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AnHOTaUA

Axonmxkanos I'.A. IIpeiid 37€KTPOHOB B aproHe W MONEIUPOBAHUE CeUeHU BO30Oyx)meHus: IIpenpuaT
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HJISI IINPOKOIr'O Aualla30Ha HAIPAXKEHHOCTU OOHOPOOHOI'O JIEKTPUYIECKOI'O IIOJIA MOOCJIMPOBAJICA npeﬁ(p
JJIEKTPOHOB B aproHe MeTOOOM MoumefKap/LO. Bruto YTOYHEHO IIOJIHOE CEYCHUE B036y)K,H€HI/I$I aTOMOB
aproHa. HonyquHme ,E[peI}‘I(I)OBBIe XapaKTEPUCTUKN CPABHUBAKTCA C IMEIOIINMUCA 3KCIIEPUMEHT aJIbHBIMI
1 paCYe€THbIMU OaHHBIMU.

Abstract

Akopdzhanov G.A. Electron Drift in the Argon and the Modelling of the Exitation Cross Section: IHEP
Preprint 2002-30. — Protvino, 2002. — p. 11, figs. 10, refs.: 19.

Electron drift in the argon was modeled by Monte-Carlo method for the wide range of the uniform
electric field intencity. The total exitation cross section of argon atoms was measured precisely. The
obtained drift characteristics compared with the experimental data and with the results of the another
calculations.
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Ilannas pabora ObljIa MpOBENEHA B PAMKAX M3YUECHUs PA3PSOHBIX IPOIECCOB B IUIUHIPU-
YECKUX Ta30BbIX NETEKTOPAaX SOEPHOIO WN3JIyYCHUST, pa6OTaIOHII/IX B YyCJIOBUAX OI‘paHI/I‘{eHHOfl
IPONMOPIUOHAJIBHOCTU I'a30BOTO yCUJIEHU. XOTH B TaKIX OETEKTOpax O6pa3OBaHI/Ie JIaBUHBI Ha-
YMHAETCSI HEMOCPENCTBEHHO OKOJIO AHOMA, IEPBUYHBLIE 3JIEKTPOHBI NPENGYIOT KAKOe-TO BPEMsI
B BJIEKTPUYECKOM IIOJIe, KOTOPOE YK€ NOCTATOYHOE, YTOOBI 00PA30BAIIACH IPOCTPAHCTBEHHAS
WM BPEeMeHHas CTPYKTypa OymyIiell JIaBUHBIL.

st MomenmupoBaHMST 3TUX mporeccoB meronoM Mowme-Kapao HaM HeoOXOOUMO 3HAHUIE
nuddepeHImaIbHBIX CeUCHNN B3aMMONCHCTBUS 3JIEKTPOHOB C Ta3aMé, KOTOPBIE COCTABIIIOT
pabouyio CMeCh Ta30BBIX NETEKTOPOB. Eciam mist GOSBIIMHCTBA T'a30B MMEIOTCS SKCIIEPUMEH-
TaJIbHBIC UJIA PAaCY€THBIC 3aBUCUMOCTHA CeuyeHun YIOPYyToro paccesHus 3JIEKTPOHOB U MOHU3AIIUN
OT SHEPruy, TO TOTO HEIb3sI CKA3aTh O MPOIECCaX BO3OYXKIEHUs, TaK KAK IPSIMbIC M3MEPEHUs
ceueHnn BO36y)KHeHI/I$I CBsI3aHBI C OOJILIINMU SKCIIEpDUMEHTAJIBbHBIMU TPYOHOCTAMMU.

Koceenno ceuennst Bo30y)IeHMs JIEKTPOHOB B ra3e MOXKHO OIEHUTH U3 Operida 3IeKTPOHOB
B COOCTBEHHOM Tase. B HacTosIIee BpeMs Takue 3a0a9i PEIIAOTCS ¢ MOMOIIBI0 TPAHCIIOPTHOTO
ypaBHenus Bosbumana [1] mis OXHOPOXHOTO SJIEKTPUIECKOTO OIS

of _0f eEJf of

W+U§+E%:(5)colla (1)
YTO CBSI3@HO C IPOTPECCOM €ro UHCIEHHOro pernenus. 3nechk f(7,v,t) — dyHKuus pacmperne-
JICHUS 3JIEKTPOHOB II0 CKOPOCTSIM, % — YCKOpEHUE, WIEH B MPABOIl YaCTH BLIPAXKAET B3aUMO-

OEeNCTBUE DIIEKTPOHOB C T'a30M.

IIpu mocTaBseHHBIX CEUEHUSIX B3AMMONCHCTBUN IMOIYYEHHBIE NPEN(OBBIE XaPaKTEPUCTUKI
(CKOpOCTL nopenda, xKo3pdunumeHT MOHM3AINU 1 T.H.) CPaBHUBAIOTCS C UMEIOIIMMUCS 3KCIEPU-
MEHTAJIbHBIMI TaHHBIMU.

MomnenupoBanue metonom Mowme—Kapao Takux 3amad 60jiee MEPCIEKTUBHO, Y€M UMCIICH-
HBIE DEIlleHUs] YPaBHEHUs DBoabIMaHa, MpeXkIe BCEro M3-3a BO3MOXKHOCTH WCIIOIL30BATH HKC-
IIepUMEHTAJIbHbIE NaHHbIE OPEN(POBBHIX XaPAKTEPUCTUK B HEOTHOPOIHBIX JJIEKTPUUECKUX IIOJISX
(IpomopIMOHAIbHBIE CUETUNKY, ApeidoBble TPYOKH U T.I.).

B rasoBbIX meTEKTOpax YacTo UCIOJIB3YIOTCI MHEPTHBIE rasbl ¢ HeGonbumMu nobaBkamu (1o
10%) racsiiero rasa, u uMeeTCs: GOJIBIION GaKTUIECKUI MaTepuall APeidOBBIX XapaKTePUCTUK
TaKUX CMeceil N0 WM3IaHWs ONHOW U3 dceambir knue [2] m mocme. Tak, mampumep, cedeHue
YIOPYIrOro paccesHusl 3JIEKTPOHOB B OPraHMUYECKOM ra3e OOJIbIle CedYeHUs PACCESHUS B aproHe,
HO B HEOOJIBIINX JJIEKTPUUECKUX TIOJIIX CKOPOCTBH Mpeiida 3JIEKTPOHOB B CMECHU I'a30B OOJIbIIIE,
YeM B YHUCTOM AaproHe, m3-3a BO30yxXKOeHUs KojebaTelIlbHBIX ypPOBHEW B OPraHUYECKOM Ta3e.
Wcnonb3yst apror B kadecTBEe STAJOHHOTO ras3a, MOXHO BOCCTAHOBUTHL CEUYEHUS BO3OYXKICHUS
9TUX yPOBHEN.



IIpu Gonee BBICOKMX MOIIAX (KOTIa MAET PA3MHOXKEHUE BJIEKTPOHOB) IIO Ta30BOMY yCUJICHIIO
MOXKHO HOJIy4YUTh MHGOPMAIMIO KaK O B3aUMOINEUCTBUU 3JIEKTPOHOB C TacAIllIMU ra3aMH, TakK
U O IIpoIeccax CHITHUsS BO30YXKIEHHBIX COCTOSHUI aTOMOB aproHa Wu3-3a B3aUMOINEWCTBUU C
MOJIEKyJIaM# TacAIlero rasa.

B HacTosiee BpeMst BenyTCsi MHTEHCUBHBIE SKCIIEPUMEHTAJIbHBIE HCCIENOBAHUS HOBOTO IIO-
KOJIEHUSI T'a30BBIX NETEKTOPOB — Ta30BBIX 3JIEKTPOHHBIX YMHOXKUTEJEN, MCKPOBBIX CUETUNKOB
IlecToBa, xamep ¢ pe3ucTuUBHBIME IHTaTaMu. Eciau 6b 6611 GaHK GQU3NYECKUX XapPaKTEPUCTUK
ra3oB, BXONSIINX B paboOdyio CMeECh, TO 3TU HMCCIIEIOBAHUS MOXKHO ObLIO OBl yIPOCTUTH MOIE-
JIIPOBaHUEM JIABUH B 3TUX NETEKTOPAaX.

B nmannoii paboTe MBI YAaCTb IPOrPAMMBI MONEIIMPOBAHUS JIMBHEH WCIOJB3YEM IJIs yTOU-
HEHUS IOJIHOTO CEYeHWs BO30YXKIEHUs aTOMOB aproHa. IIpm MomenmpoBaHWE HCIHOJIB30BAJINCH
9KCIIEPUMEHTAJIbHBIE U PacUeTHBIE CEUYEHUs YIPYIoro PacCesHUs U HOHU3AIUU 3JIEKTPOHOB, a
TaKXKe 3aBUCUMOCTU CKOPOCTH Iperda dJIEKTPOHOB U KOdGPHUIIMEHTa NOHU3AIUN OT HAIIPSIKEH-
HOCTH OIHOPOMHOTO yeKTpudeckoro nonst F /N (E — HanpsskeHHOCTH mosist; N — IUIOTHOCTD
rasa). [losy4eHHbBIE B OKOHUATEIBHOM MOAEIMPOBAHUN NPEN(OBBIE XaPAKTEPUCTUKN (CPEmHss
SHEPIUs 5JeKTPOHOB B DPOE, IPONOJIBLHBIA U IMONEPEYHBIN KodbduuneHTsl nuddysum) cpas-
HUBAIOTCA C UMEIOIIUMUCS SKCIEPUMEHTAILHBIMIA W PACUETHBIMU MAHHBIMU. OTHU CPaBHEHUS
SIBJISIFOTCSI KPUTEPUEM KOPPEKTHOCTHU MOIEJIMPOBAHUS.

Meton MonTe-Kapiso

OTMeTrM HEKOTOpBIE XapaKTEPUCTUKM IpuMeHseMoro Hamu Metoma Mowme-Kapao.

1. Pacuersr npoBommiuch mis 36 3HAYEHWI HANPSKEHHOCTEl sjeKTpudeckoro mois E/N
or 0.37d no 10007d (1Td = 10'" B-cm), npumdyem cpasy NPOXOAWICA WM BeCh AUATIA30H
HaHpH}KeHHOCTeﬁ II0JIdA, UJIN €ro 49acCThb.

I[.H}I 9KOHOMUU BBIYUC/IIATEIBHOTO BPEMEHU IIPU MOOEJIMPDOBAHUN HE YYNTBHIBAJIOCH TEIIJIOBOE
OBU2XKCEHNE aTOMOB aproHa, W 3THUM OIpenesdiaCbh HUXHAA TI'DaHUIla HAIIPAXKEHHOCTU IIOJIA
~ 0.374d.

st snexTpoHa GuKCHpoBaIuCh KOOpOUHATA (Z,Y,2), KOMIOHEHTEL CKOPOCTH (U, Uy, V)
u Bpems npeinia t. Hampasmenuwe smekTpuyeckoro modist 6b110 BeIGpano mo ocu x. CrekTp
CKOPOCTEN, TOJIyYEHHBIA JIs MEHBIEr0 3HAUEHUS OJJIEKTPUYECKOrO IO, WUCIOJIb30BAJICA B
KaueCcTBE MCXOMHOIO IS 0O0Jiee BBICOKOTO 3HAUEHUs MOJIs. B OKOHYATEILHOM MOIEIUPOBAHUM
BBOIMJIOCH BPeMs IS “TepMOJIM3anuu’ POsl 3JIEKTPOHOB.

2. Bpems mpoGera mist sieMEHTapHOrO akTa BBIGHPANOCh Tge, = 0.1/Viptar, TOE Viptar —
MOJTHAS YACTOTa B3aUMONENCTBUS SJIEKTPOHA C ATOMOM APTOHA, IJIsl MAHHON DHEPTUHU 3JIEKTPOHA.
IIpu 5TOM HAKIIAIBLIBAIIOCH YCIOBUE, YTOOBI DHEPTUS, MPUOOpeTaeMas JIEKTPOHOM 38 ONWH aKT,
uwe mpesbiraia 0.05+1.0 5B B 3aBUCHMOCTH OT 3HEPIUM HAJIETAIOIIETO 3JIEKTPOHA.

3. B KaXNOM JSJIEMEHTAPHOM aKT€ BbIYUCIIAIACh IIPOMEXYTOYHAs SHEPrusd 3SJICKTPOHa, U1
OJIsT 9TOM YHEPTUU OIPENESIsJICS BUI B3aMMONENICTBUS — CBOOOMHBIN IIpoOer, yIpyroe pacce-
sTHUe, BO30YXKIIEHWEe aproHa WM ero MoHu3anus. B cioydae cBOGOMHOTO mpobera BBIYUCIISIACD
KOHEYHas SHEPrus 3JICKTPOHA.

4. [TapameTpsl PoOsi BIIEKTPOHOB OMPENEIISIINChH MPHU MPOXOXKICHUN 3JIEKTPOHOB (PUKCUPOBAH-
HOTO paccTosHust A X, U CKOPOCTH Opeiida 3IEKTPOHOB Vg, BBIUUCIAIACH KaK

Ty — T1

r = N N 5 2
o (X tar — (2oiy tui) /N @

roe N, — 4mcio 3JeKTPOHOB B POE.



Il sieKTpUYecKux MoJel, B KOTOPBIX HET 3aMETHOTO PA3MHOXKEHUsS 3JIEKTPOHOB, MOMIEITH-
pOBaHHBIE NPENDOBBIE CKOPOCTU MNOJIXKHBI COOTBETCTBOBATH DKCIIEPUMEHTAIILHBIM 3HAYEHUSIM
CKOPOCTU Ipeiida, OnpeneasieMbIM BO BPEMS-IPOJIETHBIX KCIIEPUMEHTAX.

s kaxnoro sHauenus F /N paccrosHue A x BbIOMPaiOCh WHAWBULYAJIBHO, WUCXONSI W3
TOTO, YTOOBI CTATHCTUYECKAs TOYHOCTHL B ONpENeSIeHHu CKOpocTm nmpeiida 6bmia ~ 1%.

5. Pacuersr 6ot mpoBenenst mo mosieir 1000 7'd, Tak Kak B 9TUX MOJISX MMEIOTCS TaHHBIE
[0 YKCIIEHHOMY DeIIeHWI0 ypaBHeHus Bombumana [3, 4]. 3ameTum, 9TO mpm Takmx 6GOIBIINX
MOJISX UOET WHTEHCUBHOE PA3MHOXKEHUE SJIEKTPOHOB, TO3TOMY MPUXOOUTCS yMEHbINATh A
(BIIOTH 1O mEecATKa IUIMH CBOGOMHOrO mpobera) M MONEIUPOBAHNUE TEPSeT CTATUCTHYECKYIO
TOYHOCTH, & CAMO MOHSITHE “Operd 3IeKTPOHOB” TEPSIET CMBICII.

I/ICXO,I[HBIe JaHHBbIE

IMupdepernuaabHble CeYeHNsS YIPYTOTO PAaCCesHUs BJIEKTPOHOB Ha aTOMaX HJIM MOJIEKY-
nax ras’oB 0Q. /0t 00 npn pasHBIX SHEPIUX HAJETAIOLIEIO SJIEKTPOHA £ HMMEIOT CIIOKHYIO
3aBUCHMOCTBL OT yIJla paccesHus ), U B HACTOsAIee BpeMs HET AHAJUTUICCKOTO BBLIPAKEHUS
0 Q)0 00 = f(e,0), KOTOPOE MOXKHO HCIONIL30BATh B pacderax. Ha puc. 1 npusenens: skcre-
PUMEHTAJIbHBIE MaHHbIE OuMPEPEHIINATLHBIX CEUCHUN PACCESHUs OT YIJIa PACCESHUsS B aproHe
IUTs. HECKOJIBKIX SHEPIuil HAJIETAOIIEro 3JIEKTPOHA [5].
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Puc. 1. HuddepeHnmaibabe cedeHns yIpyTroro PACCesHAs 3IIeKTPOHOB ¢ apronoM ( Gibson et al., 1996).
Yron paccesnms — B Tpamycax, cedenne — B emmHmmax 10716 em? srL.



Moxuo chenaTh obiue 3amedanus O OubOEPEHITNATHLHBIX CEUEHUSIX YIPYTOrO PaCCESTHUS
9JIEKTPOHOB B rasax.

1. C GonbIlol TOYHOCTBIO peajbHOEe paccesHume 3EeKTPoHOB € < 1 5B MoxHO cumTaThb
N30TPOIHBIM B CHCTEME IEHTPa UHEPIUA (C.Y.u.).

2. C yBeJumueHUEM DHEPTUHN SJIEKTPOHOB YBEJIUUYUBAETCS IOJIS DIIEKTPOHOB, PACCESHHBIX B
IEPENHIOI Toychepy, a Ipu dHEPruu EeKTPOHOB Gosbiie 40 5B moss »mekTpoHOB, paccesH-
HBIX B 3aHIOI0 MOJyCcHEpy, YMEHBIIACTCS OO0 HYJIS.

3. Ilpu npeiide B 37eKTPUIECKOM IIOJI€ BIIEKTPOHBI ¢ dHeprusMu Boire 20 3B mpucyTcTByioT
B poe Ha “xBocTe” DHEPreTUYECKOTO PACIPENESIeHUs IPpU GOJIBINNX HAMPSIXKEHHOCTAX BIICKTPU-
geckoro mosisi. I[lpw 9Tux 5HEPrusx 37IeKTPOHOB YMEHBIIAIOTCS KAK MOJIS YIPYTrOro PACCESHUS
B 0OIlIEM CEUYEeHWU B3aUMONEWCTBUs, TaK U POJIb YIJIOBOTO pacmpenesieHus paccesuus. [losTomy
HEKOTOPBIE HETOYHOCTH B YIJIOBOM PACIPENESICHUM [JIS SJIEKTPOHOB C TAKUMU SHEPTUSIMU HE
MO/XKHBI BIIMSITH HA KOHEUHBIN PE3yJIbTAT MONEIUPOBAHUS.

C npyroil CTOPOHBI, XapakTep mpeida 5JIEKTPOHOB B ra3axX u3-3a YIPYIOrO PpacCesHus
OIeessieTCsl TPAHCIOPTHBIM CeYeHneM (Wil CedYeHMeM DACCesHUs C Iepemadeil nMIyibea) [6]

T dQeu(e, 0
Qm(e) = 277/ dQu(e,6) (1 —cos6) sinf db. (3)
0 do
Ha puc. 2 npuBeneHB! 3aBHCHMOCTH OT SHEPIUH 3JIEKTPOHOB IOJHOTO CEYEHWs yIPYIOrO pac-

CesHWs DIIEKTPOHOB HA aTOMax aproHa [7, 8] m pacueTHOro TpaHCIOPTHOIO ceueHus [7, 9]
(CI‘.Ha)KeHHbIe KPUBBIEC Y€PE3 3TU MHaHHBbIEC MCIIOJIB30BaJIACh B HAIIIUX pacquaX).

|
&
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Puc. 2. 3aBucumocTu ceueHUs MOJHOIO yIPYTrOTO PACCESHUS U TPAHCIOPTHOTO CEUEHUs SIIEKTPOHOB HA
aToOMax aproHa OT SHeprum jeKTpoHoB. Vcmonb3oBasuck nauusie: A — Fon et al., 1983; @ —
Milloy et al., 1977, o — Fon et al., 1983, & — Nakamura and Kurachi, 1988.



AnanuTuyeckoe BBIpaXeEHUE I MOOEILHOro mudGepeHImalibHONO CeYEHUsT UCKAJIOCh Ta-
KUM, YTOOBI 13 HEIO MOXKHO OBIJIO JOCTATOYHO JIETKO IOJIYYUTH CBSI3b MEXKIY IOTHBIM CEYEHUEM
paccessHUS W TPAHCIOPTHBIM cedyeHweM. B mamuonr pabore Oblia BbIOpaHa TPOCTas MOMETLHAS
3aBUCUMOCTD NuGPepeHnnaIbHOTO0 CEUEeHNs PACCESHUS 3JIEKTPOHOB OT JHEPTUU 3JIEKTPOHOB U
UX yTJia PacCesHUs

0Qe1/0c 00 ~ [1 4 B(e) cosb], (4)
KOTOpas NPUBOOAUT K COOTHOIIECHWIO MEXNY OBYMs CEYCHUSAMUI
Qm(e) = Qa(e)[1 — B(e)/3]. ()

OnvH 73 BO3MOXKHBIX BAPUAHTOB AHAJIMTHYECKON 3aBUCHMOCTU B(g) mils aproHa mokasaH
HyKe (€ BBIDaXKEHA B 9JIEKTPOH-BOJILTAX):

B(e) = 0 <0.19 5B |
B(e) = 0.776[1 — exp(—0.14¢)] < 10 »B,
B(e) = 0.585 + 0.188( — 10)°7 <22 5B,
B(e) = 1.2354 0.565[1 — exp(—0.25¢ + 4.25)] > 22 sB ,

3ameTnM, UTO 3aBHCHMOCTBH yIyla paccesHus OT ciydaiiHoro umciaa RN [0,1] u daxropa
B(e) maercs BbIpakeHHEM

4RN
cosf =1— . (6)
1+B++/(1+B)2—4B- RN

IMomuepkueM, 4TO BHIOPAHHAS 3aBUCAMOCTBL CEUEHUs YIPYTOrO PACCESsHUS OT yIJIa Pacces-
HUS U DHEPIUM DJIEKTPOHA He UMEeT (DU3MUECKOTO CMBICIIA, & SBISIETCS TOJBLKO TEXHUIECKUM
IPUEMOM, KOTODBI YIPOIIAET MONEIUpOBaHue. B KaduecTBe MEPBOrO NPUOJIMKEHUS €€ MOXKHO
UCTIOIB30BATh U U APYTUX Ta30B.

3aBUCHMOCTL CEYEHUs MOHU3AUMU OT SHEPrUHU 3JIEKTPOHOB B3ATa u3 paboTol Rapp and
Englander—Golden [10]. Ilns mpomecca WMOHM3AIMM NPUHUMAJIOCH, YTO [IBONHAS WOHW3ALNIL
orcyrcrByer (BBemenme 10 %-i1 OBOMHON MOHM3AIWM IUIsL SJIEKTPOHOB ¢ SHeprusMu > 50 5B
He [ajo ourytuMoro sddexTa), a yrioBoe paclpenejeHue 5JIeKTPOHOB M30TPOIHOE B C.1.uU.
BBenenune HEM30TPONHOCTU B 3aBUCUMOCTH OT JHEPIUM HAJIETAIOIIETO 3JIEKTPOHA HE BIIMSLIIO
HA KOHEYHBIE PE3YyJILTATHL

HeiicrButensbHo, o paccMarpuBaemoil obnactu E /N sHepreTmdeckoe paclpenesneHne
SJIEKTPOHOB B PO€ TAKOBO, UTO INPHU BO30YXKIEHUM U MOHU3AIMU OOPA3YIOIINECS DJIEKTPOHDI
UMEIOT MOYTHU HYyJIEBBIE SHEPIUM W PEAbHBIN MEXAHU3M UX YTJIOBOTO PACHPENESIeHUs He CyIile-
CTBEHEH.

N3 npeithoBbIX XapakKTEPUCTUK WCIOIL30BAINCH 3aBUCUMOCTD CKOPOCTHU Ipeida 3JIeKTpo-
HOB OT HampspKeHHOCTH nosis F /N, momydeHHas Ha OCHOBe SKCepuMeHTalbHBIX [9,11] m
pacueTHBIX [3] mamHBIX (puC. 3), U 3aBUCHMOCTH MOHU3AIMOHHOTO Kosddurnmenta or F/N [12]
(puc. 4). OT™MeTHM, YTO 3aBUCUMOCTH CKOPOCTH Ipeiiha OT DIIeKTPIUIECKOrO OIS OLPEeNesIsieTcs
mudHEPEHIMATIBHBIMI CEYEHUSME YIIPYTOTO PACCestHus, BO30OYXKIEHUS W MOHU3AINM, & 3aBU-
CUMOCTb KO3(D(MUINEHTa MOHU3AMUYN OT TOJI NAET HYXKHOE COOTHOIIEHUE MEXIY ITPOIECCAME
BO30YXKIOEHUS W NOHU3AIUU.



[ & Nakamura,Kurachi (1983)
O Kucukarpaci,Lucas (1981)
o ltoh et al (1989)
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Puc. 3. 3aBucumocts ckopoctu mpeitda simektpo- Puc. 4. 3aBUCHMOCTH MOHM3ANMOHHOTO KO3ddu-

HOB B aproHe OT HAIPSIKEHHOCTH IOJISL. [[IEHTa SJIEKTPOHOB B aproHe OT HAIpPs-
A — Nakamura and Kurachi, 1983, O — wennoctu nons (Kruithof, 1940). ¢ — pe-
Kucukarpaci and Lucas, 1981; « — Itoh et 3yJIbTATHI OMHOTO U3 MONEIUPOBAHUI.

al., 1989.

ITlonHoOEe ceueHme BO30yXKOEeHUsI aproHa

Il mporeccoB BO30YXKIEHUsS aTOMOB aproHa MPUHUMAJICS OnuH obOmmi mopor 12 »B mms
BCeX ypOBHEN BO30yXmeHus aproHa. B kadecTtBe “3aTpaBku’ cedeHus BO30yXKOEHUS ObLIH
YCDEIHEHBI NaHHBIE U3 0630pHON craTbu [13].

IIpu momenupoBanum mpefia >IEKTPOHOB BAPhUPOBAJIACH 3aBUCUMOCTH ITOJIHOTO CEUYCHUS
BO30YXKIOEHUST aproHa MJI TOTO, YTOOLI PE3yJIbTUPYIOIIAs 3aBUCAMOCTbL CKOPOCTHU Opeida 3iex-
TpoHoB 0T E/N coBmamaia C 3aBUCHMOCTBIO, IPUBEINEHHON Ha puc. 3 B mpemenax +1%, a
PE3yIbTUPYIOIAS 3aBUCUMOCTH HOHU3AIMOHHOTO KO3 GUIIMEHTa COBIIAOATIA C 3aBUCUMOCTHIO
Ha puc. 4 B npenenax +2.5% (#a puc. 4 mokasaHbI PE3yIbTATHL IOCIEIHETO MOIEINPOBAHN).

OxoHuaTenbHas 3aBUCUMOCTL CEYeHUs BO30OYXKIEHUS aproHa OT DHEPTUHU 3JIEKTPOHOB IIO-
Ka3aHa Ha pUC. H, KOTOPas MPAKTUYECKN COBIAJIA C 3aBUCHUMOCTHIO, KOTOPOW IOIL30BAINCHL B
cBoux pacuerax Sakai et al. [14].

Ha puc. 6 mokasama 3aBucuMOCTb KO3(pdUIMeHTa BO3OYXKIEHUS ATOMOB aproHa ¢ OT Ha-
npsikensHoctu F /N, KOTOpBII 10 aHAIOTHU € KOY)OUINEHTOM MOHW3AIMN ONIPENeAeTCs U3
YCIIOBUS

dN,, =6 - N - dx, (7)

rne dN,., — 4ucio Bo30yXIOEHHBIX aTOMOB Ha mpobere dx.
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Puc. 5. 3aBucumocTs ceueHus Bo30yxknenus apro- Puc. 6. 3aBucumoctu Ko3pOUIIEHTOB BO30Y K Ie-
HA OT YHEPTUM IEKTPOHOB. — — Sakai et HUS W VOHM3AIMA aproHa OT HANPSKEH-
al.; ¢ — mammas pabora. woctu nosist. AN — Tagashira et al., 1977,

e — nmapHasa paboTa.

B o6nactu Gonbrunx moseir £ /N > 80 T'd umerorcst pacuerHble nanubie Tagashira et al. [4]
(amamu3 ypaBHeHus BosbliMaHa), KOTOpble Tak¥Ke NPUBENEHBI HA 9TOM pucyHKe. Ilns xade-
CTBEHHOTO CDaBHEHWUs HAa 3TOM PUICYHKE I[IOKa3aHA 3aBUCUMOCTH HOHU3ANIMOHHOTO Ko3dhduiu-
enra. W3 cpaBHeHus OByX 3aBUCHUMOCTEH BUOHO, YTO OO HAampskeHHocTen moss ~ 1007d
(umm 2.7 - 10* B/cm) mporiecc Bo36yKIEHUS aTOMOB aproHa TPEBAJUPYEeT HAJ MOHM3AIUel.
OO6GBIYHO B Ta30BBIX IETEKTOPAX AproH BXOOUT B pabodyio CMeCh ¢ racsimm razom. [Ipm-
CyTCTBHE Tacsilell NOOABKM MOXKET WM3MEHUTH HHEPreTUUECKOE DAaCIpeNeseHNe SJIEKTPOHOB B
poOe, HO HECYIIIECTBEHHO IIOMEHSITH COOTHOIIIEHWE IIPOLIECCOB BO30YXKIEHUs U MOHU3AIUU B ap-
rosHe. Bo36yxnenne aToOMOB aproHa MOXET CHUMATLCS KOHKYDPUPYIOIIMMHI IIPOLECCAMU — WK
ncmyckanueM (GOTOHOB, miau mporieccoM Il ennurnza:

Ar*+ B — Ar+ BT +e7, (8)

roe B — racsmias KOMIIOHEHTa CMECH T'a30B.

Ecnaun B3sTh B kxadecTBe racsmein noGaBKU OOWH W3 Ta30B U300y TAHOBOW CepUU, TO I
9TUX TA30B HIKHIOI TPAHUIY CKOPOCTH peakiuu mporiecca Il enHurea MOXKHO OIEHUTH KaK
kE~ 5-107%° c¢m®/cex mus werwipex P — yposmeir aprona [15], m mpu 10%-it racsmen mo-
0aBkKe B HOPMAJIBHBIX YCJIOBUSX COOCTBEHHOE BPEMSI CHSTUS BO30YXKIOEHUS MeTacTaOMIBLHBIX
u OOBIYHBIX YPOBHeW ~ 1HCEK, YTO CpPAaBHUMO C BPEMEHEM CHSATUS BO30yXKIOEHUS OOBLIYHBIX
yPOBHEN uepe3 uciyckanume GOTOHOB, T.e. mporecc Il ennunea SBISETCS UCTOYHUKOM Pa3MHO-
JKEHUsS 3JIEKTPOHOB U UI'DAET CYIIECTBEHHYIO POJIb B HAYAJIILHOM PAa3BUTHUU I'a30BOM JIABUHBI B
HEOTHOPOMHOM 3JIEKTPUUECKOM IIOJIE.



IpenidpoBbie mapaMeTpsbl POsi 3JIEKTPOHOB

B oxonuaTensHOM MOmenupoBaHUU OBLIU TOJIYYEHBI 3aBUCUMOCTE OT F / N cpenseir sHEprUN
5JIEKTPOHOB B PO€, IPOMNOJIBHOTO U MONEPEYHOro KoaddunmeHToB nuddy3uu, KOTOpble CPaBHHI-
BaJIICh C MMECIOIUMHUCA 3KCIICEPUMEHTAJBHBIMI 1 PaCUYCTHbBIMUA OaHHBIMU. OTMGTI/IM, 9TO 9T
nmapaMeTphl Operida IPencTaBIsoOT WHTEPEC, TaK KaK OHU IIOIyYAIOTCS B IIUPOKOM IMAIIO30HE
HAIPSIXKEHHOCTEN 3JIEKTPUYECKOTO ITOJIsI OMHOM METOIMKOM.

3aBUCHMOCTD CPEIHEN DHEPIUM SJIEKTPO-
HOB B poe oT F /N mnpusenena Ha puc. 7 BMe-
i cTe ¢ pacueTHBIME HaHHbIME [4]. Samemienue
I pocra cpenueit sHepruu or E/N = 6Td mo

Electron mean energy (eV)

o | E/N = 100Td cBs3aHO C BKIIIOUEHHEM IPO-
4 1eCCOB BO30OYXKIEHUS U MOHM3AINK (HAJIETA0-

10 A IUA 3JIEKTPOH Cpa3y TEPSET 3HAUYUTEIHLHYIO
i a noio ceoeit sueprum). Ilocne E/N =1007d
°r . ¢’ HaunHaeTCcs 60jiee OBICTPHIA POCT, CBI3aHHBIN
i ' C T€M, UTO POXKMTAOIIUECS DJIEKTPOHEI C € ~ ()

: i Pl TpuobpeTarT 3a BpeMs OOIBIIOTO CBOOOMTHO-
ol o ro npobera (puc. 2) 3HAYUTEIBHYIO SHEPIHUIO.
I 2 Tagashira etal (1377 Ilnsa paccmaTpusaemoro muanosona F /N

2 | $.presentfesults CPeHsAs DSHEPTus 3JIEKTPOHOB POS MEHSeT-
csl MaJIo (CpemHssl CKOPOCTDb SJIEKTPOHOB €IIle

0 ; " e e MEHbIIIE), & CKOPOCTH nOpeida vg. IPU HTOM
E/N TS MEHSIETCSI Ha HECKOJILKO TOopsnkoB. IlosTomy,

Puc. 7. 3aBucmMocTb cpemHeil SHeprum >IeKTpo- HAUMHAS C HEKOTOPOW HAmpsKeHHOCTH F /N ,
HOB B PO€ OT HANPSKEHHOCTH NONsA. A —  cTaTUCTUIECKas TOUYHOCTH pacupeneaeHus v,
Tagashira et al., 1977 ; @ — mamnas pabo- pozposser OIpenensaTh CKOPOCTh mpenda 1o
ra. CpeImHeMy 3HAYEHUIO Vg, T.€. Ug. = U, (KI1ac-

cuyeckoe ompenenieHne ckopoctu npeiida). Ha puc. 8 moxasasbl pacupeneneHus v, s IIe-

ctu 3HaveHuit E /N npu mpoMexyTOYHOM MONEIMpOBaHUY (CKOPOCTH HA PUCYHKE B €NUHUIAX
mM/Heek). [Ipu manpsikensocTsax mosst 307'd ckopocts npelida, morydaemMas TAKUM CIOCOGOM,
nMeeT pasyMmHOe 3HadeHwe, a upu E/N > 707Td 3mauenus ckopocreil npeiida, MOLyIeHHBIX

IByMs Crioco6amu, OTINYaIuCh B mpenenax +2%.

W3 pacopenenenuit o CKOPOCTSIM BUIOHO, YTO AOCPUIIUT DIIEKTPOHOB C MAJIEHHBKUMU CKO-
POCTSIMU B HAIIPABIIEHUW IIPOTUB IIOJIS YBEJIUYUBAETCS C POCTOM BJIEKTPUYECKOTO OIS U
ompenenseT CKOpocThk mpeida. Pacmpenenenus v, m v, coBmazamm u ObUIM CAMMETPHYHBI
OTHOCHUTENbHO Hyusl. IIpuBeneHHble pacupeneneHus v, B 3aBucuMoctu oT F /N saBasiorcs pe-
HIeHneM ypasHeHus BombuMana f(v,) 7S ODHOPOZHOIO 3JIEKTpPHYECcKoro mosist. Pacnpenenenue
v, mua E/N = 6007d nourn coBmamaer ¢ TakuMm ke pacupeneienueM npu F/N = 566 Td,
HOJIyYeHHBIM U3 ypaBHeHus Bosmbrvana [16].

IIpononbubiit u momepeunsbit KoddGduumenTsl nuddy3Un BHUUCISINCH, B MONEIUPOBAHUNA C
MOCTATOYHO BBICOKOU MOrpemHocThio ~ 15%. Tlomyduennbie KoohGUIMEHTH TPOMOILHOM mud-
by3um D, BMecTe C 9KCHEPUMEHTAILHBIME [9] M pacdueTHbIMU [3] HAHHBIMI [IPUBELEHBl HA
puc. 9. Bunzo, uTo corsacue C ONBITHBIMEU HAHHBIMU YIOBIETBOPUTEIIHLHOE.
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Puc. 8. Pacnpenenenns cKOPOCTH v, SIIEKTPOHOB B poe mpu pasmwuabix £/N (100 +10007d). Ckopocts
IaHa B MM/ CEK.

3aBucuMoCcTh D} OT HANPSKEHHOCTU TOJIT uMeeT MuHUMYM Tpu 3 +~ 47T'd. OTo cBsI3aHO
C BKJIIOUEHMEM MeXaHM3Ma IIpoIlecca BO30yXKIEHUS, IIOCJIEe KOTOPOTO 3JIEKTPOHBI MMEIOT IIOYTHU
HYyJIEBBlE DPHEPTUU U, CJIENOBATENIHLHO, OOJBIINE CBOOOMHBIE ITPOOErW IO MOJII0, UTO IPUBOOUT K
BO3DPACTAHUIO NPONONIbHON aubdysuu. DTo monrsBepxknaercs sHauenueM D, miua E/N = T7Td
IIPU MOZEJIMPOBAHNN C BHIKJIIOYEHHBIMI IIPOLECCAMI BO30YKICHIS ¥ MOHU3AIMN aproHa (TOIBKO
YIPyToe pacCesHue).

s monepeunoit nubdysun Dy, (puc. 10) curyamms Xyx)e — PACXOXKIEHHE C OIBITHBI-
mu pasHbME [17, 18] mocturaer mo 50 % miis HEKOTOPBIX 3HAYEHUI HAIPSIKEHHOCTH OIS,
XOTsI Ka4eCTBEHHOE corjacue ecThb. Ha 5TOM e pUCYHKE MPUBENCHLI PAaCUYeTHLIE MAHHBIE U3
paGoTsr [3].

B Bpems-miposieTHBIX DKCIIEPUMEHTAX OMHOBPEMEHHO U3MEPSIOTCS CKOPOCTH Aaperda u mpo-
IONbHBIN KOdbdumuent mubdysuu. TouHOCTH OmIpemesreHuss CKOPOCTU Opeida JIeXKUT B IIpe-
nmenax 2%. OnpenenseMble Ipu 5TOM 3HAYEHUS KO3(PMUIMEHTa MPONOILHON muddy3ur MMEOT
pasbpoc £10% [19]. Ilonepeunas nuddysus u3MepseTCs B CHELUAILHBIX ONBITAX, HO DKCIEPH-
MEHTaJIbHAsT TOYHOCTH HE JIydIIle.

CpaBHeHUE MOy YeHHBIX OPEeNOBBIX IapaMeTPOB POsl SJIEKTPOHOB (CPEIHSS SHEPIUS DIIEK-
TPOHA B pPoOe, MPONOJILHBIA U TONEPEYHBIN KoddduinenTsl auddy3nu, a TakkKe 3aBUCUMOCTD
koo dunuenTa BO36YXKIEHNS aTOMOB aprOHA) C MMEIOLIMMICS SKCIEPUMEHTAIBHBIMU U DPac-



YETHBIMU MOAHHBIMU IIOKA3bIBACT YHOOBJIECTBOPUTEJILHOE COIJIaCHUE. ApFOH C 95TUMHI CEYCHUAMU

B3aMMOOEACTBUS QJIEKTPOHOB MO2KHO HCIIOJIB30BaTh KaK IIPU MOOECIMPOBAHUN HHBHeﬁ, TaK I KaK

STAJIOHHBIN Ta3 IJIs aHAIN3a CEeUYeHUU BO30YyXKIOEHWIN T'a30B, BXOMSIINX B apPrOHOCOMEPKAIITYIO

CMECh.

ﬂgjz‘s Lo Nakamura,Kurachi (1988) 54‘5 E*e A Townsend, Bailey (1923)
e O Itoh et al (1989) ° o Al—Amin, Lucas (1987)
® present results 1 WL ¢ O ltoh et al (1989)
2 - " A ® present results
¢ 35 .
15 - ' R
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LAY . o
52. °e PR 4
1 708 25 ®. A
Oo(o)o 2 %ot °fec e o . o
X ;oo 09 , L only elastic — <>.° . ..D' ..El ¢
05 0900.8 x—only elastic R 0 °
1.5 — [
5 | Ll - - B | | L - ——
1 10 107 10 1 10 107 10
E/N (Td) E/N (Td)
Puc. 9. 3aBucumoctu npomonbuoit mubdysuun or Puc. 10. 3aBucumoctu monepeunoin nuddysuu oT
HaIPSXKEHHOCTHU NoJjis. o — Nakamura and Hanpsikennoctu monst. AN\ — Townsend
Kurachi, 1988; O — Itoh et al., 1989; ® — and Bailey, 1923, & — Al-Amin and
maHHasg pabora; x — KodpdumumenT oud- Lucas, 1987, O — Itoh et al., 1989,
¢y3uu Ipu BEIKIIOUEHHBIX IIPOIECCax BO3- e — maHHas paboTa; * — Kodpdun-
OyKIEeHUS U MOHU3AIIAMN. enT muddys3un TpU BLIKIIOYEHHBIX IPO-
reccax BO30YXKICHUS U MOHW3AIIAN.
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T'.A. AxonmxaHOB.
Ipetid 57eKTPOHOB B aproHe 1 MONEIUPOBAHNE CEYEHUN BO30YXKICHUS.

Opurunan-MakeT TOATOTOBIEH C MOMOIIEIO cucTeMel IATEX.
PenaxTop H.B. Exerna. Texuuuecknit penaxkrop H.B. Opnosa.
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