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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. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e 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, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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METHODICAL SUPPORT OF INTEGRATED MANAGEMENT
OF WATER RESOURCES OF THE BASIN
OF TRANSBOUNDARY RIVERS

Abstract. Based on the principles of reasonable, equitable and rightful use of water resources in accordance
with the concept, adopted at the «Agenda of the 21* Century» at the UN in Rio de Janeiro and developed by the
European Environmental Agency — «DPSIR-analysis», as a method of systematizing the information and identifying
the cause-effect connections in order to solve the problems of integrated water resources management in
transboundary rivers, the system of integral criteria of geo-ecological restriction is justified, ensuring the restriction
and prevention of the negative influence of transboundary impacts.

As an integral criterion for geo-ecological restriction, an indicator of the water availability curve taking into
account climate change is developed, that is, the arithmetic average of the statistical series of the annual river flow,
geomorphological schematization of the catchment area of the transboundary river basin, taking into account the heat
and water availability of their landscape system, the maximum pollution of the river flow, territorial planning water
use based on integrated parameters using climatic, geological and geo-morphological, hydrological and landscape
factors, the ecological situation of the hydro-agrarian landscapes of the river basin catchment in “soil-plant-human”
systems, the maximum permissible level of use of river basin water resources and ecological runoff, the available
land resources of the river basin catchment and the ecological services of the river basin catchment, possible area of
hydro-landscape systems in the catchment areas of river basins, a comprehensive assessment of environmental,
economic and social damage caused by human activities.

Methodological substantiation of the criteria of geo-ecological restriction when using the water resources of the
transboundary river basin, as a method of systematizing information and highlighting cause-effect relationships in
order to solve the problems of integrated water resources management of transboundary rivers, covering all levels of
the water use process from the formation and shopping of water resources and their watershed dispersal zones
transboundary river basins can be used in the planning and implementation of integrated Water Management
(IWRM).

Key words: water resources, transboundary rivers, concept, strategy, use, management, implementation,
planning, integrated water resources management.

Relevance. To accelerate the transition to more sustainable methods of developing and managing
water resources, based on the principles of reasonable, equitable and rightful use of water resources in
accordance with the concept adopted on the «Agenda of the 21 Century» at the UN in Rio de Janeiro,
which is the fundamental norm of the legal regime of transboundary waters, according to which every
state of the basin has the right within its territory to a reasonable and rightful share of the benefits from the
use of the water of this basin. At the same time, the degree of equal use of transboundary waters which is
reasonable and fair should be determined by taking into account the comprehensive consideration of all
factors, including hydrographic, hydrological, hydrogeochemical and climatic conditions, as well as the
use of water resources in the past and present to solve the economic and social problems of each state,
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located in catchment of river basins. One of the factors in determining the reasonableness, equality, and
justice is the degree in which the needs of each state can be met without causing significant damage to
other States within the catchment areas of transboundary river basins. To solve this problem, it is
necessary to form an integrated water resources management (IWRM) system for transboundary river
basins, including mechanisms for organizing and jointly carrying out comprehensive measures aimed at
reducing, limiting and preventing the negative influence of transboundary impacts, which requires the
development and justification of criteria for geoecological restrictions that ensure the principles of
reasonable, equitable and rightful use of water resources in accordance with the concept adopted on the
«Agenda of the 21*'Century» [1,2,3].

The goal of the research is to develop the methodological support for planning and implementing
the integrated water resources management in the transboundary river basins based on qualitative and
quantitative integral criteria of geoecological restrictions, allowing the implementation of the principles of
reasonable, equitable and rightful use of water resources in accordance with the concept adopted on the
«Agenda of the 21%century».

Materials and research methods. The geoecological restrictions in the integrated water resources
management of transboundary rivers are understood as the requirements and criteria for the
environmentally acceptable use of the natural-resource potential of the catchments of river basins,
confirming the preservation of the sustainability and sustainability of the natural system, their
environmental and resource-generating functions.

To substantiate the integral criteria of geoecological restrictions in the integrated water resources
management of transboundary rivers and their systematization, were used a concept developed by the
European Environmental Agency «Driving force-Pressure-State-Impact-Responsibility»-DPSIR-analysis,
as a method of systematization of information and the allocation of cause-effect relationships in order to
solve environmental problems [European Environment Agency,1999] [4].

Research results. For balanced use of water resources of transboundary rivers, when planning and
implementing IWRM, it is necessary to ensure the principles of reasonable, equitable and rightful use of
water resources in accordance with the concepts adopted at the «Agenda of the 21*Century» at the UN in
Rio de Janeiro, which requires solutions:

2. Geomorphological schematization of the catchment area of a transboundary river basin taking into
account the heat and water supply of their landscape system [5], possibly using the energy or work
performed by the groundwater flow in the following form:

AE=A4;j=m;-g-AH=m; -g-A;.

where AE — change in energy at the site AH ; AH ,Aj - excess of the surface of the earth above the

shore, m; m; — average mass of underground water; g- acceleration of gravitational force.

2. Based on the long-term data of the hydrogeochemical regime and nutrient in the water resources of
the transboundary river basin, an assessment of the quality and water pollution index of the environmental
requirements of the fisheries and drinking water use [6], that is, methods based on the use of complex
indicators, that is, determining the limits of permissible changes (ITIJIM1), are widely used to assess the
quality of water resources and the ecological state of aquatic ecosystems in water management practice
[7], threshold of critical action (IIJIBB) [8], maximum permissible concentration (ITJIK) [8],
hydrochemical pollution index (I'3B) [8], as well as methodological support N.G. Bulgakov [9],
V.P. Yemelyanova [10], T.N. Moiseenko [11], V.V. Shabanov [12] and M.ZH. Burlibaev[13].

At the same time, to assess the quality of water and the ecological status of water bodies in the river
basin, it is estimated using the method of V.V. Shabanov, using the coefficient of maximum pollution

(Knsz)[12]:
1 N ¢

Kpz =—+ 2
N i:lnﬂl{i

-1

b

wherei — water pollutant number; /N - amount of substances taken into account; I1JK j - maximum

allowable concentration of substances taken into account; C;- actual concentration of substances taken
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into account; K,;; - coefficient of maximum pollution, characterizing the quality of water, the state of the

water body of rivers and its water economic value, which are assessed according to the classification of
water quality.

As structural characteristics of ecosystems, indicators of the species, size, trophic structure, flow
structure can be used. For the quantitative characteristics of the structure most often used different indices,
among which the most often - the Shannon index ( H ) [14]:

H=Y(N;/N)-1g2(N; / N),

where: N; - numberi - i-th species; N - number of all species.

3. Territorial water use planning based on integral parameters using climatic, geological,
geomorphological, hydrological and landscape factors determining the ecologically acceptable limits for
using the natural resource potential of the catchment area of a transboundary river basin are determined
taking into account the geoecological restrictions proposed by Zh.S. Mustafayev and with co-authors

[15,16]: lower threshold of maximum permissible level of water demand (OZ”D’C) — transpiration of

plants, ensuring the formation of biological masses (7) and the upper maximum permissible level of the
8epx
p

targeted regulation and management of soil-forming processes on irrigated lands [22], and the biological

irrigation rate (O 2 ) are determined on the basis of the bioclimatic method proposed by N.V.Danilchenko

norm of water demand (O ) — ecological norms of water needs of agricultural land (0139 ),providing

[17]: E, =E, K, -Kg (where K, - microclimatic coefficient; K- biological coefficient), that is
Op=Ey - (Op £ g +AW), where AW - productive moisture in soil, mm.

4. On the basis of indicators of anthropogenic impacts, that is, demographic, industrial and
agricultural, characterizing economic activities, the assessment of anthropogenic load on the catchment
area of the river basin [18,19,20], can be used the generalized indicator ( K},;,), which is determined by

the formula [19]:
n .
Kim =4 1T K},
i=1;

where K ll = exp(— K; )— relative values of the level of anthropogenic load on the catchment areas of river

basins or the coefficient of anthropogenic activity [19].
To assess the level of anthropogenic load on the drainage basin of transboundary rivers, was used the
indicator of A.G. Isachenko, putting them in the form of a coefficient ( K;),characterizing the ratio of the

individual actual technogenic load to their optimal value, which is taken as the level of the average load,
that is, [20]:

- coefficient (K ;m ), characterizing population density: K zm = Hopm ! gk » where I gy - actual
population density, person/sq.km; /7, - optimal population density, which corresponds to the level of
average load, person/sq.km;

- coefficient (K;?p ), characterizing the density of industrial production: K lnp = IIP oy / 1IP g »
where HquaK — actual density of industrial production, thousand dollar/sq.km; 7IP,,, - optimal density
of industrial production, which corresponds to the level of average load, thousand dollar/sq.km;

- coefficient (Kl-p a ), characterizing the plowing of natural landscapes: K ip 4 = Fﬁ%’ /F gbaack , Where

Fonm

F %%K — actual plowing of natural landscapes, % ; pac - optimal plowing of natural landscapes, which

corresponds to the level of average load, % ;
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- coefficient (K*"®), characterizing the density of livestock loading:l{l?’cue = N U8 | pycus

gax
where N gb’igf — actual density of livestock loading, conventional heads /sq.km; N, 3’,%,6 - optimal density of
livestock load, which corresponds to the level of average load, conventional heads /sq.km.

At the same time, the total techno-genic load on the catchment areas of river basins was determined
as the square root of the product of the relative values of the level of certain types of anthropogenic loads,
as a result of which a generalized integral indicator can be obtained( K}, )characterizing the result of
human activity[20].

5. Based on the indicators of anthropogenic activity, the assessment of the ecological situation of the
hydro-landscapes of the catchment area of river basins in the systems «soil-plant-man» [22,23] can be
done as follows, first consider the natural environment at the regional or local level, zoning by activity, not
changing significantly on a spatial-temporal scale using the above negative reaction factors for humans -

NR= NR; / NRiaxand its habitation environment - nr = nr; / niipax [22,23]:

_ i__ i
- for human NR:[ZDi -qx]Zf?i(k)2
1 1

_ ) i
_ for its habitat - =| 266 4 g |5 B-5;(k)
ng 1

where Dj - the degree of contamination with chemicals of potable water for the supply of the population;

Degg- level of river water use for irrigation; D pe- the level of use of return water for irrigation;

& - private parameters of the deterioration of the properties of the components of the natural system (for
humans, this is the dynamics of diseases associated with the consumption of polluted water and air
pollution- &; (), for soil, plants, and crops - the content of toxic salts in the soil, for groundwater - an
increase in their mineralization and level - &;(k)); f - correction factor (for soil and groundwater f=1,
for agricultural crops f>1); ¢ - the intensity of the entry of toxic chemicals and nitrates into the soil
and groundwater.

The intensity of the entry of toxic chemicals and nitrates into the groundwater (q)gcg) and into the soil

(q;Z) estimated by empirical dependencies [22,23]:

43 =1-q7: gl =expl-(@-qu +1-Rpp).

where o — constant, depending on the type of toxic chemicals; ¢q,, - intensity of infiltration nutrition (in

shares from the norm); qu- infiltration resistance, which is determined by the formula: qu =1/ fi, here

Jfm — relative area occupied by soils with low soil thickness.

6. Assessment of the maximum allowable level of water resources use of the river basins and
environmental flow, that is, disposable water resources for use in sectors of the economy [30].

For the environmental and economic justification of the maximum permissible level of use of natural
resources in the context of anthropogenic activity, a retrospective analysis of the state of the components
of the natural system and a long-term forecast of the expected consequences from the impact of various
measures on them are necessary. As an integral indicator of assessing the environmental and economic
efficiency of the complex use of natural resources, the total effect (Z(x)) can be used, which can be

determined by the following formula [24]:
Z(X)=Zp(x)=Z5(x) = Zo (x) = Ze(x) = 3T - By
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where Z, (Py) — total profit of the natural-technical complex; Z n(x)=2, (Pp - Py (%) Z,(Py(x) —

natural complex profits in natural conditions; Z,(x)=2, (Fe ~P,(x)); Z,(P») — economic damage
from the deterioration of the quality parameters of the natural-technical system; Z,(P,(x)) — costs
required for qualitative improvement of environmental parameters; Z ,,. (Pyx) — environmental damage
from the deterioration of the quality parameters of the natural-technical system;

Z oy (X) =Z 5 (}_’ ok — Py (X)) Z51{P51{))- costs necessary to improve the ecological conditions of the
environment; Z,(x)=Z.(P¢ —P.(x)); Z.(P¢) — social damage from the deterioration of the quality
parameters of the natural environment; Z . (P, (x)) — costs of improving the social conditions of the natural

environment; B; = (1+e)’ — the coefficient of reduction in time of multi-time costs or discounting;

! — calculation step number; € — efficiency coefficient; 37 — society's costs for the implementation of
environmental management systems.

On the basis of the Hurwitz criterion, it is possible to present a model of the design value of the
coefficient of the ecological and economic activity of society when using natural resources.:

KIP = g% (- 2). kM0 pre kM9 _ the maximum possible value of the coefficient of
economic sustainability of the natural system of the river basin; K ;m’n — the minimum value of the

coefficient of economic sustainability of the natural system of the river basin; 4 - empirical coefficient;

A =1-A29 , here AD — ecological state of the natural system of river basins [24].

7. Based on the principles of reasonable, equitable and rightful use of water resources of
transboundary rivers, distribution of available water resources for use in economic sectors in the interstate
level, in the administrative regions and districts [25] can be used the coefficient of available land

resources( K spi ) of the catchment area of the river basin in the section of facies, which is determined by
the formula [25]:
Weri = Kspi “Woi =AWesi) s

where W,,; — the volume of water resources of river basins, cubickm; W_,;- the volume of guaranteed

sanitary-ecological water resources of river basins, ensuring the environmental sustainability of the natural
system in the lower reaches.

8. Using the climate index of productivity of landscapes D.I.Shashko [26], determine the natural and
potential bioclimatic potential of geomorphological facies of the catchment area of transboundary river
basins using the system of «export-import» environmental services of water resources within the
framework of interstate water distribution [21], i.e. the coefficient of ecological services of the catchment
area of river basins, ensuring the balancing of the biological productivity of hydroagrolandscapes in the

context of anthropogenic activities value, which is determined by the formula: Kgy; =1—(bygpi / B Iféi) u

n
> Kpxi =0 — const [19,25].
i=l1
At the same time, the volume of water resources( ;) for the provision of environmental services in
order to increase «natural capital» ( EIIK ) to potential natural capital ( ///IK ) from the standpoint of the
biological productivity of the plant and soil cover of certain landscape classes or catchment areas of river

basins is determined by the formula [19.27]: Wek(5—u)i = Koxi - Wori -

9. Based on the biological and ecological water requirements of vegetation and soil cover of
landscape systems and disposable water resources in the context of geomorphological facies of the
catchment area of transboundary rivers, determine the maximum possible area of hydro-landscape systems
[28] taking into account the lack of regulation and over-regulation of the river flow, because of the level of
rational use of river flows also depends on them, taking into account the intra-annual natural rhythm of
their formation:
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- in the unregulated zone, on the one hand, as indicators allowing to determine the maximum
allowable( £,y )and optimum( F,,) area of irrigated land is the discharge of the river’s available flow

(Oyqi » cubic m/sec), i.e. the difference of natural discharge ( Q,; , cubic m/sec.) and ecological flow of the
river (Q,; ,cubic m/sec.), and on the other hand, the norms of specific water requirements of the plant
(q pis cubic m/sec. or I/sec. per 1 ha) and soil( g,; , cubic m/sec. or l/sec. per 1 ha) covers formed in as a
result of hydro-landscape systems in the watersheds of transboundary basins;

- in the zone of flow regulation, on the one hand, as indicators allowing to determine the maximum
allowable ( . ) and optimal ( Fy,,) area of irrigated land is the volume of the river’s disposable flow

(W,yqi, cubicm), that is, the difference of natural (W,); ,cubic m) and ecological (#,; ,cubic m) volumes of

the river basin, and on the other hand, the norms of water requirements of the plant (O pi > cubic m/sec.or

I/sec.per 1 ha) and soil covers (O, ,cubic m/sec. or I/sec. per 1 ha) of agricultural lands, formed as a result
of hydro-landscape systems in the catchment areas of transboundary basins.
In the zone of unregulated flow of river basins, the maximum allowable area of irrigated land ( £},p, )
is determined by the following formula:
(@™ = 001*) - Kae
Froo = ol 2L “Nkno

max
q pi

And the optimal area of irrigated land( ) ) is determined by the following dependence:

max max

(Qoi _Qai ) Kac

Foo = max “Nxno
Dpi

where F},), - maximum allowable area of irrigated land, ha; F,,- optimal area of irrigated land, ha; - the
natural flow discharge of the river, cubic m/ha; - ecological flow discharge of the river, cubic m/ha;
qpi- the norm of specific water requirements of agricultural land cover, cubic m/s or I/s; g,,; - the norm

of specific water requirements of the soil cover of agricultural land, cubic m/s or I/s; 7,9~ the efficiency
of the water system; K. - coefficient of synchronization of river discharge and the norm of specific water
demand for agricultural land, which is determined by the following expression:

n
_zKaci
K 4e _i=l ,
n
whereZn — the number of months in the vegetative (considered) period; K,.;- coefficient of

synchronization of river flow and the rate of specific water requirements of agricultural land and the i—th
month of the growing season (considered) period, which is determined by the following dependencies:

Kaci =(Qrai /Qﬁg?x )4 pi /qr;iax 15 Kaci =[(Qrai /Q,ﬁ?x)/(qni /q’rlll}ax] 5

where Qig?x — the maximum value of the natural flow of the river in the vegetative (considered) period,

cubic m/sec.; qgll.ax - the maximum norm of specific water demand for vegetation cover of agricultural

land within the growing season, cubic m/sec.; qm-a - maximum norm of specific water demand for soil

cover of agricultural land within the growing season, cubic m/sec.
In the zone of regulated flow of river basins, the maximum allowable area of irrigated land( £,y ) is

determined by the following formula:
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Wi =W5i™) Kae

Froo = Hmax “Mxno

pi
and, the optimal area of irrigated land ( £}, ) is determined by the following dependence:

Qi =95 ) Kac

Foo = Hmax Mkno
ni

where F},), - maximum allowable area of irrigated land, ha; F,,- optimal area of irrigated land, ha;

Qpi- natural flow discharge of the river, cub.m/s; le'- ecological flow of the river, cub.m/ha;

max

omax i - water demand of soil

pt
cover of agricultural land, cub.m/s or I/s.
At the same time, the coefficient of synchronization of river flow and the norm of specific water
demand for agricultural land of the i-th month of a growing season (considered) period is determined by
the following dependencies:

- water requirement of vegetation cover of agricultural land, cub.m; O

Kaci =[(Qrai 1 0fg V(O pi 1 O 15 Kaci =[Qrai ! Opgi )(Oni/ O 1,

where Q]I,E?X — the maximum value of the natural flow of the river in the vegetative (considered) period,

cub.m/s; O;nl.ax - the maximum water requirement of vegetation cover of agricultural land within the

growing season, cub.m/s; Olrf;ax - the maximum water requirement of soil cover of agricultural land

within the growing season, cub.m/s.

10. Comprehensive assessment of environmental, economic and social damage from anthropogenic or
economic activities associated with the use of natural resources for the sustainable development of
economic sectors is determined by the method of Zh.S. Mustafayev [29], where economic (3), socio-
economic (DC) and social (C) damages are distinguished:

Viy=3+3C+C =(0¢ + 0y + 0, +96) +(0C35 +0Cy + 9C) +(C3 + Cp + Cyye),

where 9. - losses due to shortfall in production; 3,, - losses from the reduction of the quality of products;
9, - costs of eliminating pollution; O, - the cost of restoring or maintaining the normal state of the
environment; 9C - losses in health care and social security due to increased incidence; 9Cj, - losses due
to migration caused by environmental degradation; 9C,, - the cost of additional rest required due to the
unsatisfactory state of the natural environment; C ;- - aesthetic losses due to the destruction of the natural
environment; C,, - psychological losses caused by unsatisfactory state of rest; C,,. - losses caused by

deterioration of the ecological conditions of life of society members.

Thus, it should be noted that before planning integrated water resources management (IWRM) in the
catchment area of the transboundary rivers basin, it is necessary to answer a number of important
questions about the necessity and feasibility of using them for sustainable development and ensuring the
country's food security located in the catchment area of the transboundary rivers based on the principles of
reasonable, equitable and rightful use of water resources in accordance with the concept adopted by the
«Agenda of the 21st century»at the UN in Rio de Janeiro, which require solving complex problems of the
rational and balanced use of natural resources within the framework of the applied methodological
support.

Discussion of results. Thus, the developed and proposed system of methodological support, formed
on the basis of the principles of reasonable, equitable and rightful use of water resources in accordance
with the concept adopted on the «Agenda of the 21st Century» at the UN in Rio de Janeiro and developed
by the European Environmental Agency «DPSIR-analysis», as a method of systematizing information and
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highlighting cause-effect relationships to solve the problems of integrated water resources management of
transboundary rivers, covering all levels of the water use process from the formation and storage of water
resources and their watershed areas of transboundary basins can be used in the planning and
implementation of integrated water resources management (IWRM).

O. T. Kosbikeea', 7K. C. Mycradaes', A. E. Aninsiposa’, A. B. Apbicranosa’, Jozef Mosiej2

'Kasak y/ITTHIK arpapiibik yHHBepcuTeTi, AnMatel, Kasakcras;
BapmaBa apaTbUIbICTaHy FhUIBIMIAPHI yHHBEpCHTET, [TombIna

TPAHCHIEKAPAJIBIK O3EH AJIABBIHBIH CY PECYPCTAPBIH UHTEI'PAINUAJIBIK
BACKAPY/JbI OAICTEMEJIIK HYCKAMEH KAMTAMACBI3 ETY

Annotauus. Y Y-ae1H Puo-ae-Kaneiipona xadsuinaran «XXI raceipasiH KyH TopTiOi» TYKbIpbIMaaMachiHa
ColiKec aKpUIFa KOHBIMJIBI, TEH KYKBUIBI XKOHE 9JIUI MaijaaHy Karuaackl MeH Eypornaiblk 9KOJOTHSUIBIK areHTTirl
azipneren «DPSIR-ranmay» KykaTbl Heri3iHIE aknaparThl Kyiesney oiicTeMeci peTiHAe KapacThlpy apKbLIbl
TpaHCIICKApaJIbIK ©3CHHIH Cy pecypcTapbiH Oipiiecin 0ackapy MocesenepiH IIemy >KOJIapbl KapacThIPBUIFaH.
OmapabplH apachlHIaFel cebOern-camaap OalIaHBICBIH aIlbIll KOPCETY apKbUIBI TPAHCIICKAPANBIK OCEPIiH 3USHBIH
IIEKTEY JKOHE AJIJBIH Ty MaKCATBIHIA T€03KOJIOTHSIBIK MICKTSYAiH WHTETPAIIBIK ChIHAK KOPCETKIIITEp JKyHeciHe
HETI31ereH.

['e0dKONOTHANBIK [IEKTEYAIH WHTETPAIIBl OINIIeMi pPETiHAEe KIMMAT ©3repiCiH ecKepe OTBIPHI, CyMeH
KaMTaMachl3 €Ty KUCBIFBIHBIH KOPCETKIII 33ipJieH[Ii, SFHU ©3€HHIH JKbUIIBIK aFbIHBl CTATHCTHKAJIBIK KATAPBIHBIH
opTama apu(pMETHUKAIBIK MOHIH, JIAHMIIAPTTHIK JKYHEHIH JKbUIy KOHE bUIFAJIMEH KaMTaMachl3 €TLTy OpPEekKeECiH,
IIeKapaiac ©3eHHIH Cy JKHHAYy alaObIHBIH IeoMOPQOIOTHAIBIK JKETICiH, ©3¢H aFbIHBIHBIH IIEKTENreH JaCTaHyBIH,
KJIMMATTBIK, T€OJIOTHSJIBIK-TeOMOP(OIOTHsIBIK, THUAPOJIOTHSIIBIK OHE JaHAMA(TTBIK JdJeNJeMe Heri3iHue
KYpBUIFaH Cy/Abl NalJaigaHy/blH ailMakThIK OarIapiiaMachlHBIH HMHTErpaj eJIleMJepiH, ©3€HHIH Cy KHHAy anadbl
ruapoarpoaHamadTTapbIHbIH «TOMBIPAK-0CIMIIK-a1aM» )KYHECIHIer! IKOJIOTUSIIBIK, JKaFrAailblH, 63¢H alaOblHbIH CY
pecypcTapbiH MaiaiaHyIblH HICKTEITCH-MYMKIHIIK JECHIeHIH JKOHE 3KOJOTUSIIBIK aFbIHIIbI ©3CHHIH Cy JKUHAY
ama0BIHAAFBl  KOJDKCTIMII JKep KOPBIH JKOHE OKOJIOTHSUIBIK KBI3METIH, ©3CHHIH Cy JKWHAY aJlaObIHIaFbI
rupoarpojanadTTapAbH MEKTSITeH-MYMKIHIIK ayJaHbIH, aHTPOIOTCHIIK KBI3METTIH 3KOJIOTHSIBIK, IKOHOMH-
KaJIbIK, QJICYMETTIK IIBIFBIHBIH KCIICH T OaralayFa apHaIFaH KOPCETKIIITePiHe HEeTi3JeNTeH.

[lexapanac e3eHACPAIH CYy pecypcTapblH MalfalaHyAa TEOIKOJOTHSIIBIK IEKTEYAiH CHIHAK KOpPCETKIimTepi
Oaramay omicTeMeciH, aKmapaTThl Taljay >KoHe ceOem-canmapiblk OaimaHBICTapABl AHBIKTAYIBIH OHici peTiHme
KapacThIpy AapKbUIbI MIEKapanac O3CHICPIiH Cy pEeCypCTapblH MaKCaTThl 0acKapy MOCENECiH MICUly KOJIaphl
Kapacteipputrad. lllexapanac e3eHHIH Cy jXMHAay anaObIHbIH OapiblK JCHreliHle, SFHH OHBIH Cy aFbIHBIHBIH
KaJblTacyblHaH Oacrar, Tapaiy anaOblHAaFbl KOpJaHy aiiMarblH KaMTyFa apHalfaH Cy PecypcrapblH WHTErpa-
OUSUTBIK - OacKapyAbl JKocmapiay >KOHE ICKe achlpyla WHTETPANIBIK KOPCETKIMTepAi MaiganaHy KoJIIapbl
KapacCTbIpbLIFaH.

Tyiiin ce3mep: cy pecypcrapbl, TpaHCIICKApaIbIK 63¢H, TYXKbIPbIMIaMa, CTpaTersl, naiaanany, obackapy, icke
acwIpy, JKOCIapiay, cy KOpJIapblH HHTETPALUSIIBIK OacKapy.

A. T. KosbikeeBa', K. C. Mycradaes’, A. E. Anausiposa’, A. B. Apsicranoa’, Jozef Mosiej’

'Kasaxckuii HalMOHAIBHBII arpapHblil yHHBepcuTeT, AnMarsl, Kasaxcras;
*BapmaBckuii yHuBepcureT EcrecTBeHHbIX Hayk, [lomnbia

METOAUYECKOE OBECIIEYEHUE UHTEI'PUPOBAHHOI'O YIIPABJIEHUA
BOJHbBIX PECYPCOB BACCEMHA TPAHCTPAHUYHBIX PEK

AnHoTauusi. Ha oCHOBE MPUHIUMIIOB Pa3yMHOI0, PaBHOMPABHOTO U CHPABEIMBOTO HCIOIB30BAHUS BOJHBIX
pecypcoB B COOTBETCTBUU ¢ KoHuenuuei, npunstoil Ha «[loBectke aus XXI Beka» B OOH B Puo-ge-Kaunelipo u
pa3paborannoro EBpomelickum skomorudeckuM areHTcTBoM — «DPSIR-aHanms», kak Merojna CUCTEMaTH3aIUud
WHPOPMALIUK W BBIICICHUS NPUIHMHHO-CIICICTBEHHBIX CBS3€H C IENBI0 PEIICHHUS MPOOJIEM HHTETPUPOBAHHOTO
YIpaBJICHUS BOXHBIMH PECypCaMy TPaHCTPAHUYIHBIX PEK, 0OOCHOBaHA CHCTEMa WHTETPAIBHBIX KPHTEPHEB FEOIKOII0-
THYECKOTO OTpaHWYCHUs, 00eCIeynBaromasl OrpaHHMYCHHE ¥ IPEJOTBPAICHHE HETAaTHBHOTO BIHSHUS TpaHCTpa-
HUYHOTO BO3JEHCTBUS.
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B kadecTBe WHTETpaIbHOTO KPUTEPHS TE€OIKOJOTHYECKOTO OTPAHWYCHHS pa3padoTaH MoKa3aTreidb KPHBOH
BOJI000ECIIEYEHHOCTH C YUETOM M3MEHEHUS KINMaTa, TO €CThb CPEHssI apru(pMeTHIecKas: BETMINHA CTATUCTUIECKOTO
psima TOIOBOTO CTOKa PEKH, TreoMOp(OJOTHYECKas CXeMaTH3alus BOJAOCOOpHON TeppuTopmu OacceifHa TpaHCTpa-
HUYHBIX PEK C YYETOM TEIUIO- U BOJ0OOECIEYEHHOCTH MX JIAaHMADTHOW CUCTEMBI, IPEAEIbHON 3arpsi3HEHHOCTH
PEYHOr0 CTOKAa, TEPPUTOPHAIBHOE IIAHWPOBAHHE BOJOIMOJIB30BAHUS HA OCHOBE HHTETPANBHBIX IApaMETPOB C
MCIIOJIb30BaHMEM KIMMATHYECKUX, I'€0JIOr0-reoMop(onorndeckux, ruapoJOrniecKuX U JaH maTHhIX (akTopoB,
9KOJIOTHYECKOW CHUTYaIlH THApOoarpojanamadToB BOA0COOpa PEeYHBIX 0AcCEHHOB B CHUCTEMaX «IOYBa-PACTCHHS-
YCJIOBEK», MPEACIIbHO-AO0ITYCTUMOI'0 YPOBHSA HCIOJb30BaHUA BOJHBIX PECYPCOB PCUHBIX 0accelHOB U DKOJIOTHYEC-
KOr0 CTOKa, pacrojiaraeéMblX 3eMeNIbHBIX PEeCcypcoB Bojocobopa OacceiiHa peK M 9KOJOIMYECKHUX YCIyr BojocOopa
PEYHBIX 0AaCCEHHOB, TPEACTHHO-BO3MOXKHYIO ILIONIAb THAPOArpONaHAMAPTHEIX CUCTEM B BOJOCOOPHBIX TEppH-
TOPUSAX PEUHBIX OaCCEHHOB, KOMIUICKCHAS OIICHKA KOJOTHYECKOT0, IKOHOMHYCCKOTO M COIMAIBHOTO yIiepOa mpu
AHTPOIOT€HHOM e TENIbHOCTH.

MeTtogonornieckoe 000CHOBaHHE KPUTEPHEB T€OIKOJIOTHUECKOTO OTPAHWYCHUS MPH HCIOIB30BAHUS BOJHBIX
pecypcoB OacceliHa TpaHCTPAaHWUYHBIX PEK, METOJ CHCTEeMAaTH3allMii WH(POPMAIWK ¥ BBIICICHUS IPUINHHO-
CJIEICTBEHHBIX CBS3€H C IENBI0 PEMICHHS MMPO0JIeM UHTETPUPOBAHHOTO YIIPABICHHUS BOOHBIMH PECYpPCaMH TpaHCTpa-
HUYHBIX PEK, OXBATHIBAIOIIME BCE YPOBHHU IpoOIlecca BOAOIOIB30BAHUS OT (DOPMHPOBAHUS W MAra3sMHHPOBAHUS
BOJIHBIX PECYpCOB M MX 30HBI pPacCEWBaHUS BOIOCOOPOB OAaCCEHHOB TPAaHCTPAHUYHBIX PEK MOTYT OBITH HCIOJIB30-
BaHBI IPY TUIAHUPOBAHUH U PEATM3alN HHTETPHPOBAHHOTO yIIpaBIeHUs BOAHBIME pecypcamu (1YBP).

KuiloueBble cj10Ba: BOIHBIE PECYpChl, TPAaHCTPAHUYHBIE PEKU, KOHIICTIIMS, CTpaTerus, HCIOJIb30BaHUE,
yapaBJICHUEC, peaiu3alusd, JIaHUPOBAHUEC, MHTCTPUPOBAHHOC YIIPABJICHUC BOJHBIMHA pECypCaMu.
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