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Annotation. The article presents the results of calculating the change in temperature in 
the soil layers of a greenhouse, in which a temperate climate is created using solar and 
geothermal energy.  It is shown that the distribution, absorption and accumulation of heat in the 
soil layers depend on the incoming solar energy, the composition of the soil layer, humidity and 
on the inclination or smoothness of the soil surface.  
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Introduction  
It is known that the effective use of alternative energy sources (solar-geothermal) is one of the 
most pressing issues in solving the problems arising from the fact that the world's fuel resources 
are declining from year to year and rising demand is rising. President of the Republic of 
Uzbekistan Sh. M. According to the Resolution of Mirziyoyev dated November 20, 2018 "On 
measures to create additional conditions for the development of greenhouse complexes" -.... 
creation of modern greenhouse complexes using alternative energy sources, energy efficient and 
energy saving technologies, development of energy saving structures the need arose.  
Scientists, doctors and masters of the Department of Agrochemistry and Soil Science and 
Physics of Karshi State University, engineers and technicians of Muborakneftegaz LLC jointly 
developed an experimental design of a greenhouse with a working area of 180  hectares for 
the creation of a temperate climate using solar and geothermal energy. Energy-saving combined 
modern greenhouse device by conducting research on the accumulation of excess heat generated 
by solar energy heating the air passing through the transparent surface of the greenhouse and its 
long-term storage of thermal energy for use at night or chronic cloudy days and the use of 
geothermal energy on chronic cold days development is a topical issue. 
In recent years, in the activities of farms and businesses are used to cover greenhouses with thin 
transparent polymer films in the coating of engineering structures. In particular, the engineering 
structures of greenhouses are made of metal and the upper transparent surface is covered with 
polymer films with a thickness of 0.1-0.5 mm [1-3]. When studying the quantitative 
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characteristics of sunlight transmission on the transparent surface of a greenhouse device, it is 
often important that the sunlight transmits infrared spectrum (heat) well, which is solved in 
engineering devices, especially using conventional methods of building physics in shaping the 
thermal regime of greenhouses. On this basis, it is important to study the problem of heat mass 
transfer in the indoor air-soil system under the influence of solar energy passing through the 
transparent surface of the greenhouse coverings [4-5]. Therefore, the heating of the air inside the 
greenhouse requires an experimental study of the processes of radiation and convective heat 
exchange. Also, in the study of this process, the optimal heat exchange can be solved by 
theoretical methods and compared with the results of experimental studies, the greenhouse is 
evaluated in accordance with the optimal accumulation of geothermal heat in the working soil 
layer, plants and surrounding devices. This article also presents a system for solving the problem 
of developing and researching a simplified and generalized physical model of the nonstationary 
heat exchange regime formed in the soil and air system of plants grown in greenhouses using 
solar energy and geothermal heat energy. 
Normal development of the plant in the greenhouse The root layer In order to conduct theoretical 
and experimental studies of the soil temperature in the soil: special attention is paid to achieving 
energy savings by reducing the amount of heat lost to the environment through the introduction 
of new technologies in the process of heat exchange in the heat accumulator. To solve the 
problem, it is planned to apply the results in the process of compositional synthesis and design 
using a special methodology of technological and technical research in the greenhouse, which 
creates a temperate climate using solar and geothermal energy. Figure 1 shows a schematic of an 
experimental variant of an energy-saving greenhouse using solar and geothermal energy with a 
heat accumulator.  

 
Figure 1. Cross-sectional scheme of the greenhouse designed to create a temperate 

climate using combined underground solar energy and geothermal heat accumulator 
energy, built and commissioned at the subsidiary farm of Muborakneftegaz LLC 

Here: 
1-is the main clear surface through which sunlight passes; 
2 extra transparent surface through which sunlight passes; 
3 air pipe coming out of the underground heat accumulator; 
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4- Pipe for suction of air inside the greenhouse; 
5 Air suction drive pump device; 
6 pipe with a diameter of 0.20 m made of underground composite material; 
7- Poultry house;  
 8- Fan for automatic control of air circulation from the greenhouse to the building where the 

poultry is kept; 
9- a ventilation window that provides moderate airflow to the building where the birds are 

reared; 
10 upper and lower ventilation window; 
11- geothermal-hot water circulating pipe located in the underground heat accumulator of the 

greenhouse; 
 12- soil layer with geothermal hot water circulation pipe; 13-tarnov; 14th greenhouse working 

area; 
15-volume air heating collector (greenhouse); 
16 - flat barrier wall separating the poultry house from the greenhouse; 
17 solar solar and complex automatic control device for heating in winter and early spring using 

solar-geothermal energy, ventilation in summer and autumn, year-round lighting, power 
supply of water supply devices; 

18 Substrate layer for heat accumulation around the underground heat pipe; ( 16 - 180 С)  
 

In the analysis of the technical solution of the greenhouse, an experimental version of the device 
was designed and tested at the subsidiary farm of Muborakneftegaz LLC. The results of the 
experiment show that reducing the consumption of metal in the construction of the greenhouse, 
reducing the amount of heat consumed in the environment, to achieve the optimal efficiency of 
the criterion of the amount of heat accumulated in the heat accumulator, The temperature in the 
soil in the root layer of the plant in winter (16-180 С) and due to the fact that the moisture regime 
is not less than 60%, the yield (in the process of growing tomatoes) was 10-12 kg per 1м2 of 
working area. The study took into account the effects of solar light energy and underground 
geothermal hot water temperature. This is important for the plant-fed root layer of the soil. This 
is because as a result of solar light energy being heated from above and below the ground by 
geothermal hot water pipes during the day, the temperature of the soil in the root layer where the 
plant develops in the affected area can be negative. Therefore, in order to normalize the 
temperature in the soil layer for the normal development of the plant in the greenhouse, it is 
necessary to study the effectiveness of the use of geothermal hot water energy on days when 
solar energy is insufficient. 
The amount of geothermal hot water supplied to the greenhouse through underground pipes 
depends on the solar light energy passing through the clear surface, meteorological factors, and 
the setting of boundary conditions in the study of the temperature field of the soil layer in which 
the plant develops. To do this, we first consider the following thermal physical problem.  ва    
The soil layer is homogeneous and its boundary is , the density of the periodic solar light 

energy flux is equal to  and . We determine the temperature change in the soil layer  and 

the area  of the soil layer over time (day). 
1. Reliability characteristic of the developed mathematical model. 
The air temperature and humidity control system in greenhouses is one of the most important 
systems, and to develop this process on the basis of modeling requires the study of all thermal-

aMM 3

q nq D

1D t



273			AMERICAN	Journal	of	Public	Diplomacy	and	International	Studies																														www.grnjournal.us		 
  

  

energy and physicochemical characteristics in two perfect states by analysis and synthesis 
methods. 
To solve the problem, the following simplification factors were used: We define the process of 
thermal radiation associated with the passage of solar energy through a clear surface 
meteorological, thermal characteristics, structural and thermal characteristics, convective air 
circulation system, geothermal heat flow, soil heat, melerative characteristics. Based on the 
results of the experiment, the average value of the thermophysical parameters in the soil layer in 
accordance with the determined soil temperature and humidity is taken into account.[11]. 
According to the isotropic characteristics of the soil layer, the greenhouse length (axis) 
temperature change gradient is zero, and therefore in this case the chemical and biological 
processes in the two-dimensional system do not affect the heat transfer in the soil layer. (Figure 
2). 
The complex factors listed above are taken into account to solve a large-scale engineering 
problem with the system of a simplified mathematical model of the process of heat exchange in 
the greenhouse.  
We express the heat transfer equation for the soil layer where plant growth is ensured as follows. 

                                                                                                    (1) 

- boundary condition in the field 

                                                                                           (2) 

and                                                                                 (3) 

                                                                                            (4) 

 and  in the direction of 

                                                                                            (5) 
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 and   in the field  

     when                                                                                        (9) 

initial condition                                                                                           (10) 
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Figure 2. Scheme of the model for calculating the temperature change in the soil layer of 
the greenhouse, which creates a temperate climate regime using solar geothermal energy. 
Hence, a mathematical model of the problem based on equations (1-10) is formed. 
The heat transfer equation for the soil layer and the vertical boundary of the greenhouse is one-
dimensional and is expressed in equations (6) and (2), the temperature gradient in the horizontal 
direction characterized by equation (5) is assumed to be zero. 
When equations (1) - (10) are solved using the method of boundary differences [5-9], the 
temperature change over time in the area of the soil layer up to the plant root layer takes the 
following form. 

                                          (11) 
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      while in the field             (19) 
       
 
 

(20) 

 
From equations (1-1) and (1-10), the magnitude representing the temperature change sought is 
determined 

                                                                    (21) 

                                                                        (22) 

                                                                                                                       (23) 

                                                                                 (24) 

Here 

                                                          (25) 

                                                                                 (26) 

                                                                      (27) 

                                                                                                                    (28) 
 In a greenhouse where a temperate climate is created using solar and geothermal energy, the 
temperature change in the soil layer in which the plant is grown (Fig. 3) is initially sequentially 
in a horizontal direction. 

 then in the vertical direction  

 is calculated.  
In performing all the calculations,  was determined on the basis of step-by-step shifts 

per unit time , and other quantities were determined on the computer 

according to the  programming program based on the experimental results (Figure 3). Also, 
the infiltration of the air temperature inside the greenhouse into the soil layer over a period of 
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 is determined by the following formula for the temperature change in each adjacent 

layer:  

 
Figure 3. Periodic temperature distribution in depth per unit time in the greenhouse soil 

cover heated by solar and geothermal energy. 

  As can be seen from the graph, over time, the distribution of heat waves along the depth 
of the greenhouse soil layer periodically reaches a constant extinction state at 36 cm.  

                                                                                   (29) 

here  time piece number,  layer number. 
1. Thermal regime of a greenhouse soil layer heated using combined solar and 
geothermal energy 
When using solar and geothermal energy, if the change in air temperature in the greenhouse is 
known, the boundary of the soil where heat is accumulated is not known, it is calculated from the 
following formula by convection heat transfer coefficient, amount of absorbed light energy and 
physical and chemical properties of the body:  

                                                                  (30) 

Here:  thermal conductivity of the soil;  the heat capacity of the soil;  soil density; 
 the amount of incident light energy;  the angle of incidence of light on the soil surface; 

 the coefficient of absorption of incident light by the soil;  the amount of light 
energy absorbed by the soil. 
By studying the propagation of heat waves in the soil of the greenhouse by this method, it is 
possible to calculate the amount of energy accumulated in it during the day. Hence, the energy 
stored in the soil of the solar greenhouse [12] 

                                                                                                   (31) 

using the formula.  
Here  The average temperature is the appropriate soil capacity, density,  the 

volume of the heated layer,  the average temperature of the heated layer.  
The soil of a solar greenhouse is a specific regenerative structure, because heat exchange in this 
case is also divided into two periods: in the first period, heat is transferred to the soil and 

a
x
2

2D
=Dt

( ) ( )
2

11
,)1(

xmtxm
t m

xmn
D-+D+

= D
DD+

t
t

-Dt,n -m

x
xiAQxtxt

t sonхаво
xon D+

D+DDD
=DD gl

tlg
t

cos,
,

-l -с -g

-0Q -i

-sA -iAQ s cos0

1tVCQ nc
T
a D= r

-С -r -ncV
-D 1t



277			AMERICAN	Journal	of	Public	Diplomacy	and	International	Studies																														www.grnjournal.us		 
  

  

accumulated during heat radiation and convective heat exchange. In the second period, the soil 
begins to cool and heat is transferred to the air, creating a microclimate in the solar greenhouse 
[13-16]. 
Calculate the distribution of heat waves in the soil in the grooves. It is known that the 
accumulation of sunlight (energy) in the soil can be calculated according to Fure's law: 

                                                                                                       (32) 

Here  gradient of temperature change at the soil surface,  thermal conductivity in 
the layer close to the soil surface. 
Also for a coarse-grained sloping soil layer  the differential equation related to 
the thermal conductivity in the boundary condition can be expressed and solved by the following 
form:  

               (33) 

(33) formula   we set the magnitude to (34): 

                                               (34) 

Based on this, the accumulation current of sunlight falling during the year can be calculated by 
the following formula due to the half-oscillation: 

                                                                                                        (35) 

To do this, use formula (36) 

                             (36) 

we see.  
Pour (35) into (36). 

          (37) 

we can Pour  into (36). 

                                           (38) 

and we will be able to determine the amount of solar energy falling on the sloping cores. Here  

 expression characterizes the maximum change in temperature amplitude in the soil 
layer on the slope of the ridge. 
From calculations  
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                    (39) 

This amount is 36 percent of the solar energy absorbed by the flat soil surface. If the soil is 
sloping and  

                                                     (40) 

This is 42.6 percent of the solar energy absorbed by the soil. It can be seen that the solar energy 
falling on the slopes, which are normally fed with local fertilizers, is absorbed and accumulated 
in a much higher amount than on the flat soil surface. Therefore, it can be concluded that in the 
cultivation of plants (tomatoes, cucumbers) in the greenhouse, taking into account the sunlight 
and geothermal heat energy that enters and absorbs into the soil during the use of solar light 
energy and geothermal heat energy, heat waves propagate in the soil. This allows the plant to 
provide sufficient temperature and light energy for growth. 
 
References. 

 
1. Sigaev.E.S., Goncharuka N.S.Microclimatic bases of vegetable growing. M.: «Kolos» 1982g. 

3-171s 
2. Bekseev Sh.G. Vyrashchivanie rannix tomotov. L.: «Agropromizdat». 1989 270 s. 
3. Gluntsov M.N. Application of fertilizers in teplichnom khozyaystve. M.: «Moskovskiy 

rabochiy» 1987 141 s. 
4. Nerpin S.V., Chudnovskiy A.F. Energo and mass-exchange in the system Rastenie pochva 

vozdux. L: «Hydrometeoizdat» 1975 357 s. 
5. Penjiev A.M., Penjieva D.A. Resources and effectiveness of geothermal water use.// 

Publisher: LAP LAMBERT Academic Publishig. 2015. 224c. 
6. Pendjiev A.M. Termicheskiy regime v kombinirovannyx kultivatsionnyx soorujeniyax.// 

Geliotexnika 2018. №2.s. 46-58. 
7. Drews M.: The Einflub der Bodeneigenschaften auf die Nahrstoffbindungstormen und 

Schlubfolgerungen fur die Mineraldungung im Gemusebau unter Glas und Plasten. 
Arch.Gartebau 20 (1972) 3, pp. 249-264. 

8. Geissler Th, Kelm I. Moglichkeiten zur Rationalisieringung der Mineraldungung Durch 
Kombination mit der Bewasserung im Anbau unter Glas und Plasten Dt. Gartenbau 16 
(1964) 9, pp. 235-238. 

9. Gohler F: Great Automation of Wasser - and Nahrstoffversordung im Gewachshaus. Dt. 
Gartenbau 17 (1970) 9, pp. 172-178. 

10. Karaj J: Jntersuchungen zur Automatisierung der Bewasserung. Int. Zeitschrift der 
Landwirtscaft (1972) 5, pp. 587-591. 

11. Kramaruxin Yu.E. Instruments for measuring temperature. M.: «Mashinostroenie» 1990 g. 
206 s. 

12. Xayriddinov.A.B. K raschetu temperaturnyx poley v substratnom sloe podpochvennogo 
akkumulyatora tepla s peremennymi teplofizicheskimi koeffitsientami pri zadannyx 
temperaturnyx regimax vozduxa v gelioteplitsax. Austria Science. Austria. 2019 str 24-31. 

sm
KжQ

tvat
soat
m

m
kg

Kkg
Jс

z

nn

×
=+××=

-====
×

=

2
22

2

3

0,961)5,54,15(
262,0
0032,083013402

5,54,15,0032,0,1340,830
21

ar

6,83,20
21
== nn tvat 6,83,20

21
== nn tvat

sм
KжQz ×

=+××= 2
22 0,630)6,83,20(

262,0
0032,083013402



279			AMERICAN	Journal	of	Public	Diplomacy	and	International	Studies																														www.grnjournal.us		 
  

  

13. Xayriddinov.A.B. Influence of plant cover on temperaturno-vlajnostnyy regime pochvy in 
teplitse. "Agrarian science". Russia. 2019 str 39-43. 

14. Xayriddinov.A.B. Matematicheskaya model solnechno-geothermaloy sistemy dlya obogreva 
pochvy teplits. "Eurasian Union Uchenyx." Russia. 2019 str 60-65. 

15. Xayriddinov.A.B. Soil temperature in geothermal teplitsax. LVII international 
correspondence scientific and practical conference «European research: innovation in 
science, education and technology» England. 2019 g 

16. Xayriddinov.A.B. Determine the temperature of the soil in geothermal teplitsax. "Eurasian 
Union Uchenyx." Russia. 2019 str 39-71. 


