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EFFECT OF DIGESTATE ON THE PRE-HARVEST GRAIN MOISTURE CONTENT OF MAIZE

V. D. Palamarchuk, M. V. Skakun
Vinnytsia National Agrarian University, 3 Soniachna St., Vinnytsia, 21008, Ukraine

Topicality. Maize was and remains one of the main fodder-grain crops, the increase in yields of which
is possible primarily due to optimisation of plant nutrition through the application of fertilisers.
Purpose. To determine the effect of digestate application and annual climatic conditions on the pre-harvest
grain moisture content of maize hybrids of different maturity groups. Methods. Field, laboratory, and com-
bined laboratory-field methods were used in the research. The study was conducted under the conditions of
Organic-D LLC in cooperation with the Department of Crop Production and Horticulture of Vinnytsia
National Agrarian University during 2023-2024. The experiments involved maize hybrids of different ma-
turity groups: mid-early — Amaroc (FAO 230), R8754 (FAO 240), Bigbit (FAO 290), Bohatyr (FAO 290);
mid-ripening — KWS 381 (FAO 350), KWS Inteligens (FAO 380); and mid-late — DN Anshlah (FAO 420),
R0217 (FAO 460). Results. The digestate of biogas plants was obtained by anaerobic digestion of pig ma-
nure for 14 days. The chemical composition of the digestate obtained in this way was characterised by
slightly alkaline reaction (pH 7.5-8.2), the presence of macro- and microelements, and a positive microbio-
logical composition. As part of the fertilization system, the micronutrient fertilizer Nanovit maize was ap-
plied, which contains macronutrients such as nitrogen, phosphorus, magnesium, and sulfur, micronutrients
such as zinc and copper, and a biologically active complex Nanoactiv. We found that the level of pre-harvest
moisture content depended on the climatic conditions of the year. In particular, on average in the experi-
ment, the pre-harvest moisture content of grain was 26.05 % in 2023, and it decreased by 6.06 % and reached
19.9 % in 2024 due to a prolonged dry period. The highest grain moisture content was 27—-27.03 % in mid-
late maize hybrids (FAO 420-460), while it was 8.93-9.22 % lower in the group of mid-early hybrids (FAO
230-240) and averaged 17.78-18.10 % over the two years of the experiment. The highest grain moisture
content was found in the experimental variant, which included the introduction of digestate into the basal
fertilisation (60 t/ha) + pre-sowing fertilisation (60 t/ha) + foliar feeding (60 t/ha), for Amaroc variety
(FAO 230) — 18.80 %, R8754 (FAO 240) — 20.05 %, Bigbit (FAO 290) — 24.40 %, Bohatyr (FAO 290) —
25.15 %, KWS 381 (FAO 350) — 26.25 %, KWS Inteligens (FAO 380) — 27.30 %, DN Anshlah (FAO 420) —
28.15 % and R0217 (FAO 460) — 28.90 %. Conclusions. Grain moisture content was closely related to the
maturity group of the studied maize hybrids, so an increase in pre-harvest grain moisture content was asso-
ciated with an increase in the length of the growing season. Climatic conditions in the years of research
(2023-2024) had a significant effect on the pre-harvest grain moisture content across all hybrids. Fertilizer
application contributed to an increase in grain moisture content in the tested maize hybrids. However, high-
er grain moisture content requires additional costs for post-harvest drying.
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Introduction. Pre-harvest grain moisture
content plays an important role in the cost struc-
ture of maize cultivation technologies. In partic-
ular, harvesting is carried out at a grain moisture
content of 30-40 %, while long-term storage of
grain is only possible when the moisture content
is reduced to 14 %. Thus, high pre-harvest
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moisture content of grain is a source of addi-
tional costs for drying the product to the re-
quired condition. In the overall structure of
maize cultivation costs, grain drying can ac-
count for up to 40 %.

A relevant issue for the crop production
industry is the development of technological
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solutions that would ensure the realization of the
high genetic potential of maize yield while re-
ducing grain moisture content at harvest time. In
this context, particular attention should be paid
selecting hybrids of the appropriate maturity
group, allows us to assess the economic effi-
ciency of these technological elements. Such
studies are particularly relevant in the context of
rising mineral fertiliser prices and limited
availability of traditional organic resources.

Maize remains one of the main grain
crops in Ukraine, this being confirmed by con-
sistently high cultivation areas: 3.895 million
hectares in 2024 and 4.325 million hectares in
2022. For maize for silage, the average annual
area sown was about 195,000 hectares over the
last three years [1].

One of the factors affecting the efficiency
of maize cultivation is the moisture content in
the grain at the harvesting time. The high mois-
ture content, which can reach 35-40 %, requires
artificial drying, which significantly increases
the cost of production. In some cases, up to 60—
70 % of the total fuel consumption is spent on
drying the grain, requiring 40-60 kg per 1 tonne
of cobs and 30-35 kg per 1 tonne of grain [2-4].

Another important factor is the maturity
group of maize hybrids, as the extension of the
growing season leads to increased grain mois-
ture content at harvest time, which in turn leads
to higher drying costs [4, 7, 8].

The importance of the maturity group of
hybrids in the formation of the pre-harvest
moisture content of maize grain is indicated in
the studies by R. A. Vozhegova and Ya. V. Be-
lov [9, 10]. They note that new maize hybrids
with FAO 200-500 are characterised by grain
yields of 12-14 t/ha at a moisture content of 12—
14 %, facilitate harvesting with minimal costs for
additional drying, and ensure their implementation
in energyefficient technological schemes.

The rate of moisture loss and grain mois-
ture content in maize hybrids largely depend on
genetic characteristics, which can be enhanced
by the interaction of the genotype with external
environmental conditions, in particular, depen-
ding on the response of a specific hybrid to
temperature conditions and precipitation during
the grain ripening period [11].

The moisture content of grain during
harvesting, as well as grain yield, is key criteria
for the effectiveness of maize cultivation tech-

98 3epnosi kynomypu. Tom 9. Ne 1. 2025. C. 97-103

to the plant fertilisation system as one of the key
elements of the technology.

Studying the effect of providing maize
with nutrients by applying digestate, as well as
nology [6].

Different levels of grain moisture content
during ripening and storage affect the rate of
biochemical reactions and the intensity of maize
grain respiration. Depending on the moisture
content and duration of aerobic respiration, the
loss of organic reserves in the grain can exceed
20 %. During storage, moist grain undergoes
self-heating already from the first days, and on
the third or fourth day grain can sprout and be
affected by various pathogens (common smut,
Fusarium blight, mould, bacterial disease), the
harmfulness of which, at the same time, increas-
es significantly [6].

One effective way to increase maize
yields is the application of fertilisers, such as
digestate produced at biogas plants. This bio-
organic fertiliser is quickly absorbed by crops,
contains a wide range of macro- and microele-
ments, has a neutral or slightly alkaline reaction,
and contains no weed seeds or harmful microor-
ganisms [12].

Opinions of scientists regarding the im-
pact of fertilisation methods on pre-harvest
moisture content of maize grain are not unani-
mous. Some researchers [13] indicate that mine-
ral nutrition does not significantly affect pre-
harvest moisture content of maize grain. Others,
on the contrary, note an increase in the pre-
harvest moisture content of grain, which is as-
sociated with improved plant nutrition condi-
tions due to the application of mineral and organic
fertilisers [5, 6]. In particular, R. A. Vozhegova
and Ya. V. Belov [14] point out that the applica-
tion of nitrogen and phosphorus fertilisers leads
to an increase in the harvest moisture content of
maize grain by 0.9— 3.4 percentage points, i.e.
to 14.0-16.4 %, compared to the control —
12.6 %. In other words, the application of nitro-
gen and phosphorus fertilisers ensures an in-
crease in the linear dimensions of plants, above-
ground mass and leaf area of maize plants [9, 10].

The research was aimed at establishing the
effect of digestate application and climatic con-
ditions of the year on the pre-harvest moisture
content of grain in the studied maize hybrids of
different maturity groups.

Materials and Methods. The research
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was conducted by the Department of Plant Pro-
duction and Horticulture of Vinnytsia National
Agrarian University at the Organic-D LLC fa-
cility in 2023-2024. Geographically, this is the
central part of the Right-Bank Forest-Steppe of
Ukraine.

In order to determine the effect of digests
on the pre-harvest moisture content of grain, we
used maize hybrids of different maturity groups
for the study: mid-early varieties Amaroc (FAO
230), R8754 (FAO 240), Bighit (FAO 290),
Bohatyr (FAO 290), mid-ripening varieties —
KWS 381 (FAO 350), KWS Intelegens (FAO
380), mid-late varieties — DN Anshlah (FAO
420), R0217 (FAO 460).

Digestate was obtained from biogas plants
by anaerobic fermentation of pig manure for 14
days. In terms of chemical composition, the di-
gestate obtained in this way had a slightly alka-
line reaction (pH 7.5-8.2), macroelements (ni-
trogen, phosphorus, potassium, calcium, sul-
phur) and microelements (zinc, iron, copper,

molybdenum, boron, etc.), and a positive mic-
robiological composition. The fertilisation sys-
tem involved applying digestate at different ti-
mes (basic, pre-sowing fertilisation and top
dressing) at a rate of 60 t/ha and applying a
compound mineral fertiliser, nitroammophoska,
at a rate of NgoPgoKgp IN combination with the
microfertiliser Nanovit for maize — 1.5 I/ha for
feeding during the 57 leaf stage of maize.

The fertilisation system included the ap-
plication of microfertiliser Nanovit for maize,
which contains the following microelements:
nitrogen, phosphorus, magnesium, sulphur, zinc,
copper, and the biologically active complex
NANOACTIV. In addition, this microfertiliser
contains 15 L-amino acids (lysine, glycine, ala-
nine, methionine, proline, cystine, valine, tryp-
tophan, isoleucine, leucine, lenylalanine, gluta-
mine, tyrosine, histidine, and glutamic acid),
phytohormones, monosaccharides and organic
acids (Table 1).

In addition, microfertiliser Nanovit for

Table 1. Chemical composition of microfertiliser Nanovit for maize*”

g c 13138 2 .| g | 8
2 S| | =S| 8| | 3| =@ 2] ~| 38| = S | =
T < e E Q| 2 LT @ N & S £ 5—‘5
2 = = S 5 5 5 £ 3 | T | o | & 5 S
3 s 2|2 | £ | 8| 8|2|8|£|€/§8| 5|8
= 5| 2| 5| 3|2 8|8 s Nl <35 2| 5
5 — o 2 N g @) o o
Content, g/l | 39.9 | 79.8 | 13.3 | 39.9 | 5.32 | 9.31 | 1.33 | 2.66 | 33.25| 35.5 | 8.4 |0.0050| 0.046

Note: * according to data from the manufacturer Agrovit Group.

maize contains a polysaccharide adhesive. Ap-
plication of microfertiliser Nanovit for maize was
carried out at a rate of 1.5 I/ha in the 5-7 leaf sta-
ge of maize, using a backpack sprayer with a
working fluid consumption rate of 51/100 m2.

The soil of the experimental plot is grey
forest soil with a light loamy mechanical com-
position, with agrochemical indicators typical
for this type of soil.

The climatic conditions during the years
of research differed significantly. Thus, in 2023,
conditions were more favorable for the for-
mation of the yield of the studied maize hybrids
in terms of temperature regime and precipitation
during the growing season. In 2024, there was a
prolonged dry period and temperatures rose to
4244 °C, which had a negative impact on the
productivity of maize hybrids.

The maize cultivation technology is gene-
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rally accepted for this area, with the exception
of the elements that were studied. Three to four
repetitions of the experiment were used for the
studied maize hybrids. The plots were arranged
using the randomised block method. The area of
the registration plot was 10.5 m? and the total
plot area was 25 m?.

Soybeans were the predecessor in the ex-
periment. After harvesting the previous crop,
the main soil cultivation system included stub-
ble cultivation with heavy disc harrows BDT-7
and subsequent ploughing with PLN-3-35
plough.

The crop maintenance system included the
application of the soil-applied herbicide Harness
at a rate of 3 I/ha and the post-emergence herbi-
cide Milagro (active ingredient — nicosulfuron)
in combination with the adhesive Trend in the
5-7 leaf stage of maize at a rate of 1.25 I/hato
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control annual and perennial grasses and dicoty-
ledonous weeds.

The physical and mechanical properties of
grain, such as linear dimensions, grain moisture
content and 1000-grain weight, were determined
using standard methods [15, 16].

Results and Discussion. Based on the re-

sults of the research, a correlation between the
application of different fertiliser options, ma-
turity groups, genetic characteristics of hybrids,
and the pre-harvest moisture content of maize
grain was found (Table 2).

It was found that the pre-harvest moisture
content depended on the climatic conditions of

Table 2. Pre-harvest grain moisture content of maize hybrids
depending on fertilisation method, % (for 2023-2024)

Hvbrid Eertilisati thod Pre-harvest grain moisture content, %
I ertiisation metho —
y 2023 2024 szegggepgéf 2023
1 2 3 4 5
1 (K) 18.2 14.9 16.55+2.33
2 19.1 185 18.800.42
3 18.9 17.2 18.05+1.20
Amaroc (FAQ 230) 4 19.7 175 18.60+1.56
5 18.4 15.7 17.05+1.91
6 18.9 16.4 17.65+1.77
1 (K) 17.7 13.0 15.35+3.32
2 21.4 18.7 20.05+1.91
3 19.4 16.0 17.70+2.40
R8754 (FAO 240) 4 20.3 17.1 18.70+2.26
5 19.3 17.5 18.40+1.27
6 19.9 16.9 18.40+2.12
1 (K) 22.6 20.7 21.65+1.34
2 27.7 21.1 24.40+4.67
. 3 23.6 20.9 22.25+1.91
Bigbit (FAO 290) 4 26.9 225 247043 .11
5 23.1 21.3 22.20+1.27
6 24.7 215 23.10+2.26
1(K) 20.3 19.9 20.10+0.28
2 26.0 24.3 25.15+1.20
3 235 20.8 22.15+1.91
Bohatyr (FAO 290) 4 254 21.6 23.5042.69
5 23.4 22.3 22.85+0.78
6 25.6 20.0 22.80+3.96
1 (K) 24.5 14.4 19.45+7.14
2 30.8 21.7 26.25+6.43
3 29.4 18.6 24.00+7.68
KWS 381 (FAO 350) 4 29.6 19.9 24.75+6.86
5 25.8 16.3 21.05+6.72
6 28.7 20.8 24.75+5.59
1 (K) 26.2 16.4 21.30+6.93
2 31.8 228 27.30+6.36
KWS Inteligens 3 30.4 19.9 25.15+7.42
(FAO 380) 4 30.9 24.2 27.55+4.74
5 28.9 19.1 24.00+6.93
6 29.7 20.5 25.10+6.51
1 (K) 29.6 22.9 26.25+4.74
'?'F\'AAO”Z%")“ 2 341 22.2 28.15+8 41
3 31.4 23.6 27.50+5.52
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Continuation of Table 2

1 2 3 4 5
4 32.6 24.1 28.3546.01
5 29.7 20.8 25.2546.29
6 30.9 22.4 26.6546.01
1 (K) 30.1 22.1 26.10+5.66
2 34.7 23.1 28.90+8.20
3 319 215 26.70+7.35
RO217(FAC 460) 4 32.8 235 28.1546.58
5 305 21.4 25.95+6.43
6 315 20.9 26.20+7.50

Notes: Fertilisation variations: 1 — Control (no fertiliser); 2 — Main fertilisation with digestate (60 t/ha) +
pre-sowing fertilisation with digestate (60 t/ha) + top dressing (60 t/ha); 3 — Top dressing with digestate (60 t/ha);
4 — Pre-sowing fertilisation with digestate (60 t/ha); 5 — Main fertilisation with digestate (60 t/ha); 6 — Application
of mineral fertilisers (NoyPooKoy) in combination with microfertiliser Nanovit for maize (application rate 1.5 l/ha at the

5-7 leaf stage).

the year. In particular, on average for the expe-
riment, the pre-harvest moisture content of grain
was 26.05 % in 2023, and in 2024, due to a pro-
longed dry period, it decreased by 6.06 % and
was equal to 19.9 %.

The data in Table 2 show that the moisture
content of grain in maize hybrids at harvest
time, averaged over two years of research, was
as follows: Amaroc (FAO 230) — 17.78 %,
R8754 (FAO 240) — 18.10 %, Bigbit (FAO 290) —
23.05 %, Bohatyr (FAO 290) — 22.76 %, KWS
381 (FAO 350) — 23.38%, KWS Intelegens
(FAO 380) — 25.07 %, DN Anshlah (FAO 420) —
27.03 % and R0217 (FAO 460) — 27.00 %. The
highest grain moisture content was observed in
mid-late maize hybrids with FAO 420-460 —
27.00-27.03 %, while it was 8.93-9.22 % lower
in the group of mid-early hybrids with FAO
230-240 and averaged 17.78-18.10 % over two
years. Thus, literary sources confirm that an in-
crease in the duration of the growing season
leads to an increase in grain moisture content
before harvest.

The effect of fertilisation methods on the
pre-harvest moisture content in grain of maize
hybrids was also established. In particular, the
highest grain moisture content was identified in
the fertilization variant that involved the appli-
cation of digestate in the main (60 t/ha) + pre-
sowing (60 t/ha) + top dressing (60 t/ha) re-
gimes over two years, so in Amaroc (FAO 230) —
18.80 %, R8754 (FAO 240) — 20.05 %, Bigbit
(FAO 290) — 24.40 %, Bohatyr (FAO 290) —
25.15 %, KWS 381 (FAO 350) — 26.25 %,
KWS Intelegens (FAO 380) — 27.30 %, DN An-
shlah (FAO 420) — 28.15 % and R0217 (FAO
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460) — 28.90 %, while in the control (without
fertilisers), the average pre-harvest grain mois-
ture content was 16.55%, 15.35%, 21.65%,
20.10%, 19.45%, 21.30%, 26.25% and 26.10%,
respectively.

In the variant where mineral fertilisers
NooPgoKgo Were applied in combination with the
microfertiliser Nanovit for maize, the pre-
harvest moisture content of the grains of the
studied maize hybrids also increased by 0.1-
5.3 % compared to the control.

Conclusions. The moisture content of the
grain was closely related to the maturity group
of the studied maize hybrids, i.e., an increase in
the duration of the growing season was accom-
panied by an increase in the pre-harvest mois-
ture content of the grain. The highest pre-
harvest grain moisture content was observed in
mid-late maize hybrids with FAO 420-460 —
27-27.03 %, while it was 8.93-9.22 % lower in
the group of mid-early hybrids with FAO 230-
240 and averaged 17.78-18.10 % over two
years of experiments.

Climatic conditions in 2023-2024 signifi-
cantly affected the pre-harvest moisture content
of maize hybrids. In particular, in a stressful
2024 in terms of moisture availability and tem-
perature, grain moisture content decreased by
6.06 % compared to 2023, which was more fa-
vourable in terms of these indicators.

The application of fertilisers also resulted
in an increase in the pre-harvest grain moisture
content of maize hybrids. In particular, the
highest grain moisture content was found in the
fertilisation variant, which involved the applica-
tion of digestate in the main treatment (60 t/ha) +
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pre-sowing (60 t/ha) + top dressing (60 t/ha):
Amaroc (FAO 230) — 18.80 %, R8754 (FAO
240) — 20.05 %, Bigbit (FAO 290) — 24.40 %,
Bohatyr (FAO 290) — 25.15 %, KWS 381 (FAO
350) — 26.25 %, KWS Intelegens (FAO 380) —
27.30 %, DN Anshlah (FAO 420) — 28.15 %
and R 0217 (FAO 460) — 28.90 %, while the
pre-harvest moisture content in the control
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YpPOXKaHHOCTI MOXKJIMBE, IIEPII 3 BCE, 32 PAXyHOK ONTUMI3alil >KUBJICHHS POCIIMH 32 PaXyHOK BUKOPHCTaHHS
n00puB. MeTo10 10CTiIKeHb 0YJI0 BCTAHOBUTH BIUIMB 3aCTOCYBAaHHS TUTECTATY Ta KIIMAaTHIHUX YMOB POKY
Ha piBeHb Mepen30MpalibHOI BOJIOTOCTI 3epHa TriOpuaiB Kykypya3u. Meroau. IlonboBuii, 1abopaTtopHHid,
nabopaTtopHo-TIoNboBHiA. JlocimkenHs nmpoBoaunuck npotsirom 2023-2024 pp. B ymoBax TOB «Opranik-Z»
Ha Kadenpi pPOCIMHHUIITBA Ta CAJiBHUITBA BiHHUIIPKOTO HAIIOHAIBHOTO arpapHOTO YHIBEPCHUTETY Ha
ribpumax KyKypya3H pi3HHX TPyIl CTHUIJIOCTI: cepenHbopanuboi Amapoc (PAO 230), P8754 (DAO 240),
bir6ir (®AO 290), Boratup (DPAO 290), cepenuvocturioi — KBC 381 (DPAO 350), KBC Iurenerenc
(PAO 380), cepennpomnizapoi — JIH Aunnuiar (DAO 420), P 0217 (PAO 460). PesyabraTu. [durectar 6io-
ra30BUX CTAHIIA OTPUMYBAIM NIIIXOM aHaepoOHOTo 30pOKyBaHHS CBHHSIYOTO THOIO TpoTsrom 14 mib.
3a XiMIYHHM CKJIaJI0OM, OTPUMaHUH TaKUM YHMHOM JHUIECTaT, XapaKTepPH3yBaBCs CIA0OIYKHOI0 PEaKIIEr0
(pH 7,5-8,2), HasABHICTIO Makpo-, MIKpOEJIEMEHTIB, O3UTUBHUM MiKpPOOiOJIOTIYHUM CKIIQAOM. Y cHcTeMi
yIOOpeHHs 3aCTOCOBYBAIOCS MiKpomoOprBo HaHOBIT KyKypya3a SIKe MICTHIIO Y CBOEMY CKJIAJi Taki MaKpo-
CJIEMEHTH, K a30T, ¢ocdop, MarHid, CipKy, MIKpOCIEMEHTH: IIUHK 1 Mih Ta O10JIOTIYHO-aKTUBHUH KOM-
mwieke «NANOACTIVy. Hamu BcTaHOBIIEHO, 110 piBEeHb Mepen30MpabHOI BOJOTOCTI 3ajie’kaB Bif KiliMa-
TUYHUX YMOB POKY. 30KpeMa, y CepeHbOMY 10 JOCIiy, piBeHb mepen3onpaibHoi Bomorocti 3epHa B 2023
p. ctanoBuB — 26,05 %, a y 2024 p. 32 paxyHOK TPHBAJIOTO MMOCYIILTHBOTO MEPioTy, BiH 3HU3UBCS Ha 6,06 %, 1
cknagas — 19,9 %. Haii0inpry BOJIOTICTH 3epHa BiAMIUYEHO Y CEpEAHBOII3HIX TIOpWAIB KYKypyI3u i3
DAO 420-460 — 27,00-27,03 %, Tomi sik y Tpymi cepenHbopanHix riopuais i3 ®AO 230-240 Bona Oyna Ha
8,93-9,22 % Humxu4oI0 1 cTaHOBUIA, Yy cepeHbOMY 3a aBa poku — 17,78-18,10 %. 3anexxHo Bix ynoOpeHHS
HaMBHIIMI PIBEHb BOJIOTOCTI 3¢pHa BUSBICHO Y BapiaHTi, sIKWi Tepea0adaB BHECEHHS JUIECTaTy B OCHOBHE
yaobpenss (60 1/ra) + nepeanocisae aurecratoM (60 1/ra) + mimkusnenns (60 1/ra) — Amapoc (PAO 230) —
18,80 %, P8754 (®AO 240) — 20,05 %, bir6it (PAO 290) — 24,40 %, Boratup (PAO 290) — 25,15 %, KBC
381 (PAO 350) — 26,25 %, KBC Intenerenc (PAO 380) — 27,30 %, JAH Anuutar (PAO 420) — 28,15 % Ta
P 0217 (®@AO 460) — 28,90 %. BucHoBKH. PiBeHb BOJIOTOCTI 3epHA MaB TiCHHH 3B 30K i3 TPYIOI0 CTHIJIOCTI
JOCTI/DKEHUX TiOpUIIB KYKYpyA3H — 13 30UIBIIEHHSM TPHUBAIOCTI BEreTAIlifHOTO MEpioly CIOCTepiramocs
MiIBUIICHHS Tiepea30upabHoi BoiorocTi 3epHa. KimiMatuaai ymoBu y 2023-2024 pp. mocimimkeHb iCTOTHO
BIUTMBAJIM HA PiBEHb Nepea30MpanbHOi BOJIOTOCTI 3epHa Ti0pUIiB KyKypyA3u. BHeceHHs n0OpHB MpU3BOAH-
JI0 10 3pOCTaHHS MOKAa3HUKA TepeI30MpalibHOI BOJIOTOCTI 3epHA IOCIIIKYBAHUX FiOpUIIB KyKYPYA3H.

Knwouosi cnosa: oOucecmam, eremenmu JCUBLEHHA, B0]02ICMb, KYKypyo3d, cucmema
Y00bpeHnHs, MakpoeiemMenmu, Mikpoeiemenmu
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