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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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THE METHODS OF ASSESSMENT OF MAXIMUM ALLOWABLE
IMPACTS ECOLOGICALLY ON SMALL RIVERS

Abstract. On the basis of the existing mathematical models of the productivity of the water environment
allowing to define the ecologically allowable limits of anthropogenic impact on the basis of the principle of Le
Chatelier-Braun, one of the modifications of mathematical models, based on the equation of hydro-chemical balance
of substances in river basins, describing the state of the water system with all the natural and anthropogenic factors,
characterizing the state of the water ecosystem in a state of stable equilibrium are carried out.

Keywords: model, assessment, resources, nature, river flow, water discharge, return water, water consumption,
pollution, function, salt, factors.

Introduction. Small rivers are the complex of natural objects, creating the characteristic natural of
landscape, differentiated by the specific hydrological regime (with a decrease in the size of the river
increases intra uneven runoff) underwater regimes, which are characterized by a wide variety of forms,
determined by a combination of climatic conditions and land and plant covers and forming a close
connection forming with the landscape runoff catchment area, which makes them highly vulnerable to the
complex arrangement of catchments of river basins.

One of the main tasks of the complex arrangement of catchments of small rivers to improve the
ecological and social-economic conditions of the territories, that is, to determine the level of anthropo-
genic impact on the natural geo-ecosystems, to reduce the techno-genic impacts on natural geo-ecosystems
per set to reduce consumption of natural resources per unit of output by improving the technology
production, to save and to restore the properties of geo-ecosystems and their habitat value by optimizing
the use of natural resources without bringing natural ecosystems beyond their resilience.

In this regard there is a need to discuss a number of methodological issues in the assessment of
maximum allowable impact on small rivers: firstly, it should be noted a different level of current know-
ledge and understanding of the mechanisms of formation and development of the various components of
the environment; secondly, ecosystem actions of forecasts in the changed conditions are based on the
laws, received in relation natural conditions; thirdly, involving natural objects in natural and technical
systems stimulates the proliferation of existing concepts in the technical sciences and natural components

Accordingly, the basis for the development of methodology for assessing ecologically maximum
allowable impact on small rivers should be carried out on the basis of the analysis of hydrological, hydro-
biological, hydro-chemical and hydro-geological features, as indicators of the functioning of aquatic and
riparian ecosystems, allowing to estimate as the admissibility of the planned breach of the catchment basin
of the water regime of small rivers.

Objective of research. The main objective of research is to develop one of the modifications of
mathematical models, on the base of the equation of hydro-chemical balance of substances in river basins,
which describes the behavior of the water system with all the natural and anthropogenic factors that
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characterize the actions of the aquatic ecosystems being in a state stable of equilibrium for the assessment
of ecologically maximum allowable impact on small rivers.

The analysis of the latest researches and publications on the issue. The carried out analysis works
on the assessment of the environmental impact of maximum allowable anthropogenic load at the pools of
small rivers showed that G.V. Dobrovolsky [1], V.F. Protasov, A.B. Molchanov [2], A.P.Khaustov [3],
T.A. Triphonova [4], F. Anderson [5], M.J. Hammer, K.A. Mc Kichan [6], B.D. Richter, D.P. Braun,
M.A. Mendelson, L.L. Master [7], the drainage basin is considered as a complex fundamental of
ecological system that is formed by geo-evolutional ways and having the natural border. Given the
complexity of biological, geochemical transformations and migrations of pollutants, G.V. Dobrovolsky
[1], A.P. Khaustov [3], T.A. Trifonova [4], M.A. Glazovskaya [8], G. Odum, E. Odum [9], J.S. Baron,
N.L. Poff, P.L. Angermeier, C.N. Dahm, P.H. Gleick, N.G. Hairston, R.B. Jackson, C.A. Johnston,
B.D. Richter A.D. & Steinman [10], E. Carral., X. Puente [11], R. P. Howmiller, A.M. Beeton [12],
D.L. King, R. C. Ball [13], J. B. Loomis, R.G.Walch [14], R.T. Oglesby [15], A.M.Sutterlin [16],
J. Verneaux [17] the catchments area of the river are considered as the anthropogenically the changed
landscapes or «landscape-geochemical system». R. Pentl [18], J. Smith, [19], John. Jeffers [20],
L.A. Petrosyan [21], J.R. Chandler [22], C.E. Shannon [23], N.M. Straalen, C.AJ. Denneman [24], S.W. F.
Van der Ploeg, L. Vlijm [25] the task of eco-logization of catchment basin of small rivers are considered
by the fundamental principles of systems analysis, management, ecology, methods of mathematics and
computer science techniques for the purpose of mathematical modeling and prediction of the status and
development of ecosystems, in particular, their self-cleaning capacity. I.I. Mazur and O.1. Moldavanov
[26], T. O 'Donnel [27] attempted mathematical description by differential equations, which illustrate the
processes of human transformation of the landscape.

In the works of T.A. Akimov and Haskin [28] the method of determining the maximum allowable
anthropogenic load on ecosystems, assessment of crisis scenarios in the case of excess capacity techno and
select the most appropriate (on economic grounds) variant management solutions are provided.

N.N. Moiseev, V.V. Aleksandrov, A.M. Tarco [29] proved that for an acceptable level of impact on
the river can be done with functions allowing to describe the actions of the water system in a state of
stable equilibrium, taking into account the impact of natural and anthropogenic factors.

The basic methodical positions estimate of allowable exemptions flow in small river basins
developed by V.I. Danilov-Danillyan, M.V. Bolgov, V.G. Dubinin, V.S. Kovalevsky, A.G. Kochariyan,
and N.M. Novikov [30], the method of determination of ecologically allowable impact on small rivers are
presented in the works of V.N. Markina [31] and G.V. Belonenko, N.B. Popov [32], Kairanbayeva G.K.,
Nyussupova G. N., Arslan M. [33], Nogica M., Scibanb M., Savicc M., Jolovicd B. [34], Kukeyeva F.T.,
Delovarova L. F., Ormysheva T. A., Shakirov K. N. [35] suggested that assessment methods of maximum
allowable impact on the water objects and methodical bases of its definition.

Research object is the Karatal River on hydrological characteristics relating to the category of small
rivers.

On the basis of many years of information and analytical materials of «Kazhydromet» RSE the
systematization and system analysis for evaluating the changes of mineralization and the chemical
composition of water of Karatal Rivers in the result of anthropogenic activities (table 1) are produced.

As it can be seen from table 1, the hydrochemical composition of river flow is very complex and
quite high, as well as the salt and heavy elements (table 2) affecting by productivity of water vegetation
are found in the composition of the bottom sediments.

In the river Karatal the average mineralization of water is 153 mg/dm’ when the stiffness of
1.9 mEq/dm’, pH water made 8.12. The predominant ions in the water of river Karatal occur hydrocarbons
and calcium ions (HCO® - and Ca® *, the index of water on Alekinu CCall. The level of high water
pollution in the city Taldykorgan (Ekpendy village) made 2.62, accordingly the water quality refers to
«dirty» class 4. Pollution of the river is noted by total iron (2.2 MAC) of copper (8.4 MAC), manganese
(2.5 MAC) and nitrite nitrogen (1.48 MAC). Downstream, in the village of Ushtobe the water quality also
applies to Class 3. WPI (Water pollution index) made 1.87, copper (5.0 MAC) and total iron (1.55 MAC)
is revealed by exceeding the MPC. Pollution of the river is noted by manganese (1.8 MAC) and nitrite
nitrogen (1.6 MAC) [36].
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Table 1 — Changes of mineralization and chemical composition of the water (mg /1) of Karatal River

The main ions, mg /1
River-station Years - = ;) - —
HCO; N cr Ca* Mg™ mineralization
1998 67,1 432 4.4 15,0 3,7 160,3
1999 85,4 13,2 3,5 26,5 5,5 134,2
Karatal-Taldykurgan 2000 43,3 16,8 8,9 18,0 1,2 103,7
(Ekpendy) 2001 110,7 14,4 53 16,0 3,0 165,7
2002 82,4 9,6 53 21,0 4,3 130,1
2003 161,7 9,61 8,86 42,0 12,81 150,3
1998 67,1 57,6 6,2 25,0 4,9 181,5
1999 85,4 50,4 4,2 26,5 5,6 191,7
2000 57,9 12,0 53 14,0 2,4 103,0
Karatal-UshTobe
2001 57,9 14,4 53 17,0 3,0 106,5
2002 76,3 9,6 53 21,0 43 211,5
2003 100,68 26,42 5,32 29,0 4,81 251,2

Table 2 — Characteristics of contamination of bottom sediments of the river of Karatal with heavy metals (mg/kg)

Sampling site
Indicators City —Taldygurgan (Ekpendy village)

2010 2011 2012 2013 2014
Chromium (Cr) 0,08 0,08 0,145 0,08 0,025
Nickel ( Vi) 0,89 12,8 13,43 0,665 1,2
Arsenic ( As) 2,7 0,96 1,69 0,79 2,76
Copper (Cu ) 0,5 1,28 1,04 0,925 0,72
Cadmium( Cd ) 0,87 1,95 1,16 0,175 0,10
Lead (Pb) 1,9 2,9 2,1 11,14 21,26
Manganese (Mn ) 750,5 847,1 699,4 867 846,9

In this way, the changes in of mineralization and the chemical composition of water of Karatal River
and the pollution of its bottom sediments with heavy metals on the intensity of Incoming pollution
depends largely on the result of anthropogenic activities, which exert a definite influence of formation of
productivity of aquatic vegetation as an indicator characterizing its hydrochemical conditions that
determine the environmental sustainability of river ecosystems and maximum - permissible level of use of
water resources of small rivers.

In this regard, there was a need to develop the system of mathematical models allowing to predict the
environmental sustainability of river ecosystems and the maximum permissible level of use of water
resources taking into account the change of mineralization and the chemical composition of water of small
rivers in the result of anthropogenic activities.

Results. The anthropogenic impact on water objects are primarily due to their exhaustion as a result
of water abstraction and pollution with wastewater discharges that contribute to the deterioration of the
ecosystem, and at a certain level of external action, the ecosystem of the river basin small loses the ability
to stand up to them losing their environmental sustainability. Therefore, when planning the use of natural
resources of small rivers catchment area need to know the ecologically maximum allowable level of
irrevocable water consumption and pollution.

Herewith the natural features of small rivers, that is, relatively small amounts of runoff, low limits of
self-purification processes, significant dependence on the state of the catchment area, which is characte-
rized by an increased sensitivity to human impacts, that as exceeding the limits of ecologically allowable
anthropogenic impact leads to the reduction and loss of natural and anthropogenic, and further the natural
functions of small river (figure 1).

— 3 ——
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Figure 1 — The scheme for drawing up of the equation of hydro-chemical balance of watersheds of small rivers

For this, we consider the environment-forming factors of small rivers, where the functions that
describe the action of the water system we use the equation hydrological and hydro-chemical substances
for the average annual balance of the year conditions (figure 1):

Wp=We+Wp—Wpn +Wps3; Gp=Gpp+Gg +Gp+Gy —B,
they are W, - the volume of river flow; W}, - the volume of return water: Wp = Wpk +Wppo +Wpo

Wpk - the amount of return water of urban public utilities; Wp,, - the volume of return water of
industrial facilities; Wp,, - the volume of drainage water from irrigated lands; Wp,, - the volume of water
consumption; Wy - the volume of water coming from the catchment area: Wy = g5 - F5 g4 - a module
of water runoff from the catchment area; Fj - the catchment area; G p- the mass of, soluble salts in
the hydrographic network: G p= Wp -C P C p - the concentration of substances in the river water;
Gp - receipt of the mass of soluble salts to the volume of return (waste) water treatment:
Gp =Wy -Cp =Wpi -Cpi +Wpy -Cpn + Wpo -Cpo - the concentration of a substance in return
waters; Cpf - the concentration of a substance in return waters of urban public utilities; Cp,, - the
concentration of a substance in return waters of industrial objects; Cp,, - the concentration of substances
in drainage waters; Gy - the mass of soluble salts coming from the catchment area: G4 = gpg - Fp
ghe - the specific removal of the substance from a unit of the catchment area; Gp,, - the mass of soluble

salts, water consumption picks up at: Gpy, =Wp,, -C ps B - the amount of the substance absorbed by
aquatic vegetation; Gp; - the mass of soluble salts from the groundwater: G5 =Wy5-Cpz; Gpp - the

mass of soluble salts from the channel flow.
The amount of the substance absorbed by aquatic vegetation in the basin depends on the volume of

water in the river (Wp) and its pollution (C P ), that is determined by the following equation:
B = Bmax - S(w)-S(c) ,where Bpax - is the maximum amount of a substance absorbed by aquatic
vegetation:, Bmax =bmax ‘W5 > bmax - maximal volume of the substance absorbed by aquatic
vegetation of unity volume of water; S(w) - the relative productivity of aquatic vegetation depends on the
volume of water in rivers; S(c)- the relative productivity of aquatic vegetation depends on water
pollution in rivers.
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For evaluating the conditions of the formation of hydro-chemical flow regime of river basins
consisting of the substances of the balance equation can be represented in the following form:

Wp-Cp=28b6 Fo +Wp-Cb—=Wpp-Cp+Wpz-Cpz —Bmax -S(w)-S(c).
As this the volume of return water can be submitted on the following form:
Wb =Kp -Won =Kp Wk + Kbno -Wono + Kbo Woo »
where there are Kj, - coefficient of return water; Kpj - the coefficient of return water of urban public

utilities; Kp,,, - the coefficient of return water of industrial facilities; Kp,, - coefficient of return water

from irrigated lands.
For the purpose of simplifying the tasks, an equation of hydro-chemical balance of substances of river
basins; we represent them in the following ways:

Wp-Cp=8b6 Fo+Wp-Cp=Wpp-Cp+Wpz-Cpz —Bmax -S(w)-S(c).
Given that Wy, = K}, -Wp,, the equation hydro-chemical balance of river basins substances can be

written in the following form:
Wp-Cp=8b6 Fo+Wpn -Kp-Co=Wpp -Cp +Wpsz-Cpsz —Bmax -S(w)-S(c).

If the ratio of the volume of river flow (Wp) to the household drains of the river (W ), we denote by

A, in this case, the equation of hydro-chemical balance of river basins substances will take the following
form:

_8h6 o +an Kp-Cp _Wb” Cp +Wn3'Cn3 _ Bmax -S(w)-S(c)

4-C
P wg W Ws Wg W

or

4 Wys-C B -S(w)-§
A'Cp=M+l(Kb'Cb—Cp)+ nz Cns _ Bmax -S(W)-S(c)
g 8616 g6 Fe g6 Fe
After some transformations the equation hydro-chemical balance of river basins substances we get as
follows:

A-Cp :%_F@(Kb -Cp, _Cp)+ gn3 " Cns _bmax -S(w)-S(c)
g &6 g6 26
or

A-C

+ﬂ.cp _8bo , Ebn Kp-Cp + gn3 " Cns _ bmax 'S(W)'S(C).
g6 g6 86 g6 86

To evaluate the changes in the concentration of river flow, reduced balance equation substances in
river basins hold some transformations, that is:

p

Cp(d+ gbn): £b6 , 8bn Kp-Cp + 8n3 " Cnz _ bmax -S(W)-S(c)
g6 g6 80 g6 g6
or

Cp(4-86 +8bn)=8b6 +&bn Kb -Ch +&n - Cp —bmax - SW)-S(c),

The converted substances balance equation we solve relatively C po then we get:

_ gbo + gbn " Kp -Cp + gn-Cn _bmax‘S(W)'S(C)'
(A-g6 +8pn) (A-g6+gpn) (A-g6+8pn) (A 26 +&bn)

As it can be seen from the structure of the balance equation of substances in river basins of the
external impact on the river ecosystem is characterized by the first three terms, and using them can

Cp

— 34 ——
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estimate the concentration of water in river basins, depending on the level of anthropogenic impact of
human activities:

8b6 . 8 Kp-Cp  gn-Cp
(A-g6+8&bn) (A-g6+8bn) (A-g6+8bn)

They are Cpyy, - the concentration of water of river basins, formed under the influence of human

Cpm =

activities.
Therefore, when it is known the concentration of the river basins of water depending on the level of
anthropogenic impact of human activities (C pm ), then we can determine the concentration of the river

basins of water in view of self-purification of water with aquatic vegetation activity according to the
following relation:

_ bmax - S(w)-S(c) -
(4-86 +8&bn)
The functions S(w) u S(c) - is single-factor dependence, having a form of dome-shaped curves that
are well described by the equation of V.V. Shabanov [38]:

-\ Wopt Vw “(Wmax —Wopt)
S(w) = Wi Wmax ~ Wi ;
Wopt Wmax — Wopt
7-Copt Y¢ (Cmax —Copt )
S(C) — Cvl P CmaX - Cl P ,
Copt Cmax — Copt

they are wy,; - an optimum value of water in the river; Wyax - maximum volume of water in the river;

w; - factual value of the volume of water in the river; y,, - self-parameter of plants in the aquatic

environment; Copt' the optimal value of contamination of river water; Cipgx - the maximum conta-

mination of the river water; C; - the actual value of contamination of river water; 7. - self-parameter of

plants in the polluted environment.

Thus, based on existing mathematical models of aquatic productivity we can define environmentally
acceptable limits of human impact on the principle of Le Chatelier-Brown [37], which show that after any
changes to elements of the natural environment (the material composition, energy, information, speed
natural processes) is required to develop the chain reactions that try to neutralize these changes or the
formation of new natural systems of education at which significant changes in the environment may
become irreversible [37].

Discussion. Objective of research — the catchment basin of rivers of Karatal with 390 long km/s with
an area of 19.1 thousand square kilometers, which is formed at the confluence of three rivers, called
Tekly-aryk, Chadzha and Cora, the origins of which are located at an altitude of 3200-3900 m. are
selected.

Starting 160 km is mountain character of the Jungar Alatau and below the confluence of Kara and
Chizhe river enters the wide intermountain plain. Other tributaries are Kara, Terekty, Laba, Balykty,
Mokur and most abounding Cox. After the confluence of the river inflow Koksu Karatal flows through the
sandy desert of Southern Balkhash. At a distance of 40 km from the mouth of the river delta area is 860
km’. According to long-term observations the average consumption of water in the river Karatal alignment
Ushtobe is 66.7 m’/s, or 2.1 km*/year [36].

To observing the applicability of the range developed by modification of mathematical models for
estimate the degree of environmentally acceptable water intake and wastewater discharge cities and
industrial facilities, as well as the drainage water from irrigated lands hold a demo account with the

following data Karatal river: the maximum volume of water in the river (Wpyax ) - 4.21 km®; an optimum
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value of water in the river (Wopt) - 3.69 km’; factual value of the volume of water in the river (wp) -

2.28-4.21 km’ ; the maximum concentration of the substance for plants in the river (Cmax) -0.5 g/liter;
optimal for plants concentration of the substance in the river (C,,, ) -0.25 g/liter; the actual concentration

of the substance in the river (C; ) — 0.482 g/liter; self-parameter of plants () -0.50 (given in table 3) [36].
According to Table 1 the graphics of functions S(w) and S(c), depending on the volumes of water

and the pollution of water in rivers Karatal (figure 2) show that a characteristic feature of the curves is
their dead-level.

This proves once again the assumption that the various securities for aquatic vegetation productivity
are due to Karatal river water and the requirements to water conditions for maximum productivity of
aquatic vegetation is phenotypic characteristic.

The second characteristic is that practically existing contamination of the water of the river Karatal
still is the self-control of aquatic vegetation and therefore the range of acceptable values of contamination
is located in the redistribution of inflection points, which in turn is fully determined by the position of the
inflection points S(c).

Table 3 — The function meanings S(w) u S(c), depending on the volume of water and the pollution of water in rivers Karatal

8@
G
w; S(w)
0.00 0.10 0.20 0.30 0.40 0.50
0.000 0.946 0.994 0.991 0.945 0.000
0.00 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.50 0.090 0.000 0.085 0.089 0.082 0.085 0.000
1.00 0.144 0.000 0.136 0.143 0.143 0.136 0.000
1.50 0.291 0.000 0.275 0.289 0.288 0.275 0.000
2.00 0.470 0.000 0.444 0.467 0.466 0.444 0.000
2.50 0.664 0.000 0.609 0.660 0.605 0.608 0.000
3.00 0.850 0.000 0.804 0.845 0.842 0.803 0.000
3.50 0.982 0.000 0.929 0.976 0.973 0.928 0.000
4.00 0.916 0.000 0.866 0.910 0.908 0.865 0.000
4.21 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1
a
= 08
= \
E 0.6 ‘
g 0.4 -l
=
202 \
0 1
0 1 2 3 4 5
Water volume in the river (Wp)
1.
]
= 08
&
w 0.6
g
=
= 0.4
g
&= 0.2
0
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Pollution of river water (Ci)

Figure 2 — Relative productivity of aquatic vegetation on the volumes of water (a) and pollution (b) of water in the river Karatal
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As can be seen from table 3, it is possible to build a joint graph of the function S(w) and S(c), depen-
ding on the volume of water and the pollution of water in the river Karatal, allowing to estimate the extent
of ecologically allowable water withdrawal from the river and discharge it polluted wastewater of cities
and industrial facilities, as well as the drainage water with irrigated agricultural landscapes.

Conclusion. The natural river water is the vehicle for the redistribution of chemical elements bet-
ween bio-geo-cenoces they are constant chemical reactions, that is, self-aquatic vegetation, which requires
them to take into account when determining environmentally acceptable water abstraction and pollution of
small river basin.

K. C. Mycragaes', O. T. Kozsikeepa', K. Kanbivxan', A. E. Anausiposa’, Jozef Mosiej’

'Kasak y/ITTBIK arpapiiblk yHHBepcHTeTi, Anmathl, Kasakcras,
*BapuaBa xapaThUIbICTaHy FHUIBIMIAPHI yHUBEpCHTETI, Bapuiasa, [Tonbima

KIIIITTPIM ©3EHJIEPTE TYCETIH IHEKTEJI'EH-MYMKIHIINIIK 9CEPAI
IKOJOI'UAJIBIK TYPTBIJA BAFAJIAY IbIH S AICTEMECI

Annoranusi. Cy oprackl ©HIMIUIIIHIH KOJJaHBICTaFbl MaTeMaTHKaNbIK yiritepaid Heriinne Jle-llarenbe-
bpayn karunacel 0OMBIHIIIA aHTPONOTEHIIK SCEPIHIH IKOJIOTHSIIBIK MYMKIH LIEKTEPiH aHbIKTayFa MYMKIHIIK Oepe-
TiH, TYPaKTHl TeTle-TeH/IK KaFIalbIHIarbl Cy 9KOKYHEeHI CHIIaTTalThIH OapibIK TaOUFHU JKOHE aHTPOIIOTeHIIK Jijes-
JIeMeIiepli €CKEePeTiH, Cy JKYHECIHIH OpeKeTiH OCHHEeNeWTiH, ©3¢H anadTaphIHIAFbl 3aTTapAbIH TUAPOXHMHUSITBIK
OanmaHCHIHBIH TEHEY1 HEeTi31H e, MAaTeMAaTHKANBIK YATUIepaiH MOA(PUKAIHACHIHBIH Oipi )KacaIbIHABL.

Tyiiin ce3aep: yiri, 6ara, Kop, TaOUFaT, ©3€H, Cy OTIMi, aFbIH, KaliTapMa Cy, CYAbl TYTHIHY, JaHCTaHy, QyHK-
LUs, TY3, JoJIeIeMe.

XK. C. MyCTaq)aeB', A.T. K03bnceeBa', K. )KaHLIanH', A.E. Ammﬂpona', Jozef Mosiej2

'Kasaxckuii HalMoHaIbHbIH arpapHblil yHHBepcHTeT, AnMarsl, Kazaxcran,
*BapmaBckuii yauepcuter EctecTBeHHBIX HayK, Bapiasa, [Tosbiia,

METO/JbI OHEHKH! 3KOJOI'MYECKH
HPEJEJBHO-TOIY CTUMOI'O BO3JIEVMCTBUSI HA MAJIBIE PEKH

AnHoTanus. Ha ocHOBe CyIIecTBYIOIMX MaTeMaTHYECKUX MOJENeld BOJHOW Cpesl MPOIYKTUBHOCTH MO3BO-
JIAOIUX OMPCACTIUTD IKOJIOTUYCCKU JOIMYCTUMBIC MPCACIIbI aHTPOIIOTCHHOT'O BOSﬂeﬁCTBHH Ha OCHOBC IIpUHIUIIA Jle-
[arenbe-bpayHa, pa3paborana oxHa W3 MomudUKanMi MaTeMaTHYeCKUX MoJelieil, Ha 0a3e ypaBHEHHUS THOPO-
XMMHUYECKOTo OanaHca BEIIeCTBA B PEUHBIX OacceifHax, ONMCHIBAIONIEH MTOBEAECHHE BOJAHONW CHCTEMBI C YYETOM BCEX
NPUPOJIHBIX W AHTPOIOTEHHBIX ()aKTOPOB, XapaKTEPU3YIOUIMX IOBEICHWE BOJHON 3KOCHCTEMBI, HaXOASLICHCS B
COCTOSIHUU YCTOMYHBOTO PaBHOBECUS

Ki1roueBble ¢j10Ba: MOJENb, OIIEHKA, PECYPCHI, IIPHUPOAA, PEKa, PACX0J] BOJIBI, CTOK, BO3BPATHBIE BOJIBI, BOIOIIO-
TpeOieHue, 3arps3HeHne, (yHKINsA, CONU, PaKTOPHI.
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