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The discovery of the high temperature of transition in superconducting state T, ~ 40K in the
simple intermetal lic compound MgB, [1] has stimulated researches of these material properties both
in the experimental and theoretical plans. The significant result of these researches is the discovery
of two energetic gaps in the spectrum of the elementary excitations [2] and the possibility of
theoretical describing of this compound on the base of thetwo-band modd [3].

This two-band model and its generalization for the anisotropic value of the
energetic gaps D; and D, case, [4, 5] confirm the experimental results for the
thermal capacity Cs dependence on temperature, the penetration depth of the
magnetic field and other characteristicsin the MgB, compound.

As it is known, the superconductivity metals undergo a transition from the
superconductivity phase into normal in the magnetic field at some its value. This
transition which is relevant to the full penetration of the magnetic field into the
superconductor, occurs in the moment when the field achieves the value of the
upper critical field He,.

The main purpose of the work is researching of pure two-band
superconductor of the secondary type for arbitrary temperatures close to the upper
critical field and the definition of temperature dependence of the Hc, value. The
calculations are based on the fundamental equations of the electrodynamics of two-
band superconductors [6], which are valid both for pure and doped
supergdntheetexserior magnetic field is great enough the order parameters D,
(m= 1, 2) of two-band superconductor is small, and we can use equations ref. [6]
for pure two-band superconductor:
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We restricted here by linear terms on A, quantities in comparison with
reduced in [6] because in the H =H_, point occurs solutions with the infinitely

small values 4, Green function defines by equation at presence of the magnetic
field [7]:
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where g?. - Green function of an electron in normal metal without magnetic field.
The presence of the magnetic field is taken into account by the phase multiplier.
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We decompose in equation (1) the normal metal function g’ into the row

by the Bloch functionsy ,(x)=e"“*U , (x)W/N (U . - the Bloch amplitude):
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and use approaching of the diagonal Green functions. Magnetic field is guided
along the z-axis. Besides choose the vector potential as Ax= A= 0; A =H X.

On the base of (1) - (3) after calculating the integral by impulse k , averaging
by elementary cells, applying Maki and Tsuzuki methods [7] and
assuming Dm(x):Dmexp{ Hoxz}, we obtain:
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where n,, and N, are accordingly electron speed and electron density of state on n-th
cavity of the Fermi surface,
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where gisthe Euler constant , w " is the cut-off frequency.
Basing on (5) it is easy to obtain the equation for the upper critical field
definition in the next view
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Equality to zero of the system (6) determinant corresponds to the presence of
non-zero solutions, that is the connected pairs forming. The field, in the presence of
which such solutions can appear, is the upper critical fieldH_,. So the H_,value

defines from the condition of the system (6) solvability:
af(r ) f(r,)+B, f(r )+B, f(r ,)+C=0, (8)
where
Bn = NnVnn - aXE:n) (n = 1’2)

Cc=1- N1V11X (Tl) - N2V22X '(I'Z) tax (Tl) X (TZ) ; a= Nl N2 (V11V22 - V12V21);
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The analytic solutions to equation (8) could be computed for two limit cases
as follows:
ar <<1(T.-T << T.); b.or >1 (T << T,).

For which functionsf(r ») are defined inworks[7]:
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In the case of (T; - T << T, ) applying the formulas in (10) and (11) we
obtain the following expron for the He value.
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In the b) case (T close to zero) we obtain:
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We obtained equation (8), on the base of which the value of the upper critical
field in the two-band model can be calculated on the whole temperature interval
O£TE T.. The analytic solutions of this equation were obtained for T® T, (11) and
T® 0 (13). It iseasy to notice that H, depends on the correlations of the speeds n;
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and n; of the electrons on the Fermi surface, and on the constants of the electronic-
phonon interaction | .

If H2,(0) and T are introduced (upper critical field and critical temperature
of the one-band low-temperature superconductor), on the base of (14) we obtain:
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The numerical estimations let us come to conclusion, that the upper critical
field of two-band superconductors for T=0 can exceed the value of HZ,(0) for
usual superconductors by two-three orders. These big values Hc(0) are provided by
high T and by ratio vi/ v»>1or >>1.

Our god is to research the dependence from the temperature of the value Hc,
for the connection MgB; in the whole temperature interval 0 < T < Tc. For thisis
necessary to edimate the parameters of the two band theory | ,m using the
experimental data obtained by researching this substance [8], [9] :

D, (0)=6.8mev; Z(0)= DO 55 Nigg  Cs-Cu |- 0,78 (16)
D2 (0) N2 CN T=Tc
In correspondence with the two-band theory of superconductors we have [10]
D,(0)=6,8mev; Z(0)= D,(0) =38, N, =08, Ao 0,78, (17)
D,(0) N, R
where
V(O)_ N2V22 - N2V12/ Z(O)
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Let's consider that N,V,, =0, which corresponds to the passivity of the
second zone in forming of the Cooper pairs. On the base of data (16) and equations
(18) we get: for w§ =w@ =700 K,N,V,, = 03, N,V,,=012; for w{¥=500K,
N,V,;;=0,33, N,V,,=013; for w ,=300K, N,V,;=0,42, N,V,,=0,16 .

The heat capacity jump at T = T, is determined by the relation [10]
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The estimate of the ratio Z; on the base of experimental data (16) and on the

base of the first formula (19) gives the value Z. = 3,19. The second formula (19)

gives the value Z; = 3,26. So we conclude that Dy (T)/ D, (T) isn’'t a constant value
sinceZ (0) > Z.

(19)
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Onthefig.1 is presented the dependence of the upper critic field He, from the
temperature, which is obtained by numerical method of solving the equation (8)

and using its analytic solutionswhen T << T¢ (13) and T ~ T (11).
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The temperature dependence H(T)/Hce2(0) at NiVig = 0,3, NoVip = 0,12, Ni/ N, = 0,8 and
vilv, = 1, vilv, = 2, vi/v, = 3 (curves 1,2,3 correspondingly), curve interrupted correspondsto the
experimental dependence [11].
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