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OBIIASA XAPAKTEPUCTHUKA PABOTHI

AKTyaJIbHOCTb pPa0doThl. Y1apbl MOJIHUU U MEPEXOAHBIE IPOLECCH B BBICOKOBOJBTHBIX CETIX
SBJISIIOTCS. OJIHUMHM M3 OCHOBHBIX INPUYHMH, BBI3BIBAIOLIIMMH TOBPEXKICHUE WIM HEIITATHYIO paboTy
obopynoBaHus Ha o0beKkTax FHEpreTukH. [Ipodiiema obecrnieueHns JEKTPOMArHUTHOW COBMECTUMOCTH
(OBMC) crana akTyaabHOH C MOMEHTa BHEIPEHHUS MHKPOIMPOIIECCOPHOTO OOOPYIOBaHMS, KOTOPOE
ABIIsIETCS 00JIee TOMEXOBOCTIPUMMYHUBBIM.

ITon mpobGnemoii obecrieuenuss OMC nepBoOHaYaIbHO MOHMMAIUCh HApPYIIEHHS pPaOOTHI,
CBSI3aHHOE, KaK MPaBUJIO, C Pa3BUTHEM NEPEHANPSIKEHUN B KOHTPOJIbHBIX Kabensx. OnHaKo, ¢ BBOAOM
B OKCIUTyaTaldio OOJBIIOTO YHCJIAa TMOJCTAaHIWKM ¢ KoMmmakTHeIMH KPYD Bo3pocno komuuecTBo
TEXHOJIOTUYECKUX HAPYIIECHUH, CBSA3aHHBIX C TMOBPEXKICHHEM WM JIO)KHOM paboToil Cl1aboTOYHBIX
cucTeM KOMIUIEKCHbIX cucteM OezonacHoctd (KCB). Hampumep, Takux cucTeM Kak CHUTHAJIM3alUU:
OXpaHHas W TOXKapHas, cucteMm ympasieHus poctynom B momenieHuss (CKVY]l), oxpanHoro u
TEXHOJIOTHYECKOTO BUCOHAOIIOACHHUS.

Paszurue nepenanpspkenuit B cetsix CH u COIIT moxkeT npuBOAWTH K JIOKHOW pabore H
MOBPEXJICHUIO MOPTOB MHUTAHUS MMKPOIPOLIECCOPHOTO OOOPYNOBaHMS, a B XYAIIUX CIydasx U K
BO3TOPAHUSIM.

B Hacrosimumii MOMEHT 00BEKThI SHEPTeTUKH MPOAOIKAIOT OCHAIIATHCS. HOBBIMH AJIEKTPOHHBIMU
CHCTEMaMH, YTO CBS3aHO C MPOLIECCOM BHEIPEHHUS LU(POBBIX TEXHOJIOTUH Ul peaM3aluyl 3aJauu
mudpoBoil Tpancopmanuu orpaciau. [Ipuyem 3HaUMTENBHOE KOJIMYECTBO TAKOro OOOpYJOBAHUS
YCTaHABJIMBAETCSl HA HAXOMSIIMXCS B AKCIUTyaTallMM 00beKTaxX 03 BHIMOJHEHHS MPOEKTHBIX padoT B
gactu obOecneueHuss OMC. Takas cuTyanusi TPUBOIUT K JUIMTEIBHOMY CYIIECTBOBAaHUIO U
MIOCTETICHHOMY HAKOIUICHHIO CKPBITHIX A€(PEKTOB, KOTOPBIE MOTYT MPOSBUTHCS MPH yJapax MOJIHUH B
OOBEKT.

Takum oOpa3om, obecrieueHre orpaHUYeHUs TPO30BBIX NepeHanpspkennid B ceTsix CH u COIIT,
OCOOEHHO C Y4Y€TOM TOrO, YTO OHHM CBSI3aHbI NPAKTHUYECKH CO BCEMHU CUCTEMaMM YIIPABJICHUS H
KHU3HeoOecreueHus: 00beKTa, SABJSETCA aKTyalbHOM 3amauyeil. IIpuMeHeHue yCTpOWCTB 3alIUTHI OT
UMIYJIbCHBIX NepeHanpskeHuil (Y3UII) — sBnsercs oqHON U3 Mep annapaTHOW 3alUThl TAKMX CUCTEM.
AnmapaTtHas ~ 3alqUTa  SBISETCS ~ OTHOCHUTENBHO  JOPOTOCTOSIIIMM — METOAOM  OOphOBI ¢
nepeHanpsHKeHuaMu, ogHako, B cuily Toro, yto COIIT m CH umeroT pa3BeTBICHHYIO CTPYKTYpPY,
ycraHoBka Y3UII Ha mmHax PY 1 OCHOBHBIX «OINACHBIX», C TOUKH 3PEHMSI pA3BUTHSI IEPEHANPSKEHUI
y4acTKax CeTH, BBITTISAUT onpaBaaHnHoi mepoit. Hanpumep, onun kommiekT Y3UII Ha muHax PY Gyner
OTPaHWYMBATH IEPEHAINPSHKEHUSI, UICTOYHUKH KOTOPBIX MOTYT HAXOJWUTbCS HA Pa3HbIX OTXOMSIINX
kabenpHBIX TUHUNA. HecMoTpst Ha 3T0 10 HacTosmero momeHTa Bonpoc npumenenus Y 3UIT mis T1C we
dbopManm3oBaH, Jake HECMOTps Ha To, uro npumeHeHue Y3UII MoxkeT BBI3BIBATH CHU)KCHUE

HAIC)KHOCTH PabOTHI CUCTEM.



Hannast paborta mocsiieHa u3ydeHuro BompocoB mnpumeHeHuss Y3UII B ycnousx TIC mns
samuthl obopynoBanuss CH u COIIT u oOecriedeHHss COOTBETCTBUSI KAa4eCTBA JJIEKTPOCHAOKCHHUS
norpeduteneii stux cereil. Pa3paboTka pekoMeHIalMii MO ONPEACTICHUI0 XApaKTEPUCTHK M CXEM
noaktoueHuss Y3UII nis ux nmpuMeHeHusl Ha dTarne MPOSKTUPOBAHUS, 0OOCHOBAHHBIX PAaCUETHBIM U
SKCIIEPUMEHTAIBHBIM ~ CIIOCOOOM, TO3BOJIUT OOECIEYUTh MOBBIIECHHE HAAEKHOCTH  PabOTHI

ob6opynoBanus [1C, uto sBsieTcst MacTabHOM M aKTyalIbHOH 3a7auei.
Oo0bexToM ucciaenosanus apiaroTca cetd CH u COIIT noacranmuit 35xB u BeImIE.

IIpeanmerom uccaenoBanus spisitorcs nepeHanpsbkenus B CH u COIIT, Bo3Hukaromnme B
pe3ynbTare mpsSMbIX U ONM3KUX YAapOB MOJHUM B oOopynoBanue u kommyHukaruu [IC, ¢ yderom

BIUAHUA Ha HUX Y3UIIL

Heabio ucciaenoBaHus sBIseTcs pazpaboTka peKOMEHAAlMi Mo BhIOOpPY MapamMeTpoB U CXEM
noakitoueHuss Y3UII B CH u COIIT noxacranumit 35 kB u Bblle i 3alIUTBl OT T'PO30BBIX
NepeHanpsHKeHNH, yIUTHIBAIOIIUX COBPEMEHHBIE TPeOOBAaHUS K AJIEKTPOMArHUTHONH COBMECTHMOCTH,
HAJSKHOCTH W KadecTBY odnekrpormtanus morpedutener CH wu COIIT, mns npenoTBpamieHus

MOBPEXICHUI 1 cO0EB B paboTe 000pYyI0BaHUS U MTOTPEOUTENICH ITUX CETEH.

3agaunm  HccJeq0BaAHHUA. ﬂ.]'[?[ pfamm3anuu OEJId Opu  MMPOBCACHHU  HMCCICIOBAHUA

OBLIM MOCTaBJICHBI U PELICHEI CICAYIONIUE 3ada4u:

1. anaim3 coctaBa obopymoBanus, notpedureneit u cxem CH m COIIT, coBpeMeHHBIX TEHIEHIUN
W3MEHEHUS TPeOOBAaHUH 11O DJIEKTPOMArHUTHON COBMECTUMOCTH 1 cocTaBa notpeourenerd CH u COIIT;
2. pazpabotka mozenu I1C 110 kB st ananusza ypoBHeii nepenanpsbkenuii B cetu CH Ha mpumepe cetu
OCBEIICHUS, PACUETHO-IKCIIEPUMEHTAIBLHOE UCCIIEI0BAaHUE MPOIIEcca MPOTEKaHUsI TOKa MOJIHUM B CETH
ocemenus [1C;
3. pa3paboTka pekoMeHmanuii mo koopauHarmu Y3UII um BRIOOpY 3aIMTHBIX ammapaToB It
noakmodcHus Y3UII 8 CH u COIIT;
4. BKCIIEpUMEHTANIbHOE UCCIIE0BAHKE TIpoliecca Mepexoaa UMIYJIbCHBIX NepeHanpsbkeHuit u3 cetu 10
kB IIC B cets 0,4 kB uepes tpanchopmarop codbcrBernsix Hyx 1 (TCH);
5. BKCIIEpUMEHTANIbHOE HCCIEAOBAHNE BIMSHUSA KOMIIOHOBKM HIUTa MOCTOSIHHOTO TOKa Ha YPOBEHb
nepenanpspkeHnid B COIIT.

Metoabl  ucciaenoBaHus.  PemieHwe — MOCTaBIEHHBIX — 3aJad  OPOU3BOAMIOCH  C
MOMOIIbI0  PACYETHO -  OSKCIEPUMEHTAIBHOTO  HCCIEAOBAaHUS B  CHEHUAIU3UPOBAHHOM
KOMITbIOTEpHOM mporpamme 3YM, mporpamMmHoM Komiuiekce Matlab HaTypHBIX 3KCIIEpUMEHTOB Ha

yueOHo-TpeHupoBouHOM mnosiurone [TAO «JleHaneproy.

Hayuynass  HOBM3Ha  TpeACTaBIE€HHOM  pabOThl  3aKiIOYaeTcss B CIEAYIOLIEM:

1. Ha ocHoBe pa3zpabotannoii kapkacHoi Mojienu [1C 110 kB orieHeHb! ypoBHHU NEpeHANPSIKEHU B CETH
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CH Ha mnpumepe ceTH OCBELIEHHUS, M TMPOBEIECHO PaCUETHO-3KCHEPHUMEHTAIBHOE HCCIEA0BAHUE
mpoliecca MPoTeKaHus TOKa MOJTHUH B ceTu ocBemieHus [1C, 06ocHOBaHa HEOOXOIUMOCTh TPUMEHEHUS
V3UII nyist onipeiesieHHbIX TUIOB KOHCTpyKumii cetn CH.

2. IloaTBepkieHa SKCIEPUMEHTAIBHO BO3MOXKHOCTh Bo3jaekcTBUs Ha PY-0,4 kB nepenanpsixenui,
MepexoasAIIX ¢ 0OMOTKH BbicOKoro Hampspkenus TCH.

3. ChopmynupoBana mpodiieMa OpraHU3alK CEICKTUBHOW pabOThl KOMMYTAIIMOHHBIX aliapaToB B
nernsax ¢ Y3UII na ocHOBe aHaIM3a CXeM UX MOJIKIIOUEHHUS.

4. PexomeHmoBaHbl cxemMbl noakmoueHuss Y3UII gns  paznuuHbIX  myTed  BO3ACHCTBUS

MepeHaANPSHKEHU .

IIpakTHYeckasi 3HAYMMOCTb. Pa3paboTaHHbIe pEKOMEH/IAIMH TI0 BRIOOPY MapaMeTPOB U CXEM
noakouenust Y3UIT 8 CH u COIIT noacranmuii 35 kB 1 BeIlIe, a Takke peKOMEHIAIUN 110 BBIOOPY
apaMeTpPoB 3aIUTHBIX MPEIOXPAHUTENICH B LEMsIX MOTYT OBITh MCIIOJIb30BAaHbl MPOSKTUPOBIINKAMU

npu pa3paboTke npoekTHbIX pemenuit mo cxemam CH u COIIT.

JlocTOBEpPHOCTh  HAYYHBIX MOJIOKEHMii  JquccepTanu  OOYyCIIOBJIEHA  KOPPEKTHBIM
HCIIOJIb30BAHUCM TCOPHUU IJICKTPOMAIHUTHLIX MNEPCXOAHBIX TMPOLCCCOB, TCOPCTHYCCKUX OCHOB
INEKTPOTEXHUKH, OOOCHOBAHHOCTHIO TPUHATHIX JOMYIIEHUH W MOATBEPXKIECHUEM pPE3yJbTaTOB
pacueToB NMepeHanpsKeHN, peallIn30BaHHBIX B porpamme 3Y M, pe3yiabTaraMu HaTYPHBIX U3MEPEHUI
MIEPEHAIPSHKCHUI B CETU OCBEIICHHUS, & Pe3yJIbTaThl PacueTOB B MPOrpaMMHOM KoMiuiekce Matlab e

pacxodsTcs ¢ JaHHBIMU, IPEOCTaBIsieMbIMU Ipon3BoauTensamMu Y 3UIIL.

CooTBeTCcTBHE NACMOPTY CHENNATBHOCTH.

Oo6mbext uccnenoBanus — cetu CH u COIIT BeicokoBonbTHEIX T1C, M mpeaMeT ucciaenoBaHus —
orpaHuyeHue mnepeHanpspkeHuil ¢ momompbio Y3UII, cooTBeTcTBYIOT (dopmysne crenualibHOCTH
05.14.12 «TexHUKa BBICOKMX HAIIPSIAKECHUI.

HayuHble monokeHHsI UCCepTali COOTBETCTBYIOT 1.5 «lccnemnoBanue aTMocgepHBIX U
BHYTPEHHUX MEPEHAIPSHKCHUN, pa3pad0TKa METOIOB U YCTPOICTB JUIsl OTPAaHHYCHUS epEHAPSHKEHUH,
U3y4eHHE MPOOJEM 3JIEKTPOMArHUTHOM COBMECTUMOCTH» OOJACTH HUCCIIEIOBAHUM CHEIHATIbHOCTU
05.14.12 «TexHHKa BBICOKMX HANPSHDKEHUN)», TaK KaK IOJYYEHHBIE PE3YIbTaThl MPOBEICHHOTO
pacyeTHO-3KCIIEPUMEHTAIIBHOTO UCCIIEOBAHUS ITPOLiecca MPOTEKaHUsI TOKA MOJIHUU B CETH OCBEILICHUS
IIC, uccnenoBaHusi BIUSHUS KOMIIOHOBKH IUTA MOCTOSHHOTO TOKAa HAa YPOBEHb NMEpPEHANPSHKCHUI B
COIIT, »KCHEpUMEHTAIBHOTO HCCIEIOBAHUS BO3MOXXHOCTM  Bo3aeucTBus Ha PVY-0,4 «B
MepeHaNPsHKEHUH, MEePEXOoasImuXx ¢ 0OOMOTKH BbIcOKOTo HampsbkeHuss TCH mo3BOJIAIOT BBIOJHHUTH
3amuty cereit CH u COIIT ot Bo3aeiicTBus nepeHanpskeHuil ¢ npumenenneM Y 3UI1L

Haqu,le MOJ0KCHHUH, BLIHOCMMbBIC HA 3alIIUTY:



1. Pe3ynbTaTel pacuetoB kapkacHou moaenu [IC 110 kB nys ananuza ypoBHeW nepeHanps>keHUul B CETH

CH na npumMepe ceTH OCBEIICHHUS;

2. Pesynbrath uccienoBanus Heooxoaumoctu npumeHeHus: Y 3UII mms 3amutel ceteit CH u COIIT na
TIC 35 kB u BhIlIIE;
3. PexoMennamu mo BeIOOPY mapameTpoB U cxembl nonkimtoueHust Y3UIT mst 3amurer ceteit CH u

COIIT ga IIC 35 xB u BrIIIE.

Anpodauusi M BHeJApeHHe Ppe3yabTaToB PpadoTbl. OCHOBHBIE TOJOXEHUS PabOTHI
JOKJIAJIBIBAIIUCh U OOCYXAAUCh Ha CJIENYIOMMUX KOH(EepeHIUsIX: BOCbMas MEXIyHapoJHas Hay4dHO-
TexHuueckas koHpepenus «llepeHanpskeHus: U HAAEKHOCTD SKCIUTyaTallluy JIEKTPOOOOPYI0BAHUS»
umenu akagemuka H.H.Tuxoneesa (PI'AOY AIIO «IIDUITK» 14 nexabps, r. Cankr-IletrepOypr, 2017
I.); JABEHAALATOM Hay4HO-TeXHHUYeCKoW KoHpepeHImu «luuposnepreruka. ['maporexnuka. HoBbie
paspadotku u TtexHojorun» (ITAO «Pycl'mapo», AO «BHUUI' um. B.E. BeneneeBa», AO
«JIearugponpoext», PI'AOY BO «Cankrt-IletepOyprekmii [lonmutexundyeckuii YHaupepcuret [lerpa
Benukoro», Accoumnanus «l'uaposnepretrka Poccumn», 15-16 Hos6ps, r. Cankr-IletepOypr, 2018 r.);
MEXIYHAPOJAHON OH-TaliH KoH(pepeHIu «BBICOKOBOIBTHBIC BO3IYIIHBIE W KaOeIbHBIC JTHHHUU
3JICKTPOTIEPEIavuu: aKTyaIbHbIC BONIPOCH! 1 HOBBIE TeHaeHIun» (AO «HITO «Ctpumepy, 28-30 anpens,
r. Cankr-IlerepOypr, 2020 r1.); mexayHaponHod KoHpepenmun «21st International Scientific

Conference on Electric Power Engineering (EPE)» ( Prague, Czech Republic, 2020 r.).

IIyonukanun. OCHOBHblE HayyHble M TPAKTHUYECKHUE PE3YJIbTaThl AUCCEPTALIMOHHOTO
UCCIIeI0BaHMs OMyOIMKOBAHBI B 9 Me4aTHBIX padoTax, B TOM YHCIE 2 — B U3JJaHUAX, PEKOMEHIOBAaHHBIX
BAK P® («M3Bectusa HTL», «Onextposneprus. llepenadya u pacnpeneneHue»), 2 — B HU3JaHUSAX,
Bxomsammx B Scopus («Proceedings - 2020 21st International Scientific Conference on Electric Power

Engineering», «E3S Web of Conferences»).

Crpykrypa wu o0beM jauccepraummu. Jlucceprauuss  COCTOMT W3  BBEICHUS,
MATH TJIaB, 3aKITFOYCHUS, oubmuorpaduueckoro CITHCKa, COCTOSIIIETO u3 56
HauMEHOBAHUU. OcHOBHOU TEKCT HU3JI0KEH Ha 90 CTpaHHUIax,
BKIo4aeT 36 pucynkoB u 28 Tabmum. OOmmit ob6bem auccepraumu  cocraBiser 100
CTpaHHULL.

OCHOBHOE COJAEPKAHUE PABOTbI

Bo BBemeHMH O00OOCHOBaHA aKTYyaJlbHOCTh, C(OPMYTUpPOBaHBI LEJIH, HaydHas HOBHU3HA,

TCOPCTUUCCKAA U MMPAKTHUICCKAA 3HAYUMOCTDb IIHCCGpTaL[HOHHOfI pa6OTbI.

B nepBoii riaBe nposeneH 0630p nyOnukanuii, onucansl TUoBbie cxemsbl cereit CH u COIIT na

I1C 35 kB u Beie. [Ipoananu3upoBaHbl COCTaB MOTPEOUTENEH ITUX CETEH, TPeOOBAaHMS K Ka4eCTBY MX
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IUTAHUS U COBPEMEHHBIE TPEOOBaHMS AJIEKTPOMArHUTHON COBMECTUMOCTH. BhIsBIIEHa HEOOX0AUMOCTh
IIPOBEJCHUS UCCIIEIOBAaHUM, TO3BOJISIOLINX PUHATH PEILIEHUE O BO3MOXKHOCTH ipuMeHeHus Y 3UIT nis
3anuthl ceteit CH u COIIT, BBIMOTHUTE ONTUMAabHBIN 1o100p napameTpoB Y 3UII u BEIOOp cxeMbl ux
BKJIIOYEHUS C yUE€TOM creln(UKH BbICOKOBOIBTHBIX 11C.

Bo BTOpOii riaBe pemieHa 3amada mo pa3paboTke pekomeHmanuii mo npumenenuro Y3UII ¢
LEJIbI0 3AIIUTHI CETEM OCBEIIEHUs OT T'PO30BBIX NEpeHanpsKeHuil. 11 4ero oueHeHa BEPOSITHOCTh
HOSIBJIEHUS TPO30BBIX NIEPEHANPSKEHUM 1 POU3BEICH aHAIN3 YPOBHEH NEpEHANPSKEHUIN U IIPOLIECCOB
pacTeKkaHusl TOKa MOJIHUM AJIs1 OCBETUTENbHOTro o6opynoBanus I1C npu pa3sHbIX KOHQUTYpaLUsIX CETH.
BriiennieHpl OCHOBHBIE KOHCTPYKIIMH CETEH OCBEIICHHS, KOTOPBIE MOTYT OBITh MoKII0ueHb K cetn CH
Ha [IC 35 kB u Bpime. OueHeHa BEpOATHOCTH MOSIBICHUSI I'PO30BBIX IEPEHANPSDKEHUN C LIETIBIO
o0ocHoBaHus HeoOxoaumocTu npumenenus Y 3UII B atux cersix. st pacuera nepeHanpskKeHUi B CETH
OCBElIECHUs OblIa CO374aHa KapKacHas MOJEIb 3a3€MIISIONIET0 YCTPOMCTBA M METAUIMYECKHX
KoHCTpyKIui oactanmuii 110 kB (puc.1).

Pacuer nepeHamnpspkeHHM B UMITYJIBCHOM PEXHME ObLT BBIITOJIHEH ¢ TIOMOIIBIO TporpaMmel 3YM,
peanu3yomeil pacueT MHOTO3BEHHOM LIEITHO-TI0JIEBOI MOETN TOHKOTO MPOBOIHUKA Ha Oa3ze Autocad-
COBMECTHMBIX CHCTEM, OJHOBPEMEHHO IPHMEHSAA METOAbl JJIEKTPOMAarHUTHOIO IOJS KU TEOPHH

3JIEKTPUYECKUX LIETIEH.

Meroauka pacueta 6bu1a pazpadborana Hlumuruasiv C.JI. 1 KopoBkunasim H.B. CornacHo 3Toit
METOJUKE INOTECHIHUANbl U TOKH 3JIEMEHTOB METOAAMM TEOPUH LIENEH ONPENENSIOTCS IPU pacdyere
nenHo monenu 3Y. Jlanee 1o HalJEHHBIM CTEKAIOLIUM TOKaM CTEPXKHEW B MOJENM ONpEAeNseTcs
pacnpeneneHre NoTeHIana U HaIpsPKEHHOCTH 3JIEKTPUUYECKOTO MO0JIsA, M0 HAMIEHHBIM MPOI0JIbHBIM

TOKaM — HAIIPSXKECHHOCTH MArHuTHOI'O I1OJIA.

Pucynok 1 — Pacuernas mogens IIC 110 kB
[Ipu pacuere nmepeHanpsi>KEHUW YYUTHIBAIOCH BiausHUE JiuHbl KJI, Hanu4yue uinm oTcyTCTBUE
MeTauInyeckoil TpyObl s mpoknaaku KJI.  Bo Bcex ciydasx NpoKEKTOpHAsh Madra HMelna

MHOTOKPATHBIE CBSI3U 110 3a3€MIIAIOIIEMY YCTPOWCTBY C TOYKOHM 3a3€MJICHUSI CUCTEMBI YIIPABJICHUS
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ocsenieHus B 3qanuu [1C. Onenka ypoBHs nepeHanpspKeHuid U1 TOkoB B cuiioBbix KJI Obuta mpoBeneHa
npu umnynbce Toka MosHuM 10/350 mic ¢ ammumutynoi 100 KA, KOTOpPBI CUATACTCS MOTHOLIEHHON

MMUTAIEH TOKA MOJIHUH.

Pe3synbrathl pacuer nepeHanpsKeHUM B CETH OCBEILCHUS IS ITPOKEKTOPHOM MayThl, YIaJIEHHOU

OT siMKa yrpasieHus ocemenueM (1Y0O) na 50 M o kaGenpHOM JIMHUY, IPEACTAaBICHBI B TabmuIe 1.

N3 pe3ynbraToB pacdera BUAHO, YTO YPOBEHb IEPEHANPSIKCHUM ONPENEISIeTCs] B OCHOBHOM
TUITOM Ka6eHLHOI>’I KaHaJIn3aluu, 9TO COOTBCTCTBYCT TCOPCTUICCKUM MNPCACTABJICHUAM, TAdK KaK pr6a
M JKpaH 3a CYET EMKOCTHOM M WHIYKTHBHOM CBsi3u ¢ mpoBoaHMKamu KJI 3HaUWTENbHO CHUKAIOT

YPOBEHb MEPEHANPSIKECHHUIA.

B cnyuyae ecnm mpumenstorcss skpanupoBaHHble KJI u BbmosHeHsl TpeboBanus [1YD mo
WCITOJIH30BAHUIO METANTHYECKON TpyOs! mpu nipokiaake KJI, ypoBeHb mepeHanpsiKeHUu cO CTOPOHBI
AYO 6nm3ok k gomyctuMbiM 4-6 kKB mpu cpenHeill M miuoxol MpOBOAMMOCTH TpyHTa. B ocTaibHBIX
CIIyJasix, KOT/Jia, HampuMmep, oOTCyTcTBYeT 3KkpaH y KJI, oTcyTcTByeT Metauimueckas Tpy0a, IpuMeHECHHE
VY3UII obocHoBano. [Ipuuém BereacTBHE TOTO, YTO MEPEHANPSHKEHUS PA3BUBAIOTCS TP MPOTEKAHUU
TOKOB B 3a3emirsitoniieM ycrpoiicte, Y 3UII nomkab! 661Th onkmovensl o cxeme L-PE, N-PE (puc. 2),
T.e. 00€CTIeYnBaTh 3aUIUTY OT CUH(pAZHBIX TTOMEX.

Tabmnuna 1 — Pesynberars! pacuera nepeHanpspkennii B cetu ocsenienust [1C 110 kB

VresHoe Conporupnenue U, kV
VYcnosus 3a3eMJICHHS Ha
COIIPOTHUBJICHUE N ITpoxekTop [ITuTok Ha MayTe OIlY
HPOKIATIKU OCHOBHOH 4acToTe

KJI rpynta p, OmMM sosneitcteus z, Om | L-PE | N-PE | L-N | L-PE | N-PE | L-N | L-PE

100 54 3,6 3,8 0,2 3,3 3,4 0,2
© = 250 6,5 4,1 4,3 0,2 3,7 3,9 0,2
S = <0,2
= 8 500 7,8 4,4 4,5 0,2 4,0 4,2 0,2
e 5 750 8,8 4,5 4,7 0,2 4,2 4,3 0,2

1000 9,6 4,6 4,7 0,2 4,3 4,4 0,2

100 54 7,6 7,8 0,3 7,0 7,3 0,3 1,0
é 5 250 6,5 10,6 11,0 0,4 10,0 10,3 0,5 1,7
S é 500 7,8 12,6 13,1 0,5 12,1 12,4 0,6 2,1
>
=0 750 8,8 13,5 14,1 0,6 13,2 13,4 0,7 2,4

1000 9,6 14,1 14,7 0,6 13,8 14,0 0,7 2,5
= 100 5,6 64,3 64,5 0,3 56,5 56,9 1,4 7,4
% 5 250 6,8 85,9 | 86,1 0,3 76,8 | 77,4 1,5 10,2
=% 500 8,1 99,6 | 99,7 0,3 89,6 | 90,2 1,6 12,2
(o}
3 & 750 9,1 105,9 | 105,9 1,0 954 | 96,1 1,5 13,0
= 1000 9,9 109,4 | 109,3 0,4 |989,9 | 99,5 1,5 13,4

OnmHoit n3 BakHEHUX 3a1a4 npu Beioope tuna Y 3UII sBasercs onenka Toka B mpoBogHukax KJI.
B Tabnuie 2 mpencraBiieHbl pe3yabTaThl pacu€ToB pacnpeaeneHus TokoB B KJI ceTu ocBerenus s
YCJIOBHM, KOTJJa UMITYJIbCHBIA TOK MAKCUMAJICH.

Jns ompeneneHrss HaMOOJBIIETO BO3MOXHOTO 3HAYECHHS TOKa, MpoTekaromiero udepes Y3UII,

paccMatpuBalcs ciaydail HeakpanupoBanHoi KJI 6e3 metammueckoi TpyO#I.
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Tabmnuna 2 — Pe3ynbrarel pacuera Toka MosaHHHU B cetn ocBemenus [1C 110 kB

Paccrostaue ot mautsl 10 SIYO, m
50 | 220
Yaenbroe HMnynbe Toka, MKC
COMPOTHBIICHUE ‘
rpyHTa 10/350 1,2/50 10/350
p, Om'm KJI B TpyGe Ge3 skpana KJI 6es sxpana u KJI Ge3 skpana u TpyOsI
TpYyOBI
Toxk B KJI, A
ITo Tlo Or Tlo Or Tlo Or
OT MayThI
Mayre Maure MauThl Maure MAauThI Maure MauThI

100 190 956 1153 4500 1278 3528 971 1083
250 200 1045 1184 4739 1335 4613 982 1196
500 210 1089 1198 5191 1383 5156 991 1322
750 214 1100 1203 5225 1406 5415 994 1373
1000 214 1091 1227 5300 1418 5589 997 1402

CormacHo gaHHbIM Tabmuibl 2 ToK B KJI cHmkaercst mpu yBenIW4YeHUW JJIMHBI B ¢1a00 pacTeT ¢

YBEJIMYEHUEM YAEIBHOTO COMPOTUBIIECHUS TPYHTA.

Ha yuebnom xommuekce ITAO «Jlensnepro» ObUIM TPOBEIACHBI 3aMEpbl, ITO3BOJISIONINE

ONpEeNEeUTh pacrpeneneHue Toka mexay 3azemnurtenem u KJI-0,4 kB, nns mpoBepku pacueTHOM

mozaeu [1C-110 kB. Cxema n3mepennii nokazana Ha puc. 3. COOTHOUIEHUE HANPSHKEHUI, U3MEPEHHBIX

ocrmutorpadom Fluke 190-504 na mryHTax 1enu reaeparopa u KJI, mo3Boimiio oneHuTh A0 TOKA,

npoTtekatomero mo KJI.
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Pucynok 2 — Cxema nogkimoderust Y 3UIT

Mayta Net Mauta Ne2

..... KT1 220 1
/6 onopa

obocobnenHoe
3Y onopbl "\,

Pucynox 3 — Cxema usmepeHuii Toka MOJTHUH, IpoTekatomero B KJIL.
G —reneparop, V — ocumutorpag

Ha puc. 4 nokaszaHbl ocimyiorpaMMbl U3MEPEHHOTO HATPSIAKEHUSI Ha IIyHTax reneparopa u KJI.

AMIUIUTYa HAIpsOKEHUsT UMITylibea HanpsbkeHust Ha myHTe KJI coctaBnser npubnusurensHo 33% ot

aMIUTUTY/BI HANPsDKEHUS Ha IIYHTE MEXKAY TeHEepaTopoM U MauToil. B ciydae, eciu Obl UMITYJIBC TOKA

MoOJHUM UMeT aMITuTyay 100 kA, o KaXKaoi U3 KUl mpoTeKan Obl HMITYJIBC TOKA C AMIUTUTYI0H OKOJIO

3,5 KA. C y4yeTom peanbHbIX apamMeTpoB ceTy u npu Haimuun Y 3UIT ammuryna umnyneca Toka B PE

1 N ipoBoTHUKaX OblIa OBl HECKOJIBKO BBIIIIC.



Pucynok 4 — OcumuiorpaMMBbl HANIPSDKEHUS Ha IIyHTax TenepaTtopa u KJI

B utore, MOXXHO rOBOpPUTH O TOM, YTO JaXe€ B caMmbIX Xyaumux yciaoBusx Ha OPY 110 xB
npumenenne Y3UII ¢ ummynbcHbiM TokoM Bhiie 10 kA Heuenecoodpaszno. Ha IIC Gonee BbicOKOro
KJlacca HaNpsDKEHUSl CeTh 3a3€eMIIEHHsS MOXeT ObITh Oosee penkod, oaHako u uHbl KJI cern
OCBEIICHUS 3HAYNTEIHHO BO3paCTalOT. Takum 00pa3om, clieaHHbIi BRIBOJ akTyalieH u 11t OPY 6onee
BBICOKOTO KJIaCcCa HAIPSKEHUS.

B TpeTbeii ri1aBe Ha OCHOBaHMM HATYPHBIX HU3MEPEHUMN, MPOBEICHHBIX HAa Y4EOHOM MOJIUTOHE
ITAO «JlensHepro», mNpeACTaBICHBbI PE3YJbTaThl SKCIEPUMEHTAJIBHOTO WCCICAOBAHUS BIUSHUS
koHuryparmu COIIT Ha ypoBuu nepenanpspkenuit B LLIIT u chopmynrpoBaHbl peKOMEHAALNH 110
samute COIIT ot nepenanpspkenuit npu nomouw Y 3UIL.

Ha HIIIIT 8 OITY y4ebHOTrO monuroHa ObUTH OTKIIOYEHBI BBIKJIIOYATEIN BCEX MOIAKIIOYEHHBIX K
myHaM Harpy3ok. (Cxema »JKcHepuMEHTa MpeAcTaBieHa Ha puc. 5. HMmnynbc mnogaBayics
HEINoCpeACTBEHHO Ha mKHY «+» LIIIT. /laee BBIIONHSAIICS P U3MEPEHUM IOTEHLIMANIA HA IIUHAX «T)»
U «—» LIUTAa IIPU KOHTPOJIE OTCYTCTBUS «3EMJIN» MIPHU BHIMIOJHEHUH BCEX ONEpaliii KOMMYTAallMOHHBIMU
anmapaTtamu: npu BkmoueHuH AbB (t.e. mutanue IIIIT ocymectBisercs Toapko or Ab, mpu sTom
Harpyska He nojkiItoueHa); npu BkiodeHnn 3BY (t.e. mutanue IIIIT ocymecrBisercs Toasko ot 3BY:
AB oTkitoueHa, Harpy3Ka OTKJII04YeHa); mpu BKIoueHHBIX 3BY u AB (Hopmanbhas cxema pabotst LLITIT
c pesepBupoBanueM OT Ab, Harpy3ka mpu 3TOM OTKIIOYEHA); Npu mnojkitoueHHbix 3BY u Ab
nocie0BaTelbHO NoJKIoyanack Harpy3ka Ha wmuHbel LIIT u BeimonmHsAnach Quxcanus ypoBHS

nepeHanpspkeHnid Ha mmHax HITIT.

zeHepamop
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PucyHok 5 — Cxema 3kcniepuMeHTa

B3Y
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Ha puc. 6 noka3aHo n3MeHeHre Ko3QGHUIMEHTa Iepeiauy 110 HAMPSHKEHUIO ¢ MOJII0ca Ha MOJII0C
IIIIT mpm pa3sHBIX BO3AEUCTBUAX [0 Mepe MOIAKIIOYECHMs npucoenuHeHud. Ha puc. 7 mokxasaHbl

AMIIIMTYObI BOSI[QﬁCTBHfI B aHAJIOTUYHBIX YCJIOBHUAX.

1,20
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1,00 - ) 3
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—9=8/20 MKC ~—9=12/50MKC¢ —o—0SMMy —e—10MMy 2,0 My
Pucynoxk 6 — KoadduiuenT nepesaun HanpspkeHUs ©
nomoca Ha nomtoc HITIT PucyHoK 7 — AMIUIMTY 161 HATIpsKeHus Ha mosoce LITIT
TIPH PA3HBIX BO3ACHCTBHSX 10 MEPE TOKITIOUCHHS IPH Pa3HEIX BO3ACHCTBUAX MO MEPE MOJKIIOYECHHS
MIPUCOECTUHEHUI MPUCOETUHEHU

Bunno, uto depe3 emkocth Oatapen u B3Y ummmnynbcHBIE BO3ACHCTBHUS JIETKO MPOHUKAIOT C
nontoca Ha nomoc HIIIT. C yuyeroM Toro, 4To 0OCHOBHBbIE UCTOUHUKH MoMeX cBsizaHbl ¢ COIIT uepes
3V, 1o nenecoobpasno noakmoyenue Y3UII Mexny nomocaMu 1 IPOBOTHUKOM 3a3€MJICHHUS.

YBenuueHne KOJIMYECTBA TMOTPEeOUTENed NPUBOAMT K PE3KOMY CHIDKCHHIO aMILUTUTYIbI
HanpspkeHus Ha LLIIT, 9To TOBOPUT 0 XOpoIIei 3auuIeHHOCTH CETH OT NiepeHanpspkeHunil. OcoO0eHHO
JJaHHAs TEHJCHUUs XapaKTepHa JJIsl UMITYJIbCHBIX BO3JICHCTBHII.

COIIT na I1IC 35 kB u Beimie sBnserca cummerpuunoid, norpedurenn COIIT Ha MoHHEOTBOIAX
HE pa3MeNalTcs, MOATOMY peKoMeHA0BaHO ucnonb3oBanue Y3UII, ucneirannsix no knaccy II, mns
3amuThl COIIT oT MHAYKTHPOBAHHBIX MEPEHANPSDKEHHM, KOTOPBIE UMEIOT KOJIeOaTeIbHBINA XapaKTep.
N3-3a Hanmnuusa émxoctu Ab u cummerpuunoctu COIIT pexkomennoBana cxema noakiatoueHus: Y 3UIIT

2+0.

B yerBepToOil Ii1aBe IMPEACTaBICHBI PE3YJIBTAThl HATYPHOI'O DKCIIEPUMEHTA, IPOBEACHHOIO B
ycnoBuax yueOHoro komiuiekca [TAO «JleHsHepro», B KOTOpOM it TpaHC(hOpMaTopoB paszHOM
MOIITHOCTH CO CXeMOH coeanHeHHss oOMOTOK A/Y( ObUIM mpou3BeneHbl M3MEPEHUs! HANpSIKEHHUS,
nepeAaBaeMble OT TEPBUYHOM OOMOTKM K BTOPHUYHOM Ui pa3iauuHblX (opMm curHana. [laHsl
MPaKTUYECKHE PEKOMEHIAIMU 10 BbIOOPY XapakTepucTuk Y3UII m MecTam WX YCTAaHOBKH C II€JIBIO
3amuThl ceTel coocTBeHHBIX HYK [1C 35 kB u BbIe OT nepeHanpspkeHuit mpoHuKaromux B ceTh 0,4
kB myrem nmepexoga HMMITyJNIBCOB TEpPEHAINPSDKEHUS C  BBICOKOBOJIbTHOW oOMoTrkm TCH.
[lepenanpsixenust B cetu CH IIC Moryr Bo3HMKHYTH BcieAcTBue ynapa moiaHuu B BJI 6-20 kB,

otxonsmme ot PY 6-20 kB I1C, a Takke B KOHCTPYKIMU 31aHui U coopyxkenuit [1C.

B pamxkax uccrnemoBanusi OblTH MpoU3BeneHBI U3MepeHus Ha TpanchopmaTopax TMI'11-10/0,4
kB mommuocTthio 250 m 400 kBA co cxemoit coemmnenus A/Yo. Ha puc. 8. mokazana cxema
sKkcriepuMeHTa. Ha BBICOKOBOJIBTHYIO OOMOTKY TpaHchopmaropa WIH BCEe TPH OOMOTKH Cpa3y NpH

nmoMomu reHeparopa mnoAgaBajid UMITYJIbLCHI HAIMPAXKCHHUA, U3MCPCHUSA HANPSIKCHUSA MPOBOJAUIIN IIPU
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nomotu ocimsuiorpada Fluke 190-504 mexay BeIBoJaMu 0OMOTOK M KOPITyCOM TpaHcpopmaropa, a
TaKXKe Ha IIyHTE B IIeNM TeHepaTopa (M3MepeHHue ToKa). [IpuMeHSINCh TeHepaTopbl IBYX THUIIOB:
anepuoarueckux nMiynascoB I'AU u konebaTenpHbIX 3aTyxaromux uMmiyiasco ' BUN. I'enepatop 'AU
crocoOeH BBIIaBaTh MMMYJILCHI TOKa 8/20 Mkc (Hambosiee OnMM3KM MO (PPOHTY K CTaHIAPTHOMY

umiysbey 10/350 mxc) u Hanpspkerus 1,2/50 Mkc.

mpacdopHamop

h ) Y, S

onopa

303emneHue
onope

Pucynok 8 — Cxema usmepenuit ko3¢ puurenTa nepeaayn UMITyJIbca nepeHanpspkenus ¢ ooMorku BH cunosoro
Tpancdopmaropa k oomorke HH

N3 pe3ynpTaToB M3MEPEHHUI BUAHO, YTO KOAPDUIIMEHT Mepeaadn 1Mo HanpsHKeHUIo ¢ 00MoTku 10
kB Ha oOmotky 0,4 kB Tpancdopmaropa 1is aneprHoAMYECKOrO BO3JEHCTBHSA, XapaKTEPHOTO IS
OpSMBIX yIapOB MOJHHUH, O0JiblIe, YeM KO3 PHUIMEHTH! TpaHC(hOpMAIMK Ha TPOMBIIIICHHOW YacToTe.
Takum 06pa3om, HanpspkeHne Ha ctopoHe 0,4 kKB oka3bIBaeTcst B AECATKH U COTHU pa3 MEHBIIIE, YeM Ha
cropoHe 10 kB, To ecTh UMITYJIbC 3HAYUTEIBHO 3aTyXaeT MPH MPOXOKACHUHN TpaHCHOPMATOPOB (pHC.
9).

[Ipu BO3meiicTBUM 3aTyXarommx KoyiebaHuit ko3dduuueHt mepenaun He mpebimaer 10, a B
HEKOTOPBIX ClIy4asx Aake MeHblle | (HanpspkeHue Ha ctopoHe 0,4 kB He3HauMTENnpbHO NPEBBINIAET
HarnpspbkeHue Ha ctopone 10 kB). To ectp mmmynabc mpoxoauT TpaHChOpMATOp, MPAKTHYECKU HE
3aryxas. [{ns ogHoro TpancdopmaTopa oTMEUEH ciydail pezoHaHca Ha yactote 1 MI', mpu KoTopoit
HanpsDKEHUE Ha BTOPUYHON 0OMOTKE MPEBOCXOAMIIO HamnpsbkeHue Ha cropone 10 kB. Ha pucynkax 10—
12 mokazaHbl 3aBUCUMOCTH HanpspkeHUid Ha oOMoTke 0,4 KB OTHOCHTENBHO 3eMJIM TPHU BO3JEHCTBUN
KOJIe0aTeNbHBIX 3aTyXarmux uMiryinbcoB 0,5, 1,0 u 2,0 MI'.

IIpu npsMmoM ynape monHuu B orxonsamue BJI 6-20 kB u3-3a mManoil mpoyHOCTH W3OJALMHU
CJIeZyeT 0XKHMJATh Pa3BUTHE TPO30OBBIX MEPEHAIPSDKEHHUM Ha BCeX TpexX ¢azax, Ipu 3TOM K03 (HUIIEHT
nepeaayn KoieOaTeabHbIX BO3CHCTBUI NPUOIM3UTEIBHO paBeH 1-2.

Takum 00pa3oM, KIFOUYEBBIM BOIIPOCOM TIPH OIIEHKE OMACHOCTH BO3JICUCTBHS MEPECHANPSHKCHUM,
NEPEeXOIALIUX C OAHON OOMOTKH Ha JIPYTYIO SIBISIETCS 000CHOBaHHE BO3ZMOKHOCTH PA3BUTHS UMEHHO
KOJIeOaTebHBIX NIepeHanpsHKEHUI.

KonebarenpHas cocTaBisionas HalpspKEHUS IPH yIapax MOJIHUM BO3HUKAET U3-3a OTPAKEHUH B
CXeMe, a TaKXKe M3-3a HAJIMYKs HETMHEHHBIX 3JIEMEHTOB C HEJIMHEWHBIMH YCTPOMCTBaMH, B KauecTBe
KOTOPBIX MOTYT BBICTYIATh: M3OJISIIMS MPU Mpobdoe, 3alUTHEIE anmnapaTsl. Pa3Butue kone0aTenbHbIX
IIPOLIECCOB MOYKHO CUMTATh PACUETHBIM CIIy4aeM AJIs CETeH cpenHero HanpshkeHus. [Ipu aToM B citydae

K03 uLreHTa nepesauu Mo HaNpsHKEHUIO paBHOMY | BenMuuHa nepeHanpsbkeHuid Ha cropone 0,4 kB
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OyZeT COOTBETCTBOBATh OCTAOLIEMYCSl HANPSIKEHHWIO 3alIUTHBIX allapaToB 10 CTOPOHE CPEIHEro
HaIpPSHKEHUS.

C yuerom Toro, uto ocrarouieecs Hanpsbkenue i OITH 6 kB, kak npasuio, npesbimaer 16 kB
MOXKHO TOBOPHUTb, 4YTO HEPEXOJ MEepeHANpsHKeHUH uepe3 OOMOTKM TpaHC(HOPMATOPOB MOXKET
IPEACTaBIATh ONACHOCTb, OJHAKO, TOJIBKO B Cllydae OJM3KHUX yJapOB MOJIHMM, TaK KaK BPEeMEHHbIE

napaMeTpbl USMCHCHUS HANIPSAKCHUA JOJDKHO IMTPOUCXOJUTH 3a BpCMCHA MOPAJKa MKC.
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Pucynox 10 — Hampspxkenne oOMoTkax TpaHchopmaropa
Pucynok 9 — Hanpskenne Ha 0OMOTKax Tpancdopmaropa 10/0,4 kB nipu Bo3eiicTBUN KOJI€0ATEIIEHOTO
10/0,4 xB npu nopaue ummynbca 1,2/50 Mkc Ha 0OMOTKY 3aryxaromero ummyibca 0,5 MI'
10 xB (manpspxenue Ha oomoTke 0,4 kB yBennueno B 10

pas)
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Pucynox 11 — Hampsbxenue o6MoTKax TpaHcdopmaropa
10/0,4 kB 1npu Bo3aeiicTBUU KOJIEOATEIHHOTO
3aryxaromero mMiyisca 1,0 MI'g

Pucynok 12 — Hampspxenne oOMoTKax TpaHchopmaropa
10/0,4 kB nipu Bo3eiicTBUN KOJIe0ATEIIEHOTO
3aryxaromero uMiyisca 2,0 Ml

Ha puc. 13. npuBeaeHbl THIMYHBIE OcUMILTIOrpaMMbl HanipsbkeHus B PY 10 kB npu 6nuskom ynape
B BJI u Hannuun Ha muHax PY OITH ¢ HanGonapImuM IIUTEIBHO TOMYCTUMBIM PabOYHM HaNpsKEHUEM
12,7 kB. B nporiecce pacueToB BapbHpOBaiach BEJIMYMHA CONMPOTUBICHUS 3a3EMJISIIOIIETO YCTPOMCTBA
PY IIC (4, 10, 30, 100 Om). ITocne yaapa MOJTHUN HANPsOKEHUE PACTET, YTO MPUBOJUT K YBEITMUCHUIO
npoBoaumoctd OITH. C yMmeHbIieHHe conpoTHBICHUs 3Y Bpems 3apsijia eMKOCTH TpaHchopmaropa
CHIDKAETCS B TO BpPeMs Kak JUIMTENHHOCTH TOKa, mpotekaromiero yepe3 OITH pacrer (puc. 14). Kak
TOJILKO HAIPsDKEHHE CHIDKAETCS 10 BEJIMUMH, MEHBIINX YeM HauboJbiee padouee Hanpsikenue OITH,
xapakrep mporecca usMensierca. [lapamerpsl mocieayomux KojiedaHui 3aBUCAT OT JJIUTEIbHOCTH
uMInyibca, pacctosuuii mexny PY 6-20 kB IIC u onopamu ¢ mOBpPEKICHUSIMH U30JISLINN, BEJIMYNH
conpoTuBiieHus 3azemnsitomiero ycrpoictsa PY 6-20 kB IIC u omop m t.n. Ecim ydects, utO

HepeHanpsHKeHUsT MOTYT TIEPEXOAUTh Ha CTOPOHY HU3KOTO HAINPSDKEHUS MPAKTUYECKH He 0cIalsisich,
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TO WX TpENeabHbI ypOBEeHb OyAET COOTBETCTBOBATh OcCTapImmMMcs HampspkeHusMm Ha OITH
BBICOKOBOJIbTHOM OOMOTKH TpaHCc(hHOopMaTOpa, TO €CTh MOXKET MPEBHIIIATH UCTIBITATEIbHBIC HAPSKEHUS
i obopynosanus 0,4 kB.

[Tpu 5TOM cienyeT yuyuThIBaTh, YTO XapaKkTep BO3AECUCTBUS HE OyaeT UMITyJIbCHBIM. Benencreue
OTHOCHTEJIEHO BBICOKOU JNIUTETLHOCTH BO3JIEUCTBHsI dHEepreTudeckue mapamerpsl Y3UII B Gombiieit

CTEINEHU COOTBETCTBYIOT KJaccy 1.
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Pucynox 13 — HampsbxkeHue Ha oOMOTKax
tpaHcdopmaropa 10 kB npu 6:113K0M yape MOJTHUA
(temno cunwuit — 100 Om, 3enensiit — 30 OM, kpacHbiit — 10
Owm, cunmii — 4 Om)

Takum o6pazom, nepexo nepenanpsixeHuit B cetb 0,4 kB u3 cereit 6, 10 kB Bo3moxken. 11st Bcex

Pucynok 14 — Hanpsbkenue Ha 00MOTKax
tpaHcdopmaropa 10 kB (cunwmii) u Tox uepe3z OITH
(xpacHslit) mpu conpotuBieHnu 3Y — 4 Om

PY CH, BBICOKOBOJIbTHAas CE€Th KOTOPBIX MNPOXOAUT IO OTKPBITHIM TEPPUTOPUSIM WM MOXKET
MIOABEPraTbCs BO3AECUCTBUSAM WHAYKTHUPOBAHHBIX IIEPEHAIIPSIKEHUN, PEKOMEHIYETCs 3alullaTh

o6MoTkH TpanchopmaropoB 0,4 kB ¢ momompio Y3UII knacca 1 ¢ UMITyJIBCHBIM TOKOM PaBHBIM:

UOCT
Iimp = TBH (1)

, T1ie UoerBH — ocTtaromeecs HanpspkeHre OITH co cTOpoHBI BEICOKOIO HANpsKEHUs IPU HAaUMEHbILIEM
TOKE, Z — COPOTUBJICHHUE 3a3€MJIIOIIETO YCTPOMCTBA HA BBICOKOM 4acTOTE.

B naTol rinase onucana npo0sieMa CeIeKTUBHOCTH 3aLUTHBIX alllapaToB, IPUBEJEHBI PEKOMEHAALINN
10 BRIOOPY HOMUHAJIBHBIX TOKOB TIpeaoxpanuTtene B nenu Y 3UIT u paccMOTpeHbI BO3MOXKHBIE CXEMBbI
UX BKJIFOUEHUS.

Ecnu peus uaet o ObicTpoM pa3BUTHUU JedeKTa, TO I PELICHHs 3aaun OTKIIoueHus Toka K3
UCIIONIb3yeTcsl OOBIYHAs 3allMTHAas KOMMYTAllMOHHas anmaparypa. Ilpu 3TomM onTuManbHO
UCIOJIb30BaTh NPEJOXPAHUTENH, O0JaJaroIIUe CTOMKOCTBIO K INPOTEKAaHMIO HMMITYJIBCHOIO TOKa
(nnaBkue BcTaBKM THUIA €G) M HU3KUM UHAYKTUBHBIM CONPOTUBIICHUEM.

[Ipu npoTekaHM UMIYJIBCHOI'O TOKA U TOKA KOPOTKOro 3aMbikaHus B uenu Y 3UII npoucxoaut
HarpeB kabens, ruiaBkoro mpenoxpanurtens n Y3UIL. HarpeB sToT XapakTepusyeTcsi BETUYMHOMN
uHTerpana Jxoys:

I’t = [i%dt (2)

Hna xoopauHanuu 1o sHepreTuyeckor crtoiikoctu Y3UII, 3ammTHOrO mpenoxpaHuTens Hu

kabeJieil B aBapuiHBIX MpoIeccax He0OXO0IUMO, YTOOBI SHEpreTUIecKas CTOHKocTh kadenei, Y3UIL
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U TPEJOXPAHUTENEH 3JIEKTPOYCTAHOBKM IIPEBBINIANA PACUETHHIC 3HAYEHUSI UMITYJIbCA MOJHHUHU M
XapakTEepUCTUKU UHTerpana JHxoyis.
JI7151 5TOTr0 TOJKHO BBINOJHATBCS YCIOBUE:

]npr]ysymr]FU > ]I/IMl'I (3)
rae Jup — BenuuMHa uHTerpana JHKoyis CTOWKOCTH TOKONMPOBOAAIIMX KU Kabens, Jpy — BEIUYMHA
uHTerpana JDKOyns CTOMKOCTH 3alIUTHOTO YCTPOWMCTBA, Jysu, — BeAMYMHA HMHTErpana JDHKOyis
croikoctu Y3UIL, [\, — BeTuunHa uHTErpaia J>Koyis uMIyjabca TOKa MOJTHUHU.

dopmyia Ui pacyeTa JOIyCTUMOM BEJIIMYKMHBI HHTETpaa /Koy UMeeT BUL:
J mp — k*-S? (4)
,T1e S — MUHMMAJbHO JOMYCTUMas IUIOIIAb NONEPEYHOTO CEYEHUs MPOBOJAHUKOB 3a3€MIISIOILIETO
yCTpo#cTBa, k — KO3(h(UIIMEHT, 3HAYEHHWE KOTOPOTO 3aBHCHT OT Marepualia MPOBOJHUKA, €T0
HAYAJIbHOM U KOHEYHOM TeMIeparyp.
B tabnuue 3 mpenctaBieHbl pe3yabTaThl pacuera uHTerpaia Jkoyss st kabenel B Lenu

V3UII (sauansHas Temneparypa 45°C).

Tabnuua 3 — JomyctuMas BenmurHa uHTerpana Jxoyis (A2-c), KOTOpPYIO TOKOIIPOBOASIINE XXUIIbI Kabesel criocoOHbI
BBLJICPXKAaTh 0€3 MOBPEKICHHS

Matepuan | Matepuan Ceuenue, MM>
M30JIILMHM | MPOBOJHUKA 1,5 2,5 4 6 10 16 25 35 50
Menp 0,039 0,110 | 0,281 0,632 1,755 | 4,493 | 10,969 | 21,499 | 43,875
HBX AnroMuHuit 0,017 0,048 | 0,123 | 0,278 | 0,771 1,974 4,820 9,446 19,278
Menp 0,061 0,168 | 0,431 0,970 | 2,695 | 6,900 | 16,846 | 33,018 | 67,383
o AnroMuHUH 0,027 0,074 | 0,189 | 0,426 1,182 | 3,027 7,390 14,484 | 29,559

Haubonee octpo 3amaua BeiOOpa npenoxpanurenei as nogxiaouenus Y3UII crout B cinydae
HCIIOJIB30BaHMUs 3aIIMTHBIX allaparoB 1-ro Kiacca, Tak Kak dHEPrus UMITYJbCa, Y JaHHOTO Kiacca
arnmaparoB OoJbIIIe.

IIpu cpaGateiBanuun Y3UII uepe3 Hero mnporekaer HUMNYJIbCHBIA, a B ciaydae Y3UII
KOMMYTHUPYIOLIETo THMA (Ppa3psIHUK) U COMPOBOXKIAIOUINI TOK, TPUOIU3UTENBHO paBHBIA Toky K3
(cm. puc. 15). Takum o00pa3om, wucmosbp3yemblii s noxakaoueHus Y3UII  3ammTHbII
KOMMYTAIIMOHHBIN armapar, OHKEH ¢ OJHOM CTOpOoHBI obecmeuynBath pabory Y3UII, mpomyckas
UMITYJIbC TOKA NpPU BO3ACHCTBUU IEpPEHANpPSKEHUN (OrpaHMYEHHME HOMHUHAJIBHOTO TOKa ammnapara
CHHU3Y), ¢ Apyroi — orkiatouars Tok K3 mpu nospexiaenun Y3UII B cOOTBETCTBUM C MPUHLIMUIIOM

CEJIEKTUBHOCTH (OTpaHUYCHUE CBEPXY).
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(Bapucmop) (pa3psdHuk)

Pucynok 15 — Vctounuku Toka npu padore Y3IUII

B ciyuae, eciiu npumensiercs Y 3UII kommyTupytomero tuna, Tok K3 Moxket nporekars uepes
IUTAaBKUH MPEIOXPAHUTENIb C MOMEHTA CpadaThIBaHUs YCTPOMCTBA U 10 MOMEHTA MIEPEX0/1a TOKa uepe3
HOJIb MOCJIE TPOXOKIEeHUsI nMITyibca. Hanbomnee HeGmaronpusTHBINA ciydail ¢ TOUKM 3pEHUs HarpeBa
IIJIABKOTO TMPEJOXPAHUTEINSI COOTBETCTBYET MPOTEKAHUID MMITYJIBCHOI'O TOKAa BIUIOTH O MOMEHTA
Iepexo/ia TOKa OT CETU 4epe3 HOJIb, U 3aTEM €IlE TOJIIEPUO0/Ia 3a CUET MUTAHUS TOJIBKO OT CETH.

Vka3zaHHbI pacueTHbId ciaydad ang Y3UMII KoMMyTupyrollero Tuma sBIsSETCS BeCcbMa
JKECTKUMH, YTO MMPUBOJUT K 3aBBIIIEHUIO HOMUHAJIBHOTO TOKA MPEJIOXPAHUTENS U HAa IPAKTUKE MOKET
MPOTUBOPEYUTh MPHUHIMIY CEJIEKTUBHOCTU. BcenencTBue storo, npu npoexktupoBanuu mis Y3UIIL
KOMMYTHUPYIOIIET0 THIIA [1eJIeco00pa3Ho paccMaTpuBaTh 00a BapUaHTa SHEPTreTHUYECKUX BO3IEHCTBUI
Ha IIPETOXPAHUTEID.

B cnywae npumenenuss Y3UII orpanuuuBaroniero Tuma TMEPUOJ BbIICICHUS SHEPTUU
COOTBETCTBYET TOJBKO BpPEMEHHM MPOTEKAaHUS UMIYJIbCHOTO TOKa, TOJbKO 0€3 BIUSHUSA
CONPOBOXKAAIOIIETO TOKA.

Takum ob6pazom st Y3UII KOMMYTHPYIOLIET0 TUIA [0 UTOTaM IMPEABAPUTEIBHOIO pacyera
HMMEIOTCA 2 BapuaHTa HOMUHaJIbHOTO Toka, ¥ 3UII orpannunBaromiero tTumna — OAMH BapuaHT.

Pacdersl BapuaHTOB, B 3aBUCUMOCTH OT TOKOB K3 M aMmimTyn BO3AEHCTBHIA MOTYT OBITh
BBIIIOJIHEHBI 3apaHee, 10 PaCCMOTPEHUs KOHKPETHBIX MPOEKTOB. Pe3ynbTaTsl pacdeTOB HOMHHAJIOB
IUTABKUX BCTABOK MPEIOXpaHHUTENEH, BBINOJHEHHBIX B MporpamMMme Matlab mpencrtaBieHbl Ha
pucynkax 16 — 19. IlpuBeneHHble pe3yabTaThl PAacUy€TOB MOTYT OBITh HCIIOJIB30BaHbBI TPH

MPOEKTUPOBAHUY JJIsl BEIOOpa HOMHUHAIBLHOTO TOKa Ipeaoxpanutess B nienu Y 3UIL.
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Pucynok 16 — K Bb160opy napameTpoB IUTaBKOH CTaBKU
IIpeJOXpaHHUTENEH B Xy IIIEM Clly4dae BBIICICHUS SHEPTHH
MIPY NPOTEKaHNU UMITYJILCHOTO Toka 10/350 mMkc

Pucynox 17 — K BeiOOpy mapamMeTpoB IIaBKOH CTaBKH B
clTydae BBIJICIICHHS DHEPTUH 32 TIEPHO]T BO3ACHCTBHS
ummynbca 10/350 mxc ¢ yuerom Biusinus Toka K3
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Pucynok 19 — K Bb160py mapaMeTpoB IJIaBKOW CTaBKH B
Clly4ae BBIIEJICHHUS SHEPTUHU 3a MEPUO] BO3JEHCTBUA
nmiynbca 8/20 MKc ¢ yueToM BiusiHUS Toka K3

Pucynok 18 — K Bb160py napaMeTpoB IIaBKOH CTaBKH B
XyJIIEeM clIy4ae BBIICJIECHUS YHEPTUH NPU NPOTEKaHUU
HUMITYJIbCHOTO ToKa 8/20 MKc

s ceteit Maoi MOITHOCTH, B CHILY €CTECTBEHHBIX IPUYMH PEIICHHE IBYX 3a/a4: 3allUThI OT
IPO30BBIX MEpPEHANpPsHKEHUI U CeeKTUBHOro OTKItoYeHus: Toka K3, gacto TpeGyer kommpomucca,
OCHOBaHHOTO Ha TMPUHIMIIE MHHUMH3AIMA BO3MOXKHBIX yiiepOoB.Ilpu BbIOOpE 3amUTHBIX
KOMMYTAIIMOHHBIX anapaToB CETU BO3JEHCTBHE UMITYJILCHBIX TOKOB, KaK IPaBUIIO, HE YUYUTHIBACTCSI.
B cuity Toro, 4To UCTOUHUK NEpeHANpPsHKEHUM MO-pa3HOMY MOXKET ObITh PacloJioKeH OTHOCUTEIBEHO
MCTOYHMKA HAMPSKEHUS CETU SHEpPTeTHYecKasl Harpy3Ka Ha 3alllUTHbIe KOMMYTAIlMOHHbBIE allllapaThl,
yctanaBnuBaembie B 1enu Y3UII knacca 1, oka3piBaeTcsl 3a4acTyio BBIIIE, YEM, HaAIpuMep, Y
BBOJIHOTO arapara.

Haxe mpu maneix Tokax K3 TpeOyeTcs mpuMeHEHHE MPEAOXpPaHUTENIEH C HOMHUHAJIbHBIMHU
Tokamu 10 315 A, B TO BpeMs Kak OOJIBIIMHCTBO MOTPEOUTENICH MO MOIIHOCTH 3alTUIIAIOTCS OT
K3 3amuTHpIMH anmapaTamMy CO 3HAUYUTEIbHO MEHBIIUMU HOMUHAJIBHBIMU TOKaMU. Takum oOpaszom,
IpU MallbIX HOMHUHAJIBHBIX TOKaX BBOJHBIX BBIKJIIOYATENIed OOecleueHrne COTJIACOBAHHOCTH WX
XapaKTePUCTHUK C MapamMeTpaMu 3aluTHbIX annapatoB Y 3UII HeBO3MOXkKHO.

Ecomu mpu ycranoBke Y3UII B PY pekomeHayemblii mpeaoxXpaHUTENbh HWMEET OOJbIINN
HOMUHAJIbHBINA TOK, YEM BBIIIECTOAIINNA KOMMYTAIIMOHHBIN almapar, TO CJIeAyeT peaan30BbIBaTh OJIMH

13 BapUAHTOB MOJKIIOYEHHUS, IPEJACTaBICHHBIX HA pUCyHKax 20 — 23.
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Pucynok 20 — YcranoBka Y3UII 1o BBOIHOTO
KOMMYTAaIlMOHHOTO almapara Ha MATAIONICH JTUHUH IPU
BO3JICHCTBUU MEPEHATIPSKEHUI CO CTOPOHBI MUTAIOIIEH

JTUHAA

- [
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1010101

Pucynok 21 — YcranoBka Y3UII Ha muHbEI 6€3
3aIIUTHBIX KOMMYTAIMOHHBIX aIapaToB MPH
BO3JICHCTBUU (MU BO3MOXKHOCTH TaKOTO BO3JCHCTBUS)
MepeHaIpsKEeHUN CO CTOPOHBI HECKOJIbKUX JTUHUH,
oTxoasamux ot PY

odwuu SKpaH oduul 3KpaH
r————""" Py~~~ il
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Pucynok 22 — Ycranoska Y3UII no BBogHOTrO

KOMMYTAIIMOHHOTO anapara Ha MUTAoIel JTHHIN IpH Pucynok 23 — Veranoska V3HII na mmnbr 6es
BO3ICUCTBUHU TIEPEHATIPSDKEHHUH CO CTOPOHEI SaUUTHEIX KOMMYTalHOHHBIX alllapaTos IpH
3a3€MJIAIOIIETO YCTPOWCTBA U OMHON OTXOISMIEH OT BO3ACHCTBHH IIEPEHANPAKCHUN CO CTOPOHEI

3a3CMJIAOIICTO YCTpOﬁCTBa 1 HaJIUYHH 0oJiee 0I[HOI71

o0beKTa HpOTH)KCHHOfI JIMHUYW BBOJA IMATaHUA, B CiIydac, .
OTXOOAICH OT 00beKTa THHUU

€CJIM OCTANbHBIC INHUHU SBJISIOTCS KOPOTKHMH H

pa3MelaTcs B 9KpaHUPyEeMOM 00beMe, a BBOJHOM

KOMMYTALMOHHBIN anmapar HOPMajabHO HAXOHUTCS B
MOJIOKESHUHU «BKITFOUCH)

Br160op npuemiieMoii cxeMbl MOAKIIOUEHUSI BO3MOKEH Ha OCHOBE aHalIN3a KOHKPETHOMN CETH.
SAKVIFOYEHUE
B mporuiecce uccnenoBanust ObLTN pelIeHbI CIEAYIOIINE HayYHbIE 3aJaun:

1. IIpoanamm3upoBan coctaB obopynoBanms, norpedouteneir u cxem CH u COIIT, coBpeMeHHBIX
TEH/ICHIIMI U3MEHEHUs1 TPeOOBAHUHN 110 IMEKTPOMAarHUTHOW COBMECTUMOCTH M COCTaBa MOTPEeOUTENeH
CH u COIIT. Otmeueno, uro psa notpedureneit CH He moaBepraeTcsi UCIIBITAHUSAM BO3ACHCTBHUAIMH,
XapaKTepHBIMU 111 yclioBHi BeiICOKOBOJBTHOMU [1C, a nepenanpsixkenus B cet COIIT moryt npuBectu
K JIO)KHBIM cpabatbiBanusiM ycTporcTB P3uA. Takum obOpazom, npumenenne Y3UII mns 3ammrsr
o6opynoBanus CH u COIIT na TIC 35 kB u Bbllie 000CHOBAaHO W PEKOMEHJIOBAHO HEKOTOPHIMH
OTPacIE€BBIMU HOPMATUBHBIMU JOKYMEHTAMMU.

2. Ha ocnoge pa3zpaborannoit mozaenu [1C 110 kB Obutu orieHeHsl ypoBHHU NepeHanpsikeHuit B cetn CH
Ha MPUMEpE CETH OCBEIIEHHUS, U MPOBEACHO PACYETHO-IKCIEPUMEHTAIBHOE MCCIIEJOBAHUE MpoLecca
MPOTEKaHUsI TOKa MOJHUU B ceTn ocBemenus [1C, obocHoBaHa HeoOxoauMmocTh npuMenenust Y 3UITT
JUISL OIIPEJIENIEHHBIX TUIIOB KOHCTpYKLMii cetu CH.

3. B pe3ynbpTaTe 3KCIEPUMEHTAIBLHOTO UCCIIEOBAHNS BIMSHHUS KOMIOHOBKH IIMTA MIOCTOSIHHOTO TOKA
Ha ypoBeHb nepeHanpsbkeHud B COIIT ycTaHOBIIEHO, YTO MMIMYJbCHBIE BO3JIEUCTBUSI MEPEXOMSIT C

nomoca Ha momtoc IIIT uepes emkoctp Oarapem u B3V, omgHako, yBelIMYeHHE KOJWYECTBA
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noTpeduTeneil NPUBOAUT K Pe3KOMY CHHYKEHUIO aMIUTUTY/ Ibl UMITYJIbCHBIX IEPEHANPSHKEHUN Ha IIMHAX
LITIT.

4. DKcnepuMEeHTaIbHOE UCCIIEJOBAHME ITPOLiecca IEPEX0/1a UMITYIbCHBIX NepeHanpskeHuil u3 cetu 10
kB IIC B cerp 0,4 kB uepes TCH mnoarBepauno Bo3MOXHOCTH BozzaeiictBus Ha PY 0,4 kB
nepeHanpsHKeHUH, MepexoasIuX ¢ 0OMOTKH BhICOKOTO Hanpspkenus TCH.

5. Anamu3 cxeMm mnoaxmoueHust Y3UII mokazan HEBO3MOXKHOCTh OOECIIEUEHHUSI CEIEKTUBHOCTH TPHU
OTpeNieNIeHHBIX KOoH(purypamusx cetd. Ha ocHoBe 3Toro ananmsa cdopMmyinupoBaHa mpoOiema
OpraHU3aIH CEJICKTUBHON pabOThl KOMMYTAIIMOHHBIX anmaparoB B mnersix ¢ Y3UIL.

B pamkax BBINOJIHEHMS] UCCIENOBAHMS MOJIYYEHBI CIICAYIOIIME MPAKTUYECKHE PpE3yJIbTAThI,
MO3BOJISIOIINE ONPESIUTh OCHOBHBIE TIOJXO0/IbI K BEIOOpPY mapaMeTpoB u MecT yctanoBku Y3UII nHa
stane npoekruposanus cereil COIIT u CH IIC 35 kB u Bblmne:

1. OnpeneneHbl TUHIIMYHBIE KOHCTPYKIIMM CUCTEM OCBEIICHMS, a TaKXKE YCIOBUS, IPU KOTOPBIX
JUTSL MIX 3aIIUTHI 11eJecoo0pa3Ho ucnob3opanue Y 3UIL.

2. PacueTHO-3KCIIEpUMEHTAIBHBIM METOJOM II0Ka3aHo, 4To cuctemsl ocsemenus [IC,
pa3MelIeHHbIe HA KOHCTPYKIMSIX C MOJIHUEOTBOJAMU BBIMIOJHEHHBIE C TPUMEHEHUEM SKPAaHUPOBAHHBIX
KJI nmocTtaroyHOo XOpomIo 3allMINEHbl OT TMepeHanpsbkeHuid. B ciaydasx  MCHoJib30BaHUS
HeskpanupoBanHbIX KJI nenecooOpa3Ho 3amumniate cetu ocBemeHus npu nmomornu Y3UII kmacca 1 ¢
UMIYJIbCHBIM TOKOM 10 10-12 kA, yctanoBineHHbIX o cxeMe 4+0. Cuctemsl noacsetku 3aanuil 11C,
pa3MelIeHHbIE HAa KPOBJIE MPU OTCYTCTBUM 3KPAHUPOBAHMS, MOXKHO 3aIIUTUTh OT NEPEHANPSHKEHUH C
nomouipto Y 3UII knacca I ¢ UMIyIbCHBIM TOKOM 10 5 KA, yCTaHOBJIEHHBIMH MO cxeme 4+(0.

3. DKkcnepuMeHTanbHO Moka3ano, yto s 3amuTel COIIT I1C Bo3moxxHO ucnonbs3oBaTs Y 3UII
kiacca I, BkmouennsiMu 1o cxeme 2+0. Dueprerudeckue Harpy3ku Ha Y3UII B COIIT 6yayT Becbma
MaJibl, TaK KaK OCHOBHOM IyTh IPOHUKHOBEHMS IIEPEHAIIPSKEHUN [TOJIEBOM.

4. PexkomennoBaHbl cxeMbl noakmoueHus Y3UII nng pa3nuuHbiX myTed BO3ACHCTBUS
MepeHaANPSHKEHUH.
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JIn4yHbIN BKJIaJ aBTOPA B padoTax, ony0JJUKOBAHHBIX B COABTOPCTBE:

[1-4] — yuactue B pa3paboTKe pacueTHON MOJENH, NOArOTOBKE PAaCUETHBIX MPOrpaMM, MPOBEICHUH
HATYpPHBIX SKCIIEPUMEHTOB Ha Y4€OHOM MOJIHMIOHE, AaHAIN3€E U OLIEHKE TIOIy4YEeHHBIX PE3yabTaToB, [5—9]
— MOATOTOBKa 0030pa JUTEpaTyphl MO HCCIeqyeMoi MpoOjemMe, aHalu3 W OLEHKa MOJYyYEHHBIX

pe3yNbTaToB.
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