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1. INTRODUCTION
",I
<} I.~ 

~, ,I A microscopic model of heterophase superconductor has been 
I
in:, recentl~/ll advancéd. This model~ formulated in the f~ames of 

\. .li; l" \ the statistical theory of he t e r opbase fluctuations /2,3/, treats
II"~I 

superconductor as a mixture of superconducting and normal states.":i:: 
It i~ worth to stress that su~h a mixture ~s uniform and should="Ii 1
 

,.,~'\ \ 11 ..~ 1J' 
\1 

not De confused with the well-known mixed state consisting. of 
'(, ~. spatially separated fully nQrmal and superconducting reg~ons 

(som,4pew data c9ncerníng the mixed state,can be found in 
",. \, J"\,,, 
"'o-,t '\ ref. ') . .~ In t he p-re s e n t communication we consider the model of 'he t e-: 

I~ ; 

rophase s~perconductor concen~~ating o~ the following aspects 
,.l"~ 

wh~ch have not yet been discussed. 
;.~ "' 

.1 1) We generalize the investigation on the arbitrary spectrum 
of pairing particles. This does not.lead to diHficultie~ ofii.lo"" '\.,] ~.':».IA K~ l)" 

principle and is reasonable~ beçause electron spectra-rn real 
metals can be quite va-rious ... The ~atter is the more so for meta

" Ifl_I' 

, " ~jl 

stable supe r c onduc t i ng alloys/5-7/ and metallic glasses/ 8 ', Non/ 
j,,~Y "t .lU 

- parabolic spectra, can ·also aprear when dealin7with supercon10\11 

dúcting transitions ín heated rotating nuclei 9-11/ or in the 
qu a rk-r g l.uon matter/ 1 2- 14/ ' (t 

~t.;.I 

2) We analyze stabílity conditions .showing which connectiàn\.., 
between the Coulomb interaction, paíring.ínteractiort-~and the~"'" 

.~< kinetic energy should be valid in order "t ha t ühe he t e'ropha se 
system be preferable comparing with the purely superconducting

-. phase, 
\,, 

3) We discuss the trànsition tempêrature .obtained and con
finn its excellent agreement with experimentally measured su
perconducting temperatures for the maj?rity of superconducior's 

e 

known. 
~t Throughbut the paper h oco 1, k B = 

,\ 
\,. \;J,
I . 

2., HE,TEROPHASE MIXTUPES 

Let us first of all remember th~ main points of heterophase 
theory. Cons í d c r the system of N _particles in the volume V. 
If we suppose that the sy~tem is spatially separated by two 
parts containing in the subvolume VI one thermodynamic phase 
of N 1 particles and in the subvolume V2 another phas e of N 2 

particles, then the Hamiltenian of the system H should be 
li. f:<Q Q6b~eHBJ.IA ~CTHTY'l' J1AepllblX HC,cne.AOBaJpdí llYtSBà. 19&.&·' • -7" ---- 1" " ) J~~ 

..,,~a. ."r'r~'Yq.1V1fJ11'. }jl'".:'"'L ,A" .< • "." UIi; ... l1'J 1;11, \., 
1'.~ll.'\~: '!It 

;.ule~E~1\ h..:t.(Jlel~5?!ud 
",,'/ 
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I' 

...,1 ~.xpressed t hr.ough the nt egra l 
J 

s J ... ar (~.:;= .1,2). In t h í s' c a seí 

V. 
,I 

we éome ~o the nonuniform and nonequilibrium problem with .given
I' Lnj t a I cond.i t ons , when we are f orc'ed ,to d é a L with k i.ne t i cí í 

equations de.s c r i.b í.ng phase nuc l.eat i on" (or sp í.ncdaL de cbmp os i'r
tion), domain growth and mo~emert, dynamics and structure of 
random interfa~es/15/and alI thaE. However, if the system in 
average i§ in equilibrium, and the characteristic lifé time· ' 
of phase nucle'i is much iess .than measuring time, then we havei 
.to average over a.J.1 po s s i.bLe phase configurations /2,3

1• whí.ch. 
,'l> '"
 

1 \
 is e~uivarent to th~ replacement 

V· -~ 

J . r. dr ~ _.L. J ... d r .	 ( li) 
Vv.	 V 

r;' 1
 
)
 

" It i~ convenient to introduce the geometrical probability 
V. 

w =_1 (\7 + V V) (L) I 

j V 1 2 
ce 

' 

..::'by definit10n having the property 
q 

1 ".. 

'o < w: 
1 -

< 1 "0==1,2)	 ';- '1(3). 

and satisfying. the normalization condition 
b	 ,I> 

• w + w 2 = 1.	 (4)
1 

lhe Hamilt~nian H, being the functional of the volu~es V. ~ 
beco~es dependent on the probabilities: H = H(w , w lth~,

2).For 
same reasQn thermodynamic potentials, for example free ene~gy 
ar grand potential, are the functions of probabilities: . 

\ 
8 '1 

f(w1, w2) = - ~ In Sp exp[-~.H(wl' w2 )J.	 (5) 

Using the no~malization (4), one can simplify the notations: 

/ w1 =w, w2=1-w, f(w)=f(w, 1-w). 

e 'The prob~bilities (2) are' such t hat; they make the thermodynamic 
state ádvantageous , that 'í s '. they minimize t he t hermodynamí c 
potential.:'" 

..z.f(~2. = O, a2f (w) > o	 -(5 )"-aw 2aw 

The first of eqs.(6) has the ~ense of an equilibrium yquàtion 
-and can be rewri tterr in the 'form	 \' 

2, 

'~", 

, -, <iH.> == o,	 (,7)
i, 

aW. 

whi Le the second of eqs. (6) is t he s t ab í Lí t y cçnd i t i.on and can 
be wrí. t ten as 

2 a H <(.a.H )2> 1'> O.[8, <,-=.---;t' >	 (8) " awaw 
This inequality will be called later on the heterophase stabi~i
ty condition. An ab s o l.ut e Ly stable state co r r e spond s to f abs = 

= mf l f'(w); C(l), C(O)\. 
When ~aking the thermodynamic limit for a heterophase sys

. t ern we shall abbreviate nota1:ions and write Iírn , meaning t lra t 
N-->oo •

I 
N --> 00, V --> 00, N --> 00, Vi --. cc •

j 

"	 N. 
~~	 Ili --> const , V- .~ const i.>
 

V
 i 

If the limiting c on s tan t s for N l/V l and N 2/V2 a-re the s ame., t ha t 

is 

. N·I p (i = 1, 2),	 (9)lim -- 
~ V
 

N-->oo i
 

tHen it is easy to check that 
li,; V. N.'" lim __L == Iírn- -.l. .
 

V N

./ '. N...rx. N>ox 

Therefore the probability (2) can be defined as a~ asymptotic 
~ value for the concentration 

Nj't' W .:::: (N 1 t N 2 = N). , (I ü) ~ ,.li 

i N 

3. FüRMULATlüN üF THE MüDEL 

We shall investigate here the model -of heterophase super
conductor/ 1J being described by the Ha~iltonian of the BCS 
(Bogolubov, Bardeen, Cooper, Schríeffer) type 

H == H 1 EB H 2 , 

, -l.- w .2 + + (1 1 ) 
H.	 w. 1. L (k)a. (k)a.(k) - --2_ L J(k,k')a.(k)a. (-k)a. (-k')a. (k'), 

I I k I I 1 2V kk " 1 I I 1 

,3 
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[ . 1. 

. . 1 
Q	 ~ sup l 2"; (J 1 + ;J2)' J ~ + ~" J 2' -; A l , where k =; {k, ã}; a == +. -; is the sp i.n index', 

Q	 < inf{.!..·( J + J ), J + A, J - AI. 
f i {k) ==.f e ff (k) + Q W i - /l.. 

,/	 

(12) -' 2 1 \ 2 1 2 

e ff (k) is the electron spectrum of an arb i t r ary form, Q is e" J 

tte effective Coulomb.interàctio~between electrons, /l. is the 
chemi ca l potential, J (k , k ") == J (k ", k ) is the pàiring Ln t e r.ac-: 
tíon , The Hami.L t on í an H 1 is defined -on ~ 1 which i s :U( 1)-non-., 
~~variant space, and H2 is defined on U(I)-invariant space ~2' 

The direct sum ~H. acts on the space ~ -=.:: ~1 G) S:2' 
1	 1 f 

The heterophase-equilibrium equation (7) with 'the notqtions 

Â. ~'" ..!-. 1 f e ff ê;), <a-: (k) a . (k) . 
1 N k 1 1 

1	 + + 
J. - ~ J (k , k') <a. (l() a. (- k ) a. (- k ' ) a i (k ') > , (13)

1 2N v: kk' 1 1 1 

Q
 
Q, == -' ~ <a:+-(k)a, (k)
 

1 N k 1 1 

gives 

Q -' J + (A - .A )/2
2 2 2 1 ( 1'4) W = ----------------------~
 
Q(+Q2- J 1 - ;J 2'
 

Using the expression fo~ the grand potential 

-B.le
 
O = Q'1~+ O2 , Oi == -·e IH Sp e 1
 

we can find the numbers pf particles in'~ach phase 

dO.. + 
N.	 == - __1_ = w. 1-<a. (k) a. (k) >,. (15 ) 

1 a/l. 1 k 1 1 

If we decide 'to accept~(IO), then from (15) it follows 

+ 
~	 <a. (k) a. (k ) > :::.N . (16 )k 1 1, 

~ Af t e r this we see that Q1::::: Q2. .::::, Q J and (14) becomes 

Q	 - J + A
2 f 

W	 ~. --------~-- A == -,-(A 2 - A 1)' (17) 
<-',2Q -'J -J 2

1 2 

/

In order that (3) is va I'id , i.e., O < W <' 1,the e f f'ec t i.ve ~, 

CouLomb interactio~ has to satisfy one -of' th.e inequalities 
r" 
4 

l 

I~:.	 ' ~sing the ~nown methods /16~ol).e is able to check that tor thet t 
q model cons~deted 
t 

-ai-I 2 aH 2< ( ---.....) > ::: < -_.> (N~oo), 
itl'il. aw aw 

and the' latter exp"tession is zero according to (7). 'I'ak í ng this 
into account and substituting 

2 
aH (2 -)<. -2 > = 2 N Q -' J 1 -; J aw	 2 

into (8), we find the heterophase-stability condiiion 

1	 (18)Q> -(J + J ) · 
1 2 

< 2 
Thus, from t he two limi tations, corresponding to O < w < 1, we 
much choose only one 

" Q > sup { J i + A, J 2 -: A I ,	 ( 19) , 

~ which is not less strong than (18).
 
At the end of this section let us give'the quasi-spin re


presentatioA/ 17/of the Hamiltonian (lt). Invoking the nota

tions
 

il;'	 :\ 

.a;(k)=ai (-k)ai(k), aiZ(k) == 1-;2~i (k), ni(k) =.a~(k)ai(k), 

i . we get 

w. ~ w2 _ 
H.	 = _1 ~-f (k)[l _.aZ(k)] __i L r o , k')a. (k)a.+(k J 

) . (20) 
1 2 k i i 2 V kk J 1 1 

Remember, that everywhere above k == {k, a I and ~ = ~ 1. 
k ~ a 

I} k 

u 
4. ASYMPTOTIC SÚLUTION 

In the thermodynamic limit the Hamiltonian (20) is asympto
ticallyequivalent/ 18/to 

,2, 

u « i_ 1 (k)[l _a.Z(k)] _.~ ~ t1.(k)[a,+(k)+a~(k)--<a~(~»], (21)w f.
 
2 -k 1 1 2 k 1 1, 1 1
 

'.
1--	 5 
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~ J "J.,'v

)	 ,where 

1
t'J.	 , (k) == -, 1 J (k , k ") < a + (k ' ) > (22) 

1 V k " i 

is .the gap, and t he. i dent í.ty <a,+ (k) == <o ~(k) > is taken i.nt.o 
•	 • 1 1

cons1derat1on. .
 
The expressions (13) are now
 

1 ~	 1 +
AI' == -- lleff (k)(l- <;:o,Z(k»]. J,== -lt'J.,(k)<cJ, (k»,.

2N k	 1 1 2 N k 1 1 

For the averages of the Pauli matrices a,Z(k) and a,±(k) == a,X(k) + 
,	 1 1 1 

+ i a, Y(k) one obtains 
1 

Z W, e, (k) E, (k) +() w.
2

t'J.. (k) E . (k) 
<O. (k) = _1_1_- th __L..---: • <a.- k > '-= __L....L.:-_ th-l. 

1 E. (k) 28 1 2E .·(k) 28
 
1	 I 

here the spectrum of pairing particles is 

2 2 2 1/2
E;. (k) == w. {f. (k) + w. l\. (k) 1 .	 (2,)) 

I 1 I 1 I" " 

Ih this way (22) leads to the equation for the gap 
2	 ' 

A. (k) == ~L L J(k0:}-':~l~~~~ th ~i (I~:2 (2.4) 
, 1 2V k ' E (k ' ) 28 

" As far as the spe~tr~m (e f(k) doe s not~ depend on the spin in:r .'1 
dex, t.hen , accord i ng to -(12)', (.(In == (,(k). Suppose that J(k,k} = 

I 1	 .. = LJ(k.k') is also a function of wave vectors only. Therefore 
o	 ~ 4 

1. -> 'w. c , (k) E.(k) 
A. = - L ( ff (k)!l - _I_I~.~ til _1_- 1 

I	 N --> e E. (k) 28
 
k I
 

2 2 -. • , 
w. ,I\(k) Ej(k)

J	 == -!- í -.-'--' th --...~
 
i 2N k E:

i 
( k) 28
 

2 .... ~ ~
 

t'J.. <l~) == 5..: 1 J(~~:;;-~li~~._ th ~~')
 
28~'

1 2V k' E (k')
i 

! Owing to U(I)-noninvarian~e of the space ~1 and U(I)-inva~ 
-1 riance .o f thespace ~2' the foliowing conditions 'are true: 

'" +	 + 
<a 1( - k ) a I( k ) > = <0 (It)> 1- O. <a 2( - k ) a 2(~ ):> '= <a 2 (k) > == Or ( 25 ) 

1 

1. 
Consequently, 

t'J.I(k) =, t'J.·(k) i o. t'J. 20Z) ,= O.	 (26) 

.6 

,'Ih":'1 
1\
l\ 
~(( 

."'....1
"
! 

I' 

'1, 
:, 
.~. 

.if<.. 

J,V 

'~ 
~' 

I 

\~' 

ilt~ .. 
't 
11"/1 :,~ 

\,

T "
 
" 

It~)\ 

~ 
~},~ 

" l,
 
1
 

Jf
\ r:
I:',
.

t~· 
K j 

t\ 
"1'''' 

I" 
1 

~I 

.11
~ 

~: 
~ 

i~", 
L,. 

~ 
• oi' 

\ FuLf i l l i.ng the s t andard "sub s ti t.u t i on .L·l ~J -:-<!~3- and usin~ 
eq . (23), from wh i ch V k (2TT) 

~ ~ ~ 2-':;---;-2--:'- ~ - ~ 

,E1(k) == wE(k). E(k) =i -Y f (k) +. w .1 (k), == (1 -w)l2~k),1	 E 2(k) 

we obtain 
~ 

AI = ! f e eff ( k) [1-,' ':./~Jh wE ~k~ ] dk 

p	 3E(k) 28 (2 TT).. 
dkA == J_ J e (kH 1 (1 -'W ) l <i~) 
~.

p eff - th 2 ] (27)2 20 (2- TT)'3 
2 ~ -> ~
 

W t'J. (k) wE/(k) dk
 
J = -- f ---- th ---~-' -~- J = o..


2I 2 P E (k) 28 . (2'TT )3 

The equat ion (24) .for the gap becomes of the f orm 

-> w -. J(k,k')t'J.(k') wE(k') dk' 
t'J. (k ) == ~ (------ th --.....-- -------. (28) 

2' E ( k' ) 28 (2 TT ) \3 

The pro,bability of superconducting phase (17) 1S now 
• 

Q + 1\ 
w == ----	 {29) 

2Q - J 1 

wl1ere 

1 -> (1(;) wE(k) '(1-W)(2(k) d k
 
A = --- J( ,(~) I ----;- til -.---- - th ---;------- I -~.
 

2p, ef" E(k) 28 28 "~~'TT)3
 

Eg. (16), defining the chemical potentia~ ~ as a function of P 
~nd 8.ma~ be written dO~H as . 

'.... 
'1 w. ( . (k) E . (k) dk\P :::: ( 1 - _I_L.__ th _-L_ 1 --'- 

E. (k) 28 (2 TT ) 
3 

I ' 

F~r the stability condition {I~) we hav~ 

'"
" 

Q > sup \, J 1- t ;\, - 1\,I . \ ( 36) 

"As cart' be seen .from (27), A 1 ~ if w ~ O at e > O ; co r r espon-: 00 

dd ug l y , A2.~ ()C if'W2~ o at 8> O. But A~_± 1 has no sense in00 

eq."(29). Thus, there is no con t í nuous nuc l ea t i on at any finite 
temperature 8 >-Q. Nuclei of one phase in the othe~ could app~ar 

'êithér jus t at (3 == O. or, i f no t, by a jump at 8 > .0. 

1. 

• f 
j 

..,
 

,l' 

7 
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5.	 CRITICAL TEMPERAtURE 

In order ~o proceed in further calculatidns iet us concret~ze 
the pairing poten~ial 'choosfng the Bardeen form 

Ie 1(k) I < to o' , Ie~ (k ") i < úJ O 
4	 4 { JJ(k,k')= O'	 (31) 

O, 1('1(,)1> úJ o 

in	 whichúJ is an effective frequency of crystalline Iàttice.o
Then (22) yields the known result for the gap 

4 

< (u	 ~i'l; l1)., IE 1 (k) \ o r . (32)
'" (k) ~ { O, I(1 (k)l > úJ o 

Define
 
'the funct ion k 1( f) = Ik I, given by the equation
 
Consider t he Lso t rop í.c medium, when (err (k) = f eff (! k[). 

e (k (f» + Qw -:fJ- = e ,	 (33) 
eff 1

~fter this eq.(28) transforins to
 
+úJ (
'w 1. O

I n1 f) I 2 2A 2w" e--O f th --- + W L.l ·d(= 1,o 

2	 -&lo 2"---:22' 2'0V( + W I).
 

where the leveI density is
 
2 

n (d 0= k 1(:) ~.!~
 
1
 

2 TT d e 

The integraIs (27) can be al?o rewritten using nt&);for example 
J 1 = 1).2/ pJ ' The law of the mean helps to simplify more sucho
integraIs. Thus, for the gap equation (28) one has 

úJ o 2 2 2
w,,1 e + W I). d e 1 À (.) Jw À . th -- --------.-.== , 0= nO.	 (34)r 

----- ,1 O 
O 6 2 22 0 

V( + w 1).2 

(The cortstant À plays the role of ,an effective interaction of 
electrons due to the phonon exchange. That_is ,why this constant 
may be called 'the electron-phonon-electron couplipg, or the ef
fective electron-phonon c,oupling. The vaLue of À, being de f i.rred 
through the electronic density of states n1&), depends ou diffe
rene model parameters/19~as well as on thermodynamic parame
ters ,. e. g., it can depend on pressu-re-ind}lced e Lec t r on charr
ges /201. In the case o f an .exc i t oníc super conduc t or À is the ef
fective electron-expiton coupling/21 

! 

8 

~ 'l .' 
~\ "o
 

,
 .." . 
Jif,""..,
 

,
.. 'The.critical cempe ra ture 8 c 18 to be defined by the 'ton<:1~-' 

! tion A = O. This gives together with (34) the equation 
~ 

(u
 
r Q t W f
 

W À f -- th --~-- d f == 1, ~ .'	 (35,)c;{ O ( 
C 

28 

1!~ ,r.	 in which W c 0= w(8.cL Eq , (35) c:an be analytically solved in two 
oppdsite c.as e s: this one of weak coupling, when 

f:	 ~ 
. 1 úJ 

\ 

a
8 ~ 1,134w (uo exp (- --- ) (8 < -_o) (36)'

c c À' c, 9"
• W.C _TT 

.' ~ 

apd of	 strong coupling, when 

(rJ o8 
.	 

::: O,5w 
2 

ÀúJ ' (0 »-,). (37)
..c c o c 2T( 

.,1" 
The first case corresponds to À < 1.574, and the second to 
Ã» 1.273. As is evident, (36) transforms to the usual BCS 

'formula /22~ .i f. we put W ~ 1, The dependen~e (37), where 8 ... À, 

í-s 'anaLogous to the Ro~el'l /23/ phenomenoLogi ca L formula, cwh'ich 
i8 in ~qod agreement with experimental transition temperatures 
fQr superconductors 'with strong coupling. 
J The criticaI probability of superconducting phase has to 

.be f ound from eq. (291. At the c r í t í.c a I temperature, where 1).=0, 

~o~e gets from (27) 

1 , -.Ti = 'J2 =.0, A = A2 , A = -.(A 2 - Ai) == D.1 2 

}~ecause of this 
I;. 

'W =:: W(t;;\ ) _ 1 .
"c,	 U c -'-~:. (38) 

,,'>, 2 

\ Tha stability condition (30) shows, that in the left vic1n1
t y.-of the criticaI point e t here is a mixture of 'superconduc t-: 

"ing and normal phases onl; if the ~ffective Coulomb in~era~tion 
is pos íti.ve r Q > O. '- ! 

With w = 1/2 the expressions (36~ and (37) lead to 
c . t' 

li	 -2/À
O.{)ô7 úJ	 e (À < 1.6)

8	 __ O;i 
c { 0.125 úJ o\ (À» 1.3)

i:· 
The constant À can be fbund either from electron-tunneling ex
per,iments or from calculation~ based ori empirical-pseudo-pot>u
tial methods (see, e.g., ref. ~4/). rhe frequency ~o 1S defined 
in literature by var i.ous wavs: as Brotibrtional -t o the "Debye

." .~25T' 123/temperature .®n (McM111an ,Ro~e.ll ), to úJ oi exp <In co » 
In • 

l' 

~ 
\, 

,\ 

/' 

9 



'/26/	 . /25/ 2 1/2
•	 (Allen and D/nes ), to ,<úl> (McM~llan ~,to .<úl > (Allen 

and Dynes/26, Kre s í.n , Gutfreund and Little /2 !). In all cases 
mentioned, except the Rowell~23/ one, the 'transiti~n temperature 
~ontains an additional pa.ràmeter - an effec.tive electron-elect
/ron repulsion~*, which gives some limitàtions for· the applicabi~ 
lity of the formulae derived. For example, the McM}llan formula 
is wrong for ~* > 0.245 (see the d i scus s.Lon in rei". 28/). The 
-va l.ue of úl 1n can be connected with the zero-t~mperature, gap ~o 
within Elíashberg theory/29~There exists also a phenomenological 
connection /30/between ~o, Se' À and ~*, In our case Q is equi
'valent to ~*. 

We would like to emphasize, that all theoretical formulae 
known for Se are valid either for strongly coupled, or weakly 
coupled superconductors only. This is becau$e of the fatt that 
in th~ p~ocess of derivatinn of Se one uses, roughly speaking, 
e i'the r expansions over e- 11\ as for weak coupling, or in power s ~ 
of l/À, as for stron& coupling. That is why, for instance, in ~he 
BCS case Se ~ e-lO. ,The inequality e-1/~« 1 requires À <: I, Ln, 

our. case the va I-c~di ty of -t.he weak-couplin~ ap.proxima~ion ha~ 
a b~t larger reg~on, because our S ~ e- 21 : and the 1nequal~tY 
e- 2 / À « ~ heeds onÍy. À· < 2" The stro~g coupling limit a Iways. .ca l-Ls 
for À::» 1 . As f a.r as we know, overwhelmíng rnaj ority of supe r corr
duc tors (i f not all) have À 55 2.59 (t.he Latt.e r is for Pb,o 45 Bro 5~' 
Therefore in search of a common formula for all superconductors' 
we. would choose 

-2/ À 
Se = 0.567 (doe , (39) 

Let us mention, th~t in the interval 1.3 < A < 1.6 both the ex~ 
pressions (36) as well as (37) give the values which'are clos~ 

to each other. Thus, for À = 1.4 they yield 8('/ ú) o::; O. I . Making 
the trivial subs t i tu tion (~== 1. 134 (t.) o' one rnay rewri te (36) and 
(39) in the equivalent forrn 

(;; , ( 2 
S - exp - -).	 (4Q) 

c 2'" À 

This formula in the representations (36) land (39) wás pub
lished in. 1981 and' 1982 (Shumovsky and Yukalov /1,311 ). "Lat e r , 
in 1'983 and 1984 i t s ' app Li cab i l i t y for about 100·...rnetals and al 

(loys - strong and weak superconductors, was checked by Sur
ma /32,33/, He considered three variants for (-;;: (D == co , (-:; = 0..9<.(1)". 

and ;:;= 0.7S D,. where 0.9 and 0.7 are fitting paramet~rs. The va
lues for ~ were taken from calorimetric and neutron-scatiering 
experiments, and for À -fr orn tunnelíng experiments. In t he cases 
ávaílable experimental data for (0 a'nd (\ were compared wíth t heo-: 
retícally calculated. For the majority of known superconductors 
the deviation of Se' .gi.ven by ('40), -fr om experimental. transi

,lo .,'r tiontemperatures is of order of 10%. Thís has to be recognized 
10 

\	 
.. 

~ ,( /'~~ 

I	 ~ 

I.. • 

as a very' good a gr eement, because tb~' t yp i ca I éxper Lmenta I un
íI	 cer'ta i'nt es f'o r À and C;; are l of ab'out 10% t oo . 

7-t i s quite i.nt e r es t í-ng, .that; t he eq.uation(;; = 0.7 SÍ>" us ed 
,by Surma (321 as a f i t t'í ng r e La t i'on ,can 'pe. obtaíned theo;;.et,i-cal
,ly when applying to the theory of hetérophase crystals 3~-36~

f \ Accordi~g to~ thiy t heory úJ o :::: yw Elb,. ~ far as w = 1/2 at 8 =, Ele' 
-I 

l 'we get j us t úl = 0.7 aÔ.	 ... ", 

In our model of heterophase s~p'erconductor above the criti 
cal temperature w = 1/2 , although ~=o:. It is po s s í.bLe to inter
pret this as the existence .of some atavism of superconducting 

.I~ s.~éÍte (may be a sort of gap Le s s .super conductivi ty, tak i ng-vp lace 
Ln alloys with admixtures 137/ and in r-ota t i ng nucLe i /10,11/) .Such 

'an atavism is not surprising, fróm tpe experimental point of 
I~ 

~,view, because a number of ditfe~ent, mate~ials is ktiown, in whích ' 
á high-temperature disordered, phase reme~bers its low-tempera
ture ordered origino For instqnce, an antiferromagrretic-reso

~;tla'nce mede persists /38/ in the pa.rarnagne t i.c state of the layer 
-cornpound (CII 5NH 3)2 Cu G14 up to a-Ímo s t 2 El ..At 'the aame 1:ime 
çhis compound is spatially un±formrand isNnot separdted int9 ,. ~/ 

.•s t ab Le clusters as in .super ant í.Eer romagne t í.c /39/and superpara \ 

.magnetic / 40/matters. Howevet, aD invéstigat10n of the hetero
~~qase-superconductorpropert~es above the critical tempér~ture 
is not the aim of the pre~ent paper. 

,.~	 " 
,	 i j 
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IOKanoB B. H. EI7-85-114 
K MO~enH reTep~asHoro cBepxnpoBO~HHKa 

HsyqaeTcH ~Byx~~KOCTHaH MO~enb cBepxnpoBogHHKa. Hccne
goBaHHe OCHOBbmaeTCH Ha MHKPOCKOITH'ieCKHX MeTogax CTaTHCTH'ie
CKOH <!>H3HKH. CrreKTp sneKTPOHOB npegnonaraeTCH rrpOH3BOnbHb~. 
YcnOBHH YCTOH'iHBOCTH ITOKa3bmaroT, 'iTO CHCTeMa npegcTaBnHeT co-
6oH CMeCb CBepxnpOBOgH~eH H HOpManbHOH !j>a3 TOnbKO rrpH gOcTa
TO'iHO CHnbHOM KynOHOBCKOM B3aHMOgeHCTBHH . Ha~eHHaH TeMOe
paTypa cBepxnpoBogH~ero rrepexoga npeKpacHo cornacyeTcH 
C 3KCrrepHMeHTOM. 

Pa6oTa BwrronHeHa B fla6opaTOpHH TeopeTH'ieCKOH !j>H3HKH ORHH. 

Coo6•eHHe 06be~HeHKoro HKCTHTyTa ~~ep~x Hccne~oBaHHA. ~y6Ka 1985 

Yukalov V.I. El7-85-114 
On the Model of Heterophase Superconductor 

The microscopic model of a two-fluid superconductor 
with arbitrary electron spectrum is considered. Stability 
conditions show that the system is a mixture of supercon
ducting and normal phases only when the Coulomb interaction 
is strong enough. Superconducting transition temperature is 
obtained, which is in excellent agreement with experiment. 

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