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ɸʅʅʆʊɸʎʀʗ 

ɼʣʷ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʡ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʪʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʚʷʟʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢ-

ʪʦʨʦʚ ʩ ʫʨʦʞʘʝʤ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʜʘʥʥʳʝ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʷʯʤʝʥʷ (Hordeum vulgare L.) ʩʦʨʪʦʚ 

ɸʙʘʚʘ ʠ ʕʢʦʣʦʛ ʥʘ ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʘʭ ʂʠʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʨʘʡʦʥʘʭ, ʟʘ 2008-2019 ʛʛ. ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʠ-

ʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʪʨʝʥʜʘ ʠʟʤʝʥʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʠ ʥʝ ʤʦ-

ʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʘ. ʆʜʠʥ ʠ ʪʦʪ ʞʝ ʩʦʨʪ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʧʦ-

ʨʘʟʥʦʤʫ (ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʩʠʣʝ) ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʦʜʥʦʡ 

ʠ ʪʦʡ ʞʝ ʤʝʩʪʥʦʩʪʠ ʨʘʟʥʳʝ ʩʦʨʪʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʫʣʴʪʫʨʳ ʤʦʛʫʪ ʩʦʚʝʨʰʝʥʥʦ ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ABSTRACT  

To predict changes in the production process of plants depending on weather conditions in a particular cli-

matic zone, a quantitative description of the relationship of the most significant factors with crop productivity is 

necessary. In the proposed article, data on barley (Hordeum vulgare L.) yields of cv. Abava and Ecologist in four 

different agro-climatic areas of the Kirov region for 2008-2019 processed using the multiple regression method. 

It was found that the linear approximation of the change trend of the studied parameters is not satisfactory and 

cannot be used for the forecast. The same variety in different areas of the same region can react differently (in 

direction and strength) to changes in weather conditions. On the other hand, in the same area, different varieties 

of the same crop can react in completely different ways to changes in weather conditions. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʩʝʟʦʥ, ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ, ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʨʝ-

ʛʨʝʩʩʠʷ, ʦʩʘʜʢʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, ʩʦʨʪʦʠʩʧʳʪʳʪʝʣʴʥʘʷ ʩʪʘʥʮʠʷ. 

Keywords: air temperature, growing season, linear trends, multiple regression, precipitation, productivity, 

varietal testing station. 

 

Introduction  

One of the major tasks facing agricultural meteor-

ology is prediction of changes in production process of 

plants depending on weather conditions in a specific 

climatic zone. The choice of the most essential factors, 

the quantitative description of their link with productiv-

ity will make the analysis of the processes taking place 

in an agrophytocenosis, successful and practically sig-

nificant. However there is no now uniform approach to 

carrying out similar analytical works. So, some authors 

use data, average for the whole country, or for its cer-

tain areas (Pavlova, 2009; Kharlamova, Silantyeva, 

2011), generalizing productivity data on separate plant 

species or even to their specific groups - fodder, grain, 

or vegetable. Other authors, whose approach seems to 

us more logical and reasonable, consider change of eco-

nomic and valuable traits of specific plant varieties for 

the long period of observations. So, in article (Seferova 

et al., 2011), changes of values of economic traits of 

soybean cv. Komsomolka in 36 years of observations 

in the conditions of Krasnodar Territory at the Kuban 

experimental station of VIR are investigated. Group of 

authors from the All-Russian institute of plant industry 

(Novikova et al., 2012) made long-term observations of 

several cultivars of oats and spring wheat in four zones 

with contrast climatic conditions. At the same time au-

thors, suggesting to use statistical methods of correla-

tion and regression analyses, point to a possibility of 

distortion of their results in connection with the existing 

agrotechnical trends. Thus, the aim of our work  is to 

pay attention to influence of the choice of a specific cul-

tivar of agricultural crop to the received results of the 

regression analysis and conclusions which can be made 

of them. 

Material and methods 

Spring barley is one of the main grain crops culti-

vated in the Kirov region; one of largest Russian breed-

ing center on grain crops is located here (Shchennikova 

et al., 2011). Data are used on productivity of two bar-

ley (Hordeum vulgare L.) cultivars Abava and Ecol-

ogist on four State varietal testing stations of the Kirov 

region (Zuyevka, Slobodskoj, Sovetsk, and Yaransk) 
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located in different agro-climatic areas for 2008-2019. 

Trends in dynamics of weather parameters and indica-

tors of barley productivity were calculated with use of 

the tabular Excel 2010 Microsoft Office calculator, the 

equations of multiple regression were calculated in the 

StatSoft Statistica 10 software. 

Results and discussion 

As an example of the received graphs, data on 

productivity of the studied barley cultivars on Sovetsk 

and Yaransk State varietal testing stations are provided 

on the figure. 

In the figure linear trends of productivity and the 

equation of these trends for each of cultivar are shown 

also. From this graphs it is possible to make two im-

portant methodical conclusions.  

  
a) Soviet State varietal testing station  b) Yaransk State varietal testing station 

Figure. Dynamics of productivity of barley cultivars on Sovetsk and Yaransk State varietal testing stations of the 

Kirov region for 2008-2019 

 

First, it is visible that linear trends can not match 

in the direction in different districts of the area: when 

plants of spring barley in the conditions of the Sovietsk 

reduce productivity rather sharply, then in the condi-

tions of Yaransk the same two cultivars show gradual 

increase in productivity. On Slobodskoj State varietal 

testing station the trend of decrease in productivity of 

spring barley is also traced, but here on Zuyevka station 

only cv. Abava shows decrease. In other words, de-

pending on what cultivar and on what State varietal 

testing station we will take in the analysis, one can see 

both increase in productivity in connection with climate 

change, and its decrease, or lack of that influence. This 

observation will not be coordinated with conclusions 

(Novikova et al., 2012) that at synchronously observed 

crops and cultivars the similar reaction to change of 

weather conditions is shown. Respectively, the data re-

ceived by us allow to doubt correctness of total consid-

eration of separate crops or groups of crops for assess-

ment of the impact of climate change on plants produc-

tivity. 

Secondly, the given equations of a linear trend of 

change of productivity have rather low coefficients of 

determination - at best they explain about 36% of vari-

ation of a final indicator. Let's notice here, as for such 

indicators as air temperature on months of growing sea-

son and the amount of precipitation, linear trends of 

change during 2008-2019 on all four State varietal test-

ing stations had low coefficients of determination (to 

40%). In other words, dynamics of change of air tem-

perature and a rainfall is far from linear approximation. 

To find out the nature of link between temperature 

of a growing season, the amount of precipitations and 

productivity of plants of spring barley, it is need to use 

method of multiple regression and to analyze the re-

ceived equations (tables 1 and 2). 

Table 1 

Coefficients at members of the equation of multiple regression of productivity on the air temperature and an 

amount of precipitation for barley cv. Abava on State varietal testing stations of the Kirov region, 2008-2019 

Month 
State varietal testing station 

Zuyevka Slobodskoj Sovetsk Yaransk 

Air temperature 

May 29.792 1.350 9.448 5.552 

June 13.444 0.128 1.166 1.562 

July -46.310 0.471 5.318 -0.563 

August -44.092 -5.167 -38.105 -6.005 

September -97.458 0.668 -16.533 -0.197 

Precipitation 

May -6.601 0.753 1.737 -0.554 

June -0.286 0.399 0.259 0.196 

July 3.048 0.194 -0.862 0.186 

August 2.074 -0.041 -0.003 0.250 

September 1.175 0.145 0.273 -0.029 
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Provided data show that in general air temperature 

has much greater influence on the result, than precipi-

tation. At the same time both weather parameters some-

times have opposite impact on productivity of different 

cultivars. So, on Slobodskoj State varietal testing sta-

tion the increase of air temperature in June and July is 

led to increase in productivity of cv. Abava and, on the 

contrary, reduces productivity of cv. Ecologist. 

Table 2. 

Coefficients at members of the equation of multiple regression of productivity on the air temperature and an 

amount of precipitation for barley cv. Ecologist on State varietal testing stations of the Kirov region, 2008-2019 

Month 
State varietal testing station 

Zuyevka Slobodskoj Sovetsk Yaransk 

Air  temperature 

May 25.286 1.253 -3.098 2.392 

June 11.381 -3.639 -10.676 3.346 

July -36.428 -0.573 -2.432 -2.862 

August -36.358 -2.466 4.327 -0.917 

September -80.075 5.458 5.267 -1.303 

Precipitation 

May -5.301 0.576 -1.174 -0.500 

June -0.252 0.271 -0.601 0.198 

July 2.537 -0.076 0.166 0.098 

August 1.619 -0.010 0.270 0.073 

September 0.938 0.381 0.076 0.048 

 

Air temperatures for all the time of vegetation on 

Sovetsk varietal testing station have opposite effect on 

the studied cultivars. Weather conditions of Zuyevka 

varietal testing station are closest on the nature of influ-

ence on productivity of both cultivars of spring barley, 

and on Yaransk varietal testing station force of influ-

ence of these parameters on plants of each of barley cul-

tivars differs considerably. 

Conclusion 

Thus, the carried-out analysis of influence of 

weather conditions on productivity of spring barley in 

2008-2019 showed that, first, air temperature had 

stronger impact on plants, than precipitation. Secondly, 

linear approximation of a trend of change of the studied 

parameters is not satisfactory and cannot be used for the 

forecast. Thirdly, the same cultivar on different varietal 

testing stations can differently (in the direction and 

force) reacts to change of weather conditions of grow-

ing season. Fourthly, in the same area the different cul-

tivars of the same crop can react to change of weather 

conditions absolutely differently. 
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ɸʅʅʆʊɸʎʀʗ 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ ʨʘʟʚʠʪʠʶ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʫʨʦʞʘʷ ʧʷʪʠ ʩʦʨʪʦʚ ʷʯʤʝʥʷ (Hordeum vulgare 

L.), ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʜʘʥʥʳʝ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʠ ʢʦʣʠʯʝʩʪʚʫ ʦʩʘʜʢʦʚ ʟʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ 

ʷʯʤʝʥʷ (ʤʘʡ ï ʘʚʛʫʩʪ 2002-2019 ʛʛ.) ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠ 

ʫʚʣʘʞʥʝʥʥʦʩʪʴ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 18 ʣʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨ-

ʤʠʥʘʮʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,08. ʊʦ ʝʩʪʴ, ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʥʝ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʫʩʣʦʚʠʷʭ ʂʠʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʤʝʩʷʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ, ʦʩʦʙʝʥʥʦ ʚ ʠʶʥʝ ʠ ʘʚʛʫʩʪʝ, ʩʥʠʞʘʣʦ ʨʘʟʚʠʪʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

(68% ʥʘʙʣʶʜʝʥʠʡ). ʇʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʥʘʧʨʦʪʠʚ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ ʵʣʝʤʝʥʪʦʚ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʠ (ʚ 62% ʥʘʙʣʶʜʝʥʠʡ). ʆʩʦʙʝʥʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʥʘ ʨʘʩʪʝʥʠʷʭ ʦʪʨʘʞʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʦʣʠʯʝ-

ʩʪʚʘ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʶʱʠʭ ʚ ʠʶʥʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʡ ʙʳʣʠ ʟʥʘʯʠʤʳʤʠ ʥʘ ʫʨʦʚʥʝ ʨ < 0.05 ʚʩʝʛʦ 

ʚ ʜʚʫʭ ʧʘʨʘʭ ʧʨʠʟʥʘʢʦʚ: ʯʠʩʣʦ ʢʦʣʦʩʢʦʚ ʚ ʢʦʣʦʩʝ ï ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚ ʤʘʝ (r = 0.587); ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʠʶʥʝ (r = -0.600). 

ABSTRACT 

Based on data on the development of yield structure's elements of five cultivars of barley (Hordeum vulgare 

L.), as well as average monthly data on air temperature and precipitation for the period of barley vegetation (May 

- August 2002-2019), it was revealed that with linear approximation, the temperature regime and humidification 

of the growing period over the past 18 years have not changed. The determination coefficients do not exceed 0.08. 

That is, linear approximation cannot characterize the ongoing processes of climate change in the conditions of the 

Kirov region. The increase in the average monthly air temperature, especially in June and August, reduced the 

development of most elements of the yield structure (68% of observations). The increase in precipitation, on the 

contrary, contributed to the development of productivity elements (in 62% of observations). Especially favorable 

on plants is the increase in the amount of precipitation in June. Correlation coefficients were significant at p < 0.05 

in just two pairs of traits: the number of spikelets per ear - the amount of precipitation in May (r = 0.587); plant 

height - air temperature in June (r = -0.600). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʨʪ, ʦʩʘʜʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʨʨʝʣʷʮʠʠ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʂʠʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ. 

Keywords: cultivar, precipitation, air temperature, correlations, regression analysis, Kirov region. 

 

Introduction  

To understand the processes leading to the for-

mation of yield of agricultural crops, it is necessary to 

know the most significant factors of growing season, 

their relationship to the processes of growth and devel-

opment of plants. To date, various approaches to con-

ducting such studies have been used. Individual authors 

use averaged data for the whole country or for its spe-

cific regions [1, 2], summarizing yield data for individ-

ual plant species or even their groups (fodder, grain, or 

vegetable). At the same time, suggesting the use of sta-

tistical methods of correlation-regression analyses, 

many authors often indicate the possibility of distortion 

of their results in connection with existing agricultural 

trends [3]. Other authors [4] take into account the 

change in economic and valuable features of specific 

plant cultivars over a long period of observation. How-

ever, even here averaging occurs at the species level, 

without taking into account the possible influence of in-

traspecific groupings. Therefore, the purpose of our 

study was a statistical analysis of the relationship of 

weather conditions of growing season with the param-

eters of growth and development of spring barley 

plants, which is one of the main grain crops of the Kirov 

region [5, 6]. 

Materials and methods 

The work used data on the development of yield 

structureôs elements of barley (Hordeum vulgare L.) 

cultivars Novichok, Ecolog and Dina - double-row (nu-

tans type); Tandem and Lel - multi-row barley (pal-

lidum type) obtained at the Federal Agricultural Re-

search Center of the North-East in 2002-2019, as well 

as monthly average data on air temperature and precip-

itation for the period of barley vegetation in the vicinity 

of Kirov (May - August 2002-2019). For August, data 

were analyzed only for the first decade of the month. 

Weather data are taken from official agro-meteorologi-

cal bulletins issued by the Kirov Regional Center for 

Hydrometeorology and Environmental Monitoring. 

Trends in weather-and-climate dynamics were 

calculated using the Microsoft Office Excel 2010 table 

calculator; multiple regression equations were calcu-

lated in StatSoft Statistica 10 software. 
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Results and discussion 

Figures 1 and 2 show graphs of the dynamics of 

the average-month air temperature and precipitation for 

2002-2019. Here are also the trend lines for each 

month, their equations and determination factors. 

From these data, it can be concluded that with lin-

ear approximation, most often used to analyze such 

phenomena, the temperature regime of vegetation, tak-

ing into account monthly averages over the past 18 

years, has not changed practically. The determination 

coefficients do not exceed 0.08. In other words, linear 

approximation cannot characterize the ongoing pro-

cesses of climate change in the conditions of the Kirov 

region. 

 
Figure 1. Dynamics of the average monthly air temperature of the growing season (0C),  

Kirov, 2002-2019 

 

 
Figure 2. Dynamics of the average monthly rainfall for the growing season (mm),  

Kirov, 2002-2019 

 

The same is true for the nature of the change in the 

amount of precipitation during the growing season. In 

general, the data reviewed indicate the weak adequacy 

of linear models of changes in weather conditions, at 

least for the environs of Kirov: there is no reason to ar-

gue that there is a natural warming or cooling of the 

growing season, its aridization or, conversely, moisten-

ing. 

In connection with the above, after that we consid-

ered the nature of the effect of the weather conditions 

of separate months of the growing season on the devel-

opment of crop-forming parameters of barley plants us-

ing multiple regression methods. 

First of all, let focus on the qualitative effects man-

ifested in the sign before the coefficient reflecting the 

contribution of each of the eight factors studied (tem-

perature and precipitation in four months) (Table). 
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Table. 

Partial regression coefficients of equations of dependence of development characteristic on weather conditions of 

vegetation (average for 5 barley cultivars, 2002-2019) 

Parameter 
Air temperature Amount of precipitation 

May  June July August May  June July August 

Duration of growing season -0.456 -1.676 -2.138 -0.160 -0.021 0.167 0.014 -0.052 

Plant height 1.015 -5.797 1.079 -2.576 0.550 0.299 0.021 -0.477 

Tilling capacity 0.127 -0.164 -0.002 -0.151 -0.007 -0.001 -0.003 -0.029 

Capacity for fruit-bearing shoots 0.063 -0.164 -0.017 -0.134 -0.003 0.003 -0.004 -0.032 

Ear length -1.485 0.020 -0.129 1.637 0.060 0.066 0.008 -0.027 

Number of spikelet 1.193 -0.655 0.281 -0.139 0.180 0.062 0.012 0.131 

Number of grain per ear 0.954 -0.823 0.035 -0.145 0.197 0.072 -0.000 0.125 

Grain mass per ear 0.048 -0.041 -0.009 -0.025 0.007 0.004 0.000 -0.005 

Grain mass per plant 0.149 -0.113 0.062 -0.071 0.022 0.008 -0.005 0.016 

1000-grain mass -0.070 -0.202 -0.329 -0.177 -0.013 0.040 0.011 -0.255 

Productivity  0.118 -0.363 -0.262 -0.294 0.072 0.057 0.015 -0.063 

 

As it can be seen, the same factor may have the 

opposite effect on different elements of the barley yield 

structure. However, the increase in air temperature in 

June and August negatively affects the development of 

all the studied elements of productivity, with the excep-

tion for the ear length. Conversely, precipitation in June 

contributes to their development. Further, an increase 

in the average monthly air temperature reduced the de-

velopment of most elements of the yield structure (68% 

of observations), especially in June and August. The in-

crease in precipitation, on the contrary, contributed to 

the development of productivity elements (in 62% of 

observations). Especially favorable for plants is the in-

crease in the amount of precipitation falling in June. 

Secondly, the effect of temperature is much higher 

than the number of precipitation. The part of the influ-

ence of the temperature factor on certain elements of 

the yield structure of barley plants exceeds the influ-

ence of precipitation sometimes by 2 degrees, more of-

ten by 3-5 times. One case can be distinguished from 

this general pattern: in June, precipitation has three 

times more influence on the formation of the ear length 

than air temperature. Of course, the mathematical rela-

tionship between some parameters should have a bio-

logical justification: for example, it did not make sense 

to look for the relationship of the trait "tilling capacity" 

with weather conditions after mid-June, when this trait 

had already formed and would not change further. 

Multiple regression equations allow to take into 

account the influence of one or more factors on the re-

sulting characteristic. However, particular coefficients 

of pair correlations are also of particular interest to re-

searchers and breeders to assess the interdependence of 

the two specific parameters. Conducting such an anal-

ysis showed a sufficiently low level of correlations be-

tween development of elements of the plants structure 

of spring barley and weather conditions of the growing 

season. In particular, the coefficients of pair correla-

tions in only two variants were statistically significant 

at p < 0.05: the number of spikelets per ear - the amount 

of precipitation in May (r = 0.587), the plant height - 

the air temperature in June (r = -0.600). 

Naturally, such a low level of significant correla-

tions could be explained by the fact that in this case a 

calculation was made for the average development pa-

rameters of five barley cultivars. In the case of individ-

ual cultivars, the number of significant correlations is 

much higher, but each cultivar has its own matrix of 

these relationships. 

Conclusion 

The conducted calculations show that the use of 

linear trends and averaged crop data would not ade-

quately reflect the current situation when analyzing the 

possible impacts of climate change on cereal productiv-

ity. 
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ɸʅʅʆʊɸʎʀʗ  

ɸʛʨʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʈʦʩʩʠʠ, ʢʘʢ ʠ ʚʦ ʚʩʸʤ ʤʠʨʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʞʠʟʥʝʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʭ ʩʨʝʜ ʚ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʩʚʝʞʠʤʠ ʦʚʦʱʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʪʦʤʘʪʳ, ʧʝʨʝʮ ʩʣʘʜʢʠʡ ʠ ʙʘʢʣʘʞʘʥʳ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ɸʩʪʨʘʭʘʥʩʢʦʡ, ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʝʡ ʠ ʨʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ ʥʘ ʧʝʨʠʦʜ ʧʦʩʪʫʧ-

ʣʝʥʠʷ ʦʚʦʱʝʡ, ʠʭ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʥʥʷʷ ʧʨʦʜʫʢʮʠʷ ʦʚʦʱʝʡ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ 

ʧʦʩʪʫʧʘʝʪ ʠʟ ʨʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ, ʟʘʪʝʤ ʠʟ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʙʦʣʝʝ ʧʦʟʜʥʷʷ ʧʨʦʜʫʢʮʠʷ ʠʟ ɺʦʣʛʦ-

ʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʢʫʩʦʚʳʤʠ ʢʘʯʝʩʪʚʘʤʠ ʦʪʣʠʯʘʣʠʩʴ ʧʣʦʜʳ ʪʦʤʘʪʦʚ, 

ʧʝʨʮʘ ʩʣʘʜʢʦʛʦ ʠ ʙʘʢʣʘʞʘʥʦʚ, ʚʳʨʘʱʝʥʥʳʝ ʚ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʉʘʭʘʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʠʥʜʝʢʩ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʡ ʠʭ ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ, ʩʦʩʪʘʚʠʣ 9,95 ʪʦʤʘʪʳ, 84,8 ʧʝʨʝʮ ʩʣʘʜʢʠʡ ʠ 20,7 ʙʘʢʣʘʞʘʥʳ, ʯʪʦ ʧʨʝʚʳ-

ʰʘʣʦ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʩʪʨʘʥʝ ʚ 1,4 ʨʘʟʘ ʪʦʤʘʪʳ, ʚ 1,1 ʨʘʟʘ ʧʝʨʝʮ ʩʣʘʜʢʠʡ ʠ ʚ 1,7 ʨʘʟʘ ʙʘʢʣʘʞʘʥʳ, ʠ 

ʧʨʝʚʳʰʘʣʦ ʚ 1,3-1,9 ʨʘʟʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʫʣʴʪʫʨʳ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʜʨʫʛʠʭ ʠʟʫʯʘʝʤʳʭ ʨʝʛʠʦʥʘʭ. ʇʦʩʪʫʧ-

ʣʝʥʠʝ ʧʣʦʜʦʚ ʪʦʤʘʪʦʚ, ʧʝʨʮʘ ʩʣʘʜʢʦʛʦ ʠ ʙʘʢʣʘʞʘʥʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʧʦʟ-

ʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʢʦʥʚʝʡʝʨ ʫʨʦʞʘʷ ʩʚʝʞʠʭ ʦʚʦʱʝʡ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʩʝʣʝʥʠʝ ʢʘʯʝ-

ʩʪʚʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ. 

ABSTRACT  

Agricultural production in Russia, as well as around the world, is one of the main life-support environments 

in the national economic complex, its condition and economic efficiency affect the level of uniform food supply 

of the population with fresh vegetables, such as tomatoes, bell peppers and eggplant. The purpose of the work was 

to study the influence of the climatic conditions of the Astrakhan, Volgograd regions and the Republic of Dagestan 

on the period of receipt of vegetables, their productivity and quality. It was established that the early production 

of vegetables of open ground comes from the Republic of Dagestan, then from the Astrakhan region and later 

products from the Volgograd region. It was revealed that the highest tastes were distinguished by the fruits of 

tomatoes, sweet pepper and eggplant grown in the Astrakhan region. The sugar-acid index characterizing their 

palatability was 9.95 tomatoes, 84.8 sweet peppers and 20.7 eggplants, which exceeds the national average 1.4 

times tomatoes, 1.1 times sweet peppers and 1 , 7 times eggplant, and exceeded 1.3-1.9 times depending on the 

culture grown in other studied regions. The receipt of the fruits of tomatoes, sweet pepper and eggplant grown in 

various climatic zones makes it possible to create a conveyor for harvesting fresh vegetables for a longer period 

and provide the population with high-quality food. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʪʦʤʘʪʳ, ʧʝʨʝʮ ʩʣʘʜʢʠʡ, ʙʘʢʣʘʞʘʥʳ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʨʝʩʧʫʙʣʠʢʘ ɼʘʛʝʩʪʘʥ, ʢʘʯʝʩʪʚʦ. 

Keywords: tomatoes, sweet peppers, eggplant, Astrakhan region, Volgograd region, Republic of Dagestan, 

quality. 
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ʆʚʦʱʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʞʠʟʥʝʥʥʳʝ ʩʠʣʳ, ʦʢʘ-

ʟʳʚʘʶʪ ʣʝʯʝʙʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 

[1]. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʟʜʦʨʦʚʦʝ ʧʠ-

ʪʘʥʠʝ ʚʦʟʚʝʜʝʥʦ ʚ ʨʘʥʛ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ. 

ʊʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʝ ʧʠʪʘʥʠʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʬʠʣʘʢʪʠʢʝ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, 

ʧʦʚʳʰʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʜʣʝʥʠʶ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ [2,1]. 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʥʦʨʤʘ ʧʦʪʨʝʙʣʝʥʠʷ ʦʚʦʱʝʡ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʦ ʨʝʢʦ-

ʤʝʥʜʘʮʠʠ ʄʠʥʟʜʨʘʚʘ ʈʌ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 100 ʜʦ 153 

ʢʛ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʤʘʪʦʚ 25-32 ʢʛ, ʧʝʨʮʘ ʩʣʘʜʢʦʛʦ 

1,0-3,0 ʢʛ, ʙʘʢʣʘʞʘʥ 2,0-4,0 ʢʛ. ʌʘʢʪʠʯʝʩʢʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʦʚʦʱʝʡ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʨʝʙʫʝʤʦʡ ʥʦʨʤʳ [3]. 

ɼʣʷ ʧʦʣʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠ ʙʝʟʚʨʝʜʥʦʡ ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʠʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʜʦʣʞʥʦ ʚʳʡʪʠ ʥʘ ʥʦʚʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʦʩʪʠʞʝʥʠʷʤ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʦʱʫʪʠʤʦ 

ʧʘʛʫʙʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡ ʠʟ-ʟʘ ʥʝʙʣʘʛʦʧʨʠʷʪ-

ʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [4]. 

ʅʘ ʧʦʣʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʚʳʩʦʢʦʛʦ ʫʨʦʞʘʷ ʙʦʣʴ-

ʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʫʣʴʪʫʨʳ [5]. ʆʙʰʠʨʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʨʘʩʪʝʥʠʡ ʩ ʫʩʣʦʚʠ-

ʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʩʪʝʥʠʷ ʚ 

ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʪ ʤʦʨʬʦ-

ʣʦʛʠʶ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʧʨʦʜʫʢʮʠʠ [6]. ɿʥʘʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚʳʨʘ-

ʱʠʚʘʥʠʷ ʦʚʦʱʝʡ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʘʛʨʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘ-

ʥʠʝ ʢʦʥʚʝʡʝʨʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʫʨʦʞʘʷ. ʂʦʥʝʯʥʦʡ 

ʮʝʣʴʶ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝ ʚʩʸ ʚʦʟ-

ʨʘʩʪʘʶʱʠʝ ʦʙʲʸʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʨʝʘʣʠʟʘʮʠʷ 

ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠ ʧʦ ʚʳʛʦʜʥʦʡ 

ʮʝʥʝ [7]. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʥʘʧʦʣʥʝʥʠʷ ʨʳʥʢʘ ʩʚʝʞʝʡ 

ʧʨʦʜʫʢʮʠʝʡ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʳʤ. 

ʏʝʣʦʚʝʢ ʧʦʩʪʦʷʥʥʦ ʥʫʞʜʘʝʪʩʷ ʚ ʚʳʩʦʢʦʚʠʪʘ-

ʤʠʥʥʳʭ, ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʭ ʦʚʦʱʘʭ.  

ʊʘʙʣʠʮʘ 1 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʦʚʦʱʝʡ 

ʂʫʣʴʪʫʨʘ  ʉʦʜʝʨʞʘʥʠʝ ʚ 100 ʛ ʩʲʝʜʦʙʥʦʡ ʯʘʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʢɼʞ 

ʊʦʤʘʪʳ (ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ) 79 

ʇʝʨʝʮ ʩʣʘʜʢʠʡ 105 

ɹʘʢʣʘʞʘʥʳ  100 

 

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 1 ʠʟʫʯʘʝʤʳʝ ʥʘʤʠ ʦʚʦʱʠ 

ʥʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ, 

ʦʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 79 ʜʦ 105 ʢɼʞ ʥʘ 100 ʛʨʘʤʤʦʚ 

ʩʲʝʜʦʙʥʦʡ ʯʘʩʪʠ ʧʨʦʜʫʢʪʘ [8].  

ʇʣʦʜʳ ʪʦʤʘʪʦʚ, ʧʝʨʮʘ ʩʣʘʜʢʦʛʦ ʠ ʙʘʢʣʘʞʘʥʦʚ 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʚʠʪʘʤʠʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʢʦʪʦ-

ʨʳʝ, ʧʦ ʤʥʝʥʠʶ ʨʷʜʘ ʘʚʪʦʨʦʚ, ʥʝʡʪʨʘʣʠʟʫʶʪ ʢʘʥʮʝ-

ʨʦʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ ʠ ʚʳʚʦʜʷʪ ʠʭ 

ʠʟ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ [9,10,11]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʨʘʥʥʝʡ ʩʚʝʞʝʡ ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ (ʚ ʯʘʩʪʥʦʩʪʠ ʨʝʩʧʫʙʣʠʢʘ ɼʘʛʝ-

ʩʪʘʥ), ɸʩʪʨʘʭʘʥʩʢʦʡ ʠ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʝʡ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʠʭ ʢʣʠʤʘʪʘ ʠ ʤʠʢʨʦʢʣʠʤʘʪʘ ʧʦʟʚʦ-

ʣʷʶʪ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʸʤʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʨʘʥʥʝʡ ʧʨʦ-

ʜʫʢʮʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ [6]. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʦʚʦʱʝʚʦʜʩʪʚʘ 

ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʣʦ ʥʘʫʯʥʦ-ʦʙʦʩʥʦ-

ʚʘʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʢʫʣʴʪʫʨ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʳʤ ʩʨʝʜʩʪʚʦʤ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ [12]. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ, ɸʩʪ-

ʨʘʭʘʥʩʢʦʡ ʠ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʝʡ ʥʘ ʚʳʭʦʜ ʠ ʢʘ-

ʯʝʩʪʚʦ ʫʨʦʞʘʷ ʪʦʤʘʪʦʚ, ʧʝʨʮʘ ʩʣʘʜʢʦʛʦ ʠ ʙʘʢʣʘʞʘ-

ʥʦʚ. ɺ ʟʘʜʘʯʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʭʦʜʠʣʦ ʠʟʫʯʠʪʴ ʧʝ-

ʨʠʦʜ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʥʥʝʛʦ ʫʨʦʞʘʷ, ʩʦʜʝʨʞʘʥʠʝ 

ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʣʦʜʘʭ ʠʟʫʯʘʝʤʳʭ 

ʢʫʣʴʪʫʨ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʶʛʘ 

ʈʦʩʩʠʠ. 

ɸʩʪʨʘʭʘʥʩʢʘʷ ʠ ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʠ ʨʘʩʧʦ-

ʣʦʞʝʥʳ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ɽʚʨʦʧʝʡʩʢʦʡ ʨʘʚʥʠʥʳ. ɿʘ-

ʥʠʤʘʶʪ ʚʩʶ ɺʦʣʛʦ-ɸʭʪʫʙʠʥʩʢʫʶ ʧʦʡʤʫ ʠ ʧʨʠʤʳ-

ʢʘʶʱʠʝ ʢ ʥʝʡ ʧʫʩʪʳʥʠ ʠ ʧʦʣʫʧʫʩʪʳʥʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʚ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘʥʠʤʘʶʪʩʷ ʦʚʦʱʝʚʦʜ-

ʩʪʚʦʤ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ɼʦʥʘ, ʥʦ ʦʩʥʦʚʥʘʷ ʟʦʥʘ 

ʦʚʦʱʝʚʦʜʩʪʚʘ ʥʘʭʦʜʠʪʩʷ ʚ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʥʠʟʤʝʥ-

ʥʦʩʪʠ.  

ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ʩʘʤʘʷ ʟʘʩʫʰʣʠʚʘʷ ʯʘʩʪʴ 

ʝʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟ-

ʜʫʭʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ +40Áʉ ʣʝʪʦʤ ʠ ʜʦ ʤʠʥʫʩ 40Áʉ 

ʟʠʤʦʡ. ɹʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 172-183 

ʜʥʷ. ɼʘʪʘ ʧʝʨʝʭʦʜʘ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʳʰʝ 10Áʉ ʧʦ ʤʥʦʛʦʣʝʪʥʠʤ ʜʘʥʥʳʤ ï 18.04 ʥʘ ʶʛʝ 

ʠ 22.04 ʥʘ ʩʝʚʝʨʝ ʦʙʣʘʩʪʠ. ɺʳʩʘʜʢʫ ʨʘʩʩʘʜʳ ʚ ʦʪ-

ʢʨʳʪʳʡ ʛʨʫʥʪ ʥʘʯʠʥʘʶʪ ʩ ʪʨʝʪʴʝʡ ʜʝʢʘʜʳ ʘʧʨʝʣʷ ʥʘ 

ʶʛʝ ʠ ʧʝʨʚʦʡ ʜʝʢʘʜʳ ʤʘʷ ʥʘ ʩʝʚʝʨʝ [13]. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʚ 

ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 145 ʜʥʝʡ ʩʝ-

ʚʝʨʥʳʝ ʨʘʡʦʥʳ ʦʙʣʘʩʪʠ ʜʦ 175 ʶʞʥʳʝ. ʇʦʩʣʝʜʥʠʝ 

ʟʘʤʦʨʦʟʢʠ ʚ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪʤʝʯʝʥʳ 

ʧʦʟʞʝ ʥʘ 2-3 ʜʥʷ ʥʘ ʶʛʝ ʠ ʥʘ 8-10 ʜʥʝʡ ʥʘ ʩʝʚʝʨʝ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʴʶ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠ ʚʳʩʘʜʢʘ ʨʘʩʩʘʜʳ ʥʘʯʠʥʘʝʪʩʷ ʧʦʟʜʥʝʝ [14]. 

ʂʣʠʤʘʪ ɼʘʛʝʩʪʘʥʘ ʚ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪʩʷ ʢʘʢ ʫʤʝʨʝʥʥʳʡ. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 9,7-16,8Áʉ (ʘʧʨʝʣʴ-ʤʘʡ) ʜʦ 21,2-

23,4Áʉ (ʠʶʥʴ-ʘʚʛʫʩʪ). ɼʘʪʘ ʧʝʨʝʭʦʜʘ ʩʨʝʜʥʝʩʫʪʦʯ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 10Áʉ ʚʝʩʥʦʡ ʦʪʤʝʯʝʥʘ 15-16 

ʘʧʨʝʣʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ 

ʩʦʩʪʘʚʣʷʝʪ 196-239 ʜʥʝʡ [15]. 

ʇʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʜʘʥʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ɼʘʛʝʩʪʘʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ɸʩʪʨʘʭʘʥʩʢʦʡ ʠ 

ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʷʤʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʨʘʥ-

ʥʝʡ ʚʝʩʥʦʡ. ɺʳʩʘʜʢʘ ʨʘʩʩʘʜʳ ʪʦʤʘʪʦʚ, ʧʝʨʮʘ ʩʣʘʜ-

ʢʦʛʦ, ʙʘʢʣʘʞʘʥ ʚ ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ ʥʘʯʠʥʘʝʪʩʷ ʥʘ 5-

10 ʜʥʝʡ ʨʘʥʴʰʝ. ɹʦʣʝʝ ʜʣʠʪʝʣʴʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴ-

ʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ 
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ʚʨʝʤʷ ʧʦʩʪʘʚʢʠ ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʢʠ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʚʳʨʘʱʠʚʘʥʠʝ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʫʣʴʪʫʨʳ ʧʦʟ-

ʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʢʦʥʚʝʡʝʨ ʧʦʩʪʫʧʣʝʥʠʷ ʫʨʦʞʘʷ ʦʚʦ-

ʱʝʡ. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʳʥʢʘ ʨʘʥʥʝʡ 

ʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʙʦʣʝʝ ʨʘʥʥʷʷ ʧʨʦ-

ʜʫʢʮʠʷ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʧʦʣʫʯʝʥʘ ʚ ʨʝʩʧʫʙʣʠʢʝ 

ɼʘʛʝʩʪʘʥ, ʟʘʪʝʤ ʩ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʠ ʙʦʣʝʝ 

ʧʦʟʜʥʷʷ ï ʩ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɿʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʢʘʯʝʩʪʚʫ ʨʘʥʥʝʡ 

ʧʨʦʜʫʢʮʠʠ, ʦʩʦʙʝʥʥʦ ʩʦʜʝʨʞʘʥʠʶ ʦʩʥʦʚʥʳʭ ʭʠʤʠ-

ʯʝʩʢʠʭ ʚʝʱʝʩʪʚ.  

ʊʘʢ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʩʢʦʨʙʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʙʳʣʦ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ɼʘ-

ʛʝʩʪʘʥʝ, ʠ ʩʦʩʪʘʚʠʣʦ 24,93 ʤʛ%, ʯʪʦ ʚ 2,1 ʨʘʟʘ ʚʳʰʝ 

ʩʨʝʜʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦ ʩʪʨʘʥʝ, ʤʝʥʝʝ ʚʩʝʛʦ ʥʘʢʦʧ-

ʣʝʥʠʝ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʪʤʝʯʝʥʦ ʚ ʧʣʦʜʘʭ ʪʦ-

ʤʘʪʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʦ ʚ 

1,1 ʨʘʟʘ ʧʨʝʚʳʰʘʣʦ ʩʨʝʜʥʝʝ ʧʦ ʩʪʨʘʥʝ.  

ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ 

ʧʣʦʜʦʚ ʠ ʝʛʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʤʝʝʪ ʘʢʢʫʤʫʣʷʮʠʷ ʚ 

ʥʠʭ ʥʠʪʨʘʪʦʚ. ʇʨʠ ʥʘʢʦʧʣʝʥʠʠ ʚʳʰʝ ʧʨʝʜʝʣʴʥʦ-ʜʦ-

ʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ (150 ʤʛ/ʢʛ ʩʳʨʦʛʦ ʚʝʱʝ-

ʩʪʚʘ) ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʪʦʤʘʪʦʚ, ʪʘʢʦʡ ʧʨʦʜʫʢʪ ʷʚ-

ʣʷʝʪʩʷ ʦʧʘʩʥʳʤ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʇʦ ʧʦʣʫ-

ʯʝʥʥʳʤ ʥʘʤʠ ʜʘʥʥʳʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʙʳʣʦ ʥʠʞʝ 

ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʣʦʜʘʭ ʪʦ-

ʤʘʪʦʚ ʠʟ ʨʝʩʧʫʙʣʠʢʠ ɼʘʛʝʩʪʘʥ ʚ 5,5 ʨʘʟʘ, ɸʩʪʨʘʭʘʥ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 6,2 ʨʘʟʘ ʠ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ï 

ʚ 4,4 ʨʘʟʘ. 

ʉʘʭʘʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʠʥʜʝʢʩ, ʧʦʢʘʟʘʪʝʣʴ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʠʡ ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʧʣʦʜʦʚ ʜʣʷ ʪʦʤʘʪʦʚ 

ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʥʠʞʝ 7 ʢʠʩʣʦʪʥʳʭ ʝʜʠʥʠʮ. ʋ ʚʩʝʭ 

ʧʣʦʜʦʚ ʪʦʤʘʪʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʝ-

ʛʠʦʥʘʭ, ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʙʳʣʠ ʚʳʩʦʢʠʤʠ. ʉʘ-

ʭʘʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʠʥʜʝʢʩ ʚʘʨʴʠʨʦʚʘʣ ʚ ʧʨʝʜʝʣʘʭ 7,6 

ʢ.ʝ. ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ʠ 9,95 ʢ.ʝ. ɸʩʪʨʘʭʘʥʩʢʘʷ 

ʦʙʣʘʩʪʴ. 

ʇʣʦʜʳ ʧʝʨʮʘ ʩʣʘʜʢʦʛʦ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʟʦʥʳ ʚʳ-

ʨʘʱʠʚʘʥʠʷ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʜʨʫʛʠʭ ʠʟʫʯʘʝʤʳʭ ʢʫʣʴ-

ʪʫʨ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩ-

ʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɽʛʦ ʧʣʦʜʳ ʚ 1,6-1,7 ʨʘʟʘ 

ʥʘʢʘʧʣʠʚʘʣʠ ʙʦʣʴʰʝ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʯʝʤ ʚ 

ʩʨʝʜʥʝʤ ʧʦ ʩʪʨʘʥʝ. ʉʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ ʚ ʧʣʦʜʘʭ 

ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 7,81% ʜʦ 8,48% ʩ ʥʠʟʢʦʡ ʢʠʩʣʦʪʥʦ-

ʩʪʴʶ0,1-0,18%. ʂʘʨʦʪʠʥ ʚ ʧʣʦʜʘʭ ʧʝʨʮʘ ʩʣʘʜʢʦʛʦ 

ʙʳʣ ʥʘ ʫʨʦʚʥʝ ʠʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʣ ʩʨʝʜ-

ʥʠʝ ʧʦ ʩʪʨʘʥʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʨʠ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠ-

ʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ 200 ʤʛ/ʢʛ ʩʳʨʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʠʭ ʙʳʣʦ ʚ 7,1-10,2 ʨʘʟʘ ʤʝʥʴʰʝ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ 

ʟʦʥʳ ʚʳʨʘʱʠʚʘʥʠʷ. 

ʇʣʦʜʳ ʙʘʢʣʘʞʘʥʦʚ ï ʵʪʦ ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʡ 

ʧʨʦʜʫʢʪ ʧʠʪʘʥʠʷ. ʚ 100 ʛʨʘʤʤʘʭ ʩʦʜʝʨʞʠʪʩʷ 28 ʢʠ-

ʣʦʢʘʣʦʨʠʡ. ɺ ʠʟʫʯʘʝʤʳʭ ʥʘʤʠ ʟʦʥʘʭ ʚʳʨʘʱʠʚʘʥʠʷ 

ʙʘʢʣʘʞʘʥʦʚ ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʨʘʪʦʚ ʚ ʧʣʦʜʘʭ ʙʳʣʦ 

ʤʝʥʴʰʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦ ʈʦʩʩʠʠ ʚ 1,5-1,9 ʨʘʟʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʘʢʢʫʤʫʣʠʨʦʚʘʣʦʩʴ ʚ 

ʧʣʦʜʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʚ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʥʘʠʤʝʥʴʰʝʝ ʚ ʨʝʩʧʫʙʣʠʢʝ ɼʘʛʝʩʪʘʥ ʚ 1,2-1,3 ʨʘʟʘ. 

ɺʢʫʩ ʙʘʢʣʘʞʘʥ ʦʧʨʝʜʝʣʷʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʣʦ-

ʜʘʭ ʩʦʣʘʥʠʥʘ ʄ. ʇʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʣʦʜʳ ʙʘʢʣʘʞʘʥʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʥʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʩʦʣʘʥʠʥʘ ʄ ʚʳʰʝ 10 

ʤʛ%. ʇʣʦʜʳ ʙʘʢʣʘʞʘʥ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʠʟʫʯʘʝʤʳʭ 

ʨʝʛʠʦʥʘʭ, ʥʘʢʘʧʣʠʚʘʣʠ ʩʦʣʘʥʠʥʘ ʄ ʦʪ 3,6 ʜʦ 5,8 

ʤʛ%, ʯʪʦ ʚ 1,9-2,8 ʨʘʟʘ ʥʠʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝ-

ʙʦʚʘʥʠʡ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʦʚʦʱʘʭ 

ʇʦʢʘʟʘʪʝʣʠ  ʉʨʝʜʥʝʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʧʦ ʩʪʨʘʥʝ 

ʈʝʛʠʦʥʳ ʚʳʨʘʱʠʚʘʥʠʷ 

ɼʘʛʝʩʪʘʥ  ɸʩʪʨʘʭʘʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

ɺʦʣʛʦʛʨʘʜʩʢʘʷ 

ʦʙʣʘʩʪʴ 

ʊʦʤʘʪʳ  

ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ, % 7,5 7,90 7,24 7,00 

ʉʫʤʤʘ ʩʘʭʘʨʦʚ, % 3,9 3,98 4,18 3,80 

ʂʠʩʣʦʪʥʦʩʪʴ, % 0,5 0,49 0,42 0,50 

ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʤʛ% 12,0 24,93 19,04 13,60 

ʅʠʪʨʘʪʳ, ʤʛ/ʢʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ 35,0 27,1 24,3 33,8 

ʉʘʭʘʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʠʥʜʝʢʩ 7,8 8,12 9,95 7,60 

ʇʝʨʝʮ ʩʣʘʜʢʠʡ 

ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ, % 11,4 12,06 11,17 10,8 

ʉʫʤʤʘ ʩʘʭʘʨʦʚ, % 7,4 8,44 8,48 7,86 

ʂʠʩʣʦʪʥʦʩʪʴ, % 0,10 0,15 0,10 0,18 

ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʤʛ% 102,0 171,3 169,0 161,4 

ʅʠʪʨʘʪʳ, ʤʛ/ʢʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ 26,0 19,6 20,0 28,3 

ʂʘʨʦʪʠʥ, % 14,0 14,1 14,7 13,6 

ʉʘʭʘʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʠʥʜʝʢʩ 74,0 56,2 84,4 43,7 

ɹʘʢʣʘʞʘʥʳ  

ʉʫʭʦʝ ʚʝʱʝʩʪʚʦ, % 6,96 6,98 7,13 6,66 

ʉʫʤʤʘ ʩʘʭʘʨʦʚ, % 2,07 2,56 2,69 2,48 

ʂʠʩʣʦʪʥʦʩʪʴ, % 2,81 4,01 3,13 2,96 

ɸʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʤʛ% 0,17 0,19 0,13 0,16 

ʅʠʪʨʘʪʳ, ʤʛ/ʢʛ ʩʳʨʦʛʦ ʚʝʱʝʩʪʚʘ 230,4 122,0 131,0 154,0 

ʉʦʣʘʥʠʥ, ʤʛ%  5,3 4,8 5,6 6,8 

ʉʘʭʘʨʥʦ-ʢʠʩʣʦʪʥʳʡ ʠʥʜʝʢʩ 12,1 13,5 20,7 15,5 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʦ ʧʣʦʜʦʚ ʪʦʤʘʪʦʚ, 

ʧʝʨʮʘ ʩʣʘʜʢʦʛʦ ʠ ʙʘʢʣʘʞʘʥʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʩ ʥʝʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʩʨʦʢʦʤ ʩʦʟʨʝʚʘʥʠʷ ï ʵʪʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʨʦʞʘʷ ʩ ʫʯʸʪʦʤ 

ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʨʘʩʭʦʜʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʠʩʪʝʤʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʢʦʥʚʝʡʝʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʛʦ ʫʨʦʞʘʷ ʩʚʝʞʠʭ ʦʚʦʱʝʡ ʙʦʣʝʝ ʜʣʠʪʝʣʴ-

ʥʳʡ ʧʝʨʠʦʜ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʩʝʣʝʥʠʝ ʥʠʟʢʦʢʘʣʦʨʠʡ-

ʥʳʤ, ʚʳʩʦʢʦʚʠʪʘʤʠʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʠʪʘʥʠʷ. 
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ABSTRACT 

Medical supplies - medical equipment has a number of distinctive characteristics, primarily related to its 

suitability for transportation, warehousing, loading and unloading, storage, etc., which affects the level of logistics 

costs. These differences are exacerbated by the presence of a pharmaceutical group, which requires even more 

attention at all stages of the promotion of medical equipment in the supply chain. 
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Introduction. The highest financial losses of the 

medical staff of the Ministry of Defense of Ukraine 

may be borne by the costs associated with the deterio-

ration of medical supplies, which may be the result of 

non-compliance with regulations on the preservation of 

certain groups of medical property. 

Related to this is the high percentage of the indi-

cator - losses from the aging of stocks of medical equip-

ment (expiration date) of pharmaceutical products [1-

3]. 

The purpose of the study is to determine and ana-

lyze the prevention of financial losses from non-com-

pliance with the term and rules of storage and develop-

ment of organizational and methodological measures 

for effective management of the quality system of the 

medical staff of the Ministry of Defense of Ukraine. 

Materiali ta metodi doslidjenni 

To achieve the goal of the study, an analysis of do-

mestic and foreign scientific sources and the current 

regulatory framework of Ukraine was conducted. Dur-

ing the research the methods of information search, sys-

tematization, comparison and generalization were used. 

Rezultat i doslidģennya ta obgovorenni 

In accordance with paragraph 7 of section I of the 

Procedure for quality control of medicines during 

wholesale and retail trade, approved by the order of the 

Ministry of Health of Ukraine from 29.09.2014 ˉ 677 

"Procedure for quality control of medicines during 

wholesale and retail trade", (hereinafter - Procedure), 

the business entity is obliged to create an effective qual-

ity system of medicines with an approved plan of urgent 

action, defining measures to ensure compliance with 

orders of the Ministry of Health of Ukraine and / or or-

ders of the central executive body implementing state 

policy in quality control and safety of medicines, in-

cluding medical immunobiological drugs, medical 

equipment and medical devices, and trafficking in nar-

cotic drugs, psychotropic substances and precursors, 

combating their illicit trafficking, in relation to the cir-

culation of medicines [4]. 

The activities of pharmaceutical companies to cre-

ate a quality management system are an integral part of 

the functioning of logistics, as their goals are consistent 

and affect all aspects of logistics management (finan-

cial, personnel and others) [5]. 

Therefore, the warehouse, as a structural unit of 

the pharmaceutical company, should be formed a holis-

tic and transparent management system, which includes 

activities to ensure product quality. Building a manage-

ment system according to ISO requirements meets the 

principles of GDP and, conversely, if the entire com-

pany already has a quality system in accordance with 

GDP requirements. 

The principle is that ISO does not set requirements 

for product quality, but for a management system that 

is designed to achieve a stable level of product quality 

and the enterprise as a whole. This system should be-

come the basis for building an integrated management 

system and should apply to all activities to ensure the 

quality of medical products. 

Factors of strategic development "quality" and 

"safety" can be regulated only when the priorities of 

quality are an incentive for the development of the en-

terprise at all levels of activity. To do this, the company 

selects and implements a quality management system - 

a quality management system, including in warehouses. 

Medical staff of the Ministry of Defense of Ukraine is 

no exception in this aspect. 

Problems of forming a quality management sys-

tem have become the subject of scientific research and 

discussions in the formation of a quality system in ac-

cordance with the requirements of GDP. 

Numerous researchers emphasize the urgency of 

this problem in their works. According to scientists 

(Panchenko MO, Brovkova OG, 2014) the quality man-

agement system is part of the overall management sys-

tem at the enterprise, which operates to ensure stable 

quality of products or services. The quality manage-

ment system (QMS) is a tool that allows you to predict, 

measure the impact of approved decisions and events in 

various areas of business on the quality of services. It 

is the indicators by which you can track the impact of 

events on the quality of services, mechanisms for their 

definition, the relationship between cause and effect, 

and are the objects of implementation in the establish-

ment of QMS in the enterprise. The standard defines 

https://orcid.org/0000-0002-4370-8813)
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general methods that should be used in the construction 

of such a quality system to ensure full satisfaction of 

consumer needs. The standard applies to the quality 

system, not to the final product or service. The imple-

mentation of the quality system should be determined 

by the tasks, products, processes and individual charac-

teristics of a particular organization [6]. 

Yu.B. Kabakov [7] outlines the sequence of the 

first steps in the development of QMS: 

1. Understand what QMS is, its place in the enter-

prise and the role of the first leader in it. (2nd principle); 

2. Create an organizational structure that will deal 

with this project (including its employees and consult-

ant), organize staff training (Principle 3); 

3. Develop the structure of processes, parameters 

that characterize their effectiveness and efficiency, the 

matrix of responsibility, the structure of QMS docu-

mentation, while analyzing problem areas in the enter-

prise and planning measures to eliminate them (4, 5, 7th 

principle). 

4. In parallel to determine the requirements of cus-

tomers and the level of their satisfaction, to develop the 

first version of the Policy, goals and plans of the enter-

prise. (1st principle). 

At the same time, it should always be remembered 

that QMS is not something done once and for all, but a 

system that itself is constantly improving and contrib-

utes to the continuous improvement of the whole enter-

prise (Principle 6) and take into account the interests of 

suppliers (Principle 8). 

The QMS of a pharmaceutical company is a man-

agement system that guides and controls the activities 

of the company related to the quality of medicines. The 

objects of management are the factors and conditions 

that affect the quality of medicines, as well as the pro-

cesses of forming the quality of medicines at different 

stages and stages of the logistics process. 

Thus, after analyzing the existing regulatory and 

information base, it is established that one of the im-

portant steps is to identify participants in the system. 

In the system of management of the supply of 

medical property in the Armed Forces of Ukraine there 

are institutions and units of medical supply. Therefore, 

the contingency plans should specify the procedure for 

obtaining information by authorized persons of these 

business entities on medicinal products that are prohib-

ited in Ukraine, unregistered medicinal products in 

Ukraine and the division of responsibilities and coordi-

nation of actions of authorized persons of medical sup-

ply facilities and units. providing information to the ter-

ritorial body of the central executive body, which im-

plements the state policy in the field of quality control 

and safety of medicines. 

Given Ukraine's course towards European integra-

tion in developing a pharmacy quality system, it is nec-

essary to analyze the Joint IFF / WHO good pharmacy 

practice and develop the above document based on the 

general provisions of this Guideline, taking into ac-

count national legislation in this area. (Order of the 

Ministry of Health of Ukraine dated 30.05.2013 ˉ 455) 

[8]. 

The quality system of Ministry of Defence 

Ukraine medical warehouses, which is based on good 

distribution practice, good storage practice and in-

cludes quality risk management, should be fully docu-

mented, approved and subject to periodic monitoring to 

confirm its effectiveness [9]. 

In the quality system should address the following 

General provisions: 

Å the personnel of the enterprise (the list of persons 

responsible for carrying out the input quality control of 

medicines, eligibility requirements, their rights, duties, 

responsibilities, accountability and procedures for 

monitoring the performance of their duties); 

Å the order of the input quality control of medi-

cines, in particular through its reflection in the plan for 

urgent action, defining measures that ensure the fulfill-

ment of orders of Ministry of Health of Ukraine and/ or 

orders of the State Medical Service; 

Å the order of dispensing of medicines; 

Å the conditions and characteristics of the storage 

and placement of medicines and medical devices de-

pending on external conditions (light, temperature, hu-

midity, etc.); groups of drugs and formulations; leave 

conditions; shelf life; location at the premises for stor-

age of drugs of different groups; 

Å the review of the quality system to confirm its 

effectiveness. 

The procedure for quality control of medicines 

during wholesale and retail trade is brought in line with 

the Licensing Conditions of Business Activities for the 

Production of Medicines, Wholesale and Retail Trade 

in Medicines, Import of Medicines (except for active 

pharmaceutical ingredients) [10]. 

An authorized person must be appointed by both 

the distributor and the pharmacy to meet the require-

ments of the above regulations. At the same time, their 

powers are virtually identical, except for the specific 

conditions of the activity. 

Authorized person - a specialist with a complete 

higher pharmaceutical education and work experience 

in the specialty of at least 2 years, who is responsible 

for effective management of the quality system of med-

icines in their wholesale trade, conducting incoming 

quality control of medicines. 

Some researchers develop job descriptions for the 

authorized person and point to the need for secondary 

specialization in Analytical and Control Pharmacy, but 

this contradicts the current regulations governing the 

activities of pharmaceutical workers, namely: the posi-

tion of "authorized person" is not approved, and the Or-

der "On changes to the order of the Ministry of Health 

of Ukraine from 07.12.98 N 346 èOrder 24.04.2008 N 

230 [11], specialization for the authorized person is not 

entered. Therefore, we have developed the Instruction 

on the performance of duties of the authorized person 

of the medical staff of the Ministry of Health of Ukraine 

to optimize the management of the quality system of 

medical supplies. 

According to Art. 23 of the Law of Ukraine "On 

Medicinal Products", low-quality medicines, including 

those whose expiration date has expired, are subject to 

disposal and destruction. Rules for disposal and de-

struction of drugs approved by the Order of the Minis-

try of Health from 24.04.2015 ˉ 242 "On approval of 

the Rules for disposal and destruction of drugs" [12]. 
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Medicines that are not subject to further use ac-

quire the status of ñwasteò and are transferred for dis-

posal or disposal to economic entities that have the ap-

propriate licenses to conduct business in the field of 

hazardous waste management directly or through sup-

pliers, if provided by the relevant contractual condi-

tions. 

In addition to these provisions, it is necessary to 

include clarifying requirements of the Order of the 

Ministry of Health of 29.09.2014 ˉ 677 [4]: 

Å medicines of dubious quality - medicines that are 

stored, transported and sold in violation of current 

norms and rules, have lost their marketability, do not 

meet the requirements of analytical normative docu-

ments / methods of quality control on visual indicators, 

for which there is information on non-compliance with 

other batches of this drug the fact of prohibition in other 

countries, medicines accompanied by improperly is-

sued quality certificates of a series of medicines, which 

revealed discrepancies in the accompanying documents 

and violations of the established conditions for the 

manufacture of medicines in pharmacies on prescrip-

tion, etc .; 

Å low-quality medicines - medicines whose quality 

does not meet the requirements of regulatory docu-

ments, medicines that have undergone mechanical, 

chemical, physical, biological or other effects that pre-

vent their further use, as well as expired medicines. 

Thus, the conducted research also allowed to de-

velop the Plan of urgent actions: Rules of utilization 

and destruction of medicines. It is planned to conduct 

further analysis of the organization and management of 

medical property to optimize the management of the 

quality system of medical property. 

Conclusions 

The analysis of prevention of financial losses from 

non-compliance with the term and rules of storage and 

previously obtained results of previous studies allowed, 

on the basis of current regulations, to develop organi-

zational and methodological measures for effective 

management of the quality system of medical staff of 

the Ministry of Defense of Ukraine. of the authorized 

person of the medical staff of the Ministry of Defense 

of Ukraine and the Plan of urgent actions: Rules of uti-

lization and destruction of medicines. 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ɺʩʝʣʝʥʥʦʡ. ɺ ʩʣʫʯʘʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʢ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʉʪʘʚʠʪʩʷ ʧʦʜ ʩʦʤʥʝʥʠʝ ʩʪʘʪʫʩ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʢʘʢ ʢʦʥʩʪʘʥʪʳ, ʘ ñʪʸʤʥʘʷ ʤʘʪʝʨʠʷò ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʚʦʡʩʪʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ABSTRACT 

The possibility and conditions of the occurrence of local inhomogeneities in the space of the Universe are 

considered. If confirmed, this means proving space as a physical structure. The status of the gravitational constant 

as a constant is called into question, and ñdark matterò is explained by the property of space. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ, ɺʩʝʣʝʥʥʘʷ, ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʪʸʤʥʘʷ ʤʘʪʝʨʠʷ, 
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Keywords: space properties, Universe, gravitational constant, dark matter, gravitational mass, neutron star, 

general theory of relativity. 

 

1 ɺʚʝʜʝʥʠʝ 

ʏʫʪʴ ʙʦʣʝʝ ʜʚʫʭʩʦʪ ʣʝʪ ʥʘʟʘʜ ʚ ʥʘʫʯʥʦʤ ʤʠʨʝ 

ʩʣʦʞʠʣʘʩʴ ʥʝʣʝʧʘʷ ʩʠʪʫʘʮʠʷ ʩ "ʪʝʧʣʦʨʦʜʦʤ", ʢʦʛʜʘ 

ʵʪʫ ʥʝʚʝʩʦʤʫʶ, ʥʝʚʠʜʠʤʫʶ ʞʠʜʢʦʩʪʴ, ʩʧʦʩʦʙʥʫʶ 

ʷʢʦʙʳ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʣʶʙʳʭ ʚʝ-

ʱʝʩʪʚʘʭ, ʫʯʸʥʳʝ ʪʝʤ ʥʝ ʤʝʥʝʝ ʧʨʠʟʥʘʣʠ ʨʝʘʣʴʥʦʡ, ʘ 

ʠʟʚʝʩʪʥʳʡ ʬʠʟʠʢ ɸ. ʃʘʚʫʘʟʴʝ ʜʘʞʝ ʧʦʩʪʘʚʠʣ ʝʸ ʧʦ 

ʚʘʞʥʦʩʪʠ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ ʩʚʦʸʤ "ʕʣʝʤʝʥʪʘʨʥʦʤ 

ʫʯʝʙʥʠʢʝ ʭʠʤʠʠ". ʆʥʘ ʙʳʣʘ ʧʨʠʜʫʤʘʥʘ ʫʯʸʥʳʤʠ 

ʠʟ-ʟʘ ʙʝʩʩʠʣʠʷ ʦʙʲʷʩʥʠʪʴ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʠʟʚʝʩʪʥʳʤʠ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʢʦʥʘʤʠ ʧʨʠ-

ʨʦʜʳ.  

ɽʸ ʜʦʣʛʦ ʧʳʪʘʣʠʩʴ ʦʙʥʘʨʫʞʠʪʴ, ʧʦʢʘ ʥʝ ʜʦʛʘ-

ʜʘʣʠʩʴ, ʯʪʦ ʪʘʢʦʡ ʞʠʜʢʦʩʪʠ ʥʝʪ, ʘ ʝʩʪʴ ʣʠʰʴ ʩʚʦʡ-

ʩʪʚʦ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʣʝʙʘʥʠʷ ʘʪʦʤʦʚ ʧʦʚʳʰʘʝʪ ʠʣʠ 

ʩʥʠʞʘʝʪ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ. ʉʝʡʯʘʩ ʵʪʦ ʜʘʚʥʝʝ ʟʘ-

ʙʣʫʞʜʝʥʠʝ ʚʳʛʣʷʜʠʪ ʩʤʝʰʥʳʤ, ʥʦ ʯʝʤ ʥʳʥʝʰʥʷʷ, 

ʩ ʧʦʯʪʠ ʪʘʢʠʤʠ ʞʝ ʬʘʥʪʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʨʠʟʨʘʯʥʘʷ "ʪʸʤʥʘʷ ʤʘʪʝʨʠʷ" ʨʝʘʣʴʥʝʝ ʤʠʬʠʯʝ-

ʩʢʦʛʦ "ʪʝʧʣʦʨʦʜʘ"? ʆ "ʪʝʧʣʦʨʦʜʝ" ʩʨʘʟʫ ʞʝ ʟʘʙʳʣʠ, 

ʢʦʛʜʘ ʛʣʫʙʞʝ ʫʟʥʘʣʠ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʪʝʣʘ. 

ʋʚʝʨʝʥ, ʯʪʦ ʪʘʢʘʷ ʞʝ ʩʫʜʴʙʘ ʞʜʸʪ ʠ "ʪʸʤʥʫʶ ʤʘʪʝ-

ʨʠʶ", ʢʦʛʜʘ ʙʫʜʫʪ ʧʦʣʫʯʰʝ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ.  

2 ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʅʘʢʦʧʣʝʥʥʳʝ ʩʣʫʯʘʠ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝ-

ʥʠʡ ʘʥʦʤʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚ ʢʦʩʤʦʣʦʛʠʠ ʚʨʦʜʝ ʚʳʩʦ-

ʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩʠʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ, ʥʝ 

ʩʦʨʘʟʤʝʨʥʦʛʦ ʥʘʙʣʶʜʘʝʤʦʤʫ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ, 

ʦʪʩʫʪʩʪʚʠʝ ñʨʘʟʣʸʪʘò ʛʘʣʘʢʪʠʢ ʩ ʥʝʙʦʣʴʰʠʤʠ ʤʘʩ-

ʩʘʤʠ ʠ ʜʨ., ʚʳʥʫʜʠʣʠ ʜʣʷ ʠʭ ʦʙʲʷʩʥʝʥʠʷ ʚʚʝʩʪʠ ʧʦ-

ʥʷʪʠʝ ñʪʸʤʥʦʡ ʤʘʪʝʨʠʠò [1].  

ʇʨʦʙʣʝʤʦʡ ʚʚʦʜʘ ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʷʚʠʣʦʩʴ ʪʦ, 

ʯʪʦ ʦʙʲʷʩʥʠʚ ʦʜʥʠ ʟʘʛʘʜʢʠ, ʦʥʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʩʪʘʣʦ ʥʠʯʫʪʴ ʥʝ ʤʝʥʴʰʝʡ ʧʨʦʙʣʝʤʦʡ. ʅʝʚʦʟʤʦʞ-

ʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʢʘʟʘʥ-

ʥʦʡ ʩʫʙʩʪʘʥʮʠʝʡ, ʧʦʣʥʘʷ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴ ʩ ʪʝʤ, 

ʢʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʥʘ ʦʙʣʘʜʘʝʪ ʠʣʠ ʜʦʣʞʥʘ ʦʙʣʘ-

ʜʘʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʞʝ ʛʠʧʦʪʝ-

ʪʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟ-

ʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʝʸ ʜʦʩʪʦʚʝʨʥʦʛʦ ʠ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʦʪ ʜʘʣʝʢʦ ʥʝ ʧʦʣ-

ʥʳʡ ʧʝʨʝʯʝʥʴ ʚʩʝʭ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʡ. 

ʅʘʧʨʠʤʝʨ, ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʢʦʥʝʮ 2018 ʛʦʜʘ (ʢʘʢ ʠ 

ʟʘ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʜʝʩʷʪʠʣʝʪʠʷ) ʥʠʢʘʢʠʭ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʝʸ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝ ʙʳʣʦ [2]. 

ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʤʥʝʥʠʝ, ʦ ʪʦʤ, ʯʪʦ 

ʵʪʘ ʩʫʙʩʪʘʥʮʠʷ ʚʦʦʙʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʗ ʨʘʟʜʝʣʷʶ 

ʵʪʫ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʠ ʩʯʠʪʘʶ, ʯʪʦ "ʪʸʤʥʘʷ ʤʘʪʝʨʠʷ" 

ʵʪʦ ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʦ ʠʟ ʩʚʦʡʩʪʚ ʠʟʤʝʥʸʥʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʠ ʧʦʩʪʘʨʘʶʩʴ ʦʙʦʩʥʦʚʘʪʴ ʥʠʞʝ.  

3 ʎʝʣʴ ʩʪʘʪʴʠ  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʣʦʢʘʣʴ-

ʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɺʩʝʣʝʥʥʦʡ. 

ɽʩʣʠ ʪʘʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʦ-

ʚʘʪʴ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

4 ʆ ʩʚʦʡʩʪʚʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʉʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝʠʟʚʝʩʪʥʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʭ, ʥʦ ʧʦʜʘʚʣʷʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʠʤʝʝʪ ʬʘ-

ʪʘʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ - ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʣʠ ʠʥʦʡ ʜʦʩʪʦʚʝʨʥʦʡ ʧʨʦ-

ʚʝʨʢʠ. ɽʜʠʥʩʪʚʝʥʥʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ - 

ʦʥʦ ʠʤʝʝʪ ʢʨʠʚʠʟʥʫ ʠ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʢʨʠʚʠʟʥʳ ʤʦ-

ʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʧʣʦʪʥʦ-

ʩʪʠ ʚʥʝʩʸʥʥʦʡ ʚ ʥʝʛʦ ʤʘʩʩʳ. ɼʨʫʛʠʭ ʪʦʯʥʳʭ ʟʥʘʥʠʡ 

ʦ ʥʸʤ ʥʝʪ, ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʤʳ ʥʝʜʘʣʝʢʦ ʫʰʣʠ ʦʪ 

ʧʦʥʠʤʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ɽʚʢʣʠʜʫ, ʢʘʢ ʯʝʛʦ-ʪʦ 
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ʧʦʣʥʦʩʪʴʶ ʥʝʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʥʝ ʠʤʝʶʱʝʛʦ ʥʠʢʘ-

ʢʠʭ ʩʚʦʡʩʪʚ, ʢʨʦʤʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ. 

ɺʦʟʤʦʞʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʚʠʜʝ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʷʚʠʣʦʩʴ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʠ ʤʥʦʛʠʤʠ ʠʥʪʫʠʪʠʚʥʦ ʦʪʪʦʨʛʘʝʪʩʷ, 

ʢʘʢ ʥʝʧʨʠʚʳʯʥʦʝ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʢʘ-

ʟʘʣʦʩʴ ʙʳ ʦʯʝʚʠʜʥʳʝ ʚʝʱʠ ʥʝ ʚʩʝʛʜʘ ʧʨʘʚʠʣʴʥʳʝ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʪʦʨʠʠ ʩ ʧʣʦʩʢʦʡ ɿʝʤ-

ʣʝʡ ʠʣʠ ʚʨʘʱʝʥʠʝʤ ʉʦʣʥʮʘ ʚʦʢʨʫʛ ʥʝʸ. ɽʩʣʠ ʢʨʠ-

ʚʠʟʥʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦʞʥʦ ʙʳʣʦ ʧʨʠʥʷʪʴ ʣʠʰʴ ʚ ʢʘ-

ʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʘʙʩʪʨʘʢʮʠʠ, ʪʦ ʦʙʥʘʨʫʞʝ-

ʥʠʝ ʚ 2016 ʛʦʜʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʧʦʢʘʟʘʣʦ [3], 

ʯʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʵʪʦʤ ʥʝ ʫʜʘ-

ʣʦʩʴ ʦʪʢʨʳʪʴ ʝʛʦ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ. 

ɽʱʸ ʦʜʥʠʤ ʘʨʛʫʤʝʥʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʝʪʩʷ ʥʝʢʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʪʨʫʢ-

ʪʫʨʦʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʟʘʚʝʨʰʠʚ-

ʰʝʡʩʷ ʚ 2011 ʛʦʜʫ ʧʨʦʛʨʘʤʤʳ "Gravity Probe B" [4]. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ, ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʠʩʢʨʠʚʣʝʥʠʝ 

ʧʨʠʣʝʛʘʶʱʝʛʦ ʢ ɿʝʤʣʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʦ ʠ ʵʬʬʝʢʪ 

ʝʛʦ ʟʘʢʨʫʯʠʚʘʥʠʷ. ʅʘʧʦʜʦʙʠʝ ʪʦʛʦ, ʢʘʢ ʚʨʘʱʘʶ-

ʱʠʡʩʷ ʰʘʨ, ʧʦʤʝʱʝʥʥʳʡ ʚ ʩʪʦʷʯʫʶ ʚʦʜʫ, ʥʘʯʠʥʘʝʪ 

ʝʸ ʨʘʩʢʨʫʯʠʚʘʪʴ. ʇʨʝʮʝʩʩʠʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʠʟʤʝ-

ʨʷʣʘʩʴ ʝʱʸ ʠ ʨʘʥʝʝ, ʚ 2004 ʛʦʜʫ, ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ 

ʜʘʣʴʥʦʤʝʪʨʠʠ ʧʦ ʦʪʨʘʞʝʥʠʷʤ ʦʪ ʩʧʫʪʥʠʢʦʚ, ʟʘʧʫ-

ʱʝʥʥʳʭ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ [5].  

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʳ, ʚʢʫʧʝ ʩ ʥʘʙʣʶʜʝ-

ʥʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʝʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʣʠʥʟʠʨʦʚʘʥʠʷ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʚ ʟʝʤʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʝʪ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ ɽʚ-

ʢʣʠʜʫ. ʆʜʥʘʢʦ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʵʪʦ ʥʝ ʜʦʩʪʘʚ-

ʣʷʝʪ ʥʠʢʘʢʠʭ ʥʝʫʜʦʙʩʪʚ, ʪʘʢ ʢʘʢ ʪʘʢʦʝ ʠʩʢʨʠʚʣʝʥʠʝ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʢʨʠʚʣʝʥʠʝ 

(ʜʝʬʦʨʤʘʮʠʷ) ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʙʦʣʝʝ ʧʣʦʪʥʳʭ ʠ 

ʤʘʩʩʠʚʥʳʭ ʪʝʣ, ʧʨʠʚʝʜʸʪ ʫʞʝ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦ-

ʩʣʝʜʩʪʚʠʷʤ.  

5 ʆ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ɺ ʩʚʷʟʠ ʩ ʥʦʚʳʤʠ ʚʟʛʣʷʜʘʤʠ ʥʘ ʩʫʪʴ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʩʪʦʠʪ ʥʝʤʥʦʛʦ ʢʦʩʥʫʪʴʩʷ ʩʣʝʜʫʶʱʝʛʦ ʚʦʧʨʦʩʘ. 

ɺ ʫʨʘʚʥʝʥʠʠ, ʦʧʠʩʳʚʘʶʱʠʤ ʟʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷ-

ʛʦʪʝʥʠʷ, ʢʨʦʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʘʩʩ ʠ ʢʚʘʜ-

ʨʘʪʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʚʭʦʜʠʪ ʪʘʢʞʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. ʆʥ ʧʨʠʟʥʘʥ ʬʫʥʜʘ-

ʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʪʘʢ ʢʘʢ 

ʚʳʧʦʣʥʷʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʢʦʩʤʦʣʦʛʠʠ, ʘʩʪʨʦʬʠ-

ʟʠʢʝ ʠ ʜʨ. ʇʦ ʫʩʪʦʷʚʰʝʤʫʩʷ ʤʥʝʥʠʶ, ʵʪʦʪ ʢʦʵʬʬʠ-

ʮʠʝʥʪ, ʦʙʦʟʥʘʯʘʝʤʳʡ ñGò, ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ, ʦ 

ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʠʩʚʦʝʥʥʦʝ ʝʤʫ ʥʘʟʚʘʥʠʝ - 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʬʠʟʠʯʝʩʢʫʶ ʩʫʪʴ ʫʨʘʚ-

ʥʝʥʠʷ ʟʘʢʦʥʘ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ. ʀʤʝʝʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʤʘʩʩʳ. 

ʇʦʯʝʤʫ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʩʢʦʤʦʡ ʩʠʣʳ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʪʝʣʘʤʠ ʤʳ ʦʙʷʟʘʪʝʣʴʥʦ 

ʜʦʣʞʥʳ ʚʳʯʠʩʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʤʥʦʞʠʪʴ ʥʘ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ? ʇʦʩʣʝʜʥʠʡ ʥʠʢʘʢ 

ʥʝ ʩʚʷʟʘʥ ʩ ʤʘʩʩʘʤʠ, ʥʝ ʩʚʷʟʘʥ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʟ ʢʦ-

ʪʦʨʳʭ ʪʝʣʘ ʠʟʛʦʪʦʚʣʝʥʳ, ʪʘʢʞʝ ʥʘ ʥʝʛʦ ʥʝ ʚʣʠʷʝʪ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. ʆʩʪʘʸʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʝ, ʩ 

ʯʝʤ ʦʥ ʩʚʷʟʘʥ ʠ ʫʯʠʪʳʚʘʝʪ ï ɻ ʪʦ ʩʚʦʡʩʪʚʦ (ʩʦʚʦʢʫʧ-

ʥʦʩʪʴ ʩʚʦʡʩʪʚ) ʩʘʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɿʘ ʧʨʦʰʝʜʰʝʝ ʚʨʝʤʷ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ ʫʜʘʯ-

ʥʦʛʦ ʦʧʳʪʘ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʙʨʠʪʘʥʩʢʠʤ ʬʠʟʠʢʦʤ 

ɻʝʥʨʠ ʂʘʚʝʥʜʠʰʝʤ ʚ 1798 ʛʦʜʫ [6], ʙʳʣʠ ʟʘʚʝʨ-

ʰʝʥʳ ʙʦʣʝʝ 200 ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʚʝʨʦʢ. ʊʝʭʥʠʯʝ-

ʩʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʦʧʳʪʦʚ, ʦʩʦʙʝʥʥʦ ʥʘʯʠʥʘʷ ʩ 

2000 ʛʦʜʘ, ʧʦʨʘʞʘʝʪ. ʋʯʸʪ ʢʚʘʥʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝ-

ʱʝʩʪʚʘ, ʚʳʜʝʨʞʢʘ ʘʧʧʘʨʘʪʫʨʳ ʚ ʚʘʢʫʫʤʝ, ʥʝ ʜʦʧʫʩ-

ʢʘʷ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʙʦʣʝʝ ʯʝʤ ʥʘ ʦʜʥʫ ʩʦ-

ʪʫʶ ʛʨʘʜʫʩʘ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʡ ʜʣʷ ʫʯʸʪʘ ʚʩʝʭ ʤʝʣʴʯʘʡʰʠʭ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ [7].  

ʂʨʦʤʝ ʦʜʥʦʛʦ, ʩʦʚʦʢʫʧʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʷʭ ʚ 

ʤʝʩʪʘʭ ʧʨʦʚʝʜʝʥʠʷ ʵʪʠʭ ʨʘʙʦʪ (ʙʣʠʞʝ ʢ ʵʢʚʘʪʦʨʫ 

ʠʣʠ ʧʦʣʶʩʫ, ʚʳʰʝ ʠʣʠ ʥʠʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ 

ʤʦʨʷ ʠ ʧʨ.) ʧʦ-ʚʠʜʠʤʦʤʫ ʦʪʣʠʯʘʣʠʩʴ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

"ʨʘʟʥʦʙʦʶ" ʚ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʷ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʫ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʪʦʨʦʚ. ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ ʫʯʸʥʳʭ ʩʣʦʞʠʚʰʘʷʩʷ ʩʠ-

ʪʫʘʮʠʷ ʚʳʛʣʷʜʠʪ ʜʨʘʤʘʪʠʯʥʦʡ, ʪʘʢ ʢʘʢ ʜʣʷ ʩʪʦʣʴ 

ʚʘʞʥʦʡ ʚʝʣʠʯʠʥʳ ʩʫʱʝʩʪʚʫʶʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʦʡ.  

ɽʩʣʠ ʚʦ ʚʨʝʤʝʥʘ ʧʝʨʚʳʭ ʦʧʳʪʦʚ ʦ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʪʦʛʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʬʠʟʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʝ ʜʦʛʘʜʳʚʘʣʠʩʴ, ʪʦ ʩʝʡʯʘʩ ʵʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʘʜʦ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʥʠʤʘʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ʅʘ ʤʦʡ ʚʟʛʣʷʜ, ʝʩʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʙʣʘʜʘʝʪ ʬʠ-

ʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʴʶ, ʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥ-

ʥʘʷ ʥʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʢʦʥʩʪʘʥʪʦʡ, ʠ ʝʸ ʟʥʘʯʝʥʠʝ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ñʙʝʣʦʛʦ ʢʘʨʣʠʢʘò ʙʫʜʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ɿʝʤʣʠ. ɺʝʜʴ ʥʝʝʩʪʝʩʪʚʝʥʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪ, ʯʠʩʣʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʦʚʦʢʫʧʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʦʜʠʥʘʢʦ-

ʚʳʤ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚ, ʠʩʢʨʠʚʣʸʥʥʳʭ ʚ ʨʘʟʥʦʡ ʩʪʝ-

ʧʝʥʠ. ɼʘʞʝ ʥʝ ʜʦ ʢʦʥʮʘ ʦʙʲʷʩʥʸʥʥʘʷ ʘʥʦʤʘʣʴʥʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʄʝʨʢʫʨʠʷ, ʙʣʠʞʘʡʰʝʡ ʢ ʉʦʣʥʮʫ ʧʣʘ-

ʥʝʪʳ, ʟʘʩʪʘʚʣʷʝʪ ʩʦʤʥʝʚʘʪʴʩʷ ʚ ʵʪʦʡ ʢʦʥʩʪʘʥʪʝ. ɸ 

ʚʝʜʴ ʛʨʘʚʠʪʘʮʠʷ ʥʘ ʉʦʣʥʮʝ ʣʠʰʴ ʚ 28 ʨʘʟ ʧʨʝʚʦʩʭʦ-

ʜʠʪ ʟʝʤʥʫʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ñʙʝʣʦʤ ʢʘʨʣʠʢʝò ʦʥʘ 

ʚʳʰʝ ʟʝʤʥʦʡ ʙʦʣʝʝ ʯʝʤ ʚ ʪʳʩʷʯʫ ʨʘʟ, ʘ ʥʘ ʥʝʡʪʨʦʥ-

ʥʦʡ ʟʚʝʟʜʝ ʚ ʩʦʪʥʠ ʤʠʣʣʠʘʨʜʦʚ ʨʘʟ. 

ʅʘʚʝʨʥʦʝ, ʚʦ ʚʩʝʡ ʜʨʫʛʦʡ ʯʘʩʪʠ ʉʦʣʥʝʯʥʦʡ ʩʠ-

ʩʪʝʤʳ, ʥʝ ʧʨʠʣʝʛʘʶʱʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʢʨʝʩʪ-

ʥʦʩʪʷʤ ʥʘʰʝʡ ʟʚʝʟʜʳ, ʤʦʞʥʦ ʙʝʟ ʦʩʦʙʳʭ ʦʧʘʩʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥ-

ʥʦʡ, ʦʧʨʝʜʝʣʸʥʥʦʡ ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ. ʅʦ ʩ ʵʪʠʤ 

ʟʥʘʯʝʥʠʝʤ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʸʪʳ ʚ ʩʠʩʪʝʤʘʭ ʩ "ʯʸʨ-

ʥʳʤʠ ʜʳʨʘʤʠ", ʥʝʡʪʨʦʥʥʳʤʠ ʟʚʸʟʜʘʤʠ ʠ ʜʨʫʛʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʧʦ-

ʣʷʤʠ ʫʞʝ ʦʧʨʦʤʝʪʯʠʚʦ. ʇʦ ʢʨʘʡʥʝ ʤʝʨʝ ʜʦ ʪʦʛʦ ʚʨʝ-

ʤʝʥʠ, ʧʦʢʘ ʙʫʜʝʪ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ "G" ʦʪ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʛʦ ʧʦʣʷ.  

ɺʦʟʤʦʞʥʦ, ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦ ʙʫʜʝʪ ʚʳ-

ʧʦʣʥʠʪʴ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʧʝʨʝʧʘʜ ʚʥʝʰʥʠʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʝʨʰʠʥʝ ʛʦʨʳ 

ʠ ʫ ʝʸ ʧʦʜʥʦʞʠʷ, ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʝʥ, ʯʪʦʙʳ ʧʦʣʫ-

ʯʠʣʦʩʴ ʯʸʪʢʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ 
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"G" ʧʨʦʠʟʦʰʣʦ ʦʪ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʛʦ ʧʦʣʷ, ʘ ʢʦʛʜʘ ʷʚʠʣʦʩʴ ʣʠʰʴ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʝʸ ʠʟʤʝʨʝʥʠʷ. 

6 ɻʠʧʦʪʝʟʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʸʥʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ 

ɽʱʸ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʘʢ ʬʠ-

ʟʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʚ ʩʣʝʜʫʶ-

ʱʝʤ ʩʣʫʯʘʝ. ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʡ ʧʨʠ-

ʤʝʨ. ɽʩʣʠ ʧʦʤʝʩʪʠʪʴ ʩʪʘʣʴʥʦʡ ʰʘʨʠʢ ʥʘ ʩʪʘʣʴʥʫʶ 

ʧʣʠʪʫ, ʪʦ ʦʥ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʙʫʜʝʪ ʝʸ ʜʝʬʦʨʤʠʨʦ-

ʚʘʪʴ. ɽʩʣʠ ʵʪʦ ʧʨʦʠʟʦʡʜʸʪ ʚ ʦʙʣʘʩʪʠ ʫʧʨʫʛʠʭ ʜʝ-

ʬʦʨʤʘʮʠʡ ʧʣʠʪʳ, ʪʦ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʰʘʨʠʢʘ, ʦʥʘ 

ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʚʦʸ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ. ʆʜʥʘʢʦ, ʝʩʣʠ ʤʘʩʩʘ ʰʘʨʠʢʘ ʙʫʜʝʪ ʦʯʝʥʴ 

ʟʥʘʯʠʪʝʣʴʥʦʡ, ʪʦ ʧʨʦʠʟʦʡʜʸʪ ʥʝ ʪʦʣʴʢʦ ʫʧʨʫʛʘʷ ʜʝ-

ʬʦʨʤʘʮʠʷ ʧʣʠʪʳ, ʥʦ ʠ ʧʣʘʩʪʠʯʝʩʢʘʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʧʨʦʠʟʦʰʣʠ ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʚʦ ʚʥʫʪʨʝʥ-

ʥʝʡ ʩʪʨʫʢʪʫʨʝ ʠ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʦʥʘ 

ʫʞʝ ʥʠʢʦʛʜʘ ʥʝ ʚʝʨʥʸʪʩʷ, ʜʘʞʝ ʝʩʣʠ ʰʘʨʠʢ ʙʫʜʝʪ 

ʫʙʨʘʥ. ɽʩʣʠ ʞʝ ʰʘʨʠʢ ʥʝ ʙʫʜʝʪ ʫʙʨʘʥ, ʘ ʥʘʯʥʸʪ ʢʘ-

ʪʠʪʴʩʷ ʧʦ ʧʣʠʪʝ, ʪʦ ʥʘ ʧʦʩʣʝʜʥʝʡ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ 

ʩʣʝʜ ʚ ʚʠʜʝ ʚʤʷʪʦʡ ʢʘʥʘʚʢʠ. ʉʦʩʪʦʷʥʠʝ ʧʣʠʪʳ ʚ 

ʟʦʥʝ ʵʪʦʛʦ ʩʣʝʜʘ ʙʫʜʝʪ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

(ʛʝʦʤʝʪʨʠʠ ʠ ʜʨ.) ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʣʠʪʳ, 

ʛʜʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʰʘʨʠʢʦʤ ʥʝ ʙʳʣʦ ʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʦʩʪʘʪʦʯʥʳʤʠ ʷʚʣʝʥʠ-

ʷʤʠ ʥʝ ʧʨʦʠʟʦʰʣʦ.  

ɺʦʟʤʦʞʥʦ, ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʧʦʭʦʞʠʡ ʧʨʦ-

ʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʭʦʞʜʝʥʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʤʘʩʩ ʚ ʩʪʨʫʢʪʫʨʫ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉ ʥʝʢʦʪʦʨʦʡ ʜʦʣʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ (ʤʦʞʝʪ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ) ʦʜʥʠʤ ʠʟ 

ʩʚʦʡʩʪʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ʷʚʣʷʝʪʩʷ ʯʪʦ-ʪʦ ʘʥʘʣʦʛʠʯʥʦʝ 

ʫʧʨʫʛʦʩʪʠ. ɺʧʦʣʥʝ ʦʞʠʜʘʝʤʦ (ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʧʦʣʦ-

ʞʝʥʠʡ ʆʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ), ʯʪʦ ʧʨʠ 

ʚʥʝʩʝʥʠʠ ʚ ʥʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʘʩʩ, ʦʥʦ ʙʫʜʝʪ 

ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ (ʠʩʢʨʠʚʣʷʪʴʩʷ), ʘ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ 

ʵʪʠʭ ʤʘʩʩ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʣʦʪ-

ʥʦʩʪʴ ʚʥʝʩʸʥʥʦʡ ʤʘʩʩʳ ʙʫʜʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʡ 

(ʥʘʧʨʠʤʝʨ, ʢʘʢ ʫ ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ) ʠ ʦʢʘʞʝʪʩʷ 

ʩʧʦʩʦʙʥʦʡ ʧʨʝʦʜʦʣʝʪʴ ʦʙʣʘʩʪʴ ʫʧʨʫʛʠʭ ʜʝʬʦʨʤʘ-

ʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʝʩʣʠ ʪʘʢ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴʩʷ) ʠ 

ʚʳʟʚʘʪʴ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʩ ʦʩʪʘʪʦʯʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʳ, ʪʦ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʚ ʵʪʦʤ ʣʦʢʘʣʴʥʦʤ ʤʝʩʪʝ ʠʟʤʝʥʷʪʩʷ ʠ ʥʠʢʦʛʜʘ ʥʝ 

ʦʩʪʘʥʫʪʩʷ ʫʞʝ ʧʨʝʞʥʠʤʠ. ʊʦ ʝʩʪʴ, ʚʦʟʤʦʞʥʦ ʥʝʢʦ-

ʪʦʨʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʛʜʘ ʝʱʸ ʥʝ ʧʨʦ-

ʠʟʦʰʸʣ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʧʨʦʨʳʚ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ñʢʨʦʪʦʚʘʷ ʜʳʨʘò), ʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʘʢ ʩʜʝʬʦʨʤʠ-

ʨʦʚʘʣʦʩʴ, ʯʪʦ ʜʘʞʝ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʤʘʩʩʳ ʧʦʣʥʦ-

ʩʪʴʶ ʥʝ ʩʤʦʛʣʦ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʣʘʛʘʶ, ʯʪʦ ʟʘ ʚʩʝʤʠ ʜʚʠʞʫʱʠ-

ʤʠʩʷ ʢʦʩʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʩ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳ-

ʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʘʩʩʳ ("ʯʸʨʥʳʤʠ ʜʳʨʘʤʠ", 

ʥʝʡʪʨʦʥʥʳʤʠ ʟʚʝʟʜʘʤʠ, ʚʦʟʤʦʞʥʦ "ʙʝʣʳʤʠ ʢʘʨʣʠ-

ʢʘʤʠ") ʦʙʨʘʟʫʝʪʩʷ ʩʣʝʜ ʠʟ ʠʟʤʝʥʸʥʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʦʩʪʘʪʦʯʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠ-

ʚʠʟʥʳ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʦʜʪʚʝʨʞʜʸʥʥʳʭ 

ʬʘʢʪʘʭ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʳʜʚʠʥʫʪʘ ʩ ʮʝ-

ʣʴʶ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʳʭ, ʣʦʛʠʯʝʩʢʠ ʥʝʧʨʦʪʠ-

ʚʦʨʝʯʠʚʳʭ, ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʦʮʝʩʩʘ ʠʩʢʨʠʚʣʝʥʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʊʘʢʦʝ ʠʟʤʝʥʸʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʫʩʪʦʡʯʠʚʦʡ ʣʦʢʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ɺʩʝʣʝʥʥʦʡ. ɺ ʧʨʠʥʮʠʧʝ ʚʩʸ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ɺʩʝʣʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦ. ɺʚʝʜʝʥʠʝ ʚ ʥʝʛʦ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʘʩʩ ʜʝʬʦʨʤʠʨʫʶʪ 

(ʠʩʢʨʠʚʣʷʶʪ) ʝʛʦ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ. ʇʨʠ ʠʭ ʚʳʚʝʜʝ-

ʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ɽʩʣʠ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʵʪʦʪ ʤʦʤʝʥʪ ï ʝʩʪʴ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʤʘʩʩʘ, ʦʥʦ ʠʩʢʨʠʚʣʝʥʦ, ʥʝʪ ï ʦʥʦ ʚʦʩʩʪʘʥʦʚʠ-

ʣʦʩʴ, ʪʦ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʦʜʥʦʨʦʜʥʳʤ. ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʣʦʢʘʣʴʥʘʷ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʴ ʦʪ ʵʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪʣʠʯʘʝʪʩʷ. ɺ ʥʝʡ 

ʫʩʪʦʡʯʠʚʦ ʩʦʭʨʘʥʷʝʪʩʷ ʦʩʪʘʪʦʯʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʥʘʭʦʜʠʪʩʷ ʣʠ ʚ ʥʝʡ ʤʘʩʩʘ ʠʣʠ 

ʥʝʪ.  

ʕʪʘ ʛʠʧʦʪʝʟʘ, ʢʘʢ ʠ ʚʩʷʢʘʷ ʜʨʫʛʘʷ, ʝʩʪʝʩʪʚʝʥʥʦ 

ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʭ, ʚʦʟʤʦʞʥʦ ʥʘʢʦʧʣʝʥ-

ʥʳʝ ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʫʞʝ ʩʝʡʯʘʩ 

ʧʦʟʚʦʣʷʶʪ ʝʸ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ, ʥʦ 

ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʥʘ ʥʠʭ ʚʟʛʣʷʥʫʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʳʩʢʘʟʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʀʟʚʝʩʪʥʦ ʚʳʩʢʘʟʳ-

ʚʘʥʠʝ ʧʨʦʬʝʩʩʦʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʂʘ-

ʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɼ. ʋʘʡʪʩʦʥʘ ʦ ʪʦʤ, 

ʯʪʦ "ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʯʸʨʥʳʭ ʜʳʨ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʥʘʨʝʟʘʥʥʦʝ ʠ ʧʦʢʨʦʤʩʘʥʥʦʝ, ʠ ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ 

ʥʘʫʢʘ ʧʨʠʙʣʠʟʠʣʘʩʴ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʪʘʢʠʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʘ". 

ɺʝʨʦʷʪʥʦ, ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ, ʩʪʘʥʝʪ ʚʦʟʤʦʞ-

ʥʳʤ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ ʩʚʦʡʩʪʚʘ ʠʟʤʝʥʸʥʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ñʥʝ ʧʦʪʨʝʚʦʞʝʥʥʳʤ". 

7 ɺʳʚʦʜʳ 

ɺ ʩʣʫʯʘʝ ʫʩʧʝʰʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʡ ʛʠʧʦ-

ʪʝʟʳ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ ʬʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʡʜʸʪʩʷ ʦʙʲʷʩʥʝʥʠʝ 

ʨʷʜʘ ʘʥʦʤʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʢʦʩʤʦʣʦʛʠʠ. ʆʜʠʥ ʠʟ 

ʥʠʭ ï ʠʟʤʝʥʸʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʩ ʙʣʠʟʢʦʡ ʢ ʥʫʣʝ-

ʚʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʘʩʩʳ ʠ ʦʩʪʘʪʦʯʥʦʡ ʢʨʠʚʠʟʥʦʡ) ʙʫ-

ʜʝʪ ʢʘʟʘʪʴʩʷ ʥʘʙʣʶʜʘʪʝʣʶ, ʢʘʢ ʩʦʜʝʨʞʘʱʝʝ ʥʝʚʠʜʠ-

ʤʫʶ ʤʘʩʩʫ, ʢʦʪʦʨʘʷ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚʣʠʷʝʪ ʥʘ ʚʠʜʠ-

ʤʦʝ ʚʝʱʝʩʪʚʦ ʚ ʧʨʠʣʝʛʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʝʩʪʴ 

ʥʝʢʘʷ ñʪʸʤʥʘʷ ʤʘʪʝʨʠʷò. ʆʙʲʸʤ ʪʘʢʦʡ ʬʠʢʪʠʚʥʦʡ 

ñʪʸʤʥʦʡ ʤʘʪʝʨʠʠò ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʚʦ 

ɺʩʝʣʝʥʥʦʡ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɼʨʫʛʠʤ ʩʣʝʜʩʪʚʠʝʤ ʙʫ-

ʜʝʪ ʘʥʦʤʘʣʴʥʦ ʧʦʚʳʰʝʥʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʪʝʣ ʧʨʠ ʚʭʦʜʝ ʚ ʠʟʤʝʥʸʥʥʦʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ (ʘ ʚʦʟʤʦʞʥʦ ʠ ʠʥʳʝ ʵʬʬʝʢʪʳ) ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʝʛʦ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ. ʊʘʢʞʝ, 

ʥʘʚʝʨʥʦʝ, ʧʨʠʜʸʪʩʷ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʩʧʦʩʦʙʥʦ "ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ" ʚʚʦʜʫ ʚ ʥʝʛʦ ʤʘʩʩʳ. ʇʦ-

ʵʪʦʤʫ ʧʦʩʪʫʧʘʪʝʣʴʥʘʷ ʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʟʚʸʟʜ (ʠ ʜʨʫʛʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ) ʜʦʣʞʥʳ ʧʦ-

ʩʪʦʷʥʥʦ ʫʤʝʥʴʰʘʪʴʩʷ ʠʟ-ʟʘ ʧʦʪʝʨʠ ʠʭ ʵʥʝʨʛʠʠ ʥʘ 

ʩʦʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ ʧʦ ʠʩʢʨʠʚʣʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʘ ʩʘʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ñʥʘʛʨʝʚʘʪʴʩʷ.ò  

ʉʢʦʣʴʢʦ ʤʦʞʝʪ ʙʳʪʴ ʩʝʡʯʘʩ ʠʟʤʝʥʸʥʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʚʦ ɺʩʝʣʝʥʥʦʡ? ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʷ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʦʜʥʘ ʠʟ ʪʳʩʷʯʠ ʟʚʸʟʜ ʚ ʭʦʜʝ 

ʩʚʦʝʡ ʵʚʦʣʶʮʠʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʝʡʪʨʦʥʥʫʶ [8], ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʟʚʸʟʜ ʪʦʣʴʢʦ ʚ ʥʘʰʝʡ ʛʘʣʘʢʪʠʢʝ ï ʄʣʝʯ-

ʥʦʤ ʧʫʪʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 200 ʜʦ 400 ʤʠʣʣʠʘʨʜʦʚ [9], 

ʪʦ ʟʘ ʤʠʣʣʠʘʨʜʳ ʣʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɺʩʝʣʝʥʥʦʡ 

ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʸʤʘ ʠʟʤʝʥʸʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʦ-

ʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʳʤ, ʯʪʦʙʳ ʦʥʦ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤ ʦʙʨʘʟʦʤ ʢʘʢ-ʪʦ ʩʝʙʷ ʧʨʦʷʚʠʣʦ. 
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ʊʘʢ ʩʨʝʜʥʷʷ ʧʦ ʨʘʟʤʝʨʘʤ ʥʝʡʪʨʦʥʥʘʷ ʟʚʝʟʜʘ ʟʘ 

ʚʨʝʤʷ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ʚ ʦʙʲʸʤʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 300 ʪʳʩʷʯ ʦʙʲ-

ʸʤʦʚ ʉʦʣʥʮʘ. ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʥʘʣʠʯʠʷ ʦʜʥʦʡ 

ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ ʚ ʛʨʫʧʧʝ ʠʟ 1000 ʦʙʳʯʥʳʭ ʟʚʸʟʜ 

ʢʣʘʩʩʘ ʉʦʣʥʮʘ, ʪʦ ʧʨʠʙʘʚʢʘ ʩʢʨʳʪʦʡ ʤʘʩʩʳ ʦʪ ʚʣʠ-

ʷʥʠʷ ʠʟʤʝʥʠʚʰʝʛʦʩʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʦʩʪʘʪʦʯʥʦʡ 

ʢʨʠʚʠʟʥʦʡ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ, ʥʘʧʨʠʤʝʨ, ʦʜʥʦʧʨʦ-

ʮʝʥʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʘʩʩʳ ʉʦʣʥʮʘ, ʩʦʩʪʘʚʠʪ ʥʘ ʵʪʫ 

ʛʨʫʧʧʫ 3000 ʤʘʩʩ ʉʦʣʥʮʘ. ʂʦʥʝʯʥʦ ʵʪʦ ʦʯʝʥʴ ʠ 

ʦʯʝʥʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʧʦʜʩʯʸʪʳ, ʥʦ ʦʥʠ ʧʦʢʘʟʳ-

ʚʘʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʷʩʥʝʥʠʷ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ "ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ" ʧʦʢʘ ʪʦʞʝ ʛʠʧʦ-

ʪʝʪʠʯʝʩʢʠʤ ʧʫʩʪʳʤ ʠʟʤʝʥʸʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩ 

ʦʩʪʘʪʦʯʥʦʡ ʢʨʠʚʠʟʥʦʡ. 

8 ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ 

ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɺʩʝ-

ʣʝʥʥʦʡ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʚʠʪʠʠ ʧʦʣʦʞʝʥʠʡ ʆʙʱʝʡ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦ, ʙʣʘʛʦʜʘʨʷ 

ʵʪʠʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʣʫʯʠʪʩʷ 

ʦʙʲʷʩʥʠʪʴ ʨʷʜ ʷʚʣʝʥʠʡ ʚ ʢʦʩʤʦʣʦʛʠʠ, ʪʘʢʠʭ ʢʘʢ 

ñʪʸʤʥʘʷ ʤʘʪʝʨʠʷò ʠ ʜʨ. 
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çɽʩʣʠ ʚ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʠʜʝʷ ʥʝ ʢʘʞʝʪʩʷ ʘʙ-

ʩʫʨʜʥʦʡ, ʦʥʘ ʙʝʟʥʘʜʝʞʥʘè 

ɸ. ʕʡʥʰʪʝʡʥ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʤ ʬʝʥʦʤʝʥʘ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥ-

ʥʦʡ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʧʦ ʩʚʦʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʜʦʧʦʣ-

ʥʷʝʪ ʨʘʙʦʪʫ [1]. 

ʉʦ ʜʥʷ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʙʝʟʫʧʨʝʯʥʦʛʦ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ɸ.ɸ. ʌʨʠʜʤʘʥʦʤ (1922 ʛ.) 

ʵʡʥʰʪʝʡʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʷ ʚ ʧʦʣʴʟʫ ʤʦʜʝʣʝʡ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ɺʩʝʣʝʥʥʦʡ ʧʨʦʰʣʦ ʙʝʟ ʤʘʣʦʛʦ 100 

ʣʝʪ. ʈʝʰʝʥʠʝ ʌʨʠʜʤʘʥʘ ʦʢʘʟʘʣʘʩʴ ʫʜʘʯʥʳʤ, ʚ ʨʘʟ-

ʨʘʙʦʪʢʝ ʠʜʝʠ ʟʘʜʝʡʩʪʚʦʚʘʥ ʤʦʱʥʳʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, ʩʚʦʶ ʫʩʪʦʡʯʠʚʫʶ 

ʥʠʰʫ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ ʟʘʥʷʣʘ ʪʝʦʨʠʷ ɹʦʣʴ-

ʰʦʛʦ ʚʟʨʳʚʘ; ʜʘʥʥʘʷ ʪʝʦʨʠʷ ʠʟʣʘʛʘʝʪʩʷ ʥʘ ʨʘʟʥʦʤ 

ʫʨʦʚʥʝ ʩʣʦʞʥʦʩʪʠ ʚ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ, ʩʪʘʪʴʷʭ ʠ 

ʤʦʥʦʛʨʘʬʠʷʭ. ɺʘʞʥʝʡʰʠʤ ʧʦʣʦʞʝʥʠʝʤ ʪʝʦʨʠʠ ʷʚ-

ʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦ 

ʪʦʤ, ʯʪʦ ʚ ʜʘʣʝʢʦʤ ʧʨʦʰʣʦʤ ɺʩʝʣʝʥʥʘʷ ʙʳʣʘ ʛʦʨʷ-

ʯʝʡ ʠ ʧʣʦʪʥʦʡ, ʘ ʩ ʪʝʭ ʧʦʨ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʰʠʨʷʝʪʩʷ 

ʩ ʦʭʣʘʞʜʝʥʠʝʤ. ɸʚʪʦʨ [2] ʦʪʤʝʯʘʝʪ, ʯʪʦ çʩʦʚʨʝʤʝʥ-

ʥʘʷ ʢʦʩʤʦʣʦʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʵʚʦʣʶʮʠʶ ɺʩʝʣʝʥ-

ʥʦʡ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʥʝʢʦʝʛʦ ʟʘʨʦ-

ʜʳʰʘ ʩʢʨʳʪʦʡ ʬʦʨʤʳ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʦʪʥʦʩʪʠ (ʪʘ-

ʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʠ ʥʘʟʚʘʣʠ ʩʠʥʛʫʣʷʨʥʦʩʪʴʶ ʦʪ 

ʘʥʛʣ. singular ï ʩʪʨʘʥʥʳʡ, ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ), ʧʨʦʠʩ-

ʰʝʜʰʝʛʦ ʦʢʦʣʦ 14 ʤʣʨʜ. ʣʝʪ ʪʦʤʫ ʥʘʟʘʜè. ʉʣʦʞʠ-

ʣʦʩʴ ʫʩʪʦʡʯʠʚʦʝ ʤʥʝʥʠʝ, ʯʪʦ ʨʘʥʥʷʷ ɺʩʝʣʝʥʥʘʷ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʚʳʩʦʢʦʦʜʥʦʨʦʜʥʫʶ ʠ ʠʟʦʪʨʦʧ-

ʥʫ ʁ ʧʣʘʟʤʫ ʩ ʥʝʦʙʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʵʥʝʨʛʠʠ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʜʘʚʣʝʥʠʝʤ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʩʰʠʨʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʚʦ ɺʩʝʣʝʥʥʦʡ ʧʨʦʠʟʦ-

ʰʣʠ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ (ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʥʜʝʥʩʘʮʠʠ 

ʞʠʜʢʦʩʪʠ ʠʟ ʛʘʟʘ, ʥʦ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʵʣʝʤʝʥʪʘʨ-

ʥʳʤ ʯʘʩʪʠʮʘʤ). ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʦʧʨʦʩʦʚ ʩʪʨʦʝʥʠʷ ʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʯʠʥʳ ʚʝ-

ʣʠʯʠʥʳ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʦʪʤʝʯʘʝʪʩʷ ʩʠʣʘ ʥʘʪʷʞʝ-

ʥʠʷ ʚʘʢʫʫʤʘ [3]. 

ɺ ʤʦʜʝʣʠ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʚʳʭʦʜ ʥʘ ʢʘʢʠʝ ï 

ʣʠʙʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʪʝʨʠʠ ɺʩʝ-

ʣʝʥʥʦʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʅʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ ʷʩʥʦʩʪʴ ʦ ʩʦʦʪʥʦʰʝʥʠʠ 

ʚʝʣʠʯʠʥ ʥʘʯʘʣʴʥʳʭ ʠ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷ-

ʥʠʷ ʠʟʫʯʘʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʅʝ ʷʩʥʦ ʪʘʢʞʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʣʠ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʤʠʨʘ çʠʟ 

ʥʠʯʝʛʦè ʠʣʠ çʢʘʢʦʤ ï ʪʦ ʝʛʦ ʥʦʚʦʤ ʚʦʟʨʦʞʜʝʥʠʠ ʠʟ 

ʯʝʛʦ ï ʪʦ ʜʘʞʝ ʥʝʢʦʛʜʘ ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ. ʂʘʢ ʙʳ ʪʦ 

ʥʠ ʙʳʣʦ, ʦ ʬʠʟʠʢʝ, ʢʦʪʦʨʘʷ ʩʪʦʠʪ ʟʘ ʵʪʠʤ ʩʦʙʳʪʠʝʤ, 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠʯʝʛʦ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʠʟʚʝʩʪʥʦè 

[4, ʩ. 7]. 

ʗʜʝʨʥʫʶ ʬʠʟʠʢʫ ʧʨʠʚʥʝʩ ʚ ʢʦʩʤʦʣʦʛʠʶ ɻ.ɸ. 

ɻʘʤʦʚ ʚ 40 ï 50 ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʫʩʧʝʚʰʠʡ ʜʦ 

ʵʪʦʛʦ ʩʦʟʜʘʪʴ ʪʝʦʨʠʶ ʘʣʴʬʘ ï ʨʘʩʧʘʜʘ ʘʪʦʤʥʳʭ ʷʜʝʨ 

[4]. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʩʮʝʥʘ-

ʨʠʷʤ ʤʦʜʝʣʠ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ, ʠʜʝʠ ʷʜʝʨʥʦʡ ʬʠ-

ʟʠʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï 

ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʬʦʪʦʥ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ό   
 

                 (1) 

ʙʳʣʠ ʫʯʪʝʥʳ ɻʘʤʦʚʳʤ (1948 ʛ.) ʧʨʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʤ ʧʨʝʜʩʢʘʟʘʥʠʠ ʥʘʣʠʯʠʷ ʚʦ ɺʩʝʣʝʥʥʦʡ ʦʩʪʘʪʦʯ-

ʥʦʛʦ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [5]. ɼʘʥʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣʦ ʠ ʫʩʪʘʥʦʚʣʝʥʦ. ʕʪʦ ʦʪʢʨʳʪʠʝ 

ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʚʫʤʷ ʅʦʙʝʣʝʚʩʢʠʤʠ ʧʨʝʤʠʷʤʠ. 

ʇʝʨʚʘʷ ʧʨʠʩʫʞʜʝʥʘ ʚ 1978 ʛ. ɸ. ʇʝʥʟʠʘʩʫ ʠ ʈ. ɺʠʣ-

ʩʦʥʫ ʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʘ ʚʪʦʨʘʷ ð ʚ 

2006 ʛ. ɼʞ. ʉʤʫʪʫ ʠ ɼʞ. ʄʘʪʝʨʫ, ʢʦʪʦʨʳʝ ʜʘʣʠ ʪʦʯ-

ʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ (1992 ʛ.) ʪʦʛʦ, ʯʪʦ ʩʧʝʢʪʨ ʠʟʣʫ-

ʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʤ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ 

[4]. ɺ ʬʦʨʤʫʣʝ (1) ό  ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨ-

ʛʠʠ, Ὗ - ʵʥʝʨʛʠʷ, V - ʦʙʲʝʤ, ʩ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ 

ʚʘʢʫʫʤʝ, h - ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ (ʦʙʳʯʥʦ ʟʘʧʠʩʳʚʘ-

ʝʪʩʷ ʩ ʯʝʨʪʦʡ), k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʘ T ï ʪʝʤ-

ʧʝʨʘʪʫʨʘ, ʠʟʤʝʨʷʝʤʘʷ ʦʪ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ. ʉ. 

ɺʘʡʥʙʝʨʛ [6] ʧʨʠ ʠʟʫʯʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ 

ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ɺʩʝʣʝʥʥʦʡ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ çʯʝʨʥʦʪʝʣʴʥʳʡè ʩʧʝʢʪʨ (ʘ 

ʪʦʣʴʢʦ ʝʤʫ ʦʪʚʝʯʘʝʪ ʟʘʢʦʥ ʉʪʝʬʘʥʘ - ɹʦʣʴʮʤʘʥʘ) 

ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʝʸ ʨʘʥʥʝʤ ʧʨʦʰʣʦʤ. 

ɾ. ʃʝʤʝʪʨ ʧʝʨʚʳʤ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʪʝʤʧʝʨʘ-

ʪʫʨʘ ʚʥʘʯʘʣʝ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʙʳʣʘ ʢʨʘʡʥʝ 

ʚʳʩʦʢʘ, ʥʦ ʜʦʢʘʟʘʪʴ ʵʪʦʛʦ ʦʥ ʥʝ ʩʤʦʛ [7]. ɺ 1927 

ʛʦʜʫ ʃʝʤʝʪʨ ʧʫʙʣʠʢʫʝʪ ʨʘʙʦʪʫ, ʛʜʝ ʪʘʢʞʝ ʚ ʩʦʛʣʘ-

ʩʠʝ ʩ ʤʠʨʦʚʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʝʦ-

ʨʠʷ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ, ʢʦ-

ʪʦʨʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. 

ɽʩʣʠ ʩʣʝʜʦʚʘʪʴ ʩʣʦʞʠʚʰʝʡʩʷ ʚ ʬʠʟʠʢʝ ʪʨʘʜʠʮʠʠ, ʪʦ 

ʨʝʰʝʥʠʷ ʩ ʩʠʥʛʫʣʷʨʥʳʤʠ ʙʝʩʢʦʥʝʯʥʦʩʪʷʤʠ ʪʨʝ-

ʙʫʶʪ ʫʪʦʯʥʝʥʠʷ. ɸ. ʕʡʥʰʪʝʡʥ ʦʪʚʝʪʠʣ ʃʝʤʝʪʨʫ 

ʘʬʦʨʠʟʤʦʤ: çʄʘʪʝʤʘʪʠʢʘ ʫ ʚʘʩ ʪʦʯʥʘ, ʟʘʪʦ ʬʠʟʠʢʘ 

ʦʪʚʨʘʪʠʪʝʣʴʥʘè [8]. ʆʜʥʘʢʦ ʃʝʤʝʪʨʘ ʵʪʦ ʥʝ ʦʩʪʘʥʦ-

ʚʠʣʦ, ʠ ʚ 1930 ʛʦʜʫ ʦʥ ʚʳʩʢʘʟʳʚʘʝʪ ʠʜʝʶ, ʯʪʦ ɺʩʝ-

ʣʝʥʥʘʷ ʥʘʯʘʣʘʩʴ ʩ çʧʝʨʚʠʯʥʦʛʦ ʘʪʦʤʘè. ɸʪʦʤ ʙʳʣ 

ʚʝʩʴʤʘ ʨʘʜʠʦʘʢʪʠʚʥʳʤ, ʧʦʩʣʝʜʦʚʘʣ ʷʜʝʨʥʳʡ ʚʟʨʳʚ, 

ʘ ʟʘ ʥʠʤ ʢʘʩʢʘʜ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. ʇʦ ʃʝʤʝʪʨʫ, ʧʝʨ-

ʚʠʯʥʳʡ ʘʪʦʤ çʤʛʥʦʚʝʥʥʦ ʨʘʩʧʘʣʩʷ ʥʘ ʯʘʩʪʠ, ʢʦʪʦ-

ʨʳʝ ʧʨʝʪʝʨʧʝʣʠ ʜʘʣʴʥʝʡʰʠʡ ʨʘʩʧʘʜ, ʨʘʩʧʘʜʳ ʧʨʦ-

ʜʦʣʞʘʣʠʩʴ ʠ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʳ ʥʘʙʣʶ-

ʜʘʝʤ ʩʝʡʯʘʩ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʦ ʦʩʪʘʪʢʠ 

ʥʘʯʘʣʴʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠè [9]. ɺ 1975 ʛʦʜʫ, ʧʦ-

ʷʩʥʷʷ ʚ ʨʘʙʦʪʝ [9] ʠʜʝʶ ʃʝʤʝʪʨʘ, ʇ. ɼʠʨʘʢ ʦʪʤʝ-

ʯʘʝʪ: çʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʜʦʚʦʣʴʥʦ ʢʨʘʩʠʚʘè. ʆʜ-

ʥʘʢʦ ʧʦʟʜʥʝʝ çʛʠʧʦʪʝʟʝ ʧʝʨʚʠʯʥʦʛʦ ʘʪʦʤʘè ʦʪʚʦ-

ʜʠʪʩʷ ʥʝ ʙʦʣʝʝ ʢʘʢ ʨʦʣʴ çʧʦʜʦʙʥʦʛʦ 

ʥʝʩʦʚʝʨʰʝʥʥʦʛʦ ʩʫʨʨʦʛʘʪʘè [10]. ʊʘʢʞʝ ʦʪʤʝʯʘ-

ʝʪʩʷ, ʯʪʦ ʜʦ ʦʪʢʨʳʪʠʷ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟ-

ʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʦʣʦʛʠʠ çʦʪ ʝʝ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʚ 1917 ʛ. é ʩʦʩʪʦʷʣʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʪʦʤ, 

ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʩʪʳʭ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʡ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡè. ʇʨʠ ʦʙ-

ʩʫʞʜʝʥʠʠ ʧʫʪʝʡ ʩʪʘʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʠʜʝʡ ʪʝʦʨʠʠ 

ɺʩʝʣʝʥʥʦʡ ʘʚʪʦʨ [10] ʟʘʪʨʘʛʠʚʘʝʪʩʷ ʠ ʚʘʨʠʘʥʪ, ʢʦ-

ʛʜʘ ʤʦʛʣʘ çʙʳʪʴ é ʧʨʠʟʥʘʥʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

(ʦʯʝʥʴ ʥʝʠʟʷʱʥʘʷ) ʤʦʜʝʣʴ ʢʦʥʝʯʥʦʡ ʙʦʤʙʳ, ʚʟʨʳ-

ʚʘʶʱʝʡʩʷ ʚ ʩʦʚʝʨʰʝʥʥʦ ʧʫʩʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʠʦʥʝʨʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʌʨʠʜʤʘʥʘ ʠʜʝʷ ʃʝʤʝʪʨʘ ʦʩʪʘʣʘʩʴ ʫʜʝʣʦʤ ʦʜʠʥʦʯʝʢ 

ʠ ʥʝ ʧʝʨʝʨʦʩʣʘ ʚ ʢʦʣʣʝʢʪʠʚʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ. 

ʈʝʛʠʩʪʨʠʨʫʝʤʦʝ ʩʦ ʩʧʫʪʥʠʢʦʚ ʚ ʙʣʠʞʥʝʤ ʢ ʥʘʤ 

ʢʦʩʤʦʩʝ ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʥʘʰʠ ʜʥʠ ʚʦʩʧʨʠʥʠ-

ʤʘʝʪʩʷ ʢʘʢ ʦʩʪʘʪʦʢ, ʨʝʣʠʢʪ ʥʝʢʦʛʜʘ ʦʯʝʥʴ ʛʦʨʷʯʝʛʦ 

https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D1%82%D1%80%D0%BE%D0%BF%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D1%82%D1%80%D0%BE%D0%BF%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D0%B0%D1%8F_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D1%86%D0%B0
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ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʩʝʣʝʥʥʦʡ. çɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ 

ʥʝʤ (ʠʟʣʫʯʝʥʠʠ - ɺʂ) ʥʘ ʷʟʳʢʝ ʢʚʘʥʪʦʚ, ʪʦ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʤʠʨʝ ʠʤʝʝʪʩʷ ʨʘʚʥʦʚʝʩʥʳʡ ʛʘʟ ʬʦʪʦ-

ʥʦʚ, ʨʘʚʥʦʤʝʨʥʦ ʟʘʧʦʣʥʷʶʱʠʭ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ 

ʢʘʞʜʦʤ ʢʫʙʠʯʝʩʢʦʤ ʩʘʥʪʠʤʝʪʨʝ ɺʩʝʣʝʥʥʦʡ ʩʦʜʝʨ-

ʞʠʪʩʷ ʧʨʠʤʝʨʥʦ 500 ʨʝʣʠʢʪʦʚʳʭ ʬʦʪʦʥʦʚé. ɿʘʜʘʯʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʟʚʣʝʯʴ ʠ 

ʦʩʤʳʩʣʠʪʴ ʙʦʛʘʪʫʶ ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ, ʢʦʪʦʨʫʶ ʥʝʩʝʪ ʥʘʤ ʨʝʣʠʢʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝé 

ʄʦʞʥʦ ʣʠ ʫʚʠʜʝʪʴ ɺʩʝʣʝʥʥʫʶ ʚ ʪʦʤ ʨʘʥʥʝʤ ʝʝ ʩʦ-

ʩʪʦʷʥʠʠ, ʢʦʛʜʘ ʚ ʥʝʡ ʥʝ ʙʳʣʦ ʛʘʣʘʢʪʠʢ? ɼʘ, ʵʪʦ ʚʦʟ-

ʤʦʞʥʦ: ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʠʟʫʯʘʪʴ ʨʝʣʠʢʪʦʚʦʝ ʠʟʣʫ-

ʯʝʥʠʝè [4]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʦʧʠʩʳʚʘʶʪ ʷʚʣʝʥʠʷ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ ʠ ʜʦʧʫʩ-

ʢʘʶʪ ʙʝʩʯʠʩʣʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ. ʏʪʦʙʳ ʧʦ-

ʣʫʯʠʪʴ ʦʜʥʦ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ 

ʫʩʣʦʚʠʡ ʦʜʥʦʟʥʘʯʥʦʩʪʠ. ɺ ʠʭ ʯʠʩʣʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ, ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ), ʠ ʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ (ʪʦ ʝʩʪʴ ʫʩʣʦʚʠʷ ʧʨʦ-

ʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ). ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʦʙʳʯʥʦ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʠ ʪʨʫʜʥʫʶ ʟʘʜʘʯʫ. 

ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʥʝ-

ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ï ɻ ʪʦ ʪʝ ʟʘʢʦʥʳ, ʢʦʪʦʨʳʝ ʚ ʢʦʩ-

ʤʦʣʦʛʠʠ ʤʳ ʥʝ ʤʦʞʝʤ ʟʘʜʘʚʘʪʴ ʩʚʦʙʦʜʥʦ ʚʝʜʴ çɺʩʝ-

ʣʝʥʥʘʷ ʟʘʜʘʥʘ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟè [11]. ɼʣʷ ʨʘʥʥʝʡ 

ɺʩʝʣʝʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʧʦʣʘ-

ʛʘʝʤ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʥʘʙʠʨʘʶʱʝʡ ʤʘʩʩʫ ɺʩʝʣʝʥʥʦʡ ʩ ʦʢʨʫʞʘʶ-

ʱʠʤ ʝʝ ʬʠʟʠʯʝʩʢʠʤ ʚʘʢʫʫʤʦʤ. ɺ ʦʪʥʦʰʝʥʠʠ ʚʘʢʫ-

ʫʤʘ ʩʣʦʞʠʣʦʩʴ ʠ ʤʥʝʥʠʝ [12]: çɺʘʢʫʫʤ ʥʝ 

ʙʝʟʞʠʟʥʝʥʝʥ ʠ ʙʝʟʣʠʢ, ʘ ʧʦʣʦʥ ʵʥʝʨʛʠʠ é ɺ ʪʝʦʨʠʠ 

ɺʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʩʘʤʦʡ ʥʠʟʢʦʡ ʠ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʷʤʠ ʚʘʢʫʫʤʘ 

ʥʝʚʦʦʙʨʘʟʠʤʦ ʚʝʣʠʢʦè. ʇʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʠ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. 

ɺ ʢʦʥʮʝ 19 ʚ. ʄ. ʇʣʘʥʢ ʫʩʧʝʰʥʦ ʟʘʚʝʨʰʘʝʪ ʧʦ-

ʠʩʢ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ ʢʦ-

ʣʦʢʦʣʦʦʙʨʘʟʥʦʛʦ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ 

ʯʝʨʥʦʛʦ ʪʝʣʘ. ʅʘʨʷʜʫ ʩ ʤʠʨʦʚʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʩ, h 

ʠ k ʇʣʘʥʢ ʦʩʦʙʦ ʚʳʜʝʣʷʝʪ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʧʦʩʪʦ-

ʷʥʥʫʶ G. ɿʘʪʝʤ ʚ ʩʦʛʣʘʩʠʝ ʩ ʫʥʠʢʘʣʴʥʳʤ ʧʨʘʚʠʣʦʤ 

ʛʨʫʧʧʠʨʦʚʢʠ ʯʝʪʳʨʝʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʩʪʦʷʥ-

ʥʳʭ ʇʣʘʥʢ ʧʨʝʜʣʘʛʘʝʪ ʩʚʦʠ çʝʩʪʝʩʪʚʝʥʥʳʝ ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷè ʜʣʠʥʳ 

ὒ  = 
Ⱦ

 ρπ  ̍ȟ                (2) 

ʤʘʩʩʳ 

 ά  = 
Ⱦ

 ρπ ̋ ȟ̄                (3) 

ʚʨʝʤʝʥʠ 

 ὸ  = 
Ⱦ

 ρπ  ̒ȟ               (4) 

ʪʝʤʧʝʨʘʪʫʨʳ 

 Ὕ  = 
Ⱦ

 ρπ  +Ȣ             (5) 

ʊʝʤ ʩʘʤʳʤ, ʇʣʘʥʢ ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʦʥʩʪʘʥʪʳ 

ʇʨʠʨʦʜʳ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʬʠ-

ʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ - ʪʷʛʦʪʝʥʠʝ ʠ ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝ-

ʥʠʝ. ɺʥʠʤʘʥʠʷ ʢ ʩʝʙʝ ʟʘʩʣʫʞʠʚʘʝʪ ʠ ʤʳʩʣʴ ʇʣʘʥʢʘ 

ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʠʤ ʝʜʠʥʠʮʳ çʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʩʧʝʮʠʬʠʢʠ ʪʝʣ ʠ ʚʝʱʝʩʪʚ ʥʝʠʟʤʝʥʥʦ ʩʦʭʨʘʥʷʶʪ 

ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ ʚʨʝʤʝʥ ʠ ʜʣʷ ʚʩʝʭ ʢʫʣʴʪʫʨ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʚʥʝʟʝʤʥʳʭ ʠ ʥʝ ʩʦʟʜʘʥʥʳʭ ʯʝʣʦʚʝʢʦʤè 

[13]. ɺ 20 ʚ. ʧʨʠʰʣʦ ʦʩʦʟʥʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʧʣʘʥʢʦʚ-

ʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠʤʝʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝ-

ʥʠʝ ʢ ʦʧʠʩʘʥʠʶ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ɺʩʝ-

ʣʝʥʥʦʡ. ʄʘʩʩʘ ρπ ̋ ̄ʥʝʦʙʳʯʥʦ ʙʦʣʴʰʘʷ ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ ʩ ʤʘʩʩʦʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ: 

çʆʬʠʮʠʘʣʴʥʦ ʩʦʜʝʨʞʘʪʝʣʴʥʳʡ ʩʤʳʩʣ ʤʘʩʩʳ 

ʇʣʘʥʢʘ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʡ ʟʘʛʘʜʢʦʡè [14]. ɺ ʩʦʛʣʘʩʠʝ 

ʩ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʦʡ ʕʡʥʰʪʝʡʥʘ, ʜʣʷ i - ʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ ʚ ʧʨʠʥʷʪʳʭ ʥʘʤʠ 

ʦʙʦʟʥʘʯʝʥʠʷʭ ʚʝʣʠʯʠʥʳ ʠʭ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʫʚʷʟʳ-

ʚʘʝʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Ὗ  άὧ. 

ʅʘʨʷʜʫ ʩ ʨʝʣʠʢʪʦʚʳʤʠ ʬʦʪʦʥʘʤʠ ʚ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʙʘʨʠʦʥʳ 

(ʧʨʦʪʦʥʳ, ʥʝʡʪʨʦʥʳ). ɺ ʛʨʘʥʜʠʦʟʥʦʤ ʨʘʟʣʝʪʝ ʢʦʩ-

ʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ʛʘʣʘʢʪʠʢ) ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʦʢʦʣʦ ρπ ʛʘʣʘʢʪʠʢ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 

ρπ ʟʚʝʟʜ, ʘ ʢʘʞʜʘʷ ʟʚʝʟʜʘ ʠʤʝʝʪ ʤʘʩʩʫ ʧʦʨʷʜʢʘ 

ρπ ʢʛ. ɺʳʭʦʜʠʤ ʥʘ ʤʘʩʩʫ ʙʘʨʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʫʶ ρπ ʢʛ 

[14]. ʇʨʠ ʠʟʚʝʩʪʥʦʡ ʤʘʩʩʝ ʪʠʧʠʯʥʦʛʦ ʙʘʨʠʦʥʘ (ʧʨʦ-

ʪʦʥʘ) ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʙʘʨʠʦʥʦʚ (ʠʣʠ ʚʝʣʠ-

ʯʠʥʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʯʠʩʣʘ ʕʜʜʠʥʛʪʦʥʘ) 

ὔ  ͯ ρπ  ρπ , ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʝʨʝʟ ʤʠʨʦʚʳʝ ʢʦʥʩʪʘʥʪʳ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ [11]: 

ὔ  ͯ , ʛʜʝ ά  ï ʤʘʩʩʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʘʨʠ-

ʦʥʘ. ʆʜʥʘʢʦ ʩ ʫʯʝʪʦʤ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦ-

ʩʪʠ ʤʘʩʩʳ ʙʘʨʠʦʥʘ ά  , ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʳ (3), ʧʦʞʘ-

ʣʫʡ, ʨʝʯʴ ʩʣʝʜʫʝʪ ʚʝʩʪʠ ʦ ʬʫʥʢʮʠʠ ʕʜʜʠʥʛʪʦʥʘ: 

ὔ   ͯ Ȣ               (6) 

ʀ ʟʜʝʩʴ ʝʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʢʦʩʤʦ-

ʣʦʛʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʯʠʩʝʣ ʬʦʪʦʥʦʚ (ὔ) ʠ ʙʘ-
ʨʠʦʥʦʚ (ὔ), ʢʦʪʦʨʳʝ ʚ ʥʘʰʫ ʵʧʦʭʫ ʦʪʚʝʯʘʶʪ ʩʚʷʟʠ 
ʚʠʜʘ [6 ʠ ʜʨ.]: 

ὤ   = ρπȢ             (7) 

ɺ ʨʘʟʚʠʪʠʝ ʠʜʝʠ ʃʝʤʝʪʨʘ ʦ ʧʝʨʚʠʯʥʦʤ ʘʪʦʤʝ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʂʦʥʝʯʥʦʤʫ ʚʝʩʴʤʘ ʨʘ-

ʜʠʦʘʢʪʠʚʥʦʤʫ ʩʛʫʩʪʢʫ ʤʘʪʝʨʠʠ ʧʨʝʜʩʪʦʠʪ ʚʟʨʳ-

ʚʘʪʴʩʷ ʥʝ ʚ ʩʦʚʝʨʰʝʥʥʦ ʧʫʩʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʚʘʢʫʫʤʦʤ. ʊʦʛʜʘ, ʢʘʢ ʠ 

ʚ ʩʦʮʠʫʤʝ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʨʘʟʚʠʪʠʝ ʥʦʚʦʨʦʞ-

ʜʝʥʥʦʛʦ ʧʨʠʥʠʤʘʝʪ ʥʘ ʩʝʙʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʚ 

ʢʦʪʦʨʦʡ ʝʱʝ ʪʦʣʴʢʦ ʧʨʝʜʩʪʦʠʪ ʨʘʩʰʠʨʷʪʴʩʷ ɺʩʝ-

ʣʝʥʥʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢ ʤʦʤʝʥʪʫ ʚʟʨʳʚʘ ʤʘʪʝ-

ʨʠʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʨʫʢʪʫʨʥʦ, ʠʣʠ ʢʘʢ 

ʢʦʤʙʠʥʘʮʠʶ ʢʦʥʝʯʥʦʛʦ, ʭʦʪʷ ʠ ʙʦʣʴʰʦʛʦ, ʯʠʩʣʘ 

ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ [1]. ʋʩʣʦʚʥʦ ʛʦʚʦʨʷ, ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʚʩʣʝʜ ʟʘ ʚʟʨʳʚʦʤ ʚʦʟʥʠʢ ʥʝʧʨʝʨʳʚʥʳʡ ʯʝʨ-

ʥʦʪʝʣʴʥʳʡ ʧʣʘʥʢʦʚʩʢʠʡ ʩʧʝʢʪʨ, ʧʦʩʢʦʣʴʢʫ ʤʛʥʦ-

ʚʝʥʥʦ ʧʦʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï 

ɹʦʣʴʮʤʘʥʘ ʜʣʷ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [15 ʠ ʜʨ.]: 

ό =  = Ὧ Ὕ  = Ȣ        (8) 

 ɺ ʷʜʝʨʥʫʶ ʵʧʦʭʫ, ʧʨʠ ʢʘʩʢʘʜʝ ʷʜʝʨʥʳʭ ʨʝʘʢ-
ʮʠʡ ɺʩʝʣʝʥʥʘʷ, ʨʘʩʰʠʨʷʷʩʴ (ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʚ 
ʚʘʢʫʫʤʝ c) ʩ ʦʭʣʘʞʜʝʥʠʝʤ (ʜʦ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ Ὕ̏), ʯʝʨʧʘʝʪ ʚ ʩʝʙʷ ʪʫ ʤʘʩʩʫ ï ɻ ʥʝʨʛʠʶ, 
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ʢʦʪʦʨʫʶ ʩʦʦʙʱʘʝʪ ʝʡ ʘʢʪʠʚʥʦ ʚʦʟʙʫʞʜʘʝʤʳʡ ʝʶ 
ʚʘʢʫʫʤ. ʇʦ ʤʝʨʝ ʙʫʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʦʜʥʘ ʯʘʩʪʴ 
ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ (ʢʚʘʥʪʳ ʬʦʪʦʥʥʦʛʦ, ʥʝʡʪʨʠʥ-
ʥʦʛʦ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʝʡ) ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʙʲ-
ʝʤʝ ɺʩʝʣʝʥʥʦʡ, ʘ ʥʝʩʪʘʙʠʣʴʥʳʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ 
ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʜʘʣʴʥʝʡʰʠʡ 
ʨʘʩʧʘʜ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʢʘʨʪʠʥʘ ʧʨʦʩʪʘ ʠ ʝʩʪʝ-
ʩʪʚʝʥʥʘ. ʆʩʢʦʣʢʠ ʨʘʩʧʘʜʘ ʜʚʠʞʫʪʩʷ ʭʘʦʪʠʯʥʦ ʠ ʥʝ 
ʧʦ ʨʘʜʠʫʩʘʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ ʠ 
ʚʦʟʤʦʞʥʦʩʪʴ ʙʣʠʟʢʠʭ ʚʩʪʨʝʯ ʠʭ ʨʦʜʩʪʚʝʥʥʠʢʦʚ.  

ʇʨʠ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʦʛʦ ʬʦʪʦʥʘ Ὗ  
= kT ʠʟ (8) ʩʣʝʜʫʝʪ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʙʲʝʤʥʦʡ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʬʦʪʦʥʦʚ [15]: 

ὲ =  = Ȣ                    (9) 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ, ʝʩʣʠ ʟʘ 
ʚʨʝʤʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʯʠʩʣʦ ʬʦʪʦʥʦʚ ʚ 
ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ɺʩʝʣʝʥʥʦʡ (ὲ  ὔ ὠϳ) ʧʦʥʠʞʘ-
ʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʨʝʪʴʝʡ ʩʪʝ-
ʧʝʥʠ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ: ὲ  θὝȟ ʪʦ ʚ ʵʧʦʭʫ ʷʜʝʨʥʳʭ 
ʨʝʘʢʮʠʡ ʥʘʨʘʩʪʘʥʠʝ ʠ ʯʠʩʣʘ ʬʦʪʦʥʦʚ ὔ (ʚ ʦʙʲʸʤʝ 
ʦʭʣʘʞʜʘʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ), ʠ ʝʝ ʦʙʲʝʤʘ V ʦʪʣʠʯʘ-
ʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʦʡ ʩʠʥʭʨʦʥʥʦʩʪʴʶ. ʈʝʘʣʠʟʫʝʤʳʝ 
ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʙʫʨʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʠʟʫʯʘʝʤʦʡ ʬʠ-
ʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʩʣʦʚʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʟʦʪʨʦʧʠ-
ʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. 
ʆʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʘʨʠʦʥʦʚ [16 ʠ ʜʨ.]: 

ὲ =  =  = 
Ͻ

Ƞ             (10) 

Z =  = 
ǬȾ

Ȣ                  (11) 

ʀʟ (11) ʜʣʷ ʧʣʘʥʢʦʚʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ά  
 ά  (c ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʘ ʨʝʰʝʥʠʷ [1]) ʩʣʝʜʫʝʪ 

ὔ   ὔ  = ρπȢ               (12) 
ɺ ʵʧʦʭʫ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ Z ʚʦʟʨʘʩʪʘʝʪ ʚ ʧʨʝʜʝʣʘʭ 
ὤ   ρ  ὤ  ὤ̏ = ρπȟ          (13) 

ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʝʸ 
ʚʝʣʠʯʠʥʘ ὤ  ρπ ̒Ȣ̍χ  ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥ-
ʥʦʡ. ɺ ʵʧʦʭʫ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʘʩʠʥʭʨʦʥʥʦʝ ʠʟʤʝ-
ʥʝʥʠʝ ʚʝʣʠʯʠʥ Z ʠ T ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʛʦʨʘʟʜʦ ʤʝʥʴ-
ʰʝʝ ʯʠʩʣʦ ʙʘʨʠʦʥʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʯʠʩʣʦʤ ʬʦʪʦʥʦʚ. 
ʄʘʩʩʫ ʙʘʨʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʪʝʨʠʠ ɺʩʝ-

ʣʝʥʥʦʡ (ὓ) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

ὓ   ά ὔ  ὠȢ          (14) 

ɺʝʣʠʯʠʥʘ ʤʘʩʩʳ ʙʘʨʠʦʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ὓ ) 
ʥʘʨʘʩʪʘʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʝʣʠʯʠʥ ά ȟὤȟὝ ̉ ὠ ʚ ʧʝ-
ʨʠʦʜ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʧʦ ʤʝʨʝ çʦʩʚʦʙʦʞʜʝʥʠʷè 
ʵʥʝʨʛʠʠ ʚʘʢʫʫʤʘ. ɼʣʷ ʵʧʦʭʠ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥ-
ʥʦʡ, ʢʦʪʦʨʘʷ ʧʦʩʣʝʜʦʚʘʣʘ ʟʘ ʧʝʨʠʦʜʦʤ ʷʜʝʨʥʳʭ ʨʝ-
ʘʢʮʠʡ, ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʚʝʥʩʪʚʘ 
 ὓ  = constȟά  = const, ὤ= const ̉ Ὕὠ = const. 
ɺ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʛʘʟʘ ʚʳʨʘʞʝʥʠʝ  Ὕὠ = const 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʘʜʠʘʙʘʪʳ. ɼʣʷ ʩʬʝʨʳ 
ʨʘʜʠʫʩʘ R ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʩʫ-
ʱʝʩʪʚʝʥʥʫʶ ʩʚʷʟʴ [5]: 

T  θ Ȣ                 (15) 

ʚʳʭʦʜ ʥʘ ʢʦʪʦʨʫʶ ʚ ʩʚʦʝ ʚʨʝʤʷ ʠ ʧʦʟʚʦʣʠʣ ɻʘ-
ʤʦʚʫ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʪʴ ʬʘʢʪ ʥʘʣʠʯʠʷ ʚʦ 
ɺʩʝʣʝʥʥʦʡ ʨʝʣʠʢʪʦʚʦʛʦ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ (ʚʩʣʝʜ ʟʘ ɻʘʤʦʚʳʤ), ʯʪʦ 

ʤʘʪʝʨʠʷ ɺʩʝʣʝʥʥʦʡ ʙʳʣʘ ʥʝ ʪʦʣʴʢʦ ʧʣʦʪʥʦʡ, ʥʦ ʠ 

ʛʦʨʷʯʝʡ, ʣʠʙʦ ʦʥʘ ʙʳʣʘ ʭʦʣʦʜʥʦʡ. ʊʘʢ ʚʦʟʥʠʢʘʝʪ ʷʚ-
ʥʳʡ ʪʝʩʪ ʪʠʧʘ çʜʘ - ʥʝʪè ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʪʝʤ-
ʧʝʨʘʪʫʨʝ ʚ ʥʘʯʘʣʝ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. ʆʪʚʝʪ 
çʜʘ ï ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ ʚ ʝʛʦ 
ʟʘʧʠʩʠ ʯʝʨʝʟ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʣʘʥʢʦʚʩʢʠʝ ʚʝʣʠʯʠʥʳ 
ʚʢʣʶʯʘʝʪʩʷ ʚʩʣʝʜ ʟʘ ʧʣʘʥʢʦʚʩʢʠʤ ʤʛʥʦʚʝʥʠʝʤ ʚʨʝ-
ʤʝʥʠ ὸ   ρπ  ̒è. ʋʨʘʚʥʝʥʠʝ (1) ʫʢʘʟʘʣʦ ʥʘ 
ʙʦʣʴʰʝʝ, ʯʝʤ, ʢʘʟʘʣʦʩʴ, ʙʳʣʦ ʟʘʣʦʞʝʥʦ ʧʨʠ ʝʛʦ ʚʳ-
ʚʦʜʝ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ 
(8), ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʟʝʤʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʤʦʞʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʟʚʝʩʪʥʳʤ ʦʙʲʝʢ-
ʪʠʚʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʘʤ ʛʦʨʷʯʝʛʦ ʥʘʯʘʣʘ ʥʘʰʝʡ 
ɺʩʝʣʝʥʥʦʡ. 
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ɸʅʅʆʊɸʎʀʗ 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʠʟʦʪʨʦʧʥʦʡ ʠ ʦʜʥʦʨʦʜʥʦʡ ɺʩʝʣʝʥʥʦʡ ʢʘʢ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʬʦʪʦʥʦʚ, ʙʘʨʠʦʥʦʚ, 

ʥʝʡʪʨʠʥʦ ʠ ʛʨʘʚʠʪʦʥʦʚ. ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ ɺʩʝʣʝʥʥʦʡ ʠ ʵʥʝʨʛʠʠ ʢʚʘʥʪʘ ʝʸ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʠʜʝʷ ʧʝʨʚʠʯʥʦʛʦ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ 

ʥʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʧʣʘʥʢʦʚʩʢʦʡ ʵʧʦʭʠ ʥʝ ʠʩʯʝʨʧʘʣʘ ʩʝʙʷ. 

ABSTRACT 

The model of an isotropic and homogeneous Universe as a gas mixture of photons, baryons, neutrinos and 

gravitons is considered. Equations for the volume density of the gravitational radiation energy of the Universe and 

the quantum energy of its gravitational field are obtained. It is noted that the idea of a primary nuclear explosion 

at the end of the Planck era has not exhausted itself. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ, ʨʝʣʠʢʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣʴ-

ʮʤʘʥʘ, ʧʣʘʥʢʦʚʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʬʦʪʦʥʳ, ʙʘʨʠʦʥʳ, ʥʝʡʪʨʠʥʦ, ʛʨʘʚʠʪʦʥʳ, ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ. 

Keywords: model of the expanding Universe, relic radiation, Stefan ï Boltzmann law, Planck quantities, 

photons, baryons, neutrinos, gravitons, volume energy density. 

 

çʇʨʠʨʦʜʘ ʟʘʰʠʬʨʦʚʘʥʘ ʜʣʷ ʥʘʩ ʧʦʜʦʙʥʦ ʢʨʦʩ-

ʩʚʦʨʜʫé. ʦʪʚʝʪʳ 

ʨʝʜʢʦ ʙʳʚʘʶʪ ʦʯʝʚʠʜʥʳʤʠé ʂʦʛʜʘ ʯʘʩʪʴ 

ʢʣʶʯʝʡ ʫʞʝ 

ʧʦʜʦʙʨʘʥʘ, ʥʘʯʠʥʘʝʪ ʚʦʟʥʠʢʘʪʴ ʮʝʣʦʩʪʥʘʷ 

ʢʘʨʪʠʥʘè 

ʇ. ɼʝʚʠʩ [1, ʩ. 258] 

 

ʀʟʚʝʩʪʥʦ ʤʥʝʥʠʝ, ʯʪʦ ʥʘʫʢʘ ʠʟʫʯʘʝʪ ʪʫ ʨʝʘʣʴ-

ʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʦʠʪ ʯʝʣʦʚʝʢʫ ʚ ʚʠʜʝ ʬʘʢʪʦʚ, 

ʜʦʩʪʫʧʥʳʭ ʚʦʩʧʨʠʷʪʠʶ, ʥʘʙʣʶʜʝʥʠʶ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʫ. ʆʜʥʘʢʦ ʵʪʦ ʩʫʞʜʝʥʠʝ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝ-

ʯʘʝʪ ʨʘʟʚʠʪʠʶ ʥʘʫʢʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʩʪʦ ʣʝʪ. ʉʨʘʙʦ-

ʪʘʣʦ ʧʨʘʚʠʣʦ: ʯʪʦʙʳ ʤʳʩʣʠʪʴ, ʥʘʜʦ ʠʤʝʪʴ ʪʦ, ʥʘʜ 

ʯʝʤ ʤʳʩʣʠʪʴ. ʆʙʣʘʜʘʷ ʫʥʠʢʘʣʴʥʦʡ ʠʥʪʫʠʮʠʝʡ, ɸ. 

ʕʡʥʰʪʝʡʥ ʨʘʩʧʨʦʩʪʨʘʥʠʣ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦ-

ʩʪʠ ʥʘ ʚʩʝ ʷʚʣʝʥʠʷ ʚ ʧʨʠʨʦʜʝ, ʠ ʦʙʲʝʢʪʦʤ ʥʘʫʯʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʚʝʩʴ ʦʢʨʫʞʘʶʱʠʡ ʯʝʣʦʚʝʢʘ ʤʠʨ. 

ɺ 1917 ʛʦʜʫ ʕʡʥʰʪʝʡʥ ʫʚʷʟʘʣ ʬʠʟʠʯʝʩʢʫʶ ʚʝʣʠ-

ʯʠʥʫ Ὣ , ʦʧʨʝʜʝʣʷʶʱʫʶ ʤʝʪʨʠʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ï 

ʚʨʝʤʝʥʠ, ʩ ʩʠʣʦʡ ʪʷʞʝʩʪʠ (ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ) 

ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʩʪʘʥʦʚʣʝʥʠʶ ʪʝʦʨʠʠ 

ʨʘʟʚʠʪʠʷ ɺʩʝʣʝʥʥʦʡ. ɺ 1922 ʛʦʜʫ ɸ.ɸ. ʌʨʠʜʤʘʥ 

ʧʨʝʜʣʦʞʠʣ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʕʡʥʰʪʝʡʥʘ. ʇʝʨʚʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʝʦʨʠʠ ʥʝ-

ʩʪʘʮʠʦʥʘʨʥʦʡ ɺʩʝʣʝʥʥʦʡ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʕ. ʍʘʙʙ-

ʣʦʤ ʚ 1929 ʛʦʜʫ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝ-

ʥʠʷ ʛʘʣʘʢʪʠʢ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝ-

ʰʝʥʠʷ ɺʩʝʣʝʥʥʘʷ ʨʘʩʰʠʨʷʝʪʩʷ ʠʟ ʩʚʝʨʭʧʣʦʪʥʦʛʦ 

ʪʦʯʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʪ ʫʞʝ ʧʨʠʤʝʨʥʦ 14 ʤʣʨʜ. 

ʣʝʪ. ɺ ʫʨʘʚʥʝʥʠʷʭ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʦʪʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ ʥʝ ʚʳ-

ʜʝʣʷʶʪʩʷ (ʧʦʩʢʦʣʴʢʫ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶ-

ʱʘʷ ʩʯʠʪʘʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʝʡ). ʇʦʩʪʘʚʣʝʥʥʳʡ 

ʕʡʥʰʪʝʡʥʦʤ ʚʦʧʨʦʩ ʦ ʢʚʘʥʪʘʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʣʷ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʦʪʢʨʳʪʳʤ ʠ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ. 

ʀʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʷ ʦʙ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʥʦʩʷʪ ʥʝʦʜ-

ʥʦʟʥʘʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʭʦʜʳ ʢ 

ʦʮʝʥʢʘʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʧʨʠʚʦʜʷʪ ʢ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝʩʦʛʣʘʩʫʶʱʠʤʩʷ ʨʝʟʫʣʴ-

ʪʘʪʘʤ. ʉʪʦʣʴ ʩʣʦʞʥʘʷ ʧʨʦʙʣʝʤʘ ʥʝ ʠʤʝʝʪ ʫʜʦʚʣʝ-

ʪʚʦʨʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʥʘʯʘʪʳʭ ʚ [2 ï 6] ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʠ ʠʤʝʝʪ ʮʝʣʴʶ ʧʦʠʩʢ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʵʚʦʣʶʮʠʶ ɺʩʝʣʝʥʥʦʡ. 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʠʤ ʛʘʟʦʚʫʶ ʤʦʜʝʣʴ ʩʦʚʝʨʰʝʥʥʦ 

ʦʜʥʦʨʦʜʥʦʡ ɺʩʝʣʝʥʥʦʡ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʩʪʦʷ-

ʱʝʤʫ ʚʨʝʤʝʥʠ ʪʘʢʘʷ ʤʦʜʝʣʴ çʚʝʜʝʪ ʢ ʢʘʨʪʠʥʝ ʭʦ-

ʣʦʜʥʦʛʦ ʦʜʥʦʨʦʜʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʘʪʦʤʘʨʥʦʛʦ 

ʚʦʜʦʨʦʜʘ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʕʪʘ ʩʢʫʯʥʘʷ ʢʘʨʪʠʥʘ ʦʯʝʥʴ ʜʘʣʝʢʘ ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʤʠʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʟʚʝʟʜ, ʛʘʣʘʢʪʠʢ, ʢʚʘʟʘʨʦʚ, ʩ ʘʢ-

ʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʷʜʝʨʥʦʛʦ ʛʦʨʝʥʠʷ, ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʩ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ 

ʜʚʠʞʝʥʠʷʤʠ ʠ ʚʟʨʳʚʘʤʠ, ʚʝʜʫʱʠʤʠ ʢ ʠʟʣʫʯʝʥʠʶ 

ʨʘʜʠʦʚʦʣʥ, ʩʚʝʪʘ, ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫ-

ʯʝʡè [7, ʩ. 221]. ʆʜʥʘʢʦ ʥʘʜʝʝʤʩʷ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʞʫʪʩʷ ʧʦʣʝʟʥʳʤʠ. 

ʆʩʥʦʚʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʝʡ ʠʟʫʯʘʝʤʫʶ ʬʠʟʠʯʝʩʢʫʶ ʤʘʢʨʦʩʠʩʪʝʤʫ, 
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ʩʯʠʪʘʝʤ ʝʝ ʵʥʝʨʛʠʶ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʟʛʣʷʜ 

ʥʘ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ ɺʩʝʣʝʥʥʦʡ (Ὗ  ʢʘʢ ʥʘ ʩʫʤʤʫ 

ʚʝʣʠʯʠʥ ʵʥʝʨʛʠʠ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ Ὗ: 

U = В Ὗ ʠ u = В   В ό        (1) 

ʛʜʝ V ï ʦʙʲʝʤ, ό - ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ɘ - ʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ, ʘ n ï ʯʠʩʣʦ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ɼʣʷ ʛʘʟʦʚ ʦʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ ό ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʫʤʥʦʞʠʚ ʩʨʝʜʥʶʶ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʦʡ ʯʘʩʪʠʮʳ Ὗ
Ǭ
 ʥʘ ʠʭ 

ʦʙʲʝʤʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ὲ: 

ό = Ὗ
Ǭ
ὲ                          (2) 

ɼʣʷ ʚʳʨʘʞʝʥʠʷ (2) ʭʘʨʘʢʪʝʨʥʳ ʦʩʦʙʝʥʥʦʩʪʠ:  

- ʌʦʨʤʫʣʘ (2) ʠʤʝʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦ-

ʰʝʥʠʝ ʢ ʬʠʟʠʯʝʩʢʦʤʫ ʤʠʨʫ. ɿʜʝʩʴ ʧʝʨʚʳʡ ʩʦʤʥʦ-

ʞʠʪʝʣʴ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ Ὗ
Ǭ
ʦʪʚʝʯʘʝʪ ʤʠʢʨʦʤʠʨʫ (ʪʦ 

ʝʩʪʴ ʤʠʨʫ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ), ʘ ʚʪʦʨʦʡ ὲ ʠʤʝʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʥʘʙʣʶʜʘʝʤʳʤ ʩ 

ɿʝʤʣʠ ʧʨʦʩʪʦʨʘʤ ɺʩʝʣʝʥʥʦʡ. 

- ɹʣʘʛʦʜʘʨʷ ʬʦʨʤʫʣʝ (2) ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠʥʠʤʘ-

ʝʪʩʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ï ʚʨʝʤʝʥʥʦʝ ʚʤʝʩʪʠʣʠʱʝ 

(ʍ. ʖʢʘʚʘ, 1981), ʠ ʤʘʪʝʨʠʷ (ʧʦʣʷ ʠ ʯʘʩʪʠʮʳ ʢʘʢ 

ʝʜʠʥʳʡ ʦʙʲʝʢʪ), ʟʘʧʦʣʥʷʶʱʘʷ ʝʛʦ. ʏʠʩʣʦ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ ɘ (ʠʣʠ ʧʦʣʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ) ʦʪʚʝʯʘʝʪ 

ʯʠʩʣʫ ʧʨʠʥʠʤʘʝʤʳʭ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʯʘʩʪʠʮ. 

- ʋʷʩʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʟʠʮʠʡ 

ʧʦ Ὗ = Ὗ
Ǭ
ὲ ʧʨʠʟʚʘʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʧʦʨʷʜʦʯʝ-

ʥʠʶ ʟʥʘʥʠʡ ʦ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ.  

ʅʠʞʝ ʢʨʘʪʢʦ ʦʙʨʘʪʠʤʩʷ ʢ ʦʪʜʝʣʴʥʳʤ ʩʦʩʪʘʚʣʷ-

ʶʱʠʤ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ. 

ʌʦʪʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʇʝʨʚʳʤʠ, ʢʪʦ ʦʩʦ-

ʟʥʘʣ ʪʦʪ ʬʘʢʪ, ʯʪʦ ɺʩʝʣʝʥʥʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʥʘʩʪʦ-

ʷʱʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʥʘʧʦʣʥʝʥʘ ʦʩʪʘʪʦʯʥʳʤ ʬʦ-

ʪʦʥʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ, ʙʳʣʠ 

ɻ.ɸ. ɻʘʤʦʚ ʠ ʝʛʦ ʩʦʪʨʫʜʥʠʢʠ ʈ. ɸʣʴʬʝʨ ʠ ʈ. ɻʝʨʤʘʥ 

ʚ 1940 ï ʭ ʛʛ. ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʜʦ-

ʧʦʣʥʝʥʠʶ ʛʝʦʤʝʪʨʠʠ ʠ ʜʠʥʘʤʠʢʠ ʌʨʠʜʤʘʥʘ ʠʜʝʷʤʠ 

ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ (ʧʦʜʢʨʝʧʣʝʥ-

ʥʳʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʘʩʯʝʪʘʤʠ). ʀ ʯʪʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʨʦʛʥʦʟ ʧʦʜʪʚʝʨʜʠʣʩʷ, ʘ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʧʨʝ-

ʮʠʟʠʦʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨ-

ʛʠʠ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ό ʦʪʚʝʯʘʝʪ ʟʘʢʦʥʫ (ʫʨʘʚ-

ʥʝʥʠʶ) ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ [8]: 

ό =  = Ὧ
̒
Ὕ                       (3) 

ɼʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʳʚʘʝʪ ʵʥʝʨʛʠʶ ʬʦʪʦʥ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ Ὗ, ʦʙʲʝʤ V ʠ ʪʝʤʧʝʨʘʪʫʨʫ T ɺʩʝ-

ʣʝʥʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʢʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦ-

ʩʪʦʷʥʥʳʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʩ = 3Ͻ
ρπ ̍Ⱦ̒, ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ h = 1,054Ͻρπ  ˑ Ͻ̇̒ 

ʠ ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ k = 1,38Ͻρπ ɼʞ / ʂ . ʂʘ-

ʢʦʚʳ ʧʫʪʠ ʚʳʭʦʜʘ ʥʘ ʫʨʘʚʥʝʥʠʝ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮ-

ʤʘʥʘ (3)? ʕʤʧʠʨʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʝʥʥʫʶ ʩʚʷʟʴ (3) 

ʤʦʞʥʦ ʚʳʩʪʨʦʠʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʙʣʘʛʦʜʘʨʷ ʪʨʝʤ 

ʧʨʠʝʤʘʤ: 

1. ʇʝʨʚʳʡ ʠʟ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥ-
ʥʳʤ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʳʤ. ɿʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣʴ-

ʮʤʘʥʘ (3) ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʬʦʨʤʫʣʳ ʇʣʘʥʢʘ 

ʜʣʷ ʣʫʯʝʠʩʧʫʩʢʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʙʩʦʣʶʪʥʦ 

ʯʝʨʥʦʛʦ ʪʝʣʘ [9]: 

‐ȟ = 
̆ Ⱦ                            (4) 

ʛʜʝ ɜ ï ʯʘʩʪʦʪʘ. ɺʳʭʦʜ ʥʘ (3) ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʝ (4) ʧʦ ɜ ʦʪ 0 ʜʦ ЊȢ ʇʨʠ ʠʥʪʝʛʨʠʨʦʚʘ-
ʥʠʠ ʧʦʷʚʣʷʝʪʩʷ ʩʦʤʥʦʞʠʪʝʣʴ Ὧ, ʢʦʪʦʨʳʡ, ʢʘʢ ʦʢʘ-
ʟʘʣʦʩʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ çʧʦʜʙʦʨʫ ʢʣʶʯʘ ʜʣʷ ʨʘʩʰʠʬ-

ʨʦʚʢʠ ʢʦʜʘè ʚ ʧʦʣʴʟʫ ʛʦʨʷʯʝʛʦ ʥʘʯʘʣʘ ɺʩʝʣʝʥʥʦʡ.  

2. ɺʪʦʨʦʡ ʧʨʠʝʤ, ʧʦʞʘʣʫʡ, ʦʪʣʠʯʘʝʪʩʷ ʤʘʢʩʠ-
ʤʘʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ. ʉʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʉʪʝʬʘʥʘ 

ï ɹʦʣʴʮʤʘʥʘ (3) ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʪʝʤʧʝʨʘʪʫʨʳ: 

ό   θὝ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʚʷʟʴ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʜʣʷ 
ʧʣʘʥʢʦʚʩʢʠʭ ʚʝʣʠʯʠʥ: Ὗ   θὝ Ȣ ɼʝʣʠʤ ʧʝʨʚʦʝ ʠʟ 

ʚʳʨʘʞʝʥʠʡ ʥʘ ʚʪʦʨʦʝ ʠ ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ ʉʪʝ-

ʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ, ʥʦ ʫʞʝ ʚ ʟʘʧʠʩʠ ʯʝʨʝʟ ʙʝʟʨʘʟʤʝʨ-

ʥʳʝ ʧʣʘʥʢʦʚʩʢʠʝ ʚʝʣʠʯʠʥʳ [2]: 

ό  =                       (5) 

ɺʳʨʘʞʝʥʠʝ (5) ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ (3) ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ό ʧʦ ʤʝʨʝ 

ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʩ ʦʭʣʘʞʜʝʥʠʝʤ. ʀʟ (5) ʚʠ-

ʜʝʥ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʟʘʢʦʥʘ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮ-

ʤʘʥʘ: ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʝʜʠʥʠʮʘʭ ʄ. 

ʇʣʘʥʢʘ, ʨʘʚʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʪʝʭ ʞʝ ʝʜʠʥʠʮʘʭ, ʚʟʷʪʦʡ ʚ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ. ʊʝʤ 

ʩʘʤʳʤ, ʠʤʝʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʲʝʢʪʠʚʥʦʝ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʦ ʪʦʤʫ, ʯʪʦ ʥʘʯʘʣʦ ɺʩʝʣʝʥʥʦʡ ʙʳʣʦ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠ ʧʣʦʪʥʳʤ ʠ ʛʦʨʷʯʠʤ: 

”  ρπ ̋ ̄̍   ϳ ʠ Ὕ  Ὧ Ὤὧ
Ὃ

Ⱦ

 ρπK, ʛʜʝ G - ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; G = 

6,67Ͻρπ  (Ͻ̍ /̋ .̄ ʉʦʛʣʘʩʥʦ (5) ɺʩʝʣʝʥʥʘʷ ʚ 
ʧʣʘʥʢʦʚʩʢʦʤ ʧʨʝʜʝʣʝ ʥʝ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʪʦʯʢʦʡ, ʥʦ ʠʤʝʝʪ ʭʦʪʴ ʚʝʩʴʤʘ ʤʘʣʦʝ ʢʦʥʝʯʥʦʝ ʧʨʦ-

ʪʷʞʝʥʠʝ. 

ɽʩʣʠ ʦʙʨʘʪʠʪʴʩʷ ʢ ʠʩʪʦʨʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʪʦ 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʨʠʤʝʨʳ, ʢʦʛʜʘ ʧʨʘʚʠʣʴʥʦ ʚʳ-

ʙʨʘʥʥʳʝ ʝʜʠʥʠʮʳ, ʧʘʨʘʤʝʪʨʳ ʠ ʢʦʤʧʣʝʢʩʳ ʦʢʘʟʳ-

ʚʘʶʪʩʷ ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤʠ. ʆʥʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʟʚʦ-

ʣʷʶʪ ʧʨʦʚʝʩʪʠ ʨʘʟʤʝʨʥʳʡ ʘʥʘʣʠʟ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝ-

ʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʠʭ ʤʘʩʰʪʘʙ. 

3. ʀʟ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʯʠʩʣʦ ʬʦʪʦʥʦʚ ὔ ʚʦ ɺʩʝʣʝʥʥʦʡ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʝʝ ʦʙʲʝʤʫ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʣʫʯʝʥʠʷ ʚ ʪʨʝ-

ʪʴʝʡ ʩʪʝʧʝʥʠ [10]: 

ὔ πȟςττ ϽὠϽὝ              (6) 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʧʦʣʫʯʝʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, 

ʯʪʦ ʩʦʩʪʦʷʥʠʝʤ ʬʦʪʦʥʘ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ 

ʚʦʣʥʘ, ʘ ʯʠʩʣʦ ʬʦʪʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʣʥʦʡ, ʧʦʜ-

ʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ɹʦʟʝ - ʕʡʥʰʪʝʡʥʘ. ɿʘʤʝ-

ʪʠʤ, ʯʪʦ (6) ʦʪʚʝʯʘʝʪ ʩʚʷʟʴ [2]: 

ὲ =  = Ȣ                     (7) 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʟ (6) ʩʣʝʜʫʝʪ ʠ ʚʳʨʘʞʝʥʠʝ ὲ

 πȟςττ Ὕȟ ʫʤʥʦʞʠʚ ʢʦʪʦʨʦʝ ʥʘ ʩʨʝʜʥʶʶ 

ʵʥʝʨʛʠʶ ʝʜʠʥʠʯʥʦʛʦ ʬʦʪʦʥʘ Ὗ
Ǭ
 = 2,82kT [11, ʩ. 

304], ʚʥʦʚʴ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʫʨʘʚʥʝʥʠʶ ʉʪʝʬʘʥʘ ï 

ɹʦʣʴʮʤʘʥʘ (3). ʇʨʠ ʦʧʠʩʘʥʠʠ ʧʝʨʚʳʭ ʪʨʝʭ ʤʠʥʫʪ 
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ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʉ. ɺʘʡʥ-

ʙʝʨʛ [12] ʥʘʟʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ Ὗ
Ǭ
 = kϽT ʧʨʦʩʪʳʤ 

ʤʥʝʤʦʥʠʯʝʩʢʠʤ ʧʨʘʚʠʣʦʤ. ʆʜʥʘʢʦ, ʝʩʣʠ ʦʪʥʝʩʪʠ ʢ 

ʯʠʩʣʫ ʠʥʪʝʨʝʩʥʳʭ ʟʘʜʘʯ ʚʳʭʦʜ ʥʘ ʨʦʜʩʪʚʝʥʥʳʝ (3) 

ʫʩʪʦʡʯʠʚʳʝ ʚʟʘʠʤʦʩʚʷʟʠ, ʪʦ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʣʦʪʥʦ-

ʩʪʠ ʬʦʪʦʥʦʚ ʚ ʦʪʣʠʯʠʝ ʦʪ (7) ʝʛʦ ʨʘʟʚʝʨʥʫʪʘʷ ʬʦʨʤʘ 

ʟʘʧʠʩʠ (6) ʤʘʣʦʠʥʬʦʨʤʘʪʠʚʥʘ. 

ɹʘʨʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ɺ çʥʝʩʢʫʯʥʦʤ ʩʮʝ-

ʥʘʨʠʠè ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʚʘʞʥʘʷ ʨʦʣʴ ʦʪʚʦ-

ʜʠʪʩʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ Z, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʬʦʪʦʥʦʚ ὔ ʢ ʯʠʩʣʫ ʙʘ-

ʨʠʦʥʦʚ ὔ. ʌʦʪʦʥ - ʙʘʨʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ Z =  = 

 ʠʟʤʝʥʷʝʪʩʷ ʚ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ t (ʟʘ 

ʥʘʯʘʣʦ ʝʛʦ ʦʪʩʯʝʪʘ ʫʜʦʙʥʦ ʧʨʠʥʷʪʴ ʧʣʘʥʢʦʚʩʢʦʝ 

ʚʨʝʤʷ ὸ  ρπ ὧȢ ɼʣʷ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢ-

ʮʠʠ Z ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ Z = 
Ⱦ

ȟ ʛʜʝ ά  

ï ʤʘʩʩʘ ʙʘʨʠʦʥʘ/ʙʘʨʠʦʥʦʚ ʇʣʘʥʢʘ, ʘ ά  ï ʤʘʩʩʘ ʙʘ-

ʨʠʦʥʘ. ɺ ʨʦʜʦʩʣʦʚʥʦʡ 

̂́̑̉̏̎̏̃ ̉  ̖̐̌́̎̋̏̃̒̋̏̊ ̍́̒̒̆ ʦʪʚʦʜʠʪʩʷ ʚʝʩʦ-
ʤʘʷ ʨʦʣʴ. ʏʠʩʣʦ ʙʘʨʠʦʥʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ὲ [3]: 

ὲ =  =  = 
Ͻ

               (8) 

ʆʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʙʘʨʠʦʥʥʦʛʦ ʛʘʟʘ 

[3]: 

 ό =  = 
Ͻ

                     (9) 

ό = 
Ͻ

                       (10) 

ʇʨʠ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʣʠʢ-

ʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ Ὕ ςȟχσ ʂ ʠ ὤ = ρπ ʠʤʝʝʤ ʚʝ-
ʣʠʯʠʥʫ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʙʘʨʠʦʥʥʦʛʦ 

ʛʘʟʘ ʧʦʨʷʜʢʘ ό  ρπ  ˑ /̇̍Ȣ ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 
ʯʪʦ ʜʘʥʥʘʷ ʦʮʝʥʢʘ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʜʦʙʥʳʤʠ ʦʮʝʥʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʦ-

ʣʫʯʝʥʳ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʧʫʪʝʤ. 

ʇʨʠ ʫʩʣʦʚʠʠ Ὗ  Ὗ  ʫʨʘʚʥʝʥʠʷ (5) ʠ (10) 

ʧʦʟʚʦʣʷʶʪ ʟʘʧʠʩʘʪʴ ʬʫʥʢʮʠʶ  

 ︡=  = 
Ͻ
                   (11) 

ʅʝʡʪʨʠʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʅʝʡʪʨʠʥʦ ï ʢʘʢ ʠ 

ʬʦʪʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ï ʦʩʪʘʪʦʢ, ʨʝʣʠʢʪ ʛʦʨʷʯʝʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ɺʩʝʣʝʥʥʦʡ [13]. ʄʝʪʦʜʫ ʘʥʘʣʦʛʠʠ ʦʪʚʦ-

ʜʠʪʩʷ ʚʘʞʥʘʷ ʨʦʣʴ ʚ ʧʦʟʥʘʥʠʠ ʧʨʠʨʦʜʳ. ɼ. ɼʠʜʨʦ 

[14, ʩ. 192] ʧʦʜʯʝʨʢʠʚʘʝʪ: çɺ ʬʠʟʠʢʝ ʚʩʝ ʟʥʘʥʠʷ ʦʩ-

ʥʦʚʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʘʥʘʣʦʛʠʠ: ʝʩʣʠ ʙʳ ʩʭʦʜʩʪʚʦ 

ʩʣʝʜʩʪʚʠʡ ʥʝ ʜʘʣʦ ʥʘʤ ʧʨʘʚʦ ʟʘʢʣʶʯʘʪʴ ʦ ʪʦʞʜʝʩʪʚʝ 

ʠʭ ʧʨʠʯʠʥ, ʯʪʦ ʩʪʘʣʦ ʙʳ ʩ ʵʪʦʡ ʥʘʫʢʦʡ?è ʇʦʩʢʦʣʴʢʫ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ό ʥʘʤ ʥʝʠʟʚʝʩʪʥʳ, ʤʳ ʚʳʥʫʞʜʝʥʳ 
ʜʝʣʘʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʆʜʥʦ ʠʟ ʥʠʭ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʛʠʧʦʪʝʟʦʡ ʦ ʩʭʦʜʩʪʚʝè. ʇʦʣʘʛʘʝʤ ʟʘ 

ʬʘʢʪ: ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ ʢʘʞʜʦʝ ʠʟ ʧʦʢʦʣʝʥʠʡ ʙʘ-

ʨʠʦʥʦʚ ʠ ʥʝʡʪʨʠʥʦ ʝʩʪʴ ʩʠʥʭʨʦʥʥʳʡ ʧʨʦʜʫʢʪ ʷʜʝʨ-

ʥʳʭ ʨʝʘʢʮʠʡ. ʊʦʛʜʘ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʜʦʧʫʱʝʥʠʷʤ ʠ ʫʯʠʪʳʚʘʷ ʤʥʝʥʠʝ ʘʚʪʦʨʦʚ ʦʪʜʝʣʴʥʳʭ 

ʨʘʙʦʪ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ό = 

ό ʠ ὲ= ὲ ʠ ʜʣʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʛʘʟʘ 

ʥʝʡʪʨʠʥʦ ό ʩ ʫʯʝʪʦʤ (10) ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ [5]: 

ό  =                  (12) 

ʉʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʝʜʠʥʠʯʥʦʛʦ ʥʝʡʪʨʠʥʦ [5]:  

 

Ὗ                            (13) 

ʠʣʠ 

Ὗ  = 
Ⱦ

                  (14) 

ʛʜʝ ὦ ï ʥʝʢʦʪʦʨʳʡ ʢʦʵʬʬʠʮʠʝʥʪȢ ɼʣʷ ʨʝʣʠʢʪʦ-
ʚʳʭ ʥʝʡʪʨʠʥʦ ʧʨʠ ὦ = ρτϳ  ʠ ὤ  = 1,8Ͻρπ ʠʤʝʝʤ 

ʚʝʣʠʯʠʥʫ Ὗ  = 0,52 ʵɺ [5]. ʇʨʠ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʡ 

(12) ï (14) ʫʯʪʝʥ ʠ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʡ, ʢʘʢ ʧʦʣʘ-

ʛʘʶʪ [15], ʨʝʟʫʣʴʪʘʪ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʚʝʣʠ-

ʯʠʥʳ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʨʝʣʠʢʪʦʚʦʛʦ ʥʝʡʪʨʠʥʦ: 0,28 

ʵɺ. 

ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʂ ʥʘʩʪʦʷ-

ʱʝʤʫ ʤʦʤʝʥʪʫ ʥʝ ʠʤʝʝʪʩʷ ʚʝʩʢʠʭ ʩʚʠʜʝʪʝʣʴʩʪʚ ʧʨʷ-

ʤʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ 

ɺʩʝʣʝʥʥʦʡ, ʥʦ ʝʩʪʴ ʤʥʝʥʠʝ [16 ʠ ʜʨ.], ʯʪʦ ʚ ʙʫʜʫ-

ʱʝʤ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ. ʊ. ʈʝʜʞʝ [17] ʦʪ-

ʤʝʯʘʝʪ, ʯʪʦ ɸ. ʕʜʜʠʥʛʪʦʥ ʦʙʨʘʟʥʦ ʩʨʘʚʥʠʚʘʣ ʧʨʦ-

ʩʪʨʘʥʩʪʚʦ ɺʩʝʣʝʥʥʦʡ ʩ ʭʦʨʦʰʦ ʥʘʪʷʥʫʪʳʤ ʧʣʦʩʢʠʤ 

ʵʣʘʩʪʠʯʥʳʤ ʧʦʣʦʪʥʠʱʝʤ. ɽʩʣʠ ʧʦʣʦʞʠʪʴ ʥʘ ʧʦʣʦʪ-

ʥʠʱʝ ʪʷʞʝʣʳʝ ʰʘʨʳ (ʩʠʤʚʦʣʠʟʠʨʫʶʱʠʝ ʥʝʙʝʩʥʳʝ 

ʪʝʣʘ), ʪʦ ʦʥʦ ʠʩʢʨʠʚʠʪʩʷ, ʠʟʤʝʥʠʚ ʧʨʠ ʵʪʦʤ ʩʚʦʶ 

ʛʝʦʤʝʪʨʠʶ. ʂʘʞʜʳʡ ʠʟ ʜʚʫʭ ʥʘʭʦʜʷʱʠʭʩʷ ʨʷʜʦʤ 

ʰʘʨʦʚ ʩʪʨʝʤʠʪʩʷ ʩʢʘʪʠʪʴʩʷ ʚ ʷʤʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʩʦ-

ʩʝʜʦʤ. ʏʝʨʝʟ ʧʦʩʨʝʜʩʪʚʦ ʧʦʣʦʪʥʠʱʘ ʤʝʞʜʫ ʰʘʨʘʤʠ 

ʢʘʢ ʙʳ ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʥʘʣʦʛʠʯ-

ʥʘʷ ʩʠʣʝ ʪʷʛʦʪʝʥʠʷ. ʆʪʤʝʯʝʥʥʦʝ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʠʜʝʶ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʝʥʥʳ c ʠ G. ʀʟ ʫʨʘʚʥʝ-

ʥʠʡ ʧʦʣʷ ʕʡʥʰʪʝʡʥʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʝʞʜʫ ʢʨʠʚʠʟʥʦʡ 

R ʧʨʦʩʪʨʘʥʩʪʚʘ ɺʩʝʣʝʥʥʦʡ ʠ ʧʣʦʪʥʦʩʪʴʶ ɟ ʝʸ ʤʘʪʝ-

ʨʠʠ ʩʫʱʝʩʪʚʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʚʠʜʘ [17]: 

4Ͻ“   ɟ =                    (15) 

ʇʨʠʥʠʤʘʷ ʫʩʣʦʚʠʝ [18] 

R  θὄ(ὸ)  θὝ ȟ              (16) 

ʛʜʝ ὄ(ὸ) ï ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ 
ʥʘʣʠʯʠʝ ʩʚʷʟʠ 

”̒  = ό  θὝȟ               (17) 

ʠʣʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʧʣʘʥʢʦʚ-

ʩʢʠʤ ʚʝʣʠʯʠʥʘʤ 

  θ Ȣ                  (18) 

ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ό = ︡Ͻό ʠ ʩ ʫʯʝʪʦʤ (10) 

ʠ (11) ʚʳʡʪʠ ʥʘ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ ʛʘʟʘ ʛʨʘʚʠʪʦʥʦʚ ɺʩʝʣʝʥʥʦʡ  

ό =  = Ὗ Ͻὲ =      (19) 

ʆʜʥʘʢʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʦ ʯʝʤ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʪʘʢ ʵʪʦ ʪʦ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʚʥʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʠ ʥʝ ʚʠʜʥʦ ʠʜʝʡ, ʢʦ-

ʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʭʦʪʷ ʙʳ ʵʩʢʠʟʥʦ ʩʦʝʜʠʥʠʪʴ ʨʝʟʫʣʴ-

ʪʘʪʳ (15) ʠ (19). ʅʘʜʝʝʤʩʷ, ʯʪʦ ʟʘʧʠʩʴ ʚʠʜʘ (19) ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ ʦʪʚʝʯʘʝʪ ʵʥʝʨʛʝʪʠʢʝ ʧʨʠʩʫʱʝʛʦ ʧʨʠ-

ʨʦʜʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʊʦʛʜʘ, ʝʩʣʠ ʜʦʧʫʩʪʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʚʝʥʩʪʚʘ ʯʠʩʝʣ ʛʨʘʚʠʪʦʥʦʚ ʠ ʬʦʪʦ-

ʥʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ɺʩʝʣʝʥʥʦʡ:  

ὲ  ὲȟ                       (20) 

ʪʦ ʜʣʷ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʦʛʦ ʛʨʘʚʠʪʦʥʘ 

Ὗ  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

Ὗ  =                   (21) 

ʠʣʠ 
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Ὗ  = ‌   ȟ               (22) 

ʛʜʝ ‌ ï ʢʦʵʬʬʠʮʠʝʥʪ. ʀʟ (21) ʠ (22) ʚʠʜʥʦ, ʯʪʦ 

ʚ ʵʧʦʭʫ ʦʪʩʫʪʩʪʚʠʷ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ (ʧʨʠ Z = const) 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʧʦ ʤʝʨʝ ʝʝ ʨʘʩʰʠʨʝʥʠʷ 

ʵʥʝʨʛʠʷ ʢʚʘʥʪʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚʦʟʨʘʩʪʘʝʪ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʠʭ ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ὲ   

  ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ T ʩʥʠʞʘʝʪʩʷ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʟ ʫʨʘʚʥʝʥʠʷ (19) ʩʣʝʜʫʝʪ ʬʦʨ-

ʤʫʣʘ 

ό  ‌ Ὕȟ          (23) 

ʛʜʝ ‌ - ʢʦʵʬʬʠʮʠʝʥʪ. ɿʜʝʩʴ ʢʦʥʩʪʘʥʪʳ ʧʨʠ-

ʨʦʜʳ c ʠ G ʦʪʚʝʯʘʶʪ ʠʜʝʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʢʦʥ-

ʩʪʘʥʪʘ h ï ʠʜʝʝ ʜʠʩʢʨʝʪʥʦʩʪʠ, ʘ ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮ-

ʤʘʥʘ k, ʚʦʟʤʦʞʥʦ, ʦʪʚʝʯʘʝʪ ʤʘʩʰʪʘʙʥʦʤʫ ʬʘʢʪʦʨʫ 

ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʣʘʥ-

ʢʦʚʩʢʦʡ ʵʧʦʭʠ, ʧʦʩʢʦʣʴʢʫ k, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʧʨʝʜʝ-

ʣʷʝʪ ʚʩʶ ʰʢʘʣʫ ʘʪʦʤʥʦ ï ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʝʣʠʯʠʥ 

ʩʦʦʪʥʦʰʝʥʠʝʤ k = 
Ὑ̄
ὔ, ʛʜʝ Ὑ̄ - ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘ-

ʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʘ ὔ  ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ. 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʠ ʝʩʣʠ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʬʦʨʤʫʣʳ, ʪʦ ʣʠʰʴ ʪʦʣʴʢʦ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʙʝʟʨʘʟʤʝʨʥʳʭ ʤʥʦʞʠʪʝʣʝʡ. ɺʝʣʠ-

ʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ‌̨ ʠ ὦ̨ ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʣʴʢʦ ʚ 

ʩʪʨʦʛʦʡ ʪʝʦʨʠʠ. ʇʨʠʤʝʨʦʤ ʪʦʤʫ ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝ-

ʥʠʷ (3), (4) ʠ (6). ɺʝʣʠʯʠʥʘ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʤʥʦʞʠ-

ʪʝʣʷ ‌ ʚ (23) ʥʘʤ ʥʝʠʟʚʝʩʪʥʘ. ɽʩʣʠ ʜʣʷ ʮʝʣʝʡ ʧʨʠ-

ʤʝʨʘ ʧʨʠʥʷʪʴ ‌ = 0,1, ʪʦ ʧʨʠ ὤ ρȟψϽρπ ʠ Ὕ
ςȟχσ ̠ ʠʤʝʝʤ ʚʝʣʠʯʠʥʫ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʠ ʨʝʣʠʢʪʦ-

ʚʦʛʦ ʛʨʘʚʠʪʦʥʘ ʨʘʚʥʫʶ Ὗ  = 3Ͻρπ  ɼʞ = 1875 

ʵɺ. ʊʦʛʜʘ c ʫʯʝʪʦʤ (20) ʧʨʠ ʚʝʣʠʯʠʥʝ ὲ  = 5Ͻρπ 
[19] ʠʤʝʝʤ ʦʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʨʝʣʠʢʪʦ-

ʚʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ό  = 1,5 Ͻρπ 

ɼʞ/̍Ȣ ʈʝʰʝʥʠʷ ʨʦʜʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʜʣʷ ό  

ʥʘʤ ʥʝʠʟʚʝʩʪʥʳ. 

ʂʘʢ ʦʪʤʝʯʘʶʪ ʗ.ɹ. ɿʝʣʴʜʦʚʠʯ ʠ ʅʦʚʠʢʦʚ [7, ʩ. 

629], çʆʊʆ ʥʝ ʚʥʦʩʠʪ ʚ ʪʝʦʨʠʶ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʢʦʥʩʪʘʥʪ, ʢʨʦʤʝ ʫʞʝ ʠʟʚʝʩʪʥʳʭ: ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʩ ʠ 

ʥʴʶʪʦʥʦʚʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʪʷʛʦʪʝʥʠʷ G. ʇʣʘʥʢ ʚʚʝʣ 

ʩʚʦʶ ʟʥʘʤʝʥʠʪʫʶ ʧʦʩʪʦʷʥʥʫʶ h ʚ ʪʝʦʨʠʶ ʠʟʣʫʯʝ-

ʥʠʷ é ʆʥ ʦʪʯʝʪʣʠʚʦ ʧʦʥʠʤʘʣ ʟʥʘʯʝʥʠʝ ʠʜʝʠ ʢʚʘʥ-

ʪʦʚʘʥʠʷ ʜʣʷ ʚʩʝʡ ʬʠʟʠʢʠ, ʚʩʝʛʦ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷè. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʝʨʩʧʝʢʪʠʚʳ ʚʠʜʦʠʟʤʝʥʝʥʠʷ ʆʊʆ, ɻ. 

ï ʖ. ʊʨʝʜʝʨ [20, ʩ.323] ʧʦʣʘʛʘʝʪ, ʯʪʦ çʥʦʚʳʝ, ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ ʧʨʘʚʠʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʩʠʤʤʝʪʨʠʠè ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ çʙʝʟ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʥʩʪʘʥʪ (ʢʨʦʤʝ h, ʩ 

ʠ G)è. ʆʜʥʘʢʦ ʚ ʪʝʦʨʠʶ ʠʟʣʫʯʝʥʠʷ ʄ. ʇʣʘʥʢ [21, ʩ. 

162] ʚ 1899 ʛʦʜʫ ʚʚʝʣ ʥʝ ʦʜʥʫ, ʘ ʜʚʝ ʢʦʥʩʪʘʥʪʳ ʧʨʠ-

ʨʦʜʳ: h ʠ k, ʘ ʜʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʯʝʪʳʨʝʭ ʨʘʚʥʦʧʨʘʚ-

ʥʳʭ ʧʦʩʪʦʷʥʥʳʭ (ʩ, G , h ʠ k) ʧʨʝʜʣʦʞʠʣ ʩʚʦʠ ʝʜʠ-

ʥʠʮʳ ʜʣʠʥʳ, ʤʘʩʩʳ, ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʣʘʥʢ 

ʙʳʣ ʫʙʝʞʜʝʥ: çʕʪʠ ʚʝʣʠʯʠʥʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʝ ʝʩʪʝ-

ʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʧʨʘʚʝʜʣʠʚʳ ʟʘ-

ʢʦʥʳ ʪʷʛʦʪʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʠ 

ʦʙʘ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠè [ʪʘʤ ʞʝ].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʦʞʘʣʫʡ, ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʧʣʘʥʢʦʚʩʢʠʝ ʚʝʣʠʯʠʥʳ ʢʘʢ ʧʨʦʩʪʝʡʰʠʝ ʢʦʤʙʠʥʘ-

ʮʠʠ ʠʟ ʢʦʥʩʪʘʥʪ ʩ, G, h ʠ k ï ʩʫʪʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʨʘʩʰʠʨʝʥʠʷ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ. ʇʣʘʥʢʦʚʩʢʠʝ ʚʝʣʠ-

ʯʠʥʳ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʥʘ ʧʣʘʥʢʦʚʩʢʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ὸ  = ρπ  c. ʅʦ 

ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʦ ʤʝʨʝ ʢʦʩʤʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. ʅʘʙʣʶʜʘʝʤʦʝ ʚ 

ʥʘʰʠ ʜʥʠ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʛʨʘʥʜʠʦʟʥʳʤ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ ʚ ʧʨʠ-

ʨʦʜʝ [4]. ʇʨʠ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʙʝʟʨʘʟ-

ʤʝʨʥʳʝ ʧʣʘʥʢʦʚʩʢʠʝ ʚʝʣʠʯʠʥʳ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ, 

ʢʦʪʦʨʘʷ ʘʥʘʣʦʛʠʯʥʘ ʨʦʣʠ ʠʟʚʝʩʪʥʳʭ ʠʟ ʛʘʟʦʚʦʡ ʜʠ-

ʥʘʤʠʢʠ ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢ-

ʮʠʡ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʢʘʨʪʠʥʳ ʢʦʩʤʦ-

ʣʦʛʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʦʡ ʚʘʞʥʳ ʜʚʝ ʠʩ-

ʭʦʜʥʳʝ ʧʦʟʠʮʠʠ: 1. ʠʩʪʦʯʥʠʢʦʤ ʬʦʪʦʥʦʚ, ʙʘʨʠʦʥʦʚ, 

ʥʝʡʪʨʠʥʦ, ʛʨʘʚʠʪʦʥʦʚ ʷʚʣʷʝʪʩʷ ʧʣʘʥʢʦʚʩʢʦʝ ʩʦʩʪʦ-

ʷʥʠʝ; 2. ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʩʫʱʝʩʪʚʫʶʪ ʚʦ ɺʩʝ-

ʣʝʥʥʦʡ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʨʘʩʰʠʨʝʥʠʷ. ɺ ʩʦʛʣʘʩʠʝ ʩ 

(1), (5), (10), (12) ʠ (19) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ: 

ό  ό ό ό ό = 
Ⱦ

 ρπ
ˑ̇

̍
Ȣ   (24) 

ɿʜʝʩʴ ʧʦʜʩʪʨʦʯʥʳʝ ʠʥʜʝʢʩʳ ‐ὖὒ, ὦὖὒ, ’ὖὒ ̉ 

Ὣὖὒ ʩʦʦʪʥʦʩʷʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʤʝʯʝʥʥʳʝ 

ʠʥʘʤʠ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʢ ʽ - ʤ ʜʦʣʷʤ ʧʦʣʥʦʡ 

ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʣʘʥʢʦʚʩʢʦʡ ʵʥʝʨʛʠʠ ό , ʟʘ 

ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʪʦʠʪ ʩʚʦʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʣʘʥ-

ʢʦʚʩʢʠʭ ʯʘʩʪʠʮ [6] (ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʦ-

ʣʷʤʠ Ὗ̨  ʚ ʧʦʣʥʦʡ ʧʣʘʥʢʦʚʩʢʦʡ ʵʥʝʨʛʠʠ Ὗ  ʝʱʝ 
ʪʦʣʴʢʦ ʧʨʝʜʩʪʦʠʪ ʫʩʪʘʥʦʚʠʪʴ). ʂʘʢʦʝ ʜʦʧʫʱʝʥʠʝ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ɻʘʤʦʚʳʤ ʧʨʠ ʧʨʦʛʥʦʟʝ ʦʩʪʘʪʦʯʥʦʛʦ 

ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ? ɺ ʫʯʝʙ-

ʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ɼʝʚʠʩ [1, ʩ.195] ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ: çʇʝʨʚʦʥʘʯʘʣʴʥʳʡ 

ʚʘʨʠʘʥʪ ʪʝʦʨʠʠ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʥʝ ʜʘʚʘʣ ʫʙʝʜʠ-

ʪʝʣʴʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʪʦʛʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʭʦʜʝ 

ʧʝʨʚʠʯʥʦʛʦ ʚʟʨʳʚʘ ʚʦʟʥʠʢʣʦ ʚʝʱʝʩʪʚʦ. ʂʦʩʤʦʣʦ-

ʛʘʤ ʥʝ ʦʩʪʘʚʘʣʦʩʴ ʥʠʯʝʛʦ ʜʨʫʛʦʛʦ, ʢʘʢ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʯʪʦ ʚʩʝ ʚʝʱʝʩʪʚʦ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʩʪʨʦʝʥʘ ɺʩʝ-

ʣʝʥʥʘʷ, ʩʫʱʝʩʪʚʦʚʘʣʦ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘè. ɽʩʣʠ ʩʫ-

ʜʠʪʴ ʧʦ ʬʘʢʪʫ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ɻʘʤʦʚʳʤ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ, ʪʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʜʝʷ ɾ. ʃʝʤʝʪʨʘ 

ʦ ʧʝʨʚʠʯʥʦʤ ʚʝʩʴʤʘ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʘʪʦʤʝ ʟʘʨʝʢʦ-

ʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʩ ʣʫʯʰʝʡ ʩʪʦʨʦʥʳ. ɽʩʪʴ ʦʩʥʦʚʘʥʠʷ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʡ 

ʠʜʝʠ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʟʘʪʨʦʥʫʪʘ ʚʳʰʝ, ʜʘʣʝʢʦ ʥʝ 

ʠʩʯʝʨʧʘʥʳ. ʆʜʥʘʢʦ ʫʜʘʣʠʤʩʷ ʥʘ 60 ʜʝʩʷʪʠʯʥʳʭ ʧʦ-

ʨʷʜʢʦʚ ʦʪ ʧʣʘʥʢʦʚʩʢʦʛʦ ʤʛʥʦʚʝʥʠʷ ὸ. ʂ ʥʘʩʪʦʷ-
ʱʝʤʫ ʚʨʝʤʝʥʠ ʩʣʦʞʠʣʘʩʴ ʩʚʦʝʦʙʨʘʟʥʘʷ ʠʝʨʘʨʭʠʷ 

ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʚ ˑ Ⱦ̇
̍ ): 

ό ρπ  ό ό ρπ   ό =ρπȟ 

ʛʜʝ ʜʦʤʠʥʠʨʫʶʱʝʡ ʷʚʣʷʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ό  (ʟʜʝʩʴ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ 

ό  ʠ ό  ʥʘʤʠ ʧʨʠʥʷʪʳ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [18]). 

ʆʪʤʝʯʝʥʥʦʝ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʦʪʚʝʯʘʝʪ ʤʥʝʥʠʶ [8, ʩ. 

63], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ çʚʦ ɺʩʝʣʝʥʥʦʡ ʝʩʪʴ ʢʘʢʦʝ ï 

ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʠ, ʪʘʢ ʯʪʦ ʜʘʞʝ ʝʩʣʠ ʚ ʧʣʦʪ-

ʥʦʩʪʠ ʵʥʝʨʛʠʠ ɺʩʝʣʝʥʥʦʡ ʧʨʝʦʙʣʘʜʘʝʪ ʧʦʩʪʦʷʥʥʘʷ 
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ʵʥʝʨʛʠʷ ʚʘʢʫʫʤʘ, ʚ ʧʨʦʰʣʦʤ ʙʳʣʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʚʝ-

ʱʝʩʪʚʦ ʠ/ʠʣʠ ʠʟʣʫʯʝʥʠʝ ʠʛʨʘʣʠ ʙʦʣʝʝ ʚʘʞʥʫʶ 

ʨʦʣʴè. 

ɺ ʮʝʣʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʵʥʝʨʛʠʠ (5), 

(10), (12) ʠ (19) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʥʝʦʙʭʦ-

ʜʠʤʘ ʫʚʷʟʢʘ ʤʝʞʜʫ ʩʦʙʦʡ ʬʦʪʦʥ ï ʙʘʨʠʦʥʥʦʛʦ ʦʪʥʦ-

ʰʝʥʠʷ Z , ʪʝʤʧʝʨʘʪʫʨʳ T ʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝ-

ʤʝʥʠ t. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʤʦʜʝʣʠ ʨʘʩʰʠʨʝʥʠʝ 

ɺʩʝʣʝʥʥʦʡ ʥʘʯʘʣʦʩʴ ʩ ʝʝ ʧʣʘʥʢʦʚʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʢʦʪʦʨʦʤʫ, ʚʦʟʤʦʞʥʦ, ʧʨʝʜʰʝʩʪʚʦʚʘʣʘ ʬʘʟʘ ʩʞʘ-

ʪʠʷ). ʀʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨ-

ʛʠʠ ʙʳʣʦ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠ ʦʛʨʦʤʥʦ ʠ ʤʝʞʜʫ ʥʘʯʘʣʴ-

ʥʳʤ ʤʦʤʝʥʪʦʤ ʠ ʥʘʩʪʦʷʱʠʤ ʫʤʝʥʴʰʠʣʦʩʴ ʧʦ ʦʪ-

ʜʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʥʘ 122 ï 128 ʜʝʩʷʪʠʯʥʳʭ 

ʧʦʨʷʜʢʦʚ. ʈʦʩʪ ʤʘʩʩʳ ɺʩʝʣʝʥʥʦʡ (ʧʦ ʚʩʝʤ ʝʝ ʩʦ-

ʩʪʘʚʣʷʶʱʠʤ) ʦʪ ʧʣʘʥʢʦʚʩʢʦʡ ʚʝʣʠʯʠʥʳ ά
 ρπ ʢʛ ʜʦ ʩʦʚʨʝʤʝʥʥʦʡ M (ʦʙʱʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ 

ʚʠʜʠʤʦʡ ʯʘʩʪʠ ɺʩʝʣʝʥʥʦʡ ʦʮʝʥʠʚʘʝʪʩʷ ʚ ρπʢʛ [1, 
ʩ. 195]) ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʵʥʝʨʛʠʠ 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʘʤ ʧʦ ʤʝʨʝ ʨʘ-

ʜʠʦʘʢʪʠʚʥʳʭ ʨʘʩʧʘʜʦʚ ʥʝʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ ʚ 

ʵʧʦʭʫ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. ɺʩʝʣʝʥʥʘʷ ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ, ʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪ ʨʘʟʚʠ-

ʪʠʷ ʤʘʪʝʨʠʠ, ʩʚʦʝʦʙʨʘʟʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʪʝʭ ʧʦʪʝʥ-

ʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ 

ʛʣʫʙʠʥʘʭ ʢʘʢ ʝʝ ʧʣʘʥʢʦʚʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʘʢ ʠ 

ʦʢʨʫʞʘʚʰʝʛʦ ʚ ʜʘʣʝʢʦʤ ʧʨʦʰʣʦʤ ʜʦ ʧʝʨʚʠʯʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ ʧʣʘʥʢʦʚʩʢʫʶ ʷʯʝʡʢʫ ʚʘʢʫʫʤʘ. ɽʱʝ 

ʚ ʍʍ ʚʝʢʝ ʚ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʷʭ ʠʭ ʘʚʪʦʨʳ ʦʪʤʝʯʘʣʠ, 

ʯʪʦ ʚʦʟʙʫʞʜʝʥʠʷʤʠ ʠʤʝʥʥʦ ʚʘʢʫʫʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʷʚʣʷʶʪʩʷ ʚʩʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ, ʠʟ ʢʦʪʦʨʳʭ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʣʦʞʝʥ ʚʝʩʴ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ. 

ʋʨʘʚʥʝʥʠʝ (24), ʚʦʟʤʦʞʥʦ, ʠʤʝʝʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʟʘʚʝʨʰʝʥʠʶ ʧʣʘʥʢʦʚʩʢʦʡ 

ʵʧʦʭʠ. ɺʦʧʨʦʩ ʦ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʩʦʙʳʪʠʷ, ʢʦ-

ʪʦʨʦʝ ʧʦʨʦʜʠʣʦ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝ-

ʣʝʥʥʦʡ, ʧʦʨʦʡ ʥʘʟʳʚʘʶʪ [19] ʩʘʤʦʡ ʪʨʫʜʥʦʡ ʟʘʛʘʜ-

ʢʦʡ, ʠʟ ʢʦʛʜʘ ï ʣʠʙʦ ʚʦʟʥʠʢʘʚʰʠʭ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʥʘʫʢʘʭ. ɺ ʥʘʯʘʣʝ 1990 ï ʭ ɸ.ʖ. ʄʦʨʦʟʦʚ [22] ʦʙʨʘ-

ʪʠʣ ʥʘʰʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ çʜʦʩʪʠʞʝʥʠʝ ʧʦʠʩ-

ʪʠʥʝ ʠʥʪʝʨʝʩʥʦʡ (ʧʣʘʥʢʦʚʩʢʦʡ) ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙ-

ʣʘʩʪʠ é ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ é ʧʦʪʨʝʙʫʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ 

ʥʘ 16 ʧʦʨʷʜʢʦʚ é ʊʘʢ ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʥʝʜʦʩʪʘʪʦʢ ʤʘ-

ʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʥʦ ʠ ʟʜʨʘʚʳʡ ʩʤʳʩʣ ʟʘʩʪʘʚʣʷʝʪ 

ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʣʘʛʘʪʴʩʷ ʥʘ ʩʠʣʫ ʨʘ-

ʟʫʤʘ, ʘ ʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʦʩʥʦʚ ʤʠ-

ʨʦʟʜʘʥʠʷè. ʕʪʦ ʜʝʣʘʝʪ ʞʝʣʘʪʝʣʴʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ, ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʝʘʣʴʥʦʤʫ ʦʙʲʝʢʪʫ. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʨʘʙʦʪʝ ʜʘʥʦ ʦʙʦʙʱʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʬʘʣʝʨʠʪʘ ZnS ʥʘ ʬʦʥʝ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʝʜʫʱʝʡ ʬʦʥʦʚʦʡ ʧʨʠʤʝʩʴʶ ʢʠʩʣʦ-

ʨʦʜʘ. ʈʦʣʴ ʠʟʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʚ ʫʟʣʘʭ ʨʝʰʝʪʢʠ Os ʧʦʜʘʥʘ ʚ ʩʚʝʪʝ ʪʝʦʨʠʠ ʘʥʪʠʧʝʨʝʩʝʢʘʶ-

ʱʠʭʩʷ ʟʦʥ (bandanticrossingtheory ɺɸʉ). ɺʚʝʜʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʧʨʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝ SA ʠ SAL ʩʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ʩʫʣʴʬʠʜʘ ʮʠʥʢʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʧʠʩʘʥʥʦʛʦ 

ʨʷʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʝʰʝʪʢʠ ʨʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʠʟʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʤʝʩʴʶ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʪʨʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʡ ɸ2ɺ6 - ZnS, ZnSe ʠ CdS.  

ABSTRACT 

The paper gives a generalized description of the structural features of ZnS sphalerite against the background 

of the interaction of its components with the leading thermodynamically justified admixture of oxygen. The role 

of the isoelectronic impurity of oxygen in the states of the lattice Os is presented in the light of the theory of 

anticrossing zones (bandanticrossingtheory BAC). The idea of changing the composition of the crystal during the 

transformation of complexes of intrinsic point defects and oxygen content is introduced. It is shown that the oc-

currence of SA and SAL self-activated emission of zinc sulfide is the result of a series of interactions of the lattice 

of a real crystal with an isoelectronic impurity. The data obtained are valid for the three A2B6 compounds we 

studied ð ZnS, ZnSe, and CdS. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʬʘʣʝʨʠʪ, ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ, ʩʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʩʚʝʯʝʥʠʝ. ʩʚʦʙʦʜʥʳʡ ɸ-ʵʢʩʠʪʦʥ 

(FE), ʟʦʥʥʘʷ ʤʦʜʝʣʴ ZnSĀO, ʪʝʦʨʠʷ ʘʥʪʠʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʟʦʥ, ʨʘʚʥʦʚʝʩʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ. 

Keywords: sphalerite, stacking faults, self-activated emission. free A-exciton (FE), band model ZnSĀO, the-

ory of bandanticrossing zones, equilibrium of intrinsic point defects. 

 

1. ɺʚʝʜʝʥʠʝ 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʠʩʣʦ-

ʨʦʜʘ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ʦʜʥʦʛʦ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʡ 

ɸ2ɺ6ïʩʫʣʴʬʠʜʘ ʮʠʥʢʘ. ʈʘʟʨʦʟʥʝʥʥʦʩʪʴ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʠ ʨʘʥʥʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʪʨʫʜʥʷʝʪ ʧʦʥʠʤʘʥʠʝ 

ʵʪʦʛʦ ʚʦʧʨʦʩʘ. ʄʝʞʜʫ ʪʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʪʚʝʨ-

ʜʠʣʘʩʴ ʪʝʦʨʠʷ ʘʥʪʠʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʟʦʥ 

(bandanticrossingtheoryïɺɸʉ), ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʫʯʠ-

ʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʟʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʤʝʩʠ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʰʝʪʢʝ ZnS, ʥʘ ʟʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʩʦʝʜʠʥʝʥʠʡ ɸ2ɺ6 [ʥʘʧʨ.7,15,16,23]. ʇʦʣʫʯʝʥʥʳʝ 

ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ [1,3] ʚʳʜʚʠʥʫʣʠ ʥʘ ʧʝʨʚʦʩʪʝʧʝʥ-

ʥʫʶ ʨʦʣʴ ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ (ɼʋ), ʢʦʪʦʨʳʝ ʧʨʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʪʨʘʞʝ-

ʥʠʷ ZnS ʧʨʠʚʦʜʷʪ ʢ ʨʝʛʠʩʪʨʘʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʧʝʢʪʨʦʚ ʨʘʟʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʩʣʦʝʚ ʢʨʠʩʪʘʣʣʘ ï ʯʠ-

ʩʪʳʭ ʠ ʦʙʦʛʘʱʝʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʝ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦ-

ʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ (ʉʊɼ) ʠ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʠʭ ʩʚʦʡʩʪʚʘʤ ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ [3,16,28-35] ʪʨʝ-

ʙʫʶʪ ʧʨʠʚʣʝʯʝʥʠʷ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʧʪʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʬʘʣʝʨʠʪʘ. ɼʣʷ ʜʚʫʭ ʚʠʜʦʚ ʩʘʤʦʘʢ-

ʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʚʝʯʝʥʠʷ ZnS ʚʚʝʜʝʥʳ ʨʘʟʛʨʘʥʠʯʝ-

ʥʠʷ SA ʠ SAL [1,10], ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʯʠʩʪʦ 

ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘ ʬʦʥʝ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʆʥʠ ʧʨʠʚʷʟʳʚʘʶʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʚʠʜʦʚ ʩʚʝʯʝʥʠʷ ʢ ʩʦʩʪʘʚʫ ʢʨʠ-

ʩʪʘʣʣʦʚ ʚ ʧʣʘʥʝ: ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ, ʪʠʧʘ ʉʊɼ ʠ 

ʫʯʘʩʪʠʷ ʢʠʩʣʦʨʦʜʘ. ɺ ʨʘʙʦʪʝ ʩʪʘʚʠʣʦʩʴ ʮʝʣʴʶ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʵʪʦʪ ʤʥʦʛʦʧʣʘʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʚ ʝʜʠʥʦʤ 

ʢʦʥʪʝʢʩʪʝ. ʇʦʵʪʦʤʫ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʚʳʧʫʩʢʝ ʞʫʨʥʘʣʘ 

ʩʪʘʪʴʠ [1], ʧʦʩʚʷʱʝʥʥʦʡ ʠʟʫʯʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʵʢʩʠ-

ʪʦʥʥʳʭ ʧʦʣʦʩ ʂʃ, ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʨʦʜʘ ʚ 

ZnS ʩ ʜʝʬʝʢʪʘʤʠ ʫʧʘʢʦʚʢʠ (ɼʋ). ɼʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ 

ʚʢʣʶʯʘʝʪ ʨʘʟʜʝʣʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʧʝʢʪʨʳ SA ʠ 

SAL ʣʶʤʠʥʝʩʮʝʥʮʠʠ ZnS ʥʘ ɼʋ ʠ ʨʦʣʴ ʪʦʯʝʯʥʳʭ 

ʜʝʬʝʢʪʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʩ ʠʟʣʫʯʝ-

ʥʠʷ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʜʘʥʘ ʚ ʨʘʙʦʪʝ [1] ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʮʠʪʠʨʫʝʤʳʭ ʠʩ-

ʪʦʯʥʠʢʘʭ. 

2.ʉʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʩʚʝʯʝʥʠʝ. 

ʉʚʝʯʝʥʠʝ SA ʥʘ ɼʋ ʩʫʣʴʬʠʜʘ ʮʠʥʢʘ.  

ʀʟʤʝʥʝʥʠʷ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʣʝʛʠʨʦʚʘʥʠʠ 

ʢʠʩʣʦʨʦʜʦʤ ʜʦʣʞʥʳ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʧʦʚʣʠʷʪʴ ʥʘ ʩʧʝʢʪʨʳ ʩʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʶʤʠ-

ʥʝʩʮʝʥʮʠʠ ZnS. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʷʪʴ SA ʠ 

SAL ʩʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʝ ʩʚʝʯʝʥʠʝ [9,10,28] (ʩʤ. 

ʨʘʟʜ. 3).  
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ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ [2-8], SA ʩʚʝʯʝʥʠʝ 

ʧʨʝʚʘʣʠʨʫʝʪ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʧʦʨʷʜʢʘ 1020ʩʤ-3 ʠ ʠʟʙʳʪʢʝ ʮʠʥʢʘ. ɿʥʘʯʠ-

ʪʝʣʴʥʳʝ [OS] ʚ ZnSĀʆ ʚʦʟʤʦʞʥʳ ʥʘ ɼʋ, ʪ. ʝ. ʦʪʚʝʪ-

ʩʪʚʝʥʥʳ ʟʘ ʯʝʨʥʳʝ ʩʣʦʠ ʚ ʈʕʄ [1]. ɺ ʨʘʙʦʪʝ [1] ʫʢʘ-

ʟʳʚʘʣʦʩʴ ʪʘʢʞʝ, ʯʪʦ ʢʠʩʣʦʨʦʜ ʚ ZnS ʧʨʠ ʠʟʙʳʪʢʝ 

ʮʠʥʢʘ ʫʩʠʣʠʚʘʝʪ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʝ ʩ ʤʘʢ-

ʩʠʤʫʤʦʤ 445 ʥʤ (ʨʠʩ.2.1, ʢʨʠʚʘʷ 1). ʕʪʘ ʧʦʣʦʩʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ SA ʩʚʝʯʝ-

ʥʠʷ, ʘ ʠʤʝʥʥʦ: SA(L). ʆʥʘ ʧʨʝʦʙʣʘʜʘʝʪ ʧʨʠ ʙʦʣʴ-

ʰʝʤ ʠʟʙʳʪʢʝ ʮʠʥʢʘ Zni , ʢʦʛʜʘ ʚʝʣʠʢʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʭʦʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʭ ʧʘʨ 

ʤʝʞʜʫ Zni ʠ ʘʢʮʝʧʪʦʨʥʳʤ ʢʠʩʣʦʨʦʜʥʳʤ SA ʮʝʥ-

ʪʨʦʤ. 

ʇʦʷʚʣʝʥʠʝ ʚʪʦʨʦʡ SA(H) ʢʦʤʧʦʥʝʥʪʳ SA ʩʚʝ-

ʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. ʊʘʢ, ʫʩʠʣʝʥʠʝ ʝʝ ʠ 

ʦʩʣʘʙʣʝʥʠʝ ʢʦʥʢʫʨʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʧʝʨʝʭʦʜʦʚ ʠʟ 

ʥʠʞʥʝʡ ʧʦʜʟʦʥʳ (Eī) ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʩʣʝ ʛʘʟʦʩʪʘʪʠ-

ʨʦʚʘʥʠʷ (ɻʉ) (ʨʠʩ. 2.1, ʢʨʠʚʘʷ 2). ʇʨʠ ɻʉ ʢʨʠʩʪʘʣ-

ʣʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ [OS] ʠ ʚʳʭʦʜʦʤ Zni ʠʟ ʨʝʰʝʪʢʠ 

ʚʦʟʤʦʞʥʦ ʨʘʟʨʫʰʝʥʠʝ ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʳʝ ʧʘʨ 

ʪʠʧʘ {O*
S
 ÖZni

¶ ÖVZn
//} / ï Zni

¶, ʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʢʠʩʣʦ-

ʨʦʜʦʩʦʜʝʨʞʘʱʘʷ ʦʩʥʦʚʘ ʢʦʤʧʣʝʢʩʘ [11]. 

ʇʦʣʦʩʘ SA(ʅ) ʫʩʠʣʠʚʘʣʘʩʴ, ʩʤʝʱʘʷʩʴ ʚ ʂɺ 

ʩʪʦʨʦʥʫ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʠʦʥʥʦʡ ʠʤʧʣʘʥ-

ʪʘʮʠʝʡ [12]. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʧʨʠ ʣʦʢʘʣʴ-

ʥʦʡ ʩʲʝʤʢʝ ʫʯʘʩʪʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʘʠʙʦʣʴʰʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʧʦ ʜʘʥʥʳʤ 

COMPO ʚ ʈʕʄ), ʜʦʩʪʠʛʘʝʪ 380 ʥʤ. ʉʦʛʣʘʩʥʦ [3,13] 

ʧʦʣʦʩʘ SA(ʅ) ʚʦʟʥʠʢʘʣʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʥʝʡʪʨʦ-

ʥʘʤʠ [14], ʧʨʠ ʦʪʞʠʛʝ ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ZnS ʚ 

ʧʘʨʘʭ Zn, ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ [3] ʠ ʜʨ. ɺ 

ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʠʨʦʜʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ SA(ʅ) ʧʦ-

ʣʦʩʳ ʦʙʲʷʩʥʝʥʠʷ ʥʝ ʧʦʣʫʯʠʣʘ. 

 
ʈʠʩ. 2.1. ʉʧʝʢʪʨʳ ʂʃ (ʄ1) ʧʨʠ 80ʂ ʩʢʦʣʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ CVD-ZnS: ʠʩʭʦʜʥʦʛʦ (1) ʠ ʛʘʟʦʩʪʘʪʠʨʦʚʘʥʥʦʛʦ 

(2). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ G=1022 ʩʤ-3Öʩ-1. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʚʝʯʝʥʠʷ. 

ʈʠʩ. 2.2. ɿʦʥʥʘʷ ʤʦʜʝʣʴ ZnS(O) ʩʬʘʣʝʨʠʪʘ ʧʨʠ [OS] = 1 ʤʦʣ% ʚ ʩʚʝʪʝ ʪʝʦʨʠʠ ʘʥʪʠʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʟʦʥ. 

ʉʤʝʱʝʥʠʝ ʢʨʘʝʚ ʟʦʥ 75 ʤʵɺ ʥʘ 1 ʤʦʣ% [OS]. ʃʦʢʘʣʠʟʦʚʘʥʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ ɽʆ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚʳʰʝ ʜʥʘ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ Eʉ ʙʝʩʢʠʩʣʦʨʦʜʥʦʛʦ ZnS ʥʘ 0.16 ʵɺ [15]. 

 

ʊʝʦʨʠʷ ʘʥʪʠʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʟʦʥ (ɺɸʉ) ʚʧʝʨ-

ʚʳʝ ʧʦʟʚʦʣʠʣʘ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʨʦʣʠ ʠʟʦʵʣʝʢʪʨʦʥʥʦʡ 

ʧʨʠʤʝʩʠ (ʀʕʇ) ʢʠʩʣʦʨʦʜʘ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ɸ2ɺ6 

[5,7,16]. ɼʣʷ ʦʨʠʝʥʪʘʮʠʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʧʠʩʘʥʠʠ 

ʩʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʦʥʥʘʷ ʤʦ-

ʜʝʣʴ ZnS(O), ʦʙʦʩʥʦʚʘʥʥʘʷ ʵʪʦʡ ʪʝʦʨʠʝʡ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩ.2.2 ʜʣʷ [ʆS] 1 ʤʦʣ% (2,5Ö1020 ʩʤ-3). 

ʄʦʜʝʣʴ ʟʦʥ ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʱʝʧʣʝʥʠʝ ʟʦʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʘ ʜʚʝ ʧʦʜʟʦʥʳ ɽ+ ʠ ɽ- ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʀʕʇ ʢʠʩʣʦʨʦʜʘ. ʉʤʝʱʝʥʠʝ ɽï (ʦʪ ɽʉ) ʠʣʠ ɽ+ 

(ʦʪ ɽʆ) ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ [OS] ʚʟʷʪʦ ʧʦ ʥʘʰʠʤ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 75 ʤʵɺ ʥʘ 1 ʤʦʣʴ%. ɺʦʟʥʠʢ-

ʥʦʚʝʥʠʝ ʜʚʫʭ (ʅ ʠ L) ʩʦʩʪʘʚʣʷʶʱʠʭ SA ʩʚʝʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʘʤ ʠʟ ʵʪʠʭ ʧʦʜʟʦʥ ʥʘ ʨʝʢʦʤ-

ʙʠʥʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ ɽSA. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ ʦʧʨʝʜʝʣʝʥʦ ʦʪʩʫʪʩʪʚʦʚʘʚʰʝʝ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʜʣʷ ZnS ʧʦʣʦʞʝʥʠʝ ʢʠʩʣʦʨʦʜʥʦʛʦ ʫʨʦʚʥʷ ɽʆ. ʆʥʦ 

ʚʳʷʚʣʷʝʪʩʷ ʢʘʢ ʚʝʣʠʯʠʥʘ ʨʘʩʱʝʧʣʝʥʠʷ ɽ+ ï ɽï ʧʨʠ 

[OS] Ÿ 0. 

                                                           
1 ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʦʧʠ-

ʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [3,15], ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦ-

ʨʦʜʘ ʜʘʥʳ ʥʘʤʠ ʚ [1]. 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʙʦʪʘʭ [15,16] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʩʧʝʢʪʨʳ SA ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʚʷʟʘʥʳ ʩʦ ʩʚʦʡ-

ʩʪʚʘʤʠ ʩʘʤʦʡ ʤʘʪʨʠʮʳ, ʪʘʢʠʤʠ ʢʘʢ: ʩʦʩʪʘʚ ʢʨʠ-

ʩʪʘʣʣʘ, ʪʠʧ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ (ʉʊɼ), 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [OS] ʠ ʜʨ., 

ʨʘʩʩʤʦʪʨʠʤ ʩ ʵʪʠʭ ʧʦʟʠʮʠʡ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʬʘʣʝʨʠʪʘ ZnS1. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ 

ʨʘʩʧʣʘʚʘ ʩ ʠʟʙʳʪʢʦʤ Zn ʠ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʢʠʩʣʦʨʦʜʘ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʦʚ ~1019ʩʤ-3. ʇʦ ʣʠʪʝ-

ʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʧʝʨʝʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ ɼʋ [17] ʠ ʠʟʤʝʥʝʥʠʶ 

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʬʘʣʝʨʠʪʘ [3]. 

ʅʘ ʨʠʩ. 2.3 ʧʨʠʚʝʜʝʥʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩʧʝʢʪʨʳ ʂʃ 

ʜʣʷ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʙʨʘʟʮʦʚ, ʧʦʜʚʝʨʛʥʫ-

ʪʳʭ ʩʞʘʪʠʶ ʥʘ 10 ʠ 20%. ʂʦʥʮʝʥʪʨʘʮʠʷ ɼʋ ʦʧʨʝ-

ʜʝʣʷʣʘʩʴ ʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʦ ʚʝʣʠ-

ʯʠʥʝ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʦʙʨʘʟʮʘ ʠ ʩʦʩʪʘʚʣʷʣʘ 8% 
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ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨ-

ʤʘʮʠʠ ~ 2% [3,15]. ʉʧʝʢʪʨʳ ʂʃ ʧʦʣʫʯʝʥʳ ʦʪ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ 

ʪʨʘʚʣʝʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʚʦʟʙʫʞʜʝʥʠʷ 1022ʩʤ-3 ʩ-1.
 ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʰʠʨʦʢʫʶ ʠ ʩʣʦʞ-

ʥʫʶ ʧʦʣʦʩʫ ʚ ʦʙʣʘʩʪʠ ʩʠʥʝʛʦ SA ʩʚʝʯʝʥʠʷ, ʪʠʧʠʯ-

ʥʦʛʦ ʜʣʷ ZnS ʩ ʠʟʙʳʪʢʦʤ ʮʠʥʢʘ ʠ ʢʠʩʣʦʨʦʜʘ OS 

[15,16]. ʋ ʠʩʭʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ SA ʩʚʝʯʝʥʠʝ ʩʣʘ-

ʙʦʝ. ɼʝʬʦʨʤʘʮʠʦʥʥʘʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʝʛʦ ʨʝʟʢʦʤʫ ʫʩʠʣʝʥʠʶ. ɺʦʟʥʠʢʘʝʪ ʚʳʩʦʢʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʤʧʦʥʝʥʪʘ SA(ʅ), ʢʦʪʦʨʘʷ ʨʘʩʪʝʪ 

ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʩʤʝʱʘʝʪʩʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ 

ʩʪʦʨʦʥʫ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʚ ʩʦ-

ʩʪʘʚʝ ZnSÖO ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦ-

ʨʦʜʘ.  

 
ʈʠʩ. 2.3. ʉʧʝʢʪʨʳ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʩʬʘʣʝʨʠʪʘ: ʠʩʭʦʜʥʦʛʦ (1) ʠ ʧʦʩʣʝ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 10 ʠ 20 % (2-4) . 

 

ʇʨʦʭʦʞʜʝʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝ ʚʚʦʜʠʪ 

ʢʠʩʣʦʨʦʜ ʠʟʚʥʝ, ʥʦ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʚʥʦʚʝʩʠʝ 

ʤʝʞʜʫ ʩʣʦʷʤʠ: çʯʠʩʪʳʤʠè ʠ ʦʙʦʛʘʱʝʥʥʳʤʠ ʢʠʩʣʦ-

ʨʦʜʦʤ ʥʘ ɼʋ.  

ʀʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ZnSÖO ʧʦ 

ʜʘʥʥʳʤ ʈʕʄ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘ-

ʮʠʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʋ ʚʩʝ ʷʨʢʦ ʣʶ-

ʤʠʥʝʩʮʠʨʫʶʱʠʝ çʯʠʩʪʳʝè ʩʣʦʠ [1] ʩʪʘʥʦʚʷʪʩʷ 

ʰʠʨʝ ʠ ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʥʘ ʬʦʪʦ ʈʕʄ. 

ʆʙʦʛʘʱʝʥʥʳʝ ʢʠʩʣʦʨʦʜʦʤ ʩʣʦʠ, ʥʘʦʙʦʨʦʪ, ʩʤʦʪ-

ʨʷʪʩʷ ʫʟʢʠʤʠ ʧʦʣʦʩʢʘʤʠ ʠ ʰʠʨʠʥʘ ʵʪʠʭ ʯʝʨʥʳʭ 

ʧʨʦʩʣʦʝʢ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ɼʋ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʜʚʫʣʫʯʝʧʨʝʣʦʤ-

ʣʝʥʠʷ ʦʙʨʘʟʮʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʢʣʘʜ 

ʯʠʩʪʦʛʦ ʧʦ ʢʠʩʣʦʨʦʜʫ ZnSÖO, ʠ ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʷ [Os] ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʩʣʦʷʭ ʥʘ ɼʋ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2.3, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ 

ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ SA ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉ ʫʩʠʣʝ-

ʥʠʝʤ SA ʩʚʝʯʝʥʠʷ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 20% ʨʘʟʨʝʰʘ-

ʝʪʩʷ ʧʦʣʦʩʘ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ 

SA(ʅ) ʠ SA(L) ï 440 ʠ 395 ʥʤ (ʢʨʠʚʘʷ 3). ʉʧʝʢʪʨʘʣʴ-

ʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʦʥ-

ʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʘ ɼʋ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʠʤʝʨʥʦ, ʢʘʢ 1 ʤʦʣ ʩʦʛʣʘʩʥʦ 

[5,16]. ʕʪʦ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ [O]ʦʙʱ 
ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʦʚ ʥʘ ʢʠʩʣʦʨʦʜ ʚ ʵʪʦʤ ʦʙʨʘʟʮʝ 

[19].  

ʆʙ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ZnSÖO ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʥʘʛʣʷʜʥʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʪʘʢʞʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ (ɼɺ) ʩʤʝʱʝʥʠʝ L 

ʢʦʤʧʦʥʝʥʪʳ SA ʧʦʣʦʩʳ ʥʘ ʨʠʩ. 2.3 (ʢʨʠʚʳʝ 1-4). 

ʉʧʝʢʪʨ ʪʦʛʦ ʞʝ ʢʨʠʩʪʘʣʣʘ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ 

20% (ʢʨʠʚʘʷ 4), ʠʟʤʝʨʝʥʥʳʡ ʜʣʷ ʫʯʘʩʪʢʘ ʯʝʨʥʳʭ 

ʩʢʦʧʣʝʥʠʡ ʚ ʈʕʄ [1] ʠʤʝʝʪ SA (L) ʢʦʤʧʦʥʝʥʪʫ 450 

ʥʤ. ʉʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ 450 ʥʤ ʦʧʨʝ-

ʜʝʣʷʝʪ ʥʝʨʘʟʨʝʰʝʥʥʫʶ SA(H) ʢʦʤʧʦʥʝʥʪʫ, ʢʘʢ 387 

ʥʤ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ~1.9 ʤʦʣ % [5,16]. ʇʦ-

ʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ [OS] ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʝʜʝʣʫ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʠʩʣʦʨʦʜʘ ʚ ʚʶʨʮʠʪʝ ʠ ʢʦʨ-

ʨʝʣʠʨʫʝʪ ʩ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʛʥʫʪʦʡ ʧʨʠ ʜʝʬʦʨʤʘʮʠ-

ʦʥʥʦʤ ʩʞʘʪʠʠ ʫʤʝʥʴʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɼʋ, 

ʧʦʩʣʝ ʯʝʛʦ ʩ ʚʳʜʝʣʝʥʠʝʤ ʬʘʟʳ ZnO ʢʨʠʩʪʘʣʣ ʨʘʟʨʫ-

ʰʘʝʪʩʷ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ [OS] ʥʘ ɼʋ ʧʦʣʦʩʘ ʂʃ SA(ʅ) 

ʫʰʠʨʷʝʪʩʷ (ʨʠʩ.2.3) ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʢʨʳʪʠʷ ʝʝ ʩ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʪʘʢʦʡ ʞʝ ʰʠʨʦ-

ʢʦʡ ʧʦʣʦʩʦʡ ʂʃ ʵʢʩʠʪʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ZnOĀS ʚ ʦʙʣʘ-

ʩʪʠ 368-374ʥʤ (ɸʝʭ ZnO ʧʨʠ 80ʂ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

367ʥʤ). 
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ʇʦʣʦʞʝʥʠʝ ʵʢʩʠʪʦʥʥʳʭ ʧʦʣʦʩ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʩʦʩʪʘʚʘʤ ʩʝʛʨʝʛʘʪʦʚ ʥʘ ɼʋ ʩ [OS] ʜʦ ~1ʤʦʣ% 

ʠʣʠ 1,9~2ʤʦʣ% ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʢʘʢ 331ʥʤŸ335ʥʤ 

ʠ 350ʥʤ. ʆʥʠ ʧʝʨʝʢʨʳʪʳ ʠʣʠ ʠʩʢʘʞʝʥʳ çʢʨʘʝʚʳʤè 

SAL ʩʚʝʯʝʥʠʝʤ ʩʬʘʣʝʨʠʪʘ. ʕʪʠ ʧʦʣʦʩʳ, ʢʦʪʦʨʳʝ 

ʨʘʥʴʰʝ ʧʨʠʧʠʩʳʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤ ʩʚʷʟʘʥʥʳʤ ʵʢ-

ʩʠʪʦʥʘʤ ʚ ʩʠʩʪʝʤʝ ʦʜʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʢʩʠʪʦʥʳ, ʩʚʷʟʘʥʥʳʝ ʥʘ ʢʦʤ-

ʧʣʝʢʩʘʭ ʚ ʦʙʣʘʩʪʠ ʩʝʛʨʝʛʘʪʦʚ ʥʘ ɼʋ. 

ʅʘ ʨʠʩ. 2.4 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʂʃ, ʠʟʤʝʨʝʥ-

ʥʳʡ ʠʟ ʯʝʨʥʦʡ ʚ ʈʕʄ ʦʙʣʘʩʪʠ, ʦʙʦʛʘʱʝʥʥʦʡ ʢʠʩʣʦ-

ʨʦʜʦʤ, ʥʘ ʦʙʨʘʟʮʝ ʨʘʩʧʣʘʚʥʦʛʦ ZnS ʧʦʩʣʝ ʪʝʨʤʦʦʙ-

ʨʘʙʦʪʢʠ ʜʣʷ ʧʝʨʝʩʪʨʦʡʢʠ ʩʪʨʫʢʪʫʨʳ 3ʉŸ4ʅ ʠ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʉʧʝʢʪʨ 

ʥʝʦʙʳʯʝʥ. 

 
ʈʠʩ. 2.4. ʉʧʝʢʪʨʳ ʂʃ ʧʨʠ G=1022ʩʤ-3ʩ-1ʠ ʬʦʪʦʦʪʨʘʞʝʥʠʷ (4) ʣʦʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʩʢʦʣʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

4ʅ ZnS ʧʦʩʣʝ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 15 % [3]. 

 
ɺ ʥʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʵʢʩʠʪʦʥʥʘʷ çʂɺ ʩʦʩʪʘʚʣʷʶ-

ʱʘʷè ʠ ʢʨʘʝʚʦʝ SAL ʩʚʝʯʝʥʠʝ çʯʠʩʪʳʭè ʩʣʦʝʚ. ʕʢ-
ʩʠʪʦʥʥʘʷ ʧʦʣʦʩʘ 331ʥʤ ʥʝ ʤʘʩʢʠʨʦʚʘʥʘ ʵʪʠʤʠ ʢʦʤ-
ʧʦʥʝʥʪʘʤʠ ʩʧʝʢʪʨʘ. ʆʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʠʪʦʥʥʦʡ 

ʧʦʣʦʩʝ ZnSÖO ʩ [OS] ~1 ʤʦʣ %. ʉʧʝʢʪʨʳ ʬʦʪʦʦʪʨʘ-
ʞʝʥʠʷ (ʨʠʩ. 2.5) ʜʘʶʪ ʙʣʠʟʢʦʝ ʧʦʣʦʞʝʥʠʝ ʵʢʩʠʪʦʥ-
ʥʦʡ ʧʦʣʦʩʳ. ʀʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ SA(L) 450ʥʤ ʥʘ 
ʨʠʩ.2.4 ʚʳʷʚʣʷʝʪ ʧʨʝʜʝʣʴʥʦ ʥʘʩʳʱʝʥʥʳʝ ʢʠʩʣʦʨʦ-
ʜʦʤ ʫʯʘʩʪʢʠ ʩʢʦʧʣʝʥʠʷ ʩ [Os] ~ 2 ʤʦʣ %. 
ʉʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝʤ ʧʦʛʣʦʱʝʥʠʷ. ʂʨʘʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦ-
ʱʝʥʠʷ (ʂɼʇ) ʦʙʨʘʟʮʦʚ, ʧʨʦʰʝʜʰʠʭ ʧʣʘʩʪʠʯʝʩʢʫʶ 
ʜʝʬʦʨʤʘʮʠʶ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʜʚʠʥʫʪ ʚ ʥʠʟʢʦʵʥʝʨʛʝ-
ʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ. ʊʘʢ, ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-
ʮʠʠ 10% ʂɼʇ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 335 ʥʤ, ʪ.ʝ. [OS] ʜʦ-
ʩʪʠʛʘʝʪ 1 ʤʦʣ %. ɼʝʬʦʨʤʘʮʠʷ ʥʘ 20% ʧʨʠʚʦʜʠʪ ʢ 
ʩʜʚʠʛʫ ʂɼʇ ʜʦ 340-350 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ [OS] 
1.9 ʤʦʣ %. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʝʜʝʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 
ʢʠʩʣʦʨʦʜʘ OS ʚ ʚʶʨʮʠʪʝ ʩʦʩʪʘʚʣʷʝʪ ~2 ʤʦʣ % [18, 
3], ʪ.ʝ. ʤʳ ʥʝ ʜʦʣʞʥʳ ʥʘʙʣʶʜʘʪʴ ʩʤʝʱʝʥʠʷ ʢʨʘʷ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ZnSĀO ʙʦʣʝʝ, ʯʝʤ 
ʜʦ ~340 (350) ʥʤ. ʆʜʥʘʢʦ ʚ ʦʙʣʘʩʪʠ ʩʢʦʧʣʝʥʠʡ ʢʠʩ-
ʣʦʨʦʜʘ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʢʩʠʜʘ ʮʠʥʢʘ, ʜʣʷ 
ʢʦʪʦʨʦʛʦ ʢʨʘʡ ʧʦʛʣʦʱʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʢ ʦʙʣʘʩʪʠ ʵʢ-
ʩʠʪʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ZnO ~370 ʥʤ. ʉʦʜʝʨʞʘʥʠʝ ʢʠʩ-
ʣʦʨʦʜʘ, ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦ-
ʱʝʥʠʷ, ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʘʤʠ [19] ʥʘ ʢʠʩʣʦ-
ʨʦʜ ~1019ʩʤ-3. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʠʩʣʦʨʦʜ 
ʨʘʟʤʝʱʘʝʪʩʷ ʥʝ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ, ʘ ʩʦʩʨʝ-
ʜʦʪʦʯʝʥ ʧʦʯʪʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ɼʋ ʚ ʚʠʜʝ ZnSĀʆ 
ʩ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ [OS]. ʀʤʝʥʥʦ ʵʪʠ ʩʝʛʨʝ-
ʛʘʪʳ ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʦʝ SA ʩʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʝ 
ʩʚʝʯʝʥʠʝ ʩʫʣʴʬʠʜʘ ʮʠʥʢʘ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʦʧʪʦ-
ʵʣʝʢʪʨʦʥʠʢʝ. 

SAL ʩʚʝʯʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ZnS ʩ ɼʋ. 
ʂʨʘʝʚʦʝ ʩʚʝʯʝʥʠʝ ZnS, ʠʣʠ SAL, ʵʪʦ ʭʘʨʘʢʪʝʨ-

ʥʘʷ ʩʝʨʠʷ ʧʦʣʦʩ, ʨʘʟʜʝʣʝʥʥʳʭ LO ʬʦʥʦʥʥʳʤʠ ʧʦ-
ʚʪʦʨʘʤʠ (45ʤʵɺ), ʩ ʛʦʣʦʚʥʦʡ ʣʠʥʠʝʡ 336 ʥʤ ʜʣʷ 
ʩʬʘʣʝʨʠʪʘ ʠ 334ʥʤ ʜʣʷ ʚʶʨʮʠʪʘ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 
ʜʘʥʥʳʤ. ʆʥʦ ʪʠʧʠʯʥʦ ʜʣʷ ZnSĀʆ ʦʙʣʘʩʪʠ ʩʪʝʭʠʦ-
ʤʝʪʨʠʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʨʦʜʘ 
[3,20,16]. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ SAL ʩʚʝʯʝʥʠʝ, ʢʘʢ ʠ 
ʵʢʩʠʪʦʥʥʫʶ ʧʦʣʦʩʫ, ʩʣʝʜʫʝʪ ʩʦʧʦʩʪʘʚʣʷʪʴ ʩ çʯʠ-
ʩʪʳʤʠè ʧʦ ʢʠʩʣʦʨʦʜʫ ʩʣʦʷʤʠ, ʩʚʝʪʣʳʤʠ ʚ ʈʕʄ. 
ʉʚʝʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ, ʘ ʧʨʠ 300ʂ ʟʘʛʘʩʘʝʪ [20,21]. ʀʥʪʝʥʩʠʚ-
ʥʦʩʪʴ ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʥʦʥʥʳʤʠ 
ʧʦʚʪʦʨʘʤʠ, ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʘ-
ʥʠʝʤ ʯʠʩʣʘ ʬʦʥʦʥʦʚ [20,21,22]. 
ɺʳʩʦʢʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠʤʝʶʪ ʢʨʠʩʪʘʣʣʳ ʩʬʘʣʝʨʠʪʘ ZnS, ʧʨʦ-
ʰʝʜʰʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ 
(ʨʠʩ.2.3). ʕʢʚʠʜʠʩʪʘʥʪʥʳʝ ʧʦʣʦʩʳ ʂʃ ʩ ʛʦʣʦʚʥʦʡ 
ʣʠʥʠʝʡ 336ʥʤ ʚ ʂʃ ʠʩʭʦʜʥʦʛʦ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥ-
ʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʢʨʠʚʘʷ 1) ʩʦʦʪʚʝʪʩʪʚʫʶʪ SAL ʩʝ-
ʨʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʜʝʬʦʨʤʘ-
ʮʠʠ ʥʘ 10 ʠ 20% ʦʥʠ ʫʩʠʣʠʚʘʶʪʩʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦ-
ʩʪʠ ʠ ʩʫʞʘʶʪʩʷ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʘʨʫʰʘʝʪʩʷ 
ʩʪʨʫʢʪʫʨʘ ʩʝʨʠʠ SAL. ʋʥʠʢʘʣʴʥʦ ʥʠʟʢʘʷ ʵʥʝʨʛʠʷ 
ʦʙʨʘʟʦʚʘʥʠʷ ɼʋ ʚ ZnS ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʨʘ-
ʟʦʚʘʥʠʶ ʧʨʦʩʣʦʝʢ ʧʦʣʠʪʠʧʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚʩʣʝʜ-
ʩʪʚʠʝ ʵʪʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʢʣʘʜʳʚʘʶʱʠʭʩʷ ʩʝ-
ʨʠʡ ʧʦʣʦʩ ʚ ʩʧʝʢʪʨʝ SAL ʠʟʣʫʯʝʥʠʷ. 
ɺ ʨʘʙʦʪʝ [3] ʠʟʫʯʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʦʣʦʩ çʯʠʩʪʳʭè ʩʣʦʝʚ ʚ ʩʧʝʢʪʨʘʭ ʠʤʧʫʣʴʩʥʦʡ 
ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʀʂʃ) ʦʪ ʧʣʦʪʥʦʩʪʠ ʚʦʟ-
ʙʫʞʜʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2.5, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʫʨʦʚʥʷ ʚʦʟʙʫʞʜʝʥʠʷ 
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ʈʠʩ. 2.5. ʉʧʝʢʪʨʳ ʀʂʃ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʩʬʘʣʝʨʠʪʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʧʣʘʚʘ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʠʩʣʦʨʦʜʘ ~1019ʩʤ-3 ï (ʘ) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʦʩ: 

FE, 329ʥʤ ʠ SAL ʦʪ ʫʨʦʚʥʷ ʚʦʟʙʫʞʜʝʥʠʷ 1024 -1026 ʩʤ-3 ̟ʩ-1 ï (ʙ, 2 Ÿ 4). 

 

SAL ʩʚʝʯʝʥʠʝ ʚʳʭʦʜʠʪ ʥʘ ʥʘʩʳʱʝʥʠʝ 

(ʨʠʩ.2.5,ʙ). ɿʘʛʘʩʘʝʪ ʪʘʢʞʝ ʧʦʣʦʩʘ FE, ʢʦʪʦʨʘʷ ʦʯʝ-

ʚʠʜʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ çʯʠʩʪʳʭè 

ʩʣʦʝʚ.  

ɼʣʷ ʢʨʠʩʪʘʣʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 2.5, ʵʢ-

ʩʠʪʦʥʥʘʷ ʧʦʣʦʩʘ 329 ʥʤ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʝʪʣʳʭ 

ʩʣʦʝʚ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʦʙʦʛʘʱʝʥʥʳʤ ʢʠʩʣʦʨʦ-

ʜʦʤ ʦʢʨʫʞʝʥʠʝʤ ʥʘ ɼʋ, ʧʨʝʚʘʣʠʨʫʝʪ ʧʨʠ ʫʨʦʚʥʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ʀʂʃ Ó 1025 ʩʤ-3 ̟ʩ-1. ʋʩʠʣʠʚʘʷʩʴ, ʦʥʘ 

ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʣʘʙʫʶ ʩʫʙʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ (ʨʠʩ. 2.5), ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʩʧʫʩʢʘʥʠʷ. ɺʳʥʫʞ-

ʜʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠ ʫʨʦʚʥʝ ʚʦʟʙʫʞʜʝʥʠʷ ~1025ʩʤ-

3Āʩ-1 ʩʧʝʢʪʨʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʩʠʪʦʥʘʤ, ʩʚʷʟʘʥ-

ʥʳʤ ʥʘ ʢʦʤʧʣʝʢʩʘʭ ʦʙʣʘʩʪʠ ʩʝʛʨʝʛʘʪʦʚ ɼʋ.  

ʉʚʝʯʝʥʠʝ SAL ʪʠʧʠʯʥʦ ʜʣʷ ʩʦʚʝʨʰʝʥʥʳʭ ʛʠʜ-

ʨʦʪʝʨʤʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʬʘʣʝʨʠʪʘ, ʢʦʪʦʨʳʝ ʚʳ-

ʨʘʱʠʚʘʶʪ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʨʠʩ. 2.6).  

 
ʈʠʩ.2.6 ʉʧʝʢʪʨ ʂʃ ʩʬʘʣʝʨʠʪʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʩ ʜʦʙʘʚʢʘʤʠ ʩʝʨʳ:30% ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ 300-350ʦʉ. 

 

ɺ ʩʧʝʢʪʨʝ ʷʨʢʦ ʚʳʨʘʞʝʥʘ SAL ʩʝʨʠʷ ʧʦʣʦʩ ʩ 

ʛʦʣʦʚʥʦʡ ʣʠʥʠʝʡ 336ʥʤ ʠ LO ʬʦʥʦʥʥʳʤʠ ʧʦʚʪʦ-

ʨʘʤʠ. ʂʨʠʩʪʘʣʣ ʦʙʣʘʩʪʠ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʨʦʜʘ ~ 0,1 ʤʦʣ% ʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ ɼʋ Ó1% [3,5,23]. ɺ ʩʧʝʢʪʨʝ ʦʪʩʫʪʩʪʚʫʝʪ SA 

ʩʚʝʯʝʥʠʝ. ʂʦʥʪʨʘʩʪ ɼʋ ʚ ʈʕʄ ʩʣʘʙʦ ʚʳʨʘʞʝʥ ʥʘ 

ʬʦʥʝ ʩʚʝʪʣʦʡ ʦʩʥʦʚʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚʳʰʝ ʦʙʨʘʟʮʦʚ ʩ ʠʟʙʳʪʢʦʤ ʢʠʩʣʦʨʦʜʘ ʠ ʮʠʥʢʘ. ɺ 

ʨʝʞʠʤʝ COMPO ʈʕʄ ʚʠʜʥʳ ʚʢʣʶʯʝʥʠʷ ʬʘʟʳ ʦʢ-

ʩʠʜʘ ʮʠʥʢʘ ZnO ʠʣʠ ZnOĀS [3], ʵʢʩʠʪʦʥʥʘʷ ʧʦʣʦʩʘ 

ʢʦʪʦʨʦʛʦ 368ʥʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʧʝʢʪʨʝ (ʨʠʩ.2.6).  

ɺ ʨʘʙʦʪʝ [15] ʫʪʦʯʥʝʥʘ ʤʦʜʝʣʴ SAL ʩʚʝʯʝʥʠʷ 

ZnS. ʇʦ ʜʘʥʥʳʤ ʵʪʦʡ ʨʘʙʦʪʳ ʥʘ ʨʠʩ.2.7 ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ZnSĀʆ ʜʣʷ [OS]=0,1ʤʦʣ%,  
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ʈʠʩ. 2. 7. ɿʦʥʥʘʷ ʤʦʜʝʣʴ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 0,1 ʤʦʣ% ʠ 80ʂ ʜʣʷ SAL 

ʩʚʝʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ZnSĀO ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ɺɸʉ [5,16]. 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʙʨʘʥʘ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ, ʯʪʦ SAL ʩʚʝʯʝʥʠʝ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʦʙʣʘʩʪʠ ʩʪʝʭʠʦʤʝʪʨʠʠ 

ZnS, ʪ.ʝ. ʩʨʘʚʥʠʪʝʣʴʥʦ ʯʠʩʪʳʭ ʧʦ ʢʠʩʣʦʨʦʜʫ. ɼʠʘ-

ʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ [OS] ʚ ʦʙʣʘʩʪʠ ʩʪʝʭʠʦʤʝʪʨʠʠ ʦʛʨʘ-

ʥʠʯʝʥ ʠ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʤʝʱʝʥʠʝ ʛʦʣʦʚʥʦʡ 

ʣʠʥʠʠ ʩʝʨʠʠ 336ʥʤ ʚ ʩʧʝʢʪʨʘʭ ʙʦʣʝʝ, ʯʝʤ ʥʘ 30-

40ʤʵɺ (ʩʤ. ʥʠʞʝ ʨʘʟʜ. 3). 

ʄʦʜʝʣʴ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝ-

ʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ɽ- ʠ ɽ+ . ʉʤʝʱʝʥʠʝ ʠʭ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɽʉ ʠ ɽʆ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ ʚʝʣʠʯʠʥʝ 

75ʤʵɺ ʥʘ 1 ʤʦʣ % [OS]. ʇʦʣʦʞʝʥʠʝ ʨʝʢʦʤʙʠʥʘʮʠ-

ʦʥʥʦʛʦ ʫʨʦʚʥʷ SAL ʩʚʝʯʝʥʠʷ ɽSAL ʚʟʷʪʦ ʧʦ ʣʠʪʝʨʘ-

ʪʫʨʥʳʤ ʜʘʥʥʳʤ [5,16]. ʕʪʦ ʤʝʣʢʠʝ ʘʢʮʝʧʪʦʨʥʳʝ 

ʫʨʦʚʥʠ, ʢʦʪʦʨʳʝ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʩʚʝʯʝʥʠʝ SAL ʧʨʠ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʉʦʛʣʘʩʥʦ ʟʦʥʥʦʡ ʤʦʜʝʣʠ ʨʠʩ. 2. 7 ʧʝʨʝʭʦʜʳ 

ʤʝʞʜʫ ʥʠʞʥʝʡ ʧʦʜʟʦʥʦʡ ɽ- ʠ ʘʢʮʝʧʪʦʨʥʳʤʠ ʫʨʦʚ-

ʥʷʤʠ SAL ʮʝʥʪʨʦʚ ɽ-ŸɽSAL ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʪʦʣʴʢʦ ʧʦʣʦʩʝ 336ʥʤ. ɺʣʠʷʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʠ ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ SAL(L) 

ʦʛʨʘʥʠʯʝʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ [Os] ʚ ʫʟʢʦʡ ʦʙʣʘʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʪʠʭ ʮʝʥʪʨʦʚ (ʩʤ. ʨʘʟʜ. 3).  

ʉʝʨʠʷ ʧʦʣʦʩ SAL(ʅ) ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʧʝʢʪʨʘʭ, 

ʧʦʩʢʦʣʴʢʫ ʠʟʣʫʯʝʥʠʝ ʠʟ ʧʦʜʟʦʥʳ ɽ+ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʦʙʣʘʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʘʙʩʦʨʙʮʠʠ ZnS ʠ ʧʦʛʣʦ-

ʱʘʝʪʩʷ ʢʨʠʩʪʘʣʣʦʤ (ʨʠʩ.2.7).  

ʋʪʦʯʥʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [15] ʤʦʜʝʣʴ SAL ʩʚʝʯʝ-

ʥʠ,̫ ʘʥʘʣʦʛʠʯʥʘ ʠʟʫʯʝʥʥʦʡ ʨʘʥʝʝ ʜʣʷ ʟʝʣʝʥʦʛʦ ʢʨʘ-

ʝʚʦʛʦ ʩʚʝʯʝʥʠʷ CdS [26,28]. ʇʨʠʨʦʜʘ ʩʚʝʯʝʥʠʷ ʩʦ-

ʛʣʘʩʥʦ [38,39] ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʩʚʦʙʦʜ-

ʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʜʳʨʢʘʤʠ, ʟʘʭʚʘʯʝʥʥʳʤʠ 

ʥʝʡʪʨʘʣʴʥʳʤʠ ʘʢʮʝʧʪʦʨʥʳʤʠ SAL ʢʦʤʧʣʝʢʩʘʤʠ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʘʷ 

ʟʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 2.7) ʠʩʧʨʘʚʣʷʝʪ ʜʘʥʥʳʝ [24, 

16, 25], ʚ ʢʦʪʦʨʳʭ ʟʘ L ʢʦʤʧʦʥʝʥʪʫ SAL ʩʚʝʯʝʥʠʷ 

ʙʳʣʘ ʧʨʠʥʷʪʘ ʧʦʣʦʩʘ 368ʥʤ. ʇʦʣʦʩʘ 368ʥʤ, ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʂʃ ʥʝʦʜʥʦʨʦʜʥʳʭ ʢʨʠ-

ʩʪʘʣʣʦʚ ZnSĀO, ʦʜʥʘʢʦ ʦʥʘ ʦʙʷʟʘʥʘ ʚʳʜʝʣʝʥʠʷʤ ʦʢ-

ʩʠʜʘ ʮʠʥʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʘʩʪʢʘʤ ʩ ʧʦʚʳʰʝʥ-

ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ. 

 

 

3. ʉʪʨʫʢʪʫʨʘ ʮʝʥʪʨʦʚ SA ʠ SAL ʩʚʝʯʝʥʠʷ. 

ʈʦʣʴ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜ. 2, ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʘʷ 

ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ɼʋ ʚ ZnS ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʬʦʥʦ-

ʚʦʡ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ ʧʨʠʚʦʜʷʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ 

ʨʝʰʝʪʢʝ ʩʬʘʣʝʨʠʪʘ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʠʭ ʠʩ-

ʢʣʶʯʠʪʴ. ʉʘʤʠ ʵʪʠ ʜʝʬʝʢʪʳ ʥʝ ʦʧʨʝʜʝʣʷʶʪ SA ʠ 

SAL ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʘ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠʯʠʥʦʡ 

ʠʟʤʝʥʝʥʠʷ ʟʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʠ ʬʘʢʪʦʨʦʤ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʮʝʥʪʨʦʚ ʩʚʝʯʝʥʠʷ. ʆʙʨʘʟʦʚʘʥʠʝ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʝʥʪʨʦʚ ʩʚʝʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʫʩʣʦʚʠ-

ʷʤʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʝʛʦ ʩʦʙʩʪʚʝʥʥʦ-ʜʝʬʝʢʪʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ [18,21,28]. 

ɺ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʦʝʜʠʥʝ-

ʥʠʷ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘ-

ʛʦʜʘʨʷ ʧʨʠʩʫʪʩʪʚʠʶ ʠ ʠʟʤʝʥʝʥʠʶ ʥʘʙʦʨʘ ʩʦʙʩʪʚʝʥ-

ʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ. ʉʫʣʴʬʠʜ ʮʠʥʢʘ ʚ ʵʪʦʤ ʦʪ-

ʥʦʰʝʥʠʠ ï ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʦʙʲʝʢʪ ʙʣʘʛʦʜʘʨʷ 

ʙʦʛʘʪʦʤʫ ʩʧʝʢʪʨʫ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʪʝʨʤʦʜʠʥʘ-

ʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʤʫ ʧʨʠʩʫʪʩʪʚʠʶ ʢʠʩʣʦʨʦʜʘ. 

ɸʥʘʣʠʟ ʧʨʠʩʫʪʩʪʚʠʷ ʠ ʨʘʚʥʦʚʝʩʠʝ ʩʦʙʩʪʚʝʥ-

ʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ (ʉʊɼ) ʜʣʷ ʩʫʣʴʬʠʜʘ ʮʠʥʢʘ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʤʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʨʘʙʦʪʘʭ [3, 29]. 

ɺ [3] ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʨʘʚʥʦʚʝʩʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝ-

ʬʝʢʪʦʚ ʨʝʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʢʨʠʩʪʘʣʣʦʚ ZnS. ʆʙʦʩ-

ʥʦʚʘʥʳ ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʩʭʝʤʳ 

ʐʦʪʪʢʠ-ʌʨʝʥʢʝʣʷ. ʀʟʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʜʠʘʛʨʘʤʤ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʠʭ ʩ ʵʣʝʢʪʨʦ-

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ZnS ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʝʡ ʪʦʯʝʯ-

ʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ZnS [3, 9,28-

31,16]. ʕʪʠ ʜʠʘʛʨʘʤʤʳ ʧʨʦʚʝʨʷʣʠʩʴ ʠ ʫʪʦʯʥʷʣʠʩʴ 

ʩʦ ʚʨʝʤʝʥʝʤ [ʥʘʧʨ. 27,32-35,16].  

ʅʘ ʨʠʩ. 3.1 ʧʨʠʚʝʜʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʚʥʦʚʝʩʠʷ 

ʉʊɼ ʚ ZnS ʚ ʩʨʘʚʥʝʥʠʠ ʩ ZnSe, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ 

ʦʜʥʦʡ ʠʟ ʪʝʤʧʝʨʘʪʫʨ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʘʚʥʦ-

ʚʝʩʠʷ (10500ʉ) ʩ ʧʝʨʝʩʯʝʪʦʤ ʢ 300ʂ. ɼʘʥʳ ʨʘʚʥʦ-

ʚʝʩʥʳʝ ʧʦʣʦʞʝʥʠʷ ʫʨʦʚʥʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʜʝʬʝʢʪʦʚ 

ʚ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ Eg
80ʂ, ʧʨʠʥʷʪʳʝ ʧʦ ʧʦʩʣʝʜʥʠʤ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [11,32-35]. ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ 

ʦʙʣʘʜʘʶʪ ʜʚʫʩʪʦʨʦʥʥʝʡ ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ 

(ʩʫʱʝʩʪʚʦʚʘʥʠʷ) ʩʦʝʜʠʥʝʥʠʷ. 
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ʈʘʩʩʤʦʪʨʠʤ ʨʘʚʥʦʚʝʩʠʝ ʜʝʬʝʢʪʦʚ ʚ ʩʫʣʴʬʠʜʝ 

ʮʠʥʢʘ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ ZnS (ʦʪ 

ʪʦʯʢʠ ʩʪʝʭʠʦʤʝʪʨʠʠ ȹʉ = 0 ʢ ʠʟʙʳʪʢʫ ʮʠʥʢʘ) ʙʦʣʝʝ 

ʧʨʦʪʷʞʝʥʥʘʷ, ʯʝʤ ʚ ZnSʝ. ɺʦ ʚʩʝʡ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦ-

ʩʪʘʚʦʚ ʩ ʠʟʙʳʪʢʦʤ ʮʠʥʢʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʜʥʦʢʨʘʪʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʤʝʞʫʟʝʣʴʥʳʡ ʮʠʥʢ Zni
¶, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʧ-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʋʨʦʚʥʴ 

ʌʝʨʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʶ ʜʦʥʦʨʥʦʛʦ ʮʝʥ-

ʪʨʘ Zni
¶ (¶¶). ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʜʠʘʛʨʘʤʤʳ: ʜʚʫʢʨʘʪʥʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʤʝʞʫʟʝʣʴʥʳʡ ʮʠʥʢ Zni
¶¶ ʠ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦ ʜʚʫʢʨʘʪʥʦ ʟʘʨʷʞʝʥʥʳʝ ʚʘʢʘʥʩʠʠ ʮʠʥʢʘ 

VZn
// ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʥʳ.  

 
ʈʠʩ. 3.1. ɼʠʘʛʨʘʤʤʳ ʨʘʚʥʦʚʝʩʠʷ ʉʊɼ (ʧʨʠ 1050ʦʉ), ʧʝʨʝʩʯʠʪʘʥʥʳʝ ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ.  

ʂʨʠʩʪʘʣʣʳ ʚʳʨʘʱʝʥʳ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʠ ʠʭ ʩʦʩʪʘʚ ʠʟʤʝʥʷʝʪʩʷ ʩ ʜʘʚʣʝʥʠʝʤ ʧʘʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʩʦʝʜʠ-

ʥʝʥʠʷ (Pzn), ʩʚʷʟʘʥʥʳʭ c ʢʦʥʩʪʘʥʪʦʡ ʜʠʩʩʦʮʠʘʮʠʠ (ʈʜʠʩ) 2 [28]. 

 

ɺ ʪʦʯʢʝ ʩʪʝʭʠʦʤʝʪʨʠʠ Dʉ = 0 ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʥʘ ʪʠʧʘ ʜʝʬʝʢʪʥʦʩʪʠ. 

ʊʠʧʠʯʥʳʝ ʜʝʬʝʢʪʳ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʩ ʠʟ-

ʙʳʪʢʦʤ ʩʝʨʳ ʧʦʢʘʟʘʥʳ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ 

(ʨʠʩ. 3.1). ʇʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʌʝʨʤʠ, ʧʦʩʣʝ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʪʦʯʢʫ ʩʪʝʭʠʦʤʝʪʨʠʠ ȹʉ = 0 ʨʝʟʢʦ 

ʧʘʜʘʝʪ ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʛʣʫʙʦʢʦʤ ʘʢʮʝʧʪʦʨʝ 

VZn
//(/). ʕʪʦ ʦʙʣʘʩʪʴ ʚʳʩʦʢʦʦʤʥʦʛʦ ZnS ʧ-ʪʠʧʘ ʧʨʦ-

ʚʦʜʠʤʦʩʪʠ. ɼʘʞʝ ʧʨʠ ʥʘʩʳʱʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʧʘ-

ʨʦʚ ʩʝʨʳ (ʚ ʫʩʣʦʚʠʷʭ ʨʘʚʥʦʚʝʩʠʷ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʩ-

ʥʦʚʥʳʭ, ʥʦ ʛʣʫʙʦʢʠʭ ʘʢʮʝʧʪʦʨʦʚ VZn
/, ʥʝʜʦʩʪʘʪʦʯʥʘ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʙʳʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦ-

ʙʦʜʥʳʭ ʜʳʨʦʢ. ʇʦʵʪʦʤʫ p-ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʣʷ 

ZnS ʣʝʞʠʪ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʦ-

ʝʜʠʥʝʥʠʷ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢ-

ʪʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ ʧʦʨʷʜʢʘ 1018 ʩʤ-3. ʕʪʦ ʩʦʛʣʘʩʫ-

ʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ [ 3,18,8, 16].  

ʉʪʘʙʠʣʠʟʘʮʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʜʝʬʝʢʪʦʚ ʜʦʩʪʠ-

ʛʘʝʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʜʣʷ ZnS ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʩʘʤʦ-

ʘʢʪʠʚʠʨʦʚʘʥʥʦʝ SA ʩʚʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩ ʜʝʬʝʢʪʦʚ 

Zni
¶ ʠ VZn

///, ʦʧʠʩʘʥʥʳʡ ʚ [20] ʢʘʢ ɸ-ʮʝʥʪʨ. ʇʨʠ ʧʦ-

ʩʪʦʷʥʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ɸ2ɺ6 ʩʦʩʪʘʚ 

ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʝʛʦ ʫʯʘ-

                                                           
2 ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʌʝʨʤʠ F ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʧʦʣʦʞʝʥʠʝʤ ʫʨʦʚʥʝʡ ʉʊɼ 

ʠ ʘʢʮʝʧʪʦʨʥʳʤʠ ʫʨʦʚʥʷʤʠ ESA ʠ ESAL ʧʨʠʚʝʜʝʥʳ ʚ ʰʢʘʣʝ Eg
80ʂ

 ZnS ʠ ZnSe.  
3 ʉʫʜʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ SA ʩʚʝʯʝʥʠʷ ʩʬʘʣʝʨʠʪʘ ʚ [1], ʵʪʦʪ ʢʦʤʧʣʝʢʩ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʥʘ ʜʝʬʝʢʪʘʭ ʫʧʘʢoʚʢʠ. 

ʩʪʠʝʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʠʩʣʦʨʦʜ ʨʘʩʪʚʦʨʝʥ ʚ ʨʝ-

ʰʝʪʢʝ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ 

ʩ ʘʢʪʠʚʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʦʙʨʘʟʫʝʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤ-

ʧʣʝʢʩʳ. ʂʠʩʣʦʨʦʜ ʚ ʫʟʣʝ ʨʝʰʝʪʢʠ Os ʠʤʝʝʪ ʨʘʟʤʝʨ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʡ, ʯʝʤ ʟʘʤʝʱʘʝʤʳʡ ʫʟʝʣ Ss, ʠ 

ʢʨʦʤʝ ʪʦʛʦ ʢʘʢ ʠʟʦʵʣʝʢʪʨʦʥʥʳʡ ʘʢʮʝʧʪʦʨ ʦʙʣʘʜʘʝʪ 

ʵʬʬʝʢʪʠʚʥʳʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ Os*, ʧʦʵʪʦʤʫ 

ʦʥ ʧʨʝʢʨʘʩʥʦ ʩʦʯʝʪʘʝʪʩʷ ʩ ɸ-ʮʝʥʪʨʦʤ. ʂʠʩʣʦʨʦʜ-

ʥʳʡ ɸ ʮʝʥʪʨ ï { O*
S
 -A i

¶- VA
// } / ʫʩʪʦʡʯʠʚ3 ʢʘʢ ʟʘ ʩʯʝʪ 

ʩʠʣ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢ ʠ, ʯʘ-

ʩʪʠʯʥʦ, ʢʫʣʦʥʦʚʩʢʠʭ. ɺʦʟʤʦʞʥʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʘʷ 

ʩʚʷʟʴ, ʧʦʩʢʦʣʴʢʫ DʅZnO > DʅZnS. ɺ ʨʘʙʦʪʝ [40] ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʢʠʩʣʦʨʦʜʥʳʭ ɸ ʢʦʤʧʣʝʢʩʦʚ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ 

ʩʪʨʫʢʪʫʨʫ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳ. 

ɺʪʦʨʦʡ ʪʠʧ ʢʦʤʧʣʝʢʩʦʚ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʢʫʣʦ-

ʥʦʚʩʢʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠ ʩʪʝʧʝʥʠ ʘʩʩʦʮʠʘʮʠʠ, 

ʙʣʠʟʢʦʡ ʢ 100%, ʜʚʫʢʨʘʪʥʦ ʟʘʨʷʞʝʥʥʳʭ ʜʝʬʝʢʪʦʚ 

A i
¶¶ ʠ VA

//, ʧʨʝʚʘʣʠʨʫʶʱʠʭ ʧʦʯʪʠ ʜʣʷ ʚʩʝʡ ʜʚʫʩʪʦ-

ʨʦʥʥʝʡ ʦʙʣʘʩʪʠ ʛʦʤʦʛʝʥʥʦʩʪʠ. ʂʦʤʧʣʝʢʩʳ {A i
¶¶-

VA
//}³ ʥʝʡʪʨʘʣʴʥʳ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʪʝʤ ʞʝ ʟʥʘʢʦʤ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʯʪʦ ʠ ʢʠʩʣʦʨʦʜ, ʪ.ʝ. ʥʝ 

ʩʦʯʝʪʘʶʪʩʷ ʩ Os. ʂʠʩʣʦʨʦʜ ʥʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʪʘʢʠʭ 

ʮʝʥʪʨʦʚ (ʪʘʙʣ. 3.1). 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʜʘʥʥʳʝ ʚʚʝʜʝʥʳ ʚ ʪʘʙʣ.3.1 ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʥʘʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʚ ʢʦʪʦʨʳʭ ʩʭʝʤʳ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʪʠʧʥʳ.  
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ʊʘʙʣʠʮʘ 3.1. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ SA ʠ SAL ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 80ʂ 

ʎʝʥʪʨ 

 

ʂʨʠʩʪʘʣʣ 

ZnS ZnSe CdS 

Eg (80K), ʵɺ 3,833 2,813 2,574 

ʀʟʙʳʪʦʢ ʤʝʪʘʣʣʘ 

SA 

[Os]=1ʤ% 

 

{ O*
S-A i

¶-VA
//} / ï A i

¶ 

400, 445 

ɽɸ = 0,55 

ɽɸ*=0,95 

 

550, 630 

ɽɸ = 0,51 

ɽɸ*=0,77 

600, 720 

ɽɸ = 0,8 

ɽɸ*=0,38 

ʉʪʝʭʠʦʤʝʪʨʠʷ 

SAL  

[Os]=0,1ʤ% 

 

{  A i
¶¶-VA

/ /}³  

 

336 

Eɸ = 0,22 

 

 

460 

ɽɸ=0,12 

 

515 

ɽɸ=0,12 

 

ʇʨʠʤʝʯʘʥʠʝ. ʎʠʬʨʳ ʚ ʥʘʯʘʣʝ ʩʪʦʣʙʮʘ ʪʘʙʣʠʮʳ ʫʢʘʟʳʚʘʶʪ ʜʣʠʥʫ ʚʦʣʥʳ (ʥʤ) ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʠʟ-

ʣʫʯʝʥʠʷ ʧʨʠ 80 ʂ ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ [Os]: ʜʣʷ SA - 1ʤʦʣ%, ʜʣʷ SAL - 0,1ʤʦʣ%. ʇʦʣʦʞʝʥʠʝ ʘʢʮʝʧʪʦʨʥʦʛʦ 

ʫʨʦʚʥʷ (ʵɺ ʦʪ EV) ʮʝʥʪʨʘ ʩʚʝʯʝʥʠʷ EA - ʨʘʚʥʦʚʝʩʥʦʝ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩʚʝʯʝʥʠʷ, 

ʘ Eɸ* - ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʵʥʝʨʛʠʠ  

 

ʀ, ʥʘʢʦʥʝʮ, ʢʦʤʧʣʝʢʩ {OS-A i
¶¶-VA

/}¶ , ʧʨʝʜʧʦ-

ʣʘʛʘʝʤʳʡ ʚ ʨʘʙʦʪʝ [10] ʧʨʠ ʙʦʣʴʰʦʤ ʠʟʙʳʪʢʝ ʤʝ-

ʪʘʣʣʦʠʜʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝʧʨʘʚʦʤʦʯʝʥ. ɺʩʝ ʪʨʠ ʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʙʣʘʜʘʶʪ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʪʠʧʦʤ ʜʝ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʦʪʪʘʣʢʠʚʘʶʪʩʷ. 

ʂʨʦʤʝ ʪʦʛʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʠʟʙʳʪʢʝ ʩʝʨʳ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ [VA
/] ʠ [OS] ʤʘʣʘ. 

ɺ ʨʘʙʦʪʘʭ [3-9,20,30-36,83-84] ʠʟʫʯʘʣʠʩʴ ʫʩʣʦ-

ʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʚʝʯʝʥʠʷ, 

ʘ ʪʘʢʞʝ ʩʚʷʟʴ SA ʠ SAL ʠʟʣʫʯʝʥʠʷ ʩ ʪʦʯʝʯʥʳʤʠ ʜʝ-

ʬʝʢʪʘʤʠ ʚ ZnS ʠ ʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʤʠ ʢʨʠ-

ʩʪʘʣʣʘʭ ZnSe, CdS. ɺ [10] ʨʘʟʜʝʣʝʥʠʝ ʩʘʤʦʘʢʪʠʚʠ-

ʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘ ʜʚʘ ʪʠʧʘ SA ʠ SAL 

ʧʨʦʚʝʜʝʥʦ ʥʘʤʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʮʝʥʪʨʘʤʠ ʤʝʜʠ [37]. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʪʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʩʪʘʣ-

ʣʘʤ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ 

ʢʠʩʣʦʨʦʜʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʮʝʥ-

ʪʨʦʚ SA ʠ SAL ʣʶʤʠʥʝʩʮʝʥʮʠʠ ZnS, ʘ ʪʘʢʞʝ ʫʩʣʦ-

ʚʠʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶ-

ʜʘʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ ʚʠʜ ʩʚʝʯʝʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʢʠʩʣʦʨʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ. ʅʘ 

ʨʠʩ. 3.2 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʠʝ 

ʜʘʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʣʘʩʪʠ ʛʦ-

ʤʦʛʝʥʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ CdS [28]. ʉʦ-

ʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʦʚ ʩʦʪʚʝʪ-

ʩʪʚʫʝʪ ʜʣʠʥʝ ʰʪʨʠʭʦʚ. 

 
ʈʠʩ. 3.2. ɼʣʷ ʦʩʥʦʚʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ ʨʘʚʥʦʚʝʩʠʷ ʉʊɼ ʚ CdS ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ SA ʠ SAL ʩʚʝʯʝʥʠʷ ʦʪ ʩʦʩʪʘʚʘ. 

 

ʆʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ ʚʦ ʚʩʝʡ ʦʙʣʘʩʪʠ n-ʪʠʧʘ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʛʜʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʟʙʳʪʦʯʥʳʡ ʥʘʜ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʉdi
 ¶. 

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʩʦʩʪʘʚʘ ʩʣʝʜʫʝʪ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʢʦʤʧʣʝʢʩʦʚ {O*
S
 -A i

¶- VA
// } / . 
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ʄʘʢʩʠʤʫʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ OS ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘ-

ʚʝʥʩʪʚʝ ʢʦʥʮʝʥʪʨʘʮʠʡ [ʉdi
¶]=[V Cd

//], ʪ.ʝ. ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʤʝʥʥʦ ʢʠʩʣʦ-

ʨʦʜʥʳʭ ɸ ʢʦʤʧʣʝʢʩʦʚ {O*
S
 -A i

¶- VA
// } / (ʪʦʯʢʘ ɸ ʥʘ 

ʨʠʩ. 3.2). 

ɺ ʪʦʯʢʝ ʩʪʝʭʠʦʤʝʪʨʠʠ ʩʦʝʜʠʥʝʥʠʝ ʧʝʨʝʭʦʜʠʪ 

ʦʪ ʠʟʙʳʪʢʘ ʮʠʥʢʘ ʢ ʠʟʙʳʪʢʫ ʤʝʪʘʣʣʦʠʜʘ. ʅʘʙʣʶʜʘ-

ʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝ ʤʝʞʜʦʫʟʝʣʴʥʦʛʦ ʉdi
 ¶, ʢʘʢ ʠ ʢʦʤ-

ʧʣʝʢʩʦʚ {O*
S
 -A i

¶- VA
// } / . ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʠʩʣʦʨʦʜʘ 

OS ʧʘʜʘʝʪ. ʉʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʝ SA ʩʚʝʯʝʥʠʝ ʧʦ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʩʣʝʜʫʝʪ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʦʤʧʣʝʢʩʦʚ {O*
S
 -A i

¶- VA
// } / ʠ [OS], ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ 

(ʨʠʩ.3.2). 

ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ZnS (ʠʣʠ ʉdS) ʚ 

ʩʪʦʨʦʥʫ ʠʟʙʳʪʢʘ ʤʝʪʘʣʣʦʠʜʘ ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʝʟʘ-

ʨʷʜʢʠ ʜʝʬʝʢʪʦʚ: ʉdi
 ¶­ʉdi

 ¶¶. ɺ ʪʦʯʢʝ ʩʪʝʭʠʦʤʝʪʨʠʠ 

ʫʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʳ {ʉdi
¶¶-VCd

//}ʭ . ʀʩʩʣʝ-

ʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ SAL ʩʚʝʯʝʥʠʷ 

(ʨʠʩ.3.2), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʣʢʠʤʠ ʘʢʮʝʧʪʦʨ-

ʥʳʤʠ ʫʨʦʚʥʷʤʠ ʨʝʢʦʤʙʠʥʘʮʠʠ (ʨʠʩ.3.1). ʂʠʩʣʦʨʦʜ 

ʥʝ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʮʝʥʪʨʦʚ SAL ʩʚʝʯʝʥʠʷ {ʉdi
¶¶-

VCd
//}ʭ . ʉʦʛʣʘʩʥʦ ʧʨʝʜʧʦʩʳʣʢʘʤ ʂʨʝʛʝʨʘ [18] ʩʚʝ-

ʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʤʝʣʢʠʤʠ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ 

ʫʨʦʚʥʷʤʠ, ʜʦʣʞʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʪʴʩʷ 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʢʦʤʙʠ-

ʥʘʮʠʝʡ ʥʘ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʷʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʫʯʘʩʪʠʝ SAL ʮʝʥʪʨʦʚ ʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ 

300ʂ ʧʨʠ ʥʘʣʠʯʠʠ ʛʣʫʙʦʢʠʭ ʫʨʦʚʥʝʡ SA ʮʝʥʪʨʦʚ 

ʤʘʣʦʚʝʨʦʷʪʥʦ. 

ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʠʩ.3.2 ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʩʦʩʪʘʚʦʚ ʢʨʠʩʪʘʣʣʦʚ 

ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʥʘʙʣʶʜʘʶʪʩʷ ʦʙʘ 

ʚʠʜʘ ʩʚʝʯʝʥʠʷ (ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ). ʕʪʦʪ 

ʜʠʘʧʘʟʦʥ ʩʦʩʪʘʚʦʚ ʢʨʠʩʪʘʣʣʦʚ, ʙʣʠʟʢʠʭ ʢ ʩʪʝʭʠʦ-

ʤʝʪʨʠʠ, ʩ ʥʝʙʦʣʴʰʠʤ ʠʟʙʳʪʢʦʤ Zn (Cd) ʥʘʟʦʚʝʤ 

çʦʙʣʘʩʪʴʶ ʩʪʝʭʠʦʤʝʪʨʠʠè ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʧʝʢʪʨʦʚ. 

ʀʟ ʨʠʩ. 3.2 ʩʣʝʜʫʝʪ ʪʘʢʞʝ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʦʚ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʠʥʪʝʥʩʠʚʥʳʤ SAL ʠ ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫ-

ʶʱʠʤ SA ʩʚʝʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʥʠʟ-

ʢʘʷ - ʧʦʨʷʜʢʘ 0,1ʤʦʣ%. ʇʦʵʪʦʤʫ SAL ʩʚʝʯʝʥʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʯʠʩʪʳʭ ʩʣʦʝʚ ʢʨʠʩʪʘʣʣʦʚ ʩ ɼʋ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʧʝʢ-

ʪʨʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʩʝʨʠʡ ʧʦʣʦʩ SAL ʚ ʵʪʦʤ ʜʠʘʧʘ-

ʟʦʥʝ ʩʦʩʪʘʚʦʚ ʩ ʤʘʣʳʤ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ. 

4. ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦ-

ʨʳʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ. 

1. ʋʜʘʣʠʪʴ ʧʦʣʥʦʩʪʴʶ ʢʠʩʣʦʨʦʜ, ʢʘʢ ʠ ʜʝʬʝʢʪʳ 

ʫʧʘʢʦʚʢʠ, ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʩʬʘʣʝʨʠʪʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɹʝʟʜʝʬʝʢʪʥʘʷ ʠʜʝʘʣʴʥʘʷ ʨʝʰʝʪʢʘ 

ʥʝ ʤʦʞʝʪ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ ʙʦʣʴʰʠʝ ʣʦʢʘʣʴʥʳʝ ʜʝ-

ʬʦʨʤʘʮʠʠ ʠʟʦʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʤʝʩʠ ʢʠʩʣʦʨʦʜʘ Os. 

ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʝ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʚ ʩʝʛʨʝʛʘʪʘʭ ʥʘ 

ɼʋ. ɺʳʷʚʣʝʥʥʘʷ ʨʦʣʴ ɼʋ ʦʙʲʷʩʥʷʝʪ ʧʨʦʪʠʚʦʨʝʯʠʷ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʩʦʜʝʨʞʘʥʠʠ 

ʢʠʩʣʦʨʦʜʘ ʚ ɸ2ɺ6, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʩʫʣʴʬʠʜʝ ʮʠʥʢʘ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ɸ2ɺ6 ʚ ʦʧʪʦ-

ʵʣʝʢʪʨʦʥʠʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʥʘ ɼʋ. ʊʘʢ, ʛʦʣʫʙʦʝ SA ʩʚʝʯʝʥʠʝ 

ZnSĀO ʦʙʷʟʘʥʦ ʩʝʛʨʝʛʘʪʘʤ ʥʘ ɼʋ. ʉʧʝʢʪʨʘʣʴʥʘʷ ʦʙ-

ʣʘʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘʤʠ, ʠʤʝʶʱʠʤʠ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, ʤʥʦʛʦ ʰʠʨʝ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʯʠʩʪʦʛʦ ʢʨʠʩʪʘʣʣʘ ɸ2ɺ6 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʩʪʦʡʯʠʚʳʭ SA ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʝʜʝʣʴʥʦʡ ʨʘʩʪʚʦ-

ʨʠʤʦʩʪʠ OS ʚ ʨʝʰʝʪʢʝ. 

3. ʀʟʫʯʝʥʠʝ ZnSĀO ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʩʦ-

ʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ ʢʦʤʧʣʝʢʩʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʪʦ-

ʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʫʪʦʯʥʝʥ-

ʥʳʭ ʟʦʥʥʳʭ ʤʦʜʝʣʝʡ ʪʝʦʨʠʠ ɺɸʉ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩ-

ʥʠʪʴ ʤʥʦʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʦʚ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

 4. ʈʘʙʦʪʳ ʧʨʠ ʙʦʣʴʰʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʪʨʝʙʫʶʪ ʧʦʥʠʤʘʥʠʷ ʩʣʦʞʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ZnSĀO ʩ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ 

ʚʦʟʙʫʞʜʝʥʠʷ Ó 1025 ʩʤ-3 ʩ-1, ʢʦʛʜʘ ʵʪʦ ʩʚʝʯʝʥʠʝ ʧʝʨʝ-

ʭʦʜʠʪ ʚ ʚʳʥʫʞʜʝʥʥʦʝ. ɼʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʠʪʦʥʦʤ, ʩʚʷʟʘʥʥʳʤ ʥʘ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʮʝʥʪʨʘʭ ʚ ʩʝʛʨʝʛʘʪʘʭ ɼʋ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦ-

ʨʳʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ ʩ 

ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʝ. 
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ɸʅʅʆʊɸʎʀʗ 
ʂʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʚʳʭʦʜʥʦʛʦ ʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʦʜʝʣʠ ʙʠʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʥʝ ʣʠʥʝʘʨʠʟʫʝʤʦʡ ʚʝʣʠʯʠʥʦʡ. ʈʝʘʣʴʥʦ ʦʥ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʵʥʝʨʛʠʷ, ʟʘʪʨʘ-

ʯʝʥʥʘʷ ʥʘ ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʝʪʘʣʣʘ ʚ ʵʤʠʪʪʝʨ, ʥʝ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʙʘʟʳ ʚ 

ʤʝʪʘʣʣ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ ʢʦʣʣʝʢʪʦʨʥʳʡ ʪʦʢ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʡ çʩʢʘʯʦʢè ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ. 

ABSTRACT  

The severance and input ratio in the bipolar transistor model is by nature not a linearic value. In reality, it 

arises due to the fact - the energy used to transfer electrons from metal to emitter does not return to the system 

when moving from base to metal in case there is a collector current. As a result, there is a well-known "leap" of 

the transistor's input voltage. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʙʠʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, ʢʦʥʪʘʢʪʥʘʷ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʙʘʨʴʝʨ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ. 

Keywords: bipolar transistor model, voltage ratio, potential contact difference, metal semiconductor barrier. 

 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʭʝʤʳ 

ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʚʩʝʛʜʘ ʚʢʣʶʯʘʶʪ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʩʚʷʟʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʚʳʭʦʜʥʳʤ 

[1..5]. ʇʘʨʘʜʦʢʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʯʘʩʪʴ ʣʠ-

ʥʝʡʥʦʡ ʤʦʜʝʣʠ, ʭʦʪʷ ʧʨʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝ-

ʩʢʦʡ ʚʝʣʠʯʠʥʦʡ. ʆʥ ʧʨʦʩʪʦ ʩʠʛʥʘʣ ʦ ʪʦʤ, ʯʪʦ ʧʦʷʚʠ-

ʣʦʩʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʣʣʝʢʪʦʨʝ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ 

ʩʢʘʯʢʦʤ ʚʦʟʨʘʩʪʘʝʪ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʚʝʣʠ-

ʯʠʥʘ ʵʪʦʛʦ ʧʨʠʨʘʱʝʥʠʷ ʜʘʣʝʝ ʥʠʢʘʢ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

ʇʨʠ ʵʪʦʤ ʥʝ ʪʦʣʴʢʦ ʧʨʝʥʝʙʨʝʛʘʶʪ ʝʛʦ ʥʝʣʠʥʝʡʥʦ-

ʩʪʴʶ, ʥʦ ʠ ʦʩʪʘʚʣʷʶʪ ʚ ʩʪʦʨʦʥʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ. ʀʩʪʦʣʢʦʚʘʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʢʘʢ ʧʦ-

ʷʚʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʨʦʪʝʢʘ-

ʥʠʠ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʪʦʢʘ ʚ ʟʦʥʝ ʵʤʠʪʪʝʨʘ, ʥʝ ʚʳʜʝʨ-

ʞʠʚʘʝʪ ʢʨʠʪʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘ-

ʣʘʩʴ ʙʳ ʟʘʚʠʩʠʤʦʩʪʴ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʪʦʢʘ 

ʢʦʣʣʝʢʪʦʨʘ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʘ ʚʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʦʪ ʪʦʢʘ ʢʦʣ-

ʣʝʢʪʦʨʘ (ʩʤ.ʨʠʩ.1)  

 
ʈʠʩ.1 ɺʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʟʠʩʪʦʨʘ MAT-02 (npn). 

 

ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʢʘʯʢʘ ʥʘʧʨʷʞʝ-

ʥʠʷ ʚʧʨʘʚʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʢʘ ʙʘʟʳ (ʢʦʣʣʝʢʪʦʨʘ). 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʚʝʜʝʥ ʧʦ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝ-

ʩʢʦʤʫ ʧʨʠʟʥʘʢʫ- ʨʘʟ ʦʥ ʟʘʤʝʪʝʥ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʭ, ʟʥʘʯʠʪ ʥʘʜʦ ʝʛʦ ʧʨʠʤʝʥʷʪʴ. 

ʄʦʜʝʣʴ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʛʦʜʥʦʡ 

ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʪʦʣʴʢʦ ʨʘʜʠ ʪʦʛʦ ʠʣʣʶʟʦʨʥʦʛʦ 

ʬʘʢʪʘ, ʯʪʦ ʦʧʠʩʳʚʘʝʪ ʚʝʩʴ ʜʠʘʧʘʟʦʥ ʢʦʣʣʝʢʪʦʨʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ. ɺ ʟʘʧʘʜʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦ ʚʩʝʭ datasheets ʥʘ ʪʨʘʥʟʠʩʪʦʨʳ ʧʦʯʪʠ ʥʝʪ ʩʩʳʣʦʢ 

ʥʘ çʩʝʤʝʡʩʪʚʦè ʚʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʨʦʞʜʘʝ-

ʤʦʝ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʠʛʨʘʶʱʠʤ ʨʦʣʴ ʧʘʨʘ-

ʤʝʪʨʘ. 
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ʈʝʘʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ 

ʧʳʪʘʶʪʩʷ ʚʚʝʩʪʠ ʚ ʤʦʜʝʣʴ ʢʦʥʢʨʝʪʥʫʶ ʬʠʟʠʯʝʩʢʫʶ 

ʚʝʣʠʯʠʥʫ- ʢʦʥʪʘʢʪʥʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

ʤʝʞʜʫ ʤʝʪʘʣʣʦʤ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʤ ʩ ʵʤʠʪʪʝʨʦʤ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ, ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʵʤʠʪʪʝʨ. ʕʪʘ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜ-

ʩʪʚʠʝ ʩʢʘʯʢʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ (ʵʣʝʢʪʨʦʥʦʚ 

ʜʣʷ npn) ʚ ʤʝʪʘʣʣʝ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʪʦʢʘ ʚ ʟʘʤʢʥʫ-

ʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʮʝʧʠ ʙʘʟʘ-ʵʤʠʪʪʝʨ 

ʧʨʦʪʝʢʘʝʪ ʙʘʟʦʚʳʡ ʪʦʢ, ʥʘ ʢʦʪʦʨʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʣʠʷʝʪ ʢʦʥʪʘʢʪʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʪʘʣʣ-

ʵʤʠʪʪʝʨ. ʕʥʝʨʛʠʷ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʵʪʦʛʦ ʙʘʨʴʝʨʘ, ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʥʘ ʧʝʨʝʭʦʜʝ 

ʙʘʟʘ-ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʙʘʟʳ. ɺʦʟʥʠʢʘʶʱʠʡ 

ʞʝ ʚ ʢʦʣʣʝʢʪʦʨʝ ʪʦʢ ʙʝʟʚʦʟʚʨʘʪʥʦ ʧʦʛʣʦʱʘʝʪ ʵʥʝʨ-

ʛʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʥʘ ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʵʤʠʪʪʝʨʝ 

ʙʳʣʘ ʟʘʪʨʘʯʝʥʘ ʧʦʣʝʟʥʘʷ ʵʥʝʨʛʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʦʚʦʛʦ ʪʦʢʘ 

ʧʨʠʭʦʜʠʪʩʷ ʟʘʪʨʘʯʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ, 

ʯʪʦ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʪʧʠʨʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ ʚ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ ʪʦʢ ʢʦʣʣʝʢʪʦʨʘ. 

ʊʨʫʜʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘ-

ʙʦʪʳ ʪʨʘʥʟʠʩʪʦʨʘ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʪʘʢʪʥʫʶ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʟʘʚʠʩʷʱʫʶ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʦ-

ʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʨʘʥʟʠʩʪʦʨʘ, ʥʦ ʠ 

ʚʠʜʘ ʤʝʪʘʣʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʜʣʷ ʢʦʥʪʘʢʪʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʧʨʝʩʣʦʚʫʪʳʡ ʢʦʤʧʦʥʝʥʪ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ 

ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʚʠʜʝ 

Ὗ̃ ̖ Ὗ
Ὅ

Ὅ
 

ʛʜʝ Ume- ʢʦʥʪʘʢʪʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʤʝ-

ʪʘʣʣ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʵʤʠʪʪʝʨʘ, 

IK ï ʪʦʢ ʢʦʣʣʝʢʪʦʨʘ, 

IE - ʪʦʢ ʵʤʠʪʪʝʨʘ. 

ʋʨʘʚʥʝʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʟʘʢʦʥʝ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ. ɺ ʪʘʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʵʪʘ ʢʦʤʧʦʥʝʥʪʘ 

ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʦ-

ʚʘʥʘ ʚ ʨʘʩʯʝʪʘʭ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʩʭʝʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʦʥʘ ʨʘʚʥʘ ʥʫʣʶ ʧʨʠ ʥʫʣʝʚʦʤ ʪʦʢʝ ʢʦʣʣʝʢʪʦʨʘ, ʥʦ 

ʙʳʩʪʨʦ ʧʨʠʭʦʜʠʪ ʢ ʢʦʥʪʘʢʪʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘ-

ʣʦʚ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʪʦʢʘ ʢʦʣʣʝʢʪʦʨʘ. ʂ ʩʦʞʘʣʝ-

ʥʠʶ, ʥʦʚʘʷ ʪʨʘʢʪʦʚʢʘ ʩʢʘʯʢʘ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʥʝ ʫʩʪʨʘʥʷʝʪ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ, ʧʨʦʙʣʝʤʳ ʥʝ-

ʣʠʥʝʡʥʦʩʪʠ ʤʦʜʝʣʠ, ʥʦ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘʧʦʣʥʷʝʪ 

ʵʪʦ ʷʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʤ ʩʤʳʩʣʦʤ. 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʚʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ npn ʪʨʘʥʟʠʩʪʦ-

ʨʦʚ, ʚʝʣʠʯʠʥʘ çʩʢʘʯʢʘè ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 

ʧʦʷʚʣʝʥʠʠ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠ-

ʯʠʥʫ ʧʦʨʷʜʢʘ 0.15ɺ, ʯʪʦ ʦʯʝʚʠʜʥʦ ʠ ʷʚʣʷʝʪʩʷ ʢʦʥ-

ʪʘʢʪʥʦʡ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʪʘʣʣ-ʣʝʛʠʨʦʚʘʥ-

ʥʳʡ ʢʨʝʤʥʠʡ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʩ ʫʯʝʪʦʤ ʢʦʥ-

ʢʨʝʪʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʝʛʦ ʢʦʥʪʘʢʪʦʚ 

ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʵʪʦʡ 

ʚʝʣʠʯʠʥʳ. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʸʥʥʳʝ ʠʥʪʫʠʪʠʚʥʦ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʦʧʝʨʘʪʦʨʳ ʠʤʝʶʪ ʥʝ ʚʝ-

ʨʦʷʪʥʦʩʪʥʳʡ, ʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʟ-ʟʘ ʠʭ ʩʚʷʟʠ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʫʨʘʚʥʝ-

ʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ. ɿʘ ʩʯʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʦʚ ʤʦʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʧʦ ʜʚʫʤ ʦʨʪʦʛʦ-

ʥʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʦʧʝʨʘʪʦʨʘ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʧʦ ʦʩʪʘʚʰʝʤʫʩʷ ʪʨʝʪʴʝʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ, ʥʦ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ (ʟʘ ʩʯʸʪ ʤʥʠʤʦʡ ʝʜʠʥʠʮʳ), ʧʦʣʫʯʘʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʟʘʤʢʥʫʪʦʩʪʠ 

ʄʠʨʦʟʜʘʥʠʷ ʠ ʠʝʨʘʨʭʠʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʳʭ ʦʙʲʝʢʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʣʦʛʠʢʘ ʄʠʨʦʟʜʘʥʠʷ 

ʧʦ ʜʝʣʝʥʠʶ ʥʘ ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʧʦ ʪʝʦʨʠʠ ʘʚʪʦʨʦʚ ʫʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʠ ʢʚʘʥʪʦʚʫʶ ʤʝʭʘʥʠʢʫ (ʩ-ʯʠʩʣʘ ʠ q-ʯʠʩʣʘ), ʥʦ ʩʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ ʬʠʟʠʢʘʤʠ ʙʳʣʠ ʚ ʩʪʦ-

ʨʦʥʫ ʯʫʜʝʩ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʠʟ ʥʫʣʷ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʘʢʫʫʤʘ). 

ABSTRACT  

This paper shows that the operators introduced intuitively in quantum mechanics have not probabilistic but 

deterministic physical meaning because of their connection with the improved Maxwell equations. Due to the 

interaction of the operators of angular momentum in two orthogonal directions with the receipt of the operator of 

angular momentum in the remaining third direction, but in the opposite (due to the imaginary unit), so the proof 

of the closed Universe and the build hierarchy corpuscular-wave objects. It is shown that the logic of the Universe 

by division into two global Opposites according to the authors ' theory has already been practically introduced into 

electrodynamics and quantum mechanics (C-numbers and q-numbers), but the conclusions drawn by physicists 

were in the direction of miracles of probabilities of occurrence and disappearance from zero (electromagnetic 

vacuum). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʝʨʘʪʦʨʳ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, ʩ-ʯʠʩʣʘ ʠ q-ʯʠʩʣʘ, ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʳ, 

ʫʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʢʣʘʩʩʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʬʦʨʤʫʣʘ ʃʫʠ ʜʝ ɹʨʦʡʣʷ. 

Keywords: momentum operators, c-numbers and q-numbers, vector potentials, continuity equation, classical 

Maxwell equations, Louis de Broglie formula. 

 

ɺ [1] ʠ ʚ ʩʪʘʪʴʷʭ [2, 3] ʜʘʥʘ ʥʘʰʘ ʪʝʦʨʠʷ ʥʘ ʦʩ-

ʥʦʚʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʣʦʛʠʢʠ, ʬʠʣʦʩʦʬʠʠ ʠ ʟʘʢʦʥʦʚ 

ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʦʙʲʝʢʪʦʚ ʚ ʄʠʨʦʟʜʘʥʠʠ. ʅʦ ʥʝ-

ʢʦʪʦʨʳʝ ʥʘʰʠ ʚʳʚʦʜʳ ʷʚʣʷʶʪʩʷ ʥʝʧʦʥʷʪʥʳʤʠ ʠ 

ʥʘʜʫʤʘʥʥʳʤʠ ʤʥʦʛʠʤ ʥʘʰʠʤ ʯʠʪʘʪʝʣʷʤ. ʅʘʧʨʠ-

ʤʝʨ, ʟʘʤʢʥʫʪʦʩʪʴ ʄʠʨʦʟʜʘʥʠʷ ʥʘ ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ: ʙʳʪʠʝ ʠ ʥʝʙʳʪʠʝ, ʢʦʪʦʨʳʝ ʦʪ-

ʨʘʞʘʶʪ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝ-

ʥʠʷ; ʜʝʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʘ ʟʘʚʠʩʠʤʫʶ ʠ ʥʝʟʘʚʠʩʠ-

ʤʫʶ ʯʘʩʪʠ. ʇʦʩʪʘʨʘʝʤʩʷ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚʩʸ, ʯʪʦ ʤʳ 

ʧʨʝʜʩʪʘʚʠʣʠ ʚ ʚʠʜʝ ʥʘʰʠʭ ʟʘʢʦʥʦʚ ʬʠʣʦʩʦʬʠʠ ʠ ʣʦ-

ʛʠʢʠ, ʫʞʝ ʜʘʚʥʦ ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʠ 

ʢʚʘʥʪʦʚʫʶ ʤʝʭʘʥʠʢʫ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʩʧʦʤʥʠʤ, ʯʪʦ 

ʚ ʢʚʘʥʪʦʚʫʶ ʤʝʭʘʥʠʢʫ ʚʚʝʣʠ ʧʦʥʷʪʠʝ ʣʠʥʝʡʥʳʭ 

ʦʧʝʨʘʪʦʨʦʚ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ [4] ʚʤʝʩʪʦ ʩʘʤʠʭ 

ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ: 

,/)/(E tiE µµ-=­ >  (1) 

./)/(p rip µµ=­ >  (2) 

ɿʜʝʩʴ ʦʪʤʝʪʠʤ, ʯʪʦ ʜʦʙʘʚʦʯʥʦʝ ʫʤʥʦʞʝʥʠʝ ʥʘ 

>> ii -=/  ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ 

ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ. ʇʦ ʥʘʰʝʡ ʪʝʦʨʠʠ 

ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʧʝʨʘʮʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ, ʦ ʯʸʤ 

ʛʦʚʦʨʠʪ ʘʪʨʠʙʫʪ, ʜʘʶʱʠʡ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʚ ʚʠʜʝ 

ʤʥʠʤʦʡ ʝʜʠʥʠʮʳ 1-=i . ʇʨʠ ʵʪʦʤ ʤʳ ʫʯʠʪʳ-

ʚʘʝʤ, ʯʪʦ h=p>2  (ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ), ʠ ʫ ʥʘʩ 

hc=1 (ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʥʝʟʘʚʠʩʠʤʳʝ ʦʪ 

ʄʠʨʦʟʜʘʥʠʷ ʦʙʲʝʢʪʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 

ʚʥʝ ʦʙʤʝʥʘ, ʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦ ʙʫʜʝʪ ʨʘʩʢʨʳʪʦ 

ʥʠʞʝ). ʊʦ ʝʩʪʴ ʯʝʨʝʟ ʦʧʝʨʘʪʦʨʳ ʦʪʨʘʞʸʥ ʧʝʨʝʭʦʜ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ, ʩ ʫʯʸʪʦʤ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʷʤʠ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ (ʦʙʤʝʥʘ) ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʨʤʠʨʦʚʢʝ. ɼʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʥʝ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ ʠʤʧʫʣʴʩʘ pr ʠ 

r ʚ ʚʠʜʝ [5]: 

.)/1(/)(p;/p rr yµµ+-=µyµ-=yµyµ-=y rrirrirrrir >>>  (3) 
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ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ: 

.)p(p rr y-=y >ir-r  (4) 

ɺ ʦʧʝʨʘʪʦʨʥʦʡ ʬʦʨʤʝ ʵʪʦ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ: 

.)p(p rr >ir-r -=  (5) 

ʅʝ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ ʠʤʧʫʣʴʩʘ pr ʠ 

r ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʦʙʳʯʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ (ʪʦ ʝʩʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʩ-ʯʠʩʣʘʤʠ, 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʜʣʠʥʘ ʠ ʠʤʧʫʣʴʩ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝ-

ʭʘʥʠʢʝ), ʘ ʦʜʠʥ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʦʧʝʨʘʪʦʨʦʤ (ʪ.ʝ. 

q-ʯʠʩʣʦʤ). ɺ ʚʘʨʠʘʥʪʝ ʫʨʘʚʥʝʥʠʡ (3 5) ʠʤʝʝʤ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʢʦʦʨʜʠʥʘʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (r-ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ), ʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʠ ʠʤʧʫʣʴʩʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʨ-ʧʨʝʜʩʪʘʚʣʝʥʠʝ) ʚ ʚʠʜʝ [6]: 

.//r ʨi µµ-=>  (6) 

ɿʜʝʩʴ ʠʤʧʫʣʴʩ ʙʫʜʝʪ ʦʙʳʯʥʳʤ ʩ-ʯʠʩʣʦʤ, ʘ ʢʦ-

ʦʨʜʠʥʘʪʘ ʜʣʠʥʳ ï ʦʧʝʨʘʪʦʨʦʤ (q-ʯʠʩʣʦʤ). ʅʝ-

ʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʨʠ ʜʝʡʩʪʚʠʠ ʵʪʦʛʦ ʦʧʝʨʘ-

ʪʦʨʘ ʥʘ ʚʦʣʥʦʚʫʶ ʬʫʥʢʮʠʶ, ʟʘʚʠʩʷʱʫʶ ʪʝʧʝʨʴ ʦʪ 

ʠʤʧʫʣʴʩʘ ʨ, ʜʦʣʞʥʦ ʩʦʙʣʶʜʘʪʴʩʷ ʨʘʚʝʥʩʪʚʦ: 

).()/()(rr( ʨiʨ)ʨʨ jj >=-  (7) 

ʇʦʥʷʪʥʦ, ʯʪʦ ʘʥʘʣʦʛʠʷ ʝʩʪʴ ʠ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ 

ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ ʩʠ-

ʩʪʝʤʫ ʠʟ ʯʝʪʳʨʸʭ ʟʥʘʯʝʥʠʡ (ʦʙʲʝʢʪʦʚ), ʢʦʪʦʨʳʝ ʚʳ-

ʩʪʫʧʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʢʘʢ ʩ ï ʯʠʩʣʘ ʠʣʠ 

ʢʘʢ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʦʧʝʨʘʪʦʨʳ q-ʯʠʩʣʘ. ʆʪʩʶʜʘ ʥʝ 

ʷʚʣʷʝʪʩʷ ʥʘʰʝʡ ʚʳʜʫʤʢʦʡ ʜʝʣʝʥʠʝ ʄʠʨʦʟʜʘʥʠʷ ʥʘ 

ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʟʘʚʠ-

ʩʠʤʦʡ ʯʘʩʪʴʶ (ʩ-ʯʠʩʣʦ, ʦʥʦ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝ-

ʩʪʚʦ), ʠ ʥʝʟʘʚʠʩʠʤʦʡ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʯʘʩʪʴʶ, ʚ 

ʚʠʜʝ ʦʧʝʨʘʪʦʨʘ (q-ʯʠʩʣʦ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʠʟʤʝ-

ʥʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʣʠʯʠʥʳ). ʕʪʦ ʨʘʟʜʝʣʝʥʠʝ 

ʙʳʣʦ ʚʚʝʜʝʥʦ ʠʥʪʫʠʪʠʚʥʦ ʚ ʢʚʘʥʪʦʚʫʶ ʤʝʭʘʥʠʢʫ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʙʝʟ ʜʝʣʝʥʠʷ ʄʠʨʦʟʜʘʥʠʷ ʥʘ ʜʚʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ (ʚ ʬʠʟʠʢʝ ʵʪʦ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-

ʚʦʣʥʦʚʦʡ ʜʫʘʣʠʟʤ) ʦʙʦʡʪʠʩʴ ʥʝʣʴʟʷ. ʇʨʠ ʦʜʥʦʨʦʜ-

ʥʦʩʪʠ ʥʝʪ ʧʨʠʟʥʘʢʦʚ ʩʨʘʚʥʝʥʠʷ, ʠ ʚʳʜʝʣʠʪʴ ʠʟ ʦʜ-

ʥʦʨʦʜʥʦʩʪʠ ʯʪʦ-ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʦ. ʀ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʵʪʠ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʜʦʣʞʥʳ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʦʚʘʪʴ ʯʝʨʝʟ ʦʙʤʝʥ. ʇʨʠ ʵʪʦʤ ʬʘʢʪʦʨ 

ʦʪʣʠʯʠʷ ʟʘʣʦʞʝʥ ʚ ʪʦʤ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʩ ʦʙʲʝʢʪʦʤ 

ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʠʟ ʢʘʞʜʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ 

ʚʳʛʣʷʜʠʪ ʧʦ-ʨʘʟʥʦʤʫ, ʚ ʚʠʜʝ ʩʫʤʤʳ (ʦʙʲʝʜʠʥʝʥʠʷ) 

ʚ ʦʜʥʦʡ, ʠ ʚ ʚʠʜʝ ʚʳʯʠʪʘʥʠʷ (ʨʘʟʲʝʜʠʥʝʥʠʷ) ʚ ʜʨʫ-

ʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɸ ʪʘʢ ʢʘʢ ʤʝʞʜʫ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʷʤʠ ʩʦʭʨʘʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘ-

ʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ (ʠʥʘʯʝ ʯʫʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟ ʥʠ-

ʯʝʛʦ), ʪʦ, ʜʦʩʪʠʯʴ ʨʘʚʝʥʩʪʚʦ, ʧʨʠ ʩʫʤʤʝ ʠ ʨʘʟʥʦʩʪʠ, 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʨʘʟʥʠʮʳ ʚ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʷʭ, ʢʦʪʦʨʳʝ ʧʨʠ ʩʤʝʥʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ 

ʜʦʣʞʥʳ ʧʝʨʝʭʦʜʠʪʴ ʜʨʫʛ ʚ ʜʨʫʛʘ. ʆʪʩʶʜʘ ʦʙʱʘʷ 

ʬʦʨʤʫʣʘ ʄʠʨʦʟʜʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʚʠʜʝ: 

)].sh())][ch(sh()[ch()]sin())][cos(sin()[cos( ggggwiwwiw -+=-+  (8) 

ɿʜʝʩʴ w=ig. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʢʦʥ ʩʦ-

ʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ, ʘ ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ ʦʪʨʘʞʘʝʪ 

ʩʤʝʥʫ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʢʘʞ-

ʜʦʡ ʠʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʟʘʤʢʥʫ-

ʪʦʤʫ ʮʠʢʣʫ ʧʨʦʮʝʩʩʳ ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ ʠ ʨʘʟʲʝʜʠʥʝ-

ʥʠʝʤ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʙʤʝʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʤʝʥʝʥʠʷ, ʩ 

ʪʘʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʤʝʥʦʤ ʦʭʚʘʯʝʥʳ 

ʚʩʝ ʦʙʲʝʢʪʳ ʄʠʨʦʟʜʘʥʠʷ. ʆʪʩʶʜʘ ʠ ʧʦʣʫʯʘʝʪʩʷ 

ʬʦʨʤʫʣʘ 

.1=hc  (9) 

ɿʜʝʩʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʩʢʦʨʦʩʪʴ (ʩʢʦ-

ʨʦʩʪʴ ʩʚʝʪʘ  ʩ) ʚ ʄʠʨʦʟʜʘʥʠʠ ʩʚʷʟʘʥʘ ʩ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʚʝʣʠʯʠʥʦʡ ʦʙʲʝʢʪʘ ʤʠʨʦʟʜʘʥʠʷ (ʧʦʩʪʦʷʥʥʦʡ 

ʇʣʘʥʢʘ  h). ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʦʪʠʚʦʨʝʯʠʪ ʠʟʚʝʩʪ-

ʥʳʤ ʩʠʩʪʝʤʘʤ ʉʀ ʠ ʉɻʉ, ʢʦʪʦʨʳʝ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʚʚʝʣʠ ʣʶʜʠ. ʕʪʠ ʩʠʩʪʝʤʳ ʉʀ ʠ ʉɻʉ ʜʘʶʪ ʧʘʨʘ-

ʜʦʢʩʳ ʥʘʣʠʯʠʷ çʯʸʨʥʳʭ ʜʳʨè, çʨʘʟʤʘʟʘʥʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʘè [7, 8] ʠ ʜʨʫʛʠʝ ʯʫʜʝʩʘ ʚ ʬʠʟʠʢʝ. ʀʟʤʝʥʝ-

ʥʠʷ ʩʚʷʟʘʥʳ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʠ ʵʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʥʘʣʠʯʠʝ ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʚʝʣʠʯʠʥʳ (ʦʙʲʝʢʪʘ) ʠ ʚʝ-

ʣʠʯʠʥʳ (ʦʙʲʝʢʪʘ) ʥʘ ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦ 

ʚʦʟʜʝʡʩʪʚʠʝ. ʀʟʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʯʝʨʝʟ ʥʘʣʠʯʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʥʘʯʘʣʴʥʦʡ ʚʝ-

ʣʠʯʠʥʳ ʦʙʲʝʢʪʘ, ʠ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʵʪʦ ʦʧʝʨʘ-

ʪʦʨ (q-ʯʠʩʣʦ). ʉʘʤ ʦʙʲʝʢʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ, ʠ ʚ ʢʚʘʥʪʚʦʡ ʤʝʭʘʥʠʢʝ ʵʪʦ ʩ-ʯʠʩʣʦ. 

ʆʙʨʘʪʠʤ ʪʘʢ ʞʝ ʚʥʠʤʘʥʠʝ ʥʘ ʩʠʤʤʝʪʨʠʶ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʢʦʦʨʜʠʥʘʪʥʦʤ ʠ ʠʤʧʫʣʴʩʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʤʢʥʫʪʦʩʪʴʶ ʄʠʨʦʟʜʘʥʠʷ 

ʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʯʫʜʝʩ. ʋʯʠʪʳʚʘʷ ʚʦʟʤʦʞʥʳʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʧʦ ʜʣʠʥʝ, ʚʨʝʤʝʥʠ, ʠʤʧʫʣʴʩʫ ʠ ʵʥʝʨʛʠʠ, ʢʘʢ 

ʚ ʚʠʜʝ q-ʯʠʩʝʣ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʩ-ʯʠʩʝʣ, ʧʦʣʫʯʠʤ ʜʚʝ 

ʯʝʪʳʨʸʭʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ q-

ʯʠʩʝʣ, ʪʘʢ ʠ ʩ-ʯʠʩʝʣ. ʏʝʪʳʨʸʭ ʤʝʨʥʦʩʪʴ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʩ-ʯʠʩʝʣ ʚʳʨʘʟʠʪʩʷ ʚ ʚʠʜʝ ʧʨʦʩʪʨʘʥʩʪʚʘ - 

ʜʣʠʥʳ, ʰʠʨʠʥʳ ʠ ʚʳʩʦʪʳ, ʠ ʚʨʝʤʝʥʠ, ʯʪʦ ʢʘʩʘʝʪʩʷ 

q-ʯʠʩʝʣ, ʪʦ ʟʜʝʩʴ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʘʥʘʣʦʛʠ ʚ ʚʠʜʝ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ɽ ʠ ʤʘʛʥʠʪʥʦʛʦ ʅ 

ʧʦʣʷ ʠ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ (ɸ ʠ ʌ).  

ʇʦʥʷʪʥʦ, ʯʪʦ ʚʚʦʜ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʢʦʤʤʫ-

ʪʘʪʠʚʥʦʩʪʠ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʜʦʣʞʝʥ ʧʨʝʩʣʝ-

ʜʦʚʘʪʴ ʦʧʨʝʜʝʣʸʥʥʫʶ ʮʝʣʴ. ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʥʝʦʧʨʝʜʝ-

ʣʸʥʥʦʩʪʴʶ ɻʝʡʟʝʥʙʝʨʛʘ, ʩ ʥʦʚʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ 

ʤʦʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʥʘʣʠʯʠʷ ʦʨʙʠʪʘʣʝʡ. ʇʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʌʝʡʥʤʘʥʘ 

[9], ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

).(

)(

);(

zxzx

yzyz

xyxy

xv-zvmL

;zv-yvmL

yv-xvmL

=

=

=

 (10) 

ʅʘʩʢʦʣʴʢʦ ʚʝʨʥʳ ʵʪʠ ʬʦʨʤʫʣʳ ʜʣʷ ʤʦʤʝʥʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʩʫʜʠʪʴ, ʝʩʣʠ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʦʥʢʨʝʪʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. ʇʫʩʪʴ 

ʠʤʝʝʪʩʷ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ ʧʦ ʦʨʙʠʪʝ. ʊʦʛʜʘ ʚ ʧʣʦʩ-

ʢʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʤʝʝʤ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ, 

ʥʘʧʨʠʤʝʨ: x=sin(ɤt); y=cos(ɤt); vx=cos(ɤt); 

vy=sin(ɤt). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʬʦʨʤʫʣʘ ʜʣʷ ʤʦʤʝʥʪʘ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ: 
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).2cos(]2/)2cos(212/)2cos(21[(

))(cos)((sin)( 22

tt/t/m

ttmyvxvmL xyxy

w-=w--w-=

=w-w=-=
 (11) 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʤʝʝʤ ʠʟʤʝʥʝʥʠʝ ʤʦʤʝʥʪʘ ʢʦ-

ʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʩ ʜʚʦʡʥʦʡ ʯʘʩʪʦʪʦʡ, 

ʘ ʵʪʦ ʥʠʢʘʢ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʟʘʤʢʥʫ-

ʪʦʤ ʦʨʙʠʪʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ 

ʜʚʠʞʝʥʠʷ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʚ ʪʦʡ ʞʝ ʧʣʦʩ-

ʢʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

.vmrttvtt(mr 00
22

0
22

0 ))(cos)((sin))(cos)(sin =w+ww+w==[rp]L  (12) 

ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ L  ʤʳ ʥʝ 

ʥʘʙʣʶʜʘʝʤ. ʂʩʪʘʪʠ, ʵʪʦ ʪʘʢʞʝ ʦʛʦʚʘʨʠʚʘʝʪʩʷ ʠ ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ [10], ʯʪʦ ʚ ʩʣʫʯʘʝ ʮʝʥʪʨʘʣʴʥʳʭ 

ʩʠʣ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʩʠʣ, L=const. ʕʪʦʪ ʨʝ-

ʟʫʣʴʪʘʪ ʠʟʚʝʩʪʝʥ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʢʘʢ ʟʘ-

ʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ, ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʨʦʙʣʝʤʝ ʂʝʧʣʝʨʘ ʢʘʢ 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʩʝʢʪʦʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ.  

ɼʘʣʝʝ, ʯʪʦʙʳ ʦʙʦʙʱʠʪʴ ʢʣʘʩʩʠʯʝʩʢʦʝ ʚʳʨʘʞʝ-

ʥʠʝ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʜʣʷ ʢʚʘʥʪʦʚʦʛʦ 

ʩʣʫʯʘʷ, ʜʦʣʞʥʳ ʚ ʚʳʨʘʞʝʥʠʠ (12) ʢʣʘʩʩʠʯʝʩʢʠʡ ʠʤ-

ʧʫʣʴʩ ʨ ʟʘʤʝʥʠʪʴ ʦʧʝʨʘʪʦʨʦʤ ʠʤʧʫʣʴʩʘ (2), ʪʦʛʜʘ 

ʙʫʜʝʤ ʠʤʝʪʴ: 

],[/ Ð== r[rp]L i>  (13) 

ʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (10) ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʠʜ: 

).(

);(

);(

xyz

zxy

yzx

ypxpL

xpzpL

zpypL

-=

-=

-=

 (14) 

ɽʩʣʠ ʨʘʩʧʠʩʘʪʴ (10) ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ 

ʚʠʜʝ: 

),(

);(

);(

tz/xtx/zmL

ty/ztz/ymL

tx/yty/xmL

zx

yz

xy

µµ-µµ=

µµ-µµ=

µµ-µµ=

 (15) 

ʪʦ ʚʠʜʠʤ ʨʘʟʥʠʮʫ ʚ ʧʝʨʝʤʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠ-

ʨʦʚʘʥʠʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʢʚʘʥʪʦʚʦʤ ʩʣʫʯʘʝ (14) 

ʠʤʝʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʜʣʠʥʝ, ʘ ʚ ʩʣʫʯʘʝ 

ʬʦʨʤʫʣʳ (15)  ʧʦ ʚʨʝʤʝʥʠ.  

ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʩʤʝʥʫ ʠʤʧʫʣʴʩʥʦʛʦ 

ʢʚʘʥʪʦʚʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʤʝʥʪʘ ʢʦ-

ʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʥʘ ʚʨʝʤʝʥʥʦʝ ʢʣʘʩʩʠʯʝʩʢʦʝ ʢʦʨ-

ʧʫʩʢʫʣʷʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. ʊʦ ʝʩʪʴ ʫʞʝ ʙʝʟ ʥʘʩ ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʠʥʪʫʠʪʠʚʥʦ ʚʚʝʣʠ ʜʚʝ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʩʠʤʤʝʪʨʠʠ ʧʦ ʚʠʜʫ ʫʨʘʚʥʝʥʠʡ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʩʦʭʨʘ-

ʥʝʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʢʦʥʦʚ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʟʥʘʝʤ, ʯʪʦ ʚʠʜ (15) ʥʝ ʦʪʨʘʞʘʝʪ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʚ ʢʣʘʩʩʠ-

ʯʝʩʢʦʤ ʢʦʨʧʫʩʢʫʣʷʨʥʦʤ ʚʠʜʝ, ʢʘʢ ʚ (12). ʇʦʥʷʪʥʦ, 

ʯʪʦ ʠʩʢʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʵʪʠʤʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷʤʠ, ʠʩʭʦʜʷ ʠʟ ʟʘʨʘʥʝʝ ʥʝ ʧʨʘʚʠʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʧʦ 

(15), ʥʝʣʴʟʷ. ʆʜʥʘʢʦ ʧʘʨʘʜʦʢʩ ʨʝʰʘʝʪʩʷ, ʝʩʣʠ ʤʦ-

ʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʚʠʜʝ ʨʦʪʦʨʘ, ʩʚʷʟʘʥ ʩ ʫʨʘʚʥʝ-

ʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, 

ʪʦ ʝʩʪʴ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʩ ʫʯʸʪʦʤ 

ʉʊʆ. ʌʘʢʪʠʯʝʩʢʠ, ʚʠʜ ʟʘʧʠʩʠ ʤʦʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʘ 

ʜʚʠʞʝʥʠʷ (15) ʘʥʘʣʦʛʠʯʝʥ ʧʦ ʚʠʜʫ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷʤ ʃʦʨʝʥʮʘ-ʄʠʥʢʦʚʩʢʦʛʦ [11], ʟʘʤʢʥʫʪʦʩʪʴ (ʨʦ-

ʪʦʨ, ʘ ʟʥʘʯʠʪ ʠ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ) ʚ ʢʦ-

ʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʣʠʥʳ ʚʦ ʚʨʝʤʷ, ʠ ʥʘʦʙʦʨʦʪ: 

.xgxgx

xgxgx

n

n

011

100

)(sh)(ch

;)(sh)(ch

-=

-=
 (16) 

ʇʨʠ ʵʪʦʤ ʚʚʦʜʷʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ: 

.)(sh;1/1)(ch);(th

;;;;

2

3210

bg=b-=g==b¹

====

gggv/c

zxyxxxctx
 (17) 

ʊʦ ʝʩʪʴ ʧʨʠ ʩʨʘʚʥʝʥʠʠ (16) ʩ (15), ʠʤʝʝʤ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʬʫʥʢʮʠʡ ʦʪ ʩʢʦʨʦʩʪʠ ʩ ʫʯʸʪʦʤ ʉʊʆ ʠ ʦʨʪʦ-

ʛʦʥʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ; ʦʩʪʘʣʴʥʦʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 

ʥʦʨʤʠʨʦʚʢʝ.  

ʄʳ ʧʦʢʘʟʘʣʠ ʬʠʟʠʯʝʩʢʠʡ ʘʥʘʣʦʛ, ʧʨʝʜʣʦʞʝʥ-

ʥʳʭ ʌʝʡʥʤʘʥʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ (15) ʥʘ ʦʩʥʦʚʝ ʉʊʆ 

ʕʡʥʰʪʝʡʥʘ. ʇʨʠ ʵʪʦʤ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝ-

ʥʠʷ ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʦʨʜʠ-

ʥʘʪ, ʘ ʚ ʢʦʦʨʜʠʥʘʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠ ʵʪʦ 

ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʜʚʫʟʥʘʯʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʟʘ ʩʯʸʪ ʟʘʤʢʥʫʪʦʩʪʠ ʟʜʝʩʴ 

ʩʚʷʟʘʥ ʩ ʚʳʨʘʞʝʥʠʝʤ: 
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 (18) 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʤʦʤʝʥʪʦʤ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝ-

ʥʠʷ, ʠʤʝʝʤ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ ʢʦʥʩʪʘʥʪʝ. ʆʪʩʶʜʘ 

ʚʤʝʩʪʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʝʨʠʦʜʠʯʝ-

ʩʢʠʭ ʬʫʥʢʮʠʷʭ ʩʠʥʫʩʘ sin(w) ʠ ʢʦʩʠʥʫʩʘ cos(w) ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʚʝʨʰʘʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʧʦʩʪʫʧʘʪʝʣʴ-

ʥʦʤʫ ʜʚʠʞʝʥʠʶ ʥʘ ʦʩʥʦʚʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʬʫʥʢ-

ʮʠʡ ʚʠʜʘ sh(g) ʠ ch(g). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʦ ʥʘʩ ʫʞʝ 

ʚʚʝʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʠ ʛʠʧʝʨʙʦʣʠʯʝ-

ʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (8), ʢʦʪʦʨʫʶ 
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ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʣʠʯʠʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʚ ʜʨʫʛʫʶ 

ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʧʦʚʦʨʦʪ, ʪʘʢ 

ʢʘʢ ch(g)=cos(ig) ʠ sh(g)= isin(ig) ʩ ʫʯʸʪʦʤ ʟʘʢʦʥʘ 

ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦ ʘʨʛʫʤʝʥʪʫ, ʘ ʤʥʠʤʘʷ 

ʝʜʠʥʠʮʘ ʦʧʨʝʜʝʣʷʝʪ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚʠʜ ʟʘ-

ʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʊʘʢ ʢʘʢ ʄʠʨʦʟʜʘʥʠʝ ʟʘʤʢʥʫʪʘʷ ʩʠ-

ʩʪʝʤʘ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ ʩʠʤʤʝʪʨʠʶ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʝʥʳ ʯʝʨʝʟ ʢʦʨʧʫʩʢʫ-

ʣʷʨʥʳʡ ʠ ʚʦʣʥʦʚʦʡ ʚʠʜ, ʪʦ ʚ ʩʠʣʫ ʵʪʦʡ ʩʠʤʤʝʪʨʠʠ ʚ 

ʄʠʨʦʟʜʘʥʠʠ, ʤʳ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʚʠʜ (15) ʥʝ ʚ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʤ ʚʠʜʝ, ʘ ʚ ʚʦʣʥʦʚʦʤ ʚʠʜʝ, ʠʩʧʦʣʴ-

ʟʫʷ ʩʤʝʥʫ ʘʨʛʫʤʝʥʪʦʚ (ʵʪʦ ʘʥʘʣʦʛʠʯʥʦ ʩʤʝʥʝ ʩ-ʯʠ-

ʩʝʣ ʥʘ q-ʯʠʩʣʘ, ʠ ʥʘʦʙʦʨʦʪ). ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʝʩʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ ʦʙʨʘʪʥʦ-ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʩʚʷʟʴʶ, ʠ ʠʤʝʥʥʦ ʵʪʦ ʦʧʨʝʜʝʣʝʥʦ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘ-

ʥʠʢʝ ʯʝʨʝʟ ʧʨʠʥʮʠʧ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ɻʝʡʟʝʥ-

ʙʝʨʛʘ, ʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʠʟʚʝʩʪʥʳʤ ʫʨʘʚʥʝ-

ʥʠʝʤ ʵʥʝʨʛʠʠ ʕʡʥʰʪʝʡʥʘ:  

.const/ 2==cmɽ  (19) 

ɿʜʝʩʴ ʵʥʝʨʛʠʷ ʠ ʤʘʩʩʘ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʠ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʷʤʠ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʘ ʙʳ ʦʙʨʘʪʥʦ-ʧʨʦʧʦʨʮʠʦʥʘʣʴ-

ʥʘʷ ʩʚʷʟʴ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠ ʚʝʣʠʯʠʥʘ ʚ 

ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʩʪʘʚʘʣʘʩʴ ʙʳ ʪʘʢʦʡ ʞʝ 

ʠ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɸ ʵʪʦ ʦʟʥʘʯʘʣʦ ʙʳ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ ʥʘ ʜʨʫʛʫʶ, ʠ ʪʘʢʦʛʦ ʙʳ ʩʚʦʡʩʪʚʘ ʢʘʢ ʫʩʠʣʝʥʠʝ 

(ʦʩʣʘʙʣʝʥʠʝ) ʥʝ ʤʦʛʣʦ ʙʳ ʙʳʪʴ. ʉ ʫʯʸʪʦʤ ʦʙʨʘʪʥʦ-

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʠ ʩʠʤʤʝʪʨʠʠ ʤʝʞʜʫ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ, ʟʘʧʠʰʝʤ: 

z.t//xxt//zm/L

yt//zzt//ym/L

xt//yyt//xm/L

zx

yz

xy

µµ-µµ=

µµ-µµ=

µµ-µµ=

)1()1(

;)1()1(

;)1()1(

 (20) 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʤʝʥʷʣʠ ʤʝʩʪʘʤʠ ʘʨʛʫʤʝʥʪʳ 

ʠ ʬʫʥʢʮʠʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠ-

ʯʝʩʪʚʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʝ ʇʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʠ ʧʨʠ ʚʟʘʠʤʥʦʤ ʦʙʤʝʥʝ ʚʳʩʪʫʧʘʶʪ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʢʘʢ ʧʦʣʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʠ 

ʢʘʢ ʚʦʟʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ, ʜʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ. ʆʪ-

ʤʝʪʠʤ, ʯʪʦ ʧʦ ʧʨʘʚʠʣʘʤ ʤʘʪʝʤʘʪʠʢʠ, ʩ ʫʯʸʪʦʤ ʟʘ-

ʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʦʣʞʥʳ ʙʳʣʠ ʙʳʪʴ ʚ ʚʠʜʝ: 

)./(1/1; cbacba -=-=  (21) 

ʆʜʥʘʢʦ, ʟʜʝʩʴ ʠʤʝʝʤ ʜʝʣʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʥʝ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʩʠʩʪʝʤʦʡ ʥʘʙʣʶʜʝʥʠʷ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʚʳʨʘʞʝʥʠʝʤ 

(21) ʧʦ ʧʨʘʚʠʣʘʤ ʤʘʪʝʤʘʪʠʢʠ. ʉʘʤ ʧʦʜʭʦʜ ʪʘʢʦʛʦ 

ʥʘʧʠʩʘʥʠʷ ʧʦ (20), ʩ ʫʯʸʪʦʤ ʩʠʤʤʝʪʨʠʠ ʤʝʞʜʫ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ, ʫʞʝ ʙʳʣ ʩʜʝʣʘʥ ʜʦ ʥʘʩ ʚ ʢʚʘʥ-

ʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʚ ʢʦʦʨʜʠʥʘʪʥʦʤ ʠ ʠʤʧʫʣʴʩʥʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʐʨʝʜʠʥʛʝʨʘ ʜʣʷ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ [6]: 

.0)()/(

;0)()/(
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pdpdBpAE

xdxBdAxE
 (22) 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʤʝʩʪʦ ʠʤʧʫʣʴʩʥʦʛʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʧʦ ű(p) ʚʳʩʪʫʧʘʝʪ ʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʪʥʦ-ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ 

ʠʤʧʫʣʴʩʦʤ ʠ ʜʣʠʥʦʡ ʚ ʟʘʤʢʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʦʧʨʝ-

ʜʝʣʝʥʦ ʬʦʨʤʫʣʦʡ (12) ʠ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʚ 

ʚʠʜʝ L=const. ʀʩʭʦʜʷ ʠʟ ʣʦʛʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲ-

ʝʢʪʦʚ ʚ ʚʠʜʝ ʩ-ʯʠʩʝʣ ʠ q-ʯʠʩʝʣ, ʠ ʦʪʩʫʪʩʪʚʠʷ ʪʨʝ-

ʪʴʠʭ ʩʦʩʪʦʷʥʠʡ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ, ʦʩʪʘʚʘʣʦʩʴ 

ʣʠʰʴ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʘʨʛʫʤʝʥʪʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷ-

ʶʪʩʷ ʠʟʤʝʥʝʥʠʷ, ʥʦ ʠ ʬʫʥʢʮʠʷʤʠ. ʅʦ ʚʦʪ ʠʤʝʥʥʦ 

ʵʪʦʪ ʧʦʩʣʝʜʥʠʡ ʰʘʛ ʠ ʥʝ ʙʳʣ ʩʜʝʣʘʥ ʠʟ-ʟʘ ʚʝʨʦʷʪ-

ʥʦʩʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ.  

ɼʘʣʝʝ, ʧʦ ʛʝʦʤʝʪʨʠʠ ʄʠʥʢʦʚʩʢʦʛʦ [11] ʠ ʉʊʆ, 

ʠʟ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʢʦʨʦʩʪʠ vi ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʜʣʷ ʤʝʣʴʯʘʡʰʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʠʤʝʝʤ 

ʫʩʣʦʚʠʝ: 
t.ʩzyx ===  (23) 

ʉʫʪʴ ʥʘʣʠʯʠʷ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʦʜ-

ʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʦ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ ʯʝʨʝʟ ʩʢʦ-

ʨʦʩʪʴ ʩʚʝʪʘ, ʙʦʣʴʰʝ ʢʦʪʦʨʦʡ ʠ ʙʳʪʴ ʥʝ ʤʦʞʝʪ. 

ɸʙʩʦʣʶʪʥʫʶ ʩʠʩʪʝʤʫ ʦʪʩʯʸʪʘ ʚʚʸʣ ʕʡʥʰʪʝʡʥ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʆʊʆ, ʪʘʢ ʢʘʢ ʠʥʘʯʝ ʦʪʩʯʠʪʳʚʘʪʴ ʩʢʦʨʦ-

ʩʪʠ vi ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ, 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. ʉʦʙʩʪʚʝʥʥʦ ʪʘ-

ʢʫʶ ʩʚʷʟʴ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚʚʸʣ ʠ ʄʠʥʢʦʚʩʢʠʡ, 

ʥʘʧʠʩʘʚ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ, ʢʦʪʦ-

ʨʳʤʠ ʷʚʣʷʶʪʩʷ ʜʣʠʥʘ ʠ ʚʨʝʤʷ ʚ ʚʠʜʝ (17). ʆʪʩʶʜʘ 

ʧʨʠ ʫʩʣʦʚʠʠ ʠʟʦʪʨʦʧʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʩʠʩʪʝʤʳ ʦʪ-

ʩʯʸʪʘ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ (20) ʚ ʚʠʜʝ: 

z.t/xt/ctm/

yt/zt/ctm/

xt/yt/ʩtm/

zx

yz

xy

µµ-µµ=

µµ-µµ=

µµ-µµ=
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L

;
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 (24) 

ʌʘʢʪʠʯʝʩʢʠ ʚ (24) ʫʯʪʝʥʦ, ʯʪʦ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ 

ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʩʪʦʷʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʚ ʢʦ-

ʪʦʨʳʭ ʜʣʠʥʘ ʠ ʚʨʝʤʷ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. ʊʝʧʝʨʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ, ʚʳʨʘʟʠʤ 

ʤʘʩʩʫ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝ-

ʥʠʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʩʧʦʤʥʠʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʵʥʝʨ-

ʛʠʠ ʕʡʥʰʪʝʡʥʘ, ʢʘʢ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ-

ʄʠʥʢʦʚʩʢʦʛʦ, ʦʪʨʘʞʘʶʪ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ, ʪʘʢ 

ʢʘʢ ʚ ʥʠʭ ʚʩʝʛʜʘ ʧʨʠ ʣʶʙʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʩʦ-

ʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ. ɸ ʦʪʩʶʜʘ 

ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʘʚʥʝʥʠʶ ʦʢʨʫʞʥʦ-

ʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʠʩʭʦʜʷ ʠʟ ʵʢʚʠʚʘʣʝʥʪ-

ʥʦʩʪʠ ʯʣʝʥʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ ʚ ʥʘʰʝʡ ʪʝʦʨʠʠ [1] ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʧʦʢʦʷ m0=1/c (ʧʦ 

ʩʫʪʠ, ʵʪʦ ʤʠʥʠʤʘʣʴʥʳʡ ʰʘʛ ʢʚʘʥʪʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʫ 

ʥʘʩ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʩʚʷʟʘʥʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ ʦʙ-

ʨʘʪʥʦ-ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʴʶ (9)); ʦʪʩʶʜʘ ʤʦ-

ʞʝʤ ʟʘʧʠʩʘʪʴ: 

]./1/1[/1/1/ 2222
0 cvccvmm -=-=  (25) 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ (24) ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʚʝ-

ʣʠʯʠʥʳ ʩʚʷʟʘʥʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʚʨʝʤʝʥʝʤ ʟʘ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʚʝʣʠʯʠʥ Lxy, Lyz, Lzx, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ 

ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ, ʘ 

ʦʪʩʶʜʘ ʬʘʢʪʠʯʝʩʢʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʣʠʰʴ ʥʦʨʤʠʨʦ-

ʚʦʯʥʳʤʠ ʢʦʥʩʪʘʥʪʘʤʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʚʝʜʝʥʳ ʢ ʝʜʠʥʠʮʝ. ɺ ʠʪʦʛʝ, ʩ ʫʯʸʪʦʤ ʥʦʨ-

ʤʠʨʦʚʢʠ ʠ ʟʘʤʝʥʳ ʟʥʘʯʝʥʠʷ t ʥʘ ʥʝʢʫʶ ʬʫʥʢʮʠʶ Ɋ, 

ʠʤʝʝʤ: 

z./x//cv/

y/z//cv/

x/y//cv/

µYµ-µYµ=-Y

µYµ-µYµ=-Y

µYµ-µYµ=-Y

22

22

22

1

;1

;1

 (26) 

ʇʦʥʷʪʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ v ʚ ʢʘʞʜʦʤ ʠʟ ʪʨʸʭ ʫʨʘʚ-

ʥʝʥʠʡ (26) ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʅʦ ʟʜʝʩʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʘʣʦʛʠʟʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʝʤ, ʯʪʦ ʟʘʤʢʥʫ-

ʪʘʷ ʚʝʣʠʯʠʥʘ (ʘ ʵʪʦ ʨʦʪʦʨ, ʩʧʨʘʚʘ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ 

ʚ ʩʠʩʪʝʤʝ (26)) ʧʦ ʧʨʘʚʠʣʘʤ ʘʨʠʬʤʝʪʠʢʠ ʚʩʝʛʜʘ 

ʜʦʣʞʥʘ ʜʘʚʘʪʴ ʥʦʣʴ ʚ ʩʠʣʫ ʨʘʚʝʥʩʪʚʘ ʯʠʩʝʣ. ʇʨʦ-

ʙʣʝʤʘ ʨʝʰʘʝʪʩʷ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ 

ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʠʤʝʝʤ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ, ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠʣʠ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʷ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ [12]: 

ñ­D=
l

S ]./1[limrot 0S FdlF  (27) 

ʇʦ ʩʫʪʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳʯʠʪʘʥʠʝ ʚ ʦʜʥʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʦʞʝʥʠʶ ʚ 

ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘ-

ʥʠʝ ʧʦ ʢʦʥʪʫʨʫ l ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʦʞʝʥʠʶ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ. ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦʪ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʳ 

ʚʠʜʠʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʪʦʷ-

ʯʠʭ ʚʦʣʥ, ʢʦʛʜʘ ʩʣʦʞʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ ʦʟʥʘʯʘʝʪ ʚʳʯʠʪʘʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʚʦʣʥ (ʝʩʣʠ ʙʳ ʩʫʱʝʩʪʚʦʚʘʣʦ ʦʙʥʫʣʝʥʠʝ ʚʦʣʥ) ʜʘʣʴ-

ʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʙʳʣʦ ʙʳ ʥʝʚʦʟ-

ʤʦʞʥʦ. ʋʢʘʟʘʥʥʦʝ ʨʘʚʝʥʩʪʚʦ (26) ʚʧʝʨʚʳʝ ʚʚʝʣʠ ʥʝ 

ʤʳ, ʦʥʦ ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʚ ʚʠʜʝ 

ʬʦʨʤʫʣ (40) ʠ (41). ʇʨʠ ʵʪʦʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʫʨʘʚ-

ʥʝʥʠʷʭ (26) ʧʨʠ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤ ʚʳʯʠʪʘʥʠʠ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ, ʘ ʦʪ-

ʩʶʜʘ ʥʫʣʴ ʢʘʢ ʪʘʢʦʚʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʘʚʠʣʘʤ 

ʘʨʠʬʤʝʪʠʢʠ, ʙʳʪʴ ʥʝ ʤʦʞʝʪ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, çʦʙ-

ʥʫʣʝʥʠʝè ʚ ʄʠʨʦʟʜʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʟʘʤʢʥʫ-

ʪʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦ ʠʟʤʝʥʝʥʠʶ, ʪʦ ʝʩʪʴ ʯʪʦ-ʪʦ ʠʩʯʝ-

ʟʘʝʪ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ (ʜʣʷ ʥʘʩ ʵʪʦ ʠ ʝʩʪʴ ʦʙʥʫʣʝ-

ʥʠʝ), ʥʦ ʪʫʪ ʞʝ ʧʦʷʚʣʷʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʩʠʩʪʝʤʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʙʳʣʦ ʙʳ ʯʫʜʦ ʠʩʯʝʟ-

ʥʦʚʝʥʠʷ ʚ ʥʦʣʴ, ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟ ʥʫʣʷ, ʠ ʙʳʣʦ 

ʙʳ ʥʝ ʧʦʥʷʪʥʦ, ʯʪʦ ʠʟ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ, ʠ ʯʪʦ ʚʦ ʯʪʦ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ,  ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʩʝ ʟʘʢʦʥʳ ʤʦʞʥʦ 

ʙʳʣʦ ʙʳ ʧʨʦʩʪʦ ʦʪʤʝʥʠʪʴ.  

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʚʠʜʦʤ 

ʬʫʥʢʮʠʠ Ɋ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʦʙʣʶʩʪʠ ʝʸ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ ʜʚʦʡʩʪʚʝʥʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦʙʲʝʢʪʘ 

ʚ ʚʠʜʝ ʩ-ʯʠʩʝʣ ʠ q-ʯʠʩʝʣ. ɺʩʧʦʤʥʠʤ, ʯʪʦ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʥʘʰʝʡ ʪʝʦʨʠʝʡ [1], ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩʚʷ-

ʟʘʥʳ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʷ, ʘ ʩʘʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʙʦ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦʤ 

ʚʠʜʝ, ʣʠʙʦ ʚ ʚʦʣʥʦʚʦʤ ʚʠʜʝ, ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʙʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ-

ʄʠʥʢʦʚʩʢʦʛʦ, ʣʠʙʦ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ. ʉʦʙ-

ʩʪʚʝʥʥʦ, ʵʪʘ ʩʚʷʟʴ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʠ ʚʦʣʥʦʚʦʛʦ 

ʚʠʜʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʛʠʧʦʪʝʟʦʡ ʃʫʠ ʜʝ ɹʨʦʡʣʷ ʥʘ ʦʩ-

ʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʧʳʪʦʚ. ɼʝ ɹʨʦʡʣʴ ʧʨʝʜ-

ʧʦʣʦʞʠʣ, ʯʪʦ ʩʦ ʚʩʷʢʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠʮʝʡ ʤʘʩ-

ʩʦʡ 0m
 
(ʥʘʧʨʠʤʝʨ, ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ) ʩʚʷʟʘʥ ʥʝʢʦʪʦ-

ʨʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʯʘʩʪʦʪʳ 
0f  
ʚ ʚʠʜʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ [13]: 
2

00 cmhf =
.
 (28) 

ʊʘʢ ʢʘʢ ʯʘʩʪʦʪʳ ʙʝʟ ʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʙʳ-

ʚʘʝʪ, ʪʦ ʠʥʘʯʝ ʛʦʚʦʨʷ, ʃʫʠ ʜʝ ɹʨʦʡʣʴ ʧʦʩʪʫʣʠʨʦʚʘʣ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ: 

)exp()exp(),( 000 tiirt wY=jY=Y
.
 (29) 

ʆʜʥʘʢʦ ʦʥ ʥʝ ʧʦʥʷʣ, ʯʪʦ ʙʝʟ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʩʦ ʩʤʝʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ (ʘ ʦʥʦ ʚʳʨʘʞʝʥʦ ʯʝʨʝʟ 

ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ) ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʚʦʣʥʦʚʦʡ 

ʧʨʦʮʝʩʩ, ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʯʫʜʫ, ʪʘʢ ʢʘʢ ʥʝʪ ʝʛʦ ʨʝʘʣʴʥʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʠ ʠʩ-

ʪʦʯʥʠʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʫʯʸʥʳʝ ʠ 

ʧʨʠʜʫʤʘʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʚʘʢʫʫʤ ʩ ʚʠʨʪʫʘʣʴ-

ʥʳʤʠ ʬʦʪʦʥʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʠʟ ʥʠʯʝʛʦ). ʕʪʦʪ 

ʞʝ ʚʦʧʨʦʩ ʢʘʩʘʝʪʩʷ ʠ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʃʫʠ ʜʝ 

ɹʨʦʡʣʷ ʜʣʷ ʜʚʠʞʫʱʝʡʩʷ ʯʘʩʪʠʮʳ ʩʦ ʩʢʦʨʦʩʪʴʶ v ʚ 

ʚʠʜʝ: 

)],/(exp[)exp(),( 0ʜ0ʜ urtiirt -wY=jY=Y  (30) 

ʛʜʝ u=c2/v; ɤ=ɤ0ɔ; ɔ=1/(1v2/c2)1/2. ʇʘʨʘʜʦʢʩ 

ʟʜʝʩʴ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʢʘʷ ʬʘʟʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ u=c2/v, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ 

ʩʚʝʪʘ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʃʫʠ ʜʝ ɹʨʦʡʣʶ ʜʣʷ ʩʚʷʟʠ ʚʦʣ-

ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ 

ʠʩʢʨʠʚʣʝʥʠʝʤ ʦʩʪʘʚʘʣʦʩʴ ʣʠʰʴ ʧʨʠʟʥʘʪʴ ʩʘʤ ʧʝʨʝ-

ʭʦʜ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʄʠʥʢʦʚʩʢʦʛʦ ʢ ʚʦʣʥʦʚʳʤ 

ʬʫʥʢʮʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ [11], ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘ-

ʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚ ʘʨʛʫʤʝʥʪʘʭ: 

),sh(ch)exp()sin(cos)exp(),( 0ʜ0ʜ10ʜ1ʜʜ0ʜ0ʜ j-jY=j-Y=j+jY=jY=Y iirt  (31) 
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ʛʜʝ 0ʜʜ j=j i .  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʧʝʨʝʭʦʜʠʪ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ, ʯʪʦ ʚʳ-

ʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩ ʩʦʙʣʶ-

ʜʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʥʷʝʤʳʭ 

ʘʨʛʫʤʝʥʪʦʚ. ʆʜʥʘʢʦ, ʦʥ ʵʪʦʛʦ ʩʜʝʣʘʪʴ ʥʝ ʩʤʦʛ ʚ 

ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʬʫʥʢʮʠʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ, ʘ ʥʝ ʢʘʢ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʬʫʥʢʮʠʠ (ʧʦ ʩʫʪʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʝ ʦʙʲʝʢʪʘ ʥʝ ʚ ʚʠʜʝ ʥʘʣʠʯʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʝʡ). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʚʦʣʥʦʚʦʡ 

ʬʫʥʢʮʠʠ ʧʦ (29) ʥʠʢʘʢ ʥʝ ʩʚʷʟʳʚʘʣʠʩʴ ʩʦ ʩʪʘʪʠʢʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ, ʠ ʵʪʫ 

ʧʨʦʙʣʝʤʫ ʚ ʩʚʦʝʡ ʛʝʦʤʝʪʨʠʠ ʄʠʥʢʦʚʩʢʠʡ ʨʝʰʠʣ 

ʯʝʨʝʟ ʨʘʚʝʥʩʪʚʦ ʩtr =  [11]. ʌʘʢʪʠʯʝʩʢʠ ʄʠʥʢʦʚ-

ʩʢʠʡ ʦʙʦʟʥʘʯʠʣ ʜʣʠʥʫ ʠ ʚʨʝʤʷ ʢʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ʆʪʩʶʜʘ ʩʪʘ-

ʪʠʢʘ ʚ ʦʜʥʦʡ ʠʟ ʥʠʭ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʜʠʥʘʤʠʢʦʡ 

ʜʚʠʞʝʥʠʷ (ʠʟʤʝʥʝʥʠʷ) ʚ ʜʨʫʛʦʡ. ʉʣʝʜʫʶʱʠʡ ʰʘʛ 

ʧʦ ʩʚʷʟʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʯʝʨʝʟ ʤʥʠʤʫʶ ʝʜʠ-

ʥʠʮʫ ʩʜʝʣʘʣʠ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ, ʚʚʝʜʷ ictr=  

[14], ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʣʠ ʧʝʨʝʭʦʜ ʚ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʯʸʪ ʛʠʧʝʨʙʦʣʠʯʝ-

ʩʢʦʛʦ ʧʦʚʦʨʦʪʘ [11]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʠʟʠʢʠ ʫʞʝ 

ʩʘʤʠ ʬʘʢʪʠʯʝʩʢʠ ʠʥʪʫʠʪʠʚʥʦ ʚʚʝʣʠ ʩʚʷʟʴ ʢʦʨʧʫʩʢʫ-

ʣʷʨʥʳʭ ʠ ʚʦʣʥʦʚʳʭ ʩʚʦʡʩʪʚ ʚ ʚʠʜʝ (31) ʥʘ ʦʩʥʦʚʝ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʧʦʚʦʨʦʪʘ, ʘ ʥʘʤ ʦʩʪʘʚʘʣʦʩʴ ʣʠʰʴ 

ʵʪʦ ʦʙʲʷʩʥʠʪʴ ʣʦʛʠʯʝʩʢʠ ʠ ʜʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨ-

ʧʨʝʪʘʮʠʶ  ʵʪʦ ʠ ʝʩʪʴ ʥʘʰʘ ʟʘʩʣʫʛʘ. ʀ ʩʫʪʴ ʣʦʛʠʢʠ 

ʟʜʝʩʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʠʟ ʜʠʥʘʤʠʢʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʪʘʪʠʢʫ ʚʦʟʤʦʞʝʥ, 

ʝʩʣʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ ʚʳʛʣʷʜʠʪ ʟʘʤʢʥʫʪʳʤ ʜʚʠʞʝʥʠʝʤ ʚ ʜʨʫ-

ʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʠʥʘ 

ʠ ʚʨʝʤʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ, 

ʘ ʠʥʘʯʝ ʤʦʞʥʦ ʟʘʙʳʪʴ ʦʙ ʦʪʣʠʯʠʷʭ ʤʝʞʜʫ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʷʤʠ ʠ ʧʨʠʭʦʜʠʤ ʢ ʦʜʥʦʨʦʜʥʦʩʪʠ. ʇʨʠ 

ʵʪʦʤ, ʧʨʠ ʩʤʝʥʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʫʶ ʤʝʥʷʶʪʩʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫ-

ʯʘʝ, ʠʟʤʝʥʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʠʪ ʚ ʠʟʤʝʥʝʥʠʝ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʊʆ ʕʡʥʰʪʝʡʥʘ, 

ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʦʪʦʨʝ ʚʝʣʠʯʠʥʳ, ʠ ʥʘʦʙʦʨʦʪ, ʨʦ-

ʪʦʨ ʚʝʣʠʯʠʥʳ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʧʝʨʝʭʦʜʠʪ ʚ ʠʟʤʝʥʝ-

ʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. ʇʦʩʤʦʪʨʠʤ, ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʨʦʠʩ-

ʭʦʜʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩ-

ʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

0/div =µrµ+ tj . (32) 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

tv µr-µ=r /div . (33) 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʫ, ʩ ʫʯʸʪʦʤ ʜʚʠʞʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ r, 

ʙʫʜʝʤ ʠʤʝʪʴ: 

trvrvrv µr-µ=µµr+µrµ=µrµ ////)( . (34) 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʩʠʣ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʘʱʝʥʠʷ ʧʦ ʜʣʠʥʝ ʚʦ ʚʨʝʤʝʥʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʪʦ ʝʩʪʴ, 

ʥʝʪ ʫʩʢʦʨʝʥʠʷ, ʘ ʦʪʩʶʜʘ: 

.0//)/(/ =µµ=µµµµ=µµ tltrrrv  (35) 

ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʤʢʥʫʪʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ, ʯʪʦ 

ʤʳ ʢʘʢ ʨʘʟ ʠ ʠʤʝʝʤ ʚ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʩʝʛʦ 

ʄʠʨʦʟʜʘʥʠʷ, ʪʦʛʜʘ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ: 

ttxxxv µr-µ=µµrµµ=µrµ //)/(/ . (36) 

ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦ ʚʨʝʤʝʥʠ ʠ 

ʜʣʠʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ, ʪʘʢ ʢʘʢ 

ʠʥʘʯʝ ʩʣʝʜʦʚʘʣʦ ʙʳ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʟʘʨʷʜʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ, ʠ, ʥʘʦʙʦʨʦʪ, ʩ 

ʥʘʨʫʰʝʥʠʝʤ ʧʨʠ ʵʪʦʤ ʨʘʚʝʥʩʪʚʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʤʠʥʠʤʘʣʴʥʳʡ 

ʟʘʨʷʜ ʧʦ ʪʝʦʨʠʠ ɼʠʨʘʢʘ ʜʣʷ ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ 

(ʘ ʥʝ ʜʣʷ ʤʠʬʠʯʝʩʢʠʭ ʚʳʜʫʤʘʥʥʳʭ ʢʚʘʨʢʦʚ ʧʦ ʪʝʦ-

ʨʠʠ ʄʶʨʨʝʡ ʛʝʣʣ ʄʘʥʥʘ) ʨʘʚʝʥ q=Ñ1, ʠ ʥʝ ʠʤʝʝʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʘʢ 

ʢʘʢ ʚ ʬʦʨʤʫʣʝ ʕʡʥʰʪʝʡʥʘ ʥʝʪ ʧʦʜ ʥʝʛʦ ʵʥʝʨʛʠʠ. 

ʆʪʩʶʜʘ, ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʦʜʠʥʘʢʦʚʦʛʦ ʯʣʝʥʘ ʩ r ʚ 

(36), ʠʤʝʝʤ: 

txv µ-µ= / . (37) 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʣʫʯʠʣʠ ʠʟʚʝʩʪʥʳʡ ʟʘʢʦʥ 

ʅʴʶʪʦʥʘ ʜʣʷ ʜʝʡʩʪʚʠʷ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, ʥʦ ʜʣʷ 

ʩʢʦʨʦʩʪʠ. ʇʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (37) ʩ ʫʯʸʪʦʤ ʠʩ-

ʢʣʶʯʝʥʠʷ ʟʥʘʢʘ ʤʠʥʫʩ (ʦʥ ʩʚʷʟʘʥ ʩ ʠʟʥʘʯʘʣʴʥʳʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ (32) ʢʘʢ 

ʩʫʤʤʳ, ʜʘʶʱʝʡ ʥʦʣʴ), ʪʘʢ ʢʘʢ ʧʨʠ ʧʝʨʝʥʦʩʝ ʟʥʘʯʝ-

ʥʠʷ ʧʧ tx µµ- /  ʩʧʨʘʚʘ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʚ ʣʝʚʫʶ 

ʯʘʩʪʴ ʙʫʜʝʪ ʩʫʤʤʘ, ʘ ʦʥʘ ʜʘʪʴ ʥʦʣʴ (ʨʘʚʝʥʩʪʚʦ) ʥʝ 

ʤʦʞʝʪ. ʆʪʩʶʜʘ: 

ʧʧʧ vtxtxv =µµ=µµ= // ʜʜʜ . (38) 

ʈʘʚʝʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ʧʦ ʩʢʦʨʦʩʪʠ ʩ ʫʯʸʪʦʤ 

ʥʘʣʠʯʠʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʜʘʩʪ ʨʘʚʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʧʦ ʜʣʠʥʝ ʠ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʚ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʚʳʩʪʫʧʘʝʪ 

ʦʙʱʝʡ ʦʜʠʥʘʢʦʚʦʡ ʚʝʣʠʯʠʥʦʡ, ʘ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʦʪ-

ʥʦʩʷʪʩʷ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʯʝ-

ʨʝʟ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ ʚʝʣʠʯʠʥ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʳ 

ʚʥʦʚʴ ʧʦʜʯʸʨʢʠʚʘʝʤ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʠ ʧʨʦ-

ʪʠʚʦʜʝʡʩʪʚʠʝ ʥʝ ʤʦʞʝʪ ʠʜʪʠ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ 

ʧʫʪʠ, ʪʘʢ ʢʘʢ ʵʪʦ ʦʟʥʘʯʘʣʦ ʙʳ, ʯʪʦ ʤʳ ʠʤʝʝʤ ʠʩʯʝʟ-

ʥʦʚʝʥʠʝ ʚ ʥʦʣʴ ʧʦ ʘʨʠʬʤʝʪʠʢʝ, ʘ ʦʪʩʶʜʘ ʚʦʟʤʦʞʥʳ 

ʯʫʜʝʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩʚʷʟʘʥʳ ʦʙʨʘʪʥʦ-ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʡ ʩʚʷʟʴʶ, ʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʦ ʩʭʝʤʝ (20 26), 

ʧʨʠ ʢʦʪʦʨʦʡ ,;ʜ zxyx ʧ==  ʘ 

ʅʅʅttt yzʧ =====ʜ . ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʠʟʤʝʥʷʝʤʳʝ ʚʦ ʚʨʝʤʝʥʠ ʬʫʥʢʮʠʠ

ʧxx ,ʜ  ʩʪʘʥʦʚʷʪʩʷ ʘʨʛʫʤʝʥʪʘʤʠ, ʘ ʘʨʛʫʤʝʥʪ t  ʩʪʘ-

ʥʦʚʠʪʩʷ ʬʫʥʢʮʠʝʡ. ɼʘʥʥʳʝ ʟʘʤʝʥʳ ʷʚʣʷʶʪʩʷ ʝʜʠʥ-

ʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤʠ, ʪʘʢ ʢʘʢ ʝʩʣʠ ʙʳ ʜʣʠʥʘ ʧʦ ʢʦ-

ʦʨʜʠʥʘʪʝ ʭ ʠ ʚʨʝʤʷ t ʦʩʪʘʚʘʣʠʩʴ ʙʳ ʪʘʢʠʤʠ ʠ ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʪʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 
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ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʟʘʙʳʪʴ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʤʝʝʤ: 

.0//)(rot =µµ-µµ= yʅzʅʅ zyx
 (39) 

ɿʜʝʩʴ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʨʘʚʝʥ-

ʩʪʚʦ.  

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʚ 

ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ (ʩ ʫʯʸʪʦʤ ʧʦʜʯʠʥʝʥʠʷ 

ʝʛʦ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʦʪʦ-

ʨʦʤ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʪʦʞʝ ʩ ʩʦʙʣʶʜʝ-

ʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ, ʠʟ-

ʟʘ ʪʦʛʦ ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʝʢʪʦʨʘ ʧʦ ʜʚʫʤ ʦʨʪʦ-

ʛʦʥʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʢʦʦʨʜʠʥʘʪ, ʟʥʘʯʝʥʠʝ 

ʥʫʣʷ ʧʨʠʦʙʨʝʪʘʝʪ ʫʩʣʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʠʟʠʢʝ, ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʚʷʟʳʚʘʪʴ ʧʦ ʬʦʨ-

ʤʫʣʝ (27). ɺʦʪ ʦʪʩʶʜʘ ʤʳ ʠ ʠʤʝʝʤ ʨʝʘʣʴʥʳʡ ʬʠʟʠ-

ʯʝʩʢʠʡ ʘʥʘʣʦʛ, ʠ ʵʪʦ ʦʪʦʙʨʘʞʝʥʦ ʯʝʨʝʟ ʠʟʚʝʩʪʥʫʶ 

ʬʦʨʤʫʣʫ ʠʟ ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ: 

Hvvj rot/4/4/4 =p°=p=p ccqc . (40) 

ɿʜʝʩʴ ʨʘʩʩʤʦʪʨʝʥ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʚʷʟʠ ʜʚʠ-

ʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʠʣʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʩ ʤʘʛʥʠʪ-

ʥʳʤ ʧʦʣʝʤ, ʝʩʣʠ ʫʯʝʩʪʴ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ. 

ʋʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʦʣʴʢʦ ʦʜ-

ʥʠʤ ʯʣʝʥʦʤ ʚ ʚʠʜʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʪʦ ʝʩʪʴ ʟʘʢʦʥ ʩʦ-

ʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʢʘ ʥʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ. ʅʠʞʝ ʤʳ ʧʦʢʘʞʝʤ ʠ ʦʙʱʠʡ ʩʣʫʯʘʡ 

ʧʦʣʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ ʬʠʟʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʫ ʙʳʣ 

ʚʚʝʜʸʥ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ɸ ʚ ʚʠʜʝ [15]: 

AB rot= , (41) 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʧʦʣʫʯʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʥʘʙʣʶʜʝʥʠʷ, ʛʜʝ ʧʦʣʝ B (ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ɸ ʚ 

ʚʠʜʝ ʨʦʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ), ʚ ʩʣʫʯʘʝ ʩʦʙʣʶʜʝ-

ʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ, ʠʛʨʘʝʪ ʨʦʣʴ ʚʝ-

ʣʠʯʠʥʳ ʟʘʨʷʜʘ q, ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ vʧʨ (ʧʦ 

ʪʝʦʨʠʠ ɼʠʨʘʢʘ ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ q=Ñ1).  

ʇʦ-ʜʨʫʛʦʤʫ ʛʦʚʦʨʷ, ʬʠʟʠʢʠ ʫʞʝ ʙʝʟ ʥʘʩ ʚʚʝʣʠ 

ʩʠʤʤʝʪʨʠʶ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘʙʣʶʜʝ-

ʥʠʷ ʯʝʨʝʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʚ ʚʠʜʝ ʚʝʢʪʦʨ 

- ʧʦʪʝʥʮʠʘʣʦʚ. ʇʦʧʫʪʥʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʙʝʟ ʥʘʣʠʯʠʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʧʦʣʫʯʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴ, ʠ 

ʚʳʜʝʣʠʪʴ ʯʪʦ-ʣʠʙʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʉʥʦʚʘ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ (ʠʥʘʯʝ ʯʫʜʦ) ʪʨʝʙʫʝʪ 

ʠ ʩʠʤʤʝʪʨʠʠ ʚ ʟʘʢʦʥʘʭ ʬʠʟʠʢʠ ʩ ʪʦʡ ʣʠʰʴ ʨʘʟʥʠ-

ʮʝʡ, ʯʪʦ ʧʨʦʮʝʩʩ ʚʳʯʠʪʘʥʠʷ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ ʚʳʛʣʷʜʠʪ ʩʫʤʤʦʡ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ, ʠ ʥʘʦʙʦʨʦʪ. ʆʪʩʶʜʘ ʬʦʨʤʫʣʫ (41) ʤʦʞʥʦ ʟʘʧʠ-

ʩʘʪʴ ʘʥʘʣʦʛʠʯʥʦ ʬʦʨʤʫʣʝ (40), ʠʩʧʦʣʴʟʫʷ ʥʦʚʫʶ 

ʧʝʨʝʤʝʥʥʫʶ vʧʨ , ʥʦ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ vʧʨ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʢʣʶʯʝʥʠʝʤ ʧʘʨʘ-

ʜʦʢʩʘ ʤʝʞʜʫ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ) ʩʚʷʟʘʥʘ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘʙʣʶʜʝʥʠʷ: 

AvB rot/4 ʧʨ =p°= ʩ . (42) 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʥʘʰʝʡ ʩʠ-

ʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʚ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʨʦʣʴ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʞʝ ʚʝʢʪʦʨ - 

ʧʦʪʝʥʮʠʘʣʳ. ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʢ-

ʪʦʨ - ʧʦʪʝʥʮʠʘʣʳ ʢʘʢ ʨʝʘʣʴʥʦʩʪʴ, ʥʦ ʙʣʘʛʦʜʘʨʷ ʠʤ 

ʙʳʣʠ ʩʚʷʟʘʥʳ ʚʦʣʥʦʚʳʝ ʫʨʘʚʥʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʯʪʦ, ʢʩʪʘʪʠ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʛʠ-

ʧʦʪʝʟʝ ʃʫʠ ʜʝ ɹʨʦʡʣʷ. ʊʦ ʝʩʪʴ ʚʦʣʥʳ ʃʫʠ ʜʝ ɹʨʦʡʣʷ 

ʦʪʨʘʞʘʶʪ ʯʝʨʝʟ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʳ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ 

ʟʘ ʩʯʸʪ ʜʚʠʞʝʥʠʷ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩ-

ʢʨʠʚʣʝʥʠʷ) ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ.  

ʊʝʧʝʨʴ ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ ʚ (26) ʩ 

ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ: 

.;/1 22 Y=-Y-= AB cv/  (43) 

ʇʨʠ ʵʪʦʤ ʧʦʤʥʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɺ ʦʪʨʘ-

ʞʘʝʪ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ɸ  ʚʦʣʥʦʚʳʝ 

ʩʚʦʡʩʪʚʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʟʥʘʯʝʥʠʷ ɺ ʠ ɸ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʩʠʩʪʝʤʘʤ ʦʪʩʯʸʪʘ, ʩʚʷʟʘʥʥʳʭ ʯʝʨʝʟ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʝʥʠʷ. ʇʦ ʩʫʪʠ, ʧʝʨʝʭʦʜ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʝʡ ʜʨʫʛ ʚ ʜʨʫʛʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʸʥ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʉʊʆ ʕʡʥʰʪʝʡʥʘ, ʠ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʢʦʥʪʠʥʫʫʤʝ, ʪʘʢ ʠ ʚ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʢʦʥʪʠʥʫʫʤʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʣʫʯʠʤ ʩ ʫʯʸʪʦʤ ʟʥʘʢʦʚ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʦ ʌʝʡʥʤʘʥʫ [16]: 

y./Ax/Aɺ

x/Az/Aɺ

z/Ay/Aɺ

xyz

zxy

yzx

µµ-µµ=

µµ-µµ=

µµ-µµ=

;

;

 (44) 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʘʥʘʣʦ-

ʛʠʯʥʳ ʫʨʘʚʥʝʥʠʷʤ ʜʣʷ ʤʦʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠ-

ʞʝʥʠʷ ʧʦ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ (14) ʩ ʪʦʡ ʣʠʰʴ ʨʘʟ-

ʥʠʮʝʡ, ʯʪʦ ʟʜʝʩʴ ʤʳ ʫʯʠʪʳʚʘʝʤ ʥʘʣʠʯʠʝ ʘʙʩʦʣʶʪ-

ʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʧʦ (23), ʘ ʦʧʝʨʘʪʦʨʳ 

ʠʤʧʫʣʴʩʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʠʟʚʦʜʥʳʤ ʦʪ ʚʝʢʪʦʨ-

ʧʦʪʝʥʮʠʘʣʦʚ. ʊʦ ʝʩʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʞʝ ʠʤʝʝʤ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʥʘ ʩʣʫʯʘʡʥʫʶ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʚʦʣ-

ʥʦʚʫʶ ʬʫʥʢʮʠʶ, ʘ ʥʘ ʨʝʘʣʴʥʫʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ-

ʥʫʶ ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʘ ʩ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʚʦʜʠʪʴ ʥʝʢʠʡ ʩʣʫʯʘʡʥʳʡ ʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ ʥʝʪ ʥʠ-

ʢʘʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʚʦʣʥʘ ⱷ ʵʪʦ 

ʚʩʝʛʜʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠ ʦʥʘ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʘʣʠʯʠʶ ʩʣʫʯʘʡʥʦʩʪʠ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʩʠʤʤʝʪʨʠʷ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ ʥʘ ʦʩʥʦʚʝ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʥʘʣʠʯʠʷ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʳ ʄʠʨʦʟʜʘʥʠʷ (ʘ ʠʥʘʯʝ ʯʫʜʦ) ʪʨʝʙʫʝʪ ʠ ʩʠʤ-

ʤʝʪʨʠʠ ʤʝʞʜʫ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʘʤʠ ʠ ʢʣʘʩʩʠʯʝ-

ʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ, ʥʦ ʝʸ ï ʥʝʪ, ʪʘʢ ʢʘʢ 

ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ ʦʙʭʦʜʷʪʩʷ 

ʙʝʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʜʘ. ʆʪʩʶʜʘ ʧʨʠʭʦʜʠʤ ʢ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩ-

ʚʝʣʣʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʜʝʥʪʠʯʥʳ ʚʠʜʫ ʫʨʘʚ-

ʥʝʥʠʡ ʜʣʷ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ 
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ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩ ʫʯʸʪʦʤ ʚʳ-

ʧʦʣʥʝʥʠʷ ʨʘʚʝʥʩʪʚ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ: 

)1()1(rot 000 tA//cr/ctA//ccʩEA µµ-µj-µm=µµ-j-Ðm=m==B ; 

)1(rot 0 t//cr/c µµ+µjµm=- AA . 
(45) 

ɼʘʣʝʝ ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ɸ=ű, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʣʫʯʠʤ ʚʘʨʠʘʥʪ ʨʘʚʝʥʩʪʚʘ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʢʘʢ ʙʳ 

ʠʟ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ, ʢʘʢ ʚ ʛʝʦʤʝʪʨʠʠ ʄʠʥ-

ʢʦʚʩʢʦʛʦ, ʛʜʝ ʚʨʝʤʷ ʠ ʜʣʠʥʘ ʧʨʠʚʝʜʝʥʳ ʢ ʠʟʤʝʨʝ-

ʥʠʶ ʚ ʜʣʠʥʝ (ʠʤʝʥʥʦ ʪʘʢʞʝ ʧʦʩʪʫʧʠʣ ʠ ʌʝʡʥʤʘʥ 

ʜʣʷ ʧʨʦʝʢʮʠʠ ʥʘ ʚʨʝʤʷ ʚ [16]). ʊʦʛʜʘ ʧʦʣʫʯʠʤ: 

trAc µµm+µµm=- /AA 00 /rot . (46) 

ɽʩʣʠ ʚʩʧʦʤʥʠʪʴ, ʯʪʦ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʩʣʝʚʘ 

ʠ ʩʧʨʘʚʘ ʩʪʦʷʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʪʦ ʠʟ-ʟʘ ʦʨʪʦ-

ʛʦʥʘʣʴʥʦʩʪʠ ʥʘʜʦ ʧʝʨʝʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ (45) ʧʦ ʢʦ-

ʦʨʜʠʥʘʪʘʤ, ʪʦʛʜʘ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʠʤʝʪʴ 

tAxAcyAzA xtzy µµm+µµm=µµ-µµ /00 ///  (47) 

ʊʦ ʝʩʪʴ ʤʳ ʧʦʣʫʯʠʣʠ ʬʘʢʪʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʨʦʪʦʨʘ ʠ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʚʝʢ-

ʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ! ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ʜʣʷ 

ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʭ ʜʣʷ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʘ 

ɸ ʥʝ ʦʩʪʘʸʪʩʷ ʠʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʢʨʦʤʝ ʢʘʢ ʧʨʦʝʢʮʠʠ 

ɸ ʥʘ ʚʨʝʤʷ, ʪʦ ʝʩʪʴ ɸt . ʕʪʦ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ 

ʙʳʣʦ ʩʜʝʣʘʥʦ ʌʝʡʥʤʘʥʦʤ ʚ [16]. ɼʘʣʝʝ, ʩ ʫʯʸʪʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝ-

ʭʘʥʠʢʝ [14], ʟʥʘʯʝʥʠʝ ʧʨʦʝʢʮʠʠ ʥʘ ʚʨʝʤʷ ʜʦʣʞʥʳ 

ʫʤʥʦʞʠʪʴ ʥʘ ʤʥʠʤʫʶ ʝʜʠʥʠʮʫ i, ʠ ʪʦʛʜʘ ʠʤʝʝʤ: 

tAxAciyAzA xtzy µµm+µµm=µµ-µµ /00 /// . (48) 

ʉʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʥʘʤʠ ʚ [17], ʚ ʚʠʜʝ:  

./;)(/1 0000 cuʩu =e=m  (49) 

ʉ ʫʯʸʪʦʤ (49) ʧʝʨʝʧʠʰʝʤ: 

tAcuxAcicuyAzA xtzy µµ+µµ=µµ-µµ /)/(1/)/(1// 00
. (50) 

ʇʦʩʣʝ ʫʤʥʦʞʝʥʠʷ ʦʙʝʠʭ ʯʘʩʪʝʡ ʫʨʘʚʥʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʯʪʦ ʧʦ ʥʘʰʝʡ ʪʝʦʨʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʝ-

ʨʝʭʦʜʫ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ (ʪʘʢ ʢʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ, ʨʘʚʥʦʡ ʩʢʦʨʦ-

ʩʪʠ ʩʚʝʪʘ), ʙʫʜʝʤ ʠʤʝʪʴ: 

tAuxAciuyAʩzAʩ xtzy µµ+µµ=µµ-µµ /00 /1//1// . (51) 

ɽʩʣʠ ʩʯʠʪʘʪʴ ʅy=cɸy , ʅz=cɸz , Et=ɸt , Eʭ=ɸʭ , 1/u0=Ң0ʧ , ʪʦ ʧʦʣʫʯʠʤ ʚʠʜ, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ [1]: 

.////

;////

;////

;////

;////

;////

00

00

00

00

00

00

yHxHzEcitE

xHzHyEcitE

zHyHxEcitE

yExEzHcitH

xEzEyHcitH

zEyExHcitH

xytz

zxty

yztx

xytz

zxty

yztx

µµ-µµ=µµe-µµe

µµ-µµ=µµe-µµe

µµ-µµ=µµe-µµe

µµ-µµ=µµm+µµm-

µµ-µµ=µµm+µµm-

µµ-µµ=µµm+µµm-

 (52) 

ɿʜʝʩʴ 1-=i . ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʠ ʢʦʤ-

ʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʸʥʥʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʵʪʠʭ ʫʨʘʚʥʝ-

ʥʠʡ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ ï ʵʣʝʢʪʨʦʥʥʳʤ ʠʣʠ 

ʤʶʦʥʥʳʤ ʥʝʡʪʨʠʥʦ (ʘʥʪʠʥʝʡʪʨʠʥʦ), ʯʝʛʦ ʥʝʣʴʟʷ 

ʙʳʣʦ ʩʢʘʟʘʪʴ ʦ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩ-

ʚʝʣʣʘ. ɺ ʠʪʦʛʝ ʤʳ ʠʤʝʝʤ ʧʦʣʥʫʶ ʩʠʤʤʝʪʨʠʶ ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ. ʆʪʩʶʜʘ ʩʪʘʥʦʚʷʪʩʷ ʧʦʥʷʪʥʳ 

ʜʝʡʩʪʚʠʷ ʌʝʡʥʤʘʥʘ ʧʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʤʫ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʶ ʧʦʣʝʡ [16], ʢʦʛʜʘ ʦʥ ʥʘʨʷʜʫ ʩ ʚʝʣʠʯʠʥʘʤʠ 

y/A-x/AɺF

x/A-z/AɺF

;z/A-y/AɺF

xyzyx

zxyxz

yzxzy

µµµµ==

µµµµ==

µµµµ==

;  (53) 

ʠʩʧʦʣʴʟʦʚʘʣ ʚʝʣʠʯʠʥʳ (ʌʝʡʥʤʘʥ ʥʘʟʳʚʘʣ ʵʪʦ 

çʰʪʫʯʢʘʤʠè): 

.

;

y/At/AEF

x/At/AEF

;z/At/AEF

tyyty

txxtx

tzztz

µµ+µµ=-=

µµ+µµ=-=

µµ+µµ=-=

 (54) 

ʇʦ-ʜʨʫʛʦʤʫ ʛʦʚʦʨʷ, ʦʥ ʚʨʘʱʝʥʠʝ (ʨʦʪʦʨ) ʚ ʚʦʣ-

ʥʦʚʦʤ ʚʠʜʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚ-

ʣʷʣ ʯʝʨʝʟ ʚʝʣʠʯʠʥʳ ʧʦ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ (53), ʘ ʚ 

ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʵʪʦʪ ʨʦʪʦʨ ʥʝʦʙʭʦʜʠʤʦ 

ʙʳʣʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝ-

ʨʳʚʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ 

(54). ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʧʨʦʝʢʮʠʠ ʥʘ 

ʚʨʝʤʷ  ʵʪʦ ʥʝ ʥʘʰʘ ʚʳʜʫʤʢʘ, ʠ ʦʥʠ ʪʘʢʞʝ ʙʳʣʠ ʚʚʝ-

ʜʝʥʳ ʚ ʢʚʘʥʪʦʚʫʶ ʤʝʭʘʥʠʢʫ ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʪʦʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʩʧʫʩʢʘʥʠʷ [18]. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʦʝʢ-

ʮʠʷ ʥʘ ʚʨʝʤʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʝʸ 

ʥʘʣʠʯʠʝ ʬʠʟʠʯʝʩʢʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʟʘʨʷʜʦʚ, 



48 Sciences of Europe # 52, (2020) 

ʚ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠʟ ʥʠʭ ʚʳʩʪʫʧʘʝʪ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫ-

ʯʝʥʠʷ, ʘ ʜʨʫʛʦʡ ï ʧʦʛʣʦʪʠʪʝʣʝʤ (ʚ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʚʩʸ ʥʘʦʙʦʨʦʪ, ʠ ʵʪʦ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʟʘʤʢʥʫʪʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦ ʦʙʤʝʥʫ). ʄʘʛ-

ʥʠʪʥʳʭ ʟʘʨʷʜʦʚ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʦ-

ʩʪʘʚʣʷʶʱʠʝ ʚ ʩʪʘʪʠʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥ-

ʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ (ʪʦ ʝʩʪʴ, ʥʝ ʚ ʩʣʫʯʘʝ ʠʭ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ) ʥʝ ʤʦʛʫʪ ʠʤʝʪʴ ʦʜʠʥ 

ʠ ʪʦʪ ʞʝ ʚʠʜ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʪʣʠʯʠʡ ʥʝʪ, ʠ 

ʨʘʟʦʤʢʥʫʪʦʝ ʜʚʠʞʝʥʠʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʪʘʢʠʤ ʞʝ ʨʘʟʦʤʢʥʫʪʳʤ ʠ 

ʚ ʜʨʫʛʦʡ. ɼʘʣʝʝ, ʜʣʷ ʩʚʷʟʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʘʚ-

ʣʷʶʱʠʤʠ (ʘ ʠʥʘʯʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʞʘʪʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʥʝ ʧʦʣʫʯʠʪʴ), 

ʌʝʡʥʤʘʥ ʠʩʧʦʣʴʟʦʚʘʣ ʢʦʤʙʠʥʘʮʠʶ ʚʝʢʪʦʨʦʚ ʜʣʷ 

ʚʳʚʦʜʘ ʩʠʣʳ ʃʦʨʝʥʮʘ: 

.n-= mnnmmn babaG  (55) 

ʇʨʠʯʸʤ, ʦʥ ʧʨʝʜʩʪʘʚʣʷʣ 
ma  ʢʘʢ 

mÐ , ʘ mb  ʢʘʢ 

ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣ 
mA . ʀ ʚ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʢ ʟʥʘ-

ʯʝʥʠʷʤ 
ma  ʠ 

mb  ʌʝʡʥʤʘʥ ʧʨʠʤʝʥʷʣ ʠʟʚʝʩʪʥʳʝ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ.  

ʂʘʢ ʤʳ ʫʞʝ ʦʪʤʝʯʘʣʠ, ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ 

(44) ʠʟ ʦʧʝʨʘʪʦʨʦʚ ʩʣʝʚʘ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʚ (44) 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʨʧʫʩʢʫʣʷʨʥʳʡ ʚʠʜ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ, ʘ ʩʧʨʘʚʘ ʦʪ ʟʥʘʢʘ 

ʨʘʚʝʥʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʚʦʣʥʦ-

ʚʦʡ ʚʠʜ ʯʝʨʝʟ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʳ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ. ɸ ʦʪʩʶʜʘ ʧʨʠʤʝʥʷʪʴ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʃʦʨʝʥʮʘ ʢ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʘʤ, ʢʘʢ ʵʪʦ ʧʨʝʜ-

ʣʦʞʝʥʦ ʌʝʡʥʤʘʥʦʤ, ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʵʪʦ ʙʳ ʦʟʥʘ-

ʯʘʣʦ ʠʩʢʣʶʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʫʙʠʨʘʣʘʩʴ ʙʳ ʘʙʩʦʣʶʪʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʸʪʘ 

(ʩʚʷʟʘʥʥʘʷ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʦʡ) ʩʪʦʣʴ ʥʝʦʙ-

ʭʦʜʠʤʘʷ ʜʣʷ ʆʊʆ ʕʡʥʰʪʝʡʥʘ, ʠ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʪʦ-

ʛʜʘ ʙʳ ʥʝ ʠʤʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʅʦ ʧʨʦʙʣʝʤʘ ʨʝ-

ʰʘʝʪʩʷ, ʝʩʣʠ ʫʯʝʩʪʴ ʦʜʥʦ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ 

ʦʧʝʨʘʪʦʨʦʚ (ʘ ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʠ ʦʧʝ-

ʨʘʪʦʨʦʚ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ, 

ʵʪʦ ʩʚʦʡʩʪʚʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ʚʝʢʪʦʨ - ʧʦʪʝʥ-

ʮʠʘʣʳ), ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ ʟʘʤʢʥʫʪʦʩʪʴʶ ʄʠʨʦʟʜʘ-

ʥʠʷ ʥʘ ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦ ʜʚʫʤ ʦʨʪʦʛʦʥʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʘʸʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʪʨʝʪʴʝ 

ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢ ʧʝʨʚʳʤ ʜʚʫʤ (ʩʦʙ-

ʩʪʚʝʥʥʦ ʵʪʦ ʢʘʢ ʨʘʟ ʠ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʟʘ-

ʤʢʥʫʪʦʩʪʠ ʄʠʨʦʟʜʘʥʠʷ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ  ʨʘʟ-

ʨʳʚ). ʊʘʢ ʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʠʣʳ ʃʦʨʝʥʮʘ 

ʢʘʢ ʨʘʟ ʠ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ, ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ, 

ʧʨʠʚʦʜʷʪ ʢ ʥʘʣʠʯʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʦʩʪʘʚʰʝʤʫʩʷ 

ʪʨʝʪʴʝʤʫ ʥʘʧʨʘʚʣʝʥʠʶ, ʯʪʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʦʙʲʝʢʪʘ, ʪʘʢ ʢʘʢ ʥʦʣʴ ʥʝ ʤʦʞʝʪ ʜʘʚʘʪʴ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʣʠ ʙʳ ʥʝʟʘʚʠʩʠʤʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝʤ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ, ʠ ʪʦʛʜʘ ʙʳʣʘ ʙʳ ʚʝʨʥʘ ʛʝʦ-

ʤʝʪʨʠʷ ɽʚʢʣʠʜʘ, ʘ ʥʝ ʃʦʙʘʯʝʚʩʢʦʛʦ. ʈʘʩʩʤʦʪʨʠʤ, 

ʢʘʢ ʵʪʦ ʧʦʣʫʯʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ (14) ʚ ʢʚʘʥ-

ʪʦʚʦʡ ʤʝʭʘʥʠʢʝ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚʳʨʘʟʠʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʚ ʚʠʜʝ: 

.

)()()()(

yzyxzzzxzyzzxyxz

yzzxzxyzxyyx

zpxpzpzpypxpypzpxpzpxpypzpzpzpyp

zpypxpzpxpzpzpypLLLL

-++-+--=

=-----=-
 (56) 

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʩʪʘʥʦʚʦʯʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʠʤʧʫʣʴʩʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʦʨʜʠʥʘ-

ʪʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (5), ʥʘʭʦʜʠʤ: 

.))(()()(

)()()()(

zyxzzzyxzyx

zyzyzxzxyzzxzyxz

yzzxzxyzxyyx

Lixpypzpzpzpxpypzp-xpyp

zpxpzpxpzpypzpypzpxpyp-zpxpzpzpyp

zpypxpzp-xpzpzpypLLLL

>=--=--=

=-+-=-+=

=----=-

 (57) 

ʇʨʠ ʵʪʦʤ 

0=-+- xyyxzzzz zpzpzpzpxpypypxp , ʪʘʢ ʢʘʢ 

ʦʧʝʨʘʪʦʨʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʥʘ 

ʬʫʥʢʮʠʶ Ɋ, ʠ ʢʦʦʨʜʠʥʘʪʳ ʦʨʪʦʛʦʥʘʣʴʥʳ, ʘ ʟʥʘʯʠʪ 

ʥʝʟʘʚʠʩʠʤʳ; ʦʪʩʶʜʘ ʚʦʟʤʦʞʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘ. ɸʥʘ-

ʣʦʛʠʯʥʦ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʧʝʨʝʩʪʘʥʦʚʢʝ ʜʣʠʥ ʧʦ ʢʦ-

ʦʨʜʠʥʘʪʘʤ ʜʣʷ ʯʣʝʥʦʚ zpypzpyp zxxz = ;

zyzy zpxpxpzp = . ʄʦʞʥʦ ʪʘʢʞʝ ʧʦʢʘʟʘʪʴ, ʯʪʦ: 

.yzxxzxyzzy LiLLL,LLiLLLL >> =-=-  (58) 

ɺʥʠʤʘʪʝʣʴʥʦʤʫ ʯʠʪʘʪʝʣʶ ʥʘʜʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝ 

ʪʦʣʴʢʦ ʤʘʪʝʤʘʪʠʢʫ, ʥʦ ʠ ʣʦʛʠʢʫ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʘ. 

ʉʫʪʴ ʣʦʛʠʢʠ ʟʜʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʙʳʚʘʝʪ ʣʠʙʦ ʧʦʣʥʦ-

ʩʪʴʶ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ, ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ ʚʦʣʥʦʚʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʄʠʨʦʟʜʘʥʠʠ, ʪʘʢ ʢʘʢ ʠʥʦʝ ʦʟʥʘʯʘʣʦ ʙʳ 

ʦʜʥʦʨʦʜʥʦʩʪʴ. ʅʘʣʠʯʠʝ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ 

ʜʫʘʣʠʟʤʘ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʫ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʠ ʧʦʣʫ-

ʯʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʚʦʣʥʦʚʘʷ ʠʣʠ ʢʦʨʧʫʩʢʫʣʷʨʥʘʷ ʯʘʩʪʴ ʚʳʩʪʫ-

ʧʘʶʪ ʢʘʢ ʚʦʟʜʝʡʩʪʚʫʶʱʘʷ ʚʝʣʠʯʠʥʘ ʠʣʠ ʢʘʢ ʚʝʣʠ-

ʯʠʥʘ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʠ ʜʘʣʦ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʝʣʠʯʠʥ ʚ ʚʠʜʝ ʩ-ʯʠʩʝʣ ʠ q-ʯʠʩʝʣ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʟʥʘʯʘʝʪ ʦʙʤʝʥ, ʠ 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝʤ. ɽʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʝʪʠʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ, ʪʦ ʪʝʣʦ 1 ʜʝʡ-

ʩʪʚʫʝʪ ʥʘ ʪʝʣʦ 2 ʩ ʩʠʣʦʡ F21 , ʘ ʪʝʣʦ 2 ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʪʝʣʦ 1 ʩ ʩʠʣʦʡ F12 , ʪʦʛʜʘ ʠʤʝʝʤ: 

.FF 02112 =+  (59) 

ʕʪʦʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʟʘʢʦʥ ʦʟʥʘʯʘʝʪ ʦʙʥʫʣʝ-

ʥʠʝ ʚʝʣʠʯʠʥ, ʧʦ ʧʨʠʥʮʠʧʫ, ʥʘʧʨʠʤʝʨ, 5 5=0,  ʘ ʵʪʦ 

ʨʘʚʥʦʩʠʣʴʥʦ ʯʫʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟ ʥʠʯʝʛʦ ʠ ʠʩ-

ʯʝʟʥʦʚʝʥʠʷ ʚ ʥʠʯʪʦ. ʂʘʢ ʤʳ ʦʪʤʝʯʘʣʠ ʥʝʦʜʥʦ-

ʢʨʘʪʥʦ, ʚ ʄʠʨʦʟʜʘʥʠʠ ʦʙʥʫʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʭʦ-

ʜʦʤ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʥʠ ʦʜʠʥ ʦʙʲʝʢʪ 

ʥʝ ʤʦʞʝʪ ʠʩʯʝʟʥʫʪʴ ʚ ʥʦʣʴ ʠʣʠ ʧʦʷʚʠʪʴʩʷ ʠʟ ʥʫʣʷ. 

ʀʥʦʝ ʦʟʥʘʯʘʣʦ ʙʳ ʥʘʨʫʰʝʥʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʠ ʵʪʦʤ ʜʝʪʝʨʤʠʥʠʨʦ-
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ʚʘʥʥʳʭ ʠʟʚʝʩʪʥʳʭ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ. ʅʦ ʢʘʢ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʠ çʦʙʥʫʣʝʥʠʝè? ɸ ʩʫʪʴ ʝʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ 

ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʠʟʤʝʥʝʥʠʷ) ʚ ʟʘʤʢʥʫ-

ʪʦʝ ʜʚʠʞʝʥʠʝ (ʠʟʤʝʥʝʥʠʝ) ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ (ʧʨʠʤʝʨ, ʩʠʣʘ ʃʦʨʝʥʮʘ), ʧʨʠ ʵʪʦʤ ʚ ʜʨʫʛʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʧʦʣʫʯʘʝʤ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠ-

ʞʝʥʠʝ. ʕʪʦ ʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʯʘʩʪʥʳʝ ʟʘʢʦʥʳ ʬʠ-

ʟʠʢʠ (40) ʠ (41) ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʄʘʢʩʚʝʣʣʘ (52), ʛʜʝ ʫʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʚ ʦʜ-

ʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʨʦʪʦʨ ʚ ʜʨʫʛʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʆʪʩʶʜʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ 

ʦʙʲʝʢʪʦʚ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʨʫʛ ʚ ʜʨʫʛʘ, ʩ çʦʙʥʫʣʝʥʠʝʤè ʚ ʚʠʜʝ ʨʦʪʦʨʘ 

yzzy LLLL -  ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʧʨʠʚʦ-

ʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ çʥʦʚʦʛʦè ʦʙʲʝʢʪʘ xLi>  ʚ ʜʨʫʛʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʋʯʸʥʳʝ ʦʰʠʙʦʯʥʦ ʧʦʩʯʠʪʘʣʠ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ xLi>  

ʧʦ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʥʦʞʝʥʠʷ ʠ 

ʨʘʟʥʦʩʪʠ ʚ ʚʠʜʝ 
yzzy LLLL -  ʧʦ ʜʚʫʤ ʜʨʫʛʠʤ ʢʦʦʨ-

ʜʠʥʘʪʘʤ, ʦʪʥʦʩʠʪʩʷ ʢ ʪʦʡ ʞʝ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ. 

ʕʪʦ ʠ ʝʩʪʴ ʪʘ ʢʘʨʜʠʥʘʣʴʥʘʷ ʦʰʠʙʢʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʤʥʦʞʝʩʪʚʫ ʧʘʨʘʜʦʢʩʦʚ! 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʧʘʨʘʜʦʢʩ, ʧʦ ʢʦʪʦʨʦʤʫ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ 

ʥʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʤʦʤʝʥʪʳ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ 

ʧʦ ʢʘʞʜʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ, ʘ ʜʦʩʪʘʪʦʯʥʦ 

ʟʥʘʪʴ ʪʦʣʴʢʦ ʤʦʤʝʥʪʳ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʧʦ 

ʜʚʫʤ ʢʦʦʨʜʠʥʘʪʘʤ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʘʝʪʩʷ: 

.LLLL/LLLLL xyyxyxzyx
2222222

)(1 --+=++= >L  (60) 

ʊʦ ʝʩʪʴ ʠʟ ʪʨʸʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʳ ʧʝʨʝ-

ʭʦʜʠʤ ʚ ʜʚʫʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʦʩʥʦʚʝ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʠ 

ʥʝ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ 

ʦʪʨʘʞʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʲʝʢʪʦʚ 

ʢʘʢ ʚʘʨʠʘʥʪ ʨʦʪʦʨʘ (ʦʙʥʫʣʝʥʠʷ) ʠʣʠ ʢʘʢ ʚʘʨʠʘʥʪ 

ʩʫʤʤʠʨʦʚʘʥʠʷ-ʦʙʲʝʜʠʥʝʥʠʷ, ʤʳ ʧʦʥʠʤʘʝʤ ʠʝʨʘʨ-

ʭʠʶ ʄʠʨʦʟʜʘʥʠʷ, ʢʦʛʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʦʙʲ-

ʝʢʪʦʚ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪ ʪʨʝʪʠʡ ʦʙʲʝʢʪ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʠ. ʕʪʦ ʩʦʙʩʪʚʝʥʥʦ ʦʪʨʘʞʘʝʪ ʠʝʨʘʨʭʠʶ 

ʨʘʩʧʘʜʘ ʠ ʩʠʥʪʝʟʘ ʚ ʄʠʨʦʟʜʘʥʠʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚʚʝʜʸʥʥʳʝ ʚ ʢʚʘʥʪʦʚʫʶ ʤʝʭʘʥʠʢʫ 

ʦʧʝʨʘʪʦʨʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ 

ʜʚʠʞʝʥʠʷ, ʦʪʨʘʞʘʶʪ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨ - ʧʦʪʝʥ-

ʮʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷ-

ʟʘʥʳ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩ-

ʚʝʣʣʘ, ʠ ʩʚʷʟʳʚʘʶʪ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʠ ʟʘʤʢʥʫʪʦʝ 

ʜʚʠʞʝʥʠʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʝʡ ʟʜʝʩʴ ʦʪʨʘʞʝʥʦ ʯʝʨʝʟ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʧʝʨʘ-

ʪʦʨʦʚ ʢ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʩ ʠʭ ʚʟʘʠʤʥʳʤ 

ʚʣʠʷʥʠʝʤ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩ ʫʩʣʦʚʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝ-

ʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ. 

ʋʯʠʪʳʚʘʷ ʧʦʢʘʟʘʥʥʫʶ ʥʘʤʠ ʦʜʥʦʟʥʘʯʥʫʶ 

ʩʚʷʟʴ ʦʧʝʨʘʪʦʨʦʚ ʩ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʘʤʠ ʠ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦ-

ʨʳʝ ʦʪʨʘʞʘʶʪ ʨʝʘʣʴʥʳʝ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʳʝ 

ʦʙʲʝʢʪʳ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ 

(ʘʥʪʠʥʝʡʪʨʠʥʦ), ʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʪʘʢʞʝ ʟʘʤʢʥʫ-

ʪʳʡ ʮʠʢʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʥʘʠ-

ʧʨʦʩʪʝʡʰʠʝ ʦʙʲʝʢʪʳ ʄʠʨʦʟʜʘʥʠʷ ʚ ʢʦʨʧʫʩʢʫ-

ʣʷʨʥʦ-ʚʦʣʥʦʚʦʤ ʚʠʜʝ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʟʘʤʢʥʫʪʳʡ 

ʮʠʢʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦʤ ʚʚʝʜʸʥ ʥʘ ʦʩʥʦʚʝ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ ʧʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʃʦʨʝʥʮʘ. ʉʥʦʚʘ ʥʘʧʦʤʥʠʤ, ʯʪʦ, 

ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʩʪʝʡʰʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʵʣʝʢʪʨʦ-

ʜʠʥʘʤʠʢʝ ʝʱʸ ʜʦ ʥʘʩ, ʥʘʧʨʠʤʝʨ, ʚ [19], ʛʜʝ ʜʣʷ ʦʧʠ-

ʩʘʥʠʷ ʟʘʤʢʥʫʪʦʛʦ ʦʙʤʝʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʦʛʦ ʦʙʲ-

ʝʢʪʘ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʟʚʝʩʪʥʳʡ ʩʧʦʩʦʙ  ʯʝʨʝʟ ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʦʧʝʨʘʮʠʠ rot ʢ ʫʨʘʚʥʝʥʠʷʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ: 

jDH +µµ= t/rot
; tµ-µ= /rot BE ; 

Ej s=
;  

pr= 4/div D
; 0div =B ; 

ED ee= 0 ; 
HB mm= 0 . 

(61) 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ: 

jHH rot)/)(/( 2222 -=µµem+Ð tc
; (62) 

 
ttc µµmm-ree=µµem+Ð /grad)/1()/)(/( 00

2222
jEE

. (63) 

ʅʦ ʪʘʢʦʡ ʚʠʜ ʫʨʘʚʥʝʥʠʡ (62) ʠ (63) ʥʘ ʦʩʥʦʚʝ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʥʝ ʧʨʠʤʝʥʠʤ, 

ʭʦʪʷ ʙʳ ʧʦʪʦʤʫ, ʯʪʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʦʤ ʚʘʢʫʫʤʝ ʥʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʚʠʜʠʤ ʦʪʩʫʪ-

ʩʪʚʠʝ ʩʠʤʤʝʪʨʠʠ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʫʨʘʚʥʝʥʠʡ (62) ʠ 

(63), ʘ ʵʪʦ ʥʝ ʩʦʩʪʳʢʫʝʪʩʷ ʩ ʧʨʠʥʮʠʧʦʤ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʪʘʢ ʢʘʢ ʧʝʨʝʤʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʜʦʣʞʥʦ 

ʥʘʚʦʜʠʪʴ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʘ ʟʜʝʩʴ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.  

ɺ ʪʦʡ ʞʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʜʣʷ 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʚʘʢʫʫʤʘ ʧʨʠ ʧʦʤʦʱʠ ʚʝʢʪʦʨ - ʧʦ-

ʪʝʥʮʠʘʣʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʠʥʦʡ ʨʝʟʫʣʴʪʘʪ ʚ ʢʦʤʧʣʝʢʩ-

ʥʦʤ ʚʠʜʝ [20]: 
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 (64) 

ɿʜʝʩʴ jʵ_cʪ ʠ jʤ_cʪ  ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʪʦʨʦʥʥʠʝ 

ʪʦʢʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʠ ʧʦʣʫʯʘʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ.  

ʕʪʦʪ ʚʘʨʠʘʥʪ ʠʤʝʝʪ ʩʠʤʤʝʪʨʠʶ ʠ ʚʟʘʠʤʦʩʚʷʟʴ 

ʤʝʞʜʫ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ɽ ʠ ʅ ʟʘ ʩʯʸʪ ʩʪʦʨʦʥʥʠʭ ʪʦ-

ʢʦʚ jʵ_cʪ ʠ jʤ_cʪ. ʈʘʥʝʝ ʚ [21] ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ ʠ 

ʘʥʪʠʥʝʡʪʨʠʥʦ ʥʘ ʦʩʥʦʚʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʜʘʸʪ ʫʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʚʠʜʝ: 
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ɼʣʷ ʩʦʙʣʶʜʝʥʠʷ ʦʜʠʥʘʢʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʟʥʘ-

ʯʝʥʠʷ jE ʠ jH ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ 

ʩʚʝʪʘ jE=ʩjH, ʪʘʢʞʝ ʢʘʢ ʚʨʝʤʷ ʠ ʜʣʠʥʘ, ʬʘʢʪʠʯʝʩʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩ-

ʢʨʠʚʣʝʥʠʝ, ʥʦ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʀ ʫʨʘʚʥʝʥʠʷ 

(65) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʘʚʥʝʥʠʷʤ (64).  

ʋʯʠʪʳʚʘʷ ʩʠʤʤʝʪʨʠʯʥʳʡ ʚʠʜ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʘ 

ʪʘʢʞʝ ʟʘʤʢʥʫʪʦʩʪʴ ʄʠʨʦʟʜʘʥʠʷ ʥʘ ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘ-

ʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ, ʤʦʞʝʤ ʠʩʭʦʜʷ ʠʟ ʩʠʤʤʝʪʨʠʠ 

ʤʝʞʜʫ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʘʤʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩ ʫʯʸ-

ʪʦʤ (40-42): 

.ʌʌ; Ajjj ʩʩ ==== HHɽ ʩ  (66) 

ɿʜʝʩʴ ʫʯʠʪʳʚʘʝʪʩʷ ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ ʠʟ ʵʣʝʢ-

ʪʨʦʜʠʥʘʤʠʢʠ [21]: 

F= 2/cvA . (67) 

ʇʨʠ ʵʪʦʤ v=c, ʪʦ ʝʩʪʴ ʤʳ ʠʤʝʝʤ ʘʥʘʣʦʛʠʯʥʫʶ 

ʩʚʷʟʴ, ʢʘʢ ʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶ-

ʱʠʤʠ ʅ=ʩɽ. ʊʦ ʝʩʪʴ, ʧʦ ʩʫʪʠ, ʵʪʦ ʧʝʨʝʭʦʜ ʦʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʩʪʦʨʦʥʥʠʭ ʪʦʢʦʚ ʥʘ ʜʨʫʛʦʡ ʫʨʦʚʝʥʴ 

ʠʝʨʘʨʭʠʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘ ʩʯʸʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 

ʆʪʩʶʜʘ, ʧʨʠ ʟʘʤʝʥʝ ʧʝʨʝʤʝʥʥʳʭ ʚ ʚʝʨʭʥʝʤ 

ʫʨʘʚʥʝʥʠʠ (65) ʠʤʝʝʤ: 
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 (68) 

ɺ ʥʠʞʥʝʤ ʫʨʘʚʥʝʥʠʠ (65) ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪ:  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʦʚʳʝ 

ʩʚʦʡʩʪʚʘ ɽ ʠ ʅ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʚʳʨʘ-

ʞʘʶʪʩʷ ʯʝʨʝʟ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʄʘʢʩʚʝʣʣʘ, ʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʯʝʨʝʟ ʚʝʢʪʦʨ-

ʧʦʪʝʥʮʠʘʣʳ ɸ ʠ ʌ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʩʦʯʝʪʘʥʠʝ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʤʶʦʥʥʦʛʦ 

ʥʝʡʪʨʠʥʦ (ʠʣʠ ʘʥʪʠʥʝʡʪʨʠʥʦ) ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ 

ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ (ʠʣʠ ʢʘʢ ʙʳ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ) ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʢʦʥʩʪʘʥʪʳ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʥʷʶʪʩʷ 

ʤʝʩʪʘʤʠ (ʠʥʘʯʝ ʦʪʣʠʯʠʡ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʷʤʠ ʥʝ ʙʫʜʝʪ). ʆʪʩʶʜʘ ὑ0ʠ= 0 ʠ 0ʠ=Ң0 , B= 0ʠH, 

D=ὑ0ʠɽ; ʪʦʛʜʘ ʧʦʣʫʯʠʤ: 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʫʨʘʚʥʝʥʠʷʭ (70) ʩʧʨʘʚʘ ʦʪ 

ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʤʳ ʠʤʝʝʤ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʨʘ-

ʱʘʪʝʣʴʥʦʝ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʷ. ʇʨʠʯʸʤ ʚʝ-

ʣʠʯʠʥʳ ɸ ʠ ʌ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʝʥʠʷ ʦʪʨʘ-

ʞʘʶʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʷ 

ʧʦʧʝʨʝʤʝʥʥʦ. ɿʜʝʩʴ ʚʝʣʠʯʠʥʳ ʧʦʜ ʦʧʝʨʘʪʦʨʘʤʠ ʨʦ-

ʪʦʨʘ ʦʪʦʙʨʘʞʘʶʪ ʥʝʢʦʪʦʨʫʶ ʘʙʩʦʣʶʪʥʫʶ ʩʠʩʪʝʤʫ 

ʦʪʩʯʸʪʘ. ʇʨʠ ʵʪʦʤ, ʵʪʠ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʩʚʷ-

ʟʘʥʥʳ ʯʝʨʝʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ, ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʢʦʥʩʪʘʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʚʠʜʝ: 

./1/];/11/[)(/1;1/ 22
00

222
00

2
00 cvcucvʩʩuʩ -==e-==m=em  (71) 
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ɿʜʝʩʴ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ v ʦʧʨʝʜʝʣʷʝʪ ʢʠʥʝʪʠ-

ʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʩʪʘʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ. ʉʣʝʚʘ ʦʪ ʟʥʘʢʘ ʨʘ-

ʚʝʥʩʪʚʘ ʚ ʫʨʘʚʥʝʥʠʷʭ (70) ʠʤʝʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ 

ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ, ʛʜʝ ʦʪʨʘʞʸʥ ʚʦʣʥʦʚʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʧʨʦʮʝʩʩ. 

ɼʘʣʝʝ, ʘʥʘʣʠʟʠʨʫʷ ʫʨʘʚʥʝʥʠʷ (62, 63) ʠ (40

42), ʩ ʫʯʸʪʦʤ (66), ʚ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʩʚʝʪʘ, ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʤʘʛʥʠʪʥʦʝ ʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ ʧʦʣʝ ʚ ʩʪʘʪʠʢʝ ʢʘʢ: 
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ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʢʦʥʩʪʘʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʩʚʷʟʘʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʘʱʘʪʝʣʴʥʳʤ ʠ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. 

ʅʝʪʨʫʜʥʦ ʫʚʠʜʝʪʴ ʘʥʘʣʦʛʠʶ ʩ ʥʝʢʦʪʦʨʳʤʠ ʯʘʩʪ-

ʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, ʥʘʧʨʠʤʝʨ, ʚ 

ʚʠʜʝ: 

.rot/ʌʌ;grad
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɺ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ, ʘ ʟʥʘʯʝʥʠʝ D  ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ. ʋʯʠʪʳ-

ʚʘʷ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ ʧʦ ɼʠʨʘʢʫ ʨʘʚʥʦ q=Ñ1, 

ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ɺ ʠ D ʦʧʨʝ-

ʜʝʣʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ɺ ʠ D ʟʘʚʠʩʠʪ ʦʪ 

ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʠʝʨʘʨʭʠʠ ʄʠʨʦʟʜʘʥʠʷ. 

ʊʘʢʠʝ ʜʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚ 

ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʙʝʟ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʢʦ-

ʦʨʜʠʥʘʪʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ, ʠ ʠʟ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʡ ʥʝʣʴʟʷ ʫʩʪʘʥʦʚʠʪʴ ʟʘʤʢʥʫʪʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʥʳʭ ʧʝʨʝʭʦʜʦʚ 

ʧʨʠ ʠʝʨʘʨʭʠʠ. ʉʫʪʴ ʠʝʨʘʨʭʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ 

ʥʘ ʜʨʫʛʫʶ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ. ʕʪʦ ʚ ʢʚʘʥʪʦʚʦʡ ʤʝ-

ʭʘʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʝʨʘʪʦʨʘʤʠ ʚ ʚʠʜʝ ʩ-ʯʠʩʝʣ ʠ 

q-ʯʠʩʝʣ, ʠ ʟʜʝʩʴ ʦʙʲʝʢʪʳ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʚʝʣʠʯʠʥʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʢʘʢ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ. ʅʦ, 

ʦʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʠʝʨʘʨʭʠʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦ-ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʘʢʩʠ-

ʤʘʣʴʥʳʡ ʦʙʲʝʢʪ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʜʦʣ-

ʞʝʥ ʚʳʛʣʷʜʝʪʴ ʤʠʥʠʤʘʣʴʥʳʤ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ. ʀʥʘʯʝ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ, ʚʟʘʠʤʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʠʩʢʣʶʯʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʚ ʦʜʥʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʪʘʢʦʚʦʡ ʠ ʚ 

ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɸ ʨʘʟ ʤʝʥʷʝʪʩʷ ʚʝʣʠ-

ʯʠʥʘ, ʪʦ ʤʝʥʷʝʪʩʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʦʙʲʝʢʪʳ ʚ ʦʜʥʦʡ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʝʨʘʨʭʠʠ ʥʘʙʣʶʜʝʥʠʷ ʨʘʟʣʠʯʥʳʡ 

ʚʠʜ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʤʳ ʠ ʧʦʢʘʟʘʣʠ ʚʳʰʝ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʩʪʘʸʪ ʚʦʧʨʦʩʳ: çɸ ʢʘʢ ʪʦʛʜʘ 

ʧʦʣʫʯʠʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʚʝʣʠ-

ʯʠʥ ʧʦ ʜʚʫʤ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝʤ ʚ ʪʨʝʪʴʝ ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʥʦ 

ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ? ʂʘʢ ʵʪʦ 

ʩʣʝʜʫʝʪ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʦʧʝʨʘʪʦʨʦʚ ʤʦʤʝʥʪʦʚ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ?è ʄʳ ʧʦʢʘʟʘʣʠ ʚʳʰʝ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʶʦʥʥʳʭ ʥʝʡʪʨʠʥʦ 

ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ (ʥʘ ʦʩʥʦʚʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ) ʬʦʨʤʠʨʫʝʪ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ, ʪʦ 

ʝʩʪʴ ʤʳ ʠʤʝʝʤ ʥʦʚʳʡ ʦʙʲʝʢʪ ʧʦ ʠʝʨʘʨʭʠʠ ʄʠʨʦʟʜʘ-

ʥʠʷ. ʅʦ, ʠʝʨʘʨʭʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʝʠʭ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʝʥʠʷ, ʛʜʝ ʩʫʱʝʩʪʚʫʝʪ ʩʠʥ-

ʪʝʟ ʠ ʨʘʩʧʘʜ. ʇʨʠ ʵʪʦʤ ʠʝʨʘʨʭʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ 

ʩ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʦʮʝʩʩʳ 

ʙʫʜʫʪ ʚʳʛʣʷʜʝʪʴ ʨʘʟʣʠʯʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙ-

ʨʘʪʥʦ-ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʴʶ, ʠʥʘʯʝ ʦʪʣʠʯʠʡ ʥʝ 

ʙʳʣʦ ʙʳ. ʆʪʩʶʜʘ ʚʩʪʘʸʪ ʚʦʧʨʦʩ ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

ʵʪʦʛʦ ʩʘʤʦʛʦ ʚʠʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʜʨʫʛʠʤ ʫʨʦʚʥʝʤ ʧʦ ʠʝʨʘʨʭʠʠ ʄʠʨʦʟʜʘʥʠʷ.  

ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʜʦ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʩʤʝʥʘ ʩʠ-

ʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʝʪ ʜʘʪʴ ʠʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʡ ʚʦʣʥʳ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʶʦʥʥʳʭ 

ʥʝʡʪʨʠʥʦ (ʘʥʪʠʥʝʡʪʨʠʥʦ). ʆʪʤʝʪʠʤ, ʯʪʦ ʚʳʚʦʜ 

ʫʨʘʚʥʝʥʠʡ, ʩʜʝʣʘʥʥʳʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠ-

ʥʘʤʠʢʝ, ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʠ ʜʘʸʪ ʧʘʨʘʜʦʢʩʳ. ʇʦ-

ʵʪʦʤʫ ʚ [22] ʧʨʠ ʚʳʚʦʜʝ ʚʦʣʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʤʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʤʠʤʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ, ʦʪʨʘ-

ʞʘʶʱʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ 

ʚʪʦʨʘʷ ʯʘʩʪʴ ʩ ʤʥʠʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʪʘʢ ʢʘʢ ʢʦʨ-

ʧʫʩʢʫʣʷʨʥʳʝ ʠ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʩʫʱʠ ʣʶ-

ʙʦʤʫ ʦʙʲʝʢʪʫ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʟʷʚ ʠʟʥʘʯʘʣʴʥʦʝ 

ʯʝʪʚʸʨʪʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʩʠʩʪʝʤʝ (52) ʠ ʧʨʠʤʝʥʠʚ ʢ 

ʥʝʤʫ ʦʧʝʨʘʮʠʶ ʨʦʪʦʨʘ ʚ ʚʠʜʝ / z ī / y (ʧʦ ʩʫʪʠ, 

ʵʪʦ ʦʟʥʘʯʘʝʪ ʟʘʤʢʥʫʪʦʝ ʠʟʤʝʥʝʥʠʝ), ʧʦʣʫʯʠʤ: 
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ɼʘʣʝʝ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʦ ʥʘʰʝʡ ʪʝʦʨʠʠ, ʚ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʚʨʝʤʷ ʤʝʥʷʝʪʩʷ 

ʥʘ ʜʣʠʥʫ (ʠ ʥʘʦʙʦʨʦʪ). ʇʦʵʪʦʤʫ, ʜʣʷ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʯʣʝʥʦʚ, ʩʪʦʷʱʠʭ ʩ ʤʥʠʤʦʡ ʝʜʠʥʠʮʝʡ, ʯʣʝʥ 

µ2Et /(µxµz) ʧʝʨʝʭʦʜʠʪ ʚ ʯʣʝʥ µ2Ez /(µxµt), ʘ ʯʣʝʥ µ2Et 

/(µxµʫ) ʧʝʨʝʭʦʜʠʪ ʚ ʯʣʝʥ µ2Eʫ /(µxµt), ʪʘʢ ʢʘʢ ʧʦ ʉʊʆ 

ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ ʚʩʝ ʠʟʤʝʥʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʭʦ-
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ʜʦʤ ʜʣʠʥʳ ʚʦ ʚʨʝʤʷ, ʠ ʥʘʦʙʦʨʦʪ, ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝ-

ʩʪʚʘʭ ʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʠʥʚʘʨʠʘʥʪʥʦʡ ʬʦʨʤʳ. ʉʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʯʣʝʥʦʚ ʙʝʟ ʤʥʠ-

ʤʦʡ ʝʜʠʥʠʮʳ ʩʣʝʚʘ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʚ (74), ʙʫʜʝʤ 

ʠʤʝʪʴ ʧʝʨʝʩʪʘʥʦʚʢʫ ʧʝʨʝʤʝʥʥʳʭ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʜʣʠʥʳ. ʊʘʢ ʢʘʢ ʟʘ ʩʯʸʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʤʳ 

ʩʤʝʥʠʣʠ ʩʠʩʪʝʤʫ ʥʘʙʣʶʜʝʥʠʷ ʩʣʝʚʘ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥ-

ʩʪʚʘ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫ ʥʘʩ ʤʝʥʷʝʪʩʷ ʠ ʩʠʩʪʝʤʘ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʧʨʘʚʘ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ. ʕʪʦ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦ ʧʝʨʝʥʦʩʫ ʤʥʠʤʦʡ ʝʜʠʥʠʮʳ ʚ ʧʨʘʚʫʶ 

ʯʘʩʪʴ ʨʘʚʝʥʩʪʚʘ ʥʘ ʟʥʘʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʠʚʝʨʛʝʥ-

ʮʠʝʡ (ʵʪʦ ʫ ʥʘʩ ʯʣʝʥʳ ʩ ʨʘʟʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʜʠʬ-

ʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʛʜʝ ʧʝʨʝʩʪʘʥʦʚʢʘ ʠʟ-ʟʘ ʩʤʝʥʳ ʩʠ-

ʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʜʠʚʝʨʛʝʥʮʠʠ), ʢʦʪʦ-

ʨʳʝ ʦʨʪʦʛʦʥʘʣʴʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ, ʯʪʦ ʤʳ ʠ ʦʪʨʘʞʘʝʤ ʟʘ ʩʯʸʪ 

ʤʥʠʤʦʡ ʝʜʠʥʠʮʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʝʥʠʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʢʪ ʥʝ 

ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʦʜʠʥʘʢʦʚʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʙʳ ʦʟʥʘ-

ʯʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ (74) 

ʧʦʣʫʯʘʝʤ: 
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ɺʩʧʦʤʥʠʤ, ʯʪʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘ-

ʤʠʢʝ ʟʥʘʯʝʥʠʷ µ2Hz /(µyµz)+µ2Hy /(µzµy) ʟʘʤʝʥʷʶʪʩʷ 

ʤʝʪʦʜʦʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʧʝʨʝʤʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʨʦ-

ʚʘʥʠʷ ʥʘ µ2Hz /(µzµy)+µ2Hy /(µyµz). ɼʘʣʝʝ, ʚ ʚʠʜʫ ʦʪ-

ʩʫʪʩʪʚʠʷ ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ, ʵʪʠ ʟʥʘʯʝʥʠʷ ʦʙʥʫʣʷ-

ʶʪʩʷ. ʆʜʥʘʢʦ ʥʘʰʘ ʪʝʦʨʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʥʘʣʠʯʠʠ 

ʩʪʘʪʠʢʠ ʟʘ ʩʯʸʪ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ, ʠ ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʥʦʣʴ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʸʪ ʢʦʤʧʝʥʩʘʮʠʠ ʜʨʫʛʠʤ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʯʣʝʥʦʤ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʮʠʢʣʫ  

ʟʘ ʩʯʸʪ ʨʦʪʦʨʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʚʥʝʩʣʠ ʚ ʢʣʘʩ-

ʩʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʯʣʝʥ ʩ ʧʨʦʝʢʮʠʝʡ ʥʘ ʚʨʝʤʷ, ʪʘʢ ʢʘʢ ʠʥʘʯʝ ʧʦʣʫʯʘ-

ʣʦʩʴ, ʯʪʦ ʟʘʤʢʥʫʪʘʷ ʚʝʣʠʯʠʥʘ ʚ ʚʠʜʝ ʨʦʪʦʨʘ ʤʦʞʝʪ 

ʜʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ, ʘ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʫʨʘʚʥʝʥʠʶ ʵʥʝʨʛʠʠ ʋʤʦʚʘ-ʇʦʡʪʠʥʛʘ ʚʠʜʘ 

 

,div/ SW =µµ t  (76) 

ʪʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝ-

ʥʝʥʠʝʤ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʘ ʥʝ ʩ ʥʘʣʠʯʠʝʤ ʟʘʤʢʥʫʪʦʡ 

ʚʝʣʠʯʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ ʜʘʞʝ ʚ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʚʚʝʩʪʠ ʦʧʝ-

ʨʘʪʦʨʳ ʠʩʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ [18], ʘ ʵʪʦ ʦʙʷʟʘ-

ʪʝʣʴʥʦ ʩʚʷʟʘʥʦ ʠ ʩ ʥʘʣʠʯʠʝʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʠʜʘ 

ÖHz /Öz ʠ ÖHy /Öy (ʠʥʘʯʝ ʙʳ ʥʝ ʙʳʣʦ ʧʨʠʥʮʠʧʘ ɻʶʡ-

ʛʝʥʩʘ-ʌʨʝʥʝʣʷ ʩ ʦʛʠʙʘʥʠʝʤ ʚʦʣʥʦʡ ʧʨʝʧʷʪʩʪʚʠʷ).  

ʇʦʥʷʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʩʢʘʞʫʪ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʚ ʠ 

ʧʦʛʣʦʪʠʪʝʣʝʡ ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ ʥʝʪ, ʠ ʙʫʜʫʪ 

ʧʨʘʚʳ, ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʠʣʳ  

ʵʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʚ 

ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʛʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ. ʂʘʢ ʤʳ 

ʧʦʢʘʟʘʣʠ ʚʳʰʝ, ʟʘʤʢʥʫʪʳʡ ʚʠʜ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ ʚʳʛʣʷʜʠʪ ʨʘʟʦʤʢʥʫʪʳʤ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʩʫʤʤʘ ʠ ʨʘʟʥʦʩʪʴ ʤʝʥʷʶʪʩʷ 

ʤʝʩʪʘʤʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʥʝ ʙʳʣʦ ʙʳ ʦʪʣʠʯʠʡ, 

ʥʦ ʧʨʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʝ, ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ 

ʤʘʛʥʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʚʠʞʫʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʩʚʝʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ, 

ʪʦ ʝʩʪʴ ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʷʚʣʷʶʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ ʢ ʥʘʰʝʡ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʝʥʠʷ. ʆʪʩʶʜʘ ʠʭ ʦʜʠʥʘʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʧʦ ʫʨʘʚʥʝʥʠʷʤ (52) ʩ ʥʘʣʠʯʠʝʤ ʧʨʦʝʢʮʠʡ ʥʘ ʚʨʝʤʷ 

ʚ ʚʠʜʝ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʦʛʣʦʪʠʪʝʣʝʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʢ ʨʘʟʥʳʤ ʩʠʩʪʝʤʘʤ ʦʪʩʯʸʪʘ (ʥʘʙʣʶʜʝ-

ʥʠʷ), ʪʦ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʢʦʥʩʪʘʥʪ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʧʦ ʬʦʨʤʫʣʝ (71), 

ʠ ʦʥʦ ʧʨʦʷʚʠʪʩʷ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʠʟ ʩʠʩʪʝʤʳ ʦʪ-

ʩʯʸʪʘ ʧʦ ɽ (ʠʣʠ ʧʦ ʅ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʤʢʥʫʪʳʡ ʚʠʜ 

ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ʅ ʙʫʜʝʪ ʵʢʚʠʚʘʣʝʥʪʝʥ ʨʘʟʦ-

ʤʢʥʫʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ ɽ, ʯʪʦ ʤʳ ʠ ʥʘʙʣʶʜʘʝʤ. 

ʇʨʠ ʵʪʦʤ ʤʳ ʫʞʝ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʥʫʣʷ ʢʘʢ ʪʘʢʦʚʦʛʦ 

ʚ ʄʠʨʦʟʜʘʥʠʠ ʥʝʪ, ʘ ʦʙʥʫʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ 

ʟʘʤʢʥʫʪʦʛʦ ʜʚʠʞʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʬʬʝʨʝʥ-

ʮʠʨʦʚʘʥʠʝ ʠʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʢʘʢ ʚ (27), ʦʟʥʘʯʘʝʪ 

ʩʤʝʥʫ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 

ʩʠʩʪʝʤʫ, ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʟʘʤʢʥʫʪʦʡ ʚʝʣʠʯʠʥʳ ʚ 

ʨʘʟʦʤʢʥʫʪʦʤ ʚʠʜʝ. ʅʝ ʩʣʝʜʫʝʪ ʜʫʤʘʪʴ, ʯʪʦ ʧʝʨʝʩʪʘ-

ʥʦʚʢʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʘ ʵʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʤʝʥʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ)  ʵʪʦ ʥʘʰʝ 

ʠʟʦʙʨʝʪʝʥʠʝ (ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ ʢʚʘʥʪʦʚʳʭ ʦʧʝ-

ʨʘʪʦʨʦʚ, ʤʳ ʧʦʢʘʟʘʣʠ ʚʳʰʝ). ɸʥʘʣʦʛʠʯʥʦʝ ʠʥʪʫʠ-

ʪʠʚʥʦ ʧʨʦʜʝʣʘʣʠ ʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘ-

ʤʠʢʝ (ʥʦ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʙʦʩʥʦʚʘʥʠʡ), ʢʦʛʜʘ ʧʨʠ-

ʤʝʥʠʣʠ ʦʧʝʨʘʮʠʶ ʨʦʪʦʨʘ: µ/µzⱷµ/µʭ ʠ  µ/µʭⱷµ/µʫ. 

ɿʜʝʩʴ ʧʨʠʤʝʥʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʝʱʸ ʠ µ/µʫⱷµ/µz 

ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʠʤ ʥʦʣʴ, ʙʦʣʝʝ ʪʦʛʦ, ʪʘʢ ʢʘʢ 

ʟʥʘʯʝʥʠʷ ʩ (+µ/µʭ) ʠ (µ/µʭ) ʚʳʯʠʪʘʶʪʩʷ, ʪʦ ʠʤʝʝʤ 

ʧʨʠʤʝʥʝʥʠʝ ʨʦʪʦʨʘ ʚ ʚʠʜʝ (µ/µzⱷµ/µʫ), ʢʘʢ ʠ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ. ʆʪʩʶʜʘ ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ 

ʚʠʜʘ: 

 

.///0 zHyHtE yzx µµ-µµ=µµe  (77) 

ɺ ʠʪʦʛʝ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʧʦʣʫʯʠʣʠ: 
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ʇʦʥʷʪʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ Ex ʚ ʬʦʨʤʫʣʝ (78) ʥʠʢʘʢ ʥʝ ʩʦʛʣʘ-

ʩʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ Ez ʠ Eʫ , ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʘʚʣʷʶʱʠʤ ʨʦʪʦʨʘ ʜʣʷ 

ʵʪʠʭ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʬʦʨʤʫʣʝ: 

.///0 yEzEtH zyx µµ-µµ=µµm  (79) 

ʊʘʢʫʶ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʩʜʝʣʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʣʥʦʚʦʛʦ 

ʫʨʘʚʥʝʥʠʷ, ʠ ʦʪʨʘʟʠʣʠ ʨʝʟʫʣʴʪʘʪ ʚ ʚʠʜʝ: 

./// 222222
00 yHzHtH zyx µµ-µ-µ=µµme  (80) 

ʀ ʫʨʘʚʥʝʥʠʝ (80) ʪʘʢʞʝ ʧʘʨʘʜʦʢʩʘʣʴʥʦ ʚ ʩʠʣʫ 

ʪʦʛʦ, ʯʪʦ ʟʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʩʦ-

ʩʪʘʚʣʷʶʱʠʝ ʧʦ ʅ, ʯʪʦ ʦʟʥʘʯʘʣʦ ʙʳ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʘ ʠʣʠ ʧʦʛʣʦʪʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʧʨʝʜʧʦʯʠʪʘʶʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʧʝʨʝʭʦʜ ʢ ʚʦʣʥʦʚʳʤ ʫʨʘʚʥʝʥʠʷʤ ʚ ʚʝʢ-

ʪʦʨʥʦʤ ʚʠʜʝ ʠʣʠ ʧʦ ʤʝʪʦʜʫ ʌʝʡʥʤʘʥʘ, ʛʜʝ ʫʨʘʚʥʝ-

ʥʠʝ ʄʘʢʩʚʝʣʣʘ ʟʘʤʝʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʥʝʧʨʝʨʳʚ-

ʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʧʳʪʘʶʪʩʷ ʩʢʨʳʪʴ ʧʘʨʘʜʦʢʩ, ʦʪʤʝ-

ʯʝʥʥʳʡ ʚ ʦʪʥʦʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (80), ʘ ʦʩʪʘʣʴʥʳʝ, 

ʥʝ ʧʦʥʠʤʘʷ ʵʪʦʛʦ, ʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʤ ʧʝʨʝʭʦʜʦʤ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʇʦʵʪʦʤʫ ʥʘʰ ʧʦʜʭʦʜ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥ-

ʥʳʭ, ʦʙʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʉʊʆ ʠ ʆʊʆ ʕʡʥ-

ʰʪʝʡʥʘ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʝʡ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʣʦʛʠʯʥʳʤ ʠ ʦʧʨʘʚʜʘʥʥʳʤ. 

ʇʨʦʜʦʣʞʠʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʘʰʝʛʦ ʫʨʘʚʥʝʥʠʷ 

(74). ɼʘʣʝʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʜʝ-

ʣʘʶʪ ʧʝʨʝʩʪʘʥʦʚʢʫ ʧʝʨʝʤʝʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨ-

ʜʠʥʘʪʝ, ʠ ʩ ʫʯʸʪʦʤ ʧʦʜʩʪʘʥʦʚʢʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ 

ʫʨʘʚʥʝʥʠʡ ʠʟ ʩʠʩʪʝʤʳ (52), ʠʤʝʝʤ: 
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 (81) 

ɺ ʠʪʦʛʝ, ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʙʝʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ, 

ʧʦʣʫʯʘʝʤ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʤʥʠʤʦʡ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ: 
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 (82) 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ 

ʫʯʘʩʪʚʫʶʪ ʪʨʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ: 
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 (83) 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʪʨʠ ʦʩʪʘʚ-

ʰʠʭʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ 

ʠʟ ʩʠʩʪʝʤʳ (52). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʫʯʘʩʪʚʫʶʪ ʵʣʝʢʪʨʦʥʥʳʝ ʠ 

ʤʶʦʥʥʳʝ ʥʝʡʪʨʠʥʦ ʧʦ ʚʩʝʤ ʪʨʸʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ʕʪʦ ʚ ʢʦʨʥʝ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʘʨʠʘʥʪʦʤ ʧʦʣʫʯʝʥʠʷ 

ʧʣʦʩʢʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʚʦʝ ʫʨʘʚ-

ʥʝʥʠʝ ʚ (82)  ʵʪʦ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ. ɿʜʝʩʴ ʥʝʪ ʚʘ-

ʨʠʘʥʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʡ ʢʦʦʨʜʠ-

ʥʘʪʝ ʜʣʠʥʳ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦ-

ʜʠʥʘʤʠʢʝ, ʯʪʦ, ʧʦ ʩʫʪʠ, ʦʪʤʝʥʷʣʦ ʦʛʠʙʘʥʠʝ ʚʦʣʥʦʡ 

ʧʨʝʧʷʪʩʪʚʠʷ. ɺʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʤʥʠʤʳʤʠ ʩʦʩʪʘʚ-

ʣʷʶʱʠʤʠ ʧʦ ʩʫʪʠ ʦʪʨʘʞʘʝʪ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʟʜʝʩʴ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʯʣʝʥʳ, ʜʘʶʱʠʝ ʜʠʚʝʨʛʝʥʮʠʶ ʧʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʫ µHz /µz, µHy /µy ʠ ʚʨʝʤʝʥʠ  ʛʨʘʜʠʝʥʪ µɽt /µt ʦʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʙʝʟ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʥʝ ʦʙʦʰʣʠʩʴ ʠ ʚ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, ʪʘʢ ʢʘʢ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ 

ʚʚʝʩʪʠ ʩʪʦʨʦʥʥʠʝ (ʬʠʢʪʠʚʥʳʝ) ʪʦʢʠ, ʘ ʚ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʝ ʚʚʝʣʠ ʦʧʝʨʘʪʦʨʳ ʠʩʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝ-

ʥʠʷ. ɺ [23] ʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʠʞʥʝʝ ʫʨʘʚʥʝʥʠʝ ʚ 

(77) ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ ʧʦ ʪʨʝʪʴʝʤʫ ʦʩʪʘʚʰʝʤʫʩʷ 

ʥʘʧʨʘʚʣʝʥʠʶ. ʅʦ ʩʠʩʪʝʤʘ ʄʠʨʦʟʜʘʥʠʷ ʠʤʝʝʪ 

ʠʝʨʘʨʭʠʶ, ʯʪʦ ʜʘʸʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʦʙʲʝʢʪʘ ʚ ʨʘʟʣʠʯʥʦʤ ʚʠʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠ-

ʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʨʦʚʥʷ ʠʝʨʘʨ-

ʭʠʠ, ʢʦʪʦʨʳʡ ʚʳʪʝʢʘʝʪ ʠʟ ʥʘʣʠʯʠʷ ʦʙʨʘʪʥʦ-ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ. 

ʇʦ ʩʫʪʠ, ʥʘʣʠʯʠʝ ʪʘʢʦʛʦ ʟʘʢʦʥʘ ʚ ʬʠʟʠʢʝ ʛʦʚʦʨʠʪ ʦ 

ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʬʦʨ-

ʤʠʨʫʝʪ ʚʝʣʠʯʠʥʫ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʀ ʧʦ-

ʜʦʙʥʦʝ ʚ ʬʠʟʠʢʝ ʝʩʪʴ  ʵʪʦ ʠʟʚʝʩʪʥʳʡ ʟʘʢʦʥ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ. ʊʦʛʜʘ, ʩ ʫʯʸʪʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʩʪʘʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪ-

ʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʧʦ ʥʘʰʝʡ ʪʝʦʨʠʠ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ [1] ʠ ʬʦʨʤʫʣʦʡ 

(71), ʧʦʣʫʯʘʝʤ: 
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ñBn  (84) 

ɿʜʝʩʴ ʌ  ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʯʝʨʝʟ ʢʦʥʪʫʨ ʉ ʩ 

ʧʣʦʱʘʜʴʶ S ʠ ʥʦʨʤʘʣʴʶ n, ʘ ʦʩʥʦʚʫ ʥʘʣʠʯʠʷ ʥʘʧʨʷ-

ʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʠʟʤʝʥʝ-

ʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 

ʫʯʸʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ 

ʩʨʝʜʳ, ʯʪʦ ʚʳʨʘʞʝʥʦ ʯʝʨʝʟ ʢʦʥʩʪʘʥʪʫ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʢʦʥʪʫʨ ʉ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ. ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʛ-

ʥʠʪʥʳʡ ʧʦʪʦʢ ʠ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʩʪʘʥʫʪ ʵʢʚʠʚʘ-

ʣʝʥʪʘʤʠ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʫʨʘʚʥʝ-

ʥʠʷʭ ʄʘʢʩʚʝʣʣʘ. ʂʘʢ ʥʝ ʨʘʟ ʫʞʝ ʧʠʩʘʣʠ, ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ 

ʙʝʟ ʩʦʙʣʶʜʝʥʠʷ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ ʚ ʚʠʜʝ 

ʯʣʝʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʚʠʞʝʥʠʝ (ʠʟʤʝʥʝʥʠʝ) ʚ 

ʚʠʜʝ 
22

/1/1 cvʧ- . ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʟʘʢʦʥ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ 

ʚʠʜʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʚʝʣʠʯʠʥʫ ʦʙʲʝʢʪʘ ʠ ʠʟ-

ʤʝʥʝʥʠʝ ʦʙʲʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʦʜʥʘ ʠʟ ʵʪʠʭ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʘʙʩʦʣʶʪʥʦʡ 

ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ ʩʦ ʩʚʷʟʴʶ ʩ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʴʶ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʥʘʜʦ ʟʘʙʳ-

ʚʘʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʠ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʷʚʣʷʶʪʩʷ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʣʫʯʘʶ ʧʝʨʝʭʦʜʘ ʚ ʜʨʫʛʫʶ 

ʛʣʦʙʘʣʴʥʫʶ ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʤʳ ʥʝ ʠʤʝʝʤ ʢʦʥ-

ʪʫʨʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʩʝʢʘʶʪ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʥʘʧʨʷ-

ʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʚ ʩʠʣʫ ʧʦʷʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʸʥ-

ʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʨʠʚʣʝʥʠʶ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʦʛʠ-

ʙʘʥʠʷ ʚʦʣʥʦʡ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʡ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ, ʠʟʤʝʥʝʥʠʷ, ʜʘʶʱʝʝ ʧʝʨʝʭʦʜ, 

ʩʚʷʟʘʥʳ ʩ ʧʨʦʝʢʮʠʝʡ ʥʘ ʚʨʝʤʷ, ʪʘʢ ʢʘʢ ʵʪʘ ʧʨʦʝʢʮʠʷ 

ʠʛʨʘʝʪ ʨʦʣʴ ʠʩʪʦʯʥʠʢʘ ʠʣʠ ʧʦʛʣʦʪʠʪʝʣʷ ʚ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ. ʅʘʧʦʤʥʠʤ, 

ʯʪʦ ʧʨʦʝʢʮʠʷ ʥʘ ʚʨʝʤʷ ʟʘʤʝʥʷʝʪ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ ʩʪʦʨʦʥʥʠʝ ʠʣʠ ʬʠʢʪʠʚʥʳʝ 

ʪʦʢʠ. ʆʪʩʶʜʘ ʨʦʣʴ ʢʦʥʪʫʨʘ ʠ çʥʘʪʷʥʫʪʦʡè ʥʘ ʥʝʸ 

ʧʣʦʱʘʜʠ ʦʪʚʦʜʠʪʩʷ ʩʘʤʦʡ ʛʣʦʙʘʣʴʥʦʡ ʇʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ, ʚ ʢʦʪʦʨʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ. ʆʪ-

ʩʶʜʘ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ (84) ʠ ʩ ʫʯʸʪʦʤ (52), ʤʦʞʝʤ ʟʘ-

ʧʠʩʘʪʴ: 

./,/ 000 tEiucEHErEcigradEʩi ttt µµ-==-=µµ= ee  (85) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʧʨʷ-

ʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʫʯʸʪʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝ-

ʥʠʝ ʧʨʦʝʢʮʠʠ ʥʘ ʚʨʝʤʷ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ, ʘ ʪʘʢ ʢʘʢ ɽ ʠ ʅ  ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʠ ʠʤʝʶʱʠʝ ʦʙ-

ʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʴ, ʪʦ ʟʥʘʯʝʥʠʝ u0 ʚʭʦ-

ʜʠʪ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʢʘʢ ʜʝʣʠʪʝʣʴ, ʘ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ 

ʢʘʢ ʤʥʦʞʠʪʝʣʴ. ʊʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʧʨʦʝʢʮʠʠ ʥʘ 

ʚʨʝʤʷ ʚʦ ʚʨʝʤʝʥʠ ʧʝʨʝʭʦʜʠʪ ʚ ʧʨʦʝʢʮʠʶ ʧʦ ʢʦʦʨ-

ʜʠʥʘʪʝ, ʪʦ ʩʪʦʠʪ ʚʦʧʨʦʩ: çʇʦ ʢʘʢʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ 

ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʠʜʝʪ?è ɸ ʵʪʦʪ ʚʦʧʨʦʩ ʨʝʰʘʝʪʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʫʯʝʪʘ ʟʥʘʯʝʥʠʷ u0 ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ, ʢʦʪʦʨʘʷ 

ʩʚʷʟʘʥʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ vʧ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʝʸ ʨʘʟʣʦʞʝʥʠʝʤ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ.  

ʌʦʨʤʘ ʟʘʧʠʩʠ (85) ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʩʠʥʛʫʣʷʨ-

ʥʦʩʪʝʡ (ʩʢʘʯʢʦʚ, ʨʘʟʨʳʚʦʚ) ʚ ʉʊʆ ʠ ʆʊʆ ʕʡʥ-

ʰʪʝʡʥʘ. ʀ ʩʘʤ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʦʙʲʝʢʪʘ ʚ ʜʨʫ-

ʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʧʝʨʝʭʦʜ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʩʚʷʟʘʥ ʩ ʟʘʤʝʥʦʡ ʧʨʦʝʢʮʠʠ ʥʘ 

ʚʨʝʤʷ ʥʘ ʨʝʘʣʴʥʫʶ ʧʨʦʝʢʮʠʶ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʢʦʦʨʜʠʥʘʪʝ ʜʣʠʥʳ, ʪʘʢ ʢʘʢ ʜʣʠʥʘ ʠ ʚʨʝʤʷ ʚ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʷʭ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. ʋʯʠʪʳʚʘʷ (85), 

ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ: 

./)/( 0 tEiʩH t µµ-=e  (86) 

ʅʘ ʦʩʥʦʚʝ (86) ʠ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʫʤʤʘ ʚ ʦʜ-

ʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʘ ʨʘʟʥʦʩʪʠ ʚ 

ʚʠʜʝ ʨʦʪʦʨʘ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʠʤʝʝʤ: 

].//[)/(1)]}/()/([ 0
22 yHzHʩytEztEi zytt µµ-µµe=µµµ+µµµ  (87) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚʦ 

ʚʨʝʤʝʥʠ ɽt ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʨʝʘʣʠʟʫ-

ʶʪʩʷ ʚ ʟʘʤʢʥʫʪʦʝ ʜʚʠʞʝʥʠʝ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ (ʧʦ ʩʫʪʠ, ʵʪʦ ʠ ʝʩʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʢʦʨʧʫʩ-

ʢʫʣʷʨʥʳʭ ʩʚʦʡʩʪʚ). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ ʩʣʝʚʘ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʚ ʧʦʩʣʝʜʥʝʤ 

ʫʨʘʚʥʝʥʠʠ ʚ (82), ʤʳ ʧʦʣʫʯʘʝʤ ʨʦʪʦʨ ʥʘʧʨʷʞʸʥʥʦ-

ʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʘ ʠʥʘʯʝ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʟʘ-

ʨʷʜʳ, ʥʘ ʢʦʪʦʨʳʭ ʙʳ ʩʠʣʦʚʘʷ ʣʠʥʠʷ ʥʘʯʠʥʘʣʘʩʴ ʠ 

ʦʢʘʥʯʠʚʘʣʘʩʴ. ʋʯʠʪʳʚʘʷ ʦʜʥʦʟʥʘʯʥʳʝ ʩʚʷʟʠ ʚ ʟʘʢʦ-

ʥʘʭ ʬʠʟʠʢʠ, ʧʨʘʚʘʷ ʯʘʩʪʴ ʦʪ ʟʥʘʢʘ ʨʘʚʝʥʩʪʚʘ ʚ (81) 

ʩ ʤʥʠʤʦʡ ʝʜʠʥʠʮʝʡ ʪʘʢʞʝ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʝ ʚ ʚʠʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʄʘʢʩʚʝʣʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (52). 

ʊʦ ʝʩʪʴ ʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʨʘʚʝʥʩʪʚʦ: 

).//(/1)]/()/([ 22 xEictEʩzyHyzHi txyz µµ+µµ=µµµ+µµµ  (88) 

ɸ ʠʥʘʯʝ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʄʘʢʩʚʝʣʣʘ: 

).//(/1)//( 0 yHzHxEictE zytx µµ-µµe=µµ+µµ  (89) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ: 
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ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʠʚʝʨʛʝʥʮʠʷ ʚ ʦʜʥʦʡ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ ʜʘʸʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʡ ʚʝʣʠʯʠʥʳ ʚʦ ʚʨʝʤʝʥʠ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ. ʕʪʦ ʠ ʚʳʨʘʞʝʥʦ ʯʝ-

ʨʝʟ ʠʟʚʝʩʪʥʫʶ ʬʦʨʤʫʣʫ ʃʫʠ ʜʝ ɹʨʦʡʣʷ (28), ʢʦʛʜʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʚ ʚʠʜʝ 

ʤʘʩʩʳ ʜʘʸʪ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ. ʇʨʠ ʵʪʦʤ, ʧʦ ʥʘʰʝʡ ʪʝʦ-

ʨʠʠ m0=1/c. ʉʦʙʩʪʚʝʥʥʦ ʪʘʢʦʡ ʧʝʨʝʭʦʜ ʚ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʴ ʧʨʠʜʫʤʘʣʠ ʥʝ ʤʳ, ʘ ʄʠʥʢʦʚʩʢʠʡ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʚʦʝʛʦ ʫʨʘʚʥʝʥʠʷ x0=ct [11]. ʊʦʛʜʘ, ʚ 

ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʠʟʦʪʨʦʧʥʦʡ ʥʘʯʘʣʴʥʦʡ ʘʙʩʦʣʶʪʥʦʡ 

ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ, ʢʘʢʦʡ ʚʳʩʪʫʧʘʝʪ ʦʜʥʘ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʆʊʆ ʕʡʥʰʪʝʡʥʘ, ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ 

Öy=Öz=Öʭ=ʩÖt. ɼʘʣʝʝ ʫʯʪʸʤ, ʯʪʦ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ 

ʟʥʘʯʝʥʠʡ Öʅz /Öz ʠ Öʅy /Öy ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʢ ʥʠʤ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʢ 

ʜʨʫʛ ʢ ʜʨʫʛʫ, ʩ ʫʯʸʪʦʤ (79). ʊʘʢ ʢʘʢ ʠʥʘʯʝ ʚʦʟʤʦʞʥʦ 

ʠʭ ʦʙʥʫʣʝʥʠʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʯʫʜʝʩ ʚʤʝʩʪʦ ʟʘʤʢʥʫʪʦ-

ʩʪʠ ʧʦ ʨʦʪʦʨʫ. ʆʪʩʶʜʘ, ʠʩʭʦʜʷ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʜʚʫʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʥʘʤ ʦʩʪʘʸʪʩʷ ʧʨʝʜʧʦ-

ʣʦʞʠʪʴ, ʯʪʦ Öʅz /Öz=(1/ʩ) Ex, ʘ Öʅy /Öy=(1/ʩ) Et . ʉʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʅz /Öz ʠ Öʅy /Öy ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ, ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʠʩʪʝʤʫ 

ʥʘʙʣʶʜʝʥʠʷ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ ʠʟ-ʟʘ ʩʚʷʟʠ ʯʝʨʝʟ 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ʇʦʵʪʦʤʫ ʫ ʥʘʩ ʥʝʪ ʦʙʥʫʣʝʥʠʷ ʵʪʠʭ 

ʟʥʘʯʝʥʠʡ, ʢʘʢ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, ʚ 

ʬʦʨʤʫʣʝ (78). ʄʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ 

ʥʘʙʣʶʜʝʥʠʷ ʥʝʪ ʠʤʝʥʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʠ ʤʘʛʥʠʪʥʳʝ ʩʠʣʳ ʦʪʨʘʞʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʠ 

ʨʘʟʦʤʢʥʫʪʦʩʪʴ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʟʥʘ-

ʯʘʝʪ ʟʘʤʢʥʫʪʦʩʪʴ ʚ ʜʨʫʛʦʡ. ʄʳ ʚʠʜʠʤ, ʯʪʦ ʨʦʪʦʨ ʧʦ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʥʠʞʥʝʤ ʫʨʘʚʥʝ-

ʥʠʠ (89) ʧʦʤʝʥʷʣ ʟʥʘʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʘʚʥʝʥʠʝʤ 

ʚ (83), ʪʦ ʝʩʪʴ ʜʝʡʩʪʚʠʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ 

ʦʟʥʘʯʘʝʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝ ʚ ʜʨʫʛʦʡ. ʇʦ-ʜʨʫʛʦʤʫ ʛʦ-

ʚʦʨʷ, ʥʝʡʪʨʠʥʦ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʜʘʸʪ 

ʘʥʪʠʥʝʡʪʨʠʥʦ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɸ ʪʘʢ 

ʢʘʢ, ʧʦ ʥʘʰʝʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷ-

ʶʱʠʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʚʳʨʘʞʘʶʪ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʚ ʜʨʫʛʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʪʦ ʤʳ ʠʤʝʝʤ ʧʨʠʯʠʥʫ, ʜʘʶ-

ʱʫʶ ʨʦʪʦʨ ʚʠʜʘ (µ/µzⱷµ/µʫ) ʜʣʷ ʥʠʞʥʝʛʦ ʫʨʘʚʥʝʥʠʷ 

(83). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʘ ʪʝʦʨʠʷ ʜʘʸʪ ʧʨʠʯʠʥʫ ʠʩ-

ʢʨʠʚʣʝʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʠ ʥʘʣʠʯʠʷ ʢʦʨ-

ʧʫʩʢʫʣʷʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢ ʢʘʢ ʠʩʢʨʠʚʣʝʥʠʝ ʜʘʸʪ ʠ 

ʟʘʤʢʥʫʪʦʩʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʪʘʢʠʭ ʯʘʩʪʠʮ ʢʘʢ ʵʣʝʢʪʨʦʥ ʠ ʧʦʟʠ-

ʪʨʦʥ. ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʶ Öʅz /Öz, ʤʦʞʥʦ ʧʨʠ-

ʜʘʪʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʠ ʜʨʫʛʦʡ ʘʥʘʣʦʛ ʚ ʚʠʜʝ 

Öʅz /Öz=(1/c) Öʅz /Öt=Ez , ʪʦʛʜʘ Öʅy /Öy= ⱷEʫ (ʩ ʫʯʸʪʦʤ 

ʩʤʝʥʳ ʩʫʤʤʳ ʥʘ ʨʘʟʥʦʩʪʴ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ). ʀ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʪʘʢʞʝ ʠʤʝʶʪʩʷ ʜʚʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ, ʠ ʚ 

ʥʠʭ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʶʦʥʥʳʝ ʥʝʡʪʨʠʥʦ (ʘʥʪʠʥʝʡ-

ʪʨʠʥʦ) ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ.  

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʨʧʫʩʢʫʣʷʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ (ʘ ʦʥʠ ʫ ʥʘʩ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ (82) ʚ ʚʠʜʝ ʯʣʝʥʦʚ ʩ ʤʥʠʤʦʡ ʝʜʠʥʠ-

ʮʝʡ) ʚʳʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʠʣʠ ʤʶʦʥʥʦʛʦ ʥʝʡʪʨʠʥʦ (ʘʥʪʠʥʝʡʪʨʠʥʦ) ʚ ʜʨʫʛʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʤ ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ. ʌʘʢʪʠʯʝʩʢʠ ʤʳ ʧʦʣʫ-

ʯʠʣʠ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ (ʢʦʪʦʨʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʦʧʠʩʳʚʘʶʪ ʵʣʝʤʝʥʪʘʨʥʳʝ ʦʙʲʝʢʪʳ), ʚʳʨʘʞʘʝʤʳʝ ʚ 

ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ z ʠ ʫ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ 

(82), ʜʘʸʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʦʝ ʫʨʘʚʥʝʥʠʝ ʄʘʢʩʚʝʣʣʘ ʧʦ ʪʨʝʪʴʝʤʫ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʭ, ʯʪʦ ʚʠʜʥʦ ʧʦ (90)  ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʘʚ-

ʥʝʥʠʷʤ (77). ʊʦʣʴʢʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʟʘ-

ʤʢʥʫʪʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ, ʪʦ ʝʩʪʴ 

ʧʦʣʫʯʠʣʠ ʙʦʣʝʝ ʧʦʣʥʳʡ ʚʠʜ. ɿʘʤʝʪʠʤ, ʯʪʦ ʫʢʘʟʘʥ-

ʥʳʡ ʚʳʚʦʜ ʩʣʝʜʦʚʘʣ ʪʘʢʞʝ ʠ ʠʟ ʪʦʛʦ, ʯʪʦ ʦʧʝʨʘʪʦʨʳ 

ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʧʦ (14) ʦʜʥʦʟʥʘʯʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʘʚʥʝʥʠʷʤ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ ʧʦ 

ʌʝʡʥʤʘʥʫ (53) ʩ ʫʯʸʪʦʤ ʥʦʨʤʠʨʦʚʢʠ, ʘ ʟʥʘʯʠʪ, ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʦʨ-

ʪʦʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʘʶʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʪʨʝʪʴʝ ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ɼʘʣʝʝ, ʪʘʢ 

ʢʘʢ ʯʘʩʪʠ ʨʦʪʦʨʘ ʚʝʢʪʦʨ - ʧʦʪʝʥʮʠʘʣʦʚ ʩʚʷʟʘʥʳ ʩ 

ʫʨʘʚʥʝʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦ (48), ʠ ʜʘʶʪ ʚ ʠʪʦʛʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ, ʪʦ ʣʝ-

ʚʘʷ ʯʘʩʪʴ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʉʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʳ ʠʤʝʝʤ, ʯʪʦ ʜʚʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ ʜʘʶʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʪʨʝʪʴʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʧʦ ʫʩʣʦʚʠʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʝʨʘ-

ʪʦʨʦʚ ʤʦʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʚ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʝ. ʊʦ ʝʩʪʴ ʤʳ ʧʦ-ʜʨʫʛʦʤʫ ʧʦʢʘʟʘʣʠ ʩʭʦʜʠ-

ʤʦʩʪʴ ʩ ʚʳʚʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʫ ʥʘʩ ʥʝʪ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠ ʧʘʨʘʜʦʢʩʦʚ. 

ɺʥʠʤʘʪʝʣʴʥʳʡ ʯʠʪʘʪʝʣʴ ʚʠʜʠʪ ʩʭʦʜʠʤʦʩʪʴ 

ʚʩʝʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʚʠʜʫ, ʪʦʣʴʢʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʠ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʙʳʣʘ ʩʜʝ-

ʣʘʥʘ ʧʦʜʛʦʥʢʘ ʧʦʜ ʨʝʟʫʣʴʪʘʪ, ʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ 

ʩʤʦʛʣʠ ʜʘʪʴ ʦʙʦʩʥʦʚʘʥʠʝ ʧʝʨʝʭʦʜʘʤ ʦʙʲʝʢʪʦʚ ʜʨʫʛ 

ʚ ʜʨʫʛʘ ʥʘ ʦʩʥʦʚʝ ʉʊʆ ʠ ʆʊʆ ʕʡʥʰʪʝʡʥʘ ʠ ʢʦʨʧʫʩ-

ʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʩʝ ʰʝʩʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʝ 

ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʚ ʦʜʠʥʘʢʦʚʦʤ ʚʠʜʝ. ʕʪʦ ʩʚʷ-

ʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʦʣʫʯʘʝʪʩʷ ʘʩʩʦʮʠʘʪʠʚʥʦʝ ʥʝʟʘʚʠʩʠ-

ʤʦʝ ʩʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ (ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠ-

ʮʠʠ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢʪ ʧʨʝʚʨʘʱʝʥʠʷ 

ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʚ ʬʦʪʦʥʳ, 

ʘ ʪʘʢʞʝ ʧʨʝʚʨʘʱʝʥʠʝ ʬʦʪʦʥʘ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʵʣʝʢʪʨʦʥ ʠ ʧʦʟʠʪʨʦʥ, ʙʫʜʝʪ ʥʝʚʦʟ-

ʤʦʞʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʘʩʩʦʮʠʘʪʠʚʥʦʤ ʩʣʦʞʝʥʠʠ 
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ʙʳʣʦ ʙʳ ʦʙʥʫʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠʟ-

ʟʘ ʚʳʯʠʪʘʥʠʷ, ʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ 

ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦ-

ʠʩʭʦʜʠʪ ʥʝ ʚʳʯʠʪʘʥʠʝ, ʘ ʟʘʤʢʥʫʪʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʧʝʨʝʭʦʜ ʢ ʢʦʨʧʫʩʢʫʣʷʨʥʳʤ ʩʚʦʡʩʪʚʘʤ. ʋʯʠʪʳ-

ʚʘʷ, ʯʪʦ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ 

ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʬʦʪʦʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʦ ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʯʪʦ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ ʫʯʘʩʪʚʫʶʪ ʥʝ 

ʤʝʥʝʝ 12 ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩ-

ʚʝʣʣʘ. ɿʘʜʘʯʘ ʣʠʰʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʧʦ ʯʘʩʪʠʮʘʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʦʙʲʷʩʥʠʣʠ ʭʘʨʘʢʪʝʨ ʩʠʣʦ-

ʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, 

ʦʪʦʙʨʘʞʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 

ʥʘ ʦʩʥʦʚʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩ-

ʚʝʣʣʘ ʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʢ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʫʶ ʚʦʣʥʫ, ʪʘʢ ʠ ʚ ʢʦʨʧʫʩʢʫʣʫ, ʩ ʫʯʸʪʦʤ ʠʭ ʨʘʟʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʄʠʨʦʟʜʘʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠ-

ʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʝʨʘʨʭʠʠ ʧʦ ʟʘʤʢʥʫʪʦʤʫ 

ʮʠʢʣʫ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʯʫʜʝʩʘ ʚ ʚʠʜʝ ʨʘʟʨʳʚʦʚ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʟʘʤʢʥʫʪʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʝʨʘ-

ʪʦʨʦʚ ʤʦʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʩ ʫʯʸʪʦʤ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʠʤʝʝʪ ʘʥʘʣʦʛ ʥʘ ʦʩʥʦʚʝ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʯʝʛʦ ʧʦʣʫ-

ʯʠʪʴ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ 

ʥʝʚʦʟʤʦʞʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦ-

ʚʨʝʤʝʥʥʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝ-

ʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʠ ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ, 

ʦʙʲʷʩʥʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʤʠ ʯʘʩʪʠʮʘʤʠ-ʟʘʨʷʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʥʝʢʠʭ ʚʠʨʪʫ-

ʘʣʴʥʳʭ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʷʢʦʙʳ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʥʝ-

ʢʦʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʘʢʫʫʤʘ. ʇʨʠ ʵʪʦʤ, ʥʝʪ 

ʪʘʢʞʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʤʶʦʥ-

ʥʳʤʠ ʥʝʡʪʨʠʥʦ (ʘʥʪʠʥʝʡʪʨʠʥʦ) ʠ ʬʦʪʦʥʘʤʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʧʠʥ ʵʣʝʢʪʨʦʥʘ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ ʢʣʘʩʩʠʯʝ-

ʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʩʢʣʶʯʘʝʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪ-

ʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʫ ʯʘʩʪʠʮ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʫ ʢʚʘʨʢʦʚ ʧʨʠ 

ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʘʛʥʠʪʥʦʤ ʩʧʠʥʝ ʨʘʚʥʦʤ 1/2 ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʨʘʚʥʳ Ñ2/3 ʠ Ñ1/3, ʪʦ ʝʩʪʴ, ʧʦ 

ʩʫʪʠ, ʟʘʜʝʢʣʘʨʠʨʦʚʘʥʦ ʦʪʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʄʳ ʞʝ 

ʬʘʢʪʠʯʝʩʢʠ ʦʙʲʷʩʥʠʣʠ ʧʨʠʥʮʠʧ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʪʠ-

ʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʘ ʪʘʢʞʝ 

ʚʦʣʥʦʚʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʦʩʥʦʚʝ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ ʥʝʦʪʜʝʣʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪ-

ʥʳʭ ʩʚʦʡʩʪʚ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʠ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʊʦ ʝʩʪʴ ʤʳ ʠʤʝʝʤ ʧʦʣʥʳʡ ʦʙʱʠʡ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʦʥʪʠ-

ʥʫʫʤ, ʚ ʢʦʪʦʨʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʣʶʙʦʡ ʦʙʲʝʢʪ ʄʠʨʦ-

ʟʜʘʥʠʷ.  
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