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Aim. To establish the effect of different fertilization systems in short ¿eld crop rotation on the change in the
state of humus in the dark gray podzolic soils in Western Forest-Steppe of Ukraine. Methods. Field studies
were carried out in a stationary experiment of the Department of Soil Science and Agricultural Chemistry of
the L’viv National Agrarian University; determination of humus content – according to DSTU 4289:2004, and
that of its labile forms – in accordance with DSTU 4732:2007, fraction-group composition – by Ponomareva-Plotnikova’s method, according to the measurement procedure 31-497058-008-2002. Results. The use of
organo-mineral fertilizer system in short ¿eld crop rotation with the saturation of organic fertilizers of 15 t/ha
of crop rotation contributes to the humus content increase by 0.7 % after the third rotation in 0–40 cm layer of
dark gray podzolic soil, the increase in the share of stable forms of humic compounds up to 57–59 % and the
increase in the ratio of RHA:RFA to 1.3–1.4. The study demonstrated very high dependence of amount of gross
energy reserves in the humus on the RHA:RFA ratio. Conclusions. The combined application of organic fertilizers in the form of manure, non-market of the crop (straw) and siderate, along with mineral fertilizers is recommended in short ¿eld crop rotations of Western Forest-Steppe of Ukraine toensure expanded reproduction
of fertility of dark gray podzolic soil, improvement of its humus status, increase in gross energy reserves and
the share of the stable forms and humic acids in the humus.
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INTRODUCTION
A characteristic feature of modern Ukrainian agriculture is insufficient intake of nutrients and energy into agrosystems [1]. At the time of intensified
anthropogenic impact on the soil it leads to their
agrophysical and agrochemical degradation, in particular, to the reduction in humus content [2, 3].
The degree of providing crops with nutrients depends on the humus content [4], while its qualitative composition reflects the ecological state of the
soil [5].

the creation of the conditions in the soil which would
diminish the intensity of mineralization of organic
substances and promote the formation of stable humus forms [2, 6, 7].
Although the systematic application of organic and
mineral fertilizers decreases the negative balance of organic compounds in the soil, it does not always prevent
the decrease in the humus content which is related to
the enhanced mineralization of the organic substance
and the removal of nutrients with the harvest and their
non-productive losses [6, 7].

A relevant task of modern agriculture is to attain
positive humus balance, and it can be achieved with
the introduction of a corresponding amount of organic fertilizers, the increase in the humi¿cation intensity for fresh organic substance as well as with

Therefore, it is important to estimate the impact of
different fertilization systems on the content and quality of humus in the soil and the trends of transforming
organic substances under the inÀuence of agricultural
chemicals in practice.
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Fig. 1. The dynamics of humus content in the 0–20 cm layer of dark gray podzolic soil of the Western Forest-Steppe of
Ukraine under the impact of different fertilization systems: I – I crop rotation; II – II crop rotation; III – III crop rotation

MATERIALS AND METHODS
Field experiments were conducted in the conditions
of the stationary experiment of the Department of Soil
Science and Agricultural Chemistry of the L’viv National Agrarian University on dark gray podzolic soil
for three short ¿eld crop rotations (2001–2012) with
the following crop rotations: winter wheat – sugar
beet – spring barley – red clover.
The experiment scheme involved control, mineral,
organic, and organo-mineral fertilization systems
of different saturation levels for organic fertilizers:
1) control (no fertilizers); 2) mineral fertilization
system N390P210K430 (sum of NPK-1030); 3) organomineral fertilization system N390P207K430, including
N270P150K263, introduced with mineral fertilizers (sum
of NPK-1030), crop rotation saturation with organic
fertilizers í 6.25 t/ha of the rotation area; 4) organomineral fertilization system N390P210K430 (sum of NPK1030), including N100P170K173, introduced with mineral
fertilizers; saturation of the crop rotation with organic
fertilizers – 12.5 t/ha; 5) organo-mineral fertilization
system N390P210K430, (sum of NPK-1030), including
N50P85K113, introduced with mineral fertilizers; the degree of saturation with organic fertilizers – 15.0 t/ha
of rotation area; 6) organic fertilization system of
N390P210K430 (sum of NPK-1030), the degree of saturation with organic fertilizers – 17.5 t/ha.
Field and laboratory experiments were conducted
according to common agrochemical methods, in
particular, the determination of humus content –
according to DSTU 4289:2004; its labile forms –
according to DSTU 4732:2007, fraction-group
40

composition – using Ponomariova–Plotnikova
method according to the measurement procedure
31-497058-008-2002.
RESULTS AND DISCUSSION
Our studies demonstrated that different fertilization
systems have different impact on the humus content in
dark gray podzolic soil (Fig. 1).
The application of the organo-mineral fertilization
system ensured the increase in the humus content compared with the control and the mineral system.
Even after the ¿rst crop rotation the combined introduction of mineral and organic fertilizers with the
saturation of the crop rotation with organic fertilizers
in the amount of 15–17 t/ha of the rotation area, the
content of total humus in the soil increased by 0.33 %
and amounted to about 2.4 %. After the third rotation
the humus content in the variants of organo-mineral
fertilization system exceeded the variants of the mineral system and control by 0.7–1 %. Similar regularity
was observed in the subsurface (20–40 cm) layer of
soil, but with lesser absolute indices of total humus
content.
Fertilization systems had considerable differences
regarding their impact on the synthesis of different
groups of humus compounds which are divided into
labile and stable ones in accordance to modern notions
on heterogeneity and their different resistance to mineralization [6].
Organic and organo-mineral fertilization systems
condition extended restoration of the fertility of dark
gray podzolic soil and promote the formation of stable
AGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 2 2015
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Fig. 2. The change in the share of stable humus in dark gray podzolic soil depending on the fertilization system after the third
short ¿eld crop rotation: ȱ – 0í20 cm; ȱȱ – 20í40 cm

compounds of humus, especially after the second and
third crop rotations (Fig. 2). Mineral fertilizers have
positive impact on the increase in the content of labile
compounds in the humus.
The regularities of stabilization of the humus state
of the soil can be described using the following linear
equations of multiple regression:

ɭ = 2.2011 ɯ + 46.51 (R2 = 0.85) –
for the upper (0–20 cm) soil layer;
ɭ = 2.3802 ɯ + 46.93 (R2 = 0.92) –
for the lower (20–40 cm) soil layer,
where ɭ – share of stable humus in its total content, %;
ɯ – saturation degree of organic fertilizers for the rotation area, t/ha.

The fraction-group composition of humus in the 0–20 cm layer of dark gray podzolic soil (average for 2009–2012)
Humic acids (HA)
Variant
HA-1

HA-2

HA-3

Sum
HA

Fulvic acids (FA)
FA-1a

FA-1

FA-2

FA-3

Sum of
FA

HA/
FA

No fertilizers
(control)

9.4/27.1

16.2/46.7 9.1/26.2

34.7/100 6.6/19.1 7.9/22.9 12.4/36.0 7.6/22.0 34.5/100 1.01

N390P210K430

9.5/27.1* 16.5/47.0 9.1/25.9

35.1/100 6.5/19.0 7.7/22.5 12.7/37.1 7.3/21.4 34.2/100 1.03

20 t/ha of manure
+ 5 t/ha of straw +
N270P153K260

10.6/28.3 17.5/46.8 9.3/24.9

37.4/100 4.5/14.7 6.7/21.9 12.5/40.8 6.9/22.6 30.6/100 1.22

30 t/ha of manure +
15 t/ha of siderates
+ 5 t/ha of straw +
N100P110K173

10.8/28.1 18.3/47.5 9.4/24.4

38.5/100 3.5/12.0 6.4/22.0 12.5/43.0 6.7/23.0 29.1/100 1.32

40 t/ha of manure +
15 t/ha of siderates
+ 5 t/ha of straw +
N50P85K113

11.1/28.5

18.4/47.2 9.5/24.3

39.0/100 3.5/12.2 5.7/19.9 12.6/44.1 6.8/23.8 28.6/100 1.36

50 t/ha of manure +
15 t/ha of siderates
+ 5 t/ha of straw +
N25P60K50

11.3/28.8

18.4/46.8 9.6/24.4

39.3/100 3.4/12.0 5.8/20.4 12.7/44.7 6.5/22.9 28.4/100 1.38

Note. *Percentage from the total carbon/percentage of the fraction from the sum of HA or FA.
AGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 2 2015

41

LOPUSHNIAK

Fig. 3. The dependence of the content of gross energy reserves in humus (0–20 cm soil layer) on the RHA:RFA ratio

Multiple determination coef¿cients (R2) indicate
close correlation between the introduced organic fertilizers and the increase in the share of stable humus
in the soil.
It should be noted that practically in all the experiment variants in the upper soil layer (0–20 cm)
the content of labile humus forms after the third
rotation fluctuated in the range of 1.0–1.2 %. Contrary to the indices of labile humus, the indices of
the content of its stable forms by the crop rotations
changed considerably under the impact of fertilization systems.
The fraction-group composition of humus is considered to be the most relevant index of humus state of the
soil [8]. Our studies identi¿ed a considerable impact
of the fertilization systems on the fraction-group composition of dark gray podzolic soil [9] (Table). The
indices of the fraction-group composition of humus
demonstrate that the absence of fertilizers leads to the
aggravation of the humus state of the soil. It reÀects in
the increased share of fulvic acids (FA), in particular,
aggressive groups FA-1a and FA-1, the decreased share
of the non-hydrolyzed residue in the humus, gradual
transition of the soil type from the humic-fulvic to fulvic-humic one.

RHA:RFA reÀects the direction of the processes of organic matter mineralization and serves as an indicator
of the humus state of the soil. There were considerable
changes in RHA:RFA in the upper (0–20 cm) layer of the
soil. Although the humus type in all the variants was
humic-fulvic, it should be noted that the share of humic
and fulvic acids was almost the same for the control
variant and the one with the use of the mineral fertilization system. The ratio was shifted towards HA only due
to the introduction of organic fertilizers. The best ratio
was ensured by the organic (1.38) and organo-mineral
(1.36) fertilization systems with the highest saturation
for organic fertilizers.
The fraction-group composition of humus has direct
impact on the energetic state of the soil, which correlates with the humus content [10]. It has positive impact both on the soil fertility and its energetic potential,
which increases the stability and productivity of agricultural systems [11]. Proper estimation of the energetic state of the soil humus required the consideration
of its fraction-group composition, the heat intensity of
all the groups of humic substances [10, 11] as well as
its agrophysical state which also Àuctuated under the
inÀuence of different fertilization systems [12].

Only the organo-mineral and organic fertilization
systems ensure qualitative enhancement of the fraction-group content of humus which is reÀected in the
increase in the share of humic acids. It determined
higher humic:fulvic acids (RHA:RFA) ratio, including the
subsurface layer.

Combined application of organic and mineral fertilizers ensures the accumulation of humic substances in
the soil and the increase in the share of humic acids
and non-hydrolyzed forms of humic substances that
are remarkable for the highest heat intensity which
promotes the increase in the gross energy reserves in
humus. The heat intensity of humus increases with
the increase in the share of introduced organic fertilizers. The highest indices of gross energy reserves in
the soil humus were noted for the variants of organic
and organo-mineral systems with the highest satura-
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The mineral system of fertilization suspends the degradation processes to some degree, and also promotes
the increase in the FA content, especially in the subsurface (20–40 cm) layer.
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tion level of organic fertilizers. In these variants the
energy intensity was on the level of 5.0 gigajoule/ha
which exceeds a similar index for the control variant
by 0.26 gigajoule/ha.
There is an established correlation between the gross
energy reserves, accumulated humus and the RHA:RFA
ratio (Fig. 3).
The multiple determination coef¿cient (R2 = 0.98) illustrates close dependence of the accumulated energy
index in the humus on the content of humic acids.
The results of estimations of the gross energy reserves in the humus under experimental conditions
demonstrated the tendency towards the increase in the
energy intensity of the humus under the impact of organic fertilizers. Still, it is the organo-mineral system
with the saturation of 15.0 t/ha of organic fertilizers
that ensures one of the highest energy intensity indices
in the upper surface layer and the highest one – in the
subsurface layer. The application of the mineral fertilization system does not condition the increase in the energy intensity index for the humus even compared to
the non-fertilized areas.
CONCLUSIONS
The application of organo-mineral fertilization systems for the short ¿eld crop rotation leads to the emergence of new levels of stable humus state in the soil
which correspond to the speci¿cities of the intake of
the organic matter, its chemical composition and the
direction of the mineralization processes.

The application of the organo-mineral fertilization
system results in the increase in the energy intensity
of the humus. The multiple determination coef¿cient
(R2 = 0.98) illustrates close dependence of the accumulated energy index in the humus on the content of
humic acids. The gross energy reserves, accumulated
by humus in the 0–40 cm soil layer, are the highest (5.0
gigajoule/ha) on average for three crop rotations, while
using the organo-mineral fertilization system, which
requires the application of 40 t/ha of manure + 15 t/ha
of siderates + 5 t/ha straw + N50P85K113.
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The absence of fertilizers and the mineral fertilization system lead to the aggravation of the humus state
of dark gray podzolic soil which is manifested in the
increase in the share of fulvic acids up to 34 %, in particular, it pertains to the most aggressive fractions (FA1a and FA-1), the decrease in the share of the non-hydrolyzed residue in the humus, gradual transition of the
soil humus from the fulvic-humic to the humic-fulvic
type.

Ɇɟɬɚ. ȼɫɬɚɧɨɜɢɬɢ ɜɩɥɢɜ ɪɿɡɧɢɯ ɫɢɫɬɟɦ ɭɞɨɛɪɟɧɧɹ ɭ
ɤɨɪɨɬɤɨɪɨɬɚɰɿɣɧɿɣ ɩɨɥɶɨɜɿɣ ɩɥɨɞɨɡɦɿɧɧɿɣ ɫɿɜɨɡɦɿɧɿ ɧɚ
ɡɦɿɧɭ ɝɭɦɭɫɨɜɨɝɨ ɫɬɚɧɭ ɬɟɦɧɨ-ɫɿɪɨɝɨ ɨɩɿɞɡɨɥɟɧɨɝɨ ʉɪɭɧɬɭ ɜ Ɂɚɯɿɞɧɨɦɭ Ʌɿɫɨɫɬɟɩɭ ɍɤɪɚʀɧɢ. Ɇɟɬɨɞɢ. ɉɨɥɶɨɜɿ
ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨɜɟɞɟɧɨ ɜ ɫɬɚɰɿɨɧɚɪɧɨɦɭ ɟɤɫɩɟɪɢɦɟɧɬɿ
ɤɚɮɟɞɪɢ ɚɝɪɨɯɿɦɿʀ ɬɚ ʉɪɭɧɬɨɡɧɚɜɫɬɜɚ Ʌɶɜɿɜɫɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɚɝɪɚɪɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ; ɜɢɡɧɚɱɟɧɧɹ ɜɦɿɫɬɭ
ɝɭɦɭɫɭ – ɡɝɿɞɧɨ ɡ ȾɋɌɍ 4289:2004; ɣɨɝɨ ɥɚɛɿɥɶɧɢɯ
ɮɨɪɦ – ɡɝɿɞɧɨ ɡ ȾɋɌɍ 4732:2007, ɮɪɚɤɰɿɣɧɨ-ɝɪɭɩɨɜɨɝɨ
ɫɤɥɚɞɭ – ɡɚ ɦɟɬɨɞɨɦ ɉɨɧɨɦɚɪɶɨɜɨʀ–ɉɥɨɬɧɢɤɨɜɨʀ ɜɿɞɩɨɜɿɞɧɨ ɞɨ Ɇȼȼ 31-497058-008-2002. Ɋɟɡɭɥɶɬɚɬɢ. Ɂɚɫɬɨɫɭɜɚɧɧɹ ɨɪɝɚɧɨ-ɦɿɧɟɪɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɭɞɨɛɪɟɧɧɹ ɜ ɤɨɪɨɬɤɨɪɨɬɚɰɿɣɧɿɣ ɩɨɥɶɨɜɿɣ ɫɿɜɨɡɦɿɧɿ ɡ ɧɚɫɢɱɟɧɧɹɦ ɨɪɝɚɧɿɱɧɢɦɢ ɞɨɛɪɢɜɚɦɢ (15 ɬ/ɝɚ) ɫɿɜɨɡɦɿɧɧɨʀ ɩɥɨɳɿ ɫɩɪɢɹɽ
ɩɿɞɜɢɳɟɧɧɸ ɜɦɿɫɬɭ ɝɭɦɭɫɭ ɧɚ 0,7 % ɩɿɫɥɹ ɬɪɟɬɶɨʀ ɪɨɬɚɰɿʀ ɜ ɲɚɪɿ 0–40 ɫɦ ɬɟɦɧɨ-ɫɿɪɨɝɨ ɨɩɿɞɡɨɥɟɧɨɝɨ ʉɪɭɧɬɭ,
ɡɛɿɥɶɲɟɧɧɸ ɱɚɫɬɤɢ ɫɬɚɛɿɥɶɧɢɯ ɮɨɪɦ ɝɭɦɭɫɨɜɢɯ ɫɩɨɥɭɤ ɞɨ 57–59 % ɿ ɡɪɨɫɬɚɧɧɸ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɝɭɦɿɧɨɜɿ:ɮɭɥɶɜɨɤɢɫɥɨɬɢ (ɋȽɄ:ɋɎɄ) ɞɨ 1,3–1,4. ȼɢɹɜɥɟɧɨ ɫɭɬɬɽɜɭ
ɡɚɥɟɠɧɿɫɬɶ ɜɟɥɢɱɢɧɢ ɜɚɥɨɜɢɯ ɡɚɩɚɫɿɜ ɟɧɟɪɝɿʀ ɜ ɝɭɦɭɫɿ
ɜɿɞ ɋȽɄ:ɋɎɄ. ȼɢɫɧɨɜɤɢ. ɍ ɤɨɪɨɬɤɨɪɨɬɚɰɿɣɧɢɯ ɩɨɥɶɨɜɢɯ
ɩɥɨɞɨɡɦɿɧɧɢɯ ɫɿɜɨɡɦɿɧɚɯ Ɂɚɯɿɞɧɨɝɨ Ʌɿɫɨɫɬɟɩɭ ɍɤɪɚʀɧɢ
ɭ ɫɢɫɬɟɦɚɯ ɭɞɨɛɪɟɧɧɹ, ɨɤɪɿɦ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɿɧɟɪɚɥɶɧɢɯ
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The highest indices (2.7 %) of the content of total
humus in the 0–40 cm layer of dark gray podzolic soil
after the third crop rotation are ensured by the organomineral fertilization system with the saturation with
organic fertilizers at the level of 15 t/ha of the rotation
area. The increase in the norms of the organic fertilizers does not lead to the increase in the total content of
humus and the mineral fertilization system promotes
the dehumi¿cation of the surface (0–20 cm) and the
subsurface (20–40 cm) soil layers.

LOPUSHNIAK
ɞɨɛɪɢɜ, ɜɚɪɬɨ ɫɭɦɿɫɧɨ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɨɪɝɚɧɿɱɧɿ ɞɨɛɪɢɜɚ
ɭ ɜɢɝɥɹɞɿ ɝɧɨɸ, ɧɟɬɨɜɚɪɧɭ ɱɚɫɬɢɧɭ ɜɪɨɠɚɸ (ɫɨɥɨɦɭ)
ɬɚ ɫɢɞɟɪɚɬɢ, ɳɨ ɡɚɛɟɡɩɟɱɭɽ ɪɨɡɲɢɪɟɧɟ ɜɿɞɬɜɨɪɟɧɧɹ ɪɨɞɸɱɨɫɬɿ ɬɟɦɧɨ-ɫɿɪɨɝɨ ɨɩɿɞɡɨɥɟɧɨɝɨ ʉɪɭɧɬɭ, ɩɨɤɪɚɳɟɧɧɹ ɣɨɝɨ ɝɭɦɭɫɨɜɨɝɨ ɫɬɚɧɭ, ɡɪɨɫɬɚɧɧɹ ɜɚɥɨɜɢɯ ɡɚɩɚɫɿɜ
ɟɧɟɪɝɿʀ, ɱɚɫɬɤɢ ɫɬɚɛɿɥɶɧɢɯ ɮɨɪɦ ɿ ɝɭɦɿɧɨɜɢɯ ɤɢɫɥɨɬ ɭ
ɝɭɦɭɫɿ.

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɭɞɨɛɪɟɧɢɹ, ɩɨɱɜɚ, ɝɭɦɭɫ,
ɮɪɚɤɰɢɨɧɧɨ-ɝɪɭɩɩɨɜɨɣ ɫɨɫɬɚɜ, ɝɭɦɢɧɨɜɵɟ ɤɢɫɥɨɬɵ,
ɮɭɥɶɜɨɤɢɫɥɨɬɵ.
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Ɇɟɬɨɞɵ. ɉɨɥɟɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɤɚɮɟɞɪɵ ɚɝɪɨɯɢɦɢɢ ɢ ɩɨɱɜɨɜɟɞɟɧɢɹ Ʌɶɜɨɜɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɚɝɪɚɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ; ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɝɭɦɭɫɚ – ɩɨ ȾɋɌɍ 4289:
2004; ɟɝɨ ɥɚɛɢɥɶɧɵɯ ɮɨɪɦ – ɩɨ ȾɋɌɍ 4732:2007,
ɮɪɚɤɰɢɨɧɧɨ-ɝɪɭɩɩɨɜɨɝɨ ɫɨɫɬɚɜɚ – ɩɨ ɦɟɬɨɞɭ ɉɨɧɨɦɚɪɟɜɨɣ–ɉɥɨɬɧɢɤɨɜɨɣ ɫɨɝɥɚɫɧɨ Ɇȼɂ 31-497058-008-2002.
Ɋɟɡɭɥɶɬɚɬɵ. ɉɪɢɦɟɧɟɧɢɟ ɨɪɝɚɧɨ-ɦɢɧɟɪɚɥɶɧɨɣ ɫɢɫɬɟɦɵ
ɭɞɨɛɪɟɧɢɹ ɜ ɤɪɚɬɤɨɪɨɬɚɰɢɨɧɧɨɦ ɩɨɥɟɜɨɦ ɫɟɜɨɨɛɨɪɨɬɟ
ɫ ɧɚɫɵɳɟɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɭɞɨɛɪɟɧɢɹɦɢ (15 ɬ/ɝɚ)
ɩɥɨɳɚɞɢ ɫɟɜɨɨɛɨɪɨɬɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɨɜɵɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɝɭɦɭɫɚ ɧɚ 0,7 % ɩɨɫɥɟ ɬɪɟɬɶɟɣ ɪɨɬɚɰɢɢ ɜ ɫɥɨɟ
0–40 ɫɦ ɬɟɦɧɨ-ɫɟɪɨɣ ɨɩɨɞɡɨɥɟɧɧɨɣ ɩɨɱɜɵ, ɜɨɡɪɚɫɬɚɧɢɸ
ɞɨɥɢ ɫɬɚɛɢɥɶɧɵɯ ɮɨɪɦ ɝɭɦɭɫɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɨ 57–59 %
ɢ ɩɨɜɵɲɟɧɢɸ ɫɨɨɬɧɨɲɟɧɢɹ ɝɭɦɢɧɨɜɵɟ:ɮɭɥɶɜɨɤɢɫɥɨɬɵ
(ɋȽɄ:ɋɎɄ) ɞɨ 1,3–1,4. ȼɵɹɜɥɟɧɨ ɫɭɳɟɫɬɜɟɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɜɚɥɨɜɵɯ ɡɚɩɚɫɨɜ ɷɧɟɪɝɢɢ ɜ ɝɭɦɭɫɟ ɨɬ
ɋȽɄ:ɋɎɄ. ȼɵɜɨɞɵ. ȼ ɤɪɚɬɤɨɪɨɬɚɰɢɨɧɧɵɯ ɩɨɥɟɜɵɯ ɩɥɨɞɨɫɦɟɧɧɵɯ ɫɟɜɨɨɛɨɪɨɬɚɯ Ɂɚɩɚɞɧɨɣ Ʌɟɫɨɫɬɟɩɢ ɍɤɪɚɢɧɵ ɜ
ɫɢɫɬɟɦɚɯ ɭɞɨɛɪɟɧɢɹ, ɤɪɨɦɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɢɧɟɪɚɥɶɧɵɯ
ɭɞɨɛɪɟɧɢɣ, ɫɥɟɞɭɟɬ ɫɨɜɦɟɫɬɧɨ ɩɪɢɦɟɧɹɬɶ ɨɪɝɚɧɢɱɟɫɤɢɟ
ɭɞɨɛɪɟɧɢɹ ɜ ɜɢɞɟ ɧɚɜɨɡɚ, ɧɟɬɨɜɚɪɧɨɣ ɱɚɫɬɢ ɭɪɨɠɚɹ (ɫɨɥɨɦɚ) ɢ ɫɢɞɟɪɚɬɵ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɫɲɢɪɟɧɧɨɟ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɨ ɩɥɨɞɨɪɨɞɢɹ ɬɟɦɧɨ-ɫɟɪɨɣ ɨɩɨɞɡɨɥɟɧɧɨɣ ɩɨɱɜɵ, ɭɥɭɱɲɟɧɢɟ ɟɝɨ ɝɭɦɭɫɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɜɨɡɪɚɫɬɚɧɢɟ
ɜɚɥɨɜɵɯ ɡɚɩɚɫɨɜ ɷɧɟɪɝɢɢ, ɞɨɥɢ ɫɬɚɛɢɥɶɧɵɯ ɮɨɪɦ ɢ ɝɭɦɢɧɨɜɵɯ ɤɢɫɥɨɬ ɜ ɝɭɦɭɫɟ.
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