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Tabnuna. 3
Awnanmza spdexrruBroctd CM Ha ocHOBe JByXKackagHoro a-Si:H/nc-Si na mupore Xapryma u Cankr-IlerepOypra
IMnomans = 1,43 M2, 1= 11% u Ppk = 157 Bt a1 CM,
N =9,46% n Ppk = 135 Bt s ycrpoiictea @OC npu cTaHAAPTHBIX YCIOBUSIX H3MEPEHHS
Cankr-IlerepOypr Xaptym
Xapaxkrepuctuku ®IC 59,9° mmpora, 30,3° monrora 15,6° mmpora, 32,5° monrora

B =41° (0:B) (©:p) B =18° (0:B) (©:f)

Cpennee 3Hauerne Tm, °C 13,9 14,4 16,2 47 48,5 53,7
Cpennee 3nauenne G(t), (Bt/m2) 251 267 324 567 613 778
Hd, Bt gac/m2 3075 3271 3969 6662 7202 9142
Pf(Tm, R, r), Br: A = 1m2 21,45 22,76 27,02 46,45 49,72 60,93
Pf(Tm, R, 1), BT: A =1,43m2 30,67 32,55 38,65 66,42 71,10 87,13
E, kBt gac: A = 1,43m2 0,375 0,398 0,473 0,780 0,835 1.023
Cpennee 3aagenne KI1JI ®9C, % 2,14 2,27 2,70 4,65 4,98 6,10

AQw, % - 6 26 - 7 31

(0:B) — onmumanvras excemecaunas koppexyus nonodxcerus CM; (0:f) — ycmpoticmeo crexcenus 3a connyem (mpexepa);, AQW

— noswviuieHue IPHexmusHocmu pabomvl Cmanyuy KOMopoe Obli10 pacCcyumano no OaHHol opmyne:

AQw = (E¢/E) -1 9)

rae Ei — BoipabateiBaemast sueprust npu fo.

3axmoyeHne. OCHOBHBIE pPe3ylbTaThl PabOTHI CBO-

JATCA K CJICAYIOLICMY:

JocroBepHOCTh pacueToB no mnporpamme PVGIS mo-
BBIIIAETCS NpU ydyeTe notepb MomHoctu ®IC Ha oc-
HoBe a-Si:H/Nc-Si, BO3HMKAIONMX H3-3a W3MEHEHUS
teMmeparypsl CM.

B cocraBmser 18° nns Xapryma u 41° st Cankr-Ile-
TepOypra.

Beicokas addextuBHOCTE padoThi CM Ha OcHOBe a-
Si:H/nc-Si na Teppuropun CynaHa NPOHCXOIMT 3a
CYEeT BBICOKOTO U IIOCTOSTHHOTO COJTHEYHOTO U3ITy4eHHUs
B TeueHue roga. binarogaps stomy Cynan obecrneun-
BaeT ONTHUMAJIbHBIE YCJIOBHS VIS CO3JJaHUS IPOEKTOB,
COJIHEUHBIX 3JIEKTPOCTAHIINH.

DddekTuBHOCTS PabOTHI COTHEYHOMN INEKTPOCTAHIIUU
Ha OCHOBE JIBYXKacKaJIHBIX Monynei a-Si:H/nc-Si na
mupoTe XapTyMa NoBblIaeTcs Ha 7 % MpH onTUMallb-
HOU e)KeMecsuHOM Koppekimu B, u Ha 31 % npu ycra-
HOBKE YCTPOMCTBA CIIEKEHHS 3a COJIHIIEM (TpEeKepa).
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AHHOTALIUA

Ilpoepamma PVPSP noxkasana cebsi Kak HAOEHCHBIIL UHCMPYMEHM PACYEémos, Kpome mo2o 001a0aiouuti UHmMyumueHo
NOHAMHBIM UHMeEPGhelicoOM U NPAKINUYHBIM 8bI8000M PEe3YIbMAmos, OHA NO380IAem PACCUUMAMb, KAK UHMEHCUBHOCMb CONIHeY-
HO2O0 U3Iy4eHus, nadanuie2o Ha A0V MOYKY NIAHembl ¢ PA3HbIMU Yelamu 8 PA3Hoe 8pemsl 200d, 00wy NIowadsb U Koaude-
cmeo nawueneil 0715 COIHEUHOU dIeKMPOCMAHYUL, MAK U NPOU3BOOUMENLHOCb CONHEeYHOU daekmpocmanyuu (om 1 kBm oo 250
MBm) 6 meuenue 2o0a ¢ pasHvimMu yenamu NOLONCEHUS COTHEUHbIX NaAHeNel.

IIpoepamma ghomosorvmauueckux snexmpocmanyueil (PVPSP), @omosorvmauyeckas ceoepaguueckas uHpopmayuon-
Has cucmema (PVGIS), amopghuvie u hanokpucmannuyeckue kpemuuesvie ConHeunvlx snemenmos (a-S:H/nc-9).

Photovoltaic Power Stations Program PV PSP proved to
beareliabletool for calculations also has an intuitive interface
and a practical display of the results, it enables calculate the

intensity of the solar radiation incident on any point on the
planet at different angles at different times of the year., the to-
tal area and number of panels and productivity solar power
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(from 1 kW to 250 mW) during the year with different angles
of position of solar panels.

Photovoltaic power stations program (PVPSP), Photo-
voltaic Geographical Information System (PVGIS), radiation
intensity, amorphous and nanocrystalline silicon solar cells (a-
Si:H/nc-Si).

Introduction. The world has witnessed an unprece-
dented development in the XXI century in the field of solar
cellsindustry. Between 2010 and this year in Russia was con-
ducted many studies, which aimsto raise the efficiency of solar
cells and in this period the focus was largely on amorphous
and nanocrystalline silicon solar cells (a-Si:H/nc-Si), due to
therelatively high efficiency and rival for the rest of the other
typesinterms of economic cost. Indeed, the efficiency of these
cellsincreased to 11.4 % [1]. It is expected to boost the effi-
ciency to 14% by including polymorphous silicon (pm-Si:H)
layers of the structure of the solar cellsa-Si:H/nc-Si [2]. Inthe
near future is counting on these cells in the construction of
large PV power station (more than 1 MW). Thistrend accord-
ing to the features of these solar cells enjoy beside the broad
absorption spectrum characteristic compared to monocrystal-
line silicon solar cells.

It iswell know that performances of a given Photovol-
taic (PV) station are strongly dependent on the climate condi-
tions at the system setting. The most important parameters in-
fluencing these performances are the solar radiation impinging
at the surface of the PV modules and the ambient temperature
that effect losses from these modules.

There are many programs used in determining the
productivity of PV stations. A famous of these programs is
Photovoltaic Geographical Information System (PVGIS),
which was create by the European Joint Research Centre. Ad-
vantage of this program isalong-term experience for monitor-
ing and testing of various solar modul e according geographical
location. However, this program does not take into calculate
the effect of temperature on the performance of a-Si:H/nc-Si,
which in recent years have gained widespread. As well as for
other solar modules, does not cal cul ate temperature change ac-
cording to the change of the wind speed.

The aim of this paper is to write a program that calcu-
lates the productivity of solar PV power stations for al types
of solar cellsand for any areaon the earth's surface, taking into
consideration climate conditions such asthe degree air temper-
ature, wind speed and humidity.

Measurement of Meteorological Variables. The main
key to extrapolate the data of solar power stations is to deter-
mine accurately meteorological data of the study area. There
are two methods to get meteorological information, which are
then usein calculations PV stations:

= Ground measurements

= Calculations based on satellite data

The first method is to install devices in the area where
you want to study and these devices are registration of solar
radiation data, temperature, humidity and wind speed.

Ground station measurements give the best results, but
their number is limited, they are mainly in the cities and pop-
ulated areas. Therefore, the adoption of data to be true near
these stations and areas that are not located more than 5 kilo-
meters.

The second method is calculations based on satellite
data. There are a number of methods to estimate the solar ra-
diation at ground level using data from satellites. Typically,

the satellites measure the light (visible or infrared) coming
from the Earth. Thislight ismainly the light reflected from the
ground or from clouds. The calculation of the solar radiation
at ground level must therefore be able to take into account the
radiation absorbed by the atmosphere as well as that reflected
by clouds. Different types of satellites can be used to estimate
solar radiation. Geostationary weather satellites take pictures
of the Earth at short intervals (every 15 or 30 minutes) so have
avery good timeresolution. However, each pixel in the picture
typically represents a rectangle afew km on each side, so the
estimate of solar radiation for each pixel will be the average of
such an area. Polar-orbiting satellites fly closer to the Earth, so
the space resolution is better. However, they do not stay per-
manently above a particular area, so they are normally able to
take only a couple of pictures aday of agiven area[3].

The main advantage of satellite-based methods is that
they giveafairly uniform coverage of large areas while ground
stations are often very far apart. On the other hand, there are
potential problems also with the satellite methods:

+ Snow on the ground is a special problem for satellite
methods, since snow will look very much like cloudsin
the satellite images. There are methods to overcome
this problem, but the uncertainty is higher in areas with
snow.

+ |In mountain areas one pixel may cover an area with
strongly varying atitude. The solar radiation depend-
ence on altitude is not well represented in the satellite-
based calculations.

£ Whenthesunisvery low inthe sky the calculation from
satellite data becomes very difficult. This can cause
problems, in particular in winter at high latitudes.

The quality of satellite-based estimates must be
checked by comparison with high-quality ground station
measurements.

Photovoltaic Power Stations Program (PVPSP) pro-
poses a scientific solution to estimate the daily solar radiation
accurately value. The solution isto make a correction value of
solar radiation through:

1. Cadlculate the daily solar radiation value theoretically
from equations (Variables here are Location, Altitude,
Time and Date).

2. Registration temperature, humidity and wind speed
data from ground stations or satellites.

3. Calculate the losses of theoretical solar radiation ac-
cording to three variables (air temperature, humidity
and wind speed), where the change in the value of any
of thisdataisaccompanied by achangeinthe other data
values as follows:

~ Wind speed function in the temperature [(Vair) = f(T)];

~ Temperature function in humidity [(Tair) = f(H)];

~ Solar radiation functions in humidity and wind speed
[(R) =f(H, Vain)].

Onthebasisof the aboveinformation it can be said that:

I. Thewind speed increasesthe possibility of result dust
formation in the atmosphere and thus deficiency the amount of
beam solar radiation connecting to the earth's surface

Il. Increased humidity lead to increase ratio of absorp-
tion in layers of the atmosphere and increase the percentage
reflection beam of solar radiation return back to space.


https://www.google.ru/search?newwindow=1&hl=ru&biw=1745&bih=866&site=webhp&q=on+the+basis+of+the+above+information+it+can+be+said+that&revid=1987474723&sa=X&ei=V0MUVcCaLMHIyAPxjoDADQ&ved=0CG4Q1QIoAA
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Some basic equations used in PVPSP. The equation of
time (EoT) (in minutes) is an empirical equation that corrects
for the eccentricity of the Earth's orbit and the Earth's axidl tilt:

EoT = 9.87 sin(2B) — 7.53 cos(B) — 1.5sin(B) (1)

Where

B—36Od 81 2
= Ses@—81D) @

where d isthe number of days sincethe start of the year.
The declination angle, denoted by J, varies seasonally
dueto thetilt of the Earth onitsaxis of rotation and the rotation
# (CoBerrua Equations)
For Day = 1 To DayArray.Length - 1
DayArray(Day) = Day
B = (368 / 385) * (Day - 81)
BRad = (Math.PL / 188) * B

Next Day

of the Earth around the sun. If the Earth were not tilted on its
axis of rotation, the declination would always be 0°. However,
the Earth is tilted by 23.45° and the declination angle varies
plus or minus this amount. Only at the spring and fall equi-
noxes is the declination angle equal to 0° [4].

The declination angle can be calculated by the equa-
tion:

8 = sin~!(sin(23.45°) sin(B)) 3)

Figure 1 illustrates how to write the previous three

equationsin the program code.
- ¥ Load

EBT = (9.87) * (Math.5in(2 * BRad)) - (7.53) * Math.Cos(BRad) - (1.5) * Math.Sin((BRad))
kronikaRad = Math.Asin(Math.5in(23.45 * Math.PI / 188)) * Math.Sin(BRad)
kronikaDeg = kronikaRad * 138 / Math.PI

Figure 1. Fragment of code PV PSP

Temperature dependence of the solar module on the air
temperature and the radiation intensity is defined as follows:
G(t
Tm = Ta + (Tyocr — 20) GNE);T = T, + [Krnost - GO (4)
Wherein the temperature of the solar module at an open

circuit when the ambient temperature 20 °C; GNOST -
intensity of 800 W / m2 at awind speed of 1 m/ s; KT, NOST
- the conversion coefficient of optical radiation in temperature.
The average daily value of electricity production by
PV PS was cal culate according to this formula:
H
B = (6 X 0/G) B = (qg05) ‘P (5)
where E in kilowatt hour (kWh) unit, which isameasure of the
amount of energy consumed or produced; t - time of a solar
day; Hd - the average vaue of the sum of the intensity of
radiation per hour per square meter for a solar day (Wh/ m2).
Contents of the program and explain interfaces. PVPS
program written in Visual Basic (2013), which is widely used
in solving mathematical calculations and researches. PVPSPis
designed for scientific and commercia purposes. Interfaces
and reporting program in English, Russian and Arabic
language.

PVPSP_en

SN

Figure 2. The first interface PVPSP

The PVPSP can be calculated:

v' Theintensity of solar radiation incident on any point on
the planet at different angles at different times of the
year;

v' Loss of solar radiation due to angular reflectance
effects;

v' The average temperature of any solar panel during the
year due to data on air temperature, solar radiation and
wind speed;

v The number of solar panels which will be used in solar
power stations,
The total area of panelsfor solar power stations;
Productivity of solar power stations (from 1 kW to 250
mW) during the year with different angles of solar
panels positions (by the horizon, latitude, selected
angle and monthly correction angle position of solar
panels depending on changes in azimuth for each
month).

The first interface for entry and exit from program.

Figure 2 illustrates the first interface.

AN

Version 1.0 All rights reserved ® 2014- 2015, Montasir Mirghani

Photovoltaic Power Stations Program
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The second interface for dataentry and view the results.
Data entry for the program in three stages:

1. Geographical location data, which contain Latitude,
Longitude & Altitude. These data can be obtained from
the GLD link with a blue color in the second interface
(Figure 3 - a).

2. Solar station data, which contain Power, efficiency &
TNOST of solar panel. This information is located on
the backside of the solar panel. In solar radiation data,
it also contain information about selection angle of
solar panel and productive power station required.

3. Meteorological data, which contain Air temperature,
Relative humidity & Wind speed. This information is
also can be obtained from the MD link.

Through thisinterface can access to the third interface,
which contains information about the program and how to use
the program.

Figure 3 represents a picture of the second interface
program before entering data and after entering data for
St.Peterburg City — Russia, and for to productive power station
(IkW, IMW).
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Figure 3. The second interface PVPSP

The report of PVPSP. The program generates a report
inHTML filewith the desired graphics for print and the ability
to insert the script report in websites.
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Figure 4 illustrates the report of PVPSP for
St.Peterburg City — Russia (1kW - station based on a-Si:H/nc-
Si panels). The report contains seven Pages with seven tables
and eight graphics.
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Figure 4. The the report of PVPSP

Conclusion. The main results are summarized as
follows:

= Can be explore any point on the planet from the equator
to the north pole and the south including land and water.

= Convenient interface, in which the maximum reduced
data entry errorsfor fair calculation.

= In comparison with the program PVGIS, PV PSP gives
more accurate results of solar power capacity by
determining the temperature of the solar panel is

dependent on a number of factors (solar radiation, the
angle of incidence of solar radiation, wind speed).

= report is generated in the form of an HTML file which
enablesinsert the script report in websites.
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PACHET 3AEKTPOAMHAMHNYECKHUX CHUA B ITANOCKOM TTOAYKOABLE C TOKOM

bypoeé Anamonuiit Buxmopoeuu

00KmMop mexnuueckux Hayx, npogeccop, BYHL] BM® «BMA», e. Canxm-Ilemep6ype,

Ilonoe Opuit Hzopesuu,

Kanouodam Qusuxo-wamemamuyeckux nayk, ooyeum, CII6I'ITY «JIDTU», o. Cankm-Ilemepbype

Pucknok 1. Ilnockoe moyiykoJyibLio ¢ TOKOM

dz, =aV,, dry=aV,, I =3, Jp=J,

PaccmoTpuM B3aMMOICHCTBHE TOKOB B IIPOBOJHUKE B
(hopMe MoITyKOJIbIIa, BEIPE3aHHOTO M3 TOHKOIO JINCTa HeMar-

HUTHOTO MeTaJljla TOJIIMHOM | | A (Puc. 1).

BHyTpeHHHI paguyc MOJyKoJIblia 0003HAYMM depe3

a
a b p<i
, BHCIITHUHW — ‘{ep63 , 4 UX OTHOILICHUEC y — qepeB

a. Bynem cuutath, 4TO HIMPHHA [IOJIYKOJIbLIA (b-a) Mmaja

b

a JIOCTaTOYHO OJIM3KO K eIUHHUIIE, 1 Al b IMpn rammx
HPENOI0KEHUX MOXHO CUNTATh, YTO JMHUM TOKA B IOJY-
KOJIbIIE MapaJuIeNIbHBI €T0 IUNIOCKOCTH U MPEACTABISIIOT COO0M
HOIYOKpPY>KHOCTH.

IO CPpaBHCHUIO C €I0 BHCIITHUM paJuyCOM , T.C. 3HAYCHUC

Jns onpeneneHus BEINYNHBI F CYMMapHOTO B3au-
MO/ICUCTBHUS TOKOB B MOJIYKOJIbIIE 00OpaTHMCS K O0ILIEMY BBbI-
paxenuto (7) pabots [1, c. 587], paccMaTpuBas TOT ciryvai,
KOT/la TOK, MPOTEKAIOUIMI B TOJYKOJIbIIE, a Takxke popMa U
pa3Mephl CaMoro TOJIyKOJIbIIA HEe 3aBHUCST OT BpeMeHH. Torza
B hopmye (7) pabotsl [1, c. 587] MOKHO TIOTOKUTH

R =p,(i-cosp, +-sing,),

OTKyZAa

F= ”Ojdvjdv

rae V — obnacTh MPOCTPAHCTBA, 3aHUMacMas MOJTYKOJIbLIOM.

PaccmoTpuM [1Ba NPOM3BOJIBHBIX 3JIE€MEHTa 00beMa

TIPOBOHUKA K u an. BBeneM mWIMHIPUYECKYIO CH-
CTeMy KOOPJAWHAT, [IOMECTUB HA4aJ0 KOOPIMHAT B IIEHTPE I10-
JIYKOJIbIIAa TaK, YTOOBI IOJIYKOJIBIIO PACIIONIAraJIoCh B MIIOCKO-
ctu XOY cummerpuuHo ocu opauHat (Puc. 1). Torma

de=,0kd,Okd(DkA, avi =pndpnd¢nA_
av, _av,

Panmyc-BeKTOphI 37€MEHTOB 00BeMa

0003HAYMM COOTBETCTBEHHO qepes i S u 'I | , OTKyJa

Ean(lr-COS(Dn +_Jr‘Sin(Dn),
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