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The paper deals with the Korteweg—de Vries equation with variable coefficients and a
small parameter at the highest derivative. The non-linear WKB technique has been used
to construct the asymptotic step-like solution to the equation. Such a solution contains
regular and singular parts of the asymptotics. The regular part of the solution describes the
background of the wave process, while its singular part reflects specific features associated
with soliton properties. The singular part of the searched asymptotic solution has the main
term that, like the soliton solution, is the quickly decreasing function of the phase variable
7. In contrast, other terms do not possess this property. An algorithm of constructing
asymptotic step-like solutions to the singularly perturbed Korteweg—de Vries equation
with variable coefficients is presented. In some sense, the constructed asymptotic solution
is similar to the soliton solution to the Korteweg—de Vries equation us + uty + Uz = 0.
Statement on the accuracy of the main term of the asymptotic solution is proven.
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1. Introduction

In 1895 the Korteweg—de Vries equation (the KdV equation) of the form
U + auty + Ugry =0, o € R\{0}, (1)

was proposed for mathematical description of solitary waves [1,2]. This is currently a well-known non-
linear equation of modern theoretical and mathematical physics since it possesses solutions of different
kinds including soliton ones [3].

In 1965 this equation attracted the attention of many scholars after a mathematical explanation [4]
of the elastic interaction of the so-called soliton waves described by equation (1). From this moment to
the present, the KdV equation has been the subject of deep research in mathematics and applications
in the mathematical modeling of different complex systems in various fields of science and technology,
including hydromechanics, solid state theory, plasma, biology, economic systems, telecommunications,
optical and information systems, and others |[5, 6].

Over the past 50 years, many monographs and thousands of articles have been published on a
wide range of problems for the KdV equation and its generalizations. First of all, the attention of
researchers was focused on the construction of exact solutions of the KdV equation, in particular,
soliton and finite-gap solutions. The Cauchy problem with initial data from various functional spaces,
including the space of quickly decreasing functions S(R) was also considered [7-10]. In addition,
scientists have been analyzed the issues of integrability of the KdV equation. These studies used both
methods of functional analysis, in particular, of spectral theory, and methods of Hamiltonian mechanics,
symplectic and symmetry analysis, Backlund and Darboux transformations, and many others [11-15].
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Asymptotic analysis of the Korteweg—de Vries equation by the nonlinear WKB technique 369

It should also be noted that due to algebraic-geometric methods that are effectively used in the study
of the KdV equation, new integrable nonlinear dynamical systems have been found [16].

For the KdV equation, a number of problems in the presence of small perturbations are also
considered. In particular, H.Flaschka, M. G.Forest and D.McLaughlin [17] applied the averaging
technique for studying the problem of modulation of nonlinear waves described by the KdV equation.
Later a similar problem was studied for the nonlinear Schrodinger equation [12,18]. This problem
is called the problem of ergodic deformations for completely integrable dynamical systems because
although the equation under consideration does not contain a small parameter € explicitly, but the
dependence on the parameter e of finite-gap solutions of the equation is displayed through small
deformations of the associated Riemann manifolds.

Asymptotic methods proved to be an effective tool for solving other problems of the KdV equation.
The study of the singularly perturbed KdV equation by asymptotic methods was started by R. M. Miura
and M. D. Kruskal [19], who in 1974 generalized the linear WKB technique to the case of nonlinear
equations and constructed the main term of the asymptotic expansion for the quasiperiodic solution
to the KdV equation of the following form

Ug + Uy + 52ummm =0,

where 0 is a small parameter. This approach is called the nonlinear WKB technique [20,21].

Later, P. D. Lax and S. D. Levermore studied the problem on the limit of the solution to the Cauchy
problem for the singularly perturbed KdV equation as a small parameter tends to zero [22-24]. Un-
der solving the problem they used the method of the inverse scattering transform approach while the
eigenfunctions of the corresponding Schrédinger operator with singular perturbation were approxi-
mately constructed by the linear WKB technique. Currently, existing methods for studying nonlinear
partial differential equations with variable coefficients do not allow us to find their solutions explicitly
as a rule. Therefore, perhaps the only effective approach for constructing approximate solutions of
such equations with a small perturbation is asymptotic methods.

One of the first papers devoted to singularly perturbed nonlinear partial differential equations with
variable coefficients is the paper by V.P.Maslov and his students [20], where, using the nonlinear
WKB technique, the authors constructed an asymptotic solution, the structure of which is in some
sense similar to the structure of a soliton solution. Such solutions are called asymptotic soliton-like
solutions |21], because in the particular case of constant coefficients, the obtained solutions coincide
with the soliton solutions.

The above model describes the motion of a fluid in a medium with variable depth and shows
that to determine the wave processes in media with variable characteristics and small dispersion,
it is necessary to study singularly perturbed partial differential equations with variable coefficients.
For the singularly perturbed KdV equation with variable coefficients and its generalizations, general
algorithms for constructing asymptotic soliton-like solutions are proposed, and their justification is
given in [25-27].

The paper deals with the KdV equation with variable coefficients and a small parameter at the
highest derivative of the following form

EUggr = a(x,t,€)up + b(z,t,e)uu,. (2)
Here N N
a(z,t,¢) Zakxta +O( N+1), b(a:,t,s):Zbk(az,t)sk—FO(aNH),
=0 k=0

where ag(z,t) € C®°(R x [0;T)), br(z,t) € C°(R x [0;T]), k = 0,N, T > 0, ¢ is a small parameter,
and the notation ¥(z,t,e) = O(e") ase — 0is used. It means that for any compact set K C R x [0;7]
there exist g > 0 and a constant C' > 0 such that the inequality |¥(z, ¢, )| < C eV takes place for all
(z,t) € K, e € (0;¢0), where constant C' depends only on N and K.
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Equation (2) arises during the mathematical simulating wave processes in inhomogeneous media
with a small dispersion [28]. Its analysis is a rather non-trivial mathematical problem due to the pre-
sence of nonlinearity and variable coefficients. We study the equation by asymptotic techniques [29,30]
that provide us with constructing its approximate solutions [31, 32| as well as their analysis. The
solutions contain regular and singular parts. It should be also mentioned that the regular part of
the solution describes the background of the wave process while its singular part reflects specific
characteristics associated with soliton properties.

These asymptotic solutions have also certain features. Taking into account them it’s possible to
identify two types of the solutions. The solutions of the first type have singular part all terms of which
belong to the space of quickly decreasing functions with respect to the so-called phase variable 7. These
solutions are called the asymptotic solutions of soliton type [30]. Solutions of the other type have a
singular part the main term of which is the quickly decreasing function of the phase variable while the
other terms have no this property. It means that higher terms of the singular part of the asymptotic
tend to zero as 7 — 400 and tend to non-zero as T — —oo. Such asymptotic solutions are called the
asymptotic step-like solutions [33].

In the paper we consider the problem of constructing asymptotic step-like solutions to singularly
perturbed equation (2) and propose an algorithm of obtaining them. We also present the general form
of the regular terms of the asymptotic step-like solutions to the singularly perturbed KdV equation (2).

2. Preliminary notes and definitions

The asymptotic soliton-like solutions to equation (2) are found by the non-linear WKB technique
through the algorithm described in [25,29]. Accordingly properties of step-like solutions the asymptotic
expansion has a special behavior at large arguments. Therefore the terms of the asymptotic solution
have to belong to some functional spaces.

Let Gi1 = G1(R x [0;T] x R) be a linear space of infinitely differentiable functions f(z,t,7),
(z,t,7) € R x [0;T] x R, such that uniformly with respect to variables (x,t) on any compact K C
R x [0; T] for all non-negative integer numbers n, m, p, ¢ the following conditions hold [21]:

1) the relation

L gmteta
TEI—II—IOOT m}c(m,t,T) = 0, (IIZ’,t) c K,
is fulfilled;

2) there exists an infinitely differentiable function f~(z,t) such that
omtpta

lim 7 m(f(iﬂ,tﬁ) = f(z,t) =0, (2,0 €K,

is satisfied.
Let Gp = Go(R x [0;T] x R) C Gp be a space of functions f(z,¢,7) such that uniformly with
respect to variables (x,t) on any compact K C R x [0;T] the condition

lim f(z,t,7)=0, (z,t)€K,

T——00
holds [21].
The asymptotic step-like solution to equation (2) is searched in the form
u(z,t,e) =Yy (x,t,7,6) + O(€N+1/2), (3)
where
z — p(t)

Yn(z,t,7,e) = Un(z,t,e) + Vn(x,t,1,8), T=——2,

NG
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~N(z,t,e) 253/2 (x,t), Vn(z,t,T1,¢) ZE]/2V x,t, 7).

Here coefficients u;(z,t) € C®°(R x [0;T)), Vo(z,t,7) € Go, Vj(z,t,7) € G1, j = 1,2N.

The function x = ¢(t) is called phase function of the asymptotic step-like solution and 7 is a phase
variable. The function Uy (z,t,¢) is called regular part and the function Vy(z,t,,¢) is called singular
part of asymptotic solution (3). We need to determine both the regular and the singular part of the
asymptotic as well as the phase function.

3. Constructing the asymptotic solution

To construct the asymptotic step-like solution to equation (2) we firstly deduce partial differential equa-
tions for the terms of the regular and the singular parts, and then consider the problem of constructing
their solutions in some functional spaces that are described above. We solve differential equations for
the regular terms, since they are independent on the singular terms. Later we study the problem of
constructing the singular terms. The task of determining the singular part of the asymptotic is rather
complicated and consists of several stages, which are described in details below.

3.1. The regular part of the asymptotics

Differential equations for the terms of asymptotic expansion (3) we find in the following way. Remind
that the terms of the singular part belong to the space GG;. Taking into account the property we
substitute asymptotic expansion (3) into equation (2) and calculate limits as 7 — +o0. In such a way
we find differential equation for the regular part Uy (z,t,¢). Splitting the equation we obtain system
of relations for the terms of the regular part of asymptotic (3) of the following form:

ou 0
aoa, ) 2 + bole, thuo 5 = 0, (4)
ou ou 0 _
aolw,t) 52 + bo(, o 5> + bo(@, )y 5o = Fy(a,1), j = T,2N, (5)

where functions Fj(z,t) € C®°(Rx[0;T]), j = 1,2N, are recursively defined through functions ug(z,t),
up(z,t), ..., uj_l(:n,t), j= m

Firstly remark that system (4), (5) has trivial solution wj(xz,t) = 0, j = 1,2N. In the case
asymptotic soliton-like solution has zero background [21].

The general solution of system (4), (5) can be found in implicit form by means of method of
characteristics because (4) is the Hopf equation with variable coefficients and (5) are the first order
non-homogeneous linear equations with variable coefficients.

Lemma 1. Let ag(x,t), bo(z,t) be continuous and satisfy the inequality ay(x,t)bg(z,t) # 0 for all
(z,t) € R x [0;T], a function 1o (z,t,c1) = co is the first integral of differential equation

aop(z,t)dx — c1 bp(z,t)dt =0, c¢; € R.
Then the general solution to equation (4) can be written as
q)O(UO,'po(Z',t,UQ)) = 07 (6)

where a function ®(¢,n) € CM(Zg; R) for a domain Zg C R? containing at least one point (&, 1) €
= such that ®y(&p,n0) = 0 and

dq)o(’LL(], ZZ)O (:Ev t) uO))
duo

#0 forall (z,t,up) € Qo.
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Here domain Q) is a set of variables (x,t,ug) for which the mapping Qo > (z,t,ug) — (ug, Yo(x,t,up)) €
=9 Is defined.

Proof. It is well known that the general solution of the first order quasi-linear partial differential
equation is represented through complete system of its independent first integrals. For the equation (4)
the first integrals are determined from the equations of characteristics of the following form

dt dx dug

ao(z,t)  wobo(z,t) 0 (7)

System (7) has the first integral in the form ug(x,t) = ¢1, where ¢ is an arbitrary real. The other
first integral is defined from the first order non-linear ordinary differential equation

d_.Z' o aO(‘Tat)
dt N uObo(JE,tY

(®)

where we have to put ug = ¢;. For any ¢; € R it has a local solution z = z(t,¢1), t € (to — d;t0 + 9),
under initial condition z¢ = z(tg,c1). So, the other first integral for system (7) can be represented as
Yo(x,t,c1), where ¥o(x,t,c1) is a solution to equation (8) under condition uy = ¢1.

Thus, the general solution to (4) is given by formula (6).

The lemma is proven. [

Lemma 2. Let the functions ag(z,t), bo(z,t) be continuous, function ug(z,t) is a solution to equa-
tion (4) and they satisfy the inequality ao(x,t)bo(x,t)up(z,t) # 0 for all (z,t) € R x [0;T], a function
h(z,t) is the first integral of differential equation

ag(x,t) dx — bo(z,t) up(z,t) dt = 0.
Then for any j € N the general solution to (5) can be written as

where a function ®;(¢,1) € CW(Z;; R) for a domain Z; C R? containing at least one point (£o;,70;) €
E; such that ®;(&;,105) = 0 and

d®;(h(z,t),;(x,t,uj))
du;

#0 forall (x,t,u;j) € Q.

Here the domain ; is a set of variables (x,t,u;) for which the mapping
Qj > (JZ, t, u]') — (h(a:, t), 1/1]'(33, t, u])) S Ej

is defined.
In representation (9) the function v; = v;(x,t,u;) is given by formula

¢] (:L'v t, u]) = [u] - B] (337 t)] eA(Lt))

where

[T uee (9, 9(9, h(x,t)))
Ale,t) = / w00 900, Rz, D)) "

(o) = [ eAwD-AGD) Fj(9, g9, h(, 1))
Bitwt) / bo (0, 900, 1z, 0))uo (9, 9(0, R, D))

and the function g(z,«) is implicitly defined by the relation h(z, g(x,a)) = .

Mathematical Modeling and Computing, Vol. 8, No. 3, pp.368-378 (2021)



Asymptotic analysis of the Korteweg—de Vries equation by the nonlinear WKB technique 373

Proof. Similar to proving Lemma 1 we consider the equations of characteristics for (5) in the following

form
dt dx du;

ao(z,t)  wobo(z,1t) Fj(x,t) — bo(, t)upzu;

It is clear that nonlinear ordinary differential equation
dx o uO(£7t)b0(x7t)
dt ag(x,t)
has the first integral denoted by h(z,t).
The other equation of characteristics
du]' _ Upg _ ,F](.Z', t)
der —  ug 7 wugbg(w,t)
is the first order linear ordinary differential equation whose solution we can represent by means of

quadrature as follows
¢] (:L'v t, u]) = [u] - B] (337 t)] eA(x7t)7

[T uee(9,9(9, h(z,t)))
Ale,t) = / w09, 9(0, bz, 1)) "

Bj(z,t) = / " AW~ AGet) Fj(9,9(9, h(z,1))) 9.
o

where

bO(ﬁv 9(19’ h(:L', t)))UO (197 9(19’ h(:L', t)))

and the function g(x, @) is defined by the relation h(z, g(x,«)) = « in implicit way.
So, for any j € N the general solution to equation (5) is written in implicit form as

P (h(x7t)7¢j(x7tvuj)) =0,

where a function ®;(¢,7) € C(Z;; R) for a domain Z; C R? containing at least one point (o7, 70;) €
=; such that ®;(&p;,7m05) = 0 and

d®;(h(z,t),;(x,t,uj))
du;

#0 forall (z,t,u;) € Q.

Here the domain 2; is a set of variables (z,t,u;) for which the mapping
Q> (2,t,u5) = (M2, 1), ¥5(2,t, uy)) € 5

is defined.
The lemma is proven. ]
Now we proceed to determining the singular part of the asymptotics.

3.2. Scheme of constructing the singular part of the asymptotics

Deducing the differential equation for the regular part Un(x,t, ), at the same time we obtain the
differential equation for the singular part Vy(x,t,7,¢). Its splitting in a standard way allows us to
come to a system of relations for the terms of the singular part of asymptotics (3) of the following form

Vo AL o M\ _

3 + ao(%t)ﬁ @'(t) — bo(z,1) <u08—7 + VO?) =0, (10)
3V, ov; ov, 0 .
87'3] + ao(w,t)a—Tj QOl(t) — b()(x,t) <U08—7;7 + E (%V})) = F}'(Z’,t,T), ] = 1, 2N, (11)

where functions
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Fj(z,t,7) = Fj(t,Vo(x,t,7),...,Vj_i(z,t,7),uo(z,t),...,u;j(z,t))

are recurrently calculated with the functions ug(x,t), ui(x,t), ..., u;j(z,t), Vo(,t,7), Vi(z,t,7), ...,
‘G_l(x,t,T), j = m

According to definition of the asymptotic step-like solution the functions Vy(z,t,7) € Gy and
Vi(z,t,7) € G1, j = 1,2N. Taking into account these properties we solve the problem of determining
the singular terms from equations (10), (11) in the following way:
1) firstly, we suppose that the function ¢(t) is known apriori and solve equations (10), (11) on the
discontinuity curve I' = {(x,t) e R x [0;T]: x = ¢(t)};
2) secondly, we find the functions Vy(z,t,7) € Go, Vj(z,t,7) € G1, j = 1,2N, on the curve I'. While
solving the equation for these functions we find differential equation for the function ¢ = p(t);
3) on the next stage we prolong the functions Vj(z,t,7), j = 0,2N, from the discontinuity curve I' in
such way that the found singular terms belong to the space Gg.

3.3. Determining the main term on the discontinuity curve

Let us consider the singular terms Vj(z,t,7), j = 0,2N, on the curve I". Functions v; = v;(t,7) =
Vj(z,t, T)‘m:@(t), j =0,2N, satisfy partial differential equations:

63210 / avo 8’00 8’00 .

93 + ap(p, t)p (t)g —bo(p, ) [UO(SDJ)E + UOE] =0, (12)
83?}]' ’ 8’Uj 8’Uj 8 . -

W + aO((lD?t)gO (t)g - bO(g07t) [UO(@,t)E + 5 (UOUj)} - fj(taT% J = 17 2N7

where values

Fi(t,7) = F;(t,Vo(z,t,7),...,Vj_i(z,t,7),uo(z,t),. .. ,uj(x,t))b:@(t)

are found recurrently after the functions ug(z,t), ui(z,t), ..., u;j(z,t), Vo(z,t,7), Vi(z,t,7), ...,
Vi_i(z,t,7), j = 1,2N.

In particular, we have

0
Fi(t,m) = a0l 1) + [~ra0a(, 09 + bolo, D (ruos(,8) + (0, 1)+
0
+ Thoa (9, ) (o (9,1) + v0)] 2+ bolp, (i, o, 0 = (8).

Move on analysis of equation (12) for main term of the singular part of the asymptotics. By
integrating the equation with respect to the variable 7, we have:

2
% = —ag(p, 1) (t)vo(t, 7) + bo(p, t)uo (@, t)ve(t, 7) + %bo(cp, td(t,7) + ci(t). (13)

Due to the property vo(t,7) € Go we can put ¢1(t) = 0, Now multiplying equation (13) by dvy/dr
and integrating with respect to 7 we obtain equality:

d (dvo\* , dv? 1 dvd
= (52) = - lanle. 09/ = bl O 6] 2 + (.52,

or
dvg \ 2 1
(F2) = el 080 + ol oo, 08 + hnCe, 08 + )
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From the property vo(t,7) € Gy we deduce relation c2(t) = 0. So, the solution to equation (12) in
the space Gy is written as

_ _Awet) o [ VA ')
vo(t,7) = =3 oo ) cosh™2 (ﬁﬁ + co)> (14)

provided the condition
Alp,¢',t) >0, (15)

where
A(@) (10/7 t) = —(10((,0, t)(p/(t) + b0(907 t)UO((')Dv t)a
a function o = ¢(t) € CW([0;T]), co = co(t) is a constant of integrating.
Thus, we conclude the following lemma.

Lemma 3. Under condition (15) a solution to equation (12) in the space Gq Is written in form (14),
where ¢ = ¢(t) € C([0;T)) is an arbitrary function and cq is a constant.

3.4. Accuracy of the main term of the asymptotic solution

While studying mathematical models with a small perturbation, much attention is paid to the main
term of the asymptotic expansion and its accuracy.
Because vy(t, 7) € Gy we can put

Vo(z, t,7) = vo(t, 7). (16)

The following result is true.

Theorem 1. Let coefficients ag(x,t), bo(xz,t) € CW(R x [0;T]) be such that condition
ao(z,t)bo(x,t) # 0 holds, up(z,t) € C*(R x [0;T]) be a solution of equation (4), Vo(z,t,7) is de-
fined by formulas (16), (14), the function o(t) € CM([0;T)) satisfies inequality (15). Then the main
term of asymptotics (3) is written as

Yoo, t,€) = uo(z, t) + Vo(z,t,7), , T (z,t) € R x [0;T]. (17)

NG

The function satisfies equation (2) with accuracy O(1). Moreover, it satisfies equation (2) with accuracy

O(y/e) as T — +o00 on the set R x [0; 7).

Proof. To prove the theorem we substitute expression (17) into (2) and consider residual function for
the equation, i.e.

83’&0 1 63‘/0 auo aV(] 1 ’ 8‘/0
go(z,t,e) = —¢ ( 23 + sz 0 ) +a(z,t,¢) <W + a5t %90 (t) E)

8’&0 1 8‘/0
b(x,t VW |—=—+—=—). (18
Folat) o+ Va) (G2 + =50y
Taking into account equations (4), (10), (12) we get the asymptotic relation

(e 1.6) = =72 (ao(e.1) — aofi.) SO+ = G, o 1) = oo, Do .1) 20

2 ol t) = (. ) Yo 2 + 0. (19)
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Let us estimate every term in (19). Because of the property Vo (z,t,7) = vo(t,7) € G the following
inequalities are true:

A% oV A%
(@nt) — i) D2 | < ale = pl0)] | 52| < covEr |52 < VB
where ¢, ¢; depend on a compact K C R x [0;7].
Analogously we have
Ovo Ovg
(bo(,t) = bol(t): t))vo 5= | < Veez, |(bo(z, huo(w, t) —bo(p(t), Dhuo((t), )05~ | < Vees,

where constants cg, c3 depend on a compact K C R x [0; 7.

Thus, for any compact K C R x [0;T] the function go(z,t,€) is bounded for all (z,t) € K.

Since Vy(x,t,7) = vo(t, 7) is a quickly decreasing function, from (18), (19) we deduce that asymp-
totic solution (17) satisfies equation (2) with accuracy O(y/€) as 7 — £oo on the set R x [0; 7.

The theorem is proven. ]

4. Conclusions

We apply the nonlinear WKB-technique and present the algorithm of constructing the asymptotic
step-like solution to the singularly perturbed Korteweg—de Vries equation with variable coefficients in
detail. The theorem on the accuracy of the main term of the asymptotic solution is given.
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AcumntoTuyHMii aHani3 pisHaHHa KopTteBera—ae ®Ppiza 3a
Aonomoroto HesnidiinHoro metoay BKbB

JIsmko C. I.Y, Camoiinenxo B. I'', Camoiinenxo FO. 1.1, JIsamko H. 1.2

! Kuiscoruti nayionaavrut yrisepcumem imeni Tapaca Iesuenxa,
6yn. Boaodumupcoka, 64, 01601, Kuis, Yxpaina
2 Inemumym xibepremusu im. B. M. Tnywwosa HAH Yxpainu,
npocnexm Axademira Inywxosa, 40, 03187, Kuis, Yrpaina

JaHa cTaTTs CTOCYETHCS MOOYI0BU ACUMIITOTUIHAX COTITOHOIO/IIOHNX PO3B’I3KiB 15T PiB-
usanasg Kopresera—me ®piza 3i aMinHuME KoedimieHTaMu Ta MaJIIM TapaMeTpPOM IIPU CTap-
it moximuii. Taki acHMITOTHYHI PO3B’A3KN BUBYAIOTHCS I IIITPOKOTO KJIACy PiBHSIHD 3
YJaCTUHHUMHA MOXITHUMU, TKi OTPUMYIOTHCA IPA MATEMATHIHOMY MOJETIOBAHHI IIPOTIECIB 1
SIBUIL, JJIsl BUNAJKY HEOJHOPIAHUX (3a IIPOCTOPOBOIO 1 YaCOBOIO 3MIHHUMU) CEPEIOBHUIIL 38
HasIBHOCTI MaJiol aucrepcii i ski € y3araJbHeHHSIM HeBHUX iHTerpoBHUX Mojeneit. [Tlyka-
HUI PO3B’I30K OY/IyeThCs 3a JomomMororo Hesiniiaoro meroxy BKB, Bigmosiamno mo skoro
ACUMIITOTUYHUAN PO3B’A30K 300PaKYETHCS Y BUIVISAI CYMH PETYJISPHOI i CHHTYJISIPHOT dac-
TUH aCUMIITOTUKHU. KO PerysisipHa 9acTUHA TAKOrO HADJIM2KEHOTO PO3B’ I3KYy MATEMATHI-
HO onucye GOoH, HA TKOMY BiJIOYBAE€THCS XBUJIBOBHIL IIPOIIEC, TO CHHTYJISPHA YACTUHA ITHOTO
PO3B’sI3KY Bizmobpaskae xapaKTepHi OCOOIMBOCTI, SIKi ITOB’sI3aHi 13 COIITOHHIMHI BJIACTUBOC-
Tamu piBHsgHHA Kopresera—ne ®piza. Posrisgaerses HOBHUIT THII aCUMITOTHUYHUAX COJIITO-
HONO/IOHUX PO3B’s3KiB, KOJIM MOJIOBHUN JOJAHOK CHHIYJISPHOI YACTUHU ITyKAHOTO ACHMII-
TOTUYIHOTO PO3B’sI3KY € IIBUIKO CIATHOK MYHKITE (a30B0i 3MIHHOL T, & iHIIM JOJaHKH €
GYHKIISAME CXOAMHKOBOTO THUILY, TOOTO MalOTh IEBHY aCHMOTOTHAKY Ha HECKIHYEHHOCTI. 3
OTJIsITy HA T[i BJIACTUBOCTI IMOOYIOBAHUI ACHMITOTUIHUI PO3B’ST30K HA3UBAETHCH ACHMII-
TOTHUYHUM COJIITOHONOMIOHNM PO3B’SI3KOM CXOJMHKOBOro Tuiy. Ilpencrasiieno amropurm
1o0yI0BA ACUMIITOTUYHUX PO3B’s3KiB JIAHOI'O THILY, JE€TAJIbHO OIMCAHO 3HAXOIKEHHS Pe-
CYJISIDHOL 1 CHHTYJISIPHOI 9aCTUH ACHUMIITOTUKHU, BCTAHOBJIEHO TOUYHICTH, 3 SKOK TOJIOBHMUIA
WIEeH TOOYI0BAHOTO ACHMIITOTUYIHOTO PO3B’SI3KY 3a/I0BOJIbHSIE BUXI/THE DIBHSIHHS.

Knw4yosi cnosa: pishanns Kopmeseaa—de @Ppisa, neninitinut memod BKB, acumnmo-
MUNHULT GHANE3, CUHRYAAPHE 30YPEHHA, COATMOH, GCUMNMOMUYHUT DPO36 A30K.
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