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Abstract 

The article contains the algorithm of the cryptographic system CAST-256. The article provides a brief 

explanation and structure of block ciphers. The task of the CAST-256 cryptographic system is performed according 

to the algorithm and was calculated manually. The task performed by the CAST-256 cipher is solved by 

transformations.  

Keywords: cryptography, encryption, block cipher, algorithm, cast -128, cast-256, cryptanalysis, logical task. 

 

ʉryptography concepts. The use of cryptography 

in modern digital technologies is becoming an integral 

part of many areas of our society. This process is 

becoming more and more large-scale. More and more 

often in our everyday life there are such concepts as 

login and password, authentication and identification, 

electronic digital signature, public and private key 

encryption, and many others. 

The concept of ñsecurityò covers a wide range of 

interests, both of individuals and of entire states. In all 

historical times, significant attention was paid to the 

problem of information security, to ensure the 

protection of confidential information from 

acquaintance with competing groups. Itôs not without 

reason that the great psychologist William Shakespeare 

in the King Lear said: ñLet the hearts open, and not that 

letters, in order to recognize the enemyôs thought.ò 

There were three main ways to protect information. The 

first method involved purely forceful methods: 

protection of a document (information carrier) by 

individuals, its transfer by a special courier, etc [1,2]. 

The second method was called "steganography" 

and consisted in hiding the very fact of the availability 

of classified information. In this case, in particular, the 

so-called "sympathetic inks" were used. With 

appropriate manifestation, the text became visible. One 

of the original examples of information hiding is given 

in the works of the ancient Greek historian Herodotus. 

On the head of a slave who was shaving her head, the 

desired message was recorded. And when his hair grew 

enough, the slave was sent to the addressee, who again 

shaved his head and read the received message. The 

idea of exotic protection of secret texts (including the 

use of sympathetic inks) has survived to the present 

day. 

The third way to protect information was to 

convert the semantic text into a chaotic set of characters 

(letters of the alphabet). The reporting recipient was 

able to convert it to the original meaningful message, if 

possessed the "key" to its construction. This method of 

protecting information is called cryptographic. 

According to some experts, cryptography by age is the 

same age as the Egyptian pyramids [5].  

Cast-256 Algorithm Specification. The CAST-256 

encryption algorithm was developed by specialists 

from the Canadian company Entrust Technologies. The 

basis of the algorithm is the conversion of the widely 

used and well-proven CAST-128 algorithm, also 

developed by Entrust Technologies. 

The CAST-256 algorithm encrypts information 

with 128-bit blocks and uses several fixed sizes of the 

encryption key: 128, 160, 192, 224 or 256 bits. 

A 128-bit data block is divided into 4 sub-blocks 

of 32 bits, each of which in each round of the algorithm 

undergoes a certain transformation and is superimposed 

on one of the neighboring sub-blocks. The developers 

of the algorithm classified it as a permutation-

permutation network [10]. However, a number of 

experts at the AES competition considered the CAST-

256 algorithm as the Feistel network, in each round of 

which only one sub-block is processed, and the number 

of ñrealò rounds is 4 times more than stated in the 

specification of the algorithm [6]. 

During the operation of the algorithm, 12 rounds 

of transformations are performed, in the first 6 of which 

the tl transform (called the direct function of the round) 

is performed, and in the last 6 rounds the inverse round 

function tl is performed. The tl function is described as 

follows: 

ὅ ὅÄὪρὈȟὑὶȟὑά ; 
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ὄ ὄÄὪςὅȟὑὶȟὑά ; 

ὃ ὃÄὪσὄȟὑὶȟὑά ;                    (1) 

Ὀ ὈÄὪρὃȟὑὶȟὑά ; 

i - is the number of the current round. 

The tl conversion consists of the following 

operations: 

Ὀ ὈÄὪρὃȟὑὶȟὑά ; 

 ὃ ὃÄὪσὄȟὑὶȟὑά ;                  (2) 

ὄ ὄÄὪςὅȟὑὶȟὑά ; 

 ὅ ὅÄὪρὈȟὑὶȟὑά ;             

Functions perform several elementary operations 

on a 32-bit subunit; they are shown, respectively, in 

figure 3. Each function takes three parameters: 

¶ value of the processed subunit (indicated in the 

figures as ñdataò); 

¶ 32-bit subkey of the Kmni round (called a 

masking subkey, since the first operation of each 

function is to overlay this key on the processed sub-

block); 

¶ 5-bit subkey of the Krni round (called a shift 

subkey, since this key is used in the cyclic shift 

operation of the result of the previous operation by a 

variable number of bits) [14]. 

ʘ)  b) 

Figure 1. Transformations 

 

 
Figure 2. ɸlgorithm clarification 
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Task solution. Research results. 

1-round characteristic. Describe the characteristic 

πȟπȟ‍ȟ‌ ựựựựựựựựựựựựự ‌ȟπȟπȟπȢ 
Consider the function F2 and assume that Kr is 

abstract. If u1Äu2=29ʭ<<<24-Kr.  

The difference of this pair after bitwise addition 

with Km is preserved, v1Äv2=29ʭ<<<24-Kr. After 

turning on the Kr bit the difference becomes equal 

29ʭ<<<24. So the input difference on S1 equal 29x , and 

all the others S-boxes have zero input (so and output) 

difference, that is ὺ ςσȟȣȟπ ὺ ςσȟȣȟπȢ  So letôs 
put z:=Ὓ ὺ ρυȟȣȟψ Ὓ ὺ ςσȟȣȟρφ
Ὓ ὺ ρυȟȣȟψ Ὓ ὺ ςσȟȣȟρφ, then we can 

write: 

ὡ ḧ Ὓ ὺσρȟȣȟςτ
ᾀ ÄὛ ὺ χȟȣȟπ ȟὭ ρȟς 

Search of all possible 256 input pairs in S1 showed 

that two of them with a difference of 29x: (17x, 3Ex) 

and (3Ex, 17x) provide an input difference. 

Considering this case, that is when 

Ὓ ὺ σρȟȣȟςτ ᾀ ÄὛ ὺ σρȟȣȟςτ ᾀ, we 

receive ‍ with probability 2-5, because Hammingôs 

weight ‍ is 5: 

Ὓ ὺ σρȟȣȟςτ ᾀ ÄὛ ὺ σρȟȣȟςτ ᾀ= ‍ 
Bitwise addition with output S4 does not change 

difference. 

So that, assuming that the value of Kr is known, 

the input difference 29ʭ<<<24-Kr leads to the output 

difference  ‍ with probability 2-12. Because Kr is not 

known, we can guess it by noticing that ‌ equals 

29ʭ<<<24 with probability 2-5 and output difference F2 

function equals ‍ with probability 2-17. 

Let's pay attention to a round of type A2 with input 

difference πȟπȟ‍ȟ‌. Output difference F2 function, 

equal ‍, bitwise is added to the third word by input 

difference round A2, and it turns out zero. 

2-round and 15-round characteristic.  

This characteristic ‍ȟ‌ȟπȟπȟ

ựựựựựựựựự πȟπȟ‍ȟ‌ and the characteristic which 

presented in the table 1 obviously follows the structure 

of the rounds of the CAST -256 cipher. 

Table 1. 

15-round characteristic with probability 1 

 3-round A 12-round B 

‌ 

0 

0 

0 

0 0 0 

‌ 0 0 

0 ‌ 0 

0 0 ‌ 

0 0 ‌ 0 0 0 ‌ 0 0 ‌ 

0 0 0 0 0 ‌ 0 0 0 ‌ 0 0 

‌ 0 0 ‌ 0 a 0 0 0 a 

 0 0 a 0 0 0 a 

At the beginning, the plaintext is converted by 24-rounds of type A and then 24-rounds of type B, the exact 

sequence of rounds is as follows: 

ὃὃὃȟὃȟὃȟὃȟὃȟὃȟὃȟὃȟὃȟὃȟȣ 

ὄȟὄȟὄȟὄȟὄȟὄȟὄȟὄȟὄȟὄȟὄȟὄȟȣ 

Consider the example of manual calculation of the first round of encryption and decryption of text. 

ί ρπρρρπρȟί ρπρρρπππȟί ρπρρρρπρȟί ρπρπρρπρ 

Ὧ ρρπρρρρπρρȟὯ ρρπρρπρρȟὯ υ ÓÍÁÌÌ ÂÉÔȟὯ ρπρρπρρπρȟὯ ρρπρρ 

k=ὑ11011 Ä  Ὓρπρπρρπρρρρρπρπρππᴼ ὅψ ψωὊὉχψὉφ 
ψωὊὉχωὃὉ ÄπὈςσὉπὊω ψτὈὈωωυχφψτυψτςυ 

ρὅωψρυσςυφὅψὅσωρχσφπὈψὅ 

ὄ ρπρρρρπρ Äρρπρρρπρππρρπὃφ Ὓ υφπψὧσωρ 
υφὧψὧτσχίὨςσὩπὪω πτωὥτὩσσὩ ίφψτυψτςυ 

ὦρὩὥφχφσÄ ίυφὧψὧσωρὩχςςὥτὪς 
# ρπρρρπππρρπρρρρππππππρρ Ὓυφ#ψ#σωρ 

υφὅψὅτρςὛπὈςσὉπὊ φσὉὅὃυπὈ Ä Ὓφψτυψτςυὅ  

φὉχὈτὉχυχὛυφὅψὅσωρφωπὉὅςσὅφ 
Ὀ ρππππππρÄ Ὓρπρπρρπρρππρπρρππ 

Ὀ ρππρπρρππρρπρπρρπρρππππππρ 

ὅ φωπὉὅςσὅφ υφὅψὅσωρφὉχὄτὉχυχ ṭφψτυψτςυ 

φσὉφὅὃυπὄ υφὅψὅτρςυφὅψὅσωρψρO  ή 

ρππππππρρρπρρρρπρρρπππ 

ὄ ὉχςςὃτὊς ṭ υφὅψὅσωρὄρὉὃφχφσφψτυψτςυτωὃτὉσσὉ ὨςσὩπὪω
υφὧψὧτσχυφὧψὧσωρὃφ 

ὃ χσφπὈψὅσ υφὅψὅσωρρὅωψρυσςφψτυψτςυψτὨὨωωυχ ṭὨςσὩπὪω
ψωὪὪὩχωὥὩψωὪὩχψὩφ ὧψ 

 

The article describes a differential attack on the 

CAST -256 cipher, which is more effective than 

previously known attacks on this cipher. This attack is 

based on a truncated differential characterization 

covering 18 rounds of cipher. 
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ɸʥʦʪʘʮʽʷ 

ʅʘʜʘʻʪʴʩʷ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʭʘʨʘʢʪʝʨʥʠʭ ʚʧʣʠʚʽʚ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʽ ʩʢʣʘʜʦʚʽ ɺʅɿ, ʟʦ-

ʢʨʝʤʘ ʙʽʙʣʽʦʪʝʢʠ, ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ɺʅɿ ʪʘ ʡʦʛʦ ʽʥʪʝʛʨʘʮʽʷ ʜʦ ʻʜʠʥʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦ-

ʩʪʦʨʫ. 

Abstract 

Short review of characteristics of informatization influence on infrastructure parts including libraries, devel-

opment of informational environment of high school and its integration into unite educational space is given.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʪʠʟʘʮʽʷ, ʫʥʽʚʝʨʩʠʪʝʪ, ʽʥʬʦʨʤʘʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʙʽʙʣʽʦʪʝʢʘ, ʻʜʠʥʠʡ ʦʩʚʽʪʥʽʡ 

ʧʨʦʩʪʽʨ 

Keywords: computerization, university, information environment, library, unified educational space 

 

ɿʘʛʘʣʴʥʦʮʠʚʽʣʽʟʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʟʫʤʦʚʣʶʻ ʟʤʽʥʫ ʤʦʜʝʣʽ 

ñʦʩʚʽʪʘ ʥʘ ʚʩʝ ʞʠʪʪʷò ʥʦʚʠʤ ʧʽʜʭʦʜʦʤ ñʦʩʚʽʪʘ ʚʧʨʦ-

ʜʦʚʞ ʫʩʴʦʛʦ ʞʠʪʪʷò. ɹʝʟʧʝʨʝʨʚʥʘ ʦʩʚʽʪʘ ʚ ʧʦʻʜ-

ʥʘʥʥʽ ʟ ʽʥʬʦʨʤʘʪʠʟʘʮʽʻʶ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʩʪʨʽʤ-

ʢʠʤʠ ʪʝʤʧʘʤʠ ʟʨʦʩʪʘʥʥʷ ʟʥʘʥʴ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʪʘ 

ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʾʭ ʟʘʩʚʦʻʥʥʷ ʩʪʫʜʝʥ-

ʪʘʤʠ ʚ ʧʝʨʽʦʜ ʟʜʦʙʫʪʪʷ ʚʠʱʦʾ ʦʩʚʽʪʠ.  

ʋ ʍʍɯ ʩʪʦʣʽʪʪʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (ɯʊ) ʨʦ-

ʟʚʠʚʘʶʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ. ʇʦʩ-

ʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ, ʙʫʨʭ-

ʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʠ ʧʽ-

ʜˇʨʫʥʪʷʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦ ʥʦʚʦʤʫ ʚʯʠʪʠ ʽ ʚʯʠʪʠʩʷ, 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʥʝʜʦʩʪʫʧʥʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʦʙôʻʢʪʠ ʽ 

ʷʚʠʱʘ ʧʨʠʨʦʜʠ, ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʙʫʜʴ-

ʷʢʦʛʦ ʢʫʪʦʯʢʘ ʧʣʘʥʝʪʠ, ʥʝ ʚʠʭʦʜʷʯʠ ʟ ʢʚʘʨʪʠʨʠ ʯʠ 

ʦʬʽʩʫ[1,2].  

https://www.researchgate.net/publication/3608347_On_the_security_of_the_CAST_encryption_algorithm
https://www.researchgate.net/publication/3608347_On_the_security_of_the_CAST_encryption_algorithm
https://www.researchgate.net/publication/3608347_On_the_security_of_the_CAST_encryption_algorithm
https://tools.ietf.org/html/rfc2612
http://www.networkdls.com/Articles/cast-256.pdf
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ɼʦ ʧʝʨʝʚʘʛ, ʱʦ ʧʨʠʚʥʦʩʷʪʴ ʥʦʚʽʪʥʽ ɯʊ ʚ ʧʨʦʮʝʩ 

ʥʘʚʯʘʥʥʷ ʬʘʭʽʚʮʽ ʚʽʜʥʦʩʷʪʴ: ʚʝʣʠʢʫ ʛʥʫʯʢʽʩʪʴ ʫ ʚʠ-

ʙʦʨʽ ʤʽʩʮʷ ʡ ʯʘʩʫ ʥʘʚʯʘʥʥʷ; ʤʦʞʣʠʚʽʩʪʴ ʦʥʦʚʣʝʥʥʷ 

ʥʘʚʯʘʣʴʥʠʭ ʪʘ ʪʨʝʥʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; ʤʦʞʣʠ-

ʚʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʪʫʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʟ ʩʪʫʜʝʥʪʦʤ; 

ʟʘʙʝʟʧʝʯʝʥʥʷ on-line ʟʚôʷʟʢʫ ʤʽʞ ʩʪʫʜʝʥʪʦʤ ʽ ʚʽʜʜʘ-

ʣʝʥʠʤ ʚʠʢʣʘʜʘʯʝʤ; ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ 

ʩʪʫʜʝʥʪʦʤ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

ʤʦʞʣʠʚʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʥʪʨʦʣʶ ʟʘ ʧʦʨʷʜʢʦʤ ʽ ʪʝ-

ʤʧʦʤ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ, ʥʘʚʯʘʣʴʥʦʶ ʘʢʪʠʚʥʽʩʪʶ 

ʩʪʫʜʝʥʪʘ; ʤʦʞʣʠʚʽʩʪʴ ʥʘʩʪʨʦʶʚʘʥʥʷ ʩʝʨʚʽʩʫ ʥʘʚ-

ʯʘʥʥʷ ʡ ʪʨʝʥʽʥʛʫ ʥʘ ʩʪʫʜʝʥʪʽʚ ʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʟʜʽʙ-

ʥʦʩʪʝʡ; ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʫ ʛʨʫʧʦʚʦʛʦ ʜʠʩʢʫʩʽʡ-

ʥʦʛʦ ʥʘʚʯʘʥʥʷ; ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 

ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʘ ʛʣʦʙʘʣʴʥʠʭ ʤʝʨʝʞ [3, 4,]. 

ɯʥʬʦʨʤʘʪʠʟʘʮʽʷ ɺʅɿ ʘʩʦʮʽʶʻʪʴʩʷ ʽʟ ʫʪʚʦʨʝʥ-

ʥʷʤ ʥʦʚʦʛʦ ʥʘʚʯʘʣʴʥʦ-ʦʩʚʽʪʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʪʘ-

ʥʦʚʣʝʥʥʷ ʷʢʦʛʦ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʙʫʣʦ ʧʦʚôʷʟʘʥʝ ʽʟ 

ʢʦʤʧ¡ʁʪʝʨʠʟʘʮʽʻʶ, ʘ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʟ ʤʝʜʽʘʪʠ-

ʟʘʮʽʻʶ ʥʘ ʦʩʥʦʚʽ ʤʫʣʴʪʠʤʝʜʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ [5].  

ʇʦʯʘʪʢʦʚʠʤ ʟʨʘʟʢʦʤ ʥʦʚʦʛʦ ʚʽʨʪʫʘʣʴʥʦʛʦ ʢʦ-

ʤʫʥʽʢʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʪʘʣʘ ɺʩʝʩʚʽʪʥʷ ʽʥʬʦʨ-

ʤʘʮʽʡʥʘ ʤʝʨʝʞʘ World Wide Web (WWW) ï ʩʠʩʪʝʤʘ 

ʛʽʧʝʨʤʝʜʽʘ ï ʚʝʣʝʪʝʥʩʴʢʘ ʩʠʩʪʝʤʘ ʛʽʧʝʨʪʝʢʩʪʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʱʦ ʤʽʩʪʠʪʴ ʥʘʫʢʦʚʽ ʧʨʘʮʽ, ʽʩʪʦʨʠʯʥʽ ʜʞʝ-

ʨʝʣʘ, ʟʦʙʨʘʞʝʥʥʷ, ʬʽʣʴʤʠ, ʤʫʟʠʢʫ ʪʦʱʦ. ɺʦʥʘ ʟ¡̫ʚʠ-

ʣʘʩʷ ʫ 90-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʘ ʚʞʝ ʥʘ ʧʦʯʘ-

ʪʢʫ ʍʍɯ ʩʪʦʣʽʪʪʷ ʩʪʘʣʘ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʥʦʚʠʭ ʪʝʭ-

ʥʦʣʦʛʽʡ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʥʘʥʴ ʚ ʩʫʩʧʽʣʴʩʪʚʽ. ʋ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ 

ʩʚʽʪʫ (ʧʨʠ ʙʘʞʘʥʥʽ ʽ ʤʦʞʣʠʚʦʩʪʷʭ) ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ 

ʧʨʠ ʜʦʧʦʤʦʟʽ ʢʦʤʧôʶʪʝʨʘ ʦʪʨʠʤʫʚʘʪʠ ʩʫʧʝʨʝʥʮʠʢ-

ʣʦʧʝʜʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ ʙʫʜʴ-ʷʢʦʾ ʧʨʦʙʣʝʤʠ, ʧʝʨʝ-

ʛʣʷʥʫʪʠ ʝʢʩʧʦʥʘʪʠ ʤʫʟʝʾʚ ʩʚʽʪʫ, ʧʝʨʝʥʝʩʪʠʩʷ ʫ ʚʽʨ-

ʪʫʘʣʴʥʽ ʘʫʜʠʪʦʨʽʾ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʽʥʰʠʭ ʢʨʘʾʥ, ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʪʠ ʣʽʪʝʨʘʪʫʨʫ ʩʚʽʪʦʚʠʭ ʙʽʙʣʽʦʪʝʢ ʪʦʱʦ 

[1,5].  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʙʽʙʣʽʦʪʝʢ ʚ ʧʝʨʽʦʜ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʦʩʚʽʪʠ ʥʝ ʟʛʘʩʘʻ 

ʚʞʝ ʧʨʦʪʷʛʦʤ ʟʥʘʯʥʦʛʦ ʧʝʨʽʦʜʫ. ʎʝ ʤʦʞʥʘ ʧʦʷʩ-

ʥʠʪʠ ʬʘʢʪʦʤ ʨʦʟʚʠʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

(ɯʊ), ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʽ ʢʽʣʴʢʽʩʪʶ ʧʨʦʙʣʝʤ, ʱʦ ʚʠʥʠ-

ʢʘʶʪʴ ʚ ʩʫʩʧʽʣʴʩʪʚʽ ʪʘ ʡʦʛʦ ʧʽʜʩʠʩʪʝʤʘʭ ʥʘ ʰʣʷʭʫ ʾʾ 

ʚʧʨʦʚʘʜʞʝʥʥʷ. ɯʥʬʦʨʤʘʪʠʟʘʮʽʷ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʦʩʥʦʚʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʫʩʧʽʣʴʩ-

ʪʚʘ. ʇʦʰʠʨʝʥʥʷ ɯʊ, ʾʭ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʚʠʪʦʢ ʟʜʽʡʩ-

ʥʶʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʝʩʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʩ-

ʥʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ ʬʽʢʩʘʮʽʾ, ʦʙʨʦʙʢʠ, ʟʙʝʨʽ-

ʛʘʥʥʷ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʫʩʽʭ ʩʬʝʨʘʭ 

ʩʫʩʧʽʣʴʥʦʛʦ ʞʠʪʪʷ. ɯʥʬʦʨʤʘʪʠʟʘʮʽʷ ʷʢ ʛʣʦʙʘʣʴʥʠʡ 

ʩʦʮʽʦʪʝʭʥʽʯʥʠʡ ʧʨʦʮʝʩ ʧʨʦʡʰʣʘ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʪʘ ʪʝ-

ʭʥʦʣʦʛʽʡ, ʱʦ ʻ ʟʘʩʦʙʘʤʠ ʽʥʬʦʨʤʘʪʠʢʠ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʩʪʘʣʦ ʫʪʚʦʨʝʥʥʷ 

ʥʦʚʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ, ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʟʚôʷʟʢʽʚ, ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʽʥʪʝʛʨʘʮʽʷ ʽ ʜʦʩʪʫʧ ʜʦ ʷʢʠʭ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʷʢʠʭ ʚ ʩʫʩʧʽʣʴʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʦʩʦʙʠʩʪʦʤʫ ʞʠʪʪʽ 

ʣʶʜʠʥʠ ʚʠʟʥʘʯʘʻ ʚ ʥʘʰ ʯʘʩ: 1- ʧʨʠʯʝʪʥʽʩʪʴ ʢʨʘʾʥ 

ʩʚʽʪʫ ʜʦ ʮʠʚʽʣʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ; 2- ʨʽʚʝʥʴ ʽʥʬʦʨ-

ʤʘʪʠʟʘʮʽʾ; 3- ̫ ʢʽʩʪʴ ʩʦʮʽʘʣʴʥʦ ʢʫʣʴʪʫʨʥʦʛʦ ʩʪʘʥʫ ʽʥ-

ʬʦʨʤʘʪʠʟʘʮʽʾ; 4- ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʩʫʩʧʽʣʴʥʠʭ ʮʽʣʝʡ ʪʘ ʚʠʨʽʰʝʥʥʷ ʩʫʩʧʽʣʴ-

ʥʠʭ ʧʨʦʙʣʝʤ [5,6,7].  

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ɺʅɿ ʪʘ 

ʨʦʟʚʠʪʢʫ ʡʦʛʦ ʦʙ¡̒ʢʪʠʚʥʠʭ ʩʠʩʪʝʤʥʠʭ ʦʟʥʘʢ ʚ ʧʨʦʩ-

ʪʦʨʽ ʦʩʚʽʪʠ. ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʧʝʚʥʫ ʩʪʨʫʢʪʫʨʫ ʚʧʣʠʚʫ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʥʘ ʩʬʝʨʫ 

ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ ʽ ʩʪʘʥ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʥʘ-

ʚʯʘʣʴʥʽʡ ʩʬʝʨʽ ʫʥʽʚʝʨʩʠʪʝʪʽʚ.  

ʇʦʩʪʫʧ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʚʠʟʥʘʯʠʚʩʷ, ʧʝʨʰ ʟʘ 

ʚʩʝ, ʚ ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʩʫʩʧʽʣʴʩʪʚʘ ï 

ʝʢʦʥʦʤʽʮʽ, ʥʘʫʮʽ, ʦʩʚʽʪʽ. ɯʥʜʠʢʘʪʦʨʘʤʠ ʾʭ ʟʨʦʩʪʘʥʥʷ 

ʚ ʫʤʦʚʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʩʪʘʣʠ: ʪʝʤʧʠ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, ʦʙʩʷʛʠ ʝʣʝʢʪʨʦʥʥʠʭ ʽʥʬʦʨʤʘʮʽʡ-

ʥʠʭ ʨʝʩʫʨʩʽʚ (ɯʈ), ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ɯʥʪʝ-

ʨʥʝʪʫ.  

ɺ ʋʢʨʘʾʥʽ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʽ ʦʩʚʽʪʠ, ʪʝʤʧʠ ʽʥʬʦ-

ʨʤʘʪʠʟʘʮʽʾ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʟʨʦʩʣʠ, ʜʦʩʷʛʣʠ 

ʧʨʦʷʚʽʚ ʽʥʪʝʛʨʘʮʽʾ ɯʈ, ʷʢ ʚ ʧʣʘʥʽ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʫ 

ʥʘʮʽʦʥʘʣʴʥʽʡ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʚ ʧʣʘʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦʾ ʧʽʜʪʨʠʤʢʠ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ, - ʚ ʮʽʣʦʤʫ ʚ 

ʦʩʚʽʪʥʽʡ ʩʠʩʪʝʤʽ ʽ ʚ ʦʢʨʝʤʠʭ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʟʘʣʠʰʘ-

ʶʪʴʩʷ ʚʽʜʢʨʠʪʠʤʠ ʧʠʪʘʥʥʷ ʢʦʤʧ¡ʁʪʝʨʠʟʘʮʽʾ ʥʘʚ-

ʯʘʥʥʷ, ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʯʽʪʢʠʭ ʚʠʤʽ-

ʨʽʚ ʧʦʙʫʜʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ɺʅɿ. ʎʝ 

ʩʪʦʩʫʻʪʴʩʷ ʽ ʙʽʙʣʽʦʪʝʯʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʦʩʚʽʪʠ ʋʢʨʘ-

ʾʥʠ [5,6, 7, 8, 9].  

ɯʥʬʦʨʤʘʪʠʟʘʮʽʷ ʚ ʩʬʝʨʽ ʦʩʚʽʪʠ ʪʦʨʢʥʫʣʘʩʷ ʚʩʽʭ 

ʩʢʣʘʜʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʪʝʭʥʦ-

ʣʦʛʽʡ ʥʘʚʯʘʥʥʷ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʷʢ ʚʽʪʯʠʟʥʷʥʽ ʪʘʢ ʽ 

ʟʘʢʦʨʜʦʥʥʽ ʘʚʪʦʨʠ [10, 11, 12, 13]. ʂʦʤʧ¡ʁʪʝʨʠʟʘʮʽʷ 

ʦʩʚʽʪʠ ʙʫʣʘ ʣʠʰʝ ʧʽʜʛʦʪʦʚʯʠʤ ʝʪʘʧʦʤ ʽ ʚ ʦʩʥʦʚʥʦʤʫ 

ʧʦʣʷʛʘʣʘ ʫ ʢʦʥʚʝʨʪʘʮʽʾ ʧʘʧʝʨʦʚʠʭ ʥʦʩʽʾʚ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ʝʣʝʢʪʨʦʥʥʽ, ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʦʥʥʠʭ ʥʦʩʽʾʚ ʉɼ-

ROM, ʱʦ ʧʦʧʦʚʥʶʚʘʣʠ ʥʘʚʯʘʣʴʥʠʡ ʨʝʩʫʨʩ, ʬʦʨʤʫ-

ʚʘʥʥʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʇʦʩʪʫʧʦʚʦ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʚʧʨʦʚʘʜʞʫʚʘʣʠʩʷ ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʚʠʢʦ-

ʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʧ¡ʁʪʝʨʥʠʭ ʧʨʦʛʨʘʤ, ʜʦʩʪʫʧ ʜʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʥʘ-

ʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʛʦ ʘʙʦ ʥʘʫʢʦʚʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʦʥʪʝʥʪʫ [15]. ʄʽʞ ʪʠʤ ʙʽʙʣʽʦʪʝʢʘ ɺʅɿ ʟʘʣʠʰʘʣʘʩʷ 

ʛʦʣʦʚʥʶ ʣʘʥʢʦʶ, ʜʝ ʚʽʜʙʫʚʘʣʘʩʷ ʽʥʬʦʨʤʘʪʠʟʘʮʽʷ ʽʥ-

ʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʚʦʥʘ ʥʘ ʦʩ-

ʥʦʚʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʯʥʦ-

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ(ɸɹɯʉ) [11]. 

ʌʦʨʤʫʚʘʥʥʷ ɯʈ ʚ ʙʽʙʣʽʦʪʝʢʘʭ ɺʅɿ ʥʘ ʟʘʩʘʜʘʭ ɯʊ 

ʚʽʜʟʥʘʯʠʣʘʩʷ ʩʪʚʦʨʝʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʢʘʪʘʣʦʛʽʚ, 

ʧʨʦʚʝʜʝʥʥʷʤ ʢʦʥʚʝʨʪʘʮʽʾ ʧʘʧʝʨʦʚʠʭ ʥʦʩʽʾʚ ʚ ʝʣʝʢʪ-

ʨʦʥʥʽ, ʬʦʨʤʫʚʘʥʥʽ ɹɼ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʬʦʨʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʝʤʘʪʠʢʠ, ʪʠʧʽʚ ʪʘ ʚʠʜʽʚ 

ʜʦʢʫʤʝʥʪʽʚ ʪʦʱʦ. ɺʠʭʽʜ ʚ ɯʥʪʝʨʥʝʪ ʜʦʟʚʦʣʠʚ ʙʽʙʣʽ-

ʦʪʝʢʘʤ ʨʦʟʰʠʨʠʪʠ ʤʝʞʽ ʽ ʦʙʩʷʛʠ ɯʈ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦ-

ʨʝʥʥʷ ʥʘʚʽʛʘʪʦʨʽʚ ʤʝʨʝʞʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʽʥʬʦʨ-

ʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ (ɯʇ) ʩʚʦʾʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʦʥʣʘʡʥ-

ʛʨʘʬʽʯʥʠʭ ʧʦʢʘʟʯʠʢʽʚ (ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʭ, 

ʨʝʬʝʨʘʪʠʚʥʠʭ, ʬʘʢʪʦʛʨʘʬʽʯʥʠʭ), ʘʥʘʣʽʪʠʯʥʠʭ ɹɼ 

ʩʚʽʪʦʚʦʛʦ, ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʙʦ ʛʘʣʫʟʝʚʦʛʦ ʨʽʚʥʽʚ. ɺ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʯʠʪʘʯʽʚ ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ 

ʝʣʝʢʪʨʦʥʥʽ ʯʠʪʘʣʴʥʽ ʟʘʣʠ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʨʦʙʦʯʽ ʤʽ-

ʩʮʷ ʟ ʚʠʭʦʜʦʤ ʚ ɯʥʪʝʨʥʝʪ. 
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ɺʧʨʦʚʘʜʞʝʥʥʷ ɯʂʊ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʣʦ ʨʽʚʝʥʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʽʙʣʽʦ-

ʪʝʢ ɺʅɿ, ʨʦʟʰʠʨʠʣʦ ʩʧʝʢʪʨ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʝʡ ʫ 

ʻʜʠʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʩʚʽʪʠ ʧʝʨʝʡʪʠ ʜʦ ʚʪʽʣʝʥʥʷ ʥʦʚʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʬʦʨʤ. ɽʣʝʢʪʨʦʥʥʘ ʙʽʙʣʽʦʪʝʢʘ (ɽɹ) 

ʚʽʜʟʥʘʯʠʣʘ ʥʦʚʠʡ ʝʪʘʧ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽ ʨʦʟʚʠʪʢʫ 

ʙʽʙʣʽʦʪʝʢ [12, 14]. ʂʦʥʮʝʧʮʽʷ ɽɹ ʩʪʘʣʘ ʨʦʟʚʠʚʘʪʠʩʷ 

ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ ʽ ʚʠʟʥʘʯʠʣʘ ʩʪʨʘʪʝʛʽʯʥʠʡ ʥʘ-

ʧʨʷʤ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʚ ʜʽʷʣʴ-

ʥʦʩʪʽ ʙʽʙʣʽʦʪʝʯʥʠʭ ʧʽʜʩʠʩʪʝʤ ʦʩʚʽʪʠ. ɽɹ ʥʘʙʫʣʘ ʚʠ-

ʛʣʷʜʫ ʨʦʟʛʦʨʥʫʪʦʾ ʩʠʩʪʝʤʠ ʨʝʩʫʨʩʽʚ ʪʘ ʜʦʩʪʫʧʫ ʜʦ 

ʥʠʭ, ʟʦʢʨʝʤʘ ʽ ʟʦʚʥʽʰʥʽʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʯʝʨʝʟ ʚʝʙ-

ʩʘʡʪʠ ʙʽʙʣʽʦʪʝʢʠ ʘʙʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ɺʦʜʥʦʯʘʩ ʦʪʨʠ-

ʤʫʻ ʨʦʟʚʠʪʦʢ ʽʜʝʷ ʧʨʦ ʩʠʩʪʝʤʦ ʫʪʚʦʨʶʶʯʫ ʨʦʣʴ ʙʽ-

ʙʣʽʦʪʝʢʠ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɺʅɿ.  

ʊʝʭʥʦʣʦʛʽʾ ɽɹ ʩʢʣʘʣʠ ʥʝʦʙʭʽʜʥʫ ʙʘʟʫ ʽʥʪʝʛʨʘʮʽʾ 

ɯʈ, ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ, ʜʠʚʝʨʩʠʬʽ-

ʢʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ ʙʽʙʣʽʦʪʝʢ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʽʥʬʦʨʤʘ-

ʮʽʡʥʦʛʦ ʮʠʢʣʫ. ɼʽʩʪʘʣʦ ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʧʨʦ ʥʦʚʠʡ ʩʪʘʥ ʙʽʙʣʽʦʪʝʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʷʢ ʽʥʪʝʛʨʘʮʽʾ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʩʫ-

ʯʘʩʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ [15], ʧʝʨʝʪʚʦ-

ʨʝʥʥʷ ʙʽʙʣʽʦʪʝʢ ʚ ʽʥʪʝʛʨʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʥʘʫ-

ʢʦʚʦ-ʦʩʚʽʪʥʽ ʮʝʥʪʨʠ, ʜʦʩʣʽʜʥʠʮʴʢʽ, ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʨʝʩʫʨʩʥʽ ʮʝʥʪʨʠ [9, 12, 16]. ʅʘʡʚʠ-

ʱʦʶ ʬʦʨʤʦʶ ʽʩʥʫʚʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ ʚʠʟʥʘʻʪʴʩʷ ʤʝ-

ʜʽʘʪʝʢʘ, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʫʯʘʩʥʽ ʪʝ-

ʭʥʦʣʦʛʽʾ ʨʦʙʦʪʠ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʽ ʟʥʘʥʥʷ ʯʝʨʝʟ ʛʣʦ-

ʙʘʣʴʥʽ ʤʝʨʝʞʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ [15]. ʇʦʜʘʣʴʰʽ 

ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ ʬʘʭʽʚʮʽ ʧʦʚ¡̫ʟʫʶʪʴ ʽʟ ʤʝ-

ʜʽʘ ʦʩʚʽʪʦʶ, ʢʦʥʮʝʧʮʽʾ, ʤʝʪʦʜʠ, ʪʝʭʥʦʣʦʛʽʾ, ʨʦʣʽ ʫʯʘ-

ʩʥʠʢʽʚ, ʨʝʩʫʨʩʠ ʷʢʦʾ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʽ ʚʪʽʣʶʶʪʴʩʷ ʚ 

ʧʨʘʢʪʠʢʫ ʨʦʙʦʪʠ ʫʥʽʚʝʨʩʠʪʝʪʽʚ [17, 18]. 

ʉʢʣʘʣʠʩʷ ʫʤʦʚʠ ʽʥʪʝʛʨʘʮʽʾ ʦʩʚʽʪʥʽʭ ɯʈ ʫ ʣʦʢʘ-

ʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ɺʅɿ, ʘ ʪʘʢʦʞ ʫ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʠʭ ʽ ʚʝʨʪʠʢʘʣʴʥʠʭ ʚʝʢʪʦʨʘʭ ʽʥʬʦʨʤʘʮʽʡ-

ʥʠʭ ʦʩʚʽʪʥʽʭ ʩʠʩʪʝʤʘʭ. ɯʥʬʦʨʤʘʪʠʟʘʮʽʷ ʚʧʣʠʥʫʣʘ ʥʝ 

ʪʽʣʴʢʠ ʥʘ ʩʘʤʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ɺʅɿ. 

ɿʥʘʯʥʽ ʟʤʽʥʠ ʚʽʜʙʫʣʠʩʷ ʫ ʬʦʨʤʘʭ ʟʙʝʨʝʞʝʥʥʷ, ʛʝʥʝ-

ʨʫʚʘʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʊʨʘʜʠʮʽʡʥʽ ʧʘ-

ʧʝʨʦʚʽ ʥʦʩʽʾ ʦʪʨʠʤʘʣʠ ʝʣʝʢʪʨʦʥʥʫ ʬʦʨʤʫ. ɺʩʝ ʙʽ-

ʣɹ ʰʝ ʜʞʝʨʝʣ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʥʘʚʯʘʣʴ-

ʥʦʤʫ ʘʙʦ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʤʫ ʧʨʦʮʝʩʽ 

ʫʥʽʚʝʨʩʠʪʝʪʽʚ, ʩʪʘʶʪʴ ʜʦʩʪʫʧʥʠʤʠ ʣʠʰʝ ʚ ʝʣʝʢʪ-

ʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ, ʧʦʯʠʥʘʶʯʠ ʽ ʟʘʢʽʥʯʫʶʯʠ ʩʚʦʻ ʽʥ-

ʬʦʨʤʘʮʽʡʥʝ ʞʠʪʪʷ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʤʝʨʝʞʘʭ.  

ʈʝʘʣʽʟʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʫʥʢ-

ʮʡ̔ ʥʘ ʙʘʟʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ ʽ ʥʦʚʽʪʥʽʭ ʟʘ-

ʩʦʙʽʚ ʟʚ¡̫ʟʢʫ, ʟʦʢʨʝʤʘ ʩʫʧʫʪʥʠʢʦʚʦʛʦ, ʧʨʠʟʚʝʣʘ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʩʫ-

ʯʘʩʥʦʩʪʽ. ʆʩʥʦʚʦʶ ʥʦʚʠʭ ʫʤʦʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙ-

ʤʽʥʫ ʚ ʩʫʩʧʽʣʴʩʪʚʽ ʩʪʘʣʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘ-

ʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ (ɯʂʊ), ʘʙʦ ʷʢ ʾʭ ʱʝ ʥʘʟʠʚʘʶʪʴ çʥʦ-

ʚʽʪʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾè [19]. ɯʂʊ 

ʟʘʙʝʟʧʝʯʠʣʠ ʩʠʩʪʝʤʥʦ-ʤʝʨʝʞʝʚʠʡ ʟʘʩʽʙ ʚʽʜʪʚʦ-

ʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ ʥʘ-

ʣʘʛʦʜʞʝʥʽ ʩʪʽʡʢʦʛʦ, ʧʦʩʪʽʡʥʦʛʦ ʽ ʥʝʦʙʤʝʞʝʥʦʛʦ ʯʘ-

ʩʦʤ ʽ ʧʨʦʩʪʦʨʦʤ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʣʶʜʴʤʠ, 

ʢʦʣʝʢʪʠʚʘʤʠ, ʫʩʪʘʥʦʚʘʤʠ; ʟʜʽʡʩʥʝʥʥʷ ʩʪʘʥʜʘʨʪʠʟʦ-

ʚʘʥʦʛʦ ʨʽʚʥʷ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʥʚʝʨʛʝʥʪʥʠʭ ʫ ʻʜʠ-

ʥʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʩʠʩʪʝʤ ʨʝʻʩʪʨʘʮʽʾ, 

ʟʙʝʨʝʞʝʥʥʷ, ʦʙʨʦʙʢʠ ʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʩʠʥʪʝʟ ʤʝʪʦʜʽʚ ʦʧʝʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʫ ʙʫʜʴ 

ʷʢʦʤʫ ʚʠʛʣʷʜʽ [5, 15, 19, 20,].  

ʅʘʢʦʧʠʯʝʥʥʷ ɯʈ ʚ ʙʽʙʣʽʦʪʝʢʘʭ ɺʅɿ, ʘ ʪʘʢʦʞ ʫ 

ʤʝʨʝʞʝʚʦʤʫ ʥʘʫʢʦʚʦ-ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠʚʝʨ-

ʪʘʻ ʫʚʘʛʫ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʭ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʨʘʮʴʦ-

ʚʫʚʘʥʥʷ [10, 16, 19, 21]. ʋ ʟʘʛʘʣʴʥʦʤʫ ʩʦʮʽʘʣʴʥʦ-ʢʦ-

ʤʫʥʽʢʘʮʽʡʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʮʷ ʧʦʪʨʝʙʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ ʥʘʩʣʽʜʦʢ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, ʤʦʞʣʠʚʦʩʪʝʡ ʫʧʦʨʷʜ-

ʢʫʚʘʥʥʷ ɯʈ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ ʥʘ ʤʫʣʴʪʠʤʝʜʽʡʥʽʡ ʦʩ-

ʥʦʚʽ ʽ ʧʦʪʨʝʙʘʤʠ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʾ ʩʫʩʧʽʣʴʥʦʾ ʜʽʷʣʴ-

ʥʦʩʪʽ [2, 5, 16, 19]. ʅʦʚʠʡ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ 

ʩʪʘʥ ʙʽʙʣʽʦʪʝʢ, ɯʥʪʝʨʥʝʪʫ ʪʘ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦ-

ʣʷʶʪʴ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʙʽʙʣʽʦʪʝʯʥʠʭ 

ʬʦʨʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʦ ʥʦʚʠʭ, ʚ ʷʢʠʭ ʟʨʦʩʪʘʻ ʜʦʣʷ 

ʘʥʘʣʽʪʠʢʦ-ʩʠʥʪʝʪʠʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩ-

ʥʦʚʽ ʜʦʩʷʛʥʝʥʴ ʚ ʦʙʣʘʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʣʽʥʛʚʽʩʪʠʢʠ [16].  

ʎʝ ʧʦʚôʷʟʘʥʦ ʽʟ ʚʣʘʩʪʠʚʽʩʪʶ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʝʣʝʢ-

ʪʨʦʥʥʦʛʦ ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ. ʇʨʠʭʠʣʴʥʠʢʽʚ 

ʨʦʙʦʪʠ ʟ ʝʢʨʘʥʫ ʇʂ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰʝ, ʦʩʦʙʣʠʚʦ ʩʝʨʝʜ 

ʤʦʣʦʜʽ. ɯ ʷʢʱʦ ʚʽʜʥʦʩʥʦ ʟʦʚʥʽʰʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʠ-

ʪʘʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʥʠʢʘʻ, ʢʨʽʤ ʪʦʛʦ 

ʱʦ ʾʾ ʦʙʤʝʞʝʥʥʷ ʨʝʛʫʣʶʶʪʴʩʷ ʢʦʥʚʝʥʮʽʡʥʠʤʠ ʧʨʘ-

ʚʠʣʘʤʠ ʜʦʩʪʫʧʫ ʜʦ ɹɼ ʫ ʣʦʢʘʣʴʥʠʭ ʘʙʦ ʛʣʦʙʘʣʴʥʠʭ 

ʤʝʨʝʞʘʭ, ʪʦ ʫ ʧʨʦʩʪʦʨʽ ʦʢʨʝʤʦʛʦ ɺʅɿ ʚʠʥʠʢʘʶʪʴ 

ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ. ɻʦʣʦʚʥʦʶ ʟ ʥʠʭ ʩʪʘʻ ʬʦʨʤʫʚʘʥʥʷ 

ɹɼ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʣʝʢʮʽʡʥʠʭ 

ʢʫʨʩʽʚ, ʜʦʚʽʜʢʦʚʦ-ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʜʠʩʮʠʧ-

ʣʽʥ ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ ʪʘ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʩʪʚʦ-

ʨʶʶʪʴʩʷ ʚʠʢʣʘʜʘʯʘʤʠ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʇʨʦʙʣʝʤʠ ʥʝ 

ʚʠʯʝʨʧʫʶʪʴʩʷ ʪʽʣʴʢʠ ʧʠʪʘʥʥʷʤ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ 

[21]. ɺʠʥʠʢʘʶʪʴ ʧʠʪʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʢʫʣʴʪʫʨʠ ʚʠʢʣʘʜʘʯʽʚ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʫʧʨʘʚʣʽʥʩʴ-

ʢʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʟʦʢʨʝʤʘ ʨʝʢʪʦʨʘʪʫ, ʜʝʢʘʥʘʪʽʚ, ʢʘ-

ʬʝʜʨ ʪʘ ʣʘʙʦʨʘʪʦʨʽʡ. ɺʠʷʚʣʷʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʾʭ ʛʦ-

ʪʦʚʥʦʩʪʽ ʜʦ ʩʧʽʚʧʨʘʮʽ ʥʘ ʚʩʽʭ ʣʘʥʢʘʭ ʩʪʚʦʨʝʥʥʷ 

çʝʣʝʢʪʨʦʥʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫè ʽ ʨʦʟʫʤʽʥʥʷ ʩʚʦʻʾ ʨʦʣʽ 

ʫ ʮʴʦʤʫ ʧʨʦʮʝʩʽ.  

ʌʦʨʤʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʦʢʘʤʠ ʥʘʫʢʦʚʦʾ, 

ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʦʾ, ʽʥʩʪʨʫʢʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ɺʅɿ, 

ʧʦʪʨʝʙʫʻ ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ, ʢʦʤʫ-

ʥʽʢʘʮʽʡʥʦʾ ʙʘʟʠ ʽ ʻʜʠʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʣʦʢʘʣʴʥʦʾ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɺʠʢʦʥʘʥʥʷ ʚʩʽʻʾ ʨʦʙʦʪʠ ʟ ʝʣʝ-

ʢʪʨʦʥʥʦʛʦ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʫ ʣʦʢʘʣʴʥʽʡ ʚʥʫʪʨʽʰʥʽʡ 

ʪʘ ʟʦʚʥʽʰʥʽʡ ʤʝʨʝʞʘʭ ʧʦʪʨʝʙʫʻ ʮʝʥʪʨʘʣʽʟʘʮʽʾ ʜʽʷʣʴ-

ʥʦʩʪʽ ʚ ʦʢʨʝʤʽʡ ʩʪʨʫʢʪʫʨʽ, ʮʝʥʪʨʦʤ ʷʢʦʾ ʤʘʻ ʙʫʪʠ ʙʽ-

ʙʣʽʦʪʝʢʘ ɺʅɿ.  

ʅʘ ʜʫʤʢʫ ʬʘʭʽʚʮʽʚ, ʩʪʚʦʨʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢ 

ʟʚʘʥʠʭ çʽʥʩʪʠʪʫʮʽʡʥʠʭ ʜʝʧʦʟʠʪʘʨʽʾʚè [22] ʤʘʻ ʧʦʯʠ-

ʥʘʪʠʩʷ ʩʘʤʝ ʟ ʬʦʨʤʫʚʘʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʫʤʦʚ, ʪʦʙʪʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʩʚʽʪ-

ʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ɺʅɿ. ʉʘʤʝ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ɹɼ ʧʫʙʣʽ-

ʢʘʮʽʡ ʚʠʢʣʘʜʘʯʽʚ, ʩʪʫʜʝʥʪʽʚ ʽ ʘʩʧʽʨʘʥʪʽʚ, ʙʘʢʘʣʘʚʨ-

ʩʴʢʠʭ, ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʽ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʪʝʤʘʪʠʢʠ ʅɼʈ, ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʡ ʪʘ ʩʝʤʽʥʘ-

ʨʽʚ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘʚʯʘʣʴʥʠʤ ʟʘʢʣʘʜʦʤ, ʧʨʦ-

ʛʨʘʤʠ ʚʠʭʦʚʥʠʭ ʟʘʭʦʜʽʚ ʪʦʱʦ, - ʙʫʜʫʪʴ ʩʪʚʦʨʶʚʘ-

ʪʠʩʷ ʙʝʟʧʝʨʝʨʚʥʦ, ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʽ ʚʠʤʦ-

ʛʘʤʠ, ʥʘ ʻʜʠʥʽʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʽʡ ʦʩʥʦʚʽ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʣʽʥʛʚʽʩʪʠʯʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ.  
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ʆʯʝʚʠʜʥʦ, ʱʦ ʙʝʟ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʥʝ ʤʦ-

ʞʥʘ ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʩʪʨʘʪʝʛʽʡ ʽʥʬʦ-

ʨʤʘʮʽʡʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʦʛʦ, ʱʦ 

ʽʩʥʫʻ, ʧʝʨʝʭʦʜʠʪʠ ʜʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʩʚʽ-

ʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ.  

ʄʫʣʴʪʠʩʝʨʚʽʩʥʽ ʤʦʞʣʠʚʦʩʪʽ ʥʦʚʦʛʦ ʽʥʬʦʨʤʘ-

ʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ɺʅɿ, ʤʽʩʮʝ ʙʽʙʣʽʦʪʝʢ ʚ ʽʥʬʦʨ-

ʤʘʮʽʡʥʽʡ ʩʪʨʫʢʪʫʨʽ ʦʩʚʽʪʠ ʩʪʘʶʪʴ ʧʨʝʜʤʝʪʦʤ ʨʦʟʛ-

ʣʷʜʫ ʚʯʝʥʠʭ [9, 10, 12, 13, 19, 20]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʦʩʦʙʣʠʚʠʡ ʘʢʮʝʥʪ ʬʘʭʽʚʮʽ ʩʪʘʚʣʷʪʴ ʥʘ ʬʦʨʤʫ-

ʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʢʫʣʴʪʫʨʠ ʫ ʩʝʨʝʜʦʚʠʱʘʭ ʤʝ-

ʜʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ [12, 17, 18, 23]. ʅʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʢʦʤʧʝʪʝʥʪʥʠʭ ʦʨʽ-

ʻʥʪʠʨʽʚ ʫʯʘʩʥʠʢʽʚ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʚ ʷʢʽʩʥʦ ʥʦ-

ʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʝʨʝʣʽʢ ʮʠʭ ʦʨʽʻʥ-

ʪʠʨʽʚ, ʱʦ ʚʠʟʥʘʥʥʽ ʽ ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ, 

ʟʘʚʜʷʢʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʩʧʝʮʽʘʣʴʥʦʾ ɽʚʨʦʢʦʤʽʩʽʾ 

[12]. ʆʩʦʙʣʠʚʦʶ ʚʽʜʟʥʘʢʦʶ ʤʝʜʽʘ ʢʫʣʴʪʫʨʠ, ʱʦ ʨʦ-

ʟʛʣʷʜʘʻʪʴʩʷ ʫ ʢʦʥʪʝʢʩʪʽ ʥʦʚʦʛʦ ʤʝʜʽʘ ʩʝʨʝʜʦʚʠʱʘ ʻ 

ʾʾ ʛʫʤʘʥʽʩʪʠʯʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ. ʎʷ ʪʝʥʜʝʥʮʽʷ ʧʦʰʠ-

ʨʶʻʪʴʩʷ ʚ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦ ʨʦʟʚʠʥʫʪʠʭ 

ʢʨʘʾʥ ʩʚʽʪʫ ʽ ʚʠʷʚʣʷʻ ʥʠʟʢʫ ʥʦʚʠʭ ʟʘʚʜʘʥʴ ʥʘ ʰʣʷʭʫ 

ʩʪʚʦʨʝʥʥʷ ʚʞʝ ʷʢʽʩʥʦ ʥʦʚʦʛʦ, ʤʝʜʽʡʥʦʛʦ ʩʝʨʝʜʦ-

ʚʠʱʘ ʦʩʚʽʪʠ.  

ɼʦʩʚʽʜ ʨʦʙʦʪʠ ʙʽʙʣʽʦʪʝʢ ɺʅɿ ʋʢʨʘʾʥʠ, ʱʦ ʜʦ-

ʩʷʛʣʠ ʨʽʚʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʚʦʻʾ ʜʽʷʣʴ-

ʥʦʩʪʽ ʩʚʽʜʯʠʪʴ, ʱʦ ʧʝʨʝʜ ʥʠʤʠ ʩʪʘʶʪʴ ʥʦʚʽ ʟʘʚʜʘʥʥʷ 

[6, 9, 24]. ʎʝ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʥʘʩʠʯʝʥʦʛʦ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ɺʅɿ, ʷʢ ʝʣʝʤʝʥʪʫ ʻʜʠʥʦʛʦ 

ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ ʦʩʚʽʪʠ. ʎʝ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʧʨʘʢʪʠʢʦʶ ʟʘʨʫʙʽʞʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ [13]. ɺʩʽ ʧʨʦ-

ʝʢʪʠ ʽ ʧʨʦʛʨʘʤʠ ʧʦ ʚʪʽʣʝʥʥʶ ʢʦʥʮʝʧʮʽʾ çʝʣʝʢʪʨʦʥ-

ʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè ʤʘʶʪʴ ʩʢʣʘʜʘʪʠ ʻʜʠʥʫ ʢʦʥʩʪʨʫʢ-

ʮʽʶ ʽ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ 

ʧʦʣʽʪʠʮʽ ɺʅɿ.  

ʅʘ ʞʘʣʴ, ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʮʽ ʧʽʜʭʦʜʠ ʨʝʘʣʽʟʫ-

ʶʪʴʩʷ ʷʢ ʚʠʢʣʶʯʝʥʥʷ ʽʟ ʟʘʛʘʣʴʥʦʾ ʧʨʘʢʪʠʢʠ ʫ ʚʠ-

ʛʣʷʜʽ ʥʘʫʢʦʚʦ ʟʚʽʪʥʦʾ ʨʠʪʦʨʠʢʠ ʚ ʯʠʩʣʝʥʥʠʭ ʧʫʙʣʽ-

ʢʘʮʽʷʭ ʪʘ ʚʠʩʪʫʧʘʭ ʥʘ ʢʦʥʬʝʨʝʥʮʽʷʭ. ʇʠʪʘʥʥʷ ʩʪʦʾʪʴ 

ʚʞʝ ʥʝ ʪʽʣʴʢʠ ʧʨʦ ʦʩʥʘʱʝʥʥʷ ʙʽʙʣʽʦʪʝʢ ʢʦʤʧôʶʪʝʨ-

ʥʦʶ ʪʝʭʥʽʢʦʶ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ɸɹɯʉ, ʩʪʚʦʨʝʥʥʷ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʥʘʫʢʦʚʦ-ʥʘʚʯʘʣʴʥʠʭ ɯʈ, ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ɯʥʪʝʨʥʝʪ ʪʘ ʚʽʜʜʘʣʝʥʠʭ ɹɼ. ʌʘʭʽʚʮʷʤʠ ʩʪʘ-

ʚʠʪʴʩʷ ʧʠʪʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝ-

ʜʦʚʠʱʘ ʦʩʚʽʪʠ [1, 7, 9, 12, 13, 17, 25]. ʇʨʠ ʮʴʦʤʫ 

ʚʦʥʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʽʥ-

ʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʜʽʷʣʴʥʦʩʪʽ ɺʅɿ [1, 6, 

8]. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʩʘʤʝ ʙʽʙʣʽʦʪʝʯʥʘ ʧʽʜʩʠʩʪʝʤʘ 

ɺʅɿ ʷʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʜʠʥʘʤʽʯʥʦʶ. ʇʨʦʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʠʡ 

ʧʨʦʮʝʩ ʟ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢ ʚʠʷʚʣʷʻʪʴʩʷ ʜʫʞʝ 

ʰʚʠʜʢʠʤ.  

ʋʯʘʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʻʜʠʥʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʩ-

ʪʦʨʫ ʥʘʙʫʚʘʻ ʦʜʥʦʛʦ ʽʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʙʽʙʣʽʦʪʝʢ 

ɺʅɿ ʽ ʥʘʧʦʚʥʶʻʪʴʩʷ ʢʦʥʢʨʝʪʥʠʤ ʟʤʽʩʪʦʤ ʚ ʧʨʘʢʪʠʮʽ 

ʨʦʙʦʪʠ ʙʽʙʣʽʦʪʝʢ. ɯʩʥʫʶʪʴ ʧʝʚʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʫ ʚʠ-

ʟʥʘʯʝʥʥʷʭ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʥʘʧʦʚʥʶʚʘʥʦʩʪʽ ʧʦ-

ʥʷʪʴ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʘʢ, 

ʤʦʞʥʘ ʨʦʟʨʽʟʥʷʪʠ ʜʚʘ ʦʩʥʦʚʥʠʭ ʧʽʜʭʦʜʠ: ʩʝʨʝʜʦʚʠ-

ʱʥʠʡ ʪʘ ʧʨʦʩʪʦʨʦʚʠʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʟʤʽʥʠ ʫ ɺʅɿ 

ʧʽʜ ʚʧʣʠʚʦʤ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ, ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʠʭ ʩʝ-

ʨʝʜʦʚʠʱ ʽ ʻʜʠʥʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʩʪʦʨʫ. ʋ ʟʚôʷʟʢʫ ʟ 

ʧʝʨʰʠʤ, ʦʙʛʦʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘʚʢʦʣʦ ʝʣʝʢʪ-

ʨʦʥʥʦʾ ʙʽʙʣʽʦʪʝʢʠ (ɽɹ) [6, 12]. ʇʨʦʩʪʽʨ ʞʝ ʧʦʚôʷʟʫ-

ʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʟ ʜʽʷʣʴʥʽʩʪʶ ʙʽʙʣʽʦʪʝʢʠ ɺʅɿ, ʘʣʝ ʡ ʟ 

ʫʩʽʤ ʢʦʤʧʣʝʢʩʦʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʟʚ¡̫ʟʢʽʚ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʽ ʟʘʛʘ-

ʣʦʤ ʚ ʦʩʚʽʪʥʽʡ ʧʽʜʩʠʩʪʝʤʽ ʩʫʩʧʽʣʴʩʪʚʘ.  

ʋ ʚʽʨʪʫʘʣʴʥʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ɽɹ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʢʦʤʧʣʝʢʩ ʽʥʬʦʨʤʘ-

ʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ, ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʣʝʢʦʤʫ-

ʥʽʢʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ, ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʠʡ 

ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʙʘʛʘʪʦʢʨʘʪʥʝ ʟʘʜʦʚʦʣʝʥʥʷ ʽʥʬʦʨ-

ʤʘʮʽʡʥʠʭ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʩʫʨʩʽʚ, ʾʭ ʟʙʝʨʝ-

ʞʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʫ ʚ ʘʢʪʫʘʣʴʥʦʤʫ ʩʪʘʥʽ ʽ ʦʨʛʘʥʽʟʦ-

ʚʫʻ ʜʠʩʪʘʥʮʽʡʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʠʩʪʝʤʘ-

ʪʠʟʦʚʘʥʦʛʦ ʟʥʘʥʥʷ, ʟʜʽʡʩʥʶʻ ʪʘ ʨʦʟʰʠʨʶʻ ʦʩʥʦʚ-

ʥʠʡ ʩʝʨʚʽʩ ʪʨʘʜʠʮʽʡʥʦʾ ʙʽʙʣʽʦʪʝʢʠ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ [6]. 

ʆʪʞʝ, ʧʨʦʩʪʽʨ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʙʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʽ ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʩʝʨʝʜʦʚʠʱʘ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʟʚ¡̫ʟʢʠ ʚ 

ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʽʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ 

ɺʅɿ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʦ ʥʘʩʠʯʝʥʝ ʩʝʨʝʜʦʚʠʱʝ ʦʩʚʽʪʠ 

ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʩʢʣʘʜʦʚʽ ʝʣʝʤʝʥʪʠ, ʟʚôʷʟʢʠ ʤʽʞ ʷʢʠʤʠ 

ʫʪʚʦʨʶʶʪʴ ʧʝʚʥʫ ʮʽʣʽʩʥʽʩʪʴ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʠʤʦ: ʪʝ-

ʭʥʦʣʦʛʽʯʥʫ ʧʽʜʩʠʩʪʝʤʫ, ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʙʫʜʦʚʫ ʽ ʘʨ-

ʭʽʪʝʢʪʫʨʫ ʣʦʢʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ɯʉ) 

ɺʅɿ, ʤʦʜʫʣʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʟʦʚʥʽʰʥʽʭ ɹɼ ʪʘ ɯʉ, 

ʚʧʦʨʷʜʢʦʚʘʥʽ ʪʘ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ɯʈ (ʪʨʘʜʠʮʽʡʥʽ ʪʘ 

ʝʣʝʢʪʨʦʥʥʽ), ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʢʘʥʘʣʠ, ʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʟʘʩʦʙʠ, ʘ ʪʘʢʦʞ ʢʦʤʧʣʝʢʩ ʥʦʨʤʘʪʠʚʥʦ ï ʧʨʘʚʦʚʠʭ 

ʟʘʩʘʜ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʥʬʦ-

ʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʯʠʥʥʠʢʽʚ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ 

ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ɺʅɿ ʚʠʷʚʣʷʻ ʧʝʚʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʤʽʥ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʨʘʭʫʥʦʢ 

ʤʦʞʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʟ ʽʥʬʦʨʤʘʮʽʻʶ, ʩʪʫʧʝʥʶ ʾʾ ʚʽʨ-

ʪʫʘʣʽʟʘʮʽʾ ʪʘ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʙʝʟʧʝʨʝʰʢʦʜʥʦʾ 

ʦʨʽʻʥʪʘʮʽʾ ʫ ʧʨʦʩʪʦʨʽ ʦʩʚʽʪʠ ʷʢ ʚʩʝʨʝʜʠʥʽ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʪʘʢ ʽ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠ. ɺ 

ʩʪʨʫʢʪʫʨʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ ʯʽʪʢʦ ʚʠ-

ʟʥʘʯʘʶʪʴʩʷ: 1 ï ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʜʦʢʫʤʝ-

ʥʪʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʽ ʨʝʩʫʨʩʠ ʥʘʚʯʘʥʥʷ ʽ ʚʠʭʦ-

ʚʘʥʥʷ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʚʩʽ ʥʘʫʢʦʚʽ, ʥʘʚʯʘʣʴʥʦ-

ʚʠʭʦʚʥʽ, ʫʧʨʘʚʣʽʥʩʴʢʽ ʧʽʜʨʦʟʜʽʣʠ, ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʮʝʥʪʨʠ, ʙʽʙʣʽʦʪʝʢʘ; 2 ï ʢʦʥʪʝʥʪʥʝ ʥʘʧʦʚʥʝʥʥʷ ʨʝʩʫ-

ʨʩʽʚ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʩʪʨʫʢʪʫʨʠʟʘʮʽʶ ʽ ʧʦʙʫʜʦʚʫ 

ʘʨʭʽʪʝʢʪʫʨʠ ʣʦʢʘʣʴʥʦʾ ʚʫʟʽʚʩʴʢʦʾ ɯʉ; 3 ï ʪʝʭʥʦʣʦʛʽ-

ʯʥʠʡ ʙʘʟʠʩ ɯʉ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʝ ʦʙʣʘʜʥʘʥʥʷ ʷʢ ʥʘʚ-

ʯʘʣʴʥʦʛʦ, ʪʘʢ ʽ ʽʥʬʦʨʤʘʮʽʡʥʦ ʧʽʜʪʨʠʤʫʶʯʦʛʦ ʧʨʦ-

ʮʝʩʫ; 4 ï ʯʪ̔ʢʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʩʪʨʫʢʪʫʨʥʘ, ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʘ, ʫʧʨʘʚʣʽʥʩʴʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; 5 ï ʧʨʘʚʠʣʘ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʥ-

ʬʦʨʤʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʦʩʚʽʪʠ.  

ɿ ʮʴʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʥʬʦʨʤʘ-

ʮʽʡʥʝ ʩʝʨʝʜʦʚʠʱʝ ʦʩʚʽʪʠ ʥʘʙʫʣʦ ʦʟʥʘʢ ʩʠʩʪʝʤʥʦʛʦ 

ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʨʘʢʪʠʢʠ ʚʪʽʣʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʧʨʦʝʢʪʽʚ, ʱʦ ʧʦʚôʷʟʫʶʪʴʩʷ ʟ ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʻʶ ʽ 

ʤʝʜʽʘʪʠʟʘʮʽʻʶ ʧʨʦʩʪʦʨʫ ʦʩʚʽʪʠ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ,ʯʝʤ ʪʨʫʙʳ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ(ʩʪʘʣʴʥʳʭ, ʯʫʛʫʥʥʳʭ). ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʚʦʡʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ, ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʤʘʨʦʢ. 

Abstract 

The article discusses the advantages of polyethylene pipes than pipes from traditional materials (steel, cast 

iron). Recommendations are given regarding the scope, depending on the properties and disadvantages of poly-

ethylene pipes, a variety of polyethylene grades. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʣʠʥʠʷ, ʟʘʚʦʜ, ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

Keywords: polyethylene, polymer, temperature, pressure, line, plant, production, productivity. 

 

ʇʦʣʠʵʪʠʣʝʥ (ʇʕ) ï ʥʝʧʦʣʷʨʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʧʦʣʠʤʝʨ ʠʟ ʢʣʘʩʩʘ ʧʦʣʠʦʣʝʬʠʥʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʠʟ ʩʝʙʷ ʪʚʝʨʜʦʝ ʙʝʣʦʝ ʚʝʱʝʩʪʚʦ ʩ ʩʝʨʦʚʘʪʳʤ ʦʪʪʝʥ-

ʢʦʤ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʵʪʠ-

ʣʝʥʘ. ʇʦʣʠʵʪʠʣʝʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʚʦʜʦʩʪʦʡʢʦ-

ʩʪʴʶ, ʭʦʨʦʰʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʠʥʝʨʪʝʥ ʢ ʜʝʡʩʪʚʠʶ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, 

ʩʪʘʥʦʚʠʪʩʷ ʭʨʫʧʢʠʤ ʪʦʣʴʢʦ ʧʨʠ tÁ-70Áʉ, ʧʦʵʪʦʤʫ 

ʠʟʜʝʣʠʷ ʠʟ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ 

ʚ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʠʵʪʠʣʝʥ 

ʬʠʟʠʯʝʩʢʠ ʙʝʟʚʨʝʜʝʥ ʠ ʥʝ ʚʳʜʝʣʷʝʪ ʦʧʘʩʥʳʝ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʚʝʱʝʩʪʚʘ. 

ɼʣʷ ʟʘʤʝʜʣʝʥʠʷ ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘʱʠʪʳ 

ʝʛʦ ʦʪ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʚ ʧʦʣʠʵʪʠʣʝʥ ʜʦʙʘʚ-

ʣʷʶʪ ʩʚʝʪʦʩʪʘʙʠʣʠʟʘʪʦʨʳ (ʩʘʞʘ, ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥ-

ʟʦʬʝʥʦʥʦʚ ʠ ʜʨ.), ʘʥʪʠʦʢʩʠʜʘʥʪʳ (ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʘʤʠʥʳ, ʬʝʥʦʣʳ ʠ ʜʨ.). 

ɽʛʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʦʚʦʜʦʚ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʟʨʘʯʥʳʭ ʧʣʝʥʦʢ ʠ ʙʳ-

ʪʦʚʳʭ ʧʨʝʜʤʝʪʦʚ, ʛʘʟʦʧʨʦʚʦʜʦʚ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚʦ-

ʜʦʩʥʘʙʞʝʥʠʷ, ʠʨʨʠʛʘʮʠʠ, ʜʨʝʥʘʞʘ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʪ.ʜ. 

ʆʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʠʵʪʠʣʝʥʘ ʷʚʣʷʝʪʩʷ 

ʵʪʠʣʝʥ. ɺ ʦʩʥʦʚʥʦʤ ʧʦʣʠʵʪʠʣʝʥ ʚʳʧʫʩʢʘʶʪ ʚ ʛʨʘʥʫ-

ʣʘʭ ʜʠʘʤʝʪʨʦʤ ʦʪ 2 ʜʦ 5 ʤʤ, ʥʘʤʥʦʛʦ ʨʝʞʝ ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʘ. (ʊʘʙʣʠʮʘ 1). 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʣʠʵʪʠʣʝʥʘ 

ʊʘʙʣʠʮʘ 1 

ɺʠʜʳ ʧʦʣʠʵʪʠʣʝʥʘ ʇʘʨʘʤʝʪʨʳ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ): 

ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ - ʇɺɼ p=1000ï2000 ʙʘʨ, t = 100-3000ʉ 

ʧʦʣʠʵʪʠʣʝʥ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ - ʇʉɼ p = 50 ʙʘʨ, t = 150 ï 1800 ʉ 

ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ - ʇʅɼ p = 10 ʙʘʨ, t = 20 ï 750 ʉ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʫʜʝʣʴʥʦʡ ʤʘʩʩʝ (ʧʣʦʪʥʦʩʪʠ): 

ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʇʅʇ (ʦʥ ʞʝ ʇɺɼ) p = 0,910 ï 0,925 ʛ/ʩʤ3 

ʧʦʣʠʵʪʠʣʝʥ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʇʉʇ (ʦʥ ʞʝ ʇʉɼ) p = 0,926 ï 0,940 ʛ/ʩʤ3 

ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʇɺʇ (ʦʥ ʞʝ ʇʅɼ) p = 0,941 ï 0,965 ʛ/ʩʤ3 

 

ɺʳʩʦʢʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ï ʵʪʦ ʥʠʟʢʘʷ ʪʫʨʙʫ-

ʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ (ʛʣʘʜʢʘʷ ʚʥʫʪʨʝʥʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦ-

ʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥ-

ʥʦʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʤʝʥʴʰʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʫʙ ʠʟ ʧʦʣʠʵʪʠ-

ʣʝʥʘ ʧʦʟʚʦʣʷʶʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʟʦʥʘʭ ʩ ʧʦʚʳ-

ʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʛʦʨʦʜʘ, 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, ʣʠʥʠʠ ʵʣʝʢʪʨʦ-

ʧʝʨʝʜʘʯ ʠ ʜʨ.). ʅʠʟʢʘʷ ʘʚʘʨʠʡʥʦʩʪʴ ʩʠʩʪʝʤ ʪʨʘʥʩ-

ʧʦʨʪʘ ʛʘʟʘ, ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʘʨʠʡ ʩʚʷʟʘʥʦ ʩ ʚʥʝʰ-

ʥʠʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʧʦʞʘ-

ʨʘʤʠ ʠ ʜʨ. ʇʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʪʘʞʥʳʭ ʨʘ-

ʙʦʪ ʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʫʙ ʠʟ ʇʕ- 100 ʦʙʫʩʣʦʚʠʣʠ ʚ 5 ʨʘʟ 

ʤʝʥʴʰʠʡ ʫʨʦʚʝʥʴ ʘʚʘʨʠʡʥʦʩʪʠ ʛʘʟʦʧʨʦʚʦʜʦʚ (1 ʧʦ-

ʨʳʚ/100 ʢʤ*ʛʦʜ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ 
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ʩʠʩʪʝʤʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʛʜʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʪʨʫʙʳ ʠʟ ʇʕ - 80. ʇʦʢʘʟʘʪʝʣʴʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʚ 

12 % ʩʣʫʯʘʝʚ ʘʚʘʨʠʠ ʥʘ ʛʘʟʦʧʨʦʚʦʜʘʭ ʦʙʫʩʣʦʚʣʝʥʳ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʣʠʵʪʠʣʝʥʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʜʦ 60% 

ʩʣʫʯʘʝʚ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʦʨʨʦʟʠʠ ʤʝ-

ʪʘʣʣʘ ʠ ʝʛʦ ʭʨʫʧʢʦʩʪʴʶ. 

ɺ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ (ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʝ ʚ ʗʧʦʥʠʠ 1995 ʛ.) ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫ-

ʰʝʥʳ ʛʘʟʦʧʨʦʚʦʜʳ ʠʟ ʩʪʘʣʠ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴ-

ʰʝʡ ʩʪʝʧʝʥʠ ʙʳʣʠ ʧʦʚʨʝʞʜʝʥʳ ʧʦʣʠʵʪʠʣʝʥʦʚʳʝ ʛʘ-

ʟʦʧʨʦʚʦʜʳ. 

ʊʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʞʠʜ-

ʢʠʭ ʚʝʱʝʩʪʚ. ʇʦ ʤʥʝʥʠʶ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʩʥʦʚʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠʟ ʧʦʣʠ-

ʵʪʠʣʝʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʪʝʤʧʝʨʘʪʫʨ 

(+60̄ ʉ), ʘ ʪʘʢʞʝ ʩ ʧʦʪʝʨʝʡ ʧʦʣʠʵʪʠʣʝʥʘ ʠʥʝʨʪʥʦʩʪʠ 

ʧʨʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʷʜʦʤ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠ-

ʥʝʥʠʡ, ʚ ʪ.ʯ. ʩ ʥʝʧʨʠʜʝʣʴʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʭʣʦʨʟʘʤʝʱʝʥʥʳʤʠ ʵʪʠʣʝʥʘ ʠ ʘʮʝʪʠʣʝʥʘ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʣʠʵʪʠʣʝʥʘʤ ʨʘʟʣʠʯʥʳʭ 

ʤʘʨʦʢ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʣʘʩʪʠ ʠʭ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ: 

- ʪʨʫʙʳ ʠʟ ʇʕ- 32 ʠ 40 ʚ ʙʝʟʥʘʧʦʨʥʳʭ ʩʠʩʪʝʤʘʭ 

ʠ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʜʦ 0,4 ʄʇʘ). 

- ʪʨʫʙʳ ʠʟ ʇʕ 63 ʚ ʩʠʩʪʝʤʘʭ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ (0,4-0,6 ʄʇʘ). 

- ʪʨʫʙʳ ʠʟ ʇʕ 80 ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʛʘʟʦ- ʠ 

ʚʦʜʦʧʨʦʚʦʜʘʭ, ʘ ʪʘʢʞʝ ʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʤ ʪʨʘʥʩ-

ʧʦʨʪʝ ʞʠʜʢʦʩʪʝʡ (0,6-1,6 ʄʇʘ). 

- ʪʨʫʙʳ ʠʟ ʇʕ 100 ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʥʪʘʞʘ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʦʩʦʙʦ ʩʣʦʞʥʳʭ 

ʠʣʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʛʘʟʦʧʨʦʚʦʜʳ, ʨʘʡʦ-

ʥʘʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ). 

ʀʤʧʦʨʪ ʧʦʣʠʤʝʨʥʳʭ ʪʨʫʙ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠ-

ʯʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʧʨʦʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥ ʟʘ ʩʯʝʪ ʥʘʨʘʱʠʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ. ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʚʳʩʦʢʠʤʠ ʪʝʤ-

ʧʘʤʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ 

ʪʨʫʙ. ʇʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʵʪʠʣʝʥʦ-

ʚʳʭ ʠ ʤʝʪʘʣʣʦʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ ï ʊʆʆ çɸʢʪʶʙ-

ʩʪʨʦʡʭʠʤʤʦʥʪʘʞè. ʊʆʆ çʉʊɿ çɸʨʳʩʪʘʥè, ʊʆʆ 

çɸɿʇʊè, ʊʆʆ çʊʘʨʘʟʩʢʠʡ ʪʨʫʙʥʳʡ ʟʘʚʦʜè, ʊʆʆ 

çʂʦʤʧʘʥʠʷ SONiKè, ʊʆʆ çʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʠʡ 

ʟʘʚʦʜ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙè, ʊʆʆ çɸʣʠʤè, ʊʆʆ 

çʋʨʘʣʴʩʢʘʷ ʪʦʨʛʦʚʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʢʦʤʧʘʥʠʷè, 

ʊʆʆ çKazcentrelectroprovodè ʠ ʜʨ. 

ɺ ʦʩʥʦʚʥʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʦʙʦʨʫʜʦʚʘʥʳ ʣʠʥʷʤʠ 

ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʩʢʣʶʯʝʥʠʷ ï ʊʆʆ 

çɸɿʊʇè, ʊʆʆ çʂʊɿè ʠ ʇʉʂ çʂɸʈʆè, ʥʘ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʣʠʥʠʠ Cincinnati Extrusion (ɸʚʩʪʨʠʷ) ʠ 

KWH (ʌʠʥʣʷʥʜʠʷ). ʅʘ ʵʪʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʤʝʶʪʩʷ 

ʠʩʧʳʪʘʪʝʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʩʚʘʨʦʯʥʦʝ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʪʠʥʛʦʚ ʙʦʣʴʰʦʛʦ ʜʠʘ-

ʤʝʪʨʘ. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʇʕ 

100 ʁ ʞʥʦ -ʢʦʨʝʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʇʕ 80 ʨʦʩ-

ʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʆʆ çɸɿʊʇè ʠʩʧʦʣʴʟʫʝʪ 

ʝʚʨʦʧʝʡʩʢʠʝ ʤʘʨʢʠ ʇʕ 100.  

ʉ ʚʚʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 2015ʛ. ʚ ɸʪʳʨʘʫʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʭʠʤʠʯʝʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʧʦʣʠʵʪʠ-

ʣʝʥʘ , ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ ʥʝ ʪʦʣʴʢʦ ʫʜʦʚʣʝʪʚʦ-

ʨʠʪ ʚʥʫʪʨʝʥʥʠʡ ʩʧʨʦʩ ʥʘ ʧʦʣʠʤʝʨʳ, ʥʦ ʠ ʩʤʦʞʝʪ 

ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʠʭ ʥʘ ʚʥʝʰʥʠʝ ʨʳʥʢʠ. 

ʇʦʣʠʤʝʨʥʳʝ ʪʨʫʙʳ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʵʢʩʪʨʫ-

ʟʠʠ (ʚʳʜʘʚʣʠʚʘʥʠʷ). ʊʨʫʙʳ ʧʦʣʫʯʘʶʪʩʷ ʩ ʦʯʝʥʴ 

ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʣʠʤʝʨ-

ʥʳʭ ʪʨʫʙ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʩʪʘʣʴʥʳʭ). 

ʅʘ ʩʪʨʦʠʪʝʣʴʥʦʤ ʨʳʥʢʝ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʝ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʧʦʣʠʤʝʨʥʳʭ ʪʨʫʙ: 

ʪʨʫʙʳ ʠʟ ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ (PVC), ʧʦʣʠʧʨʦʧʠʣʝʥʘ 

(ʈʈ), ʧʦʣʠʵʪʠʣʝʥʘ (ʈɽ), ʩʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ 

(ʈɽʍ), ʤʝʪʘʣʣʦʧʣʘʩʪʠʢʦʚʳʝ ʪʨʫʙʳ (PEX - AL-

PEX). 

ʉʚʦʡʩʪʚʘ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ (ʪʨʫʙʳ ʇʕ):  

- ʩʦʭʨʘʥʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ -70Áʉ) ʠ ʜʦʩʪʘ-

ʪʦʯʥʦ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ (ʜʦ +60Áʉ). ʕʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʪʘʢʠʝ ʪʨʫʙʳ ʠ ʧʨʦʚʦʜʠʪʴ ʠʭ 

ʧʨʦʢʣʘʜʢʫ ʜʘʞʝ ʚ ʟʠʤʥʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʙʦʣʝʝ ʚʳ-

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʯʥʦʩʪʴ ʧʦʣʠʵʪʠʣʝʥʘ ʧʘʜʘʝʪ, 

ʠ ʦʥ ʥʝ ʩʧʦʩʦʙʝʥ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʠʵʪʠ-

ʣʝʥʦʚʳʭ ʪʨʫʙ ʥʘʨʘʩʪʘʝʪ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦ ʜʚʫʤ ʧʨʠ-

ʯʠʥʘʤ: 

1) ɺʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ ʩʦ 

ʚʨʝʤʝʥʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʢʦʨʨʦʟʠʡʥʦʛʦ 

ʟʘʨʘʩʪʘʥʠʷ. ɼʠʘʤʝʪʨ ʞʝ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʟ ʧʦʪʝʨʠ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʝʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʧʦʣʠʵʪʠ-

ʣʝʥʘ ʷʚʣʝʥʠʷ ʧʦʣʟʫʯʝʩʪʠ. ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʢʦʣʦ 1,5% ʟʘ ʧʝʨʚʳʝ 10 ʣʝʪ ʠ ʦʢʦʣʦ 3% ʟʘ ʚʝʩʴ 

ʩʨʦʢ ʩʣʫʞʙʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

2) ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ 

ʪʨʫʙ ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʤʷʛʢʦʡ ʠ ʛʣʘʜ-

ʢʦʡ, ʚʩʣʝʜʩʪʚʠʝ ʥʘʙʫʭʘʥʠʷ ʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʧʦʣʠ-

ʤʝʨʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʵʬʬʝʢʪʘ ʵʣʘʩʪʠʯʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʫʣʫʯʰʘʝʪ 

ʫʩʣʦʚʠʷ ʦʙʪʝʢʘʥʠʷ ʩʪʝʥʢʠ ʪʨʫʙʳ ʠ ʩʥʠʞʘʝʪ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ. 

ʇʦʣʠʵʪʠʣʝʥʦʚʳʝ ʪʨʫʙʳ ʜʦʩʪʘʪʦʯʥʦ ʵʣʘʩʪʠʯʥʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ ʜʦ 160 ʤʤ ʧʦʩʪʘʚ-

ʣʷʪʴ ʧʦʪʨʝʙʠʪʝʣʷʤ ʚ ʙʫʭʪʘʭ ʜʣʠʥʦʡ 100, 200 ʠ ʙʦʣʝʝ 

ʤʝʪʨʦʚ. ʇʦʣʠʵʪʠʣʝʥʦʚʳʝ ʪʨʫʙʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʝ-

ʟʘʥʳ ʥʦʞʦʚʢʦʡ. ʉʝʪʠ ʠʟ ʜʘʥʥʦʛʦ ʚʠʜʘ ʪʨʫʙ ʩʦʙʠʨʘ-

ʶʪʩʷ ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʬʠʪʠʥʛʦʚ, 

ʤʫʬʪ ʠ ʜʨʫʛʦʛʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʅʝʜʦʩʪʘʪʢʠ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ: 

- ʩʪʘʨʝʝʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʷʤʳʭ ʩʦʣʥʝʯʥʳʭ 

ʣʫʯʝʡ, ʧʦʵʪʦʤʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʵʪʠʣʝʥʦ-

ʚʳʭ ʪʨʫʙ ʚ ʥʘʨʫʞʥʳʭ ʩʝʪʷʭ ʠʩʭʦʜʥʳʡ ʧʦʣʠʵʪʠʣʝʥ 

ʩʪʘʙʠʣʠʟʠʨʫʶʪ, ʥʘʧʦʣʥʷʷ ʧʦʣʠʤʝʨ ʩʘʞʝʡ. ʊʨʫʙʳ ʠʟ 

çʩʰʠʪʦʛʦè ʧʦʣʠʵʪʠʣʝʥʘ (ʪʨʫʙʳ PEX) ʧʦʣʫʯʘʶʪ ʠʟ 

ʦʙʳʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (HDPE) 

ʧʫʪʝʤ ʩʰʠʚʢʠ ʝʛʦ ʣʠʥʝʡʥʳʭ ʤʦʣʝʢʫʣ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʦʢʩʠʜʦʚ (ʈE-Xa), ʦʨʛʘʥʩʠʣʦʢʩʘʥʦʚ (PE-ʍb) ʠʣʠ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (PE-Xc). ʈɽʍ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʧʨʦʯʥʳʤ ʠ ʩʪʦʡʢʠʤ ʢ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʚʦʟʜʝʡ-

ʩʪʚʠʷʤ, ʪʘʢ ʢʘʢ ʝʛʦ ʦʙʨʘʙʘʪʳʚʘʶʪ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚ-

ʣʝʥʠʝʤ. 

ʉʚʦʡʩʪʚʘ çʩʰʠʪʦʛʦè ʧʦʣʠʵʪʠʣʝʥʘ: 

 -ʩʦʭʨʘʥʷʝʪ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʳʯʥʦʛʦ ʧʦʣʠ-

ʵʪʠʣʝʥʘ, çʩʰʠʪʳʡè ʧʦʣʠʵʪʠʣʝʥ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 
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ʧʨʦʯʥʦʩʪʴ ʠ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ. ɺʝʨʭʥʠʡ ʧʨʝʜʝʣ ʨʘʙʦ-

ʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ï +950 ʉ. 

ʊʨʫʙʳ PEX ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ 

ʢ ʫʣʴʪʨʘʬʠʘʣʝʪʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. ʊʨʫʙʳ PEX ʠʤʝʶʪ 

"ʤʦʣʝʢʫʣʷʨʥʫʶ ʧʘʤʷʪʴ" ð ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʨʤʳ ʧʦʩʣʝ ʜʝʬʦʨʤʘ-

ʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʯʨʝʟʤʝʨʥʦʛʦ ʠʟʛʠʙʘ- ʥʘʜʣʦʤʘ ʠʣʠ 

ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʩʠʩʪʝʤʳ (ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʛʦʨʷʯʠʤ 

ʚʦʟʜʫʭʦʤ ʜʦ 1400ʉ). 

ʊʨʫʙʳ PEX ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʘʛʨʝʩ-

ʩʠʚʥʳʭ ʩʨʝʜ. ʇʨʦʩʪʦʪʘ ʤʦʥʪʘʞʘ ï ʛʠʙʢʦʩʪʴ ʠ ʵʣʘ-

ʩʪʠʯʥʦʩʪʴ ʪʨʫʙʳ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʥʘ ʩʦʝʜʠʥʝ-

ʥʠʷʭ. 

ʅʝʜʦʩʪʘʪʢʠ: ʊʨʫʙʳ PEX ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ 

ʢʠʩʣʦʨʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʂʠʩʣʦʨʦʜ ʧʦʧʘʜʘʝʪ ʚ ʩʠ-

ʩʪʝʤʫ ʦʪʦʧʣʝʥʠʷ ʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʢʦʨʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʢʦʨʨʦʟʠʠ, ʨʘʟʨʫʰʘʷ ʨʘʜʠʘ-

ʪʦʨʳ ʠ ʢʦʪʣʳ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, 

ʪʨʫʙʳ ʧʦʢʨʳʚʘʶʪ ʩʧʝʮʠʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, ʥʦ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʩʧʦʩʦʙʥʦ 

ʨʘʟʨʫʰʠʪʴ ʵʪʦʪ ʟʘʱʠʪʥʳʡ ʩʣʦʡ. ʉʪʦʠʤʦʩʪʴ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʪʨʫʙ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʪʨʫʙ ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʦʚ, ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʧʨʠʯʠʥ ʪʦʛʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʭ ʜʠʘʤʝʪʨ 

ʥʝ ʧʨʝʚʳʰʘʝʪ 32 ʤʤ. 

ɻʣʘʚʥʳʝ ʠʤʧʦʨʪʝʨʳ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ ʚ 

ʈʝʩʧʫʙʣʠʢʫ ʂʘʟʘʭʩʪʘʥ ï ʈʦʩʩʠʷ (48%), ʊʫʨʮʠʷ 

(21%), ʂʠʪʘʡ (17%) ʠ ʋʟʙʝʢʠʩʪʘʥ (9%). 

ɼʦʣʷ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ 

ʧʦʣʠʤʝʨʥʳʭ ʪʨʫʙ ʩʦʩʪʘʚʣʷʝʪ 77%.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʙʦʣʝʝ 30 ʧʨʦʠʟʚʦʜʩʪʚ ʧʦʣʠʵʪʠʣʝ-

ʥʦʚʳʭ ʪʨʫʙ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ: ʚ ʈʦʩʩʠʠ ï ʙʦʣʝʝ 120), 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʩʣʝʜʫʶ-

ʱʝʡ ʪʘʙʣʠʮʝ 2: 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʦʣʠʵʪʠʣʝ-

ʥʦʚʳʭ ʪʨʫʙ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ 

 

ʊʘʙʣʠʮʘ 2 

ˉ ʇʨʝʜʧʨʠʷʪʠʝ ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ 

ɼʠʘʤʝʪʨ ʚʳ-

ʧʫʩʢʘʝʤʳʭ 

ʪʨʫʙ,ʤʤ 

ɻʦʜʦʚʘʷ 

ʤʦʱʥʦʩʪʴ, 

ʪʳʩ.ʪʦʥʥ 

1 ʊʆçɸɿʇʊè (Chevron) ʛ.ɸʪʳʨʘʫ ʜʦ 1200 11- 17 

2 ʊʆʆ çʂʘʟʘʭʩʪʘʥʩʢʠʡ ʪʨʫʙʥʳʡ ʟʘʚʦʜè (ʂʊɿ) ʛ. ɸʩʪʘʥʘ ʜʦ 800 5-10 

3 ʊʆʆ çPlast Investè ʛ. ɸʣʤʘʪʳ ʜʦ 630 4-8 

4 ɸʆ çʊʳʥʳʩè ʛ.ʂʦʢʰʝʪʘʫ ʜʦ 250 3-7 

5 ʊʆʆ çSpyra - Bergaè ʛ.ɸʣʤʘʪʳ ʜʦ 450 3-5 

6 ʊʆʆ çʇʣʘʩʪʩʪʘʥʜʘʨʪè ʛ. ʂʦʩʪʘʥʘʡ ʜʦ 500 2-5 

7 ʊʆʆ ʉʇ çKapaʣ Plastè ʛ. ʂʘʨʘʛʘʥʜʘ ʜʦ 420 2-5 

8 ʇʨʦʯʠʝ ʈʂ - 10 

 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ 

ʪʨʫʙ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʧʦʯʪʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʩʝʚʝʨʦʤ (40% ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ), ʶʛʦʤ (35%) ʠ ʟʘʧʘʜʦʤ (20%) 

ʩʪʨʘʥʳ. ʅʘ ʚʦʩʪʦʢʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ 

ʪʨʫʙ ʨʘʟʚʠʪʦ ʩʣʘʙʦ, ʜʦʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʘʚʦʜʦʚ ʚ 

ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5%. 

ʉʘʤʳʡ ʢʨʫʧʥʳʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙ ï ʊʆʆ çɸɿʇʊè, 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʘʧʘʜʝ ʈʂ, ʚ ʛʦʨʦʜʝ ɸʪʳʨʘʫ. ɻʦʜʦʚʦʡ 

ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʩʪʠʛʘʝʪ 17 ʪʳʩ. 

ʪʦʥʥ. ɿʘʚʦʜ ʧʨʦʠʟʚʦʜʠʪ ʪʨʫʙʳ ʜʠʘʤʝʪʨʦʤ ʜʦ 1200 

ʤʤ. ɼʦʣʷ ɸɿʇʊ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 25%. 

ʅʘ ʩʝʚʝʨʝ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥʦ 

6 ʟʘʚʦʜʦʚ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦ-

ʜʠʪʩʷ 40% ʚʩʝʛʦ ʦʙʲʝʤʘ ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. ɺ ʵʪʦʤ ʨʝʛʠʦʥʝ ʨʘʩʧʦʣʦʞʝʥ ʦʜʠʥ ʠʟ ʢʨʫʧ-

ʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ï 

ʊʆʆ çʂʊɿè. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ, ʚʳʧʦʣ-

ʥʷʝʤʳʭ ʩʦʙʩʪʚʝʥʥʳʤ ʩʪʨʦʠʪʝʣʴʥʦ ʤʦʥʪʘʞʥʳʤ ʧʦʜ-

ʨʘʟʜʝʣʝʥʠʝʤ. 

ʖʞʥʳʭ ʨʘʡʦʥʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʨʘʟ-

ʤʝʱʝʥʦ 8 ʟʘʚʦʜʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʦʣʠʵʪʠʣʝʥʦ-

ʚʳʭ ʪʨʫʙ. ʂʨʫʧʥʝʡʰʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʨʝʛʠʦʥʘ ï 

ʊʆʆ çPlast Investè ʩ ʛʦʜʦʚʳʤ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ 8 ʪʳʩ. ʪʦʥʥ.(3). 

ɺʳʚʦʜʳ: ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʨʢʠ ʧʦʣʠʵʪʠʣʝʥʘ, ʠ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʇʕ 100 ʧʦʟʚʦʣʠʣ ʦʩʚʦʠʪʴ ʚʳʧʫʩʢ ʚʳ-

ʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʨʫʙ ʜʣʷ ʩʠʩʪʝʤ ʚʦʜʦ- ʠ ʛʘʟʦ-

ʩʥʘʙʞʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʫʙʦʧʨʦʚʦ-

ʜʦʚ ʠʟ ʤʝʪʘʣʣʘ ʠʣʠ ʜʨʫʛʠʭ ʧʣʘʩʪʠʢʦʚ (ʇɺʍ, ʇʇ). 

ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝ-

ʣʠʯʝʥʠʶ ʜʦʣʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʪʨʫʙʦ-

ʧʨʦʚʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʩʦʢʨʘʱʝʥʠʷ ʠʟʜʝʨʞʝʢ ʚ ʙʣʠ-

ʞʘʡʰʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʉʠʩʪʝʤʳ ʛʘʟʦ- ʠ ʚʦʜʦʩʥʘʙ-

ʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʞʠʜʢʠʭ 

ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʨʝʜ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʪʨʫʙʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ. 

ʉʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʵʪʠʣʝ-

ʥʦʚʳʭ ʪʨʫʙ ʚ ʩʠʩʪʝʤʘʭ ʢʘʥʘʣʠʟʘʮʠʠ ʠ ʠʨʨʠʛʘʮʠʠ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʵʪʠʣʝʥʘ, ʢʘʢ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʚʷʟʘʥʳ ʩ 

ʦʙʣʘʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʚʳʰʝ 60ʉ̄ ʠ ʩʦʭʨʘʥʝʥʠʝʤ 

ʧʦʣʠʵʪʠʣʝʥʝ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ (ʥʝʥʘʩʳʱʝʥ-

ʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʠʣʴʥʳʝ ʦʢʠʩʣʠʪʝʣʠ). ɼʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʙʝʟʘʚʘʨʠʡʥʦʡ ʨʘʙʦʪʳ ʚʚʦʜʠʤʳʭ ʚ ʩʪʨʦʡ ʛʘ-

ʟʦʧʨʦʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʪʴ ʚʳʩʦʢʫʶ ʢʫʣʴ-

ʪʫʨʫ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʳʭ ʪʨʫʙ ʠ ʬʠʪʠʥʛʦʚ ʩ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʥʝ ʤʝʥʝʝ 50 ʣʝʪ.. 
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ɸʥʥʦʪʘʮʠʷ 

ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʪʚʦʜʘ ʠʟ ʟʦʥʳ ʥʘʠʙʦʣʴʰʝʛʦ ʥʘʛʨʝʚʘ ʪʦʨ-

ʤʦʟʥʦʛʦ ʰʢʠʚʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʦʪʚʦʜʘ ʚʣʠʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʥʝʩʢʦʣʴʢʦ 

ʬʘʢʪʦʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʝʘʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʳʙʨʘʥʥʳʝ 

ʬʘʢʪʦʨʳ ʚ ʧʦʣʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ. 

Abstract 

The successful solution of the problem depends on the correct choice of significant factors under study, which 

have the greatest impact on the process of heat removal from the zone of greatest heating of the brake pulley. In 

this case, the parameters of the heat sink are influenced simultaneously and in relation to several factors. Therefore, 

to obtain the result of the experiment, describing the real physical meaning of the cooling process of the brake 

system, it is necessary to consider the selected factors in full relationship. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʫʨʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʙʫʨʦʚʘʷ ʣʝʙʝʜʢʘ, ʪʦʨʤʦʟʥʳʝ ʢʦʣʦʜʢʠ, ʪʨʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʰʢʠʚ. 

Keywords: drilling rig, drilling winch, brake pads, friction, thermal conductivity coefficient, pulley. 
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ʋʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʟʘʚʠ-

ʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʫ-

ʝʤʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ 

ʥʘ ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʪʚʦʜʘ ʠʟ ʟʦʥʳ ʥʘʠʙʦʣʴʰʝʛʦ 

ʥʘʛʨʝʚʘ ʪʦʨʤʦʟʥʦʛʦ ʰʢʠʚʘ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʦʪʚʦʜʘ ʚʣʠʷʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦ-

ʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʝʘʣʴʥʳʡ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʪʦʨʤʦʟ-

ʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʳʙʨʘʥ-

ʥʳʝ ʬʘʢʪʦʨʳ ʚ ʧʦʣʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ.  

ʇʦʣʥʳʡ ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪ ʣʠʥʝʡʥʳʡ, ʢʚʘʜʨʘʪʠʯʥʳʡ ʠ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʢʪʦʨʦʚ ʚ ʬʫʥʢʮʠʠ ʦʪ ʢʨʠʪʝʨʠʷ ʦʧʪʠ-

ʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʣʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦ 

ʦʪʦʙʨʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [1-2]. 

ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʦʧʳʪʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʘʣʦʛʦʚʦʡ ʤʦʜʝʣʠ ʤʳ ʧʨʠʤʝʥʷʣʠ 

ʤʝʪʦʜ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʛʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʬʘʢʪʦʨʳ. ʆʥʠ, ʧʦ ʘʧʨʠʦʨʥʳʤ 

ʩʚʝʜʝʥʠʷʤ, ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʰʢʠʚʘ ʣʝʥʪʦʯʥʦʛʦ ʪʦʨʤʦʟʘ ʙʫʨʦʚʦʡ 

ʣʝʙʝʜʢʠ ɚR. ʇʨʠ ʵʪʦʤ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʣʱʠʥʳ ʩʝʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʰʢʠʚʦʚ kR, ʫʛʣʘ ʤʝʞʜʫ 

ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʤʠ ʨʝʙʨʘʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʰʢʠʚʘ ɝ, ʦʪʥʦʰʝʥʠʠ ʧʨʠʚʝʜʝʥʥʦʡ ʪʦʣʱʠʥʳ ʨʝʙʝʨ ʢ 

ʨʘʟʤʝʨʫ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʰʢʠʚʘ. (ʈʠʩʫʥʢʠ 1ʠ 2). 

 

 
ʈʠʩʫʥʦʢ 1 ʉʭʝʤʘ ʢʨʝʧʣʝʥʠʷ ʨʘʟʲʝʤʥʦʛʦ ʰʢʠʚʘ 

 

 
ʈʠʩʫʥʦʢ 2 ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʨʝʙʝʨ 

 

ʂʦʵʬʬʠʮʠʝʥʪ kR ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ  

 

kR = (RH- Rɺ) / (Rɺ-r'ʚ)  (1) 

 

ʠ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʩʫʪʠ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʮʝʩʩ ʪʝʧ-

ʣʦʧʝʨʝʜʘʯʠ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʰʢʠʚʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪ  

kr =  Sn/ (r'ʚ- r''ʚ)   (2) 

ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʨʚʘʣʳ ʚʳʙʨʘʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ɿʘʜʘʯʝʡ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʣʫ-

ʯʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʠʧʘ 

ɚR = f (ʭ1, ʭ2, ʭ3,) Ÿmax,  (3) 

ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ: 
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)/(80)/(40 ʂʤBʪʂʤɺʪ R Ö¢¢Ö l  

ʊʘʙʣʠʮʘ 1 

ʌʘʢʪʦʨʳ ʠ ʫʨʦʚʥʠ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʋʨʦʚʥʠ ʚʘʨʴ-

ʠʨʦʚʘʥʠʷ 
ʌ ɸ ʂ ʊ ʆ ʈ ʓ 

ʅʘʠʤʝʥʦʚʘʥʠʷ ʠ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʠ-

ʟʘʮʠʠ 

X1 X2 X3 Y1 

ʆʪʥʦʰʝʥʠʝ ʪʦʣ-

ʱʠʥ ʩʝʯʝʥʠʡ ʦʩ-

ʥʦʚʥʦʛʦ ʠ ʚʩʧʦ-

ʤʦʛʘʪʝʣʴʥʦʛʦ 

ʰʢʠʚʦʚ kR 

ʋʛʦʣ ʤʝʞʜʫʪʝ-

ʧʦʦʪʚʦʜʷʱʠʤʠ 

ʨʝʙʨʘʤʠ, ɝ 

ʆʪʥʦʰʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ 

ʪʦʣʱʠʥʳ ʨʝʙʝʨ ʢ ʨʘʟ-

ʤʝʨʫ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ 

ʢʨʫʛʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʰʢʠʚʘ, 

kr 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧ-

ʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘ-

ʙʦʯʝʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʰʢʠʚʘ ʣʝʥʪʦʯ-

ʥʦʛʦ ʪʦʨʤʦʟʘ 

ʙʫʨʦʚʦʡ ʣʝʙʝʜʢʠ, 

ɚR, ɺʪ/(ʤ*ʂ) 

ɺʝʨʭʥʠʡ + 

ʆʩʥʦʚʥʦʡ 0 

ʅʠʞʥʠʡ - 

24 

16 

8 

15 

10 

5 

2,5 

1,5 

0,5 

 

ʀʥʪʝʨʚʘʣ 

ʚʘʨʴʠʨʦʚʘʥʠʷ 

 

8 

 

5,0 

 

1,0 

 

 

ʀʟ ʚʳʨʘʞʝʥʠʡ (3) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ 

ʭ1, ʭ2 ʠ ʭ3, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʙʳ ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʛʨʝʶʱʝʡʩʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʯʝʥʠʷ, ʪ.ʝ. ʦʙʦʜʘ ʰʢʠʚʘ ʪʦʨʤʦʟʘ ʙʫ-

ʨʦʚʦʡ ʣʝʙʝʜʢʠ. 

ʉ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʪʝʧʣʦʦʪʚʦʜʷʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʢʨʠ-

ʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʪ ʟʥʘʯʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʤʘʪʨʠʮʘ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʭ ʜʘʥʥʳʭ, ʩʪʨʦʠʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ ʚ ʚʠʜʝ: 

j

n

i

iiji

n

i

iii

n

i

i xxaxaxaaʫ äää
===

+++=
1

2

11

0    (4) 

ʫ - ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ; xi , xj - ʥʝʟʘʚʠʩʠʤʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʬʘʢʪʦʨʳ; 

a0, ai, aii,aij ï ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝ-

ʛʨʝʩʩʠʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʮʝʣʝ-

ʚʦʡ ʬʫʥʢʮʠʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝ-

ʛʨʝʩʩʠʠ, ʚʳʯʠʩʣʷʝʤʳʝ ʧʦ ʬʦʨʤʫʣʘʤ: 

0a = ää
==

-
00

1

2

10

1

0

1 N

i

in

N

i

ii xa
N

ʘ  

ä
=

=
0

10

1

0

1 N

n

nʋ
N

a ; 

( )ä

ä

=

==
0

0

1

2

1

N

n

in

N

n

nin

i

X

ʋX

ʘ , ( 0̧i ) (5) 

njn

N

n

inij ʋXXa ä
=

=
0

1

; 

( )ä

ä

=

==
0

0

1

21

1

1

N

n

in

N

n

inin

ii

X

ʋX

a , 

ä
=

-=
0

1

2

0

11 1 N

n

ininin X
N

XX , 

ʛʜʝ: n ï ʥʦʤʝʨ ʦʧʳʪʘ; 

i ï ʥʦʤʝʨ ʬʘʢʪʦʨʘ. 

ɼʠʩʧʝʨʩʠʶ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ ʦʧʨʝʜʝʣʷʣʠ 

ʧʦ ʬʦʨʤʫʣʝ: 

S=(ʋi-ʋ)/m-1,  (6) 

ʛʜʝ: ʋ- ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʘʭ; 

m- ʯʠʩʣʦ ʧʦʚʪʦʨʥʦʩʪʝʡ. 

ʆʜʥʦʨʦʜʥʦʩʪʴ ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʨʠʪʝ-

ʨʠʶ ʂʦʭʨʝʥʘ: 

ä
=

=
N

i

i

p

S

S
K

1

2

2

max
,  (7) 

ʛʜʝ: ʂʨ ï ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʂʦʭ-

ʨʝʥʘ; 
2

maxS  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʧʨʝʩʩʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʦʧʳʪʦʚ; 

ä
=

N

i

iS
1

2
- ʩʫʤʤʘ ʜʝʧʨʝʩʩʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳ-

ʪʦʚ. 

ʂʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʂʦʭʨʝʥʘ ʦʧʨʝ-

ʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ [1]. ʇʨʠ ʵʪʦʤ ʯʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦ-

ʙʦʜʳ ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʫʩʣʦʚʠʷ: 

 

ɝ1 = m-1, ɝ2 = N ï 1,   (8) 

ʛʜʝ: N ï ʯʠʩʣʦ ʦʧʳʪʦʚ. 

ɼʠʩʧʝʨʩʠʷ ʩʯʠʪʘʣʘʩʴ ʦʜʥʦʨʦʜʥʦʡ, ʝʩʣʠ 

ʂʨ<ʂʪʘʙʣ.. 
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ʆʧʨʝʜʝʣʷʣʠ ʜʠʩʧʝʨʩʠʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ: 

() NSʫS
N

i

i /
0

1

2ä
=

=   (9) 

ʏʠʩʣʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʜʠʩʧʝʨʩʠʠ ʚʦʩʧʨʦʠʟ-

ʚʦʜʠʤʦʩʪʠ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

NmZʫ )1( -=   (10) 

ɺʳʯʠʩʣʷʣʠ ʜʠʩʧʝʨʩʠʶ ʘʜʝʢʚʘʪʥʦʩʪʠ: 

( )( )c--= ä
=

NʋʋmS
N

i

iiʘʜ /
~0

1

2
, (11) 

ʛʜʝ: ɢ ï ʯʠʩʣʦ ʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚ-

ʥʝʥʠʷ; 

ʋ
~

 - ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʋ, ʨʘʩʩʯʠʪʘʥʥʦʝ 

ʧʦ ʚʳʨʘʞʝʥʠʶ (3). 

ʇʨʦʚʝʨʷʣʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʧʦ ʢʨʠʪʝʨʠʶ ʌʠʰʝʨʘ-ʉʥʝʜʝʢʦʨʘ, ʦʧʨʝʜʝʣʷʝ-

ʤʦʛʦ ʚʳʨʘʞʝʥʠʝʤ: 

()ʋSSF aʜp

22 /=   (12) 

ʇʨʠ ʩʣʝʜʫʶʱʝʤ ʦʛʨʘʥʠʯʝʥʠʠ 

Fp< Fʪʘʙʣ.  (13) 

ɺʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (13) ʙʳʣʦ ʫʜʦʚʣʝʪʚʦʨʷʶ-

ʱʠʤ ʬʘʢʪʦʤ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦ-

ʜʝʣʠ ʢ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ.  

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦ- ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʤʝʪʦʜʠʢʠ, ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʧʦʣʥʦʬʘʢʪʦʨʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʤʝʪʦʜʦʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥ-

ʥʦʛʦ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

ɺʳʜʝʣʝʥʥʳʝ ʨʘʥʝʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʧʨʝʦʙʣʘʜʘ-

ʶʱʠʝ ʬʘʢʪʦʨʳ, ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʘʨʴʠʨʦʚʘ-

ʣʠʩʴ ʥʘ ʧʷʪʠ ʫʨʦʚʥʷʭ. ʀʥʪʝʨʚʘʣʳ ʠ ʫʨʦʚʥʠ ʚʘʨʴʠ-

ʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 

ʊʘʙʣʠʮʘ 2 

ʋʨʦʚʥʠ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʨʚʘʣʳ ʚʳʜʝʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʌʘʢʪʦʨʳ ʆʙʦʟʥʘʯʝʥʠʝ 
ʋʨʦʚʥʠ 

ʀʥʪʝʨʚʘʣ 
-1, 215 -1 0 1 1,215 

ʆʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥ ʩʝʯʝʥʠʡ ʦʩʥʦʚʥʦʛʦ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʰʢʠʚʦʚ kR 
ʭ1 2,84 8 16 24 29,16 8 

ʋʛʦʣ ʤʝʞʜʫ ʪʝʧʣʦʦʪʚʦʜʷʱʠʤʠ ʨʝʙʨʘʤʠ, ɝ ʭ2 1,77 5 10 15 18,23 5,0 

ʆʪʥʦʰʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʪʦʣʱʠʥʳ ʨʝʙʝʨ 

ʢ ʨʘʟʤʝʨʫ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʢʨʫʛʣʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʰʢʠʚʘ, kr 
ʭ3 -0,04 0,5 1,5 2,5 3,04 1,0 

 -ɓ  ɓ  

 

ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʩʪʘʣʴʥʳʝ ʬʘʢʪʦʨʳ 

ʥʝ ʚʦʰʝʜʰʠʝ ʚ ʤʘʪʨʠʮʫ ʧʣʘʥʠʨʦʚʘʥʠʷ ʙʳʣʠ ʟʘʬʠʢ-

ʩʠʨʦʚʘʥʳ ʥʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʨʦʚʥʷʭ. 

ʇʦ ʩʨʝʜʥʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʩʪʝʧʝʥʠ ʫ ʦʧʨʝʜʝʣʷʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ. 

ʇʦʜʩʪʘʚʠʚ ʧʦʩʣʝʜʥʠʝ ʚ (4) ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ ʨʝ-

ʛʨʝʩʩʠʠ: 

 

ʫ0 = 94,96 + 5,38ʭ1 ï 2,11ʭ2 + 0,08ʭ3 ï 6,41ʭ1ʭ2  

ï 12,33ʭ1ʭ3 + 2,58ʭ2ʭ3 ï- 18,74
2

1ʭ  

- 23,94
2

2ʭ - 5,24
2

3ʭ, (14) 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩ-

ʩʠʠ ʢ ʨʝʘʣʴʥʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ, ʦʧʨʝʜʝ-

ʣʷʣʠ ʦʮʝʥʢʦʡ ʜʠʩʧʝʨʩʠʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʦ ʢʨʠʪʝʨʠʶ 

ʌʠʰʝʨʘ-ʉʥʝʜʝʢʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʜʠʩ-

ʧʝʨʩʠʠ ʘʜʝʢʚʘʪʥʦʩʪʠ (ʪʘʙʣʠʮʘ 3) ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝ-

ʣʠʪʴ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʠ ʌʠʰʝʨʘ ʜʣʷ 

ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ: 

 

Fpo = 1,92 ʠ Fp  ɻ= 2,17 

 

ʉʨʘʚʥʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʩ ʪʘʙʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠ-

ʷʤʠ F- ʢʨʠʪʝʨʠʷ ʧʨʠ 5%-ʥʦʤ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ ʧʦ-

ʢʘʟʘʣʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʠ. ʊʘʙʣʠʯʥʳʝ ʟʥʘʯʝ-

ʥʠʷ F ï ʢʨʠʪʝʨʠʷ ʧʦʣʫʯʝʥʳ ʜʣʷ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʩʪʝ-

ʧʝʥʝʡ ʩʚʦʙʦʜʳ ʯʠʩʣʠʪʝʣʷ f1=2 ʠ f2=14 [2] . 
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ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʜʠʩʧʝʨʩʠʠ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ˉˉ ʦʧʳʪʦʚ ʇʦ ʢʨʠʪʝʨʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ɚR 
2)( ʫʫ-  

0 0,36 

1 21,16 

2 2,56 

3 1,96 

4 0 

5 10,89 

6 1,0 

7 0,16 

8 0 

9 1,6 

10 16 

11 2,89 

12 1,96 

13 2,89 

14 1,96 
2

)(ä -ʫʫ  65,39 

ɼʠʩʧʝʨʩʠʷ ʘʜʝʢʚʘʪʥʦʩʪʠ 6,308 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʢ-

ʪʦʨʦʚ ʚ ʫʩʣʦʚʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʦʧʨʝʜʝʣʷʝʤ ʯʘʩʪʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʬʫʥʢʮʠʠ ʧʦ ʫʨʘʚʥʝʥʠʷʤ 15: 

 

dʫ0/dx1=- 37,4ʭ1-6,41ʭ2-12,33ʭ3+5,38=0 

dʫ0/dx2=- 6,41ʭ1-47,88ʭ2+2,58ʭ3-2,11=0     (15) 

dʫ0/dx3=-12,33ʭ1+2,58ʭ2-10,48ʭ3+0,08=0, 

 

ʈʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (15) ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ ʦʧʪʠʤʠ-

ʟʘʮʠʠ: 

 

ʭ1=0,268, ʭ2=-0,097 ʭ3=-0,334; 

 

ʅʘʡʜʝʥʥʳʝ ʫʩʣʦʚʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʦʪʢʣʠʢʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʤʝ-

ʱʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʬʘʢʪʦʨʦʚ ʦʪ ʥʫʣʝʚʦʛʦ 

ʫʨʦʚʥʷ ʚʘʨʴʠʨʦʚʘʥʠʷ. ʕʪʠ ʢʦʦʨʜʠʥʘʪʳ ʟʘʦʜʥʦ ʦʧʨʝ-

ʜʝʣʷʶʪ ʤʝʩʪʦ ʥʘʭʦʞʜʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʚ 

ʜʚʫʭʤʝʨʥʳʭ ʩʝʯʝʥʠʷʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ ʤʦ-

ʜʝʣʠ. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʚʫʤʝʨʥʳʝ ʩʝ-

ʯʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʪʘʢ ʢʘʢ, ʦʙʨʘʙʘʪʳʚʘʷ ʠʭ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʶʙʫʶ ʠʟ ʠʥʪʝʨʝʩʫʶʱʠʭ ʥʘʩ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʦʩ-

ʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʦʮʝʥʦʢ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʦʢʘʟʳʚʘʶ-

ʱʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ ʩ ʨʘʩʢʦʜʠʨʦʚʘʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʧʝʨʝ-

ʤʝʥʥʳʤʠ, ʯʝʤ ʚ ʫʩʣʦʚʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ. 

ʇʝʨʝʚʦʜ ʫʩʣʦʚʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʦʛʣʘʩʥʦ ʪʘʙ-

ʣʠʮʝ 3 ʦʩʫʱʝʩʪʚʣʷʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

x1=(lɤ-0,30)/0,15; x2=(ű-17,5)/8,5; x3=(ɝ-60)/20, 

 

ʦʪʢʫʜʘ ʧʦʣʫʯʠʤ 

 

ʭ1=6,66lɤ-2; ʭ2=0,117ű ï 2,06; ʭ3= 0,05ɝ ï 3.     (16) 

 

ʇʦʜʩʪʘʚʠʚ (4.69) ʚ ʟʘʚʠʩʠʤʦʩʪʠ (4.63) ʠ (4.64) 

ʚʳʯʠʩʣʷʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʟʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠʟ ʪʘʙʣʠʮʳ 4.3, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʦ-

ʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ: 

 

ɚR =-220,214+4160lɤ+11,89ű+2,544ɝ-4,99lɤű-

4,1lɤɝ+0,015űɝ-831,12lɤ2-0,311ű2-0,013ɝ2  (17) 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʘʢʪʦʨʦʚ. 
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Abstract 

This paper discusses the effectiveness of hydrodynamic studies. In particular, the South-Western reed Deposit 

is considered. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʛʣʠʥʠʥʦʩʪʠ, ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ, ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ. 

Keywords: Geophysical studies of wells, filtration-capacitive properties, clay coefficient, oil saturation, open 

porosity. 

 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʢʘʨʦʪʘʞʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ 

çʂʘʨʩʘʨè. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ çʊʝʭʥʠ-

ʯʝʩʢʦʡ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʢʚʘʞʠʥʘʭè (ʄ., ʅʝʜʨʘ, 2010 ʛ.) ʠ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦ ʧʨʦʜʫʢʪʠʚ-

ʥʳʤ ʪʦʣʱʠʥʘʤ. ʆʪʩʯʝʪ ʛʣʫʙʠʥ ʚʝʜʝʪʩʷ ʦʪ ʫʨʦʚʥʷ 

ʩʪʦʣʘ ʨʦʪʦʨʘ.  

ʊʘʙʣʠʮʘ 1. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉʢʚʘʞʠʥʘ 3 ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʖ.ɿ.ʂʘʤʳʰʘʪʦʚʦʝ 

ɿʘʢʘʟʯʠʢ ʇʌ çʕʤʙʘʤʫʥʘʡʛʘʟè ʇʦʜʨʷʜʯʠʢ ʊʆʆ çɸʪʳʨʘʫʧʨʦʤʛʝʦʬʠʟʠʢʘè 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ: ɺʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 

ʂʘʪʝʛʦʨʠʷ ʩʢʚʘʞʠʥʳ: ʨʘʟʚʝʜʦʯʥʘʷ 

ɻʦʨʠʟʦʥʪ: ʪʨʠʘʩ 

ɼʘʪʘ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 11 ʠʶʣʷ 2011 ʛ. 

 

ʊʘʙʣʠʮʘ 2. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʢʚʘʞʠʥʳ, ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ɻʀʉ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʢʚʘʞʠʥʳ 

ɸʣʴʪʠʪʫʜʘ ʩʪʦʣʘ ʨʦʪʦʨʘ ʅʝʪ ʜʘʥʥʳʭ 

ɿʘʙʦʡ ʧʨʦʝʢʪʥʳʡ, ʤ. 1250.0ʤ. 

ɹʘʰʤʘʢ ʂʦʣʦʥʥʳ, ʤ. 450.0 

Ï ʜʦʣʦʪʘ, ʤʤ 215,9 

ʇʘʨʘʤʝʪʨʳ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ 

ʊʠʧ ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 ɺʷʟʢʦʩʪʴ, ʩʝʢ ʋʕʉ, ʆʤʤ ɺʦʜʦʦʪʜʘʯʘ ʩʤ3 ʟʘ 30 ʤʠʥ 

ʧʦʣʠʤʝʨ 1,26 50 0,12  

 

ɺʨʝʤʷ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʜʦ 

ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʣʠ ʪʝʭʥʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʩʢʚʘ-

ʞʠʥ ʢ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ʂʦʤʧʣʝʢʩ ɻʀʉ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʢʘʨʦʪʘʞ-

ʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ çʂʘʨʩʘʨè. ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠ-

ʘʣʳ ɻʀʉ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ çʊʝʭʥʠʯʝʩʢʦʡ 

ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʚ ʩʢʚʘʞʠʥʘʭè (ʄ., ʅʝʜʨʘ, 2002 ʛ.) ʠ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦ ʧʨʦʜʫʢʪʠʚʥʳʤ ʪʦʣʱʠʥʘʤ. 

ʆʪʩʯʝʪ ʛʣʫʙʠʥ ʚʝʜʝʪʩʷ ʦʪ ʫʨʦʚʥʷ ʩʪʦʣʘ ʨʦʪʦʨʘ.  

ɺʨʝʤʷ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʜʦ 

ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʣʠ ʪʝʭʥʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʩʢʚʘ-

ʞʠʥ ʢ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ʆʙʲʝʤ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʚ ʩʢʚʘʞʠʥʝ ʧʨʠʚʦʜʠʪʩʷ ʚ ʪʘʙʣʠʮʝ. 3 

ʊʘʙʣʠʮʘ 3  

ʆʙʲʝʤ ʧʨʦʚʝʜʝʥʥʳʡ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʝʪʦʜʳ ʄʥʝʤʦʥʠʢʘ ʀʥʪʝʨʚʘʣ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ 

ʇʨʠʙʦʨ ʈʘʟʤʝʨʳ ʟʦʥʜʦʚ, ʵʪʘʣ.ʜʘʥ-

ʥʳʝ 

1 2 3 4 5 

ɻʂ GR 940-1252 ʉʈʂ ʂʧ - 720 

ʅʅʂ NNK_bzNNK_mz 940-1252 ʉʈʂ 1ʫʩʣ.ʝʜ. ï 3800ʠʤʧ/ʤʠʥ 

ɹʂ LLS 940-1252 ɼʠʘʣʦʛ LLS_bzLLS_mz 

ʀʂ ROo5-RO20 940-1252 ɺʀʂʀɿ 0.5 - 0.7 - 1.0 - 1.4 - 2.0 

ɸʂ DT; T1;T2 940-1252 ɸʂɺ-1  

ɻɻʂ RHOB 940-1252 ɻɻʂ-

ʃʇ 

 

ɼʉ CALI 940-1252 ɻʌ  

ʄɹʂ MLL  940-1252 ɼʠʘʣʦʛ  

ʄʂɿ MINV ; MNOR 940-1252 ɼʠʘʣʦʛ A0.025M0.025N; A0.05M 

ʂʉ GZ3;GZ3B 940-1252 ʂ3-741 A2M05N;N05M2A 

ʊʝʨʤ. Temp 940-1252 ʊʈ-7  

ʈʝʟʠʩʪʠʚʠʤʝʪʨʠʷ Rez  ʂ3-741  
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ʄʝʪʦʜʠʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɻʀʉ ʧʨʦʚʝʜʝʥʘ ʢʘʯʝ-

ʩʪʚʝʥʥʘʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. ʆʧʨʝʜʝ-

ʣʝʥʳ ʣʠʪʦʣʦʛʠʷ ʧʦʨʦʜ, ʦʙʱʘʷ ʠ ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦ-

ʩʪʠ, ʛʣʠʥʠʩʪʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥ-

ʥʦʩʪʠ. 

ʆʙʨʘʙʦʪʢʘ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʚ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ 

çInteractivePetrophysicsè ʠ çʉʦʥʘʪʘè. 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʧʣʘʥ-

ʰʝʪʝ ʠ ʚ ʪʘʙʣʠʮʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ɻʀʉ (ʪʘʙʣʠʮʘ 

ˉ 3). 

ʈʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ ʥʘ ʢʦʣʣʝʢʪʦʨʳ ʠ ʚʤʝʱʘʶ-

ʱʠʝ ʧʦʨʦʜʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʘ-

ʯʝʩʪʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʚʳʭ ʢʦʣ-

ʣʝʢʪʦʨʦʚ. 

- ʫʤʝʥʴʰʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ; 

- ʩʦʭʨʘʥʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʧʦ ʢʘʚʝʨʥʦʛʨʘʤʤʝ; 

- ʥʘʣʠʯʠʝ ʟʦʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʬʠʣʴʪʨʘʪʘ ʙʫ-

ʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ, ʦʪʤʝʯʘʶʱʝʝʩʷ ʧʦ ʨʘʟʥʦ-

ʛʣʫʙʠʥʥʳʤ ʟʦʥʜʘʤ ɹʂ ʠ ʄɹʂ. 

ʇʨʠ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʠʟ ʦʙʱʝʡ 

ʪʦʣʱʠʥʳ ʚʳʜʝʣʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʠʩʢʣʶʯʘʣʠʩʴ 

ʫʛʣʠʩʪʳʝ (ʨʘʩʪʠʪʝʣʴʥʘʷ ʦʨʛʘʥʠʢʘ) ʠ ʧʣʦʪʥʳʝ ʧʨʦ-

ʩʣʦʠ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʜʘʥʥʳʤʠ ɻʂ, ʅɻʂ, ɸʂ ʠ 

ɻɻʂ. 

ʀʥʪʝʨʚʘʣʴʥʦʝ ʚʨʝʤʷ ɼʊ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦ-

ʪʘʞʘ ʙʘʣʦʨʘʩʯʠʪʘʥʥʦ ʚ ʧʨʦʛʨʘʤʤʝ çʉʦʥʘʪʘè ʧʦ ʬʘ-

ʟʦʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʜʠʘʛʨʘʤʤʘʤ. 

ʊʝʨʨʠʛʝʥʥʳʡ ʨʘʟʨʝʟ ʩʢʚʘʞʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʦʣʣʝʢʪʦʨʘʤʠ ʧʦʨʦʚʦʛʦ ʪʠʧʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʛʣʠʥʠʩʪʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʃʘʨʠʦʥʦʚʘ ʧʦ ʤʝʪʦʜʫ ɻʂ. ɺ ʩʣʫʯʘʷʭ, ʢʦ-

ʛʜʘ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʛʘʤʤʘ ʢʘʨʦʪʘʞʘ ʥʝ ʙʳʣʠ 

ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʠʥʠʩʪʦʩʪʠ ʚ ʩʠʣʫ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʠʯʠʥ, ʚ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʦʡ ʦʙʲʝʤʥʦʡ 

ʛʣʠʥʠʩʪʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʨʠʚʘʷ ʅɻʂ ʠ ɻɻʂ, ʪ.ʝ. 

ʜʣʷ ʦʮʝʥʢʠ ʛʣʠʥʠʩʪʦʩʪʠ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʦʚʘ-

ʣʘʩʴ ʧʘʨʥʘʷ ʩʚʷʟʴ ʥʝʡʪʨʦʥʥʘʷ ʧʦʨʠʩʪʦʩʪʴ-ʧʣʦʪ-

ʥʦʩʪʴ (NPHI-RHOB). 

ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ 

ʜʘʥʥʳʤ ʛʘʤʤʘ-ʛʘʤʤʘ ʢʘʨʦʪʘʞʘ ʠ NPHI (ʧʦʨʠʩʪʦʩʪʴ 

ʧʦ ʅɻʂ) ʚ ʧʨʦʛʨʘʤʤʝ çInteractivePetrophysicsè.  

ʇʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʩʣʝʜʫʶʱʠʝ: 

d ʩʢʝʣʝʪ ʧʦʨʦʜʳ (ʛ/ʩʤ3) - 2,65 

dʬʠʣʴʪʨʘʪ ʙʫʨ.ʨʘʩʪʚʦʨʘ (ʛ/ʩʤ3) - 1,01 

dʛʣʠʥ (ʛ/ʩʤ3) - 2.2 - 2,25 

Neuwetglay (ʧʦʨʠʩʪʦʩʪʴ ʛʣʠʥ)(ʜ.ʝʜ.) - 0,45  

ʅʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʯʝ-

ʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦ ʫʨʘʚʥʝʥʠʶ ɸʨʯʠ. 

ʇʨʠ ʨʘʩʯʝʪʝ ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʠ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʋʨʘʣʦ-ʕʤʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ: 

ʈʧ=0,46/ʂʧ2,17 ʈʥ=ʂʚ-2,09 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʪʨʠʘʩʦʚʦʛʦ ʛʦ-

ʨʠʟʦʥʪʘ ʧʨʠʥʷʪʦ ʚ ʨʘʩʯʝʪ 0.038 ʆʤʤ, ʠʩʭʦʜʷ ʠʟ ʜʘʥ-

ʥʳʭ ʧʦ ʩʦʩʝʜʥʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. 

ʇʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʨʘʟʨʝʟ ʩʢʚʘʞʠʥʳ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʛʣʠʥ, 

ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʳʭ ʠ ʫʛʣʠ-

ʩʪʳʭ ʧʨʦʧʣʘʩʪʢʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʘʟʨʝʟʫ ʩʢʚʘʞʠʥʳ ɻ-3 ʧʣʦʱʘʜʠ ʖʛʦ-

ɺʦʩʪʦʯʥʳʡ ʅʦʚʦʙʦʛʘʪ ʚʳʷʚʣʝʥʳ ʧʨʦʜʫʢʪʠʚʥʳʝ 

ʢʦʣʣʝʢʪʦʨʘ ʚ ʪʨʠʘʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ. ʅʘ ʛʣʫʙʠʥʝ 

1195.5 ʤ. ʙʫʨʝʥʠʝʤ ʚʩʢʨʳʪ ʢʫʥʛʫʨʩʢʠʡ ʷʨʫʩ ʪʨʠʘʩʦ-

ʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʛʦʨʠʟʦʥʪʘ ʚ ʠʥʪʝʨʚʘʣʝ 957-974 

ʤ. ʧʨʝʜʩʪʘʚʣʝʥʳʚʦʜʦʥʘʩʳʱʝʥʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ 

ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʣʦʪʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʧʨʦʧʣʘʩʪʢʦʚ. 

ʀʥʪʝʨʚʘʣ ʪʨʠʘʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ 974 ï 1007 ʤ. 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʦʪʥʳʤʠ ʛʣʠʥʘʤʠ ʠ ʠʭ ʨʘʟʥʦʩʪʷʤʠ ʩ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʣʦʪʥʳʭ ʧʨʦʧʣʘʩʪʢʦʚ. ʇʨʦʜʫʢʪʠʚ-

ʥʳʝ ʪʦʣʱʠʥʳ ʚ ʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʥʝ ʚʳʜʝʣʷʶʪʩʷ. 

ǒ ʀʥʪʝʨʚʘʣ1008,1-1009,7 ʤ.. - ʛʘʟʦʥʘʩʳʱʝʥ-

ʥʳʡ ʧʣʘʩʪ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʦʜʥʦʨʦʜʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʝʩʯʘʥʠʢʦʤ. ʀʤʝʝʪ ʭʦʨʦʰʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤ-

ʢʦʩʪʥʳʝ ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʦʪʢʨʳʪʦʡ ʧʦʨʠ-

ʩʪʦʩʪʴʶ 33% ʠ ʂʥʛ = 80%.  

 ǒ ʀʥʪʝʨʚʘʣ1012,3-1013,3 ʤ.. - ʩʣʘʙʦʥʝʬʪʝʥʘ-

ʩʳʱʝʥʥʳʡ ʧʣʘʩʪ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʥʝʦʜʥʦʨʦʜʝʥ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʯʘʥʠʢʦʤ ʠ ʘʣʝʚʨʦʣʠʪʦʤ. ʆʪʢʨʳʪʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʜʦ 19% ʠ ʂʥʛ ʜʦ 54%.  

ǒ ʀʥʪʝʨʚʘʣ 1025,8-1027,8 ʤ. ï ʩʣʘʙʦʥʝʬʪʝʥʘ-

ʩʳʱʝʥʥʳʡʟʘʛʣʠʥʠʟʠʨʦʚʘʥʥʳʡ ʢʦʣʣʝʢʪʦʨ ʩ ʫʭʫʜ-

ʰʝʥʥʳʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʇʦʨʠʩʪʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ 17% ʠ ʂʥʛ = 51%. 

ǒ ʀʥʪʝʨʚʘʣ 1029,0-1044,9 ʤ. - ʥʝʬʪʝʥʘʩʳʱʝʥ-

ʥʳʡʢʦʣʣʝʢʪʦʨ. ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʦʜʥʦʨʦʜʝʥ. ʇʦʦʧʠ-

ʩʘʥʠʝʤ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪʦʙʨʘʥʥʦʛʦ ʚ ʠʥʪʝʨ-

ʚʘʣʝ 1030-1039 ʤ. ʢʦʣʣʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʯʘʥʠ-

ʢʦʤ ʩʣʘʙʦ ʮʝʤʝʥʪʠʨʦʚʘʥʥʳʡ, ʩʦ ʩʣʘʙʳʤ ʟʘʧʘʭʦʤ 

ʋɺ, ʘ ʪʘʢʞʝ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. 

ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20% 

ʜʦ 29% ʠ ʂʥʛ ï ʦʪ 50 % ʚ ʢʨʦʚʝʣʴʥʦʡ ʯʘʩʪʠ ʢʦʣʣʝʢ-

ʪʦʨʘ ʜʦ 81%. 

ǒ ɺ ʠʥʪʝʨʚʘʣ ʛʣʫʙʠʥ 1053,4-1063,2 ʤ. ï ʚʳʜʝ-

ʣʝʥʳʥʝʬʪʝʥʘʩʳʱʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨʘ. ʃʠʪʦʣʦʛʠʯʝ-

ʩʢʠ ʦʜʥʦʨʦʜʥʳ. ʇʦ ʦʧʠʩʘʥʠʝʤ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʦʪʦʙʨʘʥʥʦʛʦ ʚ ʠʥʪʝʨʚʘʣʝ 1030-1039 ʤ. ʢʦʣʣʝʢ-

ʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʠʢʦʤ 

ʢʚʘʨʮʝʚʳʤ,ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʩʦ ʩʣʘʙʳʤ ʟʘʧʘʭʦʤ ʋɺ. 

ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 14% 

ʜʦ 23% ʠ ʂʥʛ ï ʦʪ 45 % ʜʦ 70%.  

ǒ ʀʥʪʝʨʚʘʣ 1067,6-1070,2 ʤ. ï ʩʣʘʙʦʥʝʬʪʝʥʘ-

ʩʳʱʝʥʥʳʡʟʘʛʣʠʥʠʟʠʨʦʚʘʥʥʳʡ ʢʦʣʣʝʢʪʦʨ ʩ ʫʭʫʜ-

ʰʝʥʥʳʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ, ʇʦʨʠʩʪʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ 14% ʠ ʂʥʛ = 45% 

ǒ ʀʥʪʝʨʚʘʣ 1070,5-1071,9 ʤ. ï ʥʝʬʪʝʥʘʩʳʱʝʥ-

ʥʳʡ ʢʦʣʣʝʢʪʦʨ. ʇʦʨʠʩʪʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ 22% ʠ ʂʥʛ 

= 65%. ʃʠʪʦʣʦʛʠʯʝʩʢʠʦʜʥʦʨʦʜʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʝʩʯʘʥʠʢʦʤ. 

ǒ ʀʥʪʝʨʚʘʣ 1073-1073,7 ʤ. ï ʩʣʘʙʦʥʝʬʪʝʥʘʩʳ-

ʱʝʥʥʳʡʟʘʛʣʠʥʠʟʠʨʦʚʘʥʥʳʡ ʢʦʣʣʝʢʪʦʨ ʩ ʫʭʫʜʰʝʥ-

ʥʳʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʇʦʨʠʩʪʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ 17% ʠ ʂʥʛ = 43%. 

ǒ ʀʥʪʝʨʚʘʣ 1082,8-1084,2 ʤ. ï ʩʣʘʙʦʥʝʬʪʝʥʘ-

ʩʳʱʝʥʥʳʡ ʩ ʫʭʫʜʰʝʥʥʳʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤ-

ʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʇʦʨʠʩʪʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ 22% 

ʠ ʂʥʛ = 51%. ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʝʥ ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʧʝʩʯʘʥʠʢʦʤ ʠ ʘʣʝʚʨʦʣʠʪʦʤ ʩ ʚʣʶʯʝʥʠʝʤ-

ʧʣʦʪʥʳʭʧʨʦʧʣʘʩʪʢʦʚ.  



POLISH JOURNAL OF SCIENCE Ѕ нм, 2019 23 

ǒ ʀʥʪʝʨʚʘʣ 1092-1096,9ʤ. ï ʧʨʝʜʩʪʘʚʣʝʥ ʚʦʜʦ-

ʥʘʩʳʱʝʥʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ. ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʜʘʥ-

ʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʝʩʯʘʥʠ-

ʩʪʳʭ ʠ ʧʣʦʪʥʳʭ ʧʨʦʧʣʘʩʪʢʦʚ. 

ǒ ʀʥʪʝʨʚʘʣ1102,5-1105,7 ʤ.. - ʥʝʬʪʝʥʘʩʳʱʝʥ-

ʥʳʡ ʧʣʘʩʪ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʦʜʥʦʨʦʜʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʝʩʯʘʥʠʢʦʤ. ʀʤʝʝʪ ʭʦʨʦʰʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤ-

ʢʦʩʪʥʳʝ ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʦʪʢʨʳʪʦʡ ʧʦʨʠ-

ʩʪʦʩʪʴʶ 27% ʠ ʂʥʛ = 83%.  

ǒ ʀʥʪʝʨʚʘʣ 1107,4-1108,5 ʤ. ï ʩʣʘʙʦʥʝʬʪʝʥʘ-

ʩʳʱʝʥʥʳʡ ʩ ʫʭʫʜʰʝʥʥʳʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤ-

ʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʇʦʨʠʩʪʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ 17% 

ʠ ʂʥʛ = 56%. ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʦʜʥʦʨʦʜʝʥ ʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʧʝʩʯʘʥʠʢʦʤ. 

ǒ ʀʥʪʝʨʚʘʣ 1112,9-1113,8 ʤ. ï ʩʣʘʙʦʥʝʬʪʝʥʘ-

ʩʳʱʝʥʥʳʡ ʩ ʫʭʫʜʰʝʥʥʳʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤ-

ʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʇʦʨʠʩʪʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ 17% 

ʠ ʂʥʛ = 54%. ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʝʥ ʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʧʝʩʯʘʥʠʢʦʤ ʩ ʚʢʣʶʯʝʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʠ 

ʧʣʦʪʥʳʭ ʧʨʦʧʣʘʩʪʢʦʚ. 

ǒ ʀʥʪʝʨʚʘʣ1121,7-1124,3 ʤ.. - ʥʝʬʪʝʥʘʩʳʱʝʥ-

ʥʳʡ ʧʣʘʩʪ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʦʜʥʦʨʦʜʝʥ ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʝʩʯʘʥʠʢʦʤ. ʀʤʝʝʪ ʭʦʨʦʰʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤ-

ʢʦʩʪʥʳʝ ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩ ʦʪʢʨʳʪʦʡ ʧʦʨʠ-

ʩʪʦʩʪʴʶ 29% ʠ ʂʥʛ = 79%. ʅʝʩʢʦʣʴʢʦ ʭʫʜʰʠʝ ʩʚʦʡ-

ʩʪʚʘ ʢʦʣʣʝʢʪʦʨ ʠʤʝʝʪ ʚ ʧʦʜʦʰʚʝʥʥʦʡ ʯʘʩʪʠ ʂʧ ï 

22% ʠ ʂʥʛ ï 61%. 

 ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ ʚ ʪʨʠʘʩʦ-

ʚʦʤ ʛʦʨʠʟʦʥʪʝ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 1135,5-1164,0 ʤ. 

ʚʳʜʝʣʝʥʳ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨʘ. ʅʝʬʪʝʥʘ-

ʩʳʱʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨʘ ʥʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ɺ ʠʥʪʝʨʚʘʣʝ 1184-1190 ʤ. ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦ-

ʥʠʢʥʦʚʝʥʠʝ ʬʠʣʴʪʨʘʪʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʘʢ ʧʨʦʜʫʢʪʠʚʥʳʡ. ʆʜʥʘʢʦ ʧʣʘʩʪ 

ʩʠʣʴʥʦ ʟʘʛʣʠʥʠʟʠʨʦʚʘʥ ʠ ʧʦʨʠʩʪʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 

ʚʩʝʛʦ 10% ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ʀʥʢʣʠʥʦʤʝʪʨʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʨʠʚʠʟʥʝ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ 

ʫʛʦʣ ʩʦʩʪʘʚʠʣ 3 Ü 0 Ӣ ʩ ʛʣʫʙʠʥʳ 1220 ʤ. ʠ ʥʘ ʟʘʙʦʝ 4 Ü 

8 Ӣ. ʀʩʢʨʠʚʣʝʥʠʝ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʦ-

ʣʷʥʦʡ ʪʦʣʱʝ, ʚʩʢʨʳʪʘʷ ʙʫʨʝʥʠʝʤ ʥʘ ʦʪʤʝʪʢʝ ʛʣʫ-

ʙʠʥʳ 1195,5 ʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʧʣʘʥ-

ʰʝʪʝ ʠ ʚ ʪʘʙʣʠʮʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ɻʀʉ (ʪʘʙʣʠʮʘ 

ˉ3). 

ʈʝʢʦʤʝʥʜʘʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʠʩʧʳʪʘʥʠʷ: 

1029,0-1044,9 ʤ. - ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ 

1053,4-1061,9 ʤ. ïʥʝʬʪʝʥʘʩʳʱʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨ 

1067,6-1071,8 ʤ. ï ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ 

1102,5-1105,7 ʤ.. - ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ 

1121,7-1124,3 ʤ.. - ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. çʇʝʨʝʩʯʝʪ ʟʘʧʘʩʦʚ ʥʝʬʪʠ, ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʘ ʠ 
ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʥʝʬʪʠ ʛʘʟʘ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʂʘ-

ʤʳʰʘʪʦʚʦʝ ʖʛʦ- ɿʘʧʘʜʥʘʷè ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 

02.01.2011ʛ. ʊʆʆ çʂʘʩʧʠʘʥʕʥʝʨʜʞʠʈʝʩʝʨʯè. (ʇʨʦ-
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ALKYLATION  OF 2-METHYLPHENOL  WITH  METHANOL  IN THE PRESENCE OF FERRITE  

CATALYST  

 

Murshudlu N. 

Postdoctoral student of Petrochemistry and chemical engineering department  

Sumgait State University. Republic of Azerbaijan 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʥʘʜ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥʥʳʤ ʢʦʙʘʣʴʪʬʝʨʨʠʪʦʚʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʩʦʩʪʘʚʘ Co0.9 Mn0.1 Fe2O4Ͻ‎ Al 2O3. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠʤʝʶ-

ʱʝʛʦ ʩʣʦʞʥʫʶ ʰʧʠʥʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 2-ʜʠʤʝʪʠʣʬʝʥʦʣ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ 

(92.0) ʠ ʚʳʭʦʜʦʤ 32.8%. ʇʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚ ʪʦʢʝ ʘʟʦʪʘ ʠʣʠ ʚʦʜʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʝʛʦ ʥʝʧʨʝ-

ʨʳʚʥʦ 300 ʠ 400 ʯʘʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

Abstract  

The results of a study of the alkylation reaction of 2-methylphenol with methanol in the presence of modified 

cobalt ferrite catalyst of the composition Co0.9 Mn0.1 Fe2O4Ͻ‎ Al 2O3 are presented. The effect of the reaction 

conditions on the process parameters was studied and it was found that in the presence of this catalyst having a 

complex mixed spinel structure, 2.6-dimethylphenol can be synthesized with high selectivity (92.0) with a yield 

of 32.8%. Carrying out the process in a stream of nitrogen or hydrogen allows it to be carried out continuously for 

300 and 400 hours, respectively. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 2-ʤʝʪʠʣʬʝʥʦʣ, ʤʝʪʘʥʦʣ, ʢʦʙʘʣʴʪʬʝʨʨʠʪʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ, 2.6-ʜʠ-

ʤʝʪʠʣʬʝʥʦʣ, ʩʝʣʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ. 

Keywords: 2-methylphenol, methanol, kobaltferrite catalyst, alkylation, 2.6-dimethylphenol, selective pro-

cess. 

 

ɸʣʢʠʣʠʨʦʚʘʥʠʝ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝ-

ʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ. ʀʟʚʝʩʪʥʳ ʨʷʜ ʢʘʪʘʣʠʟʘʪʦ-

ʨʦʚ (1-6) ʜʣʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʬʝʨʨʠ-

ʪʦʚʳʝ (5,6). ʆʜʥʘʢʦ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 2.6-

ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʟʘʜʝʨʞʠ-

ʚʘʝʪʩʷ, ʯʪʦ ʧʦ ʚʠʜʠʤʦʤʫ ʩʚʷʟʘʥʦ ʩ ʤʘʣʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴʶ ʵʪʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʠʝ 

2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʧʨʷʤʳʤ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ ʬʝ-

ʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʯʘʩʪʠʯʥʦ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʧʨʦʩ ʢ ʵʪʦʤʫ ʮʝʥʥʦʤʫ ʤʦʥʦʤʝʨʫ. 

2.6-ʜʠʤʝʪʠʣʬʝʥʦʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ʥʦʚʦʛʦ 

ʚʠʜʘ ʪʝʨʤʦʩʪʦʡʢʠʭ ʧʣʘʩʪʤʘʩʩ ï ʧʦʣʠʬʝʥʠʣʝʥ- ʦʢ-

ʩʠʜʘ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʝ-

ʩʪʨʦʝʥʠʠ. ʍʦʨʦʰʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

(ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ, ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ) ʧʦʣʠʬʝʥʠʣʝʥʦʢʩʠʜʘ ʦʪʢʨʳ-

ʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʰʪʘ-

ʙʦʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2-ʤʝʪʠʣʬʝ-

ʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥ-

ʥʦʛʦ ʢʦʙʘʣʴʪʬʝʨʨʠʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘ-

ʥʦʚʢʝ ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ, ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʩʧʝʢʪʨʘʣʴ-

ʥʳʤ ʤʝʪʦʜʘʤʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʦʧʳʪʘʤʠ ʦʧʨʝ-

ʜʝʣʝʥ ʩʦʩʪʘʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʣʢʠ-

ʣʠʨʦʚʘʥʠʷ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʜʣʷ ʧʦʣʫʯʝ-

ʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥ-

ʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (Co0.9 Mn0.1 Fe2O4Ͻ
‎ Al 2O3) ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡ-

ʩʪʚʘ ʜʣʷ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʦʚ ʜʨʫʛʠʤʠ ʩʧʠʨʪʘʤʠ 

(7,8). ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʩʦʚ-

ʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʦʢʩʘʣʘʪʥʳʭ ʠ ʥʠʪʨʘʪʥʳʭ ʩʦʣʝʡ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʥʘ ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʩʫʰʢʦʡ ʠ ʧʨʦʢʘʣʠʚʘʥʠʝʤ ʠ ʠʤʝʝʪ 

ʩʣʦʞʥʫʶ ʩʤʝʱʝʥʥʫʶ ʰʧʠʥʝʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʬʝʨʨʠʪʦʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ 

ʧʨʦʷʚʣʷʝʪ ʦʨʪʦ-ʘʣʢʠʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʚ ʧʨʦʮʝʩ-

ʩʘʭ ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʬʝʥʦʣʦʚ ʩʧʠʨʪʘʤʠ.  

ʇʨʠ ʘʣʢʠʣʠʨʦʚʘʥʠʠ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ 

ʚ ʩʦʩʪʘʚʝ ʧʦʣʫʯʝʥʥʳʭ ʘʣʢʠʣʘʪʦʚ ʩʦʜʝʨʞʘʪʘʷ ʥʝʧʨʦ-

ʨʝʘʛʠʨʦʚʘʚʰʠʝ 2-ʤʝʪʠʣʬʝʥʦʣ ʠ ʤʝʪʠʣʦʚʳʡ ʩʧʠʨʪ, 

2-ʤʝʪʠʣʘʥʠʟʦʣ, 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣ, 2.4-ʜʠʤʝʪʠʣʬʝ-

ʥʦʣ, 2.4.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣ ʤʝʪʠʣʬʦʨʤʠʘʪ. ɺ ʛʘʟʦʦʙ-

ʨʘʟʥʳʭ ʧʨʦʜʫʢʪʘʭ ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʳ ʬʦʨʤʘʣʴʜʝ-

ʛʠʜʘ ʠ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ. ʉʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ, ʠʭ ʚʳʭʦʜ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʠ ʩʨʝʜʳ ʨʝʘʢʮʠʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʪʘʙʣʠʮʳ ʧʨʠ 3100ʉ ʢʦʥʚʝʨʩʠʷ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʘ, ʦʜʥʘʢʦ ʦʙʱʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʝʘʢʮʠʠ 

ʧʦ 2-ʤʝʪʠʣʘʥʠʟʦʣʫ ʠ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʫ ʨʘʚʥʘ 
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95,2%. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠʤʝʝʪ ʤʝʩʪʦ 

ʢʠʩʣʦʨʦʜ (ʆ-) ʠ ʫʛʣʝʨʦʜ (ʉ-) ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʚ ʤʦ-

ʣʝʢʫʣʝ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ 2-ʤʝʪʠʣʘʥʠʟʦʣʘ ʠ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ. ʇʦʯʪʠ 

ʯʝʪʳʨʝʭʢʨʘʪʥʳʤ ʤʦʣʴʥʳʤ ʠʟ ʙʳʪʢʦʤ ʧʦʩʣʝʜʥʝʛʦ ʚ 

ʵʪʦʡ ʩʤʝʩʠ. 

ʊʘʙʣʠʮʘ  

ʈʝʟʫʣʴʪʘʪʳ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʥʘʜ ʢʘʪʘʣʠʟʘʪʦʨʦʤ  

Co0.9 Mn0.1 Fe2O4Ͻ‎ Al 2O3 

ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ ɺr ʭʦʜ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʨʘʩʯʝʪʝ ʥʘ ʧʨʦʨʝʘʛʠʨʦʚʘʚ-

ʰʠʡ 2-ʤʝʪʠʣʬʝʥʦʣ, % 

ʂʦʥʚʝʨʩʠʷ 2.6-

ʜʠʤʝ-ʪʠʣʬʝʥʦʣʘ, 

% 

ʊ0ʉ ɡ,ʯ-

1 

ɜ,ʤʦʣʴ/ʤʦʣʴ 2.6-ʜʠʤʝ-

ʪʠʣ-ʬʝʥʦʣ 

2.4-ʜʠʤʝ-

ʪʠʣ-ʬʝʥʦʣ 

2.4.6-ʪʨʠ-ʤʝ-

ʪʠʣʬʝʥʦʣ 

2-ʤʝʪʠʣ-

ʘʥʠʟʦʣ 

 

310 0.8 1:0.75 74.8 3.0 - 20.4 15.6 

340 0.8 1:0.75 84.6 3.4 - 9.8 26.9 

370 0.8 1:0.75 92.0 4.0 1.0 - 35.6 

400 0.8 1:0.75 85.5 6.5 2.0 - 46.1 

370 0.4 1:0.75 86.0 6.8 2.6 - 41.3 

370 1.2 1:0.75 90.4 3.4 0.5 3.5 29.9 

370 0.8 1:1 86.0 6.8 2.0 2.5 45.5 

370 0.8 0.75:1 79.4 9.0 4.4 3.9 54.1 

 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, 

ʫʩʠʣʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʉ- ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩ ʦʜʥʦʚʨʝ-

ʤʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʜʦʣʠ ʆ- ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʚ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ʇʨʠ 3700ʉ 2-ʤʝʪʠʣʘʥʠʟʦʣ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʠ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 2.6-ʜʠʤʝʪʠʣ-ʬʝʥʦʣ, ʩʝ-

ʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʜʦʩʪʠʛʘʝʪ ʵʢʩ-

ʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (92.0%) ʧʨʠ ʢʦʥʚʝʨʩʠʠ 2ïʤʝ-

ʪʠʣʬʝʥʦʣʘ ʟʘ ʧʨʦʭʦʜ 35,6%. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 4000ʉ ʭʦʪʷ ʠ ʧʦʚʳʰʘʝʪ ʚʳʭʦʜ 

ʫʢʘʟʘʥʥʦʛʦ ʠʟʦʤʝʨʘ ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʥʘ ʧʨʦʧʫʱʝʥ-

ʥʳʡ 2-ʤʝʪʠʣʬʝʥʦʣ 39.4% ʦʜʥʘʢʦ ʚ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦ 

85.5%. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʢʦʥʚʝʨʩʠʶ 2-ʜʠʤʝʪʠʣʬʝʥʦʣʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʙʨʘʟʦʚʘʥʥʳʭ 2.4-ʠʟʦʤʝʨʘ ʠ 2.4.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʨʘʩʪʝʪ 

ʩʢʦʨʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʤʝʪʠʣʠʨʦʚʘʥʠʷ ʦʙʨʘ-

ʟʦʚʘʥʥʳʭ 2.6- ʠ 2.4- ʜʠʤʝʪʠʣʬʝʥʦʣʦʚ. ʆʪʩʫʪʩʪʚʠʝ ʚ 

ʘʣʢʠʣʘʪʘʭ ʜʨʫʛʠʭ ʠʟʦʤʝʨʦʚ ʢʩʠʣʝʥʦʣʘ, ʘ ʪʘʢʞʝ ʪʨʠ-

ʤʝʪʠʣ-ʬʝʥʦʣʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʨʝʥʥʦʡ ʢʠʩ-

ʣʦʪʥʦʡ ʩʠʣʝ ʜʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʘʢ ʢʘʢ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʢʠʩʣʦʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʢʘʢ 

ʠʟʦʤʝʨʠʟʘʮʠʷ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʢʨʝʢʠʥʛ 

ʧʦʣʫʯʝʥʥʳʭ ʘʣʢʠʣʬʝʥʦʣʦʚ (9). ɺ ʩʣʫʯʘʝ ʥʘʰʝʛʦ ʢʘ-

ʪʘʣʠʟʘʪʦʨʘ ʪʘʢʠʝ ʧʦʙʦʯʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʣʫʯʝʥ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʯʘʩʪʠʯʥʦ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʩʢʦʨʦʩʪʴ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʩʧʠʨʪʘ ʚ ʬʦʨʤʘʣʴʜʝ-

ʛʠʜ, ʟʘʪʝʤ ʤʝʪʠʣʬʦʨʤʠʘʪ, ʘ ʪʘʢʞʝ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʨʘʩʪʝʪ ʩʢʦʨʦʩʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʧʨʝʚʨʘʱʝ-

ʥʠʷ ʢʘʢ ʝʛʦ ʢʦʥʜʝʥʩʘʮʠʷ ʩ ʬʝʥʦʣʘʤʠ, ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʦʪ-

ʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʪʦʢʝ ʘʟʦʪʘ, ʚʦʜʦ-

ʨʦʜʘ ʠ ʜʨʫʛʠʭ ʨʘʟʙʘʚʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʜʘʣʠ ʦʙʥʘʜʝ-

ʞʠʚʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʩʦʩʪʘʚʣʷʝʪ ʢʘʢ ʤʠʥʠʤʫʤ 300 ʠ 400 ʯʘʩʦʚ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʠ ʵʪʦ ʪʦʞʝ ʥʝ ʧʨʝʜʝʣ.  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 3700ʉ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠ-

ʷʥʠʝ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʩʳʨʴʷ ʠ ʤʦʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʨʝʘʢʮʠʠ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ. 

ɺʠʜʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪ 

0.4ʯ-1 ʜʦ 0.8 ʯ-1 ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦ-

ʚʘʥʠʷ 2.6-ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʦʪ 86,0 ʜʦ 92,0%, ʧʨʠ 

ʵʪʦʤ ʫʤʝʥʴʰʘʶʪʩʷ ʚʳʭʦʜʳ 2.4- ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʠ 

2.4.6- ʪʨʠʤʝʪʠʣʬʝʥʦʣʘ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʜʦ 1,2ʯ-1, 

ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 2.6-ʢʩʠ-

ʣʝʥʦʣʘ, ʦʜʥʘʢʦ ʚ ʘʣʢʠʣʘʪʘʭ ʨʘʩʪʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ 2-

ʤʝʪʠʣʘʥʠʟʦʣʘ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦ-

ʨʦʛʦ ʧʦʚʳʰʘʝʪʩʷ ʦʪ ʥʫʣʷ ʜʦ 3,5%. ɺ ʮʝʣʦʤ ʩ ʧʦʚʳ-

ʰʝʥʠʝʤ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʥʚʝʨ-

ʩʠʷ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 41,3 ʜʦ 29,9%. 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʠ ʤʝʪʘ-

ʥʦʣʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ: ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʷʨʥʦʡ ʜʦʣʠ ʩʧʠʨʪʘ ʚ ʩʳʨʴʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʚʠʤʦʣʷʨʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

2.6- ʜʠʤʝʪʠʣʬʝʥʦʣʘ. ʊʘʢ ʢʘʢ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʘ-

ʯʘʣʘ ʧʘʜʘʝʪ ʜʦ 86.0 (ɜ=1:1 ʤʦʣʴ/ʤʦʣʴ), ʘ ʟʘʪʝʤ ʜʦ 

79.4% (ɜ=0,75:1 ʤʦʣʴ/ʤʦʣʴ). ʇʦʚʳʰʝʥʠʝ ʧʘʨʮʠʘʣʴ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʧʠʨʪʘ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʦ-ʢʨʝʟʦʣʘ ʦʪ 35.6 ʜʦ 

54.1%. ʆʜʥʘʢʦ ʪʘʢʦʡ ʨʦʩʪ ʢʦʥʚʝʨʩʠʠ ʦ-ʢʨʝʟʦʣʘ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦ-

ʚʘʥʠʷ 2.4- ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʠ 2.4.6-ʪʨʠʤʝʪʠʣʬʝʥʦʣʘ. 

ʂʨʦʤʝʪʦʛʦ ʚ ʘʣʢʠʣʘʪʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʜʨʫʛʠʝ ʠʟʦ-

ʤʝʨʳ ʢʩʠʣʝʥʦʣʘ ʠ ʪʨʠʤʝʪʠʣʬʝʥʦʣʦʚ. ʊʘʢʘʷ ʩʠʪʫʘ-

ʮʠʷ ʥʝʞʝʣʘʪʝʣʴʥʘ, ʪʘʢ ʢʘʢ ʫʩʣʦʞʥʷʝʪʩʷ ʩʦʩʪʘʚ ʘʣ-

ʢʠʣʘʪʘ ʠ ʟʘʪʨʫʜʥʷʝʪʩʷ ʝʛʦ ʧʦʩʣʝʜʫʶʱʘʷ ʧʝʨʝʨʘ-

ʙʦʪʢʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʫʯʝʥʥʦʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʙʘʣʴʪ ʬʝʨʨʠʪʦʚʦʛʦ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ (ʊ-3700ʉ, ɡ-0,8ʯ-

1, ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 2-ʤʝʪʠʣʬʝʥʦʣʘ:ʤʝʪʘʥʦʣ 

1:0,75) ʜʣʷ ʧʦʣʫʯʝʥʠʷ 2.6- ʜʠʤʝʪʠʣʬʝʥʦʣʘ ʩ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʴʶ 92,0% ʠ ʚʳʭʦʜʦʤ 32,8%. ɺ ʜʘʥʥʦʤ ʧʨʦ-

ʮʝʩʩʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʣʠʤʝʪʠʣʬʝʥʦʣʳ 
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ʠ ʜʨʫʛʠʝ ʧʦʙʦʯʥʳʝ ʧʨʦʜʫʢʪʳ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʦ-

ʮʝʩʩʘ ʘʣʢʠʣʠʨʦʚʘʥʠʷ 2-ʤʝʪʠʣʬʝʥʦʣʘ ʤʝʪʘʥʦʣʦʤ ʚ 

ʪʦʢʝ ʘʟʦʪʘ ʠʣʠ ʚʦʜʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʝʛʦ 

ʥʝʧʨʝʨʳʚʥʦ 300 ʠʣʠ 400 ʯʘʩʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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Abstract 

Acne takes the lead among all skin diseases. According to epidemiological studies conducted in industrialized 

Western governments, the prevalence of acne development among adolescents ranges from 50% to 95%, depend-

ing on kind of defeat. Acne is a disease that is most common in adolescents. First it appears in childhood after the 

start of the production of androgenic hormones by the sex glands and adrenal glands, and, stops usually after the 

period of adulting. However, it can continue to manifest in a significant part of adults, especially it is widespread 

by women [1, 10]. 

Acne is an androgen-dependent disease of hair follicles (or sebaceous hair formations). There are four main 

pathogenetic factors, the interaction of which contributes to the development of acne disease: the production of 

sebum by the sebaceous gland, changes in the process of keratinization, colonization of the follicles of Propioni-

bacterium acnes, and the release of inflammatory mediators. 

Precise molecular level understanding of the acne development proves that acne is a disease that includes 

both innate and adaptive immune responses and inflammation. 

Keywords: acne, severity of acne, benzoyl peroxide, retinoids, antibacterial drugs. 

 

Experimental (Materials and methods). During 

the study process the following methods were used: in-

formation search, content analysis, analytical and com-

parison approach, descriptive and graphic method, gen-

eralizations. 

Results and its discussion. According to the 

International Statistical Classification of Diseases 

and Related Disabilities (eleventh edition), acne 

(acne) refers to L70. ICD-10 version 2016 classi-

fies it as follows: Acne keloid (L73.0); L70.0 Acne 

vulgaris; L70.1 Acne conglobata; L70.2 Acne vario-

liformis ; Acne necrotica miliaris; L70.3 Acne tropica; 

L70.4 Infantile  acne; L70.5 Acn® excori®e; Acn® ex-

cori®e des jeunes filles; L70.8 Other acne; 

L70.9Acne, unspecified. 

According to MeSH (Medical Subject 

Heading - Descriptor Data 2019, Medical Subject 

Headings) and the US National Library of Medicine 

National Institutes of Health, the following 

classification system exists:  

Skin and Connective Tissue Diseases [C17] 

¶ Skin Diseases [C17.800] 

¶ Acneiform Eruptions [C17.800.030] 

¶ Acne Keloid [C17.800.030.030] 

¶ Acne Vulgaris [C17.800.030.150]  

¶ Acne Conglobata [C17.800.030.150.500] 

¶ Chloracne [C17.800.030.575] 

Skin and Connective Tissue Diseases [C17] 

¶ Skin Diseases [C17.800] 

¶ Sebaceous Gland Diseases [C17.800.794] 

¶ Acne Vulgaris [C17.800.794.111]  

¶ Acne Conglobata [C17.800.794.111.500] 

¶ Dermatitis, Seborrheic [C17.800.794.230] 

¶ Mucinosis, Follicular [C17.800.794.550] 

¶ Rhinophyma [C17.800.794.650] 

¶ Sebaceous Gland Neoplasms 

[C17.800.794.712]  

In practice, you can find many signs of this 

disease. Determination of the disease severity are given 

in Table 1. [2]. 

  

https://icd.who.int/browse10/2016/en#L73.0
https://meshb.nlm.nih.gov/record/ui?ui=D017437
https://meshb.nlm.nih.gov/record/ui?ui=D012871
https://meshb.nlm.nih.gov/record/ui?ui=D017486
https://meshb.nlm.nih.gov/record/ui?ui=D000153
https://meshb.nlm.nih.gov/record/ui?ui=D000152
https://meshb.nlm.nih.gov/record/ui?ui=D000069316
https://meshb.nlm.nih.gov/record/ui?ui=D054506
https://meshb.nlm.nih.gov/record/ui?ui=D017437
https://meshb.nlm.nih.gov/record/ui?ui=D012871
https://meshb.nlm.nih.gov/record/ui?ui=D012625
https://meshb.nlm.nih.gov/record/ui?ui=D000152
https://meshb.nlm.nih.gov/record/ui?ui=D000069316
https://meshb.nlm.nih.gov/record/ui?ui=D012628
https://meshb.nlm.nih.gov/record/ui?ui=D000507
https://meshb.nlm.nih.gov/record/ui?ui=D012224
https://meshb.nlm.nih.gov/record/ui?ui=D012626
https://meshb.nlm.nih.gov/record/ui?ui=D012626
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Table 1 

Determining the severity of acne development (Self-design project adopted from the Unified Clinical Protocol  

of primary, secondary (specialized), tertiary (highly specialized) medical care Acne 

 
EASY (CAMEDON ACNE)  

<20 <10 absent  absent - absent absent 

MODERATE ACNE (PAPUL OPUSTULAR ACNE) 

>20 10-20 <10 absent - present absent 

SEVERE ACNE (NODULAR ACNE) 

>20 >20 10-20 - or <5 evident present 

VERY SEVERE ACNE (CONGLOBATE SPECIAL FOR M ACNE)  

numerous >20 >20 >5 evident, deep present 

 

Diagnosis and medical care of the disease pre-

sented in Fig. 1 depends on many factors. The most 

common of them are: nutrition, smoking, adverse reac-

tions to drugs, hormonal imbalance, weakened immun-

ity, hyperkeratosis, excessive work of the sebaceous 

glands, digestive diseases, inadequate care, stress, me-

chanical damage, sun, moisture, the so-called ñfixation 

on cleanliness " and so on. [3, 4].  

There are some differences in the pathogenesis of 

acne by men and women, and this disease is also com-

mon among children and adolescents. The high fre-

quency of acne in adolescents can quite naturally be as-

sociated with changes in the hormonal balance in the 

body, because the secretion of androgen adrenal glands 

has age-related features. By puberty, the mesh zone of 

the adrenal cortex is poorly developed and poorly iden-

tified. But at the age of 5 to 10 years, its activation oc-

curs, is called ñadrenarcheò. Throughout the entire pe-

riod of puberty, the secretion of hormones in the net 

zone of the adrenal cortex gradually increases, reaching 

a maximum at the end of puberty. Therefore, it is pre-

cisely in the late puberty that a physiologically deter-

mined precedent for a relative excess of androgens is 

created. Fig. 2 presents the differential diagnosis of 

acne in young children and adolescents. Based on this 

analysis, it becomes clear that, despite the age of the 

child (adolescent), there is a large number of cases of 

this disease (clinical picture) [5, 6]. 

The medical treatment of children with skin dis-

ease differs significantly: light form (Fig. 3), moderate 

severity (Fig. 4) or strong severity (Fig. 5) includes dif-

ferent treatment regimens, and individually available 

fixed combinations for local use and subsequent moni-

toring by Dermatovenerologist. 

ACNE Severity / PRESENCE AND NUMBER OF DAMAGING ELEMENTS

Comedone
Papules /

pustules

Knots (less 
than 1 cm)

Knots / cysts / 
fistulas

Inflammation Scarring

CLASSIFYING the ACNE SEVERITY
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