPAMIEHHONO Toka B MeCTe MOBPEeXAEHUs B yCTaHOBMBLUEMCHA pexume K3 (fd},) B
amnepax crnegyeT onpefensaTtb no hopmMynam:

- ©e3 yyeTa aKTMBHbIX COMPOTUBIEHUNA Lieneri NOCTOSHHOINO TOKa WM BbINOMHEHUU nNpeobpas3oBaTenen no cxeme Aee
ob6paTHble 3Be3abl C ypaBHUTENbHBIM PEAKTOPOM

Ig =24y, (42)

- C y4eTOM aKTUBHbIX COI‘IpOTVIBJ'IeHI/II7I U.enelz MOCTOSAAHHOTO TOKa U TOW e cXeme BbINpAMIEHNA
1,018
JB/8Ry + Ry + (348X, 1
= dE =

Iy = : (43)

- 6e3 yyeTa aKTMBHbIX COMPOTMBMEHNA Lienen NOCTOAHHOIO TOKa U BbINONHEHWM npeobpasoBaTenen no TpexdasHoun
MOCTOBOM CXeme

fa:;u =fm; (44)

- C y4ETOM aKTUBHbIX COI'IpOTVIBJ'IeHMI;I ueneﬁ NOCTOSIHHOIO TOKa U TOW e cxeme BbINpAMIIEeHUA
_ 202E
2 2
(3/2R. + Ry )° +(3/2X<)

; (45)

Iy

roe Rdz - CyMMapHoO€e akKTuBHOE COonpoTuBIieHNEe KOPOTKO3aMKHYTbIX Luenen NoCTOSHHOrO TokKa BbINPAMUTENBHOrO
arperata, Om, KOTOpOE B obuem cny4yae paBHO

Ryg = Rg + Ry + Ry + By + Ry, (46)

roe Rd - conpoTtuBIieHne KatoaHOro peakrtopa, Owm;

gy - conpotuenenme owwnHosku, Om;



RHE - CONPOTUBIEHNE BbIBOAHLIX kabenen, Owm;

RI'I g - NEePEXOOHOE COMPOTMBIIEHNE KOHTAKTHbIX coeavHenni, Om;

‘RT g - COMPOTUBINEHNE TOKOBbLIX KaTyLLEK, Om.

4.2.5. Pacyet TokoB npu K3 nomntocoB ynpaBnsieMoro BeinpsiMmTens

4.251. Ecnu ynpaBnsembil BbINPAMWUTENb HE WMEET 3reKTPOHHOW 3aliuTbl BEHTWNen (TMPWUCTOPOB) U
ObICTPOAENCTBYIOLWEN CUCTEMBI PErynMpoBaHUS YrmoB, TO pacyeT TOKOB npu K3 nonocoB BbINpaMUTENs cregyet
npou3BoAnTb, Kak ykaszaHo B nNn.4.2.3 1 4.2.4. [Npu 3TOM pacyeTy nognexaT amnnuTyaa nepuognyeckon cocTaBnsioLLen
TOKa KOPOTKO3aMKHYTOM Lenu, MakCuMarbHOe 3HayeHue Toka 3TOM Lenu W YAapHbIM TOK, MpoTeKawwuin B
nonynpoBoAHUKOBOM npubope. Kpome Toro, NpoBepsaioT TENNoBoe AeNCTBUE Ha NONYNpPOBOAHUKOBLIN NpUbop.

4.2.52. Ecnn ynpaBnsembli BbINPAMUTENL UMEET 3MEKTPOHHYK 3alUTy BEHTWNEN (TUPUCTOPOB), TO creayet

y4nTbiBaTb, YTO MNMpPU BO3HMKHOBEHUU K3 nontocoe BbINpAMUTENA U yCI'IeLIJHOVI pa60Te ANEKTPOHHOW 3alnTbl UMEIOT
MeCTO:

1) npun BbINOMHEHUN NpeobpasoBaTenen no TpexdasHon mocToBon cxeme (cM. 4epT. 56) - ogHoKkpaTHOEe ABYyxdasHoe
K3 BeHTUNbLHOM 06MOTKM NpeobpasoBaTenbLHOro TpaHchopmaTopa;

2) npu BbINoNHeHWM npeobpasoBaTtenel No cxeme ABe obpaTHble 3Be3Abl C YPaBHUTENbHbIM PEAKTOPOM (CM. YepT.
5a) - ogHokpaTHoe ofHoda3Hoe K3 kaxaoi BEHTUNbHON 0OMOTKM Npeobpa3oBaTtenbHOro TpaHcopmartopa.

4.2.5.3. AMnnuTygy nNepuoaMYEecKOl COCTaBMSAOWEN Toka KOPOTKO3aMKHYTOW uenn oOMOTOK TpaHcdopmartopa,
BEHTUIMEN 1 KaTOAHOro peakTopa (fm ) B amnepax criegyet onpeaensaTb Mo BblpaXeHUsM:

- MpW BbINOSHEHMU NpeobpasoBaTternien No cxeme ABe obpaTHble 3Be3/bl C YpaBHUTENbHLIM PeakTOpoM

_ 2E

doy = : (47)
JRs +Rye P +(Xg +wly)?

- Npu BbINONIHEHUKN NpeobpasoBaTtenen No TpexdasHo MOCTOBOM CXeMe

RENEY:)

I = - = (48)
SR + Ry VP + (245 +wiy)

roe oo yrnosas 4actoTta nepemMeHHOro Toka, 1/c.

4.2.5.4. MakcnmanbHoOe 3Ha4YeHne TOoka KOPOTKO3aMKHYTOM Lenu (06MOTOK TpaHcdopmaTtopa, BEHTUIEN U KaTOLHOMO
peakTtopa)

(fmﬂx) B amrnepax crniegyeT onpegenaTte no copmyne (36), a BxogodAwmin B Hee yaapHbli koadpdmumeHT uenu K3

L ppax £ £ - 1O KPMBOW 2 Ha YepT. 6, B 3aBUCUMOCTM OT oTHOWEHNA R/ X KOPOTKO3aMKHYTO Lienn 1 yrna BKIoYeHms

© BenTunei npeobpasosaTtens.

4.2.5.5. YpoapHbIl TOK, NMpOTEKaLWMIA B MOMyNnpoOBOAHUKOBOM npubope, (iFﬂ) B amMmnepax criegyet onpegensaTtb C

yyetom ¥ napannenbHbix BETBEN B LIENW rpynnoBOro BEHTUMS, UCMONb3ys dopmyny (36).

4.2.5.6. TennoBoe gerictene Toka K3 Ha nonynpoBoAHMKOBbLIM Npubop crneayeT NpoBepsiTb, MCMOMb3Yysi COOTHOLLEHME



b
(ijmf «JE)QzK < fitar, (49)
0

roe fg - NPOAOIKUTENBHOCTb KOPOTKOTO 3aMbiKaHUs, C, KOTOpas, B 3aBUCUMOCTU OT OTHowenus R/ &
KOpOTKO3aMKHYTOM uenu, coctaBnsaeT 12-15 mc.

4.2.5.7. Npwn y4eTe BEPOATHOCTM OTKa3a Unu HeycrneLwHon paboTbl 3MEeKTPOHHOM 3aLUMTbl BEHTUNEN (TMPUCTOPOB) TOKM
npu K3 nontocos BbINpAMUTENS criedyeT paccunTbiBaTth, kak ykasaHo B nn.4.2.3 n 4.2.4.

4.2.5.8. Ecnu ynpaBnsiemblin BbINPSMUTENb MMEET ObICTPOAENCTBYIOLLYIO CUCTEMY PETYNIMPOBaHWUS YITIOB BKIOYEHNS
(6e3 GNOKMPOBKM MMMYNBCOB yrpaBrieHus), To Toku K3 B Npov3BONbHbIA MOMEHT BPEMEHW CredyeT paccyuTbiBaTb
METOLO0M MaTemMaTU4eCcKoro MoAenMpoBaHns NepexoaHbIX NPoLEeccoB ¢ NpuMeHeHnem SBM.

JonyckaeTcsa npumMmeHeHne oTpacneBbiX NPOrpamMm.
4.3. Pac4et TokOB npun K3 B KOHTaKTHOM CETN MOCTOSAHHOIO TOKAa TAMOBbIX MOACTaHLUUN
4.3.1. PacyeTHasi cxema U CXeMbl 3aMeLleHnst

4.3.1.1. Mpu pacyeTe TokoB K3 B KOHTaKTHOW CETW MOCTOSIHHOIO TOKa TArOBbIX MOACTaHLUMIA criedyeT MCnonb3oBaTb
TUMOBYIO CXEMY MOAKIMIOYEHNSI KOHTaKTHOM CeTWM MOCTOSIHHOrO TOKa K TAroBOW npeobpas3oBaTenbHOW NOACTaHLMM,
KoTopaa npuBedeHa Ha 4epT. 7. COOTBETCTBYKOLIAA ISTOW pacyeTHOW cxeme cxema 3ameuleHua uenen K3 npu
NOBPEXAEHNAX B KOHTAKTHOW CeTu TAroBou (TponnendycHon) nogcTaHumy NnpvBeAeHa Ha YepT. 8, rae ykasaHbl Lenv npu
K3 nontocoB B kOHTakTHOM ceTn (K3) 1 3ambikaHny NONOXWUTENbHOro nontoca Ha 3emnio (K4). Cxema 3amelueHns Lenen
K3 npu noBpexaeHnsAx B KOHTaKTHOW CeTU TAroBbIX (KENe3HOA4OPOXHbIX) MOACTaHUMA NpU OOHOCTOPOHHEM NUTaHWK
KOHTaKTHOW ceTun npuBeAeHa Ha 4epT. 9a, a Npy ABYCTOPOHHEM NUTaHUK - Ha YepT. 96.

AnekTpuyeckas cxema TUNOBOM
NoAcCTaHL MM U KOHTAaKTHOW ceTu
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Cxema 3amewieHus yenu K3 npu noBpexgeHusx
B KOHTaKTHOW CeTU TAroBou (TponnendycHomn)
noactaHuumn
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Cxembl 3ameweHna uenu K3 npu noBpexgeHuun
B KOHTAaKTHOM CETU TATOBbIX (XKeNe3HO4OPOXHbIX)
noacTaHuum



Y

K8 me

in. (-1

b

a - 0QHOCTOPOHHEE NMNTAHMNE KOHTAKTHOWN CETH;
0 - OBYCTOPOHHEE NUTaHne KOHTaKTHOW CEeTn Ha OBYXNYTHOM y4acCTke C NOCTOM CeKUMOHMpOBaHUA

il
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4.3.2. PacyeTHble ycrnoBus, oNyLEeHUs

4.3.2.1. PacyeTHbIMK pexvMamun crniegyeT cumtaTb ycTaHosuBLUMeca pexumbl K3. lMpu atom pacyeTty nopnexar
MakcuMarnbHble U MUHUMarbHbIE 3Ha4YeHWs! YyCTaHOBMBLUMXCS TokoB K3 B 30He 06CnyxuBaHUs TArOBOW NOACTaHLMM.



MakcumanbHble 3Ha4YeHUst TOKOB cnenyet pacCyYnTbiBaATb, npeHe6peraﬂ OYyroebiMn ABNIEHUAMU B MeCTe NoBpeXXaeHUA
N NpnHMMaa MUHUManNbHYK yOoaneHHOCTb TOYKK K3 oT uctouHuka Heprnn (npeo6pasoBaTenﬂ) NOCTOAHHOIO TOKa (I'IpVI

&Uiﬂ' = D: ‘E}{ = I:I), a MWHUMMalnbHblE 3Ha4YeHWA TOKOB - C Y4YeTOM [YyroBbIX ABMEHUA W NpU  MakcMManbHOMN

yaaneHHocTv Toukn K3 (npwm &U,u, =0, -'ch =""1Hma:f: )-

4.3.2.2. lMpu pacyete TokoB K3 B KOHTAKTHOW CETM MOCTOSIHHOrO TOKa BEHTUIbHBLIN NpeobpasoBaTternb JOMyCTUMO
XapakTepu3oBaTb CPeAHUMM UHTErpanbHbIMK NapameTpamu.

4.3.3. PacueT TokoB npu K3 B KOHTAKTHOWM CETM NOCTOSIHHOIO TOKa TArOBOW MNOACTaHLMM rOPOACKOro TpaHcnopTa

4.3.3.1. Tlpn oTcyTCTBUM (HEYYETE) KAaTOAHBLIX PEAKTOPOB B BbINPSMUTENbHbIX arperatax TAroBon noactaHuum Tok K3
(fK ) B amnepax creyeT onpeaensTb B COOTBETCTBUM CO CXEMOM 3aMeLLEHNs, MPUBEAEHHON Ha 4epT. 8, no dopmynam:

- MpW 3amblkaHUM NoncHbIX NpoBoaoB (K3)

Byp — AU,

i = )
) Rdr{ + Rn + li'?‘I:I + Errccfrc ’ 0

- MPW 3aMbIKaHUM NOMOXUTENBHOrO NpoBoAa Ha 3emnio (K4)

Han — M
AFK — d0 0 , (51)
Rgg v Rp+ Ry + R+ dy

roe Edl:l - O[1C xonocToro xoAa BbINPSMUTENBHOW YCTaHOBKU, B;
&Uu - NafjeHne HanpshkeHus Ha anekTpuyeckon ayre, B;
EK - yaaneHHocTb K3 (anvHa npoBOAoOB), KM;

Rdx - conpoTueneHne K3 BbinpsmutensHon yctaHoBku, Om.

3[C xonocToro xoga cneayeT BblYMCNATL MO hopmynam:

- Npu BbINONIHEHUK Npeobpa3soBaTtenen No TpexdasHo MOCTOBOM CXeMe
Edﬂ = 2_,34E,
- MpW BbINOMHEHMU NpeobpasoBaTterne No cxeme ABe obpaTHble 3Be3/ibl C YpaBHUTENbHLIM PEAKTOPOM

Ed[l = 1,1?5

ConpoTtunenue K3 BeINpsiMUTENBHOWM YCTAHOBKM NOACTaHLMM ( Rdrc ) B omax criegyeT onpenensatb no hopmyne

Ragp = Egn /(my I gy ). (52)

roe L. YMCcno napannenbHO pa60Ta|ou_w|x BbINPSAMUTENbHbIX arperaTtoB TAroBOW NOACTaHLUNN;

fda - Tok K3 Ha WwmnHax BbINpsAMUTENbHOM NOACTaHUMM OT OOHOro arperara, A.



Mpu atom cnegyet npuHMMaTb fd& = fdy N onpefensaTb 3TOT TOK, B 3aBMCMMOCTM OT CXEMbl, MO KOTOpPOWA
BbINOMHEHbI NpeobpasoBatenu, no dopmyne (40) unu (41), a BXoAswWmMIA B 3TN OpMYIbl TOK fm - no cdopmyne (34),
umesi B BUAY, YTO:

= (53)
4.3.3.2. Npwn Hannumm (y4eTe) KaToAHbIX PEaKTOPOB B BbINPSAMUTENbHbLIX arperatax TAroBon noactaHumm Tokn K3 (fK)
B amnepax crnegyeT onpeaensite no doopmynam:

- NpW BbINOMHEHUN NpeobpasoBaTternen No TpexdasHo MOCTOBOW CXeme
2,02E - AlT,
I, = ; (54)
J3/2Rg + Ry P+ (37 2K )

- NMpwu BbINMOJTHEHNN npe06paaoBaTenel7| Nno cxeme aBe OGpaTHbIe 3Be3bl C ypaBHUTENIbHbIM PEeakTOPOM

LOLE - AL
I, = , (55)

JB/8Ry + Rys)? + (378X 5 Y

roe R = K, + B Smy
Rgo = Rylmg+ Ry + Ry +32r I - npu pacyeTe 3ambikaHus NOMOCHbIX NPOBOAOE;

Rge = Ry lmg + B+ Ry + By +7 ./ - npu pacueTe 3ambikaHVsi NOMOXMTENBEHOTO NPOBOAA Ha 3EMITHO;
HAe=X. + X Imy.

4.3.3.3. Tpn HenonHblIX UCXOAHbIX AaHHbIX TokM K3 B cCeTM MOCTOSIHHOrO Toka TSAroBOW MOACTaHUMM TFOPOACKOro
TpaHcnopTa AOMNYyCTMMO paccyuTbiBaTb 0€3 aKkTMBHbIX COMPOTMBIIEHUA LEMEer NepemMeHHOro Toka M WUCMoNb3oBaTb
NpUBNMXeHHbIE COOTHOLLEHMS:

- Tok K3 Ha WwrHax BbINPSMUTENbBHOWM NoACTaHLMM (fd,{ ) B amnepax

L1 gyom
Tge = ——2M . (56)
KXo+ Xiimg
* *+
- HanpsbkeHue (BC) xonocToro xoaa BbINPSIMUTENBHON NOACTaHLUMN (Udlil ) B BONbTax
Udﬂ =UriH|:IM 1+.4 XC+XT +"'I—~"‘UE’ (57)
*® *

roe A - koabPULMEHT, yuNTbIBAIOLMIA HAKMOH BHELUHEN XapaKTEPUCTUKU BEHTUMbHOTO npeobpasoBaTens (B
cpepHem A =1025);



AL - napenve Hanpsokerus Ha BeHTURsX, B (B cpearem L7 = 0,75 B Ha nonynposogHmkosbiii npubop);

- COMPOTUBIEHNE KOPOTKOTO 3aMblKaHUs! BbIMPSIMUATENBHON NoACTaHuMM (R 3, ) B omax

1,050 44
Rge == (58)
dk
- TOK K3 B KOHTaKTHOIN CETN NOCTOSIHHOIO TOKa TArOBOW NOACTaHUMM ( fH ) B amnepax
1,050 zq - AL
= A (59)

Rd}{ + =8

roe ER - CyMMapHOe akTMBHO€e conpoTuBneHmne KOpOTKOSaMKHyTOVI Lenu NocTosiHHOro Toka, Om.

4.3.4. Pacuer TOKOB nMpu K3 B KOHTAKTHOW CETM MOCTOSIHHOrO TOKa TArOBOW MOACTaHUMW KEene3HOOOPOXHOro
TpaHcnopTa

4.3.4.1. Npn OOHOCTOPOHHEM MUTAHMM KOHTaKTHOW ceTu Tok K3 B mecTte noBpexageHus (IH) B amnepax cregyet
onpenensTb (CM. 4epT. 9a), ncnonb3ys Popmynbi:

1) NPU OPUEHTUPOBOYHBIX AaHHBLIX O TATOBOW MNOACTaHLUN

= Upll+pr100)- Iy o+ Ry)- AU,
: JG+RH+RD+(rHE+rﬂ)EH : (60)

roe UIZI - HanpskeHne XonocToro xoAa noacTaHuuu, B;
er - TOK Harpy3ku NoACTaHUMM OT Noe3n0B Ha HEMOBPEXAEHHbIX CEKLMSIX 30HbI. A,
P - HOPMaTKBHbI KO3 MULNEHT BO3MOXXHOIO U3MEHEHUS HANPSHKEHNUS UCTOYHUKA aHeprun, %;

fH - paccTosiHMe OT noacTaHummn ao mecta K3, kw;

£ - conpoTmBrieHMe noactaHumm (C y4yeTom nUTatoLLEN CUCTEMbI NEPEMEHHOIO TOKa), Owm:

o= Uy Kyt +SHDI'u'IT
&
UIII — dHOM ’ 62)

1. 4| ¥eT +maSHDMT

100 5,

S}{ - MOLLHOCTb TpexdasHoro K3 Ha LnHax BbICLLEro HaMNpsbKeHUst TArOBOW noacTaHumm, kB-A;

2) Npy OPUEHTUPOBOYHBIX AaHHbIX O TAFOBOW NOACTaHLUMM U ee Harpy3ke, (nonaras er il deDM):



_ UdHI:II'u'I[l tp ”DD) —mafnd gyom ~ ﬁU,.u,

'IH
ot Ryt Ry +(’“Hc "'""p)fﬁ

(63)

Mpumevanus:

1. MNpun onpegeneHnn makcumansHoro Toka K3 gonyctmo He yunTbiBaTb NpegBapuTEnbHYO Harpyaky NoAacTaHuMm un

nageHna HanpsaxeHua B ayre U Ha BEHTUNAX, a Takke NnpuHMMaTb I:,?"m: * ,?"P:lfx .

2. lMpn onpefeneHnn MUHUMAaNbHOIO ToKa K3 npenBapuTenbHO cnegyeTt CconpoTuMBiEeHUA TOKOoBeaAyLUnX yacTten
NPUBECTN K HOPMUPOBAHHOW NpeaesibHO JJ,OI'IyCTVIMOVI TemMnepartype NnpoaoJnKUTESNTbHOIO peXXmnma.

[Mpy HENONHBIX MCXOOHbIX AAHHbLIX A0NyCTUMO TOK Harpy3ku (II-II‘) NPUHUMATb PaBHbIM TOKY CpeaHerogoBOW Harpysku

(fcpmu)-

3. NMpun JoCTaToOYHO MOJHbIX AaHHbIX O TArOBOM NoAcTaHuum Tok K3 B MecTe noBpexaeHus (IK) B amnepax cregyet
onpenensite:

- MpW BbINOMHEHWU NpeobpasoBaTternen No TpexdasHo MOCTOBOM CXeme

_ 2,028(1+ p/100) - pay Ryl g gy — 28T = AU

K ; (64)
J3r 2R + Ry ) + (372K P
- PV BLINOAHEHUN NpeoBpasoBaTeneit No cxeme ABe 0BpaTHLIE 3BE3Abl C YPABHUTENbHBIM PEaKTOPOM
. LOLEQL+ 2 A 100) — s, Ry d g e — AL —&Uu’ 5
JB/ 3Ry + Ry VP + (378, )
e Rgg =Ry lmy+ Ry + Ry +lre +rp )i

Ry =R, + Ry /g
Xe=X, +X imy,

E=U s/ 3.

4.3.4.2. MNpwn onpegeneHnn Toka K3 B KOHTAKTHOM CETU C ABYXCTOPOHHUM MUTaHMEM HEOBXOOUMO NMPUMEHSITb CXEMY
3aMeLLeHms], NokasaHHyo Ha vyepT. 96. Ha aToi cxeme NpuHaThl cnegytolme 0b603HadYeHus:

J‘l, B TAroBble npeo6paaoBaTeanb|e noacTaHuum;

C - NOCT CEeKUMOHUpOBaHUA,

UPA: UPB - pacyeTHble HanpaXXeHUdA TAroBbIX npeo6paaoBaTeanblx noAcTaHummn _;‘1 n B , B;

AT, CB

! 4.!5 - npoTsxeHHOCTb cexumin



.':1 - paccTtodaHune mexay noactaHunamu Jq n B , KM;

EK - paccTosiHMe oT Touku K3 oo noacTaHumm A , KM.

PacuyeTHoe HanpshkeHune TArosown npeobpasoBaTernbHOW MoacTaHumm (UP) B BOMbTax AOMyCTUMO onpeensrtb Mo
dopmyne

Uy = {1+ 2/ 100)T gy — AT, (66)
a aKTBHblI€ COMPOTUBIIEHUA CXeMbl 3aMellleHnAa B oMax - Nno cbopmynaM:

Ra = Rpat *rxetfas
Rgy = Rug *reetds
Rpy = Ry + reeddp
Ry = Rpag + e e2des
Ree = reaalla —Ig);
Roa = ply + Roy + 04,

Rog =n (-0 )+ Ry + oy

)

roe Rnﬁl' RI[E'].' qug, RI:E’E - COMPOTUBMEHUSA NuTalWwmnx kabenen, oTxoaawmx OT NOACTaHLMNA A 7] B K
KOHTaKkTHow cet 1 u 2-ro nyten, Owm;

RDA, li"j“IILE' - COMPOTUBIEHNSA OTCAChIBAIOLLNX NPOBOAOB COOTBETCTBEHHO MOACTAHLIMM Ay B , Om;

- 2 - conpotuBneHnsi npeoGpasoBaTenbHbIX YCTPOMCTB COOTBETCTBEHHO NOACTAHLINNA AnE owm

I . .
xcl , Moz . yOenbHble CONPOTMBIIEHNS MPOBOAOB KOHTAKTHLIX ceTer 1 1 2-ro nyten, OMm/km;

'rp - YAelnbHOe conpoTmneneHne penbCoBbIX HyTeVI, Om/Km.

YTtobbl nMonyunTb MCKOMOE 3HaveHue Toka B MecTe K3, criegyeT npeaBaputenibHO CxeMy 3amelleHus (Yept. 96)
NMPVBECTU K MPOCTENLLEMY BUAY, UCMOSb3yst 0Obl4HbIE CNOCO6ObI Npeobpa3oBaHUsi CXEM.

4.4. Pac4et ToKOB npun K3 B NMHMAX NOCTOSIHHOIO TOKa BbICOKOIrO HanpsiXeHus

4.4 1. PacyeTHasi cxeMma U cxema 3aMeLL,eHuns

4411. MNpu pacyete TOokOB K3 B nMHMM MNOCTOSHHOrO TOKA CUCTEMbI C OAHOMOCTOBOWM 3neKkTponepegayen
noctosHHoro Toka (JMNMT) cnegyeT ncnonb3oBaTh PACYETHYIO CXEMY U CXEMY 3aMeLLeHNs, NpMBeAeHHbIe Ha YepT. 10.



AnekTpuyeckas cxema (a) u cxema 3amelleHus (6) cuctembl, cogepKalluem ogHOUENHyo
OAHOMOCTOBYIO 3f1eKTponepeaayvyy NOCTOAHHOIO TOKa

LR~ w3 WL
(1 re v ;]V N r2
Wi 77
| >
uzZ1 =y

a,n,

E-fi' A UJI !J*QQ
—i

[
77

~ |Ugp
L

e

—_F

YepTt. 10

4.4.1.2. NapameTpbl CXxeMbl 3aMELLEHNSA 1 NapameTpbl PeXMMOB cucTeMbl ¢ ogHomocToson MNIMT cnepyeT onpeaenste
C Y4eTOM 4ucCna MOCTOB, BXOOSALMX B COCTaB pearnbHbiX KackagHO-MOCTOBbIX npeobpasoBatenen. Bce nmapameTtpbl
cnepyeT onpefensTb B CUCTEME MMEHOBaHHbIX €AUHWL, 1 NPUBOAMTL K CTYMEHU Hanps>KeHUss BTOPUYHBIX (BEHTUMbHbIX)
oOMOTOK npeobpasoBaTenbHbiX  TpaHcopmatopoB. [lpu  3TOM  HEOOXOAMMO  yuuTbiBaTb  KOIMUUMEHTHI
TpaHcdopmaumn npeobpasoBaTenbHbIX TPaHCopMaTopoB, obecneunBatoLLmMX HOMUHaNbHBIVE PEXUM Npeobpa3oBaHus.

4.4.1.3. NS NUHWIA NOCTOSIHHOIO TOKa C KOHLEBbLIMW peakTopamMu crieyeT NpuMeHsiTb T-ob6pasHyto cxemy 3aMmeLleHust
C M3MEHSILMMUCS NapaMeTpamu fnyyei, B 3aBUCUMOCTU OT MecTa 1 Buga K3.

®opmynbl ANs pacyeTa napaMeTpoB CXeM 3aMELLEHUS CUCTEMBI C neKTponepeaaYven NoCTOSHHOIO Toka NpUBEAEHbI
B NpunoxeHun 9.

4.4.2. OcHOBHble AonyLUeHWs1, MPUHUMaeMbIe NpU pacdeTax NepexofHbIX PexmMMoB 1 Tokos K3

4.4.2.1. MNMpn pacyeTax nepexogHbiX PeXnMMoB M TokoB K3 B NMHMSX NOCTOSIHHOIO TOKa BbICOKOrO HanpsiKeHus
JonyckaeTcsi:

- HE Y4YMTbIBaTb BbICLUME FAPMOHMKM TOKOB W HanpsXXeHWn B Lendx nepemMeHHOro U nocToSHHOrO TOKOB, a ouNbTpbI
BbICLUMX TAPMOHUK NMpuHUMaTb naeanbHbIMU;

- HEe y4nTbiBaTb KOMMYTauMOHHOE B3aMMOBIIMAHNE MOCTOB KaCKagHOMOCTOBOIO npeo6pa3OBaTenﬂ, T. €. C4UTaTh, 4YTO
KaxKabl MOCT Kackaga pa60TaeT He3aBUCMMO, B LIJeCTIA(*)a3HOM pexnve npeo6pa303aHMﬂ;



- He Yy4yuTbiBaTb AOUCKPETHOCTb YynpaBleHus BEHTUNEN, T. €. NpUHMMaTb, 4YTO YIMbl BKIOYEHUA BEHTUNEN B
nepexogHoMm pexnmMme N3MeHATCA HenpepbiBHO.

4.4.3. Pacyet TokoB K3 B NTMHMM NOCTOSIHHOIO TOKa NMPW HEMOMHbIX MCXOOHbIX AaHHbIX

4.4.3.1. ToK B NUHMN MOCTOSIHHOTO TOKa B pexume paboTbl npeobpasosatens "2-3" B KoHue @ o nepuoaa

NOBTOPSAEMOCTM (B MOMEHT B =xng 60°) cnegyeT onpeensTb No hopmyrne

J6E COSE— cose —Ip || ——=| (67)

I
i g Ay 2d g + Ay

roe K- JenicTtBytollee 3HaveHue dasHon O1C TpexdasHon cuctemMbl NepemMeHHoro Toka, B;

A5 - cyMmapHoe conpoTuBReHme Leneii nepemMeHHoro Toka (Ha ogHy asy), Om;

Xdz - CyMMapHoe conpoTunsneHmne uener NOCTOSTHHOrO TOKa [0 TOYKM 3amblkaHust, Om;
££ - yron BKNYeHuns BEHTWUNERN, an. rpag;
ID - HavanbHOe 3Ha4YeHMe Toka B IMHUM MOCTOSIHHOTO TOKa, A.

Mpumevanne. ®opmyna (67) cnpaBeanvea Npu peanbHbIX 3HAYEHUsIX NapameTpoB 1 BpemeHn K3, pasHom 0,06-0,10

c, unn 25 =18-30.

4.4.3.2. NpepenbHoe 3Ha4YeHne Toka B amnepax, Npn KOTOPOM coxpaHsaeTcs pexum "2-3", onpegensioT no opmyne

i - —"EE[
mpeq 2-3 2X s

cos e — cosle + ED:I]. (68)

Mpumedarue. dopmyna (68) cnpaseanuea, ecin g = irrpeuE-E

4.4.4. PacuyeT nepexogHoro npouecca npu K3 B NMMHMM NOCTOSIHHOIO Toka ¢ nomMoLlbto 9BM

4.4.4.1. MNpn pacyete nepexogHoro npouecca npu K3 B NMHUSX MOCTOSHHOMO TOKa C wmcnonb3oBaHuem OBM
pekomMeHOyeTCst UCMONb30BaTh MatemMaTu4ecKyto MOAenNb, CoAepXKaLlyto cuctemsl AnddepeHumanbHbiX YpaBHEHUA 3TUX
TNVHUIA N MHTerpanbHbIX ypaBHEHNI MOCTOBBIX MpeobpasoBaTenen.

4.4.42. Cuctema gnddepeHumanbHbIX YPaBHEHUIA NMHUA NMOCTOSIHHOTO TOKa AOSKHA OblTb COCTaBMeHa C y4eToMm
napameTpoB KOHLIEBbIX peakTopoB. [Ins MOCTOBLIX MpeobpasoBaTenen crnegyeT WCMNoNb3oBaTb WX WHTErparnbHble
XapakTePUCTUKN (UMHTErparnbHble ypaBHEHWS!), OOMycKalolWMe Y4YeT PerynupoBaHUsi YrroB BKMOYEHUs BeHTunen. B
cuCTEME ypaBHEHWM TpexdasHbli MOCTOBOM npeobpas3oBaTtenb cregyeT YduTbiBaTb Kak yrpaBnsieMbli MCTOYHWK
TpexdasHoro Toka MepBOM FAPMOHMKWU, Y KOTOPOro aMmnnuTyAbl TOKOB B OCHOBHOM W3MEHSIOTCS B COOTBETCTBUM C
3aKOHOM M3MEHEHMS BbIMPSIMIIEHHOrO TOKa, a oasbl 3TMX TOKOB - B COOTBETCTBMU C 3aKOHOM PErySIMPOBaHWs YIiioB
BKIMOYEHMST BEHTUNen. [na cuctem u NMHUA NEepPeMEeHHOro Toka HeobXoAMMO COCTaBUTb YPaBHEHUSI COCTOSAHMS OIS
NnepruoaMYeCcKUX COCTABMSLLNX TOKOB U HAMPSXKEHWUI OCHOBHOW YacTOThI.

4.4.43. TepexogHbln pexum Ha 3BM ponyckaeTcsa paccunTbiBaTb METOAOM aHanMTU4EeCKOro MpPOrHO3MpoBaHUs
pexvma npeobpa3oBaHUsi Ha TEKYLIMA MOMEHT BPEMEHU, KOTOPbIA YTOYHSAKT MpU OYEePEeLHOM CMELLEHMM Liara
YNCMNEHHOIO MHTErPUPOBaHUS cucTeMbl auddepeHLmanbHbIX YpaBHEHWIA.

4.4.5. YpaBHeHNs anekTponepegayn NoCTOSHHOrO Toka

4.4.51. OudpdepeHumanbHble ypaBHEHUS NNMHWMM MOCTOSIHHOTO TOKa crnegyeT 3anucbiBatb B ¢opme Kowwn. B
COOTBETCTBUM C MPUHATON CXEMOW 3aMELLLEHUSI OHW UMEIDT BUA:



dlge fdt = (Ug —Uge ~ Ryl ) Lay,
dl gyt dt = Uy = Ugy = Randan) Laa: (69)
AU g fde = (1 — gy — Uy FRIC,

roe { g v {4 - cpenHve 3HaueHUs BbINPSIMIEHHOTO W MHBEPTUPYEMOTO TOKOB, KA;
L g v U gy - cpenHve 3HaueHNst BbINPSIMAEHHOTO 1 MHBEPTUPYEMOTO HAMPSLKEHNH, KB;

Ud,: - cpegHee 3HayeHue BbINPSMIEHHOro HanpshxeHus B mecte K3, kB;
£ - Tekywee Bpemsi, C;

Ldl n Rdl - COOTBETCTBEHHO WHAOYKTUBHOCTD, H, N aKTMBHOE COMPOTMBIIEHME, OmM, uenu MNOCTOSIHHOTO TOKa
BbINpAMUTENA,

Lia n Egzg - cooTBETCTBEHHO MHAYKTMBHOCTb, [H, M aKTMBHOE conpoTuBreHve, OM, Lenu MOCTOSIHHOIO ToKa
UHBepTOpa;

R,C - COOTBETCTBEHHO aKTMBHOE cOonpoTuBIieHue, OMm, n emkoctb, O, Y4nTbIBAOLWYH akKTUBHYHD N €MKOCTHYHO
npoBOAMMOCTb JTMHUN NMOCTOAHHOIO TOKa.

4.4.5.2. ina onpefeneHns HanpsKeHWi BbINPSMUTENS U MHBEpTopa (Ud) B KMNoBonbTax criefyeT UCrorb3oBaTb
WHTEerpansHoe ypaBHeHne MOCTOBOro npeobpasoBaTens

3 3 X
Iy =1 —«JEUS cosa———}rfd N, (70)
T T 2

roe +1 - Ans BbINPAMUTENS;

-1 - ona nHBepTopa;
M - yueno nocnenoBaTtenbHO coeaMHEHHBLIX MOCTOB B KackaJHO-MOCTOBOM NpeoGpasoBaTerne;

Lf. - peiicTeylollee 3HayeHne (Pa3HOTO HAMPSHKEHMS| HA LUMHAX MEPEMEHHOro ToKa NpeoBpasoBaTenbHOM

noAcTaHuMu  (BbINPAMUTENS WU MHBEPTOpa), NpUBEAEHHOE K CTYMEeHU HanpsbkeHusi BTOPUYHOM  OBMOTKM
npeobpasoBaTtensHoro TpaHcdopmartopa, kB;

£X - yron BKNIOYEHNS BEHTUNEN Npeobpa3oBaTens (BbINPSMUTENSI UMK MHBEPTOpA), 3M. rpag.;

}f}r - COMpPOTUBIIEHNE KOMMYTaLun BeHTunen npeobpasosartens (BbINPAMUTENSA UMK MHBEpPTOpa) Ha Ase dasbl, Om,
[, = 2x,)
MpumeyvaHus:

1. YpaBHeHve (70) cnpaBeanuBO MpU pexuMme FOpeHust ero BeHTUNen rpynnamum no 2-3 BeHTUNs M Npu yrnax
KOMMyTaummn %, He npesbillatoLmx 60 an. rpag.

2. Mpw pacyeTe NpeaWwecTBYOLLEro (HOMUMHANBLHOIO) pexuMa paboTbl MHBEPTOPA CrieayeT UCMoNb30BaTh YpaBHEHWE
OrpaHNYnTENBHON XapaKTePUCTUKN



3 34
U = | 28075 coss -2 22 1, W, 1)
T T 2

roe © - yron moracaHus BEHTUNel WHBepTOpa, M. rpaf., HOPMUPOBAHHOE 3HaYeHWe KOTOporo coctaensieT 15 an.
rpag.

4.4.5.3. Yrnbl BKNOYEHUS BEHTUNEN (£ ) B 3NEeKTPUYECKUX rpagycax crnefyeT onpefensTb C yYeTOM perynvpoBaHus
BEHTUINEN MO YpaBHEHWSIM, 3amnuCaHHbIM B MPUPAaLLEHNsIX, COOTBETCTBYHOLLUMX LUAry YWCIEHHOTO WHTerpuMpoBaHus. B
obLem criyyae oHU MEIT BUA;

o=ap+ Ky Aol —ep(-Adr T)), (72)

A= TR {1 exp (= &4 Ty ) + 2K nA(1- exp (- 444 Ty )]

)

roe &fr - lwar YncneHHoro nHTerpupoBaHus, c,

£f] - HavYanbHOe 3Ha4YeHue yrna BKM4YeHnd, an. rpaj.;

M - npupalleHve yrma BKIIOYEHWS! HA Lare YMCIEHHOrO WHTErpupoBaHus, OGYCMOBMEHHOE [aedCTBUeM
perynsitopa, an. rpag.;

II, Al - cumBonbl napameTpa 1 OTKMOHEHUS NapaMeTpa, Mo KOTOPbIM OCYLLECTBIAIT PEryNMpOBaHUE;
Fpe Ky Kpn - k03dhdULMeHTbI perynuposaHys cyMmmaTopa 1 kaHasios perynsitopa;

T, 7. Ty - anekTpoMarHmTHbIe NOCTOSHHBIE BPEMEHN CyMMaTopa 1 KaHaroB perynstopa, C.

Mpn aTom cnenyer ydntbiBaTb npenenbl pa60\4|/|x Onana3oHOB U3MEHEHUA YIrmoB BKITHOYEHUA:

0<a, <2n/3,

WL o S
Mpumeyarme. OBbIYHO BbINPAMUTENL UMeeT perynnposanme no &4 g , a keseptop - no &f g, L7 n Ad
4.4.5.4. Yron koMMyTaummn BeHTUNen (¥ ) B 9NeKTPUYECKUX rpagycax cnegyet onpeaensite no oopmyne
X‘.'r
Jetr,

4.4.5 5. Yron noracaHus BEHTUNEN nHBepTopa (-5 ) B 9aNeKTpUYeCKUX rpagycax cnegyet onpeaensite No opmyne

fil-e. (73)

V= alCCos| Cosae —

8 =180° —arccos| cosex —Xﬂ !
- - [ et
’\'%U.SE

(74)

[NonyyeHHoe 3HayeHue yrna & Mo YCOBWUIO YCTOMYMBOCTU MHBEPTOPA B NEPEXOOHOM peXUMe AOSMKHO NpeBblwaTh 2-



5 an. rpag.

4.4.5.6. AMNnNuTyay KOMMyTMpYytoLLero Toka ( fm ) B Kurioamnepax cnegyet onpenensite no hopmyne
Iy =601 X, (75)

4.4.5.7. JencTeyloLiee 3Ha4eHe NepBoOv rapMOHUKM hasHOro Toka npeobpasoBaTenbHOro TpaHcopmaTopa (fs) B
Kunoamnepax, NpMBeAEHHOE K CTYNEHN Hanps>keHs BTOPUYHON 06MOTKK, cneayeT onpeaensTs no gopmyne

7 3
=i *igm (76)

roe I.SI:I:I n I.SI:H:I - OpTOroHarnbHble CoCTaBnAOLWMe TOKa, KA, KOTOpble creayeT BblYUCNATL MO BblpaXKeHUAam

b

IS(I)={§ fmSin-E 2 Cosasin a"’% _Sin(zﬂ',"'].-')cos—g— +fdcos(a+ju);

s

Iy = — fmsin-;i 2CosRCos t:r,"'% _cos@a"'y)cosfé_fj—z _fdsin(&n"’y)

9 (77)

MpumeyaHue. Yimbl & 1 ¥ B BblpaxeHusix (77) cnegyeT BolpaxaTb B pagnaHax.

4.4.5.8. CocrtaBnstowme TpexdasHon MOLLHOCTM KackagHoro npeobpasoBaTens: akTUBHYIO (P_'S) B MeraBaTtTax u

peakTvsHylo ({'. ) B MeraBonbTamnepax, KOTOpble AECTBYIOT Ha LIMHAX NEPEMEHHOTO Toka MOACTaHUMM, criedyet
onpenensite No hopmynam:

£y =+3U; (NI.SI:I:I:I;

(78)
s =35 (NI.SI:H:I}'

4.4.5.9. encrteylowee 3HayeHne gasHon SC skBUBANEHTHON CUCTEMBI (Ec ) B KMINOBONbTAX criegyeT onpeaensTb ¢

y4eTOM noTepb HanpsaXXeHuna B JNIMHUW NepeMeHHOro Toka oT aKTUBHOW U peaKTVIBHOIZ MOLLI,HOCTGIZ, pacxoayembixX Ha
npeobpasoBaHne aHeprum

2 2
P S1eNE) A BIE)

E, = 5
U, [ | 79)

roe Lf; - basHoe HanpseHMe Ha LMHAaX NepemMeHHOro Toka Npeo6pasoBaTenbHON NOACTaHLMN (BbINPSMUTENLHON

UM UHBEPTOPHON), paBHOE HOMWHANbBHOMY HanpsiXeHuto, KB;

XI. - MHOYKTVBHOE COMPOTUBIIEHWE JIMHWM MEPEMEHHOr0 TOKa Ha CTOPOHE BbINPSAMUTENBHOW WM WUHBEPTOPHOM
noactaHummn, Om.

4.4.510. [evcTBylollee 3HayeHMe (asHOro HanpshKeHWst Ha LWMHAX MEepPEeMEHHOro Toka npeobpasoBaTenbHoM
noacTtaHumu (U_S ) B KunosonbTax npu ussectHon SC cuctembl cneayet onpeaenaTb no gopmyne



roe

Z 2
s =JE.: ~ (A" + AV,

AUpy = Xp (M), AUy = A1 (W )

(80)

4.4.6. VIsmeHeHvne napameTpoB pexuma anekTpornepeaaydn npn KOPOTKOM 3aMblKaHUM B JIMHUM MOCTOSAHHOTO ToKa

4.4.6.1. Pe3ynbTaTbl pac4yeTa NepexofgHoro npouecca B BbiNpSMUTENE, NOMyYeHHble ¢ nomollbio IBM, npuBeaeHsl B
npunoxexHun 10. K KpMBble OTpaXKatT TUMOBOW XapaKTep NPOTEKAHNS NPOLIECCOB.

PacueTHble gaHHble gnAa akkymynaTopa CK-1

MNapameTp EavHuua namepenuns 3HaueHne napameTpa
h M 0,170
d M 0,170
i M 0,003
A B 2,05-2,15
5 O 't 935
Ryt ou 6,3 107

NPUNOXEHWE 1

CnpaBouHoe

Tabnuua 1

Tabnuua 2

AneKTpoXuMmnyeckme KOHCTaHTbI, UCNONb3yeMble NpU pacyeTe TokoB K3
OT CBMHLIOBO-KMCIIOTHbIX aKKyMynsiTOpoB

3neKkTpoxMMMyeckas Eavhuua uamepeHrust Mpepensl U3MeHeHns
KOHCTaHTa
g0 o.e 1,20-1,34
2 wlc! (101,110
- 10-25
¥a (Om-m)
_ _ 4,5-5,5
N MOIb 11 1 ‘M-A !
— +0,0278
E11 B/(Monb 11 1)
- -0,0242
21 B/(Monb- 1 1)

NPUNOXEHWE 2
CnpaBouyHoe



YYET BJIIMAHUA ANEKTPUYECKOWU OYIU HA TOK K3 B YCTAHOBKAX MOCTOAHHOIO
TOKA

3aBucumocTb koacdhdmumenTa £, AnNA akkymynatopHon 6atapen

TMna CK (kpuBasi 1) 1 MalIMH NOCTOAHHOrO TOKa MOLHOCTBLIO Ao 100-150 kBT n
HanpsikeHuem 220 B (kpuBas 2) ot conpoTuBneHusa uenum K3

Ka
0.9 »

0,8 ,\
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0,6 / 1
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3aBucumocTb KoadbcmumenTa £ AnNA reHepaTopoB NOCTOSAHHOIO TOKa
HanpsxxeHnem 220 B (kpuBas 1) n 440 B (kpnBas 2) ot conpotuBneHus uenm K3

Ka
0,9

0.8

0.7

g 4 8§ 12 1 AnQm

MPUNOXEHWME 3
CnpaBouHoe

YYET YBEJIMMEHUA AKTUBHOIO COMPOTUBJIEHUA KABENA OT TOKA K3 B
YCTAHOBKAX MOCTOAHHOIO TOKA

3aBucumocTb Ko3achpurLuMeHTa yBeNMYEeHUS aKTUBHOIO CONPOTUBIIEHNA Kabenen pasHbix
ceyYyeHnn ¢ MegHbIMM Xunamm ot Toka K3 npu npogonmxkutenbHocTax K3 0,2 ¢ (cnnowHbie
nuHun) n 0,6 ¢ (NYHKTUPHbIE JINHUMK)
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3aBucumMocTb KoadhdurumneHTa yBenM4eHUs akTUBHOIO CONpPOTUBIIEHUN Kabenen pa3HbIX
ceYeHUM ¢ antoMUHUEBbIMU Xxunamm ot Toka K3 npu npogomxkurensHoctax K3 0,2 ¢
(cnnowHble nuHUK) 1 0,6 ¢ (NYHKTUPHbIE IMHUMK)
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3aBucumMocTb KoadhdurumneHTa yBenM4eHUs akTUBHOIO CONpPOTUBIIEHUN Kabenen pa3HbIX
CeYeHUN C MeAHbIMM Xunamu (CNOLWHbIE IMHUN) U C aNtOMUHUEBbLIMU XUnamm
(nyHKTUpPHBbIE NuHUK) oT Toka K3 npu npoaomkutenbHoctn K3, pasHon 1 ¢
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MPUNOXEHWE 4
CnpaBo4Hoe

3aBUCUMOCTb pa3psiAHOro Toka akkymynsitopa Tuna CK-1 ot npogomxkurenbHocTtn K3 npum
K3 Ha ero saxumax u 0=1,21; £ =1,08-10" m°/c; ¥>=16,5 (Om-m) " :
¥ =518 (Monb/n)-M/A; E11 =+0,0278; £21=-0,0242
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3aBMCUMMOCTb HaNpshKeHUA Ha 3aXKMMax 3apskeHHOro akkymynsitopa tuna CK-1 ot cunbli
TOKa B HayanbHbIM MomeHT K3 npu Tex xe ycnosmsx u £ =25°C

UpB

16
\\\

12 ~ - S

03

G4

0 50 100 150 200 250 330 350 400 lpe.A

YepT. 17

MPUNOXEHWME 5
Cnpaso4Hoe



YNPOLUEHHAA METOOMKA PACHETA HAYAJIbHOIO TOKA K3 B LIEMNA
AKKYMYJTATOPHOU BATAPEU

HavanbHbin Tok K3 B Lienu akkymynsatopHon 6atapen (IKD ) B amnepax BblMUCAAIOT No dhopmyne

o =7

nk

ETO

nim)R o+ R

rae # - 4ucno nocnegoBaTefibHO COeANHEHHbIX 3N1EMEHTOB (paBHO Yuycny aneMeHToB, HaxoaAaALWnXca B nouaapﬂue);

F? - 4ncno napannenbHO COeAMHEHHBIX 3NEMEHTOB (PaBHO HOMepY akkyMmynsTopHou 6atapeun Tuna CK).

Bxopgswwme B 3Ty hopmyny BENUUMHBI ONPeaensitoT Unu NpUHUMatoT PaBHbIMU:

’
1) BHelwHee conpoTueneHve Ao Toykm K3 (RBM) B OMax C y4eTOM MepexodHOro COMPOTUBIEHUS LLETOYHbIX

KOHTaKTOB 3f1IEMEHTHOro kommyTartopa ( Rax)

npuHumast Ay 5 =0,005 Owm;

2) rpaHU4HOE conpoTMBREHHME ( Rrp) B OMax

Ry = (nfmj?,ﬁ‘lD_E;
3) npn Rppy 2 Ry
B . =193Bu B =54 107 om

non Ri £ Rrp

B . =170Bu R =4,0-107 om.

R;II’.[ = RB]'.I'.[ +RBK’

HanpsikeHne Ha 3axumax akkyMynsaTopHon Gatapeu (UD) B BONbTax B HayanbHbIi MOMeHT K3 onpepensioT no

dopmyne

Uy = Rpwdsn

MPUNOXEHWME 6
CnpaBo4Hoe

Tabnuua 3

OpreHTUPOBOYHbIE KPaTHOCTU MaKCUMarbHbIX (MMKOBbLIX) 3HaYeHUn TokoB K3 ana mawuH
NOCTOAHHOrO TOKa HanpsixeHnem 110-750 B B 3aBMCMMOCTHU OT Npon3BeAeHNA MOLLHOCTHU
MawuH, KBT, Ha yacToTy BpalwieHus sKkops, 06/MuH



PacuyeTHbIN napameTp KpaTHocTu MakcumarnbHbIX (NMMKOBbLIX) TOKOB ANSt MaLLUWH
Pr-n:ur.{ o — HanpskeHnewm, B
kBT:(06/MuH) 110 | 230 | 600-750
KomneHcrpoBaHHble MaLlyHbI
100000 - 12-8 -
250000 - 13-9 15-12
300000 - 15-10 15-12
1200000 - - 16-15
HekomneHcrpoBaHHbIe MaLUVHbI
5000 5-4 6,5-4 N
10000 6,5-5,5 6,5-4 -
100000 7,5-6,5 7-6 -
150000 7,5-6,5 7-6 -
800000 - 14-8 -

MPUNOXEHWE 7
PekomeHaoyemoe

®OPMYIIbl ANnA PACHETA NAPAMETPOB CXEMbl SAMELWWEHNA MALLUH
NOCTOAHHOIO TOKA

NHOYKTUBHOCTL OGMOTKU BO36YXAEHWS MaLUMHbI MOCTOSIHHOMO Toka (Lj- ) B reHpu

12[:|Cﬂfﬂ'ﬂ El:l
- (1)
Na”ﬂﬂffj‘ﬂ

NHOYKTUBHOCTb CEpUecHoi (komnayHaHON) 06MOTKM (LC ) B reHpu
2
4
L,=1L 5 [—— ) 2)

|/|H,El,yKTVIBHOCTb SIKOPHOWN 0BMOTKM (Lﬂ ) B reHpun and HeKoMneHCnpoBaHHbIX MaLLUUH

) [
La — Jq-]_ IHEIH ;HKH =5 2 ]- EHDH )
HOM gﬁp 0 ER0 Lyoy

60

©)

roe KH - KOSdI)dI)MLI,I/IeHT HaCbILWEHNSA MarHUTHOM CUCTEMbI FNaBHbLIX MNOMOCOB MaLUWHbI;



Ana KOMNeHCMpPoBaHHbIX MallnH

L - qu UHDH 1 - 3 1 UI‘[I:IH (4)
a .
- Yo Py S 2 R —

&0

WNHLyKTMBHOCTb AKOPHOIA LMK KOMMEHCMPOBaHHbIX MalvH ( L) B reHpy

Ly=Ly+Lg+Lig, ®)

roe I.ﬂ - UHOYKTUBHOCTb OOMOTKM SIKOPS;
LK - UHOYKTUBHOCTb KOMMEHCALMOHHON 0O6MOTKY;
L.u - MHOYKTUBHOCTb 06MOTKM 406aBOYHbIX MOMHOCOB.

WNHpyKTUBHOCTb SKOPHOI Lienu reHepaTopos ( L) B reHpu

U
I, =o15ome 1 ©

wom F00Q

rae o) - OCHOBHasA yrroBas CKOPOCTb BpaLleHUs sKkops, 1/c;

2 -4ucno nap rnaBHbIX NOMNKOCOB.

NHOYKTUBHOCTL SKOPHOM Lienn HepeBEPCUBHbLIX BbICTPOXOOHBIX MaLUMH ( LH) B reHpm

L

HOM X

C
a2 = 19,1
I pag

HOM

: @)

roe £, =0,1 - ansa peuratene;
(7, =0,2 - ans reHepaTtopoB..

WHAYKTUBHOCTb SKOPHOW LienM paanvuHbIX rpynn MaLnH nocTosHHoro Toka ( L) B reHpn

[
L, =2 b
lrI-u:u]'.'[ 2y

®)

roe A - GeapaaMepHblit KOIMULINEHT, YUUTLIBAIOLLMI OCOBEHHOCTL KOHCTPYKLIM MaLLMHBLI NOCTOSIHHOTO Toka. Ero
paccuMTbIBAIOT MO AaHHbIM 3aBOACKOro hopmynsapa. [Mpu OpUEHTUMPOBOYHBIX pacyeTax AOMyCTUMO WCMNONb30BaTb
CpefHVie 3HaYeHVs yka3aHHOro KoadhduLMeHTa, NpUBEAEHHbIE B Tabn. 4.



AKTUBHOE CONPOTUBIEHME OOMOTKM SIKOPSI (f?Lﬂ ) B omax

) J
R, =(0,36] +0,45¢) 2N @107, 9)
oo Uxtlalp)

roe fﬂ - ANVHa MarHuTonpoBoaa 6e3 BEHTUNALMOHHBIX KaHanoB, CM;

T - MNOMCHOE JeNneHune, cM;
3
Jﬂ - MNOTHOCTb TOKa B 0OMOTKe sikops, A/MM ™ ;

Lf. - MexcermeHTHOE HanpsxeHne Ha KonnekTope, B, koTopoe crieayeT onpeaensTs No opmyre

— UI‘[CIH fI'IIIZI]'n'[

= — 0
K A (al p) (10)

A; - nuHeiHas Harpyaka sikopst Alcm;

¥ - paguyc sikopsi, CM.

CymmapHoe COnpoTUBIIEHNE SKOPHON M KOMMEHCALMOHHOM OBMOTOK M OOMOTKM [06aBOYHBIX MOSOCOB C Y4YETOM
nageHns HanpsKeHust Ha LeTkax ( RH) B OMax

R, = 2R, (11)
Tabnuua 4

Pac4yeTHble napameTpbl AN MallnH NOCTOAHHOIO TOKa

3HaudeHuMe pacyeTHoro napameTpa
[pynna MawmH NOCTOSIHHOIO TOKa

A hop Tac
TuxoxoaHble peBepPCUBHbIE NPOKaTHbIE ABUraTenmn 0,075-0,125 0,100 0,025-0,070
To e, ¢ ABYXX040BOW 0OMOTKOM SKOps 0,065-0,100 0,085 0,040-0,060
BeicTpoxoaHble HepeBepCcuBHbIEe npokatHele| 0,060-0,070 0,065 0,012-0,020
aBuraTtenu cneyunanbHble
[eHepaTopbl MOCTOAHHOrO TOKa C ogHoxogosown| 0,140-0,175 0,157 0,018-0,030
obMoTKOW siKopst
BbicTpoxoaHbie HepeBepCUBHbIE npokatHele | 0,080-0,115 0,097 0,020-0,030
asurarenu
[eHepaTopbl MOCTOAHHOrO Toka C AByx- M| 0,115-0,145 0,130 0,020-0,035
TPEXXo40BbIMM OOMOTKaMM
LLlaxTHble nogbeMHble OBUratenn MOCTOSIHHOIo o 0,25 o 0,25 0o 0,1
TOKa




NMPUNTOXXEHWME 8
PekomeHayemoe

®OPMYIIbl ANA PACHETA NMAPAMETPOB CXEM SAMELWWEHUA CETU NEPEMEHHOIO
TOKA U NMPEOBPA3OBATEJIbHbIX TPAHC®OPMATOPOB MPOMBILIEHHBIX N TAMOBbLIX
noACTAHUNU

MHOYKTVBHOE 1M aKTUBHOE COMPOTUBMEHMS CETU NEepeMeHHOro Toka (Xc 7 Rc ) B omax crieqyeT paccyuTbiBaTb Mo
dhopmynam:

UZ
Ay = ?HQ;

K

R, =X, NXIR),.

NHOyKTMBHOE M akTMBHOE COMpoTMBNeHus npeobpasoBaTenbHOro TpaHcdopmaTopa (XT " RT) B OMax cnegyet

2 2 E
¥ = UI-D::I.Q J[”_K] _ ‘ﬁPK .
T ;
Shom 100 Shom

'&PK

onpenensTb No opmynam:

2
R =UI'I]:II|Q
T
.

HOMT

SI'IJ:IH T

MPUNOXEHWE 9
PekomeHnyemoe

®OPMYIJlbl AN PACHETA NAPAMETPOB CXEM 3AMELLEHUA CUCTEMbI C
ANEKTPOMEPEOAYEN NOCTOAHHOIO TOKA

MHOYKTVMBHOE CONpOTMBIIEHME NpeobpasoBaTenbHOro TpaHcgopmMaTopa (XT) B OMax JonycTuMo onpeaensTb 6e3
y4yeTa ero akTMBHOIO CONMpPOTUBIIEHMS

2
_ Bx Vi
TO100 8

NHOYKTMBHOE COMPOTUBMEHME TNUHUM TMEePEMEHHOro Toka (XL) B OMax crefyeT onpefensatb C Yy4eToM
koabhuLMeHTa TpaHchopMaLum NpeobpasoBaTensHOro TpaHcgopmMaTopa

2
UHDME

pail

Xp = Xyl

T

HanpsibkeHne paboyero oTBETBNEHUS (Upaﬁ*l ) B KUIOBOJIbTaX NEPBUYHON (CETEBOIA) 0OMOTKM NpeoGpa3oBaTenbHOro

TpaHcdopmaTopa criefyeT onpeaensTb, UCXOAA U3 CrieaytoLero COOTHOLEHNS



UHDME = "-EUs

UHDI‘u‘H Us HOR

rae L5 yom - HOMMHAMBHOE NUHETHOe HaNpsKeHWe Ha LunHaxX npeobpasoBaTernbHON NOACTaHLMM, KB, MpUroxeHHoe
K NepB1YHO 0GMOTKe TpaHcopmaTopa;

U_S - pacyeTHoe basHOe Hanps>keHMe Ha LWuHax npeobpasoBaTenbHON noAcTaHuun, kB, obecneumsarowiee
HOMUWHanbHbIV pexuM npeobpasoBaHus.

MapameTpbl T-06pasHoO CxeMbl 3aMeELLEeHUst NIMHUU MOCTOSIHHOTO TOKa crneayeT onpeaensTs no popmynam:

ANst ABYXLENHOW nNuHum (cuctema "nposog-nposoa”)

Lgrg =20 +{(Xpniga) /o

Rqra =2Rg tmnfaias
Anst OQHOLUENHOW NnHMK (cuctema "nposoa-3emns”)

Ly = Lg +{Xnalg )i

Rgra=Rg trmslaa.

NPUNOXEHWE 10
CnpaBoy4Hoe

PE3YJIbTATbl PACYETOB HA 3BM MNEPEXOAHbIX MPOLIECCOB INMPU K3

B kauyecTBe npumepa Ha yepT. 18 npmBeaeHbl pesynbTaThl pacyeta Ha OBM nepexogHoro npouecca B BbinpaMUTeENe
npu K3 B MMHMM MOCTOSHHOrO ToKa. [N HarnsagHOCTM pPeXMMHble napameTpbl BblpaXeHbl B KPaTHOCTHAX
COOTBETCTBYIOLLMX HOMUHANbBHBIX NapamMeTpoB (Yrbl Tt 1 % BblpaXeHbl B pagunaHax).

MNMepexoaHbIN NpoLEeCC HA CTOPOHE
BbinpsimuTens npu K3 B nuHun
NOCTOAHHOrO TOKa



TeKCT AOKyMeHTa CBEPEH Mo:
oduumansHoe nsgaHve
locccranaapt CCCP -

M.: UspaTenbcTBO cTaHgapTos, 1992
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