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Energy-saving technologies in shaping the lighting environment of residential neighborhoods are a
priority area in the formation of measures and specialized subprograms for energy saving and increasing
energy efficiency for the housing stock of the city of Vinnytsia.

Modernization of municipal lighting systems includes a set of measures and tasks related to the
lighting improvement of buildings, as well as their adjacent territories, taking into account legislation in the
field of energy conservation and rational use of consumed energy resources.

The goal is to create outdoor lighting for residential complexes and improve the quality of the lighting
environment while using energy-saving technologies.

An analysis of housing and communal services facilities in the structure of a residential area was
conducted for the current use of lighting equipment during daylight and darkness, and measurements of
illumination were carried out on the territory of residential neighborhoods in Vinnytsia, a residential area
with an approximate area of 50,000 m?, located between Kosmonavtiv Avenue and 600-richchia Street were
developed in the DIALux evo 13 program.

An analysis of the current lighting of the residential area was conducted, a humber of problematic
circumstances were identified that require consideration in terms of attracting energy-saving technologies,
including ensuring high-quality and comfortable lighting. In the process, a general design project for the
lighting of the object was presented in the lighting program DIALux evo 13 and lighting of individual parts of
the object was created. LED lamps and spotlights were used as light sources.

The research conducted consists in considering the city's outdoor lighting as a complex of the main
components of the human environment. The presented work is aimed at studying the issues of implementation
and dissemination of energy-saving technologies in the sphere of housing and communal services.

Key words: modernization of municipal lighting systems, energy-saving technologies, residential
lighting, municipal infrastructure, DIALux evo, housing and communal services.

Fig. 7. Table. 2. Ref. 10.

1. Problem formulation

The trend of transition to the creation of intelligent lighting systems (Lighting Smart Systems), which
has emerged in recent years, is becoming mainstream. At the same time, it is becoming increasingly obvious
that systems with intelligent control also require intelligent design (Smart Engineering), which, in turn,
requires understanding the evolution of artificial lighting, analyzing the current state of systems and predicting
directions for further development. This applies not only to the technical (and software) means of systems, but
also, in fact, the required quality of lighting, dictated by the ever-growing needs, which are the driving forces
for further development. It is also necessary to take into account that recently there has been a growing
understanding of the limitations in the consumption of not only energy, but also other resources, and it is also
necessary to take into account possible negative consequences for the environment.

There are a number of implemented projects of various kinds of intelligent energy-saving lighting
systems that provide improved consumer characteristics. Of course, the developers of these projects are often
carried away by the implementation of the next innovative concept and set themselves the task of
comprehensive assessment and comparison with other promising projects. The generally accepted conceptual
norm is to obtain an energy saving indicator of 25, 50 or even 80% compared to outdated lighting systems that
are being replaced, and most often - physically worn out lighting networks.
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Energy-saving technologies in the formation of the lighting environment of residential
neighborhoods are a priority area in the formation of measures and specialized programs for energy saving
and increasing energy efficiency for the housing stock of the city of Vinnytsia. Modernization of municipal
lighting systems, which includes a set of measures and tasks related to the lighting improvement of
buildings, as well as their adjacent territory, taking into account legislation in the field of energy saving and
rational use of consumed energy resources.

2. Analysis of recent research and publications

Back in the middle of the 17th century, open spaces were lit mainly by torches, and on ceremonial
occasions or during the visits of important people. The famous decree of the French king on the lighting of
areas adjacent to houses with the help of lamps placed on the windowsills of private houses. Understanding
the need to introduce evening street lighting to increase safety and increase the activity of the urban population
of Paris led in 1667 to the issuance of a royal decree on the establishment of street lighting, for which
(according to one version) Louis XIV received the nickname "the sun king". The first oil street lamps already
provided a long burning time due to the large volume of the fuel tank. They were installed on poles and walls
of houses in glazed cases, later called lanterns (from the Old Greek favos - "light and point"). These lamps
gave little light, required daily maintenance and were not reliable and safe enough.

Maintaining oil-fired street lamps requires a large number of lamplighters who are responsible for
lighting and extinguishing them, periodically cleaning and refueling them, and topping up with oil.

The introduction of alcohol-turpentine, and later kerosene street lighting somewhat improved its
guality and reliability and reduced the laboriousness of maintenance, but there was still a long way to go before
artificial street lighting could be compared to sunlight.

Further progress of combustion lamps is associated with an in-depth analysis of work. Understanding
that in fact gas burns in all these lamps led to the conclusion that it is possible to separate the process of
obtaining gas (which was called lighting) from the lamp itself. This concept led to the creation in the early
19th century of gas generation (pyrolysis) technologies from wood (Philippe Le Bon), coal (William Murdoch)
and whale oil, as well as the technology of gas street lighting itself.

Street gas lighting first appeared in London in 1813, then in Paris in 1819, in Berlin in 1826, and a few
years later in other European capitals. [1]

It is noteworthy that the world's largest wet gas tank with a capacity of over 400 thousand m? was built
in New York, that is, exactly where T. Edison began implementing his electric lighting networks in the 1890s.

Very little time has passed by historical standards, and at the beginning of the 20th century. gas lighting
began to be actively replaced by electric light from city streets. To this day, only in some cities in Europe have
individual gas lighting networks been preserved as historical and cultural heritage. In Berlin, thanks to the
activity of the public movement "Gaslight Culture" (Gaslicht-Kultur), more than 40 thousand gas lamps are in
operation (Fig. 1 a) (mainly in parks and pedestrian zones), despite the fact that their operation costs the Berlin
municipality almost four times more than electric ones. Of all the Berlin lamps, the first candidates for
replacement and transfer to the museum are 4,500 gas lamps for street lighting with lines of four - six and nine-
bulb caps (Fig. 1 b), which were installed back in the 1950. Such a replacement could reduce the municipality's
gas and lighting maintenance costs by several million euros per year [2].

Fig. 1. Gas lamps: a) Berlin gas lantern b) Berlin gas street lamp [1]

In many countries, in areas without centralized electricity supply, both alcohol and kerosene lamps
with incandescent grids have become widespread. And to this day, about 1 billion people use kerosene lamps
in remote, unelectrified areas of Africa, Southeast Asia, and South America. Autonomous isobutane lamps
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with incandescent grids made of modern materials are used by tourists as camping lighting [3].

The first electric lighting networks to enter the fight against gas lighting systems were networks with
P. N. Yablochkov's arc lamps. Having caused a sensation in 1876 at the London exhibition, they were able to
be implemented in dozens of large projects in different cities, but they could not reach the level of mass
application due to the fact that the short life of the lamps led to high operating costs. But electric lighting
networks with incandescent lamps showed their advantage in operation, and this became obvious even before
the appearance of long-lasting tungsten filaments and the creation of efficient three-phase power supply
networks. Since then, the successes and failures of each innovative technology have been determined
exclusively by integral economic criteria, as happened, for example, in the famous conflict associated with a
breakthrough in the efficiency of power supply, which was called the "war of currents™ [4].

In the early 19th century, experimental physicist Vasily Vladimirovich Petrov began researching
artificial electric lighting. He was the first to obtain and study the glow of an electric arc between two carbon
electrodes, feeding them from a unique electric battery he had created (the so-called voltaic pile) with a voltage
of about 2 kV [5]. Later, the prominent English physicist Humphry Davy called this type of electric discharge
a voltaic arc. [6].

However, since the main source of electricity for many decades was bulky primary and secondary
chemical sources of direct current - electric batteries and accumulators, experiments with electric lighting
practically did not go beyond the walls of laboratories.

Only the production of electromechanical current generators opened the way to the widespread use of
electricity.

The first electric lighting system to replace the gas lighting that was dominant at the time was Thomas
Edison's incandescent lamp system, a pilot project of which he was able to introduce in New York City in
1882. [7] . The distinctive features of Edison's project were:

- use of evacuated incandescent lamps with carbon filaments (carbonized bamboo);

- use of a patented bipolar constant voltage network;

- use of a number of patented components, including switches, screw lamp bases and holders,
fuses, electricity meters, etc.;

- increasing the efficiency of DC generators [7].

The most important systemic innovation for electric lighting at the beginning of the 20th century was
the transition to three-phase power supply networks, the main contribution to which belongs to M. O. Dolivo-
Dobrovolsky [8]. The technology of three-phase networks made it possible, using transformer conversion, to
transmit electricity over long distances with small losses, to abandon low-power and inefficient thermal power
plants, to improve the environment and to reduce the cost of electricity due to its production at large hydro-
thermal, and later at nuclear power plants.

Fluorescent lamps were widely used in street lighting in a number of countries. In our country, they
did not go beyond a few pilot projects, since it is impossible to ensure their reliable ignition and high energy
efficiency at negative temperatures. In addition, due to the large area of the luminous body and with supports
located at great distances, they did not find application for uniform street lighting. In the language of lighting
engineering, this means that obtaining a luminous intensity curve (LIC) of type W (wide) was quite difficult.
In this regard, it would be possible not to dwell on them, if not for two circumstances. First, the luminescence
effect was later widely used in even more efficient high-pressure mercury lamps, as well as in LEDs. Second,
it was from fluorescent lamps that the widespread use of semiconductor electronics (electronic ballasts — EB)
began in the early 1980s. The use of electronic ballasts can be considered the first successful example of the
application of electronics in lighting, which became the harbinger of the era of semiconductor lighting.

EB, or so-called electronic ballasts, have replaced electromagnetic ballasts in fluorescent lamps, which
contained a ballast choke, a starter (which provides preheating of the lamp electrodes and ignition) and a
capacitor that reduces interference and improves the power factor. EB provide ignition of the discharge and
stabilization of the current through the fluorescent lamp. The use of electronic ballasts improves a number of
operational characteristics of fluorescent lamps, and, despite the increase in cost, the payback period is quite
acceptable.

Modern thin (5/8 inch diameter) T5 fluorescent lamps with increased light output (more than 100
Im/W) are used only with electronic ballasts. The miniaturization of electronic ballasts has allowed them to be
built into compact fluorescent lamps, which have received the title of "energy-saving".

Thus, by the end of the 20th century, gas-discharge lighting had reached the peak of its development,
and almost all the latest innovations in this field did not lead to any qualitative changes in outdoor lighting
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systems. According to the law of the genre, the transition to the next technological stage of development was
ripe. It was the stage of LED lighting.

3. The purpose of the article

The purpose of the study is to consider the city's outdoor lighting as a complex of the main components
of the human environment. Research into existing lighting conditions in a certain neighborhood of Vinnytsia,
and development of new lighting proposals using modern lighting programs DIALux evo 13. Study of issues
of implementation and distribution of energy-saving technologies in the sphere of housing and communal
services.

4. Results and discussion

The essence of the proposed concept consists of the following main provisions:

- the electrical lighting network is converted from a three-phase four-wire to a three-wire bipolar
direct current network (Direct Current-DC);

- a power rectifier is installed at the electrical substation (or at the power point), which converts the
alternating three-phase mains voltage into the direct voltage of the lighting network;

- The luminaires are controlled using the technology of transmitting a high-frequency signal over the
power network (Power Line Communication — PLC), which has certain advantages in such a DC network.

This concept is called the Direct Current Lighting Smart Grid (DC LSG) technology platform. It should
be noted that in recent years, DC networks have been developed in many industries, including large server
centers, DC smart homes, power systems of commercial buildings and ships, solar power plants, electrical
substations (self-consumption voltage), and finally, emergency lighting networks [9].

The transition to a DC network involves the use of a highly efficient three-phase power rectifier instead
of one and a half hundred single-phase rectifiers and CCMs in luminaires. Typically, a single-phase rectifier
contains a matrix of four semiconductor diodes, and a CCM consists of one diode and one transistor. To
simplify a little, we can say that 900 (150x6) low-power semiconductor devices in luminaires can be replaced
by one three-phase rectifier at the power point, consisting of six power diodes (for example, according to the
scheme of A. N. Larionov). This reduces the cost and increases the reliability of luminaires and the lighting
line as a whole. The number of wires in the line is reduced from four to three.

When powered by direct current, more efficient transmission of the PLC power network is ensured
due to the absence of power factor compensating capacitors (mandatory for lamps with LVT and EB), and
interference from pulsed KKM (in lamps with electronic ballasts and drivers). The not very successful
experience of the first domestic pilot projects with controlled electronic ballasts showed that the difficulties of
implementing PLC in an alternating voltage network were not fully overcome.

It is also very important that DC networks provide increased electrical safety for service personnel,
since DC voltage is safer than AC [10]. The possibility of damage to pets (dogs) from step voltage leakage
currents is also significantly reduced.

The object of the study is a residential area with an approximate area of 50,000 m?, located between
Kosmonavtiv Avenue and 600-rychya Street. There are a number of buildings - residential and administrative
buildings. The territory of the object is crossed by roads for the movement of people and transport both inside
the residential area and from its external sides. The infrastructure of the object has an adjacent territory with a
playground, retail premises, places for collecting garbage, areas for the movement of people, areas for planting
plants. The object of the study belongs to buildings of a certain historical antiquity, but with current and
continuing functioning as municipal facilities.

Figure 1 shows photographs of residential building Ne 78 during the day and at night. The residential
building has six entrances, five of which are equipped with compact fluorescent lamps and one incandescent
lamp. The height of the lamps was 2.5 meters near the first entrance, and 4 meters near entrances 2-6.
Measurements were carried out in the dark at 23.00. The highest value of the average illumination was recorded
near entrance Ne. 4, equipped with a compact fluorescent lamp, and it was 3.95 lux, which does not meet the
standards for lighting the adjacent territory, which should be 10 lux.

Accordingly, in the course of this work, a 3D model of a residential area was developed in the DIALux
evo 13 program. Illumination/brightness measurements were carried out in the territory of residential
neighborhoods. A design project of the current outdoor lighting of this area was presented in the DIALux evo
13 program.

138



Ne 1 (128)/2025 TeXHiKa, C€HEPreTHuKa,

m#\g % TpaHcnopt AIIK
E & Vol. 128, Ne 1 / 2025

The residential neighborhood chosen as the object of the study belongs to the priority projects for the
formation of the housing stock of the city of Vinnytsia. The neighborhood is located in the city center, with
convenient access roads.

The residential neighborhood consists of four 9-story buildings, one 5-story building with different
layouts, and 2 administrative buildings. The proposed photographs (Fig. 2. a, b) demonstrate fragments of
streets and buildings located on a given territory of the residential area.

a b
Fig. 2. 600th Anniversary Street, house 105
a) time: 15.30, date 12.05.2024 b) time 24.00, date 12.05.2024

When analyzing the current lighting situation and the availability of lighting equipment in a given
residential area, the following points should be considered when creating a new lighting design:

1. Inthe evening, the city experiences uneven outdoor lighting, as buildings located in the center have more
or less good architectural lighting, while many residential areas in the city are illuminated only by street lighting.

2. To create a general harmonious lighting environment in Vinnytsia, it is necessary to create a visual
expressiveness of residential neighborhoods using structured outdoor and utilitarian lighting.

3. In the city's microdistricts, it is necessary to create structured lighting of their internal spaces. At
the same time, it is necessary to divide the areas into a park zone, a roadway, and parking lots, because their
lighting should be intended for different types of activities.

The DIALux evo 13 software package allows you to make a lighting calculation taking into account the
entire luminous flux, materials of reflecting and absorbing surfaces, etc. However, the initial stage of work is the
construction of a three-dimensional model of the object, the result of the implementation is shown in Fig. 3.

Fig. 3. Three-dimensional model of a residential area
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As can be seen from Fig. 3, when creating an external scene in the DIALux evo 13 program, three-
dimensional building models are built using standard elements by specifying the required dimensions and
geometric shape.

To calculate outdoor and street lighting, as shown in Fig. 4-7, it is necessary to enter the type and
number of luminaires into the project, as well as specify their location.

This paper proposes a variety of design solutions for a given facility in order to show the possibilities
and approaches to implementing an optimal design solution.

Fig. 4 shows the first option for outdoor lighting of a residential area, replacing existing lighting
fixtures with STAR NBT LED light sources. The advantage of this lighting model is that it illuminates only
the front part of the entrance, while lighting the area where people move and pedestrian crossings is
complicated due to the small luminous flux, which is the main disadvantage of this lighting model.

Fig. 4. The first model of outdoor lighting. Outdoor lighting of a residential area

Fig. 5 shows a second model of outdoor lighting of a residential area using LED light sources.
LIGHTING TECHNOLOGIES ATHINA LED and MARK LED. The advantage of this model is the
simultaneous lighting of the entire part of the residential area (entrance to the entrance, area for people to
move, playground, pedestrian crossings, etc.). The disadvantages include:

- when the flow of people decreases, the lamps that illuminate the areas where people move are not
turned off, which increases the need for electricity and reduces energy efficiency.

Fig. 5. Second option. Outdoor lighting of a residential area

Fig. 6 shows the third option for outdoor lighting of a residential area with an automated outdoor
lighting control system (AOCS) DC LSG. The advantage of this model is the simultaneous lighting of all parts
of the residential area (entrance to the entrance, people movement area, playground, pedestrian crossings, etc.).
When the flow of people decreases from one o'clock in the morning to six in the morning, the luminous flux
of the lighting devices of the people movement area decreases and the lamps that illuminate the playground
are turned off . The disadvantage is the high cost of implementing this project.
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Fig. 6. Third option. Outdoor lighting with ACS

At the same time, the objects of the urban environment with the greatest energy consumption are
housing and communal facilities, where the needs for electric lighting are quite high, but not sufficiently
formed. The use of incandescent lamps, gas-discharge light sources that do not provide the required color
rendering or continue to "work" in the non-switching mode during the daytime is not excluded. One or another
approach does not provide either comfortable lighting or savings in consumed energy resources.

It is obvious that the announced DC LSG technology platform largely regulates the issues of power
supply, control and communication, assuming the use of all existing and future energy-efficient light sources.

Currently, it can be considered that the only real factor hindering the implementation of DC LSG is
the presence of third-party consumers that are powered directly from lighting lines with traditional single- or
three-phase alternating voltage.

Thus, it is clear that when considering the transition to DC LSG, the presence of third-party consumers
is not an absolute priority. Moreover, this transition can contribute to streamlining connections to lighting
networks.

To create outdoor lighting for the residential area under consideration, the luminaires listed in Table 1
were used.

Table 1.
Types of luminaires
IP type Name Luminous flux, Im. Power, W. Quantity, pcs.
LED Lighting Technologies Athina Led 3868 62 23
LED Lighting Technologies Star Nbt Led 1540 18 4
LED Lighting Technologies Mark Led 6461 56 9

Fig.7. Lighting of the 600th Anniversary Street
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When designing the lighting of the 600th anniversary street, a comparison was made of several types
of lamps from different companies, which were chosen arbitrarily. According to SP 52.13330.2011, the road

under consideration belongs to category B1, where the average illumination should be at least 20 lux. The
results of the comparison are given in Table 2.

Table 2.
Results of luminaire comparison
Type Name of lamps Ecp, Ik | Emin, Ik | Emax, lux | Emin/Ecp | Emin/Emax
Ledel I-street
LED 72xpg/12636/135/sh4fcr 13 9.68 16 0.762 0.615
DRI | Galad gkul2-150-001 11 6.03 17 0.551 0.363
Lighting technologies
Lighting technologies mark
LED led 60 W 4000k 22 15.4 27 0.7 0.57

A comparison of lighting indicators for lighting a selected road section showed that the optimal
luminaire for installation on this section is Lighting Technologies MARK LED 60 W 4000K.

On the DC LSG technological platform, outdoor lighting looks quite good. Additional connection of
a diesel or gas generator will allow creating an effective long-term uninterrupted lighting system with the
possibility of operational control on this technological platform.

Thus, it should be stated that the development of control and power electronics has led to a change in
the assessment of the efficiency of three-phase power supply of lighting networks, which was considered
"natural™ and the only possible for over 100 years. The DC LSG concept envisages a return to more energy-
efficient and convenient intelligent bipolar DC networks, invented at the end of the 19th century.

It is also very important that DC networks provide increased electrical safety for service personnel,
since DC voltage is safer than AC.

It is obvious that the announced DC LSG technology platform largely regulates the issues of power
supply, control and communication, assuming the use of all existing and future energy-efficient light sources.

The lighting system of the facility includes all lighting installations, as well as their power supply and
control network (including control panels). The electrical network diagram for the selected lighting method is
developed after the final approval of the device specifications, their placement and operating modes. The entire
system is divided into groups according to their placement, energy consumption and operating modes. For
each group, the power supply network, cable routing, and automatic or manual control methods are calculated.

Based on the values of electrical loads, the calculation of lighting networks and the selection of
electrical equipment are carried out. The cross-section of the conductor in the network up to 1000 V mainly
depends on the value of the rated current. This parameter is also influenced by the need for overload protection,
ambient temperature conditions, type of conductor insulation, etc.

Based on this data, it is possible to select the cross-sections of power cables and switching devices.
For groups of lighting devices powered by:

¢ from transformer station Ne 1, a cable of the VVVB 4x2.5 brand and circuit breakers of the VA 47- 63
10A brand were selected;

* and circuit breakers VA 47-63 2A were selected .
To visually demonstrate the lighting installation power supply scheme, a single-line diagram was
constructed and the cable routing was also drawn.

5. Conclusion

The concept of forming an artificial light environment of the city consists not only of ensuring the
necessary illumination on highways and individual “artificial” architectural lighting of buildings. A
comprehensive approach to designing the evening urban light space is necessary in order to create visual
expressiveness.

1. The use of the concepts of "lighting master plan” and "lighting ensemble™ allows us to take into
account the entire range of tasks facing the designer.
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2. The correct solution for the lighting design of a city consists not only in the rational arrangement
of individual lighting installations, but, most importantly, in their successful coordination with each other,
which necessitates a comprehensive solution for the lighting design of the city.

3. The main task of the lighting design of the city as a whole is to correctly distribute light and color
accents, highlighting the most important historical and highly artistic buildings with light, creating a
picturesque play of light and shadow on fountains and trees that decorate the city, and highlighting shopping
centers and individual stores, and entertainment enterprises.

4. Individual tasks consist in a rational and modern solution for each of the lighting installations in
the city's lighting design system.

5. This article presents design solutions for the modernization of lighting installations in the current
residential area.

6. The optimal option has been selected, for which a schematic diagram has been calculated and
presented.

7. Any of the proposed options can be considered final, provided that the connection diagrams are
finalized.
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JOCJIIIIZKEHHSA TA PO3BUTOK CUCTEM OCBITJIEHHSA 30BHINIHHBOI'O CEPE/IOBUILIA
Y XKUTJIOBO-KOMYHAJIBHOMY I'OCIIOJAPCTBI

Enepeosbepicaroui mexnonoeii' y (popmyeanni ceimuogo2o cepedosuiya Heumiosux Mikpopamuouis €
npiopumemnum HanpsimMom y Gopmysanti 3axo00ie ma CReyianiz3o8anux nionpocpam 3 eHepeo30epescenHs ma
niOBUWeHHS eHepeemUudHOl eqheKmueHOCMI 015 JHCUML08020 OoHOY Micma Binnuy.

Mooepuizayia cucmem KOMYHANbHO20 OCGIMAEHHA BKIIOYAE KOMNJEKC 3ax00i8 ma 3a80aHb,
nog'szanux i3 ceimaosum Onazoycmpoem OyOuHKi6, a maxoxc IxHboi npubyOuHKoeoi mepumopii, 3
VPAXYBAHHAM 3AKOHOOABCMBA Y cqhepi eHep2o30epediceHHsi ma PayioHANbHO20 UKOPUCTHAHHS CRONCUBAHUX
enepeopecypcis.

Memot € cmeopeHHs 308HIUHBLO20 OCBIMIEHHA JHCUMIA0BUX KOMNIEKCi8 ma Nio8UWEeHHs AKOCMI
C8IMI06020 Cepedosuya nio 4ac UKOPUCMAHHS eHepe030epiearoyux mexHoN0211l.

Ilposedeno ananiz 06'ekmie JKKI' y cmpykmypi ocumnogoco macugy Ha npeomem HOMOUYHO20
KOPUCMYBAHHSL CGIM0BUM OOIAOHAHHAM ) CEIMAULL Ma MEeMHUN 4ac 000U, NPOBEOeHHO BUMIDIOBAHHS
OCBIMAEHOCI HA MePUMOpPIi HCUMA0BUX MIKPOPAUOHI8 M. Binnuyi, scumiosuti macue npubiusHor0 niowero
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50000 m?, posmawosanuii misic npocnexmom Kocmonasmis ma synuyero 600-piuus

Po3spobreno 3D mooeni 06'exma scumnosoeo macugy ma npuneznux mepumopii y npoepami y DIALUX evo 13.

Ilposedeno ananiz nomouHo20 OCGIMIEHHS JICUMIOB020 MACUBY, BUABIEHO HU3KY HPOOIEMHUX
0bcmasun, AKi nompeodyioms po3ensidy Wooo 3AIV4UeHHsl eHep2030epieaiouux mexHoN0z2il, ¥ momy yucii i3
3a6e3neueHHsIM AKICHO20 ma Kompopmuozo oceimnenns. Y npoyeci pobomu 6y10 npedcmasieno 3a2aibHull
ouzatin-npoexm ocgimients 00'exkma y ceimiomexniyniti npoepami DIALUX evo 13 ma cmeopeno ocsimnenns
oxpemux uyacmun o00'cxma. Ax Oocepena ceimaa SUKOPUCNOBYBATUCS CEIMAOOIOOH] CGITMUTLHUKU MA
NPOIACEKMOPU.

IIposedene 0ocniodcens noasieae y po3ensioi 308HIUHbO20 0CEIMIEHHS MICIA K KOMNIEKCY OCHOBHUX
CKAa008UX omoueHHs moounu. Ilpedcmagnena poboma cnpamo8ana Ha 6UGUEHHsI NUMAHbL BIPOBAONCEHHS ma
PO3NOBCIO0JICEHHSL eHep2030epiealouux mexHono2il y cghepy Heumio80-KOMYHAILHO20 20CROOAPCMEA.

Knrouoei cnosa: mooepuizayis cucmem KOMYHATbHO20 OCGIMIEHHS, eHepeo30epiearoyi mexHonogzii,
OCGIMJICHHSL JHCUMIOBUX PAllOHIe, MyHiyunaivha ingpacmpykmypa, DIALUX €v0, ocumaogo-komyHanibHe
20Ccno0apcmeo.

Puc. 7. Tabn. 2. Jlim. 10.
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