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3BomoUH51 KOHU€HTp8UHH B8K8HCHtf B H3HHrOBOM MBrl!eTHKe. 

Y•1er KoppenHUHif MC*AY saKaHCH~MH 

PuCCl\lllTpHB.:H~Tc~ rJOneneHHe KOHlleHTpauHH oaKaHcHH B 113HHrOBOM 

!\H-WHeTHK€ IITH1 y-1€T€ KOppenHUHOHHblX a4$eKTOB. ~1Cn01lb3YIOTC5I OCHOBHbl€ 

111Wt1 cy!I~·JllluauuuoHHoro pncruenneHH5I u ¢opMyna CKeMnuHra DlHI KoppenH

UitOHHJ,JX 4JYHKU-uti U(-", ·'afUk, nonyl.J.aeTC5I ypaBH€1Ht€ .LlJl5I KOHU€HTpaUH11 

B<)KaHCHit Cv B 3TOM cnyl.fae noKa3aH 3¢¢eKT "no.nasneHIHl" KOHUeHrpamm 

DUK<JHCU!i. 

Pa6oTu Rt.monHeHa B lla6oparopuu reopeTul.J.eCKOH ¢u3HKH 01-I.HH. 

Coo6UieHHe 06beJlHHeHHOrO HHCTHTYTll allepHhiX HCCneJlOBllHlli. _ny6Ha 1977 

C ,I v r i. 1 on k o - r. . M . , .....: oro z ova S . K . , 
Fedjanin V.K. 
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A11 Evolution of the Va£ancy Concentration 
in the fsing ~agnetic. II. The Correlation 
between Vacancies 

'fhe hettaviour of vacancy concentration in the Ising 
magnetic is considered when the correlation effects have 
been taken into account. In the approximation of the 
superpositional decoupling and scaling formula~ for the 
cor r e 1 a t i l) n f-Un c t ions (; 1 , • {; f (; k the e quat ion for 
v.lc.lJlcy CL>ncentration Cv is obtained. In this case the 
effect of vacancy concentration "supJ7ression" is shown. 

The investigation has been performed at the 
Laboratory llf Theoretical Physics, JINR. 

Commumcatwn of the Joint Institute for Nuclear Research. Dubna 1977 
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In the last paper 111 the authors analyzed the behaviour 

of the vacancy concentration in the Ising magnetic under the 

assumption that 'Z ~ 2 -I { f:... / 1- ~ I ) , Z. is the number 

of the nearest neighbours { c ~ 10). The correlation between the 

vacancies may not be taken into account in this ease. But for 
r;-: c- _, 
~....., 0 we are in the region when G. < 7! , and the correlation 

radius R 
(1'-t/ 

- L is 
c '!. 

vacancies Zv- - C- 'J 
bigger than the mean distance between the 

{ cJ is the dimension) the system is in 

the region of the phase transition, and the correlation between 

the vacancies should be taken into consideration correctly. 

It is the aim of our study. Since Jc/e 2 121 our results are 

valid for temperatures rz: >- C l/dv;:; K {supposing that 
-I '2:" < j! , i.e. , the constraint 

_, r;:;-
c > 1/ Cis rather reasonable 

since 2-'_ 0.1 and C- 1). In the region £"< rc the main 

parameter of the problem is the mean distance between the impu

ritiee {::T&canciee), that can chance the phase traneition 

character (the eeeond order phase transition turns to the first 

order one). The meane of the analysis of this aituation are 
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not clear, and we limit ourselves to the case 

C 1/dJ L C' C.. 2. -I . 
~ L- -

We use the basic ideas of the superpositional decoupling and 

scaling-formulae 121 for deriving an equation for C:<j3). 
In this case it is natural to generalize the formula of 

( 1) 

the paper /l/ by the following approximation for the free energy 

change: .r _ 1 
#, AT A A .JV.L J 

• A " "J. < n n >-$ F =- e f3n ( nv(i)) =?>- etn {<v>o ;,_, 2 ~#.-1 <2> 
,., nL . nl 

The notation is from ref. 111. Pormula (2) can be justified as 

follows: 

fo I' :( < ::;; 1\ 2_ A 1 !( 
<i)(t).if(2) ·· v(Nt)% ~ v(t)·n1 nz v(z) ... )., => 

< ff(t)n9,>a <na/1)nt(2)>o <n1.tifcz) ... ~ 
(J) 

...;:> 
ni. · nz. 
~ ~ 

<J'(1) >, < ni n,. >a <v(z) n3/z>); < n1 n:s>o <na/-s> if(3) ... >.. 
--~--

nL · n?. n~ 

here " ng~ c K- r) is the particle number operator of the 

site near the ( K- I )-vacancy; the laet one is the nearest to 

the K -vacancy. As we postulate the random distribution of the 

vacancies, the distance between them is 'Ztr- c-'/Jand 

;... ..._ ,... A 

<nn>.=<nn~-··· I 1 o 2 :S lo 
A A >. ~ < n~ n"+.1 0 = ··· (4) 

where the indice• -i , 2 , '3 , ~ ~ K + i- nWiber of T&cancie•. 

The•• simple con•ideration• and (J) Talidate eq. (2). !he total 

energy of the •;r•t• in the region ( 1) is giTen b;r the tonaulaa 

4 

,J 

l 

. J 

' 

r;:~= F: + ~;; f - &iV: flz ff.:l;i~JI /-

eON~- (jjfv t;z (!'/(v))D- ()(~- J) 7-

~ tn <ni nt>a 7'- t 8 ( ~v: -1 ) trz n . 

It transforms to the corresponding expression for f;ot in 

paper 11/ if the correlations between the vacancies are not 
" ... " .... - t 

taken into consideration: < n nt > ::::;> <n,) < na ~ = n . 

(5) 

llinimising (5) with respect to fftr and neglecting the 

tems of an order of 0 {1 / /'1 ), Q ( 1/ N,r) , 0 {1 ). we obtain the 

following equation for C ( j3 ) : 
" A -;5& -fEtr 

C = 'hrtt.r:)<n. nz.>o c i==(if(~J' e c ; e . <6 > 
(,.t'· n% 0 ' /o ~ 0 

Considering that 

<n;.>:.f-<61).<nr.nt:>=~- <6,)+ <6,61(>(7) 
and using for (6._) and ( 6f. 6/C.) the scaling. forsula for 

zero magnetic field 121 

fi " " -J x6 
{) (It- K l ) <6+>= f' o[(o) '<6j(6t>=lf-/Cq +: rz-v (8) 

we obtain the following equation for Cc J3 ) : 

I 
B 0 )J. x~.~ '11 P.~ ] ~"- jo '41! - J If ( • c = 2&,i) !- f [ro)# 5 c 3 /rc) i"- Z' I•) ·L;,<9> 

lfe l:aTe u•e the tact that tbe -an di•tance between the Tacan

oie• h Z,..:: l.f- K I= c~~ c tj.' )3., x6,J' ue ·- corn•-

5 



pending critical exponents / 2/. Note that £ (x) = 1 for 

X!!: i and rapidly decreases for x- c.o , f,(o)-1. 2.X1/= 11~-1 
j3, - 3 . As the calculation,.. of < -V'("J >., in the region ( 1) 

(formally the expression for ( V(v) >., iB similar to the one of 

the paper 11/) it is necessary to use F: (t) and .Ji (/.) which 

are calculated in 

the expression for 

£ {-x,e) (obtained 

the critical region (1}. They are unknown and 

f('l.e) is different from the expression for 

in different approximations in / 11}. But 

these correlators are due to the short-range correlations with 

a radius of an order of the lattice constant a., ( Cl,<• ~J We 

hope that the difference between ,?{-t,.!A and Z(~.~) is 

small ( <t\~on~)~ur·'-(K~t)f "f.(o) .... , ~~r-) 
As C<< 1, C,<<. i up to the melting point eq. (9) can be 

reduced to ~'X 

c ( f 1 ( 4: c i). Jr~.•)t~-• Y "c .. (10) 

where the explicit formulae for i)(~.e) are given in / 1/, 

~" Jl/f~· Equation (10) can be analyzed by a computer for a 

wide region of the parameters f , C.
15 

_, ~ and for the exchange 

integral I (see the formula for tf in ref./11). 

Obviouely, in ferro-phase C ;'~o~< i and in para-phase 

C/c,- 1 up to f, .JC, e.g. ,the temperature interval of 

changing from 1 to 0 is narrower than that occuring when we 

neglect the correlation effects 111. 
This result for the vacancy concentration "suppreseion" 

with cbaDciDC spontaneoua aagnetisation froa ita aayaptotical 

Talue in tlloe critical rep on ( 6 - 'l P.) to ita aayaptotical 

Talue for aaturetion ( 6- i ) is quite naturel. The experiaental 

obaerT&tion of thia effect raquirea hip Curie teaperaturea Tc 
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and low energy of the vacancy formation E:~ • It is possible 

to discover analogous anomalies of the magnetic physical cha

racteristics which are connected with l:v(for example, the 

self-diffusion coefficient). 
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