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This paper presents the results of a comprehensive study on optimizing greenhouse microclimate
parameters in the Kostanay region of Kazakhstan. The relevance of the study is determined by the need to
improve agricultural production efficiency in regions with unfavorable climatic conditions. The study focuses
on developing a mathematical model for microclimate parameter control in tomato cultivation — one of the most
economically important greenhouse crops. The research employed advanced mathematical modeling
methods, including multiple regression analysis, response surface methodology (RSM), and numerical
optimization techniques. The experimental base included the "Kostanay Greenhouses" facility equipped with
automated environmental control systems. The study involved continuous monitoring of temperature, humidity,
CO, concentration, and light intensity using high-precision sensors. The results indicate that optimal
microclimate parameters for tomatoes are: daytime temperature 25-28°C (night time 16-18°C), relative
humidity 60-65%, CO, concentration 1000-1100 ppm, and light intensity 12-14 thousand lux. The developed
adaptive control model maintains these parameters with +2% accuracy, resulting in 22-27% yield increase
compared to conventional growing methods. Of particular importance is the proposed energy-saving system
incorporating renewable energy sources. Calculations show 15-18% reduction in energy consumption while
maintaining high yield indicators. The practical significance of the study is confirmed by the implementation of
results at production facilities in the region.

Key words: greenhouse farming, microclimate, tomatoes, mathematical modeling, optimization,
renewable energy sources, Kostanay region.

CONTYCTIK KASAKCTAH XAFOANbIHOA KbI3AHAK ©HIMAINITIH
APTTbIPY YLUIH XbIJIbDKAA MUKPOKINTUMATbIHbIH MNAPAMETPJIEPIH
MATEMATUKANbIK MOOENBbAEY XXOHE OHTAUNAHObIPY

Cana B. 10.* — mexHuka fblrbiMOapbiHbiH KaHOUGambl, KaybiMOacmbipbliiFaH npogeccop M.a., «Axmem
BatimypcbiHynbl ambiHOarbl KocmaHal eHipnik  yHugepcumemi» KEAK, KocmaHal K., KasakcmaH
Pecnybnukacsl.

byn makanada KasakcmaHHbiH KocmaHal obrnibicki xardalibiHOa XbibixXal KeweHOEPIHIH MUKPOKIIU-
MambiH OHMalnaHobIpy 6olbiHWa KeweHOi 3epmmey Homuxernepi YCbiHblaFaH. XKyMbicmbiH e3eKkminiai
Konaucbi3 KnumammelK xarOalnapbl 6ap eHipriepde aybin wapyalblibifbl 6HOIPICIHIH muimdinieiH apmmaipy
KaxemminizgiHe 6alinaHbicmbl. Kbi3aHaK ecipy yWiH MUKpoKnuMam napamempriepiH 6ackapydblH Mamema-
mukanbik MoldeniH xacayfa 6aca Hasap ayOapbinadbl, siFHU Oyl 3KOHOMUKarbIK MaHbi30bl XblibiKal
OakbiridapbiHbiH b6ipi. 3epmmey mamemamukanblk ModenboeydiH 3amaHayu odicmepiH, COHbIH iwiHOe
bipHewe peepeccusnblKk mandayodbl, xayan 6emiriH adiciH (RSM) xoHe caHObIK oHmalinaHdbipy adicmepiH
KonGaHa ombIpbin Xypaisindi. SkcrnepumeHmmik b6asara KopwaraH opma rnapamempriepiH 6akbinaydbiH
asmomammaHObipbiriFaH XytecimeH xabobikmanraH "KocmaHal xbinbikatnaps!” XLUC Xbibikal KeweHi
Kipdi. >Kymbic 6apbicbiHOa xorapbkl 0andikmeai Oamyukmepdi KosidaHa ombIpbIn, meMmrnepamypa, bliFanadbl-
nbiK, CO, KOHUEHmMpauusicbl XoHe apblK 0eHeeliiHe MOHUMOPUHe Xypeai3indi. Hemuxenep Kbi3aHak yWwiH
MUKPOKIIUMammbiH OHmaulsbl napamemprnepi: mayrnikmik memnepamypa 25-28°C (TyHai 16-18°C),
carnbicmbipMmarb! bifandbiisik 60-65%, CO, koHUeHmpayuscs! 1000-1100 ppm, xapsikmaHObipy 12-14 MbiH
JoKc. O3ipneHzeH adanmuemi 6ackapy modeni byn napamempriepdi +2% OendikneH cakmayra MyMKIHOIK
bepedi, byn dacmypni ecipy adicmepimeH canbicmbipraHda eHiMOinikmiH 22-27% ecyiH kammamachi3 emedi.
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XaHapmbinamelH 3Hepeusi ke30epiH natidanaHyObl KaMmumbIH YCbIHbITFAH 3Hepausi yHemoey xydeci
epekwe MmaHbisra ue. Ecenmeynep xorapbl 6HIMOITIK KepcemkiwmepiH cakmati ombIpbir, 3Hepaus mymal-
HyObiH 15-18% memeHdeyiH kepcemedi. 3epmmeydiH npakmukasbiKk MaHbI30blblFbl 6HIPOIH eHJAipicmik
anaHOapbiHOa Hamuxenepdi eHaisymeH pacmarobi.

TyliHdi ce3dep: xbinbikall wapyawblibiFbl, MUKDOKIIUMaM, Kbi3aHak, MamemMamukarbiKk Modesib0oey,
OHMaunaHobIpy, XaHapmbinambiH 3Hepausi ke30epi, KocmaHal eHipi.

MATEMATUYECKOE MOOEITMPOBAHUE U ONTUMU3ALIUA NAPAMETPOB MUKPOKITMMATA
TENNUU AnA NOBbIWEHUA YPOXXAUHOCTU TOMATOB B YCJITOBUAX CEBEPHOIO KA3SAXCTAHA

Cana B.1O.* — kaHOuOam mexHU4YecKux HaykK, Uu.0. accoyuupogaHHozo npogeccopa, HAO «KocmaHali-
CKUl peauoHarnbHbIl yHU8epcumem umeHu Axmem balmypcbiHynbi», 2. Kocmarad, Pecrniybnuka Kazaxcman.

B daHHoOU cmamebe npedcmassieHbl pesyibmambl KOMIMIEKCHO20 uccriedosaHusi o onmumu3ayuu
MUKPOK/IUMama menuyHbIX KOMIIekcos 8 ycrosusix KocmaHalickol obnacmu KasaxcmaHa. Akmyarib-
Hocmb pabombi 06ycriosrieHa HEO6X0OUMOCMbIO M0BLILEHUS 3ghheKMUBHOCMU CEJIbCKOXO035LICMB8EeHH020
npouszgodcmea 8 peauoHax ¢ HebnazonpusmHbIMU Kiumamudyeckumu ycrosusmu. OCHOB8HOE eHUMaHUe
yOeneHo paspabomke Mamemamudeckol MoOesiu yrpasneHusi napamempamu MUKpoKnumama 0rs eblpauiu-
8aHuUsi momamos — 00HOU U3 Haubosiee 3KOHOMUYECKU 3Ha4YuUMbIX MEMuYHbIX Kynbmyp. VccnedosaHue
rpoeoousiocb C MPUMEHEHUEM COBPEMEHHbIX Memodo8 MameMamu4yecKko20 MOOEe/IUPO8aHUSs, BK/IYast
MHOXECMBEHHbIU peepecCUOHHbIU aHanu3, memod rnosepxHocmu omknuka (RSM) u yucneHHbie mMemoodsbi
onmumu3ayuu. kcriepumeHmarnsHas 6asa eknodana mennudHbil komnnekc TOO "Kocmanatickue meninu-
ubl", ocHaweHHbIl asmomMamu3uposaHHoU cucmeMol KOHmMpossa napamemposg cpedbl. B xode pabomsi
ocyuwecmerisiyicsi MOHUMOPUH2 meMriepamypsl, 8faxHocmu, KoHueHmpayuu CO, U yposHsT oceeuieHHoCmu
C UCrosib308aHUEM 8bICOKOMOYHbIX Oam4yukos. [onyyeHHble pe3ybmamsl ceudemesibecmeayom, Ymo ornmu-
MaribHble napamempbl MUKpoKriuMama 0711 momMamoe cocmaernsiom: OHeeHass memrepamypa 25-28°C
(Ho4Has 16-18°C), omHocumenbHas enaxHocme 60-65%, koHueHmpauyuss CO, 1000-7100 ppm, oceeweH-
Hocmb 12-14 mbic. nokc. PaspabomaHHas adanmueHasi MoOesib yrpassieHusi no3gosnsem noddepxxusams
amu napamempbl ¢ MOYHOCMbIO *2%, ymo obecrnieyugsaem yeesiudeHUe ypoxalHocmu Ha 22-27% o
CpasHeHU ¢ mpaduyuoHHbIMU Memodamu ebipauwusaHusi. Ocoboe 3HadyeHuUe umeem rnpedrioxeHHas cucme-
Ma 3HepaocbepexeHUus], 8KroYarowas Ucnoib3o8aHUe 80306HOBSIEMbIX UCMOYHUKO8 3Hepauu. Pacuyemsi
riokasblgarom CHUXeHue 3HepeoriompebrneHus Ha 15-18% npu coxpaHeHUU 8bICOKUX rokasamernel ypoxal-
Hocmu. lNpakmu4yeckasi 3Ha4umMocmb uccriedosaHusi nodmeepxoeHa 8HeOPEHUEM pe3ybmamoes Ha npous-
800CcmeeHHbIX nroujadkax peauoHa.

Knroyeenble cnosa: mernnuyHoe Xo350cmeo, MUKPOKIUMam, moMamal, MamemMamu4yeckoe MoOesupo-
gaHue, onmumu3sauyusi, 80306HO8/IIeMble UCMOYHUKU dHepauu, KocmaHalcKuli peauoH.

Introduction. Agriculture plays a pivotal role in ensuring food security and fostering regional economic
development. Under current conditions of climate change and population growth, increasing attention is being
paid to enhancing agricultural production efficiency, particularly in regions with unfavorable climatic conditions
[1, p.45]. The development of greenhouse farming emerges as a promising solution, enabling controlled
cultivation environments that significantly improve crop yields.

The Kostanay region located in northern Kazakhstan, experiences a continental climate characterized
by cold winters and hot summers. Such conditions present substantial challenges for cultivating thermophilic
crops like tomatoes in open fields. Greenhouse systems equipped with climate control technologies offer viable
solutions to overcome these limitations and ensure year-round vegetable production stability [2, p.78].

The greenhouse microclimate, encompassing temperature, humidity, light intensity, and CO,
concentration, exerts significant influence on plant growth and development. Optimization of these parameters
not only enhances yield but also reduces energy consumption — a critical consideration given current resource
constraints. However, effective microclimate management requires precise mathematical modeling of
greenhouse processes and development of efficient control algorithms [3, p.34].

The main research objectives include analyzing the climatic features of the Kostanay region and their
impact on greenhouse tomato cultivation. It is necessary to develop a mathematical model describing the
thermal and humidity characteristics of the greenhouse microclimate. Based on this model, optimal parameters
for temperature, air humidity, carbon dioxide concentration, and light intensity need to be identified to achieve
maximum plant productivity. An important part of the work involves experimental testing of the model in an
operational greenhouse complex. Additionally, the study aims to develop automated control algorithms for
microclimate parameters and formulate practical recommendations for optimizing greenhouse operations.

This study aims to develop mathematical models and optimization methods for greenhouse microclimate
control to improve tomato vyields in the Kostanay region. The research addresses the following objectives:
analysis of regional climatic conditions and their impact on greenhouse production, development of
mathematical models for thermal and humidity processes in greenhouses, microclimate parameter
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optimization using numerical methods, experimental verification of model validity and performance evaluation
[4, p.23].

The scientific novelty of this research lies in developing an adaptive microclimate control model that
accounts for both the specific climatic conditions of the Kostanay region and the physiological requirements of
tomato plants. The practical significance of the work is demonstrated through concrete recommendations for
improving yield and energy efficiency in greenhouse operations [5, p.67].

Materials and Methods. Significant contributions to the mathematical modeling and optimization of
greenhouse microclimate have been made by prominent scientists from Russia and Kazakhstan, including:
Ivanov A.L, Kuznetsov V.P., Minakov S.A., Terentyev A.V., Shirokov V.N., Abdulin A.B., Sadykov M.K.,
Tuleuov B.Zh., Kalieva N.A., and Zhumabayev S.T. Their research encompasses the development of thermal
and humidity process models, microclimate control systems, and the application of renewable energy sources
in agriculture [6, p. 21; 7, p. 4876].

The study focuses on a tomato greenhouse facility located in the Kostanay region. Comprehensive
research on microclimate parameters and their impact on tomato productivity under controlled conditions was
conducted at the "Kostanay Greenhouses" LLP in Kostanay Oblast. This facility was selected as the
experimental site due to its modern equipment and automated climate control systems, which enabled precise
data collection for mathematical modeling. The greenhouse is equipped with integrated systems for
temperature, humidity, lighting, and ventilation monitoring. Tomatoes were chosen as the model crop due to
their widespread cultivation and economic significance in the region [8, p. 106676].

The climatic data for Kostanay region, based on climate models and regional averages, are as follows:

- average summer temperature: +20...+25°C;

- average winter temperature: -15...-20°C;

- average humidity: 60-70%;

- average solar radiation: 150-200 W/mz2,

Tomatoes are a thermophilic crop whose growth is highly temperature-dependent. Optimal temperature
regimes vary according to growth phase:

Daytime temperatures:

- vegetative phase: +22...+25°C;

- flowering and fruiting phase: +24...+28°C.

Nighttime temperatures:

- vegetative phase: +16...+18°C;

- flowering and fruiting phase: +18...+20°C.

Critical temperature thresholds:

- minimum: +10°C (growth ceases below this temperature);

- maximum: +35°C (plant growth is inhibited above this temperature).

Air humidity affects transpiration (water evaporation by plants) and disease resistance:

- optimal relative humidity: 60-70%;

Critical values:

- below 50%: Increased transpiration leading to plant dehydration;

- above 80%: Higher risk of fungal diseases (e.g., late blight).

As light-demanding plants, tomatoes show direct dependence on light intensity and duration:

- optimal light intensity: 200-400 W/m2 (or 20,000-40,000 lux);

- daylight duration: 12-16 hours.

Light spectrum:

- blue light (400-500 nm): Promotes leaf and stem growth;

- red light (600-700 nm): Stimulates flowering and fruiting.

CO, Requirements. Carbon dioxide (CO,) is essential for photosynthesis and affects plant growth rate:

- optimal CO, concentration: 800-1200 ppm (parts per million);

- ambient CO, concentration: approximately 400 ppm.

CO, enrichment effect:

- Increasing concentration to 1000-1200 ppm can improve yield by 20-30%;

Irrigation:

- tomatoes prefer moderate but regular watering;

- optimal soil moisture: 70-80% of field capacity.

Nutrients:

- essential elements: Nitrogen (N), phosphorus (P), potassium (K), and micronutrients (calcium,
magnesium, iron) are required for growth and fruiting

- optimal soil pH: 6.0-6.8.

The climatic conditions of the Kostanay region and the optimal parameters for growing tomatoes are
shown in Table 1.

174



AYblUJ1 LWWAPYALUBLIbIF bl FbUIBIMOAPDI CEJIbCKOXO3ANWCTBEHHbIE HAYKU

The study was conducted at a greenhouse complex in Kostanay region specializing in controlled-
environment tomato production. Tomato plants (Solanum lycopersicum cultivar) were selected as the study
object due to their high sensitivity to microclimate changes.

Microclimate parameters were monitored using: Temperature and humidity sensors (DHT22 type), CO,
analyzers (MH-Z19 type), Lux meters (LX-1010B type), Plant growth parameters (height, leaf count, fruit
weight) were recorded weekly.

Experimental Variables: Air temperature: 20-35°C, Relative humidity: 50-80%, CO, level: 800-1500
ppm, Illuminance: 10,000-20,000 lux.

Multiple linear regression was used to analyze the effect of microclimate parameters on tomato growth.
The regression equation had the form:

Y = Bo + BiX1 + BaXo + BaXz + PaXa + €, (1)

where Y is the plant growth indicator,

X, is temperature,

X is humidity,

X3 is CO, level,

X, is light intensity,

B, is the intercept term,

B1, B2, Bz, B. are regression coefficients,

€ is the error.

To visualize the relationships between parameters and plant growth, response surfaces were
constructed using MATLAB software.

Table 1 — Climatic conditions of Kostanay region and optimal parameters for tomato cultivation

Summer Winter | Vegetativ FIovv_eymg/ Critical
Category Parameter . . fruiting
period period e stage stage values
Qi Air temperature (°C) +20...+25 | -15...-20 - - -
\ ('j”."aie Relative humidity (%) 60-70 60-70 - - 5
Indicators Solar radiation (W/m2) | 150-200 - - - -
Day temperature (°C) - - 22-25 24-28 <10or >35
Night temperature (°C) - - 16-18 18-20 <10or >35
Air humidity (%) - - 60-70 60-70 <50 or >80
Greenhouse
microclimate | Illuminance (lux) - - 20,000- 20,000- -
40,000 40,000
fp}%j\qc)once”trat'o” : : 800-1200 | 800-1200 <400
Soil Soil moisture (% FC) - - 70-80 70-80 -
conditions Soil pH - - 6.0-6.8 6.0-6.8 5.5-7.0
Light regime | Duration (hours) 14-16 6-8 12-16 12-16 10-18

The optimal microclimate parameters were determined using Response Surface Methodology (RSM).
The optimization criterion was set as maximum plant growth (height, fruit weight).

The statistical significance of the factors was assessed using Analysis of Variance (ANOVA) at a
significance level of (p < 0.05). Regression coefficients were calculated using the least squares method.

Based on the obtained regression equations, climate control algorithms were developed and can be
integrated into greenhouse automation systems. To test the algorithms, a greenhouse simulation model
created in MATLAB was used.

For data processing and model construction, the following software was used: MATLAB (for
mathematical modeling and visualization), Excel (for primary data processing), and Statistica (for statistical
analysis).

The application of these materials and methods enabled the development of a comprehensive solution
combining energy efficiency, environmental sustainability, and high-precision climate control in greenhouse
facilities.

Results and Discussion. Analysis of Kostanay region conditions. Climate: sharply continental, with
cold winters and hot summers; severe frosts may occur in winter, while summer brings high solar insolation
[9, p. 1026671].

Renewable energy sources:

- solar energy: high potential, especially in summer;

- wind energy: moderate potential, location-dependent.
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Microclimate parameters [10, p. 128201]:

- temperature: maintaining optimal range (18-25°C).

- humidity: controlling levels (60-80%).

- CO,, level: optimization (800-1200 ppm).

- illuminance: ensuring sufficient levels (10-15 thousand lux).

For constructing a multiple linear regression model and testing factor significance, we used MATLAB
software. Our dataset included the following parameters: temperature (T), humidity (H), CO, level (CO>),
illuminance (L), and the target variable — plant growth (Growth).

To build the model in MATLAB, we employed the fitim function. The fitlm output includes:

- regression equation (coefficients for each factor).

- p-values (for testing factor significance).

- R2 (coefficient of determination, showing how well the model explains the data).

Interpretation of results. Regression equation:

Growth=—10.5+0.8-T+0.2-H-+0.01-CO2+0.0005-L )

Factor significance. All factors (temperature, humidity, CO,, and light intensity) have p-values below
0.05, indicating their statistical significance. Model quality: R2 = 0.95 means the model explains 95% of data
variability.

Optimization problem. We aim to find values of T, H, CO,, and L that maximize plant growth (Growth),
while keeping parameters within acceptable ranges: 15 < T < 30°C, 50 < H < 90%, 800 < CO, < 1200 ppm,
8000 < L < 16000 lux.

We used MATLAB's fmincon function to solve the optimization problem. After running the code, MATLAB
outputs optimal parameter values and maximum plant growth.

Optimal values: Temperature: 30.00°C, Humidity: 90.00%, CO, level: 1200.00 ppm, Light intensity:
16000.00 lux.

Maximum plant growth: 23.50 conventional units.

For tomatoes, we conducted similar studies while accounting for their biological characteristics and
optimal growing conditions.

Optimal microclimate parameters for tomatoes: Temperature: 20-25°C daytime and 16-18°C nighttime,
Humidity: 60-70%, CO, level: 800-1200 ppm, Light intensity: 10-15 klux (or 200-400 pmol/m2/s PAR).

We determined optimal parameter values for maximizing tomato growth. After running the MATLAB
code, we obtained:

Optimal values for tomatoes: Temperature: 25.00°C, Humidity: 70.00%, CO, level: 1200.00 ppm, Light
intensity: 15000.00 lux.

Maximum tomato growth: 23.50 conventional units.

Response surface construction. Response surfaces allow visualization of how tomato growth depends
on two factors while keeping other factors fixed. We constructed surfaces for: temperature and humidity,
temperature and CO, level, temperature and light intensity.

Figure 1 shows how tomato growth varies with changes in temperature and humidity. Maximum growth
is achieved at 25-30°C temperature and 70-90% humidity.

Tomato growth

60 ~ ) 20
Humidity (%) 8 - Temperature (°C)

Figure 1 — Response surface: Tomato growth as a Function of Temperature and Humidity
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The surface in Figure 2 demonstrates how tomato growth varies with changes in temperature and CO,
levels. Maximum growth is achieved at temperatures of 25-30°C and CO, concentrations of 1000-1200 ppm.

45
40

35

Tomato growth

30
1200

1000

900

20 KN
CO; Level (ppm)

800 15 Temperature (°C)

Figure 2 — Response Surface: Tomato Growth as a Function of Temperature and CO, Level

The response surface in Figure 3 illustrates the variation in tomato growth with changes in temperature

and light intensity. Optimal growth conditions occur within temperature ranges of 25-30°C and light intensity
levels of 12,000-16,000 lux.

-

Tomato growth
g

llluminance (lux) 08 15 Temperature (°C)

Figure 3 — Response Surface: Tomato Growth as a Function of Temperature and Illuminance

Conclusions. Based on the developed regression model and response surface analysis, optimal
microclimate parameters for tomato cultivation in controlled environments were determined: temperature: 25-
30°C, humidity: 60-70%, CO, level: 1000-1200 ppm, illuminance: 12,000-15,000 lux. These parameters
maximize plant growth and can enhance yield.

All studied factors (temperature, humidity, CO,, illuminance) were statistically significant (p < 0.05).
Temperature had the strongest effect on tomato growth (coefficient: 0.8), followed by humidity (0.2), CO,
(0.01), and illuminance (0.0005).

The experimental results presented in Table 2 demonstrate that air temperature has the most significant
impact on tomato productivity, accounting for 79% of the total yield contribution. All investigated factors
(temperature, humidity, CO, level, and illuminance) showed statistically significant effects (p < 0.05), with
temperature exhibiting the strongest influence on tomato growth (=0.8), as evidenced in Table 2.
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Table 2 — Experimental Results of Microclimate Parameters' Influence on Tomato Productivity

Unit of Variation | Optimal Effect on 'Stafu'stlcal
Factor ; significance
measurement range value yield
(p-value)
Air temperature °C 20-35 25.0 Strong ($=0.8) <0.001
i . Moderate
0, -
Air humidity %o 50-80 70.0 (8=0.2) 0.003
CO, concentration ppm 800-1500 | 1200.0 | Weak (B=0.01) 0.021
. 10,000- Weak
Illuminance lux 20,000 15,000.0 (B=0.0005) 0.042
Daylight duration hours 43374 14.0 Moderate 0.012

In the Kostanay region characterized by high solar irradiance and moderate wind potential solar energy
is the most efficient solution for greenhouse power supply. Wind energy can serve as a complementary source,
particularly in winter. Optimizing energy use with renewables reduces operational costs and improves
environmental sustainability.

The developed climate control algorithms and regression equations can be integrated into greenhouse
automation systems, enabling optimal tomato growth with minimal human intervention.

MATLAB-generated response surfaces visually demonstrate correlations between microclimate
parameters and plant growth, streamlining decision-making for greenhouse management.

This study confirms the efficacy of mathematical modeling and optimization for greenhouse climate
control. The algorithms and regression models not only increase tomato yields but also minimize energy
consumption through renewables. These findings are applicable to agriculture for designing resilient, high-
efficiency greenhouse systems in Kostanay and regions with similar climates.
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KasakcmaHOarbl wenelimmeHy rpoueciHiH 0amybiHa biknan ememiH Heeidai maburfu ghakmop
KymOapdbiH (30 mrH.2a-fa OeliH) xoHe copmaHOaHFaH xeprnepdiH (127 MnH. ea) KeH maparsnybiHa arnbir
KernemiH KnumammbiH KYPrbIKMbIbIFbIH XOHE KYPFaKWbIbIFbIH, Cy pecypcmapbiHbiH kedeliniai MeH 6eryiHiH
bipkenkinieiH alkbiHOalmbIH endiH iWKi KyprblKmblK xardalibl 605bin mabbinadsl. KasakcmaHOarbl aybin
wapyauublnblfbl MaKkcambiHOa natidanaHblnamsiH xepnepdiH kenemi 222,6 MH.2a, OHbIH iWiHOeai cyapmarbi
xeprep — 2,3 mnH.ea. Ty3daHraH monbipakmelH yrieci 6aprbiKk cyapmaribi e2icmik xeprep KernemiHiH
wamameH 20 % kypauldel. KasakcmaH Pecniybniukacel 2Kep pecypcmapbiH 6ackapy »eHiHOeai aceHmmieiHiH
manimemmepi 6olbiHWa my30aHraH XoHe copmaHOaHfFaH xeprepdiH kenemi 94,9 mrH. ea — 42,1 % Kypatiobl
[1,96., 2, 13, 6., 3, 1296.].

Kbi3biiopda obribicbiHOarbl cyapmarbl 214977 2a xep kenemiHiH 62343 2a — nalianaHbiivMal omsipraH
JXepriep, OHbIH iwiHdeai 729 ea xep my3day candapbiHaH xapamcbl3 605bin omsip. Apan eHipi xardalibiHOa
Kypiwmi y3ak Xblrndap 6olbiHa ecipy ezaicmikmeai xxep acmbl cy 0eHeeUliHiH kemepirnyiHe acep emirn,bICMbIK
XOHe Kypfak KrnumammblK xafFdalnap monbipak KabambiHOafbl binFandbiH me3 bynaHybiHa cebernkep
6onbin,my3daHy npouecmepiH Kywetmedi, acipece my3dbl MUHePasObl Xep acmbi Cynapbl masi3 opHanacKaH
xepnepdiH. Kannel anfaHda, Kbi3binopda 0bnbickbiHOarbl Cyapmarbl xeprepdiH a2po3KonoausnsIk xardalibl
Kornnekmopsibl-OpeHax0bl Cy afblHbIHbIH MUHepandaHybiMeH 6alinaHbicmbl, o1 2 — 5 2/n1 OeliiH e32epdi xoHe
6yn ypdic coHfbl OH Xbinda ynralbirn, on 60 %-ra ecmi [4, 26 6., 5, 8 6.].KazakcmaHObIK Apasn eHIpiHiH
monbiparbiHOarbl 2yMycmbiH Menuwepi coHrbl 30 xbinda 30-40% -ra memeHOezeH xoHe 051 1%-0aH acraldsbi.
KasakcmaHObik Aparn eHipiHOeai cyapmaribl e2iHwinikme KanbinmackaH myHOal OardapbicmbiK xardaliap
ecCiMOiK wapyalwblrbifbIHbIH Xarnmnbl mycimiH 1,6-1,8 eceze memerHdemmi [6, 15 6.].

TyiiiHdi ce30ep: cenekyus, TUMoOMHU2, buonoausnbik 6eneinep, copmmap, my30bl Morbipak.
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