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Abstract 

To obtain high-quality analysis results, it is necessary to choose the suitable analytical methods and evaluate 

the factors influencing the analysisô procedure (individual stages of analysisô procedure). Mathematical planning 

for analysisô stages using statistical soft allows to plan an experiment, select the optimal parameters for the extrac-

tion of diosmin from dosage forms. The research of extraction factors is necessary to optimize the parameters of 

sample preparation. 

 

Keywords: diosmin, sample preparation, mathematical planning, metrological characteristics. 

 

The choice of adequate and objective methods for 

quality control of drugs from the pharmaceutical sub-

stance diosmin is an important practical problem of 

pharmaceutical analysis. 

In most dosage forms, diosmin is contained in the 

form of micronized flavonoid fraction. Itôs resulting in 

low recovery by solid-liquid extraction of diosmin [2]. 

The purpose of this research is testing of mathe-

matical planning algorithm of sample preparation for 

ñDetralexÈò tablets 1000 mg. 

Materials and methods. The study of the recov-

ery of diosmin was made to the scheme of three-factor 

experimental planning using the 5/1/81 plan (5 factors, 

1 block, 81 runs). 

To formulate a mathematical model of sample 

preparation, two iteration of the plan were implemented 

after its randomization [1]. This version of mathemati-

cal modeling is a multivariate method for selecting the 

optimal values of the sample preparation factors, and as 

statistical processing of the experimental data with sub-

sequent search optimization. 

The optimization parameter is diosmin recovery 

from dosage form. The main factors influencing the op-

timization parameter: sodium hydroxide concentration 

(extractant), mol/L; acetonitrile concentration,% (sol-

vent for the decomposition of micelles of dimosmin); 

extraction time, min; centrifugation time, min; ammo-

nium sulfate concentration,% (salting out reagent). 

The experimental factors levels for sample prepa-

ration of ñDetralexÈò tablets are presented in Table 1. 

Table 1  

The experimental factors levels of diosmin extraction from ñDetralexÈò tablets 

Factor 
Level 

-1 0 +1 

X1 ï sodium hydroxide concentration, mol/L 0,1 0,05 0,02 

X2 ï acetonitrile concentration, % (to the volume of water phase) 50,0 25,0 - 

X3 ï extraction time, min 5,0 10,0 20,0 

X4 ï centrifugation time, min 5,0 10,0 20,0 

X5 ï ammonium sulfate concentration,% 10,0 5,0 - 

 

Main part.  The characteristics of experimental data sampling on the study of diosmin recovery are presented 

in Table 2. 

Table 2 

The metrological characteristics of experimental data sampling of diosmin recovery from  

ñDetralexÈò tablets 

m f xm S2 S P t(P, f) æx Ům ŭ 

1 2 3 4 5 6 7 8 9 10 

Sample 1 

100 60 66,39 178,91 13,37 95 2,00 Ñ26,74 5,15% 66,4% 

Sample 2 

100 60 66,28 234,63 15,31 95 2,00 Ñ30,64 5,91% 66,3% 
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The mathematical model of the main optimization 

parameter from the values of the sample preparation 

factors is described by the function ɤ=f(X1, X2, X3, X4, 

X5). To determine what part of the variation in the ef-

fective indicator (ɤ) is due to the variation in factor in-

dicators, a determination coefficient (r2) is required. 

It has values from 0 to 1. The closer determination 

coefficient is to 1, the stronger the functional depend-

ence, and for r2> 0,5 the model can be considered ac-

ceptable. In our research, the determination coefficient 

is 0.8803, which is interpreted as a good fitting of the 

mathematical model to the experimental data and indi-

cates a high level accuracy of the approximation. 

The statistical reliability of multiple regression 

was assessed using the Fisher test (F-test), which tests 

the hypothesis (H0) to the statistical insignificance of 

the parameters of the regression equations. For this, the 

actual values of the F-criterion were compared with the 

tabular (Ftabl) [1] for a given significance level (Ŭ = 

0,05-5%) and the degrees of freedom. In our research, 

Ftabl value (df1= 5, df2 = 60) is 2,37. 

In regression analysis for diosmin F > Ftabl, this 

means that with the hypothesis that the experimental 

data is not random and formed under the influence of 

significant factors is accepted (a probability of more 

than 95%). The statistical significance of the regression 

equations and their parameters for diosmin is recog-

nized.  

For a visualization of all effects, interactions of 

factors and further assessment of the significance of in-

fluencing factors, Pareto Charts were obtained for 

standardized effects (L ï linear effects, Q ï quadratic 

effects). 

 
Figure 1 ï Pareto Chart of standardized effects for diosmin 

 

From the analysis of Pareto Chart (figure 1), it fol-

lows that a change of sodium hydroxide concentration 

in the extractant (factor X1) leads to a significant effect 

on diosmin recovery. The rest of the effects do not have 

a significant effect. 

For a visualization of the combination of extrac-

tion parameters for diosmin, which corresponds to the 

surface area that takes the maximum value, a graphic 

image was obtained in the form of contour diagrams 

and fitted surfaces (figure 2). 

 

 
Figure 2 ï Fitted surface and contour diagram for dependence of diosmin recovery to factors ʍ1 and ʍ5 

 

The contour diagram shows that the main effect is 

the sodium hydroxide concentration of extractant (fac-

tor X1) and as its value approaches 0,02 mol/L, the di-

osmin recovery increases. The addition of the salting-

out agent ammonium sulfate (factor X5) has no effect. 
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Conclusion. It was found that the most significant 

factor determining the recovery diosmin from ñDe-

tralexÈò tablets is the sodium hydroxide concentration. 

Other extraction factors (acetonitrile concentration, ex-

traction time, centrifugation time, addition of ammo-

nium sulfate) did not have a significant effect. The op-

timal concentration of sodium hydroxide in the extract-

ant is 0,02 mol/L. 
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Abstract 

The article is devoted to the determination of rational conditions for amonolysis of castor oil and sodium salt 

of glycine with the use of a heterogeneous catalyst - zeolites of the Na-X type. A mathematical description of the 

dependence of the degree of transformation on the main parameters of the process, namely: temperature and du-

ration of interaction. Ways of using the sodium salt of ricinoylglycine as an effective solubilizer against glaze 

substances and a component that inhibits the appearance of mold and has bactericidal properties in the composition 

of cosmetic and food products are proposed. 

ɸʥʦʪʘʮʽʷ 

ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʚʠʟʥʘʯʝʥʥʶ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʘʤʦʥʦʣʽʟʫ ʨʠʮʠʥʦʚʦʾ ʦʣʽʾ ʪʘ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ ʛʣʽʮʠʥʫ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʫ ï ʮʝʦʣʽʪʽʚ ʪʠʧʫ Na-X. ʆʪʨʠʤʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʟʘʣʝʞ-

ʥʦʩʪʽ ʩʪʫʧʝʥʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ: ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʚʟʘʻʤʦʜʽʾ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʰʣʷʭʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ ʨʠʮʠʥʦʽʣʛʣʽʮʠʥʫ, ʷʢ ʝʬʝʢʪʠʚʥʦʛʦ ʩʦʣʶʙʽʣʽʟʘʪʦʨʘ ʚʽʜ-

ʥʦʩʥʦ ʧʦʣʷʥʠʭ ʨʝʯʝʚʠʥ ʪʘ ʢʦʤʧʦʥʝʥʪʘ, ʱʦ ʧʨʠʛʥʽʯʫʻ ʧʦʷʚʫ ʧʣʽʩʥʷʚʠ ʪʘ ʧʨʦʷʚʣʷʻ ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘʩʪʠʚʦ-

ʩʪʽ, ʫ ʩʢʣʘʜʽ ʢʦʩʤʝʪʠʯʥʠʭ ʪʘ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. 

 

Keywords: surfactants, amino acids, heterogeneous catalyst, zeolites, amonolysis, castor oil, acyl aminoac-

ids, bactericidal properties, solubilizer, rotatable central composition plan. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ, ʘʤʽʥʦʢʠʩʣʦʪʠ, ʛʝʪʝʨʦʛʝʥʥʠʡ ʢʘʪʘʣʽʟʘʪʦʨ, ʮʝʦʣʽʪʠ, ʘʤʦ-

ʥʦʣʽʟ, ʨʠʮʠʥʦʚʘ ʦʣʽʷ, ʘʮʠʘʤʽʥʦʢʠʩʣʦʪʠ, ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʦʣʶʙʽʣʽʟʘʪʦʨ, ʨʦʪʦʪʘʙʝʣʴʥʠʡ ʮʝʥʪʨʘ-

ʣʴʥʦ-ʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʣʘʥ. 

 

ɺʩʪʫʧ. ɺ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ 

ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ 

(ʇɸʈ) ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʦʢʠʩʣʦʪ. ʈʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʮ-

ʪʚʘ ʘʤʽʥʦʢʠʩʣʦʪʥʠʭ ʇɸʈ ʟʫʤʦʚʣʝʥʠʡ ʾʭ ʙʘʛʘʪʦʬʫʥ-

ʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʥʠʟʴʢʦʶ ʪʦʢʩʠʯʥʽʩʪʶ, ʚʽʜʥʦʚʣʶʚʘ-

ʣʴʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʩʠʨʦʚʠʥʠ, ʪʘ ʧʦʚʥʠʤ ʙʽʦʨʦʟʢʣʘ-

https://dx.doi.org/10.1155/2013/534830
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ʜʘʥʥʷʤ. ʇʨʦʤʠʩʣʦʚʠʡ ʚʠʧʫʩʢ ʇɸʈ ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʦ-

ʢʠʩʣʦʪ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʗʧʦʥʽʾ (ʢʦʤʧʘʥʽʷ 

çAjinomotoè), ʐʚʝʡʮʘʨʽʾ (ʢʦʤʧʘʥʽʷ çClariantè), 

ʉʐɸ (ʢʦʤʧʘʥʽʷ çSino Lionè), ʇʽʚʜʝʥʥʽʡ ʂʦʨʝʾ 

(ʢʦʤʧʘʥʽʷ çMiwonè) ʪʘ ʽʥʰʠʭ ʢʨʘʾʥʘʭ. ʇʨʦʜʫʢʪʠ 

ʮʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʧʝʨʝʚʘʞʥʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʩʢʣʘʜʽ ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʦʩʦʙʠʩʪʦʾ ʛʽʛʽʻʥʠ ʚ ʷʢʦ-

ʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤ ʨʝʯʦʚʠʥʘʤ 

ʥʘʬʪʦʭʽʤʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [1]. ʇɸʈ ʥʘ ʦʩʥʦʚʽ 

ʘʤʽʥʦʢʠʩʣʦʪ ʻ ʮʽʥʥʠʤʠ ʡ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ ʜʣʷ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʧʨʠʜʘʪʥʦʩʪʽ ʚ 

ʷʢʦʩʪʽ ʢʦʥʩʝʨʚʘʥʪʫ [2]. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʜʘʯʘʤʠ 

ʜʣʷ ʦʣʽʡʥʦ-ʞʠʨʦʚʦʾ ʛʘʣʫʟʽ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦ-

ʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʇɸʈ ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʦʢʠʩʣʦʪ ʪʘ ʽʥʪʝ-

ʛʨʘʮʽʷ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʭʘʨ-

ʯʦʚʠʭ ʪʘ ʢʦʩʤʝʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. 

 ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʽ ʧʦʩʪʘʥʦʚʢʘ 

ʧʨʦʙʣʝʤʠ. ɸʤʽʥʦʢʠʩʣʦʪʥʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝ-

ʯʦʚʠʥʠ ʩʪʽʡʢʽ ʜʦ ʩʦʣʝʡ ʞʦʨʩʪʢʦʩʪʽ ʚʦʜʠ, ʤʘʶʪʴ ʚʽʜ-

ʤʽʥʥʽ ʝʤʫʣʴʛʫʶʯʽ ʪʘ ʘʥʪʠʤʽʢʨʦʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ 

ʨʦʙʣʷʪʴ ʾʭ ʮʽʥʥʠʤʠ ʷʢ ʜʦʙʘʚʢʠ ʚ ʨʦʟʨʦʙʮʽ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ, ʢʦʩʤʝʪʠʢʠ, ʟʘʩʦʙʽʚ ʦʩʦʙʠʩʪʦʾ ʛʽʛʽʻʥʠ ʽ 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ [3].  

ʇɸʈ ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʦʢʠʩʣʦʪ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʝʤʫʣʴʛʘʪʦʨʽʚ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩ-

ʣʦʚʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʫ ʤʘʨʛʘʨʠʥʘʭ, ʤʦʣʦʯʥʠʭ ʧʨʦʜʫ-

ʢʪʘʭ, ʥʠʟʴʢʦʢʘʣʦʨʽʡʥʠʭ ʧʘʩʪʘʭ ʪʘ ʟʘʧʨʘʚʢʘʭ [4]. 

ʂʨʽʤ ʪʦʛʦ, ʥʦʚʽ ʨʦʟʫʤʽʥʥʷ ʭʘʨʯʦʚʠʭ ʟʚʠʯʦʢ ʪʘ ʘʩʧʝ-

ʢʪʽʚ ʟʜʦʨʦʚ'ʷ ʚʠʤʘʛʘʻ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʩʢʣʘʜʫ ʧʨʦ-

ʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʱʦʜʦ ʢʘʣʦʨʽʡʥʦʩʪʽ, ʚʤʽʩʪʫ ʞʠʨʫ, 

ʚʽʪʘʤʽʥʽʚ ʘʙʦ ʤʽʥʝʨʘʣʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʽʡ-

ʥʦʛʦ ʨʦʟʚʠʪʢʫ ʨʝʮʝʧʪʫʨ ʧʨʦʜʫʢʪʽʚ. ʈʘʥʽʰʝ ʥʘ ʧʽʜʧ-

ʨʠʻʤʩʪʚʘʭ ʚʚʘʞʘʣʠ ʟʘ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ-

ʧʦʚʥʽ ʘʮʠʣʛʣʽʮʝʨʠʥʠ, ʟʦʢʨʝʤʘ ʤʦʥʦʘʮʠʣʛʣʽʮʝʨʠʥʠ, 

ʘʣʝ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ ʥʘ ʦʩʥʦʚʽ ʘʤʽʥʦ-

ʢʠʩʣʦʪ ʟ ʘʥʪʠʤʽʢʨʦʙʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʘ ʰʠʨʦʢʠʤ 

ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʠʤ ʩʧʝʢʪʨʦʤ, ʚʠʢʣʠʢʘʶʪʴ ʚʝʣʠʢʠʡ 

ʽʥʪʝʨʝʩ ʷʢ ʙʘʛʘʪʦ ʦʙ'ʻʜʥʘʶʯʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʢʦʤʝʨ-

ʮʽʡʥʦ ʜʦʩʪʫʧʥʠʤ ʥʝʧʦʚʥʠʤ ʘʮʠʣʛʣʽʮʝʨʠʥʘʤ ʚ 

ʩʢʣʘʜʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʎʽ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʽ 

ʨʝʯʦʚʠʥʠ ʜʦʜʘʪʢʦʚʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʫ ʘʥʪʠʤʽʢ-

ʨʦʙʥʫ ʜʽʶ. ʄʘʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʪʠ ʢʠʰʢʦʚʦʾ ʧʘʣʠ-

ʯʢʠ ʪʘ ʩʘʣʴʤʦʥʝʣʠ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʧʘ-

ʪʦʛʝʥʘʤʠ ʪʘ ʩʪʚʦʨʶʶʪʴ ʩʝʨʡʦʟʥʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ 

ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ [5]. 

ʄʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʦʜʥʦʣʘʥʮʶʛʦʚʠʭ ʘʤʽʥʦʢʠʩ-

ʣʦʪʥʠʭ ʇɸʈ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʢʘʪʽʦʥʥʽ, ʘʥʽʦʥʥʽ, 

ʘʤʬʦʪʝʨʥʽ ʯʠ ʥʝʽʦʥʦʛʝʥʥʽ), ʷʢʽ ʟʙʠʨʘʶʪʴʩʷ ʦʜʝʨ-

ʞʘʪʠ ʟ ʘʤʽʥʦʢʠʩʣʦʪ [3]. ɺʽʜʦʤʦ, ʱʦ ʢʘʪʽʦʥʥʽ ʇɸʈ 

ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʙʘʢʪʝʨʠʮʠʜʥʫ ʜʽʶ ʩʝʨʝʜ ʽʥʰʠʭ 

ʇɸʈ.  

ʋʧʨʘʚʣʽʥʥʷʤ ʭʘʨʯʦʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʪʘ ʣʽʢʘʤʠ 

ʉʐɸ (FDA) ʚ 2005 ʨʦʮʽ ʙʫʣʦ ʩʭʚʘʣʝʥʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʢʘʪʽʦʥʘʢʪʠʚʥʦʛʦ ʇɸʈ ï ʝʪʠʣʣʘʫʨʦʽʣ ʘʨʛʽʥʘʪʫ 

ʷʢ ʢʦʥʩʝʨʚʘʥʪʘ ʚ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ [2]. 

ʆʪʨʠʤʫʶʪʴ ʝʪʠʣʣʘʫʨʦʽʣ ʘʨʛʽʥʘʪ ʰʣʷʭʦʤ ʝʪʝʨʠ-

ʬʽʢʘʮʽʾ ʘʨʛʽʥʽʥʫ ʟ ʝʪʘʥʦʣʦʤ ʟ ʧʦʜʘʣʴʰʦʶ ʨʝʘʢʮʽʻʶ 

ʩʢʣʘʜʥʦʛʦ ʝʬʽʨʫ ʟ ʣʘʫʨʦʽʣʭʣʦʨʠʜʦʤ. ʆʪʨʠʤʘʥʠʡ 

ʝʪʠʣʣʘʫʨʦʽʣ ʘʨʛʽʥʘʪ ʚʠʜʽʣʷʶʪʴ ʫ ʚʠʛʣʷʜʽ ʛʽʜʨʦʭʣʦ-

ʨʠʜʥʦʾ ʩʦʣʽ. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʢʦʥʩʝʨʚʘʥʪ ʯʝʨʝʟ ʚʠʨʘʞʝʥʫ ʘʥʪʠʤʽʢʨʦʙʥʫ ʘʢʪʠʚ-

ʥʦʩʪʴ. ɽʪʠʣʣʘʫʨʦʽʣ ʘʨʛʽʥʘʪ ʙʫʚ ʪʘʢʦʞ ʩʭʚʘʣʝʥʠʡ ʷʢ 

ʙʝʟʧʝʯʥʠʡ ʭʘʨʯʦʚʠʡ ʢʦʥʩʝʨʚʘʥʪ ʜʦ 225 ʤʛ/ʢʛ (ʨʨʪ) 

[2].  

ɽʪʠʣʣʘʫʨʦʽʣ ʘʨʛʽʥʘʪ ʻ ʘʢʪʠʚʥʠʤ ʧʨʦʪʠ ʙʘʢʪʝ-

ʨʽʡ, ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʛʨʠʙʽʚ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʨʝʮʝʧʪʫʨʘʭ ʢʦ-

ʩʤʝʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʟʘʷʚʣʝʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʷʢ 

ʘʥʪʠʩʪʘʪʠʯʥʠʡ ʟʘʩʽʙ ʽ ʷʢ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʘ ʨʝʯʦ-

ʚʠʥʘ ʟ ʘʥʪʠʤʽʢʨʦʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʨʝʮʝʧʪʫ-

ʨʘʭ ʢʦʩʤʝʪʠʯʥʠʭ ʚʠʨʦʙʽʚ. ɺ 2007 ʨʦʮʽ ɭʚʨʦʧʝʡʩʴʢʝ 

ʘʛʝʥʪʩʪʚʦ ʧʦ ʙʝʟʧʝʮʽ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ (EFSA) 

ʚʧʨʦʚʘʜʠʣʦ ʝʪʠʣʣʘʫʨʦʽʣ ʘʨʛʽʥʘʪ ʷʢ ʭʘʨʯʦʚʫ ʜʦʙʘʚʢʫ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʝʟʘʣʢʦʛʦʣʴʥʠʭ ʥʘʧʦʷʭ ʪʘ ʬʨʫ-

ʢʪʦʚʠʭ ʩʦʢʘʭ, ʚ ʩʦʣʝʥʽʡ ʨʠʙʽ ʪʘ ʤôʷʩʥʠʭ ʧʨʦʜʫʢʪʘʭ 

[6]. 

ɺ ʧʘʪʝʥʪʽ [7] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ-

ʪʨʽʻʚʦʾ ʩʦʣʽ ʨʠʮʠʥʦʾʣ ʛʣʽʮʠʥʫ ʷʢ ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʘʭ ʪʘ ʧʨʦʜʫʢʪʘʭ 

ʭʘʨʯʫʚʘʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ 

ʨʠʮʠʥʦʽʣ ʛʣʽʮʠʥʫ ʧʨʦʩʪʽʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʧʦʭʽʜʥʠʭ ʘʤʽ-

ʥʦʢʠʩʣʦʪ. ʆʪʨʠʤʫʶʪʴ ʥʘʪʨʽʻʚʫ ʩʽʣʴ ʨʠʮʠʥʦʽʣ ʛʣʽ-

ʮʠʥʫ ʰʣʷʭʦʤ ʘʤʤʦʥʦʣʽʟʫ ʨʠʮʠʥʦʚʦʾ ʦʣʽʾ ʥʘʪʨʽʻʚʦʶ 

ʩʽʣʣʶ ʛʣʽʮʠʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘ-

ʪʦʨʫ ʛʣʽʮʝʨʘʪʫ ʥʘʪʨʽʶ [8]. ʅʦʚʠʤ ʨʽʰʝʥʥʷʤ ʻ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ ʮʝʦʣʽʪʽʚ ʪʠʧʫ Na-X. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʘʤʦʥʦʣʽʟʫ ʨʠʮʠʥʦʚʦʾ ʦʣʽʾ ʪʘ ʥʘ-

ʪʨʽʻʚʦʾ ʩʦʣʽ ʛʣʽʮʠʥʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʪʝʨʦʛʝʥʥʦʛʦ 

ʢʘʪʘʣʽʟʘʪʦʨʫ ï ʮʝʦʣʽʪʽʚ ʪʠʧʫ Na-X ʪʘ ʦʪʨʠʤʘʥʥʷ ʟʘ-

ʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʩʪʫʧʝʥʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʠʮʠʥʦ-

ʚʦʾ ʦʣʽʾ ʚ ʥʘʪʨʽʻʚʫ ʩʽʣʴ ʨʠʮʠʥʦʽʣʛʣʽʮʠʥʘ ʚʽʜ ʦʩʥʦʚ-

ʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʤʦʥʦʣʽʟ 

ʨʠʮʠʥʦʚʦʾ ʦʣʽʾ ʥʘʪʨʽʻʚʦʶ ʩʽʣʣʶ ʛʣʽʮʠʥʘ ʧʨʦʚʦʜʠʣʠ 

ʟʛʽʜʥʦ ʟ [8], ʘʣʝ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʣʠ ʮʝʦʣʽʪʠ ʪʠʧʫ Na-X ʟ ʨʦʟʤʽʨʦʤ ʧʦʨ 9 ï 12 ¡ 

ʢʦʤʧʘʥʽʾ ʆʆʆ "ʍʘʨʴʢʦʚʧʨʦʤʭʠʤ" (ʋʢʨʘʾʥʘ).  

ʎʝʦʣʽʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʤʽʢʨʦʧʦʨʠʩʪʽ 

ʢʨʠʩʪʘʣʽʯʥʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ, ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ 

ʧʨʠʨʦʜʽ ʘʙʦ ʤʦʞʫʪʴ ʙʫʪʠ ʩʠʥʪʝʟʦʚʘʥʽ. ʋ ʬʘʨʞʝʟʠʪʽʚ 

(FAU) ʪʠʧʫ X ʩʠʩʪʝʤʘ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʧʦʨʦʞʥʠʥ 

ʤʘʻ ʪʝʪʨʘʝʜʨʠʯʥʫ ʩʪʨʫʢʪʫʨʫ. ɺ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ 

ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ [9]. 

ʊʘʙʣʠʮʷ 1  

ɺʣʘʩʪʠʚʦʩʪʽ ʮʝʦʣʽʪʽʚ ʪʠʧʫ ʍ. 

ʅʘʟʚʘ ʊʠʧ ʢʘʥʘʣʽʚ 
ɼʽʘʤʝʪʨ ʢʘʥʘʣʽʚ ʘʙʦ 

ʚʽʢʦʥ, ʥʤ 

ʆʙôʻʤ ʧʦʨ, 

ʤʣ/ʛ 

ɺʽʜʥʦʰʝʥʥʷ 

Si/Al 

ʎʝʦʣʽʪ 

X 

ʊʨʠʚʠʤʽʨʥʽ ʢʘʥʘʣʠ, ʧʦʨʦʞʥʠʥʠ 

ʟôʻʜʥʘʥʽ ʚʽʢʥʘʤʠ, 

ʪʝʪʨʘʛʦʥʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ 

0,75 0,35 1 ï 1,5 
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ʂʦʣʠ ʽʦʥʠ !Ì ʟʘʤʽʱʘʶʪʴ ʽʦʥʠ 3É ʚ ʪʝʪʨʘ-

ʝʜʨʽ, ʪʦ ʪʘʢʘ ʩʪʨʫʢʪʫʨʘ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ, ʷʢʠʡ 

ʢʦʤʧʝʥʩʫʶʪʴ ʢʘʪʽʦʥʘʤʠ .Á. ʊʘʢʠʡ ʮʝʦʣʽʪ ʧʦʟʥʘʯʘ-
ʶʪʴ ʷʢ Na-X.  

ʅʘ ʧʦʚʝʨʭʥʽ ʮʝʦʣʽʪʽʚ ʻ ʢʠʩʣʦʪʥʽ ʮʝʥʪʨʠ, ʱʦ ʤʘ-

ʶʪʴ ʢʘʪʘʣʽʪʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ʎʝʦʣʽʪʠ ʷʢ ʢʘʪʘʣʽʟʘ-

ʪʦʨʠ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʽ ʚ ʧʨʦʮʝʩʘʭ ʢʨʝʢʽʥʛʫ ʥʘʬʪʠ [9] 

. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʧʨʽʦʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʙʫʣʦ ʚʠ-

ʟʥʘʯʝʥʦ ʥʘʡʚʘʞʣʠʚʽʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʫʤʦʚʠ ʘʤʦʥʦʣʽʟʫ ʨʠʮʠʥʦʚʦʾ ʦʣʽʾ. ʇʦʰʫʢ ʨʘʮʽʦʥʘʣʴ-

ʥʠʭ ʫʤʦʚ ʘʤʦʥʦʣʽʟʫ ʨʠʮʠʥʦʚʦʾ ʦʣʽʾ ʚʽʜʙʫʚʘʚʩʷ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʮʝʥʪʨʘʣʴʥʝ-ʢʦʤ-

ʧʦʟʠʮʽʡʥʝ ʨʦʪʦʪʘʙʝʣʴʥʝ ʧʣʘʥʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʧʦ-

ʨʷʜʢʫ (ʎʂʈʇ) ʟ ʥʘʩʪʫʧʥʦʶ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʨʝʘʣʽʟʘʮʽʾ ʧʣʘʥʫ ʚ ʧʨʦʛʨʘʤʽ STATISTICA 12 ʽ Mi-

crosoft Excel. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʝʘʢʮʽʾ 

ʘʤʦʥʦʣʽʟʫ ʨʠʮʠʥʦʚʦʾ ʦʣʽʾ ʥʘʪʨʽʻʚʦʶ ʩʽʣʣʶ ʛʣʽʮʠʥʘ 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʘ ʻ ʮʽʥʥʠʡ 

ʧʨʦʜʫʢʪ, ʘ ʩʘʤʝ ʩʦʣʽ ʘʮʠʣʘʤʽʥʦʢʠʩʣʦʪ, ʷʢʽ ʻ ʘʣʴʪʝʨ-

ʥʘʪʠʚʦʶ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥʘʤ ʥʘ ʦʩʥʦʚʽ 

ʘʣʢʽʣʩʫʣʴʬʘʪʽʚ [8] ʪʘ ʧʨʦʷʚʣʷʶʪʴ ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘ-

ʩʪʠʚʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫ-

ʚʘʪʠ ʾʭ ʚ ʷʢʦʩʪʽ ʘʥʪʠʤʽʢʨʦʙʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ 

ʩʢʣʘʜʽ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫ-

ʚʘʥʥʷ [7].  

ɿʛʽʜʥʦ ʟ [10] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʩʣʷ ʨʝʘʢʮʽʾ ʘʤʦ-

ʥʦʣʽʟʫ ʚʠʜʽʣʷʪʠ ʘʮʠʣʘʤʽʥʦʢʠʩʣʦʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ, ʘ ʚ ʥʘʩʪʫʧʥʦʤʫ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʾʭ 

ʛʽʜʨʦʢʩʠʜʦʤ ʥʘʪʨʽʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʘʮʠʣʘʤʽʥʦʢʠʩ-

ʣʦʪ. ʊʦʤʫ ʚ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ( 13 ʜʦʩʣʽʜʽʚ), ʧʨʦʚʦʜʠʣʠ 

ʘʤʦʥʦʣʽʟ ʨʠʮʠʥʦʚʦʾ ʦʣʽʾ ʛʣʽʮʠʥʘʪʦʤ ʥʘʪʨʽʶ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʢʘʪʘʣʽʟʘʪʦʨʘ ï ʮʝʦʣʽʪʽʚ ʪʠʧʫ NaX ʽ ʦʜʝʨ-

ʞʫʚʘʣʠ ʥʘʪʨʽʻʚʫ ʩʽʣʴ ʨʠʮʠʥʦʽʣʛʣʽʮʠʥʫ ʟ ʷʢʦʾ ʧʦʪʽʤ 

ʚʠʜʽʣʷʣʠ ʘʮʠʣʘʤʽʥʦʢʠʩʣʦʪʠ ʪʘ ʚʠʟʥʘʯʘʣʠ ʾʾ ʯʠʩʣʦ 

ʥʝʡʪʨʘʣʽʟʘʮʽʾ. ʇʦʨʽʚʥʶʶʯʠ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʏʅ ʟ ʚʠʟʥʘʯʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʦʞʥʘ ʨʦʟʨʘ-

ʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʪʦʙʪʦ ʘʮʠʣʘʤʽ-

ʥʦʢʠʩʣʦʪ, ʫ ʚʽʜʩʦʪʢʘʭ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʦʙʨʘʥʦ ʧʘʨʘ-

ʤʝʪʨʦʤ ʚʽʜʛʫʢʫ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ. ʈʽʚʥʽ ʪʘ ʽʥʪʝʨ-

ʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. 

ʊʘʙʣʠʮʷ 2  

ʈʽʚʥʽ ʪʘ ʽʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ ʬʘʢʪʦʨʽʚ. 

ʌʘʢʪʦʨʠ ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ, Áʉ ʊʨʠʚʘʣʽʩʪʴ ʚʟʘʻʤʦʜʽʾ, ʭʚ 

ʂʦʜ ʍ1 ʍ2 

ʆʩʥʦʚʥʠʡ ʨʽʚʝʥʴ, ʍʽʦ 155 225 

ɯʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ, ȹʍ̔ 10 75 

ɺʝʨʭʥʽʡ ʨʽʚʝʥʴ, Xmax 167,07 291,21 

ʅʠʞʥʽʡ ʨʽʚʝʥʴ, Xmin 152,93 248,79 

ɺʝʨʭʥʷ ʟʽʨʢʦʚʘ ʪʦʯʢʘ, +Ѝς 170 300 

ʅʠʞʥʷ ʟʽʨʢʦʚʘ ʪʦʯʢʘ, -Ѝς 150 240 

 

ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ ʚ ʥʘʪʫʨʘʣʴʥʦʤʫ ʽ ʢʦʜʦʚʘʥʦʤʫ ʚʠ-

ʛʣʷʜʽ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 3. 

 

ʊʘʙʣʠʮʷ 3  

 ʄʘʪʨʠʮʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʡʦʛʦ ʨʝʟʫʣʴʪʘʪʠ 

 ʌʘʢʪʦʨʠ ʚ ʥʘʪʫʨʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 
ʌʘʢʪʦʨʠ ʚ ʢʦʜʦʚʘʥʦʤʫ 

ʚʠʛʣʷʜʽ 

ʂʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʦʾ ʨʝʯʦ-

ʚʠʥʠ,% 

ˉ 

ʜʦʩ-

ʣʽʜʫ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦ-

ʮʝʩʫ,Áʉ 

ʊʨʠʚʘʣʽʩʪʴ ʚʟʘʻʤʦ-

ʜʽʾ, ʭʚ 
ʍ1 ʍ2 Y 

1 152,93 248,79 -1 -1 65,70 

2 152,93 291,21 -1 +1 72,06 

3 167,07 248,79 +1 -1 71,20 

4 167,07 291,21 +1 +1 64,80 

5 150 270 -Ѝς 0 52,14 

6 170 270 +Ѝς 0 80,20 

7 160 300 0 -Ѝς 71,20 

8 160 240 0 +-Ѝς 73,40 

9 160 270 0 0 84,76 

10 160 270 0 0 84,46 

11 160 270 0 0 83,40 

12 160 270 0 0 82,00 

13 160 270 0 0 82,50 

 

ʉʪʦʩʦʚʥʦ ʧʨʦʮʝʩʫ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʙʫʣʦ ʦʙʨʘʥʦ ʬʫʥʢʮʽʶ ʚʽʜʛʫʢʫ, ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ ʧʦʣʽʥʦʤʫ ʜʨʫʛʦʛʦ 

ʩʪʫʧʝʥʶ: 

 

Y=b0 + b1ʍ1 + b2ʍ2 + b3ʍ2
1 + b4ʍ2

2 + b5ʍ1ʍ2 (1) 
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ʜʝ Y ï ʩʪʫʧʽʥʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, %; b0 ï ʢʦʥʩʪʘʥʪʘ; x1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ, Áʉ; x2 ï ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ, 

ʭʚʠʣʠʥʠ; b1, b2, b3, b4, b5 ï ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʦʣʽʥʦʤʘ. 

ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʘʤʠ 2 ï 5 [11]: 

 

ὦ
ὃ

ὔ
ς ὲ ς ώ  ς ὅ ὼ ώ  

 

(2) 

ὦ
ὅ

ὔ
ὼ ώ 

 

(3) 

ὦ
ὅ

ὔ
ὼ ὼώ 

 

(4) 

ὦ
ὃ

ὔ
ὅ ὲ ς ὲ ὼ ώ  

ὅ ρ ὼ ώ ς ὅ ώ 

 

(5) 

ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʽʚ, n ï ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʷʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʨʘʟʦʤ (6) ʚ ʢʦ-

ʜʦʚʦʤʫ ʚʠʛʣʷʜʽ: 

 

 Y= 83,42 + 4,74 ʍ1 - 0,57 ʍ2 ï 8,76 ʍ2
1 + 2,14 ʍ2

2 ï 3,19 ʍ1ʍ2 (6) 

  

ʅʘʩʪʫʧʥʠʡ ʘʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ STATISTICA 12. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʨʽʚʥʷʥʥʽ ʨʝʛʨʝʩʽʾ (6) ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʜʽʘʛʨʘʤʫ ʇʘʨʝʪʦ, ʷʢʫ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1 (L ï ʣʽʥʽʡʥʠʡ ʝʬʝʢʪ, Q ï ʢʚʘʜʨʘʪʠʯʥʠʡ ʝʬʝʢʪ). 

 
ʈʠʩʫʥʦʢ 1 ï ʜʽʘʛʨʘʤʘ ʇʘʨʝʪʦ 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 1, ʧʦʢʘʟʫʻ, ʱʦ ʝʬʝʢʪʠ ʚʟʘʻʤʦʜʽʾ ʪʨʠʚʘʣʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʨʦʮʝʩʫ ʪʘ ʣʽʥʽʡʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʻ ʥʝʟʥʘʯʫʱʠʤʠ, ʦʩʢʽʣʴʢʠ ʥʝ ʧʝʨʝʪʠʥʘʶʪʴ ʚʝʨʪʠʢʘʣʴʥʫ ʣʽʥʽʶ, ʱʦ ʻ 

95 %-ʚʦʶ ʜʦʚʽʨʯʦʶ ʡʤʦʚʽʨʥʦʩʪʶ. 

ɸʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʧʝʨʝʚʽʨʷʣʘʩʴ ʤʝʪʦʜʦʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.  
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ʊʘʙʣʠʮʷ 4  

ɼʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ 

ʌʘʢʪʦʨ 
ʉʫʤʘ ʢʚʘ-

ʜʨʘʪʽʚ, SS 

ʉʪʫʧʽʥʴ 

ʩʚʦʙʦʜʠ, df 

ʉʝʨʝʜʥʻ ʟʥʘ-

ʯʝʥʥʷ ʢʚʘʜʨʘʪʘ, 

MS 

F- ʢʨʠʪʝ-

ʨʽʡ 

ʈʽʚʝʥʴ ʟʥʘʯʫʱʦ-

ʩʪʽ, p 

(1) ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦ-

ʮʝʩʫ, C(L) 
179,768 1 179,7677 5,62935 0,049415 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ, 

C(Q) 
534,223 1 534,2230 16,72898 0,004630 

(2)ʊʨʠʚʘʣʽʩʪʴ ʚʟʘʻʤʦ-

ʜʽʾ, ʭʚ(L) 
2,605 1 2,6055 0,08159 0,783223 

ʊʨʠʚʘʣʽʩʪʴ ʚʟʘʻʤʦʜʽʾ, 

ʭʚ.(Q) 
246,133 1 246,1334 7,70757 0,027446 

1L ʥʘ 2L 40,704 1 40,7044 1,27464 0,296098 

ʏʠʩʪʘ ʧʦʭʠʙʢʘ 223,538 7 31,9340   

ɿʘʛʘʣʴʥʘ ʩʫʤʘ ʢʚʘʜʨʘ-

ʪʽʚ 
1144,245 12    

ʂʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ Ὑ  = 0,80464 

ʉʢʦʨʝʛʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʪʝʨʤʽʥʘʮʽʾ Ὑ  = 0,6651 

 

ɼʘʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4, ʟʦʢʨʝʤʘ ʚʽʜʩʫʪʥʽʩʪʴ ʫʪʨʘʪʠ ʫʟʛʦʜʞʝʥʦʩʪʽ (ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ p ι0,05) ʪʘ ʟʥʘ-

ʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ (Ὑ  ʽ Ὑ  , ʙʣʠʟʴʢʽ ʜʦ ʦʜʠʥʠʮʽ, ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ 

ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʚʽʜʛʫʢ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʫ ʬʽʟʠʯʥʠʭ ʧʝʨʝʤʽʥʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʬʦʨʤʫʣʫ 7: 

 

ˢ
ὤὢ

Ўὢ
ȟ (7) 

 

ɿʘʣʝʞʥʽʩʪʴ ʩʪʫʧʝʥʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʘʤʦʥʦʣʽʟʫ ʫ ʬʽʟʠʯʥʠʭ ʧʝʨʝʤʽʥʥʠʭ 

ʤʘʻ ʚʠʛʣʷʜ: 

 

Y= 22473,35 ï 271,09 ╩  ï 0,88 ╩  + 0,03 ╩  ï 12,60 ╩  (8) 

 

ɻʨʘʬʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 2 

ʽ 3. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʚʟʘʻʤʦʜʽʾ: ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʚʟʘʻʤʦʜʽʾ: ʧʨʦʝʢʮʽʷ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ 

 

ʗʢ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ, ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ 

ʩʪʫʧʝʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʙʽʣʴʰʝ 80%) ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨʠ 162Áʉ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ 

270 ʭʚʠʣʠʥ. 

ɺ ʭʦʜʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ ʢʽ-

ʣʴʢʽʩʥʫ ʟʘʣʝʞʥʽʩʪʴ (ʫ ʚʠʛʣʷʜʽ ʨʝʛʨʝʩʽʡʥʦʾ ʤʦʜʝʣʽ) 

ʩʪʫʧʝʥʶ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʦʾ ʨʝʯʦ-

ʚʠʥʠ ï ʨʠʮʠʥʦʽʣʛʣʽʮʠʥʫ) ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʨʠʚʘ-

ʣʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʨʠʮʠʥʦʚʦʾ ʦʣʽʾ ʪʘ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ ʛʣʽ-

ʮʠʥʫ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʫ ï 

ʮʝʦʣʽʪʽʚ ʪʠʧʫ NaX ʪʘ ʦʜʝʨʞʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, 

ʷʢʝ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʧʦʚʝʨʭʥʶ ʚʽʜʛʫʢʫ. 

ʅʘʪʨʽʻʚʘ ʩʽʣʴ ʨʠʮʠʥʦʽʣʛʣʽʮʠʥʫ, ʱʦ ʫʪʚʦʨʶ-

ʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʤʘʻ ʞʦʚʪʠʡ ʢʦʣʽʨ ʪʘ ʧʦʜʽ-

ʙʥʫ ʥʘ ʚʽʩʢ ʪʝʢʩʪʫʨʫ ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʥʽʦʥʘʢʪʠʚʥʫ ʇɸʈ, ʱʦ ʨʦʟʯʠʥʷ-

ʻʪʴʩʷ ʫ ʚʦʜʽ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʟʦʨʦʛʦ ʨʦʟʯʠʥʫ. ʇʦʤʽ-

ʯʝʥʦ, ʱʦ ʫ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ ʥʘʪʨʽʻʚʘ ʩʽʣʴ ʨʠʮʠʥʦʽʣ-

ʛʣʽʮʠʥʫ ʟʜʘʪʥʘ ʧʨʦʷʚʣʷʪʠ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ 

ʩʘʤʝ ʩʦʣʶʙʽʣʽʟʫʚʘʪʠ ʚʽʜʥʦʩʥʦ ʧʦʣʷʨʥʽ ʨʝʯʦʚʠʥʠ, 

ʥʘʧʨʠʢʣʘʜ ʝʬʽʨʥʽ ʦʣʽʾ. ʊʦʤʫ ʥʘʪʨʽʻʚʫ ʩʽʣʴ ʨʠʮʠʥʦ-

ʽʣʛʣʽʮʠʥʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʢʣʘʜʽ ʥʦʚʠʭ 

ʢʦʩʤʝʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ [7]. 

 ɺʠʟʥʘʯʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʜʽʾ ʚʦ-

ʜʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ ʨʠʮʠʥʦʽʣʛʣʽʮʠʥʫ ʨʽʟ-

ʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʧʣʽʩʥʷʚʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʨʦʜʫʢʪʘʭ ʭʘʨʯʫʚʘʥʥʷ ʪʘʢʠʭ ʷʢ ʭʣʽʙ, ʩʠʨ ʪʘ ʬʨʫʢʪʠ 

[7]. ɺʠʟʥʘʯʝʥʥʷ ʘʥʪʠʤʽʢʨʦʙʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʚʽʜʙʫʚʘ-

ʣʦʩʴ ʷʢʽʩʥʠʤ (ʜʠʬʫʟʽʡʥʠʤ) ʤʝʪʦʜʦʤ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ 

ʚʠʩʘʜʞʝʥʽ ʥʘ ʘʛʘʨʦʚʫ ʧʣʘʩʪʠʥʫ ʮʽʣʴʦʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, 

ʷʢʽ ʧʽʜʜʘʶʪʴ ʚʧʣʠʚʫ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʦʛʦ ʟʘʩʦʙʫ, ʚʠ-

ʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʩʦʯʝʥʽ ʩʪʝʨʠʣʴʥʽ ʜʠʩʢʠ ʬʽʣʴʪʨʫ-

ʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ. ʇʽʩʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʝʨʽʦʜʫ 

ʚʧʣʠʚʫ ʚʠʤʽʨʶʶʪʴ ʨʦʟʤʽʨ ʟʦʥʠ ʛʘʣʴʤʫʚʘʥʥʷ ʨʦʩʪʫ 

ʥʘʚʢʦʣʦ ʟʦʥʠ ʜʠʩʢʫ ʪʘ ʚʚʘʞʘʶʪʴ ʾʾ ʧʦʢʘʟʥʠʢʦʤ ʘʥ-

ʪʠʙʘʢʪʝʨʽʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ [12]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʜʥʦʛʦ ʨʦ-

ʟʯʠʥʫ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ ʨʠʮʠʥʦʽʣʛʣʽʮʠʥʫ ʙʽʣʴʰʝ 10% 

ʜʘʥʠʡ ʇɸɺ ʩʧʨʠʷʻ ʧʨʠʛʥʽʯʝʥʥʶ ʧʣʽʩʥʷʚʠʭ ʛʨʠʙʽʚ 

ʪʘ ʽʥʰʦʾ ʤʽʢʨʦʬʣʦʨʠ [7]. 

ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʪʨʽʻʚʦʾ ʩʦʣʽ ʨʠʮʠʥʦʽʣʛʣʽ-

ʮʠʥʫ ʷʢ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʢʦʩʤʝʪʠʯʥʠʭ, ʤʠʶʯʠʭ 

ʟʘʩʦʙʽʚ, ʘ ʪʘʢʦʞ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʜʣʷ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʨʦʟʰʠ-

ʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʧʨʦʜʫʢʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

ɼʣʷ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʽʥʥʦʚʘʮʽʡ-

ʥʦʛʦ ʢʦʥʜʠʪʝʨʩʴʢʦʛʦ ʚʠʨʦʙʫ, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦ-

ʙʦʶ ʧʨʦʜʫʢʪ ʟ ʽʥʛʨʝʜʽʻʥʪʽʚ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦ-

ʜʞʝʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʪʨʽʻʚʫ ʩʽʣʴ ʨʠʮʠʥʦʾʣʛʣʽ-

ʮʠʥʫ ʚ ʢʽʣʴʢʦʩʪʽ 0,87ʛ ʥʘ 100ʛ ʧʨʦʜʫʢʪʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʨʝʮʝʧʪʫʨʘ ʪʘʢʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘ-

ʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 5. 

ʊʘʙʣʠʮʷ 5 

ʈʝʮʝʧʪʫʨʘ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʦʥʜʠʪʝʨʩʴʢʦʛʦ ʚʠʨʦʙʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ɺʠʪʨʘʪʠ ʩʠʨʦʚʠʥʠ ʥʘ 600 ʛ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʛ 

ʇʰʦʥʦ 200 

ʂʦʢʦʩʦʚʘ ʩʪʨʫʞʢʘ 80 

ʉʽʢ ʣʠʤʦʥʫ 35 

ʎʝʜʨʘ ʣʠʤʦʥʫ 5 

ʄʝʜ 140 

ɺʦʜʘ 230 

ɺʘʥʽʣʽʥ 1 
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ɺʠʛʦʪʦʚʣʝʥʠʡ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʨʝʮʝʧʪʫ-

ʨʦʶ ʢʦʥʜʠʪʝʨʩʴʢʠʡ ʚʠʨʽʙ ʤʘʻ ʭʦʨʦʰʽ ʦʨʛʘʥʦʣʝʧʪʠ-

ʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʦʚʥʽʩʪʶ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʣʶʜʝʡ ʟ ʥʝ-

ʧʝʨʝʥʦʩʠʤʽʩʪʶ ʣʘʢʪʦʟʠ ʘʙʦ ʜʣʷ ʚʝʛʝʪʘʨʽʘʥʮʽʚ. 

ɺʠʩʥʦʚʢʠ. ɼʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʮʝʦʣʽʪʽʚ ʪʠʧʫ NaX ʷʢ ʢʘʪʘʣʽʟʘʪʦʨʘ ʚ ʨʝʘʢʮʽʾ 

ʘʤʤʦʥʦʣʽʟʫ ʘʮʠʣʛʣʽʮʝʨʠʥʽʚ ï ʞʠʨʽʚ ʟ ʧʦʭʽʜʥʠʤʠ 

ʘʤʽʥʦʢʠʩʣʦʪ. 

ɺʠʟʥʘʯʝʥʦ ʨʘʮʽʦʥʘʣʴʥʽ ʫʤʦʚʠ ʘʤʦʥʦʣʽʟʫ ʨʠʮʠ-

ʥʦʚʦʾ ʦʣʽʾ ʥʘʪʨʽʻʚʦʶ ʩʽʣʣʶ ʛʣʽʮʠʥʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʽʟʘʪʦʨʫ ï ʮʝʦʣʽʪʽʚ ʪʠʧʫ NaX, ʘ 

ʩʘʤʝ ʪʝʤʧʝʨʘʪʫʨʘ 162Áʉ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʚʟʘʻʤʦʜʽʾ 270 

ʭʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʪʨʽʻʚʫ ʩʽʣʴ 

ʨʠʮʠʥʦʾʣʛʣʽʮʠʥʫ ʫ ʩʢʣʘʜʽ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʢʦʥʜʠʪʝʨ-

ʩʴʢʦʛʦ ʚʠʨʦʙʫ ʜʣʷ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ 

ʪʘ ʫ ʩʢʣʘʜʽ ʢʦʩʤʝʪʠʯʥʠʭ ʟʘʩʦʙʽʚ, ʟ ʦʛʣʷʜʫ ʥʘ ʝʬʝʢ-

ʪʠʚʥʫ ʙʘʢʪʝʨʠʮʠʜʥʫ ʜʽʶ ʟʘʟʥʘʯʝʥʦʾ ʇɸʈ. 
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Abstract 

A retrospective study of the forgotten hypothesis of Paul Dirac, about the generation of an electron and a 

proton from a vacuum, makes it possible to reveal new facts confirming the promise of the ideas expressed by 

Dirac. It is possible to determine the conditions necessary for an asymmetric reaction with respect to the mass to 

proceed, to establish the physical properties and structure of charges that form stable particles. The results obtained 

can be used to predict the decay options for any particles, including those unknown today. 

ɸʥʥʦʪʘʮʠʷ 
ʈʝʪʨʦʩʧʝʢʪʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʙʳʪʦʡ ʛʠʧʦʪʝʟʳ ʇʦʣʷ ɼʠʨʘʢʘ, ʦ ʛʝʥʝʨʘʮʠʠ ʠʟ ʚʘʢʫʫʤʘ ʵʣʝʢʪʨʦʥʘ ʠ 

ʧʨʦʪʦʥʘ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʬʘʢʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚʳʩʢʘʟʘʥʥʳʭ ɼʠʨʘʢʦʤ ʠʜʝʡ. 

ʋʜʘʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʩʳ ʨʝʘʢʮʠʠ, 

ʫʩʪʘʥʦʚʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʟʘʨʷʜʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʩʪʘʙʠʣʴʥʳʝ ʯʘ-

ʩʪʠʮʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʘʜʘ ʣʶʙʳʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʥʝʠʟʚʝʩʪʥʳʭ ʩʝʛʦʜʥʷ ʯʘʩʪʠʮ. 

 

Keywords: Paul Dirac, basis, basic charges, dissociation, particle structure, verification of Dirac's hypothesis, 

new conservation law. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʦʣʴ ɼʠʨʘʢ, ʙʘʟʠʩ, ʙʘʟʠʩʥʳʝ ʟʘʨʷʜʳ, ʜʠʩʩʦʮʠʘʮʠʷ, ʩʪʨʫʢʪʫʨʘ ʯʘʩʪʠʮ, ʚʝʨʠʬʠʢʘʮʠʷ 

ʛʠʧʦʪʝʟʳ ɼʠʨʘʢʘ, ʥʦʚʳʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʜʦʢʩʦʚ, 

ʧʨʠʯʝʤ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʭ ʯʠʩʣʦ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʘ-

ʨʘʜʦʢʩʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʘʥʘʣʦʛʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʰ ʤʦʟʛ ʥʝ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʨʪʠʥʫ ʥʝʠʟʚʝʩʪʥʦʛʦ ʷʚʣʝʥʠʷ. ʆʜʥʘʢʦ 

ʚʦʟʤʦʞʥʦ ʜʨʫʛʦʝ ʦʙʲʷʩʥʝʥʠʝ: - ʜʝʣʦ ʥʝ ʚ ʦʛʨʘʥʠ-

ʯʝʥʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʘ ʚ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʥʝʚʝʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʨʝʘʣʴʥʦʩʪʠ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʫʪʴ ʚʳʭʦʜʘ ʠʟ ʪʫʧʠʢʘ 

ʩʦʩʪʦʠʪ ʚ ʠʟʤʝʥʝʥʠʠ ʚʦʩʧʨʠʷʪʠʷ ʦʢʨʫʞʘʶʱʝʛʦ 

ʤʠʨʘ. ʈʝʘʣʴʥʦʩʪʴ (ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ) ʠ ʬʠʟʠʯʝ-

ʩʢʘʷ ʨʝʘʣʴʥʦʩʪʴ (ʬʠʟʠʯʝʩʢʠʡ ʤʠʨ) ʤʦʛʫʪ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ. 

ʇʦʩʪʘʚʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ: ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʟʚʝʩʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ, 

ʠʤʝʶʱʫʶ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʨʦʪʠʚʦʨʝʯʠʡ. ɼʣʷ 

ʵʪʦʛʦ ʤʳ ʚʝʨʥʝʤʩʷ ʚ ʧʨʦʰʣʦʝ, ʠ ʧʦʧʳʪʘʝʤʩʷ ʦʙʥʘ-

ʨʫʞʠʪʴ ʥʝʩʢʦʣʴʢʦ çʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢè ʚ ʵʚʦʣʶʮʠʠ 

ʠʜʝʡ, ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʤʦʛʣʦ ʧʦʡʪʠ 

ʧʦ ʜʨʫʛʦʤʫ ʧʫʪʠ. ɺʝʨʦʷʪʥʦ, ʦʜʥʘ ʠʟ ʪʘʢʠʭ ʪʦʯʝʢ 

ʩʚʷʟʘʥʘ ʩ ʠʤʝʥʝʤ ʇʦʣʷ ɼʠʨʘʢʘ.  

ɺ ʢʦʥʮʝ 20-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ɼʠʨʘʢ ʧʨʝʜ-

ʧʦʣʦʞʠʣ, ʯʪʦ ʚʘʢʫʫʤ ʟʘʧʦʣʥʝʥ ʧʘʨʦʡ ʯʘʩʪʠʮ, ʠʤʝ-

ʶʱʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʩʧʠʥʘ ʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʧʫʩʪʷ ʧʘʨʫ ʣʝʪ ʂ. 

ɸʥʜʝʨʩʝʥʦʤ ʙʳʣ ʦʪʢʨʳʪ çʘʥʪʠʵʣʝʢʪʨʦʥè - ʧʦʟʠ-

ʪʨʦʥ [1]. ʆʧʠʩʘʥʠʝ ʚʘʢʫʫʤʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʵʣʝʢ-

ʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʤʠ ʧʘʨʘʤʠ, ʙʳʣʦ ʥʘʟʚʘʥʦ çʜʳʨʦʯ-

ʥʦʡè ʪʝʦʨʠʝʡ ɼʠʨʘʢʘ, ʘ ʧʨʝʜʩʢʘʟʘʥʠʝ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ ʧʦʟʠʪʨʦʥʘ ʩʯʠʪʘʝʪʩʷ ʩʝʛʦʜʥʷ ʢʨʫʧʥʳʤ 

ʜʦʩʪʠʞʝʥʠʝʤ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʠ. 

ʆʜʥʘʢʦ ʧʝʨʚʳʡ, ʦʩʥʦʚʘʪʝʣʴʥʦ ʟʘʙʳʪʳʡ, ʚʘʨʠ-

ʘʥʪ ʛʠʧʦʪʝʟʳ ɼʠʨʘʢʘ, ʠʤʝʣ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ. 

ɼʠʨʘʢ ʧʨʝʜʧʦʣʦʞʠʣ [2] ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʩʠʤʤʝʪ-

ʨʠʯʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʩʳ, ʨʝʘʢʮʠʠ, ʛʝʥʝʨʠʨʫʶ-

ʱʝʡ ʥʝ ʧʘʨʫ ɻ ʣʝʢʪʨʦʥ ï ʧʦʟʠʪʨʦʥ, ʘ ɻ ʣʝʢʪʨʦʥ ʠ ʧʨʦ-

ʪʦʥ. ʇʨʦʪʠʚ ɻ ʪʦʡ ʛʠʧʦʪʝʟ rʨʝʟʢʦ ʚʳʩʪʫʧʠʣʠ ɻʝʨʤʘʥ 

ɺʝʡʣʴ, ʀʛʦʨʴ ʊʘʤʤ, ʈʦʙʝʨʪ ʆʧʧʝʥʛʝʡʤʝʨ ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ. ʇʦʩʣʝ ʢʨʠʪʠʢʠ, ɼʠʨʘʢ ʧʝʨʝʧʠʩʘʣ ʛʠʧʦʪʝʟʫ 

ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʚʠʜʝ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʠ ʚʝ-

ʨʠʬʠʢʘʮʠʷ ʠʤʝʥʥʦ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʛʠʧʦʪʝʟʳ ɼʠ-

ʨʘʢʘ. 

ɻʝʥʝʨʘʮʠʷ ʠʟ ʚʘʢʫʫʤʘ ʯʘʩʪʠʮ ʚʦʚʩʝ ʥʝ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʚ ʚʘʢʫʫʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʘʨʳ ʪʘʢʠʭ ʯʘ-

ʩʪʠʮ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʧʦʣʥʝʥʦ ʥʝʢʦ-

ʪʦʨʦʡ ʧʝʨʚʠʯʥʦʡ ʩʫʙʩʪʘʥʮʠʝʡ, ʷʚʣʷʶʱʝʡʩʷ ʠʩʪʦʯ-

ʥʠʢʦʤ ʣʶʙʳʭ ʬʦʨʤ ʤʘʪʝʨʠʠ. ʂʩʪʘʪʠ, ʦʜʥʠʤ ʠʟ 

ʧʝʨʚʳʭ ʧʦʥʷʪʠʝ çʩʳʨʴʝ ʜʣʷ ʤʘʪʝʨʠʠè ʚʚʝʣ ʝʱʝ 
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ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʡ ʬʠʣʦʩʦʬ ʠʜʝʘʣʠʩʪ ʇʣʘʪʦʥ. ʅʘʟʦ-

ʚʝʤ ʠʩʪʦʯʥʠʢ ʤʘʪʝʨʠʠ çʙʘʟʠʩʦʤè (basis), ʘ ʢʦʤʧʦ-

ʥʝʥʪʳ ʙʘʟʠʩʘ ï çʙʘʟʠʩʥʳʤʠ ʟʘʨʷʜʘʤʠè. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʙʘʟʠʩʥʳʝ ʟʘʨʷʜʳ, ʚ ʪʦʯʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʛʠʧʦʪʝʟʦʡ ɼʠʨʘʢʘ, ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʜʚʝ ʧʘʨʳ ʯʘ-

ʩʪʠʮ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩʳ: ʧʨʦʪʦʥ - ɻ ʣʝʢʪʨʦʥ ʠʣʠ ʘʥʪʠ-

ʧʨʦʪʦʥ ï ʧʦʟʠʪʨʦʥ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʵʪʠʭ ʯʝʪʳʨʝʭ ʯʘʩʪʠʮ ʧʦʟʚʦʣʠʣʦ çʜʝʢʦʜʠʨʦ-

ʚʘʪʴè ʩʦʩʪʘʚ ʦʩʪʘʚʰʠʭʩʷ ʜʚʫʭ ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ: 

ʬʦʪʦʥʘ ʠ ʥʝʡʪʨʠʥʦ. 

ʇʨʠ ʟʘʧʠʩʠ ʨʝʘʢʮʠʡ ʨʘʩʧʘʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʘʟʠʩʥʳʭ ʟʘʨ̫ʜʦʚ ʧʨʦʷʚʠʣʠʩʴ ʥʦʚʳʝ, ʥʝʠʟʚʝʩʪʥʳʝ 

ʩʝʛʦʜʥʷ, ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʋʜʘʣʦʩʴ 

ʦʧʨʝʜʝʣʠʪʴ ʛʨʫʧʧʳ ʩʣʝʜʩʪʚʠʡ (ʧʨʘʚʠʣ), ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʙʳʣʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʛʨʫʧʧʘ, ʦʩʥʦʚʘʥ-

ʥʘʷ ʥʘ ʯʝʪʥʦʩʪʠ ʯʠʩʣʘ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ. ʕʪʦ ʧʦʟ-

ʚʦʣʠʣʦ ʩʚʝʩʪʠ ʚʝʨʠʬʠʢʘʮʠʶ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʛʠʧʦ-

ʪʝʟʳ ʢ ʬʦʨʤʘʣʴʥʦʡ ʧʨʦʚʝʨʢʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʚʠʣ 

ʨʘʩʧʘʜʘ ʯʘʩʪʠʮ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʙʱʝʜʦ-

ʩʪʫʧʥʫʶ ʩʧʨʘʚʦʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ. 

 

1. ʇʦʚʪʦʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʧʦʪʝʟʳ 

ɼʠʨʘʢʘ 

ʆʧʨʝʜʝʣʠʤ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʛʠʧʦʪʝʟʳ ɼʠʨʘʢʘ. ɿʘʧʠʰʝʤ ʜʚʝ ʛʠʧʦʪʝʪʠʯʝ-

ʩʢʠʝ ʨʝʘʢʮʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʙʘʟʠʩʘ ʧʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤʫ ʟʘʨʷʜʫ ʠ ʧʦ ʤʦʤʝʥʪʫ ʠʤʧʫʣʴʩʘ:  

0=+­ -+ qqbasis ;  (1) 

0=+­ -+ SSbasis .  (2) 

ʈʝʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤ ʥʘʙʦʨʦʤ ʚʝʣʠʯʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʟʘʨʷʜʦʤ ʠ ʩʦʙʩʪʚʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ (ʩʧʠ-

ʥʦʤ). ɺʦʟʥʠʢʘʝʪ ʥʝ ʪʨʠʚʠʘʣʴʥʳʡ ʚʦʧʨʦʩ ʦ ʚʟʘʠʤʦ-

ʩʚʷʟʠ ɻ ʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʪ.ʝ. ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʚ ʧʨʠʨʦʜʝ ʨʘʟʣʠʯ-

ʥʳʭ ʩʦʯʝʪʘʥʠʡ (ʢʦʤʙʠʥʘʮʠʡ) ʧʘʨʘʤʝʪʨʦʚ ʙʘʟʠʩʥʳʭ 

ʟʘʨʷʜʦʚ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ 

ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʨʷʜ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ. ʄʠʥʠ-

ʤʘʣʴʥʦʤʫ ʥʘʙʦʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʠ ʟʥʘʯʝʥʠʷ ɻ ʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʠ ʪʨʠ ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʦ-

ʤʝʥʪʘ ʠʤʧʫʣʴʩʘ, ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʚʠʜʝ ʦʥʠ ʨʘʚʥʳ: 

1;0;1 -=q ;  (3) 

2/1;0;2/1 -=S .  (4) 

ʀʟ ʵʪʠʭ ʚʝʣʠʯʠʥ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʯʝ-

ʪʳʨʝ ʢʦʤʙʠʥʘʮʠʠ, ʥʝ ʥʘʨʫʰʘʶʱʠʝ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʠ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ; 

BAbasis +=--+­ )2/1,1()2/1,1( ;(5) 

babasis +=-+­ )2/1,0()2/1,0( ; (6) 

)2/1,1()2/1,1( +-+-­basis ; (7) 

)0,1()0,1( -+­basis .  (8) 

ɻʠʧʦʪʝʟʘ ɼʠʨʘʢʘ ʠ ʧʨʠʥʷʪʦʝ ʨʘʥʥʝʝ ʦʧʨʝʜʝʣʝ-

ʥʠʝ çʠʩʪʦʯʥʠʢʘè ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʜʨʫʛʠʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʤʘʪʝʨʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦʛʜʘ ʜʠʩʩʦʮʠʘʮʠʷ 

ʙʘʟʠʩʘ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʥʦ-

ʦʙʨʘʟʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʦʩʪʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʩʪʘʙʠʣʴʥʳʤ ʯʘʩʪʠʮʘʤ. ʀʟ ʨʝʘʢʮʠʠ (8) 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʯʘʩʪʠʮʳ, ʥʝ ʠʤʝʶʱʠʝ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ, - ʪʘʢʠʭ ʩʪʘʙʠʣʴʥʳʭ 

ʯʘʩʪʠʮ ʚ ʧʨʠʨʦʜʝ ʥʝʪ. 

ʀʟ ʨʝʘʢʮʠʠ (7) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʘʩʪʠʮʳ, ʠʤʝ-

ʶʱʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʤʦʤʝʥʪ 

ʠʤʧʫʣʴʩʘ, ʥʦ ʧʦʜʦʙʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫ 

ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ. ʆʩʪʘʚʰʠʝʩʷ 

ʢʦʤʙʠʥʘʮʠʠ (5) ʠ (6) ʨʘʟʨʝʰʝʥʳ ʠ ʠʤʝʶʪ ʩʣʝʜʫʶ-

ʱʫ ʁʦʩʦʙʝʥʥʦʩʪʴ: ʟʘʨʷʜʳ ʚ ʢʘʞʜʦʡ ʠʟ ʧʘʨ ʠʤʝʶʪ 

ʥʝʥʫʣʝʚʦʡ ʩʧʠʥ. ʌʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʥʝ ʷʚʣʷʝʪʩʷ ʦʪʜʝʣʴʥʳʤ, çʦʩʦ-

ʙʳʤè ʟʘʨʷʜʦʤ ʠ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʦ ʩ ʤʦ-

ʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ, ʧʨʠʯʝʤ ʵʪʠ ʩʦʩʪʦʷʥʠʷ ʚ ʙʘʟʠʩʝ 

ʵʢʚʠʚʘʣʝʥʪʥʳ: 

abABbasis == .   (9) 

ʅʘʟʦʚʝʤ ʢʦʤʧʦʥʝʥʪʳ ʙʘʟʠʩʘ baBA ,,,  çʙʘ-

ʟʠʩʥʳʤʠ ʟʘʨʷʜʘʤʠè. ʏʝʪʳʨʝ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʘ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʪʠʧʘ: ʧʝʨʚʳʡ ʪʠʧ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʜʚʘ ʟʘʨʷʜʘ, ʠʤʝʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ ʥʫ-

ʣʝʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʧʠʥ: 

aA, , ʚʪʦʨʦʡ ʪʠʧ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʠʣʠ ʥʫʣʝ-

ʚʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʩʧʠʥ: 

bB, . 

ʀʩʧʦʣʴʟʫʝʤ ʘʜʜʠʪʠʚʥʦʝ ʧʨʘʚʠʣʦ, ʧʦʟʚʦʣʷʶ-

ʱʝʝ ʚʳʯʠʩʣʷʪʴ ʩʫʤʤʘʨʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ 

ʩʧʠʥ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠʮʳ X , ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʝʩʢʦʣʴ-

ʢʠʭ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ: 

);( ää= ji SqX ,  (10) 

ʛʜʝ: ää ji Sq . - ʩʫʤʤʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷ-

ʜʦʚ ʠ ʩʫʤʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʤʝʥʪʦʚ ʠʤʧʫʣʴʩʘ 

(ʩʧʠʥʘ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʢʣʶʯʝʥʠʷ ʥʝʩʫʱʝʩʪʚʫ-

ʶʱʠʭ ʢʦʤʙʠʥʘʮʠʡ, ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʜʚʝ ʥʝʩʠʤ-

ʤʝʪʨʠʯʥʳʝ (ʧʦ ʤʘʩʩʝ) ʨʝʘʢʮʠʠ ɼʠʨʘʢʘ, ʛʝʥʝʨʠʨʫʶ-

ʱʠʝ ʯʘʩʪʠʮʳ ʧʝʨʚʦʛʦ ʪʠʧʘ, ʨʝʘʢʮʠʷ (11) ʠ ʘʥʪʠʯʘ-

ʩʪʠʮʳ: - ʚʪʦʨʦʡ ʪʠʧ, ʨʝʘʢʮʠʷ (12): 

epabBAabABABbasis +=+­+=Ö=Ö )(22 ,(11) 

+-+=+­+=Ö=Ö epabABabABABbasis )(22 (12) 

ʅʝʩʠʤʤʝʪʨʠʯʥʘʷ ʨʝʘʢʮʠʷ ɼʠʨʘʢʘ ʜʦʣʞʥʘ ʧʨʦ-

ʪʝʢʘʪʴ ʥʝ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʙʘʟʠʩʘ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘ-

ʩʪʠ, ʘ ʧʫʪʝʤ ʜʠʩʩʦʮʠʘʮʠʠ ʙʘʟʠʩʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʝʨʝʥʦʩʦʤ ʦʜʥʦʛʦ ʠʟ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ ʤʝʞʜʫ 

ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ B : 

epabBAabBAbasis +=+­ªª­Ö )(2 .(13) 

ʇʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ h ʠʨʦʢʦ ʠʟʚʝʩʪʥʳ ʠ ʭʘʨʘʢ-

ʪʝʨʥʳ ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʯʝʤ 

ʧʦʜʚʠʞʥʦʩʪʴ ʜʳʨʦʢ ʠ ʥʦʩʠʪʝʣʝʡ (ʘʥʘʣʦʛ A  ʠ 

)(abB ) ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʤʘʩʩʘ ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠʟ ʙʘʟʠʩʘ ʜʚʫʭ ʯʘʩʪʠʮ ʚ ʨʝ-

ʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ, ʧʨʠʯʝʤ 

ʵʪʠ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ çʩʪʨʫʢʪʫʨʫè ʧʦ ʙʘ-

ʟʠʩʥʳʤ ʟʘʨʷʜʘʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʣʠʯʥʳʝ ʩʚʦʡ-

ʩʪʚʘ. ʀʪʘʢ, ʧʝʨʚʦʝ ʦʧʨʦʚʝʨʞʝʥʠʝ ʦʧʧʦʥʝʥʪʦʚ ɼʠ-

ʨʘʢʘ ʚ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʦʚ ʷʚʣʷʝʪʩʷ 

ʦʰʠʙʦʯʥʳʤ. 

ɺʪʦʨʦʝ ʚʦʟʨʘʞʝʥʠʝ ʦʙʦʩʥʦʚʳʚʘʣʦʩʴ ʥʝʠʟʙʝʞ-

ʥʦʩʪʴʶ ʙʳʩʪʨʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʟʘʨʷʜʦʚ. ʕʪʦʪ ʘʨʛʫ-

ʤʝʥʪ ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʙʝʩʩʧʦʨʥʳʤ. ʆʩʥʦʚʥʘʷ (ʥʫ-

ʣʝʚʘʷ) ʦʨʙʠʪʘ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʥʘ ʫʞʝ ʟʘʧʦʣʥʝʥʘ 
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ʧʘʨʦʡ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ (ʧʨʠʥʮʠʧ ʇʘʫʣʠ), ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʟʘʨʷʜ B  çʚʳʪʝʩʥʷʝʪʩʷè ʥʘ ʚʥʝʰʥʶʶ ʦʨʙʠʪʫ, 

ʟʘʨʷʜ A , - ʧʝʨʝʭʦʜʠʪ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʦʨʙʠʪʫ. 

ʄʝʞʜʫ ʨʘʟʜʝʣʝʥʥʳʤʠ ʙʘʟʠʩʥʳʤʠ ʟʘʨʷʜʘʤʠ ʚʦʟʥʠ-

ʢʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʨʝ-

ʢʦʤʙʠʥʘʮʠʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʨʝʩʥʦʝ ʷʚʣʝʥʠʝ. 

ʇʫʩʪʴ ʦʨʙʠʪʳ (ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʤʝʥʪʳ) ʟʘʨʷʜʦʚ 

ʢʚʘʥʪʫʶʪʩʷ ʪʘʢ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʨʘʜʠʫʩʘ ʚʥʝʰʥʝʛʦ 

ʟʘʨʷʜʘ, ʪ.ʝ. ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʵʣʝʢʪʨʦʥʘ, ʢ ʨʘ-

ʜʠʫʩʫ ʟʘʨʷʜʦʚ ʙʘʟʠʩʘ ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʶ ʨʘʜʠʫʩʘ ʙʘ-

ʟʠʩʘ ʢ ʨʘʜʠʫʩʫ ʧʨʦʪʦʥʘ ʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ 2. ʇʨʠ ʪʘ-

ʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʨʘʜʠʫʩ ʧʨʦʪʦʥʘ ʨʘʚʝʥ ʯʝʪʚʝʨʪʠ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ ʵʣʝʢʪʨʦʥʘ ʠ ʨʘʚʝʥ 0,7ʬʤ. 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʯʝʪʘʭ ʚ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ. 

ʀʟ ʨʝʘʢʮʠʠ (11) ʩʣʝʜʫʝʪ, ʯʪʦ ɻ ʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘ-

ʨʷʜ ʧʨʦʪʦʥʘ ʨʘʚʝʥ +1, ʩʧʠʥ +1/2; ʧʘʨʘʤʝʪʨʳ ʵʣʝʢ-

ʪʨʦʥʘ, ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (10): 

)2/1,1())2/1,2/1,2/1(),0,0,1(( --=-+--=e (14) 

ʀʟ ʨʝʘʢʮʠʠ (12) ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʘʥʪʠʧʨʦʪʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ 

ʩʧʠʥ ʘʥʪʠʧʨʦʪʦʥʘ: -1 ʠ -1/2, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ 

ʩʧʠʥ ʧʦʟʠʪʨʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; +1, +1/2. ʀʥʪʝ-

ʨʝʩʥʦ, ʯʪʦ ʟʥʘʷ ʪʦʣʴʢʦ ʩʧʠʥ ʠ ʟʘʨʷʜ ʣʶʙʦʡ ʦʜʥʦʡ 

ʯʘʩʪʠʮʳ, ʥʘʧʨʠʤʝʨ ʵʣʝʢʪʨʦʥʘ, ʤʦʞʥʦ ʩʨʘʟʫ ʟʘʧʠ-

ʩʘʪʴ ʩʧʠʥ ʠ ʟʘʨʷʜ ʦʩʪʘʚʰʠʭʩʷ 3 ʯʘʩʪʠʮ. ɺ ʜʘʣʴʥʝʡ-

ʰʝʤ, ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʟʘʨʷʜʦʚʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʦʩʪʘʚʰʠʭʩʷ ʜʚʫʭ ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ: ʬʦʪʦʥʘ ʠ 

ʥʝʡʪʨʠʥʦ [1]. ʕʪʠ ʜʚʝ ʢʦʤʙʠʥʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʦʩʪʝʡʰʠʤ ʚʘʨʠʘʥʪʘʤ, ʩʦʩʪʘʚʣʝʥʥʳʤ ʠʟ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ, ʠ ʫʯʠʪʳʚʘʶʪ ʦʪ-

ʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ʇʝʨʚʳʝ 7 ʢʦʤʙʠ-

ʥʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʏʘʩʪʠʮʘ ʆʙʦʟʥʘʯʝʥʠʝ ʂʦʜ ʕʣ. ʟʘʨʷʜ ʉʧʠʥ 

ʵʣʝʢʪʨʦʥ e )(abB  -1  -1/2  

ʧʦʟʠʪʨʦʥ +e  )(abA  1 1/2 

ʧʨʦʪʦʥ p  A  1 1/2 

ʘʥʪʠʧʨʦʪʦʥ 
-p  B  -1 -1/2 

ʬʦʪʦʥ g  bbaa.  0 1°  

ʥʝʡʪʨʠʥʦ n ba,  0 2/1°  

ʙʘʟʠʩ basis AB, ab, aa-bb 0 0 

 

ʊʘʙʣʠʮʘ 1. ɻʠʧʦʪʝʪʠʯʝʩʢʠʝ ʢʦʤʙʠʥʘʮʠʠ ʙʘʟʠʩ-

ʥʳʭ ʟʘʨʷʜʦʚ ʚʩʝʭ ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ. 

ɺ ʩʣʦʞʥʳʭ ʟʘʨʷʜʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʛʫʪ ʬʦʨ-

ʤʠʨʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʩʚʷʟʠ ʠ ʩʦʯʝʪʘʥʠʷ, ʥʦ ʚ ʠʭ 

ʩʦʩʪʘʚ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʪʦʣʴʢʦ 4 ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʘ: 

baBA ,,, . 

ɺʝʨʠʬʠʢʘʮʠʷ ʛʠʧʦʪʝʟʳ ɼʠʨʘʢʘ 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʜʚʘ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ɺʝʨʥʝʤʩʷ ʢ ʨʝʘʢʮʠʷʤ 
(11), (12): ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʯʠʩʣʦ ʠ ʪʠʧ ʟʘʨʷʜʦʚ ʜʦ 
ʠ ʧʦʩʣʝ ʨʝʘʢʮʠʠ ʥʝ ʠʟʤʝʥʠʣʩʷ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 
ʵʪʦʪ ʬʝʥʦʤʝʥ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʜʝʡʩʪʚʠʷ 
ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ: 

- ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʶʙʳʭ ʧʨʦʮʝʩʩʦʚ ʯʠʩʣʦ ʠ ʪʠʧ ʙʘ-
ʟʠʩʥʳʭ ʟʘʨʷʜʦʚ ʥʠʢʦʛʜʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 
ɺʪʦʨʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ çʟʘʢʦʥ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʠè: 
- ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʣʶʙʳʭ ʬʦʨʤ ʤʘ-

ʪʝʨʠʠ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʚʘʢʫʫʤ, ʩʧʦʩʦʙʥʳʡ ʛʝ-
ʥʝʨʠʨʦʚʘʪʴ ʪʦʣɹʢʦ ʧʘʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʵʣʝʢʪʨʠʯʝ-
ʩʢʠ ʟʘʨʷʞʝʥʥʳʭ ʠʣʠ ɻ ʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳʭ ʙʘ-
ʟʠʩʥʳʭ ʟʘʨʷʜʦʚ ʜʚʫʭ ʪʠʧʦʚ, ʥʘʧʨʠʤʝʨ:  

BAABbasis +­= ; 

baabbasis +­= . 

ʕʪʠ ʜʚʘ ʟʘʢʦʥʘ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʩʣʝʜʫʶʱʝʡ 
ʬʦʨʤʫʣʠʨʦʚʢʦʡ: 

- ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʣʶʙʳʭ ʬʦʨʤ 
ʤʘʪʝʨʠʠ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʚʘʢʫʫʤ, ʩʧʦʩʦʙ-
ʥʳʡ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʧʘʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 
ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʭ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠ 
ʥʝʡʪʨʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ ʜʚʫʭ ʪʠʧʦʚ, ʧʨʠ-
ʯʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʶʙʳʭ ʧʨʦʮʝʩʩʦʚ ʯʠʩʣʦ ʠ ʪʠʧ 
ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ ʥʠʢʦʛʜʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʣʝʜ-
ʩʪʚʠʝʤ ʥʦʚʦʛʦ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ. ʆʜʥʘʢʦ ʦʙʣʘʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʟʘʢʦʥʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ. ʆʥ 
ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʫʞʝ ʠʟʫ-
ʯʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʝʠʟʚʝʩʪʥʳʝ 
ʩʝʛʦʜʥʷ ̫ ʚʣʝʥʠʷ. çʅʘ ʢʦʥʯʠʢʝ ʧʝʨʘè ʚʦʟʥʠʢʘʶʪ ʚʟʘ-
ʠʤʦʩʚʷʟʠ, ʦʪʨʘʞʘʶʱʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 
ʤʘʪʝʨʠʠ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʠʩʢʣʶʯʝʥʠʡ, ʧʨʠʯʝʤ 
ʜʣʷ ʵʪʦʛʦ ʥʘʤ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʣʠ ʵʤ-
ʧʠʨʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ. ɽʩʣʠ ʙ  rɼʠʨʘʢ ʥʝ ʩʦʛʣʘʩʠʣʩʷ 
ʩ ʢʨʠʪʠʢʦʡ ʦʧʧʦʥʝʥʪʦʚ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʰʝʣ 
ʵʪʦʪ ʧʫʪʴ, ʪʦ ʙʳʣʠ ʙ  rʩʦʭʨʘʥʝʥʳ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ ʠ ʢʦʣʦʩʩʘʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʟʘʪʨʘʯʝʥʥʳʝ ʥʘ ʵʢʩ-
ʧʝʨʠʤʝʥʪʳ. ʉʝʛʦʜʥʷ ʤ  rʞʠʣʠ ʙ  rʚ ʜʨʫʛʦʤ ʤʠʨʝ. ɸ 
ʩʝʡʯʘʩ ʧʨʦʜʦʣʞʠʤ ʨʘʙʦʪʫ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳʪʴ 
ʥʘʯʘʪʘ ʧʦʯʪʠ 100 ʣʝʪ ʥʘʟʘʜ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʛʨʫʧʧʳ 
ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʘʚʠʣ. 
ʇʝʨʚʘʷ ʛʨʫʧʧʘ: ʧʨʷʤʳʝ ʩʣʝʜʩʪʚʠʷ: 
- ʝʩʣʠ ʧʨʠ ʨʘʩʧʘʜʝ ʯʘʩʪʠʮʳ ʦʙʱʠʡ ʩʧʠʥ ʛʝʥʝ-

ʨʠʨʦʚʘʥʥʳʭ ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʮʝʣʳʤ 
ʯʠʩʣʦʤ, ʚʢʣʶʯʘʷ ʥʫʣʴ, ʪʦʛʜʘ ʠʩʭʦʜʥʘʷ ʯʘʩʪʠʮʘ ʷʚ-
ʣʷʣʘʩʴ ʙʦʟʦʥʦʤ; 

- ʝʩʣʠ ʧʨʠ ʨʘʩʧʘʜʝ ʯʘʩʪʠʮʳ ʦʙʱʠʡ ʩʧʠʥ ʛʝʥʝ-
ʨʠʨʦʚʘʥʥʳʭ ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʧʦʣʫʮʝ-
ʣʳʤ ʯʠʩʣʦʤ, ʪʦʛʜʘ ʵʪʘ ʯʘʩʪʠʮʘ ʷʚʣʷʣʘʩʴ ʬʝʨʤʠʦ-
ʥʦʤ; 

- ʩʫʤʤʘʨʥʳʡ ʠʣʠ ʨʘʟʥʦʩʪʥʳʡ ʩʧʠʥ ʥʘʯʘʣʴʥʳʭ 
ʠ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʣʶʙʦʡ ʨʝʘʢʮʠʠ ʚʩʝʛʜʘ ʮʝʣʦʝ 
ʯʠʩʣʦ, ʚʢʣʶʯʘʷ ʥʫʣʴ.  
ɺʪʦʨʘʷ ʛʨʫʧʧʘ: ʯʝʪʥʦʩʪʴ ʯʠʩʣʘ ʥʝʡʪʨʠʥʦ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ ʥʝʢʦʪʦʨʦʡ ʥʝʩʪʘ-

ʙʠʣʴʥʦʡ ʯʘʩʪʠʮʳ. ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ, ʝʝ ʵʣʝʢʪʨʠʯʝ-
ʩʢʠʡ ʟʘʨʷʜ ʠ ʩʧʠʥ ʙʫʜʫʪ ʨʘʚʥʳ ʥʫʣʶ (ʥʝʡʪʨʘʣʴʥʳʡ 
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ʙʦʟʦʥ). ʊʦʛʜʘ ʚ ʝʝ ʩʦʩʪʘʚ ʜʦʣʞʥʳ ʚʭʦʜʠʪʴ ʙʘʟʠʩʥʳʝ 
ʧʘʨʳ, ʠʤʝʶʱʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 
ʩʧʠʥʘ, ʧʨʠʯʝʤ ʩʫʤʤʘʨʥʦʝ ʯʠʩʣʦ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ 
ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʯʝʪʥʳʤ. ʊ.ʢ. ʙʘʟʠʩʥʳʝ ʟʘʨʷʜʳ 
ʥʝ ʚʦʟʥʠʢʘʶʪ, ʠ ʥʝ ʫʥʠʯʪʦʞʘʝʪʩʷ, ʪʦ ʯʝʪʥʦʝ ʯʠʩʣʦ 
ʟʘʨʷʜʦʚ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʨʝʘʢʮʠʠ ʙʫʜʝʪ ʩʪʨʦʛʦ ʨʘʚʥʦ 
ʯʝʪʥʦʤʫ ʯʠʩʣʫ ʟʘʨʷʜʦʚ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ. 
ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʝʘʢʮʠʠ, ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʦʩʪʘʥʫʪʩʷ ʪʦʣʴʢʦ ʩʪʘʙʠʣʴʥʳʝ ʯʘʩʪʠʮʳ. ɺʩʣʝʜʩʪʚʠʝ 
ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ɻ ʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʟʘʨʷʞʝʥ-
ʥʳʝ ʯʘʩʪʠʮʳ ʙʫʜʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʧʘʨʘʤʠ. ʌʦ-
ʪʦʥʳ ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʥʦʛʦ ʯʠʩʣʘ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ ʠ 
ʥʝ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʯʝʪʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʙʦ-
ʟʦʥʘ, ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʯʝʪʥʦʝ (0, 2, 4..) 
ʯʠʩʣʦ ʥʝʡʪʨʠʥʦ. ʈʘʩʧʘʜʳ ʩ ʥʝʯʝʪʥʳʤ ʥʝʡʪʨʠʥʦ ʘʙ-
ʩʦʣʶʪʥʦ ʟʘʧʨʝʱʝʥʳ. ʇʨʦʧʫʩʪʠʤ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩ-
ʩʫʞʜʝʥʠʷ ʠ ʩʨʘʟʫ ʟʘʧʠʰʝʤ ʢʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

- ʥʝʡʪʨʘʣʴʥʳʡ ʙʦʟʦʥ ʤʦʞʝʪ ʨʘʩʧʘʜʘʪʴʩʷ 
ʪʦʣʴʢʦ ʥʘ ʯʝʪʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʠʥʦ (0, 2, 4é); 

- ʟʘʨʷʞʝʥʥʳʡ ʙʦʟʦʥ ʤʦʞʝʪ ʨʘʩʧʘʜʘʪʴʩʷ ʪʦʣʴʢʦ 
ʥʘ ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʠʥʦ (1, 3, 5é); 

- ʥʝʡʪʨʘʣʴʥʳʡ ʬʝʨʤʠʦʥ ʤʦʞʝʪ ʨʘʩʧʘʜʘʪʴʩʷ 
ʪʦʣʴʢʦ ʥʘ ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʠʥʦ (1, 3, 5é); 

- ʟʘʨʷʞʝʥʥʳʡ ʬʝʨʤʠʦʥ ʤʦʞʝʪ ʨʘʩʧʘʜʘʪʴʩʷ 
ʪʦʣʴʢʦ ʥʘ ʯʝʪʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʠʥʦ (0, 2, 4é). 

- ʝʩʣʠ ʧʨʠ ʨʘʩʧʘʜʝ ʙʦʟʦʥʘ ʙʳʣʦ ʛʝʥʝʨʠʨʦʚʘʥʦ 
ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ ʥʝʡʪʨʠʥʦ, ʪʦʛʜʘ ʙʦʟʦʥ ʙʳʣ ɻ ʣʝʢʪʨʠ-
ʯʝʩʢʠ ʟʘʨʷʞʝʥ; 

- ʝʩʣʠ ʧʨʠ ʨʘʩʧʘʜʝ ʙʦʟʦʥʘ ʙʳʣʦ ʛʝʥʝʨʠʨʦʚʘʥʦ 
ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʪʦʛʜʘ ʚ ʧʨʦʜʫʢ-
ʪʘʭ ʨʘʩʧʘʜʘ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ 
ʥʝʡʪʨʠʥʦ ʠ ʪ.ʜ. 
ʊʨʝʪʴʷ ʛʨʫʧʧʘ: ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʟʘʨʷʜʘʤʠ ʩ ʚʘ-

ʢʫʫʤʦʤ. 
ʇʨʠʤʝʥʠʤ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ 

ʢ ʬʝʥʦʤʝʥʫ ʦʩʮʠʣʣʷʮʠʠ ʥʝʡʪʨʠʥʦ: 
- ʧʨʠ ʦʩʮʠʣʣʷʮʠʠ ʥʝʡʪʨʠʥʦ ʦʙʱʝʝ ʯʠʩʣʦ ʠ ʪʠʧ 

ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ ʥʠʢʦʛʜʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 
ʅʘʙʣʶʜʘʝʤʘʷ ʯʘʩʪʴ ʦʩʮʠʣʣʷʮʠʠ ʠʤʝʝʪ ʚʠʜ: 

...­­­­ aba ( ....­­­­ nnn )(15) 

ɿʘʧʠʰʝʤ ʤʥʦʞʝʩʪʚʦ ʙʘʟʠʩʘ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʠ: 

...... ----- abababab  .  (16) 
ʌʦʨʤʘʣʴʥʦ ʧʝʨʝʛʨʫʧʧʠʨʫʝʤ ʜʚʘ ʟʘʨʷʜʘ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ çʚʠʨʪʫʘʣʴʥʳʭè ʬʦʪʦʥʥʳʭ ʧʘʨ:  
....... ----- abbbaaab  . (17) 

ʇʨʝʜʩʪʘʚʠʤ ʜʚʠʞʝʥʠʝ ʥʝʡʪʨʠʥʦ ʢʘʢ ʪʨʠ ʚʦʟ-
ʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ a : 

.......

.......

.......

­+­+­

­+­+­

­+­+­

abbbba

aaaaaa

abaaba

 (18) 

ɺʩʣʝʜʩʪʚʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ, ʯʠʩʣʦ ʠ ʪʠʧ ʙʘ-
ʟʠʩʥʳʭ ʟʘʨʷʜʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ 
ʚ ʪʨʝʪʴʝʤ ʚʘʨʠʘʥʪʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʟʘʨʷʜʦʚ, 
- ʥʝʡʪʨʠʥʦ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʘ ʬʦʪʦʥ 
ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʙʘʟʠʩ. ʌʝʥʦʤʝʥ ʜʦʧʫʩʢʘʝʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ, ʧʫʪʝʤ ʠʟʤʝʨʝ-
ʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʟʘʨʷʜʦʚ.  
ʇʨʝʜʩʢʘʟʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ - ʚʘʞʥʝʡʰʠʡ 

ʢʨʠʪʝʨʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʜʝʡ 
ʇʦʣʷ ɼʠʨʘʢʘ. ʂʦʥʝʯʥʦ, ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʚʟʘʠʤʦʩʚʷʟʠ 
ʩʝʛʦʜʥʷ ʦʪʢʨʳʪʳ, ʪʝʤ ʙʦʣʝʝ, ʪʱʘʪʝʣʴʥʦ ʧʨʦʚʝʨʝʥʳ. 
ɺʳʙʦʨʦʯʥʘʷ ʧʨʦʚʝʨʢʘ ʚʧrʦʣʥʷʣʘʩʴ ʧʦ ɻ ʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʩʧʨʘʚʦʯʥʠʢʝ 
[4].  

ɿʘʢʣʶʯʝʥʠʝ 
1. ʅʝʩʠʤʤʝʪʨʠʯʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʩʩʳ ʨʝʘʢ-

ʮʠʷ ɼʠʨʘʢʘ ʩ ʛʝʥʝʨʘʮʠʝʡ ʧʨʦʪʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ ʠʣʠ 
ʘʥʪʠʧʨʦʪʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ ʚʦʟʤʦʞʥʘ, ʝʩʣʠ ʥʘ ʥʝʢʦ-
ʪʦʨʦʤ ʵʪʘʧʝ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʧʨʦʠʟʦʰʣʘ ʥʝ 
ʜʠʩʩʦʮʠʘʮʠʷ ʟʘʨʷʜʦʚʳʭ ʧʘʨ, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝ-
ʱʝʥʠʝ ʟʘʨʷʜʦʚ ʠ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ, 
ʬʦʨʤʠʨʦʚʘʥʠʝ çʪʷʞʝʣʦʡ ʜʳʨʢʠè ʠ çʣʝʛʢʦʛʦ ʥʦʩʠ-
ʪʝʣʷè.  

2. ʉʦʚʧʘʜʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ɼʠʨʘʢʘ ʩ ʨʝ-
ʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʪʘʙʠʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 
ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʢʦʤʙʠʥʘʮʠʡ ʙʘʟʠʩ-
ʥʳʭ ʟʘʨʷʜʦʚ, - ʠʟ 4 ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʧʠʥʘ ʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʚ ʧʨʠʨʦʜʝ ʨʝʘʣʠʟʫʶʪʩʷ 
ʪʦʣʴʢʦ ʜʚʝ ʢʦʤʙʠʥʘʮʠʠ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʯʝʪʳʨʝ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʘ:baBA ,,, . 

3. ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʮʠʠ ɼʠʨʘʢʘ ʧʦʟʚʦʣʷʶʪ 
ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʦʚʦʛʦ ʬʫʥʜʘʤʝʥ-
ʪʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ. ʉʣʝʜʩʪʚʠʷ ʠʟ ɻ ʪʦʛʦ ʟʘ-
ʢʦʥʘ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʳʤʠ (ʥʝ ʠʤʝʶʱʠʤʠ ʠʩ-
ʢʣʶʯʝʥʠʡ) ʠ ʧʨʝʜʝʣʴʥʦ ʦʙʱʠʤʠ (ʩʧʨʘʚʝʜʣʠʚʳʤʠ 
ʜʣʷ ʣʶʙʳʭ ʯʘʩʪʠʮ). ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʦ-
ʚʝʨʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʘʨʠʘʥʪʳ ʨʘʩʧʘʜʘ ʥʝʩʪʘʙʠʣʴ-
ʥʳʭ ʯʘʩʪʠʮ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʨʫʧʧʳ (ʣʝʧʪʦʥʳ, ʙʘʨʠ-
ʦʥʳ é).  

4. ʀʩʧʦʣʴʟʫʷ ʥʝʩʠʤʤʝʪʨʠʯʥʫʶ ʨʝʘʢʮʠʶ, ʣʝʛʢʦ 
ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʧʠʥ, ɻ ʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʯʝʪʥʦʩʪʴ 
ʩʨʘʟʫ ʯʝʪʳʨʝʭ ʩʪʘʙʠʣʴʥʳʭ ʯʘʩʪʠʮ, ʘ ʚ ʢʘʯʝʩʪʚʝ 
çʦʧʦʨʳè ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, 
ʦʜʥʦʡ ʠʟ ʥʠʭ, ʇʘʨʘʤʝʪʨʳ ɻ ʣʝʢʪʨʦʥʘ, ʧʨʦʪʦʥʘ, ʧʦʟʠ-
ʪʨʦʥʘ ʠ ʘʥʪʠʧʨʦʪʦʥʘ ʥʝ ʩʣʫʯʘʡʥʳ ʠ ʩʪʨʦʛʦ ʟʘʜʘʥʳ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʘʢʫʫʤʘ (basis). 
ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʯʘʩʪʠʮ ʧʦ 
ʛʨʫʧʧʘʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʘʮʠʡ ʙʘʟʠʩʥʳʭ ʟʘʨʷʜʦʚ. 

5. ʇʦʣʶ ɼʠʨʘʢʫ ʦʩʪʘʚʘʣʦʩʴ ʩʜʝʣʘʪʴ ʥʝʙʦʣʴʰʦʡ 
ʰʘʛ, ʯʪʦʙʳ ʜʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝ ʦʜʥʦʡ ʥʦ-
ʚʦʡ, ʥʝʠʟʚʝʩʪʥʦʡ ʪʦʛʜʘ, ʯʘʩʪʠʮʳ - ʧʦʟʠʪʨʦʥʘ, ʘ 
ʜʚʫʭ: ʧʦʟʠʪʨʦʥʘ ʠ ʘʥʪʠʧʨʦʪʦʥʘ, ʦʪʢʨʳʪʦʛʦ, ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʧʦʟʜʥʝʝ ʧʦʟʠʪʨʦʥʘ [5]. ʕʪʦ ʧʨʠʚʝʣʦ ʙ  rʢ 
ʧʨʦʨʳʚʫ ʩʨʘʟʫ ʚ ʥʝʩʢʦʣʴʢʠʭ ʦʙʣʘʩʪʷʭ ʬʠʟʠʢʠ ʠ ʚ 
ʬʠʣʦʩʦʬʠʠ. ɺ ʛʥʦʩʝʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʟʘʙʳʪʳʡ ʚʘ-
ʨʠʘʥʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ. ʋʧʫʱʝʥʦ ʥʝ ʧʨʦʩʪʦ ʜʦ-
ʢʘʟʘʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʱʝ ʦʜʥʦʡ ʯʘʩʪʠʮʳ 
(ʘʥʪʠʧʨʦʪʦʥʘ), ʘ ʦʪʙʨʦʰʝʥʘ ʢʦʥʮʝʧʮʠʷ, ʧʦʟʚʦʣʷʶ-
ʱʘʷ, ʚ ʠʪʦʛʝ, ʧʦʩʪʨʦʠʪʴ ʙʦʣʝʝ ʟʘʚʝʨʰʝʥʥʫʶ ʠ ʢʨʘ-
ʩʠʚʫʶ ʢʘʨʪʠʥʫ ɺʩʝʣʝʥʥʦʡ: ʚʝʜʴ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ 
ʦʢʨʫʞʘʶʱʝʛʦ ʥʘʩ ʤʠʨʘ, ʤʦʞʥʦ ʙʳʣʦ ʩʦʟʜʘʪʴ ʠʟ ʦʜ-
ʥʦʡ ʝʜʠʥʩʪʚʝʥʥʦʡ ʯʘʩʪʠʮʳ. 
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Abstract 

The paper presents a comparison of standards for the manufacture of functional products in the world, pro-

vides normative documents for the countries presented in the article. Regulatory principles relating to functional 

foods in general also apply to functional dairy products. In addition, in the case of probiotic products with laws 

and regulations regarding the use of yeasts, or intentionally added live microbial cultures used in the food produc-

tion process, should also be taken into account. Such practices vary considerably from country to country, but in 

general the human status of probiotics is very unclear, while microbiological feed additives are subject to detailed 

regulation in the EU. 
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In recent years, there has been a steady increase in 

the consumption of functional products. Their popular-

ity is due to the variety of taste, composition, con-

sistency, which meets the needs of a wide range of con-

sumers. Ingredients that give products functional prop-

erties meet the following requirements: have a positive 

effect on nutrition and health, are safe in terms of a bal-

anced diet, have accurate physico-chemical parameters, 

should not reduce the nutritional value of products, 

taken orally as food, have the appearance ordinary 

food, be natural [7]. 

The Ministry of Health of Ukraine notes that the 

Law "On Food Safety and Quality" regulates the pro-

duction and circulation of food, including for special 

functional nutrition. 

Functional food product - is a food product that 

contains as a component of drugs and herbal compo-

nents that are used to prevent or mitigate the course of 

human disease [2]. According to some authors, almost 

25% of food products in the EU belong to functional 

foods [6]. Traditional fermented milk products, which 

include bifidobacteria, which dominate in the normal 

intestinal microflora of a healthy body, can also be in-

cluded in functional foods. Bifidobacteria regulate the 

qualitative and quantitative composition of the normal 

intestinal microflora, inhibit the growth and prevent the 

reproduction of pathogenic, putrefactive and gas-form-

ing microflora, restore the damaged structure of the in-

testinal mucosa. Along with other representatives of the 

normal intestinal microflora, bifidobacteria are in-

volved in digestion and absorption, synthesis of B vita-

mins, vitamin K, folic and nicotinic acids, promote the 

synthesis of essential amino acids, better absorption of 

vitamin D and calcium salts, which stimulate the activ-

ity of immune protective functions of the body [4]. The 

standard defines a functional food product as a product 

intended for systematic consumption in the diets of all 

age groups of a healthy population. It reduces the risk 

of eating disorders, maintains and improves health due 

to the presence of physiologically functional foods. 

According to the famous German scientist Prof. 

KO Honickel, the functional product is: 

a food product (not an additive, pill or powder) de-

rived from natural ingredients; 

a product included in a person's daily diet; 

a product that regulates certain processes in the 

body. 

Some scientists consider functional products that 

are created by man in order to give them certain prop-

erties aimed at maintaining health. 

The functional mainly include products: 

enriched (with the addition of vitamins, micronu-

trients, dietary fiber, etc.); 

from which compounds not recommended by doc-

tors (trace elements, glycosides, lactose, etc.) were re-

moved; 

in which some substances are removed and re-

placed by other components. 

Traditionally they are divided into: 

dietary, aimed at the treatment of food-dependent 

diseases; 

prophylactic purposes (cardiovascular, obesity, 

etc.); 

specialized, aimed at one function (for athletes); 

enriched (added or substituted micronutrients); 

An effective way to normalize the imbalance of 

the intestinal microflora is the creation of symbiotics (a 

complex of pro- and prebiotics) and the manufacture of 

products based on them, which will stimulate the devel-

opment of its own intestinal microflora and increase the 

body's defenses [8]. 

Functional products do not exist as a legal term in 

either the US or the EU. Nutrition can be considered 

functional if it is satisfactorily shown to have a benefi-

cial effect on one or more target functions in the body, 

in addition to adequate nutritional properties, so that it 

is either related to improving health and well-being and 

reducing the risk of disease. Functional foods should 

remain foods and they should demonstrate their effects 

in amounts that can usually be expected from eating in 
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the diet: they are not pills or capsules, but part of nor-

mal food. 

Functional food can be a natural food, to which 

was added a component, or a food product from which 

the component was removed by technological or bio-

technological method. It is also food. 

The nature of one or more components have been 

changed, or any combination is possible. Functional 

food can be functional for all members of the popula-

tion, or for certain groups of the population, which can 

be determined, for example, by age or by genetic con-

stitution. 

In Japan, the Ministry of Health and Welfare in-

troduced in 1991 the concept of foods for specific med-

ical uses or foods that are intended for consumption as 

part of a regular diet, and to promote the development 

and maintenance of health by regulating the body's 

functions , as well as protection against a number of 

conditions and diseases, including cardiovascular dis-

ease, hypertension, diabetes and osteoporosis [1]. 

Despite a slightly different wording in different 

definitions, the general principles of functional foods 

are intended for consumption in normal amounts and 

have a beneficial effect, unrelated food effects, are 

common and can also be applied to functional dairy 

products. 

Functional products, similar to dietary supple-

ments, perform the following functions: 

compensate for deficiencies of biologically active 

components in the body; 

support the normal functional activity of organs 

and systems; 

reduce the risk of various diseases, create a dietary 

background; 

support the beneficial microflora in the human 

body and the normal functioning of the gastrointestinal 

tract. 

The EU Food Act defines a functional product as 

follows: "Functional food is any modified food or food 

ingredient that may have a beneficial effect on human 

health in addition to the traditional nutrients it con-

tains." According to some sources, the European mar-

ket for functional products in 2003 was estimated at $ 

3.3 billion, of which functional dairy products ac-

counted for 65%, bakery products - 9, various pastes, 

soft cheeses, jams and other types 23, drinks that have 

a positive effect on human health (vitaminized and ther-

apeutic for athletes, the elderly, pregnant women, etc.) 

- 3%. In the United States in 2003, revenue from the 

sale of functional foods to the population amounted to 

44.1 billion dollars. 

The main function of food can be considered to 

strengthen human health. According to the Federal 

Food and Necessity Act (LMBG, Germany), foods are 

substances that are mainly consciously and uncon-

sciously consumed by a person in unaltered culinary or 

processed form to meet his food needs and / or taste 

habits. Most foods can combine both food and flavor, 

and some can be purely food or purely flavoring. 

Despite the fact that food has always performed 

the function of providing human nutrition, the concept 

of "functional foods" has been introduced, which due to 

the presence of certain additives that have a positive 

(beneficial) effect on human health, are able to fill the 

nutrient deficiency [ 2]. 

The concept of functional foods appeared in Japan 

for the popular products there "Tokutci Hohenyo Sho-

kuhin" and meant: foods that, along with nutritional and 

physiological value, bring therapeutic benefits. 

The functionality of the products is quite noticea-

ble since the early 80's, when the European market was 

introduced foods enriched with vitamins and iodine 

(multivit amine juices, iodized sausages and confec-

tionery). With the advent of probiotic dairy products 

(1995) in the minds of people fixed the concept of 

"functional foods". At the same time, in the industrial 

sector of beverages, the direction of ZFS has become 

established, ie the enrichment of fruit juices, refreshing 

and dairy drinks with vitamins, micronutrients and min-

erals. Recently, the group of functional foods also in-

cludes jams, confectionery, bakery, sausages (Table 1). 

Table 1 

ACTIONS of additives and groups of products in which they are made 

Product group Additives Functional action Food products 

ACE group 

Vitamin A (ɓ-carotene) 
Cell protection, disease pre-

vention 

Drinks, jams, confectionery 

and frozen foods 

Vitamin C 
Cell protection, disease pre-

vention 

Tea, ice cream, dairy prod-

ucts 

Vitamin E 
Cell protection, disease pre-

vention 
Soups 

ALL -group + 

Vitamin B 
Improving concentration, ac-

tivity  
Drinks, confectionery 

Vitamin C Cell protection Refreshing drinks 

Vitamin E Cell protection Refreshing drinks 

Vitamin D Improves calcium absorption 
Refreshing drinks, dairy and 

confectionery 

Probiotics 
Probiotic lactic acid bacte-

ria 

Positive effect on the intestinal 

flora, strengthening 
Dairy products, cheeses, ce-

reals, sausages, fruit juices, 

milk drinks Improving the immune system 

Prebiotics 
Ballast substances, inulin, 

oligofructose, fiber 

Improving the activity of intes-

tinal flora and 

digestion 

Yogurts, cereals, confection-

ery, fruit juices, dairy drinks 

Minerals Calcium Protection against osteoporosis Confectionery, mineral water 
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Magnesium 
The structure of the muscles 

that are exposed to the load 
Refreshing drinks 

Potassium 
Increased activity, protection 

of nerves 
Refreshing drinks 

Trace ele-

ments 

Iron Hematopoiesis Refreshing drinks 

Iodine Improving the thyroid gland Table salt, confectionery, 

ready and frozen foods, sau-

sages 
Selenium Cell protection 

Fatty acids 

omega-3 

DNA = docosahexaenoic 

acid, 

EPA = eicosapentaenoic 

acid, highly unsaturated 

fatty acids 

Protective effect on the cardio-

vascular system, improving 

blood circulation properties 

Eggs, soft drinks, confec-

tionery, sausages 

Secondary 

plant sub-

stances 

Lycopene 
Protection of cells, anti-cancer 

effect 
Dough products 

 Lutein 
Cell protection, anti-cancer ef-

fect 
Refreshing drinks 

 
Flavonoids, green tea ex-

tract 

Cell protection, anti-cancer ef-

fect 
Refreshing drinks, tea, 

muesli, confectionery prod-

ucts, pastes for sandwiches  Phytosterols 
Positive effect on blood cho-

lesterol 

 

In Germany, functional products are evaluated dif-

ferently. Due to the fact that they belong to food prod-

ucts, their production is subject to the law of the 

LMBG, according to which the advertising of such 

products on the basis of therapeutic action is prohibited. 

If  

new products are coming into circulation, safety 

for consumer health must be confirmed. Their positive 

effect has not been determined either, as this would re-

quire testing each individual product for its therapeutic 

value. 

The attitude to functional products in the Scandi-

navian countries is ambiguous. Finland is considered 

"Silicon Valley" in terms of functional products; Swe-

den, Norway and Denmark are cautious in their assess-

ments. 

A study conducted by the IDA Center at the Busi-

ness School in Ophus on the different attitudes towards 

functional foods to consumers in Denmark, Finland and 

the United States found that Finnish consumers per-

ceive functional foods better than Danish and American 

consumers. 

Many health promotion companies have been set 

up in Finland. Among such products are the following 

[3]. 

Xylitol is considered to be the first functional food 

ingredient in Finland that has been scientifically proven 

to have a health effect. For example, it is used as a 

sweetener in toothpaste and chewing gum. 

The Finnish dairy company Valio was the first to 

research and launch probiotics. 

Benecol is a very valuable ingredient of Finnish 

origin for the production of functional products. It is 

added to vegetable margarine because it lowers choles-

terol. 

Among other products, Pan Salt - has a beneficial 

effect on blood pressure, Multi-Bene - is suitable for 

lowering blood pressure and inhibits the development 

of some forms of cancer, used in dairy products for peo-

ple who are lactose intolerant. Therefore, Finland is 

considered in all respects a world leader in the develop-

ment and sale of functional foods. 

In other Scandinavian countries, labels have lim-

ited use of information on the effects of relevant addi-

tives on human health. 

In Sweden, there is a "Center for Improvement and 

Innovation in Functional Products". The country is also 

working to establish a National Center for Clinical Re-

search on Food for Their Health Impacts, and the Swiss 

Nutrition Fund is developing a program to monitor 

"specific information" about the health effects of prod-

ucts supplied by functional food manufacturers. 

In Norway, consumers know very little about 

functional foods, and Danish consumers are more wary 

of them. 

Provisions on functional foods should specifically 

focus on safety, efficacy and claims related to the pro-

posed benefits. While the general principle that all 

foods should be safe applies to naturally functional 

foods, specific safety aspects associated with a particu-

lar functional component or modification may need to 

be addressed. The benefits must be clearly demon-

strated and must be communicated to consumers in 

such a way that claims do not blur the distinction be-

tween food and medicine - a difference that is widely 

considered necessary by law enforcement officials. The 

following examples of chapters implementing these 

general principles within different legal and regulatory 

traditions are outlined. 

Functional foods can be divided into the following 

groups: 

ðProducts enriched with the appropriate content 

of macro- and micronutrients; 

ðDietary and medical direction - aimed at elimi-

nating food-related human diseases; 

ðTherapeutic and prophylactic purposes - aimed 

at the prevention of common diseases; 
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ðSpecialized - narrowly focused on the relevant 

functions of the body (radioprotective, detoxifying, im-

munomodulatory and other actions or nutrition in ex-

treme conditions); 

ðBaby and gerontological nutrition. 

Functional products are quite common in many 

countries around the world. In some European coun-

tries, government subsidies are provided for the enrich-

ment of food with vitamins and micronutrients. In Ja-

pan, the active study of pro- and prebiotics began in the 

80's. Now this country ranks first in life expectancy, 

which experts associate with the use of probiotic and 

prebiotic products. The market for functional products 

in Japan reached about 6.8 billion dollars. USA. 

Consumption of functional products of mass con-

sumption, including those enriched with essential mi-

cronutrients, is considered to be one of the most effec-

tive and economically justified ways to correct the ex-

isting deficiency of essential substances. The problem 

of micronutrient deficiency can be solved by develop-

ing and including in the diet of functional products, in-

cluding those enriched with essential nutrients and die-

tary supplements. It is important to carry out a compre-

hensive commodity assessment of foods enriched with 

micronutrients. 

Japan Researchers distinguish three main groups 

of properties of functional products: 

ðHigh nutritional value; 

ð Pleasant organoleptic properties; 

ðPositive functional action. 

Information on functional products that are devel-

oped and used in Japan are presented in table. 2. 

Table 2 

Functional foods in Japan 

FOSHU products Functional ingredient 

Improve bowel function and prevent, diseases of the gastro-

intestinal tract 

Oligosaccharides, fiber. Lactic acid bacteria 

Lower cholesterol Soy proteins. Chitosan 

Reduce the content of neutral fats Diacylglycine 

Hypoglycemic Dextrins, wheat albumins 

Improve the absorption of minerals Phosphopeptides, oligosaccharides 

 

As noted above, functional US foods are not rec-

ognized as special, but belong to the federal food. Other 

relevant legislation includes nutrition, labeling systems 

and dietary supplements, which are mainly certain con-

traindications that may be attached to foods. The Food 

and Drug Administration plays a key role in assessing 

the evidence for health claims, although other US gov-

ernment bodies or the National Academy of Sciences 

may also provide authoritative conclusions about the 

health effects of food [4]. 

Japan is probably the only country where there is 

a formalized procedure for approving functional foods. 

The 1991 FOSHU system was revised in 2001 by 

MHLW by introducing a new category: "Food for 

Health", which is divided into two subcategories: 

namely, food with nutritional functions. Until 1991, 

only ordinary foods were not eligible for status 

FOSHU, but subsequently dietary supplements (in the 

form of tablets and capsules) were also included in the 

system (it should be noted that they are not functional 

products according to the European definition of 

FUFOSE.) In 2005, the FOSHU category was also di-

vided into three subsystems: , standardized by FOSHU 

and Qualified FOSHU. 

In order to obtain FOSHU status, the applicant 

must identify the main functional ingredient (s), deter-

mine the mechanism of action (standardized FOSHU), 

and specify how the product will help to improve the 

diet. Product safety can be demonstrated in a variety of 

ways, based on a history of safe use or toxicological 

studies. The effectiveness of the product must be 

demonstrated through clinical trials. Standardized 

FOSHU products require a statistical significance of P-

value <0.05 compared to control in a clinical trial for 

effect (s) to demonstrate. In qualified FOSHU, the 

mechanism of action of the functional component may 

be unknown, and the P-value for statistical significance 

may be <0.1. If the mechanism of action is known, non-

randomized controlled clinical trials are also acceptable 

for qualified FOSHU status. 

There is no specific legislation in the EU on func-

tional foods other than the Common Food Law 

178/2002 EC. This provision sets out the general prin-

ciples and requirements of food law, including food 

safety, and establishes the European Food Safety Au-

thority (EFSA). Regarding aspects of safety and effi-

cacy of functional foods (and feeds), specific EU rules 

and directives on novel foods, genetically modified 

foods and feeds, and feed additives are relevant [5]. 

New food regulation 

The Novel Food Regulation (EC 258/97) defines 

foodstuffs or food ingredients that were not consumed 

significantly in the EU until 1997 as a novel and are 

assessed for safety before they can be placed on the 

market. Genetically modified or genetically modified 

foods have subsequently been removed from the scope 

of Novel food regulation and subject to certain rules on 

genetically modified foods and feeds. 

According to the ordinance, the new food should 

not pose a danger or mislead the consumer or be nutri-

tionally different from the usual analogue that it is go-

ing to replace that there may be a shortage of food. 

These aspects are taken into account when evaluating 

new foods destined for EU markets. 

The evaluation procedure starts in the Member 

State where the applicant first wants to introduce a new 

food product. The application is sent to the competent 

authority of the country that carries out the initial eval-

uation of the product within 90 days. This assessment, 

together with the details of the application, shall be 

communicated to the Commission and to the other 

Member States. Member States have 60 days for a 

question, comment or object. Disagreements are dis-

cussed in the Standing Committee on the Food Chain 
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and Animal Health (PCCC), which represents the 

Member States and decides by a qualified majority. In 

addition, the scientific opinion of the European Food 

Safety Authority (EFSA) is regularly required. 

In case the SCRC cannot make a decision, the ap-

plication is submitted to the Council of Ministers. If the 

Council of Ministers is unable to act or does not obtain 

a qualified majority on the matter within three months, 

the final decision shall be moved to the Commission. 

Although a functional food is not necessarily a 

new food, several functional products (mostly foods, 

including dairy products containing cholesterol-lower-

ing phytosterols or -stanols) have been approved ac-

cording to the procedures outlined in the new food reg-

ulations. 

Regulation on genetically modified food and feed 

Regulation 1829/2003 of the EU on genetically modi-

fied food and feed sets out procedures for dealing with 

genetically modified (GM) products. 

Again, the applicant shall submit an application to 

the competent authority of the Member State in which 

the product was originally intended to enter the market. 

The competent authority shall send the application and 

supporting data to EFSA within 14 days, which will 

also inform the Commission and the other Member 

States. EFSA is expected to formulate an opinion 

within six months and submit it to the applicant, the 

Commission and the Member States. The final decision 

shall be made in accordance with the procedure laid 

down in the preceding paragraph. 

To date, no GM-functional foods have been sub-

mitted for evaluation, although the possibility of this, 

albeit with this in mind, consumers' views on genet-

ically modified foods in the EU certainly exist. 

Regulations on feed additives 

Although there are no specific rules at EU level for 

functional foods, the situation is quite different with 

microbiological feed additives, which in most cases can 

also be classified as animal probiotics. Since many spe-

cies of microorganisms, as well as strains used in ani-

mal nutrition, also occur in conventional and functional 

foods, the feed provision may also have some bearing 

on functional foods, in particular in the case of possible 

harmonization of legislation on microorganisms in the 

food chain. These aspects have recently been consid-

ered and discussed by Wessels et al., Von Wright and 

Anadon et al. 

Appropriate regulation of the definition of the au-

thorization procedure for feed additives 1831/2003 EU 

on additives for use in animal nutrition. The applicant 

submits an application to the commission, which will 

inform the Member States and send the material to 

EFSA. EFSA will also receive the relevant information 

specified in Article 7 of the Regulation directly from 

the applicant at the time of application. EFSA will give 

its opinion within six months of receipt of the valid ap-

plication and its intermediary to the Commission, the 

Member States and the applicant. The Commission 

shall develop a draft decision within three months of 

receiving the opinion. This draft decision is subject to 

a Committee procedure similar to that used with new 

products or genetically modified foods. 

Specific requirements for the approval of microbi-

ological feed additives are defined in the opinion of the 

former Scientific Committee on Animal Nutrition 

(SCAN). Opinion Scan 2001 "Guidelines for the Eval-

uation of Additives, Part II: Enzymes and Microorgan-

isms are still largely in place, although new guidelines 

are currently being developed. 

In accordance with the basic principles, the effec-

tiveness of the additive must be demonstrated in at least 

three field tests by assessing the relevant zootechnical 

parameters. Safety requirements for microorganisms 

are quite strict, requiring: 

Å Tolerance studies in target species using, if pos-

sible, at least ten times the overdose of the supplement 

and delayed from one month (young, fast-growing ani-

mals) to three months according to the target animal 

category. 

Operator safety studies, including eye and skin ir-

ritation and possibly also increased skin sensitivity. In 

general, all microbiological additives are considered as 

potential respiratory sensitizers and protective 

measures are recommended. 

Å genotoxicity studies (bacterial reverse mutation 

test and a wide selection of mammalian in vitro clasto-

genic test tubes) and a 90-day rodent feeding study. 

These studies are designed to protect the interests of 

consumers in order to exclude the possibility of un-

known or undetected harmful microbial metabolites in 

the feed, which could create a consumer risk if it accu-

mulates in products of animal origin. 

In addition to these general requirements, the 

Scanner has published separate opinions addressing the 

specific problems associated with Bacillus bacteria spe-

cies used as probiotics in animals, as well as the risk of 

transmissible antibiotic resistance genes in microorgan-

isms used as feed additives. 

Safety of Bacillus Bacteria in Animal Nutrition, 

2000 deals with the risk of toxigenic Bacillus species 

entering the food chain. Bacillus species intended as 

feed additives should be tested for the production of en-

terotoxins or emetic toxin. The procedure includes the 

exact taxonomic characteristics of the strain, PCR tests 

for known enterotoxin genes and cytotoxicity for the fi-

nal exclusion of enterotoxin or emetic toxin. 

SCAN's views on the presence of antibiotic-re-

sistant transmissible genes: "Criteria for the Evaluation 

of Antibiotic-Resistant Microorganisms" 2001 and 

2002 were subsequently updated with the document 

"Prisoners of the FEEDAP Group of Experts or the vet-

erinary value of 'EFSA. In these views, some control 

points for MIC values for 13 clinically important anti-

biotics are presented. The genetic background of re-

sistances exceeding these breakpoints must be clarified 

and confirmed to be internal, physiological or muta-

tional, but not transmitted, prior to authorization. This 

requirement has apparently led to similar problems on 

antibiotic resistances in starters as well as probiotics 

used in human food. There is currently a European 

Sixth Framework Research Program for the Evaluation 

and Critical Assessment of Resistance to Antibiotic 

Transmission in the Food Chain (ACE-ART), which 

covers these issues. 
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Food claims have received considerable attention 

from lawmakers. One of the central principles was that 

a clear distinction between food and medicine should 

be maintained. This principle is quite convincingly for-

mulated in Directive 2000/13 / EC, which categorically 

prohibits claims to "attribute to any food the property 

of preventing or treating human disease or refer to such 

properties. This principle makes the marketing of func-

tional foods quite difficult, as it prevents the communi-

cation to the general public, even from a scientific point 

of view, of reliable medical information that contrib-

utes to the effects of functional foods or food ingredi-

ents. 

Claims that are generally allowed to varying de-

grees are nutrition requirements and functional require-

ments. The functional requirement usually consists of 

two parts, one of which states the presence or concen-

tration of a particular ingredient in the product, and the 

other its physiological role. Particularly relevant for 

functional foods are functional requirements, which re-

late to the special beneficial effects of the food compo-

nent over the diet, as well as reducing the risk of dis-

ease. The latter suggest that the food component re-

duces the main risk factor in the development of human 

diseases. 

Relevant laws in the United States on nutrition, de-

noting both the Education and Dietary Supplements, 

Health and Education Act. Allowed health claims or 

health-related claims include nutrient claims content, 

structure and functional requirements (functional re-

quirements), dietary requirements guide, qualified 

health requirements transport relationships between 

components in diet and developmental risk diseases 

(approved by the FDA and supported by the weight of 

reliable available scientific data) and health require-

ments confirm the relationship between the compo-

nents in the diet and the risk of disease or health (ap-

proved by the FDA and supported by a significant sci-

entific agreement). The Significant Scientific 

Agreement (SSA) is a standard largely determined by 

the FDA. So far, 12 RSU on the relationship between 

the dietary component and health disease exist, namely: 

1. calcium and osteoporosis 

2. dietary lipids and cancer 

3. sodium and hypertension 

4. Saturated fats and cholesterol and the risk of 

coronary heart disease 

5. fiber containing cereals, fruits and vegetables 

and cancer 

6. Fruits, vegetables and cereals that contain fiber, 

especially soluble fiber, and the risk of coronary heart 

disease 

7. fruits and vegetables and cancer 

8. folic acid and neural tube defects 

9. Carbohydrate sweeteners and tooth decay 

10. soluble fiber from certain foods and the risk of 

coronary heart disease 

11. soy protein and the risk of coronary heart dis-

ease 

12. plant sterol / stanol esters and the risk of coro-

nary heart disease 

Qualified health claims have been introduced be-

cause the burden of proof to obtain an SSA level is con-

sidered quite difficult to achieve. Of qualified medical 

requirements, the relationship between the food com-

ponent and the disease should not be as strong as to 

achieve SSA. Therefore, FDA operators that can be 

used as claims are also conservatively and carefully 

worded. As an example, the FDA has formulated a re-

quirement for green tea and cancer: 

Based on a FDA review of whole-body strength of 

publicly available scientific evidence for the require-

ment for green tea and a reduced risk of breast cancer, 

the FDA ranks this evidence as the lowest level for 

qualified health requirements. For the reasons outlined 

above, the FDA concludes that it is very unlikely that 

green tea reduces the risk of breast cancer. 

In Japan, certain health requirements are allowed 

for FOSHU products. For example, functional compo-

nents such as oligonucleotides, lactobacilli and 

bifidobacteria, Psyllium husks, digestible dextrin, 

wheat bran, low molecular weight sodium alginate and 

partially hydrolyzed guar gum may be associated with 

requirements such as: In addition, requirements to re-

duce the risk of disease are allowed for FOSHU prod-

ucts rich in calcium or folic acid. 

Nutritional function claims are permitted for 

FNFC foods containing permitted vitamins and miner-

als. Labels should clearly indicate the recommended 

dosage and warn that excessive use of the product does 

not cure the disease or improve health. 

In the EU, a proposal for regulation in the field of 

nutrition and health claims was in preparation, and was 

adopted on 20 December 2006 (Regulation 1924/2006 

/ EC). It entered into force on 1 July 2007. establishes 

the principle of pre-marketing authorization, especially 

with risk lawsuits related to the development and health 

of children. In these cases, applications submitted 

through national competent authorities shall be evalu-

ated by EFSA and approved using the Standing Com-

mittee procedure. 

Profits have been defined as ñmono- or mixed cul-

tures of living microâorganisms which, in relation to 

humans or animals, have a beneficial effect on the host 

organism by improving the properties of the microflora. 

According to a later definition in the report of the FAO 

/ WHO working group to develop guidelines for the 

evaluation of probiotics in food: Probiotics are living 

microorganisms that, when administered in sufficient 

quantities, are beneficial to health [10]. 

As viable microorganisms deliberately entering 

the food chain they are reminiscent of many traditional 

snack foods that have been used in a variety of foods 

since ancient times. The use of starters is an age-old 

practice, and no special attention has been paid to their 

safety aspects in human food. Thus, they received rela-

tively little attention from lawmakers. Therefore, there 

is little experience in experimentally evaluating the 

safety of food microorganisms, probiotics or starters. 

As noted on pages 268-70, the situation is very different 

from micro-organisms intended as feed additives in the 

EU, which require detailed case studies on safety. Even 

with animal profits, however, much of the formal safety 
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testing of the device (eg, genotoxicity tests) is not often 

required in practice due to methodological difficulties. 

Possible income provisions, therefore, also have 

implications for the status of conventional starters and 

conversely, in the case of harmonization of case law on 

microorganisms intentionally added to the food chain is 

done. In the following sections of this and there are sit-

uations concerning the regulatory status of starters, 

profits and other food microorganisms are briefly dis-

cussed. 

Existing yeasts are generally classified as food in-

gredients, processing aids or ingredients (Feord, 2002). 

In Europe currently only Denmark and France have an 

official notification or system approval for new strains 

intended for use in food. French recommendations 

based on the decision tree approach also recommend 

toxicological studies (including animal studies) if there 

is a need to ensure no risk [9]. 

While the regulatory framework for food microor-

ganisms is not well defined in the EU, in the US the 

microorganism used in food can be classified either as 

an additive, in which case it must be approved by the 

FDA, or it can be considered generally safe ( GRAS). 

The product may have GRAS status or have a history 

of safe use in food dating before it is released on Janu-

ary 2, 1958 or it has been declared safe by qualified 

professionals under the intended use. The responsibility 

for providing expert opinions on the safety of the sub-

stance or microorganism lies solely with the applicant; 

The FDA will only either accept or reject them. GRA 

status is also usually applied only to the special use of 

the microorganism (ie bifidobacteria Lactis BB12 and 

thermophilic streptococcus in infant formula). 

When SCAN principles were formulated for the 

evaluation of microorganisms used as feed additives, 

no exceptions were made for species and strains that 

have a history of human use. It was soon recognized 

that this led to an abnormal situation where the strain 

was exposed to a much stricter safety assessment if it 

was intended as a feed additive than if it had been used 

as a food starter or human probiotic. The large number 

of species and strains that are already used in food pro-

duction further makes their safety strain evaluation by 

deformation virtually impossible. Therefore, a paper 

outlining the position "Safety assessment and regula-

tory aspects of micro-oranisms in feed and food appli-

cations" was published in SCAN in 2002. This paper 

suggested that specific microorganisms with a history 

of safe use or otherwise found This list will be based on 

the "Qualified Presumption of Safety (QUF)" - a pre-

sumption defined as a belief or assumption based on 

reasonable evidence and qualified to address certain re-

strictions on application '. The basic idea is that for a 

microorganism and having the status of QPs, safety as-

sessments should focus only on those aspects that are 

relevant to the organism (eg, the possible presence of 

markers of antibiotic resistance) and not on the global 

strain safety assessment. 

The QPS concept was further developed in 2003 

with the participation of members from several EU Sci-

entific Committees (SCAN, Scientific Committee on 

Food, Scientific Committee on Plants), which prepared 

a working paper on a common approach to safety as-

sessment of microorganisms used in food and feed / 

food production ". This document was the subject of 

public consultation [6]. 

Following the establishment of the EFSA Scien-

tific Colloquium on the subject, it was organized in 

Brussels in late 2004. The CPF Concept was generally 

seen as a good way to introduce useful elements of the 

GRAS system without compromising safety aspects. 

Therefore, EFSA has established a working group to 

provide a proposal for a list of microorganisms that can 

be considered for CPT. This work is currently under de-

velopment. 

Conclusions and future trends 

The regulatory aspects that apply to functional 

dairy products are pretty much the same as functional 

foods in general. Functional products, with the excep-

tion of Japan, are not officially recognized in food law 

as a separate legal entity, and therefore provisions on 

critical aspects, safety and efficacy are largely absent. 

It can be assumed that this situation will change and 

formal criteria will be established for addressing func-

tional foods at both the national and international lev-

els. 

The question of what permitted medical require-

ments are, of course, important both in terms of product 

development and the marketing of functional foods. 

Again, perhaps Japan currently has the most consistent 

policy on health claims that can be accepted. In the US 

and especially in the EU, health requirements are still 

under development. While the distinction between food 

and medicine should be free, a more relaxed policy of 

enhanced function requirements and reduced disease 

risk will encourage the further development of func-

tional foods. 

Specific issues on probiotic dairy products and 

safety assessment of probiotic strains are related to the 

development of regulations concerning the general use 

of microorganisms in food, whether conventional start-

ers or profits. The GRA system and ultimately the Eu-

ropean QPS approach would allow the use of traditional 

safe starters and profits without much safety assess-

ment focusing on limited resources where they are 

needed, namely situations where a completely new mi-

croorganism is intentionally introduced into the food 

chain. 
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Abstract 

The article discusses experimental studies of axial vibration accelerations that occur in the axle of the travel-

ing wheels when the cargo carriage of the overhead crane moves. To compare the results of experimental studies, 

double-ribbed running wheels with a cylindrical rim were selected. These wheels are used on almost all overhead 

cranes. Also, wheels of a new modernized design were manufactured for experimental research.  

 

Keywords: traveling wheel, vibration acceleration, modernized wheel, overhead crane. 

 

The most common hoisting machines in the man-

ufacturing process are overhead cranes. Ensuring their 

reliable and trouble-free operation at the present time is 

a very urgent task [1, 2]. 

The durability of an overhead crane depends on 

the durability of its metal structure, which perceives 

significant variable loads [3, 4]. 

The operating cycles of an overhead crane cause 

rapidly changing load processes not only in time, but 

also in magnitude [5]. This requires a fairly accurate 

determination of all force factors that arise during the 

operation of an overhead crane, both static and dynamic 

[6]. 

The main loads arising in the metal structure of an 

overhead crane appear during the lifting and lowering 

of the load and the operation of the mechanisms for the 

movement of the freight carriage and the bridge [7, 8]. 

Many works have been devoted to assessing the 

influence of parameters of movement mechanisms on 

dynamic loads in metal structures [9, 10]. 

We proposed a new design of a traveling crane 

wheel with an elastic insert [11, 12], which made it pos-

sible to significantly reduce the dynamic loads during 

the operation of the movement mechanism [13]. 

The dynamic model of an overhead crane is con-

sidered in [14]. The authors determined the linear oscil-

lations of the model. There is also a description of the 

vibration of the load and the trolley during the move-

ment of the crane. The friction forces in the system are 

estimated. An assessment is given of the influence of 

the load shift during the action of the resistance forces 

when the crane is moving. But the work does not con-

sider the dynamic loads in the metal structure of the 

crane during movement. 

The possibility of modernizing the mechanism of 

movement of the cargo carriage of an overhead crane 

by replacing a three-stage vertical cylindrical gearbox 

with a two-stage and separately removed gear transmis-

sion is considered in [15]. In this case, the running 

wheel is mounted on the shaft of the bogie wheelset. 

The authors argue that such a block diagram will reduce 

energy losses and increase reliability. But at the same 

time, it was not investigated how much the dynamic 

loads decrease. 

This gives grounds to assert that it is advisable to 

conduct a study to improve the operational reliability 

and durability of the running wheel through the use of 

elastic inserts. 

The aim of the study is to substantiate the feasibil-

ity of modernizing the design of the running wheel on 

the basis of vibration signs arising in the running wheel. 

To achieve the goal, the following tasks were set:  

- conduct an experimental study of the formation 

of vibration accelerations in the axial direction in 

wheels of standard design;  

- conduct an experimental study of the formation 

of vibration accelerations in the axial direction in the 

wheels of the modernized design. 

To measure vibration accelerations arising during 

testing of the bridge crane trolley, the çUltra-ɺ-Iè com-

plex. The software included in the measuring complex 

allows real-time plotting of vibration accelerations ver-

sus time, as well as determining the spectral composi-

tion of the signal. 

The research was carried out on an operating over-

head crane. The vibration measuring complex was lo-

cated directly on the bridge crane. The sensors were in-

stalled at the control points of the crane trolley. With 

the help of wires placed on the crane beam, they were 
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connected to an analog-to-digital converter. This made 

it possible to exercise direct control over the operating 

modes of the crane. 

The study of the vibration state was carried out on 

the axis of the standard running wheel and on the axis 

of the modernized running wheel of the cargo carriage 

of the overhead crane. 

Based on the results of experimental studies, we 

will generalize the results of vibration accelerations in 

the axial direction on the modernized (with an elastic, 

rubber insert) and standard driven wheels (Fig. 1ï3). 
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 c  

 

 
 d 

Fig. 1. Vibration acceleration in the axial direction on wheels during idling of the bogie at the first a, b and sec-

ond c, d travel speeds; a, c - modernized wheel; b, d - standard wheel 
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 d 

Fig. 2. Vibration acceleration in axial direction on wheels when transporting a cargo of 0.5 tons at the first a, b 

and second c, d speeds; a, c - modernized wheel; b, d - standard wheel 
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 c 

 

 
 d 

Fig. 3. Vibration acceleration in axial direction on wheels when transporting a cargo 2 tons for the first a, b and 

second c, d speeds; a, c - modernized wheel; b, d - standard wheel 

 

According to the data obtained from experimental 

studies, we will make histograms of vibration accelera-

tion in the axial direction on the modernized (with an 

elastic rubber insert) and standard driven wheels of the 

overhead crane truck trolley at the first speed (Fig. 4). 
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Fig. 4. Histogram of vibration accelerations in the axial direction on the driven wheels of an overhead crane 

truck at the first speed, Row 1 ï standard wheel, Row 2 ï modernized wheel 

 

Based on the results of vibration accelerations in 

the axial direction on the modernized (with elastic, rub-

ber insert) and standard driven wheels, we will calcu-

late the percentage of axial vibrations from the modern-

ization of the wheels at the first speed of the overhead 

crane truck, table 1.  

Table 1 - Axial vibration percentages from upgrading wheels at first speed 

Options Value 

Mass (tons) 0,0 0,5 2,0 

RMS standard wheel (m/s2)  3,86 3,56 3,54 

RMS modernized wheel (m/s2) 3,45 2,13 2,15 

Ratio (%) 10,62 40,17 39,27 

 

According to the data obtained from experimental 

studies, we will make a histogram of vibration acceler-

ations in the axial direction on the modernized (with an 

elastic, rubber insert) and standard driven wheels of the 

cargo trolley of an overhead crane at a second speed 

(Fig. 5). 

 

 
Fig. 5. Histogram of vibration accelerations in the axial direction on the driven wheels of an overhead crane 

truck at the second speed, Row 1 ï standard wheel, Row 2 ï modernized wheel  
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Table 2 - Axial vibration percentages from modernizing wheels at second speed 

Options Value 

Mass (tons) 0,0 0,5 2,0 

RMS standard wheel (m/s2)  4,83 4,10 3,63 

RMS modernized wheel (m/s2) 4,32 2,59 2,92 

Ratio (%) 10,56 36,83 19,56 

 

Conclusions. The ratio of axial vibrations from 

the modernization of the wheels during the movement 

of the freight carriage at the first speed of movement is: 

at idle speed of the freight carriage - 10.62 %; when 

transporting a cargo of 0.5 tons - 40.17 %; when ship-

ping 2.0 tons - 39.27 %. 

The ratio of vertical vibrations from the moderni-

zation of the wheels during the movement of the freight 

carriage at the second speed of movement is: at idle 

speed of the freight carriage - 10.56%; when transport-

ing 0.5 tons of cargo - 36.83%; when shipping 2.0 tons 

- 19.56%.  

 

REFERENCES: 

1. Haniszewski, T. Modeling the dynamics of 

cargo lifting process by overhead crane for dynamic 

overload factor estimation. Journal of vibroengineer-

ing. 2017. Vol. 19, Issue 1. P. 75ï86. doi: 

https://doi.org/10.21595/ jve.2016.17310  

2. Castro, J.C., Palafox, E.H., G·mez, L.H, Men-

doza, G.S., Grijalba, Y.L., L·pez, P.R. Analysis of the 

structural girders of a crane for the license renewal of a 

BWR Nuclear Power Plant. Procedia Structural Integ-

rity. 2019. Vol. 17. P. 115ï122. doi: https://doi.org/ 

10.1016/j.prostr. 2019.08.016 

3. Yifei, T., Zhihao, G., Xingcheng, Z., Guomin, 

S., Dongbo, L., Xiangdong, L. Research on welding de-

formation for box girder of bridge crane based on ther-

mal elasto-plastic theory. Advances in Mechanical En-

gineering. 2018. Vol. 10, ˉ5. P. 1ï12. doi: 

https://doi.org/10.1177/ 16878140187758 85 

4. Spruogis, B., Jakstas, A., Turla, V., Iljin, I. , 

Sesok, N. Dynamic reaction forces of an overhead 

crane on lifting. TRANSPORT. 2011. Vol. 26, ˉ3. P. 

279ï283. doi: https:// 

doi.org/10.3846/16484142.2011.622144 

5. Qin, Y., Jiang, J., Yang, H. High precision 

analysis of stress concentration in girder structure of 

casting crane. International Journal of Science and 

Qualitative Analysis. 2016. Vol. 2, ˉ2. P. 14ï18. doi: 

https://doi.org/10.11648/j.ijsqa.20160202.11 

6. Kutsenko, L., Vanin, V., Shoman, O., Ya-

blonskyi, P., Zapolskiy, L., Hrytsyna, N., Nazarenko, 

S., Danylenko, V., Sivak, E., Shevchenko, S. Modeling 

the resonance of a swinging spring based on the synthe-

sis of a motion trajectory of its load. Eastern-European 

Journal of Enterprise Technologies. 2019. Vol. 3/7, 

ˉ99. P. 53ï64. doi: https://doi.org/10.15587/1729-

4061.2019.168909 

7. Kutsenko, L., Semkiv, O., Kalynovskyi, A., 

Zapolskiy, L., Shoman, O., Virchenko, G., Martynov, 

V., Zhuravskij, M., Danylenko, V., Ismailova, N. De-

velopment of a method for computer simulation of a 

swinging spring load movement path. Eastern-Euro-

pean Journal of Enterprise Technologies. 2019. Vol. 1, 

ˉ7ï97. P. 60ï73. doi: https://doi.org/ 10.15587/1729-

4061.2019.154191  

8. Kutsenko, L., Vanin, V., Shoman, O., Zapol-

skiy, L., Yablonskyi, P., Vasyliev, S., Danylenko, V., 

Sukharkova, E., Rudenko, S., Zhuravskij, M. Synthesis 

and classification of periodic motion trajectories of the 

swinging spring load. Eastern-European Journal of En-

terprise Technologies. 2019. Vol. 2, ˉ7ï98. P. 2ï37. 

doi: https://doi.org/10.15587/1729-4061.2019.1617 69 

9. Meng, W., Meng, W., Yang, Z., Qi, X., Cai, J. 

Reliability analysis-based numerical calculation of 

metal structure of bridge crane. Mathematical Problems 

in Engineering. 2013. Vol. 2013, ˉ1ï5. P. 1ï5. doi: 

http://dx.doi.org/10.1155/2013/260976  

10. Haniszewski, T. Strength analysis of overhead 

traveling crane with use of finite element method. 

Transport problems. 2014. Vol. 9, ˉ1. P. 19ï26. 

https://www. researchgate.net /publica tion/276235576 

11. ʌʽʜʨʦʚʩʴʢʘ, ʅ.ʄ., ʉʣʝʧʫʞʥʽʢʦʚ, ɭ.ɼ., ʏʝʨ-
ʥʠʰʝʥʢʦ, ʆ.ɺ. ʄʽʮʥʽʩʪʴ ʪʨʴʦʭʰʘʨʦʚʦʾ ʮʠʣʽʥʜʨʠʯ-

ʥʦʾ ʦʙʦʣʦʥʢʠ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʙʫʜʽʚʥʠʮʪʚʘ. 2015. 

ɺʠʧ. 1, ˉ79. ʉ. 190ï193. http://repositsc.nu-

czu.edu.ua/handle/123456789/7456  

12. ʌʽʜʨʦʚʩʴʢʘ, ʅ.ʄ., ʉʣʝʧʫʞʥʽʢʦʚ, ɭ.ɼ. ɺʠ-
ʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʭʦʜʦʚʠʭ ʢʦʣʽʩ 

ʤʦʩʪʦʚʠʭ ʢʨʘʥʽʚ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʙʫʜʽʚʥʠʮʪʚʘ. 

2012. ɺʠʧ. 69. ʉ. 215ï222. http://repositsc.nu-

czu.edu.ua/handle/123456789/7436 

13. Fidrovska, N., Slepuzhnikov, E., Larin, O., 

Varchenko, I., Lipovyi, V., Afanasenko, K., Harbuz, S. 

Increase of operating reliability of the travel wheel us-

ing the use of the elastic inserts. EUREKA: Physics and 

Engineering. 2020. Vol. 5, ˉ30. P. 69ï79. doi: https:// 

doi.org/ 10.21303/ 2461-4262.2020.001387 

14. Raksha, S.V., Anofriev, P.G., Bohomaz, 

V.M., Kuropiatnyk, O.S. Mathematical and S-models 

of cargo oscillations during movement of bridge crane. 

Naukovyi Visnyk NHU. 2019. Vol. 2. P. 108ï115. doi: 

10.29202/nvngu/2019-2/16. http://eadnurt.diit.edu.ua/ 

bitstream/123456789/114 04/1/Raksha.pdf 

15. ɸʨʪʘʤʦʥʦʚ, ɼ.ʅ., ʇʝʪʨʦʚ, ɸ.ʄ. ʄʦʜʝʨʥʠʟʘ-

ʮʠʷ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʪʝʣʝʞʢʠ ʤʦʩʪʦʚʦʛʦ 

ʢʨʘʥʘ. ʄʦʣʦʜʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ. 2017. ɺʳʧʫʩʢ 5, 

ˉ8. ʉ. 12ï16. http://mid-journal.ru/ up-

load/iblock/18e/2artamonov1216.pdf 

  

https://jet.com.ua/uk/
https://jet.com.ua/uk/
https://doi.org/10.15587/1729-4061.2019.1617%2069
http://dx.doi.org/10.1155/2013/260976
http://eadnurt.diit.edu.ua/%20bitstream/123456789/114%2004/1/Raksha.pdf
http://eadnurt.diit.edu.ua/%20bitstream/123456789/114%2004/1/Raksha.pdf
http://mid-journal.ru/upload/iblock/18e/2_artamonov_12_16.pdf
http://mid-journal.ru/upload/iblock/18e/2_artamonov_12_16.pdf


32 Norwegian Journal of development of the International Science No 51/2020 

DIAGNOSTICS OF FAULTS OF ASYNCHRONOUS AUTONOMOUS GENERATORS WIND -SOLAR 

POWER PLANTS 

 

Sobol A., 

Federal State Budgetary Educational Institution of Higher Education  

ñKuban State Agrarian University named after I.T. Trubilinò, Krasnodar, Russia, associate professor 

Andreeva A. 

Federal State Budgetary Educational Institution of Higher Education  

ñKuban State Agrarian University named after I.T. Trubilinò, Krasnodar, Russia, student 

 

 

ɼʀɸɻʅʆʉʊʀʂɸ ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ ɸʉʀʅʍʈʆʅʅʓʍ ɻɽʅɽʈɸʊʆʈʆɺ ɸɺʊʆʅʆʄʅʓʍ 

ɺɽʊʈʆ-ʉʆʃʅɽʏʅʓʍ ʕʃɽʂʊʈʆʉʊɸʅʎʀʁ 

 

ʉʦʙʦʣʴ ɸ.ʅ., 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʫʙʘʥ-

ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʊ. ʊʨʫʙʠʣʠʥʘè, ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ, ʜʦʮʝʥʪ 

ɸʥʜʨʝʝʚʘ ɸ.ɸ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʫʙʘʥ-

ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʀ.ʊ. ʊʨʫʙʠʣʠʥʘè, ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ, ʩʪʫʜʝʥʪ 

DOI: 10.24412/3453-9875-2020-51-1-32-34 

 

Abstract 

One of the problems in the operation of autonomous wind-solar power plants is associated with possible 

malfunctions of autonomous asynchronous wind turbine generators. The most common faults are short-circuited 

windings. Having a small number of them (no more than 5%), the generator continues its work. In this case, 

overheating of the windings is observed, which can cause the failure of the electric machine, the occurrence of fire 

and, at the end, the disruption of the power supply system as a whole. It is necessary to diagnose these types of 

malfunctions, that is, to obtain relevant information about the parameters of the generator currents and voltages. 

ɸʥʥʦʪʘʮʠʷ 

ʆʜʥʘ ʠʟ ʧʨʦʙʣʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʥʦʤʥʳʭ ʚʝʪʨʦ-ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʩʚʷʟʘʥʥʘ ʩ ʚʦʟʤʦʞ-

ʥʳʤʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ ʘʚʪʦʥʦʤʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʤʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ ʷʚʣʷʶʪʩʷ ʟʘʤʢʥʫʪʳʝ ʥʘ ʢʦʨʦʪʢʦ ʚʠʪʢʠ ʦʙʤʦʪʢʠ. ʀʤʝʷ ʥʝʙʦʣʴʰʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

(ʥʝ ʙʦʣʝʝ 5 %), ʛʝʥʝʨʘʪʦʨ ʧʨʦʜʦʣʞʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʛʨʝʚ ʦʙʤʦʪʦʢ, ʯʪʦ ʤʦʞʝʪ 

ʧʦʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ ʠ, ʥʘ ʢʦʥʝʮ, 

ʥʘʨʫʰʝʥʠʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʮʝʣʦʤ. ʅʝʦʙʭʦʜʠʤʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚʠʜʳ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʝʡ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʧʘʨʘʤʝʪʨʘʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʛʝʥʝʨʘʪʦʨʘ. 

 

Keywords: operation, wind-solar power plant, turn circuits in the stator winding, autonomous asynchronous 

generator. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʢʩʧʣʫʘʪʘʮʠʷ, ʚʝʪʨʦ-ʩʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʚʠʪʢʦʚʳʝ ʟʘʤʳʢʘʥʠʷ ʚ ʦʙʤʦʪʢʝ 

ʩʪʘʪʦʨʘ, ʘʚʪʦʥʦʤʥʳʡ ʘʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ. 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʡʦʥʦʚ ʧʨʠʭʦʜ ʩʦʣʥʝʯʥʦʡ ʨʘ-

ʜʠʘʮʠʠ ʠ ʥʘʣʠʯʠʝ ʚʝʪʨʘ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʬʘʟʝ 

(ʪ.ʝ. ʢʦʛʜʘ ʩʚʝʪʠʪ ʷʨʢʦʝ ʩʦʣʥʮʝ, ʦʙʳʯʥʦ ʥʝʪ ʚʝʪʨʘ, ʘ 

ʝʩʣʠ ʜʫʝʪ ʩʠʣʴʥʳʡ ʚʝʪʝʨ, ʪʦ ʩʦʣʥʮʘ ʥʝʪ). ʇʦʵʪʦʤʫ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-

ʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʲʝʢʪʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʡ ʚʝʪʨʦʩʦʣʥʝʯ-

ʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ʂʘʢ ʫʢʘʟʘʥʦ ʚ [1, ʩ. 2], ʧʦ ʩʝʡ ʜʝʥʴ ʚʩʝ ʝʱʝ ʘʢ-

ʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʥʦʤ-

ʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (ɸɸɻ) ʩ ʝʤʢʦʩʪʥʳʤ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʚ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ. 

ɺʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʣʠʙʦ ʜʣʷ ʟʘ-

ʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʣʠʙʦ ʢʘʢ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʝ ʚ 

ʩʠʩʪʝʤʝ, ʪ.ʝ. ʧʝʨʝʛʨʫʟʦʢ ʚ ʩʠʩʪʝʤʝ ʩ ʚʝʪʨʦʛʝʥʝʨʘʪʦ-

ʨʘʤʠ ʙʳʪʴ ʥʝ ʜʦʣʞʥʦ, ʧʦʵʪʦʤʫ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦ-

ʩʪʳʝ, ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʥʘʜʸʞʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝ-

ʨʘʪʦʨʳ. ɺ ʜʨʫʛʠʭ ʩʠʩʪʝʤʘʭ ʯʘʩʪʦ ʥʝʪ ʙʫʬʝʨʦʚ (ʘʢ-

ʢʫʤʫʣʷʪʦʨʦʚ) ʧʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʝʨʝʛʨʫʟʦʢ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʯʪʦ ʠ ʥʝ ʜʘʸʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʘʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. 

ɸʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ 

ʨʘʟʣʠʯʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʥʝʜʦʩʪʘʪʢʘʤ ʢʘʢ, ʥʘʧʨʠ-

ʤʝʨ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʥʘʧʨʷʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ 

ʦʪʤʝʯʝʥʦ ʚ [2, ʩ.3], ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʘ ʚʦʟʤʦʞʥʘʷ 

ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʛʝʥʝʨʘʪʦʨʦʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʚʦʟʤʦʞʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠ-

ʷʤʠ ʚ ʝʛʦ ʦʙʤʦʪʢʘʭ. ʊʘʢ, ʚ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʡ ʦʙ-

ʤʦʪʢʝ ʨʦʪʦʨʘ ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ 

ʩʪʝʨʞʥʝʡ. ɼʘʥʥʳʡ ʚʠʜ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʦʙ-

ʨʳʚʦʤ ʩʪʝʨʞʥʷ ʠ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʯʠʥ, ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʧʝʨʝʛʨʝʚʘ ʛʝʥʝʨʘʪʦʨʘ. 

ɺ ʦʙʤʦʪʢʝ ʞʝ ʩʪʘʪʦʨʘ, ʯʪʦ ʦʧʠʩʘʥʦ ʚ [3, ʩ.2], 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʚʨʝ-

ʞʜʝʥʠʡ. ʉʨʝʜʠ ʜʘʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʘʤʳʤʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʘʤʢʥʫʪʳʝ ʥʘ ʢʦ-

ʨʦʪʢʦ ʚʠʪʢʠ ʦʙʤʦʪʢʠ. ʀʤʝʷ ʥʝʙʦʣʴʰʦʝ ʠʭ ʢʦʣʠʯʝ-

ʩʪʚʦ (ʥʝ ʙʦʣʝʝ 5 %), ʛʝʥʝʨʘʪʦʨ ʧʨʦʜʦʣʞʘʝʪ ʩʚʦʶ ʨʘ-

ʙʦʪʫ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʛʨʝʚ ʦʙʤʦʪʦʢ, ʯʪʦ 
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ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ ʠ, 

ʥʘ ʢʦʥʝʮ, ʥʘʨʫʰʝʥʠʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ 

ʮʝʣʦʤ. ʕʪʦ ʚʩʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʘ-

ʛʥʦʩʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚʠʜʦʚ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʪʦ 

ʝʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʛʝʥʝʨʘʪʦʨʘ. ɿʥʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʤʦʞʥʦ ʜʠʘʛʥʦʩʪʠ-

ʨʦʚʘʪʴ ʜʘʥʥʳʡ ʚʠʜ ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦ-

ʚʨʝʤʷ ʫʩʪʨʘʥʠʪʴ ʢʦʥʢʨʝʪʥʫʶ ʥʝʠʩʧʨʘʚʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʚʘʞ-

ʥʦʩʪʴ ʚ ʩʚʝʪʝ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʵʣʝʢʪ-

ʨʦʫʩʪʘʥʦʚʢʠ ʩ ʛʝʥʝʨʘʪʦʨʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ. 

ɼʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʦʚ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦ-

ʚʨʝʞʜʝʥʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. 

ɺ ʩʦʟʜʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʘʩʠʥʭʨʦʥ-

ʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʪʨʫʜʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʧʦʢʘ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʧʨʠ ʚʥʫʪʨʝʥʥʠʭ 

ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʷʭ (ʂɿ) ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʛʝʥʝ-

ʨʘʪʦʨʘ ʠ ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠʣʠ ʧʨʠʟʥʘʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ [4, ʩ.1]. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʫʩʪʘ-

ʥʦʚʢʘ c ʘʩʠʥʭʨʦʥʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ 

ʙʘʟʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʩ ʢʦʨʦʪʢʦʟʘ-

ʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ ʪʠʧʘ 4A100S4ʋ3 (3 ʢɺʪ, 1435 

ʦʙ/ʤʠʥ) [1, ʩ.1]. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʝʛʦ ʧʨʠʚʦʜ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯ-

ʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʍʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘ ʤʦʞʝʪ ʙʳʪʴ çʞʝʩʪʢʦʡè, ʢʦʛʜʘ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʛʨʫʟʢʠ, ʠ çʤʷʛʢʦʡè, 

ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ 

ʧʨʠʚʦʜʘ ʦʪ ʝʛʦ ʥʘʛʨʫʟʢʠ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʘʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʧʨʠ-

ʚʦʜʠʣʩʷ ʚʦ ʚʨʘʱʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

(ʧʨʠʚʦʜ ʛʝʥʝʨʘʪʦʨʘ ʩ çʤʷʛʢʦʡè ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʠʥʜʝʢʩ ç2è,) ʠʣʠ ʘʩʠʥʭʨʦʥʥʳʤ ʜʚʠ-

ʛʘʪʝʣʝʤ (ʧʨʠʚʦʜ ʛʝʥʝʨʘʪʦʨʘ ʩ çʞʝʩʪʢʦʡè ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʠʥʜʝʢʩ ç1è). ʄʦʱʥʦʩʪʴ ʧʨʠ-

ʚʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʙʳʣʘ ʩʦʠʟʤʝʨʠʤʘ ʩ ʤʦʱʥʦʩʪʴ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʅʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ 

ʥʘ ʤʦʤʝʥʪ ʟʘʤʳʢʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʣʦʩʴ ʨʘʚʥʳʤ 220 

ɺ.  

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʟʘʤʳʢʘʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʚʠʪʢʘʤʠ ʚ ʬʘʟʥʳʭ ʦʙʤʦʪʢʘʭ ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʦʟʜʘʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴ-

ʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʚʝʜʝʥʥʳʭ ʥʘʨʫʞʫ ʠʟ ʣʦʙʦ-

ʚʦʡ ʯʘʩʪʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ, ʚʳʚʦʜʦʚ.  

ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʚʠʪʢʦʚʳʭ ʠ ʤʝʞ-

ʜʫʬʘʟʥʳʭ ʂɿ ʚ ʦʙʤʦʪʢʝ ʩʪʘʪʦʨʘ ʠ ʤʘʣʦʤ ʯʠʩʣʝ ʟʘ-

ʤʢʥʫʚʰʠʭʩʷ ʚʠʪʢʦʚ ʛʝʥʝʨʘʪʦʨ ʥʝ ʪʝʨʷʝʪ ʚʦʟʙʫʞʜʝ-

ʥʠʷ, ʘ ʪʦʢ ʚ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʡ ʯʘʩʪʠ ʦʙʤʦʪʢʠ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʚ 5-10 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʦʤʠʥʘʣʴʥʳʤ. ɻʝʥʝʨʘʪʦʨ ʪʝʨʷʝʪ ʚʦʟʙʫʞʜʝʥʠʝ 

ʪʦʣʴʢʦ ʧʨʠ 15ï30 % ʟʘʤʢʥʫʪʳʭ ʚʠʪʢʦʚ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ ʠ ʚʝʣʠʯʠʥʳ ʝʤʢʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʪʦ-

ʢʦʚ ʂɿ ɸɸɻ ʩ ʧʨʠʚʦʜʘʤʠ, ʠʤʝʶʱʠʤʠ çʤʷʛʢʫʶè ʠ 

çʞʝʩʪʢʫʶè ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦ-

ʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʯʠʩʣʘ ʟʘʤʢʥʫʪʳʭ ʚʠʪʢʦʚ ʢ 

ʯʠʩʣʫ ʚʠʪʢʦʚ ʚ ʬʘʟʝ (W, %) 

W = Wk / W0 %, 

ʛʜʝ Wk ï ʯʠʩʣʦ ʟʘʤʢʥʫʪʳʭ ʚʠʪʢʦʚ; W0 ï ʯʠʩʣʦ 

ʚʠʪʢʦʚ ʚ ʬʘʟʝ. 

ʀʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʠʜʥʦ, ʯʪʦ ʚʥʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʨʠʚʦʜʘ ʪʦʢ ʚ ʟʘʤʢʥʫʪʳʭ ʚʠʪʢʘʭ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʠʭ ʫʚʝʣʠʯʝʥʠʠ. ʋʤʝʥʴʰʝʥʠʝ ʪʦʢʘ 

ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʟʘʤʢʥʫʚʰʠʭʩʷ ʚʠʪʢʦʚ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʚʣʠʷʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʟʘʢʦʨʘ-

ʯʠʚʘʶʱʝʛʦ ʚʠʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ 

ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝ-

ʥʝʨʘʪʦʨʘ 3 ï 15 % ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ ʚʠʪʢʦʚ ʦʥ ʥʝ 

ʪʝʨʷʝʪ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʦʜʦʣʞʘʝʪ ʧʠʪʘʪʴ ʥʘʛʨʫʟʢʫ. 

ʇʨʠ ʵʪʦʤ ʪʦʢ ʚ ʂɿ ʚʠʪʢʘʭ ʧʨʝʚʳʰʘʝʪ ʥʦʤʠʥʘʣʴʥʳʡ 

ʚ 4 ï 7 ʨʘʟ. ʇʦʵʪʦʤʫ ʜʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘ-

ʪʦʨʦʚ ʚ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ, ʦʥʠ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʦʪ ʨʘʟʣʠʯʥʳʭ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʠʭ ʦʙʤʦʪʢʘʭ. 
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ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʪʦʢʦʚ ʂɿ ʚʠʪʢʦʚ ɸɸɻ: 1 ï ʧʨʠʚʦʜ 

ʩ çʞʝʩʪʢʦʡè ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ; 2 ï ʧʨʠʚʦʜ ʩ çʤʷʛʢʦʡè ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

 

ʀʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʠʜʥʦ, ʯʪʦ ʚʥʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʧʨʠʚʦʜʘ ʪʦʢ ʚ ʟʘʤʢʥʫʪʳʭ ʚʠʪʢʘʭ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʠʭ ʫʚʝʣʠʯʝʥʠʠ. ʋʤʝʥʴʰʝʥʠʝ ʪʦʢʘ 

ʧʨʠ ʤʘʣʦʤ ʯʠʩʣʝ ʟʘʤʢʥʫʚʰʠʭʩʷ ʚʠʪʢʦʚ ʦʙʫʩʣʦʚ-

ʣʝʥʦ ʚʣʠʷʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʟʘʢʦʨʘ-

ʯʠʚʘʶʱʝʛʦ ʚʠʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ 

ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝ-

ʥʝʨʘʪʦʨʘ 3 ï 15 % ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ ʚʠʪʢʦʚ ʦʥ ʥʝ 

ʪʝʨʷʝʪ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʧʨʦʜʦʣʞʘʝʪ ʧʠʪʘʪʴ ʥʘʛʨʫʟʢʫ. 

ʇʨʠ ʵʪʦʤ ʪʦʢ ʚ ʂɿ ʚʠʪʢʘʭ ʧʨʝʚʳʰʘʝʪ ʥʦʤʠʥʘʣʴʥʳʡ 

ʚ 4 ï 7 ʨʘʟ. ʇʦʵʪʦʤʫ ʜʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʜʣʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʩʠʥʭʨʦʥʥʳʭ ʛʝʥʝʨʘ-

ʪʦʨʦʚ ʚ ʛʠʙʨʠʜʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ, ʦʥʠ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʥʘʜʝʞʥʫʶ ʟʘʱʠʪʫ ʦʪ ʨʘʟʣʠʯʥʳʭ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʠʭ ʦʙʤʦʪʢʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ 

ʥʝʩʠʤʤʝʪʨʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʛʝʥʝʨʘʪʦʨʘ ʚ 

ʩʣʫʯʘʝ ʚʠʪʢʦʚʦʛʦ ʂɿ ʚ ʩʪʘʪʦʨʥʦʡ ʦʙʤʦʪʢʝ (ʧʨʠ ʨʘʟ-

ʤʝʱʝʥʠʠ ʢʦʣʴʮʘ, ʦʭʚʘʯʝʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ 

ʩʝʨʜʝʯʥʠʢʦʤ, ʚʥʫʪʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ) [5, 

ʩ.2]. 

ɺʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʜʨʫʛʠʭ ʟʘʱʠʪ, ʥʘʧʨʠ-

ʤʝʨ, ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʚʠʙʨʘʮʠʶ ʢʦʨʧʫʩʘ ʛʝʥʝʨʘ-

ʪʦʨʘ ʚ ʩʣʫʯʘʝ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʠʣʠ ʨʦ-

ʪʦʨʥʦʡ ʦʙʤʦʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʳ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʨʝʜʝʣʷʪʴ ʠ 

ʚʠʪʢʦʚʳʝ ʟʘʤʳʢʘʥʠʷ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ʘʚʪʦʥʦʤʥʦʛʦ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʜʘʪʯʠʢʘ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʡ ʢʨʝʧʠʪʩʷ ʥʘ ʢʦʨʧʫʩ 

ʛʝʥʝʨʘʪʦʨʘ. 
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Abstract 

In the article, the authors consider the features of modern information technologies, with special emphasis on 

the technical features of the management decision-making processes and the specifics of the development of the 

information society associated with risks in emergency situations. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʜʝʣʘʷ ʦʩʦ-

ʙʳʡ ʘʢʮʝʥʪ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʩʧʝʮʠʬʠʢʝ ʨʘʟ-

ʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʠʩʢʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ.  

 

Keywords: automated information and control systems in emergency situations, intellectualization of man-

agement processes, risk management in emergency situations. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳ-

ʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡ-

ʥʳʭ ʩʠʪʫʘʮʠʡ. 

 

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ ʥʘʙʣʶʜʘʶʪʩʷ 

ʛʣʦʙʘʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʮʠʘʣʴʥʦʡ ʨʝʘʣʴʥʦ-

ʩʪʠ ʠ ʧʦʷʚʣʷʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʪʨʘʪʝʛʠʠ, ʠʤʝʶ-

ʱʠʝ ʦʪʥʦʰʝʥʠʝ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, 

ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ, ʯʪʦ ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʩʧʝʮʠ-

ʬʠʢʫ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʘʜʘʧʪʠʚʥʘʷ, ʤʝʞʢʫʣʴʪʫʨʥʦ-ʧʦ-

ʩʨʝʜʥʠʯʝʩʢʘʷ, ʤʝʞʣʠʯʥʦʩʪʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʚ ʩʫ-

ʱʝʩʪʚʫʶʱʝʡ ʩʦʮʠʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʚʠʜ ʩʦʮʠʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ, ʢʦʪʦʨʳʝ çé ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʩʪʘʥʦʚʷʪʩʷ 

ʤʦʙʠʣʴʥʳʤʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʚʪʦʥʦʤʥʳʤʠè [1, ʩ. 

95]. ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʩʪʝʤ ʩʚʷʟʘʥʦ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ çé ʨʷʜ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥ-

ʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʫʪ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʨʷʜʫ ʩ ʨʦʩʪʦʤ ʤʠʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ, ʙʦʣʴʰʝʡ ʢʫʣʴʪʫʨʥʦʡ ʘʩʩʠʤʠʣʷʮʠʝʡ, ʩʦ-

ʟʜʘʥʠʝʤ ʠ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʦʡ ʪʝʭʥʠʢʠ éè ʜʝʪʝʨʤʠ-

ʥʠʨʫʶʪ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟ-

ʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ [2, ʩ. 140]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠ-

ʪʫʘʮʠʡ ʩʪʘʥʦʚʷʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʧʦ ʧʨʠ-

ʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʘʥʘʣʠʟʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʩʧʝʮʠ-

ʬʠʢʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥ-

ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʩʠʩʪʝʤʘʤʠ ʦʙʤʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʀ ʚ 

ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ 

ʢʨʠʪʝʨʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʧʦʩʪʦʷʥʥʦ ʧʦ-

ʩʪʫʧʘʶʱʝʡ (ʦʙʥʦʚʣʷʶʱʝʡʩʷ) ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡ-

ʥʳʭ ʩʠʪʫʘʮʠʡ. ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʩʯʠʪʘʶʪ ʘʚʪʦʨʳ 

ʩʪʘʪʴʠ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʝ ʧʦʪʦʢʠ ʚ ʦʙʱʝʩʪʚʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʩʠʥʭʨʦʥ-

ʥʳʤʠ, ʥʝʦʜʥʦʨʦʜʥʳʤʠ, ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ, ʯʪʦ 
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ʫʩʣʦʞʥʷʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠ-

ʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ, ʟʘʪʨʫʜʥʷʷ ʨʝʬʣʝʢʩʠʶ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʟʥʘʯʠʪ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʨʠʩʢʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

ɼʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʚʘʞʥʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ (ʩ ʧʦʤʦ-

ʱʴʶ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠ-

ʩʪʝʤ) ʠʥʠʮʠʠʨʦʚʘʪʴ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʢʠʙʝʨʥʝ-

ʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʝ ʦʪʥʦʰʝʥʠʝ ʢ 

ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ ʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʦʩʥʦʚʳʚʘʶʱʫʶʩʷ ʥʘ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʙʘʟ ʜʘʥʥʳʭ, ʩʝʪʠ ʀʥ-

ʪʝʨʥʝʪ, ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ [3, ʩ. 21].  

ʉʧʝʮʠʬʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʠ ʚʳʙʦʨ ʠʟʤʝ-

ʥʝʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʭ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʧʦ-

ʟʠʮʠʡ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ çé 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʛʣʦʙʘʣʴʥʳʝ ʠʟ-

ʤʝʥʝʥʠʷ ʩʦʮʠʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʝʪʝʨʤʠ-

ʥʠʨʫʶʪ ʨʘʟʥʦʚʝʢʪʦʨʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʠʯʥʦʩʪʠ, ʪʘʢʞʝ ʦʙʲʝʢʪʠʚʥʦ ʩʚʷʟʘʥʳ 

ʩ ʫʥʠʚʝʨʩʘʣʠʷʤʠ ʢʫʣʴʪʫʨʳè [4, ʩ. 48] ʠ ʩʦʚʨʝʤʝʥ-

ʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʥʬʦʩʬʝʨʦʡ, ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʩʧʝʮʠʬʠʢʫ 

ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʛʜʝ ʦʩʥʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ 

ʤʘʪʝʨʠʘʣʴʥʘʷ, ʩʢʦʣʴʢʦ ʜʫʭʦʚʥʘʷ ʵʢʟʠʩʪʝʥʮʠʷ ʣʠʯ-

ʥʦʩʪʠ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ [5].  

ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥ-

ʪʝʥʩʠʬʠʢʘʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ ʩʨʝʜ, ʘ 

ʪʘʢʞʝ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʲʝʢʪʘʤʠ çʧʨʦʠʟ-

ʚʦʣʴʥʦʡ ʧʨʠʨʦʜʳè, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ çé ʩʚʦʡ-

ʩʪʚʘʤʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʠ ʦʧʝʨʘʮʠʦʥʘʣʴʥʦʡ ʟʘ-

ʤʢʥʫʪʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʩʨʝʜʫ ʠ ʩʝʙʷ ʚ ʥʝʡè [6, ʩ. 9]. ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʢ 

ʥʠʢʦʛʜʘ ʨʘʥʝʝ, ʩʝʛʦʜʥʷ ʩʪʘʥʦʚʷʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥ-

ʥʳʤʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ (ʥʘʚʠʛʘʮʠʷ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ), ʪʘʢ ʢʘʢ ʠʥ-

ʪʝʥʩʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʪʨʘʪʝ-

ʛʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʤʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʠʥʬʦʩʬʝʨʳ ʠ ʪʝʭʥʦ-

ʣʦʛʠʡ ʠʥʠʮʠʠʨʫʝʪ çʮʠʬʨʦʚʫʶ ʩʨʝʜʫè, ʠʣʠ ʯʘʩʪʴ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ɻʀʉʉɹ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʚʘʣʘʩʴ, ʢʘʢ ʢʦʤʧʣʝʢʩʥʘʷ ʧʦʜ-

ʜʝʨʞʢʠ ʚ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʣʠʢʚʠʜʘʮʠʝʡ ʩʪʠ-

ʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, 

ʵʢʩʧʝʨʪʥʘʷ ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠ-

ʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʧʦ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʘʛʝʥʪʩʪʚʝ ʉʐɸ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟ-

ʚʳʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ National 

Emergency Management System, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ 

ʩʦʙʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠ-

ʩʪʝʤʫ, ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʫʶ ʜʣʷ ʩʙʦʨʘ, ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠ-

ʪʫʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʨʘʞʜʘʥʩʢʠʤ ʦʨʛʘʥʘʤ 

ʙʳʩʪʨʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʣʫʞ-

ʙʘʤʠ.  

ɸʢʮʝʥʪʫʘʮʠʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʦʧʳʪʝ, ʧʦʟʚʦ-

ʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʘʚʪʦʨʘʤ ʩʪʘʪʴʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʯʨʝʟʚʳʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʩʠʪʫʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʟʜʘʶʪʩʷ ʩ ʮʝʣʴʶ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʠʥʬʦʨ-

ʤʘʮʠʠ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʪʨʘ-

ʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳ-

ʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʈʦʩʩʠʷ, ɻʝʨʤʘʥʠʷ, ʉʐɸ, ʅʦʨʚʝ-

ʛʠʷ). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩʦʚʤʝʩʪʥʦ ʩ ʎʝʥʪʨʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ɺʦʝʥʥʦ-

ʠʥʞʝʥʝʨʥʳʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ɺʩʝʨʦʩʩʠʡʩʢʠʤ ʅʀʀ 

ɻʆʏʉ ʄʏʉ ʈʌ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʠʥ-

ʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ çʕʢʩʪʨʝʤʫʤè, ʢʦʪʦʨʘʷ ʧʦʟ-

ʚʦʣʷʝʪ ʢʦʤʧʣʝʢʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠ ʘʪʨʠʙʫʪʠʚʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʨʝʟʚʳʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʧʨʠʨʦʜ-

ʥʳʝ ʧʦʞʘʨʳ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʥʘʚʦʜʥʝʥʠʷ, ʪʝʭʥʦʛʝʥ-

ʥʳʝ ʢʘʪʘʩʪʨʦʬʳ). ʀʤʝʥʥʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠ-

ʩʪʝʤʘ çʕʢʩʪʨʝʤʫʤè ʧʨʝʜʣʘʛʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦ-

ʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʯʪʦ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʨʠʩʢʠ ʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʧʦʟʚʦʣʷʶ-

ʱʠʭ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʦʧʘʩ-

ʥʳʭ ʬʘʢʪʦʨʦʚ, ʬʦʨʤʠʨʫʷ ʜʦʣʛʦʩʨʦʯʥʳʝ, ʩʨʝʜʥʝ-

ʩʨʦʯʥʳʝ, ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʚʦʟʤʦʞʥʳʭ 

ʯʨʝʟʚʳʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʊʘʢ, ʚ ʧʣʘʥʦʚʦʤ ʧʦʨʷʜʢʝ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʢʦʤʧʘʥʠʷ çʊʨʘʥʟʘʩè ʦʙʫʯʘʝʪ 

ʢʦʤʘʥʜʥʳʡ ʩʦʩʪʘʚ ʄʏʉ (ʧʝʨʩʦʥʘʣ, ʣʠʯʥʳʡ ʩʦʩʪʘʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʣʫʞʙ) ʚ ʤʦʜʝʣʠʨʫʝʤʳʭ ʘʚʘ-

ʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ (ʥʝʬʪʷʥʳʝ ʨʘʟʣʠʚʳ, ʘʚʘʨʠʠ ʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ, ʦʧʝʨʘʮʠʠ ʧʦʠʩʢʘ, 

ʩʧʘʩʝʥʠʷ ʧʨʠ ʤʦʨʩʢʠʭ, ʘʚʠʘʮʠʦʥʥʳʭ ʢʘʪʘʩʪʨʦʬʘʭ). 

ʅʘ ʦʩʥʦʚʝ ʙʣʦʢʘ ɸʍʆɺ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʌʎ ɺʅʀʀ 

ɻʆ ʏʉ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʥʠʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʠʩʧʘʨʝʥʠʷ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʝʨʝʛʦʤ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʚʘ ʥʝʬʪʠ, ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʘ 

ʥʘ ʘʢʚʘʪʦʨʠʷʭ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴ 

ʫʛʨʦʟʳ ʪʦʢʩʠʯʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʚ ʚʦʟʜʫʭʝ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʨʘʟʣʠʚʘ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʆʧʨʝʜʝʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʘʢʪʫʘ-

ʣʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪ-

ʩʣʝʞʠʚʘʶʪ ʚʩʝ ʠʟʤʝʥʝʥʠʷ (ʙʘʟʳ ʜʘʥʥʳʭ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-

ʥʠʡ ʧʨʠ ʯʨʝʟʚʳʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙ-

ʨʘʞʝʥʠʝ ʨʘʟʚʝʨʥʫʪʳʭ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʄʏʉ). ɺ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʱʝʩʪʚʝ ʠʤʝʥʥʦ ʠʥʬʦʩʬʝʨʘ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʢʩʠʤʘʣʴʥʦ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʨʝʩʫʨʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
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ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʡ.  

ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʢʘʢ ʩʯʠʪʘʶʪ ʘʚʪʦʨʳ ʩʪʘ-

ʪʴʠ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘ-

ʣʠʟʤʘ ʠ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʨʫʢʦʚʦʜʠʪʝʣʷ, ʢʦʪʦ-

ʨʳʡ ʥʘʮʝʣʝʥ ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʘ ʪʘʢʞʝ ʥʘ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʙʳʩʪʨʦ ʨʝʬʣʝʢʩʠʨʦʚʘʪʴ, 

ʦʙʲʝʢʪʠʚʥʦ ʦʪʨʘʞʘʷ ʠʟʤʝʥʷʶʱʫʶʩʷ ʦʙʩʪʘʥʦʚʢʫ 

ʧʨʠ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʯʨʝʟʚʳʡʥʳʭ ʩʠʪʫʘʮʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡ-

ʥʳʭ ʩʠʪʫʘʮʠʡ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʳʝ 

ʬʫʥʢʮʠʠ ʠ çé ʚ ʭʦʜʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤè [7, ʩ.4] ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʘʣʠ-

ʟʘʮʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ, ʠʥʠʮʠʠʨʫʷ ʘʜʘʧʪʠʚ-

ʥʳʝ ʬʦʨʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʧʦʜʜʝʨʞʢʝ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʪʫʰʝʥʠʝ ʧʦʞʘʨʦʚ, ʜʝʟʘʢ-

ʪʠʚʘʮʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʭʠʤʠ-

ʯʝʩʢʦʤ ʠ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʟʘʨʘʞʝʥʠʠ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩ-

ʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [9] ʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘ-

ʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʥʥʳʭ ʦʮʝʥʦʢ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʶ 

ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʨʠʩʢʘʤʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦ-

ʛʠʠ ʠ ʩʧʝʮʠʬʠʢʘ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʠʩʢʘʤʠ ʚ ʫʩʣʦʚʠʷʭ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʚ ʠʪʦʛʝ, ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ 

çé ʪʝʥʜʝʥʮʠʶ ʢ ʪʦʪʘʣʴʥʦʤʫ ʦʭʚʘʪʫ ʚʩʝʧʨʦʥʠʢʘʶ-

ʱʠʤʠ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʭ ʩʬʝʨ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʞʠʟʥʝʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝ-

ʥʠʠ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʝʣʦʚʝʢʘ ʩʘʤʦʡ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʩʨʝʜʳè [8, ʩ. 23]. 
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Abstract 

The paper proposes a calculation method of determining the volume of repairs in a Central repair shop for 

agricultural regions of the Republic of Kazakhstan on submitted calculations and the graphical part. 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʨʝ-

ʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʨʝʛʠʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʩʯʝʪʳ, ʠ ʦʧʠʩʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʡ ʯʘʩʪʠ.  

 

Keywords: workshop; repair; labor intensity; machine; unit. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʩʪʝʨʩʢʘʷ; ʨʝʤʦʥʪ; ʪʨʫʜʦʝʤʢʦʩʪʴ; ʤʘʰʠʥʘ; ʘʛʨʝʛʘʪ. 

 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʦʜʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʝʤʦʥʪʦʚ ʠ ʩʣʦʞʥʳʭ ʚʠʜʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʤʘʰʠʥ ʭʦʟʷʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʜʳ 

ʨʝʤʦʥʪʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʵʪʠʭ ʤʘʰʠʥ ʠʣʠ ʠʭ ʦʩʥʦʚʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʉʨʝʜʥʝʛʦ-

ʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʤʦʥʪʦʚ ʧʦ ʠʭ ʚʠʜʘʤ ʠ ʩʣʦʞʥʳʭ ʚʠʜʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘʚʪʦʤʦʙʠʣʝʡ ʠ 

ʢʦʤʙʘʡʥʦʚ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ:  
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ʛʜʝ ʈʢi , ʈʪi , ʈʪʦʟi - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʢʘʧʠʪʘʣʴʥʳʭ, ʪʝʢʫʱʠʭ ʨʝʤʦʥʪʦʚ ʠ ʊʆ ˉ3 ʜʣʷ ʪʨʘʢʪʦ-

ʨʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠ ʜʘʥʥʦʡ ʤʘʨʢʠ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʢʫʱʠʭ ʨʝʤʦʥʪʦʚ ʠ ʊʆ ˉ 2 ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ; ɺi - ʧʣʘʥʦ-

ʚʘʷ ʛʦʜʦʚʘʷ ʟʘʛʨʫʟʢʘ ʤʘʰʠʥʳ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠ ʜʘʥʥʦʡ ʤʘʨʢʠ, ʢʛ, ʫʩʣ. ʛʘ ʠ ʜʨ.; Ni - ʢʦʣʠʯʝʩʪʚʦ ʤʘʰʠʥ ʜʘʥ-

ʥʦʛʦ ʚʠʜʘ ʠ ʜʘʥʥʦʡ ʤʘʨʢʠ ʚ ʭʦʟʷʡʩʪʚʝ, ʰʪ; ʄʢi, ʄʪi, ʄʪʦʟi - ʥʘʨʘʙʦʪʢʘ ʤʘʰʠʥ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠ ʜʘʥʥʦʡ ʤʘʨʢʠ 

ʤʝʞʜʫ ʢʘʧʠʪʘʣʴʥʳʤʠ, ʪʝʢʫʱʠʤʠ ʨʝʤʦʥʪʘʤʠ ʠ ʊʆ ˉ 3, ʯ. [1,2].  

ʊʘʙʣʠʮʘ 1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʛʦʜʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ (ʪʨʘʢʪʦʨʳ) 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʠ ʤʘʨʢʘ ʤʘʰʠʥʳ 
ʂ-ʚʦ ʰʪ. 

ɻʦʜʦʚʘʷ ʥʘʨʘʙʦʪʢʘ, 

ʯ.  

ʊʨʫʜʦʝʤʢʦʩʪʴ ʨʝʤʦʥʪʦʚ ʠ  

ʊʆ ʥʘ ʩʪʦʨʦʥʝ, ʯ.ʯ. 

ʢʘʧʠʪʘʣʴʥʳʝ ʪʝʢʫʱʠʝ ʊʆ 

ʂ ï 700 ɸ 7 4383,1 560 255 43,2 

ʂ-701 (ʂ-701ʄ) - - - - - 

ʊï150 (ʊ-153) 6 3043,9 465 - - 

ʊ-150ʂ (ʊ-151ʂ) - - - - - 

ʊ ï 4ɸ 4 2120,0 177 - - 

ʊ ï 130 ʄ - - - - - 

ɼʊ ï 75 6 1950,0 105 - - 

ɼʊ ï 75 ʄ - 1760,0 - - - 

ʊ ï 70 ʉ - - - - - 

ʊ ï 54 ɺ - - - - - 

ʄʊɿ ï 80/82 23 1560,0 - - - 

ʖʄɿ - 6ʃ/6ʄ 4 7500 - - - 

ʊ ï 40 ʄ 2 4800 - - - 

ʊ-25ɸ1 (ʊ-25ɸ) - 1300 - - - 

ʊï30 (ʊï30 ɸ) 6 1370 - - - 

 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʚʳʧʦʣ-

ʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: 

- ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʪʨʘʢʪʦʨʦʚ (ʢʨʦʤʝ ʵʥʝʨ-

ʛʦʥʘʩʳʱʝʥʥʳʭ); - ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʪʨʘʢʪʦʨʦʚ 

(ʢʨʦʤʝ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ); - ʊʆ-3 ʪʨʘʢʪʦʨʦʚ 

(ʢʨʦʤʝ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ); - ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʠ 

ʊʆ-2 ʘʚʪʦʤʦʙʠʣʝʡ; - ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʢʦʤʙʘʡʥʦʚ; - 

ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ; 

ʂʨʦʤʝ ʪʦʛʦ ʚʳʧʦʣʥʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʠʜʳ ʨʘʙʦʪ: 

- ʧʨʦʬʠʣʘʢʪʠʢʘ ʩʪʘʥʦʯʥʦʛʦ ʠ ʧʨʦʯʝʛʦ ʨʝʤʦʥʪ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ ʨʝʤʦʥʪʥʳʭ ʤʘ-

ʩʪʝʨʩʢʠʭ ʠ ʧʨʦʬʠʣʘʢʪʠʢʘ ʘʚʪʦʛʘʨʘʞʘ; - ʨʝʤʦʥʪ ʘʛ-

ʨʝʛʘʪʦʚ ʦʙʤʝʥʥʦʛʦ ʬʦʥʜʘ; - ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʝʩʣʦʞ-

ʥʳʭ ʜʝʪʘʣʝʡ; - ʨʝʤʦʥʪ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ; - ʤʝʣʢʠʡ ʨʝʤʦʥʪ ʨʝʞʫ-

ʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ; - ʧʨʦʯʠʝ ʨʘ-

ʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʪʝʭʥʠʢʠ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪ ʤʘʩʪʝʨʩʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʢʘʣʝʥ-

ʜʘʨʥʳʡ ʛʦʜ ʠ ʚʢʣʶʯʘʶʪ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʠʞʝ ʩʦ-
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ʩʪʘʚʥʳʝ ʯʘʩʪʠ., ʨʘʩʯʝʪʳ ʧʨʠʚʝʜʝʤ ʥʘ ʧʨʠʤʝʨʝ ʪʨʘʢ-

ʪʦʨʘ ɼʊ-75, ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʝʭʥʠʢʠ ʚ ʜʘʥʥʦʡ ʩʪʘ-

ʪʴʝ ʪʦʣʴʢʦ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʦʚ [3,4]. 

1. ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʘ ʠ ʊʆ 

ʪʝʭʥʠʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʷʚʣʝʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ 

ʨʝʤʦʥʪʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʝʤʦʥʪʘ 

ʤʘʰʠʥ ʠ ʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʭʦʟʷʡʩʪʚʘ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʚʠʜʘ ʨʝʤʦʥʪʘ ʠ ʊʆ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠ ʤʘʨʢʠ 

ʤʘʰʠʥʳ ʦʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 ʊʄ cʫʤ i = ʈi Ŀ(Ti -×ʊɸɻ i), (4) 

ʛʜʝ ʊʄ cʫʤ i - ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʜʘʥ-

ʥʦʛʦ ʚʠʜʘ ʨʝʤʦʥʪʘ ʠʣʠ ʊʆ ʤʘʰʠʥʳ, ʯʝʣ.-ʯ.; ʈi - ʧʨʦ-

ʛʨʘʤʤʘ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʝʤʦʥʪʘ ʠʣʠ ʊʆ ʤʘʰʠʥ, ʰʪ.  

Ti - ʪʨʫʜʦʝʤʢʦʩʪʴ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʝʤʦʥʪʘ ʠʣʠ 

ʊʆ ʦʜʥʦʡ ʤʘʰʠʥʳ, ʯʝʣ.-ʯ.  

×ʊɸɻ i - ʩʫʤʤʘʨʥʳʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʘʛ-

ʨʝʛʘʪʦʚ, ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ, ʧʨʦʚʦʜʠʤʳʝ ʥʝ ʚ ʎʈʄ ʭʦ-

ʟʷʡʩʪʚʘ, ʯʝʣ.-ʯ., ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ.  

ɼʣʷ ʪʨʘʢʪʦʨʘ ɼʊ-75: ʊʄ cʫʤ ʂʈ= 1 Ŀ (369-105) = 

264 ʯʝʣ.-ʯ.; 

ʊʄ cʫʤ ʊʈ= 3Ŀ (270-0) = 810 ʯʝʣ.-ʯ.; ʊʄ cʫʤ ʊʆ-3= 4Ŀ 

(21,4-0) = 85,6.-ʯ. 

2. ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʪʝʢʫʱʝʛʦ ʨʝ-

ʤʦʥʪʘ ʠ ʊʆ-2 ʘʚʪʦʤʦʙʠʣʝʡ. ʕʪʠ ʪʨʫʜʦʟʘʪʨʘʪʳ ʧʨʠ-

ʥʠʤʘʶʪʩʷ ʫʩʣʦʚʥʦ ʧʦ ʬʦʨʤʫʣʘʤ: 

ʘ) ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʪʝʢʫʱʠʭ ʨʝ-

ʤʦʥʪʦʚ (ʊɸʊ cʫʤ i , ʯʝʣ.-ʯ.) 

 ʊɸʊ cʫʤ i = 
1000

AiATiiA NTB ÖÖ
,  (5) 

 ʛʜʝ ɺɸi - ʧʣʘʥʠʨʫʝʤʳʡ ʛʦʜʦʚʦʡ ʧʨʦʙʝʛ ʘʚʪʦʤʦ-

ʙʠʣʷ ʜʘʥʥʦʡ ʤʘʨʢʠ, ʢʤ; 

 ʊɸʊi - ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʪʝʢʫʱʝʛʦ 

ʨʝʤʦʥʪʘ, ʦʪʥʝʩʝʥʥʳʝ ʢ 1000 ʢʤ  

ʧʨʦʙʝʛʘ, ʯʝʣ.-ʯ.;NAi  - ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ 

ʜʘʥʥʦʡ ʤʘʨʢʠ ʚ ʭʦʟʷʡʩʪʚʝ; 

ʙ) ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʊʆ-2 ʘʚʪʦʤʦʙʠ-

ʣʝʡ (ʊɸʆ cʫʤ i , ʯʝʣ.-ʯ.) 

 ʊɸʆ cʫʤ i= 
1000

AiɸʆiiA NTB ÖÖ
,  (6) 

ʛʜʝ ʊɸʆi - ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʊʆ-2 ʘʚ-

ʪʦʤʦʙʠʣʝʡ ʜʘʥʥʦʡ ʤʘʨʢʠ, ʦʪʥʝʩʝʥʥʳʝ ʢ 1000 ʢʤ 

ʧʨʦʙʝʛʘ, ʯʝʣ.-ʯ.  

ʈʘʩʯʝʪ ʪʨʫʜʦʟʘʪʨʘʪ ʧʦ ʦʩʪʘʣʴʥʳʤ ʚʠʜʘʤ ʨʝ-

ʤʦʥʪʘ ʠʣʠ ʊʆ ʠ ʤʘʨʢʘʤ ʤʘʰʠʥ ʚʝʜʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. 

3. ʉʫʤʤʘʨʥʳʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʪʝʭ-

ʥʠʢʠ (ʊʉʋʄ, ʯʝʣ.-ʯ.) ʦʧʨʝʜʝʣʷʶʪʩʷ 

 ʢʘʢ ʩʫʤʤʘ ʪʨʫʜʦʟʘʪʨʘʪ ʧʦ ʚʩʝʤ ʤʘʨʢʘʤ ʤʘʰʠʥ 

ʠ ʚʠʜʘʤ ʨʝʤʦʥʪʘ ʠ ʊʆ [3,4]. 

ʊʉʋʄ =9298,5+3050,6+2155+5348,3=19852,4 ʯʝʣ.-ʯ. 

4. ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʘ ʘʛʨʝ-

ʛʘʪʦʚ ʠ ʫʟʣʦʚ ʦʙʤʝʥʥʦʛʦ ʬʦʥʜʘ (ʊʆʌ, ʯʝʣ.-ʯ.) 

ʫʩʣʦʚʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ 

ʩʫʤʤʘʨʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʪʝʭʥʠʢʠ. ɼʣʷ 

ʜʘʥʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʧʨʠʥʠʤʘʝʪʩʷ ʉʆʌ=1,5% 

8.297
100

5,14.19852
=

Ö
=ʆʌʊ  ʯʝʣ.-ʯ. 

5. ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ (ʊɾ, 

ʯʝʣ.-ʯ.) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʊɾ= 
100

ɾʉʋʄʉʊ Ö
,   (7) 

ʛʜʝ ʉɾ ï ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫ-

ʞʠʚʘʥʠʝ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʬʝʨʤ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʩʫʤʤʘʨʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʨʝ-

ʤʦʥʪ ʪʝʭʥʠʢʠ. ʇʨʠʥʠʤʘʝʪʩʷ ʉɾ = 6%. 

6. ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʯʠʭ (ʥʝ-

ʫʯʪʝʥʥʳʭ) ʨʘʙʦʪ, ʪʘʢʠʭ, ʢʘʢ ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʧʨʦ-

ʩʪʦʠ ʤʘʰʠʥ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ (ʘʚʘʨʠʠ, ʧʦ-

ʣʦʤʢʠ, ʥʝʜʦʧʫʩʪʠʤʳʡ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ ʠʟʥʦʩ ʜʝ-

ʪʘʣʝʡ ʠ ʪ.ʜ.), ʨʘʟʦʚʳʝ ʟʘʢʘʟʳ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʭʦʟʷʡʩʪʚʘ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ʊʇ = 
100

ʇʉʋʄʉʊ Ö
,   (8) 

ʛʜʝ ʊʇ - ʪʨʫʜʦʟʘʪʨʘʪʳ ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʧʦʣʥʝ-

ʥʠʝʤ ʧʨʦʯʠʭ ʨʘʙʦʪ, ʯʝʣ.-ʯ.; 

ʉʇ - ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʯʠʭ ʨʘ-

ʙʦʪ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʩʫʤʤʘʨʥʳʭ 

 ʪʨʫʜʦʟʘʪʨʘʪ. ʇʨʠʥʠʤʘʝʪʩʷ ʉʇ =10%. 

7. ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ (ʊʜ, 

ʯʝʣ.-ʯ.) ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʊʜ = 
100

ɼʉʋʄʉʊ Ö
,   (9) 

ʛʜʝ ʉɼ - ʦʙʲʝʤ ʨʘʙʦʪ ʤʘʩʪʝʨʩʢʦʡ ʧʦ ʠʟʛʦʪʦʚʣʝ-

ʥʠʶ ʜʝʪʘʣʝʡ ʚ ʧʨʦʮʝʥʪʘʭ  

ʦʪ ʩʫʤʤʘʨʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ. ʇʨʠʥʠʤʘʝʪʩʷ ʉʜ = 

5%. 

8. ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʝʤʦʥʪʘ ʠ 

ʦʩʤʦʪʨʘ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʠ ʧʨʦʯʝʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʤʘʩʪʝʨʩʢʦʡ (ʊʆɹ, ʯʝʣ.-ʯ.) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

ʊʆɹ = 
100

ʆɹʉʋʄ ʉʊ Ö
,  (10) 

ʛʜʝ ʉʆɹ - ʦʙʲʝʤ ʨʘʙʦʪ ʚ ʤʘʩʪʝʨʩʢʦʡ ʥʘ ʧʨʦʚʝʜʝ-

ʥʠʝ ʨʝʤʦʥʪʘ ʠ ʦʩʤʦʪʨʘ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʠ 

ʧʨʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʩʫʤʤʘʨʥʳʭ 

ʪʨʫʜʦʟʘʪʨʘʪ. ʇʨʠʥʠʤʘʝʪʩʷ ʉʆɹ = 8%.  

9. ʊʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʥ-

ʩʪʨʫʤʝʥʪʘ (ʊʀ, ʯʝʣ.-ʯ.) ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʊʀ = 
100

ʀʉʋʄ ʉʊ Ö
,  (11) 

ʛʜʝ ʉʀ ï ʦʙʲʝʤ ʨʘʙʦʪ ʚ ʤʘʩʪʝʨʩʢʦʡ ʥʘ ʨʝʤʦʥʪ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʩʫʤʤʘʨ-

ʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ. ʇʨʠʥʠʤʘʝʪʩʷ ʉʀ = 3%.  

10. ɻʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʭʦʟʷʡʩʪʚʘ (ʊʆɹʑ, 

ʯʝʣ.-ʯ.) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʚʩʝʭ ʪʨʫʜʦʟʘʪʨʘʪ ʚ 

ʤʘʩʪʝʨʩʢʦʡ: 

ʊʆɹʑ = ʊʉʋʄ + ʊʆʌ + ʊɾ + ʊʇ + ʊɼ + ʊʆɹ + ʊʀ. (12) 

ʊʆɹʑ = 

19852,4+297,8+1191,1+992,6+1588,2+595,6+1985,2

=26503,0 ʯʝʣ.-ʯ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪ ʧʦ ʫʯʘʩʪʢʘʤ ʨʝʤʦʥʪ-

ʥʦʡ ʤʘʩʪʝʨʩʢʦʡ. ʆʙʲʝʤ ʨʘʙʦʪ (t÷, ʯʝʣ.-ʯ.), ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʨʝʤʦʥʪʦʤ ʠʣʠ ʊʆ ʜʘʥʥʦʡ ʤʘʰʠʥʳ, ʥʘ ʢʘʞʜʦʤ 

ʫʯʘʩʪʢʝ ʤʘʩʪʝʨʩʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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t÷ =
100

ji CTÖ
,   (13) 

ʛʜʝ Ti - ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪ ʠʣʠ ʊʆ ʜʘʥ-

ʥʦʛʦ ʚʠʜʘ ʪʝʭʥʠʢʠ, ʯʝʣ.-ʯ.; 

ʉj - ʦʙʲʝʤ ʨʘʙʦʪ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʤʘʩʪʝʨʩʢʦʡ 

ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʠʭ  

ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʠʣʠ ʊʆ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʪʝʭʥʠʢʠ. 

 ʇʨʠʚʝʜʝʤ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʨʘ-

ʙʦʪ ʜʣʷ ʪʨʘʢʪʦʨʘ ɼʊ-75:  

 - ʥʘ ʩʪʘʥʦʯʥʦʤ ʫʯʘʩʪʢʝ; - ʥʘ ʢʫʟʥʝʯʥʦʤ 

ʫʯʘʩʪʢʝ; 

tʢʨ = 264 Ŀ 0,19 = 50ʯʝʣ-ʯ; tʢʨ = 264Ŀ0,04 = 11ʯʝʣ-ʯ; 

tʪʨ = 810 Ŀ 0,17=138ʯʝʣ-ʯ tʪʨ = 810 Ŀ 0,03 = 24ʯʝʣ-ʯ; 

tʪʦ = 85,6 Ŀ 0,05 = 4ʯʝʣ-ʯ. tʪʦ = 0 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʧʦ ʚʩʝʤ ʜʨʫʛʠʤ ʤʘʨʢʘʤ 

ʤʘʰʠʥ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ ʤʘʩʪʝʨʩʢʦʡ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʥʜʘ ʚʨʝʤʝʥʠ ʤʘʩʪʝʨʩʢʦʡ. 

ʌʦʥʜ ʚʨʝʤʝʥʠ ʤʘʩʪʝʨʩʢʦʡ ʜʣʷ ʪʝʢʫʱʝʛʦ ʛʦʜʘ ʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ʌʄ = [(dk ï dʚ ï dʧʨ)Ŀ t ï t1 Ŀdʧʧ]Ŀn,  (14) 

 ʛʜʝ ʌʄ ï ʬʦʥʜ ʚʨʝʤʝʥʠ ʤʘʩʪʝʨʩʢʦʡ ʥʘ ʧʣʘʥʠ-

ʨʫʝʤʳʡ ʧʝʨʠʦʜ, ʯ.; dk ï ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʝʥʜʘʨʥʳʭ 

ʜʥʝʡ ʚ ʧʣʘʥʠʨʫʝʤʦʤ ʧʝʨʠʦʜʝ; dʚ ï ʢʦʣʠʯʝʩʪʚʦ ʚʳ-

ʭʦʜʥʳʭ ʜʥʝʡ ʟʘ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ; dʧʨ ï ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʘʟʜʥʠʯʥʳʭ ʜʥʝʡ; t ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʯʝʡ 

ʩʤʝʥʳ, ʯ. ɼʣʷ ʚʩʝʭ ʮʝʭʦʚ ʠ ʫʯʘʩʪʢʦʚ t = 8 ʯ.; t1 ï ʩʦ-

ʢʨʘʱʝʥʠʝ ʨʘʙʦʯʝʡ ʩʤʝʥʳ ʚ ʧʨʝʜʧʨʘʟʜʥʠʯʥʳʝ ʜʥʠ, 

ʯ. t1 =1 ʯ. dʧʧ ï ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʧʨʘʟʜʥʠʯʥʳʭ ʜʥʝʡ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʩʤʝʥ ʚ ʩʫʪʢʠ [5,6].  

ɺ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʤʘʩʪʝʨʩʢʦʡ ʨʘʙʦʪʘ ʚʝʜʝʪʩʷ 

ʚ ʦʜʥʫ ʩʤʝʥʫ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʚ ʩʨʝʜ-

ʥʝʤ. ʌʄ = [(31 ï 8 ï 5)Ŀ 8 ï 1 Ŀ0]Ŀ1=144 ʯ. 

ʈʘʩʯʝʪʳ ʧʦ ʦʩʪʘʣʴʥʳʤ ʤʝʩʷʮʘʤ ʚʳʧʦʣʥʝʥʳ 

ʘʥʘʣʦʛʠʯʥʦ ʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2. 

ʊʘʙʣʠʮʘ 2. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʥʜʘ ʚʨʝʤʝʥʠ ʤʘʩʪʝʨʩʢʦʡ 

ʄʝʩʷʮ 
ɺʝʣʠʯʠʥʘ 

dk dʚ dʧʨ dʧʧ ʌʄ, ʯ. 

ʗʥʚʘʨʴ 
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ʉʦʩʪʘʚʣʝʥʠʝ ʧʣʘʥʘ ʨʘʙʦʪʳ ʨʝʤʦʥʪʥʦʡ ʤʘ-

ʩʪʝʨʩʢʦʡ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʘ ʨʘʙʦʪʳ ʨʝʤʦʥʪ-

ʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʥʘʤʝʯʘʶʪʩʷ ʩʨʦʢʠ ʧʦʩʪʘʥʦʚʢʠ ʤʘ-

ʰʠʥ ʚ ʨʝʤʦʥʪ ʠ ʚʳʭʦʜʘ ʠʭ ʠʟ ʨʝʤʦʥʪʘ ʩ ʫʯʝʪʦʤ ʠʭ 

ʟʘʥʷʪʦʩʪʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʨʘʟʜʝʣʷ-

ʶʪʩʷ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʙʲʝʢʪʘʤ ʩ ʩʦʟʜʘʥʠʝʤ 

ʥʝʩʢʦʣʴʢʠʭ ʛʨʫʧʧ ʨʘʙʦʯʠʭ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʨʝʤʦʥʪ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʳ ʤʘʰʠʥ. ʂʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ 

ʤʘʩʪʝʨʩʢʦʡ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʟʘ ʚʝʩʴ ʧʝ-

ʨʠʦʜ ʧʣʘʥʠʨʦʚʘʥʠʷ (ʢʘʣʝʥʜʘʨʥʳʡ ʛʦʜ) ʢʘʢ ʚ ʤʘ-

ʩʪʝʨʩʢʦʡ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʝʝ ʫʯʘʩʪʢʘʤ. 

ʇʣʘʥ ʨʘʙʦʪʳ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʟʘʛʨʫʟʢʠ ʤʘʩʪʝʨʩʢʦʡ ʠ ʝʝ 

ʦʩʥʦʚʥʳʭ ʫʯʘʩʪʢʦʚ. ɼʣʷ ʫʚʷʟʳʚʘʥʠʷ ʩʨʦʢʦʚ ʧʦʩʪʘ-

ʥʦʚʢʠ ʤʘʰʠʥ ʥʘ ʨʝʤʦʥʪ ʩʦ ʩʨʦʢʘʤʠ ʟʘʥʷʪʦʩʪʠ ʤʘ-

ʰʠʥ ʥʘ ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ ʩʥʘʯʘʣʘ ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʢ 

ʟʘʥʷʪʦʩʪʠ ʤʘʰʠʥ. ɻʨʘʬʠʢ ʟʘʥʷʪʦʩʪʠ ʤʘʰʠʥ ʩʪʨʦ-

ʠʪʩʷ ʥʠʞʝ ʛʨʘʬʠʢʘ ʟʘʛʨʫʟʢʠ ʤʘʩʪʝʨʩʢʦʡ. ʇʨʠ ʧʦ-

ʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʘ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʨʘʢʪʦʨʳ ʨʘʙʦ-

ʪʘʶʪ ʢʨʫʛʣʳʡ ʛʦʜ, ʥʦ ʟʘʥʷʪʦʩʪʴ ʠʭ ʧʦ ʤʝʩʷʮʘʤ ʨʘʟ-

ʣʠʯʥʘ. ɺ ʛʨʘʬʠʢʝ ʤʘʰʠʥʦʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʥʷʪʦʩʪʴ 

ʪʨʘʢʪʦʨʘ ʧʦʢʘʟʳʚʘʝʪʩʷ ʜʠʘʛʨʘʤʤʦʡ, ʚ ʢʦʪʦʨʦʡ ʦʪʨʘ-

ʞʝʥʘ ʝʛʦ ʟʘʛʨʫʟʢʘ ʧʦ ʤʝʩʷʮʘʤ ʚ ʧʨʦʮʝʥʪʘʭ. ɿʘʥʷ-

ʪʦʩʪʴ ʦʩʪʘʣʴʥʳʭ ʤʘʰʠʥ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʛʨʘʬʠʢʝ 

ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ʜʣʠʥʘ, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʠʦʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʥʘ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪʘʭ. ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʟʘʥʷ-

ʪʦʩʪʠ ʤʘʰʠʥ ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʢ ʟʘʛʨʫʟʢʠ ʨʝʤʦʥʪʥʦʡ 

ʤʘʩʪʝʨʩʢʦʡ. 

ʆʙʱʝʝ ʷʚʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʚ ʤʘʩʪʝʨ-

ʩʢʦʡ (Nʗ, ʯʝʣ.) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 Nʗ =

ʄ

ʆɹʑ

ʌ

ʊ
   (15) 

Nʗ = 22,13
2002

26503
=  ʯʝʣ. 

 ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʚ ʤʘʩʰʪʘʙʝ 

ʬʦʥʜ ʚʨʝʤʝʥʠ ʤʘʩʪʝʨʩʢʦʡ ʧʦ ʤʝʩʷʮʘʤ ʟʘ ʚʝʩʴ ʢʘʣʝʥ-

ʜʘʨʥʳʡ ʛʦʜ, ʥʘʯʠʥʘʷ ʩ ʷʥʚʘʨʷ, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï 

ʷʚʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ. ʆʯʝʨʯʝʥʥʳʡ ʧʦ ʵʪʠʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʙʦʣʴʰʦʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʦʙʱʠʡ ʛʦʜʦʚʦʡ ʦʙʲʝʤ ʪʨʫʜʦʟʘʪʨʘʪ ʎʈʄ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʧʦʣʫʯʝʥʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʚʧʠʩʳ-

ʚʘʶʪʩʷ ʚʩʝ ʨʘʙʦʪʳ ʧʦ ʨʝʤʦʥʪʫ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢ-

ʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʚʩʝ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʝʤʳʝ ʚ ʤʘʩʪʝʨ-

ʩʢʦʡ, ʜʝʣʷʪʩʷ ʥʘ ʨʷʜ ʦʜʥʦʪʠʧʥʳʭ, ʩʦʟʜʘʚʘʷ ʥʝ-

ʩʢʦʣʴʢʦ ʛʨʫʧʧ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʙʦʯʠʭ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʨʘʙʦʪʳ.  

ʕʪʦ ʙʫʜʫʪ: - ʛʨʫʧʧʘ ʨʘʙʦʯʠʭ, ʚʳʧʦʣʥʷʶʱʠʭ 

ʂʈ, ʊʈ, ʊʆ-3 ʢʦʤʙʘʡʥʦʚ ʠ ʪʨʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʨʝ-

ʤʦʥʪ ʘʛʨʝʛʘʪʦʚ ʦʙʤʝʥʥʦʛʦ ʬʦʥʜʘ; 




