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The agricultural sector faces serious
challenges related to climate change.
These changes have the potential to reduce
yields and food security, highlighting the
importance of understanding and man-
aging temperature dynamics. This work
is the result of development a thermody-
namic model that investigates the dynam-
ics of temperature balance through heat
energy transfer. A scheme of rheological
heat exchange of an object with an insu-
lated surface and graphs of irreversible
rheological transformations are proposed.
The main equation of heat exchange with
a chemical reaction is given and the equa-
tion of the speed of heat energy transfer
along the length of the object is derived.
Further development of physical-mathe-
matical models of the transformation of
thermal energy into a set of states of the
object is proposed. The experimental
results fully correlate with the heat trans-
Jfer equation. Samples with tomato seeds
were irradiated with a photon irradiator
with wavelengths of blue 450 nm, green
550 nm, red 650 nm with an exposure
of 12/24 h. As a result, 90 % under the
influence of the red spectrum of the pho-
ton irradiator for 24 h, which is 24 % more
than the control sample. This will make it
possible to assess the general temperature
regime of agricultural objects and optimize
the heating process. This study reveals
the essence of temperature regulation at
agricultural facilities using a thermody-
namic model, which not only takes into
account heat exchange, but also includes
the influence of chemical reactions. The
proposed thermodynamic model and asso-
ciated equations provide a foundation for
JSuture research and practical applications
that will ultimately benefit the agricultural
industry, global food production
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1. Introduction

Climate change can affect agriculture in different ways.
Beyond a certain temperature range, warming tends to reduce
crop yields as crop development accelerates and, as a result, the
amount of grain produced decreases. In addition, higher tem-
peratures impair the plants’ ability to obtain and use moisture.

Thus, the direct impacts of climate change on the agricul-
tural sector include increased temperatures, weather variability,
shifting agroecosystem boundaries, the emergence of invasive
species and pests, and more frequent extreme weather events [1].
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In solving the food problem, the biggest role is played
by the production of agricultural products throughout the
year, which is possible when using technologies of protected
soil. For example, in Ukraine [2], one inhabitant has about
0.25 m? of protected soil area, while in France — 5.6 m% in the
Netherlands — 5.4 m?.

The experience of countries with developed agriculture
shows that it is not just an increase in sown areas, but a max-
imum increase in plant productivity that is promising.

One of the main problems in obtaining high yields is
planting material, namely seeds with low sowing qualities.




In the future, it is possible to get a good harvest and, ac-
cordingly, high-quality seeds using photonic seed activation
technologies.

Therefore, research into the influence of thermodynamic
processes on the growth and improvement of the quality of
agricultural crops is relevant. Also relevant are studies that
will influence seeds, causing structural changes in them that
stimulate or inhibit the vital processes of plants in subse-
quent periods of their development.

2. Literary analysis and statement of the problem

The paper [3] presents the results of a study on the
analysis of irradiation of seeds and seedlings with gamma
rays and carbon ions to induce mutations. It has been shown
that radiation with high linear energy transfer causes closely
spaced DNA damage, regardless of the water content of the
material, which can lead to the generation of rearrangements.
Today, this technology is quite energy-consuming and has
not been studied sufficiently, since gamma rays cause a large
number of mutations. Considering that the detection effi-
ciency varies depending on the type of mutation and the
type of algorithm, the combined use of different algorithms
is considered effective in achieving efficient and unbiased
mutation detection [4]. Research [5] on the effect of irradi-
ating seeds with a low-power continuous laser on germina-
tion, seedling growth and biochemical properties is gaining
popularity. Overall, the effect of laser energy levels on ger-
mination and seedling growth was found in the following
order: 75 mJ>50 mJ>25 mJ, where, as in the case of fat, protein
and nitrogen content, the trend was as follows; 25 mJ>50 mJ
and 75 m]J. However, this method can be used to improve
seedling growth and mineral content where germination is
low due to unfavorable conditions.

Publication [6] examines the effect of low-energy elec-
tromagnetic radiation on seeds of greenhouse crops. But this
does not take into account the thermodynamic processes oc-
curring in the seeds. The thermodynamic process is discussed
in article [7]. However, it talks about using a combined
infrared-convective dryer, which in our case is completely
unsuitable due to the difference in planting material. In pub-
lication [8], the problem of short-term high-temperature
processing of raw materials under the influence of infrared
rays (micronization) was discussed. As a result, this increases
the microbiological purity of raw materials. However, this
changes the biological value of the seeds, for example, slight
denaturation of proteins occurs.

Article [9] provides information on the coefficients of
conversion of photon quantities into energy ones. This gives
the opportunity to draw conclusions on optimizing the
choice of photon emission ranges.

In work [10] the Boston lettuce variety was irradiated
with a photoperiod of 16 hours for 35 days. Irradiation with
photons of the violet, red, blue ranges with the addition
of a white spectrum, as well as under cold white light. The
maximum result corresponded to a combination of all three
spectra. The option with cool white light was 10 % lower, and
the red-blue combination showed a result 17 % lower than
the maximum.

Some publications describe the use of machine learning to
increase crop yields. This paper [11] describes a method for
doing this optimization for the desired result of flavor by com-
bining cyber-agriculture, metabolomic phenotype (chemo-

type) measurements, and machine learning. These are expen-
sive technologies today, but they have a future.

Given that agriculture is the food security of any country,
the listed studies only partially solve the problem of increas-
ing productivity. It should be noted that some methods are
expensive, unacceptable for mass use, and in some cases not
completely safe. There remains an urgent need to solve the
problem of increasing productivity in the most ecological,
cheap and acceptable ways.

All of the above suggests that it would be advisable to
conduct a research experiment to improve the quality of
planting material using photonic technologies.

3. The aim and objectives of the study

The aim of the study is to create a thermodynamic model
to study the dynamics of the temperature balance during
photon irradiation of biological objects, to increase the ger-
mination of agricultural crops.

To achieve this aim, the following objectives are accom-
plished:

— to justify the principle of constructing a thermodyna-
mic model for studying the dynamics of temperature balance;

— to present the dynamics of the temperature balance of
planting material due to the transfer of thermal energy;

—to develop a block diagram of a block responsible for
thermodynamic information processing;

— to develop an algorithm for conducting an experiment
and simulate a class diagram;

— to present graphically the results of the experiment on
the tomato variety «Rinato».

4. Materials and methods of research

The object of our research is a temperature balance of
planting material. The main hypothesis of the study in-
volves possibility of treating seeds with photon radiation of
a certain spectrum, which will increase the germination and
productivity of agricultural crops.

During the research, the following research methods
were used:

— methods of the theory of interaction of laser radiation
with biological objects — to study the influence of optical
radiation on biological objects;

— methods of digital signal processing;

— methods of differential calculus;

— methods of mathematical modeling.

When constructing the thermodynamic model, the fol-
lowing simplifications were made: since the change in tem-
perature is the driving force, it leads, first of all, to a change in
the rate of mass transfer and chemical processes in the object.

The processes of heat and matter transfer in grains are
similar. Molecular diffusion corresponds to heat transfer by
molecular heat conduction, and convection diffusion corre-
sponds to heat transfer by convection. All theoretical and
experimental results obtained in the study of heat exchange
processes [12—17] can be directly applied to diffusion pro-
cesses. The experimental study of heat exchange is compli-
cated by the need to carry out measurements in grains with
a variable temperature. At the same time, the results are
affected by the temperature dependence of the physical and
chemical constants. For a stationary medium, the basic law



of heat transfer (molecular thermal conductivity or thermal
conductivity) is the Fourier law.

During the study, the following limitations and assump-
tions were adopted:

— small-sized glass containers for irradiation with dimen-
sions of 40x15x15 cm are considered;

— one container is not irradiated, control sample;

— photon irradiation irradiation with wavelength: blue
450 nm, green 550 nm, red 650 nm and with exposure 12
and 24 hours;

— UML diagrams were used for modeling.

When conducting experimental studies, the following
were used:

— software: unified modeling language UML;

— hardware: an experimental setup containing a thermo-
dynamic information processing unit, an optical diffuser and
a laser emitter with adjustable power.

3. Results of research on the development, modeling
and practical implementation of a thermodynamic model
for optimizing processes in agriculture

5. 1. Justification of the principle of constructing
a thermodynamic model for studying the dynamics of tem-
perature balance

The point of constructing a thermodynamic model is to
highlight those features of the phenomenon and characte-
ristics of the object that play a significant role in the range of
events under consideration.

When external conditions change, changes also occur in
the system. During the heat exchange process, the state of the
system changes. But as the state changes, the internal energy
also changes.

It is known that during heat exchange the process of
energy transfer occurs at the molecular level.

Accordingly, when thermodynamic modeling it is necessary
to take into account such parameters as: the amount of heat
that is transferred through the surface per unit time, thermal
conductivity coefficient, temperature gradient, time of transfer
of thermal energy, direction of thermal energy and others.

Thus, the process of heat transfer from the irradiation
source to the irradiation object will be described by diffe-
rential equations.

5. 2. The temperature balance of planting material due
to the transfer of thermal energy

For a stationary medium, the basic law of heat trans-
fer (molecular thermal conductivity or thermal conduc-
tivity) is Fourier’s law, according to which the heat flow is
proportional to the temperature gradient [18]:

qz—XgradTE—X%, )

where g — the heat flow, that is, the amount of heat transferred
through a unit of surface per unit of time; gradT — tempera-
ture gradient; A — thermal conductivity coefficient.

If the cause of the movement is a temperature difference,
which leads to the transfer of heat in the grain, then it is
considered to be free or natural convection. If the movement
is caused by external forces, then the process is called forced
convection. The most general description of transport pro-
cesses is achieved if molecular flows are not separated from

convective flows at all and use the mediated velocities of
individual components, which include both molecular and
convective transport. At the same time, the law of thermal
diffusion in the form of Maxwell-Stefan [18-21] was ob-
tained, and for more complex cases, a system of equations
with forces of mutual friction was obtained. In the approxi-
mation of independent thermal diffusion, it is convenient to
preserve the form of Fourier’s laws, supplementing them with
convection components expressing the convection transport
associated with the movement of matter as a whole. If the
linear speed of the latter is denoted by, then the Fourier law
takes the form [18]:

q=-\gradT +C,pdT, (2)

where ¢, — heat capacity at constant pressure; p — density.

For the heat transfer process, a coefficient of thermal
conductivity a is introduced, which is related to the usual
coefficient of thermal conductivity by the ratio a=2/cpp. The
equation of thermal conductivity in a stationary medium has
the form [12]:

Cppg—gzdivkgradT+q’, 3)

where ¢’ — density of heat sources, that is, the amount of heat
released as a result of chemical reactions in a unit of volume
per unit of time; 6 — heat transfer time.

If the thermal conductivity coefficient A can be conside-
red constant, then equation (3) takes the form:
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In the presence of convection, equation (4) must be sup-
plemented with a convection component vgradT (where v is
the flow rate). For biochemical processes, the source of heat
is the heat release of a chemical reaction, the main property
of which is the dependence of its speed on temperature ac-
cording to the Arrhenius law. Therefore, the density of heat
sources is written as:

¢’ =Qz-exp(—E / RT,), 5)

where Q — the thermal effect of the reaction; z — a constant;
E — the activation energy, which is considered sufficiently
large; R — universal gas table; 7, — the temperature of the
biochemical reaction.

As a result of the accepted assumptions, the basic equa-
tion of heat exchange with a chemical reaction is obtained in
the following form:

cppz—g =div(AgradT —C,poT)+
+Qz-exp(-E / RT,). (6)

In a steady state, the products of a chemical reaction
spread at a constant rate vy. For such a regime, the heat trans-
fer is described by the equation:

d,0T oT
a—xka—x—Cppvoa—x+Qz-eXp(—E/RTP)z0, @)

where x — the direction of thermal energy propagation.



If the dependence of thermal conductivity on tempera-
ture is neglected (with a permissible change in the tempera-
ture), then equation (7) is simplified and takes the form:

FTaT Q
Cly—l)oa+c—13p2'exp(—E/RTP)=0. (8)

From the heat balance equation for the temperature field,

JdT  dq
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Let’s substitute g, the following expression instead:
aT dq
=-A—-T, =%, 10
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where Tp=cpp is the time constant of the heat transfer process.
Assuming that A and tp are constant, after differentiating
by time z:

T oT 9T
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Dividing equation (11) by the coefficient of thermal con-
ductivity a:

o'T oT
e
0T oT 2
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If to consider the process of heat energy transfer of
a grain, for the case when this grain is in an environment with
a constant temperature field [9]. Fig. 1 shows that the grain
is a conventional rod with a constant insulated external en-
vironment, and the non-insulated part is a liquid or air that is
a source of heat with temperature Ty. Let’s divide the length
of our object into conventional sections 7 of thickness Ax—0.
Let’s assume that heat is transferred to each subsequent
section Ax only after the previous one has taken on the tem-
perature of the source.

Insulation

»l
I D
AXi

Fig. 1. Scheme of the rheological transition of heat
of an object with an insulated surface

AX] AXH

Each element of such a body undergoes a process of rheo-
logical transformation (heating), which according to [13]
can be described by equation (12). In the first section
Ax—>dx, there is a rheological transfer of thermal energy from
the source to the first section (Fig. 2, curve 1). Due to this

transfer, the object accumulates heat and heats up to a tem-
perature of T,;=T,. The process of heating the site Axy — dx; is
shown in Fig. 2, curve 2. Dirac’s integral pulse delta function
is a rectangle of width Axy. Since, according to the condition
of the problem, there is no flow of thermal energy through
the surface, the task of transferring heat and heating the
object will be symmetrical for each area. Thus, the process
of heat transfer from the source to site 1 of the object will be
described by a differential equation of type (12). The time
of transfer of thermal energy from one area to another (flow
time) At;=0,—6; 1. When At;— 0 it is possible to write [9] that:

dT,
TC dtx = de (x’e)’

(13)

where t¢=PL/a — the thermal energy flow time constant;
P — grain perimeter; £ — thermal energy transfer coefficient.

TO, Tx AXI
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Fig. 2. Graphs of irreversible rheological
transformations (curves 1 and 2) and integral impulse
delta function of Dirac

Equation (13) describes the flow of thermal energy along
the object. Therefore, assuming that d00=dt, equation (12)
can be written as [12, 19, 20]:
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where y(t) — the speed of heat energy transfer along the
length of the object (heat energy flow).

Biochemical processes occurring in the biological envi-
ronment are irreversible. therefore, let’s present a physical
model and graphs of irreversible rheological transformations
(IRP) for rheological transitions in graphic form (Fig. 3—6).

The heat balance equation for such a heat energy transfer
process in the x direction will have the form [13]:

oT (x,0) " 0’T (x,0
0  ox?

)_[71(x’e)+72 (r’t)]’

(15)

where v1(x,0) — the flow of thermal energy in the direction of
the length of the conventional rod; y»(7, ¢) — the flow of thermal
energy during time t in the transverse direction with radius 7.

Accumulation of heat in the conditional rod, based on the
heat balance equation, is carried out according to the formula:

,dQT(x,e)_l_dT(x,G) dT (r,t)

e’ do ~k dt

Y, (x,0)=1 (16)



where 17 — the time constant of rheological transfer; 2" — trans-
mission coefficient; T(r,t) — distribution of temperature
by radius 7 by time ¢.The distribution of thermal energy
along the radius of a conventional rod can be described by
the equation:

dT(x,G)

. dZT(r,t)+ dT (r,t)
dt -’

_ kll
dt? dt

Yo (rt)=1 17

where v — the time constant; #” — gear ratio.

5. 3. The result of developing a block diagram for ob-
taining thermodynamic information

Let’s take a closer look at the block diagram of the ther-
modynamic information processing unit (Fig. 4).

The thermodynamic information processing block oper-
ates as follows. In block 1, control is carried out using the
LPT1 input/output port. Through X1, block 1 is connected
to the computer via LPT1 port, configured for any of the
I/0 modes. The DD1 741S245(555AP6) chip performs the
function of buffering the port data bus into the internal data
bus of the device. The DD2 741S374 (5551P23) chip acts as
a latch for the DD4 7415138 (5551D7) decoder chip, which
ensures the selection of the required DD5 DD10 latch chip.
The DD3 7415257 (555KP11) multiplexer chip transmits
the device data bus to the LPT1 X1 port in two passes. Two
passes are organized using the A/B control channel. The
selection of channel A or B is carried out by transmitting the
lower four bits of the data bus D0-D3 and a low-level signal
is sent, and when transmitting the higher four bits of the data
bus D4-D7, a high-level signal is sent to channel A/B. The
PM1-PM2 microassembly prevents the high-level voltage

from falling below the operating range. The DD5 chip per-
forms the function of capturing information from the internal
data bus, while simultaneously transferring control to the
DA1 572PA1A digital-to-analog converter. The DA1 chip
affects the level of the signal coming from one of the channels
of the switching group of the DA5, DA7-DA9 590KN5 chips.
In block 2, the signal, passing through the source follower
VT1, enters the amplifier stage (gain factor 10) on the tran-
sistor. The cascade mode is selected in such a way that the in-
put bipolar signal is shifted to the region of negative voltages
required for the operation of the ADC DA1. Due to the fact
that the input capacitance of the latter is 300 pF, a powerful
emitter follower on transistor VT3 is connected between the
amplifier and the ADC. Using the DAC DA2 572 PA1A of
block 1, the offset of the operating point of transistor VT1 is
adjusted and thereby the constant shift at the emitter of tran-
sistor VT3 is adjusted. Resistor RP1 can be used to adjust the
operating point. When the unit is overloaded, transistor VT2
goes into limiting mode and the signal at the ADC input does
not leave the range —4...+1 V. Using the DA2 572 PA1A DAC
of block 1, the reference voltage for the ADC is regulated,
which is formed by a divider on resistor RP2, R10, an emit-
ter follower on transistor VT4 and varies from —1 to -3 V.
The digitized information from the ADC is sent via the data
bus to the buffer DD1 555 AP6 chip. The microcircuit is
clocked when writing to the decryption register of block 1 by
the DD2 signal from port 14P and is transmitted to block 2.
This device provides the ability to connect up to 12 measur-
ing transducers that measure parameters of the physiological
state of plant biosystems, including biopotentials; after which
the information received according to the schemes described
above is processed using a developed program on a PC.

Rheological C/T2
transitions |Environment >
RT2
flow
4 T(Tp
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Fig. 3. IRP plots for rheological transitions: @ — physical model; b — graph of the IRP of temperature transfer from the source
to the biological object; ¢ — IRP graph of temperature transfer to the core of the environment; d — graph of the A-function
of the integral Dirac momentum for the first rheological transition RT1; e — graph of the integral A-function of the Dirac
momentum for the second rheological transition RT2
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Fig. 4. Block diagram of the thermodynamic information processing unit

5. 4. The result of developing the experimental algo-
rithm and class diagram model

Simulation of the experiment.

There are 4 containers with soil and planting material.
Of them, 3 will be irradiated, 1 will be a control sample.

Input data are:

— temperature of the environment — T,

— time of irradiation — ¢

— irradiation spectrum — Sj;

— result of experiment — R,,.

Ability to control the experiment — automatically and
manually.

Irradiation time has two variants — 12 hours of exposure,
12 hours of break; 24 hours of exposure, 24 hours of break.

The temperature near the containers is measured every
12 and 24 hours. There are 3 possible variants of radiation
spectra. The experiment is considered finished when stairs
appear in any of the containers. The results are recorded and
stored in the database.

The simulated experiment was presented in the form of
an algorithm (Fig. 5). All input and output data were taken

into account in the algorithm and two modes of operation
were shown — manual and automatic.

Visualization of the experiment was performed using
UML, a class diagram was used (Fig. 6).

The simulation of the experiment was performed using
a class diagram (Fig. 6).

A class diagram is great for visualizing this experiment
because of the following factors:

1. Data structure, that is, it is clearly defined which
classes exist in the system (for example: Container, Experi-
mentResult), which attributes and methods they have.

2. Relationships — shows how classes interact with each
other. For example, in our situation, the Experiment includes
many containers and has aggregation relationships with them.

3. Clear visualization — our diagram provides a graphical
representation that makes it easier for everyone involved in
the project to understand the structure of the system and its
components.

4. Development Aid — the diagram is a source of infor-
mation for developers who can use it as a starting point for
writing code if needed in the future.
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Introduction
T, t, Si, Rex

Control

automatic

measurement
T,t

!

Introduction
T,t, Si

manual

algorithm

Manual
control

YES NO Stop
experiment
Stop YES
experiment
Data
recording
END

Fig. 5. The algorithm of the future experiment

Experiment

1 - temperature: float

1

Container

+iradiated: bool
+hasSprouts: bool

+hasSprouts(): bool

+ timeOflrradiation: int= 12, 24
+ timeQfTempMesuarment int = 8
+ irradiationSpectrum: string

n + containers: List[Container]

+ controlContainer: Container
+ experimentResult: ExperimentResult

+ starlExperiment(): void
+ stopExperiment(timeOflrradiation): void
+ mesuare Temperature(timeQf TempMesuarment): void

Containerd

Container!-3

+ irradiationSpectrum string = “red”, “preen”,

“blue”

+ has$S;

prouts: bool

+ islrradiated(): bool

— privat — access only inside the class, + public — access inside and outside the class,

+ irradiated: bool = False

Fig. 6. Class diagram of the future experiment, where:

# protected — access inside the package and its subclasses

1

ExperimentResult

+result: bool




Thus, with the help of a class diagram, a clearer visualiza-
tion of our experiment is achieved. This gives the opportuni-
ty to analyze and improve, that is, to make changes as needed.

5. 5. Graphical results of the experiment

After conducting a production experiment on irradiating
containers with planting material, namely the «Rinato» to-
mato variety, let’s record the results.

Fig. 7 shows the results of a seed germination experiment
with irradiation for 24 hours.

Fig. 8 shows the results of a seed germination experiment
with irradiation for 12 hours.
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Fig. 7. Dependence of tomato seed germination
on the irradiation spectrum (24 h)
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Fig. 8. Dependence of tomato seed germination
on the irradiation spectrum (12 h)

As aresult, the germination of tomato seeds in the control
sample, which was not irradiated, was 66 % in both cases.
All obtained data are presented in Table 1.

Table 1

Experimental results. Seed germination in %

Photon irradiation spectrum
Irradiation
time Control Blue Green Red
sample spectrum | spectrum | spectrum
12h 66 % 67 % 80 % 85 %
24 h 66 % 70 % 88 % 90 %

From the table with the experimental results, it is pos-
sible to conclude that the maximum result for all three spec-
tra of photon radiation is achieved around the clock. How-
ever, it should be noted that the red spectrum gives the best
results for any irradiation period, namely 90 % at 24 hours of
irradiation and 85 % at 12 hours of irradiation.

6. Discussion of research results on the development,
modeling and practical implementation
of a thermodynamic model for optimizing
processes in agriculture

The result of modeling a thermodynamic model that
explores the dynamics of the temperature balance due to the
transfer of thermal energy is presented in the form of equa-
tions (11) and (12) for assessing the general temperature
state of a biological object. This shows that the distribution
of the temperature field in a biological object is nonlinear
and makes it possible to optimize the heating processes both
in time and in terms of the power of thermal radiation (equa-
tion (16)). In addition, this demonstrates that the process of
warming up a biological organism can be done by draining
thermal energy.

The presented mathematical models of temperature distri-
bution in a certain object in time and coordinate describe only
the process of transfer of thermal energy through the rheolo-
gical transition zone (Fig. 2, 3). At the moment, in a biological
object, thermodynamic processes are used to warm up or
cool some elements of the object, which are located at some
distance from the heat source. In fact, the drain of thermal
energy that passed through the rheological transition zone
during the study of real processes of energy and mass transfer
in the object is used.

In [14] considered a thermodynamic model for cold-
blooded biological organisms (aquatic) and accordingly took
into account other indicators of the environment and the
studied samples. In [8, 10] photon irradiation of biological
objects was carried out, but the dynamics of temperature
balance and rheological transitions were not considered.

Evaluating the results of our experiment, it is possible
to conclude that the highest percentage of germination
of tomato seeds is observed when irradiated with the red
spectrum for 24 hours — 90 %. This is 24 % higher than the
control sample. It can also be noted that the germination
spectrum of blue irradiation is almost equal to the control
sample. This partly correlates with some publications on this
topic [6, 7, 9].

To ensure optimal treatment regimes for seeds of green-
house crops, leading to increased yields, a wavelength range
of 650 nm (red irradiation spectrum) was experimentally
established (Fig. 7, 8).

There are some limitations to using this method that
should be noted. For the most part, this technology can be



used in closed ground, that is, in greenhouses. However, the
progress of this study can be improved by further research.
Many other aspects may require further study.

The content of photosynthetic pigments in plant leaves is
an important indicator of their development and depends on
the influence of various natural factors. The next stage will be
the study of chlorophyll «a» pigments in tomato leaves after
their seeds have been treated with photon radiation.

7. Conclusions

1. The principle of constructing a thermodynamic model
for studying the dynamics of temperature balance was sub-
stantiated.

The following parameters were taken into account: the
amount of heat that is transferred through the surface per
unit time, thermal conductivity coefficient, temperature gra-
dient, time of transfer of thermal energy, direction of thermal
energy and others. These parameters indicate the accuracy
and suitability of the model.

2. The dynamics of the temperature balance of planting
material due to the transfer of thermal energy. A diagram
of the rheological heat transfer of an object with an isola-
ted surface and graphs of rheological transformations are
shown. The basic equation of heat transfer during a chemical
reaction is given and the equation for the rate of transfer
of thermal energy along the length of an object is derived.
Further development of physical and mathematical models
for the transformation of thermal energy into a set of object
states is also proposed. This will allow to assess the overall
temperature regime of agricultural facilities and optimize the
heating process.

This shows that the distribution of the temperature field
in a biological object is nonlinear and makes it possible to
optimize the heating processes both in time and in terms of
the power of thermal radiation (equation (16)).

The results of mathematical modeling of the thermody-
namic model will make it possible to develop an effective,
energy-saving, environmentally friendly technology to in-
crease the yield and quality of greenhouse crops. As well as
technical means for pre-sowing treatment of greenhouse crop
seeds with photon radiation.

3. A block diagram of the block that is responsible for
thermodynamic information processing has been developed.
This device provides the ability to connect up to 12 measur-
ing transducers that measure parameters of the physiological
state of plant biosystems, including biopotentials; after which
the information received according to the schemes described
above is processed using a developed program on a PC.

4. An algorithm for conducting an experiment is presen-
ted and a class diagram is modeled. Thus, with the help of
a class diagram, a clearer visualization of our experiment is
achieved. This gives the opportunity to analyze and improve,
that is, to make changes as needed.

5. The results of the experiment are shown in the form of
graphical information. It can be concluded that the maximum
effect of germination of tomato seeds when irradiated with
the red spectrum for 24 hours is 90 %. Which is 24 % more
than the control sample.
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