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Aim. To study the effect of metabolites and components of aerobic spore-forming bacilli cells (MCASB) of the
Bacillus genus on the antagonistic activity of lactic acid bacteria. Methods. Lactic acid bacteria, sampled from
rectal and oral swabs from calves, were used in the study. Strains of conditionally pathogenic Escherichia coli,
055k59 No. 3912, Staphylococcus aureus No. 906, Proteus mirabilis, No. 3177, obtained from the collection of
the city sanitary-epidemiological inspection service, were used as test cultures. MCASB were prepared using
autoclaved microbial mass of Bacillus subtilis production strain 44-p via treatment with lysozyme and ultrasound. The antagonistic activity of lactic acid bacteria was determined by agar blocks method. Results. It was
demonstrated that the addition of MCASB to the culture medium stimulates the antagonistic activity of lactic
acid bacteria to pathogenic and conditionally pathogenic microorganisms of intestinal bacteria. The highest
average stimulation index (2.56) of the antagonistic activity of lactic acid bacteria was found for E. coli 055k59
No. 3912. Conclusions. The results obtained may be used to improve the microbiological foundations of
elaborating novel probiotic preparations.
Key words: antagonism, lactic acid bacteria, pathogenic and conditionally pathogenic bacteria, stimulation,
metabolites, microbial cell components.
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INTRODUCTION
Sustaining natural microbiocenosis of intestines is
one of the conditions of normal activity of both humans and animals. One of the mechanisms of the
formation and functioning of microbiocenoses is presented by antagonistic properties of the dominant normal Àora of intestines. In the majority of cases the
antagonistic properties of microorganisms are connected to the synthesis of speci¿c products of their
metabolism: organic acids, antibiotic-like substances,
lytic enzymes, bacteriocins etc., which are susceptible
to microbial regulation [1].
Some researchers proved the possibility of microbial
stimulation of the antagonistic activity of lactic acid
bacteria both at the inÀuence of microbial components
(for instance, peptidoglycans of cellular walls of conAGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 2 2015

ditionally pathogenic, associative microorganisms) and
their metabolites [2].
The application of probiotics – living microorganisms
and the products of their fermentation, capable of optimizing the microbiocenosis of intestines due to the inhibition
of the growth of pathogenic and conditionally pathogenic
microÀora (with the purpose of treating dysbacteriosis),
motivates the search for novel ef¿cient mechanisms of regulating the antagonistic activity of probiont strains [3–6].
The aim of the study is to investigate the microbial
regulation of the antagonistic activity of lactic acid
bacteria strains under the inÀuence of transient bacilli
of the Bacillus genus.
MATERIALS AND METHODS
Bacterial cultures. The objects of research were nine
strains of lactic acid bacteria (LAB), isolated from the
45
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intestines of up to three-month-old calves and naturally
preserved herbage. The strains of conditionally pathogenic microorganisms Escherichia coli, 055k59 3912,
Staphylococcus aureus 906 and Proteus mirabilis 3177
were used as test cultures.
The scheme of isolating lactic acid bacteria. LAB
were obtained by the following scheme: three-fold
passaging of rectal and oral sample swabs from up to
three-month-old calves in the medium of sterile milk;
subculturing from the sterile milk to cabbage agar with
chalk; cultivation of LAB-notable colonies in the standard medium of MRS [7].
The af¿liation of bacteria to the Lactobacillus genus
was determined by their responding to the Gram staining, the mobility capability, the presence of spores,
capsules, etc., the presence of catalase enzyme, the
capability of fermenting some carbohydrates, and the
activity of acid-formation.
Culture media. Semisolid culture media of the following composition were used: medium No. 1 (%) í
lactoserum – 20; hydrolyzed milk – 15; sodium acetate – 2; corn extract – 1.5; manganese sulphate – 0.02;
agar í 0.8;
medium No. 2 (%) í metabolites and components
of aerobic spore-forming bacilli cells – 10; lactoserum – 20; hydrolyzed milk – 15; sodium acetate –
2; corn extract – 1.5; manganese sulphate – 0.02;
agar í 0.8.
The metabolites and components of aerobic sporeforming bacilli cells (MCASB) were prepared using
autoclaved microbial mass of Bacillus subtilis production strain 44-p via treatment with lysozyme and ultrasound [8].
The control (standard medium MRS, %): yeast
extract – 0.5; meat extract – 1.0; soluble starch – 0.5;
peptone – 1.0; glucose – 2.0; citric ammonium – 0.2;
sodium acetate – 0.5; twin-80 – 0.1; K2HPO4 – 0.2;
MgSO4 × 4H2O – 0.005; agar í 0.8.
The conditions of cultivating LAB strains on the investigated media. LAB strains were cultivated in the
thermostat for ¿ve days at the temperature of 37 ±
± 0.5 °ɋ. The dose of inoculate introduction was
1.0 ± 0.1 %. The results were estimated by the optical method.

media with MCASB and without them. The stimulation index for the growth activity of bacterial cells was
calculated using the following formula:
Stimulation index = (titer of microbial cells with
MCASB)/(titer of microbial cells without MCASB).
The determination of the antagonistic activity of lactic acid bacteria strains. AA of LAB was determined
using the agar blocks method. The suspensions of test
cultures of ȿ. coli 055k59 3912, S. aureus 906, P. mirabilis 3177 were cultivated on Petri dishes with the meat
infusion agar (MIA) by the depth point method in the
concentration of 107 of colony-forming units (CFU) in
1 cm3. After agar gelation the holes of up to 7 mm diameter were cut on its surface and the blocks of media
with deeply cultivated probiotic bacteria were introduced. Petri dishes were kept in the refrigerator, then in
the thermostat at the temperature of optimal growth of
test-strains. The determination of the diameters of delay zones for test culture growth was conducted 24–48
h later.
The criteria of estimating the inÀuence of metabolites
of aerobic bacilli on AA of LAB were the indices of the
stimulation index: The index of stimulation for AA of
LAB was determined by the following formula:
Stimulation index = (diameter of growth delay
zone with MCASB)/(diameter of growth delay
zone without MCASB).
The experiment was performed in triplicate.
RESULTS AND DISCUSSION
It is known that exometabolites and components of
bacterial cells may serve as an additional source of organic substances (aminoacids, vitamins) for the growth
and synthesis of biologically active substances of LAB.
There have been experiments on the inÀuence of
metabolites and components of aerobic spore-forming
bacilli cells on the growth and AA of LAB. The strains
of bacteria were isolated from the normobiocenosis of
intestines of up to three-month-old calves and naturally
preserved herbage.

The criterion of estimating the inÀuence of MCASB
on the growth and antagonistic activity (AA) of LAB
was the data of the accumulation of the number of bacterial cells of lactic acid bacteria and their AA in the

It was determined that the investigated variants of
media Nos. 1 and 2 enhance LAB growth compared
to the control medium MRS. The maximal indices of
bacterial mass accumulation on these media are observed for LAB strains Lkr-7, Lch-11, Lpl-18, which
is con¿rmed by the titer value of viable cells of these
cultures (in medium No. 1 í 1010 CFU/ml, in medium
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Fig. 1. The inÀuence of aerobic spore-forming bacilli cells on the growth activity of lactic acid bacteria: 1 – control (MRS);
2, 3 – media Nos. 1, 2, respectively

No. 2 í 1011 CFU/ml) (Fig. 1). At the same time the
growth indices of the multicomponent control medium were not high: even three days later the maximal titers of bacterial cells of lactobacilli were about
106 CFU/ml.
The determination of average indices of growth stimulation of LAB demonstrated that the introduction
of MCASB to the medium enhances the accumulation
of bacterial mass of lactobacilli cells. For instance, the
average index of growth stimulation for LAB in medium No. 1 was 2.12, and in the medium No. 2 with the
introduction of MCASB í 2.3 (Fig. 2).

Fig. 2. The average stimulation index (ASI) of the growth of
lactic acid bacteria (LAB) at the inÀuence of aerobic sporeforming bacilli cells: 1 – medium No. 1; 2 – medium No. 2

Thus, the presence of MCASB in the medium promotes 8 % more intensive growth of LAB compared to
the medium without the former.
The results obtained are in good agreement with the
literature data on the growth-stimulating properties of
biologically active substances, synthesizing aerobic
spore-forming bacilli. For instance, it is known that vitamins, enzymes, hormone-like substances and subtilisin B. subtilis promote LAB growth [9].
One of relevant properties of LAB is the antagonistic activity regarding pathogenic and conditionally pathogenic microorganisms. The inhibition
of the generation of pathogenic and conditionally
pathogenic microorganisms of LAB occurs due to
the formation of organic acids, antibiotic-like substances, etc. The active formation of organic acids
– lactic acid, acetic acid – leads to rapid decrease in
pH of the medium to the level, when the generation
of pathogenic and conditionally pathogenic microorganisms is impossible.
AGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 2 2015

Fig. 3. Average stimulation indices (ASI) of the increase in
the antagonistic activity (AA) of lactic acid bacteria (LAB)
to the conditionally pathogenic microorganisms at the inÀuence of metabolites and components of aerobic spore-forming bacilli cells: 1 í ȿ. coli; 2 í P. mirabilis; 3 – S. aureus

The stimulation of AA for lactic acid bacilli in the
presence of bacteria and, in some cases, their metabolites was ¿rst discovered in 1989 [10]. There is a wellknown way of enhancing AA of probiotic bacteria by
treating them with the bacteria components of indicator
culture of S. aureus [11].
The inÀuence of medium No. 2 with 10 % content
of MCASB on AA of LAB strains have been stu47
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The inÀuence of culture medium components on the antimicrobial activity of lactic acid bacteria strains

Conditional
name
of a strain

Lt-4
Lt-5
Lt-6
Lkr-7
Lch-11
Lpl-18
Lp-19
Lp-20
Lpk-21

Diameter of delay zone of test-culture growth
on the culture medium No. 2, mm

Diameter of delay zone of test-culture growth
on the control medium MRS, mm

ȿscherichia
coli 055k59
3912

Staphylococcus
aureus
906

Proteus
mirabilis
3177

ȿscherichia
coli 055k59
3912

Staphylococcus
aureus
906

Proteus
mirabilis
3177

26.0 ± 0.1
8.0 ± 0.4
18.0 ± 0.2
44.0 ± 0.3
32.0 ± 0.7
10.0 ± 0.3
33.0 ± 0.4
12.0 ± 0.2
30.0 ± 0.5

36.0 ± 0.3
14.0 ± 0.5
24.0 ± 0.5
30.0 ± 0.3
20.0 ± 0.4
15.0 ± 0.3
28.0 ± 0.1
15.0 ± 0.2
25.0 ± 0.6

23.0 ± 0.2
12.0 ± 0.4
15.0 ± 0.5
28.0 ± 0.2
24.0 ± 0.6
6.0 ± 0.3
46.0 ± 0.3
12.0 ± 0.7
20.0 ± 0.4

13.0 ± 0.1
1.0 ± 0.1
9.0 ± 0.6
21.0 ± 0.4
18.0 ± 0.5
5.0 ± 0.7
14.0 ± 0.2
12.0 ± 0.1
14.0 ± 0.4

20.0 ± 0.4
5.0 ± 0.1
12.0 ± 0.3
15.0 ± 0.5
13.0 ± 0.5
15.0 ± 0.1
12.0 ± 0.3
13.0 ± 0.4
18.0 ± 0.5

12.0 ± 0.1
8.0 ± 0.4
10.0 ± 0.6
18.0 ± 0.2
14.0 ± 0.3
1.0 ± 0.1
20.0 ± 0.1
10.0 ± 0.4
11.0 ± 0.6

died. The results obtained testify to the fact that the cultivation of microorganisms on the culture medium with
MCASB stimulates AA of LAB strains regarding the testculture of conditionally pathogenic microorganisms. The
increase in AA of the investigated LAB strains regarding
P. mirabilis 3177 was manifested in the 1.2–2.3-fold increase in the diameters of delay zones of its growth on average compared to the control. The stimulation of antimicrobial activity regarding S. aureus 906 was determined
in 88 % of the investigated LAB – the diameter of delay
zones of test culture growth was increased 1.1–2.8-fold.
Over 70 % of LAB strains demonstrated 1.7–2.3-fold increase in the delay zone of the growth of ȿ. coli 055k59
3912 (Table) compared to the control.

dium promotes the stimulation of the antagonistic
activity of lactic acid bacteria to the pathogenic and
conditionally pathogenic microorganisms of intestines –
ȿ. coli, 055k59 3912, S. aureus 906, P. mirabilis 3177.
The highest average stimulation index (2.56) of the antagonistic activity of lactic acid bacteria was found for
ȿ. coli 055k59 3912. The results obtained may be used
to improve microbiological foundations of elaborating
novel probiotic preparations.

The results obtained demonstrate that the presence of
10 % MCASB in the medium has the highest stimulating inÀuence on AA of LAB regarding ȿ. coli. The
average stimulation index (ASI) of the antagonistic activity of LAB to this test-culture increases up to 2.56
(Fig. 3). The lowest values of ASI (1.77) of the antagonistic activity of LAB were reported regarding S. aureus.

e-mail: nat.probiotik@gmail.com

Ɇɿɤɪɨɛɧɚ ɪɟɝɭɥɹɰɿɹ ɚɧɬɚɝɨɧɿɫɬɢɱɧɨʀ ɚɤɬɢɜɧɨɫɬɿ
ɲɬɚɦɿɜ ɦɨɥɨɱɧɨɤɢɫɥɢɯ ɛɚɤɬɟɪɿɣ
ɡɚ ɜɩɥɢɜɭ ɬɪɚɧɡɢɬɨɪɧɢɯ ɛɚɰɢɥ ɪɨɞɭ Bacillus
ɇ. Ɉ. Ʉɪɚɜɱɟɧɤɨ
ȱɧɫɬɢɬɭɬ ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɨʀ ɦɿɤɪɨɛɿɨɥɨɝɿʀ ɬɚ
ɚɝɪɨɩɪɨɦɢɫɥɨɜɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɇȺȺɇ
ȼɭɥ. ɒɟɜɱɟɧɤɚ, 97, ɑɟɪɧɿɝɿɜ, ɍɤɪɚʀɧɚ, 14027

The introduction of metabolites and components of
aerobic spore-forming bacilli cells to the culture me-

Ɇɟɬɚ. Ⱦɨɫɥɿɞɢɬɢ ɜɩɥɢɜ ɦɟɬɚɛɨɥɿɬɿɜ ɿ ɤɨɦɩɨɧɟɧɬɿɜ
ɦɿɤɪɨɛɧɢɯ ɤɥɿɬɢɧ ɚɟɪɨɛɧɢɯ ɫɩɨɪɨɭɬɜɨɪɸɸɱɢɯ ɛɚɰɢɥ
ɪɨɞɭ Bacillus (ɆɄȺɋȻ) ɧɚ ɚɧɬɚɝɨɧɿɫɬɢɱɧɭ ɚɤɬɢɜɧɿɫɬɶ
ɦɨɥɨɱɧɨɤɢɫɥɢɯ ɛɚɤɬɟɪɿɣ. Ɇɟɬɨɞɢ. ȼɢɤɨɪɢɫɬɚɧɨ ɦɨɥɨɱɧɨɤɢɫɥɿ ɛɚɤɬɟɪɿʀ, ɜɢɞɿɥɟɧɿ ɡ ɩɪɨɛ ɪɟɤɬɚɥɶɧɢɯ ɿ ɪɨɬɨɜɢɯ
ɡɦɢɜɿɜ ɜɿɞ ɬɟɥɹɬ. Ɍɟɫɬ-ɤɭɥɶɬɭɪɚɦɢ ɩɚɬɨɝɟɧɧɢɯ ɿ ɭɦɨɜɧɨ
ɩɚɬɨɝɟɧɧɢɯ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɫɥɭɝɭɜɚɥɢ ȿscherichia coli
(ɲɬɚɦ 055ɤ59 3912), Staphylococcus aureus (ɲɬɚɦ 906)
ɿ Proteus mirabilis (ɲɬɚɦ 3177) ɡ ɤɨɥɟɤɰɿʀ ɦɿɫɶɤɨʀ ɫɚɧɟɩɿɞɟɦɫɬɚɧɰɿʀ. ɆɄȺɋȻ ɨɞɟɪɠɭɜɚɥɢ ɨɛɪɨɛɤɨɸ ɚɜɬɨɤɥɚɜɨɜɚɧɨʀ ɦɿɤɪɨɛɧɨʀ ɦɚɫɢ ɜɢɪɨɛɧɢɱɨɝɨ ɲɬɚɦɭ Bacillus
subtilis 44-ɪ ɥɿɡɨɰɢɦɨɦ ɬɚ ɭɥɶɬɪɚɡɜɭɤɨɦ. Ⱥɧɬɚɝɨɧɿɫɬɢɱɧɭ
ɚɤɬɢɜɧɿɫɬɶ ɦɨɥɨɱɧɨɤɢɫɥɢɯ ɛɚɤɬɟɪɿɣ ɜɢɡɧɚɱɚɥɢ ɦɟɬɨɞɨɦ
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The analysis of the data obtained allows the assumption that the stimulation of AA of LAB at the inÀuence
of MCASB occurs due to either (ɿ) stimulation of lactobacilli growth, or (ɿ) induction of the synthesis of antagonistic activity factors.
CONCLUSIONS

MICROBIAL REGULATION OF THE ANTAGONISTIC ACTIVITY OF LACTIC ACID BACTERIA STRAINS
ɚɝɚɪɨɜɢɯ ɛɥɨɤɿɜ. Ɋɟɡɭɥɶɬɚɬɢ. ɉɨɤɚɡɚɧɨ, ɳɨ ɞɨɞɚɜɚɧɧɹ
ɞɨ ɩɨɠɢɜɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɆɄȺɋȻ ɫɩɪɢɹɽ ɫɬɢɦɭɥɸɜɚɧɧɸ ɚɧɬɚɝɨɧɿɫɬɢɱɧɨʀ ɚɤɬɢɜɧɨɫɬɿ ɦɨɥɨɱɧɨɤɢɫɥɢɯ ɛɚɤɬɟɪɿɣ ɞɨ ɩɚɬɨɝɟɧɧɢɯ ɬɚ ɭɦɨɜɧɨ ɩɚɬɨɝɟɧɧɢɯ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɤɢɲɤɨɜɨʀ ɝɪɭɩɢ. ȼɫɬɚɧɨɜɥɟɧɨ ɧɚɣɜɢɳɢɣ ɫɟɪɟɞɧɿɣ
ɿɧɞɟɤɫ ɫɬɢɦɭɥɸɜɚɧɧɹ (2,56) ɚɧɬɚɝɨɧɿɫɬɢɱɧɨʀ ɚɤɬɢɜɧɨɫɬɿ
ɦɨɥɨɱɧɨɤɢɫɥɢɯ ɛɚɤɬɟɪɿɣ ɞɨ ȿ. coli. ȼɢɫɧɨɜɤɢ. Ɉɞɟɪɠɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɦɿɤɪɨɛɿɨɥɨɝɿɱɧɢɯ ɨɫɧɨɜ ɫɬɜɨɪɟɧɧɹ ɧɨɜɢɯ
ɩɪɨ-ɛɿɨɬɢɱɧɢɯ ɩɪɟɩɚɪɚɬɿɜ.

ɪɢɣ ɤ ȿ. coli. ȼɵɜɨɞɵ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɫɧɨɜ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɩɪɨɛɢɨɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɧɬɚɝɨɧɢɡɦ, ɦɨɥɨɱɧɨɤɢɫɥɵɟ ɛɚɤɬɟɪɢɢ,
ɩɚɬɨɝɟɧɧɵɟ ɢ ɭɫɥɨɜɧɨ ɩɚɬɨɝɟɧɧɵɟ ɛɚɤɬɟɪɢɢ, ɫɬɢɦɭɥɹɰɢɹ,
ɦɟɬɚɛɨɥɢɬɵ, ɤɨɦɩɨɧɟɧɬɵ ɦɢɤɪɨɛɧɵɯ ɤɥɟɬɨɤ.

ɐɟɥɶ. ɂɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɦɟɬɚɛɨɥɢɬɨɜ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɦɢɤɪɨɛɧɵɯ ɤɥɟɬɨɤ ɚɷɪɨɛɧɵɯ ɫɩɨɪɨɨɛɪɚɡɭɸɳɢɯ
ɛɚɰɢɥɥ ɪɨɞɚ Bacillus (ɆɄȺɋȻ) ɧɚ ɚɧɬɚɝɨɧɢɫɬɢɱɟɫɤɭɸ
ɚɤɬɢɜɧɨɫɬɶ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ. Ɇɟɬɨɞɵ. ɂɫɩɨɥɶɡɨɜɚɧɵ ɦɨɥɨɱɧɨɤɢɫɥɵɟ ɛɚɤɬɟɪɢɢ, ɜɵɞɟɥɟɧɧɵɟ ɢɡ ɩɪɨɛ
ɪɟɤɬɚɥɶɧɵɯ ɢ ɪɨɬɨɜɵɯ ɫɦɵɜɨɜ ɨɬ ɬɟɥɹɬ. Ɍɟɫɬ-ɤɭɥɶɬɭɪɚɦɢ ɩɚɬɨɝɟɧɧɵɯ ɢ ɭɫɥɨɜɧɨ ɩɚɬɨɝɟɧɧɵɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɫɥɭɠɢɥɢ ȿscherichia coli (ɲɬɚɦɦ 055ɤ59 3912),
Staphylococcus aureus (ɲɬɚɦɦ 906) ɢ Proteus mirabilis
(ɲɬɚɦɦ 3177) ɢɡ ɤɨɥɥɟɤɰɢɢ ɝɨɪɨɞɫɤɨɣ ɫɚɧɷɩɢɞɟɦɫɬɚɧɰɢɢ. ɆɄȺɋȻ ɩɨɥɭɱɚɥɢ ɨɛɪɚɛɨɬɤɨɣ ɚɜɬɨɤɥɚɜɢɪɨɜɚɧɧɨɣ
ɦɢɤɪɨɛɧɨɣ ɦɚɫɫɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɲɬɚɦɦɚ Bacillus
subtilis 44-ɪ ɥɢɡɨɰɢɦɨɦ ɢ ɭɥɶɬɪɚɡɜɭɤɨɦ. Ⱥɧɬɚɝɨɧɢɫɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɚɝɚɪɨɜɵɯ ɛɥɨɤɨɜ. Ɋɟɡɭɥɶɬɚɬɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɤ ɩɢɬɚɬɟɥɶɧɨɣ ɫɪɟɞɟ ɆɄȺɋȻ
ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɬɢɦɭɥɹɰɢɢ ɚɧɬɚɝɨɧɢɫɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟɪɢɣ ɤ ɩɚɬɨɝɟɧɧɵɦ ɢ ɭɫɥɨɜɧɨ ɩɚɬɨɝɟɧɧɵɦ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦ ɤɢɲɟɱɧɨɣ ɝɪɭɩɩɵ.
ɍɫɬɚɧɨɜɥɟɧ ɫɚɦɵɣ ɜɵɫɨɤɢɣ ɢɧɞɟɤɫ ɫɬɢɦɭɥɹɰɢɢ (2,56)
ɚɧɬɚɝɨɧɢɫɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ ɦɨɥɨɱɧɨɤɢɫɥɵɯ ɛɚɤɬɟ-
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Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɧɬɚɝɨɧɿɡɦ, ɦɨɥɨɱɧɨɤɢɫɥɿ ɛɚɤɬɟɪɿʀ, ɩɚɬɨɝɟɧɧɿ ɬɚ ɭɦɨɜɧɨ ɩɚɬɨɝɟɧɧɿ ɛɚɤɬɟɪɿʀ, ɫɬɢɦɭɥɹɰɿɹ, ɦɟɬɚɛɨɥɿɬɢ, ɤɨɦɩɨɧɟɧɬɢ ɦɿɤɪɨɛɧɢɯ ɤɥɿɬɢɧ.
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