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SBoMmoUMS KOHHEHTPAUMH BAKAHCHI B H3MHIOBOM narHeTHKe,
YueT koppelsiuit MexAy BAKAHCHAMHU

PaccnaTpusaeTcd nonefleHHe KOHUEHTPALHMM DAKAHCHE B U3HHTOBOM
MarHeTHKe [Ipd yeTe KoppelsildioHHbIX s¢dekroB, Hemonbaywrea ocHoBHbIE
wien CyHUepllo3HUHOHHOTO pacwenaeHus u dopMyna CKefMHra aad Koppems—
HHOHHLIX GYUKIHH - o™~ , “ogog . [lonyvyaerca ypaBHesMe O KOHLEUTpaUuu
pakanculi Cy . B 2ToM cnywae nokasaH addekT “nonaBneHka’ KOHUEHTpaUHH
DBAKAHCHH,

Pa6ora BumondeHa B /laSopaTtopun TeopeTuueckoii duauku OMHAH.
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An Evolution of the Vacancy Concentration
in the Ising Magnetic. II. The Correlation
between Vacanclies

The behaviour 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 formulae for the
correlation functions <o, ~ , “;v‘:k" the equation for
vacancy concentration Cy 1s obtained. In this case the
effect of vacancy concentration "suppression™ is shown.

The investigation has been performed at the
Laboratory of Theeoretical Physics, JINR.
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In the last paper n/ the authors analyzed the behaviour
of the vacancy concentration in the Ieing magnetic under the
assumption that 2 2 ( =] 1- —7%5 l ), Z ie the number
of the neareet neighbours ( Z < 10). The correlation between the
vacancies may not be taken into account in this case. But for

/Z‘-'rO we are in bhe region when Z( Z-,. and the correlation
radius Fac" Qj is Dbigger than the mean distance between the
vacancies 7 ~ (f-ou ( CJ is the dimension) the system is in
the region of the phese transition, and the correlation between
the vacancies should be taken into consideration correctly.

It is the aim of our study. Since L&J= 2 2/ our results are
valid for temperatures ,ZZ Cl/dd-: ‘\/_C7 (supposing that

< 2_1, i.e.:the constraint Z-l> J?is rather reasonable
since Z-l~ 0.1 and C ~ 1). In the region 2 <V the main
parameter of the problem is the mean distance between the impu-
rities (= vacancies), that can change the phase transition
character (the second order phase transition turmns to the first

order one). The means of the analysis of this situation are



not clear, and we limit ourselves to the case

C//dn){7 rc oz

Ne use the basic ideas of the superpositional decoupling and

(1)

scaling-formulae 12/ gor deriving an equation for (C( ﬂ').
In this case it is natural to generalize the formula of

the paper /1/ by the following approximation for the free energy

change: A’ - q

SF-_@&Z<U1)/(L>9 6’&2{%ﬁ> KW ,,.,’_ } (2)

1,
The notation is from ref. /1/. Formula (2) can be justified as

follows:
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here mﬁ: ( K- |) is the particle number operator of the

<5?i) ﬁtz /:‘): 15;(2) . >,, >

I

(3)

site near the ( K-~ )-vacancy; the last one is the nearest to

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

vacancies, the distance between them is T~ C‘I/sand

A A A A ~ - = ..
<ﬂ,nz>°=<nzf’ls>a""— <nnnx+1>, (4)
where the indices 4.,2,3, K,K+{- number of vacancies.

These simple considerations and (3) validate eq. (2). The total
energy of the system in the region (1) is given by the formula:
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It transforme to the corresponding expression for h‘,t in

paper n/ if the correlations between the vacancies are nc;.t
A A A A —_—
taken into consideration: <[1,1,> = (/> (ﬂ,? = n,

Minimiging (5) with respect to M. and neglecting the

terms of an order of 0(///V) 0(///%), 0(1) we obtain the

following equation for C( j3 ):
ol _p t,

C - 2(«e)<"”>c 2<1f(f)>e -6

Considering that

<”¢>' “<6,c> N Ne> <6¢> (b, b, > )

and using for <6‘_> and {6; 6,<> the scaling.formula for
zero magnetic field /2/

1£-Kl
e o <Gborlt ‘| fz( 7 >(e)
we obtain the following equation for C(_f3

- 36|t fe) (20} fict )ﬂ—- ﬁ[/')}ms)

We ave use the fact that the mean distance between the vacan-
7 -5
cies is Zr= (\E'K':<4—3—C) .ﬁhxb,l).mth corres-



ponding critical exponents /2/. Note that i; (X) = i for
X< { and rapidly decreases for X-» co , ,[:(o)-.], 2x6=1%'~
/30 ~ % . Ae the calculation of <,0’(l,-)>o in the region (1)

A
(formally the expression for <1j(u')>o is gpimilar to the one of

the paper /1/) it is necessary to use F;(.ﬁ) and 3—; (.ﬁ) which

are calculated in the critical region (1). They are unknown and
the expreession for ?/’1,8)15 different from the expression for
é;(i,é) (obtained in different approximations in /1/). But
these correlators are due to the short-range correlations with
a radius of an order of the lattice comstant &, (ao(‘ 2] we
hope that th?\ difference b,etl.l(e‘e'n ?(xé and E(’X,Z) is
small < <n£ [:ln%>’:(?> —(KH)’Z “(:(0) 400, KSR
Ae C<c 1, C,<« { up to the melting point eq. (9) can be

reduced to _ EES
c(1- 4(%%)3)4@2)(3, ’

where the explicit formulae for 15()(,8) are given in /1/,

’JQ=F//‘}. Equation (10) can be analyzed by a computer for a

wide region of the parameters fs ’ ed‘, 2 ‘and for the exchange

integral 1 (eee the formula for J 1in ref.“/).

Obviously, in ferro-phase cC /C,(‘ .f. and in para~-phase
C/Co ~lute 7= Jc, e.g. sthe temperature interval of
changing from 1 to O is narrower than that occuring when we
neglect the correlation effects /1/.

This result for the vacancy concentration "suppression"
with changing spontaneous magnetisation from its asymptotical
value in the oritical region ( O~ C°°) to its asymptotical
value for saturation ( 5~1) is quite natural. The experimental
observation of this effect requires high Curie temperatures T,

> Co 9 (10)

-

and low energy of the vacancy formation 8\, o« It is possible
to discover analogous anomalies of the magnetic physical cha-
racteristics which are eon‘nected’ with Cv,(for example, the

pelf-diffusion coefficient).
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