
,,_ r ' - ...... 
OS'hE.QHHEHHbl tf 

HHCTHTYT 
R.QEPHbiX 

HCCnE.QOBAHH.A 

.Qy«Saa. 
P4 • 4502 

B.B.llpHe3)Ke~ 

I 

K TEOPMH 3REMEHTAPHYX B03BYI~EHHH 

B IM~KOCTM 

1969 



P4 · 4502 

K TEOPHH 3JIEMEHTAPHWX B03BY~EHMR 

B Di,lJ;KOCTH 

HanpaBneao B •YKpaHHCKHA ~H3H~ecKHA ~ypaan• 

.. _______ _ 



I .::-· 

.... 

l.BBeLieHHe 

8KCIIepHMeHTbl IIO paccesrHHIO Me.QneHHbiX HeHTpOHOB IIOK83b!B8IOT, 'ITO 

HMeeTCSI 3H8'1HTenbHOe CXOLICTBO Me~LIY CBOHCTB8MH ~H.QKOCTH H IIOnHKpHC

Tanna rrpH TeMrrepaTypax, 6na3KHX K ToqKe rrnaBneHHsr. B 'laCTHOCTH, o6Ha

PY~HBaeTcsr COBIIaLieHHe Ka'leCTBeHHbiX OC06eHHOCTeH LlHCIIepCHOHHbiX KpHBbiX 

~HLIKOCTH H IIOnHKpHCTanna B o6naCTH 3Ha'leHHH BOnHOBOI'O 'IHCna, COOTBeT

CTByiOmeii: rrepBbiM 30H8M BpanniOaHa. 8TO naeT OCHOB8HHe nnsr .IIOilbiTOK 

OIIHC8HHSI BbiCOK0'18CTOTHbiX B036y~.QeHHH B ~H.QKOCTH C IIOMOffibiO KB83H-

• T 6 Ill KpHCTannH'IeCKHX MOLieneH. aK, HaiipHMep, B pa OTe HCIIOnb3yeTCSI 

IIpeLICTaBneHHe 0 ~H.QKOCTH B6nH3H TO'IKH rrnaBneHHSI KaK 0 CHnbHO paayrro

PSILIO'IeHHbM KpHCTanne, B KOTOpOM IIOno~eHHSI paBHOBeCHSI KOnc6niOmHXCSI 

8TOMOB OIIHCbiBaiOTCSI rrapHOH KOppenSIUHOHHOH <jlyHKUHeii:. Kone6aHHSI 8TOMOB 

C'IHT810TCSI rapMOHH'IeCKHMH. 0Ka3biBaeTCSI, O.QH8KO, 'ITO IIpH paC'!eTe 38BH

CHMOCTH '!aCTOTbl KOpOTKOBOnHOBbiX tPOHOHOB OT BOnHOBOI'O 'IHCna TaKOH 

IIO,QXOLI BCTpe'!aeT cepbe3Hble TpyLIHOCTH, CBSI38HHbie C Heo6XO.QHMOCTbiO 

y'leCTb CHnbHyiO KOppenSIUHIO Ha ManhiX Me~LIY8TOMHbiX paCCTOSIHHSIX. npyrH-

MH CnOBaMH, eCnH IIOnO~eHHSI paBHOBeCHSI. IIapbl aTOMOB H8XOLISITCSI Ha pac

CTOSIHHH, 6nH3KOM K pa,naycy TBepLIOH c<jlepbl, XapaKTep HX LlBH~eHHSI CTa

HOBHTCSI cymeCTBeHHO aHrapMOHH'IeCKHM. 
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B AHHSMH~ecKoA TeopHH KpHcTanna~ecKoA peweTKH paasHT MeTOA, 

noasonsuowaA y~ecTb aHrapMOHH~eCitHe scjlqleKTbi BbiCWHX nopsmKoB, npH 

sToM ~acTOTbi Kone6aHHI peweTKH onpeAensnoTCH caMocornacosaHHbiM o6-

121 B 6 . pa30M • H8CTOSIW91 pa OT9 STOT MeTOA HCnOnbayeTCSI AnSI H3y~eHHSI 

BbiCOK0~8CTOTHblX KOne6aHHii B npOCTbiX )KHAKOCTSIX npH TeMnepaTypaX, 

6nH3KHX K TeMnepaType nnasneHHH. 

B paaAene 2 .BbiBOAHTCH Bbipa)KeHHe An.H ~acTOTbi sneMeHTapHbiX soa-

6y)KA9HHI B aaBHCHMOCTH OT sonnosoro ~Hcna. B paaAene 3 onHcana cxe

Ma qHcneHHblX pac~eTOB H npHBeAeHbl peaynbT8Tbl Bbl~HCneHHI AnSI )KHAKo-

ro aprona. 

2. DcesgorapMOHH~eCKOe npH6nH)K9JlH9 

DpHHHM8SI BO BHHM8HHe TOnbKO napHb!e B38HMOAeitCTBHsi M9)KAY qac-

THU8MH 0 paCCMOTpHM CHCT9MY C raMHnbTOHH8HOM 

P. "' _. H=I....:.!.+I cf>(.~t 1 -R 1 ), 
I 2m t>l 

(1) 

... 
R

1 
- HMnynbC H KOOpAHH8T8 STOMa C HHAeKCOM. PI ' m rAe 

Macca aToMa. 

Mbi He 6yAeM paccMaTpasaTb AH<iJ<iJyaHOHHOe ABH)KeHae, xapaKTepnoe 

-12 ) BpeMSI KOTOporo ( 10 C9K MHOrO 6onbWe nepHOAa KOne6aHHii ~aCTHU OKO-

no nono)KeHHA pasnoseCHSI. CaMH nono)KeHHSI pasnoseCHSI 6yAeM c~HTaTb 
:0 

HenOABH)I(HbiMH H pacnpeAeneHHbiMH C nnoTHOCTbiO g(R) • DapHyiO KOp-

... 
penSIUHOHHyiO <iJyHKUHIO g ( R) onpeAenHM B COOTBeTCTBHH C STHM K8K 

< I 8 di-R I 0 + RIO ) > . 
1>1 

(2) 

B oTnH~He oT KpHCTanna, rAe nono)KeHHSI pasnoseCHSI nocTOHHHbi AnSI 

BCeX CHCTeM 8HCaM6nH, ycpeAHeHHe B (2) npOH3BOAHTCSI no 8HCaM6nro CO 

cny~aiiHbiM pacnpeAenenaeM R0
1 

4 

l
,, 
' 

. 

·~ 

. ~m~ 
·"1. ~· ' ' 
(,~i. 

l
.r•~: 
. ~' ' 

..l' . 

' 
'· 

i : 

' 

4 
~\ .. 

8BOASI onepaTOp nnOTHOCTH HMfiYnbCa i\ (R), 

TOHHSH {1) 8 8HA9 

nepenaweM raMHnb-

n2 ... 
(R) ... R ... o ... .. ... 

H-fdR----....o.+fdRIS( -R 1 +R
1

)cf>(R+uft ). 
2p t>J {S) 

... 
3A9Cb U it -onepaTop OTHOCHTenbH.Ol"O CM9W9HHSI 8TOMOB H3 nonO)K9HHI 

... rt ... 
pasHosecHH, JlliSI KOTOpb!X R1° -« ~ .. R • Dpoaa&OASI ycpeAHeHHe ··a 

yKa3aHHOM CMb!Cne, nolty~HM 

.. 
OnepaTop ~( R) 

2-> 
... it (R) ... ... ..... 

H• fdR + fdRg(R) cf>(R+u(R)). 
2p 

... 
onpellenSieT none CMeweHHI a TO~Ke R 

(4) 

• BbmonHSISI 

4Jypbe-npeo6paaosaHHe noTeHUHana cf> ( R) , a Topol ~neH a ( 4) Yll06Ho 

38fiHC8Tb 8 BHile 

.. 1 ...... fdRg(R~fdq e qR e •tl rico>-ir<;>l ... 
cf>( q ). (5) 

.llnSI H3Y~9HHSI 8biCOK0~8CTOTHblX 8036y)I(Jl9HHil: B CHCT9Me BOCnonbayeMCSI 

M9TOilOM ABYXBp9M9HHbiX 

/3/ 
PHM <iJyHKUHH fpHHa 

/3/ 
TepMOilHHaMHqecKHX <PYHKUHil: fpHHa • PaccMOT-

a{J -+ a 
G (R,t)• «u (O,t); u fJ(R,O)», 

G ~ ( t) • « u a ( 0, t) ; u{J (0 ,0) », 
{6) 

a 
rAe u ( R, t) - ralaea6eproscxoe npellcTasneHHe onepaTopa cMeweHHSI 

u a ( R) c raMHnbTOHHaHOM ( 1). DpHHHMaSI so BHHMaHHe KOMMyTaUHOH

Hbie COOTHOW9HHSI 
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[ u a( x, t) , n 11 (-; ~ t) T .• i 8 ( x-x ') 8 a 11 (7) 

nony'IHM ypaaHeHHSI llBH)KeHHSI nn.s~ onepaTopoa ua (0, t) H na(O, t) , nona-

ra.s~ nn.s~ npocTOTbi, 'ITO p = 1 : 

i _d_ u a ( 0 ' t ) "' i na (0 ' t ) ' 
dt 

i..;!,_ina (O,t) .. JdRg(R) f dif¢(q)e 
dt 

1-;;; ti!(;:(O) -ucR)) 
. a 1q e 

YpaaHeHHSI nn.s~ ~YHKUHA fpHHa (6) c y'leTOM (8) nony'IHM a BHlle 

l! dl! af3 -+ -+ -+ li!R ... , 
i -- G ( R, t) .. J d R 'g( R ') J d q ¢ ( q) i q a e x 

dt 2 

I Q'~u (0)- u-+( it ' )) 
x « e 

11 
u (R,O) », 

...... 
l! R. 11 -+ lq R 

j 
2 _d - G a 1-' = 8 a 8 ( t) + J d R g( R ) J d q ¢ (q) i q a e x 

dt l! " 

~~ cri <o> -;:cit> 
x «e l ,, u 11 (0,0) » . 

(8) 

·(9~) 

(96} 

p aanO)KHM SKCnOHeHTbl B neBbiX '18CTSIX ypaBHeHHil: ( 9) B pSill H npOH3BelleM 

pacuenneHHe MHOI'O'I8CTH'IHbiX ~YHKUHft fpHH8 cornaCHO nCeBllOI'8pMOHH'IeC-

. /2/ 
KOMY npH6nH)KeHHID 

n 11 n 

«u I ... u ; ui1(R,t)».:'l: «u ;u (R,t)»< nul>. 
n J=l l 1}-J 

(10) 

6 

' 

·' 

I 

I 

).I )t 

no)lCTaBnSISI ( 10) B ( 9) 1 nony'IH~ CHC'I'eMy ypaaHeHHI AnSI cWHKllHA rpHH 

i 2 ~ G al1 ("R, t) • I d R' ell ay(ii ')G YI1(R '-R)dR '
dt2 

-I iil 'ellay(R ')G ri1(R> + ellay (R)Gr 11; 

(11 

i ~ G a! (t ) .. 8 ap 8 ( t ) + J d R ell a y ( R) G Yl1 (R)- J d Rell ay ( R) G ~ ( t ). ( 11 C5 
dt~ 8 

3lleCb BBelleHbl DCeBllOf·apMOHH'IeCKHe CHnOBble DOCTOSIHHble 

..,al1(;t -+-+ -+ 
"' K)•g(R)Jdq¢(q)qaql1e'.tR-+<e lq(u(0>-1(R))>. 

(12) 

B S'I'O Bblp8)1{8HHe BXOllHT KOppen51llHOHH8SI cWHKllH511 KOTOpyiD B DC8BllOr8P-

. ( /4/ 
MOHH'IeCXOM DpH6nH)K8HHH MO)KHO npellC'1'8BHTb B BHlle CM. 1 H8DpHMep0 _.,.. ... ... 

lq(u(O)-u(R)) -q2 <u2cO)> qaJ3<ua(O) ui1(R)> 
<e > .. e e 

- qi <u~O)> qa ql1 ff 11 < u(O) u (R)>f (13 
e e 

a ... e - HanpaanSIIDillHe KOCHHyCbl B8KTOpa R • < ••• >e - npOllOnbH851 '18CT: 

KOppensruHOHHOI ~YHKllHH. nocnellHee paaeHCTBO B ( 13) cnpaBellnHBO 8 

npellDOnO)KeHHH nonHOI H30TpODHOCTH CHCTeMbl H npeHe6pe)K8HHH nonepe'l-

HbiMH KOppenSI]lHSIMH. 

B AanbHeAweM yno6Ho nepeATH x «<Jypbe-npellcTaaneHHsrM cllyHKUHA rpB 

Ha G a p ( R, t) H cWHJCUBA ell a p( R): 

Gap(Q,w)•ffe 1Qit e 1wt Gap(R,t)dRdt, 

R -+ I QJt -R -+ -+ 
ell a,...( Q). J e ell...,., ( R)dR, 

(14) 
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ypaaseHHSI AnSI ltOTOphiX H8XOAHM C fiOMOUU.JO ( 11 ) • 

cu 2 G a/1 ( Q, cu ) • Clay ( Q) G yf1 ( Q, cu) +Clay ( Q) G~~ cu)-

-Clay (0) G~( Q, cu ) • 

(15a) 

2 a/1 ay Y/1 
cu G 

8 
(cu)• Ba/1- Cl (0)~. (cu). (156) 

flpH nony'leHHH ( 156) HCfiOn&3yeTCSI npaonB)I(eHBe He38BBCHMhiX OCUHnnSITo

pOB, 'ITO COOTBeTC'l'ByeT upeseope)l(eHBJO B'l'Opi>IM 'lneHOM B npaaol '18CTH 

( 116). 

D.nH peWeHBSI nony'leHHOI CRCTeMbl naseiHhiX ypaaHeHHI BB8A8M ciiYHK-

UHJO 

• afJ 
GafJ (Q,cu)• G.(cu)BctJ+G (Q,cu), (18) 

ypaasesae AnSI xoTopoA cneAyeT aa (15): 

cu 2 G aiJ (Q, cu) .·8 a{1 +Gay (Q, cu )[41~ ( Q) -41 yf1 (0) ). 
(17) 

flpRHBM8SI BO BHBM8HBe B30TpODHOCT& paCCM8TPBB88MOI CHCTeMhlt 

M0)1(80 npeACT8BBTh cllYHKUBR fpHH8 B CHnOBhle fiOCTOSIHHhl8 B BRAe np~ 

AOIIbHhiX R nonep8'1HhiX COCT8Bn5IJOWBX 

G a#J(Q,cu)•Gf tatf1+Gt<BafJ- tat/1), 

ClafJ( R) .Cif fa f {1 + 41, (8 afJ_ fat /1), 
( 18) 

8 

' ;I' 

i 
,.,1, 

\l 
~-~ 

' ,t\'' <\ 

A: 
I'll 
/1
1 

l 

rAe t 
... ... 

a f - &anpaanHIOWRe xoCHHYChl aexTopoa Q H R • OnpeAenHSI 

• 
'laCTOThl sneue&TapHhiX aoa6y*AeHaA xax non10ca c~~Ysxnaa G a nom.-

3ySIC& Bhlp8)1(8HHSIMH (14) (17) (18) AnSI npoAon&HOI H nonepe'IHOI BeTBH ' , 
B036Y*A8HHI, nony'IHM OKOH'I8T8nhHO: 

2 ~ 2 I 2 · 
cue(Q)•211'fdRR fdpCie(R)p (1-CDsQRp), 

-1 . 
(19) 

2 ... 2 I 2 
cu,(Q)•11'fdRR JdpCif(R)(1-p X1-cos QRp). 

-I 

(20) 

B rapMOHH'IeCKOM npHonH)I(eHHR 8TH Bblp8)1(8HHSI nepeXOASIT B COOTBeTCTBYJ0-

/1/ 
mae cllopuynhl pa6oThl • 

CHnoable nocTOSIHHhle a ( 19) H (20) AOn)I(Hhl obiT& onpeAeneHbl cauo

cornacoaaHHbiM oopa30M, T.e. KOppenHUHOHHble ciiYHKUBH B ( 12) AOn)I(Hbl 
2 ... 2 ... 

Bhi'IHCnSIT&CSI C y'leTOM AHCnepCBOHHOI 38BBCBMOCTH CUf ( Q) H CUt ( Q). 

CornacHo cnexTpan&HoA Teopeue, nony'IHM 

...... 
... 

< u(O)u(R)) 
-tQR ... 

= ..!.. f e < u(O) u (it) >.,. d Q. 
211' ... 

aa ... 
[-21m G (Q,cu +it)] 1 ... 

=-JJdQdcu 
211' f -1 e 
1 . it -1 Q ... R t a t a 

=-f d~ e [ 
a a 

1 1-t t 

eT-1+ cut(elf -1) 

6 » cu f > cut ' 

411' (U f 

B cny'lae BhiCOKKX TeunepaTyp 

). 

<u(O)u(ih ~: .1. ffldQdpoos(QR )Q2 [ 1'2 (} ( 1-p 2)6 1 2 jl. + • 
-1 cu ~(Q) cu:(Q) 

flOAoOHbiM o6p830M H8XOilBM AnSI CpeA&erO KB8Ap8T8 CM8W8BBSI 

9 
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2 1 <u (0)> = -
2w 

A 

1 8 
~"'Tl· err -1 w A 

r.Qe "'A - 'laCTOTa ocuHnnsrTopa, oupe.QensreMoro ypaaHeHHeM (156). 

8o PactfeT .llHcnepcHoaaoA aaBHCHMOCTH nnsr Ar 

(28) 

PeweHHe CHCTeMbl ypaBHeHHA (19) (20) (22) (28) MOJKeT 6b1Tb Halt-
' ) I . 

.QeHo HTepaUHHMH, l.fHcneHHbie pac'leTbl npoae.Q.eH&I nnsr aproaa, MeJK.QyaToM-

aoe B38HMOaeACTBHe B KOTOpOM XOpOWO 0DHCbiB8eTCH fiOTeHUHanOM neHHap

aa-LlJKOHCa: 

12 8 
¢ ( r). 4 c (( L) -( .!!..) ) , 

r r 
(24) 

rae u - xapaKTepH&IA paaHyc B3aHMoaeAcTBHH, 
£ -MaCWTa6HbiA K09cfxiJH-

UHeHTo PaCXOaHMOCTb 9TOro DOTeHUHana npH ManbiX f aenaeT Heaoa-
o 

MOJKHbiM HenocpeaCTBeHHoe DpHMeHeHHe nceaaorapMOHH'IfeCKOA TeopaH, ToKo 

Henbasr BbiDOIJHHTb ~pbe-npeo6paaoaaHHe, Heo6xoaHMoe ansr nony'leHHsr 

ljlopMyiJ&I ( 12) o Llnsr y'lfeTa aenpoaauaeMoCTH Monexyn aaoaHnacb o6peaai0-

lUSH ~HKUHH, noao6HO TOM)', K8K 9TO caenaHO B pa6oTe o 3cjJcpeKTHBHbiA /5/ 

noTeauaan, nony'leHH&IA B peaynbTaTe "o6peaaaasr' HMeeT BRa 

• 
¢(r)• f

2
(r)l¢(r)-..l. V fnf(r)l, 

2m 

u 12 u 8 
f(r)=expl-k [(-) -(-) 11. 

r r 

(25) 

Llnsr 06ner'leHHH paC'IeTOB BMeCTO peanbHOA ~HKUHH pacnpeaeneHHH g( r) 

DpH aaHHoA TeMnepaType HCDOnb30Bancg MOaenbHbiA BHa STOA ~HKUHH, 
1611 npeanoJKeHH&IA a pa6oTe : 

10 

,ti 

% 2 g'(r)aA
0

(rri\
0

) ~ exp [-(x-x
0

) /1\
0

] 

-~ 2 
-A 1 (rri\ 1 ) exp [-(x -x1 ) /1\ ], 

(26) 

y'i\.o=0,05; y'X", ... o,1; x 0 .. 0,9; x, ... l,05. 

Yao6ao TaKJKe npeacTaBHTb cHnoa&Je nocTOHHH&Ie ~af3 ( r) B BRae 

af3 a 2r 
~ (r)=g(r)-__,.;,..~ 

a ra a r 

/4/ 
rae 

·= Cp -sljlljleKTHBHbiA CaMOCOrnaCOB8HHbiA noTeHUHan 

a2 
1 3-+ -2- -+ 2 -:;sr

2 
J d R e ¢ ( r + R y' ( u (0) - u ( R ) ) • 

( 2rr} 
-~~ ( r) = 

Ha pRe. 1 gao6paJKeHbi aaTpaBO'IHbiA noTeHUHan (24) H caMocornacoaaHHbiA 
... 

noTeHuHan ¢ ( r}. anH 3HS'IeHHSI napaMeTpa k = 0,2, npH KOTOpOM aoCTH-

raeTCSI HSHny'lwee COrnaCHe C 9KCnepHM9HT8nbHbiMH aaHHb!MHo 

CooTaoweHH.51 (19) (20) (22) H (23) c y'leToM (25) H (26) aaiOT 
J I 

B03MOJKHOCTb nony'IHTb aHCnepCHOHHYIO 38BHCHMOCTb B nceaaorapMOHH'i9C-

KOM npH6nHJK9HHHo PactfeThl npoaoaHnHCb Ha 3BUM. 

Ha pHCo 2 gao6pa>KeHa llHCnepcHOHHaH aaBHCHMOCTb 'ISCTOThi npoaon&

HbiX KOne6aHHA OT BOnHOBOrO 'IHCna JlnH >KHJlKOrO aproaa'npH TeMnepaTy

pe 8~9°K, Ha rpalj>HK HSHeCeHhl 9KCnepHMeHT8nbHbl9 3H8'19HHSI 'ISCTOTbl 

npOJlOnbHb!X H;_One6aHHA, onpeJleneHHhle MeTOJlOM pacceSIHHSI TennOBbiX aeA-

171 . 
Tpoaoa • Ha aTOM >Ke pHcyaxe Hao6pa>KeHa aaBHCHMOCTb w oT q 

npH ManhiX 3Ha'leHHSIX q 1 nony'leHH8SI napCCOHOM 
/8/ 
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4. '06CY.lKll9HII9 

Dony'leHHble peayn&'l'aT&I uaXOllSI'I'C.H a ysoaneTaopHTen&HOM cornaCHH 

c 'l'eMH HeMHOI'O'IHCneHHbiiiiiH 9KCnepHMeH'I'8n&HbiMH ll8HHbiMH 0 aneMeHTap

HbiX B036y.lKll9HH.HX B .lKHllKOM 8pi'OHe1 KOTOpbie HM9101'CSI B Ho!iCTOSIWee ape

MHo HeCMO'I'pSI H8 '1'01 'ITO H3nO.lKeHH&IA fiOllXOll MO.lKe'I' 6&1'1'& 060CHOB8H 

n&IU& B cny'lae BbiCOK0'18CTOTHbiX B036y.lKlleHHA, fiO-BHJlHMOMy 1 B03MO.lKHO 

KOnH'IeCTBeHHOe OfiHCaHHe H HH3KO'IaCTO'I'HOA 'laCTH CfieKTpa, COOTBeTCTBYIO

meA I'HllPOJlHHaMH'IeCKOMY pe.lKHMy. DpH 6on&mHX aua'leHHSIX aonuoaoro 

'IHCna JlHCnepCHOHHaSI KpHBaSI CTpeMHTCSI K onpeaeneHHOMy npeaeny (pHc.2). 

3TO oauaqaeT, 'ITO B o6nacTH KOpOTKHX nnHH B01IH B030y)KJJ.e-

HHSI B .lKHnKOCTH He HM9IOT K0111leKTHBHOI'O XapaKTepa H OfiHCbiBaiOTCSI MO-

aen&IO ueaaBHCHM&IX ocuHnnHTopoa. Heo6xonHMO aaMeTHT&, osuaKo, 'ITO 

a uacToSIWeA pa6oTe ue paccMaTpHaaeTCSI aaoryxauHe sneMeHTapuhlx aoa-

6y.lKneuHA, y'leT KOTOpOI'O MO.lKe'I' npHBeC'I'H K 3Ha'IHTe1l&HOMY H3MeHeHHIO 

noaeaeHHSI nHcnepcHOHH&IX KpHa&Ix. CpeaueKaanpaTH'IHOe cMemeuHe aToMoa 

H3 fi01IO.lKeHHA paBHOBeCHSI yti2 1 Bbl'IHC118HHOe CaMOCOI'1laCOBaHHhlM 

oopaaoM, OKa3&1BaeTCSI nopSIJlKa 1/20 Me)KJJ.yaTOMHOI'O paCCTOSIHHSI • B '1'0 

npH 3Ha'IH-.lKe apeMSI H3B8C'I'H01 'ITO HeyCTOA'IHBOC'I'& peWeTKH HaCTynaeT 

oren&uo 6on&IIJHX cMemeuH.HX ( 1/5). Ka.lKymeecSI npoTHB6peque CHHMaeTCSI1 

eC1IH BCITOMHH'I'&, 'ITO CMeWeHHe aTOMOB H3 paBHOBeCHOI'O IT01IO.lK8HHSI B 

KpHCTanne H .lKHnKOCTH onpesenSieTcSI paanH'IHbiM oopaaoM. B KpHcTanne 

H3Y'IeHHe K0111leKTHBHbiX B030Y.lKlleHHA B03MO.lKHO H3-3a Ha1IH'IHSI xopowo on

peaeneHHOI'O OCHOBHOI'O COCTOSIHHS11 KOTOpoe COO'I'B8TCTByeT IT01IHOCT&IO yno

PSillO'IeHHOA KOH~HrypaUHH aTOMoa. CTaTHCTH'IecKHe caoAcTaa KpHcTanna 

OITHCb!BaiOTCSI aHCaM6neM 1 ace CHC'I'eMbl KOTOpOI'O HMeiOT OllHO H TO .lKe 

pacnpeneneuHe 'laCTHU. BoaMO.lKHOCT& onHCaHHSI .lKHllKOC'I'H KBa3HKpHCTan-

1IH'IeCKOA Monen&.IO TaK.lKe OCHOBbiBaeTCSI Ha npelliT01IO.lK8HHH 0 llOCTaTO'IHO 

XOpOIIJO onpeseneHHOM OCH.OBHOM COCTOSIHHH. 3neMeHTapHbl9 803 oy.lKneHHSI 

'I'paKTYIOTCSI KaK Ma1l&Ie OTK1IOHeHHSI 0'1' 9TOI'O COCTOSIHHSI, B onpeneneHHH 
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KOTOpOI'O H 3aKniO'IaeTCSI OCHOBHaSI TpyJlHOC'I'&. 8 HaCTOSIWeA pa6oore 9H9p

I'HSI "oCHOBHOI'O COCTOSIHHSI' onpesenSieTCSI HHTerpa1IOM 

J 

' E
0
= fg 0 (r)¢(r)dr, 

TBK 'ITO 'npHI'OTOB118HHIO" BHCBM01ISI npenwecTayeT ycpenHeHHe C ~YHKUHeA 
0 

pacnpeneneHHSI g (r) • flcuo, 'ITO cMemeHHSI aTOMOB H3 nono.lKeHHA paauo-

aecHSI, onHCbiBaiOWHe Manoe aoaMymeuHe aueprHH E o , ue cooTaeTCTBY

IOT HCTHH~biM CMeW8HHSIM, KOTOpble B .lKHnKOCTH H81lb3SI C'IHTaTb Ma1lb!MH. 

Haxo.lKneuHe TO'IHOro anna ~yHKUHH g0 (r) npencTaanSieTcSI aec&Ma orpys

uoA aana'leA. M&I npocTo nonO.lKH1IH ee paauoA ~YHKUHH coraTH'IeCKoro pac

npeaeneHHSI 'laCTHU npH aanauuoA TeMnepaType. 

B aaKniO'IeHHe SI a&Ipa.lKaiO np~~;auaTen&uocTb H.M. nnaKnne aa o6cy.lK

neHHSI H HHTepeC K pa6oTe, 
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