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QUALIMETRIC METHOD FOR ASSESSING QUANTITATIVE AND
QUALITATIVE PARAMETERS OF A SOLAR CELL

The article considers the qualimetric method of evaluating a solar cell, which describes its main
electrophysical characteristics and the processes that occur in it during the conversion of solar energy into
electricity.

The dependence of the photovoltaic characteristics of a solar cell on various parameters is analyzed. It is
shown that an increase in temperature leads to a decrease in the main characteristics of a solar cell, in particular
the efficiency, short-circuit current, fill factor and other indicators that characterize the current-voltage
characteristic. This decrease occurs due to changes in the electrophysical properties of the materials from which
solar cells are made, as well as due to the influence of temperature changes in the material. A method for
calculating the main electrophysical parameters, such as short-circuit current and open-circuit voltage, has been
developed, which takes into account the detailed structure of the materials used to manufacture solar cells, which
increases the accuracy of calculations of the output power and efficiency, and also increases the stability of the
current-voltage characteristics of solar cells in real operating conditions. It is emphasized that an important
aspect is the analysis of the impact of changes in lighting conditions, which have a significant effect on the
conversion of solar energy. The models show how changes in the intensity and spectrum of lighting can change
the behavior of a solar cell, in particular, affect the current and voltage under variable lighting conditions during
the day or in conditions of unstable solar radiation. It is shown that existing approaches to modeling solar cells
require further improvement, in particular, taking into account the structure of materials, temperature and
lighting conditions, which will increase the accuracy of calculations and the stability of solar cell operation in
real conditions.
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Statement of the problem

Solar energy is one of the most
promising  renewable  energy  sources.

, Which have great potential. Today, the main
task of photovoltaics is to reduce the cost of

However, to maximize the use of all the
capabilities of this energy source, it is
necessary to develop photovoltaic technologies

electricity generated by solar cells (SC). To
achieve this goal, it is necessary to increase the
efficiency and reduce the cost of SC.
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Statement of the task

The aim of the article is to model the
guantitative and qualitative parameters of a
photovoltaic module for stabilization and
accuracy of current-voltage characteristics
using qualimetry models.

In accordance with the specified goal,
the work solves the problem of modeling the
guantitative and qualitative parameters of the
photovoltaic module for stabilization and
accuracy of the current-voltage characteristics
of the photovoltaic module.

Presentation of the main study

Modeling of solar energy parameters is a
key element for increasing its efficiency,
reliability, and economic feasibility, which
contributes to a wider practical application of
photovoltaic modules.

The features of modeling quantitative
and qualitative parameters of the SE are:

- design optimization, which helps to
improve their design and materials to achieve
maximum performance;

- improving efficiency by analyzing
parameters such as: short-circuit current, open-
circuit voltage and internal resistance;

- identification of defects in the
production process and deviations from
calculated values, which may signal the
presence of contaminants;

- forecasting of performance, SC under
the influence of various external factors (e.g.
temperature, lighting level), which is important
for their operation in real conditions;

- comparative analysis of different types
of SC, allowing to explore their advantages
and disadvantages and choose effective
solutions for specific applications;

- adaptation to new materials;

- reducing production and operating
costs, making solar energy more affordable
and competitive;

- development of new technologies,
allowing faster and more efficient conduct of
experiments and analysis of their results;

The features of constructing current-
voltage ( I-V') characteristics of SE are:

- accurate prediction of SC parameters
under different operating conditions, which is
critically important for optimizing design and
materials, and also directly affects output
power and efficiency;

- detection of defects in materials and
production  technology, deviations from
calculated values, which may signal problems

such as insufficient photoconductivity or
inefficient light absorption;

- taking into account the influence of
external factors, such as temperature, lighting
level and angle of incidence of sunlight, as
well as forecasting the operation of solar
power plants in real conditions, which is
especially important for the design of solar
power plants;

- conducting a comparative analysis of
different types of solar cells (e.g.,
monocrystalline, polycrystalline, thin-film ),
which helps to determine the most effective
solutions for specific conditions.

Using |-V models in a quality
management system helps to set standards and
conduct regular inspections, which helps to
increase the reliability and durability of SC.

The work considered the relationship
between the SE model and its key electrical
characteristics. The SE model is a critically
important tool for studying and optimizing
electrical characteristics, such as: short-circuit
current ( | & ), open-circuit voltage ( U o ),
internal resistance ( R in.), photocurrent (1 ¢),
output power (Pow), and efficiency
(efficiency).

In works [1-3] the modeling of short-
circuit current is considered. Short-circuit
current is the maximum current that the SE can
deliver under no-load conditions , i.e. at zero
voltage. High short-circuit current indicates
good optical properties of the SE material and
efficient light absorption. Short-circuit current
is an indicator of the ability of the SE to
generate electricity and is directly related to
the photocurrent. The SE model allows you to
predict the short-circuit current based on the
photocurrent generated by illumination. In
mathematical models, such as the model of a
single-type diode, the short-circuit current is
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calculated as a function of solar radiation
intensity and temperature.

When comparing theoretical values of
short-circuit current with  experimentally
obtained data, discrepancies can be found that
indicate defects in the SC material. If the
actual short-circuit current is lower than
expected, this may indicate the presence of
contaminants on the semiconductor surface,
which is confirmed by laboratory tests.

When comparing the same type of SE,
the critical parameter is the diffusion length
and surface passivation. In SE, with uniform
generation, the short-circuit current can be
written, according to expression (1):

lsc=0 -G (Ln+Lp), (1)

where | « - short-circuit current; G -

generation rate; g - electron charge; L nand L

- are the diffusion lengths of electrons and
holes, respectively.

Although expression (1) uses some
assumptions, it shows that the short-circuit
current strongly depends on the generation rate
and diffusion length.

The short-circuit current is determined
by the number of photons absorbed by the
semiconductor material SC. When a photon
with sufficient energy interacts with the atoms
of the material, it can knock an electron out of
its orbit, creating an "electron-hole" pair.
These free electrons and holes begin to move
under the influence of the internal electric field
created by the p - n junction, which ultimately
leads to the occurrence of a current.

For silicon-based power supplies, the
short-circuit current largely depends on:

- intensity of solar radiation (for
example, the more solar energy falls on the
element, the more photons interact with the
material, and, accordingly, the higher short
circuit current);

- the spectrum of solar radiation ,
different wavelengths of light interact with a
semiconductor  differently  (for example,
ultraviolet and visible radiation can generate
more free carriers than infrared);

- temperature (for example, as the
temperature increases, the number of thermally
activated charge carriers increases, which can
have both a positive and negative effect on
short circuit current);

For prediction short-circuit current is
calculated using various mathematical models,
among which the most common are [3, 4]:

- model of a single-type diode , this
model is based on the diode equation and
allows you to calculate short-circuit current as
a function of light intensity and temperature
conditions;

- models based on numerical simulations
that use numerical methods (e.g., the finite
element method) and allow for the geometry of
the solar cell to be taken into account.

Comparison of calculated values short-
circuit current with experimentally obtained
data, allows you to assess the accuracy of the
models, and identify potential problems in the
production process. For example, if the actual
The short-circuit current is significantly lower
than expected, this may indicate:

- surface contamination (e.g. dust, dirt or
organic contaminants);

- incorrect manufacturing technology
(for example, crystal structure defects or poor-
quality materials);

- inefficient light supply (for example,
incorrect installation angle of the photovoltaic
module), which can lead to a decrease in the
intensity of solar radiation on the surface of the
solar cell.

The main factors that affect the value of
the short-circuit current are:

- temperature fluctuations;

- the use of anti-reflective coatings ,
which can significantly increase short-circuit
current due to reduced reflectivity of the SC
and increased light absorption;

- the structure of the semiconductor
layer ( for example, the use of thin-film
technologies can increase the short-circuit
current by optimizing the conditions for the
generation of charge carriers).

Models describing short-circuit current
can be useful for assessing the long-term
reliability of ESS. Predicting changes short-
circuit current as a result of material
degradation over time, allows the development
of reliable photovoltaic modules, which is
critical for ensuring their durability and high
performance.

Short-circuit current is an important
parameter that affects the overall efficiency of
a solar power system. The solar power system
model allows both to predict the short-circuit
current and to identify the causes of possible
deviations from the expected values. This
makes the model an important tool for
optimizing and increasing the efficiency of
solar technologies.
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Open circuit voltage ( U . ) is the
maximum voltage that the SE can develop in
the absence of load [5,6]. To predict the no-
load voltage in SE models, the following
parameters are used: temperature, internal
resistance, illumination level,. In mathematical
models based on thermodynamic principles,
open circuit voltage, can be expressed in terms
of temperature and light level according to
expression (2):

oo =K ('_mj, @

e lo

where U o - open circuit voltage k -
Boltzmann constant , T - absolute temperature,
e - electron charge, | ¢ - photocurrent, A, | ¢ -
reverse diode saturation current .

In case of deviations of the open-circuit
voltage from the calculated values, models can
be used to analyze the causes of these
deviations (for example, if the open-circuit
voltage decreases with increasing temperature,
this may indicate problems with the material).

The open circuit voltage is determined
by the balance between the generation and
recombination of charge carriers in the
semiconductor material. When the SC is
illuminated, the photon energy leads to the
formation of electron-hole pairs. The internal
electric field created by the pn junction
promotes the separation of these pairs,
directing electrons to the anode and holes to
the cathode. In the absence of a load, carriers
continue to be generated, but recombination
also continues. The open-circuit voltage
reaches its maximum value when the charge
flows of the device are in equilibrium, that is,
the rate of generation of charge carriers is
equal to the rate of their recombination.

There are different models for
calculating open circuit voltage , namely:

- thermodynamic models , which are
based on the principles of thermodynamics and
allow us to express open circuit voltage due to
temperature and light level;

- models based on numerical simulations
, Which can take into account effects such as
temperature gradients, inhomogeneities in the
material structure and other factors affecting
the open circuit voltage. These models can use
finite element methods or other numerical
techniques to simulate the behavior of the SE
under different conditions.

Open circuit voltage depends on the
following factors: temperature; illumination

level ; surface condition . With increasing
temperature the open circuit voltage decreases.
This is due to increased recombination of
charge carriers, which is associated with
increased thermal energy. Such models help
predict how a change in temperature will affect
open circuit voltage. Increasing the lighting
level increases open circuit voltage as the short
circuit current increases. In conditions where
the light level becomes excessively high,
saturation effects may occur, which also need
to be taken into account in the models.
Contamination and defects on the surface of a
semiconductor can reduce open circuit voltage.
The presence of microcracks or contamination
can lead to increased recombination, which
will be seen when comparing experimental and
calculated values.

Deviation analysis open circuit voltage
from the calculated values , allows you to
identify potential problems, namely:

- decrease open circuit voltage with
increasing temperature may indicate that the
material cannot withstand thermal loads;

- differences between experimental data
and models may indicate the presence of
defects in the structure or inefficiencies in the
production technology.

Models describing the open-circuit
voltage can be used to design more efficient
SE, and can also be useful for predicting the
durability of SEs. If the study shows that The
open circuit voltage drops sharply under
certain conditions, indicating the need for
durability and reliability tests of the SC.

Open circuit voltage is an important
indicator of the efficiency of the SE. Models
describing open circuit voltage, allow not only
to predict its value, but also to identify the
causes of deviations, which is an important
step towards optimizing solar technologies.
This makes modeling Open circuit voltage is
an important tool for researchers and
manufacturers seeking to improve the
efficiency and reliability of photovoltaic
modules.

The internal resistance of a power
supply is a key parameter that determines its
performance,  especially in  real-world
conditions when the elements are operating
under load [7,8] . This parameter reflects the
resistance that the current experiences when
passing through the power supply, and it
directly affects the output power and
efficiency. Power supply models can include
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the calculation of the internal resistance, which
allows you to evaluate how this internal
resistance affects the output power and
efficiency. By measuring the voltage and
current on the load, you can use a model to
determine the internal resistance, which is
important for optimizing the power supply
parameters.

By analyzing data on internal resistance
and its dependence on operating conditions, it
is possible to predict how changes in
temperature, humidity, and other factors may
affect the performance of the SC (for example,
an increase in the internal resistance of the SC
may indicate material degradation, which can
be corrected by improving production
technologies).

The internal resistance of a SC can be
defined as the ratio of the voltage change to the
current change under the operating conditions
of the element. It is important to consider that
the internal resistance can vary depending on
the environmental conditions and the state of
the element itself.

Internal resistance is directly related to
the output power of a power supply. When
internal resistance increases, some of the
output power is lost as heat, which leads to a
decrease in the effective voltage and current at
the output. This, in turn, reduces the overall
efficiency of the system.

SC models can include the calculation of
internal resistance based on parameters such as
temperature, light level and material
characteristics. Mathematical models can use
open circuit voltage and short circuit current
data to estimate internal resistance. When
comparing theoretical values of internal
resistance with experimentally obtained data,
deviations can be detected that indicate
problems in the design or production of the SE.
Factors that affect internal resistance:
temperature ; humidity ; degradation of
materials .

With increasing temperature, the internal
resistance of the SE increases. This is due to
the increase in thermal vibrations of atoms in
the semiconductor material, which causes a
decrease in the mobility of charge carriers and,
consequently, an increase in resistance.

High humidity can affect internal
resistance, especially in conditions where
moisture penetrates the structure of the SC.
This can lead to corrosion of the connections
and an increase in resistance.

Over time, SC materials can degrade,
which also leads to an increase in internal
resistance. In the event of increased
recombination of charge carriers or the
appearance of cracks in the semiconductor
structure, the internal resistance can increase
significantly.

Analysis of internal resistance data and
its dependence on operating conditions allows
us to predict how environmental changes will
affect the performance of the SC. If the
internal resistance increases sharply at a certain
temperature, this may be an indicator that the
element materials are not sufficiently resistant
to thermal loads.

Understanding the impact of internal
resistance on power output allows you to
optimize your SC system. For example, if the
analysis shows that high internal resistance
reduces overall performance, you can consider
opportunities to improve the manufacturing
technology, such as:

- optimization of the design of the SC ;

- the use of new semiconductor
materials with lower internal resistance, which
can significantly increase the efficiency of
solar cells.

Thus, internal resistance is an important
parameter that significantly affects the
performance of solar cells. Models that take
into account internal resistance allow not only
to estimate the current efficiency, but also to
predict the impact of various factors on
performance, which is critical for the
development and optimization of solar
technologies.

Photocurrent is the current generated by
a semiconductor as a result of light absorption,
which leads to the generation of free electrons
and holes in the semiconductor material [9-11].
The photocurrent model, based on the
principles of photovoltaics , allows the
prediction of photocurrent based on the
intensity of solar radiation and the spectrum of
light. The models can take into account various
parameters, such as the angle of incidence of
light, which allows for a more accurate
assessment of photocurrents under different
conditions.

Comparing model and experimental
photocurrent data helps to identify factors that
affect the efficiency of the SC. For example, if
the photocurrent is lower than expected, this
may indicate problems with the optical
properties of the material, which requires
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additional analysis and correction of the
models.

Photocurrent is defined according to
expression (3), as the number of electric
charges created per unit time under the
influence of light:

@)

E
le= |:| sc+k|SC(T -T 0)]
Eo

where | £ -is the photocurrent, A, E - is
the energy illuminance, W/m 2 , E , =1000
W/m 2is the energy illuminance under standard
conditions, | s - is the short-circuit current, A, k
Isc - 1S the temperature coefficient of the short-
circuit current, T - is the absolute temperature,
T o -is the current temperature.

The photocurrent is proportional to the
intensity of solar radiation incident on the
surface of the SC. It is important to note that
the photocurrent may depend on the spectrum
of solar radiation, since different materials
respond differently to different wavelengths of
light.

Modern solar cell models take into
account the following factors that affect the
photocurrent: solar radiation intensity; light
spectrum; angle of incidence of light .

Models can use solar radiation data
under different conditions, including different
seasons and climate zones, allowing them to
predict photocurrent values for specific
conditions. Different semiconductor materials
have different absorption spectra. Models can
include information about the interaction of
different wavelengths of light with the
material, allowing for more accurate
predictions of photocurrent.

As the angle of incidence changes, the
effective area on which light falls changes, and
therefore the number of photons absorbed.
Models can take these changes into account to
accurately calculate the photocurrent.

Comparing model-predicted
photocurrent values with experimentally
measured data plays an important role in
optimizing solar cells.

Factors affecting SC efficiency: optical
properties of the material; surface quality;
temperature. If the measured photocurrent is
lower than expected, this may indicate
problems with the optical properties of the
material, such as reflection or scattering of
light. The presence of impurities or insufficient
transparency of the upper layers can lead to
losses of light energy.

Irregularities and defects on the surface
of the SC can prevent normal light penetration.
Examination of the surface using microscopy
methods will help to identify such defects.

As the temperature increases, the
effective carrier mobility decreases, which can
lead to a decrease in the photocurrent. Models
that take into account thermal effects allow for
a more accurate prediction of this parameter.

The following factors can be identified
that allow increasing the photocurrent:
optimization of materials; development of anti-
reflective coatings ; adaptive sun tracking
systems.

Different materials interact with light
differently, which allows for the development
of new semiconductors that better absorb light
over a wide range of wavelengths.

The wuse of special anti-reflective
coatings reduces light reflection, which can
significantly increase photocurrent. Models
help predict how such coatings will affect the
performance of SC.

Systems that automatically change the
tilt angle of photovoltaic modules to optimally
receive sunlight throughout the day can
significantly increase photocurrent and power
output.

Continuous monitoring of photocurrent
under different operating conditions is also
important for assessing the durability and
reliability of SC. Collecting photocurrent data
over time allows for the detection of potential
problems such as material degradation or
changes in the environment.

Thus, photocurrent is one of the key
parameters determining the efficiency of solar
cells. Models that take into account various
factors affecting photocurrent play an
important role in predicting the performance of
solar systems.

In works [5-7], modeling of output
power ( P ox ) was considered. The output
power of a solar power system is the product
of current and voltage, making it critical for
assessing its overall efficiency. Maximum
output power of a solar power system P max IS
determined according to expression (4):

Pu=Unl.F, (4)

where P max— maximum output power of

the SC, | - short-circuit current, U . - open-

circuit voltage, F z - fill factor of the I-V
characteristic of the SC.
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models allow you to predict the output
power depending on short-circuit current,
open-circuit  voltage, internal resistance,
temperature changes, and illumination, which
allows you to more accurately assess
performance in real-world conditions.

Analysis of experimental power output
data, combined with models, allows us to
identify optimal operating conditions, as well
as determine how improvements in materials
or technologies can increase the efficiency of
solar energy conversion.

Thus, the output power depends not only
on the maximum current and voltage values,
but also on the actual operating conditions of
the element.

SC models can take into account the
effect of the following external factors on the
output power: temperature; illumination level.
Temperature changes can affect the output

power. Increasing temperature generally
reduces open circuit voltage and, therefore,
output power. Models that take into account
thermodynamic effects allow us to predict how
output power will change under different
temperature conditions.

Different levels of solar radiation affect
the short-circuit current and therefore the
power output. Models that take into account
the variation of light levels throughout the day
and in different seasons allow for more
accurate predictions of SC performance.

Comparison of model and experimental
data on output power allows us to identify the
optimal operating conditions for photovoltaic
modules .

In Tab.1 ,Fig. 1 and Fig. 2 shows the
results of modeling the dependence of the no-
load voltage and photocurrent on the internal
resistance of the SC.

Table 1.
Results of modeling the dependence of the no-load voltage and photocurrent on the internal resistance of
the CE
R,Om U,B I, MA
6,5 0,80 1240
22,7 2,72 1200
44,7 5,2 1165
110 9,85 891
230 12,81 560
252 12,86 510
274 12,9 470
340 13,07 382
477 13,2 280
922 13,6 150

From the graph in Fig. 1, it can be seen
that the voltage increases from 0 to 13 V, upon
reaching a resistance of 110 Ohmes, the voltage
stabilizes and increases to 14 V.

It can be seen from the graph in Fig. 2
that the photocurrent decreases with the
increase of the internal resistance of the SE to
the value of 922 Ohmes.

Studying the effect of different materials
on the output power helps to determine which

semiconductor materials are most efficient and
significantly increase the output power of the
SC. Analysis of different design solutions,
such as the use of multilayer SC or different
types of anti-reflection coatings , can help in
increasing the output power. A decrease in
output power over a long service life may be a
sign of degradation of the materials from
which the SC is made.
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Fig. 1. - Graph of the change in the no-load voltage

from the internal resistance of the CE

The dependence of output power on
various factors has several practical
applications. Optimizing output power allows
designing photovoltaic modules with high
efficiency through the use of sun tracking
systems that change the angle of inclination of
the panels to maximize sunlight reception.

Data on the output power of solar plants
helps in the planning of power systems based
on renewable energy sources. This is important
for ensuring the reliability of power supply and
load management.

Estimating  output  power allows
investors and companies to make more
informed decisions about investing in solar
technologies, choosing those that have
demonstrated high efficiency and reliability.

Modeling and experimental analysis
allow for optimization of power output by
providing a better understanding of the factors
affecting solar PV performance, which
contributes to the development of efficient
solar technologies and systems for a
sustainable energy future.

In works [5,6], the modeling of
efficiency, which is an important characteristic
that shows what fraction of solar energy the
element converts into electrical energy, is
considered. The efficiency is calculated,
according to expression (5), as the ratio of the
output power ( P o« ) to the power of solar
radiation falling on the SEP ;.

922

R, Om

1400
1200
1000
800
600
400

200

0 6,6 22,7 447 110,4 230 252,7 2747 3404 477 922

R, Om

Fig.2 - Graph of the change of the photocurrent from
the internal resistance of the CE

Pout  'mUm

Mkep = :
Pp Pp

(5)

where 7 - is the efficiency of the SC, |
and U n— current and voltage corresponding to
the point of maximum power P max, P p - the
radiation power incident on the SC.

The SC model allows for the calculation
of efficiency based on power output and
illumination level. Optimization of the models
based on experimental data allows for the
prediction of how various changes in design
and materials may affect efficiency. If the
efficiency is lower than the calculated one, this
may indicate the need to optimize the design,
improve the quality of materials, or apply new
technologies.

Thus, the SC model serves as an
important tool for analyzing and optimizing its
key characteristics, namely: short-circuit
current,  open-circuit  voltage, internal
resistance, photocurrent, output power and
efficiency. The SC model allows not only to
predict the behavior of the cell under different
conditions, but also to identify potential
problems, which is critical for improving the
efficiency and reliability of solar systems.

High efficiency means that the element
is able to efficiently use available solar
radiation, making it more attractive from an
economic point of view.

SC models allow us to calculate the
efficiency based on the output power and the
level of sunlight. It is important to note that the
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efficiency depends on a number of factors: the
type of materials, the temperature value ,

Different semiconductor materials have
different  absorption and recombination
coefficients, which affect efficiency. Models
that take into account material properties help
predict how changes in design or the use of
new technologies may affect efficiency.

Models that take into account
thermodynamic effects can predict how the
efficiency will change with temperature. As
the temperature increases, the efficiency of
charge carrier recombination can decrease,
leading to a drop in efficiency. Comparing
model and actual efficiency values allows us to
identify directions for its increase. If the actual
efficiency is lower than the calculated one, this
may indicate the need to optimize the design of
the element, for example, changing the
thickness of the active layer or using special
coatings to increase light absorption .

Improving the quality of semiconductors
and other materials used can increase
efficiency. Models that incorporate data on
material quality can predict how their
improvement might affect the efficiency of the
SC.

The introduction of new technologies,
such as perovskite solar cells or multilayer
structures, can  significantly  improve
efficiency. Models that take such technologies
into account allow for the prediction of their
impact on efficiency.

The value of efficiency is important for
a number of practical tasks:

- Efficiency helps to select the most
efficient technologies for use in solar systems,
which is important for minimizing production
and installation costs;

- the value of the efficiency of various
solar energy systems helps to plan energy
strategies, ensuring reliable and efficient use of
solar energy;

- high efficiency makes solar
technologies more attractive for investment,
which can contribute to the development of the
energy industry and lower prices for solar
energy.

Efficiency is an important indicator of
the effectiveness of solar energy. Efficiency
modeling, combined with experimental data,
allows identifying opportunities  for
optimization and improvement of technologies,
which is critical for the further development of

solar energy and increasing its competitiveness
in the market.

Thus, the following results were
obtained using models of quantitative and
qualitative indicators of SE parameters:

- development and improvement of SC
models, leading to a deeper understanding of
the physical processes occurring in SC;

- modeling of solar energy parameters
allows us to quantitatively assess how different
conditions (temperature, illumination, angle of
incidence of light) affect the main parameters
(short-circuit current, open-circuit voltage,
output power), which contributes to accurate
prediction of the performance of photovoltaic
modules in real operating conditions;

- SC models allow you to detect defects
in materials or production technologies, which
can be used to improve processes, reduce
defects and improve the quality of photovoltaic
modules ;

- scientific results obtained in the
modeling process can be implemented in
production, which leads to cost reduction and
increased efficiency of production processes;

- modeling of SC, helps in research of
new photoconductive materials, such as
perovskites , which can lead to the creation of
efficient SC with the best characteristics;

- SC models allow predicting the service
life of SC, taking into account degradation
factors, which may affect maintenance
strategies and management of  their
installations;

- studying and optimizing efficiency
through modeling helps reduce the cost of
electricity production and increase the share of
solar energy in the overall energy balance;

- SC models allow for rapid adaptation
of existing technologies to new challenges and
opportunities,  providing an innovative
approach to industry development.

The use of models of quantitative and
qualitative indicators of solar energy
parameters contributes to obtaining scientific
results that increase the efficiency, quality, and
reliability of solar technologies, which
supports the development of sustainable
energy solutions and promotes the transition to
environmentally friendly energy sources.

Solar SC modeling helps optimize the
design of photovoltaic modules , which
increases their efficiency. This will allow for
the efficient use of solar energy and reduce the
costs of its production.
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Research in photovoltaics is leading to
the creation of new high-performance
materials, such as perovskites or organic
compounds. Models can help predict their
behavior and characteristics.

Solar SC models can be adapted to
predict the performance of solar PV systems in
different climates, which will allow the
development of more versatile solutions for
solar systems. Solar PV models will provide a
better understanding of how solar PV can work
effectively in combination with other
renewable energy sources, such as wind or
hydropower, creating flexible power systems.
Solar PV models can be used to predict the
service life of solar PV and identify potential
problems, which will ensure effective
maintenance and management in information
and measurement systems.

CE models are an indispensable tool for
scientists, engineers, and manufacturers
seeking to create efficient and reliable solar
technologies through the use of:

- taking into account external factors in
the model, under various external conditions,
such as: temperature, light level and humidity,
which allows for accurate prediction of the
performance of the solar energy system in real
operating conditions;

- performance optimization, comparing
theoretical values obtained from models with
experimental data helps to identify deviations
and determine the causes of their occurrence,
which in turn contributes to the optimization of
designs, materials and production technologies,
and can also significantly increase output
power and efficiency;

- predicting the degradation of the CE
model, which is important for planning the
operation and assessing the service life of
photovoltaic modules .

Models will allow you to create
information and measuring systems that will
automatically adapt the operation of solar
installations depending on current conditions,
increasing overall efficiency. Optimization of
production processes using models will help
reduce material costs, which will make solar
technologies affordable. Modeling allows you
to identify and eliminate weaknesses in the
design and materials of solar energy systems,
which leads to the creation of reliable and
durable solar energy systems. The use of solar
energy models in educational institutions
contributes to the development of scientific
research in the field of renewable energy
sources and the formation of new specialists in
this field.

Conclusions

Further development of SE models may
include taking into account detailed
characteristics of materials, in particular their
electrophysical ~ properties at  different
temperature regimes and operating conditions,
which will significantly increase the accuracy
of predicting the efficiency of SE operation in
real conditions, taking into account not only
general parameters, but also microstructural
features of materials.

Thus,  further  development and
improvement of SE models is an important
step towards increasing the efficiency of solar
energy in the context of global climate change
and increasing demand for renewable energy
sources. With the help of SE models, it is
possible to achieve more accurate predictions
of the generation of electrical energy by
photovoltaic modules at solar stations, which
will  ensure  economic  benefits and
environmental sustainability in the use of solar
energy in the future.
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KBAJIMETPUYHU METO/I U1 OIIITHKU KVIBKICHUX TA AKICHHUX
ITAPAMETPIB COHAYHOI'O EJIEMEHTA

VY cTarTi po3MISHYTI KBaJIMETPUYHMHA METOJ OLIHKH COHSYHOTO €JIEMEHTA, L0 OIMCYE HOro OCHOBHI
eJIeKTpO(i3NYHI XapaKTEepUCTUKH Ta MPOLECH, sIKi BIIOYyBalOTBCS B HHOMY IIiJ Yac NEPETBOPEHHS COHSIYHOI
eHeprii Ha eJIeKTPUIHY.

TIpoananizoBaHO 3aJIEKHICTh (POTOCIEKTPUIHUX XaPAKTEPUCTUK COHSYHOTO €JIEMEHTa B 3aJIe)KHOCTI Bif
pizHux napametpiB. [lokazaHo, 110 MiIBHIICHHS TEMIEPaTypy Bele 10 3HMKEHHS OCHOBHHUX XapaKTEPHCTHK
COHSYHOTO €JIeMEHTa, 30KpeMa KoedillieHTa KOpHUCHOI aii, CTpyMy KOPOTKOTO 3aMHKaHHS, KoedimieHTa
3allOBHEHHSI Ta IHIIMX [OKA3HMKIB, II0 XapaKTEePU3YIOTh BOJbT-aMIIEPHY XapakTepHCTHKY. Lle 3HIDKeHHs
BiIOYBa€eThCSA Uepe3 3MiHM B eNeKTpOo(i3MUHUX BIACTHBOCTSAX MaTepiaiiB, 3 SKAX BHUTOTOBJICHI COHSYHI
€JIEMEHTH, a TaKo)XK 4epe3 BIUIMB TEMIEpaTypHUX 3MiH B Marepiani. Po3poOieHa MeToanka po3paxyHKiB
OCHOBHHX €JIEKTPO(I3HYHNX MapaMeTpiB, TAKHX SK CTPYM KOPOTKOTO 3aMHKaHHS Ta HANpyra XOJOCTOTO X0y,
sIKa BPaXOBY€E JETAIBHY CTPYKTYypy MarepiaiiB, 110 BUKOPHUCTAHI JUIl BUTOTOBJIEHHS COHSYHHUX €JIEMEHTIB, IO
Mi/IBUIIy€ TOYHICTH PO3PaxXyHKIB BUXIZHOI MOTYXHOCTI Ta KoedilieHTa KOPHUCHOI Xii, a TaKoX IiJABHIIYE
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CTaOUTBLHICTh BOJBT-aMIIEPHUX XaPaKTEPUCTHK COHSIYHUX EJIEMEHTIB y peaJbHUX YMOBax eKCIDIyaTallil.
AKIIEHTOBAHO, 1110 BaYK/IMBUM acIlleKTOM € aHalli3 BIUIMBY 3MIiH yMOB OCBITJIEHOCTI, SIKi MAIOTh 3HAUHHI eeKT Ha
MIepETBOPEHHS COHSAYHOI eHeprii. Moieli oKa3yloTh, SIK 3MiHM B IHTEHCHUBHOCTI Ta CIIEKTpPi OCBITJICHHSI MOXYTh
3MIHIOBaTH MOBEAIHKY COHSYHOIO €JIEMEHTa, 30KpeMa BIUIMBaTH HA CTPyM Ta HAOpyry HpH 3MIHHOMY
OCBITJICHHI BIIPOJIOBXK HA 200 B YMOBaX HEIOCTIHHOTO COHSYHOTO BHUIIPOMiHIOBaHHS. [lokazaHo, 110 HasBHI
MiIXOAM [0 MOJICNIOBAHHS COHSYHHX €JIEMEHTIB NOTPeOyIOTh MOJAibLIOro YyIOCKOHAIEHHS, 30KpeMa 3
ypaxyBaHHSIM CTPYKTypH MartepiaiiB, TEMIEPaTypHUX 1 OCBITNIIOBAIBHMX YMOB, IO ITJBHIIMTH TOYHICTbH
PO3paxyHKIB Ta CTaOUTFHICTh POOOTH COHAYHHX €JIEMEHTIB B pEIbHUX YMOBaX.

KITIOY90BI CJIOBA: couaunuii enemenm, K8ANIMeMpPUYHULL MemoO OYIHKU, cucmema SKOCmi i
KibKOCHI, IHPOPMAYIHO-8UMIDIOBATIbLHA cUCMeEMd, MemOO KOHMPOII0, (POMOoereKMpUYHULL MOOYIb.

Sk umryBatu: Budanov P., Kupriyanov O., Melnykov V., Kononov V. (2024). Qualimetric method for
assessing quantitative and qualitative parameters of a solar cell. Mamuno6yxysanns. 2024. Bum. 34 C. 92-103.
DOI: https://doi.org/10.26565/2079-1747-2024-34-09

Konduikr inTepeciB

ABTOpH 3asIBIISIIOTH, 1[0 KOHQUIIKTY iHTEpeciB moao myOiikamnii pykomnucy Hemae. Kpim toro,
aBTOPH TOBHICTIO JOTPUMYBAIUCh C€THYHHUX HOPM, BKIIIOYAIOUM IIariaT, ¢anbcudikamiio AaHuX Ta
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