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Rozgl�nuto termodinam�ku � �lauber�vs~ku k�netiku splavu zam�wenn� �z�n��vs~kih magne-

tik�v z ner�vnova�nim tipom bezladu. V nabli�enn� dvoqastinkovogo klastera rozrahovano

korel�c��n� funkc�Ý v q-prostor� � dinam�qni� strukturni� faktor model�. Nabli�enn� v�d-

tvor� toqn� rezul~tati dl� odnovim�rnoÝ model�. Dosl�d�eno �ogo osoblivost� � nedol�ki

dl� viwih rozm�rnoste�.
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I. VSTUP

Mi rozgl�nemo nevpor�dkovanu model~ �z�n�a, pri-

znaqenu dl� opisu proces�v upor�dkuvann� (magnet-

nogo, se�netoelektriqnogo qi hem�qnogo) v splavah

magnetik�v, magnetikah z nemagnetnimi dom�xkami,

tverdih rozqinah se�netoelektrik�v ta �n. Nevpor�d-

kovan�st~ u model� vinika qerez te, wo na vuzlah

kristal�qnoÝ �ratki mo�ut~ m�stitis� sp�ni (u vi-

padku se�netoelektrik�v b�l~x doreqnim  term�n

\psevdosp�ni") r�znih sort�v (zadaqa vuzl�v). Roz-

gl�datimemo model~ u vipadku ner�vnova�nogo bez-

ladu, koli sortova konf��urac�� f�ksovana. �kwo

v tak�� sum�x�  vzamod�Ý r�znih znak�v, to mati-

memo problemu sp�novogo skla, �ku mi ominamo v

c�� robot�, pri�ma�qi, wo vzamod�Ý m�� us�ma vuz-

lami feromagnetn�. Osoblivi� �nteres stanovit~ vi-

padok rozvedenoÝ sistemi (nevzamod��q� dom�xki)

�z vzamod�� na�bli�qih sus�d�v. Pitann� un�ver-

sal~nost� � perkol�c�Ý v tak�� sistem� viklika�t~

neoslabni� �nteres � stimul��t~ qislenn� Monte{

Karl�vs~k� eksperimenti [1{3].

U vipadku odnovim�rnoÝ sistemi � nul~ovogo zov-

n�xn~ogo pol� v model�, �ku rozgl�damo, otri-

mano toqn� virazi dl� termodinam�qnih harakte-

ristik � sp�novih korel�c��nih funkc�� [4]. Si-

stemi z viwo� rozm�rn�st�  pol�gonom dl� r�znih

var�ant�v maxinnih rozrahunk�v ta nabli�enih me-

tod�v. Na�prost�xe nabli�enn� molekul�rnogo pol�

(NMP) zazna nevdaq�, bo ne rozr�zn� sistem z r�v-

nova�nim � ner�vnova�nim tipami bezladu � ne v�d-

tvor� perkol�c��nih �viw. Cih nedol�k�v ne ma-

�t~ r�zn� klastern� p�dhodi, sered �kih qasto vi-

koristovut~s� \teor�� efektivnogo pol�" (e�ective

�eld theory). Taku nazvu ma�t~ r�zn� var�anti rozwe-

plenn� lanc��ka r�vn�n~ dl� korel�c��nih funkc��

[5], otrimanogo na osnov� toto�noste� Kallena. Ta-

kim metodom rozrahovu�t~ namagnetovan�st~, spri�-

n�tliv�st~ sistemi � otrimu�t~ kritiqnu tempe-

raturu T

c

. U viwih por�dkah teor�Ý otrimu�t~ za-

le�n�st~ perkol�c��noÝ koncentrac�Ý v�d geometr�Ý

�ratki.

U prac� [6] zaproponovano p�dh�d, wo �runtut~s�

na formul� klasternogo rozvinenn� dl� namagneto-

vanost�, a tako� na matric�h gustini, otrimanih

uvedenn�m stohastiqnih zm�nnih. Otrimano bliz~k�

do toqnih rezul~tati dl� kritiqnoÝ temperaturi

ta perkol�c��noÝ koncentrac�Ý. Rezul~tati pol�pxu-

�t~s� z� zb�l~xenn�m rozm�ru klastera, � pri c~omu

vrahovut~s� geometr�� �ratki. Odnak ce� metod dl�

rozrahunku �nxih harakteristik ne vikoristovu-

vali.

Odnakov� rezul~tati dl� termodinam�ki model� ot-

riman� v nabli�enn� Bete ( [7] | rozgl�nuta t�l~ki

rozvedena sistema), perxomu por�dku metodu var�ac�Ý

klastera [7] � nabli�enn� dvoqastinkovogo klastera

(NDK) [8]. U prac� [8] otrimano virazi dl� termo-

dinam�qnih potenc�al�v sistemi, r�vn�nn� dl� para-

metr�v por�dku, virazi dl� T

c

� spri�n�tlivost� v pa-

rafaz�. Zaznaqeno, wo dl� odnovim�rnoÝ model� NDK

da toqn� rezul~tati.

Ostann�mi rokami znaqnu uvagu prid�l�li do-

sl�d�enn� dinam�qnih vlastivoste� model� �z�n�a.

Vivqenn� relaksac��noÝ dinam�ki model� zapoqatko-

vano prace� �laubera [9], v �k�� v�n rozgl�nuv lixe

odnovim�rnu model~ na osnov� zaproponovanogo nim

r�vn�nn� (master equation) dl� matric� gustini si-

stemi. P�zn�xe p�dh�d �laubera bulo poxireno na

�ratki viwih rozm�rnoste� [10]. Sl�d zaznaqiti, wo

r�vn�nn� glauber�vs~kogo tipu, �k� opisu�t~ sil~no

ner�vnova�ni� �z�n��vs~ki� magnetik u kontakt� z

termostatom p�d d�� �ntensivnogo zovn�xn~ogo zm�n-

nogo pol�, mo�na otrimati z r�vn�nn� L�uv�ll� v

pripuwenn� malih qas�v korel�c�Ý zm�nnih termo-

stata [11{13].

Dl� odnosortnogo lanc��ka � lanc��ka z dom�x-

ko� na odnomu vuzl� otrimano toqn� rozv'�zki

[9,10,14,15] (za umovi, wo nema zovn�xn~ogo pol�).

Dl� sistem z polem, z haosom, na �ratkah viwih roz-

m�rnoste� koristu�t~s� bezme�nim lanc��kom r�v-

n�n~ dl� qasovih funkc�� rozpod�lu, �ki� vipliva

z r�vn�nn� �laubera. Ce� lanc��ok mo�na ob�rvati
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� zamknuti v r�znih nabli�enn�h � na osnov� otri-

manih funkc�� rozpod�lu rozrahuvati dinam�qn� ha-

rakteristiki model�. V prac�h [16{19] zaproponovan�

r�zn� zamikann� dl� �deal~noÝ (odnosortnoÝ) sistemi,

sered nih zamikann� tipu NMP � dvovuzlovogo kla-

sternogo nabli�enn�. Nevpor�dkovan� sistemi roz-

gl�dalis~ t�l~ki v odnovim�rnomu vipadku [15,20].

Mi proponumo dini� klasterni� p�dh�d do opisu

termodinam�ki � dinam�ki nevpor�dkovanoÝ model�

�z�n�a. Principovo novo� riso� c~ogo dosl�d�enn�

 rozrahunok q-zale�nih korel�c��nih funkc�� �

dinam�qnogo strukturnogo faktora nevpor�dkova-

noÝ model� �z�n�a z ner�vnova�nim tipom bezladu.

Taka problema dl� �ratok z rozm�rn�st� D � 2

ne rozv'�zana v �odnomu zadov�l~nomu nabli�enn�.

Sformul~ovana zadaqa stanovit~ �nteres dl� opisu

proces�v rozs��vann� v model~ovanih ob'ktah. Mi

vikoristamo nabli�enn� dvoqastinkovogo klastera

� proanal�zumo �ogo perevagi ta nedol�ki. Zapropo-

novani� prosti� anal�tiqni� p�dh�d mo�na vikori-

stati �k dl� opisu eksperimental~nih danih, tak �

dl� b�l~x toqnih � skladnih teor��, takih �k renorm-

�rupa v d��snomu prostor� [21].

U c�� prac� mi rozgl�damo lixe vzamod�� na�-

bli�qih sus�d�v.P�sl� togo, �k korel�tori otriman�,

mo�na vrahuvati dalekos��n� vzamod�Ý xl�hom ro-

zvinen~ po obernenomu rad�usu vzamod�Ý, pri�ma�qi

sistemu z korotkod�� za bazisnu.

II. KLASTERNE ROZVINENN� V�L^NOÕ

ENERG�Õ

Mi budemo rozgl�dati nevpor�dkovanu psevdo-

sp�novu model~ z gam�l~ton�anom ��H = H

x

(fSg)

H

x

(fSg) =

X

i

�

i

S

i

+

1

2

X

ij

K

ij

S

i

S

j

; (2.1)

�ki� opisu sistemu psevdosp�n�v na vuzlah prostoÝ

�ratki z parametrom parnoÝ vzamod�Ý K

ij

u neod-

nor�dnomu pol� �

i

. Mno�ina zm�nnih fS

i

g (S

i

= �1;

i = 1; :::; N , N | k�l~k�st~ vuzl�v �ratki) opisu stan

sp�novoÝ sistemi. Na ko�nomu vuzl� mo�e buti psev-

dosp�n odnogo z 
 sort�v. Parametri gam�l~ton�ana

zale�at~ v�d \sortovoÝ" konf��urac�Ý, �ku mi opisu-

vatimemo mno�ino� zm�nnih fX

i�

g (X

i�

= 1, �kwo

na vuzl� i  psevdosp�n sortu �, �nakxe X

i�

= 0):

�

i

=

X

�

�

i�

X

i�

; K

ij

=

X

��

K

i�;j�

X

i�

X

j�

: (2.2)

Z urahuvann�m (2.2) gam�l~ton�an mo�na zapisati u

formi

H

x

(fSg) =

X

i�

�

i�

S

i�

+

1

2

X

i�;j�

K

i�

S

i�

S

j�

: (2.3)

Tut uvedeno poznaqenn� S

i�

= S

i

X

i�

. Zauva�imo,

wo parametri (2.2) gam�l~ton�ana (2.1), (2.3) ne�vno

m�st�t~ obernenu temperaturu � = 1=k

B

T , �ku bu-

demo �vno zapisuvati lixe v k�ncevih rezul~tatah.

Parnu vzamod�� vva�atimemo korotkos��no�:

K

i�;j�

= K

��

�

ij

; �

ij

=

�

1; �kwo j 2 �

i

0; �kwo j =2 �

i

; (2.4)

de �

i

poznaqa mno�inu na�bli�qih sus�d�v vuzla

i. Rozgl�datimemo sistemu u vipadku tak zvanogo

ner�vnova�nogo bezladu (\zamoro�ena" sistema |

f�ksovana sortova konf��urac��), koli dl� zadanoÝ

konf��urac�Ý sort�v (zadana mno�ina fX

i�

g) sistema

opisut~s� matrice� gustini �

x

(fSg):

�

x

(fSg) = Z

�1

x

expH

x

(fSg);

Z

x

= Sp

fSg

expH

x

(fSg); (2.5)

abo tv�rno� funkc�� F

x

= lnZ

x

. Spostere�uvan� ve-

liqini viznaqa�t~s� xl�hom userednenn� v�dpov�d-

nih termodinam�qnih seredn�h za vsemo�livimi sor-

tovimi konf��urac��mi z pevno� funkc�� rozpod�lu

�(fXg).

Napriklad, v�l~na energ�� F sistemi ma vigl�d

F = ��

�1

hF

x

i

x

; (2.6)

h� � �i

x

= Sp

fXg

�(fXg)(� � �): (2.7)

Funkc�� rozpod�lu �(fXg) zale�it~ v�d umov pri-

gotuvann� (zamerzann�) sistemi. Napriklad, gartu-

vann� zrazka v�d visokih temperatup privodit~ do

v�dsutnost� korel�c�� u rozm�wenn� atom�v po vuzlah

(povni� haos):

hX

i�

1

� � �X

i�

n

i

x

= hX

i�

1

i

x

� � � hX

i�

n

i

x

: (2.8)

Nabli�enn�, vikoristovuvane nami ni�qe,  qutli-

vim lixe do na�ni�qih moment�v rozpod�lu �(fXg),

a same:

hX

i�

X

j�

i

x

= w

��

; (j 2 �

i

); hX

i�

i

x

= c

�

; (2.9)

de c

�

�

P

�

w

��

ma zm�st koncentrac�Ý sp�n�v sortu

�.

Naxim zavdann�m bude rozrahuvati korel�c��n�

funkc�Ý (KF)

hhS

i

1

�

1

� � �S

i

n

�

n

i

c

H

i

x

=

�

��

i

1

�

1

� � �

�

��

i

n

�

n

hF

x

i

x

; (2.10)

de h� � �i

H

| termodinam�qne userednenn� (z funk-

c�� rozpod�lu �

x

(fSg)), a znaqok c | kumul�ntne

seredn.
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Z meto� pobudovi klasternogo rozvinenn� viko-

namo v gam�l~ton�an� take toto�ne peretvorenn�:

H

x

(fSg) =

X

i

H

i

+

X

(ij)

V

ij

; (2.11)

de

H

i

= ��

i

S

i

; ��

i

= �

i

+

X

r2�

i

r

�'

i

; (2.12)

V

ij

= �

j

�'

i

S

i

�

i

�'

j

S

j

+K

ij

S

i

S

j

: (2.13)

Tut u gam�l~ton�an� vvedeno pol�

r

�'

i

=

X

�

X

i� r

�'

i�

; (2.14)

de

r

�'

i�

nadat~s� zm�stu efektivnogo pol�, �ke d�

na sp�n vuzla i sortu � z boku na�bli�qogo sus�da na

vuzl� r.

Koristu�qis~ formo� (2.11), tv�rnu funkc�� (2.6)

mo�na zapisati u vigl�d�

F

x

=

X

i

F

i

+ lnQ; (2.15)

de

F

i

= lnZ

i

; Z

i

= Sp

S

i

expH

i

; Q =

*

exp

X

(ij)

V

ij

+

0

;

h� � �i

0

= Sp (� � �)

Y

i

�

i

; �

i

= Z

�1

i

expH

i

: (2.16)

Simvol

P

(ij)

u (2.16) oznaqa sumuvann� za parami

na�bli�qih sus�d�v.Perxi� qlen K

1

klasternogo ro-

zvinenn� [22,24] lnQ ma vigl�d

lnQ = ln

*

exp

X

(ij)

V

ij

+

0

� K

1

=

X

(ij)

ln hexpV

ij

i

0

= �z

X

i

F

i

+

X

(ij)

F

ij

; (2.17)

de z =

P

j

�

ij

| perxe koordinac��ne qislo. Tod�

tv�rna funkc�� u perxomu klasternomu nabli�enn�

nabuva takoÝ formi:

hF

x

i

x

= �z

0

X

i

hF

i

i

x

+

X

(ij)

hF

ij

i

x

; (2.18)

de z

0

= z � 1,

F

ij

= lnZ

ij

; Z

ij

= Sp

S

i

S

j

expH

ij

;

H

ij

=

i

��

j

S

i

+

j

��

i

S

j

+K

ij

S

i

S

j

; (2.19)

r

��

i

= ��

i

�

r

�'

i

:

Tv�rnu funkc�� (2.18) legko obqisliti, osk�l~ki

vona m�stit~ lixe odno- � dvoqastinkov� vneski.

Efektivn� pol�

r

�'

i�

=

r

�'

i�

(f�g) viznaqa�t~ z

umovi m�n�mumu v�l~noÝ energ�Ý (

@F

@

r

�'

i�

= 0), �ka pri-

vodit~ do takih sp�vv�dnoxen~ dl� seredn~ogo zna-

qenn� sp�nu [22]:

m

(1)

i�

=

D

F

(1)

i�

E

x

; (2.20)

D

F

(1)

i�

E

x

=

D

F

(10)

i�;r

E

x

: (2.21)

Tut mi vveli poznaqenn�

D

F

(n)

i�

1

����

n

E

x

=

@

@�

i�

1
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@

@�

i�

n

hF

i

i

x

=




hS

i�

1
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i�

n

i

c

H

i

�

x

; (2.22)

D

F

(nl)

i�

1

����

n

;j�

1

����

l

E

x

=

@

@�

i�

1
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@

@�

i�

n

@

@�

j�

1

� � �

@

@�

j�

l

hF

ij

i

x

=

D

hS

i�

1
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i�

n

S

j�

1
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j�

l

i

c

H

ij

E

x

; (2.23)

de h� � �i

H

i

� h� � �i

H

ij

poznaqa�t~ userednenn� z odno{ � dvoqastinkovim gam�l~ton�anami

h� � �i

H

i

= Z

�1

i

Sp

S

i

(� � �) exp(H

i

);

h� � �i

H

ij

= Z

�1

ij

Sp

S

i

S

j

(� � �) exp(H

ij

): (2.24)

Sp�vv�dnoxenn� (2.20), (2.21) we mo�na zapisati u vigl�di
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m

(1)

i�

=




hS

i�

i

H

i

�

x

=

D

hS

i�

i

H

ij

E

x

; (2.25)

tobto vimagat~s� r�vn�st~ parametra por�dku, viznaqenogo z odnoqastinkovo� � klasterno� matric�mi gu-

stini.

Navedemo teper �vn� virazi dl� hF

i

i

x

, hF

ij

i

x

� tih Ýhn�h poh�dnih, �k� budemo vikoristovuvati dali (tut

obernena temperatura � = 1=k

B

T ne vhodit~ u parametri gam�l~ton�ana, a �vno vipisana):

hF

i

i
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X

�

c

�

F
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; F
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= ln 2 cosh���
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;
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�
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�
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�
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�

1

�

F

(n0)

i�

1

;j�

;
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;
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) + a

��
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j
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;

F

(10)

i�;j�

= (sinh�(

j

��

i�

+

i

��

j�

) + a

��

sinh�(

j

��

i�

�

i

��

j�

)) =L

i�;j�

;

F

(20)

i�;j�

= 1�

�

F

(10)

i�;j�

�

2

=

�

1 + a

2

��

+ 2a

��

cosh 2�

i

��

j�

�

=L

2

i�;j�

;

F

(30)

i�;j�

= �2F

(10)

i�;j�

F

(20)

i�;j�

;

D

F

(nl)

i�

1

����

n

;j�

1

����

l

E

x

= �

�

1

�

2

� � � �

�

n�1

�

n

�

�

1

�

2

� � � �

�

l�1

�

l

w

�

1

�

1

F

(nl)

i�

1

;j�

1

;

F

(11)

i�;j�

=

1� a

2

��

L

2

i�;j�

; F

(21)

i�;j�

= �2F

(10)

i�;j�

F

(11)

i�;j�

: (2.26)

Ris. 1. Parni� korel�tor m

(2)

11

(0) (spri�n�tliv�st~ sistemi �(q) � m

(2)

11

(q)=T ) � teplomn�st~ pri stalomu pol� na

odin vzamod��qi� sp�n C

�

=k

B

c

1

N qistogo � rozvedenogo lanc��k�v (z = 2) sp�n�v u NDK (toqn� rezul~tati). K

11

= 1,

K

1�

= 0.

Viraz (2.21) m�stit~ Nz
 r�vn�n~ dl� takoÝ � k�l~kosti nev�domih

r

�'

i�

. U vipadku odnor�dnogo pol� (OP:

�

i�

! �

�

) seredn znaqenn� sp�nu, �k � veliqin F

(n)

i�

, F

(ln)

i�;j�

, vtraqa�t~ zale�n�st~ v�d vuzla, � (2.21) zvodit~s�

do 
 r�vn�n~ dl� 
 pol�v �'

�

(

r

�'

i�

! �'

�

).

Rozrahumo parnu � viw� KF, dl� qogo skoristamos� sp�vv�dnoxenn�mi (2.10), (2.20), (2.21). Z (2.20) vi-

pliva
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m

(2)

i�;j�

=

�m

(1)

i�

��

j�

=

@

D

F

(1)

i�

E

x

@��

i

���

i

��

j�

=

D

F

(2)

i�

E

x

��

(1)

i;j�

: (2.27)

Tut � ni�qe mi ne vipisumo �vno sumuvann� za

sortovimi �ndeksami (grec~k� l�teri), ot�e, znak su-

muvann� za n�mim �ndeksom  u (2.27) opuweno. Mi

vveli poznaqenn�

��

(1)

i�;j�

=

���

i�

��

j�

= �

ij

�

��

+

X

r2�

i

r

�'

(1)

i�;j�

; (2.28)

�'

(1)

i�;j�

=

�

r

�'

i�

��

j�

: (2.29)

Sp�vv�dnoxenn� (2.27) zruqno zapisati v matriqnomu

vigl�di

m̂

(2)

ij

=

^

F

(2)

i

^

��

(1)

ij

; (2.30)

de vikoristano tak� matriqn� poznaqenn�:

�

m̂

(2)

ij

�

��

= m

(2)

i�;j�

;

�

^

F

(2)

i

�

��

=

D

F

(2)

i��

E

x

;

�

^

��

(1)

ij

�

��

= ��

(1)

i�;j�

: (2.31)

Dl� rozrahunku veliqin

r

�'

(1)

i�;j�

neobh�dno skorista-

tis� sp�vv�dnoxenn�mi (2.21). Beruqi poh�dnu po �

j�

,

otrimumo

^

F

(2)

i

��

(1)

ij

=

^

F

(20)

ir

r

^

��

(1)

ij

+

^

F

(11)

ir

i

^

��

(1)

rj

; (2.32)

de

�

^

F

(20)

ir

�

��

=

D

F

(20)

i��;r

E

x

;

�

^

F

(11)

ir

�

��

=

D

F

(11)

i�;r�

E

x

;

(2.33)

r

^

��

(1)

ij

=

^

��

(1)

ij

�

r

^

�'

(1)

ij

;

�

r

^

�'

(1)

ij

�

��

=

r

�'

(1)

i�;j�

: (2.34)

Vrahovu�qi (2.34), r�vn�nn� (2.32) mo�na zapisati u

form�

^

F

(20)

ir

r

^

�'

(1)

ij

+

^

F

(11)

ir

i

^

�'

(1)

rj

=

�

^

F

(20)

ir

�

^

F

(2)

i

�

^

��

(1)

ij

+

^

F

(11)

ir

^

��

(1)

rj

: (2.35)

Vikonavxi v (2.35) zam�nu �ndeks�v i$ r, otrimamo we odne r�vn�nn�

^

F

(11)

ri

r

^

�'

(1)

ij

+

^

F

(20)

ri

i

^

�'

(1)

rj

=

^

F

(11)

ri

^

��

(1)

ij

+

�

^

F

(20)

ri

�

^

F

(2)

r

�

^

��

(1)

rj

; (2.36)

�ke razom z (2.35) stanovit~ sistemu r�vn�n~ dl� ne-

v�domih

r

^

�'

(1)

ij

,

i

^

�'

(1)

rj

. Viluqa�qi z neÝ

i

^

�'

(1)

rj

i zam�n�-

�qi

^

��

(1)

ij

na m

(2)

ij

(div. (2.30), otrimamo

r

^

�'

(1)

ij

=

h

(

^

F

(2)

i

)

�1

+

^

E

ii

i

m̂

(2)

ij

+

^

G

ir

m̂

(2)

rj

; (2.37)

de

^

E

ii

=

�

^

F

(11)

ir

�

^

F

(20)

ri

�

�1

^

F

(11)

ri

�

^

F

(20)

ir

�

�1

;

^

G

ir

=

�

^

F

(20)

ri

�

^

F

(11)

ir

�

�1

^

F

(20)

ir

�

^

F

(11)

ri

�

�1

: (2.38)

Sumu�qi sp�vv�dnoxenn� (2.37) za r 2 �

i

� vraho-

vu�qi (2.28), (2.30), otrimamo take r�vn�nn� tipu

Ornxte�na{Cern�ke dl� parnogo korel�tora m̂

(2)

ij

:

^

U

ii

m̂

(2)

ij

= �

ij

+

X

r2�

i

^

G

ir

m̂

(2)

rj

; (2.39)

de
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^

U

ii

= �z

0

�

^

F

(2)

i

�

�1

�

X

r2�

i

^

E

ii

: (2.40)

U vipadku odnor�dnogo pol� (�

i�

! �

�

) matrici

^

F

peresta�t~ zale�ati v�d vuzlovih �ndeks�v, a kore-

l�top m̂

(2)

ij

zale�it~ v�d r�znic� koordinat vuzl�v i,

j, � mi mo�emo rozv'�zati r�vn�nn� (2.39), robl�qi

fur'{peretvorenn�

m̂

(2)

ij

= m̂

(2)

(R

j

�R

i

)

=

V

e

(2�)

D

Z

dq e

�iq(R

j

�R

i

)

m̂

(2)

(q); (2.41)

de V

e

| ob'm elementarnoÝ kom�rki; D | vim�rn�st~

�ratki (prostoru), �nte�ruvann� vedet~s� po perx��

zon� Br�ll�ena. Rozv'�zok ma vigl�d

Ris. 2. Parni� korel�tor qistogo � rozvedenogo lanc��k�v sp�n�v u NDK (toqn� rezul~tati).

�

m̂

(2)

(q)

�

�1

= �z

0

�

^

F

(2)

�

�1

+ z

�

^

F

(20)

+

^

F

(11)

�

�1

+ (�

0

� �

q

)

�

^

F

(20)

�

^

F

(11)

�

�1

^

F

(20)

�

^

F

(11)

�

�1

; (2.42)

de

�

q

=

X

j2�

i

e

iq(R

j

�R

i

)

; �

0

= z: (2.43)

Dl� �ratok z g�perkub�qno� simetr��

�

q

= 2

D

X

l=1

cos(q

l

a); (2.44)

de a | per�od �ratki.

Zaznaqimo, wo rezul~tat (2.42) u vipadku c

1

= 1

v�dtvor� rezul~tat dl� parnoÝ KF �deal~noÝ si-

stemi v NDK [23], a u vipadku q = 0 zb�gat~s� z

otrimanim u [22,8].

Viraz dl� ternarnogo korel�tora m

(3)

1�;2�;3

otri-

mamo, beruqi poh�dn� v�d r�vn�nn� (2.39), �ke sperxu

zapixemo u tak�� form� (tut v�l~n� vuzlov� �ndeksi

poznaqeno ciframi):

U

1�;1�

m

(2)

1�;2�

= �

12

�

��

+

X

r2�

1

G

1�;r�

m

(2)

r�;2�

: (2.45)

Poh�dna v�d (2.45) po �

3

da

_

U

1�;1�;3

m

(2)

1�;2�

+ U

1�;1�

m

(3)

1�;2�;3

(2.46)

=

X

r2�

1

�

_

G

1�;r�;3

m

(2)

r�;2�

+G

1�;r�

m

(3)

r�;2�;3

�

;

de krapko� poznaqen� poh�dn� po �

3

:

_

U

1�;1�;3

=

�U

1�;1�

��

3

�

J

J

J










_

U

1� 1�

3

;

_

G

1�;r�;3

=

�G

1�;r�

��

3

�

J

J

J










_

G

1� r�

3

;

m

(3)

1�;2�;3

=

�m

(2)

1�;2�

��

3

�

J

J

J










m

(3)

1� 2�

3

: (2.47)
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U (2.47) vveden� tripol�sniki, �k� da�t~ zmogu za-

pisati (2.47) b�l~x naoqno:

J

J

J










_

U

1 1

3

m̂

(2)

12

+

^

U

11

J

J

J










m

(3)

1 2

3

(2.48)

=

P

r2�

1

0

B

@

J

J

J










_

G

1 r

3

m̂

(2)

r2

+

^

G

1r

J

J

J










m

(3)

r 2

3

1

C

A

:

Zauva�imo, wo u tripol�snikah verxini z odna-

kovimi vuzlovimi �ndeksami  simetriqnimi za v�d-

pov�dnimi sortovimi �ndeksami, tobto

J

J

J










_

U

1 1�

3�

=

J

J

J










_

U

1� 1

3�

:

Beruqi poh�dn� v�d viraz�v (2.38) � (2.34), vizna-

qamo

Ris. 3. Dinam�qni� strukturni� faktor qistogo (toqni� rezul~tat) � rozvedenogo lanc��k�v sp�n�v u NDK: am-

pl�tudi � obernen� qasi relaksac�Ý dl� r�znih hvil~ovih vektor�v (�

q

= 2, 1, 0, �1, �2). U qist�� sistem� l�n�� m

(2)

11

(

~

0)

viluqeno, osk�l~ki m

(2)

11

(

~

0)

T!0

�! 1. Na temperaturn�� zale�nost� A

+

z �

q

= 1 vidno maksimum pri T � 1:9.

J

J

J










_

U

1 1

3

= z

0

�

^

F

(2)

1

�

�1

J

J

J










_

F

(2)

1 1

3

�

^

F

(2)

1

�

�1

+

P

r2�

1

^

E

11

0

B

B

@

J

J

J










_

F

(11)

1 r

3

�

^

F

(20)

r1

�

�1

^

F

(11)

r1
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�

^

F

(11)

1r

�

^

F

(20)

r1

�

�1

J

J

J










_

F

(20)

r r

3

�

^

F

(20)

r1

�

�1

^

F

(11)

r1

+

^

F

(11)

1r

�

^

F

(20)

r1

�

�1

J

J

J










_

F

(11)

r 1

3

�

J

J

J










_

F

(20)

1 1

3

1

C

C

A

^

E

11

: (2.49)

Dl� otrimann� (2.49) vikoristano toto�nost� vi-

gl�du

�

�

^

F

(2)

1

�

�1

��

3

= �

�

^

F

(2)

1

�

�1

 

�

^

F

(2)

1

��

3

!

�

^

F

(2)

1

�

�1

; (2.50)

�k� mo�na otrimati dl� dov�l~noÝ matric�

^

A, dife-

renc���qi toto�n�st~

^

A

^

A

�1

= 1.

Viznaqimo viraz dl� tripol�snik�v, �k� z'�vili-

s� u (2.49):

�(

^

F

(2)

1

)

��

��

3

=

�

D

F

(2)

1��

E

x

��

3

=

D

F

(3)

1���

E

x

^

��

(1)

1�;3

; (2.51)

te same v d�agramn�� form� ma vigl�d

J

J
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_

F

(2)

1 1

3

=

J

J

J










F

(3)

1 1

1

^

��

(1)

13

: (2.52)

Analog�qno otrimamo virazi dl� �nxih tripol�s-

nik�v

J

J

J










_
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J
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F

(30)

r r

r
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��

(1)
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F
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r r

1

r

^

��

(1)

13

; (2.53)

J

J
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_

F
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1 r

3
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J

J
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F
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1 r

1

r

^

��
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13

+

J

J
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F
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1 r

r

1

^

��
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; (2.54)
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J
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=

D

F

(30)

1��;r
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S
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S

1
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1

=

D
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x

=
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J
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=

D
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=
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J
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1� r�
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=

D

F
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E

x

=

D

hS
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S
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S

r

i

c

H

1r

E

x

:

Virazi dl� veliqin

r

^

��

(1)

13

u (2.53) viznaqimo z (2.34),

(2.30) � (2.37):

r

^

��

(1)

13

=

^

��

(1)

13

�

r

^

�'

(1)

13

= �

^

E

11
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(2)

13

�

^

G

1r

m̂

(2)

r3

: (2.55)

P�dstavl��qi (2.52){(2.54) z urahuvann�m (2.55) �

(2.30) v (2.49), otrimamo viraz dl� tripol�snika

_

U ,

v �ki� uv��dut~ lixe matric� � tripol�sniki F , a

tako� parn� KF m̂

(2)

ij

, rozrahovan� viwe. Pod�bnu pro-

ceduru sl�d prorobiti � dl� otrimann� tripol�s-

nika

_

G. P�dstavl��qi oder�an� virazi u (2.49), ot-

rimamo take r�vn�nn� dl� potr��nogo korel�tora:

^
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=
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1
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A

;

de tripol�sniki A, B, C, D ma�t~ taki� vigl�d
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U virazah (2.57){(2.60) \p.d." oznaqa parni� dodanok do poperedn~ogo (u du�kah), tobto dodanok, u �komu

zroblena zam�na matric~E $ G, a v tripol�snikah| zam�na �ndeks�v 1$ r. Napriklad, ostann�� (u f�gurnih

du�kah) dodanok (2.57)  \p.d." do poperedn~ogo (u kruglih du�kah).

P�d qas perehodu do odnor�dnogo pol� � fur'{zobra�enn� za vuzlovimi �ndeksami
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=
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D
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1

;q

2

)

78



NEVPOR�DKOVANA MODEL^ �Z�N�A Z NER�VNOVA�NIM BEZLADOM . . .

z r�vn�nn� (2.56) otrimamo

J

J

J










m

(3)

(q

1

;q

2

) =

m̂

(2)

(q

1

+ q

2

)

0

B

@

z

J

J

J










A

+ �

q

1

J

J

J










B

+ �

q

2

J

J

J










C

+ �

q

1

+q

2

J

J

J










D

1

C

A

m̂

(2)

(q

1

)

m̂

(2)

(q

2

)

;

(2.62)

de vrahovana r�vn�st~, wo vipliva z (2.39)

^

U � �(q

1

+ q

2

)

^

G =

�

m̂

(2)

(q

1

+ q

2

)

�

�1

: (2.63)

Ris. 4. Parametr por�dku m

(1)

1

qistoÝ � rozvedenoÝ sistem na plosk�� kvadratn�� �ratc� (z = 4) v nabli�enn�h

molekul�rnogo pol�, dvo{ � qotiriqastinkovogo klastera, a tako� toqni� rezul~tat Onsa�era dl� qistoÝ sistemi.

Zauva�imo, wo tripol�sniki B, C, D sp�vpada�t~ pri povorot� na 120

�

, tobto

J

J

J










B

� �



=

J

J

J










C

� 

�

=

J

J

J










D

 �

�

; (2.64)

�k � povinno buti z m�rkuvan~ simetr�Ý.

III. RELAKSAC��NA DINAM�KA MODELI

Mi budemo dosl�d�uvati dinam�ku sistemi na osnov� �lauber�vs~kogo ker�vnogo r�vn�nn� (master equation)

dl� funkc�Ý rozpod�lu �

x

(fSg; t):

d

dt

�

x

(fSg; t) =

X

i

W

i

(: : :� S

i

: : :)�

x

(: : :� S

i

: : : ; t)�

X

i

W

i

(: : : S

i

: : :)�

x

(: : : S

i

: : : ; t): (3.1)
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U c~omu p�dhod� dinam�ka sp�novoÝ p�dsistemi spriqin�t~s� �Ý vzamod�� z �nximi (napriklad, fononno�)

p�dsistemami, �k� v�d�gra�t~ rol~ termostata. Forma W

i

(fSg) vivodit~s� z umovi detal~nogo balansu dl�

matrici gustini �

x

(fSg) kanon�qnogo ansambl�

W

i

(: : : S

i

: : :)

W

i

(: : :� S

i

: : :)

=

�

x

(: : :� S

i

: : :)

�

x

(: : : S

i

: : :)

=

exp(�"

i

S

i

)

exp("

i

S

i

)

=

1� S

i

tanh "

i

1 + S

i

tanh "

i

; (3.2)

de

"

i

= �

i

+

X

j

K

ij

S

j

(3.3)

 lokal~nim polem, wo d� na i-� sp�n. Sl�du�qi ro-

bot� �laubera [9], �mov�rn�st~, wo i-� sp�n za odinic�

qasu pereor�ntut~s� �z stanu S

i

v �S

i

, pri�ma�t~

tako�:

W

i

(: : : S

i

: : :) =

1

2�

i

(1� S

i

tanh "

i

): (3.4)

Veliqina �

i

ma rozm�rn�st~ qasu � viznaqa qasovi�

masxtab dinam�qnih proces�v. Sp�vv�dnoxenn� (3.1) �

(3.4) privod�t~ do takogo k�netiqnogo r�vn�nn� dl�

seredn~ogo znaqenn� sp�nu:

D

i;t

hS

i

i

H;t

= htanh "

i

i

H;t

; (3.5)

de

h(� � �)i

H;t

= Sp

fSg

�(fSg; t)(� � �); D

i;t

= 1 + �

i

d

dt

: (3.6)

R�vn�nn� (3.5)  nezamknene. �kwo rozklasti

htanh "

i

i

H;t

u prav�� qastin� (3.5), to vi�vl�t~s�,

wo ce r�vn�nn� zahopl� korel�c��n� funkc�Ý tipu

hS

i

1

� � �S

i

n

i

H;t

, de �ndeksi i

1

� � � i

n

nale�at~ do perxoÝ

koordinac��noÝ sferi vuzla i (i

1

� � � i

n

2 �

i

). R�vn�nn�

dl� hS

i

1

� � �S

i

n

i

H;t

, vivedene z (3.1){(3.3), vkl�qa we

viw� KF, tomu toqni� rozv'�zok �lauber�vs~kih r�v-

n�n~ viznaqeni� t�l~ki dl� odnovim�rnih sistem u

nul~ovomu pol� (�deal~ni� lanc��ok [9,10,14], lan-

c��ok z dom�xko� na odnomu vuzl� [15]). Dl� �nxih

vipadk�v vikoristovu�t~ nabli�enn�, wo vira�a-

�t~ viw� KF qerez ni�q�, napriklad

D

Q

j

S

j

E

H;t

�

Q

j

hS

j

i

H;t

.

Tut mi proponumo rozqeplenn� r�vn�nn� (3.5) v

dus� klasternogo nabli�enn�. V odnoqastinkovomu

p�dhod� mi zam�n�mo vneski vs�h na�bli�qih sus�d�v

v "

i

na efektivn� pol�:

"

i

! "

[1]

i

= �

i;t

+

X

r2�

i

r

�'

i;t

� ��

i;t

; (3.7)

de

r

�'

i;t

ma zm�st efektivnogo pol�, wo d� na sp�n

i z boku na�bli�qogo sus�da na vuzl� r. Zauva�imo,

wo teper mi pri�mamo zovn�xn pole zale�nim v�d

qasu: �

i

= �

i;t

.

U dvoqastinkovomu p�dhod� odin z na�bli�qih

sus�d�v vrahovut~s� v "

i

�vno:

"

i

! "

[2]

i

= �

i;t

+

X

r 2 �

i

r 6= j

r

�'

i;t

+K

ij

S

j

�

j

��

i;t

+K

ij

S

j

; (j 2 �

i

): (3.8)

Dl� �deal~noÝ sistemi ne potr�bno b�l~xe �odnih

pripuwen~, wob otrimati zamknenu sistemu r�vn�n~

dl� seredn~ogo znaqenn� sp�nu hS

i

i

H;t

:

D

i;t

hS

i

i

H;t

=

D

tanh "

[1]

i;t

E

H;t

D

i;t

hS

i

i

H;t

=

D

tanh "

[2]

i;t

E

H;t

: (3.9)

Dl� bagatosortnoÝ sistemi sl�d vkazati zale�n�st~

pol�v

r

�'

i;t

v�d sortovoÝ konf��urac�Ý. Mi vva�ati-

memo pol�

r

�'

i;t

r�znimi v odno{ i dvoqastinkovomu

p�dhodah, poki ne bude vikonano sortove userednenn�.

Dl� proceduri sortovogo userednenn� pri�mamo

obidva | � \odnoqastinkove", i \dvoqastinkove" |

pol� lokal~no zale�nimi v�d sortovoÝ konf��urac�Ý

tak samo, �k � qasi relaksac�Ý �

i

:

r

�'

i;t

=

X

�

X

i� r

�'

i�;t

; �

i

=

X

�

�

0

�

X

i�

; (3.10)

de

r

�'

i�;t

, �

0

�

ne zale�at~ v�d sp�novoÝ qi sortovoÝ kon-

f��urac�Ý (ne m�st�t~ X- qi S-operator�v).

P�sl� prostih peretvoren~ (3.9) mo�na zapisati u

formi

D

i;t

hS

i

i

H;t

= tanh ��

i;t

;

D

i;t

hS

i

i

H;t

= L

ij;t

+ P

ij;t

hS

j

i

H;t

; (3.11)

D

j;t

hS

j

i

H;t

= L

ji;t

+ P

ji;t

hS

i

i

H;t

; (j 2 �

i

);

de
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L

ij;t

=

1

2

[tanh(

j

��

i;t

+K

ij

) + tanh(

j

��

i;t

�K

ij

)] ;

P

ij;t

=

1

2

[tanh(

j

��

i;t

+K

ij

)� tanh(

j

��

i;t

�K

ij

)] : (3.12)

Virazi (3.11) stanovl�t~ sistemu nel�n��nih dife-

renc�al~nih r�vn�n~. Dl� l�nearizac�Ý cih viraz�v

mi rozgl�nemo t�l~ki l�n��ni� v�dguk sistemi na

malu zale�nu v�d qasu zm�nu zovn�xn~ogo pol�. Z

c�� meto� mi zapixemo zale�n� v�d qasu veliqini

v takomu vigl�d� (z toqn�st� do l�n��nih qlen�v za

zm�no� pol�):

�

i;t

= �

i

+ ��

i;t

; ��

i;t

= ��

i

+ ���

i;t

;

j

��

i;t

=

j

��

i

+ �

j

��

i;t

; hS

i

i

H;t

= m

i

+ �m

i;t

;

L

ij;t

= L

ij

+ L

0

ij

�

j

��

i;t

; P

ij;t

= P

ij

+ P

0

ij

�

j

��

i;t

;

tanh ��

i;t

= F

(1)

i

+ F

(2)

i

���

i;t

; : (3.13)

de �

i

, ��

i

,

j

��

i

, m

i

, L

ij

, P

ij

 statiqnimi (nezale�-

nimi v�d qasu) komponentami v�dpov�dnih veliqin, a

���

i;t

, �

j

��

i;t

, �m

i;t

, L

0

ij

�

j

��

i;t

, P

0

ij

��

i

��

j;t

v�dobra�a�t~

l�n��n� za ��

i;t

v�dhilenn� cih veliqin v�d statiqnih

znaqen~;

L

ij

=

1

2

(tanh(

j

��

i

+K

ij

) + tanh(

j

��

i

�K

ij

)) ;

P

ij

=

1

2

(tanh(

j

��

i

+K

ij

)� tanh(

j

��

i

�K

ij

)) ;

L

0

ij

=

1

2

�

cosh

�2

(

j

��

i

+K

ij

)

+ cosh

�2

(

j

��

i

�K

ij

)

�

; (3.14)

P

0

ij

=

1

2

�

cosh

�2

(

j

��

i

+K

ij

)� cosh

�2

(

j

��

i

�K

ij

)

�

:

Zavd�ki (3.14) r�vn�nn� (3.11) rozpadat~s� na dv�

nezale�ni sistemi r�vn�n~ | dl� statiqnih � di-

nam�qnih veliqin. Statiqna qastina

m

i

= tanh ��

i

;

m

i

= L

ij

+ P

ij

m

j

; m

j

= L

ji

+ P

ji

m

i

(3.15)

zvodit~s� do formi

m

i

= tanh ��

i

; (3.16)

m

i

=

L

ij

+ P

ij

L

ji

1� P

ij

P

ji

: (3.17)

Zauva�imo, wo prava qastina (3.17) sp�vpada z

hS

i

i

H

ij

, tobto mi otrimali te same, wo � na osnov�

klasternogo rozkladu v�l~noÝ energ�Ý. Domno�u�qi

(3.16) � (3.17) na X

i�

� useredn��qi po sortovih kon-

f��urac��h, otrimamo taki� �e viraz:

hm

i

X

i�

i

x

� m

(1)

i�

= c

�

tanh ��

i�

=

X

�

w

��

sinh(

j

��

i�

+

i

��

j�

) + a

��

sinh(

j

��

i�

�

i

��

j�

)

cosh(

j

��

i�

+

i

��

j�

) + a

��

cosh(

j

��

i�

�

i

��

j�

)

: (3.18)

Dinam�qna l�nearizovana qastina (3.11) (v�dkinuto kvadratiqn� po ��

i

qleni L

0

ij

�

i

��

j;t

�m

i;t

, L

0

ji

�

j

��

i;t

�m

j;t

)

ma vigl�d

D

i;t

�m

i;t

= F

(2)

i

���

i;t

;

D

i;t

�m

i;t

= P

ij

�m

j;t

+R

ij

�

j

��

i;t

; (3.19)

D

j;t

�m

j;t

= P

ji

�m

i;t

+R

ji

�

i

��

j;t

;

de

R

ij

= L

0

ij

+ P

0

ij

m

j

= hS

i

S

i

i

c

H

ij

� hS

i

S

j

i

c

H

ij

hS

i

S

j

i

c

H

ji

= hS

j

S

j

i

c

H

ji

= 2a

ij

2a

ij

(1 + cosh 2

j

��

i

cosh 2

i

��

j

) + (1 + a

2

ij

)(cosh 2

j

��

i

+ cosh 2

i

��

j

)

[cosh(

j

��

i

+

i

��

j

) + a

ij

cosh(

j

��

i

+

i

��

j

)]

2

(1 + a

2

ij

+ 2a

ij

cosh 2

j

��

i

)

: (3.20)
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Ris. 5. Por�vn�nn� NDK � NMP dl� qistoÝ � rozvedenoÝ (c

1

= 0:6) sistem na plosk�� kvadratn�� �ratc� (z = 4).

Parn� korel�c��n� funkc�Ý m

(2)

11

(q) dl� r�znih q: �

q

= 3; 2; 1; 0;�1;�2;�3;�4. Teplomn�st~ na odin vzamod��qi� sp�n

C

�

=c

1

Nk

B

.

Sp�vv�dnoxenn� (3.19)  sistemo� l�n��nih dife-

renc�al~nih r�vn�n~. Vikoristovu�qi Fur'{pere-

tvorenn� �m

j;t

=

R

d! exp(i!t)�m

j

(!) � viluqa�qi

�m

j

z (3.19), otrimumo

�m

i

(!) = �

(2)

i

(!) ���

i

(!);

�m

i

(!) = �

(20)

ij

(!) �

j

��

i

(!) + �

(11)

ij

(!) �

i

��

j

(!); (3.21)

de

�

(2)

i

(!) =

F

(2)

i

D

i

(!)

; D

i

(!) = 1 + i!�

i

;

�

(20)

ij

(!) =

R

ij

D

j

(!)

D

i

(!)D

j

(!)� P

ij

P

ji

; (3.22)

�

(11)

ij

(!) =

R

ji

P

ij

D

i

(!)D

j

(!)� P

ij

P

ji

: (3.23)

Ni�qe mi budemo opuskati argument ! funkc�� �,

�m towo, pam'�ta�qi, wo rozgl�d �de v !-prostor�.

Domno�u�qi (3.21) na X

i�

� useredn��qi za sor-

tovimi konf��urac��mi, mi otrimumo

�m

i�

=

D

X

i�

�

(2)

i

E

x

���

i�

;

�m

i�

=

D

X

i�

�

(20)

ij

E

x

�

j

��

i�

(3.24)

+

X

�

D

X

i�

X

j�

�

(11)

ij

E

x

�

i

��

j�

:

U poperedn~omu rozd�l� z r�vn�nn� tipu (3.24) oder-

�ano statiqnu parnu KF sistemi. Tut mi otrimamo

strukturni� faktop

m

(2)

i�;j�

(!) =

�m

i�

(!)

��

j�

(!)

: (3.25)

D�l�qi (3.24) na ��

j�

, otrimumo r�vn�nn� tipu

(2.39), rozv'�zok �kogo (dl� vipadku odnor�dnogo sta-

tiqnogo pol�: �

i�

= �

�

) ma vigl�d

�

m̂

(2)

(q; !)

�

�1

= (1� z)

�

^

�

(2)

�

�1

+ z

�

^

�

(20)

+

^

�

(11)

�

�1

+ (�

0

� �

q

)

�

^

�

(20)

�

^

�

(11)

�

�1

^

�

(20)

�

^

�

(11)

�

�1

; (3.26)

de elementami matric~ 
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�

m̂

(2)

(q; !)

�

��

=

X

j

exp (�iq(R

j

�R

i

))m

(2)

i�;j�

(!);

�

^

�

(11)

ij

�

��

=

D

X

i�

X

j�

�

(11)

ij

E

x

OP

= w

��

R

��

P

��

D

�

D

�

� P

��

P

��

;

(3.27)

�

^

�

(2)

i

�

��

=

D

X

i�

X

i�

�

(2)

i

E

x

OP

= �

��

c

�

1� tanh

2

��

�

D

�

;

�

^

�

(20)

ij

�

��

=

D

X

i�

X

i�

�

(20)

ij

E

x

OP

= �

��

X



w

�

R

�

D



D

�

D



� P

�

P

�

:

(3.28)

priqomu

D

�

= 1+ i!�

0

�

; P

��

=

1

2

[tanh(��

0

�

+K

��

)� tanh(��

0

�

�K

��

)] ; (3.29)

R

��

= 2a

��

2a

��

(1 + cosh 2��

0

�

cosh 2��

0

�

) + (1 + a

2

��

)(cosh 2��

0

�

+ cosh 2��

0

�

)

h

cosh(��

0

�

+ ��

0

�

) + a

��

cosh(��

0

�

+ ��

0

�

)

i

2

(1 + a

2

��

+ 2a

��

cosh 2��

0

�

)

U vipadku ! = 0 formula (3.26) perehodit~ u (2.42).

IV. OBGOVORENN� OTRIMANIH

REZUL^TAT�V

Virazi dl� parnogo (2.42), ternarnogo (2.62) kore-

l�tor�v � dinam�qnogo strukturnogo faktora (3.26) 

novimi rezul~tatami. Dl� z'�suvann� osoblivoste�

sistemi � samogo nabli�enn� rozgl�nemo de�k� mo-

del~n� vipadki. Vs� risunki zbudovan� dl� sistem z

povnim sortovim haosom: w

��

= c

�

c

�

.

1. Nevzamod��qa sistema

Sp�ni ne vzamod��t~: K

��

= 0 8 �, �,

m

(1)

�

= c

�

tanh��

�

; (4.1)

m

(2)

��

(q; !) = �

��

c

�

(1� tanh

2

��

�

)

1 + i!�

0

�

: (4.2)

Us� sp�ni nezale�n�, tomu strukturni� faktor ne za-

le�it~ v�d dov�ini hvil�. Qasi relaksac�Ý dor�vn�-

�t~ �

0

�

.

2. Odnosortna sistema

Ce� vipadok mo�na otrimati, pri�n�vxi K

��

=

K, �

�

= �, �

0

�

= �

0

abo v granic� c

1

= 1. V ostann~omu

vipadku oder�umo take r�vn�nn� dl� parametra po-

r�dku m

(1)

1

� efektivnogo pol� �'

1

:

m

(1)

1

=c

1

� �

(1)

1

= tanh���

1

=

sinh 2���

0

1

cosh 2���

0

1

+ a

; (4.3)

de

��

1

= �

1

+ z �'

1

; ��

0

1

= �

1

+ z

0

�'

1

; a = exp(�2�K): (4.4)

Strukturni� faktor m

(2)

11

(q; !) ma vigl�d [25]

m

(2)

11

(q; !)=c

1

� �

(2)

11

=

m

(2)

11

(q)

1 + i!�(�

q

)

; (4.5)

dem

(2)

11

(q) zb�gat~s� z parnim korel�torom �deal~noÝ

sistemi u NDK [23],

m

(2)

11

(q) =

�

1�

�

�

(1)

1

�

2

�

1� P

2

1 + z

0

P

2

� �

q

P

;

P =

D

hS

i1

S

j1

i

c

H

ij

E

x

=




hS

i1

S

i1

i

c

H

i

�

x

(4.6)

=

1� a

2

[cosh 2���

0

1

+ a]

2

1

1�

�

�

(1)

1

�

2

;

a qas relaksac�Ý

�(�

q

) = �

0

1

�

1� �

q

P

1 + z

0

P

2

�

�1

u parafaz�

�! �

0

1

�

1� �

q

tanh�K

1 + z

0

tanh

2

�K

�

�1

(4.7)
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zb�l~xut~s� pri q ! 0. � simetr�� �

0

1

=�(�

q

) � 1 =

1 � �

0

1

=�(��

q

). Zauva�imo, wo v�domi� toqni� re-

zul~tat [24] (odnovim�rna sistema, nul~ove zovn�xn

pole)  qastkovim vipadkom formul (4.5){(4.7).

Ris. 6. Zale�n�st~ v�d q (q

x

= q

y

= q) korel�c��noÝ funkc�Ý m

(2)

11

(q) rozvedenoÝ (c

1

= 0:6) sistemi na plosk��

kvadratn�� �ratc� (z = 4) v NDK � NMP pri r�znih temperaturah: T=T

c

= 0:1; 0:5; 0:9; 1:3.

3. Rozvedena sistema

Osoblivi� �nteres stanovit~ vipadok K

11

= K pri

K

1�

= 0 8� 6= 1 (sort 1 rozvedeni� nevzamod��qimi

dom�xkami). R�vn�nn� dl� parametra vpor�dkuvann�

m

(1)

1

� hhS

i1

i

H

i

x

� efektivnogo pol� �'

1

nabuva vi-

gl�du

m

(1)

1

= c

1

tanh���

1

(4.8)

= w

11

sinh 2���

0

1

cosh 2���

0

1

+ a

+ w

12

tanh���

0

1

;

��

1

= �

1

+ z �'

1

; ��

0

1

= �

1

+ z

0

�'

1

: (4.9)

Strukturni� faktor m�stit~ tri debaÝvs~k� dodanki

m

(2)

11

(q; !) =

A

0

1 + i!�

0

1

+

A

+

(�

q

)

1 + i!�

+

(�

q

)

(4.10)

+

A

�

(�

q

)

1 + i!�

�

(�

q

)

;

de

A

0

=

c

1

F

(2)

1

w

12

R

12

zc

1

F

(2)

1

� z

0

w

12

R

12

u parafaz�

�!

c

1

w

12

c

1

+ z

0

w

11

; A

�

(�

q

) =

B

�

(�

q

)

1�D

�

(�

q

)

; �

�

(�

q

) =

�

0

1

1�D

�

(�

q

)

;

B

�

(�

q

) = �

c

1

F

(2)

1

PD

�

(�

q

)

p

D(�

q

)

�

hR

1

i

2

D

2

�

(�

q

)� (Pw

12

R

12

)

2

�

; D

�

(�

q

) = P

c

1

F

(2)

1

w

11

R

11

�

p

D(�

q

)

2 hR

1

i

�

zc

1

F

(2)

1

� z

0

hR

1

i

�

;
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D(�

q

) =

�

c

1

F

(2)

1

w

11

R

11

�

q

�

2

+ 4 hR

1

i

�

zc

1

F

(2)

1

� z

0

hR

1

i

�

w

12

R

12

�

zc

1

F

(2)

1

� z

0

R

12

�

(4.11)

�

hR

1

i = w

11

R

11

+ w

12

R

12

; F

(2)

1

= c

1

�

1�

�

�

(1)

1

�

2

�

; R

12

= 1� tanh

2

���

0

1

;

R

11

= 4a

1 + a cosh 2���

0

1

(cosh 2���

0

1

+ a)(1 + a

2

+ 2a cosh 2���

0

1

)

;

P =

1

2

[tanh�(��

0

1

+K)� tanh�(��

0

1

�K)] : (4.12)

Ris. 7. Dinam�qni� strukturni� faktor qistoÝ sistemi (K = 1) na plosk�� kvadratn�� �ratc� (z = 4) dl� r�znih

dov�in hvil~ (�

q

= 4; 2; 0;�2;�4): parni� korel�tor � oberneni� qas relaksac�Ý.

Ris. 8. Dinam�qni� strukturni� faktor rozvedenoÝ sistemi (K

11

= 1, K

1�

= 0) na plosk�� kvadratn�� �ratc� (z = 4)

pri r�znih dov�inah hvil~ (�

q

= 4; 2; 0;�2;�4): ampl�tudi � obernen� qasi relaksac�Ý.
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Ris. 9. Qastotna zale�n�st~ dinam�qnogo strukturnogo faktora m

(2)

11

(0; !) rozvedenoÝ sistemi (c

1

= 0:6, K

11

= 1,

K

1�

= 0, �

0

1

= 1) na plosk�� kvadratn�� �ratc� (z = 4) pri r�znih temperaturah. Na�vn�st~ dvoh qas�v relaksac�Ý dobre

vidno pri niz~kih temperaturah.

Perxi� dodanok (4.11) harakterizu poved�nku (4.2)

nevzamod��qih sp�n�v (qas relaksac�Ý dor�vn� za-

rodkovomu �

0

1

), tomu mi vva�amo �ogo vneskom �zo-

l~ovanih sp�n�v (tobto tih sp�n�v sortu 1, usi sus�di

�kih  nevzamod��qimi). Ostann� dva qleni (4.11)

ma�t~ tak� simetr�Ý:

B

�

(�

q

) = B

�

(��

q

); A

+

(�z) = A

�

(z) = 0;

�

0

1

�

�

(�

q

)

� 1 = 1�

�

0

1

�

�

(��

q

)

: (4.13)

Qasi relaksac�Ý �

�

 zrosta�qimi funkc��mi �

q

.Qas

relaksac�Ý �

�

zav�di menxi� v�d �

0

1

, a �

+

zav�di

b�l~xi� v�d �

0

1

� privodit~ do kritiqnogo spov�l~-

nenn� (�

+

(�

0

)

T!T

c

�! 1, A

+

(�

0

)

T!T

c

�! 1). Ampl�tuda

A

�

=0 v centr� perxoÝ zoni Br�ll�ena, tod� �k A

+

znika pri �

q

= �z (u verxinah perxoÝ zoni Br�l-

l�ena).

�kwo vzamod�Ý v sistem� korotkos��n�, to po-

vinn� proste�uvatis� perkol�c��n� efekti: pri ve-

lik�� koncentrac�Ý dom�xok u sistem� nema nesk�nqen-

nogo klastera vzamod��qih sp�n�v,  lixe �zol~ovan�

ostr�vki sp�n�v sortu 1, a tomu pereh�d u vpor�dko-

vanu fazu ne v�dbuvat~s�.

Zauva�imo, wo NMP ne opisu perkol�c�Ý. U ram-

kah NMP r�vn�nn� dl� parametra por�dku � viraz

dl� dinam�qnogo strukturnogo faktora rozvedenoÝ

sistemi ma�t~ vigl�d

m

(1)

1

= c

1

tanh�(�

1

+ zKm

(1)

1

); m

(2)

11

(q; !) =

2

4

 

c

1

1� tanh

2

�(�

1

+ zKm

(1)

1

)

1 + i!�

0

1

!

�1

� �K�

q

3

5

�1

: (4.14)
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Pri nul~ovomu zovn�xn~omu pol� (�

1

= 0) korel�-

tori NMP (a tako� entrop�� � teplomn�st~), vz�t�

na odin vzamod��qi� sp�n,

�

(1)

1

= tanh

T

c

T

�

(1)

1

; (4.15)

�

(2)

11

(q; !) =

2

4

 

1� tanh

2

T

c

T

�

(1)

1

1 + i!�

0

1

!

�1

�

T

c

T

�

q

z

3

5

�1

;

zale�at~ v�d T=T

c

(T

c

= zKc

1

=k

B

) � ne zale�at~

okremo v�d temperaturi qi koncentrac�Ý. Tomu �

(1)

1

=

1 pri T = 0. V NDK taka poved�nka sposter�gat~s�

t�l~ki pri w

12

= 0 (w

11

= c

1

| vs� vzamod��q� sp�ni

utvor��t~ odin nesk�nqenni� klaster). Tod� otri-

mumo te �, wo v odnosortn�� sistem�: �

(1)

1

zadat~s�

formulo� (4.3); A

0

u (4.11) dor�vn� nul�, A

�

zanu-

l�t~s� pri �

q

> 0, A

+

dor�vn� nul� pri �

q

< 0, a

strukturni� faktor �

(2)

11

zb�gat~s� z pravo� qasti-

no� (4.5). �kwo � w

12

> 0, to parametr por�dku ne

nasiqut~s�: �

(1)

1

< 1 pri T = 0, kritiqna tempera-

tura

T

c

= 2K

11

�

k

B

ln

z

0

w

11

+ c

1

z

0

w

11

� c

1

�

�1

; (4.16)

� pri c

1

> zw

11

znika pereh�d u vpor�dkovanu fazu.

Spri�n�tliv�st~ sistemi �(q; !) =

�

2

1

k

B

T

N

V

m

(2)

11

(q; !)

rozb�gat~s� pri niz~kih temperaturah, osk�l~ki A

0

� A

+

ne zanul��t~s� pri �

1

= 0, T = 0.

Na ris. 1, 2 pokazano temperaturnu zale�n�st~ te-

plomnost�, spri�n�tlivost� � korel�c��nih funk-

c�� qistoÝ � rozvedenoÝ odnovim�rnih sistem (z = 2).

C� rezul~tati  toqnimi. Dinam�qni� strukturni�

faktor model� zobra�eni� na ris. 3. Vidno, wo ro-

zvedenn� zniwu fazovi� pereh�d u toqc� T = 0,

zmenxu teplomn�st~ na 1 vzamod��qi� sp�n, ale

ne zm�n� polo�enn� maksimumu teplomnost� (te-

plomn�st~ na odin zv'�zok C

�

=w

11

N v odnovim�r-

n�� model� ne zm�n�t~s� vnasl�dok rozvedenn�). Ko-

rel�tor m

(2)

11

(q) ma maksimum pri q = 0 tim gos-

tr�xi�, qim ni�qa temperatura � qim menxe rozve-

denn�. Na T -zale�nost� m

(2)

11

(q)  maksimum dl� vs�h

�

q

> 0. Temperatura, pri �k��  maksimum, zmen-

xut~s� z� zmenxenn�m q � pr�mu do nul� pri q! 0.

U qist�� sistem� m

(2)

11

(

~

0)

T!0

�! 1, �(�

~

0

)

T!0

�! 1, tod�

m

(2)

11

(q 6= 0)

T!0

�! 0, wo � da priv�d govoriti pro fa-

zovi� pereh�d drugogo rodu pri nul~ov�� temperatur�.

Qas relaksac�Ý �(�

q

)

T!0

�!

�

0

1

z

z��

q

. U rozveden�� sistem�

NDK peredbaqa tri qasi relaksac�Ý (v centr� � ver-

xinah zoni Br�ll�ena | dva), pri c~omu sin�ul�r-

n�st~ m

(2)

11

(q; 0) znika, odnak z'�vl�t~s� spov�l~-

nenn� �

+

T!0

�! 1 pri vs�h q.

Pered obgovorenn�m viwih rozm�rnoste� �ratki,

de rezul~tati NDK ne  toqnimi, sl�d zrobiti take

zauva�enn�. Velik� fluktuac�Ý v sistem� pog�rxu�t~

rezul~tati \efektivno{pol~ovih" teor�� (�k NDK

abo NMP). Tomu v dan�� model� velika v�dm�nn�st~

u vzamod��h K

��

(�k u vipadku rozvedenoÝ sistemi)

Ris. 10. Parna funkc�� rozpod�lu




hS

i1

S

j1

i

H

�

x

qistoÝ

� rozvedenoÝ sistem na plosk�� kvadratn�� �ratc�. Por�v-

n�nn� rezul~tat�v teor�Ý molekul�rnogo pol� (TMP), na-

bli�en~ dvo{ � qotiriqastinkovogo klastera � toqnih (de

voni v�dom�).

povinna pog�rxuvati �k�st~ rezul~tat�v NDK, vodno-

qas velik� z, koli vzamod�� K

i�;j�

zaqepl� bagato

vuzl�v, pol�pxu�t~ c� rezul~tati. Vrahovu�qi, wo

NDK da toqn� rezul~tati dl� lanc��ka (z = 2),

rozvedena sistema na plosk�� kvadratn�� �ratc� (z =

4) povinna buti na�va�qim testom dl� NDK, �ki�

mo�e vi�viti vs� nedol�ki nabli�enn�. Tomu ni�qe

mi osoblivo detal~no rozgl�nemo c� sistemu, �ka

 zruqno� we � tim, wo dl� neÝ  toqn� rezul~tati

(odnosortna sistema v nul~ovomu pol�).

Na ris. 4{6 pokazano temperaturnu � koncen-

trac��nu zale�n�st~ parametra vpor�dkuvann�, te-

plomnost� � spri�n�tlivost� sistemi na kvadrat-

n�� �ratc�. Z ris. 4 vidno, wo vrahuvann� fluk-

tuac��, zroblene v klasternomu nabli�enn�, privo-

dit~ do pevnogo pol�pxenn� (por�vn�no z NMP) m

(1)

1

v qist�� sistem� � do �k�sno novih rezul~tat�v dl�
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rozvedenoÝ. Pri rozvedenn� parametr por�dku pere-

sta nasiquvatis~: m

(1)

1

=c

1

< 1 pri T = 0, � pri

c

1

< c

p

=

1

z�1

pereh�d u vpor�dkovanu fazu ne vi-

nika. Spri�n�tliv�st~ rozvedenoÝ sistemi �(q)

T!0

�!

1, osk�l~ki parni� korel�tor (ris. 5) m

(2)

11

(q) ne za-

nul�t~s� pri T ! 0. C� �viwa viklikan� �snuvan-

n�m u sistem� makroskop�qnoÝ k�l~kost� sk�nqennih

klaster�v vzamod��qih sp�n�v, v�dokremlenih odin

v�d odnogo neza�n�timi vuzlami (nevzamod��qimi

sp�nami). Tak� klasteri, zrozum�lo, ne da�t~ vnesku

v spontannu pol�rizac�� (namagnetovan�st~). Voni �

privod�t~ do rozb��nost� spri�n�tlivost� pri nu-

l~ovomu pol� v toqc� T = 0. Stribok teplomnost�

v NDK zmenxut~s� pri rozvedenn�. �kwo koncen-

trac�� c

1

, ni�qa v�d perkol�c��noÝ c

p

, to sistema

vede sebe �k�sno tak samo, �k � rozvedena odnovim�rna

sistema. Na ris. 6 pokazano, wo parni� korel�-

tor m

(2)

11

(q) v NDK sil~n�xe zm�n�t~s� �z zm�no�

q, tobto veliqina m

(2)

11

(q)=m

(2)

11

(0) v NDK le�it~

ni�qe, n�� u NMP. Ce spravedlivo � dl� qistoÝ, �

dl� rozvedenoÝ (c

1

> c

p

) sistem. Na ris. 7, 8 poka-

zano poved�nku ampl�tud � qas�v relaksac�Ý dinam�q-

nogo strukturnogo faktora qistoÝ � rozvedenoÝ si-

stem v NDK. Pri niz~kih temperaturah ampl�tudi

A

+

(�

0

), A

0

sta�t~ por�vn�nnimi za znaqenn�m, � ce

vi�vl�t~s� �k na qastotn�� (ris. 9), tak � na tempe-

raturn�� zale�nost� dinam�qnogo strukturnogo fak-

tora m

(2)

11

(

~

0; !).

Na ris. 10 pokazano temperaturnu zale�n�st~ fun-

kc�� rozpod�lu




hS

i1

S

j1

i

H

�

x

= m

(2)

i1;j1

+ m

(1)

i1

m

(1)

j1

qi-

stoÝ � rozvedenoÝ sistem, otrimanu xl�hom Fur'{pe-

retvorenn� parnogo korel�tora m

(2)

11

(q). Vuzli i, j

rozm�wen� u verxinah kvadrata: R

j

�R

i

= (a; a) (a 

per�odom �ratki). Vidno, wo funkc�� rozpod�lu nabu-

va nenormal~nih znaqen~ v okol� kritiqnoÝ toqki.

Kr�m togo, toto�n�st~ hhS

i1

S

i1

i

H

i

x

=c

1

= 1 te� po-

ruxut~s� v okol� T

c

. Vidno tako�, wo dl� qi-

stoÝ sistemi oblast~ nef�ziqnih znaqen~ zvu�ut~s�

v NDK por�vn�no z NMP, a v rozveden�� sistem�

neuzgod�en�st~ �z toqnimi sp�vv�dnoxen�mi suttvo

menxa v NDK, n�� v NMP.

U prac� [21] v klasternomu nabli�enn� bulo roz-

rahovano spri�n�tliv�st~ �deal~noÝ sistemi na kva-

dratn�� �ratc� v parafaz�. Avtori stverd�u�t~,

wo spri�n�tliv�st~ �(q) sistemi ma maksimum �k

funkc�� temperaturi pri vs�h f�ksovanih q, b�l~xih

v�d q

0

� 0:15a

�1

. Ce tverd�enn�  ne zovs�m toqnim|

na osnov� (4.11) mo�na pokazati, wo na spri�n�tli-

vost� maksimumu nema. Natom�st~ korel�torm

(2)

11

(q)

qistoÝ � rozvedenoÝ sistem post��no zb�l~xut~s� z

temperaturo� pri �

q

2 [�z; 0], post��no zmenxut~s�

pri T > T

c

, �kwo �

q

2 [

2zz

0

z

02

+1

; z] � ma maksimum na

T -zale�nost� m

(2)

11

(q) dl� vs�h �

q

2 [0;

2zz

0

z

02

+1

]. Sl�d

zauva�iti, wo visokotemperaturn� rozvinenn� � re-

normgrupov� metodi dl� qistoÝ sistemi peredbaqa-

�t~ na�vn�st~ takogo maksimumu [21]. Vodnoqas NMP

ne v�dtvor� c�Ý osoblivost� n� dl� qistoÝ, n� dl� ne-

vpor�dkovanoÝ sistem.
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NEVPOR�DKOVANA MODEL^ �Z�N�A Z NER�VNOVA�NIM BEZLADOM . . .

ISING MODEL WITH QUENCHED DISORDER IN TWO{SITE

CLUSTER APPROXIMATION

R. R. Levitskii, S. I. Sorokov, R. O. Sokolovskii

Institute for Condensed Matter Physics, 1 Svientsitskii Str., Lviv UA{290011, Ukraine

phone: 42-74-39, E-mail: ccc@icmp.lviv.ua

Thermodynamics and Glauberian kinetics of the quenched alloy of Ising magnets are considered. Within the

two{site cluster approximation q-dependent correlation functions and dynamic structure factor of the model are

obtained and investigated. The approach yields accurate results for the 1D lattice. Peculiarities and inconsistencies

of the approximation in the higher dimensions are considered in detail.
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