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Ill 
B pa6oTe c.B. Tsr6m!KOBb!M 6bin rrpellnO)!(eH HOBbit! Me TOll Hccne-

llOB8HHSI CIIHH-<jJOHOHHOT'O B38HMOiletiCTBHSI B $eppOM8T'HHTHb!X KpHCTannax, 

OCHOB8HHblll Ha rrpenrronO)!(eHHH 1 qTo 06MeHHblll HHTerpan SIBnsreTCSI $yHKUHefi 

MI'HOBeHHOT'O ITOnO)!(eHHSI 8TOMOB1 KOTOpOe MeHSieTCSI BCnellCTBHe HX Terrno-

/2/ 
BOT'O llBH)!(eHHSI. Do Cp8BHeHHIO C 06bJqHb!M ITOilXOilOM ( CM., HaiipHMep, 

H Ul!T!!pOBaHHYIO TaM niiTepaTypy) :3TOT Me TOll He orpaHHqHBaeTCSI yqeTOM 

TOnbKO nHHefiHb!X ITO CMeiUeHHSIM 8TOMOB qneHOB B paano)!(eHHH o6MeHHOT'O 

HHTerpana 11 rroaBonsreT yqecTb caMocornacosaHHbiM o6paaoM a$$eKTbi 

aarapMOHH3Ma Kone6aaHt!: pemeTKH, KOTOpbie MoryT 6biTb cymecTBeHHbi 

/1 3/ 
B orrpeneneHHbiX cnyqasrx. Ha ocaoBe aToro MeTolla B pa6oTax ' 6binH 

paCCMOTpeHhl C8MOCOI'naCOB8HHhlM o6pa30M $OHOH!ihlr H M8I'HHTHhle B03-

6y)!(lleHHSI II IICCneaoBaHbl HeKOTOpbie aeyrrpyrHe rrpoueCCb!,_ IIpHBOilSIIIIHe 

K 3aTyxaHHIO M8T'HHTHbiX B036Y*lleHHfi. 0pH :3TOM1 Ollli8K0 1 o6beM CHCTeMbl 

CqiiTanCH ITOCTOSIHHb!M H He paCCM8TpHBanaCb 38BHCIIMOCTb IIOCTOSIHHOti: pe-

llleTKH OT TeMIIe paTypbi1 H8M8T'HHqeHHOCTH H BHeiiiHero ll8BneHHSI. 

B HaCTOSIIIIefi pa6oTe, OCHOBbiB8SICb Ha TeOpHH 8HI'8pMOHHqecKI!X 

/4 5/ 
KpHCTannoB, pa3BHTOti: B pa60T8X 

1 
1 Mbl rronyqHnH ypaBHeHHe COCTOSIHHSI 

4JeppOM8I'HIITHOT'O Kpi!CTanna, IT03BOnHJO!Uee HCCnellOB8Tb ellHHbiM o6pa30M 

ero TerrnoBb!e, MarHHTHbie H MexaHHqecKHe CBoticTBa. OpH aToM ansr rrpocTo

Tbi paCCMOTpeHHSI Mbl OI'p8HHqHniiCb IIpOCTetiiiiHMH IIpH6nH)!(eHIISIMI!: IICeBilO-
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rapMOHH'l9CKHM anSI <jJOHOHHOl!: rroacHCT9Mbl H npHOJIH)K9HH9M cnyqal!:HblX 

<jla3 anSI CIIHHOBOl!: rroaCHCT9Mblt KOT0pbl9 He Y'!HTbiB8!0T HeyrrpyrHX IIpOU9CCOB 

B38HMOael!:CTBHSI
0 

IIpHBOaHIIIHX K 38TYX8HH!O 3JI9M9HT8pHbiX B030y)!{aeHHlf 

s KpHcTanne. Ponb STHX rrpoueccos 6yaeT paccMoTpeHa B oTaenbHol!: pa-

6oTe. 

1. faMHJlbTOHHaH CHCTeMbi. YcnoBHSI paBHOB9CHSI 

PaccMoTpHM <jleppoMarHHTHbiH KpHcTann, cocToHIUHl!: H3 N MarHHTHbiX 

aToMoB, o6paayJOIIIHX rrpocTyJO peiiie'I;KY Epase. ripearroJIO)!{HM, 'ITO crrHH

crrHHOBOe B38HMOaefiCTBHe 8TOMOB OIIHCbiB8eTCSI raMHJibTOHH8HOM feJ%3eH-

6epra, a CHJibl B38HMOaeJ%CTBHSI Me)!{ay 8TOM8MH KpHCT8JIJI8 OIIpeaeJISI!OTCSI 

npoH3BOJibHOl!: rroTeHuHaJibHol!: sHeprHel!: U ( R
1 

, •• , R N ). rionHbil% raMHJibTOHH

aH CHCT8Mbl 38IIHIIIeM B BHae: 

J{ = He +H ~ + H t , 
(1) 

~ 2 Pe ~ ... 
He= T ~+ U(R, , .. ,RN ), ( la) 

-. 
z z 1 .... ... .... ...., 

H =-fl H ~So--~ J(Ro -R )(So ·S ) 
~ B f L 2fm L m L m' 

( 16) 

H1 =- ~ F~ R; 
f. a 

(Is) 

~ ~ pf H R e - corrpSI)!{9HHbl9 HMIIYJibC H KOopaHHaTa aTOMa c Maceo!% M 

B yane peiiieTKH e • fl B - MarHeTOH Eopa, Hz - BH8IIIHee MarHHTHOe 

rrone, S f - CIIHH 8TOM8 B yane f J ( Re - R m) - OOM8HHbiJ% HHTerpan, 

KOTOpblH 6yaeM ,:;qHT8Tb IIOJIO)KHT8JibHbiMo HI OIIHCbiB89T ael!:CTBHe BHeiiiHHX 

a 
cHn Fe , aeqJopMHpyJOIIIHX peiiieTK)( KpHcTanna. 
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OnpeaenHM paBHOBeCHbie nono)!{eHHH aTOMOB fa B yanax peiiieTKH 

cornacHo paseHcTBY 

a a a o a 
R f -<Rf > + uf .. La + u f ' ( 2) 

rae CT8THCTH'!eCKOe cpeaHee < ... > Bbl'!HCJlSieTCSI ITO paBHOBeCHOMy COCTOSIHH!O 

KpHCT8J1JI8 C raMHnbTOHH8HOM (J): 

J{ J{ -v --g-
< ... >-Sp(e ... )/Sp(e ) , 6-kT. ( 3) 

PaanaraH noTeHuHaJibHYJO aHeprHJO KpHcTanna B pHa no uaf -TennoBbiM 

CMeiiieHHSIM 8TOMOB, aanHIIIeM raMHJ1bTOHH8H peiiieTKH B BHae 

"e 
2 

Pe 00 1 
~ -M"+ ~ - ~ <ll I U ••• U f ;:;rn n..O n! l .• n •• n I n ' 

(4) 

al 
rae JJJ151 COKpaiUeHHSI aanHCH Mbl BBenH U I., U f H Tello H 

I 

a 1 ••• an 
<Ill. .n"' <ll f 

1 
••. f n 

( 5) a a .. .. "" v I • • • v n UO {f I • ••' fN ) " 
f I fn 

rioao6Hoe JKe paanoJKeHHe B pHa no u f o6MeHHoro. HHTerpana naeT: 

z 

H" •- flsH ~ s z 
t t 

1 .. .. -- ~ ( s.· s > ~ 2 f,m L m n..O 

( 6) 
1 ! J -o -o a, -o -o a nr a •.. a: , ... an ( u e-u m) .•. ( u t-um ),n 
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rne 

-;t ...., a 1 an _, ""' 
Ja, ... an(r-m)=Ve ... Ve J 0 (f-m). 

( 7) 

I1MeSI B BHJly yqeCTh aarapMOHH3M KOJie6aHHfi aTOMOB perueTKH, Mbl COXpa

HHM B8Ch 6eCKOH9'1Hbifi pS!.O ITO CM9lli9HHSIM B ( 4) H ( 6) B OTJIH'l:He OT 

o6bi'IHOro rapMOHHtiecKoro rrpH6JIH)K9HHSI .onH raMHJihTOHHaaa perueTKH 

" 6 ,I, ,. /2/ 
H JIHH8HHOrO I!pH JIH)f(9HHSI JlJISI CIIHH-~OHOHHOrO B38HM0.09nCTBHSI o 

PaccMoTpHM ycnoBHSI paBHoBeCHSI aToMoa B perueTKe, CpellHSISI cHna, 

,oeil:CTBYIOlliBSI HB K8)1(.0blil: 8TOM, paBHa HynJO, 'ITO nerKO IIOK838Th, ecnH pac

CMOTpeTh ycpe.oaeaaoe ypaBaeaHe JlBH)f(eHHSI .onSI rei1:3ea6eproBcKoro orrepa

Topa HMrrynhca Pt(t)~exp(-iJ<t)P texp(iJ<t): 

i_< i P~ (t )>=< [i P na, J<]> =<_a_ ( U +H" )>- Ft = 0. 
Jt L L 8Rf 

( 8) 

8TO ycnOBHe MO)f(HO 38IIHC8Th B 6onee yno6HOM BHJle, BBOJlSI T9H30p yrrpyrHX 

aarrpSI*':~Hil: a a{3 • Cornacao orrpe.oeneaHJO, pa6oTy BHemHHX clin Ft rrpH 

M8J!Oll O.OHOpOJlHOil: .09QJOpM8UHH KpHCT8JIJI8 U a{3 MO)f(HO 38IIHC8Th B BH)le: 

- o <H 1 > = V l u {3 a {3 = :£ F na of = :£ F ~ u {3f , 
a{:3 a a f,a L a fu{3 L a {3 

Y'IHTbiBaSI ( 8), rronytiaeM H3 sToro paBeacTBa 

1 a 1 a 
aaf3 = V t Fe ef3 =VI< aRa(U +H.,)> ef3. 

e 

llnSI H3oTporraoro naBJieHHSI 

1 :£ (1 p,.._Taaa 
1 a 

-3 V :£ <- (U +H )> f = Po + P , 
f,a aRe " a L " 

6 

( 9) 

( 10) 

•'1' 

,/'! 

II 

7 

rne Mbl BB9JIH .08BJI9HHe p f , CBSI38HH09 C B38HMOJl9llCTBHeM 8TOMOB 

peweTKH, H p" , CBSI38HHOe C B38HM0.09HCTBHeM CIIHHOB, BbiiiOJIH.SIS! 

.OHQJQJepeauHpoBaaHe ( 16), rronytiHM nnSI P., cneny10ruee Bhipa*eHHe: 

1 ............ a ...... 
P " ... - :£ (e - m >a < (S ( S m ) --a J ( R e - R m ) > .. 

6 V fma aRe 
( 11) 

1 -+ ... -+ 
.. - :£ ( e -m ) < ( se' s 

6 V fma a m 

a ... ... 
><-J (R.-R )>, aRa L m e 

r.oe I!pH6JIH)f(8HHOe paBeHCTBO 38IIHC8HO B I!p9JliiOJI0)1(9HHH M8JIOCTH CIIHH

QJOHOHHOrO B38HMo.oeitcTBHSI, YpaBHeHHSI (9) -( 11) orrpenenSIJOT 38BHCHMOC 

p8BHOB9CHb!X rrapaMeTpOB peweTKH OT TeMrrepaTypbl H BH91l1HHX CHJ!o 0pH 

8TOM He06XOJlHMO Bbl'IHCJIHTh CT8THCTH'I9CKH9 Cp9JlHHe OT IIOT9HUH8JihHOfi 

saeprHH peweTKH H o6Meaaoro B3aHMoneficTBHSI. Bocrronh3yeMcSI .onSI sToro 

MeTOJlOM .OBYXBpeMeHHbiX QJYHKUHfi fpHH8, 

ua e 

2, cl>YHKUHH fm!Ha 

!' 

PaccMoTpHM .OByxBpeMeHHbie QJYHKUHH fpHHa oT orrepaTopoB cMerueHHil: 

a 16 7/ 
H CIIHHOB S f ' : 

af3 , a • f3 , » Gee, ( t- t ) ... « u e ( t) , u e, ( t ) ( 12) 

G~,(t-t')=«St(t); S~,(t') », ( 13) 

r.oe IIpHHSITbl CJie.OyiOIUHe 0603H8'19HHSI .OJISI 38II83Jlb!B8101U9ll QJyHKUHH fpHHB: 

7 



G (t-t')=<< A(t); B(t') »-iO(t-t')<[A(t),B(t')]>. 
AB 

~ypbe-rrpeo6pasosaHHe ~yHKUHH fpnaa BBeAeM cornacao ~opMyne: 

"" -lw(t-t'> 

GA
8
(t-t')=-1-J GA 8 (w)e dw. 

2 TT -oo 
( 14) 

0onb3YSICb KOMMyTaUHOHHbiMH COOTHOllieHHSIMH, rrony'iHM ypaBHeHHSI JJBH

*eHHSI JJnSI ~yHKUHH (12), (13), 

2,1, ~ 0 H 0 H H a Sl n 0 A C H C T eM a~ 0 C e B A 0 rap M 0 H H 'i e C K 0 e 

npn6nu)l{eHHe 

ilBa)I{Abl AH~~epeHUHpySI ~yHKUHIO fpHHa ( 12) no BpeMeHH H nepe-

XOASI K ~ypbe-npeACTaBneHHI0 1 nonyqaeM cneAyJOI1lee ypaBHeHHe ABH)I{eHHSI! 

2 a{3 a{3 "" 1 a {3 
M w G nn, ( w) "' 0 nn, + ~ -, ~ Ill e I « u ... u I u >~ -

tt tt n=l n. t..n •• n I . n f, W 

( 15) 
oo 1 ....,. _. a 1 _, ...,. an -+ -+ • f3 

- ~ ~ ~ J « ( u n -u ) ""! ( Uo -u' ) ( s,- s )I u » 
n=l n! mal". an aal •• an L m L m L m f' w 

PaCCMOTpHM B 9TOH pa6oTe HH3Il1HH nopSIAOK TeopHH B03MymeHHSI AnSI 

JJByxapeMeHHOH ~yHKUHH fpHHa no cnHH-¢OHOHHOMY B38HMOAeHCTBHI01 KBK 

a pa6oTe111 , H npoHsBeAeM B npaBOH qacTH (15) pacuenneane: 

a _. _. {3 
-u ) n(Sn· S ) inn,» 

m r. m r. w 

..... at _,. 
-urn) ... ( u e « ("' (18) 

_,. ;t _. -+ at _, ...... an f3 
<Sf;:,m>«(uf-u"') ... (uf-um) lue,»w. 

8 

'1· .. ;·· !1 ~I 
.: ·,· 

f~~~~.: 
•I 
'" •·.·} 
•',lj 

r}11 
h 
II' ;.J: 

•,,:, 
·.~). 

' .. 
. '· ~ 

'~'~~ 
·'~I 
'\. /(1 

'i 
I 

t 

.;t ' 
l 

I 

ilnSI <jJOHOHHbiX <jJyHKUHH fpHHa BOCnOnbsyeMCSI nceBAOrapMOHH'ieCKHM pac

/4/ 
uenneaneM 

{3 n {3 n 
. «u ... u 1 u » .. ~ « u 1 u 0 , » < n u > . 

I n f, I '"' I I L if. I j 
( 17) 

Dpu6nu)l{eHHSI ( 18), ( 17) ae y'iHTbiBaJOT aeynpyrnx npoueccoa pac

ceSIHHSI <jJOHOHOB H CnHHOBbiX B036Y*AeHHH H SIBnSIJOTCSI npH6nH)I{eHHSIMH 

THna cnyqaftHhiX <jlas nnH caMocornacoaaaaoro nonSI AnSI onpeAeneHHSI 

aneMeHTapHbiX B036Y*AeHHH CHCTeMbi, B aToM npn6nn*eHHH, nonbsySich 

TpaHCnSIUHOHHOH HHB8pHaHTHOCTb!O CHCT8Mbl H npeACTaBnSISI ~ypbe-pasno

)l{eHHe <jJyHKUHH fpHH8 ITO KOOpAHH8TaM B BHAe 

a{3 1 a 
G (w)=-~e 
ff' MN kll' kl 

f3 lk<Ll') 
e e 

kj , 
G ,(w), 

kjj 

nonyqaeM cneay10mee Bhipa)l{eHne AnSI ~YHKUHH fpnaa: 

Gkll'(w) 
8jj, 

2 2 w -w 
kj 

a 

( 18) 

t 
.( 19) 

rAe 'i8CTOTbl W kj H B8KTopa nonSipH38UHH e kl onpeAenSIJOTCSI H3 ypaB-

HeHHSI 

Mw!l ea 
kj 

-> -> 

-> 
-> -> 

{3 -lk(f-m) {3"' -o -o 

k..e le V':'mU(f 1 ••• fN)-
m{:j kj L 

-> 

-·~<f-~) 
-<S• S >(1-e e m 

{3"' -> -> ) v; v e J (f - m) 1. 

9 
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OpH6nH~eHHbJe sHaqeHHH cpenHefi sHeprHH H cpenHero o6MeHHoro HHTer

pana BbJqHcneHbl B IICeBnorapMOHHqeCKOM IIpH6nH~eHHH 1 cornaCHO KOTO-

poMV KOppenHUHOHHBH $yHKUHH OT n=2k orrepaTopoB cMemeHHH rrpen-

CTaBnHeTCH B BHlle IIpOH3BelleHHH k rrapHblX KOppenHUHOHHbiX $yHK

_/4,5/ 
mm : 

.,_,-> 1 a{3 lh{3->-> 
u (f I •• eN ) = exp l 2 lm < u e u m > 'V e v m I u 0 ( e I .• f N ) ' 

af3 

J"( t - m) = exp j.l. I. < ( u ~ - u a )(uf -u f3 ) > v~ v f IJ ( f - m). 
2 a{3 t. m L m L r. 0 

( 21) 

( 22) 

flapHbie KOppenHUHOHHbie $yHKUHH HBXOllHTCH HB OCHOB8HHH CIIeKTpanbHOfi 

TeopeMbl ITO $yHKUHH fpHHa ( 19): 

< ua uf3 > = - j_ r d w cth ..:::.._ lm G a{3 ( w + i c ) = 
f f' 11 Oc: 2£1 ff' 

1 l 
= NM ki 

-> -> -> 
I k( f-f'l 

cth ~ 
2£1 

( 23) 

TaKHM o6pa30M 1 CHCTeMa ypaBHeHHfi ( 19) - ( 23) II03BOnHeT C8MO

cornaCOB8HHbiM o6pa30M OIIpenenHTb qaCTOTbl "$OHOHOB" $eppoMarHHTHOrO 

KpHCTanna. 3aMeTHM 0 qTO rrepeHOpMHpOBK8 $OHOHHblX qaCTOT BCnencTBHe 

CIIHH-4JOHOHHOrO B38HMonefiCTBHH B (20) conep~HT KOppenHUHOHHYID $yHK-

-> -> 
UHID CIIHHOB <ft· S m > 1 HMemmyiD B TOqKe KID pH 0 c oco6eHHOCTb 

[a d~r sm >I a e l 0 Ll -> ""' KOTOpaH non~Ha rrpHBOllHTb K rrono6Hofi oco6eH-
->17c /2/ 

HOCTH B ClleKTpe ~OHOHHbiX qacTOT $eppOMarHHTHOrO KpHCTanna 

10 

2. 2. C II H H 0 B 8 51 IIOllCHCTeMa. JlpH6nH~eHHe cnyqafiHhlX 

$a3 

DH$$epeHuHpyH $yHKUHID fpHHa ( 13) rro BpeMeHH t H rrepexonH 

K $ypbe-KOMIIOHeHT8M COr naCHO ( 14) 0 rronyqaeM llnH CIIHHOBOfi IIOllCHCTeMbi: 

( w -1-18 Hz ) « st 1 s e· » 
w 

z 

a e,e, 2 < s e > + 

( 24) 

1 -> -> a, -> -> an 
+l :r l J «(u 0 -u ) •.. (u

0
-U ) 

nd) n. m a l •• an L m L m 
a!". an 

+ z + -
( sfs: -s fSm) ISe, >~. 

PaCCMOTpHM snecb T8K~e pacuerrneHHe B HH3llieM IIOpHllKe ITO CIIHH-$OHOHHOMy 

B38HMOllefiCTBHID: 

_. ... at ... ...,. an + z z + -
«(ue -urn) •.. (uf -u m) (SfSm -Sf s:n) I Sf, »w"' 

( 25) 

n -> -> C) ( + z zs+ ) -,.<fi(un-u) >«SoS -So JSo,» 
1=1 L m L m L m L W 

CIIHHOBYID rroncHCTeMy paCCMOTpHM B IIpH6nH~eHHH cnyqafiHblX !jlq3
0 

IIpOH3-

/6/ 
BOllH pacuerrneHHe TH6nHKOBa nnH ¢yHKUHH fpHHa 

+ z - z + -
« s e s m I se, » w,. < s m > « s e I s e, » w ( 26) 

11 



TaK JKe, KaK ( 16) H ( 17), pacuerrneHHSI ( 25) H ( 26) He y'IHTbiBSIOT He-

yrrpyrHX rrpouecCOB pacceSIHHSI $OHOHOB H CllHHOBbiX B036yJKaeHHHo 

B peaynbTSTe STHX IlpH6nHJKeHHA, IlOnb3YSICb TpaHCnSIUHOHHOA HHB8pH8HT

HOCTbiO CHCTeMbl H rrpeacTaBnSISI !jlypbe-paanOJKeHHe CllHHOBOA !jlyHKUHH 

fpHHS ITO KOOpaHH8T8M B BHae 

... 
+ ~ ... 

« s I s- > 1 'k <r-f'> 
f f' '> "'-I e 

w N k 

.. 
G ... (w), 

k 
( 27) 

rronyqaeM cneay10111ee BbtpaJKeHHe anSI !jlyHKUHH fpHHa: 

2< sz > (28) .. 
G ... (w) 

k w- E(l() 

... 
rae SHeprHSI CllHHOBblX B036yJKAeHHA E(k ) HMeeT BH.Il 

......... 
-tk<f -m) 

-+ z z -~ .. 
E( k)"' p H + < S > I J ( f - m )( 1-e 

B 
h ( 29) 

m 

CpeaHee aHa'leHHe o6MeHHoro HHTerpana B nceeaorapMOHB'IeCKOM npH6nHJKe

HHH OllpeJ:lenSieTCSI BbipalKeHHeM ( 22) • 

TaKHM o6paaoM, yq~T ~one6aHHA aToMoB rrpHBOaHT K rrepeHopMHpOBKe 

CllHHOBbiX B036yJKAeHii:A, B peaynbTSTe qero IlOSIBnSieTCSI aorronHHTenbH8SI 

TeMilepaTypH8SI 38BHCHMOCTb ClleKTpa CllHHOBblX B036yJKaeHHA 1IlOMHMO 
z 

TeMrrepaTypHOA 38BHCHMOCTH OT H8M8rHH"'eHHOCTH <8 > • 3Ta aorronHHTen&-

H8SI 38BHCHMOCT& o6ycnoaneHa aByMSI !jlaKTOpaMH: rrepeHOpMHpOBKOA o6MeH-

12 

Horo HHTerpana s (22) (MHOlKHTenb exp l ~ ~<(iff -um)a®(uf -umf >"£~ 
H 38BHCHMOCTbiO 06MeHHOro HHTerpana OT paCCTOSIHHSI MeJKay 8TOM8MH, KO

TOpOe orrpeaeJISieTCSI H3 ypaBHeHHSI COCTOSIHHSI (10) H SIBJISieTCSI $yHKUHeA 

TeMrrepaTypbl If BHellJHero A8BJI9HHSI 1 a T8KlKe H8M8rHH'I9HHOCTHo 

YpaBH9HH9 aJISI H8M8rHH'l"9HHOCTH ClllfHOBOH CHCTeMbi HMeeT 06bi"'Hbil!: 

BHa If B CJiyqae S = 1/2 38IlHCbiB8eTCSI B BHae 

... 
- 1 - = 1... I cth E(k ) , 
a(8) N k 2(:1 

a(8)=2<Sz >. (30) 

CoaMeCTHOe perueHHe CHCTeMbi ypaBHeHHfi (29), (30) c yq~TOM (22) rrosao

JIHeT H8HTH 38BHCHMOCTb H8MarHH'I9HHOCTH OT T9MllepaTyphl. 

3. YpaBHeHHe COCTOSIHHSI peppoMarHHTHOrO KpHCT8JIJI8 

DpH6JIHJKeHHbie BbipaJKeHHH, rronyqeHHbie B pasaene 2, Il03BOJISIIOT 

H8ITHC8Tb 38MKHyToe Bbip8lKeHHe AJISI ypaBHeHHSI COCTOSIHHSI ¢eppOMarHHTHOrO 

KpMcTanna; cornacHo (10) HMeeM 

1 a - ... ,.. 
P=-- If -tJ(f , .. ,f)+ 

3 V f'a a a fa I N 

(31) 

+ -1- I fa< S~ • S0 > j_ j (f) 
6v fa ae 

a 

rae v = V /N H U, j orrpeaeneHbi ypaaHeHHSIMH ( 21), ( 22). KoppenRUHOH-
... ... 

HaH !jlyHKUHH CllHHOB <Sf. 80 > MolKeT 6biTb rrpH6JIHJKeHHO Hal!:aeHa no l}lyHK-

UHH fpHH8 ( 27) 1 ( 28) CT8HA8pTHbiMH MeTOA8MH 
/8/ 
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.. 
KanopnqeCK08 ypaBH8HH8 COCTOHHHH ~eppoMarHHTHOrO KpHCTanna 

orrpeaenHeTCH BHyTpeHHe~ aHeprne~. B rrceBaorapMoHnqecKoM rrpn6nn~e

HHH H B HH3lli8M ITOpHAK8 ITO CITHH-¢OHOHHOMY B38HMOA8~CTBHID rronyqaeM 

cornacHO (1): 

E =<Ho +H > = I ~ltth~+ U( 0
-+ 

L ~ kj 4 2 (J Ll ' •• ' 

... 
fN )-

(32) 

z z N ~ .... .... .... 
-f.L H N < S > --I J ( e ) < So. S >. 

B 2 f L 0 

ITonyqeHHbte ypaBHeHHH rro3BonHroT rrpoBecTH nccneaoBaHne TerrnoBhtX, Me

xaHnqecKHX H MarHHTHbiX CBO~CTB ~eppoMarHHTHOrO KpHCTanna, 0TM8THM 1 

H8ITpHMep, qTQ H3 ypaBH8HHH ( 31) MO~HO orrpeaenHTb KOS$$HUH8HT Terrno

BOrO pacrunpeHHH $eppoMarHHTHoro KpHcTanna: 

a=.!_(~)=-~[( aP)/( aP) ]. (33) 
e ae p e ae e ae e 

TaK KaK rrpoH3BOAH8H ( a p I a e~ ,cornaCHO (31)' COA8p)KHT qneH 
... ... 

[a<Se-S
0
>/ae] , nMeromni.f oco6eHHOCTb B ToqKe Kropn Oc , To Koa4J-

4JnuneHT (33) T8K)Ke HM88T STY oco6eHHOCTb 1 KOTopag rrpOHBnHeTCH 
/2 8/ 

B 6btCTpOM pOCT8 a (0) ITpH (J_. ec 1 
, 

Eonee aeTanbHOe nccneaoBaHne CBOHCTB 4JeppoMarHHTHoro KpHcTanna 

6yaeT ITpOB8AeHO B OTAenbHOH pa6oTe H8 OCHOB8 H8KOTOpbiX MOAenei.f 4Jeppo-

MarReTHKOB, 
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