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QUANTITATIVE AND QUALITATIVE ASSESSMENT
OF BIOLOGICAL AND ECOLOGICAL POTENTIAL
OF THE LANDSCAPES OF SOUTHERN KAZAKHSTAN

Abstract. The paper considers methodological approaches to assessment of biological and environmental
potential of landscape systems in the southern Kazakhstan soil-climatic conditions to the most complete and efficient
use of natural resources in the design and construction of high-performance agrolandscape systems. Based on
qualitative and quantitative indicators heat, light and moisture availability a mathematical model has been developed
to assess biological and environmental productivity of landscape systems including soil productivity and vegetation
cover.

It should be noted that the developed model of landscapes biological productivity assessment (Cs,) takes into
account the heat availability of the landscape systems soil cover (C), natural moisturization coefficient of the
vegetation cover (C,,), and ecological productivity of landscapes (Cy,). This model is based on the potentially
available energy expended in soil-forming process ({,) and natural moisturization coefficient of the vegetation cover
(C») is one of the modifications of the qualitative and quantitative models of natural system climatic productivity,
widely used in the field of geography and ecology assessment of natural system resources potential.

Based on the developed models of landscape systems biological and environmental productivity a comprehen-
sive assessment of South Kazakhstan region natural resource potential was performed, including Almaty, Zhambyl,
Kyzylorda and Turkestan region using long-term data of 32 meteorological stations located on the territory of the
region.

Use of improved methodologies for assessment of landscape systems biological and ecological productivity can
more accurately determine the biological resources of the landscape systems according to agro-ecological areas and
to assess the efficiency of natural system natural resources potential.

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

Introduction. To solve the problems of rational distribution of agriculture productive forces and
designing high-performance agrolandscape systems, it is necessary to have a detailed landscapes
descriptions by the most important factors characterizing heat and moisture availability, plant and soil
covers, expressed in the form of some mathematical models to evaluate their natural resource potential.

Existing methodological approaches and methods of the climate productivity assessment do not
adequately reflect the productivity of landscape systems, i.¢., vegetation and soil cover, there is a need to
develop methods of complex biological and ecological assessment of the landscapes productivity on the
basis of the fundamental laws of nature, which must include a private assessment of its components
productivity, that is, soil and vegetative cover productivity.

Biological and environmental assessment productivity landscapes should be understood as a compre-
hensive assessment using the integral characteristics of climate, soil and environmental factors positively
influencing the growth and development of plants in certain geographic areas representing energy
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resources of natural systems. At the same time environmental assessment of landscapes productivity
should be based on the use of geographical regularities manifested in the scale of territorial units of diffe-
rent hierarchical ranks, that is, in geo-ecological, environmental and landscape systems, which gives the
possibility to explain the nature of the formation and functioning of landscape systems in specific climatic
zones [1, 2].

Purpose of this study is to develop integrated models to assess biological and ecological produc-
tivity of landscapes, including plant productivity and soil conditions, allowing to use of qualitative and
quantitative indicators of heat and moisture availability and to determine the regularities of formation and
functioning of natural systems depending on the latitudinal zonation and altitudinal belts for the effective
distribution of productive forces of agricultural sector.

Methods. Model development and assessment of biological and ecological capacity of natural system
landscapes is based on the methodology of systemic researches in the field of biology, geography and
ecology, as well as on the methods of mathematical modelling of natural process.

Long-term data of meteorological monthly bulletins at the meteorological stations of southern
Kazakhstan, submitted to "Kazgidromet" RSE is used to assess the biological and ecological capacity of
southern Kazakhstan natural systems landscapes [3, 4].

Results. Energy characteristics of the natural system are used for quantitative assessment of
biological and ecological potential of landscapes, that is, the formation of the production process of the
vegetative and soil covers in the landscape systems, that is: sum of air temperatures (Zf) above 10°C,
the amount of moisture deficit of air (£d, mb), evaporation (£,, mm), photosynthetic active radiation
(R, kJ/em?) and the sum of precipitation (0., mm) (table 1) [4-10].

As can be seen from table 1, energy resources of South Kazakhstan landscape systems are very high,
as the sum of biologically active temperatures (3, ¢,° C) is in the range of 1737-4419°C, the sum of air
humidity deficit (3, d) — 1190-4240 mb, evaporation (E,) — 521-1325 mm and photosynthetic active radia-
tion (R) - 115,8-204.6 kJ/cm?, which have inverse dependences to the absolute height (2, m) of meteoro-
logical stations location. Precipitation (O, - 151-509 mm) has a direct dependence, showing strict obe-
dience to the laws of geographic zonality, which allows to use them for quantitative and qualitative
assessment of biological and environmental productivity of vegetation and soil cover of southern
Kazakhstan landscape systems.

Methodology for biological and environmental assessment of landscapes agricultural productivity
was used for agroclimatic assessment of the landscapes productivity. This approach is used in mathe-
matical models of plant and soil productivity of J. C. Mustafayev and G. A. Adilbektegi These models are
based on the concept of maximum productivity. Similar studies conducted by scientists of CIS and foreign
countries [11-20].

Biological productivity according to the official definition of the International coordinating
committee on terminology and concepts in the field of production studies, is a set of processes of creation,
transformation, absorption and transmission of energy through ecological and biological systems of
different levels — from individual organisms to biogeocoenosis (ecosystems). The study of biological
productivity of natural systems is a necessary basis of rational use, protection and reproduction of
biological resources of the Earth.

To assess heat availability of landscape systems vegetation cover you can use the average annual
amount of biologically active air temperatures of the ), ¢;,° C iregion to the average maximum possible
biologically active sums of air temperatures in the ), £,,,,° Cregion, that is: Ci, = X, t;/. tmax. Expected
productivity of vegetation, depending on the heat availability of landscape systems are determined by
indicators (Cy,) characterizing favorable temperature regime of the natural system (1):

Ctb =1- Cts =1- (Z ti/Z tmax): (1)

To assess the moisture availability of the landscape systems soil cover you can use the natural
moisturizing factor of N. N. Ivanov (2):

Cn = Oc/E,. )

where O, is precipitation, mm; [, - evaporation rate, determined by the formula of N.N. Ivanov (3) [8]:
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Table 1 — Natural energy resources of Southern Kazakhstan landscape systems

where ¢ - the average monthly air temperature, C; a - average monthly relative humidity, %.

Weather Absolute Indicators of natural and energy resources
stations height (H7), m 31 °C Sd. mb Fo, mm RKfem?) | O,mm
Almaty region
Uch-Aral 395 3294 2452 988 1674 385
Sarkand 764 3163 2217 949 163.0 535
Taldykurgan 601 3173 2315 952 163.3 412
Bakanas 396 3525 2962 1058 1750 223
Zharkent 641 3631 2396 1089 178.5 191
Chilik 606 3623 2559 1089 1782 298
Almaty 671 3007 1370 902 157.9 509
Narynkol 1806 1737 1190 521 1158 433
Sary-Ozek 548 2134 2257 640 129.0 332
Zhambyl region
Ulanbel 266 3721 3050 1116 181,5 224
Moiynqum 350 3506 2553 1052 1744 294
Uyuk 373 3720 3203 1116 181.5 283
Otar 742 3116 2635 935 161.5 316
Kurdai 1141 2930 2214 879 1553 290
Kulan 632 3386 2519 1051 170.4 301
Taraz, 642 3492 2309 1048 173.9 353
Merke 703 3472 2513 1041 1732 435
Zhualy 952 2766 2022 830 149.9 447
Turkestan region
Suzak 316 3822 3541 1147 184.8 186
Turkestan 206 4350 4197 1305 202,3 238
Tyulkubas 789 3876 3233 1163 186,6 951
Arys 237 4419 4240 1325 2046 275
Shymkent 543 4065 3382 1219 192.9 582
Shardara 238 4397 4168 1391 2039 264
Tolebi 455 3655 2605 1096 179.3 336
Kyzylorda region
Saksaul 78 3647 3233 1094 179.0 152
Aral sea 62 3524 2633 1057 1750 166
Qazaly 66 3647 2733 1094 179.0 178
Zhusaly 101 3809 3403 1142 184.4 165
Kyzylorda 128 3766 3160 1129 183,0 151
Shieli 152 3883 3154 1165 186.8 174
Ak-Kum 173 4253 3861 1276 1991 204
E, = 0.0018(25 + £)%(100 — a), 3)

Thus, biological assessment of landscapes productivity (Cp,) is determined by the ratio of such avera-
ged indicator values as plant (Cy,) and soil (C,,,) productivity factors (4):

Cbp = Ctb ) Cm:
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To determine the biological productivity of landscape systems in southern Kazakhstan and its agro-
ecological regions the information-analytical materials presented in table 1(table 2) were used as potential
indicators.

As can be seen from table 2, the qualitative and quantitative values of biological productivity of plant
(Cip) and soil (C,,) covers, as well as the biological productivity of landscapes (Cyp) is strictly subject to the
laws of geographic zonality, that is directly dependent on the absolute height (H) location of landscape
systems.

Table 2 — Evaluation of southern Kazakhstan
and its agro-ecological regions landscape systems biological productivity

Weather Abs_olute Indicators of energy resources
. height Cn Chp
stations (H). m 3t °C Crs Cop
Almaty region

Uch-Aral 395 3294 0,74 0,26 0,19 0,050
Sarkand 764 3163 0,72 0,28 0,28 0,078
Taldykurgan 601 3173 0,72 0,28 022 0,062
Bakanas 396 3525 0,80 0,20 0,11 0,022
Zharkent 641 3631 0,82 0,18 0,13 0,023
Chilik 606 3623 0,82 0,18 0,10 0,018
Almaty 671 3007 0,68 0,32 0,35 0,112
Narynkol 1806 1737 0,39 0,61 0,65 0,396
Sary-Ozek 548 2134 0,48 0,52 023 0,120

Zhambyl region
Ulanbel 266 3721 0,34 0,66 0.10 0,066
Moiynqum 350 3506 0,79 0,310 0.13 0,040
Uyuk 373 3720 0,84 0,16 0.12 0,019
Otar 742 3116 0,71 0,19 022 0,042
Kurdai 1141 2930 0,66 0,34 0.30 0,102
Kulan 682 3386 0,77 023 021 0,070
Taraz 642 3492 0,79 0,21 0.20 0,042
Merke 703 3472 0,79 0,21 0.29 0,061
Zhualy 952 2766 0,63 0,37 023 0,099

Turkestan region
Suzak 316 3822 0,86 0,14 0.09 0,013
Turkestan 206 4350 0,98 0,02 0.08 0,002
Tyulkubas 789 3876 0,88 0,12 022 0,026
Arys 237 4419 0,99 0,01 0.08 0,001
Shymkent 543 4065 0,92 0,08 0.15 0,012
Shardara 238 4397 0,99 0,01 0.08 0,001
Tolebi 455 3655 0,83 0,17 0.17 0,029

Kyzylorda region
Saksaul 78 3647 0,83 0,17 0.08 0,014
Aral sea 62 3524 0,80 0,20 0.16 0,034
Qazaly 66 3647 0,82 0,18 0.08 0,014
Zhusaly 101 3809 0,86 0,14 0.06 0,008
Kyzylorda 128 3766 0,85 0,15 0.07 0,011
Shieli 152 3883 0,88 0,12 0.06 0,007
Ak-Kum 173 4253 0,96 0,04 0.06 0,002
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Ecological productivity of landscapes is closely connected with the flow of energy passing through a
particular ecosystem, that is, falling to the trophic chain. Energy is accumulated as organic compounds,
which provide continuous production of biomass (living matter). This is one of the fundamental processes

of the biosphere.

Energy consumed for soil formation, defined by the formula of V.P. Volobuyev [6] characterizes the

productivity of the soil landscapes to some extent (5):
Q; = R -exp(—a, - R),

where Q; - energy consumed for soil formation, kJ/cm?; @, - coefficient taking into account the soil surface

condition.

Table 3 — Evaluation of southern Kazakhstan and its agro-ecological regions landscape systems biological productivity

Wea_ther AI‘:):i(L)gllllltte Energy_ costs on soil f(innation (O, kJ/em?) . e
stations (H),m where R; where R=1.0 Co
Almaty region
Uch-Aral 395 60,9 104,6 0,58 0,19 0,11
Sarkand 764 92,2 101,9 0,90 0,28 0,25
Taldykurgan 601 77,9 101,9 0,76 0,22 0,17
Bakanas 396 40,0 1094 0,37 0,11 0,04
Zharkent 641 56,5 108,83 0,52 0,13 0,07
Chilik 606 56,4 1114 0,51 0,10 0,05
Almaty 671 51,5 98,7 0,52 0,35 0,21
Narynkol 1806 70,2 724 0,97 0,65 0,76
Sary-Ozek 548 62,1 80,6 0,77 0,23 0,18
Zhambyl region
Ulanbel 266 39,7 1134 0,35 0,10 0,04
Moiynqum 350 57,6 1090 0,53 0,13 0,07
Uyuk 373 544 1134 0,48 0,12 0,07
Otar 742 544 109,3 0,74 0,22 0,19
Kurdai 1141 71,9 97,1 0,53 0.30 0,16
Kulan 632 69,9 106,5 0,56 0.21 0,15
Taraz 642 68,8 1087 0,53 0.20 0,14
Merke 703 82,6 108,6 0,76 0.29 0,26
Zhualy 952 79.8 93,7 0,85 0.23 0,20
Turkestan region
Suzak 316 28,8 115,5 0,25 0.09 0,04
Turkestan 206 40,8 1264 0,32 0.08 0,01
Tyulkubas 739 130,2 116,6 1,00 0.22 0,22
Arys 237 54,5 127,9 0,43 0.08 0,03
Shymkent 543 74,6 120,6 0,52 0.15 0,07
Shardara 238 47,8 127,3 0,38 0.08 0,03
Tolebi 455 66,0 112,0 0,59 0,17 0,11
Kyzylorda region
Saksaul 78 19,6 111,8 0,18 0.08 0,01
Aral sea 62 244 1094 0,22 0.16 0,04
Qazaly 66 27,0 111,9 0,24 0.08 0,02
Zhusaly 101 22,3 1153 0,19 0.06 0,01
Kyzylorda 128 18,9 1144 0,16 0.07 0,01
Shieli 152 25,0 116,8 0,21 0.06 0,01
Ak-Kum 173 31,9 1144 0,26 0.06 0,01
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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, the limit in the range of

0.9-1.0 can be taken as a criterion of the radiative index of dryness (R).
Then, the potential energy expended on soil-forming process (@), providing the potential
productivity of the soil can be determined by expression (6):

Q,=R-exp(—09-¢a,). ©)

Consequently, the ratio of energy consumed for soil formation under natural conditions (Q;) to the
potential energy expended in soil-forming process (Q,,) represents the productivity of the landscapes soil
cover, i.e. (7), [7]

Cp = Qi/Qn, (7

Thus the natural moisturizing factor of N. N. Ivanov [8] can be used to evaluate the productivity of
vegetation landscape systems (8):

Cm = Oc/E, . ®)

Thus, the ecological productivity of landscapes (Cp) is determined by the ratio of such averaged indi-
cator values as an indicator of the soil surface productivity (C,) and the natural moisturization coefficient,
which characterizes the productivity of vegetation (C,,,) (9):

Cep = Cm - Cp . ()

On the basis of information and analytical materials presented in table 1, which characterize energy
resources and heat and moisture availability of southern Kazakhstan landscape systems, environmental
productivity (C.,) of the landscape of South of Kazakhstan and its agro-ecological regions (table 3) is
defined.

As can be seen from table 3, the analysis of the plant (C,) and soil (C,) covers ecological productivity
calculation results, as well as ecological productivity of landscapes (C»p), indicates that their qualitative
and quantitative values, and biological productivity of landscapes, strictly obey the laws of geographic
zonality and decrease with decreasing altitude (H) of landscape systems location.

Thus, the developed model of landscapes biological and ecological productivity climate index allows,
first, to give quantitative values of qualitative changes of habitats; secondly, to assess the modelling the
transformation of natural systems under climate change; third, to conduct landscape-ecological zoning of
the natural systems that can be used to assess the biological and ecological productivity of landscape
systems, allowing the rational location of the agriculture productive forces.

Discussion. For the territory of South Kazakhstan, spanning from the mountain foothills to arid desert
zones, the most important soil-ecological indices are set, i.e. mathematical models of biological and
ecological productivity of landscapes that define the resource potential of the area and productivity of soil
and vegetation cover. System for assessing the biological and ecological productivity of landscapes has
attempted to carry out a comprehensive accounting of climate, soil and plants which would more fully
describe the environment the agricultural sector is operating in.

I'. 9. Ouiaderreril, XK. C. Mycragaes?, T. K. Yearaesal, K. H. y1ar6exonal, Jozef Mosiej’

'PMK IITKK, «JI H. T'ymunes atsiaars! Eypasust YITTBIK YHHBEPCHTETD», AcTana, Kaszakcras,
Z«Ka3aK YITTBIK arpapJiblK YHHUBEPCUTET» KOMMEPIHSIIBIK EMEC AKITHOHEPITK KoFambl, AMarhl, Ka3akcTaH,
*KapaThLIBICTAHY FHUTBIMAAPBIHBIH Bapmasa yausepcureti, Bapmasa, TTosbima

OHTYCTIK KA3AKCTAH JIAHIIIA ®TTAPEIHEIH BHOJTOTHSLIBIK
YKOHE DKOJOTHSLILIK DJIEYETIH CAHABIK JKOHE CAITAJIBIK BAFAJIAY

Annoramus, JKyMpICTa JKOFApHl THIMAL arpoJaHmmA(TTHIK >KyHEIepai >kobamay >KOHEC KYPacTHIpY Ke3iHAC
TaOWFH KOPIApAbl HEFYPIBIM TOJNBIK JKOHE THIMII maiinamany MaxcarbiHaa OHTycTik Ka3akcTaHHBIH TOIIBIPAK-
KIMMATTBIK JKAFJAHIapbhIHAAFEl JaHAMA(THIK SKYHENepAiH OHMONOTHSUIBIK JKOHE JKOJOTHAJIBIK JJICyCTiH Oaramay
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JKYHECIHIH 9iCTEMEIK TICIIAEPI KapacThIPhUAbL. KbITy MEH, *KAPBIKIICH JKOHE BIFAIMEH KAMTAaMAChI3 €Ty IiH cala-
JIBIK YKOHC CAHIBIK CHIATTAMABIK OCTiICPiHIH HETi3iHIC, TOMBIPAK KOHC 6CIMAIK >KAMBUIFBICHIH KAMTHTHIH JIAHI-
maTTHIK KYHeNepAiH OHOJOTHSUIBIK KOHE JIKOJOTISIBIK OHIMIIMTIH Oarajayra apHANFAH MAaTEMATHKAIBIK YITi
O3IPIICHAI.

JarmmadrrapasH, OHOMOTHAIBIK OHIMIIITIH Oaramayra o3ipaeHreH yiri (Ks,) MaHAMAQTTHIK KYHCICPIiH
TOTBIPAK KAMBLIFBICHIHBIH JKBITYMCH KAMTAMACHI3 CTINMYiH (Kj5), 6CIMIIK KAMBUFBICHIHBIH TAOWFH BUIFATAAHY JOPC-
JKECIHIH emmmeMaiKk kepceTkimiH (X)), coHmai-ak JaHmmadTTapaspH SKOJOTHIBIK OHIMAIMTIH (Ks,) eckepeni. byn
YTl TOIBIPAKTHI TY3YII XKYpPrire NIbIFBIH OO0FaH KyaTbiHa ((,) )KOHE 6CIMIIK >KAMBLUIFBICBIHBIH TAOUFH BUFAIIAHY
KepceTkimine (K,) Heriznenexai oHe TaOWFH KYWEHIH TAOMFU-OJICYETTI KOPJIAphiH Oaranay YIIiH reorpadust »oHe
JKOJIOTHS CATACHIHAA KCHIHCH MAHTAIaHBIIATHH TAOWFH KYHCHIH KJIMMATTHIK OHIMILTTIHIH CAMAJIBIK JKOHC CAH/IBIK
yAriTepiniy 0ipi OOJTBIT TAOBLIATIEL.

JlargmadTTeIK KylHeaepaiH OHOJIOTHSUIBIK KOHE JIKOJOTISUIBIK OHIMALIITIH Oaramayfa apHANBII J3IpJCHTCH
YATiHIH HeTi3iHae, KypambHa AmMatel, KamOsrt, Typkicran sxone Kei3sriopaa oOmsicTapsr KipeTiH Ka3akCTaHHBIH
OHTYCTIK alfiMarbIHAA OPHANACKAH 32 METCOPOJOTHSUIBIK OCKETTEPAIH KOIDKBUIIBIK ACPEKTIK MAIIMETTECPiH maiiia-
JIAHY aPKBUIBL, OHBIH TAOUFU-KOPIIBIK SJICY CTiH KAH-’KAKTHI OaFanay »Kypri3iiai.

Jlaramad eIk xKylenepaiH ONOIOTHSIIBIK SKOHE SKOJIOTHAUIIBIK OHIMIUTITIH OaFanayIblH KETUINIPLITEH amicTe-
piH maiinanaHy arposKOJOTHAIBIK ayJaHgap OoHbIHmA TaHMIA(TTHIK KYHEICPaiH OHOMOTHAIBIK KOPIAPBIH HCFYP-
JBIM JIQJT AHBIKTAYFA SKOHE TAOWFW HKYHCHIH TaOWFH-KOPJIAPBIHBIH SJICYCTIH IMAaliNaTaHy bIH THIMIUITIH Oaranayra
MYMKIHIK Oepei.

Tyiiin ce3aep: Tadurar, TaHAMAQT, KIMMAT, OHIMIUTIK, OHOJIOTHS, 3KOJIOTHS, IOTCHIHAI, HHACKC.
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'PTTI na ITXB «EBpasuiickuii HanuoHansHbli yausepcutet uM. JI H. T'ymuniesa», Actana, Kazaxcran
2HAO Kaszaxckuii HAIMOHABHBIN ATPApPHBIA YHEBEPCHTET, AmvaThl, Kazaxcraw,
*Bapuasckuii yausepcurer EcTecTBeHHbIX HAyK, Bapmasa, [Tosmia

KOJMNYECTBEHHAA U KAYECTBEHHAA OIIEHKA BUOJOTHYECKOI'O
H 3KOJOTHYECKOI'O NIOTEHIUAJA JAHAIIA®TOB I07KHOT'O KA3AXCTAHA

AnHotammsi. B paboTte paccMaTpuBarOTCA METOAMYECKHE ITOJXOABI K CHCTEME OLCHKH OHOJIOTHYECKOTO H
OKOJOTHYCCKOI'0 MOTCHIIHAJIA J'IaHI[H.[a(I)THBIX CHCTEM B MOYBCHHO-KJINMMATHICCKUX YCIIOBHAX IO:xHo0r0 Kazaxcrana ¢
[eJbE0 HamboJiee MOTHOTO M 3(D()EKTHBHOTO HCIIOJIb30BAHUS CCTECTBEHHO-IIPHUPOIHBIX PECYPCOB HMPH MPOCKTHPO-
BAHWH M KOHCTPYHPOBAHHH BHICOKO3((ekTHBHBIX arponanmmadrHbIX cucteM. Ha 0CHOBE KAYeCTBEHHBIX U KO-
YECTBCHHBIX HHIMKATOPOB TEIUIO-, CBETO- M BJIArOOOECIICYCHHOCTH pa3padoTaHa MAaTEMaTH4ecKas MOZCTb Il
OIICHKH OMOJIOTHHMECKOH M SKOJIOTHIECKON MPOAY KTHBHOCTH JAHAIIA(THBIX CHCTEM, BKIIOUYAFOIIAS MTPOYKTHBHOCTH
TIOYBCHHOTO M PACTUTEIHHOTO TIOKPOBOB.

[Ipu 3TOM ClIEeIyeT OTMETHTH, YTO Pa3pabOTAHHAS MOJCIb OHOJOTHYCCKOH OIEHKH IPOJYKTHBHOCTH JIAH[-
ma(ToB (Ks,) YIHTHIBACT TCILIOOOCCIICUCHHOCTD IOYBCHHOTO MOKPOBA JTAaHIMA(THRIX CHCTEM (Ki5), KO((DUIIHCHT
€CTECTBEHHOTO VBIQ)KHCHHS PACTUTEIHHOTO MIOKPOBOB (K,), a TAKKE IKOJOTHUCCKYIO TPOIYKTHBHOCTH JaHAMA(TOB
(Ksr). Ora Momemp 0asupyeTcd HA MOTCHIHMATBHO BO3MOXKHOH JHCPTHH, 3aTPAUCHHON HA MOYBOOOpPA30BATCIHHBIH
npouecc ((J,) u KO3P(UIMEHT €CTECTBEHHOTO YBIOKHCHHS PACTHTEIBHOTO IMOKPOBOB (K,), SIBILIETCA OJHHM M3
MOAH(HKAIMH KAYECTBEHHBIX M KOIMYECTBEHHBIX MOJACICH KIMMATHYECKOH POy KTHBHOCTH MPUPOJIHON CHCTEMBI,
IIMPOKO HCTIOIb3YEMBIX B 00IacTH reorpauu U SKOJOTHHU U1 OLICHKH IPHPOJIHO-TIOTCHIMAIBHBIX PECYPCOB IPH-
POIHOM CUCTEMBI.

Ha ocHose pa3pabotaHHOM MOACTH OHOJIOTHUCCKOH M 3KOJOTHYECCKOI POy KTHBHOCTH JIAHAMA(THBIX CHCTEM
BBITIOJTHCHA BCECTOPOHHSI OLICHKA IIPUPOHO-peCypcHOTo noTeHImana F0sxHo-Ka3axcranckol 001acTH, BKIFOUAF0-
mas AnMaTuHCKYI0, JKaMmObUickyro, TypkecTanckyl0 W KbI3BUTOPAMHCKYIO OONACTH C HCIHOJIB30BAHHEM MHOTO-
JICTHHUX JAHHBIX 32 MCTCOPOJOTHICCKHAX CTAHIIAH, PACTIOJIOKCHHBIX HA TCPPUTOPHHA PETHOHA.

HcnonpzoBaHne yCOBEPHIICHCTBOBAHHBIX METOIOB OIICHKH OMOJIOTHUCCKOH M 3KOJIOTHYECCKOM POy KTHBHOCTH
TaHAMA(THBIX CHCTEM IIO3BOJLIECT OOJNEE TOUHO ONPEICIHMTH OHOJIOTHHMECKHE PECYpPCHI JAHIMAPTHBIX CHCTEM IO
arpodKOJIOTHYECKUM paifoHaM H OICHUTH 3(P(EKTHBHOCTH HCHOIB30BAHHA MPHPOIHO-PECYPCHOTO IMOTCHIHAIA
TMPUPOTHON CHCTEMBL.

KimoueBsbie ciioBa: mpuposaa, maHmmadr, KIMMaT, IPOIYKTHBHOCTb, OMOJIOTHS, SKOJIOTHS, TOTCHIHAI, HHICKC.
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