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B HacTOR~ee 8peMR npogonmaeTcR ~HTeHC~8Hoe 3Kcnep~MeHTanb
HOe ~ TeOpeT~4eCKOe ~3y4eH~e np04eCCOB, npO~CXOAR~~X np~ ~H
>KeKl.\~~ penRT~8~CTCKOrO 3neKTpOHHOro ny4Ko 8 raa /1.2/. 

B gaHHO~ pa6oTe nposog~TCR nonyaHan~T~4ecKoe /c ~cnonbso-
8aH~eM rp~H08CKO~ $yHK4~~ gnR 3neKTp~4ecKoro nonR/ nony4~c
neHHoe /cosgaHa nporpaMMa AnR peweH~R Ha 3BM ypasHeH~~ AB~me
H~R KpynH~X 4aCT~4/ pacCMOTpeH~e 83a~MOge~CTB~H ny4Ka 3neKT
p0HOB C OCTaT04H~M ra30M B orpaH~4eHHO~ 4~n~HAP~4eCKO~ KaMepe. 

np~HRTW~ nogxog no380nReT onpeAen~Tb cTeneHb sn~RH~R pas
n~4Hwx $aKTopo8 Ha o6paaosaH~e 8~pTyanbHoro KaToga /BK/, cKo
pocTb AB~meH~R ¢pOHTa ~OH~3al.\~~ ~ yCKOpeH~e OTgenbHWX npo6HWX 
~OH08 ra3a. 

np~ ~HmCKl.\~~ ny4Ka B BaKyyM 83a~MOAe~CT8~e 4aCT~l.\ ny4Ka 
c ~x "~ao6pameH~eM11 8 MeTann~4ecKo~ aHOAHO~ ¢onbre /RBnRIOI!le~
CR OAHO~ ~3 TOpl.\OBWX CTeHOK KaMepw/ ~ 8neTe8W~M~ paHee B Ka
Mepy llaCT~l.\aM~ np~BOA~T K npOgOnbHOMy 11 3afl~paHV110 11 ny4Ka ~ o6-
pa30BaH~IO BK. 3T~M 83a~MOAe~cT8~eM onpeAenReTCR 8 HaweM cny-
4ae Kp~T~4eCK~~ TOK. 

B HaCTOR~~x pac4eTax oKaa~saeTcR, 4TO o6HapymeHHoe 9/8/ 

OC4~nn~po8aH~e nonomeH~R BK He 8n~ReT cy~ecT8eHHO Ha sen~4~

HY HanpRmeHHOCT~ 3neKTp~4ecKoro nonR ~ pacnpegeneH~e paaHOCT~ 

noTeH4~anos MemAY ¢pOHTOM ny4Ka H aHOAHO~ ¢onbro~. Bwga4a AaH
HbiX npuBOAHnacb C waroM, B peanbHOM BpeMeHH COOT8eTCT8YIO~~M 

1D- 12
c, ~ Ha6niOgancR noTeHt.~HanbHW~ 6apbep c rny6~Ho~, cooTBeT

CT8yiO~e~ 2-KpaTHO~ 3Hepr~~ 3neKTpOHOB. 

B cny4ae ~HmeKl.\HH ny4Ka B raa Y4HTwsanacb 3a8HCHMOCTb cc4e
HHR ~OHH3al.\~H aTOMOB raaa OT CKOpOCT~ 3neKTpOHOB ny4Ka /npH 
TOpMomeH~~ 3neKTpOHOB B OKpeCTHOCT~ o6pa3yiO~eroCR BK HX CKO
pOCTb MOmeT yMeHbWaTbCR AO Ve- 5•10 8 CM/C, np~ TaK~X CKOpOCTRX 
3¢¢eKTH8HOe Ce4eH~e ~OH~3al.\~~ aTOMapHOrO ~ MOneKynRpHOro BOAO
poga 6onee 4eM Ha ABa nopRAKa npeswwaeT cooTBeTCTBYIOIJlee ce4e
H~e AnR penRTHB~CTCKV1X 3neKTpOHOB140. 

npHBOARTCR rpa¢~K~ Ha4anbHOrO 3Tana HaKonneHHR HOHOB,nnoT
HOCTH ny4Ka flpH ~HmeKl.\HH B BaKyyM H B raa. 

npHHRTaR MOAenb fl03BOnReT perynHpOBaTb ¢pOHT HHmeKTHpyeMo
ro ny4Ka. B nporpaMMe npeAYCMaTp~saeTCR B03MOmHOCTb nepeHoca 
npo4ecca HHmeKl.\~H B cneAYIOIJlYIO aHanor~4HYIO KaMepy. 
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MareMaTH4ecKaH MOAenb npo~eccos BHYTPH APe~~oso~ KaMep~ 
CTpOHTCFI Ha OCHOBe 11 CaMOCOrnaCOBaHHOr0 11 KBa3HCTaTH4eCKOrO 
npH6nHmeHHR. B raKOM npH6nHmeHHH o6~4HO npHHHMaDT, 4TO ABHme
HHe 4aCTH~ 3neKTpOHHOrO ny4Ka onpeAenneTCH nHWb 3neKTpH4eCKHM 
noneM, 3aBHCFI~HM, B CBOD 04epeAb, OT pacnonomeHHFI CaMHX 4aCTH4 
B AaHH~~ MOMeHT BpeMeHH. T.o., ypaBHeHHH ABHmeHHH 4aCTH~ pe
waDT COBMeCTHO C ypaBHeHHeM nyaCCOHa AnH noTeH~Hana. npaBaH 
4aCT.b ypaBHeHHFI nyaccoHa B KamAbl~ MOMeHT BpeMeHH t HaXOAHTCH 
~aK nnoTHOCTb aapHAa B nony4HBWeMCH pacnpeAeneHHH 4aCTH~. Co6-
crseHHoe MarHHTHOe none ABHmy~HXCFI 3apHAOB He Y4HT~BaeTCFI. 

PaAHanbHaH creneHb cso6oA~ Aanee npeAnonaraeTCFI cra6HnHaH
posaHHO~ HanO>KeHHbiM nOCTQ.FIHHbiM MarHHTHbiM noneM. 

HHmeKTHpyeM~~ a KaMepy penRTHBHCTCKH~ ny4oK MOAenHpyeTcR 
B BHAe nocneAOBaTenbHOCTH cryCTKOB /KpynH~X 4aCTH~, HMeD~HX 
~OpMy 6ecKOHe4HO TOHKHX AHCKOB paAHYCa b C nOCTOHHHO~ nnor
HOCTbD aapHAa, aanycKaeM~X B KaMepy CKB03b TOp~OByD CTeHKy 
(z=OO 4epea pasH~e npoMe>KyTKH At speMeHH c nocTOFIHHO~ cKo
pocTbD v 0 /. 

PacnonomeHHe KaMep~ /t HAeanbHO npOBOAH~HMH CTeHKaMH/ OT
HOCHTenbHO CHCTeM~ KOOpAHHaT H 0603Ha4eHHe pa3MepOB AaH~ Ha 
PHC. 1. 
~pManbHO pacnpeAeneHHe aapRAa crycrKa c HOMepoM i(i=1,2,3 .. ), 
nonHbiM aapHAOM Qj = eNi /rAe Ni - nonHoe 4Hcno 4aCTH~ s crycr
Ke, e - aapRA 3neKTpOHa/ npeACTaBnHeTCFI B~pameHHeM 

pJ. =p
0

J. o(z -x.(t))[O(r)- 0 (r-b)]. p "'_QJ_ /1/ 
J Oi rrb2' 

0 (,;-) - eAHHH4HaH ~yHK~HH. 
YpasHeHHe AnH noreH~~'ana <l> a cny4ae, KOrAa BHYTPH KaMepbl 

BaKyyM, HMeeT BHA 
1 a a<I> a:?.<J> 

-

-- -'--(r --) + --- =-4rr 2: 
r a r a r a z2 j 

/2/ p
0

. o(z-x.(t))[O-(r}- O(r-b)]. 
J J 

~ CyMMHposaHHe a /2/ ~acnpocr-
T paHeHO no TeM HOMepaM ], AnFI KO-

mll f 
a:::5'cl't TOpbiX COOTBeTCTB~D~He 4aCTH~bl 

D -:.3 L B paccMaTpHsaeMb~H MOMeHT speMe-
- Q.._ Cl'1 HH t HaXOAHTCFI BHyTpH KaMepbl. 

~ EcnH AO H~~eK~HH ~ KaMepe 
HaXOAHnCH HeHTpanbH~H raa, 10 
He06XOAHMO Y~HT~BaTb ero HOH~~ 
3a~HD ny4KOM /sneraD~HMH crycr

....f'.l(+l fi !z . _, 
KaMH/ H B /2/ AOnmeH 6~T~ A0-
6asneH. • BKnaA OT nhOTHOCTH a'a

PRAa, o6~cnosneHH~~ B03HHKaD~H-
PHc.l MH HOHaMH H BTOpH4H~MH 3neKTpo-

2 

,. 

. ... . 

HaMH. HHme C4HTaeTCFI, 4TO Macca POAHBWHXCFI HOHOB HaCTOnbKO 
BenHKa, 4TO B npo~eccax, pa3BHBaD~HXCFI B KaMepe, HX ABHmeHHe 
MO>KHO He y4HTwsarb. Ao B03HHKHOBeHHF1.3Ha4HTenbHO~ creneHH KoM
neHca~HH HOHaMH aapRAa 3neKTpOHHOrO ny4Ka He Y4HTbiBaeTCH Ta~>Ke 

BnHFIHHB aapRAa POAHBWHXCH BTOpH4HWX 3neKTpOHOB•. 
AnR pac4eTa nnoTHOCTH o6paayD~HXCFI npH HOHH3a~HH HOHOB o6w4-

HO HCnOnb3YDT ~OpMyny 

ani -Da(V)V·n8 , --- - g at /3/ 

rAe ng- nnoTHOCTb He~rpanbHoro raaa, a(v)- ce4eHHe HOHHaa
~HH, ne- nnOTHOCTb 3neKTpOHOB B ny4Ke, V- OTHOCHTenbHaFI CKO
pOCTb 3neKrpoHOB H MoneKyn rasa. B paccMarpHsaeMoM cny4ae a 
COOTBeTCTBHH C /1/ 

ne = L 2: p .o[z.o.x. (t)][ O(r)- O(r-b)]. 
e i OJ J 

/4/ 

BMecro v BBHAY 11 HenOABH>KHOCTH 11 pOAHBW~1XCFI J.<lOHOB s /3/ 6yAeT 
CTOHTb COOTBeTCTBYD~aFI CKOpOCTb 3neKTpOHOB. AnR ynpo~eHHFI y4era 
pe30HaHCHOrO BKnaAa B Ce4eHHe HOHH3a~HH Aanee Ce4eHHe a C4HTa
eTCH KyC04HO-nOCTOHHHO~ ~yHK~He~ v: 

a(V)= J at ' 

l a2 • 

O<lvl<vs 

lv I~ Vs • 

/5/ 

rAe ~ ,at , a 2 - KOHCTaHTW /B KOHKpeTHWX BW4J.<1CneHHHX npHHHMa
nOCb V

8 
-Q,l·C, a nOCTOHHHble Ce4eHHR at= 2•10-t 7 ,a2 =.1Q-t8cM 2

/. 

nocne y4eTa CAenaHHWX aaMe4aHH~ /3/ npHHHMaeT BHA /T04KO~ 
o6oaHa4eHo AH~~epeH~HposaHHe no t I 

ani ng • • 
--- = - l Po. a (xJ. ) lx J. I 0 (z-xj. (t)) [ 0 (r)- e (r-b) J • 
at e j J . 

/6/ 

3aMeTHB, 4To 'xa(z-x(t))=-1-[e(z)-O(z-x(t)]. 
/5/ ~YHK4HD dt 

1-<1 BBOAH BMeCTO 

. . . 
8

0 
(x) = a (x) sign (x), 171 

MOmHO npOHHTerpHpOBaTb /6/**, nycTb AnH cryCTKa C HOMepOM 
MOMe~Tbl Bpe.MeHH tj • , tj , tJ COOTBeTCTBYDT 3Ha4eHHD CKOpo
CTH Xi =V 8 , Xj =0 , Xi c-V8 /eCnH TaKHe CKOpOCTI.-1 B np04ecce 

*Ao rex nop, noKa none E a 30He 3neKrpoHHoro ny4Ka Aocra
T04Ho BenJ..1KO, 3TJ..1 3neKTpOHW 6wcTpO yXOAHT 1.-13 o6~eMa ny4Ka K 
CTeHKaM KaMepbl. YcnOBHO C4J..1TaeM, 4TO TaKJ..1e 3neKTpOHW HMBDT Hy
nesy~ Macey. nocne yMeHbWeHJ..1H ~ BTOp!.-14HWe 3neKTpOHW He06XOAHMO 

Y41-1TbiBaTb. 
**CM. npr..1no>KeH1.-1e. 
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ABHMeHHR 3TOR 4aCTH~~ AOCTHra~Tc~l. TorAa nocne HHTerpHposa
HHR 161 no BpeMeHH AflA nJlOTHOCTH HOHOB nOJ1Y4HTCR BWpameHHe: 

n • 
n. (t, r, z)"' ~-[ ()(r)- e(r-a)] l L p . a (xJ. (t))[ ()(z)- ()(z- X J.(t)) ]-
] e j OJ o 

"' [ "') +. ··+ -..<. p. (a -a)..<. (()(z -O(z-xJ.(tJ.)))Sign(x.(t. ))+ 
j OJ 2 1 + J J 

tl 181 

+ 2a1 i: (O(z)-O(z-x; WJ· )))sign(x. (t': ))+ 
t'? • J J 
J 

+ (a 2 - a 1 ) L (O(z)-O(z-x. (t-:-)))sign(x.(t-:- ))]!. 
t- J •J J J 

j 

8 181 CyMMHpOBaHHe no j COOTBeTCTByeT HOMepaM TeX 4aCTH~, KO
TOpwe K MOMeHTy t 6wnH aany~eHW B KaMepy IHeCMOTpA Ha TO, 4TO 
K 3TOMY MOMeHTY HeKOTOpWe H3 HHX MOrnH yme BWRTH H3 KaMe-
pwl, a BHyTpeHHHe cyMMW OTHOCATCR TOJlb~O K TeM H3 4aCTH~, y 
KOTOpWX aa 8peMA OT MOMeHTa aneTa B KaMepy H AO MOMeHTa t CKo
pOCTb ABHmeH~R npHHHMana 3Ha4eHHR nH6o V8 , nH6o Hynb, nH6o
-~, HflH, 6WTb MOmeT, BCe 3TH 3Ha4eHMA. 

~TaK, npH y4eTe HOHH3a~HH, npOH3B0AHMOR ny4KOM, cneAyeT 
BMeCTO 121 pewaTb ypaBHeHHe 

6<l>;-4rre(ni -ne ), 191 
rAe lle , lli onpeAenA~TCFI COOTBeTCTBeHHO M3 141, 181. 8 060HX 
cny4aRx <I> AOnmeH YAOBJleTBOpFITb rpaHH4HOMy ycnosH~ 

<1>12: ;Q 1101 
( :£ - BHyTpeHHFIFI nosepXHOCTb KaMepbi) • 

npasaH 4aCTb ypaBHeHHA 191 IHnH 1211 RBJlHeTCH H3BeCTHOR 
$yHK~HeR OT r , Z 1 napaMeTpH4eCKH 3aBHCH~eH OT speMeHH 4epe3 

Q>yHK~HH xj (t). 3TH Q>yHK~HH noAne>KaT Aanee onpeAeJJeHH~; OAHaKo, 
He YT04HHFI noKa napaMeTpH4eCKy~ 3aBHCHMOCTb OT t, AflH KamAOro 
MOMeHTa BpeMeHH MOmHO HanHCaTb FIBHO peweHHe AflH $, ecnH BOC
nonb30BaTbCFI paanomeHHeM <I> no co6cTBeHHWM Q>yHK~MAM o6nacTH V, 
COOTBeTCTBY~QeR BHyTpeHHOCTH KaMepw. nony4HTCFI: 

c/J E (r,z) c/J E (r ',z ')_ 
<l>(t,r,z);e ([n

0
(r',z',t)-nj(r',z',t)] 2: - m 2~--dV'. v' E,m=l c-Jr, 

Co6cTseHHble QlYHKl~MH c/J Em , YAOBneTBOpHIOQHe ;cnosM~ I 1 01, 
BHA 

2J2c JoCver/a). mrrz vo2 mrr2 
cP£ ; --.:::z:- '---.---Slll---, CLI£ = CV(-"'-) +(---). 

m a .Jh J 1 (v£ ) h • m a h 

V£, (£ =1,2,3.)-- KOpHH ypasHeHHFI J O (~)=0, C - CKOpOCTb CBeTa. 

4 
~ 

1111 

HMe~T 

1121 

Y4HTWBaFI 121, 181, 1121, MOMHO BWnOnHHTb HHTerpHposaHHe 
nor' ,z' s 1111. B peaynbTaTe s BbipameHHe AnA <I> BOHAYT 

+ 
CYMMbl no j , (t J, tj ) , m, f • npH 3TOM BHyTpeHHeH CYMMOR MOmHO 
CAenaTb CYMMY no f. 3ya. CYMMa OKa3biBaeTCFI BHAa 

J
1 

<vr b/a)J0 (ve r/a) 
e (r) "' 2. -------------

m £,1 vn J 2 (vn )[(..!:L)2 + (El-.!!l j 
t 1 t a h 

H npHBOAHTCFI K KOHe4HOMy BWpameHM~, ~M~ 5 ~ 

1131 

e ; ~~ ~- _!1_1 (E2.!:!)A l J\rK 1 (!!1.1l'..!)+K 0(-~)I1 ·(~)II0 (lll....!!l!.) 
m 2rrb rrm2 m 0 h m ' h h h h 

1141 

lnpH r 5,. b I. TaKMM o6pa30M' ABORHaH CYMMa ( e ,m ), npespaQaeTCR 
B OAHHapHy~ (m). 

npH BW4HCneHMH <l> , E H CHn, AeRcTBY~Il\MX Ha OTAenbHWe crycy
KH, YA06HO y4eCTb, 4TO nonHaH BenH4HHa <l> ,E B KaKoR-nH60 T04-
t<e (r, Z) B MOMeHT t o6paa:,ceTCH M3 BKnaAOB, C03AaBaeMbiX OTAenb
HbiMH crycTKaMH, T.e. npeACTaBnHeTcH 11 HCToKoo6paaHo". EcnH x(t)
nonomeHHe TaKoro HCT04HHKa, TO HeOGXOAHMaH AnA BW4HCneHHR CHn 
nap~HanbHaFI cocTaBnfmll\aFI nonA Ez a T04Ke (r,z), coaAasaeMaH 
HCT04HHKOM lc y4eTOM npOH3BeAeHHOR npH ero ABHmeHHH HOHH3a
~HH~ BWpamaeTCFI QlOpMynoA IQ>aKTH4eCKH QlYHK~HeR rpHHal: 

. 4Q ' 8Q "" mnr mrrz . m x 
{

-x/h z>x } · 
E 2 (r,z,x(t)).,-- +---2:Amlo(--)cos---· sm-TJ...!!+ 

b 2 1-x/h, z<x bh m=1 h h h 

8n.,.Q ":' 1 h mrrr A ] m"z! • [ ]( m77 x + _ _..._,2 -[--bla(--) m cos-- a
0

(x) ()(z)-O(z-x) 1-cos--
1 

-)-
77b2 m"'tm2 rrm h h l 

+ 
•• + mrrx(t ) + 1151 

-(a -a ) 2 sign(x(t ))(1-cos---)[ O(z)-O(z-x(t )))-
2 1 t+. h 

..., . •• 0 mrrxft
0

' [ o )1 -2a 1 ..<. Sign(X (t ))(1-cos---.l.:....l.-) 0(z)-0(Z-X(t) -
to • h 

-(a -a )2. sign(x(t-))(1-cos-r:!!.E..!.(Ll_)[e(z)-O(z-x(t.-))] l. 
2 1 t- h 

8 1151 nOFIBHJlCFI pa3pWBHWR 4neH, COOTBeTCTBy~~MA CKa4Ky co
CTaBnFI~~eA Ez npH nepexoAe 4epea nnocKOCTb HCT04HHKa lcryc
ToK-AHCK HBnFieTCFI 6eCKOHe4HO TOHKHMI. npH nepeXOAe OT 1111 
K npoHHTerpHposaHHOH Q>opMe c y4eTOM 1141, B swpameHHH AnA ~ 
4neH HaHHH3Wero nOPHAKa CXOAHMOCTH no m Bbipa>KaeTCFI PFIAOM 

1 J.sin ~sin~. 
m=t m2 h h 

KOTOpwA Henb3H n04fl8HHO AM$¢epeH~HpOBaTb 

no z, xoTR 3To Heo6XOAHMO npH Bbi4Hcnei-tHH E z· 0AHaKo PHA csopa-
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4111BaeTCFt K HeKOTOpo?\ <!JyHKL\111111 f(z), IIIMeiOllje?\ pa3pbiBHyiO npOIII3-

BOAHYIO. nplll A111$<!JepeHL\IIIPOBaHIIIIII 3TO?i <!JYHKL\111111 Ill nOFtBfiFteTCFt B 
1151 paap~BH~A 4fleH~ 

C111na, AeAcTByiO~aFt Ha crycTOK c HOMepoM i co cTopoH~ nonFt 
1151, nony4aeTCFt nocne B~4~t~TaHMFt s~pameHMR 

J pi (z,r,xi (t))Ez(r,z;xj (t))d\1':: j= (xj ;xi), 
v 

rAe Pi onpeAenFteTcFt no <!JopMyne 111. 
B~4McneHMe 1161 AaeT: 

1161 

4Q·Q· j= (x. ;x . ) = -!..::!l.::!l. 
J 1 b2 { 

1-xi /h, 

-xj/h 

xj.<xi} !_6~. ~ Am1
1 
(~~x 

+ rrb2 m=1 m 
x j >xi 

mrrX· . mrrxi 16ngQi Qjh "" 1 1 mrrb m"xi 
xcos--l. sm--- + ----- ~ --[--1\ 1

1
(--)]cos --- x 

h h rr2 b2 m=1 rn2 2 n h h 

• mrrx j 
x !a0 (xJ.)(1-cos--)-(a

2 
-a

1
) I 

h t-1: 
J 

. •• + ffi11X· (t~ ) 
s1gn (x /t J ))(1- cos -~.:...!.--) 

h 

"' .. . mrrXj(t)} "' .. _ 
-2a1 "" sign(x.(t?))(l-cos-- -)-(a

2
-a

1
·)"" sign(x. (t. ))x 

t~ J J h t":" J J 
J J 

ffi11X· (f":') 
x (1-cos --~-)!. 

h 
1171 

neps~A 4fleH B <!JHrypHO?i CK06Ke Ill cneAyiOlljaFt sa HMM cyMMa eCTb 
BKJlaA HenocpeACTBeHHOrO CVIfiOBOrO BSaVIMOAeHCTBVIFt cryCTKOB i,j 
Ia saKyyMe, HO c y4eToM cTeHoK KaMep~l. OcTanbH~e ~neH~ B03HVIK-

11VI sa C4eT ~t~OH1113a4VIVI, npo~t~aseAeHHoA crycTKOM c HOMepoM j. B cny-
4ae i=l <!JopMyna 1171 ynpolljaeTCFt. BMeCTO paap~sHoro 4neHa 

4Q2 1 xi 
nOFtBJlFteTCFt 4JleH -• --( --- --). 

h2 2 h 
nonHaFt CMna, AeHCTByiOlljaFt Ha i -A cryCTOK B MOMeHT ~ onpeAenFt

eTCR CYMMHpOBaHHeM no BCeM HOMepaM j cryCTKOB, HHmeKTMpOBaHH~X 

K 3TOMy MOMeHTy B KaMepy. B TOM CJ1y4ae, ecn~t~ HeKOTOp~e cryCTKH 

y>Ke nOKV1HYI1M KaMepy l4epea TOPL\OBble cTeHKII! , z =0, z .. h I, 4neHbl, 
COOTBeTCTBYIOlljHe HX HenocpeACTBeHHOMy B3aii!MOAeHCTBHIO C i -M 

CryCTKOM, AOflmH~ 6~Tb VICKJ1104eH~ H3 1171. 0AHaKO BJlHFtHVIe npOHS-

* To4HO TaK me HeJ1b3R 6bi110 6bl no4neHHO AM<!J<!JepeHLIHPOBaTb VI 
ABOAHoA PFtA nocne HHTerpV!posaHMFt s 1111. Ho HenocpeACTBeHHOe 

BblgeneHHe oco6eHHOCTH s ABOHHOM P.AAe 6biJlO 6bl cnomHee. B 3TOM 

OT4aCTH aaKJli04aeTCFt CM~cn npeo6paaosaHHFt 1131-1141. 
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BeAeHHOH B~JleTeBWII!MM crYCTKaMVI VIOH~t~3a4VIH OCTaeTCFt, n03TOMY 

OCTaJlbH~e 4JleH~ B B~pameHMRX TMna 1171 AOJlmH~ YAepmHBaTbCR 

H nbcne BbiXOAa COOT8eTCTBYIOl4ero VICT04HHKa H3 KaMepbl. 

CHcTeMa ypasHeHHA ABHlKeHHFI crycTK08 Ha k -M 3Tane (t k=k·fit, 

tk .s t .!>,t k+ 1 ), T. e. nocne aanycKa k crycTK08 s KaMepy, HMeeT 

8HA 

d k 
Mi--(y. x.) .. I j=(x.;x 1), 

dt 1 1 j=l J 
i = 1,2, ... k, 1181 

rAe Mi = m0N. - 'Macca i -Toro crycTKa I· m0 - Macca 3JleKTpoHa/, 
2 !1 1 • 

Yi =(1-{3i )-n' l3i .x. /c. 
K ypa8KeHHRM I1BI A06asnRIOTCR ypasHeHHR A8HlKeHMFt HeKoTopo

ro KOJ111!4eCTBa 11 npo6HbiX HOHOB 11
• npo6Hble HOHbl TOlKe npeACTa8J1R

IOTCFt B BHAe 4aCTHL\-AHCKOB, 4TO HeCKOJlbKO yMeHbWaeT rpOMOSA

KOCTb BblpameHHH A11R AeHCT8yiOlljii!X Ha HHX CMJ1, CTaHAapTM3VIpyR 

nocneAHHe. OgHaKo AfiR npHBeAeHMR 8 cooTBeTCTBHe co cny4aeM 

T04e4HbiX HOHOB 8 Macey np06HbiX VIOHOB npH 3TOM He06?<0AVIMO BBec

TH nonpaB04H~e K03¢$Hl\HeHT~ nopFtAKa HeCKOJlbKHX eAHHHL\. 

II 

~3J10lKeHHaR aHaJ1HTH4eCKaR MOABJ1b peaJ1H30BaHa 8 nporpaMMe Ha 

R3b1Ke <!JopTpaH AI1R 3BM CDC-6500 H cocTOHT H3 12 noAnporpaMM. 
AHaJlH3HposanoCb HeCKOilbKO CJly4ae8: HHlKeKL\HFt ny4Ka 8 BaKyyMHYIO 

KaMepy, HHlKeKL.IHFt ny4Ka B KaMepy C raSOM, KpOMe TOrO, AOnOJ1HH
TeJ1bHO npocnelKH8afiOCb ABHlKeHHe HeKOTOporo 4HCJ1a np06H~X HOHOB. 

npeAYCMOTpeHO, 4TO KpynH~e 4aCTH4~ MOryT HMeTb pa3H~e 4HC

na 3JleKTPOHOB. T.o., MomHo <!JopMHposaTb ¢poHT ny4K~. 
npeAYCMOTpeHO 11 8biKJ1104eHio1e 11 4aCTI-11,\, BbiWeAWHX H3 KaMepbl. 

B MOMCHT BWXOAa 4aCTHLI~ M3 KaMep~ aanOMHHaeTCR ee CKOpOCTb, 

a TaKme npOH3BeACHHaR e10 HOHH3a4MR. B03ACHCTBHC caMoA 48CTH-
4~ ~a OCTaJ1bH~e 48CTHL\~ C 3TOrO MOMeHTa He Y4HT~BaJ10Cb. 

B npo4ecce c4eTa nporpaMMa B~AaeT cneAYIO~YIO HH<!JOpMal\HIO: 

11 4HCno BC~X ~anylljeHH~X 4aCTHL\ H HOMepa 4aCTH4, HaXOAB~HX

Cfl 8 KaMepe 8 AaHH~H MOMeHT. 
21 KoopAHHaTbl H cl<opocTH scex 113neKTPOHOB 11 H npo6Hb1X ' 1 1~o-

H08 11
• 

31 nnoTHOCTb 3JlCKTPOHHYIO Ill HOHHyiO, $ ,Ez• Ha HeKOTOpO~ pae
HOMepHOA CeTKe no Z (Q :> Z .S:, h) 11 AOnOnHHTeJlbHO aaBV!CHMOCTb 

$ , Ez OT paA11yca r (O~r .$b). 
~HTerpHpOBaHHe ypaBHCHHA ABHlKeHHR 4aCTHL.I 1181 H npo6HWX HO

HOB npOI13BOAI1110Cb CHa4ana AfiR onpeAC11CHHFI nOPRAKa T04HOGTH Me

TO~OM MepcoHa 101 , a aaTeM AI1R 3KOHOMHH epeMeHH c4eTa 6~na co
cTasneHa HoBaR nporpaMMa no MeTOAY PyHre-KyTTa 4eTeepToro no

P.AAKa. 
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4~cno ypaBHeH~~ 8 C~CTeMe /18/ B03paCTaeT B npo4eCCe CYeTa 
~3-3a ~HmeK4~~ HOBWX YaCT~4· 

OgHaKo YaCTb 4acT~4 swneTaeT ~3 KaMepw. ~TOT $aKT ~cnonb-
3yexcR AnR peAYKL\~~ Y~cna ypasHeH~~ a /18/. HMeHHO s AaHHW~ 
MOMeHT ~HTerp~py~TCR TOnbKO Te ypaBHeH~R 8 /18/, KOTOpWe co
OTBeTCTBy~T HaXOAR~~MCR ~ KaMepe YaCT~4aM, a B npaB~X YaCTRX 
ypaBHeH~~ BKnaAbl, COOTBeTCTBy~~~e BblneTeBW~M llaCT~4aM, ~CKn~
Ya~TCR. 3T~M AOCT~raeTCR 3Ha4~TenbHaR 3KOHOM~R speMeH~ CYeTa. 

np~ BWYHcneHH~ npaBWX 4aCTe~ ypaBHeH~R ABHmeHHR pa3pWBHaR 
$yHK4~R B BWpameH~RX T~na /17/ 3aMeHReTCR KOHe4HWM OTpe~KOM 
ee PRAa C!>ypbe*: .?_ £ _t cos !!~2l. sin E}J.0,, H o6beA~HReTCR c no-rr m=l m h h 
cneAy~~eR TpHrOHOMBTPH4eCKOC1 CYMMO~ B 3TOM BwpameH~~. B pe-
3ynbTaTe 3T.OrO K03$$~4~eHTbl, 3aB~CR~~e OT ¢YH~4~~ 6eccenR 1 Mom
HO Bbi4HCnRTb TOnbKO OA~H pa3 3a Bee apeMR HHTerp~p<jfaHHR. ,[la-
Jl,f;!e, ace abJpameH~Fl T~na /7 I caOARTCR K cyMMaM B~Aa I ak sin kx, J\ k~l I bkcoskx, KOTopwe aw4HCnR~TCR no MOAH¢H4HpoaaHHWM HaMH k=t 
sap~aHTaM 3KOHOM~4HbiX anropHTMOB 111· np~ 3TOM AnR Bbi4HCneH~R 
yKa3aHHWX CyMM np~XOAHTCR o6pa~aTbCR K CTaHgapTHWM nporpaMMaM 
Tp~rOHOMeTp~4eCK~X $yHK4H~ TOnbKO OAHH pa3. TeM caMWM gOCT~
raeTCFl no MeHbWeR Mepe TpeXKpaTHaR 3KOHOMHR MaWHHHOro spe~eHH. 

8 nporpaMMe KYC04Ho-nocTORHHY~ $YHK4H~, H306pa>KeHHY~ Ha 
PHC. 10, annpoKCHM~pyeM 4aCTH4HO~ CYMMO~ ee PRAa Cl>ypbe; 

· 2 "" 1 krrvs k kx ao(x),.- .... -k[(a2-a1)cos(---)+a1-a2(-1) lsin(E_-), TT k=l C C 

6onee BWCOKO~ T04HOCTH H 3KOHOM~H BpeMeH~ MO>KHO gOCTH4b, eCnH 
AnR 3Toro PRAa nocTpOHTb TPHrOHOMeTpHYeCKHe annpoKCHMaHTbl 
nage/8/, 4TO ~ npegnonaraeTCR 8 ganbHeC1weM. 

III 

Co3AaHHaR nporpaMMa 6b1na HCnbJTaHa s HeKoTopbJX npo6HbiX pac-
4eTax gnR CJiy4aR KaMepbl C pa3MepaMH h = 1 0 CM, a=· 5 CM H ny4Ka 
c pag~ycoM b= 3 CM. H~me np~aogRTCR pe3ynbTaTw 3THX pac4eTOB. 

np~ BbrneTe ny4Ka H3 aHOAHO~ $onbr~ a cso6ogHoe (h=oo, a = oo) 
npoCTpaHCTBO 4aCT~4W Ha4HHa~T TOpM03~TbCR 3a C4eT B3a~MogeA
CTB~R CO CBOI·1M 11H306pameHHeM 11 8 aHOAHOC1 $Onbre H 4aCT~4aMH, 
swneTeBWHM~ paHee. C~na TopMo>KeHHR nponop4~0HanbHa 4~cny 4ac
T~4 B OTgeJibHOM crycTKe /paCCYHTWBan~Cb BapHaHTW, np~ KOTOpWX 
Kamgw~ crycToK cogep>«an oT 10 8 go 10 14 4aCTH4, $

0 = 0,9, ~HTep-

*TaKHM o6pa30M, Ha CaMOM gene npo~CXOA~T HeKOTOpOe 11 pa3Ma-
3biBaH~e11 KpynHbiX 4aCT~4 no KOOPA~HaTe Z . 
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San 3anycKa YaCTHL\ ~Z=0,2 CM, 4TO COOTSeTCTByeT TOKy ny4Ka OT 
2, 4 A go 2, 4 MA/. 4acT~L\bl c Ne > 10 11 Ka>KAbiH pa3 ocTaHasn~san~cb, 
pa3n~4HOC1 6brna n~wb Aii~Ha TopMomeH~R. TopM03~JiHCb see 4aCT·~-
4W ny4Ka, s TOM 4~cne ~·np~Hagnema~~e ero $poHTy, HeCMOTp~ Ha 
TO, 4TO Ha H~X AeHCTBOSana C~Jia OTTanKHBaHHR /3Ta c~na RBnR
eTCR pe3yJibTaTOM orpaHH4BHHOCTH ny4Ka no pag~ycy/ OT ~H>KeKT~
poaaHHWX no3gHee 4aCT~4· 8 3TOM CMWCJiB Kp~THYeCKH~ TO~ ny4Ka 
paseH Hyn~. 

nocne Toro, Kat< 6brna '"ycTaHoaneHa" e~e OAHa cj>Onbra Ha pac
CTORH~~ h= 10 CM OT nepBOC1, CHTYa4~R ~3MeHHJiaCb. Ha 4aCT~4W, 
nponeTeBw~e paccTORHHe ~Z= 5 CM, npeaanHpy~lJ1ee AeRcTBHe oKa3bJ
saeT npHTR>KeH~e K 3TOH $Onbre, ~ Ry40K C TOKOM 3 KA npOXOA~T 
C~B03b TaKy~ C~CTeMy 3KpaHOB. 

Pe3oHaTop, o6pa3oBaHHW~ ABYMR nnocKOCTRMH /$onbraM~/, 3aKo
po4eHHWM~ o6e4aHKOH C pag~y~OM 5 CM, nponyct<aeT npHMBpHO TaKo~ 
>Ke TOK. Bn~RH~e o6e4aRK~ 3aKn~4aeTCR B TOM, 4TO HeMHOrO yMeHb
waeTCR TOpM03RlJ1aR c~na s6n~3H JieBO~ CTeHK~ ~ YCKOpR~lJ1aR s6nH-
3~ npaBOH. ny40K B TaKOM pB30HaTOpe 3JieKTpOCTaT~4BCK~ HeycToC1-
4HB. M~H~MaJibHaR CKOpOCTb 4aCT~4 ny4Ka C 4~CJiOM 4aCT~4 S OT
gen~OM CryCTKB Ne= 10 11 COCTaBJiFlBT 0,7 C,Ha6n~gaeTCFl HeKOTO
paR rpynn~poaKa KpynHbiX 4aCTH4, ogHaKo "neperoHa" e~e He npo
~cxog~T, T.e. 4acT~4W nocnegoBaTenbHd neTRT OAHa 3a gpyroR. 

6onee noAp06Ho 6wno npoaHan~3~posaHo Ha4aJibHOe nosegeHHe 
ny4Ka c TOKOM 24 't<A /4~CJiO 4aCT~4 8 cryCTKe - 1 012 I. np~ HH
meK4~~ B BaKyyMHYD KaMepy B nepawe MOMeHTW nocne HH>KeK4~H ny-
40K npOXOA~T 3Ha4HTBJibHOe paccTORH~e, HMeR nnOTHOCTb, 6n~3KYD 
K Ha4aJibHOH, p~c.2 /B MacwTa6e, gaHHOM Ha p~c.2, nnOTHOCTb 
B Ha4aJibHOM ny4Ke COOTBBTCTByeT 2,5/. K MOMBHTY BpBMBHH T=Ct= = 9,5 nnoTHOCTb TOKa nagaeT, ~ B6n~3~ aHOAHOR $Onbr~ o6pa3yeT
CR BK c nnoTHOCTbD, a 6 pa3 npeawwaDl4e~ nnoTHOCTb BXOARlJ1ero 
ny4Ka. 3aTeM nnoTHOCTb YacTH4 HBCKOiibKO yMeHbwaeTCR, BK nynb
c~pyeT H CMelJ1aeTCR K aHOAY, nocne 4ero npOL\BCC C nep~OAOM 
--0,2 HC He nOSTOpReTCR. Ka>KAbiH pa3 HBKOTOpaR 4aCTb ny4Ka 11oT- • 
pb;aaeTcR" oT BK ~ nepeMelJ1aeTCFl K npaaoA cTeHt<e. 

Ha pHc.3 npHBeAeHo pacnpeAeneHMe /a norapHcj>MHYeCKOM MacwTa-
6e/ 3neKTp~4ecKoro nonR H noTeH4Hana /a n~HBHHOM MacwTa6e/. 
PacnpegeneHHe gaHo gnR oc~ nyYKa (r=O). PaccMaTpHaanHCb TaKme 
none ~ pa3HOCTb noTeH4HanoB AiiR r = 1,5 ~ 3 CM. 3T~ 3Ha4eH~R 
HeCKOnbKO MBHbWe, 48M Ha OCH ny4Ka, ~ yMeHbWa~TCR K Kpa~ ny4-
Ka npHMepHO Ha 20% no cpaSHBHHD C ero 4BHTpanbHOH o6naCTbD, 

Kat< B~AHO H3 pHcyHt<a, Aa>«e gnR 3Toro yMepeHHoro ToKa nyYKa 
HanpR>KeHHOCTb nonR AOCTHraeT 3Ha4HTenbHOR aenH4~Hw - Ez -
-1 ,2 MB/CM. nepeA $pOHTOM ny4Ka Ez ~MeeT HeCKOJibKO MeHbWee 
3Ha4eHHe H ApyroR 3HaK. Pa3HOCTb nOTBH4~anos MBIKAY CTBHKOH H 
$POHTOM ny4Ka AOCTHraeT 3Ha4eHHH ~¢ -1,2 MB, 9en~4~Ha 3Ta co-max 
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XpaHHeTCH no SCeH AD~He KaMepbl. 3To CSH3aHO C TeM, 4TO AD~Ha 
KaMep~ Mana no cpasHeH~~ c An~HoR KaMep,o6M~Ho ~cnonbsyeMMX 
s 3Kcnep~MeHTax. 

n,J T ·1.55 n f T == 6.5 j~L~:jb.:_ 
n 2468 n 2468 
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Ha p~c.4 AaHo pacnpeAeneH~e nnoTHOCT~ 3neKTpoHos, cooTseT
CTSY~~ee ~HmeK4~~ ny4Ka 8 ras C nnOTHOCTb~ n - 5• 1Q 16 cM-3 , 
4~cno 4aCT~4 s crycTKe Ne =10 12 /TOK 24 KA/. fpa<!J~K~ Ha p~c. 4 
cneAyeT cpa8H~8aTb c aHanor~4HbiM~ Ha p~c. 2. --.-

~0 MOMeHTa 8peMeH~ T~5 pacnpeAene~neKTPOHOS /np~ so-
3HMKHOSeH~M ~OH~3a4M~/ He OTD~4aeTCR OT SaKyyMHOrO 8apMaHTa . 

. ~nH T~ct~9,5 noRsnHeTCH OTn~4Me: BK Tenepb HecKonbKO npo-
ASMHyncR K npaSOH CTeHKe. 

Ha PMC.5 npMSeAeHO pacnpeAeneHMe nnOTHOCT~ POAMSW~XCH MOHOS 
/nnOTH'O"CTbny4Ka npM ~HmeK4M~ pasHa 1,8•10 11 /. BMAHO, KaK OHa 
HapacTaeT no Mepe MOHM3a4MM OCTaT04HOrO rasa, OAHaKO nnOTHOCTb 
MOH08 see e~e MeHbWe nnOTHOCTM 3DeKTPOHOS S MHmeKTMpyeMOM ny4-
Ke. 

B MOMeHT T-1,95 11 8Kn~4anMcb 11 npo6Hble MOHbl, pacnonomeHHble 
e6nM3M /z< 0,5 CM/ aHOAHOH <!JonbrM. TeMn M3MeHeHMH MX CKOpOCTeH 
M KOOPAMHaT COOT8eTCTSyeT YCKOpeHM~ S none C HanpRmeHHOCTb~ 
1 MB/cM. 3a paccMaTpM8aeMMH OTpesoK speMeHM T~lO MOHM npownM 
paCCTOHHMe 0,15 CM M Ha6panM CKOpOCTb 0,02 C. 

fibln paCCMOTpeH cny4aH, KOrAa 11 CTyneHbKa 11 B Ce4eHMM MOHM3a-
4MM OTCyTCT8yeT. CaMO Ce4eHMe S 3TOM cny4ae nonaranOCb 
-5•10-lSCM~ M, 4T06M CpaBHMTb SDMHHMe npOM3BeAeHHOH WOHM3a4MM 
C y4eTOM CTyneHbKM, cneAyeT yMeHbWMTb nony4eHHY~ 8 3TOM cny4ae 
MOH~3a4MIO 8 5 pa3. PacnpeAeneHMH n i ,lle 'npM8eAeHbl Ha PMC. 6, 7 
AnH pasnM4HbiX T. TaM me AaHo 3Ha4eH!-1e 6.<1> MemAY cTeHKaMM M <!JpoH
TOM ny4Ka. Ha6niOAaeTcH npOASMmeHMe BK no cpasHeHM~ c eaKyyMHMM 

n, 

n. • 
2·1ff4 

n, 

T=3' 
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lf 
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cny4aeM, Tenepb oH o6pa3yeTCR 

nepeA ~OHH~M ¢poHTOM. BKnaA OT 

CTyneHbK~ B Ce4eH~~ ~OH~3a4~~ 

OKa3anCR Man Ha pacCMOTpeHHOM 

npoMemyTKe 8peMeH~. 

PaaHOCTb noTeH4~anos ~$ 

yMeHbW~nacb Cy~eCTBeHHO K MQ

MeHTy T-6.5 no cpasHeH~IO c T .. 1,5, 
KOrAa aHa 6n~3Ka K pacnpeAeneH~IO 

~OHOB B BaKyyMe'. np~ T=9,5 Ha-

6ntOAaeTCA nepeKOMneHCa4~A, T.K. 

~OHHaA nnaTHOCTb Gonee 4eM s ABa 

paaa npeBOCXOA~T 3neKTpOHHYIO 
/1,85·1Q11./. 

nnoTHOCTb ~OHOB ni AnA Ta9,5 
Ha nepBOM CaHT~MeTpe OT Ha4a~a 

KOOPA~HaT np~MepHO B 2 pa3a 

6onbilie, 4eM ne ;~$ ~3MeH~na 3HaK, XOTA BKnaA s Hee AatOT see 

3neKTpOH~ ~ ~OH~, HaXOAR~~ecA B KaMepe. AnA 6onbw~x T noTeH4~
an e~e c~nbHee TpaHc¢opM~pyeTCA s He¢~3~4H~R nonQm~TenbH~R ~oH

H~R naTeH4~an, KOTOpWR B peanbH~X 3KCnep~MeHTaX KOMneHc~pyeTCA 

BT0p~4HWM~ 3JleKTpOHaM~. 0TCYTCTB~e y4eTa nOJlA BTOp~4HWX 3neKT

pOHOB ~ era Bn~AH~A Ha npO~CXOAA~~e np04eccw ABJlAeTCA HeAOCTaT

KOM AaHHOR nporpaMMW. 
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AnA BWRCHeH~R sonpoca o Kone6aH~Rx HOHOB s noTeH4HBnbHoR 

AMe 3neKTpoHos I $=0 Ha cTeHt<ax KaMepbl, VI pomgeHHbte oKono 

neaoR CT€HKVI ~OH~ 6YAYT TOpM03VITbCR OKano npasoR/ VICcnegosa

noCb ABH>KeHVIe Tpex npo6Hb1X 11 HOHOB 11 C MaCCO~I, B 900 pa3 MeHb

weR, 4eM y npOTOHOB. 11 ViOHbl 11 pacnonaranHCb Ha paCCTOAH~VI 1; 
1 ,5; 2 CM OT aHO,QHOR ¢onbrVI. 

B MOMeHT 11 8Knl04eHVIA 11 (T .. 1,05) BCe VIOHbl OKB3Bm1Cb B TOpH0-

3R~eM none VI Ha4anH ABHlHeHVIe K BHOAHOR ¢anbre. 3aTeM ¢a3a 

KOne6aHHR VI3MeHVInacb, HOH~ HB4BnVI YCKOpRTbCA, VIX KOOp,QHHatw 

VI CKOpOCTVI npV18e,QeHbl HB p~C. 8. B ~\OMeHT T=6,Q5 VIOHbl HMeiOT 

6nV13KVI€ KOOPAHHBTbl, HO pa3n-w:;-Hble CKOpOCTH, yCI<OpRIOTCR, a npH 

T=9,5 VIX cKopOCTb cHosa Ha4HHaeT yMeHbWBTbCR. AnA a (v) 

6e3 CTyneHb~VI /a= 5·10- 18 ,ng= 5·10
16

/ cKopocTb A8HmeHHR BK 

-0,5 c VI npo6H~e VIOHw 3ax8aTw8atOTCA B pemVIM yckopeHVIA. Ha 

PHC.8 KOOpA~HaTW VI CKOpOCTVI npo6HWX VIOHOB HaH€C€HW T04KaMH 8 

Cny4ae HanV14VIA CTyneHbKH 8 a (v) VI KpeCTVIKaMVI - np~ ee OTCyT

CTBVIVI. npi-1 pa8HOMepHO~\ ABHmeH!-1~ BK 11 VIOHbl 11 6YAYT KOne6aTbCA 

OKano Hero, TaK 4TO ~X cpeAHAR CKOpOCTb 6yAeT COBna,QBTb CO 

CKopocTbiO ABV~meHHR BK. 4acTOTa Kone6aH~A npoTOHOB 8 TaKOM no

TeH4~ane 6ygeT B 30 pa3 MeHbW€, TBKOe me 4VICnO KOne6aHVIA OHM 

cosepmaT K MoMeHTY T :300 I 1 0 He/. 

Ha pHc. 9. npVIBe,qeHo pacnpegeneH~e HanpRmeHHOCT~ 3neKTPVI4e

CKoro nonA VI noTeH41-1ana 8 KaMepe gnR sat<yyMHoro cny4aA npVI 

VIHJHeK4HH 8 Hee ny4Ka C KOHe4HWM ¢p0HTOM. ¢pOHT MO,Q€nHp08an

CA pa3nH4HWM 4VICnOM 3neKTpOHOB B KpynH~X 4BCTH4BX.B ABHHOM 

cny4ae nepBaA 48CTH4a COA€P>Xana Ne = 5 ·10 tO • 3net<Tp0H08, CJ1€AYIO-

~an- 6·1010 VI T.,Q. AO ~-~,ganee CKOpOCTb HapaCTaHVIA TOKa y8e

JlV14HBanacb 8 10 paa,ceAbMaA 4aCTVI4a coAepmana 2·10 11 3net<TpOH08, 

BOCbMaR- 3•10 11 VI T.,Q. AO nnTHB,Q4aToR, B KOTOPOR 6wno 10 12 

3net<TpOHOB, VI ,qanbWe nnOTHOCTb ny4KB OCTaBDJlilCb nOCTOAHHO~. 

Vi3 aHanH3a rpa¢HKOB Ha pVIC.9 Cn€AYeT, 4TO B Ha4anbHW€ MOMeHT~ 

apeMeHI1 T = 1,5 /8 KaMepy HH>t<eKTVIp08aHo 8 4aCTVI4/ HanpmHeHHOCTb 

nonA VI noTeH4V1an Ha nopA,QOK M€HbWe, 4eM ,QJlR r1Y4Ka C 6ecKOHe4-

HO KOpOTK~M ¢pOHTOM, a K MOMeHTy BpeMeH~ T-6,5 3Ta pa3H~4B 

COCTBBJ1A€T 20%. 

B aat<nt04€HVIe aaMeTVIM, 4TO nporpOMMD nuArOTOoneHa gnA pac

YeTa aapHaHTa gpeR¢oeoR Tpy6~, COCTon~eR H3 HCCKOJ1bKHX KaMep. 

~M€HHO B 3TOM CJ1y4ae MOmCT peDJ1H30BnTbCR CHTya4HR, npVI KOTOpoA 

"gorOHAIO~VIe" BK HOHbl HC OYAYT TOpMOOHTbCA, ofiorHae ¢POHT ny4Ka 

BK, ecnH 8 3TOT MOMO~IT [31{ AOCTHriiCT npanoR aa3eMJleHHoR cTeHKVI . 

B gpyroR KaMcpe CHOUO oGpo3yoTCn DHpTyOJ1bHWR KaTOA BK 2 • VI yc

KOpeHH~e B 1-A KaMOpO HOI-I~, npOAAn CKB03b npoapa4HYIO $01lbry 

/~nVI ceTKy/, CMOryT yDCJ1114HUOTb CBOIO 3HeprVIIO BO BTOpOA KaMepe. 

3neKTpOHW ny4Ka. 6YAYT ncpoceKaTb ncpey10 t<aMepy, aanon~eHHyD 

nna3MOR, npaKTH4€CKH 003 nOTCPH 3HeprVIH, VI, npVI AOCTBT04HO 

6onbWOA AnHTenbHOCTH ny4KO, MOmHO Hapa~~BaTb 3HeprHIO HOH08. 
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YsenH~eHHe 3HeprHH HOHOB npH npoxomAeHHH ABYX OAHOTHnH~X 
KaMep C ra30M OAHHaKOBOrO ABBfleHHR Ha6n~ABfl0Cb 3KCnepHMeHTBnb
HO B fg/ /KpHBBR 3 HB pHC. 2/. 

nPHnOnEHHE 

Y~HTbiBBR, ~To JL[e (z)-O(z-x (t))]= x. (t)o(z-x. (t)),HHTerpHPYR 3TO 
dt J J 

BhlpameHHe no ~aCTRM, nony~aeM 

t t 
I(t)= (a (x.(t))x.o(z-x.(t))dt= (a (x.(t))-d-[O(z)-O(z-x.(t))]dt = 

0 0 J J J 0 0 J dt J 

• t t d ex > 
=a

0 
(x.)[O(z)-O(z-x.(t))]l - ( [O(z)-O(z-x. (t))]-~-dk 

J J 0 0 J dt 

• t da (x. ) .• 
= a

0
(x. )[O(z)-O(z-xJ. )]- ( [ O(z)-O(z-x1. )]--ll-L-x. dt. 

.1 o · ctx. J 
J 

~yHK~HR a
0
(x) H306pameHa Ha pHC. 10 /noKa onycKaeM HHAeKC j /. 

BBeAeM a6con~THO HenpephlBHY~ $yHK~H~ /shl~HTaR H3 a 0(i) cKa~KH/ 

~ (x > ,,:a
0 
(x)- I a 

0 
( vs + D)- a0 (v 8-0) Jo (x- v 5 ) +I a 

0 
(+0)- a

0 
c -0) J o (x >-

-(a
0

(-V
8
+0)-a

0 
(-v 

8
-0)]IJ(x +Vs ). 

B ABHHOM cny~ae ((x) RBnAeTCA nocTOAHHO~. CneAosarenbHo, 

da • • _::.a._,= [ [a0 (V8 +0) -a 0(v s -0)] 0 (x -v 8 )+ I a
0 

(+0) -CT
0 

( -0)] O(x) + 
cti 

+[a. (-v +.0)-" (-v -0)]0(~ +.V )I'= (a -a )o(x-v )+ 
us 0 s si 21 s 

+ 2a1o(x)+(a
2

- a
1 
)o(~+V 

8
). 

• + 
EcnH ypasHeHHe x.(t)-v8 =0 HMeer KOpHH t. 

0 • J J 
KOpHHtJ, a Xj(t)+V 8 =0- KOpHH tj,TO 

ypaBHeHHe x'.(t):.O
.1 

Jia0 (xi). ll(t-tj) a(t-t?) 
-~- =(a 2 -a1) 2 ~-- + 2a 2 --.......L.:_+(cT -a ) 2 
dx: t+ lx. (t +)I 1 

to I x~ (t0.)1 2 1 t:-
J J J J J J J J 

a(t,..ti > . 

~~·i(tj ll 
OKoH~arenbHO HaxoAHM: 

_ I(t)= a
0

(x. (t))[O(z)-e(z-xl.(t))]-(a
2
-a

1
) 2. sign(1c'.(t~))x 

J t+ J J 
J 
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! 
\ 
1 

- x [O(z)-O(z-x. (t'" )))-2a Z. sign(ic".(t 0J· ))[O(z)-O(z-x. (t': )))-
J J 1 to J J J 

J 

- -("2 -a1 J ~:-sign(xi(tj))[O(z)-O(z-xi(tj ))]. 
J 

1. 
2. 
3. 
4. 

5. 
6. 

7. 
8. 
9. 

nHTEPATYPA 

KonoMeHCKH~ A.A., HosH~KH~ M.A. ~T$, 1976, 46, c.44. 
Olson C.Z. Phys.Fluids, 1975, 18, p.585. 
Poukey W., Rostoker N. Plasma Phys., 1971, 13, p.897. 
Ap~HMOBH~ n.A. B KH.: YnpaBnReMwe TepMORgepHhle peaK~HH. 
4>H3MaTrH3, M., 1961, c.64. 
Py6HH C.6., MaMoHos B.H. OHRI-1, 9-3346-2, f.ly6Ha, 1967. 
Lance G.N. fjumerical Methods for High Speed Computers, 
London, 1 960 . 
Math. Science Library, vol.5, publ. No. 60327500A, 1971. 
CeMepA»<HeB Xp. OHRI-1, P5-12487, ,lly6Ha, 1979. 
HsaHoB B.H. HAP· B KH.: TPYAhl II CHMn03HyMa no KonneKTHB
HbiM MerogaM ycKopeHHR. f.ly6Ha, 1976. OHRI-1, {.19"-1 0500, f.ly6Ha, 
1976, c.114. 

PyKonHCb nocrynHna 
26 Mapra 

0 HOABTeflbCKH~ OTAen 
1982 roAa. 

15 



.1!1,2-9224 

.ll-9920 

.1!9-10500 

.1!2-10533 

.1!13-11182 

.1!17-11490 

116-11574 

.1!3-11 787 

.1!13-11807 

.1!1,2-12036 

.1!1,2-12450 

.1!11-80-13 

.1!4-80-271 

.1!4-80-385 

.1!2-81-543 

,1110,11-81-622 

HET JU1 IIP06EJIOB B BAIIJf:i1 13~EJH10TEKE? 

8bl MO)I(eTP nOi1Y411Tb no n04Te nep!'4HCJ1eHHbl!' HH)I(e KH11rH, 

!'CJlH OHH He 6biJ1H 33K333Hb1 paHee . 

rv Me*AYHapo~H~H CeMHHap no npo6neMaM ~3HKH B~COKHX 

3Hepr~~- .llyf>Ha, 1975 . 

ToYAW He*AYHaoOAHO~ KOH$eoeH~HH no H36paHHWM eonpocaM 
CTPYKTypw AApa . .lly6Ha, 1976. 

TpyAw II CHMnoa~yMa no KonneKTHBH~M MeTOAaM ycKopeHHR. 

.lly6Ha, 1976. 

TpyA~ X Me*AYHaPOAHOH WKOOW MOOOAWX y4eH~X no ~H3HKe 
BbiCOK~X 3HeprH~. 6aKy, 1976. 

ToYAbl IX He*AYHaPQAHOro CHMn03HyMa no AAePHO~ 3neKr
POH~Ke. BupHa, 1977. 

TPYAW Me*AYHaPOAHOro c~Mn03HYMa no H36oaHHWM npo6ne
MaM CTaTHCTH4eCKQI';, MeXaHlo1KH. A,yfiHa, 19 ]] . 

C6opHHK aHHOTa~HH XV coae~aHHR no RAePHOH cneKTpoct<o
nHH H reopHH AAoa . .lly6Ha, 1978. 

ToYAW Ill Me*AYHaPOAHOH wt<onw no H~HTpOHHOH ~H3Ht<e. 
Allywra, 1978. 

ToyAw III Me*AYHapoAHOro coae~aHHR no nponop~HoHanb
HbiM H APeM$0BbiM KaMepaM . .lly6Ha, 1978. 

lPYAW V1 Bceco~aHoro coae~aHHA no ycKOPHTenRM aapR
*eHHWX ~aCTH~ . .lly6Ha, 1978 /2 TOMa/ 

TPYAW V Me*AYHaPOAHoro ceMHHapa no npo6neMaM ~H3HKH 
BbiCOKHX 3HeprH~ . .llYGHa, 1978 

TpyAw XII Me*AYHaPDAHOH wKon~ MOnOA~x y4eHwx no ~H3HKe 
BbiCOKHX 3HeprH~. npHMOOCKO, HPG, 1978. 

ToyAw \'II Bceco~3Horo coee~aHHA no ycKopHrenAM aapA
•eHHbiX ~aCTH~, .llyfiHa, 1980 /2 TOMa/ 

TPYAW pa604ero coee~aHHA 'lO cHCTeMaM H MeTOAaM 
aHanHTH4eCKHX BW4HCneHH~ Ha JBH H HX npHMCHeHH~ 

B TeopeTH~eCKO~ $H3HKe, .lly6Ha, 1979 

TPYAW Me*AYHaPOAHOH KOH¢epeHUHH no npo6neMaM 
HeCKOnbKHX Ten B AAePHO~ $H3HKe . .llY6Ha, 1979. 

ToYAbl Me*AYHaPOAHO~ WKOnbl no crpyKType AApa. 
AnywTa, 1980. 

ToYAbl VI He*AYHaPOAHOro coae~aHHA no npo6neMaM KBaH
TOBOH TeopH~ nonA. AnywTa, 1981 

TPYAW He*AYHaPUAHOro coae~aHHA no npo6neMaM MaTeMaTH-
4eCKoro MOAenHpoBaHHA 8 RAepHO-~H3H4eCKHX HCCneAOBa

HHAX • .llYfiHa, 1980 

3 0. 60 K. 

0• 50 K. 

2 0. 50 K. 

3 p. 50 K. 

5 p. 00 K. 

6 p. 00 K. 

2 0. 50 K. 

p. 00 K. 

6 p. 00 K. 

p. 40 K . 

5 p. 00 K. 

3 p. 00 K. 

8 p. 00 K . 

3 0. 50 K. 

p. 00 K. 

5 0. 00 K. 

2 p. 50 K. 

2 p. 50 K. 

3aKa3bl Ha ynoMRHYTNe KHHrH MoryT 6NTb HanpaeneHN no anpecy: 
101000 MocKea, rnaeno4T3MT, n/R 79 

H3AaTenbCKHH OTAen 06bCAHHCHHOrO HHCTHTYTo RACPHHX HCCneAOB3HHfi 

1-

AonR C.H. 11 AP· 
HoAenHpoBaHHe npo~ecca o6paaoaaHHR $pOHTa HOHH3a~"" 

Pll-82-230 

npH HHmeK~HH penRTHBHCTCKOrO 3fleKTpOHHOrO ny4Ka B KaMepy C ra30M 

npoBeAeHa MeTOAH4eCKaR pa6oTa no C03AaHH~ nporpaMM~ AflR 4HCfleHHOrO HC
cneAOBaHHR Ha 38H npo~eCCOB o6pa30BaHHR H ABH*eHHR BHpTyanbHOrO KaTOAa npH 
HH*eK~HH penRTHBHCTCKOro 3flCKTPOHHOrO ny4Ka B KOpOTKy~ ~HflHHAPH4eCKy~ KaMe• 
py c raaoM. npHBOARTCR nony4eHH~e rpa$HKH pacnpeAeneHHR nonR " noTeH~Hana, 
nnoTHOCTH POAHBWHXCR H3 raaa HOHOB H 3neKTPOHOB CaMoro ny4Ka. 8 pac4eTe Y4TC 
Ha 3aBHCHMOCTb Ce4CHHR HOHH3a~HH OT CKOpOCTH 3flCKTpOHOB, 3THM MOACflHPOBanCA 
pe30HaHCH~H BKflaA B CyMMapHOe CC4eHHe HOHH3a~HH. noKa3aHO, 4TO npH HHmCKUHH 
ny4Ka B KaMepy 6e3 raaa Ha6n~Aa~TCR HeKOTOp~e OC~HflflR~HH BHpTyanbHOrO KB• 

TOAa. npH HanH4HH y 3neKTpOHHOro ny4Ka KOHe4HOrO $pOHTa ypOBCHb nonA Ha Ha• 
4anbHOM 3Tane MeHbWe, 4eM Y ny4Ka C pe3KHM $pOHTOM. 0AHaKO 4epC3 HCKOrOpO~ 
BpeMR aMnflHTYA~ nonR CpaBHHBa~TCR. npoaHaflH3HpOBaHO ABHmCHHC MOACflbH~X llj'lli(>

H~X "HOHOB" B KaMepe . 

Pa6oTa B~nOnHeHa B Jla6opaTOPHH 8~41-lCflHTenbHOH TCXHHKH H clOTOM<lTW).l 
~HH 011.111>1. 

C~e1111e 06~CAHHeHHOrO HHCTHTyTa RAePH~X 

Dolya S.N. et al. lO 
Simulation of Ionization Front Forming Ptocc~~ 
at Injection of Relativistic Electron Beam with a c..~-, lhcllnlll"t 

The methodical work on creation of comput"' '""'~'<Jill ''" llllln<•rl(,rl 
study of the processes of forming .:Jmd motion"',, vtrtu,tl <-olhode .rt th 
injection of relativi.stic electron IJe..Jnr ln~o ,, ·,hurt • yltndr ;,.fl th.unLt·r, 
filled with gas, has been c<.~rri~d out. lit .. ""''''"r·.f f'l .. t·. ot tlrf' di~tri!Ju .. 
tions of fields, potenti.:JI and drn~>lty ·lfll'"'-"1'"1 out cd ion <1nd t•lr·• ''"" 
gas of the beam itself c1re prt·'>"lll•··l lite- rlq·r·t•·l<·t" , . .,f ,,, ..• , ··•·• ti()ll ioniL.l 
tion on the ~lectron VC'Ir•city h,L lwcn let~<" '"'" "'"'"'' .,, the <.tlurlation: 
the resonanc(' contr il>utl<lll l11tu ·""""'·H l11·d ""'•·· '" tfon ol turllr•Hiun wo.1 
simulated. It i"' •,hown thotl ••I tt.r •••Jrlll<•lt Int .. 11,,. rh.trnl,.r witlhJUI •J••··· 
SOOl(• OSCillotlon•, Ol Ill<' lrlrloLol "'llroulo ·"' .,f,·<fvr.f /\t tlu• prt·~t'll<l' uf the 

J.;c.ont, lftr rll f.f. fo ,,J ,tl 1111 11dt ltlf ·.(.111(" i•, 'JIItaflcr 

111 with 1 ··d, .. p ftHrd lttt\"'l .,,,,. 111 '•••me t 1nu- th~.· field ~lmpl i-
CtJI1•pdrr•d i"frc •rt~ol11•11 •·I duu;l.qt·d !•lui•• 11 1nii~J 11 til lhrl fh,lniber is 
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