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позволяет нам создавать формальные алгоритмы 

для обработки этих моделей. 

Таким образом, транспортная сеть удобно 

представлена в виде графа. 

Транспортная сеть способна организовать со-

ответствующую транспортировку, то есть ограни-

чения на состояние дороги, т.е. движение в одну 

сторону, ограничения на движение грузовых пере-

возок, общую массу транспортного средства, по-

грузку. Учитывать только количество. Таких как 

ось. 

Транспортные сети могут быть представлены 

только связными графами. Моделирование транс-

портной сети начинается с размещения вершин. 

Вершина предназначена для пунктов формирова-

ния грузов и поглощения грузов, центра большого 

жилого района, изолированного населенного 

пункта. Вершины с транспортными связями между 

ними соединены ребрами или (в случае односто-

ронних соединений) направленными дугами. Каж-

дому ребру присваивается мера прибыльности, ко-

торая определяется не только затраченным време-

нем, но и целями, которые должны быть 

достигнуты при решении задачи оптимального 

транспорта. В большинстве случаев за основу бе-

рется минимальное значение общего пробега. При 

одинаковых условиях вождения на всех участках 

пробега оптимальный план пробега является опти-

мальным с точки зрения времени и стоимости. 

Кроме того, вы можете использовать такие показа-

тели, как платные дороги, многолюдные дороги и 

частоту пересечений населенных пунктов на этой 

дороге в качестве показателя прибыльности. 

Таким образом, можно сделать вывод, что ис-

пользование теории графов в пакетах программ бу-

дит выгодно для большинства предприятий. 

Хотя выгоды являются косвенными, они, как 

правило, становятся заметными в средне- и долго-

срочной перспективе из-за более низких производ-

ственных затрат. Все это определяет перспектив-

ность внедрения предложенной методологии в про-

мышленности и сфере обслуживания населения 

владельцами всех форм Республики Башкорто-

стана. 

 

Список литературы 

1. Акимов А.А., Галиаскарова Г.Р., Идрисов 

Р.Г. Электронное учебное пособие "Математиче-

ское моделирование и программирование" // В 

сборнике: Российские инициативные разработки 

(Инициатива. Предприимчивость. Смекалка) 

Научное издание. Saint-Louis, Missouri, USA, 2017. 

53с. 

2. Акимов А.А., Галиаскарова Г.Р., Идрисов 

Р.Г. Электронное учебное пособие "Информацион-

ные технологии в решении экономических задач" // 

В сборнике: Российские инициативные разработки 

(Инициатива. Предприимчивость. Смекалка) 

Научное издание. Saint-Louis, Missouri, USA, 2017, 

52 с. 

3. Березина Л. Ю. Графы и их применение. М. 

1979. 

4. Кирсанов М. Н. Графы в Maple. М. 

2007.168с. 

5. Хлевной И.И Грузовые перевозки. Спб. 

2006. 290с. 

 

CONSTRUCTION OF MATHEMATICAL PLANT GROWTH MODEL 

 

Dzis V., 

Candidate of Technical Sciences, 

Associate Professor of the Department of Mathematics, 

Physics and Computer Technologies 

Vinnytsia National Agrarian University, Ukraine 

Diachynska O. 

Lecturer of the Department of Mathematics, Physics and Computer Technologies, 

Vinnytsia National Agrarian University, Ukraine 

 

 

Abstract 

A mathematical model of the plant growth dynamics of based on a system of differential equations is con-

structed. A separate differential equation which describes the development of the subsystem and its connection 

with other subsystems is developed for each plant subsystem. The system of differential equations is solved by a 

numerical method. From the set of solutions of the system of differential equations, only those are selected for 

which the sum of the squares of the deviations from the experimental values is the smallest. 

The constructed mathematical model makes it possible to conduct simulation experiments and translate the 

results of field experiments into digital format. 

Keywords: mathematical model, system of differential equations, Mathcad, subsystem, Brussels sprouts, dry 

matter, growth rate, Chanter equation. 

 

Introduction. In the process of plant growth, plant 

subsystems undergo dynamic changes. In mathematical 

modelling of such processes there is a number of prob-

lems. Determination of plant parameters during growth 

is carried out at certain points of time. For fixed mo-

ments of time the regression equations are written 

down, trying to make generalizations for intermediate 

moments of time, and if possible, for the following, en-

tering time into the regression equation. As it is known, 

the results obtained when using simple regression equa-

tions often do not coincide with the experimental data 
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and such a semi-empirical description may have noth-

ing to do with the real process of plant growth, which 

makes the constructed model inefficient.  

Only a dynamic mathematical model that de-

scribes the interaction of plant subsystems, reveals the 

essence of the process of changing plant subsystems 

over time and the patterns of processes in them, is ade-

quate in the mathematical description of individual 

characteristics of the real agrobiological system. As a 

rule, dynamic models are built on the basis of differen-

tial equations and their systems [1, 2, 3]. Therefore, the 

development of methods for obtaining mathematical 

models to describe multidimensional dynamical sys-

tems is relevant. 

The purpose of this work. Construction of a math-

ematical model of the plant growth dynamics. 

Analysis of recent research and publications. A 

significant contribution to the study of cabbage growth 

was made by V.I. Lykhatsky. [6], Cherednichenko 

V.M. [4, 5, 6, 7, 8], Chernensky V.M. [9, 8]. 

Cherednichenko V.M. during 2009-2013 in the re-

search areas of Vinnytsia National Agrarian University 

conducted fundamental field experiments on growing 

cauliflower and broccoli [4, 5, 6, 7, 8]. The influence of 

water-retaining granules, mulching with film and black 

agrofiber on plant growth was studied. Phenological 

observations, biometric measurements and accounting 

were performed, the relationship between plant subsys-

tems was studied, and a statistical analysis of plant 

growth indicators was performed.  

Presentation of the main research material. The 

growth and development of plants can be described us-

ing growth functions that reflect the mathematical de-

pendence of the amount of dry matter on time. Consider 

the most common equations of growth: logistics, Gom-

pertz and Chanter's [1, 2]. 

Let's analyze Chanter's equation 

     DeMBM

BM
M

tD /1exp00

0







 (1) 

where, M , ,0M  ,B  ,  D  – parameters that 

have a biological meaning. 

Let 𝑀 = 100 𝑔 – the mass of dry matter for the 

period of harvest;  

𝑀0 = 1 𝑔– the mass of dry matter of the plant at 

the time 0t ; 

𝐵 – availability of nutrient medium; 

 
MeM

eMM
B

D

D
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
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0

0 1
,   (2) 

5,0  – specific growth rate; 

D  – an indicator of complication, which charac-

terizes   the change with plant development. 

When deriving the logistic equation, it is assumed 

that the growth rate of the plant is regulated by the re-

source of the nutrient medium. In the Gompertz equa-

tion it is assumed that the resource of the nutrient me-

dium is unlimited, i.e. the growth energy is not affected 

and is proportional to the dry mass, and the specific 

growth rate is constant [1]. 

By selecting the value D  for from the interval 

  0/ln/0 MMD  , you can build a family of 

curves, which is bounded on the left by the logistic 

curve, and on the right – the Gompertz curve. When 

0D  (for example, 00086,0D ), and B  de-

termined by formula (2), equation (1) becomes logisti-

cal. When    1086,0/ln/ 0  MMD   – in 

the Gompertz curve, when 05,0D  the curve is be-

tween the logistic curve and the Gompertz curve. All 

curves have the same values of initial and final dry 

weight of the plant and the initial specific growth rate. 

The inflection point shifts towards D larger values of 

time as increases. The Gompertz curve shows faster 

growth in the initial phase, slower approach to the as-

ymptote and a longer linear section at the ends of the 

inflection point (Fig. 1). 

 
Fig.1 Chanter's growth function 
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Thus, the growth curves of Chanter, Gompertz and 

the logistic curve can be used in the development of dy-

namic models of plant growth as its components. 

Combining the growth curves of Chanter, Gom-

pertz and the logistic curve, we can build a perfect 

mathematical model of plant growth dynamics, which 

is described by a system of differential equations. 

Most differential equations and their systems that 

describe the dynamics of agrobiological systems do not 

have analytical solutions or their solutions are too cum-

bersome [1, 2, 3, 12]. Therefore, it is important to be 

able to solve the corresponding differential equations 

and their systems by numerical methods. This possibil-

ity is provided by the Mathcad system [13, 14]. 

In the Mathcad system, you can solve differential 

equations and their systems in symbolic and numerical 

forms. Symbolic methods for solving equations are un-

fortunately limited, but instead of them numerical 

methods have been developed for solving differential 

equations and their systems, such as the Caushy prob-

lem. Numerical methods for solving problems such as 

the Caushy problem for GDE (general differential 

equations) is a long and detailed technology. The sim-

plicity of the form of presenting the results and the anal-

ysis of the solutions depending on the values of the sys-

tem parameters play a significant role here. 

Most computational problems do not usually have 

any computational problems (they are solved using a 

simple Runge - Kuta algorithm), and special methods, 

so-called «hard» ones, require special methods. All 

these algorithms are embedded in the Mathcad system, 

and the user has the opportunity to choose a specific 

one based on the type of equation. 

In modelling biological processes, biological sys-

tems or ecosystems are considered as those for which 

the basic laws of physics, chemistry and biology are 

valid. All the basic principles and laws, in accordance 

with which various processes take place in inanimate 

nature, retain their patterns for living nature. Therefore, 

any mathematical model should be based on the laws of 

conservation of matter, electric charge, energy, impulse 

and momentum, on the laws of mass interaction, radio-

active and chemical transformations. 

Let's consider the method of constructing a dy-

namic model of plant growth based on the obtained ex-

perimental data. Such mathematical model requires a 

significant array of experimental data. Potatoes [3], to-

matoes [12], sugar beets and cabbage are convenient for 

the development of mathematical models of growth. 

For example, let's build a model that describes the 

growth dynamics of Brussels sprouts. As a basis we 

will take the model of Zagorodny Y. V. [3]. In plants, 

we distinguish separate subsystems: W1 – root, W2 – 

stem, W3 – leaves, W4 – heads. The total dry weight of 

the plant is: 





4

1i

iWW ,   (3) 

The growth of subsystems (stem roots, leaves) for 

Brussels sprouts is described by the growth equation: 

t
)( iк

ііі

іі
i

еАВА

ВА
W





 ,   (4) 

where iA  is the dry weight of the corresponding 

subsystem for seedlings; 

iB  – dry mass of the relevant subsystem for the 

period of completion of harvesting. 

The model is built according to the following al-

gorithm: 

1. In plants, we distinguish separate subsystems: 

1W  – root, 
2W  – stem, 3W  – leaves, 

4W  – head. 

2. We determine the dry weight of plant subsys-

tems with a period of 5-7 days throughout the growing 

season. 

3. Based on experimental data, we determine the 

unknown parameters of growth functions for each sub-

system of the plant. 

4. We write the differential equations for the dy-

namics of each subsystem. 

We combine differential equations into a system: 
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where 


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
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
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




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 – matrix of 

coefficients of the system of equations, which charac-

terizes the interaction of elements of plant subsystems; 

а1,1 – coefficient characterizing the strength of root 

growth; 

а1,2 – coefficient that characterizes the rate of ex-

change between the subsystem «root – stem»; 

а1,3 – coefficient that characterizes the rate of ex-

change between the subsystem «root – leaf» through 

the stem; 



The scientific heritage No 56 (2020) 51 

а1,4 – coefficient that takes into account the de-

crease in the rate of root growth due to the growth of 

the head; 

а2,1 – rate of exchange between subsystems «stem 

– root»; 

а2,2 – characterizes the growth rate of the stem; 

а2,3 – rate of exchange between subsystems «stem 

– leaf»; 

а2,4 – takes into account the decrease in the growth 

rate of the stem due to the growth of the heads; 

а3,1 – rate of exchange «leaf – root» through the 

stem; 

а3,2 – rate of exchange «leaf – stem»; 

а3,3 – characterizes the growth rate of leaves; 

а3,4 – takes into account the decrease in leaf growth 

due to the growth of heads; 

а4,1 – characterizes the influence of roots on the 

growth rate of dry weight of heads; 

а4,2 – characterizes the influence of the stem on the 

growth rate of dry weight of the heads; 

а4,3 – characterizes the influence of leaves on the 

growth rate of dry weight of heads; 

а4,4 – takes into account the decrease in the inten-

sity of the growth rate of the heads due to the aging of 

the plant organism; 

)(t  – soil moisture function; 

)(tf  – soil temperature function; 

)(tF  – air temperature function; 

А1 – dry mass of seedling roots; 

В1 – dry mass of roots for the period of completion 

of harvesting; 

К1 – coefficient of the logistic equation of root 

growth; 

А2 – dry mass of seedling stem; 

В2 – dry weight of the stem for the period of com-

pletion of harvesting; 

К2 – coefficient of the logistic equation of stem 

growth; 

А3 – dry mass of seedling leaves; 

В3 – dry weight of leaves for the period of com-

pletion of harvesting; 

К3 – coefficient of logistic level of leaf growth; 

S(t) –a function that characterizes the growth rate 

of heads. 

4. We set the initial conditions – values  𝑊𝑖,0 for 

the moment of time 𝑡 = 0. 

5. We give the initial approximations of the un-

known coefficients 𝑎𝑖,𝑗 of the system of differential 

equations. 

6. We solve the system of differential equations in 

Mathcad by the Runge-Kutta method with a constant 

step. We use the built-in function:  

),,2,1,( Dnxxyrkfixed . 

7. We find the weighted sum of the squares of the 

deviations of the experimental values from the calcu-

lated ones ∑ ∑ (
𝑊𝑖,𝑗−𝑊𝑃𝑖,𝑗 

𝑊𝑃𝑖,𝑗
)

2
𝑚
𝑗=0

𝑛
𝑖=1 . 

8. By the method of coordinate descent we change 

the values of the coefficients 𝑎𝑖,𝑗. 

9. We solve the system of equations and calculate 

the sum of squares of deviations. 

10. The computational procedure is completed at 

∑ ∑ (
𝑊𝑖,𝑗−𝑊𝑃𝑖,𝑗 

𝑊𝑃𝑖,𝑗
)

2
𝑚
𝑗=0

𝑛
𝑖=1 = 𝑚𝑖𝑛. (6) 

11. We fix the optimal values of the coefficients 

 𝑎𝑖,𝑗. 

12. We substitute the obtained optimal values of 

the coefficients into the system of differential equations 

(3) and solve it. 

13. We analyze the solution of the system of equa-

tions and investigate the interaction between the indi-

vidual elements of plant subsystems. We build graphs. 

To determine the dry weight of plant subsystems, 

field experiments were performed (table 1). The plants 

were cleaned from the soil, their components were iso-

lated: root, stem, leaves, heads, placed in a thermostat 

with a temperature of 50-60оС and dried for 4-5 hours. 

After that, at a temperature of 103-110 оС the plants 

were dried (brought to constant weight) for 3-5 hours. 

The average value was determined by averaging the 

masses of 5-7 plants. 

Table 1 

Dry mass of plant subsystems 

t 0 10 30 37 46 55 60 67 75 91 98 112 

W1, g 0.53 2.2 3.7 6 12.8 12.4 14.1 16.1 16.2 18.5 17.3 18.9 

W2, g 0.34 1.1 6.7 7 15.2 20.1 23.8 26.0 26.1 28.7 28.8 28.5 

W3, g 2.61 5.8 18.5 28 57.3 65.2 66.0 69.6 75.9 77 75.3 78.1 

W4, g 0 0 0 0 0.9 6.8 22.1 30 36 38 39.6 41.7 

 

The function that characterizes the growth rate of 

Brussels sprouts has the form: 

𝑆(𝑡) = {

0,   𝑖𝑓 𝑡 < 50

𝑒−𝜂1𝑡 ,  𝑖𝑓 75 < 𝑡 ≥ 50

𝑒−𝜂2𝑡 ,  𝑖𝑓 𝑡 ≥ 75

,  (7) 

where:   the period of time from planting 

seedlings to the beginning of tying the head, 

i  exponent coefficients (

09623.0,09704.0 11   ). 

Unknown coefficients 𝑘𝑖 of growth functions of 

plant subsystems were determined by a statistical 

method based on the results of field experiments, the 

value was obtained: 𝑘1 = 0,0880;  0,0825;  0,0995.  
The average daily values of soil temperature, air 

and soil moisture were approximated by nonlinear 

equations. 

Let’s build a mathematical model of Brussels 

sprouts growth based on experimental ones according 

to the described algorithm (Table 1). Let’s estimate val-

ues of parameters of model for an array of experimental 

data (table 1) under initial conditions (values of dry 

weight of subsystems of plants at the time of landing of 

seedling):  
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𝑊1(0) = 0,53

𝑊2(0) = 0,34

𝑊3(0) = 2,6

𝑊4(0) = 0

 

The optimal solution of the system of differential 

equations (5) will be at the values of the coefficients 

𝑎𝑖,𝑗 (table 2): 

Table 2 

Values of model coefficients 

j 

i 

1 2 2 4 

Root Stem Leaf Heads 

1 Root 0,047 0,0041 0,0038 0,0083 

2 Stem 0,015 0,675 0,0031 0,0134 

3 Leaf 0,069 0,0078 0,064 0,036 

4 Heads 0,35 0,27 0,43 0,00068 

 

The simulation results are shown in Fig.2. 

 
Fig.2. Dynamics of dry mass of Brussels sprouts 

 

The constructed model is very sensitive to changes 

in parameters, it allows to simulate plant growth, for 

example, changing the value of the coefficient  𝑎31, 

which characterizes the rate of exchange «leaf – root» 

through the stem from 0,069 to 0,076, leads to an in-

crease in head weight and a significant increase in leaf 

weight (Fig. 3). A series of experiments is needed to 

determine the real effect of the coefficients on plant 

growth. 
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Fig. 3.  

The effect of changing parameters (the value of the coefficient of the model 𝑎31 changed from 0,069 to 0,076) 

 

Conclusions. 

Development of mathematical models of dynamic 

processes in agro-industrial complex will contribute to 

a detailed description of processes in dynamic systems, 

simulation of computer processes, which will acceler-

ate the introduction of new technologies, reduce the 

time for development of new machines and mecha-

nisms, adjust plant development and thus reduce the 

cost of agro-industrial products. Its main advantage is 

that it allows the scientist to translate the results of field 

experiments into digital format. 

The proposed mathematical model accurately de-

scribes the process of plant development. It gives the 

opportunity to study the impact on the growth process 

of various factors: irrigation, mulching, soil moisture, 

temperature, light, climate, fertilizers and plant growth 

regulators. 

Disadvantages of the mathematical model: 

- the model is closed on itself; 

- it requires a significant array of field experi-

mental data; 

- it is accompanied by cumbersome mathemati-

cal calculations. 

 

References 

1. Field A.M. Modelyuvannya hidrometeorolo-

hichnoho rezhymu ta produktyvnosti ahroekosystem: 

navchal'nyy posibnyk [Modeling of hydrometeorologi-

cal regime and productivity of agroecosystems: a text-

book]. Odessa, Ecology, 2013. 433 p. 

2. Vergunova I.M. Osnovy matematychnoho 

modelyuvannya dlya analizu ta prohnozu ahronomich-

nykh protsesiv [Fundamentals of mathematical model-

ing for analysis and forecasting of agronomic pro-

cesses]. Kiev, Nora-print, 2000. 146p. 

3. Zagorodniy V.Yu., Klimova I.O. Ma-

tematychna model' protsesiv rostu roslyn na prykladi 

kartopli [Mathematical model of plant growth pro-

cesses on the example of potatoes]. Bulletin of the Zhy-

tomyr state. University. 2007, no. 4, pp. 229–232. 

4. Cherednichenko V.M. Ekonomichna efektyv-

nist' i bioenerhetychna otsinka tekhnolohiyi vyroshchu-

vannya kapusty tsvitnoyi za zastosuvannya 

vodoutrymuyuchykh hranul ta mul'chuvannya hruntu v 

umovakh lisostepu Ukrayiny [Economic efficiency and 

bioenergetic evaluation of cauliflower growing tech-

nology using water-retaining granules and soil mulch-

ing in the forest-steppe conditions of Ukraine]. Zbirnyk 

naukovykh prats' VNAU Seriya: Ekonomichni nauky 

[Collection of scientific works of VNAU Series: Eco-

nomic sciences]. 2012, vol. 2, no. 4 (70), pp. 217–223. 

5. Cherednichenko V.M. Vrozhaynist' ta yakist' 

produktsiyi kapusty tsvitnoyi zalezhno vid rozmiru 

charunky ta viku rozsady v umovakh Lisostepu 

Ukrayiny [Yield and quality of cauliflower products 

depending on the size of the cell and the age of seed-

lings in the Forest-Steppe of Ukraine]. Zbirnyk nau-

kovykh prats' Umans'koho natsional'noho universytetu 

sadivnytstva [Collection of scientific works of Uman 

National University of Horticulture]. 2013, issue 82, 

pp. 88–93. Available at: 

http://nbuv.gov.ua/UJRN/zhpumus_2013_82_17. 

6. Lykhatsky V.I. Produktyvnist' ta yakist' 

vrozhayu kapusty tsvitnoyi pid chas zastosuvannya 

vodoutrymuyuchykh hranul i mul'chuvannya gruntu v 

tunel'nykh ukryttyakh polietylenovoyu perforovanoyu 

plivkoyu v umovakh Lisostepu Ukrayiny [Productivity 

and quality of cauliflower harvest during the applica-

tion of water-retaining granules and soil mulching in 

tunnel shelters with polyethylene perforated film in the 



54 The scientific heritage No 56 (2020) 

Forest-Steppe of Ukraine]. Naukovyy visnyk Natsion-

al'noho universytetu bioresursiv i pryrodokorys-

tuvannya Ukrayiny. Ser.: Ahronomiya [Scientific Bul-

letin of the National University of Life and nature man-

agement of Ukraine. Ser.: Agronomy]. 2013, issue 183 

(1), pp. 191–199. Available at: 

http://nbuv.gov.ua/UJRN/nvnau_agr_2013_183(1)_39

. 

7. Cherednichenko V.M. Yakist' vrozhayu 

kapusty brokoli ta dynamika yoho nadkhodzhennya za 

zastosuvannya vodoutrymuyuchykh hranul i mul'chu-

vannya hruntu [The quality of broccoli harvest and the 

dynamics of its receipt for the use of water-retaining 

granules and mulching the soil]. Vegetable and melon 

growing. 2012, issue 58. pp. 391–401. Available at: 

http://nbuv.gov.ua/UJRN/Oib_2012_58_62. 

8. Cherednichenko V.M. Korelyatsiyni zalezh-

nosti etapiv orhanohenezu u roslyn kapusty brokoli za 

mul'chuvannya gruntu i zastosuvannya 

vodoutrymuyuchykh hranul v tunel'nykh ukryttyakh z 

ukryvnym materialom ahrovolokno v Lisostepu 

Ukrayiny [Correlation dependences of stages of organ-

ogenesis in broccoli plants for soil mulching and appli-

cation of water-retaining granules in tunnel shelters 

with agrofiber covering material in the Forest-Steppe of 

Ukraine]. Vegetable growing and melon growing. 

2011, issue 57, pp. 130–140. Available at: 

http://nbuv.gov.ua/UJRN/Oib_2011_57_23. 

9. Chernetsky V.M. Vplyv pryrodnoyi vodozab-

ezpechenosti na vrozhaynist' i yakist' produktsiyi 

kapusty biloholovoyi i plodiv kabachka v Lisostepu 

Pravoberezhnomu [The impact of natural water supply 

on the yield and quality of white cabbage and zucchini 

in the Forest-Steppe Right Bank]. Agriculture and for-

estry. 2017, no. 5, pp. 99–107. Available at: 

http://nbuv.gov.ua/UJRN/agf_2017_5_15. 

10. Chernets'kyy V.M. Kharakterystyka pryrod-

noyi vodozabezpechenosti vehetatsiynoho period ta 

yiyi vplyv na urozhaynist 'kapusty biloholovoyi v tsen-

tral'nomu Lisostepu Ukrayiny [Characteristics of natu-

ral water supply of the vegetation period and its influ-

ence on the yield of white cabbage in the central forest-

steppe of Ukraine]. Zb. naukovykh prats' VDAU [Coll. 

scientific works of VSAU]. 2002, issue 12, pp. 57–63. 

11. Grabar I.G., Romanchuk L.D., Stezhko O.V. 

Modelyuvannya kinetyky rostu roslyn tomativ v chasi 

[Modeling of growth kinetics of tomato plants in time]. 

Zb. nauk. pr. Podil's'koho derzh. ahrar.-tekhn. un-tu. 

Spets. vyp.: Suchasni problemy zbalansovanoho 

pryrodo-korystuvannya: materialy VII nauk.-prakt. 

konf., lystopad 2012 r [Coll. Science. Podolsky state 

ave. agrarian-technical un-tu. Special. issue: Modern 

problems of balanced nature use: materials of VII sci-

entific-practical. Conf., November 2012]. 2012, pp. 

154–158. 

12. Kiryanov D.V. Mathcad 15 [Mathcad 15]. Pe-

tersburg, 2012. 432 p. 

13. Dzis V.G., Levchuk O.V., Novitskaya L.I. 

Korelyatsiyno-rehresiynyy analiz v Mathcad: dovidnyk 

dlya studentiv spetsial'nostey – 201 «Ahronomiya», 

101 «Ekolohiya», 205 «Lisove hospodarstvo», 206 

«Sadovo-parkove hospodarstvo» [Correlation-regres-

sion analysis in Mathcad: a guide for students majoring 

in 201 «Agronomy», 101 «Ecology», 205 «Forestry», 

206 «Horticulture»]. Vinnytsia, VNAU, 2016. 152 p. 

 

ТЕРМОДИНАМИЧЕСКИ СОГЛАСОВАННАЯ МОДЕЛЬ ТЕОРИИ ПОРОУПРУГОСТИ 

ХИМИЧЕСКИ АКТИВНОГО ГЛИНСТОГО СЛАНЦА 

 

Хайдаров И.К. 

Чирчикский государственный педагогический институт 

Ташкентской области, проректор по учебной работе, 

Национальный Университет Узбекистана имени Мирзо Улугбека, 

доцент кафедры «Механика и математическое моделирование» факультета Математики, Таш-

кент, Узбекистан 

Имомназаров Б.Х. 

Новосибирский национальный исследовательский государственный университет, магистр, Новоси-

бирск, Россия 

 

 

A THERMODYNAMICALLY CONSISTENT MODEL OF THE POROELASTICITY THEORY OF 

CHEMICALLY ACTIVE SHALE 

 

Khaydarov I., 

Chirchiq State Pedagogical Institute of Tashkent Region, 

Vice Rector for academic affairs, 

National University of Uzbekistan named after Mirzo Ulugbek, 

Associate Professor of the Department of Mechanics and Mathematical Modeling, Faculty of Mathematics, 

Tashkent, Uzbekistan 

Imomnazarov B. 

Novosibirsk State University, Master degree, Novosibirsk, Russia 

 

 

  


