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WHTEMPALMSI B OBLYE3ABO/LCKYIO CETb 3ALNTHI
3JIEKTPOOBGOPYJOBAHUS PYOTEPMUYECKOIO
MPON3BOACTBA HA ABYX MTT OT 3JIEKTPUYECKUX
MOBPEXOEHNHA

Ilpu npoussodcmee 6biCOKOKAUECMEEHHOU Ccmanu eppocniagsl
uMelom nepeocmenenHoe 3HaueHue. B nacmoswyee epems cmanu
UCHONBL3VIOMCS 8 cmpoumenvHoll NPOMBILULEHHOCHIU,
MAUUHOCMPOUMENLHOU  NPOMBIUIEHHOCIY, — A8MOMOOUIeCMPOEHU,
npou3so0cmee  MemailonpoOVKyuu, 31eKmpuieckozo 0060pyoosanusl,
bvimosoti  mexHuke u Opyeux obracmax. Hcxoos uz smoeo,
CManenIaguibHoe npou3Bo00CE0 HANPIMYIO 3A6UCUM OM COCMOSIHUSL
geppocnaasnoii  npomvuunennocmu. Ilosmomy peneiinas 3auuma
2IeKMPO0OOPYO08aAHUS PYOOMEPMULECKUX NPOU3BOOCME, HA KOMOPLIX
nPoOU3800IMCsL  (PepPOCNIABbl, SAGNAEMC AKMYAIbHLIM GONPOCOM. B
cmamve npeonazaemcs BblICOKOYYECMBUMENbHASL 3AUUMA 0N BUMKOBbIX
3aMbIKAHULL 6  NEPEUYHOU  00MOmKe  00OHO(pA3HO20 — NEeHH020
mpancgopmamopa pyoomepmMuiecko20 Hpou3eo0Cmeda, a makxaice om
00pbIBOS U DY206bIX 3AMBIKAHULL 6 RAPAX MPYOOUUH €20 KOPOMKOU Cemu.
Haunas sawuma peanusyemcs npu nOMOWU  O8YX  MASHUMHBIX
mpauncopmamopos  moxa (MTT). Takoce  npeonacaemcs
unmezpupogams  dmo  ycmpoucmeo sawumvl Ha 08yx MIT @
00ue3a800CKy0  cemsv  pydomepmuyeckoeo npouzgoocmea. Llkagp
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3auumsl Ha base npomviuinenHozo koumpoinepa Trei-5B-05 nozgonsem
peanu3oeams KAk MecmHoe, MAK U OUCTHAHYUOHHOE YNpasieHue
3auumon.  om  GUMKOGLIX 3AMBIKAHUL 6 NepeUdHOU  00MOomKe
00HOPA3HO20 Neunozo mpauncopmamopa, a makxdxice om oOpvIeos U
0Y208bIX 3AMbIKAHUN 8 KOPOMKOU cemu. s peanusayuu 4eno8exo-
MawunHo2o unmepgeiica npednazaemcs ucnonvzosamv HMI-nanens
Delta DOP-AS38, 6razo0aps komopotl 8binoIHAEmMCa 8U3YaIu3ayus u
MecmHoe ynpaenexue.

Kniouesvie cnoea: pyoomepmuueckas neuo, neunou
Mpanc@opmamop, Kopomkas Ccembv, WUHHBIL naxem, mpyoouiuHbl,
UIMEpUMENbHbIl  Npeobpazoeamenv, MASHUMHLIL  MPAHCHOPMAMOP
MOKaA, CXeMbl 3auumbl, WKAQ, NPOMbIUIEHHbII KOHMPOJIED.

Beenenne

Ha pynorepmudecknx NpOM3BOACTBAX, KaK IIPABMUIO, HCIOJIB3YIOTCS
onHo(a3Hble TpaHcHOPMATOPBI C KOPOTKOH CEThIO, MHTaeMble MeKay(]asHbIM
HanpspkeHneM. Bropuunast oOMOTKa 0HO(]A3HBIX MEYHBIX TPaHC(HOPMATOPOB
IIpeJcTaBieHa B BUAe 4-8 M30IMPOBAHHBIX pacUICIUICHUH, U MaKeT TPyOOUTHH
KOPOTKOW CETH, M3TOTABIMBACTCS U3 COOTBETCTBYIOIIETO YHCIa Map TPpyOOoImmH
[1;2;3;4;5].

OCHOBHBIMHU DJIEKTPHUYECKAMH TIOBPEXICHUSIMU 3JIEKTPOOOOPYIOBaHUS
PYAOTEpPMUYECKOTO IPOU3BOJACTBA  SIBIIIOTCS BHUTKOBBIE 3aMBIKAaHUS B
MIepBUYHOI 00MOTKE 0HO(]A3HOTO MTEYHOTO TpaHC(HOPMATOPA, a TAKKE OOPHIBBI
rMOKHMX CBs3ed M AyroBble 3ambikanus (/13) B paciueneHusx KOpoTKoil ceTu.
OT0 00yCIOBIEHO TeM, YTO BTOpHYHAas OOMOTKA IEYHOro TpaHcdopmaropa
BBITIOJTHACTCS W3 HECKOJNBKHUX H30JIMPOBAHHBIX IPYT OT JAPYra pacIieIuIeHHil.
IIpn sTOoM KOpOTKas ceTb HMeeT TMOKHEe CBSA3M, a €€ INMHHBIA I1aKkeT
M3TOTaBIMBAeTCd W3 YHCIA Tap TPYOOIIMH pPAaBHOTO YHCIY pacUleTUICHUHA
neyHoro TpaHcopmaropa.

l'asoBas m MakcuUMaibHass TOKOBas 3allUTHl OJHO(A3ZHOTO IIEYHOTO
TpaHcdopmaropa Ha TpaHchopmaTopax Toka (TT), KoTOpble MPUMEHSIOTCS B
HACTOSIIee BpeMsl Ha pyJIOTEPMHUIECKHUX ITPOU3BOJICTBAX, ITO PA3HBIM IPHIMHAM
HeappexTuBHB. KopoTkas ceTb Ha pPyIOTEPMHYECKHX IPOM3BOJICTBAX
3aIIMINACTCS. OT 3JIEKTPUYECKHX MOBPEKACHUH HMPH MOMOIIM JIEKTPUUCCKON
N30JIILMH, HAJIOXKCHHON Ha Bce TpyOOIInHbL. Tako# crocol 3amuThl KOPOTKOM
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CEeTH TarKe ABNIAETCS HEA(P(DEKTUBHBIM B CHITy CIICIHU(HUKH YCIOBHI CPEAbl Ha
PYJIOTEpMUYECKUX IPOU3BOACTBAX [5]. beinu pa3paboTaHsl yCTpOHCTBA 3aIUTH
KOPOTKOH ceTH pynorepmudeckoro mpomssozactBa Ha MTT [6; 7], xoTopsie
3¢ PEKTUBHO 3aIIUIIAIOT KOPOTKYIO CETh OT OOPBIBOB 'MOKHX CBSI3€i M JYTOBBIX
3aMBIKAaHMH B  [emsax pacmemieHunid. OpHako Takdue 3aliuTel  HE
pacrpocTpaHsOTCs Ha IeUHble TpaHc(hopMaTophl.

MarepuaJjbl 1 MeTOABI

Jst 321U THL 3NIEKTPOOOOPYI0BAHUS PYAOTEPMUYECKOTO TIPOU3BOJICTBA OT
BUTKOBBIX 3aMbIkaHuil (B3), a Takke OT 3NMEKTPUYECKHX MOBPSKICHUNA B
KOPOTKOW CEeTH TpeIularaeTcsi MUCIOJb30BaTh CIOCOO 3allUThl, ONUCAHHBIA B
narenTe «Croco0 3ammTsl 0AHO()A3HOTO MEYHOTO TpaHC(HOPMATOPA C KOPOTKOH
CEThI0 B BHJIE TPYMIBI HIMH OT 3JEKTPUUECKUX MOBpexIeHUM» [8]. B ocHoBe
3TOTO crocoba [8] JeXKHUT U3MEPEHNE MAarHUTHBIX TIOJICH paccestHus 0OMOTOK
tpancopmaropa. Ilpuuem mnst BeisBiaeHuss B3 B mepBuuHON 0OMOTKE
0HO(A3HOTO MEYHOTO TpaHCc(HOMaTOPa N3MEPSIIOT MATHUTHOE T0JIE PaCCEesTHUS
o6MoTOK TpaHcdopmaropa B miockoctd Q, NMEpHEHIUKYISIPHOW sSpMaM €ero
Cep/IeYHHUKa M MTPOXOJSIIEeH depe3 X CepeanHy, KaK 3TO ITOKa3aHO HA PUCYHKE
1 [8]. YUroObl BBIsIBUTH OOpBIBEI M JI3 B pACHICIUICHUSX KOPOTKOW CeTH,
HEoOX0IMMO N3MEPUTH MAarHUTHBIE TTOJISI B IIIOCKOCTH R y BEpXHEro 1 HIKHEro
TOPIIOB OJIHOM U3 Karymek TpaHcdopmaropa [8].

Jnst mosicHeHWs 3TOro crocodba HCIOIb3YyeTcs CXeMa B3aHMMHOIO
pa3MelIeHH s JIEMEHTOB KOHCTPYKIMU 0HO(a3HOT0 EYHOTo TpaHchopmaTopa
¢ kopoTkoii cetpto 1 MTT, npuBenenHas Ha pucyHke 1.

Kak BuAHO U3 3TOr0 pHUCYHKA, IEYHONW TpaHC(HOPMATOP BBHIIOIHEH B BHJE
(eppoMarHNTHOrO cepiaeyHuKka 1 ¢ JByMS WAEHTHYHBIMH KaTyIIKaMH 2 H 3,
pa3MmenieHHpIMA Ha ero crepxHax 4 m 5 [8]. Kaxmas kxaTymka cocTouT W3
MOJIOBMHBl MHOTOBHTKOBOH mepBH4HOW 0OMOTKM 6 W BuUTKOB 7-10
pacIiernyieHHO BTOpHYHOW 0O0MOTKH. Kakmoe W3 paciieruieHuil BTOPUIHOM
O0OMOTKHM IPHCOETUHSETCS K OTIEeNbHOM mape TpybommH 11 KOpoTkoil cetn.
Takum o00pa3oMm, 3aMKHyTBIe BHTKH 12 B T1polecce 3KCIUIyaTaluu
TpaHcopmMaTopa MOT'YT BOSHUKHYTh TOJIBKO B €r0 NEepBUYHON 00MOTKe, a I3 1
0OpBIB B KOPOTKOM CETH — B TIETISIX PACIIETUICHU.

ITpn moHTaxe TpaHcdopmaropa 4acTu NEPBUYHOIN ¥ BTOPUYHOH OOMOTOK
COEIMHSIFOTCSI COTJIACHO — MOCIIEA0BATENbHO. Tak KaK 4rcia BUTKOB B 0OMOTKAx
STHX KaTymleK M TOKM B HUX BUTKAaX B OKCIUIyaTallUOHHBIX peXHUMax
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TpaHc(opmaTopa OJUHAKOBBL, TO X CYMMapHOE MarHUTHOE I10JI€ Ha IUIOCKOCTH
Q, xoTopast nepneHAuKyIsipHa sipMam 13 u 14 cepreunuka 1 Tpancdopmaropa u
MPOXOIWT dYepe3 HX CepeAuHy, paBHO Hym0. B cilydae BO3HHUKHOBEHHUS
BUTKOBOTO 3aMBIKaHHs B IEPBUYHON OOMOTKE OHON M3 KaTyIIEK MOSIBIISIOTCS
3aMKHYBIIHECS BUTKH. TOK B 3aMKHYBIIUXCSI BUTKaX CHJIBHO IPEBBIIIAET TOK B
9TUX XK€ BUTKax 70 B3. B pesynpTare NONMOTHUTENBHO MOSBUTCA JIOKAJIBHOE
MarHuTHOE TI0JIE PACCESHHA 3THX BUTKOB. [Ipy 5TOM MarHUTHOE 1OJIE pacCesTHUS
KaTyliek TpaHcdopmaropa Ha ruiockoctd Q Oyner He paBHBIM HyIo. Yro
MI03BOJISIET BBISIBUTH pexkuM B3 B Tpanchopmarope.

11

To 7 7
oL\
oL
oL

Pucynox 1 — Cxema omHO(Da3HOTO MEYHOTO TpaHCPOpMaTopa
¢ KOpoTKoii ceTbto u MTT

Cxema yCTpOWCTBa 3amMTHl OJHO(A3HOTO MEYHOTO TpaHchopMaropa ¢
KOPOTKOH ceThblo, ocHOBaHHas Ha AByX MTT, npeacrasneHa Ha pucyske 2 [8].
B cootBercTBHM ¢ 3TOH cxemoi Hawano 27 m koHer 28 karymek MTT 15
MIPUCOEIMHEHB! K KpaiiHUM BBIBOZAM NepeMeHHOro pesucropa 31, a cpenHuit
BbIBOJ 29 3Toro MTT 1 konTakT 30 pesucropa 31 moakIIO4YeH K 0OMOTKE pere
32 [8]. IIpuyem HOpManIbHO Pa3OMKHYTBIH KOHTAKT 33 3TOro pene COEAUHEH C
OTKJIFOYAIOIIEH IENbI0 BEIKIIOUaTels 34, a Tak)ke ¢ 0JJOKOM MHAMKAIuU 35, Ha
KOTOPOM WJICHTU(QUIUPYETCST BUA JJIEKTPUUECKOTO TOBpexaeHus. Ilpu
OTCYTCTBHU BUTKOBOTO 3aMBIKaHUS B TEPBUIHONW OOMOTKEe 6 0IHO(A3HOTO
NeyHoro TpaHcgopmaropa, a Takke IPH OTCYTCTBUHU MOBPEKACHHH KOPOTKOH
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cetn 11 mepemenHbrii pesuctop 31 BBICTaBIsAeT TOK HebamaHca B pere 32,
paBHblIit HyI0, |2 =0 [8].

Bemonsr 22 u 23 MTT 16 coemmuensl ¢ oOMoTkoil pene 36. IIpmuem
corjacHo [8] HOpManbHO Pa3OMKHYTBIH KOHTakT 37 pene 36 coeAWHEH C
OTKJIIOYAIOIEH HENbI0 38 BBIKIIOYATENS, a TaK)Ke C OJIOKOM HHIMKAIUu 35.
HopMmanbHo 3aMKHYTBIH KOHTakT 39, SBISIOUIMACA  OJOKUPOBOYHBIM,
MOCJIEA0BATEIHHO COSTMHEH ¢ KOHTaKTOM 33 [8].

139
22 i 35
|
36 | 37
- 34 )
23 Il 18 K OoTENRHAIoIEH

4+ == [enH BLKIKYATENA

Pucynok 2 — CxeMa ycTpoiicTBa 3aIIUTHI 3JIEKTPOOOOPYA0OBaHUS
PYAOTEPMHUYECKOTO NTPOM3BOACTBA OT IIEKTPUIECKUX ITOBPEKIACHUH

YcrpoticTBo 3ammThI [8] paboTaeT cleAyIOmKUM 00pa3oM: IPH OTCYTCTBUU
IEKTPUYIECKHUX MOBPEKICHUH B IEYHOM TpaHC(POpMaTope C KOPOTKOH ceThio 11
M0 OJIMHAKOBOMY YHCITy BUTKOB B 0OMOTKax 6, a Taroke 7-10, pacronokeHHBIX
Ha Pa3HBIX CTEPKHAX CEepACYHHKA, NMPOTEKAIOT IKBHUBAIECHTHbIE TOKU. [Ipu
YCIOBUH TOYHOTO M3TOTOBJICHUS X YCTAHOBKH 3THX OOMOTOK TOKH B HUX OYIyT
UHIYKTUpoBaTh B 00MOoTKe MTT 16 HyneBylo 3JeKTPOABMKYIIYIO CHITY, TIPH
stoM DJIC BepxHeit u HkHeH 0OMoTok B MTT 15 Oymyt skBHBaneHTHHI [§].
Takum o6pazom, Tok |1 B pene 36 OyneT HyJeBbIM, U KOHTaKTH 37 u 39 Oynyt
HaxOAMNTbCS B MCXOJMHOM mojoxeHuu. [Tomumo storo, Toxu I3 u ls Oymyr
SKBUBAJICHTHBI, U, COOTBETCTBEHHO, X Pa3HOCTH |, B 00MOTKe pene 32 Taxxke
Oyner paBasaThcs Hymoo [8]. Konraktel 33 pene 32 OyIyT, COOTBETCTBEHHO,
HaXOJIUTHCS B HCXOJHOM IIOJIOKEHHH. B 3TOM 3KCIUTyaTallMOHHOM DEXHMMeE
CHTHAJIBI C KOHTAKTOB pee 32 1 36 Ha OTKIIIOUEHHE TIEYHOTO TpaHcdopmaropa
OoT ceTd U B Omoke 35 OyayT OTCYTCTBOBaTh, Ha JHUCIUIEE COOOIIEHHE O
HoBpexeHnH He BbicBeTHTCs [8]. Tleunoilt TpanchopmaTop ¢ KOPOTKOI CeTho
HaXoAuTCs B paboTe.

B cnydae 3amblkaHusi BUTKOB 12 B HEepBHYHOM OOMOTKE 0aHO(DA3HOTO
MEYHOTo TpaHc(opmaTropa TOK B HUX OyJET CHIIBHO OTIMYAThCA OT TOKA B

OCTaJILHOW YacTW IMepBHYHON 0OMOTKH [8]. DTO, B CBOIO OYepeib, BBHI30OBET
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nepepacnpeeIeHie MarHUTHOTO TI0JISI PAcCEsSHUS MTOBPEKAECHHON 0OMOTKH Ha
cTepkHE 4 U, Kak cleacTBue, kK Bo3HukHoBeHHI0 D/IC B o0MoTke MTT 16. 3]IC
BepxHell W HmwkHeH oOMorok MTT 15 He OyayT SKBHBaJCHTHHI
CooTBeTCTBEHHO pa3HOCTh TOKOB |2 ¥ Tok I3 B 32 u 36 OyayT oTIMYaTsCcs OT
HyJIS, 9TO BBI3OBET cpabarsiBanue 3TuX pene. KonrtakTel 33 u 37 3aMKHYyTCS, a
KOHTakT 39 HaobopoT pazoMkHercsi. Kak cinencreue, B oTkitouaronieid nenu 33
MIOSIBUTCS CUTHAJ Ha OTKJIFOUCHUE TPaHC(HOPMATOpa OT CETH, a Ha TUcIIIee OJI0Ka
35 mosBUTCS COOOIICHUE O TIOBPEIKACHUU: «BUTKOBOC 3aMbIKaHue» [8].

B cimygae mosBienus 3 B OonHOH W3 map TPYOOIIHMH, HampuUMep
MIPUKpEIVICHHON K pacmierieHnio 10 BTOpHYHOM OOMOTKH, TOK B HeH
YBETMUHUTCS. M OyZeT CHIBHO NPEBHINIATh TOK B PACIICIUICHUSAX 7-9 3TOH
00MOTKH [8]. DTO BBI30BET OAMHAKOBOE NepepacipeieieHHe MarHuTHOT'O T10JIst
paccesHUs B KaTyllkax 2 W 3, pachnojararouuxcs Ha CTepkHiIX 4 u 5
tpanchopmatopa. B rakom pexxume DJIC B oomoTke MTT 16 Oynet HyIeBOM, B
TO BpeMsl KaK SJIEKTPOABIDKYIIHE CIIIBI BepXHEeH M HkHeH oomoTok MTT 15
OyIyT OTJIMYAThCs IPYr OT npyra. B coorBeTcTBHM C 3THM, TOK |1 B 0OMOTKE
pene 36 Oyner paBeH HYJ0, U OHO OyJeT HAXOANUTHCS B HCXOIHOM ITOJIOKEHHH.
ITockonbky Toku |3 1 14 He paBHBI Mexay co0OH, TO UX pa3HOCTh |2 B 0OMOTKe
pene 32 OyzneT oTIMYaThCs OT HyJIs, U, ClIeI0BaTeNIbHO, OHO cpaboTaeT. B Takom
pexnMme KOHTakT 33 3aMKHeTcs, a KOHTakThl 37 U 39 ocTaHyTCS B MCXOJHOM
nonoxxeHnu. Kak crnenctue, B oTkimovaronied e 38 copMupyercs curHain
Ha oTKMoueHue TpaHchopmaropa [8]. Ha Onoke 35 mosBUTCS amapMEHHOE
COO0OIIIEeHNE: ITOBPEXKICHUE KOPOTKOH CETH.

Jis wHTeTpanuu B OOINE3aBOJACKYIO CETh MpEJIaraéMoro YCTpOWCTBa
3alIUTHl  PYAOTEPMHUUYECKYIO  3JIEKTPOOOOPYMOBAHUS OT  AJIEKTPUUECKHUX
MIOBPEKICHHM B KauecTBe OJ0Ka 35 mpenjiaraeTcsi HCIOIb30BaTh MIKad 3alluThl
Ha 0a3e koHTposutepa [9;10]. B pamkax nccnenoBanus npoHHAHCHPOBAHHOTO
Komurerom Haykn MUHHCTEpCTBa HAYKH U BBICIIEro 0Opa3oBanus PecryOnmkn
Kazaxcran (rpant Ne AP14972775) coBmectHo ¢ HayuHo-ITpou3BoacTBeHHOM
Oupmoii «CrpoiillpoexTIHHOBaMA», UMEIOMIEH JHIICH3UI0 HAa BBIIIOJHEHUE
JaHHOTO BUAa paboT, Obuio paspaboraHo TexHWYeckoe 3ajaHHE Ha
M3rOTOBJICHHE IIKa(]a 3aIIHUTHI.

Kak mnokazaHo Ha pucyHke 3 mkad 3alIWTHl TNPEICTaBISET COOOH
MeTraniaeckuii kopmyc rabapuramu 500x400x220. B mkady npexycmorpeHa
YCTAaHOBKAa aBTOMATUYECKOTO BBIKIIIOYATENs, pelie HANpsDKEHHWH, ITycKaTens,
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MIPOMBIIILICHHOTO KOHTpoIiepa Trei-5B-05 B coctase: mactep-monyins M9I11E,
MHTEJUIEKTyanbHbIH Moayns M932C.

Bug cnepegu Bug cnepegu

¢ 3akpomoi gbepbio co cHamod gbepbio

DELTA DOP-AS3E

500+
500+

400* 400*

Pucynok 3 — O0uruii By nikada 3amurhbl

Ha pucynke 4 npezacraBiieHa dJIEKTpUYECKasi CXeMa COeMHEeHHH mikada.
CorsacHo cxeMme mKad 3amyImaeTcs OT BHYTPEHHHX  3aMbIKaHHH
aBToMaruueckuM BhIkiouareiem Schneider Electric. Curaanst OT MarHUTHBIX
tparchopmaropoB Toka MTT1 15 u MTT2 16 3amuTsl 0gHO()A3HOTO IIETHOTO
TpaHnchopMaTopa U KOPOTKOM CETH MOAKIIOYAIOTCS K pese Hanpspkenuit KL1 32
u KL2 36 w mapamensHO K aAHAJNOTOBBEIM  BXOJAM  HANPSKCHHS
MHTEJUIeKTyanbHoro Moyt M932C.

BrIxoHbIe 1IeTIN pere HarpsKeHUH IO AKITF0Yar0TCs K AUCKPETHBIM BXOJaM
HaNpsOKeHUsl  MHTEJUIeKTyallbHOro  moayis. [lpm  ux  cpabaTbhiBaHUU
HHTEIJIEKTyalbHOTO  Moayisi  MO932C  npunumaer  MHGOpPMALHMIO O
CpabaThIBAaHWHM 3alUThl M OTIPABJISAET CHIHAN HA BKJIIOUYEHHE MarHUTHOTO
myckatenst KMC1 mapku LC1 DO9MY. K BeixoansM nemnsiM mmyckarenst KMC1
MOAKITIOYAIOTCS 1IeTTH OTKIIFOUEHHUSI IIEYHOr0 TpaHchopMaTopa.
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PucyHok 4 — Dnekrpuueckas cxema COCJUHEHUI MKada

Ha nBepue mkada 3aumtel pacnoiaraercss HMI-nianens onepatopa Delta
DOP-AS38 mist peanu3aiiui 4e0BEKO-MAIIMHHOTO UHTEpdeiica. B kauectse
000JIOYKH B TaHENb ONepaTopa 3arpykaercsi pa3padoTaHHas CIELHAIBHO IS
JIaHHOM 3aIMThl MHEMOCXEMA, IIOKa3aHHasl Ha PUCYHKE 5.
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JawuTta TpadcgopmMaTopa ot B3
SACMTT1

OTENKMeH Mo 3aunTe l

3awuTta KopoTkow cetu oT A3

SACMTTZ2

OTKNICNEH NO 3aunTe I

Pucynok 5 — Muemocxema Ha 3kpane HMI nanenu

Ha manenu otoOpaxkaercs Texyuiee 3HaueHne DJ[C Ha BbIXO/E KaXIOTro
MTT, -cocrosHue 3amuTbl «OTKIIOYEH MO 3allUTe», MPUHUMAIOLIEE
COOTBETCTBYIOIIeE AKTHBHOE JIMOO HEAKTUBHOE COCTOsHME. Tak e maHelb
BBINIOJTHACT (PYHKIMIO XpaHEHMS MAAHHBIX O TMPEABIIYIIMX CpadaThIBAHUAX
3anuThel. TakuM 006pa3oM BBITOTHACTCS BU3yaJH3alys U MECTHOE YIIPaBJICHHUE.

Peanuzanusi JUCTaHIIMOHHOTO YIPABJICHHUS TPOU3BOIMTCS MOCPEACTBOM
MHTETpaly I1nkada 3aluThl B OOIIE3aBOACKYI0 CHCTEMY MOHHUTOPUHIA W
yrpasieHust ¢ nomoiipto narepdeiica Ethernet ntu6o ModBUS. Do no3sosnsier
peann30BaTh IUCTAHIMOHHYIO TNepefady AaHHBIX O cpabaThIBaHMM 3aIIMT Ha
TJIaBHbIE IUTHI YIPaBICHUS IPOU3BOICTBOM, a TAK XK€ IOJIydYeHHE CUTHaja Ha
OTKJIIOYEHHE TpaHcdopMmaropa 1o 00IIe3aBOJICKON ceTH oT omeparopa. [lpu
S5TOM BO3MOXHOCTb MHTETpallid B CYLIECTBYIOIIYID CETh IPOrpaMMHO-
texHnaeckoro kommiekca (ITTK) He 3aBHCHT OT HCTIONB3yeMOTo 000PyIOBaHHS
BEPXHETO YpOBHS aBTOMAaTH3UPOBAHHON CUCTEMBI yIpaBJIeHUs
TexHojoruaeckum npoueccom (ACY TII) nmpousBocTaa.

Pe3yabTaTsl 1 00Cy:KIeHUS

TakuM 00pa3oM, IpeylaraeMoe B CTaThe YCTPOMCTBO TOKOBOM 3alUTHI
3JIeKTPO00OPYIOBAHUS PYAOTEPMHUIECKOTO IIPOU3BOCTBA, OCHOBAHHOE Ha IBYX
MTT, cnocoOHO 3ammTuTh OoxHO(a3HEI NeyHOW Tpancdopmarop or B3, a
TOKOTIPOBOJI KOPOTKOH ceTn oT oOpwiBoB M JI3 B Heil. Tarke mpemnmaraeMas
peanu3anus MHTETpalud  yCTpOMCTBa  3amutel Ha 1aByx MTT B
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PYAOTEPMHUYECKYIO OOIIE3aBOJICKYI0 CETh IIO3BOJINT YIPABIATh 3aLIUTON
JMCTAHIIMOHHO U 00Jjiee HaTJISTHO.

Nudopmanus o puHAHCUPOBAHUU

3t0 uccaenoBanue ObI0 NpoduHaHcHpoBaHO MuHHcTepcTBoM Hayku u
Beicmero O6pasoBanus Pecniyomuku Kazaxcran (MPH AP14972775).

BoiBoabI

1. OCHOBHBIMH 3IEKTPUIECKUMH TOBPEKACHUAMH 3JIEKTPOOOOPYIOBaHUSA
PYJAOTEpPMUYECKOTO IPOU3BOJACTBA  SIBIIIOTCS BHUTKOBBIE 3aMBIKAaHHUS B
MIEpBUYHOI 0OMOTKE OZHO(]A3HOTO NMEYHOTO TpaHC(HOPMATOPA, a TAKKE OOPHIBBI
THOKHX CBs3EH M yTOBBIC 3aMBbIKAHUS B IICTISAX PACHICTUICHUN KOPOTKOM CETH.

2. lIpencraBnenHOe B paboOTe yCTPOICTBO 3aLIUTHI AIIEKTPOOOOPYIOBAHUS
PYAOTEPMUYECKOTO NMPOU3BOJACTBA OT MEKTPHUCCKUX TOBPEKACHUN Ha IBYX
MTT w™oxeT OBITh peann30BaHO C IOMOLIbIO IIKada 3amuTel Ha Oase
MPOMBIIIIEHHOTO KOHTposuiepa Trei-5B-05.

3. Vcnone3oBanue mkada 3amuThl Ha 6a3e MPOMBIIUIEHHOTO KOHTpoJUIepa
MO3BOJISIET Pealn30BaTh WHTETPALMI0 B OOIIE3aBOACKYIO CETh 3allUTHI
EKTPOOOOPYAOBAHUS PYAOTEPMUUECKOTO Ipom3BoacTBa Ha aByx MTT or
anekTpuyeckux mnoBpexkaeHnil. lllkad 3ammTel MO3BONSET pean30BaTh Kak
MECTHOE, TaK U JTUCTAaHIMOHHOE YIPaBICHUE 3aIIUTOM.
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EKI MTT KEHAI ’KbLJTY OHAIPICIHIH 3JIEKTP )KABJABIKTAPBIH

SJIEKTP 3AKBIMJIAHYBIHAH KOPF'AY IbIH KAJIIIbI
3AYBITTBIK KEJICIHE UHTET'PAINAJIAY

JKozaapvl cananvt 6oaam eHOipiciOe ¢heppokopvimnaiap ome
manwi30bl. Kaszipei yakeimma Oonammap Kypuliblc ©HepKociOiHOe,
MAWuHa xcacay eHepkocibinde, asmomooOunlb eHepKocibiHOe, Memal
OHOIpICIHOe, 3NIeKMp HAOOLIKMAPbIHOA, MYPMbICIbIK MEXHUKAOA HCOHE
backa cananrapoa Kondamwvinaovl. Ocvlean cyuene omwvipvin, 0Ooaam
bankpimy eHOIpici (peppokopbimna eHepKociOiniy dcazoalivina mikenell
oatinanvicmol.  CoHOLIKMAaH — (PeppoKopuimnaniap OHOIpiiemin  KeH-
MePMUANLIK, OHOIPpICMEPOIR 371eKmp HabObIKMAapblH penenik Kopaay
esexmi  mocene Oonvin  madwviiadvl. Makanaoa 6ip  pazane
PYOOMEPMUSLTBIK, new mpancghopmamopwinvly bacmankpi
0pamMacvIHOAebl AUHAAMATLL MYUBIKMATYAAPOAH, COHOAl-AK OHbIY KbICKA
JHCeNiCIHIY KYObIDIAPBIHLIE JHCYNMAPbIHOA2bl Y3LIiCmep MeH 002ablK
MYULIKMATYAAPOAH  HCO2apbl Ce3IMMANl KOP2aHbIC YCbIHbIIAObL. Byn
Kopaawvlc exi maznummix mox mpancgopmamopuwiuviy (MTT) komecimen
arcyseze acvipuliadvi. Condati-ax, Oy Kopeanvic Kypulieviculn exi MTT-
2a 3ayblMmblK, KeH-MePMUSLIbIK OHOIPIC Jiceicine OipIKmIpy YCbIHbLIAObL.
TREI-5B-05 onepkxocinmik KOHMPOIepiHe He2i30encen KopeaHvlc
wxagvl  Oip  Qazanvl  newr  MPAHCHOPMAMOPLIHLIE  OACMANKYL
OpaMbIHOa2bl AUHAIMATLL MYUBIKMATYOAH, COHOAU-aK KblCKa Jicenioeei
y3inicmep MeH 002ablK, MYUbIKMALYOaH Kopaayobl JHCepeilikmi JHcoHe
Kauvlkman 6ackapyovl oicyzece acwvipyaa MyMKiHOIK 6epedi. Adam-
Mawuna unmepgeicin ocyseee acvlpy yuwiin Delta DOP-AS38 HMI
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nanenin natoaiany YColHblia0bl, COHbIY APKACLIHOA BU3VATUIAYUSL HCOHE
Jrcepeinikmi 6ackapy acyseee acolpbiiaobi.

Kinmmi cesdep: pyoomepmusnvix newi, news mpancgopmamopbl,
Kvicka osceni, [lluna naxemi, Kyoulp wiunanapol, eauey mypieHoipeiuii,
maenummik Tox mpancgopmamopel, Kopeanvic mizbexmepi, wxagp,
KOHmpoJnep.
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INTEGRATION INTO THE FACTORY-WIDE NETWORK OF
PROTECTION OF ELECTRICAL EQUIPMENT OF ORE-THERMAL
PRODUCTION ON TWO MTTS FROM ELECTRICAL DAMAGE

In the production of high-quality steel, ferroalloys are of paramount
importance. Currently, steels are used in the construction industry, the
machine-building industry, the automotive industry, the manufacture of
metal products, electrical equipment, household appliances and other
fields. Based on this, steelmaking production directly depends on the state
of the ferroalloy industry. Therefore, relay protection of electrical
equipment of ore-thermal industries where ferroalloys are produced is an
urgent issue. The article proposes highly sensitive protection against
winding circuits in the primary winding of a single-phase furnace
transformer of ore-thermal production, as well as against breaks and arc
circuits in pairs of pipes of its short network. This protection is
implemented using two magnetic current transformers (MTT). It is also
proposed to integrate this protection device on two MTTs into the plant-
wide network of ore thermal production. The protection cabinet based on
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the Trei-5B-05 industrial controller allows you to implement both local
and remote control of protection against loop faults in the primary
winding of a single-phase furnace transformer, as well as against
breakages and arc circuits in a short network. To implement the human-
machine interface, it is proposed to use the Delta DOP-AS38 HMI panel,
thanks to which visualization and local management are performed.

Keywords: ore-thermal furnace, furnace transformer, short circuit,
busbar package, pipe shafis, measuring converter, magnetic current
transformer, protection circuits, cabinet, controller.
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