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SOFTWARE TOOLS FOR CALCULATING THE MAIN PARAMETERS
OF THE DRYING PROCESS OF ANISOTROPIC MATERIALS

Modern technologies for processing anisotropic materials require an integrated approach to controlling the drying process, which
significantly affects the quality and properties of the material. This paper investigates the development of software tools for calcula-
ting the main parameters of the drying process of anisotropic materials. The use of cellular automata in this context allows modeling
and controlling the distribution of temperature, moisture content, and stresses in the dried material. The work includes the develop-
ment of a structural diagram and a modeling algorithm, in particular, taking into account the anisotropy of the physical and mechani-
cal characteristics of wood. One of the key features of the work is the possibility of extending the existing transition rules for the cel-
lular automaton model, which allows determining the initial moisture content in the cells based on its gradient at the boundaries and
in the center of the wood. Software tools implemented in C++ programming language using the cross-platform environment "Co-
de::Blocks" and the library "wxWidgets" provide the user with an intuitive and user-friendly graphical interface. The user can define
input parameters, including geometric dimensions of the material, dryer characteristics, and other process parameters. An important
function of the program is the output of results in the form of graphs illustrating the distribution of temperature, moisture content and
stresses at different stages of drying. The user can also specify parameters for detailed analysis and export data for further research in
Microsoft Excel. The study was conducted on pine wood material, taking into account various drying parameters. The modeling re-
sults demonstrate a significant effect of time and process parameters on the distribution of moisture and stresses in the material,
which is in line with real-world conditions.

Keywords: modeling; cellular automata; anisotropy; physical-mechanical characteristics of wood; heat and mass transfer; stres-
ses; moisture content.
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Object of research — the process of drying wood.

Subject of research — development of a software tools ba-
sed on the method of cellular automata for modeling the ma-
in parameters of the drying process of anisotropic materials.

The purpose of the work — development of an effective
software tools that provides means for calculating and vis-
ualizing the main anisotropic materials drying parameters.

To achieve this purpose, the following main research
objectives are identified:

1. Extending the transition rules for the cellular automata mo-
del to consider the initial moisture content in the cells, ta-
king into account its gradient at the edges and in the center
of the wood.

2. Creating a software tool for modeling the drying process ta-
king into account the anisotropy of the physical and mec-
hanical characteristics of wood and displaying the results
with the possibility of exporting them.

Analysis of current research and publications. Exis-
ting wood processing technologies require a complex
approach to managing the drying process, which signifi-
cantly affects the quality and properties of the obtained ma-
terial. Various researchers have carried out the modeling of
the drying process of anisotropic materials for more than
30 years [7]. During this time, many emerging problems ha-
ve been solved, and solutions have been found to such
complex problems as external heat and mass transfer, as
well as modeling moisture leading to stresses. They empha-
size the evolution of modeling, in particular its extension
from one-dimensional to multidimensional cases, which de-
fines positive developments towards solving important
problems in the field of wood drying. Despite this, research
is still ongoing, in particular, in [11], the authors try to opti-
mize the drying process of pine wood using two indepen-
dent approaches. Firstly, they focused on the diffusion coef-
ficient determined by experiments, and secondly, they in-
vestigated the effect of air humidification on the drying pro-
cess itself. The authors compared the experimental data
with the data obtained as a result of modeling using the
TORKSIM v5.11 program, and as a result, they found rela-
tively good agreement. Another important issue is the stress
that occurs during wood drying, which can lead to various
drying defects [12]. Its study is made possible by studying
the microstructure of wood and the dynamics of heat and
mass transfer during drying, which can be obtained by
using a cellular automata model. In turn, some authors fo-
cus their research [2] on assessing the evolution of the
physical and mechanical properties of pine subjected to
drying and thermal modification. Thus, they manage to ob-
tain a high dispersion after heat treatment and drying. At
the same time, weight loss and moisture content decrease in
proportion to the intensity of the treatment, which is associ-
ated with changes in the cell wall and thermal degradation
due to the interaction of wood and water. In turn, in [3], the
authors also suggest using their own software climate
control system in the drying chamber to ensure optimal
drying conditions and avoid errors that may occur at later
stages of the process. It is clear that this approach will help
improve the efficiency and quality of production, and the
use of a virtual model will help in selecting the optimal eq-
uipment and adjusting the parameters of the drying process
of anisotropic materials. All these works confirm the rele-
vance of this study, and the software tools developed in this
work can be useful in calculating the main parameters of
the drying process of anisotropic materials, with the possi-
bility of their further analysis and control.

Research results and their discussion /
Pe3y/ibTaTH AOC/IiAKEeHHs Ta iX 06rOBOPEHHS

Determination of the initial moisture distribution in
modeling the non-stationary process of moisture transfer
during anisotropic materials drying and extension of the
existing transition rules for the cellular automata model.
In previous works [4, 5], a cellular automaton model was
developed and studied to determine the change in moisture
content in lumber during drying. The transition rules deve-
loped in these works used constant values of the initial mo-
isture content of lumber, for example, Uy = 0.35, which we-
re assigned to all cells without exception. Unfortunately,
this approach did not take into account situations in which
the initial moisture content of the lumber on its surface and
in the middle is different. In this case, the use of constant
values loses its expediency. In this regard, it is proposed to
update the transition rules to be able to take into account
such moisture differences. To make changes to the transiti-
on rules, first we need to update the list of input parameters
that the user enters, such as U, (moisture level in the
middle of the lumber) and U, (moisture level on the surfa-
ce of the lumber). The updated transition rules will look li-
ke this:

IF l]in = Uout THEN UO = Uout

ELSE Uy=Un—(1-C) - (1 -C) - (Uin— Uow)
Where: C,, C, are the coefficients of cell distance from the
center of the lumber according to the selected direction,
which can be determined as follows:

szl_(Slh—O.Sajz’ CVZI_(Szh—O.Sbjz. )
0.5a 0.5b

Where: /4 is the size of one cell, a is the width of one lum-
ber, b is the thickness of one lumber, S, S, are the coordina-
tes of the location of the cell on the cellular automatic field,
where S; € [1; S, S,€ [1; S,], with S, = a/h, S, = b/h.

For example, if we select a cell [S;; S,] with coordinates
[42; 10] at a =50 sm, b =3 sm, h = 0.2 sm, U, = 0.35, Uy
= (.28, then its initial moisture content value U, can be cal-
culated as follows:

Uy =0.35—(1-0.559) - (1-0.888) - (0.35-0.28) = 0.346.

Development of a structural scheme for controlling the
main parameters of the drying process depending on the
condition of the dried lumber. Developing a structural
scheme for controlling the main parameters of the drying
process for lumber is an important task from several
perspectives. Firstly, it affects the quality of the product, as
uncontrolled drying parameters can cause damage to the
material or make it impossible to use it at all. Secondly, due
to this structural control scheme, these parameters can be
systematically determined and monitored, which helps en-
sure high product quality. Thirdly, drying often requires
high temperatures, so its control with the help of a structu-
ral diagram helps to avoid risks and ensure the safety of the
process. In addition, the development of a structural control
scheme (Figure 1) helps to ensure the stability of the pro-
duction process, which is extremely important, as even
small changes can significantly affect the quality and cost
of the final product. According to this scheme, the follo-
wing notation can be applied: G, — amount of steam ente-
ring through humidification tubes; ¢, — temperature of steam
in the heater; PO — control valve; BM — actuator; T — tem-
perature transducers; PW — humidity controller; PT — tem-
perature controller; D;...D, — moisture sensors; P;...P,—
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output sensors of moisture meters; # — temperature of the
heater; ¢, — temperature of the wet thermometer; ¢, — tempe-
rature of the dry thermometer.

As a result, a method for monitoring the current state of
dried lumber is proposed, which includes:

1) control of the parameters of the drying agent;

2) measuring the value of moisture content in lumber;

3) control of the calculated values of moisture content with
the real data;

4) calculation of stresses using existing models.
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Fig. 1. Structural diagram of control of the main parameters of the drying process / CTpykTypHa cxeMa KOHTPOJIFO OCHOBHHX ITapaMeTpiB

MpOIIEeCy CYIIiHHSA

In real drying chambers, the control of drying agent pa-
rameters is carried out on the basis of existing automated
systems with parallelization of the output values of parame-
ters to a computer communication device, which makes it
possible to determine the values of moisture transfers coef-
ficients based on the current state of the drying agent para-
meters. In this case, the earlier developed [4, 5] cellular au-
tomaton model will be used, which makes it possible to de-
termine the main parameters of the drying agent, which
include relative humidity and temperature. One of the con-
ditions for the adequacy of the calculated parameters of the
states with the real ones is the condition that lumber with
identical physical and mechanical characteristics must be
placed in the drying chamber. In this case, we are interested
in a package of application programs for modeling changes
in the main parameters of dried wood.

Development of a block diagram of the software algo-
rithm. The developed model of cellular automata makes it
possible to conduct simulations and obtain graphs of the
temperature and moisture content distribution in the dried
lumber. Nevertheless, such results do not allow us to deter-
mine the stress values, which are the main constraint to in-
tensifying the drying process and the determining criterion
for the final quality of lumber. In this regard, the improve-
ment of existing anisotropic materials drying technologies
urgently raises the issue of using universal mathematical
models of heat and mass transfer processes in dried lumber.
The solution to this issue is complicated by the fact that wo-
od belongs to the class of physically nonlinear hydrophilic
polymers characterized by significant variability in structu-
ral properties. Nevertheless, there are currently sufficient

mathematical models to determine the stresses in dried lum-
ber, taking into account the characteristics of wood. At the
same time, the use of numerical methods does allow sol-
ving the two-dimensional problem of stress calculation wit-
hin the framework of elasticity theory. However, in this
work, it is proposed to control these values relative to the
values of moisture content, which is calculated on the basis
of the developed cellular automata model. To use the cellu-
lar automata model, it is necessary to develop software that
should be able to create a cellular automata field and use
the developed transition rules. However, first, it is necessary
to develop an algorithm (Figure 2) for calculating the main
parameters of the drying process of anisotropic materials.

In this case, block 2 is used to enter the initial data,
including: species, initial moisture content of wood, ge-
ometric dimensions of the lumber cross-section, parameters
of the drying agent (relative humidity, temperature and spe-
ed), coefficients of moisture conductivity, moisture exchan-
ge, etc. Also, in this block, the user should enter the dimen-
sions of the cells into which the lumber is divided, as well
as the time characteristics. In block 3, the matrices are initi-
alized. In block 4, a cell-automatic field is created, the di-
mensions of which will depend on the specified cell size. In
block 5, an iterative time cycle is started according to the
specified time step. In blocks 6, 8, and 10, the cycle of
using transition rules is carried out. In these cycles, adjacent
cells are selected between which interaction will be perfor-
med. In blocks 7, 9, and 11, the developed transition rules
are applied, which determine the changes in cell values for
specific parameters of the lumber. Block 12 stores the inter-
mediate modeling data for each of the involved cells in the
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corresponding database fields. In block 13, the matrices are
reinitialized and the actions are repeated, but at a different
iteration. In block 14, the modeling results can be obtained
according to the desired parameters.
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Fig. 2. Block diagram of the algorithm for calculating the main pa-
rameters of the drying process of anisotropic materials using the
cellular automaton method / biiok cxema anropurmy po3paxyH-
KY OCHOBHHX [apaMeTpiB MPOLIECY CYIIHHS aHi30TPOIHUX Ma-
TepiaiiB 3 BUKOPUCTAHHSAM METOAY KITITHHHHX aBTOMATiB

Overview of the GUI and functionality of the software.
For the purpose of practical application of the algorithm,
the corresponding software was developed using the C++
programming language. To write the program code, the
multi-platform software development environment "Co-
de::Blocks" was used, which includes the library "wxWid-
gets". The GUI of the software is represented by a system
of interconnected dialog windows for setting the input data
of the modeling, including geometric parameters of wood,

parameters of the drying agent, parameters of each stage of
the technological process, coefficients, etc. To set the
physical characteristics of the dried lumber and the parame-
ters of the drying process, according to the developed algo-
rithm, the program load is followed by calling the initial di-
alog window (step 1 of 6). In this window, the type of lum-
ber, its transverse dimensions, and the dimensions of the
cells to be placed on the cellular automata field are specifi-
ed. Also, in this window (Figure 3), the user enters the
number of process steps and the speed of the drying agent,
which will not change during the modeling process.

s Software for the use of cellular automata [ v23007 unru - © [HESH

Step 1

Wood species _P""e el
Additional parameters

The speed of movement
ofthe drying agent. m/s

The number of degrees 2

Dimensions, mm Sizes of faces, mm

Width 50 In width 005

Thickness 25 In thickness |0.05

Clear the entered data Next > Exit

Fig. 3. Window for entering the main characteristics of dried lumber
and parameters of the cell-automatic field (step 1) / Bixno BBe-
JICHHSI OCHOBHHX XapaKTEPHCTHK BUCYIIYBaHUX ITAIIOMATEpi-
aJTiB 1 mapamMeTpiB KIITHHO-aBTOMATHOTO Nouist (Kpok 1)

At the second step (Figure 4), the user enters parameters
for each stage of the technological process, including the
moisture content of the lumber, the temperature of the
drying agent, its relative humidity, and the temperature dif-

ference.
Drying agent parameters Step 2
Material Drying agent  Temperature Relative
moisture. W temperature, Tc  difference, dT  humidity, f

1stdegree >

2nd degree > 25 84 1 062
Iddegree < |25 105 32 027

Clear the entered data <Back Next> Exit

Fig. 4. The window for entering parameters for each of the techno-
logical process stages (step 2) / Bikao BBeaeHHsI mapamMeTpiB
JULSL KOYKHOT 13 CTa/1iif TeXHOJIOriYHOro npoiiecy (Kpok 2)

In the next step, the previously entered physical and
mechanical characteristics of lumber, such as moisture con-
ductivity and moisture transfer coefficients for different di-
rections of wood anisotropy, are displayed from the databa-
se (Figure 5). However, the user can make changes to them
as well as enter the moisture content on the surface of the
lumber and the equilibrium moisture content.

ivity coeffici Coefficients of
sm2fs* le -06 sm/s* 1e 05
inthe direction of X axis | 12,67 in the direction of X axis | 20.73

Step 3

inthe direction of Y axis 14,19 in the direction of Y axis |20.73

Equilibrium humidity |8.65 % Moisture on the surface |30 %

Clear the entered data <Back Next > Exit

Fig. 5. Window for specifying physical and mechanical characteris-
tics of lumber (step 3) / Bikno ms 3agaBaHHs Pi3uKO-MeXaHId-
HUX XapaKTePHCTHK MIoMarepiany (Kpok 3)

To monitor the stresses in wood, it is necessary to spe-
cify the relaxation kernel coefficients when modeling the
drying process (Figure 6). These coefficients can be found
in reference books [6]. To simplify the user's work, these
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values are loaded automatically from the database by the
program. In general, these values could not be displayed in
a separate window of the software, but this was done so that
the user could change them if necessary, without having to
open the database. Usually, at this step, it is enough to

simply click the "Next" button.

s/ Software for the use of cellular automata | v.23.007 UNFU - o IEN
Approximation coefficients of relaxation kemels Step 4
The direction of anisotropy of properties
Tangential Radial
al 18759 a5 352079 al (19008 a5 (3329.72
al -161 ab -575 al -156 a6 -325
a2 -85742 a7 -1.17 a2 -824.86 al -148
a3 124 a8 -541 a3 (1.12 a8 -5.08
a4 365 a9 |-8066.42 ad 374 a9 -7609.11
Clear the entered data < Back Neoxd > Exit

F_ig. 6. Window for viewing and changing coefficients of relaxation
kernels (step 4) / Bikno st neperiisity ta 3MiHE KOe(illieHTiB

sap penakcarii (Kpok 4)

Similarly, it is possible to view and change the coeffici-
ents of the elastic moduli. It can be done in the next step
(Figure 7). In general, this window is also more informati-
ve, but it can be useful for a detailed study of the stresses
that occur in wood during drying. In addition, at steps 4 and
5, it is possible to view and change the values of the coeffi-
cients in two directions of anisotropy, in particular in the

tangential and radial directions.

2 Software for the use of cellular automata | v23.007 UNFU - O [HE
Coefiicients of approximation of elastic moduls Step 5
The direction of anisotropy of properties
Tangential momentary modulus Radial momentary modulus
b0 |7985 b2 -664.12 b0 [1231.19 b2 |-1619.17
bl -329 b3 |-145 | bl |-348 b3 |-644
Tangential long modulus Radial long modulus
cl 50749 €2 -465,82 ch 78394 c2 |-52993
el |-307 €3 288 cl -386 c3 153
Clear the entered data <Back Next > Exit

It is also worth considering the number of cells in the fi-
eld that is displayed in this window. This number directly
affects the speed and accuracy of calculations. It is recom-
mended to always choose a compromise between these two
parameters [1]. If necessary, it is always possible to resize
the cells by returning to step 1. To perform calculations at
this step, it is necessary to press the "Calculate" button,
which calls the main program function, which, after perfor-
ming calculations, calls a dialog window (Figure 9) to deci-
de whether to display the calculation results or not. In any
case, regardless of the choice of the user, all modeling re-
sults will be saved to the database. In the future, this data
may be used to create corresponding graphs.

o2 Software for the use of cellular automata | v23.007 UNFU - © ESN
Shrinkage coefficients Time Step 6
in the diref IO et nﬂ

Simulation completed successfully.

in the dire. | o
‘ Would you like to view the simulation results?

The num 000

The numt: I No 1500

The total i 500000
Clear the entered data <Back Calculate Exit

Fig. 9. The window that opens after the successful completion of the
simulation / BikHO, 110 BiIKPHBAETHCS MICIIS YCIIITHOTO 3aBEp-
LIEHHS IPOIIECY MOJETIOBAHHS

In general, the functionality of the software provides for
displaying graphs of temperature, moisture content and
stresses for any selected cell. To build other graphs, the
software provides the ability to export data from the databa-
se to ".xIsx" files, with the possibility of their further ope-
ning and analysis in Microsoft Excel, the version of which
should not be earlier than 2010. If the user chooses to show
the modeling results, a window opens in which the desired
parameters can be specified. For example, it is possible to
display the moisture distribution in the center of the lumber
cross-section along its width (Figure 10). To do this, select
the appropriate parameter in the drop-down list and click
the "Display" button.

Fig. 7. Window for viewing and changing the coefficients of the
elasticity modulus (step 5) / Bikno mist meperisigy Ta 3MiHH KO-

ediIieHTiB MOIyJIs IPY>KHOCTI (KPOK 5)

In the sixth step (Figure 8), the shrinkage coefficients
for the tangential and radial axes of anisotropy and the du-
ration of the process can be specified. Also, at this step, it is
possible to set the time discretization step for calculating
the moisture content, temperature, and stresses for each cell
on the cellular automatic field at each time point.

The number of cells on the field according to the X direction ....
The number of cells on the field according to the Y direction ...
The total number of cells onthe field ...

Clear the entered data <Back Calculate

=7 Software for the use of cellular automata | v.23.007 UNFU - = “
Shrinkage coefficients Time Step 6
in the direction of X axis | 0.24 A step through time 0.1
in the direction of Y axis 0,13 The final value oftime 30

Exit

Fig. 8. Window for entering the final parameters of the simulation
(step 6) / BikHO BBeIICHHSI KIHIIEBHX MTApAMETPiB MOJICITIOBAHHS

(kpoxc 6)

ol Software for the use of cellular automata [v23.007 UNFU - = ESN

D tion of simulation results

The type of graph

Moisture distribution in the center v Display
as0{™ —_—
o8 I
026

04 1
02 |
a0

n1e |
ale |
e 0.00 001 202 003 04 00':5
Save theimage | Cl\Users\Admin\Documents\Scienc e\Soft w230 | Exit

Fig. 10. Window of simulation results on the example of a graph of
moisture distribution in the center of the cross section of lumber
along its width / BikHO pe3ynbTaTiB MOZIETIOBaHHS Ha IPUKIALI
rpadiky po3MoIiy BOJIOTH Y IIEHTPI MOTIEPEYHOT0 TIepepizy nu-
JoMarepiany B3I0BXK HOTo IIHMPUHH

Another functionality of the software is the ability to de-
termine the moisture content and enthalpy (Figure 11). De-
pending on the drying method, in particular, when combus-
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ting coolants to obtain the required parameters of the drying
agent, an algorithm for determining the moisture content
and enthalpy, which are shown in the Ida diagram, was de-
veloped and implemented. It is worth noting that the input
data for determining the moisture content and enthalpy of
both the drying agent and the furnace gas blend, depending
on the type of fuel, are temperature and relative humidity.

o= Software for the use of cellular automata | v.230.. - © -

Air (Id-diagram)
Temperature,C |60 Moisture content ............ccccocoo...... 67.44
Relative humidity 0.5 ERRAIDY o i S 24521
Composite (Ida-diagram)

Fuel type Moisture content ... 35.24

® fueloil O natural gas Enthalpy it spr sy 11011

Open the settings window Ok Bt

Fig. 11. Dialog window of the electronic version of Id and Ido.-diag-
rams / Jliasorose BikHO enexTpoHHoi Bepcii Id ta Ida-miarpam

Analysis of the obtained results. For modeling was used
pine lumber 1 m in length, 50 mm in width, and 25 mm in
thickness. The density of the lumber is py = 400 kg/m’, the
initial moisture content is W, = 0,3 % and the temperature
is to =20 °C. In addition, the following drying process con-
ditions were applied, such as the ambient temperature
t.=79 °C, the relative humidity of the environment
@ =77 %, and the speed of the drying agent v =2 m/s.

0.34
0.32
0.30
0.28
0.26
0.24
0.22
0.20
0.30
W
0.28
0.30
0.28
658 0.26
0.24
0.22 0.24
0.20
0.18 0.22
0.16
0.20
1.0
o000 06 o 015
01 0o < 0.4 {\::_'\\' -
Wfd:n_ »‘n- 0.04 0.2 @ .1

b) 005 00 014
Fig. 12. View of 3D graphs of moisture distribution along the width
of lumber at different moments of drying time / Burysin 3D rpa-
(iKiB pO3MOIITY BOJIOTH B3JOBXK IIMPHHY ITHIIOMaTepialy y pi3-
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To create a cellular automatic field, rather small cells
with a face size of 0.05 mm are used. In general, the finis-

hed field consists of 500,000 cells. The accuracy of calcula-
tions at such a density should be quite high, although it will
take more time to obtain results. During the modeling pro-
cess, two experiments were performed. In the first one, a to-
tal of 300 iterations were performed, which corresponds to
a given time range of 30 minutes, with a step of 0.1 minute,
i.e., one iteration is equal to 6 seconds. In the second expe-
riment, 3000 iterations were performed, which corresponds
to a time period of 5 hours. The modeling results are shown
in the 3D graphs (Figure 12).

The analysis of the obtained results indicates that the si-
mulation of the dynamics of moisture field distribution in
the tangential cross-section of lumber using the cellular au-
tomata method shows that the simulation time is a signifi-
cant factor. With an increase in the process duration, signi-
ficant changes occur in the moisture distribution along the
lumber. However, it is important to mention that the time
step size (Af) is not a decisive factor in cellular automata
modeling. Therefore, its value can be increased to obtain re-
sults faster without losing significant accuracy, which is a
key task in modeling. Similar modeling results were obta-
ined for other types of lumber.

Discussion of research results. Since this work deve-
lops software tools for calculating and visualizing the main
parameters of drying anisotropic materials, the results can
be compared with next works. For example, in [10], softwa-
re tools for monitoring and visualizing the parameters of the
wood drying process were improved. Of course, in this
work it is not about ordinary software, it is about the
software used for a polarization-type moisture meter that
monitors the drying of wood by the method of electrical re-
sistance. Nevertheless, these software tools allow to deter-
mine the main parameters of drying, which makes it similar
to our study. Work [8] is also quite similar, as it develops
software tools for analyzing moisture exchange during
drying, but using CUDA technology. The developed prog-
ram also has the ability to calculate and visualize the main
parameters of drying, in particular wood. The difference li-
es in the use of CUDA technology, which allows for paral-
lelization of calculations, thereby speeding them up. Simul-
taneously, in paper [9], software tools are also developed to
calculate and visualize the main drying parameters, again
using wood as an example. Unlike the previous two papers,
the use of the cellular automata method is proposed here.
All of these works make it possible to compare the results
of research, although not to the fullest extent. In general,
the research topic is relatively new, and therefore there are
not enough sources to conduct a more detailed comparison
of the results. In summary, these studies show the real state
of the field, as they were published in the last few years.

So, based on the results of the work performed, it is pos-
sible to formulate the following scientific novelty and prac-
tical significance of the research results.

Scientific novelty of the obtained research results —
improved the transition rules of the cellular automata model
for determining the initial moisture content in the cells ne-
cessary for modeling the drying process of anisotropic ma-
terials, taking into account the anisotropy of the physical
and mechanical characteristics of lumber.

Practical significance of the research results — the abi-
lity to use the software on different operating systems and
the convenience of analyzing the distribution of temperatu-
re, moisture content and stresses, which can be exported for
further analysis in other convenient environments, inclu-
ding Microsoft Excel.
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In the process of performing the work, the transition ru-
les for the cellular automaton were improved, taking into
account the initial moisture content of the cells. The values
were updated to take into account the moisture gradient at
the edges and in the center of the wood. This approach ma-
kes it possible to more accurately model the anisotropy of
the material's physical and mechanical characteristics du-
ring drying. The obtained 3D graphs of the moisture distri-
bution along the lumber confirm the adequacy of the new
rules and the consideration of such a distribution. In additi-
on, the results indicate the successful implementation of
these aspects in a model that reflects the behavior of the
material during drying.

In this work, a software tool was also created to calcula-
te and visualize the main parameters of drying anisotropic
materials. This tool is cross-platform, which allows it to be
used on different platforms. The tool allows users to
analyze the distribution of temperature, moisture content,
and stresses. It is also possible to export the data obtained
for further analysis in other programs, which increases the
level of user convenience. To summarize, these develop-
ments represent an innovative approach to modeling the
drying process that can be applied in the woodworking, fo-
restry, and wood products sectors.
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ITPOI'PAMHI 3ACOBH A1 PO3PAXYHKY OCHOBHHUX ITAPAMETPIB

INPOLECY CYIIIHHA JEPEBUHHA

CyyacHi TeXHOJIOTii 0OpOOJISIHHS IepeBUHH OTPEOYIOTh KOMILIEKCHOTO IMiIX0.Ly A0 YIPABIiHHS NPOLECOM T1 CyLIiHHS, SKUH ic-

TOTHO BIUIMBAE HA SIKICTh Ta BIACTUBOCTI MaTepiany. Y pobGOTi po3IiIsiHyTO 0COOINBOCTI PO3pOOICHHS MPOrPaMHUX 3aCO0iB s PO3-
PaxyHKY OCHOBHHX IapaMeTpiB IIPOLECY CYIIiHHS IePEeBUHU. 3aCTOCYBaHHS KIITHHHHX aBTOMATIB Y LIbOMY KOHTEKCTI 1a€ 3MOT'y MO-
JIENIOBAaTH Ta KOHTPOJIIOBATH PO3IOALT TeMIEpaTypH, BOJIOTOBMICTY Ta HANpyXeHb y BHCYIIyBaHOMY MaTepiaii. PobGoTa MicTuTh
PO3POOKY CTPYKTYpPHOI CXEMH Ta aIrOPUTMY MOJEIIOBAHHS, 30KpeMa 13 BpaXyBaHHAM aHi30TPOIIii (i3UKO-MeXaHIYHIX XapaKTepUC-
THUK JiepeBUHH. OIHIEI0 3 KITIOYOBHX 0COOJIMBOCTEH POOOTH € MOXIIMBICTD PO3MIMPEHHS HassBHUX IIPABHII IEPEXOMIB IJIsI MOAENI Kili-
THHHUX aBTOMATIB, 1[0 1a€ 3MOT'y BH3HAYATH I0OYaTKOBUIl BMICT BOJIOTH y KJIITHHAX 3aJIe)KHO Bifl Iepenany ii 3Ha4eHb Ha IPaHULI Ta
B IIEHTI JepeBuHH. [IporpamHi 3aco0u pealti3oBaHo MOBOIO IporpamyBaHHs C++ 3 BUKOPHCTaHHSIM GaraToriarhopMoBOro cepeo-
Buia "Code::Blocks" ta 6i6miorexu "wxWidgets", o Hajiae KOpUCTYBaveBi iHTYITUBHUIA Ta 3po3yMinuii rpadiunmii intepdeiic. Ko-
pHCTYBay MOKC BU3HAYMTH BXiJHI MapaMeTpH, BKIIOYAIOYH F€OMETPHYHI PO3MipH Marepiany, XapaKTepHCTHKH arcHTa CyIIiHHS Ta
IHII TEXHOJIOTIUHI MapaMeTpu. BaxnBoo QyHKIi€l0 mporpaMu € BUBEACHHS PE3yJIbTaTiB PO3PaXyHKY Y BUMIAAL rpadikis, mio Bi-
J00paXxaroTh PO3IMOIT TEMIIEPATypH, BOJIOTOBMICTY Ta HApy)KeHb Ha PI3HHUX eTamnax cyurinHs. KopuctyBad Takox Mae MOXIIHBICTh
BH3HAYUTH MapaMeTpH Ui JTOKJIQJHOTO aHANi3y, a TAaKOXK €KCHOPTYBATH JaHi U MOAAJIbIIOro BUBYCHHS B cepenoBuili Microsoft
Excel. locnimkeHHs MpOBEICHO Ha MPUKIAi COCHOBOTO MUJIOMAaTepialy, BpaXOBYIOUH pi3Hi MapaMeTpH CyIIiHHA. Pesympratu mo-
JICITIOBAHHS ITOKa3yIOTh 3HAUYIHMI BIUIMB 4acy Ta TEXHOJIOTTYHHX MapaMeTpiB Ha PO3IMO/LI BOJIOTH Ta HANPY)XKEHb Y MaTepiaii, 1o B
TIPUHIUII BiNOBia€ peaJbHIM YMOBaM.
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