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Pesiome

EsxeronHo u3-3a aBapuil Ha CeTAX, 00ECIIEUNBAIOIINX IEKTPONUTAHNE CHUTHAIBHEIX TOYEK, BOSHUKAIOT 3aJCPXKKH B IBIKCHUN
HECKOJIBKHX THICSY MO€310B. 3HAYUTEbHAS JIOJI OT OOIIEro Ynciia 0TKA30B IPUXOAUTCS HA OXHO(DA3HbIE 3aMBIKAaHHS HA 3EMITIO.
OCo0CHHOCTh JaHHOTO BU/a HEUCIIPABHOCTEH 3aKII0YaeTCsl B HEOOIBIINX TOKAX, YTO CEPhE3HO YCIOKHIET OOHApYKEHHUE MECT
UX BO3HUKHOBEHUS. ITOBPEK/ICHHBIC JIMHUM DICKTPUYCCKUX IIepead HEe OTKIIIOYAIOTCS pEJeiHHOi 3aluToil, Ipu 5TOM B AJIH-
TENBHBIX PEXUMAX OAHO(A3HBIX 3aMBIKAHUH Ha 3E€MIII0 MOXET IPOUCXOJMTH PaspyIICHHE CTPYKTYPHI JKEIe300€TOHHBIX OIOp
IpY [POTEKaHUU 4Yepe3 HUX TOKa OfHO(A3HBIX 3aMbIKaHHI Ha 3eMito. KpoMme 3Toro, yBenuueHne HalpspKeHHs 310pOBbIX (a3
OTHOCHTENIHHO 3€MJIH 0 JINHEHHBIX 3HAYSHUH MOXKET IIPUBOAUTH K MPOOOI0 M30JISIIIUY ¥ BOSHUKHOBEHHMIO IBYX(a3HBIX 3aMbIKa-
HUHA. PeXUMBI OTHO(A3HBIX 3aMBIKAHUI Ha 3eMIII0 B CETAX OOLIEro Ha3HaYeHWs MOAPOOHO PacCMOTPEHBI BO MHOTHMX OTede-
CTBEHHBIX W 3apyOeXHBIX Imyonukanusax. OTHaKo 3a7a4a ONpEeNeNIeHNs] TAKUX PEKUMOB B TEXHOJIOTHYECKHX JIMHHUSX dJIEKTpHUe-
CKHX Iepeaad Ha JKeJIe3HOJOPOXKHOM TPAHCHOPTE, HAXOMSIIMXCS B 30HAX ITOBBINICHHBIX AJIEKTPOMATHUTHBIX BIUSHUI TATOBBIX
ceTel, ocraercs akTyalabHOM. s ee perieHus MoryT 3)¢GEeKTHBHO HCIOIb30BaThCS METO/BI MOJICIMPOBAHHUS PEKUMOB CHCTEM
9NIEKTPOCHAOKEHHS JKETIe3HOIOPOKHOTO TPAHCIOpPTa, pa3paboTaHHble B VIPKYTCKOM TIOCYIapCTBEHHOM YHHBEPCHUTETE IIyTeH
COOOIICHUS M PEaT30BaHHbBIe B IIPOrpaMMHOM Komiutekce Fazonord. B craTse ommrcana MOJIENb CHCTEMBI OOBEKTOB XKEJE3HO-
JOPO’KHOTO TPAHCIOPTA, BKIIOYAMOIIAS BO3AYIIHYIO JIMHUIO TIPOJOJNBHOTO 3JIEKTPOCHAOKEHHS, CMOHTUPOBAHHYIO Ha OHOpax
KOHTaKTHOH CeTH, NPEeCTAaBICHBI Pe3yJIbTaThl ONPEACICHHS PEKHMOB OAHO(DA3HBIX 3aMbIKAHHII Ha 3€MJIIO, CIICTIAHBI BBIBOJBI O
BJIMSTHAY TATOBOM CETH Ha TOKHM 3aMblkaHWH. LlupoBble Moaeny, onmucanHble B paboTe, MO3BOJISIOT MOJIYYUTh HMONHYIO HHGOP-
MaIHIo 0 peXXUMax oJHO(pa3HBIX 3aMBIKaHMH Ha 3€MJIF0O Ha OCHOBHOHM YacTOTE M Ha YacTOTaX BBICIINX FapMOHUK. JlaHHEIE MoJie-
JIM MOTYT HaWTH MPaKTHYECKOe NPHUMEHEHHUE NPU PEeIeHUH 3aJad HAaCTPOWKH YCTPOWCTB, 0OECTICUNBAIOIINX HICHTH(UKALIIIO
oHO(a3HBIX 3aMBIKAHUH Ha 3eMIJIIO, a TaKKe JUIS pa3pabOTKH METOOB JIOKaIM3allud MECT X BOSHUKHOBEHHMS B CETSX, MO/IBEp-
JKEHHBIX JJICKTPOMATHUTHBIM BIHMSHHUSM.
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Abstract
Every year, due to accidents in the networks providing power supply to signal points, delays occur in the movement of several
thousand trains. A significant proportion of the total number of failures are single-phase ground faults. The peculiarity of this
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type of malfunction consists in small currents, which greatly complicates the detection of their occurrence. Damaged electric
transmission lines are not switched off by relay protection, while in long-term modes of single-phase ground faults, the structure
of reinforced concrete supports may be destroyed when a single-phase ground fault current flows through them. In addition, an
increase in the voltage of healthy phases relative to the ground to linear values may result in insulation breakdown and the occur-
rence of two-phase short circuits. The modes of single-phase ground faults in general-purpose networks are considered in detail
in a large number of domestic and foreign publications. However, the task of determining such modes in technological lines of
electric transmissions on railway transport located in areas of increased electromagnetic influences of traction networks remains
unresolved in full. To solve it, it is possible to effectively use methods of modeling modes of railway power supply systems de-
veloped at the Irkutsk State Transport University and implemented in the Fazonord software package. The article describes a
model of a system of railway transport facilities, including an overhead line of longitudinal power supply mounted on supports of
a contact network. The results of determining the modes of single-phase ground faults are presented. Conclusions are drawn
about the influence of the power grid on short-circuit currents. The digital models described in the article allow to obtain com-
plete information about the modes of single-phase ground faults at the fundamental frequency and at higher harmonic frequencies
and can find practical application in solving problems of configuring devices that identify single-phase ground faults, as well as
for developing methods for localizing their occurrence in networks subject to electromagnetic influences.

Keywords
single-phase ground faults, power supply systems for railway transport facilities, electric transmission lines, Fazonord software
package, modeling
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BBeaeHune

Cpeny HETATOBBIX IOTpeOUTENEH Keyes-
HBIX JIOpOr' HauOoJiblliee BHUMAHUE YAESeTCS
YCTPONCTBAM CHUTHAJIM3AlMM, LEHTPAIHU3AINH |
omoxkupoBku (CLIB), obecneunBaromym Ge3zomac-
HOCTb JBMKEHHsI oe310B. ExxerogHo u3-3a oTka-
30B B CETSX 3JIEKTPONUTAHUS CUTHAJIBHBIX TOUEK
BO3HUKAIOT 3aJ€PXKKH B JIBUKCHHH HECKOJBKUX
THICSY TToe3/10B [1]. 3HaunuTeIpHas 0 OT 00IIIe-
ro YMCJIa HEUCIPABHOCTEH MPUXOAUTCA HAa OJHO-
¢dazupie 3ambikanus Ha 3emito (0O33). Ocoben-
HOCTh JAHHOTO BHJla HEHCIIPAaBHOCTEW 3aKiova-
€TCS B CpPAaBHHUTEIHHO HEOOJBIIMX TOKAaX, YTO
OUYeHb 3aTpyAHSET OOHapyKCHHE MECT UX BO3-
HUKHOBEHHMs. [loBpexIeHHBIE JTUHUM 3JIEKTpHUUE-
ckux nepenau (JIDII) He oTkiIrOUatOTCS peseiHON
3aIMATOM, TP 3TOM B JUIMTEIBHBIX pexknmax 033
MOXET MPOUCXOJUTh pa3pylIeHHE CTPYKTYphI
XKeJIe300€TOHHBIX ONOp MpPH NPOTEKAHWW Yepes
Hnx Toka O33. Kpome »sTOro, yBenmueHue
HANPSDKEHMSI 3/TOPOBBIX (a3 OTHOCHUTEILHO 3EMITH
0 JUHEMHBIX 3HAYEHUH MOXKET IPUBOAUTH K
npo0oI0 M30JSIMH M BO3HHUKHOBEHHUIO NBYX(az-
HBIX 3aMbIKaHUM.

Pexumer O33 B cersix 00IIEro Ha3zHadYeHUS
MOJIPOOHO PacCCMOTPEHBI B MHOTOUYHMCIIEHHBIX OTe-
YECTBEHHBIX W 3apyOCKHBIX MmyOiukanusx. Tak,
HarpuMmep, B [2] mpemiokeHa METOANKA OLIEHKHU
pacnpenenenus TokoB O33 mpum MOMOIIM TPO-
rpaMMHOTO KoMIuiekca RastrWin. Anroputm 00-
HapyxxeHus O33 Ha ocHOBe KpuTepus ¢Ha3oBOi
acumMeTrpuu onucaH B [3]. Meron omnpeneneHus
TokoB O33 B CETH C M30JIHMPOBAHHON HENUTpPAJIBIO
npejacTanieH B [4, 5]. Pe3ynbTaThl pa3paboTKu a-
TOpUTMa aBTOMATHYECKOW HACTPOWKH KOMIIEHCA-
UMl eMKOCTHBIX TOokoB JIDII mpuBenensl B [6].
3agada obHapyxenus O33 ¢ aHaM30M MmapamMer-
poB B cucreMax snekrpocHadxkenus (CIC) ¢ He-
MpsIMBIM 3a3eMJIEHHEM pelieHa B [7]. MeTton uaen-
TUPUKAMK cIabO0TOYHBIX TOBPEKICHUI B pac-
MIPEETUTEIbHBIX CETSIX C BBHICOKHM HMIIEIAHCOM,
OCHOBAaHHBIH HA HCIOJb30BAHHMM HW3MEHEHUH
acummetpun, omnucan B [8]. JlomomHHUTETHHBIH
KpuTepHuii BeIOopa HeucnpaBHoro ¢uaepa mpu 033
B pacIpeleNUTENbHbIX CETAX MpeliokeH B [9].
O0630p MeromoB moucka HeucmnpaBHocTeir COC
CPEIHEr0 HANPSKEHHS, HCIIOIb3YIOUINX TITyOOKOoe
oOyuenue, BoimosHeH B [10]. CiocoOsr oOHapyke-
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Hus O33 B pacnpeieNieHHBIX CETAX Ha OCHOBE HC-
KYCCTBEHHBIX HEWPOHHBIX ceTei omucaHsl B [11,
12]. Anropurm nokanusanuu O33 B COC ¢ peso-
HAaHCHBIM 3a3€MJICHHEM Ha OCHOBE KOHIICTIIUH
oobenuaenus QpyHkuuii npeanoxen B [13]. Cmo-
co6 momncka O33 ¢ WUCIOJIB30BAHMEM CBEPTOUHOM
HEUPOHHOU CETU U NEKOMIIO3HMIIMU 337a4 pacCMOT-
peH B [14]. Texuonorust oonapyxenus 033, ocHo-
BaHHas HAa NPUMEHEHHM KJIACTEpPH3aLUU IpPHU3HA-
KOB U Pa3JI0KEHUs IO CUHTYJISIPHBIM 3HAUCHUSAM B
CeTAX C PE30HAHCHBIM 3a3eMJICHHEM, ONHCaHa B
[15]. MeTton BeImeneHHS HEWCHpaBHOTO ¢uaepa,
0a3upyIOIIMICS HA aHaIW3€e YCTAaHOBUBIIUXCA H
MEPEXOAHBIX MAapaMeTPOB U 00paTHOM IMpeobpa3o-
Banuu ®ypee, npezacrasieH B [16]. Cniocod omnpe-
neneHus moppexxnenHoro ¢uaepa ¢ 033, ucmonb-
3yromuii ObicTpoe mpeoOpazoBanue Dypbe U KO-
s ¢unmeHT xoppensauuu [lupcoHa, paccMOTpeH B
[17]. ANTopuT™M AWATHOCTUKH HEWUCIPABHOCTEH
pactpenenutensHoid JISII Ha OCHOBe 3HTpONUU
SHepruu BelBiera npeoxed B [18]. Crnocob 06-
Hapy>KEeHHs TEePEXOJHBIX TMPOLECCOB, BBI3BAHHBIX
MOBPEKICHUSIMH, HA OCHOBE aHalW3a HHEPruu
BEHBIET-KOXPPHUIIMEHTa B pPEATHHOM BpEMEHH
paccMoTpeH B [19].

Lenp mpexacTaBieHHBIX B CTaTbe HCCIENO-
BaHUM 3aKJO4aeTcss B pa3pabOTKe METOAOB H
IUQPPOBBIX MOAENEH IJsl ONpeNesieHHs PeKUMOB
onHO(pa3HBIX 3aMBIKAHWI Ha 3€MJII0 B CHUCTEMax
3JIEKTPOCHAOKEHHST  SKEJIE3HOJOPOXKHOTO  TpaHC-
nopta (OKAT).

AHanu3 ykazaHHbIX ITyOnukanuii [2—19] nos-
BOJISIET CAENaTh BBIBOJ, YTO B HUX PacCMOTPEHBI
Ba)KHBIE BOTIPOCHI, CBSI3aHHBIE C ONPENIENICHUEM pe-
)kuMoB O33 ¥ OMCKOM MECT UX BO3HUKHOBEHUS B
cersix obuiero HazHaueHus. OnHAKO 3agaya Mope-
mupoBanusi O33 B ceTsX, NHUTAIOMMX OOBEKTHI
KAT, ocraerca He pemieHHoW. OHa OTIMYaeTCA
MOBBILIEHHOH CIIOHOCTBIO U3-32 CIEAYIOIMX (ak-
TOpoB: pasHopoaHas ctpykrypa COC XIT, Bkiro-
qaonmx Tpexda3Hbie W OmHO(A3HBIE CETMEHTEHI,
nepeMelIeHre dJIEKTPOBO30B B MIPOCTPAHCTBE; 3HA-
YUTENbHBIE 3JEKTPOMArHUTHBIC BIMSHUS TSTOBBIX
cereti (TC) Ha cmexubie JIDIT u np. [20, 21].

Hanee mnpencrtaBieHbl pe3yiabTaThl MOJIE-
nuposaHug O33 B COC X/T u BeINoONHEH aHa-
U3 U3MEHEHHUI ee mapaMeTpoB NpU JBUKCHHUH
M0E3/10B.

Pe3yAbTaTthl MOAEAMPOBaHUA
MogenupoBaHue OCYIIECTBISUIOCH B IIPO-
rpaMMHOM Komiutekce Fazonord (sepcust 5.3.4.1—

2024 1. gna COC XKAT) (puc. 1). dparMent BHem-
HETO BWJA pacueTHON MOJeN MPHUBEICH Ha puC. 2,
a. B Hell IpencTaBiIeHbl CIIEAYIOIINE MIEMEHTHI Ce-
i utarone JIDIT 110 kB; Tsroeeie Tpancdop-
matopel  TJATHX-40000-110/27,5; yuactoxk TC
MIPOTSHKEHHOCTRIO 50 KM, BKJIIOYAFOIINN KOHTAKT-
HBIE TIOJIBECKH, PENLCOBBIC HUTH, TUHUHU 6 1 10 kB.
TsroBble Harpy3ku CO3JABAJIUCh ABWKEHHEM JBYX
moe310B Maccoit 3 192 T B HEYeTHOM HaIpaBJICHUH
1 IByX cocTaBoB Maccoif 4 192 T — B yeTHOM (pHLC.
2, 0). 3aBUCHUMOCTH TOTpeOIIEeMBIX TOE31aMH TO-
KOB OT MHKETOB TOKa3aHbl Ha puc. 2, ¢ u 2. llome-
peunoe ceuenne TC npuBeneHo Ha puc. 3. Pe3yib-
TaThl MOJEJIMPOBAHMS IMPEACTaBleHbl Ha puc. 4-8.
Pe3ynbratel omnpeneneHuss MCXOTHOTO, JT0aBapHil-
HOTO peXHMa MPOWILIFOCTPUPOBAHBI HA puc. 4, Ha
KOTOPOM TIOKa3aHBl Tpa(uKu 3aBHCHMOCTEH OT
BpeMeHH { cleqyronmx MapaMeTpoB: HaNpsKEHUH
ocroBHoM dactotel Ui = Ui(t); koapduireHTon
Boiciux rapmMonuk (BI') ku = ku(t) u addexTuHbIX
Hanpspkenuit ¢ yuerom BI' Uy = Us(t). Hanpsoke-
HUsI QUKCHPOBAINCH B TOUKE, OTBEYAIOIICH paccTo-
sauro 10 xM ot moacranumuy 111 1.

[lomydeHHble pe3yNbTaThl MOKA3bIBAIOT, YTO
n3-3a BiusHus TC HaOmomaroTcs koseOaHus ¢as-
HBIX HanpsDKEHUH OCHOBHOM 4acToThl. [Ipu 3TOM 10
¢daze A ko3¢pduumeHt Bapuauuu pocturaet 7 %, a
pa3max konebanuii paseH 1,7 kB. Mmeer mecto cy-
[IECTBEHHAsT HeCHMMMeETpHsl (pasHBIX HaIpsHKEHUN
(puc. 4, a), koTopasi PUBOJUT K PA3TUIUIO TOKOB
033 pasubix a3. DJIEKTPOBO3bI CO3JAOT 3HAYM-
TENTbHbIE YPOBHH HECHHYCOHJAIBHOCTH TOKOB U
HanpspkeHnit B TC. 3a c4eT 3Toro MMeErT MECTO
CHJIbHbIE TapPMOHHMYECKHE HCKaKEHUS HaMpsDKEHUH
Bo3aymHbIx muani CLB: MmakcumyMm kosddunmenta
rapMoHHK 1o ¢aze A paseH 92 %, a o ¢azam B u
C—45u 77 % COOTBETCTBEHHO.

Pesynbrarer MmogenupoBanus pexxumon 033
¢a3el B 11 TOuKuM, pacmonoKeHHOM Ha paccTos-
Hud 10 kM ot moactanuuu TII 1, mpeacraBieHbl
Ha puc.5. HampspkeHuss HENOBpEKACHHBIX ¢a3
BO3pAacCTaroT J10 JIMHEWHbIX 3HaueHU. Hanpsoxenue
¢a3el B st roukn O33 camxaercs 10 Hyns. Mak-
cumyMbl kodddurmenro Koy paz A u C ymeHs-
matotes 10 41 u 49 % cooTBEeTCTBEHHO. XapaKTep
u3MeHeHus: TokoB 033 nokazan Ha puc. 6. Ha puc.
7 npuBenieHbl (HOPMBI KPUBBIX HANpPsDKEHUH HETo-
BpeKACHHBIX (a3, a takxke Toka 033. Koaddumu-
eHT rapMoHuK Toka O33 B HEKOTOpPHIE MOMEHTHI
BPEMEHM JOCTUTaeT COTEH MPOLEHTOB, YTO NPUBO-
JUT K 3HAYUTEIHHBIM OTIIUYUSAM €ro (JOpPMbI KpU-
BOU OT cHHYCOHIHI (puc. 7).
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B cnekrpansHoM coctaBe Toka O33 (puc. 8)  eHT manHbix B nexut B quamazone 30-37 %, s
HaOJII0JaeTC 3HAYMTEIbHBIA BKJIAad TaKuUX BbIC-  ocTainbHBIX BI' oH Haxomutcs B mpeaenax 2—10 %.

X TapMOHWK, Kak 3, 5, 7, 13 u 15. Koaddummu-
110 kB 110 xB
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Puc. 1. Cxema cucteMsl 3J'ICI(Tp00Ha6)K€HI/I$I JKCJIIC3HOAOPOIKHOI'O TpaHCIIopTa
Fig. 1. Diagram of the railway transport power supply system
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Fig. 2. Fragment of the calculation diagram (a), traffic graph (b) and current profiles of trains (c, d)
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Fig. 4. Initial (pre-emergency) mode:
a — fundamental frequency voltage; b — harmonic coefficients;
c — effective voltages taking into account higher harmonics; d — comparison of U; and Uy
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Fig. 5. Single-phase earth fault mode:
a — fundamental frequency voltage; b — harmonic coefficients;
¢ — effective voltages taking into account higher harmonics; d — comparison of U; and Us
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Fig. 9. Single-phase

earth fault mode:

comparison of fundamental frequency voltages (a),
harmonic coefficients (b)

and effective voltages taking into account higher

harmonics for phase A at different masses (c)
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Fig. 10. Single-phase earth fault mode:
comparison of fundamental frequency voltages (a), harmonic coefficients (b)
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Henus TokoB O33 mokasan Ha puc. 11. C nosblie-
HueM M s¢dexTuBHBINA TOK yBenuuuBaercs ¢ 34
1o 39 A. Ha puc. 12. npencTaBieH CIIEKTPaTbHbIN
coctaB Toka O33 B MecTe NOBpEXKICHUS.

HaGmromaercss 3HauMTEeNbHBIN BKIag Takux BT,
Kak 3, 5,7, 13 u 15, Bennunna kU(n) JUT KOTOPBIX Jie-

*kuT B auamnazone 15-38 %. C pocrom M ammuurtyna

Im)

Bcex BI' tarke yBenmuuuBaercs. [Ipuuem HamOosbluee
noBeiienue (B 1,8—2 pasza) xapakTepHoO JUIsi TAPMOHUK C
Homepamu 3, 5,7, 13 u 15.

BAausiHMe MHTEpBana ABWXKEHUS Ha PEXUM
0AHOGda3HbIX 3aMblKaHWW Ha 3eMAI0

IIpoBenen ananmm3 pexxkuma 033 ¢aser B Ha
10 kM ot TII 1 mpu U3MEHEHUN WHTEpBaja JBIKE-
Hus tp moe3noB ¢ 8§ 10 20 muH. Pe3ynpTaThl pacue-
TOB MPHUBEACHBI Ha puc. 13-16.
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Fig. 12. Spectral composition of single-phase ground fault current at the fault location
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Fig. 13. Single-phase earth fault mode:
comparison of fundamental frequency voltages (a), harmonic coefficients (b)
and effective voltages taking into account higher harmonics (c) for phase A at different intervals
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Fig. 14. Single-phase earth fault mode:
comparison of fundamental frequency voltages (a), harmonic coefficients (b)
and effective voltages taking into account higher harmonics (c) for phase C at different intervals
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Fig. 15. Comparison of effective currents of single-phase earth faults at different intervals
20 © A.B. Kproxkos, H.C. Oseuxun, 2024



ORIGINAL PAPER

Modern technologies. System analysis. Modeling

2024. No. 2 (82). P. 10-23

sa
L=}

Z lii

3 3 T 0

11

13 13 17 1%

i

il

il

.

21 23 25 27 29 33 033 37 3¢ n

Puc. 16. CriekTpaibHbIil COCTaB TOKa 0JHO(A3HBIX 3aMBIKAHUI Ha 36MJTIO B MECTE TIOBPEIKACHUS
Fig. 16. Spectral composition of single-phase ground fault current at the fault location

PesynpTartel MomenMpoBaHUs TPH H3MCEHE-
HUM HMHTEpBaja ABIXKEHUS {p MOKa3bIBalOT, YTO
MakcuMajbHOe 3HaueHHue 3¢ddexkruBHOrO ToKa Iy
(39,2 A) nadbmogaercs npu tp = § mun. C yBenu-
yerneM tp no 10 muH |y ymensimaercs mo 36,3 A.
Opnako mpu tp = 15 muH |y Bozpactaer mo 37,6 A.
[pu tp = 20 MmuH MakcuMmanpHOE 3HaueHue |y pas-
HO 35,2 A.

B cnekrpaibHOM coctaBe Toka 033
(cMm. puc. 16) HabmogaeTcsi 3HAYUTENBLHBIA BKIIAJ
takux BT, kak 3, 5, 7, 13 u 15. Benwuuna Ky aus
nanHbeix BI' Haxonutes B npenenax 24-38 %. Hns
BI" ¢ nomepamu 3, 5, 7, 9 u 39 Ky ipu tp = 8 mun
MPEBBIIIACT BCE OCTANBHBIC 3HAUCHHSI.

3akaloueHHne

Hudpossle Moaemny, MpeAcTaBIeHHbIE B CTa-
The, TO3BOJISIOT MONYYUTH TTOJHYI WH(HOPMAITHIO
o pexxumax O33 Ha OCHOBHO 4acTOTE U HA YacCTO-
Tax BI' 1 MOryT HaliTH IpaKTUYECKOE IPUMEHEHUE
IIpH PENICHUH 3a]a9 HACTPOWKHU YCTPOMCTB, obec-
neynBaromux uaeHTuukanmo 033, a Takke npu
pa3paboTke MeToJ0B Jiokanuzamuu mect O33 Ha
JIDIL, nmoaBep>KEHHBIX AIEKTPOMArHUTHBIM BIIUS-
HUSIM TSTOBBIX CETEH.
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