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FORECAST OF SURFACE WATER QUALITY IN RIVER
BASINS USING PHYSICAL AND CHEMICAL INDICATORS OF
NATURAL SYSTEMS

Abstract. To carry out a quantitative and qualitative assessment of
activities in the catchment areas of river basins using a variety of principles and
methods, long-term systematic objective hydrological, hydrogeochemical
and economic information and analytical materials are needed. At the same
time, the scientific and practical feasibility of this problem is also
determined by the fact that the validity and reliability of forecasts of the
geoecological state of the catchment areas of river basins largely depend
on the correct chosen principle and method, which require the need for a
structural analysis of complex hydrochemical indices for assessing
surface water pollution, based on the laws nature, principles and
properties of natural processes.

Mathematical models have been developed to improve the tools for
assessing the quality of surface waters in catchment areas of river basins,
based on the solution of differential equations of hydrochemical processes
of natural systems, corresponding in physical and mathematical terms to
practical problems of hydrochemistry and the principles of nonlinearity of
natural processes, are a consequence of the use of classical mathematical
methods for constructing models and their analytical analysis.

Key words: water quality, mathematical model, surface water,
non-linearity of  natural processes, differential  equations,
hydrochemical processes.
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O3EH/AEPIIH AJTABBIHIATBI ’KEP YCTI CYJIAPBIHBIH
CATIACBHIH TABUTU )KYHEHIH ®U3UKAJIBIK ’KOHE
XUMMAJIBIK KOPCETKIIITEPIH MMAUJTAJIAHY APKBLIBI
BOJIKAY

AHHOTAIUSI. OPTYpJIl Karuaanap MeH OJIiCTepAl MaiaanaHa OTBIPHII
©3CHHIH Cy>KHMHAy ala0bIHBIH alMaFbIHBIH KbI3METIH CaH/IBIK JKOHE CarmalbiK
Oaranayipl Ky3ere achelpy VIIH Y3aK Mep3iM[Ii KYHeIeHreH MaKCaThIK
THJIPOJIOTUSUTBIK, TUIPOXUMUSIBIK OJKOHE IIAPYalllbUIBIK —CalaChIHBIH
aKMaparThIK-Tangay MoniMerTepi Kaxer. COHbIMEH Kartap, OyJl MoceneHiH
FBUIBIMU KOHE MPAKTUKAIBIK KaKeTTUTIr, ©3€HHIH Cy)KHHAy alaObIHBIH
T€0dKOJIOTUSUIBIK JKal-KYHiH OaraapiiayblH CEHIMILIIT *OHE Heri3Iuiiri
KOTl JKaF/1aiiia IyphIC TaHJaJIFaH KaFU1aFra KoHe d[iICKe TiKeleil OaiTaHbICThI
OoJIFaHIBIKTAH, JKep OeTi CylapbIHBIH JIaCTAaHYbIH Oaranay/blH KEIIeHI1
KOPCTETKIIMTEPIH KYPHUIBIM/BIK TaJay/bl TaTall eTeIl.

Kymbicra  Taburm  KyHeneplHiH THAPOXMMHUSIIBIK  KYPrilepiHiH
muddepeHInanAbIK TeHACYIEepiH IMIENIyre HeTi3elreH, THAPOXUMHUSHBIH
MPAKTUKAJIBIK ecenTepine (PU3MKaJIbIK- MATUMATUKAJIBIK OelNriiepiHe jKoHe
TaOUFU )KYPTUIEPiH CHI3BIKTHIK eMeC KaFUJAachiHa COKeC KEeNeTiH, 03¢HHIH
CYXXHHAy aNaOBIHBIH JKEP YCTI CYIapbIHBIH canachlH Oaraliay KypalgapbiH
KETUIIPYIIH MAaTUMATHKAIIBIK MOJENI J31pJeHIeH JKOHE O  MOJENAepIl
KYpyFa >KOHE OHBI AaHAJIMTHUKAIBIK TalfayFa KaFUJalbIK MaTeMaTHKAIIbIK
omicTepi KOMIaHyAbIH calgapbl OOJBIN TaObLIAIbI.

Tyiiin ce3/1ep: CyabIH canackl, MAaTeMaTUKAJIBIK MOJIENb, Kep YCTI CyJIapsbl,
TaOUFU KYPTUIEpAIH CBI3BIKTHI eMecTiri, AudQepeHuanibK TeHaeyaep,
THJIPOXUMHUSIIBIK JKYPTijep.
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K.C. Mycradaes

AO «MHCTUTYT reorpaduu 1 BOIHON 0€30MaCHOCTIY,
Anmarel, Kazaxcran.
E-mail: z-mustafa@rambler.ru

ITPOTI'HO3 KAYECTBA ITOBEPXHOCTHBIX BOJl PEYHBIX
BACCEMHOB C UCITIOJIb30BAHUEM ®U3NYECKHUX U
XUMHMYECKHUX MMOKA3ATEJIEH TPUPOJIHBIX CUCTEM

AHHOTanus. [ OCyIIeCTBIEHUS KOJIMYECTBEHHOW M KAa4eCTBEHHOMN
OLIEHKH JIeATEIbHOCTH Ha BOJOCOOPHBIX TEPPUTOPUSAX PEUHBIX OacceiHOB
C HCIOJb30BAaHUEM Pa3HOOOPA3HBIX MPUHIUIIOB M METOAOB HEOOXOIMMBbI
MHOTOJIETHHE CHUCTEMAaTU3UpPOBAaHHbIE OOBEKTUBHBIC THUIPOJIOTHYECKHUE,
THJIPOT€OXUMUYECKUE U XO3AHCTBEHHbIE HHPOPMAIIMOHHO-aHAIUTHYECKIE
Mmarepuainsl. [Ipu 3ToM HaydHas W IpakTHYECKas LEeIeco00pa3sHOCTh ITOU
npo0ieMbl onpeAesseTcs ele U TeM, YTO OT MPaBHJIBHOIO BBIOPAHHOTO
MPUHIUIA U METO/]a BO MHOTOM 3aBHCUT 000CHOBAaHHOCTH U JOCTOBEPHOCTh
IIPOTHO30B T'€0IKOJIOTHYECKOTO COCTOSHUSI BOJOCOOPHBIX TEPPUTOPUI
peuHbIX OacceilHOB, KOTOpbIE TPEeOYyIOT HEOOXOTUMOCTH CTPYKTYPHOTO
aHaJIM3a KOMIUIEKCHBIX THAPOXUMUYECKUX MHIEKCOB OLEHKU 3arps3HEHUS
IIOBEPXHOCTHBIX BOJ, HA OCHOBE 3aKOHOB IPUPOABI, IPUHILIUIIOB U CBOMCTB
IIPUPOJIHBIX TPOLIECCOB.

BpaborepazpaboranpiMaTeMaTH4yeCKUE MOJIEIIHN JIs1 COBEPILICHCTBOBAHUS
MHCTPYMEHTApHUsl OLEHKM KauecTBa IOBEPXHOCTHBIX BOJA BOIOCOOPOB
peuyHbIX OacceifHOB, HA OCHOBE peleHus TudQepeHInaIbHbIX ypaBHEHUN
THUIPOXUMHUYECKUX TIPOLECCOB MPHUPOIHBIX CHCTEM, COOTBETCTBYIOIIMX
no (U3NYECKOMY M MaTeMaTH4ecKOMY IpPH3HAKy NPAaKTHUYECKUX 3ajad
TUAPOXMMHMM W IPUHLMIIOB HEIMHEWHOCTH NPUPOAHBIX IPOLIECCOB,
ABIIIIOTCSA CJIEICTBUEM HCIIOJIb30BaHUS KJIACCHUECKMX MaTeMaTHYECKUX
METOZ0B ITOCTPOEHUS MOJENIEN U UX aHAJIMTUYECKOTO aHAIN3a.

KuroueBble cjioBa: kauecTBO BOZABI, MaTEMaTHUECKasi MOJIENb, IOBEPX-
HOCTHBIE BOJIbI, HETMHEHHOCTh IPUPOHBIX TPOLIECCOB, UG P epeHIIaTbHbIC
YPaBHEHHUSI, THIPOXUMHUYECKHUE NTPOLIECCHI.

Relevance. The catchment area of river basins is a multi-component
geosystem with the unity of hydrogeochemical flows that perform important
environment-forming and ecological functions and are spatial bases for
nature management and environmental management with various purposes
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of use, within which the possibility of a comprehensive assessment of the
state of water bodies opens up. To carry out a quantitative and qualitative
assessment of activities in the catchment areas of river basins using a variety
of principles and methods, long-term systematic objective hydrological,
hydrogeochemical and economic information and analytical materials are
needed. At the same time, the scientific and practical feasibility of this
problem is also determined by the fact that the validity and reliability of
forecasts of the geoecological state of the catchment areas of river basins
largely depend on the correct chosen principle and method, which require the
need for a structural analysis of complex hydrochemical indices for assessing
surface water pollution, based on the laws nature, principles and properties
of natural processes. The solution of this problem of the catchment areas of
river basins is facilitated by the monitoring system, the data of which serve
as an information and analytical basis for making managerial decisions in
water management, managing the quality of water resources, predicting
the ecological state and assessing the impact of anthropogenic activities on
them.

Purpose of the study — on the basis of the genetic theory of hydrochemical
processes of the natural system, the development of mathematical models to
improve the tools for assessing the quality of surface waters in catchment
areas of river basins.

Materials and methods of research. The study is based on the use of
the apparatus of mathematical modeling of surface water quality, which
involves the use of classical approaches based on differential equations
of hydrochemical processes in natural systems and modern experience in
creating and studying models for assessing the quality of surface water in the
watersheds of river basins.

Water quality monitoring programs have become the most important for
developing a clear understanding of water quality processes for decision
makers to understand, interpret and use this information in the development
of strategies for the conservation of water resources in the world, which has
become a prerequisite for improving the methodology for determining the
pollution index (Nicb et all.,2004; Tirupathi et all., 2019), using the Shannon
entropy (Shannon, 1963; Shannon et all.,1963) as a tool for the development
of an entropy-weighted water quality index (EWQI) (Kunwar et all, 2019),
as well as the possibilities of wide use of the water quality index (WQI)
(Sipra et.all, 2017; Godwin et all, 2019), as a method for assessing water
quality in various river basins around the world.

There are a large number of works, among which one of the most common
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complex indicators of water quality is the hydrochemical water pollution
index (WPI) (Temporary guidelines for a comprehensive assessment of the
quality of surface and sea waters by hydrochemical indicators, 1986), as
an integral characteristic of surface water pollution, water quality classes
are used, which for surface waters are carried out only for a strictly limited
number of ingredients according to the formula

WPI = (1/6) - ¥(Ci—s/MAC;_g) Or WPI = (1/N) ZN(C;/MAC)), (1)

where 1 - a strictly limited number of indicators (ingredients) taken for
calculation that have the highest value, regardless of whether they exceed
MAC,; ornot, including the dissolved oxygen index BOD,, which for land
surface waters m = 6; C, — concentration ofipollutant in water; MAC, —
maximum allowable concentration of the i pollutant; N — is the number of
ingredients for which the calculation was carried out.

However, anthropogenic pollution of watersheds in river basins and their
depletion as a result of economic activity leads to independent changes in the
qualitative composition and volume of water, which reshape the habitat of
aquatic organisms. In such conditions of the life of river basins, it is desirable
to have an integral indicator that takes into account water pollution.

V.V. Shabanov proposes to assess the pollution of waste and natural waters
using the limiting water pollution coefficient (K ), which is a modification
of the water pollution index (WPI) widely used in practice. Its essence boils
down to the following, that is, the water quality indicator is introduced into
the water balance equation (WMB) expressed in units of water volume
(WK ) (Shabanov et all., 2009):

Wy, = Wp ’ Kns, (2)

where W _ - the actual volume of river runoff, taking into account the
volume of irretrievable water consumption.

In this case, the equation of the water management balance, taking into
account the indicator of water quality in river basins, will take the following
form:

W, - Cy + W, - €, = (W, + W) - MAC (3)
or
W, =W, - (C, — MAC)/(MAC - C,), 4)
whence we obtain an expression for determining the virtual volume of
water (W ):
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W, = (W,/W,) = (C, — MAC)/(MAC - C,), (5)

where C — background concentration of a substance in the river; C -
concentration of pollutant in the river after wastewater discharge.

The ratio on the right side of the equation for determining the virtual
volume of water (W), is a coefficient (limiting pollution coefficient), which
shows the multiplicity of excess pollution of the river (Shabanov et all.,
2009):

Ky = (C, — MAC)/(MAC — C,). (6)

If the catchment area of the river basin is polluted by a substance that
does not occur in water under natural conditions, then the limiting pollution
coefficient has the following form:

K, = (C;, — MAC)/MAC (7)

or, in some cases, they can be represented by the even simpler formula:

K,; = C;/MAC (8)

The physical meaning (K ) is the averaged multiplicity in excess of
the normative excess of the concentration of a pollutant (C, — MAC) over the
permissible pollution of the natural river background (MAC - C,), or, in fact,
the multiplicity of exceeding the MAC.

Thus, V.V. Shabanov and V.N. Markin (Shabanov et all., 2009), for
practical water management calculations, it is recommended to use a
simplified equation for the limiting pollution coefficient (K ):

Kus = (1/N) ZN[(Ci — MAG)/MAG;] or
Kug = (1/N) - B)'(Ci/MAG;) — 1 = WPI — 1. )

Thus, the ever-increasing number of methods for assessing the quality of
surface waters in river basins, the growing variety of principles and methods
for their construction require a comprehensive structural and system analysis
and their compliance with the laws of nature and natural processes.

Research results and discussion. The law of the limiting (limiting)
factor or Liebig's law of the minimum is one of the fundamental laws in
ecology, stating that the most significant factor for the body is the one that
most deviates from its optimal value and allows you to determine the limiting

137



ISSN 2224-5227 3.2022

sign of the harmful effect on the human body of water quality in watersheds
river basin (Popov, 1997).

Rationing of substances according to the limiting sign of harmful effects
on the human body under conditions of anthropogenic pollution of water
bodies can be determined by two criteria, that is, by the totality of the water
content coefficient (K,), as the ratio of the actual water consumption (Q,,
m?/c) to the average annual water consumption (Qcp, m®/c) and the limiting
pollution factor (K ) or the water pollution index (WPI), which is calculated
as the sum of the actual values of the main indicators of water quality (C,)
reduced to MAC..

At the same time, to characterize the physical meaning of the coefficient
of limiting water pollution (K ) by several substances (N) through the
index of the multiplicity of excess pollution (C; — MAC;), defined as the water
pollution index (MPI) minus 1, is the multiplicity of excess MAC.

According to the law of the limiting factor, the coefficient of maximum
permissible water pollution (Knmi) can be expressed by the following
mathematical relationship (Popov, 1997):

Knasiszi'Knsi,l ZKb 20: 1 2Kr[siZO' (10)

At the same time, the concentration of substances (C) in the water of a
reservoir or river basins directly depends on the mass of substances (MM),
entering the river basins annually and back from the actual water discharge
(Q,, m¥/c), which shows that between the water content coefficient (K,) and
the coefficient of maximum permissible pollution (K, ..) there is a direct
linear relationship (Alimov, 1990).

The construction of any model is to some extent connected with the
simplification of reality, which causes the presence of limitations in the scope
of its application and, at the same time, makes it possible to obtain reliable
results, which is the main goal of mathematical modeling of hydrochemical
processes in the watersheds of river basins, that is, the development of
reliable methods forecasting the quality of river waters, applicable to solve
both scientific and practical problems (Mustafayev et all., 2009).

The main assumptions made in achieving the above goal is as follows,
the change in the concentration of a substance in the water of rivers is
approximately described by a differential equation that has the following
form (Mustafayev et all., 2009):

dG;/dt = I(Cy), (11)
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where I(C,) — function of the concentration value C..

At the same time, the concentration of a substance is a function of time
and water flow in river basins, thatis C; = C(t,Q H), where H — a characteristic
of the influence of other factors on the concentration. Then the differential
equation describing multifactorial hydrochemical processes, i.e. C(t Q H),
can be written in the following form:

dC;/dt = (dC;/db) + (dQ/db) - (dC;/dQ). (12)

The change in water discharge in the watersheds of river basins can be
described by the following expression:

(dQ/dt) =1-Q, (13)

where A - the specific rate of change in water consumption in river
basins, in the general case, has the following form: A = A(t, Q).

Based on the dependence on the ratio of the values dc;/d and (dQ/dv) -
- (dC;/dQ) one of the variants of schematization of the processes of change
in hydrochemical parameters characterizing the change in the concentration
of a substance, associated mainly with the fluctuation water content of the
catchment area of river basins (Savichev, 1999):

d¢;/dt = (dQ/dt) - (dC;/dQ). (14)

Taking into account the dependence (dQ/dt), we transform the equation
dCi/dt =1(C;) to the form:

dC;/dQ = 1(C)/ (- Q. (15)

In the field of mathematics and mathematical modeling, the solution to
this equation is determined by the choice of an analytical expression for
I(C)) and .

At the first stage, to solve the equation dCi/dQ=1(C)/(A-Q linear
dependences on the concentration value were used, which make it possible
to obtain a number of calculation formulas under the condition k/A = const:

- analytical solution of the equation dc;/dQ = 1(C;)/(A- Q) for I(C;) =k-¢; has
the following form: ¢; = ¢, - (Q/Q,)~%/;

- analytical solution of the equation dc;/dQ=1(C;)/(-Q for 1(C) =k (S—C;)
has the following form: ¢, =s—(s—¢y)-(Q/Q,)"%», where S - concentration
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of a substance in the medium in contact with water masses in the watersheds
of river basins; C - initial concentration of a substance in the water of river
basins.

It should be noted that the equation Ci=C,*(Q/Q)"®%; correspond
in physical and mathematical terms to the empirical dependences of the
Y =a-XP type, widely used in the practice of hydrological, hydrochemical
and water management calculations, and the equation C;=S —(S—Cp)-
(Q/Qo)~%M_ in its structure is a modification of the empirical dependence of
the type ¥ =C+a-X" (Savichev , 1999).

It should be noted that the equation  dCi/dQ=1(C;)/(A-Q),

Ci =Co" (Q/Qo)™ ™™ and ¢, =S —(S—Co) (Q/Q0)"® ™ is consistent with the
ideas of A.l. Perelman, according to which the change in the amount of a
substance in nature is proportional to its content and intensity of migration
(Perelman A.L., 1975), that is, the change in concentration is determined by
the intensity of biochemical transformations, the interaction of water with
underlying rocks, organic and suspended matter, and the influence of the
water content of river basins affects the flow rate chemical reaction:

dC;/dt » (dQ/dt) - (dC;/dQ). (16)

Based on these regularities of geochemical, biochemical and
hydrochemical processes in river basins, to solve the equation dC;/dt = I(C;)
exponential dependences on the concentration value are used, which make
it possible to obtain a number of calculation formulas under the condition
k = const:

- analytical solution of the equation dC;/dt = I(C;) for 1(C;) = k- C; has
the following form: C; = C, - exp(—k- t);

- analytical solution of the equation C;/dt = I1(C;) for I(C;) = k- (S—C))
has the following form: C; =S — (S —C,) - exp(—=k - t).

At the same time, the influence of water exchange on the rate of chemical
and biochemical reactions of the exponential function exp(=k-t) occurring
in the watersheds of the river basin can be reduced to the expression:

exp[—k- f(Q)], (17)
where f (Q) - some function of the water discharge of the watersheds of

river basins, corresponding to the time of arrival of water masses along the
length of the river or its section.
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Based on this circumstance, the equations Ci=C,-exp(=k-t)
and C;=S—-(S—Cp) exp(=k-t), can be transformed to the form
Y =a-exp(—b-Q¥).

Thus, the system of differential equations dC;/dt = I(C;), which describes
the hydrochemical process in the watersheds of river basins, can also be
used to predict their hydrochemical characteristics and water quality.

Watersheds of river basins, as a variety or elements of a geosystem, have
system-wide properties, that is, the nonlinearity of natural processes, where
the transformation and exchange of energy and matter always proceeds at
a decelerating rate, which show that the intensity of the harmful effect on
a living organism in the face of an increase in anthropogenic pollution of
water bodies slows down due to adaptation, that is, the degree of harmful
effects is proportional to the product of the concentration of the substance in
the water of the river basins.

Mathematical modeling of hydrochemical processes, to a certain extent, is
associated, on the one hand, with a simplification of reality, which causes the
presence of limitations in the scope of its application and, on the other hand,
makes it possible to obtain reliable results, that is, based on this assumption,
the change in the limiting water pollution coefficient (K, ) from the reduced
water pollution index (WPI) is approximately described by the equation
(Mustafayev Zh.S. et. al., 2021):

dKnsi/dWPI =k- (Knai)' (18)

The solution of this equation is determined by the choice of the analytical
expression k - (K,;), which is widely used in the practice of hydrochemical
estimations, taking into account the principles of nonlinearity of natural
processes in assessing the harmful effects of water quality on a living
organism, which is described by an exponential function, having the
following form:

Kpi = (1/N) - ZN4[1 — exp(-WPL)] = (1/N) -
+ 2L {1 — exp[—(Ci/MAC)]}- (19)
Thus, the coefficient of maximum permissible water pollution (Knmi) can
be represented as the product of the coefficient of water content (K,) and

the coefficient of maximum water pollution (K ), which has the following
form:
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Kusi = Kb * Kasi = (Qep/Qi) - 3 24 [1 — exp(~WPI)], (20)

where KHH3i — concentration limit factor; K, - water content ratio; K . -
coefficient of limiting water pollution; Q, - actual water consumption (m’/s);
QCp - average annual water consumption (m?/s); WPI - water pollution
index: WPI = C;/MAC; C, — actual concentration of the i ingredient; MAC,
— maximum allowable concentration of the ingredient corresponding to the
purpose of the water body.

Based on the current classification developed for the water quality index
(WPI), he coefficient of maximum water pollution (K ) and the Shannon
trophic index (H), paspaborana a classification was developed according
to the coefficient of maximum permissible water pollution (KHM) (Table 1).

Tablel - Classification of water quality and the state of water resources according to
hydrochemical and hydrobiological indicators

Indicator Water quality class
1 II I v \% VI
WPI <0,2 0,20-1,0 | 1,00-2,00 |2,00-4,00 | 4,00-6,00 | >6,00
K113 <-0,80 -0,8-0,0 0,0-1,0 1,0-3,0 | 3,0-5,0 >6.0

KHL[3i <0,20 0,20-0,60 | 0,60-1,60 |1.60-3,60| 3,60-5,60 | >5,60

H 3,06-2,30 |2,30-1,89| 1,89-1,52 1,52-1,25 1,25-1,11

Water quality | Very clean clean | Moderately | polluted dirty Very dirty

polluted

Trophicity oligotrophic mesotrophic eutrophic hypert-

rophic

At the same time, the mathematical model for determining the coefficient
of maximum permissible water pollution (K , ) has a number of advantages,
that is, firstly, it takes into account one of the main properties of the geosystem
- the nonlinearity of natural processes, and secondly, with the possibility of
assessing the quality through the WPI indicator, thirdly, genetic similarity
with the Shannon index (H =—)}(n; /N) - In(n;/N) where H — isthe species
diversity; n. - is the number of individuals of each species in all samples; N-
is the total number of individuals of all species in all samples) is borrowed
from information theory and is a parameter for assessing the complexity
and content of information for any type of system, fourthly, it allows you
to clarify the pollution limit of the maximum permissible concentration of
pollutants, and fifthly, the water content of the catchment area of river basins.

Conclusions. The reliability of the developed mathematical models for
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assessing the quality of surface waters in catchment areas of river basins
based on the solution of differential equations of hydrochemical processes of
natural systems and practical problems of hydrochemistry and the principles
of nonlinearity of natural processes that correspond in physical and
mathematical terms, is a consequence of the use of classical mathematical
methods for constructing models and their analytical analysis.

The proposed approach to assessing the quality of surface waters in
catchment areas of river basins, in conjunction with geographic analysis,
can be used for complex geoecological studies that allow developing
recommendations for the rational management of water resources under the
conditions of anthropogenic activity.
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Hannas crarbs, npexnctasiaenHas JK.C. MycradaeBbiM, MOCBALICHA pa3padOTKe
MaTeMaTH4eCcKON MOJEIH IIPOrHO3a KaueCTBA OBEPXHOCTHBIX BOJ PEUHBIX 0ACCEHHOB,
OCHOBAaHHOW Ha (PU3MUYECKUX 3aKOHAX COXpPAHEHHUs BelliecTBa U 3Hepruu. OCHOBHOE
COZIEp’KaHME CTaTbU BKIIOYACT NPUMEHEHHE (U3UUYECKUX METONOB M XUMHUYECKHX
MoKa3aTenel 1l MOIENUPOBaHUs IPUPOJHBIX CHCTEM, YTO HEMIOCPEACTBEHHO CBSA3aHO
C TaKMMHU paszenamu (pu3nKu, Kak THIPOIUHAMUKA U HU3NUECKasT XUMHUS.

Mogpenb, onucaHHas B cTaTbe, HAIPaBlIeHA Ha M3y4eHHE (U3MUYECKUX MPOLECCOB
B IPHUPOAHBIX CHCTEMax C HCIOJIB30BAHUEM KOJUUYECTBEHHBIX METOHOB (DU3UKH.
VY4uThIBast, 4TO KIJIFOUEBBIC MTOJXO/bI BKIIOYAIOT UCIOJIB30BaHNE (DU3NUECKUX 3aKOHOB
U MaTeMaTH4ecKoe MOICIUPOBAHUE, CTaThs IOJHOCTBIO COOTBETCTBYET MPOQHIIO
xypHaia HaunonanbHoii akanemun Hayk Pecryonuku Kazaxctan B obnactu Gpusuku.

Takum o00pazoM, TeMaTHKa HCCIEIOBAaHUS OXBAThIBAET MEKAMCLUIIMHAPHbIE
HalpapJeHHs, OJHAKO LIEHTPAJIIbHYIO POJIb UI'PAIOT UIMEHHO (PU3NYECKUE MPOLECCHI U UX
MOJIETTMPOBaHUE. DTO 000CHOBAaHHUE MTOATBEPKIAET LIEIECO00Pa3HOCTh Oy OINKOBAHUS
JaHHOW paboThl B OKypHaue, CIEHUAIM3UPYIOMIEMCS  MEXIUCUUIUIMHAPHBIX
HCCIIEOBAHUX B 001acTH (PU3MKK M OMOTEXHOIOTHUECKUX HayK.

«HUcnpaBiaenne BHeceHo (16.01.2025), Bepcusi ooHoBieHa. McnpaBiieHus: He
MOBJIMSIJIM HA OCHOBHBIE BBIBO/IBI CTATHU».
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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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CeeTJioN nmamMsaTu

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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