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Pedepar. {11 pacuera TOKOB KOPOTKOIO 3aMbIKaHMsA, OTEPh HANPSKEHUS U PEAKTUBHON MOIII-
HOCTH B 3JIEKTPHUYECKUX CETAX HeoOXxoauma HHpopManusi 00 WHIYKTHBHBIX COIPOTHUBIEHHIX
KaOenpHbIX MUHUHN. B TexHH4Yeckoi auTepaType OTCYTCTBYIOT TOYHBIE ITAPAMETPhI OJHOKUIBHBIX
Kabenel ¢ M30MALUUel U3 CLIIMTOrO MOJMATHIICHA HanpshkeHueM 0 1 kB. DTo mpuBoIUT K HETOU-
HOCTSIM B pacdeTax pPeKUMOB 3JIEKTpPHUUECKUX ceTeil. B cTaThe paccMaTpuBaroTCsi BOIIPOCH! OMpe-
JIeNIeHHs. MHIYKTHBHOCTH U MHAYKTUBHOTO CONMPOTHBIIEHHS JUHUI 3JIEKTpONepeiaull HaNpsKeHH-
eM 10 1 kB, BBINOJIHEHHBIX OJHOXHJIBHBIMH KaOEIsIMU C W30JISIIIUCH U3 CIIUTOTO MOJUAITHIICHA.
ITpousBeneH ananu3 GOpMyI sl ONMpeeIeHNs] HMHIYKTHBHOCTH, TPUBOJMMBIX B Pa3HBIX JUTEpa-
TYPHBIX HCTOYHHUKAX, KOTOPBIH MOKa3aJl CYIIECTBCHHOE PAa3IM4Ne YHCICHHBIX 3HAYEHHH MoTyda-
eMBIX pe3yNIbTaToOB pacueTa. Brrnena gopmyna, obecrneunBaromas 0ojee T0CTOBEPHBIE pacIeTh
WHIYKTUBHOCTH KaOelnbHBIX JuHHUN. OmnpeneneHo BIUSHUE HAa WHIYKTHBHOE CONPOTHBIICHHE JO-
IIyCTUMOTO YBEIUYCHUS TOJIIMHBI H30JISIIUN U OO0JOUYKH OJHOKHIBHOTO KaOems HampsHKeHHEM
1o 1 kB ¢ m3omsinuelt u3 cmmToro monmdTHIEHA. [Ipon3BeneHsl pacyeTsl HHIYKTUBHOCTH M HWH-
JyKTHBHOTO COIPOTHBIICHHS OJHOKHJIBHBIX KaOelel Mpu packiagke UX 110 BepIIMHAM PaBHOCTO-
POHHETO W IPSMOYTOJBHOTO TPEYTONBHHUKOB, a Takke B OAHOH miockoctH. Ilokasano, 4to mpu
PAcCHOJIOKEHHN B TUIOCKOCTH C PAacCTOSHHEM MEXIY COCEIHHMH KaOelsiMH, PaBHBIM Hapy>KHOMY
IraMeTpy Kalelnsi, yaelbHbIe HHAYKTUBHOCTH W MHAYKTUBHBIE compoTHBiIeHHs B 1,7-1,8 pasa
OoutbIie, YeM IPH PACHONIOKEHUH BIUIOTHYIO IO TPEyroNbHHKY. [Ipu OOIBIIMX CEUSHUSIX TOKO-
MPOBOJMIINX JKHJI M B MHOTOAMIEPHBIX YCTAHOBKAaX HMEIOT MECTO MOBEPXHOCTHBIH 3(dexT
u 3¢ dexT OMM30CTH, BCIEACTBHE KOTOPBIX CHIDKAIOTCS HANPSHKEHHOCTh MAarHUTHOTO TOJS BHYT-
PH KWIIBI U €e MHAYKTHBHOCTh. OTpeseneHsl HHAYKTHBHOCTH U WHIYKTHBHBIC COIPOTHBICHHS
OJHOXKMIBHBIX KalOened HampspkeHHeM 10 1 kB ¢ yderoMm BImsiHES MOBEPXHOCTHOTO 3(dexra
u dddexra Ommsoctu. Pacuersl mokasanmy, 94To HEydeT yKa3aHHBIX 3((EeKTOB MPUBOAHWT K CYIIECT-
BCHHBIM TMOTPEIIHOCTSIM B ONPEAENICHUH HMHIYKTHBHBIX COIPOTHBJICHHH. PaccMOTpeHO BimsiHUE
Ha VHJYKTUBHbIC COIPOTHBIICHHS OJTHOKHJIBHBIX KaOelneil OpOHM, BHIIOJIHEHHOH W3 CTAJBHBIX JICHT.
Ha wimroctpaTnBHOM IprMepe NMOKa3aHo, YTO MHAYKTUBHOE CONPOTUBJICHNE OPOHUPOBAHHOTO Kales
C IUIOIIA/IBI0 CEUCHHs TOKOMPOBOAILIEH KiTbl 800 MM IPHMEPHO B IBA Pa3a GOJIBIIE, YeM HEOPOHH-
poBanHoro. [IpuMenenne B Tpex(aszHbIX MEKTPUUCCKUX CETAX OIHOXKIIBHBIX Kabenei, OpoHMpoBaH-
HBIX CTAJIbHBIMH JICHTaMH, OJDKHO OBITh 3alpelieHO HOPMATUBHBIMU JJOKYMEHTaMH, IOCKOJIbKY TaKHe
Kabenu pe3ko yxyaaroT 3QGEKTUBHOCTh CHCTEM JIEKTPOCHA0KEHHSI.
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Towards Determination of Inductive Resistances
of Single-Core Cables with Voltage of up to 1 kV Insulated
by Cross-Linked Polyethylene

V. N. Radkevich", V. V. Stalovich”, D. S. Alekhnovich"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. To calculate short-circuit currents, voltage losses and reactive power in electrical net-
works, information on inductive resistances of cable lines is required. In the technical literature
there are no exact parameters of single-core cables with voltage of up to 1 kV insulated by cross-
linked polyethylene. This results in inaccuracies in the calculations of modes of electrical net-
works. The article considers the issues of determining the inductance and inductive resistance
of power lines up with voltage of up to 1 kV made of single-core cables and insulated by cross-
linked polyethylene. The analysis of formulas for determining the inductance given in different
literature sources was fulfilled, that demonstrated a significant difference in the numerical va-
lues of the obtained calculation results. The formula that provides more reliable calculations
of the inductance of the cable lines was identified. The influence of the permissible increase
in the thickness of the insulation and the sheath of a single-core cable with voltage of up to 1 kV
covered with cross-linked polyethylene on the inductive resistance was determined. The induc-
tance and inductive resistance of single-core cables were calculated when the cables were arranged
along the vertices of an equilateral and right-angle triangle, as well as in one plane. It was shown
that the specific inductances and inductive resistances are 1.7—-1.8 times greater in the plane with
the distance between adjacent cables equal to the outer diameter of the cable than in the location
is close to the triangle. When the cross sections of conductive cores are large and installations are
multi-ampere, there is a surface effect and proximity effect, due to which the magnetic field inten-
sity inside the core and its inductance decrease. Inductivities and inductive resistances of single-
core cables with voltage up to 1 kV were determined taking into account the influence of the sur-
face effect and the proximity effect. The calculations that we performed have shown that the non-
consideration of the above-mentioned effects leads to significant errors in the determination
of inductive resistances. The influence of one-core cables of armor made of steel tapes on induc-
tive resistances is considered. An illustrative example shows that the inductive resistance of an
armored cable with a cross-section area of the current-conducting core equal to 800 mm? is about
twice as large as the unarmored one. The use of single-core cables in three-phase electrical net-
works, armored with steel straps, ought to be prohibited by regulatory documents, since such
cables dramatically worsen the efficiency of power supply systems.

Keywords: cable lines, electrical networks, single-core cables, inductance, inductive resistance,
cable layout, surface effect, proximity effect, armored cable

For citation: Radkevich V. N, Stalovich V. V., Alekhnovich D. S. (2018) Towards Determination
of Inductive Resistances of Single-Core Cables with Voltage of up to 1 kV Insulated by Cross-
Linked Polyethylene. Energetika. Proc. CIS Higher Educ. Inst. and Power Eng. Assoc. 61 (4)
321-333. https://doi.org/10.21122/1029-7448-2018-61-4-321-333 (in Russian)

BBenenne

Kabenu ¢ nzomsmueit u3 cammroro nommatwieHa (CIID), umeromue ps mpe-
UMYIIECTB TI0 CPABHEHHUIO ¢ KaOeIsIMH C OYMa)KHOM IPONUTAHHON H30JIAINCH,
HaunHast ¢ 80-x rr. XX B. NPUMEHSIOTCS B AJIEKTPUUECKUX CETSIX JHEPro-
CHUCTEeM W TPOMBINUIEHHBIX mpennpustuii PecnyOmmku bemapyce w apyrux
ctpan CHI [1, 2]. B cucremax snekrpocHa0xkenus (COC) Hanpsbkennem o 1 kB



V. N. Radkevich, V. V. Stalovich, D. S. Alekhnovich
Towards Determination of Inductive Resistances of Single-Core Cables with Voltage... 323

WCTIONB3YIOTCS KaK MHOTOXKUJIBHBIE (TPEX-, YeThIPEX- WU MATIKUIBHBIE), TaK U
OHOXWIBbHBIEC Kabemu ¢ m3omsmuert 3 CIIO [3]. Tpexdaznas nuHUS IIEKTPO-
repelavyn, BEITIOJTHEHHAS MHOTOKWIBHBIM Ka0elieM, KOMITAKTHee, TIPOIe B MOH-
Taxe W TpeOyeT MEHBIINX 3aTpaT Ha COOPY)XEHHE W dKcIuryartanuro. [lostomy
B DJIEKTPUUYECKUX CETSAX HampspkeHneM 710 1 kB B OONBIIMHCTBE CIy4aeB MpH-
MEHSIFOTCSI MHOTOXHUIIbHBIE KaOenu. OTHaKo Takue KaOesln UMEIOT IUIOMaIb ce-
genust Tokonposoasmx xui1 (TIDK) 10 240 MM, 4TO OrpaHMYMBAET MPOIMYCK-
HYIO CTIOCOOHOCTB JINHUH 3JIEKTpoIepeaayn.

[IpenenpHBIC 3HAYEHUS JUIUTEIBHBIX JOITYCTUMBIX TOKOB YETHIPEX KHIbHBIX
kabeneir ¢ amomuHueBsiMH TIDK mpun HOpMHPOBAHHBIX YCIOBHAX TPOKIIAN-
ku gocrurator npumepro 400 A mpu mpoknaake B Bo3ayxe u 370 A — B 3emite.
[Ipu pacyeTHBIX TOKaxX JUHHUNA B HECKOJBKO COT amImep B Tpex(asHBIX CETAX
HampspkeHueM 10 1 kB Bo3MOXXHO MpuMeHEeHHe OAHOKIIIBHBIX Kabenei ¢ 00Ib-
IIAMH JOTMyCTUMBIME ToKamu. CoriacHo ctaHmapty [4], omHOXWIbHBIE Kabe-
mu ¢ momsnuen u3 CIID moryt umers mnomans cedenuss TIDK mo 1000 MM,
WX mmrensHBIE TOMyCTHMBIE TOKH JOCTHTAIOT mopsiaka 1450 A npu nmpoxianke
B Bo3nyxe u 1000 A — B 3emiie. [loaTOoMy Hcnonb30BaHUE OHOXKHIBHBIX Kabe-
neit B8 COC B psjie CIy4aeB MO3BOJISIET OTKA3aThCsl OT MPUMEHEHUs TpaHCchop-
MaTopHOU moncraniuy Hanpsokernem 10 (6)/0,4 (0,69) kB mis snextpocHad-
KEHHUs yIAIeHHOro 000co0IeHHOTO 00bekTa. Takue kabenu 00ecreunBaroT Bbl-
COKYIO TIPOITYCKHYIO CITIOCOOHOCTh JIMHUM JIEKTPOIepEeIatH.

Jnst pacyeroB TokoB KopoTkoro 3ambikaHusi (K3), moreps MomiHOCTH U
HaTpsDKEHUS] B DJICKTPUUECKUX CETSAX TEePEeMEHHOT0 TOKa HEOOXOAMMO 3HATh
AKTHUBHBIC U MHAYKTUBHBIC COIPOTUBIICHUA JIMHUN DJICKTpOIICpEaavuu. OI[HaKO
HOPMAaTHUBHO-TEXHUYECKass JOKYMEHTAMs C TOYHBIMHU IMapamMeTpamMu Kabemeit
¢ momanueit u3 CIIO orcyrctByet. IlpuBoanMble B TEXHUUECKON JUTEpaType
JIAaHHBIC HE YYMTHIBAIOT OCOOCHHOCTEH KOHCTPYKTHBHOTO HMCIIOJIHEHUS KaOese
Y JIMHAW DJIEKTPOIIEPEIayd, YTO MOXKET MPUBOJIUTH K HEJIOMYCTUMBIM TMOTPEII-
HOCTAM B JJIEKTpUYECKUX pacueTax. /s ONHOXWIBbHBIX KaOenel Hampspke-
HUeM 70 | kB B oCTymHOMN 711 MPOEKTUPOBIUKOB JUTEpaType WHPOpMAIIus,
HeoOXouMast ISl OIpe/IeNIeHUs] COIPOTHUBIIEHHH, BoOOIe OTCyTCTBYeT. U ecnu
AKTHUBHBIC COIIPOTHUBJICHHSA MOXXHO IHNPHUHATH 110 CIIPABOYHBIM JaHHBIM, ITPHUBO-
IUMBIM JIJ1s1 Kabenei HanpsbkenueM 6—10 kB, To 3Toro Henb3s cienarh Ajs WH-
IyKTUBHBIX COTPOTHBJIICHUN, 3HAYEHHUS KOTOPBIX 3aBHCAT OT KOHCTPYKIIUU
Kaoenei.

B TpeX(i)aE}HI)IX QJICKTPUUYCCKUX CETAX, BBIITOJHCHHBIX OJHOXWIIbHBIMU Kxabe-
JIIMU, Ha BEIIMYMHY HHIYKTHBHOTO COMPOTHBIICHUS JIMHUHM OOIBIIOE BIUSHUC
OKa3bIBAeT MPHUHATAS CXEMa PacIONIOKEHUs Kabeneil OTHOCUTENBHO APYT ApyTa
mpu npokiaake. Hecummerpuanoe pacrosiockeHue kKadenell m3-3a 3JIeKTpomar-
HUTHBIX SIBJICHUH B OOJBINEH CTEIICHW OKA3bIBACT BIUSHUEC HA WX WHIYKTHB-
HBIE ¥ aKTUBHBIE COMPOTHBIIEHUS [0 CPABHEHUIO C CHMMETPHUYHON PacKIIaIKOH,
YTO He BCerJa yuuThiBaeTcs. [loaToMy pacdeTsl peXMMOB ceTeil HaIpsKEeHH-
eM 10 1 kB, BBINOJHEHHBIX OJHOXIIBHBIMUA KaOENsIMHU, M3-32 HETOYHOCTEU
B ONpE/EIeHNH WHIYKTUBHBIX COIPOTHBIICHNN Kabenel MOTyT MMETh HEBBICO-
KYIO IOCTOBEPHOCTb.
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B craTthe paccMaTpuBarOTCS METOBI ONIPEENICHHUST HHAYKTHBHBIX COITPOTHB-
JICHWI KaOeJIbHBIX JTUHHIA, BBITIOJHEHHBIX OJJHOXHWIIBHBIMHU KaOENsIMU C H30JIs-
et u3 CIID, u ¢pakTopsl, BIHSIONTNE Ha HX 3HAYCHUS.

KoHcTpyKTHBHBIE TapaMeTphbl OIHOKHIIBHBIX KaleJsIe
Hanpsikenuem 10 1 kB

B TpexdasHbIX 3MeKTpUYECKUX CeTIX HampsbkeHueM 1o 1 kB moryt mpume-
HATHCS HEOPOHUPOBAHHBIC OHOXKHUIILHBIC KaOEH C TUIACTMACCOBOM M3OJISAIUCH.
B cootBercTBum c [4] xabenp mMeeT MHOrompoBonodHyro Kpyriayio TIDK wu3
ATFOMUHHS WM Meau ¢ ¢asHoi m3omsiueit u3 CIID u 0005104Ky M3 MONHITH-
JICHa WU TIOJIMBUHUIXJIOPUIHOTO TUIACTHKATa. JMaMeTp >KWibl d, Hapy>KHBIH
IAMETp Kabemns D, TOMIMHIHA W30JAIAA O, M 000JIOUKH O, YKAa3BIBAIOTCS B TEX-
HUYECKHX YCJIOBUSAX Ha KaOCJIM KOHKPETHBIX MapOK.

PacueTHbIil TuamMeTp KaOesst MOXKHO TIPEJCTABUTH KaK

D=d+2(8,+3,). (1)

Hns kabeneit ¢ mzomauueit u3 CIID ycTaHOBIEHB HOMUHAJIBHBIE 3HAYCHHUS
TOJIIIIUHBI U3OJIAIHH Oy U 000IOUKH Oy, [4].

OCHOBHBIC TEXHHUYCCKUE XaPAKTEPUCTHKHU OJHOKHMIbLHBIX HEOPOHHUPOBAHHBIX
kabenelt ¢ momsanuen n3 CIID manpspkerneMm 1 kB npuBenens B Tadn. 1. 3Ha-
YEHWUSI TOJIUHBI Oy U Oy MPUHATHI B COOTBETCTBYH C [4], a quameTp TIDK — mo
JIAHHBIM, IPUBEJCHHBIM B [5].

Tabauya 1
TexHHYecKHe XapaKTePHCTHKH OJHOKMIILHBIX KabeJeii
Specifications of single-core cables
[Tnomane Ce‘leHI/Ifl Huamerp } HOMHHATBHAS TOJIIHHA, MM Pacuertnslii
TOKONPOBOAAIIEH TOKOTIPOBOSAIIEH JHMETP
JKHITBI, MM” JKUJTBI, MM O Oon kabens, MM
185 16,2 1,6 1,4 22,2
240 18,4 1,7 1,4 24,6
300 21,0 1,8 1,4 27,4
400 23,8 2,0 1,4 30,6
500 26,6 2,2 1,4 33,8
630 29,8 2,6 1,4 37,8
800 34,2 2,6 1,4 42,2

JlommyckaeTcsi yMEHBIICHHE TONIUHBI (pa3HOW M3O0JSAIUY KaOels Ha BEIUYH-
HY A, ¥ TOJIIUHBEI 000JIOYKH HA A,, 3HAYCHUS KOTOPBIX (MM) OIIPEACIISIOTCS 10
CJICTYIOIINM BBIpKECHUM [4]:

A,=0,1+0,18,; 2)

A, =0,1+0,155,. 3)
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Crnenyer OTMETHTH, YTO MaKCHUMallbHbIE 3HA4YCHUS O, U O, HE HOPMHPY-
torcs [4]. Takum o6pa3om, MPOU3BOJUTEIN MOTYT BBIITyCKaTh KaOeIu ¢ yBElu-
YeHHBIM 3HAUYCHUEM JaHHBIX TOKasaTeneil. B sToMm ciyuae xabenu B mporecce
9KCIUTyaTallMu OyIyT UMETh IIOBBIIIEHHOE UHIYKTUBHOE COIPOTUBIICHUE.

B snexTpudeckux ceTAX ¢ Iiyx03a3eMIICHHON HEWTpanbio TpexdaszHas Ju-
HUs HanpsbkeHueM 1o 1 kB, BbIIOJIHEHHas ONHOXWIIBHBIMHU KaOesIMH, Npel-
CTaBJIeT COOOW cucTeMy M3 TpexX (as3HBIX, HyJlIeBOoro pabodero N ¥ 3alIuT-
HOro PE W30J1MpPOBAHHBIX IPOBOJHUKOB. JlomyckaeTcss BMECTO IPOBOJIHU-
kKoB N u PE npuMeHATh COBMEILICHHBIA HyJeBoW mpoBoaHuk PEN. HauGonee
pacnpocTpaHeHHBIE CIIOCOOBI PACKIaIKH OAHOKUIBHBIX Kalenel Tpex a3 Oe3
y4eTa HyJEBBIX IPOBOJHUKOB, TAK KaK OHM HE OKa3bIBAIOT CYIIECTBEHHOTO BIIU-
STHAS HA MHIYKTHBHBIE COMPOTHBIICHUS INHUM, TTOKA3aHbI Ha puc. 1.

a b
S13 2

S12 S23
1 2 3(D)
D| D| D D | D

Puc. 1. PacnonosxeHne 0qHOXWIBHBIX Kabeneil 1-3 mpu npoxnanke:
a — B OJJHOH IJIOCKOCTH; b — 110 BEpIIMHAM PaBHOCTOPOHHETO TPEYroJIbHUKA

Fig. 1. Location of single-core cables 1-3 when laying:
a—in one plane; b — at the vertices of an equilateral triangle

B [6] pexomenayeTCsl MPUMEHATEH PacKiIaAKy OTHOKHIBLHBIX Kabelel Harps-
»keHreM 1o 1 kB mo cxeme, moka3aHHO# Ha puc. la, ISt KOTOPOH B JIMTEpATyp-
HBIX MCTOYHHMKAX OTCYTCTBYET Kakas-TMOO0 MH(pOpPMAIMsi MO MX TEXHHYECKUM
xapaktepucTiukaM. bonee ynoOHOHN U1 MOHTaXka JIMHHMU SIBISIETCS HPOKJIAaIKa
KaOeneil BIUIOTHYIO MO BepIIMHAM TpeyrojbHuKa (puc. 1b). B atom ciyuyae 06-
pasyeTrcd CHMMETPUYHAsl CHCTEMa IMPOBOJHHUKOB, B KOTOPOH CONpPOTHUBIEHUS
TIDK xaGeneit OynyT omuHakoBbIMH. Jlisi Takod packiagku B [4] mpuBoasTCS
JUIMTENbHBIE JOMYCTHMBIE TI0 HATPEBY TOKH Kabemei.

Anaan3 popMyJ1 1S onpeaeeHUs yAeJbHbIX HHAYKTHBHOCTEH
OJHOKHJILHBIX KaleJieii

[Ipu mepeMeHHOM TOKE BOKPYT IPOBOJHUKOB CO3[Aa€TCA MEPEMEHHOE Mar-
HUTHOE TI0JIe, BCJIEJICTBHE YeT0 JIMHUSA 00JIafaeT MHIYKTUBHBIM COMPOTHBIICHHU-
eM. IHAyKTHBHOE COTPOTHBIICHNE OJHON (Pa3bl JIMHUM PACCUUTHIBAETCS IO BBI-
pakeHHIo

X =x, @)

IJIe Xo — IOrOHHOEC WHAYKTUBHOE COIPOTUBJICHHE JXXWIbl KaOenms, OM/KM;
[ — n1IvHA IMHUU, KM.
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3HaYCHHE X 711 KaOSIHHOW JTMHUH ONIPEACIIICTCS 10 (opMyIIe
_ -3
X, =2nfL,-107, 5)

rae f—vacrora Toka, ['m; Ly — yaenpHas HHIYKTUBHOCTh Kaoems, MI H/kM.

JlJiss MHOTOXHIIBHOTO KaOelsi TH000ro HampspKEeHHUsST ¢ CUMMETPUYHBIM pac-
MOJIOXKECHUEM KHJI MM TPEX OJHOXWMIBHBIX HeOpOHHPOBAHHBIX Kabeiew, pas-
MEIICHHBIX BIUIOTHYIO JIPYT K APYTY O TPEYTOJbHUKY, YJCIbHYI HHIYKTHB-
HOCTB 1iend, [ 'H/M, MOXHO paccyuTats 1o dhopmyre [7]

wo(, 28 1
L= In=2 4~ |, 6
"ol g 4 ©

IZie [y — MaTHUTHAs IPOHMI[AEMOCTh BaKyyMa, Lo = 4110~ T'u/M; S — paccros-
HUE MEXIY IIEHTpaMH XKW coceaHux KaOemei, mm; d — nuametrp TIDK kabe-
TSI, MM.

[ToxcraBuB uMCEHHOE 3HAYEHUE Ly B (6) M BBIIOJHUB MPEOOpa3OBaHUs,
MOJTYYUM CIISAYIOIIee BEIpaXKeHHE I pacyera Lo:

L, :O,2ln%+0,05. 7)

Amnanoruunas gopmyna mpuBoauTcs B [8] mis pacdera Ly mpH pacrooxe-
HUH OJTHOXKMIIBHBIX KabeJel TPEYTroNbHUKOM.

Cy1IecTBYIOT U Jpyrue MaTeMaTHYECKHE BBIPAXKEHHUS VIS OLIpENesICHUs UH-
OyKTUBHOCTH KaOened. Hampumep, B [9] mnst pacuerta 3HavuenHust Ly, MI'H/KM,
IpeJiaraeTcs ypaBHEHUE

S—r

L,=0,1+0,21n , (8)
r

rae r — paauyc TIDK, mm.

Cormacuo [10], ”HIYKTHBHOCTH TPEX OTHOXKWIHHBIX Kabelel, pactoioKeH-
HBIX TI0 BEpIIMHAM PaBHOCTOPOHHETO TPEYTOJbHHKA, BEIpaXeHHas B MI H/KM,
BBIYHCIISIETCS IO PopMyIie

S—r

L, =0,05+0,461g : 9)
r

PacdeTs s 0qHOKHMIBHBEIX Kabeneit ¢ uzomnsaueit u3 CIID (tabm. 1) moka-
3anu, 4To HaiaeHHsle 1o (7)—(9) 3Hauenus L, cymiecTBeHHO pasnuuatorcs. [lo-
Tmy4deHHas 1o BelpakeHuto (8) BenmmumHa Ly Ha 20-24 % MeHbIIe, 4eM BBIYHC-
nenHas 1o (7). Eme Oompitiee paznmuyaue MEXITy 3HAYCHUSIMH L, TIOTyICHHBIMHU
1o (9) u (7): mo popmye (9) — Ha 3645 % meHble.

IIpu 3ToM BEMMmCIeHUs Ly 1m0 (7), BBITOTHEHHBIC ISl OJHOKIIIBHBIX Ka0e-
nelt HanpspkeHueM Ooiree 1 kB, manm pe3ysbTaThl, JOCTaTOYHO OJNM3KHE K CIIpa-
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BOUYHBIM JaHHBIM, NpHuBeAeHHBIM B [5]. IlosTOMy nanee B cTaThe Ul OLEHKU
WHIYKTUBHOCTH KaOenen ncronb3yercs Gopmymna (7) [7, 8].

B chnyyae HecMMMETpHUYHONW KOHCTPYKUMH KaOeNbHOW JIMHUH, HAIpuMep
IIPY PacIIOJIOKEHUH OTHOKWIIBHBIX Kabesel Mo cxeMe, II0Ka3aHHOU Ha puc. la,
WHAYKTUBHOCTH XWJI U UX WHAYKTHBHBIE CONPOTUBJICHUS OyAyT HEOAMHAKOBBI-
MU. 3xaechk mposiBisiercs: 3G (eKT MHIYKTUBHOTO TEePeHOCca MOLIHOCTH, MPHBO-
ISIIUN K HEOIWHAKOBBIM B3aMMHBIM HHAYKTHBHOCTAM MEXIy Pa3IHYHBIMU
napamu ¢a3. M3-3a CI0XKHOCTH UX ONPEAETCHUS pacdeT COIPOTHBICHUH Ka-
OeNbHBIX ceTel BBIMOJHSIOT MO CpPeJHeN yAeIbHOW MHIYKTUBHOCTH, KOTOPYIO
HaxoAaT 1o ¢opmyre (7) ¢ UCIOIBb30BaHUEM CPETHET€OMETPUIECKOTO PACCTOs-
HUS MEXTy [EHTpaMu Xui kabeneit S, [7]

L,=0,2In 25° +0,05. (10)

3HadyeHue S, MOXKET OBITh BBIYHCIECHO N0 opMyIie
Se =R/512523513 5 (11)

rae Sip, Sy, Si3 — COOTBETCTBEHHO PACCTOSHUE MEXKy IIEHTPaMHU XUl Kale-
nern lu2,2u3,1u3.

O6o3HaunB OykBoil S paccrosnue mexay uentpamu TIDK aByx cocemnmx
ka0enei, UIs CXeMbl, MMOKa3aHHOW Ha pHcC. la, MOXHO 3amucath S, = Sh; = S,

a Si3 =28 Torma S, = S-S-28 =1,26S. O4eBuaHO, UTO MIPU PacKiIaJIKe OJIHO-

JKUJIBHBIX KaOeJel 1Mo BepIliiHaM PaBHOCTOPOHHETO TpeyrojibHuKa (puc. 1b) S, = S.

B anexTpuyeckux ceTsax HanpsokeHueM 10 1 kB Bo3MoXxHA HECUMMETpUYHAS
cuctema (pa3HBIX OJHOKHWIBHBIX KaOenel, KOTopas ¢ eKTPO(QU3HIECKON TOUKH
3peHus] SKBHBAJICHTHA YETHIPEXKMIPHOMY HEOpPOHHMPOBAaHHOMY Kabemo ¢ 00-
UM HYJIEBBIM NpoBogHUKOM PEN (puc. 2).

Puc. 2. PacnionoxeHne 0HOXUIbHBIX
¢a3nbIX Kabeneit 1-3
10 BepIIMHAM NPSMOYTOJIbHOTO TPEYTrOJbHUKA

Fig. 2. Location of single-core
phase cables 1-3
on the tops of the rectangular triangle

[Ipu packmanke xabemneit mo cxeme, MOKa3aHHOW Ha puC. 2, S;p = Sy = S.
3HaueHHe PACCTOSHUA Sj3 MOXKHO HAWTH, pacCMaTpPHBas €ro Kak THUIIOTECHY3Y
MPSIMOYTOJILHOTO TPEYTOJIbHUKA, 110 BHIPAKCHHIO

Sy =87 +82 =+/287 =1,415. (12)

Tornma cpeaHereoMeTpuIeckoe PacCTOSHHE MEXIY [EHTpPaMHu KUl Kadeien
omnpenenseTcs mo Gopmyie

S, =3S-5-1,418 =1,128. (13)



B. H. Paokesuu, B. B. Cmanosuy, /]. C. Anexnosuu
328 OnpeeneHne HHAYKTUBHBIX CONPOTUBIICHUN OJJTHOKIIBHBIX KaOesel ¢ H30IISIHEH. ..

DopmMyny Uil pacueTa yIeIbHOW HMHIYKTHBHOCTH ONHOXWIBHBIX KaOenei
MO>KHO MPEICTABUThH B CIACAYIOIIEM BUJIE:

L,=0,2In 2IZ;S +0,05, (14)

rae k. — ko3 (HUIMEHT, YIUTHIBAIOIINN CXeMy DPAcKJIQJKA OTHOXKIJIBHBIX Ka-
oeneil.

3HaveHue k. NPUHUMACTCS PaBHBIM:

1,00 — ipu packiagke kabeneit TpeyroIbHUKOM BIDIOTHYIO;

1,12 — npu packiiafike Mo BEPLUIMHAM NPSIMOYTOJIBHOTO TPEYTOIbHUKA,;

1,26 — npu packiaake B OHOM MIOCKOCTH.

IIpu pacnonoxkeHun kabened BIUIOTHYK APYr K APYrY IO TPEyrojbHU-
Ky PacCTOSIHUE MEXIy LIEHTPaMM XKW COCeIHHX Kabenedt S = D, a B IUIOCKO-
ctu S = 2D (puc. 1).

Jns ogHOXUIBHBIX Kabened ¢ m3omsmmer n3 CIID, TexHmueckne xapakre-
PUCTHUKM KOTODBIX IPEICTaBIEHBl B TaOl. 1, ompeneneHbl 3HAYEHUs YAEIbHON
MHIYKTHUBHOCTH 1O Qopmyine (14) M MOrOHHOTO MHAYKTUBHOTO COMPOTHBIIE-
Hus 110 (5). [lomy4eHHbIe pe3yIbTaThl IPUBEACHEI B TA0M. 2.

Tabauya 2
YiaenbHble HHIYKTHBHOCTH H HHAYKTHBHBIE CONPOTHBJICHHS
OJHOKWJIbHBIX KaeJieli HanpsizkeHueM 1 kB
The specific inductance and inductive reactance values
of 1 kV single-core cables
IInomane ceue- Pacnonoxxenue no TpeyroabHUKY Pacnonoxenue
HHA TOKONPOBO- PaBHOCTOPOHHEMY TIPSMOYTOJIBHOMY B TNIOCKOCTH
TSN SKHIIBI,
M2 Lo, M[H/RM | X9, OM/KM | Lo, M[H/KM | X9, OM/KM | Lo, M[H/KM | X0, OM/KM
185 0,252 0,079 0,274 0,086 0,436 0,137
240 0,247 0,078 0,269 0,084 0,432 0,136
300 0,242 0,076 0,264 0,083 0,427 0,134
400 0,239 0,075 0,262 0,082 0,424 0,133
500 0,237 0,074 0,259 0,081 0,422 0,133
630 0,236 0,074 0,259 0,081 0,421 0,132
800 0,231 0,073 0,253 0,079 0,416 0,131

AHanu3 pe3yNbTaTOB pacueTa MOKAa3bIBACT, YTO YACIbHBIC WHIYKTHBHOCTH
U WHIYKTUBHBIC CONPOTHBICHHS OJHOXKHIBHBIX Kabellell Tpu pacrioioKeHUH
B OIHOM TuTOCKOCTH B 1,7—1,8 paza Gompiie, YeM MpH pacoiOKEHUH BIUIOTHYIO
1o TpeyroipHuKy. I[Ipu 3ToM, kak mokazano B [10], ”HAYKTHBHBIE COPOTHUBIIE-
HUS Kabenel kpalHuxX (a3 3aBHCAT OT COOTHOIIEHHUS WX TOKOB. boimee Omaro-
NPUSATHBIM SIBIISIETCS PaclojiokeHue Kabened Mo BepIIMHAM MPsIMOYTOJIBHOTO
TpeyroinbHuKa (puc. 2). B 3ToM cilyuyae WX WHAYKTHBHBIC CONPOTHBICHHS HE
6onee yem Ha 10 % Oomblle, 4eM IpPHU ONTUMAIBLHOM DPACIOJIOXKEHUU OJHO-
JKUJIBHBIX KaOeleh.

Ecnu npu m3rotoBieHun kabeist cyMMapHasl TOJIIMHA O0O0JOYKH M M30JIs-
UM YBEJIMYEHA Ha 1 MM, YTO JIOMTyCTUMO, 3TO MPHUBOJIMUT K YBEINYCHUIO UHIIYK-
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THBHOTO COMPOTHBIEeHHUS Ha 4—7 % TIpHU pacmojoXeHHH Kabenell TpeyroybHuU-
KoM  Ha 2—4 % — B TOPU30HTAIBHOHN TNIOCKOCTH.

YdyeT BAUSIHUSI MOBEPXHOCTHOTO0 Y dexTa U dddexTa 6,1U30CTH
HA MHAYKTUBHbIE CONMPOTHBJIEHUS Kadenei

[Tpu GoNBIIUX CEYEHUSIX MPOBOJHUKOB MPOUCXONT YILNIOTHEHNE TOKA Y TI0-
BEPXHOCTH JKHJIBI M3-3a TIOBEPXHOCTHOTO 3 dekra (ckuH-3pdekra), BCaeacTBue
4Yero CHWXKAKOTCS HANPSHKEHHOCTh MATHUTHOTO IOJISI BHYTPU JKUJIBI M €€ UHITYK-
TUBHOCTh. OKa3bIBaeT BIHSHWE HA WHAYKTUBHOCTH W 3¢ ekt Ommsoctu [11].
DTO MPUBOAMUT K HEKOTOPOMY YMEHBIICHHIO HHAYKTHBHOTO CONPOTUBIICHUS JIU-
Hull. UHIYKTUBHOCTh OJHOKHJILHOTO Ka0els ¢ YYeTOM YKa3aHHBIX 3(PQEKTOB
onpezenseTcs mo Gopmyne [7]

2k.S

L, :0,1(2111 +0,5Q(X)j, (15)

rae O(X) — k03 HUIMEeHT, yYUTHIBAIOIINI BHYTPEHHIOI HHAYKTUBHOCTL TTIK.
Coracuo [7], Q(X) =(0,5-1,0). [Ipu pacueTe HHIYKTUBHOCTH CHIIOBBIX Ka-
oeneii 3HageHne O(X) npuauMaetcs paBasM 0,50 u 0,75.
s wirocTpaluy BBIIONHUM pacueT Lo o gopmyne (15) u xo no (5) ms
OJTHOXWIBHBIX Kabenelt ¢ m3zomsamueit n3 CIID (tabdn. 1) mpu packiaake ux Tpe-
YTOJIBHUKOM BIDIOTHYO (pHc. 1b). [Tomydennsie pe3ynsTaTel mpuBeaeHb! B Ta0I. 3.

Tabruya 3
3naveHust Ly M Xy OIHOKUIBHBIX Kaleeii
€ Y4eTOM NOBEepPXHOCTHOI0 3 dexra u 3pdexTa 61M30cTH
Ly and x, values of single-core cables,
taking into account the surface effect and proximity effect
IInomane ceyenus 0(X)=0,50 0X)=0,75
TOKOTIPOBOISILIEH
KB, MM> Loy, MI'H/kM X0, OM/KM Loy, MI'H/kM X0, OM/KM
185 0,227 0,071 0,238 0,075
240 0,222 0,070 0,234 0,073
300 0,217 0,068 0,229 0,072
400 0,214 0,067 0,226 0,071
500 0,212 0,067 0,224 0,070
630 0,211 0,066 0,224 0,070
800 0,206 0,065 0,218 0,068

AHanmu3 MaHHBIX, PUBEACHHBIX B Ta0OJ. 3, TTOKA3bIBAET, UYTO 3HAYCHUS Lo,
paccuntannsie no (15) mpu Q(X) = 0,50, va 10-11 %, a npu Q(X)=0,75 —
Ha 5—7 % mensb1e, yem 1o popmyne (14). OTcrona ciemyer BEIBOJ O HENIEC000-
pasHocTH y4era ckuH-3QdexTa n 3pdexra 6G1M30CTH PH ONpeNeICHNN HHITYK-
TUBHOTO CONPOTHBIICHUS KAOCIbHBIX JIHHUM.
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HNHayKTHBHBIE COMPOTHBIIEHNS OPOHMPOBAHHBIX KabeJiei

[Ipu wanmuuu B HemocpenactBeHHoW Ommzoctu k TIDK xabenst anmemMeHTOB,
BBITIOJTHCHHBIX W3 MAarHUTHBIX MaTEPHalOB (HApuUMep, CTaIbHOW OpOHH), ero
MHIYKTHUBHOCTH BO3pacTaeT. B TpexsKUIbHBIX KaOemsx BIMSHUEM Ha MHIYKTHB-
HOCTb CTaJbHOM JICHTOUYHOM WJIM MPOBOJIOYHOW OpOHM MpeHeOperaroT, Tak Kak
PE3YNbTUPYIOIIMI MAarHUTHBIM MOTOK B IPOCTPAHCTBE, OKPYXKAIOIIEM KHJIBI,
B HEKOTOPOM YyJaJIeHUH OT HUX He3HauuTeneH [10].

s onpeneneHus yaensHOH MHIYKTUBHOCTH, MI H/KM, OpPOHHPOBAaHHBIX O-
HOKWJIBHBIX KaOelel MOXeT NCIOIb30BaThes ciemyromas hopmyna [10]:

28 D
L, =02 hn=—=—+pln—= [+0,05, 16
0 J u D (16)

1

rae D, — nuamerp kabess moBepx OpoHu, MM; D — TO ke Kabens o OpoHeH,
MM; |\ — OTHOCUTEIIbHAS MATHUTHAS TPOHUIIAEMOCTh OPOHU KaOedsl.
3uauenust D u D, MOKHO ONIPEIEIIUTH IO CIICIYIOMUM QopMyiam:

D =d+25,; (17)
D,=D-25,. (18)

OTtHOCUTEIIbHAS. MarHUTHAs MPOHULIACMOCTD BBIYUCIIACTCA IO BBIPAKCHUIO

p=te, (19)
Ho

rJie |, — abCONMIOTHAS MarHUTHAs IPOHHUIIAEMOCTh Marepuana, [ H/M.
MarauTtHas IpPOHHUIIAEMOCTb CBA3BIBAET MarHUTHYIO WHAYKLHWIO B W Hamps-
JKEHHOCTh MarHUTHOTO TOJIsI H B BElIeCcTBE

Ha = (20)

BenmmunHa L, 3aBUCUT OT CTPOCHHMS W MAarHHTHOTO COCTOSTHHS BEICCTBA,
a TakKe OT HANPSDKCHHOCTH MAarHUTHOTO TOJIA. 3aBHCHMOCTh MeXmy B u H
Jutst (hepPOMATHUTHBIX MAaTEPHAJIOB HE MMEET TOYHOI'O aHAJTUTHUYECKOTO BhIpa-
JKeHUs. B CBsI3u ¢ 3TUM Ui Kaxa0ro (peppoMarHuTHOrO MaTepuasia JaHHas 3a-
BHCHUMOCTD TIPEACTaBISAETCS B BHIE KpUBOW HamarmmuuBauus B = f(H), xorto-
pas ompenensercs onbITHBIM myTem [11]. M3-3a ykazaHHOTO OOCTOSTENILCTBA
MPaKTHYECKUE pacueThl Ly MO BbIpakeHUIo (16) maroT IuIb NpUOIMKCHHEIC
pEe3yIbTATHL.

B xauecTBe WLIIOCTPAaTHBHOIO MpUMEpa OINpEeAeTuM 3HaueHus Lo U X
Juist ogHOXKUIbHOTO Kabens mapku [IBBIIB 1x800-1 ¢ wm3omsmueit u3 CIID,
OpOHHUPOBAHHOTO CTATBLHBIMH JICHTAaMH. TeXHHYECKHE XapaKTePUCTHKH Kabe-
ns: d= 34,2 mm; O, = 2,6 mm; O, = 1,4 mm; D =47 mm. [Ipumem, 4to crambHast
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OpoHs KaOes BBITIOJIHCHA M3 HU3KOYTICPOIUCTOW cTanmm Mapku 3320, umero-
111eit aGCOMOTHYIO MATHUTHYIO IPOHUIIAEMOCTS [, = 0,125 - 107" T'/m.
ITo (19) oTHOCHTENBHAS MAarHUTHAS IIPOHUIIAEMOCTh OPOHU Kabems

~0,125-107
H 4.3,14-107

b

[IpomsBenem pacuetsl D u D, o popmyiam (17) u (18):
D, =34,2+2-2,6=39,4 mm;
D, =47-2-1,4=44,2 mm.

Beruucnum no (16) Ly npu pacmonoxkeHun kaOeneil Mo BepIIMHAM PaBHO-
CTOPOHHETO TpeyrojbHuKa (puc. 1b)

2.47+9,95-ln44’2

b b

L,=0,2| In

+0,05=0,481 mI'1/xm.

[ToroHHoe MHIYKTUBHOE COIIPOTUBIICHUE Ka0eis HaxoauM 1o dopmyie (5)
Xy = 2-3,14-50-0,481-107 = 0,151 Om/km.

Pacuers mokazanm, 4TO MPH PACIONOXEHHH TPEYTrOJbHUKOM BIDIOTHYIO
OponupoBaHHbIe OnHOXKWIbHBIE Kabenu ¢ TIDK mtomanesio ceuenust 800 MM
B CPaBHCHHH ¢ HEOPOHHPOBAHHBIMH (Ta0i. 2) UMEIOT HHIYKTUBHOE COTPOTHB-
JIeHNEe MMPUMEPHO B JBa paza OoJbIIIe.

CornacHo I'OCT 31996 [4], mpuMeHEeHHE CTalIbHBIX JEHT Ui OpOHHPOBa-
HUSl OJHOKWJIBHBIX KaOeleH, mpeaHa3sHaueHHbIX IS SKCIUTyaTallld B AJIEKTPH-
YEeCKUX CETAX MEePEeMEHHOTO HANpsDKeHHS, HE JOIMYCKAaeTCs, YTO PaBHO3ZHAYHO
3alpeTy Ha HCIOJIB30BaHUE B 3TUX CETAX Takux KaOenei. OfHAKO B MpaKTHKE
npoektupoBanust COC MPOMBINIIICHHBIX MPEANPUIATHNA U JPYTHX O0HEKTOB JTaH-
HBIN JJOKYMEHT HE HaIllell MITUPOKOTro MpUMeHeHHs. B ¢Bs3u ¢ 3tuM B PecmyOmu-
ke Bemapych nMenu ciyyan IpOCKTHPOBAHUS M COOPYKEHUS JIMHUAN HampshKe-
HueMm 0,4 kB mis snekTpocHaOXKEeHHS MPOW3BOJACTBCHHBIX OOBEKTOB, BBHITION-
HEHHBIX OJHOXKMIJIHHBIMH KaOemnsiMH, OpOHHPOBAHHBIMH CTAJIbHBIMH JICHTAMHU.
Co3pmannbie COC oka3anch HACTONBKO HEd()(HEKTUBHBIME, YTO MOTpeboBagach
PEKOHCTPYKIHS MUTAIOIINX JIMHAN 3JIEKTPOIepeaadd MPaKTHUYECKd Cpasy Ke
ociie MX BBOJA B OKCILTyaTaIluIo.

Crnenyer oTMETHTB, 4TO OPOHHPOBaHHBIE KaOear HEOOXOAMMBI B TEX CIIyda-
sIX, Korja TpeOyeTcss WX YCHIIEHHAas MeXaHW4YecKas 3ammra (TpH MPOKIIAJKe
B 30HaX ¢ MYYMHHUCTHIMH WJIHA TIOJBWKHBIMHU I'PYHTaMH, 10 JHY PEKU WU CYIO0-
XOAHOTO BojoeMa M T. I.). IIpn HEOOXOAMMOCTH JOMOTHUTEILHOW MeXaHude-
CKOl 3amuThl KaOeIbHBIX JIMHUH HYKHO HCIONB30BaTh OJHOXKHUIIbHBIE KaOemn
C TPOBOJIOYHOW OpOHEH, BBIMOJHEHHOW M3 HEMarHUTHOTO MaTephala: alloMH-
HHMSI WK eTo ciiaBa [12].
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BbIBO/JbI

1. JI7s BBITOTHEHUS DJIEKTPUICCKUX PAcUeTOB ceTel HampspkeHneM a0 1 kB
HEoOXoMUMBI MH(pOpPMAIUs ¥ pacdeTHbIe (GOPMYIBI JUIS ONPENEeIICHUS WHIYK-
TUBHOCTU Y UHIYKTUBHOT'O COMPOTHBIICHUS OJHOXWILHBIX Ka0eeH, 3aBUCIIINUX
OT KOHCTPYKTHBHBIX OCOOCHHOCTEW Kabelel M UX PacKIIaIK! MPU COOPYKEHUH
ka0enpHOH JrHUKA. OHAKO HOPMATHBHO-TEXHUYECKAs TOKYMEHTAIUS C TOYHbI-
MU TapaMeTpaMu OJHOXHIILHBIX Kabelnel HampsbkeHueMm 1o 1 kB otcyTcTByeT.
3HaueHNs] MHAYKTUBHOCTH ¥ WHIYKTHBHOTO COMPOTHBIIEHUS, PACCUUTAHHEIE 10
(hopMynaM, IPUBOJMMBIM B Pa3HBIX JIMTEPATYPHBIX UCTOYHUKAX, CYIIECTBEHHO
OTIIUYAIOTCS.

2. B TexHWYECKHX HOPMAaTHUBHBIX MPABOBBIX aKTaX W JTOKYMEHTAIMH TPOH3-
BOJIUTENIEH KaOeIbHOM MPOMYKIMH CIIAYyeT MPUBOJUTE pacdyeTHbie GopMymbl 1
3HAUYEHUS YyNENbHONH WHAYKTUBHOCTH M WHIYKTUBHOT'O COIPOTHBIICHUS OIHO-
KUIBHBIX Kabeneil HanpspkeHneM 1o 1 KB ¢ m3omsammel U3 CIIMTOTO IMTOJMATH-
JieHa JUIsl HamboJee PacIpOCTPAHEHHBIX CIIOCOO0B MX pacKiIaikd. JTo Oymer
CIOCOOCTBOBATH MOBBIIMICHUIO TOYHOCTH PACUETOB AICKTPUICCKHUX CETEH.

3. B Tpexda3HbIX 3JIEKTPUUYECKUX CETAX MEePEMEHHOT'0 TOKa, COTJIACHO
T'OCT 31996 [4], HEmOYCTUMO TPUMEHATh OTHOXWIbHBIC Kabemu, OpoHUpPO-
BaHHBIC CTAJILHBIMU JICHTAMH. JIaHHEIM 3ampeT 1enecoo0pa3Ho BHECTH B JICH-
CTBYIOIIE HOPMATHBHBIE TOKYMEHTHI, MPUMEHSEMBbIE TpPHU MPOEKTUPOBAHUH
KaOeNbHBIX DIIEKTPHYECKUX CETEeH.
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