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88EJlEHME 

8 HaCTOR.ee apeMR AaneHMe CBepxMany~eHMR. npeACKaaaHHOe 
P. AHKKe a 1 95~ r. /ll aKTH aHO HccneAYeTCR KaK TeopeTH~CKM. TaK 
H 3KcnepMMeHTaJlbHO 11-121 . 8 ~enoM P'Rf~ 3KCnepMMeHTOa B Ka~ecTB 
aKTMBHOM cpeAW Hcnonba~TCR rasw,2, . KaK npaaHno . nPH TeopeTH
4eCKOM onHcaHMM npo~ecca c BepxManY4aTenbHOA reHepaqMM B raa&x 
npeHe5perCllOT 341M11eKT aM14 co6CTaeHHOr o ABMlIIeHMR ManY~BT~. ICOTopwe 
MOrYT OKaaaTbCR aeCbNa cyuaeCT aeHHWM14 le.M •• HanpMMep. ,13! /. 
Mc KJlIOI.Ie .... e COCTaanRIDT pa60TbI 16,10/, a KOTOPblX pacCMOTpeHMe 341
$eKTOB c06c TBeHHoro ASM*eHMR npoaOAHn OCb B paMKax nonyKnaCCM4eC 
Koro nOAXoAa. "ITO He n03aDnReT . OAHaKO. aAeKBaTHO onMcaTb Ha4anb
HyJD CTaAMD npoqecca ~pMMpoaaHMR CBepxMany~aTenbHoro MMnynbca , 

BMeCTe C TaM . nOCneAQaaTenbHblM KaaHToBbiA nOAxoA K onMcaHMID 
AMHaMKKH caepxManY4aTenbHblx CHCTeM 6wn pa3BHT HeABaHO 111,111 Ha 
OCHOae Me TOAa Hc~eHMR 6030HHblX nepeMeH.tiX 143 KMHeTH~eeKMX 
ypaSHeHHM / 14/• B paMKax 3Toro nOAxOAa YAaeTCR nOCTpoMTb T04HYO 
MepapxMID KMHeTM4eCKMX ypaaHeHHM AnR c aepXManY4aTenbHblX CMCTeM . 
n PMrQAHyJD AnA MCeneAQaaHMR npe~ece08 cnOHTaHHoro ...anY4eHMR S 
Aayx- M MHOroypoaHeawx CMCTeMaX . 

8 HacTOR_eM pa60Te Ha OCHoae YMaa aHHoro nOAXQAa MCCneAQBaHO 
anHRHHe c06cTBeHHOro ASH*eHMR ManY4aTeneM Ha speMR 3aAepMKM. $Op
My 14 APyrMe xapaKTepHCTMKM c sepxManY4aTenbHoro ...Mnyn bc a . npM 
3TOM AnA onMea.'MR M3nY4aTeneM ...cnonbSOBaHO 6osOHHoe nPeACTa8J1e
HMe a OTn M4Me OT ~enPMHRTOrO npeAcTa 8J1eHHR C nOM~bO reHepa
TOpeS rpynnbl SU(n) In - 4Hcno pa604HX YPOBHeM ManY4a TenR/. 3AeCb 
TaKMe onPeAeneHa KPMTH~eCKaR nllOTHOCTb pa604eM CP8AW . HHMe 
KOTOPOM KonneKTHSHbie npe~eccbI . 06ycnoanMBa~e a03H ...KHOaeHMe 
c aepXManY4aTenbHoM r eHepaqMM . a~e Hea03MO.HbI . 3 TOT peayn bTaT 
npeACTaanReT MHTe pec a c aRaM C np06neMOM coaAaH"'R CBepXH3nY4a
TenbHbIX nasepeB C ra3006paSHOM pa604eH CPeACH ICM. Ta lOlle I lal I. 

1. MEPAPXM~ KMHETM4ECKMX YPABHEHMA 

raMMnb TOHMaH BaaMMQAeMCTBMR Aa ....yuaerOCR a TOMa M nOJUl M3J1,Y

4eHHR ...MeeT aHA 11 r. ., ·2p . p. 
J( P e (Me) . p'" eV(p) 1: h ..b.

+ 
b 

q qa qa2M 21' q l7 " 111 

... -". .,. 
Ae p = R - r • R 11 r - KooPAHHaTbi RApa 11 3J1eKTP9Ha / AJ)A npocToTW 

3Aecb paCCMaTpIOtSaeTCR oAHo3.neKTpoHHblH aToM/. ~. = (11\ ii + m ;)/(tn + pep
+ me / - KOOPAIiIHaTw 4eHTpa Macc aToMa. mil H me - MaCCbI RApa 11 
3I1eKTpoHa. M = 1'1\> + me - nOJ1HaR Macca aTOMa H II = III eOJ p1M - npl1

~__ ~ 

seAeHHaR Macca. 4epe3 P t 11 P • ofi03Ha4eHbI o606uteHHwe HMnYJ1bCbI, 
. 4 P 

conpR*eHHble nepeMeHHblM t iii P. 
KaK Ofibl4HO. npeAnOI1araeTCR. 4TO AJ1Ii1Ha BOI1HbI 113nY4eHI1R BenlilKa 

no cpaSMeHI10 C pa3MepaMI1 aTOMa; 3~O n03s0nReT B raMHI1bTOHl1aHe 
/1/ aaMeHI1Tb nepeMeHHble i M i Ha f. T.e. C411TaTb nOI1e B aTOMe 
nOCTORHHblM H paSHbiM nono B 4eHTpe Macc aTOMa. 

4epe3 A( t) ofi03Ha4eH seKTopHblH nOTeH411aJ1 nOJ1R, b_~ 11 b-. 
qa q' 

onepaTopbl pO~AeHHA lOt YHH4To~eHI1R ~OTOHOB C SOJ1HOBbiM BeKTopOM 
q H n0J1Rpl13a4l1eH a. 

PaCCMOTPIiIM MaKpOCKonl1'-IeCKYo C~1CTeMY TO)!(AeCTBeHHblX Aeyxypos
HeBWX aTOMOB. ConOCTaSI1AR Ka*AOMY ypoeHo B aTOMe fi030HHYO nepe
MeHHYO 11 HCn0J1b3YA npI16J1H*eHIOte Bpauta~e~CR BonHbI, AnA raMHI1bTO
Hl1a Ha B3al1MOAeHCTBI1R C nOJ1eM 113I1y4eHI1R IOtMeeM: 

+ 
J{ = ~ E ... a ... a ... + ~ E ... a ., a... 4 


-. lk lk Ik - 2k 2k 2k

k k /2/., 

1 ~ h (<I. b.. b. l: (~... b
+ 
_. a ..... a • .,. c.c. ) . 

q ql1 q" ... . q (7 q CT 11\ - q 2 k 
q k • II (7 

rAe 

. leJ:?; • 
~J j_b . d 

() ~ d)'
ql7 2(.,... I aVo 

q 

3Aecb d - MaTp1il4HbI~ 3I1eMeHT ~epexoAa /d - BeuteCTBeHHblH napa
MeTp/, ea 11 Ud - eAHHI14Hble BeKTOpbl n0I1ApHS34I1H nOJ1A 11 AlilnOI1bHOrO 
MOMeHT a aToMa. Va - ofibeM KBaHTOBaHI1A 3J1eKTpOMarHI1THOrO nOJ1A, 
t(<l - pa3HOCTb 3Heprl-tl1 aTOMHWX YPoBHeH, a +~. a .. 11 a 14 a . -

Ik lk 2k 2k 
6030HHble onepaTopbI pOll(AeHI1A 11 YHH4To*eHHA laToMoB" C HMnyI1bCOM
k Ha HH*HeM H BepXHeM ypOBHAx, COOTBeTCTBeHHO. OHI1 YAoeneTBopAOT 
cT aHAapTHbiM KOMMY Ta41101-IHblM COOTHoweHHAM 

+ 
a 1. 


J k 1 k ' k • k 2k 2k ' k.k' 

( a .... I 8~ "',' ! a ... a ... I -= 8... ... • /3/ 

3Ae Cb 

2 " 2 2 • 2 
h k h k 

E ... E 1 .,. - 2M E ... = E 2 +~' 
1 k 2 k 

rAe El lOt E2 - 3Hepr HH HI1~He rO lOt Bepx Hero YPo BHeH COOTseTCTseHHO. 

1', 

--- ~ 
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nepeHAeM K nOCTpoeH~~ K~HeT~4eCKOrO ypaBHeH~R AnR C~CTeM~ 
C raM~nbTOHHaHOM /2/. 0603Ha4~M 4epe3 ~t cTaT~cT~4ecK~H onepa
TOP C~CTeM~ C raM~nbTOH~aHOM /2/. OnepaTop ~t YAOBneTBopReT ypaB
HeH~~ n~YB~nnR 

ih~:Jjt=[J\, ~\J. 	 /4/
at 

Ha4anbHoe ycnoB~e AnR ypaBHeH~R /4/ COOTBeTcTByeT BKn~4eH~~ 
B3a~MoAeHcTB~R Me~AY noneM /F -c~cTeMa/ ~ ~3nY4aTenRM~ /M-c~

cTeMa/ B Ha4anbH~H MOMeHT to = 0: 

~o = p(M)~(F), :n(F) = exp(-{3H ) / spexp(-{3H ),
F F

(F) /5/ 

sp p(M) = 1 


(M) 	 , 
+

rAe HF'" L hw... h... b_•. 
... a q qa 51 a 

0603Ha~~M 4epe3 tiM OnepaTOP. AeHCTBYIOU\~H TonbKO Ha nepeMeHH~e 
M -C~CTeM~.TaK~M onepaTopOM ~~OlKeT 6~Tb a'" a • a+ a ~n~ KaKaR-n~

+ + 1k 1k 2k 2k 
60 KOM6~HaLl~R ~3 a ... . a ... . a .... ~a,., 

1 k 1k 2k 2k 
YpaBHeH~e AB~lKeH~R AllR onepaTopa (9 M B npeACTaBneH~~ reH3eH

6epra HMeeT B~A 

ih e (t) = WM(t), H l. 	 /6/M . t 

CpeAHee 3Ha4eH~e A~HaM~4eCKOH Bell~4~H~ (9 (t) onpeAenReTCR cne
AYKlll\~M 06pa30M 1 12/: M 

< (9M(t»= sp(CM~I\)= sp (eJt)~o). /7/ 

(M,F) (M,F) 


3an~weM ypaBHeH~e AB~lKeH~R AllR onepaTopOB b ... (t) 
qa 

. 	 + 
i h b (t) = h w b (t) + g L a (t) a (t) . 

qa q qa qa k 1k-ii 2k' 

~pManbHoe peweH~e 3Toro ypaBHeH~R MOlKHO npeAcTaB~Tb B B~Ae: 

b.... (t) = h.... (t) - i 11.... (t). /8/ 
qa qa qa 

- -iw.... t 

rAe b.... (t) = e q b .... 


qa qa 

t -iW.... (t- ·T) + 

11.... (t) = ..!.- . g... f e q ( L a .... .... (T) a .... ( T» dr. 


q a h q a 0 k 1k - q 2 k 


nOACTaBllRR /8/ B ypaaHeH~e /6/ ~ nepeXOAR K ycpeAHeH~~ /7/.no
nY4aeM 

4 

d 
< ClMCt) > + 2- d C

M
Ct) , H~«t)l>

dt h 

- + +-L I g... < b (t)[ C ,(t) , a (t) a -> (t) 1 +
h qa qa I., 1k-Ci 2k 

k, qa 

~ [ (9 (t), a+ .... (t) a ....... (t)} b_. (t» + 

M 2k 1k-q qa 


+..!.- L g -, < 11 .... 
+ 

(t)[ eM (t), a .... ... (t) a ....( t ) 1 _ 	
/ 

h k , ~a qa q a 1k - q 2k 

- [(9M (t), a 
+ 
.. ( t) a .. ... (t ) 1 11 -+ Ct ) > • 


2 k lk- tj q a 


rAe 

- + 	 + 
HM(t ) = 	 L (E ... a ... (t) a ...(t) + E ... a _. (t)a .... ( t » .
k lk1 k 1 k 2k2k 2k 


Hcnon b3YR COOTHoweH ~R. YCTaHOBneHH~e B pa6 o Te / 14 ': 

- + - + 

spt b.... (t) 'lI~(F) 1 = M... SPt[b ... (t ) , 'UJ T(F)I. 


(F) qO 	 q a q a 

-	 - + 
sp (b_. (t ) 11 1) ( F ) I = ( 1 + M..... ) sp I (b... (t ), 11 1 :n (F) I• 

( F ) qa 	 q a (F) q a 

rAe - (3 (u.... /2 

M.... = e q / 2sh({3 w .,/2) ,· 

qO 
 q 

~3 ypa8HeH~H /9/ MO~HO nonY4~Tb 

..!-. < e (t» + 2- < [C (t). H (t) 1> = 
dt M h M M 

1 	 + + 
= --... L g..aM...a < I'll ... (t) . [ e M(t) , a ... ... ( t) a .... (t)]] . + qhk, qa - q qa 1 k-q 2k 

+ [ 'll... ( t ). r(9 M (t ) • a + ... (t) a -> ... (t)} 1 I > + 

qO 2k l k -q 


/1 01 	 + + 
+ 	- L g... < I 11 ... (t) [ l')M (t), a _. ...( t) a ... (t) 1 

h -'''' qO qa 1k-q 2k
k , qa 

-( e M( t), :/ ... (t)a ... (t)) 11 -0 ( t) I > . 
2 k 1 k- qa 
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COOTHoweH~e /10/ n peACTasnAeT co6o~ ~epapXH~ KHHeT~4eCKHX y pas
He HI1H AnR nOACHCTeMbl H3ny4aTeJ1e H, TaK KaK B npasoi1 4aCT~ /10 
CTORT cpeAHHe OT npOH3BeAeH~R one paTopOB 60nee B~COKoro nopAA Ka 
4eM S nesoH . nOA4e p KHeM, 4 TO 3 Ta He papXHR RBnReTCA T04HO~. B OT 
nH4~e OT pa6oT / ll•121 , ypasHeHI1R /1 0/ 3anl1CaHbI AnR cpeAHH X OT 
a TOMHblX nepeMeHHblX B 603e s cKoM , a He B nayne s cKoM npeAC T a Bne HHI1 . 

2. CnOHTAHHOE H3nY4EHHE 

PaCCMoTp~M cnellHa nbHoe Ha4anbHoe ycnOBl1e ~(F) = 1 0 > <0 t. COOT
BeTcT By~ee OTCYTCT S I1~ 11 3n Y4eHHR S Ha4anbHbI~ MOMeHT BpeMeHH. 
KI1HeT~4ecKoe ypasHeHl1e / 10/ AnA on e paTopOB HaceneH~R n ~fi) 
=a+~ (t) a ~(t ) HMeeT S~A 2k 

2 1.. 2 k 

2 iW-" ( t- r )

d "" n ( t»= __I_ l: 
 g~ <\ f e q x- ...... ..... 2 ..... 

dt 2k h qa qa 0 

+ + 
x ( ] a -. , (r)a -. , -.(r))dr a -. ~( t ) a -. ( t) + /11/ 

k ' 2 k lk -q 1 k- q 2 k 

t - i W-'( t- r ) + ++ f e q a -. (t) a ~ .. (t) l: a -. , .. ( r) a -. ( r)dr I > . 
2k lk ·-q k' lk - q 2 k'o 

Bocnonb3yeMcA npl16n~meHl1eM Me AneHHO MeHR~HXCA aMnnHTYA: 

- .LE .• t - .!. E .. t 
h 2k

a .. (t) = e a .. (t) • a ~ (t) e h 1 k a ~ (t). /12/
2k 2 k 1 k 1 k 

r Ae ~1 k (t) , a2~ (t) - MeAneHHO MeHRlOIlIl1eCA co speMeHeM onepaTopbl. 
nOAc Ta snRR /12/ S ypasHeHl1e /11/, nonY4aeM: 

d 1 
< n .. (t) > = - 2" -.l: g 2 [I (W _ (Il _ !!... (k.q). t ) + 

dt qa q M2k h qa 

h -. -. 
+ I* ( W - W - - k . Q. t ) 1 0 < n (t) en (t) + 1» 

q M 2k 
0 

lk 
. b -+ ..... 

2 1 -(k-k) " /13/
g e M ·q t h -. ..I:!. l: I(w-. - (Il--k ' ·Q.t) x 

- h
2 k'/k qa q M 

qa 
-+ - -+ 

x <a ~ (t) a -. ~ (t) a ~ -. (t) a ~ et) > + Coc o 1 • 
2k lk-q lk'-q 2k ' 

rAe W = (E 2 - E 
1
)/ h, 0 ~(t) = a+ ~(t) a -.(t), I(x, t) = (1- e -ixt ) / ix . 


lk lk lk 


6 

KHHeTI14eCKOe y p asHeHHe AnA on e pa To pa n onHo r o 4Hcna aTOMOS Ha 
BepXHeM YPOBHe N 2 (t) = L a+ -0 (t) a -. (t) ner KO nOJlY4I1Tb. CyMMI1 PYfl

k 2k 2k 
~ 

/13/no k: 

d 

d t 

1 L' N (t ) > = - -2 ... ~ 
' 2 ' h k. qa 

g_~ 2 Re ( I (w .. 
qa q 

h ... .. 
_ W - - k. q, t )] 0 < n -" (t) ( 1 + n ~ -. (t» > -

M 2 k lk -q 

_ { 1 L 
ill (; ' _ k ) . ~ t 

2 e M 
g .. 

T( h k ' ''' t)1 w .. - W - - 0 q. . x 
h 2 .. -" J -+ 

k. k r k 
q a q M 

-. 
q a 

x <i+ (t) a (t) i+ (t) a (t » + C.C o 10 
-+ ......... ..... -+ -+ .. 

2 k 1 k - q lk ' - q 2k 

/lV 

~11~e Mbi paCCMOTpHM pa3nH4H~e Ha4anbH~e COCTOAH~R M-C~CTeMbi . 

A. CnY4aH HAeanbHoro ra3a 

MaTpHlIa nnOTHOC TI1 Ha4anbHoro COCTORHHfI HMe eT BHA : 

1 + 
reM) - exp [ - {3 (L ( E -+ - Il ) a .. a +o k lk 1 lk lk 

0" 

/151 
+ 

+ L ( E -. - Il ) a -. a .. )J k 2k 2 2k 2 k • 

+ 
rAe 0 = sp exp[-{3(L (E -+ - Ill) a -.a -. + L ( E -. - 1l ) a+ -.a ... )1 

(M) k 1 k 1 k 1k k 2k 2 2 k 2 k 
11 {3 - 06paTHafi TeMnepaTypa. 

XHMI14eCKHe nOTeHlIHanbi III 11 11 2 onpeAenfl~TCA 113 Ha4anb HblX yc

nOBHH 

+ 
<N > = < l: a 

+ 
-. a -. > ~ N20 ' <N 1> < l: a ,., a

1
-. > = N 10. /16/

2 -. 2k 2 k k 1 k k 
k 

B cnY4ae I1Ae a nbHoro ra3a, KorAa nnOTHOCTb cpeAbi H3flY4a Te n e H Ma

na, I1MeeM 

n 10 
/17/

2 - - .l10 2 3 / 2 E 1 - II 1 - 1... In 2 3 / 2 

n 20 

E 2 -1l - {3 (2ITM/ {3h . ) {3 (2 IT M/ 1% ) 

rAe 0 10 H n 20 - Ha4anbHble nnoTHocTH aTOMOB Ha HH~HeM ~ s e pxHeM 
N 10 N 20 YPOBHAX n 10 = -- , = -- 3Aecb V - 06'beM r a3a.0 20V V 

B Ha4anbHblH MOMeHT BpeMe HI1 t = 0 C Y4eTOM /15/ - , 17/ Ha XOAHM 

-(3(E -' -IL ) -(3CE -.-1l 1 ) ~ k q
<n .. (1 + n -. -. ) > = e 2 k 2 (1- elk eM 

0 

) /18/
2k lk-q 

0 

0 
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I3b 
2 

-. .. b -+ 
- -k' q ---k 'ql 

3aMeH ~M 3KCnOHeH4~anbH~e $aKTOp~ e 
M 

a 11 81 ~ e 
M 


1131 I1X cpeAH~1M~ 3 Ha4e HI-1 R M~. nerKO nO Ka s aTb , 4TO 3T H cpeAH~e 


n pH6n "'meHHO paaH~ eA~H~4e. 


nOAcT a BHM 1131 B yp a BHeHHe 11 ItI . T orAa B npaBo~ 4aCH1 non y 
4aeM Inp~ t = 01 


_ 2)' "to' "20 
11 91 8(r.M/l3h 2) 3/2 , V - 2YD 20 V 

rAe)' - eCTeCTBeHHafl WHp~Ha YPoBH e l7! y = .!!.... ! g: O({JI -(v ) . n p e A
h2qa q (T q 

nOnOml-1M, 4TO 1 191 coxpaHReT caol7! a HA a MOMeHT t, TorAa ypaBHeH~e 
Il~1 MomHO n peACTaBI1Tb B BI1Ae 

<Ii (t » =, _ 2}1 <0 (t ) 2 Y <" t(t» <n (t) > 
2 > - 2 201 2
 

8(I7MI I3h 2) 3 /2 


<N 2 lt»rAe <n (t» = <N1(t) > <0 (t» = - nnOT HOCTI1 a TOMOB 1 2 V 

Ha HI1~HeM ~ BepXHeM ypOBHRX COOTBeTCTseHHO. 

nerKO npOBepl1Tb. 4TO <" 1 (t ) > + <" 2(t) > = no ' rAe no = N/ V 
nnOT HOC Tb aTOMOB. 

Tenepb 1'13 ypaBHeHHR 120/ C Y4 eTOM Ha4anb Horo y cnoBI-1R <1I 2 (0» = 
=fl O nOJlY4aeM peweHa.1e: 

1 I- Do / nkr 

<"2(t) > = 0kr 12 11 


(1 +-n ln )2 )' (1- r ) 

1 + e kr D 


in ( n 0 I n )krrAe T = ------_ - BpeMR saAep~ Ka.1 caepX~SJly4aTenbHoro 

D 1 + Do /nkr 
a.1MnYJl bCa HSJlY4eHHR 

n = 8(17M / ,8 h2 ) 3/2 ,
kr /221 

nnOTHOCTb a.1HTeHC a.1B HO CTa.1 11 3JlY4eHHR HaxoAHTcR no $opMYJle 

2 
2 yw n (1 + n 10 )

let ) - - h w <~ 2 (t ) > _ ____2,~_____E_~~_______ 1231 
2

cos [ y(1 + ninkr ) (t - T D ) 1 

1-13 KOTOPOH BHAHO , 4 TO caepXHSJlY4eH~e B0 3Ha.1KaeT TOJlbKO B TOM CJlY

4ae , KorAa nO > n , n03 TOMY n MO~HO paCCMaTp~BaTb K3K KpHTH4ec
kr k l 

KY~ n nOT HOCTb aT OMOB. 

8 

B CJlY4ae JlerK"'X aTOMOB IM-l0
-24 

rl '" KOMHaTHol7! TeMnepaTYp~ 
10 24IT _ 300 KI n _ ICM 3. CyU\eCTBOBaH",e Kp"'Ta.14eCKOH nJlOTHOCTI1

k
nOATBep~aeTc~ 3KCnepa.1MeHTaJlbHo/ 131 

6. CJlY4al7! nY4Ka aTOMOB 

PaCCMOTp"'M Tenepb nY40K aTOMOB, pacnpOCTpaHRI'JU\I117!CR B Hanpa BJle

HI1'" OC'" Z C pacnpeAeJleHl1eM 115/. TorAa B pacnpeAeJleH"'11 1151 cox
paHReTCR JlI1Wb OAHa KOMnOHeHTa "'MnYJlbCa k z IKBa3",oAHoMepHbll7! CJlY
4a~/. nOAo6H~H nY40K aTOMOB MO~HO peaJlbHO COSAaTb B 3KCnep11MeH
Te. CJleAyeT OTMeTI1Tb, 4TO n04TI1 BO Bcex 3KCnepl1MeHTaX no CBepx

"'3JlY4eH"'~ B ra3ax I1CnOnb30BaJll1 CI1CTeMbI Tl1na "KapaHAaw" C 411C

JlOM </>peHeJlR F = ~ _1, rAe S - nonepe4Hoe Ce4eHI1e II KapaHAawa" , 

L - ero AJl",Ha ",At_ AJl"'Ha BOJlHbl "'3JlY4eH"'R. TaK",e CI1CTeMbl MO~HO 
npI16JlI1~eHHO paccMaTp"'BaTb KaK OnI1CaHHbl~ Bblwe nY40K aTOMOB. 
B 3TOM CJlY4ae nJlOTHOCTb I1HTeHCI1BHOCTI1 caepX113JlY4eH~R I1MeeT BHA 

1231 C BpeMeHeM saAep~KI1 T D, PaSHI14a COCTO"'T nl1Wb B TOM, 4TO 
B OAHOMepHOM cnY4ae Kp"'TI14eCKaR nJlOTHOCTb aTOMOB npl1HI1MaeT SHa4e
H",e 

2n 2kr = s(17M/ ,8h )1I2 1241 

rAe S - ce4eH",e nY4Ka aTOMOB. 
B cJlY4aeM _10-24 r, S _ 0,01 CM 2.,. 0,001 CM 2, 4TO COOTBeTcTByeT 

peaJlbHOH 3KCnepl1MeHTanbHoH c11Tya41111, '" Kpl1TI14eCKaA nJlOTHOCTb 
"'MeeT nopRAOK 0kr _ 10 10.,. 1011 ICM 3. llaHHaR 04eHKa cOBnaAaeT 
C 3KCnepI1MeHTaJlbHOH/13~ nOJlY4eHHO~ B napax N • rAe I1CnOJlbSOBaJla 
CR Jlasep C 60JlbWO~ cneKTpaJlbHO~ WI1P"'HO~ B Ka4eCTBe HaKa4KI1. 

B CJlY4ae HaKa4K'" Jla3epOM C Y3KO~ cneKTpaJlbHO~ W"'PI1HOH, pac

npe AeneHHe B036Y~AeHH~X aTOMOB no CKOPOCTRM C"'JlbHO I1SMeHReTcR; 
",ccneAoBaHl1e 3Toro CJlY4aR Mo~eT COCTaB"'Tb npeAMeT caMOCTOATenb

HOH pa6oT~. 

B. CJlY4a~ nY4Ka aTOMOB oAHOl7! CKOPOCTI1 

B 3TOM CJlY4ae MaTpl14a nJlOTHOCTI1 Ha4aJlbHOrO COCTORHI1R "'MeeT 

B"'A 

p (M) = IN 10' N20 > <N20 • N 10 I = IN. 0 > <0. N I . 

PewaR ypaBHeHl1e 1141 C TaK"'M Ha4aJlbH~M ycnOBl1eM, nOJlY4a eM 

2 yw (1 + N) 2 

I(t) = -----~--- /251 

2


cosh (y(1 + N)(t- T ))
D 
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rAe 	 speMR 3aAepmK~ 
InN 

r 
o 	 /26/

2y(1 4- N) 

Pe3ynbTaT /25/ ~ /26/ cos naAaeT C ~3seCTH~M pe3ynbT8ToM AnR 

MOAen~ AI1KKe /9/. 


3. 	 06CY:KAEHI-1E PE3YJlbTATOB 

TaKI1M 050a30M, npOSeAeHHOe paCCMOTpeHl1e 3aA8411 0 Bn~RHI1~ c06
CTseHHoro ASI1~eH~~ ~3nY4aTene~ Ha X3paKTep~CT~KI1 CBepXI13nY4eHHR 
s ra3ax Ha OCHose T04HOH HepapXl111 KI1HeTI14eCKI1X ypasHeHI1H n03
Bon~eT Onl1CaTb cBepxl13nY4aTenbH~H I1Mnynbc AnR npOH3BQnbHoro 
I> 0, a TaK~e nonY4HTb 04eHKY AnR KpHTI14eCKO~ nnOTHOCTl1,XOPOWO 
cornaCY~Y~CR C peaynbTaTaMI1 3KCnep11MeHTa. nOA4epKHeM, 4TO HC
nonb30saHHoe 3AeCb fi030HHoe npeACTaaneHl1e 113nY4aTeneH n03BonReT 
nerKO nepeHTI1 K paCCMOTpeHH~ MHoroypOSHeeoro cnY4an. 

AS TOPbl rny60Ko finaroAapHbl Hrye H HbblllaTY, A.nywKapoBY, 

H~M. nna KI1Ae , ~aM Jle Kl1eHY 11 B.H.~KanoBY 3a none3H~e o6cY*AeHI1R. 
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o caePXHSJIY'oIeHHII B CHCTeNe' ~CII KsnyqaTeneA 

HCCJleAoaaao lUUUUIIIe coGCTaelDlOro AJQIJIeIIIIJI HSJl'Y'I8'l'eneA 
H4 cBepxKsnylleHHe B r asooGpasHoA U'l'H8J101 CJ)8Ae . ODPeAea.... 
KpHTKlIeCXaa nnOTROCT~ H3J1yqaTeneA, ~8 x OTopal. xonneKTKBBOe 
cnOHTaHHOe KSnyqeHHe OTCYTCTlIYe 'l' . 
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