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Hemn n npuHuune! crangaprusanuu B Poccuiickonn @enepauuu ycraHoBiaeHbl DenepanbHbIM
3akoHOM OT 27 nekabps 2002 1. Ne 184-®3 «O TeXHMUECKOM pETYJIMPOBAHHWH», a IpaBUiia
IIPUMEHEHNS HAIMOHAIBHBIX cTaHaaproB Poccuiickoit ®enepauuu - I'OCT P 1.0-2004
«Cranpaptuzanus B Poccuiickoit @enepanyu. OCHOBHBIE TTOJOKEHUS»

CgBenenusi 0 cTanaapre

1 TIOAI'OTOBJIEH OTkpbeITBIM aKIMOHEpHBIM o0mecTBOM «Bcepoccuiickuii  Hay4dHO-
UCCIICIOBATENILCKUHM, TPOEKTHO-KOHCTPYKTOPCKUH ¥ TEXHOJOTWYECKHH WHCTUTYT KaOeIbHOU
npombinieHHOCTH (OAO «BHUMUKII») Ha ocHOBEe COOCTBEHHOTO ayTEHTHYHOTO TIepeBOja
CTaHJapTa, yKa3aHHOTO B MyHKTE 4

2 BHECEH Texuuueckum komuteToM 1o cranaaptuzanuu TK 46 «KabenbHbie nzaenusy»

3 VTBEPXJIEH W BBEJEH B JIEUCTBUE Ilpuxazom ®enepalbHOrO areHTCTBA IO
TEXHUYECKOMY PETYJIHUPOBAHUIO U METPOJOTHH OT 26 utoHs 2009 1. Ne 218-cT

4 Hacrosumii craHmapT MIASHTHYEH MexayHapoaHoMy cranzapry MOK 60287-2-1:1994
«Kabenmn »snextpuyeckue. PacyeT HOMHMHANBbHOW TOKOBOM Harpy3ku. Yacte 2-1. TemmoBoe
compotuBiienne. Pacuer TemnoBoro comportusnenus» (IEC 60287-2-1:1994 «Electric cables -
Calculation of the current rating - Part 2-1: Thermal resistance - Calculation of thermal resistance»)
¢ Uzmenenusimu Ne 1 (2001 r.), Ne 2 (2006 r.) u monpaskoit Ne 1 (2008 r.), KOTOpbI€ BBIJIETIEHBI B
TEKCTE CJIEBA IBOMHON BEPTUKAIBLHON JTUHUECH.

[Ipu mpuMeHEeHHM HACTOSIIETO CTaHAapTa PEKOMEHIYETCS HCIIOJIb30BaTh BMECTO CCHUIOYHBIX
MEXAYHapOAHBIX CTAaHIAAPTOB COOTBETCTBYIOLIME KM HalMOHAJbHBIE CTaHAApThl Poccuiickoii
®deneparyu, CBEJCHUSI O KOTOPBIX MPUBEIEHBI B JOMIOJHUTEITHHOM IPUIOKEHUU A

5 BBEJIEH BIIEPBbBIE

Hngopmayus 06 usmenenusax K Hacmosuwemy cmavoapmy nyOIuUKyemcs 8 ence200HO
uzoasaemom ungopmayuonnom ykazamene « Hayuonanvnvie cmanoapmoely, a mexcm usmeHeHul u
NONPABOK - 8 eJHCeMECAYHO U30a8aemvblX UHGopmayuonusvlx ykazamenax «Hayuonanvhoie



cmanoapmoly. B cnyuae nepecmompa (3ameHvl) UnU  OMMEHbl HACMOAUle20 cmaHoapma
coomeemcmayioujee  ygedomiaeHue  0yoem — ONYOIUKOBAHO 6  edHCeMeCAYHO  U30ABAeMOM
ungopmayuonnom ykasamene «Hayuonanvnvle cmanoapmoly. Coomseemcemayowas uHgpopmayus,
yeeooMmlieHue U MeKCmbvl pa3Mewaromecs makdxce 6 UHDOPMAYUOHHOU cucmeme o00we2o
noiv3osauus - Ha oguyuanrbHom catime DedepanvbHo20 a2eHmMcmea N0 MEXHUUECKOMY
pe2yauposanuio u mempoao2uu 6 cemu Mnmepnem

Conep:xanue
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1.2 O6o3HaueHus
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2.1 TemnoBoe COMPOTHUBIIEHUE IIEMEHTOB, COCTABISAIOMUX Kabens, 11, Tr u Tz
2.2 TennoBoe CONMPOTUBIIEHUE OKPYKAIOILEN Cpebl 14
3 Hudposoii pacueT BeIUYNH, MIPUBEACHHBIX IpaUIeCKu
3.1 OOmKe NoJI0KEHHS
3.2 Pacuer A6, npu nomoiu rpaduka (pucyHokK 8)
[Ipunoxenue A (cnpaBounoe) CBeieHHsI O COOTBETCTBUU HAIlMOHAIBHBIX CTAHAAPTOB
Poccuiickoit denepariuu CCbUIIOYHBIM MEXAYHAPOIHBIM CTaHAApPTaAM
bubmumorpadus

BBenenue

Craamapt MDOK 60287 pazmeneH Ha TpW YacTH JUIsl TOTO, YTOOBI MPH €r0 MEePECMOTPE HWIH
BHECEHUU U3MEHEHUH C 3TUM JIOKyMEHTOM ObLIO YI00HO paboTaTh.

Kaxxnast yacTh cCOCTOUT U3 pa3ziesioB, OMyOJUKOBAaHHBIX B BUE OTAEIbHBIX CTAaHJAPTOB:

Yacts 1 - @opmyiibl 11l pacueTa HOMUHAJIbHBIX TOKOBBIX HArpy30K U OTEPh YHEPTUH;

Yactp 2 - @opMydibl AJIsl pacyeTa TEII0BOr0 COMNPOTUBIICHHUS;

Yacts 3 - Pazzensl M0 ycioBUSM 3KCIUTyaTalluH.

Hacrosimuii crangapT coxepXKUT METOJAbl pacueTa BHYTPEHHErO0 U BHEIIHErO TEIUIOBBIX
COMPOTUBIIEHUH Kabenel, MPOI0KEHHBIX Ha BO3/AyX€e, B KaHaJIaxX U 3eMJIe.

®dopmyrbl, pexkoMeHayemble B craHmaptax cepuu MOK 60287, comepkar BeIWYUHBI,
M3MEHSIIOIINECS B 3aBUCUMOCTH OT KOHCTPYKIIMH KaOelsi U MPUMEHSIEMbIX MaTepHAIIOB. Y Ka3aHHBIE
B TaOiMIax JaHHBIX CTAaHAAPTOB 3HAYEHUS COOTBETCTBYIOT YCTAHOBJIEHHBIM MEKIYyHAPOJHBIM
(HampuMmep, JIEKTPUYECKUE YJIENbHBIE COMPOTHUBICHUS U TeMmImepaTypHble Ko3(h(UIIUEHTHI
COIIPOTHBIICHUS) JTNOO OOIIETIPUHATHIM B NPAKTUKE 3HAUCHHSM (HAIPUMEp, TEIJIOBBIC YJEIbHBIC
COTPOTUBIICHUSI U JUAJNIEKTPUUYECKUE TOCTOSHHBIE MaTepuanoB). Ecnu ykazaHHble B Tabmuiax
3HAYEHUSI OTHOCATCA K OOLIEHPUHATHIM B IMpPaKTUKE, TO HEKOTOPblE M3 HHUX HE SBISAIOTCA
XapaKTePUCTHKOM KayecTBa HOBBIX KabelneH, a OTHOCITCS K KaOesnsaM mocie JIUTETbHOTo mepuoaa
JKCIUTyaTanuu. J{ias Toro 4To0pl MOXKHO OBLIO MOJYYHUTh OJHOPOAHBIE M CPAaBHHUMBIE PE3yJbTaThI,
HE0OXOUMO pPACCUUTHIBATh HOMHUHAIIBHBIE TOKOBBIE HArpy3KH IO 3HAYCHHUSM, YKa3aHHBIM B
CTaHJapTax JaHHOW cepuu. Eciu TOUHO M3BECTHO, UTO KOHKPETHBIM MaTepHajaM U KOHCTPYKLHAM
COOTBETCTBYIOT JIpyTr€ 3HAYEHUs, TO MOKHO MCHOJb30BaTh 3TU 3HAYEHUS, IPU YCIOBUU, YTO OHH,
a TaK)Ke COOTBETCTBYIOIINE HOMUHAJIbHBIE TOKOBBIE HATPY3KH, OYAyT YKa3aHBI.

3HaueHus, OTHOCSIIMECS K YCIOBUSAM IKCIUTyaTaluu Kadenel, MOTYT 3HAYUTENbHO OTINYaThCS
Jpyr OT JIpyra B pa3HbIX cTpaHax. Hampumep, uTo kacaercs TemmepaTypbl OKpYXKarollel cpeabl U
YAEIBHOIO TEIUIOBOIO COMNPOTUBIEHUSA MOYBBI, MX 3HAYEHUS B Pa3HBIX CTPaHaX OIPEAEIISIOT,
UCXOJS M3 DPA3NUYHBIX cooOpaxeHHi. [loBepXHOCTHBIE CpaBHEHHUS 3HAYEHMH, NMPUMEHSEMBIX B
pa3HBIX CTPaHax, MOTYT IPUBECTU K OUTMOOYHBIM 3aKIIFOUEHUSM, €CIIM OHH HE OCHOBAHBI Ha 00IIeM
KpUTEpUH (HampuMep, MOTYT OBITh Pa3NUYHBIMU TpEAIONaraéMble CPOKH CITy>KOBbl KaOemnei, B



HEKOTOPBIX CTpaHaX KOHCTPYKIMS OCHOBaHA HA MAaKCUMAJIbHBIX 3HAUYCHUSX TEIJIOBOTO YJEIHHOTO
COTPOTHUBIICHUS TIOYBBI, B TO BpeMs KaK B JAPYTUX CTpaHaX HCHOIB3YIOT CpeIHuE 3HaueHus). B
YaCTHOCTH, YTO KAaCaeTCs TEIUIOBOTO YJIEIBHOTO COMPOTHUBIICHHUS TOYBBI, M3BECTHO, YTO 3Ta
BEJIMYMHA OYEHb 3aBHCHT OT COJIEP’KaHUs BIarM B MOYBE W MOXKET 3HAYUTENBHO U3MEHATHCA C
TEYECHHEM BPEMEHHM B 3aBHCHMOCTH OT THIA TOYBBI, TOMOTPAUUECKUX U METEOPOJIOTUYECKUX
YCIIOBUH, a TaK)Ke Harpy3Ku KaOess.

Jns BeiOOpa 3HAYEHUW PA3TMYHBIX MMAPaMETPOB HEOOXOAMMO HCIONBh30BaTh CIEAYIONIYIO
HIpoueaypy.

UucnoBble 3HA4YE€HHMsS JIOJDKHBI  OCHOBBIBATHCS, TJIABHBIM — 00pa3oM, Ha pe3yJibTarax
COOTBETCTBYIOIIUX H3MepeHHil. YacTo oKa3bIBaeTcs, YTO 3THU pPe3yJbTaThl yKe BKIIOYCHBI B
HAI[MOHAJILHBIC TEXHUUYECKHE TPCOOBAHUS B KAUECTBE PEKOMEHIYyEMBIX 3HAUCHWH, TaK YTO pacyeT
MOXXET OBITh OCHOBAH HAa 3HAYEHHSX, UCIOIB3YEMBIX B JaHHOW cTpaHe (0030p TaKMX 3HAYCHHM
npuBoAUTCs B [1]).

[Tepeuens nHpOpMaIU, HEOOXOAUMOIL /17151 BRLIOOpA COOTBETCTBYIOIIETO TUTA Kabels, MpUBeIeH
B[1].

I'OCT P M3K 60287-2-1-2009

HAIIMOHAJBHBIM CTAHIAPT POCCUHMCKOW ®EJEPAIINN

Kabean sexkrpnueckne. Pacuer HOMMHAJIBHOI TOKOBOW HATPY3KH
Yacts 2-1
TEIIJIOBOE COITPOTUBJIEHUE. PACYUET TEIIJIOBOI'O COITPOTUBJIEHUSA

Electric cables. Calculation of the current rating. Part 2-1. Thermal resistance. Calculation of
thermal resistance

JlaTa BBeaenus - 2010-01-01
1 O01mue mo10keHAS
1.1 ObsacTh NpUMeHeHUA

Hacrosimmii cTanmapT paccMaTpUBaeT yCIIOBHS YCTAHOBUBIIETOCS PeXUMa paboThI Kabemei mpu
A1000M TEPEeMEHHOM HANpsPKEHUH M IMOCTOSIHHOM HampsbkeHMH A0 5 KB, nposioskeHHbIX
HETMOCPEICTBEHHO B 3eMJIe, B KaHaJlaX, *KeJo0ax WM CTAIbHBIX TPyOax, C YACTUYHBIM OCYIIEHUEM
MOYBBI UJIHM 0€3, a TakXke Kabese, MPOoI0KEeHHBIX Ha Bo31yXe. TepMHUH «yCTaHOBUBLIMUCS PEKUM
O3HayaeT TOK IIOCTOSHHOW BEIMYMHBI MpPU HENmpepblBHOM pexkume padotel (100 %-Hbiid
Kod(ppuImeHT Harpy3kd), JOCTATOYHBIA JIi TOTO, YTOOBI ACHUMNTOTUYECKH CO3JaTh
MaKCHUMaJIbHYI0 TEMIIEPATYPY KHWIIbI IPU TIOCTOSIHHBIX YCJIOBUSAX OKPY’KAIOLIEH CPEIbI.

Hacrosmuii cranaapt conepkut GopMyJisl 1Jis pacdyera TEIIOBOro CONPOTUBIECHUS.

@opMyJibl, IPUBEACHHBIE B HACTOSIIEM CTaHAAPTE, ABISAIOTCS JOCTaTOUYHO TOYHBIMHU U B TO K€
BpeMsI IO3BOJISIFOT BapbUpOBaThb HEKOTOpPbIE Ba)KHblE MapaMeTpbl. OTH IMapaMeTpbl MOYKHO
pa3faenuTh Ha TPYIIIBL:

- IapaMeTphl, OTHOCAIIMECS K KOHCTPYKUMM KaOens (Hampumep, YyAEIbHOE TEIUIOBOE
COIIPOTHBIIEHUE H3OJAIMOHHOIO MaTepuasa), JUIsl KOTOPhIX OBUIM BBIOpAaHBI XapaKTEpHBIC
3HAYCHMS, OCHOBAHHBIE Ha OIyOJIMKOBAHHBIX padoTax;

- TapamMeTphl, OTHOCAIIMECS K YCJIOBUSM OKpPY)KAIOWIEH Cpeabl, KOTOpble MOTYT ObIThb OYEHb
pa3HOOOpa3Hbl, BBIOOpP ATHUX MApaMETPOB 3aBHUCUT OT CTPAHbI, B KOTOPOH MCIOJB3YIOTCS WU
JIOJKHBI UCTIONB30BaThCs KaOeu;

- MapaMeTpbl, KOTOpPbIE IPUHUMAIOT 10 COMVIAIIEHUIO MEXly U3TOTOBUTEIIEM U NTOTpEOUTENIEM, U
KOTOpBbIE KacaroTcs 3araca HaJeKHOCTH paboThl Kabelns (Hampumep, MakCHUMajbHas TeMIepaTypa
YKHUJTBI).

1.2 O00o3HaYeHUA

B HacrosieM ctangapTe MpUMEHEHBI CIIeAyIomnue 0003HAYCHHUS:



D', - HapyXHbII 1uaMeTp OpOHHU, MM;
D, - BHyTpEeHHUN THaMETpP KaHalla, MM;
D, - Hapy>XHBIA TUaMeTp KaOessl Wik SKBUBAJIICHTHBIN JUaMETp TPYIITBl H30JIMPOBAHHBIX JKUIT B
ka0eJe, MPOJIOKEHHOM B TPyOe, MM;
"

D, _ HapY>KHBIN AHaMeTp Kabels, uCroib3yemMblid B 2.2.1, M;

D, - Hapy>XKHBII IMaMETp KaHala, MM,

Dy - Hapy>XHBIN THaMETP METAIUTMIECKON 000JI0UKH, MM;

D,. - muameTp BooOpakaeMoro COOCHOTO HUJIMHJIPA, KACAIOIIETOCs BBICTYIOB TOpUPOBAHHOM
000JIOUKH, MM;

D,, - muameTrp BOOOpa)aeMoOro COOCHOTO IMUIMHJpPA, KACAIOMIETOCs HAPYKHOW MOBEPXHOCTH
BMaJuH ropupoBaHHON 0007109KH, MM, D,~= D;; + 2t;;

Dj. - muameTp BOOOpaxkaeMoro MIJIWHAPA, KACAIOIIEToCs BHYTPEHHEH MOBEPXHOCTH BHICTYIIOB
roppupoBaHHON 00010YKH, MM, Dj. = D, - 2t;

D;; - nmmameTrp BOOOpa)KaeMOTO MHIJIWHAPA, KACAIOMIETOCS BHYTPEHHEHW MOBEPXHOCTH BIATUH
roppupoBaHHON 000JIOYKH, MM;

E - xoncranTa, ucnons3yemas B 2.2.1.1;

F - xoaddunmenT nys kadesnel ¢ mosCHOW M30JIsue, onpeneneHubii B 2.1.1.2.2;

F; - ko unment ans kabeneii ¢ MOSCHOM u3omsuel, onpenenennsii B 2.1.1.2.5;

G - reomeTpuueckuil pakTop ais Kabenel ¢ MosICHOM U30JIAIHNEH;

G - reomerpuueckuii (hakTop s KaGelnel ¢ OTIAENbHO OCBHUHIIOBAHHBIMH HM30JUPOBAHHBIMU
xwiramu (kabemn tuna SL) u 11 kabeneit ¢ OTAeTbHBIMH aTFOMUHUEBBIMEA 000JI0YKaMU IO KaXKI0M
M30JIMPOBaHHOM kuie (Kabenu tumna SA);

H - "HTEHCHUBHOCTD COTHEUHOTO M3IydeHus (cm. 2.2.1.2), Br/™?;

K - ko3 puuneHT 3KpaHUpOBaHUS IS TEIUIOBOT'O COMTPOTHBIICHUS SKPaHUPOBAHHBIX KalOesei;

K4 - koo punmeHT, ncnonb3yemsii B 2.2.1;

L - rmyOuHa NPOKJIAAKK 10 OCH KaOeJsl I LIEHTpa TpeyrojbHUKa (IIPHU pacloyioKeHUH Kadenen
TPEYrOJIbHUKOM), MM;

L - paccTosiHUE OT MMOBEPXHOCTH 3€MJIM JI0 LIEHTpa I'PYyMIIbl KAaHAJIOB, MM;

N - aucno kabeneii Mo Harpy3Kou B rpyIine kaHaioB (cM. 2.2.7.3);

T - TemoBOE COMPOTHUBIIEHUE Ha (Pa3y MexAy Kuoi u obonoukoii, K-M/BT;

T’ - TerI0BOE COMPOTHBIICHHE MEX Ty 000510uK0il 1 Oponelt, K-M/BT;

T35 - TEIIOBOE COMPOTHBIICHHE HAPY KHOTO 3alIUTHOTO MOKphITHS, K-M/BT;

T, - TEmIOBOE CONPOTHUBIICHHE OKpY’KAIOUIeH cpezbl (OTHOIIEHHE IPEBBIMIEHHS TEMIEepaTypbl
MOBEPXHOCTU Kabelnsi HaJl TeMIIepaTypoil OKpY)Kalolled cpelbl K MOTEepsIM Ha €AMHUIY JUIMHBI),
K-M/BrT;

T, - TEIIOBOE COMPOTUBICHHE OKPYKAIOUIEH CPEIbl C TIONPABKONW HA CONHEYHOE H3ITyYEHHE,
K-m/BT;

T, - TEIIOBOE COMPOTHBIIEHUE MEXK/TY KabeneM u KananoM (tpy6oi), K-m/Br;

T, - TeNI0BOE CONpOTUBIIEHNE KaHana (TpyOst), K-mM/BT;

T," - TEII0BOE COMPOTHBIICHUE CPE/IBI, OKpYKatouiel kanai (Tpy0y), K-m/Br;

U
- KOHCTaHThI, UCHIOJb3yeMble B 2.2.7.1;

W, - mudIeKTpruuecKue MoTepu Ha eQUHUILY JUTUHBI Ha (asy, BT/Mm;

W) - morepu, paccenBaeMbie B kadele /c, BT/m;

Wror - oOliast sHeprus, paccenBaeMas B kKesooe, Ha eIMHUILY [UTHHBI, BT/M;
Y - koHcTaHTa, ucnonb3yemas B 2.2.7.1;

Z - KOHCTaHTa, ucrnoJibzyemas B 2.2.1.1;

d, - HapyKHBIM TMaMeTp MOSICHOM N30JIALUHU, MM;

d, - Hapy>KHBII JUaMETp KUIIbL, MM;



dem - MUHUMAIIBHBIN TUAMETP OBAJIBHOM KHUJIBI, MM;

der - MAKCUMAITBHBIN THAMETP OBAJIbHOM KHJIBL, MM;

d)r - MaKCUMaJIbHBIN TUaMeTp SKpaHa WM 00O0JIOYKH MPH OBAILHOW KHJIE, MM;

d, - MUHMMAaJIbHBIN JUaMeTp SKpaHa WM 000JO0YKH MPH OBAIBHOM XKUJIE, MM;

dy - TuaMeTp SKBUBAJICHTHON KPYTJION KUJIbI C TAKOW € IJIOMIAbI0 MOTIEPEUYHOTO CEUCHUS U
CTETIEHbIO YIUIOTHEHUS, YTO U (PacCOHHAsS XKUJIa, MM;

g - KOHCTaHTa, ucrosb3yemas B 2.2.1.1;

h - ko3¢ duiEeHT TeroBoro paccesaus, Br/v K,

In - HaTypanpHbIi oTaprd™M (Jroraprd™M IO OCHOBAHUIO €);

1 - YUCIIO UJI B Kabere;

p - 4YacTh TepUMeTpa KaOelabHOTo jkeno0a, 3((EeKTUBHOIO B YACTH paccesHus Teraa (CM.
2.2.6.2), m;

7| - paAyC OKPY>KHOCTH, OIIMCAHHON BOKPYT JBYX WM TpeX (PaCOHHBIX KU, MM;

S1 - pacCcTOSIHME MEXJY OCSIMHU COCEIHUX Kalellel, pacloyIOKEHHBIX B TpyMIe U3 TpeX He
COIIPHUKACAIOLINXCS IPYT C APYTOM Kabemeil, MpoJI0KEHHBIX TOPH30HTAIIEHO, MM;

{ - TOJIMHA U30JIALUU MEXY JKUIaMHU, MM;

{1 - TOJIIMHA U30JIALUU MEXY KUJIaMU U 000JI0YKOM, MM;

t, - TOJILIMHA TOAYLIKH, MM;

f3 - TOJIIIMHA 3alIUTHOTO OKPBITHS, MM;

t; - TOJIIMHA M30JISILMU JKWIbI, BKJIIOYas 3KPAaHUPYIOIIUE JIEHTHl IUIIOC TOJIOBHHA TOJIIMHBI
TH00BIX HEMETAJUNIMYECKUX JICHT MOBEPX CKPYUEHHBIX JKUJI, MM;

ts - TONIIMHA 000JIOYKHU, MM;

u- 2L (cm. 2.2.2);
D

e

u- Le (cMm. 2.2.7.3);

Ty

X, y - CTOPOHBI TPYIIITBI KaHAJOB () > X) (cM. 2.2.7.3), MMm;

0,, - cpenHss TeMIIepaTypa cpesibl Mex 1y kadeneM U kaHajioM (Tpyooit), °C;

A@ - nomyctuMoe MPEBBILIEHUE TEMIIEPATYphl Kbl HaJl TEMIIEPATYPOH OKpPY KAIOLIEH cpensbl,
K;

A6; - KOdOPPUIHUEHT, XapaKTEPUIYIOIUN TUIIIEKTPUIECKHE TIOTEPU TPU ONpeneseHun T4 Ui
kabernel, MpoJI0KEHHBIX Ha Bo3ayxe, K;

A6 - KOPOUIHMEHT, XapaKTEepU3YIOMIMKA AMIIEKTPUUECKUE TMOTEPH M MPSIMOE COJHEYHOE
M3JTyYeHUe NP ONpesieNienuu T, Ui KaOelel, MPOJIOKEHHbIX HA BO3JIYXE, C UCMOJIb30BAHUEM
pucyska 8, K;

AGue; - PA3HOCTh MEXIY CpedHed TemmepaTypoil Bo3Ayxa B KaHale M TeMIepaTypoi
OKpy:xaroieit cpensl, K;

A6, - pa3HOCTb MEXIy TEeMIepaTypod IOBEpXHOCTH KalOedst Ha BO3AyXEe M TeMIIepaTypoi
OKpyxaroieut cpensl, K;

A, - OBBILIIEHNE TEMIIEPATYphl BO3/1yXa B KabeabHOM kenode, K;

A1, A2 - COOTBETCTBEHHO, OTHOIICHHE OOIIUX MOTEPh B METATMYECKUX 000JI0UKaX U OTHOILICHHE
o0IIMX TOTEepPh B OpOHE K OOIIMM MOTEPSIM B KHJIaX (WJIH TOTEPh B OJHON 000J0YKe WM OpOHE K
MOTEPSIM B OJTHOM JKUJIE);

A, - KooddHIMEHT mnoTeps A CPEeIHEro
Kabes; Tpu xabens, pacnonoKeHHbIE B OTHOM
A, - xoadduimeHT nOTeph I BHEIIHETO TUTOCKOCTH 0€3 TPaHCIIO3UITNH, C
Kabels ¢ HanGONBIINMHU TTOTEPSIMK; 000J10YKaMu, COETUHEHHBIMU Ha 000MX
A, - k03pdUIHEHT TOTeph IJIsi BHEIIHETO KOHIax.

ka0eJsi ¢ HAMMEHBIINMHU MTOTEPSMU;
i - YIEIbHOE TEIIOBOE COMpOoTHBIIeHUE n3osiuu, K-m/BT;



|| Lr - YACTBHOE TEIUIOBOE CONPOTUBIICHUE MaTepuraina 3anoiaaurens, K-m/BT;
Pe - YACTHHOE TETJIOBOE CONMPOTHRIICHUE 3€MJTH, OKpY XKarolel rpymny KaHainos, K-M/BT;
Pc - YIeTbHOE TEIIOBOE CONMPOTUBICHUE OETOHA, UCTIOIB3YEeMOTro AJis TPyl KaHanos, K-m/Brt;
Pm - YACIBHOC TCIIJIOBOC COIPOTHUBJICHUC MCTAJUIMYCCKHUX ISKPAHOB MHOTI'OXUIIBHBIX KaGeneﬁ,
K-m/BT;
Or - YACIBHOE TEIJIOBOE CONMPOTUBIICHHE MaTtepuana, K-m/Br;
0 - KO3 (UIIUEHT MOTIONIEHUS! COTHEYHOTO M3TYUYCHHsI IOBEPXHOCTHIO KaOes.

2 PacyeT TemJIOBBIX CONMPOTUBJIEHUI
2.1 TenJioBOe CONPOTHBJIEHUE 3JIEMEHTOB, COCTABJISIOIINX Kabeab, T, T u T3

B nannowm pasnene mpuBefeHb! (HOPMYIIBI I pacueTa TEIUIOBBIX CONMPOTUBICHUN HA €IUHUILY
JUTMHBI Pa3IMYHBIX d1eMeHToB kKabens 7, 7> u Tz (cm. MOK 60287-1-1, monpasnen 1.4). Y nenbHbie
TEIJIOBBIE COMPOTUBIICHUS] MaTEpHUAJIOB, HMCIOJIb3YEMbIX B KAaueCTBE M3OJISALMM M 3alIUTHBIX
MTOKPBITHH, MPUBEICHBI B TaOHIIe 1.

[Ipu BBIMOTHEHUHU PACUETOB TEIUIOBLIX COMPOTUBIECHUN MPHUHSITO, YTO 3KPAH U3 METAJUTMYECKUX
JICHT SIBJISIETCSI COCTaBHOW YaCThIO KHJIbI WM OOOJOYKH, a 3JIEKTPONPOBOSIINE CIOU (BKIIOYAs
JICHTBI U3 3JIEKTPONPOBOJAIIEH OyMaru) CUMTAIOTCS COCTaBHOM 4acThlO M30JIALUHU. B 3TO# cBsA3M
CJIeTyeT U3MEHUTD OTIpeieNIEHHbIE pa3Mephbl 2JIEMEHTOB Kabers.

2.1.1 Tem1oBo€ CONPOTHBJIEHHE MEXKILY OIHOM KUJI0i1 U 000J10uK0il T

2.1.1.1 OqHOXWILHEIE KaOenn

TemioBoe CONMPOTHBICHNUE MEXKTY OJHOU KHIION 1 000104K0i 7' onpeaenstor mo Gpopmymne

leg—flnu%, (1)
T

c

T7Ie Or - YACIBbHOE TEII0BOE COMpoTUBIeHue n3osauuu, K-m/Bt;
d. - TuamMeTp KUIIbI, MM;
{1 - TOJIIIIMHA U30JISIUNA MEKITY KUIION B 00O0JIOUKOM, MM.

IMpumedanue - JIus roppupoBaHHBIX O0OJIOUEK ¢ OMPEACIIAIOT HA OCHOBE CPEJHEr0 BHYTPEHHErO JuameTpa
000JI0YKH:

Dit+Doc
2 N

2.1.1.2 Kabenu ¢ mossCHON M30IALHEN
TennoBoe conpoTuBiieHne 71 MKy OTHOM KUIIOW B 00O0JIOUKOM ONPEACIISIOT o (hopmyie

T =£rg, @)
27

rae G - reoMmeTpudeckuii hakTop.

Ipumewanue - Jnsg roppupoBaHHBIX 000JIOUEK #; OMPENEISIOT Ha OCHOBE CPEIHEr0 BHYTPEHHETO IHaMeTpa
000JI0YKH:
Dit + Doc —t
s*
2

2.1.1.2.1 IByx>KuJIbHBIE KaOenu ¢ KPYTJIBIMH KHJIaMH U TIOSICHON M30JISAIHeH
['eomerpuueckuii paktop G NMpUBEIICH HA PUCYHKE 2.

2.1.1.2.2 JIByx>KuJIbHBIE KaOenu ¢ CErMEHTHBIMH KUJIAMHU U TIOSCHOW U30JIAIIUeH
['eomerpuyeckuii paktop G onpenemnstoT mo hopmyiie



G=2F In| % | 3)

2,

2,2t )

27(d, +1t)-t’

d, - Hapy>XHBIN AUAMETP MOSACHON U30JSAIUU, MM;

71 - paAnyC OKPY>KHOCTH, OIIMCAHHON BOKPYT JKUJI, MM;

dy - IuameTp KpyrIJIoM >KWUJIbl C TakOM >K€ IUIOIIAJbI0 IONEPEYHOrO0 CEYEHUS U CTENEHBIO
YIUIOTHEHHUS], 4TO U (paCOHHAs JKUIIa, MM;

{ - TOJNIIMHA U30JILHHA MEKIY KHIIAMHU, MM.

2.1.1.2.3 TpexskunbHbIE KaOenu ¢ KPYTIIBIMU KUJIaMH U MOSICHON U30JIAIHuen

Jis TpeXKWIbHBIX Kalenel ¢ KPYIJIbIMU KUJIaMHU U MOSICHOW M3ossiuuer 7' ONpenessioT o

bopmyie

riae kodpduuuent F, =1+

0,671

T =§—"G+o,o31(pf —pe . 4)
T

IZie p; - YAJIBHOE TEIJIOBOE CONPOTUBIEHHE N30y, K-M/BT;
Pr- YAEIbHOE TEIUIOBOE CONPOTUBIIEHUE MaTepuana 3anoianurens, K-m/Br.
I'eomerpuueckuii pakrop G npuBeaeH Ha PUCYHKE 3.

Mpumeuanune - [ns xabeneil ¢ OyMaKHOIH NMPONMTaHHOW M3OJSALUEH Oy = p;, CIEAOBATENBHO, BTOPOH YJIEH B
MIPaBOH YaCTH BBHIMIETIPUBEACHHOTO YPaBHEHHS MOXKHO HE yUUTHIBATb.

Juis kabeneit ¢ IKCTPyIUPOBAaHHON W30IALNEH yACTHHOE TEIUIOBOE COMIPOTHBIICHHE MaTepPHajia 3allOIHUTEIS MOKET
HaXoAWuThCs B mpenenax oT 6 no 13 K-m/BT, B 3aBHCHMOCTH OT MaTepuaia 3allOJHHUTENS W €ro YIUIOTHeHus. [lis
BOJIOKHUCTOTO TIOJIMTIIPOITMJICHOBOT'O 3aIIOJIHUTENSI pekomenayercs 3Hauenne 10 K-m/Br.

BelmenpuBeneHHoe ypaBHEHHE TPUMEHSIETCS Al Kabeneil ¢ 3KCTpyIMpOBaHHOM M30ISIMEH, B KOTOPBIX Kaykaas
M30JIMPOBAHHAS JKHJIAa UMEET OTACIbHBINA NMPOBOJIOYHBIN IKpaH, U I Kabenel ¢ 0O0IUM METAUINIECKUM SKPAaHOM MO
TPEM H30JIMPOBAHHBIM KHJIaM.

2.1.1.2.4 TpexkuibHble KaOeJIy ¢ OBAJIbHBIMU KUJIAMHU U TIOSCHOM U30Js1ueit
JlanHplii kabenab paccMaTpuBaeTcs Kak KaOelb € KpYIJIbIMH JKUJIaMHM SKBHBAJCHTHBIM
TUAMETPOM d,, MM,

dc = Vch .dcm’ (5)

rA€ d ) - MAKCUMAJILHBIN TUaMETP OBaJIbHOM JKUIIbI, MM;

d e - MUHUMAITBHBIA TUAMETP OBAJIbHOM JKUJIBI, MM.

2.1.1.2.5 TpexxkunbHble KaOeIH ¢ CEKTOPHBIMU KUJIAMU U TIOSCHOM M30Js1Iuei

I'eomerpuueckuit haktop G ans JaHHBIX Kabeneil 3aBUCUT OT (POPMBI CEKTOPOB, KOTOPasi MOXKET
OBITh Pa3IMIHON B Ka0eIsIX pa3HbIX m3rotopurelnieil. @akrop G onpeAeIsoT mo Gopmylie

G =3F,In a, : (6)

h

3t ‘
;
27(d, +1t)—t
d, - Hapy>KHBII TUaMeTp MOSICHOW U3OJISIIIUU, MM;
7| - pAARyC OKPY>KHOCTH, OITICAHHON BOKPYT KU, MM;
dy - nuamMeTp KpYIJIOM XWJIbl C TaKOM € IUIOU[aJbl0 MOMEPEYHOr0 CEYEHHUS U CTENEeHBIO
YIUIOTHEHHSI, YTO ¥ (paCOHHAS KUIIA, MM;
{ - TOJIIMHA U30JISIUH MEXKAY KUJIaMHU, MM.
2.1.1.3 TpexKuiIbHbIE Kabelu, SKPaHUPOBAHHBIC METAJUIMYECKON JIEHTON
2.1.1.3.1 DxpanupoBaHHBIC KAOCIH ¢ KPYTJIBIMHU KHUJIAMHU
Kabenu ¢ OymakHON M30MSIMEN JaHHOTO THUIIA MOXHO PaccMaTpUBaTh Kak KabeiaH ¢ MOSCHOM

riae kodpdunuent F, =1+




o t
U30JIALUEN, 1S KOTOPBIX — = 0,5.
t

Jnst TOro 4TOOBI Y4eCTh TEIUIONPOBOJHOCTh METAUTUYECKOTO JKpaHa, pe3yibTaT CIeAyeT
YMHOXXUTh Ha Ko3(pduuueHT K, HazbiBaeMblil KO3((UIMEHTOM SKPaHUPOBAHUs, 3HAYCHHUS

. L
KOTOpPOTO MPUBEJIEHBl Ha PUCYHKE 4 ISl PAa3IUYHBIX 3HAYCHHH d—‘ U Pa3IMYHBIX XapaKTEPUCTUK

c

kabens. Takum obpazom:

1=k 7)
2

TpexskuiibHble KaOenu ¢ SKCTPYAUPOBAHHOW M30JSIIMEH M OTJACNIBHBIMU SKpaHaMU U3 METHBIX
JIHT 10 KaXKAO0H M30JIMPOBAHHOMN JKUIIE CIEAyeT paccMaTpuBaTh kKak kabenu tuna SL (cm. 2.1.1.5,
2.1.2.2).

JUis TpeX>KWIbHBIX Kabee ¢ SKCTPYIUpPOBAHHOM H30JIALMEH M OTIACNbHBIMU IKpPaHAMHU W3
MEHBIX MPOBOJOK MO KaKAOH M30JIMPOBAHHOM KM€ WIM OOIIMM METaJNIMYECKUM 3KPaHOM IO
TPEM U30JIMPOBAHHBIM XWiIaM cM. 2.1.1.2.3.

2.1.1.3.2 DxpaHupoBaHHBIC KAOCIH ¢ OBAJTLHBIMH JKHIJIAMH

Jlanuplii kabenab paccMaTpUBAIOT KaK OSKBHUBAJCHTHBIM Kabedb C KPYIVIBIMH JKWJIAMH, C

HapYKHbIM JUAMETPOM XKHUIbl d, =./d , -d,, .

2.1.1.3.3 DkpaHupoBaHHBIE KAOETIH ¢ CEKTOPHBIMH KHJIAMH

T| paccUMTHIBAIOT TaK ke, Kak Il kKabenel ¢ CeKTOPHBIMU JKUJIAMU M TIOSICHOW M30JISIIUEH, TPU
9TOM d, paBeH JAMaMEeTPy OKpPY>KHOCTH, OIHMCAHHOW TOBEPX CKPYYCHHBIX JKWJ. Pe3ynprar
YMHOKAIOT Ha KO3()(PHUIIMEHT IKpaHUPOBAHMUsI, TPUBEACHHBII HA PUCYHKE 5.

2.1.1.4 MacnoHanoJIHeHHbICe Kabenu

2.1.1.4.1 TpexkunpHblE KaOeNMH C KPYTIABIMH JKWJIAMH, C dKpaHaMH W3 METaJUTH3WPOBAHHBIX
OyMaXHBIX JICHT 110 U30JIMPOBAHHBIM JKHUJIaM, C MACIOMPOBOISIIUMU KaHATIAMHU MEXKIY KUJIaMU

TemnnoBoe COMPOTHUBIICHUE MEK/TY OJTHOM JKUIION ¥ 0005109K0# T onpeAensoT o Gopmyiie

L , (8)

1 =03380r 0,

re d. - AMaMETP KUJIbI, MM;

{; - TOJILMHA U3OJISIIUYU SKUIIBI, BKIIIOUAsl TONIIMHY CJIOS CaXXKH U METAITTU3UPOBAHHBIX OyMasKHBIX
JIEHT TUTIOC TIOJIOBMHA TOJIIMHBI JIOOBIX HEMETAIIIMUYECKHUX JICHT MOBEPX TPEX CKPYUEHHBIX KW,
MM;

Or - YIEIbHOE TETUIOBOE CONPOTHRIICHNE M3ousiimn, K-M/BT.

Jns popmynsl (8) mpeanonokeHo, YTO METANIMYECKUEe KaHAJIbl U Macjo, HaXoJsIleecs B HUX,
UMEIOT OYEHb BBICOKYIO MO CPaBHEHHUIO C H3OJIALHUEH TEIIONpPOBOIHOCTh, M MOATOMY (hopMymy
MIPUMEHSAIOT HE3aBUCUMO OT METaJlJIa, U3 KOTOPOTO U3rOTOBJIEH KaHAJ, U OT €ro TOJIIHHBI.

2.1.1.4.2 TpexxunpHbIe KabeIu ¢ KPYyIIbIMU JKUJIAMH, C SKpaHAMH U3 METAJUIMYECKUX JICHT IO
M30JIMPOBaHHBIM JKHJIaM, C MACJIONPOBOASIIUMY KaHATaMU MEXIY KUIaAMHU

TemoBoe CONMPOTUBICHUE MEXKTY OJHOU KHIION 1 000104K0i 7' onpeaenstor mo Gpopmymne

d
T, =0,358p,| 0,923 ——— |, 9
1 pr d_+2t, ©

TJ€ ¢; - TOJIUHA U30JAUN KUJIbI, BKIIFOYast TOJIHUHY MCTAJUIMYCCKUX DKPAHUPYIOIIUX JICHT U
IIOJIOBUHY TOJIIIWHBL JIFOOBIX HEMETAITINYECKUX JICHT, IMMOBCPX CKPYUYCHHBIX KHUJI, MM.

11 pumMedaHuce - ,Z[aHHyIO q)OpMyJ'[y OPUMCHAIOT HE3aBUCHUMO OT UCIIOJIb3YyEMbIX MCTAJIJIOB JICHTOYHBIX 9KPaHOB
1 MacCJIOIMPOBOAAIINX KaHAJIOB.

2.1.1.4.3 TpexkuibpHBIC KaOCIH ¢ KPYTJIBIMH JKUJIAMU C SKpaHAMH U3 METAUTMYECKUX JICHT TI0



M30JIMPOBAHHBIM KUJaM, 0€3 3arMmoJTHUTENICH U MacIOMPOBOIAIINX KAHAIOB, C OOMOTKOM IIETEHOM
MEJHOW JIEHTOM MO CKPYUYEHHBIM H30JMPOBAHHBIM KHJIAM U B QIIOMHHHEBOW TO(OPUPOBAHHOM
000JI0UKE
TemnnoBoe conpoTuBieHue 7 MEXy OTHONW TOKOIIPOBOSIICH KUIOH 1 000JI0YKOM ONpenesioT
o ¢popmyre
0,62

45t |7 oy [do-26

= — 10)
1 1,74 > (
D" | D, 2z d.
rae t, - CPENHMM HOMHHAIBHBIA 3a30p MEXAY METAUIMYECKMMH JIEHTaMU DJKpaHa IIo
W30JIMPOBAHHOM KHIIE U CPEAHUM BHYTPEHHUM JHAMETPOM 0OOJIOUYKHU, MM;
D +D.
— 1 C .
t, =05 [# -2,16D, |; (11)

DC - AMaMCTp 3KpaHa U3 METAJNIMYCCKUX JICHT, HAJIOKCHHBIX HAa U30JIMPOBAHHYIO KUY, MM,
51 - TOJIIIHHAa METaJJIMYEeCKOM JICHTHI 9KpaHa 110 I/I3OHHpOBaHHOI>’I KUIC, MM.

[Tpumeuanue - Dopmyny (10) IPUMEHSIOT HE3aBUCUMO OT UCIIOJIB3yEMOT'0 METaJlJIa JIEHTOUYHBIX DKPAHOB.

2.1.1.5 Kab6enu tunos SL u SA

TennoBoe conpoTuBieHne 1 OMPENETAIOT TaK K€, KaK ISl OJJTHOKWIBHBIX KaOeIIe.

2.1.2 TennioBoe conpoTuBIeHHE MEKAY 0007104K0i U OpoHeit T

2.1.2.1 OpHOXWIBbHBIC, JBYX)KHJIBHBIE W TPEX)KWIbHBIE KaOelmu, HWMEIoIe OoOIryto
METAJUIMYECKYIO0 000JI0UKY

TemnnoBoe COMPOTUBIICHUE MEXKTy 000JI0UKOM 1 OpoHelt T, onpeaenstoT no Gopmye

1 2t
T, =—p, In|1+=2 |,
2T P D (12)

N

rae f, - TOJIIMHA NOAYIIKH, MM;
Dy - Hapy>KHBIN THaMeTp 000JIOYKH, MM.
2.1.2.2 Kabemnu tuioB SL 1 SA

TemioBo€ CONPOTUBIICHNE 3aMIOJIHUTENS U MMOAYIIKH 107 OpoHEel onpeaenstoT no Gpopmyie

T,=£rG, (13)
67
rie G - reoMeTpHuecKuii (haKTop, IPUBEICHHEI Ha PHCYHKE 6.
2.1.3 TensioBOe CONMPOTHBJIEHNE HAPYKHOI'0 3AIIMTHOIO MOKPLITHA T3
TermnoBoe  CONMpPOTHMBICHHWE  HAPYXKHBIX  3aIUTHBIX  HOKPHITUH 73,  HAJIOKEHHBIX
KOHIIEHTPUYECKUMH CIIOSIMH, ONPENENSIOT o (hopMyie

1
T,=—p,In| 1+ | 14
3 27Z'pT DI ( )

a

TZI€ #3 - TOJILIMHA 3aIIUTHOTO ITOKPBITUS, MM;
D', - HapyXHBIIl TUamMeTp OpOHH, MM.

Ipumewganne - [na HeOpOHHpOBAaHHBIX KaOenedl 3a D', TpUHUMAIOT HApPYKHBIA JWaMETp JIIEMEHTA,
pacmonaraeMoro 0ObI9HO HETIOCPEACTBEHHO 0 OpOHEH, T.€. 000JI0UKH, IKpaHa WIH TOTYIIKH.

st rodhpupoBaHHBIX 000104YeK 73 ONpenessoT mo hopmyie
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(15)

2.1.4 Kadean B TpyOOonpoBoaax

J1st TpexsKMITbHBIX KaOesiel JaHHOTO TUITAa UMEET MECTO CIICAYIOIIEee:

a) TEIUIOBOE COMPOTHBICHUE 1| W3OISIHMHM KaXKIOW H30JIMPOBAHHOMN KUl MEXKIY KHIOH U
9KpaHOM. T OllpesensieTcsl METOAOM, IPUBEAEHHBIM B 2.1.1 119 0THOKUIIBHBIX KaOeew;

b) TemnoBoe cOnpoTUBICHUE 15, COCTOSIIEE U3 ABYX KOMIIOHEHTOB:

1) TETIIOBOTO COMPOTHUBIICHUS JTFOOOTO HAPY>KHOTO TOKPBITHS TI0 SKPaHy WIIA 000JI0UKE KaKIOU
W30JIMPOBAaHHON >KHIIbL. 3HAYEHUE, IMOJCTaBIsieMOe ISl JAaHHOTO KOMIOHEHTa 7> B (Qopmymy
HOMUHAJIBHON TOKOBOM Harpy3ku nmo MOK 60287-1-1 (nmoxpaznen 1.4), siBisercs 3HaYCHUEM IS
ka0ess B 1eNOM, T.e. JaHHOE 3HAYCHHE IS TPEXKHIBHOTO Kabenst coctaBUT 1/3 oT 3HAUYeHHS
JTAHHOW BEJTMYMHBI U1 OJTHOW W30JIMPOBAHHOM KUJIBL.

3HavyeHHE TEIUIOBOTO COMPOTUBIIEHUS HAPYKHOTO MOKPBITHS JIs1 OHOM M30JIMPOBAHHOW KUJIbI
OTIPEAEIISAIOT M0 METOAY, IPUBEACHHOMY B 2.1.2 1 MOAYIIKK OJHOXWIBbHBIX Kabenel. [Ipu aTom,
MIPU OBaJIbHBIX JKUJIAX 3a TUAMETP OOOJOYKU KPYTJIOW KHUIIbI MPUHUMAIOT CPETHETEOMETPUUECKOE

MaKCUMAaJIbHOTO U MUHUMAJIBHOTO JUAMETPOB dis U dy, (Jd wed, );

2) TeIJIOBOTO COMPOTHBICHUS Tra3a WM Maclia, HaXOISIIUXCS MEXIy MOBEPXHOCTIMU
W30JIMPOBAHHBIX KW U TPyOOH. J[aHHOE CONPOTHBIICHUE OIPENENAIOT TaK XK€, KaK KOMIIOHEHT
TEIJIOBOTO  CONPOTHUBJIEHUS T4, TPEACTABISAIOIIMNA TEIJIOBOE COMPOTHUBICHHE BO3AYLIHOTO
MIPOMEXYTKa MEXIy KaOelneM U BHyTPEHHEH MOBEPXHOCThIO TPYObI, Kak yka3zaHo B 2.2.7.1.

Paccuntannoe 3HaueHue OyIET OTHOCUTHCA K KaOenro B IIENIOM, U €ro cieayeT MpuOaBUThH K
3HAYEHUIO, BBIYUCICHHOMY B COOTBETCTBUU C MEpeuncIeHUEM 1), Ui Mocieyomen noacTaHOBKU
MOJIyYeHHOM CyMMBI B KauecTBe 3HaueHus 7> B GopMylly HOMHUHAJIHHOW TOKOBOW HArpy3KH IO
MD3K 60287-1-1 (moapaznen 1.4);

C) TEIJIOBOE CONMPOTHUBJICHHE 13 HAPYKHOTO MOKpHITHS TpyObl. Pacuer 75 mpusenen B 2.1.3.
TennoBbIM COMPOTUBIIEHUEM CAMOW METAJUTHUECKON TPYyObl MOKHO MTPEHEOPEUb.

2.2 TenyioBoe conpoTHBJIeHNE OKpY Kaomieii cpeabl T4

2.2.1 Kabean, nposiokeHHbIE HA BO3yXe

2.2.1.1 Kabenu, 3aMIieHHbIE OT IPSIMOTO COTHEYHOTO U3TYUYCHUS

TennoBoe compoTuBieHUe 74 Cpeibl, OKpy»Karomel Kabelb, MPOJOKEHHBIM Ha BO3AyXE HU
3aIUIICHHBIN OT IPSIMOT0 COTHEYHOTO U3ITYUYCHHsI, ONPELISIIOT 10 opMyIie

1

- 16
D h(AB, )" (10)

4

rac

h=—2 +E; (17)

(0:)

D, - HapyXHbIil IuamMeTp KabeJis, M; 1ist roppUPOBaHHBIX 0001I04eK D, = (DOC +2t, ) 107, M.

IIpumewganue - B popmynax mynkra 2.2.1 D: H3MEpSIETCS B METPAX;

h - k03 PHUIMEHT TEIUIOBOTO paccesHus, MOJyUYCHHBIN 10 BBINICTIPUBEACHHONW (hopMmylie, e
WCTIOJIL3YIOTCS KOHCTAHTHI Z, £ ¥ g 13 TaOIUIBI 2, WU TI0 KPUBBIM, IPUBEACHHBIM Ha PUCYHKaX 7a,
7bu7c, Br/m> K>,

KabGenn ¢ HapyXHBIM 3allUTHBIM TOKPBHITUEM M KaOENmu, HMEIIINE HEMETAITMYECKYIO
MMOBEPXHOCTh, CIEAYET OTHECTH K KabensM ¢ 4YepHOW MoBepXHOCThIO. Kabenm 06e3 HapyKHOTO



3alIUTHOTO TIOKPBITHS, C HE3AIIMIICHHOW CBHHIIOBOM OOOJOYKOW WM OpPOHHPOBAHHBIC TOJDKHBI
UMeTh 3Ha4YeHue 4, paBHOe 88 % 3HaUEHUS, COOTBETCTBYIOILIETO KAOEsIM C YePHOU MOBEPXHOCTHIO;
A6, - ipeBbIIIIEHNE TEMIIEPATYPhI MOBEPXHOCTU KaOEIsl HaJl TEMIIEPAaTyPOH OKPYKaIOIIEeH cpeibl
(cm. meTon pacuera), K.
Jlns kabened B HE3aIOTHEHHBIX JKello0ax cM. 2.2.6.
Pacuer (A Hs)l/ * METOOM IOCIIE0BATENBHBIX IPHOIIDKCHII IPUBEICH HIDKE. AJIbTEPHATHBHBIH
rpaduyeckuil METO pUBEEH B 3.2.
Omnpenenstot ko3 durmert K.
A:Leh{£+T2(l+/ll)+T3(l+/11+ﬂ,2)} (18)
(1+4+4,) n

3areM NpoBOAAT pacyeT Ho GpopmyIe

0,25

( 0 )1/4 _ A9+A0d

o =T | (19)
b1+, (a0,)"
YCTaHABJIMBAsl HA4YaJIbHOE 3HA4YCHUE (Aé?s)”4 = 2 U TOBTOpSsS BBIYMCIEHUS 1O JOCTHKEHUS
(a0,)"} —(A6,)"* <0,001. Tpu sTom:
AG, =W, ; lT % (20)

l+4,+4, 2" 1+4+4 [

A@- nonycTrMoe NPEBBIILIEHUE TEMIIEPATyPhl JKWIIbI HaJl TEMIIEPATypOil OKPYKAIOLIECH Cpeibl.
Koapduuuenr Af;, wumerommit  pa3MepHOCTb  PAa3HOCTH  TEMIEpPaTyp,  YUYHUTHIBAeT
IU3JIeKTpUUeckre norepu. Ecnu qusnextprudeckue noTepu He MPUHUMAIOT BO BHUMaHUe, TO Af,; =

0.

2.2.1.2 Kabenu, moaBepraronigecs npsiMoMy BO3JCHCTBUIO COJTHEUHOTO H3ITYYCHHUS

2.2.1.2.1 TennoBoe COMPOTUBIIEHUE OKPYKAIOIIEH cpenibl T,

B cnyuae, ecnu kabGenn HEMOCPEACTBEHHO IMOJIBEPralOTCs BO3ACHCTBHIO COJHEYHOHN pajHalny,
Tl paccuutbiBaloT 1mo Meroxy 2.2.1.1, 3a HCKIIOYEHHWEM TOTO, YTO pacuer (A(9S)1/4 METOJ0M
Nocye10BaTeIbHbIX IPUOIMKEHUI TPOBOAAT O hopMmyIie

0,25

( )1/4_ AO+AO, +A0,,

_ 21
n+l 1+ KA (A@S );/4 ( )
[Ipu sTOM:
D'H [T
Aé?ds:m[;‘+T2(I+A)+T3(I+ZI+/12)}, 22)

rie o - KO3(QQUIHEHT TMOIVIOMICHUS COJHEUYHOTO H3IyYeHHUs MOBEPXHOCThIO Kabemns (cMm.
Tabnuiy 3);

H - VHTEHCUBHOCTBH COJHEYHOTO H3Ty4YE€HUs, KOTOPYIO MPUHHUMAIOT PABHOMU 10° Br/m® s
OOJIBIIMHCTBA IUPOT (PEKOMEHIYETCs, 10 BO3MOXKHOCTH, YCTAHOBUTHh MECTHOE 3HAYCHHE);

D, - HapyXHbIil ;uamMeTp Kabests, M; 171 ToPUPOBaHHBIX 00004k D, = (DOL, +2t, ) 107, M.

e
Koadpoutment A6f;, umerommuii pa3MepHOCTh PAa3HOCTU TEMIIEPATyp, YUYHUTHIBAET MPSIMOE
COJIHEYHOE U3ITyUYECHHUE.
AnbTepHaTUBHBIN TpaduecKuii METOI MPUBEICH HA PUCYHKE 8.
2.2.2 OnuHOYHbIE U30JMPOBAHHBIE Ka0e/H, MPOJI0KEHHbIE B 3eMle



T4=LpTln(u— uz—ll (23)
2

IJie Or - YASIBHOE TEIJIOBOE conpoTuiieHue 3emin, K-M/Br;
2L

U=—:;
D

e
L - paccTosTHUE OT TIOBEPXHOCTH 3E€MJIH JI0 OCH KaOes, MM;
D, - HapyXHBI} AuaMeTp Kadelns, MM; aJs Kabenel ¢ rodppupoBaHHoit o0onoukon D, = D, + 2ts.
Ecnu 3nauenue u npesbimaer 10, qocrarounyto anmnpokcumanuio (¢ TouHoctbio Bbime 0,001)
naeT caeayouias popmyna

1
T, = o Pr ln(2u ) (24)

2.2.3 I'pynnsl kadeJeil, NIPOI0KeHHBIX B 3eMJIe (He CONPUKACAIOIINXCH)

Jns ykazaHHOTO crmoco0a MPOKIAIAKH pacyeT MPOBOIST, HCIONB3YS MPHHIMI HATOXKEHHUS,
WCXONSIIUNA W3 JOMYLIEHUs, YTO KaxAbld KaOemb NEUCTBYEeT KaK JIMHEWHBIH HCTOYHUK U HE
HCKa)KaeT CBOE TEIUIOBOE IOJIE€ U3-3a MPUCYTCTBUS APYTUX KaOene.

OTu cily4au MPOKJIAJKU OIpa3AesisoTCs Ha ABa OCHOBHBIX BHJIA:

- IepBbIi ¥ Haubosee oOIHii ciyyai - 3TO TpyINa HEOJUHAKOBO HATPYKEHHBIX Kabenel pasHon
KOHCTPYKIHMU. J[71st 5TOTO Ccitydast MOTYT OBITh TaHBI TOJIBKO OOIINE YKa3aHUS IO METOAY pacyiera;

- BTOPOM, YaCTHBIN cly4yail - 3TO Ipymna OJUHAKOBO HArpy>KeHHBIX WICHTUYHBIX KaOenew, ams
3TOrO Ciay4asi pacdeThl MOTYT OBITh IPOBEAECHBI JOCTATOYHO IPOCTO.

2.2.3.1 HeopnHakoBO Harpy>keHHbIEC KaOenu

Merton, npeyaraeMplid JUIsl TPYIIIbl HEOAMHAKOBO HArpy>KEHHBIX U PA3JIMYHBIX IO KOHCTPYKIMU
kalesei, 3aKio4aeTcss B pacueTe MPEBBIMICHHUS TeMIepaTypbl Ha MOBEPXHOCTH OJHOTO Kabeds,
0OyCIJIOBJIEHHOTO IpPHUCYTCTBUEM Jpyrux KaOened, W TMOCIEOYIOIIEro BBIYUTAHUS ATOTO
MIPEBBILICHUS U3 BENUYHHBI A, UCTIONB3yeMOl B (popMysie HOMUHAIBHON TOKOBOW HArpy3kd IO
MDBK 60287-1-1 (mogpasnmen 1.4). IlpenBapurenbHO HEOOXOAMMO MPUOIUZUTEIHHO OIMPEACITUTH
MOIIIHOCTb, PAcCCEMBAEMYI0 Ha €IMHUIE JUIMHBI Ka)XJ0ro Kadels, 3Ta BeJIMYMHA BIOCIEACTBUU
MOJKET OBITh CKOPPEKTUPOBAHA ITyTEM PACUYETOB, €CJIM B 3TOM BO3HUKAET HEOOXOAMMOCTb.

Takum o00OpazoM, MPEBBIIIICHUE TEMIIEpaTypbl MOBEPXHOCTH p-TO Kabens A6, HOMUHAIbHAs
TOKOBAsl Harpy3ka KOTOPOTO MOJICKUT OIpeAeTICHUI0, HaJl TeMIIepaTypoil OKpYKalollel cpebl,
00yCIIOBJIEHHOE PAaCCESHUEM TeIUla OCTaJbHbIMHU (g - 1) kabensiMu B rpymnmne, onpenesisercs 1Mo

bopmye
AG,=AO,+AG,+ ... AGy + ... AGy, (25)

(unen A6, Tpu CYMMHUPOBAHUH HCKIIOYAETCS),
rae A6y, - TpeBbIIICHHE TEMIIEpaTypbl Ha MOBEPXHOCTH Kabess, 00yCIOBIEHHOE pacCcesHUEM
MoIHOCTH Wy, BT Ha equHMIlY ATUHBL, B Kabee £,

!

AO = 5w Iy (26)
kp_zﬂ_pT knd -

pk

Paccrostnust dpe u d), W3MEPSIOT OT OCH p-TO Kabemst 10 Ocu Kabens k u 10 OCH 3€PKAlbHOTO

n300pakeHus Kadems & T0 OTHOIICHUIO K TPAHUIIE 3€MJISI-BO3TyX COOTBETCTBEHHO (CM. PUCYHOK 1).
3arem BenuuuHy A6 B ¢dopMmysie HOMUHAIBHOW TOKOBOM Harpy3ku mo MOK 60287-1-1
(mompaszzaen 1.4) ymenpinaoT Ha A6, 1 ONPEIEAIOT HOMUHAIBHYIO TOKOBYIO Harpy3Ky p-ro Kadesns
C MCIMOJIb30BAaHUEM BEJIMUUHBI T4, COOTBETCTBYIOIIEH N30IMPOBAHHOMY KaOEIto B MOJIOXKEHUH p.
OTOT pacueT MPOBOAMTCA Ul BCeX Kabeneil NaHHOW IpyMNIbl M BBIOJHSETCS MOBTOPHO B TEX
ClTydasix, KOTJa He00X0AMMO UCKITIOYUTh BO3MOKHOCTD MIEperpeBa Kakoro-mmoo Kaders.
2.2.3.2 OnuHaKOBO HArpyKEHHbIE UICHTUYHbBIE KaOenu
[Ipn rpymnmoBoil mHpokJIajke BTOPOrO BHJAa HOMMHAJIbHAs TOKOBas Harpy3ka HECKOJIBKHX



OJIMHAKOBO HArpy>KCHHBIX WJACHTHYHBIX KaOeneil omnpenenseTcss MO0 HOMUHAIBHOW TOKOBOM
Harpy3ke HauOolsiee Harperoro u3 Hux. OOBIYHO pacmojoKeHHe Kadenel MO3BOJSIET ONpeNeIuTh,
Kakoi kabenp OyJer Oonble Harper, ¥ paccyuTarh TOKOBYIO HArpy3Ky st 3Toro kabens. B
3aTPYIHUTENBHBIX CIy4dasx, B JOIMOJHEHHWE K JTOMY pacyeTy, MOKET IOHAaJ00UTbCS pacyer
TOKOBOW Harpy3Ku Kakoro-iu0o apyroro kabens. Meron 3akirodaercs B pacyeTe YTOUHEHHOTO
3HaueHusl 4, yUUTHIBAIOIIETO B3aWMHBIM HArpeB Ipymnmbl Kabenel, U ocTaBleHUs: 0€3 U3MEHEHHUS
3HaueHus1 A6, UCIONIb3yeMOoro B (hopMylie HOMHHAILHOW TOKOBOHM Harpysku mo MOK 60287-1-1
(monmpaznen 1.4).

YTouHEHHOE 3HAYCHHE BHEIIHETO TETUIOBOTO COMPOTHBIICHUS T4 p-rO KaOens OmpeAessioT IO
dhopmyre

—\(d.), \d! d d
n:Lprln (u+ uz_l Zrt p2 ... Pk ... Pq (27)
27 d, \d, | \a,) |4

pk rq

!
(B KBaZpaTHBIX CKOOKaXx (g - 1) wieHOB, wieH —%- MCKIIFOYAETCs).
p
Paccrosnus d,; - Te ke, 4TO U MPUBEJICHHBIC HA pUCYHKE | JJIg MepBOro MeToa.

BMmecto BbIpakeHHs u++u’ —1 MokeT OBITh NPUMEHEHO YIPOIIEHHOE BBIpAXKEHHE 2u (CM.
2.2.2).

Jns mpocThix KOH(pUrypaunuii kabened 3ta GopMmysna MOXET ObITh 3HAYMTEIBHO YIPOIICHA.
Hwke npuBeneHHbIE TpPUMEpPHI YIPOIICHUS OBUIM TOJIYYEHBI C WCIIOJIB30BAaHUEM MPUHIUIIA
HAJIOXKEHUS.

2.2.3.2.1 JlBa kabens ¢ OJUHAKOBBIMH IOTEPSIMH, PACIOJOXKEHHbIE B TOPHU3OHTAIBHOM
IUIOCKOCTH, Ha PACCTOSHUH JPYT OT JApyra

2
T4=LpT ln(u+\/u2—1)+%ln 1+ 2L (28)

2 S,

rae u=—;
De
L - paccTosiHME OT MOBEPXHOCTHU 3€MJIM J0 OCHU KabeJs, MM;
D, - Hapy>KHBII TUAMETp OJHOTO Kabess, MM;
S1 - MEXKOCEBOE PACCTOSAHUE MEXAY KaOeIsIMH, MM.

Ecnu 3Ha4enue u npesbimaet 10, uneH u++u” —1 MoxeT GbITh 3aMeHEH Ha 2.
22322 Tpu xabens ¢ npUOIU3UTENBHO PpaBHBIMH IOTEPSMHU, PpACIOJIOKEHHBIE B
TOPU30HTAJIBHOW INIOCKOCTH, PABHOYNAJIEHHBIE IPYT OT Apyra

2
T4=Lpr ln(u+\/u2—l)+ln 1+ 2L . (29)

2 s,

Benuuuna 74 OTHOCHUTCS K IIGHTPaJbHOMY Ka0emi0 M HEMOCPEACTBEHHO HCIOIb3yeTCs B
dbopmyne MOK 60287-1-1 (myskr 1.4.1).

2.2.3.2.3 Tpu kabens ¢ pa3HBIMH MOTEPSIMU B 0OOJIOUKE, PACIOIOKECHHBIE B TOPHU3OHTAIBHOM
IUIOCKOCTH, paBHOY IaJIEHHBIE APYT OT JIpyra

Korma morepu B 0005104Kax OJHOXMUIBHBIX KaOesel, MpPOJIOKEHHBIX B TOPHU30OHTAIBHOM
IUIOCKOCTH, CYIECTBEHHBI, 2 000JI0YKH MPOJIOKEHBI 0€3 TPAHCIIO3UIUMK U/WIIN COEIMHEHBI BO BCEX
TOYKaX, TO UX HEPAaBEHCTBO BIIMSET Ha BHEIIHEE TEIUIOBOE CONPOTHUBICHHE Hanbojee Harperoro
kabemss. B Takom cmydae BenuuumHa 74, KOTOPYIO TIOJICTABISAIOT B YHCIHTENb (HOPMYIIBI
HOMHUHAJIbHOW TOKOBOM Harpy3ku no MOK 60287-1-1 (mynkt 1.4.1), OyneT Takoil, kak ykazaHo B
2.2.3.2.2, a B 3HAaMEHATeJE UCTIOJIb3YETCsI K3MEHEHHOE 3HaueHue 14, onpenenseMoe o Gpopmyie



7, = oy il 21 | O ) |y (2 (30)
2z 1+ 4, S,

rac u_ZL
D )

e
L - paccTostHuE OT MMOBEPXHOCTH 3E€MJIH JI0 OCH KaOells, MM;
D, - Hapy>KHBII TUAMETp OJHOTO Kabess, MM;
S1 - MEKOCEBOE PAaCCTOSIHUE MEXKy COCETHUMHU KaOeIsIMH, MM;
A} - k03 puIEeHT moTeph B 060JI0YKE ISt OTHOTO BHELIHETO Ka0es;

A, - k03 dULIHEHT TOTEPh B 000JI0UKE ISt APYTOro BHEIIHETO Kaberist;
Al - K03buIEEeHT TOTepb B 000JI0YKE ISl CPEHET0 Kades.

m

Ecim 3HaueHne u npesbimaet 10, wieH u++/u’ —1 Moxer ObITh 3aMeHeH Ha 2.

[MonpasymeBaeTcs, 4TO LIEHTPaIbHbIM Kalenb sABIsSeTcs Haumbosiee HarpeTeiM. Bemnumna A,
KOTOpasi UCIONB3yeTCsl B (hopMyJie HOMMHAIBHONW TOKOBOW Harpysku mo MOK 60287-1-1 (myHKT
1.4.1), oTHOCHTCS K IEHTPaIbHOMY KaOelto.

2.2.4 TI'pynnbl kalesieil, NPOJIOKEHHBIX B 3eMJe W OJMHAKOBO HArpy:KeHHbIX
(conmpuKacawIMXcs)

2.2.4.1 JIBa OMHOXUJIBHBIX Ka0OeJsl, PACTOI0KEHHBIX B OJTHOM TIOCKOCTH

2.2.4.1.1 Kabenu ¢ MeTamuiMyeckoil 000I09Koi

IIpumeganue - Kabenn ¢ meTammueckod 0OOOJOYKOH OTHOCAT K KaOemsM, IS KOTOPBIX MOXKHO CIeNaTh
JIONYIIEHHE, YTO Y HUX MMEETCS] METAJUIMYECKHH CJIO0H, 00eCreYrBaroInil H30TepMy Ha MM HEMOCPEACTBEHHO IMOJ
Hapy>KHOH 000JI0YKO.

T, =22 (In(2u) - 0,451) mpr > 5. 31)
T

2.2.4.1.2 Kabenu ¢ HEMETAIUTHUYECKOU OO0ITOUKO

IIpumeuvanue - Kabenu ¢ HeMETaNTMIECKON 000JIOYKONW OTHOCAT K KaOeJsiM, B KOTOPHIX METAJUIMYCCKUNA CIION
HEAOCTAaTOUYeH [T 00eCTIeYeHNsT M30TEPMEI Ha FUTH HEMOCPEICTBEHHO IO HAPYKHOH 000IOUKOH.

T, = 27 (In(2u)- 0,295) mpr u > 5. (32)
T

®opmyna (32) ucnonb3yeTcs A kabeneil ¢ HeMeTaITNYeCKol 000JI0YKO0M, MMEIOIIMNX YKpaH U3
MEIHBIX TIPOBOJIOK, ¥ JJs BHEIIHEr0 TEIJIOBOTO  COMPOTHUBJICHHS HEMETALNTHYECKUX
coTpHuKacaroluxcs kananos (cM. 2.2.7.3).

2.2.4.2 Tpu OTHOKUIIBHBIX KaOeJIsl, paCMOJIOKEHHBIX B OHOU IJIOCKOCTH

2.2.4.2.1 Kabenu ¢ MeTaJUIMYECKUMHU 000JI0UKaMH

[Ipumeuanue - KabGemu ¢ meraminyeckoil 0OOJOYKOH OTHOCAT K KaOeisM, JJIsl KOTOPBIX MOKHO CHENaTh

JIOTYIIEHHE, YTO Y HUX UMEETCS] METATUIMYECKHI CIIOH, 00ecreynBaronInil H30TepMy Ha HJIH HEMOCPEACTBEHHO MO
Hapy»XHOH 000JIOUKOM.

T, = p,(0,475n(2u)— 0,346 ) mpu u > 5. (33)

2.2.4.2.2 KaGenu ¢ HeMeTaJUIMYECKUMH 000JI0YKaMU

[Tpumeuanue - KaGenu ¢ HeMeTaTMueCcKOi 000JIOUKOW OTHOCAT K KaOessiM, B KOTOPHIX METAJUIMYECKUH CII0H
HeJI0CTaTO4eH JJIs 00ecriedeHHs M30TepMbl Ha MJIM HEIIOCPEICTBEHHO M0 HapY>KHOH 000JI0UKOH.

T, = p,(0,4751n(2u)~ 0,142 ) mpr u > 5. (34)

dopmyna (34) ucnonb3yercs Ui Kabesel ¢ HeMeTaJUIMIECKOH 000JI0YKOM, UMEIOIINX dKPaH U3
MEIHBIX TPOBOJIOK, ¥ IS BHEIIHETO TEIUIOBOTO  COMPOTHBICHUS  HEMETaTHICCKUX
coTpuKacaroluxcs kananos (cM. 2.2.7.3).



2.2.4.3 TpexxuibHble Kabeu, paclo0KEHHbIE TPEYTOJIbHUKOM

[Ipu naHHOM pacnonoxeHuu Kabeneil L - pacCTosHUE 10 IIEHTpa TPEyToJbHUKa, 00pa30BaHHOTO
rpymmnoit kabeneu, a D, - nuameTp oHOTO Kadenst; 74 - BHEIIHEE TEIIOBOE COMPOTUBIICHNUE JIF000TO
n3 Kabeneil He3aBUCUMO OT TOTO, TJI€ PACIIONIaraeTcsl BEPIINHA TPEYTOJIbHHUKA - BBEPXY WIIM BHU3Y
TPYTIIBL.

s kabeneit ¢ roppupoBanHbiME 00010uKaMu D, = D, + 2t5.

2.2.4.3.1 Kabenu ¢ MeTaJUIMYECKUMHU 000JI0UKaMH

L> p;[In(2u) - 0,630} (35)
T

T, =

B nanHOM cilydae TerioBoe CONPOTUBIICHUE HAPY>KHOTO MOKPBITHS MO 0005104Ke Ui OpoHe 73,
ompexaenseMoe 1o 2.1.3, cneayer yMHOXKHTH Ha K03 duruenr 1,6.

2.2.4.3.2 Kabenu ¢ HE CIIOUIHBIM METAIIIMYECKUM MOKPHITHEM (KOT/la CIIMPATbHO HAOKEHHAs
OpOHS WU KPaHUPYIOIINE MPOBOJIOKH MOKPHIBAIOT OT 20 % 1m0 50 % moBepxHOCTH Kabems)

®opmyna (36) OazupyeTcst Ha kabese ¢ KpaHOM U3 METHBIX MPOBOJIOK auamerpom 0,7 mm, ¢
0O0JIBIIKMM IIAaroM HajlokeHus (B 15 pa3 mpeBbILIAIOLIMM JTUaMETP MO MPOBOJIOYHBIM IKPAHOM), C

o 2
o011eil muomaabio MOMePeuHOro ceueHus B Auanasone 15-35 mm™.

15

T

T, == p,[In(2u)-0,630] (36)
B nanHOM ciiydae TemoBO€ CONPOTHBIEHHWE H30JAUMU 1) OmNpenenseMoe MO METOMdY,
npuBeaeHHoMy B 2.1.1.1, m TennoBoe CONPOTHUBIEHUE HAPY’KHOIO 3alllUTHOIO MOKpBITUA T3,
ompeAessieMoe IO METOAy, MNpuBeAeHHOMY B 2.1.3, cieayeT yYMHOXHUTh Ha CIEOYIOIIHE
KOA(PHUIUEHTHI:
|| - s T nis xa6enei no 35 kB Ha 1,07; niig xa6eneit ot 35 g0 150 kB na 1,16;
- g 75 Ha 1,6.
2.2.4.3.3 Kabenu ¢ HEeMETaJUIMYECKUMHU 000JI0UKaAMHU

T,=—p; [ln(2u)+ 2ln(u)1 37)

2r

®opmyna (37) ucnonb3yeTcst As kabeneil ¢ HeMeTaITNIeCKO 000JI0YKOM, MMEIOIINX dKpaH U3
MEIHBIX IPOBOJOK, Pa3lAENEHHBIX PACCTOSHUEM, M Jii BHEIIHETO TEIUIOBOTO COMPOTHBICHUS
comnpuKacaromuxcs kananos (cMm. 2.2.7.3).

2.2.5 TpyO6onpoBo/bl, NPOJIO:KEHHbIE B 3eMJle

BHeminee TemnioBoe coOmpoTHBICHHE TPYOONPOBOAOB, MPOJOKEHHBIX B 3€MIIE, HCIIOJIB3YEMbIX
U1t Kabenel B TpyOax, pacCUMTHIBAETCS TaK XKe, KaK U I OOBIYHBIX Kabenei mo hopmyne (23). B
3TOM ciy4yae IiTyOuMHa MpoKJIaaku Kabens L - paccTOsiHME 10 LEeHTpa TpyOwl, a D, - Hapy>KHBIN
JTUuaMeTp TpyObl, BKII0Yasi aHTUKOPPO3WOHHOE TTOKPBITHE.

2.2.6 Kabean B 3aKpbITHIX KeJ100ax

2.2.6.1 3akpsIThIC Xe5100a, 3aM0JTHEHHBIC TTECKOM

[Ipu mpoknanke kabeneil B jken06ax, 3aMoJHEHHBIX MTECKOM, KOTOPbIE MOTYT OBITh TOJHOCTbHIO
MOKPBITHl 3€MJIEH MM MOTYT OBITh 3aKpPBIThl KPBIIMIKOW BPOBEHb C MOBEPXHOCTHIO 3E€MJIH, €CTh
BEPOSATHOCTH TOTO, YTO MECOK BBICOXHET U OYyJIET OCTaBAThCS CYXUM B TE€UEHHE NMPOJOKUTEIEHOTO
BpeMeHH. B 3ToM citydae BHelIHee TEII0BOE COMIPOTUBIIEHHE Kabesi MOKET CTaTh OYE€Hb BHICOKHM,
a ero TemIeparypa MOXET 3HAUHUTEJNbHO MOBBICHUTHCA. lIpu pacuere HOMUHAIBHOW TOKOBOM
Harpy3ku Kabessi peKOMEHIYeTCs 3a 3HauU€HHE TEIJIOBOIO COMPOTUBIICHHS IMecKa MPUHUMATh 2,5
K-M/Bt. Ecnu ucnonb3yercst Ipyroil 3amojHHUTENb, TO JOJHKHO OBITh M3BECTHO 3HAUEHHE €ro
TEIUIOBOTO COIPOTUBIIEHUS B CYXOM COCTOSTHUH.

2.2.6.2 He3zamonHeHHble kenoba J000T0 THUIA C KPBIIIKOH, pacroiararoiieiicss BpOBEHb C
MTOBEPXHOCTHIO 36MJIM U HAXO/SILENCS B HEMOCPEICTBEHHOM KOHTAKTE C BO3AYXOM

[To ¢opmyne (38) ompenensioT MNpeBbINIEHHE TeMIEpaTyphl BO3IyXa B Kelnode Hal
TEMIEPATypOr OKPYKAIOIIEH CPEbI:



AG :h, (3%)

rie Wror- ob1as MOIIHOCTb paccessHus B xeslo0e Ha eAMHUIY JUTMHBI, BT/M;

p - Ta 4acTb IepuMeTpa >Kenoba, uepe3 KOTOPYI0 WHTEHCHUBHO OCYIIECTBIIIETCS paccesHue
TEia, M.

JIro0as yacTh mepuMeTpa, MOABEPKEHHAsT BO3JECHCTBUIO COJTHEYHOTO MU3JIyUYCHUS, HE BXOAHT B
BeJIMYMHY p. TakuMm 00pa3oM, HOMUHAJIbHAsI TOKOBasi Harpy3ka Kabess, MPOJI0KEHHOTO B jKenobe,
paccUUTHIBACTCA TaK XKe, KaK Juisi KaOels, MpoIoKeHHOTo Ha Bo3ayxe (cM. 2.2.1), 32 HCKITIOYeHnEM
TOT0, YTO TEMIIEpaTypa OKPY KaIOLIeH Cpeibl 10JKHA ObITh yBeNIUYeHa Ha AG,.

2.2.7 Kabean B kaHaJ1axX WK Tpydax

BHemHee TemioBoe conpoTuBieHne Kabels, MPOI0KEHHOTo B KaHale, CKIaAbIBaeTCs U3 Tpex
KOMIIOHEHTOB:

a) TEIUIOBOIO CONPOTHUBIIEHUS BO3IYIIHOIO IPOMEXYTKAa MEXAy IOBEPXHOCTbIO KaOens U
BHYTPEHHEH MOBEPXHOCTHIO KaHana 7}, ;

b) TenoBoro conpoTuBieHUs camoro Kamana7,'. TemnoBoe CONPOTUBICHUE METALIMIECKOH
TpyObI HE YUUTHIBACTCS;

C) BHEIIHETO TEIUIOBOT'O CONPOTUBIICHUS KaHana7," .

3navyenue 74, KOTOPOE AOJDKHO OBITH MOJCTABICHO B ()OPMYJTy HOMUHAIBHOM TOKOBOM HAarpy3Ku
(cm. MOK 60287-1-1, moapaszaen 1.4), OyaeT npencTaBisaTh CYMMY OTIEIbHBIX KOMITIOHCHTOB:

T,=T,+T/+T, (39)

HpI/IMelIaHI/Ie - Ka6em/1, IIPOJIOKECHHBIC B KaHaJIaX, MOJHOCTBIO 3alOJIHECHHBIX MaTepuajioM, O6J'Ia}:laIOIIJ,l/IM
ChIITY4Y€CThbIO, YACIbHOC TCIJIOBOC COIMPOTHUBJICHHUE KOTOPOTO0 HE IMPEBLIIIACT YJACIBHOI'O TEIUIOBOI'O COMNPOTHUBJIICHUSA
Oprxca}omeﬁ 3CMIIN (B CyXOM WM BJIAX)KHOM COCTOS[HI/II/I), MOXHO pacCMaTpuBaTb Kak Ka6en1/1, MMPOJIOKCHHBIC
HEIMMOCPECACTBCHHO B 3€MJIC.

2.2.7.1 TennoBoe CONPOTHBIICHUE MEXKY KabeneM u KaHanom (Tpy0oi) 7,

s xaGeneit guamerpoM ot 25 g0 100 MM, TIPOJIOKEHHBIX B KaHalaX, JODKHA MPUMEHSATHCS
dopmymna (40). OnHa wucCnomp3yercss TaKXKe [UIS OINpPENeJCHHs TEMJIOBOIO COMPOTHBIICHUS
MMPOMEXYTKA MEXITYy M30JUPOBAHHBIMH JKUJIAMU U TTOBEPXHOCTHIO TPYOBI Kabemst B TpyOOIpoBoIe
[cMm. 2.1.4, mepeuncienue b)], eciii SKBUBAJICHTHBIA TUAMETP TPEX U30JIMPOBAHHBIX KU B TPyOe
HaxoouTcsd B mpenenax ot 75 mo 125 Mm. DKBHBAJEHTHBIA TUAMETP OMPENEISIOT, KaK yKa3aHo
HIDKE.

U
T, = : (40)
1+0,1(V + Y86, )D,
U
rac Ve - KOHCTAHTHI, 3aBUCAIIINEC OT yc.]'IOBI/Iﬁ IMMPOKJIaJIKU, UX 3HAYCHUA YHpI/IBeI[eHI)I B Ta6n1/1ue
Y

4

D, - Hapy>XKHBII 1uamMeTp Kabessi, MM.

Ecimu dhopmyny mpumeHstoT 1 kabeneit B TpyoonpoBoaax [cM. 2.1.4, nepeuncnenne b)], To D,
- 3TO AKBUBAJIECHTHBIA AMAMETP TPYIIIbl NU30JIMPOBAHHBIX KU, KOTOPBIA ONPEAEIAIOT CIELYIOIIUM
obpazoM:

- JIB€ M30JUpOBaHHbIE XUibl: D, = 1,65 yMHOXUTh Ha HapyXHbIH JUaMETpP W30JIMPOBAHHOMN
JKHUJIBI, MM;

- TPU W30JMPOBaHHbIE XWIbl: D, = 2,15 yMHOXWUTb Ha Hapy>XHbIH JUaMETpP W30JIMPOBAHHOU
JKHUJIBI, MM;

- YEeTbIpEe U30JIMPOBaHHbIE KUIbl: D, = 2,50 yMHOXXUTH Ha HApyXHBI IHaMETP U30JIMPOBAHHOMN
JKHUJIBI, MM;



O, - cpenHss TeMmepaTypa Cpeibl, 3allOHSIOMIEH MPOCTPAHCTBO MEXAY KaOeleM M KaHAJIOM.
CHauaza pacdeTr NpoBOJAAT NPH IEPBOHAYAILHO NPUHITOM 3HAYEHUU U, €CJI He0OXOAUMO, pacyeT
MIOBTOPSIIOT C OTKOPPEKTUPOBAHHBIM 3HaUeHHEM, °C.

2.2.7.2 TennoBoe CONPOTHBIICHAE CaMOro KaHaia (Tpyost) 7,

TerutoBoe conpoTHBICHNE CTCHKHU KaHana 7' ONpPEICIISIoT Mo bopmyie
1

D
T)=—p;In| —|, 41
4 27Zpr D, (41)

rae D, - HapyKHbI THaMeTp KaHaia, MM;

D, - BHYTpEeHHUH IMaMETP KaHaJIa, MM;

Or - YIeIbHOE TEIIOBOE COMPOTHUBIIEHNE MaTepraa, U3 KOTOporo u3rotosiieH kanai, K-M/BT.

Jlis MeTanIn4ecKuX KaHalloB 3HAYeHHUE O IPUHUMAIOT 32 HOJIb, a 711 KAHAJIOB, U3TOTOBJICHHBIX
U3 APYTUX MaTepHalioB, COOTBETCTBYIOIINE 3HAYCHUS IPUBEICHBI B TabuIe 1.

2.2.77.3 BHeuiHee TEIIIOBOE CONPOTUBJICHHE KaHala (TpyObl) 7,

Jlis  OHOHMTOYHBIX KaHajoB (TpyO), MPOJIOKEHHBIX HE B OETOHE, BHEIIHEE TEIIOBOE
COMPOTUBIICHUE KaHAIOB (TpyO) OMpenessioT Tak e, Kak [Js Kalenel ¢ HCIOJIb30BaHUEM
COOTBETCTBYIOIIMX (opmyin, mpuBeaeHHbIX B 2.2.1, 2.2.2, 2.2.3 wmm 2.2.4, HO ¢ 3aMEHOU
Hapy»KHOTO pajauyca Kabens Ha HapyXHBIH paanyc KaHalla Uiu TPyOBbl, BKJIIOYast JTF000€ 3aIlUTHOE
nokpsiTue. [Ipu mpoknanke kaHajloB B OETOHE pacyeT MX BHEIIHErO TEIIOBOTO CONPOTHBIICHUS
MIPOBOAMTCS, UCXOS U3 MPUHIUMAEMOT0 JOMYIICHUS, YTO OKPY Karolias cpeja KaHalIoB OJHOPOIHA,
a yJEJIbHOE TEIUIOBOE CONPOTHBIICHHE KaHAJIOB PABHO YJEIbHOMY TEIUIOBOMY CONPOTHUBIIECHUIO
OeroHa. 3atem anreOpanueckd BHOCHTCS TMOMpaBka (€ciau HeoOXOIMMO) Ha Pa3HOCTh MEXKIY
YAEIbHBIMU TEIJIOBBIMU CONPOTUBJICHUSIMM O€TOHAa W 3€MJIM JUIsl TOW YacTH TEIUIOBOM Iemnw,
KOTOpasi HaXOAUTCS BHE KaOEIbHOTO OJI0KA.

[TonpaBKy K BHEIITHEMY TEIUIOBOMY COTIPOTHUBIICHUIO OTIPENCISIIOT CIIETYIONIM 00pa3oM:

N [7 1

E(pe —p(,)lnu+ u -1 (42)
rae N - 4ucio Harpy>KeHHBIX Kalenell B kabeabHOM OJI0Ke;

Pe - YACTHHOE TEIJIOBOE CONPOTHBIICHHUE 3€MJTU BOKPYT KabenpHOTO Os10Ka, K-M/BT;

¢ - YICIBHOE TEIJIOBOE COMpoTUBiIcHUEe OeToHa, K-M/BT;
L
u=-—5;
)
L¢ - TmyOrHa TPOKIIAIKK 10 IIEHTpa KabeIbHOTro 0J10Ka, MM;
7 - DKBUBAJIICHTHBIN paginyc OETOHHOTO OJI0Ka, MM, OTIPEIENIIeMBbIil 110 popMmyIie:

Inp, =—>| 2% In| 1+2 |+1nZ. (43)

Benuuunbel x U y 0003Ha4alOT KOPOTKHE M JJMHHBIE CTOPOHBI CEKIMM KaOelbHOro Ojoka
COOTBETCTBEHHO, HE3aBHCUMO OT UX PACHOTI0KEHHSL.

[IpuBenennas ¢popmyia crpaBeInBa TOIBKO IPU L3
X

3 Hudposoii pacyeT BeJMYUH, IPUBEIEHHbIX TpaduyecKu
3.1 O61mme no0KeHUs

B nanmHOoM pazgene mnpuBeneHbl (GOPMYJIBI M METOABI IM(POBOro pacuera BETUYUH,
MPUBEJICHHBIX Ha pPHUCYHKax 2-6, a Takke MeToAMKa pacdyeta A6, C TOMOIIBIO PUCYHKa &.
[IpuMeHeHHBI MeTOA pacyeTa sBISETCS AaNNpPOKCHMALMEl ¢ HCHOJIb30BAHHMEM alredpanyeckux
BBIPAYKEHUH, C MOCIENYyIOIEeN KBaApaTUYHON WK JMHEHMHON MHTepHosaLueH, eciin HeoOxoaumo. B



KOKIOM cllydae [puUBEJeHa MakKCUMajbHasi oOIIMOKAa B MPOLEHTaX, MpeAleCTBYOIas
WHTEPIOJISLINH.

3.1.1 I'eomerpuueckuii pakrop G A5l ABYX:KWIBHBIX Ka0eseHd ¢ MOSICHON HM30/sIlHeil U ¢
KPYIJIBIMH KUJIAMH (PHCYHOK 2)

O06o3Haunm X = t,/d,,

Y=(2nt)-1,
torna G = MGs, T1e
2 2|05
Mzh{l—am[(l—a fi-5) } (44)
a-p
a= ! = (45)
X
l+—
{ 1+X/(1+Y)}
X 1
ﬁ_l+Y_5
S X 3 (46)
7+7
1+Y 2

Gs = Gs(X; Y), 1.e. apnseTcs QyHKIMEH 0OJHOBpeMEHHO X 1 Y.

PaccuutsiBaroT Tpu 3nauenus Gy(X; 0), Gi(X; 0,5) u G4(X; 1),

e Gy(X; 0) = 1,060 19 - 0,067 1778 X + 0,017 9521 X°,

Gy(X; 0,5)=1,067 98 - 0,065 1648 X + 0,015 8125 X*,

Gy(X; 1)=1,067 00 - 0,055 7156 X + 0,012 3212 X°.

Gy(X; Y) mony4aroT KBapaTHIHONW UHTEPIONISANEH 0 cieayromniei Gpopmyre:

Gy(X; ¥) = Gy(X; 0) + Y[-3Gy(X; 0) + 4G,(X; 0,5) — G(X; D] + ¥* [2G,(X; 0) - 4Gy(X; 0,5) + 2G(X;
D). (47)

MakcumanbsHOe pacxoxaeHue paccuuTanHbiX Gy(X; 0), Gy(X; 0,5) u G4(X; 1) coctaBnser MmeHee
0,5 % 1o cCpaBHEHUIO C COOTBETCTBYIOIIMMH 3HAYCHHUSIMH, TIOJTyY€HHBIMU TpapUIecKH.

3.1.2 I'eomeTpuueckuii ¢pakrop G 151 TPEX:KMJIBHBIX Kabesell ¢ MOSACHON HM30JsIIUel U ¢
KPYIJIBbIMH KUJIAMH (PHCYHOK 3)

Oo6o3naunm X = t/d,,

Y=_02u/t)-1,
torna G = MGys, Tae
2 2 )03
lenll—aﬁ+[(1—a fi- )] } 45)
a-p
a= ! T (49)
2X
1+
1+2(1+2Xj
U 1+Y
2(1+2X]_3
ﬁ: 3 1+Y . (50)




G, = Gs(X; Y), T.e. aBnseTcs PyHKIMENH ONTHOBPEMEHHO X U Y.

PaccuntsiBatot Tpu 3HaueHust G4(X; 0), Gy(X; 0,5) u Gy(X; 1),

rae Gy(X; 0) = 1,094 14 - 0,094 4045 X + 0,023 4464 X,

G«(X; 0,5)=1,096 05 - 0,080 1857 X+ 0,017 6917 X,

Gy(X; 1)=1,098 31 -0,072 0631 X+ 0,014 5909 X.

3nauenue Gy(X; Y) monay4aroT KBagpaTUYHOW WHTEPIONSIMEH MEXAYy TpeMs pacCuuTaHHBIMU
3HAYECHUSAMHU.

310 MOXKHO caenats, moactaBuB Gy(X; 0), Gy(X; 0,5) u G4(X; 1) B cienytomryto Gpopmymy:

Gy(X; V) = Gy(X; 0) + Y[-3G,(X; 0) + 4G,(X; 0,5) - G,(X; 1)] + ¥* [2G,(X; 0) - 4G,(X; 0,5) + 2G,(X; D)]. (51)

MakcumanbsHOe pacxoxaeHue paccuuTanHbiX Gy(X; 0), Gy(X; 0,5) u G4(X; 1) coctaBnser MmeHee
0,5 % 1o CpaBHEHUIO C COOTBETCTBYIOIIMMH 3HAUYCHHUSIMH, TIOJTYY€HHBIMU TpapUIecKH.

3.1.3 TemjioBoe CONMPOTHUBJIEHHE TPEX:KHJIbHBIX IKPAHHPOBAHHBLIX Kaldeyeil ¢ KPYyrjiabIMu
JKHJIAMH 10  CPaBHEHMI) €  TeIJIOBBIM  CONPOTHBJIEHHEM  COOTBETCTBYIOIIMX
HEIKPAHMPOBAHHBIX KaleJieil (pucyHok 4)

O6o3raunM X = (01,07)/(d.om),

Y=ut/d,.

Koadduuuent skpanuposanus K sBusercs ¢pynkuueil X u Y. 3nauenus K(X; 0,2), K(X; 0,6) u

K(X; 1) paccuntpiBaroT o ciaeayromumM ¢opmyriam mpu 0 < X < 6 unm 6 < X < 25:

0<X<6 K(X; 0,2)=0,998 095 - 0,123 369 X + 0,020 2620 X* - 0,001 416 67 X°,
K(X; 0,6) = 0,999 452 - 0,089 6589 X + 0,012 0239 X - 0,000 722 228 X°,  (52)
K(X; 1) =0,997 976 - 0,052 8571 X + 0,003 452 38 X°.

6<X<25 K(X;0,2) = 0,824 160 -0,028 8721 X + 0,000 928 511 X> - 0,000 013 7121 X,
K(X: 0,6) = 0,853 348 - 0,024 6874 X + 0,000 966 967 X> - 0,000 015 9967 X°,  (53)
K(X: 1) = 0,883 287 - 0,015 3782 X + 0,000 260 292 X°.

3nauenue K(X; Y) momydaroT KBaJpaTMYHOM MHTEPHOJSALUEH MEXAY TPEMsS pacCUMTaHHBIMU
3HaYeHUSAMHU. DTO MOXKHO CIeJIaTh MO/ICTAHOBKOH B CJeIyIONLyt0 popMyity:

K(X: Y) = K(X: 0,2)+Z[-3K(X; 0,2) + 4K(X; 0,6) - K(X; 1)] + Z’[2K(X; 0,2) - 4K(X; 0,6) + 2K(X; 1)],  (54)

roe Z=1,25Y - 0,25.

MaxkcumanpHOE PacXOXIEHHE PACCUYUTAHHBIX 3HAYCHHH IMOMPABOYHOTO KOd(PQHIHEeHTa
coctapisgeT MeHee 0,5 % 1Mo CpaBHEHHIO CO 3HAYCHUSIMH, ITOJTy4€HHBIMU IpaUUECKH.

3.1.4 TennioBoe CONPOTHUBJICHNE TPEX:KNUJIBHBIX IKPAHUPOBAHHBIX Kalbesell ¢ CeKTOPHBIMHU
JKMJIAMH 10  CPAaBHEHMI0 €  TeIUIOBBIM  CONPOTHBJIECHHMEM  COOTBETCTBYIOIIMX
HEIKPAHMPOBAHHBIX KaleJsel (PUCYHOK 5)

O6o3uaunM X = (01,01)/(dxLm),

Y=#/d..

Koaddumment sxpanupobanus K ssisercs dynakaueit X u Y. 3nauenus K(X; 0,2), K(X; 0,6) u

K(X; 1) paccuutsiBaroT no cienyromum popmynam nmpu 0 < X <3,3 <X <6 unum 6 < X < 25:

0<X<3 K(X;0,2) = 1,001 69 - 0,0945 X + 0,007 523 81 X°,
K(X; 0,6) = 1,001 71 -0,076 9286 X + 0,005 357 14 X°, (55)
K(X; 1) = K(X, 0,6).
3<X<6 K(X; 0,2) u K(X; 0,6) onpenensitoT o GpopmyJsiaM, IpUBEIEHHBIM BBILIE
(T.e. mpu 0 < X< 3) (56)

K(X; 1) = 1,001 17-0,075 2143 X+0,005 333 34 X°.

6 <X <25 K(X;0,2)=0,811 646 - 0,023 8413X + 0,000 994 933 X* - 0,000 015 5152 X°,
K(X; 0,6) = 0,833598 - 0,022 31 55 X + 0,000 978 956 X* - 0,000 015 8311 X°, (57
K(X; 1)= 0,842 875 - 0,022 7255 X + 0,001 058 25 X* - 0,000 017 7427 X°.

I[Ipn 0 <X <3u0,2<Y<0,6 K(X; Y) MOXHO TIOJIyIUTh JIMHEHHOU MHTEpIIOsIeit Mmexay K(.X;



0,2) u K(X; 0,6) ciemytonum oOpazoMm:
K(X; Y) = K(X; 0,2) + 2,5(Y - 0,2)[K(X; 0,6) - K(X; 0,2)]. (58)

Ipn 3 < X < 25 K(X; Y) MOXHO MOJIy4UTh KBaJAPaTUUHON HMHTEPHOJSALUEN MEXAYy Tpems
pacCUMTaHHBIMU 3HAUYEHUSIMHU 110 clenyromeil popmyie:

K(X: Y) = K(X: 0,2 )+ Z[-3K(X; 0,2) + 4 K(X: 0,6) - K(X; 1)] +Z 2[2K(X; 0,2) - 4K(X; 0,6) + 2K(X: )], (59)

rae Z=1,25Y-0,25.

MakcumanbHOE pacXOXJIEHHE PACCUUTAHHBIX 3HAYCHUH MONPaBOYHOTO KO3 QHIMEHTa
cocTaBisgeT MeHee 1 % 1o cpaBHEHHIO CO 3HAYEHUSMHU, [10JTy4YEHHBIMU IpahuIeCcKH.

3.1.5 KpuBasg G JJisi MOJIy4eHHs! TEIJIOBOT0 CONPOTHBJIEHHS 3aMOJHSIONIEr0 MaTepuasa
MeKIy 000J104KkaMu 1 OpoHeii kaGeseit TumoB SL n SA (pucyHok 6)

O0603HaunM yepe3 X TOJIIMHY Marepuana MeXIy o00osodukamMu U OpoHel, BBIpaXXEHHYIO Kak
4acTh HAPY’KHOIO AUaMeTpa 00O0TIO0UKH.

HwxHsas kpuBas naHa npu:

0<X<0,03, G =27(0,000202380 +2,03214.X —21,6667.X )

60
0,03 <X<0,15 G= 272(0,0126529+1,101X—4,56104X2 +11,5093X3) (60)

MakcumanbHOe pacxoxaeHue npu pacuere G cocrtasiseT meHee 1 %.
BepxHss kpuBas njaHa npu:

0<X<0,03, G =27(0,00022619+2,11429.X —20,4762.X7)

61
0,03 <X<0,15 G = 27r(0,0142108+1,17533)(—4,49737)(2 +10,6352X3) 1)

MakcumanbHOe pacxoxaeHue pu pacuere G coctasisieT meHee 1 %.
3.2 Pacuer A&, npu nomounu rpadpuka (pucyHok 8)

Pacuer A6, mpou3BOIAT CAEAYIOMIMM 00Pa3oM:
a) ompeiessIIoT 3HaYeHne K 1o cienyromeit popmyie

7D, h {

T
A:m _1+T2(1+ﬂ”1)+]—'3(1+ﬂ”1+ﬂ”2):|; (62)

n
b) HaxOoIAT JIMHUIO HA PHUCYHKE 8 MO 3HA4YCHHIO K4 B KaueCTBE OPJHMHATHI, & 3aT€M HaXOMIST
TOUYKY Ha IaHHOM JTMHHUH ISl COOTBETCTBYIOMIETo 3HaueHus Ad+ A6, + Af, - const;
. 1/4
C) ONPENENSIFOT a0CIUCCY ATOM TOUKH JyIsl morydeHus (A6y)
1) kabenu, 3alUIIEHHBIE OT COJIHEYHOTO U3ITyUYCHUSI

AG, =W, 1 TI_M—ZTZ. (63)
1+4,+4, 2 1+ 4, + 4,

Ecnu npeneOpeds nudiaeKkTpudecKkuMu notepsamu, Ag; = 0, AG;, = 0;
2) xabemnu, OIBEPTarOIINECs COIHEYHOMY H3ITy4YCHUIO

£, =w || —— Ll el | (64)
1+4,+4, 2 1+ 4, + 4,
AG, oD’ H T +n(l+ AT, +n(l+ 4, + 4,7, . 65)
n(1+ 4 +4,)

Ecnu npenebpeub aAuanexTpuueckuMu norepsimu, Ad; = 0.

Ta6muma 1 - Y nenpHOE TETUIOBOE COMPOTUBIICHNE MAaTEPHAJIOB



Y aenpHOE TeIIOBOE COTIPOTHBIICHHE
Martepuan
pr, KM/Br
Hzonayuonnvie mamepuaner *
Bymarknas n3omanus B Kabemsix ¢ MpONUTaHHON M30JIIHen 6,0
BymarkHast H30/14111s1 B MaCJIOHATIOJTHEHHBIX KaOesix 5,0
Bymaknast n3omanus B kKabersax ¢ BHEIIHUM JJaBICHUEM ra3a 5,5
BymakHast u3osnus B kKabensix ¢ BHyTPCHHUM JIaBJICHUEM rasa:
a) ¢ IpeABAPUTEIbHOI MPOMUTKOM; 5,5
b) ¢ B3KO# MPONUTKOMN 6,0
[omatunen (PE) 3,5
Cumtsrit monuatrieH (XLPE) 3,5
|| Tonunpornunen (PPL) 55
TTonuBuHMIXTOpUAHBIHA T1acTukat (PVC):
JUTs Kabereil Ha HanpsbkeHue 10 3 kKB BkiToy.; 5,0
JUTs Kabereil Ha HanmpspKeHHe cB. 3 kKB 6,0
OrunennponuieHoBas pe3uda (EPR):
JUTs Kabeneil Ha HanpsbkeHue 10 3 KB Bkimoy.; 3,5
JUIs Kabeneil Ha HanpsbkeHue cB. 3 kB 5,0
Byrunkayuyx 5,0
Pesuna 5,0
3awummnvie nokpvimus
KomnayHaupoBaHHBIN IKYT U BOJIOKHUCTBIE MAaTEPUAIIBI 6,0
Pe3nHOBOE OKPEITHE, HATOKEHHOE TIOCTIOWHO 6,0
Tlonuxnoponpex 5,5
IBX:
JUTs Kabeseil Ha HanmpsbkeHue 10 35 kB B0y, ; 5,0
JUTs Kabeseil Ha HanmpsbKkeHue cB. 35 kB 6,0
ITokpbITHE W3 TONMBHHWIXJIOPUIHOTO IUIACTHKaTa W OWUTyMa 1O 6,0
ro()pupOBaHHON aTIOMUHHAEBOH 000JI0UKE
[omatunen (PE) 3,5
Mamepuanwet, ucnonssyemvle 8 KOHCMPYKYUU KAHATO8
Beron 1,0
Bonokna 4.8
Acbect 2,0
Kepamuka 1,2
TTonuBuHMIXTOpUIHBIHA T1acTukat (PVC) 6,0
[MTonuatunex (PE) 3,5

* Jlns pacueTa HOMHUHAJBHBIX TOKOBBIX HArpy30K MPHHSATO JOMYIIEHHE, YTO SKPAHUPYIOIIUE AIIEKTPOIPOBOISIINE
MaTepHalbl UMEIOT T€ XK€ TEIJIOBbIE XapaKTEPUCTUKU, YTO U IIPUMBIKAIOIINAE K HUM JUAJIEKTPUYECKUEe Marepuaisl. B
TeX ClydasX, IJI€¢ B KaueCTBE 3alIUTHBIX MOKPBITHHA HCIONB3YIOTCS 37aCTOMEPHI MM IJIACTMACCHI, UX YyIENbHBIE
TEIIOBBIE CONPOTHUBIICHUS CIEAYET CUATATh UACHTUYHBIMU YACIBbHBIM TEILUIOBBIM COIPOTUBICHUAM COOTBETCTBYIOLIUX
M30JISIIMOHHBIX MaTepuasioB, MPUBEACHHBIX B HACTOAIIEH TabuIe.

Tabnuua 2 - 3HaueHus1 KOHCTaHT Z, £ U g 17 YepHBIX NMOBEPXHOCTEH Kabemne, mpoiosKeHHbIX
Ha BO3AYXE

2a) Kabenu, MposIoKEeHHBIC Ha BO3/yXe, YIOKCHHBIC Ha OTJCIIbHBIC MOMEPEYHBIE CKOOBI, OTIOPHI,
I *
peiiku, D, , He 6osee 0,15 M

Criocob mpoKIaIKu Z | E | g | Kondurypauus

OMHOYHBIH Kabels' 0,21]3,9410,60( _, , 20307
/]
/]
7

JIBa conpukacaromuxcs Kabes, MPoI0KeHHBIE B TOPH30HTAIEHON TNIOCKOCTH 0,2912,35(0,50 . 20,50,
/]
/]
)




*
Tpu xabens, pacHoIoKEHHBIE TPEYTOILHAKOM 0,96(1,25(0,20  _,4 2050
/]
Tpu conpukacarommxcst Kabesi, MPOJIOKEHHBIE B TOPU30HTAIBHON INIOCKOCTH 0,6211,95(0,25 2050,
(v} *
JIBa conpuKacaromumxcs Kabessi, MPOJI0KEHHbIC B BEPTUKAIBHOMN MJIOCKOCTH 1,4210,86|0,25| _4 (. 2950
/]
/
7]
JBa Hecompukacaloluxcs kabess, NPOJIOKEHHBIE B BEpTHKaNbHOM miockoctd ¢|0,7512,80(0,30| __ z0.50]
*
3asopom D),
1Q
Z &
107
1
Tpu compukacaromxcs kabels, MpoIoKEHHbIE B OJJHOM BepTHKaIbHOMU iockoctu  |1,61(0,42(0,20 =100,
Tpu Hecompukacarommxcst KabOens, TIpOJIOKeHHble B OJHOW BepTHKaibHOM|1,31(2,00(0,20 20,50,
it
*
IUIOCKOCTH € 3a30poM D,
/]
/‘ wal
=)
/ -
/]
o

D 3HaYeHUS JJIA OAUHOYHOI'O Kabes TakKe MNPUMCHUMBI K KAXIOMY U3 Kabenei T'pyIiIibl, €CJIM OHU MPOJIOKCHDBI
TOPU30OHTAJIBHO € 3a30pOM MCKAY HUMH HE MCHCC 0,75 OT HAPYXKKHOI'0 AUaMeTpa Kabens.

o *
2b) Kabenu, npukpeniaeHHble HENOCPEACTBEHHO K BepTUKalbHOH cTene (D, He 6onee 0,08 M)

OnMHOYHBIN Ka0elb

1,69

0,63

0,25

Tpu kabest, pacronoxKeHHbIE TPEYTOIEHIUKOM

0,94

0,79

0,20

Tabmuua 3 - KoadpuuueHT noriaomeHus COMTHEYHON paJnaiiy MOBEPXHOCThIO Kabes

Martepuan o

butymHO-KyTOBOE MOKPBITHE 0,8

[onuxnoponpen 0,8

Homusuamwmxnopunaseiii wiactukatr (PVC) 0,6

IMommatunen (PE) 0,4

CBuHeN 0,6
Tabnuna 4 - 3sauenus koucraut U, Vu Y

Y ci1oBUs NPOKIIAJKU U |14 Y

B mertammmueckoM TpyOomnpoBoie 5,20 1,40 0,0110

B BoJIOKHHCTOM KaHase B BO3yXe 5,20 0,83 0,0060

B BoOKHHCTOM KaHajie B OeTOHE 5,20 0,91 0,0100




B acbOonemenre:

KaHaJI B BO3/IyXe; 5,20 1,20 0,0060
KaHal B OeToHE 5,20 1,10 0,0110
I"azonanonHeHHbIH Kabenb B TpyOe 0,95 0,46 0,0021
MacnoHanoJJHeHHbIN Kabesb B TpyOe 0,26 0,0 0,0026
|| TlmacTmaccoBbIe KaHABI 1,87 0,312 0,0037
Kepamuyeckue kaHaibl 1,87 0,28 0,0036
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Pucynok 1 - Cxema ¢ n300paxeHuEeM TPYHITEL U3 ¢ Kalelnel U UX OTPpaKEHUH B INIOCKOCTH 3eMJISI-BO3/LyX
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(xpyrIoi)
Pucynoxk 2 - 'eomerprueckmii hakrop G Ui ABYKHIBHOTO KaOeysl ¢ TIOSCHON M30JISIHUEH 1 KPYTIIBIMA YKHJIaMH (CM.
2.1.2.1)
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d, - nuameTp XUkl (KPyTJIoif)
Pucynox 3 - ['eomerpruueckuii pakrop G 11 TPEXKHUIBHOTO KaOess C MOSICHOW N30 U KPYTIIBIMH KIJIaMH (CM.
2.1.2.3)
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K - xo3dpuLMeHT S3KpaHUpOBaHUS; J; - TOJIIMHA METAJUIMYECKOT0 SKpaHa M0 U30JIMPOBAaHHON JKUIIE; Or - YAEIbHOE
TEIIJIOBOE CONPOTHBIICHUE U3OJISILNY; d, - TUAMETP >KWIIBI (KPYTJION); #; - TOJNIIMHA M30JISIIMU MEXY JKHIJIOH M DKPaHOM;
P - YACIBHOE TEMJI0BOE CONPOTUBIIEHUE SKPAHUPYIOLIET0 MaTepHana:

27-10 K-M/Br - 1s1 MEu;

48-10"* K-M/BT - 11 aNMFOMHHHAS
PucyHox 4 - TeruioBoe cOIpoTHUBIICHHE TPEX>KUIIBHBIX 3KPAaHUPOBAHHBIX Ka0eleil ¢ KpyTIIBIMH KHUJIaMH 110 CPAaBHEHHUIO
C TEIUIOBBIM COIIPOTHBIICHIEM COOTBETCTBYIONINX HEIKPAaHUPOBAaHHBIX Kabeneit (cm. 2.1.1.3.1)
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K - xoadduimenT sKkpaHupoBaHus; ) - TOJIIMHA 3KPaHa; Or - YAEIbHOE TEIUIOBOE CONPOTHUBIICHHE U30JIALUY; d, -
JaMeTp KPYTIIOH KHJIbI, UMEIOLIEH Ty XK€ IUIOMIAlb CEUCHUS U CTEIICHb YINIOTHEHUS; ¢1 - TOJIIMHA 30N MEXITY
JKHUIION U 3KPAHOM; P, - YAEIbHOE TEMJIOBOE CONPOTUBIICHUE YKPAHUPYIOIIErO MaTepHania:
27-10 K-M/Br - 1151 Meu;
48-10* K-m/Br - JUISL QIIFOMUHUS
PucyHok 5 - TeruioBoe cONpoTHBIIEHHE TPEX>KUIIBHBIX 3KPAHUPOBAHHBIX KalOeJseil ¢ CEKTOPHBIMH JKHJIAMH 110
CPaBHEHHIO C TETUIOBBIM COTPOTUBICHUEM COOTBETCTBYIOIINX HEIKPAaHHMPOBAHHBIX Kabemeit (2.1.1.3.3)
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Pucynok 6 - 'eomerpudeckuii pakrop G 118 onpeieIeHus TEIOBEIX CONPOTHBIICHHI 3al0IHIONEr0 MaTepUana,
HaXOJAIIETOCS MEXKIY 000I0uYKamMu U OpoHeit kabeneit TunoB SL u SA (cm. 2.1.2.2)
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PucyHok 7a - KoadduipeHT tennoBoro paccesiHus Ui kadenei ¢ 4epHOH MOBEPXHOCTHIO, TPOJIOYKEHHBIX Ha BO3IIyXe
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Pucynox 7b - KoadduuueHT TemnoBoro paccessHus i Kabesel ¢ Y4epHOM OBEPXHOCTHIO, TIPOJI0KEHHBIX Ha BO3AyXe
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Pucynok 7c¢ - Koaddurment temmoBoro paccesHus Uit kabeneil ¢ 4epHOil MOBEpPXHOCTHIO, IPOJIOKEHHBIX Ha BO3IAYXE
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Pucynok 8 - I'paduik pacuera BHEIIHErO TEIIOBOTO COMPOTHBIICHHS KabeleH, MPOI0KEHHBIX Ha BO3IyXe

Ipuioxkenne A
(cmpaBouHoe)

CgBeeHHsI 0 COOTBETCTBHY HAIIMOHAJIBHBIX cTaHAapTOB Poccuiickoii @egepanum cCbLI0YHBIM
MEKITYHAPOAHBIM CTAHIAPTAM

Tabmuua A.1

O003HaYeHHe CCHUIOYHOTO

O0o03HaueHre 1 HAMMEHOBAHUE COOTBETCTBYIOIIECTO HAITMOHAJIBHOTO CTaHaapTa
MEXIOYHAPOAHOTO CTaHOAapTa

MD3K 60287-1-1:2006 I'OCT P M3K 60811-1-1-2009 Kabenu snexrpudeckre. Pacuer HOMUHAIBHONH TOKOBO#
Harpy3ku. Yacte 1-1. YpaBHeHHe a5t pacueTa HOMHHAIBHOH TOKOBOH Harpy3ku (100 %-
HBII K03 puimerT Harpy3kn) u pacyer norepb. OOIIMEe TOT0KESHHUS

bubauorpagus

[1] MOK 60287-3-1:1995 Dnextpuueckue kabenu. Pacyer HOMHHAJIBHOW TOKOBOM Harpysku.
Yactp 3-1. Pa3gensl, kacaromuecs ycioBuil skcrutyatauuy. CTaHIapTHBIE YCIOBUS AKCIUTyaTalluu
u BeIOOp Tuma kabens (IEC 60287-3-1:1995) (Electric cables - Calculation of the current rating -




Part 3-1: Sections on operating conditions - Reference operating conditions and selection of cable
type)

KaroueBble cii0oBa: dJIEKTpUYECKUE KaOeNu, METOJ pacyeTa, HOMHHAJIbHBIH TOK, TEIUIOBOE
COINPOTHBJICHHE
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