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The photovoltaic (PV) module is typically represented by an equivalent circuit whose parameters are
calculated using the experimental current-voltage (I-V) characteristic. These parameters are crucial to
predict accurate performance of a PV module. The precise determination of these parameters remains a
challenge for researchers, which led to a diversification in models and numerical methods used for its com-
putation. These parameters of the proposed solar PV moduls have been calculated using an efficient itera-
tive technique. In this study, two mathematical models are used (single and double diode models) to ex-
tract the unknown parameters at standard test conditions (STC) of three different types of PV module
technologies (multicrystalline, monocrystalline, and thin-film). A MATLAB simulation based comparative
performance analysis of these models under different climatic conditions and the effect of variations in
model parameters has been carried out. The results obtained showed a good agreement with the results ob-
tained experimentally as well as these models are highly sensitive and respond to any variation of climatic
conditions (temperature, irradiance).
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1. INTRODUCTION

The rapid growth of PV system utilizations is due to
its availability everywhere, which avoids transmission
costs and losses, free, abundant and pollution free. Sili-
con is the basic material required for the production of
solar cells based crystalline or thin film technology.

The photovoltaic (PV) modules are generally rated
under standard test conditions (STC) with the solar
radiation of 1000 W/m2, cell temperature of 25 °C, and
solar spectrum of 1.5 by the manufacturers. The pa-
rameters required for the input of the PV modules are
relying on the meteorological conditions of the area.
The climatic conditions are unpredictable due to the
random nature of their occurrence. These uncertainties
lead to either over- or underestimation of energy yield
from PV modules. An overestimation up to 40 % was
reported as compared to the rated power output of PV
modules [1]. The growing demand of PV technologies
led to research in the various aspects of its components
from cell technology to the modeling, size optimization,
and system performance [2, 3].

There are various PV cell modules studied by re-
searchers in the literature. One of the simplest is a
single diode model. In broad sense, this model is de-
rived by three parameters: short circuit current (Is),
open circuit voltage (Voc), and diode ideality factor (a).
When the parameter series resistance (Rs) is added in
this model, the accuracy of model gets improved. One
drawback of this model is that it is not capable of tem-
perature (7) variation handling. Parameter shunt re-
sistance (Rsn) significantly improves the model efficien-
¢y [4]. This model has a drawback of reduced accuracy
under low irradiance (G) level, especially at open circuit
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voltage (Voo). Additional diode design is added to the
model for the recombination loss in the depletion region
of the cell of solar module [5]. This is a double-diode
model. This model has more parameters to calculate.
This model gives more accuracy because it is more
practical especially under low voltages.

Extensive studies have been conducted to determine
the series resistance (Rs) and parallel resistance (Rp).
Some authors neglect R, to simplify the model as the
value of this resistance is generally high [6], and some-
times, Rs is neglected as its value is very low [5]. The
neglect of Rs and R, has significant impact on the mod-
el accuracy. Several algorithms have been proposed to
determine both Rs and R, through iterative techniques
[7]. If the initialization of the variables and the conver-
gence conditions are not proper, then these iterative
techniques require many iterations and, sometimes,
may not converge. Curve fitting method can be utilized
in the current density-voltage curves to estimate both
Rs and Ry [8]. In [9], Rs and R, are evaluated by using
additional parameters which can be extracted from the
current-voltage (I-V) curve of a PV module. These
methods are quite poor, inaccurate, and tedious mainly
because Rs and Ry are adjusted separately, which is not
a good practice, if an accurate model is required. More-
over, these methods are applicable only if the manufac-
turer-specified output characteristics are provided. Dif-
ferential evolution (DE) can be used to extract the ex-
cess seven parameters of a double-diode PV module
model utilizing only the information provided in the
datasheets [10]. An explicit modeling method based on
Lambert W-function for PV arrays that has been used
in [11] to find the values of parameters is intricate and
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time consuming. Artificial intelligence (AI) such as
fuzzy logic [12] and artificial neural network (ANN)
[13] and genetic algorithms such as particle swarm
optimization (PSO) have also been proposed to model-
ing the I-V curves [14]. However, they are not widely
adopted due to high computation burden. In [15], a
comprehensive parameter identification method is pro-
posed to enhance model accuracy while keeping the
parameterization procedure in a simple form.

In this paper, a comparative analysis details the
behavioral I-V characteristics of a single-diode using
analytical four and five parameter model and two-diode
model. The accuracy of the simulation results is veri-
fied by comparing it with published data provided by
manufacturers of three PV modules of different types
(monocrystalline, multicrystalline and thin-film).

2. MATHEMATICAL MODELS OF PV MODULE
2.1 Single-diode Model

An electrical circuit with a single diode (single ex-
ponential) is considered as the equivalent PV cell in the
present article. Two different models drawn from the
equivalent electrical-circuit are studied, namely, four-
and five-parameter models.

Rs
 E— °

I

Ipv Rsh

Fig. 1 - PV-cell equivalent-circuit models: single-diode model [16]

An output current equation of I-V characteristic us-
ing this model can be written as:

V-I.R V+I,R
I=1 -1 exp[osj—l]—{os}, (1)
P 0|: VT Rsh

where Iy is the photocurrent, Io is the cell saturation
current, Rs, 1s the shunt resistance, Rs is the series
resistance, V7 is the thermal voltage (Vr=a Nsk-T/q),
N;s 1s the number of cells in series, a is the ideal factor of
the PV diode, ¢ is the electron charge (1.60281-10-1° C), &
is the Boltzmann constant (1.38066 ‘1023 J/K), T is the
cell operating temperature.

2.1.1 Four-parameter Model

The four-parameter model studied in this work has
been used elsewhere [17]. Assuming Rsx as infinite and
neglecting it in Eq. (1), the four-parameter model is
obtained as follows:

I:IPU—IO{exp{V_VIO&J—I:I. @)

T

The short circuit current can be found when V=0
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The following equations are used to calculate the
other parameters at STC [6]:

R T

I
Iy, =—2 ®)

exp [V"”’j -1
VT,

From Eq. (2), either cell current or voltage could be
calculated provided that the other is known. Alterna-
tively, cell current and voltage could both be calculated
at the maximum-power point.

where

2.1.2 Five Parameter Model

As given in Eq. (1), the five-parameter model is an
implicit non-linear equation, which can be solved with
a numerical iterative method such as Newton-Raphson
method [18]. However, this requires a close approxima-
tion of initial parameter values to attain convergence.
Alternatively, the parameters may be extracted by
means of analytical methods. Some of the analytical
methods are studied elsewhere [19].

The five parameters Ipy, lo, Rs, Rsh, and m are calcu-
lated at a particular temperature and solar-irradiance
level from the limiting conditions of Voc, Isc, Vinp, Imp.

The following equations are used to calculate the
five parameters required:

I, —[gc[1+1§s J+I{exp(ls‘c/}€sj—l}, (6)
sh T
1, —{Igc—v"c}exp(—v"cj. (7)
Ve Vr

The value of the diode ideality factor (a) may be ar-
bitrarily chosen. Many authors discuss ways to esti-
mate the correct value of this constant. Usually,
1<a<2, and the chosen value depends on other pa-
rameters of the I-V model. As it is given in [7], there
are different opinions about the best way to choose a.
Because a expresses the degree of ideality of the diode
and it is totally empirical, any initial value of a can be
chosen in order to adjust the model.

The resistances Rs and Rsn are calculated by itera-
tive methods. The relation between Rs and Rs» may be
found by making the maximum power calculated by the
1-V model, equal to the maximum experimental power
from the datasheet (Pmax,m = Pmaxe) at the (Vi; Im) point.
In the iterative process, Rs must be slowly incremented

starting from Rs=0, and for every iteration, the value
of Rsn is calculated simultaneously:

P =P =V x

max,m max,e mp

Vv +I R Vv +I1 R 8
I, -1, exp Yo Pmp T | g (L[ Lon ¥ Zmp T . ®)
VT Rsh
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In the proposed iterative method, the series re-
sistance must be slowly incremented starting from a
null value. Adjusting the I-V curve to match the cell
reference condition requires finding the curve for sev-
eral values of series and equivalent shunt resistances.
The Newton-Raphson method was used in the proposed
iterative method due to the ability to overcome unde-
sired behaviors [20].

2.2 Two-diode Model

The two-diode model equation of the I-V curve is
expressed as [8]:

V+I,R
I=1, -1, {exp[vos]—l}—

T1

V+I,R V+I,R
I, {exp[VOSJ@{ROS}
T2 sh

where the diode factors a1=1 and a2 can be derived

©)

+
Gt 5 , where p can be chosen greater than 2.2.
b

The rest of parameters can be deduced from the fol-
lowing equations [7]:

from

Table 1 — Specification of the PV modules
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I+ K,AT
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I,=1,=1,= (10)

Rs and Rsn are calculated by iterative method simi-
lar to the procedure proposed in [12], where the rela-
tion between Rs; and Rsn is chosen to verify that the
calculated maximum power is equal to the experi-
mental one (Pmax,m = Pmax,e) at (Vm, Im) pOiIlt.

3. RESULTS AND DISCUSSION
3.1 Extraction of Electrical Parameters

The modeling methods described in this paper are
validated by measured parameters of selected PV mod-
ules. The experimental (V, I) data are extracted from
the manufacturer’s datasheet. Three different modules
of different brands/models are utilized for verification;
these include the multicrystalline (KC200GT) and
monocrystalline (SP70) as well as thin-film (ST40)
types. The specifications of these modules are summa-
rized in Table 1.

Modules L, Al Voo, VI Lip, Al Vip, VI Ki(lse), mA/°Cl  Kuy(Voe), mV/°C|  Ns
Multicrystalline

Kyocera KC200GT|8.21 32.9 7.61 26.3 3.18 — 123 54
Monocrystalline

Shell SP70 4.7 21.4 4.25 16.5 2 - 76 36
Thin-Film

Shell ST40 2.68 23.3 2.41 16.6 0.35 — 100 36

The equations of the previous section were imple- lows: ni=1; n2=1.2; Rs=0.51Q; R =94.9643 Q;

mented in MATLAB environment to simulate and
evaluate the three models by means of the two estima-
tion methods:

— Single-diode methods based on two different mod-
els drawn from the equivalent electrical-circuit are
studied, namely four-parameter models which extract-
ed the parameters, Io, Irv, a and Rs and five-parameter
model, the additional calculated parameter is Rsx.

— Two-diode model has more variables, the actual
number of parameters computed is four because
To1 = Ioz = Io.

After calculation, the extracted parameters of
KC200GT module are as follows: n=1.0758;
Rs=0.3541 Q; Io = 2.1954e-9 A, and Ipv=8.21 A for 4-P
model and for 5-P model the extracted parameters are
as follows: n=1.3; Rs=0.23Q; Rs»=601.3368Q;
1o =9.8252e-8 A, and Ipv=28.2146 A and for two-diode
model the extracted parameters are as follows: ni=1;
ne =1.2; Rs=0.33 Q; Rsn=174.1551 Q;
Io1 = Io2 = 4.1280e-10 A, and Irv= 8.21A.

The extracted parameters of SP70 module are as
follows: n=1.0222; Rs=0.6310Q; Io=6.9528e-10 A,
and Ipv=4.7 A for 4-P model and for 5-P model the ex-
tracted parameters are as follows: n=1.3; Rs=0.4 Q;
Rsn=133.1309 Q; Io = 8.7645e-8 A, Ipv=4.715 A and for
two-diode model the extracted parameters are as fol-

Io1 = Io2 = 4.2065e-10 A, and Ipv=4.7 A.

The extracted parameters of ST40 module are as
follows: n=1.3219; Rs = 1.6156 Q; Io = 1.4202e-8 A, and
Ipv=2.68 A for 4-P model and for 5-P model the ex-
tracted parameters are as follows: n=1.3; Rs=1.51Q;
Rsn=266.5478 Q; Io=1.0292e-8 A, Ipv=2.6961 A and
for two-diode model the extracted parameters are as
follows: n1=1; ne=1.2; Rs=1.71Q; Rsn=204.8492 Q;
Io1 = Io2 = 3.0748e-11 A, and Ipy= 2.68 A.

The different calculation methods gave good corre-
spondence with manufacturers’ data for all the technol-
ogies evaluated especially in STC. It is generally ob-
served that a generic statement in respect of the accu-
racy cannot be made as the best performance (of models
when compared to the experimental value) varies from
one parameter to the other.

3.2 Effect of Irradiance

The outputs of single and double diode models are
compared with measured data extracted from PV mod-
ules datasheet to identify the effect of variation in inci-
dent insolation. The characteristic I-V curves for single-
diode and two-diode models are obtained by varying the
incident insolation and are shown in Fig. 2a, b, ¢ for
SP70, KC200GT and ST40 respectively. In order to find
out the effect of irradiance on the output of the module,
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Fig. 2 — The I-V characteristics of SP70 (a), KC200GT (b) and ST40 (c) modules at varying irradiance

the different values of irradiance are varying between
200 W/m? to 1000 W/m?2.

It is observed that the current Is. is more affected by
irradiance variation compared to its effect on voltage
Voe. An increase in insolation levels leads to an increase
in current Is, and the corresponding value of P, also
increases.

It can be seen that for varying irradiance, despite
the modeling curves do not match experimental data in
all points, the tow diode model strongly agrees with
experimental data than the four-parameter and five-
parameter models for all types of modules, except for
the thin-film (ST40) module at low irradiance of about
200 W/m?, where the five-parameter modeled curve is
closer to the experimental data than the four-
parameter and tow diode models.

3.3 Effect of Temperature

Temperature is a very important parameter in the
behavior of PV modules since they are exposed to solar
radiation. We performed a simulation where we main-
tained a constant irradiance (1000 W/m2) for different
temperature levels.

After the comparison of single and two diode I-V
performance curve, we can observe that the current

have a minor variation when the temperature varies
from 20 °C to 60 °C and the voltage is increasing when
the atmospheric temperature reduces as illustrated in
Fig. 3 a, b, ¢, thus solar cell shows inverse relationship
with temperature.

It can be noted that all three methods show good
general agreement with the experimental data. Howev-
er, a close inspection reveals that the tow-diode model
yields the most accurate results at all temperatures.

3.4 Accuracy of Different Models

Table 3 and Table 4 show the relative errors for
Prax, Voc and Isc at varying irradiance and temperature
of SP70 and ST40 modules.

The relative error is defined as

abs(X ..
Ereactive (X) = [ ( d;;

data

-X
“”C“’)J-wo. (11)

The irradiance is maintained constant at STC.
From the data, it can be concluded that more accurate
results are obtained from the two-diode model for the
crystalline silicon technologies.
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Fig. 3 — The I-V characteristics of SP70 (a), KC200GT (b) and ST40 (c) modules at varying temperature

Table 3 — Relative errors of three models at different irradiances (7'= 25 °C) for SP70 and ST40 modules
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Irradiance, Parameters Measured 4-P Error 5-P Error 2D Error
W/m?2 data model % model % model %

Priax 70.07 70.5 0.61 70.11 0.057 | 70.22 0.21

1000 Voe 21.33 21.39 0.28 21.35 | 0.094 | 21.34 | 0.047

Ise 4.682 4.7 0.38 4.7 0.38 4.675 0.15

Priax 56.13 57.61 2.64 55.95 0.32 56.38 0.45

800 Voe 21.03 21.18 0.71 21.07 0.19 21.13 0.48

Ise 3.752 3.76 0.21 3.76 0.21 3.74 0.32

Priax 41.89 43.96 4.94 41.46 1.026 | 41.99 0.24

SP70 600 Ve 20.5 2091 | 2.00 | 2072 | 1.073 | 20.84 | 1.66
module I 2.815 2.82 | 018 | 282 | 0.18 | 2.805 | 0.36
Prax 27.53 29.62 7.59 26.76 2.79 27.12 1.49

400 Voe 19.92 20.53 3.06 20.19 4.92 20.43 2.56

Ise 1.882 1.88 0.11 1.88 0.11 1.87 0.64

Prax 13.17 14.72 11.76 12.08 8.28 11.99 8.96

200 Voe 19.12 19.81 3.61 19.25 0.68 19.65 2.77

Ise 0.9472 0.94 0.76 0.94 0.76 0.935 1.29

Irradiance, Parameters Measured 4-P Error 5-P Error 2D Error

W/m?2 data model % model % model %

Prax 40.21 40.03 0.45 39.99 0.55 40.04 0.42]

1000 Voe 23.29 23.30 0.04 23.27 | 0.086 | 23.26 0.13

ST40 Ise 2.677 2.68 0.11 2.68 0.11 2.658 0.71
module Prax 31.71 33.04 | 4.19 | 3268 | 3.06 | 3297 | 3.97
800 Voe 22.85 23.02 0.74 22.99 0.61 23.04 0.83

Ise 2.149 2.144 | 023 | 2144 | 023 | 2.126 | 1.07
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Prax 23.52 25.44 8.16 24.80 5.44 25.17 7.02

600 Voe 22.33 22.67 1.52 22.62 1.30 22.76 1.92

Ise 1.607 1.608 | 0.062 | 1.608 0.062 1.595 0.75

Priax 15.34 17.26 | 12.52 16.4 6.91 16.7 8.86

400 Voe 21.63 22.17 2.49 22.11 2.22 22.35 3.33

Ise 1.074 1.072 0.19 1.072 0.19 1.063 1.02

Prax 6.967 8.611 23.59 7.615 9.30 7.655 9.87

200 Voe 20.28 21.33 5.18 21.17 4.39 21.61 6.56

Ise 0.537 0.536 0.19 0.536 0.19 | 0.5316 1.01

Table 4 — Relative errors of three models at different temperatures (£ = 1000 W/m?) for SP70 and ST40 modules
7 oC | Parameters Measured 4-P Error 5-P Error 2D Error
’ data model % model % model %

Prax 71.54 72.23 0.96 71.76 0.31 71.82 0.39

20 Voc 21.71 21.77 0.28 21.70 0.046 21.70 0.046

Ise 4.743 4.69 1.12 4.69 1.12 4.665 1.64

SP70 Prax 64.77 65.29 0.80 65.15 0.59 65.38 0.94
module 40 Voc 20.18 20.26 0.39 20.25 0.35 20.24 0.29
Ise 4.736 4.73 0.13 4.73 0.13 4.705 0.65

Prax 57.94 58.34 0.69 58.54 1.036 58.86 1.59

60 Voc 18.71 18.69 0.11 18.68 0.16 18.67 0.21

Ise 4.743 4.77 0.57 4.77 0.57 4.745 0.042

T °C P : Measured 4-P Error 5-P Error 2D Error

’ arameters data model % model % model %

Prax 41.29 41.36 | 0.33 | 41.27 | 0.048 41.3 0.024

20 Voc 23.65 23.80 0.63 23.76 0.46 23.75 0.42

Isc 2.702 2.678 0.89 2.678 0.89 2.656 1.70

ST40 Prax 36.36 36.09 0.74 36.19 0.47 36.29 0.19
module 40 Voc 21.7 21.79 0.41 21.77 0.32 21.75 0.23
Lsc 2.702 2.685 0.63 2.685 0.63 2.663 1.44

Prax 31.49 30.93 1.78 31.21 0.89 31.34 0.48

60 Voc 19.87 19.77 0.50 19.76 0.55 19.75 0.60

Isc 2.706 2.692 0.52 2.692 0.52 2.67 1.33

In Table 3, the analysis of relative error for Is, Voc models. This is logical because the value of the ideality

and the Punax of SP70 module at different irradiance
levels is presented. In STC (1000 W/m2, 25 °C), the
voltage relative errors calculated by the 4-P, 5-P mod-
els and the two-diode model are 0.28 %, 0.094 % and
0.047 %, respectively, and the power relative errors
calculated by the 4-P, 5-P models and the two-diode
model are 1.61 %, 0.057 % and 0.21 %, respectively.
However, as the irradiance is reduced, there is a signif-
icant deviation of Vi calculated using the 4-P, 5-P and
two-diode models. Similar results can be observed for
Prax, but especially in the 4-P model, for irradiance
lower than 400 W/m? the average error of the power
exceeds 10 % and the voltage exceeds 3 % which ex-
plains the influence of the shunt resistance on the val-
ue of Vo because of the term Voe/ Rsr.

Table 4 gives the performance of the three models at
different temperatures with constant irradiance of
1000 W/m? for SP70 module, at 7'= 60 °C the voltage rela-
tive errors calculated by the 4-P, 5-P and two-diode mod-
els are 0.11 %, 0.16 % and 0.21 %, respectively, and the
power relative errors calculated by the 4-P, 5-P and two-
diode models are 0.69 %, 1.036 % and 1.59 %, respectively.

We note that the two-diode model and the five-
parameter model are the least accurate at the three re-
markable points at 60 °C compared to the four-parameter

factor is assumed to be fixed in the five-parameter model
and the two-diode model and, on the other hand, the val-
ues of the recombination and diffusion saturation cur-
rents are assumed to be equal in the two-diode model.

According to Table 4, the performance of the three
models at different temperatures for ST40 module is
presented. There is no significant difference between
three models for Vo at 60 °C.

Table 3 presents the analysis of the relative errors of
Ise, Voo and Ppax for ST40 module at different irradiance
levels. However, the four-parameter model exhibits poor
performance for Pma calculations, this difference can
reach up to 12 % at 400 W/m2. On the other hand, the 5-P
model has good accuracy as manifested by the errors
which are kept below 0.2 % for current, 2 % for voltage
and 6 % for power A at low irradiation (400 W/m2).

4. CONCLUSIONS

The present paper has proposed the comparison be-
tween the single-diode method (four- and five-parameter
model) and tow-diode method. These models are used to
predict the electrical response of three PV modules for
various operating conditions. The accuracy of the three
models is evaluated using experimental data given by
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the constructors for different types of technologies.

It can be concluded that the variation of ideality factor,
shunt and series resistances have a large impact on the
output power (Pmax) of the ST40 module at different oper-
ating conditions. The results also indicate that the five-
parameter model combined with the other models is the
most adaptable for the thin-film modules (relative er-
ror = 6.91 %) at the low irradiance (400 W/m2).

As a result of the study, it is observed that the two-
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Oninka Ta BWIyYeHHA €JIEKTPUYHUX [apaMeTpiB pisHUX POTOETIEKTPUIHUX MOdesIei
3a JOHOMOrOI0 iTepamiiHUX MEeTOIiB

B. Benabdelkrim?!2, A. Benatillah?, T. Ghaitaoui23
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2 Laboratory of Energy, Environment and Systems of Information (LEESI), University Ahmed Draia Adrar, Algeria
3 Unité de Recherche en Energies Renouvelables en Milieu Saharien, URERMS, Centre de Développement des
Energies Renouvelables, CDER, 01000, ADRAR, Algéria

®oroenmexrpuunuit (PV) momyss 3a3Buuail mpeicTaBIEHUM €KBIBAJEHTHOI CXEMOI0, ITapaMeTpy STKOL
00YNCIIIOITHCS 3a JJOIIOMOT0I0 eKCIIepMMEeHTaIbHOI BoJIbT-amiepHoi xapakrepuctuku (I-V). 1l mapamerpn
MAaTh BUPIIIAJIbHE 3HAYEHHS JJIs IPOrHO3yBaHHs TouHOI pobotu PV monyns. Toune BusHayeHHs 1ux ma-
paMeTpiB 3aJINIIAETHCA IPOOIEMOI0 IJISA JOCTITHAKIB, 10 IPHU3BEJIO I0 AUBepcudIKaIlil B MOIEIAX Ta YnCe-
JIBHUX METOJIaX, sIKl BUKOPHUCTOBYIOTHCS JJIsA iX o0umcsenus. [[i mapamerpu 3amponoHOBaHUX COHAYHUX PV
MomyJieil Oy po3paxoBaHi 3a JOIOMOTrO0 ePeKTUBHOI ITepalliiiHol MeTOOUKH. ¥ IIbOMY IOCIIIKeHH] BUKO-
PHCTOBYIOTBCA IB1 MaTeMaTHYHI (OQHO- Ta JBOJIOAHI) MOJEJII IJiA BIJIyYeHHs HEBIIOMUX IMapaMeTpiB y cTa-
HIAPTHUX YMOBAX TECTYBAHHS TPhOX PI3HUX THUIIB TexHOsorii PV moaysis (bararoxpucrasiiyuoi, MOHOKpH-
CTaIIYHOI TA4 TOHKOILTIBKOBOI). [IpoBemeHo MOpPIBHANBHUN aHAJI3 IIUX MOAeJIeH HA OCHOBI MOEIIOBAHHS
MATLAB B pisHux K/JIIMaTHYHUX yMOBAaX Ta IIiJ{ BIUIMBOM Bapialiil mapamerpis mozesi. OTpuMaHi pe3yib-
TaTU TOKA3aJIU 00pe Y3TOKEHHS 3 pe3yJIbTaTaMM, OTPUMAHUMU eKCIIEPUMEHTAJIBHO, OCKIJIBKY 11 MOJe
BIPI3HSIOTHCSI BHCOKOI YyTJIMBICTIO 1 pearymoThb Ha Oyab-siKl 3MIHM KJIIMATHYHHX YMOB (TeMmIeparypa,
OIIPOMIHEHHS).

Kmrouori cinosa: PV momysi, Oxuomionua momesn, JIBomionaa momens, Kpusi npogykrusaocti I-V, Bury-
YeHHS IapaMeTpiB.
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