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In this article an extended literature surveying review is launched on a set of comparative studies of maximum
power point tracking (MPPT) techniques. Different MPPT methods are addressed with an ultimate aim of how to be
maximizing the PV system output power by tracking P,,,. in a set of different operational circumstances. In this paper
maximum power point tracking, MPPT techniques are reviewed on basis of different parameters related to the design
simplicity and/or complexity, implementation, hardware required, and other related aspects.

he technology of solar systems has been booming for a while due to its ability to replace current fossil fuels like coal
and gas for generation of electricity that produce air, water, and land pollution. In addition it decreased the issue of glob-
al warming and climate changes substantially due to being produced in a clean environmental manner and was proved to
be an Eco-friendly resource of energy. The photovoltaic systems’ manufacturing process has been improving continuously
over the last decade and photovoltaic systems have become an interesting solution. Precisely, PV systems are constituted
from arrays of photovoltaic cells, choppers (mainly buck-boost or boost DC/DC converter), MPPT control systems and
storage devices and/or grid connections. To improve the efficiency of such systems, various studies have been performed.
The demand of PV generation systems seems to be increased for both standalone and grid-connected modes of PV systems.
Therefore, an efficient maximum power point tracking (MPPT) technique is necessary to initialize the process of tracking
the maximum power point MPP at all environmental conditions and then force the PV system to operate at that MPP point.

Keywords: Photovoltaic System. digital control, maximum power point tracking, simulation.

Introduction

PV module is made up of several solar cells.
Operating point of solar cells depends on varying
factors such as irradiation, temperature, spectral
characteristics of sunlight and so on. Environ-
mental conditions like cloudy weather and ambi-
ent temperature can change the output power
from PV panel [1.2.3.4].. Also the generated pow-
er from PV system is non-linear and fluctuates
depending on the mentioned factors and do not
have constant desirable efficiency [5]. The PV ar-
rays have unique operating point that is capable
of delivering the maximum power, which is
called the Maximum Power Point (MPP). The lo-
cus of this point has a non-linear variation with
solar irradiance and the cell temperature. So we
are in an urge to increase the efficiency of the so-
lar power. Improving the conversion efficiency of
the solar panel, the automatic tracking system, the
scientific storage battery charging technology and
the MPPT solar technology are the methods to in-
crease the efficiency [6]. For the operation of the

PV array at its MPP, the PV system must contain
a MPP Tracking (MPPT) controller.

MPPT control is obligated for identifying maxi-
mum power from PV array and to utilize it so that it
yields better efficiency [7]. Improving the tracking
of the maximum power point (MPP) with new con-
trol technique is easy to be achieved based on the
multi algorithms available to us and can be executed
to PV plants, which are upgrading their control tech-
nique thus expanding the PV power generation.

The main task of this article is to offer an
evaluation of MPPT techniques and provides an
alternative spectrum of selection choices for those
who are interested in the implementation of these
algorithms in the control techniques of MPPT and
thus using a proper MPPT technique will have the
effect of reducing the solar array cost through the
extraction of the desired output power.

Analysis of PV System

The characteristic of Photovoltaic system has
been touched based and developed in various
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Fig. 2. PV array Characteristic with respect to irradiance

models. As a general example, the single diode
model was so popular in this regard. An equiva-
lent circuit of a simple PV module is shown in
fig. 1. This PV module consists of current source
connected in parallel with a diode. The current
source is denoted by /,,, and it represents the cur-
rent generated by photons. Whereas R and R, are
the equivalent series and parallel resistances of
the module respectively [8]

To further analyze the PV system we may in-
corporate the following mathematical formulas as
follows:

The output current / of this module can be
formulated using Kirchhoff Current Law «KCL»
where, / will be equal to

V.
I=1,-1,——<, )
p Rp

Where /; = diode current and V; = Diode volt-

age. The diode current will be equal to
Va

Diode current =1, =1,| *’* —1

)

Where, a = Ideal factor; /, = Reverse satura-
tion current; V, = Thermal voltage

Thermal voltage is equal to
V,=NKT/q, 3)

Where; N, = Number of cells in series; £k =
Boltzmann constant; 7'= Cell temperature in Kel-
vin; and ¢ = Electron charge.

The changes of MPP with respect to the irra-
diance and temperature are shown below in fig. 2
and fig. 3. The maximum power point (P,,,,) i
the spot near the knee of the P V curve at which
the product of current and voltage achieves its
maximum [9-10-11]

As shown in the figures, MPP is detected at
each level and it could vary and shift on curves as
irradiation and cell temperature changes. When
irradiation drops, current drops in direct propor-
tion, and reduces the voltage. As the cell tempera-
ture increases, voltage diminish generously while
the short circuit current increments marginally.
When the PV array is directly coupled to the load,
the operating point is determined by the crossing
point between the loads I-V curve and PV -V
curve [12]. Thus variation in load causes a change
in the operating point. When temperature and so-
lar irradiation changes the operating point may
change. The MPPT is used to controlling the PV
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Fig. 3. PV array Characteristic with respect to temperature

array’s voltage and current independently. How-
ever the MPP location in the plane of the curves
is unknown and must be tracked.

As a result to seek the appropriate MPP a cer-
tain tracker should be implemented between the
PV system and the load. One of the most essential
parameters that we need to look at for example
would be performance and fast response. The
changes and variation in the irradiance and tem-
perature due to the environmental factors should
be compensated through a controller which even-
tually will be responsible to track the MPP. An
overview of the most well known methodologies
used in MPPT techniques will discussed through
the rest of this paper.

Evaluation of MPPT Techniques

According to the literature multiple tracking
methods of MPPT are available to researchers and
some are being constantly explored according to
[13—14]. Since the research area of MPPT is high-
ly enriched with many types of well developed
algorithms [14—15] we can make an emphasis on
a narrow chuck of the commonly used techniques
that are shown below:

— Constant Voltage (CV) Method [6, 16].

— Incremental Conductance (IC) Methods [10,
17].

— Perturb and Observe (P&Oa and P&Ob)
Methods [2, 6, 18].

The above techniques are very popular and
we shall commence to further analyzing some of
their functional work along with showing how
their algorithms are employed. {this is really
I Did not Find}

Constant Voltage (CV) Method

Constant Voltage (CV) Method principle is
designed to be uncomplicated where the PV is
supplied using a constant voltage. The two im-
portant factors, the temperature and Solar irradi-
ance influences are not considered (neglected).
Where the reference voltage «Vref» is acquired
from the MPP of the P (i) characteristic directly.

We’ll consider MPP voltage to be equal to
16.3V for the PV. The Constant Voltage «CV»
method needs to have the measurement of the PV
voltage only.

A 1 kHz frequency is used for the purpose of
evaluation of the Matlab embedded function. In
nutshell CV Method is not an effective technique
due to missing solar irradiance impact and tem-
perature’s influence, and thus it will require fur-
ther enhancements by incorporating the Open
Voltage, «OV» and temperature methods.

Incremental Conductance (IC) Methods

Incremental Conductance focuses on the ob-
servation of P-V characteristic curve. The design
of this algorithm was intended to serve in over-
coming the negative aspects of P&O algorithm.

IC tries to improve the tracking time and to
produce more energy on a vast irradiation chang-
es environment [2].

MPP can be derived to be calculated by utiliz-
ing the relation between dI/dV and — I/V.

dP/dV is zero at the point of maximum power.
If dP/dV is negative then MPPT lies on the right
side of recent position and if the MPP is positive
the MPPT is on left side [2]. The equation of In-
cremental Conductance method is
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d(1v
b_d)_
dv dv dv
MPP is reached when dP/dV = 0 and
dl I
= = 5
av V ®)
dP
W >0thenV, <Vpp (6)
dP
W =0then Vp = Vmpp’ (7)
dP
W(o then 7, ) Vo (3)

IC methods can locate MPP, reduce power
loss and system cost. Note that the main disad-
vantage of the IC method is related to the tracking
time which is relatively slow and not being fast
and this is due to the voltage adjustment factor
(selection of decreasing and increasing it is run-
ning through a trial and error).

Perturb and Observe (P& O) Method

P&O is one of the most popular and used al-
gorithms for MPPT. It searches for the MPP by
changing the PV voltage or current and detecting
the change in PV power output. The functioning
is based on perturbing the voltage and the current
of the PV regularly, and then, in comparing the
new power measure with the previous to decide
the next variation.

P&O can have issues at low irradiance that
result in oscillation. There can also be issues
when there are fast changes in the irradiance
which can result in initially choosing the wrong
direction of search.

The P&O algorithm can be shown in the fol-
lowing diagram.

Let’s say that, after performing an increase in
the panel operating voltage, the algorithm com-
pares the current power reading with the previous
one.

If the power has increased, it keeps the same
direction (increase voltage), otherwise it changes
direction (decrease voltage). This process is re-
peated at each MPP tracking step until the MPP is
reached.

After getting the MPP, the algorithm would in
a natural way oscillates around the correct value.
It uses a fixed step to increase or decrease volt-
age. However, the size of the step determines the

size of the deviation while oscillating about the
MPP.

As an important note; having a smaller step
will help reduce the oscillation, but will slow
down tracking, while on the other hand having
a bigger step will help reach MPP faster, but will
increase power loss when it oscillates.

A comparison of the well known techniques
and discussion of efficiency

Among all the MPPT methods, Perturb & Ob-
serve (P&O) and Incremental Conductance (IC)
are most commonly used because of their simple
implementation and lesser time to track the maxi-
mum power point.

Under the sudden changes of irradiation level as
MPP changes continuously, P&O takes it as
a change in MPP due to perturbation rather than that
of irradiation and sometimes ends up in calculating
wrong MPP [4]. However this problem is eliminated
in Incremental Conductance method as the algo-
rithm takes two samples of voltage and current to
compute MPP [4]. Furthermore, instead of more ef-
ficiency, the complexity of the algorithm is very
high and hence the cost of execution increases.

The efficiency of the system would rely main-
ly on the converter. As a matter of fact, it is for
a buck analysis it is rated at the maximum, and
after that in buck-boost analysis and considered
to be at the minimum for a boost analysis.

A high efficiency is required at stationary and
time varying atmospheric conditions.

To obtain a reasonable performance in PV
one can select hybrid techniques, which as well
can have less fluctuation for swift temperature
and irradiance fluctuations, provide fast respons-
es, with an ability to get no overshoot.

MPPT Accuracy, Error, and Efficiency

In many studies it was evident that MPPT
gain is large, however, the system needs to take
into consideration the efficiency losses of DC-DC
converters. In conventional hard-switched power
converters, the overlap of current and voltage is
large during switching, resulting in significant
power loss, especially at high frequencies. Soft
switched resonant converter topologies providing
zero voltage switching (ZVS) or zero current
switching (ZCS) can greatly reduce loss at the
switching transitions, enabling high efficiency at
high frequencies.
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There are many features that combat efficiency
loss, such as control-architecture options and com-
ponent integration, can be selected. For example,
to employ several loss-minimizing features, includ-
ing synchronous rectification, integrated low-re-
sistance MOSFETs, low quiescent-current con-
sumption, and pulse-skipping control architecture.

Moreover, MPPT halts its main operation if
the load does not have the ability to consume all
the power delivered resulting in tradeoff between
efficiency and the cost.

Standalone or grid connected PV systems can
get the maximum profit provided having a collec-
tive scale if MPPT efficiency needs to be im-
proved through the following

P
%100, )
mpp

NMPPT =

Where:

Ppy: Power produced at output of PV Panel.

Pyspp: Power produced at MPP.

During assessing MPPT method the maxi-
mum possible power that could be extracted from
the panel P,y (£) = Iy (1) Vi (¢) has to be calcu-
lated in every instant, ¢£. Then, the efficiency of
the method can be estimated with the following
expression

(iR, [ B (DT

10
J‘Tthax(t)dT (10

MMPPT= 7 —

Where:

Prppt (t) 1s instantaneous power obtained
from the panel using the selected MPPT method.

T, is the total period of time in which the
aforementioned MPPT method is evaluated.

We have to stress out that the static and dy-
namic factors are affecting MPPT behavior and
those would include:

a) Power (irradiance level).

b) Voltage (temperature; layout including well-
or mismatched PV and MPPT voltage ranges).

¢) Fluctuations (clouds).

d) PV technology (I-V curve shape).

e) Need (battery state of charge, in case of
charge controller with MPPT).

Three important parameters are addressed to
describe how good the MPPT performs. Those
are functions of time (even under static condi-
tions, due to MPPT search movements) and of ad-
ditional parameters.

1) Accuracy.

Whether it is static or dynamic would indicate
how close to MPP the MPPT operates the PV ar-
ray and can be defined as a percentage of /,
Vinax> OF Proax

max?
anppr(y) = X/ Xmax Where; X=1, V, or P, (11)
ii) Efficiency.
It indicates the ratio of actual to available PV

array power (a particular case of accuracy) or
energy

MvppT(P) = P/Prmax a0d Nyppr(ey = £/ By (12)

iii) Error.

Whether it is static or dynamic it indicates the
absolute or relative difference between actual and
MPP values of voltage, current or power

max>

EMPPT (x) = X — Xmax (absolute),
Or =X/X,

max

Where: X=1, V, or P.

(13)
(14)

— 1 (relative),

Comparison of known Techniques
The below table (table 1) is listing some of the
well known techniques and their characteristics.

PV system configuration

The incorporated MATLAB/SIMULINK mod-
el for PV system is displayed and shown in Fig.4;

Table 1. Comparison of well known MPPT technique algorithm

MPPT Technique PV array dependent? | True MPPT? Analog or digital? Periodic tunning Im(i::;f:)?gon Sensed parameter
Hill Climbing/P&O No Yes Both No Low Voltage, Current
Incremental Cond. No Yes Digital No Medium Voltage, Current
Voc Yes No Both Yes Low Voltage
Isc Yes No Both Yes Medium Current
Fuzzy Logic Control Yes Yes Digital Yes High Varies
dp/dv or dp/dI . .
Feedback Control No Yes Digital No Medium Voltage, current
IMPP anq VMPP Yes Yes Digital Yes Medium Irradiance,
computation Temperature
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Fig. 4. PV system configuration

The system that was modeled consists of PV pan-
el developmental model, a step up DC-DC con-
verter, and eventually a specific load.

In addition, extra roles are addressed to con-
tinue our PV modeling configuration where we
added an MPPT algorithm which is implemented
by Simulink blocks, PID controller and eventual-
ly a PWM to derive the converter.

The DC/DC boost converter is designed in
a way where a dc link maintains an approximate-
ly constant voltage of 30 V at the output of the
converter.

Table 2 shows the parameters of the DC/DC
boost converter.

Table 2. DC-DC boost converter parameters

Parameter Value
L 50 mH
Cl 680 uF
2 1640 uF

The dc voltage transfer function for the boost
converter can be written as

Vo =Vo(1 - D), (15)

Where; V,,,: is the voltage across the PV mod-
ule at any weather condition.

V,: is the output voltage of boost converter.

D: is the duty ratio, which serves as a control
input.

The controller algorithm adjusts the DC/DC
converter duty ratio to track the operating point to
the maximum output power delivered from the
PV module [18].

To analyze and compare the performance of
the MPPT method, we carried out the simulation
for two cases. The first case, the temperature is
maintained constant (25 °C) and the irradiance
decreases from 1000 W/m? to 800 W/m? and then
decreases to 600 W/m?.

Fig. 8 shows the output power under a set of
various irradiances and with/without P&O algo-
rithm, the operating point was close to the MPP
during the simulation and the response was very
rapid, while with no P&O algorithm the output
power was less. In fig. 9 the output power shows
under different irradiance with and without incre-
mental conductance algorithm. The second case,
the irradiance is maintained constant 1000 W/m?
and the temperature increases from (25 °C) to
(35 °C) and then increases to (45 °C).

Fig. 10 shows the output power under differ-
ent irradiance with and without using incremental
conductance algorithm whereas Fig. 11 shows
output power under different irradiance with and
without P&O algorithm.

In order to validate the effectiveness of two
MPPT methods, a comparative study is done be-
tween P&O and incremental conductance based
on PID. The static tracking efficiency of two MPPT
methods under different irradiance was simulated.
The static MPPT efficiency is given by [2]

(16)

Where; P, represents the output power of the
PV module under steady state

Nstatic = Po/Pmax-
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P« 18 the maximum power of the PV mod-
ule under certain conditions.

From the results in Table 3 the static tracking
efficiency of Incremental Conductance method is
higher than Perturb and Observe method.

Table 3. Tracking efficiency of MPPT
during irradiance

. Tracking efficiency of | Tracking efficiency of
Irradiance P&O algorithm IncCond algorithm
1000 W/m? 99.85% 99.94%
800 W/m? 99.82% 99.93%
600 W/m? 99.80% 99.90%
Conclusion

Photovoltaic systems were briefly intro-

duced in this paper. The various sorts of track-
ing models have been highlighted and some of

Time in (zec)
Fig. 8. Output power under different temperature using
IncC algorithm

the most common ones were analyzed regard-
ing seeking MPPT. This paper proposed a se-
lective comparison between Perturb & Observe
and incremental conductance methods based on
PID controllers. A simulation was conducted
through the usage of MATLAB/SIMULINK tool.
A simulation of the real PV module is construct-
ed to demonstrate the nonlinear characteristic
of PV module which would take place due to
changing the weather condition (irradiance and
temperature). The experimental results show that,
Perturb and Observe method and Incremental
Conductance method based on PID controller
have fast response to reach the MPPT with so-
lar radiation change; however the efficiency of
IncCond method was higher than that of P&O
method.

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA

2,2017



YnpasaeHue mexHuueckumu obvekmamu 37

References

1. R. Faranda, S. Leva. «Energy comparison of MPPT techniques for PV Systems», WSEAS Trans. on Power Systems,
Vol. 3, No.6, June 2008, pp. 446—455.

2. D. P. Hohm and M. E. Ropp. «Comparative Study of Maximum Power Point Tracking Algorithms Using an Experi-
mental, Programmable, Maximum Power Point Tracking Test Bed», Proc. Photovoltaic Specialist Conference, 2000,
pp. 1699-1702.

3. T. Esram, J. W. Kimball, P. T. Krein, P. L. Chapman, P. Midya. «Dynamic maximum power point tracking of pho-
tovoltaic arrays using ripple correlation control,» IEEE Trans. Power Electron., vol. 21, no. 5, pp. 1282-1291, Sep. 2006.

4. J.-A. Jiang, T.-L. Huang, Y.-T. Hsiao, C.-H. Chen. «Maximum power tracking for photovoltaic power systems»
Tamkang J. Sci. Eng., vol. 8, no. 2, pp. 147153, 2005.

5. Mutoh N., Ohno M., Inoue T. A method for MPPT control while Searching for parameters corresponding to weather
conditions for PV generation systems. Indus Elect IEEE Transact. 2006; pp. 1055-1065. http://dx.doi.org/10.1109/
TIE.2006.878328.

6. Chen QDAJ. Improving the efficiency of solar photovoltaic power generation in several important ways. In Interna-
tional Technology and Innovation Conference 2009; (ITIC2009). pp. 1-3.

7. Djamila Rekioua. EM. Optimization of Photovoltaic Power Systems. 1st ed textbook copy. London: Springer 2012.
ISBN: 978-1-4471-2348-4 (Print) 978-1-4471-2403-0 (Online)

8. Krishnakumar N., Venugopalan R., Rajasekar N. Bacterial for aging algorithm based parameters timation of so-
larPV model. In Proceedings of the International Conference on Microelectronics, Communicationsand Renewable Energy
(AICERA/ICMICR) 2013; pp. 1-6. http://dx.doi.org/10.1109/aicera-icmicr.2013.6575948.

9. T. J. Liang, J. F. Chen, T. C. Mi, Y. C. Kuo, C. A. Cheng. «Study and implementation of DSP-based photovoltaic
energy conversion systemy», Proc. of the 4th IEEE Int. Conf. on Power Electronics and Drive Systems, Vol. 2, Oct. 2001,
pp. 807-810.

10. R. Faranda, S. Leva. «Energy comparison of MPPT techniques for PV Systems», WSEAS Trans. on Power Sys-
tems, Vol. 3, No. 6, June 2008, pp. 446—455.

11. Imad Elzein, Yury N. Petrenko. Fuzzy Logic Controller Design for Photovoltaic Power Station. Information tech-
nologies in education, science and industry: International Scientific Internet Conference, December 4, 2014 Section: Informa-
tion technology in the production and research [electronic resource], 2014. ISSN,:2310-7405. Proc. http://rep.bntu.by/handle/
data/12197.

12. Elzein, I. Maximum Power Point Tracking System for Photovoltaic Station: a Review. System Analysis and Applied
Information Science, No. 3, 2015, pp. 15-20.

13. I. A. Elzein, Y. N. Petrenko. A study of maximum power point tracking algorithm for photovoltaic system using
a fuzzy logic controller. WIT Transaction on Engineering Sciences, Vol.96, WIT Press, 2014, pp. 409-419.

14. Md. Tanvir Arafat Khan, S. M. Shahrear Tanzil, Rifat Rehman, S. M. Shafful Alam. «Design and construction of
an Automatic Solar tracking System», ICECE 2010 6TH International Conference on Electrical and Computer Engineering,
pp. 326-329, 2010 Dhaka, Bangladesh.

15. N. Femia, D. Granozio, G. Petrone, G. Spagnuolo, M. Vitelli. «<Optimized one-cycle control in photovoltaic grid
connected applications for photovoltaic power generation,» IEEE Trans. Aerosp. Electron. Syst., vol. 42, no. 3, pp. 954-972,
Jul. 2006.

16. C. Larbes., S. M. A. Cheikh., T. Obeidi., A. Zerguerras, «Genetic algorithm optimized fuzzy logic control for the
maximum power point tracking in photovoltaic system,» Renew. Energy, vol. 34, no. 10, pp. 2093-2100, 2009.

17. Esram, T., & Chapman, P. L «Comparison of photovoltaic array maximum power point tracking techniques,» in:
IEEE Transactions on Energy Conversion EC, pp. 439—449 (2007).

18. JloGarsrit, A. A., [letpenko, 0. H., Imad A. Elzein, A. S. Abufanas. Maremaruueckoe MOJICIIMPOBAHUE THOPHUTHBIX
aneKTpoTexHIueckux cucteM. Science & Technique, V.15, No4, (2016), pp. 322-328.

Tlocmynuna Iocne oopabomxu Ipunama k neuamu
10.04.2017 06.05.2017 10.06.2017

Imad A. Elzein, 10. H. [lempenxo

CPABHUTEAbHAAl OLEHKA AATOPUTMOB OBECMNEYEHUA
MAKCUMAABHON BbIXOAHOW MOLLHOCTH
®OTOINEKTPUYECKONU CTAHLIUM

Benopyccruii nayuonanvuslii mexnuyeckuii yHugepcumem

Tpusooumcs pacuiuperHvlil CpasHUMeNbHbILL AHATU3Z MEMO008 OMCIEHCUBAHUL MOYUKU MaKcumanbHou mowHocmu (MPPT).
Paznuunvie memoovt MPPT npoooamcsi ¢ OKOHYAmMeNbHOU Yelblo Mo2o, KAK MAKCUMUZUPOBAMb CUCIIEMHYIO BLIXOOHYIO MOUY-
Hocmb PV, omcnescusas Pmax 6 psoe pasiuuHbix ONepayuoHHbIX 00CMOAMenscmes. B 5mom omeaejicusanuy mouku Makcu-
manvrou mowHocmu memoovt MPPT paccmompensl Ha 0OCHO8e pa3IuiHbIX NAPAMEmpOos, CEA3AHHLIX C NPOCMOMOU NPOeKmd
U/URU CIONCHOCMbBIO, peanuzayuel, annapamtsle cpeocmea, mpedyemvie, u Opyeue Cea3aHHbIE ACHEKMbL.
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Tpoussoocmeennviil npoyecc homoaieKmpuieckux cucmem YIyuuaics NoCMosHHO 3a npowioe oecsamuiemue, u pomo-
aNleKkmpueckue Cucmemsl Cmaiu unmepechvim pewenuem. Touno, cucmemol PV cocmaenenst om maccusos pomozanveanuye-
CKUX 2IIeMeHmMos, npepvieameli (21A6HbIM 00pa3oM, NosblleHUe MapKepa, uiu nogsicome npeoopaszosameins DC/DC), cucme-
mut ynpagrenuss MPPT u yempoiicmea xpanenust u/unu coeounenusi ¢ cemoto. 4Ymobvl nogvicums phekmusnocnms makux cu-
cmem, paziuunbie UCCie008anus ObLIU BbINOIHEHDbL.

Cnpoc cucmem eenepayuu PV, kasicemcesi, nogviuien u Ha agmoHOMHbIe U HA COCOUHEHHbLE ¢ CemKOll pecumbl cucmem PV.
THosmomy s¢pghexmusnviii memoo omcenexncusanusi mouku maxcumanshoi mownocmu (MPPT) neobxooum, umober unuyuanu-
3uposams npoyecc omciedxcuganusi MPP mouku MakcumanbHOU MOWHOCIU 80 6CEX YCIOBUSAX OKpYAHCaloujell cpedbl u 3amem
6bIHYOUMb cucmemy PV pabomame 6 mouke MakcumaibHol MOWHOCMU.

Knrouesvle cnosa: pomosnekmpuyeckas cmanyus, yupposoe ynpasienue, pexicum MakCuMaibHOU MOWHOCMU, MOOeNU-
posanue
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