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CONSTRUCTION OF SOLITONS FOR INTEGRABLE
NONLINEAR KAWAHARA EQUATION

Abstract. At present time the theory of solitons is widely investigated,
because, concept of soliton is used in real science as nonlinear
differential equations’ systematic constant solution. This paper illustrates
the application of the Hirota’s bilinear method for construction of solitons
for an integrable nonlinear equation. In particular, the evolution of
solitons of Kawahara equation was considered. It is a dispersive partial
differential equation and describes various wave phenomenos. Based on
Hirota’s bilinear method a substitution was applied and the Kawahara
equation was transformed into a bilinear form. Then, by considering the
formal series, one-soliton and two-soliton solutions were presented and
graphs of the obtained soliton solutions were constructed. Furthermore,
we have achieved new results, such as vector field, optimal system,
solutions to reduce symmetry, convergence analysis and the laws of
conservation of equations. In order to create a point symmetry of
Kawahara equation, the Lie group with one parametric group of Lie
transformations were introduced. Using Lee’s symmetry analysis
method, we created optimal systems and system symmetry. Later, with
a new method of conservation introduced by N.H. Ibragimov, we obtained
the law of conservation associated with the symmetry of Kawahara
equation. Using approach that we apply one can obtain conservation law
and the laws of symmetry of both higher order differential and soliton
equations.

Key words: Hirota method, bilinear form, soliton solution, Kawahara
equation, partial differential equation, Lie point symmetries, conservation laws.
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WHTETPAJIJIBIK CBI3BIKTHI EMEC KABAXAPA TEHJIEVI
YIITH COTATOH/ILIK INEMITMIEPII KYPY

AnHotanmsi. Kaszipri yakpITTa COJUTOHAApD TEOPHICHl KEHiHEH
3epITeny/e, OMTKEeHI COJIMTOH YFBIMbI HAKThl FBUIBIMAA CBI3BIKTHI €MecC
middepeHInanIblK TEHACYISPAIH >KyHenl TypakThl MIemimi peTiHzae
KOJIZJaHbUIa bl Byl )KyMbIC HHTErpaJlJaHaThIH ChI3BIKTHI €MeC TeHeY YILUiH
COJIMTOHJAPABI KYPY YIIiH XHUPOTAHBIH €Ki CHI3BIKTBI QJIICIH KOJJAHYIbI
cyperreiini. Aranm aiitkanma, KaBaxapa TeHaeyiHIH COJUTOHIAPBIHBIH
HBOJIONIMACH] KapacThIpbULAbL. Byl opTypii TONKBIHABIK KYOBLIBICTApIIbI
CUMATTaWThIH JUCHEPCHSUIBIK JepOec TYBIHABUIB Ju(QepeHInaIibK
TeH1ey. XUPOTaHBbIH OMCHI3BIKTHI 9JIICI HETI31H/Ie aIMacThIpy KOJIJaHbUIbIII,
KaBaxapa Ttenzaeyl OWCBI3BIKTBI Typre aybICThIppliabl. ComaH KeiH
dbopmanapl KarapiapAsl KapacTblpa OTBIPBIN, Oip COMUTOHMBI JKOHE €Ki
COJIUTOH[IBI IICUIIMJIEP YCHIHBUIBIN, AJbIHFAH COJMTOHABIK MICHIIMIEPIiH
rpadukTepi canbiHabl. COHBIMEH Karap, 013 BEKTOPJBIK ©pic, OHTAMIIbI
KYyiHe, KOHBEPreHIMSJIBIK Taljay >XoHe TEHJEYJIepIiH CaKTaly 3aHaaphbl
CHSIKTBI XKaHa HOTIDKENepre Kol xKeTki3aik. KaBaxapa TeHeyiHiH HYKTEiK
CUMMETPHACHIH Kypy YIuiH JIu TypaeHaipyaepidiy Oip nmapaMeTpiik TOObI
6ap JIu ToOBI eHrizini. JIn CAMMETPUSCHIH TalIay dICiH KOJIaHa OTBIPHII,
013 OHTAMIBI XKyHelnep MeH KyHelmik cUMMeTpusiHbl KypablK. KeifiHipek
H.X. MOparumMoB eHri3reH »aHa cakTally SICiH KOJJaHa OTBIPbIN, 0i3
KaBaxapa TeHzeyiHiH CHMMETpPHUsChIHA OailIaHBICTBI CAKTATy 3aHbIH aJIJIBIK.
KonganbIn oTbIpraH TOCUII MalanaHa OThIPBII, COTUTOHIBIK XKOHE KOFaphl
perTi auddepeHnanIpK TeHaeyaep YUIH CaKTaly 3aHbl MEH CUMMETpUs
3aHapbIH aryFa 0oaibl.

Tyiiin ce3nep: Xupota oaici, OUCHI3BIKTHIK (hOpMa, COTUTOHIBIK HICIIIM,
KaBaxapa Ttenzneyi, aepbec TybiHAbUIBI auddepeHuuanaslk Tenaey, Jin
HYKTECIHIH CUMMETpPHUSIIaphl, CaKTaly 3aHIaphbl.
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ITOCTPOEHHE COJIMTOHOB 1JIsA HHTETPUPYEMOI'O
HEJIMHEMHOI'O YPABHEHU S KABAXAPBI

AnHHoOTanus. BHacTosiee BpeMs TeopHsi COIUTOHOBLIUPOKO UCCIEAYETCA,
IIOCKOJIBKY IIOHSITUE COJIMTOHA MCIIOJIB3YETCS B pPEAJbHOM HAyKe Kak
CUCTEMAaTUYECKOE MOCTOSTHHOE PEIIeHNE HEMUHEHHBIX AU(depeHIInaTbHBIX
ypaBHeHuil. Hactosmmas paboTta WTroCcTpupyeT IpuMeHeHne OUITUHEIHOTO
Merofga XWUpPOThl [JIsi MHOCTPOEHUS COJIMUTOHOB JUISI HHTETPUPYEMOTO
HEJTMHEWHOTO ypaBHEHUs. B yacTHOCTH, OblIa pacCMOTpEHa HBOJIOIUS
conuTOHOB ypaBHeHHs KaBaxapbl. DTo aucniepcronHoe quddepeHranibHoe
YPaBHEHHUE YACTHBIX MPOU3BOIHBIX, ONHUCHIBAIOILIEE PA3IUYHBIE BOJIHOBBIE
spreHusi. Ha ocHoBe OwimHeliHOro metona XWpOTHl Oblla MPHMEHEHa
MOJICTAaHOBKA, M ypaBHeHUe KaBaxapsl ObUIO TpeoOpa3oBaHO B OMIMHEHHYIO
dopmy. 3arem, paccmarpuBasi (opMalbHBIE PSAIbl, ObUIM TPEICTABICHBI
OJTHOCOJIUTOHHBIE M JBYXCOTUTOHHBIC PEIICHUS W TMOCTPOEHBI Tpaduku
MOJIYYEHHBIX COJMTOHHBIX pemieHuid. KpoMme TOro, Mbl JOCTUITIM HOBBIX
pe3yabTaTOB, TAKUX KAaK BEKTOPHOE IOJIE, ONTUMAaJbHAs CUCTEMA, aHAJIU3
CXOIMMOCTHU ¥ 3aKOHBI COXpaHEeHHs ypaBHEHUH. UTOOBI CO3/1aTh TOUCUHYIO
cuMMeTputo ypaBHeHuss KaBaxapel, Obuta BBefeHa rpynma Jlu ¢ omHOM
napaMeTpudeckoil rpynmoit mnpeoOpaszoBanuii JIu. Hcmomw3ys wmeTon
aHaJIn3a CUMMETPUH JIn, MBI CO31aJIM ONITUMAJIbHBIE CUCTEMBI U CHMMETPHUIO
cucremsl. [1o3:xe, UCIONB3ys HOBBIM METOJ COXpaHEHHUs!, BBeIAeHHbIM H.X.
N6parumMoBbIM, MBI IOTYYHIIN 3aKOH COXPAHEHUS, CBI3aHHBIN C CAMMETpUe
ypaBHeHus1 KaBaxapsl. Mcrionb3ys moaxo, KOTOPbIA Mbl IPUMEHSEM, MOXKHO
MOJYYUTh 3aKOH COXPAaHEHUS U 3aKOHBI CHMMETPUU KaK COJTUTOHHBIX, TAK U
nuddepeHInaTbHBIX YpaBHEHUH 00Jiee BBICOKOTO TOPSIKA.

KuroueBnblie cioBa: Meton XupoThl, OUIUHEHAsT (GopMa, COIUTOHHOE
peuienue, ypaBHenue Kapaxapsl, nuddepennmanbHoe ypaBHEHNE YaCTHBIX
MPOU3BOJIHBIX, TOYEUHbIE CUMMETPUH JI1, 3aKOHBI COXPAaHEHMUS.
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Introduction. Nonlinear wave equations continue to attract considerable
attention of researchers as they characterize common and important
phenomena arising in various physical contexts, including optics, plasma and
waves on water, Bose-Einstein condensates, acoustics. Often nonlinear partial
differential equations (PDEs) describe nonlinear waves mathematically. PDEs
admit many classes of exact solutions, including solitons. And also, these
equations are interesting not only from a mathematical, but also important
from a practical point of view, since they are the defining equations for many
specific physical parameters. On the other hand, many important questions
still remain open, and these equations are still the subject of considerable
research. In this scientific paper we mainly focused on Kawahara equation.

The discovery of solitons by Martin Kruskal and Norman Zabuski,
which led to the inverse scattering method (Ablovitz, et all, 1981), revived
the modern theory of integrable systems. It became clear that in physics
there are fully integrable systems having an infinite number of degrees of
freedom, Korteweg-de Vries equation and some integrable lattice models,
such as the Toda lattice. Nonlinear differential equations that describe
various nonstationary processes can have both soliton-type solutions and
nonsoliton-type solutions. Solitons are any localized nonlinear waves that
interact with arbitrary local perturbations and always restore asymptotically
their exact original shape with a possible phase shift (Ablovitz, et all, 1981).
A soliton-type solution means a solitary wave localized in a small region,
which rapidly tends to zero with distance from the localization region. It’s
profile does not change over time (Myrzakul, et all, 2021; Serikbayev et all,
2020).

Kawahara equation is important models in the theory of waves. In the
normal sense, solitary waves are non-linear waves of regular shape that
decompose rapidly in their lower regions. This rate of decomposition
is usually exponential. However, under critical conditions in dispersion
systems (eg, plasma magnetoacoustic waves, surface tension waves, etc.),
weak non-local single waves appear unexpectedly. These waves consist of
a central core similar to the classic single waves, but they are accompanied
by oscillating tails that propagate indefinitely from the core with a constant
amplitude of non-zero. To describe and clarify the properties of these waves,
Kawahara introduced generalized nonlinear variance equations with the
form KdV equation with an additional fifth-order derivative. This equation
has been studied extensively from a variety of perspectives (Faminskii,
et all, 2010). Kawahara equation describes long waves’ propagation in a
shallow liquid under ice, gravitational waves on the surface of heavy liquid,
magnetoacoustic waves in a cold plasma (Iguchi, 2007). Some sources refer
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to this equation as singularly perturbed KdV equation (Kawahara, 1972).
Analytical solution of special forms of the Kawahara equation in the case of
solitary waves were studied by Sirendaoreji (2004), Yamamoto and Takizawa
(1981). Kawahara Equation’s numerical solution was also investigated.
For finding an approximate solution to the Kawahara equation some other
methods based on homotopy analysis have been proposed by Abbasbandy
(2010), Wang (2011), Kashkari (2014).

In addition to the above aspects, the Kawahara equation has been
extensively studied in terms of various other aspects of mathematics,
including the validity, existence and stability of single waves, integration,
long-term behavior, stabilization and control. etc. As for the boundary value
problem, the Kawahara equation with homogeneous boundary conditions
was studied by Doronin and Larkin (Doronin, et all 2008), and also by
Faminsky and Opritova (Faminskii, et all, 2015). Also in connection with
results on well-posedness in a weighted Sobolev space, one can mention in
(Khanal, et all, 2008).

In this article, we investigated the evolution of solitons in the Kawahara
equation. Using Hirota’s method, one-soliton, two-soliton solution of the
Kawahara equation in the following form was constructed:

U; + Uy + Uzy —Uugy = 0 (1)

where u = u(t,x) is a real-valued function of two real variables t and x.

Kawahara (Kawahara, 1972) introduced the dispersion partial differential
equation describing the one-dimensional propagation of long waves of small
amplitude in various problems of fluid dynamics and plasma physics, called
the Kawahara equation. Divergent form of the equation (1) is written as:

ue + %(éuz + uyx — u4x) =0 (2)

Research materials and methods. It is known that the construction
of explicit solutions of continuous or discrete integral systems plays an
important role in the description and interpretation of nonlinear phenomena
such as the effect of nonlinear optics, synthesis reactions in plasma physics,
magnetohydrodynamic phenomena and superconductivity. In addition, the
study of integrable systems and their associated properties has always been
important and has become the focus of recent research. In particular, the
creation of explicit solutions for differential equations is one of the most
importanttopics. Methods, which find exactsolutions are important for solving

107



ISSN 2224-5227 3.2022

partial differential equations. So, in the theory of solitons, the following
approaches are applicable: the use of the inverse scattering problem, the
Hirota method, the method of Backlund transformations, etc. Most of them
allow finding either a general or frequent solution. In recent decades, several
approximate methods have been proposed or developed and then modified
to find solutions to nonlinear evolutionary equations using motion waves.
Solutions of various evolutionary equations were found by one or another
of these methods. Thus, the Hirota method (Hirota, 1979) allows one to find
soliton or soliton-like solutions of nonlinear partial differential equations.
Its formalism almost always works for equations that have a Lax pair. That
method is based on the following ideas (Hirota, 1976):

1. To change the dependent variable so that the new equation has a bilinear
form, quadratic in the dependent variables.

2. To consider the formal series of perturbation theory for this equation.
In the case of soliton solutions, these series are cut off.

3. To prove the assumed n-soliton form of the solution using this method.

In the article, Hirota method (Hirota, 1979) was developed in relation to
the Kawahara equation. Hirota’s bilinear method is especially useful when
constructing multisoliton solutions. The idea behind Hirota’s method is
to bring the equation to the so-called bilinear form using some successful
replacement for an unknown function. In order to make the bilinear form of
the equation (2), it is necessary to introduce the following replacement:

u(x,£) = 20 £ (%, ), 3)
Substituting (3) into (2) we get:

2000 f G, D) axe + 5 [ f G, 0)x)? + 200 f (o, D) =

—2(In f(x,1))gx] = 0- (4)

We express the values in the Kawahara equation by the function f (x, t):

=20 (fur _Sihe
uf_zax(f Iz ) &)
luZ =2 (fux)? _ 4fxx(fx)2 +2 r* (6)
2 f2 f3 4
2 2 4
W = 20— gl g gl ol ol (7)
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2 3
Upy = Zf;—x —12 fs;zfx +60 f4;£x —30 f4;];xx — 240 f3;c4fx + 240 f3x]]:9;xfx _

~20(B2)" 4 7205 — 54025 4 60 (%) 200 (£) 5 (8)

Expressing the values in the Kawahara equation by the function /(1)
, putting these values in equation (1) and assuming that f = 0, following
equation is obtained:

12f4f5xfx + (zfs + 3Of4f2x - 6Of3fx2)f4x + 20f4f32x -

_8f2fx(f2 + 30ff2x - 30fx2)f3x - f6x + 60f3f23352f5 +

(=4f* + 5402 f2) 2 + (203 f2 — T20f ) fo + 2y — ©)
24, f, — 10f2f + 240£8 = 0.

This is a bilinear form of equation (1).

Results. Using the results obtained in the previous section, we can
construct soliton solutions to equation (1). For this, according to Hirota’s
method, we expand the function finto a formal series in the small parameter
€.

fF=1+35efO=14efD 4ef@ ... (10)

At the same levels of € we obtain the following equations for the formula
(9) using the appropriate coefficients:
A A

2 2 2 1 1 1 1) (1
g% x(t) + 4(x) - 6(x) = 5f(1)f6(x) - Sf(l)fx(t) - 5f(1)f4()c) - 6f5(x) x( )

11 1) (1 101 1\? 1))
O st O 15010+ 2 (1) 10 ()

g1, ULy f D c (VD) — (5O, F ) = 0. (11)

xt 4x

According to the structure of the right parts of the system, you can break
the line (10) in any number of N(10) assuming that f&+1 = o, we can equate
the numerical equations N +2, N +3,... to zero , therefore

FO+D = fN43) = ... = 0, (12)

According to Hirota’s method for constructing N-soliton solutions of a
nonlinear equation, the solution is sought in the following form:
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fO =3 e, (13)

where:

0; = a;(x — aft) + &;;

a;, §; = const.

One-soliton solution. To find one-soliton solution of equation (1), we take
the case when N =1 in (8). Then

f=1+fm, (14)
and one-soliton solution of Kawahara equation is equal to:
_a_ 1
“=3 coshz(g)’ (15)

here
91 = al(x - a%t) + 51.

Graphs of one-soliton solution of the Kawahara equation are shown in
Figures 1 a, 1 b, 1 c:

SO
s
STANRE

0

Figure la. Solution of  Figure 1b. Solution of the Figure 1c. Solution of the
the Kawahara equation ~ Kawahara equation with Kawahara equation with the
with the values the values values
a; =1and §; = 0,01. a; =1 and 6, = 3. a; =1land§, =8.

Two-soliton solution. In order to find the two-soliton solution of equation
(1), it is necessary to consider the case where N = 2 from the formula (11):

f=1+fD+ fO, (16)
where

FD = b1 4 gb2 @) = febiths.

The two-soliton solution of the Kawahara equation has the following
form:
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9 a;e%1+a,e%2+4(a +a,)ef1102 (17)

U= —
dx 1+ef1+eP2+4e91%02

here
02 = az(x - a%t) + 627
3 (26a$ — 5a})e?0: + (26a$ — 5a3)e??-
 (at +4aday + 6a2ab + (4ad — 3ay)a; + ad)eb1t02(a; + a,)?
5e01¢0% (a? —1,2afa, — 3ata3 + a3 (—4a3 + 0,6a2))
B (af + 4ada, + 6a2a + (4a3 — 3ay)a, + a3)ef1%%2(a; + a,)>? B
5e%1¢%: ((—3a§ +0,8a3)a? + (—1,2a3 + 0,6a3)a; + ag)

" (a* + 4d3a, + 60242 + (4a3 — 3ay)a, + ad)ef 102 (a; + ay)?

Graphs of the two-soliton solution of the Kawahara equation are shown
in Figures 2a, 2b, 2c:

Figure 2a. Two-soliton Figure 2b. Two-soliton Figure 2c. Two-soliton
solution of the Kawahara solution of the Kawahara solution of the Kawahara
equation with values equation with values equation with values
a,=1,65; a,=1,25; and a,=1,65; a,=1,25; and a,=1,65; a,=1,25; and

8 =1,25; 8, =9. 81 =1,25; 62 =10; 81 =1,25; 6, =1,25;

Lie point symmetries. In the last decade, there has been a revival of
interest in the analysis of differential equations and their solutions from the
point of view of their invariance properties with respect to a type of surface
transformation called the Bécklund transformation (Hirota, et all, 1976).
S. Lie and A. V. Bicklund considered these and general transformations
of surfaces as indirect transformations for differential equations of higher
orders. In this section, the Lie point symmetry for the nonlinear Kawahara
equation (1) will be analyzed.
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First, to create a point symmetry of equation (1), we introduce a Lie group
with one parametric group of Lie transformations,

x - x+&&(x,y,t,u,v) + 0(2),
t—t+et(x,yt,u,v)+ 0(e?), (18)
u-u+en(xytuv)+0(2),

where & means the group parameter {, T and 7] and are infinitesimal
generators. The vector field corresponding to the above transformation
group is represented as follows:

V=f(x,t,u):—x+T(x,t,u)%+n(x,t,u)%= (19)

Thus for the system (1) there is an operator pr?, then the condition for the
invariance of this operator is as follows:

pr2V(4)|s=o = O- (20)

Based on Lie’s theory, the operator *pr? of the equation can be written in
the following form for the real and imaginary parts of the equation

a
Ouzy

t 9
oug

sv_0 21)

217 — 0 x 0 3x
prV_nBu-'—n +n 6ux+r] 0 OUsy

Thus, using condition (21), we obtain the following equivalent condition
nt +nuy +n*u + 3 —n>* = 0. (22)
where the functions of the coefficients are as follows

N = Dy(1 = §uy = TUL) + Sty + Tlye,

nt = D(n — Euy — TU) + EUyy + TU,

N3 = D3y (n — §uye — TUy) + Elgye + Tlreye, (23)
1% = Dy (N = §uy — T;) + Uy + Tlyaxe-

Now, by setting the coefficient functions (23) to (22), we obtain the
following equivalent condition
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Ut + Ny + MU + N3y — N5y — §elhy — Tely — ExUUy — T U — §3x Uy —
—2&exUyx — 3ExUsy T Soxlhy + 38axlyx + 8E3xUsyx + I xsUyy + 585U = 0

So we get the values of the sub-operators as follows

3 Tt

&sx =0, $4x =0, E3x = §€x' Tx = _;'
8 3t,uu, + (Bu — 3)T,us — (Bu — 31,
§e=0, me=-37 me=uf n= 8 :

Lie’s algebra of infinitely small symmetry of equation (1) is covered by
the following four linear independent operators:

V1=£, Vz=i,
at dx (24)
3 a a a 3 a a a
V3—§uXa—ta—uE, V4—(§xu+1)5+(1—t)5+u£.

Based on the commutator operator [Vi.Vj] =ViV;—ViVi, we obtain the
commutator function of system (1) (see Table 1)

Table 1. The commutator function of system (1)

Lie \Z v, \2 v,
v, 0 0 V-V, V-V,
v, 0 0 -V, -V,
v, V-V, V2 0 V-V,
v, V.V, v, V-V, 0

Conservation laws. The general theorem on conservation laws for higher
order differential equations is proved. The theorem is also valid for any
system of differential equations, where the number of equations is equal
to the number of dependent variables. The new theorem does not require
the existence of Lagrangian and is based on the concept of conjugative
equations for nonlinear equations recently proposed by the author. It is
proved that the conjugative equation includes all the symmetries of the
original equation. Accordingly, the law of conservation can be associated
with Lie, Lie- Biacklund or any group of non-local symmetries and find the
laws of conservation for differential equations without classical Lagrangeans
(Barut, et all, 1977).

In this section, if we want to derive the law of conservation of equation
(1), we must first find the law of conservation of the system (22). Therefore,
in order to construct conservation law of the system (22) we use Lie’s point
symmetry (28).
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D(CHY+ D (C¥) =T

here, ¢ = (C*,CY) conservation vectors.

N.H. Ibragimov (Ibragimov, 2007) proposes to create a new conservation
theorem, ie the law of conservation of magnitude without Lagrange in
the differential equation. To write the laws of conservation, we first write
Lagrangean. Now, to write the Lagrangian of this equation, we multiply the
equation by some function ¢(x,y,t)

L=¢(x,y,t) (U + utly + Uy — Usy)- (25)

Inthe above system (25), we replace ¢ with u so we write the conservation
vector formula ¢ = (¢*,¢?¢?..) as follows [28]:

o= 4+ W daL D oL DD daL
- (am) o )+ oo () -+

oL
ou%y
where we=n*-guf (@ = 1,2,...,m) - Lie characteristic function. Using the
above formula, we can write an additional conservation vector

t_ st u 0L
Ct=¢L+WwW o

C"—f"L+W”(a—L—D2 0L _ pa ‘”)+D (W”)( p2- 2t _ ps o )

sy X Qugy X ugy

Now we can use generators of symmetry V, V,, V. and V, as an example
to obtain the vector of conservation of the system (1).

Case 1. Thus, the following characteristics can be obtained for the
generator V; = d/dt. Lie characteristic functions are

== (27)
Now, by 1ntroduc1ng (27) into (26), we obtain the following conservation
vectors

Ct =uu, + 1 —uy,
CF¥ =uuy, + 1 —uuy — utlyy,

After the calculation we can find the following equation

Dt(C )+ Dy (C) = e (U — Uy — 1) — Uplly — Ullgyy .
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Case 2. Thus, the following characteristics can be obtained for the
generator V, = d/dx. Lie characteristic functions are

W= —u,. (28)

Now, by introducing (28) into (26), we obtain the following conservation
vectors

Ci=uu,+1—uy,
CF =1— Ully,.
After the calculation we can find the following equation

Dt(Czt) + Dy (CF) = Uy + UyglUy — Uy — Ullzy — Ullyy.

Case 3. The following characteristics can be obtained for the generator
Vv, = guxai _ _t% _ uai. Lie characteristic functions,
X u

W=u+t—§ux. (29)

Now, by introducing (29) into (26), we obtain the following conservation
vectors,

ct =uux+1—§ux+t+ua

C¥ =3uu, + 1+ u? (1 - Zx) - %u(xux +u).

After the calculation we can find the following equation,
D{(CY) + D4 (C¥) = upuy + uug + (ue + u2) (1 — %x) + 3uuy, + (g - &) uuy, — = u?,

Case 4. Thus, the following characteristics can be obtained for the
3 i) 9 ) . .o .
generator V, = (E xu + 1) STA - +u. Lie characteristic functions

w=t-2-u(1+2x). (30)

Now, by introducing (29) into (26), we obtain the following conservation
vectors

C2=u(ux—§x—1)+t—1,
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Cff=qu+u(1+§x)(ux—u_t_§).

After the calculation we can find the following equation,

D(CY) + Dy (C) = uZ(ug + 2) + uuy + (uuyy — uguy) (%X + 1) + %u (t - g)

Discussion. We constructed solutions of the Kawahara equation. For
completeness, graphical representation of them is shown in Figures 1a, 1b,
Ic and 2a, 2b, 2c, which clearly indicates that solutions are bright solitons
because their waves are under the flat non-vanishing plane. Such wave
processes play an extremely important role in modern physics and are the
subject of study in hydrodynamics, nonlinear optics, plasma physics, field
theory, elementary particle physics, biophysics, etc. This equation, called
the Kawahara equation, occurs in plasma dynamics when a wave propagates
at a certain angle to a magnetic field, in nonlinear electrical circuits, and for
internal waves in a two-layer fluid, taking into account the surface tension
between layers in a stratified fluid. Within the framework of this equation,
solitons have oscillating tails and can be attracted to each other. This situation
is realized for internal waves in a two-layer ocean, when one layer is thin
and the other is thick (compared to the wavelength).

N.H. Ibragimov developed a theorem on the laws of their conservation,
based on the symmetry of Lie-Becklund, ie the symmetry of higher order
differential equations. N.H. Using Ibragimov’s theorem on new conservation
laws, we obtain the conservation laws, ie the conservation laws of the
particle, for Equation (1) without the Lagrange system. This method we
use is effective for finding the laws of symmetry and conservation of both
soliton and higher order differential equations without Lagrange’s character.

Conclusion. In this article the application of Hirota’s bilinear method
for constructing solitons for an integrable lattice model was illustrated. In
particular, the evolution of solitons of the Kawahara equation, an equation
of the Korteweg-de Vries type of the fifth order, is considered. The Hirota
method is developed in relation to the Kawahara equation. Based on Hirota’s
bilinear method, a substitution was applied and the Kawahara equation was
converted to a bilinear form. Then, one-soliton and two-soliton solutions
were presented, by considering the formal series. Furthermore, graphs of the
obtained soliton solutions were constructed.

As mentioned above, we have achieved new results, such as vector field,
optimal system, solutions to reduce symmetry, convergence analysis and the
laws of conservation of equations. Using Lee’s symmetry analysis method,
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we created optimal systems and reduced system symmetry. Later, using a
new method of conservation introduced by N.H. Ibragimov, we obtained
the law of conservation associated with the symmetry of equation (1). The
new results presented in this paper can be used to describe the dynamics
of solitons in nuclear physics and other optical experiments. Therefore, all
the results of this study can be used to improve the dynamic operation of
Kawahara equations in engineering and mathematical physics.
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K 110-1eTHI0 y4eHoro

YM. AXMEJACA®HUH - OCHOBATEJIb
T'UJIPOTEOJIOTMYECKOM HAYKH B KABAXCTAHE

B.!. Janunos-Janunbsan
WuctutyT Boaubix npobnem PAH, unen-koppecnonnent PAH
E-mail: ellina.shamfarova@gmail.com

YM. AxmeacapuH —  KpyHNHEHIIMHA  yUYCHBIH-IHIMKIIONEIUCT,
ruaporeosor, reorpad, skouor, I'epoit Conmanuctuyeckoro Tpyna, nuoHep
ruznporeonoru B KazaxcraHe, oquH M3 caMblX SIPKMX IpEICTaBUTENIEH
OrecTsIIel KOropThl YYEHBIX, C €r0 IMEHEM CBS3aH PACLBET Ka3aXCTAHCKOM
Haykd. OH SBJISETCS aBTOPOM YHUKAJIBHOM METOIMKH IOMCKA MOA3EMHBIX
BOJI B 30HE 3aCYLIUINBBIX ITyCTHIHb.

Ero Tpynel, HayuHble OTKpBITMSI HAaMHOIO MEPEXWIN YYEHOro, U
aKTyaJIbHOCTb WX B YCJIOBUSX Je(UIMTAa MPECHOM BOABI HA IUIAHETE
Yype3BbIYaifHO Bo3pacTaeT. PaboTas B CIIOKHBIX KIMMAaTUYECKUX YCIIOBUSIX,
OH 00cJieIoBaJl OTPOMHBIE MPOCTPAHCTBA 3HOMHBIX IE€CUYAHBIX ITYCTHIHb
Kazaxcrana u Cpenneil A3uM, CUMTaBIIMECS COBEPLICHHO O€3BOIHBIMHU,
UCXOJS M3 HayYHBIX IIPEINOCBIIOK, OTKPbUI MHOTOYUCIIEHHBIE 110136 MHbIE
MOpsi, 03epa, pPeKH, pacmudpoBad U OOBIACHWI HUX MPOUCXOKICHHUE,
OIIPENEIWII PECYPCHl U HAMETHII IIIMPOKUE NEPCIIEKTUBBI UX UCIIOIb30BaHU
Ha OJ1aro yesoBe4YecTBa.

Ilocne ycnemHon 3auThl KaHIUAATCKON auccepranud B MOCKOBCKOM
reosioropasseiouHoM uHctuTyTe MM. C. Opmxonukunaze B 1940 ronmy,
no comnacosanuto ¢ Buue-npesugeHTom AH CCCP, axkanemuxom O.1O.
[IImuaroM, ObLT HampaBiieH B Ka3aXCTaHCKUH ¢winan AKaJeMHHd Hayk
CCCP B 1. Anima-Arte, /1€ UM BIiepBble OblI co3aaH CeKTop rUApOreosoruu
U MH)KEHEPHOU T'€0JIOTHH.

BropaBenukoiiOteuectBeHHOMBOIHBI(1941-19451T) V.M. Axmencadun
OpraHHU30BaJl ¥ BO3IVIaBUJI KOMIUIEKCHYO DKCIIEIULIMIO B IIy CTBIHHBIE pAallOHBI
pecryOiauKH Ui BBIABICHHUS BO3MOKHOCTEH HAXOXKICHUS M COJCpIKAHUSA
9BAaKyMpPOBaHHBIX Ha BOCTOK 3aBOZOB, NPEANPHUATUI U CKOTA: IPEICTOSIIO
BBISICHUTb, UMEETCS JIM B IYCTBIHAX JOCTAaTOYHOE KOJUYECTBO MOA3EMHBIX
BoJ. Okazanoch, 4To B oOcienoBaHHBIX pailonax FOxnoro Kaszaxcrana
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MecYaHble IMyCTHIHU He OE3BOJAHBI MU B HHUX HIMPOKO PACHpPOCTPaHEHBI
T00pOKaUYeCTBEHHBIC ITOA3EMHBIE BOJIBI, IIPUTOHBIC IS UCIIOJIb30BAHMS.

B 1947 . YM. Axmencadun 3amuTuil AOKTOPCKYIO JUCCEPTALUIO B
Mockse. B 1951 roay Beimyctun Oombiryto mMoHorpaduto «Ilomzemubie
BOJIBI TECUAHBIX MACCUBOB IKHOW yactu Kaszaxcrana». B atoit pabore u
B pslie CTaTeil BIEpBbIE B OTEUECTBEHHON U 3apyOexHOU TUApOTeooTur
BCECTOPOHHE OCBEIIAETCS MH(UIBTPAIMOHHOE MIPOUCXOXKICHHE,
HAKOILJICHHE, PAcHpOCTPAaHEHHE PETHOHANBHBIX PECYpCOB TMOA3EMHBIX
BOJI, METOJOB HUX ONpeJesieHus. BbIgBIEHHbIE TpPU D3TOM PECYpChI
N0OPOKaYeCTBEHHBIX MMOI3EMHBIX BOJ AAJIM MOIIHBIN UMITYJIBC K Pa3BUTHIO
apUIHON THIPOTCOIOTHH.

B roael ocBoeHus IIeHHBIX 3eMmenb Y. AxmencaduH BO3IIABHII
ruaporeonorndeckue uccienaopanus B CeepHom Kazaxcrane. 3mech
OBLITH ONpeIeTIeHbI TIEPCTICKTUBHBIE BOJOHOCHBIE TOPHU30HTHI, COJIEPIKAIIINE
3HAYUTEIIBHBIC 3aI1achl MOA3EMHBIX BOJI, 3 CUET KOTOPBIX PeIlIeHa mpodiiemMa
BooobecneueHust 400 IEIMHHBIX COBX030B, KOJIX030B, MHOTHX PallOHHBIX
LIEHTPOB, JKEJIE3HOJOPOKHBIX CTAHIUH | T.I.

BboneeuerBeptu Beka Y. Axmencadun u3yda riyOMHHYO THIPOTEOI0T IO
apuIHBIX pailoHoB. [Ipu 3TOM UM ObUIH YCTaHOBIICHBI HAYYHbBIE TTOJIOKEHUS,
HMEIOIIME TEPBOCTEIICHHOE 3HAu€HHWE HE ToJIbKo i Kazaxcrana, HO
U N1 MHOTHUX 3acCylUIMBBIX pa3BUBAIOMIMXCS cTpaH. OHM MO3BOIHIN
€My BIEpPBbIE B HUCTOPUU THIPOTEOIOTMUYECKUX HMCCIENIOBAaHUI y HAaC U 3a
pyOexoM co3naTh U OmyOnuKoBaTh (yHIAMEHTAIbHbBIE IPOTHO3HBIE KAPThI
apTre3uaHcKkux OacceitHoB (¢ MoHorpadwusimu), BbIIBUTh 70 apTe3MaHCKHUX
0acceiHOB, OIIEHUTH COJEP)KAIIMECS B HUX OTPOMHBIC BEKOBBIC 3aItachl
NO0OpOKAUYeCTBEHHBIX  TOJ3EMHBIX BOJ, paBHbIE 7,5 TPUUIMOHAM
KybomeTpoB (comsmepumbie ¢ oobemMom 70-u o3ep banxarr), exeromHo
BO300HOBIISIFOIIMECS B pazMepe 48 MIpI.Ky0. METPOB.

B 1951 rony VY. Axmencadun u3dbupaercsi 4iIeHOM-KOPPECIOHIEHTOM, a
B 1954 — akanemukom Akanemuu Hayk Kazaxckoit CCP. B 1965 1. Bnepsbie
OpraHu3oBajl eIMHCTBEHHBIN B cucteme Akaaemuil Hayk CCCP Uucturyr
THAPOTCOIOTHU U THIPOPUZUKH.

Ero kpynHble Hay4HbIE JOCTHKEHHS MO3BOJIUIN 00€CTIEYUTh MOI36MHON
Boziol okosio 69 roponoB Ka3zaxcraHna, 4 ThICSYM HACENEHHBIX IYHKTOB,
00BoAHUTH 115 MiTH.Ta macTOuI, opocuTh 10 60 THICAY Ta 3eMEb.

OO6nanas napoM Hay4yHOTO MPEABHACHUS W OOJNBIIUM IMPAKTHUYECKUM
ombIToM, Y. AxmencaduH BbICTyHal MPOTHUB CO3JIAHUS HEKOTOPBIX
THIPOTEXHUYECKUX COOPYKEHMM, MOTYIIMX BbI3BATh OSKOJIOTUYECKUE
karacTpodsl. Bo MHOrOM ero mporHo3sl MOATBEPAUINCE. OH €TMHCTBCHHBIN
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HE TIOJINTKCAJT 3aKJIFOUCHHUE MTPABUTEILCTBEHHONW KOMUCCHH O CTPOUTEILCTBE
KbI3bUIKYMCKOTO KaHama, T.K. 3TO MPUBENO Obl K YMEHBIICHUIO IPUTOKA PEKU
Cripnapbu B ApalibCKoe MOpE U TEM CaMbIM CITIOCOOCTBOBAIIO OBl YChIXaHHUIO
ApaiabCKoro Mopsi.

BasxubIM BopocoM npo0ieMbl 0XpaHbl OKPY>KaroIiel cpeibl Oblia 0OXpaHa
o3epa banxanr B ¢Bsi3u co cTpouTenbcTBOM Karmuaraickoro BOJoXpaHIIHINA
Ha peke Mmu. CTpoHuTenbCcTBO M 3a00p 3HAYUTEIBLHOTO KOJIMYECTBA BOIBI
n3 pekun My Ha ero 3amojiHEHHE MOINIM IPUBECTH 03epo banxam k
ydacTu ApalbCKOro MOpsi, T.e. K YCBIXaHHIO €ro KPYIHOH aensThl. Emy
noTpeboBaIuCh OONBIINE YCUIIHS, HAyYHbIE J0Ka3aTeIbCTBA, B TOM YHCIIE
U Ha MPaBUTEIHCTBEHHOM YpPOBHE, YTOOBI MMOKA3aTh HELEIeCO00pa3HOCTh
CTPOUTENILCTBA BOJIOXPAHUIIUINA U, YK BO BCSIKOM ClIydae HEe J0 MPOEKTHOM
oTMeTKU. B pesynbrare ynmajioch OTCTOATh MHUHHUMAJbHYIO OTMETKY
3aMOTHEHUST BOJOXPAHWIMINA W HEPaCIIMPEHHUS PHUCOBBIX IUIAHTAIMA B
HU30BbAX peku Mnu. Takum 06pa3zom yaanock crnacta o3epo bamxam xors
OBl Ha TIEPHO/T 3aITOJIHCHHSI BOJOXPAHMIIHIIA.

OH TaKxxe 000CHOBAJ ITOJIOKEHHE, UTO CTPOUTEIILCTBO THAPOTEXHHUECKUX
COOPY)KEHHUH Ha peKax, MPOTEKAIOIIMX B IYCTBIHHBIX palOHAX, MOXET
MoBJIeYb 32 cO00H yChIXaHHE BOJIHBIX OaccelHOB (03ep), B KOTOPbIE OHU
BIaJAI0T. B 30HaX C MOBBIIIEHHO celicCMUYECKOM aKTUBHOCTHIO — YCHIIUBATh
O0aJTLHOCTB 3eMJIeTpsiICeHUH. B TO ke BpeMsl MpaBHIIBHOE HMCIIOIb30BaHUE
MOJI3€MHBIX BOJ B 3TUX PaOHAX CHUXKAET OAJITIbHOCThH 3€MJICTPSICCHHIA.

YM. AxmencaduH SBISUICS PBAHBIM TMPOTUBHUKOM IEPEOPOCKH
Cubupckux pek B Kazaxcran u Cpennioro A3uto. COBMECTHBIMU YCUITHSIMU
¢ yuenbiMu apyrux Pecnyomuk CCCP npunsiTHE 3TOro pelieHus Obuio
MIPUOCTAHOBJICHO.

YM. AxwmencaduH SBISICTCS OCHOBATEIEM THIPOTCOJIOTHUECKON
HayKHd M cO3JaresieM IIKOJIbI apuaHoi reojoruu B Kazaxcrane. MM Obuio
MOATrOTOBJIEHO Oonee 60 KaHIUAATOB M JOKTOPOB Hayk. Kpome HaydHOM
paboThl, 3aHUMAJICS IMPEINOJAaBATEIbCKON JEATEIBLHOCTBIO, 3aBEIOBaJ
Kadenapoil TUAPOreoIOrud U WHKEHEPHOU reosioruu B KazaxckoMm ropHo-
MeTauryprudaeckom uHeturyte. B 1949 rony emy ObU10 IpHCBOEHO 3BaHUE
npodeccopa.

YM. Axwmencadun OblT rocymapcTBeHHbIM festeneM. B 1955-59
roznax u3dupascs aemnyraroMm u wieHoMm [Ipesunuyma BepxoBHoro Cosera
Kazaxckoit CCP IV co3biBa.

B 1955-60 rr. YM. Axmencadun Obutl wieHoMm [maporeosoruyeckoi
cekuuu HanmmonansHoro komuteta reojoroB KOHECKO. On HeogHOKpaTHO
oka3zpiBaj momoIb uepe3 KOHECKO B ruporeonornyeckux uccie10BaHusIxX
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BO MHOTHUX CTpaHax Mupa, B aBrycre 1960 r. oH cuenan JIokjaj Ha
TUAPOT€0I0OrHYeCKOM CeKIMU MexTyHapOAHOTO T€0JIOrMYEeCKOro KOHrpecca
B Konenrarene. B 1979 1. nmpoBoausi MeXayHapoAHbIE KypChbl MO JIMHUU
FOHEII B Mockse, Anma-Ate u YnMKEHTE 110 SKOJIOTHH IMacTOUII MUpa, Ha
KOTOPBIX MPUCYTCTBOBAIU MpPEACTaBUTENN adpUKAHCKUX, apaOCKUX CTpaH
U ApreHTUHBI, HEOJHOKPATHO KOHCYJIBTHPOBAJ IO BOIIPOCAaM OpPOILIEHUS
3aCyLUIMBBIX 3€Mellb IpeacraBuTeneil ApcTpanuu, W3pawns, Benrpuw,
®panuun u Kyseiita.

YM. AxwmencapuH HarpaxJIeH MHOTHMH IIPaBUTEIbCTBEHHBIMHU
narpagamu CCCP. B 1969 rogy oH Obul HarpakJeH BbICIIEH Harpaaon
CCCP, emy 6110 npucBoeHo 3Banue ['epos Counanuctuueckoro Tpyna.

Y.M. Axmencadun onyonukosain okoso 500 neyaTHbix padboT: u3 Hux 18
MoHoTpaduii 1 18 ruAPOreoIOrnIeCcKuX Kapr.

Y4uuThIBas 3aCIYTH YUYEHOTO, TOCJIE €0 CMEPTHU €ro UMs ObLJIO IPUCBOCHO
co31aHHOMY UM HCTUTYTY THAPOTEOI0OTHH U TUAPO(DU3UKH, OTHON U3 YIUIL
Anma-ATsl, yaeOHOMY 3aBeicHHIO Ha ero poauHe B CeBepo-KazaxcTanckoit
00J1acTH.

100-ntetue yuenoro nmpooguioch nog srugoit KOHECKO.
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CAJIBIKOBOW AJLJIBI
BANCBIMAKOBHBI

1 mrons 2022 roga Ha 76-M TOY KU3HU MOCIE HEMPOJODKUTEIBHON 00Ie3HI
ckonuanacs CagpikoBa AJiiia balicbiMakoBHA — TOKTOP PU3NKO-MaTEeMaTHIECKUX
HayK, akajeMuk MexayHapoanoit Epasuiickoit akamemun Hayk (IEAS),
3aBeaylomas jaboparopueid pernoHaibHoi ceiicMmunoctn TOO MHWucTtHTyTa
ceiicmonornn MYC Pecnybnuku Kazaxcran.

Anna baiicbiIMakoBHAa — W3BECTHBIM YYEHBI, HAy4HbBI pPyKOBOJUTEID
[IporpamMmer  «OneHKa CEHCMHUYECKOH OIACHOCTH TEPPUTOPHMA obmacTedl u
roponoB Ka3zaxcraHa Ha COBpEMEHHON Hay4YHO-METOJUYECKOM OCHOBE», OIMH
U3 aBTOPOB KapT celicMHYecKoro paiioHupoBaHust Teppuropun Kaszaxcrana
pa3HOM NeTalbHOCTH U CEHCMHUYECKOTO MUKpPOPAHOHMPOBAHUS TEPPUTOPUHU T.
ATnMarsl, BXOAALINX B IEPEUEHb HOPMATUBHBIX JOKYMEHTOB, PENIAMEHTHPYIOIINX
MIPOEKTUPOBAHUE U CTPOUTEILCTBO B CEIICMOAKTUBHBIX pernoHax KazaxcraHa.

Anna balicbiIMakoBHa pojuiIack B ceMbe ciyskamiero B ropozae llIbivkeHTe
HOxno-Kazaxcranckoit obnmactu 14 mas 1946 ropma, cpa3dy mociie OKOHYaHHS
JlennHrpaackoro By3a Hayasa paboTaTh B ceKTOpe ceiicMoioruu npu MHcTuTyTe
reonorun Axanemun Hayk KazCCP, na 6a3ze kotoporo B 1976 r. 6611 chopmupoBan
WncTtutyT ceiicMonornu. 37ech OHAa 3alUTHIIA KaHAWJATCKYIO JUCCEPTAIMIO B
1992 1., a 3atem B 2010 I. — TOKTOPCKYIO Ha TeMy «CelcMOIOTHYECKUE U T€0JIOr0-
reoU3MYECKUe OCHOBBI BEPOSTHOCTHOW OIIGHKH CEHCMHYECKOM OMacHOCTH
Kazaxcrana».

Anna baliceimakoBHa — aBTop Oosiee 160 Hay4HBIX M HAyYHO-METOIUYECKUX
pabor, B T.4. 7 MoHOTpaduii (B cOaBTOpPCTBE) B 00JIACTH M3yUEHHsI 0COOCHHOCTEH
MPOSIBIICHUST 3EMJICTPACEHHH, pa3pabOTKU METOOUKH JIOIr0- M CPEJHECPOUHOTO
MIPOTHO3a 3eMJIETPSICEHUH 1 OLEHKH ceiicMuyeckoi omacHocTH. Ee Monorpadus
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«Celicmuueckasi onacHOCTh Tepputopun Kazaxcrana» (Anmarel, 2012, 267 c.)
SIBISIETCS. (PyHIaMEHTAIBHBIM TPYIOM, TJ€ W3JI0KEHBI Pe3yJIbTaThl MHOTOJIETHUX
WCCIIEZIOBAaHUN OCOOCHHOCTEH CEHCMHYHOCTH ¥ CEHCMHYECKOTO peXuMa
tepputopun Kazaxcrana. Kuwura «3emnerpsicenus Kazaxcrana: mNpUYMHBI,
MOCIICAICTBHS U celicMuvecKasi Oe3ormacHOCTh» (B coaBTopcTBe, Acrana, 2019,
290 c.) siBisieTCS HAYYHO-TIOMYJISPHBIM H3JaHHEM O COBPEMEHHOM COCTOSTHUU
po0OIeMBbl U3ydeHHs 3eMieTpsiceHuil B Kasaxcrane, riie OTMEYeHBI BCe TPYIHOCTH
MIPOTHO3a 3EMJICTPSICEHUI W OTBEICHO MECTO HAyYHBIM W OOIIECTBEHHBIM MepaM
MIPOTHUBOCTOSIHUS CTHXUH — CEHCMO3aIIuTe.

Ha mpotskennn MHorux net Ama balickiMakoBHa ObLTa YYEHBIM CEKpeTapeM
MEXBEIOMCTBEHHOW KOMUCCHH IO ITPOTHO3Y 3eMJICTPSCEHUH U ITPE/ICTaBIISIIA HAIITY
CTpaHy B MEXAYHApPOIHBIX opraHuzanusx. OHa aKTUBHO COTPYAHHYAJA CO BCEMHU
CEHCMOIOTHYECKUMU YIPEKICHUSIMU, ObLITa YISHOM Pa3IIUIHBIX PECITyOIIMKaHCKAX
KOMUCCHH, YhTana Kypc JIEKIHA M0 CHEeIHaTbHOCTH «CeHCMOTIOoT s Ha Kadeape
reopusuku KasHTY um. CarnaeBa. Ee HeoqHOKpaTHBIE BBICTYIIIICHHUS 110 PAANO U
TEJICBHUJICHUIO, MHOTOYHCIICHHBIE NHTEPBBIO B CPEACTBAX MACCOBOH MH(DOpMAaIiH
ObUTH HaIlpaBlIeHbl HAa HM3JIOKEHHE 3HAHWM O 3eMIICTPSCEHHSX — MPUYMHAX WX
BO3HUKHOBEHHSI, CBSI3aHHBIX C HUMH OITACHOCTSAMH, METOJaX WX HW3yYeHUs W
BO3MOXXHOCTSIMH TIPOTHO3A.

JIto60Bb K ceficmonorun Aina balickiMakoBHa COXpaHWIIa 10 KOHIA xu3HH. J[o
MTOCJICZIHETO JTHS OHA OCTaBajach Ha paboTe, BKIAJbIBas B Hee BCe (hHU3MUECKUE
W JyUIeBHBIE CHIIBI, SBISIE COOOM MpUMep MPEJaHHOTO M CaMOOTBEPIKEHHOTO
CIIy’)KEHUS HayKe, BbICOYAMIIell pabOTOCIOCOOHOCTH ¥ OTBETCTBEHHOCTH,
1[eJIeyCTPEMIIEHHOCTH, YYTKOCTH U OECKOPBICTHSI, HEPABHO/YIITHOTO OTHOIIEHUS K
MO00H XU3HEHHOH cutyaruu. 3acmyru CaapikoBoit A.b. oTMedeHBl Memanbio 3a
BKJIaJ B HayKy B yecTh 30-nerusa HezaBucumoctu PK, rpamoramu, numnmomamu.

bnaromapss BBICOKMM TpO(ECCHOHANBHBIM M JIMYHBIM KauecTBaM Aumia
BaiickiMakoBHa T0Ih30Banach OE3yCIOBHBIM aBTOPUTETOM CPEIU Ka3aXCTaHCKHX
1 3apyOeXHBIX crenuaincToB. OHa MPOXHUIA TOCTOMHYIO JKH3HBb YBa)KaeMOTO
YeloBeKa, TITyOOKOT0 MBICTUTENS U MPEIaHHOTO CBOEMY JIely y4eHoro. bomee 45
neT oHa Obua BMecTe ¢ MmyxeM E.T. CafbIkoBbIM, WMes ChIHA M YETBEPHIX BHYKOB.

1 uronst 2022 mepecTano OUTHCS ceplille dTOW YIWBUTEIBHOMN KEHITUHBI, HO B
HaIIUX Cep/Iax Bcerna Oy/IeT )KUTh CBeTIIast TaMsITh 0 Hell. MbI OyieM TOMHHTB ATLTY
BaiichiMakoBHY Kak TITyOOKO MHTEITUTEHTHOTO, OT3BIBUMBOTO, KH3HEPATOCTHOTO,
HEOOBIYAIHO JIEATEIILHOTO YeJI0BEKa M TAIAHTIUBOTO YYeHOTO. Ee yxom — Oosbinas
notepst st Haykn Kazaxcrana. Ammbl baiiceimakoBHBI CaIbIKOBO# OOJBIIE HET C
Hamu. Ho ocranock ee Oorareiimee HaydHOE HACTeNUe, YYSHUKHU, KOTOPbIE OyIyT
MIPOJIOIDKATH JIEJI0 CBOETO HacTaBHUKA. OcTanachk 100pasi maMsITh 00 TOM CBETIIOM,

AYHICBHO ICAPOM YCIIOBCKE.

OT UMeHH COPATHUKOB U KOJLJIeT Mo padore
npodeccop A. HypmaramoeToB
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