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PaCCMOTpCHLI HCTOYHUKHU DJIICKTPOMArHUTHBIX BIUSHUN M METOJBI 3alIUTHI OT HUX
TCIICKOMMYHUKAIUOHHBIX 00BEKTOB.

Mpwn akcnnyaTaumm TenekoMMyHUKaLUMOHHBLIX U MHApOpP-
MaLMOHHBIX KOMIIIEKCOB, SMIEKTPOHHBIX NPUOOPOB, CUCTEM
aBTOMaTUKM U TENEMEXaHWKN YacTo NPUXOAUTCS CTarku-
BaTbCs C OTpMUATENbHBIM BMSHUEM MEepeHanpsiKeHWN.
OcobeHHO 3aMETHO 3TO BIMSIHME MPOSIBISIETCS B HamMboree
CIOXHbIX CUCTEMAX, TaKUX, HAaNpPUMEp, Kak CeTU CBS3N.

CraTuctuka nokasblBaeT, YTO YMCMO NOBPEXOEHWN
annapaTypbl U3-3a GPOCKOB TOKOB M HANpshkeHWN yasau-
BaeTCs Kaxable Tpu-yeTbipe roga. NepeHanpspkeHns Bbl-
3bIBalOT CTapeHWe NonyrnpoBOAHMKOBBIX CTPYKTYP, OLLMOKM
npv nepegaye MHopMaUnm N YHUUTOXEHNE OaHHbIX B
3anoMuHaloLmx ycTponcTeax. MNpsiMble yaapbl MOMHMM,
a TaKke nonagaHve MPOMbILLIIEHHOrO HaNPSPKEHWS B He-
3alUMLLEHHbIE MMHENHblE COopyXeHus n obopydoBaHune
CBSI31M MOTYT CTaTb MPUYMHON NoXxapa u rubdenu niogen.

3HaunTenbHLI MaTepmarnbHbIi yLepd CBs3aH 1 C KOC-
BEHHbIM BNUSIHUEM FPO30BbIX pa3psAnoB. OH 0bycrnoBneH
HapyLLEHVEM TEXHOMNOMYECKMX MPOLIECCOB BCeACTBME Bbl-
X0[a M3 CTPOsi CUCTEM TEXHOJIOTMYECKOro yrnpaBrneHus
[1].

Movemy coBpemeHHoe 00opyaoBaHue TPEOYET Ka4eCTBEH-
HO HOBOro NoAaxoda K 3alimTe OT nepeHanpskeHun no
CPaBHEHMWIO C MNpeablayLyM MOKONEHUEM 3NEKTPOHHON
TEXHUKN? 3TO CBS3aHO, NpeXxae BCero, CO CMEHON 3MEMEHT-
HoW 6asbl.

[MNOTHOCTb 3MEeMEHTOB Ha KpucTanmnax MMKpPOCXeM 3a
rocrnegHve rodbl 3HAaYNTENbHO YBENMYMNach, YTO MpUBENo
COOTBETCTBEHHO K YMEHbLUEHMIO HanpsbkeHus npobosi.
[Moatomy fake npy BHELULHEM HEBOMBLLIOM 3MEKTPOMAarHuT-
HOM BO30ENCTBUM MOXET BO3HUKHYTb CUTyaLMs, KoTopast
npyBEET K MOBPEXOEHMIO MUKPOCXEM.

B MCTOYHMKaxX 3reKTponUTaHns COKPaTUIOCh KONMYECTBO
TpaHcopMaTopoB 1 OpOCCeNnen, NHOYKTUBHOCTb KOTOPbIX
racuT BbIOPOCHI MUTAIOLLIETO HAMNPSPKEHUS], YMEHLLUMIUCH X
pa3Mepsbl, Npy 3TOM Bce Oonblue YHKLMIA BbIMOSHSAT
AMEKTPOHHbIE CXeMbl, Boree NoaBepXeHHbIE BO3AENCTBUIO
nepeHanpshkeHn. Kpome BbiBOda U3 CTPOSI ANEKTPOHHBLIX
BIIOKOB 3MEKTPOMUTAIOLLLENO YCTPOMCTBA U HapyLLEHUA €ro
paboTbl (COOEB B CXeMax reHepaTopoB, PEryrnsaTopoB U T. 1),

CyLLIECTBYET OMACHOCTb MOMadaHUs MMMYIbCHBIX MOMEX
yepes Lieny NUTaH1st HEMOCPEACTBEHHO B 0OOPYAOBaHNE.

LincppoBble cxembl XapaKTepusyroTca YpesBbliHariHoO
MarnbIMW 3HEPIAMM MONE3HbLIX cUrHaros. MoaTtomy 3alupra
OT 3MEKTPOMAarHUTHbIX BO3OENCTBUI SIBMSETCS 00sA3aTerb-
HbIM ycrioBuem 6ecnepeboriHon paboTbl.

Bce Gonee Bo3pacTatoLLasi B COBpEMEHHOM ODLLIECTBE
pOrb KOMIITEKCOB CHCTEM nepeaqn n obpaboTkv nHop-
MaLyK YBENMMUMBAET SKOHOMUYECKVE MOTEPU BCrEACTBUE
OTKa30B 3TUX CUCTEM Unn cOoeB B MX paboTe.

1. ICTOYHMKM 1 XapaKTepUCTUKN ONacHbIX
BITMUAHUN

1.1. NpupoaHbie sBNEeHUA

lpo3a - <aBNEeHMe He 4acToe, HO O4YeHb
paspyLumnTensHoe, CrocobHoe «rnopasvTb» YerioBeka B
NPsIMOM M NEPEHOCHOM CMbICIEe 3Toro criosa. epsble
cepbesHble HayyHble WCCIEenoBaHUS 3TOM0 MPUPOOHONO
sereHnss Oburm HavaTbl B cepeauHe XVl Beka
aMEepUKaHCKMM YydeHbiM B. PpaHKmHOM 1 pycckm
ydeHbiM M. JlomoHocobM.  MeHHO umm 1 Oblrio
NPEASIOKEHO 3alLMLLAaTL NoAed M 30aHUS C MOMOLLLbIO
crneumanbHblX  YCTPOACTB -  MOJITHUEOTBOAOB,
nepexsaTbiBalOLLMX TOK MOMHUM U OTBOASLUMX €ro B
3eMnto.

PaanumyatoT Tpu TMna rpo3: Terrosble, hpoHTarbHbIE U
3VIMHVE.

Tennosas rposa. Pasnnunsa B penbege MecTHOCTM
BbI3bIBAOT HEPABHOMEPHbIA HArpeB BO3Ayxa, OCOOEHHO
nocrne nonyaHa. BriakHbI TennbIi BO3ayx NogHMMaeTcs
BBEPX, COAEPKALLIAACH B HEM Briara KOHOEHCUpyeTcs. 3TiM
nogaepXXMBaeTCs pa3HOCTb TeMNepaTtyp M NioTHOCTU
BO3ayxa. BosHukaeT ycTonumBasi BepTukanbHas Tara,
nopobHast Tare B AbIMOBOM Tpyode. o mepe nogbema Brara
KOHZEHCMPYETCs B BUAE Karerek TymaHa, a Ha OorbLuoi
BbiCOTE - B BWAe KpucTannoB nbaa, obpasys
MeCTHOe rpo3oBoe obrako. Mpu BbICTpoM Nogbeme
MpoVCXoOWT  MepepacripefieneHe 3apsiga  BHYTpU
kanenb. [lo Mepe pgpobrienmss KanM € pasHbivK
3HaYeHVsIMM  3apsifa CcobMpaloTCsl B PasHbIX 4acTax
rposoBoro obnaka, cosgasas



Pa3HOCTb MOTEHUMANoB Kak Mexay pasHbIMU YacTsamu
obnaka, Tak 1 Mexay 0b6nakom u 3emrien.

PpoHTaneHasa rpo3a. BosHukaeT npu CTONMKHOBEHWUM
TennbIX BNaXHbIX Macc C XonogHbIMW. Ha dppoHTe cTorkHo-
BeHus Boree Tenrble MacChl BO34yXa BbITECHAIOTCS BBEPX;
obpa3syeTcs, kak B NpeabiayLiemM criyqae, BepTuKanbHbIv
MOTOK BO3AyXxa, MPOUCXOAUT KOHOEHCaLUMs U KpucTaniusa-
UMl Bnam B Buae hpoHTa 00nakos.

B pearnbHbIX YCroBUSX YalLLe BCEro BO3HWUKAET CMeLLaH-
HbI TWM MPO3.

3umHsAA rposa. [NMprunHon ee sBnseTcs OTOUOHM3aLMS
KPUCTarroB fbaa B BEPXHUX CIOsSX atMocdepbl. ITO O4eHb
penkoe siBneHvie 1 HabrnoaaeTcs Yallle B CEBEPHbIX LLMPOTaX.

B oCHOBHOM HEOOXOAVMO YYUTLIBATE MO30BYIO AeATENb-
HOCTb B TEYEHME rPO30BOro Ce30Ha: C anperns-mas no
CEHTABPb-OKTAOPD.

HaBoaku B MUHUAX CBA3M, BbI3BaHHbIE MPO30BOM aKTUB-
HOCTLI0, XapaKTepu3ytoTcs HeborbLLIOW OUTENLHOCTLIO (A0
HECKONBbKNX MUKPOCEKYH[) U COOTBETCTBEHHO BbICOKOM
YaCTOTOM CheKTpanbHbIX COCTaBnsAWwmX. BennunHbl
aMMUTYL UMMNYIBCHBIX HAMPSPKEHWI U TOKOB, HABEOEHHbIX
B KabernbHbIX NMHKAX, MOMYT AOCTUraTb TaKUX 3HAYEeHWN,
Mpu1 KOTOPbIX paspyLlaeTcst 00oroYka 1 U3onsuys, pacras-
NSOTCS >KNIbl, MOSTHOCTBIO HAPYLLAETCH CBSI3b.

HaBoaku, BbI3BaHHbIE MPO30M, MOTYT NPOHUKATL B OGLEKT
CreayroLLMMM MY TSIMN.

psivoli yOap MonHUU 8 30aHUST U UHXEeHEPHbIe
COOPYXKEHUST

Hanbonee onacHbIMM SBMAIOTCA BO3AENCTBUS, BO3HU-
KatoLLme npu NpsMOM yaape MOSHUM B OOBEKT CBA3M (Kak
npaBunIo, B aHTEHHO-MAYTOBbIE COOPYXeHWs1). BosHukato-
LUMIA Npy 3TOM OPOCOK NoTeHLMana 3emnm MoxeTt AOCTU-
raTb HECKOMbKWUX COTEH ThicsaY BonbT. Ha obbekTe cBsau,
re He BbINOMHEH KOMMIIEKC Mep Mo 3aLuuTe OT nepeHanpsi-
YXEHWUI, MPW TakoM yaape MOSHMM MPONCXOANT MacCOBbIN
BbIXOA, M3 CTpos 060pyaoBaHUS, B NEPBY0 ovepedb CTpagaeT
COBpEMEHHOE 000opyaoBaHME.

YacTo noBpexaaroTcs Takke BO3AYLUHbIE FIMHUN CBA3N
1 kabenw, NPOsiIoXeHHble B MPYHTE, OCOBEHHO C BbICOKUM
yOernbHbIM COMPOTUBIIEHVEM.

Pe3ucmueHbie HagooKu

YOap MOSHUKM B 3eMITH0 Heaneko oT 06bekTa Bbi3blBa-
€T JloKasbHbI BPOCOK MOTEHUMana 3emnm B MecTe paspsi-
Aa. MNoTeHuman, MakcuMarbHbIA B TOUKe paspsiaa, cnagaet
K nepudpepnn No aKCNoHeHUManbHOMYy 3akoHy. Takum
obpasom, 3a3emnnTenb 06bekTa U MECTO CTEKaHWs Toka
MOJSTHUM B 3EMITK0 OKa3bIBaKOTCS MOA, PasHbIM MOTEHLIMAMOM.
ToK, Bbl3BaHHbIA PA3HOCTbIO NOTEHLMANOB, No Nbo
npoBofsLlen cucteme (Bogonposopn, kabenb cBs3n)
«NpoTEKaET» Yepe3 OObEKT.

UHOyKkmueHbIe HasoOKU

ToK MOMHWK, NPOTEKAOLLMI MO CNYCKy MOMHMENpPUEM-
HVKa 30aHWS U N0 METaNMOKOHCTPYKUMSM MauyTbl, Bbi3bl-
BaeT CUIMbHOE 3NEKTPOMarHUTHOE More, BO3OeNCTByoLLee
Ha BCe OnmM3Ko pacrosioXeHHbIE MPOBOOHMKM; B JTIMHUSAX
anekTponepeday BO3HUKAET Oerywum nMnynsc Toka u
HanpsbkeHus [2]. MNogobHoro HaBe4eHHOro MMMynbca
BMOJSIHE [OCTaTOYHO, YTOObI MOBPEOUTbL COBPEMEHHOE
3reKTPOHHOE 0BopyaoBaHME.

EmrocmHbIe HaBoOKU

BbICOKOBOMbTHBIE  NMHUM  3MEKTpornepenayn
(N3M) noaBepxxeHbl HanbOMbLUEN OMNACHOCTU MPSIMbIX
yoapoB  MoOnHuMKW. HecmoTps Ha TO 4TO Mpwu
ctpoutenbctee JIOIM npegycMoTpeHbl Mepbl 3almnThbl
(rpo303aLLMTHBIA TPOC, OrPaHMYUTENN NEpPeHanPsPKeHUs),

UMMYSbCHbIE MEepeHanpsiKeHss BCe paBHO MonafdatoT Ha
pacnpenenuTenbHble TpaHcdopMaTopbl. Tak Kak 3Heprust
rpO30BbIX MMMYNbCOB cocpenoToyeHa B
BbICOKOYACTOTHOW YacTu CnekTpa, 3TU UMMYNbChbl Yepes
€MKOCTHYIO0 CBSA3b Mexay obMoTkamu TpaHcdopmaTopa
nonagalt B  CeTb  JNEKTPONUTaHWs,  MnoBpexaas
YyBCTBUTENBHOE 060pPYaOBaHME.

1.2. MpoMbILEHHbIE UCTOYHUKU

KOMMymaL{UOHHbIe rIoMexu 8 arieKmporiumarowux cemsix

NMnyrnbcHble MoMexu pasnuuHon OUTENbLHOCTU U Be-
NMNYUHBI BO3HUKAIOT B BNEKTPONUTAIOLLMX CETAX NPU BKIIO-
YEHUM U BbLIKMIOYEHUM MOLLHBIX NOTpebuTenei sHepruu,
NePEKITIYEHUSAX, KOPOTKMX 3aMblkaHusIX. Hanpumep, npw

nogavye BbicOkoro HanpsbkenHnsa (10 kB) Ha
TpaHcdopMaTOpHYHO noacTaHuumio (TrT) Ha
HU3KOBOSbTHLIX ~ OOMOTKax  BO3HMKAeT  UMMYIbC

amnnutygon o 3 kB.

Haegodku om nuHuti arekmporiepedayu u
3HepeemuYecKux kabesel Ha JIUHUU C8513U

Momexu B cnekTpe NPOMBLILLIIEHHOW YacToTbl U ee nep-
BbIX FAPMOHWK JENCTBYIOT TOMNBKO Ha BrM3Ko pacronoxXeH-
Hble NMUHUK cBA3W. Kak npaBuno, OHW He NPUBOASAT K
MOBPEXOEHUAM, HO MOTYT BbI3blBaTb NMomexm B pabote. [Mpu
KOMMYTaLMOHHbIX NPOLIeCCcax Ha 3MNeKTPOCeTSAX B NINMHUAX
CBS131 HABOAATCHA UHAYKTMBHbIE MOMEXW, aHanorn4Hble
rioMexam, BO3HMKaoLLMM Mpun yaapax MosHum B J19T.

OriekmpuchuLLpPO8aHHBIL MPaHCIIoPIM
OTO 0OVH M3 Hanbonee MOLLHBIX MCTOYHMKOB MPOMbILLI-
NEHHbIX MOMEX, OEVCTBYIOLLMX Ha Kabenu, NposioXeHHble
PSOOM C SMEeKTPUULIMPOBaAHHOM XernesHon aoporon. Hau-
Honee onacHbI 4N CUCTEM CBA3M KernesHble Aoporu, pabo-
TaloLpe Ha nepeMeHHOM TOKe.

HerocpedcmeeHHoe rioriadaHue rnumaroue2o

HarpspkeHUs Ha JIUHUU ces3u JTO ogHa u3
Hanbonee pacrnpoCTpaHeHHbIX W  OMacHbIX  MOMEX.
[OnnMTeneHOCTb  TakMX BO3OENCTBUM  MPAKTUYECKU HE
orpaHuYeHa, a Bbigersiemasi MOLHOCTb 3aBUCKT TOSBbKO OT
BHYTPEHHErO COMPOTMBIIEHUS] UCTOYHMKA NUTAHUST CUMOBOWA
uenu. MNMpn BO3HUKHOBEHMWN TaKUX OMACHbLIX TOKOB
3aMblKaHMe Len obbIMHO MPOMCXOOUT Yepes 3eMio. ITu
BO34ENCTBMSA MPEACTaBMSAOT ONaCHOCTb HE TOMbKO ANs
TENEKOMMYHMKALIMOHHOW annapaTtypbl, HO U Ans 06cyxu-
BatoLLero nepcoHana. MasectHbl cnyvan Bo3ropaHusi obo-
PYLOBaHUs M 30aHWIA, NMpUYeM yLLepd, MPUYNHEHHBIA NoXa-
poM, OKasblBasicsl Ha nopsgok Gonblie, Yem 3aTpaTsl,
TpebyroLmecs Ha 3awmTy obbekTa.

1.3. BoeHHble NCTOYHUKMN

Cpeaun OCHOBHbIX TEHOEHUMA Pa3BUTUSI COBPEMEHHOM
BOEHHOW CTpaTernm MoXHO OTMETUTb YBENUYEHNE 3Ha4Ye-
HWS, NPYAABaeMoro 3ajadyam nogaBneHnst XMU3HEHHO BaX-
HOW Ans NPOTUBHUKA MHEOPMALIMOHHOM UHAPPaCTPYKTYPbI.
[MoaTomMy OOHOM U3 rMaBHbLIX Lenen COBPeMEHHON BOWHbI
ABMNAETCHA OOCTWKEHME MHADOPMALMOHHOIO MPeBOCXOACTBa,
Ans Yero HeobxoaMMO NpeXxae BCEro YHUUTOXNTb KOMMY-
HUKaLIMOHHbIE N PaaVOTEXHNYECKME CUCTEMBI MPOTUBHYKA.

3apavy paspyeHns MHAOPMALMOHHBIX CUCTEM MOXHO
PeLUMTb, HAHECA YAapbl MO LeMsM Mpy NMOMOLLIM OBbIMHOrO Ui
AEPHOro OpyXus, HO 3To ByaeT ckopee NO6OYHbIM



crnefcTBMeM Takux yaapoB. [ocTpagaloT atakyemble coopy-
KEHUS U MepcoHarn, YTo Aaneko He Bcerfa xenaTtenbHo B
COBPEMEHHbIX YCINOBUSIX.

BosHukHOBEHME noTpebHocTH YHUYTOXEHMS
3MEKTPOHHbIX cUCTEM Ge3 HaHeCeHWs Bpeda CTPOEHUSIM U
HaxodAWMMcs B HUX foasm  noBfnekno 3a coboi
pa3paboTKky cneumnanbHbiX BUAOB BO3AENCTBUS, peLlatoLmx
AaHHylo 3agauvy.

BrnekmpomasHUMHbIU UMITYIbC 8bICOMHO20
s10epHO20 83pbiga

OaHUM 13 cnocoboB YHUUTOXEHUS BNEKTPOHHBIX CU-

CcTeM siBNSETCA NoapbiB aaepHoro 6oenpunaca Hag, ue-
Nbi0 Ha BbICOTE OKOSO AECATM KMoMeTpoB 1 bonee. MNpu
3TOM Takue nopaxatowue pakTopbl, Kak yaapHasi Bon-
Ha, NpOoHMKaloLas paguauus U CBETOBOE U3nyyeHue, He
NMPUHOCAT CYLLIECTBEHHOIO Bpeda Ha3eMHbIM obObekTam,
a SreKTPOMarHUTHbIN UMMNYNbC, BO3HUKAKOLWINA B pe3yrb-
TaTte B3aMMOAENCTBMSA ramma-fyden U HEMTPOHOB, UC-
nyckaembIX Npu siAepHOM B3pbiBE, C aTOMaMu OKpyXKa-
toLLEen cpenpbl, BbIBEOET U3 CTPOS 3NEKTPOHHOE 0bopy-
OO0BaHWe Ha 3HauYNTENbHON TEPPUTOPUM.
BbICOTHBIN S0€PHBIN B3pbIB NWLb C 6OMBLLION HATSXKKON
MOXHO OTHECTM K crieumanbHbIM MeTogamM BO34encTBums
Ha KOMMYHWUKALIMOHHbIE N PAAMOTEXHUYECKNE KOMMNIEKCHI,
TEM He MeHee, Kak nopaxatwLimii (pakTop ero Hy>XHO
yuuTbiBaTb MNpU MPOEKTUPOBAHUN CUCTEM 3aLLUThbI
3MNEKTPOHHOrO  00OpYyAOBaHUsl, OCOOGEHHO BOEHHOTO.
AnekmpomazHumHbie 60MbbI

TexHonornyeckas 6asza COBPEMEHHbLIX 3fleKTpomar-
HUTHbIX BoenpunacoB BecbMa pa3HoobpasHa. OcHOB-
HbIMU TEXHOMNOMMSMU, NPUMEHSIEMbIMK B 3TOM 06nacTu,
SIBMSIOTCS: reHepaTopbl CO CKaTUEM 3MIEKTPOMArHUTHOTO
nons npv nomoLum B3pbidaTky (explosively pumped Flux
Compression  Generators, FC-reHepaTtopsbl), pabo-
TaloLwme Ha B3pbIBYATKE MM MOPOXOBOM 3apsige mMarHu-
TorMgpoguHamuyeckme reHepatopbl (explosive or
propellant driven Magneto-Hydrodynamic
Generators, MHD-reHepaTopbl) K uUenbin  Habop
MUWKPOBOJTHOBbIX YCTPOWCTB BbICOKOW MOLLHOCTU, W3
KoTopbix  Hambonee npopaboTaHHbIM  SABNSETCA
reHepatop ¢ BupTyanbHbiM katogom (Virtual Cathode
Oscillator, BupkaTop).

FC-reHepaTop - 39TO OTHOCUTENBHO KOMMAKTHOE
YCTPOWCTBO, CMOCOOHOE MNPOM3BECTU 3NEKTPUYECKYHO
SHEPrUio Mopsiaka AEeCATKOB Meragpkoynem 3a COTHU
MUKpOCeKyHZ. [ukoBasi MOLWHOCTb - OT €eAuHWL o
aecsaTtkos TepasaTT [3].

LleHTpanbHasa naes koHCTpykummn FC-reHepaTtopa 3ak-
foYaeTcs B UCMOMb30BaHWM B3pbIBYATKW AJ1s1 TOrO, YTOObI
ObICTPO CKaTb MarHUTHOE Mose, NPeobpa3oBaB IHEPTUIO B
3MNEKTPOMAarHUTHbIA UMMYIIbC.

OCHOBHOW 3MEMEHT reHepartopa - UUNUHAPUYECKUIA
pe3oHaTop M3 MaTtepuana ¢ XOpOLLUEN 3reKTPONPOBOAHO-
CTbto, 06MNOXEHHbIM 0BbIYHON B3pbiBYaTKON. Crneuunans-
HbIA UCTOYHMK UHULMMPYET B Pe3oHaTope CTOSsIYYH 3rek-
TPOMarHuUTHYH BOSHY, KOTOPYIO MOXHO NMGO noanepu-
BaTb BO BpeMeHu, Nnbo co3gaBaTth 3a HECKOMNbKO MIHO-
BeHUn o B3pbiBa. OObIMHO Npu B3pbiBE pa3BMBaETCs
MOLLIHOCTb B HECKOMbKO ThICAY rMraeaTtT, a AaBlieHue
-6onee cotHn atmocdep. OHO u cxumaeT pesoHaTop. B
3aBUCUMOCTU OT KOHCTPYKLUUKM GOMObI CxXaTne Mpouncxo-
OMT NGO paBHOMEPHO MO BCel BOKOBOW NOBEPXHOCTH, MO0
C Topua - 3TOT BapyaHT M NokasaH Ha puc. 1.

Cxema (PyHKUMOHNPOBaHWS 31IEKTPOMAarHUTHON GoMObI
nepep B3pbIBOM (BBEPXY) U B MOMEHT ero (BHU3Y). Lindpa-

MK 0603HauyeHbl: 1 - 3NEKTPOMAarHUTHbIA pe3oHaTop; 2-
cToda4Yasi BOSHa; 3 - B3pbiBYaTOE BELLECTBO; 4 - Hanpas-
neHHoe 3MNEeKTPOMarHnTHoe N3ny4yeHue; 5-
pasneTatoLwmecss npoayktbl B3pbiBa. [1o4TM MIHOBEHHO
ONamMeTp UWWHOPa YMEHbLUAeTcs B [OECATKM  pas.
OneKTpomarHMTHoe Morie, HeCrocobHOEe BLIATY 3a Npeaernbl
pesoHaTopa, pe3ko CKUMaeTcs, W, Kak cneacrteue,
NnoBbILLAETCS YacToTa ero korebaHui. Takum obpasom,
YacTb 3HepruM B3pbLIBYATOrO BeLUecTBA MNepexoguT B
SHEPUI0 SMEKTPOMArHUTHBIX BOJTH.

MHD-reHepaTop. ®yHOaMeHTarnbHble NPUHLUMMLI, Nexa-
wue B OCHOBe KOHCTpykumm MHD -reHepaTopoB,
3aKMYyalTCca B TOM, YTO B MPOBOAHMKE, OBUraloLLEMCS

yepes MarHuTHoe none, Oynet BO3HUKaTb
ANEKTPUYECKUIA TOK, MNEPNEHAMKYISAPHBLIA HanpaBneHuto
NUHUM  nonst M OBwKeHuo npoBogHuka. B MHD

-reHepaTtope Ha B3pbiBYaTKE WM MOPOXOBOM 3apsiae
NPOBOOHMKOM  SBNSieTCA Nna3va, obpasyowasca B
pesynbTate B3pblBa, KOTOpasa OBUraeTcsl Nonepek NUHUN
MarHUTHOro nond. Tok cobupaeTcs aneKkTpogamu,
KOTOpble HaxoOAaTCs B KOHTAKTE C MNa3MeHHOW CTpyen
[4]. BosHuKaloWmMin KOPOTKMA MMMYNbC TOKa Bbl3blBAET
pacnpoCcTpaHsloWmMncs B MNPOCTPAHCTBE  3MEKTpO-
MarHWUTHbIA UMYIbC.

MCTOYHUK MUKPOBOSTHOBOIO WU3IyYeHUs] BbICOKON MOLLL-
HOCTU - BupkaTop. Puamka paboTbl reHepaTopoB C
BMpTyanbHbIM KaTOAOM CyllecTBEeHHO 6oriee crnoxHas,
YeM B paHee pacCMOTPEHHbIX ycTpowcTeax. Maes,
nexawiass B OCHOBE BupkaTtopa, 3akn4daeTcsa B
YCKOPEHMM MOLLHOTO MOTOKa 3MEKTPOHOB, CO34aHHOMo Npu
MOMOLLM B3pbIBYATKM, CETYaTbIM aHOOOM. 3HauuTensHoe
YMCNO 3MNEKTPOHOB, MPOXOAsS Yepes aHod, hopMupyeT 3a
HUM obnako MPOCTPAHCTBEHHOTO  3apsida. Mpn
onpenerneHHbIX YCroBusix ata obnactb NpOCTPaHCTBEHHOMO
3apsiga OygeT reHepupoBaTb KonebaHusi € 4actoTamu
MMWKPOBOSHOBOrO AuanasoHa. Ecnu npocTpaHCTBEHHbIN
3apsiq MNOMELLeH B PE30HaHCHYK MONoCTb, KoTopas
COOTBETCTBYIOLLMM 0Opa3oM HacTpoeHa, MOXET ObITb
OOCTUrHyTa oyeHb Bonbluas NMKoBast MOLHOCTb. YToObI
BbIBECTM  3HEPrU0O U3  PE30HAHCHOW  MOJOCTH,
NCNonb3yloTcsl ObOblYHbIE MUKPOBOSHOBBLIE TEXHOIOMMN,
HanpMMep  PynopHasl  aHTEeHHA. YPOBHWM  MOLLHOCTW,
OOCTUrHYTbIE B SKCMEPUMEHTaX C BUPKATOPMU, HaAXoaaTcs
B AnanasoHe ot 170 kBT no 40 BT B AMana3oHe AnWH
BOMH OT [JeuMMeTpoBOro [0 CcaHTumeTpoBoro [9].
CxemaTnyHOe m3obpaxeHne BupkaTopa NPEACTaBneHo Ha
pwvc. 2.

Takum 0b6pasom, Npu akcnnyaTaumMmn TeNeKoOMMyHMKa-
LIMOHHBIX 1 MHCDOPMALMOHHBIX CUCTEM, 3MEKTPOHHBLIX NpU-
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60pOB, CNCTEM aBTOMATUKN N TENeMexaHUKN NpunxoanTca
CTankmeatbCA C OTpuuaTerbHbIM BITMAHMEM NepeHanpsa-
>KeHI/II7I, OCHOBHbIMU UCTOYHUKaGMW KOTOPbIX ABIAKTCA MPO-
3bl U aTMOCEPHOE JMEKTPUYECTBO, CETU SNEKTPONUTaHMS,
a B BOEHHOE BpeMs - 3NeKTPOMarHUTHbIE MMMNYNbChbI,
BbI3BaHHbIE NMPYMEHEHNEM SOEPHBIX Y ANEKTPOMarHUTHbIX
GoenpunacoB. BosHukalowpye B 3TVX Cryyasix HaBOOKW
MOryT UMeTb AiBe hOpMbl:
1)MMNYrbCHbIE-C MaribiM BpEMEHEM HapacTaHWst OpOoH
Ta U ANUTENBLHOCTBIO OT HECKOSMBbKUX HAHOCEKYH [0
HECKOIbKMX MUKPOCEKYHS;
2)anuTernbHble - Bbi3BaHHbIE MPAMbIM KOHTaKTOM C
ANEKTPOCETbIO UINn BO3£I,eI7ICTBVIeM ANEKTPOonMTarLLnX
YCTaHOBOK, a TaloKe NTMHUIA 3neKTPUULMPOBAHHOTO
TpaHcnopTa.

BennuvHa ToKoB, BO3HUKAOLLIMX B FIMHWSX CBA3W, 3aBU-
CUT OT (POPMbI HABOAKW Y MOXET MPUHMMATL 3HavYeHve 00
OEeCATKOB amnep - AN AnNuTenbHbIX BO3AENCTBUNA U A0
AECATKOB Kunoamnep - Ans UMNYnbCHbIX.

2. OCHOBHBIC TPUHILMUIIBI U METOJbI 3aIIUTHI
OT OINACHBIX JJIEKTPOMATHUTHBIX BIUSHUN

1. YMeHblUEHNEe WHOYKTVMBHBIX HaBOOOK B kabemnsx
CBSA3M U LensX 3MeKTpOnuTaHnsl JOCTUraeTcs CrieayHoLymm
Ay TAVIAL

-NepexofoM C MeTarnnmyeckux kabenewn cBa3n Ha ONTu-

Yeckue;

-3aLUMTON MPOJSIOXKEHHBLIX MEeTannmMyeckmx kabenew ot

yOapoB MOMHWUM MPpY NOMOLLY CrieLnarnbHbIX YCTPOWCTB;

-3KpaHUpPOBaHMEM 3[0aHWN U COOPYXEHWIN, B KOTOPbIX

yCTaHOBEHa annaparypa;

-COKpaLleH1eM AnvH 1 ONTUMM3aLmen Tpace NPOKITaaKkv

kabenew BHYTpY 34aHus.

2.3awmta  3maHUA U UHXKEHEPHbIX  COOPYXKEHWN
06BLEKTOB CBSI3V OT yAApPOB MOJSTHUM NPOM3BOAUTCS MyTEM
nepexsara Toka MOMHUM MACCMBHBIMU MOJSTHMEOTBOAAMM,
Hanpumep cneumansHO MpedHas3HavYeHHbIMKM  Ans  3TOro
MayTamy, MOJSHME3ALNTHBIMA  CeTKaMu,  MOfHMWe-
NPUEMHUKaMN, YCTAHOBMEHHLIMM Ha KpbIax 30aHuN.
Kpome TOro, cyllecTBylOT M aKIMBHble MOITHUEOTBOIbI,
VHULMMPYIOLLIME pa3psid, MOHUM NMyTeM MOHU3aLMM BO3AyXa.
MpM STOM TOK MOMHWM OTBOAUTCA B 3eMI0  Yepes
MOSHME3aLLMTHOE 3a3eMITeHMe.

3.BblpaBHuBaHune noTeHumanos jocrturaetcd
SMNEKTPUYECKM  COEOMHEHMEM BCEX  TOKOMPOBOAALLMX
3MEMEHTOB B €AVHYI0 3KBUMOTEHUMAIbHYIO CUCTEMY,
YacTbl0 KOTOPOW TakkKe HABMAOTCA  3a3emrsiowye
yctponctBa. K cucteme BblpaBHMBaHMSA MOTEHLMANOB
MOAKMHOYAOTCS:

-MeTarnnM4Yeckne KOHCTPYKLUMN 30aHUSI, aHTEHH, MauT;

-KOMMYHUKaLM (BOQONPOBOA, ra3onpoBog U T. 4.);

-MeTannuyeckme o0onoYkM kabenen;

-kopnyca obopyaoBaHus, kabenbpocThl;

-BOJTHOBOAbl M BHELUHME MPOBOOHMKNA KOAKCUarbHbIX

kabenen;

-nposoga PE n PEN anektponuTaloLwmx yCTaHOBOK;

-3a3eMnsoLLme yCTponCTBa.

OpraHusaums cuctembl BbIPpaBHUBAHWSA MOTEHLUMAIOB
obbekTa cBA3N onmcaHa B EBponeiickoM TenekoMmyHMKa-
LLMOHHOM cTaHaapTe [6].

4 Pa3mbiKaHve LienyM OMacHoro TOKa, MpOTeKaroLlero
yepes 3alllaemMble YCTPOWCTBA. ITOT MeETOA LUMPOKO
npMMeHsieTca  Aans 3aLUTHI 3MEeKTPOoNUTaoLLNX
YCTaHOBOK W MOTPeOUTENE OT KOPOTKOTO 3aMblkaHusl, a
Takke NHUA 1 obopyLOBaHUSI CBSI3W MPU aBapUAHOM
KOHTaKTe C CeTAMMU anekTponuTaHus. Pexe pasmbikaHue
Luenn OnacHOro TOKa MCNonb3yeTca Ans 3awuTtbl OT
NUMMYNbCHBLIX HABOAOK, OT MOSHUM UM KOMMYTALMOHHBIX
npoueccos B JIOT.

5.INpyMeHeHne 3aLUMTHBLIX YCTPOMCTB CriedyeT paccmar
pvBaTb Kak OOuH M3 cnocoboB peanunsauun mMetTonos 3
n 4. Mbl HE UMEEM BO3MOXHOCTWU HaMpsMyH MOOKIO-
UNTb K CUCTEME BbIpaBHUBAHWS MOTEHUMArNOB >XWUMbl
Kabensi CBsI3W MW SNeKTPONUTaHUS - BeA4b TOrAa no HUM

Henb3s OygoeT nepefdaBaTb  MHOpMauWio UMK
3MeKTpoaHepruio. [Ona BbipaBHMBaHWS NOTEHLMANoB
3NIEMEHTOB  CMCTEM  CBA3W U 3MEKTPOMUTaHMUS

NMPUMEHSIIOTCS 3aLUMUTHbIE YCTPOWMCTBA, KOTOpble OOLIMHO
Ha3bIBalOT «YCTPOMCTBA 3alUTbl MO HaNpPsHKeHWo». [Ons
pasmblkaHUs  LEner OMacHOro Toka  MPUMEHSIIOTCS
3alWMTHBbIE YCTPOWCTBA, KOTOpble HAa3bIBalOT «yCTPOMCTBA
3alwmTbl NO TOKy». B 3aBMCMMOCTM OT TUNa BO3OEUCTBUIA
YyacTo NMPUMEHSIOTCS 3alLMTHbIE YCTPOICTBA,
npeacTaensolwmMe cobon  pasnuyHble  KOMOWHaUum
3MEeMEHTOB 3allMTbl MO TOKY M 3MEMEHTOB 3alUuTbl MO
HanPsHKEHIO.

3. DnemeHTtHast 0a3a 3alIUTHBIX YCTPOMCTB

3.1. AnemeHTbI 3alWnTbI NO HaNPSXKEHUIO

OneMeHT 3alLmThbl MO HaNPSPKEHMIO JOIMKEH YOOBMNETBO-
PSTb CredyHoLLyIM OCHOBHBLIM TPEBGOBaHUSIM:

-He gonyckaTb yTeuku Yepes cebsi MonesHoro curHa-na,
T.e. B AvanasoHe nepefaBaeMbiX 4acToT MMETb B
naeare 6eckoHeYHOe CONMPOTUBIEHNE;

-MpY pasHOCTM NOTEHUMArOB, NPEBLILLAOLLEN onpeae
NEeHHOe 3HaYeHve, Pesko yMeHbLLIaTbL CBOE COMPOTUBIIE-
Hue;

-MHOrOKpaTHO BblAePKMBaTb NPOXOXAEHNE UMMYIIbC-
HbIX TOKOB.

OCHOBHbIMM MapamMeTpaMu 3NEMEHTOB 3aLUNTbl NO
HanpsHKEHMIO SABNSIOTCH: HanpshkeHUe OrpaHnYeHus], CKo-
poCTb cpabaTbiBaHUs, MaKCMMAITbHO AOMYCTUMBIN UMMYIb-
CHbIV TOK.

KoHCTpyKUMs 1 hmanydeckne NpuHUmNbI 4ENCTBUA 3ne-
MEHTOB 3aLUMThI MO HAMPSHKEHUIO PA3MNNYHbI, HO UX MOXHO
pa3genvTb Ha ABe rpynnbi:

-pa3psAaHVKM (NPUHLMN AENCTBUS - AYrOBOW pa3
ps4 B rase);

-MonynpoBoAHUKOBbIE NPUBOPbLI U BapuCTopkl (NMpo
6o p-n nepexodoB).

BosayLuHble MCKpOBble PaspsAgHUKA UCMOMb3YOTCH
ONs 3aWuUTbl MO HAMPSPKEHMIO U UMEKOT OYEHb NPOCTYIO
KOHCTPYKUMIO. [M3NEKTPUKOM B HUX CRYXUT BO3AYX.
3a3op mMexay anekTpogamu He repMeTusupyeTcs, U no-
3TOMY HanpsbkeHue cpabaTbiBaHWUs CUNBHO 3aBUCUT OT
CcoCTaBa BO3[yxa, ero 3anblfieHHOCTW, AABEHUS U BNaX-
HocTu. PerynmpoBaTb HanpshkeHne npobosi MOXHO, 13-
MeHss1 hOpMY SNEKTPOLOB U PACCTOSIHNE MEXAY HUMW.



lMpy BO3HUKHOBEHUW pa3spsiga dneKTpogbl BO3QYLUHOMO
paspsigHvKa paspyLuarTcd, U HEOBX0OUM KOHTPOIb MX
cocTtosdHus. bornee coBeplleHHbIMKM YCTpOWCTBaMMU
SBMSOTCH ra3oHanofiHEHHblEe paspsaaHvKA. 3asop Mexay
3MNeKTpoAaMM 3aKpbIT CTEKMNSAHHBIM UMM KEPaMUYECKUM
KOpMycoM W 3anoSfIHEH MHEPTHLIM ra3oM (HEOHOM,
aproHom) noj AaBneHneMm.

[MoBepXHOCTb 3NEKTPOOOB MNOKPbITA MaTepuanom, yee-
NMYMBAIOLLIMM SMUCCUIO 3MEKTPOHOB. BHYyTpK noBepxHOC-
TV paspsagHUKa HAHOCAT aKTUBHBIN MaTepuar, uHorga co-
aepxawum npumecb n3otonos ana 6onee GeicTporo noa-
XUraHus oyrm 1 yBenmyeHust MOLLHOCTY paspsigHuka. MNpu-
MEHeHVe 3TUX MaTeprarnoB NO3BOSSET CO3aaBaTb pa3psa-
HUKA C HanpsbkeHusammn npobosi ot 70 BONbT OO
HECKOJTbKUX KUIMOBOMBT CO CTaHAapTHbIM gomnyckom 20
%.

MpuHUMN paboTbl pa3psigHUKa NpeacTaBneH Ha puc. 3.

Mpu HanpsKeHUWU, MeHbLUEM HanpsKeHus npobos,
paspsgHuK NpeacTaBnseT cobow AN3NEKTPUK C Conpo-
TuBneHnem ©Oonee 100 MOwm. Korga HanpsbkeHue
Aocturaet BenuuuHel Npobos (U,), BO3HMKaET TreloLui
paspsa.  Hanpsokenve  Tnetowero  paspspa  (U,)
coctaBnsietr 70-150 B (B 3aBucumoctM OT Tuna
paspsgHuka) npyu Toke oT 100 mA go 1,5 A. Tpwu
JanbHenWweM pocTe HanpskeHus Thewwun paspsag
nepexoguT B OYrOBOW pas3ps C HanpshkKeHuem Lyru
(U,,) 10-25 B HesaBucvMO OT BenuuMHbI Toka. lMocne
MOHWKEHUST HaMpPSDKEHWUS [0 BENWYMHbI  HanpshKeHUst
noracaHusl  paspsigHuK  nepexoguT  obpatHoO B
BbICOKOOMHOE cocTosiHue. [lpy uMcrnonb3oBaHWM pas-
PSIOHMKOB B LIENSX C AUCTaHUMOHHBIM MUTAHWEM HEOOXO-
Mo ybeanThCs, YTO BENMUUMHA ET0 HaNpshKeHWs! He npe-
BbILLI@ET HanpsbkeHWst noracaHust paspsgHuka. MNponyck-
Hasi CMOCOBHOCTb ra3oHAMOSNHEHHbIX PA3PSAHNKOB MOXET
ObITb O4eHb Benuka. HanpspkeHne npobosi B CunbHOM cTe-
NeHN 3aBUCUT OT KPYTU3HbI PpOHTa uMnyrbca.

Yalle Bcero razoHanofHeHHbIE PaspsaHNKA MPUMEHS -
HOTCA B Ka4YecTBe NEPBUYHON NpeaBapUTESIbHON 3aLUUTLI.
Bpems cpabaTbiBaHWs ra3oBbiX pa3psigHUKOB COCTaBMs -
€T HEeCKOSTbKO AECATKOB UMW AaXe COTEH HaHOCEKyHA.
OTK paspsOHMKNA LUMPOKO UCMOMb3YIOTCS B TENEKOMMY-
Hukaumsax. OgHaKo y HUX ecTb CBOU HepgocTaTku. OgHUM
U3 HUX SBNSIETCA TOT (PaKT, YTO BEMMYUHA HAMNPSHKEHUS
Npo6os 3aBUCUT OT CKOPOCTU pOCTa HanpsikeHus. JTo
BbI3BaHO TeM, YTO [Ans WOHM3aUMM rasa BHYTPU
paspsiaHuKa TpebyeTca onpeaeneHHoe Bpems.

[pyras onacHOCTb 3aknoyaeTcs B paspyLleHun pas-
PSOHVKA NPY ANMUTENBHOM BO3AENCTBUM NEPEHaNPSHKEHUST.

Pa3psagHunk cnocobeH BbioepxuBaTb GONbLUON TOK
NVWb Jonu cekyHapl. [oToM OH MOXET B30pBaTbCsA UIN
HarpeTbCs [0 onacHbIX Temnepatyp. [ns npegotepate-
HUS HarpeBa pa3psigHuKa U BO3MOXHOMO BO3ropaHust obo-
py£oBaHusl, B KOTOPOM OH YCTAaHOBMEH, pa3psifHUKN MO-
ryT cHabXaTbCs TEPMO3aLLMTOMN.

MpumepHo 10-15 neTt Ha3aa NOSIBUNUCH TEXHONOMMM
NPON3BOACTBA BbICOKOKAYECTBEHHbLIX 1 HELOPOrMX OKCUA-
HOLIMHKOBbIX BapUCTOPOB. OTO NO3BONSAET LUMPOKO Npu-
MEHATb BaApUCTOPbI AN 3aWwuTbl MHAOPMALMOHHBIX U
anekTponuTalwmx Lenen. NpumeHeHne BapvCTOpoB OM1s
3aLUMTbI BbICOKOYACTOTHLIX LiEMen orpaHnyYeHo nUx OTHO-
CUTENBHO BbICOKON EMKOCTbIO.

ConpoTvBneHne BapyucTopa CUMbHO 3aBUCUT OT Mpwu-
FIOXXEHHOTIO K HEMY HamnpshKeHus.

Bapuctopbl n3rotaBnmBaloTC U3 METANNIOOKCUAHbBIX
yacTuy, (oKkcua UmMHKa Co cneumanbHbIMy Npucagkami).

OTK YacTULbl CpeccoBaHbl TakKMM 06pa3oM, YTO KOHTaK-
Tbl MEXIY HAMUW OENCTBYHOT Kak NMOMyrnpOBOAHMKOBLIE Me-
pexoabl.

MunnmMoHbl YacTyL, UMUTUPYHOT paboTy MUMIIMOHOB Au-
0[0B, NPV MOBLILEHUN HAMPSXXeHUs NpobuBaeTcst Bce
Dorblue NepexonoB, Yepe3 BapyCTOp HAYMHAET NpoTeKaThb
TOK C BblieneHvem Tenna.

[Mpw NpeBbILLEHNM HaNPsPKEHEM Mopora cpabaTbiBaHKs
TOK Yepes BapucTop pesko Bo3pacTaeT, NpoucxoauT cTa-
Bunusaums HanpspkeHusi. Bapuctop HaunHaet pabotaTh B
pexvmMe orpaHn4eHns HanpskeHus (3oHa B puc. 4).

OpHako crnegyeT NOMHUTbL, YTO NPY BO3pacTaHun Toka
yBENUUMBAETCS KONMYECTBO paccemBaemMoro Ha HeMm Ter-
na. MNoatomy He gonyckaeTcs AnMTenbHOE NCMOofb30Ba-
HWe BapuCcTopa, B PeXMME OrpaHudeHuns. Takue xapak-
TEPUCTUKM BApUCTOpPA, KaK HanpshkeHne cpabaTbiBaHWSA
N MakcUMarbHbIA TOK, ONpeaensitoTcs COCTaBoM Mare-
pviana, ero TOMLLMHON 1 AuaMeTpoM (Kak NpaBurio, Bapu-
CTOpbl MMEKT hopMy Aumcka).

BapucTop Takoro xe pasmepa, YTO M ra3oBbiin pas-
PSAHUK, NPOBOAUT HAMHOIO MeHbLUMIA ToK. CyLlecTBeH-
HbIM NPEMMYLLECTBOM BapMCTOpa NO CPaBHEHMWIO C pas-
PSIOHUKOM SIBNSIETCS ero mMarnoe Bpemsi cpabatbiBaHus (Mo-
psiaKka HECKONMbKUX HaHOCEKYHA). MMo3ToMy AaHHbIN arne-
MEHT MCMOMNb3yeTCH B U3MEPUTENBHBIX U YNPaBAOLLIMX
cuctemax ans 3awmTtbl OT UMMYNbCOB OT 2,5 Ao 7 KA
npu copme 8/20 mkc. [ns 3aWwmUTbl SMEKTPONUTaLWMNX
YCTAQHOBOK  WCMOMb3YOTCA  MOLUHbIE  BapWCTOPbI,
BblAepXMBatoLye 6onblume MMysbCHbIE TOKN.

IMonynpoBOAHMKOBbLIE 3NEMEHTLI ABNSAOTCA Gonee ObIcT-
pPOOENCTBYIOLLUMMUN, YEM pPa3psigHUKM U BapucTopbl. B
nocregHve rogpbl NOSBUMUCHL TUPUCTOPbI Y CTABUINUTPOHBI,
KOTOpble MOTYT pacceuBaTb 3HAYUTENbHbIE MOLLHOCTU U
WUMEHOT BbICOKYO CTabUNBbHOCTL XapaKTEPUCTUK.

YeTBepTLBOMHOBbIE MMHUM NPEACTaBnsAT cobon Npo-
BOOHWK, [OJIMHA KOTOporo coctaeBnsieT 1/4 pnuvHbl
BOMHbI paboyero curHana. Ha paboyen 4actoTe
YEeTBEPTbBONMHOBast  JMHMA  MMeeT  BeckoHeyHoe
COMpOTUBIIEHNE, a [Ans TOKa MOSTHUM - HyNeBOeE.
OcHoBHasa npobnema NpUMeEHEHWUs1 YeTBEPTLBOTHOBOW
FIMHWX COCTOUT B TOM, YTO Ha APYrMX AnUHAaxX BOITH Yepes
FIMHWIO MPOUCXOAMT yTedka curHana. [loatomy ans
LLIMPOKOMOMOCHbIX curHaros npumMeHeHve
YeTBEPTbLBOSHOBbLIX MMHWMIA OrpaHnyeHo. Kpome Toro, no
NPOBOAHUKY, 3aLUULLEHHOMY 4ETBEPTHBOSTHOBOW MUHUEN,
Henb3s1 NepefaBaTh HaNPsHKEHNE OUCTAHLMOHHOMO MUTaHUS.

U4 Dopma mmnynsea 6e3 pazpsaHmka
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YeTBEepTbLBOMHOBLIE NMHUUN MPUMEHSOTCA AN 3aLUUTbI
MOLLIHBbIX U BbICOKOYACTOTHBIX NpYemMonepeaaTymKkoB,
Hanpumep paguopernenHslx ctaHuun (PPC).

3.2. AnemeHTbI 3aWUTbI MO TOKY
3™ anemMeHTbl npegHasHayveHbl Ansl 3almTbl OT OfMTerb-
HbIX BO3ENCTBUMN, nosTomy TpeboBaHus,
npeabsBnseMble K HUAM, OTNMYatoTcst OT TpeboBaHMA K
afnemMeHTaM 3almMTbl Mo  HarnpsbkeHusM. MoXHO HasBaTb
OCHOBHbIE: paboyniA TOK, TOK OrpaHUYEHUs], OCTATOMHbIA TOK,
BHYTPEHHEE  COMPOTMBIEHME, Bpems  cpabaTtbiBaHUs,
BOCCTaHaBIMMBaeMOCTb, AuanasoH pabounx Temneparyp.
OTtnnyaeTcs Takke cxema BKIMOYEHUA 3TUX 3MEMEHTOB:
ecnM  3awmta  Nno  HamnpsbkKeHWo  BKIlOYaeTcsl
napannenbHO Harpyske, TO 3awmrta no  TOKy
BKMOYaeTCa  nocregoBatensHO WM CAYKUT  Ans
oTcoeanHeHnst Harpysku OT  INUHWUW. Mpryem
Ka4yeCTBEHHbIA 3MEMEHT TOKOBOW 3aliUTbl [OOJTKEH
YOOBMNETBOPATL Creayowmm TpeboBaHMAM: HaOeXHO
3awmwaTtb crodulee 3a HuMM obopydoBaHue OT
Ype3MepHbIX TOKOB; MPU BbIXOAE M3 CTPOSA 3TOT AfIEMEHT
JomkeH  obecneunBaTb  0OpbIB uenw; UMeTb
MUHVMManbHBIN pa3Mmep M ObiTb YOOOHBLIM ANt MOHTaXa;
OOJDKEH BHOCUTb  MUHUMarbHblE MOMEXM B paboTy
annapatypbl CBsi3n (MMETb MUHUMAIIbHOE COMPOTUBIEHUE);
O0rkeH ObITb 3MNEMEHTOM MHOMOKPATHOMO MCMoNb30BaHUS
(o BO3MOXHOCTH).
lMnaBkue BCTaBKM - Camblii PacnpOCTPaHEHHbIA TOKO-
orpaHuymBaoWwmi  anemeHT. OHKW ycTaHaBNMBAKTCS
nocrnegosaTternbHO B Lenu neped Harpy3korh. OCHOBHbIM
HeJOCTaTKOM MNaBKOWM  BCTaBKW, MNPUMEHSEMON B
yCTpOWMCTBax 3aluTbl 06OpyLOBaHNS CBSA3W, ABNSAETCS
BbiCOKMN pasbpoc (oo 50 %) 3HayeHud ToOKa
cpabatbiBaHms npu Tokax go 300 MA. TNpumeHeHne
NnaBKUX BCTAaBOK CO CTAOWUNbHbIMU XapakKTepUcTUKamm
JOporo N 3KOHOMMYECKM  HelenecoobpasHo Wu3-3a
HEBO3MOXXHOCTU UX MOBTOPHOIO UCMNOJSIb30BaHUA.
MHOYKTMBHOCTM MO3BOMAKT  3awmTuTe  06opyaoBaHWe
CBSI3U OT BbICOKOYACTOTHbIX MMMynbCoB. [peacrasnsag
cobon BornbLuoe ConpOoTUBNEHNE AN BbICOKOYACTOTHbIX
COCTaBMSALLNX cnekTpa, OHU He BHOCAT
OOMNOMHUTENBHOTO 3aTyXxaHus B 06MnacTu HU3KUX 4acToT.
VX rnmaBHbI HEOOCTATOK - 4acCTOTHbIE WCKaXEHUs n
HEBO3MOXHOCTb WCMOMNb30BaHUSA C BbICOKOYACTOTHbIMA
cuUrHanamm.

TepMoOKaTyLKM - OOANH N3 CaMbIX PacipoOCTPaHEHHbIX
B MPOLUIIOM 3MEMEHTOB 3aliuTbl NO TOKY. [NoBbIWEHWe
TOKa Bblle OnpeaenieHHbIX npenenoB  Bbl3biBano
HarpeB KaTyLIKW, 4YTO NPUBOAWMO K MeXaHU4YeCKoMy

OTKIMIOYEHUIO LEMU Harpyskym OT UCTOYHWKA OMacHoro
Toka. HepoctaTkoM  TepMmoKaTylWKM  ABASIOTCS:
HeobX0AMMOCTb UX 3aMeHbl nocne cpabaTbiBaHus;
oTHOcuTenbHO 6Gonbluve pasmMepbl U BeC; YCTaHOBKa
TOMbKO B CreumanbHble KOHCTPYKTUBBLI (FPOMMOMOCHI);
anutenbHoe Bpems cpabaTtbiBaHuA. Tem He MeHee,
3TOT e NpuHUMn paboTbl, peann3oBaHHbIM Ha Gonee
BbICOKOM TEXHOMIOTMYECKOM YpOBHE, B HEKOTOPbIX
Cryyasix MOXeT ObITb 3¢phPEeKTVBHO MCNOMb30BaH.

Haunbonee LWMPOKO pacnpoCTpaHEHHLIMU B TEXHUKE
CBA3M 3MIEMEHTaMM TOKOBOW 3aLLMThbl SBMNSOTCA NO3MCTO-
pbl. [o4TV BCE MPOU3BOAMTENM TENEKOMMYHUKALMOHHOIO
060pyaoBaHMSA UCMOMb3YOT 3TW 3MIeMEHTbI B CBOMX pas-
paboTkax. [Mpy NpeBbILLEHUN TOKOM, NPOXOOSLLNM Yepe3
MO3MUCTOP, HEKOTOPOro MOPOrOBOrO 3HAYEHWS, MO3UCTOPbI
HarpeBaroTCs U NepexodsT U3 HU3KOOMHOIO COCTOSIHUS B
BbICOKOOMHOE. TakMuMm 06pa3om OHM OrpaHMyMBatoT Npo-
TeKarLLmMn Yyepes HUX ToK. [ocne npekpalleHna Bo3nemn-
CTBWSI MO3NCTOP OCTbIBAET M BOCCTaHABNMBAaET Maroe
BHYTPEHHee conpoTueneHne. VIMEHHO 3TO CBOMCTBO SiB-
NAETCS OCHOBHbLIM MPEMMYLLECTBOM MO3UCTOPOB MO CpaB-
HEHWIO C MTaBKMMK BCTaBKaMn U TEPMOKATYLLKaMM, KOTO-
pble ABMATCS OAHOPa30BLIMM 31IEMEHTaMW.

B HacTosALWMI MOMEHT BhINycKaeTcsa ABa TMna nosu-
CTOPOB: KepaMUyecKkMe 1 Ha nonmmMmepHon ocHoBse. Ke-
pamMm4eckne no3ncTopbl N3roTaBnMBalOTCA U3 NOMynpo-
BOAHWKOBOW Kepamuku. X conpoTuBreHne B HECKOIb-
KO pas Bbllle NonMMepHbIX. Kepamunyeckne nosncTopsl
nvetoT bonee cTabunbHble XapakTepucTuki 1 Bonee BbI-
COKYl0 CTOMKOCTb K ANMTENbHbIM BO3OENCTBUSIM, YeM
NONMMEpPHbIE.

IMonMMepHbIN NO3UCTOP U3roTaBnMBaETCa M3 MaTepu-
arna, BHyTPU KOTOPOro hOpMMUPYHOTCS HU3KOOMHbIE TOKO-
NpoBoAsiLLME Lienoykn 13 yrmepoga. Npv npeBbiLLeHnn To-
KOM YCTaHOBIEHHbIX MPaHuUL, paccemBaemMasi MOLLHOCTb yBe-
NMYMBAETCS, YTO BbI3bIBAET HAMPEB M pacLLMpeHue nonvme-
pa. [Npyn JOCTWKEHUN onpeaerneHHon TemnepaTypbl Npouc-
XOUT paspbIB TOKONPOBOAALLYMX LIEMOYEK, 1 SNIEMEHT nepe-
XOOMT B BbICOKOOMHOE COCTOSIHME. Tak NpoUCXOaUT OTKIH0-
YeHune 3aLyiLLaeMon annapaTtypbl OT MUHUM CBA3W.

OneKmpoHHbIU anemMeHm mokogol 3aujuma!

CroxHOCTb 3aaum 3aLmTbl MO TOKY COCTOUT B TOM, YTO
Ansi cpabaTbiBaHWS 3aLLMTHOIO ANEeMEHTa OMacHbIN TOK JOoM-
XXEeH npoTekaTb Yepes 3alumLlaemMble yecTponcTea. Bee ane-
MEHTbI TOKOBOM 3aLLyThl 06MNagatoT 3HaYMTENBHON MHEPLIN-
OHHOCTBIO U, KaK CreaCcTBUE, He MOTyT obecneunTb Hagex-
HytO 3aLLMTy COBPEMEHHOrO obopyaoBaHus. Ha ocHose aHa-
Nn3a CyLLECTBYIOLLMX arniemeHToB cneuyanuctamm HIMNO «UH-
YKEHEPbI ANEKTPOCBA3W» Obin caenaH BbIBOA, YTO HU OUH U3
TaKux areMeHToB He 0bnagaet HabopoM HeOOXoaAUMBIX Na-
paMeTpoB; K aHarnorM4HoMy BbIBOAY MPULLINIA U HEKOTOpPbIE
3apybexHble PUpMbI.

[ns HageXHOM TOKOBOW 3aLLMThI 3nekTpoHHOM ATC He-
06X0aMM 3NEMEHT, UMEIOLLMIA O4EHb BbICOKYHO CKOPOCTb Cpa-
GaTbiBaHMA npu Toke nopsigka 60-70 MA, BHOCMMOe
conpotueneHne He 6onee 50 Owm, cTabunbHbIE
napameTpbl M Manble pasmepbl. HIMO «UHxeHepbl
aneKkTpocBs3u» Obin pa3paboTaH M U3rOTOBIMEH TaKoOM
aneMeHT, NoJaHa 3asiBKa Ha nonesHy moaens [7].

OnemMeHT TokoBoW 3aLmThl (AT3) COCTOUT N3 MCTOYHKMKA
TOKa M BKITHOYEHHOIO C HUM MOCeA0BaTENbHO NO3UCTopa.
Mpw 3TOM peryrnmpyroLLmMic 3NeMeHT UCTOYHMKA TOoKa (TpaH-
3KCTOP) MMEET TEMIOBYHO CBA3b C noavctopoM. lNpeanorio-
XUM, YTO B HOpMarbHOM pexume vepes T3 npoTekaeT
MOCTOSIHHBLIA TOK, MEHbLUMI, YeM TOK OrpaHuyeHusl, Ha
KOTOPbIN HACTPOEH NCTOYHMK TOKa. Ecnn paccmaTpusath



WCTOYHUK TOKA, BbIMOMHEHHbIVA MO KNAacCUYeCKON CXeme,
nageHvie HanpshkKeHWs Ha perynupyoLLiem anemeHTe (TpaH-
3ucTope) ByaeT hakTUyeckn paBHO HaNPSHKEHWIO HackILe-
HMS TpaH3ucTopa.

Kak Tonbko yepes T3 HauMHaeT npoTekaTb TOK, NPeBbl-
LaoLwpmi nopor cpabaTbiBaHWs, PEryrMPYOLLMIA SrIEMEHT
MCTOYHMKA TOKa HaYMHaeT HarpeBaTbCHa U HarpeBaeT Mnosu-
cTop. lNoancTop nocne SOCTMKEHUS onpeaeneHHon Temne-
paTypbl, Ha3bIBAEMOW TEMMEPaTYPO OMPOKAbIBaHKSA, pes-
KO yBENMYMBAET CBOE COMPOTMBIIEHNE HA HECKONBbKO Mo-
PSIOKOB; MPW BHELLHEM pa3orpeBe No3vcTop cpabaTbiBaeTt
GbICTpee, YeM MpY caMopa3orpeBe.

B pesynbTaTte TOK, NpOTEKaloLLMIA B LIENK, YMEHbLLIAeTCS
00 BENMUMHBI, onpeaensemMon ConpoTUBeHMEM No3ucTopa
B cpaboTaBLLEM COCTOSHWM, MOLLIHOCTW nepepacrnpeaensior-
CA MeXay Harpyskom M nos3uctopom, obLuas MOLLHOCTb,
BbIOENAIOLLAACA B LIEMWU, YMEHBLLIAETCH, 1, HAKOHELL, HacTy-
naet Tennoson GanaHc, T. €. cxeMa HaxoauTca B cpabo-
TaBLLEM COCTOSIHUM Y>Ke 3a CHET camornogorpesa no3vcTo-
pa v XOET CHATUSA BHELLUHErO aBapuMNHOro BO34EeNCTBUS.

MpenmyLLecTBa AaHHOTO 3reMeHTa TOKOBOW 3aLUuThl
MO CPaBHEHUIO C OOHMM MO3MCTOPOM OYEBUAHA: B Cryyae
3aWmThl Lenen OgHMM MO3UCTOPOM B 3alLMLLaeMOoN Lienu
Mpy aBapuNHON CUTyaLmMM HAYMHAET NpOoTeKaTb TOK OMNacHOW
BEMUYUHBIL. YeM MeHblle 3TOT TOK NpeBbIlLaeT BeNUUUHY
TOKa OMPOKWAbIBAHUS MO3MCTOpPa, TEM AOfblUe NO3UCTOp
OyoeT nepexoauTb B BbICOKOOMHOE COCTOsIHWE, U, crneo-
BaTeNbHO, 3alUMLLaeMbI OObeKT fonblue OyaeTr Haxo-
ONTbCS Noa, BO3AENCTBMEM TOKOB OMACHOW BENUYMHBI.

CywiectByeT 1 Apyron NpuHUMN paboTbl aneMeHTa To-
KoBOW 3awmThl. [pegnonoXmm, Y4To Ha NyTU NpoTeKaHus
TOKa B JIMHUWN HaxoOWUTCH HOPMaribHO 3aMKHYTbIV KITHOM.
Ecru Tok, NpoTekaroLwmii B Lenu, He NpeBbILLaeT 3agaHHoM
BEMWYMHbI - KIMOY HAXoOWUTCS B UCXOAHOM COCTOSIHWW,
€crnM TOK TnNpeBblllaeT 3TO 3HA4YeHue - KoY
pa3MblKaeTcs 1 06pbIBaeT Lenb NPOTEKAHNS TOKa.

[aHHbIi NpuHUMN ncnonb3yeTcs B pa3paboTaHHbIX
HaLIMM NpeanpuUATMEM 3NeMeHTax TOKOBOM 3almnTbl. OHM
obriagaloT crnegylowmMn napameTpaMmu: BHOCUMMOE COMnpo-
TMBneHune okorno 60 Om, Tok orpaHuyeHns 50-70 MA,
Bpems cpabaTbiBaHus 1-2 MKC.

3akiroueHne

3awmiiaemoe TeNEKOMMYHVKaLMOHHOe 0bopyaoBaHne
MOXHO pa3fenuTb Ha crieaytoLLye OCHOBHbIE rpynnbi:

1) obopynoBaHMe NWHENHBIX TPAKTOB MEPBUYHOWM
ceTn (paboTtatllee No MeTannuyeckum kabensam); 2)
obopynosaHne BOJIC; 3) obopynoeanve ATC u
OKOHeYHble ycTpoWcTBa TenedoHHbIX ceTer; 4)
pagnoobopynosaHue (PPC, pagvo- n TeneBn3noHHble
nepegaTtyunkm); 5) BbINPAMUTENN n Apyroe
obopyaoBaHME ANEKTPONUTAIOLLIMX YCTAHOBOK.

[MpvamHOI NMoBpeKaeHA 0BOPYO0BaHNS JIMHENHbIX TPAKTOB
NEePBUYHON CETW, KaK NPaBumo, ABMATCA yaapbl MOMHUW,
MPUYEM OMacHbl He TOMBKO NPsiMblE BO3AEVCTBUS Ha Kabenb,
HO 1 BbICOTHbIE pa3psabl Mexay obrakamu. JIuHnm cuctem
nepefayqm COCTaBMSOT OMeHb Pa3BETBIIEHHYIO CeTb. OHM YacTo
nonagaroT B 30Hy BrusHWS J1IOI, noaToMy 3ameTHyto 40Nt
HeWCnpaBHOCTEN NWHeWHOro 0bopyAOBaHWS COCTaBMSAOT
NOBPEXAEHUs OT HABOAOK Ha XWrbl kKabens Npy KOMMYTaLWn B
3NEeKTpoceTAX. TN BO3AEUCTBUS OTHOCATCH K pasgeny
UMMYNLCHBIX. Ha nepBrMYHbIX CETSX UCTIONB3YIOTCS PasinyHble
cucteMbl nepegaym. MHorve 13 Hx coBcemM He 06opyaoBaHb!
YCTPOWCTBaMM 3aLLMThI OT NEepeHanpPsiKeHWA, Opyrvie UMeroT

3aBOACKYI0 3aLUMUTY, PACMONOXEHHY 0ObIYHO Ha nnaTe
pereHepaTopa, YT YaCTo OKa3bIBAETCS HEOOCTAaTOMHO addoek-
TUBHO. B nTOre Bo BpeMsi r(po3oBoro ce3oHa HabnogaeTcs
MaCCOBbIN BbIXOA, 13 CTPOS pEreHepaLyioHHOIO Y OKOHEYHOIO
06opyaoBaHMS, MPU MPUMEHEHWN BHELLHMX YCTPOWCTB 3aLUMThI
KOIMMYECTBO MOBPEXAEHWA YMEHBLLIAETCS HA MOPSYIOK.

OcobeHHocTblo BOJIC gaBnsieTcs To, 4TO onTU4yeckmne
BOJIOKHA MPaKTUHECKN HE NOABEPKEHbBI SMEKTPOMArHUTHBLIM
Bo3aencTBusaM. [NoaTomy Hamboriee onacHbIMM Arist 000pyao-
BaHua BOJIC sBnsaoTca noMexu, NocTynatoLme no Lensm
ANEKTPONUTaHMs. Yalle BCEro UCTOMHMKaMKN 3TUX NMOMEX
ABMSOTCH yaapbl MonHuy B JIAM, 30aHMe oObekTa CBA3M U
aHTEHHO-MaYTOBOE COOPYXKEHME, A TaKKe KOMMYTALMOHHbIE
npovecchbl. B To e BpemMsi YyBCTBUTENBHOCTb K MOMEXam
06opynoBaHs, BbIMONHEHHOMO HA COBPEMEHHOW 3IIEMEHTHON
6ase, oueHb Bbicoka. Ha npakTuike Halwum crieuypanuctam
NPVXOOUIIOCh CTaSKMBATLCA C TEM, YTO AaXe BKIOYEHME JTto-
MVHECLIEHTHbIX JTamm NPYBOANITO K cO0sM B paboTe orTuyec-
KX MYIbTUMITEKCOPOB.

Mpobnema 3alwmTbl 060pYya0BaHNSA CBSI3N, paboTatoLLEero
no kabensim abOHEHTCKOWM CETU, YCIOXKHSAETCA TEM, YTO
CYLLIECTBYET BEPOSATHOCTb MOMagaHus Ha Hero CeTeBoro
HanpsbkeHus. K coxxaneHuto, nroxoe CoCTOsIHWUE SIeKTPOnn-
TaloLLMX YCTAHOBOK (OCOBEHHO B >KMUIOM CEKTOpE) M pacnpe-
AenuTternsHon TenedoHHON CeTU (Ha y4acTKe OT pacrpeneni-
TeNbHOrO LwKkada 40 aboHeHTa) AenatoT BEPOSTHOCTL AaHHOMO
NPOVCLLIECTBUS JOCTATOMHO BbICOKOM, OCOBEHHO MO CPABHEHMIO
CO cTpaHamu 3anagHon u LleHTpanbHon EBponbl mnu,
Hanpumep, CLUA. Ha ceTsix cBsian o6LLEero norb3oBaHUst
Poccym HanGornbLLMIA yLLIEPD MPMHOCUT UMEHHO BbIXOL, 13 CTPOS
aboHeHTckmx nrnat ATC B pesynbTare aBapUiHbIX KOHTAKTOB
TVHWIA € anekTpoceTamMK. He npoxoauT v roga, Ytobbl He Criy-
4Mrocb BosropaHuii ctatmeoB ATC, NpMBOOALLMX K MHOTOMWI-
TMOHHBLIM YObITKaM.

Mpu 3awwmTe obopyaosaHus paanootbexTos (PPC, 6a3o-
BbIX CTAHLWN 1 T. N.) CEAyeT Y4UTbIBaTb, YTO HaMbOomMbLLIyO
OMacHOCTb MPEACTABNSIOT NPSIMONA YAap MOSTHAN B aHTEHHO-
MayTOBblE COOPYKEHUS U NPOTEKaHWe TOoKa MOMHUM MO BOI-
HoBOAAaM M oboroykam koakcuarnbHbIX kabenen, a Tawkke
WHOYKTUBHbIE HaBoaku. OcoBEHHOCTBIO AaHHOTO Kracca 000-
pyOOBaHUS SIBMSIOTCSA Takke BbICOKME 4acTOTbl paboymx
CYTHArOB, YTO NPEObSBIAET 0COObIE YCIOBUS K YCTPOWCTBaM
1 MeTodaM 3aLLMTbI.

OBLLMEe NPUHLMMBI 3aLLUTLI AMNEKTPOMUTALOLLMX YCTAHOBOK
He OTNNYaloTCH OT NPUHLMIMOB 3aLLMTHI 000PYA0BaHMS CBSA3W.
Beuay 3HauMTENBHBLIX BENMWHUH HAMPSPKEHI M TOKOB B A@HHOM
Knacce obopyaoBaHUSA NpeHebpexeHne Mepamn 3aLluThbI
MOXET UMETb O4EHb CEPLE3HbIE NOCHEACTBUS.

Kak nokasaHo BhliLLe, 3aLUMTHbIE YCTPOWCTBA ABMSOTCS
ML OOHUM U3 3NIEMEHTOB CUCTEMbI 3aLLUUTbl OT OMacHbIX
AEKTPOMArHUTHBIX BAVSHWRA. [py MpoBeaeH M MepONpUSTUI
Mo 3aLLyTe TENEeKOMMYHUKALMOHHBLIX OGLEKTOB HEOBXOANMO
paccmaTpuBaTb UX Kak eauHYK CUCTEMY C MHOXECTBOM
B3aMMOCBA3EN MEXY UX ArieMeHTaMM 1 BHELLHEN Cpedon.

CrewanvcTbl, 3aHMMALLMECS PELLEHMEM aHHbIX BOMPO-
COB, [OJPKHbI MMETb LUMPOKWUIA Kpyro3op u obrnagatb
crneumanbHbIMU 3HAHUSIMU U HaBbIKaMKM B Takx 00nacTsiX, Kak
TEXHUYECKME NPUNOXEHUS OU3NKKN, SNEeKTPOMarHUTHas
COBMECTMMOCTb, CUCTEMbI MPOBOAHOW N PaanoOCBs3u,
3MEKTPONUTAIOLLME YCTAHOBKW, 3a3eMIsoLLmMe YCTPOWUCTBA,
METPOrIomvsi.

CuuTaeTcsi, 4TO BEpOSITHOCTL MoBpeXxaeHUst obopyaoea-
HWS1 yMEeHbLUAETCS B ECHTb Pa3, €CIN YCTaHOBKA 3aLLMTHBIX



YCTPONCTB Ha 06beKTe CBA3N NPOBOAMUMACh cneuuannuctTamm
no 3awumte [8], NO3TOMY BO BCEM MUPE CYLLECTBYIOT AECATKN
npeanpusaTUn, cneumnannsnpyoLwmnxcs Ha AaHHOW
npobneme, n HMO «WHxeHepbl anekTpocBa3n» sBnsieTcst
ogHuM w©3 Hux. Hawe npegnpuatue 3aHumaeTcs
BONPOCOM 3aluTbl 3nekTpoobopyaoBaHus yxe BOCEMb
neT 1 peluaeT LUMPOKWI Kpyr 3aday:

1) HAOKP; 2) paspaboTky, Npov3BOACTBO W MOCTaBKy
obopynoBaHus; 3) obcnenoBaHve 06bEKTOB,
NPOEKTUPOBAHNE W WHXWUHUPWHT; 4) pelueHne BOMpOCoB
OMC.

MpeanpusTve nmeeT cobCTBEHHOE NMPOU3BOACTBO, METPO-
nornyeckyto nabopaTtoputo, BCe HeobxoanMble NULIEH3UN 1
ceptudumkatel. B paboTe wmpoko ncnonb3yercs OnbIT
aHanorMyHbIX 3apybexHbIx NpeanpuATUN, JOCTKEHUS POCCUIA-
ckovi Hayku. IMpu peLLeHnn 3aaay 3alWThl MPUMEHSIIOTCH METOAbI
MaTemMaTU4ecKoro MoAenMpoBaHuns, crneupanbHble namepeHus,
pekoMmeHaauun, aPEKTUBHOCTb KOTOPLIX MPOBEpeHa
npakTukon. CyLLecTByeTXOpOoLLO pa3paboTaHHas HopMaTUBHas
6a3sa (k coxaneHuio, B OCHOBHOM - 3apybexHas).

Hawuvm rmaeHbIM NpevMyLLECTBOM SBNSETCS HaLEeNeHHOCTb
Ha pelleHune 3agay C MakcumarnbHOW 3(PEKTUBHOCTBLIO.
Ob6beanHeHne TakMx COCTaBNAOLWMX, Kak Hay4HbIN MoTeHuman,
pa3paboTka 1 MPOU3BOACTBO, XOPOLLEE 3HAHNE CUCTEM CBSI3N
M ynNpaBreHusi pa3nMYHOro HasHaveHus, meTporormyeckas
n ucneltTatenbHas 6a3a, paet npeanpuaTUio
BO3MOXHOCTb pellaTb CIMNOXHble TeXHU4Yeckme npobnemsi.
B HekoTopbix obnacTsx, Takux, Hanpumep, Kak 3aliuta
anekTpoHHbIx ATC, HIMO «MHXeHepbl 3neKkTpocBa3n»
onepexaeT He TOMbKO POCCUMCKUX, HO W 3apybexHbix
KOHKYPEHTOB.

MoaBoas UTOr U3MNOXEHHOMY BbILLE, XOYETCH Bblpa3nTb
YBEPEHHOCTb B TOM, YTO OT€4YeCTBEHHAA NPOMbILLITEHHOCTb
cnocobHa obecnevnTtb npon3BoacTBO HageXHoro 060py,u,0-
BaHUA 3allUThbI.
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