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IKCNNEPUMEHTAJIbHOE UCCJIEAOBAHHUE MO MEXAHHU3MY
OBPA30OBAHHSA HECTAILMOHAPHOTO TOKA
B BETATPOHE

0. B. COKOJIOB, B. JI. YACTOKOJIEHKO

(IlpeactaBaena HaydunmiM ceMHHapom HHH oOH)
Brenenue

Bo Bpems umukekuMu B YCKOPHTe/IBHOH KaMepe feTaTpoHa obpasyeTtcs.
TaK U13bIBAEMblil HecTauHOHApHBIH TOK. Hecramnonapielit Tox cyumectsyer
B TEYEHHE OYEeHb HeGOJ1buIoro npoMexxyTka BpeMenu (0,1—1,0 MKcek), oxua-
KO 1O CBOeH BesnydHe MoxkeT B 10 u 6oJiee pa3 NPEBHIIATH TOK, 3aXBAThI-
BaeMBbli B peXuM yckopeHHs [1—3]. B mocraTouHo GOJLIIOM KOIHYECTBE
OKCIePHMEHTAJbIBIX pabol [3—6] onpemedsincs BeaHunmHa HeCTANHOHAD-
HOTO TOKA H €€ 3aBHCHMOCTb OT TOKA 3MUCCHH NPH DA3HLIX YIJIAX PACXOMAH-
MOCTH 3/ICKTPOHHOI'O MY4Ka MPH BHIXOJE H3 HHKEKTODA, CPefHee 4ica0 000-
POTOD 3/1€KTPOHOB, O6Pa3yOWIMX HECTALMOHAPHBUI TOK, (OpMa CHIHaJa OT
HECTAUMOHAPHOTO TOKA, MOJAYUEeHHAsl C IOMOUIBI0 KAaKOro-JIH60 natuuka. Bon-
Poc O MexXarHu3Me 00pasOBaHMsi HECTALHOHADHOIO TOKA He HCCRenoBaJscs, 32
HexIouerrneM paboTsl [7], B KOTOPO# aBTOPHI HCXOMHJH U3 YIPOULEeHHOK
KAPTHHbLl TBHAKEHHUSI V3KOTO 3JIKTPOHHOTO NYYKa B MAaTrHHTHOM 110se Gera-
TpoHa. HMccienosanue mexaHnsMa oGpasoBaiHs HECTAUMOHAPHOLO TOKA
OpeACTaB/dgeT HHTEPEC C IeJbl0 BLIACHEHHS BO3MOXKHOCTH €ro 3aXBaTa B
PEXHUM YCKODEHHHA, a TaKke JOJKHO CIOCOGCTBOBAThH Gosee TYBOKOMY HO-
HIMaHHIO TipoIecca 3aXBaTa 3JeKTPOHOB B YCKODEHHe,

M3 teoperuueckoit paorsi [8] caepyer, urc naubosiee CVIIECTBEHHbIV:
(paKToOpoM, BIUAIOIIMM HA 3aXBAT IEKTPOHOB B YCKODEHHE, SBISETCS peso-
HARCHOE 3aTyXaHHe aMIVIHTVI KOJTe0AHWH HHPKYJAMPVIOMHX 3J1eKTPOHOB MpH
HX [IDOXOKAEHHH Yepe3 HEeOJHOPOAHOCTb B A3HMYTAJBHOM pacnpedeeHui
TLTIOTHOCTH NPOCTPAICTBEHHOrO 3apsifa, CO3/aBAEMYI0 MYUYKOM 3JEKTPOHOR,
BBIXOASIIUMM 113 HHXKEKTOD2 B De3yJbTaTe ero PAacXOXK/IeHUs Moy AeHCTBHEM
COGCTBECHHOTO MPOCTPAHCTBEHHOro 3apAna. Ipe HCCTeZOBAHMM MeXadH3Ma
00pa30BaHUs HECTALHOHAPHOTO TOKA MBI HCXOMHJH H3 TOr0 (akTa, 4To Bbi-
XOAAUIHE U3 HHKEKTOpPA B TeueHHe ECero BPEMEHH HHIKEeKIHH NYYOK 3JeK-
TPOHOB HO/XKeH OKa3blBAaTh BJHSNHE Ha [BHKEHHE WHPKYJHPYIOUIHX 37eK-
TPOHOB. B CBSI3H ¢ 3THUM HaMu OblT NPOBeNeH PACYeT TPAEKTOPHIl ABHIKEHHsI
371EKTPOHOB BO BpEMsi HHXKEKUHMH. IIpu pacuere yuHTHIBAJIOCH a3MMyTaabLOC
H3MeHeHHe paAHa/bHBIX (OKYCHPYIOMX CHJI MAUHHTHOIO MOJsS GeTaTpOHa,
BBISEAHHOC HA/IMYHEM IyYKa I/IEKTPOHOB, BEIXOASHIEIO U3 HHIKEKTOPA, H erc:
pacxoxienueMm NOJL JeHCTBHEM COOGCTBEHHOrO 11POCTPAHCTBEHHOrO 3apsfa.
Ha puc. | npuBenens pacyeTHble TaHHbE [0 XAPAKTEPY M3MEHEHHS AMILIII-
TVJ pajHaJbHBIX KOJeOalHH 3J€KTPOHOE (p) B 3aBHCUMOCTH OT YHCJIa 060-
POTOB 3/1€KTPOHOB B YCKODHTE/NbHOH KaMepe NMpH Pas/HYHLIX yI/IaX BbLIETa
HX H3 HHXEKTOpa (3HaKH «—+», «—» COOTBETCTBYIOT BBIIETY 3/€KTPOHOB b
CTOPOHY BHEUIHEH M EHYTPEHHeH CTCHOK YCKODHTENBHOH KaMephl COOTBeTCT-
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BeHHO). BuaHo, uTo anst 3J€KTPOHOB, BBIJICTEBIUMX H3 HHXKEKTOpa B HHTEp-
Bale omnpeJe/eHHbIX YIJIOB, aMIVIHTyZa KoJeGaHHH HOC/He HEeCKOJbKHX 000-
POTOB HMeeT MHHMMAJDbHYIO BEeJHUYHHY, a 3aTeM BHOBb BO3pacraerT, T. e. 00-
pasoBaiuyfe HECTAlHOHAPHOTO TOKA HOCHT PE3OHAHCHBIH Xapakrep. JTO O3HA-
YaeT, UTO MpPU ONpegeJeHHBIX YCJOBHAX, KOrja Ajs O0oJblIedl YacTH 3JeKTpo-
HOB TIPOHCXOIHT YMEHbIICHHE HX aMIIUTY[L KojgeGanHil, JOJXKHO INPOHCXO-
INThb C3KAaTHe B pAaJHaJbHOM HaNpaBJeHHH BCEro nydka 3JeKTpoHOB, ofpa-
3VIOIINX HECTAUUOHAPHHIA TOK. Takoe siBjieHHe HNOJIXKHO NPOUCXOAMTE MPH
06pa3oBaHuy HECTALUHMOHAPHOIO TOKA HAa QPPOHTAX HMHYJIbCAa HHXKEKLIHH, KOT-
Jla MPOUCXOMUT OJHOKpatHoe oOpa3oBaHHe HecTaUHOHApHOro Toka. Ilpu 06-
pA30BaHUM HECTALUOHADHOrO TOKAa HAa MJOCKOH BepliHHE HMITYJbCa HHKeK-
UUH CXKAaTHe MyYyKa 3JEeKTPOHOB B pPAaAHaJbHOM HAanpaBJeHHH He NOJIXKHO
iabaoaarecss. B atoM ciayuae OyaeT NpOHCXOJHTb MHOTOKpaTHOe o6pa3cBa-
Hile HeCTallMOHAPHOTO TOKA, TaK KaK Ha NPOTAXEHUH JUIMTENBHOro IpoMe-
KYTKA BpeMeHH 3Heprus 3JeKTpolioB OyAeT COOTBETCTBOBATh HANPAKEHHOCTH
MATHUTHOrO MoJssi 6eTaTpoHa, ¥ HeCTAallHOHAPHEIH TOK 06pasyercst 3/eKTpo-
HaMH, HMEIMHUMH BeCb HAa0Op aMIVIMTYA KOAeOaHHH OT MHHHMAJBHOH 10
MakcuMaJ/ibHol. MHTepecHO OTMeTHTh, YTO HaubGonee 3((PeKTHBHBEIA 3aXBAT
%JEKTPOHOB B YCKOpeHHe Hab/iofaeTcss Ha (POHMTAX HMIIVIILCA HHXKEKUHH,
T. €. TaM, TI'le JOJXKHO NPOHCXONHUTbh OJHOKpPAaTHOe 00pa3oBaHHe HeCTalHO-
HAPHOTO TOKAa.

3KcrepuMenTaabloe HCCIEeILOBAHHE MONEPEYHRX pa3sMEpOB LMPKYJIHPY-
I0MIIero Myuyka 3JeKTPOHOB BO BpeMsl HHXKeKUIHH NUMXKHO CJVKHTb OJHHM I3
KPUTEPHEB NPAaBHJIBHOCTH CYXKIEHHS O MeXanH3Mme 0OpaA30BaHHS HeCTALHO-
HapHOTO TOKa.

Pesyabrarpi aKCnepHMEHTOB

OKCrepuMeHTaNbHOe HCCJIe0BalHe INOBeJEHHsI HeCTallHOHApHOrO TOKa
BO BpeMeHH NPOM3BOAHJOCHL Ha OeraTpoHe 15 M3B ¢ MOMOIIBIO 3JEKTPOCTaA-
THYECKHX 3JEeKTPOIOB, PACHOJIOXKEHHEIX B VCKODUTENLHOH KaMepe, Kak Mo-
Ka3aHO Ha pHUC. 2, a. DIEKTPoAb pa3MelaJnch Ha asuMyre 180° oTHOCHTENb-
HO HHXeKTopa. Beanyuna cursasa, BO3HHKAIOWETO Ha KAaXKAOM H3 3JEKTPO-
B (2, 3), Oyzner saBuceTh B NepPBYIO Ouepellb OT BEJHYHHBI TOKA, LHPKVJIH-
pYIOIero B KaMepe, OT PACCTOAHHA MeXILy JeKTPOAOM M LEHTPOM lydKa,
@ TaKXe OT pa3Mepa JIONEPeYHOro CedeHHS NMyuka 3AeKTpoHCB. [Ipu sToM
5eo0X0AuMO OLIIO YYHTHIBATH BO3ZMOKHOCTb HCKaXKeHHsi CMrHana, o6pasye-
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MOTO HeCTalHOHADHBIM TOKOM, B pe2v/ibTare HenoCPEACTBEHHOT0 MONa taHHz
3/1eKTPONOB Ha 3JEKTPOCTaTHYeCKHe 3JeKTpoinl. Habaonenue 3a xapakrte-
DO CHFHAJ/JOB € 3JIEKTPOMOB TPH PasJHUHLIX TOKAaX 3MMCCHU M3 MHXKEKTOpa
C HCTIONL30BANUEM 3KPAHOB, YCTAHOBJEHHLIX Nepej H3MEDHTEJbHLIMH 3JeK-
TPOIAMHU JI1ST IPEAOTBPAleHs NPSMOro nonajaHus Ha nocjieqnue, 3/eKipo-
i10B B3 minKektopa [9], a TaxXe BBe/leHHe 3JeKTPOLOB B Kanepy Ha pas-
JIHUHBIE PACCTOSIHUA OT MEAHAHHON NJIOCKOCTH, NOKA3aJH, YTO HCKaXKEeHHS
CHIHAJ 4, CBfI3aHHbie C HeNoCpe/ACTBEHHBIM MONalAHHEM Ha HUX 3JCKIPO-
il0B, OYeHb MaJibi M CTAHOBSATCS 3aMeTHHIMH JIHNIb NpH  OOJbLIIHX TOKaXx
SMHCCHH, MpeBBIUAIMWHUX B 2—3 pasa ONTHMAJbHBIA TOK 3MHCCHH,.
COOTBETCTBYIOUIHE MakKCHMyMy H3Jydenus. IlosHas HMIGHTHYHOCTb CHI-
HA4J0B, CHHMAeMbIX C 3JeKTpoaoB 2 u 3 (puc. 2), pacrnoJOXeHHBIX CHM-
METPUYHO OTHOCHTCIbLIIO MEJIHANHOHA MJOCKOCTH YCKOPHTE/A, KaK 3TO BAAHO
13 OCUMJIJIOrPAMM 6 H 6 (puC. 3), CBUAETEJBCTBYET O TOM, YTO BO BpeMs Cy-
1I{CCTBOBAHHS HECTAIHNHAPLOrO TOKA HEe NPOHCXOJHT CMelleHHs LeHTpa nyuy-
Ka OTHOCHTEJIBIIO IJEKTPOAOB B BePTHKAAbHOM HanpaBJeHHH.

Takum o6pasom, B reoMeTPHH, H300paKeHHOH Ha pHC. 2,4, TIPH NOCTO-
AIHOM HUPKYJAHPYIOLIEM TOKe BeJUUUIA CHFHAJA C 37€KTPOAO0B JOJKHA 34-
BICeTh OT NONepeulioro pa3Mepa HVYKa 3JEKTPOHOB, 00pasylou(Ux RecTa-
IIOHAPHBIH TOK.

15 kaan6posKy CHIHAJMOR ¢ AATUHKOB NphMEHSAHCb MeTaIHUCCKHe
UIJHIAPEL 3JJIHUTHYIECKOTO CeUeHHs, yepe3 KOTOpLie MPONYCKaaCcs HMIYJIbC
TOXKa, COOTREICTBYIOIIMH BeJMUMHE M IJIUTeJIbHOCTH HMIyJabca, cOpasvemo-
ro HeCTAUMOHAPHLIM TOKOM. LleHTpbl ceuernii NHAMHAPOB HAXOAHIHCL Ha OA-
IIOM 1 TOM e PaCcTOSHHH OT 3JIeKTPoaoB. B mauiem ciaysae npu paguasib-
HOH HIDKEKINH HeoBXO[MMe OO VCTaHOBHTL COOTHOUICHHE MEXILY BeIMuH-
HHOH CHCHA/MA, BO3HHKAIOLIEr0 HA 2JAEKTPOAAX, H PAAHAJBHBIM PasMepoM UU-
aueapa. [105TOMy H3MeHEeHus CeUeHHs UHJIHHIPOB IPOH3BOAHIHCH TOJIBKO
3a cueéT GOJbIION OCH, KaK IokasaHo Ha puc. 2,a (I, II). dopma ceuenus
fIpeaBapuTeNbHO YCTAHABJIMBANACH M3 HAOJIO[EHHST NMydYKa 3JIEKTPOHOB H&
(TI0ODPECHHPYIONIEM FKPaHe, TOMELIeHIIOM B YCKODHTE/bIYI0 KaMepy Ha asH-
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MYTE PACHOJIONKEHUs] 3TEKTPOLOB. Ha puc. 2,6 npeincraBieHa 3aBHCHMOCTS:
BeqlUHbl CHTHAJI4 C OJHOTrO H3 3JMeKTPOLOB OT DALMAJLHOTC pasMepa Jii-
AVHAPOB. BHIHO, 4TO ¢ yBeJIHUeHHEM pajJHANLHOIO pasMepa HUJIMHAPA TPO-
HCXONUT BO3DACTAHHE BENMUMIBL CHTHAZNA € 3JEKTDOICE. STta 3aBUCHMOCTL
GLila HCIO/B30BAHA MPH ACCJE/OBAHHH IMIYJ/IbCOB, 2HPA3yEMBIX HECTALHO-
liaplelM rOKOM Ha 3/1eKTPOJax (puc. 3, 6, 8).

Ha puc. 3, a npeicTap/ieHo Takoe COMpsKeHHe MMIIVJbCa HHXKEKUHH C
06.44CTEI0 HEOBXOAMMOTO HaNpsiXKeHHsl, IPH KOTCPOM JLOMKHO MPOHCXOMITH:
ONHOKpaTHOe 00pA30BaHHE HECTALMOHAPHOTO TOKA Ha LePEAHEM H 3anHeM
(¢POHTAX HMIY/JIbCA HHIKEKIHH. OcuuaI0rpaMMel  carnanos (puc. 3, 6, 8)
CHSITBL [P HATIPSIKEHHH HHAKeKUuH 20 KB, TOKE SMHCCHH H3 HHKeKTopa
200 ma, AJHTEJNBHOCTH HMOYJbCa HWHAKEKIHH KOJOK0J1006pa3Hoi HOpMbL
9.8 mKcek. [{nsi cHaATHS OCHHJIOrpaMM (puc. 3,6,8) HCNONL3OBANCH CKO-
DOCTHOH JBYXJyueBOl ocuusiorpad CI-7. M3 ocuuanorpaMm 6, & (puc. 3)
SIDLIC, UTO HA BepLIHHAX HMIYJAbCOB, COOTBETCTBYIOILMX 06pa3oBalHic He-
CTALMOHAPHOTO TOKA, KAK HA MEepelHeM, Tak 1 Ha 3ajleM dpouTax UMIyJib-
ca WIDKeKUH uMeloTcsl mposadbl. Comocraedente OCHEIJIOrpaMM < rpadyil-
pOBOUHOM KPHBOH (pHC. 2, 6) NpUBOAHT K BHIBOAY, WYTO DAasMEpbl Mydkd
HIeKTPOHOE, 00pasyIolnX HeCTALHOHAPHELT TOK, MOCIe HECKOAbKHX c60poTOB:
yMeNbIatoTCs, a 3aTeM HapacraioT.

Ha puc. 3, mpeacTaBjieHbl CHTHAJBL, CO3LABaEMbIE HeCcTalHOHaPHBIM
TOKOM B MATHHTHO-HHAYKIMOHHOM [aTUHKE, U3rOTOBJEHHOM B BH]E BUTKOB,
YJI0KEHUBIX HA [OBEPXHOCTH YCKOPHTENbHON KaMephi BJ10Jb OPOHT 3J€KTPO-
os [9]. TlosoKHuTeTbHASA 4ACTb HMMYJIbCA COOTBETCTBYET HapacTaHHiO TO-
Ka B Kamepe, OTpHLaTeJbHasi 4acTb-— CHaAY. W3 conocraBJeHHsl CHTHAMO0B
2 ¥ 6, 8 BUJHO, UTO NPOBaJLl Ha OCHH/JIOTpaMMax 6, 8 COOTBETCTBYIOT MaK-
CHMANbHON BeJHUHHE HECTAIHOHAPHOTO TOKa (MOC/IEe WHTErPHPOBAHUA CHI-
gana 2). CiefoBaTenbHO, HabJiofAloOUlHecs Ha OCHHM/IOrpaMMax 6 u s
{(puc. 3) mpoBpaJbl CBHAETENBCTBYIOT O CXKaTHH nyyKa 3JEeKTPOHOB, a He CBS-
aallbl ¢ H3MEHEeITHeM BeJHUYHUHDBI MUPKYJHPYIOUIETO TOKA.

Tlpy yneJHUelUH TOKA 3MUCCHH M3 HHKEKTOpa MPOHCXDAHT GoJsiee OLICT-
poe ViieHblienHe aMIIHTY]L KoJe6GaHHil 3JeKTPOHOB H CTOMb Xe OLCTpoe HX
BO3DACT2HHEe B pe3yJjbTare TOTO, YTO GoJIblIeMY TOKY SMHCCHM M3 HHXKEKTO-
pa COOTBeTCTBYET M Go.ipliee a3HMyTa/lbHOE H3MEHEHHE (OKYCHPYIOWIHUX CH.A
MATHHTIOTO HOas GeTarpoHa. DTO BeleT K 3HAUNTR/bIIOMY VMEHBIICHHIO
cpelHero uuciaa o6OpPOTOB 3/IEKTPOHOB, 06pa3yonINX HEeCTAIlHOHAPHBIN TOK.
B 3ToM ciyuae TIDOHCXOLHT MHOTOKpaTHOe 0GpasoBaHHe HECTAUHMOHAPHOrO
roxka. Conocrapachue ocuuanorpaMM @ u e (puc. 3), mepsas H3 KOTOPHLIX
CHSITA MPH ONTHWMANIbHOM TOKE SMHCCHH H3 MHIKEKTOPa, 2 BTOpas = npH TOKE
SMHCCHH, B 3 Pa3a MPEBbILIAIOMEM ONTHMAJbHbIH (nanpsixeHue HHKEKIHH
8 KB), NOKa3biBaeT, 4TO APOBaJbl NPH GOJABLIOM TOKE 3MHCCHH OTCYTCTEVIOT.
McKkasKelusi CHPHAJIOB, BO3HHKAWOIKHE Ha NepejHeM QpouTe HMIYaLCOoB, CBf-
3anbl ¢ HAJHUMEM MOMeX OT CXeMbl HHXKEKLUHH.

Taxum 06pa3oM, Pe3CHAHCHBIN MeXaliH3M n6GpasoBaiius HeCTALHOHAPHO-
O TGKA MOLTBEPIKAAETCS SKCrmepHMenTanbHo. [TOCKOJIbKY 3aXBatry 3./EKTPo-
HOB B JCKOpEHHE BCerja ComyTCTByeT 0GpasoBaHne Kpyroboro HecTalHoHap-
HOFO TOK2 JOCTATOYHO GOJBILON BeJHYHHBl, TO HECOMHEHHA €ro PO.Jib B HpPO-
recce 3axBaTa.

BroiBoanl

|. DKcrnepHMeHTaJIbHOE HCCAENOBAHUE OBEICHHS HECTALHOHAPHOro TO-
Ka BO BpeMelH MoKa3aJo, 4T0 B MeXajusMe ero 06paszoBanisg CYLIECTBEHITYIC
DONE HTPAET PEe30HAHCHOE 33aTyXaKWHe aMIIHTYA KoJe6anuit 3MEKTDOHOR HA
HEOJHODOJHOCTH B a3HMYTAJbHOM pacnpejesieNuH MJIOTHOCTH 1IPOCTPAHCT-
BGHHOTO 3apsiaa, 06pa3yeMoil TOKOM 3MHCCHH.

9. YacTb 3/J1€KTPOHOB, 06PA3yIOLINX HECTALUHOHAPHBIA TOK, 3aXBATLIBACT-
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€ B PEXKHM YCKODEHUA GJ1arOfapst BOSHHKHOBEHHIO YCJOBHf HeobpaTHMOro
H3IMEHEHIIsT HX aMILIHTYA KoJeGaHHil mocie 3aTyXaHus.
3. [lns 3axBaTa HeCTaHOHAPHOTO TOKA B YCKOpeHHe HeOGXOIHMO CO3-

A4Thb YCJAOBHS HEOOPATHMOIO H3MEHEHHS aMILIHTV[ KOJAeGaHHi nocie 3aTy-
XaHus.
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