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Aim. To determine physiologically expedient rates of mineral nitrogen in winter rye production on sod-podzolic soils based on the orientation of the processes of biological nitrogen transformation in the plants rhizosphere.
Methods. Field studies, gas chromatography determination of potential nitrogen ¿xation activity and potential
emissions of N2O. Results. The results obtained have demonstrated that the rates of mineral nitrogen, not exceeding 60 kg/ha, can be considered physiologically expedient for winter rye production on sod-podzolic soils.
Under the application of microbial preparation Diazobakteryn, there is a higher physiological need of plants
for nitrogen, which allows increasing the rates of nitrogen fertilizers up to 90 kg/ha. Conclusions. The orientation of the processes of biological nitrogen transformation in the root zone of plants is a reliable indicator of
determining the appropriateness of nitrogen fertilization of crops.
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Nitrogen fertilizers are known as one of the most
powerful pollutants of environment. The degree of
their consumption by crops is in the range of 35–50 %
[1], which is taken into consideration while calculating the fertilization rates, required for the harvest (calculation formulas envisage the corresponding increase
in the amount of fertilizers). Non-consumed nitrogen
fertilizers pollute ground waters and cause the emission of N2O. The problem could be avoided if nitrogen fertilizers were used in the range of physiological
needs of plants. However, the standard of truth – what
is the need of plants for nitrogen? – is unknown, thus,
it is frequently deemed that this indicator reÀects the
content of nitrogen compounds in the yield of the corresponding quality.

It has recently become possible to determine the physiological need of plants for nitrogen due to numerous
works, proving a high degree of association between
some kinds of microorganisms and plants [2–4]. Here
nitrogen-¿xation associative bacteria are unique microorganisms. Being in close spatial and trophic interaction with plant roots, they form an integral biological
system, thus tracing the changes in the functional activity of the bacterial component as a response to some
degree of nitrogen fertilization would allow estimating the similar response of the very plant to a speci¿c
concentration of mineral nitrogen. In 1985 Umarov et
al. [5] demonstrated the increase in the activity of the
associative nitrogen-¿xation due to the application of
speci¿c doses of nitrogen fertilizers, and formulated
the notion of “physiological optimum of nitrogen for
plants” as a rate of fertilizers, ensuring the highest
level of activity of associative nitrogen-¿xation. The

28

AGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No. 3 2016

INTRODUCTION

ORIENTATION OF PROCESSES OF BIOLOGICAL NITROGEN TRANSFORMATION IN WINTER RYE

researchers from the Philippines came to the same conclusion [6]. The mechanism of stimulating the activity of associative nitrogen-¿xation by physiologically
optimal rates of mineral nitrogen comes down to the
increase in the amount of root exudates which are the
source of carbon and energy for rhizosphere nitrogen¿xers. For instance, there are data about the 9.5-fold
increase in the root exudation compared to the volume
of root exudates in the control (without nitrogen fertilizers) plants [7]. Root exudates may have a larger or
smaller amount of nitrogen compounds depending on
the amount of the introduced fertilizers [8], which has
an immediate impact on the functional activity of rhizosphere microorganisms.
While working at the mentioned issue, microbiologists
tried to substantiate the rate of fertilizers, the application of which would result in the highest amount of “biological” nitrogen (bound to air nitrogen-¿xating bacteria) coming into the agroecosystem. We made an effort
of estimating the situation from another point of view.
Based on our understanding that the scale of associative
nitrogen-¿xation process in conditions of moderate climate is not high, our aim was to determine the threshold of the rates of nitrogen fertilizers, exceeding which
would result in the decrease in the activity of associative
nitrogen-¿xation compared to the control (variant without any fertilizers). In other words, the rates of nitrogen
fertilizers, not exceeding the mentioned rate, may be
considered to be physiologically expedient.
An additional test (besides determining nitrogen-¿xation) of the appropriateness of nitrogen ¿xation may
be the determination of the activity of biological dinitri¿cation, as diazotrophs are capable of ful¿lling the
functions of dinitro¿xators at the excess of the bound
nitrogen [9, 10].
Therefore, taking into account the capability of nitrogen-¿xers to have functional changes depending
on the content of nitrogen in the system, it is possible
to substantiate the rates of nitrogen fertilizers, neither
decreasing the activity of nitrogen ¿xation in the root
zone of plants nor leading to the excessive activity of
dinitri¿cation, which is an indirect evidence of optimal
fertilization of the crop.

MATERIALS AND METHODS
Field experiments were conducted on sod-podzolic
silt-sandy soil (ɪɇsalt í 6.2; humus content í 1.2 %;
content of easily hydrolyzed nitrogen according to
Corn¿eld í 54.9 mg/kg; Ɋ2Ɉ5 í 330 mg/kg; K2O –
148 mg/kg) of the Institute of Agricultural Microbiology and Agro-Industrial Production, NAAS of Ukraine
in 2011í2015. The experiments were conducted in two
variants – without inoculation and with the application
of a microbial preparation Diazobakteryn (TC U 24.100497360-002:2005). Winter rye, Syntetyk-38 cultivar,
in both variants was cultivated on the background of
increasing rates of mineral fertilizers:
1. no fertilizers;
2. N30K20 (N10 in autumn + N20 early spring);
3. N60K40 (N30 in autumn + N30 early spring);
4. N90K60 (N30 in autumn + N30 early spring + N30
in the phase of stem elongation);
5. N120K80 (N30 in autumn + N45 early spring + N45
in the phase of stem elongation).
The phosphoric fertilizers were not applied due to
high content of mobile phosphates in the soil.
The potential activity of nitrogen ¿xation in the plant
rhizosphere was determined in dynamics [11]. The nitrogenase activity was determined by the acetylene reduction method on gas chromatograph Chrom-5 with
Àame-ionization detector; the potential activity of dinitri¿cation in the rhizosphere soil – with the addition
of the solution of glucose and potassium nitrate [12].
The reduction of nitrogen oxide was determined at the
chromatograph Tsvet-560M with the thermal conductivity detector.
The yield was registered. The results were statistically processed by the method of two-factor dispersion
analysis [13] using Microsoft Of¿ce Excel 2007.
RESULTS AND DISCUSSION

The aim of this work was to experimentally check
the abovementioned assumptions during winter rye
production with the consideration of the nitrogen fertilization impact on the yield capacity, and to determine
the impact of the pre-sowing inoculation on the degrees
of physiological appropriateness of nitrogen fertilizers
for plants.

The highest indicators for potential activity of nitrogen ¿xation in the plant rhizosphere were observed in
the control variant in the tillering phase in spring. Speci¿c introduction of fertilizers in the doses of N30K20,
N60K40, N90K60, N120K80 demonstrates the decrease in
the process activity with the increase in the dose. The
analyses in the blossoming phase demonstrate high
indices of nitrogenase activity in the variants with
the introduction of N30Ʉ20, the tendency to increase í
with the application of N60Ʉ40 and the prolongation
of the process inhibition í in the variants with N90K60
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Fig. 1. Potential nitrogenase activity of winter rye plant rhizosphere under the impact of inoculation and fertilizers, ¿eld
experiment 2013

and N120K80. The subsequent studies demonstrated the
highest indices in the variants with the introduction of
mineral nitrogen in the rates, not exceeding 60 kg/ha.
It should be noted that even at the end of the vegetative period of winter rye the rate of mineral nitrogen of
120 kg/ha inhibits the nitrogenase activity in the root
zone of plants, which testi¿es to its inappropriateness
while cultivating rye on sod-podzolic soil (Fig. 1).
Noteworthy is the stimulation of nitrogen ¿xation
process with not high rates of mineral nitrogen at ¿rst,
followed by the use of higher rates. The rate of mineral
nitrogen of 60 kg/ha, being compromise regarding the
provision of constructive metabolism of plants and also
not excessive for environment, is capable of stimulating the activity of nitrogen ¿xation process, and the increase in the nitrogenase activity in the plant root zone
compared to the control (without the introduction of
nitrogen fertilizers) is a reliable criterion of physiological and ecologic appropriateness of nitrogen fertilization of the crop.

in the highest degree, but the process activity, higher
than control indices, with inoculation is also observed
with the application of N90. This fact may be explained
by the nitrogen consumption from fertilizers by inoculation-initiated plants, and thus by the decrease in the
concentration of nitrogen compounds in the root zone.
Therefore, the threshold of physiological appropriateness of nitrogen fertilizers increases in these conditions. The application of Diazobakteryn does not allow
restoring the nitrogen ¿xation activity in the variants
with the introduction of high rates of fertilizers (even
at the end of vegetation the indices are lower than the
control ones).
During the studies the absolute indices of nitrogen
¿xation activity changed, but the speci¿cities of the
process depending on the rates of nitrogen fertilization
were stable.

The application of Diazobakteryn mitigates the negative impact of mineral fertilizers considerably and restores the activity of the nitrogen-¿xation activity signi¿cantly. This biopreparation stimulates the activity of
the nitrogen ¿xation process at the introduction of N60

The study of potential emission of nitrogen oxide revealed the increase in the mentioned indices regarding
the increase in the rates of mineral nitrogen fertilizers
(Fig. 2). Here the loss of nitrogen is in proportion to the
introduced rates of fertilizers. Diazobakteryn enhances
the emission of nitrogen oxide at the beginning of vegetation, especially in the variants with the introduction
of mineral fertilizers. This is explained by the fact that
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Fig. 2. Potential emission of nitrogen oxide from winter rye plant rhizosphere under the impact of inoculation and fertilizers,
¿eld experiment 2013

During the subsequent phases of plant development, the
application of Diazobakteryn in physiologically appropriate agrobackgrounds promotes the decrease in gasiform
losses of nitrogen, which is explained by exhausting the
excessive amount of nitrogen compounds and the transition of the bacteria to the nitrogen ¿xation function.

Therefore, based on the results of studying the orientation of the processes of biological nitrogen transformation in the root zone of winter rye plant production on sod-podzolic soil, it is possible to consider the
rates of mineral nitrogen, not exceeding 60 kg/ha, to
be physiologically expedient in these conditions (with
the dosed application), as their long-term introduction
results in the increase in the nitrogen ¿xation activity
as a criterion of physiological optimization and ecologic well-being along with the insigni¿cant increase in
the loss of gasiform nitrogen compounds. The nitrogen
norm of 60 kg/ha should be considered physiologically threshold due to short-time stimulation of nitrogen
¿xation activity and promoting the loss in gasiform nitrogen compounds during the whole vegetation period.

The comparison of the biological dinitri¿cation intensity in the experimental variants demonstrates that
with the dosed introduction of fertilizers in the norm
of 60 kg/ha of mineral nitrogen, although the emission
of nitrogen oxide has a tendency towards increasing, it
is not statistically different from the control variant indices, starting with the blossoming phase. At the same
time the application of N90 and N120 conditions reliable
losses in gasiform nitrogen compounds during the vegetation period.

The pre-sowing inoculation using Diazobakteryn
leads to a considerable increase in the physiological
optimum in bound forms of nitrogen for inoculationinitiated winter rye plants and the mentioned rate becomes physiologically expedient. It is not reasonable
from the physiological point of view to introduce
higher rates, as this leads to the long-term decrease in
nitrogenase activity and the excessive loss of gasiform
nitrogen compounds, which testi¿es to the excessive
dose of nitrogen nutrition of plants.
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even small rates of fertilizers are excessive for juvenile
plants. The enzymatic level faces changes, conditioned
by the balance of natural resources: the synthesis of nitrogen ¿xation enzymatic nitrogenase complex is inhibited, nitrate reductase is synthesized instead. Here
the bacteria, introduced in the agroecosystem, are temporarily involved in the dinitri¿cation process, which
reÀects on the increase in its activity.
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It is worth mentioning while analyzing the yield data
that the increase in the rate of mineral nutrition leads to
the decrease in the yield return (Table).
Thus, the application of the smallest rate of fertilization in the experiment ensures the yield surplus by
37.5 %, and that of the highest one – only by 5.2 % from
the previous one. The application of Diazobakteryn corrects the situation considerably. The return of fertilizers
is much higher. In particular, the crop yield with the introduction of N30K20 and inoculation ensures the formation of almost the same yield, achieved with the introduction of fertilizers at the rate of N60K40. The combination
of the biopreparation and the rate of fertilizers N60K40
promotes obtaining the same yield, observed for the introduction of N90K60 (without inoculation) í 4.81 and
4.84 t/ha respectively. Taking into consideration the data
of the experimental yield, we may state that the impact
of Diazobakteryn and the effect of mineral fertilizers on
the crop productivity at the rate of N30K20 are equivalent.
The positive effect of the pre-sowing inoculation of the
seeds on the formation of crop productivity is explained
by a number of reasons. These are the increase in the
nitrogen ¿xation activity, the enhanced immune status

of plants, and the direct limitation of the development of
harmful microorganisms in the root spheres. However,
it may ¿nd its best explanation in the effect on the development of the root zone, its consumption ability and
the increase in the coef¿cients of plants, consuming the
active substance from the fertilizers, which is con¿rmed
by the literature data [14, 15].
The studies demonstrate the possibility of determining the rates of mineral nitrogen, appropriate from the
physiological and ecological points of view, as the nitrogen ¿xation process is not possible in the presence
of excessive amount of nitrogen fertilizers.
The results obtained may be used to highlight that the
ecologic situation in agroecosystems is optimized using
the presence of speci¿c (physiologically appropriate)
rates of fertilizers, not their absence, as it could have
been expected. This does not testify in favor of the concept of complete refusal from the application of mineral fertilizers in the technologies of cultivating crops.
On the contrary, fertilizers should be applied, but only
on the grounds of their physiological appropriateness
for the crops. The consideration of the abovementioned
methodological approaches to the ecologic estimation

The yield of winter rye at the impact of mineral fertilizers and microbial preparation Diazobakteryn

Experiment variant

Yield, t/ha
(average
for 2011–
2015)

No fertilizers, control
N30K20
N60K40
N90K60
N120K80
No fertilizers, control
N30K20
N60K40
N90K60
N120K80
ɇȱɊ05
for experiment
for fertilizers
for inoculation and interaction

Surplus after each subsequent
dose
of fertilizers*
tons/ha

No inoculation
2.75
–
3.78
1.03
4.33
0.55
4.84
0.51
0.25
5.09
Inoculation with Diazobakteryn
0.20
2.95
1.20
4.15
1.03
4.81
5.24
0.91
5.43
0.59

Surplus due to inoculation

%

tons/ha

%

–
37.5
14.6
11.8
5.2

–
–
–
–
–

–
–
–
–
–

7.3
40.7
27.2
21.0
12.2

0.20
0.37
0.48
0.40
0.34

7.3
9.8
11.1
8.3
6.7

0.67
0.42
0.31

*Including the combination with inoculation.
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of the rates of mineral nitrogen could approximate the
positions of such sciences as agrochemistry, microbiology, and plant physiology in terms of selecting rational
strategies of fertilization for crops. It is known that the
optimization of mineral nutrition for crops should be
aimed at solving rather various tasks, including stable
yields with optimal indices of biological quality and
hygienic purity, decrease in relative loss of nutrients
during the production process of crops, minimization
of loading chemization means on soils to preserve their
fertility and ecologic functions [16]. Therefore, the ef¿ciency of applying fertilizers should be estimated not
only from the position of maximal provision of crops
with the compounds of biogenic elements and economic indices of a speci¿c vegetation period, but also from
the point of view of their impact on environment.
The focus of many researchers was concentrated on
the ecologic side of the problem of applying mineral
fertilizers in agricultural production. However, the estimates of the required amount of fertilizers, including
nitrogen ones, are traditionally made for the anticipated
yield with the consideration of possible coef¿cients of
plants, consuming the active substance from fertilizers,
agrochemical indices of soil, the after-effect of fertilization of previous crops in the crop rotation, nitrogen
content in after-harvest remains, etc. There are several
dozens of modi¿cations of this method, the essence of
which being the estimation of the return of the elements
with the anticipated yield [17]. Possible ecologic problems are ignored here. Therefore, we suggest determining the rates of nitrogen fertilization of crops by physiological needs. The rates of phosphate and potassium
fertilizers may be estimated by the known principle of
balance for the rate of nitrogen fertilizers, taking into
account the results of previous diagnostics of soils.
The materials, presented in the article, demonstrate
that the physiological optimum of plants regarding nitrogen may change. In particular, the inoculation-initiated
plants demand a larger amount of nitrogen for constructive metabolism. Here is the corresponding possibility
of introducing a larger amount of fertilizers to ensure the
additional yield without any risk of environmental pollution. Indeed, the indicators of the increase in the physiological need of plants for nitrogen may be other agents,
besides microbial preparations, for instance, stimulators
of growth and development, microelements, etc.
CONCLUSIONS

production on sod-podzolic soils. Under the application of microbial preparation Diazobakteryn, there is a
higher physiological need of plants for nitrogen, which
allows applying the rates of mineral nitrogen at the rate
of 90 kg/ha. The impact of the pre-sowing inoculation of seeds on rye productivity while cultivating the
crop on physiologically expedient agrobackgrounds is
equivalent to the effect of mineral fertilizers at the rate
of N30K20. The orientation of the processes of biological
nitrogen transformation in the root zone of plants is a
reliable indicator of determining the appropriateness of
nitrogen fertilization of crops.
ɋɩɪɹɦɨɜɚɧɿɫɬɶ ɩɪɨɰɟɫɿɜ ɛɿɨɥɨɝɿɱɧɨʀ ɬɪɚɧɫɮɨɪɦɚɰɿʀ
ɚɡɨɬɭ ɜ ɚɝɪɨɰɟɧɨɡɚɯ ɡ ɠɢɬɨɦ ɨɡɢɦɢɦ
ɡɚ ɪɿɡɧɢɯ ɪɿɜɧɿɜ ɭɞɨɛɪɟɧɧɹ ɤɭɥɶɬɭɪɢ
ȼ. ȼ. ȼɨɥɤɨɝɨɧ, ȱ. Ƚ. Ʉɨɪɨɬɤɚ
e-mail: chychvaga_i@i.ua
ȱɧɫɬɢɬɭɬ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨʀ ɦɿɤɪɨɛɿɨɥɨɝɿʀ ɬɚ
ɚɝɪɨɩɪɨɦɢɫɥɨɜɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɇȺȺɇ
ȼɭɥ. ɒɟɜɱɟɧɤɚ, 97, ɑɟɪɧɿɝɿɜ, ɍɤɪɚʀɧɚ, 14027
Ɇɟɬɚ. Ɂɚ ɫɩɪɹɦɨɜɚɧɿɫɬɸ ɩɪɨɰɟɫɿɜ ɛɿɨɥɨɝɿɱɧɨʀ ɬɪɚɧɫɮɨɪɦɚɰɿʀ ɚɡɨɬɭ ɜ ɪɢɡɨɫɮɟɪɿ ɪɨɫɥɢɧ ɠɢɬɚ ɨɡɢɦɨɝɨ ɜɢɡɧɚɱɢɬɢ ɮɿɡɿɨɥɨɝɿɱɧɨ ɞɨɰɿɥɶɧɿ ɧɨɪɦɢ ɦɿɧɟɪɚɥɶɧɨɝɨ ɚɡɨɬɭ ɩɪɢ ɜɢɪɨɳɭɜɚɧɧɿ ɤɭɥɶɬɭɪɢ ɧɚ ɞɟɪɧɨɜɨ-ɩɿɞɡɨɥɢɫɬɨɦɭ ʉɪɭɧɬɿ. Ɇɟɬɨɞɢ. ɉɨɥɶɨɜɿ ɞɨɫɥɿɞɠɟɧɧɹ, ɝɚɡɨɯɪɨɦɚɬɨɝɪɚɮɿɱɧɟ ɜɢɡɧɚɱɟɧɧɹ ɩɨɬɟɧɰɿɣɧɨʀ ɚɤɬɢɜɧɨɫɬɿ ɚɡɨɬɮɿɤɫɚɰɿʀ ɬɚ ɩɨɬɟɧɰɿɣɧɨʀ ɟɦɿɫɿʀ N2O. Ɋɟɡɭɥɶɬɚɬɢ. Ɏɿɡɿɨɥɨɝɿɱɧɨ
ɞɨɰɿɥɶɧɢɦɢ ɧɨɪɦɚɦɢ ɦɿɧɟɪɚɥɶɧɨɝɨ ɚɡɨɬɭ ɩɪɢ ɜɢɪɨɳɭɜɚɧɧɿ ɠɢɬɚ ɨɡɢɦɨɝɨ ɧɚ ɞɟɪɧɨɜɨ-ɩɿɞɡɨɥɢɫɬɨɦɭ ʉɪɭɧɬɿ ɽ
ɬɚɤɿ, ɳɨ ɧɟ ɩɟɪɟɜɢɳɭɸɬɶ 60 ɤɝ/ɝɚ. Ɂɚ ɜɢɤɨɪɢɫɬɚɧɧɹ
ɦɿɤɪɨɛɧɨɝɨ ɩɪɟɩɚɪɚɬɭ Ⱦɿɚɡɨɛɚɤɬɟɪɢɧɭ ɮɿɡɿɨɥɨɝɿɱɧɿ ɩɨɬɪɟɛɢ ɪɨɫɥɢɧ ɜ ɚɡɨɬɿ ɡɪɨɫɬɚɸɬɶ, ɳɨ ɞɨɡɜɨɥɹɽ ɩɿɞɜɢɳɢɬɢ
ɧɨɪɦɢ ɚɡɨɬɧɢɯ ɞɨɛɪɢɜ ɞɨ ɪɿɜɧɹ 90 ɤɝ/ɝɚ. ȼɢɫɧɨɜɤɢ.
ɋɩɪɹɦɨɜɚɧɿɫɬɶ ɩɪɨɰɟɫɿɜ ɛɿɨɥɨɝɿɱɧɨʀ ɬɪɚɧɫɮɨɪɦɚɰɿʀ ɚɡɨɬɭ ɜ ɤɨɪɟɧɟɜɿɣ ɡɨɧɿ ɪɨɫɥɢɧ ɽ ɧɚɞɿɣɧɢɦ ɿɧɞɢɤɚɬɨɪɨɦ
ɜɢɡɧɚɱɟɧɧɹ ɞɨɰɿɥɶɧɨɫɬɿ ɚɡɨɬɧɨɝɨ ɠɢɜɥɟɧɧɹ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ ɤɭɥɶɬɭɪ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɡɨɬɮɿɤɫɚɰɿɹ, ɟɦɿɫɿɹ N2O, ɛɿɨɥɨɝɿɱɧɚ
ɬɪɚɧɫɮɨɪɦɚɰɿɹ ɚɡɨɬɭ, ɮɿɡɿɨɥɨɝɿɱɧɿ ɩɨɬɪɟɛɢ ɜ ɚɡɨɬɿ.
ɇɚɩɪɚɜɥɟɧɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɛɢɨɥɨɝɢɱɟɫɤɨɣ
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɚɡɨɬɚ ɜ ɚɝɪɨɰɟɧɨɡɚɯ ɫ ɪɨɠɶɸ ɨɡɢɦɨɣ
ɩɪɢ ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ ɭɞɨɛɪɟɧɢɹ ɤɭɥɶɬɭɪɵ
ȼ. ȼ. ȼɨɥɤɨɝɨɧ, ɂ. Ƚ. Ʉɨɪɨɬɤɚɹ
e-mail: chychvaga_i@i.ua
ɂɧɫɬɢɬɭɬ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɢ ɢ
ɚɝɪɨɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɇȺȺɇ
ɍɥ. ɒɟɜɱɟɧɤɨ, 97, ɑɟɪɧɢɝɨɜ, ɍɤɪɚɢɧɚ, 14027

The studies have demonstrated that the rates of mineral nitrogen, not exceeding 60 kg/ha, can be considered to be physiologically expedient for winter rye

ɐɟɥɶ. ɉɨ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɛɢɨɥɨɝɢɱɟɫɤɨɣ
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɚɡɨɬɚ ɜ ɪɢɡɨɫɮɟɪɟ ɪɚɫɬɟɧɢɣ ɪɠɢ ɨɡɢ-
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ɦɨɣ ɨɩɪɟɞɟɥɢɬɶ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɟ ɧɨɪɦɵ ɦɢɧɟɪɚɥɶɧɨɝɨ ɚɡɨɬɚ ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɤɭɥɶɬɭɪɵ ɧɚ
ɞɟɪɧɨɜɨ-ɩɨɞɡɨɥɢɫɬɨɣ ɩɨɱɜɟ. Ɇɟɬɨɞɵ. ɉɨɥɟɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɝɚɡɨɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɚɡɨɬɮɢɤɫɚɰɢɢ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ
ɷɦɢɫɫɢɢ N2O. Ɋɟɡɭɥɶɬɚɬɵ. Ɏɢɡɢɨɥɨɝɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦɢ ɧɨɪɦɚɦɢ ɦɢɧɟɪɚɥɶɧɨɝɨ ɚɡɨɬɚ ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ ɪɠɢ ɨɡɢɦɨɣ ɧɚ ɞɟɪɧɨɜɨ-ɩɨɞɡɨɥɢɫɬɨɣ ɩɨɱɜɟ ɹɜɥɹɸɬɫɹ ɬɚɤɢɟ, ɤɨɬɨɪɵɟ ɧɟ ɩɪɟɜɵɲɚɸɬ 60 ɤɝ/ɝɚ. ɉɪɢ
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɢɤɪɨɛɧɨɝɨ ɩɪɟɩɚɪɚɬɚ Ⱦɢɚɡɨɛɚɤɬɟɪɢɧɚ
ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɪɚɫɬɟɧɢɣ ɜ ɚɡɨɬɟ ɜɨɡɪɚɫɬɚɸɬ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɧɨɪɦɵ ɚɡɨɬɧɵɯ ɭɞɨɛɪɟɧɢɣ
ɞɨ ɭɪɨɜɧɹ 90 ɤɝ/ɝɚ. ȼɵɜɨɞɵ. ɇɚɩɪɚɜɥɟɧɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ
ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɚɡɨɬɚ ɜ ɤɨɪɧɟɜɨɣ ɡɨɧɟ
ɪɚɫɬɟɧɢɣ ɹɜɥɹɟɬɫɹ ɧɚɞɟɠɧɵɦ ɢɧɞɢɤɚɬɨɪɨɦ ɨɩɪɟɞɟɥɟɧɢɹ
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɚɡɨɬɧɨɝɨ ɭɞɨɛɪɟɧɢɹ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɤɭɥɶɬɭɪ.
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Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɡɨɬɮɢɤɫɚɰɢɹ, ɷɦɢɫɫɢɹ N2O, ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɚɡɨɬɚ, ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɚɡɨɬɟ.
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