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1. B B e .a e H H e 

npli H3y'IeHHH 8HI'8pMOHH'IeCKHX CBOti:CTB KpHCT811110B 06bJ'IHO rrpenrro

naraeTCSI1 'ITO 9!j>cjleKTbl 8HI'8pMOHH3M8 M811bl H HX MO)I{HO paCCM8TpHB8Tb 110 

TeopHH B03MymeHHSI (eM., narrpHMep, 
1 1- 31 ). Yl3BeCTHO, onHaKo, 'ITO B uenoM 

pHne cny'!aeB 9TO rrpenrrono)l{eHHe He BbiiTOrrHSieTCSI, HarrpHMep, B6nH3H ¢a -

30BbiX rrepeXOLlOB peiiieTKB KpHCTBnna CTBHOBHTCSI HeCT86HI1hHOH1 'ITO CBH

JJeTenbCTByeT 0 .CHITbHOM 8HI'8pMOHH3Me KOne6aHHH. 

/4/ B pa6oTe HBMH 6bm pa3BHT MeToJJ, rro3BOI1SIJOIIIHM y'IeCTh aHrapMo-

HH'IeCKHe 9!j>cjleKTbl Bb!ClllHX 110pS!JJKOB B KpHCTannax, H 6bin orrpeneneH crreKTp 

Kone6aHHH pellleTKH B rrceBJJOI'BpMOHH'IeCKOM IIpH611H)KeJIHH H HBHJJeHo HX 38-

TyxaHHe. 8 HBCTOS!Il!eH pa6oTe Mbl paCCMOTpHM TOIThKO ITCeBJJOI'BpMOHH'!eCKOe 

11pH6ITH)I{eHHe, T.e. y'!TeM 111illlb rrepeHOpM!ipOBKY 9Hepi'HH <j:JOHOHOB B C8MO-

COI'I18COB8HHOM none KOne6nJOIIIHXCSI BTOMOB, H IIOK8)1{eM 'ITO 11pli 3Ha'!eHHSIX rrapa

MeTpOB 38/JB'IH 6011bllle KpHTH'leCKHX 9TH KOne6aHHSI CTBHOBSITCSI HeycTOli'lHBbiM/ 51. 

npli 9TOM Ll11SI 11pOCTOTbl 3LieCb Mbl OI'p8Hii'lliB8eMCSI pBCCMOTpeHHeM OLIHOMep

HOI'O cny'IBSI - 11HHeliHOH UeiTO'lKH, CBOli:CTBa KOTOpOH XOpOlllO H3y'leHbl B p8MK8X 

o6bi'lHOH TeopHH Bo3MymeHHli
1 1- 3/. Y'IeT 3aTyxaHHSI Kone6anHli H aorronHH

TenhHoii nepeHopMHpoBKH aHeprHH <j:JoHoHoB 3a cqeT rrpoueccoB pacrrana 

IIpHBe!leT K HeKOTOpb!M H3MeHeHHSIM rrony'leHHbiX KpHTH'leCKHX rrapaMeTpOB, 
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B pa3nene 2 Mbl paccMoTpHM ypaaHeHHSI llnSI onao¢oHOHHoA ¢yHKUHH 

fpHHa B ITC9BllOrapMOHHqeCKOM ~pH6JIH~9HHH llllSI 11HH9AHOA uerroqKH 

C B3aHMOll9ACTBH9M M9~llY 6nH~aAlliHMH COC9llSIMH H rronyqHM caMOCOrna

COBaHHY~ CHCTeMy ypaBH9HHA. npenrronaraSI nanee, qTQ B3aHMOll9ACTBH9 

COC9llHHX aTOMOB OITHCbiBaeTCSI IIOT9HUHaJIOM Mop3a, B pa3ll9119 3 CaMOCOrna

COBaHHaSI CHCTeMa ypaBH9HHlt 6ylleT 3aiiHCaHa B SIBHOM BHlle. PerneHH9 9TOi! 

cHcTeMbi ypaaHeHHlt paccMaTpHaaeTCSI B pa3nene 4 a cnyqae 3aKperrneHHhiX 

KOHUOB uerroqKH H B pa3ll9119 5 - B CJiyqae ¢HKCHpOBaHHOrO BH9lliH9rO HaTSI-

)1(9HHSI. OpH aTOM rroKa3aHo, qTo uerroqKa CT8HOBHTCSI H9CTa6HJibHOlt TOJlhKO 

BO BTOpOM cnyqae; ITpOBOllHTCSI CpaBH9HHe C pe3yllhTaTaMH 06biqHolt TeOpHH 

ao3MymeHHSI. B 3aKn~qeHHe rrpHBOllHTCSI KpaTKoe o6cy~neaHe pe3yJihTaToa. 

2 Yp8BH€HHe anR ~YHKUHH FpHH8. nceBaor8pMOHHqecKoe 

IIpH6nHJK€HHe 

PaccMaTpHBaeM nHHeiiHy~ uerroqKy nnHHoii L H3 ( N + 1) OllHHaKOBblX 

aTOMOB MaCChi M , raMHJlbTOHHaH KOTOpoii IIpH yqeTe B3811M0ll9HCTBHSI TOJlhKO 

M9)KllY 6JIH)Kai1rnHMH COC9llSIMif HM99T BHll: 

N :1 

H =l 2_ 
n=O 2M 

N 

+ _1_ l <I> ( Rn 
2 n=l 

- Rn- 1)' 

rne P n -orrepaTop HMrrynbca; R n - Rn _ 1 = f. + u n - u n-l 

( 2. 1) 

f. = < R n - Rn- I > - Cp9l1Hee paCCTOSIHHe M9)KllY aTOMaMH uerroqKH H 

u - u - OTHOCHT9JlhH09 CM9lli9HHe COC9llHHX 8TOMOB. 0pH 9TOM 
n n- 1 

B03MO~Hbl llBa THITa rpaHHqHb!X YCJIOBHH: 

a) ¢HKCHpoaana llJIHHa uerroqKH: RN - R 
0 

= L = const • 

5) ¢HKCHpOBaHO BH9lliHee H8T SJ)K9HHe: r = const • 

Bo BTOpOM cnyqae raMHJlhTOHHaH CHCT9Mbl C yqeTOM BH9lliHHX CHJI rrpH HH M89T 

BHll: 

4 

H r 
H + H'= H 

N 

N 

+ r ( R N - R
0 

) = H + r l 
n=1 

H + r l ( u 
n=l 0 

u n-l) + r f N , 

R R 
n n 

,UnSI orrpeneneHHSI cpellHero paCCTOSIHHSI f M9)KllY aTOM 

30BaTbCSI ycnOBH9M paBeHCTBa Hyn~ Cp9llH9lt CHJlbl, ll9ACT 

r =- -2- < ""'~'"~ <I> ( R 
0 R n 

n 

Rn-1) > ' 

KaK 6yaeT rroKa3aHo nanhrne, aTo orrpeneneaHe ypaaaeHHSI c< 

aop.s~eT TeopeMe o BHpHane. 

OrrepaTOPbi cMerueHHlt yno6Ho 3aiTHCaTh B raMHnhTOHH~ 

BHll9 C IIOMOllih~ <f>ypbe-rrpeo6pa30BaHHSI: 

<I> ( R) l<l> (q)elqR 
q 

L 

1i ~tqR 
<l>(q) =-·- J dR<l>(R)e 

L L 
-2 

npH 9TOM raMHJihTOHHaH ( 2.1) I1pHHHM89T BHll: 

P: 1 I qf I q ( u n-un- y 
H = l --- + - l l <I> ( q ) e e 

n 2M 2 n q 

ilnSI orrpeneneHHSI crreKTpa qacToT Kone6aHHH uerroqE 

MeTOllOM llBYXBp9M9HHbiX 3aiTa3llb!Ba~lliHX ¢yHKUHlt fpHHa 
1 

OllHO¢QHOHHY~ ¢yHKUH~ fpHHa B BHlle: 

G ,( t - t ' . ) 
nn 

= << u ( t) 
n 

=-iO(t 

u ,(t') >> = 
n 

t')<[u
0
(t), u ,(t') . 

n 
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n onh3YRCh ypaBHeHHeM ABH*eHHR AIIR onepaTOpOB B rell:3eH6eproBCKOM npeA

CTaBneHHH u (t), p {t ) 1 nonyqaeM ypaBH8HHe AIIH ~YHKUHH fpHHa (2.6) B n n 

BHne: 

2 d2 
t ') 8 nn ' M i ~ G ,( t- t ') = 8 ( t- + 

d t nn 

( 2. 7) 

- 1-I.cll(q)e 
tqf 

lq( u n - un_( lq( u n+l - un) 
+ iq « ( e - e ; u n ( t ') >>. 

2 Q 

MHorO~OHOHHBH ~YHKUHH fpHHa B npaBo il: qaCTH ( 2. 7) onHCbiBaeT B38HMO

Aeii:CTBHe AByX, Tpex, H 6onblllero qHcna <jJOHOHOB. 3.ctech Mhl BOCI101Ih3yeMCH 

/4/ 
nce BAOrapMOHHqeCKHM npH61IH*eHHeM , B KOTOpOM He yqHTbiBBIOTCH npo-

ueccbi pacna.cta ~OHOHOB ( 3aTy xaHHe Kone6aHHA), OAHBKO, npHHHMaeTCH BO 

BHHMBHHe nepeHOpMHpOBKa 3HeprHH <jJoHOHa B C8MOCornaCOB8HHOM none BCeX 

OCT81IbHbiX ~OHOHOB. 3To !1pR61IH*eHHe COOTBeTCTByeT nepBOMY 110pS!.ctKy Te

OpHH B03MymeHHH AIIH MBCCOBOrO onepaTopa, B KOTOpOM 0 OAH8K0 0 yqHTbiBaeTCSI 

BKIIB.Cl OT 8HrapMOHH3MOB BCeX !10pS!.ctKOB. B 3 TOM 11pH61IH)I(eHHH MHOrO~O

HOHHy!O <jJyHKUHIO fpHHB Mbl MO)I(eM !1pe.ctCT8BHTb B BH.cte: 

00 lq(un-un-1) 1 B 

u ,>>= k --r-<<{iq {n 0 -U 0 _tl l << e 
n e=l s 1 

00 e-1 
., I. _1_ < I i q ( u - u I ) I > s << i q ( u - u ) 

s=l 8 1 n n - n n-1 

I q ( u n - un- I) 
< e > i q << ( u n - u n-1 u ' >> • 

n 

u • >> 
n 

u '>> 
n 

( 2.8) 

npH BbJqHCIIeHHH KOppenHUHOHHOH ~YHKUHH B npaBOH qacTH ( 2.8) BOC

nonbsyeMCH TeM *e npH6nH*eHHeM. llnSI sToro orrpeaenHM <jJyHKURJO: 

6 

A q ( u 0 - u n-1) 
F(Al =<e > ; F(0)=1. 

ilH~~epeHUHPYH ee no A H nonh3YHCh npH61IH*eHHeM THna 

qaeM: 

~=< q (un - aA - u n-1 

) Aq ( u n - u n- I > = 
) e 

oo ( q A )s s 2 
= < q(u -u li.--· -1 u -u I > .. Aq <In 

n n- 1 e=l s ! n n- 1 n 
- n 

n- I 

VIHTerpHpyg 3TO ypaBHeHHe no A OT A =0 AO A= i, nony 

l.q(u n - un- I) 
I 2 2 I 2 u2 -rq <Cun -un-1> > -r q 

< e > =e = e 

r.cte Mbl y qnH, qTQ cpeAHH:l% KBB.ctpaT OTHOCHTellbHOrO C 

8 TOMOB He 38BHCHT OT HOMepa n • TBK qTQ 

2 = < ( u n +I u - u )II> 
n 

<{un-un-1 f > . 

nepei!:.cteM K ~ypbe-npeACTBBIIeHHIO .({liB ~YHKUHH fpH 

oo -I <Ll (t- t ') 

G (t-t')=-1 -J dwe 
nn, 2 rr -oo 

G , ( w 
nn 

H yqTeM, qTQ ~yHKUHSI fpHHB 38BHCHT TOIIbKO OT p83HO< 

rrpeHe6peqb rpaHHqHbiMH s<jJ¢eKT8MH 

G ,( w ) 
nn 

_1_ I, tkf(n-n ') 

MN k e 
Gk (w l. 

Tor .eta ypaBHeHHe ( 2. 7) c yqeToM rrpH6nH*eHHi!: ( 2.8), ( 2. 

2 w Gk ( w ) = 1 + 

1 I q f 2 - I q 2 ;;-2 
+ -- I. ell ( q) e ( i q ) e 2 2 ( 1- cos l<f) G, 

2M q ' 
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A q ( u n - u n-1) 

F(A)=<e > 0 . F (0) = 1. 

ilR~~epeHUHPYH ee rro A H rronhayHCb rrpR6nR~eHHeM THrra (2.8), nerKo rrony-

a F(.\) 
----=<q(u a.\ D 

-u 
n-1 

- u 
n-1 

ViHTerpHpyH sTo ypaBHeHRe rro A OT A =0 no A= i, rronyqaeM: 

loq(u n - un- I) 
1 a :a - r q <(u D - Uo-1) > -i-q2 a:a 

< e > =e e 
( 2.9) 

rne Mbl yqnH, qTo CpeLIHHtf KB8Llp8T OTHOCHTellbHOrO CMetueHHSI COCeLIHHX 

8TOMOB He 38BHCHT OT HOMepa n • TBK qTo 

~ = < ( u - u ):1 > = < ( u - u f > 0 

n +1 n n n- 1 
( 2.10) 

nepeALieM K ~ypbe-rrpeLICTBBneHH~ LlllSI ~YHKUHR fpRH8 (2. 6): 

oo -I W (t- t') 

G (t-t')==-1 -Jdwe G ,(w 
no' 2 rr _

00 
nn 

(2.11a) 

H yqTeM, qTO ~yHKUHH fpHH8 38BHCHT TOilbKO OT p83HOCTH ( n - n '), eCilH 

rrpeae6peqb rpaHHqHbiMH s<fJ~eKTBMH 

n.f(n-n '> 
G ,(w)=-1-:£e 

DO MN k 

( 2.116) 

Torna ypaBHeHHe ( 2. 7) c yqeToM rrpH6nH~eHHii ( 2.8), ( 2.9) aarrHl!IeM B BRLie: 

a 
w Gk ( w) 

+ _1_:£<1> (q)elqf 
2M q 

I :a -2 

(

0 >2 -rq u 
1 q e 2 ( 1 - cas kf) Gk ( W ) • ( 2. 12) 
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K9K BHaHo, peWeHHe 3TOrO y p a BHeHHB HMeeT BHa: 

G (w) = 
k w2 _ £ 2 

k 

( 2, 13) 

K8K H B cnyqae rapMOHH'IeCKOrO npH6nH}!{eHHB 0 HO C nepeHOpMllpOB8HHOH '18C-

TOTOtf ( k : 

£~ = __ M __ _ 
4 f ({J) 

sin2 l< e -2-
f( ()) 2 

-
1
-- wk 

( 2.14) 

rae W k -rapMOHH'IeCK8B '18CTOT8 KOne6aHHlf u enO'IKH , f -ra~MOHH'IeCK8B 

CHnOBBB nOCTOBHH8B, nceBLIOrapMOHH'IeCK8B CHnOBBB noCTOBHH8B f( ()), CO

r naCHO (2.12), HMeeT BHa: 

1 lqf 
f ( () l =-

2
- ~ <I> ( q) e 

q 

1 00 

2 ~ f d x e 
yur...,., 

x2 

2 <I>"< e 

2 
( i q ) 

1 22 
--q u 

e 2 

+ X y( ~ ) ~ _1_<1J"(fl , 
2 

( 2.15) 

rae , nonb3YBCb ( 2.4), Mhi npoeenH HHTerpHpoaarme no q H eaenn 6ea-

p83MepHyJO nepeMeHHYIO X = R ly-;;2 · npn 3TOM yao6HO BBeCTH C8MOCOrnaco-

B8HHhl A TIOTeHUH 8 n B38HMOaeil:CTBHB M e }!{,ly 6nH}!{3 HWHMll COCeLIBMli: 

¢ ( f )= < ¢l ( R - R 1 ) > n n-
:£ ¢l ( q ) e I qf 
q 

1 -~ --==-- f dx e 2 <lJ ( e + X V ;!! ) • 
y2 77 -oc 

!l 

e 

1 2 2 -rq " 

( 2.16) 

KaK BHLIHo, B ( 2.15). ( 2.16) Y'IHThiBaeTCB H3MeHeHHE 

HMOLietfCTBHB 38 C'leT Kone6aHHtf 8TOMOB B6nH3H nono}!{e, 

noTe HUH an ycpeLIHS!eTCSI no o6naCTH R I ru ~ 1 c <jJya 

KOTOp8B Y'IHTb!B8eT C8MOCOrnaCOB8HHOe none BCeX <)JOHOHOB. 

BeHHbltf BKnBLI B HHTerpanbi ( 2,15), ( 2. 16) BlroCSIT o6naCTH 

3H L1H8 noTeHUHanbHOH BMbl ( M b l He paCCM8TpHB8nH noTe HUH I 

a oil: cepaueBHHoil:). B 3TOM cnyqae MO}!{HO paano}!{HTb noLI HE 

UH!O B ( 2. 16) B pBLl no X ;-:.-:r H noqneHHO npOHHTerpHpO 

"' 1 ? e (2e) 
<~> < e > = ~ -;;I < --..-- > <~> < e > . 

~ s. ~ 
e~ 

CpeaHHH KBaapaT OTHOCHTenbHOro CMeweHHB ~ B ( 2 

6b!Tb onpeaeneH H3 <)JyHKUHH fpHH8 ( 2.13) npH noMOIIlH CJ 

peMb/
6 •71 : 

< u , u > 
n n 

KOTOp8B B H8WeM 

2 TT 

oo dw 

f -w7ff~ 
-oo e 

cnyqae aacT: 

-2ImG ,(w+i£ 
nn 

-2- 2 1 
u =<(u -u 1 l >=---"5. 

2 
wk 

cth 
~k 
2 () 

( () = l< ' 
n n- Nf J<· 2 fk 

nepeXOLlB OT CyMMHpOB8HH51 no 

(2.19) C yq e TOM (2,14) 38nHWeM 

~ w L f rrl2 
u = -;;c- V ~ / d ¢ sin 

l< K HHTerpHpOB8HH 

B BHae: 

¢ ctb I WL . 1 !(()) 
2() y-1- sin 

rae w L =v 4 f I M - MaKcHManhHaR qacToTa Kone6aHHti u 

HH'IeCKOM npH6nH}!{eHHH. B npeaenbHOM cnyqae BhlCOKHX 

11 HI13KHX ( () << W L ) TeMnepaTyp npH6nH}!{e HHOe HHTerpF. 

naeT: 
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K8K BHAHo, s ( 2.15), ( 2.16) Y'IHThiB8eTc.ll H3MeaeHHe noTeHUH8J18 B38-

HMo.ueAcTBH.II 38 C'IeT Kone68HHA 8TOMOB B6nH3H nono~eHH.II p8BHOBeCH.II -

noTeHUH8n ycpe.QH.IIeTC.II no o6n8CTH RIP~ 1 c <!JyHKUHeA exp (- x 2 I 2 ), 

KOTOpa.ll Y'IHTbiBaeT C8MOCOrnaCOB8HHOe none BCex cjJOHOHOB. floaTOMy cymecT

BeHHhiH BKJ18Jl B HHTerpanbi ( 2.15), ( 2. 16) BH4>C.IIT 06J18CTH noTeHUH8J18 B6nH-

3H JlH8 noTeHUH8J1bHOif S!Mbi ( Mbl He p8CCM8TpHB8J1H noTeHUH8J1b! 'I8CTHU C TBep

JlOH cepaueBHHOH). B aToM cny'I8e MO~Ho p83J10~HTh noaHHTerp8nhHYIO cjJyHK

UHIO B (2.16) B pS!Jl no X~~ H noqneHHO npOHHTerpHpOB8Th: 

"' 1 ~ s (2s) 
1> (f) =~ --;;-r ( .,--) 1> (f). 

s=O s. ( 2. 17) 

CpellHHt\ KB8Jlp8T OTHOCHTenhHOrO CMeUieHHSI ;;"J! B (2.15)-(2.17) MO~eT 

6b!Tb onpeaeneH H3 cjJyHKUHH rpHH8 ( 2.13) npH nO MOutH cneKTp8nhlfOA Teo

peMb/6•7/: 

< u , u > n n 

00 d (U 

J--nr-
27T -oo e<U/U-1 

KOTOp8S! B H8llleM CJ1Y'I8e Jl8CT: 

- 2- 2 1 
u =<(u -u 1 ) > =---~ 

n n- Nf t:· 

flepeXOJlSl OT CYMMHpOB8HH.II no 

( 2.19) C y'leTOM ( 2.14) 38IH!llleM 

<U -f- rr/2 

--;-;:.- v ""i(O) / d ¢ 
2 
u = sin 

-2 I m G nn, (<U + f ) I , 

cth 
~It 
2 (} 

K HHTerpHpOB8HHIO ITO 

B BHJle: 

¢ cth I (UL v~ 
2 (} f 

sin ¢I • 

( 2.18) 

( 2.19) 

¢=..!!...... 
~ 

( 2.20) 

rae <U L =V 4 f I M - M8KCHM8nhH8.11 'I8CTOT8 Kone58HHA ueno'IKH s r8pMo-

HH'IecKOM npH6nH~eHHH. B npeaenbHOM cny'I8e BbiCOKHX ( () >> w L ) 

H HH3KHX ( (} <<<UL ) TeMnep8Typ npH6nH~eHHOe HHTerpHpOB8HHe B (2. 20) 

aaeT : 

9 



ll 
1 WL 

0 ' 11+----:~ < o >> w > .. --- 2• o2 u L f(0) 

£( 0) -8 
+ 0 ( 0 

~(0 «wL) 
WL ----" [ 

r I y T(O) 
ll 0:1 rr f 

+- l • 3 -;;;::- f('i) + 0 ( 0 ) • 

( 2.21) 

( 2.22) 

IToMHMO TeMrrepaTypbt 0 cocTogaue uenoqKH orrpenengeTcg ewe ee 

Ll~HHOH L= e N HnH BHeliiHHM H8TSI*eHHeM .r. CBSI3b 3THX rrapaMeTpOB ( Tep

MH"ieCKOe ypaBHeHHe COCTOSIHHSI uerrO"iKH) 1 cornaCHO (2.3) (2.16), orrpenenSI-

eTCSI ypaBHeHHeM: 

r=--1-<<ll'(R -R 1 )>=- - 1 :!>'(f). 2 n n- 2 ( 2.23) 

3TO *e ypaBHeHHe MO~HO IIOnY"iHTb. ITOnb3YS!Cb TeooeMOlt 0 BHOHane 

( CM., H8IIpHMepf8/ ) , KOTOpaSI B HallleM rrpH6nH*eHHH naeT: 

p2 -- 1 .. 
2 < _.!!.__ > = u 

2 H o l + e I - <11 ' <f l + r l . 
2M 2 

BbtqHcnHH cpellHlOlO KHHeTHqecKylO aHeprHlO Ha OLlHY 
2 

qaCTHUY < P n / 2M > 
:::; 

C ITOMOl!IblO COOTHOl!IeHHSI (2.18) H ITOLlCTaBnSISI U ( 2.19), rrony"'HM ypaBHe-

HHe .(2.23). 

KanopHqeCKOe ypaBHeHHe COCTOSIHHSI orrpenenSieTCSI BHyTpeHHelt 3HeprHelt 

UerroqKH • KOTOP8SI B HallleM ITOH6nH*eHHH D8BH8! 

a 
pn 1 

E = < H > = N < --- > + N - < <II ( R - R 1 ) >= 2M 2 n n-

- N 1 ~. Ek . Ek N "' - 2N k -r cth --rrr + 2 <ll ( e ) • 

10 

( 2.24) 

B rrpenenbHOM cnyqae BhiCOKHX (0>>w L l H HH3Kl 

rrepaTyp IIpH6nH*eHHOe HHTerpHpOB8HHe B (2.24) naeT: 

_1_ E(O»w l • _!!_I 
N L 2 

2 

+ _1_ WL £(0) 

2' 7 
I "~- _1_ <i) 

2 

2 2 
1 w _1 [(0) I rr 0 f I -E (0<<w ) • -:...Lv -r- 1 + ------ -t 
N L 2 rr ' 3 w 2 [( 0) 

L 

TaKHM o6pa3oM, ypaBHeHHg (2.14)-(2.16), (2.19 

caMocornacosaHHYlO cHcTeMy ypaBHeHHlt, onpenenSilOUlYlO 

uerro"'KH B ncesnorapMOHH"ieCKOM rrpH6nH*eHHH. 

3. CaMocornacosannag CHCTeMa ypasHeHHlt nng 1 

ITonyqeHH8SI CHCTeMa ypaBHeHHlt orrpenenHeTCSI BHLlOM 

ITOTeHUHana ( 2.16), ( 2.17), KOTOpbiH MOlKeT 6b!Tb BbiqHcne} 

BHLl IIOTeHUHana B38HMOLleltCTBHH B raMHnbTOHHaHe (2.1). 

BOCITOnb30B8TbCH ITOTeHUHanoM Mop38 B BHLle / 2/ 

-a(R-r) 2 
<ll(R) = D[(e 

0
-1) - 1 ] ' 

T8K K8K OH IT03BOnS!eT ITOny"iHTb p e llleHHe CHCTeMbl yp8BH( 

EcnH rrpe nrron O*HTb , qTo 9 TOT ITOTeHuHan OITHCbiBaeT B38B 

HHX aToMoB rrpH T = 0°K B r ap MOHH4e CKOM rrpH6nH lKeHHI 

TIOTeHUHana ( 3.1) MOlKHO IIpHLl8Th cnenyJOl!IHH CMbiCn: r 
0 

SIHHe Me*i:XY 8TOM8MH ! <ll'(r
0

) = 0, D - rny6HH8 noTe 

<lJ ( r0 ) =- D H 1/a Xt1p8KTepH3yeT l!IHpHHY ITOTeHUHanbHOH 5 

YfHTerpHpyg B (2.16), HnH ITO.,b3YS!Cb pa3nO*eHHeM 
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B npenenhHOM cnyqae Bb!COKHX (8>>wL) H HH3KHX ( 8 << WL) TeM

nepaTyp npH6nH*eHHOe HHTerpHpOB8HHe B (2.24) aaeT: 

- 1- E ( 8«w ) • ...::!...J.,y ~~ {1 
N L 2 IT I 

I "'t- _1_<i) < fl 
2 ( 2.25) 

( 2.26) 

TaKHM o6paaoM, ypasaeHHSI (2.14)-(2.16), (2.19)-(2.23) o6paay10T 

C8MOCOrnaCOB8HHYIO CHCTeMy ypaBHeHHl!:, onpeaenHIOUlYIO CBOl!:CTB8 nHHel!:HO'li 

ueiTO'IKH B rrcesaorapMOHH'leCKOM IIpH6nH*eHHH. 

3. CaMocornacosaaHaSI CHCTeMa ypasHeHHl!: anH rroTeauHana Mopaa 

nonyqeHH8SI CHCTeMa ypaBHeHHl!: onpenenHeTCSI BHIJ.OM C8MOCOrnaCOB8HHOrO 

rroTeHUHana ( 2.16), ( 2.17), KOTOpbll!: MO*eT 6b!Th Bbl'IHCneH, ecnH 38A8H SIBHblH 

BiiA rroTeHuHana saaHMoneltcTBHSI B raMHnhTOHHaHe ( 2.1). HaM 6yaeT yno6Ho 

BOCIIOnh30B8ThCSI ITOTeHUHanOM Mopaa B BHJJ.e/ 2/ 

- a( R -• ) a 
<l>(R) c O((e 

0
-1) -11, ( 3.1) 

T8K K8K OH fl03BOnSieT nony'iHTh peWeHHe CHCTeMbl ypaBHeHHH B S!BHOM BH!le. 

EcnH npennono*HTh, 'ITO a ToT noTeHuHan onHCbiBaeT B38HMOAel!:cTBHe cocen

HHX aToMoB npH T = 0°K B rapMOHH'ieCKOM npH6nH *eHtm , TO napaMcTpaM 

noTeHu«ana ( 3.1) MO)KHO npHA8Th cneayiOIUHH: CMbiCn: r 
0 

- cpennee paccTo-

S!HHe Me*ilY 8TOM8MH! <l>, ( r O) = 0 , 0 - rn.YOHH8 ITOTeHUH8nhHOH SIMbl; 

<l> (r
0

) =- 0 If 1/a xapaKTepHayeT WHpHHy IIOTeHUlf8nhHOti SIMLI <l>(r
0
-0,7(1/a)).,O . 

YfHTerpHpyH B ( 2.16) 0 Hnlf IIQ,'Jh3YSICh pa3nO*eHHeM ( 2.17), rronyqaeM: 
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"' <I>U 
-4a(f-r) 2y 

D { e 
0 

e 
-a(f-r

0
) yl2 

- 2e e I , 
( 3.2) 

rae y=a2-;;2'"0 LlmjxjlepeHUHpySI ( 3.2) no f , rronyqaeM Bbtpa:>KeHHe anSI f ( 8 l 

H 

rae 

-2a(f 

f(8l=f{2e 
- r o 

e 
-a(f-r0 ) e yl2! 2y 

- e 

T = ( f I a ) { e -2 a( f - r o ) 
2y -a ( f- r ) y/2 

0 e } , e - e 

f = D a 2
, 

Llanee paCCMOTpHM OTaenhHO aBB THIT8 BHeWHHX ycnOBH~: 

a ) LlnHaa uerro'IKH cpHKCHpOB8H8 1 aarrpHMep, f = r 
0
= const • 

cnyqae rronyqaeM: 

<ilu 
2 y y l 2 

D(e -2e ), r o) 

f ( 8) f (2e2 Y yl2 - e 

r ( 8 l ( f I a ) ( e 2 Y - e y/2) 0 

( 3.3) 

( 3.4) 

B aToM 

(3.5) 

(3.6) 

( 3. 7) 

6) ¢HKCHpoBaHo BHeWHee H8TSI:>KeHHe: r = r 
0 

= const o B aTOM cnyqae 

cpenHee p8CCTOSIHHe Me)!<Ay 8TOM8MH yno6HO 38ITHC8Th B BHne: 

3 
f ( 8) = f 0 + of = r 0 + -- y + of • 

2 a 

12 

(3.8) 

~· 

rne fo - p8BHOBeCHOe paCCTOSIHHe rrpH r =0, KoTopoe 

ypaBHeHHSI (3.4). noacTaBnSISI (3.8) B (3.2)-(3.4), rrony'laE 

(t>(£_) 
-a8f -y -a8f -y 

=De e (e -2)•-De 

£ ( 0) 
- a8f -y -a8f 

fe e {2e -1) 
-Y 

fe + 3ar
0 

' -a8f -y -aEif. -y 
r =Uiale e {e -ll.-fe Bf, 

0 

rae IIpH6nH:>KeHHbJe Bb!pa:>KeHHSI B rrpaBOH '18CTH 4>opMyn IIpHB 

ManbiX H8TSI)I{eHHH, Koraa l a 8 f l << 1 

TaKHM o6pasoM, Hcrronh3oBaHHe rroTeauHana Mopsa 

H8M H8HTH SIBHYIO 38BHCHMOCTb f { 0 ) OT ? B BHlle 

H 38IIHC8Tb C8MOCOrnaCOB8HHOe ypaBHeHHe (2.20) llnSI -;, 

B cneayroUJHX pa.3aenax Mhi paccMoTpHM pemeaHe 31 

HCCneayeM HeKOTOpbte CBOHCTB8 nHHeHHOH ueiiO'IKH B IICeB 

IlpH6nH:>KeHHHH. 

4. CBOitCTBa nHaeitaoA uerro'IKH rrpH <jJHKCHpoBaaaoA J:. 

PaccMoTpHM caaqana cnyqait, Koraa anHHa uerro'IKH <jJH 

HaiipHMep, f = r 
0 

• 3aMeTHM 1 'ITO B p8C'Ii!!T8X1 OCHOB8HHhl 

MyUJeHHH, 06bi'IHO o6cy:>KaaeTCSI HMeHHO 3TOT cny'IBH ( CM, 

npe)l{ae BCero paCCMOTpHM perneaHe C8MOCOrnaCO~ 

(2.20), r ae f(Oll£ orrpeaenSieTcSI ypaBaeaHeM (3.6). AHE 

HHe IIOny'leHHOrO ypaBHeHHSI BO BCeM HHTepBane TeMIIepaTyp 

B03MO:>KHhiM, H II03TOMY Mbl paCCMOTpHM OTaenbHO cnyqait 

TeMrrepaTyp, BOCIIOnb30B8BWHCh pa3nO:>KeHHSIMH ( 2.21) H ( :2 
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rne fo - paaaoaecaoe paccTORHHe npH r =0, KOTopoe onpenenReTcR H3 

ypaaHeHHR (3.4). not:tCT8B1!RR (3.8) B (3.2)-(3.4), nonyqaeM: 

"4> (f_) 
-a8f -y -a8f -y 

=De e (e -2)•-De 

f({J) 
- a8f -y -a8f 

fe e (2e -1) 
-y 

fe + 3ar
0 

r 
0 

-a8f -y -a8f -y 
U/a)e e (e -1} .. -fe Bf, 

( 3.9) 

( 3.10) 

( 3. 11) 

rne npH611H)I{eHHbJe Bbipa)l{eHHR a npaaoit qacTH <jlopMyn npHaeneHbi AnR cnyqag 

M81lbiX HaTR)I{eHHA, Korna I a 8 f I << 1 

TaKH M o6paaoM, HcrronbaoaaHHe noTeHuHana Mopaa ( 3.1 ) noaaonReT 

H8M H8HTH RBHYIO 38BHCHMOCTb f ( (}) OT? B BHDe (3.6) H1!H (3.10) 

H 38fiHC8Tb C8MOCOr1!8COB8HHOe ypaBHeHHe ( 2.20) A11R ---;;2 B RBHOM BH!le. 

B cnenyJOIUHX pa3nenax Mbi paccMoTpHM perueHHe sToro ypaaaeHHR H 

HCCnenyeM HeKOTOpbie CBOHCTB8 11HHeitHOH uerrO'IKH B nceanorapMOHH'IeCKOM 

npH61!H)I{eHHHH. 

4. CaoAcTaa nHHeitHoA ueno'IKH npH ~HKCHpoaaHHOA nnHHe 

PaccMoTpHM CHB'Iana cnyqaA, Korn a AnHHa ueno'IKH ~HKCHpoaaHa: L=const, 

H8ripHMep, f = r 0 • 3aMeTHM, 'ITO B p8C'I~Tax, OCHOBBHHbiX H8 TeopHH 803-

MyiUeHHH, 06b!'IHO o6Cy)I{.U8eTCR HMeHHO :3TOT cnyqait (cM/2,3/). 

Dpe)l{.ne acero paccMoTpHM perueHHe caMocornacoaaHHOr8 ypaaHeHHR 

( 2.20), r.ne f ( 0) / f orrpenenReTCR ypaaaeHHeM ( 3.6). AHanHTH'IecKoe perne-

HHe fi01!y'leHHOrO ypBBHeHHR BO BCeM HHTepBane TeMrrepaTyp He rrpe.UCT8B1!ReTCR 

B03MQ)I{Hb!M, H fl0:3TOMY Mbl p8CCMOTpHM OTAe1!bHO cnyqaA Bb!COKHX H HH3KHX 

TeMrrepaTyp, BOCIT01!b30B8BillHCb p831!0)I{eHHRMH ( 2.21) H ( 2. 22) • 
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4.1. Cnyqaii Bb!COKHX TeMnepa Typ ( O >> WL). noLICT a Bm!SI (C\.6) B 

(2,21), nonyqaeM y paaaeaHe LIJlS! y = a 2 ;;- 2 : 

2 

_Q_Iy
(J 

--~ll 
2y 

2e - e y/ 2l= 1. ( 4.1) 
2~ D (J 

flerKO llOK838Th 0 'ITO a TO ypaBHeHHe BC e rLia HMeeT LieHCTBHTeJlhHOe 

peweHHe LIJlS! BCe X Y > O. npH aTOM LlJlS! He O'IeHb Bb!COKHX TeMnepaTyp Y 

Mano: npH (J ~ D y ..s: 0,3 

Pe3ynhTaTaM o 6bi'IHO J:l TeopHH 

H LIOCTHraeT 3Ha'!e.tmii Y "' 1 npH (J .. 13 D • 

B03MYmeHHS! COOTBeTCTByeT c n y 'IaH (J << D , 

Korua y << 1 

y .. .. !L11-...LJ....J1 
D 2 D 

1 w 2 
+- L j 

24 (J 2 

noLICT8BJlS!S! peweHHe (4.2) B (2,14) H (3,7), rronyqaeM 

2 

2 21 7 (J 1 WL 
l .. w 1 + ---(1+----l 

· k k 2 D 24 (J2 

2 

3f (J 1 WL 
r((J) '"---(1 +---->. 

2 a D 24 (J 2 

(4.2) 

(4.3) 

(4.4) 

BayTpeHS!S! a aeprHS! H Teanoe MKOCTh 

( 2.25), B aToM c nyqa e paBHbi: 

llpH QJHKCHpOBB HHO H LlJlHHe, CO!'JlBCHO 

E .. 
N 

k 
c 

v N 

2 2 
w 2 7 (J 1 WL 

D 1 L) ( 1- ---) ---+0(1+-~- 8-D-- 12 (J2 
2 24 e 

aE 
ao 

.. k I 1-

2 
- WL 

24 ~-

14 

7 

4 

e 
D 

l· 

(4 . 5 ) 

(4.6 ) 

4.2. CnyqaJ% HH3KHX TeMrre p a Typ ( e << WL). noLICT 8 BJl l 

rronyqaeM: 

11 D )2 
2( 2y y /2 ) 

( ---- y 2e -e 
21T

2 e2 
lly 

1 +-----(2e -e 
3 2 

WL w 
L 

ileAcTBHTenhHoe peweaHe aToro ypasaeHHS! cymecTsyeT Ll JlS! 

w < D L ,. y Ma no: y $ 0,2 . ilnS! y << 1 peweHHe ypaBJ 

eT BHLI: 

WL 7 WL IT2ell WL 
y .. ---11---- + -- ( 1-7 --) 

IT 0 4 11 D 3w ll IT D 
L 

.ilnS! COOTBeTCTByJOmHX BeJlH'IHH, HC!l0Jlh3YS! ( 2,14) 0 ( 2.26), ( 

t 2 • w:al1+ 
k k 

r< e > • 
3 f 

2a 

7 

2 

w 
..!:_ ( 1 -;D 

+ ~ ell 
3 --2 ll 

WL 

WL 772 ell 

--11 +----l 
770 3 :1 

WL 

ll 

1 D WL 
-E .. --+--11 
N 2 11 

172 (}2 7 WL 
+---l+ --- 111 

3 wll 8 "2 D ll 
L 

~< a E · 
c =---•k 

v N ae 
7 ~1. I 1- -4- 11D 

211 e 
3 WL 

15 

277~ 
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4.2. CnyqaA HH3KHX TeMrrepaTyp ( (} « (L)L). no.(ICT8Bn5H! (3.6) B (2.22)1 

( 4, 7) 

lleACTBHTenbHOe pellleHHe <lTOrO yp8BHeHHSI cymeCTByeT llnR BCeX y > 0. npH 

cu < D 
L "' y Mano: Y $ 0,2 • DnR y << 1 peweHHe ypaBHeRHR ( 4. 7) HMe-

7 CUL 1T ~ (} ll CU 
y -~-I 1---- + -- ( 1- 7 __ L_) I 

rr D 4 1r D 3cu 2 rr D 
L 

(4.8) 

DnR cooTBeTCTBYJOlUHx senH'iHHI Hcrronh3YR ( 2. 14) 1 ( 2. 26) 1 ( 3, 7) 1 rrony'iHM: 

cu 
_ __!:_ ( 1 

1T D ( 4.3) 

r ( (} ) .. 
3 f 

2a (4.10) 

( 4, II) 

k a E . 2 1T (} 7 cuL 
c =- -- .. 1< ----I 1- -----I . 

v N a (} 3 cuL 4 rr D ( 4.11) 
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norryqeHHbie Bb!p8)1(eHHSI JliiSI IIepeHOpMHpOB8HHOH 'l8CTOTbl ( 4.3) H ( 4.9), 

aaeprHH H TerrrroeMKOCTH (4,5), (4.6) H (4.11); (4.12) COBII8Jl8JOT C pesyrrh-

6 . ./1-3; 
T8T8MH 0 bl'IHOH TeOpHH B03MyiUeHHH , ecrrH B HHX He Y'lHThiB8Tb qrre-

HOB C Ky6H'leCKHM 8Hrap MOHH3MOM, KOTOpbie Jl8JOT BKII8Jl TOI!bKO BO BTOpOM 

IIOpSIJlKe TeOpHH B03MyiUeHHH, 'ITO He Y'lHTbiBaeTCSI B IICeBJlOrapMOHH'leCKOM 

/4/ -
rrpH6rrH)I(eHHH • B bipa)l(eHHSI JlrrSI BHyTpeaaero HaTSI)I(eHHSI ( 4.4) H ( 4. 10) , 

corrracao (3. 7), rrpH Y << 1 orrpenerrSIJOTCSI qneaaMH c Ky6H'!eCKHM aarapMo

HH3MOM B IIOTeHUH8IIbHOH 9HeprHH H II09TOMy IIOIIp8BKH K 9THM Bb!pa)l(eHHSIM, 

IIOIIy'laeMbie BO BTOpOM IIOpSIJlKe TeOpHH B03MyiUeHHSI 1 6yJlyT 6orree B biCOKOrO 

IIOpSIJlK8 H MOryT He p8CCM8TpHB8TbCSI, 3aMeTHM, 'ITO 9TO H8TSI)I(e;IHe, B03-

HHK8JOIUee IIPH 38KperrrreHJHI KOHUOB ueiiO'lKH, MO)I(eT 6b!Tb 3H8'lHTei!bHbiM, e CI!li 

(}"' D 'B cnyqae ( 4.4) H'i!H W "' D B cnyqae ( 4.10). npH 9TOM , 0JlH8KO, 
L 

OTHOCHTerrhHOe CMeiUeHHe 8TOMOB OCTaeTC H 

j u-2 I r ~ y-; I a r < 11 2 
0 0 =::: 

M8IIb!M 

a r "' 0,2 
0 

5. CaoficTBa rrHHefiHOH uerro'IKH rrpH ¢HKCHpo aaHHOM aaTSI)I(eHHH 

npH ¢HKCHpOB8HHOM BHeWHeM H8TSI)I(eHHH: r ~ r = const 
0 caMocorrraco -

aaaaoe ypaaaeaHe ( 2.20), rne f( 0) I f orrpenerrSieTcSI ( 3.10 ). o6rranaeT 

HeKOTOOblMH OC06eHHOCTSIMH: OHO HMeeT JleHCTBHTerrbHOe oeweHHe I!Hllib ITOH 

orrpeneneHHhiX saa'leHHSIX rrapaMeTpoB ( 0 , r 0 ) H ( W L , D). 

3TO C BSI38HO C TeM 06CTOSITeiibCTBOM, 'ITO CHIIOB8SI IIOCTOSIHH8H f( (}) 

( 3.10) C pOCTOM Y yMeHbW8eTCSI B IIpOTHBOIIOI!Q)I(HOCTb cnyqaJO tPH KCHpO

B8HHOiJ JliiHHbl ( 3.6); yMeHbWeHHe CHI!OBOH IIO C TOSIHHOH ( 3.3) 38 C'leT ynmr

HeHHSI ueiTO'lKH B C~yqae (3.10) IIpOHC XOJlHT 6hlCTpee, qeM yBeiiH'le HHe ee 

sa C'leT pocTa aarapMOHH'lecKoro BKnana B a a eprHJO (aanpHMep, 

-2a(f-r) 2 y -3y2y -y 
e 0 e .. e e as e ) • 

Jlng npocTOTbl paCCMOTpHM cnyqafi M8I!biX H8TSI)I(eHHH, Korna I a() r I<< 1 • 

H HCCnenyeM CH8'!8II8 OTLleiibHO o6naCTH BhlCOKHX H HH3KHX TeMnepaTyp. 

16 

5.1. Cnyqafi BbiCOKHX TeMrrepaTyo ( (} >> w~, l. 

( 2.21), nonyqaeM ypaaaeaHe JWSI y = a 2 ~: 

noncTal 

1 w 2 y y 
....lL_ y - ..,.-,-- --1._ = e ( 1 - p e ) , 

(} ""' ()2 

rne p ~ 3 a r0 I f << K aK BHLlHo, peweaHe aToro ypaBHeHHl 

KOMIIIIeKCHbiM IIpH (} > (} 
0 

"' Dl e 4To6bi orrpenenHTh KpH' 

paTypy 00 , nponH<P¢epe au.11pyeM (5.1) no y .11 pew.IIM non 

aea.11e coBMecTHO c ( 5. 1). B pesyrrhTaTe norryqaeM c nenyJOme 

y $- y 0 : 

2 

y = 1 + e ( p + -·- ~)- y2fn .!!.L 
24 02 () 

2 

1 ~)] (} = E._ [ 1 + e ( p - 2T o2 e 
c 

CrrenosaTerrbHo, rr p.11 (} > (} c Y CT8HOBHTCSI KOMIII!eK C HhlM, 

K aeycTOH'lHBOCTH IIHHeHHOH UeiiO'lKH - 'l8CTOT8 KOrre6aH.IIH fl 

KOMIIIIeKC!fOH: 

2 
(k 

wi 
e 

2 - Oo ) 
e ~+ y2Ene- · < 1- 24 o2 

B MeCTe C TeM II pH (} ::; (} 
0 

JliiHH8 UeiiO'lKH OCTaeTCSI KOHe'!HOH 

C y'leTOM ( 3.11) 1 ( 5.2) Cpenae e paCCTOSIHHe MelKAY 8 TOM8Mli 

e < o < o l 
"' c 

2 ----
3 [ 7 e w, ] 3 . 1 o (} c r +- 1 + - ep+ -__.._ --y2w --

o 2a 9 24 0 2 2 a (} 
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5.1. Cnyqati BhiCOKHX TeMnepaTyp ( () >> w1. l o noaCT8 BITHH (3.10) B 

( 2.21), nonyqaeM ypaBHeHHe ami y = a 2 ~ : 

1 w2 
..JL_ y- ..,..,..-- ---1._ = ey (1- p e Y ), 

() "'" ()2 
( 5. 1) 

rae p = 3 a T0 I f << 1 ° KaK BHaHo, peweHHe :noro ypaBHeHHH CTBHOBHTCH 

KOMITITeKCHhiM IlpH () > () c = D/ e 

paTypy 00 , rrpoaH<jxpepeHUHpyeM ( 5.1) no y H peWHM nony'l:eHHoe ypaB-

HeHHe coBMecTHO c ( 5.1). B pe3ynbTaTe nonyqaeM cneayiOwee peweHHe anH 

y=1+e(p+ 
24 ( 5.2) 

(5.3) 

CneaoBaTenbHO, npH () > () c Y CT8HOBHTCH KOMITITeK CHhlM, 'iTO npHBOaHT 

K HeyCTOH'I:HBOCTH ITHHel!Hol! UellO'I:KH - '1:8CTOT8 KOne6aHHll fk CT8HOBifTCH 

KOMITITeKC!iOti: 

e 

e W 
2 

() 
{1- __ L_+y2fn ° lo 

24 D2 e- ( 5.4) 

BMecTe c TeM npH () ~()0 a nHH a u e no 'I:KH ocTaeTcH KOHe 'I:Holl . Cornac·I0(3.8), 

C y qeTOM ( 3.11), ( 5.2) Cpea Hee p8CC TOHHHe MeJKay 8TOM8MH pa BHO: 

f ( () < () ) = c 

----
_3_[1 7 _ e _ _5,_J __ 3 __ /

2
on () c 

r o + 2a + 9 e p + 24 D 2 2 a V L 0- ( 5.5) 
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K oa<!><lm uH eHT )l{e Te n nosor o pacumpeHHSI c Tpe MHTC SI K 6ecKoHe'IH OC TH npH 8 -+8 c 

k df 31< 1 
a -e- """de = -~ "B.:" 

y 2 fn ~ 
8 

B HyTpe HHSISI aHe prHSI u e no'IKH Ta K)I{e KOHe'IHa n pH 

C y'I~TOM (3.9 ), (5.2) OHa pa BHa: 

8 ~ 8c 

(5.6) 

Corna cHo ( 2. 25 ) , 

' 1 
--- E 

N 

2 

1 ~) ..!!_ ( 1 + 24~ 82 2 
~c (l+y2fn~)+pD. ( 5. 7) 

0aHaKO Te nnoeMKOCTb npH ~HKCHpOBaHHOM Ha TSI)I{eHH H ( aaaneHHH) o6pa maeTCSI 

B 6 e CKOHe'IHOCTb npH 8 -+ 8 0 : 

1< a _ 1< aE 
c = 

p 
-N---;rr < H, > = ---+ kraf 

N a 8 (5.8) 

.. .!._ I 1 _ _1_ w i 
2 24 --;{j'J + 

1 + 2 pe 

y 2fn ~o 
I . 

HHTepeCHO OTMeTHTb, 'ITO B KpHTH'IeCKHH TO'IKe OTHOC HTenbHOe CMemeHHe 

a TOMOB OCTaeTCSI ManbiM. CornaCHO (5.2), ( 5.5), npH 8 ~ 80 

yli2c 

e c 

y y ( 8 ) 
c 

a e ( 8 ) 
c 

3 -1 

'"(aro+-2-) ;; 4" 

18 

( 5.3) 

T aKHM o6pa3oM , B c n yqae BbiCOKHX TeM n epaTyp ( 8 >: 

pOB8HHOM Ha TSI)I{eHH H cymeCTByeT Kp HTH'IeCK8SI Te Mne p aTyp< 

me KOTO p OH u e n o'IK8 CT8HOBHTC SI He y cTOH'I HBOH. n p H 3 TOM 

llHH8MH'IeCKHX BenH'IHH ( a H c P ) B C8MOH TO'IKe (} c 

seaeHHID npH ~a3oBoM nepexoa e nepaoro pona. OnHaKo n 

CT8HOBK8 3 8A8'1H (nOK8nH38UHSI 8TOMOB B6nH3H HeKOTOpb!X 

BeCHS!) He TI03BOnSieT H8M p8CCMOTpeTb TeMrrepaTypbi t 

OAH03H8'1Hbll% BbiBOA 0 X8p8KTepe 3TOI% HeycTOH'IHBOCTH. 

B o 6 nacTH TeMrrep aTyp D >> 8 >> w L y << 1 , 

HeHHSI (5,1) HMeeT BHll: 

y .. ~I 1- P 
D 

+ _e_+ _1- wl 
D 24 ---or 

noaCT8BnSISI H8 HAeHHOe pemeHHe B 0 6 IUHe cjJop Mynbl 

B8HHOI% '18CT0Tbl ( 2.14), ( 3 . lO), c penHero p a CCTOSI HH SI Me; 

(3.11) H BHyTpeHHe H 3 HeprHH (2.25), (3.9), rrony 'laeM: 

- .2 
( k = 

2 
2 (} 1 WL 1 (} ) 

w [1+p---(l-p+--- +---) 
k D 24 (J 2 2 D 

e < e l ~ +-3-.i._l 
f 2a D 

2 
1 WL (} 11 

+---+----24 (} 2 D 9 0 

2 

a 
i. d f 3 i. 1 1 WL (} 1: -e- d""e = ~ o I I- 2T 8'2 + 2 o- --g 

2 2 
1 

N 
D 1 WL p ) (} ( 1 - -

E = - T + (} ( 1 + 24 7 - 2 + 4D 12 
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TaKHM o6paaoM, B cnyqae BhiCOKHX TeMrrepaTyp ( 0 >> cu L) rrpH lPHKCH-

poBaHHOM H8TSJ)I{e HHH cymeCTByeT KpHTHqeCK8SI TeMrrepaTypa 0 0 ( 5.3), Bbl-

rne KOTOpOi% uerroqKa CT8HOBHTCSI HeycToilqHBOil. ITpH 3TOM IIOBeAeHHe TepMO-

H cP B C8MOi% TOqKe 0 
0 IIOA06HO HX IIO-

BeAeHH~ IIpH $a30BOM IIepexoAe IIepBoro pOA8. 0AH8KO IIpHHSIT8SI H8MH IIO

CT8HOBK8 38AaqH (nOK8nH38UHSI 8TOMOB B6nH3H HeKOTOpbiX IIOnO)I{eHHi% paBHO-

BeCHSI) He II03BOnSieT H8M paCCMOTpeTb TeMrrepaTypbl 0>0 
0 H CAenaTb 

OAH03HaqHbii% BbiBOA 0 X8p8KTepe 3TQj{ HeyCTOi%qHBOCTH. 

B o6nacTH TeMrrepaTyp D >> 0 >> cu L y << 1 , H peu:eHHe ypaB-

HeHHSI (5.1) HMeeT BHA: 

y .. 
0 l 1- p 
D 

0 1 cul, 
+ -D-+ 24 -or I. ( 5.10) 

IToAcTaBnSISI HanAeHHoe perneHHe B o6wHe $opMynhi AnSI rrepeHopMHpo

BaHHoA qacTOTbl ( 2.14), ( 3. 10), cpeAHero paCCTOSIHHSI Me )KAY 8TOM8MH ( 3.8) 

(3.11) H BHyTpeHHeif 3HeprHH (2.25), (3.9), rronyqaeM: 

2 0 1 (U~ £! = cu k [ 1 + P - - < 1 _ P + _ __ + _1_ __o_ l 1 
D 24 0 2 2 D 

f ( 0) 

a 

0 

r a + _3 _ _!!_I 
-f- 2a D 

2 
1 CUL 0 11 

+- -- + --- -p 24 02 D 9 

2 
k df 3 k 1 

11 
1 CUL 0 11 

-e-dT=~n -24~+ 2 o--9p 

N 
E = - __!?__ + 0 ( 1 + -~ 

2 24 
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( 5. 11) 

( 5. 12) 

( 5. 13) 



c 
p 

k 

N 

a<H,> 

ao 
•k 

ll 
. 1 WL D 1 (} [1---(1 +........_l+--(1+ 2pl1. 

24 (} 11 2 2 D 

( 5.15) 

OTMeTHM, 'ITO Bbipa*eHHSI l:UISI -;;""l ( 5,10) H a ( 5.13) coanaJlaiOT c nep-

BbiMH 'lneHaMH pasnO)I{eHHSI STHX BenH'IHH B paooTe/9/, nonpaBKH )l{e K Te-

nnoeMKOCTH C p B ( 5,15) HMeiOT JlpyrHe KOs4>4>HUHeHTbi 1 'I eM B/
9
/, 'ITO 

ooJ>RCHSieTCSI TeM, 'ITO B nceBJlorapMoHH'IeCKOM npH6nH)I{eHHH ae y'IHTbiBB

IOTCSI nonpaBKH K sHeprHH BO BTOpOM TIOps:!JlKe TeOpHH B03MymeHHSI 38 C'I~T 

'lneHOB c KyoH'IeCKHM aarapMOHH3MOM. 

5.2. Cny'lafi HH3KHX TeMnepaTyp ((J«wL). noJlCTBBns:!SI (3.10) B (2.22), 
- ~~-

nony'laeM cneJlyiOmee ypaaHeHHe AnSI onpeAeneHHSI y =a 0 2 

2 2 y y 2rr
11 

(} 
2 

A y =e [1-e (p--3---2-)1 • 
WL 

rAe A = rr D / wL K aK BHAHO, peweHHe aToro ypaaaeHHSI cTaHOBHTCSI 

nneKCHblM npH A<A
0

"'e / 2. llH¢¢epeHUHpys:! 9TO ypaBHeHHe TIO Y 

( 5. 16) 

KOM-

H 

pewAS! nonyqeHHoe vpaBHeHHe coBMeCTHO c ( 5.16). onpeAenHM KPHTH'IeCKHe 

3H8'1eHHSI napaMeTpOBo JJ.ns:! Y ;;;. Y 0 

y = 2 [ 1 + p e 2 - _!_ ( A - A l 1 - _!_ -,-;:~ - I 
e o Vev o v 

62 -02[ 1 - ~(A-A l1(5.17) 
o e o ' 

rAe 
2 

A =_!L_(1- _e_p) ( 5.18) 
0 2 2 

wLy6 VA- A 6 = 
( 5.19) 

0 a/2 o 
TT e 
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CneAoBaTenhHo, ecnH A> A0 • TO cymeCTByeT· KpHTH'IeCK8H 

6o""VA-A 0 >0, HH)Ke KOTOpoii 

EcnH )Ke A < A 0 , To npH acex 

peweHHe AeiiCTBHTenbHO , a B 

TeMnepaTypax peweHHe KOM 

HeyCTOK'IHB8, TaKHM oopa30M, ecnH SHeprHSI HyneBbiX KOJ: 

BeJTJ<Ka: wL I 2 rr > D I e , TO ueno'IKa ueycTo ii'IHBa Jla)Ke 

B 0°, npHMepaMH TBKHX CHCTeM MOryT ObiTb ueTIO'IKH H3 

Manoii SHeprHefi CBSI3H D ( "'KBBHTOBbie KpHCTannhi"'), 

BonHsH KpHTH'IeCKoii TO'IKH ¢H3H'IeCKHe BenH'IHHbi HI 

2 W
11 

2 8 4 -- (Jll 
l = ---..:....i....l 1 - p e + -<A-A l + - y A- A y 1 - -- [ 1 

Jr. ell e o . r- o (/ 
V e o 

e 3 I 7 ~~ 4 2 _,-- _, (6l =r +-- 1+...,.--pe --(A-Al---vA-A v 1-
o a y e o y;- o 

a= 
k d e k 6 "e2y6 

-e- d'T .. -;r -o -;;;--- _,--or 
c L yl-(p" 

0 

ll 2 2 WL 3 2 2rr e _6 ___ 2_<A-) _L_E=--11 +-,-pe+ 3 ll e N 4rre WL 

--
(Jll A - Ao a/2 o11 

- (2 
.\0 

) (1+7)y1- {jT 
0 0 

1: 
c = --

p N 
a<H, > 
---ao 

7Te 4 -- 1 pe 
k 0---11 +--yA-"A ---- (1 + --

3wL Ve 0_ 1~ 4 
v (}2 

c 

y-;;'2 ..;-;til-
a c y2 

-e- = -a ITe-;:1 
c a r 

0 
+ 3 4-
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CneLioBaTenbHO, ecnH A > Ao. To cymeCTByeT· KpHTH'lecKaSI TeMnepaTy pa 

00 "'VA- A0 > 0, HH)!(e KOTOpolf pemenne LleHCTBHTenbHO , a Bb!llle - KOMnneKCHO. 

Ecnn )!(e ..\ < A0 • To npn Bcex TeMnepaTypax pel.lleane KOMnneKcao H uenoqKa 

HeyCTOH'lHBa. TaKHM o6pa30M, ecnH 9HeprHSI HyneBblX Kone6 A HHH LIOCT8TO'IHO 

BeJTJ.<Ka: cuL/ 277 > D/e , To ueno'!Ka neycTOli'lHBa LIB)!(e npn TeMnepaType 

B 0°. DpHMepaMH T8KHX CHCTeM MOryT 6b!Tb ueno'IKH H3 nerKHX 8TOMOB C 

Manolf 9HeprHelf CBSI3H D ( 'KB8HTOBbie KpHCTa nnbt"'). 

B6nH3H KpHTH'leCKOH TO'IKH ~H3H'leCKHe BenH'lHHbl HMe iDT BHLI: 

w2 2 8 4 -- 02 4 
€

2
=---i....l1-pe +-(..\-,\) +-y..\-,\ y1- ~-[1- -e (A-•\l]}(5.20) 

k e2 e o Ve 0 tl~ 

f<Ol = r +2-11+-J.-pe 2 
o a y 

0 2 
_!_<..\-,\ 1- -2-v~ v 1- - -

0
-r-

e o y;- o o 

CUL 2 2 2 
_L E = 3 2 277 e 0 __ 2_(..\-,\) --I + ,_- pe + 3 --2-N 477e 

cuL 
e o 

A - Ao s/2 02 
) v 02 

- (2 ) ( 1 + 1-
,\ 0 (JT OT 

0 0 

k 
c = -

1> N 
77e 4 -- 1 p e 4 ,\ 

k o --I 1 + - v ..\ - >.. ---- o +- -- 1 1 
3 WL Ve o_ II:""Jl! 4 A-Ao 

v 02 
c 

y -;2 
__ o_ = 

f c 

2 1 

( 5. 21) 

( 5. 22) 

( 5.23) 

(5 . 24) 

(5 . 25) 



TaKHM o6pa3oM, B cnyqae HH3KHX TeMrrepaTyp xapaKTep rroaeaeHHH Tep

MOAHHaMHqeCKHX BenHqHH B6nH3H KpHTHqeCKOl!: TOqKH TaKOA *e, KaK H B 

cnyqae BbiCOKHX TeMrrepaTyp, T.e. a , cP -+ oo npH 8 -+ 80 , a E H f 

KOHeqHbl rrpH 8 ..S. 8 0 

0aHaKO 06bJqHo cu L<< D H A >> 1 , TaK qTo HMeeT CMbiCn Hccneao-

BaTh ITOBeAeHHe CHCTeMbl ITpH 8 << CU L :;i 8 
0 

• 

B 9TOM cnyqae Y << 1 H perneaHe ypaBHeHHH ( 5.16) HMeeT BHA: 

1 [ 1 y ... - 1 + --+ 
A 2.\ 

lin 2 3 } rr !7 _ . --1!... ) ( 1 + - ·l · 
3 II , 2 2A 

CUL 

(5.26) 

IToacTaBnHH sTo perneaHe B o6mHe ¢opMynhl nnH nepeaopMHpoaaaaoA 

qaCTOTbl ( 2. 14), ( 3. 10), cpeaaero paCCTOHHHH Me )KAY aTOMaMH ( 3.t..?), ( 3. 11) 

H BHyTpeaael!: aaeprHH ( 2. 26), ( 3.9), rrony qaeM: 

cu 
:1 :1 ( CU L (. - cu 1 - -- ( 1 + 
k k IT D 

:1 8 2 
~-- ) 

3 Ql2 
+p(1+ L )) 

2 IT D 
L 

f{l})=r
0

-
r 

0 
3 cuL "2 82 13 

--+-----(1 + -- --- - . -- p ) 
f 2a rrD 3 2 18 

CUL 

Jr.: df Jr.: IT (J 

ac-f-dO=-;rD CUL 

1 D cu 1T2 (J :1 cu l_ 
-- E =- -+ ~ (1 +---) ---- (1 - .....1!-. 

N 2 rr 3 cu ll 4 IT 2 D 2 
L 

IT2 

3 

02 
-) 

cull 
L 

c =...!... a<H,> 
ao 

2rr (J cu k- -- [ 1 + __ L + ( qn, • p 8 ) + ( qn.,.. p) }. 
3 cu 41T D P N L 
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( 5. 27) 

( 5.28) . 

( 5. 29 ) 

(5.30) 

( 5.31) 

0TMeTHM, qTo yqeT ayneBbiX Kone6aHHl!: npH onpeaenemm pa 

TOHHHH Me)f(AY aTOMaMH BeChMa cyrueCTBeHeH: c;;ornacao ( 

npH CU L"' D, (f-r
0
)/r

0
•1. 

5.3. YpaaaeaHe anH KpHTHqecKol!: TeMrrepaTYpbi. KaK Mbi 

qae <f>HKCHpoaaaaoro HaTH)f(eHHH perneHHe caMocornacoaaaaor' 

~ ( 2.20) IT!JI'I OIIpeaeneHHbiX 3HaqeHHHX napaMeTpOB CTaHOBH1 

qTO IIpHBOnHT K HeycTol\:qHBOCTH uerroqKH, 8To ypaBHeHHe 

IIpeaenbHOM Cnyqae Bb!COKHX ( 8>> WL) H HH3KHX ( 8 <<cu L) TE 

orrpeaeneaa KpHTHqecKaH TeMnepaTypa 8 ~ ( 5.3) H ( 5.19). rr 1 
Tepee nonyqHTh ypaBHeHHe AnH KpHTHqecKol!: TeMnepaTypbi BO 

H3MeHeHHl!: napaMeTpaA-D/ct .. LlnH 9Toro 3aiiHliieM ypaBHeHHe l. 

yqeTOM ( 3.10) B BHAe: 

rr/2 
Aafn 2. sfd¢sizr/>cth 

a - p o 

rae a 2 
"' f ( 8 ) / f = e- Y + p. 

acu 
~sin¢), 

2 (J 

LlHcfxPepeHUHpyH 9TO ypaBHeHHe ITO a , IIOnyqHM BTOpoe ypaE 

2 a 2 

.\ I -- 2-- - fn - 2--
a -p a - p 

cu rr/2 

=2f-Jd¢ 
0 

:1 
sin rf! __ ------

11 aCUL 
sh (~sin¢) 

CoaMecTaoe perneHHe 9THX aayx ypaaaeaHl!: no3aonHeT J 

MOCTb 8 0( .\ l H a 
0 
(A l Bo acel!: o6nacTH H3MeHeHHH napa 

PeweaHe 9THX ypaBHeHHl!: B03MOlKHO rrpoaecTH nHWb H< 

MaWHHe. ITpeaenhHbie )f(e BbipalKeHHH B cnyqae A ~ A 0 H 

Hbi paaee: 

a) rrpH o < ( A - A 
0

) « 1 : 
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0TMeTHM, 'ITO y'leT ayneBbrx Kone6aHHA npH onpeJJeneHHH paBHOBecaoro pace-

TOHHHR Me*llY 8TOM8MH BeCbM8 eyweeTBeHeH; ~ornacao (5.21) HnH (5.28) 

npH ru .. D, 
L 

5.3. YpaBHeHHe £WR KpHTH'leeKoA TeMnepaTYpbr. KaK Mbi noKa3anH, B eny

qae ~HKeHpoB8HHOrO H8TR*eHHR peweHHe eaMoeornaeOB8HHOrO ypaBHeHHH JlnR 

~ ( 2.20) npH onpeJJeneHHblX 3H8'leHHRX napaMeTpOB eT8HOBHTeR KOMnneKeHbiM, 

'ITO npHBOJlHT K HeyeTOti'lHBOeTH UefiO'lKH, 3To ypaBHeHHe 6binO peweHO B 

npenenbHOM enyqae BbieOKHX ( (}>> CUL) H HH3KHX ( (} <<cu L) TeMnepaTyp H 6bma 

onpeneneHa KpHTH'leeKaR TeMnepaTypa (} <: ( 5,3) H ( 5,19). npene TaBnReT HH-

Tepee nony'lHTb ypaBaeaHe JJnR KPHTH'leeKoA TeMnepaTypbi Bo Been o6naeTH 

H3MeHeHHA napaMeTpaA-D/~ ... LlnR aToro 3anHweM ypaBHeHHe nnR u 2 ( 2. 20) e 

yqeTOM ( 3,10) B BHne; 

rr/2 
A a fn -,..;2 ::.......-,. f d ¢ siaf>cth 

a p o 

rne a 2 = f ( (} ) / f = e- Y + P• 

aw 
~sin¢), 

2 (} 

LlH«fxPepeauRpyR aTo ypaBaeaHe no a • nony'lHM BTopoe ypaBHeHHe: 

A I 
2 a 2 

- - 2-- - fn -~
a -p a 2

- p 

• ';j ¢ SID 

:1 awL 
sh ( 2'8 sin ¢ ) 

( 5.32) 

( 5.33) 

CoBMeeTaoe peweaRe aTHx JJByx ypaBHeHHA no3BonReT aatiTH 3aBHeH-

MoeTb (} (A) H a (A) Bo BeeA o6nacTH R3MeaeHHH napaMeTpa A: A
0
<A <oo. 0 0 

PeweHRe STHX ypaBHeHRfi B03MO*HO npoBeeTH nHWb Ha Bbi"!HenRTenbHOli 

M8WHHe. npeJJenbHbie *e Bblpa*eHHR B enyqae A ~ A 0 [{ A>> l 6binH nonyqe-

Hbi paaee: 

a) npH 0 < ( A - A 
0

) « l 
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.!l._g_. _2_6_ y A- Ao 
8/2 

2 
A • _e_ ( 1- _e_ p ) 

0 2 2 
WL 7Te 

2 8 2 
a 

0 

_1_[ 1 = ell 
pe +-(A -A )]• 

e o 1 

6) rrpH 

_!_g_ 
WL 

all 
0 

A» 1: 

e A (1+pe-
2tr 7Te 

2 
_L ( 1 - -L. -lZ- ). 

e 24 All 

71:1 

~) 

TaKHM o6paaoM, rrpH A ... A (} .. y A -A.,. a rrpH 
0 0 

( 5.34) 

(5.35) 

A -+oo (} • A_,. oo , .. 
T.e. rrpH aoeTaTO'iHO 6onblliOA aHeprHH HyneBbiX Kone6aHHA w / 2rr • D/e 

L 

ueiiO'iK8 eT8HOBHTeS! HeyeTOf!:'lHBOf!:. HE! AOeTHraS! KnaeeH'!eeKOrO IJpeaena 

tJ >> W • IlepeHOpMHpOB8HH8S! JKe eHIIOB8S! IIOeTOS!HH8S! MeHS!eTeS! B IIpeae-
L 

,JT8X. OT 1 I ell .ao 1/e • lfTO eooT8eTeT8YeT rrepeHopMHpoeKe MaKeHM131TbHOA 

qaeTOTbl KOIIe6aHHf!: W L B KpHTH'ieeKof!: TO'!Ke B HHTepBane OT W L • WL/ e 

IIpH A ~ Ao ao WL - wL/ .;-; rrpH A>> 1. npu aTOM rrapaMeTp rpiOHai!:

~eRa./1/. xapaKTepH3YIOI11Hf!: 38BHeHMOeTb qaeTOTbl OT epeaHei!: LliiHHbl uerroq

KH, MOJKeT 6biTb IIpelleT8BIIeH B BHLle! 

r=-
d fn f Jr. af ___ .;:.__ c - ( 1 

d fn L 3 

24 

7 
9pey 

af((J) .. __ 
3 ( 5.36) 

0H 38BHeHT OT TeMnepaTypbl BBHLlY 38BHeHMOeTH C 

MeJKLlY 8TOM8MH f OT TeMIIepaTy pbl (} , H eornac 

Bb!paJK e HHS!M LliiSI f ( (} ) , MeHS!eTeS! B IIpeaenaX 1 ~ ) 

6 • 06eyJKLleHHe 

nonyqeHHBS! B 3TOf!: pa60Thl Heye Tof!:qHBOeTb IIHHe i 

cjJHKeHpOBBHHOrO BHell!Hero HBTS!JKeHHS! OeHOBbiBaeTeS! Ha 

IIpH611HJKeHHH ( 2.8), KOTOpOe SIBIIS!eTeS! IIpH611HJKeHHeM 

IIOliSI H yqHTbiBaeT IIepeHOpMHpOBKy '!8eTOTbl KOlle5aHJ 

peaynbTaTe yepeLIHeHHS! IIOTeHUH8118 B38HMOLlef!:eTBHS! I 

HHx aToMoe. YqeT rrpoueeeoe paerraaa cjJoHoHoB rrpueer 

rrepeHOpMHpOBKe qaeTOTbl H IIOS!BHTeS! 38TYX8HHe KOlle! 

H3MeHHT 3HaqeHHS! IIOlly qeHHbiX KpHTHqee KHX rrapaMeTpOI 

LlliSI 3 HeprHH H TeiiliOeMKOeTH (eM. o6eyJKaeHHe B 5.1) 

oeo6eHHOeTH AOIIJKeH e oxpaHHTbeS!, T.K. OTHOeHTellbHI 

B KpHTHqeeKOH TO'!Ke OeTBIOTeS! M8llb !MH (eM. (5.9) 11 

BTOpOrO IIOpS!AKa TeOpHH B03MyUieHHS! He AOIIJKHbl ey 

rroeeaeHHe eHeTeMbi. Yq e T a THx rronpaeoK 6yaeT eaenaH 

B aaKnJOqeHHe HaM xoTenoeb 6bi rro6naroaap1 

r.KOHBeHT8 38 IlliOLlOTBOpHhle o 6 eyJKLleHHS!. 

flHreparypa 

1. r. nelf61jJpHIJ., B.niOIJ.BHr. T e o pHH B HrapMOHH'le C KHX 31jJijJeE 

J1:aJJ., HHOCTpBHHOif flHTep a T ypbi, MocKBB ( 1963), 

2. A.A.Maradudin, P. A.F'linn, R.A.Co ldvvell-Hors fall •• 

(N.Y.) .1:§ 337, 360 (~ 96~). 

3. K.N.Patha.k. Phys. Rev., ~3 9, A ~56 9 (~ 965). 
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Oa aaBHCHT oT TeMrrepaTypw BBHay aaBHCHMOCTH cpeaaero paccToRHHR 

MelKay aToMaMH OT TeMnepaTypbl (} , H cornacao rronyqeHHhiM BbiUie 

Bb!palKeHHRM anSI f ( (} ) , MeHReTCSI B rrpeaenax 1 ~ y S, 2 

6 • 06cylKaeaHe 

nonyqeHHaSI B 9TOH pa60Tbl HeyCTOH'!HBOCTb nHHeHHOH uenoqKH B cnyqae 

<jJHKCHpOBaHHOI'O BHelliHero HaTSilKeHHR OCHOBbiBaeTCSI H8 nceaaorapMOHH'leCKOM 

ITpH6nHlKSHHH ( 2,8), KOTOpOe SIBnSieTCSI ITpH6nHlKSHHeM CaMOCOrnacoBaHHOI'O 

ITOnR H Y'lHTbiBaeT rrepeHopMHpOBKY 'laCTOTbi KOne5aHHH aTO~OB USITO'lKH B 

peaynhTaTe ycpeaaeHHSI rroTeauHana aaaHMoaeAcTBHR no cMeUieHHRM cocea

HHx aToMoB, Y'leT rrpoueccoa pacrraaa <jJoHoHoB rrpHBeaeT K aorronHHTenbHoH 

nepeHopMHpOBKe 'laCTOTbl H ITORBHTCR 3aTyxaHHe Kone6aHHH, 'ITO HSCKOnbKO 

H3MeHHT 3Ha'leHHSI rronyqeHHhlX KpHTH'leCKHX napaMeTpOB, a TaK)I(e BhlpalKeHHH 

anSI a aeprHH H TerrnoeMKOCTH (eM. o6cylKaeaHe B 5. 1). XapaKTep lKB caMoA 

OC06eHHOCTH aonlKeH COXpaHHTbCR, T,K, OTHOCHTenbHbie CMSU!SHHR aTOMOB 

B KpHTH'leCKOti TO'!Ke OCTa!OTCSI ManbiMH (eM, {5,9) H {5,25)), H ITOITpaBKH 

BTOporo ITOpRaKa TSOpHH B03MyUieHHR He aonlKHbl CyLUSCTBSHHO H3MSHHTb 

rroaeneHHe CHCTeMbi. Y'l e T aTHx nonpaaoK 6yneT cnenaa B cneny10weA pa6oTe. 

B aaKn!O'leHHe HaM xoTenoch 6bi no6naroaapHTb C .B. TSI6nHKOBa H 

r.KoaaeaTa aa rrnoaoTBopHwe o6cylKneaHSI . 

flHreparypa 
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(N.Y.) J:.0 337, 360 (1 961), 
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