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1.beit FO.M., Mamomun P.P., [Tynsiaun B.H., Hanmumo M.I". TaroBsle noACTaHIMU. —
M.: Tpaucnopt, 1986 — 312.

2 XKyiixos B.S1., Koporteer U.E., Psbenpkuii B.M. u ap. 3aMKHYTbIE CHCTEMBI Ipeodpa-
30BaHMs AeKkTpudeckoil suepruu. —K.: Texuika; bparucnasa: Anbsda, 1989. — 32@.

3.PozenBaccep E.H. [lepuoaudecku HecTalMOHAapHBIE CHCTEMBI ynpasieHus. — M.: Hay-
ka, 1973. - 51k.

4 lanumos M.I'. /IBeHaAI[aTHITYILCOBBIC MOIYIPOBOJHUKOBBIC BBIIPSIMHUTEIHN TATOBBIX
noncranuuii. —M.: Tpancnopt, 1990. — 12%.

5.1Iepbax S1.B. 3aMKHyTBIC CHCTEMBI KOMIICHCAIIMH HEKAHOHUYECKHX TapMOHMK IOJYII-
POBOIHHKOBBIX IIpeoOpasoBareneil. —Xapbkos: Tpancnopt Ykpaunsr, 1999. — 25%.

Ompumano 21.06.2010

V]IK 628.440.22

A.JL.KOBAJIEB, 1-p texn. Hayk, C.B.COJIEHBIN,

I''B.JEMYEHKO, xann. TexH. HayK

JloHeykuil HAYUOHATbHBIN MEXHUYECKULL YHUBEPCUmMem

I0.M.PYBIK, xana. TexH. HayK

Jlbs08CKULL 20CyOapCmBenHbill YHUSepcumem 0e30nacHOCHU HCUSHeOesmeIbHOCMU
O ITPOBJIEMAX BO3TI'OPAHUSA U30JISIIUUA B CETSIX 0,4 xB
OBBEKTOB KUJIOT'O CEKTOPA

AH&HHSMpyIOTCﬂ (baKTOpLI, BJIIMAKOOIAC HAa BO3HUKHOBCHHUC BOSFOpaHHﬁ OpOBOAKH U
OPpUBOJAT K IIOXKapaM B 00BEKTaX KIIOTO CEKTOpa. PaCCMO’I‘pCH crocob TIOCTPOCHUSA 3aTUTHI
cerei HapsHKCHUEM 0,4 kB TIpU NOSABJICHUHU HUCKPALIETOCA CHJIIOBOI'O KOHTAKTHOI'O COCIUHC-
HUA.

AHamizyrThcsi (paKTOpH, 0 BIUIMBAIOTH HA BUHUKHEHHS 3arOpsiHb IIPOBOJAKH Ta MPH-
3BOJIITH 10 MOXEXK B 00'€KTax XKHTIOBOTO CEKTOpy. PO3MisiHYTO croci6 moGynoBH 3aXHCTy
Mepex Hanpyroro 0,4kB npu nosiBi CHIIOBOro KOHTAKTHOTO 3'€AHAHHS, IO ICKPUTB.

In given article the analysis of the facts of ignmis of posting influencing occurrence
leading fires in objects of inhabited sector isdledhe way of construction of protection of
networks by a voltage 0,4 kV is examined at ocaureesparks power contact connection.

Knrouesvle crosa: BO3ropaHue MpoOBOJAKH, JKUION CEKTOpP, UCKPAMICEC KOHTAKTHOE COCAU-
HCHHC.

B Vkpaune, no nanaeiMm MUC, ¢ 2005r. mo 2009r. 3adukcupoBaHo
okono 217 Teic. TOKapoB B 00beKTax kuioro cexropa. Oxono 30% moxa-
POB OT OOIIEr0 UX KOJIUYECTBA MPOUCXOIMUT MPU TMOBPEKICHUH CHIOBBIX
JIIEKTPUYECKHUX CeTel (YTEUKH TOKa Ha 3eMJII0, KOPOTKHE 3aMBIKaHHsI, HC-
KpeHHe 0CIa0JeHHBIX CHIOBBIX KOHTAKTHBIX coequHeHni) [1].

AHanu3 TokapoB, Tpousomemmux B JloHenKkoi o0yacTH, Mmokasal,
4yt0 60s1ee 90% MOKapOB B IICKTPUUECKUX CETAX OOBEKTOB KHJIOTO CEKTO-
pa MPOMCXOMUT MPHU CIY4YailHOM MOSIBJICHUH HCKPSILETrocs OCIabIeHHOTO
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CUJIOBOTO KOHTAKTHOTO cOoequHEeHHs. Takoi aBapUUHBINA PEXUM NMPUBOIUT
K HEJJOIYCTHMBIM IMEpPETpeBaM ICKTPHIECKO MpoBOIKH. M3-3a meperpesa
MIPOBOAHUKOB BO3MOXXHO BO3TOPAHME MX M30JLIIMH, YTO B HEKOTOPBIX CIIy-
Yasx MPUBOJUT K ITOKapaM B KBapTHPax.

Ha ceropusmninmii neHp 3alIMTHBIE KOMMYTAIIOHHBIE aIllapatsl, MpHU-
MeHseMble B anekTpudeckux ceTsix 0,4 kB 00BeKTOB KMIIOTO CEKTOpa, He
pearupyloT Ha TakoW aBapHHHBIH PEKHM, KaK MPOJOJDKUTEIEHOE HHTCHCHB-
HOE MCKPEHHE OCNIa0JICHHOTO CHJIOBOTO KOHTAKTHOTO COCMHEHUS 3allHIIac-
MOW 3JIEKTPUYECKOH CeTH, NMUTaloIieil OBITOBBIE MOTPEOUTENH 3JIeKTpuye-
cKkoil sHeprueii [2, 3].

Lens craTbu — BBISIBICHHE (DAKTOPOB, BIHSIONINX HAa BO3HHUKHOBEHHE
BO3TOPAaHUH B 3JEKTPUIECKON NMPOBOAKE OOBEKTOB JKMIIOTO CEKTOpPa, U pas-
paboTKa CPEeACTB 3aIUTHI dJICKTPHUECKOM cetr Hanpspkeruem 0,4 kB, pea-
THPYIOIIEH Ha TOSBICHHE OCIAOJICHHBIX HCKPSIIUXCS CHIOBBIX KOHTAaKT-
HBIX COECIMHEHUH.

B Hacrosimme Bpemsi Uit OECKOHTAKTHOTO M3MEPEHUSI TEMIIEPaTyphI
MIPOBOAKH M 3JIEKTPOOOOPYIOBaHUS IIUPOKO IPHMEHSIOTCS MOPTaTHBHBIC
MUPOMETPHI U TEIIOBU30pPEI [4]. BBUIY TOpPOTOBH3HBI TAaKOTO poxa 0b6opy-
JOBaHMs ObUT BHIOpaH Oojiee MPOCTOW W JEHIEBBIH CHOCOO SKCHEPHMEH-
TaJILHOTO W3MEPEHUSI TEMIIEPATYPhl UCKPSIIErocs CHIOBOTO KOHTAKTHOTO
COEIMHEHUsI P ITOMOIIM TEPMOIApPHI.

J1s ompeneseHns TeMIiepaTypsl camoBociuiameHeHus (Tc) usosmsinun
3JIEKTPUYECKON MPOBOJKH, MaTepUalOB BBIKJIIOYATENCH, PO3ETOK, pacipe-
JEIUTENBHBIX KOPOOOK, a TaKkKe MaTepHajoB IJIsi AEKOPATUBHOHN OTHAENKH
MIOMEICHNH U BBIOOpa HEOOXOIUMOM TepMOMapsl MPOBEICH aHAIU3 COOT-
BETCTBYIOLLCH uTepaTypsl [5, 6]. AHaIN3 MOKa3al Z0CTATOYHOCTH HCIIONb-
30BaHUS TEPMOMApH! (MeAb-KOHCTAHTaH) C MPEACTBHON TeMIepaTypon u3-
mepenust 400°C. Ha puc.1 npuBeiena cxema U CTEHI U H3MEPEHHS TEM-
TepaTypbl UCKPSIIETOCS CHIIOBOTO KOHTAKTHOTO COSIMHEHUS.
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Cxema (puc.l) paboraer cremyronmm o6pazom. Ipu mogaue ceTeBoro
HanpsDKEeHUsT Ha pasBs3biBaomui Tpancopmatop T1l € koaddummenTOM
Tpancopmarmu Kr=1, npeaHazHadeHHBIN IS 3aIIUTHI ITU(GPOBOTO BOJIBT-
MeTpa V1, 3anuTeIBacTCs Harpys3ka RH ¢ BO3MOKHOCTBIO m3MeHeHus oT 200
10 1350BT (tak kak momrHOCTh T1 — 1kBA, a MakcuManbHbI# KO QUIH-
eHT 3arpy3ku 1,4). Takxe B cXeMe eCTh HCKYCCTBEHHO COCTapeHHOE (OKHUC-
JICHHOE, OCTabJIeHHOE, pXKaBoe, 0OYIIICHHOE) HCKpsIeecs: GONTOBOE CHIIO-
BOC KOHTAKTHOE coequHCHHE. [IpH MpPOXOXKICHHWH TOKAa HArpy3KH 4Yepe3
HEro BO3HHMKACT HEMPOU3BOJILHOE UCKPEHHE, MPUBOASAIICE K HATPEBY KOH-
TaKTHOTO COCIUHEHHs. TemrepaTypa H3MepseTcs TepMOomapo Melb-
KOHCTaHTaH nuameTpoM mpoBoga 0,1 MM, ¢ AByMs CHasMu — TOpSIYUM U
XOJIOJTHBIM, JJIs YBEJIMYCHHSI TOYHOCTH U3MEPEHUI.

Tak kak B 00bEKTax )KUIOTO CEKTOPA MIPUMEHSIOTCS Pa3InuHbIC BHIIbI
PO3ETOK, BEIKJIIOUATENICH, aBTOMATOB C pa3HON Maccoil OOJTOBBIX CHIIOBBIX
KOHTAKTHBIX COCIUHEHHI, TO Ui MPOBEJCHHUS IKCIIEPUMEHTA IO OIpeje-
JICHHIO TEMIEPaTypbl MOTPeOOBAOCH OMPECIUTh YCPSTHEHHYIO MacCy
CHJIOBOTO KOHTAKTHOTO COCAMHEHHMs. BBl mpoBeneH aHanu3 Hanbosee Jac-
TO HCTOJIB3yEMBIX B OBITY PO3ETOK, BBIKJIIOYATENICH U aBTOMATOB KaK OTe-
YECTBEHHOTO, TaK U 3apyOeKHOTO MPOU3BOACTBA, a TAKKE BCEBO3MOMKHBIX
CKPYTOK CHJIOBBIX MPOBOJHHKOB B pacrpeeiuTeIbHbIX KOpoOKax (puc.2).
VYcepeaneHHas Macca GOITOBOTO CHIOBOTO KOHTAKTHOTO COCMHEHHS COCTa-
Bwia m = 4,2r.

Ha ocHOBaHHMH KCIIEpPUMEHTAJIBbHBIX JaHHBIX MOCTPOCH rpaduK 3aBu-
CHMOCTH TEMIIEPaTypbl OT BPEMEHH HarpeBa UCKPSIIErocs CHJIOBOIO KOH-
takTHOro coeaunenus a0 400 °C mpu pasinyHONM MOLIHOCTH HArPYy3KH
(puc.3). IlyakrupoM Ha rpaduke 0003HaueHb TC HEKOTOPBIX Hamboliee
UCTIOJNIb3YEMBIX TP OTACIKE MOMEIICHUI MaTepUaoB.

DKcnepuMeHT MokKasal, 4To npu Harpyskax ot 800 no 1350 BT mpo-
MCXOAMJIO pacIUIaBICHHE CUIIOBOTO AJIOMHHHUEBOTO MPOBOJHUKA CEUCHHEM
1,5 Mm? ¢ Temmepatypoii mmaserus 660,1°C. A Tak Kak KOpIyca COBpe-
MEHHBIX PO3ETOK, BBIKIFOYATENICH W PACIPEACIUTEIBHBIX KOPOOOK H3ro-
TaBaMBaIOTCA u3 GpenonodopManbaerugaon cMonsl ¢ Te = 462°C — ux Bo3-
ropaHie HEeMHUHYEMO.

Takum 00pa3oM, CYIIECTBYeT HEOOXOAMMOCTh CO3IAHHUs 3allUTHI,
CIOCOOHOM pearnpoBaTh Ha UCKPSIIHECS HAIPEThIE CHUIIOBBIC KOHTAKTHBIE
COCIMHEHUSI AIIEKTPUUECKOMN CETH.

B JIonHTY pa3paborana cxema 1 U3rOTOBJICH OINBITHBII 00pasen ycT-
poiictea 3amuTel (puc.4), peardpyronieii Ha 0cjaaOlIcHHbIE U OINAaCHO HC-
KPSAIIHECs KOHTAKTHBIC COCTMHCHHUS CHIIOBOW BIIEKTpuueckoii cetu [7, 8].
st noBbitenust 3G QEeKTHBHOCTH TpeiaraeMoil 3aIluThl OHA BCTPAUBAET-
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Csl B CEpHMIHO BBIMTyCKaeMble ycTpoicTBa 3amutHOro oTkimodeHus (Y30)

2].

m = 2.8 rpamma

: 'V | 1
. . g
m=3.8 rlamma m=4.2 rpamma = 8.5 r‘aMMa

b4
m = 3.6 rpaMma m=3 rpaMMa

m = 10.2 rpamma m =4, 4.6, 3.4, 3.4, 4.4, 1.9 rpamma

Puc.2 —Macchl HanbolIee 4acTo HCIONb3YEMBIX B OBITY PO3ETOK, BBIKIIOUATENEH,
aBTOMATOB U CKPYTOK CHJIOBBIX IPOBOJHHUKOB B PacIpeeNUTeNbHBIX KOPOOKax

3amura (puc.4) paboraer crnexyronmm o0pa3om. [IpH MOSBICHUHN BbI-
COKOUYAaCTOTHBIX KoJcOaHMNT B paboueM TOKE Harpy3KH NPOMBIIUICHHOH
gactotsl 50T (puc.5), HHUIMHPOBAHHBIX OCITAGICHHBIM, OTTACHO HATPETHIM,
HCKPSIIAMCSI KOHTAKTHBIM COEMHEHHEM, CUTHAJI CHUMAETCSl IIPH MOMOIIH
tpancopmaropoB Toka 1,2. MarHMTONMpPOBOABI TPAHCHOPMATOPOB TOKA
OXBaThIBAIOT (hasHble PoBOAHUKH (A, B, C). [lanee curHan Toka mpOMBIII-
neHHoH yacToTsl 50’1y ¢ BXOASIIMME B HETO BBICOKOYACTOTHBIMHU KoJieOa-
HUSIMH TIof1aeTcsl Ha ycmnTenb 3. [locie ycuiieHHsl CUrHaJl MocTynaeT Ha
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BBICOKOYACTOTHBIN GMIbTp 4 ¢ koadduipenTom nepepaun - 60 16 mis
TOKa mpoMblinuieHHON 9acToThl 50 ', uTo mo3BossieT 3G GEeKTUBHO OTCTPO-
UTBCSL OT BO3ACHCTBHA HA HCIIONHUTENBHBIE OpraHbl YCTpOWCTBa IS 3a-
IIMTHOTO OTKJIIOYEHUS CETH pabovero TOKa Harpy3KH NPOMBIIUICHHOH Jac-
totel 50Tm.

Ru = 1350-1200-1000-800-600 Bt Ru =400 Br Ru =200 Br

kpacka Te = 383°C

aperecyna Te = 375°C
wensuus npesoxn Te=369°C
pesuna Te=350°C

JABI Te = 345°C

nuienka aexoparusnas Te = 255°C

odon Te =230°C

TemiepaTypa HCKPSIILEro CHIOBOI0 KOHTaKTHOTrO coeannenus T, °C

0 50 100 150 200 250 300 350
Bpemsi HarpeBa HCKPSILIEro CHJIOBOI0 KOHTAKTHOIO COC/IMHEHHSI t, CeKYH/IbI

Puc.3 —3aBHCHMOCTD TEMIIEPATYpPhI OT BPEMEHH HAarpeBa HCKPSIIErocs CHIOBOTO
KOHTaKTHOrO coeaunenus no 400°C

DJIEKTPHYECKAs! CETh
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BuIToBas 21eKTPOHATPY3KA

Puc.4 —3amuTa, pearupyromas Ha HCKpEHHE 0CIa0JICHHOTO CHIIOBOTO KOHTAaKTHOTO
COE/IMHEHHS B JIEKTPUUECKOH CETH, BCTPOEHHAs B CEpUIHO BblTyckaemoe Y30
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a

Puc.5 —Ocumiutorpammsl TokoB yactoroit 50 (5B/nen, Svc/nen, penurens 1:30)npu:

@ —XOpOoLIEM KOHTAKTHOM COEIMHEHUH; 6 — OCIIA0JIEHHOM OMAaCHO UCKPALIEMCS CUIIOBOM
KOHTaKTHOM COEMHEHHUH.

Ot¢dunbTpoBaHHbIE BBICOKOYACTOTHBIE KOJICOAHMS IOJAIOTCS HA BBI-
COKOYAaCTOTHBIM yCWJINTENb 5, IIe YCHIMBAIOTCS NS MOAHSATHS YyBCTBU-
TEJILHOCTH YCTPOMCTBA. Y CHIICHHBIH BBICOKOYACTOTHBIH CHTHAN TIOCTYINAeT
Ha JIETEKTOPHO-CENIEKTOPHOE YCTPOUCTBO 6, T1e popMHUpYIOTCS eAMHIYHbIC
JMCKPETHBIE JIOTHYECKHUE CUT'HANBI, MOCTYIAIONINE Ha OJOK aBTOCEIEKIUH
BBICOKOYACTOTHBIX CHTHAJIOB 7, COCTOSIIMI U3 TpHUITEepa U KoMmnapartopa. C
0JI0Ka aBTOCEJICKIINH BEICOKOYACTOTHBIX CHTHAJIOB OTOOPAHHBIC CIMHUYIHBIC
JIUCKPETHBIC JIOTHYECKHE CUTHAIIBI TIOCTYMAOT Ha 3nement WJIN 8, a uepes
HEro CHT'HaJI ITOCTYIIAeT Ha CHCTEMY aBTOMAaTHYECKOro OTKIIOYEHHsS 9, 9To
NPUBOIUT K OTKIIOYCHHIO 3aIIUIAEMOH 3JEKTPUYECKOH CeTH O0OBEKTOB
OBITOBOTO CEKTOPA.

Taroke curnan Ha cpabaThIBaHHE CHCTEMBI aBTOMAaTHYECKOTO OTKIIIO-
yeHust 9 MoxkeT npuiith ¢ muddepennmansHoro TpaHcdopmaropa TOKa,
OXBaThIBaIOIIEro Bce (asuble npoBoauukn 10, yepes anement MJIN 8, uro
TOXE MPHUBOAUT K OTKIIIOUCHHIO 3alIUIIAEMOM 3JIEKTPHUECKOH CeTH 00beK-
TOB OBITOBOTO CEKTOPA.

Takum oOpa3om, TpoBefieH aHANMNU3 (HAaKTOPOB, BIFSIONIMX HA BO3TO-
paHHe HM30JLIIUM IPOBOAKH JJIEKTPHYECKHX ceTei HanpspkenueM 0,4 kB.
INocTpoeHa 3aBHCHMOCTB TEMIIEpaTyphl OT BPEMEHH HarpeBa MCKpPAIIETOCs
CHJIOBOTO KOHTAKTHOT'O COCIHHEHHS 10 TeMIepPaTyphl BOCIUIAMEHCHHUS OT-
JeJOYHBIX MaTePHAJIOB IOMELICHHH IIPU Pa3IMYHBIX MOIIHOCTSIX HATPY3KH.
[pemmoxeHn oXWH M3 BOSMOXHBIX BApHAHTOB 3alUTHI, pearupyromeil Ha
MOSIBJICHUE OCJIA0JICHHBIX MCKPSIIMXCS M OTACHO HAarpeThIX CHIIOBBIX KOH-
TaKTHBIX COCMHEHUI B DIIEKTPHUYECKUX CETSX OOBEKTOB JKMIIOTO CEKTOpa.
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YK 621.331
1.B.CJIOBOJJYHKOB

Ykpaunckas zocyoapcmeennas akademus scenesHo00pOACHO20 mpancnopma, 2.Xapokos
K BOITPOCY OB 3JIEKTPOMATHUTHOM COBMECTUMOCTHA
MMOJABUKHOI'O COCTABA C UMITYJIbBCHBIM PEI'YJIMPOBAHUEM
C TATOBBIMHU NIOJACTAHIHUAMU ITOCTOAHHOI'O TOKA

PaCCManI/IBa}OTCSI BOIPOCHI 3J'ICKTp0MaFHPITHOI>‘I COBMECTUMOCTH TSATOBOM IMOJICTAHIIUU
IMOCTOSTHHOI'O TOKa € MOABUKHBIM COCTAaBOM C UMITYJIbCHBIMHU npeoﬁpamBaTenﬂMn.

Po3risaatoThes MUTaHHS €IEKTPOMATHITHOI CyMICHOCTI TATOBOI MiJCTaHLil MOCTIHHOTO
CTPYMY 3 PYXOMHM CKJIQJIOM 3 IMITYJIbCHUMH TIEPETBOPIOBAYAMH.

The questions of electromagnetic compatibility &€ Baction substation with a rolling
stock with pulse converters are considered.

Knrouesvie cnosa: 3neKTpOMAarHUTHAsT COBMECTHMOCTB, ITOABIDKHONW COCTAB, MMITYJIbC-
Hble IPe0Opa3oBaTeNy, SKBHBAICHTHOC MEIIAIONICe HAlpsHKCHHE, OWCHHs, MaCCHBHBIN
¢GuIBTp.

DJIeKTPOMArHUTHAS COBMECTHMOCTE TSTOBOW MOJICTAHIMH TTOCTOSH-
HOTO TOKAa C HATPY3KOH M CMEKHBIMH DIICKTPOYCTAHOBKAMH YXYIIIACTCS
TPH SKCIUTYATAHK SIICKTPUIECKOTO MOIBHKHOTO COCTABA C UMITYILCHBIMA
npeobpasosarenaMu [1], KOTOpsle T€HEPUPYIOT B KOHTaKTHYIO CETh He-
CBOMCTBEHHBIE €l FapMOHMUYECKUE COCTaBIsIOmME. JlanbHelIee pa3BUTHE
MOJIBUSKHOTO COCTaBa ¢ MMITYJILCHBIM PETYIIMPOBAHUEM CTABMT 3a1a4y HC-
CIICIOBAHUS BIMSHUA €r0 pabOThl HA BEJIMYHMHY 3KBHBAJEHTHOTO MEIIAK0-
IIETO HANPSKEHUS B KOHTAKTHOM CEeTH. YKazaHHas 3a/ada YCIOKHIETCS
TEM, YTO HA OJHOM YYaCTKE TATOBOM CETH, TUTAEMOM CMEKHBIMH MOCTAH-
[USAMH, MOTYT paboTaTh HECKOIBKO AIICKTPOBO30B C UMITYJILCHBIMH TIPE00-
pasoBareisamu [2].

PaccmoTpenuio Bompoca 3JIEKTPOMArHUTHOW COBMECTUMOCTH TOJI-
BIDKHOTO COCTaBa C MMITYJIbCHBIM PETYIHPOBAHHEM U TATOBOM CETH MOCBSI-
1ieH psjg pabor [2-4]. Tak, B [2] npuBOASTCS pe3yabTaThl TEOPETHUECKUX U
OKCIIEPUMEHTAIBHEIX HCCIICAOBAHUN BIIMSHUS JIOKOMOTHBOB C THPHCTOP-
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