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DOU3UKA

YIAK 537.533:621.384

O®OPMUPOBAHUE HAHOCEKYH/JIHBIX UMITYJIbCOB TOKA ITYUYKA
B INTASBMEHHBIX SMUCCHOHHBIX CUCTEMAX
HA OCHOBE PA3PsJA B CKPEIIIEHHBIX ExH ITOJISAX

C.H. ABPAMEHKO, kano. mexu. nayx, ooy. /I.A. AHTOHOBHY, 0-p mexn. nayk, npogh. B.A. FPY3/[EB
(llonouyxuit 2ocyoapcmeeHnnblii yHugepcument)

IIpeonosicen cnocob gopmuposanus umnyibcos moxka nyuxa ¢ onumensrocmoio 0o 100 ne ¢ kopomxkumu
(nopsadka 5 HC) pponmamu 8 nAAMEHHOM UCMOYHUKE 9AeKMpPOHO8. [l pearuzayuu cnocoba npeonazaemcs
UCNONBb308AMb NIASMEHHBII UCTOYHUK JIeKIMPOHO8 HA OCHO8E pa3psaoa 6 ckpewennvix EXH nonsax ¢ ynpaensio-
WUM 2NEKMPOOOM, KOMOPLIl He Y4ACMEYen 8 (POPMUPOBAHUY NAA3MbL, HO MOAICEM DOPMUPOBAMb U Pe2yIUpo-
8amMb MUHUMYM NOMEHYUALA 8 CUCIeMe YCKOpeHUs diekmponos. [Ipueedena snekmpoonas cmpykmypa maxozo
ucmounuka. Ilpogedeno moodenuposanue cOOmMeemMcmayoweli CUCmeMyl I1eKMPOnUManus, 2eHepupyroujels um-
NYIbCbl HANPANCEHUS HA YAPABTAIOUEeM 21eKmpooe NIa3MeHHO20 UCOYHUKA DJIeKIMPOHO8 OUmMeNlbHOCbIO No-
PAOKA COmeH HAHOCEKYHO, C pe2yaupyemoll Yacmomoll U CKANCHOCMbIO C1e008AHUL UMNYIbCO8 C NPUMEHEHUeM
PA3IUYHBIX KIIOYEBbIX IIeMEHMO8.

Knrwuesvie cnosa: niazmenublil UCMOYHUK OJIEKMPOHOE, NAA3MEHHbBLI amummep, UMnyJibCsvl MoOKa ny4Kda,
p(lf)’pﬂ() 6 CKPDEWeHHbIX ExH NOJIAIX, CUCMEMDbL INEKMPONUMAHUSA NIASMEHHBIX UCMOYHUKOB ITEKMPOHOE.

Beenenune. OnbIT NPOMBIIUIEHHOTO MPUMEHEHHS JJIEKTPOHHBIX IMYYKOB MOKa3bIBAE€T MEPCIEKTUBHOCTh
NpUMEHCHHUsT O€3HAKAIBHBIX JJIEKTPOHHO-ONTHYCCKUX CHCTEM, OJHON M3 KOTOPBIX SIBISCTCS IUIA3MCHHBIA WC-
To4HUK 21eKTpoHOB (ITMDJI) [1-3]. OgHuM U3 HETOCTATKOB, CAECPKUBAIOIINX PACIIUPEHUE MPUMEHEHUS TaKUX
CUCTEM, JUIA Psia TEXHOJOTHHA SBIISETCS CIIOKHOCTh PEAM3AIMK B JAHHBIX CTPYKTYPaX HUMITYJIBCHOT'O PEKAMA
paboThI C JTUTEILHOCTHIO MMITYJIbCA TOKa ITydKa TOPSAAKa COTHH HAHOCEKYHI M MeHee. IMIyIbCHBIN pekuM
ToKka smuccuu B [TMDJI pu MOAYJIAMN TOKA pas3psaa MO3BOJISAET MOTYdaTh UMITYJILCHI JTTUTSIIEHOCTHIO CBBIIIIE
JIECSAITKA MHKPOCEKYHJI, YTO OMpPEACIAETCS BpPEMEHEM YCTAHOBJIICHHS CTAIlMOHAPHOTO COCTOSHHSA ((PpOHTOM
HapacTaHus TOKa pa3psga) U 00YCIOBICHO B OCHOBHOM CKOPOCTBIO MEPEMEIEHHUS B CTPYKType HOHOB Ta3a [4].
CKOpPOCTh IBMIKCHUS DJICKTPOHOB MPU UX TUIMUYHOW CPEIHEH SHEPTHH B ra30pa3psIHON [UIa3Me MPHOIU3UTEIb-
HO B 100 pa3 mpeBbILIaeT CKOPOCTh MOHOB, MO3TOMY JOCTATOYHO KOPOTKME MMIYJbChl TOKa mydka B [TMDJI
MOXKHO MOJYYUTh MPHU UMIYJIBCHOM YCKOpSIOIIeM HampsikeHuH. OJHAKO MPHU YCKOPSIOIIEeM HampsyKeHUH, TH-
nuyHOM Juist TexHodorndeckux [TMIJI B 30-40 kB, paspaboTtka cucteMbl pOpPMUPOBAHHS UMITYJIbCOB YCKOPS-
FOLIETO HATPSKCHHUS TOCTATOYHO MpoOiieMaTnyHa. B maHHON padoTe MpeanokeHo 000CHOBaHHE BO3MOXHOCTH
peanuzauy UMIYyJIbCHOrO pexxuma 3a cueT npuMmenenus [IM3JI Ha ocHoBe pas3psina B ckperienHbix EXH nomsix
C YIIPABJISIFOIIAM JJIEKTPOIOM U COOTBETCTBYIOIIEH CHCTEMOM 3JIEKTPOIUTAHUSI.

YcaoBusi popmupoBanusi smutupywmeii miasmel B IIAIJI. Dmurupyromas miasma B [TN3JT dop-
MHUPYETCS C TIOMOIIBI0 HU3KOBOJIBTHBIX Pa3psaoB B raze [1, 2]. MoryT npuMeHAThCS pa3psabl pa3IiIHOTO THIIA
[5, 6], oqHAKO IUIS YITPOLIEHHOTO aHAIHM3a Ta30Pa3PsIHYI0 CTPYKTYPY B OOIIEM ciTydae MOKHO MPEACTABUTh KaK
CTPYKTYPY, COIIEPIKalIyIo JBa JJIEKTPONA: KaTOJ, HAXOMSIIUKCS IO OTPUIATEIHLHBIM MOTEHIIHAIIOM, U aHO/I,
HAXOSAIIANCS IO TIOJIOKUTEIBHBIM TIOTEHITHANIOM. [Ipy onpeneIeHHOM COYeTaHWuH JaBJICHUS ra3a B CTPYKTYpe
(pa3psiHO¥ KaMepe) M HANPSHKCHUS MEXKIY SJICKTPOJAMH B MEXKIJICKTPOIHOM MPOMEKYTKE BO30YkKIACTCS IPO-
LECC MOHM3ALMU ra3a JEKTPOHAMH, YHEPTHsI KOTOPBIX, MOJTYYeHHAs! NPU JBUKEHUH OT AJIEKTPUYECKOTO OIS
B Ta30pa3psAAHON CTPYKTYpe, CTAHOBHUTCS BBIINIC SHEPIHM, HEOOXOAUMON Juis noHM3auuu. OIHOBPEMEHHO
C IIPOLIECCOM MOHU3ALMU MOJIEKYJ ra3a (reHepalii HOHOB U 3JIEKTPOHOB) MPOUCXOIUT MPOLIECC YXO0/a 3apsiioB
Ha CTEHKHU pa3psiAHOil cTpykTyphl. [Ipu onpeneneHHOM COOTHOIIEHWM WHTEHCHUBHOCTU 3THX IMPOLIECCOB B pas3-
PAIAHOM CTPYKTYpe 00pa3yeTcst ra3opaspsgHas ria3ma.

Jlst omucanwmst mporeccoB B paspsaaHoi ctpykType [TMDJI iasma mpencraBiseTcs: GuU3HIecKord MO-
JISBI0 CMECH TpeX Ta30B: HEHTPAITLHOTO, DJICKTPOHHOTO M MOHHOTO, ¢ COOCTBEHHOW TeMIIEpaTypor KaxKIoro
raza (7o, Te, T; COOTBETCTBEHHO), KOTOPBIE MOTYT 3HAaUHUTEJbHO oTim4atrhcsa. OOvuHO T, >> T; >> T,
1 CKOPOCTh XaOTHYECKOTO JBM)KCHHUS DJIEKTPOHOB MHOTO OOJIbIIE XaOTHUYECKOH CKOPOCTH HOHOB, 3TOMY CIIO-
coOCTBYeT 3HAYMTENbHAs Pa3HUIIA B Maccax JJIEKTPOHA W MOHA ra3a. BeleacTBue 3TOro yXoi JJISKTPOHOB M3
00BbeMa pa3psIHON KaMephl Ha €€ CTCHKH MOYKET 3HAYUTEIIHLHO IPEBOCXOAUTH CKOPOCTh YXO/a HOHOB Ha CTCHKH.
B T0 e Bpems reHepanus 3apsA0B (MOHOB U 3JIEKTPOHOB) B MPOLIECCE HOHU3ALIUU OCYIIECTBISICTCS apaMu, T.€.
C OJIMHAKOBOW CKOPOCTBIO. B pesynbraTe B mpouecce GOpMUPOBAHHUS TUIA3MbI IPOUCXOIUT HAKOIUICHUE UOHOB
B HCW, BO3pACTaeT €¢ MOTCHIMA, U HAYMHAIOT ()OPMHUPOBATHCS MPUCTCHOYHBIC JICKTPUUYCCKUE CIIOU, KOTOPHIC
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y Karo/Jia ¥ aHO/ia C POCTOM MOTEHIIMANIA CTAHOBSTCSI TOPMO3SIIHUMHU [UIsl 3JICKTPOHOB, T.€. CHIKAIOT M YPAaBHO-
BEILIUBAIOT YXOJ 3JIEKTPOHOB 13 Iua3Mbl. C 3TOr0 MOMEHTA YCTaHABIMBAETCS CTAL[OHAPHBIA PEXUM paspsijia,
MTOCTOSTHCTBO KOHIIGHTPAIMI TOJIOKUTENBHBIX (N,) U OTPHUIATEIBHBIX (N_) 3apsAI0B, & TAKXKE MX COOTHOIICHHUS
(ny/n) B ia3Me; MOCTOSIHHOE TaJICHUE MOTEHIMAlIa B IPUCTEHOYHBIX ClosiX. Kpome 3Toro, ycranaBiuBaeTcs
CTAIlMOHAPHBIN OaNaHC MOHHOTO U JICKTPOHHOTO TOKOB B ra30pa3psIHONW CTPYKTYpE, U B I[EJIOM TOK pa3psjia
00b1yHO [7, 8] oToOpakaeTcs cienayonmMu paseHcTeamu (1-4):

I,=Ii+1,, (1

I; = JiSk + JiaSa = JikSk + JeikS + JiSa = Ji(l+V)Sk +JiSy ()
) 8kT

Ji=en; £, (3)
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e

rae j[ek — IJIOTHOCTD TOKA 3JICKTPOHOB I/IOHHO-SJ’IGKTPOHHOﬁ OMHUCCHUHU;

Y — k03 PHUIUEHT MOHHO-3TIEKTPOHHOM SMUCCUU KaTOAA;
Sy 1 S, — IIoIaau KaTo/la ¥ aHOJa COOTBETCTBEHHO;
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8kT, ~
€0 kT, Sa , (4)
mm

1, =v,5, =en,

e

rre U, — najeHne HalpsDKEHHWS Ha MPUCTCHOYHOM aHOJHOM CIIO€, TOPMO3SINEE YaCTh TETIOBOTO XaOTHUE-
CKOT'O TOKa JIEKTPOHOB Ha aHOJ.

U3 GanaHca TOKOB AJIsL CTALJHOHAPHOTO PEXMMA pas3psizia CIeAyeT, YTO YCTaHABINBAIOIIEeCs HalpsDKEHIe
Ha IPUCTCHOYHBIX CJIOSIX 3aBHCHT, KPOME YIOMSHYTHIX paHee (aKTOPOB, M OT COOTHOLIGHMs IUIOIIaJel ra3o-
pa3psAAHON KaMepbl MO KaTOAHBIM M aHOAHBIM ITOTEHIMATAMU.

Peanuzaiust ynoMsiHyThIX 0a30BBIX MPOIECCOB, 00ECICUNBAIONINX (DOPMUPOBAHUE IMUTUPYIOIICH IJ1a3-
mbl B [TMDJI, TpeOyer onpeneneHHOro BpeMeHH JIjIsi yCTAHOBJIGHUS] CTAllMOHAPHOTO COCTOSIHUSI C MOMEHTa T0-
Jauu HanpspkeHus (U,) Ha 271eKTpopl. DKCIEPHMEHTHI TTOKa3bIBAIOT, YTO 3TO BpeMsl (GPOHT HapacTaHus TOKa
paspsiaa) CoCTaBIISeT JIECATKM MHUKPOCEKYHII M 0OYyCIIOBJIEHO, ITO-BUANMOMY, B OCHOBHOM CKOPOCTBIO Iepeme-
IIEHUs B CTPYKType MOHOB Ta3a IPH MX CPeIHEW SHEPrHH, COCTABIAIONIEH OOBIYHO JECATHIE JIOJH IJIEKTPOH-
BobT [9]. Takum 06pa3zoM, NpH MOAYJIALMH TOKA paspsaja /, COOTBETCTBYIONIMM PEryJIUPOBAHNEM HAIPSKEHUS
pa3psaa BO3MOKEH UMIYJIBCHBIA pekuM Toka sMuccud B [IMDJ] ¢ AMUTENHHOCTHIO HMITyITECOB O0JIee TECATKOB
MHKPOCEKYH/I.

CKOpOCTh IBI)KEHHUS DIICKTPOHOB MPHU MX TUIMYHOMN CpPeIHEH SHEPTUH B ra30pa3psiiHON Mia3Me HopsaiaKa
1-2 5B cocrasiser Bennuuny nopsiaka 10° M/c 1 IPUGITM3NTETBHO B CTO pa3 IPEBBIIIAET CKOPOCTh HOHOB. Ciie-
JOBaTEIbHO, JOCTATOUYHO KOPOTKHE MMITyIbChl Toka [IM3JI BO3MOXKHO MONyYHTh NPH UMITYJIECHOM YCKOPSIO-
meM HanpspkeHud. OHako Mpu THNUYHOM Ais TexHojoruuyeckux [TM3JI yckopstomem Hanpsbxenuu 20—40 kB
pa3paboTka cucTeMbl (HOPMHPOBAHUS HMITYJILCOB YCKOPSIOIIETO HAMPsDKEHHUS JOCTATOYHO MpoOiieMaTHyHa,
B CPaBHEHHMH C JIPYIMM BO3MOXHBIM CIIOCOOOM peryinupoBaHus Toka my4ka B [IMDJI. CyTe aToro cnocoba 3a-
KJIFOYAeTCsl B MCIIOJIB30BAHUN JUIS PEryJMPOBaHMS TOKa ITyYKa JIOMOJHUTEIBHOTO HECBA3AHHOTO C ra3opaspsi-
HOHW CTPYKTYpOH JIEKTpOJa, KOTOPBIH HE Yy4acTByeT B ()OPMHUPOBAHUH ILIa3Mbl, HO MOXeT (pOpMHpOBATH U pe-
TYJIMpOBaTh MUHMMYM IIOTEHIHAJa B CHCTEME yCKOpeHHsi 351eKTpoHOB B [IM3JI. B »neKTpOHHBIX ITymiKax
C TEPMOKATOZOM 3TOT CIIOCO0 MOXKHO CUUTATh €AMHCTBEHHO BO3MOKHBIM U IIMPOKO UCIIOIB3YEMbIM ISl YIIPaB-
JIeHnsT TOKOM Trydka [1]. OmHako BO3MOXKHOCTH YIIpaBieHus TOKOM Irydka B [IMDJ] TpromHOTO THIIA B OTKPHI-
THIX MyOJMKANWAX MPAaKTHIeCKH He oOcyxnanmnuck. B kagectBe 6azoBoit koHCTpyKImu [TUDJ] ¢ ynpasistonim
3JIEKTPOJOM MOJKET BBICTYIATh Jt00ast u3 paHee paszpabdoraHubix [10-12]. Ha pucynke | mpencraBieHa 3iex-
TPOJHAsI CTPYKTYPa OJHOTO U3 BAPUAHTOB TaKOH CTPYKTYPHI.

Pazpsx Bo3OyxmaeTcs B mpocTpaHCTBE Mex Iy kKatoxamu | u 2 (obmacts /). [Tmasmoo6pasyromuii ra3 mo-
JlaeTcsi B MPOCTPAHCTBO MEXIY KaToJaMu, a Iepernaj JaBjeHuil o0ecrieunBaeTcss reOMeTpueil IMUCCHOHHOTO
kaHana. PopMupyoLIascs B paspsilie MeXIy KartoJaMu Iasma quddyHaupyer B 06JacTh IMUCCHOHHOTO KaHa-
na 5. V3BneueHue 3JeKTPOHOB OCYIIECTBIISETCS Yepe3 IMUCCUOHHBINA KaHall B SMUTTEPHOM 3JIeKTpoJie 4 ¢ aHO-
HBIM (WM ONM3KKMM K HEMY) NmoTeHuuaiaoM. Ha ynpasistroniuii 3JeKTpos 6 NMOCTYNAIOT CUTHAIIBI C TeHepaTopa
YIPaBISIONMX MMITYJIBCOB 7, CO31aBasi MUHMMYM IIOTEHIMAAa B 00JNAaCTH YCKOpeHUs, (OPMHUPYS UMITYJIBCHI
SMHCCHOHHOTO TOKA B COOTBETCTBHUH C YIPABIISIOIM CHUTHAIOM.

Jis peanu3anuy BO3MOXHOCTH (pOPMHPOBAHHS HAHOCEKYHIHBIX HMITYJIbCOB TOKA ITy4Ka OIHMCAHHBIM
crocoboM HeoOX0IUMO pa3paboTaTe CHCTEMY YIpPaBJICHHUS, CIIOCOOHYIO (POpMUPOBATh MUMITYJIBCHI HAIPSIKCHUS
Ha ynpasisitoiem anekrpone [TMDJI ¢ purensHocThiO opsiika 100 He, ¢ KOPOTKUMHK (POHTAMH U PEryiupye-
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MO 4acTOTOH clieIOBaHUA UMITYJIbCOB. [Ipn 3TOM Ha oCHOBe aHanmM3a ¢u3ndeckux mnporeccoB B [TNIJ] u smek-
TPOHHO-ONTHYECKUX cTpykTypax (DOC) ¢ TepMOKaTOAAMH MPEANOIaraeTcs, YTo OyIeT TOCTaTOYHON aMILTUTY-
Jla IMITYJIECOB YIIpaBIIsIoIIero HanpspkeHus nopsaaka 500—1000 B pu Toke Harpy3ku nmopsaaka 0,01 A.

‘ I

I:I\4
M;_s5
=

1 — BHemHUI KaTOM; 2 — BHYTPEHHUH KaTOA; 3 — aHOA; 4 — SMUTTEPHBIN DIIEKTPOL;
5 — DMHCCHOHHBIH KaHAT; 6 —yIpaBISIONINI JIEKTPOL; 7 — FeHepaTop yIPaBIISIONIUX UMITYIbCOB;
8 — yckopsitouuii anexkrpon; U, — HanpsbkeHue ropeHus paspsina; U, — yCKOpSIOIee HallpshKeHUe,;
R, — GannacTHOE CONMPOTUBIICHNUE; B — MHAYKINS MArHUTHOTO OIS
PucyHok 1. — DiIeKTpoaHAas CTPYKTYPA IVIA3MEHHOI0 HCTOYHNKA JIeKTPOHOB HA OCHOBe pa3psia
B CKpeleHHbIX EXH 1noJisiX ¢ ynpasJsilOIHM 3J1eKTPOI0M

Pa3pafoTka BO3MOKHBIX BAPHMAHTOB 3JIeKTPOHHOH cxembl. [ GopMHUPOBaHUS YIIPABISAIONINX M-
MYJIbCOB C TpeOyeMBbIMH MapamMeTpaMu HEO0OXOJUMO YBEJIMYHBATH pab0UYyI0 4acTOTY MEPEKIIOUeHHUH CHIOBBIX
KJII0YeH, TPAIUIMOHHO UCIIOIb3yeMbIX B IIOJOOHBIX cXeMax. POCT 4acTOThl KOMMYTAIMU AOTOIHUTENBHO MO3-
BOJIUT YMEHBIINTH HOMHHAIBI HHAYKTHBHOCTEH M €MKOCTEH, a 3HAYNT, M UCIIOJIb30BATh KOMIIOHEHTHI MEHBIINX
pa3MepoB. BmecTte ¢ TeM yBenuueHHE CKOPOCTU MEPEKIIOUEHHs MPUBEAET K POCTY AMHAMHYECKHX MOTeps. [1o
3TOH NMPUYNHE HEOOXOAUMO BBIOMPATh ONTUMAIbHBIE CHIIOBBIE TPAH3UCTOPHI C YIETOM OCOOCHHOCTEH KOHKPET-
HOTO TIpuMeHeHus. [t ycTpoHCTB ¢ BEICOKUME pabounmu HanpspkeHusMH (6onee 200 B) 1 Hu3kuMu pabounmu
4acTOTAMU IMPHUHATO CUUTATh ONTUMAIBHBIMU OTHOCUTENBHO MeeHHble bTU3-tpansucrops! [13], uMeromue
MaJible TOTePH NMPOBOJAUMOCTH, HO 3HAUUTEIbHBIC TIOTEPU Ha MEpeKiItodeHre. B cermenTe ycTpoiCTB ¢ HU3KUMU
pabounMy HANPSDKEHUSIMHU ONTHMANBHO ncnoib3oBate MAII-tparzuctopel (MOSFET). Onn ycrymator BTU3-
TpaH3UCTOpaM MO YJEIbHONM MOLIHOCTH, HO MMEIOT MEHbIINE MOTEPH Ha YNpaBlIEHHE U Ha IEPEKIIOYCHHE.
B cermenTe ¢ pabounmu HarpspkeHussMH 10 650 B u Beicokumu padbourmu yacroramu BTU3-tpan3ucropsl oka-
3BIBAIOTCS MO (EKTUBHBIMU H3-32 BEICOKOH 4aCTOTHI KOMMYTAllMK. B To ke BpeMs u 0ObIYHbIE KPEMHHEBbIE
MOSFET neMOHCTpUpYIOT HE BCerja yJIOBICTBOPUTENBHBIE pe3yabTaTel. 10 3TON mpHUYMHE JOCTAaTOYHO Mep-
CTMIEKTUBHBIMHU SIBJISIFOTCSI HUTPUA-TAIIUEBbIE TPaH3UCTOPHI [13].

B nacrosimee Bpems BoimyckatoTcs HuTpua-raumensie (IGBT) TpaH3ucTopsl ¢ paboynM HampspKeHHEM
mo 850 B u pabounmu gacroramu 200 x['1 1 BeIme. B WTOore OHM 3aHMMAIOT TOT CETMEHT, B KOTOPOM JIaxe
MOSFET oka3biBatoTcst 0ecCHibHBIMU. JI1 KpEeMHHEBBIX KIIIOYEH YacToTa KOMMYTAllMH B TaKHX CIIydasx
00b19HO He mpeBbimaeT 150 k.

B mpornecce nccnenoBanus ObUIO MTPOMOAEIMPOBAHO HECKOIBKO BAPHAHTOB CXEM, MCIOIB3YIOINX B Ka-
YecTBE KIIIOYEBOTO 3JIEMEHTA OMIOJISIPHBIA TPaH3UCTOp (PUCYHOK 2), MojeBoi Tpanzucrop (pucyHok 3), IGBT-
TpaH3ucTop (pucyHok 4). B xauectBe nporpaMmMHoOro npoaykra ucrois3oBaics maker NI Multisim (13.0).

Bo Bcex Tpex BapmaHTax CXeM B KayeCTBE MCTOYHHKA BHIOPAH MCTOYHHK IPSMOYTOJIBHBIX UMITYJIBCOB,
KOTOPBIII UMUTUPYET UCXOAHBIN ynpasisitomuil curnan. Ha Bcex Tpex cxemax TV1 — cornacyromuil ummynbc-
HBII (epPUTOBBIN BHICOKOYACTOTHBINH TpaHC(HOPMATOP, MCIONHSIOIINA POJb COIJIaCOBaHHUS M MacIITaOMpOBa-
Hus. OH OZHOBPEMEHHO 3alHIIAET BBIXOJ FeHEepaTopa UMITYJIbCOB OT aBapuiHBIX curyanuil. llemouka C1-VD1
3alIMTHO-AeMII(HUPYIOIIas; MpeJoTBpalaeT caMoBo30yxaenne koedbanuid. Iuonsr VD2 (B cxemax, npencTas-
JICHHBIX Ha PUCYHKax 2 W 4) 3alIMIIAIOT OT Hpo0Osi TPAH3UCTOPBI cCaMOMHIYKIUeH. TV2 — MOBBILIAIOIINIA BbI-
xomHo# Tpansuctop. Comporusnenue R1 nmutupyer Harpy3ky. Llens 4 BbxonHas U BEIOpaHa AJIsl OTCIIEKUBA-
HUS TApaMETPOB BBIXOIHOTO UMIYJbCa. TPaH3UCTOPHI M TMOABI OBUIM OTPEIAKTUPOBAHBI U3 PEATBHBIX BBICOKO-
BOJIbTHBIX MOJIeJIel TaKUM 00pa3oM, YTOObI HE YUUTHIBAJICS MAKCUMAJIbHBIA TOK U HAIIPSDKEHHE PO0OsI.
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Pucynok 4. - Moaenuposanue cxembl Ha IGBT- Tpan3ucrope

PesynpraTel MOAEIMpOBaHMS MOKa3ald BO3MOXKHOCTH (POPMHUPOBAHMS HMITYJIECOB HANpsDKCHUS Ha
Harpyske ¢ ammutynoi 1o 1000 B, anutensHOCTBIO (POHTOB 0 5 HC M JUIMTEIBHOCTBHIO MMITYJIbCA MOPSIIKA
20 HC 1J1sl CXeMBI C OMIOJISIPHBIM TPAH3UCTOPOM, HOPSIAKA 55 HC — ISl CXEMBI C MOJIEBBIM TPAH3UCTOPOM M HO-
panka 1 e — st cxemsbl ¢ IGBT-tpansuctopom.

20



OVHIAMEHTAJIbHBIE HAYKHU. Dusuxa Ne 12

3akirouenue. [lomydeHHbIE TpeBAPUTEIFHBIE PE3YIBTAThl TOKA3hIBAIOT BOZMOXXHOCTh ()OPMHUPOBAHHS
HUMITYJIbCOB TOKa ITy4YKa HAHOCEKYHAHOH mmTtensHocTy B 1T Ha ocHOBe pa3psiaa B CKpemeHHBIX £XH momsix
3a CYET HUCIOJIB30BAHUS B KOHCTPYKILHUH JIOTOJHUTEIBHOTO YIPABISIOIIETO 3JICKTPOJa U IMPUMEHEHHS COOT-
BeTCTByIOLLIeﬁ CXEMbI I'€HEpaAllUU YIPaBIAIOIINUX UMITYJIBCOB. Peaﬂmaunﬂ TaKUX pEIKUMOB pa6OTI)I IIO3BOJIMT
TUIa3MEHHBIM MCTOYHUKAM 3JIEKTPOHOB YCHEIIHO KOHKYPHPOBATH C JIa3ePHBIMH TEXHOJIOTHSIMH 00paboTKH
MaTepHuanaoB, 0OCOOCHHO MpPHU HEOOXOAMMOCTH MOJYYCHHUs OOJblicH, yeM 3—4 MM, IIyOUHBI BO3JCHCTBUS.
HMnynbcHBIN pexXuM paboThI 00ecieunBaeT CyIIECTBEHHOE YBEIMYECHUE TNIOTHOCTH MOIIHOCTH JJIEKTPOHHOTO
My4yka B UMIYJIbCE B CPABHEHUU CO CTALMOHAPHBIM CIIy4aeM, YTO MO3BOJUT JIOKAIU30BATh TEPMUYECKOE BO3-
JIeWCTBHE W AOCTUTaTh OOJIBIIEH TOJIIMHBI MOAM(HUIMPYEMOTO CJIOs (YeM IPH CTAIIOHAPHOM BO3JICHCTBHM)
C BBICOKOH OJTHOPOIHOCTHIO CBOWCTB, T.€. TIOBBICUTH A()()EeKTUBHOCTH HEPTOBKIIAAa KaK mMpu 00paboTKe OIHO-
POAHBIX MaTEPHAIOB, TAK U MATEPHAIIOB C TIOKPHITHSIMU.
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Hocmynuna 20.09.2017

FORMATION OF NANOSECOND BEAM CURRENT PULSES
IN PLASMA EMISSION SYSTEMS BASED ON DISCHARGE IN CROSSED E x H FIELDS

S. ABRAMENKO, D. ANTONOVICH, V. GRUZDEV

The method for forming beam current pulses with duration of up to 100 ns with short (about 5 ns) fronts
is proposed. To implement this method, it is proposed to use a plasma electron source based on the discharge in
crossed E x H fields with an additional electrode that does not participate in plasma formation, but can gener-
ate and control the minimum potential in the electron acceleration system. Shown an electrode structure of such
a source. Modeling of the corresponding voltage pulse generation system on the control electrode of a plasma
electron source with duration of the order of hundreds of nanoseconds is performed, with an adjustable frequen-
cy and a duty cycle of pulses. The amplitude of the control voltage pulses is about 1000 V.

Keywords: Plasma electron source, beam current pulses, discharge in crossed EXH fields.
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