Enekmpuy4Hi MawuHu ma anapamu

VK 621.3:537.3
M.H. BapanoB

ITPUMEHEHHWE HOBbBIX BAKYYMHBIX KOMMYTATOPOB B CWIBHOTOYHbIX
HEIIX MOIIHBIX BBICOKOBOJIBTHBIX 9JIEKTPOPU3NYECKHUX YCTAHOBOK
N CXEMAX ABAPUNHOMU 3AIIUTHI CUJIOBOI'O SJIEKTPOOBOPYTOBAHUSA
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BBEJIEHUE

WUmnynbscHas suepretuka (M3J) kak HOBas U pa3Bu-
BAIOIIASCS MOJOTPACb MPOMBILIIEHHOW YHEPTETUKHU Tpe-
OyeT TOCTOSIHHOTO COBEPIICHCTBA JIeMEHTHOMH 0a3bl CBO-
€r0 MOIIHOTO BBICOKOBOJIBTHOTO 3JIEKTPO(H3NIECKOro
obopynosanus [1]. Ucronb3yembie B D sHepreTHIeCKIe
YCTaHOBKH, Oa3upylolinecs Moka, B OCHOBHOM, Ha BBICO-
KOBOJETHBIX 3NIEKTPOPI3NIecKNX ycTaHoBkax (BODY), B
CBOEM COCTaBe coJiepkaT MOILHbIE HAKOTTUTENH MeKTPH-
yeckoii (MarHUTHOM) HEPrUU, KOTOPYIO MOCe UX 3apsijia
MPUXOANUTBCS C MOMOLIBIO OBICTPBIX CHUIBHOTOUHBIX BbI-
COKOBOJIbTHBIX ~KJIIOUEi-KOMMYTaTOpOB TepeaaBaTb B
JNEKTPUYECKYIO HArpy3ky (Hampumep, B MOLIHYIO HM-
MYJIBCHYIO JIEKTPOPA3pAAHYIO JIAMITy HaKadkl KBaHTO-
BOT'O T'eHEpaTopa BBICOKOYACTOTHBIX 3JI€KTPOMAarHUTHBIX
KoneGaHWii, NCITyCKaIOIIeTo MPH OTIpeNIeleHHBIX (hr3mHe-
CKHUX YCJIOBHSX WHTEHCHBHOE MHAYLMPOBaHHOE W3Iyde-
HUe B BUAUMON obnactu cnektpa) [2-4]. Ceituac nono6-
Hble BO®YVY 1 ocHOBaHHbIE HA HUX HAYKOEMKHE 3JIEKTPO-
TEXHOJIOTUM TIO TMOJYYEHHI0O Ha HOBBIX (u3nueckux
MPUHIMIAX MOUIHBIX UCTOYHHMKOB 3JIEKTPUUECKON 3HEp-
MU aKTUBHO TMPUMEHSIOTCS 3a pyGexoMm (Hampumep, B
Poccuiickoit @enepanvn, CLLIA, Utannm n B OpyTux mpo-
MEIIIIIEHAO Pa3BUTEIX CTpaHaX MWpa) B MCCIETOBAHMSX
0 UMTTYJTLCHOMY TEPMOSIIEpHOMY CHHTE3Y [5, 6].

B aToii cBA3M pa3paboTka, co3AaHNe U BHEIpPEHUE B
sHepreTuieckoe obopynoBanne MO HOBBIX CUIBLHOTOU-
HBIX BBICOKOBOJBTHBIX KOMMYTATOPOB, OOJIaAAIOIINX
MOBBILIEHHONW HANEeKHOCTBIO, IOJNTOBEYHOCTbIO M CTa-
OWIBHOCTBIO PAOOTHI B DJNEKTPHUYECKHX Iemix BODY
ABISETCA aKTyallbHOW 3amauei. He MeHee akTtyanbHOMN
3afaueil ABisgeTcs ceifuac cozmanwe MU HYKI TpaaWLd-
OHHOIi 37eKkTposHepreTku U UD OblcTponeHcTBYOMNX
3aIMTHBIX YCTPONCTB, IIYHTHUPYIOIINX JOPOTOCTOSAIIEe
3NeKTPOOOOpYNIOBAHNE B aBApHUUHBIX PEeKUMAX €ro pado-
Thl [1]. W3BeCTHO, 4TO TPAAWLMOHHBIMU BBICOKOBOJIBT-
HBIMH KOMMYTATOpPaMH, HCTONb3YEMbIMU B CHJIbHOTOY-
HbIX Pa3psAHbIX Lensix MouHbix BO®YVY u cxemax aBa-
pUHHON 3allUTBl CHJIOBOTO  3JIEKTPOIHEPTETHUECKOTO
000pyHOBaHNs, ABIAIOTCSA CIEAYIOIINE YMpaBlseMble W
HeyTpaBifeMble Ta3opa3psiHble U TBEpAOTEIbHBIE MOITY-
TIPOBOIHWKOBEIC (pu3mdeckwe MpuOops! [6-12]: nrHnTpo-
Hbl, TUPATPOHBI, UCKPOBbIE Tra30Bbie (BAKyyMHbIE) pa3-
PAOHUKYA W IWHUCTOPBI PA3NIMYHBIX KOHCTPYKLMH. 31ech
TpeOyeTcs, BO-TIEPBBIX, OTMETHTb TO OOCTOSTEIBCTBO,
4TO 3KOJIOTMYECKH HeOe30MacHbIe PTYTHBIE yTPaBIsieMble
Pa3pSOHWKN-UTHATPOHEI TIPW WX OTHOCHTENBHO BBICOKOM
KOMMYTAIIOHHOW CMOCOOHOCTH (aMTATyAa pabodnx
MHUKPOCEKYHIHBIX NMITYJILCHBIX TOKOB cocTaBigeT 1o 100
KA, a BeTMIMHA MepeHOCHMBIX 3apsinos— mo 30 Ki) tpe-
OyIOT MEepUOANYECKON TPEHUPOBKH CBOUX 3JEKTPOIHBIX
CUCTEM U COOTBETCTBEHHO ONPENEIIEHHOTO BPEMEHH ISt

WX TOATOTOBKM K paboTe B cOCTaBe KOMMYTHPYEMBIX
ueneit BOD®Y u 3auursi [7, 10]. Bo-BTOpBIX, BO3AYIIHbIE
HCKPOBBIE PA3PAIHUKH aTMOC(EPHOro IaBleHHs MPH
CBOEH OTHOCUTENIBHOM MPOCTOTE KOHCTPYKLHWH, [elie-
BU3HE U CIOCOOHOCTU KOMMYTHUPOBaTh MUKPO- U MUJLTH-
CEeKYHIHBIE UMTTYJIECHT TOKa aMIITATYIOH 0 COTEH KHIIO-
aMriep TpeOyIOT MepHOANYECKOTO TeXHUIECKOTo o0CIy-
’KWBAHWS WM3-32 aKTHBHOW DIEKTPHIECKOW 3PO3WH CBOMX
MeTaDTHIecknX 3MekTponos [7, 13]. IMosTomy B HacTos-
mee BpeMs WX HeIOCTaTOYHBIN pabdoumii pecypc He mo-
3BOJISIET BeChbMa ILUMPOKO MCIONb30BATh NAHHBIA THII
KOMMYTATOPOB B MNPOMBIIIEHHBIX MOILIHBIX BbICOKO-
BOJIbTHBIX HMITYJIbCHBIX JHEProyCTaHOBKaX. B-TpeTbux,
HOBOE TOKOJICHWE Ta30BBIX YTPABISEMBIX Pa3psIHIKOB
thma PI'Y wa nmmynscroe Hampsokerne no 100 kB, pac-
CUATAHHBIX Ha UINTEIBHYI0O KOMMYTAIMIO B MWKpOCe-
KYHITHOM BpEeMEHHOM JHMala3oHe WMITYJECHBIX TOKOB
ammnuryaoit 1o 100 kA, Ob1o paHee Ha ocHoBe [14]
BKparile onucaHo aBtopoMm B [15]. B-ueTBepThiX, HOBbIE
9KOJIOTMYECKH YUCThIe U HAACKHO paboTaroIiue B BbICO-
KOBOIIbTHBIX LIETIAX MOILHbIC Pa3psAHUKU-TUPATPOHBI
tuna TJU, xapakrepusyoluecs BO3MOKHOCTbIO KOMMY-
TaI MUKPO- W MUJLUTHCEKYHIHBIX WMITYJIbCOB TOKA aM-
mmtynoit mo 200 kA, Xopoino 3apekoMeHAoBaIH cebs
Tpy paboTe B COCTaBE MOIIHBIX eMKOCTHEIX HAKOTIATENeH
sreprin (EHD) MMIyJIECHEIX SHEpPTOyCTaHOBOK, MpeaHa-
3HAUYEHHBIX U1 MCCIEOBAHUS UMITYJILCHBIX TEPMOsaep-
HBIX peaklui, BbI3bIBAEMBIX Pa3 3a Pa3oM C omNpeesicH-
HbIM BPEMEHHbIM WHTEPBAJIOM B AKTHBHOM BELIECTBE
BHEIHUM M3JyYeHUeM OT MOIIHbIX JiazepoB [15-17]. 3a-
METHM, UTO TP KOMMYTAIlWH CHHYCOWIANBHBIX 3aTy-
XafoIINX UMITYJTbCHBIX TOKOB B Pa3psIIHBIX LEemsX BOOY
¢ EHD, npumenseMsIx mpu o6GpaboTke MeTaIOB [aBJle-
HWEM CITBHOTO WMITYJIECHOTO MarHWTHOTO TIONST B PEXH-
Me "manbix" TokoB (ammiuTyaoit menbiie 20 kA), y T-
parpoHoB cepunt T/ HaGmromaroTcs OOPBIBBI BTOPOi U
MOCNEeIYIOIIUX TOKOBBIX NonyBoiH [18]. B-maThIX, Ha-
JEXKHYIO PaboTy B COCTaBe yKa3aHHOTO MOLIHOTO DJIeK-
Tpodusnueckoro o0OpyIOBaHUS TOKa3adll W TBEpHAO-
TeJbHBIE TMONYMPOBOAHWKOBEIE KOMMYTATOPHI HOBOTO
TIOKOJIEHNS, CO3JaHHBIE B TOCNeHee BpEeMs COTIAcHO
[6, 19] Ha ocHOBe peBepCHBHO-BKITIOUAEMBIX THHHCTOPOB
(PB/I-koMMyTaTOpbl) Ha MUKPO — U CYOMUIUIMCEKYH/IHbIE
HMITYJIbCHBIC TOKM aMIUIUTYIONW D0 COTEH KUJIoaMIiep M
TaKke BKparie onucanubie B [15]. TIporpecc B obnactu
TPaAULMOHHOW 35eKTposHepreTuku u WD, co3naHus u
TEXHOJIOTUIECKOTO MpUMeHeHNs HOBBIX BOOY ¢ EHD n
WHIYKTUBHBIMA HakomutelsiMu sHeprun (MH3) kocHy-
CSl ¥ MOTIHBIX YTPaBIseMbIX (HEYMpaBIsSeMbIX) BaKyyM-
HEIX paspsAIANKOB. PaccMOTpWM TI0 MaTepHanaM poccwit-
CKHUX HCCJIEIOBAHHN HOBOE MOKOJEHHE TaKMX KOMMYTa-
TOPOB, MpeAHA3HAYEHHBIX Ui PabOThl C TMOBBILICHHOMN
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HaJeKHOCTBIO U PECYPCOM B CHJIBHOTOYHBIX PAa3psAHBIX
mensx MoOIHABIX BO®Y m cxemax 3ammThl CHIOBOTO
3NEeKTPOIHEPTeTHIECKOTO 000OPYIOBAHNS OT BO3AEHCTBUS
aBapUITHBIX TOKOB W MEpEHATIPKEHAN.

1. HOBOE ITOKOJIEHUE MOIHBIX
VYIIPABJISIEMBIX BAKYYMHX KOMMYTATOPOB
Hpumenenue eaxyymuoix kommymamopoe ¢ BO®Y. K
HacTosmeMy BpeMeHW B P® paspaboTaHBl W yCTEITHO
TTPUMEHSIOTCS B CUITBHOTOUHBIX LemsiX BODY Heckonbko
THIIOB MOILHBIX YNPABISEMbIX BaKYYMHbBIX Pa3psiAHUKOB
(PBY), koTOopbie paccuuTaHbl Ha MaKCUMAlbHble HM-
MyJIbCHBbIE TOKH MUKPO- U MWUINCEKYHIHON ITUTENbHO-
ctu 1o 500 kA u wmmynscHbIe HampspkeHus ao 50 kB
[20-22]. TanHBIM THITOM MOTIHBIX Pa3psIHWKOB 3aHNMa-
etcs y pocenstH BHUL] BOU (r. Uctpa). PBY mpencras-
nsieT co0oil BBICOKOBOJIBTHBII Oe3HaKalbHBINH Tpexdasek-
TPOAHETI TepMeTH3UPOBAHHEIN (3nuecknii mpubop (mBa
OCHOBHBIX JMCKOBBIX 3JIEKTPOJA W3 MeTalloKkepamude-
ckoro marepuana Cr-Cu v o¥H yIpaBIsONINil CTANEHON
SNIEKTPON), NABICHUE OCTATOYHOIO ra3a B KOTOPOM HE
npesbimaer 107 Ma [21, 22]. Bkmouenne mo6oro PBY
OCYIIIECTBIIETCS ToAaueil BEICOKOBOJNIBTHOTO MYCKOBOTO
WAMTTyITbCa HATIPSHKEHUS Ha YTIPaBISTIONIAN 3IIEKTPOI OT
BHeMIHero OJoka 3amycka. OcoOGEeHHOCTBIO 3TOTO THMA
Pa3pSOAVNKOB SIBISETCS TO, YTO YIPaBISIOMINI WMITYJIhC
HANpSOKEHUS BBI3BIBACT JNIEKTPHUYECKUI TpoOoil B0
MOBEPXHOCTH PA3MEIIEHHOM BHYTPH MX KOpIyca ANdJIeK-
TPUUECKOW BCTaBKHM y3/la MOKHWIA W MOCIEAYIOLLYIO 32
3THM TeHEpaLWI0 WHULMHUPYIOLIETro MCKPOBOTO pa3psana.
JanubIif pa3psn moanepKABaeTcsi KaTOOHBIMHA TISITHAMH,
KOTOpbIe BO3HHWKAIOT BOJIM3M paboueii MOBEPXHOCTH yKa-
3aHHON NVRIIEKTPUIecKON BCTaBKHW. DTW TIATHA CIyXar
WCTOYHNKAMW CWIBHO WOHW3WPOBaHHOW “MeTajunde-
CKOM" mna3Mbl, KOTOpas Onarogapsi WCIOIb30BAHHOI B
PBY anextpoaHoii cricteMe OBICTPO PacIpoCTpaHIEeTCs B
BaKyyMHbIH 3a30p paspsaHuka. [Tocie 3anonHeHus Baky-
YMHOTO MPOMEKYTKa MEXKIY OCHOBHBIMH 3JIeKTpoaamHu (¢
pabouum 3a30poM BenuuuHOW 5 mMm) "Meramnuueckoit”
TIIa3MOM 3IIEKTPUIECKUH paspsal MEPEXOINT U3 UCKPOBOM
cTaguu B AyroByio W PBY momHocTelO "OTKpBIBaeTCS"
[22]. B wactu ¢wmsnkm mpoTekaromux B PBY mporieccos
OTMETHM eIle W TO, UTo "MeTajuinieckad” Tmia3Ma Baky-
YMHOM Iyr¥ B paccMaTpuBaeMbIX pa3psiHUKAX cocoOHa
MPOTyCKaTh MEXIY WX OCHOBHBIMHU 3JIEKTPOAAMH 0O0JIb-
LIMe UMITyJIbCHBIE TOKH 0e3 CYIIECTBEHHOTO pa3pylleHus
3THX MEeTaNJIOKepaMUYeCKUX 31eKTponoB. [lageHue Ha-
TpskeHns Ha Oyre B PBY cocTaBiseT oT HECATKOB IO
coTeH BonbT. Korma Tok B ocHOBHOI nerm paspsiza EHO
nnn UHD ciagaet oo Hyns, To BaKyyMHBIH AyTOBOI pas-
psn B PBY moracaeT v pa3psSOAVK MOJTHOCTHIO "3aKphIBa-
eTcqa’. bnaromaps ObicTpoil AenoHM3aUMU “'MeTaluinde-
CKOM" Ma3Mbl U KOHIACHCALUN METAJUTMYECKOTO Tapa Ha
MeTaIOKEPAMHUYECKHX AIEKTPOJaX pa3psAAHUKa BaKyyM-
Hblil npomexxyTok B PBY xapakrepusyercs BbICOKOM CKO-
POCTBIO BOCCTAHOBJICHHS CBOEH 3JIEeKTpHUECKOH MpouHo-
cti [22]. ITns werm ympaenenuss PBY ykaxem To, 9TO
TIPUMEHNTENHHO K 3TOMY THITY pa3psIHIKOB HanpsiKeHne
WX TIOIKUTa cocTaBisieT He MeHee 5 kB, a Tok momknra
JOJKeH UMeTh (hopMy 3aTyXaromeil CHHYCOMIbI C aMILTH-
Tynoii nepsoit momysonHel He Menee 0,1 kA. Kpome Toro,
MUHUMANbHAS AJIUTENILHOCThL TOKa nomkura B PBY
NOJDKHA OBITH paBHON OKOJNO 1 MKC MpH UIATENLHOCTH
(ponTa padboduero Toka MeKIy OCHOBHBIMH DIIEKTPOAAMHT
paspsimavka 6oee 10 Mkc [22]. B Tabn. 1 npeacTaBneHbl
OCHOBHBIE TEXHWUECKNE XapaKTEPHUCTHKH CHIIBHOTOTHBIX
BaKyyMHbIX pa3psanukos tuna PBY-31, PBY-43, PBV-

45 u PBY-47, BeinyckaemMbix ceituac B P® [20-22].

Tabauua 1
TexHuuyeckue XapaKTepUCTUKU CUIILHOTOYHBIX BAKYYMHbBIX
YIpaBJsieMbIX pa3psiiHUKOB cepun PBY

Xapakrepucruka PBY-31 | PBY-43 | PBY-45 | PBY-47
MakcumanbHOe HampsokeHne, KB 50 30 25 25
Pabouee Hanpsoienne Uy, kKB 0,5-50 | 0,5-30 | 0,5-25 | 0,5-25
Pabounii Tok |y, KA 0,5-100 | 10-300 | 10-500 | 10-200
MaxcumansHoe KOJTMYECTBO
KOMMYTHPYEMOTO  3NIEKTPUUECT- 4 120 300 40
Ba B UMMyJbCE (p, K
Bpems BOCCTAHOBIIEHUS paspsii-

HUKOM 5SJIEKTPUUECKOI TPOUYHO- 30 100 100 100
CTH, MKC

Pecypc (ancno Bkmouennmii, mt.) | 10° 107 - 107
Hanpsbrxenue nomknra, kB 8 5 5 5
TOK MopKKra, HE MEHee, KA 0,1 1 1 1
JUTHTEIBHOCTh  MMIYJIBCAa TOKA 1 5 5
MOJUKHTa, HE MEHEE, MKC

YacTtoTa cpabaTsiBaHUS pazpsii- 10 0,02 0,02 0,02
HuKa, He Oonee, T

laGaputHble pasmepsl pazpsa- | 102/ 144/ 162/ 122/
HUKa (auameTp/BhicoTa), MM 195 195 225 193
Macca pa3psiTHHKa, KT 3,5 7 10 5

Ha puc. 1 npencrasieH BHEITHHUIH BUA CHIBHOTOYHO-
T0 BaKyyMHOTO YMpaBIsieMOTo paspsaaHuka Tuna PBY-31
Ha UMITYJIbCHBIH Tok 10 100 kA n HanpsikeHue 1o 50 kB.

Ha puc. 2 npuBeleHb! BHEUTHHE BUIbI CHIBHOTOU-
HbIX BaKyyMHBbIX YIPaBJIi€MbIX Pa3paIHUKOB COOTBETCT-
BeHHO Tumna PBY-43, PBY-47 u PBV-45 Ha ummynbCcHbIe
toku ot 200 no 500 kA u Hanpspxerne oT 25 10 30 kB.

Puc. 2. BuewHuii Buj
CHJIbHOTOYHBIX BAKYYMHBIX
YIPABISIEMbIX KOMMYTaTOPOB
tuna PBY-43, PBY-47 u
PBVY-45 (npu ux npocMoTtpe
cresa-nanpaeo) [22]

Puc. 1. BHewHuii Bug
CHIIBHOTOYHOTO BAKYyMHOT'O
YIPABISIEMOr0 KOMMYTATOPA

tuna PBY-31[22]

B Tabx. 2 yka3zaHbl OCHOBHBIE TEXHUUECKUE Xapak-
TEPUCTHKU MPUMEHAEMBIX celiuac B CHIbHOTOYHBIX LETISX
BO®YV razopazpsaHbX yIpaBIseMbIX KOMMYTaTOPOB.

Tabnuua 2
CpaBHUTELHBIC XaPAKTEPUCTHKH OCHOBHBIX THUTIOB
COBPEMEHHBIX YIIPABRISEMBIX Ia30Pa3PALHBIX KOMMYTATOPOR,
MCIOJIL3YeMbIX B 1iensx BOOY [13,18,22]

Twun CUNBHOTOYHOTO Up, I KA O Pe- | Mac-
KOMMYyTaTopa kB P Kn | cype |ca, kr

BakyymHsiit PBY-43 (u3roto- 05-
putens: BOU-ABUC, !

30

r. Mockra)

10-300 | 120 | 10* 7

Tuparpon TJM1-50 (u3roto-

105
sutens: "HUT", r. Pazans) 125 510 | 25

10-150| 5

Urnutpon UPT-6 (m3rotosu- | 0,5-

4
tens: HUU TP, r. Pazanp) 25 10-100| 30 | 10 3

Bozaymnbiit TKBP-50 (u3ro-

Tosutens: HUTIKH, 1-50 | 1-300 | 15 | 510° | <40

r. Xapbko)

JInst MOJNIHOTBI CBOWCTB YKa3aHHBIX CHJIbHOTOUHBIX
KOMMYTaTOpoB TpeGyeTcs OTMETUTb U TO, YTO COTJIACHO
[18] y BaxyyMHBIX pa3pstTHUKOB ceprn PBY mpn ammm-
TydaXx KOMMYTHPYEMBIX UM WMIYJIBCHBIX TOKOB MUKpPO-
CeKyHIHON muTeNbHOCTH Topsaaka 20 kA u MeHee, Ha-
pactarommx co ckopoctsamu menee 4:108 Alc, kak u y
tupatpoHoB cepun TIAM HabmomaroTcs OOpHIBBI TOKA HA
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BTOPOM U TIOCIEIYIOLIUX MONyNepuosax ero konebaHuil.
Bricokoe ObicTpozeiicTBHEe W MIMPOKHWIT AWama3oH pado-
YUX HANpSHKEHNH cpadaThiBaHWs yIPaBISEMbIX pa3psi-
HUKOB cepnn PBY, cMOCOOHEIX paboTaTh Kak MpW TON0-
KWUTEITFHOM, Tak W TPW OTPHWIIATEIThHOM HaTpsHKEHNH Ha
OCHOBHOM BaKyyMHOM TPOMEKYTKE, MO3BOJISAET AAHHOMY
THITy BBICOKOBOJBTHBIX KOMMYTATOPOB YCHELIHO CIpaB-
JATBCS € BO3JIOKEHHBIMM Ha HHUX KOMMYTALMOHHBIMH
3ajauaMy M B peXXHME MX MapaiellbHOW padoTsl Ha 00-
IIyI0 aKTHBHO-WHIYKTHBHYIO Harpysky [18, 22].
Ilpumenenue 6aKyyMHbIX KOMMYmMAamopog ¢ ycmpoiicm-
6ax 3awjumut 31eKmpoodopyooeanusn. Tak Kak 3aminTa
3NMEKTPOIHEPTETHUECKOTO 000PYIOBAHNS OT TTOBPEKICHIH
(pa3pyiuenuii) mpu BO3ACUCTBUM HA HErO aBapUIHBIX TO-
KOB M TEPEeHANpPsHKEHUNA OCYyLIECTBISAECTCA ceduac, B OC-
HOBHOM, TyT€M HIYHTHUPOBAHHUS 3TOTO 00OpPYIOBaHUS ObI-
CTPOACHCTBYIOIIUMMU YCTPOWCTBAMH, TO TMPH PELICHUN
MOMOOHBIX 3afad BecbMa TEPCTIEKTUBHBIMU OKa3aJINCh
BBICOKOBOJTETHBIE CHITBHOTOTHBIE BAaKYYMHBIE Pa3psIHNKA
cepun PBY, ycraHaBnnBaeMmble TMapaiielbHO 3allWIIac-
MoMy oGopyaoBanmio [23-25]. B ciydae, koria MIHATENh-
HOCTb aBapUHHOTO TOKa MPEBBIIIAET COTHN MUJLIUCEKYH]
LeNecoo0pa3HbIM IyTEM CTAN0 NMPUMEHEHUE KOMOWHAIINU
napaaienbHO COEIMHEHHbIX paspsaHuka tuna PBY u
ANEKTPOMEXAaHUUECKOTO 3aMbikatens. [Ipu Takoil komOu-
HalWW aBapuiHbIM TOK Yepe3 PBY mportekaer B TeueHne
BpeMeHH, paBHOM BpeMeHH cpalaTbIBaHUSA KOPOTKO3aMBbI-
Karedss (OpWEHTHPOBOYHO TOPSIKA NECATKOB MUILIHCE-
KyH) [24]. BEITIONTHEHHBIE POCCHICKUMY CTIETTHATHCTAMH
WCCIeA0BaHUs MOKA3aM, YTO B TAKUX CITydasX BO3MOXKHO
WCTOJIb30BAHNE BBICOKOBOJBTHBIX BaKyyMHBIX KOHTAKTO-
poB ¢ ¢opcUpoBaHHBIM MPUBOAOM NpH BKmoueHnn. Co-
[JIaCHO JIaHHBIM, NpUBeJeHHbIM B [24, 25], npu xone noa-
BIDKHBIX KOHTAKTOB KOPOTKO3aMBIKaTessl B Bakyyme 10 6
MM BpeMs cpadaTbIBaHHS €r0 KOHTAKTOPOB TMpH BKIIOUE-
HHUU MOXET COCTaBNIATh MpuMepHo 5-10 Mc. [Toka He 3aMK-
HyTCSl KOHTaKThl KOHTaKTOpa KOPOTKO3aMbIKaTeNs pa3psii-
HUK THma PBY mpomyckaer uepes3 ce0s MOJIHBIN aBapHii-
HBII TOK B JIeCATKM Kunoamrep. HeoOXoaumo OTMETHTS,
4TO TIPU TaKOW CXeMe 3aluThl 000PYHOBaHUS BaKyyMHbII
pazpsaaHuk cepun PBY coznaet ycnoBus 1j1si NpaKTUUECKH
0e3MyroBoli KOMMYTAIlMW aBapuifHOTO TOKA B BBICOKO-
BOJNETHOM BaKyyMHOM KoHTakTope [24]. J[aHHEBI KOHTaK-
Top Tima KBO Brumodaercst uepe3 mpuMepHo 5-20 Mc To-
cie cpabateiBaHnst PBY. B pesynbrare Wero BaKyyMHBINH
PaspAAHVK OTKIIOYAeTCS U BeCh aBapUiHbII TOK HAUWHAeT
MpOTeKaTh uepe3 BakyyMHbIH koHTakTop. [TogoOHas Tex-
HOJIOTHS 3aILUTBI HJIEKTPOIHEPTETUUECKOTO 000PYA0BAHNSA
npuBena K co3gaHuo B PO Ha OCHOBE BaKyyMHOro pas-
panHuka Thma PBY-43 u cepuitHOro omHOMOIIOCHOTO Ba-
KyyMHOTO KOHTAaKTOpa C 3JIEKTPOMarHUTHBIM TPHBOIOM
tima KBO-3-5-500 crnmbHOTOYHOTO OBICTpOIEHCTBYIOMIE-
TO KOPOTKO3aMBIKATENsl CPEIHETO KJacca HampsKeHNS,
TpeJHa3HAuYEeHHOTO [JIsl 3aIlNThl 000pyI0BaHNUS 0OBEKTOB
JNEKTPOIHEPTETUKH OT IEUCTBUS aBAPUIHBIX UMITYJIbCHBIX
TOKOB amrutynoi 10 30 KA B TeueHHe 10 2 ¢ MpH Ha-
npspxkeHun 10 10 kB [24]. Ha puc. 3 npencrasnen o6iuii
BHJI OTIITHOTO 00pa3iia Takoro KOMOMHUPOBAHHOTO BBICO-
KOBOJIETHOTO 3aIIATHOTO ycTpoticTea (3Y). Brok ymnpasie-
ans (BY) Takoro yctpoiicTBa conepxut 6ok 3amycka (BP)
BaKyyMHOTO paspsnHuka tuma PBY-43 u 6110k dopcupo-
BaHHOTO BKmoueHns (BK) BakyyMHOTO KOHTakTOpa THIa
KBO ykazaHHO1 Bbillle MOIU(DUKAIIVH.

[Tpy BO3HMKHOBEHNH aBAPUHHOTO PEKMMA B CETH Ha
Bxoa BY ykazanHoro 3V nopaercsi curHan ynpaBlieHuUs,
KOTOPBIH BBI3BIBaeT (popMupoBaHWe Ha Bbixonae BP um-
MyJIbCa HaIpsHKEHUS IS 3aImycKa paspsaaHuka tuna PBY,
a Ha BeIxofie BK — ummynbca HanpsbkeHUs Aisl BKIIOYe-
HUA NMpuBoJa koHTakTopa Tuta KBO. OO6mee Bpems oT

MOMEHTA MOoJAauy UMITyJibca yrnpasieHus Ha Bxod BY npo
BKIIIOUEHWA paspsaHnka tThma PBY B cosmannom 3Y He
npesbimaeT 10 mkc [24]. TToce 3Toro Yepe3 MpUMEPHO
20 Mc 3aMBIKalOTCS KOHTAKTHI BaKyyMHOTO KOHTakTOpa
tnma KBO w nocneqHwii HagekHO ITYHTUpYeT 3allnliae-
MbIil AMeKTpoIHepreTudeckuit 0obekT (paspsanuk PBY
npu cpabarbiBaHuu koHTakTopa KBO otkntouaercs). Ot-
KJIIOUEHHE BAKyyMHOTO KOHTAKTOPa MPOUCXOAUT IyTeM
CHSITHSL C HEro MOCTOSIHHOTO CUrHajia ymnpasieHus (Ha-
npsoxerne-27 B; Tok-0,1 A; mmatensHocTh currana-0,1 ¢)
[24]. TunmuHBIe OCIMANIOTPAMMBI UMTYJILCHOTO TOKa W
HanpsXeHNd Ha KOMOWHUPOBAHHOM KOPOTKO3aMbIKaTele
B Cllydae TMoclieforaTedbHoro BKmoueHns PBY n KBO,
nonyueHHsle B PO Ha CUNBHOTOYHOM BBICOKOBOJBTHOM
WCTIBITATENIbHOM CTEeHJE, MpeAcTaBleHbl Ha puc. 4, Tae
t1,t, — COOTBETCTBEHHO MOMEHTHI BPEMEHU BKIHOUYEHUS

PBY u 3ambikanus koHTaktoB B KBO. IlpoBeneHHbie
WCTIBITAHUS TOATBEPIUIN CIIOCOOHOCTh Pa3padOTaHHOTO
KOMOWHUPOBAHHOTO KOPOTKO3aMbIKaTensi OBICTPO U Ha-
JEKHO LIyHTUPOBATH 3AIIMIIAEMbIil OOBEKT U AJUTENBHO
TpoTycKaTh uepe3 ceGs MMMyJbCHbIE MUJUIN- U CeKYHJ-
HBIe TOKW amTuTy o He meree 30 kKA. Bpems BKIroUe-
HUg Takoro 3Y coctaBnseT He 6oaee 10 Mkc, TOK TepMu-
qecKOW M IMHAMHWYecKoi cTtoikocTi — 1o 30 KA, a 4HcIio
kommyTarii (pecype) — 10° [24]. Otvedaetcs, ato paGo-
yee HampspKeHHE 3TOT0 KOPOTKO3aMbIKATENIsk MOKHO MO-
BoicuTh 10 30-50 kB (npu ucnons3zosanuu 8 KBO 6onee
BbICOKOBOJILTHOM BaAKYYMHOM JyroracuTeNbHOM Kamepbl),
a BpeMsl ero BKJIIOYEHUS YMEHbIIUTb 10 1-2 MKkc (B ciy-
qae 3armTkn BP m1st PBY oT aHoHOTO HaMpsHkeHN).

Puc. 3. BHemnmii B ombITHOrO 00pasiia KOMOMHUPOBAHHOTO
OBICTPOICHCTBYIOLIEI0 CUIILHOTOUYHOI'O KOPOTKO3aMbIKATEJIs HA
asapwuitnbie Toku 10 30 kA u Hanpsokenue 10 10 kB ¢ Bpemenem

kommyTanuu 10 2 ¢ (cresa-paspsanuk tuna PBY; cnpaesa-
konrakrop tuna KBO) [24]

Llyntupyromiee 3V Ha paGodee HampskeHHe Oonee
50 kB MoxeT OBITH M3TOTOBIIEHO Ha OCHOBE HECKOIBKMX
TIOCIIeIOBATENIbHO COETNHEHHBIX BHICOKOBOJBTHBIX BaKy-
YMHBIX pa3psaaHuKkoB Tuna PBY (Hanpumep, ¢ NOMOLIbIO
PBY-31) [25]. Ha puc. 5 npuBeneHbl BO3MOKHbBIE CIIOCO-
Obl TIOCTIEIOBATENLHOTO COSNUHEHUSI U CXeMbl yrpaBJe-
HUs paboTOl KOMMYTATOPOB B LEMSIX M3 N-pa3psaHUKOB
tima PBY, mpumensieMbIX B cocTare Takoro 3V [26].

Cxewmbl Ha puc. 5 mo3sonmnm co3mats B PO (BHULL
BOU, 1. Uctpa) ObIcTpoAeicTBYIONNE IMYHTHPYIOMINE
ycrpoiicTBa Thma ¥3-80 (Ha pabouee Hampsxerne 10-80
kB; kommyTtupyemsiit Tok 0,1-10 kA; KOMMyTHpYyeMbIit
3apsn 3a umnynsc 10 1 Kn) u ¥3-120 (ua pabouee Ha-
npsokerne 10-120 kB; kommyTtupyemsrit Tok 0,1-10 kA;
KOMMYTHUPYeMbilii 3apsia 3a umiyiisc 1o 1 Ki) [26].
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Puc. 4. CoBmenieHHbIE OCIAIOrPaMMBI IMITYJIBCHOTO TOKA |
v Hanpspkernst U B 3a11MIaeMOoit Ler UCTIbITATEeIbHOIO CTeH 1A
npu padoTe ONbITHOrO 00pa3La KOMOMHUPOBAHHOIO
KOPOTKO3aMbIKaTe s, IPUBEICHHOTO Ha puc. 3 [24]
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Puc. 5. Bapuanrsl cxem yrpasJjieHus 110CJIe10BaTe/IbHO
COC/IMHEHHbBIX BAKYYMHbIX pa3psiiHukoB Thna PBY (a- nomkur
HA KaToJIe; O- TO/HKUT HA aHOJIE; 6- 3aBUCUMbIH mokur) [26]

2. MOIIHBIE HEYTIPABJIAEMBIE BAKYYMHBIE
KOMMYTATOPBI

B nocnenHue roasl B cxemax cBepXMOLIHbIX BOODY,
conepxamux EHD wnu UHD, cxembl obocTpeHus wM-
TYJTCOB BBICOKOTO HATTPSHKEHWS C TUIA3MEHHBIM TIpephI-
BaTeNleM ToKa (WITH ¢ DIIEKTPUIECKH B3PBIBAOITAMCS TOH-
KAM TIPOBOTHWKOM Kak B [27]) W HUBKOWHIYKTHBHYIO
Harpy3Ky, pacrollo’KeHHYI0 B BaKyyMHOM o0beme, U
MpeAHAa3HAYCHHBIX U OCYILECTBICHUSI MHEPLHATbHOTO
TEPMOSIAEPHOTO CHHTE3a, HALUTM MPUMEHEHUE MOILIHbIE
HeynpaBisieMble BakyyMHble komMmyTtaTopsl [1, 28]. K
3TUM KoMMmyTatopam BO®V mnpenbsBasioTCs BBICOKUE
TEXHWIECKWe TpeOOBaHWS. BO-TIEPBBIX, 3IEKTpHUecKast
TIPOYHOCTh WX M3OJIAIMOHHBIX KOHCTPYKIMH JTOIKHAA CO-
craBiaTe He MeHee 100 kB/cM; BO-BTOPEHIX, BpeMs WX
3NIEKTPUIECKOTO cpabaThiBaHUs T, JOMKHO OBITh He 00-

mee 10 Hc; B-TpeTBWX, WX WHIYKTHBHOCTH He NOJKHA
TIpeBRIIAThL 3HaTeHNH, paBHBIX okono 20 °HI'H [28]. Pabo-
Ta TakWX KOMMYTAaTOPOB OCHOBaHa Ha B3PHIBOIMUCCHOH-
HBIX SIBICHUAX, MPOTEKAIOIUX B HX METATMIECKHX
3JIEKTPONHBIX CHCTEMAX C BaKyyMHBIM 3a30pPOM OT BO3-
JNEACTBUA HA HUX CUJIBHBIX JJIEKTPUUYECKUX MOJEH, dJie-
MEHTapHas s4eifka KOTOPBIX COCTOHT U3 3JIEKTPOHHOTO
B3PBIBOOMUCCHOHHOTO IHOMA, COIAEPKAIero KaTon W
arox [1, 3].

B [28] 61 omicaH MOIIHEI HEeYTpaBIseMEIil Baky-
YMHBI} KOMMYTaTOp Ha UMMyJIbCHOe Hanpsbkenne 1o 130
KB W TOKM HaHOCEKYHIHOTO BPEMEHHOTO IWaNa3oHa B

NECATKH KWJoamIep, MpeAcTaBIsromuid coboit psin mo-
CIIeIOBATENIbHO COEJMHEHHBIX BaKYYMHBIX IHOMOB (10
nrecTH ITYK) ¢ pabounmmu 3azopamu h mopsaka 1 mm
(pwc. 5). B kaxmoM BakKyyMHOM IHOJIE TaKOTO KOMMYTa-
Topa kKatox 1 w aHox 2 OBUIM W3TOTOBIEHBI COOTBETCT-
BEHHO B BUJE MJIOCKUX TUCKOB TOJILUHOM 1 MM U Kpyr-
NbIX LWIMHAPUYECKUX BHICTYNOB (nnamerpoM 40 MM u
BbICOTOM 9 MM) u3 Hepxkaserolielt cranu. KoHycHbie u3o-
nATOpHl 4 MexkIy Katogamu 1 v aHomaMu 2 3IeKTPOIHOH
CUCTEMBI KOMMYyTaTopa ¢ paboOuNMW BaKYYMHBIMW 3a30-
paMy 3 GBITM BBITIONHEHB! W3 OpTCTekia (C AWaMeTpoM y
ocroBarms 35 MM # BEIcoTOi 10 MM). KOoHYCHOCTE 3THX
M30JIATOPOB Oblila 00YyCIIOBIeHa HEOOXOINMOCTBIO pa3BH-
THA JUIMHBI KX Hapy»XKHOro pabouero nepuMerpa U cooT-
BETCTBEHHO O0ECleYeHUs UX BIIEKTPUUECKOM MPOYHOCTH
BIOJb HAPYKHOWH M30NSLMAOHHON TOBEPXHOCTH, MNepe-
KpPBbIBAOLIEH BAKYYMHBIN MEXKIJICKTPOIHBIA MPOMEKYTOK
KomMyTatopa. [1pn cOopke BakyyMHBIe THOIH KOMMYTa-
TOpa B TIPOMOIHLHOM HAarpaBIEHWH MOTIN CTATHBATHCS
MEXIy co00¥ TI0 KpyroBOMY TepWMeTpy TIpH TOMOTIIN
W30JATIMOHHBIX HITH METATHYECKAX THIEK (puc. 6).
Jns cenmanucToB, paboTalomMX B 001aCTH BBICO-
KOBOJIbTHOM uMmmysibcHOM TexHuku (BUT), uHTepecHo
OTMETUTbH TO, uTO B [28] Bpems cpabaTbiBaHUs KOMMYTa-
Topa T, (WIM BpeMs ero KOMMYTALWH) ONPenelsoch

JKCMEPUMEHTANLHO MO OCLUIIOrPAMMAM KOMMYTHpYe-
MOTO HampspkeHusi (TOKa) Kak MHTEPBal BPEeMEHH OT Ha-
yaja crajia HanpsHKeHUs Ha KOMMYTATope [0 MOsIBJICHUs
B €ro CUJIbHOTOUHOM 1eNn UMMYJIbCHOTO TOKa. [Ipu 3ToM
B [28] ombITHEIM TyTeM GBLTO TOKa3aHo, 4To MPUMEHeHHe
MHOT03a30pHBIX THOIOB C BENWIWHON BaKyyMHOTO 3a30-
pa B KaX 10 AWOTHOM sdelike B 1 MM TTO3BOJISIET CHHU3UTH
3Ha4YeHWe BpeMeHN T, . Ou3ndeckn oOBACHAETCS ITO TEM,

YTO TMPH UCTIONB30BAHUN B CHIIBHOTOYHOM KOMMYTaTope
(kax B 3TOM, Tak W B APYTWX €r0 MOAV(WKALNSX) psiaa
TOCITeIOBATENILHEIX BaKyYMHBIX (MM WHBEIX W3OJSIVOH-
HETX Ta30BBIX) 3a30pPOB CKOPOCTH 3aKOPOTKH V,, €T0 CyM-

MapHOTO BaKyyMHOTO (Ta30BOTO) 3a30pa Bo3pacTaeT Tps-
MO TIPOTIOPIHOHANEHO THCTy K OTIeNbHBIX 3a30poB. Bo3-
pacTaHWe JaHHOW CKOPOCTH OOGYCIOBIEHO BCTPEUHBIM
JIBUKEHUEM KaTOAHOMN ¥ aHOJHOM IIa3Mbl OTHOBPEMEHHO
B Ka)<IoM BakyymMHOM (razoBom) 3azope. B pazpaboran-
HOM cornacHo [28] MOIIHOM BakyyMHOM KOMMYTATOpe
CyMMapHasi CKOPOCTb [IBMIKEHHUSI MJ1a3Mbl B €10 MEXKIJEK-
TPOIHEIX 3a30paX cocTaBmia mopsaka 10° m/c. OTciona n
ToJTy9YaeM OIIEHOYHOE pacueTHOe 3HaueHUe JIIS BpeMeHH
cpabaTblBaHUS T, pPAcCMaTPWBAEMOTO HEYIPaBIIAEMOTO
CWJIEHOTOYHOTO MHOT03a30pPHOTO BaKYYMHOTO pa3psiTHU-
ka B Buzie: T, =h/v,=10 Hc, KoTOpoe 6BLIO JOCTOBEPHO

MOATBEPKACHO U HKCIEPUMEHTANILHO HAa COOTBETCTBYIO-
[IeM WCTTBITATEILHOM BRICOKOBOJILTHOM cTeHe [28].

Ha pwic. 7 TokazaH BHEITHWH BUI pacCMaTpHBaEeMOTO
BBICOKOBOJIFTHOTO CHIIBHOTOYHOTO BaKyyMHOTO MHOT03a-
30pHOTO KOMMYTaTOpa ¢ TIPOAOIBHEIM OCEBBIM CEUeHHEM
coriacHo pwc. 6, CO3MaHHOTO HEJaBHO COTPYTHWKAMW
@®I'VIT PHI] "Kypuarosckuii unctutyt' (r. MockBa) B
paMKax BBINOJHEHUSA POCCUMCKON HAYyYHO-TEXHUUYECKOU
nporpammbl "Baiikan” no repmosaepHoMy cuHTe3y [28].

Ha puc. 8 mpuBeneHa BbICOKOBOJbTHAs HCIIBITA-
TeITbHast cXema JJISl OTILITHOTO OTPe/IEIEHIST TEXHHIECKIX
XapaKTepUCTHK YKa3aHHOTO BBITIIE MOIIHOTO Heympas-
JIIEMOTO BaKyyMHOTO MHOT'03230pHOTO KOMMYTaTopa.

Ha pwc. 9 npencTaBieHsl MHTEpECHBIE TS CTienna-
nuctoB U3 obmact BUT coBmemmieHHbIE XapakTepHbIE
OCHWJINIOTPaMMBI UIMITYJIbCHOTO Hampspkenus U u Toka |
Ha HCCIIEAYEeMOM CHIIbHOTOYHOM HEYMpaBIseMOM BaKy-
YMHOM KOMMYTaTope, BKIIOUSHHOM B Pa3psAHYIO Lelb
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ucnbiTaTenbHON BODVY cornacHo naHHbIM puc. 8, KOTO-
pble OBUIM TIOMYYEHBI TIPH CIEAYIOIMNX 3JIEKTPUIECKAX
mapameTpax paspsaHoil memn BO®DY ¢ mommusiM EHO:
Cr =0,125 mx®; U =(70-130) ¥B; L} =2,4 MxI'H.

fases T,
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Puc. 6. YnpoleHHsIi BUI POI0JIBHOIO CEYCHUSI MOIIHOTO
HEYIPABISIEMOT0 BAKYyMHOTO MHOT03230PHOTO KOMMYTATOpa
(1- AMCKOBBIM METATTMYECKHUIA KATO; 2- aHOJ C KPYTIIbIM
METAJUTMIECKUM BBICTYIIOM; 3- OT/IC/bHbIM BaKyyMHBIH 3a30D
MEXJ1y KATOJ0M U aHO10M; 4-0T/1e/1bHbIi KOHYCHbIH 130is10p)[ 28]

Puc. 7. Bueurnuit Buj MOLLIHOTO HEYIPABIISIEMOI0 BAKYYMHOTO
MHOT03430PHOTO KOMMYTaropa Ha Hanpspkenue 10 130 kB [28]
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Puc. 8. Cxema BDDYVY 1515 UCTIIBITAHUS MOIIIHOTO
HEYNPaBIIEMOTr0 BaKyyMHOTO MHOT03a30pHOTO KOMMYyTaTropa
(1- EHD reneparopa UMIlyIbCOB HAIIPSIKEHHUS; 2- OMUUYECKUI

JICIIUTEIIb HAMIPSKEHUS!; 3- N3MEPUTEIIBHBIN IIIYHT;
4- BakyyMHBI} MHOT03a30pHbIH KOMMYTATOP;
5- HU3KOUHIYKTUBHAS HArpy3Ka) [28]

JanHble prc. 9 HarIAIHO AEMOHCTPUPYIOT HaM (-
3W9ECKAIT CMBICI TAKOTO BaXXHOTO W YKa3aHHOTO aBTOPOM
YyTb BHIIIE 3NEKTPOPU3NIECKOTO TMOHATHSA Kak Bpems
cpabaTbIBaHUsS KOMMyTaTopa T, (TpW 3TOM JUIS ero Ha-

XOKAECHWS 1O KPUBBIM prC. 9 HEOOXOANMO YBS3BIBATH BO
BpPEMEHHU Mexay co0oil BBITIIEe TPESIOKEHHBIM COTIIACHO
[28] myTem cooTBeTcTBeHHO KprBbie 1 w5, 2w 6, 3u 7, 4
u 8). OTMETUM, YTO B JAHHBIX IKCTIIEPUMEHTAX C BHICOKO-
BOJIbTHBIM BbICOKOCKOPOCTHBIM BaKyyMHbIM MHOI03a-
30pHBIM KOMMYTATOPOM CKOPOCTh HapacTaHUs HArpshKe-
HUSI MeXIy ero TopueBbiMu (KpaliHUMH) HHCKOBBIMU
CTATLHBIMH 3JIEKTPOIaMU CoCTarsIa okojio 1,5 kB/He, a
Ha €ro OTHENbHBIX BHYTPEHHWX B3PBIBO3IMHCCHOHHBIX

JMo/IaX ¢ BakyyMHbIM 3a30pom h =1 mm — npumepso 0,25
kB/HC (B ImecTh pa3 MeHbIe, 9T0 COOTBETCTBYET uHcy K
BaKyyMHEIX 3a30pOB B koMmyTaTope) [28]. HecmoTpst Ha
YMeHbIIIeHHe CKOPOCTH HapacTaHhs HaMpsKeHWs Ha OT-
JeNbHBIX BaKyyMHBIX 3a30pax h atoro xomwmyTaropa, 3a
CYeT OJHOBPEMEHHOTO yMEHBIUEHUS! BPEMEHU 3aKOPOTKU
KakJI0r0 W3 HHMX M MPOMCXOAMT yMEHbIUEHHe 00LIero
BpeMeHM cpabaTtbiBaHWs KomMmyTaropa T.. OTcroga Ham

MOYHO CIE€JIaTh BaXKHBIM UM 0000marmnii BEIBOI B 00-
JIACTU TEOPUU BBICOKOBOJBTHBIX CHJIbHOTOUYHBIX KOMMY-
TATOPOB C BakyyMHOU (ra3oBoil) Mex3JeKTPOAHON H30-
JAnueil 0 TOM, YTO 4Ye€M MEHbIIE B BBICOKOBOJIGTHOM
CUITHHOTOYHOM MHOT03a30PHOM KOMMYyTaTope Ha pabo-

uee Hanpskerne U, BENMYMHA OTIENBHOTO MEKIITEK-
TpoJHOTO TpoMeXxyTka h (Hampumep, B K pas, uTo cooT-
BETCTBYET MPH 3a1aHHOM yPOBHe Harpsokernst U, yBe-
Judennio B K pas gwcnma 3THX MEeKINeKTPOAHBIX MpoMe-
’KYTKOB), TeM OyzaeT W MeHbIIe (B Toxe uncio K pas) Be-
JINYHHA BPEMEHN cpa0aThIBaHUs T, IUIS BCETO KOMMYyTa-

TOpa, NMEIOIIETO CYMMAapHBIN MEKTEKTPOIHBIN W301s-
[IMOHHBIH MPOMEKYTOK, paBHEII BenanHe K - h.
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Puc. 9. Ocupmorpammsl HanpsikeHust U (kpusbie 1-4) v Toka |
(xpuBbie 5-8) Ha BakyyMHOM MHOT033a30pPHOM KOMMYTATOPE,
TIPUBECHHOM Ha puc. 7 (kpuBbie 1-8 pacmonoxeHbl B IOPSIIKe
YMEHBIIEHHS [I0aBAEMOr0 Ha KOMMYTATOp HanpsokeHwst) [ 28]

B momk3y Takoro o0600IIaloliero BbIBOJA CBHIE-
TeTBCTBYET YCTAHOBICHHBIN B [28] HaywHBIN (akT: cko-
POCTb IBWXEHHUS TIa3MBI V,, B BaKyYyMHBIX 3a30pax KOM-

MyTaTopa He 3aBWCHT OT 9HCJa 3THX 3a30pOB W COOTBET-
CTBEHHO OT YPOBHS KOMMYTHPYEMOTO WM 3JIEKTPHIECKO-
ro HanpspkeHus. [103ToOMy Takas OCHOBHas JUlsl yKa3aH-
HOTO PaspsiAHUKa KOMMYTALMOHHAS XapaKTepHCTHKA KaK
3Ha4YeHWe BPEMEHN ero cpabaThiBaHns T, OyIeT ompee-

JSTECST TONTBKO BEIMUMHON OTAENBHOTO BaKyyMHOTO 3a-
30opa h B MHOT03230pHOM KOMMYTaTOpe. PekoMeH1yemblii
Ha OCHOBAaHHMU TNPOBEICHHBIX KCHEPUMEHTATBbHBIX HC-
cnenoBaHuit aBropamu pabotel [28] ypoBeHb Hampsike-
HUS, MPHKJIAAbIBAEMBI K KaXIOMY MUILIUMETPOBOMY
BaKyyMHOMY 3a30py B TeueHHe BpemeHn 20-50 He, MoxkeT
coctasnATe 20-50 kB. [1pu ckopocTr HapacTaHus Harmps-
KEeHWs Ha KaXJIOM BakyyMHOM 3asope 1o 1,16 kB/uc n
cpemHell Mo IIWHe KOMMYTaTopa HampsKeHHOCTH dJIek-
tpuueckoro nois ot 50 no 100 kB/cM anuTensHOCTh UM-
MyJibCa HANpPSKEHMs, OrpaHUuYMBacMas dTUM DPa3psaHu-
koM, coctaisiia 40-600 He (cMm. puc. 9). Bbino nokaszaHo,
4TO B pa3pabOTaHHOW KOHCTPYKLUHUU CUIBHOTOYHOTO Ba-
KyyMHOTO pa3psAHWKa ¢ TIO3WIWI ero SJIeKTPHIecKon
TPOYHOCTH BBICOTAa KOHYCHBIX M30IISITOPOB M3 OprCTeKia
B MEXJJIEKTPOAHEIX BaKYYMHBIX 3a30paX MOXeT OBITh
YMeHBIIeHa 10 5 MM W IOJKHA TMPEBBIIATh BETWINHY
BbIOpaHHOTO pabouero BakyymHoro 3azopa h = 1 mm co-
OTBETCTBEHHO HE MEHEe UeM B IIATh pas.
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3AKJITOYEHHE

1. Ha ocHOBaHMM MaTepHalloB psifa OMyOJIMKOBaH-
HBIX HMCCIeIOBaHUl POCCHHCKIX CTEMAINCTOB B o0Jac-
1 BUT BBITIONIHEH BecbMa OOIIMPHBIN 0030p HOBBIX Ha-
YYHO-TEXHWYECKHAX Pa3pabOTOK MO CO3AaHWIO W TPAKTH-
4eCKOMY BHEIPEHHUIO HOBOTO MOKOJIEHUS HAKHO U AJIH-
TeIbHO (PYHKIMOHUPYIOIIUX MOILIHBIX YIIPABJIAEMbIX (He-
YIPaBJIieMbIX) BBICOKOBOJIbTHBIX CUIBHOTOUYHBIX BaKy-
YMHBIX Pa3psgHUKOB, MPUMEHAEMbIX B Pa3psaHbIX JIeK-
TpUYecKnX TEnsIX MOIHeIX BO®Y ¢ EHD (UHD3) mus
BHITTONTHEHNS B cepe D coBpeMeHHBIX HAYTHBIX W TEX-
HOJIOTHYECKUX 3a/1a9 W B CXEMaX 3alIWTBl JOPOTOCTOSIIE-
TO CHIJIOBOTO 3JIEKTPOIHEPTETHIECKOTO 000PYIOBAHHS OT
BO3ACHCTBUA aBapUIHBIX TOKOB W MMEPEHAINpPSHKEHUA at-
MOC(HEPHOTO U KOMMYTALIMOHHOTO MPOUCXOKACHHS.

2. Hapsiny ¢ KpaTKuMm onmucaHueM HOBBIX KOHCTPYK-
Uit U UX OCOOCHHOCTEW W3 paccMaTpUBaeMOTO KJiacca
Pa3pSOAVKOB, YKa3aHWEM IOCTHUTHYTBIX WMW BBICOKHX
YpOBHEW IUIST TEXHWYECKNX XapaKTepUCTHK TIPH KOMMY-
TAllMM WMITYITLCHBIX HaNPSHKEHUH W TOKOB Pa3IWIHON
IMTENEHOCTH (OT HaHOCEKYHIHOTO BPEMEHHOTO IHara-
30Ha 0 CEKYHIHOTO) B MPEICTABICHHOM 0030pe B CKa-
TOM BHIE MPUBEAEHbI U OCHOBHbIE (PU3NUECKUE MOJIOKE-
HUsl, JIeXKaLIe B OCHOBE MPOTEKAIOLIUX B HUX CIIOKHBIX
ANEeKTPOPUIMIECKUX TIPOLIECCOB W OONerdaroniue Kak
npodeccHoHaNbHO MOATOTOBICHHOMY YHTaTeNo, Tak W
HauWHAIONIAM Hay9HO-TEXHWIEeCKNM paboTHWUKaM BOC-
TIpASTHAE WCCIIETyeMO 37eCh TEXHUKHM W 3MEeKTPODI3UKA
BBICOKWX HAMpPsKeHWH W GONBITNX WMTTYJIECHBIX TOKOB.

3. ABTOp mocuuTan Obl CBOIO HEJETKYyH Hay4HO-
MyOIULUCTUYECKYIO 3a1auy BBIMOJHEHHOW MPU YCIOBUH
OTIPEeTIeHHOTO MCIOJb30BAHKSA TPHBEAEHHBIX Mepeno-
BBIX 3apyO0ekKHBIX pa3paboToOK U Pe3ydbTaTOB B UCCIIEMO-
BaHWSX, IPOBOJIMMEIX ceifuac B YkpawHe B oomactn BUT.
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