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Abstract. The aim of the study was to develop a mathematical model for improving the energy efficiency of
residential buildings through the seasonal use of solar heating. A method for the theoretical calculation of energy-

efficient houses was proposed, taking into account the geometric parameters of windows and the design features
of the window roof. The conditions for the optimal placement of windows for effective capture of solar radiation
during the heating season were identified. The study paid particular attention to the climatic characteristics of
Kyrgyzstan, such as the duration of the heating season, the level of solar radiation and the potential for reducing the
consumption of traditional energy sources. A climate analysis of the cities of Osh and Bishkek showed that even on
the shortest winter days, it is possible to obtain a significant amount of solar energy, sufficient for partial or complete
heating of premises. A mathematical model of heat loss has been developed, taking into account the temperature
difference between the indoor and outdoor environments, as well as the heat transfer coefficient of the building
envelope. This allows for an assessment of the duration of effective use of solar energy for heating. Key design
parameters have been formalised, including the angle of incidence of sunlight, the length of the roof overhang, the
height of the window and the geometry of the facade. Formulas for calculating the length and height of the canopy,
taking into account seasonal changes in the position of the sun, have also been proposed. The article presents a
roof and window layout that provides protection from overheating in summer and maximum solar energy inflow
in winter. The study confirms that well-designed solar heating systems can significantly reduce the load on central
heating and increase the efficiency of renewable energy use. The presented methods are applicable in the design of
modern energy-efficient buildings, especially in regions with mountainous terrain and a long heating season. Thus,
this study is of great importance for the practical implementation of solar heating systems capable of ensuring the
sustainable and efficient use of solar energy, taking into account local climatic characteristics
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climatic characteristics; optimisation of building elements; seasonal adaptation of structures

Introduction
Heating residential buildings is a pressing issue, as reduce consumption. One way to solve this problem is
the constant rise in the cost of coal and other tradi- to expand the use of solar energy, including its appli-
tional energy sources, as well as the environmental cation in heating systems. Solar energy is a renewable
problems associated with their use, require ways to  resource that can significantly reduce dependence on
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centralised energy sources and reduce the load on heat-
ing infrastructure. Given the climatic characteristics of
Kyrgyzstan and the potential for using solar heating in
mountainousareas, research in this field isimportant for
improving the energy efficiency of residential buildings.

When using solar energy in passive heating sys-
tems, it is necessary to study the location of windows,
which is an important element of a residential building.
Analysing the impact of the geometric parameters of
windows and roofs on solar energy capture, as well as
developing mathematical models to optimise these pa-
rameters, will help create effective solutions that can be
applied in real-world conditions, especially in regions
such as Osh and Bishkek.

In their study, scientists R.A. Akparaliev et al. [1]
analysed the climatic conditions of Kyrgyzstan in de-
tail, creating a resource map that includes geographical
coordinates, administrative divisions, as well as solar
radiation parameters and surface inclination angles.
Their work made it possible to take into account the
characteristics of the local climate when designing so-
lar heating systems, but issues of seasonal adaptation of
structures and integration of geometric characteristics
of buildings remained insufficiently addressed. Accord-
ing to reports from international energy organisations,
heating buildings accounts for 20% to 30% of total fi-
nal energy consumption, and in countries with cold cli-
mates, this figure can reach 40% or more [2]. The book
by N.R. Avezova et al. [3] examined the energy efficiency
of residential buildings with an emphasis on the use of
the Trombe wall passive solar system. However, the au-
thors do not conduct a detailed analysis of architectural
solutions in a broader context, such as building shape,
orientation, planning features, and other parameters
that affect energy consumption reduction.

The study by S.I. Khamraev [4] noted the impor-
tance of improving the energy efficiency of residential
heating systems through the use of renewable energy
sources, in particular solar energy. The author pro-
posed a combined heating scheme that allows up to
70% of the heat load to be covered during the winter
period through the effective use of solar collectors. The
work was based on experimental research conducted in
real conditions in the south of Uzbekistan, in the city of
Karshi, from November 2020 to February 2021, which
gives the results practical reliability and relevance. The
proposed system takes into account the climatic char-
acteristics of the region, which is characterised by high
levels of solar radiation and a continental climate, and
demonstrates the technical feasibility of solar heating
in domestic conditions.

However, despite the high practical value of the
study, the work lacks an in-depth analysis of architec-
tural solutions for buildings, such as orientation, ther-
mal insulation, insolation, building envelope materi-
als, etc., which have a significant impact on reducing

the overall heat load. Failure to take these factors into
account narrows the overall systemic assessment of
energy efficiency and limits the adaptability of the pro-
posed model to a wider range of architectural contexts.

Sh. Wang et al. [5] noted that energy-active hous-
es provide significant savings in energy costs by us-
ing solar energy for heating and lighting. The authors
emphasised that such houses contribute to reducing
the carbon footprint, as they do not depend on fossil
fuels, and reduce dependence on external electricity
supplies, providing greater autonomy. The Sunny In-
side project, presented at the Solar Decathlon China
2013 competition [5], developed and analysed key
design elements such as an eco-friendly atrium, shad-
ing systems, natural ventilation, a heat storage system
and thermal insulation. However, the project does not
take into account the specific climatic conditions of
Kyrgyzstan, which limits its applicability in this re-
gion. This article proposes an adaptation of the Sunny
Inside design elements to take into account the climat-
ic characteristics of Kyrgyzstan, which is an important
step towards improving the energy efficiency of resi-
dential buildings in the country.

Given that previous studies and implemented pro-
jects in the field of solar heating did not fully take into
account the specific features of the region and the ar-
chitectural parameters of buildings, this study set out
to develop a mathematical model that would improve
the energy efficiency of residential buildings through
the rational seasonal use of solar energy. The proposed
theoretical approach is based on adapting existing
technologies to the specific conditions of Kyrgyzstan
and includes taking into account the geometry of the
glazing, the design features of the roof and other factors
affecting heat loss.

Materials and Methods
This study examined the optimisation of structural el-
ements of glazing and roofing for more efficient use
of solar energy throughout the year. A mathematical
approach based on geometric and climatic parame-
ters was used as a basis, allowing for a quantitative
assessment of insolation through window openings.
To refine the insolation parameters under clear sky
conditions, this study used a simplified model of di-
rect and diffuse solar radiation proposed by R.E. Bird
& R.L. Hulstrom [6]. This model made it possible
to quantitatively assess the amount of solar energy
reaching horizontal and vertical surfaces at different
times of the year, taking into account the sun’s alti-
tude, atmospheric transparency, and climatic condi-
tions in the region. This approach made it possible to
analyse light transmission and the formation of con-
ditions conducive to improving the thermal efficiency
of building envelopes in different seasons. Key fac-
tors were taken into account: the angle of incidence
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of sunlight, the geometry of the building, the size of
the windows, the angle of the canopy and the dura-
tion of solar radiation [7]. One of the most important
parameters of solar radiation is the angle of incidence
of sunlight on the surface, which determines the pro-
portion of direct solar radiation passing through the
windows of an energy-efficient house [8]. During the
heating season, sunlight may not fall directly into the
window, encountering obstacles such as trees, rocks
or hills that temporarily block direct solar radiation.

Determining the optimal angle of incidence of sun-
light is the initial stage of design. This angle changes
throughout the year and is determined by the ratio of
the sun’s height above the horizon to the distance from
the Earth to the Sun. Formally, the angle of incidence 6,
is expressed as [9]:

0,=arcsin( }11: ), (1)

where h, - height the sun above the horizon, I, - the
distance from the Sun to the Earth. Let the height of
the window be h. In order for the sun’s rays to hit the
window in winter, the horizontal projection of the rays
must cross the upper edge of the window. In summer,
the roof must be long enough to cover the upper part of
the window and prevent overheating. The length of the
roof L is calculated using the formula:

L=h-tg(6), @)

where L is the length of the visor blocking sunlight. The
distance from the upper edge of the window to the low-
er edge of the roof (h,) depends on the length of the vi-
sor and the angle of incidence of the rays:

h,=L-sin(0). 3)

These formulas made it possible to calculate the op-
timal sizes and angles for windows and roofs, ensur-
ing efficient use of solar energy in different seasons.
For climate analysis, data on the duration of the heat-
ing season and total solar radiation were used, ob-
tained using specialised Delphi 7.0 software. The Py-
thon programming language was used to implement
the mathematical model and perform numerical cal-
culations, including modelling indoor temperature
dynamics and constructing graphs, which ensured
flexibility and accuracy of calculations and allowed for
the automation of the results visualisation process.
The indoor heat exchange model was described by a
differential equation:

G =-k(e-t), @

where t is the indoor temperature at time 7, t, is the
outdoor air temperature, and k is the heat transfer

coefficient of the walls. The solution to the equation
with initial conditions t=0, t=¢, is:

t)=t+(t,-t) e™ (5)

This made it possible to model the temperature
dynamics inside the room in the absence of additional
heating, taking into account heat loss through the walls.

Results and Discussion

Ordinary window glass transmits about 3-4% of ul-
tra-shortwave radiation (280-315 nm) and almost
completely blocks harmful ultraviolet radiation in the
range of 100-280 nm. At the same time, it transmits up
to 75% of less dangerous ultraviolet radiation (315-
400 nm), which not only contributes to the accumula-
tion of heat in the room, but also has an antiseptic ef-
fect, destroying harmful microbes [10].

Since windows are key elements through which so-
lar heat enters energy-efficient buildings, an important
stage in the design process is determining their optimal
location [11]. The main principle here is the rational
use of sunlight, taking into account seasonal changes
in the position of the sun on the horizon [12]. Accord-
ingly, the height of window openings and the structural
placement of the roof must be adapted to maximise the
intake of solar energy during the heating season - au-
tumn, winter and spring [13].

For the effective use of solar radiation, it is neces-
sary to take into account the dynamics of the angle of
incidence of sunlight in different seasons. At the begin-
ning of the heating season, the angle of incidence is be-
tween 27° and 40°, and in the winter months, the sun’s
rays are almost parallel to the horizon, which makes
south-facing windows particularly effective for natural
heating of rooms. However, during the transition peri-
ods before the start of the heating season, there may
be an excessive amount of solar radiation, which can
lead to overheating of interior spaces. This requires
careful design of architectural elements, in particular
the placement of windows, overhangs and canopies, as
described by T. Muneer et al. [14].

Calculations obtained using a simplified model of
direct and diffuse solar radiation were used to deter-
mine the rational geometry of windows and canopies,
aimed at limiting solar overheating in summer and
maximising heat gain in winter. For example, if the
width of the window is 1.5 m and the height is 1.7 m,
the optimal length of the canopy should be about 1.4 m,
and the distance from the upper edge of the window to
the lower plane of the canopy should be about 1.06 m.
With these parameters, summer sunlight will be com-
pletely blocked, preventing overheating, while in win-
ter, solar radiation will freely enter the room, providing
natural heating. To visualise the geometric layout of the
windows and roof, the authors developed the diagram
shown in Figure 1.
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Figure 1. Scheme of the optimal arrangement of the roof and windows of the building
Notes: 0-windows oriented towards the sun; K - roof optimised for the heating season; C - building walls

Source: developed by the authors

As a result of the modelling, a geometric diagram
of the optimal location of windows and the roof of the
building was developed (Fig. 1), taking into account
the seasonal characteristics of solar radiation. Based
on this diagram, an analysis of insolation for the sum-
mer and winter periods was carried out. In summer
(Fig. 1a), the roof is designed to shade the windows and
prevent overheating of the rooms, while in winter (Fig.
1b), the design allows maximum use of solar heat for
natural heating of the interior spaces. This approach
ensures effective management of solar energy through-
out the year and helps to reduce energy costs for air
conditioning and heating.
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This method is particularly relevant for mountain-
ous regions such as Kyrgyzstan, where the long heating
season and high solar energy potential create favour-
able conditions for improving the energy efficiency of
residential buildings and reducing the consumption of
traditional energy sources. In such conditions, it is par-
ticularly important to accurately assess the duration of
the heating period and the characteristics of solar ra-
diation, which allows for the optimisation of heating
system design using passive and active solar technolo-
gies. Figure 2 shows the dynamics of the duration of the
heating season (in days) in the city of Bishkek over the
last 15 years.
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Figure 2. Duration of the heating season (days] in Bishkek

Source: compiled by the authors based on [15]

The analysis shows that the duration of the heating
season in Bishkek ranges from 138 to 183 days, with
an average of about 158 days. Such significant seasonal
fluctuations directly affect the choice and configuration
of heating systems, as well as the calculation of thermal
insulation and solar collector parameters. The duration

—en

of the heating season in other large cities of Kyrgyzstan,
such as Osh, is close to that of Bishkek, as confirmed
by a comparative analysis of data for several years [15].
This indicates the need to develop universal solutions
that are adaptable to local conditions and take into ac-
count regional climate and terrain specifics.
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To gain a more complete understanding of the re-
gion’s solar potential, an assessment of daylight hours
and total solar radiation was carried out using special-
ised software. For example, the shortest day of the heat-
ing season - 22 December - in the city of Osh lasts only
6 hours and 10 minutes, with total solar radiation of
about 388.73 W-h/m? (Fig. 3). These data highlight the
need to integrate seasonal changes in sunlight into en-
ergy consumption models and the design of energy-ef-
ficient heating systems.
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Figure 3. Forecast of total solar radiation for 22
December - the shortest day of the heating season (Osh)
Source: developed by the authors using Delphi 7.0

According to calculations, even on the shortest
winter day, a significant amount of solar energy enters
through a 4 m* window - approximately 9,573.24 W-h.
This highlights the potential of solar energy as an im-
portant source of heat for energy-efficient buildings in
cold climates. Using a mathematical model that takes
into account an outside temperature of -5 °C and no ad-
ditional heating, the dynamics of indoor temperature
changes were simulated (Fig. 4).
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Figure 4. Temperature dynamics
in a room without heating
Source: the authors’ own calculations using Python

As can be seen from the results, a comfortable in-
door temperature can be maintained for approximately
5 hours thanks to accumulated solar heat. After that, the
temperature begins to gradually decrease, indicating the
need to connect additional heating systems to maintain

comfortable conditions. At the same time, the indoor
temperature does not drop to the outdoor level (below 0
°C) for 15 hours, which significantly extends the time pe-
riod during which energy costs for heating are reduced.
Considering that the average time until sunrise in winter
is about 16 hours, the use of solar energy in combination
with properly designed architectural elements (windows,
canopies, etc.) can reduce the consumption of tradition-
al energy sources for heating by approximately 40%.

These results are consistent with preliminary cal-
culations of insolation, modelling of the angles of in-
cidence of sunlight and analysis of the duration of the
heating season, which confirms the complexity and in-
tegrity of the proposed approach. Taken together, this
demonstrates the high effectiveness of the proposed
model for improving the energy efficiency of buildings
in mountainous regions with long heating seasons, such
as Kyrgyzstan. It should be noted that the proposed ap-
proach is consistent in a number of cases with the re-
search of other scientists in the field of energy-efficient
building design. For example, in an article on solar ar-
chitecture, authors L. Zhong et al. [16] emphasised the
importance of correct window orientation and the use
of solar energy for heating in winter.

Nevertheless, there are a number of differences be-
tween the proposed model and other approaches. For
example, the article considers a specific geographical
area - Kyrgyzstan - and takes into account the natural
features of this region, such as the duration of the heat-
ing season and the level of solar radiation. The research
by K. Mehta et al. [17] specifically takes into account
the climatic characteristics and conditions of different
regions, which is particularly important as climate sig-
nificantly affects the efficiency of solar heating systems.
At the same time, many studies conducted in other
countries focus on their own climatic conditions, which
can lead to differences in the results of calculations. For
example, studies conducted in regions with higher lev-
els of solar radiation often use increased values of solar
radiation and climatic parameters in their calculations,
which leads to differences in recommendations for the
design of solar heating systems. As noted by W. Mo et
al. [18], climatic conditions, especially the level of solar
radiation, significantly affect the design and efficiency
of passive solar systems, requiring the adaptation of
technical solutions to a specific region.

However, despite these differences, the conclusions
of this article are conceptually very close to the results
of other studies proposing the use of mathematical
models to optimise solar architectures. In particular,
the International Energy Agency (IEA) report [2] con-
sidered the use of energy for heating in conditions of
short daylight hours, including the shortest days of the
year. The document emphasises that the amount of so-
lar energy available in the winter months depends sig-
nificantly on geographical location and local climatic
conditions. This is confirmed by the calculations made
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in the article, where on 22 December, the shortest day
of the heating season, 388.73 W-h/m? of solar energy
is available. Other studies, for example, those conduct-
ed in the United Kingdom and Scandinavian countries,
note that the results may vary significantly due to lower
levels of solar radiation associated with longer winters
and a low angle of incidence of sunlight. As pointed out
by R. Renaldi & D. Friedrich [19] and M. Herrando & C.N.
Markides [20], climatic conditions significantly affect
the efficiency of solar heating systems and require de-
sign solutions to be adapted to low levels of insolation.

A. Olgyay & V. Olgyay [21] used a method for calcu-
lating solar insolation, which facilitated their adaptation
to different types of buildings and climatic conditions.
This is particularly relevant for architects and designers
who need to consider not only the geographical orienta-
tion of the building but also seasonal changes in the an-
gle of incidence of sunlight. In particular, the equations
proposed by the authors allow determining the optimal
parameters of architectural elements: the length of the
canopy blocking direct solar radiation in summer and
the height of the glazing ensuring the penetration of
sunlight in winter. Such calculations serve as a practical
guide for the design of energy-efficient buildings.

At the same time, there are several aspects that
could be further explored. For example, the influence of
different types of window glass on the efficiency of solar
heating could be considered. The article mentions that
glass transmits up to 75% of ultraviolet radiation in the
315-400 nm range, but does not consider other materi-
als that could increase the efficiency of solar radiation.
Thus, in a classic work by B.Y.H. Liu & R.C. Jordan [22],
empirical relationships were proposed for calculating
scattered solar radiation on a horizontal surface based
on total radiation data. These relationships allow de-
termining both instantaneous and average daily values
of scattered radiation for various weather conditions,
including clear and cloudy days, and are widely used in
modelling solar heat exchange in buildings.

The proposed model is useful for practical appli-
cation, especially in countries with variable climates,
such as Kyrgyzstan. It provides clear recommenda-
tions for the design of roofs and windows for optimal
use of solar energy, which can significantly improve the
energy efficiency of buildings and reduce the need for
artificial heating. The work confirms the importance
of competent solar architecture design, which is sup-
ported by other studies, and opens up prospects for the

application of such methods in real conditions, includ-
ing their adaptation to specific climatic conditions.

Conclusions
Even on the shortest winter days, the amount of solar ra-
diation can provide a significant amount of solar energy,
sufficient to heat rooms through windows. This allows for
a significant reduction in dependence on traditional en-
ergy sources such as coal and gas. To assess the efficiency
of solar energy use in heating, it is important to consider
heat transfer through the walls of the building and the
temperature difference between the interior and exterior
environments. Mathematical modelling of these process-
es allows for accurate calculation of the time required for
solar energy to provide the necessary heating for a room.

The results confirmed that even on the shortest
winter days, a significant amount of solar energy can be
obtained through correctly oriented and well-designed
windows. The heat loss model made it possible to esti-
mate the duration of effective solar energy use and its
impact on the internal temperature of rooms. The study
showed that competent design of solar heating systems
(taking into account the angle of the roof, the orienta-
tion of the windows and the length of the eaves) can
significantly reduce heat loss and reduce the load on
traditional energy sources. This is particularly relevant
for regions with long heating seasons and high solar in-
solation, such as Kyrgyzstan.

Thus, the results of the study confirm the impor-
tance of using solar heating to improve the energy
efficiency of residential buildings in Kyrgyzstan. The
theoretical and computational approaches developed
provide a solid foundation for the further development
and implementation of solar technologies in archi-
tectural design in the region. The use of solar energy
in heating systems is a promising and effective way to
solve energy shortages and environmental problems,
especially in Kyrgyzstan with its natural characteristics
and long heating seasons.
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Analysis and research of solar heating...
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AHHOTANMA. U3U/1/166HYH MaKCcaThl KYH 9HEPTUsIChIH CE30HAYK KOJII0HYY apKbLJIYy TYpPaK )kakl UMapaTTapbIHbIH
sHeprus 3G PeKTUBAYYIYTYH )KOTOPYJIaTYYHYH MaTeMaTUKa/IbIK MOJeJIMH UILITEN YbIryy 60JroH. Tepesesiep/ivH
reoOMeTpUAJIBIK TNapaMeTpJepHUH >KaHa Tepe3e 4YaTbIPbIHbIH KOHCTPYKLUAJIBIK ©3reYeJIYKTOPYH 3CKe alyy
MeHeH 3Heprus-aKTUB/AYY YHJIepAy A0J600pJo0 YUYH TEOPHUSJIBbIK 3CENTO6 MeToAy CyHywTaaat. KbIbITYy
Me3TWJIMHAE KYH pajuanusicblH 3PPeKTUBJYYy KapMOO YUYYH Tepe3esepyd ONTUMAIAYY >KaWTalITbIpyy
IIapTTapbl aHbIKTAJAraH. U3ungee e Kelproi3acTaHiblH KIMMATTBIK 63r6U6JIYKTOPYHe ©3reue KeHYJ O6ypyJiraH,
MU CaJIbl, )KbIIBITYY ME3THJIMHUH Y3aKThITbl, KYH pa/iMaliMsICbIHbIH JEH'33/IM )KaHa CaITTYy 3HEPTus Oy/IaKTapblH
KEepEeKTOBOHY KbICKapTyy NoTeHHasbl. Ol )kaHa bulliKek maap/iapblHbIH KAUMATThIK aHAJIM3H1 KbIIITBIH 3H KbICKA
KYH/ZIOPYH/Ie /A »Kalaap/bl KapbIM-KapThlal e TOJIYK MbUIBITYY Y4IYH KETUIITYY KYH 3HEpPrUsiChIH alyyra
60JI00pYH KOpceTTy. MYKM aHa ThILIKbl Y6MPOHYH OPTOCYH/JArbl TeMIlepaTypaHblH alblpMachlH, OLIOH/0H
3Jle Kypuamn TypraH KOHCTPYKLHUSJIAP/bIH XbUIYYJYK 6TKOPYMAYYJIYK KO3GQUIIMEHTHH 3CKe aJiraH »KbLIYYIyK
JKOTOTYYCYHYH MaTeMaTUKaJIbIK MO/Ie/TH UIITEJUI YbIKKaH. ByJI )KbIJIBITYY YU4YH KYH 9HEPIrHUsICbIH HAThIMKaNyy
nai/lasiaHyy y3aKThITbIH 06aajlooro MyMKYHJYK OepeT. /lu3alH/AbIH HETU3TH NapaMeTpJiepy, aHblH HYHH/[e
KYH/JYH Tyuyy 6yp4y, 4aTbIpAbIH alllKaH Y3YH/AYTYy, T€pe3eHUH OWUUKTUIU >kaHa ¢dacaj/blH TeoMeTpHUsACHI
pacMuil TypZie 6ekuTuiareH. KyHZyH ababIHbIH Ce30H/YK 63TOPYLIYH 3CKe alyy MeHEH YaTbIp/bIH Y3yHAYTYH
»KaHa OUMMKTUTHH 3CenTee Y4yH GopMyJiaiap fa CyHyuITaarad. Makasia/ia ®alKbICbIH bICHII KETYYZ6H KOPTOOHY
’)KaHa KbILBIH/A KYH 3HEPTrUsACbIH MaKCUMaJllyy TUHYYCYH KaMCbI3 KbLJITaH 4aTbIpJlap/bl KaHa Tepesesepau
JKaUrallThIpyyHYH CXeMachl KeJTHpuJreH. Usuiziee »kakiibl Z01600PJOHIOH KYH >KbUIBITYY CHCTeMaJapbl
60pOOPJIOIITYPYJITaH KbUIBITyyra GOJITOH KYKTY OJIyTTYY TYPA® a3alThbIll, SHEPTHUSHBbIH Kakpa Kapaayydy
OyJIaKTapbIHbIH HATBIMKAJMYYJyTyH >KOropyJaTa ajJapblH TacTbIKTAWT. CyHylITajsraH bIKMasiap 3aMaHG6ar
3HEpPrusiHbl YHOM/Ie04Yy MMapaTTap/bl J0J600pJI00/0, 63reUe TOOJIYy alkMaKTap/a »KaHa KbIJIBITYY Me3TUJIU
y3aK 60JIrOH aliMakTapZa KoJJoHy/aaT. OLIeHTHI, Oy U3U//e6 >KePrUJUKTYY KJMMATTbIK 63TreueJIYKTepAy
3CKe aJlyy MeHEeH KYH 3HeprUACbIH TYPYKTYY KaHa HaTbliKa/lyy Nai/jaJlaHyyHy KaMCbI3 KblJla ajla TypraH KyH
JKBUJIBITYY CUCTEeMaJIapblH MPAaKTUKaJIbIK MIIKe allbIPyy YYYH YOH MaaHuUre 33

Herunsru ce310p: sHepryusHbIH Kaiipa xkapanyydy 6yJaKkTapbl; XKbLIYYIyK 3P PeKTUBAYYIYTY; apXUTEKTYpasbIK
yeyuM/ep; UMapaTTapAbl >KbUIYYJYKTAaH KOProo; KJUMATTBIK ©3Te4yesyKTep; Kypyayll 3JeMeHTTepHH
ONTUMAJIAAIITBIPYY; CTPYKTYPaHbIH CE30HAYK bIHral1a1yycy
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AHHOTaNUsA. llesb uccienoBaHus 3akJ/4aaach B pa3paboTKe MaTeMaTHYeCKONH MOJeNH JJs MOBbILIEHUs
3HeproadpPeKTUBHOCTH KHUJIbIX 3/[aHUH 32 CYET CE30HHOI'0 UCII0JIb30BaHUS COJTHEYHOT0 oTOoMIeHus. [IpeiioxkeHO
MeTOAMKY TeOpeTHUYeCKOro pacdyeTa K NPOEeKTUPOBAHUIO IHEPrOaKTHUBHBIX JJOMOB C YYETOM reoMeTpHUYeCKUX
[apamMeTpoOB OKOH U KOHCTPYKTHUBHBIX OCOOEHHOCTEM OKOHHOM KpBIIIU. BBISIBJIEHBI YCI0BUS ONTUMAJIbHOIO
pa3MelieHUss OKOH sl 3G(PeKTHBHOTO YJIABJIMBAHHUS COJIHEYHOrO M3Jy4eHUs B TedeHHe OTONHTEJbHOIO
ce3oHa. Oco60e BHMMaHUE B MCCIeJ0BAaHUH yJieJIeHO KIMMaTHIeCKUM 0c06eHHOCTSM KbIprbl3cTaHa, TaKUM Kak
JUINTEJIbHOCTb OTOIUTEJNBHOTO Ce30Ha, YPOBEHb COJTHEYHOM paJiualiiy U MOTEHIMaJ CHWKEHUSI NOoTpebIeH s
TpaJHULMOHHBIX 93HeproHocuTesel. KnmMaTtudeckui anaans ropogos Om 1 BulliKek nokasaJ, 4To Jake B caMble
KOpPOTKHE 3MMHHE JHH BO3MOXXHO IOJIyYeHHEe 3HAYUTEJbHOr0 00béMa COJIHEYHOM 3HEPruH, JOCTATOYHOIO
JUJI. YaCTUYHOTO WJIM TOJIHOTO 0o6orpeBa MmoMelleHHWH. Pazpa6oTaHa MaTeMaTHYecKass MO/JeJib TEIJIONOTEPb,
YUUTBHIBAIOIIAS PA3HOCTb TeMIlepaTyp MeXAy BHYTPEHHeH M Hapy>XHOW cpesiod, a Takxe Ko3duIueHT
TeIJIonepe/iauv OrpaXkJanLiuX KOHCTPYKIMHA. DTO MO3BOJIMJIO OLEHUTb MPOJO/KUTENBHOCTh 3G PEKTHBHOTO
WCIIOJIb30BAHUSI COJIHEYHOW 3HEpruu /JJig OToIIeHHs. Bpuim ¢opManns3oBaHbl KiOUeBble MapaMeTphbl
MPOEKTUPOBAHMUS, BKJIIOYAs yroJl NaZleHusl COJIHEYHBIX Jydel, IJIMHY CBeca KPbILIH, BbICOTY OKHA U FeOMeTPpUI0
dacaza. Taxxke npesiokeHbl OpMyJIbl [/ pacyéTa JJUHBI U BBICOTHI KO3bIPbKA C Y4€TOM CE30HHBIX U3MEHEHUH
MOJIOXKEHHUS COJIHLA. B cTaThe mpejcTaB/eHa cxeMa pa3MellleHusl KPbIIl U OKOH, o6ecredrBarollasi 3al{UTy OT
reperpesa JIeTOM M MaKCUMaJIbHbIM NMPUTOK COJIHEYHOU 3Hepruu 3uMou. HMcciesoBaHue NOATBEPXKIAET, YTO
rpaMOTHO CIPOEKTUPOBAaHHbIE COJIHEYHble CUCTE€Mbl OTOIIEHUS] MOTYT 3HA4MTEJbHO CHHU3UTb Harpys3Ky Ha
LleHTpaJIbHOe TeJOCHa0XeHHe U MOBBICUTb 3$PEKTUBHOCTb HCIOIb30BaHUSI BO30GHOBJISIEMbIX UCTOUHUKOB
sHeprud. [IpesicTaBieHHble METOAUKY IPUMEHNMBI NTPY MPOEKTUPOBAHNUU COBPEMEHHBIX I3HEProadpHeKTUBHBIX
3/laHUM, 0COGEHHO B PeruoHax ¢ FOpHbIM pesibedpOoM U AJUTENTbHBIM OTONUTENbHBIM Ce30HOM. TakuM 06pa3om,
JlaHHOe HCC/e/loBaHUe HMeeT O0o0Jibllloe 3HAYyeHWe [Jisi MPaKTUYeCKOW peasu3aldd CUCTEM COJTHEYHOTO
OTOTJIEHHS, CIOCOOHBIX 06ECIeYUTh YCTONYNBOE U 3¢ HEKTHBHOE UCII0/Ib30BaHHUE COJTHEUHONU S9HEPTUH C yYETOM
MEeCTHBIX KJIUMaTUYeCKUX 0COBeHHOCTEN

KiaoueBbie ¢J10Ba: BO306HOBJsSIEMble HMCTOYHHKH JHEepPruu; TeIJioBasd 3(1)(1)8KTPIBHOCTI:; dAPXUTEKTYPHbIE
penieHusd; TeJso3aluTa BAHHHﬁ; KJIMMaTUYeCKHe OCOOEHHOCTH; ONTUMU3ANA CTPOUTEJIbHBIX 3JIEMEHTOB;
Ce30HHad afanTanud KOHCTPYKIIUHU

Journal of Osh State University. Mathematics. Physics. Technical Sciences. Vol. 4, No. 1


https://orcid.org/0000-0001-8644-059X
https://ORCID.org/0009-0000-7643-5324



