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Aim. To determine the speci¿ed parameters of the complex model of nitrogen-carbon circulation while using
different types of crop rotation, kinds of organic fertilizers and ways of soil cultivation in agroecosystems of
the forest-steppe zone of Ukraine. Methods. Field, laboratory, computational, mathematical and statistical.
Results. Speci¿c types of organic fertilizers affect the emission of ɋɈ2 into the lowest atmospheric layer: in
case of humus the typical emission interval is 25–85 t/ha, while in case of secondary products it is 70–160 t/
ha. The impact of the way of chernozem preparation on nitrogen-carbon circulation is manifested in the fact
that in case of subsurface tillage the carbon balance in soil was positively increasing compared to ploughing.
The interval of ɋɈ2 emission into the lowest atmospheric layer due to the mineralization of humus and organic
fertilizers with ploughing changes in a wider range compared against subsurface tillage. Conclusions. The
nitrogen-carbon interactions are impaired due to the introduction of humus and removal of secondary products
beyond the boundaries of the agroecosystem in the course of ploughing. The application of ground secondary products of crop production as organic fertilizers, wrapped up into the surface layer of chernozem during
the subsurface tillage of soil, simulates the natural course of nitrogen-carbon circulation in agroecosystems of
different types. Natural soil formation process is simulated due to the activation of photosynthetic activity of
cultivated crops with ɋɈ2 saturation in the lowest atmospheric layer, which provides for extensive restoration
of chernozem fertility in the forest-steppe zone of Ukraine.
Key words: carbon, nitrogen, ɋɈ2, subsurface tillage, deep ploughing, agroecosystem.

INTRODUCTION
The circulation of nitrogen and carbon are the
main biochemical cycles, taking place in terrestrial
eco- and agroecosystems [1–3]. Recent studies demonstrate that, on the one hand, it is common to include the carbon cycle of the ecosystem into climatic
models as an integral characteristic of a carbon cycle
– ɋɈ2 concentration in the atmosphere [4, 5]; on the
other hand, the de¿ciency of mineral forms of terrestrial nitrogen has negative effect on the development
of autotrophs both in natural systems and in agroecosystems, inÀuencing the depositing of atmospheric
carbon which enhances the consequences of global
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climate changes [2, 6, 7]. The isolation of the nitrogen cycles from the consideration of the consequences of climate changes leads to incomplete estimation
of the response of ecosystems and agroecosystems,
where mineral forms of nitrogen in soil are the limiting factor for the development of terrestrial plants in
nature [8–10] and agroecosystems [11].
There is considerable impact of the nitrogen circulation on the inverse relation between the change in the
climate characteristics and the carbon cycle: the higher
the dependence of the performance of agro- and natural
systems on the amount of assimilated nitrogen in soil,
the faster the emission of ɋɈ2 is accumulated by ter35
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restrial plant aggregations [12], thus the complex quantitative estimate of the interaction between the carbon
and nitrogen cycles has considerable impact on the
process of increasing or decreasing the carbon stocks
of terrestrial eco- and agroecosystems [13, 14]. The
interdependence and intensity of nitrogen and carbon
cycles result in changes in the content of nitrogen and
carbon in plants, detritus layer and soil organic matter
[1, 15–17] and are the foundation of the natural soil
formation in agrosystems using soil-restorative adaptive systems of soil preparation [16].

Therefore, the elaboration of a complex model of the
interaction of nitrogen circulation (using different types
of crop rotation and kinds of organic fertilizers as well
as different methods of chernozem cultivation) and
carbon circulation allows estimating carbon circulation
with expected climatic changes reliably, determining
the main regularities of the direction of nitrogen-carbon
circulation, nature and mechanisms of restoring natural
soil-formation using soil-restoring adaptive measures
in the agroecosystems of the modern climatic system
of the forest-steppe of Ukraine.

As a rule, climate warming leads to the decrease in
ɋɈ2 depositing in eco- and agroecosystems [18] which is
related to the increase in the intensity of both productive
and destructive processes: the rate of organic matter decomposition in soil is enhanced, soil breathing is intensi¿ed which results in higher dependence of the performance of different plant aggregations on soil humidity
and air temperature. In case of excessive manifestation
of the abovementioned processes, the intensity of soil
breathing starts exceeding the rate of atmospheric ɋɈ2
accumulation by plants, and eco- and agroecosystems
transform into the sources of emission of carbon dioxide
[17] and nitrous oxide [3, 19] into the atmosphere.

This work was aimed at determining the speci¿ed
parameters of the complex model of the interaction between nitrogen circulation and carbon circulation using
different types of crop rotation and alternative types of
organic fertilizers with different methods of soil cultivationas well as determining the main regularities of
the direction of nitrogen-carbon circulation, nature and
mechanisms of restoring natural soil formation using
soil-restoring adaptive measures in the agroecosystems
in the modern climatic system of the forest-steppe of
Ukraine.
MATERIALS AND METHODS

The failure to take the interaction of nitrogen and
carbon circulation in the conditions of climate warming into consideration results in the reduction of stocks
of terrestrial carbon in plant aggregations (including
agroecosystems) and in soil due to the intensi¿cation
of autotrophic breathing and the rate of the decomposition of organic matter of detritus and soil, i.e. the
carbon-climate interaction gets positive direction. The
course of the nitrogen cycle reÀects on the increase in
the terrestrial carbon content due to the increase in the
air temperature which is conditioned by the increase in
ɋɈ2 concentration in the atmosphere and the intensi¿cation of mineralization processes in soil, which results
in terrestrial accumulation of available mineral nitrogen, stimulating the performance of eco- and agroecosystems and intensifying the productivity of photosynthesis [11, 20, 21]. In case of a suf¿cient level of the
mentioned processes the need for atmospheric carbon
in plant aggregations starts exceeding the emission of
carbon in soil, while terrestrial eco- and agroecosystems get transformed into systems – accumulators of
atmospheric organic matter, i.e. the carbon-climate interaction becomes an inverse correlation model [2, 14]
which diminishes negative manifestations of the greenhouse effect of the climate changes in the forest-steppe
of Ukraine.

The study was conducted in the long-term ¿eld stationary experiment of the Cherkasy State Agricultural Experimental station on typical heavy loam, light
clay, low humus chernozem with the humus content
of 3.8–4.2 %, the content of mobile phosphorus of
12–14 mg per 100 g of soil and mobile potassium – 8–
10 mg per 100 g of soil, ɪɇQ = 6.8–7.0. The area
of the seeding bed was 162 m2, the reporting area –
100 m2, the experiment was laid down in triplicate.
The results for 35 years were rated. Two ¿ve-year crop
rotations were studied. Crop rotation 1: peas–winter
wheat–sugar beets–corn–corn. Crop rotation structure:
60 % of grain crops, 20 % grain legumes, 20 % technical crops. Crop rotation 2: perennial grass–winter
wheat–sugar beets–corn–barley with grass. Crop rotation structure: 60 % grain crops, 20 % technical crops,
20 % perennial grass. The system of fertilization: without fertilizers, single dose (one dose – N33Ɋ31Ʉ41) and
double dose (two doses í N66Ɋ62Ʉ82) of mineral fertilizers. Until 2000 the mentioned doses of mineral fertilizers were introduced on the background of 6 t/ha of
humus with the extraction of secondary products, and
in 2001–2010 humus was substituted with 6 t/ha of secondary products. The ways of soil cultivation: different
deep ploughing; subsurface tillage, surface tillage. The
calculation of carbon balance in the agroecosystems
of different types and forecast of the humus condition
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Fig. 1. The general model of nitrogen-carbon circulation in agroecosystems of short-term crop rotations for the forest-steppe
of Ukraine

of chernozem as per weight of released ɋɈ2 was performed using the following Àows:
ɋȖ – weight of ɋɈ2, released due to humus mineralization, t;
ɋɪ – weight of ɋɈ2, released due to the mineralization of secondary products, crop and root remains, t;
ɋ(Ȗ + ɪ) – total weight of ɋɈ2, released due to mineralization, t;
ɋj – weight of ɋɈ2, released via the breathing of soil
organisms, t.
The level of ensuring potential bioproductivity of
crops with ɋɈ2 resources was determined using the
balance of this resource, while the balance of organic
carbon was estimated as the difference between the
input of ɋorg to the agroecosystem and its introduction from the secondary products or pus into humus.
The expenditure item involves the removal of ɋorg
with the harvest and the weight of ɋorg of secondary
products, which passed to ɋɈ2 due to mineralization.
For clarity of calculations ɋj was taken as a constant
for all the variants. The carbon balance was calculated using the common method taking into account
the removal of nitrogen (N) by the level of the performance of crops; it was used as a basis to calculate
the balance (N) [22] in the agroecosystems of crop
rotation with further elaboration of the recommendations for the of¿cial publishing of the 6th National
Communication of Ukraine on the Issue of Climate
Change, 2012 [18].
AGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 1 2015

RESULTS AND DISCUSSION
The calculations were used to determine the speci¿ed average parameters of nitrogen-carbon circulation
for the forest-steppe zone (Fig. 1). The average removal N with the harvest (30.6 t of feed units (f.u.) per
one crop rotation or 6.12 kg/ha per year) was 596 kg
(119 kg/ha) per one crop rotation with typical interval
values of 426–718 kg. The total removal of nitrogen
from the agroecosystem is 744 kg, and the typical interval removal is 525–937 kg. The input of N due to
post-harvest, root, post-mowing remains and humus
was 478 kg on average, and 342–634 kg in the interval
measurement. The total input of N with the consideration of mineral fertilizers, nitrogen-¿xation, N of seed
material and rainfall amounted to 715 kg or 424–935
kg in the interval measurement with increasing removal. The balance of N in agroecosystems amounted to 30
kg (–6 kg/ha) and was í203…+163 kg in the interval
measurement. The intensity of N balance was 101 %,
which was 77–122 % in the interval measurement. The
interaction between nitrogen circulation and carbon
circulation was established: there is 1.12 t of negative
carbon balance per one unit of negative value of nitrogen balance. The negativity of nitrogen balance in
agroecosystems ensures the positivity of carbon balance in soil (Bɋ(s)) on the level of simple replacement
(Bɋ(s) = +0.5 t or Bɋ(s) = 0.1 t/ha, which in the interval
measurement is Bɋ(s) = í1.7…í2.9 t. On average the
intensity of N balance (ȱb) was 101 % or 77–122 %,
and ȱb (ɋagr) = 21.5–86 %; in soil ȱb (ɋsoil) = 69.5–116 %.
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While introducing humus and removing the secondary
products from the agroecosystems, the parameters of
nitrogen circulation as per the removal of yield were
decreased, compared to the average values, down to
551 kg (110 kg/ha) and the interval values were 383–
680 kg. Here the total removal of N increased up to
821 kg (164 kg/ha) and in the interval estimates it was
528–1031 kg (106–206 kg/ha). The input of N with
afterharvest and root remains decreased by 129 kg
(253.8 kg/ha) and the interval value of nitrogen input
corresponded to 300–389 kg (60–78 kg/ha).
The total input of N into the agroecosystem was 629
kg (125.8 kg/ha), which is 352–846 kg (70–169 kg/ha)
in the interval values. With humus introduction the nitrogen balance in agroecosystems was í203 kg (í41
kg/ha), which was í403…í64 kg or í80.6…í12.8 kg/
ha in the interval estimates. The intensity of N balance
was 37–91 %, or 82.1 % on average. The increase in
the de¿ciency of N balance with systematic introduction of humus is related to the increase in the de¿ciency
of carbon balance both in agroecosystems (Bɋ(ɚ)) and in
soil: Bɋ(ɚ) = í28 t (Bɋ(ɚ) = í31.5…í23.0 t, Bɋ(s) = í1.3
t, Bɋ(s) = í4.5…í1.1 t). Here ȱb of carbon in the agroecosystem and soil were on the level of 59.4í80.8 %.
With the systematic introduction of secondary products the total removal of N with the harvest compared
against the average value increased by 45 t (9 t/ha), and
as per interval estimates – by 102–93 t (20.4–18.6 t/ha).
The input of N from the secondary products increased
by 127 and 174 % against the average value and the
systematic introduction of humus, thus it amounted to
607 kg (121 kg/ha) or 425–702 kg (85–140 kg/ha). The
total input of N amounted to 802 kg which exceeded
the average value and the introduction of humus by
113 and 128 % respectively, and the interval value
amounted to 432–1052 kg or 86.4–210 kg/ha. The N
balance in agroecosystems was positive (+143 kg or
+28.6 kg/ha) which was +44...+272 kg (8.8–54.4 kg/
ha) in the interval estimate. The intensity of the balance
changed in the range of values from 112 to 130 %. In
case of applying secondary products the positivity of N
balance in the agroecosystem was accompanied with
the increase in the de¿ciency of carbon balance (Bɋ(ɚ)
= í38.8 t) and the positivity of carbon balance in soil
(Bɋ(s) = +2.3 t). Thus, ȱb in the ¿rst case was 62.1 %, and
in the second one í 110 %.

In the crop rotation with peas (Fig. 2, Table 1) using the secondary products the removal of N with the
yield increases by 120 %, and the total removal of N
from the agroecosystem decreases by 180 kg (36.0 kg/
ha) against the average value. The interval value of the
removal of N tapers with the use of the secondary products, and extends with the introduction of humus with
the typical interval range of 1.68 (Table 1). With the
use of humus the input of N with the secondary products decreases 2.02 times, which is a 3-fold decrease
by the typical interval range. The total input of N increases 1.42-fold, which is a 1.27-fold increase by the
typical range. In case of applying secondary products
the balance of N in the agroecosystem becomes positive (+97.8 kg), while in case of humus the balance of
N was negative (–345 kg), which was +32.6 and í55
kg by the typical interval range respectively. The intensity of N balance was 109 and 66.7 % respectively with
the 1.62-fold decrease of the typical range using the
secondary products. The removal of N with the yield
increased by 62 kg or by 113 % in the crop rotation
with perennial grass using the secondary products than
in case of humus introduction, while the total removal
of nitrogen decreased by 129 kg (25.8 kg/ha).
The input of N due to the secondary products in the
crop rotation with grass (Fig. 2) was 116 and 20 kg
lower compared to the crop rotation with peas in case
of humus introduction, but in the framework of the
crop rotation with the application of humus the input
of N decreased by 183 kg (36.6 kg/ha), which is a 1.58fold decrease by the typical interval range. In case of
introducing the secondary products, the total input of N
in the crop rotation with grass decreased 1.14 times and
increased 1.13 times in case of humus application compared to the crop rotation with peas, while in the crop
rotation with peas the application of secondary products ensured 1.15 times higher input of N compared to
humus application.
In the ¿rst case the balance of N was +189 kg (37.8
kg/ha), and in the second one it was –61.4 kg (–12.3kg/
ha). Thus, in case of applying the secondary products ȱb
was 1.34 times higher.

Due to the mineralization processes on average 101 t
ɋɈ2 were released into the atmosphere per one crop rotation, while in case of humus introduction it was 2.43 times
less, and it was 1.42 times less against the average value.

The positivity of N balance in case of applying the
secondary products does not ensure the positivity of
the balance of organic carbon (–38.8 t) in the agroecosystems of crop rotations with peas and grass, whereas
the negative balance of carbon was formed in the mentioned crop rotations with the humus introduction and
it was 1.30–1.5 times less de¿cient. However, in case
of applying the secondary products the positivity of N
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Fig. 2. The general model of nitrogen-carbon circulation in agroecosystems of crop rotations for the forest-steppe of Ukraine:
Ⱥ í crop rotation with grass; B – crop rotation with peas
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balance affected the balance of organic carbon in soil
(+2.0…í2.7 t or +0.40…í0.54 t/ha) in the crop rotation with peas and perennial grass. With the humus
introduction the negativity of N balance determined the
negativity of carbon balance in soil; í3.12 t (í0.63 t/ha)
in the crop rotation with peas and í0.93 t (í0.06 t/ha)
in the crop rotation with perennial grass. Here ȱb of carbon in the agroecosystems of crop rotations regardless
of the kind of organic fertilizers amounted to 56.6í62.2
%, and ȱb of carbon balance in soil for the application
of the secondary products in the crop rotation with peas
was 114.2 %, and in the crop rotation with perennial
grass – 107.6 %. In case of humus introduction in the
former case ȱb = 59.4 %, and in the latter – 102.6 %,
which testi¿es to the ef¿ciency of applying humus and
secondary products speci¿cally with the saturation of
crop rotations with perennial grass.

yield is 645 kg; with subsurface tillage (20–25 cm)–
628 kg, and with surface tillage (10–12 cm) – 457 kg.
According to the typical interval range the removal of
N was more stable with the subsurface tillage, whereas
in case of deep ploughing and surface tillage the removal of N was 1.24 and 1.23 times higher (Table 2).
The total removal of N from the agroecosystem was
the highest in case of ploughing (813 kg), while it was
17 and 252 kg or 3.4 and 50.4 kg/ha less for subsurface
tillage and surface tillage, respectively. The introduction of N with the secondary products was the same for
deep ploughing and subsurface tillage (488 kg) and it
was 38 kg lower for surface tillage. The total introduction of N into the agroecosystem for deep deep ploughing was 717–742 kg (143–148 kg/ha), and it decreased
by 105 and 80 kg respectively for surface tillage. The
balance of N for ploughing and subsurface tillage was
negative: í68.4 and í80.4 kg, whereas it proved to be
positive for surface tillage – +103 kg (+20.6 kg/ha).

The calculations demonstrate that alongside with the
effect of the kind of organic fertilizers and type of crop
rotation the kind of soil preparation has its impact on
the circulation of N (Fig. 3, Table 2). Thus, with the
systematic deep ploughing the removal of N with the

The balance intensity for deep ploughing was 94.1í
94.6 %, and for surface tillage – 122 %. The intensity
of carbon balance in the agroecosystem and soil was

Table 1. The impact of a crop rotation and a kind of organic fertilizers on the speci¿ed parameters of nitrogen-carbon circulation in the agroecosystems of the forest-steppe of Ukraine
Crop rotation with peas
Parameter
of circulation

Yield of feed units, t
Nitrogen removal with
the yield, kg
Total removal of nitrogen, kg
Input of N, kg:
secondary products
N in the agroecosystem, kg
Nitrogen balance, kg (±)
ȱb in the agroecosystem, %
Balance of ɋorg of
the agroecosystem, t
Balance of ɋorg of soil, t
ȱb of ɋorg of the agroecosystem, %
ȱb of ɋorg of soil, %
ɋorg (ɋɈ2), t

Humus,
6 t/ha

Crop rotation with grass

Secondary products,
6 t/ha

Humus,
6 t/ha

Secondary products,
6 t/ha

Xaver

Interval

Xaver

Interval

Xaver

Interval

Xaver

Interval

29.0
601

24.8í33.3
501–721

33.0
718

25.3–41.0
551–895

29.3
502

25.8–32.4
356–644

30.7
564

27.8–35.3
370–718

92.5

634–1204

745

563–921

717

450–981

588

384–749

330
591

265–389
291–824

665
837

473–849
505–1096

366
667

314–387
387–875

549
767

379–669
441–1038

í345
66.5

í535…í215
47.0–76.0

+97.8
109

í64í188
89–124

í61.4
97.0

í176…í406
79.0–95.5

189
130

55.5–305
115–137

í25.8 í29.0…í22.5 í38.7 í38.0…í25.0 í30.2 í33.5…í23.8 í38.8 í46.3…í33.0
í3.12 í5.88…í3.31
14.0–92.0
62.2
59.4
30.8

54.0–65.0
26.0–35.0

+2.7
62.0

+0.9…+4.0
26.0–85.0

114.2
111

109–129
77.0–142

–0.93 –0.63…–1.62
18.5-85.0
56.6
102.2
52.3

94.5–112.5
42.6–58.9

2.00
62.2

0.4–2.7
23.0–85.5

107.6
91.5

103–117
86.0–102

Note. ɏaver í average value.
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Fig. 3. The general model of nitrogen-carbon circulation in agroecosystems of crop rotations for the forest-steppe of Ukraine:
Ⱥ – deep ploughing; B – subsurface tillage
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under 100 % regardless of the way of soil cultivation:
55.3í62.7 % for carbon in the agroecosystems and
93.5í98.2 % for carbon in soil. Here ɋɈ2 emission
due to the mineralization of the organic matter demonstrates a stable tendency towards the decrease, caused
by ploughing (ɋɈ2 – 77.5 t or 15.5 t/ha), compared to
subsurface tillage (67.9í68.5 t or 13.5 t/ha) and 60.2 t
(12.4 t/ha) for surface tillage. There was an ambiguous
effect of the way of soil cultivation on the amount of
NɈ2 emission: 21í23 kg (4.2í4.6 t/ha).
The estimates demonstrated (Table 3) that the kind
of organic fertilizers affects the correlation level between the yield of feed units and the components of
the nitrogen balance. In case of humus introduction
there was a direct correlative relationship between the
performance of crop rotations, the total removal of
nitrogen, its input from the secondary products and
the total input of N: R = 0.69 ± 0.02; R = 0.57 ± 0.03,
R = 0.87 ± 0.02 and R = 0.82 ± 0.02 respectively,
whereas in case of introducing the secondary products the relationship enhanced up to the level of direct strong correlation: R = (0.82í0.88) ± 0.03. Here
with the increase in the performance of crop rotations
using humus introduction the balance of organic carbon in the soil was negative, whereas in case of introducing the secondary products it was positive in the
whole interval of the typed performance. In the latter
case one unit of performance increase had 2.1 times
smaller amount of the removal of total nitrogen, and

the input of nitrogen from the secondary products was
2.13 times higher than in case of humus application.
In case of humus introduction the relationship between ɋɈ2 emissions due to mineralization and the
input of nitrogen corresponded to the level of weak
correlation (R = 0.28í0.30 ± 0.05), whereas in case of
introducing the secondary products it was on the level
of direct strong correlative dependence (R = 0.79í
0.85 ± 0.02), while the unit of ɋɈ2 released from the
mineralization of the secondary products had 5.59 and
8.44 kg/ha of N of secondary products and nitrogen of
general input.
In case of applying the secondary products the balance of ɋorg in soil was positive in the typed interval
of CɈ2 emission, whereas with the humus introduction
the positivity of carbon balance was accompanied with
the de¿ciency of nitrogen balance in the typed interval
of ɋɈ2 emission due to mineralization. Direct correlation was established between the performance of a crop
rotation with peas, the total removal of nitrogen, the
introduction of nitrogen from the secondary products,
total nitrogen introduction and the nitrogen removal on
the level of R = 0.57 ± 0.03, with nitrogen input í on
the level of R = (0.79í0.91) ± 0.03. In a crop rotation
with grass the relationship between the performance
and components of nitrogen balance weakens down to
the average level by the removal and input of nitrogen
from the secondary products R = (0.58í0.61) ± 0.03,

Table 2. The impact of the ways of soil preparation on the speci¿ed parameters of nitrogen-carbon circulation in the agroecosystems of the forest-steppe of Ukraine
The way of soil cultivation
Parameter
of circulation

Yield of feed units, t
Nitrogen removal with the yield, kg
Total removal of nitrogen, kg
Input of N, kg:
secondary products
N in the agroecosystem, kg
Nitrogen balance, kg (±)
ȱb in the agroecosystem, %
Balance of ɋorg of the agroecosystem, t
Balance of ɋorg of soil, t
ȱb of ɋorg of the agroecosystem, %
ȱb of ɋorg of soil, %
ɋorg (ɋɈ2), t
42

Deep ploughing

Subsurface tillage

Surface tillage

Xaver

Interval

Xaver

Interval

Xaver

Interval

31.7
645
813

27.4í34.2
646–732
593–1005

31.0
628
796

27.0–34.6
514–723
650–979

28.1
47.5
561

23.5–31.6
371–518
452–648

488
742
–68.0
94.6
–39.8
–0.75
62.7
93.9
77.5

339–638
461–966
í215…+115
77.5–117
–42.1…–26.9
–3.7…+1.2
21.5–87.5
71.0–110
41.5–103

488
717
–80.4
94.1
–29.5
1.4
55.3
97.3
67.9

340–657
452–907
–245…+149
71.0–122
–34.1…–22.1
–0.5…+3.8
21.0–85.0
69.0–127
35.0–69.9

450
637
103
122
–27.3
0.7
57.8
93.6
60.2

371–525
376–966
–93.0…+334
83.0–102
–33.0…–22.0
–0.6…+2.8
22.0–84.0
59.0–116
33.0–86.0
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and there is an established direct strong correlation between the total input of nitrogen and performance of
crops (R = (0.73í0.83) ± 0.02); this dependence weakens to the weak level with the nitrogen balance (R =
= (0.82í0.87) ± 0.03). The same amount of nitrogen

is accounted for by the unit of increasing the crop performance in the crop rotations regardless of the way of
soil preparation. In both cases the balance of ɋorg in soil
was positive, and the balance of ɋorg in agroecosystems
got impaired and, thus, de¿cient.

Table 3. The values of correlation coef¿cients and regression coef¿cients of linear equations of nitrogen-carbon circulation
depending on the components of the cultivation system in the agroecosystems of the forest-steppe of Ukraine
Type of crop rotation, kind of
organic fertilizers, way
of soil preparation

N balance, kg
Total
removal from
the agroecosystem

Entered the agroecosystem
with secondary products

Yield of feed units in a crop rotation, t
Introduction of 6 t/ha of secondary products
Crop rotation with peas
0.85/12.9*
0.88/48.4
Crop rotation with perennial grass
0.37/7.90
0.86/53.6
Introduction of 6 t/ha of humus
Crop rotation with peas
0.94/24.5
0.94/37.4
Crop rotation with perennial grass
0.29/2.60
0.26/4.80
ɋɈ2 emission in a crop rotation, t
Introduction of 6 t/ha of secondary products
Crop rotation with peas
0.78/10.7
0.79/40.7
Crop rotation with perennial grass
0.03/0.21
0.13/2.91
Introduction of 6 t/ha of humus
0.91/5.55
0.93/8.80
Crop rotation with peas
Crop rotation with perennial grass
0.66/5.59
0.62/10.6
Yield of feed units in a crop rotation, t
Ploughing for 22–25 cm
0.73/23.2
0.83/40.7
Subsurface tillage for 22–25 cm
0.75/22.0
0.81/39.5
Surface tillage for 10–12 cm
0.72/18.7
0.79/22.4
ɋɈ2 emission in a crop rotation, t
0.59/4.65
0.87/4.48
Ploughing for 22–25 cm
0.53/4.26
0.85/4.08
Subsurface tillage for 22–25 cm
0.52/4.90
0.76/3.61
Surface tillage for 10–12 cm
Yield of feed units in a crop rotation, t (general model)
Crop rotation with peas
0.57/21.8
0.79/26.9
Crop rotation with perennial grass
0.61/28.5
0.58/16.6
ɋɈ2 emission in a crop rotation, t (general model)
Crop rotation with peas
–0.04/–0.19
0.94/4.53
Crop rotation with perennial grass
0.03/0.34
0.71/4.35

6 t/ha of humus
6 t/ha of secondary products
6 t/ha of humus
6 t/ha of secondary products

Yield of feed units in a crop rotation, t (general model)
0.69/47.1
0.57/10.7
0.82/23.2
0.88/22.7
ɋɈ2 emission in a crop rotation, t (general model)
0.28/1.61
0.30/5.56
0.85/5.59
0.79/8.44

total

í0.01/í0.33
0.13/5.9
0.77/15.3
–0.06/–0.56

–0.17/–8.93
–0.11/–1.82
0.83/3.88
0.35/2.78
0.32/14.8
0.37/17.8
0.82/46.6
0.66/4.94
0.58/4.55
0.32/2.60
0.91/42.2
0.74/39.1
0.72/4.7
0.39/4.36

0.87/51.2
0.82/35.1
0.48/6.51
0.48/2.64

*Correlation coef¿cients (R)/regression coef¿cients (b) in linear equations of dependencies between the parameters.
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The estimation of the effect of the way of soil preparation on the relationship between the crop performance in the agroecosystems of short-time rotations
and the components of nitrogen balance demonstrates
that regardless of the way of soil cultivation there
are relationships between the total removal and input
of nitrogen from the secondary products on the level
of direct strong correlation (R = (0.73í0.83) ± 0.02),
whereas the dependence on the total removal of nitrogen weakens down to the weak correlative relationship
(R = (0.32í0.37) ± 0.02).
The direct strong correlation (R = (0.85í0.87) ±
± 0.03) was established between nitrogen input from
the secondary products and the amount of ɋɈ2 regardless of the way of soil cultivation, and with the total input of nitrogen and its balance the relationship weakens
down to R = (0.55í0.65) ± 0.03, which testi¿es to the
decrease in the effect of the ways of chernozem preparation on the relationships between the components of
nitrogen-carbon cycle in the agroecosystems of different crop rotations. The types of organic fertilizers as
well as a crop rotation have the greatest effect on the
nitrogen-carbon circulation, while the way of soil cultivation is a subordinate factor in the agroecosystems.
The production of CɈ2 depending on the type of a crop
rotation is related to the total input of nitrogen (R =
(0.71í0.94) ± 0.03), and the balance of nitrogen in the
crop rotation with peas correlates with the performance
on the level of a direct strong correlation (R = 0.72 ±
0.03), whereas this relationship weakens in the crop rotation with grass (R = 0.45 ± 0.03).
The determination of the effect of the crop rotation
factor on the balance of ɋorg in soil demonstrates that
the crop rotation with grass has the positivity of the balance in the typed interval of ɋɈ2 emission; there was an
increasing tendency of the balance of ɋorg in the crop
rotation with peas, and the positivity of the balance of
ɋorg in soil is achieved due to the maximal input of nitrogen from the secondary products and the total input,
which simultaneously decreases the de¿ciency of ɋorg
of the agroecosystem down to í30 t/ha. There is an increase in the de¿ciency of ɋorg balance in the agroecosystem due to the removal of the weight of perennial
grass in the crop rotation with grass.

± 0.02). The regression coef¿cients in the linear equations decreased 1.21–1.79 times between the total removal and input of nitrogen, and increased 3.15 times
with the total input. The amount of ɋɈ2 released due
to the mineralization with the surface tillage correlates
with the components of the nitrogen balance in the
way, similar to that of deep ploughing, but according to
the regression coef¿cients of the dependence equations
one unit of ɋɈ2 emission is accounted for by a 1.25
times smaller amount of nitrogen from the secondary
products and a 1.9 times smaller change in the nitrogen
balance. The regression coef¿cients were similar in the
values in the regression equations of the dependence of
crop rotation performance and ɋɈ2 emissions on the
components of nitrogen balance, which testi¿es to the
uniformity of the impact of the way of soil cultivation
in the mentioned processes of biogenic element circulation. In case of systematic surface tillage the yield of
feed units per 1 ha in the agroecosystems of crop rotations (similar to deep ploughing) is related to the total
removal and input of nitrogen via strong direct correlation (R = (0.72í0.79) ± 0.02). Contrary to deep ploughing the level of a correlative relationship between the
performance and the total removal of N increased up to
the strong direct correlation.
The use of secondary products as organic fertilizers
with the localization of the former at the subsurface and
systematic surface tillage simulates natural circulation
of the organic carbon in agroecosystems, which in the
long run promotes the restoration of the resources of
ɋorg both in the agroecosystem and in soil, bringing
its content closer to the natural status [19, 23]. It was
also demonstrated in the works [19, 23] that the total
emission of ɋɈ2 decreases in the following order: wild
land–fallow–tillage. In spring and summer the emission of ɋɈ2 on the wild land exceeds the emission of
carbon dioxide for tillage 10–23 times, also in spring
the emission of ɋɈ2 is 10–25 times higher than in autumn with the maintenance of wild land and fallow and
4–5 times higher – in case of systematic tillage in the
long run.

The amount of ɋɈ2 released from the mineralization
of the organic matter is a direct function of the input from
the secondary products (R = (0.85í0.87) ± 0.02), while
the relationship with the total input of nitrogen to the
agroecosystem and the balance of N weakens to the direct correlation of the medium level (R = (0.53í0.66) ±

The interaction between carbon and nitrogen circulation in the agroecosystems has a considerable impact
on the content of nitrogen and carbon in the cultivated
crops, detritus and organic matter of soil, and the intensity of nitrogen and carbon circulation is determined
by the C to N ratio both in soil and agroecosystems
in general [18]. The use of different types of organic
fertilizers tells both on the removal of nitrogen and carbon. With humus introduction the removal of nitrogen
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beyond the boundaries of agroecosystems exceeds its
input by 154 kg, whereas, vice versa, in case of applying the secondary products the input of nitrogen into
the agroecosystem exceeds its removal by 145 kg due
to the input of nitrogen from the secondary products,
which increases 1.75 times with humus introduction.
Thus, the removal of ɋorg with the introduction of the
secondary products increases by 7.6 t, and the input of
ɋorg increases 2.1 times compared to the application of
humus (Table 4).
Regardless of the kind of organic fertilizers, the
amount of nitrogen from 1424 to 1468 kg is involved
in the agroecosystems of crop rotations with the increase in case of introducing secondary products, and
in the latter case there is 1.48 times more carbon than
for humus introduction. The C to N ratio for the total removal using the secondary products was 97 to 1
against 45 to 1 on average with humus introduction,
and by the articles of input the C to N ratio was 53
to 1 and 28 to 1. In the general circulation it was 54
to 1 and 37 to 1, respectively. The impact of the type
of crop rotation on the C to N ratio has some speci¿cities: the total removal of nitrogen was 1.19 times
higher in the crop rotation with peas compared to the
crop rotation with grass. The input of nitrogen from
the secondary products was 1.1 times higher; the total
input – 1.05 times higher, and the amount of nitrogen

in the total circulation – 1.15 times higher compared
to the crop rotation with grass.
In the crop rotation with peas the removal of ɋorg
from the agroecosystems, regardless of their type, was
36.0í39.0 t, and the input of ɋorg was 1.23 times higher
though the total amount of ɋorg in the agroecosystems
with peas and grass was in the range of 59.4í60.8 t. The
C to N ratio in terms of removal from the crop rotation
with grass was 1.53 times higher. The input of nitrogen
and carbon was registered in the range of 39.5–41.7
t regardless of the type of agroecosystem, though the
volume of the total circulation of C and N in the crop
rotation with grass was 1.24 times higher compared to
the crop rotation with peas. The impact of the way of
soil cultivation on the circulation of N was manifested
in the fact that with subsurface/surface tillage the total
removal, input and volume of N in the agroecosystems
decreased 1.05, 1.03 and 1.09 times respectively, while
the input and total amount of ɋorg had a stable tendency
towards decreasing 1.14, 1.12 times. It affected the C
to N ratio, the value of which for subsurface/surface tillage decreased 1.05, 1.08 times against tillage, respectively, compared to the application of humus and straw
with tillage, which testi¿es to the decrease in the intensity of C and N circulation with surface tillage both in
soil and agroecosystem in general. A higher amount of
reliable correlative inverse relationships between the C

Table 4. The ratio of carbon and nitrogen in agroecosystems of different types using different types of organic fertilizers and
ways of chernozem preparation
Parameter
of circulation

ɋorg (removal) to N (removal)
ɋorg (input) to N (input)
ɋorg (agroecosystem) to N (agroecosystem)

ɋorg (removal) to N (removal)
ɋorg (input) to N (input)
ɋorg (agroecosystem) to N (agroecosystem)

ɋorg (removal) to N (removal)
ɋorg (input) to N (input)
ɋorg (agroecosystem) to N (agroecosystem)

Xaver*

Interval *

Types of organic fertilizers
Humus, 6 t/ha
44.7
34.0–49.0
28.0
17.5–39.5
36.9
27.5–40.5
Crop rotation with
Peas
44.3
34.0–53.5
41.7
18.0–58.5
40.6
27.5–52.5
The way of soil cultivation
Ploughing for 22–25 cm
41.0–56.5
57.7
33.5–54.0
42.4
35.5–54.0
47.7

Xaver*

Interval *

Secondary products**
67.4
52.0–75.0
53.2
37.0–64.0
54.2
38.0–57.0
Grass
67.8
39.5
50.5

45.0–76.5
28.5–44.5
34.5–63.5

Subsurface for 22–25 cm
41.0–60.0
55.1
23.5–57.0
39.0
32.5–53.5
44.3

*ɋorg, t per 1 kg of N, **7 t/ha of secondary products.
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to N ratio of the abovementioned articles of nitrogen
and carbon articles was revealed using different kinds
of organic fertilizers: R = (í0.55…í0.81) ± 0.02 for
humus introduction and R = (í0.56…í0.73) ± 0.02 for
the introduction of secondary products.
For different ways of soil cultivation the level of correlative relationships decreased down to a weak inverse
correlation with the removal and input of nitrogen with
tillage, and there was a considerable strengthening of
the correlative relationship between the removal and
total circulation of C and N as well as their ratio: R =
(í0.65…í0.73) ± 0.02. In case of surface tillage the
inverse reliable correlative relationships were revealed
relative to the total circulation of C and N and their
ratio, and the strengthening of the relationship to the
values of the medium level – relative to the total removal of nitrogen. In the crop rotation with peas the
relationships between the mentioned parameters of the
nitrogen-carbon circulation were on the level of a weak
inverse correlation, and in the crop rotation with grass
they approximated the level of values of R = (í0.55…
í0.77) ± 0.02. The emission of ɋɈ2 due to mineralization of ɋorg in the agroecosystems was 10.9–14.9 t
according to the normalized interval of values with the
increase up to 16.7 t with the introduction of secondary products. The emission of ɋɈ2 due to mineralization of secondary products was 3.85í6.83 times higher
compared to humus mineralization and amounted to
41.4í102 t, increasing to 139 t by the maximally typical value. The share of ɋɈ2 emission due to mineralization of humus and secondary products was from 74 to
85 %, and reached 89í90 % in its maximal values.
CONCLUSIONS
The circulation of nitrogen, which is one of the main
limiting factors of the manifestation of performance
and intensity of the destructive processes in the agroecosystems of different crop rotations, has a considerable impact on the circulation of organic carbon with
the application of different types of organic fertilizers
and ways of chernozem preparation in the climatic system of the forest-steppe of Ukraine.

fertilizers which improves the balance of the organic
carbon in soil and causes the reduction of its de¿ciency
in the agroecosystem in general.
The types of organic fertilizers affects the emission
of ɋɈ2 due to mineralization into the atmosphere: according to the typical interval estimate the amount of
emission in case of humus application corresponds to
25–85 t, whereas in case of introducing the secondary
products the weight of emission reaches up to 80–160
t which is accompanied with the increased removal of
nitrogen compared to its input into the agroecosystems
in the former case, and vice versa, linearly to the increasing input of the total nitrogen relative to its removal due to mineralization of the secondary products
– in the latter. At the same time there is increasing de¿ciency in the carbon balance in soil with the humus
application and the increase in its positivity in case of
applying secondary products, i.e. there is extensive restoration of chernozem fertility due to surface tillage.
The impact of the type of agroecosystem (crop rotation) on nitrogen-carbon circulation manifests itself
in the fact that the saturation of crop rotations using
crops with a high yield of secondary products (crop
rotation with peas) ensures linear increase in the nitrogen input in the typical interval measurements of increasing the performance due to the mineralization of
secondary products and nitrogen removal from them.
The rate of removal and input of nitrogen gets leveled
with the removal of the weight of perennial grass, and
with the maximal performance they are not compensated with remaining secondary products and nitrogen¿xing, which results in the increase in the de¿ciency of
the carbon balance with the inverse linear dependence
whereas in the crop rotation with peas the increase in
the carbon de¿ciency changes parabolically in the typical interval of performance increase. In the latter case
the increased emission of ɋɈ2 is accompanied with the
increasing carbon balance of soil and the increased performance of the agroecosystem.

The use of humus as an organic fertilizer creates the
conditions when the total removal of nitrogen from the
agroecosystems exceeds its input in the typical interval of the performance increase which is related to the
increasing de¿ciency of the organic matter of humus
with excessive mineralization and removal of nitrogen.
In case of applying the secondary products the total
removal of nitrogen from the agroecosystems is less
than its input from the secondary products and mineral

The effect of the way of chernozem preparation on
the nitrogen-carbon circulation manifests itself in the
fact that regardless of the type of organic fertilizers and
that of agroecosystem in case of surface tillage the carbon balance in the interval of increasing performance
is positively increasing compared to ploughing, where
the increase in the de¿ciency is parabolic. The interval
of ɋɈ2 emission into the atmosphere due to mineralization after ploughing was wider relative to surface tillage, which testi¿es to the increase in the mineralization
processes in soil with the uniformity of nitrogen-car-
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bon circulation and determines the way of soil cultivation as a subordinate regulatory subsystem of the crop
rotation type and the kind of organic fertilizers in the
general circulation.
The introduction of humus and removal of secondary
products from the agroecosystem while deep ploughing leads to the balance between nitrogen-carbon circulation which is accompanied with the decrease in the
stocks of terrestrial carbon in the agroecosystem and
its components (plants, soil, pool of microorganisms).
It leads to the intensi¿cation of autotrophic breathing
and the acceleration of the rate of detritus and humus
decomposition i.e. the relationship between carbon circulation and climate becomes positive. In case of this
model of agroecosystem maintenance the replacement
of ploughing with surface tillage only increases the
processes of humi¿cation of the organic matter in soil
and somewhat improves the impact of the nitrogencarbon circulation on the year to year variations in the
surface heat resource due to the emission of ɋɈ2 from
the agroecosystem into the atmosphere.
The application of secondary products as an organic
fertilizer enhances the process of optimizing the nitrogen-carbon circulation in agroecosystems of different types towards natural organization which leads to
the increase in the stocks of surface carbon with the
enlargement of heat resources, conditioned by the increased emission of ɋɈ2 into the atmosphere due to
mineralization of the excess of the secondary products
and the release of mineral forms of nitrogen into soil.
The latter increases the performance of agroecosystems due to the “stimulating effect of N” and enhanced
adsorption of ɋɈ2 of the atmosphere. In these conditions the growth of the greenhouse effect promotes the
accumulation of organic carbon in agroecosystems and
farming ecosystems which get the properties of wastewater systems, i.e. the higher dependence of the performance of agroecosystems on the intensity of nitrogen
assimilation which entered the system of a farming
ecosystem, the faster the emission of ɋɈ2 due to the
mineralization is consumed.
The maintenance and application of ground secondary products of crop production, suf¿ciently compensated in terms of nitrogen using mineral fertilizers, as
organic fertilizers, and wrapped up into the surface
layer of chernozem during the surface tillage, simulates the natural course of nitrogen-carbon circulation
in agroecosystems of different short-term crop rotations. Here the simulation of natural soil formation in
agroecosystems alongside the microbiological activAGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 1 2015

ity is ensured by the activation of the photosynthetic
activity of cultivated crops due to the restoration of
drain mechanisms of carbon with the increase in the
ɋɈ2 content in the atmosphere and the accumulation
of heat resources in the agroecosystems in general
which should be the foundation of extensive restoration of the fertility of typical chernozem of the foreststeppe of Ukraine.
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Ɇɟɬɚ. ȼɫɬɚɧɨɜɢɬɢ ɧɨɪɦɚɬɢɜɧɿ ɩɚɪɚɦɟɬɪɢ ɤɨɦɩɥɟɤɫɧɨʀ
ɦɨɞɟɥɿ ɨɛɿɝɭ ɚɡɨɬɭ ɿ ɜɭɝɥɟɰɸ ɩɪɢ ɡɚɫɬɨɫɭɜɚɧɧɿ ɪɿɡɧɢɯ
ɬɢɩɿɜ ɫɿɜɨɡɦɿɧ, ɜɢɞɿɜ ɨɪɝɚɧɿɱɧɢɯ ɞɨɛɪɢɜ ɿ ɪɿɡɧɢɯ ɫɩɨɫɨɛɿɜ ɨɛɪɨɛɿɬɤɭ ʉɪɭɧɬɭ ɜ ɚɝɪɨɰɟɧɨɡɚɯ Ʌɿɫɨɫɬɟɩɭ ɍɤɪɚʀɧɢ. Ɇɟɬɨɞɢ. ɉɨɥɶɨɜɢɣ, ɥɚɛɨɪɚɬɨɪɧɢɣ, ɪɨɡɪɚɯɭɧɤɨɜɢɣ,
ɦɚɬɟɦɚɬɢɤɨ-ɫɬɚɬɢɫɬɢɱɧɢɣ. Ɋɟɡɭɥɶɬɚɬɢ. ȼɢɞ ɨɪɝɚɧɿɱɧɨɝɨ
ɞɨɛɪɢɜɚ ɜɩɥɢɜɚɽ ɧɚ ɟɦɿɫɿɸ ɋɈ2 ɜ ɩɪɢɡɟɦɧɢɣ ɲɚɪ ɚɬɦɨɫɮɟɪɢ ɥɨɤɚɥɿɡɚɰɿʀ ɫɬɟɛɥɨɫɬɨɸ ɤɭɥɶɬɭɪ: ɡɚ ɜɢɤɨɪɢɫɬɚɧɧɹ
ɝɧɨɸ ɬɢɩɨɜɢɣ ɿɧɬɟɪɜɚɥ ɜɢɤɢɞɿɜ ɜɭɝɥɟɤɢɫɥɨɬɢ ɫɬɚɧɨɜɢɬɶ
25í85 ɬ/ɝɚ, ɬɨɞɿ ɹɤ ɩɪɢ ɡɚɫɬɨɫɭɜɚɧɧɿ ɩɨɛɿɱɧɨʀ ɩɪɨɞɭɤɰɿʀ í
70í160 ɬ/ɝɚ. ȼɩɥɢɜ ɫɩɨɫɨɛɭ ɨɛɪɨɛɿɬɤɭ ɱɨɪɧɨɡɟɦɭ ɧɚ
ɚɡɨɬɨ-ɜɭɝɥɟɰɟɜɢɣ ɨɛɿɝ ɡɜɨɞɢɬɶɫɹ ɞɨ ɬɨɝɨ, ɳɨ ɡɚ ɛɟɡɩɨɥɢɰɟɜɨɝɨ ɨɛɪɨɛɿɬɤɭ ɛɚɥɚɧɫ ɜɭɝɥɟɰɸ ɭ ʉɪɭɧɬɿ ɛɭɜ ɞɨɞɚɬɧɨɡɪɨɫɬɚɸɱɢɦ ɩɨɪɿɜɧɹɧɨ ɡ ɨɪɚɧɤɨɸ. ȱɧɬɟɪɜɚɥ ɟɦɿɫɿʀ ɋɈ2
ɜ ɩɪɢɡɟɦɧɢɣ ɲɚɪ ɚɬɦɨɫɮɟɪɢ ɜɿɞ ɦɿɧɟɪɚɥɿɡɚɰɿʀ ɝɭɦɭɫɭ ɿ
ɨɪɝɚɧɿɱɧɢɯ ɞɨɛɪɢɜ ɡɚ ɨɪɚɧɤɢ ɡɦɿɧɸɽɬɶɫɹ ɭ ɛɿɥɶɲ ɲɢɪɨɤɨɦɭ
ɞɿɚɩɚɡɨɧɿ ɜɿɞɧɨɫɧɨ ɛɟɡɩɨɥɢɰɟɜɨɝɨ ɨɛɪɨɛɿɬɤɭ. ȼɢɫɧɨɜɤɢ.
Ɂɚ ɜɧɟɫɟɧɧɹ ɝɧɨɸ ɬɚ ɜɢɥɭɱɟɧɧɹ ɩɨɛɿɱɧɨʀ ɩɪɨɞɭɤɰɿʀ ɡɚ
ɦɟɠɿ ɚɝɪɨɰɟɧɨɡɭ ɡɚ ɨɪɚɧɤɢ ɩɨɪɭɲɭɽɬɶɫɹ ɜɢɜɚɠɟɧɿɫɬɶ ɜ
ɚɡɨɬɧɨ-ɜɭɝɥɟɰɟɜɨɦɭ ɨɛɿɝɭ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɹɤ ɨɪɝɚɧɿɱɧɨɝɨ
ɞɨɛɪɢɜɚ ɩɨɞɪɿɛɧɟɧɨʀ ɩɨɛɿɱɧɨʀ ɩɪɨɞɭɤɰɿʀ ɪɨɫɥɢɧɧɢɰɬɜɚ,
ɹɤɚ ɡɚ ɛɟɡɩɨɥɢɰɟɜɨɝɨ ɨɛɪɨɛɿɬɤɭ ɡɚɝɨɪɬɚɽɬɶɫɹ ɭ ɩɨɜɟɪɯɧɟɜɢɣ ɲɚɪ ɱɨɪɧɨɡɟɦɭ, ɦɨɞɟɥɸɽ ɩɪɢɪɨɞɧɢɣ ɯɚɪɚɤɬɟɪ
ɚɡɨɬɧɨ-ɜɭɝɥɟɰɟɜɨɝɨ ɨɛɿɝɭ ɜ ɚɝɪɨɰɟɧɨɡɚɯ ɫɿɜɨɡɦɿɧ ɪɿɡɧɨɝɨ
ɬɢɩɭ. ɉɪɢ ɰɶɨɦɭ ɩɨɫɢɥɸɽɬɶɫɹ ɩɪɢɪɨɞɧɟ ʉɪɭɧɬɨɭɬɜɨɪɟɧɧɹ ɡɚ ɪɚɯɭɧɨɤ ɚɤɬɢɜɿɡɚɰɿʀ ɮɨɬɨɫɢɧɬɟɬɢɱɧɨʀ ɚɤɬɢɜɧɨɫɬɿ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ ɤɭɥɶɬɭɪ ɩɪɢ ɧɚɫɢɱɟɧɧɿ ɋɈ2
ɩɪɢɡɟɦɧɨɝɨ ɲɚɪɭ ɚɬɦɨɫɮɟɪɢ ɥɨɤɚɥɿɡɚɰɿʀ ɫɬɟɛɥɨɫɬɨɸ ɭ
ɩɟɪɿɨɞ ɜɟɝɟɬɚɰɿʀ, ɳɨ ɡɚɛɟɡɩɟɱɭɽ ɪɨɡɲɢɪɟɧɟ ɜɿɞɬɜɨɪɟɧɧɹ
ɪɨɞɸɱɨɫɬɿ ɱɨɪɧɨɡɟɦɿɜ Ʌɿɫɨɫɬɟɩɭ ɍɤɪɚʀɧɢ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɜɭɝɥɟɰɶ, ɚɡɨɬ, ɋɈ2, ɛɟɡɩɨɥɢɰɟɜɢɣ ɨɛɪɨɛɿɬɨɤ, ɨɪɚɧɤɚ, ɚɝɪɨɰɟɧɨɡ.
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ɇɚɰɢɨɧɚɥɶɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ
«ɂɧɫɬɢɬɭɬ ɩɨɱɜɨɜɟɞɟɧɢɹ ɢ ɚɝɪɨɯɢɦɢɢ ɢɦɟɧɢ Ⱥ. ɇ.
ɋɨɤɨɥɨɜɫɤɨɝɨ» ɇȺȺɇ ɍɤɪɚɢɧɵ
ɍɥ. ɑɚɣɤɨɜɫɤɨɝɨ, 4, ɏɚɪɶɤɨɜ, ɍɤɪɚɢɧɚ, 61024
2
ɑɟɪɤɚɫɫɤɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɚɹ
ɨɩɵɬɧɚɹ ɫɬɚɧɰɢɹ ɇɇɐ
«ɂɧɫɬɢɬɭɬ ɡɟɦɥɟɞɟɥɢɹ ɇȺȺɇ ɍɤɪɚɢɧɵ»
ɍɥ. Ⱦɨɤɭɱɚɟɜɚ, 13, ɫ. ɏɨɥɨɞɧɹɧɫɤɨɟ, ɋɦɢɥɹɧɫɤɢɣ ɪ-ɧ,
ɑɟɪɤɚɫɫɤɚɹ ɨɛɥ., ɍɤɪɚɢɧɚ, 20731
1

ɐɟɥɶ. ɍɫɬɚɧɨɜɢɬɶ ɧɨɪɦɚɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɦɩɥɟɤɫɧɨɣ
ɦɨɞɟɥɢ ɤɪɭɝɨɨɛɨɪɨɬɚ ɚɡɨɬɚ ɢ ɭɝɥɟɪɨɞɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ
ɫɟɜɨɨɛɨɪɨɬɚɯ, ɜɢɞɚɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɭɞɨɛɪɟɧɢɣ ɢ ɫɩɨɫɨɛɚɯ ɨɛɪɚɛɨɬɤɢ ɩɨɱɜɵ ɜ ɚɝɪɨɰɟɧɨɡɚɯ Ʌɟɫɨɫɬɟɩɢ ɍɤɪɚɢɧɵ.
Ɇɟɬɨɞɵ. ɉɨɥɟɜɨɣ, ɥɚɛɨɪɚɬɨɪɧɵɣ, ɪɚɫɱɟɬɧɵɣ, ɦɚɬɟɦɚɬɢɤɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ. Ɋɟɡɭɥɶɬɚɬɵ. ȼɢɞ ɨɪɝɚɧɢɱɟɫɤɨɝɨ
ɭɞɨɛɪɟɧɢɹ ɜɥɢɹɟɬ ɧɚ ɷɦɢɫɫɢɸ ɋɈ2 ɜ ɩɪɢɡɟɦɧɵɣ ɫɥɨɣ
ɚɬɦɨɫɮɟɪɵ: ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɜɨɡɚ ɬɢɩɢɱɧɵɣ ɢɧɬɟɪɜɚɥ ɜɵɛɪɨɫɨɜ ɫɨɫɬɚɜɥɹɟɬ 25í85 ɬ/ɝɚ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ
ɩɪɢɦɟɧɟɧɢɢ ɩɨɛɨɱɧɨɣ ɩɪɨɞɭɤɰɢɢ – 70í160 ɬ/ɝɚ. ȼɥɢɹɧɢɟ ɫɩɨɫɨɛɚ ɨɛɪɚɛɨɬɤɢ ɱɟɪɧɨɡɟɦɚ ɧɚ ɚɡɨɬɧɨ-ɭɝɥɟɪɨɞɧɵɣ ɤɪɭɝɨɨɛɨɪɨɬ ɫɜɨɞɢɬɫɹ ɤ ɬɨɦɭ, ɱɬɨ ɩɪɢ ɛɟɡɨɬɜɚɥɶɧɨɦ
ɪɵɯɥɟɧɢɢ ɛɚɥɚɧɫ ɭɝɥɟɪɨɞɚ ɜ ɩɨɱɜɟ ɫɨɯɪɚɧɟɧ ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɨ-ɧɚɪɚɫɬɚɸɳɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɜɫɩɚɲɤɨɣ.
ɂɧɬɟɪɜɚɥ ɷɦɢɫɫɢɢ ɋɈ2 ɜ ɩɪɢɡɟɦɧɵɣ ɫɥɨɣ ɚɬɦɨɫɮɟɪɵ
ɨɬ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɝɭɦɭɫɚ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɭɞɨɛɪɟɧɢɣ
ɩɪɢ ɜɫɩɚɲɤɟ ɢɡɦɟɧɹɟɬɫɹ ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɡɨɬɜɚɥɶɧɨɝɨ ɪɵɯɥɟɧɢɹ. ȼɵɜɨɞɵ. ɉɪɢ
ɜɧɟɫɟɧɢɢ ɧɚɜɨɡɚ ɢ ɢɡɴɹɬɢɢ ɩɨɛɨɱɧɨɣ ɩɪɨɞɭɤɰɢɢ ɡɚ ɩɪɟɞɟɥɵ ɚɝɪɨɰɟɧɨɡɚ ɩɪɢ ɜɫɩɚɲɤɟ ɧɚɪɭɲɚɟɬɫɹ ɜɡɚɢɦɨɫɜɹɡɶ
ɜ ɚɡɨɬɧɨ-ɭɝɥɟɪɨɞɧɨɦ ɨɛɨɪɨɬɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ
ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɞɨɛɪɟɧɢɹ ɢɡɦɟɥɶɱɟɧɧɨɣ ɩɨɛɨɱɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɤɨɬɨɪɚɹ ɡɚɞɟɥɵɜɚɟɬɫɹ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ
ɱɟɪɧɨɡɟɦɚ ɩɪɢ ɛɟɡɨɬɜɚɥɶɧɨɦ ɪɵɯɥɟɧɢɢ, ɦɨɞɟɥɢɪɭɟɬ ɩɪɢɪɨɞɧɵɣ ɯɚɪɚɤɬɟɪ ɚɡɨɬɧɨ-ɭɝɥɟɪɨɞɧɨɝɨ ɨɛɦɟɧɚ ɜ ɚɝɪɨɰɟɧɨɡɚɯ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ. ɉɪɢ ɷɬɨɦ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɪɢɪɨɞɧɨɟ ɩɨɱɜɨɨɛɪɚɡɨɜɚɧɢɟ ɡɚ ɫɱɟɬ ɚɤɬɢɜɢɡɚɰɢɢ ɮɨɬɨɫɢɧɬɟɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɤɭɥɶɬɭɪ
ɩɪɢ ɧɚɫɵɳɟɧɢɢ ɋɈ2 ɩɪɢɡɟɦɧɨɝɨ ɫɥɨɹ ɚɬɦɨɫɮɟɪɵ ɥɨɤɚɥɢɡɚɰɢɢ ɫɬɟɛɥɟɫɬɨɹ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɫɲɢɪɟɧɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɩɥɨɞɨɪɨɞɢɹ ɱɟɪɧɨɡɟɦɨɜ Ʌɟɫɨɫɬɟɩɢ ɍɤɪɚɢɧɵ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɝɥɟɪɨɞ, ɚɡɨɬ, ɋɈ2, ɛɟɡɨɬɜɚɥɶɧɨɟ ɪɵɯɥɟɧɢɟ, ɜɫɩɚɲɤɚ, ɚɝɪɨɰɟɧɨɡ.
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