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JlJ1s TIOBBINIEHUS] TOUHOCTH OIpENENeHHs] YPOBHS HAKOIJICHHUS YCTAJOCTHBIX MOBPEXKIECHUH YypOBEHb
HAaKOIUICHHUS] YCTAJIOCTHBIX MOBPEXKICHUN OINPENeNIIIOT MO HM3MEHEHHIO IOBEPXHOCTHOTO AKTHBHOTO
COIIPOTHBIICHUA IIEPBOTO ydYacTKa IPOBONA HA IMOJBECHOM 3a)XMME, H3MCHEHHE IOBEPXHOCTHOTO
AaKTUBHOTO CONPOTHBIICHHS TIEPBOTO ydacTKa IIPOBOJA ONPEACISIIOT IO Pa3HOCTH aKTHBHBIX
COIIPOTHBICHUHA CO BTOPBIM YYacTKOM IIPOBONA TOH JK€ JJIMHBI, PACIONOXCHHOM Ha VIaJleHHH OT
MecCTa TOJBECAa; M3MEPEHUE IOBEPXHOCTHOTO AKTHBHOIO CONPOTHBICHHS MABYX YYacTKOB IPOBOAA
OCYIIIECTBIIAETCS IO MOCTOBOM cXeMe MpH MPOMYyCKAHUU UMITYJIbCa TOKA BBICOKON YacTOTHI; U3MEPEHUs
OCYIIECTBIIAIOTCS IEPHOANIECKH aBTOHOMHBIM YCTPOIICTBOM, yCTaHABIMBAEMOM Ha OIOpe ¢ Hauboiee
Harpy>KeHHBIM TIPOJETOM KOHTPOJIHPYEMOTO y4YacTKa JIMHUH, PEe3yNbTaThl W3MEPEHHH IepenaroTcs
mucrierdepy. TeXHH4IecKuid pe3ynbTar - MOBBIIICHHE HAJACKHOCTH KOHTPOJS TEXHHYIECKOTO COCTOSHHUS
TIPOBOJA.
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MIIK GO1R27/16

Crnocod KOHTPOISt HAKOILIEHHS YCTAJIOCTHBIX NMOBPEXAEHHH POBOAOB BO3/Y LIIHOM

JIMHUU 3JIEKTpONEepenavn

M300peTeHHe OTHOCHTCA K 3JIEKTPOSHEPreTHKE M MOXET ObITh MCIONL30BAHO s
KOHTPO/ISl YPOBHSI HAKOIMJIEHWS YCTAJOCTHBIX MOBPEXAEHUH TMPOBOJOB BO3AYIIHOH JIMHHH
anexrponepenauu (JIIIT).

HM3BecTeH o1eKTpOnoOTeHHANIBbHBII KOHTPOJIb CTENEHH TOBPEXIECHUA METAILIA KOJIbLEBBIX
CBAPHBIX COETUHEHHHA IyTEM H3MEPEHHs 3JIEKTPHUYECKOro CONPOTHUBIIEHHS, CMOCOO H3MepeHHst
rayOuHbl TPELWIMHbI BJICKTPONOTeHUHAIBHBIM MeToaom (Tlatenr PO Ne 2527311, MIIK
GOIN27/20, onybn. 27.08.2014; IlkatoB ITH. DiextponoreHUHANbHbIH KOHTPOJbL Ka4yecTBa
KOJIbLEBbiX cBapHbix coennnenui /I H. [llkaros, A.B. Bonosozos//Te3. doxn. Poccuiickoit HTK
"Hepaspywmaromii  koHTpoiab M aumarsoctka' M.. POHKTZ, 1999. t.1. C. 157),
3aKJIFOYAKOLIHACS B TOM, YTO MO U3MEHEHHIO SJIEKTPHYECKOrO CONPOTHBJICHUS] B HANPABJICHHSAX,
napasiejibHOM H NEPTICHMKY JIAPHOM TPELLHHE, MOXKHO CAENaTh BLIBOA O ee riyOuHe. M3mepenne
COMPOTHBJIEHHA 00pa3LOB BEIPE3aHHBIX U3 CBAPHOTO 1IBA OCYILECTBISETCS MO MOCTOBOH cxeme
YETBIPEXKOHTAKTHBIM METOIOM.

HenoctaTkn 5JEKTPOINMOTEHLHANIBHBIX METOIOB 3aKJIOYAlOTCSt B TOM, 4TO IJS HX
OCYLIECTBJIEHHs HEOOXOAHMO 3HaTh MECTOMOJIOXKEHHE TPELUHHBL, KPOME TOrO, YCTaHABIUBATDH
30HZAOBbIE JJIEKTPO/Ibl BCAKMHA Pa3 B 3aBUCUMOCTH OT €€ pacronoxeHus. B cimyuae koHTpons
COCTOSIHHA NPOBOAOB HEU3BECTHO PACMONIOKEHHE MOBEPXHOCTHBIX Je(ekToB. Pasmeps! TpewuH
SIBJIAIOTCS MHKPOHHBIMH, HX MHOXECTBO M X HarpaslieHHe W riyOuHa pasiaudnbl. Kpome Toro,
MpOBNeMaTHIHO HX NMPUMEHEHHE AT MHOTOKMIILHBIX TIPOBOJAOB C HEOOJBbUIMMH JMAMETPAMH
OTACNBbHBIX [TPOBOJIOK.

H3BecTeH ¢nocod KOHTPOs HAKOIIEHHS YCTAIIOCTHBIX NOBpexaeHHH B nposoaax JIDI1
I10 NOKa3aHUsIM PErUCTPATOPOB BUOPALIMH, YCTAHABINBAEMbIX HA IPOBOAAX AEHCTBYIOLIMX JIMHHIT
(P11 34.20.182-90 Meronuyeckue ykasaHus M0 THIOBOH 3al(UTe OT BUOpALMH U CyOKonebaHui
NIPOBOJOB H rPO303ALLMTHBIX TPOCOB BO3Y LUHBIX JTMHWH DJIEKTpONepeaatH HanpsukeHuem 35-750
kB). Mudopmauus o yncne uuxios xonebanui Nposoaa, HaKOIIEHHAs 3 NEPHOL H3MEPEHMH,
MOXET OLITb MCMOAL30BAHA JUISE PACYETHOM OLEHKH CPOKA CaykObl MPOBOZOB [0 IMOSBIEHHUS
YCTanoCTILIX MOBpexaenuH mposoaa. Ilpu pacuerax ucnosb3yercss pexoMeHgyemasl KpHBas
Oesonacubix nanpsoxeunin CHIPDY (CHUI'PD - Mesxaynapoanuii Cober no  6onbinm
JJICKTPHUYECKHUM CHCTEMaM BLICOKOTO HAIIPSDKEIIHSI).

HenocrarkoMm omucanioro crnocoba KOHTPOMS HAKOMIEHHS yCTATOCTHEIX MOBPEKICHHI,

OCTaTOYHOI'0 PECYpca NMPOBOMAOB BO3AYUIHBIX JIMHHH SBISETCS HETOYHOCTH OLIEHKH PealbHOro
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HaNpsHKEHHO-1e(OPMUPOBAHHOIO COCTOSIHMSI MATEPHATIA POBOAA (YUUTHLIBAETCS B OCHOBHOM G
- AMINMTYAa M3TUOHBIX HATIPSKEHMH) M NPEeNesbHOrO COCTOSHHS TNPOBOKA MO KPUBOM
OesonacHbIX Hanpsbkenuit CUTPD.

HM3BecTHbl  cnocoObl  KOHTPONA  TEXHMHUECKOrO COCTOAHMA mposomoB JIDII ¢
UCII0/Ib30BAHMEM BbICOKOYACTOTHBIX CUTHAJIOB B Buae Oerymeii BonHbl (ITatent PD Ne 110555,
MIIK HO02G7/16, ony6n. 20.11.2011; Tlatent P® Ne 180993, MIIK GOI1R31/00, ony6x.
03.07.2018). CornacHo 3THM CIOCOOAaM BbICOKOYACTOTHBIM CHrHan B BHje Oeryimieii BOJHbI
NOCHUIAETCS OT U3JTy HaTessl BAOJb NPOBO/A, OTPAXKAETCS, IPHHIMAETCS W 3aTEM 00pabaThiBaeTCs.
[lo n3MeHeHMIO mapameTpOB MPUHSTOrO CUIHAJA MOJYHaOT HHOOPMALMIO O TEXHHYECKOM
cocrosHun mnposoaa. B Onoke 1mdposoit o0paboTku curHanos mnpoussoauTca obpadorka
MPHUHATOrO CHIHANA, BBIAEJEHUE T[I0JIOCHI OTPAKEHHOIO CHTHala CpeiacTBaMu  LuPOBOIt
punbTpauuy, Gukcupyercs Bpems, yepes KOTOPOE NPULUE OTPAKEHHBIH CHTHA. ITpoussoautcs
BbIMHCICHHE aMILTUTY IHO-YACTOTHOTO CMEKTpa pedJieKTOrpaMMbl MeTOROM IpeobpazoBaHust
Dypse U 0OPATHOTO BOCCTAHOBJIEHHUS.

Henocrarkom sThx crocoGoB siBnsieTcs, KpOMe HMCMOB3OBAHMS CIOXHOM uudpoBoit
06paboTKH, HEOOXOAMMOCTb YCTAHOBKM HA AEHCTBYIOUIEH JIMHUM [BYX BBICOKOYACTOTHMIX
3anaHI/ITeJlef;l no obe CTOPOHBI OT mnyanenei/'l, 4YTO CBsA3aHO C OTKJIOYEHUHEM JIMHUU U
HEOOXOAUMOCTBIO €€ BPEMEHHOIO Pa3phiBa.

HM3BeCTHO HCIONB30BAHHE METONOB MATHUTHOMH Ae)EKTOCKOMMH A5 OUEHKH OCTATOUYHBIX
HaNpPsXEHHI, TEXHUYECKOrO COCTOSHHSI IPOBOOB BO3/Yy LUHBIX JIMHHI asekTporepenay (OueHka
TEXHHUYECKOr0 COCTOSIHHS  BO3AYIUHBIX JIMHUH 3JIGKTPOMEpenay METOAAMM  MAarHHMTHOM
aepexrockonun. Bonoxosckuit B.1O., Boponuos A H., Cyxopykos B.B., LlykaHoe B.B.,
[lkanuos B.A., Aprembes M.C , Uepheuos B.B. Sueprus eaunoii ceru. 2016. Ne 1 (24). C. 42-
51). AnarnocTrueckas HpopMaLHs, IOy 4aeMas METOIOM MAarHUTHOI 1eeKTOCKOMHH, CaMa 110
cebe He MO3BONAET CYZHTL 06 M3MEHEHHH HECyilell COCOGHOCTH MPOBOIOB U IPO3OTPOCOB C
HHXKEHEPHOH TOUKK 3peHus. O/IHAKO AMarHOCTHYECKHE NapaMeTphl, TAKUE KaK BETMUMHA TIOTepH
CeUYEHHs M/IH aHHble 00 OOpbIBAX MIPOBOJIOK, MOTYT ObITh HCIIONL30OBAHBI B KAUECTBE BXOHBIX
npu pOPMHPOBAHHMH PACCMATPHBAEMBIX [ajlee MEXAHHUECKHX MOZEIEH IPOBOAA WIH rpo3oTpoca.
Takoii n0AX0x K HCTIOJIB30BAHIIO PE3Y IHTATOB MATHUTHOMN Ne(heKTOCKOIHH NO3BONSET METONAMI
MEXaHHKHM KOHCTPYKILMII OMpeeNnTh DA/l NPOYHOCTHBIX MOKa3aTeNned, MO KOTOPBIM MOXKHO
1esaTh OObEKTHBHBIE BHIBOABI O TEXHUYECKOM COCTOSHUM 0GC/IEN0BAHHBLIX OOBEKTOB.

Henocratkom crnocoba  sIBISIETCS  HENOCTATOWHAS — YYBCTBHTENLHOCTb, TOYHOCT
ONpeAe/eHHss YPOBHA HAKOIUICHHs! yCTallOCTHBIX MNOBpexAeHui. Ilpu 3apoxnaromemcs U
PasBHBRIOLIEMCS  YCTANOCTHOM  MOBPEXAEHHH  H3MEHSIIOTCS  XAPAKTEPHCTHKH  TONBLKO

[IPHTIOBEPXHOCTHOIO CJI0sI 1OCTATOYHO MaJIOH TOJU{HHBI.



K HemocTaTkaM MOMKHO OTHECTH H CIOKHOCTb TEXHUHYECKOMH, MPHOOPHOH peann3auuun KOHTPOSISL.

Haubonee Onu3kuM TEXHHYECKHM PEIIEHHEM K 3asBISieMOMY crocoby siBlsercs crnocob
KOHTPOJII ~ HAKOIIEHUst  YCTAJOCTHBIX  MOBPEXIAECHUN  MPOBONOB  BO3AYIIHOM  JIMHUH
3/1eKTponepe/iauu, packpriToiii B nateHTe PO Ne 2542597, MITK GO1R27/16, onydn. 20.02.2015,
M 3aKIIOHAOMMACA B TOM, 4YTO HM3MEDSIOT HANpSOKEHHE M TOK B IEPBOM H BTOPOM
MECTOMNONOKEHUSNX HA JIMHUKM 3JIEKTPONEPEAaUr, IPU 3TOM H3MEpeHUe HarpsKeHHUU U TOKOB B
NEPBOM U BTOPOM MECTOMOJIOXKEHUSIX CHHXPOHM3UPYIOT no BpeMeHu. Ilo u3MepeHHBIM
HaMNps:KCHUAM M TOKaM ONPEAE/SIOT MOJHOE CONPOTHB/ICHUE JTHHUK 3JIEKTPONEPEAA H MEXy
NEePBbIM M BTOPLIM MECTOMNOJNOXKEHUAMU. OnpelensioT TeMmnepaTypy MNPOBOLOB JIHHHU
anexrponepenayu. MsmepeHus mnpoBoAsST INpH  pa3nuuHBIX  Temneparypax. Haxoxpsr
TEMNEPATY PHbIH KOIYDULUMEHT CONPOTHBAEHUS B KAXAOM CIyyae U HUX CPABHHUBAKOT MEXIy
coOoit. [To BeMUUHE Pa3IUuMs CY AT O CTeneHn AedEeKTHOCTH NPOBOJA.

Henocratkom crocoba  sSBJIS€TCS  HENOCTATOYHAS]  4yBCTBUTEILHOCTb, TOUHOCTb
OnpeneneHHs ypOBHS HAKOIUIEHMs] YCTANOCTHBIX mnoBpexaenuit. Ilpu 3apoxparomemes u
Pa3sBHUBAIOLUEMCS.  YCTAJIOCTHOM  MOBPEXACHUHM  MU3MEHSKOTCS  XapPaKTEPUCTUKH  TONBKO
NPUIIOBEPXHOCTHOIO CJI0S ROCTATOYHO MAJIOH TOJILKHBL. B npuBeneHHOM Criocobe HCrob3yeTcst
NPOMBIIIEHHAs] YacTOTa, Ha KOTOPOM MOBEPXHOCTHOrO 3ddexrta npakTuyecku Her. [losTomy
TEMIePaTypHbIN KO3(PHULHEHT CONPOTUBIEHHUS 31€Ch SIBIISIETCS HHTErPAJILHON XapaKTePHCTHKOI
Atst BCeH TOJILIMHBI TPOBOAA. POJIb MOBEPXHOCTHOIO €105 NPeHEOPEXKUMO Maa.

Texnuueckoii 3a1a4eil U306peTers IBISETCS NOBBILLIEHUE Uy BCTBUTENLHOCTH U TOYHOCTH
OnpeneieHus ypOBHS HAKOIJIEHUA YCTAJOCTHBIX TOBPEXIAEHHH MPOBOMOB BO3AYINHOMW JIMHUM
3NEKTPONEpPeaayn A OUEHKH TEXHUUECKOrO COCTOSIHHS POBOAA.

TexHI1IeCKHM Pe3yTbTaTOM M300PETEHMs! ABJISETCS MOBBILIEHHE HAZEKHOCTH KOHTPOJIs
TEXHHYECKOIO COCTOSHUS MPOBOA.

YKa3aHHbIM TEXHUYECKHH pe3yJbTaT AOCTUraeTCs TeM, 4To B Crnocobe KOHTPOJIsSL
HAKOILICHHs yCTANOCTHBIX IOBPEXKACHHUI IPOBOJOB BO3AYLIHOH JHHHH 3JIEKTpONEpenaun,
BKJTIOHArOWIEM H3MEPEeHHE HaNpsXKEHUsl W TOKa B T1€PBOM MECTONOJOXKEHHWH HAa JIMHUU
SJCKTpOnepeaayi, U3MEpPEeHHE HAMPAXKEHHS M TOKAa BO BTOPOM MECTOMOJIOKEHHH HAa JIMHUU
SNIEKTPOTICpEAayM, TMPH 3TOM U3MEPEHHbIE HANPKEHHS M TOKH B TEPBOM U  BTOPOM
MECTOIOJIOKEHHUAX CHHXPOHHU3UPOBAHBI 11O BPEMEHH, OMPENCICHHE COMPOTHBIIEHHS JIHHHU
3JICKTPOTIEPENIatl MEXY NEPBbIM M BTOPbIM MECTOIOJIOKEHHAMH, COrIACHO H300peTEeHH IO, Ha
JIMHUH 3JIEKTPONEPENaut BLIOMPAIOT MEpBhIil yYAaCTOK NMPOBOXA B MECTE NOABECA TMPOBOMA HA
Onopy u BTOPOH Y4acTOK NPOBO/IA TOH K€ JUIMHBI, YTO U MEPBbIM, PACTIONIOKEHHbI HA yaNeHHH
OT MeCTa NOJBECa, H3MEPSIOT HANPSDKEHHS H TOKM B NMEPBOM M BTOPOM MECTOIMOJIOKEHHAX

[1epBOro 1 BTOPOrO YHACTKOB, MPHUHUMAs NEPBOE H BTOPOE MECTOIOJIOXKEHHE NEPBOrO yHacTka



COOTBETCTBEHHO B Hadajge ¥ KOHLE MEPBOr0 y4yacTKa, a MEpPBOE H BTOPOE MECTOMONONKEHHE
BTOPOro y4aCTKa COOTBETCTBEHHO B HAa4alle M KOHLE BTOPOTO yyacTka, ONpPenessiioT akTUBHOE
CONPOTHUBJICHHE NEPBOr0 H BTOPOT'O y4ACTKA NPOBOAA JIMHHAH, YPOBEHb HAKOTUIEHUS Y CTAJIOCTHBIX
TIOBPEXJEHNH MaTepuana NpOBOAA ONpPEJEJAIT MO H3MEHEHHMIO NOBEPXHOCTHOTO AKTHBHOIO
CONPOTHBJICHHS MEPBOTO Yy4YAaCTKa MPOBOAA, MPHUYEM 3TO U3MEHEHHE ONpPENENsIOT 110 PasHOCTH
AKTUBHBIX COMPOTHBJEHHH CO BTOPBIM YUaCTKOM TIPOBOXA, MPH 3TOM HM3MEPSIOT AKTHBHOE
CONpOTHBJIEHHS IBYX Y4aCTKOB MPOBOJA I10 MOCTOBOMH CX€Me NPH NPONyCKaHWH UMITYJIbCa TOKA
BbICOKOIT 4acTOTHI, HM3MEPEHHs OCYLICCTBIAIOT IMEPUCAHYECKH ABTOHOMHBIM YCTPOHCTBOM,
yCTaHaBJIHBAEMOM Ha OMNOpE BO3NYLUHON JUHUM 3JEKTponepenaun Haubonee HArpy>kKeHHOro
NPOJIETA, pPe3ynbTaThl H3MEPEHU I NepeatoT AUCneTyepy.

CyLHOCTh npeanaraeMoro croco6a KOHTPOJIS HAKOMIEHUS YCTANOCTHLIX MOBPekIeHUi
MPOBOJOB BO3AYLIHOH JIMHUM 3JIEKTPONEPENayH MOACHAETCS ueprexamu, rae Ha ¢ur. 1
npuseneHa OJMOK-CXeMa aBTOHOMHOIO YCTPOHCTBA KOHTPONS HAKOIJIEHHS YCTAlOCTHBIX
MOBPEXKACHUH, Pealu3yromero npeasaraeMelit cnocoG, na ur. 2 npuBegeHb! 3aBUCHMOCTH
conpoTuBjIeHHA npoBoaa Mapkd AC9S miunoil 1,2 M OT wacTorsl B nuanasoHe or 20 'y no 2
MFH U1 TPEX ciydaes: 4Jis Ueaoro npoBoja u ajs npoBoaa c HCKYCCTBEHHBLIM 06prBOM 1 u2-x
MTIPOBOJIOK.

b.10K-cXeMa aBTOHOMHOrO yCTPOIiCTBA KOHTPOIISI HAKOIUIEHHUS YCTATOCTHBIX TIOBPEXICHHIT
COMEPHUT onopy 1, K KOTOpOH MojBeweH NpoBOA 2 BO3AYIUHON JMHHHM JEKTPONEPENayH.
Konrakre KOJbUEBOrOQ THUIlA 3, O6XB3TI>IBa}01Lll/Ie npoBOAa 2, COE€AMNHEHEI C COrJIaCy rOmHMH
ycrpoiicTBamu 4. Coriacyrouiye ycTpoiicTsa 4 CoefMHeHb! ¢ U3MEPUTENEM COMPOTHBIECHHS 5,
KOTOpBIH COSAMHEH C FEHEPATOPOM HMITYJILCOB 6, FEHEPATOPOM BBICOKOH 4aCTOThI 7, HCTOUHHKOM
nuTaHuA 8 U mepenaloium ycTpoiictsom 9. ['eHepaTop MMNy/ibCcoB 6 U I'E€HEPATODP BBICOKOM
YaCTOThI 7 COCOHHECHRBI APpYyTr C APYTOM, a TaKXKe KOKIBIN U3 HUX COCOIHEH ¢ MCTOYHHUKOM NTHTAHUS
8, BBLIMOJHEHHBLIM B BUIE ABTOHOMHOTO 4KKYMYJSTOpA MIH BTOPHYHONO HCTOUHHKA,
MUTAOWErocs OT BO3AYIIHOHW JMHHM OJIEKTpONEpeJadd, C KOTOPbIM TaKKe COEIHHEHO
MEPENAIOLIEE YCTPOHCTBO 9. YCTPOHCTBO KOHTPONA HAKOIUIGHHS YCTANOCTHBIX TOBPEXKIEHHIl
MOXEeT GbITh Pa3MeLeHO Ha OXHOM U3 OTOp HAHGOJIee HArPY KEHHOrO NpOJIETa KOHTPOIUPYEMOTO
Yy4acTKa JIMHHM.

Crnocod ocyiecTsasieTcs cneayoumm o6pazom.

Briduparor nBa yyacTka npososa 2 OOMHAKOBOM IUIHHbI, PacnonoxenHbie BOIU3H OMOpbI
I M Ha HEKOTOPOM pACCTOSHHU OT Hee. PaccTOsHME MOXET BapbHUPOBATHC. Harnpuwmep, B
COOTBETCTBHH CO CIOXHBIUEHCS MEXyHAPORHOH IPAKTHKOH HAKOMJEHHE YCTAJOCTHBIX
MOBPEXKACHHIH KOHTPOJIUPYETCS Ha PACCTOSHMH 89 MM OT NOC/IEIHEl TOYKH KOHTAKTA npoBoaa ¢

3aKHMOM  nozipeca. I'enepatop uMmmynbcoB 6 BHIPAOATEIBAET MPAMOYTONbHBIE HMITYJIbChI
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AJMTENLHOCTBIO 5 ¢ €O CKBAKHOCTBIO 150, DT  HMIy/ibChi  3alyCKAlOT B paboTy
BBICOKOYACTOTHbIH reHepaTop 7 wacToTsl 2 MI'L 1 H3MepuUTeas CONpOTHBIEHUS .

M3MepsitOT HanpsikeHUs U TOKM B Hayale M B KOHLE [ePBOTO yuacTKa NMPOBOZA 2 M BTOPOFO
y4acTka NpoBOda 2, MOCNE YEro ONPEAENSIOT CONPOTHBIICHWE JMHMH 3JIEKTPONEPenadyn Ha
NEpBOM 1 BTOPOM yuyacTkax nposoia 2. M3mepeHue HauMHAETCs IOCHE NPOXOKIECHUS
NPOMEXYTKA BPEMEHHU 2 C, B TEUEHHE KOTOPOTO r'eHepaTop 7 MEPEeXOAUT B yCTAHOBMBLIMIiCS
pexum padoTsl. CaMo H3MepeHHe OCyLIecTBIseTCs B TeueHHe 2 ¢. [loncoeanunenue k mpooay 2
OCYIIECTBJIAIOT NPH MOMOILM KOHTAKTOB KOJbLEBOrO THna 3, oOXBaTHIBAOLIHX IMPOBOA 2.
TToncoenunenne y4acTkoB Kk M3MEPHTENIO AKTHBHOIO COMPOTMBJIEHHS S OCYWIECTBISIOT MPH
NOMOLIH (BHAEPOB U COTNACyIOWMX YCTPOicTB 4. B usmMepuTee conpoTHsieHus 3 OCYILIECTBJSIOT
U3MEPEHUE AKTUBHBIX CONMPOTHBIEHUH W HX CpaBHeHue Mexay coboil. Ilpu npesbiiueHun
3HAY€HUs Pa3HOCTH 33J]AHHOrO YPOBHS CHUTHAJ MOCKLIAETCS Ha Mepenatouee ycrpoitctso 9. Bee
Gnoxu 5, 6, 7, 9 MATAOTCA OT MCTOYHMKA TNHTAHHUsS 8, BLINOJHEHHOrO B BHUJAE ABTOHOMHOFO
AKKyMyJIATOpa  UIM  BTOPUYHOIO  MCTOYHUKA, [MTAIOLIEroCsi OT  BO3AYIUHOH  JHHUU
3JeKTponepenayu. MamepeHue npoucxoauT ¢ 4acToToit 1-2 pasa B CyTKH — B IHEBHOE H HOUHOE
BpeMsl. DTy 4aCTOTY MOKHO BapbUPOBATH YCTAHOBKAMH B GJI0Ke 6.

Mdusznyeckas CYLIHOCTb MOBHLILUEHHS YYBCTBHTCJIPHOCTH U TOYHOCTH onpeacneHus YPOBHA
HaKOTIEHHSH YCTAJIOCTHBIX MOBPEXAEHUH 3aKM0UAETCS B CrienyioieM. B npouecce 3apoxaeHus
TPELMH OCOOCHHYIO PO.Ib HIPAET MOBEPXHOCTHBII C/IOH HOMMKPHCTAIHYECKOro MeTajlia. B Hem
BO3HUKAET MHOXECTBO ME(PEKTOB KPHUCTAIMYECKOrO CTPOEHHs, TAKUX KAK BAKAHCHUH,
AUCIOKALMH, MHKPONOPbl U WX ckorleHus. OObeaUHSASICh, OHM NPHUBOIAT K TMOSBICHHIO
MHUKPOTPELUHH. JKCNEPUMEHTANbHO HAOMOaeMasl TONKHHA TTIOBEPXHOCTHOTO CJIOS COCTABJISET
m1d0 pasmep 3epHa, MO0 BENHYMHY MOPSIAKA AECATKOB MHKPOH. TOMIUMHA TAKOTO CIOS B
AIIOMHHUH COCTABJISICT BENHYUHY OKOJIO 30 MKM.

TTockosbKy 3apoxaeHHe TpelmHH NPOMCXONUT HA NOBEPXHOCTH TIPOBOAA HJM BOIH3H Hee
B TOHKOM CJ10€, TO HEOOXOIMMO HU3MEPATH JIEKTPHUECKOE COMPOTHBICHUE UMEHHO 3TOrO CJIOS.
DTO MONKHO CleNaTh, €C/IH NPOBOANTEL TAKME U3MEPEHHS MYTeM MPOMYCKAHMUS N0 MpoBOAY TOKA
BBICOKOH 4aCTOThI. 3BECTHO, UTO TOKH BBICOKOI 4aCTOTHI TEKYT B MPHIOBEPXHOCTHOM CIOE
MPOBOJHNKA ONAroAaps MNOBEPXHOCTHOMY s(dexty. TOMMHHY €0 MOXHO BapLUPOBATD,
H3MEHAR HaCTOTy TOKA. JJIEKTPUYECKOE COMPOTHBIIEHHE C/IOS UyBCTBUTENIBHO K HATHUYMIO M
KOHL@HTPALHH HeDEKTOB KPHCTAIUIMYECKOrO CTPOEHMS B HeM. Takoil crnocod KOHTPOJIS
COCTOAHMA nposoa eule 6onee sddexTuBen B TOM Ciyuae, KOraa B MPOUECCe SKCILTYaTALMH
NPOHCXOIHNT pa3pblB OTAENBHBIX POBOAHUKOB B CKPyTKe. Pa3pbiB MPOBOAHMKOB NPOUCXOMHUT B
30He HaubONbIWNX M3THGHBIX NedopMaLHii, T.€. Ha MTOBEPXHOCTH. B 3TOM CTy4ae YMEHBIIAETCS

nnomanb Ce4eHus HpOBOIIHLLIefI pr6KI‘I AJIsA BBICOKOYACTOTHOTI'O TOKA.



DddexTUBHAS TONIMHA POBOASAILETO HOBEPXHOCTHOI'O CJI0S ONMPENENSETCS BhIPAKEHHEM
,2
c= 2 rie © ~ UMKIMYeCKas YacToTa, U — aOCONIOTHAs! MArHHTHAs MPOHHLAEMOCTb MaTepHana
[ayns

MPOBOJA, P — €ro yAeJbHOE CONPOTHBIEHUE.
BennuuHa 371€KTpHYECKOro CONPOTHBIIEHUS IOBEPXHOCTHOIO CIIOS B NPHOIIMKEHHH ¢ <<

D onpenensercs BbipakeHHEM:

i PO
Rewy
rie /) — nuamerp hp()Bona BO3MYWHOW NUAUK, [ — ;JUIHHA yyacTka, Ha KOTOPOM H3MEPSETCs
COTIPpOTHBIICHHE.

B cayuae oOpbiBa m npoBONHUKOR TOMUUHBI d B CKPYTKE, pacroJIOXKEHHbIX Ha
NOBEPXHOCTH, NPOROTUMOCTE BCErQ IMpoOBOAA YMEHBIIACTCS. B pPE3YIbTATE 3TOI0 U3MEHSETCH
nepUMETp cedenusi 7. OH Terepb COCTOMT U3 CEKTOPA BHELIHEH OKPYXHOCTH C PAZIUyCOM BCETO
UCXOHOTO NPOBOAA U CEKTOPA BHYTPEHHEH OKPYIKHOCTH C Paidy COM, YMEHBLIEHHOM Ha {HAMETP
ONHOM KulbL ECIU NpUHSTL 32 # oblee KOIUYECTBO KU B MOBEPXHOCTHOM CJI0€ UCXORHOTO

npoBoja,  TO  nojHas  JmMHA  ayr  OOnbwod M Manolf  OKPY>KHOCTEH — paBHA

d
P=nD ( 1%) +n(D-2d) %=n (D- %‘) Torna noBepXHOCTHOE COMPOTHBJIEHHE TAKOrO IMPOBOAA

MPHHHUMACT BHA.

__ B Opp
R= n(D-2) NER

['eomerpuuecknii kosdduumenT 0<P<1 yuuTHIBAET HEMNOTHOE MPUIIEraHHe OGOPBAHHBIX
KHJT K OCTaBIIEHCS YaCTH, UX OTrubaHue.

PesynbraThl 3KCEpPUMEHTAIBHBIX U3MEPEHHUI COMPOTHBJIEHUN B AMANa3oOHe YacTOT OT 20
't no 2 MI'u, nposeaeHHbIx 151 uenoro nposona Mapxu AC95 mmunoit 1,2 M 1 s npoBoja ¢
MCKYCCTBEHHBIM 0OPBbIBOM 1 M 2-X MPOBOJIOK [OKA3AIIM, HTO OOPbIB MPOBOIOK BEAET K BUAHMOMY
yBeaMUeHHIO conportusieHns (¢ur. 2). JInst M3MEPEeHMs COMPOTHBICHUA HCIIONb30BANICS
Mpeun3MoHnbli n3mepurens LCR E4980A. HsMmepenus npoBOAMIMCh B MOCIEIOBATEIBHOM
pexnme Ls-Rs (MHAyKTHBHOCT — COMPOTHBJIEHHE).

Haunbonbuine usmenenus sameTHb! npu BpIcOKMX yacToTax (107! Om npotus <10 Om Ha
Hu3kux). MccnenoBanus nokasanu Hamu4ne 3aBUCUMOCTH MOBEPXHOCTHOT'O CONPOTHBIEHUS OT
CTCTICHH PA3BUTHUS YCTAJIOCTHBIX MOBPEKACHHH, YMCNa MOBPEKIAEHHBIX NPOBOJIOK, YTO MOKET
MCMONB30BATLCA Ui AWATHOCTHKH HAKOIUIEHUs YCTANIOCTHBIX IOBPEXKAECHHH, TEXHHUECKOTO

COCTOsAHHA NPOBOIOB.



M3amepenue conpoTusieHnss NpoBORAT AU(depeHIHaANBHbIM HIIM MOCTOBBIM METONOM.
[pennaraempiii  cnoco® mMO3BONSET CPABHHUBATHL BEJMUYMHY NOBEPXHOCTHOTO AKTHBHOIO
CONPOTHBJICHUST MPOBOJA B 30HE MOJABECA C CONPOTHBJIEHHMEM NPOBOJA, HE MOMBEPKEHHOTO
YCTaJIOCTHOMY HArpy»KeHHI0, TOH ke IMHbl Pe3ynbrar 3aMepa BhICOKOYACTOTHOIO aKTHBHOTO
COMPOTHUBJIEHHS HAaUbONee ys3BUMOro (parMeHTa MpoOBOAA, BKIIOYAKOIMEr0 MECTa €ro Mnojseca,
rnepenaeTes Ha AMCIIETYEPCKUE Ny AT MO0 BEICOKOUACTOTHOMH CBS3BIO 11O TOMY XK€ IPOBOAY, THG0
PagMOCHTHATIOM.

Taxkum 00pasom, 3asBAEHHBIH CHOCOD IO3BOJIAET NOBBLICUTH TOYHOCTb ONpENENIEHUS
YPOBHSl HAKOIUIEHUS YCTaJOCTHBIX MOBPEXIEHUH M OOeCneunTh MOBLIIEHHE HANEKHOCTH

KOHTPOJA TEXHHYECKOrO COCTOSIHHS npoBoaa.



dopmyna uzolperenus

Criocob KOHTPOJIs HAKONJIEHUS YCTAOCTHAIX OBPEXIEHUI POBOJOB BO3MYIUHON JIHHAM
3JIEKTPOIePEaayH, BKIIFOYAKOUHA H3MEepEeHUe HANPSXKEHHs] U TOKA B IEPBOM MECTOIOIOXKEHHUH Ha
JIMHUH 3JICKTPONEPe A, U3MEPEHHE HAMIPSXKEHUS 1 TOKA BO BTOPOM MECTONOJIOKEHUH Ha JIMHUK
3JIEKTpONepeaayu, MpH 3TOM M3MEPEHHBIE HANpPsXKEHUS M TOKM B I[1€PBOM M BTOPOM
MECTOMONIONEHUSAX CUHXPOHU3UPOBAHbI TI0 BPEMEHH, OnpeleseHHe CONPOTUBJIEHUSA JIHHUU
3JIEKTPONEPEnayl MeXay NepBbIM U BTOPLIM MECTONON0XEHUSMH, OTIIMUYAIOLIUNACS TEM, UTO Ha
JIMHHMU 3NIEKTPONEPENAyl BLIOMPAIOT MEPBLIM yHaCTOK MPOBOAA B MECTE MOABECA MPOBOAA HA
OMOpY U BTOPOU y4aCTOK MPOBOAA TOI1 3Ke AJIMHBL, UTO U NMEPBLIii, PacrONOKEHHbIH Ha yAaTeHUU
OT MeCTa MOABECA, M3MEPSIOT HANpPSXKEHUs: U TOKM B NEPBOM M BTOPOM MECTOIOJIOXKEHHSIX
MIEPBOro U BTOPOI'O Y4aCTKOB, MPUHUMAS NIEPBOE U BTOPOE MECTOIONIOXKEHHUE NEPBOr0 y4yacTKa
COOTBETCTBEHHO B HAadajie W KOHUE MEPBOro y4acTKa, a MEPBOEC W BTOPOE MECTONONOXKEHHE
BTOPOI'O Yy4acTKa COOTBETCTBEHHO B HA4ajleé M KOHLE BTOPOrO y4acTKa, ONpeAesiOT aKTHBHOE
COIPOTHUBJIEHUE IEPBOrO U BTOPOrO YHaCcTKa MPOBOJA JINHWH, Yy POBEHb HAKOIJIEHHS! Y CTaIOCTHBIX
MOBPEXJIEHHN MaTepualla MPOBOJAA ONPERESSIOT MO H3MEHEHUIO MOBEPXHOCTHOIO AKTHBHOTO
COMPOTHUBJIEHHS IIEPBOr0 y4acTKa NMPOBOAA, NPHYEM 3TO H3MEHEHHE ONpPEAEeN ST M0 Pa3sHOCTH
NIOBEPXHOCTHBIX aKTUBHBIX CONPOTHBIIEHHH CO BTOPLIM YUaCTKOM NPOBOAA, MTPH 3TOM U3MEPSIOT
MTOBEPXHOCTHbIE AKTUBHbIE COMPOTUBJIEHUS JBYX YYACTKOB IIPOBOAA MO MOCTOBOM CxeMe Npu
NpoNyCKaHWH MMIY/IbCa TOKA BbLICOKOW 4YaCTOTbI, MPUYEM M3MEPEHHs OCYIUECTBIAIOT
NEePHOANYECKH ABTOHOMHbBIM YCTPONCTBOM, yCTaHaBIMBAEMOM HA OMOpE BO3AYLIHOH JIHHHH
3JEKTPONEPENaUM HauboNiee HArpy>KeHHOTO TIIPOJETa, pe3ynbTaThl H3MEPEHWH NepearoT

aucneryepy.



Crocob KOHTPOJIS HAKOTUIEHHS YCTAIOCTHBIX TTOBPEXIEHHH NPOROIOB
BO3JYIIHOH JIMHHH IEKTponepeadn

3 3 2 3 3
|
4 - cornacyomiee 4 - cornacyrouce
YCTPOMCTBO yCTpPONCTBO

5— M3MEPUTCIIE AKTHBHOTO COIIPOTHUBIICHUA

|

6 -
reneparop | 7- rencparop 9 — nepen.
uMiyibcoB] | BBICOKOI 4acTOTHI YCTPOHCTBO

8- UICTOMHHK I1HTaHUA

bur. 1



R, Om

Cnoco6 KOHTPONA HAKOTUICHHS YCTANOCTHBIX MTOBPEKISHUN IPOBOIOBR
BO3AYLIHOH JIMHHH Y ICKIponepeaadn
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OTYET O HATEHTHOM IMIOUCKE HoMep eBpasuiickoif 3asBKu:

(crarea 15(3) EAIIK u npasuno 42 MatentHoi HHCTPYKIIMH K

EAIIK) 202293002

[A. KIIACCUDHKALVA [IPEJIMETA U30BPETEHMA:
GOIR 27/16 (2006.01)

Coraacno MexayHapoaHoii narentHo# knaccudukaiuu (MIIK)

b. OBJIACTDH ITOUCKA:

[TpocMOTpenHas JOKyMEHTaLUA (CHCTeMa Kiaccuukalnn 1 rEaekckl MITK)

GO1R 27/02, 27/16, 31/08, HO2H 7/26

DneKTpoHHas 6a3a aHHBIX, UCTIOJIB30BABLIAsACA TIPH NOKCKE (Ha3BaHKE Ga3bl H, €CIH, BO3MOXKHO, HCTIOJIb3YEMBIE TOUCKOBBIE TEPMUHBI)
[EAPATIS, Espacenet, Internet

B. JOKYMEHTBI, CYHUTAIOILUECA PEJIEBAHTHBIMU

KaTCI‘OPPIﬂ* CchlKH Ha JAOKYMEHTBI € YKa3aHUEM, 1€ 3TO BO3MOXKHO, PEIEBAHTHBIX YacTer OtHocutcs K NYHKTY Ne

A RU 2 608 889 C1 (PEJEPAJIbHOE NOCYZIAPCTBEHHOE BIO/DKETHOE OBPA30OBA- ]
TEJILHOE VUPEX/IEHUE BBICIIEI'O OBPA3OBAHMSI « UPKYTCKHI HALIUO-
HAJILHBIN UCEJIOBATEJILCKUM TEXHUYECKHUN YHUBEPCUTET» (®TBOY BO
«MPHUTY »)), 26.01.2017, onucauue

A P 2004-354248 A (ASAHI ELECTRIC WORKS LTD; MIE TLO CO LTD), 16.12.2004, 1
pedepar, ¢ur. 1-3

A US 10 261 119 B2 (THE UNIVERSITY OF AKRON), 16.04.2019, pedepar, ¢ur. 1, 4 1
A B. I'. KYJIBKOB 1 ap. OxcnepiMeHTaNbHbIE HCCIEA0BAHUS YCTANOCTHON IPOYHOCTH U 110~ 1

BEPXHOCTHOT'O 3JIEKTPOCONPOTHBIIEHHS AIOMUHHEBOTO NPOBOJAA BO3AYLIHBIX JIMHUH 3JIEKTpPO-
nepenau. HaxexxHocTs U 6e3onacHocth snepretuky. 2021 r, tom 14, Ned, c. 189-195

D NOCACAYIOMHUEC NOKYMCHTRI YKa3aHbl B NPOJAOJDKEHUH

«T» - Gonee NO3AHUI AOKYMEHT, ONyONMKOBAHHBII MOCNE AaThl NPHOPHTETA H

* Oco6ble KATErOPHH CCBUIOMHBIX A0KYMEHTOB:
NPUBECHHBIN U1 IOHUMaHUs U306peTeHus

«A» - JOKyMEHT, onpeeNsiounuit o01ui YypoBEHs TEXHUKH

«D» - IOKYMEHT, IPUBEICHHBIH B eBPa3sUiCKof 3asBKe «X» - JOKYMEHT, UMeIoImuii Hanbonee GIM3KOoe OTHOLIEHHE K NPEAMETY TNIOHCKa,
(E» - Gonee paHHHiA NOKYMEHT, HO OMyO/IMKOBaHHEI Ha ATy NOJAYH nopovayii HOBU3HY UIH H306PETATENBCKHUI YPOBEHD, B3STHIA B OTACILHO-
ctH

(cBpa3uiicKoil 3aABKH HIIH 11OCIE Hee

«O» - TOKYMEHT, OTHOCSAILMIACSA K YCTHOMY PacKpPBITHIO, SKCTIOHUPO-
BAHHIO U T.1,

"P" - IOKyMEHT, oryGnHKOBaHHBIH 10 AAThI NOLAYH €BPA3UICKOM
3aBKH, HO T10CJIE AaThi HCOIPALIMBAEMOro MpHopuTeTa"

«Y» - IOKYMEHT, UMEIOLIHIA Hanbosee 6AM3KOe OTHOMIEHHE K NPEAMETY NIOHCKa,
nopouatui H306peTaTebCKHi YPOBEHDL B CONETAHUHU C APYTUMK AOKYMEH-
TaMHu TO# e KaTeropuu

«&» - HOKYMEHT, ABJAIOLIMIACA NATEHTOM-aHAIOrOM

«L» - NOKYMEHT, NPHBE/ICHHbIH B APYrHUX LENAX

Jlata npoBenenus narentHoro noucka: 07/02/2023

VY101HOMOYEHHOE THLIO:
HavaneHuk oTAena MEXAHUKH,
GU3NKHM K ANEKTPOTEXHHUKH
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