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1. B ·B e JJ. e H H e 

B rrocneJJ.nee BpeMn pasBHTa caMocornacosauaan Teopnn cnnbHoaurap

MOHH'IOCKnx KpncTannOB 1 IT03BOnHIOIIl8H C8MOCOrnaCOB8HHbiM. o5pa30M y'IOCTb 

BKnaJJ. OT BCOX aarapMOHH'IOCKHX 'lnOHOB B HH3lliHX ITOpHJJ.K8X TOOpHH B03My-
. /1-3/ /3/ 

me ann (eM. n nnTypaTypy, unTnposauayiO B ) • Csoii:cTsa TpexMepuoii: 

perneTKH 1 a HMOHHO rpaaeueaTpHpOB8HHOii: Ky5H'IOCKOii ( fUK) perneTKH C UOH-

' - 5 - 5 141 TpanbHbiM B38HMO.(IOIICTBHOM nH>K8HlliHX COCO.((Ofi1 binH paCCMOTpOHbl B 

B cnyqae Manoro suernaero .(lasneann. Csoii:cTBa ~Toii: perneTKH B cnyqae 

ITpOH3BOnbHOrO BHOlliHOrO .(laBnOHHH paCCM8TpHBanHCb B ITCOBJJ.OrapMOHH'IOCKOM 
/5/ 

rrpn5nn>Kennn B 

B aacTonmeii: pa5oTe Mbi y'ITOM saTyxaune caMocornacosanHbiX <jJoiioaos 

ITpH paCCMOTpeHHH CBOii:CTB fUK perneTKH C UOHTpanbHblM napHbiM B38HM0-

.(18ii:CTBHOM 5nn>Kaii:rnnx coce.(leii: npn rrponssonbHbiX BHernunx !I~BneunSIX. Eo
/6/ 

nee no!lpo5aoe nsno>Kenne !lanuoii: pa5oTbi !lano B 

2. CaMocornacosaaaan cncTeMa ypasueunii: 

PacCMOTpHM ruK PO!llOTKy H3 N 8TOMOB c Maccoii: M. llmi nccne.(IOBa

HHH CBOii:CTB pOlliOTKH C UOHTpanbHbiM napHbiM B38HMO.(IOfiCTBHOM 5nH>K8filllHX 

coce.(leii: s
141 

c ucnonbsosaaneM MeTo!la-, passnToro s
131

, nonyqeua caMocor-. . 
nacosaaaan cncTeMa ypasuennii:. 0!1no¢ouoaaan ¢ynKunn fpnaa nonyqeaa 

B cne.(lyiOI!lOM BH.(Ie: 
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G k( w) =«A k:1 A: ·»w 
2wk 

(1) 
w 2 -w 2 -2w n (w) k k k 

LfacTOTbi w ( k = l.k, j I ) B Bbipa*eHim ( 1) orrpeneneHbi a nceano-
k /3/ 

rapMOHH'leCKOM 11pH6nH)I{eHllll cnenyiDIUllM COOTHOllieHHeM: 

2 
w k 

f(O,f) 

f 
w~ k 

( 2) 

rne WOk - rapMOHII'leCKHe 'l8CTOTblo COOTBeTCTBYIDllille CllnOBOii IIOCTOl1H-

HOii f rrpn auernHeM naaneHHn P = 0 

PeHopMHpoaaHHbie <jloHoHHbie qacTOTbi £ k (w) n saTyxaHIIe <PoHDHOB 

r k (w) Dllpenenl1IDTCl1 11pH6nH)I{eHHb1Mll Bbl_pa)l{eHHl1Mll 

£ k = w k + Re TI k(w) r k (w ) =-1m ll k ( w + i 8 ) . (3) 

OrrepaTop co6CTBeHHOii aHeprHH nk(w) B a¢¢eKTHBHOM Ky6n'leCKOM rrpn6nH-

)l{eHHII HMeeT Bllll 

.n (w) = 
. k 

g2((),f) 
--
4M3N. 

:£ , 
p,p 

p2( -k, p, p ') 

(.t.) (I) w , 
k p p 

(n +n, +1)(w +W , 
p p p p 

2 2 
w - (w + w , ) p p 

( )(w - w ' ) ... ... ' k ... ) np-np' p · P lll(p+p - ' 

w2-(w -w ,.) 2 
p p 

(4) 

rne n; = [ exp ( wPIO )-1] -
1 

11 F( k 1 , k 2, k 3 ) - 6espasMepHasr cyMMa, 
/4/ 

KoTopasr naHa B 

DcePnorapMOHH'leCKal1 f ( () ,f ) li a<jl<jleKTHBHaH Ky6H'leCK851 g ( (), f ) 

cnnoBbie rrocTOSIHHhie onpenenHIDTCSI caMocornacoaaHHhiM o6pasoM: 

4 

I 
I ., f ( (} ,f) = ¢ , ( f) g r o , e > = ¢ ,, < e > • 

-
rne cp ( f ) - CaMocornacoaaHHblH IIOTeHunan, KOTOpblii npn6nll:ll 

/4/ 
Bllll 

-
¢(f) 

00 

'I 
n=O 

_1_ [ _1_ u 2 (f)]" cp (2n) (f) • 
n! 2 

CpenuHe KBanpaTn'lHbie oTHocnTenbHbie cMemeHnl1 cocenunx a1 

Bbipa*aiDTCl1 qepes <jlyHKUHID fpnua ( 1) cnenyiDIUHM o6pasoM: 

1 
u 2 ro = z fro , e > N 

'I 
k 

wk f.oo dw coth ~ [-1m'G ( 
1T 0 . 2 () _k 

rae z - 'lllCno 6nll)l{aiirunx coceneii ( nnl1 fliK pe~eTKll' z = 

,J 

KpoMe TeMrrepaTyphi () = kT ,caoiicTBa perueTKH orrpenenl 
/3 4/ 

o6'heMoM V nnH auernHHM naaneHHeM P . CornacHo ' a· 

CBSI38Hbl ypaBHeHHeM 

P =- _z_f_ cfo'(f) = 
6v 

2y2 
f2 

¢,(f). 

3 -
rne v = (vI N ) = ( e I v 2 ) ' e - paBHOBeCHoe paCCTOSIHlle Me)!{): 

8TOM8Mll, 

TennoBbie caoiicTBa aHrapMOHH'leCKoro KpHcTanna orrpen1 . 
BHyTpeHHeii aHeprneii E H cao6onHoii aHeprneii F , KoTop: 

I 1 3,4/ 
30B8HHeM pesynbT8TOB 1 Mbl llpencTaBHM B cnenyiDIU8M E 

Nz - J -2- -
E = .<H > = -

2 
- { ¢ (f) + T f ((),f) u (f) I+ 5 F 3 ( () ) 

5. 



(I) 

~eneneHw B rrbeBno

ru e mr'e M : 

( 2) 

JillllB CllnOBOfi ITOCTOHH-

I 38TYX8HllB ~OHOHOB 

HMll 

(3) 

:oM Ky61ItiBCKOM rrpn6nn-

(4) 

6eap~3MBpli8H CyMM8 1 

I Ky6H'IBCK8H g ( (), f ) 

IIIbiM o6pa3oM: 

-l 

f ( () ,e) = ¢ " ( 0 g ( () ' 0 = ¢ ,, ( 0 . ( 5) 

-
rne cp (f) - C8MOCOrnaCOB8llllbifi ITOTBliUHan, KOTOpblfi rrpn6nH>KBllliO HMeeT 

141 
Blla 

¢(e) .. 
,00 

_1_[_1 
n! 2 

( 6) 

CpeaHne KBaapaTll'Illbie OTliOCHTenhllbie CMemeanH coceaanx 8TOMOB u :J re) ' 
Bbipa>KaJOTCH qepe3 ~YIIKUHJO fpnHa ( 1) cneayJOillHM o6paaoM: 

u :J (e) = __ 1 __ _ ( 7) 
z f(O, e )N 

rae z - 'IllCno 6nn>KafiillllX coceaefi (anH fliK perueTKll Z = 12), 

KpoMe TeMrrepaTypbi () = kT ,cBoficTBa perueTKn orrpeaenHJOTCH TaK>Ke 

o6'beMoM V nnn BaeruanM aaBneaneM P . Cornacao
13

•
41 

aTn rrapaMeTpbi 

CBSI38llbi ypaBaeaneM 

p =- __:i_ ci '(e) = 2y2 
6 v ez 

( 8) -¢,(e), 

3 -:-
rae v = (vI N ) = ( e I y 2 ) ' e - paBliOBecaoe paCCTOSilllle Me >Kay coceaanMll 

8TOM8Mll, 

· TerrnoBbie cBoficTBa aarapMoiin'IeCKoro KpHcTanna orrpenenSIJOTCH . 
BHyTpeaaeii ::meprnefi E H cBo6oaHoi1: aaeprnen F , KDTOpbie c ncrronh

/ 1 3 4/ 
30B8llllBM peaynhT8TOB 1 1 Mbl rrpeaCT8BllM B cneayJOillBM Bnae: 

5 
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F = e ~ ln I 2 sinh ( w k I 2 e ) I + 
k 

Nz - 1 -- -
+ -- I ¢(f)- -f(e,o u2

( VI+ F
3 
{e) , 

2 2 

( 10) 

rne F ((})- s~~eKTHBHaH Ky6n~ecKaH rrorrpaBKa K cBo6onaoli saeprnn 1 

/4/ 
KDTDpag naHa B 

TaKHM o6pa3oM 1 KaK nnaaMn~ecKne (3) 1 TaK n TepMonnHaMn~ecKne 

cBolicTBa aarapMDHH~ecKoro KpncTanna orrpenenHroTCH caMocornacoBaHHoli 

CIICTeMDH ypaBHeHHH ( 1) 1 ( 2) 1 ( 4) -( 8) • lln5J: pellleHUH STOll CHCTeMbl 

Heo6xonnMo 3anaTb MelliaToMHhiH rrapHhiH noTe Hunan ¢ ( R ) B ypaBHeHHH 

( 6). KaK II B
141 

1 Mhi 6yneM ncrronb30BBTb MonenbHhiH rroTeHunan Mop3a. 

rapMDHH~ecKaH cnnoBaSJ rrocTOHHHaH nnH sToro rroTeHullana, f = ¢ "(T 
0

) = 

= 2 £ a 2 , rne £ - rny6nHa rroTeaunana 1 T
0

- cpenHee paccToHHHe 
/4/ . 

Melliny cocenHHMII aToMaMII. KaK n B 1 Bhr6epeM aT 
0 

= 6. Yno6Ho BBecTH 

rrpi!BeneHHoe naBneHne P * = P (a 3 I f ) 

rroTeHunana JleHapna-llllioHca ( 12-6). 

rne a 6 = T 
0

6 I 2 rrapaMeTp 

PaccMoTpHM cny~ali rrocToHHHoro BHelllHero naBneHMH P = const, 
/4/ 

HD B oTni!qne DT He 6yneM rrpenrronaraTb P ManhiM. Ee3pa3MepHaH 

ITCeBnorapMOHH~eCK8H CHnDBBH ITDCTOHHH8H B 9TOM cny~ae rrpHHHMaeT Bllll 

--------
a2 - r P* e 2 [((},e) _ ~ ( _e_ ) 2 + _e_ 11 + y 1 + -(- ) e r I , 

f - 12 To 2 6 To 
( 11) 

rne y = ([I 2 d u 2 re ) 6e3pa3Mepaoe cpenHee KBanpaTH~Hoe oTaocn-

TenbHDe cMemeane cocenHHX aTOMDB. 

BbrpallieHMH nnH caMocornacoBaHHoro rroTeHunana ¢(f), paBHDBeCHhiX 

paCCTOHHMll Melliny aTOMaMH f JI 9~~eKTHBHOH Ky6MqecKOH CHnOBDH ITDCTO-

HHHOH g ((},f) nMeroT cnenyromnli BIIn: 

6 

¢(f)= -da2- ..!.::._ (-e->2 I 
8 To ' 

1 e= T 11+-- ln 
0 12 

2 _!!_<_e_ )2 
a - 24 To I ' 

[a 2 - P* (_e_ )2 ] 4 

12 To 

.g ( e ' e) = g I a 2- _.!::_ (_f_ )2 I , 
36 T0 

rne g = ¢ "' ( T 
0 

) =- 6 fa 3 • 

11HTerpnpoBaHne BhrpallieHHH ( 7) B cny~ae KOHe~Horo ~ 

~DHOHOB He MO)KeT 6biTb rrpoBeneHO T8K llie nerK01 K8K B en 
/5/ 

MDHH~eCKOPO ITpi16nHllieHHH H Tpe6yeT ~HCneHHOPO HHTerpl 

TOMy· Mhl BDCITOnb3yeMCH rrpn6nHllieHHbiM Bb!pallieHHeM ( 7) B 

cny~agx Bb!COKMX H Hll3KMX TeMrrepaTyp. 

3. Openen Bb!CDKMX TeMrrepaTyp ((}•>> w n) 

11crronb3YH BMll orrepaTopa co6cTBeHHoli SHeprMM (4) B 
/4/ 

BhiCOKHX. TeMrrepaTyp 1 rrony~aeM ypaBHeHMe caMocornacoB 

B cnenyromeM Bnne: 

P*(-e-/ P*(+/ 2 

_ix_l1-[ To -B]yl-11-[ 0 -B]yl eY= 
T* 6 T* 3 T:* 

rne 
' 2 -~ 2 B = 0,22 I 2 + [ 1 + ( P* I 6 )(f! T J e r ] I II T:*= (}If 

neaaag TeMrrepaTypa. Yno6ao T8Kllie BBeCTH 6e3pa3Mepayro 1 

T=(}lw
0
L=AT*I 11,76 1 rne >.. = z £1 £ (O) 

0 - 6e3pa3MepHaH 

CBH3M 8TOMOB1 £~O)"' 1,02 WOL. - HyneBag SHeprHH Ha 8TOM B 

~ 
KOM npi!6nn:llmHMII 1 w 0 L= (8 f I M ) - MaKCMManbHaH aenn~HH· 

KIIX ~8CTOT. 7 



( 10) 

K cBo5oAHofi aueprRR 1 

~K R TepMOARHaMR~ecKRe 

KiTCH caMoc'ornacoBauuofi 

li9HRH 9TOH CRCT9Mb! 

:~an ¢ ( R ) B ypaBneHRR 

llbHhtfi · noTeuunan M opaa. 

1DTeHunana 1[=¢"(r
0

) = 

• 0 .- cpeAuee paccToHHRe 

!M ar0 =6. YAo5no BBeCTR 
6 ' 6 

= r 
0 

I 2 .. - napaMeTp 

ABBneHHSI P = const 1 

ManhtM.: EeapaaMepHaSI 

M cny~ae npnHRMaeT BRA 

P* (-e-. / e r I , ( 11 ) 
6 ro 

ee 'KB8Ap8TR~H09 OTHOCR-

llRana ¢(f), paBHOB9CHbiX 

~y5R~ecKofi cnnoBofi nocTo-

2 P* e 2 rp(eJ=-da --- (--) I, 
8 ro 

( 12) 

f = r 1J + _I_ ln 
0 I2 I' 

• 2 P* o 2 
g ( o, 0 = g I a ---(-I--) I , 

36 ro 

rAe g = ¢ '" ( r 0 ) = - 6 £ a 3 • 

HuTerpRpoBaHne Bhtpa~eHHH (7) B cny~ae Koue~Horo aaTyxaunSI 

<jlououoB ne Mo~eT 5btTb npoBeAeHo TaK ~e nerKo 1 KaK B cny~ae nceBAorap
/5/ 

MOIIR~eCKOrO npR5nR~911RSI R Tpe5yeT ~RcneHIIOrO RI!TerpHpOB8HRS!o Doa-

TOMY Mht BocnonbayeMCH npR5nR~ennhtM Bbtpa~euReM ( 7) B npeAenbllhtX 

cny~aSIX Bb!COKRX R HR3KIIX TeMnepaTyp. •• 

3. DpeAen Bb!COKRX TeMnepaTyp (0•» (<) n) 

HcrronhayH BRA onepaTopa co5cTBenuofi aneprnu (4) B ppR5nR~eURR 
/4/ 

BhiCOKRX. TeMnepaTyp 1 nony~aeM ypaBuenRe caMocornacoBaiiRSI ( 7) 

B cneAy!OIUeM BRAe: 

P* r-e- / P* r-e-/ 
~II-[ ro -B]yl-lJ-[--...:r0:....-B]yl 2

er=O 
T* 6 T* 3 T:* 

( 7a) 

rAe R T:*= 0/£ - npRBe-

Aenuag TeMrrepaTypa. YAo5uo TaK~e BBeCTR 5eapaaMepny!O TeMnepaTypy 

, rAe A = z £I £ ~o) - 5eapaaMepuaSI KoncTauTa 

(O) 1 02 CBH3R 8TOMOB1 f 0 ,. , ru 0 L. - HyneBaSI 9lleprHSI Ua aTOM B rapMOIIH~ec-

KOM rrpR5moi{9HRHI ru 0 L= (8 f I M )'h. - MaKCJIManbnaH BenJI~Jiua rapMOHJI~ec-
KIIX ~aCTOTo 7 



YpaBHeHHe caMocornacoBaHHSI ( 7a) HMeeT paanH'IHoe 'IHcno t:teiicTBH

TenhHhiX pernenHil: B aaBHCHMOCTII oT anaqeniiil: P * II T * . · ¢H3H'IecKoe pe-

rnenue - To, KoTopoe rrepexot:tnT B rapMonuqecKoe rrpu ycTpeMnenuu an

rapMoHH'IeCKHX qneHOB K HyniO. 3aBHCHMOCTh pellleHHSI ypaBHeHHSI (7a) OT 

rrpHBet:tennoil: TeMrrepaTyphi II rrpunet:tennoro t:taBnenHsr AaHa na pHc. 1. Ecnii 

nanneniie (P *< P c* ) u TeMrrepaTypa ( T*< T! ( P * ) ) nocTaTo'IHO Manhi, 

ypaBHeHHe ( 7a) IIMeeT neil:CTBHTenhHbJe pellleHIISI 1 MeHhlllee ll3 KOTOpb!X, 

y 1 1 SIBnsreTCSI !fJH3H'IeCKHM. 3To pellleHHe COOTBeTCTByeT yCTOii'IllBOMy 

KpHCTannnqeCKOMy COCTOSIHIIIO S 1 • npH TeMnepaType neycTOM'IHBOCTII 

T: (P *) &TO perneHIIe COBllat:taeT c Apyf'HM pernenHeM, r 2 , H rrpu T*'> r: (P*) 

'pernenusr Y 1 II Y 2 cTaHoBsrTcsr KOMrrneKcHo corrpsr*eHHhiMU. CooTBeTcTBeHHo 

'I8CTOTb! !floHOHOB TO*e CT8HOBSITCSI KOMllneKCHb!MU, 'ITO ITOK83hiBaeT Ha KOne-

6aTenhHYIO HeycTOM'IUBOCTh pellleTKU B COCTOSIHUU S1 · Pernenue Y2 COOT

BeTCTByeT HeycTOM'IUBOMy COCTOSIHUIO S2 , KOTOpOe 0603H8'IeHO H8 BCeX 

pUCyHK8X llpepb!BHCTOM nHHUefi. 3aMeT:lfM 1 'ITO I!pU p * > 0 B o6naCTII 

T*~ r: ypaBHenue ( 7a) UMeeT ,:tpyroe neil:CTBUTenhHOe pernenue YJ ' 

KOTOpoe COOT3eTCTByeT YCTOM'IUBOMy COCTOSIHU!O S 3 

B o6m.1CTII nocTaTO'IHO BhiCOKUX naBnenuil: u TeMnepaTyp p *•> p * 
c 

unn T*•> r; ypannenue (7a) ncerna uMeeT nna neil:cTBUTenhHhiX pernenusr, 

MeHhrnee ua KOTOphiX srnmieTcsr· !fJHauqecKUM.' KpuTHqecKasr TeMrrepaTypa T* 
c 

u KpUTU'IeCKoe t:tannenue P; xapaKTepuayiOTcsr ucqeanonenueM Kone6aTenh-

Hoil: HeyCTOll'IUBOCTU perneTKUo 3TH BenU'IHHbl UMeiOT cnenyiOII!Ue 3HaqeHUSI: 

PC* ""1,35' r: ""0,98. 3aBUCUMOCTh IIpiiBenennoil: TeMrrepaTyph! neyCTOll'IUBOCTII 

T * oT rrpiinenennoro nanneHIIsr P* npencTaBnena na puc. 2. 
s 

3aBUCUMOCTh peHOpMUpOB8HHh!X 'I8CTOT !floHOHOB f kl (Ll o k U 38Ty-

XaHIISI !floHOHOB r kIf k .oT rrpiinenennoil: TeMrrepaTyphi rrpencTannena na 

piic. 3. Ha piic. 4 rrpencTaBneH TepMOAIIHaMuqecKuil: rroTeHuiian g = (1 I 3 N f). 

• ( F + 3 P V) KaK ¢yHKUIISI T* . 3anncUMOCTh rrpunenennoro o6'heMa v* = 
- 3 

= ( v v 2 IN r:) =reI r OJ OT p * IlOKa3aHa Ha puc. 5. 0TMeTuM, 'ITO rrpu-

8 

I 
I 
I 
I 

Bet:teHHb!e Kpl!Bb!e IIMeiOT B8HAepBaanhCOBCKllll xapaKTep. An 

17/ 
aynhTaT 6hm rronyqeu B 

4. npenen HH3KHX TeMrrepaTyp ( 8 « (Llp ) 

Hcrronhaysr nun orrepaTopa co6cTBennoil: anepriiii (4) B 
/4/ 

HHaknx TeMrrepaTyp , rronyqaeM.ypanneHIIe caMocornacoru 

Aay(a)~l1-~ 
A 

[a2-~ (_r_ )'2 12 
36 ro 

as 

-1 
I + 

+ 496{ r )4, 1 54 [a
2 -~( e )2]2 

• - 1 + -·- 36 ---r-;;- I. 
a A as 

B nuaKoTeMrrepaTypnoM rrpet:tene npencTaBnsreTcsr UHTer 

no BaTh KpUcTannhi co cna6oil:. CBSI3hiO. Ecnu A •;:: A. s~ 2, 24 , 

HeHHSI (76) BeAyT Ce6SI ananOf'U'IIIO pellleHUSIM ypaBHeHUSI (7 

Bb!COKUX TeMnepaTyp. 3aBHCUMOCTh TeMIIepaTypbl HeycTOM'Ill 

oT P * npencTannena na puc. 2 nnsr A ~ 3 . Dnsr cnyqasr A= 

cneAyiOII!Ue aHa'I•~nusr nnsr KpHTU'IecKoro ·nannenusr u KpHTJI'I 

TYPhi: P/ .,.1,s, r; .,.0,82. 3nTporrHsr 

nennoil: TeMnepaTyphi B cnyqae A = 3 

· s = (1 INk) S KaK !flyi 

I10K838Ha na pn 

v*{P*) II g ( f *) IIMeiOT BUA 1 ananof'U'I!Iblll BUAY COOTBeT 

KpUBb!X Bb!COKOTeMrrepaTypHOf'O I!pH6niOKeHIISio 

EcnH KOHCTaHTa cnsrau nocTaTO'IHO Mana (A <A s = 2, 2-J 

KpliCTann CTaHOBIITCSI HeyCTOM'IIIBb!M na*e I!pH r = 0 , TaK ~ 

cnyqae nynenasr anepriisr Kone6aniiil: nocTaTo'IHO nenuKa u H 

6anusr paap~·rnaiOT perneTKy. Ho c rroBbillleHIIeM BHernnero na1 

9 



paannqnoe qncno aeAcTnn

p * n T * . ¢nanqecKoe pe

oe rrpn ycTpeMnennn an

wennH ypannennH (7a) oT 

ennH aana na pnc, 1, Ecnn 

1) AOCT~T04HO Manw, 

r, MeHhlliee H3 KOTOpbi~ 1 

eTCTByeT ycTOU4HBOMy 

lType neycToAqnnocTn 

wenneM 1 y 2 1 n rrpn T*•>T:(P*) 

pmKeHHbiMH, CooTBeTcTnenno 

•n1 4TO ITOKB3WBBeT HB KOne

f! S 1 • Pewenne y 2 cooT

poe o5oanaqeno na ncex 

pn P * > 0 n o5nacTn 

rTenhHoe pewenne y
3 

, 

s3 
n TeMnepaTyp P *•> P: 

aeAcTnnTenhHbiX pewennH, 

TnqecKaH TeMnepaTypa T* 
c 

IIC4e3HOBeHIIeM Kone5aTenb-

I910T. cneayiOIUIIe 3HB4eHIIH! 

eMrrepaTypw HeyCTOA4IIBDCTII 

1 na pnc, 2, 

)llO.B · E kj (t) O k II 3BTy-

epaTypbi rrpeacTannena na 

mA n~Tenunan g = (1 I 3 N c) • 

neaennoro o5'beMa v * = 

JHC, 5, 0TMeTIIM 1 4TO rrpn-

neaeHHbie KpHBbie nMeiOT nanaepnaanhconcKnA xapaKTep, Auanorn4HbiA pe
/7/ 

aynhTBT 5bin nonyqen n 

4, Openen HII3KHX TeMnepaTyp (0 « w 0 ) 

11cnonh3YH nna orrepaTopa co5cTnennoA aneprnn (4) n npn5mr>Keunn 
/4/ 

nnaknx Tef\mepa ryp , rronyqaeM . ypannenne caMocornaconaunH ( 7) n nnne 

Aay(a)=ll-~ 
,\ 

-l 
I + 

( 75) 

B uHaKoTeMrrepaTypnoM rrpeaene rrpeacTannaeTcH nnTepecuwM Hccne

nonaTh KpncTannbi co cna5oA CBH3hl0, Ecnn A·;:: A 
8
= 2, 24 , peweHI!H ypan

nennH ( 75) nenyr ce5H ananornqno pewennHM ypannennH ( 7a) B rrpeaene 

Bb!COKIIX TeMITepaTyp,. 3aBIICIIMOCTb TeMITepaTypbi HeycTOA41IBOCTJI T* 
B 

oT P * rrpeacTannena na pnc, 2 anH A = 3 . llnH cnyqag ,\ = 3 nonyqaeM 

cneayiOIUIIe 3HBqi~HllH anH KpiiTHqeCKOro ·aannemiH II KpiiT114eCKOii TeMnepa-

Typbl! p / ""1 ,5' T: ""0,82 3HTpOITHH · s = (1 INk) S KaK cpyHKUIIH rrpnne-

aennoA TeMnepaTypbi B cnyqae A = 3 ITOKB3BI!a . na pnc. 8, KpnDbie 

v*( P*) ll g ( T *) HMeiOT BIIA 1 ananorHql!biA BHAY CDDTDeTCTBYIOIUIIX 

KpHBhiX BhiCOKOTeMnepaTypnoro rrpn5niiJK9HHH, 

Ecnn KOIICTBHTB CBH3H AOCTBT04110 Mana (,\ < ,\ 
8 

= 2, 2-J ) , 

KpMCTann CTBHOBIITCH HeyCTOA4HBhiM AB>Ke rrpn r = 0 , TBK KllK B 8TOM 

cnyqae nynenaH aneprnH Kone5annii nocTaTo4HO nennKa .u nyneBbie Kone-

5aunH paap~'WBIOT peweTKy, Ho c noBhiweuneM nnewuero aannemiH BD31111KaeT 

g 



I! 

I 

1 r 
I i 
I: 
il 
:I 
:I 

yCTOH'IHBOe COCTOHHHe, KOTOpoe HMeeT XapaKTepHCTHKll 1 aHanorH'IHble ~ny-

tiaJO A '>A 
- B 

• PemeHHe ypaB;reHHH ( 76) JlJIH A= 2 rrpe;:rcTaBneHo Ha 

pnc. 7. 

5. 06cy)!(IJeHne 

• nonytieHHbre B ;:raHHoii pa6oTe peaynhTaTbi xopomo cornacyJOTCH c pac-
/4/ .. 

CMOTpeHIIeM Ilpll MaJlblX )laBJieHIIHX II paCtieTaMII B IICeBJlOrapMOHH'IeCKOM 

6 
u/5/ 

IIpH rrH)!(eHIIH )liTH IIpOII3BOJihHblX )laBneHHH • J 

Haii6onee IIHTepeCHblll peaynhTaT COCTOHT B TOM, 'ITO pemeTKa, KaK 

CBH3aHHOe COCTOHHIIe aTOMOB1 o6ycrrOBJleHHOe IIpiiTHraTerrhHOH tiaCTh!O Me)!(

aTOMHOrO ITOTeHirHana, IIpH MarrbiX JlaBrreHHHX ( MeHhllJIIX1 tieM KpiiTH'IeCKoe 

P * < P* ) cTaHOBIITCH HeycToii'IHBOii npn TeMrrepaType HeycTOH'IIIBOCTll T * 
C B 

ITO OTHOllJeHHIO K pacrrpOCTpaHeHHIO KOrrrreKTHBHblX B036y)!(;:reHHH - CaMOCOrna-

COBaHHbiX QJOHOHOBo 3aMeTIIM 1 'ITO KpHBaf! HeyCTOH'IHBOCTII pH C. 2 ( T '>> ] ) 

ne)!(JIT 6rrii3KO K IIpHBC)leHHOH KpHBOH nnaBneHIIfl TBepJlbiX IIHepTHblX raaoB: 

T!, , 0,5 (1 + 0,2 P * ) /8/ 
nosTOMY MO)!(HO ;:ryMaTh1 'ITO Kone6aTenhHafl 

HeyCTOH'IIIBOCTh ;:raeT OJliiH II3 OCHOBHbiX BKrraJlOB B fiBJleHJie rrnaBneHHfl IIpH 

MarrhLX ;:raBneHIIHX ( p * < p * o 0TMeTIIM TaK)!(e BaH;:repBaanhCOBCKOe IIOBe-
c 

;:reHI!e QJII3II'IeCKIIX CBOHCTB KpiiCTanna BJlOJlh KpHBOH r; (P*) Ha piic.2, 

'ITO yKa3bJBaeT Ha !jlaaoBbiii nepexon 1 pona. TaKoe BaH;:repBaanhCOBCKoe no

BeneHlie HBrrHeTCH THITII'IHbiM ;:rnH caMocornacoBaHHbiX Teopnii. Heo6xonnMo 

ITO)l'IepKIIYTh, 'ITO na6rrJOJlaeMoe BTOpOe YCTOH'IIIBOe COCTOfiHIIe 53 1 KOTO-

poe XapaKTepnayeTCfl 3!1a'IHTerrbHO 6orrhllJHMII CpeJlHHMH KBa;:rpaTaMII OTIIOCH-

TeJlh!lbiX CMerue!IHH a TO MOB ITO CpaBHeHHIO C 5 l ·, BBHJlY 0JlH6QJa3!IOH no-

CTaHOBKH 3a)la'IH TaK)!(e f!BrrfleTCfl Kpl!CTarrrrl!'IeCKH~. qT06bi nony'Il!Tb 6onee 

6rrl!3KYIO K rrnaBneHHIO KapTl!Hy, Heo6XOJll!MO yqeCTh B03MO)!(!IOCTh )Kl!JlKOrO 

COCTOH!Illflo 

T* 
c 

II KpiiTH'IeCKOrO )laBrreHHfl Hanii'IHe KpiiTIItiecKoil: TeMnepaTypbr 

p: 03!1atiaeT OKO!I'IaHHe KOrre6aTerrh!IOil: neyCTOH'IIIBOCTH pemeTKII: ee KO

ne6aHHfl ne paapyma!OT CBH3aHHOrO COCTOf!Hllfl aTOMOB 1 KOTOpOe Teneph CTa-

10 

\ I ~~J.· 
I . , 

.I 

ll 
! 

6Hrrll3llpOBaHO B!lellJHHM )laBneUJieM, nosToMy Ka)!(eTCfl ecTeCTBE 

rrnaBnenne rrpn BbiCOKHX ;:raBnennHx o6ycnoannaaeTCH nepexono~ 

IIOpHJlOK1 r;:re OCHOBIIYIO pOrrh nrpa!OT KOpOTKOJleiiCTBY!Olliiie KOpJ: 

HCCrre)lOBa!IIIfl STOll npo6neMbl He06XO)lliMO IIpiiHf!Th BO BHIIMa!IH 

cep;:rueBIIHbl B Me)!(aTOMHOM llOTe!IUIIane, a TaK)!(e B03MO:lKIIOC1 

BaKaHCIIHo 

C'IIITaeM CBOIIM llpHHTHbiM JlOJlrOM Bbipa3UTh 6naro;:rapHOC 

Kll)le 3a llOCTOHII!Ibie o6Cy)!(JleHllfl ll COBeTbl, 

fluTepaTypa 

1. Ph.F. Choquard. The. Anharmonic Crystal, W.A. Benjat 

New York/Amsterdam, 1967. 

2.~M. Plakida and 'I'. Sikl<~s. Acta Phys.Hung., ~ 17 ( 

3. N.M. Plakida and 'I'. Sik16s. phys.stat,sol,, .20 103 (: 

4. N.M. Plakida and 'I'. Sikl6s. phys •. stat.sol., .!ill, 171 (i( 

5, 'I'. Sik16s. Acta Phys,Hung, 30, N2 (1971); Preprint JI 

Dubna, 1970. 

6. 'I'. Sik16s and V.L. Aksienov. Acta Phys.Hung •. (submit 

rint JINR E4-5772, E4-5773, E4-5774, Du~ma, 1971. 

7. L. von Heimendahl. Diplomarbeit. Physik Department, 

1970. 

8. A. Michels and C. Prins. Physica (Utrecht), 28, 101 (: 

PyKonnch nocTyrrnna B ua;:raTenhcKnil. 

21 MaH 1971 rona. 
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CTHKH, ananorH':IHhie te:ny-

~ = 2 llp9JlCT8B119HO H8. 

oporn~ cornacyroTcn c pac

:~. B IIC9BJlOrapMOHH'19CKOM 

TOM, ':ITO p9lli9TK8, K8K 

rnraT911bHOH '18CTbiD M9)1{-

HblliHX, '19M KpHTH'19CK09 

rype neycTofiqimocTn T* 
8 

ao35y)KJl9HHii: - caMocorna

':IHBOCT~ pHC, 2 ( T '>> J ) 

'B9p!lblX HH9pTHhlX r830B! 

18Th, ':ITO K011958T911bii8H 

B nanenne rrnaane!IHH rrpn 

38~Jl9pB8811bCOBCK09 IIOBe

lH r:(P*) .ua puc.2, 

" ·<·, ' 

e B8HJl9pB8811bCO~CK09 llO-

HblX Teopuii:. Heo5xonnM6 

e COCTOHIIH9 S 3 t KOTO-

HHMH KB8Dp8T8MH OTHOCH~ 

', a a nay oano<f>a3Hoii: rro

\1, · 'llTo5hi rrony':IHTh 5onee 

rb B03MO)KHOCTb )KHJlKOrO 

1 KpnTn':leCKoro aaanennn 

':IHBOCTH perneTKH! ee KO

MOB1 KOTOpOe Tellepb CTa-

'f 

5nnH3Hpoaaiio anernnnM aaanenneM. IToaToMy K8)1{9TCH ecTeCTB9HllhiM1 ':ITO 

ll118B119l!H9 llpH Bh!COKMX Jl8B119l!HHX o5yC110B11HB89TCH IIepex ODOM IIOpHJlOK-5ec

IIOpHDOK1 rae ocl!OBllyro ponb nrparoT KopoTKoaeii:cTayrornue Koppennuun. Dnn 

HCC119JlOB8HHH 8TOH IIp05119Mbl li905XODHMO IIpliHHTb BO BHIIM811H9 '18CTb TB9p!l0H 

C9p!lU9BHHhl B M9)1{8T0Mf!OM IIOT9HUli81191 8 T8K)K9 B03MO)!{l!OCTb IIOHB11911HH 

B8K81!CHHe 

CqnTaeM caonM rrpHHTI!hiM nonroM Bhipa3UTb 5naronapl!OCTb H.M. ITna

Knne 38 IIOCTOHHHhi9 o5Cy)KJl9HHH H COB9Tbl, 

nuTepaTypa 

1 •. Ph. F. Choquard. The Anharmonic Crystal, W.A. Benjamin, Inc., 

New York/Amsterdam, 1967. 

2.NM. Plakida and T. Sikl6s. Acta Phys.Hu~g., ~ 17 (1968). · 

3. N,M, Plakida and T, Sik16s. phys.stat,sol., ~ 103 (1969), 

4. N.M. Plakida and T, Sik16s, phys,.stat,sol., 2Q, 171 (1970), 

5. T. Sikl6s. Acta Phys,Hung, 30, N2 (1971); Preprint JINR E4-5390, 

Dubna, 1970. 

6. T, Sik16s and V,L. Aksienov, Acta Phys.Hung. (submitted), Prep

rint JINR E4-5772, E4-5773, E4-5774, Dubna, 1971. 

7. L. von Heimendahl. Diplomarbeit, Physik Department, T.H. Munch en, 

1970. 

B. A, Michels and C. Prins, Physica (Utrecht), 28, 101 (1962), 

PyKOIIHCb IIOCTYnii118 B H3Jl8T911hCKUii: OT!l911 

21 MaH 1971 roaa. 
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Puc. 1. ileii:cTBHTenhHbie pernemm ypaBJieHHSI caMocoPnacoBamm B npeaene 
· Bblc"OKIIX TeMnepaTyp. 
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I 
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Pnc. 2. TipnBeaeHHaSI TeMnepaTypa HeycToii:qiiBOCTII 
Bel[eHHOI'O aaBneHHSI p* 
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T* 
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IHI caMocornacoBaHHSI B npeaene 
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Puc. 2. npHB9.ll9HH8SI TeMnepaTypa aeycTofiqHBOCTH 
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