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KJIFOUEBBIE CJIOBA

OnepaTUBHBINA MOCTOSHHBIN TOK, TEXHUYECKHE TPEOOBAHMsI, AJICKTPOIUTAHUE YCTPOMCTB peNeiHOM
3aIUTHI, 3alliTa OT CBEPXTOKOB, OJJIGKTPOMArHUTHAs COBMECTHMOCTh, OKCIDIyaTallHOHHAs
HaJEKHOCTD.

1 BBEJIEHHE

B nmocnennue necsaTuieTvs HAONIONAIOTCS 3HAYMTEIbHBIE W3MEHCHHS B OpraHHU3alliH
ANEKTPOMUTAHUS PEIEHHBIX 3allUT W YCTPOMCTB aBTOMATUKH »HeprocucreMm. Ddakropamu,
00yCIaBIMBAIONTUMHI IIEPECMOTP CXEMOTEXHHYECKHX PEIICHHH ¢ TPUMEHEHHE HOBBIX BHIIOB
3IEKTPOOOOPYI0BAHUS CHCTEM ONEePaTUBHOTO TOKa (COIIT), SIBJISTFOTCSL: 3aMcHa
ANEKTPOMEXAaHUUECKUX  pelie B YCTPOMCTBaX  pelNerHOM  3alluThl,  3JIEKTPOABTOMATHKH,
MIPOTHBOABAPUIHON aBTOMATHKHN M OTICPATUBHBIX OJOKMPOBOK, Ha MUKPOTIPOIIECCOPHBIC YCTPOHCTBA,
CHI)KCHUE MOIIHOCTH U BBbIPABHUBAHUE TPAPUKOB HATPY3KH 3JICKTPOINPUEMHHUKOB; TOSBICHUEC
WHHOBAI[MOHHBIX HCTOYHHUKOB TIOCTOSIHHOTO TOKa, 3apsSIHBIX YCTPOWCTB, HOBBIX THUIIOB
KOMMYTAIMOHHBIX M OTKIIIOYAIOUIMX 3allUTHBIX allapaToB, HOBBIX BO3MOXKHOCTEH MOHUTOPHHTA
PeXMMOB DPAa0OThI M JHATHOCTUKUA TEXHUYECKOro coctosiHus obOopynoBanuss COIIT, u3meHeHus
CTPYKTYPBI U (PYHKIIMH IKCILUTYaTAllMOHHOTO ¥ PEMOHTHOT'O TIEpCOHAIA.

B Poccuiickoit ®eneparun BriepBeie pa3padorad u ¢ 2010 rona BBeneH B IEHCTBHE CTaHIAPT C
texanaeckumu tpedboBanusmu k COIIT [1]. OnslT mpuMeHeHuss HOBOTO cranmapTa B demepabHOM
CeTEeBOM KOMIIAHWHU EIUHON DJIEKTPOIHEPTETHUECKOW KOMIIAHMH IMO3BOJHJ anpoOHpOBaTh HOBBIE,
paHee He ucnoas3oBaBurecs B Poccun, texundeckue pewenus no COIIT: oTka3 ot peryiaupoBaHus
HaIPSOKEHUST B CETH TOCTOSTHHOTO TOKA C TIOMOIIBIO JOTIOTHUTEIBHBIX 3JIEMEHTOB aKKyMYJISATOPHOMH
Oarapeu; mepexoj Ha MOJYJIbHBIC 3apsHBIC YCTPOWCTBA C JUHAMHYCCKUMH XapaKTCPUCTHUKAMHU,
MO3BOJISIONUME  O0CCIICYUTh JIOKAIM3AIUI0 3JICKTPUYCCKH YJAICHHBIX KOPOTKUX 3aMbIKaHUM;
WCTIONIb30BaHUE  TPEXYPOBHEBBIX CHCTEM 3alllUTHl OT CBEPXTOKOB; OOECIEYeHHE TEePMHUYECKOi
CTOMKOCTH W HEBO3rOPaeMOCTH KaOesiel, CXEMOTEXHHUUYECKHE M KOMIIOHOBOYHBIC IPHHIIUIIBI
pesepBupoBanus uemneir u ycrporicts COIIT; nnHoBauuonHbie pemieHus no uuterpauuu COIIT B
ACY mnoncranmmu u ap. B 2012 roxy crangapt 6b6u1 0OHOBIIEH C YYETOM OIBITa TPUMEHEHHS €TO B
MIPOCKTUPOBAHUU U B DKCILIyaTallMA MaruCTPATBHBIX MOICTAHIINN.

B 2008 - 2012 romax Owputu mpoBeneHbl MaccoBbie oOcinemoBanuss COIIT nHa geicTByrommx
nonctannusx. CoOpaHbI, CHCTEMAaTU3UPOBAHBI M IMPOAHAIM3UPOBAHBI CTATUCTHYECKUE JAaHHBIC IO
TEXHUYCCKOMY  COCTOSHHUIO  aKKyMYyJSATOPHBIX  Oarapeif, 3apsgHBIX  YCTPOHCTB H  TO
paboOTOCIIOCOOHOCTH ~ aBTOMATHUYECKUX  BBIKIIIOYATENICH, CTEMEHW  JIerpajallid  KOHTaKTHBIX
coequHeHn. Pa3paboTaHbl pPEKOMEHJAIMHM IO TMEPUOJUYHOCTA U COACPNKAHHUI0O TEXHHUYECKUX
obcnenosannit COIIT B mpomecce skcIuTyaTanuu noAcTaHui. PaspaboTansl crieranbHbIe CpeacTBa
JUSI  W3MEPEHHsI TapaMeTpOB MW JHAarHOCTHKH HHU3KOBOJIBTHOTO OOOPYIOBaHHS, BKIIOYAsS
AKKyMYJISITOPBI.

B noxnane mpeacTaBiieHbl HayyHble OCHOBBI JKcrutyatauuu U mnpoektupoBanusi COIIT,
paspaboTtaHHEIE U anipoOupoBaHHBIC B Poccuu 3a mociieiHee necaTuiieTue.
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2 NPUYMHBI HEPECMOTPA TPEBOBAHUW K CHUCTEMAM OIEPATHBHOI'O
MNOCTOSHHOI'O TOKA

2.1 OO01ue Moo KeHus

TexHu4eckoe OCHAIIEHHE CHCTeM orepaTuBHOro noctosHHoro toka (COIIT) Ha moxcTaHIusIX
U DIIEKTPOCTAHIMAX CYIIECTBEHHO M3MEHHWJIOCH B mociennue roasl [2]. Ipexae Bcero, M3MEHWINCH
XapaKTePUCTUKHA  JIEKTPONPUEMHUKOB. PeneifHple  3amuThl, DJIEKTPOABTOMATHKA, CHUCTEMBI
MOHHTOpPYHTA W aBTOMAaTH3WPOBAHHOTO YIPAaBICHHUS HAa TIOICTAHIUSAX HCIOIB3YIOT B OCHOBHOM HE
JNIEKTPOMEXaHUYECKUE peJie, a MHUKPOIPOIECCOpPHBIE YycTpoicTBa. CyIIECTBEHHO W3MEHWINCH H
XapaKTePUCTUKHA TPHUBOAOB BKIIOYCHHS BBICOKOBOJBTHBIX BBIKIIOUATeei. BMecTo »HeproeMkux
JIEKTPOMArHUTHBIX TPHBOJOB TOCTOSHHOTO TOKa BBICOKOBOJBTHBIE BBIKIFOUATENM OCHAIIAIOTCS
MPY>XKUHHBIMH TIPUBOJIAMU C 3aBOJIOM TPYKHH 3JIEKTPOABHIATENSIMHU MIEpeMeHHOro Toka. Ha cmeny
CBETHJILHUKAaM aBapHIHOTO OCBEIICHUS C JaMIIaMU HaKaJIMBAaHUS MPHUXOIAT JHEpProcOeperaromue
CBETOJUOJHbIE CBETHJIBHUKK. Ha TONCTaHIMAX, CHPOEKTUPOBAHHBIX W TIOCTPOSHHBIX B KOHIIE
MPOILIOTO BEKa, TOK IMOCTOSHHOW Harpysku nocturan 30 u Oojee ammep, TOK KpaTKOBPEMEHHOMH
Harpy3ky (IIPUBOZBI BKJIFOUEHHUS BBICOKOBOJIBTHBIX BBEIKJIIOUaTenell) mor mocturatb 1500 A. Ha
COBPEMEHHBIX TIOJCTAHIIUAX TOK IIOCTOSHHOW HAarpy3ku CHH3WICA B 2 - 3 pasa, a TOK
KpaTKOBpeMEeHHOW Harpy3ku He mnpeBbimaer 70 - 100 A wu ompenensercs, B OCHOBHOM,
3JIEKTPONIPUBOIAMH BKJIIOUEHHS BBIKIIIOUATENEH CPeTHETO HANpsKeHHs, KOTOpBIE, TIOKa eIle, HaXOIIT
MPUMEHEHUE Ha MOJICTaHIUAX. B Omkaiineil mepcreKTrBe MPUBOJBI M 3TUX BBIKIIOYATENeH OyayT
BBITECHEHBI NPYXKUHHBIMH IPUBOJAaMU M TOK KpaTkoBpeMeHHOW Harpy3ku COIIT Oymer eme Oomee
HU3KHUM.

OJeKTpOHHBIE KOMIIOHEHTHI, BXOISIIME B COCTAB MHOTUX DJIEKTPONPHUEMHHUKOB MOCTOSIHHOTO
TOKa, UMEIOT OoJiee KEeCTKHe TpeOOBaHUS IO AJIEKTPOMATHUTHON COBMECTUMOCTH [3], MO KadecTBYy
JIEKTPOIHEPTUH HA WX BXONHBIX KiemMax. Hamboree spkuM mTpuMepoM, B 3TOM OTHOIIECHWH,
SBIISIIOTCSA AMCKPETHBIE BXOJbl MUKPOIPOIIECCOPHBIX YCTPOWCTB peJieiiHoi 3amuTsl [4]. DHeprus,
HeoOXoauMas sl cpabaThIBaHUSI MUKPOTIPOIIECCOPHBIX YCTPOWCTB HA YETHIPE TIOPSAKA MEHbBIIE, YeM
Y 2JIEKTPOMEXaHUYECKHX pelle.

MeHsI0TCS Ha 3JEKTPOCTAHLUAX W TOACTAHIMAX M YCIOBHS AKCIUTyaTallid, COKpalaercs
YHCJICHHOCTh MEePCOHAla, YMEHBIIAIOTCS YacToTa U 00beM paboT M0 TEXHUYECKOMY OOCIYXHBAaHUIO
obopynoBanus. B 3HaunTenbHO OONBIIEH CTENEHH, YeM paHbIle, Ha TOJACTAHIHAX HCHOIB3YIOTCS
JMUCTAHIIMOHHBIE METOJABl KOHTPOJSI COCTOSHUSL 3JEKTPOOOOPYIOBaHHMSI W  YIPAaBICHUS WM.
YMeHbIIIEHUE KOJIHYECTBA JSKYPHOTO MEPCOHAa Ha TOACTAHIIUSAX U CHUKCHUE KBATH(DUKAITMOHHBIX
TpeOOBaHMI K HEMY KOMIIEHCHPYETCS HCIOIh30BAHHEM aBTOMATHU3WPOBAHHBIX CHCTEM YIIPaBIICHUS
anektpoobopyaoBanueM. B COIIT mnoacraHmmii  MCHONB3YIOTCA  3apsgHbBIE  yCTPOWCTBA C
NPOTPaMMHUPYEMBIMU PEKUMaMHU 3apsia, aBTOMATH3MPOBAaHHBIE CHUCTEMBI KOHTPOJIS M3OJSILUM U
MOWCKa «3eMin», WHTerpupoBaHHble B ACY MOACTaHIIMHM KOMIUIEKTHI YCTPONCTB MOHHTOPHHTA
COCTOSIHUSI aKKyMYJISITOPHBIX —Oartapeil, TOJOXKEHHsT W COCTOSHUS OTKIIOYAIONIMX 3al[UTHBIX
arnmapaToB, yCTPONCTBA perUCTpalnu aBapuiHbIX mpoieccoB B COIIT.

COBOKYIHOCTb  BBIIICYKA3aHHBIX TPUYMH OOYCIIABIMBACT HEOOXOIUMOCTb KOPEHHOI'O
nepecMoTpa TpeboBanuii k cxeMHbIM pemerusm COIIT, puc. 1, k Be10opy ob6opynoBanus COIIT u
pexumam padotsr COIIT.

2.2 CranaapTu3anusi TeXHMYeCKUX TpeOoBaHNil K cxeMHbIX pemieHnsam COIIT

B mapre 2010 roga BBeaen B aeiictBue crannapT OAO «OCK EDQC» Cuctembl onepaTUBHOTO
TIOCTOSTHHOTO TOKa ToacTaHiuidl. Texawdeckue TpeOoBanus [1], pa3paboTaHHBIE MOCKOBCKHUM
DHEPTreTUYECKUM HWHCTUTYTOM. TaKuX CTaHIapTOB, PETIAMEHTHUPYIOIINX BECh KOMILIEKC BOIPOCOB
opranmzanmu COIIT, pamee B Poccum He Obuto. Cranmapt mnpenjaraeT, Ha IOACTAHIUAX
®denepanbHOl ceTeBoM KoMmmnaHuu, ucnoias3oBaTh COIIT HanpsbkeHuem uckimouuTenbHo 220 B. 3to
HampsDKeHHE HAWIYYIIAM 00pa3oM COOTBETCTBYET MNPHUMEHSIOMUMCS B PoccHM TPOEKTHBIM
PEIICHUSM MO0 KOMIIOHOBKE OCHOBHOTI'O 3JICKTPOOOOPY/I0BaHMUS, C CUTHAJIBHBIMU KaOCJISIMU JUTMHOM J10
800 M u Oomee. Kpome Toro, mpu nHampsokenuun 220 B merko paspymaercs OKHCHasl IUICHKA,
o0pa3ymomascss B MPOLECCe JKCIUIyaTalliM Ha CYXHMX KOHTAKTaxX, 4TO CIIOCOOCTBYET IMOBBIIICHHUIO
Ha/ICKHOCTH pabOThI peNCHHOM 3alUTHl ¥ aBTOMATHKH.
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OngHuM W3 KIIIOYEBBIX HOBOBBeleHHWH, B oOmactu cxemHbIX pemenuit COIIT, sBmsercs
MOAKJIIOYCHUE Han0OJiee OTBETCTBEHHBIX DJICKTPOIPHUEMHUKOB, B YAaCTHOCTH YCTPOWCTB peleHHOM
3alUTHI, MOJKIOYaeMbIX K ImuHaMm ynpaeieHus (£EC), k cOOpke CBS3aHHOW C aKKyMYJISTOPHOM
Oarapeeil B 00XoI IIMH NPUBOJOB BKIOUeHHUs BhikItouatenei (£EY), puc. 2. IIpu takoil cxewme,
OTKJIIOYEHUE CBEPXTOKOB, BO3HHMKAIOIIUX B LEMNSIX M[PUBOJOB BKIIOUYEHHS BBICOKOBOJIBTHBIX
BBIKJTFOUATENICH, HE MPUBOJUT K OOCCTOYMBAHHUIO YCTPOWCTB PEJICHHON 3aIlMThI, YTO CYIICCTBEHHO
MOBBIIIACT HAICKHOCTH PA0OTHI MOJICTAHIIHH.

B HOBOM cTaHmapTe comepKUTCs PeKOMEHAANNs 00 UCKITIOUEHIH U3 CXEM ITUTOB ITOCTOSHHOTO
TOKa CEKIMOHHBIX PYOMJIBHUKOB M aBTOMAaTUYECKUX BBIKIOUaTesei. OTKa3 3TUX 3JIEMEHTOB MOXKET
BBIBECTH M3 CTPOS CPa3y JIBE CEKIUHU IIMH U 00CCTOYUTh OTBETCTBEHHBIC IIOTPEOUTENH ONEPATUBHOTO
MIOCTOSIHHOT'O TOKA.

1 100 108 120 VD2

= Il Tii- ~Z
. WC1 .

WC2

QF7 =\ ‘
ass QF1 ar2 | | ] as4

+EY [ ] [ ]
-EY I
(JEYE 3

i
Il
‘ Qst ‘
QFsisT) Qs7 ~ | I ass %T) QF6
Qs9 1 %7

+EC [ I ] [
-EC I
(+)ECL

— |

KOJ'IbLl,a NUTaHUA ManoMOLHbIX TOKONPUEMHUKOB [

KOJ'IbLla NUTaHNA MOLLHbBIX TOKONPUEMHUKOB

Puc. 1: TunoBas cxema COIIT, cooTBETCTBYIOIIAs HOPMATUBHBIM JJoKyMeHTaM 1987 roga

JpyruM CXeMOTEXHHUYECKUM HOBOBBEICHHMEM CTall0 pPa3MEIICHUE IUIABKUX MPEIOXpaHUTEICH
Ieny BBOJA AaKKyMyJSATOpHOW OaTapeM HE B IIUTe IIOCTOSHHOTO TOKa, a B OTIEIIBHOM
pacnpeeTuTeNsHON KOpOOKEe Ha HApY)KHOW CTEHE aKKyMYJISTOPHOTO TOMENICHHUs, puc. 3. DTO
MO3BOJIMJIO 3allIUTUTh OT CBEPXTOKOB, paHEE HE 3alIMIICHHBINA, Y4acTOK Iermu Oatapeu. YacTh memnu
aKKyMYJIATOPHOM OaTaper, HaXOAsIIAsACA B aKKyMYJIATOPHOM IIOMEIICHUH, OCTACTCS HE 3allMIICHHOM,
HO KOHCTPYKTHUBHOE UCIIOJTHCHUE MEKAIEMEHTHBIX AJICKTPUYCCKUX COSAMHCHUN OaTaped MCKIII0YaeT
BO3MOXHOCTh KOPOTKHX 3aMbIKaHHI B 9TOW 30HE U OTCYTCTBHE OTKIIIOYAIONIUX 3alIUTHBIX alnapaToB
CO CTOPOHBI AKKYMYJISITOPOB SIBJISIETCS HE KPUTHYHBIM (PaKTOPOB.

YMEHBIIEHUE TOKOB KpPAaTKOBPEMEHHON Harpy3Kd Ha HOBBIX HOJCTAHUUSAX I103BOJIUIIO
OTKa3aThCsl OT JONOJHUTEIBHBIX JJIEMEHTOB B aKKyMYJIATOPHOW Oarapee, HGOOXOJUMBIX paHee Jyis
obecrieueHnst cpabaTBHIBAaHUS COJICHOWIOB BKJIIOUEHHS MACJSHBIX 0aKOBBIX BBIKITIOUaTeneit. Otmana
HEOoO0XOoAMMOCTh U B OTBojie OT 100-oro snemeHra OaTaped, NpeayCMAaTPUBABIIASACS paHee IS
MOJICpKaHUs B JOMYCTUMBIX IpEJeNNax HANPSIKCHUS Ha JICKTPONPUEMHHUKAX, NMPH YPaBHUTEIbHBIX
3apsinax. COOTBETCTBHE OTKJIOHEHUH HAMPSHKEHUST HOPMATUBHBIM TPEOOBAaHHUAM 00eCIIeunBaeTCs oo
YBEJIMYCHUEM €MKOCTH aKKyMYJIATOPOB, JHUOO HCIIOIB30BAHUEM IHOIHBIX CEKIMH, BKIIIOYAEMBIX B
IICIIb IIUTAHUSA SHCKTpOHpI/IeMHI/IKOB n HIYHTI/IpyeMBIX 110 Mepe HeO6XOI[I/IMOCTI/I ynpaBHHeMI)IMI/I
KITIOYaMH, HapuUMep, KOHTAKTOPaMHU.
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Puc. 3: Bapuant cxemsr COIIT ¢ pa3nenbHbIMU HEMSAMHA TOIKITIOYEHHS ITWH IATa TOCTOSHHOTO TOKA K

aKKyMYyJISITOpHOH Oatapee

Tenmepp Bce aKKyMyJSTOpHI Oaraped MMEIOT WICHTHYHBIC YCIIOBHS 3apsia M paspsga, 4uTo
CHOCOOCTBYET MPOUICHHUIO CPOKA UX CITYXKOBI.
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2.3 3amuTa OT CBEPXTOKOB

BmecTo aBTOMaTHUYECKHUX BBIKIIOUATENEH, JUIsl 3alUTHL OT CBEPXTOKOB B coBpeMeHHbIX COIIT,
HOBBIM CTaHAAPT PEKOMEHIYEeT WCIOJb30BaTh KOMOWHHPOBAHHBIC aIlllapaThl, OOBLEAMHSIIONINE
(yHKIMHM TIPEeIOXPaHUTENs, BhIKIIOUaTeNs U pazbeaunutens. Panee B COIIT, mpu ucnonn3oBaHUH
ABTOMAaTUYECKHUX BBIKIIOYATENCH, BO MHOTHX CllydasX, HE yJAaBajJoCh OO0CCICYUTh JalibHEe
pe3epBUpPOBaHNE W HAJCKHYIO 3alllUTy OT IYTOBBIX KOPOTKHX 3aMbIKaHHil. Kpome Toro, mpoBaibl
HalpsDKCHHS Ha IMHHAX IIMHTa TOCTOSHHOTO TOKA, NPH KOPOTKHX 3aMBIKAHUAX, MOTJIA HMETh
MPOJIOJDKUTEIBHOCT,  HENPUEMJIEMYI0 IO  YCIOBHSM  3JEKTPOMAarHUTHOM  COBMECTHUMOCTH.
Hcnonp3oBaHue npempoxpaHuTeseid, ¢ HE3aBUCUMBIM Cpa0aThIBAHMEM ILIABKAX BCTABOK B ITOJIFOCAX
3aIIHAIAEMON TIeTIH, MTO3BOJISET OTKA3aThCsA OT JABLHEr0 PE3epPBUPOBAHUS OTKIIIOYAIONINX 3aITATHBIX
anmapaToB W 00ECHEYHMTh HAASKHYIO JIOKAIM3ALKI0 KOPOTKHUX 3aMBIKAHUNA C  ITOMOIIBIO
pe3epBUPYIONINX APYT Apyra IJIaBKUX BCTABOK OJHOTO mpefoxpanutels. [lnaBkuii mpeqoxpaHUTeNb,
C TUTABKMMHU BCTaBKaMHW B ABYX IOJIFOCAX, MOYKHO pacCMaTpUBATh M KaK OCHOBHOW OTKITFOYAFOTIIHII
3al[UTHBIN ammapaT ¥ KaK ariapar, BHIIOJHSIIONIMNA (YHKIIUN OJMKHETO Pe3CPBUPOBAHUS 3alUTHI OT
cBepXTOKOB. CyIIeCTBEHHBIM NPEUMYIIECTBOM IUIABKUX MPEAOXPAaHUTENCH, MO OTHOIICHHUIO K
ABTOMAaTHYECKHM BBIKIIOUATEISIM, SBIIIETCS yMEHbIIEHHE O0BbeMa W YacTOTHl TEXHHYECKOTO
obcmyxxkuBanus. Jlake COBPEMEHHBIE, BBICOKOTEXHOJIOTHUHBIC aBTOMATHYCCKUE BBIKIIIOUATEITH
HY)XIaloTCs, HE pexke | pasa B Toll, B ONpOOOBaHMM MJiA pPa3pyIICHUS OKHUCHON IUICHKH Ha
MOBEPXHOCTH KOHTAKTOB W YCTPAHEHWS BO3MOXKHOTO 3aKOKCOBBIBAHHMS MEXaHH3MOB pacleruTelNeil.
Texamaeckoe 00CTy)KMBaHHUE TUIABKUX MPEIOXPAHUTENICH CBOIUTCS K 3aMEHE TIEPETOPEBITNX TUIABKUX
BCTaBOK M IIJIABKUX BCTABOK, MTOABEPTABIINXCS BO3JICHCTBUIO CBEPXTOKA.

2.4 Pexxnm 3azemiienns COIIT wu JioxkHbIe cpadaThbIBAHUS PesleiiHON 3 ThI

Baxnoit mpoonemoiit COIIT sBnuseTcs peXUM 3a3eMIICHHsSI CETH IIOCTOSHHOTO Toka. Ha
oompmuHCTBe  nmedicTByromux COIIT snexkTpocTaHnuii W MOACTAHIIMN HCIIONB3YETCSl CETh C
M30JIUPOBAHHBIMU OT 3E€MJIM TOJOcaMH. THUIIOBOE yCTPONCTBO KOHTPOJSI H3OJAIMH MOJTIOCOB CETH
otHocutTenbHO 3emud, B Takux COIIT, comepkuT 1Lemnb, ¢ MUKPOAMIIEPMETPOM H PE3UCTOPOM,
conpotuBieHueM 7 - 20 kOM, COEAUHSIONIYIO MOJIIOCA CETH C 3eMJICil. BONBIIMHCTBO COBPEMEHHBIX
YCTPOMCTB KOHTPOJISL M3OJSAIMM UMEIOT ropasfo 00jiee BHICOKOOMHBIC IICTH, CBS3BIBAIOIIME HX C
3emuieii. C OJJHON CTOPOHBI, YBEIMYCHUE COMPOTHBICHUH MEX/y TIOTIOCAMH U 3eMJIei OJIaronpHusTHO
Brusier Ha 3ammty COIIT ot momex, oOycrmoBIeHHBIX OAHO(MA3HBIMA KOPOTKAMHU 3aMBIKaHWSIMH B
MEPBUYHONM CETH TOACTAHIIMH W paboTOW MONHHEPUEMHUKOB. B 000WX ciydasx BO3HUKAIOT
OonpIIe JAMHAMHYECKHE TIeperajgbl HANPsDKEHUS MEXKAY dSJIEMEHTaMH KOHTypa 3a3eMIICHHS
noactaHuud. Yepes pacrpeneseHHYI0 eMKOCTh CETU MOCTOSHHOTO TOKa M TalbBaHUYECKUE CBSI3U C
OTHOCHUTEIHHO MAaJIbIM COINPOTHUBIICHUEM MEXIY 3eMJICH U TOJIFOCAMH CETH TaKUe M TMOJ00HEBIE MM
MOMEXH MOTYT MPUBOAUTH K OTKa3aM MHKPOIIPOIIECCOPHBIX YCTPOWCTB, B YAaCTHOCTH, K JOXKHBIM
cpabaThIBaHUSIM peneiHo# 3amuThl. HaoOopoT, mnpu OONBIIUX CONMPOTHUBICHHUSX MOJIOCOB
OTHOCHUTEJILHO 3€MJIM, TPYJHO KOHTPOJUPOBATh CUMMETPUIO HANPSIKEHUH IOJI0COB OTHOCUTEIHHO
3emuid. PacmpenmesieHHas €MKOCTh IIOJFOCOB CETH OTHOCHUTEIHHO 3EMIIM MOXET 3apsDKaThCsS 10
HaMNpPsOKEHUH TOCTUTAIONIUX HANpsHKEHHE CpadaThIBaHUs PENICHHBIX 3alllUT U, MPH MOSBICHUU B CETH
CITy4YalHBIX 3aMBIKAaHUH Ha 3€MJTIO, TAK)KE BBI3BIBATH JIOXKHOE cpabaThIBaHNE PEIICHHBIX 3aIIIHUT.

IIpousBoauTenn MUKPOIPOLECCOPHBIX YCTPOHMCTB PEIEHHON 3aIUThl MPEAIPUHUMAIOT MEpPbI
[0 TOBBINICHUIO HMX MOMEXOYCTOHYMBOCTH, HO 3((EKTHBHOrO peuicHus I0Ka HE HaNJICHO,
MIOMEXO03aIUIIEHHOCTh MHOTUX YCTPOMCTB HE COOTBETCTBYET PEANbHBIM YCIOBHSIM AKCILTyaTallUH.
OtHOCHUTENTEHO 0O0Jice BBICOKOH YCTOMYMBOCTHIO K IOMeXaM O0Jamar0oT COBPEMEHHBIC TEPMHHAIIBI
pereiiHON 3alUThl C YHUIIOMSPHBIMHU JUCKPETHBIMUA BXOJAMH, C JOCTATOUYHO BBICOKUM HAaNpPsDKEHHUEM
rapaHTUPOBAHHOTO He cpabaThIBaHUA M 3aJePXKKON MEPEKIIOYCHHS JUCKPETHBIX BXOIOB Ha 5 MC U
Oomee. sl «rameHusDy SHEPTUH TIOMEXH CO3/IaeTCs CIEIUATBHBIA PEKEKTHBHBIA UMITYJIbC BXOTHOTO
TOKa, JIOTOJHUTEIHHO OOSCIECYMBAIONINN pa3pyIICHHE OKHUCHBIX IUICHOK Ha IMOBEPXHOCTH CYXHX
KOHTAaKTOB, puC. 4.

Ha puc. 5 m3o0pakeHa cxema, WITIOCTPHPYIOMAs IPOIECCHI Iepe3apsiaa €MKOCTeH CeTH
OTHOCUTEIBHO 3€MJIM, NPHUBOIANIMX K JIOKHBIM CpabaThIBaHUSAM peledHbIX 3amuT. CaMbIMu
OTaCHBIMU SIBIIIOTCS 3aMBbIKaHUs Ha yuacTke Mexnay YK u JIB.
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Puc. 4: BXOI[HLIC HAMPs’KEHUEC U TOK JUCKPETHOI'O BXOJ4d MUKPOIIPOLECCOPHOTIO TEPMHUHATIA pCHeﬁHOﬁ 3alIMThI

Ha ocHoBe aHanu3a DaHHBIX, TONYYEHHBIX PACUETHBIM M IKCHEPUMEHTAIBHBIM IyTeM, ObUIN
pa3paboTaHbl PEKOMEHJAIMHU 10 IPEAOTBPAILEHHUIO HEIPAaBIIIBHON Pa0bOThl PElIeHHBIX 3aluT, Ta0I. 2.
[IpenoTBpamenue J0XHOM pabOTHl peNeHHBIX 3alIUT OO0ECHeuuBacTCs, NMPU HE HAaNpPsHKCHHUAX
noocoB cetu COIIT B mpenenax, yka3aHHBIX B TaOI. 3.
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Puc. 5: Cxema cetn COIIT ¢ moaxiroueHHbIM [[B:
AB — akxymynsaTopHas 6arapest; YK — ynpasistromuit konTakT; /IB — auckperssiii Bxox; R1 —R3,
C1 — C3 — pacmipeniesieHHBIE COIPOTUBIICHUS H30JSIMY ¥ EMKOCTH Ha 3eMiio yaacTtkoB ceti COIIT;
R4 — BHyTpeHHee conportuBnenue BxoaHoi nenu JIB; C4 u C5 — xonaencatops! [B.

Tabmuna 2
TpeboBaHus K TapaMeTpaM AUCKPETHBIX BXOJIOB MUKPOIPOIIECCOPHBIX PETCHHBIX 3alIUT
Hopmatusnoe MuHuManbHO MaxkcumanbHo
HammenoBanne napamerpa 3HAa4YCHUE JIOIyCTUMOE 3HaYEHHE | TOMYCTHMOE 3HAUCHUE
O6mme TpeOoBaHUS:
[Tonstprocts JIB YHUIOJISIPHBII
BHyTpeHHEEe CONpOTHBICHHE BXOAHOM 40 - 60
1IN B ISKYPHOM pexnme, KOM
EMKOCTh BHYTpEHHUX Lieneil - - 2,2
OTHOCUTENIBHO Kopiyca, HD
[TapameTpsl UMIyNbCa PEXKEKIUU:
KonngecTBo anekTpuuecTBa UMITyIbca 200 200 -
pexexiuu, MKKi
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Hanpspxenne 3amycka uMITyisca 143 143 154
pexeknun , B
HanpspxeHne BRIKITIOUEHUS HMITYJTbCa - - 143

pexeknun , B

[TapameTpsl cpabaThIBaHUsI JUCKPETHOTO BXO/A!

Hanpsoxenne cpabateiBanus /1B, B 170 158 170
[IpooIKUTENBHOCTD 3a1€PKKI 5 0 20
cpabateiBanms 1B, Mc

Hanpsoxenne Bo3pata JIB B ncxomHoe 154 132 154

cocrtosHUE, B

Tabnuua 4
Honyctumele paznoctu HanpsbkeHud nonocoB COIIT oTHOCHTENBHO 3eMId
Jonyctumas pa3HOCTh HanpshkeHui, B,
IIpu cymMMapHOi EMKOCTH Ha 3€MJIO npu conpoTuieHun JIB u 3anepixke cpabaTbiBaHMs
noatocoB COIIT, mx®d 40 xOMm 60 kOM

Omc | 2mc | Smc | 10mc | 20mc | Omc | 2mc | Smc | 10mc | 20mc

2 65 | 67 | 123 | 176 | 219 | 65 | 65 | 114 | 160 | 204

4 65 | 65 | 82 | 108 | 144 | 65 | 65 | 77 | 102 | 130

6 65 | 65 | 70 85 108 | 65 | 65 | 68 82 99

8 65 | 65 | 65 75 93 65 | 65 | 65 72 85

10 u Gosee 65 | 65 | 65 70 82 65 | 65 | 65 65 77

2.5 3apsaHble yeTpoiicTBa

3apsmaeie  yerpoiictBa (3Y) B COIIT moncranmuii  SBISIOTCS OCHOBHBIM HCTOYHHUKOM
nocrossHHOTO Toka. K Hanbonee coBpeMeHHOH pa3HOBUAHOCTU 3Y, OTHOCATCS MOIYNPOBOAHUKOBBIE
npeoOpa3zoBaTent, OCYLIECTRIAIONINE TPOWHOE IpeoOdpa3oBaHue poJa ToKa: CHavyaua nepeMeHHbIH TOK
BBITIPAMIISIETCS, 3aTEM TIOMYyYCHHBIH TOCTOSHHBIA TOK IMpeoOpa3yeTcsl B MEPEMEHHBIH TOK BBICOKOMH
4acTOTHl M, HAKOHell, IepeMEHHBIN TOK CHOBA BhIMpsAMIIsIeTcs. [0/ BRICOKOUYACTOTHBIX, UIIH, KaK UX
4acTO Ha3bIBAIOT, UMITYJIbCHBIX 3Y (M3-32 HAMUUYUSA y HUX PETYIATOPOB, MCIOJB3YIOUIMX MPUHIUI
LIIMPOTHO-UMITYJIbCHOM  Monyisiuuu) pacter. Kiaccuueckue THPUCTOpHBIE 3Y  MPaKTUYECKU
HCYepHalii PECYpChl YIYyUIIEHHUsS] CBOMX XapaKTePUCTUK, OHU YCTYHNAIOT UMITYJIBCHBIM 3Y 1O MHOTHUM
napamerpaM. HagexxHocTe UMITyIbCHBIX 3Y yCTPONCTB pacTeT, HEKOTOPhIE MPOU3BOJUTENH TakuX 3Y
JEKIapupyIOT HapaboTKy Ha oTKa3 - 150 Teicsad yacoB. CTOMMOCTh UMITYIIECHBIX 3Y CHIKAETCS U YIKE
ceff'yac OHa COIMOCTaBHUMa CO CTOMMOCTBIO THPUCTOPHBIX 3Y. B Omipkaiiie rolbl MOKHO OKHIATh,
YTO OOJBIIMHCTBO 3JIEKTPOCETEBBIX KOMMAHWK I MOJACTAaHIMA HOBOTO CTPOUTENBCTBA M IPHU
KOMIIJICKCHOM PEKOHCTPYKLMH OyJeT NpeAllOuYNTaTh UMITyJIbCcHbIE 3Y.

Baxnoit xapakrepuctukoil 3Y  ABISETCS CTENEeHb CIrIAQXHWBAHWA IyJIbCAllMA  TOKa
MOJIICPKUBAIOIIET0 3apsiaa. B COOTBETCTBHMM C pPEKOMEHAALMSMHU acCOLUAIMM IMPOU3BOIUTENEH
akkymynsatopoB EBPOBAT, stu mynbscannu He noimpkHbBI npeBblath 5 A Ha 100 Ay eMKoCTH.
MaxkcuManbHO JOITyCTUMBIE ITyJIbCALUN HAPSKEHUS HAa aKKYMYJIATOpaxX 3aBUCST OT MX BHYTPEHHETO
compoTuBieHus. YeM MeHbIlle BHYTPEHHEE COMpPOTHBIIEHHE aKKyMYJATOpa, TEM MEHBIIE IOJKHBI
ObITb TyNbCcallMd HANpPSKCHUS. YAEIbHOE BHYTPEHHEE CONPOTUBICHHE aKKyMYyJATOPOB, B
3aBUCHUMOCTH OT THIA M TEXHOJIOTMHM WX W3TOTOBICHMs HaxoguTcs B auamazoHe oT 40 go 600
MOM-A-4u. CregoBaTenbHO, I aKKyMYJISTOPOB 3aKPBITBIX THIIOB, HAaIPHUMEpP, M3TOTOBIEHHBIX II0
texHonornu AGM, nynbscanuu HanpspkeHust 3Y He noikHbI npeBbimath 0,1%, a ans akkyMynsaTopoB
no texHonorun GroE — 0,25%. Yacro ykas3siBaeMoe, B KaueCTBE HOPMHPOBAHHOIO, 3HAUCHUE
myibcanvii  HampsokeHud 1% TpuemsieMo JIMINb I HEKOTOPBIX THIIOB  aKKyMYJISTOPOB,
M3TOTOBJIIEHHBIX T0 TexHosmoruu OPzS. IlpeBbinieHne AOMyCTUMBIX 3HAYEHUH MyJbCallud TOKa B
PEKUME NOIEPKUBAIOIIETO 3apsi/ia IPUBOAUT K CHIDKEHHIO CpoKa citykO0b1 AB.

CospemenHble 3Y m0IKHBI 0OecreuynBaTh OrpaHMYEHHE TOKAa Ha HAa4YaJbHOM CTAaAMU 3apsia
paspsukenHol Ab. HaganmsHBIA TOK 3apsiia MOHOCTHIO pa3psuKeHHOW OaTapen MOJDKEH HaXOAWTHCS B
nmuanasone (0,1-0,3)-C10, rne C10 — emxocts 10 wacoBoro paspsna Ab.

* Jlns IUCKPETHBIX BXOJ0B C 3aJIeP:KKOi cpabaThIBaHUA MEHEE 5 Mc.
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HeobxomuMocts emie Oosnee 3HAYMTEIBHOTO NPUHYIUTEIBHOTO OrpaHWYCHHUS TOKa 3apsina
BO3HMKaeT Mpu BbBoge Ab u3 pexumMoB TiyOOKOro paspsiia WIM TpH  BOCCTAaHOBIEHHH
MACCHBUPOBAHHBIX (3acynb(aTHPOBaHHBIX) AKKYMYJSATOPOB IIOCIE MAJIUTEIBHOTO XpaHeHHs 0e3
nomzapsaaa. B aTux ciydasx jkeiateabHO OTpaHHYuTh TOK 3apsna Ha ypoBae (0,01-0,03)-C10. Ecnu
3Y He MO3BOJIIET peaTM30BaTh TAKOW PekuM, TO AB MOXXHO TTOTEpSATH OKOHUYATEIHHO, a IMOACTAHIIHS
MOXET OCTaThCs O€3 OMepTOoKa.

2.6 AKKYMYJIAITOPHBIE OaTapen 11s coBpemeHHbix COIT

Axkymynaropueie 6arapen (AB) B COIIT moacraHiuii SBISIIOTCS PE3EPBHBIM HUCTOYHHKOM
MIOCTOSIHHOTO TOKa M IPEAHA3HAYeHbl JUISI MUTAHUS SJIEKTPOIPUEMHUKOB IIOCTOSIHHOTO TOKa IIPU
OTCYTCTBHMHM NHUTAHUS OT 3apsAAHOTO YCTPOWCTBA M, PU HEOOXOIMMOCTH, JUISI TIOKPBITHS WMITYJIECOB
TOKa Harpy3KH, MPEBHIIIAIONIMX BO3MOKHOCTH 3apsIIHOTO YCTPOMCTBA.

B OompmuHCTBE cCTpaH, BKiIO4as Poccuro, Ha QNMEKTPOCTAHIMAX UM MOJCTAHIMIX
MPEUMYIIECTBEHHO UCTIONb3YIOT CTAIIHOHAPHBIE CBUHIIOBO-KUCIIOTHBIE aKKyMYJISTOPHI [7, 8].

Haunyuymum o6pazom ycnoBusiMm npumeHeHuss B COIIT coBpeMEHHBIX JIEKTPOCTaHUUN M
NOJCTAaHIMKA OTBEYAIOT AKKYMYJISITOPHl C IOBEPXHOCTHBIMH 3JIEKTPOJAMH, H3TOTOBICHHBIMH II0
texHonoruu GroE.

Y AB OPzS B 2 - 3 paza menblie cpok ciyx0bl, ueM y GroE. Ecnu npu Beibope AB ydects
3arpatbl Ha 3aMeHy ADB, ydecTh crokHOCTh padoT 1o 3ameHe Ab Ha nelcTByOmEel MOACTaHIIUH, TO
OKa)XKeTCS BBITOJHBIM TIpHOOpeTaTh Oojiee moporyo Ab GroE ¢ HOpMaTHBHBIM CPOKOM CITyXKOBI 25
JeT.

AB c reneBbIM 3JEKTPOJIMTOM U C aJCOPOUPOBAHHBIM 3JIEKTPOJIUTOM HMEIOT OTHOCHUTEIHHO
HU3KYI0 HAJeKHOCTb M PHCK TEIUIOBOTO pas3roHa. TemIoBod pasroH TIepMETU3UPOBAHHBIX
aKKyMyJIITOPOB BO3HHMKAaeT CIIOHTaHHO, B TpoOIlecce IMOAAEPKUBAIOIIETo 3apsna. Ecimu 3apsiiHble
yCTpPOWCTBA BO BPEMsI HE OTKIIIOUUTH, TO MOKET BO3HUKHYTh TOXKap.

2.7 MeTtoauka pacuyera KopoTkux 3ambikanuii B COIIT

OTpacneBble METOAMYECKHE YyKa3aHHUS [0 pacueTy 3allluT B CHUCTEME IOCTOSHHOTO TOKa
TEIUIOBBIX DJIEKTPOCTaHIUU U moactaniuii 1983 roma (MY 34-70-035-83) u nomonnenus 1987 roma
6a3upyroTCs Ha YIPOIICHHOMN Mo KopoTkux 3ambikanuii (K3). Ycrapesmas oTpacieBas METOIMKA
HE YUYHUTHIBAET P (HaKkTOpOB, 3HAUNTENbHO Biausonmx Ha Tok K3 [8,9]. K coxanenuto, HecMOTpst Ha
BBeneHue B gaeiictBue ¢ 01.07.1992 ronma cranpapra I'OCT 29176-91 "Koporkue 3aMblkaHusd B
3JIEKTPOYyCTaHOBKAX. MeToauKa pacueTa B 3JIEKTPOYCTAaHOBKAX MOCTOSHHOTO TOKa'", OCHOBAHHOTO Ha
COBPEMCHHBIX TMPEJCTaBICHUIX O KOPOTKUX 3aMBIKAHHUSAX, OTpaciieBas Mmeroimka pacuera K3 u
BbIOOpa oTKItouarommx 3ammTHbeIX anmapartoB juis COIIT He Obuta mepecMoTpeHa W, (HOPMANBHO,
JeHCTByeT 10 cux mop. [IpumeHeHne oTpaciaeBOl METOMWKH TPHUBOIUT K 3aBBHINICHUIO PACUETHBIX
3HAUEHUU TOKOB KOPOTKOTO 3aMBIKaHUS W, KaK CIEACTBHE, K OmMOKamM B BBIOOpE MapaMeTpoB
pacuenuTeneil aBTOMaTUYECKUX BBIKIIIOUATENICH U IIIABKUX BCTABOK MPEIOXPaHUTENCH.

B otpacneBbix mMeToaumueckux ykazaHusx pacueT K3 ocHoBaH Ha mpeamnosoxkeHuu, yto K3
SIBJITFOTCS. METAUTHICCKAMH, T.€. Ha TPEIIOIOKECHHIH, YTO, TIPU TTOBPEKICHUN U30JISAINH, COCTUHCHUE
MIPOBOJHUKOB TOKa IPOUCXOAWT C TIPEHEOPSI)KHMO MAJBIM TEPEeXOJHBIM CONPOTHUBICHUEM. B
NEHCTBUTENBHOCTH, Nake ecir K3 BhI3BaHO COMPUKOCHOBEHHEM METAJUTMIECKIX MIPOBOIHUKOB, OHO B
Iporiecce HapacTaHHWS TOKa, €Ie 0 JOCTIKCHHS WM MAaKCHMAaJIbHOTO 3HAYCHHS, CTAHOBUTCS
IYTOBBIM, pHC. 6.

Kpome compoTtuBienus anekTpuyeckoit Ayrd Ha Tok K3 cylecTBeHHOE BIMSHHE OKAa3bIBaET
YBEJIMYEHHE COMPOTHBIICHUS MPOBOIHUKOB, OOYCIOBIEHHOE YBEIMYCHWEM WX TEMIIepaTypbl B
mporiecce K3. Crapas MeTojuka pacuera NHpelycMaTpuUBaeT ydeT Kabeyel Ha OCHOBE YACIbHBIX
COIIPOTHUBJICHUIN, COOTBETCTBYIOIIUX HaNOOJbIIEH pabodeil TeMIepaType H30SIHH.

Pacuer K3 B COIIT wu3-3a Hanuuus 3JIEMEHTOB C HEJIWHEWMHBIMHM M TapaMeTpUUYECKUMU
XapaKTEPUCTUKAMHU SBIISICTCS CIIOKHBIM B TPyIOeMKUM. B HacTosmmee Bpems s pacueta K3 mHOTHE
MPOEKTHBIC OpraHMW3allMH MCIIOJB3YIOT KOMIbIOTepHYI0 mporpammy GuDCsets, pa3paboTaHHyr Ha
kadeape "DnekTpuueckue crannun’ MOU.
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Puc. 6: ConpoTuBneHue 3eKTPUIECKON TyTH MOCTOSIHHOTO TOKa

3 OBECIHEYEHME SKCILTYATAIIMOHHOM HAJIEXKHOCTH COIT

s obecrieueHust SKCIUTyaTallMOHHONW HaJleKHOCTH MOJICTAHIMH MPEAYyCMOTPEHbI PETYJIISIPHbIE
MIPOBEPKH cOoCTOsAHUSA U paboTocnocobnoctn COIIT:

1) IlpomsBomutcs BusyanbHbli ocMoTp aseMeHToB COIIT, mnpoBepseTcss COOTBETCTBHE
cXeMaM THUIIOB W JUIMH KaOeJel, THUIIOB, HOMHHAIBHBIX TOKOB M YCTaBOK OTKIJIIOYAIOLIMX 3alIUTHBIX
anmnapaTos.

2) IlpomepsieTcss akKKyMyJsTOpHas Oarapes: TMPOW3BOIUTCS BHEIIHUHA OCMOTp; H3MEPSETCS
JBYXUMITYJIbCHBIM METOJIOM BHYTPEHHEE CONpPOTHBICHHE, ISl OLIEHKH OCTaTOYHOH EMKOCTH;
U3MEPSIOTCA HANpPsHKEHUS] Ha KaXIOM M3 aKKyMYJSITOpOB OaTapen; HM3MEPSIOTCSl IUIOTHOCTH H
TEMIEpaTypbl JJIEKTPOJIINTA B KaXKJOM aKKyMYJIATOpPE; HU3MEpPAETCs NaJeHUE HaNpsDKEHUs MpH
TOJTYKOBBIX TOKaX.

3) IlIpoBepsieTcs pabOTOCIOCOOHOCTD 3apSAOHBIX YCTPOUCTB: U3MEPSIOTCS TOK M HaNpsDKEHHE
B BBIXOJHBIX HEMSIX MPU HOPMAIbHOM peXHMe paboThl; MpOBEpseTCs B3aUMHOE pPE3epBHUPOBAHME
3apSAHBIX YCTPOWCTB; M3MEPSIOTCS MyJbCallid TOKa B pPEeXHME IOAJEPKHUBAIOIIETo 3apsia;
IIPOBEpPsieTCs] CTAOMIBHOCTh HANPSDKEHMS IIOAJCP)KUBAIOIIETO 3apsiAa; MPOBEPSETCs INPAaBUIBHOCTD
YCTaHOBJICHHOTO HANpsDKEHUS 3apsiia; MpPOBEPAIOTCS NpPEJeNsl M IUIABHOCTh  PETYINPOBAHUSA
BBIXOHOTO HAMpPSDKEHUSI B ABTOHOMHOM PEXHME.

4) IlpoBepsercs pabOTOCIOCOOHOCTh YCTPOMCTB KOHTPOJSA H30JSILMM U TOHMCKA «3EMIIN»:
MPOBEPSIIOTCS, 3asBICHHBIE B TEXHHYECKOM IacCHOpTe YCTPOHCTBA, MapaMeTpbl cpadaThIBaHHS
CUTHAJIM3ALUU NIPU CHUKEHUHU COTIPOTHUBIICHUS U30JIALUH KaXI0T0 U3 MOJIOCOB M IMPU CUMMETPHUYHOM
CHIDKEHHM COIPOTHUBICHHS H3OJSALUM JABYX TIIONIOCOB [0 KPHUTHYECKOTO YPOBHSA; IpOBEpsieTCA
COOTBETCTBUE pEabHO U3MEPAEMBIX CONPOTHUBICHUH JAMANa3oHy CONPOTHUBICHUN H3OJALMH,
3asBJICHHBIM B TEXHUYECKOW MOKYMEHTALMH MPOU3BOIUTENS; MPOBEPSETCS CIOCOOHOCTh OMPEAETsTh
MIPUCOEINHEHNSI C TIOHM)KEHHBIM CONPOTHBICHHEM H3O0JSIIMA W 3aMepseTcs BpeMs H3MEepeHHus
CONPOTHBIICHUM U30JIALINH.

5) C mnoMoup0 KOMIBIOTEPHOH MNPOTpaMMbl TPOBOMUTCS PacueT TOKOB KOPOTKOTO
3aMBIKaHHs, a JUId IIOATBEP)KICHUS IPAaBWIBHOCTH HMCXOAHBIX AAaHHBIX BBHIOOPOYHO MPOBOASATCS
U3MEPEHNs] PEAIBHBIX TOKOB KOPOTKOIO 3aMbIKaHUA. Pe3ynbTaTsl pacyeToB HCHONB3YIOTCS JUIS
MPOBEPKH YYBCTBHUTEIBHOCTH M OTKJIIOYAIOLIEH CIOCOOHOCTH 3alllMTHBIX alllapaTroB, a TaKkKe I
MIPOBEPKH TEpMHUYECKO cToiKocTH M HeBosropaemoctu kabenbHbIx JuHHH COIIT. Crpoutcs u
aHaM3UpyeTcs KapTa CeIEKTUBHOCTH OTKJIFOYAIOIIMX 3alIUTHBIX allapaToB.

6) Ha ocHoBe cpaBHEHHS PacUETHBIX 3HAYCHUNA METAUIMYECKUX TOKOB K3 M M3MepeHHBIX
TOKOB OIICHUBAETCSI COCTOSIHHE Pa300PHBIX M P3bEMHBIX KOHTAaKTHBIX COCMHEHUN B OCHOBHBIX IIETISX
COIIT.

7) OKCHepUMEHTAIBHBIM IIyTEM MpOBEpsieTCs PabOTOCIOCOOHOCTh  ABTOMATHYECKUX
BBIKJIIOUATENIeH U u3MepseTcs BpeMs cpabaTbIBaHUA JIEKTPOMAarHUTHBIX pacleUTeNeH.

8) PacueTHO-3KCIIEpUMEHTAIBHBIM CIIOCOOOM ONPEAETSIOTCS YPOBHU DIEKTPOMATrHUTHBIX
nomex B cetr COIIT, npoBepsiercs 371eKTpOMarHUTHasE COBMECTUMOCTB!
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T10 NTPOBajiaM U MPEpBIBaHUAM HalpsKEHUS JIEKTPOIIUTaHMS;
IO MyJIbCAIUSIM HAIPSDKEHUS TIOCTOSTHHOTO TOKA;

M0 KOHAYKTHUBHBIM [TIOMEXaM;

110 MUKPOCEKYHIHBIM ¥ HAHOCEKYHAHBIM UMITYJIbCHBIM [TIOMEXaM;
MO KOJIeOaTeNbHBIM 3aTyXalOIUM TOMEXaM.

9) MUszmepsercs émxocTs momocos cetit COIIT Ha «3emitoy.

[Ipu npoBeeHNN HATYPHBIX U3MEPEHUH MPUMEHSIOTCS KaK CTaHAapTHBIE CPEICTBA M3MEPEHHI
(ocummnorpadpl, TOKOWM3MEPHUTEIbHBIE KJIEIIW, BOJBTMETPHI W T.OI.), TaKk © CICHHAILHO
pa3paboTaHHBIE YCTPOMCTBA: YCTPOMCTBO € DSJEKTPOHHBIM KIFOUOM, TO3BOJIAIONIEE HA HECKOIBKO
MUJUIMCEKYHT TOJKII0YaTh HArpy304YHBIM PE3UCTOP K KOHTPOJIBHOM TOUYKE CETH; TPaH3UCTOPHOE
KOMMYTAITMOHHOE YCTPOUCTBO, (DOPMHUpYIOIIEe MBYXCTYIIEHIATHIA HMITYJIBC TOKA, [UTHTEILHOCTHIO 10
40 Mc; reHepaToPhl, IMUTHPYIONINE UMITYJIECHBIC TIOMEXH.

I[lo pa3paboranHOl MeTomuKe OBUIO TPOBEACHO OOCIIEIOBAHUE
ANEKTPOCTAHINI U TIOJICTAHIIAMN, Ta0. 5.

oonee 200 COIIT

Tabnuma 5
OcHOBHBIE CTaTHCTUYECKHE JaHHbIE, TOJyUYeHHbIE B pe3ynbrare oocnenoBanus COIIT
IIpouent
OOBEKT KOHTPOJIA XapakTepHble Te(eKTHI COIIT, na
KOTOPBIX
0oOHapyKEeHBI
JTe(eKTHI
HcnonuurenpHas cxema OtcyrcrBue cexrponuposanus B nersix ['TIY, PII u PVY. 90
COIIT
Axkymynstopusie 6atapen | EmMxocte Ab menee 70%. 15
Ilepe3apsiKeHHbIE U KOTCTAIOLIME) 3JIEMEHTBI. 29
3anmTa OT CBEPXTOKOB. HeucnpaBHbl aBTOMATUYECKUE BBIKIFOYATEIIN. 26
CeneKTUBHOCTD 3aIUThI 0T | Mcmonp30BaHME B KauecTBe anmapaToB 1-oi u 2-0if cTyneHei 95
CBEPXTOKOB 3alllUThl aBTOMAaTHYCCKUX BBIKJIIOYATEJIEN C OMHAKOBbBIM
BpEeMEHEM cpabaThIBaHHs B Tuana3oHe TokoB K3;
KCIOJIb30BaHKE B KAYECTBE alapaToB 3allUThl 2-01 U 3-eil
CTYIEHEH 3aIlInThI IUTABKUX NPETOXPAaHHUTENCH C OIN3KUMH
HOMHHAIBHBIMH 3HAYEHHUSIMHU TOKOB; HCIOJIb30BAHHUE B
OJTHOM TIeTIH B Ka4eCTBE aImapaToB 2-oif u 3-ei (3-eii u 4-0if)
CTYIEHEH 3aINThl Pa3HOTUIHBIX AIIAPATOB.
Tepmuueckas CTOMKOCTb Hcnonb30Banne NpOBOAHUKOB MAJIOTO CEYEHUS U 40
Kabeneit HEYYBCTBUTEIbHOCTh OCHOBHOM 3aILUTHI.
Hesosropaemocts kabeneit | Mcmonp30BaHus MTPOBOIHIUKOB MAJIOTO CEYCHUS U OOJBIIOE 58
BpeMs cpabaThIBaHNS aBTOMAaTHUYECKHUX BBIKIIFOUATENEH;
HENPaBIIIBHBINA BRIOOP IJIABKUX NPEIOXPAaHHUTENCH.
3apsAHbBIE yCTPOHCTBA PesepBHbIE yCTpONCTBA HE 3aIlyCTHIIMCh U HE IPUHSIIN HA 5
ce0st Harpy3Ky.
KoHTakTHbIE COeTMHEHUS [ToBbIlIEHHBIE IEPEXOAHBIE CONTPOTUBIICHMUS. 94
ONeKTpOMarHuTHas BbICcOKUI YPOBEHB 3JIEKTPOMArHUTHBIX IIOMEX U I1yJIbCALUN. 98
COBMECTUMOCTh

4 3AKIIIOYEHHUE

COIIT snexTpocTaHmnii W TOACTAaHIKA B Poccum ymemsieTcss HemOCTaTOYHOE BHHMAHHE CO

CTOPOHBI TEHEPHPYIOUIMX W CETeBBIX KOMIAHWHA. MeaneHHO OOHOBIsieTcss HOpMaTHBHas 0Oasa,
ucronp3zyemasi pu npoektupoBannd U dkcruryarauu COIIT. Omymmaercs aeunuT TeXHUYECKOH
mutepatypsl 1o temaruke COIIT, 4yto TopMosuT TexHHYeckuii mporpecc B obmactu COIIT,
caepkuBaerT (HOpMHpPOBAHUE CIIPOCa Ha WHHOBAIMOHHBIC TEXHHUYECKHE PEIICHHS W COBPEMEHHOE
anekrpoodopynosanue anst COIIT.

ONBIT POCCUHCKHUX CITEIUATMCTOB, HAKOIUICHHBIM B Tpollecce pa3paboTKH M MPOMBIILIEHHON
ampoOanuu HOBBIX HOpPMAaTHUBHBIX JoKyMeHTOB 1Mo COIIT Mor OBl OBITH HCITOJNB30BAaHHBIM TSI
COBEpIIEHCTBOBAHMS JOKYMEHTOB MEXIyHAPOIHON IEKTPOTEXHUUECKOW KOMUCCHU.
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CoBpeMeHHble HanpaBneHUsa pa3BUTUA CUCTEM perieMHON 3alUTbl U aBTOMaTUKN dHEProcuUcTemM
EkaTtepuHOypr, 3 — 7 utoHs 2013 r.
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