ISSN: 2312-3370, Agricultural Science and Practice, 2014, Vol. 1, No. 2

UDC 581.143.01/07:577.125

Formation of Nonspeci¿c Resistance in Winter Wheat Plants
by the Hydrogen Peroxide Treatment
L. M. Batsmanova, M. M. Musienko
Kyiv Taras Shevchenko National University
64, Volodymyrska Str., Kyiv, Ukraine, 01033
e-mail: l.batsmanova@gmail.com
Received on April 16, 2014
Aim. The aim of the investigation was to study the effect of hydrogen peroxide on the activity of antioxidant
enzymes, pigments’ content and productivity of winter wheat in order to determine the biochemical mechanisms
of induced winter wheat plant resistance during ontogenesis in the ¿eld. Methods. The study of physiological
and biochemical parameters were carried out on winter wheat varieties of the wooded steppe (Poliska 90) and
steppe (Skala) ecotypes at the tillering and Àowering phases. The experimental plants were foliar treated with
hydrogen peroxide (ɇ2Ɉ2) in concentration of 1Â10–1 M twice, with a 3-day-interval, while the control ones –
with distilled water. Spraying of plants was performed at spring (tillering phase). Lipid peroxidation (LPO) was
determined as the formation of a peroxidation end product — malondialdehyde, which content was determined
as the extinction of its condensation product with thiobarbituric acid. The activity of superoxide dismutase
(SOD) was determined by a method based on the ability of SOD to inhibit nitroblue tetrazolium recovery
by superoxide radicals in the light in the presence of riboÀavin and methionine. The activity of catalase was
calculated using the extinction coef¿cient of í 39.4 mM–1 cm–1. Results. It was established that after 24 h of
hydrogen peroxide treatment the processes of lipid peroxidation were intensi¿ed and antioxidant enzymes’
activity was decreased in two varieties. In the next phase of ontogenesis (Àowering) antioxidant enzymes’
activity increased in both varieties: Poliska 90 and Skala, which suppressed the LPO growth. Conclusion.
Treatment of plants with hydrogen peroxide promoted the formation of non-speci¿c plant resistance and
increased grain productivity of winter wheat varieties investigated.
Keywords: winter wheat, hydrogen peroxide, nonspeci¿c resistance, superoxide dismutase, catalase, malonic
dialdehyde.

In many countries of the world the limit of the ecologically permissible anthropogenic load on agricultural lands has been already reached. The application
of technogeneous means (fertilizer, ameliorants, pesticides, herbicides, biologically active substances) in

the agricultural technologies frequently leads to ecological imbalance and forming of the transformed agroecosystem and agro-landscapes. The intensi¿cation of
plant growing and development of agrarian sector become the leading factors of negative inÀuence on the
biosphere (in particular, chemical and biogenic ones),
including the genetic environmental pollution. Therefore, ecologically safe systems and technologies should
be created on the basis of the study of pharmacology
and biochemistry of plants. This will allow to create the
diverse regulators of plant growing and fertilizer, antistress substances of natural origin, also to govern the
endogenous regulator systems strictly of plants, avoiding the application of external chemical regulators.
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INTRODUCTION

In Ukraine, just as in other regions of intensive agricultural production, the cultivation of high-quality agricultural products depends on the sharp Àuctuations of weather
conditions in the period of the plant vegetation. Nowadays, in terms of the progressive global climate changes
on the planet the effect of the unfavorable factors of environment becomes more tangible and determines the position of the country on the world agrarian market.
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An increase in the stability of the programmed harvests with the high quality of production in terms of
deviation from the optimum meteorological factors
(low and high temperatures, frost, ground and atmospheric droughts, hypoxia, anoxia, etc.) is one of the
main trends in further development of agro-technologies because of the expansion of range of the standard
for the physiological response of the plants through the
disclosure of the endogenous mechanisms of the regulator systems in a plant organism, and also as a result
of the use for this of exogenous, ecologically safe, natural physiologically active materials. It is possible to
diminish the dependence of agricultural production on
the unfavorable action of external environmental factors to a considerable extent due to the regulation of the
plant adaptive capacities. The adaptive reconstructions
of the protective compensatory responses of a plant organism to the stress factors play an important role in
this process.
The study of the issues of physiological stability and
adaptation of plants to oxidizing damages is an integral part of the basic researches devoted to the general
adaptive response of an organism to the unfavorable
environmental factors. The explanation of the mechanisms of the various extremely important for predicting
the effect on the plants abiotic and biotic stress factors’
inÀuence is the basis of the search for the methods of
decreasing their negative effect on agricultural crops.
The physiological and biochemical changes, which de¿ne the plant immunity to the effect of oxide stress, is
an objective test both for early diagnostics of stability level of the created forms and types, their selection
under laboratory conditions and for the biochemical
monitoring in transformed agrocoenosis.

rent research has been the study of the hydrogen peroxide effect on the antioxidant ferments activity, pigments content and productivity of the winter wheat.
MATERIALS AND METHODS
Physiological biochemical indices were explored for
the winter wheat plants of the wooded steppe (Poliska
90) and steppe (Skala) ecotypes in the tillering and
Àowering phases. Plants were cultivated in course of
small-plot (10 m2) experiments in the ¿elds of the Institute of Agriculture NAAS of Ukraine in conditions
of the Ukrainian Polissia on the gray forest light-clay
soils. Agricultural methods of cultivation were conventional for the zone.
For studying the nonspeci¿c resistance forming
processes the experimental plants were foliar treated
with H2O2 in concentration of 1 · 10í4 M twice with
the 3-day-interval, while the control ones – with distilled water. Plants were sprayed in spring (in the tillering phase), when the thickness of the cuticular layer of
leaves and stems was insigni¿cant, as that is the prerequisite of the acting substance penetration. The H2O2 solution expenditure for 1 m2 was 1 l. The plants response
to the stress factor was analyzed both after 24 h, and
later (during the next ontogenesis phase – Àowering)
the plants adaptation degree.
The peroxide oxidation of endogenous lipids (LPO)
was determined in the supernatant liquid of plant
tissues’ homogenate judging from the formation of one
of the end products of peroxidation – the malonic dialdehyde (MDA), which content was determined due to
the value of its condensation product extinction of with
thiobarbituric acid [6]. The content of pigments was estimated by the spectrophotometer method [7].

There have been recorded instances for the data relative to the positive inÀuence of exogenous hydrogen
peroxide on the stability of plants to the effect of low
[1] and high [2] temperatures, osmotic [3] and salt
[4] stresses. We have already proven that the hydrogen peroxide treatment of winter wheat in the tillering phase increases the grain productivity of plants [5].
Since the majority of such studies are carried out in the
simulation conditions, the special features of the unspeci¿c stability forming in the winter wheat plants in
ontogenesis in ¿eld conditions as a result of the natural
shielding mechanisms, in particular, antioxidant systems, activation by hydrogen peroxide, has been insuf¿ciently studied till yet. Therefore, the analysis of the
biochemical mechanisms of the plant induced stability
is extremely urgent. Due to it, the purpose of the cur-

The activity of superoxide dismutase (SOD) (KF
1.15.1.1) was estimated using to the Chevari et al. technique. [8]. The hinge of leaves with the mass of 300 mg
was homogenized in 20 ml 50 mM of potassium phosphate buffer, pH 7.8. Furthermore, the homogenate was
centrifuged during 15 min at 7000 g (with cooling); supernatant was used as the unpuri¿ed extract of SOD
cytosol fraction. Incubation medium contained 1 ml of
1.3 mM riboÀavin, 1 ml of 13 mM methionine, 1 ml
of 63 M nitroblue tetrazolium (NBT), 1 ml of 0.1 mM
edetic acid and 0.5 ml of fermentation extract. The reaction was initiated with the addition of riboÀavin with
the subsequent incubation during 20 min in white light
(illumination of 4000 lx at the level of test tubes). A
maximum amount of formazan was created in the variant without the fermentation extract (50 mM potassium
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phosphate buffer, pH 7.8). The optical density at the
wavelength of l = of 560 nm was measured against the
control version, which was kept in darkness. The method is based on the SOD ability to inhibit the restoration of nitroblue tetrazolium with the radicals of superoxide in light in presence of riboÀavin and methionine.
The 50 per cent suppression of the formazan formation
was taken as the unit of the ferment activity.
The catalase activity (KF 1.11.1.6) was determined
according to Kumar [9]. 1 g of leaf tissue was grinded
with 10 ml of 50 mM phosphate buffer, pH 7.0. The
homogenate was ¿ltered and centrifuged during 10 min
at 8000 g (with cooling). 25 l of fermentation extract
and 90 l of 3 per cent ɇ2Ɉ2 solution were added to
2.9 ml of phosphate buffer. The optical density was
measured at l = of 240 nm. The catalase activity was
calculated with the use of an extinction coef¿cient –
39.4 mMí1 cmí1.
The ɇ2Ɉ2 inÀuence on the production process of
wheat was evaluated according to the elements of the
harvest structure. A total number of plants and quantity
of productive stems per unit of area (units/m2), quantity of grains in the ear (pcs), height of plant (cm) and
mass of 1000 grains (g) were determined [10]. The obtained results were processed by the variation statistics
method [11].
RESULTS AND DISCUSSION
As the obtained results stated, the ɇ2Ɉ2 action in
concentration of 1 · 10í4 M leads to the development
of stress in the plants of both varieties: Poliska 90 and
Skala, which is characterized with equilibrium shift
between prooxidants and antioxidants due to the accumulation of products LPO, in particular MDA (Fig. 1).
The LPO processes are more intensively developed in
the photosynthetic tissues of the Skala variety, where
the MDA content increases by 28 per cent, which suppresses the activity of the antioxidant ferments: the
SOD activity decreases by 76 per cent, catalase í by
26 per cent. In the Poliska 90 experimental plants the
MDA content raised by 17 per cent; however, this was
not reÀected in the SOD activity. Moreover, the plant
responded to the stress by an increase in this ferment
activity by 43 per cent. The catalase activity falls substantially down (by 26 per cent). Perhaps, that is connected to the hydrogen peroxide accumulation in the
plant tissues, which is created as a result of the oxidizing explosion and SOD dismutation reaction. Nowadays there is no categorical data on the antioxidant
system response to the hydrogen peroxide action in
AGRICULTURAL SCIENCE AND PRACTICE Vol. 1 No. 2 2014

Fig. 1. Correlation between pro- and antioxidants in wheat
laves at the ɇ2Ɉ2effect (1·10í4 Ɇ, 24 h exposition): 1 –
malonic dialdehyde; 2 – superoxide dismutase; 3 – catalase1

Fig. 2. Pigments content in wheat laves at the ɇ2Ɉ2 effect
(stem extension phase, 24 h exposition): 1 – Poliska 90,
control; 2 – Poliska 90, experimental; 3 – Skala, control; 4 –
Skala, experimental

the scienti¿c literature. However, it is shown that the
reaction depends on the species and variety of plant,
their physiological state, and also duration of the stress
factor impact. Thus, in leaves of the adult wheat plants
treated with ɇ2Ɉ2 an increase in the catalase activity
was observed [12]. Simultaneously, in a number of
works either decrease in the activity of antioxidant ferments or absence of changes in their activity in terms
of ɇ2Ɉ2 inÀuence is shown [13].
It should be noted that the development of such an
intensive stress does not make an impact on the content
of basic photosynthetic pigments in the plants of the
Skala variety, whereas the increasing tendency as for
their content (11 per cent) has been noted in the Poliska
90 experimental plants (Fig. 2), which provides the
nonspeci¿c resistance of photosynthetic apparatus to
the stress factor impact. The ɇ2Ɉ2 role both as a signal
molecule and expression regulator for some chloropast
and nuclear genes began to be examined relatively recently [14í16]. The literature provides the data on the
ɇ2Ɉ2 regulatory impact both in the photosynthetic ap35
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Fig. 3. Correlation between pro- and antioxidants in wheat
laves after the ɇ2Ɉ2 effect (1·10í4 Ɇ, Àowering phase): 1 –
malonic dialdehyde; 2 – superoxide dismutase; 3 – catalase

Fig. 4. Pigments content in wheat laves at the ɇ2Ɉ2 effect
(Àowering phase): 1 – Poliska 90, control; 2 – Poliska 90,
experimental; 3 – Skala, control; 4 – Skala, experimental

paratus functioning [17] and its stress-tolerance forming [18].
Thus, the Poliska 90 winter wheat plants proved to
be more resistant in the early development stages to the
oxidative stress induced by hydrogen peroxide than the
Skala plants.
The issue on the duration period after the stress factor
impact, during which the capability for the increased
resistance remains, is also noteworthy. As proved by
the current research, during the next phase (Àowering) the processes of peroxidation decrease and their
levels correspond to the control versions (Fig. 3). The
increased level of the SOD activity and restoration of

the catalase activity in both varieties give evidence on
the fact that hydrogen peroxide in concentration of 1 ·
10í4 M serves as the inductor of nonspeci¿c resistance
forming in plants due to the activation of endogenous
protection systems. No reliable difference between
the control and experimental versions in the pigments
content of in the Poliska 90 plants during this phase of
ontogenesis has been observed (Fig. 4); however, an increase in the chlorophyll content 11 per cent was ¿xed
in the Skala plants.
Since hydrogen peroxide caused an increase in the
nonspeci¿c resistance of plants of both types, its positive inÀuence on their production process has been also
assumed. As the analysis of the obtained results stated
(Table), hydrogen peroxide does not inÀuence on the
morphometric indices of the plants of the varieties being investigated. However, 1000 grains’ mass in the examined Poliska 90 plants increased by 18 per cent, and
in the Skala steppe plants – by 8 per cent. An increase
in 1000 grains mass can be caused by the fact that due
to the hydrogen peroxide actions up to 20 forms of proteins are de novo synthesized [19].
All mentioned above allows to make the conclusion
that the plant adaptation strategy to the oxidative stress
effect induced by hydrogen peroxide is aimed to the
oxidation-reduction homeostasis support implemented
in its turn with the aid of a whole series of physiological
mechanisms. In particular, hydrogen peroxide causes the
expression of many protection genes [20], what causes
the forming of the induced stability temporary phenotypic
stable, and therefore, unspeci¿c. Thus, the exogenous
application of ɇ2Ɉ2 in low concentrations (~ 10 mM) induces the accumulation of osmoprotector – betaine glycine in barley leaves [21], increases salt resistance in rice
sprouts as a result of the antioxidant ferments activation
and expression of transcripts, so-called stress-genes, coding saccharine phosphate synthase, pirolin-5-carboxylate synthase and the thermal shock protein 26 [21].

Winter Wheat Varieties Harvest Structure At the Effect of Hydrogen Peroxide
Wheat Variety
Poliska 90,
control
experimental
Skala,
control
experimental
36

Plants
per/m2

Yielding
Plants,
per/m2

Plant Height,
cm

Grain number
per ear

1000 Grain
Mass, g

Yield,
t–1/ha

44 ± 0.6
54 ± 0.9

73 ± 2.3
76 ± 3.4

93.0 ± 1.9
98.0 ± 1.6

41.1 ± 0,9
42.2 ± 0,8

38.4 ± 0.9
45.4 ± 0.7

48.0 ± 1.8
56.0 ± 1.6

40 ± 0.9
30 ± 0.6

85 ± 1.3
71 ± 1.2

73.3 ± 0.3
78.0 ± 0.3

31.3 ± 0,8
34.0 ± 0,5

30.1 ± 1.1
32.3 ± 1.2

43.2 ± 0.9
46.7 ± 1.2
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Thus, taking into account the obtained results and scienti¿c data, it is worthwhile to note that hydrogen peroxide in low concentrations can perform a signal role in
the plant organisms in stress conditions, inÀuencing on
the expression of transcripts, what induces the synthesis of the proteins, antioxidant ferments among them,
and other stress proteins. Hydrogen peroxide can be
considered as one of the chemical substances able to
participate in the physiological biochemical processes
in the plants increasing their adaptive potential. This is
promising for its use in the agriculture, since molar and
nano-concentrations of acting substances are considered in the contemporary technologies as the perspective means for directed control of ontogenesis.
CONCLUSIONS

ɫɭɩɟɪɨɤɫɢɞɭ ɧɚ ɫɜɿɬɥɿ ɡɚ ɩɪɢɫɭɬɧɨɫɬɿ ɪɢɛɨɮɥɚɜɿɧɭ ɿ
ɦɟɬɿɨɧɿɧɭ. Ⱥɤɬɢɜɧɿɫɬɶ ɤɚɬɚɥɚɡɢ ɪɨɡɪɚɯɨɜɭɜɚɥɢ ɡɚ ɤɨɟɮɿɰɿɽɧɬɨɦ ɟɤɫɬɢɧɤɰɿʀ – 39,4 ɦɆí1ɫɦí1. Ɋɟɡɭɥɶɬɚɬɢ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡɚ ɞɿʀ ɩɟɪɨɤɫɢɞɭ ɜɨɞɧɸ ɧɚ 24-ɬɭ ɝɨɞ ɩɿɫɥɹ
ɨɛɪɨɛɤɢ ɿɧɬɟɧɫɢɮɿɤɭɸɬɶɫɹ ɩɪɨɰɟɫɢ ɉɈɅ ɬɚ ɡɧɢɠɭɽɬɶɫɹ
ɚɤɬɢɜɧɿɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɢɯ ɮɟɪɦɟɧɬɿɜ ɜ ɨɛɨɯ ɫɨɪɬɿɜ. ɍ
ɧɚɫɬɭɩɧɭ ɮɚɡɭ ɨɧɬɨɝɟɧɟɡɭ (ɰɜɿɬɿɧɧɹ) ɚɤɬɢɜɧɿɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɢɯ ɮɟɪɦɟɧɬɿɜ ɡɪɨɫɬɚɽ ɹɤ ɭ ɪɨɫɥɢɧ ɫɨɪɬɭ
ɉɨɥɿɫɶɤɚ 90, ɬɚɤ ɿ ɋɤɚɥɚ, ɳɨ ɩɪɢɝɧɿɱɭɽ ɪɨɡɜɢɬɨɤ ɉɈɅ.
ȼɢɫɧɨɜɤɢ. Ɉɛɪɨɛɤɚ ɪɨɫɥɢɧ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɧɸ ɫɩɪɢɹɽ
ɮɨɪɦɭɜɚɧɧɸ ɧɟɫɩɟɰɢɮɿɱɧɨʀ ɫɬɿɣɤɨɫɬɿ ɪɨɫɥɢɧ ɬɚ ɩɿɞɜɢɳɟɧɧɸ ɡɟɪɧɨɜɨʀ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɞɨɫɥɿɞɧɢɯ ɫɨɪɬɿɜ ɨɡɢɦɨʀ
ɩɲɟɧɢɰɿ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɨɡɢɦɚ ɩɲɟɧɢɰɹ, ɩɟɪɨɤɫɢɞ ɜɨɞɧɸ, ɚɤɬɢɜɧɿɫɬɶ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɢ, ɤɚɬɚɥɚɡɚ, ɦɚɥɨɧɨɜɢɣ ɞɿɚɥɶɞɟɝɿɞ, ɧɟɫɩɟɰɢɮɿɱɧɚ ɪɟɡɢɫɬɟɧɬɧɿɫɬɶ.

The results of the performed explorations give evidences on the fact that the hydrogen peroxide action in
concentration of 1 · 10í4 M causes the increase in the
winter wheat adaptive potential, both for the wooded
steppe and steppe ecotypes, due to reduction in the intensity of LPO processes and the antioxidant ferments
activation. The hydrogen peroxide treatment contributes to an increase of 1000 grains mass in the tested
varieties.

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɣ ɪɟɡɢɫɬɟɧɬɧɨɫɬɢ
ɭ ɪɚɫɬɟɧɢɣ ɨɡɢɦɨɣ ɩɲɟɧɢɰɵ
ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ

Ɏɨɪɦɭɜɚɧɧɹ ɧɟɫɩɟɰɢɮɿɱɧɨʀ ɪɟɡɢɫɬɟɧɬɧɨɫɬɿ ɭ ɪɨɫɥɢɧ
ɨɡɢɦɨʀ ɩɲɟɧɢɰɿ ɡɚ ɞɿʀ ɩɟɪɨɤɫɢɞɭ ɜɨɞɧɸ

Ɇɟɬɚ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɜɩɥɢɜɭ ɩɟɪɨɤɫɢɞɭ ɜɨɞɧɸ ɧɚ ɚɤɬɢɜɧɿɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɢɯ ɮɟɪɦɟɧɬɿɜ, ɜɦɿɫɬ ɩɿɝɦɟɧɬɿɜ ɿ
ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɨɡɢɦɨʀ ɩɲɟɧɢɰɿ ɞɥɹ ɡ’ɹɫɭɜɚɧɧɹ ɛɿɨɯɿɦɿɱɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɿɧɞɭɤɨɜɚɧɨʀ ɫɬɿɣɤɨɫɬɿ ɪɨɫɥɢɧ ɨɡɢɦɨʀ
ɩɲɟɧɢɰɿ ɜ ɨɧɬɨɝɟɧɟɡɿ ɡɚ ɩɨɥɶɨɜɢɯ ɭɦɨɜ. Ɇɟɬɨɞɢ. Ɏɿɡɿɨɥɨɝɨ-ɛɿɨɯɿɦɿɱɧɿ ɩɨɤɚɡɧɢɤɢ ɜɢɜɱɚɥɢ ɧɚ ɪɨɫɥɢɧɚɯ ɨɡɢɦɨʀ ɩɲɟɧɢɰɿ ɥɿɫɨɫɬɟɩɨɜɨɝɨ (ɉɨɥɿɫɶɤɚ 90) ɿ ɫɬɟɩɨɜɨɝɨ
(ɋɤɚɥɚ) ɟɤɨɬɢɩɿɜ ɭ ɮɚɡɚɯ ɤɭɳɿɧɧɹ ɬɚ ɰɜɿɬɿɧɧɹ. Ⱦɨɫɥɿɞɧɿ
ɪɨɫɥɢɧɢ ɩɨɡɚɤɨɪɟɧɟɜɨ ɨɛɪɨɛɥɹɥɢ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɧɸ
(ɇ2Ɉ2) ɭ ɤɨɧɰɟɧɬɪɚɰɿʀ 1·10í4 Ɇ ɞɜɿɱɿ ɡ ɿɧɬɟɪɜɚɥɨɦ ɭ 3
ɞɨɛɢ, ɤɨɧɬɪɨɥɶɧɿ –ɞɢɫɬɢɥɶɨɜɚɧɨɸ ɜɨɞɨɸ. Ɋɨɫɥɢɧɢ ɨɛɩɪɢɫɤɭɜɚɥɢ ɧɚɜɟɫɧɿ (ɮɚɡɚ ɤɭɳɿɧɧɹ). ɉɟɪɨɤɫɢɞɧɟ ɨɤɢɫɧɟɧɧɹ ɥɿɩɿɞɿɜ (ɉɈɅ) ɜɢɡɧɚɱɚɥɢ ɡɚ ɭɬɜɨɪɟɧɧɹɦ ɨɞɧɨɝɨ
ɡ ɤɿɧɰɟɜɢɯ ɩɪɨɞɭɤɬɿɜ ɩɟɪɨɤɫɢɞɚɰɿʀ – ɦɚɥɨɧɨɜɨɝɨ ɞɿɚɥɶɞɟɝɿɞɭ, ɜɦɿɫɬ ɹɤɨɝɨ ɜɫɬɚɧɨɜɥɸɜɚɥɢ ɡɚ ɜɟɥɢɱɢɧɨɸ ɟɤɫɬɢɧɤɰɿʀ ɩɪɨɞɭɤɬɭ ɣɨɝɨ ɤɨɧɞɟɧɫɚɰɿʀ ɡ ɬɿɨɛɚɪɛɿɬɭɪɨɜɨɸ
ɤɢɫɥɨɬɨɸ. Ⱥɤɬɢɜɧɿɫɬɶ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɢ (ɋɈȾ) ɜɢɹɜɥɹɥɢ ɦɟɬɨɞɨɦ, ɹɤɢɣ ɛɚɡɭɽɬɶɫɹ ɧɚ ɡɞɚɬɧɨɫɬɿ ɋɈȾ ɿɧɝɿɛɭɜɚɬɢ ɜɿɞɧɨɜɥɟɧɧɹ ɧɿɬɪɨɫɢɧɶɨɝɨ ɬɟɬɪɚɡɨɥɿɸ ɪɚɞɢɤɚɥɚɦɢ

ɐɟɥɶ. ɂɡɭɱɟɧɢɟ ɞɟɣɫɬɜɢɹ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɧɚ ɚɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ, ɫɨɞɟɪɠɚɧɢɟ ɩɢɝɦɟɧɬɨɜ ɢ ɭɪɨɠɚɣɧɨɫɬɶ ɨɡɢɦɨɣ ɩɲɟɧɢɰɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɦɟɯɚɧɢɡɦɨɜ ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɚɫɬɟɧɢɣ ɨɡɢɦɨɣ ɩɲɟɧɢɰɵ ɜ ɨɧɬɨɝɟɧɟɡɟ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ. Ɇɟɬɨɞɵ. Ɏɢɡɢɨɥɨɝɨ-ɛɢɨɯɢɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɢɡɭɱɚɥɢ ɧɚ ɪɚɫɬɟɧɢɹɯ ɨɡɢɦɨɣ ɩɲɟɧɢɰɵ ɥɟɫɨɫɬɟɩɧɨɝɨ (ɉɨɥɟɫɫɤɚɹ 90 ) ɢ ɫɬɟɩɧɨɝɨ (ɋɤɚɥɚ) ɷɤɨɬɢɩɨɜ
ɜ ɮɚɡɚɯ ɤɭɳɟɧɢɹ ɢ ɰɜɟɬɟɧɢɹ. Ɉɩɵɬɧɵɟ ɪɚɫɬɟɧɢɹ ɜɧɟɤɨɪɧɟɜɵɦ ɫɩɨɫɨɛɨɦ ɨɛɪɚɛɚɬɵɜɚɥɢ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ
ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 1·10í4 Ɇ ɞɜɚɠɞɵ ɫ ɢɧɬɟɪɜɚɥɨɦ ɜ 3 ɫɭɬ;
ɤɨɧɬɪɨɥɶɧɵɟ í ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. Ɋɚɫɬɟɧɢɹ ɨɩɪɵɫɤɢɜɚɥɢ ɜɟɫɧɨɣ (ɮɚɡɚ ɤɭɳɟɧɢɹ). ɉɟɪɨɤɫɢɞɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɢɩɢɞɨɜ (ɉɈɅ) ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɨɛɪɚɡɨɜɚɧɢɸ ɨɞɧɨɝɨ
ɢɡ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɟɪɨɤɫɢɞɚɰɢɢ í ɦɚɥɨɧɨɜɨɝɨ ɞɢɚɥɶɞɟɝɢɞɚ, ɫɨɞɟɪɠɚɧɢɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɜɟɥɢɱɢɧɟ ɷɤɫɬɢɧɤɰɢɢ ɩɪɨɞɭɤɬɚ ɟɝɨ ɤɨɧɞɟɧɫɚɰɢɢ ɫ ɬɢɨɛɚɪɛɢɬɭɪɨɜɨɣ ɤɢɫɥɨɬɨɣ. Ⱥɤɬɢɜɧɨɫɬɶ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɵ
(ɋɈȾ) ɜɵɹɜɥɹɥɢ ɦɟɬɨɞɨɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɫɩɨɫɨɛɧɨɫɬɢ
ɋɈȾ ɢɧɝɢɛɢɪɨɜɚɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɢɬɪɨɫɢɧɟɝɨ ɬɟɬɪɚɡɨɥɢɹ ɪɚɞɢɤɚɥɚɦɢ ɫɭɩɟɪɨɤɫɢɞɚ ɧɚ ɫɜɟɬɭ ɜ ɩɪɢɫɭɬɫɬɜɢɢ
ɪɢɛɨɮɥɚɜɢɧɚ ɢ ɦɟɬɢɨɧɢɧɚ. Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɬɚɥɚɡɵ ɪɚɫcɱɢɬɵɜɚɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɤɫɬɢɧɤɰɢɢ í 39,4 ɦɆí1ɫɦí1. Ɋɟɡɭɥɶɬɚɬɵ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɱɟɪɟɡ 24 ɱ ɩɨɫɥɟ
ɨɛɪɚɛɨɬɤɢ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɥɢɫɶ ɩɪɨɰɟɫɫɵ ɉɈɅ ɢ ɫɧɢɠɚɥɚɫɶ ɚɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɭ ɨɛɨɢɯ
ɫɨɪɬɨɜ, ɜ ɫɥɟɞɭɸɳɭɸ ɮɚɡɭ ɨɧɬɨɝɟɧɟɡɚ (ɰɜɟɬɟɧɢɟ)
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ɚɤɬɢɜɧɨɫɬɶ ɚɧɬɢɨɤɫɢɞɚɧɬɧɵɯ ɮɟɪɦɟɧɬɨɜ ɭɜɟɥɢɱɢɜɚɥɚɫɶ
ɤɚɤ ɭ ɪɚɫɬɟɧɢɣ ɫɨɪɬɚ ɉɨɥɟɫɫɤɚɹ 90, ɬɚɤ ɢ ɋɤɚɥɚ, ɱɬɨ
ɩɨɞɚɜɥɹɥɨ ɪɚɡɜɢɬɢɟ ɉɈɅ. ȼɵɜɨɞɵ. Ɉɛɪɚɛɨɬɤɚ ɪɚɫɬɟɧɢɣ ɩɟɪɨɤɫɢɞɨɦ ɜɨɞɨɪɨɞɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɮɨɪɦɢɪɨɜɚɧɢɸ
ɧɟɫɩɟɰɢɮɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɪɚɫɬɟɧɢɣ ɢ ɩɨɜɵɲɟɧɢɸ
ɡɟɪɧɨɜɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɪɬɨɜ ɨɡɢɦɨɣ ɩɲɟɧɢɰɵ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɡɢɦɚɹ ɩɲɟɧɢɰɚ, ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ,
ɚɤɬɢɜɧɨɫɬɶ ɫɭɩɟɪɨɤɫɢɞɞɢɫɦɭɬɚɡɢ, ɤɚɬɚɥɚɡɚ, ɦɚɥɨɧɨɜɵɣ
ɞɢɚɥɶɞɟɝɢɞ, ɧɟɫɩɟɰɢɮɢɱɟɫɤɚɹ ɪɟɡɢɫɬɟɧɬɧɨɫɬɶ.
REFERENCES

