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1. 	Introduction 

Twinning-plane-superconductivity (TPS) is a new interesting 
type of two-dimensional superconductivity/1/. At temperatures bigher 
than tbe bulk critical temperature ~ near tbe twinning plane (TP) 
tbere arises a narrow superconducting layer observed via its own dia
magnetic moment. Bicryatals are cut in cylindrical form, and tbe 
axi. of tba o;rlinder lies in the TP. Tbe magnetic IIIOMnt is ..a.ured 
by a SQID and. special attention is paid to compenaate tba fluctua
tional die_retism of tbe bulk metal. lb:per1lllental ..thoda are des
cribed in 12 • Por external magnetic fielda 11- parallel to tile 'fP. 

the superoonducting l.,er is homogeneoua and for obtaining such tbar
modynamical cberacteristics as tbe temperature dependence of the cri 
tical IUgnetic field *S(TJ of tile type-I 'l'PS. the diamagnetic moment 
per unit TP area M(I, h) • tberm-capaci ty Cit 18 necessary to stu
dy tile properties of tile flat superconducting-normal phase boundary. 
The TPS critical temperature 15 is ver, close to tbe bulk one. Por 

tin IJI for example 


(is -~) = C.C4-K 72 K • 

Becauae of tllis prozimi ty it is possible to d...cribe 'rPS in tile 
.framework of tile Ginaburg-LiUldau (GL/4•51 theory. aeally. tile nume
rical calculations/61 in tile framework of this mean-field tlleory are 
in good agreement witll tile e%perimental data for tin IJ/. Tbe tin me
tal is a type-I superconductor wi til tile GL parameter ~1L.O.1). and 
this small parameter can be used for obtaining analytical results in 
tile fiB tlleory. 

As is known since tile pioneering OL work/4/. the preciaion of 
?t .0 approximation for surface tension ~ is comparably small. A cor
rection arises to n:. whicb ia proportional to the square root of a:- • 
TIlis correction is connected witll tbe energy of tbl suparconducting
-noraaal phase boundary. Tile boundary i;; a tllickness of order ot 
;£"2~Cr). wIlere ~/'TJ:!:s tile temperature-dependent correlation radius 

151 (tile GL collerence lengtll). Except tor tile ~S caae sucll,phase 


. boundarieS arise in a lIli:&ed auperconducting state ot ti;1pe-I super

conductors. TIle~ • 0 approximation neglects tbe tllickness and tbe 
energy of tbese phase boundaries. Analytical result for tbe TPS pba
se diagram is in poor agreement witb the experiment/J/ • It is of 
metllodical interest whetbar that correction to tbe surface tension 
is the same correction lIC:t whicll is necessary for the TPB Gibbs 
free energy GeT, tt) • Tbis universal correction is obtained in tllis 
paper by solving tbe universal GL/41 equations for tile phase bounda
ry. Energy of tba phase boundary is nonanalytical in tbe small GL 
parameter <e • Tilis energy is proportional to «"l and thus its 
consideration is essential practically for all type-I superconductors. 
Subsequent corrections to d. contain -;ei'l. and bigher powers. Tbeir 
calculation is only of academical interest even with a contemporary 
experimental precision. 

Tile aim of tllis paper is to obtain explicit formulae for the 
surface tension of type-I superconductors and TPS free energy as 
functions of the GL parameter ~ • 

2.~ 

The TP contains a orystalline-distingusbed layer of atoms em
bedded in the bulk metal. Irrespective of a specific microscopical 
mecllanism of TPS ( it can be connected witb the change of tile phonon 
spectrum of TP stoma or with tbe appearance of the two-dimensional 
electrons confined by TP) in tile framework of the GL theory. the 
influence of TP is taken into account by adding appropriate boundary 
conditions to GL equations. For describing surface problema (see the 
well-known text-book 17/) we use the boundary condition for order 
parameter 

) 	 (1)J'ly~J11:l ~ 0 

where 1 is tile extrapolation length, and is the Cartesian coOr
dinate perpendicular to tile layer (TP in our case). Tilis boundary 
condition describes the jump of tile gauge-invariant logarithmical 
derivative of superconducting order parameter on TP. TIle boundary 
condition (1) is equivalent to adding a new 6 -like term/81 to the 
Gibbs-free-energy GL-functional 151 

G(T;fl-)=ldV[1(-it~-e"4;{: )1VII2I11~ + a t- b/1(112 

+(rot4 -fl-//8:rc -dVmlf-l) Mz) tJ J 	
(2) 

_.,'_ 3. .._. 
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where eil<:;.2e ,nll'" are the charge and mass of the Cooper pair, C 

is the light velocity, -t. is tile Planck constant, -4 is tile vector 
potential, b is the temperature-independent interaction constant 
for the order parameter, and ct depends on the temperature by the 
ruJ.e a.,;;: const (T- T...) • The parameter a tends to zero at the bulk 
transition critical temperature. Integration in (2) is performed 
throughout the whole volume of the superconductor. 

Por external magnetio fields ~ parallel to the TP we will 
/51use tile gauge

B!J )::::(rotTt)1;I::: J4-" /Jl J 4!:\;:; -A-i!: -=- 0; 

8~(.l :::::!oo):::: *':j' 

Recall connections 151 between the parameters of functional 
(2) and the correlation radius ~(T) , thermo¢fnamical critical 
field 1+.: (T) , equilibrium value of order parameter"lf~ , the Gins
burg number Gi, GL psrameter ae and the London screening depth:' r 

ft2/2 m 'JI-f la \ J +t1T)18x = a'2./2b ) l..:::::/QI/b J 

Gt2. 8m: ?eLf e;/i;G) { {,/[e)'r(T=:O)]} J 

111ll, 1/2.

'd:' m"C P ;(2m:) /e*/'h) d-2
;;; 4~e"*lwZ;m*c 2.. () 

Let us introduce. fOllonn/6/, useful for TPS theory vari
ables. 

t (T- T;J/(1S-Tc ), o:::H:
(. 

(t;;::-12, ~s ~(t;:: 1)) 

~=-IH-.... I/1f$, f?:::: 1f//8x) 4$ rSPS) % 1.f!o(i-=-1) 

x ZI~:: , -fh:x) := +t-x (l:- )/If-s r$ J (fix) =- 'IffZ)11ft . (4 ) 

Bear to ~ • when the order parameter is small, the compati
bility of the solution of the linearised GL equation 

4 

with the boundar,J condition (1) gives the equality 

rS' '" 1. 
!he last of the parameters of functional (2), the fundamental for 
US length A , can be dete1"lllined with the help of this equal1ty. 
!he same coherenoe length is determined by the known equal1ty 171 

_ )"/2 ( )-1/21~ (T=O) = /Zr][i,- .JftC2 / dT 1: , 

y * c.
where 4? -=-2~"YI(Je is the lIlagnetic fluxion, -Ih2 i8 the super
cooling field. The GL parameter is obtained by tile equation 

~ =- ft.., /ill- #c I • 
IT::::I;;-o 

In the case of a parall,l to TP external magnetic field there 
arises effectively one dimensional problem. In new variables we ob
tain for the TPS-free-ener&V (per unit area) functional 

S+""r. '2. 2.G"" C,S ..I:q2 (d-B- /Jx) 1- ( +1--9/0:-) -t- 1_tr/ -t- I} 'r 
,Q 

-4-~(X)B-I-t-(d4/clx _ldL
]. (5) 

Before calculating the corrections to G and <L in power .eries 
of <e , in the next section we desoribe the basic term, the case of 
the extreme type-I 8uperoonduotor with d:: • O. 

J. The ~. 0 approximation 

The Ginsburg-Landau equations are the A~ler equations for the 
free energr funotional (5) 

-t- 2lffL((j4/bft)/24 2 dl{}/Jx2 -t (6a)s 

- 4- 0(X) t1 t Z {.;1 
(6b)

(JG//jIf)IZC-rs ::: - cPA-Ic)x L + (G/f'Xf 1/ C. 
These equations have (for r 1= 0) a first integral 

(d{i/c/x),2 -t- (J-I7Ic:h:)2 _ 21-:f) L () ",. - ( (t /J 
t+. L /8 J[. rz st. (7 ) 

= Ps 
It i. the con.erving Z 1: component of tbe strain ten.or. It formally 
we replace in (5) d:X~::1C:r:Jch ,tile strain tensor CIID be obtained 
as a variaiional derivahve with respect to the _trio (the Lame 
coeffioient ,1C1:) in this oase) 

~lo =: j 1 • 
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The case of the extreme t;rpe-I superconductor ,-:t • 0 corresponds to 
the full Meissner effect. The equations (6) can have solutions onl;r 
if t fl. ~ C • I.e. It C in the superconducting domain .here if;i= 0 , 
and vice veraa, G-:: in the nol.'tllal domain where the magnetic field 
penetrates and fttC • With the help of this condition the distribu
tion of order parameter can ba easil;r expressed in elliptical integ
rals. Sequentially, replace in (7), from the obtained equality 
express 

1':1..Id:x: I 1/2_ {I/(S'r -tZ-i 
) 

IoJ f /,h ! ( 4 It i- 2. tlJ2_ f J/Y1l1/2 , (6) 

and substitute them into (5). Thus .e obtain for the free energy 
in this approximation 

6-r ,,, 

Gil') 2G [i/2-j(£-4-t-ZU 1_//2 2-G~pl (9)s
[ 

Multiplier 2 accounts for the two sides of TP. The l ..t term in 
braokets (arising from the b -term in (5» de.oribes the interao
tion of the order parameter .ith !P. The maximal value of order para
meter on the 1'P 

2 '. "LJ

f).r p ( 1 - t) t- L( 1 - t)'- - It l , 

2
is obtained by solving the quactr.tic equation for -G- • 'fbis equation 
is deriveel from (7) .here (d (). /,)::x) 2. is nplaoeel by j) ~ Wling the 00
undar,r oondition on the TP and the full Mei.sner effeot condition 
tl-=o • Integration of (6) gives for the distribution of order para- . 
..ter and full thiokness of the .uperoonduoting l~er 2L the fo~lae 

-£rrp 

Ix 1:= il2 ,J~Its- 't -/- ZU)'- t hztlL <.. L.J (10)J 
J}.c-:x:.) 

itTP 

2L =- 2
312.J oJ-b-/({}'++ 2 t1}-2. + h-2.tll 


o 


(, 

8 

L 

/TP 

o L )( 

Pig. 1. The dt.ansionle.s order parameter as a function of 
~ = (eli.tance to the Tf) I (extrapolation
length ;t ). 

In tig. 1 sho'lm 18 the solution to eq. ,{f(X) , (10) for t::: 0 (T:::-r.:) 
and h- near to ~ oritical !fS field *s at this temperature. Out
side of the .uperooneluoting l~er the magnetic field 1& equal to the 
extemal magnetio field . 

h.CX.-L) :x >L 

(11 )-ftc:r) = 0 ~ ~.( x .( L 
{ 

~C-:X:+L), Xi.-L. 

!'or ooaparitlon and te.t. tbe IalO'lm GL re.ult for the surfaoe tension 
oan be obtai.ed formal17 from fol'llUla (9) for the US free energy. 
if. 1) .e omit the fint aultiplier 2. 2) omit the l ..t term in bra
ckets. J) replace 1:f~p by the equilibria bulk Talue of order parame_ 
ter B-gL =(-tJ. 4) nplaoe the external magnetic field It. b;r the ther
1IO~_io oritioal fia 14 for the bulk: ..tal he =(-t). 5) perform. an 
elementar,r integration. In thi. ~. for d .e obtain/4 •51 

eL(O) 12~s (-t)'/'l3 ~ 1.8:1 r(T)#/-(T) /8Jf.. (12) 

But the .urfaoe tenaiOD oontain. a correo~ion proportional to 
which i. oGa)MU'&ble with the basio te.l1ll (12) praotieal17 for all 
type-I .uperooncluoton. Caloulation of thi. oorreotion 111 expound.eel 
in the next .eotion. 
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4. The (till. correoUon 

Let us now investigate the distribution of the order parameter 
and the vector-potential near the superconducting-normal ph... boun
dary. Solution of the GL equations (6) in this region, must be smooth
ly on the solutions (10,11) obtained in the 2t:::O approx1m.ation. 

to obtain just the correction tc the fre. energy, it i. neces
sary near the boundary to substitute the solution of GL .quations 
into funotianal (5), and to subtraot trom the obtained result the 
functional (5) value when into it as trial functions the ~=o .olu
tions (10,11) .re inserted. 

Using ~ as a small parameter ill not possible when a:! is tbe 
multiplier of the second derivative aa in GL equations (6). Let us 
now introduce the variables 

_ 2112[1 I (1~)L C, LX-L)J 181 ) 

where 
" -1/4- 11L 

;):' /11- It l12 Z1/4- (;Xit)lfL,-4 1 == j C=2 (kllK'), 

In the.e v.riables the free energy funotional (5) takes the form 
t-- C<) 

G Gsjeh[(d L /1" (d -# /d L 'I )2.. 1"' 4- 1.1f l 

"'" 


112 l J 
t 21/2hx/tJyL-t- y't -t- 2 ) 1( Mt-[1L~.(14) 

The coefficient -ff 1 already contains tba first correction to G 
which 1a proportional to (t_1/2. Therefore in the first approx1m.ation 
we will neglect in (14) all <Je-depending tel'll8. lD thi. approxiu
tion the free energy dependence 011 the temperaturtl -t and .agaet1o 
field h. disappears. Alllo disappears the 1ntluelloe of the WinDing 
plane 011 the phase boundary. In this lIIIlDIIer we "obtain the universal 
ph..e boundary func Uonal 

+"'" 
(15)G 414s_ldr[(d'o//Jz;)'-+(cl4/c:JT -1Y'- 1" Jr-V2.]. 

The variation of (15) lead8 to tba uaiversal GL equatione 

J2.1)f/olr2. =- 4L\jJ~, ,J1jf-/JT - iYLf} (16) 

whioh should be solved Ilwurically Olily once L4]. '!he boundary oon
ditione will be obtained froa the cOllditioll. of amooth jo1Ding with 
the solutiolls (10,11). Idelliif;ring (as d?.."O ) the pointe X=L+o 

and t = +00 , we find 

8 

c-<:J)".=O, (17a)d -t4/dZ::!r:,,,, 

The first equation describes the disappearance of the superconducting 
order parameter just behind the phase boundary. The second one, simp
ly fixe. the exterual magnetic field value in the new variables (13). 
Analogical idenUfication of the points 1:: =L c and l:::::: _N gives 

(17b)d1--;://.J r 1_ ~);:c.)L ;-C"'<:;) 

The first equation gives the value of {"'-CX) derivative (10) in new 
variables, and the second one expresses the Mei8sner effect. Sym
llletry of the equations (16) and boundary cOllditions (17) leads to 
the expression of the order parameter thrOu~ the vector-potential 

) 4(- (18) 


and a simpler universal equation for the dilliensionle8s vector

-potential 


J'2-4/d1;:2:= ff L( 1;:) f!-(l). (19) 

The solution of this universal equation is shown in fig. 2. The equa
tions (16) have an integral analogous to (7) 

-)1. )'- L2.. /ch- t (oM- /ch -4 ""lVI. (20) 


Let us express the from the above equation and substitute 

it into (15) 


G'::Ut/1S~Y[(d'r/dt:Wr/Jt +1)- (JiJ:/J1;)(J4I.h -1) ely /J 1;1 
_o<l 

Th. last term in brackets vanishes when from the functional of solu
tion. of (16) we subtraot the func~ional of the trial functions (10. 
11). We take the ~ from (18), substitute it into the above func
tional and obtain for tba .earohed free-energy correction 

D C1 - B* --r 112 h.3! Z (21 ) 
) 

here 


B cJ -A- /ch: ) 

t-"" 

gl'-==- 2 :JILt j elT ( 1- 8 ) 8 - 2. 

-"'" 


The last equality i8 obtained by the nUllierical solution of (19). 

The .imple.t nwurical method for .olving the uaiver.al equatioll 
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T 

ijil~1 

-2 

3, 
I 

2~ 

IIfT)-d., AI...) 

1'" 

Pis. 2. The .truoture of the phaae boundar,r betw.en the superoonduc
ting aDd the normal phaee. There i. ehown the dtm8neionle.e 
orde~ parameter \V • vector-potential ~ ,and magnetic
field ~ • as functions of the dtmeneionle.s distanoe to the 
pha.e boundar,r ~ • Mention that the tunnelling of the su
peroonducting order parameter in the normal pbaae and penet
ration of the vector-potential into the superoonduoting
ph..e are symmetrical. 

(19) consists of the following .tepe. the di8cretiaation 

(ofA/oh::9i ( 4i -
1 

- 2.. A-i T 4i+1 ) / J\ 
where 

L:.- ••• ) 1- N, N» 1) Jt...,·i) NJ >'71. 

The choioe for the initial approxtmetion of a eolution-like funotion, 
for eIlllllple. for the ~ '" 0 cue, 

- [0 , i =-N) ..• ,o
-tti . I • 

~"" ~= 1, ... ,N 

~1Iing of the boundar,r condition in the beginning of ever,r iteration 

4_N~ 0 , +J.~ -- -fl- + .J
N

_ 
1 

In oycle perto~ing the appropriations 

.fti -- (4t-1+- -i+i+1) /(2 + J 2+t~ ) 

10 

The index i sequentiallY rune over the values: 

i ~ N-1,N-2, .•. ,2., 
and atter that in the backward direction 

L 2,3,.,,) N-1. 
Calculate the value of the integral (21) after a sufficient number 
of iterations. 

Pinally we obtain for the TPS free energy 
2. lIl~rp

Gyps=2(!$-H-;,</8:n:)[2 	 J ($-'r-t2tG- L -rh2t lL cJif 

o 


_f}2. -B*a:' 111 tt2. t-O(~ 	 (22 )TP 

The phase diagrlllll obtained by solving the equation G ( t, h) =0TPS 
i. Shown in fig. ) (let U8 mention that for a normal metal 4 = 0 ). 

~~--~~--:,---~ 
~. 
Critical ~gnetical
fielde h.~(t;£) (ill
dimen8iOnlese unit.)
for type-I TPS. lb:peri 
mental points are from5, 

I paper [)J. There is 

_J 
shown the de = 0 cu. 
aRd bulk critical field 

I h,.-t ~, 

h..f:l rtJ= t~)oJ~ 

&J.k S ,.~ .0.13 
 This phase diagram is 

identioal with_the expe~: 
rimental data [)1 and 

--" the result8 of the nume
.1:---1--- \..~--'4-- 3'~ ., -- - 0 rical caloulations by 

the finite-ele..nt me
tho" [6J. The di...gnetic mount (per unit TP area) can be ea81lY 
obtained from (22) bf ordillary differentiation 

'I [~P 	 1/2
M =- - Cd 4 /d *)T = - (~\*s 14-,:ltJ /12. Jdf)I(it \ 21:1 \ it') 

_3B*(de'h)1 12. -t-O(~l/2)J, 0 	 (2) 

In tt» sero IUgJUltio field the theX'lllOoapeoity does not depeDd Oil the 
funclaMntal for 'fPS oon.tant A . 

C(T) :=. (4- ITc ) ( ftc:2. (T= 0) 18' GI.) ~ (T) c( 11 t m_" 

II 



Tbis result is valid when ~ (T) is Ill.Ucb amall.r tban tbe ape01llen 

ai••• and of course wben 'r;; "- f'<.. T~, • 
Th. n.xt correction to tb. aurfac••n.rgy can be obtain.d wh.n 

ill tb. iIltegrand in (14) th. t.rm lin.ar ill ~ i. tak.n into account, 

Thus we obtain for the surfac. ten.ion1 

d..(T) 	 (r(r)H-,-l.(T)18J[)[A-~_dE:l/L(B~+deC*'+O(~2.)~. (24) 

A formula usefUl 
. the coeffioient 

for interpolation aima can be obtained if,.
C 0.26 i. d.termin.d u" tb. w.ll-known condi

tion [5] 

r1(;:>£=-2 -::::..D. 

Tbe d.p.nd.nc. d. (e>e) ia sbown in fig. 4. 

2.0 P Ojl O? O? 0;" 0iS 0:6 0,7 0:8 ~.9 112,0 

1.8 1.8 

1.6 1.6 

1." 1." 

12 1.2 
fItA
13' 1.0 1.0 

'" - 08 06 !!&:....i. 
:r: 
-::: 0.6 
o 

o.t. 

0.6 

0." 

The aurfac. t.n.ion .. a 
function of tb. GL para
_ter."nUon tblt aaU.

02l -
o .. 1 ' ,t t Ii ,"\, 

0.2 

10 

factor" accuracy .v.n 
on17 tbe first correction 
i. proportional to tb• 

o 0.1 0.2 03 .:JO 112. 
•

if 

5. 	Di.cus.ion 

Hi.torical17. tb. tb.or" cf tb••urfac. t.nsion ia tb. firet 
probl.m .olv.d in tbe fr_work of tbe GL tb.oX'1. it ia an cbj.ct 
of tb. cl..81ca1 GL paper [4J. hact ....urem.nt. of tbe IPS pbaa. 
diagr.. [3] give a possibility of cbeoking tbe tbeory witb a per cent 
pr.ciaion. Itf.cta of nonlocalit.r. tb. cr"atal ani.otroPJ. and un
c.rtaillty in ~ are eff.cta of tb..... few per cent. 

Witb tbe belp of the .olution of tbe univ.real .quation it i. 
poaaible to write tbe di.tribution of tba magn.tic fi.ld near tb. 

pbue boUDdar,r .. follo_1 

B~(;i!:) -=:: 	 ti j '8 (l::/LaT) , 

12 

where <:eT i. tb. widtb of tbe pba•• boundary. Por +t~ tl, (f) 

'l/<r 1/2, ""~ (ff~ 'rs/C = 2 de j(T). 

Tbe universal GL .quation. (16) are now better knOWll a. an 
Euclidian v.r.ion of th. Yang-Mill••quation•• !be.e .quations and 
similar one. are oft.n uaed in tbe tbeor" of dyn..ical sy.telllS [9-11J • 
If w. a880cia te tbe 1: variable witb tb. time. if and.4 witb 
coordinat.8. the solution of univ.rsal GL .quations i8 an instanton 
cODll.oted witb tbe color chang•• '!'be oonstant 8* i8 proportional 
to tb. cla••ical action of tbe instanton. and tb. G in (15) is tbe 

-2. -2
functional of acUon. Th. term U - tV 4- in tbe int.grand (15) 

bas tbe meaning of a pot.ntial .nergy of a fictitious particl. mov
ing in tbe (if. -if ) plane. 

U__ A2 1jS2 

s= f IA2 +ltP -U(A,iiiJ.constJd't' 

A 

~.	 The mecbu.ical model for th. univer.al GL equaUons (16)
(••e tbe text). 

I'D fig. 5 .bown ia tbe traj.ctor" of tbis parUcl. ill ('If .If ,U ) 
variabl••• Tbe atrong inatabUity of tbe .olution ia obvious. By 

numerical calculaUons of 4oll&in walla. tbe indicated inatabil1ty 
i. relIIOv.d if we take iIlto account s1lll.Ultaneous17 botb tbe boundary 
conditiona at1:'::.j:oc • Tbe nwaerical metbod used in thi. J&par for 
solving tb. univ.rsal .quation of tbe pb.ue boUDIlar,r i. realiz.d 
on a pock.t comput.rl wbUe tbe nwaerical finit.-element metbods 
for aolv1ng tb. GL .quation require nontrivial and difficult-to
-reproduce calculation. [6]. 
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The ;)'~o TPS case is discussed in paper L8]. but the phase 
diagram in this paper is incorrect. The exact solution presented 1£1 
this paper does not satisfy the differential equation. Wrong is also 
in this peper the formula for the critical temperature of a TP super
lattice. The correct phase diagram (for;)" -=0 case) is given gra
phically in paper [3J, but there is not given the derivation of the 
system of equations from wnich it is obtained. 

The author is thankful to Prof. V.L.Pokrovsky for stimulating 
discussions and Dr. Khlyustikov for clarifying the experimental 
situation. The author would like to thank also Dr. B.B.lvanov for 
critical reading of the manuacript. and Dr. liziev for considera
tion of the nature of two-dimensionsl motion. 
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MHIDOHOB T.M. EI7-88-413 
K TeopHH nOBepXHoCTHoro HaTH~eHHH CBepXnpOBO,ll,HHKOB 
nepBoro pO,ll,a H CBepxnpOBO,ll,HMOCTH nnOCKOCTH 
,ll,BoHHHKoBaHHH 

HaH,ll,eHa nonpaBKa K nOBepxHOCTHOMY HaTH~eHHro CBepxnpo
BO,ll,HHKOB nepBoro pO,ll,a, KOTopaH npOnOpl\HOHanbHa KBa,ll,paTHblM 
KOPHHM napaMeTpa fHH30ypra flaH,ll,ay K • 3Ta nonpaBKa HB? 

nHeTCH c~eCTBeHHOH ,ll,nH nonyq:eHHH 4>a30BOH ,ll,HarpaMMbl H ,ll,PY
rHX TepMO,ll,HHaMHQeCKHX nepeMeHHb~ ,ll,nH Y3Koro CBepxnpoBO,ll,H
~ero cnOH BonH3H nnOCKOCTH ABOHHHKOBaHHH B HeKOTopblX Me
Tannax. 

PaOOTa BbInOnHeHa B fla50pC;lTOPHH TeOpeTHQeCKOH 4>H3HKH 
OHRH. 
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Mishonov T.M. EI7-88-413 
To the Theory of Type-I Superconductors 
Surface Tension and Twinning-Plane-Superconductivity 

A correction is found to the surface tension in type-I 
superconductors which is proportional to the square root 
of the Ginsburg - Landau parameter K. This correction is 
essential for obtaining the phase diagram and other ther
modynamical variables of the narrow superconducting layer 
arising near the twinning plane in some metals. 

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