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Pesiome

OcCyIIECTBIIIEMOE B HACTOSIIEE BPEMS TEXHUYECKOE MEPEBOOPYKEHUE AIEKTPOIHEPTETHUSCKUX CHCTEM 0a3upyeTcst Ha UCIOJb-
30BaHUU TEXHOJIOTHH MHTEIUICKTYJIbHBIX 3JICKTpUUYeckuX ceterd. OJIHa U3 TIaBHBIX 33]a4, PelIaeMbIX Ha 3TOW OCHOBE, COCTOUT B
YBEIIMYEHUH TIPOMYCKHOM CITIOCOOHOCTH JIMHUH 3JICKTPOIEepEaay, CHIKCHUH MOTEPh M YIYUINICHUH KaueCTBa 3JICKTPOIHEPTHU.
Jlns pemieHys 3THX 3aad MOYKHO MCIOJIb30BaTh JIMHU 3JEKTPOIEepeiaul KOMIIAKTHOTO TUIIA, KOTOPbIE OTJIMYAIOTCS CIOXKHBIMU
KOHCTPYKIMSMH PACIICIUICHHBIX (a3 u COMMKCHUEM TOKOBEAYIIMX YacTeid Ha MUHUMAIILHO JOIYCTUMBIC PACCTOSIHHUS 32 CUET
HCTIOJIb30BaHMSI M30JSILIMOHHBIX Paclopok. B craThe onmcanbl pe3ysibTaThl KOMIIBIOTEPHOI'O MOJICITMPOBAHUS, IPOBEACHHOTO JIs
TUTIOBOM CHCTEMBI JJICKTPOCHAOKEHUS KEJC3HOM JOPOTH, TATOBBIC MOJCTAHIIMHA KOTOPOU MOAKIFOYATUCE K ceTsM 220 kB, BbI-
MOJIHEHHBIX KOMITAKTHBIMU BO3JYUIHBIMHU JIMHUSIMHU dJIeKTporiepenadn. Llenb uccienoBanust cocrosuia B ONpEesiCHHH KOJH4e-
CTBEHHBIX IMOKAa3aTeJIeH, XapaKTePU3yIOIUX KadyeCTBO DJICKTPOIHEPTHH M JSHEPreTHYECKYI0 A((HEeKTHBHOCT. MozenupoBaHue
OCYIIIECTBIUIOCHh B (ha3HBIX KOOpAMHATaX Ha OCHOBE METOJOB M aJrOPUTMOB, Pa3pabOTaHHBIX B MPKyTCKOM rocynapcTBEHHOM
YHUBEPCUTETE IIyTel COOOLIEHHS U pealu30BaHHBIX B IPOrpaMMHOM KoMiuiekce Fazonord. PaccmarpuBanach cucTeMa 3J1€KTPO-
cHa0>KeHHS ¢ KOHTAKTHBIMH ceTsMH 25 KB. Bo BHeIIHEH ceTw Mpeanonarajocs NCIOIb30BaHHE PA3IMYHBIX TUIIOB KOMITAKTHBIX
BO3JIYUIHBIX JIMHUH ¢ KOAKCHAJIBHBIM, CEKTOPHBIM U JIMHEHHBIM PACIIONIOKEHUEM MPOoBOOB. [1o mosyueHHBIM pe3ysbTaTaM MOX-
HO c(HhOPMYITUPOBATh CIEAYIOIIUI BHIBOJ: TIPH MCIIOIb30BAHHH KOMITAKTHBIX BO3IYIIHBIX JIMHUI HATIPSKCHHUSI HA TOKOIIPHEMHU-
Kax SJICKTPOIOABMKHOTO COCTaBa CTAOMIM3HPYIOTCS U HE BBIXOJST 3a JOIMYCTUMBIC MPEICIbl; TIOTEPH B TATOBON CETH YMCHbB-
IAIOTCS; YITYYILIAIOTCS MIOKa3aTeNH, XapaKTEPU3YIOIIHe KaueCTBO IEKTPOIHEPTruu. M3 BOCbMU pacCMOTPEHHBIX TUIIOB KOMITaKT-
HBIX BO3IYIIHBIX JUHHA HAWIYYIIAMH TOKa3aTeasIMH 00JIafacT KOMIIAKTHAS JIMHUS C TPEXCETMEHTHBIM PACIOJIOKEHHUEM TIPOBO-
noB. OHAKO KOHCTPYKIHS TAaKOW JIMHUHU SJIEKTPOTIEpEadl SBISIETCS JOCTATOYHO CIOXHOHM M TpeOyeT MOBBIIICHHBIX 3aTpaT Ha
CTPOHTEINBCTBO.
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Abstract
The current technical re-equipment of electric power systems is based on the use of smart grid technologies. One of the main
tasks to be solved on this basis is to increase the capacity of power lines, reduce losses and improve the quality of electricity. To
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solve these problems, compact-type power lines can be used, which are distinguished by complex structures of split phases and
the convergence of current-carrying parts to the minimum allowable distances due to the use of insulating spacers. The article
describes the results of computer simulation performed for a typical railway power supply system, the traction substations of
which were connected to 220 kV networks made by compact overhead power lines. The purpose of the research was to determine
quantitative indicators characterizing the quality of electricity and energy efficiency. Modeling was carried out in phase coordi-
nates based on methods and algorithms developed at the Irkutsk State Transport University and implemented in the Fazonord
software package. The power supply system of the main railway with 25 kV traction networks was considered. To connect trac-
tion substations to the electric power system, the use of various types of compact overhead power lines with coaxial, sectoral and
linear wire arrangement was supposed. Based on the results obtained, the following conclusion can be formulated: when using
compact overhead power lines, the voltages on the current collectors of the electric rolling stock stabilize and do not go beyond
the permissible limits; losses in the traction network are reduced; indicators characterizing the quality of electricity are improved.
Of the eight considered types of compact overhead power lines, the best performance has a compact line with a three-segment
arrangement of wires. However, the design of such a transmission line is quite complex and requires increased construction costs.
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BeeaeHue

OnexTpu(UIMPOBaHHBIE  KEJIE3HbIe TOPOTH
OTHOCSITCSI K KPYITHBIM U TIPOCTPAHCTBEHHO pacIipe-
JIeTICHHBIM TIOTPEOUTEINSIM 3JIEKTPOSHEPTHH, TPEOYIO-
UM HaJIeKHOTO U 3(P(EKTHBHOro 3HEproodeceye-
HUSL TATH TI0€3/I0B U CTAIIMOHAPHBIX OOBEKTOB TPAHC-
MOpPTHOM MHMpacTpyKTyphL. Jljisi perieHust Takux 3a-
Jla4 B COBPEMEHHBIX YCIIOBHSIX OCYIIECTBIISETCS TEX-
HHYECKOE TePEeBOOPYKEHHE 3JIEKTPOIHEPTreTHUECKUX
cucreM (DOC), KoTOpoe OazupyeTcsi Ha MCIOJB30Ba-
HUW TEXHOJIOTHH MHTEIDIEKTYaJIbHBIX AJIEKTPUYECKUX
cereil. OIHO M3 B@KHBIX HaNpaBJICHUN peaTu3aliiu
3TUX TEXHOJIOTUI COCTOMUT B MCIIOJB30BAHWUM JIMHUI
anektponepenay (JISI) kommakTHOro THIA, KOTOPBIE
OTJIMYAOTCS CIIO’KHBIMU KOHCTPYKIMSIMHU PACIIIETIICH-
HBIX (Da3 ¥ cOMDKEHIEM TOKOBEYIIINX YacTel Ha MH-
HUMAJIBHO JOIYCTUMBIE PACCTOSIHUS 33 CUET HCIIONb-
30BaHUSI U30JSILIMOHHBIX PACTIOPOK.

Bomnpocam pa3paOoTKu ¥ HCCIIEIOBaHUS pe-
)Mo DIC, OCHAIIEHHBIX KOMITAKTHBIMH BBICO-
koBouibTHRIMH ~ JuHEsIME ~ (KBJI), mocBsmeHo
0O0JIBIIIOE YHCIIO OTEYECTBEHHBIX U 3apyOeIKHBIX
pabot. OCHOBHBIE TEOPETHUECKHE ACTIEKTHI CO3/a-
Husa KBJI usnoxenst B kuure [1]. B cratee [2]
OIMHCaHBl PEXUMHBIE OCOOCHHOCTH KOMITAKTHBIX

nuHui Hanpspkeruem 220 kB. Bonpocam coznanust
KBJI BbIcOokoro HampspkeHHs TOCBsIEHa padoTa
[3]. Pe3ynbTaThl OIIEHKH TPOIYCKHOH CIIOCOOHO-
ctu KBJI mpuBenenst B pabote [4]. Bompock
HaJCKHOCTH, SKOHOMHUYHOCTM U KadecTtBa KBIJI
paccMoTpenbl B cTathe [5]. KOHCTpYyKTHBHBIM
ocooenHoctsiM KBJI mocesimieHsr paboter [6, 7].
HoBrle TexHu4ecKue peleHus s KaHaJoB Iepe-
Jagu IIeKTpodsHepruu, Biimodaromme KBJI, omu-
canbl B MoHorpaduu [8]. Onpenenenuto >¢dex-
TUBHOCTH NPHMEHEHUS KOMIIAKTHBIX YIIpaBIIsie-
mbix JIDII mocesimens! crateu [9, 10]. Pesynbrats
9KCIIEPUMEHTAIBHOTO ONPEAEICHUs] MUHUMAIIbHO-
IO PaccTOSIHUS MOAXOoAa AJsl paboThl MOJ Hamps-
KeHneM Ha manorabaputHo#t JISII cBepxBbICOKOTO
Hanpspkenus: 1 000 kB npusenens! B pabore [11].
HccnenoBannio BOMPOCOB MEPEHANPSDKEHUN B
KBJI 500 kB mocesimiena craths [12]. Anamus
anekTpomarHUTHEIX moserd KBJI 150 kB npuBenen
B crathsax [13, 14]. OcHOBHBIE XapaKTEPUCTUKU
KBJI npencrasnens! B padore [15].

B nmepcnexkTBe BO3MOXHO MpPHMEHEHHUE
KBJI B ceTsix, KOTOpbI€ MUTAIOT TATOBbIE MOJICTAH-
uun (TII) MarucTpanbHBIX JKeJIe3HbIX J0por 25 u
2x25 kB. B ycnoBusx nudpoBu3ayu TpaHCIOPT-
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HOW 3JICKTPOIHEPTETHKH IS OLEeHKH 3()deKTus-
HOCTH TaKMX TEXHMYECKHUX PEIICHUH NOJDKHBI HC-
MIOJIb30BATHCSl KOMIIBIOTEPHBIE TEXHOJIOTHH. Jliis
pelIeHns 3TOM 3a7jauu BBITIOJTHEHB! HUCCIIEIOBaHMS,
pe3yabTaThl KOTOPHIX OMKCAHBI JaJee.

Pe3yAbTaTbhl MOAEAMPOBaHUA
MoenupoBaHie BBIMIOJIHEHO B MPOTrPaMM-
HoMm komruiekce Fazonord [16] Ha ocHOBe MeTo-

JIOB, OTHMCAaHHBIX B paborax [16—18]. Paccmarpu-
Bajiach CHCTEMa dIICKTPOCHAOKEHNS, BKITIOYAOIIAs
BHEmHIOIO ceTh 220 kB, wetbipe TII u Tpm Mex-
nmoicTaHIMOHHBIX 30HEI (MI13) (puc. 1).
MopnenupoBanue TPOBEACHO B IBYX BapH-
anTax. B mepBoM — muraromas cets 220 kB Oplia
BBITIOJTHCHA THUIOBBIMHU JIMHUSMH C TPOBOJAMU
AC-600 (puc. 2), a Bo BropoM mnuraromue JIOTI
MMeNTH KOMITAaKTHYI0 KOHCTpykumto (puc. 3). Hua-

290 kB JIDI 5
iy S J1 2 I3 JoI 4 180+j90 MB-A
1
@ m1 TI1 2 TI13 TI1 4
MIT3 -1 MIT3 -2 MIT3 -3

Cucrema TAroBoro 3ieKTpocHad:kenus 25 kB

25 kV traction power supply system
Puc. 1. Cxema cetn
Fig. 1. Network scheme
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Puc. 2. Koopaunatel pacnosioskeHusi IpOBOAOB JIMHHUHU AJIEKTpONepead THIIOBONH KOHCTPYKIIUU
Fig. 2. Wire location coodinates for the power line of standard design
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Puc. 3. KOOp)II/IHaTLI PaCIoJIOKEHNA TPOBOJAOB JIMHUU JJICKTPOIIEpEAad KOMIIAKTHOT'O THUIIA:
a — C BEPTUKAJIbHBIM PACTIOJIOKECHUEM ITPOBOIOB, 0 — KOaKCHaJIbHAS JABYXCETMCHTHAas,
6 — KOaKccHaJbHasl YeTPEXCETMEHTHAS; ¢ — TPEYTroJibHAs; 0 — ABOWHAs KOAKCHUAIbHAS, e — mapabonieckas;
HC — TPEXCETMCHTHAA,; 3 — KOHICHTPUICCKAA
Fig. 3. Location coodinates of the compact- type power line wires:
a — with vertical arrangement of wires; b — coaxial two-segment; ¢ — coaxial four-segment; d — triangular;
e — double coaxial; f — parabolic; g — three- segment; h — concentric compact type
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Fig. 4. Classification of compact high-voltage lines
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Puc. 5. ®parMeHT cXeMbl paCUETHON MOJIEINH, PATM30BAHHON B pOorpaMMHOM Komiuiekce Fazonord
Fig. 5. Fragment of a calculated model scheme implemented in Fazonord software complex

rpamma, oTBeuaromas knaccudukanu KBJI, npu-
BefeHa Ha puc. 4. PaccmarpuBaemsie KBJI moxHO
pa3aenuTh Ha TPH TPYIIIBL: KOAKCHAIBHOTO THIIA; C
JUHEHHBIM PacIOJIOKEHUEM ITPOBOAOB; CEKTOPHO-
ro THUIA.

Paccmotpeno Bocemb koHCTpyKmid KBJIL.

Ha puc. 5 npencraeieHa 4acTb CXeMBI pac-
yeTHOM Moaenu, Bxiatoyas Tpu JIDII, nee TII u nBa

y4yacTKa KOHTaKTHOW ceTu. PaccmarpuBaics mpo-
MyCK JIeBsiTH noe31oB Maccoit 4 084 1 (puc. 6, a).
Ha puc. 6, 6 mokazana 3aBHCUMOCTbH MOTPEOIIIEMO-
T'O AJIEKTPOBO30M TOKA OT PacCTOSIHUA. Pe3ynbraTs
MOJICJINPOBAHUS B BUJIE MAKCUMAJIbHBIX 3HAUCHUH
nokasareneil cBeaeHsl B Tabs. Ha puc. 7—12 noka-
3aHbl TpaduWK{, OTBEYAIONINE H3MEHEHHWSM pac-
CMaTpUBAEMBIX IT0Ka3aTeIed BO BPEMEHHU.
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Fig. 6. Traffic schedule (a) and current profile (b) of the train

U. kB

™
18 j
W Bpewma. MHH

20 25 30 35 40 45 50
Puc. 7. HanpsmceHI/Ie Ha TOKOIIPHUEMHHMKE 3JICKTPOBO3a IIEPBOTO 1TOC3/a:

1 — Tpexdasnas nuHuUs AekTponepenayn ¢ npopogamu AC-600; 2 — koMnakTHas BO3YIIHAS JINHUS C
BEPTUKAJIBHBIM PACIIOJIOKCHHUEM IIPOBOIOB; 3 — KoakcHaIbHas JABYXCETrMCHTHAas KOMITAKTHAsA BO3AYIIHAA JIMHUA, 4 —
KOaKCHaJIbHasA ABYXCEIrMCHTHAad KOMIIaKTHAs BO3AyLIHAA JIMHUA, 5 — KOMIaKTHas BO3AYyIIHAA JTAHUA C TPECYTOJIbHBIM

PaCIIOJIOKEHUEM TIPOBOJIOB; 6— ﬂBOﬁHaﬂ KOaKCHUKaJIbHAasA KOMIIAKTHAasA BO3AYIIIHASA JIMHUA 7 — KOMIIaKTHas
BO3AYyIIHAA JTUHUA C l'[apa6OJ'II/I‘IeCKI/IM PacmioJIOKCHUEM IIPOBO/IOB, 8 — KoMIakTHas BO3AyIIHAA JJUHUA C
TPEXCETMCHTHBIM PACIIOJIOKCHUEM ITPOBOJIOB, 9 — KOMITaKTHas BO3AyIIHAA JJUHUA C KOHICHTPUYICCKUM

PpacmoI0KCHUEM IIPOBOJOB
Fig. 7. Voltage in the current collector of the first train’s locomotive:
1 — three-phase power line with AC-600 wires; 2 — compact overhead line with vertically arranged wires;

3 — coaxial two-segment compact overhead line; 4 - coaxial two-segment compact overhead line; 5 — compact
overhead line with triangular arrangement of wires; 6 — double coaxial compact overhead line; 7 — compact
overhead line with parabolic arrangement of wires; 8 — compact overhead lines with three-segment arrangement of
wires; 9 — compact overhead line with concentric arrangement of wires
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Puc. 8. KoaxpdpunreHTs HeCHUMMETpHH TI0 00OpaTHOH IMOCIe0BaTeIbHOCTH Ha miiHaX 220 kB TAT0BOI moacTaHIINN
Ne4
(undpoBbie 0003HAUCHNUST COOTBETCTBYIOT PHC. 7)
Fig. 8. Unbalance factors by reverse sequence on the 220 kV busbars of traction substation no 4
(digital denominations correspond to fig.7)
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Fig. 9. Power loss in traction network substation zone-2 (digital denominations correspond to fig. 7)
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Fig. 10. Power loss in power line (digital denominations correspond to fig. 7)
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Puc. 12. CymmapHsie k03 unueHTs rapMoHUK Ha rHAX 220 kB TsaroBoit moacranmuu Ned, ¢aza C
(undposbie 0603HAUEHHS COOTBETCTBYIOT PHC. 7)
Fig. 12. Total harmonic coefficients in the 220 kV busbars of trction substation no 4, phase C
(digital denominations correspond to fig.7)

Ha puc. 7 npencraBineHa XxapaKTEpHCTHKA
JUHAMUKH M3MEHEHU HaNpsLKEHUI Ha
TOKOTIPHEMHHKE 3JIEKTPOBO3a nepBoro noeszna. Ha
puc. 8 TOKa3aHbl AHAIOTWYHBIE TpadUKU IS
KO3(QPULIMEHTOB HECHMMETPHM 1O OOpaTHOM
MOCJIEI0BAaTEIbHOCTH, KOTOpPbIE BBIYUCIISUIMCH Ha
mmHax 220 kB TIT Ne4. I'paduku, orBevaromue
OUHAMHUKE M3MEHEHHH TIOTEPH MOIIHOCTH B

TSATOBOM CETU BTOPOM MEXKIMOJACTAHIMOHHON 30HHBI,
NpeAcTaBieHbl Ha puc. 9. AHanorudsele
3aBUCUMOCTH ISl TMOTeph MommHOocTH B JIOII 1
npuBenens! Ha puc. 10. Ha puc. 11 u 12 moka3zansl
rpaduKy, COOTBETCTBYIOIIME TapMOHHYECKUM
HCKKCHHSIM B IIUTAIOIICH U TATOBBIX CETSIX.

CBOIIHBIE NaHHBIE PE3YILTATOB MOJEIHPO-
BaHUs IpUBEICHHI Ha puc. 13—18.
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CBO)IHI)IC JIaHHBIC TI0 MaKCHMaJIbHBIM 3HAUCHUSAM IOKa3aTeIeH

Summary data on maximum values of indicators

Ilokazatens
Koadpdunmenr | Ilorepu Koaguumernr
HECHMMETHH | MOLIHOCTH rapMoHuK Ha | Koadduiment
MunumaisHOE Ko Ha IHAX B TC Ilorepu IIMHAX FApMOHMK Ha
Konctpykims HarnpspKeHHUE Ha 222U0 <B TII 4 MIT3 2 B 220xB TI14, | BBome 27,5 kB
JIMHUA TOKOTIPHEMHYIKE, o ? <Br ’ JIDI Y, daza C, % TI1 4, %
3eKTpoNepeaun kB Unbai)ance Power loss MBT Harmonic Harmonic
Power line design Minimal voltage factors ko in in TN of Lossin | coefficientin coefficient at
in the current 220 Y, substation | P-L 220 kV the 27,5 kV
collector, kV busbars of Zone-2 mVt busbars of input of TS4,
‘ TS 4, phase %
o )
TS4, % kv C.%
Tunosasgs ¢ mnpoBo-
namu AC-600
Standard with AC- 16,73 4,86 1015 1,18 3,17 39,74
600 wires
C BEpTHKATIBHBIM
PacCroIOKCHUEM
MIPOBOJIOB 16,93 3,43 906 1,37 6,31 40,14
With vertically
arranged wires
Koakcunanbhas
ABYXCCIMCEHTHAA 18,24 2.1 872 1,18 4,05 33,19
Coaxial
two-segment
KoaxcuanpHas
ACTRIPEXCCTMEHTHA 18,72 16 857 1,14 3,48 31,13
Coaxial
four-segment
Tpeyromias 18,41 1,64 872 12 3,92 2319
Triangular
KoaxcnansHas
ITBOITHAs 19,05 1,55 880 1,22 2,96 29,8
Coaxial double
Tapabomraccias 18,21 2,08 871 1,22 4,64 338
Parabolic
TpexcermenTras 21,98 1,02 753 0,81 2,75 23,19
Three-segment
Konuenpryecias 19,76 1,37 832 0,88 2,68 27,87
Concentric
30 —
U. B ‘Id | |
g vIAKCHNMAIIBHBIE JHAUWEHITA _ . .
25 {}-‘-""‘--4“19_ 6 4 2 2 : 2 1
s I L, s L L s —
2 Cpeppte 3HAMEHNE
. &"“MD___ S
§ 4 5 3 —D“'"‘““--{::-——g
15 2 1
10

Puc. 13. HanpspkeHne Ha TOKOTIPUEMHHKE JIEKTPOBO3a TIEPBOTO moe3/1a (1ingpoBbie 0003HAYESHHUSI COOTBETCTBYIOT PHC. 7)
Fig. 13. Voltage on the current collector of the first train’s locomotive (digital denominations correspond to fig.7)
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Puc. 14. KoxdpdurmenTts! HecumMMeTpru 1o 00paTHO# mocienoBatenbHocTr Ha mrHax 220 kB TaroBoit noncranmim Nod
(mrpoBbie 0603HAUCHHUSI COOTBETCTBYIOT PHUC. 7)
Fig. 14. Unbalance factors by reverse sequence on the 220 kV busbars of traction substation no 4 (digital denomina-
tions correspond to fig.7)
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Puc. 15. TTotepu MouHOCTH B TAT0BOM cet MII3-2 (1udpoBsie 0003HAYESHUS COOTBETCTBYIOT pHC. 7)
Fig. 15. Power loss in traction network of substation zone-2 (digital denominations correspond to fig.7)
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Puc. 16. [Totepu MoImHOCTH B TUHUH dekTponepeaaun | (uudpossie 0003HAYECHUSI COOTBETCTBYIOT pHUC. 7)

Fig. 16. Power loss in power line 1 (digital denominations correspond to fig.7)
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Puc. 17. Cymmaphsie ko3GGHUIIMEHTH TAPMOHHK HA BBOJIE 27,5 KB TsroBoii moacranimm N
(tmdpoBbie 0603HAUEHISI COOTBETCTBYIOT PHC. 7)

Fig. 17. Summary harmonic coefficients at the 27,5 kV input of traction substation no 4

(digital denominations correspond to fig.7)
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Puc. 18. MakcumanbHble 3HaU€HHsI CyMMapHBIX K03 duIeHToB rapMoHUK Ha muHax 220 kB
TATOBOM mocTanuu Ned (tiudpoBbiec 0003HAYCHHS COOTBETCTBYIOT PUC. 7)
Fig. 18. Maximum values of summary harmonic coefficients in 220 kV busbars of substation no 4
(digital denominations correspond to fig. 7)

Hcnonp3oBaHne B CHCTEME  BHEIIHETO
3NEKTPOCHAOKEHUS KEJIe3HON JIOpOTH
koMnakTHbIX JIDII (cM. puc. 4) BMecTo THIOBBIX
BO3AYIIHBIX JHHWUK (cM. puc. 1) mo3BoNIsAET
MOJIYYHTh ITOJIOKUTEIIbHbBIE PE3YIbTaThI:

1. Hanpsokenust Ha TokompueMHukax OIIC
TIOBBIIIAIOTCS M CTAOMIMBHPYIOTCS (CM. Talll., pHC.
6); B pacyeTHBIX IPUMEpPAaX MPH THITOBOH MMUTAIOIICH
JIDII HampspkeHMe Ha TOKONPHUEMHHUKE TIEPBOTO
HOE3/la CHIKACTCsl HUXKE JOIyCTHMOIO IIpesielna, a
npu  ucnoms3oBanud  KBJI  TpexcermeHTHOI
KOHCTPYKIIUH yBeJTUurBaeTcs 10 22 kB.

2. YMEHBINAIOTCST TIOTEPU B TATOBOH CETH,
MaKCHUMaJbHOE CHIKEHHE HMEEeT MECTO IpH

YMEHBIIAOTC  KOI(PUIMEHTH HECHMMETPUH  TIO
00paTHO! NocenoBaTebHOCTH Ha InHax 220 kB TIL

4. CHwKaloTcsl KOA(QQUIUEHTH TapMOHUK
Ha IpaHulax paszaena ¢ ceramu 93C.

3aKAaloueHHe

Pa3zpaborana TexHONOTHs ITUPPOBOTrO MOJIC-
JIMPOBAaHUSI HECUMMETPUYHBIX U HECHHYCOHIANb-
HBIX PEXHMOB CHUCTEM 3JIEKTPOCHAOKCHHS XKele3-
HBIX JIOpOT, BHEIIHSS CEeTh KOTOPBHIX BBINMOJIHEHA
KoMmakTHeIMU JIDII pasnuyHOro KOHCTPYKTHUBHO-
ro ucnonHenus. Ilo pe3ynbratam MOAENHPOBAaHUS
MOXXHO CJIeNaTh BBIBOJ O TOM, YTO KOMIIaKTHas
JIBIT ¢ TpexcerMeHTHBIM PACIIOJIOKEHUEM TIPOBO-

ucrons3oBannn  KBJI ¢ TpexcerMeHTHOW OB SBISETCS OOHMM H3 JIYYIIUX BapHAHTOB I10
KOHCTpYKIIUei (cM. Tadi. 1, puc. 8). IIOKAa3aTeNsIM Ka4eCTBa dJIEKTPOSHEPIUH U DHEPre-
3. Vnydinaercs  Ka4yecTtBO  ANEKTPOSHEPTHH;  THYECKOUW dPPEKTUBHOCTH.
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