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A NEW APPROACH TO THE EVALUATION OF BIOCLIMATIC POTENTIAL
OF LANDSCAPES ON THE EXAMPLE OF NORTHERN KAZAKHSTAN

Abstract. Based on the laws of natural processes, an integrated model has been developed for assessing the
bioclimatic potential of landscapes, which mainly includes an assessment of the productivity of vegetation and soil
cover, allowing to determine the patterns of formation and functioning of landscape systems, depending on latitu-
dinal zonality and altitude zonation for effective use of agricultural land and to identify their regional differences.

The development of the model and assessment of the bioclimatic potential of landscapes of the natural system is
based on the methodology of system studies in the field of geography and ecology, as well as on methods of mathe-
matical modeling of the production process in biology.

Based on the climatic index of the biological productivity of landscapes, D.I. Shashko (Bc) and the energy
expended on soil formation, determined by the formula of V.R.Volobuev (Q;) developed a mathematical model for
assessing the bioclimatic potential of landscapes of the natural system, which were used to assess the bioclimatic
potential of the landscapes of Northern Kazakhstan.

To assess the bioclimatic potential of the landscapes of the natural system of Northern Kazakhstan, the long-
term data of meteorological monthly menus on the meteorological stations of the regions of Northern Kazakhstan,
submitted by RSE "Kazgidromet" of the Republic of Kazakhstan, were used.

Analysis of the results of calculating the index of biological productivity of vegetation cover (B¢) and energy
spent on the soil-forming process of landscape systems (Q,) in Northern Kazakhstan indicates that they strictly obey
the laws of geographical zoning. Consequently, the climatic index of the biological productivity of landscapes (C)),
which is determined by the ratio of such averaged indicator values as the soil cover productivity index (C) and the
indicator of the climatic index of the biological productivity of the vegetation cover (Cp,) also strictly obey these
laws of nature.

The proposed model of the climatic index of the biological productivity of landscapes (C;) provides opportu-
nities for a real assessment of the resource potential of the natural system when developing an adaptive landscape
system of farming and a program of agricultural activities with an optimal load on the geoecosystem.

Based on the climatic index of the biological productivity of landscapes D. I. Shashko (B,) and energy soil on
soil formation, defined by the formula V. R. Volobuyev (Q;) developed a mathematical model for estimation of bio-
climatic potential of the landscapes of the natural system with the use of multi-year meteorological data monthly
meteorological stations of the Northern regions of Kazakhstan, submitted to "Kazgidromet" RSE, defined by their
quantitative values that can be more accurately determined by means of the climatic index of the biological
productivity of landscapes (C)).

Keywords: nature, landscape, climate, productivity, biology, ecology, potential, index.

Introduction. For the solution of problems of interaction between society and nature, as well as
problems related to the understanding of the natural systems functioning, it is necessary to have a detailed
description of the landscapes on the major factors, expressed in the form of some mathematical models to
evaluate their natural resource potential.
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Productivity of landscape systems is not reflected adequately in the existing methodological ap-
proaches and methods of assessment of the climate productivity, which requires the development of
complex bio-ecological assessment methods of landscapes productivity on the basis of fundamental laws
of nature, which should include private assessment of the productivity of its components, that is, soil
productivity and vegetative cover.

A complex or integrated feature of climate, soil and other factors positively influencing the growth
and development of plants and soils, representing the energy resources of natural systems should be
understood under the bio-ecological assessment of productivity of landscapes. The environmental assess-
ment productivity landscapes should be based on the use of geographical laws, manifested in the scale of
territorial units of different hierarchical rank, which gives the possibility to explain the nature of the
formation and functioning of landscape systems [1, 2].

Purpose of this study is to develop an integral model for the evaluation of bioclimatic productivity
of landscapes, including mainly the assessment of plants and soil productivity, to determine the regula-
ritics of formation and functioning of natural systems depending on the latitudinal zonation and altitudinal
zones for efficient use of agricultural lands and the identification of their regional differences.

Methods. As a theoretical basis for the development of the model, the concept of maximum pro-
ductivity of Tooming X.G was used. (1977), the climatic productivity of A. Meyer's landscapes (1926),
S.V. Torrentway (1931), N.N. Ivanova (1941), [.A. Prescott (1946), D 1. Shashko (1967) to determine the
productivity of the climate, which reduces to the expression of the magnitude of the climatic coefficient of
moistening, use the ratio of the sum of atmospheric precipitation to some function of the deficit of air
humidity. R. Lang (1920), E. Marton (1926), S.V. Torentweit (1931), W. Keppen (1931), G.T. Selyaninov
(1937), M.1. Budyko (1956), S.L. Merkin (1960) uses precipitation ratios and some air temperature
functions as a relative characteristic of moisture supply. G.I. Vysotsky (1905), S.V. Torrentway (1931),
N.N. Ivanov (1941), Blaine-Criddel (1950), A N. Kostyakov (1951), V.Ya. Bakalo (1960) used certain
evaporation functions as energy resources in determining the moisture content of geographic zones. The
modern views of foreign scientists in the field of geography, biology and ecology, such as the estimation
of plant productivity, formulated in the works of A.N. Polevoy (1983, 1988), as well as methods for asses-
sing the microclimatic variability of climatic elements in hilly relief (EN Romanova, 1977, ZA Mishchen-
ko, 1984). For a more detailed assessment of agroclimatic conditions, a ten-day period

Long-term data of meteorological monthly at the meteorological stations of the Northern regions of
Kazakhstan, submitted by "Kazgidromet" RSE [3; 4] were used to assess the bioclimatic potential of the
landscapes of the natural system of Northern Kazakhstan.

Model development and evaluation of bioclimatic potential of the natural system landscapes is based
on the methodology of system researches in the field of geography and ecology, as well as on the methods
of mathematical modeling of production process in biology. The methodology is based on: geo-systemic
approach that considers natural environment as a single organized structure (landscape) consisting of a
number of interconnected and interdependent components — surface layer of the atmosphere, climate, soil,
vegetation, groundwater and surface water, and others. Fundamental here are the teachings of V.V. Doku-
chayev — A A. Grigoriev - M.1. Budyko — laws of evolution and geographical zonality of the landscape.

For a quantitative estimation of bioclimatic potential of the natural system landscapes, that is,
formation of the production process of the plant and soil covers in the landscape system, the climatic index
of biological productivity of landscapes of D. I. Shashko (B,) [5] and energy spent on projects determined

by the V. R. Volobuyev formula ((); ) [6] are used.

Influence of heat and moisture landscapes on the biological productivity is expressed on a relative
scale of bioclimatic potential of the natural system, that is the climatic index of biological productivity of
vegetation landscapes of D. 1. Shashko (1) [5]:

B.= GF | 100(31>10°C/ St > 10°Cy], (1)

where B, - climatic index of biological productivity of the vegetation cover of landscapes; .7 > 109C-
the sum of average daily temperatures above +10°C, reflecting the amount of solar energy and heat

provision of landscapes; > ¢ > 10 ocC o - the sum of average daily temperatures above 10°C, equal to the
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initial zone of flow formation of river basins, equal to 1000 "C; GF},,- growth rate for annual rate of
atmospheric moisture, which is a ratio of productivity under these conditions moisture for maximum
productivity in terms of optimal moisture, and is determined by the formula (2) [5]:

GF = 11500 1g (20 M) - 021 + 0.63 * M-M.7. @)

Where M 7 = O, /Y. d - humidity index; O, - atmospheric precipitation, mm; >, d - sum of the
deficit of air humidity of biologically active period of the year, mb.
Thus, when the quantitative value of the humidity index will be equal within Md = 0.50 = 0.60 ,
value of the coefficient of growth GF,,= 1.0 (figure 1) [5].
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Figure 1 — The dependence of growth rate (GF,,) of the humidity index (Md)

Bioclimatic potential, expressed in points, is an integral indicator is the main indicator for assessing
agro-climatic importance of the climate and approximately displays biological productivity of zonal soil
types, as the yield depends on soil fertility and characterizes the favorable climate [5], which gives the
opportunity to determine the potential value of climatic index of biological productivity of vegetation at
GF(Wf): 1.0 (3)

Bpf=[100 (X > 10°C /Y > 10°Cy), 3)

The climate index of the biological productivity of vegetation layer (Bp) to the potential value of
climatic index of biological productivity of vegetation layer of natural systems at GI,,p= 1.0 (Bpf), that is,
Cy~= Bp/ Bpf are indicators of climate index of vegetation biological productivity.

Energy consumed for soil formation, defined by the V. R. Volobuyev formula [6] to some extent
characterizes the productivity of the soil landscapes (4):

O = R-exp(~aty - R). )

where (J; - energy consumed for soil formation, kJ/em®; O - coefficient taking into account the

condition of the soil surface.
In a natural system, the principle of energy balance of heat and moisture is observed in natural

conditions, where the radiation index of dryness (R) is equal to 1.0. Therefore, as a criterion of the

radiative index of dryness (E ), you can take the limit in the range of 0.9-1.0.
Then, the potential energy expended on soil-forming process ((Jp;) provides the potential
productivity of the soil can be determined by expression (5):

— |§ ——
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On=R-exp(-09-a,). 3)

Consequently, the ratio of energy consumed for soil formation under natural conditions (Q,) to the
potential energy expended in soil-forming process (0,) represents the productivity of the soil landscapes,
thatis, Cs =Q,/ 0,[7].

Thus, the climate index of the biological productivity of landscapes (C)) is determined by the ratio of
such averaged indicator values as an indicator of the productivity of the soil surface (Cs) and the indicator
of climatic index of biological productivity of vegetation (Cy,): C;= Gy, Cs.

Thus, the developed model of climatic index of the biological productivity of landscapes allows, first,
to give quantitative values of qualitative changes of habitats; secondly, modelling of transformation of
natural systems under climate change; third, landscape-ecological zoning of the natural systems.

Results. The following parameters were used to assess the energy resources of the natural system of
Northern Kazakhstan: the sum of air temperature (3 ¢ ) above 10 °C, the amount of humidity deficit of air

(3 d , mb), evaporation (E,, mm), photosynthetic active radiation (R, kJ/cm®) and the amount of
precipitation (Oc, mm) (table 1) [4].

As can be seen from table 1, the quantitative values and energy resources of Northern Kazakhstan
decrease from Akmola region to the North-Kazakhstan region, but rainfall increases, according to the laws
of geographic zonality. In this case, the sum of air temperature during biologically active periods of the
year within Northern Kazakhstan range from 2051 to 3083°C.

Table 1 — Natural-energy resources of Northern Kazakhstan landscape systems

Weather ‘Tl absolus hieight Indicators of natural and energy resources 5
stations (), m st0C >d.MB Ep, mm R, kJ/fem®) mlc{l
Akmola region
Yesil 219 2439 1633 951 139.1 372
Atbasar 303 2267 1504 884 1334 386
Yeremen-Tau 397 2244 1509 875 132.6 444
Astana 347 2295 1556 895 134.3 411
Kokshetau 228 2241 1408 717 132.5 291
Shuchinsk 398 2051 1230 656 126.2 382
Kostanay region
Kostanay 169 2359 1546 754 136.4 373
Tobol 207 2373 1537 759 136.9 403
Zhetigara 247 2311 1598 739 134.8 344
Arkalyk 343 2552 2370 817 142.8 373
Turgay 124 3083 2434 925 160.4 282
Pavlodar region
Irtyshsk 93 2287 1418 732 134.0 359
Uspenka 112 2344 2180 750 135.9 330
Sherbakty 148 2377 1653 760 137.0 319
Pavlodar 144 2486 1510 795 140.6 352
Caldai 162 2369 2200 758 136.7 411
Fkibastuz 197 2511 1729 803 141.4 334
Chiderty 240 2338 2170 748 1357 378
Bayan-aul 494 2410 1732 771 138.1 401
North-Kazakhstan region
Ruzayevka 226 2242 1418 718 132.5 392
Bulayevo 132 2049 1202 655 126.1 320
Petropavlovsk 134 2081 1174 665 1272 320
Yavlenka 114 2164 1283 692 129.9 310
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Climatic assessment of landscape systems productivity in Southern Kazakhstan is defined
on the basis of indicators characterized by a degree of endowments of the natural environment:

humidity coefficient (Wf= O/ Ey) [8], index of dryness (I_3=R/ LO,) [9], hydrothermal coefficient

(HTC= 10 O Y1) [10], bio-climatic productivity (BCP = Wf (>t/1000) [10] and increased humidi-
fication (M g = O, /¥ d ) [3] (table 2).

Table 2 — Climatic productivity of landscape systems in Northern Kazakhstan

Weather The absolute height Indicators of heat and humidity
stations (H), m wr | mHiC BCP M, R
Akmola region
Yesil 219 0.34 0.15 0.83 0.23 1.49
Atbasar 303 0.36 0.17 0.82 0.26 1.44
Yeremen-Tau 397 043 0.18 0.96 0.26 1.33
Astana 347 0.37 0.18 0.85 0.18 1.31
Kokshetau 228 0.43 0.16 0.96 0.26 1.45
Shuchinsk 398 0.51 0.17 1.05 0.31 1.32
Kostanay region
Kostanay 169 0.39 0.16 0.92 0.24 1.36
Tobol 207 0.46 0.17 1.09 0.26 1.32
Zhetigara 247 0.40 0.15 0.92 0.22 1.56
Arkalyk 343 0.46 0.15 1.17 0.21 1.53
Turgay 124 0.16 0.09 0.49 0.12 227
Pavlodar region
Irtyshsk 93 0.43 0.16 0.98 0.25 1.49
Uspenka 112 0.44 0.14 1.03 0.28 1.62
Sherbakty 148 0.32 0.13 0.76 0.19 1.72
Pavlodar 144 0.31 0.14 0.77 0.23 1.60
Caldai 162 0.54 0.17 1.28 0.22 1.33
Fkibastuz 197 0.32 0.13 0.80 0.19 1.69
Chiderty 240 0.51 0.16 1.19 0.24 1.44
Bayan-aul 494 0.38 0.17 0.92 0.23 1.38
North-Kazakhstan region
Ruzayevka 226 0.43 0.17 0.96 0.26 1.35
Bulayevo 132 0.58 0.16 1.19 0.27 1.58
Petropavlovsk 134 0.56 0.15 1.17 021 1.59
Yavlenka 114 0.60 0.14 1.30 0.24 1.61

As can be seen from table 2, the parameters characterizing heat and moisture supply of Northemn
Kazakhstan landscape systems increase from the Southem to the Northemn part of the region, taking into
account the quantitative values of indicators of energy resources and rainfall. Thus, the humidity index
(M,) within Akmola region ranges from 0.18 to 0.26, Kostanay region — 0.12-0.26, Pavlodar region - 0.19-
0.28 and North Kazakhstan region - 0.21-0.26.

On the basis of information and analytical materials presented in table 1 and 2, which characterize
energy resources and heat and moisture supply landscape systems of Northern Kazakhstan, defines
bioclimatic potential (BCP) and climatic index of biological productivity (B¢) of landscapes (table 3).

As can be seen from table 3, the climatic index of biological productivity (Bc) of landscape systems
of Northern Kazakhstan in regions, that is, within Akmola region varies from 105.6 to 126.8, Kostanay
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region — 101.7-128.1, Pavlodar region - 111.7-129.3 and North Kazakhstan region - 114.7-121.1 points, to
a certain extent is provided by the similarity with the moisture ratio (#}) [8], index of dryness (R) [9],
hydrothermal coefficient (H7C) [10], bio-climatic productivity BCP [10] and an indicator of hydration
(M.).

Table 3 — Bioclimatic potential (BCP) and climatic index of biological productivity (Bc)
of Northern Kazakhstan landscape systems

Indicators of bioclimatic potential
V\tfega_ther The absolute height of terrain SU>10°C Be
SHons (), m My Gy So1PC, points
Akmola region
Yesil 219 0.23 0.52 2439 126.8
Atbasar 303 0.26 0.54 2267 122.4
Yeremen-Tau 397 0.26 0.54 2.244 121.2
Astana 347 0.18 0.46 2.295 105.6
Kokshetau 228 0.26 0.54 2241 121.0
Shuchinsk 398 0.31 0.58 2.051 118.9
Kostanay region
Kostanay 169 0.24 0.53 2.359 125.0
Tobol 207 0.26 0.54 2.373 128.1
Zhetigara 247 022 0.51 2.311 1832
Arkalyk 343 0.21 0.50 2.552 127.6
Turgay 124 0.12 0.33 3.083 101.7
Pavlodar region
Irtyshsk 93 0.25 0.55 2.287 125.8
Uspenka 112 0.28 0.57 2.344 133.6
Sherbakty 148 0.19 0.47 2.377 111.7
Pavlodar 144 0.23 0.52 2.486 129.3
Caldai 162 0.22 0.51 2.369 120.8
Ekibastuz 197 0.19 0.47 2.511 118.0
Chiderty 240 0.24 0.53 2.338 123.9
Bayan-aul 494 0.23 0.52 2410 1253
North-Kazakhstan region
Ruzayevka 226 0.26 0.54 2242 121.1
Bulayevo 132 0.27 0.56 2.049 114.7
Petropavlovsk 134 0.21 0.50 2.081 104.1
Yavlenka 114 0.24 0.53 2.164 114.7

The analysis of plant cover biological productivity index calculation results (B¢-) and of the energy
expended in the soil formation process landscape systems (Q;) of Northern Kazakhstan suggests (table 4)
that they strictly obey the laws of geographic zonality. Thus, the climate index of the biological
productivity of landscapes (Cy) which is determined by the ratio of such averaged indicator values as an
indicator of the productivity of the soil surface (Cs) and the indicator of climatic index of vegetation
biological productivity (Cy,):




N E W S of the Academy of Sciences of the Republic of Kazakhstan

Table 4 — Climatic index of the biological productivity of landscapes (C;), the index of soil surface productivity (Cy)
and the indicator of climatic index of vegetation biological productivity (Cj,) of Northern Kazakhstan landscapes

Index of biological productivity
\s};\t]aetaigllesr of vegetation of soil cover Cy
B B Cir o | o | ¢

Akmola region
Yesil 126.8 243.9 0.52 69.1 80.4 0.86 0.447
Atbasar 1224 226.7 0.54 67.6 86.3 0.78 0.421
Yeremen-Tau 1212 224.4 0.54 71.3 82.9 0.86 0.464
Astana 105.6 229.5 0.46 922 824 0.88 0.405
Kokshetau 121.0 224.1 0.54 67.1 82.8 0.81 0.437
Shuchinsk 118.9 205.1 0.58 67.9 78.9 0.86 0.498

Kostanay region
Kostanay 125.0 2359 0.53 68.4 852 0.80 0.424
Tobol 128.1 237.3 0.54 73.6 85.6 0.86 0.464
Zhetigara 1832 231.1 0.79 64.9 84.3 0.77 0.608
Arkalyk 127.6 2552 0.50 69.5 89.3 0.78 0.390
Turgay 101.7 308.3 0.33 55.0 100.3 0.55 0.181

Pavlodar region
Irtyshsk 125.8 228.7 0.55 66.5 83.8 0.79 0.429
Uspenka 133.6 234.4 0.570 63.6 84.9 0.75 0.427
Sherbakty 111.7 237.7 0.47 61.6 85.6 0.72 0.338
Pavlodar 129.3 248.6 0.52 66.4 87.9 0.75 0.390
Caldai 120.8 236.9 0.51 73.5 854 0.86 0.438
Ekibastuz 118.0 251.1 0.47 64.1 88.4 0.72 0.338
Chiderty 123.9 233.8 0.53 68.7 84.8 0.81 0.429
Bayan-aul 1253 241.0 0.52 70.8 86.3 0.82 0.426

North-Kazakhstan region

Ruzayevka 121.1 2242 0.54 70.6 822 0.85 0.459
Bulayevo 114.7 204.9 0.56 60.4 78.8 0.77 0.431
Petropavlovsk 104.1 208.1 0.50 60.7 79.5 0.76 0.380
Yavlenka 114.7 216.4 0.53 60.7 81.2 0.75 0.397

Thus, the proposed model for the evaluation of bioclimatic potential of landscapes in natural systems,
compared to the humidity index (M) and climatic index of biological productivity (B¢) of the landscapes
is characterized in that the first model allows to estimate any of the fundamental predictors of vegetation
and soil cover, to determine the resource potential and productivity of landscapes, and secondly the soil
and climatic potential of landscapes installed using the most important indicators such as increased soil
productivity, which is determined on the basis of the energy expended in the soil formation process in
natural conditions and the climate indicator index of biological productivity of vegetation, providing a
comprehensive accounting of climate and environmental conditions of natural systems.

Discussion. Based on the climatic index of the biological productivity of landscapes D. I. Shashko
(Bc) and energy expended on soil formation, defined by the V. R. Volobuyev formula (Q;) developed a
mathematical model of the bioclimatic potential of landscapes in natural systems taking into account the
formation and functioning of the soil and vegetation of landscape systems..

The comparative assessment of the climatic index of the biological productivity of landscapes (C;),
which is determined by the ratio of such averaged indicator values as the indicator of soil cover
productivity (Cs) and the indicator of the climatic index of the biological productivity of the vegetation
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cover (Cy,) also strictly obey these natural laws with the existing methods for assessing the climatic
productivity of the natural system, that is, the wetting factor (Wf = O/Ey) |8], the dryness index

(R=R/LO;) [9], the hydrothermal coefficient (H7C= 10 O/ Xf) [10], the biology productivity (see

table 2 and 4), that they have many similarities, they also obey the laws of geographical zoning, only
differ in quantitative values, characterizing the qualitative state of the natural system.

The proposed model opens up possibilities for a realistic assessment of the resource potential of
natural systems in the development of adaptive-landscape farming systems, and agricultural program
activities with optimal load on geoecosystem.
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"PMK IIDKK «JI. H. T'ymunes arsianarst Eypasus YITTHIK YHHBEPCHTET», AcTana, KasakcTan,
*«Ka3ak YIATTHIK arpapiiblk YHABEPCHTET» KOMMEPIHATBIK eMeC AKITHOHEPITiK KoraMbl, AmMarsr, Kazakcran,
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COJITYCTIK KASAKCTAH KAFIANBIHIA
JIAHIIA®TTAPIBIH BHOKJIAMA TTHIK OJEYETIH BAFAJIAY IBIH
KAHA JKOJIBI

Annotamust. TaOwru >KYPTiHIH 3aHIBUIBIKTAPBIHBIH HETi3iHIAC, KypaMbIHAA OCIMIIK >KOHE TOIBIPAK >KAMBLI-
FRICBIHBIH, OHIMILTITIH Oaranayra OcHimmenrcH, manmma@TTapasH, OHOJOTHAIBIK-KIIMMATTHIK SJICYCTiH Oaramayra
apHAJFaH MHTCTPANABIK YITICI KYPhUFAH. AN 0N JaHAMA(TTHIK SKYHENEPAiH CHAIK aHMaKKa KoHE OMIKTIKTIK Oei-
JICYTIKKEC OANIaHBICTHI KANBINTACY KOHE KBI3MET €Ty 3aHABUIBIKTAPBIH AHBIKTAH OTHIPHIN AaybLINAPYANIBUIBIKKA
apHATFaH KSPACPIL THIMII TAHIANAHY ABIH >KOTIAAPHIH JKOHC AHMAKTHIK ©3TCIILTITIH AHBIKTAH aTazbl.

TaOuru >xyHCHIH TaHTMA(TTAPBIHBIH OHOJOTHUITBIK-KIAMATTHIK OJICYCTIHIH YITiCI )KOHE OHBI Oarajiay reorpa-
(hust HKOHE IKOJIOTHS CAJACHIHBIH KYHETIK 3ePTTEY 9MICTEMECIHE JKOHE OMOJOTHS IMIMIHIH OHIMIIK KYprici Marema-
THKAJBIK YATLICYJiH 9ICiHE HETI3AENTeH.

Conrycrik KazakCcTaHHBH TaHIMA(TTAPBIHEH OHOIOTHAIBIK-KIMMATTHIK dNeyCeTiH Oaranay yuriH, J M. lam-
KOHBIH TaHAMA(TTHIK OHOIOTHSIBIK OHIMIUTITIHIH KIHMATTHIK OcnriciH (b,) skone B.P. BonoOyeBTHIH TONMBIPAKTHIH
TY3UIylHE IOBIFBIH OOJATBHIH KYH COYJICCIHIH KyaThH (();) aHBIKTAYFa apHAIFAH OPHETIHIH HETI3iHIe TaOWFH KYHEHIH
TaHAMA(TTAPBIHEIH OHOTIOT HSUTBIK-KIMMATTHIK QIICY CTIHIH YITICI KYPhLUIFAH.

Coarycrik KazakcTanHbIH TaOWFH >KYHENCPiHIH JAHAMAPTTAPHIHBIH OHOKJIMMATTBHIK QJICYCTiH Oaranay YINiH
Kazakcran Pecnyonmukaceiasig «Kasruapomer» PMK-ab1H ConrycTik KazakcTas 0OMbICTapBIHBIH METEOPOIOTHAIBIK
OCKETTEPiHIH KOILKBIIIBIK OPTAIIA AHIBIK MAIIMETTIK JCPEKTEPl MAHIATaHbIIIbL.

Counrycrik KazakctaHHbIH TaHIMA(TTHIK )KYHCICPIHIH 6CIMAIK KAMBUTFBICHIHBIH OHOOTHSTBIK OHIMILTITiHIH
6enricin (b,) 'KOHE TONBIPAKTHIH TY3LIYIHE XYMCAJFaH 3HEPTUSA KyaTelH (();) €CenTeydiH HOTIDKEICPIH Tangay
HETI3IHE, ONApAbIH reorpadusurblk aWMaKTAaHABIPY 3AHABUIBIFBIHA KATaH TYPAC COMKEC KENETIHAIr KepCeTiimi.
COHIBIKTAH, TOMBIPAK *KAMBUFBICHIHBIH OHIMIUTITIHIH 6IMeMIiK KepceTkimi (K,) KOHE 6CIMIIK KAMBLIFBICHIHBIH
OMONOTHATIBIK OHIMIUNITIHIH KINMATTHIK OenricCiHiH (Kj;,) OPTAaKTaCKaH KOPCETKIMTEPIiH apaKaThIHACKIMECH
AHBIKTAJIATHIH, JAHTMAPTTAPABIH OHOIOTHAIBIK OHIMALTTIHIH KIAMATTHIK Ocnrici (K,) TaOWFH 3aHIBLTBIKTAPFa
KaTaH TYpAC COMKEC Keme i

JlargmadrrapabiH, OHOTOTHSIBIK OHIMIUNITIHIH KIMMATTHIK OCNTIiCIH AHBIKTAYFA YCHIHBUIBIN OTBIPFAH YIITl
(K,), eriHIITIKTIH OCHIMACITCH-TAHMIMA(TTHIK KYHCCIH KYpy Ke3iHAC TAOWFH KYHCICPAIH KOPIBIK SJICYCTiH MIBI-
HaWpl OaranayFfa >KOHE TCOJOTHSUIBIK-IKOJOTHSUIBIK JKYHEre TYCETiH >KYKTEMCHI OHTAilay apKbLIbI aybUIIIApya-
IOBLTBIK KBI3MET OaFIapiaMaIapbiH d3ipacyTe MyMKIHIIK Oepei.

Tyiiin ce3aep: Tadurar, TaHAMAPT, KIMMAT, OHIMILTIK, OHOIOTHS, IKOIOTHS, SJICYCT, HHIACKC.
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HOBBII MOAXO0J K OEHKE BHOKJIUMATHYECKOI'O MOTEHI[UAJIA JAHAIIAGTOB
HA TIPUMEPE CEBEPHOT'O KA3AXCTAHA

Annortamusi. Ha ocHOBE 3aKOHOB NPHPOAHBIX IPOIECCOB Pa3padOTaHA MHTETPANBHAS MOJCIb IS OLCHKH
OHOKIIMMATHYCCKOTO MOTCHIUHANA JIAHAIAPTOB, BKIFOYAOMAS MPSHMYIIECTBCHHO OLCHKY MPOIYKTHBHOCTH PACTH-
TEIBHOTO H MOYBEHHOTO MOKPOBOB, MO3BOJIIFOMIMX OMPEICTATD 3aKOHOMCPHOCTH (DOPMHPOBAHHA H ()Y HKIIHOHUPO-
BaHWA JaHAMADTHBIX CHCTEM B 3aBHCHMOCTH OT IIMPOTHOM 30HAIBHOCTH M BBICOTHOH MOSICHOCTH M 3(dekTHs-
HOTO HCIIOJIF30BAHUA 3¢MCIIb CEIBCKOX03IHCTBECHHOTO HA3HAYCHHUA M BBIABICHHS HX PETHOHAIBHBIX pa3m/mm71

Pa3paboTka Momenn W OLCHKA OHMOKIMMATHYECKOTO IMOTCHIMAJA JAaHAIMA(TOB MPHPOTHOH CHCTEMBI Oa3m-
pyETCA Ha METOJOJIOTHH CHCTEMHBIX HCCICAOBAHUH B 00J1aCTH Teorpaduu 1 SKOJIOTHH, a TAKKE HA METOAAX MaTeMa-
THYECKOTO MOJICTMPOBAHIS MPOIY KIHOHHOTO MPOLECCA B OHOJIOTHH.

Ha ocHOBe KIMMarm4eckoro MHACKCAa Owmomormueckoil mpoxykrusHocTH JaHmmadros JLU. IMlamko (5,) u
SHCPTHH, 3aTPAYHBACMOI HA MOYBOOOpaA30BaHHE, ompeaeateMoit mo ¢opmyiae B.P. Bomobyera (Q;), paspadborana
MATEMaTHYCCKAs MOJCITb U OLCHKH OHOKIMMATHYECCKOTO MOTCHIHANA JIAHAMA(PTOB MPUPOIHONH CHCTEMBI, KOTO-
PBIC UCTIOTE30BAHBI AT OLCHKH OHOKTHMATHICCKOTO MOTeHIHANA TaHamadToB Ceseproro Kazaxcrana.

Jns oueHKH OHOKIMMATHYCCKOTO TIOTCHIMANA TaHAmAa()TOB mpupoaHoH cucteMbl CerepHoro Kasaxcrana, uc-
TOJB30BAHBI MHOTOJICTHHC OAHHBIC MCTCOPOJOTHUCCKHX CHKCMCCATHHUKOB IO MCTCOPOJOTHYCCKHM CTAHIHAAM
obnacrei Cepeproro Kazaxcrana, mpeacrasneHusie PI'TI «Kasruapomer» PecryOmiku Kazaxcras.

AHamu3 pe3yapTaTOB pacieTa WHACKCA OMONIOTHYCCKON MPOIYKTHBHOCTH PACTHTCIBHOTO MOkpoma (b,)
SHCPTHH, 3aTPAuCHHOW HA MOYBOOOpa30BaTeNbHBIN mpouece danmmapTHeX cucteM ((J;) CesepHoro Kasaxcrana
CBHUJICTEIBCTBYET O TOM, YTO OHH CTPOTO TIOJUMHSIOTCS 3aKOHAM reorpaduueckod 3oHanmpHOCTH. ClIEeA0BATENBHO,
KIMMATHICCKUH HHIACKC OMOIOTMYCCKON MPOAYKTHBHOCTH JaHAMApToB (K,), KOTOPBIH ONPEACIACTCA COOTHOLIC-
HHCM TAKHX OCPCAHCHHBIX WHAWKATOPHBIX BCJIWYIHH, KAK MOKA3aTC/Ib MPOAYKTHBHOCTH MOYBCHHOTO MOKPOBA (Kn) H
NOKa3aTeNb KIMMATHYECKOTO HHACKCA OHOTOTHYECKON MPOAYKTHBHOCTH PACTHTENBLHOTO NOKPOBA (Kp,) TOXKE CTPOTO
TOTYHHSAFOTCS 3THM 3aKOHAM HMPHPOIBL.

[IpeanoxeHHas MOACTb KIMMATHUCCKOTO HHIACKCA OHMONOTMYCCKOW MPOAYKTHUBHOCTH nanmmadros (K,)
OTKPBIBACT BO3MO’KHOCTH [UII PEATbHON OLECHKH PECYPCHOTO IOTEHIMANA IPHPOIHOW CHCTEMBI IIPH Pa3padOTKe
aﬂaHTHBHO-JIaHZ[IHa(I)THOfI CHUCTCMBI 3CMIICACIIAA U ITPOTPAMMBIL CEBCKOXO3IHCTBCHHOM JACATCIIBHOCTH C OIITHMAJIb-
HOM HATPY3KOH HA TEO3KOCUCTEMY .

KmoueBnie ciioBa; npupoaa, Janmmad)T, KIIMMAT, TPOIyKTHBHOCTh, OHOJIOTHS, YKOJOTHS, TOTCHIHAJ, HHIACKC.
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