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NCCIEJOBAHUE 3AIIIUTHBIX XAPAKTEPUCTUK AIIITAPATOB 3AIIUTBI
OT TOKOB YTEYKHU PYJHUYIHBIX HA IIOCTOAHHOM OIIEPATUBHOM
TOKE B YCJIOBUAX JECTABMJIN3UPYIOIUX PAKTOPOB
KOMBUHHUPOBAHBIX CETEN

IMocTanoBKa Mpo0JeMbl Ta ee CBSI3b € NPUKJIATHBIMH 33/1a4aMu

B cootBercTBHM € HOpMaTHBaMH OE30MACHOCTH TPYyHa B PYJHHYHBIX dJIEKTpHUUeckux cersx o 1000 B
MPUMEHSIOTCS yCTPOHCTBA 3alIUTHl OT TOKOB YTEUKH, KOTOPHIE TOJDKHBI UMETh TakHe (DyHKIMOHAIbHBIC XapaK-
TEPUCTHUKH, YTOOBI TOK Yepe3 TeJ0 YeJI0oBeKa (HaNpsHKEHNE TIPUKOCHOBEHUS) U BpeMsl ICHCTBHUS B MHTEPBAJIE /10
Ic He nmpeBbimanu 3HaueHu#, ycraHoBieHHbIX [[OCT CCBT.12.1.038—82 [1-3]. [IpumeHeHueM ycTpouCTB 3a-
IIMTHOTO OTKIIFOUEHHMsSI MIPU COOTBETCTBYIOIIEM BBIOOpE MX MapaMeTPOB MOXKHO JOCTHUYb PAa3JIMYHBIX YPOBHEH
anekTpobde3onacHocTy [4]. YpoBeHb 3eKTP0oOE30MacHOCTH ONPEACIIACTCS BEIUYNHON HAHOOJBIIErO TOKA, KO-
TOPBIA MOKET IIPOTEKATh Yepe3 TeJIO YeJIOBeKa, MPUKOCHYBIIErocs K TOKOBEIYUTNM YacTsIM. MeHbleMy 3Hade-
HHIO TOKA COOTBETCTBYET 00Jiee BBICOKUI YPOBEHb AJIEKTPOOE30MaCHOCTH.

Ecnu u3onsmus 1 ee eMKOCTh CHMMETPUYHBI OTHOCHTENIBHO 3€MIJIH, TO TOK, IIPOTEKAIOIINN yepe3 Telo de-
JIOBEKa,

:Ud,-g'y-v62+b2

\/(G+g'y)2+b2

y 1

1)

rae G — aKTUBHas NPOBOJAUMOCTDL M3O0JIAIIMHU CETU OTHOCHUTCIBHO 3CMIIN; b :COCM — PpCaKTHBHadA (GMKOCT-

Hasl) IPOBOAUMOCTb CETH OTHOCHTEIBHO 3eMiH; |J b (ba3HOe HaNPSHKCHUE CETH; g, ~ MPOBOJIMMOCTH OJIHO-
(ha3HOM yTEUKH.

Ipu 3TOM _Makcumanvhas bezonacnocms OyAeT NOCTUTHYTA B TOM ClIydae, KOT/la 3allUTa MpeloTBpaIaeT
BO3MOXKHOCTb IIPOTEKAaHHUS Ja)ke KPaTKOBPEMEHHOTO TOKA yTE€UKH |, , IPEBHIIIAIONIETO €TI0 JINTEIBHOE, JOIy-
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OTC}OHa CJTe)IyeT, qTO 11 JOCTHXKECHUS MAKCHUMAJIBHOT'O ypOBHﬂ 3H€KTp06€30HaCHOCTI/I HeO6XO]1HMO Hpe-

KpamiaTh SKCIUTyaTaluio CETH IPU YBEJIIMYCHUN MOJTHOM €€ IIPOBOAMMOCTH OTHOCHUTECIIBHO 3€MJIN 10 3HAYCHUA
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OpHako Ha MPAKTHKE XapaKTEePUCTHKH MapaMeTpOB M30JSIIHHN ((QYHKIHS pacTpereeHus U IIIOTHOCTh Be-
POATHOCTH) NPH ABYXCTOPOHHEH JOBEPHUTENBHON BeposITHOCTH V =0,95 TakOBBI, 9TO 3aIIMTa OT yTECUEK, peau-



E/lekmponocmaqam-m ma es1ekKmpoycmamkKye8dHHA

3yIOIas MAaKCUMAaJIbHYIO 0C€30MACHOCTh MO YCJIOBUIO (4), cpaboTaeT mpu MEepBOM KE BKIIIOYCHUU CETH. Tak, B
PYIHBIX IIAXTaX MapaMeTPhl U30JIIUH AIEKTPHUYCCKUX ceTel HampsokeHueM a0 1000 B naxonstes B npeaenax:
— COTIPOTHBIICHHE M3OJISIINH BCEH CETH W MPUCOCAMHEHHI MOICTaHINH U ee mmH <32 kKOM;
— o01m1ast eMKOCTh H30JAIHHN Beer cetn <2,5 Mk®D, a npucoeaunermii noacranmu <1,0 Mxd.
3HaunTeNbHAS EMKOCTb PEaNbHBIX CeTeil OTHOCHUTENHHO 3E€MJIM M OTCYTCTBHE BBICOKO3(P(EKTUBHBIX
CPEICTB aBTOMATHYECKON KOMIICHCAIIMH €MKOCTHOM COCTABIITIONICH TOKA YTEUKH HE MO3BOJIUIN PEaln30BaTh
3aIIATY OT yTeueK, 00SCTIeUNBAIONIYI0 MaKCUMAaJIbHYI0 0e30macHOCTh. OTHAKO MUHUMATbHASA 6€30NACHOCMb HA
MPaKTHUKE JTOCTUTACTCS TIPH COOIIOIEHNH IBYX TaKUX YCIOBHIA:

9,59, ®
[~2 v2_lko Quon
G°+b U,l,wm—'[r'Uqb (6)

rze gy.np— NpeeNbHOE 3HAYEHHE CONPOTHUBIICHUS yTEUKH, IIPY KOTOPOM BBINOJIHAETCA yClnoBHE (2); |, 5 —

KPaTKOBPEMEHHBIH, MPEeNeNbHO IOMYCTUMBIN TOK YTSUKH, NPOTEKAIONINH Yepe3 MHUHHMaJIbHOE PacyeTHOE CO-
MPOTHUBJICHHE TeJla YeJIOBeKa NP CONPOTHBICHUH N30JSIIMM HE MEHEe CONPOTHBIICHUS CpabaTHIBAHUS U EMKO-
CTH M30JIILMH CETH B IpeJieNiaX pabouero Auana3oHa B TeUeHHE BPEMEHH OTKIIIOUEHHS CETH U ICHCTBUSL PabOoThI
anekTpoaBurarenei [3];

ty
Q don= jiq(t)dtSSO MA*C — IOIYyCTHMOC KOJHYECTBO SJICKTPHUYECTBA, IPO-
0

XOJAIIETO Y€Pe3 TEeJIO YETOBEKa 3a BPEMs IPOTEKAHHSA TOKA t, IO ACHCTBHEM pabodYero HampsKECHUs CETH U
O/1C Bpamammuxcs 3JeKTPOABUTATENEH 10 OTKIIOUEHHSI KOHTAKTOPOB anmapaToB ynpasieHus [3];

rae tq — BpEMs MPOTCKAaHUA TOKA 4€PE3 TCJIO MPUKOCHYBUICTOCS YCITIOBEKA.

Juist peanmzanuu yenoBuit (5) u (6) He0OX0ANMO, YTOOBI 3aIIUTA BEI3BIBaja OTKIIIOYCHUE CETH OT UCTOYHH-

Ka MATAaHUA KaK IIPpU NOABJICHUN Hpe,Z[eJ'ILHOﬁ YTCUKH ry.np = ]/gy np’ TaK U IPpU CHUKCHUU aKTUBHOI'O COIIPO-

TUBJICHHS U30JIALMH /10 KPUTHYECKOTO OTKITIOYAIONIETO 3HAYCHUS R, () =1G.
BennunHa OTKIIOYAIOIIErO CONMPOTUBICHUS Ru(Kp) OIIPEICIIETCA C YYETOM IIPENEIbHOIO 3HaYE€HHs EMKO-

CTH CCTHU, KaK U I Cj1ydas pe€ajln3aluu 3alluThbl, 06ecneqHBanmeI71 MAKCUMAIBH) IO 6e30nacyocmb, C TOM JIWIIb
pa3HI/II_I€I71, YTO B KQUECTBE MJIUTCIBHOI'O JOIYCTUMOTO TOKA | ono TPHUHAMACTCSA KpaTKOBpeMGHHLIﬁ MpeaACIbHO

JOIyCTUMBIA TOK |, , -

[TpoBepka ycnoBus TOCTHKEHUS MUHUMANLHOU Oe3onachocmu (5) OCYIECTBISETCS CpaBHEHUEM (haKTHIe-
CKHUX 3alIUTHBIX XapaKTEPHUCTHK amlapaTa 3allUThl OT yTeUeK ¢ TpeOyeMbIMHU 10 YCIOBUIO OOECTICUEHHS DIIeK-
Tpobe3omnacHocTH [4]. IIprueM (akTHUIecKne 3aUTHBIE XapaKTEPHUCTHUKH JOJDKHBI HAXOAMUTCS BBIIIE TPeOyeMbIX
(B 30He 3HaueHMH, He peBbImaromux 150 % ycraBku).

[IpumMensieMble B OTE€4ECTBEHHOI M 3apy0eXKHOM MpPaKTHUKE MOA3EMHBIX MPEANPUATHH CXEMBI almapaToB
3alIMTHl OT TOKOB YTEYKH OCHOBaHBI Ha IPHHIMIIE W3MEPEHUS] aKTHBHOTO CONPOTHUBIICHHs (Da3 CETH OTHOCH-
TenbHO 3eMiu. OHM, Kak MPaBUIIO, MPeIHA3HAUEHB! JJIS MPOCTHIX CETe MPOMBIIIJICHHON YacTOTHI, I/Ie OCHOB-
HBIMH JIeCTaOMIM3UPYIOINMH (DAKTOpaMH SIBJISIOTCS MapameTpbl M30siuu ceTd. OJJHaKoO B 9THX CETSIX B I10-
Clle/IHEe BpeMsl Hadalld NPHUMEHSATHCS MOJIYIPOBOJHHUKOBBIE MPE0OpPA30BaTENH DHEPIHU JUIA PEryJUpyeMbIX
3JIEKTPOIIPUBOJIOB, YTO TPEBPATWIO UX B KOMOWHHPOBAHHBIE CETH, COCTOSIINE M3 yYacTKOB IPOMBIIIICHHOM
gacToThl (50 I'1), y4acTKOB MMOCTOSIHHOTO TOKa M YYacTKOB m3MeHseMod dactotel 0 —70 I'm. Tak xak cymie-
CTBYIOIINE allapaThl 3allUTHl BHIIIOIHEHBI B cOOTBETCTBHU ¢ TpeboBaHusMu ['OCT 22929-73 [3], koTOpHIi He
pacrnpocTpaHseTcs Ha anmapaThl 3alUThl JJI1 KOMOMHHUPOBAHHBIX CETeH, TO M MPUMEHEHUE CYIIECTBYIOMINX all-
MapaTOB 3aIIUThI B TAKMX CETAX HEIPABOMOYHO.

3Ot0 651T0 M3BECTHO emie B 80—X rojgax MpomuIOro Beka, KOraa MpeanpUHIMAIIICh OMBITKA BHEIPEHUS B
YTOJIbHBIE IAaXThl KOMOAWHOB C PETyIHpPyEeMOH IMojiaduell pexyIiero opraHa Ha IMOCTOSTHHOM Toke [5]. OmHako
amnmapar 3aIliuThl OT TOKa yTedeK Ui KOMOMHMPOBAHHBIX CeTel 0 cuX mop He co3naH. Ilockonbky, dhakTide-
CKHE 3aIIUTHBIE XapaKTEPUCTUKN CYIIECTBYIOIINX allllapaToB 3allUThI, HCXOAS U3 IeCTa0MIN3NPYIOMHX (BaKTo-
POB KOMOMHHMPOBAHHBIX CETEH, €Ile He YCTAHOBJICHBI, TO M JaTh OICHKY CTEIICHH BBHIITOJHEHUS YCIOBUH MuHU-
manvrou bezonacnocmu (5) u (6) TOKa HEBO3MOXHO.

CocrosiHue Bonpoca

B KOMOMHMPOBaHHOW CETH OCHOBHBIMH JIECTAOMIIM3UPYIOMNMH (PaKTOPAMH SIBIISIOTCS:
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a) KoJieOaHus MapaMeTPOB N3OJISILIUH MIEKTPUUECKOM CeTH;

0) rapMOHHYECKHE COCTABIISIOIINE HAIPSHKEHUSI CETH, 00pa3yroNIHecs IPU KOMMYTALUH THPHCTOPOB;

B) CyOTapMOHHYECKHE COCTABILIONINE, KOTOPHIE BO3HUKAIOT 33 CUET aCHMMETPHHU B KaHANaX yIpaBiie-
HUS ¥ JUHAMHKH TIPOIIECCOB YIIPABIECHHUS IIPE0Opa3oBaTes;

T') aCHMMETpPHS BBIXOJHOTO HANPSDKCHUS IpeoOpa3oBaTels, yBEIMINBAIONIas TOKHA yTedkn Ha 20 —30%
M3—3a aCHMMETPHHU BBIXOAHOTO HANPSHKCHUS peoOpa3oBaTels IPH aCHMMETPHH yIiia yrpasieHus Ao =5-10°
[4].

Takum 00pa3oM, B KOMOMHUPOBAHHOM CETH TOKU YTEUKH HOCSAT CIy4allHbIH XapaKkTep U ISl UX U3MEPEHHUS
Y OIIEHKH HEOOXOAMMO PyKOBOJCTBOBATHCA METOJAMH TEOPHU BEPOSITHOCTH M MATEMaTHIECKON CTATUCTHKH.

OnHNM 13 HampaBJICHUH B CO3JAHUM aIllapaTyphl 3aIUTHI OT TOKOB YTEUEK JUIA ceTel ¢ mpeodpas3oBa-
TENSIMH SHEPTUH SIBISIETCS pa3pabOTKa anmapaTroB ITIOCTOSHHOTO ONEPAaTHBHOTO TOKA Ha 0a3e CyIIECTBYIOLIMX
Tpex(a3HBIX AMEKTPHUIECKUX ceTel mepeMeHHoro Toka [6]. OHaKo JaBHO M3BECTHO, YTO JIFOOOHU ammapar, pado-
TAIOUINH Ha TIOCTOSHHOM OIIEPAaTHBHOM TOKE, HE MOKET 00ECIEUNTh OE30MaCHOCTD 3KCIUTyaTallud CETEl ¢ BBI-
HPSMHUTEIAME n3—3a (YHKIHOHATBHBIX OTKAa30B NPH BO3HHKHOBEHHH TOKOB yTEYEK WJIM IJIABHOM CHUKECHHH
COTIPOTHBJICHUSI U30JISIIIMU HA y4acTKe MOCTOSHHOTO TOKA, TaK KaK MOSABJISETCS JONOIHUTENbHBIH HCTOYHUK T10-
CTOSIHHOTO TOKA MEXy CETBhIO U 3eMJIeH, HalpsKeHHUe KOTOPOTO 3HAUUTENIBHO BhIIIE HANPSDKEHUS ONepaTHBHO-
ro TOKa ammapara 3amutel [7]. boiee Tspkenble mociaeACTBUS BOSHUKAIOT B PacHpeAeTUTENbHBIX CETAX Hammps-
xenueM 1140 B, rae s orpaHr4eHus TOKa YTEYKH HCIIONIB3YIOT YCTPOHCTBA OOHAPYKEHHUS MOBPEKACHHOH (a-
3Bl ¥ IIYHTHPOBAHHE €€ yepe3 Majoe conpoTuBieHue. OIHAKO 3TO NPUBOIUT K TOMY, YTO NMPOTEKAIOIIUI TOK
OyzmeT MoANMTHIBaTH TOK YTEUKH HA YYacTKaxX ITOCTOSHHOTO TOKA M W3MEHSIOIIEHCS YacTOTHI, T.C. YXYIIIUT
yCIOBHSA dIeKTpode3onacHocTH [7].

Jns coxpaHeHus NPUHLMIIOB JIEHCTBUS annaparoB 3amuTel A3YP—4, mpuMeHSIOMHUXCS B MPOCTHIX
Tpex(}aszHbIX CEeTSIX M 3aKII0YAIOMINXCSA B HAJIOXKEHHH HA CETh MOCTOSHHOTO ONEPATUBHOTO TOKA, KOHTPOJIE €T0
BEJINYMHBI NIPU OZHOBPEMEHHOW KOMIICHCAIIMM €MKOCTHOM COCTABIAIONICH TOKAa yTEUKH, a TAKXKe 3aIlUTHOM
IIYHTHPOBAaHUH MOBpexaAeHHON (a3pl, mHcTUTYTaMu BHUWBD 1 JloHrunpoyriemMant mpemiokeHo Cleayroee
HarpasjeHHe oOecleyeHusl 3JIeKTpoOe30macHOCTH KOMOMHUpOBaHHbIX cetedd [7]. IloBbimaercs ObicTponei-
ctBue anmnapara A3YP—4 ¢ ydeTtoM Toro, yto oH OyAeT OAHOBPEMEHHO BO3AECHCTBOBAaTh HAa aBTOMATHUYECCKHIM
BBIKJIIOUATENb MEPEABHKHON MOJICTAaHIIMK, Ha TPeoOpa3oBaTeNb YacTOTHI, a TAK)KE OTKIIOYaTh OT HEro Kadeib-
HYIO JIMHUIO TIPH BBIHECCHHOH cHcTeMe Moaay koMmbaitHa. [IeHCTBUTEIBHO, PEIOKCHHAS CTPYKTYPa B3aUMO-
JIeHCcTBHUSA almapaTa 3allUThl ¢ OCTAJIbHBIMM COCTABIISIOIINMU PACIpEIeIUTEIbHON CEeTH, CoeprKallell CHIIOBBIE
MOJIYIIPOBOJHUKOBBIE TIPHOOPHI, YCTPaHsIET HENpPaBHIbHOE (QYHKIIMOHUPOBAHHE 3alIUTHOTO IIyHTHPOBAHHUS I10-
BpeXICHHON (a3pl Ha ydacTke ceTd dactotod 50 I'm, a 3a cder oTKmMOYEHUs MpeoOpa3oBaTess U BKIIOUCHHS
KOPOTKO3aMBIKaTEIsI Ha BCE €T0 (pa3bl 00ECIEeYNBACT IEKTPOOE30IIaCHOCTh Ha yJacTKaX CETH MOCTOSIHHOTO TO-
Ka U peryiaupyeMoi 9acToTsl. OMHaKo (yHKIMOHANBbHBIE OTKa3kl anmmapata A3YP—4 mpu yTedukax Ha ydacTke
MIOCTOSIHHOTO TOKa HE YCTPAHSIOTCSl BBEJCHHBIM JIOTIOJHUTENIHHO, OJIOKOM KOHTPOJISI CONPOTUBIICHHUS M30JISLIHN
3BEHa IMOCTOSIHHOTO TOKa. B myOnmkanusx HeT HUKakod MHQpOpMaMy O TMPUHIKIE KOHTPOJSI HUIM COIPOTHB-
JICHUs] W30JISIIMY 3BEHA IIOCTOSIHHOTO TOKA, & TAaK)Ke OTCYTCTBYIOT JIaHHBIE O 3AIIUTHBIX XapaKTEPUCTHKAX JBYX
napaneiabHO paboTaoNnMX amnmaparax 3anuTel. Ha cxeme mpeoskeHHONH CHCTeMBl KOMITIEKCHOM 3aluThl I
6J10Ka KOHTPOJISI COTMPOTHUBIICHUS M30JIALIMU 3BEHA TIOCTOSHHOTO TOKa HE MOKa3aHa ero CBA3b C 3eMJICH U COOT-
BETCTBYIOIIMMH KOMMYTal[HOHHBIMHU amnmaparamu. OKOHYaTelbHbIE BBIBOJBI 00 oOecreueHHMH MHHUMAaJIbHOU
6e30MMacHOCTH MPEUIOKEHHON CHCTEMON KOMIUIEKCHOHM 3aIlUTHl MOXKHO OYyJeT clenaTh TOJIBKO Ha OCHOBAaHHU
MIPOBEPKHU BBIMIOIHEHUS ycloBuil (5) u (6), T.e. ecinu OyayT CHATHI 3alllUTHBIE XapaKTEPUCTUKU ITOW 3aIIUTHI U
BBITIOJTHEHO MX CPaBHEHHUE C TPEOYEeMbIMHU YCIOBUSAMH [4].

Tak Kak anmaparsl 3aIIUTHI, padOTaIOMIMEe HA TIOCTOSIHHOM OIIEpaTHBHOM TOKE, HE MOTYT OOECIeunTh
6€301acHOCTh IKCILUTyaTallii KOMOMHUPOBaHHBIX CETEH, TO PsiJi OPTraHNU3aIMi I CeTell ¢ BRIIPSIMUTEISIMH pas3-
pabaTbIBaeT anmapaTypsl 3aIUTHL OT yTedeK, paboTarolre Ha MepeMEHHOM orepaTHBHOM Toke. OnHOI u3 oc-
HOBHBIX 337124, BO3HUKAIOIIMX IPH pa3paboTKe 3TOH anmapaTypsl, SBISETCS yCTPaHEHHE BIIMSIHUS €eMKOCTH H30-
JSIIMY Ha ee 3alUTHBIC XapaKTepHCTHKU. BBy TOTO, 4TO pyJHNYHBIE KOMOMHUPOBAaHHbBIE CETH MMEIOT 3HaUH-
TEJNBbHYI0 €MKOCTh M30JIIIMH OTHOCUTENBHO 3eMiH (10 1 Mk® Ha ¢a3y (mostoc)), TO yCTpOMCTBA 3aIUTHI OT
yTe4eK Ha NepEMEHHOM OIEPaTHBHOM TOKE OyIyT OTKIIOYATh CETh Jake MpU OECKOHEYHO OOJIBIIIOM CONPOTHB-
JICHUU HM30JLIIMUA. DTO OOYCIOBIEHO TEM, YTO €MKOCTHOE CONPOTHBIIEHHE ONEPATHBHOMY TOKY OKAa3bIBaeTCS
3HAYUTEIHHO HIKE YCTAaBKK CpabaThIBAHMUS aImiiapaTta 3amuThl.

JI1s ToI3eMHBIX HU3KOBOJBTHBIX KOMOMHUPOBAHHBIX dyekTpudeckux cereii BHUMBD pa3paboTan amma-
pat 3amuThl oT Toka yreuek A3TII, koTopblii oOecnieunBaeT HOPMATUBHYIO JJIEKTPOOE30MaCHOCTh TIPU CyMMap-
HOM €MKOCTH Ha CTOPOHE PEryJIMpyeMOro U HeperyimpyemMoro HanpspkeHus He 6osee 0,2 Mk® Ha dazy. OnHako
TakoW paboumii Anamna3oH eMKOCTH M30JIALIUH ceTH He cooTBeTcTByeT 'OCT—22929-78 [3], KOTOpHI ycTaHaB-
JIMBAeT, YTO PYJHUYHBIC aIMaparhl 3allUThl OT TOKOB YTE€UKH JOJDKHBI OBITh NpEAHA3HAuUCHbI IJIS1 PaOOTHI B
YCIOBUSIX M3MEHEHUs eMKOCTH ceTH — oT 0 10 1 Mk® Ha ¢a3sy.

OpHUM K3 HanpaBlIEHUH B NPEIOTBPAILEHUH BIMSIHUS €MKOCTH U30JSILMM CETU Ha 3aILUTHBIE XapaKTepHU-
CTHKH aIliapaTa Ha IEPEeMEHHOM OIEPATUBHOM TOKE SIBISETCSA NMPHUMEHEHHE (ha309yBCTBUTEIBHBIX YCTPOWCTB,
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BBIJICIISIFOLIMX U3 ONEPATHBHOTO TOKA €r0 aKTUBHYIO COCTaBIISIONIION0 [S5]. OHaKo B M3BECTHOM armapare 3aru-
ThI OT TOKa yteuek tuma [13BC, paboTaroniemM Ha 3TOM NpPUHIIMIE, A BBIACICHHUS aKTUBHOW COCTAaBIISFOIICH
HCIIONB30BAaHO HE Bce (Pa30UyBCTBUTEIBHOE 3BEHO, YIPABIIEMOE HE IOJIHOW BETMYWHONW BBOAMMOTO B CXEMY
HaINpsDKEHUS ONEPaTUBHOTO UCTOYHHUKA, a TOJIBKO Ta €r0 YacTh, KOTOPask MPUXOAUTCS HETIOCPEACTBEHHO Ha KOH-
TPONHPYEMYIO M30JAIII0. B pesynpraTe Takoe (ha309yBCTPHUBETEHOE 3BEHO HE JIOIYCKAeT NPUMEHEHHUS B CETH
KOMIICHCAIINH €MKOCTHON COCTaBIISIOMICH TOKA YTEUKH IJISi OTpaHMYEHHS KPAaTKOBPEMEHHBIX TOKOB J0 HOpMa-
TUBHBIX 3HAUYCHUH, KOTOPBIE B 3TOM YCTPOHCTBe cocTaBILIIOT 210 — 220 MA [5]. DT0 3HaYHTENHHO TPEBHIIIACT
HopMmatuB B 100 MA cormacao ['OCT 22929-78 [3], uconb3yemslii Ipu onpeneIeHu: MHHAMAIEHON Oe301mac-
HOCTH MO YCJIOBHIO (6).

Hepemennsie yacTn o61ieii npodieMsbl

OCHOBHBIC IPUHIUIIBI paOOTHI anmapara 3amKThl OT TOKA YTEYEK OIPEAEISIIOTCS €ro 3alIUTHBIMU Xapak-
TEpUCTUKAMH, KOTOPHIE TOJDKHBI HAXOAUTCS B TIpeJesiax XapaKTepUCTHK K 3aluTe OT yTeuek [4]. DTo ycTaHOB-
neHo eme npod. P.M. JleiiGoBBIM, SBISIONIMMCS OCHOBOIOJIO)KHUKOM BHEJIPEHHS B DPYJHHYHBIX CETAX
YCTPONCTB 3aIIMUTHI OT yTedek Toka [4]. OmHako J0 HACTOSIIETO BPEMEHH 3aIlUTHBIC XapaKTEPHCTUKH CyIIe-
CTBYIOIIMX aIlIapaToB 3aIlUTHl OT TOKOB YTEUKH HE yCTAaHOBICHBI, YTO HE MO3BOJSIET IPOBEPUTH BBIIIOIHEHHE
YCIIOBHH TOCTIKEHUS MMH MHUHAMaNbHOW Oe3zomacHOCTH (5) 1 (6). {1t KOMOMHUPOBAaHHOHN CETH 3aIlUTHEBIE Xa-
PaKTEpUCTUKHU JOJDKHBI OBITh YCTAHOBIICHBI HAa BCEX €€ yJacTKaxX M BBINOJHEHO CPaBHEHHE X C TpeOyemoil 3a-
IMUTHOW XapakTepucTukor. [lomyueHne Taknx JaHHBIX [UIS alllapaToB 3aIlWTHI, C Pa3HBIMU NPUHIUIIAME palo-
THI, TIO3BOJIMJIO OBl HAYYHO OOOCHOBATH HAIIPABICHHUE PAa3pabOTKH CXEMBI TAKOTO ariapara Uil KOMOMHNPOBaH-
HBIX CeTeH, TaK KaK B HACTOSIIME BpeMs MO 3TOMY BOMPOCY CYIIECTBYIOT MpoTuBopeuus. Tak, B pabote [6]
00OCHOBBIBACTCS, YTO anmnaparhbl 3allUThl Ha TIOCTOSHHOM OIIEPaTHBHOM TOKE He MOry oOecreuuTh Oe3omac-
HOCTh ceTell ¢ BhIIpsAMUTEIIMU. OTHOBPEMEHHO TaM e YTBEP)KIAETCS, UYTO «OOHUM U3 HANpAGIeHUll 8 c030a-
HUY annapamypel 3auumsl Om ymeuex 015 cemell ¢ GuINPAMUENAMU AGIAeMC pa3padbomKa annapamos 3a-
WUMbvl HA NOCTOAHHOM ONEPANUSHOM MOKe Ha 6a3e CYyuecmaylouux annapamos 3auumsl Om ymeuex 8 mpex-
@asnbix 2neKkmpuuecKux cemsax nepemenno2o moka». B npyroi pabore, Hanpumep [7], yKa3bIBaeTCs, 4TO «OC-
HOGHOe Hanpaeienue obecnedeHuss Oe30NaACHOCMU KOMOUHUPOBAHHBIX cemell — NosblleHue ObICMPOOetcmeus
annapama ¢ y4emom mozo, 4mo oH Oyoem 0OHOBPEMEHHO 6030eUCMB08AMb HA ASMOMAMUYECKUL bIKNI0YA-
menb nepedsudICHOl NOOCMAKYUY HA NPeotpa30eamenb Yacmomyl U OMKIOUAMb OMXO0SWYI0 OM He20 Kabelb-
HYIO TUHUIO NPU GbIHECEHHOU cucmeme nodayu komobainay». [I0CKOIBKY B CXeMe HCIIONb3yeTCsl CYIIECTBYIOIIMH
anmapar 3amutsl A3YP—4, paboTtaromuii Ha TOCTOSHHOM OIIEPAaTHBHOM TOKE, TO OH HE MOKET 00eCIeunuTh 0e3-
OIMaCHOCTh B KOMOMHUPOBAHHBIX CETSIX M €r0 MPUMEHEHHUE 3/IeCh HEPABOMOYHO.

AJNbTepHATHBOI anmaparaM 3alMThl Ha HOCTOSHHOM OIIEPAaTHBHOM TOKE SIBJISIFOTCS armaparbl Ha epeMeH-
HOM OIIEpaTHBHOM TOKE, KOTOphIE HE MMEIOT OTKa30B IPH yTeuKaxX Ha yyacTKe IOCTOSHHOTrO Toka. B ammapare
I13BC, paboTaroiiem Ha IIEPEMEHHOM OIIEPAaTUBHOM TOKE, UCKIIFOUSHO BIIMSIHUE EMKOCTH CETH Ha 3allMTHBIC Xa-
PaKTEpUCTHKH, TaK KaK B HEM HE NPHUMEHSETCS KOMIICHCALUSI EMKOCTHOM COCTaBIISIOIIEH TOKA YTEUKH M KpaT-
KOBPEMEHHBII TOK HEe OTPaHHYUBACTCS J0 AOMYCTHMBIX IO 3JIEKTPOOE30IMaCHOCTH 3HAYCHHUH.

3amayu ucciie0BaHUS

OrnpeneneHyue XapakTEpUCTUK alllapaToB 3alUThl Ha MOCTOSHHOM ornepaTtuBHOM Toke A3SAK u CA3Y — 2
B YCIIOBUSIX JAECTA0MIM3UPYIOMNX (HaKTOPOB KOMOMHUPOBAHHBIX CETEH ISl OLICHKH BO3MOXXHOCTH HCIIOIb30Ba-
HUS B HAX TIOCTOSTHHOTO TOKa ISl KOHTPOJISI CONPOTHBIICHUH M30JSIIMK M yTEUEK TOKA.

Pe3yabTaThl HCC/Ie10BAHUS

Jlis mpoBeneHUA MCCIeNOBaHMA 3alIMTHBIX xapakrepucTuk ammapaToB A3AK m CA3Y — 2, umeromux
NPUHLMITHAIBHO Pa3iIMyHble CXeMHble paboThl, ObUIa co3/iaHa (u3uuecKas MOJellb KOMOMHHPOBAHHOM CETH.
Ona cozepraiia NPOMBILIUICHHBIN BBINPSIMUTEIb U TUPUCTOPHBIA NMpeoOpa3oBaTeib HANPSDKEHUS, a B Ka4eCTBe
WX Harpy3Ke HCTOJIb30BAJIaCh CUCTeMa “‘NBUTaTeNlb — reHeparop”’. ['eHepartop Harpykaics Ha OajuTacTHBIE CO-
npoTtuBiieHns. [lapaMeTpsl M30MIAIMKM yYacTKOB CETH NMPUHUMAINCh COCPEJOTOYEHHBIMHU, a UX MUMHTAIHSI OCY-
MIECTBIUIACh HA0OPOM COOTBETCTBYIOIIMX CONPOTHBIICHHWH (PE3MCTOPOB) M KOHAEHCATOPOB. [l MCHIBITAaHUA
annapaToB ObUT 33€HCTBOBAH METOJl aKTHBHOI'O dKCrepuMeHTa. OOLye yciIoBUs M METOANKA UCTIBITAHUH  aIl-
napaToB 3aiuThel coorBeTcTBoBasa 'OCT 22929 [3]. 3amuTHbIe XapaKTEPUCTUKU NIPEACTABICHBI B OTHOCUTEN b-
HBIX eIMHMIaX MpH 0a30BOI BEIMUMHE YCTABKH I10 OTKIIIOYAIOIIEMY CONPOTHBICHHUIO YTEUYKH

r' :ﬁzwzgg KOM.
Y N gpo 25mA
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Ha puc. 1 n3o0paxeHsl 3amuTHBIE XapaktepucTuky anmapatoB CA3Y —2 (2,4, 6) u A3YP -2 (1,3,5) B
KOMOMHHUPOBAaHHOM CETH, COIEPIKaILEH 3JIEKTPOIPUBOJ IOCTOSIHHOTO TOKA, IIMTAEMBII Yepe3 HeperyaupyeMbli
BBITIPSMHTEIb.

rye) )

7 ‘ &

6.5 *

5.5 5

b
bl YR

45

3.5

25

1.5

0.5

R;(m)
0 o5 1 15 2 25 3 35 4 45 5 oOR.,

Puc. 1. 3amuTHbIe XapakTepucTHKH annapatoB 3auThl A3YP u CA3Y — 2 npu padoTte B ceTH HeyNpaBJisieMOro
BBINPSMHTEIS M YTEYKAX HAa CTOPOHE MUTAHUA U BBINPSIMJIEHHOH CTOpPOHE,

rae 1,2 = r;(z) = f(RZ(z); RZ(:) =11,25); Ci=C;=0);
34 1y9= TRy Ris(e) =1125); Co=Co=0);
56 ryo=f(Rumi  Ru=1125); Co=C;=0).

%
Fy(+) =% Tp ~ TpeGyemasi 3al[UTHAS XapaKTePUCTHKA 10 3JIEKTPOOE30MacHOCTH;

I yem =U qb/ lozos Ru(Kp) =35kOm
o % o %
3aI.L[I/ITHLIe XapaKTCPUCTUKU SABJIAKOTCA 3aBUCUMOCTAMU OZ[HO(ba?)HOI/I ry(z) 1 OJHOIIOJJIOCHOM ry(:) y1e-
* *
YCK OT COIPOTUBJICHUS M30JIIUN HA YYaCTKaxX MNEPEMCHHOTO Ru(z) U IIOCTOSAHHOI'O Ru(:) TOKOB. HapaMeTpLI

* *
HM30JISIIMK Ha YYaCTKax, T/ie He CO3/1aBaach yTeuka, IPHHUMATHCh TAKUMA R,y = Ry (~) =1125. Ilpu yTeukax
Ha OTPHLATEIFHOM IIOJIOCE BBIIPSIMHUTENS COMPOTHBICHHS I O00OMX allapaToB 3HAYWTENHHO IPEBBIIIAIH
TpebyeMyro 3amuTHYyI0 Xapakrepuctiuky: CA3Y —2 B 4,5-7 pa3; A3YP — 2 B 2 — 6,5 pas. [Ipu yreukax Ha no-
%
JIOKUTENBFHOM Tomoce Beimpsmutens ammaparsl A3YP u CA3Y — 2 ve cpabatsBany, T.€. 1 () =% Brenenue em-
KOCTH B 3JIEKTPUUYECKYIO CEThb KaK JI0 BBIIPSIMUTENS, TaK U MOCIE HEro MPaKTUUECKU HUKAKOIO BIIMSTHUS HA OTKIIIO-
yaromue conpotusienue yreuky anmnaparsl A3YP u CA3VY — 2 He okasbiBano. HanpsiokeHue BIIpsMUTENS Jake IpU
BBICOKOM CHMMETPHYHOM COMNPOTHBIEHNH M3oisiiy (99 kOM) Ha ydyacTKe BBIIPSIMIICHHOTO HAINPSDKEHUS CyIIe-

CTBEHHO YBEJIMYMBACT OTKITIOYAIONINE BOSMOXXHOCTH COTIPOTHBIICHUH NPH OAHO(MA3HON yTEUKE A0 BBIIPSIMHTEIS KaK
B armapare A3YP, tak u CA3Y — 2, T.e. IMeeT MeCTO 3HaUUTEbHAs “Tiepe3aluTa’ CETH.
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W3 cpaBHEHHMS 3aIMTHBIX XapaKTEPUCTUK JTHX alNapaToB MOXKHO CAENaTh BBIBOJ, YTO OHHM HE 0Oecrequ-
BalOT MUHUMAaJIbHYIO 0€3011aCHOCTH MO YCJIOBHIO (5) Ipu paboTe B CETH HEYIPABIIEMOr0 BBINPSIMUTES, TaK KaK
IpU yTeUKaX C IOJIOKHUTEIHHOTO TIOJIFOCA BBINPSIMHUTENS UMECIOT MECTO X IOJHBIE (DYHKIMOHAIBHBIC OTKA3bl.
IIpn yTeukax B Ipyrux Touykax KOMOMHMPOBAHHOW CETH almaparhl cpadaThIBAlOT CO 3HAYUTEIBHBIM ITPEBBIIIC-
HHEM TpeOyeMOTO 110 yCIOBHAM 3JIEKTPOOe30MacHOCTH 3HaueHNs B 1,5 — 7 pas, T.e. CO3Jal0T HENPHUEMIIEMYIO TI0
YCIIOBHSAM KCIUTyaTalllH “Tiepe3aIinuTy’ CeTH.

3amutHbIe XapakTepuctuku anmmapatoB CA3Y — 2 u A3SAK B KOMOMHHPOBAaHHOM CETH C THPUCTOPHEBIM pe-
TYJIATOPOM HAIPSDKEHHS UL PETYIUPYEMOTo 3JIEKTPOIPUBOAA MOCTOSHHOIO TOKA CHUMAIIUCh IS CITydaeB BO3-

. " -
HUKHOBEHUS OJHO(A3HOM yTEUKH O M HOCIE BBIMPIMUTENA ( 1) () ) B 3aBUCHMOCTH OT COIIPOTHBIICHHS

M30JIIMH HA YYacTKe, I7ie BO3HUKANIA yTedka ( RZ(:) UIH RZ(:) ) ¥ BEeNUYMHBI PETYIUPYEMOTO HANPSKEHUS (
U np= 0; 50; 100; 150; 250 B). Ha ywactke rie He co3JaBanach yTeuka, COPOTHUBICHHE M30JISIIUN yCTaHaB-

JMBAIUCH PaBHBIM 99 kKOM.
Ha puc. 2 n3o0paxeHsl 3aniuTHbIe XapakTepucTuky anmnapara A3AK mpu yredke Toka 1O THPUCTOPHOTO
perynsaTopa, a Ha puc. 3 — s anmnapara CA3Y — 2.

Fy()

12}

Tp
1.1

250

0.9

0.8

0.7
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0.5
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0.2

0.1

‘R:(Rs)
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Puc. 2. 3ammTHbIe XapakTepucTukn annapata A3AK npu yreuke Toka 10 THPHCTOPHOIO Pery/issTOpa HANPSKEHUS B
3aBHCHMOCTH OT pery;upyemMoro Hanpstkenus (|J np= 0; 50; 100; 150; 250 B) u conpoTHBJIEHHS H30JISIUM HA

* *
YYACTKe CeTH epeMeHHoro R u(~) M MOCTOSIHHOTO R u(=) TOKOB. ConpoTuBiieHHEe H30JISIIIHM HA YYacTKe ceTH 0e3

* *
YTEeYKH Ru(:) HIH Ru(z) npuHuMaiock 11,25 OMm, a eMKkocTh H30JISLUH 10 U TOCJIe peodpa3oBaTesi — paBHOM

HyJ10. T p ~ Tpedyemast 3aMTHAN XapAKTEPHCTHKA 110 )TeKTPOGEe30MaCcHOCTH (5)

Tak xak 3amtHeIe Xapaktepuctuku ammapatoB ASAK u CA3Y — 2 npu yTedke Ha ydacTKe CETH IO BHI-
TPSAMUTENS W IPU BKIIOYEHHOM €T0 COCTOSHHUHM HaXOJATCS CYIIECTBEHHO HIKE XapaKTEPHCTHK, TPeOyeMbIX IO
YCIIOBUSIM MHHHMMalbHOW Oe3omacHocTh (5) (3aTeHEeHHass 00JacTh), TO ITH ammaparbl €€ He 00ecTeunBaloT.
IIpruem B anmapate CA3Y — 2 npu KPUTHYECKOM 3HAYEHUM CONPOTHUBIICHHS M30JSALHUH (6) UMEET MECTO €ro
NOJNHBIN (YHKINOHAIBHBIA OTKa3, T.€. Ha0JI01aeTCsl HecpabaThIBaHueE.
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Puc. 3. 3amutHble xapakrepucTuku annapata CA3Y — 2 npu yTeuke TOKa 10 THPHCTOPHOI'O PeryJsiTopa Hanpsike-

HUS B 3aBHCHMOCTH OT YIJIa peryJuposanus Tupucropos (|J np= 0; 50; 100; 150; 250 B) u conpoTuBjEHHs H30-

* *
JISIUM HA YYACTKe CeTH NMepeMeHHOro Ru(z) W MOCTOSTHHOTO TOKOB Ru(:) . ConpoTuB/IeHUE U30JISIMU HA YYacTKe

* *
ceTH 0e3 yTeuKH Ru(z) HIIH Ru(:) npuHuMaioch 11,25 Om, a eMKOCTb M30JISIHHM YYACTKOB 10 U TOCJIe MPeodpa3o-

BaTeJIsl — PaBHOH Hymo; T p - Tpedyemasi 3alIUTHAsI XapaKTePUCTUKA M0 JIeKTpode3onacHocTH (5)

Takum o6pa3om, 3amUTHEIE XapakTepucTuky ammapato ASAK u CA3Y —2
(puc. 2 n 3) onpoBepraroT CyIIECTBYIOIEE MHEHNE, YTO CHMMETPUYHOE COIIPOTUBIICHUE M30JIIIIUM HA Y4acTKe

MOCTOSIHHOTO TOKa HUKAaKOTO BIMSHUS Ha UX pab0Ty HEe OKa3bIBaeT.
Ha puc. 4 u 5 n300paxeHbI 3alIUTHBIC XapaKTePUCTUKHA cOOTBeTcTBeHHO ammapaToB ASAK n CA3Y —

2 B KOM6HHI/IpOBaHHOﬁ CCTU C TUPHUCTOPHBIM PEryJIATOPOM HAIIPSIKCHHUSA HAa Y44CTKE CETH NHOCTOSHHOTO TOKaA.
Ot 3alIUTHBIC XaPAKTECPUCTUKU — 3aBUCUMOCTHU NPEACTIBHO OTKIOYAIOIIET0 COMPOTUBJICHU TOKAa YTCUKHU C I10-

JIOKUTECJIIBHOT'O UJIK OTPHULIATCIILHOT'O IMOJI0CAa TUPHUCTOPHOI'O PETYJIATOPA B 3aBUCUMOCTHU OT:

o *
1) COIPOTHUBJICHUSA U30JIAIIMN Ha YHaCTKE NPOMBIIIJIICHHOU YaCTOThL Ru(z) 1 HalPSIZKECHU ST npeo6pa3OBaTen;1

Unp=0; 50; 100; 150; 250 B;

* [
2) COIIPOTUBJICHUSA HU30JSAIWKU Ha YYACTKC MHOCTOSIHHOI'O TOKa Ru(:) M TCX K€ 3HAYCHUMN HAIIPSAKCHUSA U np

mpeobpa3oBates.
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Puc. 4. 3amurHble xapakrepuctuky annapata ASAK Ha yyacTke NOCTOSIHHOTO TOKA NMPH YTeYKe HA MOJI0KUTETbHOM
M OTPUIIATEJILHOM IOJIKOCAX THPUCTOPHOIO PEryJisitTopa B 3aBUCMMOCTH OT :

1) conmpoTHBJIEHHS] M30JISIIHU HA YYACTKE MPOMBIIIJIEHHOH YaCTOTHI RZ(Q) , HANIPsIKeHUsI peodpa3oBa-
TeJist HAa yyacTke (J np= 0; 50; 100; 150; 250 B):
% * 13k % .
Fy0 = F(RueiUup) 17 y(-) = S (Ru(=)3U np):
2) compoTHB/IEHHE M30JSIUU YYACTKA MOCTOSIHHOIO TOKA RZ(:) , HampsoKeHusi mpeoOpa3oBatens (

Unp=0; 50; 100; 150; 250 B):

1k * 3k *
ry() = S (Ru=)3Unp) W ry(-) = S (Ru(=):Unp) -
3) conpoTuBIeHHE H30JISAINN HA YIACTKe 0€3 yTeUYKH TOKa:

RZ(:) = RZ(z) =11,25 Om; emxocrb usoasiunn yyacrkos cern: C,, =0
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Puc. 5. 3anmmTHbie XapakTepucTukn annapata CA3Y — 2 Ha yyacTke NOCTOSSHHOTO TOKA NIPU yTeuke
HA MOJIOKUTEJbHOM U OTPHLIATEJbHOM IO0JIOCAX TUPUCTOPHOIO PeryJsiTopa B 3aBHCHMOCTH OT :

+50

o~ *
l) CONPOTUBJCHUSA U30JAIMUA HA YYACTKE NMPOMBIIIJICHHOU YaCTOTbI Ru(z) ,» HANIPHKCHUA Hp606p330-

parens (U,,=0; 50; 100; 150; 250 B):

My = T(Ru)Unp) # 1y = T(Ru)Unp)
2) compoTHB/IEHHE M30JSAIUN YYACTKA MOCTOSIHHOIO TOKA RZ(:)’ HANpsiZKeHUsl Tpeodpa3oBarens (

U,,=0; 50; 100; 150; 250 B):
= TRy U ) 1 10 = F(RymiU -

* *
3) compoTuB/eHHe M30JSAIUU YIACTKA 0€3 yTeuKH Ru=) = Ru(x) =11,250M; eMKOCTbh M30JISIUN Y4YACT-

KoB ceru C,=0.

W3 cpaBHenus 3amuTHEIX XapakTepucTuk A3AK (puc. 4) u CA3Y — 2 (puc. 5) BUIHO, YTO BIMSIHUE OJTHO-
MOJIOCHBIX YTeUEK TOKAa Ha UX 3alUTHBIE XapaKTePUCTUKU MPAKTUYECKU OAMHAKOBO. IIpu yTeuke Toka ¢ momuo-
JKUTEIBHOTO MOII0CAa THPUCTEPHOrO PEryJIATOpa 3aIUTHBIE XapaKTEPUCTUKU alnapaToB paclolaratloTcsl 3Ha4u-
TENILHO HIDKE TPeOyeMOi 10 YCIOBHUSM 3JIEKTPOOE30IIacCHOCTH, & B 30HE KPUTHYECKOTO CONPOTHBIICHUS U305~
I[N OHM MMEIOT pa3phIB, T.e. HabIroqaeTcst HecpabaTbiBaHue. [Ipy yTeuke TOKa ¢ OTPULATENBEHOTO MOII0Ca pe-
ryJsTopa 3anuTHele xapaktepucTuku ammapatoB ASAK n CA3Y — 2 pacmonararoTcst 3Ha9UTENIFHO BBIIIE TPe-
OyeMoii, T.e. UMeeT MecTo “nepe3ammra’” ceTH B 2—7 pas, 4To He MPHEMIIEMO TI0 YCIOBHUSAM SKCILTyaTaIli.

Takum 06pa3oM, XapaKTEPHUCTHKH AlNapaToB 3aIIUTHl HA MOCTOSHHOM OIIEPaTUBHOM TOKE HE yJIOBJIETBO-
PSIFOT TpeOOBaHUSAM IIEKTPOOE30IACHOCTU U YCJIOBHSAM IKCIUIyaTallM CETH B YCIOBHUIX NECTAOMIU3HPYIOMINX
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(akTOpOoB KOMOMHHMPOBaHHBIX cereil. [109TOMy HampaBlieHHsI CO3JaHMSI ANNapaTypbl 3aIIUTHl OT yTEYEK TOKa
JUISL ceTell ¢ peoOpa3oBarTesIMi YHEPrUy Ha 0ase CYyIIECTBYIOIIMX allllapaToB OT YTE€UEK B TpeX(]aszHBIX dJIeK-
TPUYECKHUX CETSX, T.€. allllapaToB HA MOCTOSIHHOM OIIEPAaTHBHOM TOKE SIBIISIIOTCA Oecnepcnexmugnvimu. Heobxo-
JVIMO paccMaTpuBaTh MyTH pa3pabOTKH ammaparypsl 3aIUThI U 3TUX CETell Ha IEPEMEHHOM ONEPAaTHBHOM TO-
K€, BBIJEIISISI 1 KOHTPOJIMPYSI €r0 aKTHBHYIO COCTABIIAIONIYIO [5].

BriBOABI:
1. B xoMOWHHPOBAHHOW CETH C HEYIPABISIEMBIM BBINIPSIMHUTEIIEM 3aIIUTHBIC XapaKTEPHCTHUKH aIllapaTa 3aiu-
ThI Ha TIOCTOSHHOM OIEPATUBHOM TOKE CYIICCTBEHHO OTJIMYAIOTCS OT TPeOYEeMO# MO YCIOBHUSIM 3IIEKTpoOe3-

ormacHOCTH. Ha ydacTke MpOMBIIIIEHHOH YacTOTHI | yo = f(Ru(z)) yKe TpH CONMPOTUBICHUN CUMMETPHUIHOMN

m3osAuy 99 kOM Ha ydacTke IMOCTOSHHOro Toka ajs ammapata CA3Y — 2 OHM HpOXOJAT B 30HE 3HAUCHUH,
3HAYUTEJBHO BhIIIEe TpeOyeMbIX (2 — 5 pas), a mns anmapata A3SAK — B 30He 3Hau€HHMH, MEHBIIMX MOJIOBUHEI
TpeOyeMbIX. 3aBUCUMOCTh OTKJIFOYAIOIIMX OJHO(A3HBIX CONPOTUBIICHUH W30JSALMM Ha Y4acTKe MOCTOSHHOTO

TOKa r'yO =f (Ru(=)) oTaMYaeTcs oT TpedyeMoil B (2 — 7) pas.

2. B KOMOMHMPOBAaHHOM CETH C TUPUCTOPHBIM PETYIATOPOM HANPSDKEHMS 3aIUTHBIC XapaKTEPUCTHKH HcCie-
JyeMBbIX aIlllapaToB HA yYaCTKE IIPOMBIIUICHHOW YacTOTHI B 3aBHCHMOCTH OT ITapaMEeTPOB CUMMETPUYHON H30-

JSLMH Ha y4acTKe MPOMBIINIIEHHON 9aCcTOTHI f(Ru(z)) U TIOCTOSTHHOTO TOKa r'yo = f(Ru(:)) MPOXOJAAT

ryo =
CYILIECTBEHHO HIXKe TpeOyeMoi, T.e. NIeKTpoOe30nacHOCTh He o0ecnieunBaetcs. [lpuyem, y annapara CA3Y — 2
uMeeT MecTo (DyHKIMOHAIbHBIM 0TKa3 IIPU HANPSDKEHUU BBIIpAMUATENS | np= 0, BIUIOTH 10 KPUTHUYECKOTO 3HA-

YEHUSI COTIPOTUBIICHHS U30JISALIUH.
3. B KOMOMHMpPOBAaHHOM CETH C THPUCTOPHBIM PETYIATOPOM HANPSDKCHMS 3aIUTHBIC XapaKTEPUCTHKH HcCie-
JIYyeMBbIX amlnapaToB Ha YYaCTKE IIOCTOSHHOTO TOKAa C OTPHUIATEILHOTO M MOJOXKHUTEIHHOTO TOJ0CA B 3aBUCHMO-

CTH OT CONPOTHUBIICHUH CHMMETPUYHON M30JSIINH HA yIaCTKaX MPOMBIIIIIEHHOH YacTOTHI I’; 01 Myo= f (Ru(z))

Y TIOCTOSTHHOTO TOKa I’; o f(Ru(=)) MMEIOT Pa3pbIBBL, PUYEM MX YYaCTKH NPOXOJAT KakK BBIINIE, TaK U

HIDKE TpeOyeMol 3alUTHON XapaKTePUCTHKH.

4. 3amuTHBIC XapaKTePUCTHUKU MCCIEJOBAHHBIX aIlllapaTOB 3allUThl Ha IIOCTOSHHOM OIEPaTHBHOM TOKE B
YCIOBHUSIX JECTaOMIM3UPYIOMNX (PaKTOPOB KOMOMHMPOBAHHBIX CETEH HE IMOATBEPXKIAIOT (hakTa Iectabmin3a-
MM WX pabOThI TOJHKO HECHMMETPUYHBIMHU yTEUKAaMH HA yYacTKE MOCTOSHHOTO TOKA. Y CTAHOBJIEHO, YTO H CO-
MPOTHUBJICHHE ariapaTa CHIbHO JlecTabmIn3upyeT paboTy TaKHX anmaparoB IPH yTedKax Ha CTOPOHE 1O MpeoO-
pa3oBares.

5. HampaBienue co3gaHust anmapaTypsl 3allUTHl OT yTEYEeK TOKa JUIS ceTel ¢ mpeoOpa3oBaTesiIMU SHEPTUH Ha
6a3e CyIIECTBYIOIIMX alapaToB 3alUTHl Ha MIOCTOSIHHOM OIEPaTHBHOM TOKE CIeyeT NMpH3HaTh Oe3repcrex-
TUBHBIM. ANBTEPHATHBOH 3TOMY SIBJISETCS pa3paboTKa AJIA STHX CETeH ammapaTypsl Ha IEPEeMEHHOM OIepaTHB-
HOM TOKE IIPU BBIICJICHUU U KOHTPOJIE €r0 aKTUBHOM COCTaBJISIOIICH.
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