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VARIATIONAL METHODS IN THE CONSTRUCTION OF 

A MATHEMATICAL MODEL OF THE PROCESS OF DEPOSITION OF 

THIN COATINGS  

The development of new technologies in all industries is connected, 

primarily, to the creation of high-efficient and high-performance industrial and 

instrumentation equipment of high unit power. Solving these problems is 

impossible without the development of new effective ways of intensification of 

technological and production processes, as well as methods of mathematical 

modeling [1  2]. In the history of technology there are many suggestions and 

ideas to improve technological processes and devices that have not been 

implemented in industries because of the various reasons. Therefore it is 

important to make researches, which allow establishing quantitative 

relationships between the parameters of the processes and giving their 

mathematical description, on which the methodology of engineering calculations 

is based [3  4]. A peculiarity of the theory of processes and devices is a 

synthesis of the laws, the essence of the basic processes and equipment design, 

regardless of the specific product or production, that is, in the general 

methodological approach to its study. Currently, however, this approach is not 

enough. We need more machines and a set of tools for the creation of 

fundamentally new high-intensity processes, cost-effective and energy-saving 

technologies. There is a need for a general theory of the intensification of 

technological processes, enabling on the based of scientific generalizations to 

solve particular application problems. These circumstances lead to creation of 

new mathematical models and computational methods. 

New opportunities are in mathematical modeling using variational method 

in the construction of mathematical models. The essence of this method [2, 5] is 

that on the base on the physical nature of the process some functional is 

recorded, reflecting, for example, the joint action of the main forces or at least 

potential energy, etc. From structured functional the variation is taken, after that 

it decays into a series of Euler equations, which represent the mathematical 

model of the process in differential equations. This method is implemented by 

means of design models of Ritz and Galerkin method, can be widely used for 

modeling various processes. 
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In this paper, a mathematical model is proposed for the application of thin 

polymer coatings on a flexible basis. The variational method, which is an 

extension of the principle of the least action of Hamilton, was used in its 

construction. As a result, the problem of minimizing functional is reduced to the 

solution of the boundary value problem for a differential equation of Euler. 

Omitting the details of the design features (they have no effect on the 

construction of a mathematical model) of mechanism feeding a polymer coating 

on a flexible basis, the process of applying thin coatings can be described as 

follows. 

Elastic base runs between two shafts, namely between the raster and 

pressure. Raster shaft has grooves in the form of an isosceles triangle, which are 

filled with a polymeric material. Upon contact shaft polymer solution passes 

from raster grooves (adheres) on the elastic base and forms a certain thickness of 

the polymer coating. In this case, the amount of polymer that is in the groove is 

broken through ()xs  by the action of these forces on it: 1F   the sticking force, 

2F   the force of gravity, 1F   the power strength of the coating. It is necessary 

to determine the equation of the curve ()xs . The difference of coming off and 

restraining forces should be minimal. Thus, we come to the variational problem 

as to the desired curve of the equation of the discontinuity surface of the 

polymer ()xss= , that is, to minimize the functional 

ñ =

x

x

dxL

0

min

, 321 FFFL --= . 

In turn, because the functionality L  is dependent on ()xs  and ()xs¡ , the 

variational problem is reduced to solving Euler equations [2] 

0=¡¡¡¡-¡¡-¡ ¡¡¡ sLLL sssss  

with boundary conditions () 00 =s , () 10 =¡s . 

 As a result, we have a solution for the function ()xss=  in the form 

( )
g

xk

g

k

g

k
s

r

°
-

r
°

r
=

4

22

2

2
2

22

2

, 

where k  is the specific value of the force strength of the coating; g  is 

acceleration of gravity; r is the density of the liquid polymer solution. 

As it is mentioned above, the function determines the shape of the polymer 

surface in the groove. It means that the degree of the groove discharge depends 

on the function, and the thickness of the polymer coating is applied to the 

flexible substrate. This fact leads to the conclusion that the resulting solution 

simulates the process of applying thin coatings. 

 

 



8 

 

References 

1. ʉʘʤʘʨʩʢʠʡ ɸ.ɸ., ʄʠʭʘʡʣʦʚ ɸ.ʇ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ: 

ʀʜʝʠ. ʄʝʪʦʜʳ. ʇʨʠʤʝʨʳ /ɸ.ɸ. ʉʘʤʘʨʩʢʠʡ, ɸ.ʇ. ʄʠʭʘʡʣʦʚ.  ʄ.: 

ʌʠʟʤʘʪʣʠʪ, 2002. ï 320 ʩ. 

2. ʌʝʜʦʪʢʠʥ ʀ.ʄ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ / ʀ.ʄ. ʌʝʜʦʪʢʠʥ. ī ʂ: ɺʠʱʘ ʰʢ., 1988.  415 ʩ. 

3. ʉʠʙʘʢʘʨʴ ɸ.ʀ. ʆʙʦʙʱʝʥʥʳʡ ʚʘʨʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʩʢʦʨʦʩʪʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ / ɸ.ʀ. ʉʠʙʘʢʘʨʴ, ɺ.ɺ. 

ɹʦʨʠʩʝʚʠʯ, ɺ.ʂ. ɹʦʨʠʩʝʚʠʯ [ʠ ʜʨ.] // ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè.  2009.  ˉ31.  

ʉ. 118  126. 

4. ʉʷʩʝʚ ɸ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʨʞʥʷ ʩ 
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ɿʘʨʽʧʦʚ ʈ.ʈ.  

ʘʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ʚʠʱʦʾ ʤʘʪʝʤʘʪʠʢʠ 

ʅʽʞʠʥʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ʄ.ɻʦʛʦʣʷ  

 

ʏʠʩʝʣʴʥʽ ʤʝʪʦʜʠ  

 

ɸʅɸʃɯɿ ʆʉʆɹʃʀɺʆʉʊɽʁ ʄɽʊʆɼʋ ɿʄɯʅʅʀʍ ʅɸʇʈʗʄʂɯɺ ʅɸ 

ʆʉʅʆɺɯ ɼɺʆɺʀʄɯʈʅʆɻʆ ʈɯɺʅʗʅʅʗ ʊɽʇʃʆʇʈʆɺɯɼʅʆʉʊɯ 

ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʛʣʷʜʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʪʦʜʫ ʟʤʽʥʥʠʭ 

ʥʘʧʨʷʤʢʽʚ ʪʘ ʥʝʜʦʣʽʢʽʚ ʟʚʠʯʘʡʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʦʙʫʜʦʚʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ. 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʚ ʪʝʦʨʽʾ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʻ ʧʦʰʫʢ 

ʝʢʦʥʦʤʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʤʽʥʽʤʘʣʴʥʦʾ 

ʟʘʪʨʘʪʠ ʯʘʩʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʚôʷʟʢʫ. ʇʨʠʯʠʥʦʶ ʜʣʷ ʮʴʦʛʦ ʻ ʪʝ, ʱʦ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʩʠʩʪʝʤ ʨʽʟʥʠʮʝʚʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʘʧʨʦʢʩʠʤʫʶʪʴ ʥʝʩʪʘʮʽʦʥʘʨʥʽ 

ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʽʟʠʢʠ (ʟ ʯʠʩʣʦʤ ʧʨʦʩʪʦʨʦʚʠʭ ʟʤʽʥʥʠʭ 

ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ), ʚʠʥʠʢʘʶʪʴ ʩʧʝʮʠʬʽʯʥʽ ʪʨʫʜʥʦʱʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ ʯʠʩʣʦ 

ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʽʜʰʫʢʘʥʥʷ ʨʦʟʚôʷʟʢʫ ʥʘ ʥʦʚʦʤʫ 

ʯʘʩʦʚʦʤʫ ʰʘʨʽ, ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʧʨʠ ʧʦʜʨʽʙʥʝʥʥʽ ʩʽʪʢʠ. ɿʚʠʯʘʡʥʽ ʨʽʟʥʠʮʝʚʽ 

ʩʭʝʤʠ ʚ ʜʘʥʠʭ ʫʤʦʚʘʭ ʥʝ ʻ ʝʢʦʥʦʤʽʯʥʠʤʠ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ 

ʦʜʥʦʚʠʤʽʨʥʠʭ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʟʘʜʘʯ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ, ʷʢʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʫ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʚʽʥ ʚʠʤʘʛʘʻ ʢʽʥʮʝʚʦʛʦ (ʥʝ ʟʘʣʝʞʥʦʛʦ ʚʽʜ 

ʢʨʦʢʫ ʩʽʪʢʠ h) ʯʠʩʣʘ ʜʽʡ ʥʘ ʦʜʥʫ ʪʦʯʢʫ ʩʽʪʢʠ[4]. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʧʨʠʡʦʤʦʤ ʧʦʙʫʜʦʚʠ ʝʢʦʥʦʤʽʯʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ ʻ ʤʝʪʦʜ ʟʚʝʜʝʥʥʷ 

ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʜʦ ʜʝʢʽʣʴʢʦʭ ʦʜʥʦʚʠʤʽʨʥʠʭ - ʤʝʪʦʜ ʟʤʽʥʥʠʭ 

ʥʘʧʨʷʤʢʽʚ. 
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ʈʦʟʛʣʷʥʝʤʦ ʜʚʦʚʠʤʽʨʥʝ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ[3,5] 
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ʜʝ G  - ʧʨʷʤʦʢʫʪʥʠʢ { }2211 0,0 lxlxG <<<<= , ʘ ɻ - ʡʦʛʦ ʤʝʞʘ. 

ɺʚʝʜʝʤʦ ʩʽʪʢʫ ʟʘ ʯʘʩʦʤ : { }TKKnntn =-=== tt tw ,1,...,1,0,  

ʽ ʧʨʦʩʪʦʨʦʚʫ ʩʽʪʢʫ: 
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1 ,),,( jhxihxxxx jiji
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ʜʝ ,,...,2,1,0,,...,2,1,0 21 NjNi == ʧʨʠʯʦʤʫ ., 222111 lNhlNh ==  

ʄʥʦʞʠʥʘ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʦʢ ʩʽʪʢʠ hWʢʦʣʠ 

)1,...,2,1,0,1,...,2,1,0 21 -=-= NjNi  ʙʫʜʝʤʦ ʧʦʟʥʘʯʘʪʠ hw , ʘ ʛʨʘʥʠʮʶ ʩʽʪʢʠ - hg

.ʊʘʢʠʤ ʯʠʥʦʤ, hg- ʮʝ ʤʥʦʞʠʥʘ ʪʦʯʦʢ ʩʽʪʢʠhW, ʷʢʽ ʥʘʣʝʞʘʪʴ ʛʨʘʥʠʮʽ ɻ 

ʧʨʷʤʦʢʫʪʥʠʢʘ G. ʇʦʟʥʘʯʠʤʦ 
),( nij

n

ij txyy =
, ʜʝ twÍWÍ nhij tx ,

. 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʯʘʪʢʫ ʷʚʥʫ ʩʭʝʤʫ[1,2,4] 
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ʜʝ A- ʦʧʝʨʘʪʦʨ. 

ʗʢ ʚʽʜʦʤʦ, ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʠʮʝʚʦʾ ʩʭʝʤʠ (2) ʟʥʘʭʦʜʠʪʴʩʷ ʧʦ ʰʘʨʘʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 

,,1,...,1,0,1

hij

n

ij

n

ij

n

ij xKnyyy wt Í-=L+=+
 

ʧʨʠʯʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʟʘʜʘʥʽ 

ʟʛʽʜʥʦ ʟ (2). ʇʝʨʝʚʘʛʦʶ ʷʚʥʦʾ ʩʭʝʤʠ ʻ ʧʨʦʩʪʦʪʘ ʟʥʘʭʦʜʞʝʥʥʷ ʟʥʘʯʝʥʴ 
1+n

ijy

ʨʦʟʚôʷʟʢʫ ʥʘ ʚʝʨʭʥʴʦʤʫ ʰʘʨʽ, ʦʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ ʘʨʠʬʤʝʪʠʯʥʠʭ 

ʜʽʡ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʚʫʟʣʽʚ. ʉʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʮʽʻʾ 

ʩʭʝʤʠ, ʷʢʠʡ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʾ ʧʨʠ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʻ 

ʫʤʦʚʥʘ ʩʪʽʡʢʽʩʪʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʥʝʷʚʥʫ ʩʭʝʤʫ ʜʣʷ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ[1,2,4] 
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 (3) 

ʎʷ ʩʭʝʤʘ ʩʪʽʡʢʘ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ ʢʨʦʢʘʭ t̔  h. ʆʜʥʘʢ ʥʝʜʦʣʽʢʦʤ ʥʝʷʚʥʦʾ 

ʩʭʝʤʠ (3) ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʯʘʩʦʚʦʤʫ ʰʘʨʽ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ 
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ʈʦʟʚôʷʟʘʥʥʷ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ʻ ʜʫʞʝ ʩʢʣʘʜʥʠʤ. ʄʝʪʦʜʠ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʟʘʛʘʣʴʥʦʛʦ ʚʠʜʫ, ʪʫʪ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʯʝʨʝʟ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ 

ʩʠʩʪʝʤʠ. ʉʪʘʥʦʚʠʱʝ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʱʝ ʡ ʪʠʤ, ʱʦ ʩʠʩʪʝʤʫ (4) ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʚôʷʟʫʚʘʪʠ ʥʘ ʢʦʞʥʦʤʫ ʰʘʨʽ.  

ɺʠʭʦʜʷʯʠ ʟ ʥʝʜʦʣʽʢʽʚ ʟʚʠʯʘʡʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ ʧʦʩʪʘʣʘ ʧʨʦʙʣʝʤʘ 

ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ, ʷʢʽ ʟʘ ʯʠʩʣʦʚʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʙʫʣʠ ʙ ʘʥʘʣʦʛʽʯʥʽ 

ʜʦ ʷʚʥʠʭ ʩʭʝʤ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʙʫʣʠ ʙ ʘʙʩʦʣʶʪʥʦ ʩʪʽʡʢʠʤʠ, ʪʦʙʪʦ ʟʙʝʨʽʛʘʣʠ 

ʢ̫ʽʩʪʴ ʥʝʷʚʥʠʭ ʨʽʟʥʠʮʝʚʠʭ ʩʭʝʤ. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (1), ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ ʟʚʝʜʝʥʥʽ ʙʘʛʘʪʦʤʽʨʥʠʭ ʟʘʜʘʯ ʜʦ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʦʜʥʦʤʽʨʥʠʭ. 

ʉʽʪʢʫ hw  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʚʫʟʣʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ 

ʨʷʜʢʘʭ ,,...,1,0 22 Ni = ʘʙʦ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʚʫʟʣʽʚ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʩʪʦʚʧʮʷʭ

11
,...,1,0 Ni = .ʏʠʩʣʦ ʚʫʟʣʽʚ ʥʘ ʢʦʞʥʦʤʫ ʨʷʜʢʫ ,11+N  ʘ ʥʘ ʢʦʞʥʦʤʫ ʩʪʦʚʧʮʶ - 

12+N .  

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʟʤʽʥʥʠʭ ʥʘʧʨʷʤʢʽʚ (ʧʦʟʜʦʚʞʥʴʦ - ʧʦʧʝʨʝʯʥʫ). ɰʾ 

ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʩʭʝʤʦʶ ʇʽʩʤʝʥʘ ï ʈʝʢʬʦʨʜʘ [2,5].  

ʇʦʨʷʜ ʟ ʦʩʥʦʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʰʫʢʘʥʦʶ ʩʽʪʢʦʚʦʾ ʬʫʥʢʮʽʾ ),( txy , ʪʦʙʪʦ 

ʟ 
nyy= i 

1+= nyy , ʚʚʦʜʠʪʴʩʷ ʧʨʦʤʽʞʥʝ ʟʥʘʯʝʥʥʷ
2

1+
=

n
yy

%
, ʷʢʝ ʤʦʞʥʘ 

ʬʦʨʤʘʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʥʘʯʝʥʥʷ y  ʧʨʠ 
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 (6) 

ʈʽʚʥʷʥʥʷ ʪʘʢʦʛʦ ʚʠʜʫ ʟʘʧʠʩʫʶʪʴʩʷ ʚʩʽʭ ʚʥʫʪʨʽʰʥʽʭ ʚʫʟʣʦʚʠʭ ʪʦʯʢʘʭ 
,ixx= ʩʽʪʢʠ hwʽ ʜʣʷ ʚʩʽʭ .0>=ntt  ʇʝʨʰʘ ʩʭʝʤʘ ʥʝʷʚʥʘ ʧʦ ʥʘʧʨʷʤʢʫ 1xʽ ʷʚʥʘ 

ʧʦ 2x , ʘ ʜʨʫʛʘ ï ʥʘʚʧʘʢʠ. 

ɼʦ ʨʽʚʥʷʥʴ (5), (6) ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ 
)()0,( 0 xuxy =  (7) 

ʽ ʨʽʟʥʠʮʝʚʽ ʢʨʘʡʦʚʽ ʫʤʦʚʠ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ 
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ʊʘʢʠʤ ʯʠʥʦʤ ʧʦʩʪʘʚʣʝʥʦ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ (5)-(10). ʇʝʨʝʧʠʰʝʤʦ (5) ʽ (6) 
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ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ 
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21212211 iiiii yyFFhihix ===
 

ʧʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʚ ʨʽʚʥʷʥʥʽ ʦʜʠʥ ʽʟ ʽʥʜʝʢʩʽʚ ʬʽʢʩʦʚʘʥʠʡ, ʪʦ ʤʠ ʡʦʛʦ ʥʝ 

ʧʠʰʝʤʦ. ʊʦʜʽ (11) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ : 
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  (13) 

(12), (13) - ʨʽʟʥʠʮʝʚʘ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʫ ʚʠʧʘʜʢʫ ʦʜʥʦʤʽʨʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʅʝʭʘʡ ʟʘʜʘʥʦ 
nyy= . ʊʦʜʽ ʦʙʯʠʩʣʶʻʤʦ F, ʧʦʪʽʤ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ 

ʚʟʜʦʚʞ ʨʷʜʢʽʚ 1,...,2,1 22 -= Ni  ʨʦʟʚôʷʟʫʻʤʦ ʟʘʜʘʯʫ (12) ʽ ʚʠʟʥʘʯʘʻʤʦ y  ʚ ʫʩʽʭ 

ʚʫʟʣʘʭ ʩʽʪʢʠhw  , ʧʽʩʣʷ ʯʦʛʦ ʟʥʘʭʦʜʠʤʦ Ὂ ʽ ʨʦʟʚôʷʟʫʻʤʦ ʟʘʜʘʯʫ (13) ʚʟʜʦʚʞ 

ʩʪʦʚʧʮʽʚ 1,...,2,1 11 -= Ni , ʚʠʟʥʘʯʘʶʯʠ 
1+= nyy

%
. ʇʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʰʘʨʫ 1+n  ʜʦ

2+n  ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʶʻʪʴʩʷ. ʊʘʢ ʷʢ ʤʝʪʦʜ ʧʨʦʛʦʥʢʠ ʚʠʤʘʛʘʻ ʥʘ ʦʜʠʥ 

ʚʫʟʦʣ ʯʠʩʣʘ ʜʽʡ, ʷʢʝ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʦʢʫ ʩʽʪʢʠ, ʪʦ ʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʜʝ 

ʝʢʦʥʦʤʥʠʡ. 

ɿ ʫʩʴʦʛʦ ʚʠʱʝ ʚʠʢʣʘʜʝʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʽʟʥʠʮʝʚʘ 

ʩʭʝʤʘ ʙʫʜʝ ʝʢʦʥʦʤʽʯʥʦʶ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ ʜʽʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʚʽʜʰʫʢʘʥʥʷ ʨʦʟʚôʷʟʢʫ ʥʘ ʥʦʚʦʤʫ ʯʘʩʦʚʦʤʫ ʰʘʨʽ, ʜʦ ʯʠʩʣʘ ʚʫʟʣʽʚ 

ʧʨʦʩʪʦʨʦʚʦʾ ʩʽʪʢʠ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʚʫʟʣʽʚ ʩʽʪʢʠ.  

ʇʨʦʚʦʜʷʯʠ ʝʣʝʤʝʥʪʘʨʥʝ ʧʦʨʽʚʥʷʥʥʷ ʙʘʯʠʤʦ, ʱʦ ʜʣʷ ʟʘʜʘʯ ʟ 

ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʤʽʨʥʽʩʪʶ ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʤʝʪʦʜ 

ʟʤʽʥʥʠʭ ʥʘʧʨʷʤʢʽʚ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʦʙôʻʤ ʦʙʯʠʩʣʝʥʴ ʧʦ ʥʝʷʚʥʽʡ 

ʩʭʝʤʽ ʪʘ ʟʙʝʨʽʛʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʘʙʩʦʣʶʪʥʦʾ ʩʪʽʡʢʦʩʪʽ. ɼʘʥʠʡ ʤʝʪʦʜ ʦʙôʻʜʥʫʻ ʚ 

ʩʦʙ̔ ʥʘʡʢʨʘʱʽ ʷʢʦʩʪʽ ʷʚʥʦʾ ʩʭʝʤʠ ï ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʪʘ ʥʝʷʚʥʦʾ ï ʩʪʽʡʢʽʩʪʴ, 

ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ ʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʥʠʤ. 
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ʌʝʜʦʪʦʚ ɸ.ʀ. 

ʧʨʦʬʝʩʩʦʨ,  

ʉʇʙ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʩʠʷ 

ʃʠʩʠʥ ʉ.ʂ. 

ʜʦʮʝʥʪ, ʉʇʙ ʥʘʮʠʦʥʘʣʴʥʳʡ  

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪ çɻʦʨʥʳʡè, ʈʦʩʩʠʷ 

 

ʅɽʃʀʅɽʁʅʓɽ ʄʆɼɽʃʀ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʇʆʃʀʅʆʄʆɺ ɺ 

ɿɸɼɸʏɸʍ ʇʈʀʂʃɸɼʅʆʁ Cʊɸʊʀʉʊʀʂʀ  

ɺ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʦʧʳʪʦʚ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʧʦʩʦʙʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. 

ʄʠʥʠʤʠʟʘʮʠʷ ʦʪʢʣʦʥʝʥʠʡ ʤʝʞʜʫ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʠʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʦʪʦʙʨʘʞʝʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʝʝ ʥʝʦʙʭʦʜʠʤʫʶ 

ʩʠʩʪʝʤʫ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʬʝʨʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʦʧʳʪʦʚ. ɺ ʪʝʦʨʠʠ ʧʨʠʙʣʠʞʝʥʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʤʦʜʝʣʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʠʣʠ ʥʝʣʠʥʝʡʥʳʭ ʧʦʣʠʥʦʤʦʚ. ɿʘʜʘʯʘ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʣʠʥʦʤʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ ʜʚʘ ʫʩʣʦʚʠʷ: 

- ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʚʢʣʶʯʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʠʩʪʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʤʝʞʜʫ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʫʨʘʚʥʝʥʠʷʤʠ ʠʟʤʝʨʝʥʠʡ; 

- ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʩʚʷʟʘʥʳ ʩ ʤʝʪʦʜʘʤʠ 

ʣʠʥʝʘʨʠʟʘʮʠʠ, ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠʙʣʠʞʝʥʠʷ. ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʦʧʳʪʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʜʫʨ ʠʟʤʝʨʝʥʠʡ ʚ ʚʠʜʝ 

ʧʦʣʠʥʦʤʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠ ʩʦʢʨʘʪʠʪʴ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʨʷʜʘ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʠʭ 

ʧʨʠʙʣʠʞʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʦʮʝʥʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ, 

ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʬʫʥʢʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʪʦʯʢʘʤʠ ʥʘʠʤʝʥʝʝ ʫʜʘʣʝʥʥʳʤʠ ʦʪ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʪʨʘʝʢʪʦʨʠʠ, ʥʦ ʠ ʚʝʨʦʷʪʥʳʝ ʦʰʠʙʢʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [1,2]. ɼʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʨʦʷʪʩʷ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ 

ʠ ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʬʫʥʢʮʠʡ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʨʦʬʠʣʝʡ, 

ʦʪʩʯʝʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʪʦʙʨʘʞʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʧʳʪʦʚ. 

 ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʱʠʤ ʯʠʩʣʦʤ ʫʨʘʚʥʝʥʠʡ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʨʠʚʦʜʠʪʩʷ ʢ 

ʥʦʨʤʘʣʴʥʦʤʫ ʚʠʜʫ ʧʦ ʘʣʛʦʨʠʪʤʫ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ: 

- ʚ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʚʦʜʷʪʩʷ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʚʦʡ, ʚʪʦʨʦʡ ʠ n - ʦʡ ʥʝʠʟʚʝʩʪʥʳʭ; 

- ʚʠʜʦʠʟʤʝʥʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩʫʤʤʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʠʤʝʥʥʦʡ 

ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʝ ʛʨʫʧʧʝ ʫʨʘʚʥʝʥʠʡ.  

 ʅʦʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʚʥʫʪʨʠ ʩʘʤʦʡ ʩʠʩʪʝʤʳ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʦʰʠʙʢʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʤʘʪʨʠʯʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ X = AY. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ: 

 A ï ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ;  

 Y ï ʚʝʢʪʦʨ n ʥʝʠʟʚʝʩʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʳ;  

 X ï ʚʝʢʪʦʨ ʤʦʜʝʣʠ n ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ 

X = nx

x

...

...

1

. 

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʫʩʣʦʚʠʝʤ ʟʘʜʘʯʠ ʧʨʠʙʣʠʞʝʥʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʤʝʪʨʦʣʦʛ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠʚʝʜʝʥʥʘʷ ʢ 

ʥʦʨʤʘʣʴʥʦʤʫ ʚʠʜʫ ʩʠʩʪʝʤʘ n ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʚʠʜ: 

x1 = ʘ11y1 + ʘ12y2 + é + ʘ1n yn , 

x2 = ʘ21y1 + ʘ22y2 + é + ʘ2nyn , (1) 

éééééééééééé... 

xn = ʘn1y1 + ʘn2 y2 + é + ʘnnyn . 

 ʈʘʟʚʠʪʠʝʤ ʠʜʝʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʚ ʩʣʫʯʘʝ (1) ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ 
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ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ n ʧʨʷʤʳʭ 

ʠʟʤʝʨʝʥʠʡ [3,4]. 

 ɺ ʨʝʘʣʠʟʫʝʤʳʭ ʤʦʜʝʣʷʭ ʯʘʩʪʦ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ ʚʭʦʜʷʪ ʠʣʠ ʚ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʝ (ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ, ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ é) ʚʳʨʘʞʝʥʠʷ, ʠʣʠ ʠʤʝʶʪ ʩʪʝʧʝʥʠ ʧʦʣʠʥʦʤʦʚ ʚʳʩʰʠʭ 

ʧʦʨʷʜʢʦʚ. ʄʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʯʠʩʣʝʥʥʦ ʨʝʰʘʪʴ 

ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʚʠʜʘ ʥʝʣʠʥʝʡʥʦʛʦ ʤʝʪʦʜʘ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ: ʘʧʧʨʦʢʩʠʤʘʮʠʷ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ 

ʧʦʣʠʥʦʤʘ ʚ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʬʫʥʢʮʠʶ) ʠ ʦʮʝʥʠʚʘʥʠʝ ʥʝʣʠʥʝʡʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩ ʫʯʝʪʦʤ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ ʥʝʦʙʭʦʜʠʤ ʘʥʘʣʠʟ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʦʢʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʩʣʦʚʠʡ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʠʩʢʘ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. ɿʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ ʥʝʠʟʚʝʩʪʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ yi ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʩʠʩʪʝʤʳ (2). ʉʠʩʪʝʤʘ n ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ s ʠ x
%
 ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʧʳʪʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 
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2
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 ʈʝʘʣʠʟʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʮʝʥʢʠ s
%
 ʠ x

%
 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʬʫʥʢʮʠʡ ʧʦʚʪʦʨʷʝʤʳʭ 

ʦʧʳʪʦʚ [3]. ʇʦʛʨʝʰʥʦʩʪʠ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ s
%
 ʠ x

%
 ʩʠʩʪʝʤʳ (2) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ ʦʮʝʥʦʢ. 

ʇʨʦʮʝʜʫʨʫ ʚʳʯʠʩʣʝʥʠʷ ʦʮʝʥʦʢ (2) ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ 

ʤʠʥʠʤʠʟʘʮʠʠ ʤʝʪʨʠʢ-ʬʫʥʢʮʠʦʥʘʣʦʚ (ʤʝʪʦʜ ʅʴʶʪʦʥʘ ʠʣʠ ʛʨʘʜʠʝʥʪʥʳʝ 

ʤʝʪʦʜʳ ʥʘʭʦʞʜʝʥʠʷ ʤʘʢʩʠʤʫʤʘ (ʤʠʥʠʤʫʤʘ) ʬʫʥʢʮʠʡ). ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʜʣʷ 

ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʠʪʝʨʘʮʠʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ. 
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ʨʝʘʣʠʟʫʶʱʠʝ ʨʝʞʠʤʳ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʲʝʢʪʦʤ. ʉʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʧʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʝʧʦʜʚʠʞʥʳʭ ʠʣʠ ʜʚʠʞʫʱʠʭʩʷ 

ʠʟʜʝʣʠʡ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʚ 

ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. ʇʨʠ ʵʪʦʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʳʭ ʨʝʞʠʤʦʚ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʮʝʧʷʭ ʪʘʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʟʘʟʦʨʦʚ, ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʧʦʪʝʨʝ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʘ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ 

ʥʝʣʠʥʝʡʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʢʠ ʠʟʤʝʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ [1-4]. ʇʨʠʤʝʥʝʥʠʝ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʩʪʘʥʦʚʠʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ.  

ɺʠʙʨʘʮʠʦʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʨʝʘʣʠʟʫʶʪ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʫʱʠʭʩʷ 

ʠʟʜʝʣʠʡ. ʇʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʨʘʟʣʠʯʠʝʤ ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʦʛʦ ʧʦʜʚʝʩʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʦʨʛʘʥʘ ʚ ʟʦʥʝ ʠ ʚʥʝ ʟʦʥʳ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʠʟʜʝʣʠʷ.  

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʙʦʨ ʙʘʟʦʚʦʛʦ 

ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʢ ʚʦʧʨʦʩʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʪʥʦʩʷʪʩʷ ʘʥʘʣʠʟ ʬʫʥʢʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʥʝʯʝʪʥʦʩʪʴ, ʯʝʪʥʦʩʪʴ, ʥʝʧʨʝʨʳʚʥʦʩʪʴ, ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ) 

ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʝʝ ʩ ʬʫʥʢʮʠʝʡ ʚʳʙʠʨʘʝʤʦʛʦ ʤʝʪʦʜʘ. 

 ʋʨʘʚʥʝʥʠʝ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʫʧʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʤʝʝʪ ʚʠʜ 
xthVV cos)( =+f## , (1) 

ʛʜʝ ɖ, ɝ, Ű ï ʘʤʧʣʠʪʫʜʘ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, ʯʘʩʪʦʪʘ ʚʦʟʤʫʱʘʶʱʝʡ 

ʩʠʣʳ (ʙʝʟʨʘʟʤʝʨʥʘʷ ʯʘʩʪʦʪʘ), ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʨʝʤʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʵʪʦʤ ʚʳʨʘʞʝʥʠʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʫʧʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʠʤʝʝʪ ʚʠʜ  

í
ì
ë

²-+

¢
=

,1),1(1

,1,
)(

2 VVc

VV
Vf

 (2) 

ʛʜʝ V ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʩʪʝʨʞʥʷ; cï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ; mx, ï ʢʦʦʨʜʠʥʘʪʘ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ 
ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʠ ʤʘʩʩʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʨʞʥʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 1C , 2C  - ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʦʛʦ ʧʦʜʚʝʩʘ ʠ ʞʝʩʪʢʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʨʷʝʤʦʛʦ ʪʝʣʘ; D - ʟʘʟʦʨ ʤʝʞʜʫ ʠʟʤʝʨʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʠ ʨʘʚʥʦʚʝʩʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʨʞʥʷ. 

ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ 

ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʠ ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚʳʨʘʞʝʥʠʷ ʨʝʰʝʥʠʷ ʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʣʠʥʝʘʨʠʟʘʮʠʠ ʫʧʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ )(Vf  ʚ (1) ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʷ 

00 =f
, (3) 

2

1 axh -=f . (4) 

 ʋʨʘʚʥʝʥʠʝ 1)( 1 =yV , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʶ ʫʟʣʦʚʦʡ ʪʦʯʢʠ 

ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʜʝʩʴ 1y  ʷʚʣʷʝʪʩʷ ʬʘʟʦʚʳʤ 

ʧʘʨʘʤʝʪʨʦʤ. 

ʋʨʘʚʥʝʥʠʷ ʠʩʢʦʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʘʤʧʣʠʪʫʜʳs, ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ 

ʢʦʣʝʙʘʥʠʡ 0s
 ʠ 1y  ʩʪʨʦʷʪʩʷ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ. 

ʊʘʢʘʷ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʩ ʫʧʨʫʛʠʤʠ ʠ 

ʧʦʨʠʩʪʳʤʠ ʠʟʜʝʣʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʞʝʩʪʢʦʩʪʠ. 

 ɺʳʨʘʟʠʤ ʧʘʨʘʤʝʪʨ ʞʝʩʪʢʦʩʪʠ ɢ
2
 ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʘ  

1
)(

1

12

1

2 +ö
÷

õ
æ
ç

å
-=

y

h
c

c
c

s
, (5) 

ʛʜʝ c1= 1 - 
2x
; p

yy
y 11

12

2sin5.0
)(

-
=c

; 



17 

 1y - ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʥʘʢʦʥʝʯʥʠʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ.  

 ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʦʜʘ ʚʠʙʨʘʮʠʦʥʥʦ-ʢʦʥʪʘʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʞʝʩʪʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʧʦʣʫʯʝʥʠʝ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʞʝʩʪʢʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ 0s
, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ɖ ʠ ɝ 

ʠʩʢʦʤʦʡ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ 
)( 0sc
. 

 ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʞʝʩʪʢʦʩʪʴ ɢ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʝʣʠʯʠʥ ɖ, 

ɝ, ɣ1, Ŭ0. ʉʨʝʜʠ ʥʠʭ ʧʘʨʘʤʝʪʨ Ŭ0 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʧʦʢʘʟʘʥʠʷʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʦʩʠʪ 

ʭʘʨʘʢʪʝʨ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʧʦʛʨʝʰʥʦʩʪʝʡ. ʇʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʛʨʝʰʥʦʩʪʴ ʝʩʪʴ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʡ ʠ 

ʠʩʪʠʥʥʳʤ (ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ) ʟʥʘʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ. 

 ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʚʪʦʨʷʝʤʳʭ ʦʧʳʪʦʚ ʘʧʦʩʪʝʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʚʠʜʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ. ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʚʪʦʨʷʝʤʳʝ ʦʧʳʪʳ 

ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʩʣʫʯʘʡʥʫʶ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ï 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ. ʌʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʠʧʘ ʉʂʆ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʘʚʠʣʘʤʠ ʘʥʘʣʠʟʘ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʨʘʚʠʣʘʤʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʚʪʦʨʷʝʤʳʭ ʠʟʤʝʨʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʠʧʘ ʉʂʆ ʚʳʙʠʨʘʶʪ ʦʮʝʥʢʫ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ.  

 ɿʜʝʩʴ ʧʘʨʘʤʝʪʨʳ ɖ, ɝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠ ʠʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʦʩʷʪ 

ʭʘʨʘʢʪʝʨ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʬʘʟʦʚʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ɣ1 ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ɢ ʧʦʣʫʯʘʝʪʩʷ ʧʦ ʧʨʘʚʠʣʫ ʧʦʣʫʯʝʥʠʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ [5].  

 ʄʦʜʝʣʴ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ sc ʧʨʠ ʥʝʟʘʚʠʩʠʤʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʧʝʨʝʤʝʥʥʳʭ ʠ ʬʫʥʢʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʤʝʝʪ ʚʠʜ 
2

0

22

0

... öö
÷

õ
ææ
ç

å

µ

µ
++öö

÷

õ
ææ
ç

å

µ

µ
+öö

÷

õ
ææ
ç

å

µ

µ
=

ahxc
a

c

h

c

x

c
ssss

. (6) 

ʋʨʘʚʥʝʥʠʝ (6) ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʮʝʥʢʠ 

ʞʝʩʪʢʦʩʪʠ c, ʷʚʣʷʶʱʝʡʩʷ ʧʘʨʘʤʝʪʨʦʤ ʯʠʩʣʝʥʥʦ ʨʝʰʘʝʤʦʡ ʥʝʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ. ʊʘʢ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ɖ, ɝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʪʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 
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ʪʦʯʥʦʩʪʠ ʠʭ ʫʩʪʘʥʦʚʢʠ ʥʦʩʷʪ ʭʘʨʘʢʪʝʨ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʬʘʟʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ɣ1 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʜʣʷ ʩʣʫʯʘʷ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦ ʛʨʘʜʫʠʨʦʚʘʥʥʦʡ ʰʢʘʣʝ ʩ ʫʯʝʪʦʤ ʢʣʘʩʩʘ 

ʪʦʯʥʦʩʪʠ ʧʨʠʙʦʨʘ. 
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ʄʘʩʪʘʣʠʝʚ ʈ.ʆ. 

ʀʥʩʪʠʪʫʪ ʉʠʩʪʝʤ ʋʧʨʘʚʣʝʥʠʷ ʅɸʅ ɸʟʝʨʙʘʡʜʞʘʥʘ, ɹʘʢʫ 

 

ʅɽʆɹʍʆɼʀʄʓɽ ʋʉʃʆɺʀʗ ʆʇʊʀʄɸʃʔʅʆʉʊʀ ɺ 

ʄʅʆɻʆʕʊɸʇʅʆʁ ɿɸɼɸʏɽ ʆʇʊʀʄɸʃʔʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʉ 

ʅɽɻʃɸɼʂʀʄ ʂʈʀʊɽʈʀɽʄ ʂɸʏɽʉʊɺɸ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ 

ʨʘʟʥʦʩʪʥʳʭ ʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ɺʦʣʴʪʝʨʨʘ ʩ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʬʫʥʢʮʠʦʥʘʣʘ ʢʘʯʝʩʪʚʘ (1).  

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʦ ʤʠʥʠʤʫʤʝ ʬʫʥʢʮʠʦʥʘʣʘ 

 Ὓόȟὺ ɮ ὼὸ ɮ ώὝ ȟρ  

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ 

ừ
Ử
Ử
Ừ

Ử
Ử
ứὼὸ ρ Ὢὸȟ†ȟὼ†ȟό† ȟὸɴ Ὕ ὸȟὸ ρȟȣȟὸ ρȟ 

ὼὸ ὼȟ

ώὸ Ὣὸȟ†ȟώ†ȟὺ† Ὠ†ȟὸɴ Ὕ ὸȟὝȟ

ώὸ Ὃὼὸ Ȣ

ς  

ɿʜʝʩʴ ὼὸȟώὸ ὲ ά  ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʬʘʟʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

Ὢὸȟ†ȟὼȟό Ὣὸȟ†ȟώȟὺ ʟʘʜʘʥʥʘʷ ὲά ʤʝʨʥʘʷ ʚʝʢʪʦʨ ʬʫʥʢʮʠʷ 

ʥʝʧʨʝʨʳʚʥʘʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʚʤʝʩʪʝ ʩ ʯʘʩʪʥʳʤʠ 



19 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦ ὼώȟὸȟὸȟὝȟὼ  ʟʘʜʘʥʳ, ʧʨʠʯʝʤ ʨʘʟʥʦʩʪʴ ὸ ὸ  

ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, Ὃὼ  ʟʘʜʘʥʥʘʷ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ 

ά ʤʝʨʥʘʷ ʚʝʢʪʦʨ ʬʫʥʢʮʠʷ, όὸὺὸ ὶή  ʤʝʨʥʘʷ ʚʝʢʪʦʨ - ʬʫʥʢʮʠʷ 

ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʟʘʜʘʥʥʦʛʦ ʥʝʧʫʩʪʦʛʦ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ὟṒὙ ὠṒὙ Ȣ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʷʝʪʩʷ ʧʘʨʦʡ όὸȟὺὸȢ 

ɮ ὼ ɮ ώ ʟʘʜʘʥʥʳʝ ʩʢʘʣʷʨʥʳʝ ʬʫʥʢʮʠʠ, ʠʤʝʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʦ ʣʶʙʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷ ʃʠʧʰʠʮʘ. 

ʇʨʠ ʩʜʝʣʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʧʦʣʫʯʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ.  

ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ ʥʘʣʠʯʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʪʠʧʘ ʥʝʨʘʚʝʥʩʪʚ ʠ ʠʟʫʯʝʥ ʩʣʫʯʘʡ ʟʘʜʘʯʠ ʤʠʥʠʤʘʢʩ.  
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ʍʀʄʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʄʘʣʴʮʝʚʘ ʀ.ɽ., 

ɸʩʧʠʨʘʥʪ ʣʘʙʦʨʘʪʦʨʠʠ ʥʦʚʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʀʌʍʕ 

ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʂʦʩʪʠʢʦʚʘ ɻ.ɺ. 

ʂ.ʭ.ʥ., ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʩʝʢʪʦʨʘ ʵʢʩʪʨʘʢʮʠʠ 

ʣʘʙʦʨʘʪʦʨʠʠ ʥʦʚʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʀʌʍʕ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ 

 

ʍʠʤʠʷ ʧʨʦʮʝʩʩʦʚ ʵʢʩʪʨʘʢʮʠʠ 

 

ʕʂʉʊʈɸʂʎʀʗ ʉʂɸʅɼʀʗ ʀ ʉʆʇʋʊʉʊɺʋʖʑʀʍ ʕʃɽʄɽʅʊʆɺ 

ʀɿʆɸʄʀʃɼʀɸʃʂʀʃʌʆʉʌʀʅʆʂʉʀɼʆʄ ʀɿ ʉɽʈʅʆʂʀʉʃʓʍ 

ʉʈɽɼ 

ʃʶʙʳʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʩʢʘʥʜʠʷ, ʦʙʳʯʥʦ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ. ʕʪʦ ʧʝʨʚʠʯʥʦʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ, ʧʦʣʫʯʝʥʠʝ ʙʝʜʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ, ʟʘʪʝʤ ʝʛʦ ʦʙʦʛʘʱʝʥʠʝ 

ʜʦ 80-90 % ʠ ʜʘʣʴʥʝʡʰʘʷ ʦʯʠʩʪʢʘ ʜʦ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ.  

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʢʘʥʜʠʷ, ʠʟ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʵʢʩʪʨʘʢʮʠʠ, 

ʪʘʢ ʢʘʢ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʧʨʦʩʪʦʪʫ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ, ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʝʠʤʫʱʝʩʪʚ. 

ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʩʳʨʴʷ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʠʩʪʦʯʥʠʢ 

ʩʢʘʥʜʠʷ, ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʣʠʟʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, ʧʦʣʫʯʘʝʤʘʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʛʤʝʥʪʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. ɺ ʥʝʡ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [1] 

ʩʦʜʝʨʞʠʪʩʷ ʦʢʦʣʦ 300 ʛ/ʣ H2SO4, 0,018 ʛ/ʣ Sc, ʘ ʪʘʢʞʝ Ti, V, Fe ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ Zr.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (D) ʩʢʘʥʜʠʷ ʧʨʠ 

ʵʢʩʪʨʘʢʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʘʤʠ ʵʢʩʪʨʘʛʝʥʪʦʚ ʠʟ ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ 

ʩ ʥʝʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ H2SO4 (2,5-3ʄ) ʦʯʝʥʴ ʥʠʟʢʠ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʵʢʩʪʨʘʛʝʥʪʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʷʚʣʷʝʪʩʷ ʜʠ-2-

ʵʪʠʣʛʝʢʩʠʣʦʨʪʦʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ (ɼ2ʕɻʌʂ), ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʢʘʥʜʠʶ. ʆʜʥʘʢʦ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʝʪ ʜʚʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʘ: ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʜʘʞʝ ʧʨʠ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʢʘʥʜʠʷ (ʥʘʯʠʥʘʷ ʩ 

~2ʛ/ʣ) ʠ ʦʯʝʥʴ ʟʘʪʨʫʜʥʝʥʥʳʡ ʧʨʦʮʝʩʩ ʨʝʵʢʩʪʨʘʢʮʠʠ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʪʚʝʨʜʳʡ NaF.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʢʘʥʜʠʷ ʪʘʢʞʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʦʩʬʠʥʦʢʩʠʜʳ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʥʝ ʩʝʣʝʢʪʠʚʥʳ (ʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʝʨʚʠʯʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʛʝʥʪʘ ʟʥʘʯʝʥʠʷ ʥʝ 
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ʠʤʝʝʪ); ʦʜʥʘʢʦ ʥʝ ʦʙʨʘʟʫʶʪ ʪʚʝʨʜʳʭ ʦʩʘʜʢʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʠ 

ʨʝʵʢʩʪʨʘʛʠʨʦʚʘʪʴ Sc ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʱʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʦʘʤʠʣʜʠʘʣʢʠʣʬʦʩʬʠʥʦʢʩʠʜʘ (ʬʦʩʬʠʥʦʢʩʠʜʘ 

ʨʘʟʥʦʨʘʜʠʢʘʣʴʥʦʛʦ (ʌʆʈ)) ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ Sc ʠʟ ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ.  

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʌʆʈ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ D Sc ʠ 

ʧʨʠʤʝʩʝʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʢʩʪʨʘʛʝʥʪʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ (ʨʠʩ. 1). 

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (D) Sc, Zr, 

Ti, V(IV+V) ʠ H2SO4 ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʌʆʈ ʚ ʜʦʜʝʢʘʥʝ ʩ ʜʦʙʘʚʢʦʡ 10 % 

ʠʟʦʘʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʠʟ 3ʄ H2SO4 . [Sc]ʠʩʭ. ~ 2,5 ʛ/ʣ, 

[Zr]ʠʩʭ.~5 ʛ/ʣ, [Ti]ʠʩʭ.~5 ʛ/ʣ, [V]ʠʩʭ. ~ 5 ʛ/ʣ.  

ʈʘʩʪʚʦʨʳ ʌʆʈ ʩʦʜʝʨʞʘʣʠ 10 % ʠʟʦʘʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʪʨʝʪʴʝʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʳ. ʕʢʩʪʨʘʢʮʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 3ʄ H2SO4, ʯʪʦ ʙʣʠʟʢʦ ʧʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢ ʛʠʜʨʦʣʠʟʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ.  

ʉʢʘʥʜʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʌʆʈ ʙʦʣʝʝ 25%, ʦʩʥʦʚʥʳʤʠ ʩʦʵʢʩʪʨʘʛʠʨʫʶʱʠʤʠʩʷ 

ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʮʠʨʢʦʥʠʡ ʠ ʪʠʪʘʥ. ʊʨʝʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ ʠ ʚʘʥʘʜʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʦʩʪʘʥʫʪʩʷ ʚ ʨʘʬʠʥʘʪʝ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʵʢʩʪʨʘʢʮʠʠ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ ʥʝʡʪʨʘʣʴʥʳʤʠ 

ʬʦʩʬʦʨʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ʄ
m+

 + mAn
-
 + n S(o) D MAnmÖ nS(o) (1), 

ʛʜʝ S ï ʵʢʩʪʨʘʛʝʥʪ, m ï ʯʠʩʣʦ ʘʥʠʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʳʡ 

ʢʦʤʧʣʝʢʩ ʠ n ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʵʢʩʪʨʘʛʝʥʪʘ, ʚʭʦʜʷʱʠʭ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʳʡ 
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ʢʦʤʧʣʝʢʩ. ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʥʩʪʘʥʪʳ ʵʢʩʪʨʘʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ 

ʚʠʜʝ: 

,
][

][

)(

)(

ʚ

m

om

M

nSMAn
D

+

Ö
=  (2) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʣʣʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʚʦʜʥʦʡ ʬʘʟʘʭ ʵʪʦ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ,  

 

n

oʚ
m SAn

D
K

)()( ][][ Ö
=

-

ʪʦ ʫʨʘʚʥʝʥʠʝ (2) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ:  

n
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m

ʚ

m

om

SAnM

nSʄAn
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ÖÖ
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=

-+
 (3)  

ʠ ʧʦʩʣʝ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (3) ʧʦʣʫʯʘʝʤ: 

 lg D=lg K + mĀlg [An
-
](ʚ) + nÖlg [S](o) (4) 

ʇʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʠʦʥʘ ʚ ʚʦʜʥʦʡ ʬʘʟʝ (lg[An
-
](ʚ)=const) 

ʚʳʨʘʞʝʥʠʝ (4) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ lgD ï 

lgS, ʛʜʝ n ï ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʵʢʩʪʨʘʛʝʥʪʘ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʦʤ ʢʦʤʧʣʝʢʩʝ - ʝʩʪʴ 

ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʵʪʦʡ ʧʨʷʤʦʡ. 

ʇʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʢʩʪʨʘʛʝʥʪʘ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ 

(lg[S](o)=const, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʠʢʘʪʦʨʥʳʭ ʠʣʠ ʤʘʣʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ) ʚʳʨʘʞʝʥʠʝ (4) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʨʘʚʥʝʥʠʝ ʧʨʷʤʦʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ lgD ï lg[An
-
], ʛʜʝ m ï ʯʠʩʣʦ ʘʥʠʦʥʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʳʡ ʢʦʤʧʣʝʢʩ - ʝʩʪʴ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʵʪʦʡ 

ʧʨʷʤʦʡ. 
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ʈʠʩ. 2. ʅʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (D) Zr, Fe, Ti, V ʠ H2SO4 ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʌʆʈ ʚ ʜʦʜʝʢʘʥʝ ʩ 

ʜʦʙʘʚʢʦʡ 10 % ʠʟʦʘʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ) ʧʨʠ 

ʵʢʩʪʨʘʢʮʠʠ ʠʟ 3ʄ H2SO4.  



23 

[Sc]ʠʩʭ~2,5 ʛ/ʣ, [Zr]ʠʩʭ.~5 ʛ/ʣ, [Ti]ʠʩʭ.~5 ʛ/ʣ, [V]ʠʩʭ. ~ 5 ʛ/ʣ. 

ʇʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʨʠʩ.2), ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʳʭ ʜʣʷ 

ʚʘʥʘʜʠʷ ʠ H2SO4 ʙʣʠʟʦʢ ʢ 1,3, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ 

ʚʭʦʞʜʝʥʠʠ 1 ʤʦʣʝʢʫʣʳ ʌʆʈ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʳʡ ʢʦʤʧʣʝʢʩ. ʕʢʩʪʨʘʛʠʨʫʝʤʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʜʣʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ï H2SO4Öʌʆʈ [2], ʜʣʷ ʚʘʥʘʜʠʷ ʜʘʥʥʳʝ ʦʙ 

ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʚ ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘʤʠ ʥʝ ʥʘʡʜʝʥʳ, 

ʜʣʷ ʩʦʣʷʥʦʢʠʩʣʳʭ - ʵʪʦ ʩʦʣʴʚʘʪʳ HClÖVO2ClÖ1·2S ʠʣʠ VOCl3Ö2S ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʥʦʡ 

ʬʘʟʝ. ʇʦ ʘʥʘʣʦʛʠʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ 

ʵʢʩʪʨʘʛʠʨʫʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʣʦʚʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ 

V2O2(SO4)3Ö1·2S. ɼʣʷ Sc ʠ Ti ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʳʭ ʙʣʠʟʦʢ ʢ 1,7, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʭʦʞʜʝʥʠʠ 2 ʤʦʣʝʢʫʣ ʌʆʈ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʦʝ 

ʩʦʝʜʠʥʝʥʠʝ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [2], ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʳʤ ʠʟ ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʩʢʘʥʜʠʡ ʵʢʩʪʨʘʛʠʨʫʝʪʩʷ ʚ ʚʠʜʝ 

[H
+
ÖhH2OÖ2S]Sc(SO4)

-
, ʘ ʪʠʪʘʥ ï ʚ ʚʠʜʝ TiOSO4Ö2S. ɺ ʩʣʫʯʘʝ ʮʠʨʢʦʥʠʷ 

ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʙʣʠʟʦʢ ʢ 2,2, ʯʪʦ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʵʢʩʪʨʘʛʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ZrOSO4Ŀ2ʌʆʈ.  

ɼʘʣʝʝ ʜʣʷ 25% ʌʆʈ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪ 

ʠʩʭʦʜʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ  

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʥʦʡ ʬʘʟʝ (ʨʠʩ. 3).  

 
ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (D) Zr, Fe, 

Ti, V ʠ H2SO4 ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʚʦʜʥʦʡ 

ʬʘʟʝ.  

ʕʢʩʪʨʘʛʝʥʪ ï 25% (0,64 M) ʌʆʈ ʚ ʫʥʜʝʢʘʥʝ ʩ ʜʦʙʘʚʢʦʡ 10 % 

ʠʟʦʘʤʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. [Me
n+

]ʠʩʭ ~5 ʛ/ʣ. 

ɺʦ ʚʩʝʤ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ H2SO4 Fe ʠ V 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ; Zr, ʥʘʧʨʦʪʠʚ, ʜʘʞʝ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʢʠʩʣʦʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ 
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ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ. ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Sc ʠ Ti 

ʦʯʝʥʴ ʙʣʠʟʢʠ ʠ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ H2SO4. ʅʠʟʢʠʝ 

ʚʝʣʠʯʠʥʳ DSc ʠ DTi ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʵʢʩʪʨʘʢʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ H2O ʠʣʠ 

ʨʘʟʙʘʚʣʝʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ H2SO4.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʌʆʈ ʚ ʧʨʦʮʝʩʩʘʭ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ Sc ʠʟ 

ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʠʥʦʢʩʠʜʘ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʬʘʟʝ ʥʝ ʤʝʥʝʝ 25%. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʝ ʩʦ Sc ʙʫʜʝʪ 

ʵʢʩʪʨʘʛʠʨʦʚʘʪʴʩʷ Ti, ʘ Fe ʠ V ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʩʪʘʥʫʪʩʷ ʚ 

ʨʘʬʠʥʘʪʝ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʨʰʫʥʦʚ ɹ.ɻ., ʈʝʟʥʠʢ ɸ.ʄ., ʉʝʤʝʥʦʚ ʉ.ɸ. ʉʢʘʥʜʠʡ /ɹ.ɻ.ʂʦʨʰʫʥʦʚ 

- ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1987.-184 ʩ. 

2. ʅʠʢʦʣʦʪʦʚʘ ɿ.ʀ., ʂʘʨʪʘʰʦʚʘ ʅ.ɸ. ʕʢʩʪʨʘʢʮʠʷ ʥʝʡʪʨʘʣʴʥʳʤʠ 

ʵʢʩʪʨʘʛʝʥʪʘʤʠ. ʊʦʤ 1/ ʇʦʜ ʨʝʜ. ɸ.ʄ. ʈʦʟʝʥʘ.- ʄ.: ɸʪʦʤʠʟʜʘʪ, 1976.- 600 ʩ. 
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ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʄʦʩʢʦʚʢʠʥ ʃ.ʀ. 

ʛʘʟʝʪʘ çʄʦʩʢʦʚʩʢʘʷ ʧʨʘʚʜʘè 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ 

 ʛʝʥʝʪʠʢʠ ʠ ʩʝʣʝʢʮʠʠ ɹʠʦʬʘʢʘ ʄɻʋ 

 

ʉʈɸɺʅɽʅʀɽ ɽʉʊɽʉʊɺɽʅʅʆɻʆ ʄʋʊɸʎʀʆʅʅʆɻʆ ʇʈʆʎɽʉʉɸ ɺ 

ɺʆɿɼʋʐʅʆ-ʉʋʍʀʍ ʉɽʄɽʅɸʍ ɼɺʋʍ ɺʀɼʆɺ-ɻʆʄɽʆʃʆɻʆɺ ï 

ɺʀʂʀ ʇʆʉɽɺʅʆʁ VICIA SATIVA ʀ ɹʆɹʆɺ ʆɹʓʂʅʆɺɽʅʅʓʍ 

FABA VULGARIS  

ɺʧʝʨʚʳʝ ʬʘʢʪ ʥʘʢʦʧʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʩʝʤʝʥʘʭ ʙʳʣ ʟʘʤʝʯʝʥ ɼʝ-

ʌʨʠʟʦʤ ʚ 1901 ʛʦʜʫ (De Vries H. Die Mutatious Theorie. Bd. 1. 1901). 

ʀʤʝʶʱʠʤʩʷ ʟʥʘʥʠʷʤ ʦ ʝʩʪʝʩʪʚʝʥʥʦʤ ʤʫʪʘʮʠʦʥʥʦʤ ʧʨʦʮʝʩʩʝ ʚ ʩʝʤʝʥʘʭ ʠ 

ʝʛʦ ʧʨʠʯʠʥʘʭ ʤʳ ʦʙʷʟʘʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʰʢʦʣʳ 

ʄ.ʉ.ʅʘʚʘʰʠʥʘ. 

ɻʠʙʝʣʴ ʦʪʜʝʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʚʩʝʛʦ ʟʘʨʦʜʳʰʘ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ 

ʥʘʢʦʧʣʝʥʠʷ ʤʫʪʘʮʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ. ʋ ʦʜʥʠʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ ʛʠʙʝʣʴ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʠʟʢʠʭ ʫʨʦʚʥʷʭ ʤʫʪʠʨʦʚʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʫ 

ʜʨʫʛʠʭ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ ʧʦʚʨʝʞʜʝʥʠʷ ʩʝʤʷ ʥʝ ʪʝʨʷʝʪ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʨʘʩʪʘʪʴ. ʄʳ ʧʨʝʜʧʦʣʦʞʠʣʠ ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʩ 

ʵʚʦʣʶʮʠʦʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚʠʜʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʠʜʘ ʠ ʩʪʝʧʝʥʴʶ ʝʛʦ ʘʣʣʦʛʝʥʝʪʠʯʝʩʢʦʡ 

ʧʨʦʜʚʠʥʫʪʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʢʦʷʱʠʝʩʷ ʚʦʟʜʫʰʥʦ-ʩʫʭʠʝ 

ʩʝʤʝʥʘ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ 

ʜʝʡʩʪʚʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ. ɺ 

ʦʙʳʯʥʳʭ ʤʝʪʘʙʦʣʠʨʫʶʱʠʭ ʪʢʘʥʷʭ ʢʘʢ ʧʨʘʚʠʣʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ 

ʥʘʙʣʶʜʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʵʬʬʝʢʪʘ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ. 

ɺʚʝʜʝʥ ʩʧʝʮʠʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʦʪʨʘʞʘʶʱʠʡ ʩʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʩʝʤʝʥʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʦʪʙʦʨʘ ʚ 

ʧʨʦʨʦʩʪʢʝ ï ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ (ʫʨʦʚʝʥʴ ʥʘʢʦʧʣʝʥʥʳʭ ʚ 

ʩʝʤʝʥʠ ʘʙʝʨʨʘʮʠʡ ʟʘ ʪʘʢʦʡ ʩʨʦʢ ʭʨʘʥʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʥʝ ʧʨʦʨʘʩʪʘʶʱʠʭ ʩʝʤʷʥ ʥʘ ʦʜʠʥ ʧʨʦʮʝʥʪ). 

ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʳʭ ʦʪʣʠʯʠʷʭ ʚ ʫʨʦʚʥʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʫʪʠʨʦʚʘʥʠʷ ʫ ʜʚʫʭ ʚʠʜʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʪʝʧʝʥʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʵʚʦʣʶʮʠʠ ʛʨʫʧʧʳ ʦʨʛʘʥʠʟʤʦʚ: ʘʨʦʛʝʥʝʟ ï 

ʧʝʨʝʭʦʜ ʚ ʠʥʫʶ ʘʜʘʧʪʠʚʥʫʶ ʟʦʥʫ ʙʣʘʛʦʜʘʨʷ ʧʨʠʦʙʨʝʪʝʥʠʶ ʦʙʱʠʭ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ (ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ), ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʡʪʠ ʟʘ 

ʛʨʘʥʠʮʳ ʧʨʝʞʥʝʡ ʘʜʘʧʪʠʚʥʦʡ ʟʦʥʳ; ʘʣʣʦʛʝʥʝʟ ï ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʥʦʛʠʭ 

ʙʣʠʟʢʠʭ ʬʦʨʤ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʘʜʘʧʪʘʮʠʷʤʠ ʦʜʥʦʛʦ ʤʘʩʰʪʘʙʘ 
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(ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʢʦʥʢʨʝʪʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʙʝʟ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʠ. ʏʘʩʪʦʪʘ ʚʥʦʚʴ ʚʦʟʥʠʢʘʶʱʠʭ ʤʫʪʘʮʠʡ ʫ ʩʘʤʳʭ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʪʝʤʧʳ ʵʚʦʣʶʮʠʠ ʠʟʤʝʥʷʶʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʦʪ ʦʯʝʥʴ ʚʳʩʦʢʠʭ 

ʜʦ ʧʦʯʪʠ ʧʦʣʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʅ.ɺ.ʊʠʤʦʬʝʝʚ-ʈʝʩʦʚʩʢʠʡ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʦʚʳʰʝʥʠʠ ʤʫʪʘʙʠʣʴʥʦʩʪʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘʭ 

ʵʚʦʣʶʮʠʠ (ʥʘʧʨʠʤʝʨ, ʘʨʦʛʝʥʝʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ) ʥʝʦʙʦʩʥʦʚʘʥʥʳ (ʊʠʤʦʬʝʝʚ-

ʈʝʩʦʚʩʢʠʡ ʅ.ɺ., ɺʦʨʦʥʮʦʚ ʅ.ʅ., ʗʙʣʦʢʦʚ ɸ.ɺ. ʂʨʘʪʢʠʡ ʦʯʝʨʢ ʪʝʦʨʠʠ 

ʵʚʦʣʶʮʠʠ. ʄ.: çʅʘʫʢʘè, 1969). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʘʨʦʛʝʥʝʟʘ ʥʝʦʙʭʦʜʠʤ ʟʘʧʘʩ 

ʠʟʤʝʥʯʠʚʦʩʪʠ, ʥʘʢʦʧʣʝʥʥʦʡ ʟʘʨʘʥʝʝ. ʉ.ʄ.ɻʝʨʰʝʥʟʦʥ ʥʘʟʚʘʣ ʝʛʦ 

çʤʦʙʠʣʠʟʘʮʠʦʥʥʳʡ ʨʝʟʝʨʚ ʚʠʜʘè. 

ʂʘʞʜʦʤʫ ʵʚʦʣʶʮʠʦʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚʠʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʯʠʩʣʦ ʭʨʦʤʦʩʦʤ; 

ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ ʥʘ ʭʨʦʤʦʩʦʤʥʳʡ ʥʘʙʦʨ; ʫʨʦʚʝʥʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉ ʧʦʟʠʮʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʯʠʩʣʘ ʛʨʫʧʧ ʩʮʝʧʣʝʥʠʷ ʵʚʦʣʶʮʠʦʥʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʚʠʜʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʧʦʯʝʤʫ ʫ ʪʘʢʠʭ ʚʠʜʦʚ, ʢʘʢ ʙʦʙʳ ʠ ʚʠʢʘ, 

ʢʘʨʠʦʣʦʛʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ, ʯʠʩʣʦ ʭʨʦʤʦʩʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ, 

ʧʨʠʯʝʤ ʥʝ ʧʦʪʦʤʫ, ʯʪʦ ʦʥʦ ʦʜʠʥʘʢʦʚʦ ʠʩʭʦʜʥʦ. ʇʝʨʝʩʪʨʦʡʢʠ ʢʘʨʠʦʪʠʧʘ ʚ 

ʬʠʣʦʛʝʥʝʟʝ ʤʝʞʜʫ ʵʪʠʤʠ ʚʠʜʘʤʠ ʧʨʦʠʩʭʦʜʠʣʠ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʛʣʦ ʙʳ 

ʫʩʪʘʥʦʚʠʪʴʩʷ ʜʨʫʛʦʝ ʯʠʩʣʦ ʭʨʦʤʦʩʦʤ. ʅʦ, ʪ.ʢ. ʧʘʨʘʤʝʪʨʳ ʵʚʦʣʶʮʠʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʫ ʙʦʙʦʚ ʠ ʚʠʢʠ ʙʣʠʟʢʠ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʨʦʜʩʪʚʝʥʥʦʩʪʠ, ʠʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʠʥʘʢʦʚʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʭʨʦʤʦʩʦʤ ï 12. 

ʏʠʩʣʦ ʭʨʦʤʦʩʦʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʠʟʤʝʨʝʥʠʶ. ʉ 

ʫʨʦʚʥʝʤ ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʣʦʞʥʝʝ. ʋʨʦʚʝʥʴ ʩʧʦʥʪʘʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ 

ʭʨʦʤʦʩʦʤ ʧʦʜʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʠʟʤʝʨʝʥʠʶ ʠ ʧʨʠʛʦʜʝʥ ʜʣʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʜʭʦʜʷʱʠʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʶʪʩʷ ʧʦʢʦʷʱʠʝʩʷ ʩʝʤʝʥʘ ʚʳʩʰʠʭ 

ʨʘʩʪʝʥʠʡ. ɿʘʨʦʜʳʰ ʚ ʩʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʘʥʘʙʠʦʟʘ ʠ ʜʝʡʩʪʚʠʝ 

ʦʪʙʦʨʘ ʩʚʝʜʝʥʦ ʢ ʤʠʥʠʤʫʤʫ. ɽʩʪʝʩʪʚʝʥʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʧʦʚʨʝʞʜʝʥʠʡ 

ʥʠʯʝʛʦ ʥʝ ʤʝʰʘʝʪ. ʕʪʦʪ ʧʨʦʮʝʩʩ, ʥʝ ʩʚʷʟʘʥʥʳʡ ʩ ʢʘʢʠʤʠ-ʣʠʙʦ ʚʥʝʰʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʥʘʧʨʠʤʝʨ, ʢʦʩʤʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʥʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʩʢʦʨʦʩʪʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʤʫʪʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʧʦʢʦʷʱʠʭʩʷ ʩʝʤʝʥʘʭ. 

ɼʝʡʩʪʚʠʝ ʦʪʙʦʨʘ ʩʜʚʠʥʫʪʦ ʜʦ ʤʦʤʝʥʪʘ ʧʨʦʨʘʱʠʚʘʥʠʷ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʧʨʠʣʦʞʝʥʠʷ ʜʝʡʩʪʚʠʷ ʦʪʙʦʨʘ ʷʚʣʷʶʪʩʷ 

ʧʦʚʨʝʞʜʝʥʥʳʝ ʢʣʝʪʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʟʘʠʯʥʦʩʪʴ ʚʳʩʦʢʘʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʨʦʨʘʱʠʚʘʥʠʷ, ʚ ʦʥʪʦʛʝʥʝʟʝ ʫʤʝʥʴʰʘʝʪʩʷ. ʂʣʦʥʳ 

ʤʫʪʘʥʪʥʳʭ ʢʣʝʪʦʢ ʚʳʪʝʩʥʷʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤʠ. ʆʪʙʦʨ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʠ ʢ ʛʠʙʝʣʠ ʚʩʝʛʦ ʟʘʨʦʜʳʰʘ. ɻʠʙʝʣʴ ʟʘʨʦʜʳʰʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʬʘʢʪ ʥʝʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʝʥʠ. 



27 

ʊ.ʦ. ʫʨʦʚʝʥʴ ʤʫʪʠʨʦʚʘʥʠʷ ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʥʘ ʚʳʞʠʚʰʠʭ ʩʝʤʝʥʘʭ, ʘ 

ʜʘʚʣʝʥʠʝ ʦʪʙʦʨʘ ï ʥʘ ʧʦʛʠʙʰʠʭ. ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʧʨʠʨʦʜʘ ʜʝʡʩʪʚʠʷ ʦʪʙʦʨʘ 

ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʨʘʚʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʪʘʢ. ʇʨʠ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʙʦʨʘ ʵʪʦ ʥʝ ʧʨʘʚʦʤʝʨʥʦ, ʪ.ʢ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʚʨʝʞʜʝʥʥʳʝ 

ʢʣʝʪʢʠ ʛʠʙʥʫʪ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠ ʩʨʝʜʠ ʚʳʞʠʚʰʠʭ ʩʝʤʷʥ ʫʨʦʚʝʥʴ 

ʤʫʪʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʥʠʞʝ, ʯʝʤ ʩʨʝʜʠ ʧʦʛʠʙʰʠʭ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʫʨʦʚʥʷ ʤʫʪʠʨʦʚʘʥʠʷ ʜʦʣʝ ʧʦʛʠʙʰʠʭ ʩʝʤʷʥ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʬʘʢʪʘʤʠ ʥʘʢʦʧʣʝʥʠʷ ʘʙʝʨʨʘʮʠʡ ʠ ʧʘʜʝʥʠʷ 

ʚʩʭʦʞʝʩʪʠ ʧʦ ʤʝʨʝ ʭʨʘʥʝʥʠʷ ʫ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ. ʇʘʜʝʥʠʝ ʚʩʭʦʞʝʩʪʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʤʫʪʠʨʦʚʘʥʠʷ. 

ʋ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʦʜʠʥʘʢʦʚʘʷ ʩʪʝʧʝʥʴ ʧʘʜʝʥʠʷ ʚʩʭʦʞʝʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʣʠʯʥʦʤʫ ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ ʘʙʝʨʨʘʮʠʡ. ʅʘʧʨʠʤʝʨ, ʫ 

ʧʰʝʥʠʮʳ ʟʥʘʯʠʪʝʣʴʥʘʷ ʛʠʙʝʣʴ ʩʝʤʷʥ ʥʘʩʪʫʧʘʝʪ ʧʨʠ 60% ʢʣʝʪʦʢ ʩ 

ʘʙʝʨʨʘʮʠʷʤʠ, ʫ ʨʞʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʘʷ ʧʦʪʝʨʷ ʚʩʭʦʞʝʩʪʠ ʥʘʩʪʫʧʘʝʪ ʫʞʝ 

ʧʨʠ 5%. ʉʦʦʪʥʦʰʝʥʠʝ ʫʨʦʚʥʷ ʤʫʪʠʨʦʚʘʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʦʪʙʦʨʘ ʷʚʣʷʝʪʩʷ 

ʚʠʜʦʚʳʤ ʧʨʠʟʥʘʢʦʤ. 

ʋʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʙʦʨʘ ʧʨʠ ʘʣʣʦʛʝʥʝʟʝ ʚʧʦʣʥʝ 

ʝʩʪʝʩʪʚʝʥʥʦ. ʕʪʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʨʘʟ ʪʦʪ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ 

çʚʳʢʣʶʯʘʝʪè ʟʘʨʦʜʳʰ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʫʨʦʚʥʝ ʧʦʚʨʝʞʜʝʥʠʷ ʫ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ. 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʚʦʣʶʮʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʤʧ 

ʤʫʪʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʜʝʡʩʪʚʠʷ ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʜʘʚʣʝʥʠʷ ʦʪʙʦʨʘ. 

ʄʳ ʚʚʝʣʠ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʦʦʪʥʦʰʝʥʠʝ ʜʝʡʩʪʚʠʷ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ ï ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ, ʢʘʢ ʯʠʩʣʦ ʥʘʢʦʧʣʝʥʥʳʭ 

ʘʙʝʨʨʘʮʠʡ (ʥʘ ʩʪʦ ʧʨʦʩʤʦʪʨʝʥʥʳʭ ʢʣʝʪʦʢ ʩ ʘʥʘʬʘʟʘʤʠ) ʟʘ ʪʦʪ ʩʨʦʢ 

ʭʨʘʥʝʥʠʷ ʩʝʤʷʥ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʧʦʛʠʙʰʠʭ 

ʩʝʤʷʥ ʥʘ ʦʜʠʥ ʧʨʦʮʝʥʪ (ʪʦʯʥʝʝ, ʧʘʜʝʥʠʝ ʚʩʭʦʞʝʩʪʠ ʥʘ 1%). ɺʝʣʠʯʠʥʘ 

ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʦʪʨʘʞʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʪʙʦʨʘ ʧʨʦʪʠʚ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʩʝʤʝʥʠ (ʪ.ʝ. ʦʙʨʘʪʥʘʷ ʚʝʣʠʯʠʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʙʦʨʘ) ʠ ʷʚʣʷʝʪʩʷ ʚʠʜʦʚʳʤ ʧʨʠʟʥʘʢʦʤ). 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʧʨʝʜʝʣʠʪʴ, ʩʫʱʝʩʪʚʫʶʪ ʣʠ 

ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʝ ʤʫʪʠʨʦʚʘʥʠʷ ʠ ʫʨʦʚʥʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ ʫ 

ʚʠʜʦʚ-ʛʦʤʝʦʣʦʛʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʵʚʦʣʶʮʠʦʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ï ʙʦʙʳ 

ʦʙʳʢʥʦʚʝʥʥʳʝ Vicia faba ʠ ʚʠʢʘ ʧʦʩʝʚʥʘʷ Vicia sativa.  

ʀʩʧʦʣʴʟʦʚʘʣʠ ʚʦʟʜʫʰʥʦ-ʩʫʭʠʝ ʩʝʤʝʥʘ ʦʙʦʠʭ ʚʠʜʦʚ ʜʚʫʭ ʩʨʦʢʦʚ 

ʭʨʘʥʝʥʠʷ 3,5 ʠ 0,5 ʛʦʜʘ. ʉʝʤʝʥʘ ʢʘʞʜʦʛʦ ʚʠʜʘ ʠ ʩʨʦʢʘ ʫʨʦʞʘʷ ʙʳʣʠ 

ʨʘʩʩʦʨʪʠʨʦʚʘʥʳ ʧʦ ʩʪʝʧʝʥʠ ʚʳʧʦʣʥʝʥʥʦʩʪʠ ʥʘ ʪʨʠ ʬʨʘʢʮʠʠ: ʢʨʫʧʥʳʝ, 

ʩʨʝʜʥʠʝ ʠ ʤʝʣʢʠʝ. ɼʣʷ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʢʨʦʤʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʫʧʥʳʝ ʩʝʤʝʥʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʩʧʦʥʪʘʥʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʠ ʧʫʪʝʤ 

ʫʯʝʪʘ ʧʝʨʝʩʪʨʦʝʢ ʭʨʦʤʦʩʦʤ ʚ ʢʦʨʥʝʚʦʡ ʤʝʨʠʩʪʝʤʝ ʟʘʨʦʜʳʰʘ ʧʨʠ 

ʧʨʦʨʘʱʠʚʘʥʠʠ. 
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ʇʨʦʨʘʱʠʚʘʥʠʝ ʩʝʤʷʥ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʨʠ 25ÜC ʚ ʯʘʰʢʘʭ 

ʇʝʪʨʠ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʝ. ʉʝʤʝʥʘ ʙʦʙʦʚ ʩ ʘʙʩʦʣʶʪʥʳʤ ʚʝʩʦʤ 

497õ510 ʛʨʘʤʤ ʨʘʟʤʝʱʘʣʠ ʧʦ 20 ʩʝʤʷʥ ʥʘ ʯʘʰʢʫ, ʩʝʤʝʥʘ ʚʠʢʠ ʩ 

ʘʙʩʦʣʶʪʥʳʤ ʚʝʩʦʤ 51õ56 ʛʨʘʤʤ ï ʧʦ 50. 

ʋʨʦʚʝʥʴ ʤʫʪʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʦʛʦ ʤʠʪʦʟʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʥʘʩʪʫʧʣʝʥʠʷ ʧʝʨʚʦʛʦ ʤʠʪʦʟʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʥʝ 

ʧʝʨʚʠʯʥʦʛʦ ʢʦʨʝʰʢʘ ʦʪ ʧʦʜʩʝʤʷʜʦʣʴʥʦʛʦ ʢʦʣʝʥʘ 3õ6 ʤʠʣʣʠʤʝʪʨʘ ʜʣʷ ʚʠʢʠ 

ʠ 6õ10 ʤʠʣʣʠʤʝʪʨʦʚ ʜʣʷ ʙʦʙʦʚ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʦʪʙʦʨʫ ʢʦʨʝʰʢʦʚ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʠʥʳ ʜʣʷ ʬʠʢʩʘʮʠʠ 

ʦʧʨʝʜʝʣʷʣʠ ʜʠʥʘʤʠʢʫ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʩ 20 ʜʦ 30 ʯʘʩʦʚ ʩ ʥʘʯʘʣʘ 

ʧʨʦʨʘʱʠʚʘʥʠʷ. ʏʝʨʝʟ 300 ʯʘʩʦʚ ʩ ʥʘʯʘʣʘ ʟʘʤʘʯʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ 

ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʠ ʯʠʩʣʦ (ʧʨʦʮʝʥʪ) ʧʦʛʠʙʰʠʭ ʩʝʤʷʥ. ʇʦʛʠʙʰʠʤʠ ʩʯʠʪʘʣʠ 

ʥʝʥʘʙʫʭʰʠʝ ʠ ʟʘʛʥʠʚʰʠʝ ʩʝʤʝʥʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʘʙʝʨʨʘʮʠʡ ʧʨʠʛʦʪʦʚʣʷʣʠ ʚʨʝʤʝʥʥʳʝ 

ʜʘʚʣʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠʟ ʢʦʨʝʰʢʦʚ, ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʩʤʝʩʴʶ ʪʨʝʭ ʯʘʩʪʝʡ 

ʵʪʘʥʦʣʘ ʠ ʦʜʥʦʡ ʯʘʩʪʠ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʆʢʨʘʰʠʚʘʣʠ 

ʘʮʝʪʦʢʘʨʤʠʥʦʤ ʠʣʠ ʘʮʝʪʦʦʨʩʝʠʥʦʤ. 

ʆʪ ʤʝʪʘʬʘʟʥʦʛʦ ʤʝʪʦʜʘ ʫʯʝʪʘ ʘʙʝʨʨʘʮʠʡ ʧʨʠʰʣʦʩʴ ʦʪʢʘʟʘʪʴʩʷ. 

ʇʨʠʤʝʥʷʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʨʦʨʘʩʪʘʶʱʠʭ ʩʝʤʷʥ (ʢʦʣʭʠʮʠʥ, 

ʧʘʨʘʜʠʭʣʦʨʙʝʥʟʦʣ, 8-ʦʢʩʠʭʠʥʦʣʠʥ, ʠʭ ʢʦʤʙʠʥʘʮʠʠ ʠʣʠ ʧʨʦʨʘʱʠʚʘʥʠʝ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ) ʤʳ ʥʝ ʧʦʣʫʯʠʣʠ ʭʦʨʦʰʝʛʦ ʢʘʨʠʦʪʠʧʘ. ʍʨʦʤʦʩʦʤʳ 

ʥʠʢʦʛʜʘ ʥʝ ʣʝʞʘʣʠ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʮʝʥʪʨʦʤʝʨʳ ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ. ɼʣʷ 

ʥʘʰʠʭ ʮʝʣʝʡ ʥʝʧʨʠʤʝʥʠʤʘ ʦʙʨʘʙʦʪʢʘ ʮʠʪʘʟʦʡ. 

ʇʨʠʤʝʥʠʣʠ ʘʥʘʬʘʟʥʳʡ ʤʝʪʦʜ. ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʝʥʠʝ ʯʝʪʢʦʛʦ ʢʘʨʠʦʪʠʧʘ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʭʨʦʤʦʩʦʤ, ʦʥ ʜʘʝʪ ʙʦʣʝʝ 

ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʞʝʩʪʢʠʝ ʬʦʨʤʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ 

ʫʥʠʬʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʩʝʤʷʥ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ.  

ʉʝʤʝʥʘ ʙʦʙʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʪʝʨʷʣʠ ʚʩʭʦʞʝʩʪʴ ʟʘ ʪʨʠ ʛʦʜʘ 

ʭʨʘʥʝʥʠʷ. ʉʥʠʞʝʥʠʝ ʚʩʭʦʞʝʩʪʠ ʫ ʙʦʙʦʚ ʟʘ ʪʨʠ ʛʦʜʘ ʥʘ 2,5%, ʥʝʜʦʩʪʦʚʝʨʥʦ. 

ʀʟʤʝʥʝʥʠʝ ʚʩʭʦʞʝʩʪʠ ʫ ʚʠʢʠ ʚʧʦʣʥʝ ʟʘʤʝʪʥʦʝ. ɿʘ ʪʨʠ ʛʦʜʘ ʭʨʘʥʝʥʠʷ 

ʚʩʭʦʞʝʩʪʴ ʫʧʘʣʘ ʥʘ 14,6% ʩ 96,4% ʜʦ 85,4%.  

ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʤʫʪʠʨʦʚʘʥʠʷ ʧʦ ʯʠʩʣʫ ʘʙʝʨʨʘʮʠʡ ʥʘ ʩʪʦ ʢʣʝʪʦʢ ʚʦ 

ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ ʫ ʦʙʦʠʭ ʚʠʜʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʋ ʙʦʙʦʚ ʫʚʝʣʠʯʝʥʠʝ ʩ 3,18 

ʜʦ 13,1, ʫ ʚʠʢʠ ï ʩ 1,41 ʜʦ 3.31. ʪ.ʝ. ʟʘ ʪʨʠ ʛʦʜʘ ʭʨʘʥʝʥʠʷ ʫ ʙʦʙʦʚ ʠʤʝʝʪ 

ʤʝʩʪʦ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʤʫʪʠʨʦʚʘʥʠʷ ʥʘ 9,92, ʫ ʚʠʢʠ ʥʘ 1,9. ʋ ʙʦʙʦʚ 

ʫʚʝʣʠʯʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʬʨʘʛʤʝʥʪʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʤʫʪʠʨʦʚʘʥʠʷ 

ʪʦʣʴʢʦ ʧʦ ʤʦʩʪʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ. ʋ ʙʦʙʦʚ ʧʦʚʳʰʝʥʠʝ ʥʘ 1,21 (ʩ 

0,42 ʜʦ 1,63), ʫ ʚʠʢʠ ï ʥʘ 1,03 (ʩ 0,47 ʜʦ 1,50). ʊ.ʦ., ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʯʠʩʣʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʤʫʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʯʠʩʣʘ ʤʦʩʪʦʚ ʥʘ 

ʩʪʦ ʢʣʝʪʦʢ, ʨʝʟʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʷʭ ʤʫʪʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʥʘʰʠʤʠ 

ʚʠʜʘʤʠ ʥʠʚʝʣʠʨʫʶʪʩʷ. 

ʉʧʝʢʪʨ ʘʙʝʨʨʘʮʠʡ ʥʠ ʜʣʷ ʚʠʢʠ, ʥʠ ʜʣʷ ʙʦʙʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. 

ʅʦ ʟʘʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʭ ʤʝʞʜʫ ʚʠʜʘʤʠ. ɺ 

ʩʧʝʢʪʨʝ ʘʙʝʨʨʘʮʠʡ ʙʦʙʦʚ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʠʥʦʯʥʳʤ 
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ʬʨʘʛʤʝʥʪʘʤ, ʘ ʫ ʚʠʢʠ ʫʚʝʣʠʯʝʥʘ ʜʦʣʷ ʭʨʦʤʘʪʠʜʥʳʭ ʤʦʩʪʦʚ. ʋʚʝʣʠʯʝʥʠʷ 

ʯʠʩʣʘ ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ (ʧʘʨʥʳʭ ʤʦʩʪʦʚ ʠ ʧʘʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʭʨʦʤʘʪʠʜʥʳʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ɹʦʙʳ ʠ ʚʠʢʘ ʷʚʣʷʶʪʩʷ ʙʣʠʟʢʠʤʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ, ʛʦʤʝʦʣʦʛʠʯʥʳʤʠ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʬʨʘʢʮʠʡ ʧʦʚʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚ ʛʝʥʦʤʝ 

ʚʠʜʘʤʠ. ʇʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚʠʢʘ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʥʳʤ, ʘʣʣʦʛʝʥʝʪʠʯʝʩʢʠ ʧʨʦʜʚʠʥʫʪʳʤ ʚʠʜʦʤ, ʘ 

ʙʦʙʳ ï ʙʦʣʝʝ ʧʨʠʤʠʪʠʚʥʳʤ. ɼʣʷ ʙʦʙʦʚʳʭ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʥʘʜʣʝʞʘʪ 

ʚʳʙʨʘʥʥʳʝ ʚʠʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ 

ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʵʨʝʢʪʦʠʜʥʦʛʦ ʩʪʝʙʣʷ ʢ 

ʮʝʧʣʷʶʱʝʤʫʩʷ ʠʣʠ ʧʦʣʟʫʯʝʤʫ. 

ʋ ʙʦʙʦʚ ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ ʜʦʧʫʩʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʯʘʩʪʦʪʫ 

ʘʙʝʨʨʘʮʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʫʨʦʚʥʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʫʪʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ ʯʠʩʣʦ ʘʙʝʨʨʘʮʠʡ (ʤʦʩʪʦʚ ʥʘ ʩʪʦ 

ʢʣʝʪʦʢ), ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ, ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʟʘ ʪʦʪ ʞʝ ʩʨʦʢ 

ʭʨʘʥʝʥʠʷ ʜʦʣʠ ʥʝʧʨʦʨʘʩʪʘʶʱʠʭ ʩʝʤʷʥ ʚ ʧʨʦʮʝʥʪʘʭ. ʊʦʛʜʘ ʵʬʬʝʢʪʠʚʥʳʡ 

ʫʨʦʚʝʥʴ ʤʫʪʠʨʦʚʘʥʠʷ ʜʣʷ ʙʦʙʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,484, ʘ ʜʣʷ ʚʠʢʠ 0,094. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫ ʜʚʫʭ ʚʠʜʦʚ-ʛʦʤʝʦʣʦʛʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʵʚʦʣʶʮʠʦʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʝʥ. 

ʋ ʙʦʣʝʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚʠʜʘ ï ʚʠʢʠ ï ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʫʪʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ. 

ɺ ʢʣʝʪʢʝ ʙʦʙʦʚ ʚ 5,05 ʨʘʟ ʙʦʣʴʰʝ ɼʅʂ, ʯʝʤ ʚ ʢʣʝʪʢʝ ʚʠʢʠ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʢ ʦʙʲʝʤʫ ɼʅʂ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ ʜʣʷ 

ʙʦʙʦʚ 0,096. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʝʜʠʥʠʮʝ ʢʦʣʠʯʝʩʪʚʘ ɼʅʂ ʚʝʣʠʯʠʥʳ 

ʫʨʦʚʥʝʡ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ ï 0,096 ʜʣʷ ʙʦʙʦʚ ʠ 0,094 ʜʣʷ ʚʠʢʠ ï 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʡ ʫʨʦʚʝʥʴ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ ʫ ʙʦʙʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ɼʅʂ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ. 

ʕʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʘʣʣʦʛʝʥʝʟʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʜʫʢʮʠʝʡ ʦʙʱʝʛʦ 

ʫʨʦʚʥʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩ ʚʦʟʤʦʞʥʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʚʠʜʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ï 

ʯʠʩʣʦ ʭʨʦʤʦʩʦʤ, ʦʙʲʝʤ ɼʅʂ, ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʫʪʠʨʦʚʘʥʠʷ. 

ʇʦʚʨʝʞʜʝʥʠʡ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʩʝʤʷʥ ʠʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ɼʅʂ ʚ ʠʭ ʛʝʥʦʤʝ. 
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ʇʨʠʤʝʨʳ ʘʙʝʨʨʘʮʠʡ 

 

       
ʘ ʙ 

 

ʘ.Vicia faba ʭʨʦʤʦʩʦʤʥʘʷ ʘʙʝʨʨʘʮʠʷ ʜʚʘ ʧʘʨʥʳʭ ʬʨʘʛʤʝʥʪʘ. 

ʙ. Vicia faba ʭʨʦʤʦʩʦʤʥʳʡ ʤʠʢʨʦʬʨʘʛʤʝʥʪ. 

 

       
ʘ ʙ 

ʘ.Vicia faba ʭʨʦʤʦʩʦʤʥʳʡ ʤʦʩʪ ʠ ʦʜʠʥʦʯʥʦʝ ʢʦʣʴʮʦ. 

ʙ.Vicia sativa ʭʨʦʤʘʪʠʜʥʳʡ ʤʦʩʪ ʠ ʦʜʠʥʦʯʥʳʡ ʬʨʘʛʤʝʥʪ. 

 

 
Vicia sativa ʭʨʦʤʦʩʦʤʥʳʡ ʤʦʩʪ ʠ ʦʜʠʥʦʯʥʳʡ ʬʨʘʛʤʝʥʪ. 
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ʄʦʩʢʦʚʢʠʥ ʃ.ʀ. 

ʛʘʟʝʪʘ çʄʦʩʢʦʚʩʢʘʷ ʧʨʘʚʜʘè 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ  

ʛʝʥʝʪʠʢʠ ʠ ʩʝʣʝʢʮʠʠ ɹʠʦʬʘʢʘ ʄɻʋ 

 

ʎʀʊʆʃʆɻʀʏɽʉʂʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɽʄʃɽʈʆʁʂʀ-

ɹʋʈʆɿʋɹʂʀ ʆɹʓʂʅʆɺɽʅʅʆʁ SOREX ARANEUS LINNAEUS  

(MAMMALIA , INSECTIVORA ) 

ʇʨʦʚʝʜʝʥʦ ʮʠʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʪʦʟʘ ʠ ʤʝʡʦʟʘ ʫ 

ʟʝʤʣʝʨʦʡʢʠ-ʙʫʨʦʟʫʙʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ Sorex araneus L. ʆʙʲʝʢʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ ʵʚʦʣʶʮʠʦʥʥʦ-ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴʶ ʧʦʣʦʚʳʭ ʭʨʦʤʦʩʦʤ ʠ ʚʥʫʪʨʠʧʦʧʫʣʷʮʠʦʥʥʳʤ 

ʧʦʣʠʤʦʨʬʠʟʤʦʤ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʭʨʦʤʦʩʦʤ ʦʪ 20 ʜʦ 30 ʫ ʩʘʤʦʢ ʠ ʦʪ 21 

ʜʦ 31 ʫ ʩʘʤʮʦʚ, ʟʘ ʩʯʝʪ ʮʝʥʪʨʠʯʝʩʢʠʭ ʩʣʠʷʥʠʡ ʙʝʟ ʚʳʨʘʞʝʥʥʦʡ 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʠʟʦʣʷʮʠʠ. ʏʠʩʣʦ ʧʣʝʯ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ NF=40. 

ʉʧʝʨʤʘʪʦʛʝʥʠʘʣʴʥʳʝ ʤʝʪʘʬʘʟʳ ʧʦʢʘʟʳʚʘʶʪ ʥʝʯʝʪʥʦʝ ʜʠʧʣʦʠʜʥʦʝ 

ʯʠʩʣʦ 23. ʊʨʠ ʥʝʧʘʨʥʳʝ ʭʨʦʤʦʩʦʤʳ ʚ ʨʝʜʫʢʮʠʦʥʥʦʤ ʜʝʣʝʥʠʠ ʦʙʨʘʟʫʶʪ 

ʪʨʠʚʘʣʝʥʪ ï ʢʨʫʧʥʳʡ ʤʝʪʘʮʝʥʪʨʠʢ ʠ ʜʚʘ ʘʢʨʦʮʝʥʪʨʠʢʘ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ. 

ʇʦʢʘʟʘʥ ʧʦʣʠʤʦʨʬʠʟʤ ʧʦ ʰʝʩʪʠ ʧʘʨʘʤ ʘʫʪʦʩʦʤ ʠ ʨʘʟʣʠʯʠʝ 

ʢʘʨʠʦʪʠʧʦʚ ʵʤʙʨʠʦʥʦʚ in utero ʧʦ ʨʦʙʝʨʪʩʦʥʠʘʥʦʚʩʢʠʤ ʧʝʨʝʩʪʨʦʡʢʘʤ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʚʩʝʛʦ 3
6
=729 ʮʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ. ʋ 

ʟʝʤʣʝʨʦʡʢʠ ʦʥʠ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʥʝ ʚʦʟʥʠʢʘʣʠ ʥʝʧʦʣʥʦʮʝʥʥʳʝ 

ʛʘʤʝʪʳ ʠ ʥʝ ʙʳʣʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʠʟʦʣʷʮʠʠ ʤʝʞʜʫ ʮʠʪʦʣʦʛʠʯʝʩʢʠʤʠ 

ʪʠʧʘʤʠ ï ʚ ʦʪʣʠʯʠʝ ʦʪ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʜʣʷ ʨʦʜʠʪʝʣʝʡ ʧʨʦʙʘʥʜʦʚ ʩ 

ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʤ ʩʠʥʜʨʦʤʦʤ ɼʘʫʥʘ, ʥʦʩʠʪʝʣʝʡ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ 

ʢʘʨʠʦʪʠʧʘ 45, D-, G-, t(DqGq). 

ʉʠʩʪʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʘ XX ï XY 1Y2 ʩ ʧʝʨʝʥʝʩʝʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʣʦʚʫʶ ʛʨʫʧʧʫ ʩʮʝʧʣʝʥʠʷ ʠʟʚʝʩʪʥʘ ʪʘʢʞʝ ʜʣʷ Potorous 

tridactylis, Taterillus gracilis, Phyllostomatidae: Choeroniscus godmani, 

Carollia perspicillata, Carollia subfura, Artibeus jamaicensis, Artibeus lituratus, 

Artibeus toltecus. 

ʅʝʢʦʪʦʨʳʝ ʛʨʫʧʧʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʦʢʘʟʳʚʘʶʪ ʨʝʜʫʢʮʠʶ ʯʠʩʣʘ 

ʭʨʦʤʦʩʦʤ ʚ ʢʘʨʠʦʪʠʧʝ ʚʜʦʣʴ ʦʜʥʦʛʦ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʫʪʠ. ʇʨʠʯʝʤ ʵʪʦ 

ʷʚʣʝʥʠʝ ʥʘʩʪʦʣʴʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ, ʯʪʦ ʪʝʨʠʦʣʦʛʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʢʘʨʠʦʣʦʛʠʝʡ, ʧʳʪʘʣʠʩʴ ʠʩʢʘʪʴ ʦʙʨʘʪʥʳʝ ʧʫʪʠ. 

ɼʣʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʤʘʪʝʨʠʘʣ ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ ʵʢʟʝʤʧʣʷʨʦʚ, 

ʦʪʣʦʚʣʝʥʥʳʭ ʥʘ ʙʘʟʝ ʊʫʣʴʩʢʦʛʦ ʩʪʘʮʠʦʥʘʨʘ ʀʥʩʪʠʪʫʪʘ ʧʦʣʠʦʤʠʝʣʠʪʘ ʠ 

ʚʠʨʫʩʥʳʭ ʵʥʮʝʬʘʣʠʪʦʚ (ʜʝʨʝʚʥʷ çʅʠʢʦʣʴʩʢʠʝ ʚʳʩʝʣʢʠè ʊʫʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ). 

ʆʪʣʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ 14 ʩʪʘʥʜʘʨʪʥʳʭ ʫʯʝʪʥʳʭ ʢʘʥʘʚʦʢ. 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʠʪʦʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʙʳʣʦ ʧʦʡʤʘʥʦ 12 

ʦʩʦʙʝʡ, ʠʟ ʥʠʭ 5 ʧʦʛʠʙʣʠ, ʠʟ 7 (6 ʩʘʤʮʦʚ ʠ 1 ʩʘʤʢʘ) ʙʳʣʦ ʧʨʠʛʦʪʦʚʣʝʥʦ ʧʦ 

3-4 ʧʨʝʧʘʨʘʪʘ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ, ʠ 1 ʫʙʝʞʘʣ. ʂʦʣʭʠʮʠʥ ʚʚʦʜʠʣʠ 
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ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʥʘ ʚʨʝʤʷ 1-2 ʯʘʩʘ 7-11 ʛʘʤʤ ʥʘ 1 ʛʨʘʤʤ ʚʝʩʘ ʪʝʣʘ. 

ʂʦʩʪʥʳʡ ʤʦʟʛ ʚʳʤʳʚʘʣʠ ʠʟ ʦʙʝʠʭ ʙʝʜʨʝʥʥʳʭ ʢʦʩʪʝʡ 1% ʨʘʩʪʚʦʨʦʤ ʮʠʪʨʘʪʘ 

ʥʘʪʨʠʷ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʦʪ 15 ʜʦ 25 ʤʠʥʫʪ ʧʨʠ 37ÁC, ʧʦʩʣʝ ʯʝʛʦ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 500õ1000 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ 5 ʤʠʥʫʪ ʠ 

ʬʠʢʩʠʨʦʚʘʣʠ 30 ʤʠʥʫʪ ʦʭʣʘʞʜʝʥʥʦʡ ʩʤʝʩʴʶ 3 ʯʘʩʪʠ ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ 1 

ʯʘʩʪʴʶ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʩ 3-ʭ ʨʘʟʦʚʦʡ ʩʤʝʥʦʡ ʬʠʢʩʘʪʦʨʘ. 

ʉʫʩʧʝʥʟʠʶ ʚ ʧʦʩʣʝʜʥʝʡ ʩʤʝʥʝ ʬʠʢʩʘʪʦʨʘ ʧʦʩʣʝ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʥʠʷ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʨʘʟʣʠʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʩʣʦʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʪʝʢʣʘ ʩ 

ʮʝʣʴʶ ʥʘʡʪʠ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʯʠʩʣʘ ʤʠʪʦʟʦʚ ʥʘ ʧʨʝʧʘʨʘʪʝ ʠ 

ʦʩʚʦʙʦʞʜʝʥʠʷ ʦʪ ʦʙʣʦʤʢʦʚ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʝʪʦʢ ʠ ʣʠʰʥʝʛʦ ʙʝʣʢʘ. 

ʉʫʩʧʝʥʟʠʶ ʨʘʟʣʠʚʘʣʠ, ʧʦʜʞʠʛʘʣʠ ʠ ʚʳʩʫʰʠʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ. 

ʄʠʪʦʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʦʢʨʘʰʝʥʳ ʠʣʠ ʢʨʘʩʠʪʝʣʝʤ ɻʠʤʟʘ ʧʦ 

ʈʦʤʘʥʦʚʩʢʦʤʫ ʩ ʨʘʟʚʝʜʝʥʠʝʤ 1:10. 

ʈʘʩʢʣʘʜʢʘ ʢʘʨʠʦʪʠʧʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ ʠʜʠʦʛʨʘʤʤʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ɼʝʥʚʝʨʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʜʣʷ ʢʘʨʠʦʪʠʧʘ 

ʯʝʣʦʚʝʢʘ. ʇʦʣʠʢʘʨʠʦʛʨʘʤʤʘ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʨʠʦʪʠʧʘ: ʘʙʩʦʣʶʪʥʘʷ ʜʣʠʥʘ ʭʨʦʤʦʩʦʤ ʚ ʤʠʪʦʟʝ ʚ ʤʠʢʨʦʥʘʭ L
a
; 

ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʛʘʧʣʦʠʜʥʦʛʦ ʥʘʙʦʨʘ ʩʘʤʢʠ Lgapl, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʣʠʥʘ 

ʭʨʦʤʦʩʦʤʳ L
r
 ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʜʣʠʥʳ ʭʨʦʤʦʩʦʤʳ ʢ ʜʣʠʥʝ 

ʛʘʧʣʦʠʜʥʦʛʦ ʥʘʙʦʨʘ ʩʘʤʢʠ ʚ ʧʨʦʤʠʣʣʝ; ʮʝʥʪʨʦʤʝʨʥʳʡ ʠʥʜʝʢʩ I
c
 ï 

ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʢʦʨʦʪʢʦʛʦ ʧʣʝʯʘ ʢ ʜʣʠʥʝ ʚʩʝʡ ʭʨʦʤʦʩʦʤʳ ʚ ʧʨʦʮʝʥʪʘʭ; 

ʠʥʜʝʢʩ ʩʧʠʨʘʣʠʟʘʮʠʠ I
s
 ï ʦʪʥʦʰʝʥʠʝ ʜʣʠʥ ʧʘʨʳ ʩʘʤʳʭ ʤʘʣʝʥʴʢʠʭ 

ʛʦʤʦʣʦʛʦʚ ʚ ʥʘʙʦʨʝ ʢ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʚ ʧʨʦʮʝʥʪʘʭ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʦʣʠʢʘʨʠʦʛʨʘʤʤʳ ʠ ʠʜʠʦʛʨʘʤʤʳ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʰʝʩʪʴ ʤʝʪʘʬʘʟʥʳʭ 

ʧʣʘʩʪʠʥʦʢ ʩ ʠʥʜʝʢʩʘʤʠ ʩʧʠʨʘʣʠʟʘʮʠʠ (ʠ ʜʣʠʥʘʤʠ ʛʘʧʣʦʠʜʥʦʛʦ ʥʘʙʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʨʘʚʥʳʤʠ: 14,2% (272 ʤʢ), 14,7ˉ (413 ʤʢ), 15,9% (134 ʤʢ), 

16,6% (279 ʤʢ), 16,8 ʤʢ (262 ʤʢ) ʠ 22,9% (204 ʤʢ). 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʤʝʡʦʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʡʤʘʥʦ 19 

ʧʦʣʦʚʦʟʨʝʣʳʭ ʩʘʤʮʦʚ. ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ 

9 ʦʩʦʙʷʭ. ʇʨʝʧʘʨʘʪʳ ʧʨʠʛʦʪʦʚʣʷʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ʜʣʷ ʤʝʡʦʪʠʯʝʩʢʠʭ 

ʭʨʦʤʦʩʦʤ ʯʝʣʦʚʝʢʘ. ʆʙʨʘʙʦʪʢʘ ʢʦʣʭʠʮʠʥʦʤ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʧʷʪʠ ʦʩʦʙʷʭ, 

ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ ʜʣʷ ʤʠʪʦʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʯʝʪʳʨʝʭ 

ʧʨʝʧʘʨʘʪʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʙʝʟ ʢʦʣʭʠʮʠʥʘ. ɺʳʨʝʟʘʥʥʳʝ ʩʝʤʝʥʥʠʢʠ 

ʧʦʤʝʱʘʣʠ ʚ ʠʟʦʪʦʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ 2,2% ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ, ʩʥʠʤʘʣʠ ʪʫʥʠʢʫ 

ʠ ʚ ʩʚʝʞʝʡ ʧʦʨʮʠʠ ʨʘʩʪʚʦʨʘ ʚʳʯʝʩʳʚʘʣʠ ʢʣʝʪʢʠ ʠʟ ʩʝʤʝʥʥʳʭ ʢʘʥʘʣʴʮʝʚ. 

ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʜʚʘ ʩʣʦʷ ʤʘʨʣʠ ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 500 ʦʙʦʨʦʪʘʭ ʚ ʤʠʥʫʪʫ ʧʷʪʴ ʤʠʥʫʪ, ʦʩʘʜʦʢ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 1% ʨʘʩʪʚʦʨʝ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʵʪʦʤ 

ʨʘʩʪʚʦʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 9-10 ʤʠʥʫʪ, ʧʦʩʣʝ ʯʝʛʦ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʠ ʬʠʢʩʠʨʦʚʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʭʣʘʞʜʝʥʥʦʡ ʩʤʝʩʴʶ 30 

ʯʘʩʪʝʡ ʘʙʩʦʣʶʪʥʦʛʦ ʵʪʘʥʦʣʘ, 10 ʯʘʩʪʝʡ ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ʠ 1 

ʯʘʩʪʠ ʭʣʦʨʦʬʦʨʤʘ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʩ ʜʚʫʢʨʘʪʥʦʡ ʩʤʝʥʦʡ ʬʠʢʩʘʪʦʨʘ. 

ʉʫʩʧʝʥʟʠʶ ʨʘʟʣʠʚʘʣʠ ʥʘ ʩʪʝʢʣʘ ʠ ʚʳʩʫʰʠʚʘʣʠ ʙʝʟ ʧʦʜʞʠʛʘʥʠʷ. ʇʨʝʧʘʨʘʪʳ 
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ʙʳʣʠ ʦʢʨʘʰʝʥʳ 2% ʘʮʝʪʦʨʩʝʠʥʦʤ ʩ ʜʦʢʨʘʩʢʦʡ ʛʦʣʫʙʳʤ ʧʦ ʋʥʥʘ ʠʣʠ 1% 

ʣʘʢʪʘʮʝʪʦʨʩʝʠʥʦʤ ʚ ʪʝʯʝʥʠʝ 1-2 ʩʫʪʦʢ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ. 

9 ʦʩʦʙʝʡ ʠʟ 19 ʜʘʣʠ ʧʨʝʧʘʨʘʪʳ ʩ ʥʘʣʠʯʠʝʤ ʧʘʭʠʪʝʥ, ʜʠʘʢʠʥʝʟ ʙʳʣ 

ʥʘʡʜʝʥ ʫ ʝʱʝ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. 

ʇʦʜʩʯʝʪ ʜʠʧʣʦʠʜʥʦʛʦ ʯʠʩʣʘ ʜʣʷ ʩʝʤʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʩʦʙʝʡ 

ʧʨʦʠʟʚʝʜʝʥ ʥʘ 43-ʭ ʤʝʪʘʬʘʟʥʳʭ ʧʣʘʩʪʠʥʢʘʭ. ʋ ʰʝʩʪʠ ʩʘʤʮʦʚ ʦʪʤʝʯʝʥʳ: 

ʦʜʥʘ ʢʣʝʪʢʘ ʩ 15-ʶ ʭʨʦʤʦʩʦʤʘʤʠ, ʦʜʥʘ ʢʣʝʪʢʘ ʩ 18-ʶ ʭʨʦʤʦʩʦʤʘʤ, ʦʜʥʘ ʩ 

19-ʶ, ʦʜʥʘ ʩ 20-ʶ, 31 ʢʣʝʪʢʘ ʩ 21-ʡ ʭʨʦʤʦʩʦʤʦʡ ʠ ʦʜʥʘ ʩ 22 (ʚʩʝʛʦ 36 

ʤʝʪʘʬʘʟ). ʋ ʩʘʤʢʠ ʥʘ ʚʩʝʭ ʩʝʤʠ ʧʨʦʩʯʠʪʘʥʥʳʭ ʤʝʪʘʬʘʟʥʳʭ ʧʣʘʩʪʠʥʢʘʭ 

ʥʘʡʜʝʥʦ 20 ʭʨʦʤʦʩʦʤ. 

ʄʝʪʘʬʘʟʥʘʷ ʧʣʘʩʪʠʥʢʘ ʩ 22 ʭʨʦʤʦʩʦʤʘʤʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʢʘʢ 

ʘʙʝʨʨʘʥʪʥʘʷ, ʩ ʭʨʦʤʘʪʠʜʥʦʡ ʜʝʣʝʮʠʝʡ Y2 ʭʨʦʤʦʩʦʤʳ. ɺ ʢʣʝʪʢʘʭ ʩ 

ʜʠʧʣʦʠʜʥʳʤ ʯʠʩʣʦʤ ʤʝʥʴʰʝ 21 ʧʦ-ʚʠʜʠʤʦʤʫ ʠʤʝʝʪ ʤʝʩʪʦ ʘʨʪʝʬʘʢʪʥʘʷ 

ʘʥʝʫʧʣʦʠʜʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʥʝʠʟʙʝʞʥʦʡ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʛʠʧʦʪʦʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʩʦʙʝʡ ʩʣʝʜʫʶʱʠʝ ʜʠʧʣʦʠʜʥʳʝ ʯʠʩʣʘ: 21 ʜʣʷ ʩʘʤʮʘ ʠ 20 

ʜʣʷ ʩʘʤʢʠ. 

ʀʜʠʦʛʨʘʤʤʘ ʧʦʢʘʟʳʚʘʝʪ ʜʝʚʷʪʴ ʧʘʨ ʤʝʪʘ- ʠ ʩʫʙʤʝʪʘʮʝʥʪʨʠʯʝʩʢʠʭ 

ʭʨʦʤʦʩʦʤ, ʦʜʠʥ ʥʝʧʘʨʥʳʡ ʢʨʫʧʥʦʛʦ ʨʘʟʤʝʨʘ ʤʝʪʘʮʝʥʪʨʠʢ (X-ʭʨʦʤʦʩʦʤʘ) ʠ 

ʜʚʝ ʘʢʨʦʮʝʥʪʨʠʯʝʩʢʠʭ ʭʨʦʤʦʩʦʤʳ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ (Y1 ʠ Y2). 

ʅʘ ʧʦʣʠʢʘʨʠʦʛʨʘʤʤʝ ʯʝʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʭʨʦʤʦʩʦʤʳ Y1, Y2, 2-ʡ 

ʧʘʨʳ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, 4-ʡ, 6-ʡ ʠ 9-ʡ ʧʘʨ. ʍʨʦʤʦʩʦʤʳ 7-ʡ ʠ 8-ʡ ʧʘʨ ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʍʨʦʤʦʩʦʤʳ 3-ʡ ʠ 5-ʡ. ʘ ʪʘʢʞʝ 1-ʡ ʧʘʨʳ ʠ X, ʪʦ 

ʦʥʠ, ʚʦʟʤʦʞʥʦ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʠʦ- ʠ ʠʜʠʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ 

ʢʘʨʠʦʪʠʧʳ ʩ ʙʦʣʴʰʦʡ ʜʣʠʥʦʡ ʛʘʧʣʦʠʜʥʦʛʦ ʥʘʙʦʨʘ ʠ ʥʠʟʢʠʤ ʠʥʜʝʢʩʦʤ 

ʩʧʠʨʘʣʠʟʘʮʠʠ. 

ɺ ʧʘʭʠʪʝʥʝ ʤʝʡʦʟʘ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʜʝʩʷʪʴ ʙʠʚʘʣʝʥʪʦʚ (ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʭ ʫʜʘʝʪʩʷ ʧʦʜʩʯʠʪʘʪʴ). ʅʘ ʚʩʝʭ ʧʘʭʠʪʝʥʘʭ ʚʠʜʥʘ 

ʫʩʪʦʡʯʠʚʘʷ ʩʚʷʟʴ ʘʫʪʦʩʦʤʥʦʛʦ ʙʠʚʘʣʝʥʪʘ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ ʩ ʧʦʣʦʚʳʤ 

ʧʫʟʳʨʴʢʦʤ ʠʣʠ ʩ ʛʝʪʝʨʦʧʠʢʥʦʪʠʯʝʩʢʦʡ ʥʠʪʴʶ. 

ʅʘ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʪʘʜʠʷʭ ʜʠʘʢʠʥʝʟʘ ʯʝʪʢʦ ʚʠʜʝʥ ʧʦʣʦʚʦʡ ʪʨʠʚʘʣʝʥʪ 

ʩ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘ ʢʦʥʲʶʛʘʮʠʠ. ʂʦʥʲʶʛʘʮʠʷ ʪʠʧʘ çʢʦʥʝʮ ʚ ʢʦʥʝʮè 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ ʩʘʤʳʤ ʤʘʣʝʥʴʢʠʤ ʠ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʵʣʝʤʝʥʪʘʤʠ 

ʪʨʠʚʘʣʝʥʪʘ, ʩʨʝʜʥʠʡ ʠ ʥʘʠʙʦʣʴʰʠʡ ʵʣʝʤʝʥʪʳ ʢʦʥʲʶʛʠʨʫʶʪ ʥʝʦʙʳʯʥʳʤ 

ʜʣʷ ʧʦʣʦʚʳʭ ʭʨʦʤʦʩʦʤ ʩʧʦʩʦʙʦʤ ï ʧʦ ʜʣʠʥʝ, ʧʨʠʯʝʤ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʟʘʤʝʪʥʦ ʥʘʣʠʯʠʝ 2-ʭ ʭʠʘʟʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ, 

ʨʘʟʨʝʰʘʶʱʠʡ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʠʚʘʣʝʥʪʦʚ ʚ ʤʝʡʦʟʝ, ʚʳʨʘʙʦʪʘʣʩʷ 

ʵʚʦʣʶʮʠʦʥʥʦ. ʆʥ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʫʤ ʧʨʦʮʝʩʩʘʤ: 

ʨʝʜʫʢʮʠʠ ʯʠʩʣʘ ʛʨʫʧʧ ʩʮʝʧʣʝʥʠʷ ʠ ʧʝʨʝʥʝʩʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʟ ʘʫʪʦʩʦʤʥʳʭ ʛʨʫʧʧ ʩʮʝʧʣʝʥʠʷ ʚ ʧʦʣʦʚʫʶ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʦʙʘ ʧʨʦʮʝʩʩʘ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʠʝʩʷ 

ʢʘʨʠʦʪʠʧʳ ʨʝʧʨʦʜʫʢʪʠʚʥʦ ʠʟʦʣʠʨʫʶʪ ʪʘʢʠʭ ʦʩʦʙʝʡ ʦʪ ʧʦʧʫʣʷʮʠʠ ʚ ʮʝʣʦʤ. 



34 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʙʘ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʦʛʨʦʤʥʦʝ ʵʚʦʣʶʮʠʦʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. 

ɺʝʨʦʷʪʥʦ, ʧʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ ʢʘʨʠʦʪʠʧʘ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. 

ɺʠʜ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʡ ʧʨʦʡʪʠ ʘʨʦʛʝʥʝʟ, ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʠʤ 

ʟʘʧʘʩʦʤ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʛʨʫʧʧ 

ʩʮʝʧʣʝʥʠʷ. ɽʩʣʠ ʙʳ ʵʪʦ ʙʳʣʦ ʥʝ ʪʘʢ, ʚʪʦʨʦʡ ʬʘʢʪʦʨ ʪʝʦʨʠʠ ʵʚʦʣʶʮʠʠ (ʦ 

ʚʣʠʷʥʠʠ ʬʣʶʢʪʫʘʮʠʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ) ʥʝ ʠʤʝʣ ʙʳ ʵʚʦʣʶʮʠʦʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʘʜʘʧʪʘʮʠʠ ʚʠʜʘ ʢ ʫʟʢʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ ʙʝʟ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ 

ʦʨʛʘʥʠʟʘʮʠʠ (ʘʣʣʦʛʝʥʝʟ) ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʟʘʧʘʩʘ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʦʪʷʛʦʱʝʥʥʦʩʪʠ (ʤʦʙʠʣʠʟʘʮʠʦʥʥʳʡ ʨʝʟʝʨʚ ʚʠʜʝ ʧʦ ʉ.ʄ.ɻʝʨʰʝʥʟʦʥʫ), ʪ.ʢ. ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʨʝʜʥʘ. ʊʘʢʠʝ ʚʠʜʳ ʷʚʣʷʶʪʩʷ ʪʫʧʠʢʘʤʠ 

ʵʚʦʣʶʮʠʠ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʠʜʳ ʥʝʩʧʦʩʦʙʥʳ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɽʩʣʠ ʧʨʠʚʝʜʝʥʥʳʝ ʫʤʦʟʘʢʣʶʯʝʥʠʷ 

ʩʧʨʘʚʝʜʣʠʚʳ, ʨʝʜʫʢʮʠʷ ʜʠʧʣʦʠʜʥʦʛʦ ʯʠʩʣʘ ʭʨʦʤʦʩʦʤ ʜʦʣʞʥʘ 

ʩʦʧʨʦʚʦʞʜʘʪʴ ʥʝʦʙʨʘʪʠʤʳʡ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʠ ʦʙʨʘʪʥʦʛʦ ʧʫʪʠ ʥʝʪ. 

 

 
ʂʘʨʠʦʪʠʧ ʩʘʤʮʘ Sorex araneus 

 

 
ʂʘʨʠʦʪʠʧ ʩʘʤʢʠ Sorex araneus. 
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ʀʜʠʦʛʨʘʤʤʘ ʭʨʦʤʦʩʦʤ Sorex araneus. 

 

 
ʇʘʭʠʪʝʥʘ ʩʘʤʮʘ Sorex araneus 
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ɼʠʘʢʠʥʝʟ ʩʘʤʮʘ Sorex araneus 

 

ʄʫʩʪʘʬʘʝʚʘ ʈ.ʄ.  

 ʢ.ʙ.ʥ. , ʛ. ɸʩʪʘʥʘ, ʂʘʟʋʊɹ  

  

 ɺʃʀʗʅʀɽ ʀɿʄɽʅɽʅʀʗ ʉʆʉʊɸɺɸ ʇʆʏɺʓ ʅɸ ʇɸʈɸʄɽʊʈ 

ʃɽʂɸʈʉʊɺɽʅʅʓɽ ʈɸʉʊɽʅʀʗ 

 

ʈʝʟʶʤʝ 

 ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʡ, ʧʨʠʣʝʛʘʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʢʨʫʧʥʳʤ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʤ. 

ʆʩʥʦʚʥʳʤʠ ʪʦʢʩʠʢʘʥʪʘʤʠ ʚ ʧʨʠʜʦʨʦʞʥʦʡ ʧʦʣʦʩʝ ʷʚʣʷʶʪʩʷ ʪʷʞʸʣʳʝ 

ʤʝʪʘʣʣʳ (ʊʄ), ʛʦʨʶʯʝʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʨʘʟʣʠʯʥʳʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʣʠ.  

Summary  

 As a result of anthropogenic interference occur pollution territories 

bordering directly to major highways. The main contaminations in roadside 

Strip are heavy metals (HMs), mineral oil materials, and different ï highly 

soluble salts. 

 

 ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʛ. ɸʩʪʘʥʘ ʚ ʧʦʡʤʝ ʨʝʢʠ ɽʩʠʣʴ ˉ1 (ʫʣ.ʆʨʝʥʙʫʨʛ, ˉ2 

(ʘʣʣʝʷ ʚʦʟʣʝ ʤʦʥʫʤʝʥʪʘ ɹʘʡʪʝʨʝʢ, ˉ3 (ʩʪʘʨʳʡ ʛʦʨʦʜʩʢʦʡ ʧʘʨʢ ) 

 ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʴʝʢʪ: ʝʣʴ ʦʙʳʢʥʦʚʝʥʥʘʷ (ʝʚʨʦʧʝʡʩʢʘʷ) ï (Picea abies 

L.). ʈʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʟʢʠʝ ʥʘʜʧʦʡʤʝʥʥʳʝ 

ʪʝʨʨʘʩʳ.  

 ʂʣʠʤʘʪ ɸʩʪʘʥʳ ʫʤʝʨʝʥʥʳʡ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ. ʃʝʪʦ ʞʘʨʢʦʝ ʠ 

ʩʫʭʦʝ, ʢʦʨʦʪʢʦʝ, ʩ ʞʘʨʢʠʤʠ ʜʥʷʤʠ ʠ ʧʨʦʭʣʘʜʥʳʤʠ ʥʦʯʘʤʠ, ʩ ʦʙʠʣʴʥʳʤʠ 
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ʦʩʘʜʢʘʤʠ ʚ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ, ʟʠʤʘ ʩʫʨʦʚʘʷ, ʤʦʨʦʟʥʘʷ ʠ ʜʦʣʛʘʷ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 115-120 ʜʥʝʡ. 

ʆʪʩʫʪʩʪʚʫʶʪ ʣʝʩʘ, ʠʤʝʶʪʩʷ ʙʝʨʝʟʦʚʳʝ ʨʦʱʠ, ʧʦʡʤʳ ʨʝʢʠ ʀʰʠʤ ʙʦʛʘʪʳ 

ʣʫʛʘʤʠ [1,2 ].  

 ʆʩʦʙʝʥʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʝʣʴ 

ʦʙʴʝʢʥʦʚʝʥʥʳʡ.  

 ʆʩʥʦʚʥʳʤʠ ʪʦʢʩʠʢʘʥʪʘʤʠ ʚ ʧʨʠʜʦʨʦʞʥʦʡ ʧʦʣʦʩʝ ʷʚʣʷʶʪʩʷ ʪʷʞʸʣʳʝ 

ʤʝʪʘʣʣʳ (ʊʄ), ʛʦʨʶʯʝʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʨʘʟʣʠʯʥʳʝ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʦʣʠ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳ ʠʟ ʥʠʭ ʊʄ; ʩʨʝʜʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʨʠʜʦʨʦʞʥʳʝ 

ʪʝʨʨʠʪʦʨʠʠ ʊʄ ʚʳʩʦʢʦ ʪʦʢʩʠʯʥʳ Pb, Cd ʠ Zn, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ 

ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʠʩʪʠʨʘʥʠʠ ʪʦʨʤʦʟʥʳʭ ʢʦʣʦʜʦʢ, ʘ 

ʪʘʢʞʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʰʠʥ. 

 ʀʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʊʄ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ 

ʨʘʩʪʝʥʠʷʭ, ʪʘʢʠʝ ʢʘʢ ʬʦʪʦʩʠʥʪʝʟ, ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ. ʀʟʫʯʝʥʠʝ 

ʨʝʘʢʮʠʡ ʨʘʩʪʝʥʠʡ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʩʨʝʜʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʘʨʴʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʨʘʩʪʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ [3]. 

 ɼʣʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʥʝ 

ʫʪʚʝʨʞʜʝʥʳ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʪʷʞʸʣʳʭ 

ʤʝʪʘʣʣʦʚ. ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ, ʩʦʙʠʨʘʝʤʳʝ ʚ ʟʦʥʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʊʄ ʚ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʤʦʨʬʦʘʥʘʪʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ 

ʨʘʟʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʨʘʩʪʘʥʠʡ.  

 ʈʘʩʪʠʪʝʣʴʥʳʡ ʤʠʨ ʙʦʛʘʪ ʠ ʨʘʟʥʦʦʙʨʘʟʝʥ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ 

ʩʪʨʘʥʳ ʧʨʦʠʟʨʘʩʪʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, 

ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ ʣʝʯʝʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʳʰʝ 

30% ʚʩʝʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʨʘʩʪʝʥʠʡ [4 ].  

 ʇʦ ʬʠʟʦʣʦʛʠʯʝʩʢʠʤ ʚʣʠʷʥʠʷʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ 

ʛʨʫʧʳ: ʙʠʦʛʝʥʥʳʝ (Fe, Zn) ʠ ʪʦʢʩʠʯʝʩʢʠʝ (Pb, Cd). ʇʦʩʫʧʘʶʱʝʝ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʚʠʥʮʘ (Pb) ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʪʘʢ 

ʞʝ Pb ʦʩʥʦʚʘ ʘʥʪʠʜʝʪʦʥʘʮʠʡ ʙʝʥʟʠʥʘ [61,62,63,64,65].  

 ʉʚʠʥʝʮ. ɺʟʷʪʦʝ ʠʟ ʧʨʦʙʳ ʧʦʯʚʳ ʦʧʨʝʜʝʣʝʣʠ ʘʥʘʣʠʟ (ʊʘʙʣʠʮʘ 1; 

ʈʠʩʫʥʦʢ 1) ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʟʘʤʝʪʝʣʠ, ʯʪʦ ʤʠʛʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʙʦʣʴʰʝ ʚʟʷʪʳʭ ʩ ʧʦʯʚʳ ʚʜʦʣʴ ʘʚʪʦʜʦʨʦʛʠ ʦʪ 5-20 ʤ. ʈʝʟʫʣʴʪʘʪ ʙʳʣ 

ʥʝʦʜʠʥʘʢʦʚ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʚʠʥʮʘ ʧʦ ʩʝʟʦʥʘʤ. ʊʦʯʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʠʥʮʘ 

ʦʪ ʨʘʩʪʦʷʥʠʷ 5ʤ
 
2,14 Ñ 0,045, ʘ ʦʪ ʨʦʩʪʦʷʥʠʷ 10ʤ 1,82Ñ0.015 ʤʝʥʴʰʝ, ʪʘʢ ʞʝ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1000 ʤ 1,85 Ñ 0.01.  

 ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʠʛʨʘʮʠʝʡ ʩʚʠʥʮʘ ʠ ʨʅ ʚ ʨʘʩʪʚʦʨ ʧʦʯʚʳ ʧʨʦʙʳ 

ʚʟʪ̫ʳʭ ʩ ʧʦʯʚ ʨʘʟʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ (ʈʠʩʫʥʦʢ 1).  
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 ʆʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʠʥʮʘ ʙʦʣʴʰʝ ʚ ʧʦʜʟʝʤʥʠʭ ʦʨʛʘʥʘʭ 

(ʊʘʙʣʠʮʘ1), ʧʝʨʠʦʜ ʩʦʟʨʝʚʘʥʠʷ ʩʝʤʷʥ (2,14Ñ0,045 ʤʛ/ʢʛ) (ʈʠʩʫʥʦʢ 2). 

ɹʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʚ 20 ʤ, ʤʝʥʴʰʝ 100 ʤ ʠ 1000 ʤ (1,85 Ñ 0.01 ʤʛ/ʢʛ). 

 ʊʘʙʣʠʮʘ 1  

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʤʘʷ 

 ʈʔ Cd Fe Zn 

5 ʤ 2,14Ñ0,045 0.12Ñ0.001 399.60Ñ2.18 1.62Ñ0.006 

10 ʤ 1,82Ñ0.015 0.13Ñ0.001 405.60Ñ3.42 1.50Ñ0.038 

20 ʤ 1,95Ñ0.24 0.15Ñ0.007 410.67Ñ1.99 0.61Ñ0.004 

50 ʤ 1.44Ñ0.075 0.155Ñ0.007 390.23Ñ5.83 0.59Ñ0.031 

100ʤ 1.52Ñ0.09 0.16Ñ0.009 385.80Ñ3.21 0.26Ñ0.020 

200 ʤ 1.790Ñ0.08 0.13Ñ0.013 412.20Ñ3.22 0.22Ñ0.017 

1000 ʤ 1,85 Ñ 0.01 0.21Ñ0.014 392.90Ñ2.39 0.20Ñ0.015 

ʈʔ  

- ʈʔ (ʌʘʟʘ ʮʚʝʪʝʥʠʷ ʤʛ/ʢʛ); - ʈʔ (ʉʦʟʨʝʚʘʥʠʝ ʩʝʤʷʥ ʤʛ/ʢʛ); 

 ʨʅ (ʌʘʟʘ ʮʚʝʪʝʥʠʷ); (ʌʘʟʘ ʩʦʟʨʝʚʘʥʠʷ ʩʝʤʷʥ) 

ʈʠʩʫʥʦʢ 1. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʤʠʛʨʘʮʠʝʡ ʩʚʠʥʮʘ ʠ ʨʅ ʚ ʨʘʩʪʚʦʨ ʧʨʦʙʳ 

ʧʦʯʚʳ ʚʟʷʪʳʭ ʩ ʧʦʯʚʳ ʚ ʨʘʟʥʦʝ ʨʘʩʪʦʷʥʠʝ ʦʪ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ. 

 ɽʣʴ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʨʘʩʪʝʥʠʝ, ʧʦʵʪʦʤʫ ʚʥʠʤʘʥʠʝ ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʢʦʧʣʝʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʦʨʛʘʥʘʭ. ɺ ʢʦʨʥʝ ʠ ʣʠʩʪʴʷʭ ʤʥʦʛʦ ʩʚʠʥʮʘ. 

ʋʚʠʜʝʪʴ ʤʦʞʥʦ ʠʟ ʪʘʙʣʠʮʳ ʠ ʨʠʩʫʥʢʘ. ʅʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʩʚʠʥʮʘ 

ʚʟʷʪʦʛʦ ʥʘ ʨʘʩʪʦʷʥʠʠ 20ʤ ʩ ʣʠʩʪʴʝʚ ʝʣʠ 1,01Ñ0.09, ʚ ʢʦʨʝʥʴʝ 1.56Ñ0.04 

(ʊʘʙʣʠʮʘ 2). ʆʪʭʦʜʷ ʦʪ ʘʚʪʦʜʦʨʦʛʠ ʫʤʝʥʰʘʝʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʚʠʥʮʘ ʚ 

ʚʝʛʝʪʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʝ (ʨʠʩʫʥʦʢ-1) 

 ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʠʥʮʘ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʝʣʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚ 

ʨʘʟʥʳʭ ʨʘʩʪʦʷʥʠʷʭ ʦʪ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ. 

ʈʘʩʪʦʷʥʠʝ ʦʪ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ 

 

ʃʠʩʪʴʷ 

ʇʦʙʝʛ 

ʦʙʨʘʟʫʶʱʠʝ 

ʰʠʰʢʠ 

ʢʦʨʝʥʴ 

5 ʤ 0,82Ñ0.01 0.34Ñ0.01 0.90Ñ0.03 

10 ʤ 0,9Ñ0.04 0.35Ñ0.04 1.09Ñ0.02 

20 ʤ 1,01Ñ0.09 0.32Ñ0.06 1.56Ñ0.04 

50 ʤ 1.07Ñ0.03 0.27Ñ0.04 1.23Ñ0.03 

100 ʤ 0.85Ñ0.08 0.30Ñ0.02 1,08Ñ0.04 

200 ʤ 0.88Ñ0.05 0.25Ñ0.08 1,17Ñ0.05 

1000 ʤ 

 

 

1,0Ñ0.07 0.35Ñ0.03 1.26Ñ0.06 
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 ʂʘʜʤʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʘʥʘʣʠʟʘ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʤʠʷ ʚ ʧʦʯʚʝ, ʚ 

ʧʨʦʙʥʦʡ ʧʦʯʚʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʛʨʘʮʠʠ ʢʘʜʤʠʷ, ʙʳʣʦ ʙʦʣʴʰʝ ʚ 

ʘʚʪʦʜʦʨʦʛʘʭ ʥʘ ʨʘʩʪʦʷʥʠʠ 20-50ʤ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʠʶʥʷ (ʊʘʙʣʠʮʘ 1), ʘ ʚ 

ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʠʶʣʷ 1000ʤ (0.21Ñ0.014). ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʠʛʨʘʮʠʠ ʢʘʜʤʠʷ ʙʳʣʦ ʙʦʣʴʰʝ ʥʘ ʨʘʩʪʦʷʥʠʠ ʚ ʘʚʪʦʜʦʨʦʛʘʭ 100 ʠ 1000 ʤ ʚ 

ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʠʶʥʷ, ʘ ʚʦ ʚʪʦʨʦʡ ʜʝʢʘʜʝ ʠʶʥʷ ʙʦʣʴʰʝ ʚ ʘʚʪʦʜʦʨʦʛʘʭ ʥʘ 

ʨʘʩʪʦʷʥʠʠ 10 ʤ ( 0.13Ñ0.001ʤʛ/ʢʛ). 

 ʆʪʭʦʜʷ ʦʪ ʘʚʪʦʜʦʨʦʛʠ ʫʤʝʥʴʰʘʝʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʤʠʷ (100-1000 ʤ) 

(ʊʘʙʣʠʮʘ3). ʆʪ ʨʘʩʪʦʷʥʠʷ ʦʪ ʘʚʪʦʜʦʨʦʛ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʜʤʠʷ ʧʦʚʳʰʘʝʪʩʷ ʚ 

ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʝʣʴ ʦʙʳʢʥʦʚʝʥʳʡ ( ʊʘʙʣʠʮʘ 3) 

 ʊʘʙʣʠʮʘ 3 

ʉʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʜʤʠʷ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʝʣʴ ʦʙʳʢʥʦʚʝʥʥʳʡ ʚ 

ʨʘʟʥʳʭ ʨʘʩʪʦʷʥʠʷʭ ʦʪ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ. 

ʈʘʩʪʦʷʥʠʝ ʦʪ 

ʘʚʪʦʜʦʨʦʛʠ 

ʃʠʩʪʴʷ ɻʝʥʝʨʘʪʠʚʥʳʡ 

ʧʦʙʝʛ ʂʦʨʝʥʴ 

5 ʤ 0,11Ñ0,01 0,08Ñ0,01 0,54Ñ0,04 

10 ʤ 0,27Ñ0,16 0,09Ñ0,01 0,46Ñ0,04 

20 ʤ 0,33Ñ0,16 0,09Ñ0,01 0,55Ñ0,02 

50 ʤ 0,10Ñ0,01 0,09Ñ0,01 0,37Ñ0,03 

100 ʤ 0,07Ñ0,01 0,08Ñ0,01 0,38Ñ0,03 

200 ʤ 0,10Ñ0,01 0,08Ñ0,01 0,44Ñ0,04 

1000 ʤ 0,10Ñ0,01 0,08Ñ0,01 0,37Ñ0,03 

 ɾʝʣʝʟʦ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʨʤʳ ʤʠʛʨʘʮʠʦʥʥʳʡ Fe 

ʚʟʷʪʘ ʧʨʦʙʥʘʷ ʧʦʯʚʘ ʚ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʘʧʨʝʣʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʠʛʨʘʮʠʠ ʞʝʣʝʟʘ Fe ʙʳʣʦ ʙʦʣʴʰʝ ʚ ʘʚʪʦʜʦʨʦʛʘʭ ʥʘ ʨʘʩʪʦʷʥʠʠ 

10 ʤ 405.60Ñ 3.42, ʘ ʤʝʥʴʰʝ ʥʘ ʨʘʩʪʦʷʥʠʠ 100-200 ʤ 385.80Ñ3.21 . 

 

 - Fe (- Fe (ʌʘʟʘ ʮʚʝʪʝʥʠʷ ʤʛ/ʢʛ);  - Fe (ʉʦʟʨʝʚʘʥʠʝ ʩʝʤʷʥ ʤʛ/ʢʛ ; 

 - ʨʅ ʌʘʟʘ ʮʚʝʪʝʥʠʷ- ʨʅ ʉʦʟʨʝʚʘʥʠʝ ʩʝʤʷʥ 

 ʈʠʩʫʥʦʢ 2. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʠʛʨʘʮʠʝʡ ʞʝʣʝʟʘ ʠ ʨʅ ʚ 

ʨʘʩʪʚʦʨʝ ʧʨʦʙʳ ʧʦʯʚʳ, ʚʟʷʪʳʭ ʚ ʨʘʟʥʳʭ ʨʘʩʪʦʷʥʠʷʭ ʦʪ ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ.  

 ʎʠʥʢ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʨʤʳ ʤʠʛʨʘʮʠʦʥʥʦʡ Zn ʚʟʷʪʘ 

ʧʨʦʙʥʘʷ ʧʦʯʚʘ ʚ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʘʧʨʝʣʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʠʛʨʘʮʠʠ ʮʠʥʢʘ Zn ʙʳʣʦ ʙʦʣʴʰʝ ʚ ʘʚʪʦʜʦʨʦʛʘʭ ʥʘ ʨʘʩʪʦʷʥʠʠ 5 

1.62Ñ0.006, ʘ ʤʝʥʴʰʝ ʥʘ ʨʘʩʪʦʷʥʠʠ 10 ʤ 385.80Ñ3.21- (ʊʘʙʣʠʮʘ 3, ʈʠʩʫʥʦʢ 

3). 

 
 Zn(ʌʘʟʘ ʮʚʝʪʝʥʠʷ ʤʛ/ʢʛ);  Zn (ʉʦʟʨʝʚʘʥʠʝ ʩʝʤʷʥ ʤʛ/ʢʛ);  ʨʅ 

ʌʘʟʘ ʮʚʝʪʝʥʠʷ ʨʅ ʉʦʟʨʝʚʘʥʠʝ ʩʝʤʷʥ 
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ʈʠʩʫʥʦʢ 3. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʠʛʨʘʮʠʝʡ ʮʠʥʢʘ ʠ ʨʅ ʚ 

ʨʘʩʪʚʦʨʝ ʧʨʦʙʳ ʧʦʯʚʳ, ʚʟʷʪʦʡ ʩ ʧʦʯʚʳ ʥʘ ʨʘʟʥʳʭ ʨʘʩʪʦʷʥʠʷʭ ʦʪ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ.  

 ʊʘʙʣʠʮʘ 4 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʥʠʷ ʨʘʩʪʝʥʠʡ ʝʣʴ ʦʙʳʢʥʦʚʝʥʥʳʡ 

ʇʨʠʟʥʘʢʠ  

ʇʣʦʱʘʜʢʘˉ1 

(ʫʣ.ʆʨʝʥʙʫʨʛ) 

ʇʣʦʱʘʜʢʘ ˉ2 

(ɸʣʣʝʷ ʚʦʟʣʝ 

ʄʦʥʫʤʝʥʪʘ 

ɹʘʡʪʝʨʝʢ) 

ʇʣʦʱʘʜʢʘ ˉ3 

(ʩʪʘʨʳʡ 

ʛʦʨʦʜʩʢʦʡ 

ʧʘʨʢ) 

ʈʦʩʪ, ʩʤ 20,03Ñ0,30 21,91Ñ0, 28 22,82Ñ0,02 

ʊʦʣʱʠʥʘ ʧʦʙʝʛʘ , ʩʤ 0,81Ñ0,009 0,96Ñ0,003 0,98Ñ0,009 

ɼʣʠʥʘ ʣʠʩʪʴʝʚ, ʩʤ 4,2Ñ0,067 4,45Ñ0,33 4,52Ñ0,025 

ʐʠʨʠʥʘ ʣʠʩʪʴʝʚ, ʩʤ 0,63Ñ0,112 0,72Ñ0, 56 0,84Ñ0,007 

ʌʦʨʤʘ ʣʠʩʪʴʝʚ ʍʚʦʡ (ʠʛʣʘ) ʍʚʦʡ (ʠʛʣʘ) ʍʚʦʡ (ʠʛʣʘ) 

ʏʠʩʣʦ ʩʝʤʷʥ(ʚ ʦʜʥʦʡ ʰʠʰʢʝ) 22,0Ñ1,04 28,0Ñ2,041 32Ñ0,041 

ɼʣʠʥʘ ʩʪʚʦʣʘ ʤ 6,00Ñ0,6 6,58Ñ0, 6 6.78Ñ0,0051 

ʐʠʨʠʥʘ ʩʪʚʦʣʘ ʤ 0,28Ñ0,035 0,31Ñ0, 25 0,38Ñ0,0063 

ɼʠʘʤʝʪʨ ʢʨʦʥʘ ʤ 2,97Ñ0,045 3,3Ñ0, 30 3,6Ñ0,0075 

 

ɺʳʚʦʜʳ: ʅʘʢʦʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʦʚ ʚ ʨʘʩʪʝʥʠʷʭ ʝʣʴ 

ʦʙʳʢʥʦʚʝʥʥʳʡ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʝ ʪʝʨʨʠʪʦʨʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  
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 ʇʣʠʝʚʘ ɸ.ʄ.  

ʊʝʤʝʨʢʝʝʚʘ ʗ.ʄ. 

ʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺʃʀʗʅʀɽ ʅʀɿʂʆʏɸʉʊʆʊʅʓʍ ʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ ʅɸ 

ʈɽɻɽʅɽʈɸʎʀʖ 

 ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʩʚʦʡʩʪʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ 

ʨʝʛʝʥʝʨʘʮʠʷ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʢʦʪʦʨʦʡ ʦʙʣʘʜʘʶʪ ʚʩʝ ʞʠʚʦʪʥʳʝ, ʚʢʣʶʯʘʷ 

ʯʝʣʦʚʝʢʘ.  

ʉʢʦʣʴʢʦ ʙʳ ʥʝ ʨʘʩʩʫʞʜʘʣʠ ʦ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʣʷʭ, ʠʭ ʧʨʠʨʦʜʘ 

ʜʣʷ ʥʘʩ ʦʩʪʘʝʪʩʷ ʟʘʛʘʜʦʯʥʦʡ. ʅʦ ʦʜʠʥ ʢʦʤʧʦʥʝʥʪ ʵʪʠʭ ʧʦʣʝʡ ʷʚʥʦ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʫ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ʉ ʢʦʥʮʘ XIX  ʚʝʢʘ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʯʘʣʠ ʧʨʦʚʝʨʷʪʴ ʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʨʘʩʪʝʥʠʷ ʠ ʞʠʚʦʪʥʳʭ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ 

http://ru.wikipedia.org/wiki/Акмолинская_область
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ʠʩʧʳʪʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʅʝʩʦʚʝʨʰʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʦʙʲʝʢʪʠʚʥʳʭ ʚʳʚʦʜʦʚ. ʅʦ ʪʝʭʥʠʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʪʘʯʠʚʘʣʘʩʴ, ʠ ʫʞʝ ʚ 1922 ʛʦʜʫ ʕ.ʃʫʥʜ ʦʙʥʘʨʫʞʠʣ 

ʠʥʪʝʨʝʩʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʩʣʘʙʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ, ʧʨʦʧʫʩʢʘʝʤʳʝ 

ʯʝʨʝʟ ʩʨʝʜʫ, ʤʦʛʫʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʧʣʦʩʢʦʩʪʴ ʧʝʨʚʦʛʦ ʜʝʣʝʥʠʷ ʚ ʷʡʮʝʢʣʝʪʢʝ 

ʙʫʨʦʡ ʚʦʜʦʨʦʩʣʠ ʬʫʢʫʩ. ʇʝʨʚʦʝ ʜʝʣʝʥʠʝ ʰʣʦ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʪʦʢʘ.  

ʈʦʙʝʨʪ ɹʝʢʢʝʨ ʚ 1979, ʧʨʦʚʦʜʠʣ ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʶ ʨʝʛʝʥʝʨʘʮʠʠ 

ʢʦʥʝʯʥʦʩʪʠ ʫ ʢʨʳʩ. ʆʥ ʘʤʧʫʪʠʨʦʚʘʣ ʥʘ ʫʨʦʚʥʝ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ ʢʦʥʝʯʥʦʩʪʠ 

ʫ ʜʚʘʜʮʘʪʠ ʦʜʥʦʜʥʝʚʥʳʭ ʢʨʳʩ, ʘ ʚ ʦʩʪʘʚʰʫʶʩʷ ʯʘʩʪʴ ʤʫʩʢʫʣʘʪʫʨʳ ʚʞʠʚʠʣ 

ʵʣʝʢʪʨʦʜʳ. ʉʠʣʘ ʪʦʢʘ ʧʦʜʙʠʨʘʣʘʩʴ ʧʨʠʤʝʨʥʦ ʪʘʢʦʡ ʚʝʣʠʯʠʥʳ, ʢʘʢʘʷ 

ʝʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʫʜʘʣʝʥʠʠ ʢʦʥʝʯʥʦʩʪʠ ʫ ʪʨʠʪʦʥʘ. ʂʦʥʪʨʦʣʴʥʳʤ 

ʢʨʳʩʘʤ ʣʠʙʦ ʚʦʦʙʱʝ ʢʫʣʴʪʶ ʥʝ ʩʪʠʤʫʣʠʨʦʚʘʣʠ, ʣʠʙʦ ʪʦʢ ʜʘʚʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʳ. ʋ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʞʠʚʦʪʥʳʭ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʣʘʩʴ ʮʝʣʘʷ ʧʣʝʯʝʚʘʷ ʢʦʩʪʴ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʪʣʠʯʠʤʘʷ ʦʪ 

ʥʦʨʤʘʣʴʥʦʡ. ɼʨʫʛʠʝ ʪʢʘʥʠ ʥʝ ʚʦʩʩʪʘʥʦʚʠʣʠʩʴ ʧʦʣʥʦʩʪʴʶ ʠ ʜʘʣʠ ʯʪʦ-ʪʦ 

ʧʦʭʦʞʝʝ ʥʘ ʦʜʥʫ ʠʟ ʩʪʘʜʠʡ ʨʝʛʝʥʝʨʘʮʠʠ ʢʦʥʝʯʥʦʩʪʠ ʫ ʩʘʣʘʤʘʥʜʨ. ɸʚʪʦʨ 

ʩʯʠʪʘʝʪ, ʯʪʦ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʠ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʛʝʥʝʨʠʨʫʝʪ ʚʩʷ ʢʦʥʝʯʥʦʩʪʴ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʘ ʚʦʟʤʦʞʥʦ ʠ 

ʫ ʯʝʣʦʚʝʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʦʢʘʟʳʚʘʶʪ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʭʦʜ 

ʙʦʣʴʰʦʛʦ ʨʷʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʜʥʘʢʦ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʣʝʡ ʥʘ 

ʧʨʦʮʝʩʩ ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʩʚʷʱʝʥʦ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ. 

ʉʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʠʣʠʩʴ ʠ ʧʨʠ ʨʝʛʝʥʝʨʘʮʠʠ ʫ ʧʣʘʥʘʨʠʡ. 

ʇʣʘʥʘʨʠʷʤ ʦʪʨʝʟʘʣʠ ʛʦʣʦʚʫ ʠ ʭʚʦʩʪʦʚʦʡ ʦʪʜʝʣ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʦʨʠʝʥʪʘʮʠʠ 

ʛʦʣʦʚʥʦʡ ʢʦʥʝʮ ʚʦʟʥʠʢʘʣ ʚʩʝʛʜʘ ʫ ʢʘʪʦʜʘ. ʅʦ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʣʘʥʘʨʠʡ ʪʦʞʝ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʦʨʬʦʛʝʥʝʟ. ʊʦʛʜʘ ʧʣʘʥʘʨʠʷ, ʧʦʤʝʱʝʥʥʘʷ ʭʚʦʩʪʦʚʳʤ 

ʢʦʥʮʦʤ ʢ ʢʘʪʦʜʫ, ʥʘʯʠʥʘʝʪ ʦʪʨʘʱʠʚʘʪʴ ʚʤʝʩʪʦ ʭʚʦʩʪʘ ʛʦʣʦʚʫ, ʘ 

ʩʦʙʩʪʚʝʥʥʘʷ ʛʦʣʦʚʘ ʨʘʩʪʝʪ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʢʦʥʮʝ. ɾʠʚʦʪʥʦʝ 

ʧʦʣʫʯʘʝʪʩʷ ʩ ʜʚʫʤʷ ʛʦʣʦʚʥʳʤʠ ʦʪʜʝʣʘʤʠ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚ ʨʘʟʥʳʝ 

ʩʪʦʨʦʥʳ. 

ɺʧʝʨʚʳʝ ʤʝʪʦʜ ʧʨʠʞʠʟʥʝʥʥʦʡ ʤʦʨʬʦʤʝʪʨʠʠ ʧʨʠ ʨʝʛʝʥʝʨʘʮʠʠ 

ʧʣʘʥʘʨʠʡ ʙʳʣ ʧʨʠʤʝʥʝʥ ʚ ʨʘʙʦʪʝ ʍ.ʇ.ʊʠʨʘʩʘ ʠ ʅ.ʖ.ʉʘʭʘʨʦʚʦʡ (1984) ʚ 

ʢʦʪʦʨʦʡ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʥʥʳʭ ʧʣʘʥʘʨʠʡ 

ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʢʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʝʪʦʜ ʙʳʣ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ, ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʧʣʘʥʘʨʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʠʛʠʪʘʡʟʝʨ. ʂʦʦʨʜʠʥʘʪʳ ʢʦʥʪʫʨʘ ʧʣʘʥʘʨʠʠ ʚʚʦʜʠʣʠʩʴ ʦʧʝʨʘʪʦʨʦʤ ʚ ʧʘʤʷʪʴ 

ʢʦʤʧʴʶʪʝʨʘ PDP-12,ʜʘʣʝʝ ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʣʘ ʚʩʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʪʝʣʘ ʧʣʘʥʘʨʠʠ (ʊʠʨʘʩ, ʍʘʯʢʦ,1990). ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʨʘʙʦʪʘʭ ʊʠʨʘʩʘ ʍ.ʇ. ʠ ʝʛʦ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʙʝʩʧʦʣʘʷ ʨʘʩʘ 

ʧʨʝʩʥʦʚʦʜʥʳʭ ʯʝʨʚʝʡ ï ʧʣʘʥʘʨʠʡ Dugesia (Gerardia) tigrina.  
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ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʣʘʙʳʭ ʂʄʇ ʨʘʩʩʯʠʪʳʚʘʣʠ ʯʝʨʝʟ 72 ʯʘʩʘ 

ʧʦʩʣʝ ʜʝʢʘʧʠʪʘʮʠʠ. ɺ ʢʘʞʜʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝ ʤʝʥʝʝ 

30 ʦʩʦʙʝʡ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʣʘʥʘʨʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʷʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʝʥʝʨʘʮʠʠ ʢʘʢ ʢ ʜʝʡʩʪʚʠʶ ʩʣʘʙʦʛʦ Ca-ʂʄʇ, ʪʘʢ ʠ 

ʜʝʡʩʪʚʠʶ ʤʘʛʥʠʪʥʦʛʦ çʚʘʢʫʫʤʘè. 

ʊʘʢ ʞʝ ʨʘʙʦʪʦʡ ʚʣʠʷʥʠʝ ʩʣʘʙʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʧʣʘʥʘʨʠʡ Girardia tigrina ʟʘʥʠʤʘʣʘʩʴ ɿ.ɽ.ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ ʚ 

2003 ʛʦʜʫ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʘʚʪʦʨʦʤ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʷʮʠʠ 

(ʫʩʢʦʨʝʥʠʷ ʠ ʟʘʤʝʜʣʝʥʠʷ) ʧʨʦʮʝʩʩʘ ʨʝʛʝʥʝʨʘʮʠʠ ʧʣʘʥʘʨʠʡ ʧʨʠ ʠʭ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʠ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ, ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ 

ʨʝʟʦʥʘʥʩ ʜʣʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ ʠ ʢʘʣʠʷ. 

ɸ.ʄ. ɽʨʤʘʢʦʚ ʚ 2010 ʛʦʜʫ ʠʟʫʯʘʣ ʚʣʠʷʥʠʝ ʩʣʘʙʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʧʣʘʥʘʨʠʡ Girardia tigrina ʠ ʤʝʪʘʤʦʨʬʦʟ 

ʞʫʢʦʚ Tenebrio molitor. ɸʚʪʦʨʦʤ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʂʄʇ, 

ʥʘʩʪʨʦʝʥʥʳʭ ʥʘ ʷʜʝʨʥʳʝ ʩʧʠʥʳ ʙʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʝʪʩʷ ʙʠʦʬʠʟʠʯʝʩʢʠʤʠ ʦʩʥʦʚʘʤʠ 

ʜʣʷ ʦʮʝʥʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʠ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ 

ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘʤʠ ʥʘʯʘʪʘ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʜʝʡʩʪʚʠʷ ʩʣʘʙʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩ ʯʘʩʪʦʪʦʡ 50 ɻʮ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʧʣʘʥʘʨʠʡ. ɺ 

ʵʢʩʧʝʨʝʤʝʥʪʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʷʪʘ ʙʝʩʧʦʣʘʷ ʨʘʩʘ ʧʨʝʩʥʦʚʦʜʥʳʭ ʯʝʨʚʝʡ 

Dugesia (Girardia tigrina). ʇʣʘʥʘʨʠʡ ʩʦʜʝʨʞʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 26
Ü
C. ɼʝʢʘʧʠʪʘʮʠʶ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʫʨʦʚʥʝ 

ʛʦʣʦʚʥʦʛʦ ʢʦʥʮʘ. ɼʝʢʘʧʠʪʠʨʦʚʘʥʥʳʭ ʧʣʘʥʘʨʠʡ ʨʘʟʜʝʣʠʣʠ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

ʦʧʳʪʥʫʶ ʠ ʢʦʥʪʨʦʣʴʥʫʶ. ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦ 20 ʯʝʨʚʝʡ. 

ʇʨʦʤʝʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʟʫʘʣʴʥʦ. ʆʧʳʪʥʫʶ ʛʨʫʧʧʫ ʝʞʝʜʥʝʚʥʦ ʚ ʦʜʥʦ ʠ ʪʦ 

ʞʝ ʚʨʝʤʷ ʥʘ 4 ʯʘʩʘ ʧʦʤʝʱʘʣʠ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʯʘʩʪʦʪʦʡ 50 ɻʮ ʠ ʪʦʢʦʤ ʚ 

1,16 ɸ. ʊʘʢʠʝ ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠ ʜʦ ʪʝʭ ʧʦʨ ʧʦʢʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ 

ʧʦʣʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʛʦʣʦʚʥʦʛʦ ʦʪʜʝʣʘ Girardia tigrina. ʅʘ 5 ʜʝʥʴ ʧʣʘʥʘʨʠʠ 

ʧʦʣʥʦʩʪʴʶ ʨʝʛʝʥʝʨʠʨʦʚʘʣʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʦʧʳʪʥʦʡ ʠ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʙʳʣʘ ʨʘʟʣʠʯʥʘ. ɺ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ ʨʝʛʝʥʝʨʘʮʠʷ 

ʧʨʦʠʩʭʦʜʠʣʘ ʠʥʪʝʥʩʠʚʥʝʝ. ʈʘʙʦʪʘ ʧʨʦʜʦʣʞʘʝʪʩʷ. 
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ʈ̫ ʟʘʥʦʚʘ ʄ.ɭ.  

ɸʩʧʽʨʘʥʪ ɯʥʩʪʠʪʫʪʫ ʬʽʟʽʦʣʦʛʽʾ ʨʦʩʣʠʥ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʌʽʟʽʦʣʦʛʽʷ ʨʦʩʣʠʥ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʌʋʅɻɯʎʀɼɯɺ ʅɸ ʇʆʏɸʊʂʆɺʀʍ ʌɸɿɸʍ 

ʈʆɿɺʀʊʂʋ ʗʂ ʄʆɾʃʀɺʀʁ ʌɸʂʊʆʈ ɺʇʃʀɺʋ ʅɸ 

ɽʃɽʄɽʅʊʅʀʁ ʉʂʃɸɼ ʈʆʉʃʀʅ ʆɿʀʄʆɰ ʇʐɽʅʀʎɯ 

ʇʰʝʥʠʮʷ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʚʫʛʣʝʚʦʜʽʚ, ʙʽʣʢʽʚ ʽ ʤʽʥʝʨʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ ʜʣʷ ʙʘʛʘʪʴʦʭ ʣʶʜʝʡ ʫ ʩʚʽʪʽ. ʈʘʟʦʤ ʟ ʪʠʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʭʦʜʽʚ, 

ʥʘʧʨʘʚʣʝʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ ʪʘ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤ ʚʥʝʩʝʥʥʷ 

ʜʦʙʨʠʚ, ʟʥʠʞʫʻ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʽ ʤʦʞʝ ʧʨʠʚʦʜʠʪʠ ʜʦ ʟʤʽʥ ʫ ʝʣʝʤʝʥʪʥʦʤʫ 

ʩʢʣʘʜʽ ʟʝʨʥʘ. ɺʽʜʦʤʦ, ʱʦ ʚʽʜ ʥʝʩʪʘʯʽ ʮʠʥʢʫ ʽ ʟʘʣʽʟʘ ʫ ʩʚʽʪʽ ʩʪʨʘʞʜʘʻ ʙʽʣʴʰʝ 

ʜʚʦʭ ʤʽʣʴʷʨʜʽʚ ʣʶʜʝʡ (Kutman et al., 2010; Velu et al., 2013; Borrill  et al., 

2014). ʊʦʤʫ, ʧʦʞʠʚʥʘ ʷʢʽʩʪʴ ʟʝʨʥʘ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʘʛʨʦʥʦʤʽʚ ʽ ʜʽʻʪʦʣʦʛʽʚ. ʂʽʣʴʢʽʩʪʴ 

ʟʦʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʪʫʧʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʫ ʛʨʫʥʪʽ ʜʣʷ 

ʨʦʩʣʠʥ, ʧʨʦʪʝ, ʨʽʟʥʽ ʩʦʨʪʠ ʧʰʝʥʠʮʽ ʤʦʞʫʪʴ ʘʜʩʦʨʙʫʚʘʪʠ ʨʽʟʥʽ ʢʽʣʴʢʦʩʪʽ ʟ 

ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʛʨʫʥʪʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʩʦʨʪ ʤʦʞʝ ʧʦʛʣʠʥʘʪʠ 

ʨʽʟʥʽ ʢʽʣʴʢʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʨʽʟʥʠʭ ʛʨʫʥʪʘʭ. ʇʽʜʚʠʱʝʥʥʷ 

ʚʨʦʞʘʡʥʦʩʪʽ ʢʫʣʴʪʫʨʠ ʽ ʧʽʜʪʨʠʤʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʫ ʟʝʨʥʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ, ʷʢʝ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʜʦʩʷʛʥʝʥʥʷ ʩʝʣʝʢʮʽʾ, ʪʨʘʥʩʛʝʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʙʦ ʘʛʨʦʥʦʤʽʯʥʠʭ ʧʽʜʭʦʜʽʚ. 

ʇʨʦʪʝ, ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʩʝʣʝʢʮʽʡʥʠʡ ʧʽʜʭʦʜ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʫ 

ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʩʪʨʘʪʝʛʽʾ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ, ʫ ʪʦʡ ʞʝ ʯʘʩ ʘʛʨʦʥʦʤʽʯʥʠʡ 

ʧʽʜʭʦʜ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʙʨʠʚ, ʦʙʨʦʙʢʘ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʬʫʥʛʽʮʠʜʘʤʠ) 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ. ʊʦʤʫ, ʤʝʪʦʶ ʨʦʙʦʪʠ 

ʙʫʣʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʬʫʥʛʽʮʠʜʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ ʽ ʧʨʦʢʚʽʥʘʟʠʜʫ 

ʥʘ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʟʝʨʥʘ ʽ ʩʦʣʦʤʠ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʦʟʠʤʘ ʧʰʝʥʠʮʷ (Triticum aestivum L.) ʩʦʨʪʫ 

ʉʤʫʛʣʷʥʢʘ. ɺʘʨʽʘʥʪʠ ʜʦʩʣʽʜʫ ʚʢʣʶʯʘʣʠ ʦʙʨʦʙʢʫ Cu(OH)2 (ʂʦʩʘʡʜ) ʫ ʜʦʟʽ 

150 ʪʘ 300 ʛ/ʛʘ, ʧʨʦʢʚʽʥʘʟʠʜ (ʊʘʣʽʫʩ) 0,25 ʣ/ʛʘ ʪʘ ʢʦʤʙʽʥʘʮʽʶ Cu(OH)2 ʪʘ 

ʧʨʦʢʚʽʥʘʟʠʜʫ ʫ ʜʦʟʘʭ 150 ʛ/ʛʘ ʪʘ 0,25 ʣ/ʛʘ ʚʽʜʧʦʚʽʜʥʦ. ʆʙʨʦʙʢʫ ʧʨʦʚʦʜʠʣʠ ʫ 

ʬʘʟe BBCH 31 (ɿʘ ɿʘʜʦʢʩʦʤ). ʂʦʞʥʠʡ ʚʘʨʽʘʥʪ ʤʘʚ 5 ʧʦʚʪʦʨʥʦʩʪʝʡ. 

ɺʽʜʙʽʨ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʚʩʷ ʟʘ 2 ʪʠʞʥʽ ʜʦ ʟʙʦʨʫ ʚʨʦʞʘʶ. ʅʘʚʘʞʢʫ 0,4 ʛ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʠʨʘʣʠ ʟ ʩʝʨʝʜʴʦʾ ʧʨʦʙʠ ʽ ʦʟʦʣʶʚʘʣʠ ʟ ʘʟʦʪʥʦʶ ʢʠʩʣʦʪʦʶ ʫ 

ʩʠʩʪʝʤʽ ʧʨʦʙʦʧʽʜʛʦʪʦʚʢʠ (Milestone, START D). ɺʤʽʩʪ ʤʽʥʝʨʘʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʟʨʘʟʢʘʭ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ICP-MS (7700x, Agilent 

technologies). ʋ ʷʢʦʩʪʽ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

Multielement standard solution 5 for ICP (Fluka). ʉʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ çStatistica 6è. 

ɯʦʥʠ ʤʝʪʘʣʽʚ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʪʽʢʘʥʥʷ ʙʘʛʘʪʴʦʭ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʫ ʨʦʩʣʠʥʽ. ɼʝʷʢʽ ʟ ʥʠʭ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʽʡ ʩʠʛʥʘʣʽʟʘʮʽʾ, 
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ʧʽʜʪʨʠʤʫʶʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʛʨʘʜʽʻʥʪ ʤʝʤʙʨʘʥ ʘʙʦ ʻ ʢʦʬʘʢʪʦʨʘʤʠ 

ʙʘʛʘʪʴʦʭ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʬʝʨʤʝʥʪʽʚ.  

ʂʘʣʽʡ ʨʝʛʫʣʶʻ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʩʠʥʪʝʟʽ ʙʽʣʢʘ, 

ʩʧʨʠʷʻ ʥʘʢʦʧʠʯʝʥʥʶ ʢʨʦʭʤʘʣʶ ʽ ʤʦʥʦʩʘʭʘʨʠʜʽʚ ʫ ʟʝʨʥʽ. ʂ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʩʠʥʪʝʟʫ ʤʘʢʨʦʝʨʛʽʯʥʠʭ ʬʦʩʬʘʪʽʚ ʽ ʘʢʪʠʚʫʻ ʨʷʜ ʬʝʨʤʝʥʪʽʚ ʮʠʢʣʫ ʂʨʝʙʩʘ. ʋ 

ʚʝʛʝʪʘʪʠʚʥʽʡ ʯʘʩʪʠʥʽ ʨʦʩʣʠʥʠ ʚʽʥ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʩʠʥʪʝʟʽ ʙʽʣʢʽʚ ʪʘ 

ʚʫʛʣʝʚʦʜʽʚ, ʭʣʦʨʦʬʽʣʫ ʽ ʢʘʨʦʪʠʥʦʾʜʽʚ, ʧʽʜʚʠʱʫʻ ʟʠʤʦʩʪʽʡʢʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ 

ʜʦ ʚʠʣʷʛʘʥʥʷ, ʟʤʝʥʰʫʻ ʫʨʘʞʝʥʽʩʪʴ ʢʦʨʝʥʝʚʠʤʠ ʛʥʠʣʷʤʠ. 

ɿʘʛʘʣʦʤ ʦʙʨʦʙʢʘ ʧʦʩʽʚʽʚ ʜʦʩʣʽʜʥʠʤʠ ʬʫʥʛʽʮʠʜʘʤʠ ʩʧʨʠʷʣʘ 

ʥʘʢʦʧʠʯʝʥʥʶ ʂ ʫ ʟʝʨʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. ʅʘʡʙʽʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʢʘʣʽʶ 

ʙʫʣʦ ʭʘʨʘʢʪʝʨʥʝ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ ʫ ʢʽʣʴʢʦʩʪʽ 150 ʛ/ʛʘ ʽ 

ʩʪʘʥʦʚʠʣʦ 22%. ʇʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʢʘʣʽʶ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʧʨʦʢʚʽʥʘʟʠʜʫ ʽ ʩʪʘʥʦʚʠʣʦ 12% (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1.  

ʅʘʢʦʧʠʯʝʥʥʷ ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʟʝʨʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ  

ɺʘʨʽʘʥʪ 
K, 

ʤʛ/ʢʛ 

Mg, 

ʤʛ/ʢʛ 

Ca, 

ʤʛ/ʢʛ 

Cu, 

ʤʛ/ʢʛ 

Mn, 

ʤʛ/ʢʛ 

Fe, 

ʤʛ/ʢʛ 

Zn, 

ʤʛ/ʢʛ 

ʂʦʥʪʨʦʣʴ 
1799Ñ 

80 

731Ñ 

33 

625Ñ 

25 

2,9Ñ 

0,3 

42,0Ñ 

1,6 

25,6Ñ 

1,8 

9,1Ñ 

1,4 

Cu(OH)2, 150 ʛ/ʢʛ 
2188Ñ 

120 

831Ñ 

66 

623Ñ 

25 

3,6Ñ 

0,5 

43,9Ñ 

2,6 

35,8Ñ 

2,3 

15,6Ñ 

2,8 

Cu(OH)2,300 ʛ/ʛʘ 
1887Ñ 

103 

702Ñ 

31 

629Ñ 

19 

4,2Ñ 

0,4 

37,4Ñ 

1,5 

34,1Ñ 

2,5 

9,9Ñ 

1,3 

Cu(OH)2, 150 ʛ/ʛʘ 

+ ʧʨʦʢʚʽʥʘʟʠʜ, 

0,25 ʣ/ʛʘ 

1862Ñ 

111 

819Ñ 

59 

636Ñ 

19 

3,8Ñ 

0,5 

45,1Ñ 

2,5 

33,5Ñ 

2,0 

22,5Ñ 

2,7 

ʇʨʦʢʚʽʥʘʟʠʜ, 0,25 

ʣ/ʛʘ 

2016Ñ 

111 

773Ñ 

35 

634Ñ 

13 

2,9Ñ 

0,2 

43,4Ñ 

2,6 

30,1Ñ 

1,8 

12,2Ñ 

1,7 

ʇʨʠʤʽʪʢʘ: ʉʦʨʪ ʤôʷʢʦʾ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʉʤʫʛʣʷʥʢʘ; * nÑSD. 

ʋ ʥʘʰʠʭ ʜʦʩʣʽʜʘʭ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʝ ʟʥʠʞʝʥʥʷ 

ʚʤʽʩʪʫ ʂ ʫ ʚʝʛʝʪʘʪʠʚʥʽʡ ʤʘʩʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʦʢʚʽʥʘʟʠʜʫ ʪʘ ʡʦʛʦ 

ʢʦʤʧʦʟʠʮʽʾ ʟ ʛʽʜʨʦʢʩʠʜʦʤ ʤʽʜʽ ʥʘ 13% ʚ ʦʙʦʭ ʚʘʨʽʘʥʪʘʭ (ʪʘʙʣ. 2). ʈʘʟʦʤ ʟ 

ʪʠʤ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ ʧʽʜʚʠʱʫʚʘʣʦ ʚʤʽʩʪʫ 

ʝʣʝʤʝʥʪʫ ʜʦ 16% ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʢʦʥʮʝʥʪʨʘʮʽʾ Cu(oH)2. ɿʘʟʥʘʯʝʥʠʡ 

ʨʽʩʪ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʠʡ ʨʦʣʣʶ ʤʽʜʽ ʚ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʧʦʛʣʠʥʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫ ʂ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʙʽʦʩʠʥʪʝʟʽ ʮʝʣʶʣʦʟ ʽ 

ʛʝʤʽʮʝʣʶʣʦʟ ʽ ʩʧʨʠʷʻ ʧʦʪʦʚʱʝʥʥʶ ʢʣʽʪʠʥʥʠʭ ʩʪʽʥʦʢ ʩʦʣʦʤʠʥʠ ʟʣʘʢʦʚʠʭ, 

ʧʽʜʚʠʱʫʶʯʠ ʾʭʥʶ ʩʪʽʡʢʽʩʪʴ ʜʦ ʚʠʣʷʛʘʥʥʷ.  
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ʄʘʛʥʽʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʨʫʭʣʠʚʽʩʪʶ ʪʘ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʨʝʫʪʠʣʽʟʘʮʽʾ. ɺʽʥ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʭʣʦʨʦʬʽʣʫ, ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʚʫʛʣʝʚʦʜʥʦʤʫ 

ʦʙʤʽʥʽ ʽ ʚʧʣʠʚʘʻ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ (Mengel, 2001; 

Marschner, 2012). ɺʽʥ ʣʦʢʘʣʽʟʫʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʫ ʟʘʨʦʜʢʫ ʥʘʩʽʥʠʥʠ.  

ʉʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ Mg ʫ ʟʝʨʥʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ (150 ʛ/ʛʘ) ʪʘ ʡʦʛʦ ʢʦʤʧʦʟʠʮʽʾ ʟ 

ʧʨʦʢʚʽʥʘʟʠʜʦʤ ʽ ʩʢʣʘʜʘʣʦ 14% ʽ 12%ʚʽʜʧʦʚʽʜʥʦ. ʈʘʟʦʤ ʟ ʪʠʤ, 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʜʝʷʢʝ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʘʥʥʦʛʦ ʝʣʝʤʝʥʪʫ ʫ ʚʝʛʝʪʘʪʠʚʥʽʡ 

ʯʘʩʪʠʥʽ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ. ʎʝ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ 

ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʫ ʨʝʫʪʠʣʽʟʘʮʽʾ ʝʣʝʤʝʥʪʫ ʽ ʧʦʩʠʣʝʥʥʷ ʡʦʛʦ ʚʽʜʪʦʢʫ ʫ 

ʟʝʨʥʦ. 

ʊʘʙʣʠʮʷ 2.  

ʅʘʢʦʧʠʯʝʥʥʷ ʤʘʢʨʦ- ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʚʝʛʝʪʘʪʠʚʥʽʡ ʯʘʩʪʠʥʽ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ 

ɺʘʨʽʘʥʪ 
K, 

ʤʛ/ʢʛ 

Mg, 

ʤʛ/ʢʛ 

Ca, 

ʤʛ/ʢʛ 

Cu, 

ʤʛ/ʢʛ 

Mn, 

ʤʛ/ʢʛ 

Fe, 

ʤʛ/ʢʛ 

Zn, 

ʤʛ/ʢʛ 

ʂʦʥʪʨʦʣʴ 
5890Ñ 

265* 

2820Ñ 

126 

4864Ñ 

97 

5,2Ñ 

0,7 

36Ñ 

2,5 

111Ñ 

7,8 

31Ñ 

2,5 

Cu(OH)2, 150 ʛ/ʢʛ 
6836Ñ 

375 

2271Ñ 

181 

4676Ñ 

93 

7,5Ñ 

0,5 

49Ñ 

3,4 

114Ñ 

13,7 

56Ñ 

5,6 

Cu(OH)2,300 ʛ/ʛʘ 
6535Ñ 

359 

2098Ñ 

94 

4372Ñ 

62 

7,7Ñ 

0,5 

56Ñ 

3,9 

129Ñ 

4,5 

47Ñ 

3,3 

Cu(OH)2, 150 ʛ/ʛʘ 

+ ʧʨʦʢʚʽʥʘʟʠʜ, 

0,25 ʣ/ʛʘ 

4140Ñ 

248 

2511Ñ 

185 

4925Ñ 

49 

7,3Ñ 

0,7 

61Ñ 

5,5 

153Ñ 

12,2 

41Ñ 

5,3 

ʇʨʦʢʚʽʥʘʟʠʜ, 0,25 

ʣ/ʛʘ 

5163Ñ 

309 

2654Ñ 

119 

5174Ñ 

51 

5,2Ñ 

0,4 

34Ñ 

2,4 

131Ñ 

9,2 

35Ñ 

2,8 

ʇʨʠʤʽʪʢʘ: ʉʦʨʪ ʤôʷʢʦʾ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʉʤʫʛʣʷʥʢʘ; *nÑSD. 

ʂʘʣʴʮʽʡ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ 

ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʫ ʨʦʩʣʠʥ ʽ ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʾʾ 

ʨʦʟʚʠʪʢʫ (Marshner, 2012). ʋ ʢʦʤʧʣʝʢʩʽ ʟ ʧʝʢʪʠʥʦʤ ʚʽʥ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʢʣʽʪʠʥʥʦʾ ʩʪʽʥʢʠ ʽ ʧʝʨʝʰʢʦʜʞʘʻ ʾʾ ʦʩʣʠʟʝʥʥʶ. ʆʙʨʦʙʢʘ ʬʫʥʛʽʮʠʜʘʤʠ 

ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʣʘ ʥʘ ʚʤʽʩʪ ʢʘʣʴʮʽʶ ʫ ʟʝʨʥʽ ʽ ʚʝʛʝʪʘʪʠʚʥʽʡ ʯʘʩʪʠʥʽ ʦʟʠʤʦʾ 

ʧʰʝʥʠʮʽ. ɺʠʢʣʶʯʝʥʥʷ ʩʪʘʥʦʚʠʣʘ ʦʙʨʦʙʢʘ ʛʽʜʨʦʢʩʠʜʦʤ ʤʽʜʽ ʫ ʢʽʣʴʢʦʩʪʽ 300 

ʛ/ʛʘ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʜʝʷʢʝ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʫ ʫ ʚʝʛʝʪʘʪʠʚʥʽʡ 

ʯʘʩʪʠʥʽ (~10%). ɺʽʜʟʥʘʯʠʤʦ ʪʘʢʦʞ ʜʝʷʢʠʡ ʨʽʩʪ ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʫ ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʦʢʚʽʥʘʟʠʜʫ ʫ ʬʘʟʫ BBCH31 (ʪʘʙʣ. 2).  

ɺʽʜʦʤʦ, ʱʦ ʩʧʦʣʫʢʠ ʤʽʜʽ ʻ ʜʦʩʠʪʴ ʩʪʽʡʢʠʤʠ, ʚʦʥʠ ʤʦʞʫʪʴ 

ʥʘʢʦʧʠʯʫʚʘʪʠʩʴ ʽ ʮʠʨʢʫʣʶʚʘʪʠ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʦʨʫʰʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʾ ʚʥʝʩʝʥʥʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʤʝʥʪʫ ʚ ʨʦʩʣʠʥʘʭ, 

ˇʨʫʥʪʽ ʪʘ ʚʦʜʦʡʤʘʭ, ʪʦʤʫ ʜʦʟʠ ʤʽʜʥʠʭ ʬʫʥʛʽʮʠʜʽʚ ʧʦʚʠʥʥʽ ʨʝʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ. 

ɿʘʛʘʣʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ ʥʝ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʘ ʚ ʟʝʨʥʽ ʽ ʥʝ ʧʝʨʝʙʽʣʴʰʫʚʘʣʦ ʨʽʚʥʽʚ ɻɼʂ ʤʽʜʽ ʫ ʟʝʨʥʽ, 
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ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤʠ ɼʉʊʋ 3768:2009. ɺʠʥʷʪʦʢ ʩʢʣʘʜʘʣʘ ʦʙʨʦʙʢʘ ʨʦʩʣʠʥ 

ʛʽʜʨʦʢʩʠʜʦʤ ʤʽʜʽ (300 ʛ/ʛʘ), ʜʝ ʚʽʜʙʫʚʘʣʦʩʴ ʜʝʷʢʝ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ 

ʝʣʝʤʝʥʪʫ. ɼʦʩʪʦʚʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʤʽʜʽ ʥʘ 40-48% ʫ ʚʝʛʝʪʘʪʠʚʥʽʡ 

ʯʘʩʪʠʥʽ ʨʦʩʣʠʥ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ ʽ ʡʦʛʦ 

ʢʦʤʧʦʟʠʮʽʾ ʟ ʧʨʦʢʚʽʥʘʟʠʜʦʤ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʦʶ 

(Korzeniowska J., Stanisğawska-Glubiak E, 2011). 

ʄʘʨʛʘʥʝʮʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʬʦʪʦʣʽʟʽ ʚʦʜʠ ʽ ʚʽʜʥʦʚʣʝʥʥʽ ʉʆ2, ʩʧʨʠʷʶʯʠ 

ʥʘʢʦʧʠʯʝʥʥʶ ʨʦʟʯʠʥʥʠʭ ʮʫʢʨʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 

ʨʦʩʣʠʥ ʜʦ ʟʠʤʽʚʣʽ (Fageria et al., 2011). ʆʙʨʦʙʢʘ ʬʫʥʛʽʮʠʜʘʤʠ ʥʝ ʚʧʣʠʚʘʣʘ 

ʥʘ ʢʽʣʴʢʽʩʪʴ ʤʘʨʛʘʥʮʶ ʫ ʟʝʨʥʽ. ʅʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ (ʥʘ 11%) ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ (300 ʛ/ʛʘ)  

ɿʘʣʽʟʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʬʝʨʤʝʥʪʽʚ ʥʽʪʨʘʪ- ʽ ʥʽʪʨʠʪʨʝʜʫʢʪʘʟʠ, 

ʮʠʪʦʭʨʦʤʦʢʩʠʜʘʟʠ, ʚʦʥʦ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʟʘʜʦʚʽʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʪʨʘʥʩʧʦʨʪʥʦʛʦ ʣʘʥʮʶʛʘ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʦʥʽʚ NO3
-
 ʚ NH4

+
 (Mengel, 2001). ʋ ʥʘʰʠʭ ʜʦʩʣʽʜʘʭ 

ʭʘʨʘʢʪʝʨʥʠʤ ʙʫʣʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʟʘʣʽʟʘ ʽ ʮʠʥʢʫ ʫ ʟʝʨʥʽ ʧʰʝʥʠʮʽ ʧʨʠ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ. ʇʦʜʽʙʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʟʘʣʽʟʘ, 

ʤʘʨʛʘʥʮʶ ʽ ʮʠʥʢʫ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʣʠʥʘʤʠ ʧʰʝʥʠʮʽ. 

ʂʦʣʠʚʘʥʥʷ ʚʤʽʩʪʫ Fe ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʽ ʫ ʚʝʛʝʪʘʪʠʚʥʽʡ ʯʘʩʪʠʥʽ ʨʦʩʣʠʥ 

ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. ʆʙʨʦʙʢʘ ʛʽʜʨʦʢʩʠʜʦʤ ʤʽʜʽ ʫ ʢʽʣʴʢʦʩʪʽ 300 ʛ/ʛʘ 

ʧʽʜʚʠʱʫʚʘʣʘ ʚʤʽʩʪ ʝʣʝʤʝʥʪʫ ʥʘ 16%, ʫ ʪʦʡ ʯʘʩ ʷʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʦʢʚʽʥʘʟʠʜʫ ʽ ʡʦʛʦ ʢʦʤʧʦʟʠʮʽʾ ʟ Cu(ʆʅ)2 ʧʽʜʚʠʱʫʚʘʣʦ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʫ 

ʫ ʦʙʦʭ ʚʘʨʽʘʥʪʘʭ ʜʦʩʣʽʜʫ ʥʘ 18% ʪʘ 38% ʚʽʜʧʦʚʽʜʥʦ. ʇʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ 

ʮʠʥʢʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʫ ʚʩʽʭ ʚʘʨʽʘʥʪʘʭ ʜʦʩʣʽʜʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʨʦʩʣʠʥ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʥʝʩʝʥʥʷ ʬʫʥʛʽʮʠʜʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ ʽ ʧʨʦʢʚʽʥʘʟʠʜʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʤʽʜʽ ʫ ʢʽʣʴʢʦʩʪʽ 150 ʛ/ʛʘ ʧʽʜʚʠʱʫʻ ʚʤʽʩʪ ʂ, ʄg, Fe 

ʽ Zn ʫ ʟʝʨʥʽ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʛʽʮʠʜʽʚ ʫ ʬʘʟʫ BBCH 31 

ʚʠʢʣʠʢʘʣʠ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʫ ʢʽʣʴʢʦʩʪʽ ʤʘʢʨʦ- ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚʝʛʝʪʘʪʠʚʥʦʾ 

ʯʘʩʪʠʥʠ ʨʦʩʣʠ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘʩʣʫʛʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʫ ʧʨʦʛʨʘʤʘʭ 

ʦʧʪʠʤʽʟʘʮʽʾ ʘʛʨʦʭʽʤʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʦʟʠʤʦʾ ʧʰʝʥʠʮʽ. 
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ʤʘʛʽʩʪʨ ʢʘʬʝʜʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ 

ɯʥʩʪʠʪʫʪ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

 

ɯʅʊɽʃɽʂʊʋɸʃʔʅɸ ɯʅʌʆʈʄɸʎɯʁʅɸ ʉʀʉʊɽʄɸ ʆʈɻɸʅɯɿɸʎɯɰ 

ɯʅʊɽʈɸʂʊʀɺʅʀʍ ʇʈʆʄʆ-ɸʂʎɯʁ 

ɯʥʪʝʨʥʝʪ - ʮʝ ʥʘʡʙʽʣʴʰʘ ʧʣʦʱʠʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʙʽʣʴʰʝ ʤʽʣʴʷʨʜʘ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʢʦʣʠ-ʥʝʙʫʜʴ 

ʢʦʨʠʩʪʫʚʘʣʠʩʴ ʧʦʰʫʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʨʦʙʠʣʠ ʟʘʤʦʚʣʝʥʥʷ ʚ ʽʥʪʝʨʥʝʪ -

 ʤʘʛʘʟʠʥʘʭ, ʢʦʨʠʩʪʫʚʘʣʠʩʴ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽʥʪʝʨʥʝʪ - ʩʝʨʚʽʩʘʤʠ ʪʦʱʦ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʣʶʜʠʥʘ 

ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ɯʥʪʝʨʥʝʪ, ʷʢ ʟʘʩʽʙ ʜʣʷ ʧʦʰʫʢʫ ʧʦʪʨʽʙʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʅʘ ʨʠʥʢʫ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʚʠʜʦʤ ʧʨʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʜʦ ʧʦʪʝʥʮʽʡʥʦʛʦ ʢʣʽʻʥʪʘ - ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʨʝʢʣʘʤʘ [1].  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʤʦ-ʘʢʮʽʾ ʷʢ ʪʠʧʫ ʨʝʢʣʘʤʠ ʧʦʣʷʛʘʻ ʚ ʦʨʛʘʥʽʟʘʮʽʾ 

ʽʥʪʝʨʘʢʪʠʚʫ, ʚ ʷʢʦʤʫ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʣʠʰʝ ʮʽʣʴʦʚʽ 

ʢʦʨʠʩʪʫʚʘʯʽ, ʱʦ ʟʘʮʽʢʘʚʣʝʥʽ ʫ ʧʨʦʜʫʢʪʽ ʯʠ ʙʨʝʥʜʽ. ɼʣʷ ʮʴʦʛʦ ʢʦʤʧʘʥʽʾ 

ʦʨʛʘʥʽʟʦʚʫʶʪʴ ʧʦʜʽʶ, ʜʝ ʜʝʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʦʚʘʨ ʯʠ 

ʧʦʩʣʫʛʠ, ʷʢʽ ʢʦʤʧʘʥʽʷ ʥʘʜʘʻ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʽʥʪʝʨʘʢʪʠʚʫ ï ʮʝ ʧʦʥʷʪʪʷ 

ʨʦʟʢʨʠʚʘʻ ʭʘʨʘʢʪʝʨ ʪʘ ʩʪʝʧʽʥʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʦʙôʻʢʪʘʤʠ ʟʘʣʫʯʝʥʠʤʠ ʜʦ 

ʧʨʦʮʝʩʫ [2,3]. 

ʇʨʦʧʦʥʫʻʪʴʩʷ, ʷʢ ʟʘʩʽʙ ʦʨʛʘʥʽʟʘʮʽʾ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʧʨʦʤʦ-ʘʢʮʽʡ, 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʽʾ ʫ 

ʚʠʛʣʷʜʽ ʢʚʝʩʪʫ, ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʷʢʦʛʦ ʧʦʪʝʥʮʽʡʥʠʡ ʢʣʽʻʥʪ ʤʦʞʝ 

ʦʪʨʠʤʘʪʠ ʚʠʥʘʛʦʨʦʜʫ, ʫ ʚʠʛʣʷʜʽ ʨʝʢʣʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʟʥʠʞʢʠ ʘʙʦ ʽʥʰʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʨʝʢʣʘʤʦʜʘʚʮʝʤ ʧʨʦʤʦ. ʄʝʪʦʶ ʩʠʩʪʝʤʠ ʻ ʦʨʛʘʥʽʟʘʮʽʷ ʪʘ 

ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʟʘʚʜʘʥʴ 

ʘʢʮʽʾ ʚ ʨʝʞʠʤʽ ʦʥ-ʣʘʡʥ, ʱʦ ʩʧʨʠʷʻ ʟʘʣʫʯʝʥʥʶ ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ ʪʘ 

ʝʬʝʢʪʠʚʥʦʤʫ ʧʨʦʩʫʚʘʥʥʶ ʨʝʢʣʘʤʥʦʛʦ ʪʦʚʘʨʫ.  

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʚʝʙ-ʩʪʦʨʽʥʦʢ, 

ʱʦ ʤʘʶʪʴ ʧʨʦʜʫʤʘʥʠʡ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ ʪʘ ʚʽʜʧʦʚʽʜʥʠʡ 

ʬʫʥʢʮʽʦʥʘʣ, ʷʢʠʡ ʙʫʜʝ ʨʦʟʨʦʙʣʷʪʠʩʴ ʧʨʠʢʣʘʜʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ɺʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʦʙô̒ ʢʪʘʤʠ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʢʦʥʪʝʢʩʪʥʦʾ ʜʽʘʛʨʘʤʠ ʥʘ ʨʠʩ.1. 

 

 
ʈʠʩ. 1 ʂʦʥʪʝʢʩʪʥʘ ʜʽʘʛʨʘʤʘ ʧʦʪʦʢʽʚ ʜʘʥʠʭ 
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ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʘ ʩʘʤʝ: 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʽʛʦʨ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʟʘ 

ʨʘʭʫʥʦʢ ʢʦʥʬʣʽʢʪʥʦʾ ʩʠʪʫʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʧʝʚʥʦʾ ʛʨʠ, ʷʢʘ ʟʘ ʩʚʦʾʤ ʟʤʽʩʪʦʤ ʽ 

ʬʦʨʤʦʶ ʻ ʾʾ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʛʨʘʬʽʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʰʨʫʪʫ, ʷʢ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʫʤʽʞʥʠʭ ʨʝʙʝʨ (ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʝʙʨʘ ʥʘʙʫʚʘʶʪʴ ʥʘʧʨʷʤʦʢ), ʜʝ ʤʦʞʫʪʴ ʧʦʚʪʦʨʶʚʘʪʠʩʷ ʚʝʨʰʠʥʠ, ʘʣʝ ʥʝ 

ʨʝʙʨʘ. ʄʘʨʰʨʫʪ ʥʘʟʠʚʘʻʪʴʩʷ ʮʠʢʣʦʤ, ʷʢʱʦ ʚ ʥʴʦʤʫ ʧʝʨʰʘ ʚʝʨʰʠʥʘ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʦʩʪʘʥʥʴʦʶ [4]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʚʝʩʪʽʚ ʜʣʷ ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ ʻ ʥʦʚʠʤ ʚʠʜʦʤ 

ʧʨʦʤʦ-ʘʢʮʽʡ. ɺʽʜʧʦʚʽʜʥʦ ʮʝʡ ʚʠʜ ʨʝʢʣʘʤʠ ʜʣʷ ʧʽʜʧʨʠʻʤʮʽʚ ʤʘʣʦʛʦ ʪʘ 

ʩʝʨʝʜʥʴʦʛʦ ʙʽʟʥʝʩʫ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ: ʟʘʦʱʘʜʠʪʠ ʥʘ ʧʨʦʩʫʚʘʥʥʽ ʧʨʦʜʫʢʪʽʚ ʯʠ 

ʧʦʩʣʫʛ; ʦʪʨʠʤʘʪʠ ʰʚʠʜʢʠʡ ʨʝʟʫʣʴʪʘʪ, ʘ ʩʘʤʝ ʮʽʣʴʦʚʠʭ ʢʣʽʻʥʪʽʚ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʨʝʢʣʘʤʠ, ʱʦ ʦʨʛʘʥʽʟʦʚʘʥʽ 

ʨʝʢʣʘʤʦʜʘʚʮʝʤ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʧʣʦʱʠʥʽ, ʷʢʘ ʟʘʣʫʯʘʻ ʣʠʰʝ ʮʽʣʴʦʚʫ 

ʘʫʜʠʪʦʨʽʶ. 

ʃʽʪʝʨʘʪʫʨʘ 

½ ʈʝʢʣʘʤʘ, ʱʦ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: www.uk.wikipedia.org. 

½ ʇʨʦʤʦʘʢʮʽʷ - ʚʠʜ ʨʝʢʣʘʤʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʦʤʧʘʥʽʾ [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ] . ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: www.uk.wikipedia.org. 

½ ɼʉʊʋ 2481

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʊʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ // 

 

½ ʇʝʪʨʦʚ ɽ.ɻ. ʄʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ: ʅʘʚʯ. ʧʦʩʽʙʥ. / ɽ.ɻ. ʇʝʪʨʦʚ, ʄ.ɺ. ʅʦʚʦʞʠʣʦʚʘ, ɯ.ɺ. 

ɻʨʝʙʝʥʥʽʢ // ɿʘ ʨʝʜ. ɽ.ɻ. ʇʝʪʨʦʚʘ.ï ʂ.: ʊʝʭʥʽʢʘ. 2004.ï 256 ʩ. 

 

  

http://www.uk.wikipedia.org/
http://www.uk.wikipedia.org/


50 

ʉʽʥʯʫʢ ʆ.ʄ., 

ɼʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ 

ʪʨʘʥʩʧʦʨʪʽ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʂʦʣʴʩʫʥ ɺ.ɸ., 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʪʨʘʥʩʧʦʨʪʽ ʂʨʠʚʦʨʽʟʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʈʠʞʝʥʢʦʚ ɼ.ɺ., 

ɸʩʧʽʨʘʥʪ ʢʘʬʝʜʨʠ ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʪʨʘʥʩʧʦʨʪʽ ʂʨʠʚʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ɿʽʤʘʥʢʦʚ ʈ.ɺ. 

ʄʘʛʽʩʪʨ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ 

 

ɸʉʇɽʂʊʀ ʉʊɺʆʈɽʅʅʗ ʅɸɺʏɸʃʔʅʆɻʆ ʃɸɹʆʈɸʊʆʈʅʆɻʆ 

ʂʆʄʇʃɽʂʉʋ ɿ ɼʆʉʃɯɼɾɽʅʅʗ ʅɸʇɯɺʇʈʆɺɯɼʅʀʂʆɺʀʍ 

ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ 

ɺʩʪʫʧ. ʇʠʪʘʥʥʶ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʟ 

ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ ʥʘʰ ʯʘʩ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ. ʗʢʽʩʪʴ 

ʟʥʘʥʴ ʟ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʢʚʘʣʽʬʽʢʘʮʽʾ ʤʘʡʙʫʪʥʽʭ 

ʩʧʝʮʽʘʣʽʩʪʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʘʜʞʝ ʩʘʤʝ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʡ ʬʘʭʽʚʝʮʴ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʯʠʥʥʠʢʦʤ ʙʣʘʛʦʧʦʣʫʯʯʷ 

ʋʢʨʘʾʥʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʧʨʠʚʝʜʝʥʽ ʦʙʩʪʘʚʠʥʠ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʩʪʚʦʨʝʥʥʷ ʩʪʝʥʜʫ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʠʡ ʚ ʙʽʣʴʰʽʡ 

ʤʽʨʽ ʚʠʨʽʰʫʻ ʫʩʽ ʧʨʦʙʣʝʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʚʯʝʥʥʷʤ ʽ ʨʦʟʫʤʽʥʥʷʤ ʧʨʠʥʮʠʧʽʚ 

ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʩʪʝʥʜʫ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʟʥʘʥʴ ʟ 

ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʩʪʫʜʝʥʪʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʚʯʝʥʥʷ ʩʪʘʪʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʫʜʝʥʪʽʚ ʫ 

ʛʘʣʫʟʽ ʝʣʝʢʪʨʦʪʝʭʥʽʢʠ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʢʠ. ʊʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʢʦʤʧʣʝʢʩ ʨʦʙʽʪ ʧʦʚʠʥʝʥ ʨʦʟʢʨʠʪʠ ʩʪʫʜʝʥʪʘʤ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʧʠʪʘʥʥʷ, ʷʢ ʚʠʜʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʪʘ ̔ʥʰʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʣʫʟʷʭ ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʾʭ 

ʚʠʚʯʝʥʥʷ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʠʭ ʪʘ 

ʛʘʣʫʟʽ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʦʷʩʥʠʪʠ ʪʘʢʽ ʧʠʪʘʥʥʷ, ʷʢ 

ʨʝʩʫʨʩʦʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟʘʩʦʙʘʤʠ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʩʪʫʜʝʥʪʘʤ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʧʨʠʡʤʘʪʠ ʚʠʚʽʨʝʥʽ ʨʽʰʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʩʫʯʘʩʥʠʭ ʤʝʭʘʥʽʟʤʘʭ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʨʦʙʢʠ ʫ ʩʪʫʜʝʥʪʽʚ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʢʽʚ ʨʦʙʦʪʠ ʟ 

ʧʨʠʩʪʨʦʷʤʠ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʧʠʪʘʥʥʷ, ʷʢʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ 

ʚʠʱʝ, ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʪʝʥʜʽʚ ʪʘ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ 
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ʧʨʠʩʪʨʦʾʚ. ʈʘʮʽʦʥʘʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʩʪʝʥʜʫ ʤʦʞʣʠʚʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʣʠʰʝ 

ʦʛʣʷʜʦʤ ʚʞʝ ʽʩʥʫʶʯʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʜʣʷ ʮʴʦʛʦ ʦʟʥʘʡʦʤʠʤʦʩʷ ʟ 

ʣʘʙʦʨʘʪʦʨʥʠʤ ʩʪʝʥʜʦʤ Ăɹʘʟʠʩ, ʷʢʠʡ ʻ ʪʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʫʯʘʩʥʦʤʫ ʥʘʚʯʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʩʠʣʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ɺʽʥ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʘʛʘʪʴʦʭ ʪʠʧʦʚʠʭ ʩʭʝʤ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʥʝ ʩʢʣʘʜʥʠʭ ʦʜʥʦʬʘʟʥʠʭ ʪʘ 

ʪʨʠʬʘʟʥʠʭ ʩʭʝʤ ʽ ʟʘʢʽʥʯʫʶʯʠ ʩʢʣʘʜʥʠʤʠ ʽʥʚʝʨʪʦʨʘʤʠ. 

 
˾͙ͫΦ м ˭͍ͦͤ͜΄͚ͤ͜ ͍͙͎͡Ύ͒ ͔ͫͭͤ͒ͯ αˣ͙͊ͫ͘ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ɹʘʟʠʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʨʧʫʩʫ, ʚ ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʦ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ, ʝʣʝʢʪʨʦʥʥʽ ʧʣʘʪʠ, ʣʠʮʴʦʚʘ ʧʘʥʝʣʴ ʽ ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʨʦʙʦʯʦʛʦ ʩʪʦʣʫ. ʅʘ ʧʘʥʝʣʽ ʚʩʪʘʥʦʚʣʝʥʽ ʨʦʟôʻʤʠ ʜʣʷ ʟʤʽʥʥʠʭ ʧʘʥʝʣʝʡ, 

ʧʨʠʩʪʨʽʡ ʽʥʜʠʢʘʮʽʾ ʚʠʤʽʨʶʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʨʦʟôʻʤ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ, ʢʦʤʫʪʘʮʽʡʥʘ ʘʧʘʨʘʪʫʨʘ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʠ ʢʝʨʫʚʘʥʥʷ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʣʘʥʮʶʛʽʚ ʞʠʚʣʝʥʥʷ ʽ ʝʣʝʤʝʥʪʽʚ 

ʣʘʥʮʶʛʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʚʙʫʜʦʚʘʥʦʛʦ ʚ ʩʪʝʥʜ. ʅʘ ʣʠʮʴʦʚʽʡ ʧʘʥʝʣʽ ʥʘʥʝʩʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʩʭʝʤʠ ʽ ʨʦʟʤʽʱʝʥʦ ʢʦʤʫʪʘʮʽʡʥʽ ʛʥʽʟʜʘ, ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ 

ʦʨʛʘʥʽʚ ʢʝʨʫʚʘʥʥʷ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɹʽʣʴʰʽʩʪʴ 

ʟʤʽʥʥʠʭ ʧʘʥʝʣʝʡ ʻ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʽ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʩʪʝʥʜʫ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʢʦʥʫʶʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʘʨʘʤʝʪʨʽʚ ʜʞʝʨʝʣ 

ʞʠʚʣʝʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʠʭ ʽ ʤʽʥʽʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠʩʪʨʦʾʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʽʥʰʝ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʘʻ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ, ʘ 

ʩʘʤʝ: ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʽʜʥʦʩʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʠʣʦʚʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ, ʥʘʷʚʥʽʩʪʴ ʚʙʫʜʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʚʠʤʽʨʶʚʘʥʴ, ʥʘʜʘʥʥʷ ʨʘʟʦʤ ʟʽ ʩʪʝʥʜʦʤ ʤʝʪʦʜʠʯʥʦʾ ʪʘ ʪʝʭʥʽʯʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʜʣʷ ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ, ʧʦʚʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʘʚʯʘʣʴʥʽʡ 

ʧʨʦʛʨʘʤʽ ʟ ʚʠʚʯʝʥʥʷ ʩʠʣʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

ɸʣʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʜʽʙʥʠʭ ʨʽʰʝʥʴ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʟ ʚʠʚʯʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ, ʚʦʥʠ ʤʘʶʪʴ ʚʘʛʦʤʽ ʥʝʜʦʣʽʢʠ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: ʟʥʘʯʥʘ 

ʚʘʨʪʽʩʪʴ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʜʙʘʥʥʷ ʩʪʝʥʜʫ ʥʘʰʠʤʠ 

ʫʥʽʚʝʨʩʠʪʝʪʘʤʠ, ʥʝ ʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ 
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ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʘ ʜʘʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʪʝʥʜʘʭ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʠʬʽʢʘʮʽʾ ʤʦʜʫʣʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ ʫ ʨʘʟʽ ʚʠʭʦʜʫ 

ʦʩʪʘʥʥʴʦʛʦ ʟ ʣʘʜʫ, ʥʝ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʛʣʠʙʦʢʦʛʦ ʚʠʚʯʝʥʥʷ ʩʪʫʜʝʥʪʘʤʠ 

ʩʭʝʤʦ-ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʦʪʦʚʠʭ, ʪʘʢ ʟʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʻ ʥʝʜʦʮʽʣʴʥʠʤ. ʊʦʤʫ 

ʧʦʩʪʘʣʘ ʟʘʜʘʯʘ ʩʪʚʦʨʝʥʥʷ ʧʦʜʽʙʥʦʛʦ, ʘʣʝ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ 

ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʣʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʠʡ ʙʠ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʚ ʥʘʚʯʘʣʴʥʽʡ ʧʨʦʛʨʘʤʽ ʽ ʙʫʚ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʚ ʛʘʣʫʟʽ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ ʩʪʝʥʜʦʤ, ʩʪʚʦʨʶʶʪʴʩʷ ʦʢʨʝʤʽ ʤʦʜʫʣʽ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʚʯʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʤʘʶʪʴ ʟʘʢʽʥʯʝʥʫ 

ʩʭʝʤʫ ʟ ʧʝʨʝʢʣʶʯʝʥʥʷʤʠ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʄʦʜʫʣʴʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʩʪʝʥʜʘ, ʽ ʚʽʜʧʦʚʽʜʥʦ, 

ʚʽʜʪʝʨʤʽʥʦʚʫʻ ʯʘʩ ʡʦʛʦ ʤʦʨʘʣʴʥʦʛʦ ʩʪʘʨʽʥʥʷ. 

ʊʝʥʜʝʥʮʽʷ ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ 

ʝʢʦʥʦʤʽʶ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʥʠʞʫʻ ʤʘʩʦ-ʛʘʙʘʨʠʪʥʽ 

ʧʦʢʘʟʥʠʢʠ ʩʪʝʥʜʫ. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, 

ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʢʫ ʚ ʨʽʢ, ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʚʩʝ ʥʦʚʠʭ ʽ ʥʦʚʠʭ 

ʤʦʜʫʣʽʚ. 

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʩʪʝʥʜʫ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʩʪʫʧʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ: ʦʜʥʦʬʘʟʥʠʭ 

ʥʝʢʝʨʦʚʘʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʦʜʥʦʬʘʟʥʠʭ ʢʝʨʦʚʘʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ, 

ʪʨʠʬʘʟʥʠʭ ʢʝʨʦʚʘʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ, ʰʝʩʪʠʬʘʟʥʠʭ ʢʝʨʦʚʘʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ, 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʚʘʥʘʜʮʷʪʠʬʘʟʥʠʭ ʚʠʧʨʷʤʣʷʯʽʚ, ʘʚʪʦʥʦʤʥʠʭ ʽʥʚʝʨʪʦʨʽʚ 

ʥʘʧʨʫʛʠ, ʘʚʪʦʥʦʤʥʠʭ ʽʥʚʝʨʪʦʨʽʚ ʩʪʨʫʤʫ, ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, 

ʪʠʨʠʩʪʦʨʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘʧʨʫʛʠ, ʦʢʨʝʤʠʭ ʩʭʝʤ ʙʝʟʧʦʩʝʨʝʜʥʽʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ. 

ʉʪʝʥʜ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢ ʨʦʟʽʤʢʥʫʪʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ, ʪʘʢ ʽ ʟʘʤʢʥʫʪʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʱʦ 

ʜʝʤʦʥʩʪʨʫʻ ʪʦʥʢʫ ʤʝʞʫ ʚʟʘʻʤʦʜʽʾ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʟ 

ʜʠʩʮʠʧʣʽʥʘʤʠ, ʷʢʽ ʚʠʚʯʘʶʪʴ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʬʽʟʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʨʽʰʫʻ ʪʘʢʽ 

ʧʨʘʢʪʠʯʥʽ ʧʠʪʘʥʥʷ, ʷʢ: ʥʘʜʘʻ ʦʩʥʦʚʥʽ ʟʥʘʥʥʷ ʩʭʝʤʦ-ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ, ʨʦʟʢʨʠʚʘʻ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ 

ʢʝʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʫʯʘʩʥʠʤʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤʠ 

ʟʘʩʦʙʘʤʠ, ʥʘʜʘʻ ʧʽʜʩʪʘʚʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʦʩʥʦʚʘʤ ʥʘʧʠʩʘʥʥʷ 

ʤʽʢʨʦʧʨʦʛʨʘʤ, ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʥʘʧʠʩʘʥʥʽ 

ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʛʦʪʫʻ ʩʪʫʜʝʥʪʽʚ ʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʶ ʪʝʭʥʽʢʦʶ. 

ʉʪʝʥʜ ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʪʦʤʫ ʟʘʜʘʯʽ, ʷʢʽ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʩʪʝʥʜʫ ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʽ ʜʦʧʦʚʥʶʚʘʪʠʩʷ ʫ ʭʦʜʽ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 
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ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʪʚʦʨʝʥʦʛʦ ʩʪʝʥʜʫ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ.2. ʆʩʥʦʚʥʽ ʚʫʟʣʠ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ 

ʩʪʝʥʜ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ: ʪʨʠʬʘʟʥʽ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ, ʜʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʞʠʚʣʝʥʥʷ, ʙʣʦʢ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, 

ʜʦ ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʤʦʜʫʣʷʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ, ʙʣʦʢ ʚʠʤʽʨʽʚ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ, 

ʢʦʥʪʘʢʪʥʦʾ ʧʣʦʱʠʥʠ ʜʣʷ ʤʦʜʫʣʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. 

ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʥʜʫ ʜʣʷ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ.3. 

ʉʪʚʦʨʝʥʥʷ ʩʘʤʝ 

ʪʘʢʠʭ ʚʫʟʣʽʚ ʩʪʝʥʜʫ 

ʥʘʜʘʻ ʡʦʤʫ ʙʽʣʴʰʦʾ 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʽ 

ʚʠʨʽʰʫʻ ʦʩʥʦʚʥʽ 

ʧʦʩʪʘʚʣʝʥʽ ʟʘʜʘʯʽ ʜʦ 

ʧʨʦʮʝʩʫ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʩʬʝʨʽ 

ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʪʝʥʜʫ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʪʝʩʪʦʚʠʡ ʤʦʜʫʣʴ, ʷʢʠʡ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʚʠʚʯʝʥʥʷ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʧʨʦʪʽʢʘʶʪʴ ʚ ʦʜʥʦ- ʪʘ ʪʨʠʬʘʟʥʠʭ 

ʚʠʧʨʷʤʣʷʯʘʭ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʪʝʩʪʦʚʦʛʦ ʤʦʜʫʣʷ ʜʣʷ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.4. 

 
˾͙ͫΦ о ˭͎͊͊͡Έͤ͜ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ ͔ͫͭͤ͒ͯΦ 

 

 
˾͙ͫΦ н ˭͍ͦͤ͜΄͚ͤ͜ ͍͙͎͡Ύ͒ ͔ͫͭͤ͒ͯΦ 

 
˾͙ͫΦ 4 ˭ ͎͊͊͡Έ͙͚ͤ ͍͙͒ ͔͍͎ͭͫͭͦͦͦ 

ͣͦ͒ͯ͡Ύ ͒͡Ύ ͺ͙͘͜;͎ͤͦͦ 

͔ͣͦ͒͡Ό͍͊ͤͤΎ ͔͔͍ͨͪͭͦͪΌ͍͊;͍͜. 
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ʄʦʜʫʣʴ ʷʚʣʷʻʪʴʩʷ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʝʚʥʠʡ ʨʷʜ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ: ʨʦʙʦʪʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʜʥʦʛʦ ʜʽʦʜʫ ʘʙʦ ʪʠʨʠʩʪʦʨʫ, ʦʜʥʦʬʘʟʥʠʡ ʤʦʩʪʦʚʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ, ʪʨʠʬʘʟʥʠʡ ʤʦʩʪʦʚʠʡ ʩʠʤʝʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, 

ʪʨʠʬʘʟʥʠʡ ʤʦʩʪʦʚʠʡ ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʧʝʨʝʪʚʦʨʶʚʘʯ 

ʟʽʙʨʘʥʠʡ ʟʘ ʪʨʠʬʘʟʥʦʶ ʥʫʣʴʦʚʦʶ ʩʭʝʤʦʶ, ʧʝʨʝʪʚʦʨʶʚʘʯ ʟʽʙʨʘʥʠʡ ʟʘ 

ʰʝʩʪʠʬʘʟʥʦʶ ʩʭʝʤʦʶ. ɹʫʜʫʚʘʪʠ ʧʝʚʥʫ ʩʭʝʤʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʪʫʜʝʥʪ ʤʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʜʷʢʠ ʚʙʫʜʦʚʘʥʠʤ ʥʘ ʤʦʜʫʣʽ ʧʝʨʝʤʠʢʘʯʘʤ. ʂʝʨʫʚʘʥʥʷ ʜʘʥʠʤ 

ʤʦʜʫʣʝʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʘ ʧʨʦʪʦʢʦʣʦʤ 

ʟʚôʷʟʢʫ UART, ʷʢʠʡ ʧʝʨʝʜʘʻ ʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʚʽʜʧʠʨʘʥʥʷ, ʚʚʝʜʝʥʠʭ ʟ 

ʪʝʨʤʽʥʘʣʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ 

ʪʠʨʠʩʪʦʨʘʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʙʫʜʴ-ʷʢʦʾ ʽʥʰʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ 

ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʪʫʜʝʥʪʘʤʠ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʦʨʛʘʥʽʟʘʮʽʾ ʢʝʨʫʚʘʥʥʷ ʥʘʜʘʻ ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʫʜʝʥʪʘʤ, ʩʘʤʦʩʪʽʡʥʦ ʧʠʩʘʪʠ ʧʨʦʛʨʘʤʠ ʢʝʨʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʱʦ 

ʧʽʜʚʠʱʠʪʴ ʾʭ ʥʘʚʠʯʢʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʪʘ ʧʦʛʣʠʙʠʪʴ ʾʭ ʨʦʟʫʤʽʥʥʷ ʦʩʥʦʚʥʠʭ 

ʟʘʩʘʜ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ. 

ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʤʦʜʫʣʷ, 

ʧʨʦʚʝʜʝʥʦ ʧʨʘʢʪʠʯʥʦ-

ʝʢʩʧʝʨʝʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʜʥʦʬʘʟʥʦʛʦ ʪʘ ʪʨʠʬʘʟʥʦʛʦ 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʟ 

ʧʝʚʥʠʤʠ ʢʫʪʘʤʠ ʚʽʜʪʠʥʘʥʥʷ 

ʪʠʨʠʩʪʦʨʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʠʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 5 ʪʘ ʨʠʩ. 6. ʗʢ ʤʠ ʤʦʞʝʤʦ ʙʘʯʠʪʠ 

ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʜʥʦʬʘʟʥʦʛʦ ʪʘ 

ʪʨʠʬʘʟʥʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʣʴʥʦʩʪʽ. ɼʣʷ 

ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʦʩʮʠʣʦʛʨʘʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ 

ʘʥʘʣʦʛʦʚʦʤʫ ʦʩʮʠʣʦʛʨʘʬʽ ʪʘ ʦʩʮʠʣʦʛʨʘʬʽ ʚʙʫʜʦʚʘʥʦʛʦ ʚ ʩʪʝʥʜ ʬʽʟʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ ʻ ʯʘʩʪʠʥʦʶ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʩʪʚʦʨʝʥʦ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʫ ʙʘʟʫ, ʷʢʘ ʚʠʨʽʰʫʻ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ, ʷʢʽ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʩʪʝʥʜʫ 

ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʚʳʧʨʷʤʠʪʝʣʠ / ʇʦʜ ʨʝʜ. ʌ.ʀ. ʂʦʚʘʣʝʚʘ, ɻ.ʇ. 

ʄʦʩʪʢʦʚʦʡ.- ʄ.: ʕʥʝʨʛʠʷ, 1978.- 445 ʩ. 2. spectrolab.com.ua [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]: ʉʪʝʥʜ ʣʘʙʦʨʘʪʦʨʥʳʡ ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʩ ʄʇʉʆ 

Ăɹʘʟʠʩò ʅʊʎ-04.64.ɹ . ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://spectrolab.com.ua/p35399837-

stend-laboratornyj-preobrazovatelnaya.html 

  

  
ʈʠʩ. 5 ʆʩʮʠʣʦʛʨʘʤʠ ʨʦʙʦʪʠ 

ʦʜʥʦʬʘʟʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ ʟ 

ʢʫʪʘʤʠ ʚʽʜʪʠʥʘʥʥʷ ʨʽʚʥʠʤʠ 45Á 

ʪʘ 90Á 

 
 

ʈʠʩ. 6 ʆʩʮʠʣʦʛʨʘʤʠ ʨʦʙʦʪʠ 

ʪʨʠʬʘʟʥʦʛʦ ʚʠʧʨʷʤʣʷʯʘ ʟ ʢʫʪʦʤ 

ʚʽʜʪʠʥʘʥʥʷ ʪʠʨʠʩʪʦʨʽʚ ʨʽʚʥʠʤ 

40Á 

 

http://spectrolab.com.ua/p35399837-stend-laboratornyj-preobrazovatelnaya.html
http://spectrolab.com.ua/p35399837-stend-laboratornyj-preobrazovatelnaya.html
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ɺʦʨʦʥʝʥʢʦ ʉ.ɺ. 

ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʢʠ ʍʝʨʩʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʤʦʨʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʂʦʨʦʣʝʥʢʦ ɽ.ɸ. 

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ  

ʍʝʨʩʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʤʦʨʩʢʦʡ ʘʢʘʜʝʤʠʠ 

 

ʊʝʦʨʠʷ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ 

 

ʀʅʊɽɻʈʀʈʆɺɸʅʅʓʁ ʇʆɼʍʆɼ ʂ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʖ 

ʉʋɼʅʆɺʓʍ ʊʋʈɹʆɻɽʅɽʈɸʊʆʈʆɺ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʳ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʥʝʤ ʣʶʜʝʡ 

ʩʣʫʞʘʪ ʩʫʜʦʚʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʫʜʥʦʚʳʤʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘʤʠ ʷʚʣʷʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʤ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʩʠʩʪʝʤ 

ʨʝʘʣʠʟʘʮʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʘʥʠʷʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ 

ʩʠʩʪʝʤ ʧʝʨʜʫʩʤʘʪʨʠʚʘʝʪ ʢʦʥʪʨʦʣʴ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ 

ʚʩʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. 

ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʚʳʷʚʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʠ, ʧʦʵʪʦʤʫ, ʧʦʠʩʢ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʦ-

ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʦʪʢʨʳʪ.  

ʅʘ ʧʨʠʤʝʨʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʨʘʩʩʤʦʪʨʠʤ 

ʪʠʧʠʯʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ [1].  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʦʙʣʝʤʳ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʦʚ ʧʦ ʤʝʨʝ ʫʙʳʚʘʥʠʷ 

ʧʦʷʚʣʝʥʠʷ ʠʭ ʥʘ ʩʫʜʥʝ [2]: 

- ʇʦʚʨʝʞʜʝʥʠʷ ʤʘʩʣʷʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʚʘʣʘ 

- ʆʩʣʘʙʣʝʥʠʝ ʢʨʝʧʣʝʥʠʡ ʣʦʙʦʚʳʭ ʯʘʩʪʝʡ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 

- ʆʩʣʘʙʣʝʥʠʝ ʧʨʝʩʩʦʚʢʠ ʠ ʨʘʩʧʫʰʝʥʠʝ ʢʨʘʡʥʠʭ ʧʘʢʝʪʦʚ ʩʝʨʜʝʯʥʠʢʘ 

ʩʪʘʪʦʨʘ 

- ʇʦʚʨʝʞʜʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʦʙʤʦʪʢʠ 

ʩʪʘʪʦʨʘ 

- ʇʦʚʨʝʞʜʝʥʠʷ ʛʘʟʦʦʭʣʘʜʠʪʝʣʝʡ 

- ʇʦʧʘʜʘʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʧʨʝʜʤʝʪʘ ʥʘ ʦʙʤʦʪʢʫ ʩʪʘʪʦʨʘ 

- ʀʟʥʦʩ ʢʦʥʪʘʢʪʥʳʭ ʢʦʣʝʮ 

- ʆʩʣʘʙʣʝʥʠʝ ʢʨʝʧʣʝʥʠʡ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʚ ʧʘʟʘʭ 

- ɼʝʬʝʢʪʳ ʙʘʣʘʥʩʠʨʦʚʢʠ ʨʦʪʦʨʘ 

- ʇʦʚʨʝʞʜʝʥʠʷ ʪʦʢʦʧʦʜʚʦʜʘ ʨʦʪʦʨʘ 

- ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ. 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ 

ʨʘʙʦʪʘʭ [3, 4]. ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʊɻ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 
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ʚʠʜʝ ʤʘʪʨʠʮ çʜʝʬʝʢʪ-ʤʝʪʦʜ ʚʳʷʚʣʝʥʠʷè, ʢʘʢ ʵʪʦ ʙʳʣʦ ʜʘʥʦ ʚ [5].  

ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʧʨʠʯʠʥ 

ʦʪʢʘʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʜʦʩʪʘʪʢʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʜʝʬʝʢʪʘʤʠ 

ʤʦʥʪʘʞʘ, ʩ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ (ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʘʚʘʨʠʡʥʳʭ 

ʨʝʞʠʤʦʚ), ʘ ʪʘʢʞʝ ʩ ʢʘʯʝʩʪʚʦʤ ʨʝʤʦʥʪʘ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʠʤʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ, ʢʘʢ ʠ ʜʝʡʩʪʚʠʷ 

ʧʝʨʩʦʥʘʣʘ, ʥʝʵʬʬʝʢʪʠʚʥʳ ʚ ʩʤʳʩʣʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʪʢʘʟʘ. ɺ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʜʦʣʞʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʟʘʱʠʪʘ ʜʣʷ ʩʨʦʯʥʦʛʦ ʚʳʚʦʜʘ ʠʟ 

ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩʥʠʟʠʪʴ ʫʱʝʨʙ ʦʪ ʦʪʢʘʟʘ. 
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ʂʨʫʰʝʥʢʦ ɻ.ɻ., 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʛʣ. ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʥʩʪʠʪʫʪʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

ʧʨʦʬʝʩʩʦʨ ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

ɼʚʠʨʥʳʡ ɻ.ɺ., 

ʢ.ʪ.ʥ., ʜʦʢʪʦʨʘʥʪ ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

ʃʘʟʘʨʝʚ ɺ.ʄ. 

ʘʩʧʠʨʘʥʪ ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘ, ʛ. ʂʨʘʩʥʦʷʨʩʢ 

 

ʂʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʪʝʨʠʘʣʳ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

 

ʇʋʉʊʆʊɽʃʓɽ ʂʆʅʉʊʈʋʂʎʀʆʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ 

ʂʆʅʉʊʈʋʂʎʀʀ 

ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʦʦʙʨʘʟʦʤ ʧʫʩʪʦʪʝʣʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʷʚʣʷʝʪʩʷéʙʝʨʮʦʚʘʷ ʢʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʘʷ, ʢʘʢ ʵʪʦ ʥʝ ʥʝʦʞʠʜʘʥʥʦ, 

ʦʢʘʟʘʣʘʩʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʦʙʨʘʟʦʤéʢʦʥʩʪʨʫʢʮʠʠ ʕʡʬʝʣʝʚʦʡ ʙʘʰʥʠ 

[1]. ʋʯʝʥʳʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʙʘʰʥʠ ʠ ʚ ʙʝʨʮʦʚʦʡ ʢʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠʜʝʥʪʠʯʥʦ, ʭʦʪʷ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʠʥʞʝʥʝʨ ʠ ʥʝ ʧʦʣʴʟʦʚʘʣʩʷ ʞʠʚʳʤʠ ʤʦʜʝʣʷʤʠ. ʕʪʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʷʚʣʷʝʪʩʷ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʝʜʠʥʩʪʚʘ ʟʘʢʦʥʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ. ɺʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʘʷ ʩʢʝʣʝʪ ʢʘʢ 

ʢʦʤʧʣʝʢʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ, ʠʟʚʝʩʪʥʳʡ ʤʘʪʝʤʘʪʠʢ-ʢʦʥʩʪʨʫʢʪʦʨ 

ʃʝ-ʈʝʢʦʣʝ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʵʪʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚ ʤʘʪʝʨʠʘʣʝ ʥʝ ʧʣʦʩʢʦʩʪʝʡ, 

ʘ ʧʫʩʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʪ. ʝ. ʦʙʨʘʤʣʝʥʠʡ ʦʪʚʝʨʩʪʠʡ ʩʦʝʜʠʥʷʝʤʳʭ ʨʘʟʣʠʯʥʳʤ 

ʦʙʨʘʟʦʤ. ʅʘ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʩʪʝʡ ʠ ʜʨʫʛʠʭ 

ʧʨʠʨʦʜʥʳʭ ʤʦʜʝʣʝʡ ʨʦʜʠʣʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʨʠʥʮʠʧ ʜʳʨʯʘʪʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʣʦʞʠʚʰʠʡ ʥʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤ, ʪʘʢʠʭ ʥʘʧʨʠʤʝʨ, ʢʘʢ ʪʝʣʝʚʠʟʠʦʥʥʘʷ ʙʘʰʥʷ ʐʫʭʦʚʘ, ʘʥʠʟʦʛʨʠʜʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʩʝʪʯʘʪʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ 

ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʠ ʜʨ. [2] 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʢʩʠʦʤʦʡ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʤʠ, 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʪʝʭʥʠʢʠ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʠʭ 

ʧʫʩʪʦʪ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʦʥʠ ʫʭʫʜʰʘʶʪ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [3]. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʪ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʪʦʨʳʭ, ʥʘʧʨʦʪʠʚ, ʩʧʝʮʠʘʣʴʥʦ 

ʬʦʨʤʠʨʫʶʪ ʧʫʩʪʦʪʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʫʩʪʦʪʝʣʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ 

ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʧʝʥʦʤʝʪʘʣʣʳè - ʇʄ [4], ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ 

ʚʩʧʝʥʠʚʘʥʠʷ ʤʝʪʘʣʣʘ ʨʘʟʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ (ʭʠʤʠʯʝʩʢʠʝ ʚʩʧʝʥʠʚʘʪʝʣʠ) ʠ 

ʩʧʦʩʦʙʘʤʠ (ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʩʧʝʥʠʚʘʥʠʝ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʇʄ ʧʦʣʫʯʘʶʪ 
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ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [5] - ʣʠʪʴʝʤ ʠ ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʝʡ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ 

ʠʟʦʙʨʝʪʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʇʄ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʠʪʝʡʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʩʢʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʉʉʉʈ ˉ 125682, ʚʳʜʘʥʥʦʝ 

ʚ 1960 ʛʦʜʫ [6]. ɼʨʫʛʦʡ ʨʦʩʩʠʡʩʢʠʡ ʧʘʪʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ɺʀʃʉʘ ʚ 1997 ʛʦʜʫ ʩ ʧʨʠʦʨʠʪʝʪʦʤ ʦʪ 31.08.1995 ʛʦʜʘ [7] ʚʳʜʘʥ ʥʘ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʇʄ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʇʄ 

ʚʢʣʶʯʘʝʪ ʩʤʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʩ ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʣʦʞʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ 

ʩʦʣʠʜʫʩʘ-ʣʠʢʚʠʜʫʩʘ ʧʦʨʦʰʢʘ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʟʘʩʳʧʢʫ ʩʤʝʩʠ ʚ 

ʝʤʢʦʩʪʴ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʥʘʛʨʝʚ ʝʤʢʦʩʪʠ ʩʦ ʩʤʝʩʴʶ ʧʦʨʦʰʢʦʚ 

ʧʝʨʝʜ ʧʨʝʩʩʦʚʘʥʠʝʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʣʠʜʫʩʘ ʧʦʨʦʰʢʘ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚ ʧʣʦʪʥʫʶ ʟʘʛʦʪʦʚʢʫ. ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʇʄ 

ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʚʚʝʜʝʥʠʷ ʚ ʞʠʜʢʠʡ ʤʝʪʘʣʣ ʛʘʟʘ (ʚʦʟʜʫʭ, ʘʟʦʪ, ʘʨʛʦʥ) [8]. 

ʊʠʧʠʯʥʳʡ ʚʠʜ ʧʝʥʦʤʝʪʘʣʣʦʚ ʧʦʢʘʟʘʥ ʥʘ ʈʠʩ. 1. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʇʄ, ʧʦʣʫʯʝʥʥʦʛʦ: ʘ) ʣʠʪʴʝʤ ʠʟ ʘʣʶʤʠʥʠʷ [9]; ʙ) 

ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠʟ ʩʧʣʘʚʘ Fe-Cr-Al-Y [10]  

 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʇʄ ʚ ʪʝʭʥʠʢʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʞʝʩʪʢʦʩʪʴ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ (ʥʠʟʢʠʤ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ) ʠ/ʠʣʠ ʩ ʚʳʩʦʢʦʡ 

ʛʘʟʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʥʠʟʢʘʷ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʱʠʥ ʧʨʠ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ ʵʥʝʨʛʠʶ 

ʫʜʘʨʘ ʠ ʚʠʙʨʘʮʠʶ, ʘ ʪʘʢʞʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ, ʠ, ʯʪʦ 

ʦʯʝʥʴ ʚʘʞʥʦ, ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ, ʜʦʧʫʩʢʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʪʴ ʠʟ ʇʄ ʦʙʲʝʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʟʜʝʣʠʷ ʠʟ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ - ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʙʘʤʧʝʨʳ ʠ ʜʨ.), ʚ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʚ ʚʠʜʝ ʪʠʪʘʥʦʚʳʭ ʠ ʘʣʶʤʠʥʠʝʚʳʭ çʩʵʥʜʚʠʯʝʡè, 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ, ʘʥʪʝʥʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʜʨ.  

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘʤʠ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʘʙʦʪʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʧʝʥʦʘʣʶʤʠʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʚʩʧʝʥʠʚʘʪʝʣʷ ʢʘʣʴʮʠʪʦʩʦʜʝʨʞʘʱʠʡ ʤʘʪʝʨʠʘʣ. ɺ ʧʦʣʫʯʝʥʥʦʤ 
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ʧʝʥʦʘʣʶʤʠʥʠʠ ʧʨʝʦʙʣʘʜʘʝʪ ʩʬʝʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʧʦʨ, ʠʭ ʨʘʟʤʝʨʳ ʥʘʭʦʜʷʪʩʷ 

ʚ ʠʥʪʝʨʚʘʣʝ 0,5...10,0 ʤʤ, ʧʨʠ ʵʪʦʤ ʧʦʨʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʦʙʲʝʤʫ ʤʝʪʘʣʣʘ.  

 

ʅʝʢʦʪʦʨʳʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʧʝʥʦʤʝʪʘʣʣʦʚ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ  

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʧʝʨʝʜʥʝʡ ʢʨʦʤʢʠ ʢʨʳʣʘ ʩʘʤʦʣʝʪʘ [11], 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʣʠʩʪʦʚʦʛʦ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʜʦ (ʘ) 

ʠ ʧʦʩʣʝ (ʙ) ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ ʧʝʥʦʡ ʩʧʣʘʚʘ Al-10% Si (ʧʣʦʪʥʦʩʪʴ r = 0,90 

ʛ/ʩʤ
3
). ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʬʦʨʘ ʧʨʠʤʝʥʷʣʠ TiH2. ʊʦʣʱʠʥʘ ʣʠʩʪʘ ʧʫʩʪʦʪʝʣʦʡ 

ʢʨʦʤʢʠ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʘʚʣʷʣʘ 2,5 ʤʤ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʟʘʧʦʣʥʝʥʠʷ ʧʝʥʦʩʧʣʘʚʦʤ ʝʝ ʫʤʝʥʴʰʠʣʠ ʜʦ 1,5 ʤʤ. ʀʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʧʫʩʪʦʪʝʣʦʡ ʢʨʦʤʢʠ ʩʦʩʪʘʚʣʷʝʪ 9,8 ° 0,4%, ʪʦʛʜʘ 

ʢʘʢ ʟʘʧʦʣʥʝʥʥʦʡ ʧʝʥʦʩʧʣʘʚʦʤ - 2,5 ° 0,1% (ʤʝʥʴʰʝ ~ ʚ 4 ʨʘʟʘ). 
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ʈʠʩ. 2. ʇʝʨʝʜʥʷʷ ʢʨʦʤʢʘ ʢʨʳʣʘ ʩʘʤʦʣʝʪʘ: ʜʦ (ʘ) ʠ ʧʦʩʣʝ (ʙ) 

ʟʘʧʦʣʥʝʥʠʷ ʧʝʥʦʩʧʣʘʚʦʤ Al-10% Si [11]  

 

ɺ ʨʘʙʦʪʝ [12] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʤʝʩʪʥʦʛʦ ʬʨʘʥʢʦ-

ʛʝʨʤʘʥʩʢʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʢʝʪʳ-

ʥʦʩʠʪʝʣʷ çɸʨʠʘʥ 5è ī ʉone 3936 (ʂʦʥʫʩ 3936) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʵʥʜʚʠʯʝʡ, 

ʟʘʧʦʣʥʝʥʥʳʭ ʘʣʶʤʠʥʠʝʚʦʡ ʧʝʥʦʡ (aluminium foam sandwiches). ɺʥʫʪʨʠ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʩʪʘʣʴʥʳʭ ʚʩʪʘʚʦʢ ʰʪʘʤʧʘ. ʆʪʜʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ 

ʩʦʙʠʨʘʣʠ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʥʫʩʘ ʩ ʧʦʤʦʱʴʶ ʩʚʘʨʢʠ ʧʣʘʚʣʝʥʠʝʤ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ʉʦʙʨʘʥʥʳʡ ʢʦʥʫʩ ʉone 3936 
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ʉʠʜʦʨʦʚʘ ɽ.ɺ. 

ʩ.ʥ.ʩ., ʆʀɺʊ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆʈʀʉʊʆʁ ʉʊʈʋʂʊʋʈʓ 

ɻɸɿʆʊɽʈʄʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ ɼɽʉʆʈɹʎʀʆʅʅʓʄ 

ʄɽʊʆɼʆʄ ʃʀʄʀʊʀʈʆɺɸʅʅʆɻʆ ʀʉʇɸʈɽʅʀʗ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʦʯʝʥʴ ʚʳʩʦʢ ʠʥʪʝʨʝʩ ʢ ʧʦʢʨʳʪʠʷʤ, ʢʦʪʦʨʳʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʩʨʦʢ ʩʣʫʞʙʳ ʠʟʜʝʣʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʜʠʘʛʥʦʩʪʠʢʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 
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ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ. ɺ 

ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ 

ʣʠʤʠʪʠʨʦʚʘʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ [1-3], ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ, ʧʦʤʝʱʝʥʥʳʝ ʚ 

ʩʫʰʠʣʴʥʳʡ ʰʢʘʬ, ʧʦʜʚʝʜʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʜʫʚʘ ʧʘʨʦʚ ʠ ʧʨʠʙʦʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʜʣʷ ʩʥʷʪʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɹʣʘʛʦʜʘʨʷ 

ʧʨʦʚʝʜʝʥʠʶ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ (ʜʝʩʦʨʙʮʠʠ), ʧʨʦʧʠʪʘʥʥʳʭ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ ʧʦʢʨʳʪʠʡ, ʚʦʟʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʨ. ʉʣʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩʚʷʟʘʥʘ ʩ ʪʝʤ, 

ʯʪʦ ʦʙʲʝʤ ʧʦʨ ʧʦʢʨʳʪʠʷ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʦʤ ʦʙʨʘʟʮʘ ʠ ʧʦʵʪʦʤʫ 

ʥʝʜʦʩʪʠʞʠʤ ʜʣʷ ʦʙʳʯʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ʇʦʵʪʦʤʫ ʨʝʰʠʚ 

ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʤʦʞʥʦ ʚʳʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ.  

ɸʜʩʦʨʙʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʃʀ ʦʩʥʦʚʘʥ 

ʥʘ ʘʥʘʣʠʟʝ ʢʠʥʝʪʠʢʠ ʠʩʧʘʨʝʥʠʷ ʘʜʩʦʨʙʘʪʘ ʠʟ ʨʘʙʦʯʝʡ ʷʯʝʡʢʠ ʩ 

ʠʩʩʣʝʜʫʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚʦ ʚʥʝʰʥʝʜʠʬʬʫʟʠʦʥʥʦʤ ʨʝʞʠʤʝ. ʇʨʦʮʝʩʩ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʝ ʫʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʪʦʷʥʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ 

ʘʜʩʦʨʙʘʪʘ ʠʟ ʨʘʙʦʯʝʡ ʷʯʝʡʢʠ ʩ ʦʙʨʘʟʮʦʤ. ʗʯʝʡʢʘ ʧʦʩʪʦʷʥʥʦ ʚʟʚʝʰʠʚʘʝʪʩʷ 

ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʠ ʦʙʜʫʚʘʝʪʩʷ ʧʦʪʦʢʦʤ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ ʜʣʷ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʫʜʘʣʝʥʠʷ ʧʘʨʦʚ ʦʪ ʷʯʝʡʢʠ.  

ɺ ʭʦʜʝ ʠʟʤʝʨʝʥʠʷ ʚ ʷʯʝʡʢʝ, ʩʦʜʝʨʞʘʱʝʡ ʧʦʨʠʩʪʳʡ ʦʙʨʘʟʝʮ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʧʠʪʘʥʥʳʡ ʞʠʜʢʦʩʪʴʶ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʝ (ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʘʜʩʦʨʙʘʪʘ. ʆʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʦʙʨʘʟʮʘ, ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʚʥʫʪʨʠ ʷʯʝʡʢʠ 

ʠ ʩʢʦʨʦʩʪʴʶ ʫʜʘʣʝʥʠʷ ʧʘʨʦʚ ʠʟ ʷʯʝʡʢʠ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ 

ʠʩʧʘʨʝʥʠʷ ʠʟ ʷʯʝʡʢʠ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ 

ʥʘʜ ʦʙʨʘʟʮʦʤ ʙʣʠʟʢʦ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʜʘʚʣʝʥʠʶ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʜʩʦʨʙʘʪʘ ʚ ʦʙʨʘʟʮʝ. ʏʝʤ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʧʘʨʦʚ ʠʟ 

ʷʯʝʡʢʠ, ʪʝʤ ʙʣʠʞʝ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʟʥʘʯʝʥʠʶ ʙʫʜʝʪ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʚʦ ʚʩʝʤ 

ʦʙʲʝʤʝ ʷʯʝʡʢʠ. ʇʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʢʦʨʦʩʪʴ 

ʠʩʧʘʨʝʥʠʷ ʠʟ ʷʯʝʡʢʠ ʙʫʜʝʪ ʧʨʦʩʪʦʡ ʬʫʥʢʮʠʝʡ ʪʦʣʴʢʦ ʨʘʚʥʦʚʝʩʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʚʥʫʪʨʠ ʷʯʝʡʢʠ ʥʘʜ ʦʙʨʘʟʮʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʦʜʠʪʴ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ ʦʙʨʘʟʮʘ, ʩʦʭʨʘʥʷʷ ʥʘʜ 

ʥʠʤ ʨʘʚʥʦʚʝʩʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʘ, ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʩʧʘʨʝʥʠʷ, ʦʜʥʦʟʥʘʯʥʦ 

ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʜʘʚʣʝʥʠʝʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʟʦʪʝʨʤʫ ʜʝʩʦʨʙʮʠʠ 

ʞʠʜʢʦʩʪʠ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ 

ʢʨʠʚʦʡ ʠʩʧʘʨʝʥʠʷ. 

ʂʦʥʝʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ ʤʝʪʦʜʝ ʃʀ ʷʚʣʷʶʪʩʷ ʜʝʩʦʨʙʮʠʦʥʥʳʝ 

ʠʟʦʪʝʨʤʳ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 

ʢʦʤʥʘʪʥʦʡ (25·35̄ ʉ) ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʠʟʤʝʨʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʦ 
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ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʦʟʤʦʞʥʳʤ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ (ʦʧʨʝʜʝʣʷʝʤʳʤ 

ʠʥʪʝʨʬʝʡʩʦʤ ʚʝʩʦʚ). ɺ ʧʨʠʥʮʠʧʝ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ, ʘ ʪʘʢʞʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ, ʤʝʪʦʜ ʃʀ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʘʣʳʭ ʦʙʲʝʤʦʚ ʧʦʨ ʧʦʨʷʜʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʣʠʪʨʦʚ. ʉʭʝʤʘ ʠ ʬʦʪʦʛʨʘʬʠʷ ʧʨʠʤʝʥʷʚʰʝʡʩʷ ʚ ʨʘʙʦʪʝ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 1. ʇʨʠʙʦʨ ʚʢʣʶʯʘʣ 

ʨʘʟʤʝʱʘʝʤʳʝ ʚ ʚʦʟʜʫʰʥʦʤ ʪʝʨʤʦʩʪʘʪʝ ʵʣʝʢʪʨʦʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ, 

ʥʘ ʢʦʪʦʨʳʭ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʱʘʝʪʩʷ ʨʘʙʦʯʘʷ ʷʯʝʡʢʘ ʩ 

ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʠ ʩʠʩʪʝʤʫ ʧʦʜʚʦʜʘ ʦʩʫʰʝʥʥʦʛʦ ʛʘʟʘ ʚʥʫʪʨʴ ʚʝʩʦʚ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʘʨʦʚ ʠʩʧʘʨʷʝʤʦʡ ʠʟ ʨʘʙʦʯʝʡ ʷʯʝʡʢʠ ʞʠʜʢʦʩʪʠ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʷʯʝʝʢ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʛʝʦʤʝʪʨʠʝʡ ʠ ʨʘʟʤʝʨʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʘʪʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʝʥʟʦʣ. 

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʠ ʬʦʪʦʛʨʘʬʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ. 1 ï 

ʚʦʟʜʫʰʥʳʡ ʪʝʨʤʦʩʪʘʪ, 2 ï ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʝʩʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʫʨʘʚʥʝʥʠʝ ʂʝʣʴʚʠʥʘ:  

0ln / ( / )cos / kp p V RT a rs q= - *
 (1) 

ʛʜʝ ʨ/ʨ0 - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ 

ʤʝʥʠʩʢʦʤ; k - ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʠ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʤʝʥʠʩʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; V ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠ ʤʦʣʷʨʥʳʡ ʦʙʲʝʤ 

ʞʠʜʢʦʛʦ ʘʜʩʦʨʙʪʠʚʘ, a=2 ʜʣʷ ʜʝʩʦʨʙʮʠʦʥʥʦʡ ʚʝʪʚʠ ʠʟʦʪʝʨʤʳ.  

ʄʝʪʦʜ ʃʀ ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʝʢʩʪʫʨʫ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʘʢ ʧʦ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ, ʪʘʢ ʠ ʬʦʨʤʝ, ʜʠʩʧʝʨʩʥʦʩʪʠ, 

ʨʘʟʤʝʨʫ ʠ ʦʙʲʝʤʫ ʧʦʨ. ʄʥʦʛʠʝ ʚʠʜʳ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʫʥʠʢʘʣʴʥʳ ʠ 

ʥʝʜʦʩʪʫʧʥʳ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤ ʧʦʨʦʤʝʪʨʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʦʙʨʘʟʮʘ ʩ ʨʘʟʥʦʡ ʪʦʣʱʠʥʦʡ ʥʘʥʝʩʝʥʥʦʛʦ ʩʣʦʷ 

(ʨʠʩ.1). ʆʙʘ ʦʙʨʘʟʮʘ ʠʤʝʶʪ ʨʘʟʤʳʪʫʶ ʠ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʨ ʠ 

ʤʘʣʝʥʴʢʠʡ ʦʙʲʝʤ ʤʠʢʨʦʧʦʨ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʥʦʩʷʱʠʡʩʷ ʢ 
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ʤʠʢʨʦʪʨʝʱʠʥʘʤ ʚ ʧʦʢʨʳʪʠʠ ʠʟ-ʟʘ ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʦʙʨʘʟʮʦʚ.  

ʋʥʠʢʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʚ ʨʘʤʢʘʭ 

ʦʜʥʦʛʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʥʦʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʚʢʣʶʯʘʶʱʝʡ ʢʘʢ ʤʠʢʨʦ- ʪʘʢ ʠ ʤʘʢʨʦʧʦʨʳ.  
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ʈʠʩ. 2 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʧʦʨ ʧʦ ʣʦʛʘʨʠʬʤʘʤ 

ʨʘʜʠʫʩʦʚ ʂʝʣʴʚʠʥʘ (ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ) 
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ʈʠʩ. 3 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʧʦʨ ʧʦ ʣʦʛʘʨʠʬʤʘʤ 

ʨʘʜʠʫʩʦʚ ʂʝʣʴʚʠʥʘ 
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ʈʠʩ. 4 ʂʫʤʫʣʷʪʠʚʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʧʦʨ ʧʦ ʣʦʛʘʨʠʬʤʘʤ 

ʨʘʜʠʫʩʦʚ ʂʝʣʴʚʠʥʘ 

 

ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʜʣʷ ʦʙʦʠʭ ʦʙʨʘʟʮʦʚ ʚ 

ʦʙʣʘʩʪʠ ʧʦʨ ʜʦ lg2,5 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʧʨʦʭʦʜʷʪ ʦʯʝʥʴ ʙʣʠʟʢʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʥʘʧʳʣʝʥʥʦʛʦ ʩʣʦʷ. ʆʩʥʦʚʥʦʡ ʧʠʢ ʜʣʷ ʦʙʨʘʟʮʘ 2ʤʤ 

ʰʠʨʦʢʠʡ, ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʠʘʧʘʟʦʥ lg r = 2.55-3,4 (r=130-500 A), 

ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʜʚʘ ʧʠʢʘ, ʯʪʦ ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʜʩʣʦʷ 

ʠ ʦʩʥʦʚʥʦʛʦ ʩʣʦʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʨʘʟʮʘ 1ʤʤ, ʠʤʝʶʱʝʛʦ ʙʦʣʝʝ ʫʟʢʠʡ ʧʠʢ, 

ʜʣʷ ʦʙʨʘʟʮʘ 2ʤʤ ʵʪʦʪ ʧʠʢ ʠʩʯʝʟ, ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʯʘʩʪʠʯʥʦʡ ʙʣʦʢʠʨʦʚʢʠ 

ʧʦʨ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʶʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʜʘʣʴʥʝʡʰʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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ʌʠʣʘʪʦʚ-ɹʝʢʤʘʥ ʉ. ɸ. 

ʈʦʩʩʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʩʢʫʩʩʪʚ; 

 ʄʦʩʢʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʥʩʝʨʚʘʪʦʨʠʷ ʠʤ. ʇ. ʀ. ʏʘʡʢʦʚʩʢʦʛʦ 

 

ʂʆʄʇʔʖʊɽʈʅɸʗ ʆɹʈɸɹʆʊʂɸ ʉʀɻʅɸʃʆɺ ʀ ʈʆʃʔ 

ɸʋɼʀʕʌʌɽʂʊʆɺ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ï ʤʫʟʳʢʘʣʴʥʳʝ ʨʝʜʘʢʪʦʨʳ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʚʫʢʘ,. ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʝʜʤʝʪ ʠʩʢʫʩʩʪʚʘ ʟʚʫʢʦʨʝʞʠʩʩʫʨʳ. 

ʆʙʰʠʨʥʳʡ ʩʧʝʢʪʨ ʧʨʦʮʝʩʩʦʚ ʠ ʵʬʬʝʢʪʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʭʘʨʘʢʪʝʨ 

ʟʚʫʢʘ, ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʦʛʨʘʤʤʘʭ ï ʚʠʨʪʫʘʣʴʥʳʭ ʩʪʫʜʠʷʭ (Cubase, Sonar, 

Nuendo ʠ ʜʨ.), ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʨʘʙʘʪʳʚʘʪʴ ʤʫʟʳʢʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʢʘʢ MIDI -, ʪʘʢ ʠ ʘʫʜʠʦʬʦʨʤʘʪʦʤ [1, 5].  

ɹʦʣʝʝ ʧʨʦʩʪʦʡ ʤʫʟʳʢʘʣʴʥʳʡ ʨʝʜʘʢʪʦʨ Sound Forge ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʙʦʪʫ ʣʠʰʴ ʩ ʘʫʜʠʦʬʦʨʤʘʪʦʤ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ 

ʨʝʜʘʢʪʦʨ ʦʙʣʘʜʘʝʪ ʙʦʛʘʪʳʤ ʩʧʝʢʪʨʦʤ ʧʨʦʮʝʩʩʦʚ ʠ ʵʬʬʝʢʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʠʟʤʝʥʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʟʳʢʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ [8]. ʅʝ ʷʚʣʷʷʩʴ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʟʚʫʢʦʟʘʧʠʩʠ ʠ 

ʟʚʫʢʦʨʝʞʠʩʩʫʨʳ, ʜʘʥʥʳʡ ʨʝʜʘʢʪʦʨ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʘʢʫʩʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʫʟʳʢʘʣʴʥʦʡ 

ʠʥʬʦʨʤʘʪʠʢʠ. 

ʊʘʢ, Sound Forge ʦʙʣʘʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʩʠʥʪʝʟʘ 

ʘʫʜʠʦ ʵʬʬʝʢʪʦʚ (ʦʢʥʦ FM Synthesis). ɺʩʪʨʦʝʥʥʳʡ ʩʠʥʪʝʟʘʪʦʨ ʛʝʥʝʨʠʨʫʝʪ 

ʟʚʫʢ ʥʘ ʦʩʥʦʚʝ ʪ. ʥ. ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ ʩʠʛʥʘʣʘ. ʇʨʝʜʫʩʤʦʪʨʝʥʘ ʬʫʥʢʮʠʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʜʦ ʯʝʪʳʨʝʭ ʚʠʜʦʚ ʚʦʣʥ. ʃʶʙʘʷ ʚʦʣʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ (ʠʣʠ ʛʨʦʤʢʦʩʪʴʶ ʟʚʫʯʘʥʠʷ), ʯʘʩʪʦʪʦʡ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʟʚʫʯʘʥʠʷ, ʘ ʪʘʢʞʝ ʬʦʨʤʦʡ. ɺʩʪʨʦʝʥʥʳʡ ʩʠʥʪʝʟʘʪʦʨ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʳʝ ʬʦʨʤʳ ʩʠʛʥʘʣʦʚ: çʩʠʥʫʩè (SIN), 

çʘʙʩʦʣʶʪʥʳʡ ʩʠʥʫʩè (SIN ABS), çʢʚʘʜʨʘʪè (SQUARE), çʪʨʝʫʛʦʣʴʥʠʢè 

(TRIANGLE), çʧʠʣʘè (SAW). ɸʙʩʦʣʶʪʥʳʡ ʩʠʥʫʩ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

çʦʙʳʯʥʦʛʦè ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʪʝʤ, ʯʪʦ ʙʝʨʝʪʩʷ ʘʙʩʦʣʶʪʥʘʷ 

ʚʝʣʠʯʠʥʘ ʩʠʛʥʘʣʘ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʦʨʤʳ ʚʦʣʥ (ʢʨʦʤʝ ʪʨʝʫʛʦʣʴʥʦʛʦ 

ʠʤʧʫʣʴʩʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1: 
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ʈʠʩ. 1. ʌʦʨʤʳ ʩʠʛʥʘʣʦʚ çʩʠʥʫʩè, çʘʙʩʦʣʶʪʥʳʡ ʩʠʥʫʩè, çʧʠʣʘè, 

çʢʚʘʜʨʘʪè 

 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʛʝʥʝʨʠʨʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʰʫʤʦʚʳʝ ʵʬʬʝʢʪʳ ï ʪ. ʥ. 

ʢʦʨʠʯʥʝʚʳʡ (BROUN NOISE), ʬʠʣʴʪʨʦʚʘʥʥʳʡ (FILTERED NOISE) ʠ 

ʨʦʟʦʚʳʡ ʰʫʤʳ (PINK NOISE). ɺʠʜ ʜʘʥʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 

2: 

 

 
ʈʠʩ. 2. ʌʦʨʤʳ ʩʠʛʥʘʣʘ çʪʨʝʫʛʦʣʴʥʠʢè ʠ ʰʫʤʦʚʳʭ ʵʬʬʝʢʪʦʚ 

 

ɽʜʝ ʦʜʠʥ ʰʫʤʦʚʦʡ ʵʬʬʝʢʪ ï ʪ. ʥ. çʙʝʣʳʡ ʰʫʤè (WHITE NOISE). 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʙʝʣʦʛʦ ʰʫʤʘ ʠʤʝʝʪ ʪ. ʥ. ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʷʚʣʷʶʱʝʝʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ 

(ʥʝʟʘʚʠʩʠʤʦʩʪʠ) ʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʘʥʥʦʛʦ ʚʠʜʘ ʰʫʤʘ [6]. 


