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Pedepat. Onenka 1enecoo0pa3HOCTH MPUMEHEHUsT Kabeneil HampsbkeHueM 6—110 kB ¢ m3oums-
el U3 CIINTOrO IOJIMATHIEHA MO CPaBHEHUIO ¢ KaOeJsIMK Ha Te XKe HalpsDKEeHHS ¢ OyMakKHO-
MacIIsTHOH M30JIIMeH BBIOJIHEHa HA OCHOBE KpUTEpHUs IPUBEACHHBIX 3aTpaT. [Ipu 3ToM cpaBHH-
BAINCh MEXy c000i1 kKabenn pa3IMIHBIX KOHCTPYKTHBHBIX MCIIOJHEHHN U MaTepHaa H30JIIIHN:
TPEXXKWIBHBIE C OYMa)XKHOH M30JAIMEl U TPEX KWIBHBIE C M30JIIIMEH M3 CIIUTOTO ITOJIMITUIICHA,;
TPEXKUIbHbIE ¢ OyMaXKHOW M30JSIMENH U OJHOKUIIBHBIE C H3OJSILUEN U3 CIIUTOTO MOJIUATUIICHA;
OJTHOXHJIbHBIE MAcCJIOHANIOHEHHbIe Kabenu HanpspkeHueM 110 kB ¢ OymaxHoi# usomsuueit u ox-
HOXHUIbHbIE Kabenu HanpspkeHueM 110 kB ¢ u3omsnumeit n3 cummroro nonusTuiieHa. Y BelnUdeHne
JUTITENIFHO JOIYCTUMOTO TOKA Harpy3Kd Ha Kabenu ¢ M30MAIHMell U3 CIINTOrO MONM3THIIEHA H3-3a
OouIbIIel JOIMyCTUMON TeMIepaTyphl ero HarpeBa 10 CPaBHEHHIO C KaOelIsiMi ¢ OyMaskHO-Macs-
HOM M30JISIIMEeH COOTBETCTBYET KakK OBl YBEIMYSHHUIO IUIONIA I MONEPEIHOTO CEUESHHST KU Kabers
(B pasmepe 10 0,61 oT mepBOHAYANEHOI) U, CIETOBATENHHO, 00ECHIEINBACT CHIDKEHHE CTONMOCTH
KaleJst 3a CUeT CHIDKEHHS CTOMMOCTH M3TOTOBJICHUS TOKOIPOBOASIIMX Wil IIpuBeneHHbIe 3a-
TpaThl HA COOPYXKEHHE M SKCILTyaTalnio KaOeIbHBIX JMHHUN C W30JSIIHEH U3 CIIUTOTO MOIU3TH-
nieHa (Ipy MOBBIICHUH CTOMMOCTH Kabens B 1,2 u 2 pa3a O CPaBHEHUIO CO CTOMMOCTBIO KaOems
C TPEX’KWIBHOW M30JISIIMEN), HECMOTpPS HA CHWKEHHE 3aTPaT Ha U3TOTOBJIEHHE TOKOMPOBOASIINX
KU M CHHIKEHHBIE TOJIOBBIE 3KCILTyaTaI[HOHHBIE pacxoas! (Ha 9 n 17 % coOTBETCTBEHHO Kabemb-
HBIC JIMHUK HanpspkeHueM 70 35 u 110 kB), oka3piBatoTCsi OONBIIUMHE MPUBEACHHBIX 3aTpaT Ha
COOPY)KEHHE U JKCIUTyaTalMio KaOembHBIX JIMHUK ¢ OyMaXHOW M3orsiueil. B Hacrosmee Bpems
CTOMMOCTb OJIHOTO MeTpa Kalensl ¢ M30JIIHel W3 CIINTOTO IOJMITHIEHa MEHbIIe CTOMMOCTH
kaoeneii TunoB AAB, IIACB, AAILIB HanpspxeHuneM 10 kB ¢ aTlOMHUHUEBBIME JKHJIAMH, 9TO 00ec-
neunBaeT 0e3ycaoBHYIO 3P PEeKTHBHOCT X TPUMEHEHHSI.
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The Efficacy of the Cables of 6-110 kV
with XLPE Insulation

Part 1

M. A. Korotkevich?, S. I. Podgaiskiy?, A. V. Golomuzdov?

YBelarusian National Technical University (Minsk, Republic of Belarus),
2JSC “Energokomplekt” Industrial Association (Vitebsk, Republic of Belarus)

Abstract. The assessment of the suitability of cables of 6-110 kV with XLPE insulation in com-
parison with cables of the same voltage but possessing paper-oil insulation has been fulfilled
on the basis of the criterion of reduced costs. Thus, the comparison was undertaken between cables
of various design and material of insulation: three-core paper insulated ones vs. three-core XLPE
insulated ones; three-core paper-insulated ones vs. solid wires with XLPE insulation; single-core
oil-filled cables of 110 kV with paper insulation vs. solid wires of 110 kV with XLPE insulation.
The increase in long-term permissible current loads for cables with XLPE insulation because of
the larger permissible temperature of heating in comparison with cables with paper-oil insulation
complies with as would increase in the cross-sectional area of cable cores (equal to 0.61 from the
original) and therefore reduces the cost of the cable by reducing the cost of manufacture of con-
ductors. The reduced costs of the construction and operation of cable lines with XLPE insulation
(accounting the increase in the cost of a cable 1.2 and 2 times as compared with the cost of a cable
with three-core insulation), despite the decline in the cost of manufacture of conductors and the
reduced annual operating costs (9 % and 17 % respectively of cable lines of voltage of up to 35 kV
and 110 kV), occurred to be more than the reduced costs of the construction and operation of cable
lines with paper insulation. Currently the cost of one meter of cable with XLPE insulation is less
than the cost of cables of AAB, CASB, AASV types of a voltage of 10 kV with aluminium cores,
that ensures their undeniable efficacy.

Keywords: cable transmission lines, XLPE, paper-oil insulation, reduced costs, production cost of
the cables, capital investments

For citation: Korotkevich M. A., Podgaiskiy S. I., Golomuzdov A. V. (2017) The Efficacy of the
Cables of 6-110 kV with XLPE Insulation. Part 1. Energetika. Proc. CIS Higher Educ. Inst. and
Power Eng. Assoc. 60 (5), 417-432. DOI: 10.21122/1029-7448-2017-60-5-417-432 (in Russian)

BBenenne

B nocnennue roapl B ANEKTPUUECKHUX CETSIX CTalIM MPUMEHSATh TPEX:KUIIbHBIE
kabenu Ha HampsbkeHue 6—35 kB, a Takke OTHOKHIIBHBIC KaOeln Ha HampshKe-
Hue 10 110 kB ¢ momusTrneHoBol m3omsmuell. HecMoTpst Ha Gosiee BBICOKYIO
CTOMMOCTb IO CPaBHEHHUIO CO CTOMMOCTBIO Kabemeil ¢ OyMa)KHO-MaCITHOW U30-
JsIIMed, OHM 00JaJaloT HEOCTIOPUMBIMHU MPEUMYIIECTBAMU TEpe] KaOelsiMu C
OyMaKHO-MAaCIITHON M30JIAINEH:

— 3HAYUTEIBHO MEHBILIECH MOBPEXKIAEMOCThIO (Ha OIMH-IBA MTOPSAKA);

— MEHbLIEH MacCoH;

— HEOrpaHUYEHHOH Pa3HOCTBHIO YPOBHEH MPOKIaAKH (y Kademnei ¢ OyMaHO-
MAacCJISTHOM M30JIAIHe OTMEUeHHas pa3HOCTh He JOJHKHA MPEBHIIATh 15 M);

— BO3MOYKHOCTBIO H3TOTOBIECHHS KaOelel IUIOMIaabl0 CEYEHUS KU 0
1200 mm* (BMecTo 240 MM® y Kabereii ¢ 6yMaXkHO-MACISHOMN H30/IAIHe);

— OoJee BRICOKUM TOKOM TEPMHUYECKOM CTOHKOCTH (IOITycTUMAsi TEMIEepaTy-
pa Harpesa 250 °C Bmecto 200 °C);
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— OOJIBITICH MPOIYCKHOM CITOCOOHOCTBIO 33 CUET 00Jiee BBHICOKOM ITOIYyCTH-
Moit Temnepatypsl Harpesa kit (90 °C Bmecto 70 °C);

— MEHBIIUM JIOITyCTUMBIM PallyCcoM H3ruoa;

— BO3MOKHOCTBIO TIPOKJIAJKK NpH Temieparype 10 munyc 20 °C 6e3 mpen-
BapHUTEIBHOTO MOJIOTPEBA;

— OoJiee BBICOKMM COTMPOTHBIICHHEM H30JIALMHU MpH pabodeld TeMiiepaType
KU U, CJIEAOBATEIbHO, MEHBIINMH IUINEKTPUYECKUMHU MOTEPSIMH (OCOOCHHO
ipu Hanpsokeann 110 kB).

Brimyckaemble npennpustTHeM «OHEPrOKOMIUIEKT» Ka0enu pas3iuyaroTcs
10 BBIMOJIHEHUIO PA3IEJIUTENbHBIX CJIOEB O MEIHOIO 3KpaHa (IEepBBIH CIIOM)
U TIocIie HeTo (BTOPOH CIloi), Hanmu4dreM OpOoHU (TPEX>KWIIbHBIE KaOenw Hamps-
xeHneM 6-35 kB) unm ee oTcyTcTBHEM (OTHOXHIIbHBIC KaOelnu Hampshke-
Huem 6-110 kB), Hanmuumem BHyTpeHHEH 0000YKM (OJHOXKWIBHBIE KaOemH
HanpspbkeHueM 6—110 kB ¢ altfOMUHHEBBIMU JKWJIaMHU W TPEX>KWIbHBIE KaOenw
HanpsbkeHueMm 6—35 kB ¢ MeHBIMH KUJIaMH) U €€ OTCYTCTBUEM (OTHOXKHIIbHBIE
Ka0enu ¢ MeTHBIMU XKHIaMu HanpsbkeHrneM 6—110 kB).

LenecooOpa3HOCTh MpUMEHEHHUsT Kabelneil ¢ M30MAIUeil U3 CIIUTOrO TMOJH-
9TUJICHA MO CPABHEHMIO C KaOensiMu ¢ OyMa)KHO-MAaCIISIHOM M30JIALUeH paccMoT-
PUM IPUMEHHUTENIBHO K KaOEIbHBIM JIMHUSM, BBIITOJTHEHHBIM KaOeIsMu:

— TPEXKWIbHBIMUA IUIOIIAJBI0 TOMEPEUHOro ceueHust xun 35-240 MM
HarpspkeHueM 635 xB;

— OJTHOKWJIBHBIMU TIJIOUIA/IbIO MONEPEYHOro ceueHust xui 35-240 MM (ka-
0emny ¢ M30JIALUUeH U3 CHIMTOrO MOJMITHIIEHA) U TPEXKUIIBHBIMH IUIOMAABIO T0-
TIEPEYHOro ceueHus Kui1 35-240 Mm® (kabemu ¢ GyMasKHO-MAC/SHON M30IALH-
eil) HanpspkenueM 6-35 kB;

— OJHOXWIBHBIMU IUIOMIAJIbIO TomepeyHoro cedenus >kun 150, 185, 240,
300, 400, 500, 630 MM (xabenu ¢ M30IBIIUEH U3 CITUTOTO MONMMATUIICHA) U OJT-
HOXXWJIBHBIMH TEX € IUIOLIa/IeH MONePEeYHOro CeueHus Kl (Kabeau MaciioHa-
TTOJTHEHHBIE ¢ OyMaXHO-MaCJITHOWM M3oJisnre) HanpsokerneM 110 xB.

Jliisl OLIeHKH yKa3aHHOH 11e71ecO00pa3HOCTH IPUMEHEHHSI CHIIOBBIX 3JIEKTPH-
4ecKUX Kalesel ¢ M30JALUel U3 CIIUTOrO IOJMITHIICHA IO OTHOLICHUIO K Ka-
OensiM ¢ TPONUTAHHOW OyMa)KHOM H30JIALMEH BOCIONB3yeMCs KaK METOIOM
NPUBEJICHHBIX 3aTPaT, TaK U METOJOM MHOTOLICNICBOM onTiuMu3anuu [1, 2].

2

OmnpenesieHne NpUBeAeHHBIX 3aTPaT

[IpuBeneHHBIE €XETOAHBIC 3aTPAThl HA COOPYKEHUE M IKCIUTyaTallUIO Ka-
oenpHOM MuHMM K, ; 1 pacXo0B Ha ee dKcIuTyaTtanuio M 3amiuceIBaloTes Kak

3=EK,,+U, 1)

rae E, — ko3pdunueHT 3pGeKTUBHOCTH KalUTAIbHBIX BIOXKCHHH (IIpHU CTaB-
ke peduHancupoBaHuss HammonamsHoro Oanka PecrmyOmukm bemapych, pas-
Howt 15 %, E, = 0,15).

PaccMOTpuM COOTHOIIIEHUE COCTABIJISIIOIIUX BbIpakeHUs (1), OTHOCSIIMXCS
K KaOCNbHBIM JIMHUSAM C KaOCISIMU C W3OJSAIUCH W3 CHIMTOTO TMOJIMATHICHA H
OyMa)XHO-MAaCIISTHOW U30JISAIIUEH.
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KanurajabHbie 3aTpaThbl HA COOPYKCHUE Ka0eJbHOU JJUHUHU

VYkazanneie 3aTpathl K, cocTosT u3 3aTpar Ha mnpuoOpereHue kadems K
W 3aTparT Ha ero npokianky K.

B cymMMapHOW CTOMMOCTH COOPYIKEHHUS KaOeIbHBIX JIMHUH CTOMMOCTh Kabe-
neit cocrapnsieT B cpeqHeM 48 % s nuHMNA HanpsbkernneM 6—10 kB; 57,5 % —
Jutst U HanpsbkerneM 35 kB [3]; 23-52 % wnu B cpennem 37,5 % — nns nu-
Huil HanpspkeaneM 20 kB [4] u 33 % — nus nuauit Hanpsbkennem 110 kB [3],

K

T. €.

= 0,48; 0,375; 0,575 u 0,33 cOOTBETCTBEHHO IJI1 KAOCIbHBIX JTUHHMI

K1
Hanpspkeanem 6—10; 20; 35 u 110 xB.

CTOMMOCTh MPOKJIAAKH TPEXKHIbHBIX KaOelel ¢ BA3KOW WM MCKYCCTBEH-
HOM M30JIAIIMEH MOXXHO CUMTATh OJMHAKOBOW M paBHOI 52; 62,5; 42,5; 67 % o1
CyMMapHOW CTOMMOCTH KaOeIbHOW JIMHUM COOTBETCTBEHHO ISl JTMHWIMA HAIps-
skenueM 6—10; 20; 35 u 110 kB. 31eck cTOMMOCTH MPOKIAIKH OLICHUBATACH KAK

o R @)

i K.J1
K.J1

OTHONICHHE CTOMMOCTH COOPY>KCHHS KaOCIbHOU JTUHUH C KaOCISIMH C H30-
JAIMEeR U3 CIIMTOro HmoimmdTHiAeHa K[ K CTOMMOCTH cOOpy:KeHHs KaOelnbHOH
JUHUH C Ka0eIsiMu ¢ OyMaskKHO-MaCIISTHON u3ossiueit K, mpencraBuM B BUIE

K" o, -1
s B (3)

a,

K
rae o, = KM

— KO3 QHUIUEHT, YUUTHIBAIOIINH, BO CKOJIBKO pa3 CTOUMOCTb CO-

K
OpyXKeHHS KaOeIbHOW JIMHUW TMPEBBINIAET CTOMMOCTh COOCTBEHHO KaOers, 3Ha-
geHue oy paBHo 2,08; 2,67; 1,74 u 3,3 COOTBETCTBEHHO IJIs JIMHUN HAmpsmKe-

HueM 6-10; 20; 35u 110 xB; a, =% — KO3 OUITUCHT, YIUTHIBAIOIIUHN yBEIHU-

K
YEHHUE CTOMMOCTH KalOessl ¢ M3O0JSAIHeld M3 CIIUTOTO MOJHMATHIICHA 110 CpaBHe-
HUIO CO CTOMMOCTBIO Ka0ens ¢ KOMOWHHMPOBAHHOW W3OJIALMEH, 3HAYCHUE O
0OJIbIIIe €MUHUIIBI, HO XOTEIOCh Obl, YTOOBI OHO OBUIO PaBHO WJIM MCHBIIE €U~
HUIIBL

IIpu o, < 1 cTOUMOCTDh COOpPYKECHHS KaOCIbHOM JIMHUN ¢ KaOeneM ¢ U30J1s-
UEeH W3 CIIUTOTO TMOJHITHIICHA HE TMPEBBINIAET CTOMMOCTH COOPYXKEHHsS Ka-
OcTBbHOM JTMHUH ¢ KabeneM ¢ OyMaXHO-MaCITHOW H30JISAIIHCH.

Ecmm o, > 1 (o, = 1,2 (1,5; 2,0)), TO CTOMMOCTE COOPY KEHMUS KaOETBHOM JTH-
HUM C KabeneM ¢ MCKYCCTBEHHOW H3OJISAIMEH BBIIIE CTOMMOCTH COOPYIKEHHUS
KaOeTsHOM TMHUY ¢ KabeneM ¢ KOMOMHHUPOBAHHON M30JISIIHCH.
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3navyeHue o, < | UMeeT MecTo, HalpuMep, NpU CPAaBHEHUH CTOMMOCTHU CO-
OpYXEHHUS KaOelbHON JIMHUU ¢ KaOelleM ¢ MOJMATUICHOBOW M30JIsIIKel Co CTOo-
UMOCTBIO COOpPYKEHHsI KaOelbHOW JMHUU ¢ KabeneM ¢ OyMa)XHOH H30JsLIMeH,
MPOMTUTAHHOMN HECTEKAIONIMM H30JISIIMOHHBIM COCTaBOM, HalpUMED, IePE3NHOM
(xabenu, mpejHA3HAYCHHBIC JJISI TPOKIIAJKH HA BEPTUKAIBHBIX M HAKIOHHBIX
Tpaccax 0e3 orpaHMUYCHHS Pa3HOCTH YPOBHEH, Hanpumep, kadeis tuna LIACB).

COOTHOIIIEHUSI CTOMMOCTEH COOpYKEeHHsI KaOenbHBIX JIMHUHA C KabemsMu
C Pa3NUYHON U30ILKEH, onpeaeeHHbIe 1o (3), mpuBeacHbI B Ta0m. 1.

Tabauya 1
CoOTHOLIEHHS CTOMMOCTEN COOpY:KeHHsI Ka0eJIbHbIX JUHMI
¢ KaleJsIMH ¢ pa3JIM4HON U301 el
The ratio of the costs of construction of cable lines
using cables with various insulations
HomunanbHoe Kix
(251 2%] -
HanpspKeHUe JTUHUM, KB K
12 1,10
6-10 2,08 1,5 1,24
2,0 1,48
12 1,07
20 2,67 1,5 1,19
2,0 1,37
12 1,11
35 1,74 15 1,29
2,0 1,57
1,2 1,06
110 3,33 1,5 1,15
2,0 1,30
Ipumeuanue. K, ,, K| — cTouMOCTb coOpyskeHus KaOenbHOM JTMHMM ¢ KaberneM ¢ Oymak-
HO-MacCJIIHON M30JISILMEN U C N30JIALKEN U3 CIIUTOrO MOJUATUIICHA.

Kax BumHO 13 maHHBIX Ta0d. 1, yBEeNHUECHNE CTOMMOCTH Ka0esl C M30JISIIHEH
M3 CIIUTOTO TMOJIMATHIICHA TI0 CPABHEHUIO CO CTOMMOCTBIO Kabels ¢ OyMakKHO-
MaclisTHOW m3ouisiier B 1,2...2 pa3a mpuBeleT K YBEJIWYCHUIO CTOUMOCTH CO-
OpY)KEHUS JIMHUU C KabelneM ¢ H30JSAIMed W3 CIIMTOTO TOJUITHUIICHA B
1,1...1,48; 1,07...1,37; 1,11...1,57; 1,06...1,3 pa3a COOTBETCTBECHHO JJIsl TMHUH
HamnpsbxeHueM 6—-10; 20; 35; 110 kB.

IIpu comocTaBneHUN KanWTaIbHBIX 3aTpaT Ha COOPYXKECHHUE KaOEeNbHOU JIH-
HUU C OJTHOKWJIBHBIMH KaOesiMH C HM30JSAIMEH U3 CIIUTOr0 TOJUITUIICHA C
TPEX)KWIBHBIMU KabelssMi ¢ OyMa’KHO-MACJITHOW W30JIAIHeH HEo0X0IUMO
MMETh B BUJYy CHI)KCHHUE 3aTpaT HAa MPOKJIAJIKY Ka0ells ¢ U30JIALUeH U3 CIIUTOrO
MOJIMATHIICHA 33 CYUET:

— MeHbIIIeH Macchl 0apabaHoB ¢ kabeeM, BEHIBOSHUMBIX Ha TPacCy;

— HE0OXOJIMMOCTH MOHT)Ka MEHBIIIEr0 KOJMYECTBA COCIUHUTEILHBIX My(T
13-32 OOJIBIIUX CTPOUTEIILHBIX JITUH KaOes;
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— MEHBILIEr0 JUaMeTpa KaXIO0ro U3 OJHOXKHMIBHBIX KaOeliel M0 CpaBHECHHUIO
C TPEXXKUIIBHBIM KabeaeM ¢ OyMakKHOM U30JIAIHEH;

— MEHBIIIETO JOMYCTUMOrO paJnyca U3ruda 1o CpaBHEHHUIO ¢ TPEXKUIbHBIMU
Ka0eJIsIMU ¢ aJITFIOMHMHUEBOI 000JIOUKOIL;

— OTCYTCTBHSI HEOOXOJMMOCTHU MPOrpeBa Kadess MPU MOHTaXe B YCIIOBHSIX
OTPHIIATEIHHBIX TEMIIEPATYD.

Macca 6apabaHOB kabeneit A1 cCoopyKeHus | KM JIMHUU OmnpesiesicHa HaMu
10 JIaHHBIM [5-7].

Macchl 6apabaHOB ¢ TPEXXKUIBHBIM ¢ OyMa)XHO-MacyisitHOU m3ousiiuei G .

¥ OIHOXWJIBHBIM C M30JBIIMEH W3 CIIUTOro moimdTmwieHa Gg, kabemsiMu Juis
COOPYKECHHS JTUHUH TPOTSHKEHHOCTHIO 1 KM OyIyT paBHBEL.

GG.K = Gl6apm6ap + qyu;

" g (4)

I Il
16apMeap +3:010,

rae Gig,p — Macca 6apabana Ge3 kabens, UL JepeBsSHHBIX OapabanoB Ne 20, 22, 26
pasHa coorBercTBeHHO 800, 1020, 1700 Xr [8]; Mgyp, m‘gap — KOJIMYeCTBO Oapa-

0aHOB Ui pa3sMEIlEHHs TPEXKHIBHOTO M OJHOXKHMIBHOIO KaOened, Mg, =
= @ mh = M -
I

K k(1)
KUIbHOTO Kabenel, Kr/kM; {y, {) — JUIMHA TPEX>KUIBHOTO U OAHOXHIBHOIO
kabenel, ymeraeMbIx Ha OapabaHe.

Hamu yctanoBneHo, uto Macca 6apabaHoB ¢ TPEXKUIBHBIM KabeJeM ¢ ajro-
MUHHEBBIMU KHJIAM{, CBHHLOBON O0OJOYKOH M OyMa)KHO-MaclsTHOH HW30JIs-
e, MPONMMTAHHON HECTEKAIOITUM COCTaBOM, Ha HampsbkeHue 6 u 10 kB 601b-
11e Maccel 6apabaHoOB ¢ TPEXKUIBHBIM KabeneM Ha Te e HalpsDKEHHS C U301~
[Mel U3 CHIMTOTO MOIUATUIIEHA TpUMepHO B 1,3 pasa.

Macca 6apabaHOB ¢ TPeXKWIBHBIM KabeneMm ¢ OyMa)KHO-MacIsSTHOW H30JIs-
UeH C aJIOMHHUEBBIME XHUJIaMU M aTIOMUHUECBBIMH 000JIOYKAMH Ha Hampsbke-
Hust 6 u 10 kB MeHbIIe, a coO CBUHIIOBOM 000J10YKO# 00JIbIlIe MacChl OapabaHOB
C TPEXKIILHBIM KaOeJeM ¢ aTFOMIHHEBBIMH KIJIAMHU U U30JISAIHAEH U3 CIIUTOTO
nmoymaTUIIeHa mpuMepHo B 1,12 pa3za.

Macca 0apa0aHOB C OJHOXWJIBHBIM KaOeJeM C allOMUHUCBBIMU S>KHJIAMU
C M30JALMEN U3 CIIMTOTO TOJHMATHIICHA MEHBIIIE MACChl TPEXKUIHHOTO KaOes
C MPONHUTAHHOH W HE TPOIUTAHHOW HECTEKAIOIIUM COCTaBOM H3OJIAIUEH Ha
HanpsokeHUst 6 1 10 kB ¢ anfOMHHHMEBBIMH KWJIAMH Ha T€ )K€ HAIPSKEHUS
C U30JISIMEN U3 CIIMTOrO NMoJu3TUIeHA B 1,3 pasa.

Macca 6apa0aHOB ¢ OAHOXHJIBHBIM MAaCJIOHAIIOJHCHHBIM Ka0elieM ¢ METHBI-
MU XKuJaMd 1 OyMaxHOH m3ossinued Ha HanpspbkeHue 110 kB Gosble macchl
OapabaHOB Cc KabejaeM C MEIHBIMHU KHJIAMH C U30JILUEN U3 CIIUTOTO MOJIUAITHU-
JieHa, HeOOXOMUMON ISl COOPYXKEHHsSI OJHOTO KHIIOMeTpa JWHuH, B 1,4 pasa
(MenmHbIe xWITbI) U 1,6 pa3a (ATFOMIUHHEBBIE KHUIIBI).

CTonMOCTh COOpYKEeHUs KaOeNbHON INHUM MOKHO TIPEICTaBUTh KaK

Oyn Oy — YZACIBHAs Macca TPEXHKHIBHOIO M OJHO-
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K., =K +K =K, 1+ErI =K (1+a;), (5)

K

TIE Olg :%21 — k03¢ unmeHT, yKa3pIBaOIIUN, BO CKOJIBKO pPa3 CTOMMOCTh
K
MIPOKJIAIKN KaOeJs MPEBBIIAaeT CTOMMOCTh CaMOro KabOens, 3Ha4eHHE Oz, II0
naaaeiM [10 «OHeprokoMIuiekT», paBHo 1,0 (as muHMNA ¢ KabemsMu ¢ OyMax-
HO-MaCJISTHOHM m3osmmeit) u 2,0 (1 TUHUA ¢ KaOeIsIsMu ¢ U30JISIUeH U3 CIIU-
TOTO TTOJIMATUJICHA).
[Ipu mpUHSATHIX yCIOBHUSIX CTOMMOCTh COOPYXEHHS KaOelTbHBIX JHHHUNA C Ka-

. N . 2
OensMH ¢ Pa3IMYIHOU U30JIAUCU 6y}16T OJMHAKOBOM, €CJIN KE = EKK , T. €. €CCIIN

CTOMMOCTD KaOels ¢ M30JSAIHeH W3 CIIMTOTO MONHUATHIIEHa Oy/IeT MEHbIIE CTO-
MMOCTH Ka0els ¢ TPaAUIIMOHHON M30JISAIUeH (TaKoe COOTHONICHUE MOXKET UMETh
MECTO TPU PACCMOTPCHHUU NPUMCHEHUs KaOesiel ¢ allOMUHUCBBIMU JKUJIAMH
¢ OyMaXHOI HM30JAIHEH, TPONUTAHHOW HECTEKAIOIINM COCTABOM C I[EPE3HHOM,
1 kabenel ¢ aTFOMUHHEBBIMH JKHJIAMH ¢ M30JISAIMEH U3 CIIUTOTO MOJUITHIICHA
C HapyXHOU TOJUITUIICHOBOW O0OJIOYKOW C JICHTOYHOUW CTaabHOW OpOHEW WM
0e3 Hee).

B npyrux paccmarpuBaeMsix cutyanusax K =(1,2;1,5; 2)K, u Torna

K" K'(1+2) 1,5(1,2..2,0)K,

K.JI

~1,8(2,25;3),

K., K1+ K

K.J1 K

T. €. CTOMMOCTh COOpPYKCHUs KaOelIbHOW JTHUHHM C KaOeleM C H30JSIHed u3
CIITUTOTO TTOJTMATHIICHA TIPEBHITIIAET CTONMOCTH COOPYKEHUS KaOSITHbHOM JTUHUH C
kabeneM ¢ OyMaXKHOU MponuTaHHO# u3omsuei B 1,8...3 paza.

[Ipu oneHke cromMocTH KaOee ¢ M30JSAIHMENH U3 CIIUTOrO TMOJIMATHIICHA
HEO0OXOMMO yUYHUTHIBATh (hakT YBEIHMUEHHUS MPOITYCKHOW CITOCOOHOCTH Kaberei
3a CUeT POocTa AOIMYCTUMOM TeMIIepaTyphl HarpeBa >KuJl.

COOTHOIIEHUS JTUTEIBHBIX JIOMYCTUMBIX TOKOB HArpy3KH JJIsl TPEX:KUIb-
HBIX KaOenei c alfOMUHHUEBBIMA M METHBIMU JKWJIAMH C OyMa)KHO-MAacCIISTHOM
M30JISIIUEH U TPEX)KUIBHBIX M OJHOXKHMIBHBIX Ka0eliel ¢ U30JIAIUeH U3 CIIUTOrO
nonusTuieHa HanpspkerueM 6; 10; 20; 35; 110 kB npu npoxnaake B 3emie npu-
BEJEHbI, B COOTBETCTBUH C JaHHBIME [5—7] B Tab. 2, 3.

YBenuueHUe JUIUTENBHOTO JOIMYCTHMOI'O TOKAa COOTBETCTBYET Kak OBl pOCTY
He00X0IMMOH TUTOIIAIAN MTOTIEPETHOTO CeUeHMs KT kabens OF, T. e.

5F =ji(|;—|ﬂ), (6)

Tle j; — HOpMHUpyeMasl TUIOTHOCTh TOKa, I Kabeneil ¢ OyMa)KHON M30smueit
C QIFOMUHHMEBBIMH (YUCIUTENh) WM MEIHBIMH (3HAMEHATENh) JKWIAMU PaBHA
1,6/3,0; 1,4/2,5; 1,2/20 A/mm? (TIp¥ UCTIOB30BAHUY MAKCUMAIIBHOM HATPY3KH 10
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3000 u; 3000-5000 4 u 60mee 5000 u) [S]; 1}, |, — AMTENBHO IOMYCTUMBIH TOK

Ha Ka0eJu ¢ MONMATUIICHOBON W OYMa)KHOH M30JIAIIHCH.

Tabauya 2
CooTHOIIEHHE AONMYCTHMBIX JUIMTEIBHBIX TOKOB HATPY3KH 1JIsI TPEX:KHIIbHBIX
M OTHOKWJIbHBIX KafeJeii ¢ aIIOMHHHEBBIMH KHJIAMH ¢ OYMaKHOW M30Jsiueit
W M30JIsIIMell U3 CIIMTOrO MOJIMITHJIeHA MPH MPOKJIAIKe B 3eMJIe

The ratio of the permissible continuous load currents for three-core cables
and solid wires with aluminium cores with paper insulation
and XLPE insulation for burying a cable

VBenaudeHue miomagu

JlnurenbHO NOMYCTUMBIH TOK, A, 2
[OTIEPEYHOT0 CEYCHHUS, MM*,
TTnomane TpH HANpPDKCHHH TIpH HATIPSDKCHUU
1onepesHoro 10xkB | 20u35xB | 110kB
CEUYEHMS KU, 10 kB, 20 u 35 kB, 110 B,
MM [0 JAHHBIM | O JAHHBIM | 1O gamHmpivM | AYU1 THCHA | JUDTHHCHIA | UL 1ucia
KU KU KU
[51 | [6] [ [51 | [6] | [71 | [6] | 3 1 3 1 1
1 161
50 140 ﬁ 125 i - - 11,4 | 21,4 | 25,7 | 35,7 -
170 175
193 199
70 165 | — | 155 | — - - 20,0132,1 (314|428 -
210 215
2 2
95 205 ﬁ 185 E - - 20,0 | 34,3 | 34,3 | 48,6 -
253 253
2 2
120 240 765 210 765 - - 17,8 | 34,3 | 39,2 | 55,7 -
288 288
300 300
150 275 | — | 240 | — | 320 | 360 | 17,8 | 33,6 | 42,8 | 58,7 28,5
322 322
185 310 @ 275 @ 354 | 396 | 20,0 | 18,6 | 45,7 | 64,2 30,0
364 365
392
240 355 22 - - 390 | 455 | 26,4 | 214 | - - 46,4
400 - - - - 470 | 587 - - - - 77,8
500 - - - - 510 | 654 - - - - 102,8
630 - - - - 542 | 719 - - - - 126,4

Ipumevanns: 1. Yucnurens — sl TPEXXKUIBHBIX, 3HAMEHATENIb — JUIS OJHOXKHJIBHBIX Ka-
Gerneil ¢ aMIOMUHHEBBIMH JKHJIAMU C H30JIIMEH U3 CIIUTOTO MOJUITUIICHA.

2. Ha nanpspxennn 110 kB paccmarpuBaloTcss OXHOXKWIBHBIE MAaclIOHANONHEHHBIE KalelH
HU3KOTO JIaBJICHHS C aTFOMHHUEBBIMH JKHJIaMH ¢ OyMa)KHOI M30JIIUel 1 OTHOKUIIbHBIC KaOelH,
KOTOPBIE PACIIOJIOKEHBI IT0 TPEYTOJIBHUKY, a SKpaHbl Kabenel CoeMHeHBI MeXy COO0H U 3a3eM-
JIEHBI C JIByX CTOPOH.

W3 manubIX Tabn. 2 (korma Kabenmw C aTfOMHUHHUEBBIMHU JKUJIAMHU IPOKJIAIbI-
BAOTCS B 3eMJISHBIX TpaHIIesx) u popmyisl (6) (mpu j, = 1,4 A/mm®) crenyer,
YTO yBEINYEHHE IIOIIAAN MTONIEPEYHOro ceueHus OF cocramiser:

— TpeX’KWIbHbIE KabeIbHble TMHUH HanpsbkeHueM 10 kB:

(0,21-0,28)F — mpu F = 50-95 mm?; (0,11-0,15)F — npu F = 120-240 mm?,

rae F — mromans monepevyHoro ceueHUs KUl Kades;
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Tabauya 3
CooTHOIIEHHE TOMYCTHMBIX JJINTEIbHBIX TOKOB HATPY3KH JISl TPEXKAJIbHBIX
H OTHOKWJIbHBIX KaeJeil ¢ MeTHBIMM JKUJIAMHU ¢ GyMaKHOM H30/sinmeii
M U30JIsIHell U3 CHIMTOrO MOJIMITHIIEHA IPH NPOKJIaJAKe B 3eMJIe

The ratio of the permissible continuous load currents for three-core cables
and solid wires with copper conductor with paper insulation
and XLPE insulation for burying a cable

JnurenbHO NOMYCTUMBIH TOK, A, VBenuueHue ionau nonepeqHoro
IIPY HaIPSKEHUH CEUCHHUS, MMZ, IIPY HaIPSKEHUH
TLnomans 10xB | 20xB | 35xB |110kB
nonepeunoro| 10 kB, 20 kB, 35kB, | 110 kB,
Ce‘ieHI/Iﬂz)KI/IH, 1O JaH- | 1O JaH- | 1O MAH- | MO JAH- | oo | nng uyena | s uncia It
MM HBIM HBIM HBIM HBIM - - — quciia
JKHIT
[51) [6] |[51| (6] |[5) (6] |[71(6]] 3 |1 |3 |]1|3]1 1
2 24
70 215 E 200 i - | - - | - [15,2124,0{19,2(30,0| - - -
275 275
300 300
95 265 — (240| —| - | - - | = (1401(24,4(24,0|34,4| - - -
326 326
4 41 41
120 310 Q 275 L 270 L - | - 112,0|24,0126,4(38,0{28,4|40,0| -
370 370 370
150 355 ﬁ 315 ﬁ 310 & 320(440(11,6 {23,2|27,6|39,2|29,6(41,23| 48,0
413 413 413
433 433 433
185 4000 — [355|—| — |——=|354|480|13,2|26,4|31,2|44,4| — - 50,4
466 466 466
240 460 @ - @ - | - |390(537|16,0(30,8| - - - - 58,8
537 537
300 - - - - | =1 - 1430(581| - - - - - - 60,4
400 - - - | = | - | - |478|644| - - - - - - 66,4
500 - - - - | =1 - 1510{693| - - - - - - 73,2
630 - - - | = | = | - |542|737| - - - - - - 78,0

Ipumeuanus: 1. YucnuTens — U1 TPEXXKWIBHBIX, 3HAMEHATEIb — U OJHOKIJIBHBIX Kabe-
Jeit ¢ MEHBIMH JKUJIAMU C M30JISIIMEN U3 CITUTOTO MOJUITUIIEHA.

2. Ha nanpsoxennn 110 xB paccmarpuBaioTcsi OHOXKWIBHBIE MAacJIOHANONHEHHBIE KaOenw
HU3KOI'0 JaBJICHUs, KOTOPBIE PACIIOJIOKEHBI IO TPEYrOJIbHUKY U MMEIOT COCAUHECHHBIE MEXKIY
c000if 1 3a3eMJIEHHBIE C ABYX CTOPOH 3KPaHBI.

— TpeXKWIbHBIC KabenbHbIe JIMHNKA HanpspkeHneM 10 kB ¢ OymakHON M30-
JISAUEH W OJHOXKIIbHBIC KaOCNbHBIC JIMHUKM C M30JSAIHMENH W3 CIIUTOrO IOJH-
STHJICHA!

(0,36-0,45)F — pu F = 50-95 mm?; (0,1-0,28)F — mpu F = 120-240 Mm?;

— TPEXKWIbHBIC KaOeIpHbIC THHUH HanpspDkeHueM 20-35 xB:

(0,36-0,45)F — mpu F = 50-95 mm?; (0,25-0,32)F — npu F = 120-240 mm?;

— TPEXKWIbHBIC KaOenpHbIe JTUHUN HampspkeHueM 20 u 35 kB ¢ Oymax-

HOHM M30JSIUEN W ONHOXWIbHBIE KaOEIbHBIE TUHUNA C W30JIALNEN U3 CIIUTOTO
MOJIUATUJIEHA:
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(0,51-0,7)F — pu F = 50-95 mm?; (0,35-0,46)F — ipu F = 120-185 mm?;

— OJHOXXWJIbHBIE MacJIOHAIOJIHEHHbIe KaOenu HanpsbkeHuem 110 kB ¢ Oy-
Ma)KHOW M30JIALUEH W OZHOKWIbHBIE Ka0elu ¢ M30JSIHMEH W3 CHIMTOTO IOJIHU-

OTUJICHA:
(0,19)F — pu F = 150630 mm®.

W3 nansbIx Tabm. 3 (korma xaOeiaw ¢ MEAHBIMH KHJIAMHU MPOKJIAIBIBAIOTCS
B 3eMJISHBIX TpaHIIesx) u Gpopmyist (6) (pH j, = 2,5 A/MM’) CeyerT, 4To yBe-
JUYEHUE TUTOMIAIN MoTepedHoro cedenns OF cocrasmiser:

— TPEX)KWIbHBIC KaOelbHbIe THHNK HanpsokeHneM 10 kB ¢ 6ymaxHoOU m30-
JSIUUEN U U30JSIUEN U3 CIIUTOTO MOJIMATUIICHA:

(0,15-0,2)F — pu F = 70-95 mm?%; (0,07-0,1)F — mpu F = 120-240 mm?;

— TPEX)KWIbHBIC KaOelbHbIe JTHHNK HanpsokeHneM 10 kB ¢ OymaxkHOU m30-
JSIHUEH ¥ OJHOKWIIbHBIE KaOeNbHbIe JHHUU C HU30JIIHEed W3 CIIUTOrO TOJHU-
STHJICHA!

(0,26-0,34)F — ipu F = 70-95 mm?; (0,13-0,2)F — mpu F = 120-240 Mm?;
— TPEeXXKUIbHBIC KabenbHbIC TUHUN HanpsokeHneM 20 kB:
(0,25-0,26)F — mipu F = 70-95 mm?%; (0,17-0,22)F — put F = 120-185 mm?;

— TpeX>KUJIbHBIE KaOelbHble TUHUN HanpsbkeHueM 20 kB ¢ OyMakHOi u30-
JSIMUEH ¥ OAHOXKWIbHBIE KaOeNbHbIe JMHUHU C HU30JIHEeNd W3 CIIUTOTrO IOJHU-
STHJICHA!

(0,36-0,42)F — ipu F = 70-95 mm?; (0,24-0,31)F — ipu F = 120-185 mm?;

— TPeX>KWIbHBIE KabeTbHbIE IMHUH HalpsbkeHueM 35 kB:
(0,2-0,23)F — mpu F = 120-150;

— TPCXKUJIBHBIC Ka6eJ‘IBHBIe JIMHUU C 6YMa>KHOfI PIBOJISII_II/Ieﬁ U OJHOXWUJIIbHBIC
Ka6eJIBHI>Ie JIMHUHU C Ka6eH}IMI/I C I/I3OJI}II_II/IeI71 M3 CHIMTOIO IIOJMITUJIICHA HaIpA-
sxenuem 35 kB:

(0,27-0,33)F — iput F = 120-150 mm%;

— OTHOKHJIbHBIC MAaCJIOHAIIOTHCHHBIC KaOeIn HU3KOTO JaBIICHHUS C OyMark-
HOW WM30IA0MEell U OJHOXWIBHBIE KAOEIW ¢ M30JSIHUEH W3 CIIATOTO ITOJIH-
STHJICHA:

(0,27-0,32)F — mpu F = 150-185 mm?; (0,12-0,24)F npu F = 240-630 mm°.

3HaueHMs JOJM YBENWYCHHS TUIOIMAIH MOTIEPEYHOT0 CEYEeHUsI paccMaTpuBa-
eMBIX Ka0eJel ¢ TPaTuImOHHON H30JIAIUEH W U30JIAINCH U3 CITUTOTO MOJIMATH-
JIeHa coziepykarcs B Ta0. 4.

CTOMMOCTh €IMHUIIBI JUTHHBI Kabems K, py0./M, COCTOUT U3 CTOMMOCTH H30-
nsun Ky M cTOMMOCTH TOKOBeayIuX Kt Ky
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K =K, +K, =K, +Fyc, -10°=G,c,, +G,c,, (7

U3 ~u3

T7e Y — YACIbHBIN 00hEMHBIA BEC WU TUIOTHOCTh MaTepHaia XUkl (I MEIu
pasen 8890 Kl"/Ma, g amomuaus — 2703 KF/MS); Cx — CTOMMOCTb €IUHHUIIBI MacC-
ol kb, 3,7 1 10,2 py0./KT — COOTBETCTBEHHO aTIOMHUHHEBON M MEIHOU KU,
G.; — Macca H30JISIIHUK OHOI'0 METpa IJIMHBI KaOelis, KI; C,; — CTOUMOCTh OJIHO-
ro KujorpamMma M30JiALud, pyo./Kr (B CpeIHEM MOKHO HPUHATH 397 py0./Kr);
Gy = Fy - 107° — Macca oHOTO MeTpa JKHIIbI, KI/M.

Tabauya 4

PacueTHble 3HAYEHUS T0JTH YBEIMYCHHUSA MJIOLIAAU MONECPEYHOT 0 CCHCHUS KT Kabesei
¢ M30JIIMeN U3 CIIMTOr0 MOJIMITHIIEHA

Calculated values of the percentage of increase in cross-sectional area for the cores
with XLPE insulation

PaCCManPIBaCMOC Homunans- ﬂOJ’Iﬂ YBEIIMYUCHUS TUIOMAAH IMTOTIEPEIHOI0 CCUCHUS JKUIT Kabenei

COOTHOILICHUE | HOE HaIpsi- C U30JIALUEN U3 CLHIMTOrO MOJIMITHIIEHA
MEX/ly KaOelIbHBI-| KEHHE [PH [UIOUIAN MTOTIEPSYHOTO CEUCHHMS JKHJI, MM

MH JTUHUSMUA nuHud, KB | 70 95 | 120 | 150 | 185 | 240 | 300 | 400 | 500 | 630
TpexoknibHbie 10 0,21 (0,15 {0,10 | 0,08 | 0,07 | 0,07
kabesHEIE IMHUH 0,2810,21|015|012 (010 (011 | | | |
¢ GymaxHOH’ H30-
JISALAEH ¥ H3015i- 20 0,27 10,25 (0,22 | 0,18 | 0,17 _ ~ _ _ _
LMEHR U3 CIIMTOTO 0,45|0,36 {0,32 0,28 | 0,25
IIOJIMDTUJICHA O, 24 0’ 2

% T T Jo320028| ~ | T | T | T | T |~

Tpexubibie 0,430,251 0,2 | 0,15 | 0,14 | 0,13
KaOeJIbHbIC JINHUN 10 — — - _

¢ GymaxHOH’ H30-
JIMed U 0HO-

KUILHBIE KaOellb- 20 _ _ _ _ _
HbIe JIMHUH C H30- 0,61 0,51({0,46 (0,39 |0,34

JISIUen u3

CIIMTOIO TOJIH- 35 _ _ 0,33 0,27 _ _ _ _ _ _
STHIIEHA 0,46 | 0,39

OIHOXHIIbHBIE

MAacCJIOHATMOJIHEH-

HbIC KaOeIbHbIC

JIMHUKM HU3KOTO

JIABJIECHUS ¥ O] 110 ~ B _ 0,320,27 10,24 | 0,2 |0,17 | 0,15 | 0,12
HOXXUJIbHBIC Ka- 0,19 /1 0,16 | 0,19 {0,219 | 0,19 | 0,20 | 0,20

OebHbIE TUHUU C
KabOeIsIMHU ¢ U30-
JISIIAEH U3 CIIUTO-
ro IMOJUATHIIEHA
[pumeyanue. Yncnurens — MEAHBIC )KUIIBL; 3HAMEHATEIb — ATFOMUHHUEBBIC JKUJIBL.

Pacuersr mo popmynam (7) u (8) mpuBeneHs! B Tabm. 5.
CTOMMOCTh €JIMHUIIBI JUTHHBI Ka0elsl ¢ IOJMATHIICHOBON H30JISAIIUCH

K'=K" +F(1-0)yc-107°, (8)
rae ¢ — Koa(b(bI/IuHeHT, MEHBIIUN €AUHUIIbI, YUYUTHIBAIOIINI MOBBIILIEHUE TPO-

MYCKHOM CIIOCOOHOCTH KabeJel ¢ MOJIMATUICHOBON M30JSIIMEH 3a CYET MOBBI-
LICHUS TOMyCTUMOHN TeMIepaTyphl HarpeBa >kui (Tadu. 4).
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Tabauya 5
CToMMOCTH NPOM3BOACTBA eIMHULbI JUIMHBI Kadeas (1 m)
¢ M30/IsIHelH U3 CIIUTOr0 MOJIMITHIeHA
The cost of production per a unit
of XLPE-insulated cable length (1 m)
; CroumocTb
) — o
£ = 15 =) Croumocts | 1 M kabens man-
3, g |E~ | E Macca xunpl, | CToMMOCTh . o
E 5 |5 2| € 1 M xabens | HOM MPOIYCKHOM
< e |a 5| 8 KT 1 ™M xwuIBL, pyo.
£ 2 |55 S C KHWJIamH, pyo. | crocoOHOCTH
8 = o |E gl & C XHJIaMH, pyo.
T ow B E E| A
g5 5 & X5
S O = ®| © [N = ! = [N ) LI )
= g |3: 2 |5E| ¢ |5%| % | 5E| gt | 5% ¢
2o & |2g 2|2l §|ege| § |g¢g| § | g &
T E = |[H8 O&|RE = ER= = ] = = ] = =
6 (0,1623| 70 |0,6456|0,1836|0,6046| 0,7130 | 6,2391 | 1,3586 | 6,8847 | 1,158 | 6,030
6 [0,2359| 185 |0,9486|0,48781,6192| 1,8509 |16,6535|2,7995 [17,6021| 2,611 | 16,500
6 [0,2731| 240 |1,0962|0,63292,0971| 2,3955 | 21,5582 3,4917 [22,6544| 3,228 | 21,330
10 |0,2070| 70 |0,7929(0,1836|0,6046| 0,7130 | 6,2391 {1,5050| 7,0320 | 1,306 | 6,188
10 |0,2954| 185 |1,1484(0,4878|1,6192| 1,8509 (16,6535(2,9993|17,8019| 2,814 | 16,750
10 |0,3307| 240 |1,2870(0,6329|2,0971| 2,3955 (21,5582 3,6825|22,8452| 3,419 | 21,510
20 | 0,332 | 70 |1,2354|0,1836|0,6046| 0,7130 | 6,2391 |1,9484 | 7,4745 | 1,646 | 5,040
20 |0,4564 | 185 |1,724410,4878|1,6192| 1,8509 |16,6535|3,5753 18,3775 3,112 | 13,460
20 |0,5061 | 240 |1,9157 |0,6329|2,0971| 2,3955 |21,5582|4,3112 |23,1548| - -
35 10,5578 | 70 |1,99920,1836|0,6046| 0,7130 | 6,2391 |2,7122 | 8,2383 - 7,080
35 |0,7346 | 185 | 2,6491|0,4878|1,6192| 1,8509 |16,6535|4,5000 (19,3026 3,982 | 18,970
35 10,8054 | 240 | 2,91100,6329|2,0971| 2,3955 | 21,5582 5,3065 |24,1501| - -
110 (1,9444 | 150 |9,0479|0,3890|1,6192| 9,0470 |16,6520{18,0945(25,6999| 16,370 | 20,060
110 (1,9703 | 240 |9,2600 |0,6320|2,0970| 9,2380 |21,5580{18,4980(30,8180| 16,740 | 29,060
110 (2,0798 | 400 |9,9196 |1,02773,3830| 9,7950 | 34,7607 {19,7146|44,6803| 17,850 | 39,290
110 |2,2380 | 500 |9,7957 |1,3440|4,4593|10,5335|46,0394 [20,3292|55,8351| 18,220 | 46,520
110 |2,4364 | 630 |11,6762|1,6868|5,6861|11,6760|58,6451 23,3524(70,3213| 21,020 | 57,940
ITpumeuanue. Ctoumocts 1 M kabenst ¢ GymaxHoit m3ossinmeit tina AAD ceuennem xmn 185 u
240 mMm® Ha Toprax B 2017 r. 6s11a pasra 19,0 1 28,0 py6., a Tuna LIACB — 26,2 i 35,8 pyo6.

CTouMOoCTh MaTepHalia aTFOMUHUEBON JKHIJIBI MPEBBIIIACT CTOMMOCTh MOIUITH-
JICHOBOW m3oisinuu kadenst B 1,1...2,18 paza (kabenu Ha HampsbkeHue 6 kB, mio-
1A 1b TIOMEPEYHOTO CeYCHHST AMOMUHIEBBIX ki 70...240 mv?); B 1,61...1,86 pasa
(kabenu Ha Hanpsbkenwe 10 kB, IUIomiazgp MOMNEPEYHOTO CEUCHHS ATFOMHHHEBBIX
s 185...240 mm?); B 1,07...1,25 pasa (kaGenu Ha Hanpspkerne 20 KB, miomams
TOIIEPEIHOTO CCUCHHS AMOMHHUEBBIX XK 185...240 M),
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TIpH IUTOMIA/HM TOIEPEYHOr0 CCYSHHMs AMOMHHHUEBBIX KT 70 MM® ¥ HOMH-
HanbHOM HampspkeHud kadens 10; 20; 35 kB croumocTh MaTepuaia K1 MEHb-
1€ CTOUMOCTH M30JISILIMU U3 CHIMUTOTO TONMUATHIICHA.

CTOMMOCTD MaTepHana aTfoMHHHEBON Kbl cederreM 150-630 MM’ y ka-
oeneit HanpsokeHneM 110 kB mpuMepHO paBHA CTOMMOCTH H3OJISIIIME U3 CIIIUTO-
'O TOJIMATHIICHA.

W3 pgaHHBIX Tabi. 5 BUAHO, 9YTO CTOMMOCTH MaTepHalia MEIHOMN Wbl pac-
CMaTpPHBAaEMBIX CEUYCHUH TNPEBBIIIAET CTOMMOCTH MOJMATHICHOBOW H3OJSIHH
Kabens B:

9,66...19,66 paza (kabenu Ha HanpspkeHue 6 kB);

7,86...16,75 pa3za (kabenu Ha Hanpspkerue 10 kB);

5,05...11,25 pa3za (kabenu Ha Hanpspkenue 20 kB);

3,12...7,4 paza (xabenu Ha HanpspkeHHe 35 kB);

1,84...5,1 paza (xabenu Ha Hanpsbxerne 110 kB).

3nauenne K| Oyner paBHO mimm MeHblne Ky, ecim cobmonaercs ycioBue

K! +F(l-06)yc-10° <K, +Fyc-107°
nim
K" -K,, <Foyc-10°; K,(a -1)<Foyc-107°, 9)

u3s —

rae a; > 1 — k039hHUIHMEeHT, YYUTHIBAIOIINI YBEIIMYEHHE CTOUMOCTH H3O0JISIIUH
13 CIIMTOTO MOJHMATHIICHA 110 CPABHEHUIO CO CTOUMOCTBIO0 OYMaKHOHN H30JISIUH.
U3 (9) cnenyer, uTo KO3 PHUIHMEHT @; HE JOIHKEH MPEBHIIIAaTh 3HAYEHNE

-6
N Foyc-10 .
K

u3

a <1 (10)

OTHoLIEHHE CTOMMOCTH Marepuaja U M3TOTOBJIEHUS KW K CTOUMOCTH Ma-
Teprana ¥ WU3rOTOBICHUS M30JIALMHM Kalels U3 CLIMTOrO IOJIHMITUICHA MOXET
JIeKaTh B IIMPOKHX Mpeenax (3HAYUTENIbHO MPEBbIACT SAUHNLLY IPH MEIHBIX
XKuiax KaOesst; ObITh OONBIIMM MM MEHBIINM €IWHHLBI — IPH aJTFOMHHHUEBBIX
Knax kabens).

CrnenoBatenbHO, 11l 0OecreYeHnsl OJUHAKOBOH CTOMMOCTH Kabesel ¢ u30-
JSAIUEH U3 CIIMTOTO TMOJIMITHIIEHA ¢ Ka0emsaMu ¢ OyMaXHOH M30smrei Heo0Xo-
IUMO, 9TOOBI CTOMMOCTh HM30JISILIMH W3 CIIUTOTO IMOJHMITHICHA HE HpeBbILIaja
CTOMMOCTb OymakHOM w3omsiuu B 1,45; 1,7 u 1,64 pa3a COOTBETCTBEHHO IS
kabeneir Ha HampspkeHue 10; 20-35 u 110 xB. [Ipn oTMedYeHHBIX 3HAYEHUAX d;
MOJKHO OXHJaTh, YTO IIPUBEJEHHBIE 3aTPAThl HA COOPYKEHUE KaOeIbHbIX JIMHUM
C M30JSIMEH M3 CUIMTOrO MOJHMATHIICHA OyIyT MEHbIIEe TaKHX e 3aTpar JUIsd
COOPYKEHHUS KaOeIbHBIX JIMHUI ¢ 0yMaKHO-MACIISTHOW U30JIALINEH.

Onenka 3HaYeHMs TO0BbIX IKCITyaTalUOHHBIX pacxoaoB

ITo xaOeIbHBIM JIMHUSAM C KaOCISIMU C I/IBOHHHI/Ieﬁ HU3 CIHIMTOI'O ITIOJIMITUIICHA
0 CpaBHCHUIO C KaOENbHBIMU JIMHHUSIMU C 6YMa)KHO-MaCJI$IHOI>’I I/I3OJ'I$II_[I/Ief/’I Co-
KpallaroTCd pacXoAbl Ha SKCIUTyaTalUIoO 3a CYCT OTCYTCTBUA H€06XOI[I/IMOCTI/I B:
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e COCTaBJICHHU KapThl IOYBCHHBIX KOPPO3UOHHBIX 30H;

e TIOKPBHITUH AHTUKOPPO3UOHHBIMU JIAKAMU M KpPAaCKaMU HEOIIMHKOBAaHHOW
CTaJILHOM OpOoHM KaOesei, IPOJIOKEHHBIX B KAOCTHHBIX COOPYKCHHSIX;

e TICPUOJINICCKON 3aMEHE BEPTUKAIBHBIX YUACTKOB KaOCIbHBIX JIMHUH HU3-32
OCYIICHUS U30JISINY;

e KOHTPOJIC 3a JaBJICHHEM M OTOOpe Tpo0 Macia W3 MAaCIOHATIOIHEHHBIX
KaOEeBHBIX KAHAJIOB U My(T IUIS ONpPEICICHHUS XapaKTePUCTUK Macia U HaJH4us
B HEM HEPACTBOPEHHOIO BO3/yXa; CKEMECSYHBIX OCMOTPOB TIOMIMUTHIBAIOIINX
MYHKTOB (/1711 MACJIOHATIOJIHEHHBIX KaOeNbHBIX JIMHUI HanpspkeHueM 110 kB).

B pesynbpraTte 3aTpaThl Ha TEXHHYECKOE OOCTY)KUBaHWE KAaOENBbHBIX JIMHUH
C U30JIALIMEH U3 CIIMTOTO TOJMATUIICHA MOTYT OBITh YMEHBIICHBI TIO CPABHCHUIO
C COOTBETCTBYIOIIMMHU 3aTpaTaMU Ha OOCITYy)XMBaHHE KaOCIbHBIX JTUHUHA C Oy-
Ma)KHO-MaCIITHOM M30JISIITUel Ha:

9 % — s kaOenbHBIX TUHUN HampshkeHueM 10 35 kB;

17 % — nns kabenbHBIX TUHUN HanpspkeHueM 10 110 kB.

3arpaThl Ha BBIOJIHEHUE TUTAHOBBIX M aBapUHHBIX PEMOHTHBIX PabOT Ha
KaOeNbHBIX JIMHUSAX 3JIEKTpolepenaun HampsbkeHueM 10 35 kB ¢ kabemsimu
C TIOJIMATUIICHOBOM M30sAIMe MeHblie Ha 15—18 %, yeM Ha Takux ke JTUHHUAX
¢ OyMa)XHO-MACIISTHON HM30JIAIUCH; TIPHU 3TOM CTOMMOCTh OJTHOTO aBapHITHOTO pe-
MOHTa KaK 3aBHCHUT, TaK ¥ HE 3aBUCUT OT MaTepHaia N30JISIuH Kabemsl, a yaeapHast
MTOBPEKTAEMOCTh Kabeel ¢ M30JIueld W3 CIIUTOTO TOJMATHIIEHA Ha TTOPSIOK
MEHBIIIE TIOBPEKIAEMOCTH Kabemel ¢ OyMaXKHO-MACIITHON M30JISIHCH.

B memom oTHOIIEHWE pacxoll0OB Ha TEXHUYECKOE OOCTY)KWBAHHWE W PEMOHT
KaOeTbHBIX JIMHUKA C W30JLIIIHEH W3 CIIMTOTO TOJUATHIICHA K COOTBETCTBYIO-
IITIM PacXojJaM 1Mo KaOeTbHBIM JIMHUSAM ¢ OyMa’kKHO-MacCJISTHOM HM30JIAIINCH paB-
HbI 0,9 1 0,83 COOTBETCTBEHHO IS JIMHWKA HarnpsbkeHueM 1o 35 u 110 kB.

CremoBaTebHO, PacXolbl Ha TEXHUYECKOE OOCITY)KHBAaHHWE W PEMOHT Ka-
OCBHBIX JIMHUH C M30JIAIIAEH M3 CITUTOTO TOJUATHIICHA 110 CPAaBHEHUIO C aHa-
JIOTUYHBIMH PACXOJaMH TI0 JIMHUSAM C KabelmssMu ¢ OyMa)KHO-MAaCIISTHON W30J1s-
rueit Menbine npuMepHo Ha 10 % (muHMK HanpsbkenueM 1o 35 kB) m Ha 17 %
(MM HanpspkeaueM 110 kB).

Ecnm 661 cTOMMOCTD COOpY)KeHHS KaOeIbHOU JTMHUH ¢ KabeaeM C U30JIIueH
13 CITUTOTO TOJUATHIICHA OblJIa paBHA CTOMMOCTH COOPYKCHUS KaOembHOM Jh-
HUU ¢ OyMa)KHO-MACIISTHON M30JISIIMEH, TO TPHUBEICHHBIE 3aTpaThl HA COOPYIKe-
HUE W SKCIUTyaTaIluio KaOeIbHOM JTMHUY C U30JISAITUEH U3 CITUTOTO MOJIMATHIICHA
ObUTH OBI MEHBIIIE COOTBETCTBYIOIIUX 3aTPaT 1O KaOCIHHOW JIMHUHU C TPaIUIIN-
OHHOM M30JIALMEH.

Topru, npoBeneHHbBIe Ha benopycckoit Toprosoit 6uprke B nekabpe 2016 r. —
mapte 2017 r., mokazamu, 4to croumocth 1 M kabens turoB AAB, 1IACB,
AAIIIB nampsxkenueM 10 kB ¢ anmoMuHHEBBIMU KUJIAMU TIPEBBIIIAET CTOUMOCTh
OJTHOTO MeTpa Kaleys ¢ M30JSAIUEH U3 CIIMTOTO MONHATHIICHA OJHON M TOU XKe
TUTOIIIA T TIOTIEPEYHOTO CEYCHUS HE TOJBKO C ATFOMUHUEBBIMU, HO U C METHBIMH
x)unamu (Tabmn. 5). OTo obecrieurBaeT MEHBIIIEE 3HAUCHUE KAMUTAIBHBIX H IIPHU-
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BEJICHHBIX 3aTPAT Ha COOPYKEHHUE U IKCIUTyaTaIMI0 KaOCIbHBIX JIMHUNA C U305~
IUEH M3 CIIUTOTO MOJUITUIICHA |, CIICAOBATEIIBHO, YKa3bIBaeT Ha O0E3yCIOBHYIO
3¢ (HEeKTUBHOCTh UX PUMCHCHUSI.

BBIBO/JIbI

1. Onenka 1enecoodpa3HOCTH MPUMEHEHHUS Kabesei HanpsbkenreM 6—110 kB
C M30JILMEH U3 CIINTOrO IOJU3THIIEHA IO CPAaBHEHUIO C KaOeJsIMH Ha TE XKe
HanpsDKeHUs ¢ OyMa)kHO-MAaCIISIHOM M30JIIHEN BBIITOJTHEHA HA OCHOBE KPUTEPHS
IpUBEACHHBIX 3aTpar. Ilpu 3TOM cpaBHHUBaNUCH Mexay coOoil kabenu pas3muy-
HBIX KOHCTPYKTHBHBIX HCIIOJIHEHMH M MaTepHuaja H30JSILHUU: TPEXKHUIIbHbIE
¢ OyMa)KHOW M30JALMEH M TPEXKUIbHBIE C W30JISHEN U3 CITUTOTO MOJHITHIIC-
Ha; TPEXKWJIbHBIE C OYMaKHOW HM3OJSAIMEH W OMHOXWIBHBIE C H3OJSAIHEH W3
CIIMUTOrO MOJHMITHIEHA; OMHOXXWIBHBIE MACIIOHAINIOJHEHHbIE Kalenu Hampsi-
xeHueMm 110 kB ¢ OymakHOW W30JIsAIMEd M OJHOXWIbLHBIC KaOenu Harmpshke-
HueM 110 kB ¢ uzonsuuel u3 CUIMTOro MONU3TUIICHA.

2. Tak KaKk CTOMMOCTh COOPY)KEHUS KaOeNbHOW JIMHUH COCTOUT M3 CTOUMO-
cTH Kabesss U CTOMMOCTH €ro MPOKJIAJIKU, TO YBEIUUYEHHE CTOMMOCTH CHIIOBO-
ro snekTpudeckoro kabems B N = 1,2 (1,5; 2) pasa mo cCpaBHEHHIO CO CTOH-
MOCTBIO TPaJUIIMOHHOTO KaOemsl MPHBOAUT K YBEIMUYCHHIO CTOMMOCTH COOpPY-
KeHus: KaOenbHO# nuHuM 3nektporepenaun B 1,06-1,1 paza (mpu n = 1,2)
u B 1,3-1,5 paza (nmpu n = 2).

3. YBenuueHue JUHTENHHO JOMYCTHMOTO TOKa HArpy3kd Ha KaOeiw ¢ H30-
JSIMEH W3 CHIMTOTO TONHMATHICHA HM3-32 OOJBLICH JOIMYCTUMOW TeMIepaTyphl
€ro Harpesa 110 CPaBHEHUIO C KaOeJsIMU ¢ OyMa)kKHO-MacIIsTHOM M30JIALUeH COOT-
BETCTBYET KaK Obl yBEIHUYCHHIO TUIOIIAAN TTOTIEPEUYHOTO CEUCHHUS KW Kabes
(B pasmepe mo 0,61 or mepBOHa4aIbHOW) M, CIEAOBATENIbHO, OOECIIEYMBAET
CHIDKEHHE CTOMMOCTH Kalellsl 3a CYET CHIKEHHUS! CTOMMOCTH HU3TOTOBJICHHUS TO-
KOIPOBOASIIMX JKHUII.

4. IlpuBeneHHbIE 3aTPaThl HA COOPY)KEHUE U IKCIUTyaTalldi0 KaOENbHBIX JIH-
HUH ¢ M30JIAUEH U3 CUIMTOTO MOJIMATHIICHA (TIPH MPEBBIIIEHUN CTOMMOCTH Ka-
Oems B 1,2 m 2 pa3za 1o CpaBHEHHUIO CO CTOMMOCTBHIO Kabemns ¢ TpaJauIMOHHOMN
W30JIA1MEN ), HECMOTPS Ha CHHXKEHHE 3aTpaT Ha U3TOTOBJICHUE TOKONPOBOISIINX
XU ¥ CHUJKEHHBIE TOJIOBBIE AKCIUTyaTalMOHHBIe pacxoabl (Ha 9 u 17 % coort-
BETCTBCHHO KaOenbHBIC TUHUHM HampspkeHueM mo 35 u 110 xkB) oxaspiBaroTcst
OosblIIe MPUBEICHHBIX 3aTPaT HA COOPYKEHUE U HKCIUIyaTalUI0 KaOeIbHbIX JIU-
HUH ¢ OyMa)XHOH H30IISIHEH.
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