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EFFECT OF LONG-TERM PHYTOREMEDIATION ON THE SOIL GENESIS POTENTIAL
OF THE TECHNOZEMS OF THE POKROV RESEARCH STATION

0. O. Mytsyk, O. O. Havriushenko, S. M. Shevchenko, O. 1. Hulenko
Dnipro State Agrarian and Economic University, 25 Serhii Yefremov St., Dnipro, 49009, Ukraine

Topicality. In Ukraine, reclaiming the vast areas of mined lands is critical for improving the envi-
ronment, human health, and agricultural production. Land reclamation is particularly relevant due to
large-scale manganese mining in the Nikopol district of Dnipropetrovsk region. Purpose. Our research is
aimed to create land use technologies that maximize soil fertility and agricultural productivity while min-
imizing the time, cost and negative environmental effects of the remediation. Methods. The experiment
was placed on loess-like red-brown loam (quaternary). The species mixture included Onobrychis arena-
ria (Kit.) DC, Medicago sativa L., Melilotus albus Medik., Agropyron pectiniforme Roem. et Schult.,
Bromopsis inermis (Leyss.) Holub. Avena sativa with Vicia sativa were the cover crops of this species
mixture. Results. A legume-grass mixture used for hay or forage is the most appropriate transition to
profitable field-crop production on the bare, drastically disturbed soil that remains after mining opera-
tions. The most appropriate composition (in min. seed per hectare) of legume-grass mixture during sow-
ing included about 1.8 min. seeds/ha of Onobrychis arenaria (Kit.) DC, Medicago sativa L. and Melilotus
albus Medik., 0.6 min. seeds/ha of Agropyron pectiniforme Roem. et Schult. and 0.5 min. seeds/ha
of Bromopsis inermis (Leyss.) Holub. This system produced high quality hay yields of 2.4 to 4.9 t/ha
even without topsoil replacement. The percentage of harvested legume biomass decreased from 85 to
5 %, humus content — from the initial 0.32 % to 1.52 % at 0-5 cm, and to 1.24 % at 0-20 cm, depending
on cultivation variants and the time period after planting. It was found that macronutrient content
increased by 2.4-4 times. Bulk density of substrate at depth of 0-40 cm varied from 1.24-1.33 g/cm®.
Conclusion. In the Southern Steppe of Ukraine, it was found that the long-term (over 50 years) intensive
phytoremediation, primarily with perennial legume-grass agrocenosis, contributed to increasing the nu-
trient content of technosols and optimising their physical and biological properties.

Key words: land reclamation, mining overburden, phytoremediation, young soils, legume-grass
mixtures, loess-like loam, red-brown and grey-green clays, chernozem

Introduction. In Ukraine, reclaiming the causes respiratory problems for residents of
vast areas of mined lands is critical for im- nearby areas. Such lands also lower the water
proving the environment, human health, and table level, and reduce crop yields for quite
agricultural production [1-3]. Mined lands some distance from the mine. This land can be
produce excessive amounts of dust, which returned to agricultural production (Fig.1).

Fig. 1. Pokrov (Ordzhonikidze) mine site. Overburden removal, land reclamation research field.
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Land reclamation is particularly relevant
due to large-scale manganese mining (about
75.0 % of manganese-ore) in the Nikopol dis-
trict of Dnipropetrovsk region.

There are 9,000 hectares of mined land
in the region, but reclamation of most of them
has been ineffective. Another 11,000 ha or
more exists without soil replacement (mainly
as a result of mining more than 50 years ago),
and an estimated additional 150,000 ha or
more in Nikopol district suffers significant ad-
verse effects from the non-restored mined land
[4-5]. In addition to mineral mines, there are
thousands of smaller quarries in different parts
of Ukraine where construction materials are
quarried.

The Nikopol area is a very productive
agricultural region, as it has very fertile soils,
sufficient water resources for irrigation, and
enough warmth, sunshine and growing season
length for excellent yields.

Both the hypothetical and practical as-
pects of agronomic renovation of mined lands
were initiated in Ukraine by Dnipro State
Agrarian and Economic University (DSAEU)
under the guidance of the professors lvan Uz-
bek, Mykola Kharytonov. Recommendations,
which were based on the research of the
Pokrov Mining and Processing Complex, were
implemented by all mining enterprises in the
Nikopol district [6]. However, earlier mining
operations did not preserve the integrity of the
topsoil and underlying soil horizons. There-
fore, even after levelling, the resulting soil is
actually mixed-overburden substrata. Vegeta-
tion is poor and the wind carries large amounts
of dust over long distances. This dust does not
contain hazardous levels of heavy metals or
other toxic substances in the Nikopol district,
but is detected in some other mining areas [7].

The current research priority is to deter-
mine the species composition of the legume-
grass mixture for the most effective soil im-
provement aimed at supporting profitable pro-
duction of wheat, maize and other field crops.

The Department of General Agriculture
and Soil Science of DSAEU has proposed six
universal and special models of remediated soils:

Model 1 (Fig. 2) is the simplest. The
lithozem model consists of the substrate type
that is most fertile and most favorable for
crops, except of replacement surface-stratum
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chernozem. It is based on phytoremediation
against the background of crop rotations that
involve the alternation of legume crops with
legume-grass mixtures. The most common
substrate is loess (Quaternary) (Fig. 2), a mix-
ture of red-brown loam and clay (Neogene-
Quaternary period origin, N,S/Q), or grey-
green clay (Neogene, N;Srm,+3). The content
of macro- and microelements in these sub-
strates is sufficient to produce high yields of
alfalfa and sainfoin hay. High grain yields can
only be achieved through the application of
phosphorus, potash and especially nitrogen
fertilisers [4].

Model 2 and Model 3 are two-layer
models (Fig. 2). These models are based on a
fertile substrate under a layer of chernozem 0.5
m depth (Model 2) or 0.70-1.0 m depth (Mod-
el 3). Model 2 is more commonly used. It can
be used to grow the full range of crops used in
the Steppe and Forest-Steppe ecological zones.
The production technology after soil replace-
ment differs from the technology for normal
(undisturbed) soil only in that it requires alfal-
fa or sainfoin to be grown for 5 years at the
beginning of exploitation. The yields are equal
for both these soils and for low-eroded cher-
nozem [4].

Model 3 provides an additional 10-30 %
yield, presumably due to better nutrient and
moisture supplies. However, this model inclu-
des the additional costs of transporting, plac-
ing and levelling additional chernozem. All the
costs of land reclamation are paid by the min-
ing companies.

Model 4 (Fig. 2) is used for orchards.
Chernozem is embedded in holes or trenches
in a fertile substrate. The chernozem is laid in
holes or trenches into the fertile substrate. Ex-
periments with fruit crops (apple, pear, plum,
apricot trees, etc.) and berries crops (red cur-
rant, black currant, grapes) have been success-
ful. For example, over 18 years, the average
apple vyield ranged from 11 to 15 tonnes per
hectare, depending on the variety. The re-
quired amount of chernozem per tree is about
one cubic metre.

Model 5 (Fig. 2) consist of 3 layers. The
deepest layer is a phytotoxic or unfavorable
substrate for crop growth (coal-bearing sub-
strates with a high content of pyrite, saline
substrates). The second layers acts as a protec-
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tive shield and consist of loess (0.5 m). The
third is the layer of fertile chernozem (0.3-0.8 m).

l I )

Model 1

Model 5

Model 4

Model 2

Testing winter wheat, depending on the cher-
nozem depth of 0.3 m,0.5m and 0.7-0.8 m,

70-100 cm

Model 3

50-80 cm

Model 6

Figure 2. Models of technozems:

chernozem;
loess-like loam;
red-brown clay;
- sand;
gray-green clay.

resulted in increase in yield by 1.8, 2.6 and
3.4 t/ha, and produced vyield of 28.3 and
33.7 t/ha, and 32.1 t/ha, respectively.

Model 6 (Fig. 7) consists of 4 layers: the
top layer is 0.5-0.8 m of chernozem, followed
by 0.3-0.5 m of loess loam, 0.3-0.5 m of wa-
terproof layer, and a non-saline substrate.
Higher crop yields are obtained through im-
proved soil fertility and an additional 43—
62 mm of available moisture per year [2, 7].

After the initial replacement of the sub-
strate, there is a significant soil subsidence for
at least 5-7 years, which prevents normal crop
maintenance. Therefore, after the surface lev-
elling of the subsoil, it is necessary to wait out
at least 12-17 years before adding chernozem
on top. Therefore, there is great practical and
agro-economic motivation to make agricultural
production possible on replaced substrates us-
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ing phytoremediation without replacement of
the chernozem [4].

Analyses of periodic soil samples over
time have documented the nature and extent of
changes that occurred in the first 25 years of
plant cultivation [8]. The initial humus content
increased from the 0.3 % to 1.5 % at depth of
0-5cm, and to 1.12 % - at 0-20 cm. Total
nitrogen content increased by 4-9 times, mo-
bile phosphorus content increased by 2.6-3.4
times, and macronutrient content by 2.3-5.2
times. Considerable improvement of physical
properties was observed. Bulk density of sub-
strate at depth of 0—-40 cm varies from 1.23-
1.32 glem®. Loess salinity decreased from 0.34 %
to 0.15 % at depth of 0-60 cm. After 40 years
of phytoremediation, the yield of dry matter of
a legume-grass mixture was 15.2-22.8 %
higher than after 10-14 years [9].
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As mentioned earlier, legume-grass mix-
tures should be sown only after legumes. Mix-
ture of Onobrychis arenaria (Kit.) DC, Medi-
cago sativa L., Melilotus albus Medik., Agro-
pyron pectiniforme Roem. et Schult., Bromop-
sis inermis (Leyss.) Holub. is suitable, but other-
species are also promising [2]. There are some
factors limiting the effectiveness of these spe-
cies on overburden substrates. One of these
factors is a significant decrease in the produc-
tivity of the mixture after 4-5 years of cultiva-
tion due to the autotoxicity of alfalfa [10]. Re-
ducing alfalfa crops significantly reduces the
nitrogen supply, as alfalfa is the main nitrogen
supplier, although sainfoin also contributes.
The second factor is the aggressive colonisa-
tion by grasses in the mixture, as the fertility
of the substrate increases due to the growth of
legumes. After 3-4 years, the growth of leg-
umes reduces not only through the autotoxicity
of alfalfa, but also through competition with
grasses for light, water, phosphorus, etc. We
should find ways to increase the life time of
the mixture and reduce the number of years
and cycles required to start growing field crops
[11]. When the legumes are almost degenerat-
ing, the productivity of the mixture should be
increased by grasses. The main environmental
factor limiting the growth of non-legume crops
on replaced overburden is a lack of nitrogen.
Therefore, after legumes stop providing nitro-
gen to the soil, it is necessary to introduce ni-
trogen fertiliser under the legume-grass mix-
ture. In this article, we present the results of
studies of the effect of the composition (in mil-
lion seeds per hectare) of legumes and grasses
components during sowing of the mixture on
the characteristics of artificial phytocenosis.
Materials and Methods. The experi-
ment was conducted at the Pokrov Reclama-
tion Research Center of DSAEU, located at
47°39° N, 34°08’ E, with an elevation of 60 m.
Average January and July ambient tempera-
tures for this location are —2.8°C and 21,7°C
respectively, with absolute minimum and ma-
ximum temperatures of -34.1°C and 37.3°C.
The average frost-free period is 163-191 days.
Annual precipitation averaged 448 mm for the
last 40 years, with an average of 247 mm in
the period from April to September. April —
September precipitation varied from 285 mm
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to 357 mm in individual years.

During the first part of April annually
from 2004 to 2008, and after 20112021, the
legume-grass mixture was sown immediately
after the cover crop followed by 18 months of
clean fallow on loess loam. We selected this
substrate because it is the most fertile type of
subsoil available, and it is the main source ma-
terial for soils in our region. Loess-like depos-
its are mainly pale-yellow loam or red-brown
loam, but occasionally clay loam. Depth of
this substrate is about 0.5-7.4 m. Properties of
loess-like deposits and the major steppe soil
(deep, rich, black steppe soils — chernozem)
are presented in Table 1.

The proportions of different species in
the legume-grass mixture are as follows (ap-
portioned by million germinable seeds per ha
and as % based on total germinable seeds per
hectare in the mixture):

Variant 1 (legume mixture): Onobrychis
arenaria (Kit.) DC ~2.0 + Medicago sativa L.
~2.0 + Melilotus albus Medik. ~2.3;

Variant 2 (80 % legumes: 20 % grasses):
Onobrychis arenaria (Kit.) DC ~1.9 + Medica-
go sativa L. ~1.9 + Melilotus albus Medik. ~1.9
+ Agropyron pectiniforme Roem. et Schult.
~0.6 + Bromopsis inermis (Leyss.) Holub. ~05;

Variant 3 (65 % legumes: 35 % grasses):
Onobrychis arenaria (Kit.) DC ~1.6 + Medica-
go sativa L. ~1.6 + Melilotus albus Medik. ~1.6
+ Agropyron pectiniforme Roem. et Schult.
~1.1 + Bromopsis inermis (Leyss.) Holub. ~1.1;

Variant 4 (50 % legumes : 50 % gras-
ses): Onobrychis arenaria (Kit) DC ~1.2 +
Medicago sativa L. ~1.2 + Melilotus albus
Medik. ~1.2 + Agropyron pectiniforme Roem.
et Schult. ~1.7 + Bromopsis inermis (Leyss.)
Holub. ~1.7;

Variant 5 (grass mixture): Agropyron
pectiniforme Roem. et Schult. ~3.5 + Bro-
mopsis inermis (Leyss.) Holub. ~3.5.

The mixtures was planted into a cover
crop mixture of Ovena sativa (1.8 min
seeds/ha) and Vicia sativa (0.4 min seeds/ha).
The cover crop was planted immediately
before sowing the plant mixture. The cover
crop was planted with 15 cm row spacing.
When cover crop grew to approximately 45—
65 cm tall with approximately 75.0 % ground
cover, it was removed before at the flower-bud
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Table 1. Edaphic properties of technozems and steppe chernozem

Content, %° Content, mg/kg of soil®
[@)]

= 3 - v

1 % ® % £ = 8 g —

i = —_— %) oy o o

Soil / substrate DS?CS:T:%/ : é C—ZG 3 = S = I 8 2 % 5 2 E;

IS § g | 8 | 58| %

T 3 S o o )

= = Z L

Tvoical chernozem 113 543 0.26 8.94 525 6.77 145 40.2 835 192 157
yp +0.03° +0.11 +0.07 +0.22 113 +0.12 | 4018 | =+1.15 +1.08 1223 +1.87
Ordinary chermozem 117 452 0.18 8.21 54.7 712 113 475 745 168 133
y +0.06 +0.17 +0.03 +0.18 +1.8 +0.14 | +014 | 122 | +2.13 +3.12 +1.64
South chernozem 1.04 3.22 0.15 8.13 503 6.0 127 343 67.8 141 128
+0.04 +0.12 +0.03 +0.14 117 +0.13 +0.12 | +128 | +2.17 4331 1212

. 135 021 0.03 6.8 13.81 283 141 8.2 103
Loess-like loam 10.14 1012 | 4003 |04 S3AEL8 L b b | 4288 | 4125 | £1.03 | 4228
1.28 023 9.52- 75 10.84 271 88 52 241
Red-brown clay +0.18 40,08 | 003002 5y | T08SE3A2T s | o34 | 4295 1134 | +1.76 1337
133 0.16 9.13 75 1261 28.6 72 56 547
Grey-green clay +0.21 10,07 | 003001 e | 7092E4I3 T 5 9p +2.19 +2.9] +1.28 +1.93 +321

Comments: ' — for density of chernozem plough-layer, > — for chernozem in surface horizon, * — for chernozem in surface horizon,
* _ NOs content after 14 days of chemically assisted composting at 25° C, + ° — variation of indicators
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formation of Vicia sativa in mid-June.

The experiment was repeated 5 times on
plots of 34 m? each (1.70 m x 20.0 m) arranged
in a split block with timing as the main block
and the ratio of different species as sub-blocks.
During the first year, only the cover crop yield
was recorded. Yield of legume-grass mixture
was evaluated at the beginning of the second
year.

The hay was harvested in the flower-bud
formation stage of legumes. Data was collected
on four 1 m? samples per plot, with the remain-
der of each plot cut with a reciprocal mower.
The data collected included total biomass (wet
and dry), botanical composition, structure of the
harvest, plant height and number of stems per m?.

Results and Discussion. With time, the

share of legumes in the harvest biomass de-
creased gradually (Table 2), reducing the
phytomeliorative effect of the plant community
on the substrate. In the fifth year, the share of
legumes in biomass was 17.8 % compared to
58.2 % in the second year of cultivation. The
decrease resulted from the elimination of Meli-
lotus albus after the third year of cultivation, as
well as the reduction of Medicago sativa growth
due to autotoxicity and competition with other
grass. Agropyron pectiniforme and Bromus in-
ermis were more competitive than the legumes,
probably in part due to the available nitrogen
provided by the sustained growth of the legu-
mes [2, 4].

Nitrogen application resulted in greater
biomass yield (Table 2), with the increase ran-

Table 2. Change productivity and ratio of components in the perennial agrophytocenosis depending
on technozem constructions and time from the beginning of their agricultural development

Time from the Technozems
mo_ment of Indexes I o —
dz\%ll((:)lg;leéﬁi* chernozem O?Z;n: el c|£f,wn grey-green clay
yield, t/ha 4.35+0.08 3.91+0.07 3.34+0.07 4.1440.08
10-12 years share of legumes, % 44.1 71.4 79.8 75.6
(1981-1983) share of cereals, % 48.2 23.3 175 20.3
share of other species, % 5.3 2.7 4.1
yield, t/ha 4.52+0.09 4.21+0.08 | 3.47+0.07 4.22+0.08
25-27 years share of legumes, % 42.3 63.6 66.7 63.3
(1996-1998) share of cereals, % 52.1 33.3 30.4 32.1
share of other species, % 3.1 2.9 4.6
yield, t/ha 4.46+0.09 4.41+0.08 | 4.05+0.08 4.63+0.09
40-52 years share of legumes, % 47.7 55.9 61.3 54.4
(2011-2021) share of cereals, % 44.8 40.8 35.5 42.4
share of other species, % 3.3 3.2 3.2

* Comments. For 1981-1983, data from the facility of M. T. Masiuk (1984); S. F. Petrenko (1984);

for 1996-1998 — V. O. Zabaluev (2005).

ging from 22.2 to 34.1 kg/ha N in the year of
application. Perhaps the most desirable N rate is
44 kg/ha in both the 5™ and the 6™ year, but
when the sum of years 5 and 6 is considered, the
highest increase in dry matter content per kg of
N (62.3 kg N) was actually in year 5 only.
Statistically significant increases of hay yield
beyond 62.3 kg were not obtained in individual
years, presumably because other factors limited
the yield. Although the yield with 92.4 kg N
significantly exceeded that with 60.5 kg N when
5™ and 6™ years were combined, using more
than 58.6 kg N/ha - is not justified by the small
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increase in yield. Because of the suppressive
effect of nitrogen fertilization on the legumes,
we concluded that nitrogen should not be ap-
plied earlier than the 5™ year. Previous research
showed that nitrogen in the form of ammonium
nitrate gave the biggest effect [4]. Therefore, we
concluded that an early-spring application of
ammonium nitrate should begin in the 5™ year.
Further research is necessary to determine
whether application in both the 5™ and 6™ years
is superior to a single larger application in the
5" year.

After nitrogen application, the share of
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legume biomass in the mixture decreased. This
was most dramatic in 5™ year, when legumes
dropped from 17.6 % (0.43 t/ha) without nitro-
inermis accounts for a significant share of the
increase, due to its high mobility and ability to
occupy free ecological niches. There was a
strong decline in legumes from 5" year to 6"
year even without nitrogen, but the decline was
much more with 60.3 and 90.5 kg N applied in
5™ year only, and even greater with N applica-
tions both years.

Conclusions. In the Southern Steppe of
Ukraine, cost-effective land reclamation has es-
tablished that the long-term (over 50 years) im-
pact of intensive phytoremediation, primarily
perennial leguminous and cereal agrocenosis,
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CibCbK020CN00apcbko2o supobruymea. Ocobauso akmyanrbHow € nompeba y pexyromugayii Hikonoabcovko-
20 paiioHy [ninponempogcvkoi obracmi, ocKiibKu mym 6elukuil 6u0obymox mapeanyro. Memorw Hawiozo
00cniddiceHHs: 010 CMBOPEHH MAKOI MEXHON02I] 3eMIEeKOPUCTYBARHS, SIKA 6 CNpusiia 8iOHOGIEHHIO POOIO-
yocmi IpyHmMie ma npoOYKMuUGHOCMI CLIbCbKO20 20CNO0APCbKO20 GUKOPUCIAHHS NPpU MIHIMI3ayil yacy, eap-
mocmi ma He2amuHUX eKO02IYHUX HACTIOKI8 nposedenHs pekynvmusayii. Mamepianu i memoou. /{ocnioHi
OLIAHKU PO3MIULY8ANU HA DIZHOAKICHUX KOHCMPYKYISAX 3 1eCON00IOHUX, 4ep8OHO-0Ypux cyenuHkie. Bupouyy-
sana cymiut 6udis exmouana Onobrychis arenaria (Kit.) DC, Medicago sativa L., Melilotus albus Medik.,
Agropyron pectiniforme Roem. et Schult., Bromopsis inermis (Leyss.) Holub. I]s euoosa cymiw 6yna pos-
Miwena nio nokposom maxux Kynemyp: Avena sativa 3 Vicia sativa. Pezynemamu. 31ax060-60606a cymiu,
KA BUKOPUCMOBYEMBCSL HA CIHO AO0 KOPM, € HAUOOYINbHIUUM NePexo0oM 00 PeHMAOENbHO20 GUPOWY8AHHS
NOMLOBUX KYABMYP 3 HOPYUWEHO20 TPYHMY, WO 3ATUMUBCS nicas 2ipHuyux pobim. Hailbinew nputinsmmuuil
azpoghimoyenos (y MaH. HACIHUH Ha 2ekmap) 60608UX i 31AKOBUX KOMNOHEHMI8 npu cigbdi cmanHosus O1U3bKO
1,8 man. nacinns/za Onobrychis arenaria (Kit.) DC, Medicago sativa L. ma Melilotus albus Medik., 0,6 mamn.
nacinns/ea Agropyron pectiniforme Roem. et Schult. ma 0,5 man. nacinus/za Bromopsis inermis (Leyss.)
Holub. Bio 2,4 0o 4,9 m/2a sucokosikicho2o cina 3a Yi€lo cXemMor MONCHA 00epIHCY8amu HaAsimb Oe3 HaHe-
CeHHsl 8EPXHbO20 POOIOY020 wapy IpyHmy. Biocomok ypoorcaiinoi biomacu, ompumarnoi 8i0 60606ux, 3meH-
uysaecs 3 poxamu nicis ciebu 3 85 00 5 % 3anesicHo i0 eapianmis GUPOWYEAHHSI MA MPUBANOCHE NICAA
ciebu. Bmicm eymycy 36inouwusca 3 nowamrosux 0,32 % oo 1,5 % 6 0—5 cm, i 0o 1,2 % 6 0—20 cm. Buicm
Maxpoenemenmie 30invuiusca 6 2,4—4 pasu. Llinonicmo cxnadenns cyocmpamy 6 0—40 cm Korusaemuvcs 6io
1,24-1,33 2/cm®. Bucnosku. B ymosax ITisdennozo Cmeny Ykpainu na pekyismugoanux 3eMmisx 6Cmanos-
JeHo, wo doeeompusanuil (nonao 50 pokis) eniue inmencusHoi ghimomeniopayii, nacamneped bacamopiu-
HUMU 000080-31AKOBUMU A2POYEHO3AMU, CAPUSE 30IIbULEHHIO 8 MEXHO3eMaX NONCUBHUX PEYOBUH, ONMUMI-
sayii’ QizuyHuX i GI0N02IUHUX GIACMUBOCTHEIL.

Knrouoei cnoea: pexynomusayis, cipnuia po3kpuera nopooa, azpogimomeniopayis, Moiooi [pyHmu,
31aK080-00008i CyMiUKU, 1eCOROOIOHULL CY2IUHOK, YePBOHO-OYPI ma Cipo-3eeHi eIUHU, YOPHO3eM
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