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TOURISM ACTIVITIES IN THE FRONTLINE AREAS OF SUMY REGION:
PROBLEMS, OPPORTUNITIES AND PROSPECTS

The Sumy region has great and significant tourism potential. Before the Russo-Ukrainian War, the region had 3,465 historical
and cultural monuments, including 367 architectural and urban planning monuments (five of them of national importance). Before the
war, the tourism sector was developing steadily, with new types of tourism services and the formation of tourism clusters. However,
Russia's Invasion of Ukraine resulted in a significant decrease in tax revenues, which has a negative impact on tourism. The purpose of
this paper is to study the peculiarities and future prospects of tourism development in the Sumy region during the war, based on data
from a sociological survey conducted in five Ukrainian frontline regions in the framework of the Estonian-Ukrainian research project
"Development of Ukrainian frontline communities and tourism business during the war and future strategy", which was supported by
the Estonian Research Agency.

The sociological survey was conducted online and included 25 closed and open-ended questions. Survey results were processed
using Microsoft Excel 2010 and SPSS Statistics V21.0. A total of 29 respondents (20.1%) from the Sumy region participated in the
sociological survey, 69% of whom live in urban areas and 31% in rural areas. Analysis of the areas of activity of the tourism respond-
ents from the Sumy region revealed that urban respondents were more representative of tourism businesses (tour operators, travel
agents, sole proprietors, etc.), while rural respondents were predominantly representatives of tourist attractions (museums, educational
and recreational facilities, etc.). Responses to the following questions were analyzed: pre-war tourism activities, wartime tourism activi-
ties, changes in tourism, prospects for tourism development, threats and opportunities for tourism development, problems in the tourism
sector, prospects for tourism development, and advantages in cluster cooperation.

Keywords: tourism, war, sociological survey, tourism representatives, Sumy region.
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Formulation of the problem: Considerable atten-
tion has been paid to the development of tourism in
Ukraine, as this sector is closely related to many sectors
of the country’s economy affecting the level of employ-
ment, preservation of cultural heritage, development of
international activities, etc. All regions of Ukraine were
involved in tourism activities in different and various
ways, depending on their existing tourism potential. In
Sumy region, the pre-war tourism sector was developing
steadily, the new types of tourist services and activities
were emerging, and the local authorities always actively
supported businesses in creating tourist clusters [15].
This process was facilitated by the presence of a signifi-
cant cultural heritage, which counted around 3465 histor-
ical and cultural monuments, including 367 architectural
and urban planning monuments, including 5 of national
importance. It is worth of noting that the region has
many settlements with a long and ancient history, such
as: Bilopillia, Vorozhba, Voronizh, Hlukhiv, Konotop,
Krolevets, Lebedyn, Nyzy, Okhtyrka, Putivl’, Romny,
Seredina-Buda, Sumy, Terny, Trostianets. The State
Register of Immovable Monuments of Ukraine includes
200 cultural heritage monuments of local significance
and 37 cultural heritage monuments of national signifi-
cance. The most famous tourist sites are: architectural
monuments of the 17th and 19th centuries, the ancient
chronicle "The Tale of Igor's regiment” and Yaroslavna
in Putivl, the Round Yard in Trostianets; architectural
monument of the 19th and 20th centuries, the Sumy
Regional Art Museum named after N. Onats’ky in Sumy,
Sumy Regional Memorial House-Museum of A.P. Che-
khov; a monument of landscape art and architecture —
the park and palace of the 19th century in the village of
Kiyanitsa. The region is home to a great number of his-
torical, archeological, and architectural monuments,
preserved garden and park architectural ensembles, and
unique natural sites (the botanical nature monument of
national importance "Yablun’ya Colony", a branch of the
Ukrainian Nature Reserve "Mykhailivska Tselyna", the
landscape reserve of national importance
"Seredneseimskyi", the national nature park "Desnians-
ko-Starohutskyi", and the natural monument of national
importance "Shelekhivske Lake™). In addition, before the
war, tourists were offered the developed tourist routes,
for instance: "Sumy Sloboda", "Golden Necklace of
Sumy Region”, "Slobozhansky Journeys”, and "Recrea-
tional boat trips on the Psel River". The region also has a
tourist cluster called “Posullia”, which includes 5 agri-
cultural estates. Before the war, there were 18 rural tour-
ism farmsteads in the region [7]. However, the Russian
invasion of Ukraine has had a negative impact on all
spheres of life, including tourism. According to the State
Agency for Tourism Development in Sumy region, in
the first quarter of 2023, the decline in tax revenues
amounted to 16% (UAH 1 million 339 thousand) com-
pared to 2022 (UAH 1 million 592 thousand) and 30%
compared to 2021 (UAH 1 million 900 thousand) [13].
This is due to many reasons, including the termination or
re-profiling of many tourism industry facilities and en-
terprises, the closure of tourism enterprises, the lack of
tourists, etc. With this in mind, the purpose of this article
is to study the peculiarities of the development of tour-

ism in the Sumy region during the war and prospects for
the future.

Analysis of recent research and publications.
Due to Russia's aggressive attack on Ukraine, the prob-
lems of tourism development and future prospects are on
the radar of both Ukrainian and foreign researchers. In
particular, many economists are trying to estimate and
evaluate the damage caused by Russian aggression,
which is the subject of a number of publications. For
example, in the article by A. Kulik, an approach to as-
sessing real estate damage caused by the war is analyzed
[17]. Bordun O. et al. [5] assessed and studied the losses
of domestic tourism from the war between Ukraine and
Russia and developed recommendations for rescuing the
tourism business, such as: financial support, transporta-
tion logistics, combining and grouping enterprises into
clusters; improving marketing by creating a national
tourism marketing organization and its subsidiaries,
sectoral improvement of tourism in Ukraine.

A considerable number of publications are devoted
to the impact of the Russian-Ukrainian war on tourism in
Ukraine and the development or review of prospects for
its development in the future. These issues are analyzed
in the publication of N. Barvinok and M. Barvinok [2].
Also, the peculiarities of tourism development during the
postwar period and the goals and directions of recovery
are revealed in the article by N. Yakymenko-
Tereshchenko et al. [15], in which, according to the
authors, the main principles of the post-war restoration
of the tourism industry should be memorial, military-
patriotic and military-historical, health and wellness,
psychological, business, educational, sports and ecologi-
cal tourism.

A number of publications investigate the problems
and the main directions of restoring the tourism sector
after the end of hostilities in Ukraine. The publication by
O. Fastovets is devoted to these issues [14]. V. Boyko
and N. Dalevska in their work [4] analyzed the develop-
ment of the tourism sector in different countries of the
world where armed conflicts took place and analyzed the
tourism resource potential of Ukraine, which can be used
for tourism development during the post-war times
There are also some new publications devoted to the
development of tourism both in certain regions of
Ukraine after the end of the war and to the development
of certain types of tourism in the postwar period. V.
Boyko's article examines the prospects for the develop-
ment of tourism business in the southern region of
Ukraine in the postwar period [3]. The peculiarities of
the development of military tourism in Luhansk and
Donetsk regions are described in the publication by G.
Zavarika [18], in which the author describes the organi-
zational mechanism for creating and promoting military
tours in the tourism market on the example of the eastern
territories of Ukraine, suggests specific tourist locations
for creating military tours, and develops proposals for
creating innovative military tours as a feature of post-
conflict tourism development in the affected territories
of the eastern regions of Ukraine. Barvinok N. [1] de-
scribes the prospects and importance of the development
of military tourism in Ukraine after the end of the Rus-
sian-Ukrainian war, examines military and historical
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tourism as a type of tourism and suggests priority areas
for the development of military tourism.

The development of tourism in the rural areas of
Sumy region in the context of the Russian-Ukrainian war
and prospects for the future is considered in the article
by M. Reimann with co-authors [10; 11]. However,
despite a significant number of scientific publications,
there are no sociological studies, surveys of tourism
representatives to assess the peculiarities of the devel-
opment of Ukrainian frontline communities and tourism
business in the context of war.

Material and methods of research. The material
of the study were results of a sociological survey of 144
representatives of the tourism sector from frontline
communities in 5 regions of Ukraine (Zaporizhzhia,
Donetsk, Dnipro, Sumy and Kharkiv regions), which
was conducted within the framework of the Estonian-
Ukrainian research project "Development of of Ukraini-

an frontline communities and tourism business in the
context of war and strategies for the future" with the
support of the Estonian Research Agency [8; 9] Socio-
logical survey was conducted by online survey and in-
cluded 25 questions of closed and open-ended questions.
The survey results were processed using computer pro-
grams Microsoft Excel 2010 and SPSS Statistics V21.0.

Presenting of the main material. The sociological
survey involved 29 (20.1%) people from the Sumy re-
gion, of which 69% of respondents live in urban and
31% are rural residential places. Among the respondents
from urban areas, the majority of most of them were
representatives of the tourism business (tour operator,
travel agent, individual entrepreneur, etc.), and among
the respondents from rural areas representatives of tour-
ist attractions (museums, educational and leisure facili-
ties, etc.) (Frame 1).

Frame 1
Sphere of activities of tourism business respondents in Sumy region
Sphere of activity Urban area Rural area
Tourist infrastructure (accommodation, catering, etc.) 10% 11,1%
Representative of NGOs and tourism-oriented clubs 10% 11,1%
Representative of the tourism business (tour operator, travel agent, individual 35% 22.29%
entrepreneur, etc.)
A structural unit of the executive branch that coordinates tourism activities 25%
Tourist attractions (museums, educational and leisure facilities, etc.) 25% 55,6%
Higher educational institutions 10%
In total 20 9

Prior to the outbreak of war in the Sumy region, the
main feature of the tourism business in urban and rural
areas of Sumy region was excursion activities (45.8%
and 46.2% respectively) and organizational and coordi-
nating activities in the tourism sector (45.8% and
46.2%). The most common types of tourism before the
outbreak of war were cultural and educational (30.3%),
festivals and events (11.8% of respondents), sports and
active (10.5%), rural and ecological (7.9% each), and
religious (6.6%). The survey results showed that cultural
and educational (85.0%), festival and event (40%), and
ethno-cultural (35%) tourism prevailed in urban areas,
while cultural and educational tourism (66.7%), rural
(33.3%), and ethno-cultural (33.3% of responses) pre-
vailed in rural areas.

Since the beginning of the military aggression,
changes have taken place in the communities of Sumy
region. According to the respondents, the level of inter-
est in visiting tourist sites has decreased (25%), attrac-
tive tourist sites have ceased to function or receive tour-
ists (23.1%), and the level of solvency of the population
has decreased (17.3%). 13.5% of respondents said that
some tourist locations had been damaged. 9.6% indicat-
ed that cooperation between volunteers, communities
and tourism representatives has intensified. 3.8% of
respondents noted that the flow of IDPs and their interest
in local tourist sites had increased. 7.7% of respondents
said that tourism had totally disappeared. 45% of re-
spondents from urban areas indicated that tourist attrac-
tions have ceased to function or receive tourists and that
the level of interest in visiting tourist sites has decreased.

40% of respondents noted a decrease in the level of sol-
vency of the population. 44.4% of respondents from
rural areas consider the decrease in the level of solvency
of the population to be among the biggest changes, and
33.3% - that tourist attractions have ceased to function or
receive tourists.

Among the problems and challenges faced by tour-
ism enterprises in Sumy region, respondents noted the
following: tourist facilities with which the business was
connected fell into the zone of occupation or active hos-
tilities and became inaccessible (17.6%); they had to
completely reorient their activities from tourism to an-
other direction (15.7%); partners in tourism activities
ceased to function or do not accept tourists (13.7%);
emotional exhaustion of employees and their moral un-
willingness to work in the service sector (11.8%); due to
low demand, they decided to temporarily suspend opera-
tions (11.8%); employees went abroad (7.8%); employ-
ees were called up to serve in the Armed Forces (7.8%);
had to completely cease operations due to lack of eco-
nomic profitability (5.9%). Another 7.8% of respondents
indicated their own answer (other): overcoming the chal-
lenges of war; due to low demand, they decided to tem-
porarily suspend operations, partially suspended opera-
tions; no sales; emotional exhaustion of employees and
their moral unwillingness to work in the service sector,
the tourism department was reorganized into a “sector"”,
current operations were stopped. 35% of respondents
from urban areas mentioned that the main problems were
that as a result of military operations, their tourist facili-
ties, with which their business was connected, were in
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the zone of occupation or active hostilities and became
inaccessible, 25% — partners in tourism activities ceased
to function or do not accept tourists, 25% had to com-
pletely reorient their activities from tourism to another
direction. In rural areas, the main problems were the
reorientation of their tourism activities to other areas and
the conscription of their employees to the Armed Forces
(33.3% each).

One of the questions in the questionnaire was to
identify threats to tourism development. It is well known
that military operations in any territory lead to a reduc-
tion in the number of trips. In times of war, people are
less likely to go on vacation or holiday due to security
concerns. People may be afraid to travel to places where
conflicts are taking place because it is considered an
unsafe environment. This can lead to a sharp decline in
demand for airline tickets, hotel rooms, car rentals, and
other travel services. Also, many businesses require
large upfront capital, and the lack of regular customers
can lead to bankruptcy if they do not have enough sav-
ings to survive these losses. Even if a business does not
close completely due to financial losses, opportunities
for expansion can be severely affected. War disrupts
trade patterns, so that basic resources such as fuel and
labour become scarce and expensive at times, leading to
price increases that may discourage potential tourists
from traveling at all. In addition, infrastructure is often
damaged in places where hostilities have taken place,
leaving hotels, tourist attractions, and entire cities in
ruins. According to the respondents, the biggest threats
to the tourism development of communities in Sumy
region are: 57.1% threat of loss of material cultural val-
ues in the occupied and frontline territories and a signifi-
cant deterioration in the financial capacity of customers -
53.6%. Respondents from urban and rural areas of the
region indicated that the threat of loss of material cultur-
al property in the occupied and frontline territories is a
high level of threat to the community (52.6% and 66.7%
respectively). Urban respondents indicated that the threat
of loss of ethnic and cultural identity of peoples in the
occupied and near-frontline territories is a medium threat
to the community (50%). Respondents from rural areas
indicated that the threat of loss of ethnic and cultural
identity of peoples in the occupied and frontline territo-
ries is a low level of threat to the community (50.0%),
and the annexation of territories is a low level of threat
to the community (50%). Respondents in urban areas of
Sumy region see the danger of the territory due to its
excessive mining as one of the high threats (55.6%).
Respondents in rural areas noted that the outflow of
qualified personnel abroad poses a low level of threat to
the community (62.5%). Also, according to urban and
rural respondents, a significant deterioration in the finan-
cial capacity of clients is a high threat (50% and 50%
respectively). Respondents in urban areas of the Sumy
region indicated that the threat of depopulation of the
territory is a medium threat to the community (50.0%).
Despite the fact that the Sumy region has the longest
border with Russia, urban and rural respondents indicat-
ed that the destructive impact of Russian propaganda and
Russification has a low level of threat to the community
(52.9% and 62.5%, respectively).
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Among the opportunities for the development of
tourism business in Sumy region, the majority of re-
spondents noted the following as promising: obtaining
advisory services (76%) and developing tourism infra-
structure (60.7%). The development of new tourism
products in the community was assessed as a promising
opportunity (77.8%) by rural respondents. The develop-
ment of new tourism products in the community was
assessed as a fairly promising opportunity by urban re-
spondents (57.9%). Rural and urban respondents as-
sessed the provision of advisory services as promising
(87.5% and 70.6% respectively). The development of
tourism infrastructure was assessed as a promising op-
portunity by rural and urban respondents (66.7% and
57.9%, respectively). Monitoring, promotion, and mar-
keting of locations were also considered promising op-
portunities by both categories of respondents (62.5% -
rural and 50% - urban areas).

Regarding the prospects for tourism development in
Sumy region in the future, the majority of rural respond-
ents identified the introduction of digital (75%), tools for
attracting funding and stimulating investment from do-
mestic and international partners (66.7%), the introduc-
tion of innovations in tourism development and training
(50%), and capacity building in the tourism industry
(55.6%). The surveyed urban areas of the Sumy region
considered attracting funding and stimulating investment
from domestic and international partners to be quite
promising opportunities (61.1%), introducing digital
tools (57.9%), and introducing innovations in the field of
tourism development (50.0% and 55.6%, respectively).
Another important area is the diversification of the rural
economy through tourism activities based on European
practices [6]. This area is also quite relevant for the de-
velopment of rural areas in Sumy region during the peri-
od of post-war recovery.

Conclusion. Restoration of tourism after the war in
the territories where hostilities took place includes many
components. The main ones are: creating attractive activ-
ities for tourists, providing access to tourist products and
services at affordable prices, improving transport infra-
structure, creating an attractive environment for tourism
and lifestyle, offering hotels and other relevant services.

The war in Ukraine has severely affected rural tour-
ism businesses. The war has led to a significant decline
in tourism, both domestic and international, as well as
stressed the infrastructure of many rural areas and dam-
aged the environment. However, despite this, the poten-
tial for rural tourism development after the end of the
war is quite large. Travel restrictions are gradually being
lifted, allowing businesses and tourists to resume travel
and see many of the attractions. In addition, international
organizations are beginning to invest in rural tourism
projects, helping to rebuild infrastructure and promote
this type of tourism. Examples include the World Bank's
Rural Tourism Initiative, which aims to promote sustain-
able economic development through the development of
rural tourism. Therefore, it is important to motivate the
local population to participate in tourism development
by enlist the support of a government program. The
Ukrainian government should create new incentives and
regulations aimed at increasing the supply and demand
of rural tourism innovators. These rules will encourage
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developers and investors to develop projects in rural
areas, creating new businesses and jobs for local com-
munities. Currently, rural tourism development is being
carried out by specialized agencies, such as the National
Tourism Organization of Ukraine and the Union of Rural
Green Tourism of Ukraine, which are responsible for
promoting and popularizing the rural tourism industry in
Ukraine. Through their network and initiatives, they help
to promote the country's unique rural attractions on both
the international and national markets. The development
of rural tourism remains relevant, as it is a prerequisite
for the formation of a high-quality tourism product with
a strong national character and a significant factor in the
sustainable development of the territories.

Undoubtedly, after Ukraine's victory, the territories
where the fighting took place have significant prospects
for the development of military tourism. Many of the
war-affected territories have already been subject to
rehabilitation and restoration, and with the help of for-
eign aid, significant efforts have been made to accom-
plish this task. Military tourism in Ukraine would give
visitors the opportunity to explore the country's rich
cultural and historical sites, as well as learn more about
the conflict and its impact on the population, economy

and society of Ukraine. There is also potential for the
development of "memory tourism," where tourists can
visit historical sites, memorials, and hear firsthand ac-
counts from local residents about the conflict and its
impact on their lives. Ukraine has excellent opportunities
and potential to become an attractive hub for military
tourism. With proper investment, infrastructure and
advertising, Ukraine could attract tourists from all over
the world who are interested in learning about the con-
flict and its impact. In addition, the Ukrainian govern-
ment could work to provide tax incentives to attract
foreign investors willing to finance repair and restoration
initiatives. These investments will be an important part
of the development of military tourism in the country.
Another important factor is the development of a market-
ing strategy to attract tourists. This requires reaching out
to foreign tourism markets by promoting Ukraine's at-
tractions and benefits to travellers, creating investment
programs that encourage investment in tourism infra-
structure, advertising Ukrainian travel destinations, and
creating programs for state support for tourism service
providers. In the aftermath of the Russian-Ukrainian
war, tourism development will help accelerate Ukraine's
economic and political recovery.
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TypucTuyHa AisyibHicTh y npudpoHTOBUX 30HaX CyMchKOI 001acTi:
npoodJeMu, MOKJIMBOCTI TA MEPCHEKTUBHU

VY cTarTi npencTaBieHO Pe3yabTaTH COLIOJIOTIYHOTO OMUTYBAaHHS MPEICTABHUKIB TYPUCTUYHOI cepu MpuppPOHTOBHUX IPO-
Mazg CyMcbKoi 0011acTi, SIke MPOBOAMIOCS B PAMKaX €CTOHCHKO-YKPaiHChKOTO HAayKOBO-JOCIIAHHIBKOTO MPOEKTY «PO3BUTOK yKpaiH-
CBKUX NMPHU(PPOHTOBUX TpOMaj i TYpUCTHYHOTO Oi3Hecy B yMOBax BifHHM Ta cTparerii Ha MaiiOyTHe» 3a miaTpUMKH EcTOHCBKOTO
JIOCIIITHAIIBKOTO areHTcTBa. COIiOJIOTiYHe OIMTYBAaHHS HPOBOJIIIOCS METOJOM OHJIAH-ONMHMTYBAHHS Ta BKIIIOYAJIO 25 3amHUTaHb
3aKpPHUTOTO Ta BIAKPHUTOTO THITy. Y COIIOJOTIYHOMY ONHTYBaHHI B3suH y4acTb 29 (20,1%) ocib i3 Cymcekoi obmacri, 3 HEX 69 %
PECHOHJIEHTIB NIPOKMBAE B MICBKiH MicieBocTi, a 31% — >xureni cinbebKoi MiciieBocTi. Po3risiHyTa cdepa misnbHOCTI PEeCIIOHACHTIB
TypucTnaHoro 6i3Hecy y CyMchKiit 001acTi: cepes peCOHISHTIB MiCbKOT MiCIIEBOCTI HaiOLIbIIe OYII0 MPEACTaBHHUKIB IPEICTaBHUK
TypUCTHUHOTO Oi3Hecy (Typomeparop, Typarent, @OII Tomo), a cepel OMUTaHUX i3 CLIBCHKOI MICIIEBOCTI MEPEeBaKalu MpeACTaBHU-
KU 3aKJIaJiB TypUCTHYHOI aTpakuii (My3ei, m3HaBalIbHO-A03BUIIEB] 3aKIaH TOLIO).

[IpoananizoBaHo BiAMOBiAi PECTIOHJCHTIB Ha HACTYIHI MUTAHHS: TYPUCTUYHA IiSUTbHICTD A0 BiffHU, TypHCTHYHA TiSUTBHICTH B
YMOBax BilfHH, 3MiHH, III0 BifOYIHUCS B TypH3Mi, IEPCHEKTUBU PO3BUTKY TYPU3MY, 3aTPO3H Ta MOXIIMBOCTI PO3BUTKY TYypPH3MY, IIpO-
OJieMH y TYpUCTHUYHIN cdepi, MepCHeKTHBU PO3BUTKY TYpU3MY, IIepeBard y KiacTepHii criBnpari. OnucaHo TYpUCTHYHUN HOTEHIi-
an Cymcekoi obnacri, skuif Bkirodae 3465 mam’sIToK icTopii Ta KyJlIbTypH, Y T.4. Ha JIep>KaBHOMY OOJIKY — 367 mmaM’sITOK apXiTeKTy-
pH i MicTOoOyyBaHHS, cepel IKUX 5 — HalliOHAJILHOTO 3Ha4eHHs1. [IpoaHasi3oBaHO HayKoOBi ImyOurikanii yKpaiHCBKHX Ta 3aKOPIOHHHX
JIOCIIITHHKIB I0ZI0 PO3BUTKY TYPU3MY B IIOBOEHHHUIT Ta MiCISIBOEHHUH Yac B YKpaiHi.

KumrouoBi ciioBa: mypusm, 6itina, coyionoziune onumysans, npeocmasHuky mypucmuynozo oisuecy, Cymcovka ooaracme.
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MMPOCTOPOBHUM AHAJII3 3ABE3NIEYEHOCTI HACEJIEHHS MICTA XAPKOBA
3AXUCHUMHU CITIOPYJAMU NUBIJIBHOI'O 3AXUCTY

V cratTi OyB NMpoaHasi30BaHUH TEPUTOPIAILHAM acHEeKT PO3NOALTY Ta EMHICHHX XapaKTEPUCTHK 3aXHUCHUX CIIOPYZ LMBLIb-
HOTO 3aXHMCTy M. XapKoBa i3 CIIBCTaBICHHSM HOTo 3 YHCENbHICTIO HasBHOTO HaceneHHs. Ha meprioMy erami Oynma po3paxoBaHa
IIITBHICTh HACENICHHS Y BU3HAYEHHX AUITHKAX B MEXaX MAaKCHMAJIBHO JOIYCTHMOTO PaliyCy AOCTYITHOCTI HAHOIMKIOTO HasBHOTO
yKpuTTs. s MX ke ITUITHOK OyJiM PO3TIITHYTI MPOCTOPOBI OCOOIMBOCTI Micus po3TailyBaHHS (PiBHS CKYMYEHOCTi) i MiCTKOCTL
3aXHCHHUX cropyA. HaocTaHOK KiNbKiCTh HAsBHOTO HaceJeHHS Oyia CIiBBiTHECEHA i3 MICTKICTIO CHOPYX IHMBUIBHOTO 3aXHCTY i3
MIPOBENICHHSM MPOCTOPOBOI KIIACTepH3allii BU3HAYEHUX IUISHOK BiIOBIIHO 11O 3rafaHOTO aTPHOYTY.

Jnst BU3HAUCHHS IUTBHOCTI HACEeNeHHS HAa BU3HAYEHHX AUITHKAaX Ta 3allOBHEHHS IPOTAINH y MEPBUHHUX TaHUX OyB 3acTO-
COBaHMUIl F€OCTATUCTHYHUI METOJ| IUIONIMHHOT IHTEePIOJISLil, BUKOPUCTAHHS SIKOTO BUMAarajo BUKOHAHHS HACTYITHHX IMOCITITOBHUX
npouenyp: Tpancdopmaliis IepBUHHUX AaHUX BIAMOBIJHO IO HOPMAIBLHOTO PO3IMOJiTY, MOOYI0Ba MOJIENi HaliBBapiorpaMu Mmeper-
BOPEHUX MOKa3HHUKIB, arperyBaHHs MOJEINI B MMOBEPXHIO Ta LiNbOBI mojiroHu. [1ix 4ac po3paxyHKy TepHUTOpPiaIbHOTO 3a0e3NeyeHHs
M. XapKoBa 3aXMCHUMHU YKPUTTSIMH YCiX THIIB OyJIM BUKOPUCTaHI: IIap TOYKOBUX 00’ €KTIB 3 IHTEPAaKTHBHOI KapTH BIIKPUTHX JaHUX
XapKiBCHKOTO T€OMOpTay (17151 BU3HAYCHHS MICIIb PO3TAlllyBaHb 1 THITIB 3aXMCHUX CHOPYyX) i iHpopMaIllist 3 caiiTy HEKOMEpPLiHHOTO
mianpueMcTBa XapKiBChKoi o0macHol pagn «L{eHTpy eKcTpeHoi MeAMYHOI IOTIOMOTH Ta MEAWIMHHU KatacTpod» (s akTyamizamii
iH(popMaIii mOA0 MICTKOCTI CXOBHUII Ta MPOTHpaNialliiHUX YKPUTTiB). ISl OLIHKK MipH MPOCTOPOBOI aBTOKOPENSIii MOKa3HUKA
3a0e3MeYeHOCT] XapKiB’sIH MICTKICTIO CIIOpY/] IWBUILHOTO 3aXUCTY HA BU3HAYEHUX ITapIienax OyB BUKOpHcTaHui [ mobansHul iHIEKC
Mopana, KOTpuil moKa3aB BHCOKY CTYIiHb KJacTepu3alil IUITHOK 3a UM mapameTpoM. Ha mizcTaBi TOCTaTHHOTO MO3HTHBHOIO
3HAUSHHS MPOCTOPOBOI aBTOKOPEISILIT 3aJaHOTr0 aTpHOYTY 3a paxyHOK BUKOpHCTaHHs JIokansHOTO iHIeKkcy MopaHna Oyna npoBesieHa
kiacuikallis mapien i3 BUAUICHHSX 11 SITH KJ1aciB 00’ €KTiB: KiacTep BUCOKHX 3HadeHb (HH), kimactep Hu3pkux 3Hauens (LL), Buxuz
y SKOMY BHCOKE 3HaueHHs 0TO4YeHO Hu3bkuMH (HL), BUKHI y sikoMy HU3bKe 3HaueHHs oToueHo Bucokumu (LH) Ta minsnku Ges
03HAaK KJacTepiB (BUKUIB).

HaykoBor0 HOBU3HOIO CTATTi, y MOPIBHSAHHI 13 aHAJIOT1YHIMH 32 CIIOPITHEHOIO TEMATHKOIO, € BHKOPUCTAHHS Ta TpaHc(hopMa-
il TEKCArOHAJTBHOTO [Iapy PO3MOALUTY IILIBHOCTI HAaceleHHs M. XapKoBa BiAMOBITHO O BUMOT JNOCHIKEHHs. Y BHCHOBKAaX, Ha
MiJCTaBl Pe3yNbTaTiB KJIACTEPHOTO aHANI3y W Yepe3 alanTallifo TEeKTOJIOTIYHOro 3aKOHY HalMeHImHX (crmabkoi JaHKW) Min peamii
ChOTOJICHHsI Oyia 3ampoNOHOBaHA KOMIUICKCHA IOCHTIZIOBHA CTpATerisi YCYHEHHs HEIOJiKiB TepUTOpiaJbHOrO 3a0e3ledeHHs] Hace-
NeHHs M. XapKoBa 3aXHCHUMH CIIOPYAaMH LIUBIIBHOTO 3aXHUCTY.

KirouoBi cnoBa: xnacmepnuii ananis, naniesapiozpama, niOWUHHA THMEPNOAAYIA, NPOCMOPOBA ABMOKOPeNaYis, Cnopyou
YUBLILHO20 3aXUCTY, WITLHICMb HACENEHHSL.

Sk nuryBatu: Cerina, K., Yexos, C. (2023). IIpocropoBuii aHaii3 3a0e3eueHOCTi HACETICHHS MicTa XapKoBa 3aXUCHUMHU
cropyzaaMu OUBLIEHOTO 3aXHCTY. Yaconuc COYIaNbHO-eKOHOMIYHOT eeoepaii, 34, 14-26.
https://doi.org/10.26565/2076-1333-2023-34-02

In cites: Sehida, K., Chekhov, S. (2023). Spatial analysis of provision the population of Kharkiv with civil defense facilities.
Human Geography Journal, 34, 14-26 [in Ukrainian]. https://doi.org/10.26565/2076-1333-2023-34-02

IMocranoBka npo6aemu. Bxe apyruii pik sik Tepu- €TBCS HA MIATPUMKY BiHCHKOBO-IIPOMHCIIOBOTO KOMILIE-
Topist YKpaiHu morepnae Bij BilicbKOBOI arpecii Ta 4u He kcy Ta 3CY, npu 1poMy I03a yBaror IOCHTh 4acTo
LIIO/ICHHO BHACHIJOK pakeTHUX OOCTpiiiB i OomOapny- JMIIAETHhCsl npoOiiemMa 3a0e3MeYeHOCTI HACEJICHHS CIO-
BaHb BiOyBaeTbcs pyHHYBaHHS 11 iH(pacTpyKTypH, pyAamu IMBIIBHOTO 3axucTy. OCOOIMBO TrOCTPO LSl KBE-
T'MHYTh BIMICbKOBI Ha MEpeoBiil Ta IIMBIIbHI MEIIKAHI B CTiZ CTOiTh Mt MicTa XapKoBa, SIKE 13 HE3aBHIHOIO
THY KpaiHu. 3HAYHUIA €KOHOMIUYHUH pecypc CIpsSMOBY- MEPIOUYHICTIO CTPAKIAE Bil TOBITPSIHUX YAapiB.

© Ceripa K., Yexos C. 2023
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KommiekcHe mOCITiIKeHHST TePUTOPIaTbHOTO PO3MOILTY
(HasBHICTH YKPHTTIB y pamiyci 500 mMeTpiB), KiNbKiCHUX
(CTIBBITHOMIICHHS KiJBKOCTI JIIOJEH 13 MICTKICTIO HasB-
HUX Y BH3HAYCHOMY paAiyci IOOCTYITHOCTI 3aXHCHHX
cropyn) Ta AKiCHHX (BiAMOBimHICT UX cropyx Jepxa-
BHUM OyJiBEIbHUM HOpMam) XapaKTEpUCTHUK € 37000-
JICHHUM TIMTaHHIM JUIs OiJBIIOCTI XapKiB’siH, BiJ 40T0
MOJICKY/IN MOJXKE 3aJIe)KaTH YHech KUTTs. Came 1i oOcra-
BUHH 3yMOBWJIM Hac C)OKyCyBaTH yBary Ha JOCIIJKEH-
Hi NMUTaHHS 3a0e3Ne4eHOCTi HaceJleHHs MicTa XapKoBa
3aXMCHUMHU CHOPYIAaMH LIMBIJIBHOTO 3aXHUCTY.

AHani3 ocraHHiX JocaiTkeHb 1 myOJikamiii.
Binmpma gacTHHA OCTAaHHIX IOCHTIKEHb TEPUTOPiaTbHOI
opraHizanii CHCTEM CIIOpY[ IMBUIBHOTO 3aXHCTy CTOCY-
Bajacs HAceJICHHX ITyHKTIB, KOTPi pO3TaIlOBaHi y cei-
cMiyHO HeOesmewyHux paiioHax Kwurato, Typeuuumnnu Ta
IHmoHesii W Manmn Ha MeTi KOHKpETHE MNpHKIagHE 3a-
CTOCYBaHHs. 3yCTpiuaroThcsl i MOOAMHOKI Hpalli €Bpo-
MEeHChKUX aBTOPIB, CTOCOBHO TEPUTOPiN y MeXkaxX KiJib-
KOX KBapTalliB, III0 HOCSAThH CKOPILIE CYTO TEOPETUYHUIM
XapakTep, aHDK MNepesik KOHKPETHUX MPOIMO3MLIH Mo
BJOCKOHAJICHHIO HAasBHOI MEpeki 3aXHCHUX CIIOpYI.
JleTanpHHUI OMUC BCiX MpoaHaTi30BaHUX HaMHU POOIT
TIPEACTABIICHUH HIDKYE.

[opiBHAIBEHUI KOpeNAUiiHuN aHami3 reorpadidHOl
(BUKOpHCTaHHS TpaBiTAIlifHOT MOJeNi) i TeOMETPUIHOL
(MeToanM MPOCTOPOBOTO CHHTAKCHCY) AOCTYITHOCTI 3a-
XHCHUX YKPHTTIB paiioHy Yuan M. YxaHp (Kuraif) OyB
JleTanbHO onucanuit y pociipkenni [10]. [ns Bopo-
Ba/DKCHHS BUILE3ralaHuX METOJIB PaliOH JOCIIIKEHHS
6yB moinenuii Ha citky piBHEX KBaapatis (1 kv?), Ha
skifi Oynu 3actocoBani iHcTpymenTtn ArcGIS Near,
Network Analysis OD Cost Matrix Ta J0AaTKOBHI
iarin — Axwoman (IIpocTOpoBuUii cHHTaKcKC). Takox,
Ha NPHKJIaIi TOr0 caMoro paioHy M. YXaHb OyJo Ipo-
BEJICHO H IHIIE IOCTI/KCHHS, J¢ TOKa3aHi IepeBaru
3aCTOCYBaHHS MYJIBTHIUIIKATUBHO 3Ba)XKEHOI Jiarpamu
Boponoro (3 ypaxyBaHHSAM (akTOpiB Oe3MeYHOro
MICIIepO3TalTyBaHHs, KYTiB HAXMIIy CXHITY, OIUTHHOCTI Ta
IIMPUHA HUIAXIB CHOJYYCHHS, THITy YKPHUTTS Ta HOTO
€MHOCTI) HaJl 3BUYAHOIO Jiarpamoro Boponoro (Bpaxo-
BY€ JIMIIE MiHIMaIbHY BiJICTaHb BiJl CXOBHI 10 TOYOK
noruty) [11].

OxkpeMoi yBarm 3aciIyroBy€ IOCHiPKCHHS TIIIoi
JIOCTYITHOCTI YKPUTTIB y CEHCMIYHO HeOe3neuHoMy
M. Anan (Typewyumna), ne Ha Jomady A0 3rajyBaHHX
OIJBLIICTIO JIOCIIJHUKIB (DaKTOPIB BIUIMBY JOMAETHCS
napameTp imrenancy. CKilaJOBUMH MEPEKEBOTO aHAIII3y
ArcGIS B paHOMy BHMNAAKy BHCTYNAlM: LEHTPU —
MOYAaTKOBUH 1 KIHIEBMH NYyHKT NPU3HAYECHHS, OYTH —
MIIIOXiHI MapuIpyTH, BY3JIM —IIepeXpecTs Iopir Ta
iMnenancu — 6ap’epu (IIiA3eMHI Ta HaI3eMHI Iepexoan),
0 30UTBIIYIOTh JTOBXKHHH TYT MapIIpyTy Ta 3MEHIIY-
I0Th PiBEHB JOCTYIHOCTI YKPUTTIB [22].

3acTocyBaHHS TJIOOQIBHOTO  iHAEKCY MopaHa
3HaWILIO CBOE BimoOpakeHus y mpami [20] me mus
M. Cyn’roanp (Kutaif), mo octaHHI IT’ATh POKIB CTpax-
Jla€  BiA  3emueTpyciB, OyiM BHSIBIEHI KJlacTepu
CHIBBITHOIIEHHSI IIUILHOCTI HACENCHHS B OKPEMHUX
KBajlpaTax i3 MICTKICTIO YKPHTTIB. Y HaBeAeHiil cTarTi
[19] 06’exTOM mOCTIIKSHHS BHCTYIana LEHTpaTbHA
yactuHa M. Jlanpwkoy nposinuii ['anscy (Kuraii) it Oyia
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3aCTOCOBaHAa BIOCKOHAJCHA TpaBiTalliiiHa MOIeNmb I0-
CTYITHOCTI yKpPHUTTiB, M0 BpaxoByBaja TpaHUUHY
Bimctanb A0 00’ektiB (500 M, 1000 M a6o 2000 m),
IITBPHICTD HACEJICHHS palOHy, a TaKoXX 3arajbHy YH-
CENIFHICTh Ta €MHICTh 3aXHCHUX CHOPYZA B pamiyci mo-
CTYITHOCTI.

Ha nmpuknani okpyry Li3supuyans (Kuraif) iHcTpYy-
meHTamu ArcGIS Oyna npoanaizoBaHa icHyroua cucTe-
Ma yKpPUTTIB, IpH L[LOMY BpaxoBYBajlach KUIBKICTb TO-
YOK IOMUTY JKUTJIOBUX OyIMHKIB, reorpadidnoi paaiyc
JIOCTYITHOCTI CXOBHIIl Ta I'PAaHUYHUI MOKa3HHUK TEpPEeBH-
meHHA AedinuTy iX eMHOCTI, mo craHoBuB 20 %. bymn
BH3HAYCHI TEPHUTOPiaNbHI IUCIPOIOPIlii HAIBHUX CIIO-
PYA LUBUIBHOTO 3aXHCTY, X HE3aJOBUIBHUH PiBEHb €M-
HOCTI 1 Ha MiJCTaBi BUSBIICHHX HEIOJIKIB Oyma mpen-
CTaBJE€Ha MOJIENb BJIOCKOHAJICHOI CHCTEMH ICHYIOUHX
YKpPHUTTIB BHIIE3rajaHoro okpyry [18].

3acobamu mporpamHoro 3abesmneucHus Matlab, Ha
NPUKIaAl KUTbKOX KBaprtasiB M. bpao (Yexist), OyB mo-
OynoBanwuii rpad, B IKOMY BY3JIU MIPEICTABISIOTH COO0I0
peanbHy CHCTEMY MepexpecTh 1 OynuHKIB, a peOpa —
ICHYIOYY CHCTEMY JOpir. 3a JOMOMOIoI0 Ioro rpady
Oynu BU3HAYCHI HAHOIMBIN ONTUMAJIBHI MICIS eBaKyarlii
mroziel aBro0ycaMM y BHIIAJIKy HEJOCTaTHbOI €MHOCTI
HAWOMMKYMX YKPHUTTIB qaHuX kBaprainis [15].

VY poboti [16] aBTOpamu OyB 3acCTOCOBaHHHA MO-
IU(IKOBAaHUH METOX OLIHKH MPOCTOPOBOi MOCTYITHOCTI
cnopyA IuBUIEHOTO 3axucTy HacermeHHS Ga2SFCA nHa
NpUKIaAl oxHoro 3 paioHiB M. Kynsmin (Kurait). ¥ goc-
KOHAJICHUH METOJ] PO3PaxOBYE PajiyC IOCTYIHOCTI Ha
OCHOBI IIUIBHOCTI HACEJIEHHs Ta MICTKOCTI YKPHUTTIB 1 €
OiNIbII HAYKOBUM Ta PEANIICTUYHUM TOPIBHSHO 3 (ikco-
BaHMM  DajiycOM IMOUIYKYy TpPaAMULIHHOTO METOxy
Ga2SFCA. TlobynoBana Ha #oro miactaBi MoOEb
po3moxiny YKpuTTiB M. KyHBMIH BpaxoBye HE TiJIbKU
MOKa3HHUKY HIUTFHOCTI HACENEHHS Ta €EMHOCTI HaHONIIK-
YUX YKPHUTTIB, aje TaKOXX W TpUpomHi (KyTH HaXWIy
MICIICBOCTI) Ta comianbHi ¢akTopu (Tpadik). 3acrocy-
BaHHS 3aco0iB mpocTtopoBoro aHamizy ArcGIS mms mo-
OyZIOBH ONTHUMAaNbHOI MEpeXi YKPHTTIB HAaCEJICHHSI M.
Croitwkoy (Kurait) Oyno mpeacraBiieHO y JOCTiHKEeHHI
[23].

OriHka TPOCTOPOBOI JTOCTYITHOCTI CHOPY/ IUB1JIb-
Horo 3axucTty M. TsHbIRiEE (KuTail), Ha mincTasi mone-
JIIOBaHHS TIPOIIECY €BaKyallii HacelleHHs, OyJia OTHCcaHa
y crarTi [8], Ae mpu po3paxyHKax MOKa3HUKA IIIIBHOCTI
HaceJICHHS NpUITycKajacs NpsiMa KOpeJslis KiTbKOCTI
HaceJICHHS Y OKPEMOMY OKpY3i i3 IIIOIIEI0 Ta IOBEp-
XOBICTIO OyaiBenb, sIKI Ha HBOMY po3ramoBaHi (0e3
ypaxyBaHHA IX (yHKLIiIOHaJIBHOTO NpHu3Ha4deHHs). Ha
MPUKIIAMI TOTO X M. TSHBI3iHB, IS MiIPaxXyHKY MOKa3-
HUKIB TPOCTOPOBOi JIOCTYIIHOCTI CHCTEMH YKpPHTTIB,
Oynmu Bukopuctani metomu A-2SFCA ta FC2SFCA
3aBISIKA 9OMY OyJM BUSBJICHHI TpOTanvHU y 3abe3rme-
YeHHI HACeJIEHHs MiCTa 3aXMCHUMH criopyaamu [9].

VYV nochimkenni [17] Gymo mpoaeMOHCTPOBAHO, SIK
Ha TmigctaBi iH(opMamii CTOCOBHO (YHKIIIOHAIBHOTO
NPU3HAYCHHS IOJIrOHAIBHUX OO’€KTIB 3 BIJAKPUTOTO
MPOEKTY reonpocTopoBux aaHux «OpenStreetMap» Ta
JIAaHUX CTaTHUCTUYHOTrO ynpasiiHHs M. Jlenok (IHmonesis)
MOXHA CIOYaTKy pO3paxyBaTH KUIBKICTH JIFOJEH, M0
MPOKUBAIOTh B OKpeMUX OyIMHKaX, a MOTIM Bi3yalbHO
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BiOOpa3WTH TIUIBHICTh HACEJCHHS BHINE3TaJaHoOTo
MICTa y BHTJIAZI CITKH PIBHHUX KBaJpaTiB, KOXKEH 3 SKUX
Ma€ CBilf, yHIKaIbHUH MOKa3HUK. CyTTEBHM HEIOJIIKOM B
JTAHOMY BUINAIKY BHCTYNA€ YITYIIEHHS B PO3paXxyHKax
MTOBEPXOBOCTI IUX OYIMHKIB.

Bunisienns HeBupilmeHux paninie yacTuH. Ik Mu
mobaumnm 31 crateit [8, 17] omHuM i3 CmOCOOIB OTpH-
MaHHSl CTaTUCTUYHOI iH(opMamlii Mo AeTajbHINA LIiIb-
HOCTI MiCBKOTO HaceJeHH (32 YMOBH BIJICYTHOCTI IaHUX
JIep)KaBHUX CTaTUCTUYHUX CIYXkO0) € arperamis JaHHX
CTOCOBHO IUIONI, (hYHKIIOHAJIPHOTO MPU3HAYCHHS Ta
MOBEPXOBOCTI MICBhKOi 3a0ylOBH 3 BIIPUTHX JDKEpe
(OSM) Ta monmanpuIvii po3paxyHOK KUTBKOCTI HAaCEJICHHS
Ha BU3HAYCHHUX HEBEIMKHUX JUISTHKAX Ha MifcTaBi 3icTas-
JICHHSA OTPUMaHO]1 iH(opMarlii 3 HOpafOHHOO IIUTBHICTIO
HACENIEeHUX MyHKTIB. {711 OTpUMaHHS NOCTOBIpHHX pe-
3yJIbTaTiB O0OB’SI3KOBOIO YMOBOIO € BpaxyBaHHS, K
MMOBEPXOBOCTI, TaK 1 (PYHKIIOHAIEHOTO TPU3HAYCHHS
HasIBHUX OYyiBEIb.

Jdns M. XapkoBa BUpaxyBaHHsS JeTalli30BaHOI
LIJIBHOCTI HaceleHHs 3a naHumu 3 OSM e HeMoxxIu-
BUM, OCKUIBKH HAasIBHOIO € JHIIe iH(OpMAIls IIoao0
(YHKIIOHAJIBHOTO NMPU3HAYCHHS OYAMHKIB 0€3 BKa3aHHS
ix moBepxoBocTi. B nmonarok mo mporo, 'onoBHE ympas-
JMHHSA CTAaTHCTUKH y XapKiBCBKifi OONacTi He Hamae
aKTyaJbHOI Ta JOCTOBIpHOI IOpaiioHHOI iH(MopMarii
YHCENBHOCTI HaceJIeHHs M. XapkoBa. [lo Toro xk, 3HauHa
YacTHHA MEIIKAHI[IB MiCTa BUMYIICHO MirpyBajia y 0e3-
MEYHINI PETiOHW KpaiHW, YM 3aKOPJOH HE 3MIHIOIOYH
IPU [OMY CBOTO OQIUiHHOrO MICIs MPOXKUBaHHS, IO
NPU3BOJUTL /IO CIOTBOPeHHs o¢iniiHoi iHpopmarii
CTATUCTHYHOI CITY>KOH.

BigkpuTuM NHUTaHHAM € TaKOX HEBH3HAYCHICTh
€MHOCTI OLTBIIOCTI CIIOPY/]T IIMBIJIBHOIO 3aXUCTY M. Xap-
KOBa, 3 YUM HE CTHKAJIMCS JOCIIIHUKA JaHOI TeMaTHKU
B IHIMX MICTaXx, TOMY pO3pPaxyHOK iX TpaHH4HOL
BMICTHUMOCTI Ta TEPUTOPIalIbHOTO PiBHS 3a0€3MEUCHOCTI
HaceJeHHsS HOCUTh YMOBHHMH XapakTep.

MeTo10 cTATTi € BUSHAYEHHS PiBHS TEPUTOPIAIBHOT
3a0e3MeueHocTi 3aXMCHUMH CHOPYJaMH  IMBIJIBHOTO
3aXHUCTy HaceleHHs Micrta XapkoBa. [yt JocsTHEHHS
ITOCTaBJIEHOI METH HEOOXITHUM € BUKOHAHHS HACTYITHHX
3a60anb: PO3MOAIT TEpPHUTOpii MicTa Ha PIBHI IUISTHKH
BIIMOBIZTHO 70 HOPMOBAHOTO, MaKCHUMAJILHOTO JI03BOJIE-
HOTO pajiycy HasBHOCTI HAWOJIMXYOTO YKPUTTS; BU3HA-
YeHHsI KiJIBKOCTI HACeJIeHHs, 10 TepeOyBae Ha BHO-
KpEeMJIEHHX TMaplesiax MicTa B KOHKPETHHH MOMEHT
Yacy; MiIpaxyHOK AeMorpadiyHOro HaBaHTaKCHHS Ha
OUX Tapueiax y BUTJLIAI CHIBBIIHOIICHHS KUTBKOCTI
MICTSIH 10 TPaHMYHOT EMHOCTI CIIOPY/ IMBUILHOTO 3aXH-
CTYy Yy paaiyci iX JOCTYIIHOCTi; Ha MiJCTaBi NMOKa3HHMKa
JieMorpaiqyHOro HaBAaHTAKEHHS Ha 3aXHCHI CIOpPYIH
MiCTa, MPOBEJCHHS I'PYIYBaHHS BH3HAYEHHUX Mapuen i3
BHSIBJICHHSM HaWOUTBII He3a0e3MeYeHnX TUISTHOK MicTa.

Pe3yabTaT aociaigkeHHs. JlJis OTpUMaHHS aKTy-
aJpHOI 1 eTaiizoBaHoi iHGopMarii Mo NIIBHOCTI Hace-
JIeHHS M. XapkoBa HaMu OyB BHUKOpPHUCTaHWM HaOip ma-
HUX 3 [4] TpencTaBieHUH NMPaBUIBHAMH IIIECTUKYTHH-
KamH (rekcaronamu) 3i croponamu no 0,5 kM Ta mioma-
mu — 0,67 km?. KoxkeH rexcarod Mae cBiif yHiKaIbHHi
MOKa3HUK YMCEJIBHOCTI HassBHOTO HACEJIEHHS 3 TOYHICTIO
JI0 OZIHIEIO JMIOJUHU. PO3paxyHKH 4HCETbHOCTI HACEIeH-
HS B T€KcaroHax 3acHOBaHi Ha ['oOanpHOMY mapi Hace-
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nenux nyHkTiB (GHSL). Jlani GHSL HakmamaroThcs Ha
inpopmamiro npo HacemeHHs Facebook (HRSL), sxmro
BOHa € jaocTymHoro. OKpiM IbOTO, IS TIiABUIICHHS
TOYHOCTI PO3MOIUTY HAsSBHOTO HACEICHHS BHKOPHCTO-
ByloThcs:  Microsoft  Building  Footprint, Land
Information New Zealand Ta Copernicus Global Land
Service [4].

Bukopucranuii Hamu HaOip naHuX, natoBanuit 30
yepBHs1 2022 poOKy, e He BTPATHB CBOEI aKTYaJIbHOCTI,
ajpke OyB OTpHMaHM{ TIiCJIS TOYaTKy BiCHKOBOTO
BTOPTHEHHs, sike TpuBae noremep. Lli nmani, pasom i3
o0acTio ToCiiKeHHs, Oynu mpeacraBiieHi Ha (puc. 1).
I sx1o A1 YMCIeHHUX 3apyOiKHUX ITyOTiKatii oorpyH-
TyBaHHA HEOOXiTHOCTI JOCTiMKeHHS Oa3yBajocsi Ha
po3TanryBaHHi 00’€KTiB BHBUCHHS B MEXax CeHCMOAaK-
tuBHEX 30H [9, 16, 18, 20, 22, 23], To ans M. XapkoBa
TaKAM TIPUBOJOM CTajia BilickKOBa arpecis 3 6oky Pocii
Ta ONMU3BKICTH, SIK A0 11 Aep>KaBHOTO KOPIOHY, TaK 1 II0
30HU BEJACHHS aKTUBHUX OOMOBUX Miil.

HasBHicTh mnporanuH B ngaHux (Cipi 30HH) Ta
HEBIMOBIHICT PO3MIPIB TEKCArOHIB MaKCHMAJIbHO
JIOMTYCTUMOMY pajiiycy 300py HAceJCHHS, 10 MiAJsrae
ykputTio (10 500 M) [1], 0OyMOBUIN HEOOXIAHICTH BH-
KopucTaHHSA 3aco0iB ArcGIS mma inTepmomsmii Bix-
CYTHIX TIOKa3HHKIB Ta pO3MONULY TepUTOpil MicTa
BiJIIIOBIZTHO 10 BU3HAYCHUX CTaHIAPTIB YKpaiHu y cdepi
IUBUIBHOTO 3aXHUCTY.

OCKiNBKY TIepBHHHI JaHI MPEICTaBICHI y BUIIIAIL
TeKCaroHiB MOXKJIMBUM € BUKOPHCTaHHS JIMIIE I€0CTaTH-
CTMYHOTO METOJy IJIOIIMHHOI IHTepIosiiii, B OCHOBI
SKOTO JIEKUTh TEOpis KPUTIHTY, IO 3aCTOCOBYETHCS
IIOJI0 JaHUX, YCePEIHEHHX a00 arperoBaHux Mo MOJIro-
Hax. [lys BCIX TOYOK, IO JIe)KaTh yCepeAnH] IUX IMOoJIi-
TOHIB 1 MDDK HUMH, MOXYTh OyTH OOYMCIICHI 3HAUEHHS
iHTeproJsLii Ta IX CepeIHbOKBAaAPATHYHI TOMMIIKH, a
MOTIM IIi 3Ha4YEeHHS (Pa3oM 3 TOMWIIKAMH) MOXKYTh OyTH
MOBTOPHO arperoBaHi B HOBHMH Habip mouiroHis [23]
(HE0OXiTHOTO HAM PO3MIpY, BIAMOBIAHO O AOMYCTHMO-
ro pamiycy 30opy HaceneHHs). [Ipomec MOBTOpPHOTO
arperyBaHHS JaHUX CKJIQIAETHCS 3 JBOX €TalliB: CIOYaT-
Ky Ha OCHOBI I'eKCaroHiB 3 IMOYaTKOBUMHM ITOKa3HHKAMH
YHCENLHOCTI HACEJICHHS CTBOPIOETHCSI MOBEPXHS 3HA-
YeHb IHTEPIONAIIl, TOTIM I MOBEPXHS IHTEPHOIAMIi
MiATA€ETECSA OBTOPHOMY arperyBaHHIO B IIJIBOBI ITOJi-
rour. CTBOpEHHS Takoi MOBEPXHi MOTpedye 3acTOCyBaH-
HsI MeTOIiB Bapiorpadii [23].

SIK 1 BCi METOJIM KPHTIHTY, IUTOIIMHHA IHTEPITOJISLIIS
Ma€ Kijgbka OOMEKeHb, SIKi MEepelIKoKaoTh Mo0ymI0Bi
KOpeKTHOI Mojieni naHuX. Ilepiie oOMexeHHsT — BeslMKa
pi3HMIA Y po3Mipax mosiroHiB. OCKIIBKH BCi HaIli TeK-
CaroHN MaroTh OJHAKOBUI pO3MIp, TO 116 OOMEXEHHs
Hac He JiMitye. /Ipyre oOMeXeHHsI — HeCcTallloHAPHICTh
naHux. JJIs TUTONIMHHOT iHTepIoJIALii 11e € mpobiaemMoro,
OCKIJIbKH, 32 YMOBHU CTAI[iOHApHOCTI, IIJILHICTH Hace-
JICHHS TIOBMHHA 3MiHIOBATHCS HA MiCIIEBOCTI PIBHOMIPHO
— HE MMOBHHHO OYTH I'€KCAaroHiB 3 BKpai BUCOKOIO IIiThb-
HOCTi HACEJICHHS TOpPsJ i3 TeKCaroHaMH HU3bKOI IIiTh-
HocrTi [23].

Po3noain nepBUHHMX JaHWX LIUIBHOCTI HACEJICHHS
HE BIJMOBIIa€ YMOBaM CTalliOHAPHOCTI (Jiana3oH HA0O-
Py JaHMX KoJMBaeThes y Mexax Bix 1 go 7500 oci6 Ha
OJIHY JAUISHKY), TOMY BiH OyB TpaHC()OPMOBaHUI METO-
JoMm OikBagpaTHOro KopeHs [21], B pe3ynbTari 4oro Mu



ISSN 2076-1333 Yaconuc couiajibHO-eKOHOMIYHOI reorpadii, 2023, Bunyck 34

36°5'0"E 36°10'0"E 36°15'0"E 36°20'0"E 36°250"E 36°30'0"E
[l | [ 1

thpKl&CbKll KOPIOHH TA MEKI MLTBHICTh HACEJEHHSA (oci6 na 1 rexcaron)
i Mo micTa [— [ N B — | =
oonacny 1cm =40 km - faKi BincyTHi  vewwe 730 1500 3000 4500 6000 Oibwe 1em=2km

T T T T T
36°5'0"E 36°10'0"E 36°15'0"E 36°20'0"E 36°25'0"E

Puc. 1. Obnacmo 0ocniorycenns ma nepeunui 0ani po3noodiny nacenenns (nooyoosano 3a [4])
Fig. 1. Study area and initial data on population distribution (based on [4])
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Puc. 2. Ticmozpamu nepeunHUX ma nepemeopenux NOKa3HukKie (nooyoosarno sa [4])
Fig. 2. Histograms of the primary and transformed values (based on [4])
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OTPUMAJH JOITyCTUMi 3HAYEHHs [iama3oHy Habopy na-
HUX, IO € HAaONMKEHUMH 0 HOPMAJIBHOTO PO3MOILTY
(puc. 2).

Ha mactynmaOMy erami TpaHcopMOBaHI IUIONTHHHI
MTOKAa3HUKH YHCEIHHOCTI HACENCHHS Oyl BUKOPHCTAHHI
Hamu Juis oOyJOBM KOPEKTHOI MOAeNi HariBBapiorpa-
mu. Kpurepiem npaBunbHO — minmiOpaHoi — Mogaeni
HamiBBapiorpaMy € MOTPAIUIIHHA OUIBIIOCTI eMIipHy-
HUX Bapianiii (CHMHI XPECTHKH) Yy IOBIpYi IHTEpBaIH
(yepBOHI BepTHKaNBHI JiHII), NpH YOMYy KpHBa
HamiBBapiorpamu (cuHS JiHIZ Ha rpadiky) He
000B’3KOBO Ma€ TOTPAIUIATH Yy A0Bipui iHTepBamm [23].
HaiiOinpIn peneBaHTHUMY ISl HALLIOTO BUIAJAKY BUSBH-
JUCST HACTYIHI MapaMeTpu HamiBBapiorpamu (puc. 3):

Semivariogram

v

I8
ol

0.525

KibKicTh JariB (Number of Lags) — 12; noBxwuHa naris
(Lag Size) — 1200; intepsan pemritku (Lattice Spacing) —
600; TeopeTHdHA MOJIENb HAITiBBAPiOTpaMU — €KCIIOHEH-
miameHa (Exponential), mo Bu3HadaeThesa 3a GOPMYIIO0
[13]:

(R z{c0+c(1—exp (?h)),h>0 1)

0, h=0

ne ¢, (nugget variance) — edext camoposka, ¢ (Structural
variance) — cTpykrypHa Bapiauisi, h (distance) — noBxu-
Ha Jyara, a (range) — e(eKTHBHUH paaiyc Kopeusiii
(BigcraHs, Ha sIKill iCHYE 3aJ€XKHICTh TaHuX), ¢ + ¢ (Sill
variance) — mopir Bapiarii (11aTo).

General Properties

Output Surface Type |Prediction M

Lattice Spacing |600

Function Type |Semivariogram v

Lag Size 1200

Number of Lags |12

Model Exponential -

Major Range |14134.332932426732 ./
Anisotropy |False M

Partial Sill |6.057742033382434 ./

0 0131 0262 0393 0524 0655 0785

== Model < Averaged +— Confidence Intervals

Model : 6.0577*Exponential(14134)

1.309 144
Distance (10% Meter’

Puc. 3. Mooenv nanissapiozpamu nepemeopenux nOKazHuKie (nobyodosano 3a [4])
Fig. 3. The model of the semivariogram of the transformed indicators (based on [4])

Bci emmipuuni Bapiarii Ha puc. 3 3HaAXOIATBCS Y
MeXax JOBIpYMX IHTEpBalliB, IIO0 BKa3ye Ha BIPHO
migiopany MoJenb, ska A00pe BiAMOBiZaE gaHUM i
OJIepKaHUM pe3yiabTaTaM MOKHa HOBipsITH. OTpuMaHy
MOJIeNIb HaliBBapiorpaMM MW BHKOPHCTAIW Ui 1HTEp-
MOJIAII] B MMOBEPXHIO Ta arperyBaid ii y CiTKy KBaapaTiB
(fishnet) BiamoBigHo 10 [1] Takum umHOM, 11006 pajiyc
BITMCAHMX B Il KBaJIpaTH KiJl OyB B MeXax MaKCUMaJbHO
NPUAHATHOTO pajaiycy 300py HacedeHHs (CTOpOHH
HaIMX KBajpaTiB jgopiBHIOOTE 830 M, panmiycu Bmmca-
HUX Kin — 415 m). 3arangpHa KiNbKiCTh OTPUMAaHHX ALNS-
HOK — 582 onmmuwmi, 3 HEX UuWMX KBajgpaTie — 413. 3a-
rajbHa YUCENBHICTh HACENeHHS MicTa MicCNsA iHTEepIo-
Juii B OiyibOBI moJiiroHu craHoButTh 1477 594 ocobu
(3araibHa YHCENBHICTH HACEJCHHS MEPBUHHUX MaHUX —
1 475 837 oci6). PesynbraTi arperyBaHHs BimoOpakeHi
nrwkue (puc. 4).

ITepexpecHa mepeBipka NMUIAXOM BHIAJICHHS OJIHOL
napueiad 3 Habopy JaHWX 1 BUKOPHUCTaHHS NaHUX, IO
JIMILIMIIMCS, JJIsI IPOTHO3YBAHHS KUIBKOCTI 0ci0 y TiH,
KOTpa Oyna BUIaJCHA, BUSBUIA BIIMOBIIHICTh PO3IOIi-
JIy IHTEpPIIOJIbOBAHUX MTOKA3HUKIB TPEHJaM OIOPHOT JIiHIT
Ta JiHIl perpecii. ArperyBaHHs IHTEPIIOJILOBAHOI MO-
BEPXHI B TEKCarOHM NEPBUHHHUX [aHMX II0Ka3alo ToO-

18

TOXKHICTP BIJJOMUX TIOKa3HUKIB YHCENHEHOCTI HACEICHHS
[4] npemukTBHEM. 3HAaYEeHHS CEpEAHBOKBAIPATHYHOL
HOPMOBaHOI NOMMJIKH € OJIM3pKHM 110 1, Tpu IbOMY
MOKa3HUK CEePeJHbOKBAPATHYHOI MIOMUIIKH MIPOTHO3Y €
MEHIIINM BiJl HOPMOBAHOTO, TOX PE3YyJNbTATH iHTEPIIO-
JAII1 B HTBOBI MOJITOHM € JocToBipHIMH. OKpeMo CItif
3a3HAYMTH, IO IHTEPHOJAIis 3a [4] Kpamie BiamoBimae
METi Ta 3aBAaHHSAM JOCIHIIKEHHS, OCKUIBKH Ha BiJMIHY
BiJl IJaHMX TIEpEeIcy HaceNeHHs AEp>KaBHOI CTaTHCTHY-
HOI CITy’KOH, CITMpaeThCcs HE Ha 3aIMCH, 100 oQimiiHO
3apeecTPOBAHOTO MicCUsl IPOXKMBAaHHS, a Ha NMOKAa3HUKH
wiatdopmu ananizy 3o6paxxens GHSL (3 3acrocysan-
HSM Ha0Opy JaTYMKiB, BKIFOYAIOYHM pajapHi Ta ONTHYHI
[4]). Takum YHHOM MM OTPHMAITH HE «HIYHHIY PO3ITOILIT
HaceJIeHHs M. XapKoBa (3a MiCIieM peecTpartii ocodn), a
peaNbHy KapTHHY TEPUTOPIabHOI PO30CEPEIKEHOCTI
MICTSIH TIPOTATOM JTHSL.

3rimgno i3 1. 1, 2 c1. 32 akryanbHoi penakmii Komek-
Cy LMBLIBHOTO 3aXUcTy YKpainu [2] mo 3aXucHHX cro-
Py LUBIUIBHOTO 3aXHCTy HANEXaTh: 1) cxoBuima; 2)
NpoTUpajialiiHi YKpUTTS; 3) CHOpyOM MOJBiiHOTO
npu3Ha4YeHHs; 4) MBUIKOCIOPYUKYBaHI 3aXHCHI COPY-
Il LMBUIBHOTO 3aXUCTy Ta 5) HaWIpOCTIIi YKPHUTTS
(1okonpHI 200 TiABaNbHI MpUMiNIieHHs). 3a iHdGopmarri-
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eto [6,7] Ha Tepuropii M. XapkoBa posramoBaHo 2104
OJIMHHUII] 38XUCHUX CMIOPY/ UBIIBHOTO 3aXUCTY, 3 HUX:
1) cxosumr — 146 (cymapha Mictkicte — 61158
0cib);
2) mpoTrHpamiamiiHux yKpuTTiB — 17 (cymapHa Mi-
cTKicts — 3014 ocib);

3) cnopyn mogmsiiiHoro mpusHadeHus — 202 (me-
pembadyBaHa pO3paxyHKOBa CyMapHa MICTKICTb —
238764 ocobn);

4) maiinpocTimmx yKputTiB — 1739 (mepenbauysa-
Ha PO3paxyHKOBa CyMapHa MiCTKicTb — 685166 ocif).

IHTEPHOJISAIIIA B TIOBEPXHIO

IHTEPHIOJIAIIA B HIJILOBI ITOJIIIT'OHU
N

A

IMIVIBHICTb HACEJIEHHSI IIJIBHICTb HACEJIEHHSI
(ocid y OikBagpaTHOMY KOpeHi) (0cid na 1 kBaapar)
[ B [ I I I I I [
1 303 456 572 659 726 776 8.14 842 880 93 0 68 226 547 1181 3347 4239 4910 5506 7088
KOPJIOHU TA MEXKI KOPIOHHU TA MEXKI
[ mexi micTa 1 cm=3Kkm [ wexi micta 1cm=3Km
Puc. 4. Azpezysannsa mooeni nanigeapiozpamu ¢ n08epxXHIO Ma Yinboei NOai2oHU
Fig. 4. Aggregation of the semivariogram model into surface and target polygons
Sk MU MOKEMO MO0aYHTH, CyMapHa MICTKICTh CITIO- 5. JlepkaBHe  HAayKOBO-BUPOOHHYE  IMiIIPHUEMCTBO

Py IMBUIBEHOTO 3axucTy M. Xapkosa (988102 ocobu) He

BIAIIOBiZa€ KUIBKOCTI HasBHUX MeEUIKaHIIB. TOYKOBE

PO3MIIIEHHSI Ta MICTKICTh LIMX CIIOPYA Ha BH3HAUYEHHX

JIUITHKaxX paJilycy AOCTYITHOCTI MPe/CTaBIIeH] Ha puc. 5.
Bapto 3ayBaxkuru, mo 2104 oxuHUIN CIOPYHR IHBi-

JBHOTO 3axucTy mpencraBieHi 2042  TOYKOBHMH

o0’exramu. lle moB’s3aHO i3 poO3TallyBaHHAM JABOX 1

Oinmple cxoBHII a00 MPOTUPAMIALIMHUX YKPHUTTIB Ha

TEpUTOPii BEIUKUX IMPOMHUCIOBHX IiIIPUEMCTB MiCTa,

10 MPEICTABICHI OJHINM TOYKOBHAM 00’€KTOM Ha KapToO-

cxemi 3miBa (puc. 5). [IpOMHUCIOBUMH MTiAIPHEMCTBAMH

i3 HaKWOIIBIIO MICTKICTIO 3aXHCHHUX CIOPYH LUBLIBHO-

T'O 3aXHCTY HACEJIECHHS Ha TepUTOPii M. XapKoBa €:

1. TlpuBaTHe akKLiOHEpHE TOBApHCTBO «XapKiBCHKUI
TpakTOpHUIt 3aBo» — 13 cxoBui Ta 7 mpoTupajia-
LifHUX YKPUTTIB (3arasibHa MicTkicTb 14016 ocib);

2. JlepxaBHe mianpueMctBo «3aBox imeni B.O. Ma-
mumesay — 13 cxoBuin (3araiibHa MICTKICTE 5124
ocobmn);

3. AkiioHepHe TOBapHCTBO «YKpalHChKI €HepreTH4Hi
MamuH» — 3 cXoBWIIa (3aragbHa MicTKicTh 4018
oci0);

4. JlepxaBHe migNIpHUEMCTBO «3aBox EnexTpoBakmar»
— 5 cxoBunl Ta 4 mpoTHpamialiiiHi YKPHTTS (3arajb-
Ha MicTKicTh 3525 0cib);
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«006’eqnanns KomyHap» — 4 cxoBuina (3araiabHa
MicTkicTh 2990 ocib);
6. JlepxaBHe miampueMcTBO «3aBox Pamiopeme» — 1
cxoBue (MicTkictsb 2200 0cib);
7. IlyOmiune aknionepue toBapuctBo «ABTPAMAT
— 1 cxoBume (mictkicts 1200 oci0);
8. ToBapucTBO 3 0OMEKEHOIO BiAMOBiNANBHICTIO «EJI-
TI3» — 1 exoBumie (MicTkicTs 1200 oci0).
9. [TlpuBaTHE aKIiOHEPHE TOBAPHCTBO «XapPKiBCHKHI
MIAMUITHAKOBUH 3aBOI» — 2 CXOBHIIA Ta 4 MPOTH-
panianiiiHi ykputTs (3aranpha Mictkicts 1070 ocib);
JlepxaBHE MANPUEMCTBO «XapKiBChKHUN MAIIHHO-
OyniBuwuii 3aBox OEJ[» — 6 cxoBuin (3arajibHa MiCT-
kicte 1000 ocid) [6].
CepenHsi €MHICTh BCIX CXOBHII Ta IPOTHpPAJiallii-
HHUX YKPHUTTiB M. XapkoBa CTaHOBHTb 394 ocobu [6].
Ockinbku o¢iniiHa iH(oOpMaNLis CTOCOBHO MICTKOCTI
CHOPYZA TMOJABIMHOTO MPHU3HAYCHHS Ta HANMIPOCTIIINX
YKPUTTIB BIJICYTHS, U IiAPaxyHKY YMOBHOT'O pPiBHA
3a20e3MedeHOCT] MICTSH 3aXHCHUMH CIIOPYAaMH ITUBLIb-
HOTO 3axHCTy, €MHICTb OJHI€] OTWHHIII HAWIPOCTIIINX
YKpUTTIB (IIOKOJIBHI a00 MiABajNbHI MPHUMIMICHHSA) MU
BU3HAUMJIM SIK CEpeAHid IOKa3sHWK €MHOCTI BiJOMHUX
CXOBHII Ta MPOTHPAMIANiHHAX YKPUTTIB, & €MHICTh OJI-
Hi€l OMHMIII CTIOPY[T MTOABIHHOTO MPU3HAYCHHS (CTaHMI{

10.
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METPO Ta MiJA3eMHI TepeXoau) — sIK TPU BHINE3TaJaHi
CepelHi IMOKa3HUKHU. BiICyTHICTh MOKa3HUKIB €MHOCTI
3raJlaHuX THIIB 3aXMCHUX CIIOPYX CBIAYUTH MPO HEOO-
XITHICTD TIPOBEACHHS iX KOMIUIEKCHOI iHBEHTapHu3allii i3

BH3HAUEHHSAM  IXHBOT  BINMOBIAHOCTI  Jep)KaBHUM
OyaiBeTsHIM HOpMaM, PiBHS AOCTYIHOCTI Ta BiAIOBIIHO
TPaHUYHOI MICTKOCTI.

MICIS PO3TAIIYBAHHSA CIIOPY/l HUBIJIBHOTI'O 3AXHCTY

TEPHUTOPIAJILHUI PO3MIO/ILJI YKPUTTIB BCIX TUITIB
(KOHIEHTPAaLis TOYOK)

6isbll po3ocepekeHa
KOPJIOHHN TA MEXKI

D MeXi MicTa

OlnbLI 1IITbHA

1cem=3Kkm

€MHICHHIT PO3MOALI CIIOPY HUBLILHOI'O 3AXHCTY

KIUIBKICTb MICUb B 3AXHCHHUX CIIOPYJIAX BCIX THITIB
(oquHHIB HA 1 KBaapar)

[ [ l [
BIJICYTHI | 500 1500 3000 4500 6000 Oinblue
KOPIOHM TA MEXI

E MeKi MicTa 1 cem=3Kkm

Puc. 5. Pisenb ckynuenocmi ma micmkocmi 3axucHux cnopyo m. Xapxoea (nobyoosano 3a [6,7])
Fig. 5. Level of overcrowding and capacity of the protective structures in Kharkiv (based on [6,7])

Buxons4u i3 mpaBoi kapTocXxeMH Ha puc. 5 (HaBiTh
0e3 cIiBCTaBJICHHS 13 HasBHOIO YHCETbHICTIO HACEIICHH)
MOXHa IT00AYNTH 3HAYHI MPOTAIMHN Y TEPUTOPIaATEHOMY
PO3MOJTI MICTKOCTI 3aXMCHUX YKPHUTTIB M. XapKoBa,
tak 360 3 BU3HAYEHUX HamM 582 NUISHOK B3arajii He
3abe3nedeHi )KOIHUM 13 HasBHUX THUIIB 3aXHCHHX CIIO-
pya 1wmBUTBHOTO 3axucTy. Haibinmpm TepuTOpiabHO
GJIaronoIy9HUMH y 1IboMY IUTaHi € CanTiBChKHHA paiioH
(mepeBaKHO 3a pPaxyHOK HAWMPOCTININX YKPUTTIB) Ta
LEHTpaJIbHa YacTHHA M. XapKOBa.

Ha nactynmHOMYy erami, Ipy BU3Ha4YEeHHI TepUTOpia-
JHHUX OCOOJMBOCTEH 3a0€3IeYeHOCTI HACENeHHS M.
XapkoBa crHopylamMy IHMBUIBHOTO 3aXHCTy HaMu OyB
BUKOPHUCTaHUI IHCTPYMEHT, IO BUMIPIOE IMPOCTOPOBY
aBTokopemsamito (I'mobanpanii iHmEeKC Mopana), 3acHO-
BaHy OJIHOYACHO Ha PO3TALIyBaHHI BH3HAYEHHX HAMH
582 mapuen Ta iIXHIX 3HaYEHHSX 00 HAsSBHOCTI (HAH-
UKy abo HecTadi) Micllb B YKPHTTSAX IMBUIFHOTO 3a-
XHCTy BCIX THIIB y MOPIBHSAHHI 13 MIHCHOIO KiIBKICTIO
MICTSIH Ha MHUX AUITHKAaX. BUXoasau i3 3aIponoHOBaHO-
ro Habopy OO0’€KTIB 1 3 ypaxyBaHHSAM BXXE€ 3raJlaHuX
HaMu aTpuOyTiB, IHCTPYMEHT NPOCTOPOBOI aBTOKOPEJIs-
uil ouiHuB cTymiHp ix Kiactepusauii [14]. TIpoctoposi
BiJTHOIICHHS M JISHKaMU OyJId BHU3HAUCHI 110 CIILIb-
HUM peOpam Ta KyTam (IIOJIIFOHHM, IO MAlOTh CIIbHE
pebpo abo KyT, BKJIIOYAIOTh Y PO3PaXyHOK /IS LIJIbOBO-
ro momirona). Ilapamerp cranmapruzamii psaiB He OyB
BpaxOBaHUII B MiIpaxyHKaXx.
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['mobaneHUIl 1HAEKC MPOCTOPOBOI ABTOKOPEIISIIIi

OyB po3paxoBaHWil 3a (popMymamu, IO IPEACTABICHI
umkye [14]:

n Zitq Xjo1 WijziZj

s, 2 2

0 i )
Je z; — BixxwieHHs aTpuOyTa Juisi o0’ekTa | Bin Horo
CepeHbOTO 3HAUCHHH,
(x; — X), w;; — mpocTopoBa Bara Mix 00’ekTamu i ma j,
N — 3arajbHa KiJbKICTh 00 €KTIB,
S¢ — CYKYITHICTB BCiX IIPOCTOPOBHX Bar:

n
i=1%

So = 2ix1 Z}lﬂ Wi (3)
Z; — OLIHKA JUII CTATUCTHKH BUPAXOBYETHCS SIK:
I-E[I]
2= ®
ne:
E[l] = -1/(n—1) ()
V[I] = E[I*] - E[I]? (6)

B pesympraTi MM OTpHManHM HACTyIIHE 3HAYECHHS
I'mobaneHOTO iHIEKCY MoOpaHa 3a 0OpaHUM aTpUOyTOM
ta pginsakamu: I =0,390; npu uwomy E[I] =-0,001;
Z-ouinka = 18,237; p-3nauenns (sipozionicms) = 0,000.

OtpuMaHi CTaTUCTHYHI 3HAYEHHS NTPOCTOPOBOI aB-
TOKOpEJISILI] B MOJaNbIIOMY OyZyTh TPakTOBaHI HAMH B
KOHTEKCTi HyJIbOBOI rinore3u. s nokaszHuka ['nodans-
Horo [Hnexcy MopaHa HyJIbOBa TilOTE3a CTBEPAXKYE, IO
aHaATI30BaHUKA TapaMeTp 3a0e3MeUYeHOCTI HACENIEHHS M.
XapkoBa 3aXMCHUM YKPUTTSMH PO3IOAUICHHNA MIX Ji-
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JITHKaMH BHIIAJIKOBO YW, 1HAKIIIE Ka)Kydd, MPOCTOPOBI
NPOLECH, AKi YTBOPWIH CIIOCTEPEKYBAHY CTPYKTYPY
3HAYCHb HOCATH BUMAnKoBHi xapaktep [14]. Jlns Toro
o0 CIpOCTyBAaTH HYIBOBY TIiMOTE3y MH MaeMO IpOaHa-
J3yBaTH OJepKaHI NOKA3HUKH P-3HAYEHHA (8ipozioHo-
cmi) Ta Z-OUiHKY CTAHAAPTHOIO BiIXUJIEHHS.
Ockinbku: p-3nauenusn < 0,01 Ta € 3HaYyIIMM, a Z-
oyinka > 2,5 Ta 3HAYHO MEPEBUIILYE MEXi JOIYCTUMOTO
CTaHAapTHOT'O BiJXWJICHHS, LI Ja€ HaM IIiICTaBy CTBEp-
JOKYBATH TIPO JIy’Ke May HMOBIPHICTh TOTO, 1[0 POCTO-
POBi 3aKOHOMIPHOCTI PO3MOALTY HapaMmeTpy 3abesmede-

D

Significant

(Random)

HOCTI HAaceJeHHS M. XapKoBa CIOPYJaMH IHWBIIHHOTO
3aXHCTY € Pe3yJIbTATOM BHITAJKOBHX MPOLECIB, TAaKUM
YUHOM, MOXHA BIIKHHYTH HYJBOBY TirmoTe3y. Bisyanpue
BiOOpakKeHHS MMOE€IHAHHS TyXKe HU3bKUX ITOKa3HUKIB P-
3HaueHHs 1 Pa3oM 3 UM [yXKe BHCOKHX MO3UTHBHHX
3HA4YCeHb Z-OWiHKU TIpefcTaBieHo Hmwxk4de (puc. 6). One-
PrKaHi TOKa3HUKHU € 3HAYYNIMMH, 3HAXOAAThCS Y MPaBO-
My XBOCTI PO3MOJLUTY Ta BKa3ylTh Ha MPOCTOPOBY KJac-
tepuzartito (Clustered) misstHOK CTOCOBHO aHAJi30BAHOTO
HAMH TapameTpy.

Significance Level Critical Value

(p-value) (z-score)

0.01 mmm <-2.58

005 B -258--1.96

0.10 [ -1.96--1.65
S ] -1.65-1.65

0.10 =) 1.65-1.96

0.05 @ 1.96 - 2,58

0.01 W > 2,58

p—_—
Significant

Dispersed

Random

Clustered

Puc. 6. Buagnenns npocmopoesoi agmokopenayii 3adezneyenocmi nacenenna m. XapKoea 3axXucHumMu cnopyoamu
UUuGinLHO20 3axucmy (na ocnosi I'nobanvnozo inoexcy Mopana)
Fig. 6. Detection of spatial autocorrelation of the provision of Kharkiv city population with civil defense facilities
(based on the Global Moran’s Index)

Jnst atpubyTy 3a6e3meueHoCTi XapKiB’sIH 3aXUCHU-
MU YKPUTTSIMA MU MaeMo (hakTH4HE 3HAUSHHs II00alb-
Horo iHAekcy Mopana | = 0,390, npu npomy 111 BUTIA-
KOBOTO PO3MOAUTY OYIKYETbCS 3HAYCHHS IJI0OOATBHOTO
innexcy Mopauna E[I] =-0,001. IMOBipHICTS MOMMIKU
nepioro poay (P-3nauenus), ToOTO TOTO, IO 3HAWAEMO
3aKOHOMIpPHICTB, sikoi He icHye, € < 0,01. Tak sk, ¢dak-
THUYHE Ta OYiKyBaHe 3Ha4YeHHs iHAeKcy MopaHa craTuc-
THYHO 3HauyHO pisHaATbCsA, a came I > E[I], mu maemo
MTO3UTHBHY MPOCTOPOBY aBTOKOPEIIAIIIO AOCHTIHKYBaHO-
ro arpudyTy, TOOTO B IIJIOMYy 3HA4CHHS IapaMeTpiB
CITIOCTEPESKEHHS B CYCIIHIX Tapienax MicTa € TmoaiOHu-
mu. Toxx TepuTopianbHa 3a0€3MEUYCHICTh HACEICHHS M.
XapkoBa CIOpyZaMH LHBITFHOTO 3aXUCTy y MeXKax
BU3HAYCHUX JUITHOK, Ma€ KIJIACTEpHHUH IPOCTOPOBUI
XapakTep po3Moily.

Ha 3axmrouHomy erami JOCIHIKSHHS, IJIsl CTaTH-
CTMYHOI OLIHKM IPOCTOPOBHX 3B’S3KIB MK NUISHKAMH
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CTOCOBHO PiBHS 3a0€3I€YEHOCT] HAaCEeNeHHS M. XapKoBa
YKPUTTSAMH, HaMH OyB BUKOpUCTaHUH JlokampHWHA iH-
nekc MopaHna, MaTeMaTUYHUN BUpa3 AKOTO MpeJiCcTaBlie-
Hu# gami [12]:

xi-X <
I === Yisqjmi Wij(x; — X) (7

Jie X; — 4MCIIOBHI aTpuOyT 00’€kTa i, X — cepeane
3HAYEHHs U BOro aTpulyTa, W;; — IPOCTOPOBa Bara

JUTS IapH | Ta j, IpH HbOMY:

2 Xj=1j=i (xj-X)?
Si=—"1 ®)

IIe N BIAIIOBIiAA€ 3arajibHIA YUCEIBHOCTI 00’ €KTIB.
OuinKa Z;, BUPaXOBYETHCS HACTYITHUM YUHOM:

_ Li—E[l;]
= i ©
e
E[l;] = (10)

n-1
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V1] = E[1*] - E[I]? (11)
VY pe3ynmpTaTi MH OTpUMANId ITI’ATh KJAciB JOCIHIi-
JOKYBAHHX MApIE)T 32 BXKE 3raJlaHuM aTpUOyTOM, JeTai-

30BaHi CTATHCTHUYHI TIOKa3HUKW KOTPHX MPEACTABIIEHI B
Tabmumi 1.

Tabnuys 1

Xapakmepucmuxa Knacie mepumopianvhoi 3ab6e3neueHocmi 3axXuCHUMU CROPYOAMU YUBIILHOZ0 3AXUCHLY
Hacenenns micma Xapkosa
Description of the classes for the territorial provision of civil defense facilities for the population of Kharkiv

L _ HasBaicts
. . Kinekictb MictkicTh .
Kinekicth YucenbHICTD . . MICLb B
X YKPHUTTIB YKPHTTIB
Hasga kiacy TIUISTHOK HACEJICHHS ) . ) . YKPHUTTSAX
. BCiX THITIB BCIX THIIIB . .
(onuHUIK) (oci0) (Tou0K) R— BCIX TUIIIB
FMHHIL (ouHUIIb)
Hecmaua:
Knacrtep Bucokux 3HaueHs (HH) 99 437836 93 38795 399041
Knacrep umsbiux suaucn (LL) 44 140838 921 411920 H‘;‘;%“gg""
Bukup, y sKOMy BUCOKE Hecmaua:
3HaueHHs 0To4YeHO Hu3bkumu (HL) 8 33833 3 13790 20043
Bukun, y sKkoMy HU3bKE Haonuwox:
3HaYCHHsI 0TOueHO BUcokumu (LH) 11 51812 113 67874 16062
JlinsHKY, Ha SIKUX HE BUSBICHO 420 813275 880 455723 Hecmaua:
03HAK KJIacTepy (BUKHUIY) 357552
Hecmaua:
Bceworo 582 1477594 2042 988102 489492

* Pospaxosano asmopamu 3a oanumu [4,6,7]

JUTAHKH, 0 BXOIATH IO KJIACTEPY BUCOKHX 3HA-
yenb (HH) maroTh HailOinbnry abCOMIOTHY HecTady Mic-
TKOCTi CIIOPYJ IIMBUTHLHOTO 3aXUCTy. OCKIBKHA yTBOPIO-
04l HOro mapIleny MaloTh BHCOKI MOKAa3HWKH HecTadi
MICTKOCTI Ta pa3oM 3 IIMM BOHHM OTOYEHI AUISHKAMH 3
BiTHOCHO BHCOKHMH MMOKa3HHKAMH 3TafaHOro aTpuOyTy
(mo3UTHBHA aBTOKOPEJIAIlis) — caMe Ieil KiacTep € mep-
[IOYEPTrOBOI0 LIJUTI0 MMiJ Yac MOJEpHi3aiii Ta CHopy-
JOKCHHST HOBHX 00’ €KTIB IIMBUILHOTO 3aXUCTYy M. XapKo-
Ba.

Knacrep Hm3pkux 3HaueHb (LL) ckmamaeTbes 3 mi-
JITHOK, SKi MalOTh BIJHOCHO HH3bKI BJIACHI 3HAYCHHS
aHaNII30BaHOTO TIOKA3HWKA (HAUIMIIOK MICTKOCTI) Ta
OTOYCHI KBaJpaTaMH TaKOX 3 BiTHOCHO HU3bKHMH 3HA-
YEHHSIMH JIOCHIJPKYBAaHOTO aTpuOyTy MicTkocTi (Ho3u-
THBHA aBTOKOPEJAIis). 3 TOUKY 30py 3aXHIIEHOCTI Mic-
TSH, caMe Iel KiacTep € HaiOe3neuHimmM Ha TepuTopii
M. XapKoBa i He MoTpedye 3amydeHHs KOIITIB Ta pecyp-
ciB 17151 OyZIBHUIITBA HOBHX CIOPY IMBUILHOTO 3aXHC-
Ty.

TeputopianbHi 0COOIMBOCTI PO3MOIITY ONHMCAHHUX
HaMH KJIACTEpiB MPeICTaBIICHI Ha puc. 7.

IIpocTopoBuii BUKHUI, y SKOMY BHCOKE 3HAYCHHS
HECTa4i MICTKOCTI 3aXMCHHUX CIIOPYJ OTOYCHO HU3BKUMHU
nokazHukamu (HL) e BimHOCHO Oe3medyHnM, ajuke uepes
HETaTUBHY aBTOKOPEIIALIII0 HECTaya MICTKOCTI LiJTbOBOTO
BHUKHJY MOX¢e OyTH HiBEIIbOBAaHA 33 PaXYHOK OTOYYIOUHX
HWOTO TUISHOK 13 aTpuOyTaM¥u HAUTUIIKY MIiCTKOCTI, TIPO-
T€ 13 301IBIICHHSIM MaKCUMAJIBHOTO PaiyCcy JDOCTYITHOC-
Ti.

JlinstHK|, 0 BiHECEHI IO KIacy MPOCTOPOBOTO
BUKHIY, y SIKOMY HHM3bKE 3HAUEHHS aTpuOyTy (HaIIH-
IIOK MICTKOCTi) OTOYEHO BHCOKHMH 3HAYCHHSIMH MOKa3-
nukiB (LH) € «oasucamm Oe3nexu», OCKUIBKM MaloTh
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CHiTbHI pedpa 4u KyTH i3 MapieinaMu KIacTepy BUCOKO-
ro nedimury mictkocti (HH). HeraTuBHa aBTOKOpEISIIis
npocropoBoro Bukuny (LH) B manomy Bumaaky moxe
OyTH TPHBOAOM HECTadl MICTKOCTI O€3IOCepeiHBO B
caMuXx Iapluesnax [boro IMPOCTOPOBOTO BUKHUAY SIK HACIi-
JIOK BHKOPUCTaHHS €MHOCTI HOro 3aXHUCHUX CIIOPYA
MICTSIHAMH 13 CyYMDKHHX Taples KJIacTepy BHCOKHX
3Ha4yeHs (HH).

[Mapuenu, Ha SKUX HE BHSBJICHO O3HAK KJACTEpy
(mpocTopoBoro BUKHIY), 4Yepe3 IMCIEPCHUI XapakTep
PO3MOALTY apaMeTpiB TOCIiIKYBaHOTO HAMH aTPUOYTY,
HEOOXiTHO OO0NAaITOBYBaTH CHOPYAAMH ILUBLIBHOTO
3aXUCTY BIANIOBIHO /10 TIOPSAKY 3MEHIICHHS TIOKa3HUKA
HecTayi €EMHOCTI CHIOPYA LMBIJIBHOTO 3aXKCTY I10 BiJHO-
IICHHIO JI0 YMCEJILHOCTI HAsIBHOTO HACEJICHHS.

BucHoBku. IIpocTopoBuii aHami3 po3nomiry MicT-
KOCTI 3aXHCHUX CHOPYZ LMBIIBHOTO 3aXUCTY M. XapKOBa
BUSIBUB 3HAYHI AUCHPOTIOPIIi JOCHIIIPKYBAHOTO aTpHOYTy
13 TIPEBATFOBAHHAM JIISHOK 31 3HAYHOIO HECTauel0 MiCT-
KOCTi YKPHUTTIB IO BiJJHOIIEHHIO JO MIiIJIBHOCTI HASBHOTO
Ha HUX HacelleHHs. 3arajbHui mependadyBaHuii po3pa-
XYHKOBHUI piBeHb HecTadi MICTKOCTI cTaHOBHTH 489492
Micusl, IpH [IbOMY 3arajibHi HOTPeOU MICTSH B yKPHUTTAX
3agoBosieHl Ha 66,87 %. OxpiM TOro, OYEeBHAHI 3HAYHI
MPOCTOPOBI NPOTaJIMHU KiIBbKICHOI Ta €éMHICHOI 3a0e3Ie-
YEHOCT] JKUTEIIB MicTa 3aXUCHUMH CIIOpyJaMH, TaKk Ha
360 3 582 minsHkax Micta (HaBiTh OepydyM 10 yBaru
MEHIITY KOHIIEHTPAIli0 HACEJCHHsI) IiJ] Jac IMOBITPSIHOI
TPUBOTH MEIIKAHIISIM (DAKTHYHO HiJle YKPHUTHUCS.

Y nepion aii BOEHHOTO CTaHy Ha TEpHUTOpii YKpaiHu
YIPaBIiHCHKI PIlICHHS TPUHAMAIOTBECS B YMOBaX IICHT-
HOTY, ¥ MarOTh 0a3yBaTHCS Ha paIliOHAILHOMY ITiIXOi
JI0 BHUKOpHCTaHHS (DIHAHCOBHX aKTHUBIB, MaTepiajbHOI
6a3u (Oyamarepianu ¥ yCcTaTKyBaHHS) Ta HaWTroJIOBHIIIE




ISSN 2076-1333 Yaconuc couiajibHO-eKOHOMIYHOI reorpadii, 2023, Bunyck 34

JMOACBEKHUX pecypciB (pobodoi cwim). HepiHOMipHWMI
MIPOCTOPOBHUH PO3IOALT 3aXUCHIX YKPUTTIB HA TEPUTOPIT
M. XapKoBa, 3HaYHa HeCTada iX MICTKOCTI 110 BiTHOIICH-
HIO JI0 YHCEIHHOCTI HASBHOTO HACEJICHHS Ta MepeiueHi
BHIIIE JIMIiTyI04i ()aKTOPH BHMararoTh Bin [lemapraMeH-
Ty OWBITBHOTO 3aXUCTY XapKiBCHKOI 00JIACHOI BIHCHKO-
BOI ajMiHICTpalii NPUHHATTA 3BaXCHUX pILIEHb Ta
BIIPOBAJPKCHHSI €(EKTUBHOTO IUIaHy IO YCYHEHHIO Iie-
periueHnX HeloiKiB y cepi HMBUILHOTO 3aXKCTy Hace-
neHHs. Ha Hamy nymKy, JOpeYyHMM B IIbOMY BHIIAJIKY
Oyzne chigyBaTd TPUHIMIY TEKTOJOTIYHOTO 3aKOHY
HaliMeHIMX (cyabKkoi JIaHKMW): 3arajbHa CTIMKICTH cuc-
TEMH BH3HAYACTHCS HAWMEHIIIOIO BIJHOCHOKO CTIHKICTIO
okpeMux ii gacTuH [3]. Po3risgarodn B IbOMY KOHTEKCTI
CHCTEMY CHOpYJ LHMBUIFHOTO 3aXHCTy M. XapKoBa Ta
OepyuH, sSIK aTpUOYT MIITHOCTI, TTOKa3HUK 3a0€3MEUCHOCTI
HACETICHHA 3aXHUCHUMHU CHOPYIaMH, MOTU]IKaIiio iCHY-
I0YHX 1 OyIiBHUIITBO HOBHX YKPUTTiB HEOOXiTHO MPOBO-

IUTH CHOYATKy B HapIienax (OKpeMHx iX rpymax), o €
HaWOUTBII BiACTAIOYMMHU 3a 3rajaHUM aTpUOyTOM it
MaloTh HaHOUTBIIMK paziyc AOCTYMHOCTiI MO HaHOMIK-
YOT0 YKPHUTTS, a IOTIM BUXOJSYH BUKIIIOYHO 3 aTpUOyTy
HecTadi €eMHOCTI YKpHUTTiB. [lopsimok 3MiHEeHHS cIaOKux
JaHOK CHCTEMH 3aXHUCHHUX YKPHTTIB M. XapKoBa HACTYII-
HUi: 1) neHTpanbHi AuUstHKK Kiactepy HH; 2) nepude-
piiini ninsakym knacrepy HH; 3) mapuenu i3 HaiiOinbIor0
HEeCTayerd MICTKOCTI, 1[0 HE IMOTPAlMIM JIO KJIACTEepiB
(mpocTopoBHX BUKHUIB); 4) IUISHKA NPOCTOPOBOTO
Bukuny HL. Ik nmokasana npakTuka, MichbKa BJIajia 4acT-
KOBO HaMaraeThCs HaJlOJIY)KUTH HecTayy MICTKOCTI 3a-
XHCHUX CHOPYH 32 paxyHOK OyHiBHHITBA 3YIMUHOK-
YKPUTTIB, IPOTE HEXTYE MPUHIMIIAMH PalliOHATHHOCTI i
3BOJNUTh HOBI YKPUTTS B MeEXax paliycy AOCTYIHOCTI
BKE ICHYIOUMX 3aXHCHHX CIOpPYH MOJBIHHOTO MpH3HA-
YeHHS 13 OYEBHIHOIO HAJJIUIIKOBOIO MICTKICTIO (OiyIs
CTaHIiif MeTpomnoiTeny) [5].

3ABE3INEYEHICTb HACEJIEHHS 3AXHCHUMH
CIIOPYJIAMH HUBUILHOT'O 3AXUCTY

A J
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HASABHICTb MICIb ¥ CXOBHINAX 110 BJIHOIIEHHIO
J10 KUIBKOCTI OCIB B 1 ITAPLEJI (oannuis)
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Puc. 7. Buasnenns 3akonomipuocmeit po3nooiny Heo0Xionoi micmkocmi yKpummie 3 6UKOPUCMAHHAM JIOKATbHO20
inoexcy npocmopoeoi asmoxopensuii (LISA)
Fig. 7. Identification of the patterns distribution of the required shelters capacity using the local index of spatial
autocorrelation (LISA)

[TpobneMHMMY TUTAHHSAMH JIJISI MiCTa 3aJUIIAI0Th-
cs: BIJICYTHICTH O0JIIKy MICTKOCTI BCiX IpE/ICTaBICHUX B
[7] yxpurriB, Bamimamis ix BigmoBigHOCTI Oy/iBENEHEM
HopMaM [1], a Takok HU3bKAa OOI3HAHICTh HACCIICHHSI
BiJTHOCHO JIOKAI[ii HalOMmKInx yKpUTTIB. OKpeMo Cltif
BKa3aTH Ha HEOOXITHICTh JOONpAIIOBaHHS HOPMAaTUBHO-
paBOBOi 0a3u CTOCOBHO MEX pajiycy 300py HaceleHHs,
mo mignsarae ykpurtio (o 500 m) [1], ockinmbku BOHA
BU3HA4Ya€ BUKIIOYHO reorpadidHy NOCTYHHICTb (BEKTOP
PyXy 0co0u 10 HAHONMMKIOTO YKPHUTTS), 3aMiCTh TeoMe-

23

TPUYHOI — BpaxyBaHHS TPAHCIIOPTHOI Mepexi, KyTiB
HaxXwiy MIiCIEBOCTI, IepemKo 1 i imneaancis. [loganpmri
JOCTIKCHHS 32 JaHOK TEMAaTHKOK OYIyTh BECTHCS Y
HANPSMKY BU3HAYCHHS ONTHUMAIBHOI KUIBKOCTI (IO BiJl-
HOIIICHHIO JI0 YHCEJILHOCTI HAsSBHUX MICTSH) Ta MICIb
po3TanryBaHb (3a mapaMeTpOM reOMETPUIHOT JOCTYITHO-
CTl) 3aXMCHHX CHOPYJ y TapIleiax KJIacTepy BUCOKUX
3HaueHb (HH) 3 BukopucranHsSM 3ac00iB MepexeBOro
aHaizy.
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SPATIAL ANALYSIS OF PROVISION THE POPULATION OF KHARKIV
WITH CIVIL DEFENSE FACILITIES

The article analyzed the territorial aspect of the distribution and capacity characteristics of civil defense structures in the city
of Kharkiv, comparing it with the population size. In the first stage, population density was calculated for specific areas within the
maximum permissible radius of the nearest available shelter. The spatial characteristics of the location (level of clustering) and
capacity of the defense structures were examined for these same areas. Finally, the population size was correlated with the capacity
of the civil defense structures, and spatial clustering of the identified areas was conducted based on this attribute.

The geostatistical method of spatial interpolation was used to determine population density in specific areas and fill gaps in
the primary data. The application of this method required the following sequential procedures: transforming the primary data
according to a normal distribution, constructing a semivariogram model of the transformed variables, aggregating the model into a
surface, and defining target polygons. During the calculation of the territorial provision of various types of shelters in the city of
Kharkiv, the following sources were utilized: a layer of point objects from the interactive map of open data on the Kharkiv Geoportal
(to determine the locations and types of protective structures), and information from the website of the non-commercial enterprise
«Emergency Medical Care and Disaster Medicine Center» of the Kharkiv Regional Council (to update information on the capacity of
storage facilities and anti-radiation shelters). The Global Moran’s Index and Local Moran’s Index are statistical methods used to
assess spatial autocorrelation, which is the degree of clustering or spatial pattern in a variable across a defined area. In this case, they
were employed to evaluate the spatial autocorrelation of the capacity of civil defense structures in specific parcels in Kharkiv. The
Global Moran’s Index indicated a high level of clustering of areas based on this attribute. Using the Local Moran’s Index, parcels
were classified into five object classes: High-High cluster (HH), Low-Low cluster (LL), a high-value outlier surrounded by low-
values (HL), a low-value outlier surrounded by high-values (LH), and areas without cluster or outliers (non-significant).

The scientific novelty of the article, compared to related studies on a similar topic, lies in the utilization and transformation of
a hexagonal grid of population density distribution in the city of Kharkiv, in accordance with the research requirements. In the
conclusions, based on the results of cluster analysis and through the adaptation of the tectological principle of the weakest link to the
realities of the present, a comprehensive sequential strategy for addressing the shortcomings of territorial provision of civil defense
structures in ensuring the population of Kharkiv was proposed.

Keywords: civil defense structures, cluster analysis, semivariogram, spatial autocorrelation, spatial interpolation,
population density.
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IMPOCTOPOBA OIIIHKA EHEPI'OCITIO’)KUBAHHSA 3ABYJ10OB HA ITIIJICTABI
TPUBUMIPHOI'O MOJAEJJIIOBAHHA MICBKOI'O CEPEJIOBHUIIIA

VY cTaTTi NoJa€eThes MiZXia 10 3aCTOCYBaHHs MPOCTOPOBOI OIliHKK eHeprocnoxuBanHs (EC) Michkux 3a0ynoB Ta ypOoreocuc-
TEMHOTO aHalizy oTpuMaHuX pe3ynpTatiB. Oninka EC OyziBens nepenbadae BCTAaHOBICHHS KOPEISILIHHOT 3aIeKHOCTI MiX iX eHep-
TOBUTPATaMH Ta BiAMOBIIHNMH I'€OMETPUYHIMH XapaKTEPUCTHKaMH, 30KpeMa BHCOTOIO Ta 00’eMoM 3a0ynoBu. [l aBTOMaTH30Ba-
HOTO BHOKPEMJICHHS 3 BUCOKOIO TOUHICTIO IINX XapaKTEePUCTHK OyIiBenb aBTOPaMH IIPONIOHYETHCSI BUKOPUCTAHHS JAHHUX IHCTAHIIIH-
HOTO JIa3epHOro CKaHyBaHHA (JIiZapHUX JaHWX). HaBempeHO opuriHambHUHN MiaxXig 10 oOpoOKH Ta aHANI3y JiTapHUX JaHWUX 1HCTpyMe-
HTaMu aBTOpchkoro BeO-I'IC momaTky 3 MeTOrO BHOKpPEMJICHHS Ta MOJAETIOBaHHsS OyaiBenb. [loOymoBani Mozeni OyxiBens 30epira-
IOTh y AKOCTi aTpuOyTiB iX TOYHI T€OMETPUYHI XapaKTEPUCTHKU Ta y3arajbHEHI apXiTeKTypHi BiacTuBocTi. [logaeThes Meroanka
po3paxyHky EC OyniBeins, B sikiii BHKOPHCTOBY€ETBCS X TeoMeTpruHa iHdopMaris, Ta iHpopmais Mmoo iX BiKy # THITY, SIKI TAaKOX €
KOPEJLILIHO 3aJIe)KHUMH 3 €HEpTOBUTpaTaMy OyIiBelb.

3a OTpHMAaHOIO 3 JiIaPHUX JaHUX FEOMETpPi€0 OyiBellb BU3HAYAETHCS MOKA3HHUK iX KOPUCHOT IUIOINII (MMPU3HAYEHOI IS ora-
nenns). J{is oninku EC npuiiMaroThes aHi MO0 €HEProCnOXUBaHHS OYIiBENb 3 peajbHUX MOKA3HUKIB JIYMILHUKIB, SKI €KCTpa-
MIOJIFOIOTHCS. Ha PO3PaXxOBaHUI MOKa3HUK KOPHCHOI turomnti Oyxisens. [100ynoBaHO ceMaHTHYHY TaOJIHIIIO, sIKa KOPETYE pO3paXxOBaHUI
noka3auk EC OymiBit, B 3aJI€KHOCTI Bij il BiKy i THUITY, Ta BU3HaYa€ OCTATOYHHUHN KJIAC eHEproeeKTUBHOCTI OyaiBIi. 3a HABEJCHUMHI
METOAWKAaMH TOOYZOBaHO Ta Bi3yalli30BaHO TPUBHMIpHI MOAETi 3a0ymoB Ui MicT Amcrepaam Ta EWHIXOBeH, i3 3aCTOCOBaHOIO
KOJILOPOBOIO TaMOI0 70 OyAiBeNb, IO BioOpaxkae Kiacu iX eHeproeeKTUBHOCTI. PO3KPHUTO CYTHICTH ypOOTEOCHCTEMHOTO aHAi3y
MICBKOTO CepeIOBHUINA Y KOHTEKCTI gociimkenHs mickkoro EC. Ha miacraBi oTprMaHoi Bizyastizailii MpoCTOPOBOTO PO3MOIITY MiCh-
kxoro EC BHOKpeMIIEHO MeBHI 3aKOHOMIPHOCTI TaKOTO PO3IOIIITY MiXK OKPEMHUMH MiCBKHMH 3a0y/I0BaMH Ta BU3HAYEHO (aKTOPH, 110
BIUTMBAIOTH Ha PIBEHb JAHOTO ITOKa3HHKA.

Kiwuosi cioBa: oyinka enepeocnoocusanns 6yoisenn, ypboeeocucmema, HOApHi 0awi, NPOCMOPOSULl AHAi3, MPUSUMIPHE
MoOdentoganns 6yoigens, I'IC.

Sk muryBatu: Cepoorin, JI., Kocrpikos, C. (2023). IIpocTopoBa OIiHKa eHEprocnoXUBaHHs 3a0yI0B HA IiICTaBi TPUBUMIp-
HOTO MOJETIOBAHHSA MICBKOTO cepeoBHIIIA. Yaconuc CcoYianbHO-eKOHOMIYHOT eeoepadii, 34, 27-41.
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IMocranoBka mpodaemu. Pa3om 31 cTpimMKOIO yp- TOTO, sIKI came OyJiBI Ta MiChKi paiiOHH MOTPEOYIOTH
0aHi3alli€r0 Ta 3pOCTAHHIM YHCEIBHOCTI MiCHKOTO Hace- BXHTTS BKa3aHUX peaOuTiTalliiHUX 3aXO0/IiB.
JICHHSl Y Cy4acHUX MiCTax 3pOCTa€ €HEProOCIIOKHMBAHHS Bincrexxenns npoctopoBoro posnojniny pias EC
(EC) 6yniBenb, 110 NpU3BOJUTE A0 301IbIICHHS BUKHIIB 1o ypOaHi30BaHUX TEPUTOPILX Y CepepOBHIIl TeoiH(pop-
MTApHUKOBHX Ta3iB Ta HETATUBHO BIUIMBA€ Ha HABKOJIMIL- maniiiHoi cucrtemu (I'IC) Moxe CyTTEBO crpusiTH BHpi-
He cepenosumie. [Ipuyomy cepen OyaiBens, sSIK MPaBUIIO, IICHHIO JaHOTO MMUTAHHS, a caMe: TOJICTIINTH BUSBICHHS
HaOLIPII MacIITAOHUMH CIIO)KHBAadaMH €HEPril € XKHT- MICBKHX pailOHIB Ta OKpeMHUX THUIIIB 3a0y/I0BH 3 HAAMIp-
noBi 3a0ynoBu. Hanpuknan, nume B HimewuunHi 3rinHo 3 HuUM piBHeM EC, BincTeXuTH (hakTOpH, IO BIUTUBAIOTH
JIESTKUMH JDKepeslaMu 1ie 3HaueHHs pocsrae 20%, i 3 Hux Ha 3poctranHs EC y Tiff um iHmii ningHIi, po3pooutn
o 75% 3araibHOTO 00CSTY €HEPrOCIIOKUBAHHS BHUTpa- PIIIEHHS TIOJI0 ONITUMI3aIlii MOTOYHOI CUTYyaIlii 3 HaaMi-
yaeThCs Ha onayneHHs jxkumia [8]. Lls mpobiema Moxke pauM EC, a Takok 3armo0irtv moaioHUM mpodieMam mpu
OyTH 4acTKOBO BHUpIlIEHA HIISIXOM PEKOHCTPYKILIi OKpe- MaiOyTHbOMY MiCbKOMY IUIaHyBaHHI. OfHaK, Uil Kap-
MUX OyJiBesIb 3 METOIO IiIBUIIEHHS IXHBOI eHeproegex- torpadysanns piBHs EC na I'lC-mnardopmi HeoOxinHa
TUBHOCTI, @ TAKOX PO3MIILLEHHS MICIIEBUX aJbTEPHATHB- NIeBHA METO/MKa aBTOMAaTH30BaHOTO PO3pPaxyHKy (OLiH-
HUX JDKEpEJl €Heprii, HalpyKIIaa COHIYHUX TeHEPaTOopiB. KH) LbOTO NOKa3HUKa 1 MPUBEAEHHS HOTr0 y SKOCTI aTpu-
OpHak, Uil 1IbOTO IMOTPIOHE YiTKE BiJCTEXKEHHs PIBHA OyTHBHOI XapaKTEPUCTHKH A0 TPOCTOPOBOI OJIMHUILIL

EC Ti€i um inmoi OyiBii NpOTSATOM POKY, Ta PO3YMIiHHS
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MicCTa, 0 KapTorpadyeTbes, HAPUKIAL — 0 OKpeMoi
OymiBIIi.

VY AKOCTi Takoi METOJUKH, MOXKE OYTH PO3TILSTHY THI
3D-npocTopoBHii MiAXiA M0 OIMIHKH €HEPTOCIOKUBAHHS
OyniBenb, IKUW Tiependadae HasBHICTh BHCOKOI KOpems-
ii I[HOT'0 MMOKa3HUKA 3 00 €MOM Oy/liBeJb Ta JCSIKYy HOTro
3aJIeXKHICTD BiJI JOJATKOBUX CEMAaHTHYHUX XapaKTepuc-
TUK OyaiBenb — BiKy Ta Tty OyxiBni. B onHiii i3 crareit
HAMHU B)K€ 3aisBCS aAHAJOTIYHWUM MiAXiA g OLIHKH
YHCENLHOCTI HACEJIEHHS B JKUTJIOBHX 3a0yn0Bax, SIKUH
nepeadavyaB MPOMOPIIHHUN  PO3MOJIT  MEPEHTHUCHOTO
HaceJIeHHA 3a OyIWHKaMH 3aJIe)KHO BiJ IXHBOTO 00’eMy
[18]. Indopmaris mpo 06’em OyxaiBens Oyna BIITydeHa 3
nmanux Jmimapuoi 3iiomku (LIDAR, Light Detection and
Ranging — aurn.), sika MOXJIHMBO € HalieheKTHBHIIIAM
JDKEPEJIOM T€OMETPHUYHHX JTaHWX PO MICBKY 3a0ynIOBY,
OCKIJIBKH Tiassrae aBTOMAaTH30BAHOMY 3D-
MO/JICTIFOBAHHIO MICBKOTO CEpelIOBHIA B CIIEIiajbHUX
I'IC-nonarkax, a TakoX (ikCye BUCOKOTOYHI F€OMETpH-
YHI XapaKTepUCTHKH OyHiBellb, y TOMY 4ucii i 00’em. 3
ypaxyBaHHSM BUILECKa3aHOTO, IOLUILHIM Oyze afanty-
BaTH ICHYIOYl HalpallOBaHHs 3 aHaji3y Ta OOpOOKH
JMapHUX IAaHUX U MPOCTOPOBOI OIIHKK €HEProcIHo-
JKUBaHHSA Oy/iBeb y IaHil cTaTTi.

Kpim Toro, y HU3III HAIIMX TOTEPEHIX MyOmiKamin
3acToCcyBaHHs (IMIUTEMEHTAIlis) JTiJapHUX JAHUX Y MICh-
KHX JIOCHIDKCHHSAX HaMH BHKOHYBAJIOCS 4epe3 BIPOBa-
JDKeHHsT ypOoreocucteMHoro maxony [1, 3, 17]. YV na-
HOMY MiJIXOJ1 MicTa po3yMIIOThCs K ypOOreoCHCTEeMH,
ki mozentoroTh y I'IC ypOaHizoBaHi TepUTOpIi y BUIIIS-
JIl CYKYITHOCTI TOYKOBHX, JIIHIHHHX Ta TMOJIrOHAJIBHUX
I'C-npumiTHBIB Y ABOBHUMIpHOMY IPOCTOpI Ta ICEBIO-
BEKTOpHUX 3D-NpUMITHBIB y TPUBHUMIPHOMY IIPOCTOPI.
IIpu mpomy, Taka AMCKpeTHa (KBa3iBEKTOPHA) MOAEIb
MPOTHCTABIAEThCI  KOHTHHYalbHIH  (KBa3ipacTpoBiii)
MoJeni ypOaHICTHYHOTO CepeioBHIIa, K (GopMai3zoBa-
HOI MOJeNi peajbHO ICHYIOUYOTO MICBKOTO CepelOBH-
ma. 3a3HayeHui Mmiaxig 10 MOJIETIOBaHHSA MicTa I03BO-
JIsi€ BUKOHYBATH WOro ypOoreocuctemHuit ananiz y ['1C-
CepeIOBHIII, 1110 MOJISIra€ BU3HAUCHHI IEBHUX BIACTHBO-
cTei MicTa 1 HOro OKpeMHX KOMIIOHEHTIB, SIKi MOXYTb
OyTu BHOKpeMIIeHi Jinie yepes oro ['IC-monenroBanHs
Ta aHai3. B SKOCTI OKPEeMOro CTPYKTYpHOTO iHBapiaHTY
ypboreociucTeMr HaMH TaKO)XX BH3HAuallacs KaTeropis
ypOaHICTUYIHOT TeOCUTYyaIlii, siKa XapaKTepu3ye OKpemi,
JIOKaJIi30BaHi, ypOOreoCHCTeMHI BJIACTUBOCTI Ta MiJIKpe-
CITIOE TX TMHAMIYHUH XapakTep i 3aJIe)KHICTh Bij BIUIUBY
HABKOJIUIIHOTO MICHKOTO HOBKIMIIA [3].

[ToBeprarouuch 110 OCHTIIPKEHHS ITPOCTOPOBOTO PO-
snoxiny piBHs EC y MicbkOoMy cepenoBHIi, 3a3HaYNMO,
IO CaMe BIIPOBA/UKEHHS YPOOT€OCHCTEMHOTO IIiJIXOIY
MOXE CTaTH e(QEeKTHBHMM IIUIIXOM JUIS BiJCTEXKEHHS
npobnem HagMmipHoro EC 3a0ymoB, Ta MOMIyKYy pillleHb
010 ONTUMI3alii MoTouHOi cuTyarii. Takum 4uHOM, 3
ypaxyBaHHSIM BHUILE3a3HAYEHOTO, METOK TaHOI CTATTI €
BIPOBADKEHHS yPOOT€OCUCTEMHOTO TMIIXOAy y HOro
OKpeMill MpeAMEeTHIN TUTOIIMHI TPOCTOPOBOTO aHATI3y U
OIIIHKH CHEProCIIOKUBaHHs 3a0ynoB Ha minctaBi ['IC-
MOJICTIIOBAHHS Ta aHalli3y pe3yibTaTiB 00pOOKH NaHHX
JiAapHOT 3HOMKH.

AHaJi3 nonepeaHix aociaigxeHb. Buxkopucranhs
IeOMETPUYHHX XapaKTePUCTHK OyiBelb SIK OPIEHTOBHO-

28

TO MOKa3HHUKa IXHHOTO MOTEHIIHHOTO €HePrOCIIOXKUBAH-
HS PO3TIIIANIOCS paHimie B 0araThOX JOCIHIIKEHHIX. Y
psmi myOuikamii HaroJOMIyeThCS Ha BUKOPHUCTAaHHI
CityGML cranmapTiB 1Ist OTPHMaHHS TOTOJOTIUHO IIiTi-
cHuX Monenei Oynmisems [11, 14]. 3amexHo Bin piBHA
JeTai3alii, Taki MoJeNi MOXYTh MICTHTH iH(OpPMAIiO
PO IIOILY, BUCOTY, 00'€M, HE TUIbKH LiJIHX Oy/iBelb, a
i OKpeMHUX KiMHAT OyJiBelb, 0 CYTTEBO YTOYHIOE IIO-
TEHIIIIHI PO3PaxXyHKU CHEPrOCIIOKUBAHHS. Y PO3paxyH-
kax EC OyniBenb MOXYTh BHKOPHCTOBYBATHCS JOCHUTH
CKJIaHI MOJENi, IO NependavyaroTh, SK, HAIPHUKIA,
BTPaTH TeIUIa K Yepe3 30BHIMIHIO OOOJOHKY OymiBmi
[25, 27], Tak i TaKi, sIKi HaBiTH BPaxOBYIOTh 3arajbHHUI
eHepreTuuHuii Oamanc Oymiemi [14]. ¥V mizxomax, mo
OMHCYIOTHCS, BAXKJIMBHM acIEeKTOM OYIIO BU3HAUCHHS
CeTMEHTIB MoJeNi OymiBIi, IO € BiAMOBIIHO BHYTpII-
HIMH / 30BHIIIHIMHU CTiHAMH, JaXOM 1 MiayIorow. 3 ypa-
XYBaHHSIM IIUX TapaMeTpiB FeHEPYBAJIKCs CTPYKTYHOBa-
HI MOJENI, JUIS SIKHX 3aCTOCOBYBAJIHCS IIBI MOJACTI PO3-
paxynky EC: mozxens 1 — po3paxynok EC Ha omaneHHs,
BPaxXOBYIOYH JIMIIEC BTPATH 4Yepe3 30BHIIIHIO 00OJIOHKY
OTOYEHHS OyaiBIl Ta PO3PaxyHOK, SIKUH BPaxoBYE BiKe
MOBHUN CHEPreTHYHHN OallaHC OYHiBI, Y TOMY YHCII
BTpaTH TpPH TPAHCIOPTYBAaHHI €HEPTii IJsI OIaJeHHS,
BTPaTH y BEHTWIALIMHIA Mepexi, a TaKOX IpsMe Harpi-
BaHH: OyniBmi Big coHIst [27]. IlopiBHAHHS pO3paxyHKiB
i3 peaJbHUMH TOKAa3HUKAMH JIYMIBHUKIB ITOKa3aB IIiJI-
KOM 9iTKy KOPEILAIiIo, Ie MOJENb 2 BHUSBIJIACS ITOMILI-
KOBOIO JinIle MeHIow Hix 10%.

VY Hu3mi myOmikamiii Takoxk NOCHiIKyBanach 3alie-
JKHICTb PIBHSI €HEPrOCIIOKUBaHHs OyniBmi Bix ii Biky [9,
27]. Hampukian, BKa3yeThCs, M0 OCKUIbKH B HiMeuunHi
MepeBakHa 4YacTHHA KUTIOBUX 3a0yaoB crapme 30
POKiB, TO 3HaYHA YaCTHHA CHEPrii, siKa W/Ie Ha OMaJCHHS,
MOKe OyTH 3eKOHOMIIEHA, OCKUTBKH iCHY€ YiTKa 3aKOHO-
MIPHICTP — YUM cTapma OymiBIs, THM Oinblne eHepril
BUTpPAYA€ThCS HA ii OMaJieHHs 3a IHIIUX PIBHUX yMOB.
Tax, B OJHii 13 MyOiKaIiif HABOIUTHCS TAOIUIS TTOPiB-
HSHHS €HeproCIOXUBaHHS B kWh/m’a — 3Ha4eHHS Bapi-
10107k Bix 250-280 oguHUIG U1 OyAWHKIB, 30yI0BaHUX
HanpukiHmi 19 cromitrs, 1o 70-90 oguuaunb 111 OyaUH-
KiB, 30ynoBanux micist 1995 poky.

B inmomy mocmimkeHHi, KpiM BiKy OyIiBii, TaKOX
pO3rIIsAaNUCs | iHII iHAWKATOpY Bu3HadeHHs piBHs EC
y Oynunakax [19]. 3okpema, ogHUM i3 HAHBaKITWBIITUX
IHAWKATOPIB BUALICHO THUN OYIiBII — SK paHIlIe BXKeE
3a3HAYaocs, JKUTIIOBI OyIUHKU B CEPeIHBOMY IEMOH-
cTpytoTh Oinpmmii piBeHs EC, mopiBHAHO 3 iHmIMMH
TUNaMHu 3a0yIOBH, aJie HABITh Y MEXKaX JKUTIIOBOTO THITY
BUIUISETHCS HHU3KA MIATHUIIB i3 BIACHUM CEpPEIHIM pPiB-
wem EC, sxkwmii Buinsge iX Bif iHmMX migtumi. Tak, B
OJTHOMY JTOCITi/DKeHHI, Ha MiJCTaBl peaJbHUX MMOKa3HUKIB
JMYUIIBHUKIB, chopMoBaHO Tabiuito cepeanboro EC s
pi3HHUX THITIB OyaiBeJIb: OAMHOYHI OyIWHKH, CTPidKOBa
3a0y;0Ba, HEBENMKI OyIWHKHA Ha KilbKa CIMEW, BEIWKi
OynuHKM Ha Kibka cimeit [7, 20]. Koxen i3 mepemnide-
HUX TIATHITB 3a0yIOBY MMOKa3aB CTIHKHAN CepemHiil 1mo-
kasHuk EC, skuii Hajmami MOXHA CKCTPAIOJIOBaTH Ha
1HIII TepUTOPIi 31 CX0XKOI0 3a0Y/10BOIO.

VY me ogHOMy mocmijpkeHHi, s ouinku EC Oymi-
BeJIb Opajmcs 10 yBark TakoX reoMeTpudHi Ta Mopdo-
JIOTIYHI XapaKTEPUCTHKH CAMOTO MiCHKOTO CEpeIOBHINA,
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B SKOMY 3HaxXoAwiucs OyauHKH. 30Kpema, Opaiucs 10
yBaru NOKa3HHK 3aTiHEHHS MICBKOTO cepefoBHINa, ede-
KTHBHICTH MICbKOI cucteMu EC 11 omajieHHs Ta IOBe-
IiHKa JIONeH, SIKi MEIIKATh Y JOCIHIIKYBaHHUX paio-
HaX. 3HAYHUM YHHOM, Ha AYMKY aBTOpPIB, Ha PO3IIOMALT
EC Takox BIUIMBA€ CIiBBiIHOIICHHS 3arajbHOi OBEPX-
Hi 3a0yn0oB 10 IX 3arajbpHOro 00’eMy, BHU3HA4YeHE 3a
DEM/DSM. 3aranpHa 3aKOHOMIpPHICTh MOJISITAE B TOMY,
[0 YMM MEHIIC BiTHOIICHHS MOBEPXHI 3a0yA0B 10 iX
00’emy, TuM MeHmIe BTpatu teruia npu EC OyaiBens Ta
criopyn [23].

JlocTaTHRO BIIOMUIT HIIXiM Y IPOCTOPOBOMY MO/Ie-
moBanHl Micekoro EC — MonemroBaHHs, 3aCHOBAaHE Ha
Arenrax (Agent Based Modeling — anri.), sike BUKOpHC-
TOBYeThCA pazoM i3 3D mopdomorivanm anamizoMm s
moOymoBu T.3B. «CMapt-I'pimiB» poO3MOAIICHUX eHepre-
THYHAX cucteM [6]. Koxna Monens OyniBii, sika BHCTY-
A€ «areHTOM MOJICIIOBAHHSI», OKPIM IapaMeTpiB reo-
METPUYHOI Ta MPOCTOPOBOI ceMaHTUKU (00’eM, dopma,
Opi€HTallis TOLIO), IHTErpy€e Y cOOi TAKOXK «areHTH Ola-
neHHs». OcTaHHI MICTATH iHGOPMAIIiIO0 PO TeMIepary-
Py BcepeauHi OYAiBIIi Ta CIIOKUBAHOI SHEPTii Ta 3B'sI3Y-
IOThCsl Oe3MOCepPeHhO 3 MIAPOM JIiHIH eeKTponepeaay
Ta Teruorpac yepe3 ArcGIS — Agent Analyst. To6to ueit
MiAXix go3BoIsie He mpocTo 3moxaentoBatn EC OyniBens,
a W TPOCTEXKUTH 3B'I3HICTH IMOTOYHOI OOCTAHOBKH 3
ICHYIOWOI0 MICBKOKO 1H(PACTPYKTYpOIO EHEepromocTa-
YaHHS.

[Ile oxwH 1iKaBUH MiIXix MOJIATAae y 3aCTOCYBaHHI
¢isnunux mopneneit EC ta Brpar Terua OymiBens. B
OJTHOMY 3 JIOCIIIIPKEHB, 30KpeMa, HAEThCs PO TPH METO-
1 00yIoBU (Di3MYHUX MOJEINeH: BY3JIOBUIH METOA, e
Bech 00°€M OyaiBIl PO3IIISIAETHCS SIK OJHOPITHUN MPO-
CTip; 30HATBHHUN METOJ, IO PO3TJIIIAE OYIIBIIIO K Pi3-
HOPITHMH TpOCTip 13 pI3HUMH 30HaMHu (IIOBEpXaMH,
KiMHaTaMH), 1[0 MAalOTh BJIACHI XapaKTePUCTHKH (Di3md-
nux wmopeneit; CFD-meron (Computational  Fluid
Dynamic — auri.), mo po36uBae OyaiBii Ha 6e3miu oce-
peNKiB — KOHTPOJBHUX 30H i3 BIACHUMHU IapaMeTpaMu
¢izmaanx moxener [10]. Takum umHOM, UMM OinbIIe
MOIPiOHIOETHCS OYAIBIIS Ha 30HU, TUM OLIBII A€TAITEHUM
BuxoauTh aHaniz EC, BKIIOYalOUM HABITH JIOKAJIBHI ITIe-
pemamy Temmeparyp y Mexax oxHiei kimHatu. Tyt Ta-
Kok 3actocoByroThest CityGML-mozeni, Bim LOD1 mns
BY3J10BOr0 MeToay, 10 LOD4 s CFD.

Hacrynauii HaBeneHUH HaAMH TPUKIIAA JTOCIHIKESH-
us EC nonsirae B aBToMatnyHOMy po3paxyHky EC Oyni-
Beb 3a ofHo30HanbHuME CityGML mopensm Ha neBHYy
obnacTp iHTepecy, MO € HaHOMMKYMM 3pa3KoM 10 Ha-
IIOTO BJIACHOTO migxony. Jns moOymoBu Mojaeneit Oyi-
Belb TYT TaKo)X BUKOPHCTOBYBAIWCS IaHi JigapHOL
3WOMKH, a JI0JJaTKOBI CEMaHTH4HI XapaKTePUCTHKH TMOC-
Ta4yaJInCsl MYHIIUITATIITETOM Ta €KCTIOPTYBAIUCS 3 ceMa-
HTHYHEX Oi6mioTek [10, 20, 29]. ¥V pamkax Takoro npu-
KJIaJy B MEPIIy Yepry 30HUparoThCsl HEOOXiTHI CeMaHTH-
9yHi gadi (QyHKIiOHANBHE MpU3HAYCHHS OyAiBmi, OymiB-
HUIITBO TOIIO). Jlayi BUKOHY€EThCS MOp(dOoIOTiaHNi aHa-
Ji3 OyniBenbh B KOHTEKCTI MiCHKOTO JOBKIJUIA, Y SIKOMY
BOHM 3HaXOJATHCS (MOPQOIIOriyHi 0COOIMBOCTI OKpeMOi
OyniBIli, TOMOJIOTTYHI OCOOJIIMBOCTI CYKYITHOCTI 3a0y/10B -
eKCro3ullis ix (acami, eQekT 3aTiHeHHs 1 T.1.). OuiHka
EIl OyniBenb B paMKax IbOTO CIIPOIIECHOTO IiJIXOIY
3ailiCHIOBaIacs PO3YMHOM ITOBHOT'O TEILUIOBOr'O OanaHcy,

29

B SIKOMY HETaTHBHA KOMIIOHEHTA nependayae BU3HAUCH-
HS BTpaT Ha Tepefady TeIula i BTPAaTH Yepe3 BEHTHIIA-
LifHy CHCTEMY, a TIO3UTUBHA — HAIXOKCHHS TEIUIa Bif
JoKepel 00irpiBy i Bix COHSYHOI pamiartii.

Y HalmIpoCTIIIOMy BHUITAJKy B paMKaX IIbOTO MPHK-
Jany posrigganocs a0 17 tuc. OyniBens i mpuiiManocs,
o OyIiBii 3 MOMEHTY TIOOYZOBH HE MiIIaBaliUuCs Kalli-
TaJILHOMY PEMOHTY IUIsl Ii/IBUIIEHHS CBOTO €Hepro3oe-
pexxeHHs. TakuM YMHOM, TOJIOBHOIO OCOOJIMBICTIO JaHO-
ro MiJXOAy € BpaxyBaHHsS iH(opMalii Mpo peKOHCTPYK-
uito OyZiBenb 3 METOI MiJBHIIEHHS e(pEeKTHBHOCTI iX-
HBOTO €Hepro3oepekeHHsA. 3a pe3yinbTaTaMU MOJEIIO-
BaHHS Oyno BcTaHOBJIeHO cepexHto BemmanHy EC B 30
kWh/m?yr nns OyniBenb, siKi y HEIIOAaBHI POKH Oyio
PEKOHCTPYHOBAHO /IS TiIBUILECHHS €Heproe()eKTHBHOC-
Ti. Takox Oyno 3MonenboBaHO cepeane 3HadeHHS 200
kWh/m?yr nns OyniBenb, IKi He IMiJiaBalucs TakKild pe-
koHcTpykuii. [Ipuximan inTepdeiicy Bisyanizamii HaBene-
HOi MeTOJMKH OyB OIHIEIO 13 CKIIAIOBHX, IO Opajucs
HaMHM 3a OCHOBY INPH IMIUICMEHTAIll MOJIMBHX DIillICHb
BIAMOBITHOTO KOPUCTYBALLKOTO CLEHAPil0 i3 3acToCy-
BaHHSAM BEO-IHCTPYMEHTIB TeONOpTaly, y CTBOPEHHI
SIKOTO aBTOPH NMPHUHAMAaIIH O€3II0CEPEHIO YUacTh!

3anponoHOBaHWN HAMHU BiIIOBITHUN TpeIMETHHHA
MAX11 BKITFOYAE esSKi HAMPAIIOBAaHHS 1 CIIOCTEPEIKEHHS,
3a3HauCHI B HABEICHWX BHIIC JOCITIKCHHAX. 30KpeMa,
JUISL PO3PaxyHKIB OEpyThCsI 10 yBaru CIIOCTEPEKEHHS 110
3aJICKHOCTI PiBHS €HEPTOCHIOKUBAHHS OYIiBENb BiJ] BIKY
Ta TUMY OynIiBenb. BKIOYMBINM Ii XapaKTEpUCTHKH B
SKOCTI arpuOyTiB Mozesnel OyziBeib, MU 3MOXKEMO TIeB-
HUM YMHOM BinkaniOpysatu piBenb EC Oynuisii, po3pa-
XOBaHWil croyaTky Bix 11 00’emy. Y sKocTi Mmojernen
OyniBenb HAMU TPUIMAIOTHCS PO3PaxXOBaHi 3a BJIACHOIO
METOJMKOI MO, IO BIiAMOBINAIOTH CTaHIAPTY
CityGML (LOD1 i LOD2). Taki moaeni Xo4 i € «OaHO-
30HATBHIMIY», MOXKYTh OyTH pO30HTI Ha OKpeMi OJIOKH i3
3aCTOCYBaHHAM iH(OpPMAIl] MPO KiTBKICTh MOBEPXIB y
OymiBii, OTpUMAaHOI 13 30BHIMIHIX Jpkeped . TakuMm 4u-
HOoM, Hama orinka EC cmmpaeThcs Ha BiJOMOCTI TIpO
CHIBBiIHOIICHHS BiKy Ta Tumy OyaiBens 3 EC, otpuma-
HHX B pe3yJbTaTi peaIbHUX BUMIPIOBAHb JIUMIBHUKAMH,
a TakoX Ha iHdopmario npo 06'eM OyAMHKIB, IO OTMa-
JIOETHCSl, BUOKPEMJIEHY 3 JIaHUX JIJapHUX 3HOMKH W
yTO4HEeHY iH(opMarii€ro mpo KidbKiCTh MOBEPXiB y Oymi-
BITi.

Buxnan ocHoBHoro marepiany. Hu3sbkonoJizo-
HanbHe Mooentoeanns 0yodigend 0n1a nOOAILULO20 PO3-
Paxyuxy emnepzocnoxycueannsn. ba3oBuM 1mapom Uit
BUKOHAHHS IIPOCTOPOBOI OLIHKM E€HEProCHOXHBAHHS
3a0ynoB € HaOip HU3BKOMOJIrOHATBHUX MoOJeied Oyni-
BeJIb, BAOKPEMJICHHX B PE3yJbTaTi 0OpOOKM Ta aHAJi3y
JapHUX JaHWX. 3a3Ha4yeHl NpoLeNypH HaMH BHKOHY-
FOTBCSI 3a jomoMmororo iHctpymenty Building Extraction
Rural Area (BERA) B aBropchkiii BeG-I'IC EOS LiDAR
Tool [16]. DyHKUHIOHANBHICTH JAHOIO IHCTPYMEHTY
MOJNATae B CKIAAHUX alIrOpUTMax CETMEHTalii XMapu
TOYOK MHIISIXOM BHOKPEMJICHHS Ta KIACTepH3alil TOUOK,
SIKI HaJIeKaTh MEBHIM IUIomMHI. JJaHui miaxin 1o mome-
JIFOBaHHS Oy/iBeNb 30CEpe/KEHO Ha y3arajlbHEHHI apXi-
TEKTYPHHUX BIIACTUBOCTEH Oy[iBeib i3 30epeKeHHSIM iX
KJIFOYOBUX T€OMETPUYHUX XapakTEpUCTHK. Take crpo-
IIeHEe MOJENIOBAHHS, Y CBOIO Yepry, JI03BOJISIE 32 BiJJHO-
CHO KOPOTKI TEpMIHM OOpOOJISTH BEJIMKI MacHBHM Jigap-
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HHUX JJAaHUX Ta T'eHepyBaTH B pe3yJIbTaTi 3HAYHY KiJb-
KiCTh MOJIEJIEH, IO CYTTEBO MOJIETIIYE OLIHKY €HEepro-
CIOXXHMBAHHA JISI TEPUTOPIH BENHKHX BHCOKOYpPOaHi30-
BaHHX MicT [15].

Jns MopmenroBaHHA HaOopy OyniBedb IHCTPYMEHT
BERA mpuiimae Ha BXin aBa tumu maHux: LAS-daiimy,
sIKi, BJIaCHE, MICTUTh XMapy TOYOK, III0 ONHUCY€E TPUBUMIi-
PHHMI BiIOMTOK 36MHOI MOBEPXHI, BIJICKAHOBAHOT ITiJ] Yac
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nimapHoi 3iiomku; Ta SHP-daiinm, siki MicTUTh QyTIpHH-
Tn OyniBens (BekTopHi 2D-KoHTYpH OyIiBelns), MO BXO-
IIITH IO eKCTeHTY monaHux LAS-daiinis. @yTnpuHTH TYT
€ ITOTIOMIKHUMH O0'€KTaMH, SIKi O3BOJSAIOTH BigQiIbT-
pyBaTH i BUTATTH 3 XMapH TOYOK JIAIIE Ti Ii ()parMeHTH,
SK1 BiTHOCATHCA 10 OyxiBenb. [lami came 3a uMu Qpar-
MEHTaM{ BHKOHYIOTHCS ITPOLIEAYPH MOJIEIIOBAHHS apXi-
TEKTypH OyZiBesb, 30KpeMa MOJICIIIOBaHHS /1aXiB.
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0-150
151 - 200
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Puc. 1. Inmepdpeiic sizyanizauii pesynomamie EC 3a0y006 na niocmaei 00H030HaANbHO20 MOOEI06AHHSA
3a cmandoapmamu CityGML [6, c. 38]
Fig. 1. Interface for visualizing the results of buildings EC based on single-zone modeling according to CityGML
standards [6, p. 38]

3araioMm icHye HeKigbKa MiAXOIIB JO HHU3BKOMOMTi-
TOHAJBHOTO MOJICNIIOBaHHS Oy/iBeib, KOXEH 3 SKHX
HaJIAIITOBAHMI a00 Ha TEOMETPUYHY TOYHICTh BHOKPEM-
JICHHX MOJIeJIeH, ab0 Ha TOMOJIOTIYHY KOPEKTHICTh (op-
MU Oy/iBens, abo K Ha MIBUAKICT 00poOKH manux [12,
24, 29, 31]. HaiiGinbIm x 3arajbHO BigOMIi MiAXOIH, IO
3HAXO/SIThCS TAKOK W B paMKaxX MOJCIBHUX METOIIB i3
[12, 24, 29, 31], MOKHa PO3AUIUTH HA HIOXOOU, WO OC-
Hogylomuvcs Ha modensx (model-driven — awnen.) i nioxo-
ou, wo ocrnogyiomucs na danux (data-driven — awnen.).

Ha mizxcTaBi BiacHUX 3HaHP MO0 JAHOI IpeIMeT-
HOI Traiy3i, aBTOPH BBa)KAIOTh 10 ICHY€E JBa KaTeropii-
HUX IJIXOAH IO PEKOHCTPYKIii OynmiBenb Ta IX JaXiB -
2ceomempuyHul: TIOOyI0Ba TEOMETPil Aaxy MO TOYKaX 3
nmaHoi XMapu; abo mononoziunuti: BU3HaYCHHS sika (i-
rypa 3 TIMOTETHYHOTO KaTalory MpHUMITHBIB (0ibmioTe-
KH) Kpalle 3a BCiX HabJImkae 1aHy XMapy TOYOK. 3po3y-
MiJTo, 10 B JaHOMY BHIIaIKy MoBa e mpo Single Cloud
(aHri.) — omHa XMapa TOYOK = 0J{Ha MOJIEIbHA CYTHICTb.

B ixmiii crarri [30] migkpecaoeTsCst HasIBHICTD pi-
3HHX aJTOPUTMIB, cepell AKUX HAWBIOMIIIMMU HA3H-
Batotbcss  anroputMd  RANSAC  (RANdom  Sample
Consensus — awen.) Ta cimeiictBo anroputmis [leperBo-
penns Xada (Hough — gnen.) (SHT, RHT), sixe otpuma-
JI0 MOJAJIBIIMH PO3BUTOK Y NEKiJIbKa HACTYIHHUX POKIB
[21]. BesymoBHO, Tpeba MaTh Ha yBa3i iCHYBaHHS MiIX0-
IiB, IO TTOETHYIOTH B c0o0i pi3Hi MeToxu. Tpeba okpemo
migkpecnutd, mo adi RANSAC, ani SHT He MOXyTh
6ytn 3acrocoBHi g0 City block scope (monemtoBaHHS y

30

MacmTabi ychOro MicTa) B CHIIYy HHU3BKOi MIBHAKOCTI,
onHak anroputM RHT nokiuMkaHuii BUPILIMTH 1O MPO-
6nemy. OCOONMBICTIO I[BOTO aJNTOPUTMY € Te, IO BiH €
oJHOMpoXigHUM. Tpeda oKpeMo 3ayBasKUTH, LIO aBTOPU
crarti [21] BukopucroByBamu RANSAC sx meron s
MOPIBHSUILHOTO aHalli3y pe3yJsbTaTiB 31 CBOIMH iHHOBA-
WIHHUMH TiaxoJaMu (HOBHH , IPYHTYHOUYKCH JIMIIE Ha
oOMexeHoMy Habopi KIII0YOBHUX (Ha iX JyMKy) mapamer-
piB: MaKCHMyMi KYTOBOI JIeBiaIlii MK TUTONTMHAMHU JTBOX
rpaHell Jaxy, MakCUMaJbHUH TeXHIYHMH JOIYCK Ta iH.
Jis mopiBHsuIbHOTO aHamizy nBox MetoaiB (RANSAC Ta
inHoBauiitHuid RHT) 1i aBTOpM BHKOPHCTOBYB&JIM KJIa-
cudikaniro HenmoBHMX IUIOIMH (inaccurate planes —
aHTJI.) 32 OPUTiHAJIBHUM METOJIOM: BUIUISIIUCS HECErMe-
HTOBaHi IJIOUTWHY, HEAOCTATHHO CETMEHTOBAHI, HAAMIp-
HO CErMEHTOBaHI 1 TOMIJIKOBI IuTomuHN. [IeBHNM Hemo-
JIKOM 3a3HaveHoi crarti [21], Ha HamTy AYMKY, € 3aHa-
TO BXe HeTpsMe MOCWIAHHS Ha TEPIINi JTOCBiJ KOMOi-
HOBAaHOTO  BHUKOPHMCTaHHS  aJIFOPUTMIYHMX  METOJIB
RANSAC i Tpancdopmanii Xada anst pekoHCTPYKii
6ynisens 3 LIDAR PC [28].

B sikocTi y3arajbHEHHS 1IbOTO CTHCIIOTO OTIJISJIOBO-
rO BCTYIly JI0 BHKJIQJICHHS OCHOBHOTO MaTepiajiy Hamoi
CTaTTi 3poOMMO BHCHOBOK NpPO Te, IO B IEPEBAXHIH
OUTBIIOCTI K TEOPETHYHHX BHUIITYKYBaHb, TaK 1 MPaKTH-
YHHX MPHUKIAIIB SIKICh OKPEMi «aJTOPUTMH PEKOHCTPYK-
i maxiB» po3poOJsUIACS JUINE B OKPEMHUX BHIAIKAX.
Hattgacrime gaxm peKOHCTPYIOBATHCS SIK OKPEMHUH KOM-
MOHEHT B paMKax JIiHil IUITXy BUKOHAHHS 3arajibHOTO
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aJTOPUTMY €KCTpakKIlii Oy 1iBelb.

IIpu po3podui inctpymenty BERA mamm Bmpoa-
JOKYBAJIMCS OHOBIICHHSI W OTMTHMI3aIlisl AESIKHUX 13 BKaza-
HUX MIOXOIIB O MOJCTIOBAHHSA Oy[IiBeNb, OIUH 3 SKUX
Oyzie 9acTKOBO OITMCAHO JAIi.

OCKUNBKH 10 MOJCTIOBaHHSA INPHUHMAIOThCS (par-
MEHTH XMapH TOYOK, SIKI BXXe 0Opi3aHi 1Mo peasbHOMY
KOHTYpY OyIiBJli, IpOLIEypH MOJEIIOBAHHS, IO 3aJIU-
LIMJINCS, 3BOAATHCS JIMIIE 1O MOJIEIIIOBaHHS axy Oy/iB-
Ji Mo mojaHoMy ¢parMeHTy Xxmapu To4ok. CyTh IbOTO
MOJICTIIOBAHHS TOJISITa€ y 3HAXOJKEHHI Y XMapi TOYOK
IUTOIIMH JIaXiB, IX CETMEHTAIlil Ta 00'€JHAHHI Y TOMOJO-
TiYHO KOpEKTHY Qopmy maxy. IleBHi ckiIagHOCTI B MOzIe-
JIOBaHHI MOJATAIOTh Y TOMY, IO BHXiJHA XMapa TOYOK
MOKE€ MaTH HHU3bKY IIUIBHICTH TOYOK, IO YCKIAIHIOE
BHSIBJICHHS TUIOIIUH [aXiB, a00 K y XMapi MOXYTh Mic-

THATHUCS TOYKH, IO HE BIMHOCATHCS 10 OYyIMiBIi (HAIpH-
KJIan, JAepeBa, IO MOKPHUBAOTH QYTHpUHT OyiBii), sKi
HEPEeIIKO/DKAIOTh KOPEKTHOMY. BH3HA4YeHHS (OpMH
naxy. Bce me mMojke mpu3BeCTH O MOMMIIKOBOTO MOJe-
JroBaHHS (OpPMH OYIBII 1 BIIMOBITHO 0 MOMUIKOBOTO
BHU3HAYEHHS HOTO 00’€My Ta BUCOTH, TOMY JJIS PETYIIIO-
BaHHS TaKuX NPOOJEM B alrOPUTM NPUBHOCATHCS MEBHI
onTUMizaliiHi pimeHHs. Ham minxin rpyHTyeTbes Ha
aHadi3l BJACHUX 3HAYEHb TOYOK JUISI BHM3HAYEHHS IX
BIZIHOLICHHS /10 peajbHUX IUIOLIMH AaXy Ta MOJaIbIIO]
ix Kmacrepuzamii Ta cerMeHTauii 3a BUSBJICHHMH ILUIO-
myHaMu. Bech mporec MoJeNoBaHHs IPOXOIUTD Yepes3
5 yMOBHHX NIpOLEAYp: aHali3 BIACHUX 3Ha4eHb TOYOK,
KJIacTepH3alis IBOBHMIPHHX TOYOK, MO IUIOIIUH,
BU3HAUCHHS CYMIDKHOCTI IUIOILHMH, PEKOHCTPYKLIS Aaxy

(puc. 2).
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Puc. 2. Onepauiiina nocnioosnicms HU3bKONOIZOHAIbHO20 MOOEIIO8AHHA OYydisenb Ha niocmagi 06podoKu
aidapnux 0anux
Fig. 2. Operational sequence of low-polygon modeling of buildings based on LiDAR data processing

AHaji3 BJIIaCHUX 3Ha4YeHb, Iependadac TMOOYIOBY
MoJIiroHiB BopoHOTro 3a BciMa TOYKaMH BKa3aHOTO JIaxy.
KokeH Takuii moNiron 3amMmukae o0JIacTh HABKOJIO KOX-
HOI TOYKM XMapHW TaKUM YUHOM, IO KOXKHA TOYKA B
Mexax Iiei obnacti Onmkde 10 L€l TOYKM XMapH, HDK
Oy/ab-sKO1 I1HIIOT TOYKK XMapu. SIKIIO TOYKAa 3 TaKUM
MOJIITOHOM OTOYEHA TOYKAMHM 3 TAKAMHU K TOJITOHAMU —

31

3HAYUTh BOHA BIJHOCUTHCS 10 IUIOLIMHHM JaXy, 1HAKIIE XK
Il TOYKAa BIXHOCHUTBCS 10 OyIb-SKUX HEIUIOIMHHHX
€JIEMEHTIB XMapu TOYOK, HAINPHUKIAI, 10 PEOpiB Mik
IUIOLIMHAMH J1aXy, IIEBHUX LIYMOBHX TOYOK abo JepeB
[24]. Y pe3ynbTaTi BCi TOUKH MOIUISIFOTHCS Ha ABI yMOB-
Hi TPYIIX: ABOBUMIpPHI TOYKH (IO HAIEKATH JO TUIOIINH )
1 TpUBHUMIpPHI (110 HE HaJIEKATh JI0 IUIOLIHH).
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HacTtymHuM eTamoM € Kiactepu3arlisi JBOBUMIpHUX
TOYOK, SIKa MOJIATa€e B PO3OUTTS BCiX OTPIMAaHUX paHiIIe
JIBOBUMIPHHMX TOYOK Ha KIIACTEPH, KOKEH 3 AKHX Xapak-
TepU3ye OKpPEMy IUIOMUHY JAaxy. Jns mporo 3acTocoBy-
€ThCS MeTOA K-means, skuii BpaxoBy€ BiICTaHb ycCixX
TOYOK JI0 IIEHTPIiB KIACTEPiB, @ TAKOXK iXHIO TOTIOJIOTIYHY
Bary (po3MipHiCTb), pO3pax0OBaHy paHille 3a J0NOMOTOI0
nosiroHiB Boponoro. B pe3ynbTari, 3anexHo BiJ I'ycTH-
HHA TOYOK, BUIIJISETLCA Ta YK IHINA KiNBKICTh IUIOII[HH
Jlaxy.

Jlanmi BUKOHYETHCS MO OTPUMAaHUX IUIOIIMH Ha
OKpeMi KOMIUTaHapHi Ta IUIaHapHi CErMEHTH 3a J0IOMO-
rO0 aHami3y 3B'SI3HOCTI. 7 mBOTO 3 OTPUMAHUX TPH-
BAMIpPHHAX TOYOK CTBOPIOIOTHCS JiHIMHI 00'€KTH, AKi
PO3MEXOBYIOTh 1 3aMHKaIOTh IUIOLIMHU Aaxy. B pe3yib-
TaTi TEHEPYIOTHCS MapayieNbHi Ta KOMIUIAHAPHI CETMEH-
TH, SKi € KOHCTPYKTHBHHUMH €JIEMCHTaMHU OYMiBII, IO
MO/JICITIOETHCH.

Jlig nogansmoro 3'€eJHaHHS OTPUMAaHMX IJIOMIMH Y
TOIOJIOTIYHO KOPEKTHY (opMy llaxXy BHKOHYETHCS HPO-
IeaAypa BU3HAUCHHS CYMDKHOCTI muionuH. JlaHuii eram
NoJIArae y BU3HAYE€HHI CYMDKHHUX TOYOK 3 JIBOX CYCIJHIX
IUTOLIMH, 33 SIKUMH 1Ii TUIOLIMHU OYAYTbH 3'€THYBaTHUCS.
JUis 1poTO 3a HAaSBHUMH TOYKAaMH 3HOBY OYIyIOTBCS

I o /521 o coptate meodeh

moJiiroen BopoHOro, 32 SKUMHU y SKOCTI CYMIKHHX TO-
YOK OepyThCS TITBKU Ti TOYKH, ITOJIITOHH SKUX MaTUMYTh
cnineHiI pedpa. TakuM 9MHOM, SKIIO K TOYKH HE MArOTh
CHUTEHUX pebep — Ie O03Havae, Mo iX CerMEHTH He MpH-
MHKAIOTh OJWH 10 onxHoro. Ll mpouenypa mo3Boisie
yCIIITHO 00poOIATH Pi3Hi MpoOIeMHI PparMeHTH XMapH
TOYOK, HATIPUKIIA[], 3 HU3bKOIO IIJBHICTIO, 200 3 Pi3HU-
MM MEepenKojaMu, abo MporauHaMH.

KiHneBuM etamnom € 6e3mocepeiHb0 PEKOHCTPYKILis
Jaxy 31 ¢)OPMOBAHUX PAHIIIEC CETMEHTIB Ta BH3HAYCHOT
CYMDKHOCTI MiK HUMH. 3OBHIIITHI CTIHM MOJENI Oy/iBIi
BU3HAYAIOTBCSI HOTO (QYTIPUHTOM, BUTSATYIOTBCS IO
nepeadadyBaHOi BUCOTH OyIiBii, BUTATHYTOI 3 BiAIOBI-
JTHOTO (pparMeHTa XMapH TOYOK, i 3aMUKAIOTHCS 3 AaXO0-
BUMH IUIOMMHAMH, (opmyroun kiHmeBy LOD2 monens
OymiBmi. Ha BHIamoK, SKIIO alrOpUTMy HE BIAIOCS
yCHimrHo 00poOuTH (GparMeHT XMapu TOYOK i BUTATTH 3
HBOT'O TOIOJIOTIYHO KOPEKTHHH 0araTOCXWINK 1ax, KiH-
L[eBa MOJIeNIb TeHEPYEThCS 3 INPHU3MATHYHUM JaxOM,
BUTATYI04M (yTnpuHT OyniBii Mo BHCOTI (parMeHTa
XMapH TOYOK, 1 reHepytoun TuM camum LOD1 monens.

B pesynbrati reHepyeThes Habip Mopeneil peaib-
HUX OyJIiBesb, TOYKOBI XMapu SIKUX OyJIM BiJICKaHOBaHi
3a JJOMTOMOTOI0 JIiAapHO1 3HOMKH (puc. 3).

4

';

Puc. 3. Hu3zvko-noniconanvhi mooeni 3a6y0oeu nepeomicms, gizyanizosani y cepedosuwii ¢e6-I'C EOS LiDAR Tool
2eonopmain. Mooenv 0omieku 3 niockum oaxom — neycniwina. Ilo oopaniii domieyi (memno-cuns) 6izyanizyromocs
it npocmoposi it 2eomempuuni ampudymu
Fig. 3. Low polygon models of suburban buildings visualized in the EOS LiDAR Tool geoportal web-GIS environ-
ment. The model of a flat-roofed house is unsuccessful. The selected house (dark blue) visualizes its spatial and
geometric attributes

3anexHO BiJ CKIATHOCTI apXiTeKTypu OyniBmi, a
TaKOXX BiJf YCHIIIHOCTI BUKOHAHHS aJTOPUTMY MOJIEIIO-
BaHHS MOJIENIi MOXKYTh MaTH Pi3HUI piBeHb HeTaji3arii
(LOD1 a6o LOD2) a6o Gyru 3reHepOBaHOIO Y BHUIIISIL
HEYCIIIITHOI MOJENBbHOI CYTHOCTI, SIKa B3araji-To BiJIO-
Bimatume Tomy came LOD1 (puc. 3). Ilpu upomy mnepe-
BaxxanHs Mmonenerd LOD1 naneko He 3aBxau Oyne BKa-
3yBaTH HA HEBIAJO BUKOHAHEC MOJCIIOBAHHS — YacTO
yepe3 crenugiky Micbkoi 3a0ynoBu cami OyaiBii Mo-
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KyTh IIHICHO MaTW Npu3MaTtudHy GopMy Haxy, a 3Ha-
YUTH 1 MOJIENi MAaTUMYTh IPUMITHBHY (POpMY, IO BiIIO-
Bigae LOD1.

o moGynoBanux Mojereii y dopmari obj nomaers-
s jSONn-gaiin, sKMi MICTUTH pi3Hi MeTalaHi po MOMIENI,
BKJIFOYAIOYM KOOPJAMHATH, IUIOLLY, BUCOTY Ta 00'eM, fKi
HaJlaJli BAKOPUCTOBYIOTHCS Juisl po3paxyHky EC Oynisii

VY3arasbHEHHSI 3MICTY QJITOPUTMY, SIKUH 3HaXo-
Jquthest B ocHOBI BERA-(dyHKuionansHOCTI, MOXXHa 3pO-
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OuTH HacTymHUM 4YrMHOM. Ko’kHa iMIuieMeHTalisl boro
NTOPUTMY BWITydCHHS MOJETEH CKIaJaTUMEThCS 3 Ha-
CTYITHHX €TalliB:

1. Ilepeonpoyecine — niocomoska Oanux. Cromu
BXOJUTH NOMNEPEIHE OYMINECHHS BUXIZHOI XMapH TOYOK
BiJl POCIIMHHOCTI Ta iHIIMX «ITyMiB» 1 OALN il Ha 6e3Iid
XMap, 10 MICTATh 10 O/IHIH OyAiBII KOXKHA.

2. Ceemenmayis xmapu mo4ox - MOMIT TOYOK Oyi-
BJIi Ha naauapwui kKnactepu To4oK. Croau BXOIUTH BUOIp
TOYOK, M00Y/I0Ba IUIOLIHH, MO KONIAHAPHUX JTIISTHOK.

3. Cmeopenns niocymro6oi Hu3zbKO-noicoHANbHOT
mooeni. Cronu BXOAUTh o0y J0Ba MaTpUIb CYMI>KHOCTI,
BHU3HAYCHHS OMOPHUX TOYOK 1 pedep, MOmaBaHHS CTiH,
eKCIIOPT B 3aTaJbHONPUHHATHNA (OpMAaT AJIs IOJAIBII0-
T'O IPOCTOPOBOTO aHAMI3Y.

3D-npocmoposuit nioxio oo oughepenuiiiosanoi
OYIHKU €eHeP2OCNONCUBAHHA MICbKUMU 3a0ydoeamu.

Po3paxyHok eHeprocrnoxuBaHHs OymiBeslb MOxe OyTH
BUKOHaHWH y HacTineHOMY [1C-cepemoBuimii, Hampu-
kian, QGIS, i3 3aBaHTa)keHHAM y HBOTO BCiX T€OMETpPH-
YHHUX XapaKTePUCTHUK OyIiBeh, OTPUMAHUX B PE3YIbTATI
TPUBHMIPHOTO MOJICIIOBaHHS IAaHUX JiTapHOi 3HOMKH,
Ta CEMAHTUYHHX XapaKTEPHCTHK, 3aBAHTAXXCHUX Yy ILIap
OymiBelnb i3 CTOPOHHIX JpKepel. Takum urnHOM, 0a30BHM
MPOCTOPOBUM MIAPOM, HEOOXiTHMM ISl pPO3pPaxyHKy
CHEPrOCIOXMBaHHSI ~ OyiiBeNnb, €, BIACHe, KBasi-
BekTopHMii map Oyniesb (3D 00’ekT He € BEKTOPHUMHU
y 3BHYAiHOMY pO3yMiHHI ILIbOro TepMiHy). lle Moxe
Oyrn abo Halip QyTHpuHTIB OyniBesb, 110 BUKOPUCTO-
BYIOTBCSI HacaMIepen Ul IXHbOro TPHBUMIPHOTO MOJie-
moBaHHs, a00 HaOip meHTpoixiB nux OyxmiBens. Pospa-
xyHok ouinku EC, 3a yMOBHM HassBHOCTI BCiX BHUIIIE3a3HA-
YEeHHUX JaHUX, MOXKe OyTH BUKOHaHHHU Yepe3 5 mociigoB-
HUX eTariB (puc. 4).

3aBaHTaXeHHsA
reoMeTpUYHUX

Type

napameTpiB GyaiBenb

RDH 1951

RDH 1951

XapaKTepucTuk byaisenn

3aBaHTaXeHHs
CeMaHTUYHUX

Po3paxyHOK KOPUCHOT
nnouii 6yaisenb

Bix noSyzosn 1901

1900 | 1950
Tim Gyaisai
EFH

RDH

RDH
KMFN
GMEN

HH

€TaroHHOro 3Ha4eHHA
€HeprocrnoXvwBaHHSA

Bu3HayeHHs

oyaieni

Mpu3HayeHHs knacis
eHeproeteKTMBHOCTi

Oyanisenb

Puc. 4. Ilocnioosnicme npouedyp oaa euxkonanna oyinku EC dyodieens na niocmasi ix ceomempuunoi
ma cemanmuynoi inghopmauii
Fig. 4. A sequence of procedures for performing assessment buildings EC based on their geometric
and semantic information

3aseanmaoicenns ceomempuunux napamempie 0yo0i-
6envb. Jlani mpo Bucotry, miomy Ta 00’em OymiBensb,
OTprMaHi B pe3yJbTaTi 0OpOOKH JiTapHUX JTaHHUX, OyJIH
3aHeceHi B jSON-(haiiyiy, 10 J0JAalOTHCS 0 KOXHOI MO-
nemi. Y IMX TEKCTOBUX (aiinax naHi 30epiraroTbesi y
dopmari kimrou-3HaYeHHs (Hampukiaad, “volume”: 200),
CIUCOK SIKUX MOXe OYTH BHHECCHHH 3 ycix jSon-daitnis
JI0 €IMHOTO CSV-(aiily 3a JONOMOTOI0 €JIEMEHTapHOTOo
python-ckpunrty. Tak sik y json-caiinax, cepea iHIIOro,
MicTsATbesl XY -KOOPJIMHATH KOXKHOI MOJIEIi, MH MOXEMO
3roioM TnepeTBopuTH CSV-daiin y QGIS, 3pobusim oro
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apoM IEHTPOifiB OymiBesb 3 TPUB’S3aHOI0 JO HHX
reoMeTpUYHOI0 iH(OopMaIliero (puc. 5).

VY QGIS nana nporuenypa BUKOHYETHCS 38 TOTIOMO-
roro incrpymenty Add delimited text layer — Bin excrpa-
rye 3 CSV-aiiiy moist 3 KOOpJMHATaMHu i Ha IX OCHOBI
TeHepye MIap HEHTPOIAiB 3 aTpuOyTaMH, 10 BUTSATHYTHX
3 IHIIUX KOJIOHOK csv-gaiiiy [2]. [auni, npu HeoOxigHOC-
Ti, 3aIUCH 3 LIEHTPOINIB MOXKYTb OyTH IIEpEHECEHI Y IIap
¢yropunTiB Oy/iBens 3a monomororw iHctpymenty Add
point attributes to polygons.
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obj_data.csv: Bnokwor
|model_0000son

[@) model_0000.0bj
| model_0001.json
@) model_0001.0bj
| model_0002json
) model_0002.0bj
I model 0003 json
) model_0003.0bj
T model_0004,s0n
[ model_0004.0bj
| model_0005 json
& model_0005.0bj
|model_0006,json
@) model_0006.0bj
7/l model_0007.json
) model_0007.0bj

| model_0003.json: BnokwoT g

Oaiin Pegarysanna Oopmar Burnsa [osiax

"model0003": {
"volume": 222.198267,
"latitude": 24.64115140,
“longitude™: 59.39566640,
“sizeX": 10.22,

"sizeY": 10.660001,
“sizeZ": 5.43,
"epsg": 26910
3
100%

Pal, crenl Windows (CRLF)

®aiin  Pegarysanna Qopmar Burnag  [oeiaka ] € 2 VB & §
Name; Volume; Latitude;Longitude
model_0001;4266.963929;24.63862776;59. 39556285
model_0002;4349.557996;24.63930350;59.39576116
model_0003;222.198267; 24.64115140;59. 39566640
model_0004;20281.9789; 24.64455840;59. 39385869 P
model_0005;165.762353; 24.64089369;59. 39567473
model_0006;42.552229;24.63850596;59. 39581802
model_0007;11369.3012;24.63933379;59. 39622395 L
model_0008;10752.47046;24.63873772;59.39716633
model_0009;12207.93292;24.63919773;59.39668067 5
model_0010;5494.893413;24.63935338;59.39831656
model_0011;223.454837;24.63980249;59. 39835451 i
model_0012;9985.81136;24.64033172;59. 39718887
model_0013;9608.700957;24.64062569; 59. 39664601
model_0014;10314.64612;24.64082622;59.39762385 lo
model_0015;166.762322;24.63963385;59. 39842287
model_0016;16674.78482;24.64093966;59. 39831206 J
model_0017;6512.412437;24.64140689;59.39787013
model AQ12:-11184 25104-24 64197614-59 30694523 1o

( obj_data — Features Total: 349, Filtered: 349, Selected: 1 - [=]
7 =

Longitude

59,39556285

Latitude
24,63862776

Volume

4266,963929

Name

model_0001

model_0002 4349,5579% 24,6393035 59,39576116

3 model 0003 222,198267 246411514 59,3956664

model_0004 20281,9789 24,6445584 59,39385869

model_0005 165,762353 24,64089369 59,39567473

model_0006 42,552229 24,63850596 59,39581802

7| model 0007 11369,3012 24,63933379 59,39622395

model_0008 10752,47046 24,63873772 59,39716633

model_0003 12207,93292 2463919773 59,39668067

model_0010 5494,893413 24,63935338 59,39831656

IHtbopmauis Npo mogens
B OKpeMoMmy json-chbaiini

3BegeHa yepes python-ckpunt iHchopmauis
3 ycix json-channis y csv-tabnuui

IMnopToBaHa csv-Tabnuus y
cepeposuiye QGIS

Puc. 5. Ilepemeopenns danux 3 jSON-ghaiiny 6 ampubymueny maonuuio y cepedosumi QGIS
Fig. 5. Converting data from a json-file to an attribute table in QGIS

3asanmaoicenns ceMaHMU4YHUX Xapakmepucmux.
Oxkpim iH(MopMarii mpo o0’eM OymiBems IS OIHKH
€HEProCHOXMBAaHHA MH BHKOPHUCTOBYEMO TakoX iH(op-
MaIliro mpo Bik OyziBens Ta ix Tum. Li xapakTepucTHKN
TaKOX BIUIMBAIOTH HA PIBEHb CHEPTOCIIOKUBAHHS Ti€l Un
iHmoi OyxiBii, MO OyJO MATBEpIKEHO Y HU3MI TOCTi-
JOKEHb, PO3TIITHYTHX PaHillle y OTJIAJO0BiH 4acTHHI CTaT-
Ti. Tak, cepeanpopiune EC 3a kiacom xuTII0BOT 320y /10-
BU 3a IHIIUX piBHUX (hakTOpiB MOxe Oytu Ha 15-30 %
BHILIE, HIX 32 KJIACOM KOMEPLIHHUX (HEeXUTIOBUX) Oy1i-
Besb [8, 13, 20, 26]. 1llo x g0 BiKy OymiBii, TO TYT 30-
BCIM IIPOCTEXYEThCS YiTKa 1 LIJIKOM 3pO3yMiJia 3aKOHO-
MIpHICTh TigBHUIICHHS cepeanbopiuHoro EC Oynisimi
pa3oM i3 MiABHIICHHSM BiKy Oynisimi [8, 14].

Jani nipo Tur OyniBexb MOXYTh OYTH 3aBaHTAXKCHI
3 OpenStreetMap, a moTiM aganToBaHi i THIIOJOTIYHY
knacudikamiro OyniBenb, sKa 3aCTOCOBYEThCS 1O OyIi-
BeJIb y THX HIMEUIBKHUX BUMipax €HEpProClOXKMBaHHS, Ha
SIKI CIIMPAIOTHCSI HAllll PO3PaxyHKH ESHEPrOCIIOKUBAHHS
[7]. Yeboro, 3rigHo 3 Takow Kiacu(DiKaIier, MH MOXKE-
MO BHIUIMTH 5 KiaciB xuTioBoi 3adynosu: EFH — mpu-
BaTHHI OYJIWHOK Ha OfHY ciM 10, RDH — psim 06'etHanmx
MaJIOTIOBEpXOBHX OynWHKIB  (CTpiukoBa 3a0y/0Ba),
KMFN — neBenukuii 6araTokBapTUpHUI OyAuHOK (Bix 2
o 6 xBaptup); GMFN — Benukuii OaraToxkBapTHpHHI
OyIMHOK (110 KiJIbKOX coTeHb kBaptup); HH — 6araromno-
BEPXOBHH OaraTokBapTHpHUI OyIMHOK, (OinbIie COTHI
KBapTHUp); 1 OKPEMUH Kiac KoMepiiHoi 3a0ynosu RDH.

Jani npo Bik OyjiBenb MOXKYTh OyTH 3aBaHTaKeH1
3 Pi3HHUX BIIKPUTHX KOMEPIIHHUX YU AEp’KaBHUX, MyHi-
IUTNIATBHUX 0a3 JaHuX Ta reonopraniB. Hanpuknan, naxi
mpo Bik OyniBens y Hizepmangax MoxXyTs OyTH OTpHMa-
Hi 3 BeO-pecypcy 3DBAG [4].

Tum ta Bik OyZiBiIi 3aHOCATHCS A0 aTPHOYTHBHOL
Tabnumi mapy OynaiBenb y SKOCTI OKpeMHUX aTpuOyTiB.
Jlayii BOHH BUKOPHCTOBYBAaTUMYThCS ¥ po3paxyHkax EC
SK TapaMeTpH, SIKi KOPUI'YBaTHMYTh PO3paxoBaHUH Ha
OCHOBI 00’eMy OyxiBii ouikyBanuii pieHs EC.

JonatkoBo no Tabmumi arpuOyTiB Moxe OyTH 3a-
BaHTa)keHa iH(opMallis po KUIBKICTb NMOBEpXiB y Oyi-
BJi, SKIIO BOHAa JIOCTYHNHa JuIi JaHoi Jiokauii B
OpenStreetMap, abo B Oyab-fKOMY IHIIOMY JDKepei
naHux. B iHMoMy BUNAIKy O4iKyBaHa KiIBKIiCTH IOBEP-
XiB y OyamHKax Moke OyTHm obOuucieHa 3 00’emy Ta
BHCOTH OymiBIIi.
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Pospaxynox xopucnoi niowi 6Oyoieni. KiodoBum
nmapameTpoM s omiHku EC 3a TpUBUMIpHUMH MOZEIIS-
MU OyIliBeNb € KOPHCHA IUTomIa Oy aiBimi (Ipu3HadYeHa IS
omajyeHHs 1ioma). Llei moka3HWK BHKOPHCTOBYETHCS B
cranpaprax exonomii EC EnergieEinspar Verordnung,
EnEV, i 6epe ydactp Oesmocepentso B po3paxyHky EC
OyxmiBems B kWh/m?a (KiIoBaT-TOAMH CIIOKUTOI €HEpril
Ha OJIMHMIII0 KOPUCHOI rutonli Ha pik). Iloka3Huk Kopuc-
HOT TUTOIII 71 OKpeMol OyaiBii MoXe OyTH po3paxoBa-
HEH 32 Takoio GopmyIoro (3 mo3Hauens ENEV [7]):

1 -1
Ay = Ve(h—G —0.04m )

ne, Ay — 1Ie KopucHa 1uroma Oynimi, Ve — 3araib-
HUH 00’eM OyaiBii, OTpUMaHMN Ha OCHOBI JIiJapHUX
JnaHuX, Ng — cepenHst BUCOTA MOBEPXIB y JdaHiil OymiBiIi,
OTpHUMaHa LUISIXOM IIOJILTy BUCOTH OyIiBJIi Ha KUIBKICTh
MOBEPXiB Y HbOMY, M — oauHuLs MeTpu. 3HadeHHs 0.04
— eTaJIOHHUH KOeQIlieHT TeIIo0Nnopy OropOXKYBaIb-
HUX KOHCTpykuiit OymiBmi (R-value). Cepemus BucoTa
MOBEpXiB y OyMiBII 1T TaHOT (hOPMYITH PO3PAXOBYETHCS
HACTYITHIM YHHOM:

hG = @
n

ne, hg — cepeanst Bucora mosepxy B Oyniemi, hg —
Bucota OyniBmi, BmwiyueHa 3 3D-moneni OymiBmi, N —
KIJIbKICTh TOBEpXiB y OyxiBimi. SIKIIO MOKa3HMK N HEBi-
JIOMHI, MOXKHA 3 JIOJaTKOBHX JDKEpPEsl BU3HAYUTH NPUO-
JU3HY CEepefHI0 BHCOTY IOBEPXiB y OyAmiBIAX HaHOl
JIOKaIlii, i 3BOPOTHIM YMHOM BH3HAUHUTH KiJBKICTH TOBE-
PXiB, OAITMBINN BHCOTY OYy/IiBIi Ha CEPEIHIO KiJIBKICTH
MTOBEPXIB.

Bci i po3paxyHKH MOXyTh OyTH BHKOHaHI IPSMO
B cepenoBuii QGIS 3a gomoMororw KambKynsTOpa MO-
JiB, 3 MOAAIBIINM BHECEHHSM OTPHMAHMX 3HAYEHb Yy
BiJITIOBIJTHI MOJIS aTPHOYTIB JJIs1 KOXKHOI OY/iBIIi.

Busnauenns emanonnoz2o 3HA4eHHS eHeP2OCNONCU-
eanus Oyoieni. [l OLIHKY €HEProCHOoXXUBaHHS OyAWH-
KaMH HaMH TPUHAMAIOTHCS pealibHi MOKa3HUKHU TETUIONI-
YUIBHUKIB OyIWHKIB (3araibHUI 00CAT CIIOKHUTOTO TETI-
na Ha OyIWHOK Ha pik) y kWh/m?a, 3i6pani y Himeuunni
[7]. i nokasuuku Gyau po3paxoBaHi ajist Oe3iidi Oymau-
HKIB pi3HOTO BIKYy Ta THIIIB, IO JO3BOJIMIO CHOPMYBATH
TaOIHUII0 yCcepeaHeHNX eTalloHHnX 3Ha4deHb EIl y crmiB-
BIZIHOLICHHI BiKy Ta TuIy OyaiBesb (Tabmuns 1). Xoua
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s Tabsmns Oyna chopMoBaHa Ha OCHOBI BHMIpIOBaHb
€JIeKTPOCIOXMBaHHA B HiMeduuHi, B IiJIOMy BOHa MOXe
OyTtu 3actocoBaHa i mis iHmUX kpaiH €C, 31 CX0XHUM
KIIIMaToM i MiCBKOFO 320y I0BOIO.

VY 3ragaHux HIMENBKAX HOCHIDKEHHIX ITHUTOME
3HAYCHHS CHEProCIIOKMBAHHS OyIMHKOM PO3PaxOBYETh-
Csl IIUIIXOM PO3MOALTY Ii€i BEIMYMHU Ha KOPUCHY ILIO-
1y Oyniii. Hamu 5k BUKOHY€TbCSI 3BOPOTHE 3aBJaHHS —

32 PO3paxoBaHOIO 3 MoJeneld OymiBellb KOPUCHOI ILIO0-
IO Ta HABEACHUMH Y TaOIUIl MIa0JIOHHUMH TTOKA3HU-
KaMu kWh/m?a po3paxoBYeTbCs 3aralibHUM 00CAT eHep-
rocriokuBaHHsA Oyniemi. [Hdopmaris mpo Tum Ta BiK
OyxiBens, 3aHECeHA paHimie OO TaONUIl aTpuOyTiB, BH-
KOPHUCTOBY€EThCS JUIS BH3HAYCHHS I[HOTO INAOJIOHHOTO
MOKA3HMKA IS Ti€l UM 1HIIOT MOJENI.

Tabnuys 1

Emanonni snauenns enepzocnodcusanns 0yoieennv 6i0nocho ix muny ma 6ixy (cknadeno 3a oanumu [7, 8, 20])
Reference values of buildings EC in relation to their type and age (compiled from [7, 8, 20])

iK OOYyT0BH -1900 1901- 1951- 1976- 2001- 2011- 2018-
1950 1975 2000 2010 2017 2020

Tum Oyxisii
EFH 280 240 210 160 120 90 35
RDH 260 230 210 150 110 50 40
RDH (xomepuiiina 240 200 160 140 80 40 20
3a0ymoBa)
KMFN 250 240 170 150 120 80 20
GMFN 245 230 150 130 110 60 15
HH - 210 130 120 90 50 10

Ipusnauenns kaacy emepeoepexmusnocmi. Ha oc-
HOBI pO3paxOBaHOTO PiBHS €HEPrOCIIOKMBAHHS KOXKHIH
OymiBJIi IPU3HAYAETHCS OJIUH 13 CEMU CTaHIAPTH30BAHUX
KJIaciB eHeproe(eKkTUBHOCTI, SIKi BUKOPHUCTOBYIOTHCS
¢axTnuHO y BCix kpaiHax €C y equHiil KOMipHiH rami
[7]. Tlonepenus Bizyamizauisi pe3yJabTaTiB IPOCTOPOBOT
OI[IHKM EHEPrOoCIMOXKMBaHHA MOXKe OyTH BHKOHaHa Yy
QGIS (y 2D dopwmari). s TpuBumipHOI Bi3yasizariii,
PO3paxoBaHMil PiBEHb €HEPTOCIIOKMBAHHS IEPENAETHCS
Ha3aj B jSON-(haiiiin po3paxoBaHUX MOJEJeH 3a JI0MOMO-
roro cremianeHoro python-ckpunra. Kpim mnokasnuka
EC, no json-caiinis MoxyTh OyTH nepenani i iHmi xa-
paKkTepucTHKHU OyIiBelnb, 0 OEpyTh y4acTh Y po3paxyH-
Kax, JUId Kpamioro po3yMiHHS 3aJIeKHOCTI IIUX XapaKTe-
puctuk Ta piBas EC.

[Ticnst Toro, sk yci po3paxoBaHi JaHi MepeaatTbes
MoJieNsIM OyaiBeNb, BUKOHYETBCSI TIEPETBOPEHHS MoJie-
neit popmaty 0bj y dpopmar gltf, a motim y popmar b3dm
JUIsl ONITUMIi30BaHoi Bi3yamnizauii pe3ynbraTiB y 3D-cueHi
Be6-I'IC ELIT Geoportal, peamizoBanoi wa 06a3i
JavaScript-6i6miorexku Cesium (puc. 6). Y cepenoBuiii
ELIiT Geoportal moneni cminbHO BigoOpaXkaroTbCs SK Y
LOD1, rtak i B LOD2 ¢opmari, a TakoX y KOJbOPOBii
rami BiIITOBIMHUX KJACiB eHeproeeKTHBHOCTI. JJo Kox-
HOi MOZeINi y CIeliajJbHOMY CIUTUBAalOYOMY BIKHI TakoxX
OJTA€ThCsl Bca aTpuOyTHBHA iH(MOpMAIls, mepenaHa
yepe3 jSON-daiin. OTpuMaBIIK TaKy Bi3yaji3aiir mpoc-
TOPOBOTO PO3IMOJILTY €HEProCHOXUBAHHS, MU MOXEMO
po3moYaTH 3MICTOBHHMH ypOOTE€OCHCTEMHHUH aHami3 aa-
HOTO MiCTa B KOHTEKCTi JOCIi/PKEHHS MpOo0JieM eHepro-
CIOXKMBaHHS HOTo 3a0y0BaMH.

Ypbozeocucmemnuii ananiz pesynomamis npoc-
mopoeoi ouyinku enepzocnoxcueannsn. Ha ocHOBI BU-
KJIaJCHUX paHille METOJUK HU3bKONOJIIrOHAJIBHOTO
MoJenoBaHHs OyniBenb Ta oninku EC OymiBens 3a reo-
METpI€I0 PO3paxoBaHUX Mojeleil, HaMu Oy moOyxno-
BaHi Ta Bi3yasi3oBaHi TPUBHUMIpHI MoJemi 3a0yI0BH JUIs
nBox MicT y Himepmanmax — AMcrepnam Ta EfHaxoBeH.
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Jo xapT Oymo 3acTOCOBaHO KONIpHY TaMMy, IIO BiJo-
Opakae piBeHb EHEProe()eKTUBHOCTI KOXKHOI OYmiBIIi.
Jns wmict E#HaxoBeH Ta AMCTepAaaM cymapHO Oyio
po3paxoBaHo Oyu3bko 330 THC. Momenelt OyiiBelnb, 110
MOBHICTIO MTOKPUBAIOTh YpOaHI30BaHI YaCTHHHU I[UX MICT.
JlinapHi naHi Juis MOAENIOBaHHS OylM 3aBaHTaKeHi 3
BebO-pecypey Actueel Hoogtebestand Nederland (AHN)
[5], a atpubyTHBHI maHi 3i 3raganoro panime 3DBAG ta
OpenStreetMap [4, 22]. Kpim camux mMojeneit OymiBens,
Ha KapTy TaKOX 3aBaHTa)XeHa T AKJIa KA
OpenStreetMap, mo BimoOpaxkae pizHi MIiChKi 00'€KTH Y
2D-dopwmari.

YpboreocucteMHui aHali3 y AaHOMY BHIAJKY I10-
JSATaTIME Yy NIeTalbHOMY BHBYCHHI JaHOI Bizyauizarmii 3
HACTYITHUMH LUISIMU:

1) BUOKpeMIIEHHsI PI3HUX MPOCTOPOBHX Ta MIKPOII-
POCTOPOBHX 3aKOHOMIPHOCTEH Y PO3NOALI PiBHS €Hep-
TOCIIO)XHMBAHHS TI0 BCii TepuTOpii MicTa;

2) BWIy4YeHHS ypOaHICTHYHUX T'€OCHTyamid — pi3-
HUX OOMEXEHHX IUISHOK MICHKOTO CEpeOBHINA, SKi 3a
NEBHUMH MapaMeTpaMH BUALISIOTHCS 13 HABKOJIHUIITHEOTO
CepeIOBHINA;

3) BIICTEXEHHS NPOCTOPOBHX 3aJIEKHOCTEH MIiXK
OKpeMHMH OyJMHKaMH Ta €OCHTYAI[iIMU 3 HABKOJIHII-
HIM CepeJOBHUILEM 3 METOIO 3'SICyBaHHS MOXKJIMBUX IPH-
YUH MMOTOYHOI CUTYyaIIii.

4) BiACTeX)EHHS 3aJIeKHOCTEW Mix popmoro Ta po-
3Mipamu OyZiBens 3 piBHEM IX €HEPrOCIIOKUBAHHS.

[lepeBaroro Takoi AeTanbHOI Bizyasizarii, mpH sSKil
KOXHa OymiBis BimoOpakae aTpuOYTHBHY XapaKTepHC-
THKY, € MOXJIMBICTb TPOBEICHHS SIK TOBHOMACIITAOHOTO
MPOCTOPOBOTO aHalli3y, 3 BHOKPEMJICHHSIM 3arajbHUX
3aKOHOMIPHOCTEH pPO3IOJITYy EHEProCHOXXKMBAaHHS MIX
UMMM MICBKUMHM palioHaMH Ta (YHKIIOHAJIbHUMH
30HaMH, TaK i MIKPOIIPOCTOPOBOTO aHajli3y, 3 BHOKpEM-
JICHHSIM JIOKAJIbHUX 3aKOHOMIPHOCTEH Ha PiBHI OKPEMHX
TCOCUTYAIIii.
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Puc. 6. Tpusumipna sizyanizauis pe3yivmanie OUiLKU eHEPZOCRONCUBARNA 3a0Y008 y cepedosuwii ELIT Geoportal
ona micm Amcmepoam (1) ma Eitnoxoeen (2)
Fig.6. Three-dimensional visualization of the results of the assessment buildings energy consumption in the ELIT
Geoportal environment for the cities of Amsterdam (1) and Eindhoven (2)

SIKmIo po3rasgaTé MoJENb MicTa B IIOBHOMY MacIi- piBerr EC — taki paifioHM MOXYTb MaTH CHilbHE (yHK-
Tabi, TO HacaMIlepe] MOXHA BiI3HAYUTH TEHJEHILIO 10 IiOHAJIbHE MPU3HAYCHHS (HATPHUKIIA], KOMEPIIiiHi, 1HTY-
3HMKEHHS cepennporo piBHsI EC Bing meHTpy MicTa 110 CTpianbHi 30HM), MaTU CIiJIbHI 0COOIHMBOCTI IUIAaHYBaH-
nepudepii, m0 00YMOBIIOETECSA 3HIDKCHHAM BiKy 3a0y- HA, abo cminpHMHA Tepion 3abymoBu (puc. 7, 2). Ilpm
JIOBH TIPH BiIJaJICHHI BiJl iCTOPHYHOTO IEHTPY B XOi IBOMY, JTOCTIIWBINM Tiepenaan B cepegapoMy EC Mmix
MIPUPOJTHOTO MicbKoro po3mmpenHs (puc. 7, 1). Moo- OKpeMHMH paiOHaMM, MH MO’XEMO BHHECTH NEBHI IpH-
nri OyaiBii € OUTBIT MOJICPHI30BAaHHMU Ta €Heproeek- MyIICHHS M0 J0 TOTO, KW THIT 3a0yIOBU € HaWOUIBII
TUBHMMHU 1 BIINOBIZHO JAEMOHCTPYIOTH MEHIINI PiBEHb eHeproe()eKTUBHUM y MeXax LbOro Micra, a SIKUi €
cnoxuBaHoi eHeprii. [Ipy bOMy y LEHTpabHIN YacTHHI HaWOUIbII MPOOIEMHNM 1 TOTpeOye 3aX0iB MO0 MOX-
MiCTa CIIOCTEepiraloThesl Kiactepu 3a0yJIOBH 3 HalBH- JIMBOT PEKOHCTPYKIIi.
ITUM piBHEM E€HEPrOCIIOXUBAHHS — TaKi MIJITHKHA BiaAIO- SIKmo BUKOHATH MacUITa0yBaHHS Ha OKpPEeMi MiChKi
BiaroTh paiioHaM, 3a0yTIOBAaHUM CTapUMH, iICTOPUIHAMHU pailioHH Ta TeocHTyallii, To MOXXHa Oyae HPOCTEKHUTH
OyOWHKaMH, SKHM BJAaCTHBAa HHU3bKa €HEproe(eKTHB- IiKaBi MiKpOIPOCTOPOBI 3aKOHOMIPHOCTI Ta CIOCTEpe-
HicTh (puc. 7, 6). keHHA. Hanpukimaza, y caMoMy IEHTpi MU CIIOCTepiraeMo

3arayom y TakoMy MaciTadi CIocTepiraroTbes i MOEHAHHS HOBO{ Ta CTapoi 3a0yIoBH, a TaKOX Oarato-
paiioHn 3a0yIoBH, IO MAalOTh IE€PEBaXKHO CITIIBHUAN MTOBEPXOBOi Ta MAaJIOMIOBEpX0OBoi 3a0ymoBu (puc. 7, 5).

36
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Hosa GaratonmoBepxoBa 3a0yIoBa CIIOKHBA€ ITOMITHO
MEHIIIe eHeprii B MOPIiBHAHHI 3 PO3TAIIOBAHOIO BIPUTYI
CTapoo, MPOTe BOHA MOXKE HETaTHBHO BIUIMBATH Ha

cTapy 3a0y/moBY, CTBOPIOIOUH /I Hel MOCTiifHE 3aTiHeH-
HS 1 MEPEeIIKO/KAYHM THM CaMUM TMPHPOJAHOMY YTeIl-
JICHHIO OYAWHKIB BiJl HAXO/KEHHS COHSYHOTO CBIiTIA.
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Puc. 7. Ocobnueocmi npocmopogozo po3nooiny enepzocnoxicueanta y m. Amcmepoam ma Enoxoeen.
Fig. 7. Features of the spatial distribution of EC in Amsterdam and Endhoven.

[Ile ogHUM CTIOCTEPEKEHHSIM Ha PiBHI OKPEMHX Te-
OCUTYalill € YepryBaHHs Y MEXax OJHOro paiioHy Oynu-
HKIB 13 BUcokuM (kiac F) 1 Hu3pkum (kiac C) pisHem EC
(puc. 7, 3). Ilpu upomy Ttaka MiHnuBicTh piBHA EC €
YiTKO CHHXPOHI30BAaHOIO 3 MIHJIUBICTIO apXiTEKTYypHHUX
ocoOnmBocTel OymiBii, SIKI NMPOCTEXYIOTHCS HaBiTh 3a
LODO mopensimu. L5 MiHIHBICTH Hacamriepesa 3yMOBJIe-
Ha PI3HUM IOIHUTOM Ha CHEpPTio Ti€i 4 iHmo1 OyxiBIi B
MeKax paiioHy, 3aJIeKHO Bil (YHKI[IOHATBHOTO IPHU3HA-
YeHHs Oy[iBIi Ta KiIBKOCTiI MEIIKAHIIIB, AKa B Hill MOXe

37

npokuBaTH. Tak, 3 oIy Ha 0COOIMBOCTI IJIaHyBaHHS,
B M@XaX OJIHOTO palloOHy 110 Yep3i PO3MILLyIOThCS Oy1u-
HKHU 3 PI3HOK0 MICTKICTIO MEIIKAHIIIB, KPIM TOTrO, Cepel
JKUTIIOBOT 3a0y/IOBH CUCTEMAaTHYHO PO3MIIYIOThCS Pi3Hi
KOMEpLIilHI Ta Jep>aBHI 3aKiajy, sIKi OpIEHTYIOTbCS Ha
00CIIyroByBaHHS MICIIEBUX MEIIKaHIIB. [HOmI pi3HUit
pisear EC 3ycTpidaeTpcs HaBiTh y KiJIBKOX KOPIYCiB
onHiel 1 Tiel x OyniBmi. 30KpeMa, CIIOCTEPIraroThCs CH-
Tyanii, e Oyxisis 3 BucokuM piHeM EC mae mpuOymo-
By, IO BiJpi3HAETHCS OLIBIIOI0 eHeproe(eKTUBHICTIO,
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TIOPiBHSIHO 3 OCHOBHOIO OY/IiBJICTO.

Sxmo morimsHyTH Ha 3a0yAOBY iHIYCTpiallbHHX
30H, TO TYT TaKOX MOXXHA BUSBUTH IESIKi MiKpOIIPOCTO-
POBi 3aKOHOMIpHOCTI, a caMe — CyTT€BE pPO3KHIAHHS
moka3HukiB EC Mix pi3sHAMHU KOpITycaMH B MeXax OJIIHi-
€l iHmycTpianpHOi 30HU (puc. 7, 4).

Tax 3nauenns EC mix nBoma cycinHiMu OynuHKa-
MU po30iratoTbes Bif kiacy A o kinacy G. 3 MOXIMBHX
NPUYMH TaKOTO Iepernaay MOXKHA BUCYHYTH pi3He HpH3-
HA4YeHHS TOTO YM IHIIOTO KOPIYCYy Ta Pi3HYy crenudiky
BUPOOHHYMX MPOLECIB, 110 BiIOYBAIOTHCS B IIUX KOPITY-
cax, 1 MaroTh pi3Hy NOTpedy crokuBaHHs eHeprii. OqHa
OyniBist Moke OyTH BifgBeJeHA INiJ CKJIAJ i CIIOKHUBATH
MaJio €Heprii, iHIIa — IiJ] BUPOOHWYI BEepCTATH 1, TAKUM
YIHOM, CIIO)KHMBATH 0araTo eHeprii.

Ha mikponpocTopoBoMy piBHI TaKOK HOMITHA Pi3-
HHUIS B TOMY, SIK PO3HOAUISIOTECS MOKA3HUKH EJIEKTpOe-
Heprii 3a LOD1 ta LOD2 monemsmu. pyri marots 0i-
JbIIY Pi3HOMaHITHICTH (OpM 1 KOHQIrypauiid OyaiBespb i
JIEMOHCTPYIOTh 3HauHy nudepeniiamito oiinka EC.
Toni sik LOD1 moneni € Oinbin yHiQiKOBaHUMH, Yepe3
10 B Pe3yJbTaTi PO3PaxXyHKY MiINaJar0Th Mifl CIIbHUI
kinac EC. Kpim Toro, mozeni LOD2 no3BosisiroTh Kparie
Bi3yanbHO imeHTH(]iKYBaTH THII OYyIiBIi, ajpke BimoOpa-
KAFOTD ORIy KUIBKICTh ITApaMeTpiB OYyIiBeIb.

JeranpHuii po30ip pe3ynbTaTiB MOJEITIOBaHHS, Ha-
BEACHUH Y IbOMY PO3JLTI 03BOJISE HE IIPOCTO ONHCATH
Ta OLIHUTH MOTOYHY OOCTAHOBKY B MICTI, aie W po3po-
OWTH TIEBHI ONTHMIi3aliliHI PIMICHHS, SKi MOXYTh OyTH
BUKOPHCTaHI B NPUKIaAHIN miomuHi. Hampukian, nep-
KaBHI OpraHd MOXYTh BUKOPHCTOBYBATH pe3yJbTaTH
TAKOTr0 aHaJI3y Ul PO3BaHTAXKEHHs MICbKOI €Heprocuc-
TEMH, IUTaHYBaHHSI peHoBalii cTapux OyIiBesb 3 METOO
MI/IBUILIEHHST IXHBOI €HEProeeKTUBHOCTI, MIaHYBaHHS
PO3MIIlIEHHSI 3€JICHUX HAaca/PKeHb, PO3MIILEHHS COHSY-
HUX eNeKTpocTaHIii. Pi3Hi OymiBenmpHI KOMIaHii MO-
XKYTb OPIEHTYBAaTHCS Ha Pe3yJbTaTH OLIHKH MPHU MPOEK-
TyBaHHI HOBHUX, OUTBII €HEProe(eKTHBHUX OYHiBEIb Ta
paiioniB. PospaxoBanmii mokasank EC OymiBii Takox
MOXE CTaTH BaXKJIMBUM (DAKTOPOM IIPH KyIMiBJIi YU OpEH-
Ili HEPYXOMOCTi, a TOBHOMACIITa0Ha TPUBUMIpHA Bi3ya-
Ji3amisi po3MOJTY I[HOTO IMOKAa3HHKAa MOXE IOKa3aTH
HalNepCIeKTUBHIINK paloH MicTa Ui MPOKUBaHHS,
6i3Hecy Ta BHpoOHHMNTBA. B mimomy, Taka cucremaTmsa-
s Ta KaprorpadyBaHHs po3noziny micekoro EIT moxe
cTatu ofHiero 3 6a30BUX MOTPed MiICT, IO PO3BUBAIOTH-
csl, 1 pakTUYHO HEOOXIHOIO CKJIAJ0BOIO MICT, SIKi TIpe-
TEHYIOTh Ha cTaTyC «PO3yMHHUX MicT», y SIKHX Ba)XXJIMBY
POJIb Bilirpa€ MOCTIHHUN MOHITOPHHT MICEKOT'O CTaHy.

BucHoBkH. B yMOBax CTpiMKOro po3pocTaHHs yp-
0aHI30BaHUX TEPUTOPIiH, MOBCIOJHOTO 3POCTAHHS 3ajie-
XKHOCTI JIFOZIMHY BiJl NTOCTa4YaHHS €JIeKTPUKH, 301IbIICH-
HS TIONMTY Ha albTEPHATHBHI PKEpena eHeprii, a Takox
pO3IMIMPEHHS] EHEPrOEMHOCTI CyYaCHUX TEXHOJOTIH,

MUTaHHSA KOHTPOJIO PIBHS MICHKOTO €HEPrOCHOKHNBAaHHS
€ 0E3yMOBHO aKkTyalbHUM. Po3risiHyTa y cTaTTi MeTonu-
Ka OIIHKM Ta aHaNi3y €HeProCIOKUBaHHSI MICHKOIO 3a-
OymOoBOIO MOXE CTaTW BaXXIMBHM KPOKOM Y IIbOMY Ha-
IpsAMi, a TAaKOXK 0 PO3yMiHHS iICHYIOUOI MPOOIIEMaTHKH
HEpIBHOMIPHOTO CITOKUBAaHHS €Heprii MiXK OKpEeMHUMH
MICBKHMH CKJIaJJOBUMU.

OtpuMaHi B XOJi HaIIOTO JOCHIPKEHHS pe3yJbTa-
TH, X04Ya i HE MPETEHAYI0Th Ha HAaJBHCOKY TOYHICTb, BCE
OJTHO 3JaTHI IepeaTu 3arajbHy MPOCTOPOBY KapTHHY
Mmicskoro EC Ta Hao4HO BimoOpasuTH Ti sBHI cIaOKOCTI
B €Heproe()eKTUBHOCTI MICHKOTO CepeOBHIIA B IILIIOMY,
SKI MOXKYTh OYTH BHSIBJICHI JIUIIE Y IXHBOMY IPOCTOPO-
BOMY po3nozini. OkpiM TOTo, OnrcaHa METOTUKA € JIHIIC
MPOMIKHUM BapiaHTOM MeTonuku ominku EC, ski Hama-
i MOXYThb YIOCKOHATIOBATHCS IUISIXOM 301TBIICHHS
BUOIpKU 310paHUX NaHWX 3 peallbHUX MOKA3HUKIB JIUH-
JTHHUKIB Ta MPUHHATTA Y pO3paxyHKax Bce OUTBIIOT Ki-
JBKOCTI KOPUT'YIOUMX 3MIHHUX. Hampukiian, kopuryBas-
HIO OL[IHKH CHPHUSTUMYTb JIaHi PO JIOKaNbHI KIiMaTH4HI
30HM MicTa, OLTBLI JeTani3oBaHi JaHi MpOo THMU Oymi-
BeJlb, JIaHI MPO HASBHICTH PEMOHTY, PO TEIJIONPOBiJ-
HICTh OY/iBEIILHUX KOHCTPYKIIiH, TOIIO.

BezyMoBHOIO mepeBaroro 3ampoIrOHOBAHOTO ITiAXO-
Iy no oiaku EC € MOXIHBICTh aBTOMAaTH3yBaTH OCHOB-
HI mpomexypu oOpoOKH, pO3paxyHKIB Ta Bi3yamizamii
JAHNX, MHHAOYM TPH [OMY TPYIOMICTKHH TIpolec
30MpaHHs TaKUX JaHHUX i3 TMOKa3HUKIB JIYMIBHHUKIB KO-
JKHOI okpemoi Oymieni. Cruparodmnch Ha OJHOPA30BO
3i0paHi JaHi JIYWIBHHUKIB, MH MOXEMO Oararopa3oBo
SKCTPAIOJIIOBATH 1Ii JaHi Ha 0e3JiY JIOKAIiN 31 CXOXKHM
KJIIMaToOM, piBHEM PO3BUTKY Ta MICBbKOIO 3a0yJI0BOIO, a
MOTIM, y pa3i BUHUKHEHHS IIEBHUX IMTaHb, MOXKHA BiKE
3BEPHYTHUCS 10 PEAJbHUX JIYMIBHUKIB Y KOHKPETHHX
MICBKUX JIOKAIIAX I YTOYHEHHS Ta MiITBEPIKCHHS
BHUKOHAHOT OILIIHKH.

Hapermri, okpim 6e3mocepetHrOro OOUNCIICHAS Xa-
paktepuctuk EC Ta iX mpocTopoBoi Bi3yaumisamii, Baxk-
JMBa TAKOX X NMpaBWIbHA IHTEPIpETalis Ta aHali3, 110
Oyio 3po0ileHO HaMU Yepe3 ypOOTeOCHCTEeMHUH MilIXi.
YpboreocucreMHa MO/ENb MicTa JI03BOJISIE HAIIBUIKY
OIIHUTH Bi3yalli30BaHy MICBKYy OOCTaHOBKY 3 TOTJISILY
CHUCTEeMHHMX BIIACTHBOCTEH ypOaHi30BaHOi TEepHUTOpii Ta
JTUHAMIKH MICBKOTO PO3BUTKY. Po3ymitoum mpeameTHuit
3MICT IIUX acMeKTiB, MM MOKEMO Ha TiICTaBi MPOCTOPO-
BHX 3aKOHOMIPHOCTEH 1 TEHIEHIIH NpOCTeXyBaTH iX
3B'SI30K 3 HaBKOJIMIIHIM MICHKHM CEPEIOBHIIEM 1 HIyKa-
TH NIPUYMHY X BUHUKHEHHS B €MEP/PKCHTHHUX BJIACTHUBO-
cTax ypOoreocucremu Micta. OKpeMi acleKTH BIUIUBY
OCTaHHIX y TOMY 4MCIIi 1 Ha TpocTopoBuii posmoain EC
MicbKoi 3a0y0BM OynM HaMHM BHOKpEMIIEHI JUIS MIcCT
Awmcrepaam Ta EHHIXOBEH y 3aKIIIOYHOMY IYHKTI Ii€l
CTATTI.
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SPATIAL ASSESSMENT OF BUILDINGS ENERGY CONSUMPTION BASED ON THREE-DIMENSIONAL
MODELING OF THE URBAN ENVIRONMENT

The article deals with the application of spatial assessment of urban buildings energy consumption (EC) and analyzing the re-
sults based on the urbogeosystems approach. Assessment of buildings EC involves establishing a correlation between their EC and
the relevant geometric characteristics, in particular, the buildings height and volume. The authors propose the use of remote laser
scanning data (LiDAR data) for the automated extraction of these characteristics of buildings with high accuracy.

An original approach to processing and analyzing LIiDAR data using the tools of the author's web-based GIS application for the
purpose of buildings extraction and modeling is presented. The extracted building models contain their exact geometric characteris-
tics and generalized architectural properties as attributes.

The article presents a methodology for calculating the EC of buildings, which uses their geometric information, as well as in-
formation on their age and type, which are also correlated with the buildings EC. Based on the buildings geometry obtained from
LiDAR data, the indicator of their usable area (intended for heating) is determined. To estimate EC, data on the buildings EC are
taken from real meter readings, which are extrapolated to the calculated indicator of the buildings usable area. A semantic table is
created that corrects the calculated building EC, depending on its age and type, and determines the final energy efficiency class of the
building.

According to the above methods, three-dimensional models of buildings for the cities of Amsterdam and Eindhoven were ex-
tracted and visualized, with the color scheme applied to the buildings reflecting their energy efficiency classes. The essence of the
urbogeosystemic analysis of the urban environment in the context of the urban EC study is revealed. On the basis of the obtained
visualization of the spatial distribution of urban EC, certain regularities of such distribution between individual urban buildings are
identified and the factors influencing the level of this indicator are determined.

Keywords: assessment of buildings energy consumption, urbogeosystem, LiDAR data, spatial analysis, GIS, three-dimensional
building modeling, GIS.
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DEMOGRAPHIC PROCESSES IN THE CONTEXT OF REGIONAL DEVELOPMENT
CONCEPTS

The study is dedicated to analyzing the role of demographic processes in the evolution of regional development concepts.
The article focuses on the most influential elements of regional development, one of which is the demographic process. The aim of
the research is to identify modern theoretical approaches to economic-regional development involving demographic indicators to
optimize regional policy in Ukraine. It is established that regional policy is developed under the influence of various theories that
seek to legitimize the role of state intervention in national economic processes, the relationship between regions (communities) and
the state, and the efficient use of productive forces. It is found that modern geographical science contains many alternative models of
regional development (dynamic and spatial). The most common concepts of regional development include neoclassical, cumulative
growth, regional growth, and the modern concept of regional clusters. It has been observed that concepts and approaches to regional
development over time have evolved towards emphasizing the importance and utilization of human potential, experience, and
knowledge as crucial elements of regional development, and research in this direction still requires further improvement and devel-
opment.

The conclusions highlight the importance of regional development in the context of demographic processes amid economic
crisis. The practical significance of the obtained results lies in their potential utilization for the formulation and implementation of
state economic policy. The use of a comprehensive approach in the development of regional development concepts, taking into ac-
count all factors and regularities, which potentially contributes to strengthening the development potential of the territory, can have a
positive impact on population development and addressing demographic and economic crisis issues. Further research is aimed at
conceptualizing the target model of modern regional development.

Keywords: development, region, demographic situation, factors, development theories.

In cites: Ventsiv, P. (2023). Demographic processes in the context of regional development concepts. Human Geography
Journal, 34, 42-48. https://doi.org/10.26565/2076-1333-2023-34-04

Problem Statement. The issue of deepening the which is a complex and dynamic process. Therefore, its
approach to regional development and particularly study requires an analysis of the concepts of the regional
identifying the significance of demographic processes economic system and the factors influencing its
within it is becoming increasingly relevant. Regional elements.
development, by its nature, is an economic concept that Analysis of Recent Research and Publications. A
takes into account the mutual influence of economic significant  number  of  researchers, including
activity and market integration on geographical regions. T. Prykhodchenko [17], O. Todorova [19],
The theoretical and methodological development of Yu. Kharchenko [20], M. Pashkevich, S. Shagoyan [16],
regional studies lies in the plane of deepening the have studied the impact of regional development and
research object by rethinking new processes and demographic processes on the Ukrainian economy, in-
phenomena that require comprehensive study of cluding modern concepts and strategies. |. Bryzhan,
regularities, principles, factors, and instruments of V. Chevganova, O. Hryhor'yeva, L. Svystun examine the
regional development. At the present stage of Ukraine's state of socio-economic development of regions based
economic development, it is characterized by socio- on demographic forecasts [2]. L. Buyanovska,
economic inequality between regions, increasing V. Yavormka, V. Bezuhly point out that regional devel-
disparities in the development of each region, and opment influences demographic  processes [3].
significant differences in the sectoral structure of the I. Hukalova focuses on the formation of a strategy for
economic system. In particular, the invasion of the demographic development in rural areas [4]. O. Didenko,
Russian Federation into Ukraine, which escalated into a A. Myroshnychenko indicate that regional development
full-scale war, worsened the situation and led to the is impossible without effective state policy, namely the
destruction of Ukrainian cities and towns, the destruction set strategic goals: multilevel governance, increasing
of vital infrastructure in many regions and communities, competitiveness of regions, support for regions at all
forced displacement of millions of people, and levels — social, economic, environmental, humanitarian,
significant changes in the demographic situation in etc. [5]. V. Yemets focuses on the formation of a strate-
various regions. New challenges, which were not even gy for regional development [7]. S. Shults, O. Lutsky,
taken into account for planning for various reasons, have L. Simkiv provide a classification of external and inter-
now become dominant and will continue to affect nal factors of regional development, including social
Ukraine and its regions for a long time. Among them is conditions, demographic processes, economic, political-
the strategic management of regional development, legal, etc. [21]. S. Korinayevsky cites successful
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examples of EU countries supporting regional
development at a high level. The author notes that
Ukraine should borrow this experience [9].

A. Lelechenko examines the concept of "regional
policy"and presents mechanisms for the formation and
implementation of regional policy in Ukraine [11].
N. Makhnachova, 1. Semenyuk defines important goals
and methodology for community strategy formation
[12]. O. Bilenko, S.Horban define important goals of
demographic processes in Ukraine in modern conditions
[1]. O. Ovdin examines the categories and concepts of
state management of demographic processes as an
element of regional development [15]. H. Kish presents a
classification of factors of regional development into
internal and external factors, among the external factors
are those related to cause-and-effect relationships of

external influence, adjacent factors related to
demographic  development, political-legal  factors
(influencing the implementation of legal projects

affecting migration attractiveness, the state of the legal
situation in the country also affects natural and migration
movement),  socio-economic  factors  (providing
population needs at levels of infrastructure development,
education,  health, services, housing, working
conditions), technological factors are also highlighted as
one of the most important external factors of region
development, historically formed systems of productive
forces placement are also related to the demographic
component through formed settlement systems [8].

Previously unresolved aspects of the overall
problem. First of all it's worth mentioning regional
development is fundamentally an economic concept. In
initial  attempts to identify effective regional
development concepts, significant attention was paid to
the impact of economic activities on territorial
development. Consequently, efforts to identify more
comprehensive concepts are still in the developmental
stage. There is an evident need for comprehensive
research into demographic processes as key factors in the
development of Ukraine's regions. This would allow for
an understanding of the evolution and interrelationship
of regional development concepts.

Formulation of the article's purpose. The
objective of this study is to formulate a new paradigm
for regional development and demographic indicators
based on a comprehensive analysis of concepts and an
assessment of the current situation, particularly in light
of the ongoing conflict and the general situation in
Ukraine, as well as within its regions and regional
communities.

Presentation of the main research material.
When forming an effective system of regional
development, it is possible to ensure a high level of
socio-economic progress for the country. The region is
not only a subsystem of the socio-economic complex of
the state but also a relatively independent part with a
particular manifestation of a complete cycle and a
reproductive stage, characterized by certain features of
the course of socio-economic processes [17]. In the
region, a complete cycle of reproduction of the following
systems takes place: population and labor resources;
basic funds and circulating funds; a part of the state's
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wealth; monetary circulation; production of goods;
distribution, consumption, and exchange of products
[14]. In a market situation, the role and function of each
region primarily lie in shaping economic relations and
the living environment of the population. The regions of
the country are classified by various indicators and
criteria, such as the level of economic development,
population density and growth rates, economic
specialization, structure of the economy, availability of
natural resources, level of development of industrial and
social infrastructure, demographic situation. The main
object of regional development management is the
regions that are part of the territory of Ukraine, which,
for the purpose of ensuring effective management of the
socio-economic development of the state, are divided
into administrative-territorial units. The formation of the
human potential of regions and states is considered as
the ability to ensure the demographic reproduction of the
population and to acquire in the future such qualitative
indicators as social protection, education, and healthcare.
The population is the basis for the formation of human
potential and determines its characteristics, reproduction,
and dynamics [3, p. 27]. Regional development is a
process of humanitarian, social, environmental,
economic, and other positive changes in each region.
The main task is to clarify the regional productive forces,
flows of people, physical resources, goods, services,
capital, information, systems of connections, and
relations (both territorial and temporal) [11, p. 123].
Also important is the functioning of the regional
economy, which ensures sustainable and balanced
reproduction of the socio-economic, resource, and
environmental potential of the region, as well as
parameters of the level and quality of life of the
population. There are a number of factors influencing the
development of the region, which are detailed in
Figure 1.

According to the study, three main factors of
influence on the development of the region were
identified: external, national and regional factors. The
most significant in the context of the topic of the article
are the factors of the regional level, in particular, the
state of demographic indicators of any region, and the
importance of human and social capital is separately
emphasized.

The concepts of regional development have been
improved, changed and evolved into their current form
over the years. There are a number of theories of
regional development, which are described in Table 1.

The theories of regional development mentioned
above are significantly influenced by the distribution of
demographic processes and indicators. For instance, in
neoclassical theory, the primary focus is on creating new
jobs by utilizing unused production capacities,
increasing labor productivity, and improving production
organization. Growth theories based on the region's
competitive advantages include one factor of regional
development related to the size and qualification of
human resources. Consequently, if demographic
indicators worsen or are unacceptable, then these and
other theories will not succeed.
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Fig. 1 Factors influencing regional development

Source: compiled by the author based on [8]

Name of the theory
Neoclassical theories

Theories of growth on the

region’s competitive ad-
vantages

Theories of cumulative
development

Institutional theory

New theories of economic

development (economic
geography, economic
growth models, etc.).

Table 1

Main paradigms and theories of regional development and growth

Characteristics
The region's growth is driven by rising aggregate demand, capital
accumulation and investment efficiency, job creation through the use of unused production
capacity, a competitive market system, the introduction of new technologies, increased
productivity and better production organization
Uneven regional development is a temporary phenomenon, and based economic growth
reduces regional disparities. According to the theory, there are a number of factors that in-
fluence the uneven development of regions: economies of scale, regional convergence,
availability of natural resources, the number and qualifications of labor resources, capital
stocks, and the level of technological innovation
Economic growth is associated with the emergence of growth centers and channels of their
diffusion, the formation of clusters of growth centers, the diffusion of innovations and inno-
vations, and economies of scale. The national economy grows unevenly across all regions,
with different intensities and different effects
Capital accumulation and economies of scale are evidence of economic growth, not its
source. Historical traditions and institutional structures play an important role in ensuring
economic growth. Property rights and contractual rights and obligations are important
sources of economic growth
Spatial factors of growth include various economies of scale, regional economic transporta-
tion costs, mobility and agglomeration of factors of production, as well as spatial and multi-
ple effects of interaction of economic factors. Human capital is an important endogenous
factor of economic growth in the context of imperfect competition. The formation of clusters
and value chains is recognized as a form and mechanism for increasing national and regional
competitiveness and accelerating economic development.

Source: compiled by the author based on [6;10;

Changes in population distribution in regions affect
their economic potential and social structure. Increases
and decreases in population size impact the labor market,
resource availability, infrastructure, and other aspects of
regional development. Demographic processes such as
natural growth, migration, and age structure determine
the potential for economic growth in the region. For
example, regions with stable natural growth have higher
demand for labor and consumer goods, which is
favorable for business and infrastructure development.
The distribution of demographic processes and
population indicators can also influence regional

21]
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development by concentrating population in certain areas
and altering the economic activity and socio-cultural
dynamics of the territory.

The new stage in the genesis of the theory of
regional development began with the recognition of the
importance of territorial identification, its role as a
competitor and partner of other territories, as a specific
subject of economic relations. Accordingly, the theory of
stimulating (increasing) regional competitiveness has
become a new theory of regional development. It takes
into account all the existing regional theories and
concepts, methods and ideas of economic and social
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theory and provides for the use of its own innovative
mechanisms for ensuring territorial development [15].
The interest in this concept is not only scientific but also
practical, as all countries and regions strive to become
more developed and competitive.

The authors found that none of the analyzed
theories is successful enough to be applied in practice.
This is due to the fact that the above-mentioned certain
paradigms and theories of regional development are
similar to each other, in particular, the theory of
cumulative development and new theories of regional
economic development. Among the new theories, only
economic geography analyzes transportation costs.
Including transportation costs in endogenous growth
models would make them more economically realistic.
At the same time, some theories analyze positive market
externalities, but the analysis itself is rather conditional.

The above analysis of regional development
theories can contribute to the formulation and
implementation of effective regional policies and the
creation of a theoretical framework for reducing
disparities between the poorest and richest regions.
However, it should be emphasized that there are
currently various attempts to integrate different theories
of regional growth with modern theories of the research
material.

The modern theory of regional innovation
development includes the following: the theory of an
innovative regional cluster, the theory of regional
development of endogenous technological progress, the
theory of an innovation network and the theory of a
regional innovation system.

The theory of the innovative regional cluster is to
intensify the activities of firms in the region with
undeniable competitive advantages through completely
new products, which is associated with the operation of
the cluster system. As we can see, this concept does not
mention human activity, as the focus is on the
commodity product.

The essence of the theory of regional development
of endogenous progress is the introduction of product
and technological innovations - the main means of
ensuring innovative regional development. It also
emphasizes the role of venture capital funds and
enterprises as business entities that encourage the
transformation of new scientific results into real
products. But the most important thing in this theory,
which is important for solving the problems of the
article, is the involvement of scientific knowledge and
the accumulation of human capital in economic
development. This has a significant impact on the
development of human and financial capital, and,
accordingly, makes people one of the main factors of
regional development.

An important element of the innovation network
theory is cooperation between business entities. The
main goal of developing such a network is to reduce
risks, uncertainty, and gain access to information and
knowledge. This theory also mentions people, as it has
been found that close ties between customers and
suppliers determine a high degree of specialization of
companies through vertical disintegration.

The theory of the regional innovation system also
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mentions people. Accordingly, the essence of the theory
is a set of economic, political, and institutional ties that
arise in a certain geographical area and generate
collective learning processes that facilitate the rapid
dissemination of knowledge and best practices.

Modern concepts of regional development are
aimed at solving the following tasks: justifying the
transition from socially oriented to globally oriented
regional policy, exploring new paradigms of regional
integration and cooperation. Sustainable development of
the region in social and economic terms means not only
maximizing and improving internal and external credit
resources to meet the needs of local residents, but also
improving the standard of living and quality of life while
overcoming unfavorable socio-economic and
environmental trends that have arisen in connection with
the full-scale invasion.

In regional development, population resettlement is
of great importance, which is a process that covers the
spread of the population across the territory and is
associated with its increasingly intensive economic
development and spatial movement.

The concept of a settlement system should be
understood as a set of settlements in a certain territory,
unequal in number of inhabitants and functions, united
by various types of connections, common engineering
infrastructure, a single network of public centers for
social and cultural services and places of mass
recreation. It is important to note that the leading place
in the state's settlement system is occupied by the centers
of metropolitan urban agglomeration, i.e., zones of
maximum spatial concentration, usually large and
medium-sized satellite cities. These are special
manifestations of the territorial organization of urban
settlements and population distribution.

The regions of Ukraine have suffered differently
from destruction, internal and external migration, and
this has long-term consequences for the demographic
situation of the regions, so special attention should be
paid to the differences between the regions.

In modern concepts, the demographic process is
seen as an element of regional development that
influences its course. And this is not in vain, since the
population of a region is not only the basis for the
formation of social infrastructure, but also an important
factor in its further development and improvement. The
population is both the object of service provision and the
subject of production activities of enterprises,
organizations and infrastructure facilities. Accordingly,
economic development, quality social services and
health care in the regions have a positive impact on
demographic processes [2, c. 3].

The development of infrastructure depends on the
demographic dynamics of the region, the level of
population reproduction, the share of people with
disabilities in the regional structure, and the level of
employment of workers in the production process.
Demographic factors in the development of social
infrastructure make it possible to organize the activities
of sectoral and territorial structures more rationally,
taking into account the concentration of population and
regional demographic features.

Analyzing the current Ukraine's

state  of
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demographic component, identifying trends and finding
ways to reproduce and revive the nation should already
be one of the state's priorities. Unfortunately, Ukraine
has been experiencing a demographic crisis for years,
exacerbated by the war. Its causes include low birth
rates, lack of adequate support for families, high
mortality, poor health, high prevalence of chronic
diseases, and significant emigration abroad.

The most important results expected from the use of
modern concepts are improving the quality of life of the
population, increasing the socio-economic potential of
the region, and sustainable development of the entire
socio-economic system of the region as a whole [13].
Therefore, concerted efforts at all levels of government,
a competent policy of regional economic development,
creation of favorable working and educational conditions
for the population, and support for families are important
for increasing the competitiveness of the regional
economy and achieving an appropriate level of
socialization of the population [18]. Accordingly, with
the improvement of regional development, the
demographic situation not only in a particular territory
but also in the whole of Ukraine will intensify and
improve.

Conclusions. The demographic process in the

country has a significant impact on regional
development. It is found that regional policy is evolving
under the influence of various theories that try to
legitimize the share of state intervention in national
economic processes, the relationship between regions
(communities) and the state, and the efficient use of
productive forces. The most common concepts of
regional development include neoclassical, classical and
neo-Keynesian theories, theories of endogenous regional
development, the theory of the innovative regional
cluster, the theory of the innovation network and the
theory of the regional innovation system. The concepts
have evolved to recognize the use of human potential,
their experience and knowledge as the main factors of
regional development.

It is important to formulate and implement an
economic policy that will contribute to the country's
economic and demographic growth. It should provide for
the creation of new jobs, promotion of entrepreneurship,
attractive investment conditions, and development of
regional infrastructure. The subject of further research in
this area is the development of measures that should be
effectively implemented to prevent a demographic crisis
and, accordingly, enable the development of regions in
Ukraine during the war and post-war reconstruction.

10.
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JIEMOT'PA®IYHI ITPOIIECH Y BUMIPI KOHIENIIA PEFTTOHAJIBHOI'O PO3BUTKY

VY wiii cratTi JOCHIIKYEThCS B3aEMO3B'SI30K JeMOrpadiqHUX MPOIECiB Ta €BOJIOLIT KOHIIEMIIN perioHaJbHOrO PO3BUTKY 3
ypaxyBaHHSM iX BIUIMBY Ha PerioHajbHy NOJITUKY B YKpaiHi. Po3misHyTi pi3Hi Teopii, Taki K HEOKIIACHYHA, KyMYJIATUBHUH PICT Ta
perioHaNbHI KacTepy, 3a3Ha4al0uu iXHIO 3aJIOKHICTD Bif JeMorpadiyHnX mokasHUKiB. JOCHiUKeHHsT Mae Ha MeTi BUSIBUTH Cy4acHi
TEOPETUYHI MiXOJH 10 €eKOHOMIYHOT'O Ta PETiOHAIBHOTO PO3BHTKY 3 BUKOPUCTAHHSAM JeMOTpadiYHNX IMOKA3HUKIB IS ONTHMIi3allii
perioHanbHOT MOMITHKY B YKpaiHi. BcTaHOBIEHO, IO perioHanbHA MONIITHKA PO3BUBAETHCS 1] BIUIMBOM Pi3HOMaHITHUX TEOpiH, SKi
BUIIPABIOBYIOTH A€pXKaBHE BTPYYaHHS B €KOHOMIUHI IIPOIECH, MI>KpETiOHaIbHI BITHOCHHY Ta €()eKTHBHE BUKOPHUCTAHHS IPOLYKTH-
BHHX pecypciB. CydacHa reorpadiuHa Hayka NPOIIOHY€ UYHCICHHI MOJETI PErioHaJbHOTO PO3BHUTKY, MiIKPECIIOIOUH BaXKIIHBICTH
neMorpadivHuX MOKa3HUKIB B KOHTEKCTI €KOHOMIYHUX KpH3. IIpakThdHe 3HAYCHHs IMX BHCHOBKIB MOJATa€ B 1X MOTCHLIHHOMY
3acTocyBaHHI Uil GOPMYITIOBaHHS Ta peatizawil Jep)KaBHOI eKOHOMIYHOI MTOJIITHKH.

Ioganeii gocmimkeHHs HEOOXiAHI Ui y3araabHEHHsS LiNbOBOI MOJENI Cy4acHOrO PErioHAIbHOTO PO3BUTKY, 30KpeMa B
YMOBaX COL[IOEKOHOMIYHUX HEPiBHOCTEH, NOrianOIeHNX KOHMIIKTIB, TaKKX sIK BTOPTHEHHsT pociiicbkol denepauii B Ykpainy. Hocmi-
JOKEHHS BKa3ye Ha Te, M0 €eKTHBHICTh PEriOHaJIbHOTO PO3BHUTKY 3aICKHUTH BiJl €(eKTUBHOI JIep>KaBHOI MOTITHUKH, CIIPIMOBAHOI Ha
JIOCSITHEHHSI CTPATETiYHUX 1ijeH, 6araTopiBHEBOTO YIPABIiHHS Ta IMiATPUMKH PETiOHIB Ha Pi3HUX piBHAX. Brokpemiieno 3HauymicTs
neMorpadiqHuX MPOLEciB, COIIaATbHUX YMOB, €KOHOMIYHHMX (DaKTOpPIiB Ta TEXHOJIOTIYHHX JOCSTHEHb Y PETiOHAIBHOMY PO3BHTKY.
[HTerpytoun pizHi Teopii Ta cygacHi KOHIENIIT, ITOJITHKN MOXYTb C(OPMYITIOBAaTH MIIlHI peTiOHATEHI ITOJITHKI 3 METOI0 CTUMYJIIO-
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BaHHS COLIAIbHO-€KOHOMIYHOTO 3pOCTaHHS Ta BUPINIEHHS AeMOTpadidHUX BUKINKIB B YkpaiHi. CTaTTs BKa3ye Ha Te, IO IT0JaJIbIIi
JOCITI/KEHHST TOBUHHI 30CepeIUTHCS Ha Po3poOli cTpaTerii st moaonaHHs AeMorpadiuHiX KpU3 Ta CIPUSHHS PErioHabHOMY
3pOCTaHHIO MiJ Yac MepiofiB KOH(IIKTY Ta MiCAIBOEHHOI peKOHCTpyKHii. IIIngxom BUpILIEHHS UUX BHUKIUKIB Ta BHKOPHCTaHHS
neMorpadiyHUX TeHAEHLIH MOJITUKKA MOXYTh MPALIOBATH HAJ JOCSITHEHHSIM COIIIOEKOHOMIYHOTO MPOCYBAHHS Ta IiJBHUILICHHS 3ara-
JIBHOTO piBHS OJaromnosyqys y rpoMagax YKpaiHu.
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Kawuosi cnoBa: pozsumox, pezion, demozpagiune cmanosuwe, paxmopu, meopii po3eumxy.
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BILIUB IPUPOJHO-TEXHIYHOI FEOCI/ICTEMI./.I“I[HICTPOBC])KOi I'AEC
HA JTUHAMIYHI IPOLECH Y CEPEJOBUAIII IT ®YHKIHIOHYBAHHA

MeTot0 TOCIIKEHHS € OIIC HATypHUX METOJIB BUBUEHHS BIUINBY NpHpoaHo-TexHigHOoI reocuctemu (IITT'C) JnicTpoBchKoi
I'AEC Ha auHamiuHi mporecu B cepemoBumi ii ¢yHKmioHyBaHHS. {1 aHami3y HaTYpHHX METOAIB BUBUCHHS BIUIMBY IPHPOJHO-
texHigHoi reocucremu (IITT'C) JuictpoBerkoi 'TAEC Ha auHamiuHi nporiec y cepeoBHIII ii pyHKIIOHYBaHHS BUKOPHUCTOBYBAIACS
KOMIIJICKCHA METOJMKA JOCIiKeHb. [109aTKOBHI eTan BKIIOUaB aHaJi3 Pe3yJIbTaTiB MOMEPEAHIX HAYKOBUX JOCIHIIKEHb, IO CTOCY-
BaJIMCS BIUIMBY 1HXKCHEPHHUX T1APOTEXHIYHUX 00’ €KTiB Ha MpUpOAHE cepepoBuiie. Lle 1o3Bomo BpaxyBaTh MONEpEIHI BHCHOBKH Ta
BU3HAYUTH HAsSBHI 3HaHHSA B Wil ramy3i. Jlani mpoBoauBCsS TepeHOBUH (TIONBOBHUIA) 30ip AaHUX, KU BKIIIOYAB B ceOe HATYPHI BHMi-
PIOBaHHS Ta CHOCTEPEKEHHS Oe3MocepeHbO B 30HI (PyHKIIOHYBaHHA 00'ekTa gocimkeHHs. [ IbOro BUKOPUCTOBYBAIUCS CIIeIia-
ni30BaHi mpuitagy it 36opy iHdopmanii. OcobnuBa yBara Oyna HpHUIiIeHa CTATUCTHYHOMY aHaNi3y OTPHMAaHUX JaHHX, IO JO3BO-
JIMJIO BUSIBUTH B32€MO3B'SI3KM MK Pi3HHMH (h)aKTOpaMH, 1[0 BIDIMBAIOTH Ha JMHAMIYHI IPOLIECH CEPEIOBHINA.

VY 21 cromnitri reorpadis crae me OLTBII BaXKJIMBOIO 1 BIAIOBINAIFHOIO HAYKOIO Yepe3 3pOCTaHHS INIOOAIbHUX BHKINKIB, Ta-
KHUX SIK 3MiHH KJTiMaty, IPUPOIOKOPUCTYBAaHHS, Mirpalii HaceleHHs Ta iHmi. [HTerpoBanmii miaxin, Ko3Bosie reorpadam po3rsiaaTH
po0JIEeMH 3 PiI3HUX TOYOK 30pY Ta po3poOiaATH KOMIUIEKCHI pimeHHs. CydacHi TeXHOJIOTIT, Taki K reorpadivyni iHGopMaLiiiHi cuc-
temu (['IC), cymyTHHKOBI 3HIMKH, TUCTaHIIHE 30HAYBAaHHS TOINO, HANAIOTHh reorpadaM HOBI MOXKIIHMBOCTI Ui 300py, aHAi3y Ta
iHTepHpeTanii JaHuX, OI0 JOMOMarae BUPIIIyBaTH CKIamHi mpodiemu Oinbin edexkruBHO. [Ipukinagom 3acTOCyBaHHS IHTETPOBAHOTO
MiAXO0AY Y BUBYCHHI BILTHBY MPHPOJHO-TeXHIYHOI reocucTeMu [nicTpoBebkoro kackaay ['EC ta TAEC Ha nquHamiuHi nporecy.

JlocTipKeHHS B CTATTi JAIOTh 3MOTY PO3IIMPHTH PO3YMIHHS KOHKPETHOI MpoOJieMU YIpaBIiHHS aHTPOIIOTCHHHM HaBaHTa-
JKCHHSM Y TIPUPOTHO-TEXHIYHIN CHCcTeMi. AHamI3 00'€KTa, IO MPOCKTYEThCS, IK CHCTEMH, 110 MiCTHUTh JBi HAWBAXKIIHUBIII YACTUHH —
TEXHIYHY 1 IPUPOJHY, POOUTH CHCTEMHUH MiJIXiJ HE OKPACcOro, a 000B'I3KOBOI0 YMOBOIO POOOTH, IIPUPOIO3HABII: reorpada, eKoyo-
ra — COFO3HHUKOM, IMOIUTIYHHKOM MPOEKTYBaJIbHUKA. [IpOEKTyBaTH, CTBOPIOBATH CEPEIOBHIIIE, SIKE € ONTHUMAIBHUM JJISl )KUTTS JIFO/IH-
HU, [I¢ 03HAYA€E MPOEKTYBATH TaKi CHCTEMH, KOHCTPYKIIii, TEXHOJOTI1, 00 BOHHU OYJIM MaKCUMAaJIbHO MOB'sI3aH1 3 ICHYIOYHMH B32€MO-
3B'I3KaMU B IPUPOI.

KiawuoBi caoBa: ceoexonoeis, koHcmpykmueHa eeocpais, eeocucmemu, piuKko8i NPUpOOHO-MeXHIuHi cucmemu,
JNaHOWApmHO-mexHiuHi cucmemu, nanowapmuo-inocenepri cucmemu, I'lC-mexnonoeii, [nicmposcoka I'AEC, namypui memoou.

Sk umryBatu: 3urap, A. (2023). Bruue npupoaHo-texHiuHoi reocucteMu HictpoBebkoi TAEC Ha auHamiuHi mporecH y
CepeoBHIIT il (YHKIIOHYBaHHS. Yaconuc COYLANbHO-EKOHOMIYHOT eeozpapii, 34, 49-56.
https://doi.org/10.26565/2076-1333-2023-34-05

In cites: Zyhar, A. (2023). The influence of the natural and technical geosystem on the dynamic processes in the functioning
environment of the Dniester PSPP. Human Geography Journal, 34, 49-56 [in Ukrainian].
https://doi.org/10.26565/2076-1333-2023-34-05

Beryn. Bogocxosuma pasom 3 'EC ta TAEC — ne YkpaiHi po3BUBAETHCS PsAI HAYKOBUX HAINPSIMIB, IIKLT 3
HaQ/I3BHYAHO MOTYXXHI NPUPOAHO-TEXHIYHI, MPHPOTHO- JIOCTIJIKEHb T€0EKOJIOT1] piuKOBO-0acefHOBHX CHCTEM Ta
IHKeHepHI KoMIIIeKCH. JIociKeHHs TakKuX KOMIUIEKCIB ix ckmamoBux. Takok 3HaYHA yBara NMPHUALTAETHCS Pid-
IepIl 3a BCE BIJHOCHTHCS 10 cepu TeoeKoJorii Ta KOBO-JIOJJMHHUM  JIAHAMAQTHO-TEXHIYHUM  CHCTEMaM.
KOHCTPYKTHBHOI reorpadii. 3 reorpadiyHux HO3ULiH 11e 3arajgoM JOCIHIIKeHHS! PIYKOBO-IOJMHHUX JIaHJIadTiB
0coOmBi TeocucTeMH, JIaHIAPTH, CKIAI0BI PiYKOBO- — IIe BiJlOMa CKJaJ0Ba I'€0EKOJIOTIYHUX, TeorpadiyHux
GaceilHOBUX TeOCHCTEM 3arajoM. IX AOCIiKeHHS Ho- JIOCIiKeHb. € psi npanp reorpadivyHoro, naHamapTo-
CSATh MDKIUCHMILTIHAPHUHM XapakTep, MOEIHYIUN IpH- 3HABUYOTO, TiAPOJIOTIYHOTO XapakTepy, sSKi MpIMO UM
POJHMYI, COLiAIbHO-eKOHOMIUHI, reorpadiyHi, Teoori- OII0CEPEAKOBAHO TOPKAIOThCS TiAPOTEXHIYHOTO KOMILIE-
YHI, TEXHIYHI Ta IHIII HampsMH. 30KpeMa, BOHU IMPSIMO kcy Ha [uictpi. 3okpema, [4, c. 130; 10]. Kommuekc
CTOCYIOTBCS TUTAHYBaHHS, IPOSKTYBAaHHS Ta YIPABIiHHS HuictpoBcsknx 'EC ta TAEC ¢daxtnano 3ammkae oc-
BIANOBITHUMH 00’ekTaMu. BaxmuBuM iHCTpyMEHTOM HOBHY dacTHHYy OaceiiHy JlHicTpa B Mexax YKpaiHH.
Cy4YaCHHX JOCIiPKEHb MPUPOIHO-TEXHIYHUX T'€OCHCTEM KomriekcHOro  KOHCTPYKTHBHO-TEOTpadidHOTO JTOCHi-
€ I'lC-texnounorii, ['TC-mMonemoBanHs. JOKSHHSI TIPUCBSYEHOTO BJIACHE TeocucTeMi JIHICTPOBCH-

I'.I. Jenucux [3, c. 29] Bupinsge nanmmadTHO- koi 'AEC moxu 1110 He BUKOHAHO.

IH)KEHEpHI, JJaH A THO-TEXHOTEHH] CUCTEMH Ta BJIacHe VY cy4yacHOMY CBiTi NMUTaHHS €KOJIOTi] Ta BIUIUBY
aHTPOIIOTEHHI JTaHIIIadTH. Im BigmoBinaroTe neBHi piBHI JIFO/ICHKOT iSTIbHOCTI HA HABKOJIMIITHE CEPEAOBUILE CTa-
mi3HaHHA. BumyM piBHeM BHcTynae reotexHidyHuil. Ha 10Th Jefaiti akryaipHimmmu. OcobinBa yBara npuiiis-
HBOMY reorpadiuHi 3HaHHS NP0 00’€KT MOEIHYIOTHCS 3 €THCS BIUIUBY T'iIpOCHEPTeTHYHHUX 00'€KTIB Ha IPUPOAHI
IH)KEHEPHO-TEXHIYHUMH Ta COLliaIbHO-eKOHOMIYHMMU. B Ta TEXHOT€HHI MPOLIECH B IXHHOMY OTOYCHHI.

© 3wurap A., 2023
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Y KOHTEKCTI Ii€i mpoOIeMaTHKH, OJJHUM 3 00'€KTIB,
10 TPHUBEPTAIOTH 3HAYHY yBary AOCIITHHKIB, € JIHiCT-
posceka 'AEC, ska posramoBana y YepHiBerpKiit 00-
macti JIHICTpPOBCBEKOTO pailoHy Ha mpaBoMy Oepesi p
Huicrep. [11] (puc. 1).

IIpoext cnopymxenns HduictpoBcskoi TAEC mna-
HYBaBCsI caMe K YaCTHHA OIBIIOro MPOEKTY JUIsl KacKa-

ny HuicrpoBeskux 'EC i TAEC y 70-x pokax 20 cro-
JITTA y CHIBIIPaIi 3 IPOEKTHOI YCTAHOBOKO iIHCTHUTYTOM
"T'impompoext". Haibinpm mpoXyKTUBHUMH BHSBHIIHCS
MUTaHHS MO0 TeorpadiyHOro Ta eKOJIOTIYHOTO 00TPYH-
TyBaHHSA CTBOPEHHSA TiIPOTEXHIYHUX KOMIUICKCIB Ha
PIBHHHHHX PiUKax i METiOpaTUBHUX CHCTEM.
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Fig. 1. Map of the research object location

V 4iTKOMY BUIJISII €KOJIOTIYHE MPOEKTYBAHHS OYII0
MIPEJCTaBICHE Y MPOEKTaX peKyIbTHBaLii 3emMens. Y 70-
Ti POKM BHWHUKJIM TEPIIi y3araibHEHi JOCTiIKEHHS 3
pexynpTuBanii nanamadrie y CPCP, toxi x 3'sBunmcs
YpAIOOBI Ta Jep’KaBHI JOKYMEHTH, SIKI PETrJIaMEHTYIOTh
MIPOEKTYBAHHS Ta 3MiHCHeHHs pekynptuBamii. ¥ CPCP
NepIuil IOpUANYHO OQOPMIIEHHH KPOK Ha LUIAXY O
eKoJIoriyHoi excriepTusu - crana "Ilocranoa LIK KITPC
ta Pagu Minictpie CPCP Bin 1 rpymus 1978 p.", mo B
cydacHiit Ykpainu BTpartiia cuiay 1993 poky [5], y skii
OyJI0 PEKOMEHJIOBAaHO BIIPOBA/KEHHsS B TPAaKTUKY Ha-
POJHOTOCHOAAPCHKOTO  IUIAHYBaHHS — TEPUTOPIAIBHUX
KOMIUIEKCHUX CXEM 3aXHCTy NoBKUDIA. Ha xanp, B ymo-
Bax CyBOpOi IUIAHOBOI CHCTEMH Ta MOHOIIOJNIi MiHicC-
TEPCTB MHUTAHHS I[0J0 OXOPOHH MPUPOIU HE CTAIH Hi€-
BAM IHCTPYMEHTOM €KOJIOTI9HOTO TPOEKTYBaHHS Ta
ekcriepTu3d. CBigUEHHSM IOTO CTAJIM HACTIAKH aBapii
Ha Yopuobunbcekiit AEC [24, ¢. 204], y 1986 pomi.
ToMy MeETOOMYHOTO, CHCTEMHOTO, KOMIUIEKCHOTO Ta
IIPO30POTo PO3IJISLAY HACIHIAKIB, TJIAHOBAHOI TocIojap-
CHKOT JIsITBHOCTI JJIs1 OBKULIS 1 37I0POB'S. HACCIICHHSI HE
npoBoannu. KiodoBoro naroro craB 1985 pik, konu
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HepxOyn CPCP yxBanmuB ByzaiBensHi HOpMH i mpaBmia
("CHull"), 3a sxuMu BHepIIe BiA MPOEKTYBaJIbHUKIB
BHMArajif OLIHKH CTaHy JAOBKIJUIA Ta €KOCHCTEM Yy peri-
OHI HMOBIpHOTO OYIIBHHIITBA, a TaKOX OI[IHIOBAaHHS
BIUIMBY Ha HHX 3 00Ky mpoekty. Tak, 1985 pik BigzHa-
YUBCSI 3HAYHOIO IOJI€I0 B CyYacHid ramysi reorpadii
VYKpaiHu, 30KpeMa B PO3BUTKY €KOJIOTii SK HayKOBOi
muctuintiay [9]. Ha ceoroani B YkpaiHi icHye mmporpama
MOCTIHHOTO OHOBJICHHSI CTAaHAAPTIB HABKOJHMIIHHOTO
Cepe/lOBHINA SIKi SIBJISIFOTHCS HAYKOBO OOTPYHTOBaHUMH
TPAaHUYHO JIOMyCTUMHUMH HOPMaTUBaMHU CTaHy KOMIIOHE-
HTIB NIPUPOJIH, IEPEBUIIEHHS SKUX CTBOPIOE 3arpo3y JUIs
moauau, 6iotn nangmadty. lle 3akon Ykpainu «IIpo
naamadtry» [1], Kogexe 3akoniB Ykpainu «I[Ipo Hagpay
[6], Bonuuit konekc Ykpainu [2], 3akoH Ykpainu «Oxo-
pory atmochepHoro moBiTps» [7], Ta 3akoH «IIpo oxo-
POHY HaBKOJIMITHHOTO cepenoBuIay [8].

TakoX yHOPMOBYIOThCS PaliOaKTHBHICTH 1 pajioa-
KTUBHE 3a0pyIHEHHS, IIyM, BiOpalis, €JIEeKTPOMarHiTHI
XBWJI, BIUIMB TpPAHCIIOPTY, IPOMHUCIIOBI Ta MOOYTOBI
BiJIXOJIM, CTIYHI BOAM Ta IXHI OMajy, MiHEpaIbHI J00OpHU-
Ba, Oe3reka B Ha[3BUUAHNX CUTYALisIX, PEKyJIbTHBALIIS.
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JloriyHO TPUMYCTUTH, MO BCi BHUIIE TNeperideHi
CTaHIAPTH 1 HOPMH BPETYIHOBYIOTh CaMy CyTh B3a€MOJI1
JIOAWHH, K Ccy0'eKTa rOCHOAapCHKOI MisUTBHOCTI, 3 MPH-
poau. A 3HAuUWTH AJSL 33J0BOJICHHS BIACHUX IIOTPEO,
MPUMIpPOM B JNIEKTPUYHIA E€HEPreTHIli, JIOACTBO BUMY-
IIeHEe 3aCTOCOBYBATH pi3Hi KOMOiHAIi] 3HApSAAb 1 3ac00iB
nparii, NOB'3aHi 3 TEXHIYHUM BTPYYaHHSIM y HPUPOIY
3emuti.

Konm mMu roBopumo 1po o0'ektn 3eMHOI mpupoay,
TO MaeMO Ha yBa3i reorpadidti CHCTEMH - T€OCUCTEMH.

Y pO3IIIIHYTOMY BHIAJKy BHKOPUCTOBYETBHCS TEX-
HIYHE 3HAPSS, SKUM € IH)KEeHEpHUH 00'ekT - JIHICTPOB-
ChKa TiIPOaKyMyIIOl04Ya EJIeKTPOCTAHINS.Y pe3ynbTaTi
TiCHOI B3aeMOJii MiX TPHPOTHUMH (TeorpadiuHuMm) i
TEXHIYHIMHU €JIEMEHTAaMH BUHHKAE TaKe MOHATTA - MPH-
POIHO TEXHIYHA reocucTeMa. IHXeHepHHH 00'€KT THITY
HuictpoBerkoi TAEC y npupomHO-TeXHIUHINA Te0CHCTe-
Mi (TeoTexXCUCTeMi) Ji€ SK TMEeBHHM MeXaHi3M, IO Jae
3MOTY CyCHUILCTBY (JIFOAMHI), 3 OIHOTO OOKY, ITijIalil-
TOBYBATHUCS IO IPUPOJHOTO CEPEIOBHINA, a 3 1HIIOTO —
M/ITAIITOBYBaTH TMPHUPOAY A0 3a0€3MEUeHHs BIIACHUX
motpeo.

MeTo10 CcTATTi € ONMUC HATYPHUX METOJIB BUBUCH-
HS BIUTUBY NpUpoaHO-TexHiuHOI reocuctemu (IITTC)
HuicrpoBcrkoi [AEC Ha nuHaMivYHI TPOIECH B cepemo-
By ii (yHKIIOHYBaHHS.

AHaJi3 oCTaHHIX AoCJail:KeHb i myOaikaunii, me-
TOANKA JocaimkenHsA. Y 21 cromiTTi reorpadis crae me
OUThII BAXKITMBOIO 1 BIANOBIZAaIBHOIO HAYKOK dYepes
3pOCTaHHS TJI00AIbHUX BHKIIMKIB, TAKHX K 3MIHH KIIi-
Mary, NPHUPOAOKOPHUCTYBaHHsS, MIrpauii HacejeHHsS Ta
iHmn. IHTerpoBanuii miaxifn, JA03BOJsIE TeorpadamM posr-
JSIATH MPOOJIEMH 3 PI3HUX TOYOK 30py Ta PO3poOIATH
KOMIUIEKCHI PillICHHSI.

CyuacHi TexHouOri1, Taki sk reorpadiuni iHpopma-
uiitHi cucremu (I'IC), cynmyTHHKOBI 3HIMKH, TUCTAHITIHE
30HyBaHHS TOIIO, HA/IAlOTh reorpadaM HOBI MOKIIMBO-
cTi s 300py, aHANi3y Ta IHTepHpeTamii JaHWX, IO
JToTIoMarae BHPIIIyBaTH CKJIanHI pobieMu O1bIr edek-
TuBHO. [IpmKkiazom 3acToCyBaHHS iHTETpPOBAHOTO Mij-
XO/ly Y BUBUEHHI BIUIMBY IPUPOIHO - TEXHIYHOI reocuc-
temu uictpoBcskoro kackany I'EC ta TAEC na nuna-
MiYHi TIPOIIECH TIPOLTIOCTPOBAHO B pobori [28, C. 26].

[IpakTHyHe 3HAYEHHS IIBOTO JOCIIKSHHS MOJISIrae
B PO3YMiHHI BIUIMBY TPaji€HTYy HANpyTH Ha IHAYKIiHHI
3emsietpycu. OmnmcaHuii MeTon SIKUKA 0a3yeThbes Ha
npuHOunax 3akony Kyiona ta teopii Mopa, no3Boisie
JMUCTaHIIIIHO JOCIITUTH MOBEIIHKY MaTepiany 3a pi3HUX
YMOB HaBaHTaXeHHS. JlaHe nociipkeHHA 1 po3pobka
reoMeXaHIuYHOI MOJIeJi JaloTh 3MOTY Kpalle 3pO3yMiTH 1
nepe10ayaTH MOBENIHKY 3€MIIETPYCIB i BU3HAUUTH Oe3-
NIeYHi 30HM HaBaHTaXeHHs. Lle Mae npakTniHe 3HaUEHHSA
IIPY TIPOEKTYBaHHI Ta OYAIBHUIITBI CIIOPY, a TAKOX JJIS
OI[IHIOBAHHSI PU3WKIB 1 BXKHUTTS BIJNOBIIHUX 3aXOJiB
o0 3a0e3neyeHHs Oe3eKu.

Jlns aHamisy HaTypHHX METOJIB BHUBUCHHS BIUIUBY
npupoaHo-TexHiuHoi reocuctemMu (IITT'C) IHicTpOBCH-
kxoi 'AEC Ha auHaMivHi mporecy y cepenoBuili ii ¢pyH-
KLIOHYBaHHsS BHKOPHCTOBYBaJlacs KOMIUIEKCHA METO/IH-
Ka jpociimkenb. [loyaTkoBuil eran BKJIIOYAaB aHani3 pe-
3yJIBTATIB MONEPEIHIX HAYKOBUX JOCIHIIKeHb [24, C. 28;
22, c. 16; 20, c. 43; 21, c. 394, 14, c. 2; 23, c. 3], wo
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CTOCYBaJWMCsl BIUIMBY 1H)KEHEPHHX TiAPOTEXHIYHUX
00’exTiB Ha TpHupoxHe cepenosmmie. lle mo3BoOMIIIO
BpaxyBaTH IOIEPEIHI BUCHOBKM Ta BH3HAYWTH HAasBHI
3HaHHSA B Hid ramysi. Jlami, mpoBOXWBCS TepeHOBUI
(mompoBMit) 30ip maHWX, KU BKIOYaB B ceOe HATYpHI
BHUMIPIOBaHHS Ta CIIOCTEPEKEHHS OE3II0CepeTHRO B 30HI
(yHKIIIOHYBaHHS 00'€KTa JOCIIIKESHHS.

JUis  1bOr0 BHUKOPUCTOBYBAIUCS — CICIiaii30BaHi
npuiIaau s 36opy inbopmauii [26, €. 2; 17]. Ocobnusa
yBara OyJjia npuaIeHa CTaTUCTHYHOMY aHajli3y OTprMa-
HUX JJaHWX, IO JIO3BOJIWJIO BHUSBUTH B3a€MO3B'SI3KH MIX
pisHMMH (akTOpamH, IO BIUIMBAIOTH Ha JUHAMIYHI
npouecu cepenosuma. Kpim Toro, mpoBomumics Moze-
JBHI TApaMEeTPUYHI EKCIEPUMEHTH 3 BUKOPHUCTAHHSIM
CyJaCHHX CHUCTEM ITapaMETPUYHOTO IIPOECKTYBAHHS, SIKI
paHille He BUKOPHCTOBYBAIMCS [UIS TOCHTIIPKCHHS JaHOT
temu [13]. Lle 103BOIHIO OTPUMATH OUIBIN AETaTi30BaHi
JaHI Ta BUBYHTH MEXaHI3MH BIUIMBY Ha MIKPOPIBHIX
[19]. Yci mi eranu Oynu iHTErpOBaHi 3 METOI OTPUMAH-
HS KOMIUIEKCHOTO pO3yMiHHS BIUIMBY TNPHPOIHO-
texniyaoi reocuctemu (IITI'C) Ha nUHAMIKY TPHPOIHO-
r0 CepelloBHUINA, 10 3a0€3MeUnI0 MOXIIMBICTh BiJIIOBIC-
1 Ha nurtaHHsa "Sk?" i «Homy?» y KOHTEKCTI JaHOTO
TOCTIKEeHHS (pHC. 2).

Bukjaa ocHOBHOro martepiaiy. AHaNi3yloud po-
0OTH, TPUCBSIYCHI NaHIM TeMmaTWIli, MOXXHAa BHUSIBUTH
[iKkaBi TCHICHIIIi Ta KIFOYOBI aCIEKTH, SKi BimoOpaxka-
I0Th CTaH CY4acHOTO JOCIHiKeHHs B ramysi. Ha ocobmnu-
BY yBary 3aciryroBye mociikenss [17, . 18]. B mparmi
MOJAHO aHalli3 JOCIIPKeHb Pe3yNbTaTiB Fe0TeXHIYHOTO
MOHITOpUHTY (pucC. 3), NOBENIHKU IPYHTIB, sSIKUil pealri-
30BaHO Ha OCHOBI IHKJIIHOMETPUYHUX BHMIPIOBaHb Ha
tepuropii JJnicrpoBecbkoi ['AEC.

Bu3HaueHo KiJbKICHI mapameTpu po3MoJIily ropu-
30HTABHUX TepPEeMillieHb Y IHKIITHOMETPUYHUX CBEPAJIO-
BrHaX. Lle mamo MOXXIHMBICTE BUSBUTH TUHAMIYHI TIpOIIe-
cH y reoJioriuynux mapax (puc. 4).

Ha ocHOBI pe3ynbTaTiB MOAETIOBAaHHS OYyJIO IMiqTBE-
PIKEHO 3MiHY 3HaKy Aedopmartiii mij i€ T0JaTKOBOTO
HaBaHTAXEHHS. JlaHe JOCHIKEHHS CTajJo MOXKIIUBE
3aBISKHM Cy4acHHM IIPOTPaMHHAM KOMIUIEKCAM MapaMerT-
PUYHOTO MIPOEKTYBaHHS 0a30BaHi Ha aJrOPUTMax BHKO-
pHCTaHHS METO/IB KiHIeBuX enemenTis [12, €. 20]. Koo
JIOCTIJDKEHHST HE OOMEXyBasloCcs IOCHIKEHHSIM BEPTH-
KaJbHHUX PyXiB. 30Kpema, MpOBEIEHO YHIKaJIbHI BHIIIY-
KyBaHHSI BEPTUKAJILHUX KOJIMBaHb T'EOJOTIYHMX IIapiB
Ha rmouHy 20 METpiB BiJ] IIOBEPXH, ITi/I BIVIMBOM II0JIiB
MEXaHIYHUX HaIPy>KEeHb.

PesynbraTi mpoBeeHOTO AOCIIKEHHS i ITBEPIU-
JIM, 110 MIXK 3MIHAaMH piBHSI BOAW Ta JieopMali€ero IpyH-
Ty iCHY€ MEBHa 3aJE€XKHICTb. Y LbOMY BHII3JIKy, POJb
reHepaTopa Hallpy>KeHb BUKOHYE IMKJIiYHA 3MiHA HaBa-
HT@XXEHb Ha JIOXKE pe3epByapa BOJOCXOBHINA, TOOTO
pesepByap 'AEC Bigirpae posb ocruisitopa moreped-
HUX KOJINBaHb.

KpiMm TorO, JOCTiIKEHHS BHSBHIIO, IO TPAIiEHTH
BEPTHKAIBHUX KOJHMBAaHb PIBHS BOIU Ta IPYHTY MaloTh
3HaYHI TIEPEKPUTTS, IO CBIMYUTH MPO HASBHICTH Pe30-
HAHCHHMX SIBHIL Y CUCTEMI "KOHCTPYKTHUB-ocHOBA". Hu3b-
KOYaCTOTHI XBHJIl MOXYTb OYTH BUSBIICHI 32 JIOIOMOTOIO
CeHCMIYHUX MPHUIIA/IIB, TAKUX K ceiicMomeTpH (puc. 5).
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Puc. 2. Konuyenmyanwvna cxema 00cnioxHcenns
Fig. 2: Conceptual diagram of the study
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Puc. 3. Jlokanizayia 0amuuxie zeomexniunozo konmpoaro [26, . 3]
Fig. 3. Location of geotechnical monitoring sensors [26, c. 3]
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Puc. 4. Kymynamueni npoini zopuzonmansnux nepemiugens ceeponosunu N 1, Ne 2 [28, c. 3]
Fig. 4. Cumulative horizontal profiles of wells No. 1 and No. 2 [28, c. 3]
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Amplitude-frequency spectrum of the "Water level” sensor signal
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Puc. 5. Amnaimyono-uacmomunuii cnekmp Koaueams piens 600u y eodocxosuwyi [27, c. 4]
Fig. 5. Amplitude-frequency spectrum of water level fluctuations in the reservoir [27, p. 4]

Pesynpraty IpOTO AOCIIKEHHS JOMOMOXYTh KO-
pUryBaTH aHaNli3 Ta IHTEpHpeTaliio celcMorpam, M0
Ba)XJIMBO ISl PO3YMIHHS MPOIECIB, sKi BiI0yBalOThCS B
30HI eKcIDTyaTamii TigpoenekTpoctaHiii. Bapro 3aysa-
KUTH L0 JUIsl OTPUMAHHS ONMCAaHHUX Pe3yJIbTaTIB aHali-
3y BHKOPHCTOBYBAJINCS MaTeMaTH4HI METOIH OOpOOKH
CHTHAJIIB, IO HE NPHUTAMAHHO JUIS KIACHYHUX METOMIB
reorpadiqHUX JOCHIIKEHb, 30KpeMa METOJ MIBHAKOTO
neperBopernas Dyp'e [15, €. 226]. 3acTocyBaHHsS Mare-

MaTHYHUX METOJIB OOpPOOKH CHTHAJiB B Tany3i reorpa-
(iYHUX JOCIIPKEHb JOMOMOXKE HE JIMIIE PO3MIUPUTH
MOXIIMBOCTI aHaji3y, ajle ¥ CHpPUIATUME MOJAIbIIOMY
PO3BHUTKY METOIOJIOTIT BUKJIagaHHs reorpadii B YkpaiHi.

OnwucaHuii MeTOH KW 0a3yeThCS Ha MPHHITUIIAX
3akoHy KynoHa ta Teopii Mopa, 103Boisi€ qUCTaHIIIIHHO
JOCTIIUTH TOBEAIHKY MaTepiany 3a pi3HUX YMOB HaBaH-
TaXkeHHs (puc. 6).

Mohr's diagram for ultimate stresses in uniaxial
compression.
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Puc. 6. /liazpama Mopa 0211 cpanutHux HAnNPyIceHs y IPYHMAX, PO3MAUI08AHUX Y 30HI eKChayamauii
Jnicmpoecvkozo eodocxoeuuia [28, c. 25]
Fig. 6. Mohr's diagram for the ultimate stresses in soils located in the Dniester reservoir operation area
(Zyhar etal., 2023).

Jane nociipkeHHs i po3poOka reoMexaHiyHOI MO-
Jieni JJaroTh 3MOTY Kpaile 3po3yMiTh 1 mnependadatu
MOBEIiHKY 3€MJIETPYCIB 1 BHM3HAYMTH O€3MeYHi 30HU
HaBAHTAKEHHA. YHIKAIBHICTE [BOTO0 IOCHIIKEHHA B
MTOPIBHAHHI 3 aHAJIOTIYHUMH Y PETIOHI € Te, IO 3aCTOCO-
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BYIOTBCSI MPUHIMIH 3aKoHY Kynona ta Teopii Mopa s
JIOCJIJPKEHHST TeoMeXaHiqyHol mozeni B perionille mae
MIpaKTUYHE 3HAYCHHS NP MPOEKTYBaHHI Ta OyIiBHUIITBI
CHOPYA, a TAaKOXX Ui OLIHIOBAaHHS PH3UKIB 1 BXKUTTA
BIIMOBITHUX 3aX0IB OO0 3a0e3IeueHHs OE3IEKH.
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BucHoBku. Y pe3yibTari TTHO0KOT B3aEMOIIT MiXK
MPUPOTHUMH 1 TEXHIYHUMHU KOMIIOHEHTaMH B IPUPOJTHO-
TEXHIYHIH T€0CUCTEeMi BHABIISETHCS BEIMUYE3HA KiNBKICTh
3B'SI3KiB, SKi HA/J3BUYAHO BaXKIHBI U1 (QYHKIIOHYBaH-
HS cucteMH B mimomy. Li 3B'S3KM HACTLNBKM MiIHI Ta
B3a€EMO3AJIKHI, IO KOAHA 3 CKJIAJOBHUX OKPEMO He
MOJXKE TOBHICTIO BHUKOHATH BCI COIiaJbHO-CKOHOMIYHI
(yHKIIT, SKi MOKJIAIAIOTBCSl HA BECh KOMIUIEKC I'€0CHC-
TEMH.

TakuM YUHOM, TPHPOJHO-TEXHIYHA TICOCHUCTEMA
BUSIBJISIETHCS CKJIQ/THOIO TA B3a€MO3AJICKHOIO CHCTEMOIO,
Jie KOJKEH eJIEMEHT Ma€ CBOIO BR)XXJIMBY POJIb y 3a0e3re-
YeHHI CTalOIbHOCTI Ta ()YHKIIOHYBaHHS BCHOTO KOM-
wiekcy. B3aemomis MiX TPUPOIHUMH Ta TEXHIYHUMH
CKJIaJIOBAIMU BiTKPHBA€ HOBI MOXITUBOCTI IS 30aJIaHCO-
BAaHOTO PO3BUTKY, aji¢ BOJHOYAC BHMAra€ pPETEIbHOTO
PO3YMIiHHSI Ta YNPaBIiHHS IIMMHU B3a€MO3B'S3KaMHU JIJIst
3ano0iraHHsl HEraTHMBHUM HACTIIKaM JUis TMPUPOAM Ta
CyCIIIBCTBA.

BpaxoByroun 1110 B3a€MO/Iit0, HEOOX1THO PO3BHBATH
KOMIUIEKCHI CTpaTerii Ta METo/W YIpaBIliHHS Te0CUcTe-
MOI0, CIIpSIMOBaHI Ha 3abe3mnedeHHst i cTifikocTi Ta ede-
ktuBHOCTI. lle mepembayae po3poOKy IHTErPOBAHUX

MiIXOMIB A0 TUITAHYBaHHS Ta YMPaBIiHHSA TEPUTOPISIMH,
BpaxyBaHHS BIUIMBY JIFOJICHKOI MisUTBHOCTI HA MPHPOIHI
MPOIIECH, @ TaKOX CTBOPEHHS CIICLIANi30BaHUX CHCTEM
MOHITOPHHTY JJIsI TOCTIHHOTO KOHTPOJIIO 3a CTaHOM
reocucteMu. TiIbKH IIJIIXOM Y3TODKEHOT [Tii Ta B3aeMo-
PO3YMIHHSA BCiX 3aIliKaBICHHX CTOPIH MOXHA IOCSTTH
OayaHCy MK moTpedaMu CyCHUIbCTBA Ta 30€peEeHHIM
NPUPOJTHHUX PECYPCIB ISl MAOYTHIX TOKOJiHb.

HayxoBa HOBM3HA. JloCii/UKeHHS B CTaTTi JAlOTh
3MOTY PO3HIMPUTH PO3YMIHHS KOHKPETHOI MpoOIeMuyI-
PaBIIiHHS aHTPOIIOTEHHUM HaBaHTA)XEHHSM B IIPUPOJIHO-
TEXHIYHIH cucTeMi.

[pakTuyHa 3Ha4YymIicTb. AHaN3 iHXEHEPHOTO
00'eKxTa, 10 TPOEKTYETHCS, K CHCTEMH, 10 MiCTUTH IBi
HaBaXJIMBIII YaCTUHU - TEXHIYHY 1 IPUPOAHY, pOOUTH
CHUCTEMHHH MiIXiJ HE OKpacor, a O0O0OB'I3KOBOIO yMO-
BOIO POOOTH, MPUPOAO3HABLI: Teorpada, eKoJiora - Coko-
3HUKOM, TTOIUTIYHIKOM MIPOEKTYBaNbHHKA. [IpoekTyBaTH,
CTBOPIOBATH CEPENIOBUILIE, SIKE€ € ONTUMAJIbHUM JUIs JKUT-
TS JIIOJUHHU, 1€ O3HAya€ IMPOEKTYBATH TaKi CHCTEMH,
KOHCTPYKIii, TEXHOJIOTI], 11100 BOHU Oy MaKCHMaJIbHO
MOB'sI3aHi 3 ICHYIOYMMH B3a€MO3B'SI3KAMH B IPUPOII.
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THE INFLUENCE OF THE NATURAL AND TECHNICAL GEOSYSTEM ON THE DYNAMIC PROCESSES
IN THE FUNCTIONING ENVIRONMENT OF THE DNIESTER PSPP

The aim is to describe the field methods for studying the impact of the Dniester PSPP natural and technical geosystem
(NTGS) on dynamic processes in the environment of its operation. A comprehensive research methodology was used to analyse the
field methods for studying the impact of the Dniester PSPP natural and technical geosystem on dynamic processes in the environ-
ment of its operation. The initial stage included an analysis of the results of previous scientific studies on the impact of hydraulic
engineering facilities on the environment. This made it possible to take into account previous findings and identify existing
knowledge in this area. Next, we carried out on-site (field) data collection, which included in-situ measurements and observations
directly in the area of the research object. For this purpose, specialised data collection devices were used. Particular attention was
paid to the statistical analysis of the data obtained, which allowed us to identify the relationships between various factors that affect
the dynamic processes of the environment.

In the 21st century, geography is becoming an even more important and responsible science due to the growth of global chal-
lenges, such as climate change, environmental management, population migration, and others. An integrated approach allows geog-
raphers to look at problems from different perspectives and develop comprehensive solutions. Modern technologies, such as geo-
graphic information systems (GIS), satellite imagery, remote sensing, etc., provide geographers with new opportunities for collecting,
analysing and interpreting data, which helps to solve complex problems more efficiently. An example of the application of an inte-
grated approach in studying the impact of the natural and technical geosystem of the Dniester cascade of HPPs and PSPs on dynamic
processes. Scientific novelty.

The research in the article allows us to expand the understanding of the specific problem of managing anthropogenic load in a
natural and technical system. The analysis of the object being designed as a system containing two most important parts — technical
and natural - makes the systems approach not a decoration, but a prerequisite for the work of a natural scientist: geographer, ecologist
—an ally, an associate of the designer. Designing, creating an environment that is optimal for human life means designing such sys-
tems, structures, and technologies so that they are as closely related to the existing relationships in nature as possible.

Keywords: Geoecology, constructive geography, geosystems, river natural and technical systems, landscape technical sys-
tems, landscape engineering systems, GIS technologies, Dniester PSPP, field methods.
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IIpaBuia opopMileHHS Ta MOJAHHA CTATEH

«Yacomnmc coliatbHO-eKOHOMIYHOI Teorpadii» mpuitMae 1o ApyKy Matepianu oocsrom nonazn 20 apy-
KOBaHHMX CTOPIHOK 70 pyOpuKH «[ OpH30HTH HayKwy», MoHazd 15 cTopiHok mo pyopuku «HaykoBi moBigom-
JIEHHS», 10 5 cTOpiHOK Mo pyOpukm «Pemnensiin, o 3 cropinok mo pydpuku «llocrarti», 1o 1 cropiHku 10
pyopuk «Xponika» Ta «HOBimei».

3rigno 3 Bumoramu JJAK Ykpainu opuriHaibHa cTaTTs y paxoBoMy BUAAaHHI Ma€ CKIAIAaTUCS 3 TAKHX
PO3IiMiB:

1) mocTaHoBKa MPOOIEMH Y 3araIbHOMY BUTJISIL Ta ii 3B'I30K i3 BaXKITUBHMU HAYKOBHMHM UM IIPAKTHY-
HUMH 3aBJJaHHSIMU;

2) aHaJi3 OCTaHHIX JOCIHIKCHB i MyOIiKalliif, B IKUX 3alI04aTKOBAHO PO3B'I3aHHS JaHOI MPOOIEMH 1
Ha SIKi1 CIIUPAETHCS aBTOP. 3TiAHO 3 BUMOTAMH, II0 BUCYBAIOTHCS /10 HAYKOBUX BHIIAHb MIXKHAPOIHOTO PiBHA,
CTaTTi MAIOTh MICTUTH TJIMOOKUH aHaITi3 TOMIEPEaHIX JOCIIKCHD,

3) BUILICHHS HEBUPILICHUX PaHillle YaCTHH 3araibHoi IpoOJIeMu, SKUM IPUCBIUYEThCS JaHA CTATTS;

4) bopmMyitoBaHHS ITiJIeH CTATTI (IIOCTAHOBKA 3aBIIAHHS);

5) BUKIIaJl OCHOBHOTO MaTepiaiy IOCIiIKEHHS 3 TTIOBHUM OOTPYHTYBaHHSIM OTPHUMAaHHUX HAYKOBHX pe-
3yJIBTATIB;

6) BICHOBKH 3 JAHOTO JIOCJI/PKEHHSI 1 IEPCIIEKTUBY MOJANBIINX PO3BIIOK Y TAaHOMY HAIPSIMI.

Bumozu 0o ogpopmnenna cmammi: TexcroBuii pemakrop Microsoft Word. Bei mons o 20 mm, ¢op-
Mmat 210x297 mm, mpudt Times New Roman 14 nr, intepsan 1,5. s crarti HeoOxigHo Bkazatu YK (y
JBOMY BEpPXHBOMY KYTi), HUKYE MOCEPEAMHI PAIKa iM's Ta MPI3BHIIEC aBTOPA, MiJl HUIMH — HOTO HayKOBUH
CTYIIiHB, BUYCHE 3BaHHS Ta nocana. Hmwkve HaBogsaThesa e-mail Ta ORCID ID aBTopa, BimoMoCTi po ycTaHO-
By, il momToBa agpeca 3 iHgekcoM. [licis 1poro 3 HOBOTO PSIIKa MOCEPEANHI BETUKAMU OYKBAMH HABOJAHUTH-
Cs1 3ar0JIOBOK CTaTTi.

ITix 3aromoBKOM 3 ab3ally HaBOAUTHCS anomauia cmammi (He merm sk 1800 3HaKiB) Ta KaOu06I
cnosa (5 — 8 ciliB 4K CIIOBOCIIONYYEHB) YKPaiHChKOI MOBOO (mpudT 10 nt). Hukue HaBOASTHCS iM'st Ta
MPi3BHIE aBTOpa, Ha3Ba CTAaTTi, pedepar Ta KIOUOBI CI0Ba aHTIiHCbKOI0 MOBOO (tpudT 10 1T).

Bumozu 0o pegpepamy: obcsr ne menme 1800 3HaKiB; iHPOPMATHBHICTH (HE MICTUTH 3arajbHHUX pe-
YeHb); OPHUTTHAIBHICTh; 3MICTOBHICTH (BiZOOpakaTW TOJOBHUH 3MICT CTATTi Ta PE3YJbTATH JOCIHIJKCHB);
CTPYKTYPOBaHICTh (BiAIIOBIAATH JIOTII OTMIMCY PE3YNbTATIB y CTATTI).

Huxde HaBouThCS mexkcm cmammi. TaOnuil Ta pUCYHKH MarOTh OyTH PO3MIIIEH] Y TEKCTI CTaTTi. Y
CTaTTAX YKPaTHCHKOK MOBOKO HEOOXiHO Ha3BU PUCYHKIB i TAOJIHUIIL JyOIIOBATH aHTITIICEKOI0 MOBOKO.

Cnucok sukopucmanux 0xcepes IOAAETHCA B KiHLI CTAaTTi B ajdaBiTHOMY HOPSAKY 1 0pOpMISIETHCS
srigno 3 JJCTY 8302:2015. lo cnvicky 000B’s13KOBO TIOBUHHA OYTH BKIIOYEHA JIiTEpaTypa 3a OCTaHHI I’ATh
POKIB.

Hwxue nonaetbes nepenik nocunans (References) (kupuiuipst TpaHCTITEPY€EThCS B JATHHHUIIO) Ta HO-
TO TepeKyal aHINIIHCHKOI0 MOBOIO, KM HEOOXiTHO OGOPMIITH 3TiTHO MiKHapoHOTro OibmorpadidHoro
craunapty APA (American Psychological Association).

[locumanus Ha pKepena ciij JaBaTu y NPSIMOKYTHHUX AYXKKax [ | 13 3a3HaU€HHAM MOPSIKOBOIO HOMeE-
pa, a B OKpeMHUX BUIAJKaX 1 CTOPIHOK.

ABTOpHY TOJAIOTh OKpeMUM (aityioMm ocoducmi dani yKpaiHChKOIO Ta aHITIMCHKOI0 MOBaMHM: INPIi3BH-
1ie, iM's, 1o 0aThKOBI, HAYKOBHI CTYIiHb, BUCHE 3BaHHS, Miclle pOOOTH, 110Caja, MMOIITOBA aJipeca YCTAaHOBU
3 iHAeKcOM, KoHTakTHHH TenedoHn, e-mail, ORCID ID.

Pyxomucw, 1m0 He oopMIleHI HAIE)KHUM YHMHOM, He MPUHMAOTHCS JI0 MyOITiKaitii.

Penaxiiis 3auiae 3a co00r0 MpaBo MPOBOAMTH PEAAKIIHHY PAaBKy PYKOIHCY.

CratTi nepeBipsAOTHCS Ha HASBHICTD IUIAriaTy Ta HPOXOSATh BHYTPILIHE 1 30BHIIIHE PELIEH3yBaHHS.

ABTOpH 0my0JIiKOBaHMX MaTepiajiiB HECYTh MOBHY BiAMOBiAIBbHICTH 3a MiAOIp, TOUHICTh HABEAECHUX
(hakTiB, BITACHUX IMEH TOIIIO.
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