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Abstract. The relevance of this study is conditioned by the need to develop scientifically sound methods to
optimise the processes of moisture and heat transfer in soils,which will increase the efficiency of water resources use
and improve crop yields. Under the conditions of global climatic changes and increasing deficit of water resources,
effective management of crop irrigation becomes one of the key tasks of agronomy.The purpose of the present study
was to create mathematical models describing the processes of moisture and heat transfer in soils to be applied
to optimise irrigation regimes. The study highlighted the significance of integrating mathematical modelling into
practical activities to achieve sustainable development of the agronomy sector. Convective diffusion processes in
soils attract the attention of scientific researchers, as it is associated with the broad penetration of mathematical
research methods in various fields of sciences. The great spread of surface irrigation methods necessitates the
creation of mathematical models and techniques for their solution, revealing the principal regularities of both
filtration and purely hydrodynamic processes. The study presented the key physical and mathematical reqgularities
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underlying the processes of moisture transfer and heat transfer in soil, as well as their interaction. The principal
result of the study was a plant and its optimal development, which is of final economic interest, and the object of
the study was soils, for which mechanical and mathematical models of the joint movement of moisture and heat
with their different characteristics were developed. This study investigated the non-stationary convective diffusion
equation. Based on the small perturbation method, the considered equation was represented as a linear equation
and its solution was found in the automodel form and two classes of solutions were determined. The findings of
this study may be useful for agronomists, engineers, and agricultural specialists seeking to implement modern
water management technologies and improve the efficiency of agricultural production

Keywords: convective diffusion equation; hypergeometric Gauss equation; diffusion coefficient; Kummer’s

transformations; filtration; nonstationary equation

Introduction

The relevance of the subject is driven by the growing
demands for efficient use of water resources in agri-
culture, especially in the context of climate change and
increasing global population. Optimisation of irrigation
is a key factor for increasing crop yields and sustaina-
bility, which requires a thorough understanding of soil
processes. Mathematical modelling allows not only
predicting the behaviour of moisture and heat in soils
but also developing adaptive irrigation strategies that
account for the specifics of various crops and climatic
conditions. This contributes to more rational water use,
cost reduction, and increased agricultural productivity,
which is crucial for food security.

V. Diaz-Gonzalez et al. (2022) performed numerical
simulations of the proposed model to represent soil
moisture content and plant growth dynamics and their
consistency with the results of mathematical analysis.
Furthermore, a concrete calibration was considered for
field data obtained from a wheat experiment, and then
these parameters were used to test the proposed mod-
el, resulting in an error in the estimation of soil mois-
ture content of about 6%. D. Vishwakarma et al. (2023)
argued that this simple model, which only requires soil,
irrigation, and modelling parameters, is a valuable and
practical tool for irrigation design. In this case, the net
yield profitability increases markedly compared to the
conventional method. It was also shown that the opti-
mum irrigation scheduling solution strongly depends
on the particular hydraulic properties of the soil at a
given field site (Fontanet et al., 2022).

The experimental findings of Z. Zhai et al. (2021)
showed that the recommended irrigation rate is com-
pared with the local experience of cultivation tech-
nology to obtain a decision accuracy of 81.7%. The ir-
rigation and fertiliser management plan obtained from
the intelligent decision-making system provides higher
plant height during the growth period than that of lo-
cally grown crops. I. Lakhiar et al. (2024) concluded that
the future of precision irrigation and water conserva-
tion systems looks bright due to the need for efficient
irrigation water management systems, technological
advancements, and increased environmental awareness.
As water scarcity is exacerbated by climate change and

population growth, precision irrigation and water conser-
vation systems are poised to play a crucial role in opti-
mising and modernising water use, improving water use
efficiency and reducing adverse environmental impacts,
thereby ensuring sustainable agricultural development.
S.Jaiswal & M.Ballal (2020) presented an automated
irrigation controller based on real-time fuzzy inference
implemented in LabVIEW, which utilises data from sen-
sor network and transmitted using GSM/GPRS module.
An efficient and sustainable irrigation mechanism re-
sults in reduced water losses and increased crop yields.
0. Novikov et al. (2021) proved that the development of
irrigation requires a systematic approach with mandato-
ry scientific support on the terms of public-private part-
nership and can increase revenues to the state budget.
Tremendous attention in reclamation and intensifi-
cation of agriculture is paid to improving the efficiency
of irrigated land use, creation of progressive irrigation
methods, improvement of irrigation techniques and
technology, significant saving of water reserves, preser-
vation of existing agricultural lands. The purpose of the
present study was to develop and apply mathematical
models for the analysis and optimisation of moisture
and heat transport processes in soils, which will im-
prove water resources management in agriculture.

Materials and Methods

Mathematical modelling was the principal method
employed in the present study, which helped to cre-
ate abstract models describing the processes of mois-
ture and heat transfer in soil. Comparative analysis was
used to compare various irrigation methods and their
effects on crop growth, which can help in selecting the
best approach. Using the systemic approach, processes
were considered in the context of the entire agro-eco-
system, including interactions between soil, plants, and
the atmosphere. These methods enabled a deeper un-
derstanding of soil processes and the optimisation of
irrigation systems to improve agricultural efficiency.

Groundwater always contains a certain amount of
dissolved salts. A certain amount of salts are in the soil,
in the solid phase, can be sorbed on soil particles, be
dispersed within soil pores, and appear as a result of
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irrigation (Hakami et al., 2024). When groundwater ris-
es, moisture approaches the soil surface at a fairly close
distance, intense evaporation takes place, and salts are
carried to the upper parts of the soil and to the soil sur-
face. At the same time, soil fertility decreases and after
a certain period the utilised land may become infertile
(Li et al., 2025). Therefore, methods of investigating the
water-salt regime of soils and subsoils are essential for
land reclamation (Bajpai & Kaushal, 2020). Both small
and large portions of water, food, heat, etc., are equally
bad for the plant.

Thus, the movement of salts in soils is driven by
their migration with solutes. This process of salt trans-
fer in soils, in the absence of chemical reaction and
sorption, is described by the following equation (1):

ac _ ac
m 5 =5 (PO)3) +
+5(0©-5) + 2 (DO F) —divevO, (@)

where C (x, y, z, t) is the salt concentration in the lig-
uid, v is the filtration speed, m, is the active porosity of
soil, which characterises the active volume of the pore
space, D (Q) is the diffusion coefficient,which in the gen-
eral case is a function of the salt concentration in the
liquid (Derbie et al., 2024). It was previously proposed
that the soil was assumed to be homogeneous, isotrop-
ic, and therefore the diffusion coefficient and filtration
rate components were considered constant in the first
approximation (Henri & Diamantopoulos, 2023). In this
case, equation (1) had the following form:

m ac _ [62c 92¢c azc]
09 = 70 [gxz " 9y2 ' 9z2
ac ac ac
-Uy——-V,—— — 2
UO dx Vo ay 052 ’ ( )

while the following initial-boundary conditions were set:

a.At the initial moment t=t,, C (x, y, x,t,) =P, (x,y,2) (3)

b. At the boundary C (x, y, x, t)) = Q, (X, ¥ Z,» 1) 4)
Next, a new function was introduced:

C(X,y,X: t0)=exp§0' Q (X’y’X’ t)’i()=
=a,x+byy+c,z+d,t, %)

and a linear equation of the following form was ob-
tained:

0=0,+0Q +Q, 6)

= Xy

which is an equation for further studies, therewith:

4 = Uo _ W _ W
0 7 2Dy’ "0 T 2Dy’ 0 T 2Dy’
UE+VE+WE Do
do = —4—, T=—t.
moDo mo

The solution of equation (6), invariant relative to
the uniparametric similarity transformation group:

X=2yx,Y'=>yy,2=>yz, 7=y, 0= y0,
which must have the following form:
Q. y,z,19) =" - P(1:),m = M (7)
By finding all necessary specific derivatives and
substituting them into the equation (6) under study,

the following ordinary differential equation can be
obtained:

P’ + [t +3m | P) 2Py =0, (8)
Comparing it with an equation of the form
xy" +(ax+b) y'+(cx+d)y=0, ©)

it is possible to write one of the solutions as follows:

y =xb2. g2, F< 2d-ab )‘

2+ a?-4c
%(b—l);X\/aZ—llc (10)
i.e., one of the specific solutions of equation (8) takes
the following form:

4n+1 11

P(n1)=771‘1'4'e"“/8-F(— ” .—1;1771)’ (11)

wherea=>,b=2,c=0d=-"%
4 2 4
The last solution can be written as a polynomial at
K=(4n -1)/4.The solution of the studied equation (6),

. . . 2 2 2
in general form, is written as follows 7, = &2+

D
=0,
mo

D n
Cxy,z0=expn, - (m—‘;t) -

. [n1_1/4] . eXpnl . F(_

4n+l 1 1
x '2al)

(12)

If a new variable n=-n1/4 is introduced, then de-
fining the first and second derivatives P, P,” and sub-
stituting into (8), the following expression is obtained:

nP’() + [t —n| P@) +nP) =0, (13)
which is a degenerate hypergeometric Gauss equation
and has two linearly independent solutions:

P, () = C,F, (_17; %i '7) + C,n'/?F, (_77 + %' %: ’7)- (14)

It is known that both linearly independent solu-
tions simultaneously cannot be written as an alge-
braic polynomial. The first solution has the form of a

polynomial when n=1, 2, 3....K, and the second when
n= 3/2,5/2,... (2xk+1)
S————
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Results and Discussion
Some exact solutions can be written for the first solu-
tion of equation (6) considering the planned solution (7)

Q. y,2,1)=C, (2T +n?),
atn=1,

QX y,z1)=C (122 +12tn+n?,
atn=2,

Q(x,y,z,71)=C (1207°+1807” n+ 30 tn* +n°),
atn=3,

Qxy,21)=
=C (a,i“+at* 'n+-a > +a n’),at n=k. (15)

For the second linearly independent solution of
equation (6), there will be other expressions Q (x,y,z,T)=
=C,n(6t+n?),atn=3/2,

Q(x 5, 7 1) = C,n (607% + 20Tn? +n*), atn= 5/2 ,

Qxy z1)=
= C,n (8073 + 4207212 + 42tn* +n®), atn=7/2

Q (x5, 1) = Con
X(bo‘[k'l/z + bl.[k-3/2772 + ,,,b"_lrn2k-3/2 + bnn2k+1/2)'
atn=n+1/2 (16)

Thus, the authors of this study developed two
classes of specific automodel solutions for equation (6),
which have many different solutions at varying n val-
ues. Using Kummer’s transformations, one can find oth-
er classes of specific solutions (Kamke, 1977).

A different solution of equation (6) was also con-
sidered, based on the group properties of differential
equations, where the invariance of the equation under
study relative to the transformation group of independ-
ent and dependent variables was observed (Singh et
al., 2020). Based on the above, the solution of equa-
tion (6) can be found in the following form:

Qxyz1)=
=(x+y+2)? - f(&), where &; =

T

17)

(x+y+z)?

By finding all the necessary specific derivatives and
substituting them into the equation, an ordinary differ-
ential equation of the second order can be obtained

&fo €) -

Li(n-da|reE)+™ sy =0. (18)
With the introduction of the new function
(&) =e%-&f(§), where & = &%, (19)

the following equation will be obtained:

Sagyndykova et al.

6@+ [Ee+ (2v+i+n)E]f©
+Ee+(n+2+E0)¢] - fo(0) +

+[H2 4+ (- v+t p@© =0 0

Assuming that the square bracket of the last term
of the resulting equation is zero, this is possible at
=-n/2 and v,=(1 - n)/2" and so for each value of v

the following two equations will be called degenerate
hypergeometric Gauss equations:

3+ [+ 5 S+

n-12

+[Ee -2 f =0,aty = -2 (21)
& + [+ 2| s+
+[Ee -2 =0,aty = -2 (22)

In the vicinity of the singular point =0, both lin-
early independent solutions of equation (21) will be
written as follows:

@& = exp(—5¢)

e (5 55) + e (52 5:55)]

(23)

where C,, C, are integration constants.

The general solution of equation (6), considering
the solution of (17, 19), will take the following form:

Q(xyz1) =1" - exp(=§/12) -

(e (5 5ig) + ee2 F (25 E)|es

Thus, the required function for equation (21) will
finally be written as follows:

Do n/2
N(x3, 20 = exp (agx + boy + oz — dot) - (22t )
0

mg(x+y+z)2)
Do+12t

exp

ClF["H 1, o .(m)z]+

27 12D, t

(25)

+C (mo (x+Y+Z)2)1/2F[n+Z 3. mo (x+y+z)2]
2\12p, t 2 "2’ 12D, t

The general solution for equation (22) will take the
following form:

@& = exp(—5¢)
[C1 (n+2 3 $)+CZ€1/2F(n+1 1 f)]

2’12 2 2712

(26)

then for equation (6) itself, the solution will be written
as follows:
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n—1

Qxyz1) = (—0 )T (X;}"Z,T)EXp(—%)-
'[Cl (n+2 3 §)+CE 1/2F(n+1 1 {)] (27)

2’2712 2’2712
and considering expression (5), ultimately there is

C(Xy 7z 0) = exp (agx + byy + coz — dyt) -

2
t 2 (x +y+2z)- exp( Mo (rty+z)” )

120, ¢t
2 —1/2
n+2 3 mo_ (x+y+2)? mgy (x+y+2)
e F (22 STy, (Lo Lty
"2 120, ¢t 120, ¢t

F(n+1 1. mg (x+y+z)2)]
2 '2712D, t

(28)
Next, the analysis will be made when each specif-
ic solution of the degenerate hypergeometric Gaussian
function can be represented in the form of an algebraic
expression. The first specific solution of expression (23)
is represented in the form of a polynomial when
n=-2k+1,and the second at n=-2k - 2.

Hence, it can be observed that at the same values
of the automodelling index, the specific solutions can-
not be simultaneously written in algebraic polynomials.
Some exact solutions of equation (6) will be defined, for
the first specific solution:

C(xy, 7 0 = exp(agx + byy + coz — dyt) -

-1/2 2
Do mo(x+y+2z)
(m t) -eXp(— 12Dt ) (29)
Cxyz0=
B ) 4 Dy , T3/
=exp (apx + byy + coz — dyt)- mot .
mg (x+y+2z)>? i _ mo(x"+y+2)?
cewp (M) [1-m0a] 6o

Next, two solutions at n=-2 and n=-4 will be writ-
ten out for the second specific solution:

CO

(x+y+z)exp -

Cxy,70=0C,

mo(x+y+2)?

. [(aox + byy + cpz + dot) — 200t (31)
Cxyz0=C, (Z—‘;t)S/Z (x+y+z)exp:
. [(aox + boy + coz — dyt) — %D};Z)Z] .
[t =

The authors of the present study defined a class
of exact solutions of equation (2,6), and the analysis
of the obtained solutions convinced specialists that
the number of summands obtained by polynomials
increases with decreasing of the automodelling in-
dex n. The integration constants C,, C, are determined

from the explicit setting of the initial boundary con-
ditions (3, 4). The principal result of the study was the
optimum development of various crops in the field,
which is of final economic interest, and the object of
the study was soil, for which mechanical and math-
ematical models of the joint movement of moisture,
heat, and various concentrations of salts with differ-
ent characteristics were developed.

Based on the principles of geochemical hydrody-
namics and the results of its application in the field
of irrigation and land drainage, the study investigated
and outlined the methodology for calculating the salt
regime of soils (Rachinskaya et al., 1963). According
to this, the equation of convective diffusion and mass
transfer during water filtration in soils was analysed
analytically (Sagyndykova & Tuganbaev, 2014), and
methods of calculation of these processes were pro-
posed. In irrigated areas, a significant problem is the
prevention of salinisation of fertile lands that were
abandoned due to the rise of saline groundwater and
other types of salinisation (Phogat, 2012). According
to W. Guo et al. (2001), salinisation of naturally saline
lands, which after desalinisation become suitable for
farming, continues to be relevant.

Therefore, measures preventing soil salinisation,
forecasting, and correct calculations of the conse-
quences of land irrigation are of paramount signif-
icance. M. Hagage et al. (2024) pointed out that the
application of reclamation measures substantially af-
fects the natural hydrochemical regime of the upper
part of the soil, which can cause severe environmental
consequences. Therefore, the development of sound
methods for predicting hydrochemical processes in
soils, aeration zone soils, and groundwater is criti-
cal (Zhai et al., 2021). The prediction should explain
why the same intervention, in some conditions gives
a strong effect, while in other conditions turns out to
be suboptimal and sometimes harmful. According to
H.Li & Z.Luo (2011), the correct forecast is based on
the methods of geochemical hydrodynamics, which
combines the principles of filtration theory, diffusion,
chemical kinetics, and modern mathematics.

A. Kostyakov (1960) attempted to uncover the
mechanism of salt movement in soil and to show quan-
titative interaction of factors. The researcher used the
equation to calculate the increase of groundwater sa-
linity where U is the rate of groundwater evaporation,
C is the salt concentration, v is the diffusion coeffi-
cient, x is the coordinate directed downwards, t is time,
n=0; 0.5;1.This equation is derived from the equality in
the equilibrium case of two salt fluxes (convective and
diffusive) in an arbitrary soil section parallel to the free
surface. However, the theoretical dependence obtained
from this equation cannot claim to be general at least
because it is obtained based on hypotheses with cer-
tain assumptions. Assumptions that it is possible to find
a single dependence for the entire zone of salt transfer,
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regardless of the soil structure and the nature of the
moisture regime in it, do not correspond to reality.

L. Rex (1968) offered analytical solutions of the
system of two equations for the case of steady and un-
steady groundwater regime, which allow making fore-
casts of soil salt regime under irrigation. However, in
practice, both progressive rise of groundwater table
in case of irrigation and its marked decrease in case
of evaporation take place. The process is non-station-
ary. Furthermore, the models of the above researchers,
when considering salt and moisture migration in soil
under natural conditions and under irrigation, did not
account for horizontal movement of groundwater flow
and did not determine the relationship between exist-
ing water-salt regimes of soils and groundwater flow. At
the same time, groundwater velocity and salinity sub-
stantially influence the distribution of salt concentra-
tions in soil (Xun et al., 2022). Notably, consideration of
solely the vertical movement of soil moisture leads to
the necessity of setting a concentration value at some
depth, which is factually an uncertain variable.

Conclusions
The mathematical model of uniform soil hydration
was theoretically substantiated, spatial mechanical
and mathematical model of heat and moisture trans-
fer and salt migration in different soils was developed
and their approximate analytical solutions under initial
boundary conditions with different physical and me-
chanical properties of soil were obtained. Since in the
Kyrgyz Republic surface irrigation is applicable for any
agricultural crop and is the most widespread, it comes
with both advantages and disadvantages. In this regard,
quantitative hydrodynamic studies on the selection of
the principal elements of irrigation technology, the-
oretical study of the processes of heat, moisture, and
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salt transfer in the soil, to create the best conditions for
plant development are significant.

Irrigation is an essential factor for increasing crop
yields, especially under varying climate conditions.
Modelling of moisture and heat transfer processes
helps to better understand the interaction between
soil, water, and plants. The study described the math-
ematical models used to simulate moisture and heat
transport processes. These models account for soil
physicochemical properties, climatic conditions, and
plant needs. The models allow predicting the distri-
bution of moisture and temperature in the soil, which
contributes to more efficient irrigation scheduling. The
findings showed how different irrigation regimes affect
soil conditions and plant growth.

Based on the data obtained, it is possible to devel-
op recommendations for optimising irrigation regimes,
which reduces water losses and improves conditions
for crop growth. Agronomists and farmers can use the
findings of this study to make more informed decisions
in irrigation management, which can lead to improved
agricultural sustainability. These findings highlight the
significance of mathematical modelling in agronomy
and its contribution to sustainable agriculture. There-
with, there is a need for further research to improve
models and account for other factors such as climate
change and soil characteristics.

Acknowledgements
None.

Funding
None.

Conflict of Interest
The authors of this study declare no conflict of interest.

[1] Bajpai,A., & Kaushal,A.(2020). Soil moisture distribution under trickle irrigation: A review. Water Supply, 20(3),

761-772.doi: 10.2166/ws.2020.005.

[2] Derbie, M., Beyene, AA., Asres, S., & Yenesew, M. (2024). Modelling soil water and nutrient dynamics under different
irrigation techniques of onion production. Water Science, 38(1), 485-500. doi: 10.1080/23570008.2024.2394721.

[3] Diaz-Gonzalez, V., Rojas-Palma, A., & Carrasco-Benavides, M. (2022). How does irrigation affect crop growth?
A mathematical modeling approach. Mathematics, 10(1), article number 151. doi: 10.3390/math10010151.

[4] Fontanet, M., Fernandez-Garcia, D., Rodrigo, G., Ferrer, F., & Villar, JM. (2022). Combined simulation
and optimization framework for irrigation scheduling in agriculture fields. Irrigation Science, 40, 115-130.

doi: 10.1007/s00271-021-00746-y.

[5] Guo,W.,Li,B.,lJi,Z,Jiang,Y., & Yan, F. (2001). Two-dimensional numerical simulation of soil water infiltration

under bed- irrigating sowing. Transactions of the Chinese Society of Agricultural Engineering, 17(2), 24-27.

[6] Hagage,M.,Abdulaziz,A.M.,Elbeih,S.F., & Hewaidy,A.G.A.(2024). Monitoring soil salinization and waterlogging
in the northeastern Nile Delta linked to shallow saline groundwater and irrigation water quality. Scientific
Reports, 14, article number 27838. doi: 10.1038/541598-024-77954-x.

[7] Hakami, R.A., Naser, R.S.M., El-Bakkali, M., Othman, M.D.M,, Yahya, M.S., Raweh, S., Mohammed, A., & Belghyti,
D. (2024). Groundwater quality deterioration evaluation for irrigation using several indices and geographic
information systems: A case study. Desalination and Water Treatment, 320, article number 100645.doi: 10.1016/].

dwt.2024.100645.

Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 1 55


https://doi.org/10.2166/ws.2020.005
https://doi.org/10.1080/23570008.2024.2394721
https://doi.org/10.3390/math10010151
https://doi.org/10.1007/s00271-021-00746-y
http://www.tcsae.org/en/article/id/20010207
http://www.tcsae.org/en/article/id/20010207
https://doi.org/10.1038/s41598-024-77954-x
https://doi.org/10.1016/j.dwt.2024.100645
https://doi.org/10.1016/j.dwt.2024.100645

Mathematical modelling of moisture...

[8] Henri, CV., & Diamantopoulos, E. (2023). On the control of soil heterogeneity, Péclet number and spatially
variable diffusion over unsaturated transport. Water Resources Research,59(8), article number e2022WR034271.
doi: 10.1029/2022WR034271.

[9] Jaiswal, S., & Ballal, M.S. (2020). Fuzzy inference based irrigation controller for agricultural demand
side management. Computers and Electronics in Agriculture, 175, article number 105537. doi: 10.1016/].
compag.2020.105537.

[10] Kamke, E. (1977). Differential equations. Solution methods and solutions. Wiesbaden: Vieweg+Teubner Verlag.
doi: 10.1007/978-3-663-05925-7.

[11] Kostyakov, A.N. (1960). Fundamentals of land reclamation. Moscow: Selkhozgiz.

[12] Lakhiar, LA., et al. (2024). A review of precision irrigation water-saving technology under changing
climate for enhancing water use efficiency, crop yield, and environmental footprints. Agriculture, 14(7),
article number 1141. doi: 10.3390/agriculture14071141.

[13] Li, H., & Luo, Z. (2011). Self-discrete finite volume element simulation for two-dimension unsaturated soil
water flow problem. Mathematica Numerica Sinica, 33(1), 57-68. doi: 10.12286/jssx.2011.1.57.

[14] Li, W., Gao, S., Pei, D., Wen, Y., Mu, X, Liu, M., & Wang, Z. (2025). Spatio-temporal evolution and simulation of
soil salinization in typical oasis water-saving irrigation area based on long series data. Agricultural Water
Management, 307, article number 109275. doi: 10.1016/j.agwat.2024.109275.

[15] Novikov, O., Potryvaieva, N., Karpenko, M., & Sadovoy, O. (2021). The role of irrigation in the formation of the
innovation and investment environment of the region. Ukrainian Black Sea Region Agrarian Science, 25(3), 4-11.
doi: 10.31521/2313-092X/2021-3(111)-1.

[16] Phogat, V. (2012). Modelling soil water and salt dynamics under pulsed and continuous surface drip irrigation
of almond and implications of system design. Irrigation Science, 30, 315-333. doi: 10.1007/s00271-011-0284-
2.

[17] Rachinskaya, V\V., et al. (1963). Investigation of the dynamics of salt transport in porous media. Izvestia of the
TLC, 1, 14-18.

[18] Rex, L.M. (1968). The effect of uneven initial salinity on the redistribution of salts in soils. Hydraulic Engineering
and Land Reclamation, 10.

[19] Sagyndykova, R.K., & Tuganbaev, U.M. (2014). Two-dimensional heat and salt processes in soils. In Proceedings
of V Congress of the Turkic world mathematicians (164-168). Bishkek.

[20] Singh, V.K., Kumar, D., Kashyap, P.S., Singh, PK., Kumar, A., & Singh, S.K. (2020). Modelling of soil permeability
using different data driven algorithms based on physical properties of soil. Journal of Hydrology, 580,
article number 124223. doi: 10.1016/j.jhydrol.2019.124223.

[21] Vishwakarma, D.K., et al. (2023). Modeling of soil moisture movement and wetting behavior under pointsource
trickle irrigation. Scientific Reports, 13, article number 14981. doi: 10.1038/s41598-023-41435-4.

[22] Xun,Y., Xiao, X., Sun, C., Meng, H., Gao, Y., Huang, G., & Xu., X. (2022). Modeling heat-water-salt transport, crop
growth and water use in arid seasonally frozen regions with an improved coupled SPAC model. Journal of
Hydrology, 615, article number 128703. doi: 10.1016/j.jhydrol.2022.128703.

[23] Zhai, Z., Chen, X., Zhang, Y., & Zhou, R. (2021). Decision-making technology based on knowledge engineering
and experiment on the intelligent water-fertilizer irrigation system. Journal of Computational Methods in
Sciences and Engineering, 21(3), 665-684. doi: 10.3233/JCM-215117.

56 Bulletin of the Kyrgyz National Agrarian University, 2025, Vol. 23, No. 1


https://doi.org/10.1029/2022WR034271
https://doi.org/10.1016/j.compag.2020.105537
https://doi.org/10.1016/j.compag.2020.105537
https://doi.org/10.1007/978-3-663-05925-7
http://www.cawater-info.net/library/rus/hist/kostyakov/index.htm
https://doi.org/10.3390/agriculture14071141
https://doi.org/10.12286/jssx.2011.1.57
https://doi.org/10.1016/j.agwat.2024.109275
https://bsagriculture.com.ua/en/journals/tom-25-3-2021/rol-zroshennya-u-formuvanni-innovatsiyno-investitsiynogo-seredovishcha-regionu
https://doi.org/10.1007/s00271-011-0284-2
https://doi.org/10.1007/s00271-011-0284-2
https://doi.org/10.1016/j.jhydrol.2019.124223
https://doi.org/10.1038/s41598-023-41435-4
https://doi.org/10.1016/j.jhydrol.2022.128703
https://doi.org/10.3233/JCM-215117

Sagyndykova et al.

AWbin Yap6a ecyMAYKTOpPYH cyrapyyHy onTuMangawtbipyy
YUYH Xep KbIpTbiLbIHAArbI HbIM XXaHa Xbl/lyy/lyK 6TKepyy
npoueccTepuH MaTemMaTMKasiblk Moaenaee

PaxaTt CarbiHAbIKOBa

du3mKa-MaTeMaTUKa MIMMOEPUHUH KaHOWOATbI

K.MN. CKkpsabuH aTbiHOarbl Kblprbi3 yayTTyK arpapablKk YHUBEPCUTETH
720005, MegepoB Keu., 68, BuLikek w., Kblprbi3 Pecrnybnmkacsol
https://orcid.org/0000-0001-5616-6745

AnHypa [ObliKkaHOBa

du3nka-MaTeMaTUKa UIUMOEPUHUH KaHOAWOATbI, AOLEHT

K.N. CkpabuH aTbiHAarbl Kbiprbi3 ynyTTyK arpapiblK YHUBEPCUTETH
720005, MefepoB Keu., 68, bullikek L., Kbiprbiz Pecnybivkacsl
https://orcid.org/0000-0001-6054-7479

Camapa Xycyn6ekoBa

dusnka-mMaTeMaTuka UNMMOePUHUH KaHaonoaTbl

K.MN. CKkpsabuH aTtbiHOarbl Kbiprbi3 yAyTTyK arpapablk YHUBEPCUTETH
720005, MegepoB Keu., 68, buLikek ., Kblprbi3 Pecrybnmkacshl
https://orcid.org/0000-0002-5189-8792

TypryH6ek XXymanues

du3mkKa-MaTeMaTUKa MIMMOEPUHUH KaHOWMOATbI

K.M. CKpa6buH aTbiHAarbl Kbiprbi3 yAyTTYK arpapiblk YHUBEpCUTETU
720005, MegepoB Keu., 68, BuLukek w., Kblprbi3 Pecnybnmkacsl
https://orcid.org/0000-0002-9323-2016

Baapkyn bekTtypraHoBa

YRyK okyTyy4y

K.N. CKpsabuH aTbiHAarbl Kbiprbi3 yayTTyK arpapablk YHUBEpCUTETU
720005, MefepoB Keu., 68, bullkek L., Kbiprbiz Pecnybnvkacsl
https://orcid.org/0009-0000-7513-0449

AHHOTaumMsA. byl MWTMH aKTyanoyynyry >Kep KbipTbilWbIHAAMbl HbIM >KaHa >KbiAyynyk Gepyy npoueccTepuH
ONTUMaNAaLTbIPYYHYH UMMM KaKTaH HEMM3AENTeH bIKMaNapblH ULUTEN YbIryy 3apbliAbirbl MEHEH LWAPTTaNraH, 6yn
Cyy pecypcTapblH naiaanaHyyHyH HaTblAKanyyayryH XoropynaTyyra xaHa TyLWYMAYYIYKTY XaKLWbIpTyyra MyMKYHAYK
6epeT. (nobanapik KAMMaTTbIK ©3repyyNepayH XKaHa Cyy pecypcTapbiHblH 6Cyn 6apaTKaH TapTbIWTbIrbIHbIH WApPTbIHAA
aibin yapba ecyMAYKTOPYH CyrapyyHy HaTblikanyy 6alikapyy — arpoHOMMWSIHbIH HErMsrM MUnaeTTepUHUH BUpK
6onyn kanyyga. byn MwTuH MakcaTbl cyraT pexxMmMaepuH ONTUManAaWTbipyy YUYH Xep KblpTbIlWbIHAATbI HBIMAYYYK
aHa Kblnyynyk 6Gepyy nNpoLEecCTepuMH CypeTTersH MaTemaTtukanblk Moaennepau Tysyy 6onroH. Makanapa
arpoceKTopaAyH TYPYKTYY ©HYIYYCYHO >KETULLYY Y4YYH MaTeMaTMKanblK MOLENAeeHY MpaKTUKalblK MULI-apakeTKe
MHTErpaLMANIO0OHYH MaaHUyyyry 6aca 6enruneHren. Xep KblpTbilbIHAATbI KOHBEKTUMBAYY AMbDOY3MS NpoLeccTepu
UNUMWUIA U3UNLEeYYNepayH KeHyNyH BypaT, aHTKeHM 6yn MAMMOMH ap KaHAai TapMakTapbiHa MaTeMaTuKablK
M3UNLE6 bIKManapbiHbIH KEHMPW >KaibliblWbiHa GainaHbiwTyy. Xep yCTyHAery cyraT pexMMAEpWHWUH KEHUpU
KaMbINbIWbl YbINKAN00 aHa TMAPOAMHAMMKANbIK MPOLECCTEPAMH HETU3rM YATYNSPYH aubin Gepe TypraH
MaTeMaTuKanblk MOLENAepaM, anapabl Yeyyy bikManapbiH Ty3yy 3apblUlabiTblH WAPTTAiT. Makanaga TonypakTars
HbIM XKaHa >blnyynyk 6epyy NpoLeccTepUHUMH, OLIOHAOM 31e anapAblH 63 apa apakeTTeHYYCYHYH HEru3ru husmKanbIk
)KaHa MaTeMaTMKasblK Mbli13aM YEHEMIYYYKTOPY KENTUPUITeH. M3UNAeeHYH HEernsrm HaTbiMKacbl ©CYMAYK XKaHa
aHblH OMTMManayy eHyryly 60/roH, an akblpKbl 3KOHOMMKAbIK Kbi3bITYyHY XapaTaT, a/l 3MU U3UNLee 06beKTUCH
ap KaHgai MyHe3aeMenepy MeHEH HbIMAYYNYKTYH XaHa XblyyayKTYH 6GUMprenelkeH KbliMblIbIHbIH MEXaHUKabIK-
MaTeMaTuKanblk MOAENAEPU ULITENUN YbIKKAH XEp KbIpThilbl 601roH. byn xepae koHBekTMBAYY AMDDY3UAHbIH
CTaUMOHapablK 3MeC TEHAEMECU M3UNAeHreH. YakaH TONKYHA0O0M0P bIKMACbIHbIH HETM3MHAE, Kapanbin XaTKaH
TEHAEME CbI3bIKTYY €N KOPCOTY/OT )KaHa aHblH Yblrapbi/ibillbl aBTOMOAENbAMK TYPAS TabblbIM, YbirapbliblLTapablH
3KM KNacChl aHbIKTanat. M3aunmeeHyH HaTbiMkanapbl arpoHOMIO0P, MHKEHEPNIEP XaHa aibln yapba afucTepu yuyH
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nanpanyy 6onywy MyMKyH, anap 3amaHban cyy pecypcTapbliH 6allkapyy TEXHONOrMSNapbiH KMPrU3yyre aHa
arpoeHep Xai eHAYPYLYHYH HATbIMXKaNyynyryH xKoropynartyyra yMTynywat
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AHHOTaumsa. AKTyanbHOCTb [AaHHOW paboTbl 0bOycnoBneHa HeOoO6XOAMMOCTbKO  pa3paboTKM  Hay4yHO
000CHOBaHHbIX METOL40B OMTMMM3ALMM MPOLECCOB BMAro- M TEnJonepeHoca B MOYBOrPyHTaX, YTO MO3BOAMUT
NoOBbICUTb 3PPEKTUBHOCTb UCMONb30BAHUS BOAHbBIX PECYPCOB U YNIYULINTb YPOXKANHOCTb. B ycnoBuax rnobanbHbix
KNMMaTUYEeCKMX M3MEHEHWI M HapacTawowero ae@uuUMTa BOAHbIX pecypcoB 3PdeKTUBHOE YynpasieHue
OpOLWEeHUEM CENbCKOXO3AMACTBEHHbIX KYNbTyp CTAaHOBMTCS OAHOM W3 K/KOYEBbIX 3aay arpoHomuu. Llenbto
[aHHOM paboTbl 6bIN0 CO34aHME MAaTEMATUUYECKMX MOAENEN, ONUCHIBAIOLLMX MPOLLECChl BAro- U TennonepeHoca
B MOYBAX, C Le/bl0 UX MPUMEHEHUS AN ONTUMM3ALUKM PEXMMOB OpolleHus. B cTaTbe moguyepkHyTa BaXKHOCTb
UHTErpaLnm MaTeMaTMyecKoro MoLeMPOBaAHUS B MPAKTUYECKYI0 AedTeNbHOCTb AN AOCTUXEHWUS YCTOMUYMBOIO
pa3BuTMSa arpocekTopa. lNpoueccbl KOHBEKTUBHOM ANPEDY3MM B NOYBOrpyHTaX MPUBMEKAOT BHUMAHUE HAYUHbIX
uccnegoBaTenei, Tak Kak 3TO CBSI3aHO C WMPOKMM NMPOHMKHOBEHMEM MATEMATUMYECKMX METOA0B MCCAedoBaHMS
B pa3fuyHble 00nacTM Hayk. bonblwoe pacnpocTpaHeHWe MNOBEPXHOCTHbIX CMNOCOOOB OPOLIEHUS AMKTYyeT
HeobX0AMMOCTb CO34aHNSA MAaTEMATUUYECKMX MOAENEN U METOAMK X PELUEHMS, MO3BONAIOLLMX BbIIBUTb OCHOBHbIE
3aKOHOMEPHOCTU KaK GUNbTPALMOHHbIX, TaK U YNCTO TMAPOAMHAMMYECKMX NpoLEeccoB. B paboTe npeacTaBneHbl
OCHOBHble (PU3MYECKME U MAaTEMATUUYECKME 3aKOHOMEPHOCTH, fiexallMe B OCHOBE NMPOLECCOB BAaronepeHoca u
Tennonepeaayn B NoYBe, a TakKe MX B3aMMOAENCTBUS. [NaBHbIM pe3ynbTaTOM UCCNef0BaHMs Oblno pacTeHUE U ero
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ONTUMaNnbHOE pa3BUTUE, KOTOPOE NPeACTaBASET UTOrOBbIA 3KOHOMUYECKUIA MHTEPEC, @ 0OBEKTOM MCCef0BaHMUS
6blIM MOYBOrPYHTHI, A1 KOTOPbIX pa3paboTaHbl MEXAHWKO-MaTeEMaTUYECKME MOAENN COBMECTHOIO NepeaBMKeHNS
B/IarM v Tenna C pasfIMyHbIMKU UX XapakTepuctnukamu. B pabote 66110 ncciefoBaHO HECTALMOHAPHOE YpaBHEHME
KOHBEKTMBHOW Anddy3un. Ha ocHoBaHum MeToAa MasjblX BO3MYLEHWIA, pacCMaTPUBAEMOE YpaBHEHMUE
NpeacTaBieHO KaK JIMHEMHOE, U ero pelleHne HaWAeHo B aBTOMOLENIbHOM BMAE W onpefenieHbl ABa Khiacca
pelweHuit. Pe3synbTaTbl UCCNELOBAHUSA MOTYT OblTb MOMAE3HbI AAS arpOHOMOB, MHXEHEPOB M CNELMaNUCTOB B
06/1aCTU CeNbCKOTo XO039MCTBA, CTPEMALLMXCS K BHEAPEHUK COBPEMEHHbIX TEXHOMOMMI YyNpaBneHUs BOAHbIMU
pecypcaMu 1 NoBblleHU0 3OPEKTUBHOCTM arponpomn3BoACTBa

Knio4yeBble cnioBa: ypaBHEHWE KOHBEKTUBHOW AnddY3mm; runepreoMeTpuyeckoe ypasHeHue faycca; koadhduumeHTt
anddy3uu; npeobpazoBarmsa Kymmepa; GunbTpaLms; HeCTaUMOHApHOE ypaBHEHUE
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