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FOCT P M3K 60287-1-3—2009
Mpeaucnosue

Lenu u npuHuunel ctaHaapTusauumn 8 Poccuiickon degepaunmn yctaHoBneHbl degepanbHbiM 3aKOHOM OT
27 nekabps 2002 r. Ne 184-d3 «O TexHU4eCKOM perynuposaHuny», a npasuna npuMeHeHns HauMoHanbHbIX
ctaHaaptoB Poccuiickon ®eaepauym — MOCT P 1.0—2004 «CtaHpapTusauus B Poccuitckon depepauuu.
OCHOBHbIE MONOXEHUsI»

CBepneHus o cTaHpapTe

1 NMOArOTOBIEH OTKpbITEIM akUMOHEPHBIM 06LecTBOM «Bcepoccuinckuini HayuHo-uccnegoBartenb-
CKWUWA, MPOEKTHO-KOHCTPYKTOPCKUN W TEXHOMNOrMY4EeCKUA WMHCTUTYT kabenbHoW npombiwneHHocTn» (OAO
«BHUWKT1») Ha ocHoBe cOBCTBEHHOrO ayTeHTUMHOTO NepeBoaa cTaHaapTa, yKasaHHOro B NyHKTe 4

2 BHECEH TexHu4eckum komuteTom no ctaHaapTusaumm TK 46 «KabenbHble nzgenusy

3 YTBEP>X[JEH W BBEAEH B JEMCTBUE Mpukazom deaepanbHOro areHTcTsa no TeXHUYeckoMy pery-
NUPOBaAHUIO U METPONOoruun oT 26 nioHa 2009 r. Ne 224-ct

4 HacToswui ctangapt ugeHTUYeH mexayHapogaHomMy ctaHgapty MOK 60287-1-3:2002 «Kabenu anek-
Tpudeckue. PacyeT HOMUHaNbLHOM TOKOBOM Harpyskn. HacTb 1-3. YpaBHeHNA Ana pacHeTa HOMUHaNLHON TOKO-
Boi Harpysku (100 %-Hbld KoadbULUMEHT Harpysku) U pacdeT noTepb. PacnpegeneHue Toka Mexay
OQHOXMUINbHBIMU KabensiMu, pacnonoXXeHHbIMU NapanfenbHo, 1 pacyeT NoTepb, 06YCNOBNEHHBIX LUPKYUPY-
tommm Tokamun» (IEC 60287-1-3:2002 «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 current losses»).

Mpu npUMeHeHn HacTosLLEero cTaHaapTa pekoMeHAYyeTCA UCNOMb30BaTb BMECTO CChIMIOYHbIX MeXayHa-
POAHbIX CTAHA4apPTOB COOTBETCTBYIOLIME UM HauMoHanbHble cTaHAapTel Poccuiickoin eaepauun, ceeaeHns o
KOTOpPbIX NPpVBEeAeHbI B AOMNONHATENBHOM NpunoxeHui C

5 BBEAEH BMNEPBbIE

UHbopMayust 06 USMEHEHUAX K HacmosweMy cmaHOapmy nybriukyemcsi 8 exe200Ho uzdasaemMoMm
UHhopMaUUoHHOM ykaszamerne «HayuoHanbHble cmaHdapmbi», @ MeKcm U3MeHEeHUU U r1orpasoK — 8 eXxeMe-
CAYHO U30asaeMbix UHGHOPMaUUOHHLIX yKa3amensix « HayuoHaneHbie cmaHdapmei». B criiydae nepecmMompa
(3aMeHbl) unu ommeHbl Hacmosweao cmaHdapma coomeemcemsyroujee yeedomiieHue bydem onybrnukoeaHo
8 eXXeMeCsI4YHO u3dasaeMoM UHGPOPMaYUOHHOM yKasamene «HauuoHanebHsie cmaHOapmbi». Coomeemcmsy-
rowast UHghopmMauusi, yeedoMneHue U mekcmel pasmelwaromcesi makxe 8 UHghopMayuoHHoU cucmeme obujezo
ronb306aHuUsi — Ha opuluanbHoM catime PedepalibHO20 azeHMmcmea 10 MeXHUYECKOMY pe2yuposanuio u
memponoauu e cemu ViIHmepHem

© CraHgapTuHodopm, 2009

Hacroawuii ctTaHaapT He MoXeT 6bITb NONHOCTBLIO UKW YaCTUYHO BOCnpousseaeH, TUpaxXnuposaH 1 pac-
NpocTpaHeH B KayecTBe ouumanbHOro nsgaHna 6e3 paspelieHus PeepanbHOro areHTCTBa No TeXHUYeCKo-
My perynuposaHuio U MeTponoruu
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BBepneHune

Ecnu oaHoxunbHble kabenn pacnonoXeHbl napannesnbHo, TOK Harpy3ku MOXeT He 6biTb paBHOMEPHO
pacnpegeneHHbiM Mexay kabensmu. Toku, LMpKynupyowne B o6onoudkax kabenewn, Takke MOryT UMeTb pas-
nn4Hoe 3HaveHue. 370 06yCNoBEHO TEM, UTO CYLLECTBEHHAA YacTb NOMHOMO CONPOTUBEHUS Xnn 6ONbLIOro
ceuveHusi obycnoeneHa ux co6CTBEHHBIM U B3aUMHBLIM PeakTUBHBIM CONpoTUBNEHneM. Takum obpasom, pac-
CTOSIHWE W NOMOXEeHWUe Kaxaoro kabens no oTHOLWEHWIO K Apyrum 6yayT BNUATL Ha pacnpeaeneHune Toka U Ha
LUMpKynupytowme Toku. Toku 3aBUCAT Takoke OT nopsaaka cnegosaHus gas. Metoa, paccMOTPEHHBI B HacTos-
LLeM cTaHAapTe, MOXeT bbiTb UCNOMb30BaH ANs pacyeTa pacnpeaeneHns TOKOB Mexay has3HbIMM XXunamu, a
Takke NoTepb BCNeACTBUE LIUPKYNUPYIOLLIMX TOKOB.

Mpasuna, AaroLwero BO3MOXHOCTb OLEHUTb NOTEPU, 0BYCNOBAEHHbIE LMPKYIMPYIOLLIMMKN TOKaMU, B pac-
MonoXeHHbIX NapannensHo kabensx He CylecTBYeT, ANs 3TOro HeobxoAuM pacueT A KaXkaon koHdurypa-
umn. MpuHUmMnb! 1 dopMy bl NOMHBLIX CONPOTUBNEHUIA NPOCTLI; TPYAHOCTL 3aKnioyaeTcs B pelleHUM 60nbLoro
yucna ob6pasyoLmnXCc COBMECTHBIX ypaBHEHUA. YUCno ypaBHEHWUIA, KOTOpbIe HAAOo PELUUTL, OBBIYHO CIIULLIKOM
BEJINKO, YTOBbI MOXKHO BbINO OCYLLECTBIIATL 3TO BPYHHYHO, U pekomeHayeTca ucnonb3osatb OBM. [ins n kabe-
nei Ha a3y, uMerLMX MeTannmyeckne o60104ku, B TpexdasHol cucTeMe cyllecTByeT 61 ypaBHEHUI, KOTO-
pble UMEeIOT TO XK€ YUCIIO KOMIMITEKCHBIX NepeMEHHBIX.

YpaBHeHus, npeanaraemble B HACTOALWEM CTaHAapTe, AN YNPOLWEeHNA OCHOBaHbI Ha NPeAnosoXeHUU,
YTO BCE XXWfbl, PAacnofoXeHHble napannenbHo, UMEIOT 0AMHAKoBoe ceveHne. Ecnu aTo He Tak, ypaBHeHuUs
MOryT BbITb OTKOPPEKTUPOBaHbI C LIeSIbI0 y4eTa PasHbIX CONPOTUBNEHUI ANA KaXAoh Xunbl. BnnsHue Hynesoi
1 3a3eMNSAIOLWEN X1 Talke MOXeT ObiTb YUTEHO MyTEM BKHOYEHUA STUX XU B pacyeT COOTBETCTBYHOLLMX
uenei. Mpegnaraemelin B HAaCcToSILLEM CTaHAApTe METOA He YYUTbIBAeT COCTaBMSALYIO LUPKYNUpYLoLLero B
0b60s104Ke ToKa, kKoTopas Morna 6bl NpoTekaTb Yepes ceTb 3a3eMNeHUs UK NGLIM ApYTM NyTeM.

ToKM B XUNax v LMPKYIMpyoLLMe TOoK1 B 06010YKax OgHOXUAbHBIX Kabenen, pacrnonoXeHHbIX napan-
nenbHO, cKopee Bcero He byayT pacnpegeneHbl paBHoMepHO. Mo3ToMy BHelHee TennoBoe conpoTUBneHne
pacnoroXeHHbIX NapannensHo kabenewn, NPONOXeHHbIX B 3eMIe, PacCYUTbIBAKOT METOAOM, PACCMOTPEHHBIM
BMOK 60287-2-1 (nogpasnen 3.1). BcnegcTsue Toro, 4To BHELWHee TENNOBOE CONPOTUBIEHWE U TeMnepaTtypa
060n104KN 06YCNOBNEHBI pacCcCessHUEM NOTEPb KAXA0Io U3 BXOAALLUX B KOMNNEKE kabeneit, Heo6xoaumo NpoBo-
AWTb NOBTOPHYO NpoLeaypy Ans onpeaeneHns notepb, 06yCnoBneHHbIX LMPKYNMPYOLWMMU TOKaMW, U BHELL-
Hero TennoBOro CONPOTUBIIEHUS.
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HAUWOHANBbHBIA CTAHBJDAPT POCCUUCKOW OSGEOEPALUWUMU

KABENW 3NEKTPUYECKUE. PACYHET HOMUHATNIBHOW TOKOBOW HATPY3KHN

YacTtb1-3

YpaBHeHus gna pacyeTta HOMUHaNbHOM TOKOBOMN Harpy3ku (100 %-HbI K03chPULIMEHT Harpysku)
M pacueT notepb. PacnpegeneHue Toka Mexay oAHOXUMNbHbIMU KabenAMu, pacnonoxeHHbIMU
napannenbHo, U pacyeT NoTepb, 06yCNoBNEHHbIX LUPKYNMUPYOLWUMA TOKaMu

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

Dara BBegeHna — 2010—01—01

1 O6nacTb NpUMeHeHuns

B HacToswWweMm cTaHaapTe npuBedeH MeTod pacyeTa dasHbIX TOKOB U NoTepb, 06YCNOBNEHHbIX LUPKYNn-
PYOLLMMUN TOKAMU, B OOHOXMIbHBIX Kabensix, pacnonoXeHHbIX napannensHo.

PaccMoTpeHHbI B HACTOALWEM CTaHAapTe MeTod MOXeT ObITb MCNONb3oBaH ANs Ntoboro Yicna kabenein
Ha chasy, ecriv OHU pacnonoXeHbl NapannensHo, N He3aBUCUMO OT reoMeTpuYeckoin KoHdurypaummn. dasHele
TOKM MOTYT BbITb paccuuTaHbl Ans noboro cnocoba coeanHeHnst obonodek. Ana pacyeta notepb B 060n104kax
NPUHSATO, YTO 060NOYKN coeanHeHBI Ha 06oux koHUax. B MOK 60287-1-2 naH MeToa pacyeTa notepb B 060104~
Kax, 06yCrnoBneHHbIX BUXPEBLIMUM TOKAMK, ANS ABYX Lienei, pacnofioXeHHbIX B 04HOM NITOCKOCTU.

2 HopmaTuBHbIe CCbINKU

B HacToslWeM cTaHgapTe NCronb30BaHbl HOPMaTUBHBIE CCHINIKU Ha crieaylolme MexayHapoaHble cTaH-
AapThl:

M3K 60287-1-2:1993 Kabenu asnektpudeckue. Pac4yeT HOMUHanNbHOW TOKOBOW Harpysku. Yactb 1-2.
YpaBHeHus1 4nsa pacdeta HOMUHanNbLHON TokoBon Harpysku (100 %-Hbl KO3MULMEHT Harpysku) U pacyeT
notepb. KoadhduuneHTsl noTepb, 06ycnoBneHHbIX BUXPEeBBIMIU TOKaMK B 000104Ke, AN ABYX Lienein, pacnoso-
YKEHHbIX B OOHON MII0CKOCTH

MO3K 60287-2-1:1994 Kabenu anektpudeckue. PacyeT HOMUHaNLHOW TOKOBOW Harpysku. Yacte 2-1.
Tennosoe conpoTusneHne. PacyeT TENNOBOro CONpoTUBIEHUS

3 O6o3HauyeHun

B HacTosilwem CTaHdapTe NpuMeHeHbl cneagyruine 0603HaueHust:

d. —AunameTp Xusbl, MM;

dy  —cpegHuin agnameTp 060ONoYKN, MM;
f —uvyacToTa, 'y;

i,k —unHOeKchl psgaxkun,

m,n —wuHaeKcbl paaa kabenei;

p —yucno kabenel Ha chasy;

D,,, — paccroaHue Mexay ocamu kabenen, mu;

/p — TOK B Xune kabensa p, A;

Isp — TOK, LMpKynupytowwmin B obornouke kabens p, A;

R —conpoTtuBneHune nposogsiiero anemMeHTa, OM/Mm;

R, —coOnpoTuMBREHWe >XWbl MepemMeHHOMY TOKY Npu MakcumanbHon pabouen TemnepaType,
Oowm/m;

R, —conpoTtusneHue o60nouku npu pabodeit Temnepatype, Om/m;

X; | — KaxXyllleecsl B3BaUMHOE peaKkTUBHOE CONPOoTUBNEHWE Napbl XUI;

U3paHve opmumanbHoe
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AV —nageHune HanpspKeHWs B XXune;

o — KO3(PDULNEHT, 3aBUCALLNA OT KOHCTPYKLUN XKUMbI;

Ap  —KoahpULMEHT NoTepb B 06oriouke kabens p, 06yCroBneHHbIX LUPKYIMPYOLLMMIA TOKaMu;
© —YyrrnosasyvacroTta cuctemsl (21f), c=1.

4 OnuncaHue meToaa

4.1 O6wme nonoxeHus

HacToawmm MeTo4oM pacCcUUThIBAIOT COOTHOLLEHWE hasHOro Toka, NnepefaBaeMoro KaXKaon XXUnom, un
TOKa, LUMpKynupyrowero B 0605o4ke Kaxgoro us kabenemn, pacnonoxeHHolx napannensHo. KoadbduuneT
noTepb AANA KaXJoro BapuaHTa paccyHUThIBAOT Kak OTHOLLEHWE noTepb B 06onoyke, 06ycnoBneHHbIX LUpKy-
NVPYOLLMMN TOKaMKI, K TOTEPSIM B Xure aToro kabens.

Mpn pacyeTax NPUHUMAETCA BO BHUMaHWe TOMbKO NageHWe HanpspkeHrst Mo AnUMHE XWUnbl U He y4nTbiBa-
eTcs pazbanaHc Harpysku, NPUBOAALL WA K pasbanaHcnpoBaHHbIM hasHbIM TOKaM.

YpaBHeHus1, KOTOpble HaAo PeLnTb 418 pacyeTa HeM3BECTHBIX TOKOB B NapansesibHbIX NPoBOAHUKAX M X
obornoykax, nocTpoeHbl Ha ocHoBe 6a3oBbIX hopMyn, AaloLMX, ¢ OAHOW CTOPOHBI, MOSIHOE CONPOTUBIIEHNE
uenu, nMmetoLein Asa ANMMHHBLIX MPOBOAHUKA, PacnonoXeHHbIX NapannenbHo, U ¢ Apyroil CTOPOHLI, B3auMHoe
MorHoe ConpoTMBNEHNE MeXay Lienbto 1 coceaHWUM NPOBOAHUKOM. PaccMOoTpeHue 3TUX ypaBHEHWI NO3BONSIET
Nosy4YnUTb CUCTEMY COBMECTHbIX YpaBHeHU ANA NPoAoNbLHOro NageHusa HanpshkeHUs Bo Bcex XXunax u obonou-
Kax TpexdasHo cuctembl kabenen, pacnonoxeHHbIX napannensHo. MpoagonbHble NageHUs HanpsKeHUs BO
BCEX NapannenbHbIXXnnax ogHoun hasbl paBHbI, TaKKe Kak M NpoAoibHble NaaeHUs HanpshkeHUs B 06onoYkax,
coeMHEHHbIX Mexay cobol. Takum obpasom, nageHUs HanpsHKeHNA MoryT ObiTb UCKIOYEHbI U3 YpaBHEHMIA.
Cymma TOKOB B naparnsenbHblX NPOBOAHUKaX paBHa U3BeCTHOMY cha3HOMY TOKy nnbo Hynto Ans obonoyek, 4to
AaeT HeobxoAnMYy AONOMHUTENBbHYO MHDOPMAaLMIO ANS pelleHNA COBMECTHBIX YPaBHEHUN.

CneayeT 0TMETUTb, UTO paccMaTpuBaeMble TOKU SIBNAKTCA KOMNEKCHBIMW BENUYUHAMU, BKIHOYAIOLLW-
MU B cebs AeCTBUTENbHbIE U MHUMbIE COCTaBNsoWue.

B3anmMHoe nonHoe conpoTUBneHne Mexay npoBoAHUKamun ABNAETCA PYHKUMEN UX PACNONOXEHUA OQHO-
ro oTHocuTeNnbHo Apyroro. Takum 06pa3oM, eCiiv OTHOCUTENbHOE pacnonoXeHne kabenen nsmMeHaeTca BAOb
Tpacchl U 060N0YKA UMEIOT NepeKkpecTHoe coeanHeHne, NOJTHOE COMNPOTUBNEHUE ANS KaKA0W CeKUUKN Ao~
XHO BbITb paccynTaHO UHAUBUAYANMBHO C CYMMUPOBaHWEM BEKTOPHLIX pe3ynbTaToB, YTobbl Nonyunts obluee
MonHoe CoNpoTUBIEHME ANd Kaxaon uenn. Ecnn ganuHa Tpaccel o4eHb Mana, pesynbtaThl MoryT 6bITb Nonyye-
Hbl C CYLLEECTBEHHbIMW NMOTPELUHOCTAMW, BCIIEACTBUE N3MEHEHU pacnonoXeHus kabenen no 0THOLWEHUIo Apyr
K Apyry B6NN3M KOHLIOB CUCTEMbI.

PaccmoTpeHHble B HacTosiLeM cTaHAapTe YpaBHEHUS MOTYT Takke NPUMEHSITLCA ANA pacyeTa pacnpe-
JeneHns Toka Mexay kabensamu, He UMeloLLIMMKU MeTannMuecko 06004k Unn 6poHn, 1 mexay kabenamu,
060oYKN KOTOPLIX COeQUHEHBI B OQHOM TOUKE Ha OAHOM KoHUe. [iNa Takux pac4eToB TOK, LUPKYNUPYIOLNA B
Kaxgon oborovke, paseH Hymno. Ecnn ob6onoyku coegnHeHbl B 0OAHON TOYKe HA OQHOM KOHLE, HapacTaHue
noTeHumMana obonoYek Ha OTKPbITOM KOHLIE Takke MoXeT ObITb onpeaeneHo 3TUM MeToAoM.

Mpn ncnonbL3oBaHMKM MeToada, PacCMOTPEHHOrO B HACTOAWEM cTaHaapTe, pekoMeHayeTcs pelleHue
ypaBHEHWI ¢ UCMosb3oBaHMEM Mpuema anrebpbl MaTpuL, 04HO 13 NPEUMYLLIECTB KOTOPOrO COCTOUT B TOM, UTO
pelleHne ABMSETCA eAMHCTBEHHbBIM, a He (PYHKLIMEN uTepaTUBHOro nNpoLiecca.

4.2 OCHOBHble NPUHLUNBI MeTOAA

KoadhduumeHT notepb B 06onouke Xp B onpeaeneHHoM kabene Lenu, MMetoLLeid HecKkorbko Kabernen,
pacnonoXeHHbIX NapannensHo, onpedenstoT no cneaywLlein dopmyrne:

2 1
}\',P = ls_p & ( )
Iy ) Re
roe k'p — koathunumeHT NnoTepb B 0600UKe kp kabens p, 06ycnoBneHHbIX LLUPKYIUPYIOLLUMMA TOKaMU;
/Sp — TOK, LMpKynMpytownia B o6onodke kabens p, A;

Ip — TOK B Xune kabensa p, A;

R, — conpoTtusnexune obonouku npu pabodei Temnepatype, Om/m;
R, — conpoTuBeHune xusbl nepemeHHOMY ToKy Npu paboyeit Temnepatype, OmM/M.
3HaquV|s| TOKOB /g, 1 ], NONyYeHb! NpY PeLLeHNN HukenpuBeaeHHBIX YpaBHeHW Ans p NPOBOAHNKOB,
PacnonoXeHHbIX napanneano 1 obLlero Yicna n nposoaHMKoB. B Lensx yaobeTea chasHble Xunbl v 06omo4-

2
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K paccmaTpuBaroT Kak MpoCcTble NPOBOAHUKA. TOKW thasHbIX NPoBOAHWKOB o6o3HavaloT /4, I 1 T. 4. Toku B
obonoykax 0603HaYaI0T I3, 4 1, 3 + 2, I35 + 3 U T- A.

[ns ynpolueHns pacyeToB MCNOSb3YIOT CreAYIOLLYIo 3anuchb:

O6o3HaveHue kabenei

Llenb 1 U | e P
dPazaR 1 U | e P
®azaS p+1 ... p+i ... 2p
QazaT 2p+1 ... 2p+i ... 3p.

MpoBogHMKM MOTYT 6bITb 0603HaYeHbl cneayoLwmm obpasom:
O6o3HaueHne pasHoro NpoBoaHMKa = 0603HavYeHMe kabens.
0O603HaueHne 060M104KN Kak NPOBOAHNKA = 0603HaYeHne kabens + 3p.
Ons kaxxaon dasbl TOK BbIpaXkeH criedyoLwm obpasom:

p
Ir[1+j01= > I,
k=1

Is[-0,5 —j S (2)
s[0.5-j0,866]= Iy,
k=p+1

3p
I+[-0,5 +0,866] = ZIk.
k=2p+1
BblwenpuBeaeHHble YpaBHEHUSI OCHOBaHbI Ha NpsIMoi nocnegoBaTenbHocT das. Ecnu nocneaosa-
TeNnbHOCTL (has Hen3BeCcTHa, TO pacyeT AoIKeH BbiTb BbINOMHEH ANd npaAMol 1 obpaTHon nocneoBaTeNbHOC-
™.
Ona uenei, oTHocAWWMXcA kK 06oMoYKaM, TOK BbipaxkeH criedyroLmm o6pasom:

6p
0+j0= 3. (3)
k=3p+1
MageHve HaNpsKeHUs B KaXX40M MPOBOAHMWKE BbIpaXKeHO creayoLmmM ob6pasom:
- AN npoBoAHUKOB a3kl R:

& (4)
AVR = z Z,', klk’
k=1

roei=ot100p;
- ANA NpoBOAHWKOB a3kl S:

6p
AVs =3 Z; il
k=1
raei=oT(p+1)a02p;
- On4 nNpoBOAHWKOB a3kl T:

6p
AVT = z Zi, klk B

k=1
raoei=oT(2p+1)po 3p;
- ans obono4vek Kak NpOBOAHMKOB!
& (7)
AVA = z Z,'» k/k )
k=1

raoei=oT(3p+1)no6p.
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WckntoyeHune nageHns HanpsbkeHWs Ans 9Toro psaga ypasHeHWn aaeT (6p — 4) ypaBHeHuid cneqytoLlei
hopmbi:

6p 8
0+j0= > zz; 4l ®

k=3p+1
raezz;  =Z; k—Zi+ 1, k=R ki X k>
a R onpegeneHo cnegyowum o6pasom:
R=0,ecnizk R=0,ecnuizk-1.
[ns ¢asHbIX NPoBOAHUKOB:
R=R;,ecrmi=kni<3p R=-R;, ecnmi=k—-1uni<3p.

[Anst 06onoyek kak NPOBOAHUKOB:
R=Rs,ecmi=kni>3p R=-Rs;,ecnmi=k—-1uni> 3p.

X,

i kPaccMaTpuBaloT Kak peakTUBHOE COMNnpoTUBIIEHUe U onpeaenaT cneayowum obpaszom:

X; k= 201077 In [—dmvk] , 9
ik

raeecnnizk,7od; ,=D_ = paccToaHne mMexay ocsamMu kabeneid mun, npm
i, k mn

m=i,ecnni<3p; m=j-3p,ecrmi>3p
"
n=k,ecnnk<3p; n=k-3p,ecnnk>3p.
Ecnmi=kni<3p,1od; k=a%.
Ecrmi=kuni<3p,t0d; = dz—s,
roe o= 2nxf;

f—uvacToTa, 'Y,

d, — OnameTp Xunbl, MM;

dy — cpeaHuin anameTp 06onoYKN, MM;

o — Ko3dPULNEHT, 3aBUCALLNIA OT KOHCTPYKLUW Kb, CM. Tabnuuy 1.

Tabnwuua 1— 3HauyeHns o 4nsa Xun

Yueno npoeonok 3HaveHue o

1 (0gHONPOBONOYHAs XuUna) 0,779
3 0,678

7 0,726

19 0,758

37 0,768

61 0,772

91 0,774

127 0,776

3HaveHus, npuBedeHHble B Tabnuue 1, gaHbl ANs HeYNNOTHEHHbIX XM, [N yNNoTHEHHbIX K1 cnegyeT
ncnonbsosaTb o = 0,779. 3Ha4eHWs ANs MOMbIX KNI 3aBUCAT OT BHYTPEHHETO 1 HAPY)XXHOTO AnameTpa Xurbl.
Mpumep pacyeTa 3HAYEHUS o ANA NONbIX XU NpUBEAeH B NpunoxeHun B.

4
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4.3 MatpuuHoe pelueHue
B o6Luem Buae pasBepHyTbie ypaBHEHUS ByayT UMeTb criedytoLyo hopMy:
Q,=1f(Z, Iy
rae sHavyeHus Q 3agaHbl NEBOW YacTbio ypasHeHu i (2), (3) n (8).
3HaueHusa Z, ABnaTca koadduLneHTaMmm npu /, B 3TUX ypaBHEHWUAX, a 3Ha4eHUs | ABNAIOTCA HensBec-

THBIMW TOKaMU B XKnnax 1 060no4kax.
B maTpuyHoit hopme ypaBHEHUsI NpUMYT BUA:

[Q =121

rae [Z] asnseTca ksagpaTHoit MaTpuLen koadduuneHTos npu 11—/, B ypaBHeHUaAX (2), (3) n (8).
Ans onpeaeneHwsi HEU3BECTHBIX TOKOB [/] ypaBHeHWe 3anuckiBaeTcA cneayowmm obpasom:

=2 [Ql

rae [Z1-! aBnaetca obpatHon matpuuen [Z].
MpuMepbl pacyeToB € UCMONB30BaHUEM MaTPUYHOrO peLLeHNA NpUBeAeHb B NPUNoXeHUU A.
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Mpunoxenne A
(cnpaBouHoe)

Mpumep pacyeToB

A.1 BBepeHwue

Paamepbl kabenel B npuBeAeHHbIX NPUMepax SBNAI0TCA NPOU3BONbHLIMU U HE NMPEACTABNAT HUKAKOW KOHKPETHbIN
TMN kabensi.

MpuHATO, 4TO OTHOCUTENBHOE NONOXEeHNe kabenen NOCTOSAHHO Ha NPOTSPKEHUM NTMHUMK. [TPUHATO Takxke, YTOo coeam-
HUTeNbHbIE NPOBOAHNKN 0B0NOYEK MMET HE3HAYMTENbHOE NOMHOe CONPOTUBIEHUE MO CPABHEHUIO C NOMHBIM CONPOTUB-
nexnvem xwn. MNMoBepxXHOCTHbIM adhpekToM n adphekTom 6NM30CcTU B OTHOLLEHWM COMPOTUBIIEHUS NEPEMEHHOMY TOKY
npeHebperatoT. PasnuyHble 3Ha4YeHWs NONHOro0 CONPOTUBNEHWUS], BbIYMCIIEHHBIE B 9TUX NPUMEpPaXx, OTHOCATCSH K kKabensim
anvHon 1000 m.

B AaHHbIX MpMepax npuHaTa Yacrtota Toka 50 'u.

MapameTpbl kabernen ABNATCA CrieayoWUMHK;

OvameTtp megHow xunel — 32,8 mm.

ConpoTtuenenue xunel npn 20 °C — 28,3 - 10-6 Om/m.

MakcumanbHas pabouvasn TemnepaTtypa — 70 °C.

ConpoTtuenenue xunbl npun 70 °C — 33,86 - 10-6 Om/m.

Yuncno npoBonok B xune — 127.

KoathduuneHT xumnbl na 127 nposonok — 0,776.

ConpoTUBIIeHUe anioMUHWEBOM 06omouku npu 20 °C — 0,18 - 10~3 Om/m.

CpegHuii anameTp 060noHkn — 48 mm.

Temneparypa o6onovkn — 60 °C.

ConpoTreneHue o6onoyku npu 60 °C — 0,209 - 10~3 Om/m.

A.2 Mpumep1

Kabenv nponoxeHsl B 04HOW NITOCKOCTU € paccTosiHUeM mexay ocamm 200 mm, aea kabens Ha a3y, 6e3 HernTpanw.
PacnonoxeHve kabenel cnegytouiee:

KaGenb 1 Ka6enb 3 Kabens 5 Kabens 6 KaGenb 4 KabGens 2
R1 S1 T T2 S2 R2

Ons ygo6cTea pacyeTa xuna n o6onouka Kaxxaoro kabensi n(poHymMepoBaHbl TakMM 06pa3om, HTO XKUIbl UMEIOT HOMe-
pa ot 140 6, aobonovkn oT 7 8o 12. MNepebiv kabenb MeeT Takum 06pa3om xuny 1 n o6onouky 7, BTopor kabens — 2,8 u
T. A., YTO B uTOre gaeT 12 npoBOAHMKOB B 3TOM NpUMeEpe.

Ansa eguHMYHON Lieny, NPONoXXeHHOW B OAHOM MNITOCKOCTY C paccTosiHMeM mexay ocsimm 200 mm, c oaHuM kabenem Ha
thaay koadbuumMeHTs! NoTepk B 060104ke, paccunTaHHble no [1], cocTaBnsoT:

HapyxHbin LleHTpanbHbin HapyxHbii
1,99 1,50 2,62

OTU 3HaYeHUA CPABHUMbI CO 3HAYEHUSIMU, MOMNYHEHHBIMK B PUMepax 1 1 2, HO 3HaUUTENbHO OTNNYAIOTCS OT 3HaYe-
HUI NnpumMepa 4.

A.21 Pacuyetbl

WexogHele koopamHatsl (0,0) MoryT 6bITb YCTaHOBMEHBI B NIOGON TOUKE CUCTEMBI, HO NPOLLE NPUHATL KaK UCXOAHYIO
Touky (0,0) ocb HMXHero neBoro kabens. KoopauHaTel kabenen gaHbl B HUXXeNpUBEAEHHOM MaTpuue S:

X Yy
0 0 Kabenb 1hasaR
1000 0 Kabenb 2,cpazaR
S= 200 0 Kabenb 3,cpasa S
800 0 Kabenb4,dasza S
400 0 Kabenb 5,cpasza T
600 0 Kabenb6,cpasza T
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PaccTosiHna mexgy ocsimm kabenen paccumtaHbl No cnegyoLei hopmyne

Do = (St =Sn1)? ~(Sm2 =Sn2)? , (A1)

raem=o11p806,n=0T1170086.
PaccTosiHna mexay 0CsMY iaHbl B HUXXENpuBeAeHHON 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

OTa MaTpuua CUMMETPUYHA MO OTHOLLEHUIO K CBOEW AMaroHarnm u HeT Heo6XoAUMOCTH BbIMUCNSTE PACCTOSIHUS U
Mexagy ocsimm kabenen mw n, u mexay ocsMu kabenev nu m.

MpnBeaeHHyo maTpuly 3aTem moandnumpyioT, YTOObI BKIMIOYUTL BCE 3HAYEHUSA dj k» TPebyemble anspacueTa X, i ke
MoaudvumpoBarHHasa maTpuua npuBeaeHa B Tabnuue A.1.

O heKTUBHbIE PEaKTUBHbIE CONPOTUBNEHUA X; | paccumnTLIBaloT no hopmyne 9

d;
X, =2 107 In ['*“‘J :
ik

KoadbduuneHTsl zz gnsA npaBoit YacTy ypaBHeEHUS 8 paccunTaHbl criegyowmum 06pa3om v NnpueeaeHbl B MaTpULLe ZZB
Tabnuue A.2:

zz; =Ry (¥ X o

rae R=0,ecnni #k; R=0,ecrni zk—1;
R =R, ecnni=kuni<3p, R=-R_ecnni=k-1ni<3p;
R=Rgecnni=kwi>3p; R=-Rg,ecrmi=k—1ni>3p.

KoadbduumeHTsl A4ns Toka / npaeon vyactv ypaeHeHuii (2) n (3) AaHbl B HUXenpuBeaeHHon matpuue H:

1 1 6o o 0 0O o 0 0 0 0 O0|%askaRr
H= 0 o0 1 1 0o 0 o O O 0 O O0|%askasS

0 0o 0 © 1 1 0 0 0 O 0 Of®PasaT

0o o 0 o0 o0 O 1 1 1 1 1 1| O6onouka.

Ins yno6cTBa pacyeTa 971 koadPULMEHTbI BKITOYEHb! B Ty K& MaTpuLy, YTO N KOI(®PULMEHTBI, MOMyYeHHbIe NPy
paccmoTpeHumn uenen xun. Hoeas matpuua [Z] npuBeneHa B Tabnuue A.3.
3HaveHns 1 ko3P PULIMEHTLI ANS NIEBOW YacTW ypaBHeHui (2) 1 (3) AaHbl B HUXenpriBegeHHon maTpuue [Q):

0
1
0
~05-0866;
0

-05+0866/
[Q] = /

O O O O O O
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TOKM B Xune 1 B 060noyke MOryT BbiTb 3aTeM paccHMTaHbl Ans KaXZ0ro Kabens nyTem pelleHnsi COBMECTHbIX ypas-
HeHWi, NpeacTaBneHHbIX B MaTpuue [Z] (Tabnvua A. 3) v BblwenpuseaeHHon matpuue [Q). AKTMBHaA U peaKTMBHasA cocTas-
NSAOWKE TOKOB NpUBeAeHbl HKe. YMHOXeHve obpaTHol maTpuubl [Z] Ha [Q] AaeT pelueHue ypaBHeHWUA.

05
05
~025-0433]
~025-0433]
~025 + 0433/
~025 + 0433
~0216 +0,1892;
-0216 —0,1892/
-0,1309 + 02164,
0,1309 + 02164,
03469 —00272;/
03469 —0272j

1=

Cwuna ca3Horo Toka u Toka B 0605ou4ke, a Takke KoadnumeHT noTepb B 060MouKe NpuBeaeHb! HUXe Npy Npeanosno-
KeHun 3Ha4veHus1 obero dasHoro Toka 100 A.
Tok chazHoro npoeoaHvka paseH |/, - 100. Tok B 060n04ke paBeH |I3p +ml-100.

KoaddmumeHT notepb = w .
(V4100)*R,

O6o3HaveHune ®dazHbIi Tok B Koadppuument

kabens v dasb TOK obonouke notepb B o6onouke
KaGenb 1, chasa R 50 28,7 2,036
Kabenb 2, chasa R 50 28,7 2,036
Kabenb 3, basa S 50 25,3 1,58
KaGenb 4, daza S 50 25,3 1,58
Kabenb 5, pasa T 50 34,8 2,99
Kabenb 6, pasa T 50 34,8 2,99

Tab6nwnuaA1— PaccuntaHHble 3HAYeHUs dj K

12,73 | 1000 | 200 |800 |400 |00 |24 1000 |200 |8o00 |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 |




Tabnwuuya A.2 — PaccunTaHHble 3HAYEHUs ZZ
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0,0339 + 0,2742j | 0,0339 — 0,2742j 0,0871j —-0,0871j 0,0255f —0,0255f
0,0871j 0,0871j 0,0339 + 0,2421j | —0,0339 — 0,2421j 0,0436; —-0,0436/
0,0255f 0,0255f 0,0436j —-0,0436; 0,0339 + 0,1731j | =0,0339 —0,1731j
0,2343f 0,2343f 0,0871j -0,0871j 0,0255;f —-0,0225f
0,1011j 0,2203jf -0,2203f 0,0690;f —-0,08690f 0
0,0871j 0,0871j 0,2022j —-0,2022jf 0,0436; —-0,0436f
0,0436f 0,0690;f —-0,0690f 0,1768f -0,1768/ 0
0,0255f 0,0255f 0,0436j —-0,0436; 0,1332f -0,1332/

OkoHyaHue mabnuupi A.2
0,2343f -0,2343j 0,0871j —-0,0871j 0,0255;f —-0,0255f
0,0871j -0,0871j 0,2022j —-0,2022j 0,0436; —-0,0436f
0,0255f -0,0255j 0,0436j —-0,0436; 0,1332f -0,1332/

0,2090 + 0,2343j | -0,2090 - 0,2343jf 0,0871j -0,0871j 0,0255f —-0,0225f
-0,1011j 0,2090 + 0,2203j | —=0,2090 — 0,2203j 0,0690;f —0,0690;f 0
0,0871j -0,0871j 0,2090 + 0,2022j | —0,2090 — 0,2022jf —0,0436f —-0,04 36/
-0,0436f -0,0690j —-0,08690f 0,2090 + 0,1768j | —0,2090 — 0,1768; 0
0,0255f -0,0255j 0,0436; —-0,0436; 0,2090 + 0,1332/ | —=0,2090 — 0,1332j

Tab6nwnua A3 — Martpuua [Z], Bkntovatowast KOaOUUNEHTEl TOKOB

0,0339 + 0,2742j | 0,0339 - 0,2742j 0,0871j —-0,0871j 0,0255f —-0,0255f
1 1 0 0 0 0
0,0871j -0,0871j 0,0339 + 0,2421j | —0,0339 — 0,2421j 0,0436; —-0,0436/
0 0 1 1 0 0
0,0255f -0,0255j 0,0436; —-0,0436; 0,0339 + 0,1731j | =0,0339 - 0,1731j
0 0 0 0 1 1
0,2343f -0,2343j 0,0871j —-0,0871j 0,0255f —-0,0225f
-0,1011j 0,2203jf —-0,2203f 0,0690;f —-0,0690f 0
0,0871j -0,0871j 0,2022j —-0,2022f 0,0436; —-0,0436f
-0,0436f 0,0690;f —-0,0690f 0,1768f -0,1768/ 0
0,0255f -0,0255j 0,0436j —-0,0436; 0,1332f -0,1332/
0 0 0 0 0 0
OkoHyaHue mabnuupi A.3
0,2343f -0,2343j 0,0871j —-0,0871j 0,0255;f —0,0255f
0 0 0 0 0 0
0,0871j -0,0871j 0,2022j —-0,2022j 0,0436; —0,0436f
0 0 0 0 0 0
0,0255f -0,0255j 0,0436j —-0,0436; 0,1332f —-0,1332/
0 0 0 0 0 0
0,2090 + 0,2343j | -0,2090 - 0,234 0,0871j -0,0871j 0,0255f —-0,0225f
-0,1011j 0,2090 + 0,2203j | —0,2090 — 0,2203j 0,0690;f —0,0690; 0
0,0871j -0,0871j 0,2090 + 0,2022j | —0,2090 — 0,2022jf —-0,0436f —-0,04 36/
-0,0436 0,0690;f —-0,0690f 0,2090 + 0,1768j | —0,2090 — 0,1768/ 0
0,0255f -0,0255j 0,0436j —-0,0436; 0,2090 + 0,1332/ | —=0,2090 — 0,1332j

1

1

1

1

1

1
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A.3 Mpnmep 2

B AaHHOM NpUMepe B3SATbI Te e AaHHble ANs kKabens 1 Te e pacCTOAHUS Mexay OCAMU, YTO 1 B pumMepe 1, Ho nops-
OOK criegoBaHusi has obpaTHbIN.

CunaToka B Xunax n 06onovkax, a Takke KoadhuumeHT noTepb B 06010uUKe yKadaHbl HUXe, 06LWuiA hasHbIi TOK Npy-
HAT 100 A,

O6o3sHaveHue kabens Tok B xune Tok B 060MROUKE Koadcpuumnent noteps
u dasbl B obonouke
Kabenb 1, pasza R 50 34,4 2,916
KaGenb 2, pasza R 50 34,4 2,916
Kabenb 3, dbasza S 50 24,5 1,477
Kabenb 4, basa S 50 24,5 1,477
Kabenb 5, pasa T 50 29,9 2,213
Kabenb 6, pasa T 50 29,9 2,213

A4 Tpnmep 3

B gaHHom npumepe Ansi kabenen ncnonb3yloT Te Xe AaHHbIe, YTO 1 B Npumepe 1, HO WwecTb kabenen pazgeneHsl Ha
JBe UAeHTUYHbIE rpynnbl M3 Tpex kabenen, pacnonoXXeHHbIX TPEYronbHUKOM, ¢ pacctosHnem 200 MM mexay LeHTpamm
rpynn. PacnonoxeHne nMeeT cneayowmin Bua;

R1 R2
S1 T T2 S2
KoopavHatbl kabeneli criegyrolme:

X y

30 52 Kabenb 1chazaR

230 52 Kabenb 2,cbasaR

D= 0 0 Kabenb 3,chaza S

260 0 Kabenb 4,chasa S

60 0 Kabenb 5,chaza T

200 0 Kabenb 8,cpaza 7.

Cwvna Toka B xunax u obonovkax, a Takxe KosdpnumeHT notepb B 060104Ke NPUBEAEHbI HUXE, O6LLMIA dha3HbIN TOK
npuHsT 100 A.

0603%:3)22:(36%” TokK B xune Tok B obonouke Kosmg)ggzﬁgll(neorepb
KaGenb 1, paza R 50 13,9 0,474
KaGenb 2, paza R 50 13,9 0,474
KaGenb 3, haza S 50 13,8 0,468
KaGenb 4, haza S 50 13,8 0,468
KaGenb 5, hasa T 50 14,1 0,492
KaGenb 6, hasa T 50 14,1 0,492

A.5 Mpnmep 4

B aaHHOM NpYMEpe MCMonb30BaHbl TE Xe AaHHbIe AN Kabenen, 4To v B pumepe 1, Ho 3aeck Kabenm pacnonoXeHsb
Takum 06pasom, UTo pacnpegeneHue Toka Mexay dasHbIMU NPOBOSHUKaMN HEPaBHOMEPHO. 3TO pacronoxXeHue npes-
CTaBNEHO HNXe:

R1 R2 S1 S2 T 2.

10
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KoopauHatbl kabenen cnegyiowme:

X y
0 0 Kabenb 1chazaR
400 0 Kabenb 2,(pazaR
D= 800 0 KaGenb 3,ba3a S
1200 0 Kabenb 4,a3a S
1600 0 Kabenb 5,baza T
2000 0 Kabenb 6,pas3aT.

Cwuna Toka B xurnax v oboroukax, a Takke koadduumeHT noTepb B 060noyke npueeaeHbl Huxe, o6wmin hasHbiv ToK
npuHaT 100 A.

O6o3HaveHue kabensa u dasbl Tok B xune Tok B obonovke Kosda;bzgzﬁ::;mepb
Kabenb 1, dpasza R 46,31 38,4 4,236
Kabenb 2, dasza R 53,71 36,5 2,845
Kabenb 3, haza S 44,59 374 4,346
Kabenb 4, dbaza S 55,66 34,8 2,420
Kabenb 5, pasza T 50,76 43,7 4,576
KaGenb 6, hasa T 49,62 44 .4 4,947

CpaBHeHue c npumepoM 1 NokasbIBaeT, 4To NOTepy NPY 3TOM pacronoxeHun kabenen 4pesBbivanHo Bbicoku. [os-
TOMY pekoMeHAyeTCA n3beratb STOro pacnonoxeHus, rae Bce NPOBOAHUKU OOHON da3bl CrpynnypoBaHbl BMECTE.

11
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Mpunoxexue B
(cnpaBouHoe)

lNMpumMmep pacueTa koadhpuLMeHTa o ANA NOFION XUJbI

Hanpumep, nonas xunavmeeTt BHyTPEHHWUA AnaMeTp d;= 17,5 MM, U HapyxHbIi auameTp d; = 33,8 MM. [ins pacyeTta
o MPUHUMAIOT cneaylowmn MeToA;

OrtHoweHue a=d;/d,=17,5/33,8=0,518. lNonas xuna MoxeT 6biTh 3aMeHeHa 3KBUBANEHTHOW XUSON C BHYTPEHHUM
paanycoM a U HapyXkHbIM pafiuycoM paBHbIM 1, kak mokasaHo Ha pucyHke B.1.

Ecnu yacTb obiiero Toka B 4acTu unel pagvmycomM ro6osHadeHa /,,To B 3TOM cliyyae:

&

PucyHok B.1 — lNMonasixuna

MarH1THbIA NOTOK NpONOpLMOHaneH I./rnToraa noTokocLenneHue pasHo:

Fe 1, =1 (r? —:1;2)2g=0,25—a2+a“*(o,75—|na)_0,25—0,5182+0,518“'(o,75—|no,518)=01551
.[ rdom j 2,2 2.2 2.2 » 1991,
0 o (1-a%? r (1-a?) (1-05182)

KoachdpuumenT o = e 0:1551 = 0,856,

12
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MpunoxeHne C
(cnpaBo4Hoe)

CBefieHUA 0 COOTBETCTBUUN HALUOHaNbHbIX cTaHgapToB Poccuiickon CDe,qepau,vm CCbINTOYHbIM
MeXxayHapogHbIM CTaHO2apTam

Tabnuuya C.1

OB03HaueH1e CCbINOYHOTO O6o3HaYveHne 1 HaMMEHOBaHUe COOTBETCTBYHOLLETO HAUMOHANbHOIO
MeXayHapoaHoro ctaHgapra cTaHgapTa
MO3K 60287-1-2:1993 FOCT P M3K 60287-1-2—2009 Kabenu anektpuyeckue. PacueT HOMU-

HanbHOW TOKOBOW Harpy3ku. Yacte 1-2. YpaBHeHus gnsi pacyeta HOMUHarb-
HoW TokoBON Harpy3ku (100 %-Hbil KO3PDULUNEHT HArPY3KK) 1 pacHeT NoTepsb.
KoacbmumeHTbl noTepb, 0GYCrNOBNEHHbLIX BUXPEBLIMKU TOKaMn B 0GONouke,
ansa AByX uenen, pacnonoXeHHbIX B OAHON NNOCKOCTU

MO3K 60287-2-1:1994 FOCT P M3K 60287-2-1—2009 Kabenu anektpuyeckue. PacueT HOMU-
HanbHOW TOKOBOW Harpy3ku. Yacte 2-1. TennoeBoe conpotuBneHue. Pacuer
TENMNoBOro ConpoTUBIEHUS

13
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Buenunorpaduna

[11M3K60287-1-1:2006 Kabenu anektpuyeckre. Pacye T HOMWHaNbHOW TOKOBOW Harpy3ku. YacTe 1-1. YpaBHeHusi ans
pacyeTa HOMUHarNbLHON TOKOBOW Harpy3ku (100 %-Hblll kO3MPULMEHT HArpy3kn) n pacuyet
notepb. O6LWMe NonoXxeHns

(IEC 60287-1-1:2006)  [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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rocTt P M3K 60287-1-3—2009

YK 621.315.326.001.4:006.354 OKC 29.060.01 E49 OKI 350000

KntoueBble crioBa: anekTpudeckune kabenu, ypaBHeHWs Ans pacyeTa HOMUHAmNbHOW TOKOBOW Harpysku, pacyeT
noTepb, pacnpenerneHue Toka
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