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ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʙʨʘʥʥʳʝ ʪʨʫʜʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʠʥʥʦʚʘʮʠʦʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ 

ʩʪʫʜʝʥʪʦʚ çɹʫʜʫʱʝʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈʦʩʩʠʠè (ʄʀʂʄʋʉ- 2010), 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʟ̫ʘʥʦ ʩ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ï ʥʘʫʢʠ ʦ ʤʘʰʠʥʘʭ:  

- ʪʨʘʥʩʧʦʨʪʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

- ʠʥʜʫʩʪʨʠʷ ʥʘʥʦʩʠʪʝʤ ʠ ʤʘʪʝʨʠʘʣʳ, 

- ʵʥʝʨʛʝʪʠʢʘ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ 

ʀʥʪʝʨʝʩʳ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʦʪʨʘʞʝʥʥʳʝ ʚ ʩʪʘʪʴʷʭ, ʩʚʷʟʘʥʳ ʩ 

ʥʘʜʸʞʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʤʘʰʠʥ, ʩ ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʥʦʚʦʡ 

ʤʝʭʘʥʠʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩ ʘʥʘʣʠʟʦʤ ʨʠʩʢʦʚ ʠ ʩ ʠʟʫʯʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʤʘʰʠʥ 

ʠ ʩʠʥʪʝʟʦʤ ʤʝʭʘʥʠʟʤʦʚ, ʩ ʵʥʝʨʛʝʪʠʢʦʡ ʠ ʪʨʘʥʩʧʦʨʪʦʤ, ʩ ʙʠʦʤʝʭʘʥʠʢʦʡ 

ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩ ʜʠʘʛʥʦʩʪʠʢʦʡ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ʉʙʦʨʥʠʢ ʦʪʨʘʞʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʠʥʞʝʥʝʨʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 
 

 

Éʀʄɸʐ ʈɸʅ, 2011 

https://sstp.ru/fx/ccam/ru.naumen.ccam.ui.published_jsp?uuid=corebofs000080000ig94q017liph9dk
https://sstp.ru/fx/ccam/ru.naumen.ccam.ui.published_jsp?uuid=corebofs000080000ig94q017liph9dk


 

 

 

 

 

 

 

 

 

 

 

 

ʀɿɹʈɸʅʅʓɽ 

ʊʈʋɼʓ 
 



4 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɼɽʌʆʈʄʀʈʆɺɸʅʀʗ 

ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ʌʋʅʂʎʀʀ ʅɸʇʈʗɾɽʅʀʁ 

 

INVESTIGATION OF DEFORMATION OF COMPOSITE MATERIAL 

WITH USING FUNCTION OF EFFORT 
 

ʇ.ɺ. ɹʨʝʭʦʚʩʢʠʭ, ʅ.ʄ.ɹʦʜʫʥʦʚ - ʜʦʮ., ʢ.ʪ.ʥ.  

ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɸ.ʅ.ʊʫʧʦʣʝʚʘ 
 

Abstract. Intensively extending introduction of composite materials (CM) in 

bearing designs of different function (including in the aviation and rocket technics) 

demands working out of settlement models and the methods considering features 

of structure and behavior of these materials [1]. Features of CM should be 

considered at the analysis of durability and rigidity of designs. The estimation of 

the is intense-deformed condition (IDC) of designs from CM can be realized 

traditional methods of mechanics of the continuous environment. Computer 

modeling of processes of manufacturing of details should be based on use of exact 

mathematical models of the investigated processes presented in the form of the 

equations mechanics of the continuous environment that allows to exclude many 

kinds of the errors caused by assumptions, used in the approached design 

procedures. On the other hand, used mathematical models and algorithms should 

be convenient for realization on the computer. In this work investigations axis-

symmetric deformation of detail rotation, made of one-orientations composite 

material. Problem of theory of resilience decides with help function of effort and 

basis functions. The stated algorithm of the decision of a problem of deformation 

of an anisotropic solid is convenient for realization in systems of the automated 

designing of processes of manufacturing of the details of different function 

entering into a design of the aviation and rocket technics. The received results can 

be used for the decision of problems of parametrical identification and return 

problems, for example, specifications of the mechanical parameters defining 

factors of mathematical models on a basis durability of experiment.  

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʦʜʥʦʡ ʠʟ ʬʦʨʤ 

ʘʥʠʟʦʪʨʦʧʠʠ ʩʚʦʡʩʪʚ, ʘ ʠʤʝʥʥʦ, ʦʜʥʦʨʦʜʥʳʝ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʤʝʶʪ ʧʣʦʩʢʦʩʪʴ ʠʟʦʪʨʦʧʠʠ. 

ʆʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʜʝʪʘʣʠ (ʪʨʫʙʳ, ʩʪʝʨʞʥʠ, ʧʨʦʬʠʣʠ, 

ʦʙʦʣʦʯʢʠ ʠ ʜʨ.), ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʣʘ ʚʨʘʱʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ [2].ɺ ʨʘʙʦʪʝ [3] ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʡ 

ʩʨʝʜʳ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʩʚʦʜʠʣʘʩʴ ʢ 

ʨʝʰʝʥʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʰʝʩʪʦʛʦ 
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ʧʦʨʷʜʢʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʦʥʝʥʪ ʧʝʨʝʤʝʱʝʥʠʷ u ʠ v) ʠ ʧʷʪʦʛʦ ʧʦʨʷʜʢʘ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʦʥʝʥʪʳ ʧʝʨʝʤʝʱʝʥʠʷ w ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʠʟʦʪʨʦʧʠʠ). ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ 

ʬʫʥʢʮʠʡ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʳʯʠʩʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʦʞʜʝʩʪʚʝʥʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʝʨʝʤʝʱʝʥʠʷʭ ʟʘ ʩʯʝʪ 

ʧʦʜʙʦʨʘ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʨʝʰʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʠʞʝ ʧʦʜʭʦʜ ʩʚʦʙʦʜʝʥ ʦʪ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ ʪʝʣʦ ʠʟ ʫʧʨʫʛʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-

ʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚʨʘʱʝʥʠʷ , ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʫʩʠʣʠʡ (ʦʙʲʝʤʥʳʤʠ ʩʠʣʘʤʠ ʧʨʝʥʝʙʨʝʛʘʝʤ). ɹʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʧʣʦʩʢʦʩʪʠ ʠʟʦʪʨʦʧʠʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʢʘʞʜʫʶ ʪʦʯʢʫ ʪʝʣʘ, 

ʥʦʨʤʘʣʴʥʳ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ ʝʛʦ (ʦʩʠ ʚʨʘʱʝʥʠʷ), ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʫʩʠʣʠʡ ʦʙʣʘʜʘʝʪ ʩʠʤʤʝʪʨʠʝʡ ʚʨʘʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʡ ʞʝ ʦʩʠ.. ɺ ʩʠʣʫ 

ʩʠʤʤʝʪʨʠʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʩʠʣʠʡ ʠ ʫʧʨʫʛʦʡ ʩʠʤʤʝʪʨʠʠ ʨʘʜʠʘʣʴʥʳʝ 

ʩʝʯʝʥʠʷ ʦʩʪʘʥʫʪʩʷ ʧʣʦʩʢʠʤʠ ʠ ʪʝʣʦ ʦʩʪʘʥʝʪʩʷ ʪʝʣʦʤ ʚʨʘʱʝʥʠʷ ʠ ʚ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪ.ʝ. ).,(,0),,( zrwwuzruu rr === q  

ʉʦʩʪʘʚʣʷʶʱʠʝ ʜʝʬʦʨʤʘʮʠʡ ʥʝ ʟʘʚʠʩʷʪ ʦʪ q ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʫʣʘʤ [4,5]: 
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ɼʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʬʠʟʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʚʠʜ: 

;131211 zrr aaa s+s+s=e q  ;131112 zr aaa s+s+s=e qq  

;)( 3313 zrz aa s+s+s=e q  ,44 rzrz a t=e                                                           (2) 

ʛʜʝ -ija  ʫʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ ʤʘʪʝʨʠʘʣʘ; ;/111 Ea =  ;/12 Ea n-=  ;/133 Ea ¡=  

;/13 Ea ¡n¡-=  ;/144 Ga ¡=  ;/1/)]1(2[)(2 1211 GEaa =n+=-  -¡EE,  ʤʦʜʫʣʠ 

ʖʥʛʘ ʜʣʷ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʪʨʦʧʠʠ ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʥʝʡ; n- ʢʦʬɻʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʩʦʢʨʘʱʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʪʨʦʧʠʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʪʦʡ ʞʝ ʧʣʦʩʢʦʩʪʠ; -n¡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʦʢʨʘʱʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʦʨʤʘʣʴʥʦʤ  ʢ ʧʣʦʩʢʦʩʪʠ ʠʟʦʪʨʦʧʠʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ; 

)],1(2/[ n+=EG  -¡G ʤʦʜʫʣʠ ʩʜʚʠʛʘ ʜʣʷ ʧʣʦʩʢʦʩʪʝʡ ʠʟʦʪʨʦʧʠʠ ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ (ʨʘʜʠʘʣʴʥʳʭ).  

ʇʨʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ, 

ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [3], ʚʩʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ ʦʜʥʫ 

ʬʫʥʢʮʠʶ ʥʘʧʨʷʞʝʥʠʡ: 
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ʌʦʨʤʫʣʳ (1)-(3) ʦʧʠʩʳʚʘʶʪ ʅɼʉ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-

ʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ ʚʨʘʱʝʥʠʷ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʩʝʤ ʠʩʭʦʜʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʪʝʦʨʠʠ 

ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʬʫʥʢʮʠʷ ʥʘʧʨʷʞʝʥʠʡ j ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ: 
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ʇʨʠ ʵʪʦʤ ʯʠʩʣʘ 1s  ʠ 2s  ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʠ 

ʢʦʤʧʣʝʢʩʥʳʤʠ (ʥʦ ʥʝ ʯʠʩʪʦ ʤʥʠʤʳʤʠ). 

ʅʘʡʜʝʤ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (4), ʧʨʠʤʝʥʷʷ ʜʣʷ ʵʪʦʛʦ 

ʦʧʠʩʘʥʥʫʶ ʚ ʨʘʙʦʪʘʭ [6,7] ʤʝʪʦʜʠʢʫ ʥʘʭʦʞʜʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ 

ʜʣʷ ʢʘʥʦʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ 

ʨʘʟʣʦʞʝʥʠʠ ʠʩʢʦʤʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ (ʙʘʟʠʩʥʳʤ) ʬʫʥʢʮʠʷʤ. 

ɿʘʧʠʰʝʤ ʠʥʚʘʨʠʘʥʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (4) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

                              ),(),( h=j aJrzr                                                                       (5) 

ʛʜʝ ,/ rz=h  a - ʧʨʦʠʟʚʦʣʴʥʦʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ.  

ʇʦʜʩʪʘʚʠʚ (5) ʚ (4), ʧʦʣʫʯʠʤ ʩ ʫʯʝʪʦʤ 06 ¸-ar  ʦʙʳʢʥʦʚʝʥʥʦʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʰʝʩʪʦʛʦ ʧʦʨʷʜʢʘ: 

( ) +--ah+h+h-a-+h+h IIIIIIV JJAJBA ]1)2(6[)2)(52( 22324  

--a+ IIJA 2)2( +h--a-a-a IJ]1)2)(1(2)[32( ,0)2( 22 =-aa                 (6) 

ʛʜʝ -IVIIIIII JJJJ ,,,   ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʝʨʝʤʝʥʥʦʡ h. 

ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6) ʠʱʝʤ ʚ ʚʠʜʝ ʨʷʜʘ 
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ʧʦʜʩʪʘʚʠʚ ʢʦʪʦʨʳʡ ʚ (6) ʠ ʧʨʠʨʘʚʥʷʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 
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ʛʜʝ ---a-++a---=D ]1)2(6)[1()74)(2)(1( 2kkkkkkk  

;)1(]1)2)(1(2)[32( 22 -aa+--a-a-a-k  2
2 )1( --a=D+ kk ; 

)1)(2)(3)(4(0 ++++=D kkkk . 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʷʜ (7) ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʧʦ ʬʦʨʤʫʣʝ 

(8), ʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ kc  ʠ 2+kc , ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ ʨʝʰʝʥʠʝʤ 

ʫʨʘʚʥʝʥʠʷ (6). ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (6), ʢʦʪʦʨʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʷʤ ʦʜʥʦʟʥʘʯʥʦʩʪʠ, ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠ ʢʦʥʝʯʥʦʩʪʠ. ʇʨʠ 0=k  ʠ 1=k  

ʠʤʝʝʤ 
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ʇʫʩʪʴ 2=a , ʪʦʛʜʘ 0...864 ==== ccc . ʇʨʠ ʵʪʦʤ 0c  ʠ 2c  ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭ ʥʘʯʘʣʴʥʳʡ ʙʘʟʠʩ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʠ 3=a  ʠʤʝʝʤ 

0...975 ==== ccc . ʊʦʛʜʘ 1c  ʠ 3c  ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʠ ʧʦʵʪʦʤʫ 

ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʥʘʯʘʣʴʥʳʡ 

ʙʘʟʠʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʤ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʣʠʥʦʤʳ, ʷʚʣʷʶʱʠʝʩʷ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ a ʦʙʱʠʤʠ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʷ (6): 
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ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʨʝʰʝʥʠʡ (5), ʟʘʧʠʰʝʤ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (4) ʚ ʚʠʜʝ: 
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ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʩʣʫʯʘʝ ʟʘʜʘʥʥʳʭ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʠʣʠʡ 

nR  ʠ nZ  ʩʚʦʜʷʪʩʷ ʢ ʫʩʣʦʚʠʷʤ ʥʘ ʤʝʨʠʜʠʘʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

.),cos(),cos(,),cos(),cos( nzrznrzr ZznrnRznrn =s+t=t+s                         (10) 

ʇʨʠ ʟʘʜʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʝʨʝʤʝʱʝʥʠʷʭ )(1 lg  ʠ )(2 lg  ʠʤʝʝʤ 

ʫʩʣʦʚʠʷ: 

          ).(),( 21 lgwlgur ==                                                                                   (11) 

ɺ ʪʦʤ ʠ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʟʘʜʘʥʥʳʝ ʫʩʠʣʠʷ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʬʫʥʢʮʠʷʤʠ ʜʫʛʠ l ʤʝʨʠʜʠʘʥʘ ʨʘʜʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʠʣʠ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ 

ʜʨʫʛʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʥʘ ʵʪʦʡ ʢʨʠʚʦʡ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ (9) ʪʦʞʜʝʩʪʚʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʨʘʚʥʝʥʠʶ (4) ʧʨʠ ʣʶʙʳʭ N ʠ aA . ɿʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ 

,..., 10 aacc  ʥʘʜʦ ʚʳʙʠʨʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʝʜʠʥʠʮʝ (°1) ʠʣʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʟʙʨʦʩ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʷʭ ʙʳʣ ʢʘʢ 

ʤʦʞʥʦ ʤʝʥʴʰʠʤ [6]. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʠʩʭʦʜʥʦʡ ʛʨʘʥʠʯʥʦʡ 

ʟʘʜʘʯʠ ʧʦʥʠʞʝʥʘ ʥʘ ʝʜʠʥʠʮʫ.  

ɺ ʚʳʨʘʞʝʥʠʠ (8) aA - ʧʨʦʠʟʚʦʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʜʣʝʞʘʱʠʝ 

ʦʧʨʝʜʝʣʝʥʠʶ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ 

ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʠ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ aA , ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʣʫʯʰʫʶ 

ʘʧʧʨʦʢʩʠʤʘʮʠʶ, ʥʘʧʨʠʤʝʨ, ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (11), ʥʘʡʜʝʤ ʠʟ ʫʩʣʦʚʠʷ 

ʤʠʥʠʤʘʣʴʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ: 
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ʛʜʝ 0)(0 >SW  ʠ -²0)(1 SW ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ l ʚʝʩʦʚʳʝ 

ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʦʥʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʞʝʣʘʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ 

(ʥʘʧʨʠʤʝʨ, )(1 lW  ʤʦʞʝʪ ʙʳʪʴ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʝʡ, ʧʨʠʥʠʤʘʶʱʝʡ 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʪʝʭ ʫʯʘʩʪʢʘʭ ʛʨʘʥʠʮʳ, ʛʜʝ ʞʝʣʘʪʝʣʴʥʘ ʙʦʣʝʝ ʪʦʯʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʠ ʨʘʚʥʦʡ ʥʫʣʶ ʪʘʤ, ʛʜʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʤʘʣʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʚʷʟʢʠ). ɿʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ (12) 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (4), (11). 

ʇʨʦʮʝʜʫʨʘ, ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ, ʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʣʶʙʦʡ ʩʪʝʧʝʥʠ a 

ʧʦ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʝ (8). ʂʚʘʜʨʘʪʫʨʥʳʝ ʬʦʨʤʫʣʳ, ʚʚʝʜʝʥʥʳʝ ʚ ʕɺʄ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʨʝʰʘʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʜʘʯ ʤʥʦʛʦʮʝʣʝʚʦʡ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʀʟʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ 

ʪʝʣʘ ʫʜʦʙʝʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚʭʦʜʷʱʠʭ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʫʪʦʯʥʝʥʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʯʥʦʩʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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ʇʈʆɹʃɽʄɸ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆʁ 

ʆɹʈɸɹʆʊʂʀ (ʕʍʆ) ʂʈʋʇʅʆɻɸɹɸʈʀʊʅʓʍ ɼɽʊɸʃɽʁ 

 

PROBLEM OF SIMULATION OF ELECTROCHEMECAL WORKING 

FOR LARGE MACHINE PART 
 

ɸ.ɺ. ɹʨʳʣʝʚ 

ʄɻʊʋ ʠʤ.ʅ.ʕ.ɹʘʫʤʘʥʘ 

 

Abstract. The problem connected with selection and monitoring of machining 

conditions appears during designing of electrochemical machining (ECM) 

operation for large machine part under current density about 10-100 A/sm
2
. The 

main parameters of machining conditions include: impressed source voltage, 

nature of the current, current density, interelectrode gap, electrolyte flow rate. 

This parameters should ensure: 

-  stability course of electrode reactions; 

-  timely removal of the reaction products from the working space; 

- discharge of heat arising during ECM. 

Fluid flow stability in a working space is determined by the hydrodynamic 

conditions which is strongly connected with such parameters as a gas generation 

and an interelectrode gap (IG) size. If the IG size is less than 0,1 mm, the evident 

process instability is observed because the electrolyte injection with speed ensuring 

effective stirring mode is extremely difficult. If the IG size is 0,2 ï 0,4 mm the 

process is stable. However for such IG flow rate could not be increased endlessly 

as far as a hydraulic resistance of an interelectrode spase enlarges and a cavitation 

hazard appears. The hydrodynamic conditions of electrolyte flow connected with 

heat phenomena in interelectrode spase that accompany ECM process and lead to 

the electrolyte heating. 

Consequently one parameter changing brings changings of other parameters. 

For example, if there are cavitation gas bubbles evenly distributed in fluid then the 

electrolyte density decreases in proportion to their relative volume, the contact 

surface of the electrolyte and the electrode decreases and the local ohmic resistance 

of the solution increases. These factors lead to a local reducing of metal removal 

connected with appearing of the surface roughnesses and sometimes to local short 

surcuits. 

The conclusions about the level of different parameters influence on ECM 

process will be drawn in the article. 

 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ ʪʠʧʘ ʪʝʣ ʚʨʘʱʝʥʠʷ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ. ʆʜʠʥ ʠʟ ʥʠʭ, ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʕʍʆ). ʆʜʥʘ ʠʟ ʩʭʝʤ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʫʩʢʘʥʠʷ ʚ ʚʘʥʥʫ ʟʘʛʦʪʦʚʢʠ. ɺʥʫʪʨʠ ʚʘʥʥʳ ʧʦʜʚʦʜʠʪʩʷ 
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ʵʣʝʢʪʨʦʜ(ʳ), ʬʦʨʤʘ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʬʦʨʤʫ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. ɺ ʟʘʟʦʨ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʤ ʠ ʟʘʛʦʪʦʚʢʦʡ ʥʘʯʠʥʘʶʪ 

ʧʦʜʘʚʘʪʴ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʪ, ʯʘʱʝ ʚʩʝʛʦ ʩʦʩʪʦʷʱʠʡ ʠʟ ʨʘʩʪʚʦʨʘ 

ʥʝʡʪʨʘʣʴʥʳʭ ʩʦʣʝʡ, ʥʘʧʨʠʤʝʨ NaCl, ʚ ʚʦʜʝ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʘ (ʄʕɿ) ʧʦʜʚʦʜʷʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʕʣʝʢʪʨʦʣʠʪ ʚ 

ʟʘʟʦʨʝ çʚʩʢʠʧʘʝʪè ʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ. ʇʦʩʣʝ 

ʯʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʥʫʞʥʦ ʨʘʟʦʨʚʘʪʴ ʠ ʧʦʚʪʦʨʠʪʴ ʧʦʜʚʝʜʝʥʠʝ çʪʦʢʘè 

ʧʦʚʪʦʨʥʦ. ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʥʘʟʥʘʯʝʥʠʝ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ. 

ʆʜʠʥ ʠʟ ʨʝʞʠʤʦʚ  - ʵʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʇʦʩʪʦʷʥʥʳʡ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʦʨʷʜʢʘ 10-100 A/ʩʤ
2 
. ʂ 

ʜʨʫʛʠʤ ʦʩʥʦʚʥʳʤ ʥʘʟʥʘʯʘʝʤʳʤ ʨʝʞʠʤʘʤ ʦʪʥʦʩʷʪʩʷ: ʤʝʞʵʣʝʢʪʨʦʜʥʳʡ ʟʘʟʦʨ ʠ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʣʠʪʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤ ʧʝʨʝʥʦʩʘ 

ʠʦʥʦʚ, ʦʙʳʯʥʳʡ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʚʘʥʥʘʭ (ʤʠʛʨʘʮʠʷ, 

ʜʠʬʬʫʟʠʷ, ʢʦʥʚʝʢʮʠʷ), ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ [1]. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʠʣʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ 

ʧʨʦʤʝʞʫʪʢʝ. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʨʠ ʵʪʦʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʢʦʪʦʨʦʡ ʩʦʟʜʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʦʪʚʦʜʘ ʧʨʦʜʫʢʪʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʪʦʢʫ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ 

ʧʨʦʤʝʞʫʪʢʝ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʆʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʵʣʝʢʪʨʦʜʥʳʭ ʨʝʘʢʮʠʡ. 

2. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʫʜʘʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʵʪʠʭ ʨʝʘʢʮʠʡ ʠʟ ʨʘʙʦʯʝʡ ʟʦʥʳ. 

3. ʆʪʚʦʜ ʪʝʧʣʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. 

ɼʣʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʪʝʣ ʚʨʘʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢ ʢʘʢ ʪʨʝʙʦʚʘʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʝʥʳ ʪʦʣʴʢʦ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʙʦʣʝʝ ʠʣʠ 

ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʧʦ ʚʩʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ.  

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʙʝʟʨʘʟʤʝʨʥʳʤ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ [2,3,4]: 

n

du
=Re  

ʂʨʠʪʝʨʠʡ Re ʚʳʚʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʦʜʦʙʠʝ ʩʠʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ʚʷʟʢʦʩʪʠ). 

ʇʨʠ ʟʥʘʯʝʥʠʠ Re =1000 - 2000 ʩʦʭʨʘʥʷʝʪʩʷ ʚʷʟʢʦʩʪʥʳʡ, ʣʘʤʠʥʘʨʥʳʡ 

ʨʝʞʠʤ ʪʝʯʝʥʠʷ. ɼʣʠʥʘ ʚʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 
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ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʣʘʤʠʥʘʨʥʦʛʦ ʨʝʞʠʤʘ 

ʧʨʠʤʝʨʥʦ 0,1 ŭ Re. 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ Re ʩʚʳʰʝ 2Ŀ10
3
 ʚʦʟʥʠʢʘʝʪ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʧʦʪʦʢʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʘʟʘʥʥʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ Re ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ 

ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚʭʦʜʘ ʞʠʜʢʦʩʪʠ ʚ ʟʘʟʦʨ ʠ 

ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 

ʧʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʪʘʢʠʝ, ʢʘʢ 

ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʝ, ʟʘʛʨʷʟʥʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ, ʥʘʛʨʝʚ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ. ʅʘʧʨʠʤʝʨ, 

ʝʩʣʠ ʚ ʞʠʜʢʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʛʘʟʦʚʳʝ ʧʫʟʳʨʴʢʠ, 

ʪʦ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ 

ʦʙʲʝʤʫ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [4]; ʥʘʛʨʝʚ 

ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʪ.ʜ. 

ɺ ʤʝʞʵʣʝʢʪʨʦʜʥʳʭ ʟʘʟʦʨʘʭ ʚʳʩʦʪʦʡ ŭ > 0,1 ʤʳ ʠ ʧʨʠ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ Re ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʝʤ ʚʳʩʦʪʳ 

ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʢ ʚʝʣʠʯʠʥʝ ʟʘʟʦʨʘ. 

ʅʝʩʢʦʣʴʢʦ ʠʥʦʡ ʭʘʨʘʢʪʝʨ ʧʨʠʦʙʨʝʪʘʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʜʣʷ ʟʘʟʦʨʦʚ ʧʦʨʷʜʢʘ 0,1 ʤʤ ʠ ʤʝʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʡʩʪʚʫʶʪ 

ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦ ʢʘʧʠʣʣʷʨʥʳʤ ʢʘʥʘʣʘʤ, ʪ.ʝ. ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʣʠʷʥʠʝ ʩʪʝʥʦʢ ʢʘʥʘʣʘ ʥʘ ʚʩʝ ʩʝʯʝʥʠʝ ʧʦʪʦʢʘ. ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʝʯʝʥʠʶ ʞʠʜʢʦʩʪʠ ʧʦ ʪʘʢʠʤ ʢʘʥʘʣʘʤ ʚʝʣʠʢʦ ʚʚʠʜʫ ʙʦʣʴʰʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʩʢʦʨʦʩʪʠ zu µµ /  ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ʅʘ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʦ ʢʘʧʠʣʣʷʨʥʳʤ ʢʘʥʘʣʘʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ɺ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʞʠʜʢʦʩʪʴ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟ ʥʝ ʠʤʝʝʪ ʩʢʦʨʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʇʨʠ ʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʧʦ ʢʘʧʠʣʣʷʨʥʳʤ ʢʘʥʘʣʘʤ 

ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʛʨʘʥʠʯʥʦʤ ʩʣʦʝ (ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʬʘʟ ʩʠʣ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʦʢ, ʫʚʝʣʠʯʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʫʤʝʥʴʰʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ. 

ɺʳʩʦʢʦʝ ʫʜʝʣʴʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʦʪʥʝʩʝʥʥʦʝ ʢ 

ʝʜʠʥʠʮʝ ʜʣʠʥʳ) ʧʨʠ ʟʘʟʦʨʘʭ 0,1 ʤʤ ʠ ʥʠʞʝ ʩʦʟʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ 

ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʠ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ 

ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʝʥʘ ʧʨʦʢʘʯʢʘ ʵʣʝʢʪʨʦʣʠʪʘ ʩʦ ʩʢʦʨʦʩʪʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʝʤʝʰʠʚʘʶʱʠʡ ʨʝʞʠʤ [5]. 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʤʝʩʪʥʳʝ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʢʘʥʘʣʘ, ʠ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʦ ʩʪʝʥʢʠ ʢʘʥʘʣʘ. 

ʄʝʩʪʥʳʝ ʧʦʪʝʨʠ ʥʝ ʠʛʨʘʶʪ ʙʦʣʴʰʦʡ ʨʦʣʠ ʚ ʣʘʤʠʥʘʨʥʦʤ ʧʦʪʦʢʝ.  
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ɼʣʷ ʟʘʟʦʨʦʚ ʚʳʩʦʪʦʡ 0,2 - 0,4 ʤʤ ʫʜʝʣʴʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ ʠ ʪʫʨʙʫʣʠʟʘʮʠʷ ʧʦʪʦʢʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʧʝʨʝʧʘʜʘʭ ʜʘʚʣʝʥʠʝ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʠʟ ʟʘʟʦʨʘ. ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʠʭ ʟʘʟʦʨʘʭ ʥʝʣʴʟʷ ʙʝʩʢʦʥʝʯʥʦ ʧʦʚʳʰʘʪʴ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʦʷʚʣʷʝʪʩʷ ʦʧʘʩʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ. ʂʘʚʠʪʘʮʠʷ ʧʦʷʚʣʷʝʪʩʷ ʚ ʪʝʭ ʤʝʩʪʘʭ ʟʘʟʦʨʘ, ʛʜʝ 

ʜʘʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʥʠʞʝ, ʯʝʤ ʫʧʨʫʛʦʩʪʴ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ 

ʞʠʜʢʦʩʪʠ. ʋʧʨʫʛʦʩʪʴ ʧʘʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʟʘʟʦʨʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʩʣʝʜʩʪʚʠʝ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʥʘʠʙʦʣʝʝ ʫʟʢʠʭ ʤʝʩʪʘʭ ʟʘʟʦʨʘ. 

ʇʨʠ ʢʘʚʠʪʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʥʪʘʢʪʥʘ̫ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʘ ʩ 

ʵʣʝʢʪʨʦʜʦʤ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʣʦʢʘʣʴʥʦʝ ʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʲʝʤʘ ʤʝʪʘʣʣʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʠʥʦʛʜʘ ʢ ʤʝʩʪ-

ʥʳʤ ʢʦʨʦʪʢʠʤ ʟʘʤʳʢʘʥʠʷʤ. 

ʉ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʪʝʯʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʥʝʨʘʟʨʳʚʥʦ 

ʩʚʷʟʘʥʳ ʪʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ 

ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʝʜʫʱʠʝ ʢ ʥʘʛʨʝʚʫ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʜʦʧʫʱʝʥʠʡ, ʘ ʠʤʝʥʥʦ: 

ʈʘʩʪʚʦʨʝʥʠʝ ʤʝʪʘʣʣʘ ʘʥʦʜʘ ʠ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʥʘ ʢʘʪʦʜʝ ʧʦʜʯʠʥʷʝʪʩʷ 

ʟʘʢʦʥʘʤ ʌʘʨʘʜʝʷ, ʧʨʠʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʭʦʜʘ ʧʦ ʪʦʢʫ ʜʣʷ ʛʘʟʘ ʠ ʤʝʪʘʣʣʘ 

ʩʯʠʪʘʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʠ ʧʦʩʪʦʷʥʥʳʤ. ʇʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʩʯʠʪʘʝʤ 

ʵʢʚʠʧʦʪʝʥʮʠʘʣʥɹʳʤʠ. ʐʣʘʤ ʥʝ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ 

ʄʕɿ, ʪʦ ʝʩʪʴ ʦʪʨʘʙʦʪʘʥʥʳʡ ʵʣʝʢʪʨʦʣʠʪ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʚʦʟʚʨʘʱʘʝʪʩʷ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʪʱʘʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ. 

ɻʘʟ, ʚʳʜʝʣʠʚʰʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʥʘʛʨʝʚʘ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʘʤ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ɺ ʧʨʦʮʝʩʩʝ ʕʍʆ ʛʘʟ ʥʝ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʞʠʜʢʦʩʪʠ [1], ʘ ʧʝʨʝʥʦʩʠʪʩʷ ʵʣʝʢʪʨʦʣʠʪʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ, 

ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ. ɺ ʩʚʷʟʠ ʩ ʤʘʣʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʄʕɿ ʠʩʩʣʝʜʫʝʤʦʡ 

ʷʯʝʡʢʠ ʠ ʙʦʣʴʰʠʤ ʝʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʟʘʚʝʜʦʤʦ ʤʝʥʴʰʝ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʩʨʝʜʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʣʠʪ ʥʝʩʞʠʤʘʝʤ ʠ ʟʘʧʠʨʘʥʠʝ 

ʢʘʥʘʣʘ ʠʩʢʣʶʯʝʥʦ. ʕʣʝʢʪʨʦʣʠʪ ʥʘʛʨʝʚʘʝʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʜʞʦʫʣʝʚʘ ʪʝʧʣʘ. 

ʉʯʠʪʘʝʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʪʝʧʣʦ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʠ ʥʝ 

ʧʦʛʣʦʱʘʝʪʩʷ, ʘ ʪʝʧʣʦ, ʚʳʜʝʣʠʚh ʝʝʩʷ ʚʩʣʝʜʩʪʚʠʝ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʭʬʘʟʥʘʷ ʥʝʩʞʠʤʘʝʤʘʷ ʩʨʝʜʘ, 

ʧʦʜʘʚʘʝʤʘʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʄʕɿ. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʄʕɿ. ɺ ʤʦʤʝʥʪ ʘʥʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʡ ʕʍʆ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʄʕɿ 

ʚʝʣʠʢʦ, ʘ ʫʩʣʦʚʠʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ ʧʦʚʪʦʨʷʶʪʩʷ. ʕʪʠ 
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ʦʩʦʙʝʥʥʦʩʪʠ ʮʠʢʣʠʯʝʩʢʦʡ ʕʍʆ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ ʧʦʪʦʢ ʵʣʝʢʪʨʦʣʠʪʘ 

ʩʧʣʦʰʥʳʤ ʙʝʟ ʦʪʨʳʚʘ ʦʪ ʩʪʝʥʦʢ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʘ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ ʥʝʠʟʤʝʥʥʦʡ ʚ 

ʢʘʞʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʮʠʢʣʝ ʦʙʨʘʙʦʪʢʠ. 

ɻʘʟ ʥʘʭʦʜʠʪʩʷ ʚ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ ʧʫʟʳʨʴʢʦʚ. ʇʫʟʳʨʴʢʠ ʛʘʟʘ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʚʦʜʦʨʦʜʘ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʣʠʪʘ ʚʳʰʝ ʪʦʯʢʠ 

ʢʠʧʝʥʠʷ, ʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʦʙʨʘʟʫʶʪ ʛʘʟʦʚʳʡ ʢʣʠʥ, ʧʦʩʪʝʧʝʥʥʦ ʟʘʧʦʣʥʷʷ ʚʝʩʴ 

ʄʕɿ. ʍʦʪʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʄʕɿ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʢʦʪʦʨʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʩʪʠ ʦʩʨʝʜʥʝʥʠʝ 

ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʦ 

ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʢʘʥʘʣʘ. ʇʨʘʚʦʤʝʨʥʦʩʪʴ ʪʘʢʦʛʦ ʦʩʨʝʜʥʝʥʠʷ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ ʃ. ɸ. ʉʝʤʘʢʦʚ, ʥʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʝ [6]. 

ʍʦʪʷ ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʙʤʝʥʘ ʩʣʦʞʝʥ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʷʭ ʚʩʝ ʚʠʜʳ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʩʦʧʫʪʩʪʚʫʶʪ ʜʨʫʛ ʜʨʫʛʫ, ʩʯʠʪʘʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʕʍʆ 

ʧʨʝʚʘʣʠʨʫʝʪ ʚʳʥʫʞʜʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ, ʘ ʢʦʥʜʫʢʮʠʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ 

ʪʝʧʣʦʦʪʜʘʯʘ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳ. 

ʊʘʢʘʷ ʠʜʝʘʣʠʟʘʮʠʷ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʣʠʪʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʥʦʤʝʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʦʪʦʢʘ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʝʛʦ ʢʘʢ 

ʥʝʩʞʠʤʘʝʤʫʶ ʬʠʢʪʠʚʥʫʶ ʥʝʨʘʟʨʳʚʥʫʶ ʩʨʝʜʫ ʩ ʦʩʨʝʜʥʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʦʪʣʠʯʥʳʤʠ ʦʪ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ, ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʚ ʢʦʪʦʨʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʝʡ. ʕʪʠ ʜʦʧʫʱʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʄʕɿ ʧʨʠ 

ʕʍʆ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʦʚ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʯʪʦ ʚ ʣʶʙʦʤ 

ʧʨʦʮʝʩʩʝ ʩʦʦʙʱʝʥʥʘʷ ʩʠʩʪʝʤʝ ʪʝʧʣʦʪʘ (Q) ʨʘʚʥʘ ʧʨʠʨʘʱʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ (ȹU) ʠ ʨʘʙʦʪʳ (W), ʩʦʚʝʨʰʝʥʥʦʡ ʩʠʩʪʝʤʦʡ. 
WUQ +D=  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʄʕɿ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʞʠʤʘʶʱʠʭ ʩʠʣ ʩʦʚʝʨʰʘʝʪ 

ʨʘʙʦʪʫ (ʨʘʙʦʪʘ ʨʘʩʰʠʨʝʥʠʷ ʩʠʩʪʝʤʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʦʙʲʝʤʘ ʥʘ dV ʠ 

ʧʨʝʦʜʦʣʝʥʠʝ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʨ): 

pdVdW=  

ʕʪʘ ʨʘʙʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʚʫʤʷ ʩʠʣʘʤʠ: ʜʘʚʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʩʠʣʘʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʄʕɿ. 

ʇʦʩʢʦʣʴʢʫ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʄʕɿ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʨʝʞʠʤʘʤ 

ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʄʕɿ ʧʨʠ ʣʶʙʳʭ ʨʝʞʠʤʘʭ ʕʍʆ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʄʕɿ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʛʦʚʦʨʠʪʴ ʦ ʜʠʥʘʤʠʯʝʩʢʦʤ ʧʦʜʦʙʠʠ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʍʦʪʷ ʯʠʩʣʦ ʵʪʠʭ ʩʠʣ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ (ʩʠʣʳ ʠʥʝʨʮʠʠ, ʪʷʞʝʩʪʠ, 

ʚʷʟʢʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʪ. ʧ.), ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʧʨʝʚʘʣʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʄʕɿ ʦʢʘʟʳʚʘʶʪ: ʜʘʚʣʝʥʠʝ 
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ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʜʘʚʣʝʥʠʷ ʧʘʨʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʧʨʠ ʟʘʢʠʧʘʥʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚ 

ʄʕɿ.  

ʇʨʦʚʝʜʷ ʨʷʜ ʦʧʳʪʦʚ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʨʷʜ ʟʘʢʣʶʯʝʥʠʡ, ʧʦʜʪʚʝʨʜʠʚʰʠʭ 

ʨʷʜ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: 

1. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʨʠ ʕʍʆ 

ʧʦʚʳʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚ ʄʕɿ. 

2. ɻʘʟʦʟʘʧʦʣʥʝʥʠʝ ʚ ʄʕɿ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. 

ʇʨʠ ʵʪʦʤ ʢʨʠʟʠʩʝ ʢʠʧʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʜʦʩʪʠʞʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʄʕɿ. 

3. ʇʨʠ ʕʍʆ ʩ ʚʳʩʦʢʠʤʠ ʧʣʦʪʥʦʩʪʷʤʠ ʪʦʢʘ ʵʣʝʢʪʨʦʣʠʪ ʟʘʢʠʧʘʝʪ ʟʘ 
ʩʦʪʳʝ ʜʦʣʠ ʩʝʢʫʥʜʳ ʠ ʜʘʣʴʥʝʡʰʝʡ ʝʛʦ ʥʘʛʨʝʚ ʚʳʟʳʚʘʝʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʄʕɿ. 

4. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʄʕɿ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 
ʥʘʛʨʝʚʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚ ʄʕɿ. 

5. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʣʦʱʘʜʠ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʕʍʆ ʪʝʤʧʝʨʘʪʫʨʘ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 
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ʀɿʄɽʈɽʅʀɽ ʄɽʊʆɼʆʄ PARTICLE  IMAGE  VELOCIMETRY  

ʉʈɽɼʅɽɻʆ ʇʆʃʗ ʉʂʆʈʆʉʊʀ ɺ ʊʋʈɹʋʃɽʅʊʅʆʄ 

ʇʆɼʅʗʊʆʄ ʌɸʂɽʃɽ ʇʈʀ ʇɽʈʀʆɼʀʏɽʉʂʆʄ 

ɺʆɿʄʋʑɽʅʀʀ  
 

PARTICLE IMAGE VELOCIMETRY MEASUREMENTS OF THE 

MEAN VELOCITY FIELD IN A TURBULENT LIFTED FLAME 

UNDER PERIODIC FORCING  
 

ʊ.ɸ. ɺʠʥʦʢʫʨʦʚʘ, ɺ.ʄ. ɼʫʣʠʥ ï ʢ.ʬ.-ʤ.ʥ., ʖ.ʉ. ʂʦʟʦʨʝʟʦʚ 

ʀʥʩʪʠʪʫʪ ʪʝʧʣʦʬʠʟʠʢʠ ʠʤ. ʉ.ʉ. ʂʫʪʘʪʝʣʘʜʟʝ ʉʆ ʈɸʅ 

 

Abstract. The present paper describes the results of Particle Image Velocimetry 

(PIV) application for the average velocity field measurements in a lifted premixed 

propane flame. In addition, a periodic forcing of the initial flow velocity was 

performed in order to enhance stability of the lifted flame via vortices generation 

before the flame. By using adaptive camera calibration and image processing 

algorithms, 1 500 instantaneous velocity fields were estimated and averaged. The 

mean velocity fields for the reacting flows were compared to the isothermal flows 

at the same inflow conditions. In both cases of the unforced and forced lifted 

flames, the lowest location of the front's base was determined from the flow 

acceleration effect on the mean velocity due to thermal expansion. It was observed 

that the forcing dramatically decreased height of the flame stabilization, but didnôt 

significantly affect turbulent propagation speed of the flame base. 

 

ɺʚʝʜʝʥʠʝ 

ʄʝʭʘʥʠʟʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʜʥʷʪʦʛʦ ʧʣʘʤʝʥʠ (ʠʣʠ ʦʪʩʦʝʜʠʥʝʥʥʦʛʦ ʦʪ 

ʛʦʨʝʣʢʠ ʬʘʢʝʣʘ) ʠʩʩʣʝʜʫʝʪʩʷ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 50-ʪʠ ʣʝʪ. ʆʜʥʘ ʠʟ 

ʙʘʟʦʚʳʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʶ, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚ 

ʩʨʝʜʥʝʤ ʦʩʥʦʚʘʥʠʝ ʬʘʢʝʣʘ (ʥʠʞʥʷʷ ʪʦʯʢʘ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ) ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʨʘʚʥʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʪʦʧʣʠʚʦ-ʦʢʠʩʣʠʪʝʣʴ ʙʣʠʟʢʦ ʢ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤʫ (Vanquickenborne and Tigglen 1966). ʆʜʥʘʢʦ, ʨʷʜ ʨʘʙʦʪ 

(ʥʘʧʨʠʤʝʨ, Burgess and Lawn 1999) ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʨʦʣʴ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʩʪʨʫʡ, ʪʘʢʞʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʤʝʭʘʥʠʟʤʝ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʧʦʜʥʷʪʦʛʦ ʧʣʘʤʝʥʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩ ʨʘʟʚʠʪʠʝʤ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʳ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʦʩʪʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʝʱʝ 

ʙʦʣʴʰʝ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠ ʯʠʩʣʝʥʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʤʝʭʘʥʠʟʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ (Ferraris and Wen 2007 ʠ ʜʨ.). ɺ ʯʘʩʪʥʦʩʪʠ, ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʢʘʣʦʚ 

OH* ʠ CH* ʠ ʪ.ʜ. (ʩʤ., ʥʘʧʨʠʤʝʨ, Muniz and Mungal 1997, Wu et al. 2006). 

ʉʪʘʚʰʠʡ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʡ 

ʩʢʦʨʦʩʪʠ ʚ ʧʦʪʦʢʘʭ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ ʧʦʜʭʦʜ Particle Image Velocimetry (PIV) 

ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ï ʙʝʩʢʦʥʪʘʢʪʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʟʚʦʣʷʝʪ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʣʦʞʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʣʘʤʝʥ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ Stella et 

al. (2001), ʧʨʦʚʝʜʝʥ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʬʠʟʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʤʝʪʦʜʦʤ PIV ʚ ʪʫʨʙʫʣʝʥʪʥʳʭ 

ʧʣʘʤʝʥʘʭ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʩʰʪʘʙʘ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʪʦʜʦʤ PIV ʩʨʝʜʥʝʡ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʚ ʧʦʜʥʷʪʦʤ ʧʣʘʤʝʥʠ ʧʨʠ ʛʦʨʝʥʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʦʡ ʧʨʦʧʘʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʥʘʯʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʩ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ ʜʦ ʬʨʦʥʪʘ 

ʧʣʘʤʝʥʠ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʷ ʠ ʚʳʩʦʪʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʬʘʢʝʣʘ.  

 

ʆʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 1. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʥʷʪʦʛʦ ʬʘʢʝʣʘ ʧʨʠ ʛʦʨʝʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʪʦʧʣʠʚʘ ʠ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʪʢʨʳʪʦʡ ʛʦʨʝʣʢʝ ʤʦʱʥʦʩʪʴʶ ʜʦ 7,5 ʢɺʪ. ɺ ʢʘʯʝʩʪʚʝ 

ʛʦʨʝʣʦʯʥʦʡ ʥʘʩʘʜʢʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʝ ʩʦʧʣʦ ɺʠʪʦʰʠʥʩʢʦʛʦ 

ʩ ʚʳʭʦʜʥʳʤ ʜʠʘʤʝʪʨʦʤ ʩʦʧʣʘ d, ʨʘʚʥʳʤ 15 ʤʤ. ɼʣʷ ʜʘʥʥʦʛʦ ʩʦʧʣʘ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʩʝʯʝʥʠʡ ʜʦ ʠ ʧʦʩʣʝ ʧʦʜʞʘʪʠʷ ʨʘʚʥʷʣʦʩʴ 19. ɺ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʧʘʥ, ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ - 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ. ʈʘʩʭʦʜʳ ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ ʨʦʪʘʤʝʪʨʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʪʝʭʠʦʤʝʪʨʠʠ (ʠʟʙʳʪʢʘ ʪʦʧʣʠʚʘ) 

F ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʦʣʴʥʦʡ ʜʦʣʠ ʪʦʧʣʠʚʘ ʚ ʩʤʝʩʠ ʧʦʜʘʚʘʝʤʦʡ ʠʟ 

ʩʦʧʣʘ, ʢ ʤʦʣʴʥʦʡ ʜʦʣʝ ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ. ʉ ʫʯʝʪʦʤ 21% 

ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ, F ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʭʦʜʦʚ ʚʦʟʜʫʭʘ Qʚʦʟʜʫʭ ʠ ʧʨʦʧʘʥʘ Qʧʨʦʧʘʥ.: 

( )
( )

23.6F= =
fuel oxider ʧʨʦʘʥ

ʚʦʟʜʫʭfuel oxider stoich

n n Q

Qn n
 

ɺ ʨʘʙʦʪʝ F ʨʘʚʥʷʣʩʷ 2,5, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʙʦʛʘʪʦʡ ʩʤʝʩʠ. ʊʘʢ ʢʘʢ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʧʨʦʧʘʥʘ ʙʳʣ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʪʦʢʘ ʚ ʦʩʥʦʚʥʦʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʦʪʥʦʰʝʥʠʝʤ ʩʨʝʜʥʝʨʘʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ U0 ʩʤʝʩʠ ʢ ʣʘʤʠʥʘʨʥʦʡ ʩʢʦʨʦʩʪʠ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ SL º 0,4 ʤ/ʩ, ʘ ʪʘʢʞʝ ʯʠʩʣʦʤ ʈʝʡʥʦʣʴʜʩʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʦ ʨʘʩʭʦʜʫ Qʚʦʟʜʫʭ ʠ ʚʷʟʢʦʩʪʠ vʚʦʟʜʫʭ ʚʦʟʜʫʭʘ: 

4
Re

p
=

ʚʦʟʜʫʭ

ʚʦʟʜʫʭ

ʚʦʟʜʫʭ

Q

dv
 

ɼʣʷ ʚʥʝʰʥʝʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, 

ʩ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ (ʩʤ. 

ʈʠʩ. 1), ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʝʪʳʨʝʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʜʠʥʘʤʠʢʦʚ (ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʩʪʝʤʘ 

ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ Broze and Hussain 1996), ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ 

ʫʩʠʣʠʪʝʣʶ ʠ ʛʝʥʝʨʘʪʦʨʫ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʥʘ 

ʜʠʥʘʤʠʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʮʠʬʨʦʚʳʤʠ ʚʦʣʴʪʤʝʪʨʦʤ ʠ ʘʤʧʝʨʤʝʪʨʦʤ. 

ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ ʚʦʟʤʫʱʝʥʠʷ, ʪ.ʝ. ʯʠʩʣʦ ʉʪʨʫʭʘʣʷ: 

0

St=
fd

U
, 

(f ï ʯʘʩʪʦʪʘ ʚʦʟʤʫʱʝʥʠʷ, d ï ʜʠʘʤʝʪʨ ʩʦʧʣʘ, U0 ï ʩʨʝʜʥʝʨʘʩʭʦʜʥʘʷ ʩʢʦʨʦʩʪʴ 

ʩʤʝʩʠ) ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0,1 ʜʦ 3. 

  

 
 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 

 ʀʟʤʝʨʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ PIV 

ʩʠʩʪʝʤʘ çʇʆʃʀʉè ʚ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʉʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʦʡ ʀʊ ʉʆ ʈɸʅ ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʜʚʦʝʥʥʦʛʦ Nd:ɸʀɻ ʠʤʧʫʣʴʩʥʦʛʦ 

ʣʘʟʝʨʘ (70 ʤɼʞ ʚ ʢʘʞʜʦʤ ʠʤʧʫʣʴʩʝ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 10 ʥʩ), ʜʚʫʭ ʇɿʉ 

ʢʘʤʝʨ (ʨʘʟʨʝʰʝʥʠʝ 2048Ĭ2048 ʧʠʩʢ, 8 ʙʠʪ, ʵʢʩʧʦʟʠʮʠʷ 128 ʤʩ) ʠ 

ʩʠʥʭʨʦʥʠʟʘʪʦʨʘ. ɿʘʜʝʨʞʢʘ ʤʝʞʜʫ ʧʘʨʦʡ ʠʤʧʫʣʴʩʦʚ ʤʦʛʣʘ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 

10 ʤʢʩ ʜʦ ʫʜʚʦʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʦʟʠʮʠʠ ʢʘʜʨʘ ʠ ʚ ʜʘʥʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʚʥʷʣʘʩʴ 50 ʤʢʩ. ʊʘʢ ʢʘʢ ʵʢʩʧʦʟʠʮʠʷ ʢʘʤʝʨ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʨʝʚʳʰʘʣʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʦʩʚʝʱʘʚʰʝʛʦ ʪʨʘʩʩʝʨʥʳʝ 

ʯʘʩʪʠʮʳ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʢʘʤʝʨʳ ʦʩʥʘʱʘʣʠʩʴ ʫʟʢʦʧʦʣʦʩʥʳʤʠ 

ɺʦʟʜʫʭ 

ʇʨʦʧʘʥ 

ʂʦʥʪʨʦʣʝʨ 

ʨʘʩʭʦʜʘ 

ʂʦʥʪʨʦʣʝʨ 

ʨʘʩʭʦʜʘ 

ʉʠʩʪʝʤʘ 

ʟʘʩʝʚʘ 

ʉʠʩʪʝʤʘ 

ʚʦʟʤʫʱʝʥʠʷ 

ʀʤʧʫʣʴʩʥʳʡ 

ʣʘʟʝʨ 

ʇɿʉ ʢʘʤʝʨʘ 
ʇɿʉ 

ʢʘʤʝʨʘ 
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ʦʧʪʠʯʝʩʢʠʤʠ ʬʠʣʴʪʨʘʤʠ, ʧʨʦʧʫʩʢʘʚʰʠʤʠ ʠʟʣʫʯʝʥʠʝ ʣʘʟʝʨʘ (532 ʥʤ) ʠ 

ʧʦʜʘʚʣʷʚʰʠʤʠ ʠʟʣʫʯʝʥʠʝ ʧʣʘʤʝʥʠ. ʂʘʤʝʨʳ ʩʪʝʨʝʦ PIV ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʦʜ ʫʛʣʘʤʠ ʚ °28Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. ʅʘ ʥʠʭ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʧʦʚʦʨʦʪʥʳʝ ʦʙʲʝʢʪʠʚʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʬʦʢʫʩʠʨʦʚʘʪʴ ʥʘ ʧʣʦʩʢʦʩʪʴ ʤʘʪʨʠʮʳ ʦʙʲʝʢʪ, ʥʘʙʣʶʜʘʶʱʠʡʩʷ ʧʦʜ ʫʛʣʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʢʘʤʝʨʳ. ʉʪʝʨʝʦ ʢʘʣʠʙʨʦʚʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʤʠʰʝʥʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʠʥʦʤʦʤ ʪʨʝʪʝʡ ʩʪʝʧʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʩʪʦʨʩʠʷ ʠʟʦʙʨʘʞʝʥʠʷ (ʩʤ. 

ʄʘʨʢʦʚʠʯ ʠ ʊʦʢʘʨʝʚ 2008), ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʦʨʦʪʘ ʢʘʤʝʨʳ, ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʄʠʰʝʥʴ ʨʘʟʤʝʨʦʤ 150³150 ʤʤ
2
 ʠʤʝʣʘ ʪʨʠ ʫʨʦʚʥʷ 

ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʤʘʨʢʝʨʦʚ: {-2, 0, +2} ʤʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʠʰʝʥʠ. ɼʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʬʦʢʫʩʠʨʫʶʱʘʷ ʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʣʠʥʟʳ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʣʘʤʝʥʠ. ʇʦʪʦʢ ʟʘʩʝʚʘʣʩʷ ʯʘʩʪʠʮʘʤʠ ʦʢʩʠʜʘ ʪʠʪʘʥʘ (ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ 1 ʤʢʤ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʨʘʙʦʪʳ (Stella et al. 2001), ʫʢʘʟʘʥʥʳʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʠʤ ʭʦʨʦʰʦ ʦʪʩʣʝʞʠʚʘʪʴ ʜʘʞʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ (ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʯʘʩʪʠʮ 

ʩʦʩʪʘʚʣʷʣʦ 10 ʤʢʩ). ʋʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ, ʩʙʦʨ, ʭʨʘʥʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ñActualFlowò. ɼʣʷ ʢʘʞʜʦʛʦ ʨʝʞʠʤʘ ʛʦʨʝʥʠʷ ʙʳʣʦ ʠʟʤʝʨʝʥʦ 

1 500 ʤʛʥʦʚʝʥʥʳʭ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ 

ʠʪʝʨʘʮʠʦʥʥʳʡ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʩʤʝʝɦʥʠʝʤ ʠ ʜʨʦʙʣʝʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʦʙʣʘʩʪʝʡ (ʩʤ. ʊʦʢʘʨʝʚ ʠ ʜʨ. 2007). 

ɼʝʪʘʣʠ ʨʘʩʯʝʪʘ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ ɼʫʣʠʥ ʠ ʜʨ. 2009. ʅʘ 

ʦʩʥʦʚʝ ʤʛʥʦʚʝʥʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ 
ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚ 

ʧʦʜʥʷʪʦʤ ʬʘʢʝʣʝ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʙʝʟ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʜʣʷ 

ʨʝʘʛʠʨʫʶʱʝʛʦ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʦʚ.  

ʅʘ ʈʠʩ. 2ʚ ʧʦʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʷ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʧʦʜʥʷʪʦʛʦ ʧʣʘʤʝʥʠ 

(Reʚʦʟʜʫʭ = 4 100, ū = 2,5, U0 = 5 ʤ/ʩ) ʙʝʟ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʄʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʦʩʥʦʚʘʥʠʝ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʩʦʧʣʘ, ʠ ʝʛʦ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʪʨʝʭʤʝʨʥʦʡ. ɼʘʣʝʝ 

ʧʦ ʧʦʪʦʢʫ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʙʣʘʩʪʴ ʜʦʛʦʨʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩ 

ʚʥʝʰʥʠʤ ʚʦʟʜʫʭʦʤ (ʪʘʢ ʢʘʢ ʠʟ ʩʦʧʣʘ ʧʦʜʘʚʘʣʘʩʴ ʙʦʛʘʪʘʷ ʩʤʝʩʴ), ʘ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʝʯʝʥʠʝ ʤʦʣʝʢʫʣ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʞʠ. ʅʘ ʈʠʩ. 2ʘ ʠ 2ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦʣʷ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʩʣʫʯʘʷ ʙʝʟ ʛʦʨʝʥʠʷ ʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ ʛʦʨʝʥʠʝʤ ʧʦʪʦʢ 
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ʨʘʩʰʠʨʷʝʪʩʷ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʣʘʩʪʠ, ʛʜʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʬʨʦʥʪ ʧʣʘʤʝʥʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʘʥʠʝ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʦʩʮʠʣʣʠʨʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ. ʆʧʨʝʜʝʣʠʚ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʥʘ ʩʨʝʜʥʝʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʠʤʝʝʪ ʤʝʩʪʦ ʵʬʬʝʢʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʬʨʦʥʪʘ ʧʦʜʥʷʪʦʛʦ 

ʬʘʢʝʣʘ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʈʠʩ. 3ʘ ʠ 3ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ 

ʨʘʜʠʘʣʴʥʦʡ ʠ ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʤʝʞʜʫ ʨʝʘʛʠʨʫʶʱʠʤ 

ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʧʦʪʦʢʘʤʠ.  
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ʈʠʩ. 2 ï ʅʦʨʤʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ (ʘ) ʙʝʟ ʛʦʨʝʥʠʷ ʠ (ʙ) ʧʨʠ 

ʛʦʨʝʥʠʠ ʧʦʜʥʷʪʦʛʦ ʬʘʢʝʣʘ ʙʝʟ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (a0 /U0 = 0.06). (ʚ) 

ʌʦʪʦʛʨʘʬʠʷ ʧʣʘʤʝʥʠ. Reʚʦʟʜʫʭ = 4 100, ū = 2,5, U0 = 5 ʤ/ʩ 
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ʈʠʩ. 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʩʪʠ (ʘ) ʨʘʜʠʘʣʴʥʦʡ ʠ (ʙ) ʘʢʩʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʧʦʜʥʷʪʦʛʦ ʬʘʢʝʣʘ ʠ ʩʢʦʨʦʩʪʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ. 

Reʚʦʟʜʫʭ = 4 100, ū = 2,5, U0 = 5 ʤ/ʩ 

 

ʀʟ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʨʘʜʠʘʣʴʥʦʡ ʠ ʧʨʦʜʦʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ 
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ʨʘʩʰʠʨʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ, ʥʘʯʠʥʘʷ ʩ r/d = 0,75, z/d = 1,3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʚʳʩʦʪʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʩʥʦʚʘʥʠʷ ʧʦʜʥʷʪʦʛʦ 

ʧʣʘʤʝʥʠ h/d = 1,3. ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʵʤʧʠʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ (ʥʝ 

ʧʝʨʝʤʝʰʘʥʥʦʛʦ ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʦʧʣʘ) ʤʝʪʘʥʦʚʦʛʦ ʧʣʘʤʝʥʠ ʚ ʨʘʙʦʪʝ (Peter and 

Williams 1983), 
3

03,6 10 1.2-= ³ =h d U d  

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʝʥʠʶ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʣʠʟʢʦʤʫ ʢ ʚʳʩʦʪʝ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʊʘʢ ʢʘʢ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ ʧʣʘʤʝʥʠ ʥʦʨʤʘʣʴ ʢ ʬʨʦʥʪʫ 

ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ ʦʩʠ z, ʪʦ ʩʢʦʨʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʨʦʥʪʘ 

ʧʣʘʤʝʥʠ ʚ ʵʪʦʡ ʪʦʯʢʝ ʵʢʚʠʚʘʣʝʥʪʥʘ ʩʨʝʜʥʝʡ ʘʢʩʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

ʚʜʦʣʴ ʦʩʠ z, ʪʦ ʝʩʪʴ U. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʨʘʚʥʷʣʘʩʴ 0,83 ʤ/ʩ °12%, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ 

ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʣʘʤʠʥʘʨʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ SL ʜʣʷ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʧʨʦʧʘʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʷ ʜʣʷ ʧʦʜʥʷʪʦʛʦ ʧʣʘʤʝʥʠ 

(Reʚʦʟʜʫʭ = 4100 ʠ F = 2,5) ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʯʘʩʪʦʪʦʡ 300 ɻʮ 

(ʘʤʧʣʠʪʫʜʘ af, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʣʴʩʘʮʠʡ ʧʨʦʜʦʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʥʘ ʢʨʦʤʢʝ ʩʦʧʣʘ, ʩʦʩʪʘʚʣʷʣʘ 10% ʦʪ ʩʨʝʜʥʝʨʘʩʭʦʜʥʦʡ ʩʢʦʨʦʩʪʠ U0, 

ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ a0 ʨʘʚʥʷʣʘʩʴ 6%). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʯʘʩʪʦʪʦʡ 300 ɻʮ, ʪʘʢ ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʪʦʡ ʯʘʩʪʦʪʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʘʤʝʥʠ (ʪ.ʝ. ʨʘʩʰʠʨʷʝʪ ʧʨʝʜʝʣʳ ʫʩʪʦʡʯʠʚʦʛʦ 

ʛʦʨʝʥʠʷ ʪʘʢʦʛʦ ʨʝʞʠʤʘ) ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʘʩʭʦʜʦʚ 

(Reʚʦʟʜʫʭ ʦʪ 2 000 ʜʦ 8 000). 
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ʈʠʩ. 4 ï ʅʦʨʤʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ (ʘ) ʙʝʟ ʛʦʨʝʥʠʷ ʠ (ʙ) ʧʨʠ 

ʛʦʨʝʥʠʠ ʧʦʜʥʷʪʦʛʦ ʬʘʢʝʣʘ ʧʨʠ ʚʥʝʰʥʝʤ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ ʩ ʯʘʩʪʦʪʦʡ 300 ɻʮ 

(St = 1.1, af /U0 = 0.1). (ʚ) ʌʦʪʦʛʨʘʬʠʷ ʧʣʘʤʝʥʠ. Reʚʦʟʜʫʭ = 4 100, ū = 2,5, U0 = 5 ʤ/ʩ 
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ʌʦʪʦʛʨʘʬʠʷ ʧʦʜʥʷʪʦʛʦ ʬʘʢʝʣʘ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ ʥʘ 

ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 4. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʩʣʫʯʘʷ ʙʝʟ 

ʚʦʟʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʧʣʦʤ ʠ 

ʦʩʥʦʚʘʥʠʝʤ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʦʩʮʠʣʣʷʮʠʠ 

ʧʦʣʦʞʝʥʠʷ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʣʷ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʨʝʘʛʠʨʫʶʱʝʛʦ ʧʦʪʦʢʦʚ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʈʠʩ. 4ʘ ʠ 4ʙ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʘʚʥʠʚʘʷ ʈʠʩ. 2ʘ ʠ 4ʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ  ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʠ 

ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʨʝʘʛʠʨʫʶʱʝʛʦ ʪʝʯʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦʪʦʢʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ (ʈʠʩ.2ʙ ʠ 4ʙ). ʂʘʢ 

ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ, ʚ ʩʨʝʜʥʝʤ ʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ ʬʨʦʥʪʘ ʧʦʜʥʷʪʦʛʦ ʧʣʘʤʝʥʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʵʬʬʝʢʪʫ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʥʘ ʩʨʝʜʥʝʝ ʧʦʣʝ 

ʩʢʦʨʦʩʪʠ. ʀʟ ʈʠʩ. 5ʘ ʠ 5ʙ ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʨʘʜʠʘʣʴʥʦʡ ʠ 

ʧʨʦʜʦʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʤʝʞʜʫ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʠ 

ʨʝʘʛʠʨʫʶʱʠʤ ʧʦʪʦʢʘʤʠ ʥʘʯʠʥʘʝʪʩʷ ʩ r/d = 0,67, z/d = 0,45. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʙʣʶʜʘʝʤʦʤʫ ʵʬʬʝʢʪʫ ʫʤʝʥʴʰʝʥʠʷ ʚʳʩʦʪʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʘʤʝʥʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ ʥʘʠʤʝʥʴʰʘʷ ʚʳʩʦʪʘ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʣʘʩʴ ʠ ʩʪʘʣʘ ʨʘʚʥʦʡ h/d = 0,45. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ 

ʩʨʝʜʥʝʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʚ ʵʪʦʡ ʪʦʯʢʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ, 

ʩʢʦʨʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʬʨʦʥʪʘ ʧʣʘʤʝʥʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʠʟʤʝʥʠʣʘʩʴ. 
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ʈʠʩ. 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʩʪʠ (ʘ) ʨʘʜʠʘʣʴʥʦʡ ʠ (ʙ) ʘʢʩʠʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʧʦʜʥʷʪʦʛʦ ʬʘʢʝʣʘ ʠ ʩʢʦʨʦʩʪʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʚʥʝʰʥʝʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ ʩ ʯʘʩʪʦʪʦʡ 300 ɻʮ (St = 1.1, af /U0 = 0.1). Reʚʦʟʜʫʭ = 4 100, 

ū = 2,5, U0 = 5 ʤ/ʩ 
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ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʚ ʧʦʜʥʷʪʦʤ ʧʣʘʤʝʥʠ ʧʨʦʧʘʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ PIV. ʈʘʩʩʤʦʪʨʝʥ ʵʬʬʝʢʪ ʥʘʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʩʮʠʣʣʷʮʠʡ ʥʘ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ (ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʦʣʷ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ, ʧʦ 

ʢʦʪʦʨʳʤ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ. ʀʟ ʚʠʟʫʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʘ ʚʥʝʰʥʝʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʯʘʩʪʦʪʝ 300 ɻʮ ʠʤʝʣʦ ʤʝʩʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʜʥʷʪʦʛʦ ʧʣʘʤʝʥʠ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʘʣʠ 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʥʝ ʩʤʦʪʨʷ ʥʘ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʪʫʨʙʫʣʝʥʪʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚʙʣʠʟʠ ʩʦʧʣʘ ʟʘ ʩʯʝʪ 

ʥʘʣʦʞʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʩʮʠʣʣʷʮʠʡ, ʩʢʦʨʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʧʦʜʥʷʪʦʛʦ ʧʣʘʤʝʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʣʘʩʴ.  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʝʜʝʨʘʣʴʥʦʡ ʎʝʣʝʚʦʡ 

ʇʨʦʛʨʘʤʤʳ çʅʘʫʯʥʳʝ ʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʘʜʨʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʈʦʩʩʠʠè ʥʘ 2009 ï 2013 ʛʦʜʳ. 
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ʊɽʇʃʆɺʓʍ ʅɸʉʆʉʆɺ ɼʃʗ ʊɽʇʃʆʉʅɸɹɾɽʅʀʗ 

 

RESEARCH OF THE EFFICIENCY OF HEAT PUMP  

FOR HEATING SYSTEMS 
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1
 ʀʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ 

2
 ʄʦʩʢʦʚʩʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʊʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 

Abstract. The efficiency of use of Heat Pump Unit (HPU) for heating systems of 

modern low-rise houses is analized. The results of technical and economical 

comparison of heating and hot water systems based on heat pump with alternative 

heating systems for various regions of Russia are given.  

HPU is an ecologically pure heating system, allows to get a heat energy 

from low potential heat sources. Consuming 1 kW of electric power in HPU drive 

one can get 3-4 and, with some conditions, 5-6 kW of heat power. At the same 

time, heating systems based on HPU require large capital investments in 

comparison with the gas boilers and electrical boilers, and have a number of 

restrictions connected with low potentiality of utilized heat. For overcoming these 

restrictions, the technical and scheme solutions demanding additional capital 

investments for heating surface and additional sources of energy are required. 

Currently, HPU cannot compete with gas boilers. The economical niche of HPU 

includes not-gas-supplied areas; their rival technology is electrical boilers. With 

the tariff for electrical energy increasing, or with the capital investments into HPU 

being reduced by 40% and more, HPU can turn out more efficient than electrical 

boilers. 

 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʷʚʣʷʝʪʩʷ ʚ ʈʦʩʩʠʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʤ ʧʦʜʭʦʜʦʤ ʢ ʪʝʧʣʦʩʥʘʙʞʝʥʠʶ ʤʘʣʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ. ʊʝʧʣʦʥʘʩʦʩʥʘʷ 

ʫʩʪʘʥʦʚʢʘ (ʊʅʋ) - ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʦʣʫʯʘʪʴ ʪʝʧʣʦ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʝʨʝʥʦʩʘ ʝʛʦ ʢ 

ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɿʘʪʨʘʯʠʚʘʷ 1 ʢɺʪ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʨʠʚʦʜʝ ʊʅʋ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 3-4, ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ 5-6 ʢɺʪ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʉʨʦʢ ʩʣʫʞʙʳ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʜʦ 

ʢʘʧʨʝʤʦʥʪʘ 15-20 ʣʝʪ. ʊʅʋ ʨʘʙʦʪʘʶʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʝʟʦʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʦʩʤʦʪʨʝ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. 

ʀʩʪʦʯʥʠʢʠ ʪʝʧʣʘ ʜʣʷ ʊʅʋ ʙʳʚʘʶʪ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ: 1) ʚʪʦʨʠʯʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʪ.ʝ. ʩʙʨʦʩʥʦʝ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʝ ʪʝʧʣʦ - ʩʪʦʯʥʳʝ 

ʚʦʜʳ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʚʳʙʨʦʩʳ ʠ ʪ. ʧ. ʠ 2) ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ 
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ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ï ʪʝʧʣʦʪʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʛʨʫʥʪʦʚʳʝ ʠ 

ʘʨʪʝʟʠʘʥʩʢʠʝ ʚʦʜʳ, ʚʦʜʦʝʤʳ, ʪʝʧʣʦʪʘ ʛʨʫʥʪʘ ʠ ʟʝʤʥʳʭ ʥʝʜʨ ʠ ʪ. ʧ. 

ʊʅʋ ʚʢʣʶʯʘʝʪ ʢʦʤʧʨʝʩʩʦʨ, ʠʩʧʘʨʠʪʝʣʴ, ʢʦʥʜʝʥʩʘʪʦʨ ʠ ʪʨʠ ʢʦʥʪʫʨʘ ï 

ʭʣʘʜʘʛʝʥʪʘ (ʬʨʝʦʥʘ), ʚʦʜʷʥʦʡ ʠʩʪʦʯʥʠʢʘ ʩʙʨʦʩʥʦʛʦ ʪʝʧʣʘ ʠ ʚʦʜʷʥʦʡ 

ʧʦʪʨʝʙʠʪʝʣʷ ʪʝʧʣʘ. ʇʦ ʪʨʫʙʢʘʤ ʠʩʧʘʨʠʪʝʣʷ ʮʠʨʢʫʣʠʨʫʝʪ ʚʦʜʘ ʠʟ ʠʩʪʦʯʥʠʢʘ 

ʩʙʨʦʩʥʦʛʦ ʪʝʧʣʘ. ʇʫʪʝʤ ʨʝʛʫʣʠʨʦʚʢʠ ʜʘʚʣʝʥʠʷ ʜʨʦʩʩʝʣʝʤ ʥʘʩʪʨʘʠʚʘʝʪʩʷ 

ʪʘʢʦʡ ʨʘʩʭʦʜ ʬʨʝʦʥʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʛʦ ʚʩʢʠʧʘʥʠʝ ʚ 

ʠʩʧʘʨʠʪʝʣʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʙʦʨ ʪʝʧʣʦʪʳ ʫ ʚʦʜʳ. ʆʭʣʘʞʜʝʥʥʘʷ ʚʦʜʘ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʜʨʫʛʫʶ ʩʢʚʘʞʠʥʫ, ʘ ʛʘʟʦʦʙʨʘʟʥʳʡ ʬʨʝʦʥ ʩʞʠʤʘʝʪʩʷ 

ʢʦʤʧʨʝʩʩʦʨʦʤ, ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʪʳ ʦʪ ʬʨʝʦʥʘ ʢ ʚʦʜʝ ʢʦʥʪʫʨʘ ʧʦʪʨʝʙʠʪʝʣʷ ʪʝʧʣʘ, ʦʭʣʘʞʜʝʥʠʝ 

ʬʨʝʦʥʘ ʠ ʝʛʦ ʢʦʥʜʝʥʩʘʮʠʷ. ɾʠʜʢʠʡ ʬʨʝʦʥ ʩʪʝʢʘʝʪ ʥʘ ʜʥʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʦʪʢʫʜʘ ʯʝʨʝʟ ʜʨʦʩʩʝʣʴ ʚʥʦʚʴ ʧʦʩʪʫʧʘʝʪ ʚ ʠʩʧʘʨʠʪʝʣʴ. ʊ.ʦ., ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʭʦʣʦʜʠʣʴʥʠʢ ʥʘʦʙʦʨʦʪè. ɺ ʦʪʣʠʯʠʝ ʦʪ ʭʦʣʦʜʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʦʪʙʠʨʘʶʱʝʡ ʪʝʧʣʦʪʫ ʫ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʦʭʣʘʜʠʪʴ, ʠ 

ʩʙʨʘʩʳʚʘʶʱʝʡ ʝʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʊʅʋ ʦʪʙʠʨʘʝʪ ʪʝʧʣʦʪʫ ʫ ʦʙʲʝʢʪʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ çʩʙʨʘʩʳʚʘʝʪè ʝʝ ʦʙʲʝʢʪʫ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʥʘʛʨʝʪʴ. 

ʅʘʟʚʘʥʠʝ çʪʝʧʣʦʚʦʡ ʥʘʩʦʩè ʫʩʪʘʥʦʚʢʘ ʧʦʣʫʯʠʣʘ ʟʘ ʦʙʨʘʟʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

çʧʝʨʝʢʘʯʢʠè ʪʝʧʣʘ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ, ʩ ʙʦʣʝʝ 

ʥʠʟʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʊʅʋ 

ʨʘʩʭʦʜʫʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝ ʥʘ ʚʳʨʘʙʦʪʢʫ ʪʝʧʣʘ, ʢʘʢ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʘʪʝʣʴ, ʘ 

ʣʠʰʴ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʭʣʘʜʘʛʝʥʪʘ ʧʦ ʪʨʘʢʪʫ. ʆʩʥʦʚʥʘʷ ʞʝ ʯʘʩʪʴ ʪʝʧʣʘ (65-

80%) ʧʝʨʝʜʘʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʶ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʙʨʦʩʥʦʛʦ ʪʝʧʣʘ. 

ʊʅʋ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʘʭ. ɺ 

ʤʦʥʦʚʘʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʧʦʢʨʳʚʘʝʪ ʚʩʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʝʧʣʝ 

ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ (ɻɺʉ). ɺ ʙʠʚʘʣʝʥʪʥʦʤ ʨʝʞʠʤʝ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʪʝʧʣʦʚʳʤ ʥʘʩʦʩʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ 

ʪʝʧʣʘ, ʚʢʣʶʯʘʶʱʠʡʩʷ ʧʨʠ ʧʘʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʠʞʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɹʠʚʘʣʝʥʪʥʳʡ ʨʝʞʠʤ ʤʦʞʝʪ ʙʳʪʴ 

ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ï ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʜʦʛʨʝʚʘʪʝʣʝʤ - 

ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʪʦʧʣʠʚʝ. 

ɿʘ ʨʫʙʝʞʦʤ ʪʝʧʣʦʥʘʩʦʩʥʘʷ ʪʝʭʥʠʢʘ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫʞʝ 

ʙʦʣʝʝ 30 ʣʝʪ. ʉʝʨʴʝʟʥʘʷ ʨʘʙʦʪʘ ʧʦ ʚʥʝʜʨʝʥʠʶ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʥʘʯʘʣʘʩʴ ʚ 

1970ʝ ʛʦʜʳ, "ʪʦʣʯʢʦʤ" ʜʣʷ ʵʪʦʛʦ ʧʦʩʣʫʞʠʣ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ. 

ʇʦ ʧʨʦʛʥʦʟʘʤ, ʢ 2020 ʛ. ʚ ʧʝʨʝʜʦʚʳʭ ʩʪʨʘʥʘʭ ʜʦʣʷ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʘ ʙʘʟʝ 

ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʩʦʩʪʘʚʠʪ 75%. ɺʳʩʦʢʠʝ ʠ ʯʘʩʪʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʝ ʮʝʥʳ ʥʘ 

ʪʦʧʣʠʚʦ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʷʛʢʠʡ ʢʣʠʤʘʪ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʊʅʋ 

ʥʘʨʷʜʫ ʩ ʦʪʦʧʣʝʥʠʝʤ ʜʣʷ ɻɺʉ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ï ʚʩʝ ʵʪʦ ʦʙʝʩʧʝʯʠʣʦ 

ʩʪʦʣʴ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘ ʨʫʙʝʞʦʤ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ. 
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ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ ʥʘ ʮʝʣʠ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʊʅʋ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʤʝʥʝʝ ʯʝʤ ʥʘ 30 ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʩ 

ʨʦʩʪʦʤ ʮʝʥ ʥʘ ʪʦʧʣʠʚʦ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʧʦʚʳʰʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʭ ʠʩʧʦʣʟɹʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ. 

ʅʘʨʷʜʫ ʩ ʜʦʩʪʦʠʥʩʪʚʘʤʠ, ʊʅʋ ʠʤʝʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʭʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʊʅʋ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʠʭ. 

1. ɺʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ. ʈʳʥʦʢ ʪʝʧʣʦʥʘʩʦʩʥʦʡ ʪʝʭʥʠʢʠ 

ʚ ʈʦʩʩʠʠ ʪʦʣʴʢʦ ʬʦʨʤʠʨʫʝʪʩʷ. ɺ ʦʩʥʦʚʥʦʤ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ɻʝʨʤʘʥʠʷ, 

ɸʚʩʪʨʠʷ, ʉʐɸ), ʠ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʠ. ʂʨʦʤʝ ʩʪʦʠʤʦʩʪʠ ʦʩʥʦʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʛʦ ʤʦʥʪʘʞʘ ʠ ʥʘʣʘʜʢʠ, ʜʣʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʊʅʋ ʪʨʝʙʫʶʪʩʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʙʫʨʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʛʣʫʙʠʥʝ 50-100 ʤ - ʪʘʢ, ʜʣʷ ʫʩʣʦʚʠʡ 

ʮʝʥʪʨʘʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʙʫʨʝʥʠʶ ʩʢʚʘʞʠʥʳ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1,8-3,0 ʪʳʩ. ʨʫʙ. ʟʘ ʧʦʛʦʥʳʡ ʤʝʪʨ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʠʘʧʘʟʦʥʫ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ 

ʤʘʣʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ, ʢʦʤʧʣʝʢʪ ʊʅʋ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʠ ʙʫʨʝʥʠʝʤ 

ʩʢʚʘʞʠʥʳ ʩʪʦʠʪ ʜʦʨʦʞʝ, ʯʝʤ ʫʩʪʘʥʦʚʢʘ ʛʘʟʦʚʦʛʦ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʪʣʘ 

"ʧʦʜ ʢʣʶʯ". ɺ ʮʝʣʦʤ, ʫʩʪʘʥʦʚʢʘ ʩʠʩʪʝʤʳ ʩ ʊʅʋ ʜʦʨʦʞʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʦʪ 

ʢʦʪʣʘ ʚ 2,4-2,8 ʨʘʟ. 

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʫʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʚ ʊʅʋ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳh ʝ, 

ʯʝʤ ʚ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʥʘʛʨʝʚʘʪʝʣʠ, ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʣʠʰʴ ʥʘ 

ʯʘʩʪʴ - ʥʘʟʦʚʝʤ ʝʝ ʙʘʟʦʚʦʡ - ʨʘʩʯʝʪʥʦʡ ʦʪʦʧʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʩ ʧʦʢʨʳʪʠʝʤ 

ʧʠʢʦʚʦʡ ʥʘʛʨʫʟʢʠ ʦʪ ʙʦʣʝʝ ʜʝʰʝʚʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʜʦʣʠ 

ʥʘʛʨʫʟʢʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʚ ʦʙʱʝʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʝ ʧʦʪʨʝʙʠʪʝʣʷ ï 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʨʝʰʘʝʪʩʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. ɽʝ 

ʨʝʟʫʣʴʪʘʪ ʟʘʚʠʩʠʪ ʦʪ ʩʭʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʜʦʤʘ, ʧʣʦʪʥʦʩʪʠ ʛʨʘʬʠʢʘ 

ʧʨʦʜʦʣʞʠʪʝʣʥɹʦʩʪʠ ʩʪʦʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʨʝʛʠʦʥʝ, 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʠ ʧʠʢʦʚʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ, ʩʪʦʠʤʦʩʪʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʝʛʠʦʥʝ. 

2. ʆʛʨʘʥʠʯʝʥʠʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʛʨʝʶʱʠʡ ʢʦʥʪʫʨ 

ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ 55Áʉ, ʫ ʦʪʜʝʣʴʥʳʭ 

ʤʦʜʝʣʝʡ - 60-65Áʉ. ʇʨʠ ʧʨʠʥʷʪʦʤ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʮʝʥʪʨʘʣʴʥʦʤ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʦʪʦʧʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʧʨʷʤʦʤ ʠ 

ʦʙʨʘʪʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ tʥ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʩʦʩʪʘʚʣʷʝʪ 95 ʠ 70Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʬʠʢ ʩʪʘʥʜʘʨʪʥʦʡ 

ʦʪʦʧʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʨʘʜʠʘʪʦʨʘʤʠ 95/70Áʉ ʜʣʷ ʛ. ʄʦʩʢʚʳ ʧʦʢʘʟʘʥ 

ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʠʩ. 1. 
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ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ 

ʦʪʘʧʣʠʚʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʫʞʝ ʧʨʠ tʥÒ-12Áʉ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ ʚ ʦʙʨʘʪʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʘʯʠ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ (ʧʦʢʘʟʘʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʠʥʠʝʡ), 

ʯʪʦ ʦʟʥʘʯʘʝʪ ʝʛʦ ʬʘʢʪʠʯʝʩʢʦʝ ʚʳʢʣʶʯʝʥʠʝ ʠ ʧʦʢʨʳʪʠʝ ʚʩʝʡ ʦʪʦʧʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ (ʪ.ʥ. ʙʠʚʘʣʝʥʪʥʦ-

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʨʝʞʠʤ). ʕʪʦ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʥʘ ʧʦʣʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʩʠʣʴʥʦ ʫʜʦʨʦʞʘʝʪ ʩʠʩʪʝʤʫ. ʋʢʘʟʘʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʄʦʩʢʚʳ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʯʠʩʣʦ ʯʘʩʦʚ ʩ 

tʥÒ-12Áʉ ʩʦʩʪʘʚʣʷʝʪ 4480 ʯ. 

 
ʈʠʩ. 1 - ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʚʦʜʳ ʩʪʘʥʜʘʨʪʥʦʡ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʩ 

ʨʘʜʠʘʪʦʨʘʤʠ ʜʣʷ ʫʩʣʦʚʠʡ ʄʦʩʢʚʳ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʠʩʪʝʤʘ:       - ʧʨʷʤʘʷ ʚʦʜʘ;  - ʦʙʨʘʪʥʘʷ ʚʦʜʘ; 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʠʩʪʝʤʘ:         - ʧʨʷʤʘʷ ʚʦʜʘ;  - ʦʙʨʘʪʥʘʷ ʚʦʜʘ; 

- ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʝʧʣʦʚʦʡ ʥʘʩʦʩ ʤʦʛ ʨʘʙʦʪʘʪʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩʚʦʡ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʡ 

ʧʦʪʝʥʮʠʘʣ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʦʧʣʝʥʠʷ. ʊʘʢ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʬʠʢʝ 70/50Áʉ (ʨʠʩ. 1, ʧʫʥʢʪʠʨʥʳʝ 

ʣʠʥʠʠ) ʠ ʥʠʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʦʪʦʧʠʪʝʣʥɹʦʛʦ ʧʝʨʠʦʜʘ, ʦʜʥʘʢʦ ʧʦʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ 

ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʯʪʦ ʚʣʝʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ. 

ʆʩʥʦʚʥʳʝ ʩʭʝʤʳ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʜʦʤʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʠ ʧʘʨʘʣʣʝʣʴʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʠ ʧʠʢʦʚʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ. ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʩʭʝʤʝ ʚʦʜʘ, ʥʘʛʨʝʪʘʷ ʪʝʧʣʦʚʳʤ 

ʥʘʩʦʩʦʤ, ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʜʠʘʪʦʨʳ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʘʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʢʨʳʪʠʷ 

ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʠʪʝʣʷ. ʇʨʠ ʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʧʦʛʦʜʝ ʚʢʣʶʯʘʝʪʩʷ ʧʠʢʦʚʳʡ 

ʠʩʪʦʯʥʠʢ. ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʭʝʤʝ ʩ ʧʠʢʦʚʳʤ ʵʣʝʢʪʨʦʦʙʦʛʨʝʚʘʪʝʣʝʤ 


