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PaspaboTKa ycTpOHCTB 3eMJISIHOH 3alIUThl (CHTHAMM3AlHH) B KOMIEHCH-
POBAHHBIX CETSX MPOAOJKAET Pa3BUBATECS B ABYX Hampasienuax. C oxHoH
CTOPOHBI, 3TO' yCTPONCTBA, pearupyioliue Ha HCKYCCTBEHHO CO3/JlaHHbIE BEJIH-
YHHBI, T. €. OCHOBAHHbIE HA HAJIOXKEHHH Ha 3alUIlaeMyl0 CeTb KOHTPOJIbHOTO
TOKa C YaCTOTOM, OTJIMYAIOLIEHCs] OT MPOMBIIIJIEHHON YaCTOThl 1 MMEIOLIeH Xa-
paktep HyJseBoM mnocsenoBateabHocTu|[1,2]. C apyroii cTopoHBI, — yCTPOHCT-
Ba, pearupylolue Ha eCTeCTBEHHbIe BEJHUYHHbI.

W3 nocaenHux HauOoJbillee paclpoCTpaHEHHe TNOJYUHJIH B I10C/AELHEe
BpeMs yCTpPOHCTBA, pearupyoliye Ha YpOBeHb BbICIIUX rapMounK B TOKe 3a-
MBbIKaHHUS Ha 3eMJio [3].

HsBecTHO TakKe NpUMeHEHHe YCTPOHCTB C HCIIOJb30BAHHEM BOJHOBBIX
MepexXoHbIX MpolleccoB. FIMeeTcsi MOMOMKHUTEAbHBIA ONBIT 3KCIJIyaTallUHd Ta-
KHX YCTpOHCTB [4].

[Iupokoe nmpuMeHeHHe Te€X U APYTHX YCTPOHCTB 3aLLMTLI BCTpeUuaeT Tpe-
NATCTBUSL, 0OYCJ/IOBJIEHHbIE MPUCYIIUMH UM HeJocTaTKaMu. Tak npuMeHeHHe
YCTPOMCTB, pearupyoUluX Ha HCKYCCTBEHHO HAJOKEHHbIe BEJHUYHHDBI, B CETSX,
MMeIoIIHX aBe u 6osee ayroracsamux karymwku (JIIK), TepPPUTOPHAJILHO Pas-
HeCeHHble B pa3Hble TOYKH CeTH, TPeOyeT CO3TaHUs CAOKHOH CHCTEMBI 0J0-
KHPOBKH 3alLIUTBI, MyCKa W CHUTHAJH3alUH pabOyero COCTOSAHHS HCTOYHHKOB
KOHTPOJIbHOTO TOKa, KOTOPblE€ YCTAaHOBJIEHbl BO BCeX TOUKAX CETH, T/l HMEIOT-
ca JAT'K.

Ecnu  Mcrnosib30BaHbl HCTOUYHHKH TNE€PEMEHHOT0 KOHTPOJBHOTO TOKa,
TO Heo6XxoauMo obecrneduTh (asupoBKY HCTOUYHHUKOB B rpouecce mycka. ITo-
3TOMY B HAacCTOsII[ee BpeMsi YCTPOHCTBA, pearupyloliie Ha HCKYCCTBEHHO Ha-
JIOJKEHHbIe BEJMUHHBI, UCMOJb3YIOTCSI B OCHOBHOM [JISl pajiHajbHBIX CeTeH.

Henocratkom ycTpoiicTs, pearupyiomnx Ha YPOBeHb BLICIIHX FapMOHHK,
ABJISETCS HeCTaOUIbHOCTb XapakTepa rapMOHHK B TOKE 3aMbIKaHHsI Ha 3€M-
J10. [apMOHHUECKHH COCTAB TOKA 3aMblKaHHsl MEHSIETCS ¢ H3MEHEHHEM PexH-
Ma M CXeMBbl CeTH, XapaKTepa Harpy3KH, KOJHUecTBa HaXoAdALMXCs B paboTre
reHepaTopoB H TpaHC(hHOpPMATOPOB, MECTA PACIOIOXKEHHS MOBPEKIEHHS, 3aM-
KHYBIIIEHCs ¢asbl, NePexoJHOr0 COMPOTHBAEHHS B MecTe foBpexkaenus. He-
CTaOHIBbHOCTD TADMOHHK MOXKET NMPUBECTH K JIOKHOMY JEHCTBHUIO 3AIIMTHI Ha
HEMOBpPeX/IeHHBIX JUHUAX. 3auiita MOMKeT OTKa3aThb B JeHCTBHH IIPH 3aMbl-
KaHHH uepe3 MepexojHOe CONPOTHB/AEHHE, BBKAY HENOCTaTOYHOH BEJIHYHHDI
YPOBHSI TapMOHHK.
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Hasnyue BbICIIMX TapMOHHK B HOPMaJbHOM pe:KHMe paboTbl CeTH NpH-
BOJHT K HEOGXOIMMOCTH OTCTPOHKH 3aLIUThl OT HOPMAJIbHOTO PEKUMA.

[To ycJ0BHIO CEJIEKTHBHOCTH 3alllUTa MOXKeT paboTaTh TOIbKO B CETHX C
60/BIIUM KOJHYECTBOM MpPHCOEIHHEHHH.

Jlsist ycTpaHeHHsi YKa3aHHbIX HEJOCTATKOB aBTOPAMHM 3TOH 3aLIUTHI Mpes-
JI0XKEHO MepedTH K CPaBHEHHIO YPOBHEH rapMOHHK B IOBPEX/EHHOM H 3]10-
POBBIX (hujepax, OTHOLIEHHE KOTOPBIX ONpe/e/seTcss napaMerpaMu CeTH H
oTaebHBIX (uaepoB. OIHAKO NOCTpPOEHHE NPOCTOrO M HaJeXKHOro Kommapa-
Topa Ha 60JblIOe KOJHYECTBO BXOJOB 3ajaua jgajeko He mpocras. [lo-
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Puc. 1. A 1 b — 1Ba 0AMHAKOBLIX 3aMKHYTBIX MArHHTONPOBOJA, OXBATHIBAIOLIHX
Tpu (asbl 3alUIlaeMOli YCTAHOBKH (Kabesb); @W),A, W;5— OOMOTKH NOJIMATHH-
YHBAHHMS C OJMHAKOBBIM KOJHYECTBOM BHTKOB; Ij — TOK MOAMATrHHYHBAHHS,
Wy — BTOpHYHAss O0OMOTKA; W3 — OOMOTKa [OMOJIHHTEJbHOTO CHrHaJja; R — no!
6aBoYHOe aKTHBHOe compoTuBJenue; K — ynpaBiasieMbiii koHTakKT; C — KOHeH-
caTop, BeJHUHHA KOTOPOro BBIOHpAaeTcs TaKoil, 4TOGBl 00ecHeyHTh BO3HHKHOBE-
HHE MapaMeTPUYecKoro pesoHanca yacTothl 50 'y BO BTOPHYHOI LemH MHpH
NOJAMarHMYHBAHHH MAarHMUTONPOBOAOB TOKOM [; M Pa30MKHYTOM KOHTakTe K;
/I — npoccenb, o6pasyiomuii ¢ KoueHcatopom C (QHIBTP-NIPOGKY Ha YacToTe
50 I'y; BY — BLIXOZIHOE YCTPOHCTBO, NpelcTaBJsiioniee co6oil opraH ¢asoBoii
cenekunu; [o— TOK 3aMblKaHHs Ha, 3emui0; U, — BTOpHYHOe HanpsizKeHHe,
BO3HHKalollee NpH IapaMeTpuyecKkoM pesoHaHce; U o;— ONOpHOE HAampsiKeHHe,
B KayecTBe KOTOPOro HCIOJb3yeTCsl HalpsKeHHe HYJEeBOH INOCJeI0BaTEJbHOCTH.

3TOMY YCTPOHCTBO OTHOCHTEJbHOrO 3aMepa YPOBHSI BBHICIIMX FapMOHHK BHEI-
peHO B BH/€ BH3yaJbHOH CHTHAJH3alMM YPOBHS BLICIIMX TapPMOHHMK BO BCex
¢uxepax cetd NpH 3aMbIKAHHUH Ha 3eMJIIO.

Haxkonel, ykasaHHasi 3aliMra MOMKeT MPHMEHSITbCS TOJAbKO B pajiMalib-
HbIX ceTsix. Ho faiKe s pajnanbHBIX ceTeil B CBSI3H C YCHJIEHHHIMH HCCIe-
JIOBaHUSIMH U pa3pabOTKaMH B HacToslllee BpPeMs METOJ0B H CPEJCTB KOM-
TMeHCAUHH BBICIIUX FapMOHHK B CeTSIX MOTYT NOTpPe6OBATbCS OY€Hb YYBCTBH-
TeJIbHble U3MEePUTENbHbIe OPTaHbL. v

3amura, pearupyrouiasi Ha BOJHOBOH NMEePEXOAHBIH MPOLECC, MOKET NPH-
MeHsITbCSl KaK [JIs pajuajbHbIX, TaK U KoJblieBbX cereil. Henrocratkom 3100
3AIIUTHl SIBJSETCS OTCYTCTBHE MOBTOPHOCTH J€HCTBHS.

Haunbosee crabunbHbIi XapakTep NpH 3aMblKaHHH HA 2eMJI0 HMeeT akK-
THBHAsl COCTaBJAIOLIAsl TOKA 3aMbIKaHHU#, TAK KaK O/lHA €e KOMIIOHeHTa, 00y-



cnoBaenHas norepsamu B 'K, npakruuecku neusmenna. 1o 00CTOSITENbCTBO
B COUETAHHH C BBICOKOYYBCTBHTENbHBIM YCTPOHCTBOM K HAllpaBJEHUIO aKTHB-
HOH COCTaBJSIOLLEHl IO3BOJISET CO34aTh 3allUTy, KOTOpasi yCTpaHser He-
JIOCTATKH CYLIECTBYIOIIUX. MHAYKTHBHBIN HapaMeTpoH IO3BOJSAET CO34aTb
TaKoe yCTPOHCTBO.

IIpumenenne napamMeTpoHa HJJIIOCTPpUpPYeTCs puc. 1.

Pa6ora Takoro ycrpoiictBa ocHoBaHa Ha caeayloiieM. ®aza kosaeGanuii
Usp, BO3HHKAIOIIHX B apaMeTpUuYeCcKH BO30yxK1aeMOM KoJebaTelbHOM KOHTY-
pe, o6pa3oBaHHOM eMKOCTbI0 C U MHAYKTHBHOCTbIO BTOPHUHOH 0OMOTKHWj,
NpUHHMAaeT Kakoe-aH00 OJHO M3 JBYX BO3MOXKHBIX B3aUMHO IPOTHBOIOJOXK-
HbIX 3HaueHui [5]. Dta dasa MoxkeT OBITb Ipeonpe/esneHa, eIt 10 BOSHUK-
HOBEHHSI mapaMeTpPHUYeCKUX KoJeOaHHuil BBeCTH B KoJeOaTesbHblil KOHTYP TOK
(HaspiBaeMblil Jajee CHIHAJI0M) HeGOJbLIOH BeJHUMHBI C HEKOTOPOH «yNpaB-
Jsomei» ¢asoi. 3uaueHue ynpasasioulell (aspl 3aBHCHT OT BeJUYHHBI OT-
HOCHTEJbHOH pacCTPOAKH NnapaMeTpUyeckoro KoanebaTebHOIo KOHTypa U Mo-
xKer ObITb onpesenena pacueroM [6]. [TockonbKy KosmebaTeabHblil KOHTYD SIB-
JSIeTCs rnapaMeTpUYeCKHM, HaJHyHe B KOHTYype CHrHaJ/Jla, OpTOI'OHAJbHOIO
CHUTHAJIy ¢ ynpabJasiiolieil ¢as3oil, He OKasblBaeT BJMAHMA Ha INPOLLECC ylpas-
JeHust (as3oi nmapamMeTpHueckux KoJjeOaHuil, T. . mapamMerpoH obJjajaer H3-
OMpaTeJbHOCTbIO K OPTOTOHAJILHBIM YIPABJASIONIUM CHTHAJaM. B ycTpoHcT-
Be pHC. 1 OPTOrOHAJNIbLABIMU yIPABJAAIOIIHME CHTHAJAMU SBJSIOTCS aKTHBHAS
H PeaKTHBHAs COCTABJIAIOLINE TOKA 3aMblKauus Ha 3emJio [o. Takum ob6pasom,
eCJIH HAaCTPOHMTh CHCTEMY TaK, uToGbl (ha3a aKTHBHOI COCTABJSIONIEl TOKa 3a-
MbIKaHHsl Ha 3eMJII0 (AKTHBHBIH CHTHAJI) COBNajaJa ¢ ynpasasdiolled (asoi,
TO (ha3a BO3HHMKAIOIIMUX TapaMeTpuuyecKux kosebauuil U, Oyaer npenomnpese-
JSTbCsl (a30il aKTUBHOM coOCTaBJisilollell. PeakTuBHAsi COCTABJSOILAS TOKa
3aMbIKaHHsl HA 3€MJIIO (peaKTHBHBIM CHTHAJ) BJHSIHUS HA NPOLECC yIpaBie-
HHs ()a30i OKa3bIBaTh He OyIer.

MsBecTHo, 4TO aKTHBHBIE COCTABJSICLIHE TOKA 3aMBIKAHHS HA 3eMJIIO
MOBPEXKIEHIIBIX H HENOBpPexKAEeHHBIX (PHAEpPOB HMEIOT B3aUMHO IPOTHBOIIO-
JoXkKHble (pa3pl (A5 pajiua/bHBIX JHHUI). YCTAaHOBHB I1apaMeTPOHbl HA BCeX
¢bunepax, noJyyuM B3aHMHO IPOTHBONOJOXKHbIE ()a3bl BTOPHUHBIX HAMpsKe-
HHH NOBPEXJAEHHbIX U HENOBPEXKAEHHbIX JIHHUIL.

CpaBuuBas a3y nanpsizkeHuii ¢ (as3oii HEKOTOPOTO ONOPHOrO Hamps-
JKEHHs, HallpUMep, HaNpsXKeHHs HYJeBOH IOCJeJ0BATeJbHOCTH, MOXKHO Bbl-
SIBUTb IIOBpEeXJAEHHBIN Quaep.

Caenyer 0co60 OTMETHTH, YTO BEeJHYMHA BTOPHUYHOTO HAINPSKEHHs He
3aBHCHT OT BeJIHYHHBI CHTHAJA, T.€. He 3aBHCUT OT BeJIHYMHBI TOKA 3aMBIKa-
HHST Ha 3eMJI0. D10 obecrneunBaerT rapaHTHPOBAHHBIN KO3(G(GHUIMEHT Halex-
HOCTH cpabaTbiBaHHsI BBIXOLHOTO peJjie He3aBHCHMO OT BEJHYHHBI TOKA 3aMBbl-
KaHus Ha 3eMuio. Benuunna BropuuHoro nanpsizenusi U Moxker ObITb 0Gec-
neyeHa JioOOH Hanepes 3aJaHHOI NyTeM pPeryJHPOBKH KOHCTPYKTHBHBIX Ila-
paMeTpoB mapaMerpoHa (Ce4yeHHe MArHUTONPOBOJA, KOJHYECTBO BHTKOB 00-
MOTOK H Jp.).

36upaTe/IbHOCTh MapaMeTpoHa K OPTOrOHAJbHBIM YIPaBJSIOIUM CHT-
HajgaM He Gearpanmuna. C Ie/bi0 yBeJHUYeHHs H3GHPATEJIbHOCTH Ie/1ec000-
pasHO I1OJAMAarHHYHBATb I1apaMETPOH QIHONMOJISAPHBIMH HMIYJIbCAMH TOKA C
yacroroii 100 T'm u ckBaxnoctbio 2. Takasi yacTora noiMarHHuuBanus (OT-
JUUHAs OT YacTOTHl IapaMmerpuueckoro pesonanca 50 ['y) mO3BOJISIET HC-
KJIOUUTb BJAHMAHHEe HebGajaHca, 00yCJ0BJIEHHOIO HEHIAEHTHUYHOCTbIO CepeYHH-
KoB A m B, na usbuparespHOCTh napamerpona. MMmyJibcel nojMariuyHBa-
HES MOTYT OBITb C(OPMHPOBAHBI OT HCTOUHHMKA IOCTOSIHHOTO TOKa IPH IIO-
MOLIH THPHCTOpPA. YIpaBJ/sIOUlHe THPHCTOPOM HMIYJbChl Il€Jecoo0pasio
GopMHpPOBATH M3 HANPSIKEHHA HYJAEBOH 10CJAe10BaTeIbHOCTH. MCTOUHHK nH-
TaHHs sIBJIsIETCs] OOLMM JJIsl BCEX IIapaMeTpOHOB.
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