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Abstract.Useof alternative energy sources is one of the promising directions in economic
and environmental development of any territory. The purpose of this article is to conduct
geo-information analysis of the insolation level within lvano-Frankivsk region located in
the western part of Ukraine. When considering any research territory, it is worth conduct-
ing a factorial analysis, which gives the possibility to characterize any advantages and
disadvantages of the use of alternative energy. Justification of approaches to the study of territories where alternative energy sources
are located or generated is needed to create a unified system for assessment of the potential of the renewable energy sources. Ac-
cording to data of the European Space Agency, the insolation level on the research territory varies from 1175 to 1425 kW/hour* sq.
m/per day. The method of our research involves the statistical analysis of the insolation level and the factor approach to determining
the existing level of insolation Insolation values, meteorological and geomorphological factor characteristics are used to substantiate
the new methodology for calculating the existing insolation level. According to the statistical analysis and geo-information analysis,
this reasonably permits us to structure months by the level of insolation as well as to calculate the insolation level at a specific point
for a certain time of year. Taking into account the angle of inclination above the horizon — the Sun’s declination, the slope exposure —
the Sun’s azimuth gives us the possibility to reduce the value of the relief point with its selected factor characteristics and the insola-
tion value to the single coefficients, which permits us to clarify the information as to the insolation level of the selected region. Fi-
nally, this is resulted in creation of a map with the isolation levels for Ivano-Frankivsk region taking into account the factor charac-
teristics. The map represents the changing of the insolation level for seven grouped months. It should be noted that insolation level is
uneven and it is characterized by the widest gradation within the territories with complex relief. In that event, the optimal angle of
solar photovoltaic module inclination equals 49° within Ivano-Frankivsk region. Such structuring clearly reflects the dynamics of
changes in the insolation level for an individually selected zone. The scientific novelty of the obtained results is assessment of distri-
bution of the solar energy potential required for further selection of areas to design and locate the solar power stations. The practical
significance lies in obtaining the digital cartographic materials which allow assessment of the insolation value at a specific point in
the studied region. Structuring of the insolation maps gives the possibility for further development of a unified insolation assessment
scheme that is convenient for any user.
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"eciHopMayiiHe MogentoBaHHS PiBHSA iHCONALIT TepuTopil IBaHO-PpaHKiBCbKOT 06/1aCTi
[.B. KacisHuyk, E.[l. Ky3sbMmeHKo, M.M. Tumkis, A.B. BiTiok

IBaHO-DpaHKIBCbKMWiA HaLiOHaNbHUIA TEXHIYHMIA YHIBEpCUTeT HadTW i rasy, M. IBaHO-PpaHKiBCbK, YKpaiHa,
e-mail: dima_kasiyanchuk@ukr.net

AHOTaLisl.BUKOPUCTaHHA anbTePHATUBHUX AXKEPEen eHeprii € 04HMM i3 HainepCNEKTUBHILLMM HaMPSMKOM €KOHOMIKO-eKO/IOriYHOTO
PO3BUTKY TepuTopiii. MeTok ny6nikauii € reociHopmMaiiHuiin aHani3 piBHA iHconAwiT TepuTopii IBaHO-PpaHKiBCbKOI 06/1acTi, fka
po3TalloBaHa y 3axifHiii YacTuHi YkpaiHu.Mpu po3rnsgi 6yab-aKoi Teputopii 4oCNigKeHb, BapTO BUKOHATK (haKTOPHWIA aHanis, Wwo
[l03BO/IUTH OXapaKTepu3yBaTy yci nepesarn Ha HefjoiK1 BUKOPUCTaHHA anbTepHATUBHOT eHepreTuku. OBrpyHTYBaHHS Nigxo4is 4o
BUBYEHHS TEPUTOPIli PO3MILLEHHS Ta BMAOOYTKY afbTePHATUBHUX [XEPEeN eHEeprii BUKIMKAHO HEOOXiAHICTHO CTBOPEHHS €AMHOI
CUCTEMU NPOBEAEHHS OLIHKM NOTEHLiaNy BifHOBMIOBAIbHUX MKepen eHeprii. PiBeHb iHCONAUIT Ha TepuTopii AOCAIAKEHHS 3MiHIO-
€TbCA Bigl1l75 go 1425 KBT/rog*kB.M B A€Hb 3rigHO 3 JaHUMK EBPONENCLKOro KOCMIYHOro areHcTBa. MeToanka poboTy nonsrae y
CTaTUCTUYHOMY aHani3i PiBHA iHCONALIT Ta y (PaKTOPHOMY MiAXOAI 40 BU3HAYEHHS NMPUBEAEHONO PIBHSA IHCONALIT. 3HAYEHHSs iHCONS-
LiT, MeTeopoNOorivyHi Ta reoMopgooriyHi (hakTOpHI XapaKTePUCTUKM BUKOPUCTaHI Ans 06rpyHTYBaHHS HOBOT METOAMKM PO3PaxyHKY
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NpVBEAEHOr0 PiBHA iHcoMALiT. Lie f03BOMMMO Ha OCHOBI CTATUCTUYHOIO Ta reciHopMaLiliHoro aHanisy o6rpyHToBaHO MiginTn fo
CTPYKTYPYBaHHs MicALIB 3a PiBHEM iHCONALiT Ta po3paxyHKy piBHS iHCOMALIT B KOHKPETHI TOuULi AN NEBHOrO nepiogy poky. Ypa-
XYBaHHSA KyTa Haxuny cxuiy — cxuneHHs CoHLA, eKcnosuuii cxuny — asumyta COHLA J03BOIMMO0 NPUBECTYN 3HAUEHHS TOYUKW Pelbe-
dy 3 /ioro BMGpaHMMM haKTOPHUMI XapaKTEPUCTMKAMM Ta iHCOMALIAHAM 3HAYEHHSIM 0 EANHMX KOediLieHTiB, K 4O3BONAN YTO-
YHUTK iHhOpMALLito LLOAO PiBHA iHCONALiT obpaHoro perioHy. KiHueBMM pesynbTaToOM € NobyfoBaHa KapTa PiBHIB iHconAiT Ans
TepuTopii 1BaHO-PpaHKIBCbKOT 06/1acTi 3 ypaxyBaHHAM (PaKTOPHUX XapakKTepucTuk. Kapta penpeseHTye 3MiHy piBHA iHCONALiT Ans
cemMy 3rpynoBaHmx MicsuiB. HeobxigHo BigMITUTW, WO piBeHb iHCONALIT € HEPIBHOMIPHMM, i HalibiNbLIOK rpajalieto BiH XapakTe-
PU3YETHCA Ha TEPUTOPISX 3i CKNagHUM penbedoM. Mpu LbOMY ONTUMaIbHUIA KYT Haxuay COHAYHOro oTOMOAYNs A4N1a TepuTopii
IBaHO-PpaHKiBCbKOT 06n1acTi € 49°. Take CTPYKTYpYBaHHSA HA0YHO Bifo6paXae AUHAMIKY 3MiHW PIBHA iHCONALIT A1 OKpemo BMUbpa-
HOi 30HW. HayKoBOK HOBW3HOK OfEPXKAaHWX Pe3yNbTaTiB € OLiHKa pPo3noginy MoTeHuiany BUKOPUCTaHHA COHAYHOI eHeprii, Heob-
XigHOT Ana nofanbLioro BU6OPY AiNSHOK MNPOEKTYBaHHA Ta PO3MILLEHHS COHAYHMX €NeKTPOCTaHLii. MpakTnyHa 3Ha4YMMICTb Nons-
rac B OTPMMaHHI LMPPOBUX KapTorpadivyHnx matepianax, siki 4O3BONATb OLiHWTY 3HAYEHHS iHCONALIT B MEBHI TOuUL AOCILXKY-
BAHOIO perioHy. CTPYKTypyBaHHS KapT iHCOMALLIT Aae 3MOry B nofasibLoMy po3pobuTi yHiikoBaHy CXeMY OLIHKM iHCOMALT, 3pyy-

HY ansi 6YAb-sIKOro KOpUCTyBaya.

KnrouoBi cnoBa: coHauHa iHconsLis, reoiHhopmMaLliiiHuii aHanis, noTeHuian, BiHOBMOBaLHI A>Kepena eHeprii

Problem definition. The growth of multi-year
world temperatures, which is mainly conditioned by
increase in the carbon monoxide content, promotes
interest in planning and sustainable development of
economic activity in the country. The use of solar-
cell panels is one of the effective methods of
electric power and heat production. Unlike the
traditional methods (such as burning of
hydrocarbons, using atomic energy, etc.), they are
not so widely used but arouse interest because of
their environmental friendliness and renewability.
The introduction and ecological justification of the
solar-cell panels require the knowledge of the
reduced insolation level (l,,) in regions as well as
the factors that may influence the functioning of
such energy systems. The use of geo-information
systems (GIS) will offer the possibility to unify the
process of selecting territories and assessing
potential of the renewable energy sources (RES).
Analysis of recent researches and publications.
Working out the energy-efficient programs, which
are co-financed by state and international funds,
allows measures to be planned for the development
of alternative energy sources. These programs in
their regulatory and technical aspect are governed
by the State Agency on Energy Efficiency and
Energy Saving of Ukraine, in accordance with the
‘National Strategy 2035’ (Sukhodolya, 2014).

The need to develop alternative sources as a
resource base has encouraged further development
in the scientific work by (Ellabbanab, Abu-Rubb,
Blaabjergc, 2014). The authors have analyzed the
technological basis of extraction and prospects of
using alternative energy resources in future.

The problem connected with the influence of
direct sunlight, as a factor of the insolation
duration, and the form of buildings and structures
was considered in the scientific work by Kazakov
G.V. (Kazakov, 2013), in which the author has
specified the morphological role of the
environment.

The scientific work by (Dotsenko, 2016)
shows the connection between the insolation and
consumption of energy in accordance with the
geographic location of the solar-cell panels,
weather conditions, and seasons.

British scientists have made a significant
contribution to developing the issue. They are
considering in detail the solar insolation level on
cloudless and cloudy days.

Their examination results show that the
insolation level varies with respect to the latitude,
day length, location of absorption plane, as well as
extent of cloud cover (Twidell, Weir, 2015).

The amount of solar energy amount which
falls on the Ukrainian territory has been analyzed
according to geographical location, namely
according to latitudes, in the scientific work by
(Gelichy, 2015). The author has obtained empirical
functional relations to calculate the solar energy
reaching the Earth’s surface.

There is a need for rational use of the land
resources, especially of those areas which are not
suitable for active economic activity but which
may be used for generating alternative energy. This
is especially important when there is a problem of
significant negative influence over the environment
(Tiapkin, Pihulevskyi, Dovbnich 2017).
Highlighting of previously unsolved parts of the
general problem. Analysis of the renewable
energy sources within Ivano-Frankivsk region by
means of the geo-information system (Tymkiv,
Kasiyanchuk, 2017) is one of the promising
directions in research due to the availability of
significant energy renewable potential, which is not
yet exploited.

An organized system for solar potential
assessment is created by means of developing a
structure for selecting and analyzing factors that
determine the insolation level.

Determination of a solar power plants’ (SPP)
potential does not depend on the solar insolation
only but it is also related to a number of values of
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the Earth’s daily rotation around the Sun.
Therefore, we need to consider the factors which
permit us to substantiate the new approaches to the
geo-information analyses of the insolation level.
Calculation of the insolation level which is
conducted without regard to even one of the groups
of factors does not make it possible to assess its
value with a high degree of reliability, because the
basic factor, the morphological characteristic of the
territory, is not taken into consideration.
Construction of the large energetic complexes of
renewable energy is impossible without taking into
consideration the tectonic and landscape factors,
which in their dynamics, may significantly restrict
the functioning of such solar-cell panels.
Formulating of the aim of the article (task
assignment). In order to achieve the aim, we have
to analyze the progress in the field of REW and the
experience of using GIS for its assessment.
Determination of the optimal angle of solar-cell
panels permits us to develop a high-quality project
for stationary energetic objects. At the same time,
there is a need to draw up the morphological maps
of the region, a map of the solar insolation, as well
as to calculate the reduced insolation level in the
chosen territory at the initial stage during
development of a system for assessing the potential
and expediency of using the renewable energy
sources in lvano-Frankivsk region.
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Fig. 1. Map of solar insolation of lvano-Frankivsk region
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Description of the methodology (the structure
and sequence) for the research. The choice of
territory for rational use of the natural (renewable)
resources depends to the large extent on the
selected type of RES. Each RES has its own spatial
characteristic with the highest potential (availability
of quickly renewable biological resources and areas
where they are cultivated; proximity to geothermal
horizons; territories that are not used for economic
activity for construction of SPP, etc.).

Database creation and selection of factors
(Kasiyanchuk, Chepurna, Chepurnyi, Hurtska,
2015; Kasiyanchuk, Kuzmenko, Chepurna,
Chepurnyi, 2016; Suri, Cebecauer, Huld, Dunlop,
2008), structuring and analysing the data which
determine one or another RES provide the
possibility to conduct analyses on the example of
any territory.

The insolation level depends to the large
extent on geographic reference. The results of ERS
permit the assessment of the full (maximum) value
of the insolation according to the latitude and
longitude of the selected region. Fig.1 presents the
digital map of the insolation level within the
territory selected for our analyses, pursuant to data
by the European Space Agency (NASA, 2018).
An uneven distribution of the solar energy with
conditional division into seven insolation zones is
shown on the map.
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There is a need to create a unified system for
assessment of RES potential (Fig.2). It is advisable
to analyze the stages of assessment of RES poten-
tial, based on the proposed scheme.

At the first stage, there is a choice of certain
renewable energy sources, for which we should
calculate a potential within one or another territory.

The second stage involves a well-grounded
analysis of the territory where the renewal energy
sources are planned to be put into production.

The third stage envisages the following: crea-
tion of the database, which includes digital topog-
raphic maps, vegetation maps, maps of tectonic
disturbances, maps of meteorological conditions,
etc.; insolation maps with division into zones; cal-
culation of the factor characteristics (measures of
factor determination); statistical analysis of changes
in insolation level depending on selected factors.

Stage

Renewable Energy Sources 1

Y

Sclection ol a territory for substantiation of RES 2

Y

Database creation and selecting of factors 3

Y

Settlements of the reduced level for 4
renewable energy sources

v

Assessment of potential and feasibility
of the renewable energy sources

Fig. 2. Scheme of RES potential assessment

At the fourth stage, the settlements of
reduced level of the renewable energy sources give
us the possibility to perform calculation by using
the methods of geo-information analysis and to
assess the territory that may be potentially used for
the energy generation.

On the basis of the above-mentioned items,
the fifth stage justifies the possibilities and risks to
construction of the energy facilities in terms of their
special location and time dynamics.

One of the most important elements in RES
analysis shall be a choice of factors influencing
potential calculation.

It is necessary to take into consideration
meteorological, geomorphological, tectonic,
hydrogeological and landscape factors (Table 1)
when constructing SPP.

At the same time, analysing Ivano-Frankivsk
region according to the insolation zones (Fig. 1)
includes the change of azimuth and an angle of the
Sun’s inclination during the day at any point of the

zone, daily movement of the Sun, and geo-
morphological characteristics of the selected point.
This is required for calculation of the insolation
level.

Let us determine the insolation in real cloud
conditions for the latitude of lvano-Frankivsk
region. According to NASA [14], the average
annual insolation at the latitude of ®=48° equals to
1076.7 kWh/m%. We may determine the cloud
coefficient (Table 2), which considers the
morphological and meteorological factors by the
ratio of insolation in real cloud conditions to
insolation on a cloudless sky.

The selected point within the insolation zone
shall be determined by absolute height, angle of
inclination, exposure and the average insolation
level within a day (where the effectiveness of solar-
cell panels is above zero) and the coefficient that
substantiates grouping in months according to the
solar insolation (7 groups in total) (Table 3).
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Table 1. Factors that influence construction of SPP

medium
(lithofacial rocks)

Group]: of driving Factors Factor characteristics
orces
Availability of areas with | Distance to areas with breach
. breach of the geological of the geological medium
Geological

(faults, karst, mudflows,
open-cut mining)

Hydrogeological

Availability of water sup-
ply and drainage zones

Skin-factor

Meteorological

Precipitations

Intensity and frequency

Temperature

Season temperature change

Atmosphere pressure

Cloud coefficient, changing
of atmosphere pressure (air

Geomorphological

humidity)
Tectonic Tectonic disturbances Distance to tectonic fault
Landscape Vegetation Forested area
Height Absolute estimate over the

sea level

Slope inclination

Angle of inclination of day-
light surface

Direction of slope

Slope exposition

Table 2. Insolation in cloud and cloudless conditions, kW/m?, and cloud coefficient

Month Insolatsilc(); Fc)i(t;rrir?]gg)rc]:tlrc])udIess Insolatiorg]grurrri]rcl)?]tchloudy sky Cloud coefficient
January 59.21 36.89 0.62
February 86.24 54.04 0.62

March 146.32 88.04 0.60

April 188.4 110.4 0.58

May 225.06 140.74 0.62

June 231 142.5 0.61

July 221.96 147.56 0.66
August 196.23 136.4 0.69
September 154.8 91.8 0.59
October 104.16 62 0.59
November 64.2 37.2 0.57
December 48.98 29.14 0.59
Amount per year 1726.56 1070.71 -

The value of insolation is uneven throughout
the year. Regression analysis, Spearmen’s rank-
correlation, makes it possible to see that some
months are connected with each other and they are
may be divided into three following groups:
1) January, February, March; 2) April, May, June;
3) July, August. There are also months that are not
correlated with other months, such as September,
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October, November, and December.

The proximity of values is explained by the
fact that the insolation level of the territory falls
within a narrow range. Obviously, Spearmen’s
rank-correlation coefficients will show the change
of insolation as a homogenous monotonic relation
between recorded factors. That may be grouped by
months. Significant values equal to 1 or -1.
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Table 3. Spearmen’s rank-correlation analyses

2 c 8 S < 2 3 = 2 =1 5 ¢ 8

§ = w 3 © 2 a

| Il 1] v \ \l Vi Vil IX X Xl Xl

| 1 1 1 0,949 0,949 0,949 0,949 0,949 0,953 0,965 0,948 0,911

1l 1 1 1 0,949 0,949 0,949 0,949 0,949 0,953 0,965 0,948 0,911

1l 1 1 1 0,949 0,949 0,949 0,949 0,949 0,953 0,965 0,948 0,911

v 0,949 0,949 0,949 1 1 1 0,983 0,983 0,995 0,983 0,966 0,957

\ 0,949 0,949 0,949 1 1 1 0,983 0,983 0,995 0,983 0,966 0,957

Vi 0,949 0,949 0,949 1 1 1 0,983 0,983 0,995 0,983 0,966 0,957

Vil 0,949 0,949 0,949 0,983 0,983 0,983 1 1 0,970 0,983 0,966 0,957

Vil 0,949 0,949 0,949 0,983 0,983 0,983 1 1 0,970 0,983 0,966 0,957

IX 0,953 0,953 0,953 0,995 0,995 0,995 0,970 0,970 1 0,987 0,970 0,961

X 0,965 0,965 0,965 0,983 0,983 0,983 0,983 0,983 0,987 1 0,982 0,973

Xl 0,948 0,948 0,948 0,966 0,966 0,966 0,966 0,966 0,970 0,982 1 0,956

Xl 0,911 0,911 0,911 0,957 0,957 0,957 0,957 0,957 0,961 0,973 0,956 1

territory for SPP. Selectionof a territorymeans

Spearman’s correlation matrix includes choosing a place with high insolation of surface.

meteorological and  morphological  factors. First, it depends on the geographic place of the

Substantiation of conditional division of the year
according to the insolation level for Ivano-
Frankivsk region is conducted according to the fact
that the insolation provision of the territory cannot
be the same because the factors of precipitation,
atmosphere pressure, height, etc. in their totality
have a significant influence on the level of the
potentially obtained solar energy.

In order to calculate the reduced insolation
level (Iy,), it is important to take into account the
main condition for effective work of SPP, which is
the number of cloudy and cloudless days, in the
form of the relevant cloud coefficient for the
studied territory. In turn, such grouping in months
permits us to assert that the annual distribution of
the solar energy is uneven with respect to the
results of statistical analyses.

Presentation of the main material and obtained
scientific results. Description of how to select a

. The Sun

The Earth A

. E,.Iouds

WSy

area’s location, the area’s relief, the angle of
inclination, and the direction of slope.

In order to use solar energy, we should know
the visible path of the Sun during the day, although
in most cases there is no necessity to determine the
exact position of the Sun at a certain time. (Fig. 3).
This, in turn, reduces the number of calculations
required to determine the Sun’s path, and therefore
we can neglect the location’s longitude.
(Héberlin, 2012).

Fig. 3(a) shows the Earth rotating around its
axis that passes through the points of the North
Celestial Pole (N) and the South Celestial Pole (S).
This axis is perpendicular to the equatorial plane of
the Earth passing through the points W and E,
which respectively indicate western and eastern
directions. The centre of the Earth is marked with
point C.

Fig. 3. Solar radiance (a), which is falling on the inclined surface (b)

b)
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Point P on the Earth’s surface indicates the
location of the reflect-prevention panel and it is
characterized by the geographical latitude L, which
equals 48° in Ivano-Frankivsk region. The angle
between the direction to the Sun and the equatorial
plane is called the inclination 6, which is a measure
of seasonal changes.

The position of the Sun in the sky is not
constant during the year because of inclination of
the Earth’s rotation axis with respect to the normal
line to the plane of its motion around the Sun. We
mark the Earth’s inclination in relation to the Sun
as 0. Thus, in the northern hemisphere, at the
latitude @=48°, at the highest point of the solstice,
the Sun position can be described by value a:

©=90°-5 )

In order to determine the optimal value of the
angle of solar module (Fig. 3b) for an area with
latitude @=48°, at which the solar module must be
inclined to the horizon, initially we have to
determine the average number of angles (the
inclination of the Sun) for all months of the years.

d=3n/n @)

where, n — the average value of the angles in
months, n — number of months.
In this case

0=(21,01+30,38+41,32+53,04+61,24+64,1

1+60,82+52,52+41,31+30,02+20,94+17,51)/12
=41°,

Now, according to formula 1, we can

calculate the optimal angle of solar modules’
inclination.

0=90°-41°=49°.

Geo-information analyses of insolation level.
Thegeo-morphological characteristic of Ivano-
Frankivsk region is represented by the topographic
maps, slope exposures, and the angles of
inclination. They are built in Vertical Mapper ' C
Maplnfo software environment.

Zonal insolation map (Fig. 1) is presented
with morphological peculiarities of the studied
region and it needs to be specified in detail.

It is obvious, that the value of the solar
insolation cannot be the same throughout the region
as it undergoes the influence of other natural and
technological factors. Such peculiarities are
described in detail and analysed above.

Understanding the features peculiar to the
movement of the Sun in the sky permits us to assert
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that the insolation value is uneven during the day
and at a certain point, which is determined by the
coordinate, in particular.

The Sun’s parameters, which are determina-
tive at calculation of the solar insolation, should be
reduced to the morphometric characteristics of the
territory.

The angle of inclination above the horizon -
the Sun’s inclination, the slope exposure — the azi-
muth of the Sun shall be reduced to the single coef-
ficients, which permit us to specify information as
to the insolation level of the chosen region.

Thus, on the basis of the presented mor-
phometric maps (Fig.4), we have created a number
of special inquiries to determine the solar insolation
level within the insolation zones (Fig. 1).

While creating inquiries, which include re-
calculation of the insolation level (I) according to
the reduced level (I,), we have determined the
effective time for obtaining solar energy per each
month: January 9:00 - 16:00; February 8:00 -
17:00; March 7:00 - 18:00; April 6:00 - 19:00; May
5:00 - 19:00; June 5:00 - 20:00; July 5:00 - 20:00;
August 6:00 - 19:00; September 7:00 - 18:00; Oc-
tober 7:00 - 17:00; November 8:00 - 16:00; De-
cember 9:00 - 16:00.

In accordance with the content of formula 1,
that the value of angle of inclination above the ho-
rizon (o) and the inclination of the Sun (8) cannot
exceed 90° and the slope exposure (g) as well as the
azimuth of the Sun equal to 360°, the following
formulae are offered:

a=90°—(a+9) ,

Then, I, =(a/B)*I.

The inquiries have been created under the
principle of selecting the point, which contains
information about the insolation level, the angle of
inclination and the slope exposure relating to Sun’s
movement during the day (the year). The carto-
graphic material was relatively tied to previously
formed information, pursuant to the statistical
analysis data (Spearmen’s rank-correlation). Re-
calculation of the insolation value was based on the
counting of the reduced insolation coefficient using
special data of the point in accordance with the
built relief model. More than 600 thousand points
were analysed for lvano-Frankivsk region in total.

Generating of insolation maps. The zonal
map is presented on Fig. 5. The map is built by
method of triangulation (central part of lvano-
Frankivsk region) and it represents the character of
insolation in accordance with the grouped months.

B= 360°—(e+A).
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Fig. 4. Morphometric maps: a) heights, b) exposures, c) angles

As it seen from the figure, the level of insola-
tion fluctuates considerably during the year. It is
only natural that the values of insolation level
should visually offer morphological characteristic
of the territory. In this case, the maximum and
minimum insolation values, which are fluctuating
within the range of the daily zonal maximum (0-
1425 kWh/m?, Fig.1), present a change in the pos-
sibly generated solar energy.

Practical importance is also within the same
limits but they always exceed zero and are less than

Z-units:Meters
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1425 kWh/m? This is presented on the maps
(Fig. 5).

This indicates that the values of slope expo-
sure mainly and the angle of inclination above the
horizon to a lesser degree are important factor char-
acteristics for determination of the level of insola-
tion for any territory. The daily (visible) movement
of the Sun characterizes just a degree of the absorb-
ing capacity of the solar-cell panels, but the optimal
an-gle of their location is not taken into considera-
tion at that time.
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Fig. 5. Zonal maps of insolation

Conclusions and perspectives of further devel-
opment of research in this direction. The cloud
coefficient for each month has been calculated ac-
cording to the data of reduced insolation and insola-
tion on cloudless days. The built thematic maps of
the reduced insolation for Ivano-Frankivsk region
were reduced to maps of relief, exposure, and the
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angle of inclination in order to distribute them for
the certain groups of months.

As a result, the maps with the level of insola-
tion for the grouped months with the reduced val-
ues were built. The maps show in which way the
insolation changes over the year for different condi-
tional regions. Such maps give prerequisites for
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further factor analysis as to the feasibility of using
and building of solar power stations in any selected
territory.

Perspectives for further development of re-
search are improvement of the quality of calcula-
tion of the reduced insolation level by means of
increasing the number of re-counted points within
the insolation zone and taking into account the new
factors.
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