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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 21g 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 21sCentury» 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 transbhoundary 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 ofthe 21sCentury» [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 21dcentury».

M aterials 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 21sCentury» 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 =Ai =mi -g -AH =mt -g -A;.

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

shore, m; mr- 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 ofthe 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 (MAW), 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 (MABB) [8], maximum permissible concentration (MAK) [8],
hydrochemical pollution index (F3B) [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

(Kn3) [12]:
i N C.
Kns3 =— Z --—--j—-1,
M N I=1MNA4Ki
where i - water pollutant number; N - amount of substances taken into account; MAK; - maximum
allowable concentration of substances taken into account; Ci - actual concentration of substances taken
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into account; Kn3 - 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 =£ (Ni/N)eIg2(N /N),

where: Ni - 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 (OEJMy ) - transpiration of
plants, ensuring the formation of biological masses (T) and the upper maximum permissible level of the
norm of water demand (OPp px) - ecological norms of water needs of agricultural land (Op ),providing

targeted regulation and management of soil-forming processes on irrigated lands [22], and the biological
irrigation rate (O p) are determined on the basis of the bioclimatic method proposed by N.V.Danilchenko

[17]: Ev =Eo0 *Ko *R g (where Ko - microclimatic coefficient; K q- biological coefficient), that is
Op =Ev - (Oc £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 (KTp), which is determined by

the formula [19]:

KkT = M Kj.
b =ii

where K'i = exp(- Ki)- 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 oftransboundary rivers, was used the
indicator of A.G. Isachenko, putting them in the form of a coefficient (Rj ),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 (Knn), characterizing population density: K™IL=TlonT /MNdak, where Mg ak - actual

population density, person/sq.km; Tl orr- optimal population density, which corresponds to the level of
average load, person/sq.km;

- coefficient (R n ), characterizing the density of industrial production: R n =TPonT /MPdak,

where MPdak - actual density of industrial production, thousand dollar/sg.km; MPonT - optimal density

of industrial production, which corresponds to the level of average load, thousand dollar/sg.km;

- coefficient (K pa), characterizing the plowing of natural landscapes: R pa =Fp "l Fpac , where

F - actual plowing of natural landscapes, % ; Fp™C;1- optimal plowing of natural landscapes, which

corresponds to the level of average load, % ;
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- coefficient (K”~-ue), characterizing the density of livestock loading: K 'Aue =NOTT /N

where - actual density of livestock loading, conventional heads /sq.km; N OMT - 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(KTH 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 =NRi /NRmaxand its habitation environment -nr =nr /nrmax [22,23]:

-forhuman NR= 7z j .qx Zs (k);
vi )1

- for its habitat nr="— € B +A X', P-s; (k)
v_pe )1
where _i -the degree of contamination with chemicals of potable water for the supply ofthe population;

_ee - level of river water use for irrigation; _ pe- the level of use of return water for irrigation;

si - 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-s; (r), for soil, plants, and crops - the content of toxic salts in the soil, for groundwater - an

increase in their mineralization and level - s;(k)); p - correction factor (for soil and groundwater P =1,

for agricultural crops P >1); qx - the intensity of the entry of toxic chemicals and nitrates into the soil
and groundwater.

The intensity ofthe entry of toxic chemicals and nitrates into the groundwater (q>r<e) and into the soil

(gn) estimated by empirical dependencies [22,23]:

gxe =1- g} ; gn =exp[-(a-qw +1- 7

where a - constant, depending on the type of toxic chemicals; qw - intensity of infiltration nutrition (in
shares from the norm); Rd - infiltration resistance, which is determined by the formula: Rd =1/f m, here

f m - 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 ofthe 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) =Zn(x)- Z3a(x)- Zak(xX)- Zc(x)- 3T-Bt,
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where Zn (Pn) - total profit of the natural-technical complex; Zn(x) =Zn(Pn Pn(x)); Zn(Pn(x))

natural complex profits in natural conditions; Z3a(x) =Z3a(P3 - Pa(x)); Z3(P3) - economic damage
from the deterioration of the quality parameters of the natural-technical system; Z3(Pa(x)) - costs
required for qualitative improvement of environmental parameters; Zak (Pak) - environmental damage
from the deterioration of the quality parameters of the natural-technical system;

Z3K (x) =Z3k (Pak - Pak(x)); Zak(Pak(x)) - costs necessary to improve the ecological conditions of the
environment; Zc(x) =Zc(Pc - Pc(x)); Zc(Pc) - social damage from the deterioration of the quality
parameters of the natural environment; Zc (Pc (x)) - costs of improving the social conditions of the natural

environment; Bt =(1+e)t - the coefficient of reduction in time of multi-time costs or discounting;

t - calculation step number; e - efficiency coefficient; 3T - 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.:

RAP =% kT ax+(1-A)*Rmin, rgeK;ax - the maximum possible value of the coefficient of

economic sustainability of the natural system of the river basin; r ;™ - the minimum value of the
coefficient of economic sustainability of the natural system of the river basin; A - empirical coefficient;
A =1- A3, here AD - ecological state ofthe 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(R 3p j) of the catchment area of the river basin in the section of facies, which is determined by

the formula [25]:
=R 3pi «(Woi - AWc" ),

where Woi - the volume of water resources of river basins, cubickm; WC3i - 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.l.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: Rfai =1- (bkdgi /B ") u

n
2 K6éT =0" const [19,25].
i=1

At the same time, the volume of water resources( Wi) for the provision of environmental services in
order to increase «natural capital» (EMNK) to potential natural capital (MM K) from the standpoint of the
biological productivity ofthe plant and soil cover of certain landscape classes or catchment areas of river

basins is determined by the formula [19,27]: Wg" *» u* =RQkj *WQm.

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 ofthe river flow, because ofthe 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(Fnd0)and optimum( FOO) area of irrigated land is the discharge of the river’s available flow

(Qra; , cubic m/sec), i.e. the difference of natural discharge (Qo;, cubic m/sec.) and ecological flow ofthe
river (Q3j,cubic m/sec.), and on the other hand, the norms of specific water requirements of the plant
(gpi, cubic m/sec. or l/sec. per 1ha) and soil(gn;, cubic m/sec. or I/sec. per 1ha) 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 (Fnd0) and optimal (FOO) area of irrigated land is the volume of the river’s disposable flow

(Wra;, cubicm), that is, the difference of natural (Wo;,cubic m) and ecological (W3j ,cubic m) volumes of

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

I/sec.per 1ha) and soil covers (On;,cubic m/sec. or I/sec. per 1ha) 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 (FndO)

is determined by the following formula:

max max
= (Qoi -Qsi )-Kac n
Fndo = max ‘Mkng,
apt

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

//--max n max>, "

m_ —oi Q3i )-Kac
FO0O0 = max wikng
gni

where Fnd0 - maximum allowable area of irrigated land, ha; FOO - 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;
gpi - the norm of specific water requirements of agricultural land cover, cubic m/s or I/s; gn;- the norm

of specific water requirements of the soil cover of agricultural land, cubic m/s or I/s; r/kng - the efficiency
ofthe water system; Kac - coefficient of synchronization of river discharge and the norm of specific water
demand for agricultural land, which is determined by the following expression:

n
Z Kaci
Ij{ _i=1
ac = ,
n
wheren - the number of months in the vegetative (considered) period; Kaci- 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/Q m "~ pi /g" ; Kaci =[(Qrai/ / gmaxX],
where Qmax - the maximum value of the natural flow of the river in the vegetative (considered) period,
cubic m/sec.; qg1iax - the maximum norm of specific water demand for vegetation cover of agricultural

land within the growing season, cubic m/sec.; - 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( Fnd0) is

determined by the following formula:
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(w ™ax - wm ax) *Kac
Fndo = ..wax "Nikng,
Pl
and, the optimal area of irrigated land (FOO0) is determined by the following dependence:

/[-max nwaxy v
F (QlI - Q3i )eKac , ,
FO0 = m wax "NIkng
m

where Frid0- maximum allowable area of irrigated land, ha; FOO- optimal area of irrigated land, ha;

Qol- natural flow discharge of the river, cub.m/s; Q3] - ecological flow of the river, cub.m/ha;

Qmax - water requirement of vegetation cover of agricultural land, cub.m; QmfX - water demand of soil

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:

Kaci =[(Qrai /QmaX)/(QPr/Q ~ ; Kaci =[(Qrai/Q ANe /QmA],

where Q mfX- the maximum value of the natural flow of the river in the vegetative (considered) period,

cub.m/s; Q['il'%ax - the maximum water requirement of vegetation cover of agricultural land within the

growing season, cub.m/s; Qm~X- 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 (3C) and social (C) damages are distinguished:

Y, =3 +3C+C =(3c +3n +3n +38) +(3C3 +3Cn +3C0)+(C3 +Cn +Cx),

where 3c - losses due to shortfall in production; 3n - losses from the reduction of the quality of products;
3n - costs of eliminating pollution; 38 - the cost of restoring or maintaining the normal state of the
environment; 3C3- losses in health care and social security due to increased incidence; 3Cn - losses due
to migration caused by environmental degradation; 3CO - the cost of additional rest required due to the
unsatisfactory state of the natural environment; C3- - aesthetic losses due to the destruction of the natural
environment; Cn - psychological losses caused by unsatisfactory state of rest; C>< - losses caused by

deterioration ofthe 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 ofthe 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).

3. T. “o3blkeeBal XX. C. M~cTaghaeBl A. E. Anguaposal A. b. ApbicTaHoBal, Jozef Mosiej2

IKa3ak MTTbLLY arpapibly, yHUBepCUTeTY AnmMartsl, KasaxcraH;
BapluaBa XapaTblNbICTaHy rblNbIMAAPbI YHUBEPCUTETI, [NonbLua

TPAHCLUEKAPAJIbIK; 03EH ANTABbIHbLL CY PECYPCTAPBIH UHTEIPALNANBIL,
BACUAPYAbI 31CTEMEN1IK HYCUAMEH ULAMTAMACDBI3 ETY

AHHOTaums. B¥¥-Hbiy Pro-ge-XXaHeiipoga kabbingaraH «XXI racbipgbiH Kyh TapTi6i» TyXKbipbiMAamachkiHa
C3KeC aKblara KoHbIMAbl, TEH K¥KbI/bl XK3He 34iN naiganaHy karugacbl MeH Eyponanbik 3KONOTUAAbIK areHTnn
asipnereH «DPSIR-Tanmay» K¥xaTbl HerisiHae aknapaTTbl XYlleney agicTemeci peTiHge KapacTbipy apKbifbl
TpaHCLUeKapa/blK €3eHHIH Cy pecypcTapblH Gipnecin 6ackapy MacenesepiH Luewy >ongapbl KapacTblpbiiraH.
OnappbiH apacblHaarbl ceben-cangap 6aiinaHbICbiH allibin KePCeTY apKblibl TPaHCLUeKapanblK 3CepAiH 3USHbIH
LLIEKTEY XK3HE anfbiH ay MaKcaTblHa re03KONorMANbIK LIEKTeY/AiH VHTErpanablk ChiHaK KepceTwiwTep YWeciHe
HerisgenreH.

["e03KONOMUANBLIK LUEKTEYAIH WHTerpaigpl enwemi peTiHAe KAMMAT e3repiciH eckepe OTbIpbin, CyMeH
KamTaMacbl3 €Ty KUCbIrbIHbIH KepCeTKilli 33ipneHsi, ArHU e3eHHIH XbINAbIK arbiHbl CTATUCTUKAbIK KaTapbiHbIH
opTalla apuMMETUKAIbIK M3HIH, NaHAWAPTTbIK XYVAEHIH Xbly X3He bINraIMeH KamMTaMachl3 eTifly [3PeXeciH,
LLieKapanac e3eHHiH Cy XXuHay anabblHbiH reoMopgOIOrUANbIK XENCiH, e3eH arbiHbIHbIH LUEKTeNreH facTaHybiH,
KNMMaTTbIK, T[e0NOorus/bIK-reoOMopqoNoruanblK, MAPONOrMANBIK XK3He NaHAWadTTbiK A3nenjeMe  HerisiHae
K¥pblnraH Cyfbl NavifanaHyfplH aiMakTblK 6arfapnamacbiHbiH UHTErpan enlemMaepiH, e3eHHLY, Cy XuHay anabbl
r1apoarponaHaLadTTapblHbIH «TOMbIpaK-eciMaiK-aaam» XY eciHaeri 3KoNornanbIK XaraiibiH, e3eH anabbiHbIH Cy
pecypcTapbiH nainfanaHyblH LUEKTeNreH-MyMLIHMDK AEHTELH X3HE 3KOMOMMANbIK arbiHAbl €3eHHIH Cy >XMHay
anabblHAarbl KOMKETIMAI JKeP KOPblH X3He 3KOMOTUA/bIK KbI3METL, €3eHHIH Cy J>KuHay anabbiHaarbl
ruapoarponaHiwadTTapiblH WeKTenreH-MyMKIUAL ayAaHbiH, aHTPOMOTeHAIK KbI3METTIH 3KONOMUANbIK, 3KOHOMU-
Ka/IbIK, 3/1EYMETTIK LWbITbIHbIH KELUeHAl 6aranayra apHanraH KepceTKiluTepiHe Heri3aesnreH.

Lllekapanac eseHAepAiH Cy pecypcTapbiH MavifjanaHyga reoKonorusiblkK LUEKTEYAIH CbIHAK KepceTkiluTepi
6aranay sfiCTeMeciH, akmnapaTTbl Tangay >3sHe ceben-canfap/blk GaiinaHbiCTapApl aHblKTaydblH 3f4ra peTiHge
KapacTblpy apkblfibl LUeKapanac e3eHfepdiH Cy pecypcTapblH MakcaTTbl 6ackapy MacefieCll Luewly >Kofgapbl
KapacTbipbinraH. Lllekapanac e3eHHIH Cy XXWHay anabblHbiH 6apblK AeHrewHe, ArHu OHbIH Cy arblHblHbIH
Ka/binTacybliHaH 6actan, Tapany anabblHiarbl KOpfiaHy aiiMarbiH KamTyra apHairaH Cy pecypcTapbiH WHTerpa-
umanbIK 6Gackapyfpbl >Kocnapnay >3He loKe acblpyfa WHTerpaigblk KepceTkiluTepai naiifanaHy >Kongapsbl
KapacTbIpbIAraH.

TyLWH ce3aep: Cy pecypcTapbl, TpaHCLLeKapanbiK e3eH, TKbipbiMAama, cTpartervs, naiganady, 6ackapy, toke
acblpy, »kocnapnay, cy KopfapblH UHTerpauusibIk 6ackapy.

A. T. KosbikeeBal, XK. C. MycTtagaeBl, A. E. Anaunaposal, A. b. ApbicTaHoBal Jozef Mosiej2

1Ka3axCKuii HaLMOHabHbIN arpapHbIii yHMBepcuTeT, AnimaTbl, KasaxcraH;
BapLuaBcKuii yHUBepCUTeT ECTeCTBEHHbIX HayK, MosbLlua

METOANYECKOE OBECMNEYEHWE MHTETPUPOBAHHOIO ¥YTPABTIEHUNA
BOAHbLIX PECYPCOB BACCEVHA TPAHCIPAHWYHbBIX PEK

AHHOTauua. Ha ocHOBE NPUHLMMNOB Pa3yMHOro, pasHOMPaBHOIO W CrpaBefavBOr0 WUCMO/b30BaHNA BOAHBIX
PecypcoB B COOTBETCTBMW C KOHLEMUWeER, NPpUHATON Ha «MosecTke gHA XXI Beka» B OOH B Pno-ge->KaHeipo n
paspaboTaHHOro EBpONENCKMM 3KONOMMYeCKUM areHTCTBOM - «DPSIR-aHanm3», kak MeTofa cucTemaTv3auum
VH(OpPMaLMN 1N BblfENeHNA MPUUYMHHO-CNEACTBEHHbIX CBA3EN C LENbl0 pelleHust Mpob6iemM MHTErpupoBaHHOro
ynpas/ieHNs BOAHLIMU pecypcamy TpaHCrpaHUUHbIX peK, 060CHOBaHa CUCTEMA UHTErpPaslbHbIX KPUTEPUEB re03Koso-
rMYecKoro orpaHuyeHus, obecneuvBarollasd OrpaHWYeHWe W MNPefoTBPALLEeHMe HeraTUBHOTO B/IMSHUSA TpaHcrpa-
HWYHOIO BO3MEWCTBUS.
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B kayecTBe MWHTErpasbHOr0 KpWUTEpPWs Te03KOMOrMYecKOro OrpaHuWueHus paspaboTaH nokasaTeNb KpYBOWA
BOZ006eCneyYeHHOCTH C YYETOM U3MEHEHUSA KIIMMATA, TO eCTb CPeHAA apuMeTUYecKas BeMYMHA CTAaTUCTUYECKOTO
pAafa rofosoro CToKa pekn, reoMoponormyeckas cxemarusauys BofocOOpHOl Tepputopum GacceiiHa TpaHcrpa-
HWYHbIX PEK C YY4eTOM Tenso- U BOAOOOECNEeYEHHOCTU UX NaHALWATHON CUCTEMbI, NPeAenbHON 3arpsASHEHHOCTM
peyHoro CToKa, TeppUTOPWaIbHOE M/1aHWPOBaHWe BOAOMO/bL30BaHUA Ha OCHOBE WHTErpasibHbIX MapameTpoB C
MCMO/b30BAHNEM KMMATUYECKMX, Te0/10ro-reoMopdoormyeckmx, rmaponormyeckux 1 naHawamTHLIX (hakTopos,
3KO/MIOrMYECKOW CMTYaumm rugpoarponaHiwadTos Bogocbopa peyuHbix 6acceliHoB B CUMCTEMaX «MOYBa-pacTeHUs-
4enoBeK», NpeLenbHO-A0NYCTUMOro YPOBHA MUCMO/b30BaHWA BOAHbLIX PECYPCOB PeuHbIX 6acceliHoB 1 3KOMormyec-
KOro CTOKa, pacronaraeMbiX 3eMefibHbIX pecypcoB Bofocobopa bacceiiHa pek M 3KOMOrMueckux ycnyr sogoctopa
peuHbIX 6acceliHOB, MpefenbHO-BO3MOXHYHO M/oWaab r1apoarponaHillaTHeIX CUCTEM B BOZOCOOPHbIX Teppu-
TOPUAX PeyHbIX BaCcCceiHOB, KOMMMEKCHasA OLEeHKa 3KONOMMYECKOro, 3KOHOMMYECKOrO U COLMabHOrO yilepba npu
aHTPOMOreHHOM feATeNbHOCTU.

MeTogonornyeckoe 060CHOBaHWE KPUTEPUEB Fe03KOMOMMYECKOTO OrpaHWYeHuns Mpu UCNo/b30BaHWUSA BOAHbLIX
pecypcoB 6acceiiHa TpaHCrpaHWYHbIX peK, MeTO4 CucTeMaTusauuu WH(pOpMauMu W BblAeNeHWs NPUYUHHO-
CNeACTBEHHbIX CBA3EN C Lie/bio peLleHns npobieM MHTErpUPOBaHHONO YrpaB/ieHns BOAHLIMU Pecypcamm TpaHcrpa-
HWYHbIX PeK, OXBaTbIBANOLLME BCE YPOBHW MpoLecca BOLOMO/b30BaHMA OT (DOPMMPOBAHUA UM MarasMHUpPOBaHWA
BOZHbIX PECYPCOB W WX 30HbI paccenBaHUA BOJOCO0POB 6acceiiHOB TPaHCTPaHUYHbIX pek MOryT ObiTb MCMO/b30-
BaHbl NPU M1aHNPOBAHWMN Y peann3aLium MHTErPUPOBaHHOIO yrpaBneHns BogHbIMU pecypcamu (LNYBP).

Kntouesble cnosa: BOAHbIE PeCYpCbl, TPaHCTPaHWYHble PeKW, KOHLIENUMs, cTpaTerus, WuCnosib30BaHue,
ynpasneHue, peasn3aLus, niaHUpoBaHue, MHTErpPUPOBaHHOE YrpaBieHne BOAHLIMU pecypcamu.

Information about authors:

Kozykeyeva Aliya Tobazhanovna, Doctor of Technical Sciences, Associate Professor, Professor of the
Department «Water Resources and Melioration», Kazakh National Agrarian University, Almaty, Kazakhstan;
aliya.kt@yandex.ru; https://orcid.org/0000-0003-0581-0881

Mustafayev Zhumakhan Suleimenovich, Doctor of Technical Sciences, Professor, Professor of the Department
«Water Resources and Melioration», Kazakh National Agrarian University, Almaty, Kazakhstan;
z-mustafa@rambler.ru; https://orcid.org/0000-0003-2425-8148

Aldiyarova Ainura Esirkepovna, PhD Doctor, Senior Lecturer, of the Department «Water Resources and
Melioration», ~ Kazakh  National = Agrarian  University,  Almaty, Kazakhstan;  ainur_005@mail.ru;
https://orcid.org/0000-0002-6017-5182

Arystanova Assel Bekbulatovna, Document PhD of the Department «Water Resources and Land Reclamation»,
Kazakh National Agrarian University; Almaty, Kazakhstan; sonya-84-84@mail.ru; https://orcid.org/0000-0003-
0812-6137

Mosiej Jozef, Doctor of Agricultural Sciences, Professor, Warsaw University of Natural Sciences, Warsaw,
Poland; jozef_mosiej@sggw.pl; https://orcid.org/0000-0002-8040-7032

REFERENCES

[1] Dan Tarlock E. Integrated Water Resources Management: Theory and Practice // NATO Research and Practice
Workshop Integrated Water Resources Management in Transboundary Basins - Interstate and Intersectoral Approaches. Bishkek,
2004. 23 p.

[2] Reform Catalyst: A Guide for Developing an Integrated Water Resources Management Strategy (IWRM) and Improving
Water Use Efficiency. Elanders 2004. 55 p.

[3] Absametov M.K., Adenova D.K., Nusupova A.B. Assessment of the impact of anthropogenic factors water resources of
Kazakhstan // News Of the National Academy of Sciences of the Republic of Kazakhstan. Series of Geology and Technical
Sciences. ISSN 2224-5278. Vol. 1, N 433 (2019), 248-254. https://doi.org/10.32014/2019.2518-170X.30

[4] Vladimirov A.M. Hydrological calculations. L.: Hydrometeoizdat, 1990. 360 p.

[5] Mustafayev Zh.S., Kozykeyeva A.T., Zhidekulova G.E., Dauletbai S.D., Zhanymkhan K The applied model of
geomorphological schematization of landscape systems of river catchments // International Technical and Economic Journal.
2016. N 3. P. 59-66.

[6] Kalikhman A.D., Pedersen A.D., Savenkova T.P., SuknevA.Ya. The method of «limits of permissible changes» on Lake
Baikal - a UNESCO World Heritage Site. Irkutsk: Reprint, 1999.

[7] Sanitary rules and standards for the protection of surface waters from pollution. M.: Ministry of Health of the USSR.
1988. 74 p.

[8] Bulgakov N.G. Ecologically permissible levels of abiotic factors in water bodies of Russia and adjacent countries.
Dependence on geographical and climatic features // Water Resources, 2004. N 2. Vol. 31. P. 193-198.


mailto:aliya.kt@yandex.ru
https://orcid.org/0000-0003-0581-0881
mailto:z-mustafa@rambler.ru
https://orcid.org/0000-0003-2425-8148
mailto:ainur_005@mail.ru
https://orcid.org/0000-0002-6017-5182
mailto:sonya-84-84@mail.ru
https://orcid.org/0000-0003-
mailto:jozef_mosiej@sggw.pl
https://orcid.org/0000-0002-8040-7032
https://doi.org/10.32014/2019.2518-170X.30

ISSN 2224-5278 Series o fGeology and Technical Sciences. 4. 2020

[9] Emelyanova V.P., Danilova G.N., Rodziller I.D. A method of summarizing the indicators for assessing the quality of
surface water // Hydrochemical materials, 1980. Vol. 77. P. 88-96.

[10] Moiseenko T.l. Methodical approaches to the regulation of anthropogenic pressures on the Subarctic water bodies
(using the example of the Kola North) // Problems of chemical and biological monitoring of the ecological status of water bodies
ofthe Kola North. Appatity: Kola Science Center, 1995. P. 7-23.

[11] Shabanov V.V., Markin V.N. Ecological and water management assessment of water bodies. M.: MGPU, 2009. 154 p.

[12] Guidelines for the organization and functioning of the subsystem of monitoring the status of transboundary surface
waters of Kazakhstan (edited by academician RAVN, Dr. of Technical Sciences, Professor M.zh. Burlibaev). Astana, 2012. 138 p.

[13] Shannon C.E., Warren Weaver. The mathematical theory of communication. Urbana: the University of Illinois Press.
1949. 117 p.

[14] Orlova I.V. Consideration of geoecological restrictions in territorial planning of irrigation land reclamation // Scientific
journal of the Russian Research Institute of Land Reclamation Problems. 2014. N 1 (13). P. 147-157.

[15] Mustafayev Z.S., Ryabtsev A.T. Adaptive-landscape land reclamation in Kazakhstan. Taraz, 2012. 528 p.

[16] Danilchenko N.V. Bioclimatic substantiation of the total water consumption and irrigation norms // Melioration and
Water Economy. 1999. N 4. P. 25-29.

[17] Stoyscheva N.V., Rybkina 1.D. Transboundary problems of environmental management in the Irtysh basin //
Geography and natural resources. 2013. N 1 P. 26-32.

[18] Isachenko A.G. Ecological geography of Russia. SPb. SPbSU Publishing House, 2001. 328 p.

[19] Mustafayev Zh.S., Kozykeyeva A.T., Ivanova N.I., Eshmakhanov M.K., Tursynbaev N.A. Estimation of technogenic
load on the catchment area of the basin of the transboundary Talas River based on integral indicators of anthropogenic activity //
News of the National Academy of Sciences of the Republic of Kazakhstan, series of agricultural sciences. 2017. N 2. P. 48-56.

[20] Jeni K. Average values. M.: Statistics, 1990. 341 p.

[21] Khachaturyan V.Kh., Aidarov I.P. The concept of improving the ecological and ameliorative situation in the Aral Sea
Basin // Melioration and Water Management. 1990. N 12. P. 5-12; 1991. N 1 P. 2-9.

[22] Mustafayev Z.S., Kozykeyeva A.T. About the methodology of environmental assessment of the environment //
Problems of hydraulic engineering and land reclamation in Kazakhstan / Proceedings of the Kazakh Research Institute of Mineral
Resources. Almaty: RNI «Bastau». 1997. P. 128-133.

[23] Ibatullin S.R., Mustafayev Zh.S., Koibagarova K.B. Balanced use of water resources of transboundary rivers. Taraz,
2005. 111 p.

[24] Mustafayev Zh.S., Kozykeyeva A.T., Tursynbaev N.A. Justification of the ecological services of the catchment area of
the transboundary Talas River basin based on the assessment of the bioclimatic potential of landscape systems // News of the
National Academy of Sciences of Kazakhstan, series of agricultural sciences. 2017. N 4. P. 57-66.

[25] Mustafayev Zh.S., Kozykeyeva A.T., Tursynbaev N.A. Assessment of the bioclimatic potential of the catchment area
of the basin of the transboundary Talas River with complex arrangement // Hydrometeorology and Ecology. 2017. N 2.
P. 163-175.

[26] Shashko D.I. Take into account bioclimatic potential // Farming, 1985. N 4. P. 19-26.

[27] Mustafayev Zh.S., Kozykeyeva A.T., Tursynbaev N.A. Methodological substantiation of the ecological services of the
natural system and the anthropogenic activity of hydro-landscape systems of the transboundary Talas river basin //
Hydrometeorology and Ecology. 2017. N 3. P. 116-127.

[28] Mustafayev zZh.S., Kozykeyeva A.T., Tursynbaev N.A. Methodological basis for the assessment of the maximum
possible area of land reclamation, formed as a result of environmental services of water resources of transboundary river basins //
News of the National Academy of Sciences of Kazakhstan, series of geology and technical sciences. 2017. N 5. P. 156-170.

[29] Mustafayev Zh.S. Soil and environmental substantiation of agricultural land reclamation in Kazakhstan. Almaty:
Science, 1997. 358 p.

61



