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THERMODYNAMIC MODEL OF STUDYING THE DYNAMICS
OF THE TEMPERATURE BALANCE BY CALCULATING HEAT ENERGY IN
AGRICULTURAL SECTOR

AYbIN LWAPYALLBINbIFbIHAAFbI XbINY SHEPTUACHI
MEH TEMMEPATYPA BANAHCbIHbIH OUHAMUKACHIH 3EPTTEYAIH
TEPMOOUHAMUKANBIK MOZEN

TEPMOOUHAMWYECKASA MOOENb U3YYEHUA AUHAMUKU
TEMMNEPATYPHOIO BAJIAHCA C PACYETOM TEM/IOBOW SHEPIUU
B CENIbCKOM XO3AMUCTBE

Abstract. This work is the result of the simulation of a thermodynamic model that investigates the dy-
namics of the temperature balance due to the transfer of thermal energy. A proposed scheme outlines the
rheological heat transfer characteristics of an object featuring an insulated surface, along with accompany-
ing graphs illustrating irreversible rheological transformations. The primary equation governing heat ex-
change, incorporating a chemical reaction, is presented, and the equation dictating the rate of heat energy
transfer along the object's length is derived. The subsequent step involves advancing physical-
mathematical models to depict the conversion of thermal energy into various states of the object. This ad-
vancement aims to facilitate an evaluation of the overall temperature regimen of agricultural entities and
optimize the heating procedures. In recent years, the agricultural sector has faced substantial challenges
attributed to climate change. Climate change impacts on agriculture encompass elevated temperatures,
increased weather variability, shifting agroecosystem boundaries, invasive species, pests, and frequent ex-
treme weather events. These changes possess the potential to disrupt agricultural yields and food security,
underscoring the importance of comprehending and managing temperature dynamics within agricultural
systems. This research delves into the core of temperature regulation within agricultural objects, employing
a thermodynamic model that not only considers heat exchange but also incorporates the influence of
chemical reactions. Through the derivation of equations characterizing the speed of heat energy transfer
and the development of physical-mathematical models for thermal energy transformation, this study offers
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a robust framework for evaluating and refining the temperature regime of agricultural objects. This re-
search paves the way for further advancements in the comprehension and management of temperature
dynamics within agricultural systems. As climate change persists in posing challenges to the sector, the
knowledge and models developed here will serve as invaluable tools in optimizing heating procedures, en-
hancing agricultural resilience, and securing global food production. In summary, this study significantly
contributes to our understanding of temperature balance and heat energy transfer within agricultural ob-
jects. It represents a crucial stride towards addressing the challenges posed by climate change in agricul-
ture.The suggested thermodynamic model, along with its corresponding equations, lays a robust ground-
work for forthcoming investigations and practical implementations. Ultimately, this development stands to
enhance the agricultural sector and contribute to global food production.

Keywords: thermodynamic model, thermal thermodynamics, rheological transitions, agriculture, math-
ematical models.

AHOamna. by XyMbIC Xbly 3HepausicbiH 6epy apKbiiibi memnepamypa mene-meHoi2iHiH OuHamuka-
CbiH 3epmmelmiH mepModuHamuKasbiK Mooesnbdi modenbdeydiH Hemuxeci 6onbin mabbinadbl. ¥cbi-
HblFaH cxema okKwayrnaHFaH 6emi 6ap ob6beKkmiHiH Xblny 6epyiHiH peorosusnbiK cunammamanapbiH,
CcoHOal-aK KalmbIMCbI3 peornoausinibik e32epicmepdi 6eliHenelmiH inecrie epacgukmepdi cunammadiosi.
XumusnbiK peakyusiHbl KaMmumbiH Xbly anmacyObl pemmelmiH 6acmarkbl meHOey YCbiHbIFaH XoHe
06BeKmiHIH Y3bIHObIFbI BOUbIHWA Xblly 3HEepP2USsICbiHbIH 6epiny XbindamOblfblH aHbIKmalmbsiH meHoey
anbiHFaH. Keneci kadam Xbiny aHepausicbiHbIH 06beKkmiHiH eapmypni KylUnepiHe alHanybiH Kepcemy YWwiH
gusuka-mamemamukarnsiKk mMoldenb0epdi xemindipydi kammudbl. byn xemindipy aybinwapyawbinibiK
KacinopbiHOapbiHbIH Xarrbl meMnepamyparnsiK pexumiH baranayob! XeHindemyae XeHe Xbiblmy po-
uedyparnapbiH OoHmatnaHobipyra barbimmarnfaH. COHFbl Xblidapb! ayblnwapyawbiiblK CeKmMopb! Kiu-
MammbIH e32epyiHe balinaHbicmbl alimaprbikmadl KubiHObikmapFa marn 60n0bi. Knumammbiq e32epyiHiH
aybln wapyauwbifbifbiHa 9cepiHe memrnepamypaHblH Xofapbiniaybl, aya-palbiHbiH KyObliManbibifbiHbIH
JKOFapblnaybl, agpo3KoxXylie weKapanapblHbIH CbICybl, UH8A3UAbIK Myprep, 3USHKECMEP XOHEe XUi 3KC-
mpemandbl aya palibl oKuranapbl xamaodbl. byn e3eepicmep aybinwapyauwblnisbiK xytenepiHoeai memre-
pamypa OuHamukacbiH myciHyOiH xaHe backapyObiH MaHbI30bInbIfbIH Kepceme ombipbir, dakblndapoblH
OHiMOiniai MeH a3blK-myJsiiK KayincisdieiHiH memeHOeyiHe akenyi MyMKiH. byn 3epmmey Xbiry anmacyobl
eckepin KaHa Koumaul, XUuMUusinbIK peakyusiiapOblH acepiH 0e KamMmumbiH MepMoOUHaMuKarblK MooesbOi
KondaHa ombIpbin, ayblnwapyawbiiblk 06bekminepiHoeai memnepamypaHbl pemmeyodiH MeHIH awadbi.
XKbiny aHepausicbiHbIH 6epiny XblndamobliFbiH cunammalmbsiH meHO0eynepdi Whirapy XeHe Xbly 3Hepau-
SACbIH mypreHOipydiH ghusuka-MamemamukarblKk MoOenb0epiH 83ipney apkbiibl 6y 3epmmey aybinua-
pyawnbinbiK HbiCaHOapbIHbIH memrepamyparbiK pexuMiH 6aranay »XoHe Hakmbliay yWwiH ceHiMmOi Heei3
ycbiHadbl. byn sepmmey aybinwapyawsinbl xyluenepiHoeai memnepamypa OuHaMuKkacbiH MyciHyde
XxoHe backapyda odaH epi xemicmikmepae xon awadbi. KnumammbiH e32epyi cana ywiH KUbIHObIKMap
myfbI3yObl xanracmbipyda, MyHOa a3iprneHeeH b6inim meH Modenbdep Xbinbimy npouedypanapbiH OHmau-
n1aHobIpy, aybin wapyawbibiFbiHbIH MYPaKmMbiblfbiH apmmbipy xoHe xahaHOblK a3biK-mynik eHOIpICiH
Kammamacsi3 emy ywiH bara xxemnec Kypan pemiHde Kbiamem emedi. Ocbinaliwa, byn 3epmmey mem-
nepamyparnbiK mene-meHOik NeH ayblnwapyauwbliibik 06bekminepiHdeai Xblny aHepausicbiH 6epy myparibi
myciHieimizze atimapnbikmal ynec kocadbl. byn aybin wapyawbinbifbiHOarbl KnuMammelH 632epyiHe
6atinaHbicmbl mMacenenepdi wewydeai MaHbi30bl KadamObl 6indipedi.¥cbiHblnFaH mepMoOUHaMUKarbIK
modenib muicmi meHOeyrnepmeH bipee andarbl 3epmmeynep MeH MpakmukasblK icke acbipyObiH 6epik
Heei3iH kanaldbl. Calbin KenzeHOe, byn [Jamy aybinuwapyauwbifibiK CEKMOPbIH HblFalimaobl xoHe ar1eMOik
asbIK-myrik eHdipiciHe ynec Kocaolkbl.

Tylin ce3dep: mepmoduHamuKkarblk Modesib, mepMoOUHaMUKa, PeosioausifibIK aybicynap, aybin wa-
pyauwblnbifbl, Mamemamukasblk MoOernb0ep.

AHHOMauyus. Sma paboma sernsemcs pe3yrnbmamom ModenupogaHus mepmoduHamudeckol mMode-
U, komopasi uccredyem QUHaMUKy memrepamypHo20 banaHca 3a cyem repedadu mernaoeol sHepauu.
lpednoxeHHasi cxema orucblgaem peosioeuyecKue xapakmepucmuku merionepedadu obbekma ¢ u30-
nupos8aHHOU M08epPXHOCMbIO, @ makKxe cornposoxdarowue epahuku, ummrocmpupyowue Heobpamumsie
peonoeuyeckue npeobpa3sosaHusi. [lpedcmaesneHo NepeuyHoe ypasHeHue, peaynupyrou,ee menioobmeH,
8K/IHOYaKWee XUMUYECKYIO peakuuto, U 8bIee0eHO ypasHeHue, ornpedessiroulee cKopocmbs rnepedaqu
menoeol sHepauu no dnuHe obbekma. Cnedyrowul wae eKktoyaem 6 cebsi ycosepuieHcmeosaHue ¢u-
3uUKo-Mamemamuydeckux modernel 0nsi omobpaxeHus rnpeobpasosaHusi Mernnosol 3Hepauu 8 passiuyHble
cocmosiHusi obbekma. Omo ycosepuieHcmeogaHuUe HanpasieHo Ha obrieadeHue oUeHKU obue2o memrie-
pamypHO20 pexuma CeslbCKOX035UCMEeHHbIX npednpusmul u onmumu3ayuto npouedyp obozpesa. B rno-
crnieGHUe 200bl CerlbCKOX035UCMBEHHbIU CEKMOP CMOJIKHYIICS CO 3Ha4YumesibHbIMU rpobnemamu, cesi3aH-
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HbIMU C U3MeHeHueM Krnumama. [locnedcmeusi usMeHeHuUs1 Knumama Ol CeflbCKo20 X03slicmea 8KIYa-
om rosbiweHUe memrepamypsbl, MO8bILIEHHYH U3MEHYUBOCMb 10200bl, CMeWeHUe epaHul, azpo3Kocu-
cmem, uHea3uesHble 8Udbl, spedumeriell U YHacmble IKCmpeMasibHble M0200HbIE A8NEHUS. MU U3MEeHeHUs
nomeHyuanbHoO Mo2ym npueecmu K CHUXEHUIO ypoxalHOCMU CerlbCKOX035UCMBEHHbIX Kyrbmyp U npo-
dosornibcmeeHHOU 6e3onacHocmu, nod4YepKusasl 8aXHOCMb MOHUMaHUsSI OUHaMUKU memnepamypbl 8
CeJ/IbCKOX035ICMBEHHbIX cucmeMax U yrnpaeneHusi ero. 3mo uccredosaHue packpbieaem cymb peayru-
posaHusi memnepamypbl Ha CE/IbCKOX035UCMBEHHbIX 06beKkmax, UCMonb3ysi mepmMoOUHaMUYECKYIO MO-
Oerib, KOMopasi He MOJIbKO y4Yumbigaem mena006MeH, HO U 8KTtoHaem 6/IUsTHUE XUMUYECKUX peakyud.
brnazodapsi 8b1800y ypasHeHUl, xapakmepu3yruwux CKopocme rnepedadyu mernaosol sHepauu, U paspa-
6omke ¢pusuko-mamemamuydeckux modernell npeobpas3osaHusi mernogol dHepauu, 3mo uccredosaHue
npednazaem HadexHyt OCHOB8Y Onsl OUEHKU U YMOYHEHUS meMrepamypHO20 pexuma CeflbCKOX035U-
cmeeHHbIX 06bekmos. Omo uccnedogaHue rpoknadbieaem rymb K danbHelUwWumM O0OCMUXEHUSIM 8 MOHU-
MaHuu OUHaMUKU memepamypbl 8 CeflbCKOX035UCMBEHHbIX cucmemax U ynpasneHuu ero. 1ocKonbKy
usMeHeHue Krnumama npodosmkaem co3dasamb rpobrems! Ot ompacsu, 3HaHusi u mMoodesu, paspabo-
maHHble 30eck, nocnyxam 6ecuyeHHbIMU UHCmpyMeHmamu O5si onmumu3ayuu npoyedyp oboepesa, no-
8bILEHUs] ycmoU4yueocmu ceflbckoeo xo3siticmea u obecrnieyeHusi 2nobanbHo20 npoussodcmea npodo-
gonibcmeusi. Takum obpa3om, amo uccriedogaHue eHocum 3HaqyumesibHbil ekrad 8 Hawe MoHUMaHue
memnepamypHoz2o banaHca u nepedadyu mersio8ol 3Hepauu 8HYmpU CerlbCKOX035UCMBEHHbIX 0ObeK-
mos. Omo npedcmassnisiem coboli 8axHbIlU Wwaa Ha nymu peweHust npobrnem, ces3aHHbIX C U3MEHEHUEM
Knumama 8 cenbckom xossiticmee. [NpednoxeHHas mepmoduHamuyeckass mModesb, Hapsady ¢ coomeem-
cmeywuMU ypasHeHUsIMU, 3akriadbieaem MPOYHY0 OCHO8Y Osi npedcmoswux ucciedosaHuli u npak-
mudeckoli peanusayuu. B KOHe4YHOM cyeme, ama pa3pabomka yKpenum CerflbCKOX035UCMEeHHbIU Cek-
mop u eHecem eKriad 8 MUpO8Oe MPouU380ACME0 MPoA080OSILCMEUS.

Knroyeenlie crnoea: mepmoduHamudeckasi Modesib, mennosasi mepMoOuHaMmuKa, peosiocudyeckue rne-
pexodhbi, ceribCKoe X035Ucmeo, MamemMamu4eckue Mooesu.

Introduction. Climate change can have varied impacts on agriculture. When temperatures
exceed a particular range, the warming trend typically leads to a decline in crop yields due to
accelerated crop development, resulting in a reduced overall seed production. Moreover, elevat-
ed temperatures negatively affect plants by hindering their capacity to acquire and utilize mois-
ture.

Evaporation from soils accelerates with rising temperatures and increased transpiration, that
is, the release of moisture from plant leaves. The combined effect is called evapotranspiration.
Because global warming generally leads to increased precipitation, the net effect of higher tem-
peratures on water availability is the result of a "competition” between increased evapotranspi-
ration and increased precipitation. In this competition, evapotranspiration usually wins.

Climate change is a pressing global concern that has far-reaching implications for various
sectors, including agriculture. The agricultural industry is particularly vulnerable to the adverse
effects of rising temperatures, increased weather variability, and shifting agroecosystem bound-
aries. These changes can lead to reduced crop vyields, disruption of planting and harvesting
schedules, the spread of invasive species and pests, and an increased frequency of extreme
weather events [1].

In this context, understanding and effectively managing temperature dynamics within agri-
cultural systems have become paramount. Temperature regulation plays a pivotal role in the
growth and development of crops and livestock. Moreover, optimizing heating procedures and
ensuring agricultural resilience are critical for maintaining global food production and food se-
curity.

This research delves into the heart of temperature regulation within agricultural objects, em-
ploying a sophisticated thermodynamic model. This model not only considers heat exchange but
also accounts for the influence of chemical reactions, which are fundamental in biological sys-
tems. By deriving equations characterizing the speed of heat energy transfer and developing
physical-mathematical models for thermal energy transformation, this study establishes a robust
framework for evaluating and refining the temperature regime of agricultural objects [2].
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The findings of this research are poised to make significant contributions to our understand-
ing of temperature balance and heat energy transfer within agricultural settings. As climate
change continues to pose challenges to the sector, the knowledge and models developed here
will serve as invaluable tools for optimizing heating procedures, enhancing agricultural resili-
ence, and safeguarding global food production.

Hence, the agricultural sector faces direct consequences of climate change, encompassing
heightened temperatures, fluctuations in weather patterns, alterations in agroecosystem bounda-
ries, the advent of invasive species and pests, and a rise in the frequency of extreme weather
events [3].

Air-heat treatment of agricultural seeds is often used. This is one of the ecological methods
of pre-sowing seed treatment, promoting their maturation. Due to this, germination energy in-
creases and the emergence of seedlings accelerates.

The goal of our work is to create a thermodynamic model to study the dynamics of tempera-
ture balance due to thermal energy.

Materials and methods. Since the change in temperature 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 seeds are similar. Molecular diffusion corre-
sponds to heat transfer by molecular heat conduction, and convection diffusion corresponds to
heat transfer by convection. All theoretical and experimental results obtained in the study of
heat exchange processes [4-9] can be directly applied to diffusion processes. The experimental
study of heat exchange is complicated by the need to carry out measurements in seeds with a
variable temperature. At the same time, the results are affected by the temperature dependence
of the physical and chemical constants. In the case of a stationary medium, the fundamental
principle governing heat transfer is the Fourier law, which states that the heat flow is directly
proportional to the temperature gradient, reflecting either molecular thermal conductivity or
thermal conductivity [10]

[q] = —AgradT = —AZ—; (D)

Here, g - represents the heat flow, indicating the quantity of heat transferred per unit surface
area per unit time. The term gradT - denotes the temperature gradient, while A - corresponds to
the thermal conductivity coefficient.

When the driving force for the movement is a temperature disparity causing heat transfer
within the seed, it is classified as free or natural convection [11]. Conversely, if external forces
induce the movement, the process is termed forced convection. A more comprehensive descrip-
tion of transport processes is achieved by not segregating molecular flows from convective
flows and incorporating mediated velocities of individual components, encompassing both mo-
lecular and convective transport. In this context, the law of thermal diffusion in the form of
Maxwell-Stefan [9] is derived, and for intricate scenarios, a system of equations incorporating
forces of mutual friction is established. In the framework of independent thermal diffusion ap-
proximation, it proves convenient to retain the structure of Fourier's laws while augmenting
them with convection components that articulate the convection transport linked to the overall
movement of matter. If the linear velocity of the latter is represented by v, then the modified
Fourier law is expressed as follows [9]

q=—-Agrad T + cppvT 2

where cp - represents the heat capacity at constant pressure, and p - denotes density.
In the heat transfer process, a coefficient of thermal conductivity, denoted as a, is introduced.
This coefficient is related to the conventional coefficient of thermal conductivity by the ratio
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a=—A/cpp , where ) is the usual coefficient of thermal conductivity, p is density, and cp is
the heat capacity at constant pressure. The equation for thermal conductivity in a stationary me-
dium is expressed as follows [6]

cppz—g = div AgradT + q' 3)

Where ¢’ - represents the density of heat sources, indicating the amount of heat released due
to chemical reactions in a unit of volume per unit of time, and © - denotes the heat transfer time.
If the thermal conductivity coefficient A can be treated as constant, then equation (3) assumes
the following form
1,
% = adT + E q (4)
In the presence of convection, equation (4) needs to be augmented with a convection compo-
nent, represented as vgradT, where v is the flow rate. In the context of biochemical processes,
the source of heat is the heat released from a chemical reaction, whose key characteristic is the
temperature-dependent rate described by the Arrhenius law. Consequently, the density of heat
sources is expressed as

q' = Qz exp exp (—E/RTp), (5)

In this expression, Q stands for the thermal impact of the reaction, z is a constant, E - repre-
sents the activation energy (assumed to be sufficiently high), R - is the universal gas constant,
and Tp - denotes the temperature at which the biochemical reaction occurs.

Due to the adopted assumptions, the fundamental equation for heat exchange involving a
chemical reaction is derived as follows

Cppg—z = div(AgradT — cppvT) + Qz exp exp (—E /RTp). (6)

In a state of equilibrium, the products of a chemical reaction disperse at a constant rate de-
noted as v,. In such a scenario, the heat transfer is characterized by the following equation

a ,dr aT
25y~ CcpPVo -+ Qz exp exp (=E/RTp) =0, (7

where X - represents the direction of thermal energy propagation.
If we assume that the variation of thermal conductivity with temperature can be neglected
(within an acceptable range of temperature changes), equation (7) simplifies and is expressed as

o%T oT

a———Vo=—
0x2 0 3x

+ %z exp exp (—E/RTp) =0 (8)
P

Derived from the heat balance equation for the temperature field, we obtain
OT _  0qy

CpP o5 =~ ©)
Let's replace g, with the following expression
aT 94y
G = —A5, —To 50 (10)

where Tp = cpp is the time constant of the heat transfer process.
Assuming that A and tp are constants, after differentiating with respect to time (t), we have
9%T  aT 9°T oT Q

Tp gz T35 ~ @ap2 T Vo — o 2 exp exp (E/RTe) =0, (11)
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Dividing equation (11) by the coefficient of thermal conductivity a, we obtain

9%T  aT (aZT oT

Qz
Tpogzt o5~ aﬁ—v0&+aexpexp(—E/RTp))=0. (12)

If we examine the heat energy transfer process of a seed in a scenario where the seed is with-
in an environment featuring a constant temperature field [4]. Fig. 1 illustrates the seed as a con-
ventional rod surrounded by a uniformly insulated external environment. The non-insulated
segment represents a liquid or air serving as a heat source with a temperature of T,. We'll parti-
tion the length of our object into conventional sections (n) of infinitesimal thickness 4x — 0.. It
is assumed that heat is transferred to each successive section Ax; only after the preceding one
has reached the temperature of the heat source.

Insulation
i

O > - |e—

MJ' -‘ﬁx-? &.1‘;‘ Axn

Figure 1. Diagram illustrating the rheological transformation of heat
in an object with an insulated surface

Each element of such a body undergoes a process of rheological transformation (heating),
which, according to [5], can be described by equation (12). In the initial section Ax — dx, there
is a rheological transfer of thermal energy from the source to the first section, as shown in Fig.
2, curve 1. This transfer results in the accumulation of heat in the object, causing it to reach a
temperature of T,; = T,. The heating process for the section 4x; — dx,; is depicted in Fig. 2,
curve 2. The Dirac delta function integral pulse represents a rectangle with a width of Ax;. Giv-
en that, according to the problem's conditions, there is no thermal energy flow through the sur-
face, the task of transferring heat and heating the object is symmetrical for each section. Thus,
the heat transfer process from the source to section 1 of the object can be described by a differ-
ential equation of type (12). The time for the transfer of thermal energy from one section to an-
other (flow time) is denoted as At; = 6; — 6;_;. When At; — 0, we can write [4] that

dT
0 T2 = kTy(x, 6), (13)

where 7 = IIL/a - is the thermal energy flow time constant; IT - seed perimeter; k - thermal
energy transfer coefficient.

Equation (13) delineates the flow of thermal energy along the object. Consequently, under
the assumption that 00=dt, equation (12) can be expressed as [4]
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9*T | AT 9*T T , Qz
Tpogzt o5~ (aa7—v0&+aexp (—E/RTP)) =y(1), (14)

where y(t) represents the speed of heat energy transfer along the length of the object, which is
the flow of heat energy.

T’J, T ij

S
o
U
R
C
E

0 B B

Figure 2. Plots depicting irreversible rheological transformations
(designated as curves 1 and 2) alongside the Dirac delta function integral pulse

Biochemical processes taking place in the biological environment are inherently irreversible
[12]. As a result, we will introduce a physical model and visually represent graphs depicting Irre-
versible Rheological Transformations (IRP) to illustrate rheological transitions (see Figure 3).

9 B

Environment

Rheological transitions RT2

_—"

Figure 3. Physical model (a) and IRP plots for rheological transitions; b) graph of the IRP of temperature
transfer from the source to the biological object; c) IRP graph of temperature transfer to the core of the
environment; d) graph of the 5-function of the integral Dirac momentum for the first rheological transi-
tion RT1; e) graph of the integral 5-function of the Dirac momentum for the second rheological transition
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RT2

The heat balance equation for the heat energy transfer process in the x direction is formulat-
ed as [5]

aT(x, 6) 8°T(x, 6)
axe =a a;cz — [, 8) +y.(r, t)] (15)

Where y,(x, 6) represents the flow of thermal energy in the direction of the length of the
conventional rod, and y, (r, t) is the flow of thermal energy during time t in the transverse di-
rection with radius r.

The accumulation of heat in the conditional rod, as per the heat balance equation, is per-
formed using the formula

,d?T(x, 8) , dT(x, 6) , dT(r, t)
yilx, 0) =7 =+ = — k= (16)
where 7' is the time constant of rheological transfer; k' - transmission coefficient; T (r, t) - dis-
tribution of temperature by radius r by time t.
The distribution of thermal energy along the radius of a conventional rod can be expressed
by the equation [13]

vy ) = 7" azz(trz, t) ar(; £) _pn dT(dxt, 6) ,
where 7”is the time constant; k"- gear ratio.

Results. The operation of the thermodynamic information processing block is illustrated in
Figure 3. In Block 1, control is executed through the LPT1 input/output port. Connected to the
computer via the LPT1 port through X1, Block 1 operates in various I/0O modes. The DD1
7415245 (555AP6) chip functions as a buffer for transferring data from the port data bus to the
device's internal data bus [13]. The DD2 741S374 (5551P23) chip acts as a latch for the DD4
7415138 (555ID7) decoder, facilitating 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, organized through the A/B control channel. The selection of channel A or B is de-
termined by transmitting the lower four bits of the data bus D0-D3 with a low-level signal and
the higher four bits of the data bus D4-D7 with a high-level signal to channel A/B. The PM1-
PM2 micro assembly prevents the high-level voltage from falling below the operating range.
The DD5 chip captures information from the internal data bus and concurrently transfers control
to the DALl 572PA1A digital-to-analog converter. The DAL chip influences the signal level
from one of the channels of the switching group of the DA5, DA7-DA9 590KNS5 chips [14].

In Block 2, the signal passes through the source follower VT1 and enters the amplifier stage
(with a gain factor of 10) through the transistor. The cascade mode ensures that the input bipolar
signal is shifted to the region of negative voltages necessary for the operation of the ADC DAL
Given the 300 pF input capacitance of the latter, a robust emitter follower on transistor VT3 is
connected between the amplifier and the ADC. The DAC DA2 572PA1A from Block 1 is used to
adjust the offset of the operating point of transistor VT1, thereby adjusting the constant shift at the
emitter of transistor VT3. Resistor RP1 can be utilized to fine-tune the operating point. In the
event of overload, transistor VT2 enters limiting mode, and the signal at the ADC input stays
within the range of —4 to +1V. Using the DA2 572PA1A DAC from Block 1, the reference volt-
age for the ADC is regulated, formed by a divider on resistor RP2, R10, an emitter follower on
transistor VT4, and varies from —1 to —3V. The digitized information from the ADC is transmitted
via the data bus to the buffer DD1 555AP6 chip. The microcircuit is clocked during the writing
process to the decryption register of Block 1 by the DD2 signal from port 14P and is then trans-
mitted to Block 2. This device enables the connection of up to 12 measuring transducers for moni-
toring parameters of the physiological state of plant biosystems, including biopotentials. Subse-

(17)
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quently, the received information is processed using a developed program on a PC.
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Figure 4. The block diagram of the thermodynamic information processing unit illustrates
the functional components and their interconnections within the system

The outcome of developing the experimental algorithm and the class diagram model is the
simulation of the experiment, as outlined below:

We conducted an experiment with four containers containing soil and planting material, with
three of them subjected to irradiation and one serving as a control sample. The input data
include:

- temperature of the environment (T);

- irradiation time (t);

- irradiation spectrum (Si);

- experiment result (Rex).

The experiment can be controlled both automatically and manually. The irradiation time has
two variants: 12 hours of exposure followed by 12 hours of break, or 24 hours of exposure fol-
lowed by 24 hours of break. Temperature measurements near the containers are taken every 12
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and 24 hours. Three possible radiation spectra are considered [15].

The experiment is deemed complete when stairs (presumably indicating plant growth) appear
in any of the containers. The results are documented and stored in the database.

The simulated experiment is outlined in the form of an algorithm (refer to Figure 5). The al-
gorithm encompasses all input and output data, illustrating two operational modes: manual and
automatic.

Introduction
T.t,Si, Rax

manual

Control

automatic

Manual

measurement control

T.t algorithm
Introduction
T.t.S

YES NO Stop
experiment
Stop YES
experiment
Data
recording
END

Figure 5. The procedural steps and instructions outlining the future experiment

The experiment's visualization utilized UML, employing a class diagram as depicted in Fig-
ure 6. This simulation also utilized a class diagram, illustrated in the same figure. The choice of
a class diagram proves advantageous for visualizing the experiment due to several key factors:

- data structure definition: clearly outlining the system's classes (e.g., Container, Experimen-
tResult), along with their respective attributes and methods.

- representation of relationships: illustrating how classes interact, with the Experiment hav-
ing aggregation relationships with multiple containers in our specific scenario.

- clear visual representation: providing a graphical representation that enhances comprehen-
sion of the system's structure and components for all project stakeholders.

- development support: serving as a valuable reference for developers, offering a foundation
for code creation if needed in future development efforts.

By employing the class diagram, we have achieved a more lucid visualization of our experi-
ment. This clarity facilitates analysis, improvement, and the ability to implement changes as re-
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quired.

Experiment

1
- temperature: float
+ timeOflrradiation: int = 12, 24
+ timeOfTempMesuarment: int = 8

+irradiationSpectrum: string
n | +containers; List{Container]
+ controlContainer: Container N1

+ experimentResult: ExperimentResult 1 ExperimentResult

1

Container + result: bool

+ startExperiment(): void
+ stopExperiment(timeOfirradiation): void

1 +irradiated: bool + mesuareTemperature(timeOfTemphesuarment): void
{ +hasSprouts: bool

+hasSprouts(): bool

‘ { Containerd
.

+irradiated: bool = False

Containerl-3

+ imadiationSpectrum; string = "red", “green”,

“blue*
+hasSprouts: bool

+islrradiated(). bool

Figure 6. The class diagram of the forthcoming experiment, utilizing specific symbols for access modifi-
ers: "— private" denotes private access, limited to within the class; "+ public" indicates public access,
available both inside and outside the class; "# protected" signifies protected access, accessible within the
package and its subclasses

The outcome of modeling a thermodynamic system, investigating temperature dynamics re-
sulting from thermal energy transfer, is expressed through equations (11) and (12). These equa-
tions serve to evaluate the overall temperature state of a biological object [16]. The nonlinearity
observed in the distribution of the temperature field within a biological object allows for the op-
timization of heating processes, considering both time and thermal radiation power (as indicated
in equation (16)). Furthermore, this demonstrates the feasibility of warming a biological organ-
ism by dissipating thermal energy.

The mathematical models presented describe the temporal and spatial temperature [17] dis-
tribution solely during the transfer of thermal energy through the rheological transition zone (re-
fer to Fig. 2, 3). Currently, thermodynamic processes in a biological object are employed to heat
or cool specific elements situated at a distance from the heat source. In practice, the dissipation
of thermal energy that has traversed the rheological transition zone during the examination of
real processes of energy and mass transfer in the object is effectively utilized.

The implications of our research are profound for the agricultural sector, especially in the
context of climate change challenges. Our thermodynamic model offers a powerful tool for op-
timizing heating procedures, enhancing the resilience of agricultural systems, and ensuring
global food production. Farmers and agricultural practitioners can use our findings to fine-tune
temperature control measures, ultimately improving crop yields and resource efficiency [18].

Conclusions. The construction of a thermodynamic model for examining temperature bal-
ance dynamics was justified, taking into account crucial parameters that contribute to the accu-
racy and suitability of the model. Exploration of temperature balance dynamics due to thermal
energy transfer revealed a nonlinear distribution of the temperature field in a biological object.
This nonlinearity allows for the optimization of heating processes in terms of both time and
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thermal radiation power, as indicated by Equation (16). The mathematical modeling results will
aid in the development of an effective, energy-saving, and environmentally friendly technology
to enhance greenhouse crop yield and quality. Additionally, technical means for pre-sowing
treatment of greenhouse crop seeds with photon radiation are proposed. A block diagram of the
thermodynamic information processing unit was designed, offering the capability to connect up
to 12 measuring transducers for assessing physiological parameters of plant biosystems. The ob-
tained information is then processed using a developed program on a PC. An experiment con-
duct algorithm was presented along with a class diagram, providing a clearer visualization of the
experiment. This visual representation allows for analysis and improvement, facilitating neces-
sary adjustments as needed.
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