e B Teuenue 4 net B AMcneTdepckoit ciayxbe Moc-
kosckoro PIY.
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BnuaHWe napameTpoB U CXeM COeAMHEHUs 3KPaHOB
oaHotha3HbIX Kabenei Ha ymeHbwenue notepb B KJl

dununnos M. M., nHx.
» DAO “3ueprokomnnekc”

[1pu npumenenuu onHodasHelX Kabenei OonbLIOe
pausiHKE Ha ymeHblueHue noteps B KJI n Han€xHOCTHL
yx paboThl OKa3bIBAET MpPaBHIIbHBIH BLIGOP ceveHus
KPAHOB M CXE€Mbl MX COEJHMHEHH:A s TpéxdazHoii
cucTembl. BapuaHThbl CXEM COEAMHEHHS IKPAHOB A0C-
TAaTOYHO MONHO paspaboraHbl TeopeTHyecku [1] u Ha-
XOAST IIMPOKOE MPHMEHEHWE Ha IMPAKTHKE, aHAIu3y
e IKOHOMHYHOCTH npu npoexruposanuu KJI ynens-
eTCs HEONPaBJIaHHO MEHbIIIE BHUMAHHA.

B nauHoii crarbe Bce paccyxaenus, (opmyibl,
PHCYHKHM M Pacy€THbBIC BEJIMYMHBI B LICJIAX yNpOLIC-
HUS M3JIOKEHUs] TIPHBOJAATCA IPUMEHUTEIBHO K
yknaake ¢a3 kabeneidl TPEYrojbHMKOM BIUIOTHYIO
apyr K apyry. OIHAKO BLIBOZbI, 1101y 4aEMbIC JUIA 3TO-
ro crnocoba MPOKIaAKH, NMPHHUMIHAILHO CHOpaBea-
JIMBBI ¥ A7 APYTHX CMOCOO0B NPOKIAAKH.

Kpome TOro, B CTaTbe YMbILUICHHO ONYyLICHbI ME-
TOZIBl pacyéTa ceveHHsi JKPaHOB W PAacCMaTpHBAIOTCA
TOJILKO BOMPOCH! ymeHbuieHus norepb B KJI B 3aBu-
CHMOCTH OT ITapaMETPOB M CXeM COOPKHM IKPAHOB.

Xapakrepuctukoii 3 dexrusnoctn KJI apnsercs
eé KI1[

KH,[[=(P-—P—,K-P,—P3)/P, (1)

rme P — nepenaBaemasi MOILIHOCTB; P, — morepu B
e, P, — noTepu B dKpaHe; Py — AW3JIEKTPHYECKHUE
NoTeEpPH B U30IALHH.

Tun kabens ¥ €ro CEYEHHUE ONMPEACIAIOTCH HEob-
XOIMMOCTBIO TEpeJayy 3aJaHHOH MOIIHOCTH U TEM
CcaMbIM JMKTYIOT Py U P,.

Jlpyroe jeno, 4To 3a CY€T ONTHMAJILHOIO BbIDOpa
CeueHMs DKPAHOB H CXEM HMX COEIMHEHHA MOXHO 10-
GUTBCS CHHkKEHus P, U CYLIECTBEHHOIO Yay4lIEHHA
sppexruroctu KJL

B nauGosee pacrpoCcTpaHEHHBIX CXeMaxX COCIMHE-
HHs JKPAHOB C 3a3eMiienuemM ux no koxnuam KJI nore-
pH B KpaHax Ha oAHy dasy

2

P, =1 R, (2)

rae [, — TOK B 3KpaHe, HHAYyLHPYEMbIil TOKOM B HKHJIC
I, R, — aKTHBHOE COMPOTUBIIEHUE DKPaHa.
HssecTHO [2], uTO

o x, St ens, 3)

rae X, — MHAYKTMBHOE CONPOTHBICHHE IKpaHa.
[ToTOMY MOMHO BbIPA3HTh

P, =1 XIR,(X%+R3). (4)

[punuMas norepn B #ule 3a 0a3oBbiil nokasa-
Tesb, yaobHee as OUEHKH P, nonb3oBarbes ko3ddu-
LIMEHTOM [10TEPH

A=P, Ry =X3 P /Ry (X5 + RD). (%)

IpaduK 3aBHCMMOCTH A OT CEUCHHMS HJIH COOTBET-
CTBEHHO OT AKTMBHOIO COMPOTHUBIECHUA Kabens H30-
Hpaxén Ha puc. | Ha npumepe kadeseii ¢ ME/IHOH Ku-
710ii ¥ PKPAHOM M3 MEAHbIX NPOBOIOK. HacTh KPHBOW,
M300pakEHHas YHKTHPOM, [IPAKTHYECKOI'o 3HAUCHHA
HE MMEET M3-3a Helenecoodpa3sHOCTH W3rOTOBJICHHS
kabens ¢ Takumu napamerpamu. M3 rpaduka cnenyer
BAXKHBIH BBIBOJ — |C YBEJIMYEHHEM CEUCHHs DKpaHa
(T.e. ¢ yMEHBIIEHHEM R,) pacTyT MOTEPH, CHHIKACTCA
KIT[ snexrponepenadin.

Ha puc. 2 NokasaHo W3MEHEHUE A B 3aBHCHMOCTH
oT X,,, T.€. OT B3aUMHOH YyNaJIEHHOCTH (az oTHOCH-
TenLHO ApYr Apyra. SiBneHue pocTa noTepb, CBA3aH-
HOE C YBEJIHUEHHEM PACCTOSAHUS MEKAy (dasamu, He-
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0 0,25

0,50 R,, Om/km

Puc. 1. T'padmxk sasucumoctn a = P,/ P, 0T CONPOTHBACHAA
akpana R, npu npoknanke kabeis B TPEYTOJIbHHK H paccTo-
AHMK MEALY 0CAMH Kadeeil s, pAaBHOM JHameTpy Kadeas d:

I — Ry = 0,018 OM/kM, S, = 1000 mm%; 2 — R, = 0,0221 Om/xm,
S.=800MM%; 3 — R.=0,0754 Om/km, S.=240mm"; 4 -
R, = 0,124 OM/KM, S, = 150 ma®

06xoaMMO MMeTh B Buay, ocobenno ans KJI co cme-
[IAHHOM MPOKJIAIAKOH B 3e€MJIE ¥ KOJUIEKTOPE € pasiny-
HbiMH X, Ha 3THX YUaCTKax. 3HAYMTEbHasA pa3sHUlla B
MoTepAX NpH pasHbIX crocobax yknaakn kabenei
TpeGyeT OT/EeNbHbIX PAcuéroB MPONYCKHO# cnocob-
noctu KJI Ha TakUX y4dacTKax.

Ipu npoknanke onHoasHbix kabened B Tpe-
yroipHuK Ha HanpskeHud 110 kB u Bbille B KOJUIEK-
TOpax ¢ PacCTOAHHEM MEX1y Nojkamu 250 Mm (EI¥YD;
tabn. 2.31) paccrosuue mexay ocamu pas s =24d.
CornacHo pHc. 2, npu § = 2,4d IIPOMCXOAHUT PE3KOE
yBEIMUYEHHE MOTEPb MO CPABHEHHIO C MOTEPAMH NpH
s = d. OHOBPEMEHHO TMOJIE3HO MPUHATH K CBEJIEHHUIO,
4YTO C yBEIMYEHHMEM CEUCHMs IKPAHOB OTHOCHMTEIIb-
HBIE MOTEPH MOLIHOCTH CHHKAKOTCH.

U3 puc. 1 04eBHAHO, YTO MEPONPHATHA 10 CHHIKE-
HHio noteps Haubonee 3hdexTurrb s KJI ¢ Gonb-
UM CEYEHHEM 3KPaHOB, T.€. I JMHHH BBICOKOIO
HanpsKeHns, umMeHHo nostomy ans KJI Beicokoro na-
OPSKEHHUs, 110 KOTOPLIM MPEANoJaraeres nepejada
OOJBIIMX MOIIHOCTEH, pa3paboTaHbl M BHEAPEHLI B
NpaKkTUKY CXEMEI C JOBe/leHueM P, B mpeaese ao 0.
HecmoTps Ha yaopoxanue coopyuxenns KJI u ycnox-
HeHHe JKCIUTyaTalliy, MPHMEHEHHE ITHX CXeM JaéT
3HAYMTENLHYI0 SKOHOMMIO MOTEPb IEKTPOIHEPIrun

Tabanyua 1

% ' Cevenne skpana, My
Mapametp
35 50 70

PacuéTHBII NOMYCTHMBIA TOK
KJL, A 540 535 530
OTHOCHTENbHBIE MOTSPH
MOILHOCTH, OTH. €/1.;

B akpane P,/P,s 1,0 1,34 1,91

B KJI (P + P3)/ (P + Pys) 1,0 1.015 1,04

207t

0571

s=4d |

s=2d, s=4d,

0 0.1

X OM/KM

0.15

Puc. 2. TI'padmk zasnc'huuc"m » = P,/ P, OT HHAYKTHBHOIO
CONPOTHBACHHA dKpana X, npu npokaaake kabeaei B Tpey-
roasuuk (R, = 0,03 Om/km):

! - R,=0,08 Om/xm; 2 ~IR, = 0,06 Om/xM; 3 — R, = 0,04 Om/x™m

npu nepeiaie u, 4TO0 HE MEHEC BAXHO, MOBBILIACT
nponyckHyo cnocoduocts KJI.

Tak, as KJI 220 kB ¢ ceuennem xuwibl 1000 MM’
u 3Kkpana 185 MM® [pM CHHIKEHHH TOKA B JKpaHe 0
Hyns (HanmpuMep, HMCTOJb3Ys TPAHCTIO3UIMIO JKpa-
HOB) MpH cpeaneroaosoit narpyske 500 A (50% npo-
nyckHOM cnocoGHocTH Kabesis) 10CTHIAeTCA CHUKE-
uue norepb Ha 120 Toic. kBT-u/km B roa. Tlpu sTom
Tpebyemoe ceyeHue Knilbl Kabe/asi yMEeHbIIAeTCs 0o-
nee yem Ha 10%.

Ho 5TO COBCEM HE 3HAYMT, YTO NPOobIEMa CHHUKE-
HHS TOTEPh B 9KpaHdx He cymectsenna ans KJI cpen-
Hero HanpskeHus 6 — 35 kB. Ilpunumas BO BHHMA-
HHME TPOTKEHHOCTHL CETEH CpPEeAHero HanpsKeHus,
IPaBUIBLHLINA BHIGOP CEUCHHS IKPAHOB AT BO3MOK-
HOCTb B 0OLIEOTpac/ieBoM macluTabe nonyuuTb Cy-
LIECTBEHHDIH AP PexT.

KonuuecTBeHHbIE OLEHKH CHHIKEHMA J101yCTHMO-
ro pabouero Toka rno kabeso 1 pocT NoTeph MOIUHOC-
TH C YBEJMYEHHEM CEuYEHMs DKpaHa [OKa3aHbl B

Tatamnna 2

Ceuenue, MM’
Mokaszatens %
630/95 1000/95
JIANTEABHO IOMYCTHMBIH TOK B
xabene 100 — 300 kB, A:
MpH 3a3eMJICHUH 3KPAaHOB Mo
xonuam KJI n npoknanke
Kabesei:
B IJTOCKOCTH 605 675
TPEYTOABHHKOM 825 1010
NpH TPAHCMO3MIHK IKPAHOB 1
npoknaake xabenei:
B IUTOCKOCTH 935 1225
TPEYTrOJLHHKOM 880 1150

[lpumeuanne. Yucaurenb — ceuenue kabens; sHaMeHnatens —
CcedeHHe IKpaHa.
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Puc. 3. Cxema npokinaaku Kabeeii ¢ 3a3emIeHneM 9KPaHos
B OJIHOH TOYKe:

P — paspaaHukH

Tabn. | Ha npumepe kabens 10 kB ceuennem 240 Mm®
OTHOCHTEJIbHO CEUEHHs dKpaHa 35 MM,

Takum 00paszoMm, ¢ uenblo cHuxenus P, Heobxo-
JIAMO PACCMOTPETh CJCAYIOIIME BAPHAHTDL:

cxemy ¢ 3azemJieHHeM sKpanoB no xoHnuam KJI ¢
onTUMH3aLMeii BbIOOpa cedeHus 9IKpaHa, 4TOObI
YMEHBILIHWTL WHAYLIHPYEMBIE TOKH B 9KpaHaXx;

CXeMY C 3a3eMJICHHEM DKpaHOB B OJHOH TOYKE
WM ¢ TPAHCTIO3WIIMEH IKPAHOB /Ul CHHUIKEHHS TOKOB
B 9KpaHax (B npeaese 10 Hyns);

criocobbl  ykaaaku onaHodasHelx Kabeneil B
TpéxdasHyio cucTeMy (B MIOCKOCTH HIIK TPEYTONbHHU-
KOM) ¢ BapHaLlHsiMH PaccTOAHUI Mexay (asamu.

M3 ananu3a CXeMHBIX peLUeHHIl 1O COeAMHEHMIO
9KPAHOB CJIeAYET, UTO A1 MHHHMMM3aLMH [10TePh ca-
MO pajiMKaJIbHOM SIBJISAETCA CXeMa C COeJHHEHHEM
9KPAHOB M 3a3€MJIEHMEM HX B OHOI1 Touke (puc. 3). B
3TOI CXEME MCKJIIOYAETCH IIPOTEKAHHE HABEIEHHOIO
ToKa no 3kpanam. OJHAKO BO3MOXKHOCTE €€ IpuMeHe-
HHsA ONpeAensieTcs Paci€ToOM M OLIEHKOH HABEAEHHOIO
HAMpPsOKEHUs Ha PA30MKHYTOM KOHLIE 3KpaHa I1pH
NPOTEKAHWM MaKCHMaJdbHO BO3MOJKHOIO CKBO3HOIO
(BHEImIHErO) TOKAa KOpoTKoTo 3aMbikanus (K3), a tak-
K€ HAa OCHOBaHMM pac4€Ta U OLIEHKH MOTEHUMANA Ha
KOHTYpe 3aseMiieHHs B pexume oanodasnoro K3 B
Touke 3asemnenns dKkpaHoB (U, =1R.,,). Tlpu

TAKOH CXeME FKPaHOB 3TOT MOTEHUMAJ BbIHOCUTCS HA
npoTHBONONOKHEIH KoHel KJI.

Ha npakTuke B MOLUHBIX 3HEProcucreMax ¢ 00ib-
mHMH Tokamu onHodasznoro K3 npuMeHeHHEe Takoi
cxeMbl BecbMma NMpobieMaTHyHo, 0COOEHHO A Mpo-
TsoKEHHBIX 110 juinHe KJI, mpoknaabiBaeMblX € BbIXO-
JIOM 3a rpeAesibl KOHTYPa 3a3eMJICHU.

Bonblioe pacnpocTpaHeHHE I CHHIKEHHs [10-
Teph TMONYYHJIa CXE€Ma C TPAHCIMO3HIHEH JKPaHOB
(puc. 4). B uaeanbHoOM ciyuae, KOrjaa JUIMHbL CEeKLIM
TPAHCMO3MIIMK PABHBI MO BEJIMYHMHE, TOK B JKpaHax
orcyrcTByeT. IIpu HecGanaHCHPOBAHHOH TPAHCMNO3M-
1y B opmynax (2) — (5) Bmecrto /, HCIIONBL3YETCS
TOK HeDanaHca B dKpaHax

I‘nu’) :])NX:H(Ll +aL2 +a2L3 )/V’Yi +R-f > (6)

’
rne X, — WHIYKTMBHOE COMPOTHBIEHHE JKpaHa Ha
enuHULyY UtHHbL Ly, Ly, Ly — JJIMHBI COOTBETCTBYHO-
el CEeKUHH TPAHCMO3UUWHN, @ — (Pa30BbI MHOXH-
Tenb (oneparop).
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Puc. 4. Cxema npokiaaku Kabejeil ¢ HCHOJb30BAHHEM
TPAHCIIO3UIMKN DKPAHOB:

Ly, Ly, Ly — COOTBETCTBEHHO JUTMHA MEPBOii, BTOPOit U TpeThei
CCKLIMH TpﬂllCI’]()'.!IllIHH

s cunbHoHarpykeHHbIX KJI BhiCOKOro Harps-
JKEHMS OTKa3 OT TAKOIO COEAHHEHMS IKPAHOB JOJIKEH
OBITE MOTHBHPOBAH.

B noneiTke n00uThes Gonbiueit 3hdexkTuBHOCTH
KJI npeacraBiasercsi uejecoodpa3HblM PacCMOTPETh
BO3MOKHOCTDL MCIIOJIB30BAHMUSA CXEMbl C MPOKIAIKOH
JIOTMOJIHHTENBHOTO MPOBOIHUKA, KOTOPLIH YKIaabiBa-
erca Ha Bcém nporskeHun KJl B cepeanne Tpeyroib-
Huka ofHodasHeix kabeneii (puc. 5). Takas cxema 06-
afaeT pAaOM AOCTOMHCTB M MOXKET HANTH NpUMEHe-
HHE, eCITH HMCXOAHTh M3 TOrO, MTO MpH OAHO(hAa3HOM
K3 na KJI noa Bo3jeHcTBMEM AyTH IPOHCXOAAT Npo-
wOr 0GONOUKH M TepeKpLITHE Ha AOMNOJHHTENLHbII
[TPOBOAHMK.

IMpy TAaKOM MAOMYILIEHHH 3KPaH MOBPEKAEHHOH
azel pasrpymaerc;} ot nojadoro Toka K3, Tak Kak Tok
K3 pacnpenensieTcs MEXKAY IKPAHOM M JIOMOJIHHTEIb-
HBIM [IPOBOJAHHUKOM OOPAaTHO ITPONOPLUHOHAILHO HX
conpoTusieHHsM. B paccmarpuBaeMoii cxeme yMeHb-
1IAETCs CEYEHHUE IKPAHOB, MEM JOCTHIAETCA IKOHO-
mus meau. O0lee ceueHue IKpaHoB TPEX das, BKIrO-
yas AOMOJHUTENBHBINA MPOBOJHUK, U BeIOUpaeMoe 1o
TepMuYecKol croiikocT npu oanodasHom K3 na KJI
MEHBIIE CYMMapHOI0 CEYEHHs 3KPAHOB, PACCYHTAH-
HOro no takomy xe¢ Toky K3 mis kaxaoro skpaHa B
OTAENBHOCTH ©€3 | AOMOIHUTENLHOTO [MPOBOJIHUKA.
OnHOBPEMEHHO ODOECIeUNBACTCA CHIDKEHHE MOTEPh
MOILHOCTH MPH Nepeaade MEeKTPOIHEPruH, TAK KaK B
CUMMETPHYHOM PEHKHME, T.€. B PEKMME HArPy3KH, 0
JIOMOAHUTENLHOMY [MPOBOAHHUKY TOK HE MPOTEKAET.

K yKkasaHHOMY MOXHO 100aBHTb, YTO PACIIMPACT-
¢ BO3MOKHOCTE MTPHMEHEHHS CXEMbl 3a3€MIIEHHS K-
PAHOB B OJIHOM TOYKE, TAK KaK [POUCXOJHT BbIPABHH-
BaHME NOTEHLHANIOB HA YKPAHaX U KOHTYpax 3asemiie-
nus no xkonuam KJI npn ognodasueix K3. 3ot cno-
co0 WMpOKO W ¢ ycrmexoM mnpumensica B 1980 -
1990-x ronax B Mocanepro. M xota oH npuMeHsICs
W3-3a TOTO, YTO [POMBILLICHHBIH BBIITYCK OTEYECTBEH-
HBIX Kabene#l ¢ MOJMITUICHOBOH uzonsauuei ObLa
OCBOEH TOJBLKO M1si Kabeneil ¢ IKpaHaMH CCYCHHCM
35 MM, MCIIONB30BAHME ITOTO cnocoba cnocodeTBO-
BAJI0 CHHXKEHHIO CTOMMOCTH Kabens W [OMYTHO
YMEHbBIUAJIO MOTEPH.

Jlns npoBepKM TEPMHUYECKOM CTOHKOCTH 3KpPaHOB
¢ ManplM cedenureM npu oanodaznom K3 Ha kabene ¢
JonoJHuTeNbHbIM NposoanukoMm B HUIL BBA 6bu1u
npoBeAeHsl UcnbiTanus Ha kabene 110 kB, kotopeie
JIOKa3aJll MIHOBCHHBIM MEpexo/1 JIyr'd, BO3HHUKAIOLICH
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Puec. 5. CxemMa COE/IHHEHMSI IKPAHOB € ONOJHHTEILHBIM
nposoannkom (1)

npu npoGoe H30IALMK, Ha AONOJHMTEbHbIA IPOBOA-
HWK, 4TO pasrpyxasio dKpaH.

3a Bpems IKcruryarainu donee yem 270 KM Takux
kabenei (B oaHoda3zHOM HCUMCIEHMH) He ObLIO HH
OJIHOIO C/lydas neperopaHus 3KpaHa kabens no imHe
dazel npu nospexaeHusx Ha KJL

[Tpu onpenenénHomM 060CHOBAHUM M C HEKOTOPOI
JopaboTkol (MPUMEHEHHWE MEAHOrO NpoOBOAA, Yiay4-
IIEHHE THAPOM3OIALHH Y3JI0B COEIAHHEHHS W Jp.)
3TOT cnocod MOXET HAHTH NPUMEHEHME.

B kauecTBe MEPONPHUATHIH MO TMOBBLILEHHIO (-
(dexTHBHOCTH nepenadn MekrposHepruu no KJI cie-
JIyeT YYHTBIBATE M BO3MOMKHOCTb YBEJIMYEHMUsS MPO-
nyckHoii ciocobrocTr KJT 1 oTAenbHbIX €€ y4acTKOB
3a CyéT BapHALIMU MPUMEHEHHS CXEM YKIAAKH TPEX
da3 B MIOCKOCTH WIKH TpeyrosibHuKoM. [l ouerku
a¢ekTHBHOCTH Takoil BapHauuu B Tabn. 2 B Kauec-
TBE NpUMEPA MPHBOIATCS KATANIOKHBIC AaHHbIE (DUP-
mbl ABB ans kabeneii 100 — 300 kB, npoknaabisae-
MBIX B 3€MJI€ MIPH CTAHAAPTHBIX YCNOBHAX (rimyOnHa
npoknaaku 1 m, temneparypa semau 20°C, okpyxato-
mieit cpeast 35°C, ynensHOe TEPMHHYECKOE COMPOTHR-
nenwme semun | M-K/BT, paccrosnue mexay dasamu
npH yknaake B iwiockoctu 70 Mm B CBETY).
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BbiBogb!

1. TapamMeTpbl U CXEMbl COCAMHEHHS IKPAHOB [UIA
KaGe/bHbIX JIMHHH, BbIMOJHEHHBIX ¢ [PHMEHEHHEM
oaHotasueix kabeneil, CyuleCTBEHHO BIMAIOT Ha M0-
tepu B KJI. Tlpn npoektuposanuu KJI neoOxoammo
060CHOBBIBaTL BHIOOP CEUEHHMS JKPaHOB, crnocoba
yknaakud onHo(da3zHbix KabelneH M CXeM COEINMHEHHs
JKPaHOB.

2. B cxeMax, IOMYCKAIOIHMX MPOTEKAHHE TOKOB 110
JKpaHaM B paboueM pPerkuMe, 3aBbIIIEHHE CeUYeHHs JK-
PAHOB HE TONbLKO BEIET K NOBBILIEHHI CTOMMOCTH Ka-
Oena ¥ YBENHYECHHIO MOTEPh NPH NEPeaaye, HO W Bbl-
3bIBAET CHUKEHHE NMPOIMycKHO#H cnocobnocTu KJI, no-
TOMY MEpbl MO YMEHBIIEHHIO CEYEHUs OSKPaHOB
UMEIOT BasKHOE 3HadeHune. Cpenu HUX:

pacy€T SKPAHOB MO METOAMKE, YUHTLIBAIOLIEH pac-
tTexanue Toka K3 no skpany nipu nospexaennn Ha KJI;

DoJiee TUIATENbHbIA 10AX0A K ONPEACICHHIO Mep-
crnekTUBHOTO pacuérnoro Toka K3 na KJL

3. YuuTeiBas A0cTato4Ho 00/bI1I0E pasHooOpasue
BApHAHTOB [1aPAMETPOB U CXEM COCAMHEHHS IKPAHOB,
HEoOXOAMMO 0DOCHOBAHNE BEIOMPAEMOro BAPHAHTA.

Cnucok nuTeparypbl

1. The disegn of specially bonded cable systems. — Elektra, 1973,
May.
. Jlapuna 2. T. Cunossie kaGe/TH H BHICOKOBOIBTHBIC KabenbHbIe
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