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Type: Equivalent (von-Mises) Stress
Unit: MPa
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N]JTHBY EMIsdd3d?2 L Of Ofp &3 ydetsmis' (L6’ Hdets L dztsSte
GitcstcOnkzdS s L dzOyj dzdz § dzOfisd yded a o ' H dats fydac
[VicteOded Ydai L dzOyy dede? f &zOMlsd yded s o H datsfyded A
Odzgd B dzO© CtsdzgCtojIsdzd?2 RO 6" Odz) .

[ SHOICBots oS sdzOdets tetsL tcOn k dzfszj SdEdic t=dgjj frplizi 1dzO st
OMlsslsO wsB jds'lsiOfidEm " HdzZO 9 IstcOls’ dzj Mz yts’ L HOls dzts
8285 B/ no. tJjLkzd sOId tsLtOrlkzdSlz dzO dzj Mzyk

H

Y
7

Type: Equivalent (von-Mises) Stress
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ADAPTATION OF LIQUID ROCKE T ENGINE SHELL MANUFACTURING
TECHNOLOGY TO MODERN CAPABILITIES OF CAD -CAM SYSTEMS
AND 5-AXIS COORDINATE CNC MACHINES

In my study | have described and substantiated:

1. The planing process using a special cutting tool ort@idinate CNC machine for
machning spiral surfaces of liquid engines shells has been proposed for the first time.

2. The principles of programmingaxis CNC machinefl] for planing using modern
CAM-systems 2] have been developed for the first time.

3. A mathematical model of incrg&ag the accuracy of the control program on a CNC
machine for processing the spiral surfaces of the shells of liquid rocket efgjites been
obtained for the first time.

4. CAM-modelling of the cutting process to obtain the results of machining agcurac
has been carried out.

The practical significance of the results described in the article:

1. Methods of programming-&is CNC machines for processing spiral surfaces of
shells of liquid rocket engines by milling and planing methods were created aoiliced
into production.

2. Planing technology using aaxis CNC machine and a special cutting tool was
introduced.

3. A system for measuring and analysing the shells of liquid jet engines has been
introduced into production.

4. A system for correction ahe control program of a CNC machine tool has been
created and implemented to increase the accuracy of processing the spiral surfaces of the
shells of liquid rocket engines.

Theoretical and practical achievements of the work were implemented at the rigllowi
enterprises: State Enter pr i s e-Buidhg gattimamed on As
after A. M. Makarovo (YUZHMASH), St at e Ent e
named after M. K. Yangel o (YUZHNOYE SDO) .

The main body analyses the problems of nfacturing shells of liquid rocket engines
in modern production, methods of their manufacture and control, substantiation and
adaptation of the method of modelling the planing process for processing spiral surfaces of
shells of liquid rocket engines. Theethod of programming-6oordinate CNC machines for
the planing process is described. The technique of control of accuracy at modelling of process
of planing is offered.

Technologically, the classical manufacturing of a liquid rocket engine body can be
divided into two stages. The first stage is external and internal turning of the nozzle geometry.
The second stage is the milling of spiral surfaces (thealled finsi the cooling channels of
the shell).

One of the technological features of the second sthgeoduction is the introduction
of a special tool instead of a milling cutter.

In this case, the cutting process is more like turning or even planing than milling
although all 5 coordinates of the CNC machine are used simultaneously. To program such a
process, you also need to perform special actions.
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The main problem with modelling the planing process in modern CAM systems is the
lack of a planing operation as such. Therefore, it was decided to obtain a planing simulation
process by adapting the exigfif-axis milling operation.

First, we need to justify the choice of the cutting method. For a typical case, this process
requires calculating the economic comporietiat is, which cutting method will make our
shell the cheapest without losing quality.tButhis paper, we will consider the methodology
for switching to multiaxis planing because it is not a standard method in modern production.

In a CAM system, the planing operation is calculated as&ssmilling operation, but
the following featurest®uld be taken into account: planing tool geometry, workpiece and
tool materials, tool control point, and kinematic capabilities of the CNC machine.

The adaptation of machine and postprocessor parameters in NX must be performed
according to the machine dasheet, indicating the machine's limitations and all kinematic
features and taking them into account. This will help to avoid additional errors and mistakes
when developing the control on a CNC machine. One of the most important points here is to
disablethe machine's locking during the working movement (cutting process) without tool
rotation, in our case, the planing tool. This requires an additionabrivmand in the
postprocessor and in the machine logic.

Optimizing the control and verifying the resufegerhaps some of the most important
steps. Without optimization of the control using the planing process, a lot of rejects can be
produced in the manufacture of the radial pressure vessel shell. This is due to the influence of
the accuracy of modellingné shell itself on the accuracy of the control by the working bodies
of the CNC machine when manufacturing fins (of rather complex geometry) by planing.

The result of an unoptimized control can be a deformation of the geometry of the fins or
the wall of tre shell itself.

The mathematical model of increase of accuracy of processing of spiral surfaces of
covers of liquid rocket engines is developed, experimental researches on field samples with
use of mathematical model are considered, methods of modellthgragramming of the
planing process for processing spiral surfaces of liquid rocket engines covers have been
developed. The results of using the abowmntioned methods in production have been
considered.

In the general conclusions recommendations oftigalause of the developed methods
and results are offered and results of theoretical and experimental researches are summarized.
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GLOBAL EXPERIENCE IN UTILIZING MINED SPACES OF ORE MINES
AND QUARRIES

Global Experience in Utilizing Mined Spaces of Ore Mines Demonstrates that many
countries are actively repurposing these aardor new infrastructure, tourism, and
environmental projects. Closed mines are transformed into tourist attractions, research
centers, or energy storage sites. Successful projects that utilize mined spaces include:

AGermany: Zollverein Coal MindEssenRuhr Region) [1]:

The Zollverein mine, which operated until 1986 extracting coal and ore, exemplifies
successful mine space reconversion. The mine has been transformed into a cultural and
museum complex, housing a modern art museum, exhibition halls,u#tndak spaces. In

2001, it was designated a UNESCO World Heritage Site.

ACanada: Kidd Creek MinéOntario) [2]:

Kidd Creek Mine, one of the world's deepest mines, is now partially used for waste storage
postextraction, but a significant portion of thenhels has been repurposed for scientific
research. Experiments in particle physics and cosmic ray studies are conducted here.

AUnited Kingdom: Great Slate Minéwales):

Former ore mines in the UK, such as Great Slate, have become tourist attractionsteThey
open to visitors, who can explore underground corridors and old mining structures. Some are
also used for extreme sports, such as underground climbing or spelunking.

Arance: Lorraine Mines(Lorraine) [3]:

After iron ore extraction ended, the Lorraimenes in France were converted into industrial
and research centers. Zones for geothermal energy research were established here, and
projects for renewable energy storage are in development.

ASweden: Falun Mine(Falun)

Falun Mine, which for centuries was® of the largest copper sources globally, is now part of
a cultural complex protected by UNESCO. It has become a tourist attraction, showcasing
mining equipment and the history of mining.

Aoland: Wieliczka Salt Mind Kr ak - w) :

The Wieliczka Salt Mine isree of the most renowned examples of mine reclamation. After
salt extraction ceased, it was transformed into a tourist site. Inside, there are underground
chapels carved from salt and museums that attract millions of visitors from around the world.

AUSA: Homestake MingSouth Dakota):

Previously the largest gold mine in the United States, Homestake Mine, after its closure in
2002, became a scientific research facility. A laboratory was established here to study
neutrinos and conduct particle physics expentseas the underground environment is ideal

for such research.

AChile: Chuquicamata Mine:

In Chile, following the end of extraction in some mines, local authorities plan to use these
spaces for renewable energy infrastructure development. For exampéeatbealiscussions
about installing solar and wind power plants on the sites of old mines.

AJkraine: Kryvyi Rih Mines:

Ukraine also has examples of repurposing mined ore spaces. In Kryvyi Rih, some abandoned
mines have been turned into tourist routes. &h@&sderground areas are open to visitors,
providing insight into the history of mining and ore extraction technologies.
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Global Experience with Quarry Reclamation Demonstrates that mined quarries can be
successfully transformed into new functional spacaschSprojects help minimize the
ecological impact of resource extraction while creating infrastructure that fosters socio
economic development. Four primary ways that mined quarries are used in different countries
include:

1. Environmental Rehabilitation ad Reducing Environmental Impact.

After extraction ends, quarries are often ecologically vulnerable. Without reclamation,
they may cause soil erosion, dust pollution, water contamination, and biodiversity loss.
Successful projects, like the Eden Projectthe UK [4], show that these areas can be
integrated into ecosystems, even enhancing their biodiversity value.

2. SocieEconomic Opportunities.

Quarry reclamation can be a powerful driver of tourism development and job creation.
For instance, the Intercongntal Shanghai Wonderland [5] has become a popular hotel
complex, attracting tourists and boosting regional development.

3. Cultural and Educational Initiatives.

Mined quarries are often used to create unique cultural spaces, such as the Dalhalla
concerthall in Sweden or museums across Europe [6], which help preserve the legacy of
extraction activities and support educational development within communities.

4. Sustainable Development and New Urban Approaches.

Utilizing abandoned quarries aligns with sursadle development goals, as it reduces
the need for new land allocations and promotes the reuse of already disturbed areas [7]. This
approach demonstrates that problematic landscapes can be seen as resources rather than
burdens.

Thus, transforming mineduarries is not only an ecological responsibility but also an
economic and cultural opportunity, creating unique spaces for communities and improving
quality of life.

Given the number of abandoned quarries, Ukraine should consider international
experience n the recreational and cultural use of mined spaces. This will help improve
citizensdé6 quality of I|ife and foster environ
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RANDOM FOREST CLASSIFICATION OF S1/S2 IMAGERY FOR
DEFORESTATION MONITORING IN UPPER PARAGUAY REGION (2015 -2022)

Accordingto FAO (2020), one of the main environmental problems ofsogietyis
deforestatiorandforestdegradation. The magnitude of the problem is so important that the
UN within the Agenda for Sustainable Development establishes one goal directly related to
the environment (SDG 15), having relationships with otheedaiyes. One of the most
important characteristics of deforestation is its sp&ioporal component; they are dynamic
phenomena that can affect large areas of land in a short period of time, causing serious
problems. For this reason, that for several desathe initiatives for the contraif
deforestatiorthroughthe applicationof remotesensing techniqudsavebeena constantsince
theinitial worksof, amongothers,lversonetal. (1989) andBaltaxe (1986). The improvement
in the quality of the imagess well as the greater availability of them, and the advances in
computer systems and software, have led to the widespread use of these techniques as tools
for globalmonitoring.

In this paper, an example of application for the monitoring is presentesl.pioposed
methodology is based on open access informg&@ntinelimagery) and which hasbeen
processedby means of opesource software (SNAP, ESA 2022) using a personal computer.
The methodology combines multispectral and RADAR images in order te l@av
deforestation monitoring of an area located in northParaguay, affected bgtrong
deforestatiorprocessem the period between 2015 and the present.

y v ,,t“‘ =
Figure 1. Left: Cultivated fields in deforested areas in Paraguay (World Land Trust, 2ht),
Examples of forest fires in the study area (SentineMBBL2A image 2019/09/7) RGB (12, 1.
8A).

The area selectedfor this study correspondsto the Teniente Pico and Teniente
Mart2nez areas of the Mari scal thelpaie ¢&f ®1 i X
Boquer -n in the Republic of Paraguay. Thi s
problems, and Global Forest Watch identifies a loss of 962krorestcoverin this areain
2021, equivalent tdl8.2Mt of CO2 emissions. The area ham approximate surface of
12.500kmM.

One of the objectives of this study is the use of free use information, and images from the
Copernicus program (https://www.copernicus.eu/en) have been used for the analysis of
deforestation. Taking into account thelplems of cloudiness in this area (something frequent

in forest areas) a methodology has been chosen that combines a total of 7 images from the
RADAR S1 (GRDIW VV+VH) sensor with 7 images from the multispectral S2 sensor, one
per year, between 2015 and220 In all cases, the image was taken in August to facilitate the
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comparison. One of the objectives of this study is the use of free use information, and images
from the Copernicus program (https://www.copernicus.eu/en) have been used for the analysis
of deforestation. Taking into account the problems of cloudiness in this area (something
frequent in forest areas) a methodology has been chosen that combines a total of 7 images
from the RADAR S1 sensor with 7 images from the multispectral S2 sensor, ogeapger
between 2015 and 2022. In all cases, the image was taken in August to facilitate the
comparison. The proposed methodology is show in figure 2.

Dec2016 S1-Preprocessing

Dec2017 —

Dec2018 —»  Apply Remove | Radiom Speckie Terrain Mosaic Classific | —

- Dec2019 Orbit Thermal | Calibrat Filtering Correct Subset — GLCM ¢ — hﬁ ac

£8 foce Nase : e i
$2 ) ' : : ’ a1 [ Tam | [Valdon |
§§ }):x:ms S2-Preprocessing L# waﬁ set | | dotaset |
3 Ooc2017 ! ¥ =

LA Sen2Cor Subset Resampl Mosaic Subset NOVI z . 4
e Dec2019 (L1toL2A) | B4,BS, 10m [ classinc ‘—— !

Dec2021 B11,812 (EEREST)
Figure 2. General schema of proposed methodology.

Figure 3 shows an example of the classificationultescorresponding to the
multispectral and RADAR images of both 2015 and 2021 and the deforestation evolution. In
the 20152022 period, the cultivated plots in the area of interest have increased by 50%,
which means around 4900 km2 of new crops that kissfdaced the natural vegetation. The
average classification accuracy levels are equal to 98.43% por S1 and 99.43% for S2, and the
use of additional variables (GLCM for S1 and NDVI for S2) is considered of great interest in
the improvement of the classiiton. The differences between the results obtained from S1
and S2 are less than 5% in all years, with mean values of 1.67%. In 2017 in which the images
only differed by one day, the difference was only, 0.36%.

I Naturein 2022
i I Crops n 2015
| - s

op) and classification (bottom),

g2

(left), S2 (middle); Right: Deforestation evolution.

The main conclusion that can be drawn from this work is the capafcRemote
Sensingo monitorspatietemporaldynamic phenomena. Used methodologlyioh combines
multispectral images with RADARnNages,is consideredo be an optimal solutionfor areas
wherethe presenceof cloudsis common. On the other hand, the supervised classification
usingthe RF methodallows obtaininghigh quality results inérms of semantic segmentation
of the different land uses. The use of additional variables (NDVI and GLCM statistics) is
considered of great interest in the improvement of the classification itself.
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URBAN HEAT ISLANDS CHARACTERIZATION USING SENTINEL 3 SLSTR.
A CASE STUDY IN MADRID (SPAIN, SEPTEMBER 2024)

According to a World Bank repb (2023), currently more than half of the world's
population lives in urban areas, and the growth of these areas is expected to continue in the
coming decades, especially in certain regions (Central and South America and Asia), so that
by 2050 it is estirated that 7 out of 10 people will be living in urban areas. It is clear that
these are areas with special problems, since they imply on the one hand a strong dynamism of
change with very important contributions to the GDP (80% of GDP is linked to thesg,are
but also environmental alterations that must be taken into account, due to the consequences
not only for the environment, but also for the quality of life and health of the people who live
in them.

This paper presents an example of an applicatiamtzdn heat island characterization using
images from the Sentinel 3 SLSTR sensor over the city of Madrid, and attempts to establish
relationships with other parameters, such as population density. The work is based on the
methodology proposed by Serco i@aBpA (2018), and has been applied using in all cases
available open data (satellite images, statistical information and administrative boundaries)
and from the ESA SNAP 11.0 software, also of free use.

The U.S. Environmental Protection Agency (EPA) dediran urban heat island as a
phenomenon that occurs in fiurbanized areas
surrounding peripheral areaso as a result o
could speak of a thermal phenomenon causetthdyact that these are areas in which human
activity itself generates a greater emission of energy into the environment (traffic, heating, air
conditioning, industry, etc.) and, on the other hand, with materials that tend to exert an inertia
effect (buibings, streets, etc.) in which there is also less vegetation cover and the soil is
exposed to a higher level of radiation, together with the limitations to the action of the wind
by the buildings themselves. Thus, this phenomenon is especially evidegiitasimce while
the city environment has lower temperatures, in the area of the cities the energy accumulated
during the day is emitted. This results in differences, which can be significant in temperature
between the city and its own geographical emunent. See Hibbart et al. (2017) for
additional information.

The selected study area corresponds to the city of Madrid (Spain), a city that currently
has a population of 3,332,035 people (2023) in an area of 604.45 km2, resulting in a
population density 06418.47 inhabitants/km2, representing 12.7% of the national GDP
(2022).

For the characterization of temperature, images from the SeBt®ESTR sensor have been
used, which provides direct LST (lasdrface temperature) information (Polehampton et al.,
2023). This sensor provides direct LST information over the entire surface of the planet with a
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native resolution of 1km and a frequency of at least 2 times per day (diurnal and nocturnal).
The information has a level of uncertainty that in the imageidered for the study area was

on average O0.92UK, also includes information
of the same-presence of aerosols or clouds, etdhe image used was captured by the
Sentinel3B SLSTR sensor on September 24, 262£2:20:19 UTC, and it is a clodcee

image.

The methodology applied is shown in Figure 1 and consisted basically in selecting the image,
cropping it to the area of interest and reprojecting it according to the official coordinate
system of the countrfin this area EPSG:25830). Then, a series of points have been selected

as representative of the temperature of the geographical environment from which the average
temperature of the same has been calculated. This average temperature has been subtracted
from the information of the image itself in order to highlight the positive and negative
anomalies existing in the area, which have been grouped according to the different districts
into which the city is divided and are represented considering as a refénengepulation

density calculated in them (from Madrid City Council
(https://www.madrid.es/portal/site/munimadtid

Mean difference :
by districty Final map

non-urban
environment
Temperature
anomaly

Image selection
Reprojection
Temperature in

Population density
by district

Figure 2. General schema of proposed methodology.

Figure 3 shows the salts of the analysis, representing the thermal anomaly at the

di strict | evel and its population density. I
the whole area, although it can be observed that there are municipalities in the central area
where the anomaly reachess4UC (4. 58UC) . Li kewise, in the

well-known Retiro Park (a historical park located in the centre of Madrid since the 17th
century) can be observed, which reduces the #igig temperature in its suadings by
2UC.

{ 3 il
o, Yibanue
vl O
~ V] 3" Basemap OGN Province Map 1200000) 1 d&l Ffesno

5

Figure 3. Night temperature anomaly (in colour) and population density (in pink circle
districts in the Madrid area in QGIS environment.

[ Olsjte' QffZdy KOt Ha0detslsp Bsdz' ydzts ' Wytis de jj WBYEY 10O dzls ' o SO ctsdimsHg R eda@jzcRdEn B0 21 dadzts ¢
193


https://www.madrid.es/portal/site/munimadrid

g sAwcrfrraywe vo yrffrveuvt we

This study shows the potential of current satellite sensors for measuring the
temperaturef the earth's surface, providing information of extraordinary quality that allows,
even with limited means, a precise characterization of the effects of thermal anomalies of
urban heat islands.
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L HSHOO Odgdg" &3 k' = dzgj sBm Hdzdr BOIj ' Odz' o, ]
M ydddisd L j digdzj @ zOfded C OB 1O L j dBBdzj S stcdmiskze O
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Ljdisdzj Eflstetse . ' h jdgde? GSEOdz & Myjotscets mMOdBse:
Hjtey Qoadets’ toj MOy tjuysedrs fteOo dzO L j d3j dz'
Nt j MOy v tjyseodi fwOs &O L jaRsen dzh ds
ftieseoiMmlsd HJjteyOQodzz o MOy ' ¥ toj ysodnms KOO .
{000 M’ 2dscts CtstwdMmskzo Odedz? fetsosHdls! Mw
f sHOdSGEts HB A jdlstcz dzOHOdzdz" OH M dz' MisteOlsd o dad
O ks o tedalz o O dzO ) dzd'C SsEgkly oBfl{HOH C & o dMisk§ Olsd dgj
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o' HitSo Hdd2 odSCtdOoyd?2 BSLcOd WStshEz §' HYSEWH
Yted fjtjHOU L dgj d ded B M H Gakdy L QSlifs &
Osls' fjodd fsBdjdd. 1 jteh L O ofj, dzOccC

fjtejBlzo Oss! E G tsdidaizOnz} tda] @ o da' di2Q fi) das'Misy ts o
Hd W' dzOdzlmbks s MY L O ©OREkdesC teg Lso O didg'n  Hst
n stekHdsh 9 o ©fjwOkdo etz ©W st ddzj dzdz
€j, GHd ‘% L fsBdjd, "t dsybkls! odddS dlzlsd
Izd34012l34@u o' HiMlskzdz' Mmlis: Y' ¢’ CdeW st 3Oyt f tc

Hddeds SO [ jteyOoded?2 toj' Mls
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JHddd3 L jSl" o dzO H O dzdzv HisL o tsdziz dzO
HEC b dj dels Oy! dz dz® Wiz L OC &zOH' & Mo ' Isd *  dzOw
o ZOMdatsils’ 2O Bku' od' ' MYstkud, SN d Cd
HijMwisdd Sswdd. 1 HjwCdR odfOHCOR Y stdlze Odde
BEZH' oz O MY stekHidlz e detavizp Of tsckdts . L 1 HOW te d § dzO
sfdfm' B' ' '¢kO dgjtekzn s@scs B0 2 dzO BH@ S

i MOy’ kOCtets §LO0s0. IdftOodj dzdz? IsOC 7
LjBdzj of steWHdzs'® HBCEZdj dzsOy' .

[ dzv LOBJjLY juplpisd@dzezt® ftwosyjmMkz §jtcjHOY'
fls' 2dzsj Sotedmlsko Odzdz? L OC OH Os ©fjo ' Isqd o Oy dzd
2 & Msdlsddkj OSkzOd dk ' distdkOy' s fes L jd
Mestedlsd §jtejHOUE L jdkjEdnaZdEd.H' o®aisF g @ waizC
shjdkz ftsyjHktel fSeBHyyjddY IsO L Ol jteHY j d
Ofls: sy dde ' Mls! &GOCHdKEOd dts MSsessdlsd s,
fsd3 SWsttdd dd" HsCkzdj ds' o .
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Oz L 5o OdzO ' jWjiClkdodts otjckdy o0k fiesy
dfmlszo Odzdav LOC dZzOH OB tsfe ' Isd HiSL @ sdz§f s z dz
¢ | tdezo Odzdz’ . | HEMC 50O d) dede  zsteds | f 8O0 o &
Lj g dz dgdrm H'  dzW desC L OC dzZOH' &8 BMe ' Isd HBL
O dzO L jdgjdzt dg' H'  dzwdeC d, Pt EZBjLfjudl! L OC

sl dMsSeagdnis Odzd » H Y § 64 dz:
1. Yy JdBBddz ded?2 CtsHjJCfM vCtO dzd: 1 OC wmudmu € tg G Isdg]
sdzts o dzj dzdzv : 0 6hitp3:4zakPrOréd8.qov.ud/Rsicard/2768
1 OCBsdzz VS tcO dzdO Sl de =L Sstd@D ' dsdz € * H -VIIB.. Or9QIs2@ 1 7
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sfdzso 20 dJ SO o dC tsdzOdzde? y §f su B i Jog oglp eadz L dz" dB® dzdz®
JSsmdmisj i3 dz' Mz, hdwrisd ftc®s d @BdzBdeSiB dH j 1§ P dzH dris
By dzdeo sMmis® , fods Miste Eddtdkzlsd 0Bt &OS Md RO d
O Csdzdh d2 MjtjHtsoadhj 1O LOBJLYJuyudlsd L dzOGtSH)Y

4! BCSH Az 9 d ¢ tsdzO dzdzv fSHjtc] o dzsE s L dz' d30 dzdzv
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fted 2 BOYO B, BJLY" W dzslsded 3 dz' Is O< @dzfzds O dff O tis @ls «
f5' HdgOdzdzW digd Hdzw dzO2 jW jSIsdodzs htsets ftotso j HJ dada?

[ dzw 9 d ¢ 5 dzO dzdzw fsH] o] o dztse 5] daddz' ORZO flztdzdiz’ o dz@ d
1 SotsdismMEisoMm! Csets O2Bdzz 1 d2' Jtesf jlstetsa ! Ct5° 51
Jdzi Slstotsdzdzd 2 IsOR j &5l tds O AARKIBOYC ¥ z RTK mi cr oRo
(Mrd BO) H' dvdSCd odSCBdOdzdr totsB ' Is dz0o j Hj dzd 2 dzO
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[ ibBHdCO odCtdOdzdz? §SH,jjodseEts L dg dgOdedzy ¢

E CtteHddzizo Odzdal OB &3 GCHSSo 6W L Csots dzO dzj L
Bilstss LOBjLYjyjdedew odMmsCt’ Iktydtsiydys, @' d
jdzjStesdzdzd i3 SOR jsdsjlstesds L ftedooWLCss HE §s{
ksysS BOLdME MsOdsesddO 4 his.

10 Ctydz 2 ssyy' ~tSHE L dz2' d3O0dzd ! dzOw 9 dz' F
Ctj2Hts SO sSfdhmky yd FOwLOSk,jtdmiEdPib] § shiksg sls O
Codasktcd §sCtedlslsw, Bjtoj ¢ ta®@mdodS s dz0de@v o dp'ts dzs bs)
MsOdtsodo 6 f§soddr woBsYdR HdZ (k ysoldy o fw

[BYyd Mmdzj dedzaw CtststcH JdzOls BOLdM" & stsys¢ Mmdf
Hjtejo O od¢ E@Gdets 3z  BEBREDA)jtusxizdss o O f dzOdzz 3O Mh Is
9 HBRoOdzsf! E ftosctOdRdtsdz L OBjL Y Jydddz Aut oC

v Ctdstesds LjLbd 5O & odCtdOddr B
i tod dzO K ABCE Is (s ts dzdzd 2Topsod EIL O B GHEST ted 2 BOGEO L2) B kdzd
fsotestco L dzOYj dz' - Clststee Y B Mz kO 10 Hjtejo
' Ldzdy" o SEBLHddZOOR ksysS BOLdME ' IsjGHEA
W S dn Crstizlslz,e0 & ds.

10 GiLkd sOO®R] KOl BOdydses fdasd vy o Odz

H'  dzZvdz2C d MmlsOdesa d s 8 36,7, ¢ ‘Mdg'tcy Higdy! oH HilJsd dz!
fls O dzt=sdo, JAH! 3.

l dMmdetse € (. I sSHytejodzg Ldzg BBOdedz" HEBMJIs! G totsC
ftesyifm MmMyshisjteiydd , wed2 f(btejslz’ f4odts’
o Hfmwdedr GJijBHJjLJuyudedr ftod d&zOH " o . v bts?2 MOMJ?2
fsBOyYydisd, hts dzOo " Is! BJjL HJWEBEt, B' dzh Isj - dets
MORB] ctdzsedzi, YOy 9 Olsd W' Mmdets.

s dmMs¢ odSitstedMmMisOdzed- HY J o] dz:
1. 1 4 o34 dz' dzd 2 CtsH j C2n0 OulS tWOs Cidef | - B T &FH C
toJ Mktem. { J dhidpdy/zaktnfmdsldzapzua/laws/show/271688tn261
21 0Ctsdz VSO dzad -G} Bl j Usdsls tOW t§ Otelstsc e OW ' Yy
23.12.D 9 8 B -X13% .3 [ dzj ¢ Is te ts dzdzd 2 e Mztem. i
https://zakon.rada.gov.ua/laws/show/3BB# T ext

b&sdz
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Mz YWtttk O CiCdstwrdzEgLei]d3d wfpfddy Ot dzl "lsets Yy &
sO ytstedzsL j B § oHJjdedze (lssy¢éd o  HBtStel 2 1O 4)
16" Hdzs Bisted B3O dzd ' ~n tojte Qrd® GO IsL' dad »plz ozGp Mw o d3' Mls
7,0
6,0 D —_—
5,0
40 \
3,0 ~_
2,0
1,0
0,0
9 BHEBH' ' dz mnadadz
=Yy StodztsSL j 5 L o-efwO=Staidgts?L j(di ) " o H J
ystedztsL j d3 L o=efwyQ=taidefts? j(d8 ) * 9 H

tdfm. 1 1 & M kMl o Gdtsdklz h Oot' -

gdz’ H 9" H®B dIsd, hts o yYbtedetsL j BBOR lj‘aHszdzq’
ftstc' adgWwdes L ytstodetsL j BOBd LodyuoO2deddzd. uvOS, to' L
mMrdifsE Odzso  d&zO Ek yYtstedetsL j ZOR L odyoO2dzedms 2,71 sO 9
12,2 O 44 %. | ' HYte Hds HB o Mk ckdkkzhmkz L
UOQ £ f Ot LEeOLS 9 1 LOfOMd dz2O0 o9 BHBH' d Is ©
fOR'166 kO 93 ilkl/900,lsCr 148G k4B OOkL17 Okl/ 6 0.

[ Olsjte' QffZdy KOt Ha0detslsp Bsdz' ydzts ' Wytis de jj WBYEY 10O dzls ' o SO ctsdimsHg R eda@jzcRdEn B0 21 dadzts ¢
199



g sAwcrfrraywe vo yrffrveuvt we

I &g fils HsMiskfddr Wstd YshHistk O SO0d s kOGS
2 Y d2O0 9 BHBH' d&ZzZOm (lsOBddqyw 1) .

v OB dzd yw 1
Il &3 Ml tokkatsdidms MdzES WM SGEORISO € Odz' &

suSd 1B M WeshYsklk, I fMis COod ¥, d
9 HBTB 9 BHBH' fmh ddz 9 BHBH' fmn ddz
1 18,4 12,1 313,5 224.9
2 97,8 9,5 432,5 392,8
3 33,2 14,5 204,4 136,1
4 15,9 12,8 335,0 299,3
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s dmMs¢ o dCstedMmMlsOdzd~ HYJ toj dz:
1. Land degradation assessment URiitps://www.fao.org/4/y5490e/y5490e0b.htm
(HOISO Lo jtedzj dedzv: 05.10.2024)
2. Pimentel, D., Kounang, N. (1998) Ecology of Soil Erosion in Ecosystems.
Ecosystem$, 416 426.

3. 10dz¢, &w.¢., uvusoOydwdy: €S2, [ .[J. (2010
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MlsOdz ~ toclz dzlst ®tc @ S GCdzERY * Gujdzd I 2 ) EM@@J&.B(&rome
extension://efaidnbmnnnibpcajpcglclefindmkaj/https://ukrgeojournal.org.ua/sites/default/files/
UGJ20122-38 _0. pdf (HOISO Lo jtedzgjdzdz?v: 05. 10.2024)
5. [ & UV 4289: 2004 ¢ Mmis! Ciozdzlslz. dded ssH
yddgdzgd?2 ©°'H 30.04.2004. Jdu. W' 'y. sd’ o : g1dftc
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Bseo Orn o' dzfdlsc s Cipls Odalz'éH dztso dzj dets toj Odz" L Oy' ¥
dzy M J dzdzv HtsS | jtoY Qo dese s Lfjlsjj Az' dptisdsts L § @34 @AnlsiAG Iz
jtelsdW ' Cco Odzd eBj Bikzgen j i Odgd S Okd © L RsSd OR ot
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Il " Hfse Hdzs 'HH] ¢ d&z@edd dz@yj dets OH B de MistcOlsdo d
Ljdigddzt dgdrmn o' Hdzesfddz, LGt BO HB degso so s Odzetso dzj
Hdzwv tsflsdd3 LOYy' " Ek Ljdkgjid d 2 MmM¥ijt', s Mftedw
B Y HJ WOOCHSSBOHY d2ZOd3d. 1 HjB' dz htsé@ts L H' 2 fdzj dzts
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