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l.BBeAeHI!e 

B npeAhiAYIIliiX p850T8X H8MII 5hin c!jJopMynllpOB8H o5ml!li MeTOA, no3-

BOnH~IIli!A I!CCneAOB8Tb CBOHCTB8 Cl!nbHO 8Hr8pMOHI!4eCKIIX Kp!!CT8nnOB Ill 

II 5hin8 p8CCMOTpeH8 MOAenb OAHOMepHOH Ue1104KII C B381!MOAeHCTBI!eM 5ni!

~8HWIIX coceaeli 121 • 8 H8CTOHIIleH p850Te H8 OCHOBe STOrO MeTOA8 I!CCne

AY~Tcg CBOHCTB8 TpeXMepaoro Kpi!CT8nn8, MLI paCCM8Tp!!B8eM rpaHeUeHTpll

pOBBHHY~ Ky51!4eCKy~ (fUK) peweTKY C B381!MO):IeHCTBI!eM TOnbKO 5nl!~ali-

WIIX coceaeil. XoTH aTa Moaenb roAHTCH anH on11C8HIIH oqeab ae5onbworo 

4HCn8 pe8nbHLIX Kp!!CTanoB, OAH8KO oaa no3BOnHeT nony411Tb pewea11e 38A8-

411 B 8H8ni!TI!qeCKOM BI!Ae II C):ICn8Tb K84eCTBeHHhie npeACK838HIIH 0 JJOBe-

):leHI!II pe8nbHblX TpeXMepHLIX Kpi!CTannOB, npeAB8pi!TenbHO 9T8 MO):Ienb pac

CM8Tp!!B8n8Cb B nceBAOrapMOHI!qeCKOM np1!5nl!~eHI!II B l3l II 5LJn8 XOpOWO 

1!3yqea8 B paMKax o5Ltqaoli Teop1111 B03MyllleHI!Ii (eM,, aanpi!Mep, 14,5/), 

B pa3Aene 2 H8 ocaoBe pe3ynbTaTOB p850TLI 111 nonyqeaa caMocorn8-

COB8HII8H CI!CTeMa ypaBHeHI!il ang onpeaeneHI!H JJOCTOHHHOH peweTKII B 38BII

CI!MOCTI! OT A8BneHI!H II TeMnepaTypLI, onpeaeneHI!H q8CTOTbl !jJOTOHOB II !IX 

38TyxaHI!H 11 BHyTpeHHeil aaeprl!ll Kp!!CT8nna, B pa3aene 3 paccMoTpeHLI 

CBOHCTB8 Kp!!CTanna lip!! IIOCTOHHHOM. 05'beMe. Pe3ynbT8Thl BLJql!cneHI!H B cny

q8e Manoro 8HrapMOHI!3M8 Cp8BHI!B8~TCH C pacqeTBMI! B 05hi4HOil TeOp!!ll 

B03MyWeHI!H 
14•51 , 8 p83):1ene 4 p8CCMOTpeHLI CBOHCTBB Kpi!CT8nn8 np11 110-

CTOHHHOM A8BneHIIII. 8 9TOM cnyq8e Kp!!CT8nnl!qeCK8H peweTK8 CT8HOBI!TCg 

HeycTOH41!BOil lip!! ):IOCTaToqao BLICOKOil TeMnep8Type Hnl! AOCT8T04HO 5onb

Woil aHeprHH ayneBLIX Kone58HHii. OnpeaeneH8 KpHTH4eCK8H TeMnep8Typa 11 
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11CCneAOB8HO noaeaeHI18 TepMOai1HBMI1qeCKI1X aen11qi1H a6nl1311 11 saan11 OT Kpl1-

Tl1qeCKOH TOqKI1. 

2. CaMocornacosaaaaH CI1CTeMa ypasaeauil 

PaccMoTpi1M rpaaeueaTpupoaaaayJO Ky6uqecKyJO peweTKY 113 N aTo-

MOB c Maccoil M . faMHnbTOHHaH Kp11CTanna np11 yqeTe s3ai1MoaeilcTBI1H 

TOnbKO 6ni1)!(8HWHX COCeaeil B np116n11)!(eH11H napHbJX U8HTpanbHbiX Cl1n 11MeeT 

BHa: 

H ~ 
f 

2 

Pe 1 
--+-

2M 2 

_, 

~· cf>(IRe-R ll. 
f ;6 m m 

(1) 

rae np11HHTbl Te )!(e 0603HaqeH11H, qTO 11 B 111 • illTpHX y 3HIIK9 CyMMbl B ( 1) 

If aanee 03HaqaeT, qTO CyMMHpOB8HI1e npOBOai1TCH TOnbKO no Z 6mJ)!(ail-

WI1M COCeaHM (ami fllK peweTKH Z = 12). 

B pa6oTe / 1/ nonyqeHO Bblp8)!(8HI1e IWH QJYHKUHH fpi1H& OT onepaTOpOB 
a a 

CMeweHHH aTOMOB u f = Rf - fa B a11ae: 

a {3 
ekJekJ c 

2 wkJ 

l;(f-f.) 
a {3 ( •) » = _1__ ~ 

ur(t); "r' 1 MN kJ 
G (t-t') 

k j 

rae !jlypbe-o6paa !jlyHKU11H fp11Ha, cornacao (31 )* xi. 11MeeT s11a: 

w 

2wk 
----

- w 2 - 2 <u II ( vJ ) 
k k k 

G ( w l c << A I A+ >> ~ 
k k k 

BeKTopH nonHp1138U1111 
a 

ck 11 qaCTOTH QJOTOHOB lk = (k ,j) l (u 
k 

(2) 

(3) 

B (2) 11 

( 3) onpeaenHJOTCH B nceaaorapMOHI1qecKOM np116n11)!(eH1111 cornacao (23 )* 

113 ypar1HeH11>1: 

a I 
(I) c =-

k; k; M 
~ 

f' {:3 

(-3 (I j k't 
c -c 

k j 

CaC(-3 f(V,f). 
r z 

x/ ( Ill 3necb 11 aanee ... ) */ oaaaqaeT tjlopMyny 113 pa6oTT>I 
H3 pa60TLI /2/ 

4 

(4) 

a ( ... )**/_ 

MacCOBbiH onepaTop, cornaCHO (32 )*, 11M88T Bl1a: 

rae 

rae 

n k ( w l = ~ I V 
3 

( -k , p , p • l I 2 .1__ f(N + N • ) "' P + w P ' 

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

- (N -N , ) 
p p 

+ 
Np=<APAP >. 

p p 

w - w 
p 

w 2 - (w -w , f 
p p 

B cnyqae napHbiX c11n QJYHKUHSI V 3 , cornacao (21) *, paaaa: 

" ') 12 = 
I V 3 ( -k, p, P 4M 3 N w k w 

g 2 (o, e}F
2
(-k,p,p'), 

w 
p 

F( kj , k 
1 
j 

1
, k) ) 

d _, _, 
- r n 

~ (-l) 2 (i:; )(i:~ 
k j k ,; 1 

)(~~ k j ) X 
2 2 

X sin ( ~ ; k ) sin ( _d_ R ~ ) sin ( __i_ 0 k£ ) 
4 4 4 

_, 

(5) 

(6) 

(7) 

- 6eapa3MepHaSI cyMMa no yanaM peweTKH, n = e I ( d I 2), d- nepuoa Ky6H-

qecKoli peweTKH, f -paCCTOSIHI1e Me )Kay 6nK)!(8HWKMK coceaHMI1 0 2 1T; -
B8KT0p o6paTHOli peweTKK, 

B OTnl1qKe OT 06bJqaoli Te0p1111 B03MYW8HI1SI / 4 ,5 / CHnOBble liOCTOSIHHble 

f(O, f) H g(O,f) a Bbipa)!(eH11SIX (4) 11 (6) onpeaenSIJOTCSI caMocornacoaaHHhiM 

o6paaoM: 

f(O,f)= .p" (f) g(O, f)= ¢"'<f), (8) 

rae ; (f) -caMocornacoaaHHbili napHbili noTeHuHan. CneaySI (44)*, onpe!leni1M 

ero a nceaaorapMOHHqecKoM npH6nH)!(eHH11; 

;d-ni> =< .p( RcR,;) > = 

= exp I l 
2 

a a {3 {3 _, _, 
~ <(un-U )(un-U )>V V{J!.p{e-m). 

{3 t m t m a a, 

5 
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8bip8)1(eHHe ( 9) 3H8'IHTenhHO ynpomaeTCH, ecnH npH Bbl'IHCneHHH npOH3BOA

HbiX, llOA06HO / 4 /, yAep)KHB8Tb nHlllb CT8plllyl0 npOH3BOilHYIO, 8 HMeHHO, BOC

rronb30B8TbCH llpH6nH)KeHHeM: 

e r 
vu v{-l ... v u v {3 ¢ ( r ) ~ ~-ti..t 

1 I n n f 2 

ran £{3" 

r2 

rAe Mbl I'h!6panH m = 0 B aTOM cnyqae H3 (9) rronyqaeM 

n=O 

J J 2 n (2n) -<-u (e))¢ (£!, 
n! 2 

~ ¢<e) 

(2 n) 

¢ (£)' ( 10) 

( 11 ) 

rAe u2 (f) -cpeAHHa KB8Ap8T OTHOCHTenbHOrO CMe!lleHHH COCeAHHX 8TOMOB, 

8hi'IHCnHSl ero C llOMOIUbiO <jlyHKUHH fpHH8 (2), (3), nonyqaeM: 

-2-1 ....,.4_, 2 
U (e}=----..z-<[f(Un-U )1 >= r l o 

...... ....., 2 _,.....,. N 
2 ~ 

(r e k) . 2 kr k 
2sm -----

(12) 

NM k 2 2 2wk r 

HnH, y'IHTb!BBH, 'ITO ~ 38BHCHT TOnbKO OT paCCTOHHHH Me)KAY co

ceAHHMH aTOM8MH, rrpH noMOIUH ypaBHeHHH (4) aanHChiBaeM era B 6onee yAo6-

HOM BHAe: 

u 2 Ul= _L ~' 
z r 

;z('T) = _1 _ _! 
f(O,f)zN 

~ w k N k • (12a) 

KaK BHAHO, AnSI C8MOCornaCOB8HHOrO noTeHUHana ( 11) Mbl rrony'IHnH 

TBKOe )l(e Bb!p8)1(eHHe, K8K H B OAHOMepHOM cnyqae ( CM, ( 13 )ilK), 'ITO, O'Ie

Bl1AHO, o6ycnoBneHO TeM, 'ITO B 11pH6nH)KeHHH ( 10) Y'IHTbiBaeTCSI nH!llb rrpo-

AOnbH8H COCT8BnSIIOIU8SI TeH30p8 CMe!lleHHH, KOT0p8SI ABeT OCHOBHOH BKnaA B 

IlCeBAOrapMOHH'IeCKYIO rrepeHOpMHpOBKY, 3AeCb Mbl He ITOnb30BBnHCb <jlypbe-

rrpeo6pa30B8HHeM IlOTeHUHana B (9), K8K B pa60T8X /6, 7 /, 'ITO 1103BOnl1T H8M 

paCCMOTpeTb IlOTeHUH8nbi C TBepAOH cepAUeBHHOH, 

HaKoHeu, cpenHee paccToHHHe Me)l(ny 6nH)K8HlllHMH cocenHMH f = d I v' 2 

MO)KHO orrpenenHTb H3 ypaBHeHHH COCTOSIHHH (7)*, cornaCHO KOTOpOMY A8B-

neHHe p B Ha!lleM cnyqae paBHO: 

6 

,j), I 

rAe v --VI N . 

p ~- I 
3V 

~ 

p, a 

P < a lJ a --zr>~- zr '" 
dRp (;;"¢'(P), ( 13) 

TaKHM o6pa3oM, rrony'IeHHaH CHCTeMa ypaBHeHHH rroaBonHeT orrpeAenHTh 

C8MOCOrnaCOB8HHhlM o6pa30M p8BHOBeCHWe rrapaMeTphl pe!lleTKH, 'I8CTOTy 

"peanhHhrx" IPOHOHOB E k 1 !1 HX 3aTyXaHHe [' 
k J 

/f"(i.' P) 1 I ' 
v f 

Rc Tl k 1 ( e k 1) 

Ekl = wkJ + Rc II kJ (Ekl ) = uJOk J I , (14) 
(1) k 1 

f' (~; ) =- Im 11 ( E " i ll) = - Im II ( w t ill) , k J kj kj kj kj kj 
( 15) 

rae W OkJ , cornaCHO (4), - 'IBCTOTB QJOHOHOB B rapMOHH'IeCKOM 11pH6nH)Ke-

HHH C CHnOBOM IlOCTOHHHOM f . 

TepMOAHHaMH'IeCKI!e xapaKTepHCTHKH KpHCTanna orrpeAenHJOTCH BHyTpeH

HeA 3HeprHeH, KOT0p8H, cornaCHO ( 46 )*, MO)KeT 6hiTb 3811HC8H8 B BHAe: 

E~<H>~ 
N 
2 

z¢(f!+<(O) l+SF
3
(1:1l, 

rae, rronbayHCh ( 12a), Mbi BBenH: 

--- 1 
dl:ll=+f(l:l,f)u

2 (Pl=N ~ 
+ 

wk <A A > -2- k k 

1 
=N ~ 

2 rr wk 

oodw2 
J--

0 2w 

2 
w 

k 
cth~ [- lmGk(w+illl1 

20 

H <jlyHKUHIO 

~ 1 
F (Ol=- ~ 

3 12 uJ l<B+B >-< k k k 

2 2 

12rr 
f dw cth -"'- ~ 

20 

(t) - (JJ k 

"' k 

A+A >l= 
k k 

[-lm Gk(w+ill) 1 

=-_l_J
00

dwcth-"'- ~ [Rcfl (wllmG (w+illl+lmll (uJ+ill)RcG(oJ+ill)], 
6rr o 2 () k k k k 

7 
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np!i aan11CI1 KOTOpOii 6bill !1CnOllb30B8H HBHblii Blill cpyHKU!iH fp11H8 (3), 

3aMeTI1M, qTo a pa6oTe /1/ a awpa•eHHH (45)* np11 !iHTerpaUHH no 

qacTOTB 6bin0 HCnOllb30B8HO np116llH*BHHB rk « f' k, T,e, -lmGk(<v+io)~8(w 2 -E
2

k }, 

B KOTOpOM HB yqHTblB8!0TCH 3cpcpeKTbl 38TyX8HHH, H B qaCTHOCTH, TepHeTCH 

BTopoii qneH a a~>rpa•eH11H ( 18) , conep•aumii I m n k ( w + i 8) , KOTOpb!H, 

onHaKo, HMeeT TOT •e nopHilOK, qTo 11 nepabrii qneH, conep•am11ii Re ll k lw) . 

flerKO noKa38Tb
1 

nOllb3Y HCb ( 41 )'\ qTO Bb!pa•eHHe ( 18) 51BllHeTCH nonpaa

KOH K CB060JlHOH 3Hepr!1H no scpcpeKT!iBHOMY Ky6HqeCKOMY 8Hl'8pMOHH3MY 

·--:; 2 6 ::::;: 2 
I V 

3 
I ~ A , KOTOpaH a HH3llleM nopHnKe no I V 3 I HMeeT BI'!Jl! 

F (fJl~-_!_ L IV (k ')12 (l+nP)(l+ n •)(l+n )-n n .n 
1 6 , 3 'p, p I p k p p k 

k,p,p 

+ 

(j) + w + w 
p k 

( 19) 

n (l + n + n .)-n n 
k p p p 

l' + 
w +w -wk 

p p 

rne n =fexp (w 10)-1]-1 
• Bbrpa•eHI'!e (19) coananaeT c nonpaaKoii 

p p 

K CB060ilHOii 3Hepl'1111 38 cqeT Ky6HqeCK0£'0 8Hl'8pMOHH3M8 1 Bblq!iClleHHHOH 

no o6brqHoii TeopHH aoaMymeHI'!ii 141, ecnH a (19) He yqi1TbiBaTb nceanorap-

MOHHqeCKOH rrepeHOpM!ipOBKH, 

YqeT scpcpeKTOB 38TYX8Hii51 npH HHTerpHpOB8HHH B ( 17) He MO*eT 6biTb 

npoBelleH TaK *e npOCTO, K8K B (18), H Tpe6yeT qHClleHH0£'0 HHTerpHpOB8-

HH51. 0JlH8KO, nOllb3YHCb HBHbiM BHilOM M8CCOB0£'0 onepaTopa (5) K8K B cny-

qae Bb!COKHX, T8K H HH3KHX TeMnepaTyp, Mbl CMO*eM nonyqHTb npH6llH*eHHble 

cpOpMyllbl JlllH ( 17), 

a) BbrCOKHe TeMnepaTypbr ( 0 » w 0 ) 

nonyqaeM nnH ( 5): 

/4 5/ 
• CnenyH abrqHcneHHHM a ' 

g2 
( 0' f ) 

llk(wl=-0 wkSk(v), 
f 3 (0,f) 

(20a) 

rne v = w I ( w L I 2) 

8 

" 

\.1~ 
~r~i 
(j 
~~~ 
:ll 

.~'t! 
,,~ 

1 L 
Sk(vl= 3zN 

~(p\p·-k) 
F2(-k,p,p')x 

p,p 
2 2 2 

A A A 
k p p 

(A +A , )z (A -A , )2 

x! p p p p 

l' + 
(A + A , )2- v 2 (A -A ,)2-v2 

(21a) 

p p p 

- 6e3p83MepH851 CYMM8 1 Bbi'IHClleHH851 Jlll51 HeKOTOpblX 3HaqeHHii B /
5 / (CM, 

Ta6nHuy 2 a 
15 ), rne 

4 2 T Re Sk (A ) ~ 1, 1. :10 c [ o I c ( I 0) J. 
k k k k 

1m S k ( \ + i 8 l = 1,1 . 10 
4 C: [ y k I c k ( T I o l l , 

Y2 
(j) k j = Cw L I 2) A k j ; (/.) L = ( f ( 0' e ) I f) w 0 L 

W O L- M8KCHM8llbH851 qaCTOT8 B rapMOHH'leCKOM npH6llH*eHHH! w ~ L=8f/M /4~), 
BbrpalKeHHe ( 19) npH 0 » w 0 , cornacHo pac'leTaM a 

141 , HMeeT BHil! 

F (Ol=-No
2
A 

3 

rne A= (172,3 I 3072) = 5,6.:10-2
• 

g2(0,f) 

f 3(0,f), 
(22a) 

BbrpalKeHHe ( 17) a cnyqae BbiCOKHX TeMrrepaTyp, Y'lHTbiB851 HBHbil! BHil 

(2Qa) 1 MO*BT 6b!Tb 38llHC8HO B npH6llH*eHHOM BHJle! 

0 L c~ol=r , 2 , (d 
f 

dw 2 

2 
w 

2 w 2 

w U+--l[-lmG (w+i8] 
k 12 0 2 k 

(/.)2 

=30( • +-· __ L_), 

g 2 ( 0, f ) 24 () 2 

1- 1'- () 
f 3(0,f) 

I'Jle 6blll0 HCllOllb30B8HO npaBHllO CYMM! 

----f dw 2 [-lmG (w+i8)]=1 
217 (/.) k . k 

(23a) 

(24) 

H -}-L 2 
wk 

2 
(/.) L I 2 • KoscpcpHuHeHT I' B (23a) MOlKHO onpe-

neni'!Tb, ecnH y'lHTbiB851 

(17) B BHile! 

1 
d8l=N 

(18), BOCllOllb30B8TbCH 3KB1iB8lleHTHOii 38llHCb!O Jlll51 

"' + 6 '·' L __ k <B B >--F. (8), 
2 k k N " 

( 17a) 
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rae a cnyqae BbiCOKHX reMneparyp, cornacHo npaBHJlY cyMM (24), nony'IH-

JlH: 

+ 
<B B >~---

k k 
2 rr u> 

w 
fdw 2 ~cth 

wk 2e 
[-lmG(w 

k 
+ I 8)] 

k 
2 

1 ~.L.) 
(1+12 02 

2e 

'" k 

CpaBHHBBH (23a) c (17a) c yqeTOM (22a), npH6nH*8HHO nonyqaeM 

I' ~ 2 A ~ (),11 . 

B) HH3KH8 T8MUepaTyph! (IJ « w
0

) , npH6JlH*8HH08 HHTerpHpOBBHHe 

B (5) aaer: 

IT k(,,) =- wk 
g2

( 0 , E) 

r 3 
( o. n 

3 4 4 
! , S (vl+-71

- __ e_s (vl l 
o Ok 5 w3 lk 

l) 

rae 6e3p83MepHbl8 CyMMhl HMeiOT BHA: 

(p+p'-k) ,\ + ,\ ' 
p p 

2 ') 2 
2 F ( -k, p, P (A + A , ) _ v 

r P 

SCJk(vl~ ---- ~ 
(1,02)(8) 2 p,p <,\ ,\ 

I 
2TT G 

2
( k i , q,. e . i 

1 
• li i 

2 
) 

(20B) 

(21 B) 

2A~ 
- 2 

,\ 2 - ,, 
S (vl~ • L f dros e J d¢ 

\k (120,8)(8) 2
1 II 2 -I 

2 . 

"k "k d·1'(e.ol 
l 12 I -. k j 2 

npH Bh!BOAe 3TH X qJOpMyJl Mbl BOCUOJlb30B8JlHCb COOTHOlli8HHHMH ( CM/4/): 

uJ 
36 7T 1 

)1/3 L ___._ 1, () 2,, L ; uJ = (!) ( 1,05 '" r-; k 2 [> r. 
(8)(120,8) 

L. 

J 
I r I • II ,\ -· pdj(ll.¢)2 npH H 

p j l 

"' ~ . ·) . -) . d .... .,, 0 • 

l•(k], PJ , k] ) "' p- (,(hj, 0.~), I ,lq ) • 
I 2 ~ ' · I ' c 

Br,lpa~<emw ( 19) npn (}· (ui , cornncHo pnctiC!TDM n /4/ 
3tlfHlllJQM 

n nrrne: 

g·'( (),I') )- I 
---I, B, _:_" 

f ( li, I' I 5 

0 
F ( o ·< "' l -N, C I. 

(22n) 

tO 

'f:-~ ,',i 

,1:1; 
1 ·~· '1'rt , , r:~,;(i! 
.··_.y~ 
.~ 

'\~~; 
~~~~·M, 

i 
/·~ 
·--~ ·'·t:, 
::·~~· 
I ,, 

,, 

lf~ 
\l,.i 

rae 

B, 
l -481. -l 7.~ rr 
• •. 1,85. ·to ; c = ----- '" 1.25 . 1 0 - 2

• 

(~)(16)(1,02)2 (16)(1,02)(120,S) 

Bhlp8*eHH8 (17) B cnyqae HH3KHX TeMnepaTyp C Y'IOTOM HBHOrO BHAB 

(20B) MOmeT 6hlTb 38UHCI1HO B RpH6J1HmeHHOM BHDe: 

'" 
.;( ()),,~ ~ 

N 
d '" 2 

2 

~0~-2 ~ 
2 IV n" I 

c -n II) I [ - Im Gk ( ,, + i 8 l 1 ~ 
2 rr w k 

·1 

3rr
1 

II_(J +•' < 0 + - -- ---- I 

5 "' g 2 (0.1') 

f 
3 

( o, r J 
I - v , I\ 

0 0 

( g~-~). 
0 ('(I). P) 

(23B) 

Koa(jl(j}HuHeHThi v 
c H '' l 

B (23a) MOmHO ORp8AOJ1HTb, 8CJ1H BOCROJlb

+ 
30B8TbCH 3KBHBBJ18HTHOA 38RHCbiO (17a) H BN'IHCJlHTb < B k Bk > , npencTaa-

JlHH CneK TpBJlbHYIO UJlOTHOC Tb B BHae: 

2 2 I 2 '" l' ( U)) 
• [-lmG (<u+iolJ~al,a·-<; l+- k k -

2 rr (!J k k rr ( (O 2- (I) 2 ) 2 
k 

0AH8KO 3TO pa3JlO*eHHe HeKoppeKTHO, II D03TOMY Mbl Bhi6epeM K03qJqJHUHeH-

Th1 v C H v I H3 yCJlOBHH COBnaneHHH peayJlbTBTOB nnH HyJleBOA 3HeprHH 

H TeUJlOeMKOCTH, Bhi'IHCJlef!HblX HB OCHOBBHHII qJOpMfJlhl ( 16) B CJlyqae M8J10-

ro aHrapMOHH3Ma, C pe3yJlbT8T8MH 06hi'IHOA ·reopHH B03MY!ll8HHH /
4
/' 

,, ~4B~ 7,3.10-3
; ,, =8C~O,IO. 

Q l 

3, PellleTKa npH qJHKCHPOBBHHOM o6beMe 

DnH pemeHI!H caMocornacoaaHHoA CHCTeMhl ypaBHeHHA neo6xonHMO HaA

TH SIBHYIO 3BBHCHMOCTb CHJlOBbiX DOCTOHI!Hh!X l8) OT U 2( p) , Ee MO*HO UO

JlY'IHTb, ecnH aanarb HBHhiA BHn noreHUHana B3BHMoneAcrBHH B (II). KaK 

B /2,::J/, BOCUOJlb3yeMCH MOA8JibHbiM DOT8HUH11JIOM Mopae: 

¢(R)~D[ c-za<r<-,cl -2c-a!H-'o'J. (25) 

II 



3 11 MeTHM, up11 8TOM, cneny51 171, 'ITO noTeHIHWJl Jlenapna-LbKonca 

r 12 r f> 

<b (R)~Ilf(-0-) 
I.-. R 

-2(-0 ) 1 
R (25a) 

n ocnacTH R- r 
0 
« r 

0 
npaKTH'leCKH ne oTJ111'laerc>~ or noTe HUH ana Mopae (25), 

N~J111 Bhi6paTb a r 
0 
~ 6 . nocKOJlbKY )lJlH Ot!p8J18J18HI151 C8MOCO!'J18COH/li!HO!'O 

!IOTC'IIUIWJI/l Il ( 11) H806XOilHMO 3/lil/lTb llHillb !1p0113BOilHhl8 OT !10T8HU118118 

B3aHMoneilcTBH51 np11 R ~ r , rne o6bi'IHO f- r < 0, 3 r 0 ~ 0 
, TO peaynb-

THTI·'• nony'leiiHble nllH noTeHUHaJra Mopae (25), ilOJllKHhl Mallo OTJ111'lfclTbCH 

UT p!!C'l8TOB, OCIIOB8HIIhlX Ha Bld60pe 601188 peallHCTJ.!'lBCKOl'O tJOTBHUllllJlll 

D3HHMO!leilcTBHH Jlenapaa-n~wnca (25a). 

noncTai'.IlHSI (25) B QlOpMylly ( 11) 11 Bhli!OilH5151 CYMM11pOB8HHC, llBl'KO 

!IOHy'laeM: 

__ -2cdf- r ) 2y -u(f- r ) y/z 
</J{flc~lll C n C -2c ° C I, 

(26) 

rne y " a 2 u 2 
( r ) . B cnyqae qmKCI1poaanHoro o6oeMa, nanpi!Mep, 

r ~- I' 0~ const illl51 CIWOB!o!X tJOCT0511fHhiX (8) II 118Bil8HI151 p (13) t!OllY'I88M: 

rne 

f(li,.f)"<j>"(r )=f(2c 2
Y -cy/2) 

u 

g ( 0. f ) ~ ¢ "' ( r ) =-fa ( 4 e 2
Y - c y/2 ) 

0 

P--~¢'<r) 
6v 

4ar 0 D( ?.y ,Yh) 
---- c -c . 

v 

f ~ cf) " ( r ) ~ 2Da; 
0 

-rapMOH11'l8CK851 CI1J10B851 TIOCT051HJI8~1. nony'IIIM 

BI>Ipa>KenHe llil51 napaMeTpa y B Clly'lae BhlCOKI!X H HH3K11X T8MllepaTyp. 

3. 1 • B hi c o K n e T e M n e p a T y p hi ( IJ» (<) ) 
[) 

(27) 

(28) 

n oncraan5151 (:~7) n ( 23a), nonyqaeM cnenyiOwee ypanneHI1e All 51 onpe-

ilGJ18HI151 )' : 

(A
1
y-,6)(2 c 2 Y-eY12 )[1-A~e- 2 Y 

3A I 

12 

( 4-c -3/2 y)2 

( 7 
-31 2 l = I 

-- c y) 3 

(28a) 

'I' •, 

I 
i: 

·(~~~--)' .\ i' 
,)_ ' 

I; . 

·'I;· ,•'!;-'! 
i>,•:\1 
''''):·,~. -t,.fi. 

.jj:(j.l 

1t~ .. ~~::~ 

,.;jr,: ·. 
. ·.;: 

·;:v\ 

!~I 
1·>·.\ 

;;_,.· ~~: 
::~ :" 

'·: 

·,j, .,, ( 
·~ -~ 

11 
'11 

'
:: 

J . r 
~· !, ' 
'I!_: 

• _·-~1. ~~~ 
.,ld(,j 
!: f' 

,\ 

~:~ 
::; 
'l 

•;)1 

Ri' 

~· 

' 

rne 

A = zDI30c· 4D 10 = Mw 2 14a 2 0; 
I 0 I 

(:3 ( '" 
2 I 24 e 2 l « 1 . OL 

nony'IBHH08 ypaBH8HIIB I!M88T neilcTBHTBilbH08 p81ll8H1!8 illl51 y > [) BO BCBH 

o6nacTI! TeMnepaTyp ( napaMeTpa A 1 ) , T.e. KaK H a onHoMepHOM cny'laen I 

pewerKa OK83NBaeTC51 ycTOH'li1BOii no nceii o6nacr11 TeMnepaTyp. Heycroii'li1-

BOCTb peweTKH !1p11 tP11KC11pOBilHjlOM 06beMe, 06HapylKBIIH8H B 
17 I, OCHOB8Ha 

Ha 11Cll0/lb30B8HIII1 IIHT8f'p81lbHOf'O npeilCT8BJ18HI151 illl51 C8MOCOl'llllCOB81!HOf'O 

liOTBHUI!alla (8), KOTOpoe t!p11B0il11T K !1051Bil81!11!0 H88H8/l11TI1'18CKHX 'IJ18HOB 

T11ll8 cxp ( -1 I y) B CaMOCOf'll8COB811HOM TIOT81!UH81l8. n O)l06Hbl8 "!ll8HLI Ollii

CLIB/l!OT t!pOUeCChl TyHH81111pOB81!1151 aTOMOB qepe3 liOT8HUJ.!BilbHhlH 6apbep II 

illl51 npaB111lbHOH OU8HKII J.!X HB06XOili!MO yqecTb 1!8/lf.!'ll18 TBepnoA C8pilU8BIIHN 

B llOTBHUI!BllB B381!M0il8ACTBI151, n OSTOMY 060CHOB8HHh!H Bb!BOil 06 yCTOH'li!BOC

TJ.! peweTKII llp11 <jJ11KC11pOB8HHOM o6b8M8 MOlKBT 6WTb Cil81l/lll TOilbKO llpl1 

nocneuosaTenbHOM y'leTe 6nH3Kon eiicTnyroweii KoppenHUIIII a roM on, o6ycnoa-

J18HHOH H81111"!118M TBepnoii CepilU8BI1Hhl B DOT8HU11Bil8 B38HM0il8HCTBI1~ 

B cnyqae Manoro aHrapMOHII3Ma, Korua 0 << [) , napaMeTp y « 1 11 

pelli8HI18 ypaBH8HII51 (28a) J.!M88T B11il: 

y~-1-[1 
A, 

+ f3+-1-<3zA--7-lJ A 
1 

2 . 
(30a) 

nonyqa8Mbl8 C TIOMOllib!O 8TO!'O p81ll8H11H pe3yllbT8Thl C0Bll8il8!0T C ;Y
4

•
51

• 

TaK, nepeHopM!!pOIIO'lHa51 qacToTa 11 aaryxan11e, cornacHo (20a), H BHyrpeH-

H5151 3Hepf'1151 C yqeTOM (22a) MOf'yT 6biTb- 3/lll11C8Hbl B Bl1ae: 

() h g2 ' 
I (31a) E ~ "' I I + - -... () + (3 ) - 0 --.- Rc S k 1 

ki OkJ !-\ f'· f' 

!' 0 
g~ 

lmSk 1 

(32a) 
--UJ 

k j f 3 
0 k I 

_!_ E ~- ~ + 3o I 1 + {3- o < _l _ ___.!!_- _!~ ~~ l I 
(33a) 

N 2 J(J f :· 3 f ' 

rne MI>I aaen11 h ~ ¢' 41 (r0 ); g=<b
131

(r ): ReS, -ReS,. (A ); lmSk -lmSk (,\ 1_1-tili). 
u ,_ J . J k j 1 J . 

TennoeMKOCTb c ~(kIN)( a E I il !J ) C0Bllllll8GT c nepBLIMH "!J18HilMll pa31lO-

lK8HI151 8 141. CovoTHOWBIIIIH (13), (28) TI03BOilHIOT TaKll(e JJai1TH w:wnerme: 

13 



p c 
af 

2v 
31i !1 +{3-0(_2_~ -2A~ll. 

56 ( f' 

3,2, H II 3 K II e T e M n epa T y p bl ( 0 « OJ D ) 

(34a) 

noACTaBniiSI (27) B (23e), nonyqaeM CJleAyJOI.Uee ypaBHeHI!e AJlSI onpe-

AeJlef!i!SI y : 

(4 
-1/2 y 2 

-c ) I Yz z Ay(2c 7 Y_cY 2 
) [1---v c-y 

2,\ 0 
J = 

( 2 - c -3/2 Y ) s/?. 
(29B) 

( 4 
-3/2 y 2 

- c ) 
-~---~1, 

( 2 - c -3/2 Y ) s/2 
1 ( 2 2 y y/z ) -2 [ 1 ( ) z -y 

=+"f/ c -c +V-v-c 
1 0 2,\ 

rAe ,\ = z D I ' 1 01 
-6e3pa3MepHhili napaMerp CBSI31! a TO MOB e pewerKe, 

0 
I o) 

= 1,02 w O L - HyneBaSI 9Hepri!SI Ha aTOM B rapMOHI!qecKOM np1!6JlHlKeHI!II, 

., = (3 rr 4 1 5 ) ( I) 4 I w 
0

4 f' ) • KaK 11 B cnyqae BbiCOKIIX reMneparyp sro 

ypaeHeHI!e !!MeeT AeACTBI!TeJlbHhle peweHI!SI BO eceA o6naCTI! 3HaqeHIIA napa-

Merpa ,\ , qro COBnaAaeT C pe3yn&TaTOM AJJSI OAHOMepHOA peweTKII /
2

/ 

0AHaKO 3AeCb cneAyeT CAenaTh Te JKe 3aMeqaHI!SI no nOBOAy ycroAqi!BOCTII 

peweTKII, qro II npi!BeAeHHb1e Bb!We AJJSI cnyqaH BhiCOKI!X TeMnepaTyp, 

B cnyqae Manoro aHrapMOHI!3Ma '
10 1« z D 11 peweHI!e ypaeHeHI!SI (29e) 
0 

AnSI y « 1 Aaer: 

1 1 7 y--!1+.,--[(-
,\ ,\ 4 

9z 

2 
21 9z 

v l+ .,<-- --- v 
0 2 2 1 

) ] l. (30e) 

B sroM cnyqae nepeHopM!!pOBaH!Ih1e qacrorhr 11 3aryxaHI!e, cornacHo (20e), 

I!Me!OT BHA: 

E "'<" {1+,(ol[-1 _h_ (}.,"'1)-
k j Ok J 0 24 £2 

__ L(RcS 0 k
1 

+T/ RcS 1 k 1 ~1, 
f ' 

(31e) 

I' 
k j :-:: w 0 k j 

I o) 
f g

2 

[ lm S k 
- - -~ . l' J 

r' 
' ., Im S 1 l k J • 

BHyrpeHIIHH
1

sneprHn ( 16) c yqeroM (22a) I!Meer BHA: 

_1_ E 
N 

zD 
I 0 ) I 1 + ' I 0 ) ( _1_ ...!!.__ - ___£_ [ 5 B - ,, J ) + 

4S f 2 f 1 c 
--- +' 

2 

+l)fl _,IOl(_l_ 
0 s 

h 
f 2 

2 
_ __g__ [ ,, - 5 C I l I I 

f 1 l 

(32e) 

(33e) 

KaK BIIAIIO, Bhi6op v 
0 

"" 4 B H v 1 = 8C npHBOAHT K BLipa,KeHHHM AnSI HyneeoA 

SHeprlln 11 rennoeMKOCTI! c v = (kl N) (iJ E I iJ 0 ) , nonyqeHHhiM e o6hiqHoA 

TeOpHII B03Myi.UeHHH / 4 / .QaeneHI!e ( 13) MO)KHO 38!1HCaTb B BI!Ae: 

p (0, v) af 

2v 
f 

I o J 1 IO) ( --~-_1 I +< 84 
h 
f 2 

1., 
0 c 

+ I) r 1 - ' I o) ( _4__ ~ 
21 f 2 

L"11. f' l 

(' n 
) + 

KaK BHAHO, AaBJJC'I!He ( 34e) OTJ111qHo OT Hynn II np11 0 ,, 0 ( 11 = [)) 38 cqer 

yqera HyneawX KOne6aHHH aTOMOB, 

4, PewerKa np11 ~HKCupoeaHHOM Aannenl!ll 

(34e) 

B cnyqao <jlHKC!!posannoro J\!JIJJJGHI!H p = l'OilSl 06beM KpllCTDJll!B HJlH 

cpeAHGe paCCTOAHI!e MeJKAY BTOMBMII eCTb ~YHKUHII TeMneparypbl CHC-

Tt~MJ,!. PHCCMOTpHM cnyqnH MD.noro BHQIIIHC~ro nnnncunH, Korna \f-Pc '·, {' 
1
, 

r·ne f ,, -p.113IIOBeCHO<' paCCTOAHHG /ll!ll 6J11DI([liillll!X COCG{IC'H llpll p = [) 

Cornncuo (13), nnn nnroHunnna (2G) nonyqaeM 

t ____r___ c 
3a 

3 
r + Za (35) 

1'1.18 p - p 3' 
-:r:;-!>!T - Manoc 6c3ptl3Mepuoe nannenue. CannnhJC~ 110-

CTOIII!HJ,JB (8) 11!)11 ~lTOM llM(>JOT HllU: 

14 - 15 



f(o. el~ rf>"(f) f(e-y+p), 

g(O,f)c rp"'(P}~ g(e-y+2._p). 
9 

4,1, 8 bl C 0 K fl 8 T 8 MIT 8 paT y p bl ( 0 » w D ) 

(36) 

n oncTaBmur ( 36) B (23a), nony'Ia8M ypaBH8Hf!8 nm1 napaM8Tpa y : 

(A 1 y-f:l}[l-A~eY+peY(I+ A~ey)l=eY, 
A1 3 A1 

(37a) 

rn8 o6o3HB'I8Hf!H T8 )!{8, 'ITo 11 a (29a). nony'I8HH08 ypaBH8Hf!8 HM88T ll8li

cTnHTellbHbi8 p8W8HHH nHWb B o6naCTH T8MIT8paTypbi (} « (} c, f'll8 KpHTH

'18CK8H T8MIT8paTypa; 

Oc 

D 
~11+2p-0,1S{:l I ,o,6 11+2p-0,1Sf:l I. 

(3)( 6, 7) c c (38a) 

P8weHH8 ypaBH8HHH (37a) rrpH r ~ ( o I o l <I 
c ' 

f!M88T BHO: 

y " 0, 5 I I + ~6 p + 0,3 f:l c - I ,63 y1 1 - r I . 
(39a) 

08p8HOpMIIpOB8HH8H '18CTOT8 KOn868HHH ilpH r ~ 1 f!M88T BHJ:I: 

E k 1 = 0, 77 w 
0 

k J I I + 0, 42 p + 0, 4 y l - r + 

(40a) 

+G,I6{1-rl-4,SrReSkJ I 

II Ilpll () > () c CT8HOBIITCH KOMITil8KCHOli, 'ITO 03H8'IaeT IUIH8MII'18CKyiO HeycToli

'IHBOCTb CHCTeMbi, nono6ahrli )!{8 p83YilhTBT 6hrn nony'!eH B nceaaorapMOHII'Iec

KOM ilpll6nHll<8HIIH 131, 3aTyX8HHe KOn868HHli B6nH3H KpHTfi'I8CKOH TO'IKH paa-

no: 

r, g 
2 

d 2 I S 
""'" 11--e m kj Dkj f" kj 3,5 w lm S 

0 k J k J (4la) 

16 

•V 

H rro rropHOKY B8ITH"'HHbi cocraanH8T f\ / E k 1 = 0, I . 

BHyTp8HHHH aaeprHH npH II ;_, 0 c 

_!:.._ E = - z D + 3 o I 1, 9 -0, 6 p + G, 8 f:l - 41 v I - r - ( 1 - r l I 
N 2 c c 

OCT88TCH KOHe'IHOH, HO T8ITil08MKOCTb rrpH ITOCTOHHHOM ll8Bn8HIIII 

c = _k_ [ _a_ ( E + 3 PV ) l P = 3 k (I + 1 _ l 
N ao ,;1-r 

11 K03~~Hllf!8HT ITHHeliaoro T8rrnoaoro pacwHp8HIIH 

a= _L ( ~) = k 3 - 0, 4 
p 

e a 0 2 a e 0 c vl- r 

H80f'p8HII'I8HHO B03paCT810T ilpll 0 ~ () c 

B cny'!a8 Manoro aHrapMOHII3Ma, Korna 

fl peweHH8 ypaBH8HHSI (37a) 11Me8T BHn: 

0 « D, napaM8Tp y « 1 

l 1 y =-ll-p+f:l+-ll-3Az) l. 
hi AI 

(42aJ 

(43a) 

(44a) 

(45a) 

Oony'IeHHbie C ITOMO!Ub!O 3TOf'O p8weHIIH Bblpa)!{eHf!H nnH ~H3H'I8CKHXi BeiTH'IHH 

HMeiOT Bllll: 

l h . g 2 

E =w 11+..£._-0[----(1+(3)+-- ReS ]I, 
k J 0 k J 2 28 f 2 f 3 k J 

(46a) 

2 

rkj .,; wOk)+ o ImSkj, (47a) 

1 zD p. 1 h A g
2 

-E =- -- + 3o ll-- + (3 + o (- ---;-2 +- - 3- l ll • 
N 2 2 56 f 3 f 

(48a) 

l 1 h 2A 
2 

c = 3k I - (3 + o ( -- -- +- _g_ l I 
p 28 f 2 3 f 3 

(49a) 

a = k 
3 l1 l h 2 

I 1 - (3- T p + o ( 7 ~ + 4A _g_ l 1 . 
8a f D f f 3 

(50a) 

17 



4.2. H 11 3 K 11 e T e M IT e p a T y p hi ( 1J « w 0 ) 

nonCT8BJ1HH (36) B (23a), ITOJ1yqaeM: C8MOCOPJ18COB8HHOe ypaBHeHHe 

.({J1H y: 

l 9 z y/2 ) Yh I 1 p Y 2 Y [ 1 9z ( ) Yh l l A y ( --- v e = e -- c +'I e + -- v- ,. c • (37 ) 
2 A 0 2 2A 0 J B 

rne o603HaqeHHH Te )l(e, qTQ 11 B (29a). 3TO yp8BHeHI1e 11MeeT nei1cTBI1TeJ1b-

Hhie perueHHH nnH y > 0 B o6nacTI1 A ;;; A 
0 

11 0 ;;._ IJ c , rne KPI1TI1qecKHe 

rrapaMeTpbl HMeiOT 3HaqeH11 H: 

I} l 
___ c =-. (A A ) J/4 

wo D 2, 8" - 0 = 0,11 (A- A ) J/ 4 0 
A0=2,2(l-l,2p ). 

(38a) 

PerueHI1e rrpH IJ 'S IJ _ HMeeT BHA: 

y = ~3 I 1 + 1,3 p -1,5 (A -A 
0 

) - ...} (A - A )( 1 -ll [ 1 -1,5 ( A- A ) ) + 
0 0 

(39s l 

+ 4,6(A-A 0 )<1-r 4 ll. 

nepeHOpMI1pOB8HHyiO qacTOTy KOJ1e68HI1H ITpH T < l MO)KeM 38ITI1C8Tb B Bl1ne: 

.;: k. = 0, 52 w I l + p + (A - >. ) + 
) 0 k j 0 

(40a) 
2 

+0,65,t(>.-A H1-r 4l-47ReS -6.10 ReS l, 
o o k J I k J 

T.e.rrp11 A<A 0 11n11 IJ>IJ OH8 CT8HOBI1TCH KOMITJ1eKCHOH, qTQ 03HaqaeT 

AHH8MI1qecKyiO HeyCTQHq11BOCTb CI1CTeMbl. nono6HhiH )Ke pe3yJ1bT8T 6hiJ1 rrony

qeH B ITCeBAOP8pMOH11qecKOM rrpH6J111)KeHI111 /3/. 3aTyX8HHe KOJ1e68HHH B6J1113H , 

Kp~TI1qeCKOH TOqKI1 p8BHO 

I' = "' , 
1 0 

l _L_ e yj 
2 

( Im S + 'I Im S ) kj Okj 0 £3 Okj lkj 

(4la) 

46wokJ <ImSOkJ+'IlmSikl) 

18 

.; 

11 no rropHnKy BeJ111qi1Hhi cocTaBnHeT f' k 
1 
I e k 

1 
~' 0,1 . 

BHyTpeHHHH 3Hepri1H np11 IJ;; IJ c 

_!_E= -~ +ciOl I 0,97-2,8p + 0,05( A-A
0

) + 
N 2 ° 

+I' 4 (A - ,\0) ( 1- T 
4
)- 0, ~ v' (A- A 0) ( l- T 

4 ) [ I + l, 4 (A- A 0) )I 

OCTaeTCH KOHeqHbfi. Ho TelJJlOeMKOCTb llpH ITOCTOHHHOM A8BJ1eHHH 

c = k 12"
4 _o_3

_
1 

3 

14[1 + 1,4(1.-,\0)] 
-1,4.10 2 1 

5 w 
oD ..j(A-A )(1-r4) 

0 

H K03¢¢11U11eHT J111HeHHOPO p8CWI1peHI1H 

a = k 90 
af D 

3 1T 4 

5 

I} 3 

--I 
w 3 

OD 

HeorpaHHqeHHO B03p8CT8IOT rrpH IJ ~ IJ 

1 -1, 5 (,\-A 
0

) 

y'(A-A 0)(1- T 
4

) 

- 9,3 I 

B cnyqae Manoro aarapMOHH3Ma, KOPAa A » I , rrapaMeTp y << 1 

H perueHHe ypaBHeHHH (37a) HMeeT Bl1.({: 

y=_!_l1-__e_+ 
A 2 A 

(_1_+~ V )+7)(1+_!_(3+~V ))] 
2 2 ° ,\ 2 J 

(42a) 

(43a) 

(44a) 

(45a) 

nonyqeHHhie C ITOMOIUbiO 3TOPO peiUeHHH Bblp8)!<eHHH AJ1H ¢H3HqeCKHX BeJ1HqHH 

HMeiOT BHA: 

.;:kl="'oklll+~ -/,ol[~ ~2(1+7))+ ~32(RcSOkJ+'IReSlkJ)]l, (46a) 

2 

I~ =w c 101 J(ImS +7)1mS ), 
kj Ok] 0 £3 DkJ lkj 

(47a) 

1 E z D ( 0 l 1 I 0 ) l h g2 J - =---+• I -f [---+(58-v l-- + 
N 2 ° o 168 f 2 0 £' (48a) 

+1'Jfl+,<ol(_1 _ _!!._ +(,, -SC)_L)]!. 
28 f 2 I f 2 
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1 2 11 4 e 3 
( o , 1 h g2 

(49s) c ,k ____ !1+< r
2

rr+<v -5C)-
3
-ll, 

5 '"3 o 8 I f 
oo 

3 77 
4 0 3 

( 0)( 1 h g 2 

(50s) a~k---------!1+< --+• --ll. 
2 a P 0 5 "' 3 0 1 4 f 

2 1 

f 
3 

0 D 

8l>lp8iKBIIHR ( 46a )- (50 a), ( 46s)- (50s) ODHehiS8IDT DOSBUBHI1B 8HI'apMOHH'iBe

KOI'O KpHeTanna np~ noeTORHHOM SHBWHBM UBSJIBH~H SUBJIH OT Kp~T~'ieeKoA 

TO'iK~. 

5. Ooey>Kuea~e 

nonb3yReb TBOpHeA 8HI'SpMOHH'ieeKOrO KpHeTanna, pa3SHTOll B /
1/, Mbl 

paeeMOTpen~ DOBBUBH~B TpBXMBpHOH peweTKH HB npHMBpe fUK peWBTK~ e 

B38~MOUeAeTS~BM 6n~Mallw~X eoeenell. 8ht6op 3TOA npoeTOH MOUBJIH D03BOJ1~J1 

HaM nony'i~Tb 8H8JI~TH'iBeKHB pBWBHHR UJIR pRUB qJH3H'ieeKHX BBJIH'i~H B WHpO

KOH oonaeTH TBMnepaTypbl H SHBWHBI'O UBSJIBHHR, nony'iBHHbiB DpH 3TOM pe-

3YJibT8Tbl KB'iBeTSBHHO eornaeyiDTeR e npBUbiUYWHMH Bbl'iHeJIBHHRM~ UJIR JIH

HBHHOH UBDO'iKH / 2 / H e pae'iBTBMH B neesnorapMOHH'iBeKOM np~OJIHMBH~H, 

ae y'iHTbiBBIDWBM aaTyxaHHe ~oHOHOB 131 • B enyqae Manoro aarapMOH~3Ma 

HBW~ peaynbTBTbl eOOTBBTeTByiDT Bbl'iHeJIBHHRM B p8MK8X OObl'iHOA TBOpH~ 

/4 5/ 
B03MYWBHHR ' , KOTOphlB OhlJIH HBMH HeDOJ1b30B8Hhl, 'iTOOhl ~30BM8Tb 

enOMHhlX 'iHeJIBHHhlX pae'iBTOB, 

0eHOBHOH oeo6BHHOeTbiD, p83BHTOH B TBOp~H 8HI'8pMOHH'iBeKOI'O KpHe

Tanna /1/ (eM, TaKMB JIHTepaTypy, U~T~pOBBHHyiD B 
111 ), HBJIRIDTeR yenoB~R 

eaMOeornaeOBBHHR, KOTOpb!B D03BOJ1HIDT paeeM8Tp~B8Tb e~nbHO 8HI'apMOH~

qeeK~e KpHeT8J1J1bl ~ onpeuenRTb TO'iK~ ~X UHH8MH'iBeKOA HeyeTOH'iHBOeT~. 

nony'iBHHb!H B paanene 3 Bb!BOU 00 yeTOH'iHBOeT~ peweTK~ B eny-iae ~~Ke~

pOBBHHOI'O o6'beMa ~~3H'ieeK~ MOMeT obiTh o6'bHeHeH TBM, 'iTO B aTOM enyqae 

e poeTOM TBMnepaTypbl UBBJIBHHB B e~eTBMB paeTBT (eM, (28) ), 'iTO MOMBT 

ripHBOU~Tb K eTaOHJIH38U~H eHeTBMbl, 0aHBKO npH BbleOK~X TBMnepaTypaX ~ 

ll8BJ1BHHHX OOJihWYID ponh H8'i~H8IDT ~I'p8Tb KOpOTKOilBlleTBYIDW~B KOppenHU~~, 

o6yenOBJ1BHHb!B H8J1~'iHBM TBBpUOA eepnues~Hbl B DOTBHUHane B38~MOAelleT-
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s~g, KoTophle s paaanToA TBOpH~ He yq~ThlSaiDTeH. Ponb BTHX Koppengu~A 

o6eyMuaeTeH s 
17•81 

B enyqae Manoro ~nKe~posaHHoro uasneH~R epeuaee paeeTORH~e MBMUY 

BTOMBMH MHOI'O 60J1bWB epeUHBKS8Up8TH'iHhlX eMBWBH~A SDJ10Tb UO Kp~THqee

KOH TO'iKH, Cornaeao peaynbTaTaM paauena 4, 

!7 vY { IJ,lll npH I) >> OJ \ c c D \1 y c ---:::c ~ 

c 
3 

:> r +- y 0,14 DpH Oc<< (0 J) ' 0 2 c 

I'UB a£ 0 = 6, 'iTO eOOTSBTeTsyeT Bh!OOpy DOTBHUH8J18 THDa Jlenapna-il)]WHea 

(25a) (B 
12

•
31 

Bhl6paH 6onee "MS!rKHA" DOTBHUH8J1 e a£ 
0 

= 2,5), noaTOMy 

OeHOBHyiD ponb B 3TOM enyqae HI'paiDT U8J1bHOLlBAeTBYIDWHB KOppenRUHH DpH

THMBHHR, DpHBOURWHB K ¢oHOH8M B KpHeTaJIJIB, KpHTH'ieeKag TO'iK8 DpH 3TOM 

eOOTBBTeTBYBT DBpBXOUy eHCTBMbl H3 KpHeT8J1J1H'iBeKOrO eoeTORHHR B eoe

TOHHHB C paBfjOMBpHOH DJIOTHOeTbiD, KOTOpb!H eonpOBO>KUBBTC A oeo6eHHOeTg-

MH B TBfiJIOBMKOeTH C P H K03~~HUHBHTB JIHHBHHOI'O paeWHpBHHH a (eM, 

(43a), (44a), (43a), (44s) 181). 

nony'iBHHb!B B 3TOH paoOTB 3H8'iBHHH KpHTH'iBeKHX napaMeTpOB (38a) 

H (38s) HBeKOJibKO HHLIB, 'iBM B neesnorapMOHH'iBeKOM npHOJIHMBHHH /3/. 

o (" s '1 e 
c c 

2 5 ( 0 >> cv. ) 
' c 0 

,\ " s I A 0, 6 ( 0 << ", 
c c 0 

To eeTb y'ieT npoueeeoa paenana ~OHOHOB npHBOUHT K yMeHbWBHHID KpHTH

qeeKoti TeMnepaTypLI H yaenH'iBHHID KpHTH'ieeKoro 3Ha'ieHHR 6eapa3Mepaoro 

napaivleTpa eaga~ ,\ , 3Ha'iBH~H Kp~T~'iBeKHX napaMeTpOB, OUH8KO, HB 3a-

B~eRT OT ~OpMbl fiOTBHUHana, T,B, BbiOOpa BBJIH'iHHbl a£ 
0 

B (25), 3anHebJ-

B8H aaaHeHMOeTb npHseueaaoti Kp~TH'iBeKoti TeMnepaTypLI T: ~ 0 c I D 
OT ripHBBilBHHOI'O UBBJIBHHR P*~ r;P IDvZ. 6 p , KBK B enyqae KJiaeeH-

'iBeKHX Kp~eTaJIJIOB II w 0 1 , eornacHo (38a) 

1~ .0,6(1 +fl,3P*-0,15(-lcl 

TBK H "KBBHTOBhiX" KfJHCTllJIJIOB ( IJc·•.,,ll ), COI'JIUCHO (38s), 
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0,5 
T*~- 08P* 

c 1- ' 0 

(P*- P* ll/• 
0 

(rae P
0
• ~ (3, 7- JJD; w

00
l- aaaneHHe, cooTaeTCTBYJOWee Tc;* = 0 ), HaXOilHM, 

'ITO 9TH yp8BH6HHSI K8'l6CTB6HHO cornacyJOTCSI C npHBelleHHbiMH KpHBbiMH nnaB

neHHSI KpHCT8l1!10B 0 6naropOilHblX ra30B /
9/, 3To, !10-BHilHMOMY, yK83biB8eT 

H8 6nH30CTb KpHTH'leCKO~ TO'lKH K TO'!Ke rrnaaneHHSI, XOTSI cneayeT Y'lHThlBaTb, 

'ITO nnaaneHHe SianSieTcSI !jlaaoabiM rrepexoaoM rrepaoro poaa, corrpoBOlKilaeMbiM 

CK8'lKOM 06'beMa, KOTOpbl~ He MOlK6T 6biTb rrony'leH H3 paCCMOTpeHHSI TOI1b-

KO KpHCT8l1l1!l'leCKOl! !jla3bl, 

nony'leHHbie B 9TOH pa6oTe peaynbTaThi OCHOBaHbl Ha pSine yrrpollla!OillllX 

npennonolKeHHJl, KaK, HarrpllMep, ( 10) ,y'leT B3aHMOnel!CTBilSI TOilbKO 6n!llKa~

lllllX eocene~ Il np., Il l109TOMY OHH HOCSIT Ka'leCTBeHHbl~ XapaKTep, B nanbHe~

lll8M npearronaraeTCSI HCcnenoaaTh noaenenHe HeKOTOpbiX !jJH3H'leCKHX aenH'lHH, 

B 'l8CTHOCTH, qacTOThl <jlOHOHOB E k j H HX 3aTyxaHHSI I\ j B aaaHCHMOCTH 

OT TeMIIepaTypbl H naaneHHSI Ha OCHOBe 'lHCileHHblX paC'leTOB nnSI 6onee pe-

8l1bHblX Moneneli KpHCTannoa. 

B aaKI1JO'leHHe HaM xoTenocb 6bi rro6naronapHTb n-pa B. feTue aa rro

neanbie o6cylKneHHSI, 
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