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REMOTE SENSING OF THE EARTH TO ASSESS THE RISKS OF LOSS OF
FERTILITY OF DRY STEPPE SOILS DURING A WATER CRISIS

The southern part of the steppe zone of Ukraine (Dry Steppe) is
situated in challenging natural and climatic conditions. The potential
fertility of dry steppe soils is limited by insufficient natural water
supply, which is addressed through artificial irrigation. Irrigation not
only ensures optimal water-air regime but also manages the salt
regime in the soil aeration zone. The Russian Federation has caused a
significant water crisis. To assess the risks of fertility loss in dry
steppe soils, the level of water stress was investigated using Earth
remote sensing data, which is particularly relevant under the
conditions of the occupation of part of the territory. A quantitative
indicator of the amount of photosynthetic active biomass, the
Normalized Difference Vegetation Index (NDVI), and the Normalized
Difference Moisture Index (NDMI) were selected for evaluation.
Calculations were carried out for a group of fields in the Skadovsk
district of the Kherson region. The analysis of index data indicates that
there are prerequisites for soil degradation over a significant territory
of the studied area, necessitating the restoration of irrigation
melioration.

Keywords: Remote sensing of the earth; vegetation index;
moisture index; dry steppe soils; water crisis; degradation; fertility;
soil moisture.

Introduction. The Dry Steppe constitutes a part of the Steppe Zone
in Ukraine, encompassing the southern and southwestern regions of the
Odessa Oblast, the southern areas of the Kherson Oblast, and the
Autonomous Republic of Crimea. This region is characterized by
elevated air temperatures during summer, low relative air humidity,
frequent droughts, atmospheric and soil aridity. The annual
precipitation ranges from 300 to 420 mm, with 200-250 mm occurring
during the vegetation period. Precipitation is distributed unevenly,
predominantly in the form of heavy downpours. The duration of drought
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reaches 90-100 days and recurs every 2-3 years. The annual total
evaporation exceeds the annual amount of atmospheric precipitation by
2-2.5 times. These processes intensify the degradation of dry steppe
soils and the desertification of lands.

The Dry Steppe of Ukraine encompasses an area of 4.7 million
hectares [1]. Agricultural lands constitute 1.8 million hectares, of which
arable lands cover 1.2 million hectares. The prevailing soils are dark
chestnut soils, occupying 1.1 million hectares in agricultural lands.
These soils have developed under conditions of arid climate, proximity
of groundwater, and a depleted herbaceous cover with elevated salt
reserves in the upper layers.

In order to enhance the productivity of the steppe soils, exploit
saline or prone-to-salinity masses, and create optimal conditions for
soil formation, irrigation systems have been implemented. These
systems source water from the Dnieper River through the Kakhovka
Reservoir.

The Kakhovka Main Canal was designed to facilitate the irrigation
of agricultural lands and provide water supply to rural settlements in
the Kherson and Zaporizhzhia regions. The canal spans a length of 130
kilometers, with a water flow rate of 530 m®/s. The largest in Europe,
the Kakhovka irrigation system provided irrigation for more than
250,000 hectares of land.

The Northern Crimean Canal supplied water to the Kherson region
and the Autonomous Republic of Crimea. The primary water consumer
was agriculture, which utilized 590.18 million m® of water annually [2].
The canal's length is 402.6 kilometers, with a water flow rate of 380
m?/s. Until 2014, the Crimean Peninsula received over 1.2 billion m? of
Dnieper River water annually, constituting 85% of the total water
consumption.

The implementation of hydromeliorative measures over extensive
areas of the Dry Steppe has led to substantial alterations in natural
factors influencing soil formation processes. These changes encompass
the natural water balance, moisture and temperature of the upper soil
layers and atmospheric air, water evaporation rates, as well as
morphological characteristics and conditions for soil formation. As a
result of hydromelioration impact, automorphic soils have transformed
into hydromorphic ones, subsequently affecting agrohydrological and
chemical properties of ameliorated soils, as well as the formation of
root systems and alterations in the nutritional conditions of agricultural
crops [3].

298



BicHuk
HYBIM

It is imperative to note that plant water consumption is the
outcome of the interaction between a complex of external and internal
(biological) factors. Meteorological conditions fall under unregulated
factors, whereas regulated factors include soil moisture and fertility,
groundwater regime, as well as the developmental peculiarities of
plants with water consumption intensity characteristic to each phase.

With the implementation of irrigation, the water deficit necessary
to meet the nutritional needs of plants and maintain optimal
temperature conditions was addressed. Consequently, yields of
irrigated agricultural crops in the initial years of irrigation system
operation exceeded yields on non-irrigated lands by 2-4 times.

Land irrigation led to new conditions in soil evolution,
characterized by the presence of an agro-irrigational humus layer. This
layer contributes to an increase in humus reserves, a reduction in
sodium salt content, improvement of soil structure, and enhancement of
its fertility.

The presence of humus stabilizes the soil's water regime and
enhances its buffering action, preventing the leaching of microelements
and reducing soil toxicity in the event of chemical contamination. To
achieve these positive effects, it is crucial to have high-quality irrigation
water.

Water in the soil is a vital component and a key factor in fertility,
facilitating the flow of biological and biochemical processes. Water
deficiency in the soil, and consequently in nutrients, negatively impacts
plant development. In conditions of water shortage, unfavorable
physiological processes occur in plants, leading to suppression,
cessation of plant mass growth, and reduced yields.

Fertile soil contains practically all essential nutrients, initially
present in solid form. For plants to utilize these nutrients, they must
transition into the soil solution. This process is facilitated by the root
system of plants, which extracts nutrients from the soil. The magnitude
and depth of the plant’s root system depend on the plant species and
the level of soil moisture availability.

In the formation of soil fertility, microorganisms play a significant
role. In the presence of soil moisture at 70%, optimal conditions are
created for the proliferation of bacteria and fungi. This process
positively influences soil structure, promotes the formation of humus,
and facilitates its mineralization, thereby sustaining soil fertility and
contributing to the preservation of ecosystem functions.

Water plays a pivotal role not only in creating conducive conditions
for soil evolution but also in regulating temperature regimes. The
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absence of irrigation, elevated temperatures, and high levels of
evaporation from fields, especially in shallow mineralized groundwater
areas, contribute to the activation of secondary salinization processes
and loss of fertility.

In arid steppe lands, irrigation not only ensures optimal soil-
water-air regimes, but also manages the soil salinity. The leaching
regime in saline or prone-to-salinization soils prevents this process and
enhances their physicochemical properties.

Therefore, irrigation is not merely a measure to ensure water
regimes and increase crop yields, but also a means of guaranteeing
optimal conditions for soil evolution, as well as the preservation,
restoration, and enhancement of soil fertility.

Full-scale military aggression by the Russian Federation has
resulted in severe damage to critical infrastructure, hydraulic
structures, and the hydro-technical network of irrigation and drainage
systems in the southern-steppes region of Ukraine. Due to active
hostilities and occupation, it is not possible to carry out meliorative
measures on agricultural lands, leading to a significant reduction in
irrigated land area and adversely affecting the country’s food security.

For example, in 2021, the total consumption of fresh water in the
Kherson region was 703 million m? or 11.44% of the total Ukrainian
consumption [4]. In previous years, this figure was even higher. The
overall water intensity of the gross regional product in the Kherson
region was nearly six times higher than the national average. Currently,
the agricultural sector of Kherson is facing the threat of collapse,
similar to what the agriculture of Crimea experienced.

The occupation of the Autonomous Republic of Crimea since 2014
has led to a deterioration of the hydrogeological and meliorative
condition of the soil, caused by the salinization of upper horizons in the
conditions of a dry climate and the loss of agricultural land. From 2013
to 2015, the volume of water used for irrigation decreased by 40 times,
and the area of irrigated land decreased almost 13 times [5]. Without
water, Crimea is turning into a semidesert where engaging in
agriculture becomes economically unfeasible.

The acute water problem escalated to a catastrophic level
following the destruction of the Kakhovka Hydroelectric Power Station
dam in June 2023. This incident marks the largest technogenic and
socio-economic catastrophe in Ukraine and Europe. Due to the
uncontrolled release of water from the Kakhovka Reservoir, 94% of
irrigation systems in the Kherson region were halted.
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Over the past half-century, irrigated soils have been subjected to a
periodic flushing regime, resulting in the formation of complex
interrelated water and soil processes. The absence of irrigation has
altered the components of the water balance, which may lead to
deterioration of soil salinity, activation of salt upward movement into
the upper soil layers, and subsequent secondary salinization. Over time,
these lands may become unsuitable not only for the cultivation of crops
but even for use as low-productivity pastures. Additionally, the recent
weather and climatic conditions differ from the average indicators, with
an increase in air temperature during the summer period. The
increased evaporation from fields, coupled with shallow mineralized
groundwater, also intensifies the processes of secondary salinization.

The potential fertility can be predicted based on the meliorative
condition of the soil. Changes in the soil can be identified and measures
to improve soil fertility can be justified through climatic,
hydrogeological, meliorative, botanical, and other materials.

Materials and method. To assess the risks of fertility loss in the
arid steppe soils caused by a water crisis amid global climate change,
the application of remote sensing data is advisable. This type of
observation is highly informative and relevant, especially in territories
under the occupation of the Russian Federation.

Soil degradation is influenced by various biological, physical,
chemical, and ecological factors, including the nature of agricultural
land use, climatic factors (such as precipitation, temperature, and air
humidity), and others. One of the indicators of degradation processes is
the soil moisture content.

To detect changes in the conditions of cultivating crops, a group of
fields in the Bechterska and Chulakivska communities in the Skadovsk
district of the Kherson region was selected (Figure 1). These fields are
located directly near the Krasnoznamyansky main canal, which diverted
water from the North Crimean Canal. Water was extracted from the
canal using a mechanical water lift. The total area of the fields is 7276.9
hectares.

This group is representative of the given region, containing fields
of various configurations that were irrigated by circular and frontal
action machines. Irrigated soils in this region differed from non-
irrigated ones due to the presence of an agro-irrigation horizon, which
resulted in a reduction in salt content, increased humus reserves,
improved structure, and enhanced fertility.
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Results and discussion. To assess the existing conditions for
cultivating agricultural crops on irrigated lands, a quantitative indicator
of the amount of photosynthetic active biomass or vegetation index,
specifically the Normalized Difference Vegetation Index (NDVI), was
chosen (Fig. 2, a—d) [6-9].

To determine indicators of plant water stress in a group of fields,
the annual variation of the Normalized Difference Moisture Index (NDMI)
was analyzed [5] (Fig. 2, f-k). NDMI allows for the assessment of
moisture content in plants and soil moisture levels and is based on the
use of a combination of spectral ranges in the near-infrared (NIR) and
shortwave infrared (SWIR) regions [6; 11; 12]:

NDMI = (NIR = SWIR) / (NIR + SWIR).

This formula is implemented for various satellites within their

available ranges, [13]:

Sentinel-2: NDMI = (B08-B11) / (B0O8 + B11);
Landsat 4-5 TM, Landsat 7 ETM+: NDMI = (B04 — B05) / (B04 + B05);
Landsat 8, 9: NDMI = (B0O5 - B06) / (BO5 + B06).
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Fig. 2. Multispectral images of a field group: HDMI index (a—d); HDVI (f-k);
a, f — February 23, 2022; b, g — April 24, 2022; ¢, h—May 9, 2022; d, k — July 3,
2022 (according to https://crop-monitoring.eos.com/)

The moisture index serves as an excellent indicator of moisture
deficiency in crops [6]. SWIR channel data depict changes in moisture
content in plants, while the NIR channel captures the internal leaf
structure and dry matter content but not the water content. Therefore,
combining NIR and SWIR allows for eliminating changes caused by
variations in internal leaf structure and dry matter content, thereby
enhancing accuracy in determining moisture content in plants [13].

Data analysis of satellite imagery for a group of fields revealed
that over 23% of fields at the beginning of the vegetation period on
February 23, 2022 (Fig. 2, a) had an NDVI index less than 0.2, amounting
to 1708 hectares. At that time, the maximum daily air temperature was
tmax=10° C, and the minimum temperature was tmin=0° C (Fig. 3). The
low NDVI value indicates issues with plant emergence at the beginning
of vegetation.

In April, based on the snapshot from April 24, 2022 (Fig. 2, b),
fields with an NDVI index below 0.2 increased to 2231 hectares,
constituting 31% of the selected group of fields. The maximum and
minimum daily temperatures increased by 10° C, reaching tmax=20°C
and tmin=10° C, respectively (Fig. 2, Table).
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Table
Distribution of field groups based on HDVI and HDMI index values
NDVI 01 P2 0.3 0.4 0.5 06 07 P8 P9 |
23/02/2022 581 [1702.4 [2699.7 13855 |694.74 [337.21 [354.63 91.38 [0.05 [0
24/04/2022 |4.75 22265 B74.07 529.21 [586.63 |656.15 |674.08 822.46 [894.44 0.18
9/05/2022 (1.08 [591.27 [047.8 500.76 [840.71 [1413.4 [1285.4 521.6 [69.37 0
3/07/2022 .55 [1956.1 [1846.08 768.39 [756.06 [673.44 [582.76 [440.13 [88.17 .03
NDMI 08 06 fo4 o2 D b2 ps ps P8 i
23/02/2022 0.08 .2 1L8.87 1i826.8 (16745 [B14.22 366.72 B6.04 k2 0
24/04/2022 0 0 0.96 8564 [1465.4 [1103.5 1052.6 [787.44 P24
9/05/2022 0 0 0 1678.3 1585.1 [1272.8 [1682.5 [1052.8 0.08 [
3/07/2022 0 001 03 799.8 (39963 [1484.5 [797.54 [183.72 9.96

During the mid-vegetative period, low values of the NDVI index
(less than 0.5) can also indicate issues with plant development. In May
09, 2022, such fields covered an area of 3499 hectares, accounting for
up to 48%, and in June 13, 2022, it was 3404 hectares, or 47%. By early
July, the percentage of fields with a low NDVI index, less than 0.5,
reached 69% (4968 hectares on 03.07.2022 and 5020 hectares on
]108.07.2022, Fig. 2).
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Fig. 3. Composite graph illustrating the changes in NDVI and NDMI indices
across a group of fields in the year 2022: 1 — NDVI index; 2 — maximum daily
air temperature, tmax, °C; 3 — minimum daily air temperature, tmin, °C;

4 — NDMI index; 5 — precipitation, mm; 6 — surface soil moisture, %; 7 — root
zone moisture, %
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Fig. 5. Distribution of land areas in the group of fields based on the NDMI index
maghnitude, 2022

Precipitation distribution in the studied field group is presented in
Figure 3, position 5. During the period from February 20, 2023, to
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September 30, 2023, there was a total of 360.7 mm of precipitation,
equivalent to 3607 m3/ha. Throughout this period, there was one heavy
rainfall event with an intensity of 38.9 mm/day on August 11, 2023.
Rainfall of moderate intensity was recorded on several occasions:
17.4 mm/day on March 28, 2023, over 14 mm/day on April 5, 2023, April
11, 2023, June 11, 2023, and July 27, 2023.

The moisture content in the surface soil layer (%) varied from
approximately 60% on April 4, 2023, to minimal values in mid-April,
early May, and July (Fig. 3, position 6). The average value according to
the remote sensing data was 16.93%.

Moisture content in the root zone (%) during the period from
February 20, 2023, to September 30, 2023, showed a narrower range of
variations. The maximum, around 30%, was observed in the early days
of February and early April. The average value according to the remote
sensing data was 17.25%. Significant periods of moisture content in the
root zone falling below 15% occurred during most of May and August
(Fig. 3, position 7). This implies that during a crucial period for crop
development, plants did not have the necessary amount of moisture
required for optimal yields.

During 2022, the primary indicator of plant water stress, NDMI
(Normalized Difference Moisture Index), varied widely across the
selected group of fields. However, during the vegetation period, the
number of fields with low moisture content in plants and soil moisture
levels was quite significant (see Fig. 5, Fig. 6, b). At the beginning of the
vegetation period, with minimal vegetation cover, NDMI values below "-
0.2" indicate critical moisture deficiency [14]. In March, such fields
covered 4544.4 hectares, accounting for 62%, and in April, 2857.4
hectares, 39%. However, as plants grew, the overall NDMI index for the
field group partially increased. In May, the number of fields with an
NDMI index below "-0.2" was 1678.3-1329.9 hectares, or 23-18%. In
June, such fields covered 531 hectares, or 7%.

In a study [9] conducted in Romania, it was argued that for winter
wheat, NDMI values in the range of -0.2 to 0.0 indicate high water stress
for seven different premium wheat varieties. Values of 0 to 0.2 indicate
low water stress. In these conditions, wheat plants do not receive
sufficient moisture necessary for phenological development and
achieving at least average yields [14]. Thus, having, as of April 24, the
number of fields with an NDMI index below "0.0" at 4322.8 hectares, it
can be reasonably asserted that there is a lack of water conditions for
obtaining normal yields on 39% of the area.
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Another factor that increases the risks of fertility loss in arid
steppe soils, particularly in the Kherson region, is the low availability of
irrigation equipment. According to [15], in 2021, Ukrainian agricultural
enterprises had approximately 6,000 irrigation machines. This quantity
could support the irrigation of 600,000 hectares, while Ukraine requires
irrigation for over 2.3 million hectares of land. However, this factor can
be rapidly addressed by the development of leading Ukrainian
manufacturers — Variant Irrigation and Fregat, which accounted for
19.0% and 15.9% of the market share of purchased irrigation machines
in 2021.

Conclusion. The southern part of the steppe zone of Ukraine is
situated in complex natural and climatic conditions, and without
regulation of the water-air regime, preserving soil fertility is impossible.

In order to enhance the productivity of dry steppe soils, develop
saline or prone-to-salinity areas, and create optimal conditions for soil
formation, irrigation systems were implemented.

The military aggression of the Russian Federation has caused
serious damage to critical infrastructure and irrigation systems, leading
to a reduction in irrigated areas and posing a threat to food security. The
destruction of the dam of the Kakhovka Hydroelectric Station in 2023
further deepened the water crisis.
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Fig. 6. Changes in the number of fields for the selected group in 2022 with
indices: a — NDVI less than "0.2" and "0.5"; b — NDMI less than "-0.2" and "0"

The use of remote sensing allowed identifying potential risks of
soil fertility loss in dry steppe soils due to the water crisis caused by the
Russian Federation amidst global climate change.

Low NDVI values for the studied group of fields indicate issues
with plant development. The NDMI index is significantly lower than
required for normal soil-forming processes. The number of fields with
an NDMI index below "-0.2" in the periods crucial for plant development
in this region amounts to 1300-1600 hectares, i.e., up to 23%.

This analysis suggests that without irrigation improvements, soils
will degrade. Water deficiency combined with changing weather and
climatic conditions will increase the risk of secondary salinization,
rendering the land unsuitable for cultivating agricultural crops.
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OUCTAHLUIVHE 30HAYBAHHS 3EMJTI 4191 OLIHKU PU3UKIB BTPATU
POAIOYOCTI CYXOCTEMOBUX I'PYHTIB NMPU BOOHIN KPU3I

MNiBpeHHa 4YacTMHA cTEenoBOi 30HU YKpaiHM 3HaxoAUTbCA B
CKNapHUX npuUpoAHO-KNiMaTU4HUX YyMmoBax. [loTeHuiHa poaludicTb
CyXUX CTENOBUX [PYHTIB oOOMeXeHa He[oCTaTHIM NPUPOAHUM
BoAo3abe3neyeHHAM, iKe BUPILLYETbCA LWISAXOM LUTYHYHOro 3pPOLUEHHS.
3poweHHA 3abe3ne4vyye onTUManbHUMA BOAHO-NMOBITPAHUM PEXUM Ta
perysnioe conboBUIA PEXXUM Y 30Hi aepauii 'pyHTy. Mpu BonorocTi rpyHTy
70% cTBOPKOKOTLCA ONTUMANbHIi  YMOBU AN  PO3MHOXKEHHS
MiKpoopraHismis. Llein npouec nNO3MTUBHO BMJIMBAE HaA CTPYKTYpY
FPYHTY, CNPUAE YTBOPEHHIO FTyMYyCy Ta MOro MiHepanisauii, TUM caMum
30epiraoumM poplodicTe FpPYHTY Ta ¢yHKUii ekocuctemu. B ymoBax
Aediunty Boan B pocnuHax BiabyBalTbCA HecnpuATAuBi ¢isionoriyHi
npouecu, WO NPU3BOAATb A0 MPUrHIYEHHS, NMPUNUHEHHS POCTY Macwu
POC/IMUH i 3HWXKEHHS BPOXKaKw, 3YNUHAKTLCA FPYHTOYTBOPHOIOYUI
npouecu.

Bopna Biairpae kKno4yoBy posib He NMLUe Y CTBOPEHHI CNPUATANBUX
YMOB ANs eBONMWOUIi FPYHTY, ane W y peryniBaHHI TeMnepaTtypHuX
peXxuMiB. BiacyTHicTb 3poLIeHHs, NiaBULLEHI TeMnepaTypu Ta BUCOKUMN
piBeHb BMNapoByBaHHA 3 NoniB, 0co6/IMBO Ha AiNsHKax Hernubokoi
MiHepanisauii FpPyHTOBMX BOfA, CNpuUAKOTb aKTUBI3auWii npoueciB
BTOPUHHOIO 3aCOJIEHHSA Ta BTPATU POAKOYOCTI.

BiicbkoBa arpecia pociincbkoi ¢enepauii 3aBgana cepuosHoOI
WWKOAM KPUTUYHIN IHPPACTPYKTYpi Ta 3powyBaibHUM CUCTEMAM,
npussesia A0 CKOPOYEHHS 3pOLIYBaHUX MJOLW i CTBOpUNa 3arposy
npogoBosibyin 6e3neui. PyhHyBaHHa pnam6u Kaxoecbkoi NEC y 2023
poui we 6inbwe nornuéuno BoaHy Kpusy.

Onsa BUSIBIEHHA 3MiH yMOB BUPOLLYBaHHA
cinbcbKorocnofapcbKux KynbTyp O6yno BuaineHo rpyny noniB y
CkapoBCcbKOMY panioHi XepCoOHCbKOi o6nacri.

3 MeTo OUIHKM PU3UKIB BTPATU POAIOHMOCTI CyXMX CTEenoBuX
FPYHTIB AocnigKeHo piBeHb BOAHOro crpecy 3a gawumu 33, wo
0c06/IMBO aKTyaslbHO B YMOBAaX OKynauii 4acTuHu TepuTtopii. [Ons
OUiHKM O06paHO KiNbKICHUA NOKA3HUK KiNbKOCTi (OTOCMHTETUYHO
aKTuBHOI Giomacu HopmanisoBaHuh pi3HMUEBMWA IHAEKC POCIIMHHOCTI
(NDVI) Ta HopManizoBaHuit pisHuueBui ingekc 3sonoxeHHs (NDMI).
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Moka3sHUK BONOrM CAYXUTb BiAMIHHUM iHAuKaTopoM Aediuunty
Bosiorn B nociBax. [laHi kaHany SWIR Bigo6pakalotb 3MiHM BMicTy
Bosiorn B pocnuHax, toai sk KaHan NIR ¢ikcye BHYTpillHIO CTPYKTYpY
JINCTA Ta BMICT CYXOi pe4OBMHM, afie He BMIiCT BoAW. TaKMM YMHOM,
noeaHaHHsA NIR Ta SWIR no3Bonsie ycyHyT! 3MiHKU, CIPUYMHEHi 3MiHaMu
BHYTPiLWHbOI CTPYKTYPM JIUCTA Ta BMICTOM CyXOi Pe4OBMHU, TUM CaMUM
NigBULLYIOMM TOYHICTb BU3SHAYEHHS BMIiCTY BOJIOrM B POCJ/IMHAX.

Hu3bki 3HaueHHs NDVI ansa pocnigxyBaHoi rpynu noniB cBia4yaTb
npo npo6nemu 3 po3BUTKOM pocnuH. lHaekc NDMI 3Ha4YHO HMXKUMMIA, HDK
HeoOXiaHMA ANA HOpManbHUX NpoueciB FpyHToyTBopeHHA. KinbkKicTb
noniB 3 iHaekcom NDMI Hmxkue «-0,2» y BignoBiganbHi ANA PO3BUTKY
pocnuH nepiogn uboro perioHy crtaHoButb 1300-1600 ra, To6T0 Ao
23%.

Llen aHanis noka3ye, wWo 6e3 NOKpalWeHHA 3POLIEHHA FPYHTU
perpapnyBatuMyTtb. [Jediumt BoanM B NMOEAHAHHI 3i 3MiHO norogHo-
KNiMaTUYHUX YMOB NiABULUMTD PU3SMK BTOPMHHOrO 3aCOJIEHHSA, LWO
3pobuTtb 3eMn0 HenpuAaaTHoK ans BMPOLLYBaHHSA
CiNbCbKOrocnoaapCcbKuX KynbTyp.

Knwvyosi cnoBa: [133; BereTauiiHUi iHOEKC; IHAEKC 3BOJIOXKEHHS;
CyXi cTenoBi FPYHTU; BOAHA KPU3a; Aerpagauisa; poaldicTb; BOJIOFCTb
FPYHTY.
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