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CPABHUTEJIbHASI OIEHKA COBPEMEHHBIX DJIET'A30BBIX
BBIKJIIOUATEJIEN

Kapab6anp H.I'., ITant K.I'., Tyxaii I1.A.
Hayunsblii pykoBoauTens — K.T.H., 1o1eHT bynar B.A.

Ha cerogusmHuil eHb 37€ra3oBblii BBIKJIIOYATENb IPEJICTAaBIsAET COOOH OAUH U3
HanboJyiee TPOTPECCUBHBIX BUIOB BBICOKOBOJBTHBIX BBIKIIOUaTened. OH HCIONB3yeTcs C
LENbI0 3AILUTHI U KOHTPOJS DHEPrOCUCTEM, COCAMHEHUs AIEKTPUYECKUX Lenel. B nanHom
YCTPOMCTBE M3OJALIMOHHOW CpeAod [ulsl TalleHWs AYTH CIY)KAT 3JIera3, W3BECTHBIN
IIPEBOCXOIHBIMM JYTOTacAIllMMU CBOMCTBAMHM M JIEKTPUYECKOW MPOYHOCTHIO. DJIEra3oBble
BBIKJIIOUATEIN OTIMYAIOTCS HAaJEKHOCTbIO U JIOJITOBEYHOCThIO (rapaHTUPOBAHHBINA CPOK
9KCIUTyaTaluu Jocturaer 25 ser). B 3aBUCHMOCTH OT MOJENM 3J€ra30Bblil BBIKIKOYATEIh
MOJKET YCTaHABIMBATBCS B 3aKPBITHIX WM OTKPBITBIX PACIPENEIUTEABHBIX YCTPONCTBAX.

B nanerazoBeix ayroracuTenbHbIX ycTpoicTBax (YY) mpu rameHuu Ayrd UCTEUEHUE
ra3a 4epe3 COIUIO NPOUCXOAUT B 3aMKHYTBI 00bEM KaMmephl, 3allOJIHEHHBIH 3J€era3oM Ipu
HeOobmoM M30bITOYHOM naBieHuW. [lo cmocoOy rameHus Qyrd B 2jerase paslindyaroT
cnexyromue [VY:

— C CUCTEMOI IPOAOIBHOIO IyThsl, B KOTOPYIO IPEIBAPUTEILHO CHKAThIM ra3 MocTynaer
U3 pe3epByapa ¢ OTHOCHTEIbHO BBICOKMM JaBieHueM 3jeraza (Y ¢ aByms cTyneHsmu
JaBJICHUS);

— aBTOKOMITPECCHOHHBIE C AYThEM B JIE€ra3e, Co3aBa€MbIM II0CPEICTBOM BCTPOCHHOTO
KOMITpECCHOHHOTO ycTpoiicTBa (Y ¢ 0J1HOI CTyNEeHbIO AaBIICHUA);

—C DJEKTPOMAarHUTHBIM JAYTbEM, B KOTOPOM ralleHue Iyru oOecleyuBaercs B
pe3yJibTaTe ee NePEMEIEHHUS ¢ BICOKOW CKOPOCThIO B HEMOJABUKHOM 3JIEra3e MO KOJIbLIEBBIM
EKTPOAAM  IOJ  BO3ACHCTBHMEM  PAaJMAlbHOIO MAarHUTHOIO  IOJIA,  CO3/1aBa€MOro
OTKJII0UYaeMbIM TOKOM (Y ¢ 3/1eKTpOMAarHuTHBIM JyThEM);

—C CHCTEMOH IIPOJOJBHOIO AYThbS, B KOTOPOM IIOBBIIIEHUE MAABJICHUS B DJlerase
MIPOMCXOAUT IIPM pPa30rpeBe JOyrOW, BpAIIAIOMICHCS B CHENUAIbHOM KaMmepe IOf
BO3JIEICTBUEM MATHUTHOTO IOJIA.

B snera3oBbIX BBIKIIOYATENSAX TallIEHUE AYTH MPOUCXOAMT TaK e, KaK U B BO3AYLIHBIX
BBIKJIIOYATENAX, MPU MHTEHCUBHOM OXJIAXACHWHM IYrM INOTOKOM rasa. JlyroracurenabHas
CIOCOOHOCTH 3Jiera3a B 4—4,5 pa3za Bblllle, YeM BO3/AyXa IPU COMOCTAaBUMBIX YCIOBHSX. JTO
IIPEUMYIIECTBO, OOBACHIETCS PasIUYMsIMU TEIUIOU3NYECKUX CBOMCTB 3j€era3a M BO3yXa.
Kanan cronba ayru B sieraze 00JaJaeT MEHBIIUM TEIUIOCOAEPKAHUEM IO CPABHEHUIO C
BO3JYXOM U BBICOKOM CIIOCOOHOCTBIO 3JIera3a 3axBaTbIBaTb CBOOOJIHbIE 3JEKTPOHBI. B
pe3yabTaTe KOJIMYECTBO HOCUTENEH TOKa — CBOOOAHBIX JJIEKTPOHOB — B CTOJIOE JyrH
BCJIEJICTBHE 3TOTO YMEHbIIAETCs, OaJlaHC UX MOXKET CTaTh OTPULATENBHBIM M Jyra racHer.
SIBieHUe 3axBaTa AIEKTPOHOB OCOOEHHO ONArONMpHUATHO CKa3bIBAETCs IOCIE Mepexoja TOoKa
4yepe3 Hyllb, BCIEICTBHE YErO 3JIETA30BbIE BBIKJIIOYATENIM MAJO0 YYBCTBUTEJBHBI K 4acTOTE
BOCCTAaHAaBJIMBaIoIerocs: HanpspkeHus. Kak mokasanu uccieoBaHus, B 3j1era3e NpakTHYeCKu
JI0 €CTECTBEHHOTO Tepexo/ia TOKa 4Yepe3 HyJb He MPOUCXOAUT paspylIeHHs KaHajla CToj0a
IyTH, 00JIaJJafoIer0 BHICOKOW MPOBOJUMOCTBIO. DTO HCKIIOYAET BO3MOKHOCTH IOSIBICHUS
NEepeHanpsHKeHUH TpH  OTKIIOUYEHHHM HEHAarpy)KeHHBIX TpaHCc()OpMaTopoB U JIMHHUM
anekTponepenad. B NpOTHBOMONOXKHOCTE ATOMY B BO3JIYIIHBIX  BBIKIIOYATEINSAX
WHTCHCUBHBIMU TYpOYJICHTHBIMU IPOLECCAMU CTOJIO YT MOXET pa3pyllaTbcs paHbIe
€CTECTBEHHOI'0 Iepexo/ia TOKa yepe3 HyJb, YTO MPUBOJAUT K MOSIBICHUIO MepeHaNpsKeHUH,
JUIE OTpaHHYEHMs] KOTOPBIX BO3JYLIHBIC BBIKIIOUATEN CHAOXKAOTCA IIYHTUPYIOIIMMU
COTIPOTUBIICHUSIMHU.
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B HacTosimiee Bpemst B 3apyOeXHBIX SHEProcUCTeMax OOJBIIMHCTBO IMPHUMEHSEMBIX
BBIKJIIOUATEIeH BBICOKOIO HANpsDKEHMsI — 3jera3oBble. K cokaneHuio, B OTEUECTBEHHOM
SHEPreTUKE BBIKIIOYATEIN 3TOTO TUIIA TIOKA HE HAIILIU ITUPOKOTO MPUMEHEHHUS.

He Tak naBHO cumTanock, 4To NpUMEHEHUE 3era3 — s HanpsbkeHus 110 kB u Beie
HeopdexTrBHO. 3a pyOeKOM AyMald HMHAYe M Pa3paboTaiy 3Jera3oBble BBIKIIOYATEIN
Harpy3ku JUisl pacrnpeienuTenbHbiX ceTel. Ilpy 3TOM Tam pyKOBOACTBOBAIUCH TEM
MPUHITUIIOM, YTO Ha TIEPBOM MECTE JOJKHA CTOSATh 0€30MacHOCTh 000pyJ0BaHUs, HA BTOPOM
HA/IeKHOCTb, & y’K [TOTOM TEXHUYECKHUE XapaKTepUCTHKH. U syiera3oBbie BBIKIIIOYATEIN 3TUM
NPUHIUIIAM OTBEYANW. OJiera3 Ha BBICOKOM HAINPSDKEHUM HAXOAUTCS MO OONbIIHM
naBieHueM, B Ooibliux oObeMax. Ha cpenHeM HanpsyKeHMM BBIKIIOYATENb HAXOIUTCS B
HeOospoi Karcyne. [lpuyeM u30bITOUHOE AaBIeHHME B ATOM Karcyiae MakcumMyM Ha 0,2
aTMoc(epbl IPEBBIIACT HOPMAJIbHOE aTMOC(pepHOe JAaBiIeHHE. Bompeku pacxoxemy
MHEHUIO, 3JIera3 HEONaceH JUIsl OKpYXKAIoLIeH cpeabl M 370pOBbsl uelloBeKa. BpenHsl
IPOAYKTHI, BbIAEISEMbIE BO BpeMsl ropeHust Iyru B sieraze. CerogHsi HMX YJIaBIHMBAIOT
CrelMaNbHbIC JOBYIIKM B ammaparax. [IoToM 3TH IpoAyKTHl YTHIIM3UPYIOTCS Ha 3aBOJAX—
M3TOTOBUTENSIX 3JIEra30BOro 000pyIOBaHUSA. DJIEra3oBble BBIKIHOYATENN HAarpy3Kd, TIOMUMO
CBOEH 0€301MacHOCTH, UMEIOT BO3MOYKHOCTh JTUCTAHIIMOHHOTO YIPABJICHUs, YTO TaK)KE OUYEHb
BaXXHO B 3KcIUTyaTauuu. B anerase Oosnbliiee, ueM B BaKyyMme, pacCTOSSHUE MEXKy KOHTaKTaMU
U TPOUCXOIUT 0Oo0jiee MATKOE OTKIIOYEHHE, TOYTH TaKoe JKe, KaK Ha MalOMAaCIISTHBIX
BBIKJIIOYATEISX.

Takum 006pa3oM 3era3oBbie BHIKIIOYATEIN UMEIOT CIENYIOIHUE TOCTOMHCTBA: MOKapO—
U B3pbIBOOE30MACHOCTh, OBICTPOTA JIEHCTBUS, BBICOKAs! OTKJIHOYAIOLIasi CIOCOOHOCTb, MaJlbli
M3HOC JIyTOTaCHUTENBbHBIX KOHTAKTOB, BO3MOXKHOCTB CO3IAaHUS CEpUil ¢ YHU(DUIIMPOBAHHBIMU
y3JlaMH, MOpPUTOJHOCTb Ui HapyKHOHM M BHYTpPeHHed ycraHoBkd. Kpome »3Toro k
JIOCTOMHCTBAM CJIEYeT OTHECTH:

— UCIIOJIb30BaHME B COEAMHEHUSAX JIBOMHBIX YIUIOTHEHUH, a Takke INPUMEHEHUs
KHUJIKOCTHOTO 3aTBOpa B y3lI€ YIJIOTHCHHS ITOJBMKHOTO Basia. ECTECTBEHHBIN ypOBEHB
yreuek — He Ooznee 0,5 % B TeyeHHWE roja — IOATBEP)KAAETCS HMCIBITAHUAMHU Ka)J0ro
BBIKJIIOYATENSl HA 3aBOJEC-U3TOTOBHUTEIE TIO METOIWKE, INPHUMEHSEMOH B KOCMHUYECKOU
TEXHHUKE;

— COBPEMEHHBIE TEXHOJIIOTHYECKAE W KOHCTPYKTOPCKHE pEIIeHUs W TNPUMEHEHUE
Ha/IEKHBIX KOMIUIEKTYIOIUX, B TOM YHCJIE BBICOKOIIPOYHBIX H30JATOPOB 3apyO0eKHbIX GUPM;

— BBICOKAs 3aBOJICKAsI TOTOBHOCTb, MO3BOJISIONIAST OCYHIECTBIISTh MPOCTOW M OBICTPHIi
MOHTaX BBIKJIIOUaTelNeil ¥ BBOJ UX B paboTYy;

— BBICOKAsi KOPPO3HOHHAS CTOHKOCTh TOKPBITHH, TPUMEHSIEMBIX /ISl CTabHBIX
KOHCTPYKLUH BBIKITIOYATES;

— BBICOKUMI KOMMYTAIIMOHHBIM pecypc, 3aJaHHBIA JUIs KakJoro mojiroca, B 2—3 pasa
MIPEBOCXOIALINNA KOMMYTAIIMOHHBIM pecypc JIyUIIMX 3apyOeXHBbIX aHAJOroB (B pacueTe Ha
KaXIblii TOJIOC), B COYETAaHWH C BBICOKMM MEXAaHHYECKUM PECYpCOM, ITOBBIIICHHBIMA
CpOKaMM CIY’KObl YIUIOTHEHHUH W KOMIUIEKTYIOIIMX OOECIEeYMBAIOT MNpPU HOPMaIbHbIX
YCIIOBUSIX DKCIUTyaTallud HE MEHee 4eM 25-eTHUI CPOK CIIy:KObl BBIKJIIOUATENs A0 IEPBOIO
PEMOHTA;

— BO3MOXKHOCTBH OTKIJIFOUEHHS TOKOB HArpy3KH MPH MOTEpe U30BITOYHOTO JIABJICHUS Ta3a
B BBIKJIIOYATEJIE;

— OTKJTFOUYEHHE EMKOCTHBIX TOKOB 0€3 TOBTOPHBIX MPOO0OEB, HU3KHUE MTEPEHATPSIKCHHUS,

— HHU3KMM ypOBEHb IIyMa IpH CpadaTbIBAHUM BBIKJIIOYATENS], COOTBETCTBYIOLIHMA
BBICOKUM TIPUPOIO0XPAHHBIM TPEOOBAHUSIM.

Henocratkamu sBIAIOTCA: HEOOXOAWMOCTh YCTPOMCTB Ul MOJMYYEHHUS U OYHCTKH
MPOJYKTOB CrOpaHMUsl 3Jiera3a; BbICOKAasi CTOMMOCTb 3Jiera3a M BBIKIIOYATENs B LIEJIOM;
Nepexo 3Jierasa B JKUJIKOE COCTOSIHHE NPH CPAaBHUTEIHHO BBICOKUX TeMIIepaTypax, 4To
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OIpeieNIAeT JIOTIOJIHUTENbHBIE TpeOOBaHUA K TEMIEPATYpHOMY PpEXHMY 3JIEra30BOTrO
000py/IOBaHUS B SKCILTYaTaIlHH.

st paboThl 311era3oBOro 00OpYJOBAaHUS MPU OTPHUIATEIBHON TeMIlepaType MUHYC
40 °C neobxomumo, 4TOOBI JaBJICHHE dJerasa B ammaparax He npesbimanio 0,4 Mlla mpu
wiotTHocTH He Oonee 0,03 r/cm3. Ilpu NOBBILIEHUH JaBIEHUS 3Jera3 OyAeT COKMKATbCs NpU
O6onee BbicOkoW Temmeparype. [loaToMy [ TOBBIIIEHUS HAAEKHOCTH  PaOOTHI
ANEKTPOOOOPYIOBAHUS TIpH TeMIieparypax npumepHo MuHyc 40 °C ero ciieayer moaorpeBaTh
(Hampumep, Oak 3J€ra3oBOTO BBIKJIIOYATENIS BO H30€KaHUE Iepexoja djerasa B KUIKOE
cocTosinue HarpesaroT 110 oc 12 °C). [lyroracurenbHas cioCOOHOCTD 3j1era3a npu MpoYux
PaBHBIX YCJIOBHSIX B HECKOJIBKO pa3 OoJiblile, 4eM BO3IyXa.

[IpoBonsi cpaBHEHHME TEXHHMUYECKMX M KOMMYTAI[MOHHBIX XapaKTEPUCTHK SJETa30BBIX
BBIKJIIOYATENICl CpeAHero Kiacca HANpsDKEHUS — BBIMYCKAaeMbIX pa3iMyHbIMU  (pupmamu
MOKHO CJIeNlaTh CIEAYIOIIMK BBIBOJ: BBIKJIIOYATENH, BbITyCKaeMmble (GUpMoi «MuiryOoucu»
(Smonus) uMerOT HamboJee MPeANOYTUTENbHbIE XaPaKTEPUCTUKU, KaK MO HOMHUHAIHLHOMY
TOKY, TaK ¥ MO OTKJIIOYaIOIEel CIOCOOHOCTH JUlsl Kiacca HamnpsbkeHus ot 72 kB no 300 xB.
HoMmuHanbeHble TOKM 3TUX BbIKItOUareneil nocturatoT Benuuunbl 4000 A, a TOK OTKIIIOUEHUS
— 48,1 KA, 4YTO BBIIIE COOTBETCTBYIOIIMX ITAPAMETPOB BBIKIIOYATETICH BBITYCKAEMBIX
dbupmamu «Becrenrays» (CLHA), «Cumenc» (I'epmanus) u ap. Kpome 3toro, sierazoBble
BBIKJIIOYATENIM, HECMOTPSI Ha CBOIO BBICOKYIO CTOMMOCTBH (B 1,5 pasza JOpoke), 10 CBOUM
TEXHUYECKUM XapaKTEPUCTHKAM PABHOIEHHBI BAKYYMHBIM U B HACTOSIIEE BPEMsI COCTABIISIIOT
UM OCHOBHYIO KOHKYPEHIIHIO.
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