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AH8l1H3 XapaK TepHCTHK HCKpOBhiX KBMep II03BOl1~1eT IIOl1Y'lHTb HH!jJOpMBUHIO 0 

HeKOTOpb!X llpOUeCCBX B IIOHH30B8HHOM raae, Jlng 1IpHMeH5leMblX ra30BbiX CMeCei! 

MO)KHO OllpeaenHTb TB KI!e Bel1H'H!Hhl, KBK K 03!jJ!jJHUI!eHT HOHH38UIIH, CKOpOCTb 

!lpel\cpa HOHOB H 3l1eKTpOH OB B !IOCTOHHHblX 3l1eKTpH'leCKHX II0l1HX, Ce'leHHe 38XB8T8 

3l1eKTpOHOB MOl1eKyl18MH 3l1eKTp 00TpHUBTel1bHhiX ra30B H Bep05!THOCTh 06p830B8HH5! 

l18B HHhl KpHTII'leCKOfi lll1HHbl B IIMI1Yl1bCHOM 3l1eKTp H'leCKOM 110l1e, 

Pacc MOTpHM C 4€ THhie xapaKTepaCTHKI! IICKpoBoro C4€T'li!Ka B pe~<HMe lli!TBHHH 

llOCTOHHHhiM H811pH~<eHI!eM . 

Ko3!jJ!jlauaeHT HOHH3auaa a ( 4HCl10 HOHOB, C031l8B8eMb!X 3l1eKTpOHOM HB llYTH 

B 1 CM MO*HO orrpeaenHTb H3 ypaBHeHH5! rrpo6og MIIKB , KOTOpoe CB5!-

3b!B8eT 110l15! liBBHHhl 

lll15! pa3BIITIIH CTpi!Mepa, C Bel11!'lHHOfi BHeWHer o 110l15! E 

, He06XO!lHMYIO 

3arrHCh! B8H 11pH6liU*eH-

HOe Bh!PB*SHHe lll15! IIO l1 5! ronOBKH liBBI!Hb! ( /1/, CTp, 403), 110l1Y'lHM ypaBHSHIIe 

MaKa B BH!le: 
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a -K03cpcpHUI!eHT HOHH38UHII, 

) y, 
( 1) 

l -3BpH!l 3lleKTpOHB, 0 - !ll111H8 llYTH 

liBBIIHbl, H8 KOTOpOH ee IIOlle llOCTHraeT KpHTH'leCKOro 3HB'leHH5! E " x - rryTb, 

rrpoi1aeHHhiil naBHHoil, A 0 - cpeAHHII cao6oaHhiil rrpo6er 3lleKTpOHOB B ra3e, 

p -!l8BlleHHe ra3a, f -ll0l15! 3 HeprHH, TepHeMOH 3l1eKTpOHOM rrpa CTOliKHO-

BeHHH, It -K03cpcp11UHeHT, 3HB'leHH e KOTOpOrO HBXO!lHTC5! B rrpeaenax 0 < lc !>_ l 

XoT SI rrapaMeTp b i k • .\ 
0 H HeH3BeCTHhl lll1H ra30BhlX CMec efi , llpHMe-
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H51BWHXC51 H8MH IIpH H8llOnH9HHH HCKpOBbiX K8Mep, O.OH8KO, Y'IHTbiB8H, 'ITO BenH'IHH8 

a Mana 'IYBCTBHTenbH8 K H3M9H9HHIO 3THX napaMeTpOB ( npH peweHHH yp8BH9HHSI 

OHH BOli.OyT IIO.O 3H8KOM norapH~Ma), MOmHO npHHSITb HX 3H8'!9HHSI T8KHMH me KBK 

.QnSI B03.£lYX8, .QnSI KOTOpOrO OHH onpe.oeneHbl 3KCI19pHM9HT8.llbHO, 3aM9HSISI, Kp0M9 

TOrO,_K03~~HllH9HT a 
/ 1/ 

aa ero npaae.oeaaoe saaqeaae, nony'!RM ypaaaeHae npo6og a 

BH.Qe 

0,1 _L = 5,27. 10- 7 
( _8_) ~ ( _a_)exp _a_ 8 p 

p p p p 
(2) 

3aMeTHM Tenepb, '!TO 3~9KTHBHOCTb IICK~Boro npoMemyTK8 1/ CBSI38H8 C KpHTH-

iieCKOH .QnRHOH naBHHbl 8 Bblp8)!<9HH9M 
141 

'1=1-exp[-v ' (d-8)) 
cos () • 

(3) 

r.oe () - yron BXO.Qa '!8CTHllbl OTHOCHTenbHO HOpM8nH K aneKTpOABM, v -ynenb-

H8SI HOH1!38UHSI, d -Ani!H8 HCKpOBOrO npoMemyTK8, TIOACT8B.IISISI 8 H3 Bb!p8m9HH51 

(3) a ypaaHeHHe (2) H pewag nocnenaee rpa~H'!9CKH, nony'!HM aenH'IHHy a An 51 
p 

naHaoro 3Ha'!eHH51 aaewaero nons E. 

J . HalineM saaqeaae --"- AnSI CM9CH aprOH + 3$Hp IIPH P83Hb!X COOTHOW9HHSIX 

naaneHHH aproaa H s~apa. Uns sToro aocnonbsyeMCSI xapaKTepHCTHK8MH HCKpoaoro 

C'!~T'!HK8, HanonHeHHOrO COOTB9TCTByiOWel! ra30BOH CM9Cbl0 H I1HT89MOrO IIOCTOSIHHbiM 

H8I1pSimeHH9M. TipH p8C'!~T8X npHHHM8nOCb, '!TO B H8'!8Il9 'nnaTo' C'I~T'!HK C'IHT89T 

'!8CTH!lbl CO 100%-Holi 3~~9KTIIBHOCTbiO, Y .091lk.H8SI HOHH38UHSI V AnSI CM9CH ra30B 

161 
pacc'!HTbiBanacb, acxong aa ~OPMY.llbi Bnoxa • HeKoTopaSI aeonpe.oeneaaocTb a 

3Ji8'!9HHSIX 1/ H B napaMeTpax, BXO.QSIWHX B ypaBH9HH9 ( 1), BHOCHT npRMepHO 

20%-HyiO Heonpe.oeneHHOCTb B 3H8'!9HHSI K03~HllH9HT8 HOHH38llHH ~ CneayeT 
p 

OTM9THTb, OAH8KO, '!TO H3M9p9HHSI ...,!;__ K.ll8CCH'!9CKHMH M9TOA8MH A810T TO'IHbl9 
p 

H BOCTipOH3BO.QHMbl9 3H8'!9HHSI TOilbKO AilS! ra30B, IIO.QBeprWHXCSI CIT9llH8ilbHOll T W8-

T91lbHOH O'!HCTK9 • .llnH H90'!HW9HHblX ra30B 3H8'!9HHH ~ 1 nony~eHHbi9 B p83Hb!X 

p / 1/ 
H3M9p9HH51X, HM910T pa36pOC npHMepHO TOrO me I10P51AK8 , '!TO H IlpHB91l9HHbd\ Bb!We, 

Bena'!RHbi ~ t nonyqeaHbie npa paaaoM aaaqeaaa _E __ , Momao npaaeCTH 

K OAHOMY 3H8'!9H&IO nang, TIOnb3YHCb XOpOWO H3B9CTHbiM 3~TIHpli'!9CKHM COOTHOWe-

HH9M Memny BenH'!HHOll 
a 
p 

H -~~~: 
p 
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a B 
..,- ~ A . ex p ( - E7p l ( 4) 

Ha pHc. I rroKa3aHbi aaa'leHH Sl --'l- rrpa pa3HOM COAep >KaHHH scjlapa B aproa-
p 

a cjJHpHOJl: CM8CH Ani! B81lH'lHHbl 1IpHB8A8HHOrO IIOIISl E/ p = 30 s /cM.Top. Ha pac. 2 

naaa KpHBaSI _a_ = f ~ , rrony'le HHaSl nnSJ acjJHpa • .lln SJ c p asa e HHSl rrpHBeA e Ha KPHBaSJ 

p p /2/ 
AilS! CIIHpTa, B3SlTaSl H3 pa60T bl 

2. PaCCMOTpHM Clly'laH HMnynbCHOrO ll i! T a HHSI HC~pOBOA KaMepbi. KaK IIOKa3aHO 

/ 3 / 
B , acjJ<jleKTHBHOCTb HCKpOBOf'O llpOM8~<yTKa B 3TOM Clly'lae p aBHa 

r ne 

Tr 
')=1-exp[-v fd + v f w(Ec ) T

0
- vf f w ! E (tll d t]. 

0 
(5) 

V - yAenbHaSI HOHI!3aUHSl B ra3e KaMephl, d - s enH'lHHa Me >KA yaneK-

1-ponaoro npoMe>KyTKa, - BepOSITHOCTb o 6 p a 30B8HHSl n aBHHbl Kpi!TH'l8CKOH nn11-

Hhl OAHHM aneKTpOHOM, W (E ) - CKOpOCTH n p e ll: !jla a n e KTpOHOB B ra-

ae rrpH aaa'leHHH O'lHWaiDwero n o nS! E 
0 

H HMrrynhcao ro rr o n SI E, - Bp8M!! 

3aAep>KKH BblCOKOB OilbTHOrO HM!lynb C a , - BpeMSl !jlopMHpOBaHHB H CKf' .. l. 

no !jlopMyne (5 ) 6bma paCC'li!TaHa a!jJ!jleKT HBHOC Tb HCK pOBOA KaM e pbl C 3a30pOM 

B I eM, aarronaeaao A aeOHOM. l1Mrrynh c Bbi COK o r o a a rrpSJ>KeHHSl rrp a6nH>KeHHO MO>KHO 

6hino C'lHTaTh rrpSJMoyronbHbiM c w Hp HHO A 1,2 M K C eK. B cnyqae H M rrynbca rrpSIMD-

yronhHOA !jlopMbl H OTCYT CTBI! Sl O'lHWaiDwero Ha llp SI>K 8HHSI B bipa>KeHHe (5) yrrpom aeTCSl 

H llpHHHMaeT BHA: 

t= 1-exp [- v f d - vfw(ElT 1 ] (6) 

Ha pHc. 3 rrp11seneaa aaBHCHMOCTb a!jJ!jleKTH BH OCTH HC K p osoro npoMe:>KyTKa oT 

aMilllliTYAbl BbiCOKOBOnbTHOrO I!Milynhca BM8CTe C peayn b TaT8MH paC'l8Ta IIO !jlopMy

ne ( 6). PacqeTHaSI KpH BBSI cornacyeT CSI c 3 K c rr e pH M eHTanhHbiMH naHHbiMH B aa'!ane 

C'l8THOA xapaKTepHCTHKH, 

3TO C paBHHMO C B81ll!'lHHOA 

ecn H n pHH SI Th senH'lHHY f = 0,2 v • 20 ) . 
/ 3 / 

f 
1 

llpH B 8 A8HHO A B pa60T8 AilS! HCKpOBOlt KaMepbl , 

aanonaeaaoA CMeCbiD ae o aa c rrapaMH crrHpTa. P a cxol!< AeHHSI M e lKJly pac'l(!THbiMH 

H 3 KCnepHM8HTallbHbiMH TO'lKaMH llp H 6 0ilbW HX H allpSI>K8HHSIX MO>KHO HHTe pupeTHpO-

B aTh KaK H3M8H8HH e Bell H 'lHHbl C B 0 3 p a CTaHH8 M IIOIISI E ( C B03 paCTaHH8M 

II OilS! B03paC T 8e T ). 
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3, npH HallH'IHH O'IH!IlaJO!IleT'O llOllH a<jl<jleKTHBHOCTb KaMephl 6yneT 3aBHC eTb OT Be 

MI'IHHbl nonH H apeMeHH 3anep>!<KH BbiCOKOBOllbTHOT'O HMnynbca . BenH'IHHY w ( E
0

) T
0 

c xop OWHM npH6nH>KeHHeM MOlK HO 3anHCaTb B BHne K _ y E • T"n rne K _ -non

B IOKHOCTb aneKTpOHOB. Ha pHC. 4 llpHBeneaa 3aBHCHMOCTb a<jl<jleKTHBHOCTH HCKpOBOU 

Ka Mepbi oT napaMeTpa y E. T. 3KcnepHMeHTanbHbie TO'IKH xopowo onHcbiBaJOT Bbipa-

>Ke HHeM ( 5), B KOTOpOM npHHHTO f = 0,2 H 
CM3/2 

Ke= 0, 12a~MKCeK 

Ha p11c . 5 npencraaneaa CKopoCTb npeli<jla 3apHnoa KaK <jlyHKUHH ~ nnH 
·n; P 

cny'Ia H B03 !1YWHOT'O HanOnHeHHH HC~Q_BQ_~ KaMephi • BH!1HO, 'ITO CKOpOCTb CTaHo-

E 
BliTCH llliHe ltHOl! tPYHKUHel! V = J< u Y-f-• Ha'IHHaH C aenH'IHHbl llOllH "'1 a/cM.TOp. 3TO 

K 
u HBlle HHe x a paKTepHO !1ll51 npeli<jla HOHOB, Koa¢<jJHUHeHT nponopUHOHanbHOCTH 

( nonBH * HOCTb HOHoa) a aaweM cnyqae paaeH 
CM 3/2 

1 • 35 ;••Ee"K __ _ 
171 

4. K a K noKa3aHo a p a6ore , ape MSI na M SITH HCI<poaoli KaM e pbi MO* HO yMeHb-

WHTb, ecnH no6aaHTb K ra3y KaMepbi napbi aueroaa. MoneKynhi aueroaa, o6nanarom He 

3lleKTPOHHblM cpenCTBOM, 3aXBaTbiBaJOT CB060!1Hbie aneKTPOHbl H O'IHIUaJOT TaKHM 

o 6 p a 30M npOMe)!(yTOK. 113 KpHBOll, llOKa3 biBaJO!Ilel! 3aBHCHMOCTb a<jl<jleKTHBHOCTil npoMe• 

l i<y TKa OT 3anep>KKH BbiCOKOBOllbTHOT'O HMllyllbCa r , MO>KHO OUeHHTb Ce'IeHHe 

/5/ 
a n e KTpoaoa MOneKynaMH aueTOHa. CornacHo pa60Te 3axaaT aneKTpOHOB 3aXBaT a 

n poHCXOA HT npH TennoBhiX aHeprHHX. Ecna cpeAHHH CKOpOCTb aneKTpoaoa paaaa v- , 

TO npo6er AO 3aXBaTa Ka>KAOrO aneKTpOHa 6yneT L a <r • r, a Ce'IeHHe 3 axaaTa 

I 
a = -r::Jr", rne 

3 
N - 'IHCno MoneKyn aueToaa a 1 CM • B3liB aenH'IHHY H3 

pa6oTh/ 7 1, a y H3 Bbipa>KeHHll AllH cpenaeapH<jJMeTH'IeCKOli CKOpOCTH 311eKTp0-

HOB v = y S kT , nony'IHM aenH'IHHy Ce'!eHHH "m 
-20 2 

a • 3,4.10 CM 

AaTOpbi 6naronapHT H.M.fpaMeHHUKOro 3a MHOT'O'IHCneHHbie o6cylKneHHH, KacaJo

!ll He CH KHHe TH'IeCKOH T e OpHH ra30B, 

fl H T e p a T y p a 
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P11c. I. 

P yKonHCh nocTynHna B H3aaTenbCKHfi oTaen 

22 C9HTH6pH 1967 roaa. 

1 
[Ott~ 

0,~ I l 
o,z 

t t 0,1 

t f qos 
,as so 1S 100 ~i. 

!::;~:;:~;;0:0:~:~:~e~:a o~~H=:~~=~c JTnon<~:oc:~:::~::e 3::~:p:aHHe 
3<jll1p8 B CMeCI! . no OCH OpaHH8T - BenH'li!H8 + , COOTB9TCTByiOIU8H 3H8'19-
HHIO aneKTpl!'lSCKoro nonH 30 a/ CM. Top. CnnomHhiM KP.YlKKOM o603Ha'leHa ae
nH'IHHa _a_ anH 'li!CToro aproHa, B3HTaH 1!3 pa6oTbi/4/. p 
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PMc. 3. 3a BHCHMOCTb a cjlcjleKTHBHOCTH HCKposoro rrpoMe>KyTKa OT aMrrnaTyabi BbiCOKO-

BOnbTHoro HMrrynbca . 3KcrrepaMeHTa nbHbie TO'IKH: q
2 

- alUI oaaoro 

IIpOMe>KyTKa, '/I - ycpeaHeHH8SI a qxpeKTHBHOCTb rrapb! rrpoMe>KyTKOB. 
Cnnowaa SI KpHBaSI - pacqilT no cjlopMyne ( 6 ). 
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