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Mpeaucnosune

Lienn n npuHumnel cTaHfapTm3auun B Poccuiickoin Pefepaunmn ycTaHoBneHbl defepanbHbiM 3aKOHOM OT
27 pekabps 2002 r. N2 184-d3 «O TeXHUYECKOM perynvpoBaHum», a npasuia NpUMEHEeHNs HaunoHabHbIX
cTtaHgapToB Poccuiickoin ®egepauun — FOCT P 1.0—2004 «CTtaHgapTusauus B Poccuiickoli ®egepauun.
OCHOBHbIE MOSTOXEHNA»

CBejeHusi o cTaHgapTe

1 NMOATOTOBJ/IEH OTKpbITLIM akLMOHEPHbIM 06LEecTBOM «Bcepoccuiickuii HayyHo-uccnegoBaTe b
CKUIA. NPOEKTHO-KOHCTPYKTOPCKWI N TEXHONOTMYECKUA WHCTUTYT KabernbHOl npombiwneHHocTu» (OAO
«BHWWKTI») Ha ocHOBE COHGCTBEHHOTO ayTEeHTUYHOr0 NepeBofa cTaHAapTa, ykasaHHOro B nyHkTe 4

2 BHECEH TexHuyeckum kKoMnTeTom no ctaHgapTusaumm TK46 «KabenbHble nsgenusa»

3 YTBEPX/EH W BBEJIEH BJEVCTBME MNpukasom ®efepanbHOro areHTcTea No TEXHUYECKOMY pery-
NINPOBAHNIO 1 MeTPosiorMm oT 26 noHsa 2009 r. No 224-cT

4 HacToswwnii cTaHAapT naeHTUYeH MeXxayHapoaHoMy ctaHgapTy M3K 60287-1-3:2002 «Kabenn anek-
Tpuyeckme. PacyeT HOMVHa/ILHOW TOKOBO Harpysku. HacTb 1-3. YpaBHeHUs ANa pacyeta HOMUHAIbHOW TOKO-
BOW Harpysku (100 %-Hblii KoadhdpmumeHT Harpysku) u pacyeT notepb. PacnpegeneHne Toka Mmexgy
OAHOXWUIbHBIMU Kabenamu, pacrnosioXeHHbIMW napasiefnibHo, U pacyeT NoTepb, 06YCNOBEHHbIX LUPKYINPY-
rowmmu Tokamm» (IEC 60287-1-3 2002 «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 currentlosses»).

Mpy NPYMEHeHNN HacTOoSLLLero cTaHAapTa peKoMeHAyeTCca UCNO0/1b30BaTb BMECTO CCbITOUYHBIX MeXAyHa-
POAHbIX CTaHAapTOB COOTBETCTBYIOLME UM HaLMOHa/IbHblE CTaHAapTbl Poccuiickoih degepaunm, ceefeHmns o
KOTOPbIX NpUBE/EHbI B ONOAHUTENBHOM NpuioxeHun C

5 BBEJEH BIEPBbIE

NHopMauua 06 M3MEHEHNSX K HACTOSLLEMY CTaHAapTy Ny6/NKyeTCa B €XerofHo n3jaBaemMom
MH(OPMaLMOHHOMYKasaTe e «HauuoHanbHble CTaHAapTbi», a TEKCT U3MEHEHUI i M MoNpaBoK — B eXeMe-
CSYHO U3aBaeMbIX UH(POPMALIMOHHbIX YKasaTensax «HaunoHabHble cCTaHgapThi». B ciyyae nepecMoTpa
(3aMeHBI) MM 0T MeHbl HACT OSILLEN0 CTaHAapTa CooOTBe TCTBYHOLLEee yBeJoM/eHue 6yaeT ony6/IMKOBaHO
B ©XXEMECSYHO N34aBaeMoM MH(POPMAaLMOHHOM yKa3aTese «HaunoHanbHble CTaHgapThi». COOTBETCTBY-
loLLan nHdopmaums, yBeoMeHe U TeKCThl pa3Melaln T csl Takke B UH(OpMaLMOHHO cucTemMe obLLero
Mo/sib30BaHus — Ha ouuManbHOM caiiTe ®efepasibHOro areH TCTBa N0 TeXHUYECKOMY PETY/TMPOBaHMIO 1
MeTposiorun B ceTu HTepHeT

©CraHgapTuHpopm. 2009

HacTosiuii cTaHgapT He MOXeT 6bITb NO/IHOCTLIO UM YACTUYHO BOCMPOU3BEAEH, TUPAXKMPOBAH 1 pac-
MpocTpaHeH B kayecTBe ohuLmanbHOro nsganus 6e3 paspellenus ®egepanbHOro areHTCTBa No TEXHUYECKO-
MY perysiupoBaHuio 1 MeTposiorum
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BeBegeHve

Ecnun ogHoXubHbIE Kabenu pacnosioxXeHbl napasnniesibHo, TOK Harpy3km MoxeT He OblTb paBHOMEPHO
pacnpegeneHHbIM mexay kabenamu. Toku, LMpKynmpyowme B 0605104kax kabenen, Takke MoryT umeTb pas-
NIn4HOe 3HayeHue. DT0 06yCNOBMIEHO TEM, YTO CyLLLeCTBEHHAA YaCTb NOJIHOrO CONPOTUBIEHUSA XU 6OMLLIOO
ceuyeHnsa ob6ycnosneHa nx CO6CTBEHHbIM ¥ B3aVIMHbIM peakTMBHbIM CONpoTUBAEHneM. Takum o6pa3om, pac-
CTOSIHME U NOJIOXKEHMNE KaxAoro kabens no oTHOLWEHWIO K ApyrM ByAyT BAUSATL Ha pacnpegenieHne Toka u Ha
LMpKyMpyioLme Toku. TOKM 3aBUCAT Takxe OT nopsigka cnegosaHnsa has. Metos, pacCMOTPEHHbIV B HACTOS-
Lem cTaHgapTe, MOXeT ObITb MCNONBb30BaH [/15 pacyeTa pacnpefenieHnst TOKoB Mexay hasHbIMU Xunamu, a
Takxe notepb BCAEACTBUE LIMPKYINPYIOLLNX TOKOB.

MpaBnna, AaoLwero BO3MOXHOCTb OLLeHUTb NOTepun, 06YCNOBAEHHbIE LIUPKYIMPYOLWUMI TOKaMm, B pac-
MONOXEHHbIX NapasnnefnbHo Kabenax He CyLecTByeT, /18 3TOr0 He0BXOoANM pacyeT A5 KaXAoN KoHdurypa-
uyn. MpuHLMMbI 1 hOPMY /bl NOTHBIX CONPOTUBAEHUIA MPOCTbLI; TPYAHOCTb 3aK/104aeTcs B peLleHnmn 60bLworo
yncna o6pasyoLLnXCcs COBMECTHbIX ypaBHEHUI. YC0 ypaBHEHUI, KOTOPbIe HAA0 PeLnTb, 0O6bIYHO C/NLLKOM
BEJ/IMKO, YTOObI MOXHO 6bI/10 OCYLLECTBNATL 3TO BPYUHYIO, Y pEKOMeHAyeTca ncnonb3osats OBM. [1ns n kabe-
nei Ha hasy, UMelLLNX meTananyeckne 060104k1, B TpexdasHoi cucteme cyLlecTByeT 6Mn ypaBHEHWIA, KOTO-
pble UMEIOT TO Xe YNC/I0 KOMMNEKCHbIX NepeMeHHbIX.

YpaBHeHus, npeanaraemble B HACTOSALEM CTaHAapTe, A1 YNPOLWEeHUss OCHOBaHbI Ha NpesnosioXeHuu,
YTO BCE XWJIbl, PACMOJIOXKEHHbIE MapasiefibHo, UMET OfMHaKoBoe ceyeHune. Ecnv 3To He Tak, ypaBHeHuA
MOTYT 6bITb OTKOPPEKTUPOBAHbI C Lie/1bi0 yyeTa pasHbiX CONPOTUBEHNI AN KaXKAO0W XWnbl. BNusiHne HyneBoi
N 3a3eMNAI0WeEN XU Takke MOXeT ObiTb YUTEHO NyTeM BK/IOUYEHWSA 3TUX XU B pacyeT COOTBETCTBYHOLLMNX
ueneii. Mpegnaraemblii B HACTOALWEM CTaHAAPTE METOJ, He YUMTbIBAET COCTaB/IANLLYIO LIUPKY/IMPYIOLLErO B
060/104Ke TOKa, KoTopas Morna 6bl NpoTekaTh Yepes ceTb 3a3eMIEHUs WU N06LIM APYTUM NyTEM.

TOKM B XuUNax n LMPKYIMpyoLLne Tokn B 060/104Kax OAHOXWU/IbHBIX kabeneli, pacnonoXeHHbIX napasi-
NeNibHO. CKopee BCero He 6yayT pacnpejeseHbl paBHOMepPHO. M03TOMY BHeELLIHEE Ten/10B0e CONPOTUB/eHne
pacnofioXeHHbIX napannenbHo kabenei, NPONOXEHHbIX B 3eM/1e, PacCUNTLIBAOT METOL0M, PACCMOTPEHHbIM
B M3K60287-2-1 (nogpasaen 3.1). Bcneacrtsume TOro, UTO BHELLHEE TEN10BOE CONPOTUB/IEHNE N TeMNepaTypa
060/104KM 06YCIOBIEHbI PaCCeAHNEM NOTEPb KaXKAOr0 N3 BXOAALLMX B KOMMNEKC kabeneil, Heo6xo41Mmo NpoBo-
AVTb NOBTOPHYIO Npoueaypy 4715 onpefeneHns notepb, 06yCNOBAEHHbIX LMPKY/TMPYIOLLMMUY TOKaMK, 1 BHELU-
Hero Tena0BOro ConpPoOTUB/IEHNS.
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HAUVWOHANBbHBIN CTAHAOAPT POCCUNCKOMWN PELEPALNMN

KABENWN 9/IEKTPUYECKUE. PACYET HOMWUHAJIBHOM TOKOBOW HAMPY3KW

YacTbl3

YpaBHeHUs ANs pacyeTa HOMWHa/IbHOM TOKOBOW Harpysku (100 %-Hbli KO3(hpULMEHT Harpy3Kun)
1 pacyeT noTepb. PacnpegeneHve Toka Mexay OAHOXUNbHBLIMU KabensaMu, pacnosioXeHHbIMU
napasnnenbLHoO, U pacyeT NOTepb, 06YCNOB/IEHHbIX LMPKYINPYIOLWUMN TOKaMu

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

fata BBegeHna — 2010—01—01

1 O6nacTb NpUMeHeHUs

B HacTosiWwem cTaHfapTe NnpMBefeH MeTo pacyeTa hasHbiX TOKOB M MOTEPb, 06YCNOB/IEHHbIX LUPKY/IN-
pYHOLLMMUN TOKaMU, B OAHOXW/IbHbIX KaGensix, pacnosloXeHHbIX NapasienibHo.

PaccmoTpeHHbIli B HACTOALWEM CTaHAapTe MeTo MOXeT ObITb MCNONb30BaH A1 M060ro uncna kabenei
Ha hasy, ec/im OHV PacnosioXeHbl NapannenbHo, N He3aBUCMMO OT FreOMeTPUYECKOW KoHdurypaummn. dasHble
TOKM MOTyT 6bITb paccunTaHbl AN noboro cnocoba coegnHeHnss ob6onoyek. na pacyeta notepb B 060104Kax
NPUHSAITO, YTO 060/104KN COeANHEHbI HA 060X KOHLax. B MOK 60287-1-2 faH meTog pacyeTa notepb B060/104-
Kax. 06YC/IOB/IEHHbIX BUXPEBbIMU TOKaMU, 415 ABYX Lieneid, pacnosioXeHHbIX B 04HOM N/IOCKOCTH.

2 HopMmaTuBHbIE CCbI/KM

B HacTosLWwem cTaHgapTe MCNOMb30BaHbl HOPMATVBHbIE CCbINIKM Ha CNneayloLie MexayHapoaHble CTaH-
JapTbl:

M3K 60287-1-2:1993 Kabenu anekrtpuyeckme. PacyeT HOMUHaNbHOW TOKOBOW Harpysku. Yactb 1-2.
YpaBHeHVs ANsA pacyeta HOMWHasbHOI TOKOBO Harpyskn (100 %-Hblii kO3hPULMEHT Harpysku) u pacyet
notepb. KoathhuumeHTbl NoTepb, 06yCNOBNEHHbIX BUXPEBbLIMU TOKaMU BO6010UKe. A1 ABYX Lieneii, pacnosno-
XXEHHbIX B O4HOI NI0CKOCTK

M3K 60287-2-1:1994 Kabenu anektpuyeckue. PacyeT HOMUHaNbHOW TOKOBOW Harpysku. Yactb 2-1.
Tennosoe conpoTusneHne. PacyeT TeNI0BOro CONPOTUBNEHUS

3 O603HayeHus

B HacToALeM cTaHgapTe NPUMEHEHbI crieayloLne 0603HaYeHUS.

dc  — guameTp XKusbl, MM;

ds —cpepgHuii anameTp 060104KN, MM:

f —vyacToTa. l'y;

i.Lk — vHAeKcbl paga xun;

T.Nn — WHAEKCbl psga kabenei;

p —uncno kabenei Ha dpasy;

Dmn — paccTosiHne Mexay ocsiMun kabenein, mw;

Ip  —ToK BXune kabensap. A;

Isp — TOK. UMpKynMpyLWMii B 060n104ke Kabens p. A;

R —conpoTuBneHne NpoBoAsLLErO 3/1eMeHTa, OM/M;

Rc — conpoTuBneHne Xunbl NepeMeHHOMY TOKYy Npu MakcumanbHoli paboueil TemnepaType.
Om/wm;

Rs — conpoTuBieHne 060/104KM Npy paboyeri TemnepaTtype, Om/Mm;

X, K — Kaxylieecsa B3aMHO€e peaKTMBHOE COMNMPOTUB/IEHNE Mapbl Xu,

N3paHne opuymnansHoe
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AV — nageHve HanpsxXeHns BXUne;

a  — KoahULMEHT, 3aBNCALLUIA OT KOHCTPYKLUW XUIbI;

Xp — koadhduumeHT noTepb B 060M04Ke kabesns p. 06yCNOBNEHHbIX LUPKYIMPYOLWUMY TOKaMK,;
W — yrnosas yactotacucrtemsl (2n/), <rl

4 OnwucaHve metToga

4.1 O6uwwe NonoxeHns

HacTosAwmm MeTo4oM paccymTbiBalOT COOTHOLLEHWE ha3HOro Toka, nepesaBaemMoro Kaxaon Xunoin, n
TOKa, LMPKY/Mpylowero B 060/104ke Kaxaoro u3 kabenei, pacnonoXeHHbIx napannenbHo. KoadduuneHt
noTepb XA15 KaXA0ro BapraHTa paccunTbiBaloT Kak OTHOLLEHWE NoTepb B 060/104Ke, 06YCTOBMEHHbIX LLUPKY-
NMpYOLWMMM TOKaMK, K NOTePSIM B XWsie aToro kabens.

Mpu pacyeTax NpMHMMaeTCs BO BHUMaHUWE TOJIbKO NajeHne HanpskeHns noANNHE XWU/bl U HE YUUTbIBa-
eTca pazbanaHc Harpysku, NpuBOAALLMIA K padbanaHcpoBaHHbIM Da3HbIM TOKaM.

YpaBHeHUS, KOTOPble HAA0 PeLInTb 415 pacyeTa HeM3BECTHbLIX TOKOB B NapasiiesibHbIX NPOBOAHUKAX U X
060/104Kax, NOCTPOEHbI HA OCHOBE 6a30BbIX hopMy/l, AalLNX, C OAHON CTOPOHbI, MOSTHOE CONPOTUB/EHNE
Lenu, umetoLLei ABa A/IMHHbIX NPOBOAHMKA, PACMONOXEHHbIX NapannenbHo, U C APYroi CTOPOHbI, B3aMMHOE
NosIHOE CONPOTUB/IEHNE MEXAY LiENbI0 1 COCEAHUM NMPOBOLHUKOM. PaccMOTpeHue 3TUX ypaBHEHW no3BonseT
noNy4YnTb CUCTEMY COBMECTHbIX ypaBHEHWIA A1 NPOAO/LHOTO NafeHNs HanpsXXeHNs BO BCEX XUIax n 060104-
kax TpexdasHoi cnuctembl Kabesnei, pacnofioXeHHbIX napannensHo. MNpoaobHble NageHUs HanpPsXXeHUs BO
BCEX NapasiefbHbIXXnnax oaHol hasbl paBHbl, TAKXKe Kak 1 NPOAO/IbHbIE NafeHNs HanPsXXeHUs B 060104Kax,
CcoefIHEHHbIX Mexay co6oi. Takum 06pa3om, NafeHUss HanpsHKEHNSE MOTyT GbiTb UCKNOYEHbI 13 YPaBHEHWIA.
CyMMa TOKOB B napaJsifiesibHbIX MPOBOAHUKAX paBHa U3BECTHOMY (ha3HOMY TOKY 160 HY o A5t 060/104€EK, YTO
faeT Heo6X0AVMYI0 AONONHUTENbHYI0 MHOPMALMIO 418 PELIEHNS COBMECTHbIX YpaBHEHWIA.

CnepyeT 0OTMETUTb, YTO paccMmaTpyBaeMble TOKU ABATCA KOMMIEKCHbIMU BENIMYNHAMM, BKIOYAOLLN-
My B cebs AeliCTBUTENbHbIE U MHVUMbIE COCTaB/IAOLLME.

B3aumHoe nosHoe conpoTMBAEHUE MeX Ay MPOBOAHMKaMU ABASETCA PYHKLMel X pacnosioXeHUs 04HO-
roO OTHOCUTE/IbHO APYroro. Takum 06pa3om, eciv OTHOCUTE/IbHOE pacnosioxeHve kabenein nameHseTcs BA0Mb
Tpacchl nav 060/104KM UMEHT NEPEKPECTHOE COeMHEHNE, NMOMIHOE CONPOTMBEHNE ANS KaXA0N CeKunm f0N-
XHO 6bITb paccunTaHo NHANBUAYAILHO C CYMMUPOBAHMEM BEKTOPHbIX Pe3y/ibTaTtos, YTOObI NONy4nTh obLiee
nosIHOe CONPOTUB/EHME ANA KaXA0M Lenu. Ecnv AnvHa Tpaccel 04eHb Mana, pe3ynbTaTbl MOTyT 6bITb Nonyye-
Hbl C CYLLLEeCTBEHHbIMU NOTPELLUHOCTAMU, BCIEACTBNE U3MEHEHUSI PACNONOXEHNS kabeneli Mo OTHOLLEeHWIO ApYT
KAPYry B6/11M31 KOHL0B CUCTEMBI.

PaccmoTpeHHble B HACTOsALWEM CTaHAapTe ypaBHEHUSt MOTYT Takxe NPUMEHSITLCA AR pacyeTa pacnpe-
JeneHnsa Toka Mexay kabenamu, He MeLWwnMy MeTananyeckoii 060104k AN BPOHK, N Mexay kabenamu,
060/104KMN KOTOPbIX COEMHEHbI B OAHOW TOYKEe Ha OAHOM KOHLe. [119 Takux pacyeToB TOK. LUPKyNupyoLwnii B
Kaxpgoli o6on04ke, paBeH Hyn. Ecnv 060104kM coegmHeHbl B OAHONM TOYKE Ha OJHOM KOHLE, HapacTaHue
noTeHunana 060/104eK Ha OTKPLITOM KOHLLE TaKkKe MOXeT OblTb ONpeAesieHo 3TUM MeTOA0M.

Mpu Mcnonb3oBaHUM MeToAa, PACCMOTPEHHOrO B HaCTOALWEM CTaHfapTe, pekoMeHAyeTcsl pelleHune
ypaBHEHWIA C UCMONb30BaHNEM Npuema anrebpbl MaTpul, 04HO U3 NPENMYLLLECTB KOTOPOro COCTOMT B TOM, YTO
pelLeHve ABNSEeTCS efUHCTBEHHbIM, a He hyHKLMel nTepaTBHOTO npotecca.

4.2 OCHOBHble NPUHLUMNBLI MeTOoAa

KoadhduumeHT notepb B 060/104Ke \ p B oNpegeneHHoM kabene uenu, MMerLein Heckonbko kabene,

pacnonoXeHHbIX NapasiesnibHo, ONpeAensioT No cneayleil hopmyne;

roe Xp — KoaduumneHT noTepb B 060/104Ke Kp Kabens p. 06yCNOBAEHHbIX LUPKYIMPYOLWMMN TOKaMU;
/,p — TOK. LMPKYNUpYoLLunin B 060/104Ke Kabens p. A;
b — TokBXUNe kabensap. A;
Rs— conpoTuBneHue 0605104kM Npu paboueii Temnepatype. OM/\m;
Rc — conpoTuBneHne Xuabl nepeMeHHOMY TOKy Npu paboueit Temnepatype, Om/Mm.

3HAueHWs TOKOB /S_ 1 D NosydeHbl NPU PELLEHUN HUKENPUBELEHHbIX YPABHEHWI AN P NPOBOLHUKOB,
pacnonoXeHHbIX NapasniesbHo, 1 06LLero Yucaa N NPOBOAHUKOB. B Lensx yao6cTa hasHble xusbl v 060/104-

2
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KW paccmaTpuBaloT Kak NPOCTble NPOBOAHUKU. TOKM dasHbIX NPOBOAHWKOB 0603HavawT /,, /2 T. 4. Toku B
o6onoykax o6o3HavarT I «.,, IFP* 2,/3p. 3uT. 4.

Lns ynpoweHnsi pacyeToB UCMO/Ib3YHOT CIeAYHOLLYIO 3aniCh:

O603HauyeHne kabenem

Llenb 1 / . p
daza P 1 / . p
dazaS p+1 .. . 2p
dPaza T 2p+1 ... 2p+/ .. 3p

MpPOBOAHUKN MOTYT GbITb 0603HAUYEHbI CeyoW MM 06pa3om:
O603HayeHne hasHoro NPoBoAHMKa = 0603HaYeHne kabens.
O603HayveHne 060/104KM Kak NPOBOAHMKA =0603HauYeHe kabens ¢ 3p.
Lns kaxaoli chasbl TOK BbIpaXKeH cneayrowmum o6pa3om:

*1

(2)

/s [-0.5-y 0.866] =

3p
IT[-0,5 +>0,8661* !'*m
K-2p< 1
BblwenpuBeaeHHble YpaBHEHUSA OCHOBaHbl Ha MPAMOI nocnegosatenbHocTM ha3. Ecnu nocneposa-
TesIbHOCTb a3 HEM3BECTHA, TO pacyeT A0/IKEH ObIThb BbINOIHEH A1 NPSIMOI M06paTHO nocnegoBaTelbHOC-
.
[ns ueneii, oTHOCALWMXCS K 060/104KaM, TOK BblpaXeH cneayroLm o6pasom:

0-/0= IV 3>
*.3p.1

MajeHve HanpsXXeHUs B KaXX40M NMPOBOAHUKE BbIPAXKEHO C/leyoLLIMM 06pa3oMm:
- A5 NPOBOAHUKOB hasbl R:

=13Y*
ft-1
raoe/=otl gop;
- ANsi NpOBOAHMKOB hasbl S:
®)
-b ,n
K-1
roe/* ot (p+1)mo2p;
- ANsi NpoBOAHMKOB hasbl T
)
AVr = £3 .*'*,
*1
rae/=ot (2p + 1) go 3p;
- Ana 060104ekK Kak NPOBOAHWKOB:
O
*4» =] 3Y*.
fc-1

roe/=ot1 (3p + 1) #o 6p.
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WcknioyeHne nageHnsa HanpskeHusa A8 3Toro psaga ypaBHeHuii gaeT (6p - 4) ypaBHeHuWii cnegytoLei
chopmbl:

(8)
O_>O: I
ft-3p« 1
roe 22, k=27, k- Z,., K=R, K*jX, K,
a R onpepgeneHo cneayowmm o6pasom.
R=0. ecnn/* K R =0, ecnn /3#—1.
[ns dasHbIX NPOBOAHWUKOB:
R=Rc,ecnu/* kn/£3p P=-Rcecmi-k - 1u/£3p.
[lns 060n04ek Kak NPOBOLHNKOB:
R=/?5ecinl* kn/>3p A=-Rsecm/=k- 1n/>3p.
X( JlpaccmatpuBaloT Kak peakTBHOE CONPOTUB/IEHNE 1 ONpPeAensioT crieAyloLwmm o6pa3om:
X, * = 2<»10-7 1n! VK ©)
I
roe ecnvbli K. To dm/1=D,,, = paccTosiHMe Mexay ocsimun kabeneli T n. npu
w=/,ecnun/"3p; m=i-3p. ecnu/>3p
"
n=/c,ecnnA<3p; n=/c-3p,ecnun/c>3p.

Ecnw/=/cwn/<;3p,Todj K~a~p
Ecm/=kun/£3p.T0d- K="

roe m=27v,
| — vacTtoTa, 'y,
dc — anameTp Xunbl, MM;
ds — cpeaHuit fuameTp 060/104KK, MM;
a — KO3I(PPULMEHT, 3aBUCALLMI OT KOHCTPYKLUN XWUAbl, CM. Tabnuuy 1.

Tab6bnunuya 1— 3HayeHUa a ANA Xun

Yucno npoBosiok 3HaveHue a
1 (ogHONPOBOMOYHAA XKUNa) 0,779
3 0,678
7 0,726
19 0,758
37 0,768
61 0,772
91 0,774
127 0,776

3HaueHus, NpuBefeHHble B Tabnuue 1, AaHbl 415 HEYNTOTHEHHbIX XU, 1A YNNOTHEHHbLIX XUN cnegyeT
ncnonb3oBatb a =0,779. 3HAUEHWSI 4151 MOJIbIX XKW 3aBUCST OT BHYTPEHHET0 1 HAPY)XXHOTO ANaMeTpa Xusbl.
MpumMep pacuyeTa 3HaYeHUst a 415 NOSbIX XKW NPUBELEH B NPUTOXEHNUU B.

4
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4.3 MaTpunyHoe pellueHve

B o6Liem Buze pasBepHyTble ypaBHEHUS 6yayT UMETL criefytoLyio hopMy:

On«'dANb

rae 3HavyeHus O 3afaHbl 1eBO YacTblo ypaBHeHuii (2), (3) u (8).

3HavyeHna ZnsasnaTca koadcuumeHTamMmm npy In B 3TUX ypaBHEHUAX, @ 3HaYeHns / ABNATCA HensBec-
THbIMMW TOKaMu B Xuax n 060/104Kax.

B MaTpuyHoOii (hopme ypaBHEHUSA NPUMYT BUA!

[Qls 1 W],

rae [Z] sBnseTcs kBagpaTHo maTpuuein koadhuuneHTos npu /,—/, BypaBHeHusx (2), (3) u (8).
[lna onpefeneHns HeM3BeCTHbLIX TOKOB [/] ypaBHEHME 3anncbiBaeTcsa cneayowmm obpasom:

w=[2]1 @,

rae [Z\ ' asnsieTca o6paTHoii MmaTpuueit [Z].
MpuMepbl pacyeToB C CMO/Ib30BAHNEM MATPUYHOTO pPeLleHNs NPUBELEHbI B MPUIOXKEHUN A.
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MpunoxeHune A
(cnpaBouHOeE)

I'Ipmmep pacyeToB

A.1 BsepgeHue

Pasmepbl kabeneil B npuBeAeHHbIX NpuMepax iBAATCA NPOU3BONIbHbIMU U HE NPEACTaBNAT HUKAKOR KOHKPETHbI I
TN Kabens.

MPUHATO, 4TO OTHOCUTENIbHOE NOJIOXeHNe Kabenel NOCTOSSHHO Ha NPOTSHKEHUN NUHUK. TTPUHATO Takxe, YTo coean-
HUTE/bHbIE NPOBOAHUKN 060N104YEK UMEIOT HE3HAYNTENbHOE NOSIHOE CONPOTUB/IEHNE N0 CPABHEHUIO C NOJIHLIM CONPOTUB-
neHnem Xun. NMoBepXHOCTHbIM 3adhdhekToM M ahdekToM 6AM30CTM B OTHOWEHUN COMPOTUBEHUA NEPEMEHHOMY TOKY
npeHe6peralT. PasnnyHble 3Ha4YeHUA NOMIHOTO COMPOTUBAEHUA, BbIYNCNIEHHbIE B 3TUX NpUMepax, 0OTHOCATCA K kabenam
ANVHOW 1000 m.

B AaaHHbIX NpuMepax NpuHATa yacToTa Toka 50 'y,

MapameTpbl kKabeneit ABNATCA CNEAYOLWMUMN.

[vameTp MeaHON xunbl — 32,8 MM.

ConpoTunenune xunel npn 20 ‘C — 28,3-10 6 Omi'm.

MakcumanbHas paboyas temnepatypa — 70 °C.

ConpoTuBnexune xunbl npn 70 ‘C — 33.86 10~6 Om/™m.

Yucno npoBonok B xune — 127.

KoadcpuymneHT xunsl n3 127 nposonok — 0,776.

ConpoTusneHne antoMuHnesoit o6onoukn npn 20 *C — 0,18 -10"3 Om/m.

CpefHuit gnameTp 060104k — 48 MM.

Temnepatypa o6onoykn — 60 ‘C.

ConpoTusnexHune 060n04ku npu 60 °C — 0.209 «10"30m/m.

A.2 Mpumep 1

Ka6enun nponoxeHbl BOAHOW NOCKOCTU C paccToAHNEM Mexay ocamun 200 mMm. ABa kabens Ha a3y, 6e3 HeliTpanu.
PacnonoxeHue kabeneii cnegytouwee:

Ka6enb 1 Kabenb 3 Ka6enb 5 Ka6enb 6 Kab6enb 4 Kab6enb 2

Al S1 ri 72 S2 R2

Ans ypo6cTBa pacueTtaxuna n o60oso04ka kKaxaoro kabens npoHyMepoBaHbl TakuM 06pa3oM, YTO XWUMbl UMEKT HOMe-
paoT 1406.a060n04kn 0T 7 o 12. MepBblit kabenb uMeeT Takum 06pa3om xuny 1 no6onouky 7. BTopoit kabenb — 2.8 u
T. A..4TO auTore faeT 12 NnpoBOAHWNKOB B 3TOM Npumepe.

[Ana eAUHNYHON LLenun, NPON0XEHHOV BOLHON NNOCKOCTUC pacCcToAHMEM Mexay ocamm 200 MM, cogHUM Kabenem Ha
hasy koathdunumeHTbl NoTepb B 06004YKe, paccuntaHHble no (1). cocTaBnAwT:

HapyXHblii LleHTpanbHbl i HapyXHbl i

1.99 1.50 2.62

OTN 3HAYEHUA CPABHNMbI CO 3HAYEHUSAMU, NONTYHYEHHbIMW B NpUMepax 11 2. HO 3HAUYNTENIbHO OTAIMYADTCA OT 3Have-
HWiA npumepa 4.

A.2.1 PacueTbl

NexoaHble koopanHathl (0.0) MOryT 6bITb yCTAHOB/IEHbI B 11060 TOUKE CUCTEMbI, HO NPOLLE NPUHATL KaK UCXOAHYIO
Touky (0.0) ocb HMXHero neBoro kabena. KoopanHaTel kabeneil faHbl B HUXeNPUBEJEHHOW MaTpuue S:

X y

0 0 Kabenb ldpasal?
1000 0 Kabenbr.pasad
200 0 Kabenb 3.paszad
800 0 Ka6enb 4.¢paza S
400 0 Ka6enb 5.cpaza T
600 0 Ka6enb 6.¢pasza
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PaccTosiHus Mexay ocsimu kabeneil paccumTaHbl no cneaytouwein gopmyne

°/n. nx “N2 _Sfl,2)2

rae T - oT 1go6.n=o01 140 6.
PaccTofHns MexAay 0CAMU flaHbl B HUXenpusegeHHol matpuue D.

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

3Ta mMaTpuLa CUMMeTpUYHa N0 OTHOLWEHWUIO K CBOE AnaroHann u HeT HEO6XOAMMOCTH BbIYNC/IATL PACCTOAHNA U
MexAay ocaMu kabene T U N. u Mexay ocsimm kabenen nuT.

MpuBeaeHHy MaTpuLy 3aTem MoANMNLUPYIOT, HTOGbI BKIIOYNTL BCE 3HAYEHNA K.Tpebyemble ana pacuerta*; K.
MoaudguuyvposaHHaa maTpuua npusegeHa stabnuue A.1.
3 heKTUBHbIE peakTUBHbIe CONPOTUBNEHNS X, KpaccyuTbiBaloT no hopmyne 9

X"«20,10-7In 7 7.
\ alk)

KoadhhmumeHTbl 1T 415 npaBoii YacTn ypaBHeHUs 8 paccunMTaHbl CeAyumm 06pa3oM U NpuBeAeHbl B MaTpuLe rr B
Tabnuue A.2:

zzi.k °*i.k *K k-

rae/? = O.ecnul *Ir; R-0.ecnun/*k- 1
R =Rc.ecnu/ =kwn/s3p. A=-/?cecnu/»<r-1 u/ S3p:
R - Rs,ecnn/awnun/>3p; R* -Rs.ecnn/=k- 1un/> 3p.

KoadhdhuumeHTbl Ans Toka /npaBoii YacTu ypaBHeHuit (2) n (3) AaHbl B HUXeNpuBefeHHO maTpuue H:

1 1 0 0 0 0 0 0 0 0 0 0 ®dasal?
(¢} 0 1 1 0 0 0 0 0 0 0 0 dasald
0 0 0 0 1 1 0 0 0 0 0 O dasarl
0 0 0 0 0 0 1 1 1 1 1 1 O6onouka.

Ana ypo6cTBa pacyeTa 3T KO3MMULMEHTLI BKIOYEHbI B Ty Xe MaTpuly, 4TO 1 KO3 M ULMEHTbI, NONYUYEHHbIE NPN
paccmoTpeHuun ueneii xun. Hoeas matpuuya [ZJ npuBegeHa B Tabnuue A.3.
3HaveHns n ko3P ULMEHTb ANA NeBOW YacTu ypaBHeHU (2) n (3) AaHbl B HUXeNpueefeHHoin matpuue (QJ:

0

1

0
-05- 0866;

0

-0.50866;
Ne)m 0

o o o O o
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Toku BXune n Bo60104ke MOTyT 6bITh 3aTEM paccunTaHbl 415 KaXA0ro kabens nyTeM peleHns COBMECTHbIX ypaBs-
HeHWii, npeacTaBneHHbiX B MaTpuue {2] (Ttabnuua A.3) n BbilenpueeeHHol matpuue [O]. AKTUBHAsA 1 peakTUBHasA cOCTaB-

NALLLMe TOKOB NPUBEAEHbl HUXE. YMHOXeHne o6paTHol maTpuubl [2] Ha (Q) faeT pelleHne ypaBHEHUA.

Cwuna pasHoro Toka 1 Toka B 060/104Ke, a Takke KO3 PULMeHT NoTepb B 060/104Ke NPUBEJEHbI HUXE NPU NPEANoo-

05
05

-025 - 0.433;
-025-0,433/
-025 71 0.433;
-025710433,;
-0216 10.1892;
-0216-0.1892/
-0.1309 102164,
0.1309T1 02164/
03469-05272;
03469-0272;

IM-

XEeHUN 3HayeHunsa o6 ero pasHoro Toka 100 A.

Tok pa3Horo nposogHuka paseH |(T |

KoadcpunumneHTt notepsb

O603HaueHne

Kabens u tasbl

Ka6enb 1. ¢hasa R
Ka6enb 2. hasa R
Kabenb 3. cbasza S
Kabenb 4. cbasza S
Kabenb 5. baza T
Kab6enb 6. cbasza I

e(jVnjw «f_
(bl100) U

dasHblii

TOK
50

50
50
50
50
50

Tab6nuya A.1 — PaccuntaHHble 3HaveHuns df kK

12.73 1000
1000 12,73
200 200
800 800
400 600
600 400
24 1000
1000 24
200 200
800 800
400 600
600 400

200
800
12.73
600

400
200
800
24

600

400

800
200
600
12.73
400

800
200
600
24

400
200

400 600 24
600 400 1000
200 400 200
400 200 800
12.73 200 400
200 12.73 600
400 600 24
600 400 1000
200 400 200
400 200 800
24 200 400
200 24 600

100. Tok B 060s104ke paBeH \I3p 4 T |

Tok o
060/104ke

28.7
28.7
25.3
25.3
34.8
34.8

100.

200
800
24

600
200
400
200
800
24

600
200
400

800

600
24
400

KoadhdpuumeHnt

notepb B 060/104Ke

2.036
2.036
1.58
158
2.99
2.99

400
600
200
400
24

400
600

400
24
200

600
400
400
200
200
24

600
400
400
200
200
24



Tab6bnumua A2 — PaccyutaHHble 3HAYEHUS T

0.0339 * 0.2742/
0.0871/
0.0255;
0.2343y
0.10117
0.08717
0.04367
0.02557

0.0339-0.27427

0.08717
0.02557
0.23437
0.22037
0.08717
0.06907
0.02557

OKoHYaHue Tabnuubl A.2

0.2343/
0.0871/
0.0255/
0.2090 ¢ 0.2343/
-0,1011/
0.0871/
-0.0436/
0.0255/

-0.2343/

-0,0871/

-0,0255/

-0.2090 -0.2343/
0.2090 ¢ 0.2203/

-0.0871/
-0.0690/
-0.0255/

0.08717

0.0339 ¢ 0.24217

0.04367
0.08717
-0.22037
0.2022/
-0.06907
0.0436/

0.0871/
0.2022/
0.0436/
0.0871/

-0.2090 - 0.2203/
0.2090 * 0.2022/

-0.0690/
0.0436/

-0.0871/
-0.0339 - 0.2421/
-0.0436/
-0.0871/
0.0690/
-0.2022/
0.1768/
-0.0436/

-0.0871/
-0.2022/
-0.0436/
-0.0871/
0.0690/
-0.2090 - 0.2022/
0.2090 # 0.1768/
-0.0436/

Faé6nuya A3 — Matpuuya {2J. Bknovatowas KoaduyneHTbl TOKOB

0.0339 ¢ 0.2742/
1
0.0871/
0
0.0255/
0
0.2343/
-0.1011/
0.0871/
-0.0436/
0.0255/
0

0.0339-0.2742/

1
-0.0871/
0
-0.0255/
0
-0.2343/
0,2203/
-0,0871/
0.0690/
-0.0255/
0

OkoHuyaHue Tabnnybl A.3

0.2343/
0
0.0871/
0
0.0255/
0
0.2090 ¢ 0.2343/
-0.1011/
0.0871/
-0.0436/
0,0255/
1

-0,2343/
0
-0.0871/
0
-0.0255/
0

-0,2090 -0.2343/
0.2090 ¢ 0.2203/

-0.0871/

0.0690/

-0,0255/
1

0.0871/
0

0.0339 ¢ 0.2421/

1
0.0436/
0
0.0871/
-0.2203/
0,2022/
-0.0690/
0.0436/
0

0.0871/
0
0.2022/
0
0.0436/
0
0.0871/

-0.2090-0.2203/
0.2090 ¢ 0.2022}

-0.0690/
0.0436/
1

-0.0871/
0
-0.0339-0.2421/
1
-0.0436/
0
-0.0871/
0.0690/
-0.2022/
0.1768/
-0.0436/
0

-0.0871/
0
-0.2022/
0
-0.0436/

0
-0.0871/
0.0690/
-0.2090 - 0.2022/
0.2090 ¢ 0.1768/
-0.0436/

1
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0.0255/
0.0436/
0.0339 * 0.1731/
0.0255/
-0.0690/
0.0436/
-0.1768/
0.1332/

0.0255/
0.0436/
0.1332/
0.0255/
-0.0690/
-0.0436/
-0.2090-0.1768/
0.2090 + 0.1332/

0.0255/
0
0.0436/
0
0.0339 ¢ 0.1731/
1
0.0255/
-0.0690/
0.0436/
-0.1768/
0.1332/
0

0.0255/
0
0.0436/
0
0.1332/
0
0.0255/
-0.0690/
-0.0436/
-0.2090-0.1768/
0.2090 + 0.1332/
1

-0.0255/
-0.0436/
-0,0339-0.1731/
-0,0225/

0
-0.0436/

0
-0.1332/

-0.0255/
-0.0436/
-0.1332/
-0.0225/

0
-0.0436/

0

-0.2090-0.1332/

-0.0255/
0
-0.0436/
0
-0.0339-0.1731/
1
-0.0225/
0
-0.0436/
0
-0.1332/
0

-0.0255/
0
-0.0436/
0
-0.1332/
0
-0.0225/
0
-0.0436/
0
-0,2090-0.1332/
1
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A.3 Mpumep 2

BAaHHOM NpuMepe B3ATbI Te Xe flaHHble A9 Ka6eNs nTe e pacCTOAHNA MeXy OCIMU, 4To 1 B npuMepe 1. Ho nops-
AOK cnefoBaHus a3 o6paTHbIii.

Cuna Toka BXunax no6onouykax, aTakxe koapuumeHT notepb B 060104Ke yKasaHbl HUXe, 06Nt hasHblii TOKNpu-
HAT 100 A.

omm?;’:;il ka6ens Tok B xune To* B 060510uKe Koada(tj)l;lgzﬁg:l(zmepb
Ka6enb 1. hasa R 50 34.4 2.916
Kabenb 2. pasa R 50 34.4 2.916
Ka6enb 3. hasa S 50 245 1.477
Ka6enb 4, haza S 50 24.5 1.477
Ka6enb 5, hasa I 50 29.9 2.213
Ka6enb 6. chaza 50 29.9 2.213

A.4 Mpumeps

B gaHHOM npumepe Ans kabenein ncnonb3yoT Te Xe AaHHble, 4TO U B NpuMepe 1. HO wecTb kabenei pasgeneHsl Ha
[iBE NAEHTWYHbIe TPYNNbl U3 Tpex kabeneil, pacnonoXeHHbIX TPEYTONIbHUKOM, C paccTosiHueMm 200 MM Mexay LeHTpamu
rpynn. PacnonoxeHune umeeT cnegyiowmni Bua:

Al R2
S1 I T2 S2
KoopauHathel kabeneit cnepyouime:
X y
30 52 Kabenb Lcaszal?
230 52 Kabenb2.casal?
0 0 Kab6enb 3.chasa S
O*
260 0 Kabenb 4.¢pazad
60 0 Ka6enb 5.¢paza
200 0 Ka6enb6.chasza I.

Cwnna Toka BXxunax n o6onoukax, a Takke KoaduumeHT noTepb B 060104Ke NpUBEAEHBI HUXE, 06 NI ha3HbIN TOK
npuHAT 100 A.

O603HaueHve kabens To* B yune To* 8 06onouKe KoathdhuumeHT notepb
1 chasbl B 060/104Ke
Ka6enb 1. hasa R 50 13.9 0.474
Kabenb 2. hasa R 50 13.9 0.474
Kabenb 3. hasa S 50 13.8 0.468
Ka6enb 4. hasa S 50 13.8 0.468
Kabenb 5. cbasza I 50 14.1 0,492
Kabenb 6. hasa I 50 14.1 0,492

A.5 Mpumep 4

BaaHHOM NprMepe UCNob30BaHbl Te Xe faHHble AN5 kabeneil, uTo u B npumepe 1. HO 34eCb kabenn pacnosoXeHbl
TakuMm o6pasom, 4To pacnpejesieHne Toka Mexay (hasHbiMU NPOBOAHUKAMU HEPABHOMEPHO. OTO pacrnosioxeHne npega-
CTaB/IEHO HUXE:

Al R2 S1 S2 71 ra.



KoopguHaTtbl kabenei crnegywouwue.

X
0

400
800
1200
1600
2000

© O o o o o

Ka6enb l.pasa ft
Kabenb 2.pasa ft
Kabenb3.haszab
Ka6enb 4.dpazab
Ka6enb 5,hasza T
Kab6enb 6.chazar.
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Cuna Toka B Xunax n 060n04kax, a Takxe KoapduumneHT notepb B 060104Ke NpuBeAEHbl HXKE, 06LW N pas3HbIn TOK

npuHaT 100 A.

0O603HaveHue kabens n gasbl

Ka6enb 1. chasa ft
Ka6enb 2. chasa ft
Ka6enb 3. haza S
Kab6enb 4. pasa S
Kabenb 5. chbasza T
Kabenb 6. paza T

ToK Bxune

46,31
53.71
44.59
55.66
50.76
49.62

Tok B 060/10uKe

38.4
36.5
37.4
34.8
43.7
44.4

KoadhdpmumeHT notepb
0 o6onoyke

4.236
2.845
4.346
2.420
4.576
4.947

CpaBHeHue ¢ npumepoM 1 nokasbiBaeT, uTo NOTepu Npu 3TOM pacnosioxXeHun kabeneit upessbluaitHo Bbicokn. M03-
TOMY peKoMeHAyeTCcs n36eratb 3TOro pacnosioxXeHus, rge BCe NPOBOAHWKM OAHOM hasbl CrpynnMpoBaHbl BMecTe.

1
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MpunoxeHune B
(cnpaBouHOeE)

Mpumep pacueta KoahpuumeHTa « 4as NOAON XUbl

Hanpumep, nonas xuna umeet BHyTpeHHUi gnameTp d,- 17.5 MM. M HapyxXHbli gnameTp dc =33.8 mM. [1na pacyeTa
a npMHMMaloT creayumnii MeToa:

OTHOwWweHne a- djlde~17.5/33.8 =0.518. Monas xunna MoxeT 6bITb 3aMeHeHa 3KBUBANTEHTHOW XWUNOW C BHYTPEHHUM
paguycomM a MHapyXHbIM paguycomM paBHbIM 1. Kak noka3aHo Ha pucyHke B.1.

Ecnn yacTb o6Liero Toka B 4acTyv Xubl pagnycom ~o6o3HauveHa/,,TO B 3TOM cnyvae:

PucyHok B 1— MMonas xuna

MarHuTHbI NOTOK NponopuuoHaneH Irlr n Torga noTokocLuenneHme paBHo:

1
=0.1551.

Koadhhuument n =B 41-1551 = 0.856.

12
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MpunoxeHue C
(cnpaBouHoe)

CBefleHNs1 0 COOTBETCTBUM HaLMOHaNbHbIX CTaHAAapPTOB Poccuiickoii depepanmm cCbiTOYHbIM

Tab6bnunya C1

O603Ha4YeHne CCbII0YHOro
MeXAyHapoaHoto cTaHgapTa

M3K 60287-1-2:1993

M3K 60287-2-1:1994

MeXAYyHapoaHbIM cTaHfapTam

O603HaueHNe ¥ HAMMEHOBaHWE COOTBETCTBYIOLET0 HALNOHANBHOTO
cTaHgapra

FOCT P M3K 60287-1-2—2009 Kab6enu anektpuyeckue. PacyeT HOMU-
HanbHOI TOKOBOI Harpysku. HacTb 1-2. YpaBHeHUsA Ana pacyeTa HOMWUHalb-
HOli TOKOBOU Harpy3ku (100 %-Hbli1 KO3 PULUNEHT Harpy3kn) n pacyeT NoTepsb.
KoathpuumneHTol notepb, 06YCNOBNEHHbIX BUXPEBbIMU TOKamu B o060souke,

ANS ABYX Lenei, pacnonoxeHHblX B 04HON NN0CKOCTH

FOCT P M3K 60287-2-1—2009 Kabenu anektpuueckue. PacyeT HOMU-
HanbHOI TOKOBOI Harpysku. YacTb 2-1. TennoBoe conpoTuBfieHne. PacueTt
Tenn0BOro CONpPOTUBNEHUS
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FOCT P M3K 60287-1-3—2009

Bubnunorpadunsa

(1) MOK 60287-1-1:2006 Kabenu anekTpuyeckne. PacyeT HOMMHaNbHO TOKOBOW Harpy3ku. YacTtb 1-1. YpaBHeHus gna
pacyeta HOMWHaNbHO! TOKOBOW Harpysku (100 %-Hblii KO3h(PULMEHT Harpysku) n pacyeT
notepb. O6WMe NONOXKEHNA

(IEC 60287-1-1.2006) [Electric cables — Calculation ot the current rating — Part 1-1: Current rating equations
(1(1) load factor) and calculation of losses — General]
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FOCT P M3K 60287-1-3—2009

Y[AK 621.315.326.001.4:006.354 OKC 29.060.01 E49 OKIM35 0000

KnoueBble cioBa: afiekTpuueckme kabenu, ypaBHeHus A1 pacueta HOMUHAIbHO TOKOBO Harpysku, pacuet
noTepb, pacnpeaeneHune Toka
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