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WCCNEJOBAHMUE 3NEKTPUYECKON 3APSHKEHHOCTH
O30HUPOBAHHOI'O FA3A INPU TYPBYIIEHTHOM
PEXXWUME PABOTbI O30HATOPA

N.M. Kupko, B.A. Ky3Heuyoe

B craTbe npeanaraerca n 060cHOBRIBACTCH CMOCO6 HCHOJIBL3OBAHUSA CTPYH 030HUPO-
BAHHOI0 B 0apLePHOM JJIEKTPHYECKOM paspsile rasa B KayecTBe TPaHCNOpTepa 3a-
PANOB AN 31eKTPOCTaTHYECKOro rerepaTopa Ban-ne-I'paada [1].

DKCMEPUMEHTANLHO HaMU YCTAHOBIIEHO [3], YTO O30HMPOBaHHBI B OapbepHOM 3JIEKTPHUYECKOM
paspsze ra3 sABISETCS HOCUTENIEM OTPULATENBHOrO 3/IEKTpH4ecTBa. OCOOEHHO 3TO OLUIyTHMO TIpH TYp-
Oy/JIEHTHOM pEKMME TEHEHHsl rasa 4epe3 paspsHbIi rpoMeyTok o3oHaTopa. OLCHUM MPUYHHBL 1 Be-
JAMYHHY JIEKTPHYECKOTO TOKa M3 030HaTOpa.

OCHOBHBIM HCTOYHHKOM 3JIGKTPOHOB B pa3pAIHblil POMEXKYTOK OapbepHOTO MEKTPHUECKOTO 030-
HaTopa sABjsgeTcs 00yCIOBNEHHAs BBICOKOH HANpsHKEHHOCTBIO DJIEKTPUUECKOro MOJs ABTO3JEKTPOHHAL
IMUCCHUS B HETO U3 METANIIMYECKOrO 3JIeKTPOJa.

HanpsokeHHOCTD £ 31EKTPHYECKOTo MOJIst B Pa3psiiHOM MPOMEXKYTKE 030HATOpa M3MEHAETCS B COOT-
BETCTBHH ¢ a3amMu ero nepuoanHeckoil pabotsl (paspan roput Wi ve roput). Korna pazpsn ue ropur, £
BO BCEX TOYKAX PaspsaAaHOro rpomexyTka ModkeT ObITh BbruMclieHa kaxk £=U/d , rpe U — npunoxenHoe
HanpsoKeHue, d — IMPUHA PaspsiIHOrO MPOMexyTka. Jta dopMyiia FOANTCS MPH HATIPSDKEHHOCTH TI0Jis
E < E,, rae E, — nanpsbkeHHocTh 1pobos rasa. Ioxcunransas no meronuke ®aynepa — Hopareitma s
TaKHX HalpsSKeHHOCTeH IUIOTHOCTh TOKAa ABTOMNEKTPOHHOH 3MHCCHHM HHYTOKHO Majia (NP TPaJuLMOH-
HBIX JUIS O30HATOPOB HATIPHKCHHH — nopaaka 10 kB v mnmpuHe pa3pagHOro mpoMeKyTKa — 3 MM).

IockonbKy 3KCHEPUMEHT IOKa3bIBaeT Y O30HHPOBAHHOIO ra3a HaIH4He 3apala, H GopMysl It
OIMUCAaHMs aBTOUIEKTPOHHOM 3MUCCHU CUMTAIOTCS MPOBEPEHHBIMM, TO NIPUXOAMTCS NPEINONOKUTE, YTO
peanbHO B pa3paJHOM IPOMEXYTKE 030HATOpa Y MOBEPXHOCTH METATMHECKOrO 3JIEKTpOaa HanpsKeH-
HOCTDb 3JIEKTPHYECKOro NoJisi B KAKHE-TO MOMEHTHI BpEMEHH 3HauHTeNbHO Oonblie yeM E,. Korna 3aro-
paerca kOopoHa OapbepHOro paspana, pa3paaHblil MPOMEXYTOK 3aloJIHASTCA HH3KOTEMNepaTypHOH
ra3mMoi, NPOBOAUMOCTE KOTOPOH rpakTHHecKkH OeckoHeuHa, [fafeHue e HanpsokeHHs MPOMCXOOHUT B
npuseKTPOAHBIX cioax Jebas (puc. 1), Tomuusa L, KOTopeIX MOXKET OBITh OLEHeHa 1o (popmyde [2]
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& — dMeKTpudeckas nocrosHHas; I’ — TeMmeparypa raza no KeJbBuHY; € — 3aps 2JeKTpoHa; & — MoCTo-
SHHas bonplUMaHa; # — KOJIMYECTBO MOJIEKYJ B eauHuue obbema rasa. Ilpy nanpsoxenuu B 10 kB Ton-
wuna crios JleGas pasua 5,01-107"m. Tlpu 5TOM HANPSKEHHOCTD 3EKTPHUYECKOro o B cnoe Jebas y
METAIIHYECKOrO 3eKTPOAa MosyuaeTcs paton 9,9-10° kB/M. TTpu Takoit GONBIIOH 3eKTpHYECKOl Ha-
NPSDKEHHOCTH nodis B citoe Jlebas B TO Bpems, KOraa MeTayIMuecKuii 3JIeKTpo/L 030HaTopa UMeeT OTpH-
LlaTeslbHBIA TOTEHIMANI, aBTO3AeKTPOHHAs sMUccHs OyAeT riaBHON NPUUMHON 3apsyKaHUs TU1a3Mbl OT-
pHLATENILHBIM 3MIEKTpH4ecTBOM. [IpHHeM yTeuka 3/eKTPOHOB Ha MOMOKHTENbHBIH 35eKkTpon OyneT He-
BO3MOJKHA, TAK KaK OH 3allMILeH CTeKISHHBIM OapbepoM. Takum ofpasoM, Hanbosee BEpOATHBIM HC-
TOUHHKOM OTPHLIATENBHOTO 3apsSiKaHUs TUIa3MEHHOTO «Tenay sBiseTcs cnoit Jebas, nnu emy nogobHoe
oOpasoBaHHe ABOMHOIO 3IEKTPUUYECKOrO CNOS HAa MOBEPXHOCTH METAIMYECKOrO 3/1€KTPOAa 030HaTOpa
TpH OTPHULIATENLHOM Ha HEM 3HaKe NMPUIOKEHHOrO NEPEMEHHOI0 HAMPSIKEHUS.

Tak KaK HEHW3BECTHBI MCCIIENOBAHUA O 3aKOHOMEDPHOCTAX aBTO3IEKTPOHHOH 3MHMCCHM B HEpaBHO-
BECHYIO IIIa3My KOPOHHOIQ pa3pAza, TO VISl OUEHKH NOPSAAKA BEJHYHHBI [NIOTHOCTH 3JIEKTPHUYECKOTO
TOKA 3MHCcHM NpuMensieM Metoauky Daynepa—HopareiiMa. Bo3MoskHO, IPUMEHEHHE 3THX 3aKOHOMEP-
HOCTER Mpy AanbHEMIIHMX HCCIIEAOBAHMAX OnpaBfaeT cels, Tak KaK NMoJydeHHas BbIUE TOJIUMHA CIOS
Hebas couzmepuma ¢ ayiuHoit ceoboaHoro npobera MosieKyJ1, TO €CTh YCJIOBUS B HEM JUIA SMUTHPYEMBIX
3JeKTPOHOB MOXKHO CPABHHUTD C BAKYYMOM.
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Kupxo U.M., Kysneuyoe B.A. Hccnedoeanue snekmpuyecKkol 3aps)KeHHOCMU 030HUPOBAHHOZ20
2a3a npu mypbyneHmMHoM pexume pabomsl o3oHamopa

PacueThl MOKA3BIBAIOT, YTO IIOTHOCTH TOKA 3Aech umeeT nopsaok 10" A/m? . Takoit GonbLiok Tok
He COXPAHAETCs B TEYEHHE BCETO BPEMEHH CYLIECTBOBAHKS KOPOHBI, TAK KaK NPUBOAUT K MPaKTHYECKN
MFHOBEHHOMY 3apsyKaHHIO TUIa3MEHHOTO Tela OTPHLATEAbHBIM 3apiJ0M M, T€M CaMbIM, JHKBHMIALHUUA
cnos Jlebas Ha mMeTanaMyeckod noeepxHocTH | (pHc. 1) U COOTBETCTBEHHOrO BO3PACTAHMS ITOrO CNIOS
Ha MTOBEPXHOCTH CTEKJIAHHOrO Gapbepa 3 (puc. 1). DTOT npoliecc NPOUCXOIUT B CaMBIl HaYaabHBIN MO-
MEHT 3aXKMIaHHUsA KOPOHBI. 3apAJ e, KOTOPBIN MOYyUHT IUIa3MEHHOE TeJlo, MoseT ObITh onpeneseH Ges
pacueTa TOKa aBTO3/IEKTPOHHOH 3MHCCHY, a HEMTOCPEACTBEHHO Kak 3apsy cnos Jlebas, To ecTh KaK 3apaj
KOH/IEHCaTOpa C MepBOHavalbHBEIM 3HAaYeHHeM TOJIILUHbI cios [leGas. OH e W OTHACT 3aTeM CBOM 3a-
psd B T1a3My. EMKOCTb Takoro koHzeHcaropa Oy/eT paBHa
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rae U, — HanpsKeHue ropeHus paspsia B JaHHOM Pa3psaHOM TIPOMEXKYTKe. DTOT 3apsaj YXOAUT B Tijias-
MY 3a OJIHO 3@)KUraHue paspaga. B cekyHay Takux nopuuii 3apsja rnpH 4acToTe NepeMeHHOro Toka 50
I'u 6yner 50. BoiHOCHTBCS 2Ke 3apsaia U3 paspsaHoro npoMexyTKa Oymer TONbKO mosIoBHHA. Takum 00-
pa3oM, TIOJTy4aeTcs, 4TO TOK € Ta30M M3 pa3psaiHOro NpoMexyTka OyleT paBeH
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rae Vs— CKOpPOCTb TYpOYJIEHTHOI'O NMOTOKA rasa, L, — AIMHA KaHala pa3paaHoro npoMexytka. Iloa-
cuer o dopmyrnam (3) u (4) npu cKOPOCTH NOTOKA raza Vi, = 10 M/c, U IUIOIAAH 3EKTPOIOB O30Ha-
TOpa — 0,1M* 1t Loy =1,5 M JaeT MmI0THOCTD NEKTPHUECKOTO 3apa/a B pa3pAaaHOM MPOMEKYTKe 030Ha-
TOpa B OTPHUATENBHBIH OTYTepHO paGoThl €ro METALTHYECKOrO 3IeKTpoaa paBHyo 5,69-107 k /v, a
TOK U3 030HATOpa 5,5MA. JTO OUEHb CYLIECTBEHHBIA TOK, O3TOMY, AEHCTBUTENILHO, OapbepHbIE 2MeK-
TPUUECKUE O30HATOPB! C TYPOYNEHTHBIM PEXHMMOM TE€YEHHS O30HHUPYEMOTO raza MOXHO HCIIONL30BATh B
KauyecTBe UCTOYHWKOB OTPULIATENILHOIO 3eKTPHUYECTBA H B KAYECTBE TPAHCIOpTepa 3apaioB B reHepa-
TOp CTaTUYECKOro nektTpudecTBa (reHepatop Bad-ne-I'paada [1]) u fnsg koaryasiuy a3po30ibHEIX NO-
NIOXUTENBHO 3aPSPKEHHBIX YACTHL, B BO3JYXE.

[pennaraerca cremyromas cxeMa ripuMeHeHns 6apbepHOIo 371EKTPUYECKOro 030HATOPA B KAYeCTBE
HCTOUHHMKA MOHOB U1 BbICOKOBOJILTHOIO MEHEPATOPa MOCTOAHHOrO TOKa (puc. 2).

?o sU, ?
/ / 4
Puc. 1. UameHeHue noTeHymuana B paspsia-
/ / / HOM MNPOMEXYTKE O30HaTopa BO BpPEMS
ropeHun paspsaa:
A. MM 1, 4 — MeTannueckue anNeKrpoabl;
\ ’ 2 ~ paspsgHLiA TPOMEXYTOK;
| 3 - guanekTpuyeckuin bapoep;
b N\ 3 5 — uU3MeHeHWe noTeHunana Mo Yonuwukhe
T pPaspALHOro NPOMeXyTKa
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dusunka
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Puc. 2. l'eHeparop BaHn-pe-I'paadha ¢ 030HHLIM MCTOYHUKOM MOHOB:
1 - 3apskaeMbInA KOPNyc; 2 — 030HATOP; 3 ~ BEHTUNATOP BLICOKOTO AABNEHUA;
4 - nzonaTopsl; 5,6 - TpyObl U3 N20NAULMOHHOrO Marepmnana

]0\

ITpu reomeTpHyeckHX pazMepax yCTaHOBKH, COOTBETCTBYIOIIMX XapaKTEPHOMY paauycy kopmyca |
(puc. 2) — 1,4 M, NIOWAany MeKTPOXOB 030HATOpa — 0,1 M’, TOMIIMHE PA3PAIHOrO NPOMEXYTKA 3 MM,
MolHOCTH BeHTHsaTOopa 14 kBT, obecneunBaromieli ckopocth TeueHus rasa 10 m/c, Ha kopmyce 1
(puc. 2) 6ynet co3nan pabouuit NoTeHUMAaN resepaTopa NOCTOAHHOro Toka B 2,5 MB.

JIuteparypa

1. Ardenne M. Tabellen der Elektronenphusik, Ionenphysik und Ubermikroskopie. — Berlin I,
1956. —~ 544 s.

2. Gusunueckuit snLknoneanueckuid ciosaps / Ioa pen. A.M. Ipoxoposa. ~ M: Cos. 3n1HK/I0NE-
ausd, 1984. —-944 ¢,

3. Kupxo MU.M., Kysuenos B.A. Jlamunapsbiii v TypOyJneHTHBIH peXHM TE€HEHHS B IIa3Me KOPOH-
Horo paspsina // BocbMoil Bcepoccuiickuil che3n o TeopeTHHeckod U npukianHoi Mexanuke (Ilepms
23-29 asrycta 2001 r.): AnHotauuu aoknanos. — Exarepunbypr: YpG PAH, 2001. - C. 322.

Hocmynuna 6 peoaxyuio 25 gespana 2003 2.

66 BecTHuk IOYpITY, Ne 8, 2003



