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I. B B e .n e H II e 

B rrocnelmee BpeMst p~3BHTa Teopnst aarapMoHn'IecKnx KpncTannoB, rro-

3Bonstromast caMocornacoBaHHhiM o5paaoM yqecTb BKnan oT Bcex aarapMoan

qecKnx qneaoB ,B anamnx rropstnKax ·Teopnn B03Mymeanii (eM. 11~3/n nHTepa

Typy, un'rnpoBauayro B/3/). Dpn aToM oKaaanocb B03MO)I{HhiM nccnenoBaTb 

o5nacTb ycToii'IIIBocTI:I aarapMoanqecKoro KpncTanna.'··s paooTax/4-6/ nccne

noBaHa rrpocTeiimaSI Moaenb ·- mmeliuast uerro'IKa c BaanMoneiicTBHeM 5nn)l{au

mnx COC9Jl9H1 K8K B cnyqae cpnKCHpOB8HHOH JlnHHbl 1 T8K H npn nOCTORHHOM .. 
BH91UH9M H8Tfi)I{9HHH. EbinO ITOK838H01 'ITO B cnyqae Manoro H8Tfi)I{9Hl!R ue-

ITO'IK8 HeyCTOH'IHBa II pH llOCT8TO'IHO Bb!COKOH TOMIIepaType HnH IIpH JlOCT8TO~- •, 

110 5onblllOii sneprnn .nyneBbiX Kone5annii. DpH aToM oKaaanocb, 'ITO aaTyxaane 

caMocornacoBaanwx cpononoB He cTonb BennKo B5nnan TeMrrepaTypw ieycToii

'IHBOCTH UOITO'IKH/4/ H Jlmt K8'I9CTB9HHbiX nccnel!OB8HHH ero MO)I{HO 1!9 Y'IH

Tb!B8Tb1 T.e. OI'paHH'IHTbCR TOnbKO ITC9BllOI'apMOHH'I9CKHM IIpHOnH?!<911H9M. 8TO 

IT03BOnsteT 3H8'IHTenbHO ynpOCTHTb paC'IeTbl H HCCnOJlOB8Tb CBOHCTBa 8HI'ap~ 

-· MOHH'IOCKOH UOITO'IKH B lUHpOKOM HHTOpBane TOMIIepaTyp H 31!8'I9HIIH rrapaMeT

poB cBstan aTOMOB uerro'IKH, 'ITO 5wno rrpoaenano B pa~oTe/6/ B cnyqae ao
cTaTO'IHO M8nOI'O H8TSI)I{9HHRo 

B aacToSimeii pa5oTe rrpnBollHTCst pesynbTaTw uccneaoBal!nst saBncnMocTn 

TOMITepaTypbi HeycTOH'IIIBOCTII nHHOHHOH UOITO'IKH OT IIpOH3B.OnbHOI'O BI!91UH9I'O 

aaTSI)I{eHnH B rrceBaorapMoHn'IecKoM rrpn5nu*ennn. B paaaene 2 rronyqena ca

MocornacoBaHnast CHCTOMa ypaBHOHHH B ITCOBllOI'apMOHH'IOCKOM IIpiiOnH)I<ef!HH •. 

8 pa3l{ene 3 BBOJlSITCR ITOI!RTIIR TOMITepaTypw ·aeyCTOH'IHBOCTH
0

H.KpHTH'I9CKOH 

TeMrrepaTyphi n Bhi'IHcnstroTcst 9TH Benn'IHHhi. B paaaene 4 o5cy)I(Jl8IDTCR rro

nyqeHI!bie pesynbT8Thi. 



2. CaMocornacoBaHHaH cncTeMa ypaB»eHnfi B rrce~norapMoHn-
·~ 

~ecKoM rrpn6nn~ennn 

PaccMoTpl!M nl!HeiiHyiO ueno"'KY .nnl!Holi L H3 N +l Olll!HaKOSbiX a ToMas 

Maccoli M npll y"'~Te saal!Mo.nelicTSHSI TonbKO 6nl!)Kalinmx coceneli, koTopoe 
. ' 

-6y.neM OIIIICbiS8Tb noTeHUl!anoM <P (Rn-Rn-1). Bse.neM cpe.nHee paccTOSIHlle 

M9)KJly 6nl!)K8fiiiUIMII 8TOM8Mll f · II IIX OTjJ:OCHT9nbH09 CM9III9Hll9 cornaCHO 

onpe.neneHnro: .. 
R - R = < R - R -1 > + u - u -1 = f + u n- "n-1 • n n-1 n n n n 

(1) 

PasHosecHoe paccTOHHHe f Me*llY aToMaMH onpe.nensteTCH na ycnosnli 

paSHOB9CHS1 U9ITO"'KH Ilpll 38Jl8HHOM SH9IIIH9M H8TH)K9Hllll p 1 cornacHO KOTO

pb!M cpeJlHSIH. cnna1 .neliCTSYIOIII8H H8 aTOM S IIOnO)K9Hllll p8SHOS9CHH 1 paSHa 

Hynro: 

· 1 a · P =-- <-- <ll(R -R · )>. 2 . a R n . n-1 
( 2) 

n 

TI 
u 

6 
I 21 . u u 

pHM9HHS1 pa3SI'!Tbill S pa OT9 M9TO]l K m:;cne.nosaHHIO ni'IH91'IHOH ue-

IIO"'KH1 B pa6oTe/ 6/ rrony'li'Ini'I caMocornacosaHHYIO ci'IcTeMy ypasHeHI'Ili, qrrpe.ne-
, ' 

nHIOIIIYIO CSOliCTSa ni'!HeliHOli U9IIO"'KI'I S nces.norapMOHI'I"'9CKOM npn6nH)K9Hllllo 

Ebtn onpe.neneH Ksa.npaT OTHOCHTenbHOI'O CMemeHHH . 

;2,; <(u -u )2>= _l_ 2 
n n-1 N f k 

H rrepeHOpMHpOS8HH8H 'l8CTOT8 KOne6aHHli 

2 
WOk 

2w 
k 

coth 
wk 

28 

2 
w = 

k 

4 r (e .o 
M 

• 2 
SID 

kf 

2 

2 2 f( e' f) '2 = a w 0 k ' -- -w. Ok 
f 

(3) 

: ( 4) 

I'Jl9 W O k- rapMOHH"'9CK8H "'8CTOT8 Kone6aHHfi U9IIO"'KH 1 f - rapMOHH"'9CKaH 

CHnosaH IIOCTOHHHaH
1 

8 = k T • flces.norapMOHH"'9CKaH CHnosaH IIOCTOslHH8H 

f ( e ,f), cornacno/6/, nMeeT sn.n: 

r< e, o l 
2 

= . (5) 
«<! , (f ) 

4 

. ,-· 

I • 
I 

r.ne Mbi ssenn caMocornacosaHHhiii: noTenunan saauMo.nefi, 

)K8HIIIHMH COC9JlHMH: 

<ll (f)=·< <P ( R - R 
n n-1 

2 
)> = 2 _1_ (-" _ )s «1!(2s '<e 

s=O s! 2 

f10MHfl:10 T9MIIepaTypb! e COCTOHHHe U9IIO"'KH OIIp 

.nnHHOfi L = N e HnH SH9IIIHHM H8TH)K9HH9M p • CSH3b 

( Te pMH"'9CK09 ypaSH9HIIe COCTOHHHH U9IIO"'KH) 
1 

cornaCHO 

nsteTcst ycnosHeM: 

P=--.!__ ;'(e). 
2 

KanopH"leCKoe ypasueaue cocTOHHHH onpenensteTcH sa: 

uerro"'KH, KOTOpaH s HaiiieM IIpH6nH)K9HHH pasHa/6/: 

~E 
N 

I = I -
-- «<! < e > + -- r < e , e > u 2 • 

2 2 

.KaK SHllH0 1 ypasReHHH (3)-(8) o6pa3yiOT CaMocornac 

ypaSH9HHH 1 OIIpenenHIOIIIYIO CSOfiCTSa nHHefiHofi U9IIO"'KH S II 

KOM IIpH6nl!)K9HHH. nony"'eHHaH CHCTeMa ypaBH9HHfi OIIpenenH 

CornacosaHHOI'O IIOTeHUIIana, KOTOpb!H MO)K9T 6b!Tb Sbl"'lii 

HSHbifi sun IIOTeHnl!ana saauMonelicTSHH <P ( R ) • B Ka"'e 

IIOTeHUllana Sbi6epeM IIOT9HUH.an Mopaa: 

«<! ( R ) ·= D I ( e-"' (R- r 0 :._ I] 2 -I J , 

rne r O - cpenHee paCCTOHHHe M9)Klly aTOMaMH S I'8pMOHH'l 

HHII <P ' ( r ~ ) = 0 ; D - rny6l!Ha noTeHUHanbHOfi HMbi <P ( r 

IIOCTOHHHaH S I'8pMOHH"'9CKOM rrp'l!6mi)K9J!l!H pasHa f = (I 

Torna, l!CIIOnb3YH ( 6). ( 9)' rrony"'aeM cnenyromee Sblpa)Kef 

naCOS8HHOI'O IIOT9HUH8na: 

¢(fy)-DI-2a(f-r 0 > 2y. 2 -a<f-r 0 ) y/2! , - e- e - e. e· , 

2 2 
rne y = a u 

5 



rrceBnorapMDHH-

~ -t1 O/lllH8KOBblX aTOMOB 

liinmx .coce.ue:fi, KoTopoe 

,eM cpellHee paCCTOSIHlle 

Hoe cMemeHne cornacHo 

(1) 

•IIpelleilSI8TCSI ll3 ycnOBll:fi 

Ill p , cornacHo KoTo-

3 Hllll paBHOBeCHSI 1 paBHa 

( 2) 

ne/lOB8HHID JlllHe:fiHO:fi ue

:TeMY, ypaBHe!{n:fi, qrrpelle

OHIIqecKOM IIpll6J1II)KeHllllo 

wk (3) I--

2 e 

(4) 

·t.- rapMOHIIqeCK8SI 

%a~ cnrioBaSI II0CTO~HH8SI 

(5) 

rne Mbi BBenn caMocornacoBaHHbi:fi rroTeHuiian B3anMone:ficTBIISI Memny 6im-

ma:fimnMn cocenSIMH: 

( 6) 

IToMII~O TeMrrepaTypbi e cocToSIHIIe uerroqKII orrpenenneTcSI eme ee 

llJlllHO:fi L = N e llJlll BHemil:nM H8TSI)K8JIIIeM p • CBSI3b 8TIIX rrapaMeTpOB 

(TepMnqecKoe ypaaHeHIIe cocToSIHHSI uerroqKn), cornacHo (2), (6), orrpene

nSieTcSI ycnoaneM: 

( 7) 

KanopiiqeCKOe ypaBH8HIIe COCTOSIHIISI OIIpenenSieTCSI BHyTpeHHe:fi 8Heprne:fi 

uerroqKn, KoTopan B HameM rrpn6nnmeHnn paBHa/6/: 

.1 1 "' . 1 
- E = -- <P ( e ) + -- r < e , e ) u 2 • 
N 2 2 

( 8) 

.. 
KaK BHilHO, ypaaHeHnn ( 3).-( 8) o6pa3yioT caMocornacoaaHHyro cncTeMy 

ypaaHeHn:fi, orrpenennromyro cBo:ficTaa nnHe:fiHo:fi uerroqKn B rrceBnorapMoHnqec·;..' 

· KOM IIpll6illllli8Hllll, .flonyqeJIHaSI CllCTeMa ypaBH8HH:fi OIIpelleilSI8TCSI BllllOM C8MO

cornacOB8liHOro rroTeHuiiana, KOTOpbi:fi MomeT 6biTb Bbiqncnen,· ecnH 3anau 

SIBHbi:fi Bnn 'rroTeHunana B3anMone:ficTBHSI <P ( R ) • B KaqecTBe MoneJibHoro 

IIOT8HUHana Bbi6epeM IIOTeHUll.8J1 Mop3a: 

( 8) 

rne r 0 - cpenHee paccToSIHne Memny aToMaMn B rapMoJinqecKoM npn6nume

HHH <P'(r 0 )=0; D- rny6nua rroTeHunanbHO:fi SIMbi <P(r 0 )=-D. CnnoBaSI 

IIOCTOSIHH8SI B rapMOHHqeCKOM rrp"n6J1HllieHI!ll paBJia f = (l /2) <lJ 0 
( r0 ) = 0 a: . 

Torna, ncrroJ1h3YSI ( 6), ( 8), rronyqaeM cnenyromee BbipameHne nnn caMocor-. 

J18COB8HHOro IIOTeHUll8J18! 

rne ' 2 2 y =a u 

2 y 2 -a<£- r 0 ) y /2 I 
e - C· e , ( 10) 

5 



PacCMOTpllM cnyqaft IIOCTOSIHHOI'O BH91IIH9I'O H8TSDK9HllSI p = const 1 HO 

B oTnnqne oT pa6oThtf5,6/. He 6yneM npenrronaraTb ManocTn P • Ecnn 

BH9lliH99 H8TSI~eHll9 IIOC~OSIHH0~ 1 TO llnllHa L U9IIO'IKll'38BllCll~ OT TeMnepa

Typbl cncTeMbi. CpenHee paccTOSIHne Me~ny aToMaMn yno6Ho 3amrcaTh B Bnne: 

3 ar r ( 8 ) = r + a r = r ( 1 + --- y + -'- ) • 
o o 2ar • r 

0 0 

(11) 

rne ' £ - paBHOB9CH09 paCCTOSIHlle M9~1lY aTOM8Mll Ilpll p = 0 
0 . 

KOTopoe 

onpenenSieTcSI n3 ypaBHeHnii (7); ( 10). 
Bbi6epeM nanee napaMeTp a r 0 = 6. TaK, 'IT06bi noTeHunan Mop3a (9) 

Mano oTnn'Iancs:r OT IIOT9HUllana fleHapna-n~oHca ( 12-6) B o6nacTll I r- ro I« 
<<r I II. BBeneM nnSI yno6cTBa npnBeneHHoro .HaTs:r~eHnSI P* = P ( r I D). 0 . 0 

(3aMeTnM, 'ITO B pa6oTe14-61 ncrronh3oBaHo 6e3pa3MepHoe HaTSI~eHne p~P*~). 

Torna COOTHOlli9Hll9 ( 7) c y'IeTOM ( 10). ( n) npnHnMaeT Bnn: 
a r ar 

-6- -6--

p * = 6 e roe Y I e r 0 -1 I . ( 12) 

. Hpn noMomn ( 11), ( 12) caMocornacoBaHHhiii noTeHunan ( 10) n nceBno

.· rapMOHll'I9CKaSI CllnOB8SI IIOCTOSIHHaSI ( 4) 1 ( 5) MOI'yT 6b!Tb 38IIHC8Hbl B BUlle: 

· ar a r 
-6 --- -y -6 --

cll(C)=-I)e roe 12-e ro I 

D -y I 1 . 1 P* y ..j 1--~--;-
=---e -- e + +- -e 

2 . 3 3 

IH a r' 
-6--

-6--2 f(8,0 -y ro ' 
a~ = ---= e ·· r 0 e I 2 e t-1 I = 

l 
' £ 

1 
2 

-y 
e 

2 
1+-P* ey 

3 

--_2 __ _ 

+ ..j1 + -. P* e y I . 
3' 

( 13) 

I 

(14) 

'. 

I 

I ,_) 

I. 

1-, .. 

L 
; ' 
I . ' 
I 

I :,, .. . 

; J.. 

Pa3pemas:r rrocnenHee ypaBH9Hll9,0THOCllTenbHO 
. 2 . · P* 

a --·--
! 6 

y = In -,--------

' (a2-~)2 
3 

y , rrony, 

ITpn S!OM Bhipa~eHne nnSI cpen~ero paccTOSIHllSI Me~ny_, a~ 

6biTh 3anncaHo B Bnne: 

· · · 1 1 1 ;-z 
f ( 8 , y ) = r I· 1 + - y - - In - ( 1 + 1 + -- P * 

0 '4 6 2 3 . 

1 . 
= r 11 +--In 

0 12 

2 · P* 
a---

6 

(a2- P*' )4 

3 

I . 

flepei!:neM nanee· B COOTH0lli9Hllll ( 3) OT CYMMllpOl 
I . 

TerpnpoBaHnro no ¢ = ( kfl2 ). ~'IllThiBas:r ( 15), GannmeM 

HeHns:r nns:r a : 

P* a2 ___ _ 

6 __ = 
,\a In ------P*.) 2 ' 

( 2. -. a -
3 

2 T 

rrl2 
J d;¢ sin ¢ coth 

0 ' 

a sin¢' 

1/2 
rne Mbl BBenn w· = ( 4 f IM ) ,- MaKCllManhHyro '18CTOTY 

OL . · 

B -rapMOHll'!eCKOM npn6nn~eHnn, ;,\ = ( rr D I w'
0 

L) - 6e3pa~Mep 

3ll a To MoB B · ueno'!Ke, r = ( 8 I cu ) - 6e3pa3MepHyro .TeM 
· OL 

CnenyeT oTMeTnTh, 'ITO ypaBHeHne caMocornacoBaHI 

CBOi!:CTBa nnHei!:H~i!: uerroqKll 1 TaJ KaK .npll 38/laHHOM. A , 
l . 

BOnSieT Hai!:Tll nepeHOpMllpOBKy '18CTOTbl a 1 KOTOpaSI, ' 

(8), (13), (15), (16), onpenens:reT BHyTpeHHroro·aHeprn~ 

flerKO y6ellllTbCSI B TOM, 'ITO ll~SI p * << 1 Bee nonyqeHH 

IIepeXOilSIT B COOTB9TCTBYIOlllll9 Bb!pa~eHllSI · pa6oThll61 .' 



[)K9HMSI p = const 1 HO 

ManocTn P • 'Ecmt 

·saBHCllT OT T9MIIepa

l06HO 3anncaTb B anne: 

) J ( 11) 

rrpn P = 0 , KoTopoe 

>I IIOTeHUllan Mop3a ( 9) 

6) a o6naCTll I£- r 0 I« 
JKeHMSI P * = P ( r I D ) • 

. . 0 

pHoe HaTSilK9HI19 p"'P*/.!) • 

aeT a11n: 

( 12) 

reau11an (10) 11 nceano-

6biTb sanHcaHhi B anne: 

(13) 

:" e Y • I 

(14) 

I 

i 
r·. 

L 
I . ' 
I 

ypaBHeHHe,OTHOCHTenbHO y , nony'IHM: 
. 2 P* 

In _._a __ - t 6----
, ( 15) y 

Dp11 s~oM BbipaJKemre anSI cpen~ero paccTOSIHHSI MeJKny, aToMaMH ( 11 ). MOJKeT 

6b!Tb 3aiiHC8HO B BHJle: 

·. l l l. I 2 
f (0, y) = r {.1 +- y -- In - ( l + v l + -- P* c Y )I 

0 1 4 6 2 3 . 

l I 

=r II+-- In 
0 .12 

2 · P* 
a 

6 

·( 2 P*' )4 
ll.' ---

3 

I . 

( 16} 

Depeii:neM nanee B COOT~OW9HMM ( 3) OT cyMMHpo~aHMSI IIO k K llH-
! . 

TerpnpoaaHHIO rro ¢ = ( k£12 ). ~'lllTbiBaSI ( 15), sarrnweM ( 3) B anne. ypaa-

H8HllSI JlnH a : 

.\a In 

2 P* 
a --___ 6_. -= 

P* ' ( 2· )2 
a -3 ' 

1712 
J d '¢ sin ¢ eoth 

0 l 

a sin¢' 
( -17) 

2r 

1/2 
rne Mbl BBenH W = ( 4 f /M ) ,- MaKCHManbHYIO '!8CTOTY KOne6aHHH U9l10'!Kll 

OL 

a rapMoHn'!eCKOM npn6nnJKeann, ;>. = ( rr D I ~0 J - 6espasMepHbiH napaMeTp CBSI-

sn aToMOB B. ueno'!Ke, r = (0 /w
0
_L) - 6e3pasMepayro. TeMrrepaTypy. 

CnenyeT oTMeTHTb1 'ITO ypaaaeHile caMocornacoaaHHSI (17) onpenenBeT 

CBOHCTB8 nnHeHHOH uerroqKll 1 TaJ KaK Ilpll 38Jl8HHOM. A , T II p * OHO nos..:. 
I 

BOnSieT aat'ITM rrepeaopMHpOBKy '!8CTOTbl a , KOTOpaSI, cornaCliO !flopMynaM 

( 8), ( 13), ( 15), ( 16), onpenen:SieT aayTpeHHIOIO · saepr~ro n· nnnay ueno'!Kn. 

flerKo y6ennTbCSI B TOM, 'ITO Jl~SI P*<< 1 ace nony'!eHHbte· snecb ¢opMynhi 

rrepeXOJlSIT B C:OOTB9TCTByiOWll9 Bb!p8lK9HMSI · pa60Tbtf6/ • 

7 

' I. 

,I 

I; 



3. TeMrrepaTypa HeycTofiqnsocTn n KpnTnqecKa~ TeMrrepaTypa 
~ 

11ccneAyeM Terre ph ypaBHeHIIe caMocornacosaHIISI ( 17). KaK 6hmo rroKa-

aaao B pa6oTax
15

•
61

, AnSI cny'IaSI Man oro ·aaTSI~eHIISI • P *<<I • perneHIISI ypas

HeHIISI ( 17) rrpii orrpeAeneHHhiX aaatJeHIISIX TeMrrepaTypbi cTaHoBSITCSI KOj\irrneKc

HhlMH, 'ITO 11piiBOAIIT K KOMilneKCHOH 'I8CTOTe, TO 8CTb HeyCTOH'IIIBOCTII perneT

KII. B pa6oTax15 ,6/ 6bmn nonyqeHbi Bbipa)!(e~nSI AnSI TeMnepaTyphi .HeycTOH'IH

socTHx/ B rrpeAenbHbiX cny'IaSix BbiCOKIIX · ( r >> I ) II HII3KIIX ( r << I ) 

TeMnepaTyp: 

T = 
s 

,\ 

7TC 

e e . 7T 2 
II+ --P*- --(-) I 

2 . 24 ,\ ( 18) ( r » I , . P * << 1 ) , 

1 6 ) 
T =--v---<"--"' a 

s TTe e 

e 
'"-o = 2 

. . .. e 2 

[1-,(-) P*](r«1,P*«1H19) 
2 

11ccneAOBanaCh T8K)!(8 38BIICHMOCTb TeMnepaTypb! HeycTOU'IIIBOCTII OT napa-

MeTpa CBSI3II A B cny'Iae P * = 0 nnH scero IIHTepsana .TeMnepaTyp. 

TipoaaannaiipyeM Tenepb ypaBHeHIIe ( 17) I.\ npenene Bbrco~nx TeMrrepaTyp 

(;r>> 1) AnSI rrpoiiasonbHoro aaaqeanSI P* • HeTpynao y6ellnThCSI B ToM, 'ITO 

B aToM cny'Iae ypasaeane ( 17) c y'IeToM ( 15) MO)!(eT 6biTh aaniicaao B BII/le: 

p * .2 1 . P* 
F ( y ) = f 1 ( y ) - f (y ) = ( 1 - -- y ) e Y-·- y (1 - -- y ) = 0 , · ( 20) 2 ~ 3 T* T* 6T* 

rne' T * = ({}I D ) = .r ( 7T I,\) - npnseneHHaSI T~MnepaTypa. rpa¢II'I8CKOe perne

HIIe ypasaeanSI (20) rroKa3biBaeT,. 'ITO B o6nacTn P*<< T*n T* << 1 ypaB

HeHne llMeeT 4 neifCTBHTenhHb!X pemeHHSI. 0 < 'Y 1 < ·Y 2 < y 3 < y 
4 

ll3 KOTOpbiX tPH3ll'I8CKllll CMbiCn HMeeT H8IIM8Hblliee. C· pOCTOM T8M!IepaTy.

pb! T * pemeHnSI y 1 n y 2 c6nn)KaJOTCSI n rrpn onpeneneHHOM. aHa'IeHnn 

T * = T * ( P * ) oHn coBrran·aroT:. s 

~ ~-W u B pa6oTe TeMnepaTypa aeycTOH'IHBOCTH 
qecKoll: TeMnepaTypoll: n o6oaaaqanacb r 

T H83biBanacb. KpHTll-

8 

.I 

y (T*)=y (T*). 
1 s 2 s 

. 3To ycnoBIIe onpenenSieT · MaKCIIManbHYIO TeMnepaTypy, 'npii 

MO)!(eT 6biTb ycTOH'IIIBa, TaK KaK · npn T * >. T : pem 

OT8HOBSITCSI KOMilneKCHO COl1pSI)!(8HHhlMII 1 'ITO ilpiiBOilllT K 

npSI)!(8HHb!M 3H8'I8HIISIM nepeHOpMIIpOB8HHOil: 'I8CTOTblo .CnenoE 
I - . 

: paTypa HeyCTOH'IIIBOCTII1 onpenenSieMaSI 9THM ycnOBIIeM
1 

Hax 

' HIISI CIICT8Mbl ypaBH8HIIif: 

F (y ) = 0 ; F '(y) = 0. 

OnaaKo B cny'Iae He O'I8Hb ManbiX nasneHnii ·P* "' 

M0)!(8T K8'I8CTB8HHO II3M8HIITbCSI 1 a IIM8HH0 1 B 9TOM cny'Ia 

; HIIe y 3 , ne)!(amee 6nii3KO K 
f 

y 1 II ·y 2 o ilpii 'H8KOTOpoli T8M 

) M0)!(8T COBl18CTb C y 
1 

= Y 
2 

• ' ( IInii AaBneHIIH P* ( T* 
c c 

,· y (T* )=y(T* )=y (T* ). 
1 0 2c 3 c· 

B STOM cny'Iae npn TeMrrepaTypeT * > T* ( P * > P * ) ypaBHE 
• c c 

' ' u • IIM8Tb TOnbKO A81iCTBIITenbHbl8 p81IJ8HIISI 1 T.e.• !I8l10'IK8 BCern 

'IIIBoii. TeMrrepaTypy T * ( P * ) HaaoBeM KpiiTII'IecKoii T• 
c c . 

P* - KpiiTll'I8CKllM nasneHIIeM. KaK Bll/lHO~ KpiiTll'I8CKa 
, 0 . . 

'orrpenenSie~aSI cosnaneaneM Tpex KOpHeli y 
1 

= y
2
= y 

3 
ypasae 

' 
; 6biTh onpeAeneaa na perneanSI cncTeMbi ypasaeanli: 
I 

F ( y ) = 0 ; F ' (y ) = 0 ; F :~ ( y) = 0 . 

TaKnM o6paaoM, Ka'IeCTBeHHhiH aaanna noseneHnSI pe_nr 

( 20) yKa3biBaeT Ha yno~Hbili MeTon orrpeneneHnSI TeMrrep~: 

1 'IHB,OCTn r s II K;uTn'IecKoii: TeMnepaTypbi .r c • · TeMrrep 

; 'IIIBOCTH onpeJienSieTCSI COBMeCTHb!M pei!IeHHeM ypaBHe.HJISI ( 

; ll3BOilHOli: 

"-I 
2 

(a 

2a
4 2 

a -
P* 

-In 6 
77

1
2 

P* ) ( 2 P* -- l = _1_ I d .J. • 2. . 
-6 a - -) ( 2 P* 2 • 2 'I" sm . ¢ ;__ 

3 
a---) TO 3 sh 

9 



Kasi TeMrrepaTypa 

;j . ( 17). KaK 6bwo rroKa-
,· 

P* « 1 perneann ypas-

hl. CTBHOBSITCSI KOMITnBKC

' HeyCTOH'1IIB_OCTII perneT

eMrrepaTyphl.HBYCTOH'1ll-

ll Hll3KHX (r«1) 

I* << 1 ) ' ( 18) 

P*l (r«1,P*«l).(19) 

lYCTOH'IllBOCTll OT rrapa

·Bana ·.TeMrrepaTyp. 

ene Bb!COKIIX TBMITepaTyp 

0 y6BAIITbCSI ,B TOM 1 'ITO 

6b!Tb 38ITIIC8HO B BHAB: 

P* . 
( 1- -- y) = 0' ( 20) 

. 6T* 

y-pa. fpa<flnqecKcie perue

*<<: T* n T * « 1 . ypas-

1 <·y 2 < y 3 < y 4 •: ' 

C· pOC,TOM. TBMriepaTy-

•llpeaeneHHOM 3Ha'IBHIU! 

(f T 
5 

H83biB8nacb. KpllTll-

y ( T* ) • 
2 s 

. 8To ycnosne onpenenneT MaKcnManhHYJO TeMnepaTypy, rrpn KOTopoil · ueno'IKa 

MO)KBT 6btTb ycToilqnsa, TaK KaK · npn T * > T ! perueHliSI y 1 n y 2 

CTBHOBSITCSI KOMnneKCHO COllpS!)KBHHb!Mli 1 'ITO llpliBO!lliT K KOMllnBKCHO ·co

llpS!)KBHHbiM SHa'IE!HliSI.M nepBHOpMlipOB8HHOH 'I8CTOTb!, .CneAOB8TBnbH0 1 TBMITB-
l . " 
1 

paTypa HByCTOII'IliBOCTli 1 onpenennBMBSI 3TIIM ycnoBIIBM 1 H8XOAIITCSI ll3 pBillB-

1 HilS! CIICTBMbl ypaBHBHIIil: 

l 
F(y)=O; 

OaHaKo s cny'Iae He ~'IBHb ManbiX aasneanil ·P * "' T * KapTnna 

, MO)KBT Ka'IBCTBBHHO ll3MBHIITbCSI 1 a IIMBHH0 1 B 3TOM cnyqae TpBTbB perue

~ HIIB y 
3

, ne)!(aruee 6nnsKo K y 1 n ·y 2 , npn ·aeKoTopoil TBMnepaType T*
0 
(P~) 

• (IInii nasneHIIII P*l T* MO)!(BT cosnacTb c y 1 = y 2 c c 

y (T* )=y(T* )=y (T* ). 
1 c 2 c 3. c 

B aTOM cnyqae npii TeMnepaTypeT*>T* (P*> P*) ypasnenne (20) 6yaeT 
' c c ' . . , llMBTb TOnbKO '!lBHCTBIITenbHbiB pBIIJBHIISI, T,e, · UBriOiiKa BCBI'JHl 6yneT yCTOH-

~ qnsoil. TeMnepaTypy T* ( P* ) HasoBeM KpliTII'IBCKOil TBMnepaTypoil, a 
c c ' 

P* - KpliTII'IBCKHM aaBnenneM. KaK snaHo, KpnTn'IecKaSI TeMnepaTypa, 
c 

: orrpenenne111an cosnaneniieM Tpex Kopneil y 
1 

= y 
2
= y 

3 
ypasneHIIS! (20)', MO)!(eT:·· 

I . 

: 6bJTb onpenenena II3 pernennn CIICTBMbl ypasnennil: 
i 

F ( y ) = 0 ; F ' (y ) = 0 ; F '~ ( y) = 0 . ...... 

TaKIIM o6pasoM, Ka'IeCTBeHHhiH aaanns noseaeHIISI peu~eHnil )'pasneHnn 

:_( 20) yKaSbiBaeT na yao&Hbtil MeToa onpeaeneHIISI TeMnepaTypbi neycToil-
• 

1 qns,ocTII r s n KpnTII'IBCKoil TeMrrepaTyphi r c • · TeMnepaTypa neycTo!f-

'IIIBocTn onpedenSIBTCSI COBMBCTHhlM perueUIIBM ypaB!IB~liSI (20) II BI'O npo

: ll3BO!lHOH: 

4 
2a 

----------- -In 
(a2 P* ) (a 2- ~) 

6 3 

. 2 P* rr/2 . . 
a--- . 1 

___ ___&_ __ ! = - 1- f d ¢ sin 2 cp ------- , 
2 P* 2 2 r o h 2 a sin ¢ 

(a - 3-) s --z-;--
( 21) 

9 



a Kp1ITU'!9CK8SI T9MIIepaTypa - COBM9CTHb!M peiiieHIIeM ( 20) ( 21) II BTOpo.fi 

IIpOII3BOAHOfi ypaBH9HIISI ( 20): 

3 4 .3 2 5 . 2 
a Ia --a P*+--(P*) I . 2 . .. 18 

1 A 

(a2 _ P*)2(a2 _ .P* )2 
6 .. 3 

(2r) 
2 

•,. 

rr/2 
f dcp sin 

3 rP 
0 

ch ~ sinr/> .· z,---
sh 3 ~ rf>', 

2r 

. ( 22) 

PerneHIIe yKaaaHHbiX ciicTeM ypaBHeHnfi 6hmo rrpoae.neHo Ha 8BM II pe

. aynhT8Tbl rrpeACTaaneHbl Ha' piic. 1-4. Ha piic. 1 rrpeACTaBneHa 38BIICIIMOCTb 

TeMrrepaTypbi HeycTOH'!IIBocTII r s = t 8 s I w_ 
0 

L) oT rrapaMeTpa CBSI3II a To MoB 

A AnSI pa3nii'!HbiX 3H8'!9HIIfi IIpiiBeAeHHOI"O H8TSI)K9HIISI p * 
1

. Ha piic. 2 -

38BIICIIMOC:Tb T9MIIepaTypbi. H9YC:TOH'IIIBOCTII OT . p * AnSI H9KOTOpblX 3Haqe-

HIIH A • Ha pnc. 3 IIpiiBeAeHa AniiHa uerro'IKII es IIpii TeMrrepaType He-

ycTofi'IIIBpCTII a aaauciiMOCTII oT rrapaMeTpa A , ·a Ha piic. 4 - 3 aaBIICII

MocTII OT H8TSI)K9HIISI p * . 'Ha BCex piiCyHKax KpiiTH'I9CKIIe KpiiBbie yKa3aHbl 

rryi!KTIIpOM. 

0TM9TIIM OC069HHOCTb B IIOB9,A9HIIII T 
8 

(,\) H £ 
8
(,\ ) rrpii Man hi X 3Haqe

HIISIX ,\. • flpii p *> 0 rrpeAenbi!Oe 3H8'!9HUe rrapaMeTpa CBSI3H ,\ , cornac

HO ( 19), YM9HbiiiaeTCSI, 'ITO, IIpiiBOAIIT K .CMeiiie_HIIJO KpliBbiX·B o6naCTb M9Hb

IIIIIX aHa'!eHIIfi A , KOTOpbre, OAHaKo, orpaHII'IIIBaJOTCSI Kpiiaofi K~HTII.'IeCKHx 
TO'IeK, B03HUK8JOIIIIIX TaK)K9 rrpii p * > 0 .• 

HeTpynno nony'IHTb acuMrrToTuqecKoe Bbipa)Kenue nnSI KpiiTII'IecKofi TeM

rrepaTypbi nnSI BbiCOKnx TeMrrepaTyp r >> 1 • B aToM cnyqae ypaanenne ( 17), 
(21), (22): 

a 
2 In 

2 

.In a -

a2- P* 
6 

(a2- ~)2 
3 

. a 4 

2 2 
T* +' -L(.:..E-) _a_· 

24 A T * 

1 7T 1 
(a 2 P* 2 ---) 

-- = ---(-) --
(a2 _ ~)( a2_..E_) 24 ,\ . T*· 

. 3 6 3 

2 

a 4 - a 2 p * + (P* ) = 0 . 
6 

10 

(17a) 

( 21a) 

( 22a) 

·\ 

I. 
! 
0 
i; 
j, 

f 
l 
I 

f 
~ ! . 

r 
1 

( 
··(. . 
~ 

j 
~ 

~ . '\ 

I' 

1 
l. 

l 
I 
I 
J 
( 
•, 

-r. 'J 
p•: 

2,0 

!,5 

OJ \J((/ I 1 

5 

Pnc. I. 3asHCIIMOCTb .TeMrrepaTypbl aeycTor!'IIIBOCTII r =: ( 0 I w . ) OT napa 
. • 8· s G L . 

II 



HeM ( 20) ( 21) II BTOPO.ii 

·.a sin¢ 
ch -----

3 · 2r 
in .. ¢ ----·. ( 22) 

'sha a si~.f. 
2r 

1pOB8A8HO.Ha 38M H pe

leACTaBnena 38Bl!CilMOCTb 

rrapaMeTpa CBH31l 8TOMOB 

3HII.II P * , . na prrc, 2 -

·Ann H8KOTOphlX 3Haqe

s rrpn TeMrrepaType ne

a Ha puc, 4 - B oaBncn

~qecKrre Kpl!Bhl8 yKa38Hhl 

p ... ) rrpn ManbiX 3Haqe

·Tpa CBH3U ,\ , cornac

KpHBbiX B. ot5n~CTb M8Hb

lTC.II KpHBOH K~llT~qeCKIIX 

re nnn KpHTnqecKoii TeM

cnyqae ypaBHenne ( 17) 1 

2 
a 

T* 

cJ:.) ~-
>. T*· 

( t7a) 

( 21a) 

( 22a) 

P*=0,3 p• .. 0,2 

2,0 

r,5 

I,O 

0,5 

5 IO 

P11c, I, 3aaiiCIIMOCTb TeMn~paTypbt lleycTOli'IIIBOCTII r •. =: ( 0 • I w 
0 

L) OT napaMeTpa CB>I311 aToMoa .\. 

II 



-0,4 

~ 

i. 

., 
I l / 

, 
/ 

'I , 

•,, 

.\=I2 

: 

. .\~a · 

A=4 

,\:2 

I _,.-

'! c:;;. I 0 L .. )........ . 
_.... I ~ , I . I I t' - I~ 

-0,2. 0,2 0,4 p 

P_?c. · 2.: 3aancnM~CTh TeM.n·epaTyphi HeycTofiqHsocTn r;-~t OT IIpHBe~eHHOrO H8THmeHHR P•. 

12 I 

0,? 

0,6 

ls- ro 
ro 
f?·.p .. ,. o,r _ 
II 

:1 
II • 
~ p = O,I4 
h 
II 
I( 
II 
It 
It 
It ". n 10 p "o,, 
II 
I' 
II ,, 
I 
I 

1. h, p =0,28 I \0 ._ 
I \ 
I 

o,s 
I p• .. o,32 _ . 

--~--------~ 

0,4 

0,3 

0,2. 

Pnc. 3. nnnHa nenO"'KH 
pa :CBB3H .\ • 

s . I() 

f 8 npH TeMne~aType. HeyCTOiil!H.BOCTH T 
8 

13 

. . 
p" 0,33 

• p =0,30 

p•,.0,24-

p•.o 

IS ,\ 

B 38BHCHMOCTH OT napaMeT-



,········./! yr·· i 
. I 

I 
'I 
I 

A 
.. 
~ 

I 
/ 

./ 
. I 
'/ , 

\" .. 

p" 
0,2 

s IO IS ,\ 

PHc. 3. nnHHa uenO'liKH f fl npH TeMnepaType HeycTOfilJHBOCTH r. B 38BHCHMOCTH_ OT napaMe·r
pa 'CBH3H ,\ • 
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'' 

tn .. 
0 

'F· 

C\1 
o, 

0 

' '' 

* Q., 

. .. 
= ... 
0 
0 
l!l 

= :>' 

·= 0 ... 
0 » 
" = 
" c. » ... 
"' c. 
" t: 
::2 

" ... 
= c. 
t: 

' = "' :>' 
.0 

t: 

" = 
"' "' = " ,t:l 

..; 
u 
= a. 

' I' 

! 

I 

I 

Hs (17a) H (21a) onpenenHeM TeMnepaTypy HeycTofi'IHBOCTH: 
6 

T* 
( 23) 

s 

PemaS! ( 22a), nony'IHM Bbipa>KeHHe nnH KpHTH'19CKoro sHa'leHHH Koa¢¢nuneHTa 

nepeHOpMHpOBKH '18CTOThl: 

2 
a 

c 

P* -
_c_ ( 1 + .J.2_) • ( 24) 

2 3 

Y'IHTbiBaH Tenepb ( 24), ns ( 17) H ( 23) npn6nn>KeHHO HaxonHM · Bbipa>KeHHR 

nnH KpHTH'1.9CKOrO fl8TH>K9HHH H KpHTH'I9CKOfi. TeMnepaTypbi: 

-- 1 TT 2 
"' 0,334 ! 1 - ,; 3 -- ( --) . I , 

24 A 
( 25) P* 

c 

c 

. - 1 . 2 
j3 P* ,· 0,576 ! 1 - ,j 3 - ( 2.. ) I 

c 24 .A ~, 

( 26). T* 

. C noMOIUbiO (24), (25), ncnonbsyH ( 15), ( 16), ( 13), (8), nony'IHM~ 

y 
0 

= In 

.... 

2 
a = 

c 

3 

P* 

-- 1 2 . 
0,236 ! 1 - ,; 3 -- < ..!!:_) I , 

. 24 A 

"' 2,2 ! 1 + 0,785 _!.._ ( .2!:..._) 
2 

1 , 
24 A 

e - r 
c 0 1 TT 2· 

"' 0,5 I 1 + 0,85 -- (--) I , 
ro 24 A 

<l>c(fc~-=- _1 .J.2_ P* "'- 0,1 { 1- ,j3 1 
D 2 3 c 24 

TT )2 . <-. I. 
A 

1 E 1 /3 . . 3 ,j3 L TT 2 
- -- = -- P * ! ( 1 + --) In -- - -- I "' 0,25 ! 1 - 0,8 ----( --) l . 
N D 4 c . 3 · P~ 3 . 24 A 

15 
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Cne.uyeT 3aMeTHTh, 'ITO pe3ynhT8Thi pac'!~TOB ua 3BM o'!eHb- xoporno 
·. < • < ~ f• 

cornacyiOTCSI c 8CllMllTOTH'IeCKHMH lf!opMynaMn ( 25) -( 27). H8'IHH8SI c A> 2. . . -
0TMeTHM npn STOM 1 'ITO ypaBHeHne ( 22a) He MO>KeT 6b!Tb Y.llDBneTBopeHo 

anSI P * 2 0 , cne.uoBaTenbno, B cny'Iae P * 2 0 neT nono>KnTenbHoif xpnTn'Iec
Koif · TeMnepaTyphi, 

4. 05cy)K.QeHne 

B HacTomueif pa6oTe 6hma nccne.uoBaHa o6nacTb ycToif'IHBOCTn nnHeif

Hofi ueno'!KH npn npon3BDnhHOM BHernneM HaTSI>Kennn P B rnnpoxofi o6nacTn 

TeMnepaTypb!, Tipn 8TOM B OTnll'Ille OT pa60Tbl/8/ 6binO 06Hapy>KeH0
1

- 'ITO 

SIBneHne neycTOH'IHBOCTH npona.uaeT npn .uocTn>Kennn HeKoToporo KpHTH'Iec

xoro naTSI>KeHnSI P * nnn TeMnepaTyphi. T * ( cM. ( 25), ( 28)). KpnTn'Iec-c c 
Koe 3Ha'!eHne P* 

c 1 O,llH8K0 1 Mana ll il08TOMy CBOHCTB8 nnHeHHOH UeilO'IKH 

,llOCT8TO'IHO XOpOiliO OITHCb!B8IOTCSI lf!opMynaMU 1 nony'!eHHb!Mll paHee tlnSI cny-

/8/ . 
'18SI Manoro H8TSI>KeHnSI • Y'I~T 3aTyxaHIISI Kone6anufi perneTKII, cornac-

no/4/, He tlDn>KeH, ITO-BH.lliiMOMy, BHeCTU K8'IeCTBeHHbiX ll3MeHeHUH B nony

'!eHHbie pe3ynhT8Tb!, 

C.uenaeM HecxonhKo 3aMe'!aHufi o lPII3 II'IeCKOM CMbicne TeMnepaTypbi 

HeycTOH'IIIBOCTH . T,. H- KpHTH'Iecxofi TeMnepaTypbi T c • Xoporno II3BecTHo, 

'ITO' B nuHefinofi ueno'IKe lf!nyKTyaunu a6coniOTHbiX nono>Kennfi aToM DB eennxn, 
2 t/2 . 

oTHocnTenbHhie cMernennSI coce.unux aToMoB Man hi [ < ( u - u . ) >] IE« 1, 
• n n+l 

'ITO CBH.UeTenhcTByeT o Hann'Inn 6nii>KHero nopSI.UKa B niiHefinofi ueno'IKe, n ·e 

8TOM CMbiCne niiHefiHaSI UeilO'IK8 SIBnSieTCSI CllCTeMofi_ CBH38HHb!X 8TOMOB
1 

B KOTOpOH B03MO>KHO pacnpOCTpaHeHne KonneKTIIBHbiX B036y)K.fleHnfi- lPOHO-
. I 

noel 7 I. C pocToM TeMnepaTypbi nponcxo.uiiT yeenu:qeniie 'IIIcna !j:Jouonoe, 

T.e. yeenn'IeHIIe · aMnnnTyJlhi oTHOCIITenhHbiX cMeiiieHIIfi coceannx aToMoB, 

n npn TeMnepaTypax T > T s e ypaeneunn caMocornacoeaunSI ( 17) -B03HHKaiOT 

KoMnnexcno-conpSI>KeHHbie perneniisr, KOTOpbie npnBO.llSIT ·x KOMnneKcHo-conpsl:.. 

>KeHHbiM 3H8'IeHIIHM 'I8CTOTbl Kone6aHHH, flpn STOM OTHOCHTenbHOe CMernenne 
. . - 1 

COC~,llHIIX 8TOMOB HeOl'p8Hl!'IeHHO B03pacTaeT CO BpeMeHeM t: [<(un-U n+
1

) 2:;, )~ 

• e yt , y > 0 , TO eCTb niiHefiHaH UeiTO'IK8 CT8HOBHTCH HeycTOH'IHBOH OTHOCll

TenbHO xonneKTHBHhiX Bo36y>K.ueHIIfi, KOTopbie pa3pyrnaiOT 6nn>KHnfi nopsr.uo~. 

18 

Ha OCHOB8Hllll 8TOI'O Mbl· MO>KeM paCCMaTpiiB8Tb BH9IIIHe 

KBK·HeKOTOpOe BHeiliHee none, npii 3Ha'!eHIISIX KOTOp~I'O P: 

eTCH OI'p8HII'I9HHOe llBII>KeHIIe 8TOMOB l!9ITO'IKII II TeM C8Mbl 

,llOK B pacnono>KeHIIII 8TOMOB, 

O:MeTH.M TaKJKe,~-'ITO ycTOH'IIIBOCTh ueno'IKII B cny'IE 

~nHHbi1 nony'I9HH8H e/8/ 1 OCHOBaHa H8 TOM lP8KTe 1 'ITO BHe 

neo6XO.lliiMOe ,llnH y.uep>K8HIISI ITOCTOHHHOH ,llniiHbi1 6biCTpO 

paTypo:iJ: II cTaHOBl!TCH 6onbrne P c npn T • T s • 06HapyJKe 

HeyCTOH'IIIBOCTb perneTKII npii lPHKCI!pOB8HHOM o6beMe CBHaa 

c y'I~TOM B03MOJKHOCTII o6M~Ha aToMoB MeJK.uy coce.uHnMII 

KOTOpb!H H8Mll He IIpHHIIMaeTCH BO BHIIM8HIIe, llnSI IIocne.UI 

CMOTpeHIIH 8Toro Bonpoca,Heo6xo.unMo yqecTh uanii'!He TBE 

B M9JK8TOMHOM IIOTeHUHane, 

B 3aKniO'IeHne MHe 6bi xoTenocb no6naro.uapnTb H.M.r 

o6cy>K.uenne II B.B. Tipiie3>KeBa 3a .IIOMOilih npii _npoi:Je.ueHIII 

'I~TOBo 

nrrTepaTypa 

I. Ph.F'. Choquard. The Anharmonic Crystals, 

New: York, 1.967. 

2. N.Mo Plakida, T. Siklos. Acta Phys. Hung •. 

8~ N.M. Plakida, T. siklos. phys. stat. sol, 2:;3 

4. N.M. Plakida, T. Siklos. phys. stat. sol.-2:;3 

5. 

8. 

7. 

N,M, Plakida, T. Siklos, Phys. Lett. 26A I. 3· 

N.M. Plakida, T. Siklos. Acta Phys. Hung. ~ 

G. Leibfried. Handbuch der Physi~ Band V 

Springer Verlag. BerJin.!.Gottingen-Heidelber_g 

( 11MeeTcsr nepeeo.u: MIIKpocKoiiii'Iecxasr TeopnSI MexaHH'I 

cBoil:cTB xpncTannoB f11<t>Mn, Mocxea-nemrHrpa.u, 1983 

PyKonHcb nocTynnna B I13JlaTenbcKHfi o• 

6 ¢espann 1970 rona. 
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B Ha 3BM O'I9Hb. xoporno 

) -( 27) t Ha'IIIHaSI C ,\ > 2 .. 
"' 

IO)KeT 5biTb YADBneTaopeHo 

10nO)KIIT9nbHOfi KpiiTII'IeC-

~Tb YCTOH'IIIBOCTII TIIIHefi-

p B lliiipOKOfi o5naCTII 

ohmo oonapy)KeHo,. 'ITO 

II H9KOTOporo KpiiTII'IeC-

( 25) t ( 26)) • .Kp1ITII'I9C

)llCTBa niiHefiHOfi ueiTO'IKII 

IeHHhiMII panee. AnSI cny-

5aHIIit perneTKn:, cornac

CHhiX II3MeHeHn:fi B rrony-

M ,CMbiCne TeMrrepaTyphi 

T c • Xopowo n:aBecTHo, 

TIO)Kefiiilf aTOMOB BennKII 
. . . 

~(u -u .)2>]1/2/f«l 
n· n+1 · ' 

3 nnnennoit uerroqKe, n: ·a 

lOll CBSI3aHHhiX aTOMOB, 

,rx aoaoyx<aeHn:fi- cpoH<;

~q7HIIe 'IIICna cpOHOHOB, 

9HI~.fi COC9JlliiiX aTOMOB, 

COBaHIISI. ( 17) BOa!IllKaiOT 

IT ·K KoMrrneKcno-corrpsi:.. 

'HOCIITenhHOe CMerneHIIe 
I 

~MelleM t:[<(un-"n+1 ) 2;,]~ 

HeycTOll'IIIBOfi OTHOCll- . 

llaiOT onii)Kliiifi ITOpSI/lO~. 

,. 

Ha OCHOBaHIIII 9TOrO Mbl MO)KeM paCCMaTpiiBaTb BHernHee HaTSI)K9HII9 p 
KaK HeKOTOpoe BHernHee none, rrpii 3Ha'!eHIISIX. KOTOp~ro P > P o5ecrre'IIIBa-

c 

eTCSI orpaHII'IeHHOe i:\BII)KeHII9 aTOMOB UeiTO'IKII II TeM caMhiM 5nii)Kl!IIlf ITOpSI

/lOK B pacrrono)KeHIIII aTOMOB, 

0TMeTHM TaK)Ke·, . 'ITO yCTOlftiiiBOCTb ueiTO'IKII B cnyqae cpl~KCIIpOBaHHOH 

~niiHhlt rronytieHHaSI a/6/ t OCHoBaHa Ha TOM cpaKTe, 'ITO BHernHee HaT.SI)KeHIIe t 

HeOOXO/liiMOe )lnSI ynep)KaHIISI ITOCTOSIHHOli AniiHhi, Ob!CTpO paCT9T C TeMrre-

paTypofi II cTaHOBIITCSI 5onhrne P rrpii T .. T • 05napy)KeHHaSI B pa5oTe/ 1/ 
c s 

HeyCTOH'IIIBOCTb peweTKII ITpii cpiiKCIIpOBaHHOM o5oeMe CBSI3aHa, ITO-BI!AIIMOMy, 

c yq~ToM aoaMO)KHOCTI! o6M~Ha aToMoB Me)KAY coce/lHIIMII yanaMII perneTKII, 

KOTOphlli HaMII He ITpiiHIIMaeTCSI BO BHIIMaHIIe. llnSI rrocne/loBaTenbHOrO pac-
, 

cMoTpeHIISI aToro aorrpoca ,aeo6xoAIIMO yqecTh nann:tiiie Taepaoli cepaueBIIHhi 

B Me)KaTOMHOM ITOTeHUIIane. 

B aaKTIIOtieRIIe MHe 5hr xoTenoch rro5naroaap1ITb H.M.TinaKIIAY aa ueaaoe 

o6cy)KJleHIIe II B.B. Tipiiea)KeBa aa .rroMOllib rrpn .rrpoi3eaeniiii tiiicneHRhiX pac-

nn:TepaTypa 
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