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ABSTRACT

Problem statement: The Aghdam district of the Republic of Azerbaijan, under occupation for nearly 30 years, became an area
of intensive degradation of both natural and anthropogenic landscapes. The scale of destruction caused by military and technological
activities has led to significant ecological, social, and economic losses. The damage to natural and anthropogenic ecosystems is esti-
mated to exceed 200 billion US dollars. More than 50 natural monuments were destroyed, and the infrastructure of 58 rural settlements
and one city were devastated. Over 90,000 mines pose a constant threat and hinder the restoration of these areas.

Objective: To conduct a landscape-oriented study aimed at assessing the consequences of military and technological activities,
determining structural, genetic, and functional changes in the landscapes of the Aghdam district, and systematizing the transformed
landscapes.

Methods: Satellite imagery, field research data, and archival materials were applied during the research procedure. A systematic
approach was applied for the analysis, classifying, and assessing the scale of transformation of natural and anthropogenic landscapes.

Results: It was unraveled that the transformation of landscapes resulted from both direct and indirect impacts from military and
technological activities. The classification of landscapes in the region revealed 2 main classes, 6 types, and 21 subtypes. The analysis
identified a high degree of ecological degradation. Military actions exacerbated the degradation of natural components. Direct impacts
included the destruction of forests, pastures, hydrological objects, and infrastructure, while indirect consequences have been experi-
enced in the disturbance of natural balance and the deterioration of soil and water quality. An important aspect of the research is to
identify functional changes in landscapes. The worsening environmental situation has led to a reduction in biodiversity, decreased water
retention capacity, and an increased risk of soil erosion. In anthropogenic landscapes, there has been a complete loss of economic value
in several areas, complicating the restoration process. The implemented classification provides the identification of major landscape
groups based on the degree of transformation:

e Landscapes with minimal transformation (10% of the area), where changes are limited to local disturbances.

e Landscapes with moderate transformation (25%), are characterized by changes in vegetation structure and soil cover.

e Landscapes with high degrees of transformation (40%), where significant changes occur in ecosystems due to direct impacts.

e [Landscapes with a complete loss of natural functions (25%), including areas that were destroyed by mines, infrastructure,
and other military objects.

Conclusion: The research systematized landscape changes and revealed the scale of the consequences of military conflicts. The
presented results enable the application of a landscape-oriented approach to monitoring and restoring territories, including the devel-
opment of reclamation, demining, and ecological function restoration measures. The proposed classification of transformed landscapes
can serve as a foundation for future research and the development of sustainable land management strategies.

Keywords: military-technological impact, landscape, ecosystem, occupation, anthropogenic transformation, belligerative land-
scape, cultural landscape, pollution, landscape structure.
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Introduction and research status. The recent  and the preservation of the natural genetic fund, it is
increase in military conflict hotspots worldwide cre-  attempted to investigate the landscape-ecological
ates complex and long-term problems for the restora-  features of the Karabakh region of Azerbaijan, which
tion of natural and anthropogenic ecosystems. Given  was under occupation for a long period and subjected
the relevance of this issue for the future of humanity  to direct military-technological impact, using the ex-
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ample of the Aghdam district.

The anthropogenic transformation of natural
landscapes is a long and complex process. In the
Aghdam district, human economic activity began in
ancient times, and as a result of this, the anthropo-
genic load on landscapes steadily increased. As a re-
sult, initially, small anthropo-ecosystems gradually
transformed into complex modern landscape com-
plexes with elements of contemporary transformation
[13,19].

The purpose of the research work. The work
aims to explore the trends in the development of mod-
ern landscapes, particularly anthropogenic landsca-
pes, under the military-technological influence. The
military-technological impact is a powerful ecologi-
cal factor in the transformation of natural ecosystems.

Material and methods. In the course of the re-
search, we applied the following methods: analysis of
historical-genetic series, comparative method of nat-
ural analogs, and the landscape method based on field
data and GIS technologies.

Research area. Aghdam district is an adminis-
trative-territorial unit in Azerbaijan, located in the
western part of the country. It holds significant im-
portance in the history and culture of the region, as
well as strategic value.

The Aghdam district is situated on the Karabakh
plain and borders the Khojavend, Tartar, Barda,
Aghjabadi, and Fuzuli districts of the country. The
area of the district covers approximately 1,150 square
kilometers.

Aghdam district became one of the most af-
fected regions as a result of the Armenian-Azerbai-
jani conflict, particularly during the First Karabakh
War (1991-1994). The destruction led to the loss of
historical heritage, the district’s economic potential,
and the forced displacement of more than 140,000
residents.

Since the early 1990s, as a result of the
Karabakh conflict, a large part of the Aghdam district
was occupied by Armenian forces. The city of Agh-
dam, the administrative center of the district, was al-
most destroyed, turning into a “ghost town.” Thou-
sands of homes, public buildings, schools, hospitals,
and infrastructure facilities were destroyed or ren-
dered unusable. Until 2020, the ruins of Aghdam
were primarily used for military positions and the il-
legal extraction of construction materials.

After the signing of the ceasefire agreement in
2020, the district was returned under Azerbaijan’s
control, and restoration work has begun.

The destruction of the Aghdam district was a
tragedy not only for its residents but also for the en-
tire country. After the conflict ended in 2020, the
Aghdam district became one of the symbols of Azer-
baijan’s recovery. New residential neighborhoods,
schools, hospitals, and infrastructure facilities are

being built. The restoration of the region is a priority
project for the Azerbaijani government, focusing on
the return of internally displaced persons to their na-
tive lands.

Result and discussion. The settlement of
Somutepe, stretches back to the 2nd millennium BC,
the burial mound of Sumurlu-tepe from the Bronze
Age, the settlements of Goshatepe and Ilanlitepe
from the Eneolithic period, and other historical and
cultural monuments of the region are indicators that
anthropogenic transformations in this area have an-
cient historical roots. The first anthropogenic trans-
formations began in the forest-steppe landscapes of
the low mountains and denudational-accumulative
plains. The fact that these landscapes possess the nec-
essary natural resource potential for human life cre-
ated conditions for the expansion of residential areas
and agricultural lands.

Arid forest ecosystems, which were one of the
main structural elements of the forest-steppe land-
scape type, became the most affected by anthropo-
genic impact over time [4, 8]. Historically, the region
was widely covered with arid forest ecosystems con-
sisting of long-legged oak, wild pistachio (Pistacia
mutica), and other tree and shrub species. Later, with
the expansion of anthropogenic impact, these forests
were cut down and turned into agricultural and pas-
ture lands. Currently, these forests have survived
only in a small area called the Sultanbud forest.

The creation of agro-industrial complexes dur-
ing the intense development of agriculture has accel-
erated the anthropogenic impact on natural land-
scapes. Large areas, particularly within natural com-
plexes of low mountains and partly sloping denuda-
tional-accumulative plains, turned into monocultural
agroecosystems consisting of vineyards. This, in
turn, further enhances the transformation and identi-
fication of biodiversity in the natural forest-steppe
landscapes, which are characterized by rich land-
scape-ecological diversity.

During the nearly 30 years of occupation, the
landscapes of the Aghdam district underwent a mas-
sive military-technological transformation. Virtually
all the settlements under occupation, including the
city of Aghdam, were completely destroyed and
turned into ruinous landscapes. Destroyed roads, irri-
gation systems, numerous pits dug for military vehi-
cles, military fortifications, trenches, and so on be-
came the key components of belligerent landscapes
(Fig. 1) [8, 10, 18].

Dry-steppe, xerophytic-shrubby, and semi-de-
sert landscapes of the low mountain and sloping foot-
hill plains of the region are secondary natural-anthro-
pogenic formations that arose in place of former for-
ests and forest-steppes.

The study of anthropogenic changes and land-
scape transformation was addressed by F.N. Milkov
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[11], J.A.G. Jaeger [9], M.G. Nazarov [12], Niko-
laishvili, et al [13], Denysyk, H., Kanskyi, V. et al [3]
and others’ works, who made valuable scientific and
methodological conclusions during their research.

In Azerbaijan, studies have also been conducted
on the anthropogenic transformation of modern land-
scape complexes and their classification. For exam-

ple, Y.A. Garibov [6] categorized anthropogenic
landscapes in Azerbaijan by categories, subcatego-
ries, and variants.

M.A. Suleymanov [16], in his research, pro-
posed a classification of anthropogenic landscapes
based on natural landscapes, using class, type, sub-
type, and species as the classification units.

Fig. 1. Destroyed village of the Aghdam district

E.K. Alizade, M.J. Ismayilov, and others [1] cat-
egorized landscapes that underwent anthropogenic
transformation based on changes in natural compo-
nents. The degree of transformation of modern NTC
(natural-territorial complexes) was used for grading:
unchanged, slightly changed, moderately changed,
strongly changed, and transformed.

In the naming of landscapes, more attention was
paid to the main components of the natural complex.
All anthropogenic changes are based primarily on the
natural foundation of the landscape and can express
it in specific ways.

Anthropogenic impacts manifest differently in
the transformation of natural complexes. These im-
pacts can be partially grouped as follows: agricultural
activity, forestry, industrial-technological, population
settlement, tourism and recreation, etc. The influence
of this activity on landscape transformation is diverse
as well. Despite covering small areas, construction
works, and mining, culminate in the fundamental
changes in landscapes, with almost all natural com-
ponents undergoing complete transformation. While
other sources of anthropogenic transformation do not
directly affect the vertical structure of landscapes,
they cover large areas and cause significant changes
in the horizontal spatial structure of landscapes.

Analysis of the transformation characteristics of
the landscapes in the Aghdam district revealed that
there are virtually no landscapes that have not been
transformed as a result of strong anthropogenic im-

pact. Other types of transformation are sufficiently
represented in the local landscapes.

Considering the uniqueness of the landscape
transformation in the Aghdam district, two classes of
transformation were identified:

1. Landscapes with military-technological
transformation;

2. Purposefully transformed cultural anthropo-
genic landscapes.

I. Landscapes with Military-Technological
Transformation

It should be noted that military actions during
the occupation, as a unique type of anthropogenic
factor, played a significant role in the degradation of
natural-landscape complexes in the Aghdam district
and the disruption of the natural-ecological balance.

In the landscape structure of more than half of
the district’s territory, elements reflecting the nature
of military actions can be found. These can briefly be
called military-technological or belligerent land-
scapes. Military-technological landscapes in the re-
gion can be divided into two types based on their for-
mation characteristics:

A. Military-technological landscapes formed
under the direct influence of military actions; B. Mil-
itary-technological landscapes transformed under the
indirect influence of military actions;

1. Military-technological complexes include all
complexes formed as a result of military actions and
that underwent military-technological transformati-
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ons. These include the following: combat trenches,
road-communication complexes, military-technical
structures, technological complexes involved in com-
bat operations, defensive fortifications, battlefields,
destroyed irrigation systems, destroyed residential
complexes, craters formed by explosive ordnance,
etc. [2] (Fig. 2).

2. Landscapes transformed under the indirect

influence of military actions: These include all comp-
lexes within the direct sphere of influence of military-
technological complexes and those formed due to the
indirect impact of military activities. This type also
includes all occupied territories, which have numer-
ous military barracks, secondary fortifications, dirt
roads, military objects inside protected areas, etc. [5,
7, 20].

In the pre-occupation period, large vineyards,
fertile grain fields, residential rural and urban land-
scapes surrounded by orchards, etc., existed in the
places of military-technological complexes in the
Aghdam district. That is, anthropogenic transfor-
mations were aimed at improving human life, and, to
some extent, measures were taken to preserve the nat-
ural ecological balance. Along with the destruction of
settlements, economic objects, and infrastructure
during the occupation, military actions led to changes
in the relief, destruction of soil and rock properties,
deforestation, and the formation of belligerent land-
scapes such as barricades, trenches, and communica-
tion routes. During the occupation of Aghdam, more
than 90,000 anti-personnel and anti-tank mines were
placed. This is a source of danger to human life.

A completely different trend can be observed in
the landscapes along the front line. In the frontline
zone, natural landscapes were completely destroyed,

Fig. 2. Trench and defensive wall near the village of Tapgaragoyunlu (Aghdam district)
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and more complex military complexes were con-
structed, affecting all ecosystems of the frontline
landscapes. Characteristic features of the relief here
include fortifications (trenches, ditches, firing points,
etc.). On these territories, the upper layer of soil is
contaminated with heavy metals and other chemical
compounds and loses its fertility, and vegetation de-
grades. In the upper layer of the landscape in buffer
zones, where intensive combat took place, from ex-
plosions, spills of petroleum products, etc., a layer
was formed that poses a threat to human health and
requires more than 10 years for decontamination [8].

During the occupation, in the direct military
contact zone on the territory of the Aghdam district,
more than 20 large fires were set during the plant veg-
etation period. As a result, thousands of hectares of
land were affected by fires, causing enormous envi-
ronmental damage. The results of these intentional
fires were captured on satellite images [7, 17].
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Starting from the war in 2020, when the territory
was fully returned under Azerbaijan’s control, the sit-
uation has begun to change. Enormous work is being
done to clear the buffer zone, dismantle enemy forti-
fications, and so on. As a result, the territories that
had been occupied for 30 years are now returning to
economic circulation.

In the satellite images of the Aghdam district
(2020-2023), which relate to the period of occupati-
on (Fig. 3), horrifying images of military-technolog-
ical transformation are clearly visible. Two-thirds of
the district was occupied. On this territory, as a result
of direct military vehicle influence, the relief of

natural and cultural landscapes was altered, the soil-
vegetative cover degraded, and natural-territorial
complexes (NTC) were transformed into belligera-
tive landscapes [7, 14].

Based on the results of field studies (2022-2023)
and the interpretation of high-resolution satellite im-
ages, a large-scale (1:100,000) digital map titled “An-
thropogenic Transformation of Landscapes in the
Aghdam District” (Fig. 4) was developed. Based on
the analysis of the map, 2 classes and 21 types of
landscapes were identified, which sharply differ from
each other in terms of their types and structure of
transformation.

Fig. 3. Satellite Image of Anthropogenically Transformed Landscapes of the Aghdam District (2020)

In the class of military-transformed landscapes,
14 types of landscapes were distinguished according
to the intensity of military-technical activities.
Among them, the largest areas —7.7% and 7.5% of
the total area are occupied by strongly disturbed and
transformed military-technical forest-steppe land-
scapes and fundamentally altered and disturbed bel-
ligerent landscapes (table).

II. Deliberately transformed cultural anthro-
pogenic landscapes.

The second class of transformed landscapes en-
compasses modern cultural landscapes that have been

deliberately altered in non-occupied areas. Within
this class, 7 types of landscapes were distinguished
(table). Of these, the largest area (8.5%) is occupied
by urban and residential landscapes. The larger area
of urban and residential landscapes in territories not
subjected to occupation is related to the settlement of
refugees from the occupied territories of the
Karabakh region. According to the latest statistical
data [15], the rural population density here is more
than 300 people per km?. This process increases the
demographic load on modern landscapes.

In addition to this, the lower reaches of the Tartar
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Fig. 4. Anthropogenic landscape transformation map of the Aghdam district.
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I. Landscapes subjected to military-technical transformation:

1. Oak-hornbeam forests of the foothills, subjected to relatively weak transformation.

2. Weakly transformed shrub-grassland river valley landscapes.

3. Moderately transformed arid woodland and shrubland landscapes of the foothills.

4. Secondary dry steppe complexes of the foothills and intermountain depressions, heavily transformed due to fires
and military equipment.

5. Strongly military-technically transformed xerophytic-shrubby steppes on the site of former vineyards on degraded
gray-brown soils.

6. Strongly military-technically transformed xerophytic-shrubby steppe complexes of denudational-accumulative
foothill plains.

7. Intensively transformed dry steppes of denudational-accumulative plains with fragments of military-technical
changes.

8. Moderately transformed dry steppes of alluvial-accumulative plains on gray-brown soils with disrupted agroeco-
systems.

9. Radically transformed dry steppes on accumulative-denudational hill-belligerative badlands.

10. Strongly disturbed military-technical dry steppe complexes and radically transformed belligerative landscapes.

11. Forest-steppe complexes of accumulative-denudational plains, whose surface is heavily disturbed and transformed
due to military-technical impacts and fires.

12. Badland belligerative landscapes of accumulative plains under the military-technical influence and fire impact.

13. Heavily disturbed and transformed dry steppe landscapes of moderately dissected plains due to fires and military-
technical impacts.

14. Urban and rural landscapes, were deliberately destroyed during the occupation.

I1. Deliberately transformed cultural landscapes:

15. Moderately transformed pasture-mowing complexes on gray-brown soils of slightly sloped, hilly-rolling accumu-
lative plains.

16. Semi-deserts, intensively transformed into plantation-garden complexes of accumulative plains on light gray-
brown soils.

17. Intensively transformed agro-irrigation landscapes of accumulative plains.

18. Semi-deserts, consisting of strongly transformed cultural agro-irrigation complexes.

19. Settled rural and urban landscapes, consisting mostly of one- or two-story houses with gardens and crops.

20. Moderately transformed oak-pistachio arid forests on riverine hilly plains.

21. Reservoirs.
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Main structural elements of anthropogenic transformation of landscapes in the Aghdam district

Area . Degree
# Landscape Type (km*/%) Transformation Features of Transformation
1 | Oak-hornbeam forests 59 (5.1%) Ammunition depots, barracks Relatively weakly
transformed
2 | Shrub-grassland 28 (2.4%) Barracks, m11.1tar.1zed'roads, commu- Weakly transformed
nication lines
3 | Forest and shrubland 79 (6.9%) | Military vehicle shelters, barracks MOde;j;gZ dtrans-
4 | Dry steppes 19 (1.7%) Impact of military equipment Strongly transformed
5 zi:;%i lslytlc-shmbby 94 (8.2%) Impact of military equipment Strongly transformed
6 ﬁ:;(;};lslytm—shrubby 54 (4.7%) Impact of military equipment Strongly transformed
Military bunkers, trenches for per-
0, s
7 | Dry steppes 36 (3.1%) sonnel, and military equipment Strongly transformed
Agroecosystems (for military grain Moderately
0,
8 | Dry steppes >3 (4.8%) and vegetable crops) transformed
Land destroyed by fires, military Radically
0 >
9 | Dry steppes 74 (6.4%) equipment, etc. transformed
. . Strongly disturbed
0,
10 | Dry steppes 44 (3.8%) Antitank ditches, trenches, etc. and transformed
. . . . Strongly disturbed
- Y -
11 | Forest-steppe landscapes | 88 (7.7%) | Fires and military-technical actions and transformed
. . . . . Radically
0, -
12 | Belligerent landscapes 86 (7.5%) | Fires and military-technical actions transformed
. . . . Strongly disturbed
V) -
13 | Dry steppes 48 (4.2%) | Fires and military-technical actions and transformed
Urban and residential Destroyed houses, roads, administra- Radically
14 27 (2.8%) . O
landscapes tive buildings, etc. transformed
15 Pasture-mowing com- 26 (2.3%) | Irrigated feed crop plantations, etc. Moderately
plexes transformed
16 | Semi-desert landscapes 37 (3.2%) Irrigated fields, orchards, etc. Intensively
transformed
17 Agro-irrigated land- 78 (6.8%) Intensively irrigated fields Intensively
scapes transformed
18 Agro-irrigated lland— 7 (0.6%) Intensively irrigated crops, orchards, Strongly transformed
scapes and semi-deserts etc.
Settled rural and urban One- or two-story houses, cultivated Radically
19 98 (8.5%)
landscapes suburban plots transformed
. . . Moderately
0,
20 | Arid forests 104 (9%) | Logging, tree damage, grazing, etc. transformed
21 | Reservoirs 4 (0.3%) Water catchment Radically
transformed

and Khachinchay Rivers flowing through the district
were dried up during the occupation, which gave rise
to the water scarcity for irrigation in the Karabakh
plain. (Fig. 5).

This situation negatively affects the develop-
ment of agriculture in the area. As a result, the local
population has increased the consumption of ground-
water. Excessive use of groundwater has lowered the
groundwater level, which, in turn, has transformed
the surrounding landscapes into a more desertified
state.

An analysis of the degree of anthropogenic
transformation of the spatial structure of landscapes
indicates that 34% of landscapes are subject to strong
anthropogenic transformation, 25.5% to radical
transformation, 23% to moderate transformation,
10% to intensive transformation, and 7.5% to weak
transformation (Fig. 6).

— In the weakly transformed landscapes, even if
degradation of certain components (such as flora
and fauna) is observed under anthropogenic in-
fluence, their restoration is possible.
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— In landscapes subject to moderate transfor-
mation, soil cover disturbances caused by mili-
tary-technical impacts have already been ob-
served.

— In strongly transformed landscapes, along with
changes in relief, alterations in the flow of sur-
face waters also occur.

— In landscapes subject to intensive transfor-
mation, their main components are continuously
affected by military-technical and human activi-
ties.

— Landscapes subject to radical transformation in-
clude destroyed settlements and urban com-
plexes, fortified defense structures, and so on.
Conclusions. For the first time, based on satel-

lite images and field research, the transformed

natural-anthropogenic landscapes in the studied area,
which changed as a result of military-technical activ-
ities, were categorized into 2 classes, 6 types, and 21
species according to their structural-genetic and func-
tional characteristics.

Using the selected criteria, landscapes subject to
military-technical transformation were mapped ac-
cording to their degree of transformation: weakly,
moderately, strongly, intensively, and radically. The
analysis of the digital map revealed that 34% of the
natural landscapes in the studied area are subject to
strong military-technical transformation, 25.5% to
radical transformation, 23% to moderate transfor-
mation, 10% to intensive transformation, and 7.5% to
weak transformation.
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BruiuB BilicbkOBHX KOH(IIIKTIB HA TpaHcopMauiio Janamadry
(Ha nmpukIagi AriaMcKoro paiony Asepoaiaxancbkoi Pecmy0stikm)

Mupnyx Icmaiinos !

K. TeOorp. H., IOIICHT, 3aB. BLAALTY JaHAma(TO3HABCTBA

Ta JaHAMAa(THOTO TUIaHyBaHHS,

! TactuTyTy Teorpadii MinicTepcTBa HayKu i OCBiTH
Aszepbaiimkxancekol Pecniyoniku, baky, AzepOaiimkaH;
Ipuna Kyuuncoka'

K. Teorp. H., IOIEHT, ITPOB. HayK. CIiBPOOITHHK

BifyTiny stananad) TO3HaBCTBA Ta JaHANIA(THOTO TIAHYBaHHS;
Enina Kapimosa '

K. TeOoTp. H., IOIEHT, ITPOB. HayK. CIiBPOOITHHK

BIJUIUTY JTaHAMA(PTO3HABCTBA Ta JAHIIA()THOTO IIAHYBaHHS

VY crarTi OCHIKYETHCS BIUIMB HACIiIKIB O0HOBHX il HA JaHAMA(THY CTPYKTYpPY Ta €KOJIOTTYHHHI CTaH ATJaMCh-
KOro paitony Asepbaiimkany. Moro Tepuropis nepebyBsana i okymnamiero 6;11u35k0 30 POKiB, BOHA 3a3HANIA 3HAYHUX Pyii-
HYBaHb, 1110 IPU3BEJIO 0 EKOJOTIYHUX, COLiaIbHUX Ta eKOHOMIYHUX BTpart. [Iporsrom 30 pokiB Argamcbkuii paifon Oys
OythepHOI0 30HOI0 MiX KOH(IIIKTYIOUHMH cTOpoHaMH. OCKiTBKH B oporpadiYHOMY IUIaHi OiyIbIra yacTHHa HOTO TepUTOPIi
sBIisie co0OI0 PIBHMHY 3 HE3HAUHUMH TepernajaMu BUCOT, miJ 49ac OoioBHX omepalliii oOWIBI CTOPOHU aKTHUBHO
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BUKOPUCTOBYBAJIM MIHU - SIK TIPOTHIIXOTHI, TaK 1 IPOTHTAHKOBI - JUIsi OOOPOHM CTPATEriuyHMX IMO3MLIH, 3aXUCTy THILY,
3MilHEHHs JiHid QpoHTy. 3a monepeaAHiMH OL[IHKaMH, 30MTOK IPUPOJHUM 1 aHTPOIIOTEHHUM €KOCHCTEMaM INEPEBHIIHB
200 minbsipaiB nonapis. B ArnamcekoMy paifoHi NOBHICTIO 3HMIIEHO MOoHaA 50 mam'sTOK IIPUPOIH, a TAKOXK iHPPaCTPyK-
Typy 58 CUIBCHKHMX HAceJeHUX MyHKTIB i ofHiel MichKoi TepuTopii. Kpim Toro, nonan 90 000 Ha3eMHUX MiH CTaHOBIISTH
MIOCTIiHYy 3arpo3y JJIsl MiCLIEBOTO HACEJICHHsI, TIEPEIKOKatoYH 3yCHIUIAM 3 BiJHOBJICHHS. B cTaTTi mpoBeneHo nocii-
JDKEHHSI BIUTMBY BiHCHKOBO-TEXHIYHOI HisITFHOCTI HA TpaHcopMallifo JaHamadTy B ATAaMCEKOMY PETioHi, BU3HAYCHO
OCHOBHI CTPYKTYypHO-TEHETHYHI Ta (YHKLIIOHAJIHHI 3MiHH, CHCTEeMaTH30BaHO TpaHc(opMoBaHi JaHmmAadTH. Y IOCIHI-
JDKEHHI BUKOPHCTOBYBABCS aHAII3 CYITyTHUKOBUX 3HIMKIB, TOJIBOBI JOCHTIHKEHHS Ta apXiBHI JjaHi. 3aCTOCOBAHO CHCTEM-
HUH MiAXi 10 BUBYEHHS CTPYKTYPHO-TEHETHIHUX Ta (PyHKITIOHAIBHUX 3MiH MPUPOAHUX i AaHTPOTIOTEHHHX JIAHIIIa(TiB.
Bcranosieno, mo Tpaachopmanis JaHamadTy BigOymacs sSK BHACTIZOK IPIMOTO, TaK i OTIOCEPEAKOBAHOTO BIUIUBY Biii-
CHKOBO-TEXHIYHO] HisutbHOCTI. [IprpoaHo-anTponorenHi manamadTi oonacTi kimacu}pikoBaHO Ha 1Ba KJIACH, IIICTH THITIB
121 migrun. B Xoxi nociikeHHS BUSBICHO BUCOKHH CTYIIIHB Aerpajianii HABKOJIMIIHBOTO CEPEIOBHINA, 10 MPU3BOANUTH
JI0 3HAYHUX 3MiH y CTPYKTYPi, PyHKIIisIX i cTaHi ekocucteM. [IpoBeieHi JOCiIKESHHS Jat0Th OIIHKY HACHI/IKiB BIICHKOBO-
TEXHIYHHX BIUIMBIB Ha JaHAMA(TH perioHy. Pe3ynbraTu MoXyTh CTaTH OCHOBOIO /ISl HOAAJBIINX JOCIIKEHb 3 MOHITO-
PHHTY Ta OLIIHKHM €KOJIOTIYHHUX 3MiH, BUKJIMKAHUX BIICHKOBUMH KOH(IIIKTaMH, 8 TAKOX JUIs1 PO3POOKH i IXOAIB 10 BiHO-
BJICHHS TEPHUTOPIi.

Kniouoei cnoga: silicokogo-mexniunuii 6naus, ranowagm, exocucmema, OKynayis, aumponozeHna mpancgopma-
yis, benicepamusHuii 1aHOWApm, KyiomypHuil 1aHowagm, 3a0pyOHerH s, 1aHOwagdmua cmpykmypa.

BHecok aBTopiB: BCi aBTOPM 3p0obMAN PiBHUIA BHECOK Y L0 poboTy Hagiiiwna 31 ciuns 2025 p.
KoH®niKT iHTepeciB: aBTOpM NOBIAOMAAIOTL NPO BiACYTHICTb KOHPANIKTY iHTepecis MpuitHATa 8 KBiTHA 2025 p.
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