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Abstract. The use of solar panels as a power source not only for industrial
enterprises but also for private buildings began in Ukraine at the beginning of the
21st century. Their widespread implementation became noticeable approximately ten
years later, when the number of households equipped with solar power plants
increased rapidly due to the introduction of the so-called “green tariff.” The need for
autonomous energy supply for individual buildings became even more urgent as a
result of the war.

The object of this research can be considered the exposure of the slopes of gable
roofs in residential area planning, while the purpose is to determine the amount of
light energy reaching roof slopes of different exposures equipped with solar panels.
The article aims, based on the principles of geodetic astronomy, to determine the
optimal parameters for the orientation of solar panels on building roofs in order to
obtain the maximum amount of electrical energy. The calculations were carried out
for the day of the summer solstice in the city of Ivano-Frankivsk. The value of the
optimal roof inclination angle was taken from existing literature sources. The
conducted research illustrates how the orientation of a building roof affects the
potential for solar energy use. The results of calculations of the solar energy
coefficient K and the amount of solar energy Ec for various orientation options of a
gable roof make it possible to draw relevant conclusions. The research results
showed that the optimal option for roof slope exposure for the installation of small-
scale energy facilities is the East-West orientation, which makes it possible to obtain
the maximum amount of solar energy throughout the entire daylight period. In this
case, the eastern slope is active from sunrise until noon, while the western slope is
active from noon until sunset. With a North—South roof orientation, the southern roof
slope demonstrates increased activity during a relatively short period around noon,
which is insufficient to achieve a high level of efficiency throughout the entire

daylight period. Naturally, the illumination of the northern slope, and consequently



its efficiency in electricity generation, is the lowest. Roofs with diagonal orientations
(northwest—southeast or northeast—southwest) ensure a relatively uniform supply of
sunlight throughout the daylight period.

Keywords: residential development design, autonomous energy supply, solar energy,

building roof, illumination coefficient.

Relevance of the Topic. In the design of residential areas, the placement of
small buildings, especially private houses, requires consideration of certain features,
among which illumination both inside the premises and on the roof can play an
important role, since the roof may be used for the installation of solar panels, that is,
for the building’s energy supply. The use of solar panels as mini power plants by both
industrial enterprises and household consumers began in Ukraine about 25 years ago.
In particular, over the last decade, due to the introduction of the “green tariff,” this
practice has become much more widespread. Ukrainian energy facilities are
characterized by a rather high level of centralization. Therefore, the decentralization
of the energy sector is extremely important, including the large-scale creation of
small-scale energy facilities, particularly solar power plants. At present, due to the
war, autonomous energy supply for buildings and related research have become
increasingly relevant. Since solar power plants are mainly used to ensure the energy
independence of private households and enterprises, owners install solar panels on
building roofs.

Consequently, when designing residential developments, it is desirable to orient
such buildings in a certain way in order to obtain the maximum possible amount of
electrical energy.

Analysis of Recent Research and Publications. It can be considered that the
beginning of this century has been marked by the rapid development of solar energy.
Thus, [4] examines the use of solar energy systems in buildings, emphasizing early-
stage design strategies aimed at improving energy efficiency. Given the limited roof
space of high buildings, facades are proposed as a promising alternative for solar
energy generation. This includes consideration of the environmental and urban

context, building form and orientation, facade configuration, and typology-specific



characteristics for residential, office, and mixed-use buildings. Reference [14]
emphasizes that, under conditions of daily simulation, building orientation
significantly affects airflow patterns and ventilation efficiency, although the
distribution of surface temperature remains relatively consistent across different
orientations. In conclusion, there is a correlation between building orientation and
thermal performance, which provides design recommendations In conclusion, there is
a correlation between a building’s orientation and its thermal performance, which
provides design recommendations that can improve thermal comfort and promote
energy efficiency in similar housing in the future. Reference [15] notes that the
geometric shape and configuration of the roof are important design factors.

Chinese researchers identified a gap in the majority of research studies, which
have not yet considered “roof geometry” as a determining design factor for
photovoltaic energy generation [13]. In this study, the authors tested their hypothesis
by examining and comparing the balance between solar energy harvesting and the
consumption and saving of energy resulting from uncontrolled daylight penetration,
glare, and solar heat gain associated with different roof geometries in a subtropical
climate. Reference [7] presents studies on determining insolation conditions and
selecting the optimal orientation of residential buildings with consideration of the
latitude of the city of Poltava. The study emphasizes that today there is a transition
from standard construction projects to individual design, while the process of
increasing residential density in cities through new construction in historically
developed areas continues. Increasing buildings density and the number of storeys
inevitably worsen insolation conditions in the living spaces of existing buildings due
to the additional shading of their windows, which reduces the duration of sunlight
exposure. Therefore, the factors of rational territory planning, optimal building
orientation according to the cardinal directions, and the proper selection of the
number of storeys and building configuration become especially important.
Reference [8] presents the results obtained in Australia, which receives
approximately 1,000 times more solar radiation annually than the country’s total
energy production. Rooftop solar photovoltaic systems can therefore provide a

significant share of the nation’s overall energy supply. Architectural design and roof



orientation have a substantial impact on the energy efficiency of rooftop solar
systems. However, these aspects have received insufficient attention in academic
literature.

In the study [9], for the purpose of practical justification, the aesthetic design of
five typical roof design schemes (including flat, shed, gable, hip/four-sided, and
butterfly roofs) was examined in order to compare the energy generated by solar
systems installed on each design. It was established that the optimal roof inclination
angle is approximately 35°, which is nearly equal to the geographical latitude of the
studied location, and that the shed roof design provides the maximum potential for
solar energy generation compared to other roof design schemes. Study [11], using the
example of the former Zastavna District of Chernivtsi Region, substantiates a
methodology for the efficient use of land resources for the development of solar
energy based on remote sensing and GIS technologies. Reference [3] presents the
results of modeling the processes of solar energy absorption by specific land plots.
References [1; 5] provide calculations of the quantitative value of solar radiation
energy for land plots in Ivano-Frankivsk region, carried out using two methodologies
that may be applied to solving our research problem. The region under investigation
Is also the subject of the study [10], devoted to geoinformation modeling of insolation
level. GIS technologies were also used in one of the authors’ previous studies to
investigate landslide processes [6].

In general, it can be considered that the problem addressed in this study has been
solved mainly through experimental methods, while the issue of obtaining
quantitative values on the basis of theoretical principles has not been sufficiently
covered.

The purpose of the article is to substantiate the optimal exposure of the slopes of
a gable roof, taking into account the solar altitude angle.

The objectives of the article are:

-based on the principles of geodetic astronomy, to calculate the illumination
coefficients of a gable roof depending on the spatial orientation of the roof slope, the

Sun’s altitude above the horizon, and the slope azimuth;



- to calculate the amount of solar energy received by the roof surface depending
on its spatial orientation;

- to determine the optimal spatial orientation of a gable roof.

The object of this research can be considered the orientation of building roofs in
the design of residential developments, while the subject is the calculation of the
amount of solar energy reaching roof slopes equipped with solar panels.

Materials and research methods. The material for the study is a gable roof of a
particular exposure. During the research, logical methods (comparison,
generalization), as well as experimental and mathematical (computational) methods,
were applied.

Experimental calculations

The amount of solar energy Ec, falling on the roof surface is determined by the
formula [2]

E.=E, K

where Eo is the solar constant. It characterizes the intensity of solar radiation
and depends on location, weather conditions, and time. The solar constant
characterizes the amount of solar energy and is measured in kWh/m? over a certain
period, i.e., an hour, a day, or a year. K is the coefficient of solar energy received by
the roof surface depending on its exposure (azimuth) A and roof pitch angle i. Its
value is used for comparative analysis.

The coefficient K is the cosine of the angle between the roof surface normal and
the direction toward the Sun [2; 12]:

_1 sin ¢-sin H—sin &

K=cosH-sini-cos(lSD—Aicos )+5111H-cosi (2)

cos@cosH
where

H — solar altitude;

I — roof pitch angle;

A — roof exposure (azimuth);

¢ — geographical latitude of the observation site;

0 — solar declination.

The calculations presented below were performed for the day of the summer

solstice, June 22, when the maximum solar altitude (H) at latitude ¢ = 49° (Ivano-



Frankivsk) at noon equals 64, and the Sun’s declination ¢ = 23.5°. As for the roof
pitch angle i, literature sources indicate that the optimal roof pitch angle for the
geographical latitudes of Ukraine 44—52° is approximately 40° [1; 5].

In formula (2), the minus sign “—" before the cosine i1s used for calculating the
coefficient K before noon, while the plus sign “+” is used after noon.

The results of calculating the solar energy coefficient K for the gable roof
orientation variants shown in Fig. 1 are summarized in Tables 1-4.

The average value of coefficient (K) from sunrise until noon on the eastern slope
is 0.87417522, which corresponds to a solar energy value of Ec = 1,19 kBt-ron/m?

(puc. 1a; Tabm. 1). The analogous result was obtained for the western slope during the

time interval from noon until sunset.

Table 1
Solar Energy Coefficient (K) for Roof Orientation (a) (Eastern and Western Slopes)

slope
azimuth
A

solar altitude, H

10°

20°

30°

40°

50°

64°

50°

40°

30°

20°

10°

K

K

K

K

K

K

K

K

K

K

K

E 90°

0.710596

0.849841

0.93908

0.978934

0.966136

0.800463

0.207512

0.005874

0

0

0

W. 270°

0

0

0

0.005874

0.207512

0.800463

0.966136

0.978934

0.93908

0.849841

0.710596

The average value of coefficient K from sunrise to sunset on the northern slope

is 0.410304, which corresponds to a solar energy value of Ec = 0.56 kBt ron/m? (Fig.
1b; Table 2).

The average value of coefficient K from sunrise to sunset on the southern slope

is 0.457668, which corresponds to a solar energy value of Ec = 0.62 kBt roa/m? (see
Fig. 1b; Table 2).

Table 2
Solar Energy Coefficient K for Roof Orientation (b) (Northern and Southern Slopes)

slope Solar altitude, H
azimuth,

4 10° 20° 30° 40° 50° 64° 50° 40° 30° 20° 10°

K K K K K K K K K K K

N. 0° 0.392108 | 0.400889 | 0.409129 | 0.416576 | 0.423005 | 0.429929 | 0.423005 | 0.416576 | 0.409129 | 0.400889 | 0.392108
S. 180° 0 0.123116 | 0.356915 | 0.568231 | 0.750643 | 0.947104 | 0.750643 | 0.568231 | 0.356915 | 0.123116 0




The average value of coefficient K from sunrise until noon on the south-eastern
slope and from noon until sunset on the north-western slope is 0.742409, which

corresponds to a solar energy value of E. =1 kWt/m? (Fig. 1c; Table 3).
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Figure 1. Variants of Gable Roof Orientation

The average value of coefficient K from sunrise until noon on the north-eastern
slope and from noon until sunset on the south-western slope is 0.742409, which

corresponds to a solar energy value of E. =1 kWt/m? (Fig. 1d; Table 4).



Eastern Slopes)

Table 3
Solar Energy Coefficient K for Roof Orientation (B) (North-Western and South-

slope Solar altitude, H
azimuth,
4 10° 20° 30° 40° 50° 64° 50° 40° 30° 20° 10°
K K K K K K K K K K K
SE 135° 0.358228 | 0.579459 | 0.757754 | 0.890051 | 0.970876 | 0.950524 | 0.434448 | 0.201993 0 0 0
NW 315° 0 0 0.00829 | 0.094757 | 0.202772 | 0.584825 | 0.739201 | 0.782815 | 0.794675 | 0.775875 | 0.72463
Table 4
Solar energy coefficient K for roof orientation d) (north-eastern and south-western
slopes)
slope Solar altitude, H
azimuth,
A 10° 20° 30° 40° 50° 64° 50° 40° 30° 20° 10°
K K K K K K K K K K K
NE 45° 0.72463 | 0.775875 | 0.794675 | 0.782815 | 0.739201 | 0.584826 | 0.202772 | 0.094757 | 0.00829 0 0
SW 225° 0 0 0 0.201993 | 0.434448 | 0.950524 | 0.970876 | 0.890051 | 0.757754 | 0.579459 | 0.358228

Results and Discussion

The conducted study clearly illustrates how the orientation of a building roof

affects the potential for solar energy utilization. The results of calculating the solar

energy coefficient K and the amount of solar energy E. for different orientation

variants of a gable roof allow the following conclusions to be drawn.

1.

The first East-West orientation variant is characterized by maximum

efficiency: the eastern (90°) and western (270°) slopes receive the greatest amount of
solar energy. This is explained by the fact that direct sunlight reaches them at the
most favorable angle during peak periods (morning hours for the eastern slope and
evening hours for the western slope). At the same time, the average value of the
received solar energy £, amounts to 1.19 kWh/m?,

2. The second North—South orientation variant proved to be less efficient.

In our case, the southern side (180°) showed a result almost two times lower than the



East—West orientation (Ec = 0.62 text{kWh/m2. This can be explained by the shorter
duration of the period with maximum solar energy coefficients K on the southern
slope compared to the eastern or western slopes (see Tables 1-2).

The minimum efficiency of the northern slope (0°), for which Ec = 0.56
kWh/m2, is expected, since this slope mainly receives diffused light.

The diagonal roof orientation includes the following two variants: south-east—
north-west and north-east—south-west. In this case, the roof slopes are rotated by 45°
relative to the main axes (azimuths 45°, 135°, 225°, and 315°).

3. In the first case, the south-eastern slope (135°) from sunrise until noon
and the north-western slope (315°) from noon until sunset provide approximately the
same amount of solar energy — about 1.0 KWh/m?.

4. In the second case, the north-eastern slope (45°) from sunrise until noon and the
south-western slope (225°) from noon until sunset showed a similar result — 1.02
KWh/m?,

This indicates that such roof orientation can be recommended for stable electricity
generation in autonomous systems where it is important to ensure a uniform inflow of
energy throughout the daylight period, without extreme peaks or drops.

Table 5 presents a comparison of the obtained results.

Table 5
Reasearch findings
Roof Time of the Average Average Total solar Characteristics
orientation | day value of the | daily solar | energy Ec per
K coefficient | energy Ec, day, kWh/m?
per day kWh/m?
1 East sunrise  — 0.874 1.19 9.52 |19.04 Maximum
noon efficiency
West noon-— 0.874 1.19 9.52 Maximum
sunset efficiency
2 North sunrise  — 0.410 0.56 8.96 | 18.88 Maximum
sunset efficiency
South sunrise  — 0.458 0.62 9.92 Insufficient
sunset effectiveness
3 | Southern |sunrise - 0.751 1.02 8.16 | 16.16 Uniformity
Easr- noon | noon
Northern | noon — 0.734 1.00 8 Uniformity
West sunset




4 | Northern |sunrise - 0.734 1.00 8 16.16 Uniformity
East noon

Southern | noon - 0.751 1.02 8.16 Uniformity
West sunset

Conclusions

According to the obtained research results, the most efficient orientation variant
of a gable roof for the further installation of solar panels is the East—\West orientation,
since it ensures the maximum generation of solar energy throughout the daylight
period. In this case, the eastern side of the roof will “operate” from sunrise until
noon, while the western side will operate from noon until sunset.

As for the North—South roof orientation, the results indicate that the southern
roof slope will have a rather short peak period (a few hours) around noon, when the
illumination coefficient reaches its maximum value, which is insufficient for
maintaining a high level of efficiency throughout the entire daylight period. The
northern slope, as expected, has the lowest level of illumination and, consequently,
the lowest efficiency.

Both variants of diagonal orientation ensure a uniform inflow of solar energy
throughout the daylight period. The obtained results may be applied in the planning
and design of residential developments. The presented results approximately coincide
with those reported in [5], but they are quantitative and theoretically substantiated.

Further research on the addressed problem may be related to determining the
insolation values of dome-shaped and flat roofs depending on the Sun’s altitude
above the horizon and the geographical latitude of the area, as well as to testing the

results of this study in real territories using GIS technologies.

References
1. De vynajshly soniachni paneli [Where solar panels were invented]. (n.d.).
Available at: https://www.ecotech.ua/de-vynajshly-sonyachni-paneli/
2. Kravets, O. Ya. (2006). Vplyv reliefu zemnoii poverkhni na hidrolohichni ta
eroziini protsesy v Prykarpatti [The influence of the land surface relief on


https://www.ecotech.ua/de-vynajshly-sonyachni-paneli/

hydrological and erosion processes in Pre-Carpathian region]. Autoref. Cand. Tech.
sciences. Lviv.

3. Levchenko, O. M., & Shynkarenko, H. A. (2003). Modeliuvannia protsesiv
pohlynannia soniachnoi enerhii diliankamy realnoi mistsevosti [Modeling solar
energy absorption processes for real terrain areas]. Heodeziia, kartohrafiia i
aerofotoznimannia, 63, 241-245. Available at: https://science.lpnu.ua/istcgcap/all-
volumes-and-issues/volume-63-2003/modeling-solar-energy-absorption-processes-
real

4. Makovetskyi, B. I., Diachenko, O. S., & Troshyn, M. Yu. (2024). Rozrobka
metodyky obstezhennia tekhnichnoho stanu dakhiv zhytlovykh budynkiv dlia
roztashuvannia elektrychnykh soniachnykh batarei [Development of a methodology
for assessing roof condition for solar panel placement]. Ukrainskyi zhurnal
budivnytstva ta arkhitektury, 1(1), 99-129. DOI:
https://doi.org/10.30838/J.BPSACEA.2312.270224.99.1029

5. Otsinka enerhii soniachnoho vyprominiuvannia [Assessment of solar
radiation energy]. (n.d.). Available at: http://eco-electrics.com.ua

6. Rudyi, R. M., Kyselov, Yu. O., & Kravets, O. Ya. (2020). Do analizu
zsuvnykh protsesiv na terytorii Natsionalnoho dendrolohichnoho parku “Sofiivka” z
vykorystanniam HIS-tekhnolohii [Analysis of landslide processes in Sofiivka park
using GIS technologies]. Visnyk Umanskoho natsionalnoho universytetu sadivnytstva,
2,130-133. DOI: https://doi.org/10.31395/2310-0478-2020-2-130-133

7. Yurin, Yu., Zyhun, A., Halinska, T., & Avrmenko, Yu. (2021).
Vyznachennia umov insoliatsii ta vybir optymalnoi oriientatsii zhytlovykh budynkiv
[Determining insolation conditions and optimal building orientation]. Haluzeve
mashynobuduvannia, budivnytstvo, 1(56), 87-97. DOI:
https://doi.org/10.26906/znp.2021.56.2512

8. Ebhota, W. S., & Tabakov, P. Y. (2026). Roof orientation as a determinant
of solar PV efficiency in sustainable smart city development. Journal of Umm Al
Qura University for Engineering and Architecture. DOI:
https://doi.org/10.1007/s43995-025-00275-1


https://science.lpnu.ua/istcgcap/all-volumes-and-issues/volume-63-2003/modeling-solar-energy-absorption-processes-real
https://science.lpnu.ua/istcgcap/all-volumes-and-issues/volume-63-2003/modeling-solar-energy-absorption-processes-real
https://science.lpnu.ua/istcgcap/all-volumes-and-issues/volume-63-2003/modeling-solar-energy-absorption-processes-real
https://doi.org/10.30838/J.BPSACEA.2312.270224.99.1029
http://eco-electrics.com.ua/
https://doi.org/10.31395/2310-0478-2020-2-130-133
https://doi.org/10.26906/znp.2021.56.2512
https://doi.org/10.1007/s43995-025-00275-1

9. Hamidi, S., & Asfour, O. S. (2025). Design strategies for building integrated
photovoltaics in high rise buildings: A systematic review. Architecture, 5(4), 118.
DOI: https://doi.org/10.3390/architecture5040118

10. Kasiyanchuk, D., Kuzmenko, E., Tymkiv, M. & Vitiuk, A. (2018). Geo-
information modelling of the insolation level within Ivano-Frankivsk region. Journal
of Geology, Geography and Geoecology. 217, 2, 222-
231. DOI:https://doi.org/https://doi.org/10.15421/111847

11. Kereush, D., & Perovych, I. (2017). Determining criteria for optimal site
selection for solar power plants. Geomatics, Landmanagement and Landscape, 4, 39—
54. DOI: http://dx.doi.org/10.15576/GLL/2017.4.39

12. Kyselov, Yu. O., Rudyi, R. M., Kravets, O. Ya., Borovyk, P. M., &
Parakhnenko, V. H. (2025). To the consideration of territory relief features in the land
cadastre. Geodesy, Cartography and Aerial Photography, 101, 35-43. DOI:
https://doi.org/10.23939/istcgcap2025.101.035

13. Li, H. X., Zhang, Y., Edwards, D., et al. (2020). Improving the energy
production of roof-top solar PV systems through roof design. Building Simulation,
13(2), 475-487. DOI: https://doi.org/10.1007/s12273-019-0585-6

14. Manani, R., Nursaniah, C., & Caisarina, I. (2026). The influence of building
orientation on thermal performance in Palapa Village housing, Lhokseumawe.
International Journal of Architecture, Arts and Applications, 12(1), 1-16. DOI:
https://doi.org/10.11648/j.ijaaa.20261201.11

15. Miao, Y., Liu, P., Fu, I. C. S, Lei, Q., Lau, S. S. Y., & Tao, Y. (2022). The
study of architectural geometry and shape in the energy balance of glazed roofs.
Buildings, 12(10), 1550. DOI: https://doi.org/10.3390/buildings12101550

P. M. Pyauii, FOQ. O. Kuceabos, O. f1. Kpaseus, I1. M. bopoBuk,

M. B. lllemsikin

PO3PAXYHOK KOE®IIIEHTY OCBITJIEHOCTI TA
EHEPTETUYHUX  IIOKA3BHUKIB [JAXIB BYJIUHKIB HPU
MHNPOEKTYBAHHI 3ABY/IOBU HACEJIEHUX ITYHKTIB


https://doi.org/10.3390/architecture5040118
https://doi.org/10.15421/111847
http://dx.doi.org/10.15576/GLL/2017.4.39
https://doi.org/10.23939/istcgcap2025.101.035
https://doi.org/10.1007/s12273-019-0585-6
https://doi.org/10.11648/j.ijaaa.20261201.11
https://doi.org/10.3390/buildings12101550

Anomauia. BuxopucmanHs coHAunux oamapeu sIK 0xcepena HCUBNIeHHs He MINbKU
OJI51 NPOMUCTIO8UX NIONPUEMCIG, A U OJIs1 NPUBAMHUX OY0igelb NoYAI0Ch 8 YKpaini Ha
nouamxy 21 cmonimms, a wupoKe 6npOBAONCEHHA NOYAI0 CHOCMEPIeamucy
npubausno uepe3 10 pokis, KoMU KilbKicmb 00MO20CNO0APCME i3 8CMAHOBIEHUMU
COHAYHUMU eJIeKMPOCMAHYIAMU CMPIMKO 3POCIA Y 36 A3KY 13 3aNpo8a0NCeHHAM MAaK
36aH020  «3eneHo2o mapugy». Ille Oinbwe HeobOXiOHicmMb — BUKOPUCMAHHSA
ABMOHOMHO20 eHep203abe3neuerts OKpemux OYOUHKi6 Ha3pina 6 36 13Ky 3 GilIHOIO.
006’ exkmom OaHUx OO0CTIONCEHb MOINCHA B8ANCAMU EKCNOZUYIIO CXUNIE OB0CKAMHUX
0axié OYOUHKI6 Npu WIAHYBAHHI MEPUMOpIll HACEeNeHUX NYHKMI8, a Memow —
BU3HAYEHHS KIIbKOCMI eHepeii c8imiaa, uwo HA0Xooumv HaA ckamu 0axié pizHOI
eKCno3uyii 3 po3mMieHUMU COHAYHUMU NAHETAMU.

YV cmammi nocmaenene 3a60amHs HA OCHOBI NONOJHCEHb 2€00€3UYHOI ACMPOHOMIL
3HaAUmMU ONMUMANbHI napamempu OJisi OPIEHMYBAHHSA COHAYHUX Oamapel Ha 0axax
0yoisenb, wWob ompumamu MaKCUMANbHY KilbKicmb enekmpoenepeii. OouucienHs
30iliCHeHI Ol OHs JNIMHbLO2O COHYECMOSIHHA 6 YyMoeax M. leano-DpaHKiecok.
3Hauenna onmumanbHO20 Kyma HAxuny 0axy OyOuHKa 63amo 3  HASAGHUX
JimepamypHux oOdcepell. Buxonane oOocnidoicenns intocmpye, ax opicHmayis 0axy
0y0ieni 6naUeae HaA NOMEHYIAnl BUKOPUCMAHHSA COHAYHOI enepeii. Pezyivmamu
Ppo3paxyHkie koegiyiecuma consunoi enepeii K ma eenuuunu consiunoi enepeii Ec ons
PI3HUX 6apianmis opienmayii 080CKAmMHO20 0axy 00380AI0Mb 3p0OUMU B8I0NOGIOHI
gucHosku. Pezynomamu oocniosxcenns 3acgiouunu, wo ONMUMATLHUM GaPIAHMOM
eKCno3uyii CXunie 0axy 3 Memol 6CMAHOGNIEeHHs 00 €Kmi6é MAanoi eHepeemuxku €
sapiaum Cxi0 — 3axio, sAKuti 0ae 3mMo2y OMPUMYBAMU MAKCUMANbHY KLIbKICMb
COHAYHOI eHepeii 8NPo00BIC YCbo2o C8IMI068020 OHA. B maxomy pasi cxun cxiowoi
excnozuyii 6yoe akmugHum 6i0 cxo0y CoHyst 00 NoiyoOHs, a 3axXiOHOI — Bi0 NOJYOHS.
0o 3axoody Comnys. Ilpu opienmayii daxy Ilieniu — Ilie0env nigoenHull cxun 0axy
BIO3HAUAMUMEMBCS NIOBUULEHOIO AKMUBHICIIO 8NPOO0BIHC 00CUMb KOPOMKO20 UACy
ONU3bKO NONYOHA, WO € HEOOCMAMHIM Ons OMPUMAHHS  BUCOKO20  PIBHS
eheKmusHOCmi 8npoO0BIHC YCbO2O CIMI08020 OHA. 3AKOHOMIDHO, WO OCBIMIeHICIb

NIBHIYHO20 CXUTY, @ OMdice — 1020 eheKMUBHICMb NPU BUPOOHUYMEBI eJleKMPOoeHepeii,



€ Haunudicuoro. /laxu OdiaconanvHoi opienmayii (nieHiuHutl 3axi0 — NiBOeHHUU CXi0
abo nigHIYHUL CXI0 — NIBOeHHULU 3aXi0) 0armv 3MO2Y GNPOO0BHC CEIMII08020 OHS
3a6e3neyysamu piGHOMIPHE HAOXOOHCEHHS COHAYHO20 CIMIA.

Kniwwuosi cnoea: npoexmysanHns 3a6y008u, as8MOHOMHE eHep203abe3neyeHns,

COHAYHA eHepeemuKa, 0ax 0YOuHKy, KoepiyicHm oceimieHoCmi.



