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ctaHgapTtoB Poccunckon ®egepaunmmn — OCT P 1.0—2004 «CtaHaapTtusaunsa B Poccunckon ®epgepaumin.
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rating equations (100 % load factor) and calculation of losses — Current sharing between parallel single-core
cables and calculation of circulating current losses»).
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BBenoeHue

Ecnn ogHOXUNbHbIE Kabenuy pacnonoXXeHsl napannenibHO, TOK Harpyskn MOXeT He ObITb paBHOMEPHO
pacnpegeneHHbIM MeXxay kabensmn. ToKU, LMpKynupyowme B obonovkax kabenen, Takke Moryt UMeTh pas-
NMYHOE 3HaYeHne. 3170 OOYCNOBMNEHO TEM, YUTO CYLLECTBEHHAA YaCTb NMOMHOMC CONPOTUBNEHUS XK DONLLUOTO
ceyeHns obycnoeneHa nx coObCTBEHHLIM YU B3aUMHBIM PEaKTUBHBIM COMPOTUBMEHUEM. Takum obpasom, pac-
CTOSIHUE U NONOXKEHNE Ka)XXa0oro kabens rno OTHOLIEHUIO K ApyrumM ByayT BNUSITbL Ha pacnpegeneHmne Toka n Ha
LMpKYNUpyoLwme Tokn. TOKM 3aBUCAT TakKe OT nopsaaka cnegosaHnga dpas. Metoa, paccMOTPEHHBIN B HACTOSA-
LLieM cTaHaapTe, MOXeT ObITb UCNOMb30BaH ANS pacyeTa pacnpeaeneHnsi TOKOB MexXay ddasHbIMM XKulamu, a
TakkKe rnoTepb BCNeacTBUE LUPKYNMPYOLLUX TOKOB.

[TpaBuna, gawWero BO3MOXHOCTb OLEHUTL NOTEPKU, 0OYCNOBNEHHbIE LIMPKYNMPYIOLWUMN TOKAMK, B pac-
MONOXEHHbIX NapannenbHo Kabensx He CYLEeCTBYET, AN 3TOro HeobXoaAMM pacyeT ANA Ka)Xaon KoHpurypa-
L. MpuHUMnbl 1 opMynbl MOMHBLIX CONPOTUBMNEHNN NPOCTLI; TPYAHOCTL 3aKNiovaeTcsl B pelieHnn 60ns6LIoro
ymncna obpasyroLLMXCsl COBMECTHBLIX YpaBHEHMN. HNCNo ypaBHEHUN, KOTOPbLIE HAA0 peLllnTb, 0ObIMHO CALLKOM
BENUKO, YTOObLI MOXKHO DObINO OCYLLECTBNATL 3TO BPYYHYIO, N peKkoMeHayeTca ncnonbsosatb IBM. [1na n kabe-
nen Ha asy, UMeLLnX MeTannuyeckme obonoYku, B TpexdrasHon cucteme CyLLIecTBYET 61 ypaBHEHMUN, KOTO-
pPble UMET TO XKe YNCIIO KOMMITEKCHBLIX NepeMeHHbIX.

YpaBHeHUs, npeanaraeMele B HacTodLleM cTaHaapTe, 4Nnd yrnpoLleHUa OCHOBaHbI Ha NpeanonoXXeHUH,
YTO BCE XWUMbl, pacnonoXeHHble napannenbHo, UMeT oAuHaKoBoe cedeHne. Ecnn 310 He Tak, ypaBHEHUS
MOTYT ObITb OTKOPPEKTUPOBAHLI C LENbio y4eTa pasHbIX CONPOTUBMEHWUA ANA KaXXA0W Xunbl. BnusHmne Hynesou
N 3a3eMMALLEN XKNN TaKKe MOXET ObiTb YYTEHO NyTEM BKIMHOUEHUSI 3TUX XKUM B pacyeT COOTBETCTBYIOLLIMX
Lenel. lNpeanaraemMmel B HAcTodALWEeM cTaHOapTe MeTod He yYUThIBAeT COCTaBNSALWYIO LUPKYUPYIOLWEro B
obonouke ToKa, KoTopas Morna Obl NpoTeKaTh Yepes CeTb 3a3eMNeHNs UM ModbIM APYTrUM NYTEM.

TOKM B XXnnax n LUpKynmpyrowme TokM B 0bonovkax ogHOXKUMbHBIX Kabenen, pacnono)XeHHbIX napan-
nenbHO, CKopee BCcero He byayT pacnpeaeneHbl paBHOMEPHO. [103TOMY BHelLLHee TennoBoe CONPOTUBNEHUE
PACMONOXKEHHBIX NapannensHo kabeneun, NPonoXKeHHbIX B 3eMie, pacCuYnThIBAOT METOAOM, PACCMOTPEHHBIM
B MOK60287-2-1 (noapasaen 3.1). Bcneacrteue Toro, Yto BHeLLHee TeNMOoBOE CONPOTUBMIEHUE M TeMNepaTypa
000oNoYKM 00YCNOBMNEHbI pacCcesaHUEM MOTEPb KAXAOM0 N3 BXOASALLUX B KOMMNMEKC kKabenen, HeobxoanMmo NpoBo-
OUTb MOBTOPHYIO Npoueaypy Ana onpeaeneHns notepb, 00YCNOBNEHHbIX LMPKYNUPYIOLLUMKA TOKaMK, U BHELL-
Hero TennoBOro CONPOTUBNEHNUA.

IV
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HAUUWOHANBbHBILU CTAHOAPT POCCUUCKOWNW OGEOLEPAUUNMN

KABEJIU ANEKTPUYECKUE. PACYET HOMMUHAJIbHOU TOKOBOW HAIPY3KU

YacTtb1-3

YpaBHeHUA A4na pacvyeta HOMUHanNbHOU ToKoBOU Harpy3ku (100 %-HbIn Ko3athPULUEHT Harpysku)
N pacyeT noTtepb. PacnpeneneHune Toka Mexay ogHOXUNMbHbLIMU KabenamMu, pacnorioXxXeHHbIMI
napannenbHo, U pacyeT NOoTepPb, OOYCNOBNEHHbIX LUPKYNUPYIOLWUMU TOKaMK

Electric cables. Calculation of the current rating. Part 1-3. Current rating equations (100 % load factor) and calculation
of losses. Current sharing between parallel single-core cables and calculation of circulating current losses

Ilata BBeaeHna — 2010—01—01

1 Obnactb npuMeHeHus

B HacTosilwem cTaHgapTe npuBedeH meto pacyeTa pasHbIX TOKOB U NOTEPb, 0OYCNOBMNEHHbIX LIUPKYIN-
PYIOLLMMU TOKAMW, B OAHOKMNBHBIX KADENAX, pacnofNoXeHHbIX NapannensHo.

PaccMoTpeHHbIN B HAacToALWEeM cTaHgapTe MeTo MOXeT BbITb UCNONb30BaH A9 Ntoboro Ymcna kabenemn
Ha dpasy, ecnun OHW PacnonoXeHbl NapannenbHo, N He3aBUCUMO OT reoMeTpudeckomn koHgpurypaumnu. dasHole
TOKWU MOTYT BbITb paccynTaHbl Ang nteboro cnocoba coegmnHeHUsa obonovek. [ns pacyeta noTepb B 000o4Kax
MPUHATO, YTO 06ONOYKM coeaMHeHbl Ha obonx KoHuax. B MOK 60287-1-2 naH meToa pacyeTa noTepb B 0H60104-
KaX, 0bycrnoBneHHbIX BUXPEBBLIMU TOKaMU, AN ABYX Lienen, pacnonoXeHHbIX B OJHON MNOCKOCTH.

2 HopMmaTuBHbIE CChINKN

B HacTosWweM cTaHgapTe UCMONb30BaHbl HOPMATUBHEIE CChINKM Ha cneayiowne MmexXgyHapoaHele CTaH-
0apThbl:

MOK 60287-1-2:1993 Kabenu snektpudveckne. PacyeT HOMUHaNbHOW TOKOBOW Harpysku. Hactbe 1-2.
YpaBHeHNa anga pacyeTta HOMUHaNbHOW TOKOBOWU Harpyskm (100 %-HblM KO3M@UUMEHT Harpyskn) U pacyer
notepb. KoappuuneHTbl NOTEPL, 0OYCNOBMNEHHBLIX BUXPEBLIMU TOKaMM B 0DONOUKe, ANA ABYX LIenen, pacrnono-
XeHHbIX B OOHOW NMNITOCKOCTI

MOK 60287-2-1:1994 Kabenu snektpudveckne. PacyeT HOMUHaNbHOW TOKOBOW Harpysku. HacTtb 2-1.
TennoBoe conpoTuBneHne. PacyeT TennoBOro ConpoTUBNEHUS

3 O60o3HaYeHUNA

B HacTosilem cTaHgapTe npuMeHeHbl cregyowme o6o3HavyeHus:

d. —AnameTp Xunbl, MM;

d. —cpeaHuin guameTp oboNoYKU, MM;
[ —vyacToTa, ['u;

I, K —MHAeKCbl psaaa KU,

m, n — VHAEKChI psifia Kabeneu;

D —yuncno kabenen Ha gpasy:;

D — paccToaHne Mexay ocamun Kabenen, Mm;

Ip — TOK B XKuUrne Kabensa p, A;

’sp — TOK, LUPKYNUpYyoLwmii B 0bonodke kabensi p, A;

R — CONPOTUBNEHUE npoBoadLlero anemeHTta, OMm/m;

R. — conpoTuBneHue Xunbl nepeMeHHOMY TOKYy MNpu MakcumanbHou paboyend TemnepaTtype,
OM/M;

R. — conpoTusrieHue obonoYku npu paboyen temnepatype, OMm/Mm;

X; . — Kaxylleecs B3anMHoe peakTUBHOE CONPOTUBIIEHNE NMapbl KUJT;

U3paHune odbmumanbHoe
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AV —naaeHne HanpsXKeHUs B XXUNe;

o — KO3PULMEHT, 3aBUCSLLINA OT KOHCTPYKLUN XKUTbI;

Ap — KO3 PULMEHT NOoTepb B 0bonoyke kabens p, 00yCcnoBneHHbIX LUPKYNMPYOLMMU TOKaMU;
» — yrnosasyacrorta cuctemsl (2nf), ¢ 1.

4 OnucaHve MeToaa

4.1 O6wme nonoxeHus

HacTosdWwnm MeToaoM paccYMTLIBAOT COOTHOLLEHe pa3HOoro ToKa, nepenaBaeMoro KaXXaou XXnunou, u
TOKa, LUMpKynupyrowero B 0bonoyke Kaxagoro U3 kabenen, pacnonoXeHHblx napannenbHo. KoapduuneHT
noTepb AANA KaXKO0ro BapmnaHTa paccumTbIBaOT Kak OTHOLLEHWE NoTepb B 000104Ke, 00YCNOBNEHHbIX LMPKY-
NMUPYICLLMMN TOKAMK, K MOTEPSIM B XKUIMe 3TOro Kabens.

[1pn pacyeTax NpUHUMaETCA BO BHUMaHWE TONbKO NageHne HanpsbkeHnsa no ANUHe XXUnbl U He y4YUTbIBa-
eTcs paszbanaHc Harpysku, npMeoasilnmn K pasbanaHcupoBaHHbIM da3HbIM TOKaM.

YpaBHEHUA, KOTOPbIE Haao pellnTb ANd pacyeTa HEU3BECTHBLIX TOKOB B napanenbHbIX NIPOBOAHUKAX U UX
obonovkax, NOCTPOeHbLI HA OCHOBE Da3oBbIX OPMYN, AaloW KX, ¢ 0AHON CTOPOHbLI, NOMTIHOE CONPOTUBMNEHME
lenuy, nMmetoLlen asa ANUHHBIX NPOBOAHMKA, pacnonoXeHHbIX napannenbHo, U ¢ APYron CTOPOHLI, B3aMMHOe
T0NHOE CONPOTUBNEHUE MeXaY Lienbio U coceaHUM NPOBOAHNKOM. PaccMOoTpeHne 3TUX ypaBHEHUN NO3BOMAET
1ONMYYUTb CUCTEMY COBMECTHbBIX YpaBHEHWMI ANA NPpOoACNIbHOIro NageHns HanpsXKeHUs BO BCeX XKmnnax n obonou-
Kax TpexdasHon cucTemMbl Kabenen, pacnonoXxXeHHbIX napannensHo. MNpoaonbHble NageHUs HanpPsiXXeHns BO
BCeX napannenbHbIXKnnax oaHon dasbl paBHbl, TAKXKe Kak M NpoaoribHbIe NaaeHUsa HanpsikeHUs B 0060noYKax,
COEeAMHEHHbIX MexXay cobon. Takmm obpasom, NageHUs Hanpsi>KeHUs MOryT ObiTb UCKMIOYEHbI N3 YpaBHEHUN.
CyMMa TOKOB B NapannenbHbIX NpoBOAHUKAX paBHa U3BECTHOMY pa3HOMY TOKY NMMDO HY MO ANA 000noYek, UTo
naet HeobxoaUMYo AONONMHUTENbHY MHOPMaLUIo AN pelleHUA COBMECTHBIX YpaBHEHUN.

CnegyeTt OTMETUTL, YTO paccMaTpuBaeMble TOKU ABMATCA KOMMTTEKCHBIMU BENMUYUHAMIN, BKNHOYaOLL -
MW B cedd AeNCTBUTENbHbIE U MHUMbBIE COCTaBNAOLLNE.

B3anMHoOe NonHoe cConpoTUBNEHUE MeXay NPoBoAHUKaAMU ABNAeTCA PYHKLUUEN NX paCNONOXEeHUs1 0QHO-
ro OTHOCUTENbHO Apyroro. Takum obpasom, eCnn OTHOCUTENbHOE pacrnonoXeHue kKabenen nameHsieTcs BAOb
Tpacchl UMM OBONOYKN UMEKOT NepeKkpecTHoe coeuHeHne, NoHOe CONPOTUBNEHUE ANS KaXXaon cekunmn aon-
XXHO ObITb paccyTaHO MHAUBUAYANbHO C CYMMUPOBAHUEM BEKTOPHBLIX Pe3ynbTaToB, UTOOLI NONYy4YUThL obLlee
TOMNMHOE CONPOTUBNEHUE AN Ka)Xaon uenn. Ecnun anuHa Tpacchl o4eHb Mana, pesynbTaThl MOryT ObITb MNoNy4e-
Hbl C CYLLECTBEHHbLIMW NOrPEeLlHOCTAMN, BCNEACTBUE USMEHEHUS PaCcNONoXeHUA Kabenen no OTHOLUEHWIO ApYr
K Apyry BONMU3M KOHLOB CUCTEMBI.

PaccMoTpeHHbIe B HAacToALWEM cTaHaapTe ypaBHEeHUA MOTYT Takke NPUMEHSATLCA ANA pacyeTa pacnpe-
aeneHusa Toka Mmexay kabensamm, He UMerLLMMN MeTannmM4eckon obonovkn nnu BPoHU, N MexXxay Kabenamu,
0DO0NOYKM KOTOPbLIX COeANHEHLI B OQHOW TOUYKE Ha OAHOM KOHUE. [Ina TakMx pacyeToB TOK, LLUPKYTUPYIOLWNNA B
Kaxkgon obonodke, paBeH Hyntwo. Ecnu o60ono4vkn coegmHeHbl B 0QHOW TOYKE Ha OAHOM KOHLLe, HapacTaHue
noTeHunana oborno4vek Ha OTKPbITOM KOHLLE TakXke MOXeT ObITb onpeaeneHo 3sTUM MeToa0oM.

[Tpyn Mcnonb3oBaHUM MeToda, PAacCMOTPEHHOro B HacToslweM cTaHgapTe, pekoMeHayeTcsa pelleHue
ypaBHEHWUU C UCMOMNb30BaHMEM NpuemMa anredpbl MaTpuLL, OAHO U3 NPEUMYLLLECTB KOTOPOrO COCTOUT B TOM, UTO
pelleHne ABNdeTCcA eAUHCTBEHHBbIM, a He PYHKLUMEeN NTepaTUBHOIO npoLecca.

4.2 OCHOBHbIE NPUHLUUNBI MeTOAA

KoacbduumeHT notepb B o6onouke 2., B onpeaeneHHoM kabene Lenu, MMetoLLein Heckonbko kabened,
pacnonoXeHHbIX NapannenbLHo, onpeaensatoT Mo cneaywLen dpopmyne:

TERY 1
}Cp: IS_p &, ( )
\IP/ RC

rae ?Cp — ko3phMUMeHT noTepb B 06onouke 1., kabens p, 06ycrnoBneHHbIX LMpKyMpyowmm Tokamu;

ISp — TOK, LUMPKYNUpYoLWLKA B 0bonodke kabens p, A;
lp — TOK B XXuUre kabens p, A;

R . — conpoTtusneHue o60no4ku npu pabouen temnepatype, OM/M;
R . — conpoTuBRieHue Xubl nepemeHHoMy TOKY npu pabovein Temnepartype, OM/M.
3Ha4eHust TOKOB /g, W [, MONyYeHbl NPU pelleHnn HikenprBeAeHHbIX YpaBHEHU Anst p NPOBOAHMKOB,
PAaCNONOXEHHbIX NapannenbHo, N obuero Yncna n NpoBoAHNKOB. B Lensix yaobctea doasHble XXumbl 1 000104-

2
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K paccMaTpuBaloT Kak NpocTble NPoBOAHUKA. TOKN dpa3HbIX NPOBOAHUKOB obo3HavatoT /4, [, n T. 4. Tokn B
obonoukax obosHavatoT Iz, 4 1, I35+ 2, 135+ 3N T A,

[1na ynpolieHna pacyeToB UCMONMb3YHOT cneayoLlyio 3anmchb:

Obo3HavyeHne kabenen

Llenb 1 oo . P
Paza R 1 oo .p
PazasS p+1 ... p+i ... 2p
Qazal 2Zp+1 ... 2p+i1 ... 3p.

[TpOBOAHUKN MOTYT ObITb 0003HAYeHbI CNeayroLWmnMmM obpas3om:
O6o3Ha4veHune hasHoro npoBoaHMKa = 06o3HaveHmne kabens.
Ob6o3HaveHne 0b60NoYKM Kak NpoBoAHUKa = 0603HaYeHne kabens + 3p.
[na kaxkgon dasbl TOK BblpaXkeH cneayowmmm odpasom:

D
Ir[1+j0]= > I,
K="1
2p
Is[-0,5-0,866]= 3 I, (2)

I7[-0,5+j0,866] = > Jy.

BhillenpuBegeHHble ypaBHEHNSA OCHOBaHbI Ha NMPAMON nocnegoBaTtenbHocTU das. Ecnn nocnenosa-
TenNbHOCTL ha3 Hen3BeCTHa, TO pacyeT AoIMKeH ObITb BbINONMHEH ANd NPAMO U obpaTHOM NnocneaoBaTenbHOC-
TW.

Nns uenein, oTHocALMXCA K 060M04YKaM, TOK BbipaXkeH crieayoLmnm obpasom:
6p
0+j0= Y. (3)
K=3p+ 1

[TageHne HanpPsPKEHUA B KaXXKAOM NMPOBOAHUKE BbipaXkeHo crieayoLmm obpasom:
- Ong npoBoAHUKOB dpasbl R:

6p
AVR — Z ZJ;’ klk:
k=1

rae/=o1100p;
- OnNg npoBoAHUKOB dpasbl S:

6p
AVS — Z Z,:j klk ,
k=1

rae/=oT(p+ 1) 100 2p;
- ONg NpoBOAHUKOB a3kl T

6p
AVr= > Z k.
k-1

raoef=oT1(2p+ 1) a0 3p;
- ans obonoyvek kak NpoBOAHUKOB:

6p
AVA — Z Z’:’ klk ,
k=1

raei=oT1(3p+1)a06p.
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MckniodveHne nageHna HanpsakeHUa ang aToro paga ypaBHeHUN gaet (6p — 4) ypaBHeHUU crnegyollei
opMBbil:

op 8
0+j0: Z sz,klk’ ()

k=3p+ 1
rAezz; =2 y—Zivq1 k= Ri k1 X k>
a R onpeneneHo cneayrowmm odbpasom:
R=0,ecnni#k R=0,ecnnik—-1.
[1ns gpasHbIX NPOBOAHUKOB:
R=R.,ecnini=kni<3p R=-R., ecnini=k—11ni<3p.
[na obono4vek Kak NpoBOAHMNKOB:
R=Rs,ecnni=kni>J3p R=-Rs,echini=k—-1uni> 3p.

X , paccMaTpuBaloT Kak peakTUBHOE CONPOTUBIEHNE U oNpedensioT cneayowmm obpasom:

/d_ h
X;  =2010~7 In| ZL2K 1 (9)
’ L ik

raoeecnun i<k, tod; , =D_ = paccTofaHne Mexay ocaMmun kabenen mu n, npu

m=1i,ecnni<3p; m=i—3p,ecnni>3p
M
n=K,ecnmk<3p; n=Kk-3p,ecnnk>3p.
Ecnni=Kkwni<3p,T0d; | = a%.
Ecnni=kui<3p, 10d; ;= dZS,
roe =2

[—vacToTa, ['u;

d. — ANamMeTp XUnbl, MM;

d. — cpeaHnn anamMmeTp 0BONOUKU, MM;

o — KO3PPUUMEHT, 3aBUCALLUNA OT KOHCTPYKLLMWU XKUNbl, CM. Tabnuuy 1.

abnunua 1 — 3HadyeHus o Ans >KUI

Yncno nposonok 3Ha4eHue o

1 (0AHONPOBOSIOYHASA XKMna) 0,779
3 0,678

7 0,726

19 0,758

37 0,768

61 0,772

91 0,774

127 0,776

3HaveHus, NnpuBeaeHHbIe B Tabnuue 1, aaHbl AN HeYNNOTHEHHBIX XKUMM. N yNNOTHEHHbIX XXUN cnegyer
ncnonb3oBatb o = 0,779. 3Ha4YeHNa ANA NONbIX XXWUN 3aBUCAT OT BHYTPEHHETO U HAPYXXHOIo gnameTpa XUrbl.
[Toumep pacyeTa 3HavYeHUs o. N4 NonbIX KU nprueegeH B NpunoXxeHnn B.

4
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4.3 MaTtpuyHoe pelleHune

B o6LuemM Buae pa3BepHyThie ypaBHEHUA ByayT MMeTb cneayoLyo hopmy:
Q,=f(Z,1,),

roe 3HadyeHuda Q 3agaHbl NEBOM YacTbio ypaBHeHUN (2), (3) 1 (8).

3HavyeHua Z, aBnatoTca koadpuuneHTamn npn /, B 9TUX ypaBHEHUAX, a 3Ha4YeHna / ABNATCA HensBec-
THBIMW TOKaMM B Xnnax n 0bonoYkax.

B MaTpuiHOU popmMe ypaBHEHUA NPUMYT BUA.

[Q] =[£] -1,

rae [Z] aBnaeTca KBagpaTHOU MaTpuLLen KoadppuuneHToB npn /,—I/ . B ypaBHeHUAX (2), (3) 1 (8).
[nsa onpeaeneHns HEU3BECTHLIX TOKOB [/] ypaBHeHUE 3annucbiBaeTCa crneayowmm odpasom:

[1=121"-1Q],

roe [Z]-1 asnaeTca o6paTHoM maTpuLein [Z].
[puUMepbl pacyeToB C UCMOMb30BAHNEM MaTPUYHOMO peLleHUs NpuseaeHb! B NpUnoxeHun A.
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[MpunoxeHune A
(cnpaBo4HoOe€)

[lpuMep pacueToB

A.1 BBeaneHune

Pa3mepsbl kabenen B npuBeeHHbIX NPpUMepax ABMATCH NPOU3BONbHLIMU U HE NPEACTABMNSA T HUKAKOW KOHKPETHbIN
TMn Kkabens.

[TPUHATO, YTO OTHOCUTENBHOE NONOXeHne Kabenen NOCTOAHHO Ha NPOTSKEHUN NUHUN. [TPUHATO TakxXe, YTO coeau-
HUTEMNbHbIE NPOBOAHUKM 060N0OYEK UMEKOT HE3HAYUTENBHOE NONTHOE CONPOTUBMEHNE NO CPABHEHUIO € NONMHbIM COMNPOTUB-
neHnem xun. lNoBepxHocTHbIM 3hdhekToMm K adhdekTom BNMM3oCTU B OTHOLWLWEHUN COMNPOTUBIIEHUSA MEPEMEHHOMY TOKY
npeHeodbperatoT. PasnmnyHble 3Ha4YeHUs NOSTHOro CONPOTUBNEHUS, BbIMUCIIEHHbIE B 3TUX NPUMEpPaXx, OTHOCATCH K Kabensm
anvnHon 1000 m.

B npaHHbIX npumMmepax npuHaTa Yacrtorta toka 50 [ .

[TapameTpbl Kabenewn sIBNSAKTCSA CNeayoWnMM:

HunameTp megHon Xunosl — 32,8 MM.

ConpotmneneHmne xunol npn 20 °C — 28,3 - 10~° Om/m.

MakcumanbHas pabovas temnepatypa — 70 °C.

ConpotueneHune xunolnpmn 70 °C — 33,86 - 10~ Om/m.

Uncno npoBoONokK B xxune — 127.

KoaphdomumeHT xunoel na 127 nposonok — 0,776.

ConpoTtuBnenmne antoMmmineson obonoyvkm npm 20 °C — 0,18 - 103 Om/m.

CpeagHnn ganameTtp 0060n04kn — 48 mm.
emnepartypa obonovkm — 60 °C.

ConpoTtuBnenmne obonoyvku npm 60 °C — 0,209 . 103 Om/M.

A.2 MNMpunmep 1

Kabenu npono)eHs! B 04HOM NITOCKOCTU € paccTossHnemM mexay ocamm 200 mm, aBa kabens Ha dhasy, be3 HenTpanw.
PacnonoXeHue kabenen cnegyroulee:

Kabenb 1 Kabenb 3 Kabenb 5 Kabenb 6 Kabenb 4 Kabenb 2
R S T1 T2 S2 R2

[ns ynobcTa pacyerta Xuna un obonodka Kaxaoro kabens NpoHyMepoBaHbl TAKUM 0Bpa3oMm, HTO XKUTNbl UMEKOT HOME-
paoTt 1806, aobonovkm ot 7 4o 12. lNepBbiv Kabenb umeeT Taknm 0bpasom Xuny 1 n o06onodky 7, BTopon kabenb — 2, 8 n

T. ., YTO B utore gaet 12 npoBOAHWKOB B 3TOM MPUMEpPE.
ns eguHn4YHOM Lenn, NPONOXEHHON B OAHOU NIOCKOCTU C pacCcTosIHUEM MexXay ocsammn 200 mm, cogHUM Kabenem Ha
drasy koshdbrumeHTbl NOTEPL B 0D0NOYKE, pacCcUnTaHHbIe Mo [1], COCTaBNSAOT:

HapyXHbIn LleHTpanbHbIN HapyXHbIn
1,99 1,50 2,62

DTN 3HAYEHUA CPaABHNUMbI CO 3HAYEHNAMMW, NOJTYyHEHHbIMUY B npumMmepax 1 n 2, HO 3Ha4YUTENBHO OTNINYAKTCH OT 3HaYe-
HUWX Npumepa 4.

A.2.1 PacueTbl

NcxogHble koopanHaTtel (0,0) moryT ObITh YCTAHOBIMEHLI B NMTIOOON TOUKE CUCTEMbI, HO NPOLLE NPUHATL KaK UCXOOHYIO
TouKy {0,0) ocb HMXHEro NeBoro kabens. KoopanHatel kKabenewn gaHsbl B HAXKENPUBEAEHHOW MaTpuLe S:

X y
0 0 Kabenb 1 dazaR
1000 0 Kabenb 2,pa3a R
S = 200 0 Kabenb 3,pa3a S
800 0 Kabenb4,a3a S
400 0 Kabenb 5,paza T
600 0 Kabenb 6,pasa T
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PacCcTosHUA MeXQy OCsAMM Kabenen paccymnTtaHbl Mo cnegyroulen popmyne

_ 2 2
Do 7= (St —Sn1)? ~(Smz —Sn2)? .

(A.1)

raem=o11p006,n=0118060.
PAaCCTOSAHNSA MEXAY OCAMN AaHbl B HAXENpUBe4EeHHON maTpuue D:

0 1000 200 800 400 600
1000 0 800 200 600 400
200 800 0 600 200 400
0 800 200 600 0 400 200
400 600 200 400 0 200
600 400 400 200 200 0

JTa MaTpuya CUMMETPUYHA MO OTHOLWEHUIO K CBOEW AMaroHanum n HeT HeOBXoAUMMOCTU BbIMUCTIATb PACCTOSHUS U
MeXay OCAMM Kabenenm mmu n, n mexay ocsimm kabenem nun m.

[TpuBegeHHYIO MaTpULy 3aTeM MOANPULNPYIOT, YTODOLI BKINIOYUTBL BCE 3HAYEHUSA dj! 1> TPebyemble Ans pacyeTa Xf, I
MoandunumpoBaHHasa matpuua npuBeaeHa B tabnmue A.1.

I PEKTUBHbIE PeaKTUBHbLIE COMPOTUBIEHUS ij j PaccynTbiBaloT rno oopmyne 9

X k=2 o107 In

KoadhduumeHTbl zz AN npaBon YacTu ypaBHEHUSA 8 paccyuTaHbl Criegylowmm obpasom u NnpuBegeHbl B MaTPULLE ZZB
Tabnuue A.2:

2Z; =R Y IXi ko
R=0,ecnni #k—-"1;

R=-R,ecnmi=k—1wni <3p;
R=-Rgecnni=k—1wni>3p.

rae R=0, ecnni #Kk;
R =R, ecnni =kwni <3p;
R=Rgecnuni=kni>3p;

KoadhdmumenTbl Ans Toka / npason YacTu ypaBHeHUN (2) 1 (3) AaHbl B HUXENPUBEAEHHOU MmaTpuLe H:

1 1 0 0 0 0 0 0 0 0 0 0| PazaRr
H = 0 0 1 1 0 0 0 0 0 0 0 0| PaszasS
0 0 0 0 1 1 0 0 0 0 0 0| ®asaTl
0 0 0 0 0 0 1 1 1 1 1 1| O6onouka.

Ins yanobcerea pacyeTa 31 KO3 PUUMEHTbI BKITIOYEHBI B TY XXe MaTpuUly, YTO U KOSPDULUMEHTDI, MONTYYEHHbIE MPW
paccMoTpeHun uenen xun. Hosas matpuua [Z] npuBeaeHa B Tabnmuye A. 3.
3Ha4veHus N Ko PruneHTbl 4Ns NEBOW YacTu ypaBHeHU (2) n (3) AaHbl B HWXXenpueeaeHHon matpuue [Q):

0
1
0
—05-0866]
0

~05 + 0,866
[Q] =

QO O O O O O




[OCT P MOK 60287-1-3—2009

TOKuM B XXune n B 060M104ke MOryT BbITb 3aTEM pacCuUnTaHbl ANA KAXA0ro Kabensa nyrem peweHus COBMECTHbIX ypaB-
HEHUW, NpeacTaBneHHbIX B MaTpuue [Z] (Tabnuuya A.3)n BblwenpuBeaeHHoW maTtpuue [Q]. AKTUBHaSA M peakTUBHasA COCTaB-
NS0LWMeE TOKOB NPUBEAEHBI HUXE. YMHOXeHUe obpaTtHon maTpuubl [Z] Ha [Q] AaeT peweHne ypaBsHEHUN.

05
0,5
-0,25-0433j
-025-0433j
—025+ 0433/
—025+ 0433/
-0216 + 0,1892;
—0,216 -0,1892§
—0,1309 + 02164
0,1309 + 02164
0,3469 -00272§
03469 -0272j

/1=

Cuna hasHoro Toka n Toka B 060novke, a Takxe KOs dnyneHT notepb B 000N04KE NPUBEAEHDBI HUXE NPV Npeanono-
XeHuM 3HadveHus obwero dasHoro Toka 100 A.
Tok thasHoro npoBogHuka paseH |/ .| - 100. Tok B 0bonoyke paBeH \I3p + ml - 100.

KoahdumumeHT notepb = (‘13p+m‘1 OOZ)ZRS .
(//m100)°R,

OBo3Ha4veHune dasHbIn Tok B KoaPpurumeHT

kabena n dasbl TOK obonouke notepb B 0bonovke
Kabenb 1, haza R 50 28,7 2,036
Kabenb 2, dhasza R 50 28,7 2,036
Kabenb 3, hasza S 50 25 3 1,58
Kabenb 4, dhaza S 50 25 3 1,58
Kabenb 5, haza T 50 34,8 2,99
Kabenb 6, dhaza T 50 34 .8 2,99

TadbnwuaA1—PaccuntaHHble 3HA4YEeHURA d), b

12,73 1000 200 800 400 600 24 1000 200 800 400 600
1000 12,73 800 200 600 400 1000 24 800 200 600 400
200 200 12,73 600 200 400 200 200 24 600 200 400
800 800 600 12,73 400 200 800 800 600 24 400 200
400 600 200 400 12,73 200 400 600 200 400 24 200
600 400 400 200 200 12,73 600 400 400 200 200 24
24 1000 200 800 400 600 24 1000 200 800 400 600
1000 24 800 200 600 400 1000 24 800 200 600 400
200 200 24 600 200 400 200 200 24 600 200 400
800 800 600 24 400 200 800 800 600 24 400 200
400 600 200 400 24 200 400 600 200 400 24 200
600 400 400 200 200 24 600 400 400 200 200 24
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0,0339 + 0,2742; | 0,0339 — 0,2742; 0,0871y —0,0871; 0,0255/ —0,0255;
0,0871y 0,087y 0,0339 + 0,2421; | —0,0339 — 0,2421; 0,0436; —0,0436;
0,0255f 0,0255/ 0,0436; —-0,0436/ 0,0339 + 0,1731 | —=0,0339 - 0,1731
0,2343f 0,234 3/ 0,0871; —0,0871j 0,0255%5/ —0,0225/
0,101y 0,2203/ —0,2203/ 0,0690y —0,0690; 0
0,0871y 0,087y 0,2022 —0,2022; 0,0436; —0,0436;
0,0436f 0,0690/ —0,0690y 0,1768/ —0,1768; 0
0,0255f 0,0255/ 0,0436; —0,0436; 0,1332) —0,1332)

OkonyaHue mabnuubsi A.2
0,234 3/ -0,2343; 0,0871y —0,0871; 0,0255/ —0,0255;
0,0871j -0,0871) 0,2022f —0,2022/ 0,0436/ —0,0436/
0,0255%5f -0,0255/ 0,0436; —0,0436; 0,1332 —0,1332)

0,2090 + 0,2343; | -0,2090 — 00,2343/ 0,0871y —0,0871; 0,0255/ —0,0225;
-0,1011; 0,2090 + 0,2203; | —0,2090 - 0,2203;/ 0,0690y —0,0690; 0
0,0871y -0,0871; 0,2090 + 0,2022; | —0,2090 — 0,2022/ —0,0436; —0,0436;
-0,04 36/ -0,0690/ —0,0690y 0,2090 + 0,1768;j | —0,2090 — 00,1768/ 0
0,0255f -0,0255/ 0,0436; —-0,0436/ 0,2090 + 0,1332/ | —0,2090 - 0,1332/

Tabnwuya A3 — Martpuua [Z], Bkntovarwowas KospPuuneHTbl TOKOB

0,0339 + 0,2742; | 0,0339 - 0,2742; 0,0871y —0,0871; 0,0255/ —0,0255/
1 1 0 0 0 0
0,0871; -0,0871) 0,0339 + 0,2421; | —0,0339 — 0,2421; 0,0436; —-0,0436;
0 0 1 1 0 0
0,0255/ -0,0255; 0,0436/ —0,0436/ 0,0339 + 0,1731; | —0,0339 — 0,1731j
0 0 0 0 1 1
0,234 3/ -0,2343; 0,0871y —-0,0871y 0,0255/ —0,0225;
-0,1011y 0,2203/ —0,2203; 0,0690y —0,0690; 0
0,0871y -0,0871; 0,2022 —0,2022) 0,0436/ —0,0436;
-0,04 36/ 0,0690; —0,0690y 0,1768/ —0,1768; 0
0,0255f -0,0255/ 0,0436; —0,0436; 0,1332) —0,1332)
0 0 0 0 0 0
OkonyaHue mabnuus! A.3
0,234 3/ -0,2343; 0,0871y —0,0871; 0,0255/ —0,0255/
0 0 0 0 0 0
0,0871j -0,0871) 0,2022 —0,2022/ 0,0436/ —0,04 36/
0 0 0 0 0 0
0,0255/ -0,0255; 0,0436/ —0,0436; 0,1332/ -0,1332
0 0 0 0 0 0
0,2090 + 0,2343; | -0,2090 — 00,2343/ 0,0871y —0,0871; 0,0255/ —0,0225;
-0,1011; 0,2090 + 0,2203; | —0,2090 — 0,2203; 0,0690y —0,0690; 0
0,0871; -0,0871) 0,2090 + 0,2022;/ | —0,2090 - 0,2022/ —0,0436/ —-0,0436;
-0,04 36/ 0,0690 —0,0690y 0,2090 + 0,1768;j | —0,2090 — 00,1768/ 0
0,0255/ -0,0255; 0,0436/ —0,0436/ 0,2090 + 0,1332j | —0,2090 — 0,1332/

1

1

1

1

1

1
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A.3 lNMpumep 2

B naHHOM npumepe B3SATbl T€ Xe AaHHble Ans Kabens u Te e paccTosHUA MeXay OCsIMU, YTO U B npumMmepe 1, HO nopsi-

NOK cnegoBaHus has obpaTHbI.

CunaToka B Xunax n obonovkax, a takke KoshouumeHT NoTePb B 060N0YKE yKa3aHbl HUXe, 0bwmn dhasHbIn TOK NPU-

HAT 100 A.

OBo3Ha4veHune Kadbens

KOs PULNMEHT NOoTEPb

A thazb ToK B Xune Tok B obonovke = 0BONOUKA
Kabenb 1, dasza R 50 34 .4 2,916
Kabenb 2, hasa R 50 34,4 2,916
Kabenb 3, dhaza S 50 24 .5 1,477
Kabenb 4, haza S 50 24 .5 1,477
Kabenb 5, daza T 50 299 2,213
Kabenb 6, hasza T 50 29,9 2,213

A4 lNpvmvep 3

B paHHOM npumepe ans kabenen ncnonb3yoT Te Xe AaHHble, YTO U B Npumepe 1, HO WwecTb kKabenen pasgeneHsl Ha
OBE NOEHTUYHbIE TPYNNbl N3 TPEX Kaberneun, pacnonoXeHHbIX TPEYronbHUKOM, ¢ paccTostHnem 200 mm Mexay LeHTpamu
rpynn. PacnonoxeHne nmeer cneayowmm BuA;

KoopauHaTtbel kabenen cnegyrowme:

R1 R?2
S1 T1 T2 S2

X y
30 52 Kabenb 1, pa3aRrR
230 52 Kabenb 2,da3a R
§ § Kabenb 3,haza S
260 0 Kabenb4,paza S
60 0 Kabenb 5,paza T
200 § Kabenb 6,paza 7.

Cuna Toka B XXunax n obonovkax, a Takke koadduumeHT noTepb B 060novke npmBeaeHbl HUxe, o0bwmm basHbin TOK

npuHAT 100 A.

Obo3Ha4veHune Kabens

KosdhduumeHT notepsb

A thaab ToK B Xune Tok B obonouke 5 060 MNOUKE
Kabenb 1, dasza R 50 13,9 0,474
Kabenb 2, hasza R 50 13,9 0,474
Kabenb 3, dhasza S 50 13,8 0,468
Kabenb 4, haza S 50 13,8 0,468
Kabenb 5, haza T 50 14 1 0,492
Kabenb 6, hasza T 50 14 1 0,492

A.5 MNMpwuwvep4

B aHHOM npumMmepe ncnonb3oBaHbl TE XKe AaHHble Ans kabenen, 4to v B npumepe 1, HO 3gecb Kabenu pacnonoXeHsb!
Takum obpasom, 4YTo pacnpegeneHme Toka mexay dasHbIMU MPOBOAHUKAMN HEPABHOMEPHO. JTO pacnonoXeHmne npea-

CTaBITeHO HUNXe.

R1

10

ST

S2

T2.
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KoopavHaTtbl kabenen cnegyrowme:

X y
0 0 Kabenb 1, dazaR
400 0 Kabenb 2,paza R
N = 800 0 Kabenb 3,da3a S
1200 0 Kabenb4,da3a S
1600 0 Kabenb 5,paza T
2000 0 Kabenb 6,pa3a 7.

Cuna ToKa B Xunax n obono4vkax, a Takke KoapdunumeHT notepb B 060N04Ke npuBeaeHbl HUXe, 00Wwmn pasHbin TOK
npuHAT 100 A.

Obo3HaveHue Kabens n dasbl TOK B xXune Tok B 0bonovke Koacb;bzgzizrmr;mepb
Kabenb 1, haza R 46,31 38,4 4,236
Kabenb 2, haza R 53,71 36,5 2.845
Kabenb 3, haza S 44,59 37,4 4,346
Kabenb 4, chaza S 55,66 34,8 2,420
Kabenb 5, hasa T 50,76 43,7 4 576
Kabenb 6, hasa T 49,62 44 .4 4,947

CpaBHeHue ¢ npumepom 1 nokasbiBaeT, YTO MNOTEPU NPU 3TOM pacnonoXxeHum kabenen 4YpeaBblHanHO BbICOKW. [103-
TOMY peKoMeHAyeTcs n3berartb 3TOr0 PacnonoXeHus!, rae Bce NpoOBOAHUKN 0QHOWN hasbl CrpynnUpoBaHbl BMECTE.

11
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[MpunoxeHue B
(cnpaBo4HOe)

NMpumMmep pacueta KoahduLMeHTa o ANA NMOJSIOU XUTbI

Hanpumep, nonasi >kuna uMmeeT BHYTpeHHUU gnameTp d;= 17,5 MM, W HapyXHbIn anameTp d, = 33,8 MM. [1ns pac4eTa
o NPMHUAMAIOT cneayloLwnnm MeToa:

OTHOLWEeHue a= d;/dc =17,5/33,8=0,518. Nlonas xxuna moxet ObiTb 3aMeHeHa 3KBUBArNeHTHOM XXUTON C BHYTPEHHUM
pPaauycoM a U Hapy>XHbIM paauycoM paBHbIM 1, Kak Nnoka3zaHo Ha pUucyHke B.1.

EcnunyacTtb obLero Toka B YacTu Xunbl paguycom r obosHadeHa /,,To B 9TOM clyyae:

&L

PucyHok B.1 — l'lonas xuna

MarHUTHbIM NOTOK NponopLuuoHaneH I,.lrm TOrAda NoTOKOCLUEeNnneHne paBHO.

0,1551.

} (r*-a®)* dr _0,25-a*+a*(075-Ina) _0,25-0518° +0518%(075-1n0518) _

1
F= [1.dom,=
£'d(p o (1-a%)* 1 (1-a%)? (1-05182)?

KoadhduUlmeHt o = e -0,1951 = 0,856.

12
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[MpunoxeHune C
(cnpaBo4HOe€)

CBefeHMda 0 COOTBETCTBUU HaLMOHanNbHLIX cTaHAapToB Poccunckon Pegepalav cCbiNMOYHbLIM

Tadbnwuwua C.1

MeXAYHapoaHbIM CTaHAapTam

OBo3HaYeHNe CChITOYHOro
MEXOYHAPOOHOro crtaHgapra

Obo3HavyeHne 1 HauMeHOBaHWe COOTBETCTBYIOLWEr0 HaLUMOHaNbHOIO
cTaHgapTa

MOK 60287-1-2:1993

[OCT P MOK 60287-1-2—2009 Kabenwn anekrpunyeckue. Pacyet HOMU-
HanbHOW TOKOBOW Harpy3ku. Yacte 1-2. YpaBHeHUs gnsa pacyeta HOMUHarb-
HOW TOKOBOW Harpy3ku (100 %-Hbin KO PUUMEHT HArpy3Kn) 1 pacHeT noTepsb.
KoadhprumeHTsl noTepb, 00YCNOBMNEHHBIX BUXPEBLIMU TOKaMU B 0DONOYKE,
ONA ABYX Ueneun, pacnonoXeHHbIX B 04HON NIOCKOCTU

MOK 60287-2-1:1994

[OCT P M3K 60287-2-1—2009 Kabenwn anektpuyeckue. Pacyetr HOMU-
HanbHOW TOKOBOW Harpy3ku. Yacte 2-1. TennoBoe conpoTtuBrieHne. Pacyer

TEernnoBoro cornpoTuBIieHns

13
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buonvorpaduna

[1]MOK 60287-1-1:20006 Kabenu anekrpnyeckme. Pacve T HOMMHaNbHOW TOKOBOW Harpy3ku. Yactb 1-1. YpaBHeHus ans
pacyeta HOMMHaNbHOM TOKOBOW Harpy3kn (100 %-Hbi KOSPPUUNEHT HArpy3ku) n pacuyer

notepb. ObLWMe NONOXEeHUs
(IEC60287-1-1:2006) [Electric cables — Calculation of the current rating — Part 1-1. Current rating equations

(100 % load factor) and calculation of losses — General]
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[OCT P M3K 60287-1-3—2009

YAK621.315.326.001.4:006.354 OKC 29.060.01 E49 OKI135 0000

KntoueBble crioBa: anekTpuyeckne kabenu, ypaBHeHNa Ans pacdeTa HOMUHaNbHOW TOKOBOW Harpysku, pacyeT
noTepb, pacnpenerieHne Toka
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CnaHo B Hatbop 04.09.2009.

Penaktop H.O. Ipay
TexHu4veckun penakrtop H.C. puwanosa
Koppektop M.B. byy+as
KomnetoTepHaa sepctka A.H. 3onomapesou

[TognucaHo B nevate 26.10.2009.  ®opmat 60 x 84%. bymara opcetHana.  [apHuTypa Apuan.

[Tlevatb odceTHas.

Yen.ned.n. 2,32.  Yd.-uzan. n. 1,30. Tupax 171 ak3. 3ak. 740.
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