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ʉʊʈʋʂʊʋʈʅʓʍ ʉʍɽʄ ɺ ɿɸɼɸʏɸʍ ɼʀʅɸʄʀʂʀ  

ɺʀɹʈʆɿɸʑʀʊʅʓʍ ʉʀʉʊɽʄ  

(ʯʘʩʪʴ I) 
 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠ-

ʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʠʙʨʦʟʘʱʠʪʥʳʭ, ʠ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦ-

ʩʪʝʡ. ɺʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʦʙʦʙʱʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʥʘ ʫʨʦʚʥʝ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʝʝ ʬʨʘʛʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʳ ʠ ʨʘʟʚʠʪʳ ʧʦʜʭʦʜʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʟʘʜʘʯʘʭ ʚʠʙʨʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʩ ʚʳʜʝʣʝ-

ʥʠʝʤ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ ʢʘʢ ʟʚʝʥʘ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʪʠʧʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ. ɼʠʥʘʤʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʩʠʩʪʝʤʳ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʚ 

ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʦʙʲʝʢʪ ʟʘʱʠʪʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʩʠʩʪʝʤʳ ʯʘʩʪʦʪʥʳʭ ʬʫʥʢʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥ ʛʨʘʬʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘ-

ʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʨʝʞʠʤʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʛʘʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʬʦʨʤʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʳʭ ʜʚʠʞʝʥʠʡ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ çʦʙʥʫʣʝʥʠʠè ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ. 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʯʘ-

ʩʪʦʪʥʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʧʦ-

ʩʪʨʦʝʥʠʷ ʦʧʝʨʘʪʦʨʥʳʭ ʬʦʨʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʩʭʝʤʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦ-

ʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʮʝʧʥʦʛʦ ʪʠʧʘ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʘʚʠʣʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʪʝʦʨʠʠ ʮʝʧʝʡ. ʇʦ-

ʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʚ ʟʘʜʘʯʘʭ ʦʮʝʥʢʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟ ʤʘʩʩʦʠʥʝʨʮʠʦʥʥʳʭ ʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʚʘʟʠʧʨʫʞʠʥʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʩʠʩʪʝʤʘʭ ʙʦʣʝʝ ʜʚʫʭ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʙʱʝʥʥʳʭ ʧʘʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʯʝʩʢʠʝ ʞʝʩʪʢʦʩʪʠ, ʢʚʘʟʠʧʨʫʞʠʥʳ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʘʨʮʠʘʣʴ-

ʥʳʝ ʩʠʩʪʝʤʳ. 
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THE DEVELOPMENT POSSIBILITIES OF TRANSFORMATION METHOD  

OF STRUCTURAL SCHEMES IN TASKS OF DYNAMICS  

OF VIBR OPROTECTION SYSTEMS 

(Part I )  

 
The research proposes the method of creature of mathematical models of oscillation mechanical sys-

tems, including vibration protection systems, and estimation of possible properties on base of dynamical ri-

gidity. The article introduces the definition of dynamical rigidity with possibilities to identification on level of 
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entire system and its fragments. It shows the approaches for creature of structural mathematical models in 

view of dynamical analogs of automation control systems. They offer the technology of creature of system with 

allocation of protection object as link with transfer function of integrated typical element of the second order 

in tasks of vibration protection. It interprets the dynamical rigidity of system as an amplification factor in 

feedback tie chain of protection object.  

The authors analyze the dynamical rigidity of the entire system in view of frequency functions system. It 

offers graph-analytical method of identification of own oscillations frequencies and characteristic regimes. It 

includes frequency of dynamical absorption of oscillations. The possible forms of self-organization of joint 

movements of interacted elements are developed.  They occur at çzeroingè of dynamical rigidity.  

The work suggests the method of identification of dynamical stiffness, which bases on transformations 

of frequency characteristic equation of system. It provides the possibilities of straight methods of creature of 

operator forms of dynamical stiffnessôs directly on scheme of mechanical oscillation system of chain type. The 

method bases on transformations rules of chain theory. The article considers the possibilities of using in trans-

formation of mathematical models and in tasks of estimation of dynamical properties of structures at mass 

inertial and elastically elements. It proposes to consider these structures as quasi-springs. It is necessary to 

use generalized partial systems for solving tasks in such systems. The results of numerical modeling are given. 

Key words: dynamical rigidity, quasi-springs, dynamical responses, partial systems. 

  

ɺʚʝʜʝʥʠʝ 

ʉʪʨʫʢʪʫʨʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʟʘʜʘʯʘʭ ʜʠʥʘʤʠʢʠ ʤʘʰʠʥ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [1-4]. ɺ ʨʘʤʢʘʭ ʪʘʢʠʭ ʧʦʜʭʦʜʦʚ ʠʩʭʦʜʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʦʡ ʚ ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʣʦʞʥʦʩʪʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʪʝʦ-

ʨʠʠ ʮʝʧʝʡ ʠʣʠ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʠʣʠ ʯʝʨʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʩʪʘʚʣʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ [5, 6]. ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʜʝʪʘ-

ʣʠʟʠʨʦʚʘʥʥʦʤ ʚʠʜʝ ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʙʦʪʘʭ [7-10]. ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʜʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʧʣʘʥʘʨʥʳʭ ʠ ʧʝʨʝʢʨʝʩʪ-

ʥʳʭ ʩʚʷʟʝʡ, ʝʱʝ ʥʝ ʧʦʣʫʯʠʣ ʜʦʣʞʥʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʧʨʠʣʦʞʝʥʠʭ̫ ʢ ʩʠʩʪʝʤʘʤ ʪʨʝʭ ʠ ʙʦʣʝʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʪʘʪʴʝ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʞʢʦʦʨʜʠʥʘʪʥʳʭ ʩʚʷʟʝʡ ʚ ʩʠʩʪʝʤʘʭ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʧʨʠ ʥʘʣʠ-

ʯʠʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʦʚ. 

 

ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʣʠ-

ʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʮʝʧʥʦʛʦ ʪʠʧʘ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

(ʨʠʩ. 1). ʊʘʢʠʝ ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʘʭ ʜʠʥʘʤʠʢʠ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʟʘʱʠʪʳ ʤʘʰʠʥ, ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [6-8]. ɺ ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠʥʠʤʘ-

ʶʪʩʷ ʩʠʣʦʚʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ Qi ( 31i ,= ). ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʝʥ ʫʯʝʪ ʜʝʡʩʪʚʠʷ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ zk ( 21k ,= ), ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʦʨʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ I ʠ II  (ʨʠʩ. 1). 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʚʳʙʨʘʥʘ ʥʝʧʦʜʚʠʞʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ y1, y2, y3; ʩʠʣʳ ʪʨʝʥʠʷ ʩʯʠʪʘ-

ʶʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ, ʘ ʜʚʠʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʘʤʠ m1, m2, m3 ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʚʝʨʪʠ-

ʢʘʣʠ; ʯʝʨʝʟ k1, k2, k3, k4, k5 ʦʙʦʟʥʘʯʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʞʝʩʪʢʦʩʪʠ ʣʠʥʝʡʥʳʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʦʥʪʫʨ I ʥʘ ʨʠʩʫʥʢʝ 1 ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʤʝʱʝʥʠʝ ʚʠʙʨʦʟʘʱʠʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ɺɿʋ); ʦʙʲʝʢʪ ʟʘ-

ʱʠʪʳ ʠʤʝʝʪ ʤʘʩʩʫ m3. ʆʧʦʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ II  ʚʚʦʜʠʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʩʭʝʤʳ: 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ k4 ʠ k5, ʪʘʢ ʞʝ ʢʘʢ Qi ʠ zk, ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ. ɿʘʧʠʰʝʤ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʡ: 
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ʈʠʩʫʥʦʢ 1 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʚʠʙʨʦʟʘʱʠʪʥʦʡ ʩʠʩʪʝʤʳ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ [9, 10] ʥʘ 

ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ ʃʘʛʨʘʥʞʘ: 

1113522521111 )( zkQykykkkkyym +=--+++## ; (3) 

2331232222 )( Qykykkkyym =--++## ; (4) 

2431523543333 )( zkQykykkkkyym +=--+++## . (5) 

ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ z1 = 0, z2 = 0, ʘ Q1 Í 0, Q2 Í 0, Q3 Í 0, ʪʦ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ y1, 

y2, y3 ʠ Q1, Q2, Q3 ʚ ʦʧʝʨʘʪʦʨʥʦʡ ʬʦʨʤʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝ-

ʥʠʡ [10]: 
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ʛʜʝ          3123123221133113222112333223113322110 aaaaaaaaaaaaaaaaaaA ++---=            (9) 

ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ ʩʠʩʪʝʤʳ (ʩʠʩʪʝʤʘ ʩʠʤʤʝʪʨʠʯʥʘ: ,2112 aa =  ,3113 aa =

3223 aa = ); ʟʥʘʯʦʢ (-) ʦʟʥʘʯʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦ ʃʘʧʣʘʩʫ, ʪʘʢ ʢʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ (3)-(5) ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ. 

ʀʩʧʦʣʴʟʫʷ (6)-(8), ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ. ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʩʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʨʘʚʥʝʥʠʷʤ (3)-(5), ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

2k

2k
2

1 1 2 5

1

m p k k k+ + +
2

2 2 3

1

m p k k+ +

1y

2y

3Q

3k
2

3 3 4 5

1

m p k k k+ + +

3k

5k

5k

3y

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʣʷ ʚʠʙʨʦʟʘʱʠʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʨʠ Q3 Í 0 
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ʇʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚʦʟʥʠʢʘʶʪ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ 

ʟʘʱʠʪʳ m3 ʠ ʦʧʦʨʦʡ II, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠʥʝʨʮʠʦʥʥʳʤ ʵʣʝʤʝʥʪʦʤ m1, ɺɿʋ ʠ 

ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ I. ɼʠʥʘʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʪʘʢʞʝ ʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ. 
ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩ. 2) ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʘʨʮʠʘʣʴʥʳʭ ʙʣʦʢʦʚ ),( 21

2

1 kkpm ++  

),( 32

2

2 kkpm ++  ),( 43

2

3 kkpm ++  ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʠʤʝʶʪʩʷ ʫʧʨʫʛʠʝ ʤʝʞʧʘʨʮʠʘʣʴʥʳʝ ʩʚʷʟʠ 

k2, k3, k4. ɺ ʚʳʨʘʞʝʥʠʷʭ (6)-(9) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʥʷʪʦ, ʯʪʦ ,521

2

111 kkkpma +++=  

,32

2

222 kkpma ++=  ,543

2

333 kkkpma +++=  ,22112 kaa -==  ,53113 kaa -==  .33223 kaa -==  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʦʪʨʘʞʘʝʪ ʥʘʣʠʯʠʝ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʨʘʩʰʠʨʷʶʱʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʮʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʣʝʜʫʶ-

ʱʠʭ ʚʠʜʦʚ: 
2

12221121 ][ aaamm -= , 
2

23332232 ][ aaamm -= , 2

13331131 ][ aaamm -= . 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝ-

ʣʝʡ ʚ ʟʘʜʘʯʘʭ ʚʠʙʨʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʩʠ-

ʩʪʝʤ, ʫʯʠʪʳʚʘʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʵʣʝʤʝʥ-

ʪʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʥʷʪʠʡ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʷʭ, ʢʚʘʟʠʧʨʫʞʠʥʘʭ ʠ ʦʙʨʘʪʥʳʭ ʩʚʷʟʷʭ. 

 

ʆʮʝʥʢʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ 

ʀʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (6)-(8), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ʚ ʚʠʜʝ ʚʥʝʰʥʠʭ ʩʠʣʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ 
1Q , 

2Q , 
3Q  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʳʭʦʜʥʳʤʠ 

ʩʠʛʥʘʣʘʤʠ ï y1, y2, y3. ʂʦʦʨʜʠʥʘʪʳ y1, y2, y3 ʦʪʨʘʞʘʶʪ ʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʙʘʟʠʩʦʤ. ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʩʤʦʪʨʝʥʠʷʭ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʜʘʪʦʯʥʳʝ 

ʬʫʥʢʮʠʠ ʦʪʨʘʞʘʶʪ ʩʚʷʟʠ ʪʦʣʴʢʦ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ, ʪ.ʝ. ʙʝʟ ʩʦʚʤʝʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʜʚʫʭ ʠ ʙʦʣʝʝ ʚʦʟʤʫʱʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʦʙʦʟʥʘʯʝʥʠʠ ʜʝʡʩʪʚʠʷ ʩʠʣʦʚʦʛʦ ʬʘʢʪʦʨʘ, 

ʥʘʧʨʠʤʝʨ 
1Q, ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ Q2 = 0, Q3 = 0 ʠ ʪ.ʜ. 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʦʙʭʦʜʠʤʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ k5 = 0, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ, (ʪ.ʝ. 
13 31

0a a= =), ʪʦʛʜʘ 

                                                                          
1
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pW == ;                                          (10) 

                                                                         
1

2311

3

2
2 )(

A

aa

Q

y
pW
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1
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122211
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3 )(
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Q

y
pW

-
== ,                                    (12) 

ʛʜʝ 
2

2133

2

23113322111 aaaaaaaA --= ,  

ʠʣʠ 

.)()(

))()((

0kkkpmkkkpm

kkpmkkpmkkpmA

2

243

2

3

2

321

2

1

43

2

332

2

221

2

11

=++-++-

-++++++=
 (13) 

ʋʨʘʚʥʝʥʠʝ (13) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

0)( 2

2311

2

12221133 =-- aaaaaa   

ʠʣʠ 

0
2

122211

2

2311
33 =

-
-

aaa

aa
a .  (14) 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ (14) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 
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0
][

)(
)(

21

2

321

2

1
43

2

3 =
++

-++
mm

kkkpm
kkpm , (15) 

ʛʜʝ 
2

232

2

221

2

121 ))((][ kkkpmkkpmmm -++++= .        (16) 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʘ ʨʠʩʫʥʢʝ 3, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ k5 = 0, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ 

ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3 ï ɺʘʨʠʘʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ ʧʨʠ ʚʳʙʦʨʝ ʦʙʲʝʢʪʦʤ  

ʚʠʙʨʦʟʘʱʠʪʳ ʤʘʩʩʦʠʥʝʨʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ m3: ʘ ï ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʠ k5 = 0; 

ʙ ï ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʢʦʦʨʜʠʥʘʪ 1y ; ʚ ï ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠ ʚʳʜʝʣʝʥʠʠ 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʙʣʦʢʘ [m1, m2]; ʛ ï ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʢʚʘʟʠʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ  

ʠʣʠ ʢʚʘʟʠʧʨʫʞʠʥʳ; ʜ ï ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ m3 

 

ʉʪʨʫʢʪʫʨʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʦʡ ʩʭʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 3 ʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʩʯʝʪʥʘʷ 

ʩʭʝʤʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʨʥʫʪʘ ʜʦ ʩʭʝʤʳ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ ʤʘʩʩʦʡ m3, ʜʚʫʭ ʙʣʦʢʦʚ ʠʟ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (k3 + k4) (ʨʠʩ. 3 ʜ) 

ʠ ʢʚʘʟʠʧʨʫʞʠʥʳ ʩ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʳʨʘʞʝʥʠʝʤ 
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232

2

221

2
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2
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3
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kkkpmkkpm
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mm

kkpmk
kʨk

-++++

++
=

++
== . (17) 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʢʚʘʟʠʧʨʫʞʠʥʳ )(ʧʨʨk  ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ k1, k2, 

k3, k4, m1, m2, ʘ ʪʘʢʞʝ ʦʪ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʠʙʨʦʟʘʱʠʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʠʩʫʥʢʝ 3 ʜ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥʘ ʙʘʟʦʚʦʡ, 

ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʦʥʘ ʦʪʨʘʞʘʝʪ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ ʙʘʟʦʚʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ m3 ʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (k3 + k4) ʠ ʧʨk , ʨʘʙʦʪʘʶʱʠʭ ʧʘʨʘʣʣʝʣʴʥʦ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʢʚʘʟʠʧʨʫʞʠʥʘ, ʝʩʣʠ ʠʤʝʪʴ ʚ ʚʠʜʫ ʧʨʘʚʠʣʘ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʤʝʞʜʫ ʩʦʙʦʡ, 

ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʳʯʥʦʡ ʧʨʫʞʠʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʟʦʚʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʚʠʙʨʦʟʘʱʠʪʥʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ï ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ 

(ʤʘʩʩʦʠʥʝʨʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ m3) ʠ ʦʙʦʙʱʝʥʥʦʡ ʧʨʫʞʠʥ rʩ ʦʙʱʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʴʶ 
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ʆʮʝʥʢʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʧʨʠʚʝʜʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʞʝʩʪʢʦʩʪʠ 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ )('
ʧʨʨk  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨ-

ʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ][ 21mm , ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʘʨʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʦʙʦʙʱʝʥ-

ʥʦʛʦ ʚʠʜʘ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ ʚʳʧʦʣʥʷʝʪ ʪʝ ʞʝ ʬʫʥʢʮʠʠ, ʯʪʦ ʦʙʳʯʥʘʷ ʧʘʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ. 

ʆʙʦʙʱʝʥʥʘʷ ʧʘʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʦʙʳʯʥʳʝ ʩʠʩʪʝʤʳ. ʆʙʘ ʚʠʜʘ 

ʩʠʩʪʝʤ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʩʦʩʪʘʚʝ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʞʝʩʪʢʦʩʪʝʡ ʢʚʘʟʠʧʨʫʞʠʥʳ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ, ʥʘʧʨʠʤʝʨ, )(ʧʨpk  ʠ )('
ʧʨpk . 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʥʘ ʫʨʦʚʥʝ ʧʨʦʩʪʳʭ ʧʘʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʩʫʜʷ ʧʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 3 ʘ, ʠʤʝʝʪʩʷ ʪʨʠ ʧʘʨʮʠʘʣʴʥʳʭ ʯʘʩʪʦʪʳ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚʳʨʘ-

ʞʝʥʠʷʤʠ 
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ɼʣʷ ʦʙʦʙʱʝʥʥʦʡ ʧʘʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ][ 21mm  ʧʘʨʮʠʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʠʟ ʨʝʰʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
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ɼʠʥʘʤʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʢʚʘʟʠʧʨʫʞʠʥʳ )(ʧʨpk , ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʟ ʚʳʨʘʞʝʥʠʷ (17), ʠʤʝʝʪ 

ʜʚʘ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʛʜʘ ¤­)(ʧʨpk , ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʷʚʣʝʥʠʝ 

ʚ ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʝ (ʠʣʠ ʥʘʣʠʯʠʝ) ʨʝʞʠʤʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʘʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ. ɺ ʵʪʠʭ ʩʣʫ-

ʯʘʷʭ ʦʙʲʝʢʪ ʟʘʱʠʪʳ m3 ʙʫʜʝʪ ʥʝʧʦʜʚʠʞʥʳʤ, ʘ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʦʙʱʝʥʥʦʡ ʧʘʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ][ 21mm . ɽʩʣʠ 

ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʚʘʟʠʧʨʫʞʠʥʫ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʳʨʘʞʝʥʠʝʤ (18), ʪ.ʝ. 

)('
ʧʨpk , ʪʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʪʘʢʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ, ʢʘʢ çʦʙʥʫʣʝʥʠʝè ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ. ʏʘʩʪʦʪʳ çʦʙʥʫʣʝʥʠè̫ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʯʘʩʪʦʪ-

ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʯʠʩʣʠʪʝʣʷ ʚʳʨʘʞʝʥʠʷ (18). 
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ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʢʚʘʟʠʧʨʫʞʠʥʳ 
'
ʧʨk  ʚ ʩʠʩʪʝʤʝ ʙʫʜʫʪ ʥʘʙʣʶ-

ʜʘʪʴʩʷ ʩʦʚʤʝʩʪʥʳʝ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ m1 ʠ m2, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʬʦʨʤ ʜʚʠʞʝʥʠʷ ʚ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʷʭ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʩʚʷʟʠ, ʚʦʟʥʠ-

ʢʘʶʱʠʝ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠ-

ʷʤʠ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʠʤ ʦʙʦʙʱʝʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʚʘʥʳ ʢʚʘʟʠʧʨʫʞʠʥʘʤ. ɺʳʜʝʣʷ-

ʝʤʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʙʦʙʱʝʥʥʳʤ ʟʚʝʥʴʷʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ; ʧʦʣʫʯʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʪʘʢʠʭ ʟʚʝʥʴʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠ-

ʤʝʥʝʥʠʷ ʧʨʘʚʠʣ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʫʞʠʥ, ʘ ʪʘʢʞʝ ʧʨʘʚʠʣ ʫʯʝʪʘ 

ʚʚʝʜʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ [9, 10]. 

ʀʩʧʦʣʴʟʫʷ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʠʩʭʦʜʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʞʝʩʪʢʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʧʦʩʢʦʣʴʢʫ çʟʘʥʫʣʝʥʠʝè ʵʪʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʯʪʦ ʢʘʩʘʝʪʩʷ ʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʠʣʠ ʝʝ ʦʙʦʙʱʝʥʥʳʭ ʟʚʝʥʴʝʚ, ʪʦ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʫʩʣʦʚʠʡ çʟʘʥʫʣʝʥʠʷè ʜʠʥʘʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ ʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ, ʩʚʷʟʘʥʦ ʩ ʧʨʦʷʚʣʝʥʠ-

ʷʤʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʞʝʩʪʢʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʬʨʘʛʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʩʦʚʧʘ-

ʜʘʝʪ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʪʘʢʠʭ ʨʝʞʠʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʝ ʛʘʰʝʥʠʝ 

ʢʦʣʝʙʘʥʠʡ. 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʪʘ-

ʣʠʟʘʮʠʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʷʭ ʠ ʤʝʪʦʜʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʥʘ ʦʩ-

ʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ʅʫʤʝʨʘʮʠʷ ʬʦʨʤʫʣ ʠ ʨʠʩʫʥʢʦʚ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ. ɹʠʙʣʠʦʛʨʘʬʠʷ ʦʪʨʘʞʘʝʪ ʩʩʳʣʢʠ ʪʦʣʴʢʦ 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʚʪʦʨʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ. 
ɹʠʙʣʠʦʛʨʘʬʠʷ 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʭʦʜʫ ʙʠʦʛʘʟʘ ʠʟ ʥʘʚʦʟʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ 

ʩʢʦʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʟʦʬʠʣʴʥʦʛʦ ʨʝʞʠʤʘ ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʙʨʘʞʠʚʘʥʠʷ ʚ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘ-

ʥʦʚʢʝ ʤʘʣʦʛʦ ʦʙʲʝʤʘ (0,7 ʤ3) ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʜʣʷ ʤʘʣʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝ-

ʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʝʞʝʛʦʜʥʦ ʚʳʜʝʣʷʝ-

ʤʦʛʦ ʥʘʚʦʟʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʣʘʙʦʨʘ-

ʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʳʭʦʜʫ ʙʠʦʛʘʟʘ ʚ ʣʠʪʨʘʭ ʠʟ ʫʩʪʘʥʦʚʢʠ ʚ ʩʫʪʢʠ ʠ 

ʧʦ ʚʳʭʦʜʫ ʙʠʦʛʘʟʘ ʚ ʤ3 ʠʟ 1 ʢʛ ʦʨʛʘʥʠʯʝʩʢʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ. ɺʚʠʜʫ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʤʘʣʦʡ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʦʙʲʝʤʦʤ 0,7 ʤ3 ʪʝʤʧʝʨʘʪʫʨʘ 32Áʉ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʪʝʧʣʦʵʥʝʨʛʠʶ ʠ ʚʳʭʦʜ ʙʠʦʛʘʟʘ. 
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THE RESEARCH OF BIOGAS EXIT AT DIFFERENT TEMPERATURES  

OF THE MESOPHILIC REGIME IN THE SMALL VOLUME BIOGAS INSTALLATIONS  

 
The article provides the results of studies of biogas exit from manure of cattle at various temperatures 

of mesophilic mode of an anaerobic fermentation. The obtained data are the basis for the choice of the optimal 

temperature for fermentation in the small volume biogas installation (0,7 m3) applicable for small livestock 

farms. The paper presents the basic parameters of biogas installations. It gives some data on amount of annu-

ally emitted manure of cattle. As the result of the conducted laboratory researches indicators on a biogas exit 

in liters from installation per day and on a biogas exit in m3 from 1 kg of organic dry substance have been 

received. As this technology is used in a small biogas installation with capacity of 0.7 m3, so temperature of 

32 ÁC is the most rational based on the ratio of costs of heat power and to a biogas exit. 

Key words: biogas, biogas plant, temperature, anaerobic fermentation, cattle, mesophilic fermentation 

regime, organic dry substance. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʛʘʟʘ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʃʶʙʦʝ ʙʳʩʪʨʦʝ ʠʟʤʝʥʝ-

ʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʛʘʟʘ. ʂ ʦʩʥʦʚʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʦʪʥʦʩʷʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʚʣʘʞʥʦʩʪʴ ʟʘʛʨʫ-

ʞʘʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʟʥʘʯʝʥʠʝ pH ʩʨʝʜʳ, ʩʦʜʝʨʞʘʥʠʝ ʘʙʩʦʣʶʪʥʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʦʉɺ), ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʙʨʘʞʠʚʘʥʠʷ, ʨʝʞʠʤ ʟʘʧʦʣʥʝʥʠʷ ʤʝʪʘʥʪʘʥʢʘ [1, 3-5]. 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʳʨʴʷ ʚʥʫʪʨʠ 

ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠ-

ʚʘʥʠʷ [2-5]. ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʝ ʙʠʦʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ ʦʪ 0 ʜʦ 97 Áʉ, ʥʦ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 

 

ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ. ˉ 3 (60). 2016 14 

ʧʦʩʨʝʜʩʪʚʦʤ ʙʠʦʛʘʟʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʜʝʣʷʶʪ 4 ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘ: ʧʩʠʭʨʦʬʠʣʴʥʳʡ (10-

25 Áʉ), ʤʝʟʦʬʠʣʴʥʳʡ (25-40 Áʉ), ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʳʡ (40-45 Áʉ) ʠ ʪʝʨʤʦʬʠʣʴʥʳʡ (50-60 Áʉ).  

ɺ ʈʦʩʩʠʠ ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʚ ʚʠʜʝ ʦʪʭʦʜʦʚ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʩʦʩʪʘʚ-

ʣʷʝʪ 343307320 ʪ [6]. ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʩʧʦʩʦʙʦʚ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʧʦʣʫʯʘʝʤʦʛʦ ʥʘʚʦʟʘ ʠ ʩʣʦʞ-

ʥʦʩʪʠ ʠʭ ʚʥʝʜʨʝʥʠʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʪʭʦʜʦʚ ʨʘʟʣʘʛʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʚʳʜʝʣʷʷ ʧʨʠ 

ʵʪʦʤ ʟʘʢʠʩʴ ʘʟʦʪʘ ʠ ʤʝʪʘʥ ʚ ʦʛʨʦʤʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʤʘʣʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʟʘʧʘʪʝʥʪʦ-

ʚʘʥʘ ʙʠʦʛʘʟʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʦʙʲʝʤʦʤ 0,7 ʤ3 [7]. ɺ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʙʳʣ ʚʳʙʨʘʥ ʤʝʟʦʬʠʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ 

ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʟʦʬʠʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʦʙʲʝʤʦʤ 0,7 ʤ3.  

 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʦʨʫʜʦʚʘʥʠʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ 25.11.2015 ʧʦ 29.01.2016 ʥʘ ʙʘʟʝ ʫʥʠʚʝʨ-

ʩʠʪʝʪʘ ʍʦʡʝʥʭʘʡʤ ʚ ʀʥʩʪʠʪʫʪʝ ʘʛʨʦʪʝʭʥʠʢʠ ʠ ʙʠʦʪʦʧʣʠʚʘ (ɻʝʨʤʘʥʠʷ). 

ɼʣʷ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 15 ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʙʠʦʛʘʟʦʚʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʦʙʲʝʤʦʤ 17 ʣ ʢʘʞʜʘʷ (ʨʠʩ. 1).   

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʙʲʝʤʦʤ 17 ʣ 

 

ʂʘʞʜʘʷ ʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʦʙʲʝʤʦʤ 17 ʣ, 

ʧʦʜʦʛʨʝʚ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʦʜʷʥʦʡ ʨʫʙʘʰʢʠ, ʮʠʨʢʫʣʠʨʫʝʤʦʡ ʩ ʧʦʤʦʱʴʶ 

ʚʦʜʷʥʦʛʦ ʢʦʪʣʘ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʋʩʪʘʥʦʚʢʠ ʠʤʝʶʪ ʧʘʪʨʫʙʦʢ ʜʣʷ ʟʘʛʨʫʟʢʠ ʩʳʨʴʷ 

ʚ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ ʠ ʚʳʛʨʫʟʦʯʥʳʡ ʧʘʪʨʫʙʦʢ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʳʩʦʪʦʡ ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ. 

ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

60 ʦʙ./ʤʠʥ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʝʞʠʤʝ (5 ʤʠʥ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 5 ʤʠʥ ʧʨʦʩʪʦʷ). ɺʩʝ 

ʫʩʪʘʥʦʚʢʠ ʠʤʝʶʪ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʫʶ ʩʪʝʥʢʫ ʠʟ ʇɺʍ-ʤʘʪʝʨʠʘʣʘ. ʋʩʪʘʥʦʚʢʠ ʩʥʘʙʞʝʥʳ ʩʠʩʪʝ-

ʤʦʡ ʠʟʤʝʨʝʥʠʷ ʛʘʟʘ, ʨʘʙʦʪʘʶʱʝʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʟ ʫʩʪʘʥʦʚʢʠ ʧʦ ʛʠʙʢʠʤ ʛʘʟʦʚʳʤ ʪʨʫ-

ʙʘʤ ʛʘʟ ʧʨʦʭʦʜʠʪ ʚ ʧʣʘʩʪʠʢʦʚʳʡ ʛʝʨʤʝʪʠʯʥʳʡ ʛʘʟʛʦʣʴʜʝʨ ʯʝʨʝʟ ʚʦʜʷʥʦʡ ʬʠʣʴʪʨ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʳʡ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʥʜʝʥʩʘʪʘ ʚ ʛʘʟʛʦʣʴʜʝʨʝ. ʆʙʲʝʤ ʧʨʦʠʟʚʝʜʝʥ-

ʥʦʛʦ ʛʘʟʘ ʠ ʝʛʦ ʩʦʩʪʘʚ ʠʟʤʝʨʷʪʁʩʷ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦ-ʤʦʥʠʪʦʨʠʥʛʦʚʦʡ 

ʩʠʩʪʝʤʳ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʝʥʩʦʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ CH4, CO2 ʠ H2S, ʘ 

ʪʘʢʞʝ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 

ʄʘʪʝʨʠʘʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʩʚʝʞʠʡ ʥʘʚʦʟ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʙʝʟ ʨʘʟʣʠʯʥʳʭ ʧʨʠ-

ʤʝʩʝʡ ʠ ʜʦʙʘʚʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ.  

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʤʝʟʦʬʠʣʴʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ: 24 Áʉ ʚ ʪʝʯʝʥʠʝ 60 ʜʥʝʡ; 32 Áʉ ʚ ʪʝʯʝʥʠʝ 60 ʜʥʝʡ ʠ 
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40Á ʉ ʪʘʢʞʝ ʚ ʪʝʯʝʥʠʝ 60 ʜʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʠ ̫ʧʨʦʚʦʜʠʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʘ ʢʘʞʜʫ  ʁʪʝʤʧʝ-

ʨʘʪʫʨʫ ʧʨʠʰʣʦʩʴ ʧʦ 5 ʫʩʪʘʥʦʚʦʢ. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
ʊʘʙʣʠʮʘ 

ʇʦʢʘʟʘʪʝʣʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 
ʇʦʢʘʟʘʪʝʣʴ ʋʩʪʘʥʦʚʢʠ 1-5 ʋʩʪʘʥʦʚʢʠ 6-10 ʋʩʪʘʥʦʚʢʠ 11-15 

ʊʝʤʧʝʨʘʪʫʨʘ 24 Áʉ (Ñ1 Áʉ) 32 Áʉ (Ñ1 Áʉ) 40 Áʉ (Ñ1 Áʉ) 

ʆʙʲʝʤ ʫʩʪʘʥʦʚʢʠ 17 ʣ 17 ʣ 17 ʣ 

ʂʦʣ-ʚʦ ʝʞʝʜʥʝʚʥʦ ʟʘʛʨʫʞʘʝʤʦʛʦ 

ʩʳʨʴʷ 

600 ʤʣ 600 ʤʣ 600 ʤʣ 

ɺʣʘʞʥʦʩʪʴ ʟʘʛʨʫʞʘʝʤʦʛʦ ʩʳʨʴʷ 92-96% 92-96% 92-96% 

ɺʨʝʤʷ ʝʞʝʜʥʝʚʥʦʡ ʟʘʛʨʫʟʢʠ 10:00 (Ñ1 ʯ) 10:00 (Ñ1 ʯ) 10:00 (Ñ1 ʯ) 

ʂʦʣ-ʚʦ ʜʥʝʡ ʜʦ ʧʦʣʥʦʛʦ ʩʙʨʘʞʠ-

ʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ ʚ ʫʩʪʘʥʦʚʢʝ 

28 28 28 

ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʢʘʞʜʳʝ 5 ʤʠʥ, 

60 ʦʙ./ʤʠʥ 

ʢʘʞʜʳʝ 5 ʤʠʥ, 

60 ʦʙ./ʤʠʥ 

ʢʘʞʜʳʝ 5 ʤʠʥ, 

60 ʦʙ./ʤʠʥ 

ʉʦʜʝʨʞʘʥʠʝ ʦʉɺ ʚ ʉɺ 75-80% 75-80% 75-80% 

ʋʨʦʚʝʥʴ pH ʩʨʝʜʳ 6,8-8 6,8-8 6,8-8 

ʆʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ 

60 ʜʥʝʡ 60 ʜʥʝʡ 60 ʜʥʝʡ 

 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʨʘʟʥʦʛʣʘʩʠʷ ʚ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʝʞʝʜʥʝʚʥʦ ʟʘʛʨʫʞʘʝʤʦʝ ʩʳʨʴʝ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʩʫʙʩʪʨʘʪʝ. ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ [8]: 

έὒὙ ,                                                        (1) 

ʛʜʝ oLR ï ʦʨʛʘʥʠʯʝʩʢʘʷ ʥʦʨʤʘ ʟʘʛʨʫʟʢʠ ʩʫʙʩʪʨʘʪʘ, %; oDM ï ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʩʫʭʦʤ ʚʝʱʝʩʪʚʝ, %; L ï ʦʙʲʝʤ ʫʩʪʘʥʦʚʢʠ, ʣ. 

ʂʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʙʩʪʨʘʪʘ ʚ ʫʩʪʘʥʦʚʢʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʩʣʝʜʫ-

ʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ [8]: 

Ὀ ,                                                           (2) 

ʛʜʝ D ï ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʩʫʙʩʪʨʘʪʘ; ὠ  ï 

ʦʙʲʝʤ ʨʝʘʢʪʦʨʘ, ʣ; oLR ï ʦʨʛʘʥʠʯʝʩʢʘʷ ʥʦʨʤʘ ʟʘʛʨʫʟʢʠ ʩʫʙʩʪʨʘʪʘ, ʣ. 

ɺ ʙʠʦʛʘʟʝ ʧʦʤʠʤʦ ʤʝʪʘʥʘ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʩʦʜʝʨʞʘʪʩʷ ʝʱʝ ʠ ʚʦʜʷʥʳʝ 

ʧʘʨʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ ʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʯʠʩʪʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦ-

ʛʘʟʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʫ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʙʘʟʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʍʦʡʝʥʭʘʡʤ [8]: 

ὠ ὠ ,                                                                (3) 

ʛʜʝ ὠ  - ʦʙʲʝʤ ʩʫʭʦʛʦ ʛʘʟʘ ʧʨʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʣ; ὠ ï ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʘ ʙʠʦʛʘʟʘ, 

ʧʦʣʫʯʝʥʥʦʝ ʩ ɸʂʄʉ, ʣ; ὴ - ʜʘʚʣʝʥʠʝ ʛʘʟʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʷ ʩ ɸʂʄʉ, ʛʇʘ; ὴ  - 

ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ ʚ ʙʠʦʛʘʟʝ, ʛʇʘ; ὴ - ʥʦʨʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʨ0 = 1013,25 ʛʇʘ; Ὕ - ʥʦʨ-

ʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, T0 = 273 ʂ; Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʙʠʦʛʘʟʘ, ʂ. 

ɼʘʚʣʝʥʠʝ ʚʦʜʷʥʳʭ ʧʘʨʦʚ [8] ʚ ʙʠʦʛʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

ὴ φȟρϽὩὼὴ
ȟ  Ͻ

ȟ
Ȣ                                                                (4) 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʚʳʭʦʜʫ ʙʠʦʛʘʟʘ ʚ ʣʠʪʨʘʭ ʠʟ ʫʩʪʘʥʦʚʢʠ ʚ ʩʫʪʢʠ ʠ ʧʦ ʚʳʭʦʜʫ ʙʠʦʛʘʟʘ ʚ ʤ3 ʠʟ 1 ʢʛ ʦʨʛʘʥʠʯʝʩʢʠ 

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ (ʨʠʩ. 2, 3). 

http://chem21.info/info/1448583
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ʈʠʩʫʥʦʢ 2 ï ɺʳʭʦʜ ʙʠʦʛʘʟʘ ʠʟ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʣ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʧʦ ʚʳʭʦʜʫ ʙʠʦʛʘʟʘ 

(ʨʠʩ. 2). ɺʳʭʦʜ ʙʠʦʛʘʟʘ ʚʦ ʚʩʝʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʦʪʝʢʘʣ ʧʦ-ʨʘʟʥʦʤʫ, ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʩʨʝʜʥʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʛʨʫʧʧʘʤ ʫʩʪʘʥʦʚʦʢ ʠʩʭʦʜʷ ʠʟ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʟʦʬʠʣʴʥʦʛʦ ʨʝʞʠʤʘ, ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ 24, 32 ʠ 40 Áʉ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʩ 1-ʛʦ ʧʦ 32-ʡ ʜʝʥʴ ʠʜʝʪ ʦʜʠʥʘʢʦʚʳʡ 

ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʚʦ ʚʩʝʭ ʪʨʝʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʫʧʧʘʭ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʧʝʨʠʦʜ 

ʧʨʦʪʝʢʘʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 36Áʉ ʚʦ ʚʩʝʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʷʚʣʷʣʩʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʤ. ɺ ʵʪʦʪ ʧʝ-

ʨʠʦʜ ʠʜʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʜʠʥʘʢʦʚʳʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʫʨʦʚʝʥʴ 

pH ʩʨʝʜʳ, ʢʦʣʠʯʝʩʪʚʦ ʝʞʝʜʥʝʚʥʦ ʟʘʛʨʫʞʘʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠ ʩʫʭʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʯʠʥʘʷ ʩ 32-ʛʦ ʜʥʷ ʠʜʝʪ ʩʤʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʛʨʘʬʠʢʝ ʩʢʘʯʢʦʤ ʜʠʘʛʨʘʤʤʳ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʝ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʧʦ ʚʳʭʦʜʫ ʙʠʦʛʘʟʘ ʩʦʩʪʘʚʠʣ 21 ʣ ʠʟ ʫʩʪʘʥʦʚʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ. ʉʘʤʳʡ ʥʘʠʤʝʥʴ-

ʰʠʡ ʧʦʢʘʟʘʪʝʣʴ - ʫ ʫʩʪʘʥʦʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24 Áʉ - 4,5 ʣ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

32 Áʉ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʚʳʭʦʜʘ ʙʠʦʛʘʟʘ ʩʦʩʪʘʚʠʣ 16 ʣ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 32 ʠ 40 Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʳʡ ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʠʟ ʫʩʪʘʥʦʚʦʢ, ʪʦʛʜʘ ʢʘʢ ʚ ʫʩʪʘʥʦʚʢʘʭ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 24Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʚʳʭʦʜ ʙʠʦʛʘʟʘ. 

 
ʈʠʩʫʥʦʢ 3 ï ɺʳʭʦʜ ʙʠʦʛʘʟʘ ʠʟ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʤ3  

ʠʟ 1 ʢʛ ʦʨʛʘʥʠʯʝʩʢʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʤ3/ʢʛ ʦʉɺ  

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʧʦ ʚʳʭʦʜʫ ʙʠʦʛʘʟʘ ʚ ʤ3 ʠʟ 1 ʢʛ ʦʨʛʘʥʠʯʝʩʢʠ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 Áʉ 
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(0,32 ʤ3/ʢʛ ʦʉɺ). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 32 Áʉ ʩʨʝʜʥʠʡ ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʩʦʩʪʘʚʠʣ 0,20 ʤ3/ʢʛ ʦʉɺ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 24 Áʉ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʨʘʚʝʥ 0,11ʤ3/ʢʛ ʦʉɺ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʙʠʦʛʘʟʘ ʚ 

ʣʠʪʨʘʭ, ʘ ʪʘʢʞʝ ʚ ʤ3/ʢʛ ʦʉɺ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 40 Áʉ. ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʘʥʘʵʨʦʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʩʚʝʞʝʛʦ ʥʘʚʦʟʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 24 Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʚʳʭʦʜ ʙʠʦʛʘʟʘ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʠʥʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʝ ʤʝʪʘʥʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺ ʚʠʜʫ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʣʦʡ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʦʙʲʝʤʦʤ 0,7 ʤ3, ʪʝʤʧʝ-

ʨʘʪʫʨʘ 32 Áʉ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʪʝʧʣʦʵʥʝʨʛʠʶ ʠ ʚʳ-

ʭʦʜ ʙʠʦʛʘʟʘ. 
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ʋɼʂ 699.841 

 

ʀʅɾɽʅɽʈʅʆ-ʉɽʁʉʄʀʏɽʉʂʆɽ ʆɹʉʃɽɼʆɺɸʅʀɽ ɿɼɸʅʀʁ -  

ʇɸʄʗʊʅʀʂʆɺ ʀʉʊʆʈʀʀ, ɸʈʍʀʊɽʂʊʋʈʓ ʀ ʂʋʃʔʊʋʈʓ  

ʈɽʉʇʋɹʃʀʂʀ ɹʋʈʗʊʀʗ 

 
ʆʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʥʞʝʥʝʨʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ 80 ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ ɹʫʨʷʪʠʠ ʩ ʫʯʝʪʦʤ ʚʳ-

ʩʦʢʦʩʝʡʩʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 30 ʣʝʪ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʙʩʣʝ-

ʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʚʘʨʷʝʪ ʧʦʜʛʦʪʦʚʢʫ ʧʨʦʝʢʪʥʦ-ʩʤʝʪ-

ʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʝ ʫʩʠʣʝʥʠʝ ʠ ʨʝʩʪʘʚʨʘʮʠʶ ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ. 

ɺ ʩʪʘʪʴʝ ʫʢʘʟʘʥʳ ʧʨʠʯʠʥʳ ʩʝʨʴʝʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙ-

ʩʣʝʜʦʚʘʥʥʳʭ ʟʜʘʥʠʡ. ɼʘʥʘ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ ʟʜʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʦʣʠ ʩʥʠʞʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʩʪʘʥʘʚʣʠʚʘ-

ʝʤʳʭ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʜʘʥʠʷ-ʧʘʤʷʪʥʠʢʠ, ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ, ʠʥʞʝʥʝʨʥʦ-ʩʝʡʩʤʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, 

ʦʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 

A.B. Panov, Cand. Sc. Engineering, Assoc. Prof. 

D.R. Damdinova, Dr. Sc. Engineering, Prof. 
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ENGINEERING AND SEISMIC INSPEC TION OF MEMORIAL BUILDINGS  

OF HISTORY, ARCHITECTURE AND CULTURE OF THE REPUBLIC OF BURYATIA  

 
The results of engineering inspections of 80 memorial buildings of Buryatia taking into account high-

seismic conditions of the territory of the republic within the last 30 years are generalized. The relevance of 

inspections is that the assessment of technical condition and seismic stability of historical memorial buildings 

as a result of engineering inspection precedes preparation of design and budget documentation, aseismic 

strengthening and restoration of memorial buildings. 

In the article, the reasons of serious damages of the bearing and protecting designs of the surveyed 

buildings are specified. It provides the assessment of the degree of operational suitability of buildings depend-

ing on a share of decrease in the bearing ability and operational characteristics of the designs established by 

normative documents.  

Key words: memorial buildings, seismic stability, engineering and seismic inspection, assessment of 

technical condition. 

 

ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʢʫʣʴʪʫʨʥʳʤ ʥʘʩʣʝʜʠʝʤ. ʆʢʦʣʦ 350 ʟʜʘʥʠʡ 

ʥʘʭʦʜʷʪʩʷ ʩʝʛʦʜʥʷ ʧʦʜ ʦʭʨʘʥʦʡ ʛʦʩʫʜʘʨʩʪʚʘ ʢʘʢ ʧʘʤʷʪʥʠʢʠ ʢʫʣʴʪʫʨʳ, ʠʩʪʦʨʠʠ ʠ ʘʨʭʠʪʝʢʪʫʨʳ. 

ʇʨʦʙʣʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʟʜʘʥʠʡ - ʧʘʤʷʪʥʠʢʦʚ ʧʨʦʰʣʦʛʦ ʚʩʝʛʜʘ ʩʪʦʷʣʘ ʚʝʩʴʤʘ ʦʩʪʨʦ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʞʝ ʚʨʝʤʷ ʦʥʘ ʫʞʝ ʧʝʨʝʨʦʩʣʘ ʚ ʟʘʜʘʯʫ, ʪʨʝʙʫʶʱʫʶ ʥʝʦʪʣʦʞʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʘ 

ʦʮʝʥʢʘ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʦʙʩʣʝʜʦʚʘ-

ʥʠʡ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ ʚ ʨʘʤʢʘʭ ʠʥʞʝʥʝʨʥʳʭ 

ʦʙʩʣʝʜʦʚʘʥʠʡ ʚʦʟʤʦʞʥʘ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʦʤʫ 

ʫʩʠʣʝʥʠʶ ʠ ʨʝʩʪʘʚʨʘʮʠʠ ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʣʝʪʥʝʛʦ ʦʧʳʪʘ ʠʥʞʝ-

ʥʝʨʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʟʜʘʥʠʡ - ʧʘʤʷʪʥʠʢʦʚ ʧʨʦʰʣʦʛʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ. 
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ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʧʝʨʝʯʝʥʴ ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ 5 - ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘ-

ʯʝʥʠʷ), ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ ʩ ʥʘʯʘʣʘ 1980-ʭ ʛʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʪʨʫʜ-

ʥʠʢʘʤʠ ʢʘʬʝʜʨʳ çʇʨʦʤʳʰʣʝʥʥʦʝ ʠ ʛʨʘʞʜʘʥʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦè ɺʉɻʋʊʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʕ.ɺ. ɼʝʤʠʥʘ ʠ ɸ.ɹ. ʇʘʥʦʚʘ.  
ʊʘʙʣʠʮʘ 1 

ʇʝʨʝʯʝʥʴ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ ʚ ʛ. ʋʣʘʥ-ʋʜʵ 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʪʨʦʝʥʠʷ ɻʦʜ ʧʦʩʪʨʦʡʢʠ 

1 

ʊ
ʨ
ʦ
ʠ
ʮ
ʢ
ʠ
ʡ
 

 

ʉ
ʝ
ʣ
ʝ
ʥ
ʛ
ʠ
ʥ
ʩ
ʢ
ʠ
ʡ

  

ʤ
ʦ
ʥ
ʘ
ʩ
ʪ
ʳ
ʨ
ʴ

 

ʊʨʦʠʮʢʠʡ ʩʦʙʦʨ 

ʍVIII -ʍIʍ ʚʚ. 

2 ɼʦʤ ʥʘʩʪʦʷʪʝʣʷ 

3 ʆʛʨʘʜʘ 

4 ʋʛʣʦʚʳʝ ʙʘʰʥʠ 

6 ʅʠʢʦʣʴʩʢʘʷ ʮʝʨʢʦʚʴ 

7 ʊʨʘʧʝʟʥʘʷ 

8 ɾʠʣʦʡ ʜʦʤ  

9 ʂʝʣʝʡʥʳʡ ʢʦʨʧʫʩ 

10 ʅʘʜʚʨʘʪʥʘʷ ʮʝʨʢʦʚʴ ʄʠʭʘʠʣʘ ɸʨʭʘʥʛʝʣʘ 

11 ʆʜʠʛʠʪʨʠʝʚʩʢʠʡ ʩʦʙʦʨ, ʛ. ʋʣʘʥ-ʋʜʵ 1785 ʛ. 

12 ʉʧʘʩʦ-ʇʨʝʦʙʨʘʞʝʥʩʢʠʡ ʩʦʙʦʨ ʇʦʩʦʣʴʩʢʦʛʦ ʤʦʥʘʩʪʳʨʷ ʥʘ ɹʘʡʢʘʣʝ 1682 ʛ. 

13 ʅʠʢʦʣʴʩʢʘʷ ʮʝʨʢʦʚʴ ʉʧʘʩʦ-ʇʨʝʦʙʨʘʞʝʥʩʢʦʛʦ ʇʦʩʦʣʴʩʢʦʛʦ ʤʦʥʘʩʪʳʨʷ  1682 ʛ. 

14 ɸʥʠʥʩʢʠʡ ʜʘʮʘʥ  1806-1808 ʛʛ. 

15 ɻʦʩʪʠʥʳʝ ʨʷʜʳ, ʛ. ʋʣʘʥ-ʋʜʵ, ʧʣ. ʈʝʚʦʣʶʮʠʠ 1804-1856 ʛʛ. 

16 ɼʦʤ ɸ.ɸ. ʊʨʫʥʝʚʦʡ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 29 1880-1900 ʛʛ. 

17 ɻʣʘʚʥʳʡ ʜʦʤ ʫʩʘʜʴʙʳ ʃʦʩʝʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʦʤʤʫʥʠʩʪʠʯʝʩʢʘʷ, 18 ʥʘʯʘʣʦ ʍIʍ ʚ. 

18 ɹʳʚʰʠʡ ʚʠʥʦʢʫʨʝʥʥʳʡ ʟʘʚʦʜ ʢʫʧʮʘ ʂʦʙʳʣʢʠʥʘ, ʛ. ʋʣʘʥ-ʋʜʵ ʢʦʥʝʮ ʍIʍ ʚ. 

19 ɼʦʤ ʂʘʧʝʣʴʤʘʥʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 30 1907 ʛ. 

20 ʌʣʠʛʝʣʴ ʥʘ ʫʩʘʜʴʙʝ ʃ.ɸ. ʉʠʤʦʥʦʚʠʯʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʠʨʦʚʘ, 28 1874-1885 ʛʛ. 

21 ʊʦʨʛʦʚʳʝ ʣʘʚʢʠ ʫʩʘʜʴʙʳ ʄʦʩʪʦʚʩʢʦʛʦ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 15 ʘ  1803 ʛ. 

22 ʇʦʯʪʦʚʦ-ʪʝʣʝʛʨʘʬʥʘʷ ʢʦʥʪʦʨʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʅʝʢʨʘʩʦʚʘ, 20 ʥʘʯʘʣʦ ʍIʍ ʚ. 

23 ʇʦʩʪʨʦʡʢʘ ʫʩʘʜʴʙʳ ʢʫʧʮʘ ʂʫʨʙʘʪʦʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 27 ʘ ʢʦʥʝʮ ʍIʍ ʚ. 

24 ɻʦʩʪʠʥʠʮʘ çɿʦʣʦʪʦʡ ʨʦʛè, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʦʤʤʫʥʠʩʪʠʯʝʩʢʘʷ, 22 1917 ʛ. 

25 ʊʝʘʪʨ ʦʧʝʨʳ ʠ ʙʘʣʝʪʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 51 1952 ʛ. 

26 ɾʠʣʦʡ ʜʦʤ (ʧʦʞʘʨʥʦʝ ʜʝʧʦ), ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 15 ʍIʍ ʚ. 

27 ʊʦʨʛʦʚʳʝ ʣʘʚʢʠ ʫʩʘʜʴʙʳ ʢʫʧʮʘ ʆʚʩʷʥʢʠʥʘ, ʛ. ʋʣʘʥ-ʋʜʵ,  

ʫʣ. ʂʦʤʤʫʥʠʩʪʠʯʝʩʢʘʷ, 14 

 

ʢʦʥʝʮ ʍIʍ ʚ. 

28 ʂʦʨʧʫʩ ˉ4 ɺʉɻʋʊʋ (ʙʳʚʰʘʷ ʩʠʥʘʛʦʛʘ), ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʉʚʝʨʜʣʦʚʘ, 8 ʢʦʥʝʮ ʍIʍ ʚ. 

29 ɾʠʣʦʡ ʜʦʤʦʤ ʫʩʘʜʴʙʳ ʉʘʤʩʦʥʦʚʠʯʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʠʨʦʚʘ, 28 1874-1885 ʛʛ. 

30 ɺʦʩʢʨʝʩʝʥʩʢʘʷ ʮʝʨʢʦʚʴ, ʛ. ʂʷʭʪʘ 1838 ʛ 

31 ɼʦʤ ɸ.ʄ. ʃʫʰʥʠʢʦʚʘ ʧʦ ʫʣ. ʊʨʘʥʩʧʦʨʪʥʦʡ ʚ ʩʣʦʙʦʜʝ ʛ. ʂʷʭʪʳ ʩʝʨʝʜʠʥʘ ʍ1ʍ ʚ. 

32 ɻʣʘʚʥʳʡ ʜʦʤ ʫʩʘʜʴʙʳ ʄʝʥʴʰʠʢʦʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 24   ʢʦʥʝʮ ʍIʍ ʚ 

33 ʉʠʨʦʪʩʢʠʡ ʧʨʠʶʪ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 50 ʥʘʯʘʣʦ ʍʍ ʚ. 

34 ɻʣʘʚʥʳʡ ʜʦʤ ʫʩʘʜʴʙʳ ʃʦʩʝʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʦʤʤʫʥʠʩʪʠʯʝʩʢʘʷ, 20 ʥʘʯʘʣʦ ʍIʍ ʚ. 

35 ʊʦʨʛʦʚʘʷ ʣʘʚʢʘ ʫʩʘʜʴʙʳ ʃʦʩʝʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʦʤʤʫʥʠʩʪʠʯʝʩʢʘʷ, 20 ʢʦʥʝʮ ʍIʍ ʚ. 

36 ʉʧʘʩʦ-ʇʨʝʦʙʨʘʞʝʥʩʢʠʡ ʩʦʙʦʨ, ʧ. ɹʘʨʛʫʟʠʥ 1808-1834 ʛʛ. 

37 ɺʦʟʥʝʩʝʥʩʢʘʷ ʮʝʨʢʦʚʴ, ʛ. ʋʣʘʥ-ʋʜʵ ʥʘʯʘʣʦ ʍIʍ ʚ. 

38 ʐʢʦʣʘ ˉ 39, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʈʝʚʦʣʶʮʠʠ 1905 ʛ., ʜ. 56  ʢʦʥʝʮ ʍIʍ ʚ. 

39 ɿʜʘʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʦʙʨʘʥʠʷ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 46 1917 ʛ. 

40 ʊʦʨʛʦʚʳʝ ʨʷʜʳ ʢʫʧʮʘ ʄ.ʂ. ʂʫʨʙʘʪʦʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʫʡʙʳʰʝʚʘ, 18 1820 ʛ. 

41 ɻʦʩʪʠʥʠʮʘ çʇʪʠ-ʆʪʝʣʴè ʤʝʱʘʥʢʠ ʉʝʣʠʱʝʚʦʡ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 49 ʢʦʥʝʮ ʍIʍ ʚ. 

42 ʄʘʛʘʟʠʥʳ, ʛʦʩʪʠʥʠʮʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ ʃʝʥʠʥʘ, 38-40 (ʜʦʤʘ ʟʘʞʠʪʦʯʥʳʭ ʛʦʨʦ-

ʞʘʥ ï ʄ.ɸ ʉʝʨʛʝʝʚʦʡ, ʇ.ɼ. ʆʚʝʨʠʥʘ ï ʩ ʪʦʨʛʦʚʳʤʠ ʣʘʚʢʘʤʠ) 

 

ʢʦʥʝʮ ʍIʍ ʚ. 

43 ʎʝʨʢʦʚʴ ɹʦʛʦʷʚʣʝʥʠʷ, ʧ. ʀʣʴʠʥʢʘ ʇʨʠʙʘʡʢʘʣʴʩʢʦʛʦ ʨ-ʥʘ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʍIʍ ʚ. 

44 ɾʠʣʦʡ ʜʦʤ ʂ.ʀ. ʉʦʙʦʣʝʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʘʣʠʥʠʥʘ, 13 1881 ʛ. 

45 ʋʩʘʜʴʙʘ ʢʫʧʮʘ ʅʝʤʯʠʥʦʚʘ: ʞʠʣʦʡ ʜʦʤ ʩ ʪʦʨʛʦʚʦʡ ʣʘʚʢʦʡ, ʛ. ʋʣʘʥ-ʋʜʵ,  

ʫʣ. ʉʚʝʨʜʣʦʚʘ, 13  
ʢʦʥʝʮ ʍIʍ - 

ʥʘʯʘʣʦ ʍʍ ʚ. 

46 ɼʝʨʝʚʷʥʥʦʝ ʟʜʘʥʠʝ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʉʚʝʨʜʣʦʚʘ, 22/2  ʢʦʥʝʮ ʍIʍ ʚ. 
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47 ɿʜʘʥʠʝ ʄʝʞʨʘʡʦʥʥʦʡ ʀʌʅʉ ʈʦʩʩʠʠ ˉ 9 ʧʦ ʈɹ (ʵʚʘʢʦʛʦʩʧʠʪʘʣʴ), ʛ. ʋʣʘʥ-ʋʜʵ, 

ʫʣ. ʂʦʤʤʫʥʠʩʪʠʯʝʩʢʘʷ, 50  

 

1930 ʛ. 

48 ɿʜʘʥʠʝ ʧʝʨʚʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 21 ʢʦʥʝʮ ʍIʍ ʚ. 

49 ʇʘʚʠʣʴʦʥ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʢʦʣʦʜʮʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʧʣ. ʈʝʚʦʣʶʮʠʠ ʢʦʥʝʮ ʍIʍ ʚ. 

50 ʇʠʚʦʚʘʨʝʥʥʳʡ ʟʘʚʦʜ ʂʦʨʘʙʝʣʴʥʠʢʦʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʄʦʩʪʦʚʘʷ, 2 1910 ʛ. 

51 ɼʚʦʨʝʮ ʢʫʣʴʪʫʨʳ ʃɺʈɿ, ʛ. ʋʣʘʥ-ʋʜʵ, ʧʣ. ʉʣʘʚʳ 1938 ʛ. 

52 ʊʶʨʝʤʥʳʡ ʟʘʤʦʢ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʇʨʠʨʝʯʥʘʷ ʢʦʥʝʮ ʍIʍ ʚ. 

53 ɾʠʣʦʡ ʜʦʤ (ʎʝʥʪʨ ʪʠʙʝʪʩʢʦʡ ʤʝʜʠʮʠʥʳ), ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʠʥʭʦʚʦʠʥʘ, 10 ʥʘʯʘʣʦ ʍʍ ʚ. 

54 ɾʠʣʦʡ ʜʦʤ ʫʩʘʜʴʙʳ ɹʫʪʳʨʠʥʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʠʥʭʦʚʦʠʥʘ, 9 ʘ ʥʘʯʘʣʦ ʍʍ ʚ. 

55 ʉʧʘʩʦ-ʇʨʝʦʙʨʘʞʝʥʩʢʠʡ ʩʦʙʦʨ, ʧ. ɹʘʨʛʫʟʠʥ 1934 ʛ. 

56 ʋʯʝʙʥʳʡ ʢʦʨʧʫʩ ɺʉɻʋʊʋ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʘʣʘʥʜʘʨʠʰʚʠʣʠ, 19 1903 ʛ. 

57 ʐʢʦʣʘ ˉ 2 (ʵʚʘʢʦʛʦʩʧʠʪʘʣʴ), ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʉʫʭʵ-ɹʘʪʦʨʘ, 5 1937 ʛ. 

58 ɼʦʤ ʈʦʟʝʥʰʪʝʡʥʘ (ʫʯʝʙʥʳʡ ʢʦʨʧʫʩ ɹɻʋ), ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʉʫʭʵ-ɹʘʪʦʨʘ, 20 1903 ʛ. 

59 ɼʦʤ ʂʘʧʝʣʴʤʘʥʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 30 1907 ʛ. 

60 ɾʠʣʦʡ ʜʦʤ ʩ ʪʦʨʛʦʚʦʡ ʣʘʚʢʦʡ ʫʩʘʜʴʙʳ ʉʝʣʠʚʘʥʦʚʦʡ, ʛ. ʋʣʘʥ-ʋʜʵ,   

ʫʣ. ɹʘʥʟʘʨʦʚʘ, 38 ʘ   

 

ʥʘʯʘʣʦ ʍʍ ʚ. 

61 ɻʦʩʪʠʥʮʘ çɹʘʡʢʘʣè (ʵʚʘʢʦʛʦʩʧʠʪʘʣʴ), ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ɽʨʙʘʥʦʚʘ, 12 1938 ʛ. 

62 ɼʦʤ ʦʪʩʪʘʚʥʦʛʦ ʧʦʨʫʯʠʢʘ ʇʘʫʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʫʡʙʳʰʝʚʘ, 22   ʢʦʥʝʮ ʍIʍ ʚ. 

63 ɹʳʚʰʘʷ ʪʠʧʦʛʨʘʬʠʷ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 27 ʚ   ʢʦʥʝʮ ʍIʍ ʚ. 

64 ʅʘʨʦʜʥʳʡ ʍʫʨʘʣ ʈɹ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʉʫʭʵ-ɹʘʪʦʨʘ, 9 (ʧʝʨʝʢʨʳʪʠʷ) 1938-1941 ʛʛ. 

65 ʊʦʨʛʦʚʳʝ ʣʘʚʢʠ ʫʩʘʜʴʙʳ ʄʦʩʪʦʚʩʢʦʛʦ, ʛ. ʋʣʘʥ-ʋʜʵ, ʃʝʥʠʥʘ, 17 ʢʦʥʝʮ ʍIʍ ʚ. 

66 ɿʜʘʥʠʝ ʧʝʨʚʦʡ ʦʙʱʝʩʪʚʝʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ, ʛ. ʋʣʘʥ-ʋʜʵ, ʃʝʥʠʥʘ, 21 ʢʦʥʝʮ ʍIʍ ʚ. 

67 ɻʣʘʚʥʳʡ ʜʦʤ ʫʩʘʜʴʙʳ ɹʦʨʠʩʦʚʦʡ, ʛ. ʋʣʘʥ-ʋʜʵ, ʃʝʥʠʥʘ, 21  1870-ʝ ʛʛ. 

68 ʊʦʨʛʦʚʘʷ ʣʘʚʢʘ ʂ.ʀ. ʉʦʙʦʣʝʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʘʣʠʥʠʥʘ, 15 ʢʦʥʝʮ ʍIʍ ʚ. 

69 ɼʝʪʩʢʘʷ ʰʢʦʣʘ ʠʩʢʫʩʩʪʚ (ʵʚʘʢʦʛʦʩʧʠʪʘʣʴ), ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʉʦʚʝʪʩʢʘʷ, 56  ʍʍ ʚ. 

70 ɼʦʤ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ (ʬʠʣʘʨʤʦʥʠʷ) 1956 ʛ. 

71 ʊʦʨʛʦʚʘʷ ʣʘʚʢʘ ʬʠʨʤʳ çɺʪʦʨʦʚ ʠ ʩʳʥʦʚʴʷè, ʛ. ʂʷʭʪʘ, ʫʣ. ʉ. ʃʘʟʦ, 4  

72 ʋʩʘʜʴʙʘ ʈʫʙʠʥʰʪʝʡʥʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʠʨʦʚʘ, 37 ʢʦʥʝʮ ʍIʍ ʚ. 

73 ɾʠʣʦʡ ʜʦʤ, ʛ. ʋʣʘʥ-ʋʜʵ, ʉʦʚʝʪʩʢʘʷ, 32 ʢʦʥʝʮ ʍIʍ ʚ. 

74 ɼʦʤ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʘʣʩʷ ʇʨʠʙʘʡʢʘʣʴʩʢʠʡ ʢʦʤʠʪʝʪ ʙʦʣʴʰʝʚʠʢʦʚ,  

ʛ. ʋʣʘʥ-ʋʜʵ, ʫʜ. ʂʘʣʘʥʜʘʨʠʰʚʠʣʠ, 41 

 

1903 ʛ. 

75 ʊʦʨʛʦʚʳʝ ʣʘʚʢʠ ʫʩʘʜʴʙʳ ʢʫʧʮʘ ɻʦʣʜʦʙʠʥʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʃʝʥʠʥʘ, 26 1880-ʝ ʛʛ. 

76 ɿʜʘʥʠʝ ʙʳʚʰʝʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʯʠʣʠʱʘ, ʛ. ʋʣʘʥ-ʋʜʵ,  

ʫʣ. ʈʝʚʦʣʶʮʠʠ 1905 ʛ., 56 
ʢʦʥʝʮ ʍIʍ -  

ʥʘʯʘʣʦʍʍ ʚ. 

77 ʋʩʘʜʴʙʘ ʈʫʙʠʥʰʪʝʡʥʘ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʂʠʨʦʚʘ, 37 ʢʦʥʝʮ ʍIʍ ʚ. 

78 ɾʠʣʦʡ ʜʦʤ, ʛ. ʋʣʘʥ-ʋʜʵ, ʉʦʚʝʪʩʢʘʷ, 32 ʢʦʥʝʮ ʍIʍ ʚ. 

79 ɾʠʣʦʡ ʜʦʤ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʅʝʢʨʘʩʦʚʘ, 11 ʢʦʥʝʮ ʍʍ ʚ. 

80 ɺʦʟʥʝʩʝʥʩʢʠʡ ʭʨʘʤ, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ, 6 1789 ʛ. 
 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʭ 

ʊʉʅ 3-01 çʋʢʘʟʘʥʠʷ ʧʦ ʠʥʞʝʥʝʨʥʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷè, ɻʆʉʊ ʈ 53778-2010 ʠ ɻʆʉʊ 31937-2011 

çɿʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʘʚʠʣʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷè, ɻʆʉʊ 

ʈ 55567-2013 çʇʦʨʷʜʦʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʙʲ-

ʝʢʪʘʭ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. ʇʘʤʷʪʥʠʢʠ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷè, ʉʇ 13-102-

2003 çʇʨʘʚʠʣʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʝʩʫʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè, 

ʉʇ 31-114-2004 çʇʨʘʚʠʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭè, ɺʉʅ 53-88 (ʨ) çʇʦʣʦʞʝʥʠʝ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʟʜʘʥʠʡè 

ʠ ʜʨ. 
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ɼʝʬʠʮʠʪ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ (ʧʨʝʜʝʣ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ) ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʩʣʝʜʫʶ-

ʱʝʡ ʤʝʪʦʜʠʢʝ. ʇʦ ʘʥʘʣʦʛʠʠ ʩʦ ʰʢʘʣʦʡ ʠʟʥʦʩʘ ʟʜʘʥʠʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʪʘʙʣ. 2) 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʰʢʘʣʘ ʜʣʷ ʦʮʝʥʢʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʤʷʪʥʠʢʦʚ: I ï ʭʦʨʦ-

ʰʝʝ; II ï ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ; III  ï ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ; IV - ʚʝʪʭʦʝ.  

ʀʟ ʦʬʠʮʠʘʣʴʥʦʡ çʐʢʘʣʳ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠè ʧʦ ɻʆʉʊ 6249-52 ʟʘʠʤʩʪʚʦʚʘʥʘ 

ʦʩʥʦʚʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʟʜʘʥʠʡ (ʩʦʦʨʫʞʝʥʠʡ) ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ʕʪʘ ʢʣʘʩʩʠʬʠ-

ʢʘʮʠʷ ʧʦ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ ʄSʂ-78 ʪʘʢʦʚʘ:  

1-  ̫ʩʪʝʧʝʥʴ: ʣʝʛʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ï ʪʦʥʢʠʝ ʪʨʝʱʠʥʳ ʚ ʰʪʫʢʘʪʫʨʢʝ ʠ ʦʪʢʘʣʳʚʘʥʠʝ ʥʝʙʦʣʴ-

ʰʠʭ ʢʫʩʢʦʚ ʰʪʫʢʘʪʫʨʢʠ;  

2-  ̫ʩʪʝʧʝʥʴ: ʫʤʝʨʝʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ï ʥʝʙʦʣʴʰʠʝ ʪʨʝʱʠʥʳ ʚ ʩʪʝʥʘʭ, ʦʪʢʘʣʳʚʘʥʠʝ ʜʦ-

ʚʦʣʴʥʦ ʙʦʣʴʰʠʭ ʢʫʩʢʦʚ ʰʪʫʢʘʪʫʨʢʠ, ʧʘʜʝʥʠʝ ʢʨʦʚʝʣʴʥʳʭ ʯʝʨʝʧʠʮ, ʪʨʝʱʠʥʳ ʚ ʜʳʤʦʚʳʭ ʪʨʫ-

ʙʘʭ, ʧʘʜʝʥʠʝ ʯʘʩʪʝʡ ʜʳʤʦʚʳʭ ʪʨʫʙ;  

3-  ̫ʩʪʝʧʝʥʴ: ʪ̫ ʞʝʣʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ï ʙʦʣʴʰʠʝ ʠ ʛʣʫʙʦʢʠʝ ʪʨʝʱʠʥʳ ʚ ʩʪʝʥʘʭ, ʧʘʜʝʥʠʝ 

ʜʳʤʦʚʳʭ ʪʨʫʙ;  

4-  ̫ʩʪʝʧʝʥʴ: ʨʘʟʨʫʰʝʥʠʷ ï ʩʢʚʦʟʥʳʝ ʪʨʝʱʠʥʳ ʠ ʧʨʦʣʦʤʳ ʚ ʩʪʝʥʘʭ, ʦʙʨʫʰʝʥʠʷ ʯʘʩʪʝʡ 

ʟʜʘʥʠʡ, ʨʘʟʨʫʰʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ ʟʜʘʥʠʡ, ʦʙʨʫʰʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʠ 

ʩʪʝʥ ʟʘʧʦʣʥʝʥʠʷ ʢʘʨʢʘʩʘ;  

5-  ̫ʩʪʝʧʝʥʴ: ʦʙʚʘʣʳ ï ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʟʜʘʥʠʡ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʠ ʜʘʥʥʳʭ ʦ ʧʦʚʝʜʝʥʠʠ ʧʘʤʷʪʥʠʢʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠ ʨʘʟʨʫʰʠ-

ʪʝʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʚ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʘ ʤʘʪʨʠʮʘ ʧʦʚʨʝʞʜʝʥʠʡ c ʦʮʝʥʢʘʤʠ ʚ ʙʘʣʣʘʭ. 

ʂʨʠʪʝʨʠʝʤ ʜʣʷ ʦʮʝʥʢʠ ʧʨʝʜʝʣʘ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʟʜʘʥʠʷ-ʧʘʤʷʪʥʠʢʘ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʩʣʫʞʠʪ ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ 3, ʢʦʪʦʨʘʷ ʥʝʜʦʧʫʩʪʠʤʘ ʜʣʷ ʧʘʤʷʪʥʠʢʦʚ ʣʶʙʦʛʦ ʪʠʧʘ. ʊʦ-

ʛʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ (ʬʠʟʠʯʝʩʢʦʛʦ) ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʧʫʪʝʤ 

ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʝʣ ʝʛʦ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʦʪ 5 ʜʦ 8 ʙʘʣʣʦʚ. 
ʊʘʙʣʠʮʘ 2 

ʆʙʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

(ʙʝʟ ʫʯʝʪʘ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʩʝʡʩʤʠʯʥʦʩʪʠ) 
 

ʌʠʟʠʯʝʩ-

ʢʠʡ  

ʠʟʥʦʩ, % 

ʆʮʝʥʢʘ  

ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 

(ʢʘʪʝʛʦʨʠʷ) 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ  

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʇʨʠʤʝʨʥʘʷ ʩʪʦʠʤʦʩʪʴ  

ʨʝʤʦʥʪʘ, %, ʦʪ ʚʦʩʩʪʘ-

ʥʦʚʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ 

0-20 

ʭʦʨʦʰʝʝ 

(I) 

ʇʦʚʨʝʞʜʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʥʝʪ. ʀʤʝʶʪʩʷ ʦʪʜʝʣʴ-

ʥʳʝ ʫʩʪʨʘʥʷʝʤʳʝ ʧʨʠ ʪʝʢʫʱʝʤ ʨʝʤʦʥʪʝ ʤʝʣʢʠʝ ʜʝ-

ʬʝʢʪʳ, ʥʝ ʚʣʠʷʶʱʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʂʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʥʫʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʣʠʰʴ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʠʤʝʶ-

ʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ. 

0-11 

21-40 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴ-

ʥʦʝ 

(II)  

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʮʝʣʦʤ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʪʨʝʙʫʝʪʩʷ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ, 

ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʡ ʥʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ. 
12-36 

41-60 

ʥʝʫʜʦʚʣʝʪʚʦʨʠ-

ʪʝʣʴʥʦʝ 

(III)  

ʕʢʩʧʣʫʘʪʘʮʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟ-

ʤʦʞʥʘ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʘʧʠʪʘʣʴ-

ʥʦʛʦ ʨʝʤʦʥʪʘ. 

38-90 

61-80 

ʚʝʪʭʦʝ 

(IV) 

ʉʦʩʪʦʷʥʠʝ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʘʚʘʨʠʡʥʦʝ, ʘ ʥʝʥʝʩʫʱʠʭ - ʚʝʩʴʤʘ ʚʝʪʭʦʝ. ʆʛʨʘʥʠ-

ʯʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʩʚʦʠʭ ʬʫʥʢʮʠʡ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠʣʠ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

93-120 

81-100 

ʥʝʛʦʜʥʦʝ ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʨʫʰʝʥ-

ʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʠ ʠʟʥʦʩʝ 100% ʥʝʪ ʦʩʪʘʪʢʦʚ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. 
- 
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ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣʠʮ r2 ʠ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ-
ʧʘʤʷʪʥʠʢʦʚ, ʧʨʦʛʥʦʟʠʨʦʚʘʣʠ ʩʪʝʧʝʥʴ ʠʭ ʚʦʟʤʦʞʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʦʞʠ-
ʜʘʝʤʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 3 
ʄʘʪʨʠʮʘ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʦʮʝʥʢʝ ʧʨʝʜʝʣʘ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ 
ʩʝʡʩʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʟʜʘʥʠʡ (ʩʦʦʨʫʞʝʥʠʡ) ï ʧʘʤʷʪʥʠʢʦʚ 

 

ʂʘʪʝʛʦʨʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 
(ʬʠʟʠʯʝʩʢʦʛʦ) ʩʦʩʪʦʷʥʠʷ 

ʧʘʤʷʪʥʠʢʘ 

ʉʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ (ʧʦ ʄSʂ-78), ʙʘʣʣ 

1 2 3 4 5 

1 2 3 4 5 6 

I 6 7 8 9 10 

II  5 6 7 8 9 

III  4 5 6 7 8 

IV 3 4 5 6 7 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
1) ʦʙʩʣʝʜʦʚʘʥʥʳʝ ʟʜʘʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʧʣʦʱʘʜʢʘʭ ʩ ʨʘʩʯʝʪʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ 

7-9 ʙʘʣʣʦʚ; 
2) ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʚ ʙʦʣʴʰʝʡ ʠʭ ʯʘʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʬʠʮʠʘʣʴʥʳʭ 

ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ. ʇʦʷʚʣʝ-
ʥʠʝ ʧʝʨʚʳʭ ʧʦʜʦʙʥʳʭ ʥʦʨʤ ʪʦʣʴʢʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʈʦʩʩʠʠ (ʉʝʤʠʨʝʯʝʥ-
ʩʢʘʷ, ɿʘʢʘʩʧʠʡʩʢʘʷ ʦʙʣʘʩʪʠ, ʛ. ʐʝʤʘʭʘ) ʦʪʥʦʩʠʪʩʷ ʢ 1889-1907 ʛʛ. ʇʝʨʚʳʡ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥ-
ʥʳʡ ʚʘʨʠʘʥʪ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʭ ʥʦʨʤ ʧʦʷʚʠʣʩʷ ʪʦʣʴʢʦ ʚ 1937 ʛ.; 

3) ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʚʝʩʴʤʘ ʩʝʨʴʝʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥ-
ʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ: ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ (ʢʠʨʧʠʯʘ, ʨʘʩʪʚʦʨʘ), ʧʦʨʘʞʝʥʠʝ 
ʛʥʠʝʥʠʝʤ ʠ ʛʨʠʙʢʦʤ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʩʨʫʙʦʚ ʩʪʝʥ, ʧʝʨʝʢʨʳʪʠʡ, ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʧʠʣʴ-
ʥʳʭ ʩʠʩʪʝʤ), ʦʙʥʘʨʫʞʝʥʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʪʝʥʘʭ; ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʳ ʠʣʠ 
ʫʪʨʘʯʝʥʳ ʜʝʪʘʣʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʜʘʥʠʡ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʨʦʰʣʦʛʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʪʝʥʘʭ ʠ ʩʚʦʜʘʭ ʦʙʩʣʝʜʦʚʘʥʥʳʭ 
ʩʪʘʨʠʥʥʳʭ ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʦʩʘʜʢʠ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʠ ʩʝʡʩʤʠ-
ʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʝ ʞʝ ʧʨʠʯʠʥʳ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʘʥʪʠ-
ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʦʙʫʩʣʦʚʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ 
ʪʨʝʱʠʥ ʠ ʚ ʩʪʝʥʘʭ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʨʘʩʪʘʶʱʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʨʘʟʨʫʰʝʥʠʡ ʢʦʥ-
ʩʪʨʫʢʮʠʡ ʚ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʟʜʘʥʠʷʭ-ʧʘʤʷʪʥʠʢʘʭ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʵʢʩ-
ʧʣʫʘʪʘʮʠʦʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʧʦʣʥʦʝ ʝʛʦ ʦʪʩʫʪ-
ʩʪʚʠʝ:  

ï ʠʟ-ʟʘ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠʣʠ ʯʘʩʪʠʯʥʦʡ ʫʪʨʘʪʳ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʫʜʘʣʝ-
ʥʠʷ ʦʩʘʜʢʦʚ (ʩʣʠʚʦʚ, ʠʟ ʚʦʜʦʩʪʦʯʥʳʭ ʪʨʫʙ ʠ ʧʨ.) ʧʦʚʨʝʞʜʘʶʪʩʷ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʥʘʨʫʞʥʳʝ ʩʣʦʠ 
ʢʘʨʥʠʟʥʳʭ, ʩʨʝʜʥʠʭ ʠ ʮʦʢʦʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʪʝʥ; 

ï ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʡ ʦʪʤʦʩʪʦʢ, ʥʘʩʣʦʝʥʠʡ ʛʨʫʥʪʘ ʫ ʩʪʝʥ ʠ ʜʨʫʛʠʭ ʥʘʨʫ-
ʰʝʥʠʡ ʚ ʦʩʘʜʢʦʦʪʚʦʜʷʱʝʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʘʥʠʨʦʚʢʝ ʧʨʠʣʝʛʘʶʱʝʛʦ ʛʨʫʥʪʘ, ʟʘʪʨʫʜʥʝʥʥʦʛʦ 
ʧʨʠ ʩʧʣʦʰʥʳʭ ʘʩʬʘʣʴʪʦʚʳʭ ʧʦʢʨʳʪʠʷʭ ʙʣʠʞʘʡʰʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʚʣʘʛʦʦʙʤʝʥʘ ʛʨʫʥʪʘ ʩ 
ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʫʭʦʤ ʧʝʨʝʫʚʣʘʞʥʷʶʪʩʷ, ʧʦʚʨʝʞʜʘʶʪʩʷ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩʪʝʥ ʧʦʜ-
ʚʘʣʦʚ ʠ ʮʦʢʦʣʷ;  

ï ʠʟ-ʟʘ ʧʝʨʝʫʚʣʘʞʥʝʥʠʡ ʧʦ ʪʝʤ ʞʝ ʧʨʠʯʠʥʘʤ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ, ʧʦʧʘʜʘʥʠʷ 
ʚ ʥʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʜ ʠʟ ʥʝʠʩʧʨʘʚʥʳʭ ʩʘʥʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʥʘʨʫʰʝʥʠʡ ʚʝʢʦʚʦʛʦ ʩʦʩʪʦʷ-
ʥʠʷ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ ʧʣʦʱʘʜʦʢ ʧʨʦʚʝʜʝʥʠʝʤ ʪʝʧʣʦʪʨʘʩʩ, ʙʦʣʴʰʠʤʠ ʚʳʝʤʢʘʤʠ, ʜʠʥʘʤʠʯʝ-
ʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʚʦʟʥʠʢʘʶʪ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʦʩʘʜʢʠ ʦʩʥʦʚʘʥʠʡ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʩʪʘʥʦ-
ʚʠʪʩʷ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʢʘʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʩʪʝʥ, ʩʚʦʜʦʚ);  

ï ʠʟ-ʟʘ ʧʨʦʪʝʯʝʢ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʯʝʨʝʟ ʥʝʠʩʧʨʘʚʥʳʝ ʢʨʦʚʣʠ ʠ ʫʪʝʯʝʢ ʪʝʭʥʠʯʝʩʢʠʭ 
ʚʦʜ ʠʟ ʥʝʠʩʧʨʘʚʥʳʭ ʩʘʥʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʚʣʘʞʥʷʶʪʩʷ ʠ ʟʘʛʥʠʚʘʶʪ ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢ-
ʮʠʠ ʧʝʨʝʢʨʳʪʠʡ ʠ ʧʦʢʨʳʪʠʡ, ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʠ ʩʫʰʢʘ ʢʦʪʦʨʳʭ ʟʘʪʨʫʜʥʷʝʪʩʷ ʨʘʟʣʠʯ-
ʥʦʛʦ ʨʦʜʘ ʧʦʢʨʳʪʠʷʤʠ ʧʦʣʦʚ, ʦʪʜʝʣʢʘʤʠ ʧʦʪʦʣʢʦʚ ʠ ʩʪʝʥ ʠ ʪ.ʧ.;  
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ï ʠʟ-ʟʘ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭ ʚ ʠʥʪʝʨʝʩʘʭ ʚʩʝʛʦ ʟʜʘʥʠʷ-ʧʘʤʷʪʥʠʢʘ ʠ ʥʝʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 
ʨʝʤʦʥʪʥʦ-ʦʬʦʨʤʠʪʝʣʴʩʢʠʭ ʜʝʡʩʪʚʠʡ ʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘʥʦʩʠʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʨʝʜ ʪʝʭ-
ʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʪʨʦʝʥʠʷ ʚ ʮʝʣʦʤ; 

4) ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ ʥʝ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʚʨʝʤʝʥʥʳʭ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʭ ʥʦʨʤ; 

5) ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʟʜʘʥʠʡ ʚ ʙʦʣʴʰʝʡ ʠʭ ʯʘʩʪʠ ʦʮʝʥʝʥʦ ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʙʦʪʦ-
ʩʧʦʩʦʙʥʦʝ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʢʘʢ ʥʝʜʦʧʫʩʪʠʤʦʝ ʠʣʠ ʙʣʠʟʢʦʝ ʢ ʘʚʘʨʠʡʥʦʤʫ; 

6) ʫʩʪʘʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʜʝʬʠʮʠʪʘ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʡ ʚ 2-3 ʙʘʣʣʘ. 
ɺ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʦʚʘʥʦ ʫʩʠʣʝʥʠʝ ʠ ʚʳʧʦʣʥʝʥʘ ʨʝʩʪʘʚʨʘʮʠʷ ʩʣʝʜʫʶʱʠʭ ʟʜʘʥʠʡ-

ʧʘʤʷʪʥʠʢʦʚ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ: ʆʜʠʛʠʪʨʠʝʚʩʢʦʛʦ ʩʦʙʦʨʘ ʚ ʛ. ʋʣʘʥ-ʋʜʵ (ʫʩʠʣʝʥʠʝ ʬʫʥʜʘ-
ʤʝʥʪʘ), ʇʦʩʦʣʴʩʢʦʛʦ ʤʦʥʘʩʪʳʨ ̫ʥʘ ɹʘʡʢʘʣʝ, ʊʨʦʠʮʢʦʛʦ ʤʦʥʘʩʪʳʨ,̫ ɺʦʟʥʝʩʝʥʩʢʦʛʦ ʭʨʘʤʘ ʚ 
ʛ. ʂʷʭʪʝ, ʊʝʘʪʨʘ ʦʧʝʨʳ ʠ ʙʘʣʝʪʘ ʚ ʛ. ʋʣʘʥ-ʋʜʵ. ʌʦʪʦʛʨʘʬʠʠ ʥʝʢʦʪʦʨʳʭ ʦʪʨʝʩʪʘʚʨʠʨʦʚʘʥʥʳʭ 
ʧʘʤʷʪʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ.  

 

              
                            ʘ                                                        ʙ                                                          ʚ 
 

ʈʠʩʫʥʦʢ ï ɿʜʘʥʠʷ - ʧʘʤʷʪʥʠʢʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ:  

ʘ - ʉʚʷʪʦ-ʆʜʠʛʠʪʨʠʝʚʩʢʠʡ ʩʦʙʦʨ ʛ. ʋʣʘʥ-ʋʜʵ; ʙ - ʎʝʨʢʦʚʴ ɺʦʩʢʨʝʩʝʥʠʷ ʚ ʛ. ʂʷʭʪʝ; 
ʚ ï ɹʫʨʷʪʩʢʠʡ ʦʨʜʝʥʘ ʃʝʥʠʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʪʝʘʪʨ ʦʧʝʨʳ ʠ ʙʘʣʝʪʘ  

ʠʤ. ɻ.ʎ. ʎʳʜʳʥʞʘʧʦʚʘ, ʛ. ʋʣʘʥ-ʋʜʵ 
 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʟʜʘʥʠʷʤ-ʧʘʤʷʪʥʠʢʘʤ ʚ ʈʝʩʧʫʙ-
ʣʠʢʝ ɹʫʨʷʪʠʷ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ [1-5]. ɿʜʝʩʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʘʥʪʠʩʝʡʩʤʠ-
ʯʝʩʢʦʤʫ ʫʩʠʣʝʥʠʶ ʠ ʨʝʩʪʘʚʨʘʮʠʠ ʟʜʘʥʠʡ-ʧʘʤʷʪʥʠʢʦʚ. 
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ɸʅɸʃʀɿ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʀ ʄɽʊʈʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ  

ʉʋʑɽʉʊɺʋʖʑʀʍ ʉʊɽʅɼʆɺ ɼʃʗ ɼʀɸɻʅʆʉʊʀʂʀ ʕʃɽʄɽʅʊʆɺ  

ʇʆɼɺɽʉʂʀ ɸɺʊʆʄʆɹʀʃʗ  

 
ʇʦʜʚʝʩʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʢʣʶʯʘʶʪ ʚ ʩʚʦʶ ʢʦʥʩʪʨʫʢ-

ʮʠʶ ʩʘʡʣʝʥʪʙʣʦʢʠ. ʉʘʡʣʝʥʪʙʣʦʢ ʩʜʝʨʞʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚ ʨʘʟʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʀʤʝʥʥʦ ʥʘ ʩʘʡʣʝʥʪʙʣʦʢ ʧʨʠʭʦʜʠʪʩʷ ʦʛʨʦʤʥʘʷ ʜʦʣʷ ʫʜʘʨʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʧʦʣʫʯʘʝʤʳʭ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʦʜʚʝʩʢʦʡ. ʇʦʵʪʦʤʫ ʧʦʜʜʝʨʞʘʥʠʝ ʝʝ ʚ ʪʝʭʥʠʯʝʩʢʠ ʠʩʧʨʘʚʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ - ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʫʩʣʦʚʠʡ ʩʥʠʞʝʥʠʷ ʘʚʘʨʠʡʥʦ-
ʩʪʠ ʠ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʪʝʥʜʦʚʳʝ ʩʨʝʜʩʪʚʘ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝ-

ʤʝʥʪʦʚ ʧʦʜʚʝʩʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʆʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʧʦʜʚʝʩʢʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʠʩʫʱʠʝ ʠʟʚʝʩʪʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ 

ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʣʘʛʘʶʪʩʷ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʦ ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪʳ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʚʝʩʢʘ, ʩʘʡʣʝʥʪʙʣʦʢ, ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʰʘʨʥʠʨ, ʜʠʘʛʥʦʩʪʠʢʘ, ʘʢʪʠʚʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ. 
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THE ANALYSIS OF STRUCTURAL AND METROLOGICAL PARAMETERS  

OF STANDS FOR THE DIAGNOSIS OF SUSPENSION BRACKETS OF A CAR 

 
Suspension brackets of most modern motor vehicles include silentblocks in their design. Silentblock 

restrains considerable strain simultaneously in different directions. The huge share of the shock loadings re-

ceived by an automobile suspension bracket is the share of a silentblock. So keeping it in good technical con-

dition during the entire period of operation is one of the most important conditions for reducing accidents and 

improving active safety of vehicle. 

The article analyzes bench diagnostics of the technical condition of the suspension bracket of vehicles. 

It defines the hardware-software complex for realization of diagnostics of silentblocks. The need of quality 

control of the silentblocks during operation of the vehicle is considered and the disadvantages of the known 

technical solutions to this problem are discussed. The relevance of research sets out the purpose and objectives 

of the research, scientific and practical importance of the work are given. 

Key words: suspension bracket, silentblock, rubber-metal hinge, diagnostics, active safety, vehicle. 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʝʛʦ ʜʝʪʘʣʠ, ʩʠʩʪʝʤʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʤʫ 

ʠʟʥʦʩʫ, ʚʦʟʥʠʢʘʶʪ ʧʦʚʳʰʝʥʥʳʝ ʣʶʬʪʳ ʚ ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʷʭ, ʥʘʨʫʰʘʶʪʩʷ ʨʝʛʫʣʠʨʦʚʢʠ ʘʛ-

ʨʝʛʘʪʦʚ ʠ ʩʠʩʪʝʤ, ʚʦʟʥʠʢʘʶʪ ʚʠʙʨʘʮʠʷ ʜʠʩʙʘʣʘʥʩ ʠ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ. ʆʩʥʦʚʥʦʝ ʫʩʣʦʚʠʝ ʥʘʜʝʞ-

ʥʦʡ ʠ ʜʦʣʛʦʚʝʯʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʷ ʚ ʮʝʣʦʤ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʘʛʨʝʛʘʪʦʚ ï ʛʨʘʤʦʪʥʘʷ ʵʢʩʧʣʫ-

ʘʪʘʮʠʷ ʘʚʪʦʤʦʙʠʣʷ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠ ʫʩʪʨʘʥʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʝʡ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʢʠ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʜʠʘʛʥʦʩʪʠʢʠ ʠʭ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʉʘʡʣʝʥʪʙʣʦʢʠ (ʠʣʠ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʰʘʨʥʠʨʳ, 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 

 

 ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ. ˉ 3 (60). 2016 

 25 

ʨʠʩ. 1), ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʢʠ, ʜʦʧʫʩʢʘʶʱʠʭ ʧʨʦʚʝʜʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʚʠʟʫ-

ʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʪʨʝʙʫʪʁ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʉʘʡʣʝʥʪʙʣʦʢʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴ-

ʰʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʥʘʨʫʰʝʥʠʷʤ ʠ ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʘʢ ʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ, ʪʘʢ ʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʘʡʣʝʥʪʙʣʦʢʠ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʷ 

 

ʃʶʬʪʳ ʚ ʵʣʝʤʝʥʪʘʭ ʧʦʜʚʝʩʢʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ ʘʚʪʦʤʦʙʠʣʷ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʣʶʬʪʦʚ ʨʝʩʫʨʩ ʫʟʣʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʥʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʝʛʦ ʨʘʟʨʫʰʝʥʠʶ, ʘ ʵʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʩʦʧʨʷʛʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɹʦʣʴʰʠʝ ʣʶʬʪʳ ʚ ʰʘʨʥʠʨʘʭ ʧʝʨʝʜʥʝʡ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʷ ʦʙʫʩʣʦʚʣʠʚʘʶʪ: 

ï ʫʭʫʜʰʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ (ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʦʣʝʩ), ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ [1]; 

ï ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʠʩʪʠʨʘʥʠʝ ʰʠʥ (ʟʘ ʩʯʝʪ ʥʘʨʫʰʝʥʠʷ ʫʛʣʦʚ ʫʩʪʘʥʦʚʢʠ ʢʦʣʝʩ ʠʟʥʦʩ ʰʠʥ 

ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴʩʷ ʚ 2ï5 ʨʘʟ); 

ï ʩʥʠʞʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʠʟ-ʟʘ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʢʘʯʝʥʠʶ. 

ʄʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʘʡʣʝʥʪʙʣʦʢʘ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ: 

ï ʥʝ ʪʨʝʙʫʶʱʠʝ ʩʥʷʪʠʷ ʩʘʡʣʝʥʪʙʣʦʢʘ (ʚ ʩʙʦʨʝ ʩ ʨʳʯʘʛʦʤ) ʩ ʘʚʪʦʤʦʙʠʣʷ; 

ï ʪʨʝʙʫʶʱʠʝ ʨʘʟʙʦʨʢʠ ʧʦʜʚʝʩʢʠ ʠ ʩʥʷʪʠʷ ʩʘʡʣʝʥʪʙʣʦʢʘ (ʚ ʩʙʦʨʝ ʩ ʨʳʯʘʛʦʤ). 

ɼʠʘʛʥʦʩʪʠʢʘ ʧʦʜʚʝʩʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʥʦʛʠʤʠ ʤʝʪʦʜʘʤʠ: 

ï ʧʦ ʰʫʤʘʤ ʠ ʩʪʫʢʘʤ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʪʝʪʦʩʢʦʧʦʚ; 

ï ʧʦ ʘʢʫʩʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʘʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʙʦʨʦʚ; 

ï ʤʝʪʦʜ EUSAMA, ʘʥʘʣʠʟʠʨʫʶʱʠʡ ʩʮʝʧʣʝʥʠʝ ʩ ʜʦʨʦʛʦʡ; 

ï ʨʝʟʦʥʘʥʩʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ MAHA/BOGE; 

ï Shock-test, ʦʪʩʣʝʞʠʚʘʶʱʠʡ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʢʫʟʦʚʘ; ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝ-

ʨʝʥʠʡ ʢʦʣʝʙʘʥʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʪʝʥʜʘ ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʢʦ-

ʣʝʙʘʥʠʡ [2]. 

ʕʪʠ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʦʮʝʥʠʚʘʶʪ ʨʘʙʦʪʫ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʘʤʦʨʪʠʟʘʪʦʨʦʚ ʘʚʪʦʤʦʙʠʣʷ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘ-

ʯʝʩʪʚʦ ʨʘʙʦʪʳ ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʣʠʷʥʠʝ ʥʘ ʫʧʨʘʚʣʷʝʤʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʘʢʪʠʚʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚʠʟʫʘʣʴʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʣʶʬʪ-ʜʝʪʝʢʪʦʨʦʚ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ - ʵʪʦ: 

ï ʩʫʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʤʦʪʨʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʘ; 

ï ʥʝʚʳʩʦʢʘʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ; 

ï ʚʳʧʦʣʥʝʥʠʝ ʪʦʣʴʢʦ ʦʙʱʝʡ ʜʠʘʛʥʦʩʪʠʢʠ; 

ï  ʚʳʩʦʢʘ ̫ʩʪʦʠʤʦʩʪʴ; 

ï ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʇʦʠʩʢ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʚʝʩʢʠ ʙʝʟ ʝʛʦ ʨʘʟʙʦʨʢʠ ï ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʟʘ-

ʤʝʪʥʳʭ ʪʝʥʜʝʥʮʠʡ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʦʪ ʬʘʢʪ, ʯʪʦ 
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ʚʩʝ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʦʩʥʘʱʘʶʪʩʷ ʣʠʙʦ ʚʩʪʨʦʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʥ-

ʪʨʦʣʷ, ʣʠʙʦ ʩʠʩʪʝʤʦʡ ʜʘʪʯʠʢʦʚ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʘʪʁʩʷ ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ.  

ʅʘ ʢʘʬʝʜʨʝ çɸʚʪʦʤʦʙʠʣʠè ɺʉɻʋʊʋ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʠʢʠ ʠ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʧʦʠʩʢʘ 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʘʡʣʝʥʪʙʣʦʢʘʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʥʝ ʠʤʝʶʱʠʭ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

(ʨʘʟʨʳʚʳ, ʦʪʩʣʦʝʥʠʷ ʠ ʪ.ʧ.), ʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʝʛʦ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʩʥʠʞʝʥʠʝ ʞʝʩʪ-

ʢʦʩʪʠ), ʧʦʟʚʦʣʷʶʱʠʭ ʙʝʟ ʨʘʟʙʦʨʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʦʠʟʚʝʩʪʠ ʜʠʘʛʥʦʩʪʠʢʫ ʦʙʲʝʢʪʘ, ʠʩʢʣʶʯʘʷ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʷʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ. 

ʉʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʘʡ-

ʣʝʥʪʙʣʦʢʘʭ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʳ-

ʯʘʛʘ ʧʦʜʚʝʩʢʠ). ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʧʠ-

ʩʘʪʴ ʧʨʦʮʝʩʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʩʘʡʣʝʥʪʙʣʦʢʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʜʠʘ-

ʛʥʦʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʤʝʥʷʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʨʳʯʘʛʘ ʧʦʜʚʝʩʢʠ ɸʊʉ, ʠʟ-

ʤʝʨʷʪʴ ʩʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʡʣʝʥʪʙʣʦʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʫʛʣʘ ʧʦ-

ʚʦʨʦʪʘ ʨʳʯʘʛʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʟʘʧʠʩʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʨʠʩ. 2), ʢʦ-

ʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (1, 2), ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ (11ï15) 

ʠ ʟʘʜʘʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ (3ï7, 10). ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʧʝʨʝʜʘʝʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʟʘʜʘʶʱʠʡ 

ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʥʮʘ ʨʳʯʘʛʘ ʧʦʜʚʝʩʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʧʦ ʛʘʨʤʦʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩ ʟʘʜʘʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʘʤʧʣʠʪʫʜʦʡ. ʀʟʤʝʨʠʪʝʣʴʥʘʷ 

ʘʧʧʘʨʘʪʫʨʘ ʩʣʫʞʠʪ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʟʘʧʠʩʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʘʡʣʝʥʪʙʣʦʢʦʚ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʡʣʝʥʪʙʣʦʢʦʚ: 

1 ï ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 2 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 3 ï ʚʘʨʠʘʪʦʨ; 4 ï ʨʝʜʫʢʪʦʨ; 5 ï ʢʨʠʚʦʰʠʧ;  

6 ï ʰʘʪʫʥ; 7 ï ʥʘʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ; 8 ï ʨʳʯʘʛ ʧʦʜʚʝʩʢʠ; 9 ï ʠʩʧʳʪʫʝʤʳʡ ʩʘʡʣʝʥʪʙʣʦʢ;  

10 ï ʜʘʪʯʠʢ ʩʠʣʳ; 11 ï ʫʩʠʣʠʪʝʣʴ; 12 ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 13 ï ʢʦʤʧʴʶʪʝʨ;  

14 ï ʜʘʪʯʠʢ ʧʝʨʝʤʝʱʝʥʠʷ 
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ʉʪʝʥʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʩʥʷʪʳʭ ʩ ʘʚʪʦʤʦʙʠʣʷ ʨʳʯʘʛʦʚ ʧʦʜʚʝʩʢʠ 

ʩ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ ʨʝʟʠʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʰʘʨʥʠʨʘʤʠ. ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʨʳʯʘʛʘ 

ʩ ʠʩʧʳʪʫʝʤʳʤʠ ʩʘʡʣʝʥʙʣʦʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʦʪ 0 ʜʦ 1,16 ɻʮ. ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʟʘ-

ʜʘʚʘʝʤʘʷ ʨʝʛʫʣʠʨʫʝʤʳʤ ʢʨʠʚʦʰʠʧʦʤ 5 ʠ ʜʣʠʥʦʡ ʨʳʯʘʛʘ ʧʦʜʚʝʩʢʠ 8, ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʢʨʫʯʠʚʘ-

ʥʠʝ ʩʘʡʣʝʥʪʙʣʦʢʘ ʦʪ -30 ʜʦ 30 ʛʨʘʜ. 

ʊʘʨʠʨʦʚʢʘ ʩʪʝʥʜʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʠʟʤʝ-

ʨʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʩʠʛʥʘʣʘʤʠ ʜʘʪʯʠʢʦʚ. 

ʉ ʮʝʣʴʶ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʦʜʠʥ ʮʠʢʣ ʫʩʪʘʥʦʚʢʘ ʦʙʦʨʫʜʦʚʘʣʘʩʴ ʠʟ-

ʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʢʦʤʧʣʝʢʪʦʤ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ. ʉʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʘʡʣʝʥʪʙʣʦʢʘ ʨʳʯʘʛʘ ʧʦʜʚʝʩʢʠ ɸʊʉ ʦʧʨʝʜʝʣʷʣʘʩʴ ʟʘʧʠʩʴʶ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ (ʨʠʩ. 3), ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʫʩʠʣʠʷ ʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʳʯʘʛʘ ʧʦʜʚʝʩʢʠ ɸʊʉ. 

 
ʈʠʩʫʥʦʢ 3 ï ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʳʯʘʛʘ ʠ ʫʩʠʣʠʷ ʚ ʩʘʡʣʝʥʪʙʣʦʢʝ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʦʪʜʝʣʴʥʦʤ ʩʥʷʪʦʤ ʨʳʯʘʛʝ, ʠ 

ʩʜʝʣʘʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʨʝ-

ʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ. 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ ʠ ʧʨʠʙʦʨʳ ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʩʩʣʝʜʫʝʤʳʡ ʧʘ-

ʨʘʤʝʪʨ (ʫʩʠʣʠʝ ʚ ʩʘʡʣʝʥʪʙʣʦʢʝ). 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʘʡʣʝʥʪ-

ʙʣʦʢʦʚ, ʥʦ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ɸʅɸʃʀɿ ʕʃɽʂʊʈʆʊʈɸɺʄɸʊʀɿʄɸ ʅɸ ʆɹʒɽʂʊɸʍ ʕʃɽʂʊʈʆʕʅɽʈɻɽʊʀʂʀ 

 

ɺ ʩʪʘʪʴʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʪʨʘʚʤʘʪʠʟʤʫ, ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʪʨʘʚʤʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʪʷʞʝʣʳʤ ʚʠʜʦʤ ʪʨʘʚʤ 

ʚʩʣʝʜʩʪʚʠʝ ʛʠʙʝʣʠ ʣʶʜʝʡ ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʠʥʚʘʣʠʜʥʦʩʪʠ ʧʨʠ ʪʷʞʝʣʦʤ ʠʩʭʦʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʫ ʚ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ɺ ʜʠʥʘʤʠʢʝ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʚ 2008 ʛ. ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘʠʙʦʣʴ-

ʰʝʝ ʯʠʩʣʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝ-

ʪʠʢʠ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʪʨʘʚʤ ʩʦ ʩʤʝʨ-

ʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʦʙʲʝʢʪʘʭ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʇʦ ʩʦʮʠʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ ʯʘʱʝ ʪʨʘʚʤʠʨʫʶʪʩʷ ʣʠʮʘ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 40 ʣʝʪ. ʆʪʤʝ-

ʯʝʥʦ, ʯʪʦ ʢ ʦʩʥʦʚʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʦʪʥʦʩʠʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪ, ʘ ʦʩʥʦʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʜʠʩʮʠʧʣʠʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣɻʝʢʪʨʦʪʨʘʚʤʘ, ʩʪʘʪʠʩʪʠʢʘ ʪʨʘʚʤʘʪʠʟʤʘ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ, ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ. 
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THE ANALYSIS OF INJURIES AT ELECTRICAL ENERGY FACILITIES  

 

It is noted that electric current occupies a special place among the variety of factors that lead to injuries. 

Electrical injuries are the most serious kind of injuries due to loss of life or disability in severe outcome. The 

analysis of statistical data on the electro-traumatism in some sectors of industry and agriculture in the last 

decade has shown a slight decrease of accidents. The electro-dynamics recorded the highest number of acci-

dents in 2008 in agricultural production and power generation facilities. It is found that the largest number of 

electrical shocks fatalities occurs when performing repair work on electric power facilities. On social grounds, 

people under the age of 40 years are often injured. It is indicated that unsatisfactory organization of work is 

the main technical reason of accidents, and the main organizational reason is the low discipline. 

Key words: electrocution, injury statistics, energy, security, electrical installation, electrical equipment. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʦʙʱʝʤ ʢʦʤʧʣʝʢʩʝ ʤʝʨ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʣʠʢʚʠʜʘʮʠʠ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʟʘʥʠʤʘʪʁ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʵʣʝʢʪʨʦʧʦʨʘʞʝʥʠʷʤ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 

ʅʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʩʨʝʜʠ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷ-

ʱʠʭ ʢ ʪʨʘʚʤʘʪʠʟʤʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʪʦʢ. ʅʘʣʠʯʠʝ ʝʛʦ ʚ ʪʦʢʦ- ʠ ʥʝʪʦʢʦʚʝʜʫʱʠʭ ʯʘʩʪʷʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ. ʇʦʵʪʦʤʫ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʜʣʷ ʯʝʣʦʚʝʢʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ, ʠ ʥʝʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʠʭ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʩʠʪʫʘʮʠʷʤ: ʥʝʩʯʘʩʪʥʦʤʫ ʩʣʫʯʘʶ, ʘʚʘʨʠʠ, ʧʦʞʘʨʫ. 
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ 2014 ʛ. ʚ ʈʦʩʩʠʠ ʥʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ, ʧʦʜʢʦʥʪʨʦʣʴʥʳʭ ʦʨʛʘʥʘʤ ɻʦʩʵʥʝʨʛʦʥʘʜʟʦʨʘ, 

ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 725 ʛʨʫʧʧʦʚʳʭ, ʩʤʝʨʪʝʣʴʥʳʭ, ʪʷʞʝʣʳʭ ʠ ʣʝʛʢʠʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ, 

ʚ ʢʦʪʦʨʳʭ ʧʦʩʪʨʘʜʘʣʦ 827 ʯʝʣʦʚʝʢ. ʇʨʠ ʵʪʦʤ ʚ 63 ʛʨʫʧʧʦʚʳʭ ʩʣʫʯʘʷʭ ʵʣʝʢʪʨʦʪʨʘʚʤʠʨʦʚʘʥʳ 

137 ʯʝʣʦʚʝʢ (54 ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ, 39 - ʩ ʪʷʞʝʣʳʤʠ, 44 - ʩ ʣʝʛʢʠʤʠ ɻ ʣʝʪʨʦʪʨʘʚʤʘʤʠ) [1]. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʠʥʘʤʠʢʘ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1, ʚ ʦʪʨʘʩ-

ʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡ-

ʩʪʚʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ [2]. ʀʟ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

ʨʦʩʪʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ, ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʢʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ɻ ʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʙʠʣʴʥʳʭ ʤʘʰʠʥ, ʧʨʠ-

ʤʝʥʷʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩ 2007 ʛ. ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤ ʩʥʠʞʘʝʪʩʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʞʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩ ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʠʤʝʶʱʠʭʩʷ ʦʙʱʠʭ ʧʨʠʟʥʘʢʘʭ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʠ ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʟʘʱʠʱʝʥʥʳʭ 

ʩʨʝʜʩʪʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʛʨʫʧʧʦʚʳʭ, ʪʷʞʝʣʳʭ ʠ ʩʤʝʨʪʝʣʴʥʳʭ 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʧʨʦʠʟʦʰʣʦ ʥʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʟ-ʟʘ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤʫ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʫ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝ-

ʩʷʪʠʣʝʪʠʝ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʭ ʜʦʣʷ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 30,6%, ʘ ʥʘ 

ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ - 35,5% ʦʪ ʦʙʱʝʛʦ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ [3]. 

ɼʠʥʘʤʠʢʘ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʦʪʨʘʩʣʷʭ 

ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ ʧʦʢʘʟʳʚʘʝʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 

ʉʨʝʜʠ ʫʢʘʟʘʥʥʳʭ ʦʪʨʘʩʣʝʡ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ 2008 ʛ. ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʧʨʦʠʟʦʰʣʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ 

ʵʣʝʢʪʨʦʪʨʘʚʤ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʨʠʩ. 2). 
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ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʧʦ ʚʠʜʘʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʩʨʝʜʥʷʷ ʜʦʣʷ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʚ % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ) 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʫ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʨʝʜʥʝʤ ʟʘ 2010-2014 ʛʛ. ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʯʘʩʪʥʳʭ 

ʩʣʫʯʘʝʚ ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ (15%), ʘ ʪʘʢʞʝ ʧʨʠ ʦʧʝʨʘʪʠʚʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ (8%), ʭʦʪʷ ʧʨʠ ʪʘʢʦʤ 

ʚʠʜʝ ʨʘʙʦʪ ʪʨʘʚʤʘʪʠʟʤ ʜʦʣʞʝʥ ʙʳʪʴ ʤʠʥʠʤʘʣʝʥ [4]. ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʪ ʯʘʱʝ 

ʚʩʝʛʦ ʚʳʩʪʫʧʘʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ (ʪʘʙʣ. 1). 
ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʧʦ ʚʠʜʘʤ ʨʘʙʦʪ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ 

 

ɺʠʜ ʨʘʙʦʪ 

ʕʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤ (%) 

ʦʙʱʠʡ 
ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ  

ʠʩʭʦʜʦʤ 

ʕʣʝʢʪʨʦʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ 5 2 

ʆʧʝʨʘʪʠʚʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʵʣʝʢʪʨʦʫʩʪʘʥʦ-

ʚʦʢ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ 
16 8 

ʈʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ 37 15 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 6 3 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʨʘʙʦʪʳ 29 7 

ʇʨʦʯʠʝ 7 4 

ɺʩʝʛʦ 100 39 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʩʪʨʘʜʘʚʰʠʭ ʧʦ ʚʦʟʨʘʩʪʫ ʠ ʩʪʘʞʫ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ (ʚ 

ʩʨʝʜʥʝʤ ʟʘ 2010-2014 ʛʛ.) ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʪʠʧ ʵʣʝʢʪʨʦʪʨʘʚʤʠ-

ʨʫʝʤʳʭ: ʵʪʦ ʣʠʮʘ ʚ ʚʦʟʨʘʩʪʝ ʜʦ 40 ʣʝʪ ʩʦ ʩʪʘʞʝʤ ʨʘʙʦʪʳ ʤʝʥʝʝ 10 ʣʝʪ (ʪʘʙʣ. 2) [4]. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʵʪʘ ʢʘʪʝʛʦʨʠʷ ʣʶʜʝʡ ʘʢʪʠʚʥʝʝ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʠʜʦʚ 

ʨʘʙʦʪ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʱʝ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ɻ ʪʠ ʣʶʜʠ, 

ʷʚʣʷʷʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʫʯʝʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʠʤʝʪʁ ʩʘʤʳʝ ʦʙʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʘ-

ʚʠʣʘʭ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʥʦʛʜʘ ʧʨʝʥʝʙʨʝʛʘʶʪ ʠʤʠ. 
ʊʘʙʣʠʮʘ 2 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʧʦ ʩʦʮʠʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ ʥʘ ʦʙʲʝʢʪʘʭ ʵʥʝʨʛʝʪʠʢʠ 

 
ˉ ʉʦʮʠʘʣʴʥʳʡ ʧʨʠʟʥʘʢ 

I 
ɺʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ (ʣʝʪ) 18-24 25-39 40-49 50-59 ʩʚʳʰʝ 60 ɺʩʝʛʦ 

ʕʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤ (%) 32,5 17,9 31,1 11,5 7 100 

II  
ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʪʘʞʘ ʨʘʙʦʪʳ (ʣʝʪ) ʜʦ 1 1-5 6-10 11-15 15 ʠ ʙʦʣʝʝ ɺʩʝʛʦ 

ʕʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤ (%) 27,3 24,6 25,2 10,3 12,6 100 

 

0

5

10

15

20

2008 2009 2010 2011 2012 2013 2014

%

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ

ʩʪʨʦʠʪʝʣʴʩʪʚʦ

ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʘʧʘʝʤʳʭ
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ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʪʘʙʣ. 3), ʢ ʥʘʠʙʦʣʝʝ ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʪʝʭʥʠ-

ʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʦʪʥʦʩʷʪ ʥʝʚʳʧʦʣʥʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ 

ʦʧʘʩʥʦʛʦ ʬʘʢʪʦʨʘ, ʦʰʠʙʦʯʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦʩʪʨʘʜʘʚʰʠʭ ʠ ʥʘʨʫʰʝʥʠʝ ʠʤʠ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣ-

ʥʷʝʤʳʭ ʨʘʙʦʪ. ʂ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʦʪʥʦʩʷʪʩʷ ʥʠʟʢʘʷ ʪʨʫʜʦʚʘʷ 

ʜʠʩʮʠʧʣʠʥʘ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʝʨʩʦʥʘʣʦʤ. 
 

ʊʘʙʣʠʮʘ 3 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ 

 

ʇʨʠʯʠʥʳ 
ɺ ʩʨʝʜʥʝʤ  

ʟʘ 2010-2014 ʛʛ. (%) 

ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪ 20,7 

ʅʘʨʫʰʝʥʠʝ ʪʨʫʜʦʚʦʡ ʜʠʩʮʠʧʣʠʥʳ 18,3 

ʅʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 16,4 

ʅʘʨʫʰʝʥʠʝ ʠʥʩʪʨʫʢʮʠʡ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, ʵʣʝʢ-

ʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 
19,2 

ʇʨʝʥʝʙʨʝʞʝʥʠʝ ʩʨʝʜʩʪʚʘʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ 8,3 

ʇʨʦʯʠʝ (ʥʝʟʥʘʥʠʝ ʦʙ ʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʥʝʦʩʪʦʨʦʞ-

ʥʦʩʪʴ ʠ ʜʨ.) 
17,1 

ʀʪʦʛʦ 100 

 

ɺʳʚʦʜʳ 

ɺ ʮʝʣʷʭ ʩʚʝʜʝʥʠʷ ʢ ʤʠʥʠʤʫʤʫ ʵʣʝʢʪʨʦʪʨʘʚʤʘʪʠʟʤʘ ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. ʅʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦ-

ʷʥʠʝʤ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, ʩʠʩʪʝʤ ʟʘʥʫʣʝʥʠʷ ʠ ʟʘʟʝʤʣʝʥʠʷ, ʢʚʘʣʠʬʠ-

ʮʠʨʦʚʘʥʥʦ ʧʨʦʚʦʜʠʪʴ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʙʝʟʦʧʘʩʥʳʤ ʧʨʠʝʤʘʤ ʪʨʫʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʥʦʚʘʤ 

ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʩ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ, ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʪ.ʜ. 
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ʄɽʊʆɼ ʈɸʉʏɽʊɸ ʇʈɽɼɽʃʔʅʓʍ ʅɸɻʈʋɿʆʂ ʅɸ ʉʆʆʈʋɾɽʅʀʗ 

ʀɿ ɿɸʇʆʃʅɽʅʅʓʍ ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ʆɹʆʃʆʏɽʂ 

 
ʉʪʘʪʴʷ ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʪʦʥʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ, ʟʘ-

ʧʦʣʥʝʥʥʳʭ ʛʨʫʥʪʦʤ. ɿʘʧʦʣʥʝʥʥʳʝ ʦʙʦʣʦʯʢʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʦʜʧʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʫʩʪʦʝʚ ʤʦʩʪʦʚ, 

ʥʘʙʝʨʝʞʥʳʭ, ʧʠʨʩʦʚ, ʤʦʣʦʚ ʠ ʜʨ. ʄʝʪʦʜ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʧʨʝʜʝʣʴʥʦʤ ʥʘʧʨʷ-

ʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ ʧʦʣʝʡ ʩʢʦʣʴʞʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʝʦ-

ʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʳʚʘʶʱʘʷ ʧʘʨʘʤʝʪʨʳ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ ʠ ʨʘʟʤʝʨʳ ʩʦʦʨʫʞʝ-

ʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʠʣʦʡ, ʢʦʪʦʨʫʶ ʩʦʦʨʫʞʝʥʠʝ ʚʦʩʧʨʠʥʠʤʘʝʪ ʙʝʟ ʧʦʪʝʨʠ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ. ʆʧʨʝʜʝʣʷʝʤʘʷ ʥʘʛʨʫʟʢʘ ʤʦʞʝʪ ʙʳʪʴ ʤʦʜʝʣʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʙʦʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ 

ʛʨʫʥʪʘ ʥʘ ʩʦʦʨʫʞʝʥʠʝ, ʣʴʜʘ, ʚʦʣʥ, ʥʘʚʘʣʘ ʩʫʜʥʘ, ʰʚʘʨʪʦʚʳʭ ʫʩʠʣʠʡ, ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʜʨʫʛʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ 

ʪʦʯʥʦʛʦ ʠ ʩʪʨʦʛʦʛʦ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʝʰʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʚʝʨʠʬʠ-

ʢʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʙʦʣʝʝ ʧʦʣʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʧʨʦʝʢʪʥʦʡ ʦʮʝʥʢʠ ʧʨʠʥʷʪʳʭ ʛʘʙʘʨʠʪʦʚ ʠ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʥʪʦʚʳʭ 

ʦʩʥʦʚʘʥʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠʟ ʟʘʧʦʣʥʝʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ, ʛʨʫʥʪʦʚʳʡ ʥʘʧʦʣʥʠʪʝʣʴ, ʧʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʥʝʩʫ-

ʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. 

 

N.Ya. Tsimbelman, Cand. Sc. Engineerring, Assoc. Prof. 

T.I. Chernova, P.G. 

 

METHOD OF CALCULATION OF LIMIT LOADS ON FILLED CYLINDRICAL SHELLS  
 
This article presents describing of the method of determining a limit horizontal load on gravity struc-

tures which are usually made of thin cylindrical shells with infill. Filled shell can be used as a part in con-

struction of retaining structures, bridges, foundations, embankments, piers, breakwaters and others. The 

method is based on solving the problem of limiting stress state of the foundation soil, taking into account the 

development of slip fields. The theoretical model functionally connecting parameters of foundation soil and 

dimensions of the shell structure with maximum horizontal force is proposed. The structure perceives the load 

without loss of the bearing capacity of foundation soil. Defined load can be a model of the impact of lateral 

earth pressure on the structure, ice, waves, mooring forces, various kinds of technological load and other 

factors. The method of determination limit load is based on precise and strict mathematical solutions. This 

method can be used for verification of numerical models that are fully describing design features of construc-

tion, and estimation of required dimensions of the thin shell structure and foundation soil at pre-project stage. 
Key words: thin cylindrical shell, ground infill, limit load, bearing capacity, analytical solution. 
 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʧʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʫʜʝʨʞʠʚʘʶʱʠʭ ʛʨʫʥʪ ʦʪ ʦʙʨʫʰʝʥʠʷ (ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʠ ʛʨʘʞʜʘʥʩʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ), ʚʦʟʚʝʜʝʥʠʠ ʵʩʪʘʢʘʜ ʠ ʫʩʪʦʝʚ ʤʦʩʪʦʚ (ʚ ʪʨʘʥʩ-

ʧʦʨʪʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ), ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠʯʘʣʴʥʳʭ ʥʘʙʝʨʝʞʥʳʭ, ʧʠʨʩʦʚ, ʤʦʣʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲ-

ʝʢʪʦʚ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʣʦʯʢʠ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ, 

ʟʘʥʠʤʘʶʱʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʟʘʱʝʤʣʝʥʥʳʤʠ ʚ ʛʨʫʥʪ ʪʦʥʢʠʤʠ ʩʪʝʥʢʘʤʠ ʠ 

ʤʘʩʩʠʚʥʳʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʟʘʧʦʣʥʝʥʥʦʡ ʦʙʦʣʦʯʢʠ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʫʶ ʦʙʦʣʦʯʢʫ (ʚʳʧʦʣʥʝʥʥʫʶ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʩʪʘʣʠ ʠʣʠ ʞʝʣʝʟʦʙʝʪʦʥʘ) ʩ ʚʥʫʪ-

ʨʝʥʥʠʤ ʥʘʧʦʣʥʠʪʝʣʝʤ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʫʥʪ ʩ ʟʘʜʘʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ D ʢ ʚʳʩʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ H ʦʧʨʝʜʝʣʷʝʪ 
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ʛʨʫʧʧʫ ʦʙʦʣʦʯʝʢ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ D/H ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0,7 ʜʦ 1,0. ʆʙʦʣʦʯʢʠ ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʛʦʜʥʳʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ ʧʦʟʚʦ-

ʣʷʶʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʯʝʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ. 

ʇʦ ʩʧʦʩʦʙʫ ʦʧʠʨʘʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʝ ʟʘʧʦʣʥʝʥʥʳʝ ʦʙʦʣʦʯʢʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ (ʨʠʩ. 1 ʘ), ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʩʣʦʡ ʧʨʦʯʥʦʛʦ 

ʥʝʩʞʠʤʘʝʤʦʛʦ ʛʨʫʥʪʘ (çʢʘʤʝʥʥʘʷ ʧʦʩʪʝʣʴè), ʠ ʯʘʩʪʠʯʥʦ ʟʘʛʣʫʙʣʝʥʥʳʝ ʚ ʛʨʫʥʪ (ʨʠʩ. 1 ʙ). 

 

                  
ʘ                                                                                                   ʙ 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʟʘʧʦʣʥʝʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ: 

ʘ ï ʥʘ çʢʘʤʝʥʥʦʡ ʧʦʩʪʝʣʠè; ʙ ï ʟʘʛʣʫʙʣʝʥʥʘʷ ʚ ʛʨʫʥʪ ʦʩʥʦʚʘʥʠʷ; 1 ï ʦʙʦʣʦʯʢʘ; 2 ï ʟʘʧʦʣʥʠʪʝʣʴ 

(ʛʨʫʥʪ); 3 ï ʵʣʝʤʝʥʪʳ ʚʝʨʭʥʝʛʦ ʩʪʨʦʝʥʠʷ (ʨʘʟʤʝʨʳ ʚ ʤ) 
 

ʅʘʛʨʫʟʢʠ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ ʦʙʦʣʦʯʢʘʤʠ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ, ʫʩʣʦʚʥʦ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʠʭ, ʠʟ ʢʦʪʦ-

ʨʳʭ ʧʝʨʚʘʷ (ʜʣʷ ʜʣʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ), ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʳʡ 

ʚʝʩ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʚʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʦʡ, ʚʳʟʳʚʘʶʱʝʡ ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʦʦʨʫʞʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʩʭʝʤʳ ʚʦʟʤʦʞʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʥʳʭ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʨʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʚʳʧʦʨ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ (ʨʠʩ. 2 ʘ); ʜʚʫʩʪʦʨʦʥʥʠʡ ʚʳʧʦʨ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ 

(ʨʠʩ. 2 ʙ); ʩʜʚʠʛ ʩʦʦʨʫʞʝʥʠʷ ʧʦ ʧʣʦʩʢʦʩʪʠ ʧʦʜʦʰʚʳ (ʨʠʩ. 2 ʚ); ʛʣʫʙʠʥʥʳʡ ʩʜʚʠʛ ʠ ʯʘʩʪʠʯʥʳʡ 

ʩʜʚʠʛ ʩ ʟʘʭʚʘʪʦʤ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ (ʨʠʩ. 2 ʛ, ʜ), ʘ ʪʘʢʞʝ ʩʜʚʠʛ ʧʦ ʩʣʘʙʳʤ ʩʣʦʷʤ ʛʨʫʥʪʘ 

(ʨʠʩ. 2 ʝ). 

 
ʈʠʩʫʥʦʢ 2 ï ʆʩʥʦʚʥʳʝ ʩʭʝʤʳ ʚʦʟʤʦʞʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ çʦʙʦʣʦʯʢʘ - ʦʩʥʦʚʘʥʠʝè 
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ʅʘʠʙʦʣʴʰʠʡ ʨʘʩʯʝʪʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ, ʚʳʟʳʚʘʶʪ ʚʥʝʮʝʥʪʨʝʥʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʦʙʦʣʦʯʢʠ, ʩʪʨʝʤʷʩʴ ʚʳʟʚʘʪʴ ʧʦʚʦ-

ʨʦʪ ʩʦʦʨʫʞʝʥʠʷ ʠ ʝʛʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʚʝʨʪʠʢʘʣʠ ʚʩʣʝʜʩʪʚʠʝ ʧʦʪʝʨʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦ-

ʚʘʥʠʷ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʩʣʫʯʘʠ ʦʪʢʣʦʥʝʥʠʷ ʫʞʝ ʚʦʟʚʝʜʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʦʙʦʣʦʯʝʢ ʙʦʣʴʰʦʛʦ 

ʜʠʘʤʝʪʨʘ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ (ʥʘʧʨʠʤʝʨ, ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘʙʝʨʝʞʥʦʡ ʚ 

ʛ. ʈʠʛʝ [2], ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʨʠʯʘʣʴʥʦʡ ʥʘʙʝʨʝʞʥʦʡ ʚ ʪʦʨʛʦʚʦʤ ʧʦʨʪʫ ʛ. ɺʣʘʜʠʚʦʩʪʦʢʘ) ʧʦʢʘʟʳ-

ʚʘʶʪ ʥʘʣʠʯʠʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʚʝʨʪʠʢʘʣʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʣʦʯʢʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʦʣʦʯʢʠ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ çʞʠʚʫʯʝʩʪʴʶè: ʦʥʠ ʤʦʛʫʪ ʠʩ-

ʧʳʪʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ ʪʝʣʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʥʘʙʣʶʜʘʝʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ï ʧʦʪʝʨʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ, ʢʦʛʜʘ ʚ ʛʨʫʥʪʝ ʚʦʟʥʠʢʘʶʪ 

ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʧʦʣʝʡ ʩʢʦʣʴʞʝʥʠʷ ʠ ʩʠʩʪʝʤʘ çʦʙʦʣʦʯʢʘ - ʦʩʥʦʚʘʥʠʝè ʧʝʨʝʭʦʜʠʪ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴ-

ʰʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʪʦʥʢʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ 

ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ, ʟʘʧʦʣʥʝʥʥʳʭ ʛʨʫʥʪʦʤ. 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ 

ʈʘʩʯʝʪ ʦʩʥʦʚʘʥʠʡ ʚʳʧʦʣʥʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ [4]. 

ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚʩʷ ʦʙʣʘʩʪʴ ʚʳʧʦʨʘ ʠʣʠ ʦʙʨʫʰʝʥʠʷ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʝʝ ʦʪʩʝʢʠ 

(ʨʠʩ. 3 ʘ) ʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʤ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʤ ʪʝʣʦʤ. ʌʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘʜʘʥʥʦʡ. ʅʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʝ ʥʘʣʠʯʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʛʨʫʥʪʘ, ʪ.ʝ. ʧʦ ʚʩʝʡ ʛʨʘʥʠʮʝ ʩʧʨʘʚʝʜ-

ʣʠʚʦ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʂʫʣʦʥʘ-ʄʦʨʘ. ʅʘ ʵʪʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʙʣʠʞʝʥʥʳʝ 

ʠʥʞʝʥʝʨʥʳʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʨʫʞʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʫʯʝʥʳʤʠ ʂ. ʊʝʨʮʘʛʠ, 

ɻ. ʂʨʝʡʝʤ, ɼ. ʊʝʡʣʦʨʦʤ, ɻ.ɽ. ʇʘʫʢʝʨʦʤ, ʅ.ʅ. ʄʘʩʣʦʚʳʤ, ʄ.ʅ. ɻʦʣʴʜʰʪʝʡʥʦʤ, ɸ. ʉʢʝʤʧʪʦʥʦʤ, 

ɸ. ɹʠʰʦʧʦʤ ʠ ʤʥ. ʜʨ. ɺʪʦʨʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʨʝʰʝʥʠʡ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʨʠʩ. 3 ʙ). ɼʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ 

ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʨʠ ʵʪʦʤ ʚʦ 

ʚʩʝʡ ʪʦʣʱʝ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ ʚʦʟʥʠʢʘʝʪ ʩʠʩʪʝʤʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦ-

ʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʫʥʪʦʚʳʭ ʦʪʢʦʩʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ 

ɻ. ʈʝʡʩʥʝʨʘ, ɸ. ʂʘʢʦ, ɺ.ɺ. ʉʦʢʦʣʦʚʩʢʦʛʦ, ʉ.ʉ. ɻʦʣʫʰʢʝʚʠʯʘ, ɺ.ɻ. ɹʝʨʝʟʘʥʮʝʚʘ, ɻ. ʄʝʡʝʨʛʦʬʘ, 

ʄ.ɺ. ʄʘʣʳʰʝʚʘ, ɾ. ɹʠʘʨʝʟʘ ʠ ʜʨ. 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʘʩʯʝʪʥʳʝ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʠʷ: 

ʘ ï ʤʦʜʝʣʴ ʤʦʥʦʣʠʪʥʳʭ ʦʪʩʝʢʦʚ ʦʙʨʫʰʝʥʠʷ; ʙ ï ʤʦʜʝʣʴ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

 

ʆʙʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ, 

ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʝʜʧʦʩʳʣʢʘʤ. ɼʣʷ ʠʥʞʝʥʝʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʤʦʜʝʣʴ ʪʚʝʨʜʳʭ ʦʪʩʝʢʦʚ, ʦʜʥʘʢʦ ʤʝ-

ʪʦʜʳ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʷʚʣʷʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʠ ʙʦʣʝʝ 

ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʜʦʧʫʱʝʥʠʡ ʚ ʩʚʦʝʡ ʧʦʩʪʘʥʦʚʢʝ [4]. ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜ ʦʮʝʥʢʠ 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 
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ʫʩʪʦʡʯʠʚʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʞʠʤʘʝʤʦʝ ʛʨʫʥʪʦʚʦʝ ʦʩʥʦʚʘʥʠʝ, 

ʧʦʩʪʨʦʝʥ ʥʘ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʦʦʨʫʞʝʥʠʷ  

ʠʟ ʟʘʧʦʣʥʝʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ 

ɼʘʣʝʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʷʜ (ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʦʩʪʘʚʝ ʧʦʜʧʦʨʥʳʭ ʩʦʦʨʫ-

ʞʝʥʠʡ, ʥʘʙʝʨʝʞʥʳʭ, ʧʠʨʩʦʚ, ʠ ʜʨ.). ʅʘ ʦʩʥʦʚʝ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ 

ʜʘʣʴʥʝʡʰʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʩʪʳʭ ʫʨʘʚʥʝʥʠʡ ʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢ-

ʩʠʤʘʣʴʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ (ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ), ʧʨʠ ʢʦʪʦʨʦʡ ʩʦʙʣʶʜʘʝʪʩʷ ʨʘʚʥʦʚʝ-

ʩʠʝ ʩʠʩʪʝʤʳ çʦʙʦʣʦʯʢʘ ï ʦʩʥʦʚʘʥʠʝè (ʚ ʦʩʥʦʚʘʥʠʠ ʦʙʦʣʦʯʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʛʣʫʙʠʥʥʳʡ ʩʜʚʠʛ). 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʠʣʦʞʝʥʠʝ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ. 

ʇʨʠʥʮʠʧʳ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʨʫʥʪʦʚʦʡ 

ʩʨʝʜʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʨ-

ʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠ ʢʘʢʦʡ ʧʨʠʛʨʫʟʢʝ q ʜʣʷ ʟʘʜʘʥ-

ʥʦʡ ʥʘ ʯʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ p ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩ-

ʩʠʚʘ ʥʘʩʪʫʧʘʝʪ ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʨʠʩ. 4). ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩ-

ʪʦʯʥʠʢʘʭ [8], ʩʭʝʤʘ ʥʘʧʦʤʠʥʘʝʪ ʨʳʯʘʞʥʳʝ ʚʝʩʳ. ʇʦʤʠʤʦ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ, ʨʘʚʥʦʚʝʩʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʘʢʞʝ ʩʠʣʘʤʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʫʛʣʦʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ j ʠ ʜʘʚʣʝʥʠʝʤ ʩʚʷʟʥʦʩʪʠ ůc. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʝʡ ʩʢʦʣʴʞʝʥʠʷ 

 

ʇʨʠ ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ ʚ ʦʙʣʘʩʪʠ ʦʩʥʦʚʘʥʠʷ ʚʳʜʝʣʷʶʪ ʪʨʠ ʟʦʥʳ [5]. ɺ ʟʦʥʝ I ʛʨʫʥʪ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ p ʧʝʨʝʤʝʱʘʝʪʩʷ ʩʚʝʨʭʫ ʚʥʠʟ, ʚ ʟʦʥʝ III  ʛʨʫʥʪ ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʩʥʠʟʫ ʚʚʝʨʭ (ʚʳʧʠʨʘʝʪ). ʃʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ ʦʙʦʠʭ ʩʝʤʝʡʩʪʚ ʚ ʦʙʣʘʩʪʷʭ I ʠ III  ʙʣʠʟʢʠ ʢ ʧʨʷʤʦ-

ʣʠʥʝʡʥʳʤ (ʨʝʰʝʥʠʝ ʈʝʥʢʠʥʘ ʜʣʷ ʥʝʚʝʩʦʤʦʡ ʩʨʝʜʳ). ɺ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ II  ʣʠʥʠʠ ʩʢʦʣʴʞʝʥʠʷ 

ʧʝʨʚʦʛʦ ʩʝʤʝʡʩʪʚʘ ï ɻ ʪʦ ʧʫʯʦʢ ʧʨʷʤʳʭ, ʘ ʣʠʥʠʠ ʚʪʦʨʦʛʦ ʩʝʤʝʡʩʪʚʘ ï ʦʢʨʫʞʥʦʩʪʠ ʠʣʠ ʣʦʛʘʨʠʬ-

ʤʠʯʝʩʢʠʝ ʩʧʠʨʘʣʠ (ʨʝʰʝʥʠʝ ʇʨʘʥʜʪʣʷ). 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʥʘ ʛʨʫʥʪ ʦʩʥʦʚʘʥʠʷ ʦʪ ʩʦʦʨʫʞʝʥʠʷ ʧʝʨʝʜʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʥʘʛʨʫʟʢʘ, ʘ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʦʛʨʘʜʠʪʝʣʴʥʳʭ ʠ ʧʦʜʧʦʨʥʳʭ ʩʦʦʨʫʞʝ-

ʥʠʡ ʥʝʚʝʣʠʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʙʩʪʚʝʥ-

ʥʳʡ ʚʝʩ ʛʨʫʥʪʘ ʚ ʧʨʝʜʝʣʘʭ ʚʦʟʤʦʞʥʦʡ ʧʨʠʟʤʳ ʚʳʧʦʨʘ ʥʝ ʦʢʘʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʠ ʥʘ ʦʯʝʨʪʘʥʠʝ ʢʨʠʚʳʭ ʩʢʦʣʴʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʠʝ ʧʨʠ-

ʥʠʤʘʝʪʩʷ ʥʝʚʝʩʦʤʳʤ (ɔ = 0). 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ 
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ʉ ʫʯʝʪʦʤ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ p, ʚʳʟʳʚʘʶʱʝʡ 

ʧʝʨʝʭʦʜ ʛʨʫʥʪʘ ʚ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʙʝʩ-

ʢʦʥʝʯʥʦ ʤʘʣʳʭ ʫʯʘʩʪʢʘʭ ʚʧʨʘʚʦ ʠ ʚʣʝʚʦ ʦʪ ʮʝʥʪʨʘ ʨʘʚʥʦʚʝʩʠʷ ï ʪʦʯʢʠ ʆ (p = p0). ʈʝʰʝʥʠʝ 

ʟʘʜʘʯʠ [7] ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʩʢʦʤʦʝ ʜʘʚʣʝʥʠʝ:  

0

1 sin 1 sin
. 1 .

1 sin 1 sin

tg tg

c cp e c ctg ep j p jj j
s s j
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Ö Öå õ+ +
= Ö Ö - = Ö Ö Ö -æ ö

- -ç ÷

     (1) 

ʈʘʩʩʤʦʪʨʠʤ ʨʷʜ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ (n ʰʪʫʢ), ʦʧʠʨʘʶʱʠʭʩʷ 

ʥʘ ʩʞʠʤʘʝʤʦʝ ʦʩʥʦʚʘʥʠʝ ʠ ʚʦʩʧʨʠʥʠʤʘʶʱʠʭ ʧʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ G ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʥʘʛʨʫʟʢʫ F (ʨʠʩ. 5). ɿʘʜʘʥʳ ʦʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʦʙʦʣʦʯʢʠ: ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ D, ʪʦʣʱʠʥʘ 

ʩʪʝʥʢʠ ʦʙʦʣʦʯʢʠ t, ʚʳʩʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ h, ʧʣʝʯʦ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ d, ʘ ʪʘʢʞʝ ʬʠ-

ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ: ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ j ʠ ʫʜʝʣʴʥʦʝ 

ʩʮʝʧʣʝʥʠʝ c. 

 
ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʢ ʨʘʩʯʝʪʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ 

 

ɼʘʣʝʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʩʠʣʫ Fmax (ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʝ ʝʝ ʧʨʠʣʦʞʝʥʠʷ d ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʦʰʚʳ ʩʦʦʨʫʞʝʥʠʷ), ʚʝʜʫ-

ʱʫʶ ʢ ʦʧʨʦʢʠʜʳʚʘʥʠʶ ʩʦʦʨʫʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʧʝ-

ʨʝʤʝʥʥʳʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ï ʨʘʟʤʝʨʳ ʩʦʦʨʫʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ. ʈʘʩʯʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʤʝʪʦʜʠʢʝ ʝʜʠʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ: 

1 2M k M² Ö ,      (2) 

ʛʜʝ M2 ï ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ ʤʦʤʝʥʪ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʜʝʡʩʪʚʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʘʚʥʦʜʝʡʩʪʚʫ-

ʶʱʝʡ ʥʘʛʨʫʟʢʠ F ʠ ʧʣʝʯʦʤ d ʢʘʢ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʧʦʜʦʰʚʳ ʩʦʦʨʫʞʝʥʠʷ ʜʦ ʫʨʦʚʥʷ ʧʨʠʣʦʞʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ F; k ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ, ʥʘʟʥʘʯʘʝʤʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʣʘʩʩʘ ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚʥʳʤ ʧʦ ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ 1,2õ1,4 [3]; M1 ï ʫʜʝʨʞʠ-

ʚʘʶʱʠʡ (ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ) ʤʦʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʩʠʣ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʚʝʩʘ ʩʦʦʨʫʞʝʥʠʷ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʦʦʨʫʞʝʥʠʷ ʦʙʝʩʧʝʯʝʥʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʤʦʤʝʥʪ ʧʨʝ-

ʚʦʩʭʦʜʠʪ ʧʨʝʜʝʣʴʥʳʡ. ʈʘʚʝʥʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʤʦʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ Fmax, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʡ ʚʝʜʝʪ ʢ ʦʧʨʦʢʠʜʳʚʘʥʠʶ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʠ ʜʦʩʪʠ-

ʞʝʥʠʠ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʩʦʦʨʫʞʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʪʝʨʷʝʪ ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʪʘʢ ʢʘʢ 

ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʩʠʩʪʝʤʳ ʧʝʨʝʭʦʜʠʪ ʟʘ ʪʦʯʢʫ ʧʨʠʣʦʞʝʥʠʷ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʧʨʝʜʝʣʴʥʦʛʦ ʜʘʚ-

ʣʝʥʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ Fmax, ʚʦʩʧʨʠʥʠʤʘʝʤʦʡ ʦʙʦʣʦʯʢʦʡ, ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʪʩʷ ʨʘʙʦʪʘ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʷ ʚ ʧʣʘʩʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝ-

ʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʛʨʫʥʪʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʫʩʣʦʚʥʦ ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ 

ʧʦʣʷ (ʦʙʣʘʩʪʠ) ʩʢʦʣʴʞʝʥʠʷ (ʩʤ. ʨʠʩ. 4, 5). ʇʨʝʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨ-

ʤʫʣʝ (1). ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʨʘʚʝʥ: 
2

4

D
G H

p
g
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= Ö .       (3) 
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ʇʨʠ ʥʘʜʣʝʞʘʱʝʤ ʦʙʦʩʥʦʚʘʥʠʠ ʚ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʚʢʣʶʯʝʥʳ ʚʝʩ 

ʥʘʜʩʪʨʦʡʢʠ, ʚʝʩ ʧʨʠʣʝʞʘʱʠʭ ʧʨʠʟʤ ʛʨʫʥʪʘ, ʥʘʛʨʫʟʢʠ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʝ 

ʜʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. 

ʕʧʶʨʘ ʜʘʚʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʢʦʥʪʘʢʪʘ (ʫʯʘʩʪʦʢ ʜʣʠʥʦʡ l) 

ʧʨʠʥʷʪʘ ʨʘʚʥʦʤʝʨʥʦʡ (ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ p), ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ 

ʵʧʶʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʠʙʣʠʞʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ɺ.ɺ. ʉʦʢʦʣʦʚʩʢʦʛʦ ʦ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʝʝ ʪʘʢʞʝ ʫʜʝʣʴʥʳʡ ʚʝʩ ʛʨʫʥʪʘ [7]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʩʪʘ-

ʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʜʣʷ ʫʟʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ (ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʦʥʢʨʝʪʥʳʭ ʩʣʫʯʘʝʚ 

ʩʦʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʳ ʠ ʛʨʘʬʠʢʠ [6]. ɺ ʦʪʥʦʰʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʩʩʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʤʝ-

ʪʦʜʳ ʧʨʦʨʘʙʦʪʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʩʦʦʨʫʞʝʥʠʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚ-

ʣʝʥʥʫʶ ʢʘʤʝʥʥʫʶ ʠʣʠ ʱʝʙʝʥʦʯʥʫʶ ʧʦʩʪʝʣʴ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʧʣʦʪʥʷʝʤʫʶ ʠ ʦʙʞʠʤʘʶʱʫʶ 

ʛʨʫʥʪ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦ-

ʚʘʥʠʷ [2]. ʊʦʯʥʦʝ ʩʪʨʦʛʦʝ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʝʰʝʥʠʝ ʧʦʣʫʯʝʥʦ ʪʦʣʴʢʦ ʜʣʷ çʥʝʚʝ-

ʩʦʤʦʡè ʛʨʫʥʪʦʚʦʡ ʩʨʝʜʳ, ʤʦʜʝʣʠʨʫʝʤʦʡ ʢʘʢ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʠʡ, ʠʜʝʘʣʴʥʦ ʧʣʘʩʪʠʯʥʳʡ ʤʘʪʝ-

ʨʠʘʣ, ʦʪʚʝʯʘʶʱʠʡ ʢʨʠʪʝʨʠʶ ʂʫʣʦʥʘ-ʄʦʨʘ. 

ɺ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ ʤʦʤʝʥʪ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʨʝʜʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ Fmax ʥʘ ʧʣʝʯʦ (ʨʘʩʩʪʦʷʥʠʝ d ʦʪ ʧʦʜʦʰʚʳ ʩʦʦʨʫʞʝʥʠʷ ʜʦ ʫʨʦʚʥʷ ʧʨʠʣʦʞʝʥʠʷ ʨʘʚʥʦ-

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʠ). ʋʨʘʚʥʝʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʧʦʣʦʞʝʥʠʷʭ: 

ï ʫʩʣʦʚʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʩʦʦʨʫʞʝʥʠʷ G ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʦʣʦ-

ʚʠʥʳ ʜʠʘʤʝʪʨʘ D/2 ʦʪ ʥʘʨʫʞʥʦʡ ʛʨʘʥʠ ʩʦʦʨʫʞʝʥʠʷ; 

ï ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʨʝʘʢʮʠʠ ʜʘʚʣʝʥʠʷ R ʥʘ ʛʨʫʥʪ (ʚ ʧʨʝʜʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʘʷ ʚʝʩʫ ʩʦʦʨʫʞʝʥʠʷ G) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʨʝʜʠʥʝ ʫʯʘʩʪʢʘ ʢʦʥʪʘʢʪʘ: l'=l/2. ʊʘ-

ʢʦʝ ʜʦʧʫʱʝʥʠʝ ʚʦʟʤʦʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʩʜʚʠʛ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʙʣʠʞʝ ʢ ʥʘʨʫʞʥʦʡ ʛʨʘʥʠ ʩʦ-

ʦʨʫʞʝʥʠʷ (ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʦʟʤʦʞʥʳʤ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʢ ʢʨʘʶ ʩʦʦʨʫʞʝʥʠʷ ʧʨʠ ʝʛʦ ʧʦʚʦʨʦʪʝ) 

ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʝʝ ʩʜʚʠʛʦʤ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʢ ʮʝʥʪʨʫ ʩʦʦʨʫʞʝʥʠʷ (ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ 

ʩʦʦʨʫʞʝʥʠʝ ʠʤʝʝʪ ʢʨʫʛʣʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ). ʀʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʣʝʜʫʝʪ ʜʣʠʥʘ ʫʯʘʩʪʢʘ 

ʢʦʥʪʘʢʪʘ: 

G
l

p
= .              (4) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʤʦʤʝʥʪ M1 ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ 

G ʥʘ ʧʣʝʯʦ, ʨʘʚʥʦʝ ʧʦʣʫʨʘʟʥʦʩʪʠ ʰʠʨʠʥʳ ʩʦʦʨʫʞʝʥʠʷ (ʜʠʘʤʝʪʨʘ D) ʠ ʜʣʠʥʳ ʫʯʘʩʪʢʘ ʢʦʥʪʘʢʪʘ 

l: 

( )

2 2 2
1

D l D l
M G G G

-
= - = .     (5) 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʝʥʩʪʚʘ ʤʦʤʝʥʪʦʚ ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 

( )

2
max

D l
G k F d

-
Ö = Ö Ö.       (6) 

ʊʦʛʜʘ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩ (1), (2), (3), (4) ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ (ʧʨʝʜʝʣʴʥʦʡ) ʦʧʨʦʢʠʜʳʚʘʶʱʝʡ ʩʠʣʳ Fmax: 

3

1 .
8 1 sin

1
1 sin
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j
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Ö

å õ
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Ö Ö -æ öæ ö
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         (7) 

ʌʦʨʤʫʣʘ (7) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʳʚʘʶʱʫʶ 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʠʷ ʠ ʨʘʟʤʝʨʳ ʩʦʦʨʫʞʝʥʠʷ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʜʝʨʞʠʚʘʶʱʠʤ ʤʦʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʩʦʦʨʫʞʝʥʠʝʤ ʙʝʟ 

ʥʘʨʫʰʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ çʦʙʦʣʦʯʢʘ ï ʦʩʥʦʚʘʥʠʝè. 
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ɺʳʚʦʜʳ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʩʦʦʨʫ-

ʞʝʥʠʷ ʠʟ ʟʘʧʦʣʥʝʥʥʳʭ ʦʙʦʣʦʯʝʢ ʠʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʷ. ɺ 

ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʟʘʣʦʞʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʧʨʝʜʝʣʴʥʦʤ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʘʟʚʠʪʠʷ ʧʦʣʝʡ ʩʢʦʣʴʞʝ-

ʥʠʷ. ʄʦʜʝʣʴ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʦʯʥʦʝ ʠ ʩʪʨʦʛʦʝ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʝʰʝʥʠʝ, ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʧʫʱʝʥʠʡ, ʥʦ ʙʦʣʝʝ ʧʦʣʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ [1]. ɺ 

ʢʘʯʝʩʪʚʝ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦ-

ʩʪʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʩʪʘʪʴʝ ʬʦʨʤʫʣʘʤʠ, ʥʘ ʨʘʥʥʠʭ ʩʪʘ-

ʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʤʦʜʝʣʠ ʛʨʫʥʪʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʂʫʣʦʥʘ-ʄʦʨʘ ʩ ʦʩʥʦʚʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʩʦʦʨʫʞʝʥʠʷ ʠ ʧʨʝ-

ʜʝʣʴʥʦʡ ʦʧʨʦʢʠʜʳʚʘʶʱʝʡ ʩʠʣʦʡ. ʇʦʵʪʦʤʫ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʙʳʩʪʨʳʡ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʛʘʙʘʨʠʪʦʚ ʩʦʦʨʫʞʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʩʥʦʚʘʥʠʷ ʠʟ ʫʩʣʦʚʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʫʥʪʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʪʝʦʨʝʪʠʯʝ-

ʩʢʘ̫ ʤʦʜʝʣʴ ʥʝ ʫʯʠʪʳʚʘʝʪ ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʙʦʪʫ ʩʦʦʨʫʞʝʥʠʷ: ʧʨʠ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʩ ʫʯʝʪʦʤ ʜʦʧʫʩʪʠʤʳʭ ʧʝʨʝʤʝ-

ʱʝʥʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʦʦʨʫʞʝʥʠʷ. ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʛʘʙʘʨʠʪʦʚ ʩʣʝʜʫʝʪ 

ʧʝʨʝʡʪʠ ʢ ʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦʡ ʩʪʘʜʠʠ ʚʳʯʠʩʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦ-

ʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʜʝʪʘʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʦʨʫʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʘ-

ʥʠʷ, ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʝʣʝ ʦʙʦʣʦʯʢʠ, ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʛʨʫʥʪʝ ʦʩʥʦʚʘʥʠʷ. 
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