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3~~eKTHBHOCTb perHCTpaUHH 38pB~eHHOH qaCTHUbl HCKpOBOH K8Mepofi 

OUeHHBaeTCB BepOBTHOCTb~ TOro, qTo qacTHU8 Ha CBOeM ITYTH B qyBCTBH

TenbHOM o6'beMe KaMepbl OCT8BHT XOTB 6bi OllHY napy HOHOB, B COOTBeTCTBHH 

c pacrrpeneneHHeM aepoBTHocTefi OyaccoHa sTo Bbipa~eHHe c yq~ToM napa

MeTpoa, OITpenenB~taHX pa3Mep 8~~eKTHBHOH 30Hbl d :3¢ ,naeTCB B BH)le/ 1/ 

77=1-exp[-n(d-d 1 ±du-uta)], (1) 

rne n - ynenhHas HOHHaauHs raaa; d - aenHqHHa aaaopa KaMepbii d u, 

U t 8 - HeS~~eKTHBHbie 30Hbl rrpoMe~yTKa, B03HHK8~IUHe B peaynbTaTe 

oqHtaa~taero )leHCTBHB ~pOHTa HMITynbCa ITHTaHHB H ITOCTOBHHOrO HaiTpB~eHHB 

V oq aa apeMB aanep~KH t3 HMrrynhca ITHTaHHBi d 1 orrpenenseTcs ycno-

BHeM PeTepa ad 1=20; a - rrepBbilt Koa~~HUHeHT HOHH38UHSJ TayHceHna; 

J~ CKopocTb npefi~a sneKTpoHoB a HarrpaaneHHH aneKTpHqecKoro rronH, 

~OpMyna (1) Tpe6yeT HeKOTOporo YTOqHeHHB, T,K, He COBCeM aepHO 

oTpa~aeT ¢HaHqecKy~ KapTHHy rrpouecca, qTo Harnsnno rrposanseTcB rrpH 

ouenKe a¢~eKTHBHOCTH KaMep c aenHqHHoit aaaopa d < 1 cM,/2,3/, PaccMoT

pHM CXeMy )leHCTBHH oqHIUa~taero ITOnH H8 KOnOHKy sneKTpOHOB, OCTaBneHHy~ 

nponeTeameit qacTHueit, 3neKTpOHbi, o6paaoaaHHbie anonh TpeKa a-a( pHc, 1 ), 

nelicTaHeM oqHma~mero nons cMetaa~TCH K rrono~HTenhHOMy sneKTpony Ha 

aenHqHHy u t 8 , paaMemascb anonb nHHHH a' -a ',H aaTeM nelkTBHeM ¢poHTa 

BbiCOKOBOnbTHOrO HMITynhC8 CMe!lla~TCH K nHHHH a''-a'' Ha BenlfqHHy du. 

OpH aToM aa cq~T oqHma~mero neficTBHH ~pOHTa HMrrynhca a¢~eKTHBHaSJ 

aoHa npoMe~yTKa Mo~eT Ob!Tb TonbKO yMeHbtaeHa, OpoTHBorrono~Hbie rronHp

HOCTH HanpH~eHHH V oq H V u no HeKoToporo MOMeHTa t 0 , orrpenenHeMoro 

H3 ycnOBHH 
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He, 1. CxeMa npeAcjla aneKTpOHOB B none O'IHIIl8JOIIlero aanpSilKeHHSI 

V O'l, V u p83HOflOIIS1pHbl9 1 6) V O'l , V u OAHOflOIISipHbl9o T,C, - TO'IK8 

pS1Mli9HHSI HCKpblo 
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ut 0 =d 1 +du • ( 2) 

coxpaHSIIDT KOnH'I9CTBO aneKTpOHOB B ~$eKTHBHOA 30H9 d ~ •• T,e, a$$eK-

THBHOCTb K8M9pb! OCT89TCSI H9H3M9HHOA JlO MOM9HT8 t 3 = t 0 • 

1J 
1 

= 1 - exp [ - n ( d - d 1- d ) ] 

npH t 8 :St 0 • 

QqeBHJlH0 1 Bb!p8>K9HH9 ( 3) COXp8HSI9T CHny II pH 

aneKTpOHOB B 9~9KTHBHOA 30H9 yMeHblli89TCSI: 

1J 
2 

= 1 - exp [- n ( d- u t 
8
)] , 

rrpH t 3·>t 0 • 

f1pH COBII8Jl8IDIUHX IIOnS!pHOCTSIX V oq H V u 

HOB H3 30Hbl d a$ COBII8Jl89T C 

1J
3

=1-exp[-n(d-d
1

- du-ut
8
)]. 

( 3) 

V oq= 0. EcnH KonH'I9CTBO 

(4) 

Bp9MSI y5Hp8HHSI 91I9KTpO-

( 5) 

BenH'IHHa d 1 orrpeaenSieTCSI KaK paccTOSIHHe, Ha KOTopoM aneKTpOHHaSI na

BHHa, HHHUHHpOB8HH8SI OTJlenbHhlM aneKTpOHOM 1 JlOCTHraeT KpHTH'I9CKOrO 

COCTOSIHHSI/4/, KonH'I9CTBO HOHOB B ronOBKe naBHHbl Oll9HHB89TCSI BenH

'IHHOA N = exp (ad 
1 

) • f1o oueHKe PeTepa anH Boaayxa rrpH aTMoc$ep

HOM Jl8BneHHH H JO% I19p9H8IIpSI>K9HHH ad 1= 18 + 20, 'ITO COOTB9TCTByeT 

8 N"' 10 HOHOB, LfaCTO 9Ty BenH'IHHy paCIIpOCTp8HSIIDT H· Ha HH9pTHbl9 ra3b!, 

3aMeTHM 1 'ITO 9TO Jl89T HyneByro ~9KTHBHOCTb K8M9p 1 H8IIOIIH9HHbiX H90HOM 1 

C B91IH'IHHOll: 3830pa 5 H 3 MM, nnSI HCKpOBbiX KaMep C 3830pOM d = 1 CM 

HMeroTCSI aKcrrepHMeHTanbHbie aaHHbie, rroaBOIIHIDIUHe oueHHTb N H d 1 I 1,5-7 I. 

f1pOCTbl9 pacq~Tbl IIOK813b!B8IOT1 'ITO LlnSI H90H8 IIpH 8TMOC$epHOM L18BneHHH 1 

H8IIPSI>K9HHH H8'1ana IIpo60SI V0 = 4000 B , CKOpOCTH Llpell:~a aneKTPOHOB 

U = 5,106 eM/ ceK H BpeMeHH 38II83Jlb!B8HHSI IIp060SI t = 0, 2,10-6 ceK 

a .d 1 = a u t "' 7 , 
3 

N ... 10 HOHOB, 
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Oohi'IHO HCKpOBbie KaMepbi paooTaJOT npH 100% nepeHanpsnKeHHH, T.e. 

6 
aneKTPH'IeCKoe none E = 8000 a/eM. npH aTOM u ... 8.10 eM ceK, t ... 

= 0,03.10-6 ceK. Tor.oa 

d 1 =ut,..0,24 CM 

ad 1 "' 10 

N ... 1o
4 

HOHOB 

( 6) 

BenH'IHHa d u aaBHCHT oT KPYTH3Hhi cppoHTa BhiCOKOBOnbTHoro HMnynbca 

11 MomeT OhiTb onpe.oeneaa no .oaHHhiM cMemeHHH paapsr.oa B MarHHTHOM 

none npH V O'l = Of 8/ • 06bi'IHO d H: 0,5 MM. 

cl>opMyllhi (3), (4) yKa3biB810T Ha H81lH'IHe nnaTo B 38BHCHMOCTH a¢¢eK

THBHOCTH KaMepbl OT l 
8

• npoTSI)KeHHOCTb nnaTO l 0 C Y'I~TOM ( 6) JlllSI HeOH8 

paBH8 

-6 
t 0 = ( 1,2 of 0,5)ol0 ceK. ( 7) 

QqeBHJlH0 1 to SIBnHeTCSI TaKme OUeHKOA MHHHManbHOrO pa3peW810Uiero 

BpeMeHH HCKpOBOA K8M9pbl C H90HOM1 'ITO fiOJlTBep)KJlaeTCSI Jl8HHbiMH pa6o

Tb/ 8/ ( pHc. 2). TaK KaK aenH'IHHa t 0 npeBbiWaeT annapaTypHyJO 3allepmKy 

B 3anyCKe K8Mepb1 0 TO BllHSIHHe 38JlepmKH t 
8 

H8 acpcpeKTHBHOCTb npaKTH'IeC

KH M81l0o 0TCYTCTBHe nopora t O B ( 5) Jl8eT OCHOB8HHe npeJlnOil0)KHTb0 'ITO 

a KaMepax c MallbiM aa3opoM paapewaJOiuee apeMH MomeT 6biTb nonyqeao 

MeHbWe npH DllHOnOnSipHbiX H8fipHmeHHSIX V O'l, V u • 

Pa6oTocnoco6aocTb KaMep a MarHHTHOM none npoaepeaa B pHJle aKcne

PHMeHToB/9, 10/ o noMHMO acpcpeKT8 CMeUieHHSI pa3pSIIl8 B CKpeUieHHblX IIOilSIX 

DTMe'lall8Cb TeHJleHUHH K nOBbillleHHIO acpcpeKTHBHDCTH perHcTpauHH '18CTHU/ 10,11/ • 

llnsr nony'leHHSI 38BHCHMOCTH acpcpeKTHBHOCTH OT BellH'IHHbl M8rHHTHOrO 

nonH H paCCMOTpHM BllHSIHHe ero H8 OCHOBHbie napaMeTpbi1 onpe,llellSIIO

WHe paooTy KaMepblo illlH pa3BHTHSI pa3pSIJl8 HeOOXOJlHM0 0 'ITOObl aneKTpOH 

B none BbiCOKOBOilbTHOrO HMnynbC8 H8 JlnHHe CBOOOJlHOro npo6era A npH

oopen aaeprHJO, llOCTaTO'IHYIO JlllH HOHH3aUHH ra3a. B CKpemeHHhiX nonsrx E 
H H aneKTpOH nepeMewaeTCSI no UHKIIOHJl81lbHOA TpaeKTOpHH/ 12/ 1 T,e. aaep

rug, IIpHoopeTaeMaH HM OT alleKTpH'IeCKOrO nonS!, orpaHH'IeHa BbiCOTOtl: UHK-

IIOIIJlbi 

h = 2 me 
2 E / e H 2 

, ( 8) 

6 

~ 
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Hso 140 k, lo 

(l'llt~U/ - o./8 .. li 0 ao2 

Puc. 2. 3aaHCHMOCTb aclxPeKTHBHOCTH KaMepbi, aanonaeaaol! aeoaoM, 

OT BpeMeHH 38ll9p)KJ(H npH pa311H'IHOM O'IH1118101U9M H8IIpSIJK9HHH/9/, 
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rne m, e - Macca H 3apHJl aneKTpoaa; e - CKopocTb cseTa. Cnenosa

TenhHD, npo6ow npoMe~yTKa B MarHHTHOM none BD3Mo~eH npH ycnoBHH A<h. 

TaK, no /lSHHblM/2,11 I B HeoHe rrpH u· = 8000 3 A = 1,5·10-4 CM << h = 
= 1,4•10-3 CM. BnHHHHeM MarHHTHOrO ITOJIH H8 rrapaMeTpbi d 

1 
H d u 

MO~HD npeae6pe~h, ~To cnenyeT H3 Manoro cMemeHHH pa3pHna npH Voq=O 

n: ycnoBHH A<< h • Korna V =O,cKopocTH HOHOB ra3a onpenenHJOTCSI Te M-
o~ 

nepaTypow aewTpanhHbiX MoneKyn. B pe3ynbTaTe npoueccos JlH~~Y3HH H pe-

KoM6HHaUHH KOJIH~eCTBO HOHOB no CJieJly ~8CTHUhl yMeHbWaeTCSI 1 a HOHHhlH 

cneJl '18CTHUbl pacnJibiB8eTCSio 

Dpn: H8JIH'IHH MarHHTHOrO nonSI K03¢¢HUHeHT JlH~~Y3HH HOHOB D JlJISI 

CKOpOCTeH HOHOB1 He COBn8Jl810WHX C HanpaBneHHeM noltSI H , yMeHblli8eTCSI 

H8 BenH'IHHY 

D(H)=DII 2 /11 2+w 2 , ( 9) 

rae W- ~8CTOT8 napMopa 1 a II - cpellHSISI '18CTOT8 B38HMOJ19HCTBHSI HOHOB 

c ra3oM. YMeHbwaeTCSI H KO~~HuHeHT npeHMymecTBeBBolt peKoM6HaauHH 1 

~TO CBSI38HO C cymecTBeHHO p83JIH'IHbiMH pailHYC8MH BpameBH51 9JieKTpOHOB 

H HOHOB. B pe3yJibT8Te BpeM51 naMSITH KaMepb! B03p8CT8eT 0 8 slj>cpeKTHB-

HOCTb ee 6yneT 

..... 77
4 
~H)= 1- exp [- n~t 8 ,H Hd -d 1-d)], ( 10) 

rae n (t 80 H)?: n. 

EcnH V0q~0, TO CKOpOCTH npelt~a HOHOB B H8Ilp8BJieHHH 9JieKTpH'IeCKOrO 

nonS! - vx H B aanpasneaHH seKTopa l E H]- v cooTseTCTBeaao 6ynyT paBHhi: 
y 

v = u v 2 I 11 2 + w2 , 
X 

V =UIIW/l/~+w 2 • 
y 

YMeHbllieHHe CKopocTH npew~a B aanpasneBHH ~neKTpH~ecKoro noJISI vx 

BeneT K nOBbiWeHHIO 9~eKTHBHOCTH K8Mepb! 0 paCWHpeHHIO nnaTO H yxynweHHIO 

BpeMeHHOrO pa3peweHHSI. 8TOT BbiBOJl nOJlTBep~aeTCSI 9KCnepHMeHT8nbHb!MH 

Jl8HHbiMH pa60Tbl/ 12/, nony'leHHbiMH C HCKpOBOH K8MepOH 1 HanonHeHHOlt renHeM, 

s MarHHTHOM none H = 13000 (pH c. 3). AaanorH~Hbie Jl8HHbie JlJI51 a eolia 

nony~eHbl 8BTOpOM C UHnHHJlpH'IeCKOH HCKpOBOH KaMepow B MarHHTHOM none 

H = 8000 9 ( PHC. 4). 

8 

l.o 

cal 

'l 
GAS 

"" 
G1 

, v~(IJ l-L------~==~-=~~~!_~~---.;~';c~·~~·;c;--.~-r.;~ I l I I - "' I _' j • 

PHCo 3. 3aBHCHMOCTb S<jlcjleKTHBHOCTH KaMepbl OT BeJIH'IHHbl O'IHU!8JOUiero 

H8IlpSI~eHHSI npH paanH'IHOA 38JlepJKKe/ 14/. HanonHeHHe: renHA + c2 H aOH • 
nyHKTHpHble nHHHH: H- 0. CnnoWHble JIHHHH: H - 13000 s. 
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Pnc. 4. 3aBHCHMOCTb scP!jleKTHBHOCTH KaMepblo aanonaeaaoll aeoaoM, oT 
BpeMeHH 3a):leplKKH npH pa3nH'IHOM O'IHI!laiOI!l9M HaflpSilK9HHH d "' 5 MM 0 

p = 800 TOp. nyHKTHpHble nHHHH! H = 0 • CnnoWHble nHHHH! H .. 8000 a. 

10 

4>opMynhi a<fl<fleKTHBHOCTH ( 3) .. ( 5) HCKpOBOA K8M9pbi 0 p800T810IIJeA 

B CKp9IIJ9HHbiX aneKTpH'19CKOM H M8I'HHTHOM nomiX0 C y'I~TOM ( 10) H ( 11) 

npHMYT BHil! 

T/
1
(H)='T1/H) 

npu t 8 2 t 0 

71
2 

(H)= 1- exp [- n ( t 8 , H )( d - v x t 8 )] 

npu t
8 

> t
0

• 

llnSI COBll81l810lllHX nonSipHOCTeA V O'l, V H 

71 
8 
(H) = l - exp [- n ( t 

8
, H)( d- d 1- d u - v x t 8 )], 

rae v = uv
2
/v

2 +w 2
• 

X 

( 12) 

( 13) 

( 14) 

AeTop Bhtp8)1(89T 6n8I'Oil8pHocTb C.M. Kopeaqeaxo 38 none3Hbie coeeTbi 

npu o5cy)I(Jl9HHH p850Tbi H B.C. CMHPHOBY 38 noMOlllb B p86oTe, 
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