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@ EpeeaHcKuu cpuaul.(ecKuu uHcruryr, 1976 

B pa6oTe [1 ] paccMaTpHaanacb ycToilqnaocTb ABH*e­

HHH qaCTHil B none ABYX aneKTpOMarHHTHb!X BOnH, pacnpoc­

TpaHS!IOIIIBXCH B cpe.ue c IIOKasaTeneM npenoMJieHHH tL > 1. 

B3aHMOAeilCTBHe qacTinl c aTOMaMH cpe1U>1 He yqHTbIBw1ocb. 

TaKoe npH6nH)KeHHe cnpaBeAnHBO, ecnH AnHHa TpaeKTOpHH 

qacTHilbI MeHbIIIe anHHbI cao6omwro npo6era V 6 N 
OmrnKo, cyruecTBeI-!HbIM npHpocT aHeprHH qacTHila nonyqaeT 

Ha .umrne MI-!Oro 60Jibllleil 1/6 fl/ • n:ie 6 - rrom-1oe ce-

'!eHHe B3aHMOAeilcTBH.H, N - nnoTHOCTh aTOMOB. TipH aTOM 

CTOJIKHOBeHH5I c 8TOM8MH nprmo.us.rT, B006rue roaop.11, K pac­

Ka'IKe <jla30BbIX KOJie6 a HHH, '!8CTHilbI IIOKHA810T o6naCTb yc­

TOH'!UBOCTH , yGKope1rne rr.peKparuaeTCs.r ( 2] . 
B HacToHrueli pa6oTe rroKa3aHo, qTo rroTepH qaCTHll 

H3- 3a K)r.JIOI-!OBCKHX coy .!lapeHliM c aTOM~MH cpe.!lbl yMeHbllla­

~TCH npH yaenITTCeHHH HHT8HCHBHOCTH BHeIIIHero nonH . 

B .o.anbHe:HilleM npem10naraeTCH, qTo apeMH coyAapeH~H 
'!8CTH1lbl c 8TOM8MH I"830BO:il: cpeLU>I (npH Jl8BJieHHH < 10 
6ap) MHOI'O MeHbllle BpeMeHH CBOOOIU!OI"O JlBH:lKeHH.H ; .o.nHHa 

BOnHbI BHell!Hero IIOJIH ~ MHO!'O MeHbUie pa3MepoB 06-

naCTH CTOnKHOBeHH.SI; BCeMH HeynpyrHMH K8H8JI8MH B38HMO­

Jle:HCTBH.SI H OTJlaqell: aTOMOB MO)K}IO npeHe6peqh. TorAa noc­

ne K8)1{.0.0ro aKTa pacceHHHH MeH.SieTCH TOJibKO HanpaBneHHe 

/:lBH)l{eHHH '!8CTHilbl. 

3TH npe.!lIIOJIO:lKeHH.SI II03BOJISllOT BbiqHCJIHTb CT8THCTH­

•reCKHe xapaKTepHCTHKH JlBHJKeHHH MeTOJlOM nocnet:tOBaTeiih· 

HbIX coyi::tapem1:H. 
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J1 CTOpHSI ABH:>KeHHSI 'i8CTHllbI OAH03H8'iHO onpe.i:tensi:eTCSI 

nonHbIM apeMeHeM ABH)KeHHSI t t 'iHCnOM coy AapeHH:l!: " ' 

apeMeHaMH coy.i:tapeHH:l!: t,,... , tv , 2 v - yrnaMH pac 

ceSIHHSI H ypaBHeHHSIMH ~H}KeHHSI, H3 KOTOpbIX MO:lKeT 6bITb 

Ha:l!:AeHa TpaeKTOpHSI 'i8CTHilbI B npoMe.>KyTK8X Me)KAy A»YMSI 

nocneAoaaTenbHbIMH : coy.napeHH.llMH. 

BepoSITHOCTb peanH38llHH onpeAeneHHO:l!: HCTOPHH ABHJKe­

HHSI 3aBHCHT OT ce'ieHHH pacceHHHSI 6 • KOTopoe MO)KHO 

aanucaTb B BHAe 

d6 = ~}c) l ( 1 + C /2. ) 
dO 89T ( ~in. 2 V/2. + c/c..)c. ' 

( 1) 

rAe 

t,=2:>i11.~(1Jrni.n./2) 1 Vmitt.:onjmcJ>la.l2) (2) 

a(2) 
z 
1T 

do 

- paJ:tHYC aTOMa, 

aTOMHhIA: HOMep, 

- nonSipHbI:l!: yron pacceSIHHSI, 

- aneMeHT TenecHoro yrna, 

111. - Macca qacTHllbI, 

nopeHll-<l>aKTOp, a 
0fc, - CKOpOCTb B 9AHHJUl8X . C > 

nonHoe ceqeHHe KynoHOBCKoro pacce­

SIHH.ll c yqeTOM 3KpaHHpOBXH. 

...!.(c) 
TionHoe ceqeHBe KynoHoBcKoro pacceHHH.51 v HMeeT 

BHJl 

6(cJ:: 2!_('22e2
a.(2) 

:; 11 c J> t I 

(3) 
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(' Ae z - sapSIA qaCTHllbI B eAHHHilax e • 
TipeACTaBJISIIOIUaH HHTepec cjiH3H'i9CK8SI B9JIH'iHHa '.f ( i) 

ycpeAHSleTC.ll no H.'CTOpHSIM ABHJKeHH.ll 'iaCTHilbI c noMOIUbIO 

::OOTHOIII9HHH 

<><> t t v t,. i ,) 

<J"(t )=>=fof di, ·:JdtvJd01 .. Jdo\lexpf-h ~cN6~Pcd't }(0
1
C N · 

~-1 t, (4 ) 

. ~~~ jjJ) r( t) 
3Ta cjiOpMYna SKBHBaJI9HTHa perneHHIO KHH9TWieCKOI'O ypaBHe­

HHSI, <PyHKilHH pacnpe.i:teneHHSI 'iaCTHil no KOOpAHHaTaM H CKO­

POCT.HM MO)KeT 6b!Tb nonyqeHa ycpellHeHHeM cPY~-IKUHOHana 

o(R- Rv .. 1(t)) o(V- Vv+1(t}) H HHTerpHpOBaHHeM no pacnpe-

AeneHHIO qaCTHil B Ha'i8JlbHblH MOMeHT BpeMeHH. OAHaKo " ,He­

nocpeACTBeHHOe npHMeHeHHe cjiopMyJlbI (4) 3H8'iHTeJibHO COK~ 
pamaeT BbI'iHCJleHHHo DyCTb, HanpHMep. BHellIHHe nom1 MaJlbI, 

HJIH COBCeM OTCyTCTByIDT. 1laCTHil8 ABli)KeTCS! no JIOMaHHOH 

TpaeKTOpHH. B MOMeHT BpeMeHH t ee pamryc - aeKTOp 

HMeeT BB.A 

...... ~ ~ \) -
't\1+

1
= 7-

0 
+ cpt +L. ct!.J-iJ (t-tJ) 

J~1 • (5) 

CpeAHee 3Ha'ieHHe pamryc-aeKTOpa H AHcnepcHH pacnpeAene­

HHSI iBbI'iHCJISIIOTCSI no cjiopMYne ( 4) a BHAe 

- -< "L '>· = V+1 
7. 0 + Cf->t 

< (- - 2. 'lv•-i <'IvH >) > = 

1 - exp {-At} 
At 

:: (cf-> t) 2. [_g__ _ ( i - exp { - Ai ~ )( 3 - e,,x p { - At 1) 1 
At A -a t2 
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(6} 

(7) 
, 



r.lle 

A= cNf.>J(1-co~1l)d6 (8) 

Ifa (6) u (7) BH.llHO, 'iTO npH Ab» 1 ueHTP pacnpe.lle­

neHHSI 'i8CTHU no KOOpAHH8T8M OK83bIB80TCSI H0Il0,llBlnKHbIM,C.\ 

wHpHHa pacnpeAeneHR.11 pacTeT nponopUROHallbHO t'/2 ,T.e. 

no 38KOHY 6poyHOBCKOrO ABH:lK0HHSI. 
PaccMoTpRM Tenepb cnyq;a:H CR1lbHbIX BHelllHHX none:il:. 

Cornacao (1] .[lBH:lKeHRe 'i8CTHUbI ycTo:il:'iHBO, ecnR nonepe'i­

Hbie OTKllOHeHH.11 ~ y AOBneTBOpSIIOT HepaBeHCTBY 

4 ?. y< - ~·· 
( 9) 

4 .../n"l--1 
c y'ieTOM MHOroKpaTHOrO pacceSIHR.11 9TO ycnosue HMeeT BRA 

.J<fy- < lj >) 2- > << ~ " 1 • ( 10) '-! n.?.-1 
0TC10.ll8 cnenyeT, 'iTO npH Bbl'iBC11eHHH AHCIIepcBH MO:lKHO 

orpaHH'iHTbCSI npa611B:lKeHHeM M811bIX xone6aHHH. 

B MOMeHT BpeMeHB t l nonepeqaoe OTK110HeHHe BMeeT BBJl 

rne 

(o) l-f • 

.x (\) : x (-rt)+ L <P (J .1-t. )4 XJ , <11> 
. J :01 

231 r;-:-X =- -y;- \[ n2-1 ~, 
't = 23fct 

7\ 

* -1[ 't'l 
cp (J tt) ~ • L [.52 { 1:J) +St ('t'JJ] exp{tJJ?.d:t 1-

't ~ 

- exp {~i sii d't} 1 
'tJ 
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( 12) 

( 13) 

~ 

(o) 

"X.(tJ - peweHHe 6e3 y'ieTa CT011KHOBeHHA, 

li XJ - cKa'ioK nonepe'iHO:il: KOMilOHeHTbI cKopocTH s pe-

3Y1lbTaTe 1-ro pacce.si:HHH. 
lfacTOTa ¢a30BbIX Kone6aHH:il: St ( 't) onpe.llen.si:eTcH MeTo­

.llOM BKB c TO'iHOCTbIO .llO q;neHOB nop.11.llKa G./'6 s BH.lle 

.Q ('t) :J~ (n.a-1) C0-1~ - i. t ~ l'}¢ { 14} 

~o = co~ <Po - 1I2 Q o 0 , 

rne 

Q = 'le E0 ~ 
nmc2 f1- ~~' J Q _ e E0 ~ 

e- ,.,, 
e 

( 14
1 

) 

ED - aMn11HTYAa anexTpH'iecxoro nonsi: B cpe.lle, 

cf:> - ¢aaa npOA011bHOI'O .[lBH:lKeHH9:, 

HHJ:teKC ( 0) OTHOCHTC.11 K H8'i81lbHOMY MOMeHTY speMeHR • 

l13MeHeHB0 '18CT0Tbl ¢a30BblX K011e6aHHH B peay11bT8Te pac- -

ceaHHSI npeHe6pe:lKHMO Mano. 

JlJ:1cnepCH9: nonepe'iHbIX K011e6aHH:il: C r1eTOM ( 11) 
npeACTaB119:eTCSI B BR.Ile 

1) (t} "'° < (Xv+1-<-X"+1 >)
2
> ~ 

v ;+..t • ~ 
~ ( J~ '±' ( J JV H )( ~ X J ) > 

• 

( 15) 

3)leCb oT6pOill0Hbl '1110Hbl rv < ~ X > 2 
, TSK K8K napa-

MeTp c << Q2. B (2) Man, npH ycnoBBH Q<< 1, KOTOpOe 

BblilOllH.lleTC.11 BO scex npaKTH'i0CKH:" B8:lKHbJX cny'la .llX. floe-
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KOJlbKY 11aCTHllbI, aaxBa'leHHbIS B pelKHM ycKopeHH51 ~ HMeIO-X: 

nopeHn-!flaKTOp .),:, '/ 2 Q ' TO BC!O llY' r Ae B03MOlK-

HO, nonaraeM J-> = 1. BbmonH5151 Aanee HHTerpupoBaHHe 

no yrnaM pacceHHH51 c IlOMOiI!bIO COOTHOlllSHHH 

• 2. 
J\b XJ) d6J ~ 6(cJ(tt2-1)cJ(Cn.'<-/t.J- 2). (16) 

rrpeACTBBHM )UICilepcmo B nepBOM HeHC'le3aIOIIIeM npH611HlKe· 

H'.HH B BHAe 

'AN6(c) oo 't' 'l (c) v 

](t) ==exp{- - 'L 1 L. Sd't ... ( dL. (~N6 ) . 29f j \i"O I J 'I 2_9f 
0 

'l:v-1 

(17) 

v 
~; ~f (J /:V• I) (rt~ 1) eJ ( f tt ~/t.,J -2) , 

rAe 'Lv+i = 't' 
riocne BbP:rncnemrn HHTerpanoB H cyMMHpOBaHH51 no J H v 
rrony'IHM 

(c) 't . 

] (t) ~ 7'~~ J cpa(llr )(n2-1)e (t'')( ~tt Ye('t' f 2) d't, c 1s> 
0 

HcnonbayH (2) • (13) H ypaBHeHHH ABHlKeHH51, STOT peaynb­

TBT MOlKHO npeACTaBHTb B BHAe 

])(o'J:::: 7't·U,Cclq2slf~ (e S!.-~){a n+'/ Q)-'/2 .. 
t. 'Ii O' X 1/2 11. 9 Yo 2 ( 19) 

~o 

-8-

· (~o+ '/2Qxfv2 [1-(~o+ 1
/2Qx ) 2 f

1

~2 
rAe 

q:: t; /mcu (2) • 
3aMeTHM,'ITO MHOlKHTSJlb nepeA HHTerpanoM a ( 19) He 

3aBHCHT OT nnoTHOCTH aTOMOB cpeAbI H COpTa 'IBCTHU· 

7\N6(c)q 2 751 .· i.(d.. )~~d 3 ._~_ 3n~ - -2 -.- 'lr 2 ) 
451Q' - 48 Ge tie · Ua.e rt +2 

(20) 

n-z. ... .f :::: _4JrN ( 'lrrc )3 Q 
. tt'+ 2. 3 d.. o..e 

rAe 

J\e - KOMilTOHOBCKBSI'. WIHHa BOJ1Hbl sneKTpOHa 

c.{ - IIOCTOHHHaH 30MMep!flenbAa 

~ - AHHaMH'ISCKaSI'. nonSlpHayeMOC1'b STOMa cpeAbl B 

e aTOMHbIX eAHHHllax. 

Bb1'1HCJ1HM HHTerpan B (19) B npe.anono:>KeHHH co.5</>o» 12Q'Oo 
'ITO COOTBSTCTByeT cny11a10,KOI'.tl8 SHeprHSI'. HHlKeKTHpyeMbIX 

'laCTHU MBOI'O 6onbme noporOBOA 

~ '( ~ d )( f rt - + <f o 2 ~o J x'k H• "''° ~o (I- y) (e~-q .3) 
a-o . I ~i. ttcp0 I co~ ¢o 

{21) 

norapH4iMH'10CKHA pOCT B03HHK8eT H3-3a pacce51HH51 ua 

6onbmHe yr1lbl. Y11HTbIBaR KOHe'IHble pa3Mepb1 g,apa MOlKHO 

noKa38Tb, 'ITO npH aHeprHSl'.X o >> 7\e/R , r~e R -
paAHfC s.apa, B ¢opMynax ( 19) , { 21) cneeyeT aaMSHHTb 

en~ HS €n. E . B STOM cnyqae BMeCTO (2it 
nony11a.eTCSI'. 

~ 

J dx 
x '/2 

~o 

R. 

~ 
2 

( 1-f¥Hen.~ -3) 

I ~i.n <Po I co~ fo 

-9-

{22} 



npH o' ~ o >> A e / R 

... , :?n i 
JlnSI BOAOpo.ua: ~ = 1. R x 0,5 C\ JQ' a '.!:; 9/2, -4- :::<:: 1. 

Qe rt. +2 
lfa (19), (22) cnenyeT: 

951" ( d.. )2 /\cA ~ 
](~)=i08 QQ . Ae (eh_. *Q -3) ( ( - J ~D ') • 

I .)tt<. 'Po I co~ cpo ~ 

Tionara.II aanee / ~i.11. 4'
0 
/co~ cp0 ~ 

-4 

o,5; i\ ::;:'. .Ae 
cJ..3 

(23) 

= 0,992.10 CM, m = me , · o >> 00 .; no11yqHM All.II 
napaMeTp.a O =. L/D(o) Bbipa:lKeHHe BHAa 

512 

. &~1.3(~) 2 

Oe . (24) 

0TCIO.ll8 cnenyeT, qTO Bllli.IIHHe MHOI'OKpaTHOI'O pacce.IIHH.II 
Ha AHHaMHKy qaCTHU npH AllHTenhHOM ycKopeHHH yMeHbwa­
eTC.II npH Qe >cl.. • 
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