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OBILIAA XAPAKTEPUCTUKA PABOTHBI

AKTYaJIbHOCTh TeMbl. OKCIUTyaTtauus cucteMbl snekTpocHadxkeHus (COC)
y4acTKa IIaxThl COMNPSDKEHA C OMACHOCTBIO IMOPAXEHHS NEPCOHANA AIEKTPUYECKUM
TOKOM. B 11em1s1x o0Gecrieuenust 3aiuThl OT 3JIEKTPONOPAKEHUS MPETyCMOTPEHBI:

— 3a3eMJICHUE METAJUIMYECKUX KOPIYCOB AJIEKTPOOOOPY/IOBAaHUS KaK CPEACTBO
3aIIUTHI YE€JIOBEKA OT JIEKTPOIOPAXKECHUS MPU KACAHUU K KOPITYCY AJIEKTPOYCTAHOBKH,
KOTOPBIM OKa3aJics MoJI MOTEHIIUAIOM (Da3bl;

— aBTOMATHYECKas 3alMTa OT yTeUeK TOKA Ha 3€MJIIO (CPECTBO 3aIIUThI YeJIOBEKA
OT 3JIEKTPOTIOPAKEHUS MPU €ro KacaHuM K (a3HOMY IPOBOJHUKY, HAXOISIIEMYCS MO/
HaIpsHKEHUEM ).

COC yuactka maxtbel (QYHKIMOHUPYET B PEXHUME H30JUPOBAHHOM HEUTpaiu
TpaHchopmaropa, a MPUMEHsIEMbIe B €€ CTPYKType KaOeiau OTIWYAIOTCA HaTUIUEM
HKPAaHOB — CJIOEB MPOBOMSIIEH PE3WHBI, HAXOJAIIMUXCA B KOHTAKTE C LEHTPaIbHBIMU
npoBojgamu (IIII) m mokpeiBatomux wu3onsanuio (aszHbix mpoBogoB. [Ipu stom I
Kabeneil BBIMONHAIOT (YHKIUIO 3a3eMIISIONIUX KUJ, OCYIIECTBISA JJIEKTPUUYECKOE
IPUCOECIMHEHNE METAUIMYECKUX KOPIYCOB MEPEMEIIAEMOT0 3JIEKTPOOOOPYI0BaHUS K
3a3eMJIEHHBIM KOpIycaM IycCKaTesdel, BBIMOTHAIOMMNX (YHKIUI0 MPOMEXKYTOUYHBIX
MIPOBOJIHUKOB CETH 3a3€MJICHUSI.

Opnako, mpu TakoM cHoco0e 3a3eMJIeHHs KOPIYCOB IMEepeMelaeMoro
3JIEKTPOOOOPYAOBaHUS EMKOCTH H3OJALMU MEXAy ¢a3HeiMu U 3a3eMiEHHbIMH 11
Ka0eJeil CyIIeCTBEHHO YBEJIMYHMBAIOT OOIIYI0 €MKOCTHYIO MPOBOIUMOCTH H3OJISIIIUU
(memeit «daza-3emiis») — MyTh TOKA AJIEKTPOIOPAKEHUS YeJIOBEKa, CTOSIIIETr0 Ha 3eMIIe,
IIPU €0 KacaHUU K (pazHOMY NMPOBOJAHUKY, HAXOASIIEMYCS MO/ HAIPSYKEHUEM.

Takum 00pazom, HECMOTPS HAa (DYHKIIMOHUPOBAHUE B PEKUME H30JIUPOBAHHOU
HeHTpanu TpaHchopmaropa, MPUMEHEHHUE 3a3eMJICHUST KOPITYCOB AJIEKTPOYCTAHOBOK, U
CPEACTB 3aIUTHl OT YTEYEK TOKA HA 3€MJIIO, IIaXTHAsl y4acTKOBas 3JIEKTPUUYECKasi CETh
anpPUOPH MPEACTABISIET OTIACHOCTD DJICKTPOMOPAYKEHHUS YeTTOBEKA, a (DYHKIIHSI 3aIIUTHI OT
yTEUeK TOKa Ha 3€MJIK0 CBOAMUTCS HE K YCTPAHEHUIO 3JIEKTpOoNopaxaromero (haxkropa, a K
OTPAHUYEHHUIO KOJIMYECTBA DJICKTPUUECTBA B TENE YEIOBEKAa B YCJIOBUSX JICUCTBUS
aJieKTpornopaxkaroniero ¢akropa, 00yCIOBICHHOTO, B YACTHOCTH, KOMIIOHOBOYHBIMU U
TEXHUYECKUMU pelieHusIMHu pu popmupoBanuu cTpykTypbl COC ydyacTka maxThl.

OnuuM W3 MyTEW pelieHdus STOr0 TEXHUYECKOrOo MPOTHUBOPEUHUsS SBIISICTCS
NPUHIUNHAIBHOE W3MEHEeHue KoHueniuu ¢opmupoBanuss COC ydacTka IIaxThI,
OCHOBaHHO€ Ha OOBEIUHEHWH B EIUHYI0 CTPYKTYpY CpPEACTB aBTOMATHUYECKOTO
3alIUTHOTO OTKJIFOUEHUS MPHU JIOKAIU3ALUUU B CTPYKTypax aCMHXPOHHBIX JBUTaTeliei
(AJl) yCTpOWCTB BBISBICHHS ¥ TOJABIEHUS OMNACHBIX COCTOSHUM  CHJIOBBIX
AIEKTPUYECKUX TMPUCOCIMHEHUN W HUCKIIOYEHWH W3 OHKCIUTyaTallMd TEXHUYECKHUX
CPENCTB, CITOCOOHBIX CO3/1aBaTh BHICOKHE YPOBHU MPOBOJAUMOCTH IieTielt «(dasa - 3eMiis».
B 37011 CBSI3M TEMA THCCEPTALIMOHHOTO HUCCIEAOBAHUS SABISETCS AKTYJIbHOM.



Crenenb pazpabdoranHocTH TeMbl. OOocHoBanHbie P.M. JleliGoBbIM
KOHLENTyaJIbHbIE TOJIOXKEHUSI TEOPUHU BJIEKTPOOE30MaCHOCTH IKCILTyaTallil CHIIOBOTO
PYIHUYHOTO AJIEKTPOOOOPY10BaHUS ObUIM Pa3BUThI UCCIEIOBAHUSMU U pa3padOTKaMu
B.JI. Kouerkona, B.C. [[3t06ana, C.B. [IpyanukoBa, E.A. Bapenuka, B.H. CaBuikoro u
np. Co3maHHble MMHU CPEACTBA 3alMTHI OT YTEYEK TOKA Ha 3eMIII0 00€CIeUMBAIOT
aBTOMAaTUYECKOE 3alIUTHOE OTKIoYeHne HanpspkeHus B COC  yyacTka IIaxThl,
COITPOBOXKIAa€MOE OTPAHUYEHHUEM KOJIMYECTBA JIEKTPUUECTBA B TEJIE€ YEIIOBEKA B CIIy4yae
€ro MPUKOCHOBEHUSI K TOKOBeaymmm 3ieMmeHTaMm. B uccinenoBanusx B.I1. Konocroka
COBOKYIHOCTh CPEJICTB 3aIIUTHI PYJHUYHOTO 3JIEKTPOOOOPYAOBAHHS OT aBapUUHBIX U
ONACHBIX COCTOSHHMM NPEACTABICHA KAK €IWHAs CUCTEMA 3aIlMTHOIO OTKJIIOYEHHs. B
ATOM e TUIOCKOCTH JiexKat u uccienosanus b.B. I'ynsesa, rae paccmorpena cnenuduka
BIIUSIHUS TIAPAMETPOB HAJAENKHOCTH CTPYKTYPHBIX KOMIIOHEHTOB CHUCTEMBI 3alIATHOTO
orkitoyeHus COC yyacTka maxTbl Ha KauecTBO (POPMUPOBAHUS U BBINOJHEHUS B HEH
3amMUTHBIX (QyHKIUHA. OHAKO B JIAHHBIX MCCJIEAOBAHUAX OTCYTCTBYIOT OOOCHOBAHUSI,
Kacalolrecss MOJABJICHHS  3JEKTpolopaxaromero (axkropa, 00yCIOBIEHHOTO
ucnosnibzoBanueM [II1 kaGeneil B kadecTBe 3a3eMISIOIIMX MNPOBOAHUKOB. HayuHble
000CHOBaHUS IIEJIECOOOPA3HOCTH U3MEHEHHS KOHIICHIIMU TOCTPOCHUSI CHUCTEMBI
BBICOKOBOJIbTHOTO 3JiekTpocHaOxkeHus (CBD) ropHoro mnpeampusiTusi Ha OCHOBE
MPUMEHEHUSI CPEACTB JIOKAJIM3alMd TOKOB YTEUKHM B IOJ3EMHON BBICOKOBOJBTHOMU
ka0enpHOUM ceTu naHbl B paborax A.M. bproxanoBa, O.A. Jlemuenko, JI.A. Mydens.
OTHUM [10Ka3bIBAETCS BO3MOXKHOCTh BHECEHUS! NMPUHUUMHAIBHBIX W3MEHEHHIl B caMy
KoHIlenuio mnoctpoeHus CBD maxTel. AHAJIOTMYHO 3TOMY, IieliecooOpa3Ha U
KOPPEKTUPOBKAa  CHCTEMBbl  3JIEKTPOCHAOKEHMsI ~ ydacTKa IIAaXThl Ha  OCHOBE
COBEpLIECHCTBOBAHUS METOJOB M CPEACTB ABTOMATHYECKOIO 3AIMUTHOIO OTKIIFOYEHUS
CUJIOBBIX TMPUCOCIUHEHUN, B KOHTEKCTE CO3JIaHUsl OTpaHUUUTENIbHOTO 3¢ dekTa
IPUMEHUTENBHO K POPMUPOBAHUIO NEKTPONOPAXKAIOMIETO (haKkTopa.

CB3b ¢ HAYYHBIMH POrPAMMAMM, IVIAHAMM, TEMAMMU.

HuccepranonHas paboTa sBJISETCS YacTbhiO pa3pabOTOK, BBHINOJHEHHBIX B
OI'bOY BO «/loHeukuid HalMOHAJIBHBIA TEXHUYECKUM YHUBEPCUTET» B paMKax
rocreMbl H-2022-5 «OO0ocHOBaHME TEXHUYECKHUX PEHICHUH B OOJACTH TOBBIIICHUS
0€30MacHOCTH  OKCIUTyaTalldd  MIAXTHBIX  yYaCTKOBBIX  DJIEKTPOTEXHUYECKUX
KOMIUIEKCOBY». Pe3ynbraTel AuccepraimoHHOro uccieaoBanus npuAatel ['bY «Hayuno-
MCCIIEIOBATENIbCKAM, MPOEKTHO-KOHCTPYKTOPCKMM W TEXHOJOTMYECKUUA HHCTUTYT
B3PBIBO3AMMUIIIEHHOTO H PYIHUYHOTO 3iekTpoobopynoBanus» (I'BY «HUNUBOy,
r. [loneuxk) u I'BY «MakeeBckuii Hay4YHO-HUCCIIEIOBATEIIbCKUN HWHCTUTYT IIO
oe3onacHoctu padoT B ropHoi npombinuieHHocTH (I'BY «MakHUM», r. MakeeBka) k
UCIIOJIb30BAHUIO B MPO(QUIIBHBIX HAYYHO-UCCIEA0BATEIBCKUX pad0Tax. TU Pe3yIbTAThI
BHe/IpeHbl B yueOHblii rporecc B PI'bOY BO «JloHenkuii HallMoHaIbHBIN TEXHUUECKUN
YHUBEPCUTETY.

Heab u 3apaum ucciaenoBanus. Llens paboTel — noBeIieHne 3)PEKTUBHOCTH
(GyHKIIMOHUPOBAHUS CHCTEMBI SJIEKTPOCHAOKEHUS yJacTKa MaXThl 3a CYET 000CHOBAHMUSI
U TPAKTUYCCKOW peanu3anui MOIU(DUIIMPOBAHHON aJITOPUTMHUYECKOW 0aszbl U
TEXHUYECKUX CPEACTB YNPABICHHUS MPOLECCAMH AaBTOMATHYECKOTO 3allUTHOTO
OTKJIFOUECHHS.
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JIns moCTHXKEeHUs TOCTaBJIEHHOW Ieu B padoTe CPOpMYTUPOBAHBI U PEIICHBI
CIEAYIOLIME OCHOBHBIE 32124 H:

— aHanu3 crneuuduku QyHkuuonupoBanuss COC yyacTka 1IaXThl B KOHTEKCTE
oOecrieueHus 3alUThl IEPCOHANA OT MOPAKEHUS MIEKTPUUECKUM TOKOM M MPOOIEMHBIX
BOIIPOCOB B oOyactu oOecrieyeHuss O€30MacCHOCTH OIKCIUTyaTalldd PYIHUYHOTO
AIIEKTPOOOOPYI0BAHNUS;

— obocHoBaHue KoHuenuuu mnocrpoeHuss COC yyacTka maxTbl Ha OCHOBE
OTpaHUYCHHS TapaMeTPOB JIICKTPOMOpaXkaromero (akTopa W COBEPIICHCTBOBAHUS
CpPEACTB aBTOMATUYECKOI0 3al[UTHOTO OTKIIFOUEHUSI CUIIOBBIX MPUCOCIUHEHUN;

— O00OCHOBaHUE CTPYKTYpbl M aITOPUTMOB (DYHKIIMOHUPOBAHUSI CPEICTB
BBISIBJICHUSI KOHTakTa (pa3bl C OOBEKTOM KOHTPOJS, YNPABISIIONIUX aBTOMATUYECKUM
3AIIUTHBIM  OTKJIIOYEHWEM  CHWJIOBBIX MPUCOEAWHEHUM  I[IAXTHOM  y4aCTKOBOM
AJIEKTPUYECKOMN CETH;

— TEXHUYECKas pealu3alus pe3yJabTaTOB HMCCIEIOBaHUS, BKIIIOYAs CTEHJIOBBIC
UCIIBITAHUSI SKCIIEPUMEHTAIBHBIX OOpa3IloB, B KOHTEKCTE ajanTalid OOOCHOBaHHBIX
TEXHUYECKUX PEUICHUM K YCIOBUAM KCILTyaTalliy B CTPYKTypax CUIIOBOTO Py THHUYHOTO
AJIEKTPOOOOPYIOBaHUA U  pa3padOTKU PEKOMEHJAlMKA T0 COBEPIIEHCTBOBAHUIO
CTPYKTYpbl KOMILJIEKCA CPEACTB aBTOMATUYECKOTO 3alIUTHOTO OTKJIFOYEHUS CUIIOBBIX
npucoeauHeHnii COC y4yacTka MIaxThl.

O60bekT ucciaenoBanusi. OOBEKTOM HCCIEIOBAaHUS SBISIOTCS TPOIECCHI,
npoucxonsmue B COC ydacTka 1IaxThl, OOYCJIOBJIICHHBIE ODJIEKTPUUYECKOMN
MIPOBOJIUMOCTBIO U30JSAIINN (Da3HBIX TPOBOTHUKOB.

Ipeamer wuccaegoBanms. [IpenMeroM wuccienoBaHUsl SBISIOTCS MPUHIIMIIBI
MOCTPOCHUS U AITOPUTMBI PadOThl TEXHUUECKUX CPEJICTB aBTOMATHUUYECKOTO 3alUTHOTO
OTKJIFOUYCHMUSI CWIOBBIX mpucoeauHeHnii COC yyacTka IIAaxThl, AEUCTBYIOIIUX B
YCIOBUSIX HENPUCOCIWHEHUS K 3a3€MJICHUI0O METaUIMYeCKuX KopmycoB A/l mpu
JIOKAJIU3aIluy B UX CTPYKTYPE YCTPONCTB BBISIBJICHHUSI OMMACHBIX COCTOSHUM.

HNpesi paboThbl COCTOUT B JIOOCHAIICHUH KOMILIEKCA CPEJICTB aBTOMATUYECKOIO
3ammTHOro otkiatoueHuss COC ydacTka IIaXxThl YCTPOMCTBAMM BBISIBJICHUS KOHTAaKTa
da3pl ¢ OOBEKTOM KOHTPOJIS, YNPABISIOMIUMH 3alIUTHBIM OTKIIOYEHUEM CHIIOBBIX
MPUCOEANHEHUN U JIOKAIU3YEMBIMU B CTPYKTypax AJl 1 KOMMYyTallMOHHBIX anmaparos,
YTO TO3BOJISIET PACIPOCTPAHUTh (YHKIUIO 3AIIMTHOTO OTKIIOYEHHUS Ha COCTOSIHUS
KOHTaKTa ()a3bl ANEKTPUUECKON CETH C KOPITyCOM BJIEKTPOYCTAHOBKH, MUCKIIOYAS MPHU
TOM TIPUMEHEHHE IEHTPAIBHBIX MPOBOJOB KalOenel JICKTPONHUTAHHS B KAa4eCTBE
NpOBOJAHMKOB  3a3emiieHuss AJ[ W cHWkas, TeM  caMbIM, [apaMeTpbl
AJIEKTpOTopakaroiero ¢pakTopa 4YaCTUYHBIM YCTPAaHEHUEM EMKOCTHOM MPOBOJUMOCTHU
U30JISALUY MEXAY (PazamMu JIEKTPUUECKON CETH U 3eMJIEN.

Metonosioruss M MeTOAbI MccJaeA0BaHUil. lccienoBaHUsl BBIOJHEHBI C
WCIIOJIb30BAaHUEM: OCHOBHBIX TOJIO)KEHUN DJIEKTPOTEXHUKH, TECOPUM DIICKTPUUYCCKUX
LENnel; METOJOB CHUCTEeMaTH3alluM, KOMIBIOTEPHOTO MOJICIUPOBAHUs, TEOPUHU
HKCTIEPUMEHTA; BKJIIOUas MPOBEJICHUE HATYPHBIX IKCIEPUMEHTOB, TEOPUH MEPEXOTHBIX
MPOLIECCOB; TEOPUU ABTOMATHYECKOTO YIIPABJICHHS MpollecCaMi U 00BEKTaMH, METOJIOB
MaTEMaTUYECKOTO MOJICTUPOBAHMS, HCIIOJb30BAHUS IU(GPOBBIX H3MEPUTEIBHBIX
YCTPOMCTB B YCIOBUSAX HKCIEPUMEHTOB.
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HayuyHasi HOBH3HA MOJYyYEHHBIX PE3yJIbTAaTOB 3aKJII0YAETCA B CIEAYIOIIEM.

1. OOocHoBaH cnocod onpeneaeHuss AONyCTUMOW OOJacTH NPUMEHEHHUS
CPEICTB aBTOMAaTHYECKOTO OIPAHMYEHHUS MapaMeTpOB 3JIEKTPONOpa)karouero Gakropa
IIPU DKCIUTYaTallUy MAXTHOW YYaCTKOBOM AJIEKTPUUECKON CETH, OTIIMYAOIIASICS YyUETOM
BO3MYUIAIOMUX (PAKTOPOB, OOYCJIOBJICHHBIX BEJIMUYMHAMHU EMKOCTHOW IMPOBOJIMMOCTHU
U30JISIIIUU, BapbUPOBAaHUEM YAaCTOTHI HAIPSKEHUS Ha CHJIOBOM IPUCOCAMHEHUH U
(haKkTHUeCKOW BETMYNHBI AKTUBHOTO COTIPOTUBIICHUS IIEMU YTEUKH HA 3EMITIO.

2. BmepBeie obocHoBaHa cTpykTypa COC ydacTka MIaXThl, HCKIIOYArOIIAs
UCTIOJb30BAaHUE LIEHTPAJbHBIX TMPOBOJOB Kabenell B KauecTBE 3a3eMJISIOLINX
OPOBOJHUKOB M YAaCTUYHO  NOJABIAIOIIAs, TEM  CaMbIM,  apaMeTpbl
ayieKTpomnopaxkaroniero (akropa, OOYCIOBIEHHOTO EMKOCTHBIMU IPOBOJAUMOCTSIMU
U30JISIIUU CETH, OCHOBAaHHAs HAa NPUMEHEHUU CPEACTB aBTOMATUYECKOI'O BBISIBICHUS
KOHTaKTa (pa3bl ceTH ¢ 0OBEKTOM KOHTPOJISI MPU UX JIOKATU3alMKU B CTpyKTypax AJl u
CWJIOBBIX KOMMYTAllMOHHBIX amMaparoB, pealu3yomuxXx (YHKIWIO YIOpaBiICHUS
aBTOMATUYECKUM 3alllUTHBIM OTKJIIOYEHUEM CHJIOBBIX MPHUCOEIMHEHUM; pa3paboTaHa
CTPYKTYpa JIOKaJIU3yeMOT'0 CPEJICTBA aBTOMATUYECKOT O BBISIBJICHUSI KOHTAKTa (ha3bl CETU
¢ 00BEKTOM KOHTPOJISI U aJITOPUTM (popMUpOBaHUS (QYHKIMH 3aUTUTHOTO OTKIHOYEHUS
CUJIOBOTO MPUCOECTUHECHHUS.

3. O6ocHOBaH croco0 TUAarHOCTUPOBAHUS — OTIPEICIICHHS MECTa TTOBPEKICHUS
AKPaHUPOBAHHOTO Ka0OeJsl, OCHOBAHHBIM HA MPUMEHEHUH METIEBOTO METO/Ia B YCIOBUAX
JKCIUTyaTalliy KalOensl MNpU HENPUCOSAMHEHHWH K 3a3€MIICHHIO €ro IEHTPaIbHOIro
IPOBO/JIA.

Teopernueckasi U NpakTHYecKasi 3HAYNMOCTH PadoThI.

TeopeTnyeckas 3HAUUMOCTb PE3YJIBTATOB PAOOTHI 3aKIIFOYAETCA:

— B pacKpbITUU KOMIUIEKCA (PaKTOPOB MOBBIIEHUS ONacHOCTH 3KcIuryarauun COC
ydacTKa IIaXThl U OrpaHUYEHUs O0JacTH MPUMEHEHHUsS aBTOMATHYECKOM 3alllUuThl OT
yTeUeK TOKa Ha 3eMJII0, OOYCJIOBJIEHHBIX TNPUMEHEHHEM LIEHTPAIbHBIX MPOBOJOB
CUJIOBBIX Ka0esel B kKauecTBE IPOBOJHUKOB 3a3eMJIeHUs KOopycoB AJl;

— B O0OOCHOBaHMM TMapaMETPOB M CMoco0a YIpaBiCHUS aBTOMATHYECKUM
3aIIUTHBIM OTKJIIOYEHUEM CHJIOBBIX MPHUCOCIWHEHUNM MPU BO3SHUKHOBEHHM KOHTAKTa
da3pl ¢ MX METAJUIMYECKUMHU KOpITyCaMH KaK YCJIOBHSI TEXHHMUYECKOW peaTu3aiuu
anbTEPHATUBHOW KOHIenuuu nocTpoeHuss COC ydacTka maxThl, OrpaHUYMBAIOLIEH
dopMupoBaHHE  INEKTPONOpaxamImiero (akTtopa BCIEACTBUE  HCIMOJIb30BaHUSA
LHEHTPAJIbHBIX TPOBOJOB CHJIOBBIX KaOelell B KayecTBE IPOBOJHUKOB 3a3€MIICHUS
METaNINYECKUX KopnycoB AJl;

— B 000CHOBaHUHU c1IOCO0a JUArHOCTUPOBAHMS — ONPEJEICHHS B aBTOMaTHYECKOM
peXHME MeCTa MOBPEKICHUS HM30JSIUU SKPaHUPOBAHHOTO KaOelsd, OCHOBAHHOIO Ha
NPUMEHEHUHU TETJIEBOr0 METOJA MPHU YCIOBUU HENPHCOECIUHEHUU K 3a3€MJICHUIO €ro
HEHTPAILHOIO MPOBOJIA.

[IpakTrUueckasi IeHHOCTh PE3YJIbTaTOB UCCIEAOBAHUI COCTOUT B CJIEYIOLIEM:

— 00OCHOBaHME TEXHUYECKHMX PEHIeHWH B  KOHTEKCTE€  TMOJABJICHUS
aNIeKTpornopaxkaromero ¢akropa mnpu dkcimyaranmuun COC  yyacTka MaxXThl U
COBEPILIEHCTBOBAHMS CPEJCTB aBTOMATHUYECKOTO 3AIUTHOTO OTKIIOYEHHS €€ CHUIIOBBIX
MIPUCOETUHEHN;
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— 00OCHOBaHHUE LIETECOO0PA3HOCTH M BO3MOXKHOCTU TEXHUYECKOW peau3aluu
anbTEPHATUBHOW KoHUEenuuu mnoctpoeHns COC ydyacTka MIAaxThl, HUCKIIOYAKOLIEH
UCIIOJIb30BAaHUE CTPYKTYPHBIX KOMIIOHEHTOB Ka0eseil B Ka4eCTBE 3JIEMEHTOB 3a3€MJICHUS
IEKTPOYCTAHOBOK M COAEPXKALICH KOMIUIEKC CPEICTB aBTOMAaTHYECKOTO 3alIUTHOIO
OTKJIIOYEHUS  [pU  JIOKAIM3alMM HMX  KOMIIOHEHTOB B  CTpykKTypax Al
AIIEKTPONIOTPEOUTENEH.

YcerpoiictBo 3ammTHOrO OTKI0YeHUs: AJ[ B ciayuae koHTakTa (asel C ero
METAJTMYECKUM KOPITyCOM, cojepikaiiee (QyHKIMOHAIbHBIE Y3IIbl, JIOKATU30BaHHbBIC B
CTPYKTYpE 3TOrO JBUTATENsl W €ro CHUIOBOIO KOMMYTAalMOHHOIO anmapara Ipu
UCIIOJIb30BAaHUM LEHTPAIBHOIO NPOBOJA KaOes 3JEKTPONHUTAHHS B KauyeCTBE HE
IPUCOEIUHAEMOI0 K 3a3€MJICHUIO MH(POPMALMOHHOTO KaHajla, 3al[UIICHO MaTEHTOM
Poccuiickoii @enepannu Ha U300peTEHUE.

HayuHnble m0/10:keHNs1, BHIHOCUMbIE HA 3a1UTY.

1. VYcraHoBieHO, YTO CYHIECTBEHHBIM (PAKTOPOM, MOBBIIIAIOIIUM  PHUCK
AIEKTPOINOPAKEHUSI YEIIOBEKA B AJIEKTPUUECKON CETH y4acTKa IaXThl (BCIECTBUE pOCTa
KOJIMYECTBa d3JIEKTpUYecTBa B Teje denoBeka (> 50 MA'C), co3parouIuM OIMAaCHOCTh
UCKPEHMsI B KOHTAKTHBIX y3JIaxX 3JIEMEHTOB 3a3eMJICHUs (BCIIEACTBHE (POPMHUPOBAHUS
TOKOB B 3JIEMEHTax 3a3eMJICHMsI, MPEBBIIIAIOIIMX HCKPOOE30MacHbIE MapaMeTpbl U
UMEIOIIMX JIMHEHHYI0 3aBUCUMOCTb pOCTa OT €MKOCTHM M30JILIMM  CETH),
OTPaHUYHUBAIOIIUM 00J1aCTh MPUMEHEHUS aBTOMATHUECKOM 3aIMThl OT YT€YEK TOKa Ha
3EMIII0  DJISKTPHYCCKUMH CETAMH C EMKOCTBhIO m3oisaiuu He Oosee 1,0 Mxd/da3zy,
sBisgeTcs dpdext hGopMupoBaHHs TOTOTHUTEIFHON EMKOCTHONW MPOBOJUMOCTH MEXITY
dazamu u 3emi€il, 0OyCIIOBJIEHHBI MPUMEHEHUEM LIEHTPAJIbHBIX MPOBOAOB Kadeneu
anekTponutanud AJl B KadecTBE NPOBOAHUKOB 3a3€MIICHHSI WX METALIMYECKUX
KOPIYCOB. YJENbHBIA BeC €MKOCTH, 00pa3syeMoi Mexay (a3HbIMA U LEHTPaJbHBIM
poBOJaMu, B EMKOCTH n3oJisiuuu kadenedt mapku KI'OL mexnay dhazamu cetu u 3eMnéin
COCTaBJISIET, B cpeaHeM 35,6%.

2. BcnenctBue Hamuuusi EMKOCTHOM MPOBOJMMOCTH M30JIALIMM KalOened, B TOM
yuciie, €MKOCTHOM MPOBOJAUMOCTH, (OPMHUPYEMOH BCIEACTBUE NPHUCOCIUHEHUS K
3a36MJICHUIO IIEHTPAJIbHBIX MPOBOJOB Kaleseil, o0iacTh NPUMEHEHHsS Y4acTKOBOM
aBTOMAaTUYECKOW 3alIUThl OT YyTEUYeK TOKa Ha 3eMIl0 B OOJbIIeld CTemneHu
OTPaHUYUBAETCS] B KOMOMHUPOBAHHBIX JIEKTPUUECKHUX CETAX, IPU (OPMUPOBAHUHU B HUX
HAINpPSHKCHUH, 9aCTOTa KOTOPBIX PEBHIMIACT BEIMYHHY POMBITILIEHHON 9acToTHI (fo = 50
['m).

daxTopamu, MpeIoNpeaeIIIOININMU OITMO0YHOE BhIABICHUE (M 3aKOpAYMBAaHUE HA
3eMJII0) B KauecTBe MOBPEXAEHHON (ha3bl Mpu Bo3HUKHOBEHHH B COC yyacTKa 1IaxThl
LENU YTEYKH TOKA HA 3EMJIIO SIBJISIOTCS BEIMYHMHBI: EMKOCTH MU30JSLUUA CETH; YACTOThI
HaANPSDKEHUS CETH; DJIEKTPUYECKON TPOBOJUMOCTH LIETH YTEUKU TOKA Ha 3€MJTIO.

3. VYCTaHOBIIEHO, YTO TEXHUYECKUM peuieHueM B O0OJacTH TOBBILIEHUS
oe3zonacHoctu Akcruryaranmu  COC  ydacTka 1IaxThl W PacHpoCTpaHeHUs €€
(GYyHKUIMOHATBHOCTH Ha TEXHOJOTMYECKOE O0O0OpYy/IOBaHHWE TMOBBIIIEHHBIX YPOBHEH
MOIIIHOCTU SIBJISIETCSl OTKa3 OT MPUMEHEHHUs LEHTPaJbHbIX MPOBOAOB Kabenen
JIEKTPOIUTAHNS B KAYECTBE IIPOBOJIHUKOB 3a3€MJICHHSI METAINIMYECKUX KOPIycoB A/
IpU JIONOJHEHWH KOMIUIEKCA CPEACTB ABTOMAaTHYECKOTO 3aIUTHOTO OTKJIFOYECHUS



6

YCTPOMCTBAMH BBISIBJICHUSI KOHTaKTa (a3bl ¢ OOBEKTOM KOHTPOJS, YHPABISIOIIMMU
3aIUTHBIM OTKJIIOYEHUEM CHJIOBBIX IMPHUCOECIUHEHUN U JIOKAJIU3YEMBIMU B CTPYKTYpax
A/l ¥ cUJIOBBIX KOMMYTAIIMOHHBIX aIapaToB.

CooTBeTcTBHE MACHOPTY CHEeHUAJbHOCTH. [0 HampaBlIeHHIO MCCIEAOBAaHUU,
COJIepKaHUIO HAYYHBIX MOJI0KEHUN U BBIBOJIOB IMCCEPTALIMOHHAS pab0Ta COOTBETCTBYET
nacrmopty Hay4yHoW chmenuanbHoct 2.3.3.  ABTOMaTM3alMs ¢ YIpaBICHUE
TEXHOJOTHYECKMMH TMPOLECCaMd W MPOU3BOACTBAMHU (TEXHUYECKUE HAyKH), B
YaCTHOCTH: M. 2 «ABTOMaTH3allysl KOHTPOJISI U UCHBITAHUIY; 1. 5 «Hay4yHble OCHOBBI,
ATOPUTMHUECKOE  oOecrieyeHHWe W METOJbl aHalM3a U CHHTE3a  CHCTEM
aBTOMAaTU3WPOBAHHOIO  YNPABICHUS TEXHOJOTMYECKUMU OObeKkTaMmy»; 1. 14
«Teopernueckre OCHOBBI W MPUKIAIHBIE METOJbl PE3EPBUPOBAHUS KOHTYpPOB
YIPABJIECHUH, TOBBIIIEHUS 3P(HEKTUBHOCTH, HAAEKHOCTU U xKuBydecTH ACY Ha 3Tanax
uX pa3pabOTKH, BHEAPECHUS U dKCILTyaTauum»; . 15 «TeopeTnueckue 0CHOBBI, METO/IbI
U QITOPUTMbl JAUATHOCTUPOBAHUS  (OmpeAesieHus pabdoTOCIOCOOHOCTH, TOUCK
HeucnpaBHocTeil u nporuozupoBanus) ACYTII, ACYIL, ACTIII u np.».

OO00CHOBAaHHOCTbL M /JOCTOBEPHOCTb HAYYHbIX IOJIOKeHUI, BbIBOAOB H
PEeKOMEHJAAUMi MOATBEPKIAECTCS pPE3ybTaTaMU KOMIIBIOTEPHOTO MOJEIUPOBAHUS U
HATYpPHBIX SKCIEPUMEHTOB MpU PEHICHUH OOOCHOBAHHBIX 3aJ]lay, MOJOKUTEIBLHON
OIICHKOM Ha HAay4YHBIX KOH(PEPEHIUSIX U CEMUHAPaX, BHITIOJHEHHBIMU MTyOIUKAIIMSIMU B
pELeH3UPYyEMBIX COOPHUKAX HAyYHBIX TPYAOB.

AnpobGanus pe3yabraToB Aucceprauuu OCHOBHBIE NOJIOXKEHUS AUCCEPTALMH
JTOKJIAIbIBAINCh, oOCyXkmammch W omobpensl Ha XXVII, XXIX, XXX, XXXI
MexayHapoaHbIX HAyYHO-TEXHMYECKMX KOH(EpPEHUUsAX CTYACHTOB M aCIHUpPaHTOB
«PannosnexTpoHuKa, 3NeKTpOTeEXHUKA U 3HepreTuka» (Mocksa, HUY «MOW», 2022 r.,
2023 1., 2024 1., 202571.), MexayHapoaHOH HAyIHO-TIPAKTHUECKOH KOH(EpEeHIUH
«Peruonsl Poccun B MeHsOIIEMCS MHUpE: MPEEMCTBEHHOCTh MPUOPUTETOB U HOBBIE
Bo3MOXHOCTH»  (Yebokcapbl,  UyBamickuil ~ rocyJapCTBEHHBI  YHUBEPCUTET
uM. ILH. Vaeanoa, 2023 r.). XXII, XXIV MexayHapoAHbIX HAyYHO-TEXHUYECKUX
KOH(EpeHIUAX aCIUPAHTOB U CTYJACHTOB « ABTOMATHU3AIIMS TEXHOJIOTMYECKUX 0OBEKTOB
u mpoueccoB. Ilouck wmomoabix»  (Honmenk, JdouHTY, 2022r., 2024r.),
IX MexayHapoqHoil Hay4HO-TeXHUYECKOW KoH(epeHunn «llepcreKTuBbl pa3BUTHS
JJIEKTPOTEXHUUECKHUX, DJIEKTPOMEXAaHMYECKMX U  HHEProcOeperaronmx CUCTEM
(®I'BOYBO «louHTVY», Honeuk, 2023 r.), 3acejaHUUd KpPYIJIOTO CTOJA MO TEME:
«HoBsie ciocoObI 1 cpeAcTBa oOecieueHus 0€30IaCHOCTH MPUMEHEHHUS SJICKTPHICCKOM
sHeprum B maxtax» (I'Y «MakHUW», MakeeBka, 2023 r.) B pamKax
IX Mexnynapognoro HayyHoro ¢opyma JIHP «/HHOBalMOHHBIE NEPCHEKTUBBI
JonOacca: MHPPACTPYKTypHOE U COLMAIBHO-?)KOHOMHUYECKOE Pa3BUTHUE»; 3acCeIaHUU
Kpyrjoro crojia mno teme: «O MyTsIX U METOJAaX MOBBILEHUS MPOU3BOAUTEILHOCTH U
3G(HEKTUBHOCTH HCMOJIb30BaHMUS O00OPYNOBaHHUS B TOPHOM MPOMBIIUIEHHOCTH
(I'BY «HUNBD», Honemnk, 2024 r.), XX Bcepoccuiickoli koHpepeHIIMH-KOHKYpCE
CTYJIGHTOB  BBIIYCKHOTO Kypca W  aCHUPaHTOB  «AKTyajbHble  MPOOJIEMBI
HEJPOMOJIb30BaHUs» Mo 3rujiod MexayHapogHoro nentpa komnereHuuii FOHECKO
(®I'bOY BO «Cankt-IlerepOyprckuii TopHbiii  yHuBepcurter, Cankt-IletepOypr,
2024 r.), III MexayHapoaHOW HaydHO-TIpakTU4YecKod KoHpepeHiun «/HHOBamuu u



UH(OPMAIMOHHBIE TEXHOJIOTUHU B YCIOBUIX HUppoBU3aluu 3koHoMukn» (OI'BOY BO
«1orI'TY», r. AmueBck, 2025t.).

JInuHblid BKJIAA couckartessi. Bce pasgensl M MOJIOKEHUS, COCTABIISIIOIINE
OCHOBHOE COJAEpP)KAHUE AUCCEPTAlMU, BBIHECEHHBIE Ha 3aIMUTY, MOJIYYEHBl aBTOPOM
caMOCTOATeNbHO. JINUHBIN BKJIa/l COMCKATEIs 3aKJII04YaeTcs B 000CHOBAHUHU UJIeU Pa0OThI
u e€ peanuzaluu, B pa3pabOTKE MCHBITATEIBHBIX M JEMOHCTPAIIMOHHBIX CTEHJIOB, B
BBIIIOJIHEHUH TEOPETUYECKHUX U IKCIIEPUMEHTAIBHBIX UCCIIEI0BAHUN.

IMyoaukauuu. OCHOBHBIC Hay4YHBIC PE3YIbTaThl TUCCEPTAIIMU OIMYOIMKOBAHBI B
21 pabote, B TOM uucie: 3 — pa3MelleHbl B HU3JaHUAX, Bxoasmmx B IlepeueHb
pPELEH3UPYEMBIX HAYUHBIX U3/IaHUI, B KOTOPBIX IOJKHBI OBITh OIyOJIMKOBAaHBI OCHOBHBIE
HAy4YHbIE PE3yJIbTAThI AUCCEPTALUN Ha COMCKAHNE YUYEHOU CTeNeH! KaHIu1aTa HayK, Ha
COMCKaHUE yYeHOW CTENEeHH JIOKTOpa Hayk, yTBepxaéHHbIH BAK P® (k-1 u k-2), u3
KOTOPBIX 2 MO HAyYHOM CHEIHUAIbHOCTU; 7 — B PELIEH3UPYEMbIX HAYYHBIX H3JAHUSX,
YUPEIUTENSIMU KOTOPBIX ABJISIOTCS 00pa3oBaTeIbHbIe OPraHU3alliy, pacloNOKEHHbIE Ha
tepputopun Jlonenkoit Haponnoii Pecniyonuku; 10 — B MaTepuanax u Te3ncax HayqHbIX
KoH(pepenuui, 1 — B onucanuu narenra Poccuiickoit denepanun Ha n3o0peTeHue.

Crpykrypa u 00béMm auccepranum. Juccepranus uznoxeHa Ha 184 ctpanunax
MAIlMHOIKUCHOTO TEKCTAa M COCTOMT W3 BBEICHHs, 4 pa3[eioB, 3aKIIOUYCHHS, CIIHCKa
autepatypsl U 1 npunoxenus. Pabota wimoctpupoBana 67 pucyHkamu, coaepxkut 11
Tabymi. CIUCOK JIUTepaTyphl BKItOUaeT 99 NCTOYHHUKOB.

OCHOBHOE COAEPKAHUE PABOTbI

Bo BBeeHUM 000CHOBAaHA aKTyaJlbHOCTbh TEMbI JUCCEPTALMH, C(HOPMYITUPOBAHBI
Heilb W 3aJa4d MCCIIEIOBAaHUM, MPUBEIEHbI OCHOBHBIC IMOJOKEHHUS, OINPEICISIONINe
HAy4YHOE M MPAKTUYECKOE 3HAUCHUS Pe3yJIbTaTOB UCCIIEI0BAHUA.

IlepBblii  pa3gea  MOCBAWEH — aHaIM3y  cneuudukd  GopMHpOBaHUSA
anekTponopaxkaroriero gpakropa B COC yyacTka maxtsl BeleacTBHE nenob3oBanus L{I1
Ka0esell B KauecTBe MPOBOJHUKOB IIENU 3a3eMiieHus KoprmycoB AJl. YcTaHOBIEHO, YTO
npUMEHUTENBHO K Kabemsam mapku KI'DII émkocTs Mexay (ha3HbIMU MPOBOJHUKAMH U
MOAKIIIOUYEHHBIM K 3a3€MJICHUIO LIEHTPAJIbHBIM ITPOBOIOM COCTABIISET, B cpeHeM, 35,6%
OT 00mIel €MKOCTH HM3OJSIUHA - TapaMmeTpa, OOyCIOBIMBAIOMIETO BEIUYHHY TOKa U
KOJIMYECTBA JIEKTPUUECTBA B TEJIE YEJIIOBEKA IMPU €r0 KaCaHUU K (pa3HOMY MPOBOJHUKY,
HAXOJSIIIEMYCsl 0]l HANpPSKEHUEM. Y CTaHOBJIEHO, YTO MPHUCOECAMHEHUE IEHTPATbHBIX
IIPOBOJIOB CHUJIOBBIX KaOeslel K 3a3eMJICHHSIM, CYIIECTBEHHO YBEJINYMBas EMKOCTHBIE
IPOBOJMMOCTH  M30JILIMM, anpHOpu OO0YyCIIOBIMBAaEeT (OPMHPOBAHHUE TOKOB B
3a3eMJISIIOLIEN CEeTHM Y4YacTKa IAaXThl, MPEBBIIIAIONIMX HMCKPOOE30macHble MapameTphl,
onpeaensembie 'OCT 30852.10-2002; TOCT P M3K 60079-11 — 2010.

W3 anHanu3a 3amuTHBIX (YHKIME aBTOKOMIEHcaTopa EMKOCTHOTO TOKa H
KOPOTKO3aMBbIKaTeIsl Ha 3E€MJII0 MOBpPEXAEHHOW ¢a3pl B CTPYKType anmapara
aBTOMAaTHYECKOM 3allUTHl OT YT€UEK TOKA HA 3€MJIIO CIEAYET, UTO:

- Croco0 aBTOMATHYECKOW KOMIIEHCAIIMM E€MKOCTHOTO TOKa IEMU YTEUKH,
OCHOBAHHBIW Ha yIIPaBJICHUH BEJIMYMHON HHAYKTUBHOCTH KOMITIEHCHUPYIOIIETO APOCCEIS
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U peaju3yeMblil B CXeMax ammapaToB 3alIUThl OT yTEUYEK TOKA HA 3€MJIO, TO3BOJISIET
CHU3UTH BEIIMUMHY EMKOCTHOTO TOKa He Oosiee, ueM Ha 60%, 4TO HE COOTBETCTBYET
KpuTepHio 3 (HEKTUBHOCTH AJIs ceTel TuHeitHoro Hanpsbkenus 1140 B;

- o0nacTp MpPUMEHEHMsI crnoco0a BbIABICHMSI IMOBPEXIEHHOW  (asbl,
OCHOBAHHOT'0 Ha COIOCTAaBJICHUH PAa3HOCTEN NOTEHIIMAIOB MEKY 3eMIIEH U (pa3aMu ceTu
U peau3yeMoro cXeMaMu KOpPOTKO3aMbIKaTeled Ha 3eMII0 MOBPEKIAEHHOM (a3bl (B
anmaparax 3alUThl OT YTE€YeK TOKa Ha 3€MJII0), OIpPaHWYEHA BEIMYMHAMH E€MKOCTH
W30JISIUU CETH, YaCTOTHI HAIPSIKEHUS CETH, CONPOTUBIICHUS LIENMU YTEUKU HA 3EMIIIO.
Onpenenensl cooTHomenus Ryfix = f(Cus ) ipu f= 50 I't m Cyis= f(fc ) mpu Ryr = 1,0 xOm,
KOTOPBIM COOTBETCTBYET PAaBEHCTBO MOTEHLUAJIOB MEXAY 3€MJIEN M MOBPEKIEHHOM, a
TaK)K€ CMEKHOM C Hell pa3oii:

R =117(001+054C,) (1)

ym fix.
C = (9/(2+f/25) — 0,5 . )

Onpenenensl napamerpbl COC yyacTKa MIAXThl, XapaKTEPU3yEMbI€ YBEITUUCHUEM
EMKOCTH M30JISIIINH, KOTJ]a TIPU BOSHUKHOBEHUH IIEMH YTEUKH TOKA HA 3eMJTIO B KAUE€CTBE
MOBPEXKAEHHOH (ha3pl OyIeT BRISIBJICHA M 3aKOPOUYCHA Ha 3€MJTIO CMEKHAs ¢ Hel ¢aza, uTo
HEJOITYCTHUMO.

Brimonaen ananu3 cienuGuky GyHKITMOHUPOBAHMS aBTOMATHIECKOTO 3aIIIUTHOTO
OTKJTFOYCHUS KOMOWHHMPOBAHHBIX IIAXTHBIX YYAaCTKOBBIX DJEKTPUUYCCKUX CETCH U
CTETICHU BJIMSIHUS EMKOCTH M30JISAIIMN Ha BEJIMYMHY TOKA YTEUKH Ha 3€MJTIO, B TOM YHCIIE,
B CTPYKTYPHBIX KOMIIOHEHTaX MpeoOpa3oBaTesis Y4aCTOTHI.

OO6ocHOBaHa 11€71I€CO00PAa3HOCTh, MPOBEJCHUS HCCIEIOBaHWN B  00JacTu
noBeIeHus 3GHEKTUBHOCTH obecrieueHnsi 6e30nmacHbIX yciaoBuil skcruryataiuu COC
ydacTKa IIIaxThl Ha OCHOBE HAyYHOTO OOOCHOBAaHMSA U MPAKTUYECKOW pealn3aliuu
METOJIOB TOAABJICHUS DJIEKTpoNopaxkaromero (axropa, oOyCIOBIEHHOTO EMKOCTBHIO
W30JISIIUN  DJICKTPUYECKON CETH M COBEPIICHCTBOBAHUS CPEICTB aBTOMATHYECKOTO
3aIATHOTO OTKIIFOUCHUS CHUJIOBBIX AJICKTPUUYCCKUX MPUCOCIUHECHHUH TIPHU JIOKATH3AINN
UX KOMIIOHEHTOB B CTPYKTypax AJl 1 KOMMYTallUOHHOTO 3JIEKTPOOOOPYI0BAHUS.

Bo BTOpOM pasgene Ha OCHOBaHMM aHAIW3a AaBAPUUHBIX COCTOSIHUM
JIEKTPUYECKUX MAITMH CHACJIaH BBIBOJ O KpaliHE HU3KOW BEPOSTHOCTH BO3HUKHOBCHHS
KOHTakTa ¢aspl ¢ KopmycoM A/ B €ro pyJHUYHOM UCTIOJHEHUU. DTOMY CIIOCOOCTBYIOT
MHOTOCJIOMHOCTh ~ M30JISIIIUM  OOMOTOK ~ CTaTOpPOB, TMPUMEHEHHUE HW3OJSIITUOHHBIX
MaTepHaJIOB C BBICOKHUMH KJacCaMU HArpeBOCTOMKOCTH, CHElU(HUKAa KOHCTPYKIIMH W
pa3MeIeHHs CUIIOBBIX IMTPOXOHBIX KOHTAKTOB, IPUMEHEHHUE CPEACTB (DUKCAITUU KaOeieh
B OTCEKax KaOeIbHBIX BBOJIOB, a TaK)Ke CPEACTB 3alIUThI OT TOKOBBIX IEPErPy30K
NIEKTPUUECKUX MalIuH. Takum 00pa3oM, MaOBEPOSITHOE COCTOSIHUE KOHTaKTa (ha3bl C
KoprycoM AJl HEMpephIBHO KyMUPYETCS 3a3€MJIICHHEM 3TOT0 KOPITyca MPUCOSANHEHUEM
kK Hemy u 3aszemiieHuto LI kabens snextpornuranus, 4To (HOPMUPYET MOCTOSHHO
JNEUCTBYIONUHA W HE YCTPAHSIEMBIA CYIIECTBYIONIUMU TEXHUYECKUMHU CPEICTBAMHU
(bakToOp AIEKTPOIMOPAKECHHS UYEIOBEKA, BBIPAKCHHBIM EMKOCTHBIMHU TMPOBOIUMOCTIIMHU
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U30JISIMUU  3JIeKTpoceTH (Mexay (a3zamMu W 3eMi€il) M yCWIMBAIOUIMIICS MO Mepe
npUMeHEHUs KaOesel MOBBIIIEHHbBIX CEYEHUN U TPOTAKEHHOCTH.

[Ipucoenuuenne oronéunoro III1 kabGenst AMEKTpONMUTAHUS, K 3a3€MIISIIOILIEMY
32)KUMY B OTCEKE KaOeJIbHOTO BBOJA PYJHUYHOM 3JIEKTPOYCTAaHOBKU MPEAIOaraeT ero
PacrojOoKEHUE B HEMOCPEICTBEHHOM OJIM30CTH OT CHJIOBBIX IPOXOJHBIX KOHTAKTOB,
HaXOJSIIUXCs MOJ NoTeHIuanaMu (a3, 4yTo, ¢ y4€TOM OTCYTCTBUS CPEICTB (hUKCALUU
[IIT B mpocTpaHCTBE NaHHOI'O OTCEKA, MOBBIMIAET BEPOSTHOCTh BO3HUKHOBEHMS LIENHU
KOHTaKTa «(}a3a - KOpILyc».

O6ocHOoBaHa 11€51€c000Pa3HOCTh JIOKANU3AIMKH KOHTYpa 3a3eMJICHHUs KakK croco0a
noBbIIIEHU Oe3omacHocTH 3Kcruryatauuu COC ydactka maxtel. s BBISIBICHUS
KOHTakTa (a3l ¢ kopmycoM AJl mpemioxkeHa cXeMa IOCIEI0BaTEIbHOIO
IPUCOEINHEHN KOHIEHCATOPa, IO/ U PEarupyrollero opraHa Mex,1y LEenbo 0OMOTOK
cratopa A/l U ero MeTaJNIMYeCKUM KOPIYCOM, UTO MPEJCTaBISET COO0 KOHIIETLIHIO
naTuyrka «(aza-Kopiycy», aIanTupyemMoro K pasmenieHuto B ctpykrype AJl (Pucynox 1).
[Tpu ycnoBuu npucoeanHeHus K (a3am ceTu yepe3 TpEX(azHyro LeNb UHIYKTUBHBIX,
100 MOIYITPOBOIHUKOBBIX KOMIIOHEHTOB, COEIUMHEHHYIO IO CXEME «3BE3/1a», TaHHBIN
JaTYUK MOKET ObIThb MPUMEHEH AJIs BBISBICHUS KOHTAaKTa (ha3bl C JHOOBIM OOBEKTOM
KOHTpOJII, B YacTHOCTH, B CTpykTrype AJl mpu coennHeHuu OOMOTOK cTaropa B
«TPEYTOJbHUK», JU00 B CTPYKTyp€ CHJIOBOIO KOMMYTAllMOHHOIO ammapara s
BbIsIBIICHUA KOHTakTa (a3bl ¢ LI oTxoasimiero xabens (Mpu MOBPEKICHUH H3OJISIIIUU
(ha3HOTO MPOBOTHUKA).

Ycranosneno, yto [II1 kabGens anekTponuTanus, Oyaydd HEMPUCOCTUHEHHBIM K
JIIEMEHTaM 3a3€MJICHHS,, MOJKET BBINONHATh (DYHKIHMIO KOMIIOHEHTa CpEeACTBa
OnpeJeNeHus] MecTa MOBPEXKACHUs KaOenbHOW H30yAuuu. JlelicTBue pa3paboTaHHOrO
ycTpoictBa (PucyHok 2) oOCHOBaHO Ha pealu3alld NETJIEBOr0  METOoJa,
peayCcMaTpPUBAIOILIETO MPOLIEyPY NOOUYEPETHOTO U3MEPEHUS U aHAIN3a BETUYUH TOKOB
B BETBSIX KOHTPOJIHUPYEMOTO OOBEKTa C MOCIHEAYIONIMM MEepecyETOM pe3yIbTaToB
U3MEpPEHUs Ha MPOTSKEHHOCTH KaOENbHBIX MPUCOCIUHEHUM. AJITOPUTM BBIYUCICHUS
npoTsKEHHOCTH L1(% oT oluieit b)) kabels oT MycKaTesl 10 MeCTa MOBPEXKACHUS
U30JIA1MY (Pa3HOTO IPOBO/IA MIPEICTABICH Ha PUCYHKE 3.

O06ocHOBaH cmoco0  ympaBlieHUS KOMMYTAllMell  BTOPUYHOM  OOMOTKHU
TpaHcopmaropa y4acTKOBOH MOJICTAHLIMHU, MPESyCMATPUBAIOLINII BBOJI B IpOLECCE
KOMMYTallMK TOKOOIPAHUYHUBAKOUINX PE3UCTOPOB KaK CPEICTBO, IMOBBIIIAIOLIEE PECYPC
KOMMYTAllMOHHOT'O alapara U CHUKEHUE TOKa B OOBEKTE 3aIUThl HA BPEMEHHOM
WHTEPBAJIE OTKIIIOUYEHHUS.

Pa3paboTana anroputmudeckas 0a3za TEXHUUECKOW peain3aliid aBTOMaTHYECKOrO
3aIUTHOTO OTKIIIOUEHHS] CHJIOBOTO MPHUCOEAUHEHUSI CPEICTBAMM, JIOKAIU3YEMBIMHU B
cTpykrypax A/l ¥ KOMMYTallMOHHBIX amnmapaToB, a TaKXke aJlropuTMuyeckas Oasa
peanu3anuu crnocoda onpeesieHnsl MecTa MOBPEXKICHUS KaOens JIeKTPONUTaHUs MpU
UCIOJIb30BAaHUU HETIpucoeanHseMoro K 3azemiennto L{I1 kaGens B kauecTBe MPOBOIHUKA
UH(OPMAIIMOHHOTO CUTHAA.
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PucyHox 1 — Cxema ycTpoiicTBa BBIABICHHA KOHTAKTA (pa3bl CETH ¢ KOPIIYCOM
ACHHXPOHHOTO [IBHTATENA

Tpernii pa3gen nNOCBSIIEH OOOCHOBAaHUIO TEXHUYECKMX pELIEHUH B 4YacTu
aJanTauy CXEMbl IyCKaTedsl K BBIIOJHEHHUIO 3allUTHOM (YHKUMU TpPU HAJTUUYUU
YHOPaBISIOUIETO BO3ACUCTBUA OT JaT4YWKa KOHTPOJS BO3HUKHOBEHHS 3JIECKTPUUECKOMN
nenu «paza — kopmyc», Jokanmuzyemoro B cTpykrype AJl. OO6oOménHas cxema
YCTPOMCTBA ITPEACTABIICHA HA PUCYHKE 4.

VYcTaHOBIEHBI 3aKOHOMEPHOCTH (IIPEACTaBIIAIONIME COOOW JorapupmMuyeckue
(GYHKIIMHM ) H3MEHEHHS HANPSDKEHUST Ha pearnpyrolieM OpraHe JaTYhKa KOHTakTa «dasa
— KOPITyC» B 3aBUCUMOCTH OT MApaMETPOB €T0 aKTUBHO-EMKOCTHBIX KOMIIOHEHTOB.

UccnenoBanuem POLIECCOB B MHOTOMAITUHHOM PYIHUIHOM
ANEKTPOTEXHUYECKOM KOMIUIEKCE YCTAaHOBJICHBI YCJIOBHUSI CHHXPOHHOIO 3alIUTHOTO
OTKJIFOUEHUS TPYIIIBI AJIEKTPOTIOTPEOUTENeH TP BO3HUKHOBEHUM IIEMH TOBBIIICHHOM
IPOBOJUMOCTH C (pa3bl Ha KOPIYC OJHOro U3 HUX. OOOCHOBaHBI TEXHUUECKUE PEIICHUS
(BKirovast anroput™M (HYHKUMOHMPOBAHMS) OJIOKUPOBKM OTKIIFOUEHHOTO COCTOSIHUS
KOMMYTaLMOHHOI'O arapara CUJIOBOrO MPUCOECTUHEHUS C BO3HUKILEH 1[ENbI0 KOHTAKTa
«(paza — xoprryc.

Pa3paborana gemoHCTpanMoHHass Bepcus (SKCIEPUMEHTAIBHBIA — 00paser)
YCTPOMCTBA 3alIMTHOTO OTKJIIOYEHHUS CHUJIOBOTO MPHUCOEAMHEHHUS, aJalTUPOBAHHAS K
(GYyHKUMOHUPOBaHUIO B Tpéxda3HOW, U B OJHOGA3HOW CETU. ODKCIEPUMEHTOM
NOATBEpXkKAeHa €€ paboTOCIIOCOOHOCTD.
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PrcyHok 2— CxeMa, HIUTIOCTPHpPYIOMAs Ipollece KOHTPOIA MOMEHTA H
BBIABIICHAA MeCTa IMOBPEXICHHA H30IAIIHA MaXTHOTO THOKOT0
SKPAHHPOBAHHOTO Kabens

CuHTe3npoBaHa CTPYKTypa KOMIUIEKCA CPEACTB ABTOMATUYECKOTO 3aIlIUTHOTO
OTKJIFOUCHUS] CUJIOBBIX MPUCOCIUHEHUN MPU €€ OCHAIEHUH YCTPONUCTBAMU BBISBICHUS
KOHTakTa (a3 ¢ OOBEKTaMM 3aIlUTHI, JIOKAIM30BAaHHBIMH B OOBEKTAaX 3allUThl M
KOMMYTAaIIMOHHBIX anmnaparax (PucyHok 95).

B uyerBéprOoM pa3zjgesie yTOUYHEHA CTPYKTypa U OINPEAEICHbI MapamMeTphbl
(GYHKIIMOHAIBHBIX AJIEMEHTOB JaTYMKa KOHTPOJIs «(aza — KOpHmyc» € YU€TOM €ero
MPUMEHEHUS B CUJIOBBIX 3JIEKTPOYCTAHOBKAX y4acTKa MIAXThI.

VYcTaHOBIIEHBI 3aKOHOMEPHOCTH (OPMUPOBAHUS HUMIYJILCOB HAMNpPsKEHUS Ha
pearupyiomeM OpraHe JaaTyuka KOHTakTa «¢asza - KOpIyc» B 3aBHCUMOCTH OT
napaMeTpoB KOMIIOHEHTOB €ro m3MeputelbHoU 1enu (PucyHok 6) u ompenesneHa e
CTPYKTypa NpPUMEHUTENIbHO K ¢QyHkimonupoBanuro B COC yyacTka IIaxXThl.
Pa3zpaboTanbl cxembl IPUCOSTMHEHHS YCTPONUCTB BBISIBJICHHS KOHTaKTa (ha3bl C 00BEKTOM
KOHTPOJIS K y3J1aM YIIPABJICHHS CUJIOBBIMU KOMMYTAIIMOHHBIMU anlapaTaMH.
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PucyHok 4 - YcTpoilCTBO 3alUTHI OT TOBPEXKACHUS B KAOEITbHOM
MPUCOCTUHEHUHN CTATOPa PYJTHUIHOTO AaCHHXPOHHOTO JIBUTATENS
(marent Ne 2832720 Poccutiickoii @enepanmu Ha U300pETEHHUE)
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PucyHOK 6 — OcIH/ITOrpaMMEbl HAIPSKEHHH Ha 0OMOTKe pele Thna 90.3747-10 mpu
MOJCTHPOBAHHH IIPOIECCOB B CETH JTHHEHHOTO HAIpsKeHHA 660 B, GpopMHpyeMEIX
IPH YCJIOBHH IPHCOEAHHEHUA pe3ncTopa R1 mocliejoBaTellbHO ¢ 00OMOTKOH pelie
(pearupyromiero oprana) H koaeHcatopa C2 = 500 Mk®@ - mapajlieIbHO 3Toil
o0MoTke; MacmnTadsl: 20 B / gemenue miansl; 0.02 ¢ / IelIeHHe MKaIkl

SAK/IIOYEHUE

B muccepranmm pemieHa akTyalbHas HAYYHO-TEXHUYECKas 3a7ada ITOBBILICHUS
s dexTuBHOCTH oOOecmedueHus: Oe3omacHbIX ycnoBui skcruryaranuu COC ydacTka
IaXThl Ha OCHOBE HAy4YHOro OOOCHOBaHUS M MPAKTHYECKOW peaju3aliy METOOB
NOJIABJICHUST  AJIEKTPONOpaXKAOMIEro (akropa W  COBEPLICHCTBOBAHUSA CPEJCTB
aBTOMAaTHYECKOTO 3AIIUTHOTO OTKJIIOYEHHSI CHJIOBBIX JJEKTPUYECKUX MPHUCOECAUHEHUN
Opy  JIOKaJU3allMM HMX KOMIIOHEHTOB B CTpykTypax AJl M KOMMYTallMOHHOTO
3JIEKTPO0OOPYI0BAHUS.

OcHOBHBIE pe3yJbTaThl PAOOTHI COCTOST B CIIEAYIOIIEM.

1) YcTaHOBJICHO, 4TO CYNIECTBEHHOE BIMSHUE HA YPOBEHB 3JICKTPOIIOPAKAIOIIETO
dakropa B COC ydacTka MIaxThl OKa3bIBaeT €MKOCTh HU3OJISAIHUU, 0OpazyeMasi MExXIy
(dba3HBIMU MPOBOTHUKAMU KabeNiel U X MEeHTPATbHBIMHA MPOBOAAMH TIPH TIOIKITIOUCHUH
NOCJIEAHUX K LienH 3a3emiieHus. [Ipu 3ToM TOK B Ilenu 3a3eMJIEHUS] MOXKET JOCTUIaTh
YPOBHEH, MPEBBIMAOMIMNX MPEAEIBHO JOMYCTUMBIE BEJIWYUHBI [0 KPUTEPHUIO
UCKpPOOE30MacHOCTH.

2) B ycnoBusax mnpucoeauHenuss LI xkabeneii k 3a3eMJIEHUSIM PpPEXKUM
W30JIMPOBAHHON HEWTpanu TpaHchopmaTopa HE SIBIAETCS JTOCTATOYHBIM B KOHTEKCTE
obecrieueHus anekTpobezonacHocTH Akcrutyatauu COC ydactka maxThl. OYyHKIUU
IIPUMEHSIEMON aBTOMAaTUYECKON 3allIUThI YEIOBEKA OT DJIEKTPOIIOPAKEHUS CBOIATCS HE K
YCTPAHEHUIO JIEKTPONOpaxaroero (hakropa, a K yCKOPEHHUIO OTAENEHUS OT YeJIOBeKa
SHEPreTUYECKOro MOTOKa TpaHC(HOPMATOPHOM MOJCTAHIMU B YCIOBUSX MOCTOSHHO
JCHCTBYIOIIErO  3JIEKTPONOPAXKAIOLIET0  (akTopa, CO3JaHHOTO, B  YacTHOCTH,
npucoeanHeHueM K 3azemiiennto L{I1 kaGemneit.

3) YcranoBneH 3 dext HemoaHoM (MeHee 2/3) KoMIeHCAIuu EMKOCTH U30JISIIIUN
IAXTHOMU YYaCTKOBOU 3JIEKTPUYECKOUN ceTu ABTOKOMIIEHCATOPaMHU,
GYyHKIMOHUPYIOMMMH  HA  OCHOBE  YMPABICHUS  BEIMYMHONW  WMHAYKTHBHOCTH
KOMIIEHCUPYIOLIErO IPOCCENS.
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4) VYcraHoBlIeHO, 4YTO (aKTOpaMu OTrpaHuYeHusi obyactd 3(deKkTUBHOTO
(YyHKUMOHUPOBAHUS YCTPOMCTBA BbISBICHUS (pa3bl C LIETbIO YTEUKU TOKA HA 3EMIIIO B
CTPYKTYpE KOPOTKO3aMbIKaTeJIs MOBPEXKIEHHOM (ha3bl anmnapara 3alluThl OT yTeYEK TOKa
Ha 3€MJII0, JACHCTYIOLIEr0 Ha OCHOBE OIPEIEICHUS MUHUMAJIBHOW W3 pa3HOCTEH
NOTEHIIMAIIOB MEXIy 3eMJIEH M (azamMu DIEKTPUUYECKON CEeTH, SBISIOTCS EMKOCTh
U30JIsUu ceTu, npesbimatomas 1.0 mx®/da3y (amekTpoceTy ¢ ToOTpeOUTEISIMU BHICOKOH
MOIIIHOCTH), 4acToTa ceTH, mpebimaromas 50 ' (KoMOMHUPOBAHHBIC JIEKTPOCETH),
COINPOTHUBIICHUE YTEUKH (KaK IMOKa3aTellb HECTaOMJIBHOCTH BEITUYHUHBI COMPOTHUBIICHUS
TeJla YeJIOBEKKA).

Ornpenenenpl COOTHOLIAHMS MTAPAMETPOB DJIEKTPUUECKOM CETH IIPU JOCTHKEHUU
KOTOPBIX CXEMaMH almnaparoB 3allUThl OT YTEYEK TOKA Ha 3EMJII0 B KadyeCTBE
NOBPEXKIEHHON OyJET BBIABICHA U 3aKOpOYEHA Ha 3E€MJII0 CMEXHas ¢ Heil (asza, 4ro
IPEICTaBIIAECT COOOM OMACHOCTh 3JEKTPONIOPAKEHUS YEIIOBEKA.

5) O6ocHoBaHa 1e1€cCO00pPa3HOCTh M3MEHEHUsI KoHieniuu mnoctpoeHuss CIOC
y4acTKa IIaxXThl B YacTH OTKaza oT mpucoeauHenus L1 xaGemnel k 3a3emMiieHUSIM MpH
YCIIOBUM TPUMEHEHUS JIOKAJIBHBIX CPEACTB BBISIBJICHUS KOHTAKTa (pa3bl CETH C KOPILyCOM
AIEKTPOYCTAHOBKH,  YIPABIAKOLIMX IMPOLlECCAaMU  aBTOMATHYECKOrO  3aLIUTHOIO
OTKJIFOUECHHS.

6) YcTaHOBJIEHa BO3MOXKHOCTh BBISIBIICHUSI KOHTakTa (a3bl ¢ kopiycom AJl mpu
IOAKIIIOUEHUU U3MEPUTEIIBHON LIETIH MEXy KOPILyCOM U TOYKOM HYJIEBOTO ITOTEHIIMAIIA
¢a3 craropa. OOOCHOBaHBI CTPYKTYpa U IMapaMeTphl yCTPOUCTBA (3AIUIIEHO TATEHTOM
Poccuiickoit deneparnyn Ha M300peTEHHE) YNPaABICHUS ABTOMAaTHYECKAM 3alIUTHBIM
OTKJIFOYEHUEM KOMMYTAIIMOHHOIO anmnapara Ha OCHOBE BBISBJICHHS KOHTakKTa «dasa -
KOPITyC», TaTYUKOM, JIOKAUIU3YyEMBIM B A/I.

7) CuHTE3UpOBaHA CTPYKTYpa KOMIUIEKCA CPEJICTB aBTOMAaTUYECKOTO 3aUUTHOTO
OTKJIFOUEHMS CHIJIOBBIX ITPUCOEANHEHNN TIPU €r0 OCHAIICHUU YCTPOMCTBAMM BBISBICHUS
KOHTaKTa (pa3bl ¢ 00bEKTOM 3aLTUTHI.

8) YcraHoBJICHa BO3MOXHOCTh BBISIBJICHUSI MECTa MOBPEIKACHUS M30JSAIMH (Ha3bl
HKPAHUPOBAHHOTO Kaless MPHU MCIOJIb30BAHUS €r0 HEMPUCOECIUHIEMOTr0 K 3a3€MJICHUIO
[IIT B xauecTBe MPOBOAHMKA MHPOPMAIMOHHOTO CUTHANIA M3MEPUTEIHHOW IETH, U
ajanTalyyd TETIEBOr0 METOJa K MPUMEHEHUIO B YCJIOBHUAX JKCILTyaTalldd CUJIOBOTO
PYJHUYHOTO 3JIEKTPOOOOPYIOBAHMUS.

9) PesynbraThl nuccepTaniioHHOro ucciegoBanHus npuHsaTel ['BY «HUNBO»
(r. Houeuk) u I'BY «MaxHWUM» (r. MakeeBka) K HCHOJIb30BAaHHIO B MPO(UIBHBIX
Hay4YHO-HCCJIEIOBATENIbCKUX paboTax, ucnoyib3oBansl B HP u BHenpeHbl B yueOHbII
npouecc B PI'bOY BO «/loHenkuil HallMOHAJIBbHBIA TEXHUYECKUN YHUBEPCUTET.

IlepcnekTuBBI JajibHellIeld pa3padoTKH TeMbl CBSI3aHbl ¢ OOOCHOBaHUEM
QITOPUTMOB U TEXHUYECKUX PEUICHUH B YacTH peanu3aluuu (PyHKIMH CAMOKOHTPOJIS
UCIIPABHOCTH TEXHHYECKUX CPEICTB AaBTOMATUYECKOM 3alIUThl, JIOKAJIN3YEMBIX B
CTPYKTypax pyaHUYIHBIX AJ].
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CIIUCOK PABOT, OI1YBJIMKOBAHHBIX ABTOPOM
IHO TEME IUCCEPTAIIUU

Ilybnukayuu 6 uzoanusax, 6x00AUUX 6 NEPeyeHb PEeUeH3UPYeMbIX HAYYHBIX
30anuil, 6 KOMOPHIX 00NHCHBL DAMb ONYOJIUKOBAHBL OCHOBHbBIE HAYYHBLE PE3Y/IbIMAM bl
ouccepmayuil Ha COUCKanue y4éHoll cmeneHu KaHouoama HayK:

1. Mapenuu, M.K. AroputM aBTOMAaTH4YE€CKOTO 3aUTHOIO OJIOKUPYIOIIETO
OTKJIFOUCHUS] PYAHUYHOTO ACUHXPOHHOIO ABUTATENSl MPU OTCYTCTBUU 3a3€MJICHUS €r0
koprnyca / M.K. Mapenuu, N.b. I'ynseBa //BectHuk JloHEIIKOro HaIMOHAJIBLHOIO
yHuBepcuteta Cepus I': Texanueckue Hayku Nel/2025. — C. 104-111.

2. Mapenny, M.K. Jlokammzamusi maTdyukoB KOHTakTa (a3el B CTPYKType
ACUHXPOHHBIX JIBUTATENCH KaK 3aBEpIIAIOIINN KOMIOHEHT MPHU MOCTPOCHUU CUCTEMBI
aBTOMAaTHYECKOMN 3aIUTHI ANEKTPOTEXHUYECKOTO KOMILIEKCA y4acTka
maxtel/M.K. Mapenuu// Bectauk Jlonenkoro HanpoHainsHoro yHuBepcuteta Cepust I
Texunueckue Hayku Ne3/2025. — C. 86-97.

Iamenmeor:

3. Tlarentr na wuzobperenue 2832720 (RU), MIIK (2006.01) HO02H3/02;
HO02H7/08 YcTpolcTBO mJis BBISIBJICHUS MOBPEXKJICHHUS B KaOCIHHOM IMPUCOCIMHEHUH
cTaTopa pyaHUYHOro acuHXpoHHoro auratens, M.K. Mapennu, JI.A. Mydens, 1.b.
['ynseBa — 2024109616. 3assi. 09. 04 .2024. Omy6u. 28. 12. 2024. bron. Nel.

Hayunvie pabomwl, onyonuKkoeanuvlie 6 8eOyWuUx pPeueH3upyemuvix Hay4yHvix
HCYPHANAX U U3OAHUAX:

4.  JlenucoBa, E.B. Cnenuduka 3azemiieHUsI 3JIEKTPOOOOPYIOBAHUS y4yacTKa
IaXThl B KOHTEKCTE COOTBETCTBUSI KPUTEPHUIO A(DPEKTUBHOCTU 3alIUTHI MEepCOHAIa OT
anektponopaxkenud]/ E.B. JlenucoBa, WU.b. TI'ynsesa, M.K. Mapenuu, // I'opnHas
npombinieHHocTh No4 / 2022.—C. 110-118.

Ilyoaukayuu 6 peyeH3upyemvlx HAyYHbIX U3OAHUAX, YUPEOUMENAMU KOMOPIX
A6nAmMCca 00pazoeamenbHbvle OP2AHUZAUUU 6bICUIE20 00PA306aAHUA U HAYUHDbLE
opzanuzauuu, pacnooxcenuvie Ha meppumopuu /loneuyxoii Hapoonoii Pecnyonuku:

5. TynseBa, W.b. Apanrtauuss mNOE€TJIEBOIO METOJA OMNPEACICHUS MECTa
NMOBpEXJCHUA Kalelss K YCIOBUSIM TPUMEHEHUS B CTPYKTYpe PYIHUYHOIO
anekTpoMexanndeckoro kommiekca / U.b. I'ynsea, M.K. Mapennu, JI.A. Mydens //
BectHuk J[oHEUKOro HallMOHANBHOTO TEXHUYECKOTO yHHBepcuTeTa. Boim. 1 (23) 2021,
Honenk. —C. 35-41.

6. T'ymsesa, W.b. VYmpaBnenne koMMmyTanuend [eNu HEUTpaiu BTOPUYHOMN
0OMOTKH TpaHCchopMaTopa TMOACTAHIIMU Kak Croco0 TOBBIMIEHUS 3((HEKTUBHOCTH
sammTHOrO oTKioueHus cetn / U.b. I'ynsesa, M.K. Mapenuu // Bectauk JloHEIKOro
HAIMOHAIPHOTO TEXHUYECKOTO yHUBepcuTeTa. Boim. 2 (24) 2021, Jonenk. — C. 9-16.

7. TynseBa, N.b. IIpoBOOUMOCTb H3OJISIIUU JJIEKTPUUECKOW CETH ydacTKa
maxThl Kak (pakTop pucka snekTpoTpaBMaru3Ma. [IpoOieMHble BOMPOCH U MyTH HUX
pemenust/ U.b. I'ynsesa, E.C. [Ilyounka, M.K. Mapenunu4, JI.A. Mydens, O.A. leMueHko
// BecTHHK JIOHEIIKOTO HAIIMOHAJIBHOTO TEXHUUYECKOTo yHUBepcuTeTa. Boim. 3(25) 2021,
Honenk. — C. 34-47.
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8. T'ynseBa, .b. AmanTanus cxeMbl MarHUTHOTO MyCKaTelsd K peaau3aiuu
KOMILUIEKCHOM 3amuThl cuiioBoro npucoenunenus/ U.b. I'ynsea, M.K. Mapenuu, JI.A.
Mydenb, O.A. Jemuenko // BectHuk JloHEUKOro HAIMOHAIBHOIO TEXHHUYECKOTO
yHuBepcuteTa. Boim. 4 (26) 2021, Honenk. — C. 38-47.

9. TynseBa, WN.b. Anam3 3bEeKTUBHOCTH  3aUTHONH  (QYHKIUMH
aBTOKOMIIEHCATOpa EMKOCTHOTO TOKa B CTPYKTYype amnmnapata 3amurthl cepun «A3YP-1» /
N.b. TI'ynsesa, E.C. Jlyounka, M.K. Mapenuu. —Bectauk J[oHEIKOT0 HaIIMOHATHLHOTO
TeXHUYEeCKOTo yHuBepcurteta, Boim. 1 (27) 2022, Nounenk.—C. 50-60.

10. Mapenuuy, M.K. Anamu3z 3¢dekTUBHOCTH  3amUTHOW  (QYyHKIHUH
KOPOTKO3aMBbIKaTeNsl MOBPEXAEHHON (pa3bl B CTPYKTYpE ammapaTa 3allUThl OT yTeUeK
Toka Ha 3emito / ML.K. Mapennu // BectHuk JIoHEIIKOr0 HAITMOHATIBHOTO TEXHUYECKOTO
yauBepcuteTa Beim. 2 (28) 2022, lonenk. —C. 46-53.

11. Mapenn4, M.K. EMKOCTb M30ISIMH >JIEKTPOCETH yYacTKa IIAXTHI KaK
dakrop ¢opMmHpoBaHHMA TOKa B IeNd 3a3eMyieHus [DIeKTpOHHBIM pecypc]/
M.K. Mapennu, U.b. T'ynsgeBa // BectHuk JIoHEKOro HalMOHAJIBLHOTO TEXHUYECKOTO
yHuBepcuteta. Boim. 3(29) 2022, {onenk. — C. 20-26.

Hayunwie padbomul u me3ucel 00K1a008 6 Mamepuanax KOHpepeHyui:

12. Mapenuy, M.K. Jlokanu3anus KOHTypa 3a3eMJICHHS KakK CIIOCO0
NOBBIIIEHUS 0€30MaCHOCTH SKCILTyaTalluy CUCTEMBI AIEKTPOCHA0KEHUS YUaCTKA IIaXThl
/MLK. Mapennu, 1.b. I'ynsiea / PagnosnekTpoHuKa, 3IEKTPOTEXHUKA U SHEPreTHKA.
JIBaguaTte BochMasgs MexXayHapoaHas HAyYHO-TEXHUYECKasi KOH(GEPEHIUsI CTYIEHTOB U
acnupanToB (17-19 mapra 2022 r.,MockBa), Te3ucsl noknagos. — M., HUY «M3WNx»:
2022. - C. 972.

13. Mapenuuy, M.K. ABTOMaTH4YeCKHii KOHTPOJb MPOBOAMMOCTH IeTH «dasa -
KOPITYC 3JIEKTPOYCTAHOBKI» KaK aJlbTEPHATHBA 3allUTHOMY 3a3€MJICHUIO B AJIEKTPOCETH
yuacTka maxtel / M.K. Mapennu, 1.b. I'ynseBa //ABToMatu3anusi TEXHOJIOTHYECKUX
o0bekTOoB M mpoueccoB. Ilouck wmomoabix: COopHHMK HayuHbIx TpyaoB XXII
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JInuHbIi BKJIAA coucKaTe sl B MyOJUKALMAX, HAMUCAHHBIX B COABTOPCTRBE:
[1] — obocHOBaHME anropuTMa aBTOMATHYCCKOM OJIOKUPOBKH OTKIIOYCHHOTO COCTOSHUS
CHUJIOBOTO IPUCOCTUHEHUSI nocJe 3aIIUTHOTO OTKJTIOUCHUSI TPYIIIBI
annekTpornoTpedureneit; [3, 6, 16] — wuccienoBanue crneuuduku (GopmMupoBaHUs
annekTpornopaxkarmero  ¢aktopa B COC ywacTka 1IaxThl, OOYCJIOBIEHHOTO
ucrnionb3oBanueM L1 kabeneit B kauecTBe 2JIEMEHTOB 3a3eMyeHus KopiycoB AJl; [4] —
pa3paboTKa aJropuT™Ma OMpeeNIeHUs MeCTa MOBPEXKIACHUS U30JIAIHMK Kadens;[5, 7, 12,
19] — pas3paboTka CXeMHOro pelleHus; [8] — 3KCIEepUMEHTAJIbHOE HCCIIECIOBaHUE
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00bEKTa, aHaIu3 pe3yJIbTaToB 3KcrepuMeHToB; [10] — pa3paboTka U HUcCIeqOBaHUE
pacuétHoit cxembl oObekTa; [11, 13, 14, 15, 17] — oObocHOBaHWE MPUHITUTIUATIBHBIX
MOJIOKEHUH ajbTepHATUBHOM KoHIenmuu noctpoenuss COC yyactka maxthl; [21] —
pa3paboTka CXeM Y3JI0B BBbISIBIIEHHs KOHTakTa (a3bl ¢ Koprycom AJl u mepepauu
MH(OPMAIIMOHHOTO CUTHAJA B IIEMb YIPABIEHUS OTKIIOYEHUEM ITyCKaTEsl.



