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PRODUCTIVITY AND SOWING QUALITY OF BREAD WINTER WHEAT SEEDS
DEPENDING ON NITROGEN FEEDING

0. A. Zaima, O. B. Kalitsinska
The V. M Remeslo Myronivka Institute of Wheat NAAS, Tsentralne village, Obukhiv district, Kyiv region, 08853, Ukraine

Topicality. The problem of rational feeding of winter wheat crops and the study of its impact on yield,
grain quality and sowing quality is relevant and of great practical interest. Purpose. To investigate the im-
pact of early spring feeding of bread wheat crops with different rates of nitrogen fertilisers on the yield level,
grain quality indicators and seed sowing qualities. Materials and Methods. The impact of nitrogen feeding
with ammonium nitrate and UAN-32 at different application rates of N,s, Nso, and N5 was studied on bread
wheat varieties MIP Valensiia, MIP Vidznaka, MIP Aelita and MIP Fortuna. Nitrogen feeding of crops was
carried out at the beginning of the spring growth resumption. Results. The application of nitrogen fertilisers
contributed to the formation of higher indicators of yield attributes. In the control variants, plant height was
86-105 cm, spike length — 8.3-8.8 cm, number of grains per spike — 42-49 pcs, grain weight per spike —
2.13-2.39 g, and in the variants with nitrogen feeding — 87-109 cm, 8.5-9.7 cm, 45-62 pcs and 2.18-2.84 g,
respectively. In the variants with fertilisation, the yield level increased to 5.79-6.85 t/ha compared to the
average yield of the varieties at 5.45-6.28 t/ha. Higher increases in yields were observed when ammonium
nitrate was applied at rates of N5, and Nss. A positive effect of nitrogen feeding on the grain quality and
sowing qualities of bread winter wheat seeds was noted. The yield of standard seeds was 66.7—80.7 % in the
controls, and 68.9-85.3 % in the variants with fertilisers. Indicators of germination energy and laboratory
germination of seeds in the variants with nitrogen feeding showed a tendency to increase. Thus, the labora-
tory germination rate of seeds from variants without fertilisers was 94-96 %, while seeds from variants with
nitrogen feeding had a germination rate of 95-99 %. Conclusions. Early spring feeding of bread winter
wheat with nitrogen fertilizers contributes to the formation of plants with larger productivity elements and
increases the level of grain yield by 0.15-0.60 t/ha. The application of ammonium nitrate at rates of Ns, and
N7s contributed to higher increases in yield. The positive effect of nitrogen feeding on grain quality and
sowing qualities of seeds of bread winter wheat varieties was also noted.

Key words: varieties, feeding, yield level, grain quality, yield of standard seeds, germination energy,
laboratory germination

Introduction. Bread winter wheat (Triti-
cum aestivum L.) is the most widely cultivated
crop in the world alongside maize, rice and soy-
beans [1, 2]. Global wheat consumption in the
2020-2021 marketing year exceeded 759 mil-
lion tonnes [3]. Wheat is one of the most im-
portant crops and a major source of carbohyd-
rates and proteins [4]. Wheat grain products are
widely consumed and play an important role in
human nutrition and animal feed [5, 6].

The yield of winter wheat depends on ge-
netic and environmental factors: availability of
nitrogen and water, temperature, as well as
management methods. Agriculture requires re-
sistant varieties to various levels of abiotic and
biotic stress and with good and stable grain
yields over many years. Given the observed
trend of decreasing wheat variety productivity

Author information:

due to negative changes in environmental fac-
tors, which is particularly noticeable in Europe
[7], modern winter wheat varieties must have a
high average yield combined with a low degree
of variability when grown in different environ-
ments [8].

The growth and development of agricul-

tural crops, as well as their yield, are the result
of an effective agricultural management system
within an agroecological environment [9]. In
order to increase the productivity of winter wheat
varieties, it is important to use regionally adapted
cultivation technologies [10, 11].
The cultivation of new varieties requires the
application of optimal rates of fertilisers and
plant protection products, which allows the full
potential yield of the variety to be realised [12].

Winter wheat production depends on syn-
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thetic nitrogen fertilisers, as the use of animal
manure is very limited and many soils have low
humus levels [13]. Therefore, there are envi-
ronmental and economic problems associated
with wheat cultivation, especially given the high
cost of nitrogen fertilisers and relatively low
grain prices.

Winter wheat is particularly demanding
on fertilisers because its root system covers a
small area of soil and has a low capacity to ab-
sorb nutrients [14]. The penetration depth of the
root system affects not only water availability
from deep soil layers, but also nitrogen absorp-
tion from the soil profile [15]. A shallow dense
root system makes it easier to use rainfall during
the growing season [16] and also helps absorb
P, K, Ca, and Mg in acidic soils [14].

Nitrogen is a key factor in plant growth
and development, with a positive effect on roo-
ting, tillering, leaf system development, photo-
synthesis, productivity, and quality [17, 18].
Studies of different soil tillage methods and
nitrogen feeding for winter wheat have shown
that, in addition to weather conditions, soil till-
age had a strong influence on the parameters
studied, while nitrogen fertilisers had a much
smaller influence, and finally, the interaction
between soil tillage and nitrogen fertilisers had
an even smaller influence [19].

One of the most important and economi-
cally advantageous means of increasing gross
grain yields is high-yield commercial seeds. To
avoid the negative impact on winter wheat seed
crops, varieties resistant to extreme environ-
mental conditions should be used, and rational
technological practices should be applied in a
timely manner to ensure high and stable yields
of seed material [20]. Grain uniformity is eco-
nomically important because a high percentage
of small grains is lost during the cleaning pro-
cess [21]. In addition, a high percentage of
small grains indicates poor flour yield [22, 23].
Sowing non-uniform grain mass of winter wheat
for a new harvest causes uneven germination
and uneven seedlings, which often results in
lower yields [24]. For this reason, high uni-
formity of individual ripened grain mass of win-
ter wheat in seed-breeding plots is an important
objective of seed production [25].

The problem of rational fertilisation of
winter wheat crops and studying its impact on
yield, grain quality and sowing qualities of
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seeds is relevant and of great practical interest,
which prompted us to conduct this research.

The study was aimed at investigating and
establishing the effect of early spring feeding
with different rates of nitrogen fertilisers on the
level of yield and indicators of grain quality and
seed sowing quality of bread winter wheat.

Materials and Methods. Field trials were
conducted in accordance with the state variety
testing methodology [26]. Agrotechnology is
generally accepted for winter wheat cultivation in
the conditions of the Right-Bank Forest-Steppe
of Ukraine. The soil was low-humus, slightly
leached, medium loam chernozem. The thickness
of the humus horizon was 38-40 cm. The humus
content in the 0-20 cm soil layer was 3.7-4.0 %,
content of easily hydrolysable nitrogen — 12—13 %,
mobile phosphorus — 21-25 % and exchangeable
potassium — 10-16 mg/100 g of soil. Hydrolytic
acidity was 1.7-2.2 mg-eq/100 g of soil, pH was
5.4-6.0. Sowing was carried out in early October
using an SN-10 Ts seeder, with a seeding rate of
5 million seeds per 1 ha. The plot area was 10 m?,
and the experiment was repeated four times.

The effect of different rates of nitrogen fer-
tilisation was studied on soft winter wheat varie-
ties. The plants were treated at the beginning of
spring vegetation resumption. The experimental
variants were compared with a pure control,
where no fertilisers were applied to the plants.
The experimental design included the study of
the following factors: A — varieties (MIP Va-
lensiia, MIP Vidznaka, MIP Aelita and MIP
Fortuna); B — nitrogen fertilisers: ammoni-
um nitrate with application rates of 25, 50,
75 kg a.i./ha (N2s, Nso, N75) and UAN-32 — 25,
50, 75 kg a.i./ha.

The harvest was collected from the expe-
rimental plots using the Sampo-130 direct com-
bine harvester and converted to standard (14%)
moisture content. The sowing qualities of the
seeds were studied from the grains harvested
from the experimental variants [27, 28, 29]. The
yield of commercial seeds was considered to be
the sum of all grain fractions remaining on sieves
with holes from 3.2 to 2.0 mm, expressed as a
percentage of the total grain sample weight.

Mathematical processing of experimental
data was performed using special software
packages (Excel, Statistica 6.0).

In the 2022/23 growing season, the ave-
rage air temperature in the period from August
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2022 to July 2023 was 9.7 °C, which is 0.7 °C
higher than the long-term average (Table 1).
The temperature regime in autumn contributed
to the normal development of winter wheat. In

spring and summer, the average monthly tem-
peratures in April, May and July were 0.2-0.6 °C
lower than the long-term average, while in other
months they were 0.3-2.8 °C higher.

Table 1. Hydrothermal conditions of research (2022/23, 2023/24)

Air temperature, °C Precipitation, mm

2022/2023 2023/2024 2022/2023 2023/2024

& & & &
August 206 | 216 | 10 | 228 | 2.2 51.5 84.4 32.9 4.8 -46.7
September 148 | 129 | -19 | 184 | 3.6 55.3 1175 62.2 7.8 -47.5
October 8.8 8.2 -0.6 | 120 | 3.2 38.4 30.2 -8.2 50.5 12.1
November 2.6 3.8 1.2 4.5 1.9 41.7 80.9 39.2 78.8 37.1
December -1.6 0.2 1.8 0.9 2.5 42.2 43.0 0.8 60.4 18.2
January -3.4 -0.1 3.3 -19 | 15 36.8 10.6 -26.2 23.1 -13.7
February -2.2 -0.5 1.7 3.3 5.5 31.7 27.5 -4.2 43.7 12.0
March 2.4 5.2 2.8 4.4 2.0 34.9 46.0 11.1 86.2 51.3
April 9.9 9.3 -06 | 131 | 3.2 47.2 84.9 37.7 71.8 24.6
May 157 | 1565 | -0.2 | 159 | 0.2 50.2 21.0 -29.2 5.8 -44.4
June 194 | 197 | 03 | 214 | 20 82.4 39.4 -43.0 | 1025 20.1
July 212 | 209 | 03 | 245 | 3.3 75.6 1835 | 107.9 7.3 -68.3
Over year 9.0 9.7 0.7 116 | 26 | 5879 | 7689 | 181.0 | 542.7 -45.2

Notes. * + — deviation from long-term average.

Precipitation from August 2022 to July
2023 fell to 768.9 mm (181 mm more than the
long-term average). Precipitation in August and
September (84.4 and 117.5 mm) contributed to
the uniform seedling of winter wheat. Sufficient
moistening was observed during the spring-
summer growing season of winter wheat. Ac-
cording to the moisture supply indicator, the
year had optimal moisture (HTC = 1.52). Du-
ring the spring-summer growing season of win-
ter wheat, excessive moisture was observed
(HTC =2.8).

In the 2023/24 growing season, the ave-
rage air temperature in the period from August
2023 to July 2024 was 11.6 °C, which is 2.6 °C
higher than the long-term average. The autumn
period before sowing winter wheat for the 2024
harvest was characterised by soil and air
drought. During the spring-summer growing
season of winter wheat, average monthly tem-
peratures were 0.2-3.3 °C higher than the long-
term average.

From August 2023 to July 2024, precipita-
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tion amounted to 542.7 mm (45 mm less than
the long-term average). Insufficient precipita-
tion in August and September delayed the
emergence of winter wheat seedlings for early
sowing dates. However, excessive rainfall in
October and November contributed to the ac-
cumulation of productive moisture and the
growth and development of plants. Precipitation
during certain periods of winter wheat growth
was mostly below the long-term average, except
during the periods -from seedling emergence to
growth cessation, from the resumption of
growth to stem elongation, and from milk ripe-
ness to threshing, the precipitation was higher.
In terms of moisture supply, 2023/24 was a year
of severe drought (HTC = 0.48). During the
spring-summer growing season of winter wheat,
HTC was 0.1-0.37, with optimal moisture con-
ditions only in June (HTC = 1.59). Thus, the
hydrothermal conditions of the years under
study differed both in terms of temperature re-
gime and precipitation, which contributed to
objective results regarding the formation of the
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productivity of bread winter wheat plants de-
pending on individual elements of cultivation
technology.

Results and Discussion. The research
showed that the application of nitrogen fertilis-
ers at the beginning of the growth resumption of
bread winter wheat contributed to the formation
of plants with higher indicators of yield attri-

butes. In the control variants, the plant height
was 86-105 cm, the main spike length was
8.3-8.8 cm, the number of grains per spike was
42-49, and the grain weight per spike was 2.13—
2.39 g, while in the variants with feeding, these
values were 87-109 cm; 8.5-9.7 cm; 45-62
grains and 2.18-2.84 g, respectively (Table 2).

Table 2. The effect of plant feeding with fertilisers on yield attributes
of bread winter wheat (average for 2023-2024)

2 . . Number of . .
% Variant PlantcrrlT(]alght, SplkeC :ﬁngth, grains per (E)girlgpvivlgggt

> spike, pcs. ’
Control 105 8,8 49 2.39
< ammonium nitrate N 105 9.2 57 2.57
£ | ammonium nitrate Ns 109 9.2 62 2.84
£ | ammonium nitrate N5 110 9.4 60 2.77
o UAN-32 Nys 105 9.3 58 2.62
= UAN-32 Nsgq 107 9.4 60 2.72
UAN-32 N5 108 9.7 60 2.68
Control 86 8.3 42 2.13
.2 | ammonium nitrate Nys 88 8.5 45 2.27
€ [ ammonium nitrate Ny, 88 8.7 47 231
f_>5 ammonium nitrate N 89 8.9 50 2.33
o UAN-32 Ny 87 9.0 44 2.18
s UAN-32 Nsg 88 8.9 51 2.41
UAN-32 N5 87 9.0 47 2.38
Control 103 8.4 44 2.17
< ammonium nitrate Nos 106 8.6 45 2.23
= | ammonium nitrate Ns 107 8.8 51 2.44
E ammonium nitrate Nys 108 8.9 53 2.45
S UAN-32 Nys 103 8.7 45 2.22
UAN-32 Nsgq 105 8.9 49 2.28
UAN-32 N5 104 9.0 48 2.26
Control 97 8.7 43 2.15
% ammonium nitrate Ny 99 8.8 45 2.23
IS ammonium nitrate Nsg 100 9.0 48 2.29
-E ammonium nitrate Nys 102 9.1 47 2.30
a UAN-32 Ny 97 8.9 44 2.25
S UAN-32 N5 100 9.2 46 2.32
UAN-32 N5 101 9.1 47 2.31
LSDgs 2 0.2 2 0.13

MIP Fortuna variety had a higher grain
weight (2.84 g) and number of grains (62 pcs)
per spike in the variant with ammonium nitrate
feeding at a rate of 50 kg a.i./ha, MIP Valensiia
had 2.41 g and 51 grains in the variant with
UAN-32 (Nso), and MIP Aelita had 2.45 g and
53 grains in the variant with ammonium nitrate
(N75), the MIP Vidznaka variety — 2.30-2.31 ¢
and 47 grains in the variants with the maximum
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application rates of the studied fertilisers.
Feeding bread winter wheat plants with nit-
rogen fertilisers during the spring tillering stage
contributed to an increase in grain yield. With a
yield of 5.45-6.28 t/ha, the yield in the variants
with fertiliser application was 5.79-6.85 t/ha (Tab-
le 3). The most high-yielding variety was MIP
Vidznaka, but the greatest increases in yield due
to the fertilisation were recorded for the MIP For-
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Table 3. The effect of plant feeding with fertilisers on grain yields
of bread winter wheat (average for 2023-2024)

Variety

MIP Valensiia MIP Vidznaka MIP Aelita MIP Fortuna
Variant s £ g = £ g = £ g = =g
= LS = LS = LS = LS
s |88 | @ | 8= | =T | 82| © | 8=
Q@ c .2 @ c .o @ c .9 @ S o
> BN > £ > > £ > > S >

Control 5.75 — 6.28 - 5.45 - 5.99 -
ammonium nitrate Nys 6.07 0.32 6.46 0.18 5.79 0.34 6.31 0.32
ammonium nitrate Nsg 6.31 0.56 6.85 0.57 5.93 0.48 6.59 0.60
ammonium nitrate Nzs 6.32 0.58 6.84 0.56 6.01 0.56 6.63 0.64
UAN-32 Ny 6.07 0.32 6.45 0.18 5.80 0.35 6.14 0.15
UAN-32 N5, 6.21 0.46 6.67 0.39 5.92 0.47 6.25 0.26
UAN-32 N5 6.21 0.46 6.70 0.42 6.01 0.56 6.27 0.28

tuna variety. Higher increases in yield were ob-
served when ammonium nitrate was applied, es-
pecially at rates of 50 and 75 kg a.i./ha.

The introduction of ammonium nitrate
contributed to an increase in the yield of MIP Va-
lensiia variety by 0.32-0.58 t’ha, MIP Vidznaka
variety — 0.18-0.57 t/ha, MIP Aelita variety —
0.34-0.56 t/ha, and the MIP Fortuna variety by
0.32-0.64 t/ha compared to the control. The appli-
cation of UAN-32 increased the yield of the varie-
ties by 0.32-0.46; 0.18-0.42; 0.35-0.56 and 0.15—
0.28 t/ha, respectively. The highest yield in the
experiment (6.84-6.85 t/ha) was observed in the
variants with the application of ammonium nitrate
at rates of Nsp and N7s on the MIP Vidznaka va-

riety. Feeding plants with fertilisers at the be-
ginning of the growth resumption contributed to
an increase in the yield of commercial seeds
compared to the variants without fertiliser appli-
cation. The seed yield in MIP Valensiia was
80.7 % in the control, and 80.8-82.6 % — in
the variants with fertilisers, in MIP Vidznaka
variety — 68.6 and 68.9-70.9 %, in MIP Aelita
variety — 79.2 and 78.4-85.3 %, in MIP Fortuna
variety — 66.7 and 69.7-76.8 %, respectively
(Table 4). The germination energy and laborato-
ry germination rates of bread winter wheat seeds
tended to increase in the variants with nitrogen
fertilisation compared to the control variants.
Thus, seeds from variants without fertili-

Table 4. The effect of plant feeding with fertilisers on the sowing quality
of harvested bread winter wheat seeds (average for 2023-2024)

Grain Crops. Vol. 8. No. 2. 2024. P. 297-304

Variant Seed yield, % 100_0 grain Germination Lal_)ora_tory
weight, g energy, % germination, %
1 2 3 4 5
MIP Valensiia
Control 80.7 49.2 93 94
ammonium nitrate Ny 81.0 49.4 94 95
ammonium nitrate Ngg 82.6 49.2 96 97
ammonium nitrate N 82.5 49.6 96 97
UAN-32 Ny 80.8 49.3 95 96
UAN-32 N5 80.9 50.3 97 98
UAN-32 N 81.8 49.1 96 98
MIP Vidznaka
Control 68.6 46.2 94 95
ammonium nitrate Nos 68.9 494 96 97
ammonium nitrate Ngg 69.3 49.1 95 96
ammonium nitrate Ny 69.4 49.1 95 97
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Table 4 continuation

1 2 3 4 5
UAN-32 Ny 69.4 49.1 96 97
UAN-32 N5, 70.0 48.4 96 97
UAN-32 N 70.9 48.8 97 98
MIP Aelita
Control 79.2 47.2 94 95
ammonium nitrate N 81.4 44.8 96 98
ammonium nitrate Ngg 85.3 454 95 96
ammonium nitrate N5 78.4 45,5 96 97
UAN-32 Ny 79.9 45.2 95 96
UAN-32 N5, 81.2 46.3 96 97
UAN-32 N5 83.0 46.0 97 98
MIP Fortuna

Control 66.7 43.9 95 96
ammonium nitrate N 74.2 45.4 97 99
ammonium nitrate Nsg 69.7 45.3 96 98
ammonium nitrate N5 72.8 44.2 98 99
UAN-32 N 72.1 44.0 96 97
UAN-32 N5, 72.1 447 97 97
UAN-32 N 76.8 45.1 96 98

LSDgs 2.1 1.7 3.0 3.0

sers had a laboratory germination rate of 94-96 %,
while seeds from variants with nitrogen feeding
had a germination rate of 95-99 %. For the MIP
Valensiia, MIP Vidznaka, and MIP Aelita varie-
ties, higher laboratory seed germination (98 %)
was observed in the variant with UAN-32 (N7s)
fertilisation, only the MIP Fortuna variety had
higher germination (99 %) when fertilised with
ammonium nitrate at the application rate of Nys.
The sowing quality indicators of the seeds of the
studied varieties, depending on the hydrothermal
conditions of the growing year, hardly differed.
Conclusions. The application of nitrogen
fertilisers at the beginning of the spring vegeta-
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Muponiecokuii incmumym nwenuyi imeni B.M. Pemecna HAAH, c. [lenmpanvue, Obyxiecokuii p-H., Kuigcoxa o6,
08853, Vkpaina

AKTyaJbHicTh. [Ipo0iieMa palrioHaabHOIO IMiPKUBJICHHS TOCIBIB MIIEHUII 03UMOI Ta BUBUEHHS HOTO
BIUIMBY Ha YpPOXKaWHICTb, SIKICTh 3€pHA 1 IOCIBHI SIKOCTI HACIHHS € aKTyajbHOI Ta CTAHOBUTH BEIHMKHH
npakTuuHuil iHTepec. Mera. J{oCHiguTH BIUIMB PaHHBOBECHSHOTO IiPKUBICHHS MOCIBIB MIIEHHUII M’SKOT
03MMOI PI3HUMH HOPMaMH a30THHX JIOOpUB Ha PiBEeHb BPOXKAHHOCTI Ta MOCIBHI sIKOCTI HaciHHA. Martepiaiau i
Metoau. Ha coprax mmennti m’sixoi o3umoi MIIT Banencis, MIIT Bigznaka, MIIT Aenita i MIIT ®opryHa
JOCITIKYBaJIM BIUIMB Ii/PKUBIICHHS a30THUMH A00OpHBamMH — cemitporo amiagnoto ta KAC-32 3a pisHuX HOpM
BHeceHHSI Ngs, Nso, Nzs. [limKuBieHHs pocivH NMPOBOAMIM Ha IMOYATKY BiAHOBIICHHS BECHSIHOI BereTarlil.
Pe3yabTaTu. 3acTOCYBaHHS a30THUX JOOPHB CHpUsUIO POPMYBAHHIO BHIUX TOKA3HUKIB €IEMEHTIB CTPYK-
TYpH BpOXKaro. Y KOHTPOJILHHX BapiaHTaX BUCOTa POCIHH cTaHOBmIA 86—105 cM, nosxkuHa kojoca — 8,3-8,8 cMm,
KUTBKiCTh 3epeH — 42—49 mit., Mmaca 3epHa 3 koioca — 2,13-2.39 r, a y BapiaHTax i3 mijpkusieHHsIM — 87—109 cM;
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8,5-9,7 cm; 45-62 mwir. 1 2,18-2,84 r BignosigHo. IIpu yposkaiiHOCTI cOpTiB Ha piBHI 5,45-6,28 T/ra, y
BapiaHTax i3 BHECEHHSAM IOOPHB PiBEHb BPOXKAWHOCTI MHiABHIIYBaBcS 10 5,79—6,85 1/ra. Bumi npupoctu
YpO’KaitHOCTi BiAMIYEHO 3a BHECEHHs celiTpu amiayHoi B HopMax Nsy Ta Nzs. BiaMiueHo Mo3WTHBHMI BILIMB
ITiKUBJICHHST POCITUH HA TTOCIBHI SIKOCTI HACIHHS MIIICHUIN M SIKOI 03UMOI. Y KOHTPOJISIX BHXIiJl KOHAMIIHHOTO
HaciHHs ctaHoBUB 66,7-80,7 %, a y BapianTtax i3 moopuBamu — 68,9-85,3 %. [Toka3HukH eHeprii mpopOCTaHHS
Ta JTabOpaTOPHOI CXOKOCTI HACIHHS Yy BapiaHTaX i3 a30THUMH JOOpPHBaMH Malld TEHIEHIIO A0 IiABHUIEHHS.
Tak, 3a MOKa3HUKIB TaOOpaTOPHOI CXOKOCTi HACIHHA 3 BapiaHTiB 0e3 Jo0OpuB Ha piBHI 94-96 %, HaciHHA 3
BapiaHTIB i3 MiDKUBICHHIM Majio cXoxkicte 95-99 %. BucHoBKH. PaHHBOBECHSHE IIiKUBJICHHS IIICHHUII
M’sKo1 03uMOi a30THMMH noOpwBamu copuse (HOpMyBaHHIO POCIMH 3 OUTBIIMMH  €JeMEeHTaMu
MPOAYKTHBHOCTI Ta MiJBUILYE piBeHb BpoxkaiHOCTI 3epHa Ha 0,15-0,60 1/ra. Buii npupocti ypoxaiHOCTI
OTPUMAHO 33 BHECCHHs celiTpu amiauHoi B HOpMaxX NspTa Nzs. Takoxk BiIMIUCHO MO3UTUBHUIN BIUTUB ITiIKHB-
JICHHSI POCITMH Ha MOCIBHI SIKOCTI HACIHHS MIICHHMII M’ KO 03UMOI.

Knrouoei crosa: copmu, niodxcusiienHs, pieeHb 8pPONCAUHOCTI, AKICMb 3ePHA, SUXIO KOHOUYIUHO20
HACIHH, eHepeis NPOPOCMAaHH, 1a00PaAMOPHA CXONHCICID
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