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Calculations of longitudinal conductivity (LC) along the c-axis of
layered crystals are carried out with regard for the dependence of
the chemical potential of an electron gas on a quantizing magnetic
field. Two cases are considered: (i) the relaxation time is constant,
and (ii) it is proportional to the longitudinal velocity of current
carriers. It is shown that, in the quasiclassical approach, a relative
contribution of the oscillating conductivity term to the total LC is
greater in the former case, than in the latter one. When the field
is so strong that the chemical potential depends on magnetic field,
the total conductivity approaches zero according to the B2 law
in case (i) and the B~3 law in case (ii), where B is the magnetic
induction.

1. Introduction

As is well known, it is sufficiently great ratio of the
Fermi energy to a distance between neighboring Landau
levels that makes it difficult to reveal Shubnikov—
de Haas oscillations in normal metals. There are
striking exceptions from this rule, however. They
include semimetals (like bismuth), semiconductors,
and organometallic high-T superconductors with a
superlattice, for which the ultraquantum limit is
achievable [1—4]|. For these materials, even within
the scope of the traditional quasiclassical approach,
a relative contribution of the oscillating term to the
total conductivity becomes noticeable and reaches a few
tenths of a per cent. The effect gets more pronounced
upon approaching the ultraquantum limit, where the
dependence of the Fermi energy on magnetic field begins
to play an essential role [5]. What is more, it turns out
that, contrary to the case of transverse conductivity
(TC), LC is much more sensitive to a way, in which
scattering mechanisms are accounted for. This situation
is brought about by the following reasons. For the
former case, i.e. for the consideration of TC in a strong
magnetic field, the scattering effects on a current carrier
motion can be taken into account as perturbations
in comparison with the magnetic field effect, because,
as the field grows, the electron free path gradually
approaches and eventually gets equal to the radius of a
cyclotron orbit. By contrast, the motion of electrons in
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the longitudinal direction can be considered as infinite,
and thus, the effect of scattering mechanisms becomes
much more essential. The aim of this paper is to consider
the combined influence of a set of factors, namely the
scattering mechanisms and the dependence of the Fermi
energy on magnetic field, on LC of layered crystals, with
inclusion of the ultraquantum limit as a particular case.

2. Equation that Determines the Dependence
of the Chemical Potential (Fermi Energy)
on a Quantizing Magnetic Field, and its
Solution

To find the chemical potential of an electron gas in a
quantizing magnetic field, let us start from the following
expression for an electron energy spectrum:

e(n,z) =p*B2n+1)+ W (z). (1)

Here, u* = upmg/m*, up is the Bohr magneton, B — the
magnetic induction, n — the number of a Landau level,
W (xz) — a dispersion law that describes the interlayer
electron motion, x = ak, — a dimensionless component
of the electron quasiimpulse perpendicular to layers, a
— the distance between the translationally equivalent
layers. We perform calculations in the case where

W(z) = A(1 — cosz). (2)

Here, A is the halfwidth of a miniband in the
direction perpendicular to layers. Such an expression
for the energy spectrum of a layered crystal was
proposed in [6], and it is often used for the
description of the energy band spectra of semiconductors
with a superlattice, intercalated graphite compounds
(fullerenes), organometallic high-T superconductors in
a normal state (synthetic metals), and semiconductor
nanoheterostructures [2—4, 7]. We write an equation
that determines the chemical potential, proceeding from
the condition of constancy of the number of current
carriers per unit volume:

no = Zgafo (‘ga) ’ (3)
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where ¢, is the statistical weight of an energy level
described with a set of quantum numbers «, and f9 (g,)
is the Fermi—Dirac distribution function. To transform
the equation (3), represent the Fermi—Dirac distribution
function as the sum of terms of an infinitely decreasing
geometric progression, namely

fOea) =1+ i (—1)'exp (laak; C) for e, <¢, (4)

I (a) = Z (71)171 exp (lk_TEa) for e, > (, (5)

where ( is the chemical potential (the Fermi energy).
To sum over the Landau levels, we use the Poisson
formula [1] rewritten as

ZF (2n+1) —05/F Ydy+
n=0 0

00 o0
+Z( /F cos(msy)dy. (6)
s=1 0

After putting spectrum (1) into Eq. (3), accounting
for representations (4)—(6), and taking into account
the statistical weight of a Landau level, which, after
accounting for both the parity of W(z) and spin
degeneracy, equals 2eB/mah per unit volume, the
integration over y can be performed easily. To do this, we
use the linear dependence of the current carrier energy on
the numbers of Landau levels and put the proper limits
while integrating over y and x. For the double series
obtained upon the integration over y, the summation
over indices, which retained intact after the integration
over z, is carried out with the use of the expression

S m—1 m2 _ ﬂ_ﬂ
2 (-1 m2+ 32~ 2sinh (1) )

m=1

which is valid for all values of 3 [8, 9.
After transformations, Eq. (3) for the determination
of ¢ takes the form

*

4m

ng = ——
ah?

| lc-wldet

W(z)<¢

| 8 TT (~1)!
ah? lz Sh(n2IkT /1" B)
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¢C—W(x) eB
X / sin <7Tl B dr + —ah X

W(z)<¢
- / o (147 ) ] ®

This expression allows the limit transitions to the
zero magnetic field and to the case of a nondegenerate
gas, where the summation over the Landau levels can
be performed directly. However, we will concentrate on
the cases of a highly degenerated gas and a quantizing
magnetic field, where Eq. (8) consists of two first terms
only and the non-oscillating (as a function of magnetic
field) term can be considered as exponentially small.
Then, after the transformation of the integrand in the
oscillating term by means of its expansion in terms of the
Bessel functions of integer index and real argument [9],
Eq. (2) for the W(z) function can be written explicitly
as

_ 4m*A

ng = ah? {(7 — 1) arccos(l —v) + /27 — ,yg} n

(=1’ . (-A
2T B) {bln <7rl B ) X
X larccos(l -7)Jo (Zig) +

- sin(2r arccos(1 — 7)) A
E 1 . +
(=1) r Jar uw*B

8m* kT
+ ah? ;sh(

r=1
—A
+ cos (ﬂlCM*B ) X
,sin[(2r 4 1) arccos(1 — )] mlA
XQZ 27“+1 J2r+1 M*B )
for 0<~y<2 (9)
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Fig. 1. Field dependence of the chemical potential of a gas of
current carriers at v = 1 (the dashed line corresponds to the

asymptotic solution)

or

Sm* w2 kT & (-1)
Y =D+ ah? ; sh (w2kT /p* B) x

. — A AN
X sin <7Tl<u*B >J0 (,U*B)’ for ~>2. (10)
where
v =¢/A. (11)

In the case where the temperature equals the
absolute zero, and a magnetic field is not applied,
the concentration of current carriers can be expressed
through the Fermi energy (y of the electron gas as

4m*A
ng = — (v0 — 1) arccos (1 — 7o) + \/ﬂ]v

for <2 (12)
or
4drm*A
710:72(70_1)7 fOr’7022, (13>
ah
where
Yo = Co/A. (14)

Since the series in the Bessel functions of integer
index and real argument, J/(...), converge rapidly, Egs.
(9)—(10), along with expressions (12)—(13) taken into
account, can be solved numerically. The example of such
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a solution is shown in Fig. 1 by a solid line. As can be
seen from the figure, in the case where magnetic fields are
so weak that the quasiclassical approach is applicable,
the chemical potential weakly depends on magnetic
field. However, as the ultraquantum limit is approached,
the amplitude of oscillations of the chemical potential
grows. Almost the linear character of the dependence
of the chemical potential on magnetic field, observed
at sufficiently high values of B, results from the fact
that, within the field range mentioned, the asymptotic
expression

(=u*'B+A <1 — cos (%)) (15)
is valid, where

@ (10) = (0 — 1) arceos (1 - 70) + /270 - 23,

for 0<~ <2, (16)
and

o () =7 (v —1), for v > 2. (17)

It is seen from Eq. (15) that, as the field grows in the
ultraquantum limit, the distance between the bottom
of the only Landau subband, which is filled, and the
Fermi level decreases as a result of the increase in the
statistical weight of a Landau level. The character of
the dependence of the chemical potential (Fermi energy)
on magnetic field is also determined by the dispersion
law (2). For comparison, the asymptotic solution of Eq.
(15) is shown in Fig. 1 by the dashed line. Tt is clearly
seen that both the lines almost coincide after the last
oscillation maximum. This means that, in the vicinity
of the ultraquantum limit, the degree of filling of the
only Landau subband decreases upon the field increase,
provided that the concentration of current carriers is
constant. This fact should be taken into account in the
calculations of LC.

3. Calculation of LC and Discussion of the
Results

To calculate LC in the quantizing magnetic field, we use
the Kubo formula in the relaxation time approximation
[10] which can be rewritten as
2 0 2 0
Ozz =€ &Z Tayzagaf <5a)a (18)
«@

where 7, is the relaxation time of the longitudinal
quasiimpulse, and v, = 2raW’(x)/h is the longitudinal
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component of the electron velocity. As concerns the
rest of notations, they are either explained above, or
generally accepted.

The further calculations can completely be carried
out in the general form provided that the relaxation time
is invariable in the quantum numbers or depends only on
the longitudinal quasiimpulse, i.e. 7, = 7(z). Then, after
making use of Eq. (8), we obtain the following general
expression for LC:

022 (B) =00+ 005 (B) + Oy (B). (19)
Here,
167%e2m*a
o=t [ @) W) s, (20)
W(z)<¢
32m%e’m*a -
UOS(B) = T Z(_l)lfl X
=1
X / 7(z) [W' ()| cos (WIQH_YZ(CE)> dz, (21)
I

W(z)<¢

16m2e2m*a -
Omr(B) = ——— > (=1)'h7 x
=1

xl / (@) W (@) exp (zW(?T_C> do—

W(z)<¢

-W
- / 7(2) W' (z)) exp <leT(x)> dx] : (22)
W (z)>¢
In expressions (20)—(22), the integration is fulfilled only

over the positive values of z. In addition, the following
notations are introduced:

w2 IkT /u* B
ag — 2
=& (m2kT /u*B)’ (23)
*Bl/kT
hy — —CBURT (24)

' sinh (u*BI/kT)

These expressions also allow making transitions to the
zero magnetic field and to the case of a nondegenerate
gas of current carriers. In addition, as becomes clear from
Eq. (21), the oscillations of conductivity exist only in a
degenerate electron gas, since the integral in (21) taken
over x turns into zero in the case of a nondegenerate
one.
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Utilizing the dispersion law (2), we perform detailed
calculations in two cases: (i) relaxation time is invariable
in the quantum numbers, and (ii) it is proportional
to the longitudinal electron velocity. The former
approximation is often used for the description of the
scattering of carriers by acoustic phonons in the crystals
with a superlattice [11, 12] in the approximation of the
strong quasi-two-dimensionality of the energy spectrum
of current carriers at high temperatures, A < kT. The
utilization of the latter one is more pertinent in the
case of low temperatures (A > kT), ie. where the
Shubnikov—de Haas effect is strongly pronounced even
in the quasiclassical approximation. It is approximation
(ii) that explicitly takes into account the anisotropy of
scattering, particularly the fact that, in the anisotropic
case, the small phonon vectors that are tangent to
the Fermi surface (FS) don’t form a small angle with
that axis of FS which is parallel to the direction of
the magnetic field. In addition, near the ultraquantum
limit, where the contribution of the transitions between
Landau subbands is small, this approximation is valid
for both the induced and spontaneous scatterings of
carriers by acoustic phonons, as well as for the scattering
by impurities and static defects [13], for which the
relaxation time is inversely proportional to the density
of states per one Landau subband. In the case where
the magnetic field is weak, the modeled relaxation time,
being invariable in quantum numbers, will be considered
as isotropic and obeying the 777 law [13]. At the same
time, only the op and o,s(B) terms will be accounted
for in what follows, since, under the conditions where
the Shubnikov — de Haas effect is strongly pronounced,
the o (B) term is expected to be exponentially small.
In the case where 7(z) = 79, the components of the total
conductivity read

8n2e2m*ato A2

ha (CO - 02)3

(25)

og =

o0

167m2e2m*aro A -
UOS(B) - T Z(il)lfl X
1=1

X {cos (ﬂ'l C,u*BA>

o IA
+Z(71)T(202r — 027-4-2 - C2r—2)<]2r <7r)
r=1

TlA

w*B

. - A - r
—sin (ﬂ'l C,u*B > Z(—l) (2C2p41 — Corq3—

r=0
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wlA
—Clop_1))Jor — . 26
2r—11)J2r41 (M*B)} (26)
Here, the coefficients C,,, are determined as
Cp = arccos (1 — ), (27)
Cn = %, for m # 0. (28)

The above expressions are valid under the condition that
FSs are closed, i.e. that 0 < v < 2. In the case where
FSs are open, expressions (25) and (26) turn into the
following ones:

8m3e?m* arg A
0o = TO; (29)
16m3e?m*atg A% -
0on(B) = IO S (1) g x
1=1
A A A
X COS <7rlc B ) (Jo <M*B>+J2 <M*B>>. (30)
When v =1, we have:
43 e?m* aryA?
0o = TO, (31)
8m3e?m*argA?
Oos (B) = TO
= mlA mlA
J: . 32
e (0(E) () e
In the case where 7(z) = C|W’'(z)], ie. the

relaxation time is proportional to the longitudinal
velocity of an electron, the components of the total
conductivity determined from the general expressions

(20) and (21) read

o= 1 (a8, (33)
Tos(B) = W i(—l)lff (“ﬂf)s x
) () ()

oo (E2) (34)
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provided that 0 <« < 2. Otherwise, when v > 2, 0y and
0,5 are expressed as
64m2e2m*aC A3
3nt ’
641

Ry >fl{(’“‘7f) S

=1

. ¢ ) ¢ —2A
X [sm (IJ*B> — sin <7rl B >} —
v N 2
—A ('uwf> [cos <:*lé> + cos <7rl<M EA)]} (36)

If the condition of applicability of the quasiclassical
approach, which turns in the considered case into the
inequality A/u*B > 1, is fulfilled, then Egs. (26) and
(30), with only the first uncompensated terms in the
asymptotic expansion of the Bessel functions being kept,
can be rewritten as a single simpler expression

167/ 279e*m*aAl/? (,u*B)S/2 "
ha

gp = (35)

0os(B) =

0os (B) =

T 0 (37)

—0(¢ — 2A)sin (M + ”)1 ’
where O (...) is a Heaviside unit function. For expressions
(34) and (36), however, the quasiclassical approach
implies the reduction only to cosinusoidally oscillating
terms. Thus, it is seen that the relative contribution of
oscillations to the total LC depends to a large extent on
how the relaxation time is simulated. It follows from Eqgs.
(34), (36), and (37) that, within the scope of applicability
of the quasiclassical approach, the relative contribution
of oscillations to the total conductivity is proportional
to (u*B/A)3/? in the case of isotropic scattering and
o (u*B/A)? for anisotropic scattering. This difference
originates from the following. In the latter case, the
relaxation time on the extreme sections of FS turns to
zero. Thus, in the neighborhood of extreme points, zey,
the proportionality 7(x)(W'(x))? o« (z — Tex)? is valid.
In the former case, however, another relation, namely
7(2)(W'(2))? < (z — Tex)?, is true. These dependences
can be used for a preliminary examination of the validity
of both the ways used to simulate the relaxation times.
The oscillation frequencies are the same in both cases,
and they depend on the areas of extreme sections of F'S
which are made by the planes perpendicular to the field.
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Fig. 2. Field dependence of the oscillating term of LC in weak
(quasiclassical) magnetic fields (the dashed line describes the case

where the relaxation time is constant)

In particular, the frequencies

Fi=¢/2u (38)

are related to the maximal section of FS made by the
plane k., = 0, whereas the frequencies
Fy=1[C—2Al/21 (39)
are associated with the minimal sections made by the
planes k, = +x/a. However, according to the general
expression (21), 0,5(B) depends on ¢ smoothly. Thus,
since no extreme section corresponding to frequencies
(39) exists in the case where ¢ < 2A, the oscillations
interfere in such a way that this results in the appearance
of an additional monotonous component. As follows from
expression (34), this component is present explicitly in
the case of anisotropic scattering. It is this component
that turns into an additional oscillating term at v >
2, which is not taken into account in the traditional
quasiclassical approach.

It is evident from Fig. 2 that, within the range of
the validity of the quasiclassical approach, the oscillation
frequencies coincide for both the ways of simulation of
the relaxation time, but their phases differ from each
other by /4, and, in the case where the relaxation time
is constant, a the relative contribution of oscillations is
greater.
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Fig. 3. Field dependence of the total conductivity in strong
(ultraquantum) fields at v = 1 calculated without taking account
of the field dependence of the chemical potential (the dashed line

corresponds to the case where relaxation time is constant)

Fig. 3 shows the total conductivity, which is
normalized to g, of a layered crystal at high magnetic
fields, calculated under the condition that the field
dependence of the chemical potential is neglected. In
this case where the scattering is isotropic (dashed line),
the total conductivity depends on magnetic field weaker,
as compared to the case of anisotropic scattering (solid
line). As follows from the general expressions (19)—(24),
the total conductivity goes to zero at a sufficiently strong
magnetic field.

However, it is in the case of strong magnetic fields
that a decrease in the degree of the filling of a single
Landau subband should be taken into account. To do
this, the substitution v — 4/ = arccos[1 — (¢ — u*B)/A]
should be made in the modulation coefficients C,,, in the
field range where ¢ — u*B < 2A. Making such a change
of variables keeps Egs. (30), (35), and (36) inalterable,
since they deal with the open FSs, but affects Eqs. (33)
and (34) which eventually acquire the forms:

2,2, % ok 3
oo (B) = WAl (o epya - CoWBI
h 3
(40)
64m2e>m*aC
0os (B) = % Z(_l)lflgx
=1
1257
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calculated with taking account of the FS contraction along the

magnetic field direction

w*B\® . (7l pw*B\? Tl¢
() o (i) -2 () o= (75) +

At B)(-1) (“*B)z .

(41)

7l

As a consequence of this, all components of the
longitudinal conductivity turn into zero in both the
cases at ( = p*B. But the equality to zero is not the
identical equality, but, as follows from Eq. (17), it is
an asymptotic one. This is evident from Fig. 4, where
the total conductivity of a layered crystal in a range of
strong magnetic fields is shown for both the cases. The
oscillating and non-oscillating parts of the conductivity
can no longer be separated from each other, and the
condition for a transition from closed to open surfaces
acquires the form ¢ — p*B > 2A.

We now estimate the order of a value of o9 at { = A
for some cases of the current carrier scattering by the
deformation potential of acoustic phonons under the
condition that o is nearly constant. For example, in
the case where the quasiclassical approach is valid and
7 (x) = 719, Eq. (31) takes the form

4h3psSkS e2m* aA?

og = — 5
6273 (5) ¢ (5) m2,=2 (kT)

(42)

after the utilization of the expression for transport time
adopted from [13]. Here, T'(...) is the gamma function
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(T(5) = 24), ¢(...) — the Riemann zeta function
(€ (5) = 1.037), p — the crystal density, sg — the sound
velocity in a crystal, = — the effective constant of the
deformation potential, kg — the equivalent radius of the
Fermi sphere, and m}, — the equivalent effective mass
of current carriers located on it. The last two parameters
are introduced to allow the consideration of a case
where the current carrier scattering is isotropic. They are
determined from the condition that the concentration of
current carriers and their Fermi energy are the same as
in a real crystal, i.e. from the expressions

s/ 12m2m* A
kO == T, (43)
h2k2
= 44
Mes 87T2A ( )

for ( = A. Given A = 0.01eV, m* = 0.0lmg, a = 1 nm,
p=5-10° kg/m® , 5o = 5-10% m/s, E = 10 eV, and
T =3 K, we obtain g = 1.65-10° Q= 1.m~1.

If the anisotropy of scattering is taken into account
[13], then, according to (33), in the case where ( = A
and

_ 4h5k]?psga (45)
310 (5) ¢ (5) (wkT)° =2
we get
32e2hm’* ps§ A3 (46)

70T 932 (5)C (5) (kT)° =2

which equals 6.99-10° Q~'-m~! for the same numerical
parameters as used above. Thus, the conductivity is
greater in the anisotropic case, and this mainly results
from a sharp decrease in the transport factor caused
by a strong elongation of F'S along the field direction.
It is noteworthy that, in Eq. (45), the notation k; =
arccos (1 — ¢/A) /a is used.

Consider the situation where the spontaneous
scattering dominates in strong magnetic fields so that
the transitions between Landau subbands are “turned
off” [13]. In the case where

3h3 4
= (47)
4222 (kT)
we get
_— 862ps§a2m*a2A3’ (48)

hE2 (kT)?

that equals 1.98-10° Q~'.m~! for the above numerical
parameters. In this case, the T2 law can be explained by
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the fact that, under the conditions that the transitions
between Landau subbands are “turned off”, the phonons
effective from the viewpoint of scattering don’t fill up a
three-dimensional volume in the k-space. Instead, they
are located along the contours formed as a result of the
sections of Landau tubes by the planes perpendicular to
the direction of the magnetic field. Thus, their number is
proportional to T, but not to T3, as in the case of weak
fields. What is more, for the spontaneous scattering,
as well as in the case of weak fields, the transport
factor is proportional to T2. Thus, it is seen that, in
the case of low temperatures and weak magnetic fields,
the neglect of a scattering anisotropy results in the
underestimation of the conductivity. However, when
the field is sufficiently strong so that the magnetic
field dependence of the chemical potential becomes
noticeable, the neglect of a scattering anisotropy leads
to a considerable overestimation of the absolute value
of LC.

Finally, we determine the asymptotic laws for the
approach of the total LC to zero. To do this, we write
the asymptotic formula (15) as

¢ (0) A
2
(w*B)
and substitute it into expressions (25) and (26). Taking
into account that, at high values of B, the relation
oo
> f¢ «xB is valid, we obtain o,, o< B2 in the case
=1
of isotropic scattering. As directly follows from Egs. (40)
and (41), 0., o< B~2 in the case of anisotropic scattering.
It should be noted that such results cannot be
obtained within the scope of the traditional approach,
since this approach is inapplicable to non-quasiclassical
magnetic fields, especially in the case where the magnetic
field dependence of the chemical potential is accounted
for. It is also noteworthy that the authors of work [7]
considered only the conductivity of layered conductors
in crossed magnetic fields in the quasiclassical approach
in the case of open FSs.

(=p"B+ (49)

4. Conclusions

It is shown in the present paper that, within the
scope of applicability of the quasiclassical approach,
the account of the anisotropy of the current carrier
scattering by the deformation potential of acoustic
phonons in layered crystals gives rise to both a reduction
of the relative contribution of the oscillating term to
the total LC along the c-axis and an increase in the
absolute value of the total conductivity. At the same
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time, in the quasiclassical approach, the oscillation
amplitude is mainly proportional to B3/2 in the case
of isotropic scattering and to B2 for the anisotropic
one. Near the ultraquantum limit, however, when the
magnetic field dependence of the chemical potential
becomes noticeable, the account of both the scattering
anisotropy and the fact that the transitions between
Landau subbands are “turned off” leads to a reduction of
the absolute value of conductivity, in comparison with
the isotropic case. In the case of ultraquantum fields,
LC approaches zero according to the B~2 law when the
scattering is isotropic and to the B~3 law when it is
anisotropic, provided that quasielasticity conditions are
not violated. These factors can be used to examine the
validity of various models for a relaxation time.
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P.V. GORSKYI

IMO3JOBXKHA EJIEKTPOIIPOBIJHICTH IIAPYBATIUX
KPUCTAJIIB ¥ CMIJIBHOMY MATHITHOMY ITIOJII

I1.B. I'opcokuti
Pesome
PoszpaxoBaHo 10310BXKHIO HPOBIJHICTH IIApyBaTUX KPHUCTAJIB B

HanpssMky C-0ci 3 BpaxyBaHHSIM 3aJIE2KHOCTI XIMITHOIO IIOTEHITa~
JIy €JeKTPOHHOIO ra3y BiJi KBaHTYIOYOIO MArHITHOI'O IOJIA IS
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ZIBOX BHMIIQJKIB: CTAJIOr0 Yacy peJsakcallil i Jacy peJakcarii, Ipo-
MOPIIHOIO MMO30BXKHIM MIBUAKOCTI HOCIIB cTrpymy. Ilokazano, 1o
Y [IePIIOMY BUIIAJKY BiJHOCHHUI BHECOK OCIIUJIIOIOYOT YACTUHU IIPO-
BiAHOCTI B KBa3iKJIACHYHOMY HAOJIMKEHHI B IOBHY ITO3/I0BXKHIO
NpOBiIHICTD OLIBIINIA, HiXK y APYyroMy BUIQJKy. BpaxoBatoun 3a-
JIEZKHOCT] XIMIYHOTO MOTEHIiaJly BiJi MArHiTHOIO IMOJIsI, TIOKAa3aHo,
IO Y CHJIBHUX IIOJISIX IIOBHA ITO3JOBKHs IPOBIAHICTH NPSMYE 0
HyJIsE 32 3aKOHOM B~ 2 mpu crasomy daci pesaxcarii i 3a 3aKOHOM
B3 npu uaci pestakcariii, IpoOnopIiiiHOMy M03I0BKHiil IITBUIKOCTI
HociiB crpymy (B — IHAyKIisi MarHiTHOrO MOJs).
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