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Abstract Problem. Thermoelectrochemical processes in a lithium-ion battery with a graphite anode
and an NMC-type cathode were investigated. A mathematical model based on a system of nonlinear
partial differential equations was proposed, taking into account charge, heat, and mass transfer
processes in the electrodes and electrolyte. The model incorporates electrochemical kinetics described
by the Butler-Volmer equation, lithium-ion diffusion, potential distribution, and thermal effects caused
by Joule heating and electrochemical reactions. Based on the numerical solution of the DFN model
with an integrated thermal module, the spatiotemporal distributions of temperature, current density,
and voltage under various load conditions were analyzed. The presence of temperature gradients and
nonuniform current distribution affecting battery efficiency, degradation, and lifetime was established.
Critical operating conditions characterized by increased internal resistance, local overheating, and
reduced system stability were identified. Goal. To develop a mathematical model of dynamic
thermoelectric processes in a lithium-ion battery and to evaluate the effectiveness of using a system of
nonlinear differential equations for analyzing electrical, thermal, and diffusion phenomena.
Methodology. A generalized DFN model with an integrated thermal module (DFN + Thermal PDE)
was employed. Numerical methods were applied to solve the system of equations. Results. The
dependences of the output voltage on temperature and load current were obtained. The influence of
local overheating and nonuniform current density distribution on battery efficiency and service life
was determined. Originality. A multiphysics model integrating electrical, thermal, and mass-transfer
processes into a unified system was proposed. Practical value. The proposed model can be used for
predicting the performance of lithium-ion batteries, optimizing battery design, improving thermal
management systems, and enhancing the energy efficiency, reliability, and safety of battery systems.

Keywords: lithium-ion battery, thermoelectrochemical modeling, temperature, current density, electrochemical
processes, electric vehicle, battery pack.

Introduction gy infrastructure, providing increased autonomy
and environmental sustainability of technical so-
lutions in the field of electric power engineering.
The efficiency, reliability, and safety of bat-
tery systems are significantly influenced by in-
ternal physicochemical processes caused by the

interaction of electrical, thermal, and diffusion

In recent years, there has been a significant in-
crease in the use of energy storage systems
based on lithium-ion batteries, particularly in
electric transportation, portable electronics, and
autonomous power systems operating on renew-
able energy sources. The expansion of these ap-

plications necessitates the development of new
types of battery systems that combine high spe-
cific energy capacity, enhanced thermal stabil-
ity, and long service life [1, 2].

Due to the combination of these characteris-
tics, lithium-ion batteries are considered among
the most promising components of modern ener-

phenomena.

In this regard, an important scientific task is
the development of adequate mathematical
models capable of describing the dynamics of
electric potential distribution, temperature fields,
and spatiotemporal variations in ion concentra-
tion within different regions of the battery cell.
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In contrast to existing approaches, this study
proposes a mathematical model of dynamic
thermoelectric transfer processes in a lithium-
ion battery. The model is based on a system of
nonlinear differential equations describing the
coupled processes of charge, heat, and mass
transfer in the electrodes and electrolyte.

The developed model is intended to improve
the accuracy of predicting the operational char-
acteristics of energy storage systems, as well as
to optimize thermal and electrochemical pro-
cesses under various operating conditions.

Analysis of publications

An analysis of contemporary scientific research
indicates that one of the key directions in the
development of lithium-ion batteries is the crea-
tion of adequate multiphysics models that ac-
count for the interrelation between electrochem-
ical, thermal, and diffusion processes [3]. Stud-
ies [4-6] consider modern approaches to battery
mathematical modeling, including simplified
and generalized electrochemical models that
provide sufficient accuracy while reducing com-
putational costs. At the same time, a number of
recent studies emphasize the importance of us-
ing pseudo-two-dimensional (P2D) models and
their modifications for a more detailed descrip-
tion of internal processes occurring in electrodes
and electrolytes.

Studies [7,8] are devoted to the analysis of
thermal processes in lithium-ion batteries. It has
been established that temperature nonuniformi-
ties are among the main causes of active materi-
al degradation, reduced efficiency, and the oc-
currence of hazardous operating conditions, in-
cluding thermal runaway. Furthermore, it has
been determined that even minor local overheat-
ing can significantly affect the kinetics of elec-
trochemical reactions and accelerate battery ag-
ing processes [9-11].

Study [12] investigates the influence of oper-
ating conditions on the characteristics of traction
battery packs used in electric vehicles. It was
found that high current loads lead to local over-
heating and an increase in internal resistance,
whereas low temperatures reduce available ca-
pacity and limit charging rates. In addition, re-
searchers note the significant impact of cyclic
operating modes on degradation processes, par-
ticularly lithium loss and structural changes in
electrode materials [13,14].

Publications [15,16] focus on thermal man-
agement methods for battery systems. Passive,
air-cooled, and liquid-cooled systems, as well as
their influence on temperature field uniformity

and battery performance, are considered. Partic-
ular attention is paid to the optimization of cool-
ing channel geometry and the application of in-
telligent temperature control systems [17,18].

Studies [19,20] investigate combined and in-
novative thermal regulation systems, including
the use of phase-change materials and hybrid
approaches, which improve heat dissipation ef-
ficiency. Additional studies confirm the
nepcrekTuBHicTh of employing nanostructured
materials and thermally conductive composites
to enhance the performance of such systems.

Research presented in [21,22] demonstrates
the development of integrated thermoelectro-
chemical models capable of predicting spatio-
temporal distributions of temperature, current
density, and voltage in battery cells under real
operating conditions. Modern approaches also
involve the application of machine learning
methods and digital twins to improve prediction
accuracy and enable real-time model adaptation.

Thus, contemporary scientific approaches are
aimed at developing comprehensive models and
efficient thermal management systems that en-
sure improved reliability, safety, and durability
of lithium-ion batteries. At the same time, fur-
ther research is directed toward integrating
physical models with intelligent control and op-
timization algorithms, thereby opening new op-
portunities for the advancement of electric
transportation systems.

Purpose and Tasks

The aim of this study is to develop a mathemati-
cal model describing dynamic thermoelectric
processes in a lithium-ion battery as an innova-
tive approach to the analysis of multiphysics
processes in energy storage systems, as well as
to evaluate the effectiveness of using a system
of nonlinear differential equations for investigat-
ing coupled electrical, thermal, and diffusion
phenomena.

The research is focused on improving the ac-
curacy of electrochemical process modeling in
lithium-ion batteries through the integration of
electrical, thermal, and mass transfer effects into
a unified mathematical model. This approach
makes it possible to consider the battery as a
dynamic multiphysics system and provides a
more adequate representation of its real operat-
ing conditions.

To achieve this aim, the following objectives
must be accomplished:

— to analyze modern scientific approaches to
the mathematical modeling of lithium-ion batter-
ies and the multiphysics processes occurring
within them;

ABTOMOOiABHHUH TpaHCHOPT, Bumn. 58, 2026



60

Mechanical Engineering

— to investigate the features of electrical, ther-
mal, and diffusion processes within a battery cell;

— to develop a mathematical model based on
a system of nonlinear partial differential equa-
tions;

— to integrate thermoelectric interactions
within a unified modeling framework;

— to evaluate the influence of temperature
nonuniformities on the efficiency of electro-
chemical processes;

— to analyze the distribution of thermal loads
and identify local overheating zones;

— to investigate the stability of electrode ma-
terials under varying temperature conditions;

— to assess the accuracy of predicting battery
operating parameters based on the proposed
model.

The obtained research results may be used to
improve the efficiency of energy storage sys-
tems, enhance diagnostic and state prediction
methods for lithium-ion batteries, and further
develop approaches to the multiphysics model-
ing of electrochemical systems.

Analysis of thermoelectrochemical processes
in lithium-ion batteries

Lithium-ion batteries have become widely used
in modern technology as efficient electrochemi-
cal systems for energy conversion and storage.
They play an important role in supplying energy
to portable electronics, electric transportation
systems, and other high-tech devices [23,24].

The high demand for lithium-ion batteries is
determined by the combination of their opera-
tional characteristics, including high specific
energy capacity compared with other electro-
chemical power sources, the possibility of re-
peated recharging, long service life, sufficient
thermal stability, as well as the combination of
relatively low production cost and high specific
power. An additional advantage is their ability
to adapt to various operating conditions and op-
erating modes.

In this regard, particular importance is at-
tached to tasks related to the development and
implementation of modern direct-current power
sources characterized by enhanced environmental
sustainability, durability, and operational safety.
Among such solutions, lithium-ion batteries oc-
cupy a leading position due to their high technical
and economic performance indicators [25].

During operation, especially in transportation
systems, battery packs are subjected to variable,
pulse, and cyclic loads. This leads to a nonuni-
form distribution of current density and the for-
mation of local high-temperature zones inside

the electrochemical cell. Such phenomena have
a spatiotemporal nature and significantly affect
the operating characteristics of the battery [26].

To describe electrochemical processes, it is
advisable to use kinetic relationships that make
it possible to determine local reaction rates and
the corresponding current densities. At the same
time, it is important to take into account temper-
ature variations in space and time, since temper-
ature significantly affects the electrical conduc-
tivity of materials, exchange current density, ion
diffusion rate, and heat generation intensity in
individual regions of the battery.

Consideration of these factors is a necessary
condition for adequate modeling of lithium-ion
battery operating modes and for improving their
operational efficiency [27,28].

Thus, there is a need to apply thermoelectro-
chemical models that comprehensively account
for the interaction of electrical, thermal, and dif-
fusion processes. Such an approach makes it
possible to predict the formation of local over-
heating zones, assess the level of thermome-
chanical stresses arising in materials, and identi-
fy degradation processes in battery cells under
real operating conditions.

A complete thermoelectrochemical model of
a lithium-ion battery:

In_ Ia_ Ic

o a,Fn
ot exp(?j @

ic = i0 exp(_%]

where i, — interfacial (reaction) current density,
A/mz; i, — anodic current component (oxidation
process), A/m?; i — cathodic current component
(reduction process), A/mz; iy — exchange current
density, A/Im?; o, — charge transfer coefficient of
the anodic process, dimensionless; a. — charge
transfer coefficient of the cathodic process, di-
mensionless; F — Faraday constant, C/mol;
n — universal gas constant, J/(mol-K); T — tem-
perature, K.

This relationship describes the interfacial
current density as the difference between the
anodic and cathodic components corresponding
to the forward and reverse directions of the elec-
trochemical reaction at the electrode—electrolyte
interface. Such an approach makes it possible to
separately account for the contributions of oxi-
dation and reduction processes, thereby provid-
ing a clearer physical interpretation of electrode
reaction kinetics in a lithium-ion cell.

Automobile transport, Vol. 58, 2026
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The anodic component characterizes the in-
tensity of the oxidation process (lithium extrac-
tion from the active electrode material), whereas
the cathodic component corresponds to the re-
duction process (lithium intercalation). The dif-
ference between these components determines
the resulting reaction current, the direction of
which depends on the sign of the overpotential.

The rates of both processes depend exponen-
tially on overpotential and temperature, reflecting
the activation nature of electrochemical reactions.
The temperature field affects the kinetics through
thermodynamic parameters, particularly the uni-
versal gas constant and the ambient temperature,
which is especially important when modeling the
thermal operating conditions of the battery.

The obtained results confirm that represent-
ing the current as the difference between the
anodic and cathodic components provides a
clearer physical interpretation of the processes
while simultaneously achieving an effective
compromise between model accuracy and com-
putational cost when using a coupled DFN mod-
el with a thermal module.

Modeling thermoelectrochemical processes in
a lithium-ion battery

For the analysis of the electrochemical charac-
teristics of the investigated lithium-ion battery, a
system consisting of a graphite anode and a
cathode based on nickel-manganese—cobalt ox-
ides (NMC, LiNixMn,Co_zO.) was considered.
Such a configuration is one of the most suitable
for application in traction vehicles. It is charac-

Anode: Graphite OCV
(0.1-0.25 V)

terized by high energy density and stable per-
formance during repeated charge—discharge cy-
cles, which is critically important for the opera-
tion of batteries used in electric tractors.

The electrochemical properties of the graph-
ite anode, the NMC cathode, as well as the lithi-
um-ion cell based on them of the
LiNiyMn,Co_zO: type, are presented in Fig. 1.

The open-circuit voltage (OCV) analysis for
the graphite anode in the range from 0.1 t0 0.25V,
the NMC cathode in the range from
3.0 to 4.2 V, and the lithium-ion cell formed on
their basis in the range from 3.3 to 3.8 V was car-
ried out as a function of the state of charge (SOC).
The lower-right graph presents the dU/dSOC de-
rivative dependencies for the anode and cathode,
making it possible to identify regions of increased
voltage sensitivity to SOC variations.

In the low-SOC region, the graphite anode
demonstrates a sharp increase in voltage, where-
as in the medium and high SOC ranges, the
cathode exhibits several negative extrema, indi-
cating the complex nature of electrochemical
processes within this interval.

Fig. 2 presents the results of numerical simu-
lation of thermal processes in a lithium-ion cell
obtained using the complete thermoelectrochem-
ical model (DFN + Thermal PDE). The calcula-
tions were performed for a typical discharge
mode of an electric tractor battery pack, in
which thermal processes are determined by the
combined effects of Joule heating, electrochem-
ical reactions, and diffusion processes in the
electrodes and electrolyte.

Cathode: NMC OCWV
(3.0-4.2 V)
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Fig.1. Electrochemical properties of a graphite anode, a cathode based on LiNi,Mn,Co zO. (NMC),

and a corresponding lithium-ion battery cell
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Fig.2. Spatiotemporal temperature distribution in the battery

The first graph illustrates the evolution of
temperature distribution along the thickness of
the electrochemical cell over time. At the initial
stage of discharge, the temperature field remains
nearly uniform, indicating that the system is
close to a state of thermal equilibrium. As time
progresses, a local temperature rise zone forms
in the central part of the cell due to the increase
in current density and enhanced electrochemical
activity within the electrode interior. The ap-
pearance of a temperature maximum in the cen-
tral region indicates limited heat dissipation ef-
ficiency at increased discharge rates, which is
characteristic of high-power lithium-ion systems
used in electric transportation.

The second graph demonstrates temperature
profiles at different time instants along the nor-
malized electrode coordinate. A temperature in-
crease of approximately 1-2 °C relative to the
initial conditions is observed. The symmetric pro-
file shape with a maximum at the center confirms
the dominance of heat transfer through thermal
conduction in the solid phase. Small temperature
gradients indicate efficient heat removal through
current collectors and the cell casing.

The third graph shows the temporal variation
of temperature at five characteristic points
across the cell thickness. Maximum temperature
values are observed in the central layers
(x=0.3-0.5), whereas near the boundaries
(x=0.1 and x=0.9) the temperature remains close
to the initial level. Such a distribution confirms

the presence of a moderate temperature gradient
caused by the balance between internal heat
generation and heat dissipation to the cell sur-
face. This type of temperature field corresponds
to thermally stable battery operating modes and
indicates the absence of overheating during the
initial discharge stages.

The final graph illustrates the coupled dy-
namics of temperature and its time derivative.
At the initial stage of discharge, the temperature
variation rate (dT/dt) is close to zero, indicating
a quasi-steady-state thermal balance regime. As
the discharge time increases, the temperature
gradient rises due to the accumulation of Joule
heat and the increase in the internal resistance of
the cell. Under higher current loads or insuffi-
cient cooling system efficiency, a transition to
unstable thermal regimes may occur, indicating
the existence of a critical operating region.

Overall, the conducted analysis demonstrates
that even under moderate current loading condi-
tions, temperature nonuniformities are formed in
lithium-ion battery cells of electric tractors, af-
fecting local electrochemical activity and mate-
rial degradation processes.

Taking these effects into account within the
DFN + Thermal PDE model makes it possible to
guantitatively evaluate thermal nonuniformity
and optimize the cooling system of battery mod-
ules used in electric tractors. The spatiotemporal
distribution of current density in the anode of
the lithium-ion cell is presented in Fig. 3.

Automobile transport, Vol. 58, 2026
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Current distribution i_n(x) at different times
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Fig.3. Spatiotemporal distribution of current density in the anode of a lithium-ion cell

As a result of the numerical solution of the
thermoelectrochemical P2D model, which com-
bines the DFN subsystem with heat transfer
equations (DFN + Thermal PDE), spatiotem-
poral distributions of current density along the
electrode were obtained. The generated plots
illustrate the variation of current loading across
the electrode thickness at different stages of the
battery discharge process.

The analysis of the results shows that the cur-
rent density distribution along the electrode
thickness is moderately nonuniform and varies
over time. At the initial stage of discharge
(t = 0), a pronounced spatial profile is observed
with a maximum in the internal regions of the
electrode. As discharge proceeds, a gradual re-
duction in the amplitude of the distribution is
observed, indicating a partial homogenization of
current loading and a more uniform utilization
of the active material.

Such dynamics reflect the characteristics of
electrochemical processes in a porous electrode,
where local overloading decreases over time and
current density gradients become more uniform.
This is consistent with the physical nature of
charge and mass transport processes in the elec-
trode under discharge conditions.

For a quantitative assessment of the degree
of nonuniformity, the coefficient of variation
(CV) was used, which characterizes the spatial
nonuniformity of the current density distribution
in(X)i_n(x)in(x). The obtained results indicate
that the CV value changes only slightly over
time and remains relatively stable, suggesting
the absence of abrupt changes in the distribution
pattern. At the same time, the average current

density remains nearly constant, which corre-
sponds to the modeling conditions and the se-
lected discharge regime.

A comparative analysis of the initial and fi-
nal current density distributions in(x) shows a
reduction in the amplitude of the spatial profile.
At the initial stage, the distribution exhibits
more pronounced maxima and minima, whereas
toward the end of discharge the profile becomes
smoother, indicating a partial equalization of
current loading along the electrode.

Thus, the presented results make it possible
to evaluate the features of spatiotemporal cur-
rent redistribution, identify zones of potential
nonuniformity, and draw conclusions regarding
their possible influence on thermal effects and
degradation processes in electrode materials of
lithium-ion battery systems.

-0~ 10 A (idle mode) A
- 50 A (standard mode) 2
-4~ 100 A (average load)
~4- 200 A (high load)
== 400 A (peak load)

384

o

3.6

=3

ol
.
L

Initial voltage, V'
LN

o
o
L

30 ¥

2.84

=10 0 10 20 30 40 50 60

Temperature®C
Fig.4. Dependence of the initial battery voltage
on temperature

ABTOMOOiABHHUH TpaHCHOPT, Bumn. 58, 2026



64

Mechanical Engineering

Thus, the spatiotemporal analysis of the cur-
rent density distribution within the complete
thermo-electrochemical DFN model, taking into
account the thermal equation, makes it possible
to identify the key features of the transient dy-
namics of the battery system under high-load
operating conditions typical of electric tractors.
The obtained results confirm the feasibility of
considering the reverse thermodynamic cou-
pling, as well as the spatial non-uniformity of
reaction-kinetic activity, during the modeling of
thermal stability and operational reliability of
high-power battery systems.

Fig. 4 illustrates the dependence of the initial
battery voltage on temperature under various
load conditions. The graphical relationship
demonstrates the influence of the temperature
regime on the initial voltage of the lithium-ion
cell, reflecting the degree of temperature sensi-
tivity of electrochemical and ochmic processes.

Fig. 5 presents a heat map of the voltage drop
distribution, illustrating the spatial characteris-
tics of voltage losses within the battery cell.

10
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-
=

Voliage drop.V

o
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-20

0.0

10 50 100 200 400
Current A

Fig. 5. Thermal map of voltage drop depending
on temperature and load current

The color scale represents the level of volt-
age losses: regions with more intense coloration
correspond to increased voltage drop caused by
the combined influence of temperature factors
and current magnitude.

Fig. 6 presents a three-dimensional surface
characterizing the dependence of battery voltage
on two independent variables, namely load cur-
rent and temperature. This visualization demon-
strates their mutual influence, forming a nonline-
ar structure of the operating range of the lithium-
ion battery and determining its electrochemical
properties under various operating conditions.

The analysis of the obtained surface indicates
a pronounced thermally activated nature of volt-
age variation: at a constant load current, the

voltage increases with increasing temperature.
At the same time, a significant dependence on
current is clearly observed, as an increase in
load leads to a considerable voltage reduction,
with this effect being most pronounced in the
low-temperature region.

Voltage [V]

a &
400 20 ~

Fig. 6. Three-dimensional model of battery volt-
age dependence on load current and
temperature

The steepest surface gradient is observed in
the region combining high load current values
and low temperatures, corresponding to an in-
tensive battery voltage drop. Within this operat-
ing range, an increase in the internal resistance
of the electrochemical system is observed,
which may lead to reduced operational efficien-
cy and potential instability of its characteristics.
At the same time, in the region of moderate cur-
rents and elevated temperatures, a smoother
voltage variation is noted, indicating more fa-
vorable conditions for electrochemical processes
and lower energy losses.

Thus, the obtained three-dimensional de-
pendence confirms the significant influence of
temperature—current operating conditions on
battery voltage and makes it possible to identify
the regions of its most efficient operation.

The developed three-dimensional model pro-
vides a comprehensive representation of the bat-
tery operating characteristics and may be used to
predict its behavior under real operating condi-
tions, as well as for the development and opti-
mization of battery management system algo-
rithms.

Conclusions

The paper investigates thermoelectric processes
occurring in a lithium-ion battery. The proposed
model takes into account lithium-ion transport
both in the electrolyte and in the solid phase of

Automobile transport, Vol. 58, 2026
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the electrodes, the distribution of electric poten-
tials in the electrolyte and solid phases, as well
as the kinetics of electrochemical reactions de-
scribed by the Butler—Volmer equation. In addi-
tion, heat transfer processes accompanied by
local heat generation caused by electrochemical
and ohmic phenomena are considered.

The application of this model enables a de-
tailed analysis of the spatiotemporal distribu-
tions of temperature, electric potentials, and cur-
rent density within a lithium-ion cell under vari-
ous operating modes and load levels. The results
of numerical simulation indicate a significant
influence of localized thermal loads on the effi-
ciency and stability of electrochemical process-
es, lithium distribution in the electrodes and
electrolyte, as well as on the dynamics of volt-
age and current variation within the cell.

The developed model provides the capability
to predict the behavior of a lithium-ion battery
under real operating conditions, taking into ac-
count transient operating modes and spatial
temperature non-uniformity. The obtained re-
sults may be used for optimizing the design pa-
rameters of battery cells, developing battery
management system algorithms, and improving
the safety, reliability, and service life of batteries
employed in electric vehicle and industrial ener-
gy applications.
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TepmoenexkTpoximiuni mpouecu B JiTil-ioHHMX
aKyMYyJISITOpax: MO/IeJIIOBAHHS Ta aHATI3

Anomauyis. Ilpoonema. Jocnidoiceno
MepMOoeneKmpoXimMiuni  npoyecu 8 JiMiti-iOHHOMY
akymynamopi 3 epa@imosum anooom i Kamooom
muny NMC. 3anpononosano mamemamuyny mooeisb
Ha OCHO8I cucmemu HeniHiUHUX OupepeHyianrbHux
PiBHAHb Yy  YACMUHHUX NOXIOHUX, WO GPAXOBYE
npoyecu nepeHeceHHs 3apady, menid ma Macu
enekmpooax i enekmponimi. Y mooeni peanizoano
eneKmpOoXiMiuyny KIHemuKy 3a pieHAHHAM bamnepa—
Bonvmepa,  ougysito  ionie  nimito,  po3nodin
nomenyianis I mMeniogi  egexkmu, CHPUHUHEHL
0JICOYNIe8UM  HASPIBAHHAM MA  e1eKMPOXIMIYHUMU
peaxyiamu. Ha ocnoei uucenvnoco po3ss’sa3anns
DFN-mo0eni 3 mennogum modynem npogedeno ananis
NPOCMOPOBO-HACOBUX — PO3NOOINIE  meMnepamypu,
2YCMUHU CMPYMY MaA HANpy2u 3a DPISHUX PedCUMi6
HABAHMAICEHHSL. Bcemanosneno HAABHICMb
memMnepamypHux — epadieHmie i HepiBHOMIPHO20
po3nooiny cmpymy, uwo 6NIUBAIOMD Ha
egexmugnicmo, dezpaoayiro ma pecypc
akymyaamopa. — Buznaueno — kpumuuni - pesjscumu
pobomu, AKi  Xapakmepusylomecsa  NiOGUUEHUM
BHYMPIWHIM  ONOPOM, JOKANbHUM nepezpieom i
SHUdICEHHAM — cmabinbnocmi  cucmemu.  Mema.
Pospobnenns mamemamuynoi mooeni OUHAMIYHUX
MepMoeNeKmpuyHux — npoyecie¢ y  Aimiti-ioHHOMY
akymynamopi  ma  OYIHIOBAHHA  eQeKmusHOCMI
BUKOPUCMAHHSL cucmemu HeNiHIUHUX
ouepenyianvHux pisHAHb O AHANIZY eIEKMPUUHUX,
mennosux i ou@ysitinux saeuw. Memoodonozis.
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Buxopucmano  yzaeanvmeny = DFN-mooderv 3
inmeeposanum mennogum mooyiem (DFN + Thermal
PDE). Jlna  posg’sasanHsa  cucmemu  PiGHAHb
3acmoco8ano  yucenvHi memoou. Pezynsmamu.
Ompumano  3anexchocmi  6uxioHoi Hanpyau  8i0
memnepamypu — ma — CMpyMy — HABAHMANCEHHSL.
Buseneno  enaue  nokanvHozo  nepecpigy Ui
HEPIBHOMIDHO20 PO3NO0INYy 2YCIMUHU CMpyMy Ha
epexmugHicms i MepMiH CAyHCOU aAKYMYIAMOPA.
Opucinanvnuicme. 3anponoHo8anHo MynbmMupizuyHy
MoOelb, Wo IHmespye eneKmpuyHi, Meniosi ma
MacoobminHi  npoyecu 8  €OUHIU  CUCMEMI.
Ilpakmuune 3nauenns. Moodenv moowce Oymu
BUKOpUCMAHA Ol NPOSHO3YBAHHS pobOmMuU  Aimiti-
IOHHUX —aKyMynamopie, onmumizayii KOHCMpPYKyii,
VOOCKOHANIEHHSL  CUCMeEM — MePMOpe2yIo8anHs  mda
niosuujenHs eumepeoegpekmusHocmi, HaoiiHocmi U
bezneku bamapeiurux cucmem.

Knwwuosi  cnoea.  nimiu-ionnuii  aKymynsmop,
mepmoeneKmpoximiuxe MOOEN08AaHHS,
memnepamypa, 2yCmMuHa CmMpymy, eleKmpoXiMiuHi
npoyecu, enekmpomo0ine, akyMynamopHa bamapes.
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