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Gerasymov O.I. 

Physics of complex nonequilibrium systems and processes: monograph. Odesa : 

Odessa State Environmental University, 2022. 187 p. 
Non-equilibrium, non-linear processes make up the vast majority of the list of systems, phenomena and 

processes that occur both in technological manipulations and in the environment. objects belong, as a rule, to 

various sections of physics, technical sciences, chemistry, biology, and also, sociology and even political 

science. Besides, parametrization of such processes is carried out by means of nonlinear differential equations in 

partial derivatives at difficult boundary and initial conditions. It seems that it is impossible to form in the reader 

a more or less universal idea of the nature of the emergence and evolution of complex nonequilibrium systems. 

equilibrium, for which modern theory gives only some and very limited for. The proposed monograph is just an 

attempt to form an idea of essentially nonequilibrium systems and processes using simple visual models in which 

unequal importance is a simulated and controlled parameter and factor. which determines a characteristic 

behavior of the system. 

The monograph is intended for a wide range of scientists, teachers, graduate students and students of 

higher education institutions working in physical and technical, interdisciplinary (including environmental safety 

technologies), and related areas of research systems and processes, both technological and existing  and occur in 

the environment. 
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ɺʉʊʋʇ 

 

ʇʦʚʝʜʽʥʢʘ, ʩʠʩʪʝʤ ʚ ʩʪʘʥʘʭ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʧʦʩʪʫʧʦʚʦ ʩʪʘʻ 

ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʫ ʬʽʟʠʮʽ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʟʘ ʾʾ 

ʤʝʞʘʤʠ. ɺʘʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʧʨʦʛʨʝʩʫ ʚ ʮʽʡ ʛʘʣʫʟʽ ʦʙʫʤʦʚʣʶʻʪʴʩʷ 

ʜʝʢʽʣʴʢʦʤʘ ʢʣʶʯʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʧʦ-ʧʝʨʰʝ, ʧʦʚʝʜʽʥʢʘ, ʜʘʣʝʢʘ ʚʽʜ 

ʨʽʚʥʦʚʘʛʠ, ʥʝ ʨʽʜʢʽʩʪʴ, ʘ ʥʘʚʧʘʢʠ, ʛʣʦʙʘʣʴʥʝ ʷʚʠʱʝ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ 

ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʤʘʩʰʪʘʙʽʚ  ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʽ ʚʠʱʝ, ʷʢ ʫ 

ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ, ʪʘʢ ʽ ʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ. ʇʦ-ʜʨʫʛʝ, 

ʚʦʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʢʨʠʪʠʯʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʥʘ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ 

ʽʩʥʫʚʘʥʥʷ ʃʶʜʩʪʚʘ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʚʠʨʦʙʥʠʯʦʾ  ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʙʘʟʠ, ʘ ʪʘʢʦʞ ʥʘ ʝʢʦʥʦʤʽʢʫ, ʢʣʽʤʘʪ ʽ ʚʟʘʛʘʣʽ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ʇʦ-ʪʨʝʪʻ,  ʧʦʚʝʜʽʥʢʫ, ʜʘʣʝʢʫ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʥʝʤʦʞʣʠʚʦ 

ʟʨʦʟʫʤʽʪʠ ʣʠʰʝ ʯʝʨʝʟ ʤʦʜʠʬʽʢʘʮʽʾ ʬʽʟʠʢʠ ʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʬʝʨʘ 

ʬʽʟʠʢʠ, ʱʦ ʤʘʻ ʩʧʨʘʚʫ ʟ ʜʘʣʝʢʠʤʠ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʢʦʤʧʦʥʝʥʪʘʤʠ , ʚʝʣʠʯʝʟʥʘ, 

ʽ ʥʘʚʨʷʜ ʯʠ ʷʢʠʡʩʴ ʦʜʠʥ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʜʣʷ ʚʩʽʭ 

ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤ. ʊʠʤ ʥʝ ʤʝʥʰ, ʻ ʥʘʜʽʷ ʚʠʟʥʘʯʠʪʠ ʜʝʷʢʽ  ʢʣʘʩʠ 

ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʩʧʽʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ ʦʩʦʙʣʠʚʦʩʪʽ  ʬʽʟʠʯʥʦʾ 

ʧʦʚʝʜʽʥʢʠ,  ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʟʘʛʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʝʱʦʜʘʚʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʘʨʠʥʽ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʤʘʪʝʨʽʾ ʧʽʜʛʦʪʫʚʘʣʠ ʦʩʥʦʚʫ ʜʣʷ ʥʦʚʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʢʣʘʩʠʯʥʠʭ  ʧʨʦʙʣʝʤ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʧʦʚʝʜʽʥʢʠ, ʩʠʩʪʝʤ, 

ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʥʦʚʠʭ ʤʦʜʝʣʴʥʠʭ ʢʦʥʮʝʧʮʽʡ ʪʘ 

ʧ̔ ʜʭʦʜʽʚ, ʪʘʢʠʭ, ʷʢ ʛʨʘʥʫʣʴʦʚʘʥʘ  ʨʝʯʦʚʠʥʘ, ʥʦʚʽ ʦʙôʻʜʥʫʶʯʽ ʧʘʨʘʜʠʛʤʠ, 

ʪʘʢʽ, ʷʢ ʟʘʛʣʫʰʝʥʥʷ, ʥʦʚʽ ʧʨʠʥʮʠʧʠ ʦʨʛʘʥʽʟʘʮʽʾ, ʪʘʢʽ ʷʢ ʥʘʜʽʡʥʽʩʪʴ, ʽ ʥʦʚʽ 

ʬʦʨʤʘʣʴʥʽ ʧʽʜʭʦʜʠ, ʪʘʢʽ ʷʢ ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʧʨʦʮʝʩʽʚ. ʄʘʻʤʦ 

ʧʽʜʢʨʝʩʣʠʪʠ ʪʘʢʦʞ ʪʽʩʥʽ ʟʚôʷʟʢʠ ʪʝʦʨʝʪʠʯʥʦʾ ʛʘʣʫʟʽ ʬʽʟʠʢʠ ʩʫʪʪʻʚʦ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʚʝʣʠʢʠʤ ʧʝʨʝʣʽʢʦʤ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ.  

ɸʚʪʦʨ ʭʦʪʽʚ ʙʠ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʥʘʜ ʢʥʠʛʦʶ, ʚ ʥʴʦʛʦ 

ʙʫʣʘ ʜʫʤʢʘ, ʷʢ ʮʝ ʡ ʧʨʠʡʥʷʪʦ ʫ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʨʦʟʧʦʚʽʩʪʠ ʧʨʦ ʦʢʨʝʤʽ 

ʧʨʠʢʣʘʜʠ ʩʠʩʪʝʤ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʘʭ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʞʥʠʭ ʽ 

ʧʦʢʘʟʫʶʪʴ ʩʧʝʮʠʬʽʯʥʽ, ʥʘʚʽʪʴ ʝʢʩʪʨʘʦʨʜʠʥʘʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʧʨʠʚʘʙʣʶʻ 

ʜʦ ʾʭ ʚʠʚʯʝʥʥʷ ʽ ʪʝʦʨʝʪʠʢʽʚ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʽʚ. ʇʝʨʰʠʭ, ʟ ʤʝʪʦʶ 

ʧʨʠʡʥʷʪʠ ʚʠʢʣʠʢ, ʷʢʠʡ ʩʚʦʾʤʠ ʩʢʣʘʜʥʦʱʘʤʠ ʢʠʜʘʶʪʴ ʥʘʤ ʪʘʢʽ ʩʠʩʪʝʤʠ ʽ 

ʚʧʦʨʘʪʠʩʷ ʟ ʧʦʨʦʟʫʤʽʥʥʷʤ ʾʭ ʩʢʣʘʜʥʦʾ ʧʦʚʝʜʽʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʤʚʦʣʽʯʥʠʭ ʤʝʪʦʜʽʚ ʽ ʤʦʜʝʣʝʡ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʘʧʘʨʘʪ ʩʫʯʘʩʥʦʾ ʪʝʦʨʝʪʠʯʥʦʾ 

ʬʽʟʠʢʠ. ɼʨʫʛʠʭ, ʟ ʤʝʪʦʶ ʧʨʠʚʝʩʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʧʨʠʢʣʘʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʟʥʘʭʦʜʷʯʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʽ ʥʘʤʽʯʘʶʯʠ ʰʣʷʭʠ 

ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʜʣʷ ʧʦʪʨʝʙ ʩʫʩʧʽʣʴʩʪʚʘ. ɸʣʝ ʥʘ ʧʨʦʪʷʟʽ ʨʦʙʦʪʠ ʥʘʜ 

ʤʘʪʝʨʽʘʣʦʤ ʟôʷʩʫʚʘʣʦʩʷ, ʱʦ ʟʘʜʘʯʘ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʫ ʙʽʣʴʰ ʩʢʣʘʜʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ. ʗʢ ʨʦʟʧʦʚʽʩʪʠ ʧʨʦ ʚʝʣʠʢʝ ʢʦʣʦ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʷʚʠʱ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ  ʟ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʠʤʠ ʟʘ ʩʚʦʾʤʠ ʬʽʟʠʯʥʠʤʠ, ʯʠ ʽʥʰʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʩʪʝʤ ʘʫʜʠʪʦʨʽʾ, ʷʢʘ ʥʝ ʤʘʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ, 
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ʩʢʘʞʽʤʦ ʚ ʛʘʣʫʟʽ ʪʝʦʨʝʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʯʠ ʩʧʝʮʽʘʣʴʥʠʭ ʨʦʟʜʽʣʽʚ ʬʽʟʠʢʠ, ʭʽʤʽʾ, 

ʙʽʦʣʦʛʽʾ ʪʘ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ?  ʑʦʙ ʫʥʠʢʥʫʪʠ ʚʠʥʠʢʘʶʯʠʭ 

ʪʨʫʜʥʦʱʽʚ ʜʦʚʝʣʦʩʷ ʟʽʙʨʘʪʠ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʪʽ ʧʨʠʢʣʘʜʠ ʩʠʩʪʝʤ ʫ 

ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʩʪʘʥʘʭ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʽʰʠʪʠ ʟʘʜʘʯʫ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʤʠʭ ʚ ʥʠʭ ʷʚʠʱ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʜʝʢʚʘʪʥʠʭ ʽ 

ʘʧʨʦʙʦʚʘʥʠʭ, ʘʣʝ ʥʝʩʢʣʘʜʥʠʭ, ʚ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʤʦʜʝʣʴʥʠʭ ʧʽʜʭʦʜʽʚ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ, ʪʠʤ ʥʝ ʤʝʥʰʝ ʩʪʚʦʨʶʻ ʜʦʩʪʘʪʥʴʦ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʝʨʝʙʽʛ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʦ ʚʧʣʠʚ, ʷʢʠʡ ʩʪʚʦʨʶʶʪʴ ʥʘ ʥʠʭ ʟʦʢʨʝʤʘ, 

ʥʝʣʽʥʽʡʥʽʩʪʴ, ʩʠʤʝʪʨʽʷ ʪʘ ʽʥʰʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤ. ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ 

ʦʟʥʘʡʦʤʣʝʥʥʷ ʽʟ ʧʨʝʜʤʝʪʦʤ ʤʦʥʦʛʨʘʬʽʾ ʯʠʪʘʯʝʚʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʚʝʜʝʥʘ 

ʥʘʧʨʠʢʽʥʮʽ ʤʦʥʦʛʨʘʬʽʾ ʯʠʩʝʣʴʥʘ ʧʨʦʬʽʣʴʥʘ ʣʽʪʝʨʘʪʫʨʘ. 
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ʈʆɿɼɯʃ 1  ʅɽʈɯɺʅʆɺɸɾʅɯ ʉʀʉʊɽʄʀ 

 

 

1.1 ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʟʥʘʢʠ ʪʘ ʧʨʠʢʣʘʜʠ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʩʠʩʪʝʤ 

 

ɽʚʦʣʶʮʽʷ ʽʟʦʣʴʦʚʘʥʠʭ  ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʤʘʻ ʪʝʥʜʝʥʮʽʶ 

ʥʘʙʣʠʞʫʚʘʪʠ ʾʭ ʜʦ ʦʩʦʙʣʠʚʠʭ, ʪʘʢ ʟʚʘʥʠʭ ʨʽʚʥʦʚʘʞʥʠʭ ʩʪʘʥʽʚ,  ʷʢʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʮʝʥʪʨʽ ʫʚʘʛʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚʝʜʽʥʢʠ ʚʝʣʠʢʠʭ ʢʦʥʛʣʦʤʝʨʘʮʽʡ  

ʪʽʣ ʚʞʝ ʤʘʡʞʝ ʧʨʦʪʷʛʦʤ ʩʪʦʣʽʪʪʷ. ɯ ʚʩʝ ʞ, ʥʘʡʛʦʣʦʚʥʽʰʝ  ʙʘʛʘʪʩʪʚʦ ʽ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʚʽʪʫ ʚʠʥʠʢʘʻ ʩʘʤʝ ʚ ʫʤʦʚʘʭ, 

ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ. ʊʘʢʽ ʷʚʠʱʘ, ʷʢ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ, ʟʝʤʣʝʪʨʫʩʠ, 

ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʢʽʥʝʮʴ ʢʽʥʮʝʤ ʩʘʤʝ ʞʠʪʪʷ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʘʤʝ  ʚ ʫʤʦʚʘʭ 

ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ. ʇʦʪʨʘʧʣʷʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚ ʫʤʦʚʠ, ʧʨʠ ʷʢʠʭ ʚʦʥʠ 

ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʩʪʘʥʽʚ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʩʧʝʮʠʬʽʯʥʠʭ (ʽʥʢʦʣʠ ʥʘʚʽʪʴ ʝʢʩʪʨʘʦʨʜʠʥʘʨʥʠʭ!), ʥʝʜʦʩʷʞʥʠʭ ʚ ʽʥʰʦʤʫ 

ʚʠʧʘʜʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘʧʨʠʢʣʘʜ, ʰʚʠʜʢʝ ʦʭʦʣʦʜʞʝʥʥʷ ʻ ʢʣʶʯʦʚʠʤ 

ʧʨʦʮʝʩʦʤ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʥʘʡʤʽʮʥʽʰʠʭ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ ʽ  ʧʣʘʩʪʤʘʩ. 

ʇʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʘʣʝʢʦ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʪʘʢʦʞ ʩʪʚʦʨʶʶʪʴ ʜʝʷʢʽ ʟ 

ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʟʘ ʪʦʧʦʣʦʛʽʻʶ  ʩʪʨʫʢʪʫʨ, ʚʽʜ ʩʥʽʞʠʥʦʢ ʜʦ ɺʩʝʩʚʽʪʫ, ʚʽʜ 

ʘʪʦʤʥʦ-ʷʜʝʨʥʠʭ ʩʧʦʣʫʢ ʜʦ ʚʠʩʦʢʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʞʠʪʪʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʘ ʪʝʧʝʨʽʰʥʽ ʯʘʩʠ  ʙʘʛʘʪʦ ʯʦʛʦ  ʚʽʜʦʤʦ ʧʨʦ 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʪʘʥʽ ʨʽʚʥʦʚʘʛʠ ʘʙʦ ʙʣʠʟʴʢʦ ʜʦ ʥʴʦʛʦ, 

ʚʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʣʶʜʩʪʚʦ  ʪʽʣʴʢʠ ʧʦʯʠʥʘʻ ʨʦʟʢʨʠʚʘʪʠ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ, ʱʦ 

ʢʝʨʫʶʪʴ ʧʦʚʝʜʽʥʢʦʶ ʙʘʛʘʪʴʦʭ ʩʠʩʪʝʤ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʪʘʥʘʭ, ʜʘʣʝʢʠʭ ʚʽʜ 

ʨʽʚʥʦʚʘʞʥʠʭ. 

 

 
ʈʠʩʫʥʦʢ 1.1 - ʈʦʾʥʥʷ ʟʛʨʘʾ ʨʠʙ, ʟʘʢʨʫʯʝʥʽ ʙʫʨʽ ʽ ʛʘʣʘʢʪʠʢʠ  

 ʻ ʧʨʠʢʣʘʜʘʤʠ  ʩʠʩʪʝʤ, ʷʢʽ  ʬʦʨʤʫʶʪʴʩʷ ʽ ʨʦʟʚʠʚʘʶʪʴʩʷ 

 ʜʘʣʝʢʦ ʚʽʜ ʨʽʚʥʦʚʘʛʠ 

 

  ʅʘʩʧʨʘʚʜʽ, ʤʠ ʞʠʚʝʤʦ ʫ ʩʚʽʪʽ, ʚ ʷʢʦʤʫ ʬʽʛʫʨʫʶʪʴ ʩʪʨʫʢʪʫʨʠ ʽ 

ʰʘʙʣʦʥʠ, ʷʢʽ ʬʘʢʪʠʯʥʦ ʤʦʜʝʣʶʶʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʪʘʥʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ʂʦʣʠ ʝʥʝʨʛʽʷ ʧʦʩʪʽʡʥʦ ʧʦʜʘʻʪʴʩʷ ʜʦ ʩʠʩʪʝʤ ʟ 

ʙʘʛʘʪʴʤʘ ʚʟʘʻʤʦʜʽʶʯʠʤʠ ʩʢʣʘʜʦʚʠʤʠ, ʨʝʟʫʣʴʪʘʪ ʚ ʟʘʛʘʣʽ ʢʘʞʫʯʠ  ʨʘʟʶʯʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʥʝʟʤʽʥʥʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʽʚʥʦʚʘʛʫ. ɹʝʟʣʽʯ 

ʷʚʠʱ ʚʽʜ ʤʦʣʝʢʫʣʷʨʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘ ʥʘʥʦʤʘʩʰʪʘʙʘʭ, ʽ ʷʢʽ 
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ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʫ ʞʠʪʪʷ, ʜʦ  ʢʣʽʤʘʪʫ ʥʘ ʥʘʰʽʡ  ʧʣʘʥʝʪʽ, ʱʦ ʜʠʥʘʤʽʯʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʽ ʜʦ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʘʪʝʨʽʾ ʫ ɺʩʝʩʚʽʪʽ ʟʘʛʘʣʦʤ, ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ  

ʟʦʙʦʚ'ʷʟʘʥʽ ʩʚʦʾʤ ʽʩʥʫʚʘʥʥʷʤ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʥʝ ʧʨʦʩʪʦ ʪʨʦʭʠ ʚʽʜʜʘʣʝʥʽ ʚʽʜ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʽʚ ʨʽʚʥʦʚʘʛʠ, ʘʣʝ ʟʥʘʭʦʜʷʪʴʩʷ ʜʘʣʝʢʦ ʚʽʜ ʥʴʦʛʦ 

(ʨʠʩʫʥʦʢ 1.1). ʉʪʚʦʨʝʥʥʷ ʫʤʦʚ, ʷʢʽ ʚʝʜʫʪʴ ʜʦ ʩʪʘʥʽʚ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, 

ʨʘʟʶʯʝ ʟʤʽʥʶʶʪʴ ʧʦʚʝʜʽʥʢʫ ʥʘʚʽʪʴ ʟʚʠʯʘʡʥʠʭ ʨʽʜʠʥ ʽ ʪʚʝʨʜʠʭ ʪʽʣ. 

ɼʨʘʤʘʪʠʯʥʽ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʮʝʥʘʨʽʾʚ ʧʦʚʝʜʽʥʢʠ ʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤ, 

ʧʨʠʢʣʘʜʠ ʪʨʘʧʣʷʶʪʴʩʷ, ʢʦʣʠ ʧʦʪʽʢ ʨʽʜʠʥʠ ʩʪʘʻ ʪʫʨʙʫʣʝʥʪʥʠʤ ʘʙʦ ʢʦʣʠ 

ʪʚʝʨʜʽ ʪʽʣʘ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʟʙʫʨʝʥʴ ʽ ʨʫʡʥʫʶʪʴʩʷ. 

ʊʦʯʢʘ ʟʦʨʫ ʪʝʦʨʝʪʠʯʥʦʾ ʬʽʟʠʢʠ, ʷʢ ʥʘ  ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ [1], ʪʘʢ  ʽ ʥʘ 

ʨʫʡʥʫʚʘʥʥʷ [2], ʙʘʟʫʻʪʴʩʷ ʥʘ  ʤʦʜʝʣʷʭ ʚʠʢʣʶʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ,  ʷʢʽ ʦʧʠʩʫʶʪʴ 

ʥʝ ʪʽʣʴʢʠ ʧʨʠʥʮʠʧʦʚʽ  ʟʤʽʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʘʣʝ ʡ ʧʝʨʝʨʦʟʧʦʜʽʣ 

ʝʥʝʨʛʽʾ ʧʦ ʚʩʽʡ ʽʻʨʘʨʭʽʾ ʚʢʣʘʜʝʥʠʭ ʩʪʨʫʢʪʫʨ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ 

ʽ ʟʘʢʽʥʯʫʶʯʠ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ ʤʘʩʰʪʘʙʘʤʠ. ʇʨʦʮʝʩʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, 

ʦʭʦʧʣʶʶʪʴ ʚʝʣʠʯʝʟʥʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʽʚ, ʚʽʜ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ ʥʘ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʤʘʩʰʪʘʙʽ ʪʘ ʯʘʩʽʚ ʨʝʣʘʢʩʘʮʽʾ 

ʘʤʦʨʬʥʠʭ ʩʧʦʣʫʢ, ʟʘʥʘʜʪʦ ʧʦʚʽʣʴʥʦʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʶ ʪʝʭʥʽʢʦʶ, 

ʜʦ ʚʽʢʫ ɺʩʝʩʚʽʪʫ. 

ɼʘʣʝʢʘ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʧʦʚʝʜʽʥʢʘ ʫ ʛʣʦʙʘʣʴʥʦʤʫ ʩʝʥʩʽ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ 

ʦʩʦʙʣʠʚʠʤʠ ʫʤʦʚʘʤʠ, ʯʠ ʧʝʚʥʠʤʠ ʪʠʧʘʤʠ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʪʦʤʽʩʪʴ ʚʦʥʘ 

ʚʠʥʠʢʘʻ ʫ ʚʩʴʦʤʫ ʩʧʝʢʪʨʽ ʬʽʟʠʯʥʠʭ ʷʚʠʱ, ʚ ʥʠʟʮʽ ʧʨʦʙʣʝʤ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ,ʧʨʠʥʮʠʧʦʚʠʡ ʽʥʪʝʨʝʩ. ʗʚʠʱʘ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, 

ʪʘʢʦʞ ʧʨʠʥʦʩʷʪʴ, ʷʢ ʢʦʨʠʩʪʴ ʪʘʢ ʽ ʧʝʨʝʰʢʦʜʠ ʫ ʪʝʭʥʽʮʽ ʪʘ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ 

ʞʠʪʪʽ  [3] . 

ɼ̔ ʡʩʥʦ, ʜʝʷʢʽ ʟ ʥʘʡʚʨʘʟʣʠʚʽʰʠʭ ʩʮʝʥʘʨʽʾʚ  ʧʦʚʝʜʽʥʢʠ, ʚ ʜʘʣʝʢʠʭ ʚʽʜ 

ʨʽʚʥʦʚʘʛʠ ʩʪʘʥʘʭ, ʚʠʥʠʢʘʶʪʴ ʫ ʩʠʪʫʘʮʽʷʭ, ʟ ʷʢʠʤʠ ʤʠ ʟʥʘʡʦʤʽ ʟ ʱʦʜʝʥʥʦʛʦ 

ʜʦʩʚʽʜʫ. ʄʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ, ʷʢ ʫ ʚʽʟʝʨʫʥʢʘʭ ʭʤʘʨ, ʪʘʢ ʽ  ʫ 

ʚʘʥʥʽ;  ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ  ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʦʧʦʜʽʙʥʦʾ ʧʦʚʝʜʽʥʢʠ ʟʨʘʟʢʽʚ ʤʘʡʞʝ 

ʫ ʚʩʽʭ ʪʠʧʘʭ ʧʣʘʩʪʠʢʽʚ;  ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʨʦʟʱʝʧʣʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ ʥʘ 

ʢʨʘʧʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʪʘ ʩʪʨʫʤʠʥʥʦʛʦ ʜʨʫʢʫ (ʪʘ, 

ʚʦʜʥʦʯʘʩ ʟʽʪʢʘʻʤʦʩʴ ʟ ʮʠʤ ʷʚʠʱʝʤ ʚ ʢʦʞʥʦʤʫ ʥʝʛʝʨʤʝʪʠʯʥʦʤʫ ʢʨʘʥʽ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʷʚʠʱ ʧʦʰʠʨʶʻʪʴʩʷ ʪʘʢʦʞ ʽ ʥʘ ʩʠʩʪʝʤʠ 

ʩʫʩʧʽʣʴʩʪʚʘ. ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʜʦʩʣʽʜʥʠʢʠ ʟ ʬʽʟʠʢʠ ʢʦʥʜʝʥʩʦʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ ʧʦʯʘʣʠ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʽ, ʪʠʧʦʚʽ ʜʣʷ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ 

ʩʠʩʪʝʤ, ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʝʢʦʥʦʤʽʢʠ ʜʦ ʝʢʦʩʠʩʪʝʤ ʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  [4-9]. 

ɼʚʘ ʚʘʞʣʠʚʠʭ ʘʩʧʝʢʪʫ  ʚʠʟʥʘʯʘʶʪʴ ʤʘʩʰʪʘʙ ʚʠʢʣʠʢʫ ʚ ʮʘʨʠʥʽ ʦʧʠʩʫ 

ʪʘ ʧʦʨʦʟʫʤʽʥʥʷ ʩʫʪʪʻʚʦ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤ. ʇʦ-ʧʝʨʰʝ, ʩʫʪʪʻʚʦ 

ʥʝʨʽʚʥʦʚʘʞʥʘ ʧʦʚʝʜʽʥʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʣʦʙʘʣʴʥʦ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʷʚʠʱ 

ʨʦʙʠʪʴ ʚʠʚʯʝʥʥʷ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ 

ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʶ ʩʬʝʨʦʶ, ʷʢʘ ʥʘʣʘʛʦʜʞʫʻ ʟʚôʷʟʢʠ ʤʽʞ ʬʽʟʠʯʥʠʤ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʦʤ ʪʘ ʜʦʩʣʽʜʥʠʢʘʤʠ ʚ ʛʘʣʫʟʽ ʙʽʦʣʦʛʽʾ, ʭʽʤʽʾ, ʧʨʠʢʣʘʜʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ, ʛʝʦʣʦʛʽʾ, ʤʝʪʝʦʨʦʣʦʛʽʾ ʪʘ ʪʝʭʥʽʢʠ. ʉʫʪʪʻʚʦ ʥʝʨʽʚʥʦʚʘʞʥʘ 
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ʬʽʟʠʢʘ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ, ʷʢ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, 

ʪʘʢ ʽ ʟ  ʦʙʨʦʙʢʦʶ ʙʘʛʘʪʴʦʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʨʝʰʪʽ, ʥʝʨʽʚʥʦʚʘʞʥʘ ʬʽʟʠʢʘ  

ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʷʚʠʱ ʧʦʟʘ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʞʘʤʠ ʬʽʟʠʢʠ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʚʢʣʶʯʘʶʯʠ ʟʝʤʣʝʪʨʫʩʠ, ʫʨʘʛʘʥʠ, ʫʪʚʦʨʝʥʥʷ 

ʛʘʣʘʢʪʠʢ ʽ éʥʘʚʽʪʴ ʩʚʽʜʦʤʽʩʪʴ. ʗʢ ʥʘʩʣʽʜʦʢ, ʧʨʦʨʠʚʠ ʚ ʮʽʡ ʮʘʨʠʥʽ  ʤʘʶʪʴ 

ʛʣʦʙʘʣʴʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʴ.  

ɼʨʫʛʘ ʢʣʶʯʦʚʘ ʧʨʦʙʣʝʤʘ  ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ  ʧʦʚʝʜʽʥʢʘ ʩʫʪʪʻʚʦ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤ ʥʝ ʦʧʠʩʫʻʪʴʩʷ  ʧʨʦʩʪʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʬʽʟʠʢʠ 

ʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ , ʯʠ ʩʠʩʪʝʤ, ʱʦ ʻ ʙʣʠʟʴʢʠʤʠ ʜʦ ʨʽʚʥʦʚʘʛʠ. ʅʘʪʦʤʽʩʪʴ 

ʪʘʢʘ ʧʦʚʝʜʽʥʢʘ  ʚʽʜʧʦʚʽʜʘʻ ʷʢʽʩʥʦ ʽʥʰʠʤ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʧʦʚôʷʟʘʥʽ ʟ 

ʧʝʨʝʪʠʥʦʤ ʜʝʷʢʦʛʦ ʧʦʨʦʛʫ ʧʝʨʝʭʦʜʫ ʜʦ ʧʨʠʥʮʠʧʦʚʦ  ʥʦʚʦʛʦ ʨʝʞʠʤʫ. ʋ 

ʜʝʷʢʠʭ ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʘʭ ʚʜʘʻʪʴʩʷ  ʨʦʟʢʨʠʪʠ ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʘʩʘʜʠ  

ʩʫʪʪʻʚʦ ʥʝ ʨʽʚʥʦʚʘʞʥʠʭ ʷʚʠʱ, ʘʣʝ ʥʘʤ ʜʦʩʽ ʙʨʘʢʫʻ ʨʦʟʫʤʽʥʥʷ, ʥʝʦʙʭʽʜʥʦʛʦ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʛʣʦʙʘʣʴʥʠʭ, ʫ ʩʝʥʩʽ ʥʝʨʽʚʥʦ ʚʘʞʥʦʩʪʽ , ʩʪʨʫʢʪʫʨ. ʊʦʤʫ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ, ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤ, ʷʢʽ ʩʫʪʪʻʚʦ 

ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʥʝʨʦʟʨʦʙʣʝʥʦʶ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʛʘʣʫʟʟʶ ʟʥʘʥʴ. ʅʠʞʯʝ, ʙʫʜʝ ʜʘʥʘ ʩʧʨʦʙʘ 

ʣʠʰʝ ʥʘ ʷʢʽʩʥʦʤʫ ʧʦʥʷʪʽʡʥʦʤʫ ʨʽʚʥʽ ʦʧʠʩʘʪʠ ʜʝʷʢʽ ʧʨʠʯʠʥʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ  

ʷʚʠʱʘ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʯʘʩʪʦ ʥʝ ʟʥʘʭʦʜʷʪʴ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ 

ʨʦʟʫʤʽʥʥʷ. ʈʦʟʛʣʷʜ ʙʫʜʝ ʟʦʩʝʨʝʜʞʝʥʦ ʥʘ ʧʨʦʙʣʝʤʘʭ, ʜʣʷ ʷʢʠʭ ʚʜʘʻʪʴʩʷ 

ʚʠʟʥʘʯʠʪʠ ʥʘʜʽʡʥʽ ʦʟʥʘʢʠ ʪʘ ʧʘʨʘʤʝʪʨʠ, ʪʠʧʦʚʽ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤ, ʷʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ, ʪʘʢ ʽ  ʪʝʦʨʝʪʠʯʥʠʭ(ʜʝʷʢʽ ʟ 

ʷʢʠʭ ʮʽʣʢʦʤ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʚʽʜʧʨʘʚʥʠʤʠ ʪʦʯʢʘʤʠ ʜʣʷ ʤʘʡʙʫʪʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ). ɼʣʷ ʙʽʣʴʰ ʚʠʯʝʨʧʥʦʛʦ ʨʦʟʛʣʷʜʫ ʤʠ ʧʨʦʩʠʤʦ ʯʠʪʘʯʘ 

ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ  ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʦʙʽʪ, ʣʠʰʝ ʯʘʩʪʠʥʘ ʟ 

ʷʢʠʭ ʥʘʚʝʜʝʥʘ  ʫ ʧʦʩʠʣʘʥʥʷʭ. 

 

 

1.2 ʌʽʟʠʢʘ  ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʽ ʪʝʦʨʽʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʧʨʦʮʝʩʽʚ 

 

 ɼʦʩʣʽʜʥʠʢʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʛʘʣʫʟʽ ʬʽʟʠʢʠ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʤʘʪʝʨʽʾ, 

ʤʘʶʪʴ ʭʦʨʦʰʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʯʦʣʠʪʠ ʧʨʦʛʨʝʩ ʫ ʩʬʝʨʽ ʚʠʚʯʝʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʪʘʥʘʭ,  ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ. ɹʫʜʫʯʠ 

ʦʜʥʽʻʶ ʟ ʧʝʨʝʜʦʚʠʭ ʦʙʣʘʩʪʝʡ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʬʽʟʠʢʘ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʚʞʝ ʜʘʚʥʦ ʻ ʮʝʥʪʨʦʤ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ, ʷʢʽ 

ʦʙôʻʜʥʫʶʪʴ ʽʜʝʾ ʟ ʬʽʟʠʢʠ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʽ ʷʢʽ 

ʧʦʚôʷʟʫʶʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʥʘʫʢʫ ʟ ʧʨʠʢʣʘʜʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ʌʽʟʠʢʘ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘʢʦʞ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ, ʯʠʩʝʣʴʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ ʤʝʪʦʜʽʚ ʜʣʷ 

ʩʠʩʪʝʤ ʙʘʛʘʪʴʦʭ ʚʟʘʻʤʦʜʽʶʯʠʭ ʩʢʣʘʜʦʚʠʭ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʷʢʽ 

ʙʫʣʠ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ, ʱʦ ʜʘʣʝʢʘ ʚʽʜ 

ʨʽʚʥʦʚʘʛʠ, ʚʢʣʶʯʘʶʪʴ ʥʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ 
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ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠ ʚʽʜʩʪʝʞʝʥʥʷ ʯʘʩʪʠʥʦʢ, ʘ ʪʘʢʦʞ ʦʧʪʠʯʥʠʡ ʧʽʥʮʝʪ. ɹʘʛʘʪʦ 

ʧʦʪʫʞʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʚʯʝʥʥʷ ʝʤʝʨʜʞʝʥʪʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʙʘʛʘʪʦʯʘʩʪʠʥʢʦʚʠʭ ʩʠʩʪʝʤ, ʙʣʠʟʴʢʠʭ ʜʦ ʨʽʚʥʦʚʘʛʠ, ʙʫʣʠ 

ʫʟʘʛʘʣʴʥʝʥʽ ʥʘ ʩʠʩʪʝʤʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ; ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʠʢʠ, 

ʩʧʦʯʘʪʢʫ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʘʛʥʽʪʽʚ, ʙʫʣʠ ʧʦʰʠʨʝʥʽ ʥʘ ʟʛʨʘʾ ʧʪʘʭʽʚ  

[10]. ʆʜʥʘʢ, ʤʦʞʣʠʚʦ, ʥʘʡʮʽʥʥʽʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʮʽʻʾ ʛʘʣʫʟʽ ʻ ʾʾ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʧʦʰʫʢʫ ʩʧʽʣʴʥʦʛʦ ʚ ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ. ʎʝ 

ʧʨʠʟʚʝʣʦ ʜʦ ʚʨʘʞʘʶʯʦʛʦ ʫʩʧʽʭʫ ʬʽʟʠʢʠ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʤʘʪʝʨʽʾ ʚ 

ʫʩʚʽʜʦʤʣʝʥʥʽ ʪʦʛʦ, ʱʦ ʚʝʣʠʯʝʟʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʨʽʚʥʦʚʘʞʥʠʭ ʬʘʟʦʚʠʭ 

ʧʝʨʝʭʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʟʨʦʟʫʤʽʣʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʽʣʴʢʦʭ ʢʣʘʩʽʚ ʧʦʚʝʜʽʥʢʠ. ʎʷ 

ʽʩʪʦʨʽʷ ʩʧʦʥʫʢʘʻ ʜʦʩʣʽʜʥʠʢʽʚ ʰʫʢʘʪʠ ʧʦʜʽʙʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʨʠʥʮʠʧʠ ʫ ʱʝ 

ʙʽʣʴʰʽʡ ʥʠʟʮʽ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʷʚʠʱ. ɼʘʣʝʢʘ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʧʦʚʝʜʽʥʢʘ 

ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʘʢʠʭ ʧʨʦʙʣʝʤ. ɺʦʥʘ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʙʘʛʘʪʴʦʭ 

ʷʚʠʱ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʩʠʩʪʝʤʘʭ ʚʽʜ ʥʘʥʦʤʘʩʰʪʘʙʫ ʜʦ ʤʘʢʨʦʤʘʩʰʪʘʙʫ, ʽ 

ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʽʟʠʮʽ ʞʠʚʠʭ ʩʠʩʪʝʤ. ʆʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʷʚʠʱ, 

ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʚʠʤʘʛʘʶʪʴ ʝʥʝʨʛʽʾ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʾʭ ʢʝʨʫʚʘʪʠ, ʚʦʥʠ 

ʪʘʢʦʞ ʥʝʤʠʥʫʯʝ ʟʘʣʫʯʘʶʪʴʩʷ ʜʦ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ. ʋ 

ʢʚʘʥʪʦʚʠʭ ʦʙʯʠʩʣʝʥʥʷʭ ʧʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʽʜʛʦʪʫʚʘʪʠ ʢʫʙʽʪʠ ʚ 

ʟʘʜʘʥʠʭ ʯʠʩʪʠʭ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʘʭ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʦʙʦʚ'ʷʟʢʦʚʦ ʜʘʣʝʢʽ ʚʽʜ 

ʨʽʚʥʦʚʘʛʠ. ʅʘʨʝʰʪʽ, ʦʩʢʽʣʴʢʠ ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʷʚʠʱʘ ʻ ʥʘʩʪʽʣʴʢʠ 

ʧʦʰʠʨʝʥʠʤʠ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʪʘ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʙʘʛʘʪʴʦʭ 

ʩʫʩʧʽʣʴʥʠʭ ʧʨʦʙʣʝʤ, ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ ʙʘʛʘʪʠʡ ʢʦʥʪʝʢʩʪ ʜʣʷ ʦʩʚʽʪʠ ʪʘ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ ʚʯʝʥʠʭ, ʘ ʪʘʢʦʞ ʜʣʷ ʰʠʨʦʢʦʾ 

ʛʨʦʤʘʜʩʴʢʦʩʪʽ. 

 

 

1.3 ʇʝʨʝʭʦʜʠ  ʜʦ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʪʘʥʽʚ 

 

ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʚʠʚʝʩʪʠ ʩʠʩʪʝʤʫ ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʩʪʘʥʫ ʩʧʦʢʦʶ ʽ 

ʧʝʨʝʚʝʩʪʠ ʾʾ ʚ ʨʝʞʠʤ, ʜʘʣʝʢʠʡ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ð ʮʝ ʧʽʜʜʘʪʠ ʾʾ ʧʦʩʪʽʡʥʦʤʫ ʽ 

ʜʦʩʠʪʴ ʩʠʣʴʥʦʤʫ ʟʙʫʨʝʥʥʶ. ʅʘʧʨʠʢʣʘʜ, ʝʥʝʨʛʽʷ, ʷʢʘ ʙʝʟʧʝʨʝʨʚʥʦ 

ʧʦʪʨʘʧʣʷʻ ʥʘ ɿʝʤʣʶ ʚʽʜ ʉʦʥʮʷ, ʚʠʢʣʠʢʘʻ ʩʫʪʪʻʚʦ  ʥʝʨʽʚʥʦʚʘʞʥʽ ʷʚʠʱʘ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʭʘʦʪʠʯʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʽ ʟʘʢʽʥʯʫʶʯʠ ʧʨʠʛʦʣʦʤʰʣʠʚʦʶ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʬʦʨʤ ʞʠʪʪʷ. ʗʢʙʠ ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ ʙʽʣʴʰʝ ʥʝ 

ʧʦʩʪʘʚʣʷʣʘʩʷ ʙ, ʙʘʛʘʪʦ ʩʠʩʪʝʤ ʥʘ ɿʝʤʣʽ ʧʦʚʝʨʥʫʣʠʩʷ ʙ ʜʦ ʨʽʚʥʦʚʘʛʠ. ʊʘʢʽ 

ʢʝʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʥʝ ʪʽʣʴʢʠ ʧʦʨʦʜʞʫʶʪʴ ʙʘʛʘʪʽ ʡ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʷʚʠʱʘ, 

ʘʣʝ ʪʘʢʦʞ ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʤʦʣʝʢʫʣʷʨʥʽʡ ʘʙʦ ʥʘʥʦʨʦʟʤʽʨʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ ʥʦʚʽ ʷʚʠʱʘ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʨʝʘʢʮʽʾ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʩʪʨʫʤʠ ʪʘ ʤʝʭʘʥʽʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ  [11]. ʂʦʣʠ ʬʽʟʠʯʥʽ ʨʦʟʤʽʨʠ ʤʘʪʝʨʽʾ ʜʦʩʷʛʘʶʪʴ  ʥʘʥʦʤʝʪʨʦʚʦʛʦ 

ʤʘʩʰʪʘʙʫ, ʧʨʠʢʣʘʜʝʥʽ ʧʦʣʷ, ʷʢʽ ʚʽʜʜʘʣʷʶʪʴ  ʩʠʩʪʝʤʫ ʚʽʜ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ, 

ʧʦʩʠʣʶʶʪʴʩʷ, ʘ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ , ʷʢʝ  ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʰʣʷʭʦʤ 

ʨʝʣʘʢʩʘʮʽʾ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʨʽʚʥʦʚʘʛʠ, ʧʨʠʛʥʽʯʫʻʪʴʩʷ [12]. ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʽ 
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ʧʨʠʩʪʨʦʾ ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ, ʜʘʣʝʢʦʤʫ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʟʚʠʯʘʡʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ ʤʽʢʨʦʥʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʷʢʽ 

ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʶʪʴ ʥʘʙʘʛʘʪʦ ʙʣʠʞʯʝ ʜʦ ʨʽʚʥʦʚʘʛʠ. ʋ ʜʝʱʦ ʙʽʣʴʰʠʭ 

ʤʘʩʰʪʘʙʘʭ ʧʨʦʮʝʩʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʪʘʢʽ ʷʢ ʰʣʽʬʫʚʘʥʥʷ ʪʘ 

ʬʨʝʟʝʨʫʚʘʥʥʷ, ʙʫʣʠ ʢʣʶʯʦʚʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ 

ʯʘʩʫ, ʘ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ, ʷʢ ʤʝʭʘʥʽʯʥʝ ʣʝʛʫʚʘʥʥʷ ʧʦʨʦʰʢʽʚ ʧʨʠʚʝʨʪʘʻ 

ʫʚʘʛʫ ʜʣʷ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ [13]. ʋʤʦʚʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, 

ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʣʷʭ ʜʣʷ ʢʦʥʪʨʦʣʶ ʙʽʣʴʰʦʛʦ ʨʦʟʤʘʾʪʪʷ ʰʘʙʣʦʥʽʚ ʽ ʜʣʷ 

ʩʢʣʘʜʘʥʥʷ ʩʪʨʫʢʪʫʨ ʚʽʜ ʥʘʥʦʨʦʟʤʽʨʫ ʽ ʚʠʱʝ ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʨʦʩʪʘʥʥʷ, 

ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʦʶ, ʥʽʞ ʮʝ ʙʫʣʦ ʙ ʤʦʞʣʠʚʦ ʟ ʤʘʡʞʝ ʨʽʚʥʦʚʘʞʥʠʤʠ 

ʧʽʜʭʦʜʘʤʠ [14]. ɺʘʞʣʠʚʦ, ʱʦ ʧʨʦʮʝʩʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʤʦʞʫʪʴ 

ʜʦʩʷʛʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʙʘʛʘʪʩʪʚʘ ʥʘʚʽʪʴ ʽʟ ʥʘʡʧʨʦʩʪʽʰʠʤʠ 

ʽʥʛʨʝʜʽʻʥʪʘʤʠ, ʪʘʢʠʤʠ, ʩʢʘʞʽʤʦ, ʷʢ ʩʢʣʘʜʥʠʡ ʜʝʥʜʨʠʪʥʠʡ ʨʽʩʪ, ʷʢʠʡ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʩʥʽʞʠʥʢʘʭ (ʨʠʩʫʥʦʢ 1.2). 

 

                                                  
ʈʠʩʫʥʦʢ1.2 - ʇʨʠʢʣʘʜ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʩʪʘʥʽ, ʱʦ ʻ ʜʘʣʝʢʠʤ 

ʚʽʜ ʨʽʚʥʦʚʘʛʠ-ʟʚʠʯʘʡʥʘ ʩʥʽʞʠʥʢʘ 

 

ɯʥʰʽ ʩʠʩʪʝʤʠ ʟʥʘʭʦʜʷʪʴʩʷ ʜʘʣʝʢʦ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʪʦʤʫ ʱʦ ʚʦʥʠ ʧʨʦʩʪʦ 

ʥʝ ʤʦʞʫʪʴ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ ʥʘʚʽʪʴ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʫʩʽ 

ʨʫʰʽʡʥʽ ʩʠʣʠ ʙʫʣʠ ʫʩʫʥʝʥʽ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʙʘʛʘʪʴʤʘ ʤʘʪʝʨʽʘʣʘʤʠ, 

ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʥʘʰʦʛʦ ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, ʚʢʣʶʯʘʶʯʠ 

ʩʢʣʦ, ʧʦʨʦʰʢʠ , ʧʽʥʠ  ʽ ʧʦʣʽʤʝʨʥʽ ʧʘʢʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʥʘʙʫʚʘʶʪʴ 

ʩʚʦʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʪʦʛʦ, ʱʦ ʚʦʥʠ ʧʦ ʩʫʪʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʜʘʣʝʢʠʭ ʚʽʜ 

ʨʽʚʥʦʚʘʞʥʠʭ ʩʪʘʥʘʭ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, 

ʷʢʽ ʟʘ ʫʤʦʚ ʨʽʚʥʦʚʘʛʠ ʤʦʛʣʠ ʙ ʾʭ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ, ʷʢ ʨʽʜʠʥʠ; ʘʣʝ ʚʦʥʠ 

ʤʦʞʫʪʴ ʧʦʚʦʜʠʪʠʩʷ ʽ ʷʢ ʪʚʝʨʜʽ ʪʽʣʘ (ʨʠʩʫʥʦʢ 1.3). 
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ʈʠʩʫʥʦʢ1.3 - ʉʢʣʦ ʪʘ ʧʽʥʦʧʣʘʩʪ ʻ ʧʨʠʢʣʘʜʘʤʠ ʚʘʞʣʠʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʷʢʽ ʟʘʟʚʠʯʘʡ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʘʭ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ. ɿʘ 

ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʟʚʝʨʭʫ: ʨʦʟʧʣʘʚʣʝʥʝ ʩʢʣʦ ʟʘʤʝʨʟʘʻ ʚ ʪʚʝʨʜʝ ʪʽʣʦ, 

ʧʽʥʦʧʦʣʽʩʪʠʨʦʣ, ʤʠʣʴʥʘ ʧʽʥʘ, ʚʠʩʦʢʦʤʽʮʥʘ ʣʝʛʢʘ ʥʽʢʝʣʝʚʘ ʧʽʥʘ 

 

 ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʘʣʝʢʦ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʧʦʯʠʥʘʶʪʴ 

ʟʤʫʰʫʚʘʪʠ ʥʘʩ ʧʝʨʝʦʩʤʠʩʣʠʪʠ ʜʝʷʢʽ ʦʩʥʦʚʠ ʬʽʟʠʢʠ ʢʦʥʜʝʥʩʦʚʘʥʠʭ ʨʝʯʦʚʠʥ 

ʽ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʪʝ ʥʘʚʽʪʴ ʩʴʦʛʦʜʥʽ ʙʽʣʴʰʽʩʪʴ ʥʘʰʠʭ ʟʥʘʥʴ ʧʨʦ ʪʝ, ʷʢ 

ʧʦʚʦʜʷʪʴʩʷ ʪʘ ʨʦʟʚʠʚʘʶʪʴʩʷ ʩʠʩʪʝʤʠ ʟ ʙʘʛʘʪʴʤʘ ʩʢʣʘʜʦʚʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, 

ʟʘʩʥʦʚʘʥʽ ʥʘ 

 ʤʽʨʢʫʚʘʥʥʷʭ, ʩʧʨʘʚʝʜʣʠʚʠʭ ʣʠʰʝ ʙʣʠʟʴʢʦ ʜʦ ʨʽʚʥʦʚʘʛʠ. ʄʠ ʟʥʘʻʤʦ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʧʨʦ ʩʠʩʪʝʤʠ, ʙʣʠʟʴʢʽ ʜʦ ʨʽʚʥʦʚʘʞʥʠʭ, ʽ ʨʦʟʨʦʙʠʣʠ 

ʧʦʪʫʞʥʠʡ ʬʦʨʤʘʣʽʟʤ, ʩʪʘʪʠʩʪʠʯʥʫ ʤʝʭʘʥʽʢʫ, ʱʦʙ ʧʝʨʝʜʙʘʯʠʪʠ ʚʠʥʠʢʘʶʯʫ, 

ʢʦʣʝʢʪʠʚʥʫ ʧʦʚʝʜʽʥʢʫ ʙʘʛʘʪʦʯʘʩʪʢʦʚʠʭ ʩʠʩʪʝʤ. ʎʷ ʩʪʨʫʢʪʫʨʘ ʜʦʟʚʦʣʠʣʘ 

ʜʦʩʣʽʜʥʠʢʘʤ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʤʘʪʝʨʽʾ ʟʨʦʟʫʤʽʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʘʟ ʤʘʪʝʨʽʾ, 

ʧʦʭʦʜʞʝʥʥʷ ʙʘʛʘʪʴʦʭ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʨʠʨʦʜʫ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʥʠʤʠ. 

ʆʜʥʘʢ ʮʷ ʩʪʨʫʢʪʫʨʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʣʠʰʝ ʜʦ ʩʠʪʫʘʮʽʡ, ʢʦʣʠ ʩʠʩʪʝʤʘ 

ʪʝʨʤʽʯʥʦ ʪʘ ʤʝʭʘʥʽʯʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʦʭʦʧʣʶʻ ʣʠʰʝ ʥʝʚʝʣʠʢʫ ʯʘʩʪʠʥʫ ʷʚʠʱʘ, ʷʢʽ 

ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʥʘʚʢʦʣʦ ʥʘʩ ʽ ʟ ʷʢʠʤʠ ʤʠ ʩʪʠʢʘʻʤʦʩʷ . 

ʆʜʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʷʢʫ ʩʪʚʦʨʶʶʪʴ ʩʠʩʪʝʤʠ, ʜʘʣʝʢʽ ʚʽʜ 

ʨʽʚʥʦʚʘʛʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʫʩʪʘʣʝʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʦʩʥʦʚ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ ʩʠʩʪʝʤʠ ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ 

ʯʠʩʣʝʥʥʽ ʧʨʦʙʣʝʤʠ. ɺʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʣʽʥʽʡʥʽ; ʪʦʙʪʦ ʾʭ ʨʝʘʢʮʽʷ ʥʘ 

ʟʙʫʨʝʥʥʷ ʯʘʩʪʦ ʥʝ ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ ʟʙʫʨʝʥʥʷ, ʷʢ ʜʣʷ ʩʠʩʪʝʤ, ʙʣʠʟʴʢʠʭ 

ʜʦ ʨʽʚʥʦʚʘʛʠ. ɺʦʥʠ ʯʘʩʪʦ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ; ʪʦʙʪʦ ʾʭ ʩʪʨʫʢʪʫʨʘ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʝ ʢʨʠʩʪʘʣʽʯʥʘ, ʷʢ ʟʘʟʚʠʯʘʡ ʨʽʚʥʦʚʘʞʥʽ ʪʚʝʨʜʽ ʨʝʯʦʚʠʥʠ. ʅʘʨʝʰʪʽ, ʚʦʥʠ 

ʯʘʩʪʦ ʥʝʝʨʛʦʜʠʯʥʽ; ʪʦʙʪʦ ʚʦʥʠ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʢʘʟʫʶʪʴ ʚʝʣʠʢʫ 

ʧʽʜʤʥʦʞʠʥʫ ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʥʠʭ ʩʪʘʥʽʚ, ʷʢ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʦʚʘʞʥʠʤ 

ʩʠʩʪʝʤʘʤ. ʗʢ ʥʘʩʣʽʜʦʢ, ʥʘʚʽʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʯʠ ʾʭ ʧʦʚʝʜʽʥʢʫ ʪʘ ʩʪʨʫʢʪʫʨʫ, 

ʤʦʞʥʘ ʚʠʡʪʠ ʥʘ ʜʫʞʝ ʥʝʟʥʘʡʦʤʫ ʾʭ ʧʦʚʝʜʽʥʢʫ  ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʽʟʠʢʠ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ. 
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1.4  ʄʘʪʝʨʽʘʣʠ ʫ ʩʪʘʥʘʭ, ʩʫʪʪʻʚʦ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʞʥʠʭ 

 

ʇʝʚʥʽ ʢʣʘʩʠ ʤʘʪʝʨʽʘʣʽʚ ʤʘʡʞʝ ʟʘʚʞʜʠ ʽʩʥʫʶʪʴ ʚ ʫʤʦʚʘʭ, ʜʘʣʝʢʠʭ ʚʽʜ  

ʨʽʚʥʦʚʘʛʠ. ɹʘʛʘʪʦ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʜʦʩʣʽʜʥʠʢʠ ʤôʷʢʦʾ 

ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʧʽʜʧʘʜʘʶʪʴ ʧʽʜ ʮʶ ʢʘʪʝʛʦʨʽʶ, ʚʢʣʶʯʘʶʯʠ ʩʢʣʦ, 

ʧʽʥʫ, ʛʨʘʥʫʣʴʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʱʽʣʴʥʽ ʢʦʣʦʾʜʥʽ ʩʫʩʧʝʥʟʽʾ [15-18 ]. ʋ ʚʩʽʭ 

ʮʠʭ ʧʨʠʢʣʘʜʘʭ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ, ʱʦ ʧʦʩʪʘʯʘʻʪʴʩʷ ʦʪʦʯʝʥʥʷʤ, ʟʘʥʘʜʪʦ ʤʘʣʘ, 

ʱʦʙ ʜʦʟʚʦʣʠʪʠ ʩʠʩʪʝʤʘʤ ʨʝʘʣʽʟʫʚʘʪʠ ʙʘʛʘʪʦ ʢʦʥʬʽʛʫʨʘʮʽʡ. ʅʘʪʦʤʽʩʪʴ ʚʦʥʠ 

ʻ  ʚ ʢʦʥʬʽʛʫʨʘʮʽʷʭ, ʷʢʽ ʩʪʨʫʢʪʫʨʥʦ ʥʘʛʘʜʫʶʪʴ ʨʽʜʠʥʫ (ʚʦʥʠ ʱʽʣʴʥʽ ʽ ʜʫʞʝ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ), ʘʣʝ ʥʝ ʟʜʘʪʥʽ ʪʝʢʪʠ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʦʚʦʜʷʪʴʩʷ, ʷʢ ʪʚʝʨʜʽ 

ʪʽʣʘ. ʎʷ ʩʢʣʦʚʠʜʥʘ ʧʦʚʝʜʽʥʢʘ, ʭʘʨʘʢʪʝʨʥʘ ʦʟʥʘʢʘ ʙʘʛʘʪʴʦʭ ʜʘʣʝʢʠʭ ʚʽʜ 

ʨʽʚʥʦʚʘʛʠ ʤʘʪʝʨʽʘʣʽʚ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʩʢʣʘʜʦʚʠʭ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ 

ʤʦʣʝʢʫʣ ʫ ʩʢʣʦʫʪʚʦʨʶʶʯʠʭ ʨʽʜʠʥʘʭ ʜʦ ʧʽʱʠʥʦʢ ʫ ʜʶʥʘʭ. ʆʩʢʽʣʴʢʠ ʮʽ 

ʤʘʪʝʨʽʘʣʠ ʥʝ ʤʦʞʫʪʴ ʧʨʷʤʫʚʘʪʠ ʜʦ ʨʽʚʥʦʚʘʛʠ, ʚʦʥʠ ʟʘʟʚʠʯʘʡ ʟʙʝʨʽʛʘʶʪʴ 

ʧʘʤôʷʪʴ ʧʨʦ ʫʤʦʚʠ ʧʨʠʛʦʪʫʚʘʥʥʷ ʘʙʦ ʦʙʨʦʙʢʠ, ʱʦ ʻ ʢʣʶʯʝʤ ʜʦ ʙʘʛʘʪʴʦʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ, ʪʘʢʠʭ, ʷʢ ʬʦʨʤʦʚʘʥʽ ʧʣʘʩʪʠʢʦʚʽ ʜʝʪʘʣʽ ʪʘ 

ʧʦʣʽʤʝʨʠ ʟ ʧʘʤôʷʪʪʶ ʬʦʨʤʠ . ʇʝʨʝʭʦʜʠ ʚʽʜ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʞʥʠʭ 

ʩʢʣʦʚʠʜʥʠʭ ʩʪʘʥʽʚ ʜʦ ʤʘʡʞʝ ʨʽʚʥʦʚʘʞʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʘʥʽʚ ʻ ʦʩʥʦʚʦʶ 

ʜʣʷ ʦʧʪʠʯʥʠʭ ʜʠʩʢʽʚ ʽʟ ʭʘʣʴʢʦʛʝʥʽʜʥʦʛʦ ʩʢʣʘ  ʪʘ ʧʨʠʩʪʨʦʾʚ ʧʘʤôʷʪʽ  ʽʟ 

ʟʤʽʥʦʶ ʬʘʟʠ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʛʨʘʥʫʣʴʦʚʘʥʘ ʨʝʯʦʚʠʥʘ ʟôʷʚʠʣʘʩʷ, 

ʷʢ ʢʣʶʯʦʚʠʡ ʧʨʦʪʦʪʠʧ ʜʘʣʝʢʦʛʦ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʤʘʪʝʨʽʘʣʫ [15-18] 

(ʨʠʩʫʥʦʢ 1.4).  

 
 

ʈʠʩʫʥʦʢ 1.4 - ɻʨʘʥʫʣʴʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ  [ 15-18 ] ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʪʚʝʨʜʠʭ ʟʝʨʝʥ(ʛʨʘʥʫʣ), ʚʟʘʻʤʦʜʽʶʯʠʭ ʪʽʣʴʢʠ ʰʣʷʭʦʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ  ʢʦʥʪʘʢʪʫ; ʘʣʝ ʚʝʣʠʢʽ ʢʦʥʛʣʦʤʝʨʘʮʽʾ ʪʘʢʠʭ ʟʝʨʝʥ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʙʘʛʘʪʠʡ ʥʘʙʽʨ ʩʮʝʥʘʨʽʻʚ ʩʢʣʘʜʥʦʾ ʧʦʚʝʜʽʥʢʠ. ʃʽʚʦʨʫʯ: ʭʚʠʣʽ 

ʥʘ ʧʽʱʘʥʽʡ ʜʶʥʽ. ʇʨʘʚʦʨʫʯ: ʫ ʪʦʡ ʯʘʩ, ʷʢ ʨʽʜʠʥʠ ʟʤʽʰʫʶʪʴʩʷ ʧʨʠ 

ʧʝʨʝʤʽʰʫʚʘʥʥʽ, ʛʨʘʥʫʣʴʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʨʦʟʜʽʣʷʶʪʴʩʷ(ʩʝʛʨʝʛʫʶʪʴ). ʄʈʊ 

ʚʥʫʪʨʽʰʥʴʦʾ ʯʘʩʪʠʥʠ ʰʘʨʫʚʘʪʦʾ ʟʝʨʥʠʩʪʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʧʦʢʘʟʫʻ ʚʠʩʭʽʜʥʠʡ 

ʨʫʭ ʚʝʣʠʢʦʾ ʯʘʩʪʠʥʢʠ (ʧʫʥʢʪʠʨʥʝ ʢʦʣʦ) ʫ ʦʪʦʯʝʥʥʽ ʤʝʥʰʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʯʘʩʪʠʥʦʢ(ʝʬʝʢʪ, ʧʨʦʪʠʣʝʞʥʠʡ ʟʘ ʟʤʽʩʪʦʤ ʜʦ ʚʽʜʦʤʦʛʦ ʝʬʝʢʪʫ ɸʨʭʽʤʝʜʘ ʚ 

ʤʝʭʘʥʽʮʽ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱ 
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ʋ ʩʚʦʾʡ ʥʘʡʧʨʦʩʪʽʰʽʡ ʬʦʨʤʽ ʛʨʘʥʫʣʴʦʚʘʥʘ ʨʝʯʦʚʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ  

ʚʝʣʠʢʦʾ ʢʦʥʛʣʦʤʝʨʘʮʽʾ  ʦʢʨʝʤʠʭ ʥʝʟʚôʷʟʘʥʠʭ, ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʪʚʝʨʜʠʭ 

ʯʘʩʪʠʥʦʢ (ʩʬʝʨ), ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʣʠʰʝ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʽ; 

ʧʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʩʪʦʪʫ, ʚʦʥʘ ʜʝʤʦʥʩʪʨʫʻ ʚʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʚʝʜʽʥʢʠ, ʜʘʣʝʢʦʾ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ , ʷʢʽ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ 

ʨʦʟʜʽʣʘʭ.  

ʂʨʽʤ ʪʦʛʦ, ʢʽʣʴʢʘ ʽʜʝʡ ʨʦʟʨʦʙʣʝʥʽ ʩʧʦʯʘʪʢʫ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ 

ʟʝʨʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʨʘʟʽ  ʫʩʧʽʰʥʦ çʝʢʩʧʦʨʪʦʚʘʥʽè ʚ ʽʥʰʽ ʦʙʣʘʩʪʽ; 

ʥʘʧʨʠʢʣʘʜ, ʢʦʥʮʝʧʮʽʷ ʟʘʛʣʫʰʝʥʥʷ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʢʣʦʬʦʨʤʫʚʘʥʥʷ 

ʷʚʠʱʘ [19]. ɸʥʘʣʦʛʽʯʥʦ, ʫʷʚʣʝʥʥʷ ʧʨʦ ʣʘʚʠʥʥʫ ʩʪʘʪʠʩʪʠʢʫ ʚ ʢʝʨʦʚʘʥʽʡ 

ʜʠʩʠʧʘʪʠʚʥʽʡ ʩʠʩʪʝʤʽ, ʜʦʩʣʽʜʞʝʥʽ ʥʘ ʧʦʯʘʪʢʫ ʚ ʧʽʱʘʥʠʭ ʢʫʧʘʭ, ʙʫʣʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʚʠʚʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʨʫʭʫ  ʟʝʤʣʝʪʨʫʩʽʚ, ʪʝʨʪʷ, ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʪʦʢʫ ʚ ʥʘʜʧʨʦʚʽʜʥʠʢʘʭ. ʂʨʽʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʨʦʙʢʠ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʛʨʘʥʫʣʴʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, ʚʽʜ ʥʘʩʽʥʥʷ ʽ ʛʨʘʥʫʣ ʜʦʙʨʠʚ ʫ ʩʽʣʴʩʴʢʦʤʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ ʜʦ ʨʫʜʠ ʪʘ ʛʨʘʚʽʶ ʚ ʛʽʨʥʠʯʠʭ ʨʦʙʦʪʘʭ ,ʜʦ ʧʦʨʦʰʢʽʚ ʽ ʪʘʙʣʝʪʦʢ 

ʫ ʬʘʨʤʘʮʝʚʪʠʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʨʦʪʝ ʧʦʚʝʜʽʥʢʘ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘ 

ʩʚʦʻʶ ʩʫʪʪʶ, ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʩʪʘʥʘʭ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʚʩʝ ʱʝ ʚʠʚʯʝʥʘ ʽ 

ʢʦʥʪʨʦʣʴʦʚʘʥʘ ʥʝʜʦʩʪʘʪʥʴʦ [20]. ɹʘʛʘʪʦ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʤʦʚʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʪʘ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʽʥʘʢʰʝ ʥʝ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʛʦʪʦʚʠʪʠ. 

ɺʠʩʦʢʦʤʽʮʥʽ ʩʧʣʘʚʠ ʯʘʩʪʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʦʛʦ ʞ ʰʚʠʜʢʦʛʦ 

ʨʦʩʪʫ ʜʝʥʜʨʠʪʽʚ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʫʪʚʦʨʝʥʥʷ ʩʥʽʞʠʥʦʢ. ʆʜʥʠʤʠ ʟ 

ʥʘʡʤʽʮʥʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʩʢʣʘ ʟ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ, ʚʠʛʦʪʦʚʣʝʥʽ ʰʣʷʭʦʤ 

ʰʚʠʜʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʘʤʦʨʬʥʽ ʩʪʘʥʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ  

(ʨʠʩʫʥʦʢ 1.5). ʋ ʭʦʜʽ ʧʦʜʽʙʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʣʷʶʪʴʩʷ ʣʝʛʢʽ, ʤʽʮʥʽ ʪʘ ʤʽʮʥʽ 

ʧʣʘʩʪʤʘʩʠ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʙʘʤʧʝʨʽʚ ʽ ʣʽʪʘʢʽʚ. ʈʦʟʫʤʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ 

ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘʢʦʞ ʚʘʞʣʠʚʽ ʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʨʦʩʪʫ 

ʧʦʚʝʨʭʦʥʴ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʤʝʭʘʥʽʯʥʦʛʦ ʣʝʛʫʚʘʥʥʷ, ʚʞʝ ʟʛʘʜʘʥʦʛʦ ʚʠʱʝ, 

ʘʙʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʠʭ, ʙʝʟʜʝʬʝʢʪʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʜʦʤʝʥʽʚ ʟ  ʢʨʝʤʥʽʶ 

ʜʣʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦ-ʽʥʜʫʢʦʚʘʥʦʛʦ 

ʧʣʘʚʣʝʥʥʷ ʪʘ ʟʘʪʚʝʨʜʽʥʥʷ. 

ʋʤʦʚʠ ʦʙʨʦʙʢʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ ʽ ʰʚʠʜʢʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʝʩʪʠ ʩʠʩʪʝʤʫ ʜʦ 

ʫʥʽʢʘʣʴʥʠʭ ʢʽʥʮʝʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. ʋ ʥʘʥʦʨʦʟʤʽʨʽ ʮʝ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʧʝʨʝʚʘʛʠ. ʅʘʧʨʠʢʣʘʜ, ʧʝʚʥʽ ʧʦʣʽʤʝʨʠ (ʜʽʙʣʦʢ-ʩʦʧʦʣʽʤʝʨʠ) ʩʧʦʥʪʘʥʥʦ 

ʦʨʛʘʥʽʟʦʚʫʶʪʴʩʷ ʚ ʨʦʟʰʠʨʝʥʽ ʩʪʨʫʢʪʫʨʠ ʟ ʧʦʚʪʦʨʶʚʘʥʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ ʚ 

ʜʽʘʧʘʟʦʥʽ 10-50 ʥʤ. ʊʘʢʽ ʨʦʟʤʽʨʠ ʩʬʦʨʤʦʚʘʥʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʚʘʞʢʦ 

ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʠʭ ʣʽʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʘ  ʚʦʥʠ, 

ʥʘʩʧʨʘʚʜʽ, ʙʘʞʘʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʜʦʩʪʘʚʢʠ ʣʽʢʽʚ ʜʦ 

ʤʘʛʥʽʪʥʠʭ ʥʦʩʽʾʚ  ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ  ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ . ʅʝʦʙʨʦʙʣʝʥʽ, 

ʮʽ ʧʦʣʽʤʝʨʥʽ ʩʪʨʫʢʪʫʨʠ ʯʘʩʪʦ ʜʦʩʠʪʴ ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʽ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ. ʆʜʥʘʢ, ʷʢʱʦ ʩʠʩʪʝʤʫ ʩʧʨʷʤʫʚʘʪʠ ʜʦ ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ 
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ʩʪʘʥʫ, ʜʝʬʝʢʪʠ ʤʦʞʥʘ ʚʠʜʘʣʠʪʠ, ʽ ʩʪʨʫʢʪʫʨʠ ʤʦʞʫʪʴ ʫʧʦʨʷʜʢʫʚʘʪʠʩʴ ʥʘ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ. 

 

 
ʈʠʩʫʥʦʢ 1.5 - ɼʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʫʤʦʚʠ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʦʜʥʽ ʟ ʥʘʡʙʽʣʴʰ ʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  

(ʩʧʣʘʚʠ ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʤʝʪʘʣʫ) 

 

ʇʝʨʝʚʘʛʘ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʥʝʚʝʣʠʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʫ ʬʽʟʠʯʥʠʭ ʘʙʦ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʩʫʩʽʜʥʽʭ 

ʦʙʣʘʩʪʝʡ ʚ ʤʘʪʝʨʽʘʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʩʠʣʝʥʽ; ʫ ʨʽʚʥʦʚʘʟʽ ʜʠʬʫʟʽʷ ʧʨʘʛʥʝ 

ʟʛʣʘʜʠʪʠ ʪʘʢʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʎʶ ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʘʛʨʝʛʫʚʘʥʥʷ ʥʝʦʨʛʘʥʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢʠʭ, ʷʢ ʤʝʪʘʣʝʚʽ, ʤʘʛʥʽʪʥʽ ʘʙʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʯʘʩʪʠʥʢʠ, ʥʘ ʩʝʣʝʢʪʠʚʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʜʦʤʝʥʘʭ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʛʽʙʨʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʥʘʥʦʨʦʟʤʽʨʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ . ɯʥʰʦʶ ʚʘʞʣʠʚʦʶ ʦʙʣʘʩʪʶ, ʜʝ ʫʤʦʚʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʦʥʪʨʦʣʶ ʤʦʨʬʦʣʦʛʽʾ, ʻ ʦʧʦʩʝʨʝʜʢʦʚʘʥʝ 

ʚʠʜʽʣʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ, ʷʢʝ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ  ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʽ, ʘʣʝ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʘʛʨʝʛʘʪʠ  ʽ ʚʠʩʦʢʦʚʧʦʨʷʜʢʦʚʘʥʽ ʩʫʧʝʨʛʨʘʪʢʠ 

[21]. 
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ʈʆɿɼɯʃ 2 ʇʆɺɽɼɯʅʂɸ ʉʀʉʊɽʄ ʋ ʉʊɸʅɸʍ ɼɸʃɽʂʀʍ  ɺɯɼ 

ʈɯɺʅʆɺɸɾʅʀʍ 

 

 

ʋ ʨʽʚʥʦʚʘʟʽ ʤʽʥʽʤʽʟʘʮʽʷ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻ ʧʝʨʝʚʘʞʥʠʡ ʩʪʘʥ, ʽ 

ʩʠʩʪʝʤʘ ʧʨʷʤʫʻ ʜʦ ʮʴʦʛʦ ʩʪʘʥʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʉʠʩʪʝʤʠ, 

ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʘʭ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʟʘʟʚʠʯʘʡ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʙʘʛʘʪʠʡ ʥʘʙʽʨ ʭʘʨʘʢʪʝʨʥʠʭ ʬʦʨʤ ʧʦʚʝʜʽʥʢʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʥʝ ʦʧʠʩʫʶʪʴʩʷ 

ʧʨʠʥʮʠʧʦʤ ʤʽʥʽʤʽʟʘʮʽʾ. ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʷʢʦʶ ʻ  ʬʽʟʠʢʘ  ʩʪʘʥʫ, ʜʦ ʷʢʦʛʦ 

ʧʨʷʤʫʻ ʩʠʩʪʝʤʘ? ʇʝʚʥʠʡ ʧʨʦʛʨʝʩ ʥʘ ʮʴʦʤʫ ʰʣʷʭʫ ʜʦʩʷʛʥʫʪʦ ʚ ʨʷʜʽ 

ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʽʚ, ʟʦʢʨʝʤʘ, ʨʽʜʠʥ ʽ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʥʘ 

ʰʣʷʭʫ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ 

ʧʦʚʝʜʽʥʢʠ, ʜʝʷʢʠʭ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤ. 

 

 

2.1 ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ 

 

 ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʨʦʟʜʽʣʝʥʥʷ  ʧʨʦʩʪʦʨʦʚʠʭ ʪʘ ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʑʦʙ ʟʨʦʟʫʤʽʪʠ ʙʘʛʘʪʦ 

ʧʨʦʙʣʝʤ ʟ ʧʦʪʦʢʦʤ ʨʽʜʠʥʠ, ʥʘʧʨʠʢʣʘʜ, ʚʠʭʦʨ ʪʦʨʥʘʜʦ, ʥʝ ʦʙʦʚôʷʟʢʦʚʦ 

ʦʧʠʩʫʚʘʪʠ ʨʫʭ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ. ɼʦʩʚʽʜ ʨʦʙʦʪʠ ʟ ʩʠʩʪʝʤʘʤʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʘʙʦ ʙʣʠʟʴʢʦ ʜʦ ʥʝʾ, ʚʯʠʪʴ ʥʘʩ, ʱʦ ʯʘʩʪʦ ʙʫʚʘʻ 

ʧʣʽʜʥʠʤ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʽʡ ʰʢʘʣʽ, ʧʦʚʝʜʽʥʮʽ ʚ ʜʦʚʛʦʤʫ 

ʯʘʩʦʚʦʤʫ ʤʘʩʰʪʘʙʽ. ʎʝʡ ʪʘʢ ʟʚʘʥʠʡ çʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡè ʧʽʜʭʽʜ ʩʪʘʚ 

ʦʩʥʦʚʦʶ ʫʩʧʽʭʫ ʚ ʦʧʠʩʽ ʥʠʟʢʠ ʩʠʩʪʝʤ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ. ʂʦʣʠ ʤʠ 

ʟʥʘʻʤʦ ʦʩʥʦʚʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʚʛʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʯʘʩʦʚʦʛʦ ʤʘʩʰʪʘʙʫ, ʤʠ ʟʤʦʞʝʤʦ ʚʧʦʨʘʪʠʩʷ ʟ ʚʨʘʞʘʶʯʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʥʝʣʽʥʽʡʥʠʭ ʩʮʝʥʘʨʽʾʚ ʧʦʚʝʜʽʥʢʠ. 

ʇʨʠʢʣʘʜʦʤ ʻ ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʜʣʷ ʧʦʪʦʢʫ ʥʝʩʪʠʩʣʠʚʦʾ ʨʽʜʠʥʠ: 

 

 (2.1) 

 

 

ʇʦʜʽʙʥʦ ʜʦ ʽʥʰʠʭ ʪʠʧʦʚʠʭ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ, ʨʽʚʥʷʥʥʷ 

ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʻ ʥʝʣʽʥʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ ʫ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ, ʷʢʝ ʦʧʠʩʫʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʷʚʠʱ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘ ʚʝʣʠʢʠʭ ʧʨʦʩʪʦʨʦʚʠʭ  ʪʘ ʯʘʩʦʚʠʭ 

ʤʘʩʰʪʘʙʘʭ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʨʘʞʘʶʯʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʪʠʧʽʚ ʥʝʣʽʥʽʡʥʦʾ ʧʦʚʝʜʽʥʢʠ, ʚʢʣʶʯʘʶʯʠ, 

ʥʘʧʨʠʢʣʘʜ, ʥʝʩʪʘʙʽʣʴʥʝ ʪʨʽʧʦʪʽʥʥʷ ʧʨʘʧʦʨʫ ʥʘ ʚʽʪʨʽ (ʨʠʩʫʥʦʢ 2.1), ʤʘʭʘʥʥʷ 

ʢʨʠʣ ʧʪʘʭʘ  ʽ ʨʦʟʙʠʚʘʥʥʷ ʚʦʜʥʠʭ ʭʚʠʣʴ ʥʘ ʧʣʷʞʽ . ʉʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ 

ʨʦʟʚôʷʟʘʥʥʽ ʨʽʚʥʷʥʥʷ. ʇʦʜʽʙʥʽ ʦʧʠʩʠ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʦ ʩʢʣʘʜʥʠʭ 

ʨʽʜʠʥ ʚ ʩʪʘʥʽ  ʪʝʯʽʾ, ʛʨʘʥʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʠʭ ʪʽʣʴʢʠ ʧʦʯʠʥʘʶʪʴ 

ʜʦʩʣʽʜʞʫʚʘʪʠ [22]. ʅʘʨʝʰʪʽ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ 



 

17 
 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʷʚʠʱ, ʥʝ ʧʦʚôʷʟʘʥʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʨʽʜʠʥʘʤʠ, ʪʘʢʠʭ, ʷʢ 

ʨʫʡʥʫʚʘʥʥʷ ʟʽʨʦʢ-ʙʽʣʠʭ ʢʘʨʣʠʢʽʚ [23], ʟʛʨʘʾ ʧʪʘʭʽʚ ʪʘ ʽʥʰʠʭ ʦʨʛʘʥʽʟʤʽʚ [24], 

ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʢʫ ʦʜʥʦʢʣʽʪʠʥʥʠʭ ʘʤʝʙ ʫ ʙʘʛʘʪʦʢʣʽʪʠʥʥʠʭ ʦʨʛʘʥʽʟʤʘʭ. 

ɯʥʰʠʡ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ, ʫ 

ʷʢʠʭ ʭʚʠʣʽ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʦʙʤʝʞʝʥʽ ʛʨʘʥʠʮʝʶ ʟʨʘʟʢʘ 

(ʢʦʥʬʘʡʥʤʝʥʪʦʤ). ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʨʦʟʩʽʶʚʘʥʥʷ ʥʝ ʚʽʜʽʛʨʘʻ ʩʫʪʪʻʚʦʾ ʨʦʣʽ, 

ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʩʠʣʴʥʽ ʝʣʝʢʪʨʦʥʥʽ ʢʦʨʝʣʷʮʽʾ ,ʷʢʽ  ʩʪʚʦʨʶʶʪʴ ʜʠʩʧʝʨʩʽʡʥʽ 

ʫʜʘʨʥʽ ʭʚʠʣʽ, ʷʢʽ ʥʘʛʘʜʫʶʪʴ ʟʛʦʨʥʫʪʽ ʭʤʘʨʠ ʚ ʘʪʤʦʩʬʝʨʽ . ɹʘʛʘʪʦ ʽʥʰʠʭ 

ʧʨʠʢʣʘʜʽʚ ʥʘʜʘʶʪʴ ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʬʦʨʤʫʚʘʥʥʷ ʷʚʠʱ, ʫ ʷʢʠʭ ʦʜʥʦʨʽʜʥʘ ʩʠʩʪʝʤʘ ʨʦʟʚʠʚʘʻ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚ ʧʨʦʩʪʦʨʽ ʪʘ/ʘʙʦ ʯʘʩʽ, ʙʫʜʫʯʠ ʚʠʚʝʜʝʥʦʶ ʟ ʨʽʚʥʦʚʘʛʠ. 

                            
ʈʠʩʫʥʦʢ 2.1 - ʇʝʨʝʭʽʜ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʛʦ (ʣʽʚʦʨʫʯ) ʜʦ ʧʫʣʴʩʫʶʯʦʛʦ 

(ʧʨʘʚʦʨʫʯ) ʩʪʘʥʫ, ʷʢʠʡ ʚʽʟʫʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʦʙʨʘʞʝʥʥʷ ʧʦʪʦʢʫ ʨʽʜʠʥʠ 

ʥʘʚʢʦʣʦ ʥʠʪʢʠ, ʧʨʠʚôʷʟʘʥʦʾ ʜʦ ʩʪʦʚʧʘ (ʢʦʣʦ ʚʛʦʨʽ) 

 

 ɯʜʝʷ ʧʨʦ ʪʝ, ʱʦ ʚ ʜʠʥʘʤʽʮʽ ʩʠʩʪʝʤʠ ʟ ʙʘʛʘʪʴʤʘ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ 

ʤʦʞʝ ʜʦʤʽʥʫʚʘʪʠ ʚʟʘʻʤʦʜʽʷ ʣʠʰʝ ʢʽʣʴʢʦʭ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʚʝʣʠʢʠʭ 

ʧʨʦʩʪʦʨʦʚʠʭ  ʪʘ  ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ), ʻ ʚʘʞʣʠʚʦʶ ʢʦʥʮʝʧʮʽʻʶ, ʷʢʘ 

ʩʪʠʤʫʣʶʻ  ʚʠʚʯʝʥʥʷ ʧʨʦʩʪʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʪʠ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʢʣʘʜʥʽʰʽ ʷʚʠʱʘ. ʅʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʴ ʃʦʨʝʥʮʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʥʘʙʽʨ ʥʝʣʽʥʽʡʥʠʭ ʟʚ'ʷʟʘʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʪʨʴʦʭ ʟʤʽʥʥʠʭ: 
             

 
 

                                                                             ,                                                                  (2.2) 
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ʜʝ ů, ɟ,  ʽ  ɓ>0 ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʷʚʠʱ. ʄʦʜʝʣʴ ʃʦʨʝʥʮʘ ʙʫʣʘ ʩʧʦʯʘʪʢʫ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʦʧʠʩʫ ʢʦʥʚʝʢʮʽʡʥʠʭ 

ʢʦʤʽʨʢʽʚ ʚ ʘʪʤʦʩʬʝʨʽ ʽ ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʢʽʣʴʢʘ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʘʣʝ ʫʩʧʽʰʥʦ 

ʦʧʠʩʫʻ ʷʢʽʩʥʦ ʙʘʛʘʪʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʣʽʤʘʪʫ ɿʝʤʣʽ [25]. ʇʦʜʽʙʥʽ ʧʽʜʭʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʭʦʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ɿʝʤʣʽ , ʤʘʥʪʽʡʥʦʾ ʢʦʥʚʝʢʮʽʾ , ʯʝʨʚʦʥʦʾ ʧʣʷʤʠ ʖʧʽʪʝʨʘ ʪʘ ʮʠʢʣʽʯʥʦʩʪʽ  

ʩʦʥʷʯʥʠʭ ʩʧʘʣʘʭʽʚ . 

ʇʨʦʙʣʝʤʠ ʫ ʚʠʨʽʰʝʥʥʽ ʮʴʦʛʦ ʢʣʘʩʫ ʧʨʦʙʣʝʤ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʢʽʣʴʢʦʭ ʚʘʞʣʠʚʠʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʙʝʨʝʛʪʠ, ʪʘ ʫ ʩʢʣʘʜʥʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ ʨʫʭʫ. ɿʥʘʯʥʠʡ  ʧʨʦʛʨʝʩ ʥʘ ʮʴʦʤʫ ʰʣʷʭʫ ʙʫʚ ʜʦʩʷʛʥʫʪʠʡ 

ʟʘʚʜʷʢʠ ʪʽʩʥʦʤʫ ʧʦʻʜʥʘʥʥʶ ʘʥʘʣʽʪʠʯʥʦʾ ʪʝʦʨʽʾ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ  

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʬʽʟʠʯʥʠʭ  ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 

 

2.2  ʊʫʨʙʫʣʝʥʪʥʽʩʪʴ 

      

     ɹʘʛʘʪʦ ʷʚʠʱ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʩʪʚʦʨʶʶʪʴ ʦʩʦʙʣʠʚʽ 

ʧʨʦʙʣʝʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʢʣʶʯʘʶʪʴ ʙʝʟʣʽʯ ʜʦʚʞʠʥ ʽ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʽʚ, 

ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʪʘʶʪʴ ʚʘʞʣʠʚʠʤʠ. ɺʝʣʠʢʦʤʘʩʰʪʘʙʥʘ 

ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʚʝʜʽʥʢʦʶ ʧʦʪʦʢʫ ʥʘ ʙʘʛʘʪʦ 

ʧʦʨʷʜʢʽʚ ʤʝʥʰʠʭ ʤʘʩʰʪʘʙʽʚ . ʄʘʢʨʦʩʢʦʧʽʯʥʽ ʤʦʜʝʣʽ ʨʫʡʥʫʚʘʥʥʷ ʪʽʩʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʣʦʢʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʠʭ ʟʚ'ʷʟʢʽʚ ʧʝʨʝʜ 

ʚʝʨʰʠʥʦʶ ʪʨʽʱʠʥʠ . ʋ ʪʘʢʠʭ ʟʘʜʘʯʘʭ, ʷʢ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ, ʛʽʜʨʦʜʠʥʘʤʽʯʥʽ 

ʨʽʚʥʷʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʘʣʝ ʾʭ ʥʝʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ. ʊʫʪ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʽ ʪʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʬʽʟʠʮʽ ʢʦʥʜʝʥʩʦʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʠʭ ʢʨʠʪʠʯʥʠʭ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʛʨʫʧʘ ʧʝʨʝʥʦʨʤʫʚʘʥʥʷ. ʎʽ ʤʝʪʦʜʠ ʨʦʟʨʦʙʣʝʥʽ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ, ʷʢ 

ʬʽʟʠʢʘ ʚ ʤʘʣʠʭ ʜʦʚʞʠʥʘʭ ʘʙʦ ʤʘʩʰʪʘʙʘʭ ʯʘʩʫ ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʝʜʽʥʢʫ ʚ ʜʝʱʦ 

ʙʽʣʴʰʽʡ ʜʦʚʞʠʥʽ ʘʙʦ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʘʭ ʽ ʪʘʢ ʜʘʣʽ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ 

ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʰʢʘʣ 

ʜʦʚʞʠʥʠ ʘʙʦ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʽʚ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ. 

ʇʦʚʝʜʽʥʢʘ ʜʘʣʝʢʦ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʯʘʩʪʦ ʚʢʣʶʯʘʻ ʧʨʦʮʝʩʠ, ʱʦ 

ʚʟʘʻʤʦʜʽʶʪʴ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ (ʽ ʯʘʩʦʚʠʭ) ʤʘʩʰʪʘʙʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʭʘʨʘʢʪʝʨʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʪʘʢʠʭ ʷʢ ʪʽ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʨʦʟʣʦʤʽ ʩʢʣʘ ʽ ʚ ʪʫʨʙʫʣʝʥʪʥʽʡ ʭʤʘʨʽ. 

 ʊʫʪ ʤʠ ʟʦʩʝʨʝʜʠʤʦʩʷ ʥʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʷʢ ʦʜʥʦʤʫ ʟ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʷʚʠʱ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʘʭ. ʊʫʨʙʫʣʝʥʪʥʽʩʪʴ ʩʪʚʦʨʶʻ ʩʢʣʘʜʥʽ 

ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʧʝʨʝʜʘʯʫ ʽʤʧʫʣʴʩʫ, ʤʘʩʠ ʽ ʪʝʧʣʘ, 

ʩʪʚʦʨʶʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʘʞʘʥʠʭ ʽ ʥʝʙʘʞʘʥʠʭ ʝʬʝʢʪʽʚ. 

ʅʘʧʨʠʢʣʘʜ,  ʰʚʠʜʢʝ ʟʤʽʰʫʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʦʮʝʩʘʭ, ʘ 

ʪʘʢʦʞ ʧʘʨʘʟʠʪʥʝ ʛʘʣʴʤʫʚʘʥʥʷ ʚ ʧʦʪʦʮʽ ʚ ʪʨʫʙʽ ʽ, ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʧʦʛʦʜʥʽ 
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ʫʤʦʚʠ, ʪʘʢʽ ʷʢ ʫʨʘʛʘʥʠ. ʇʦʜʽʙʥʽ ʥʝʩʪʘʙʽʣʴʥʽ ʩʪʨʫʢʪʫʨʠ ʧʦʪʦʢʫ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʽʜ ʯʘʩ ʝʢʩʪʨʫʟʽʾ ʧʦʣʽʤʝʨʽʚ ʘʙʦ ʧʘʩʪ ʯʝʨʝʟ ʦʪʚʽʨ ʚ ʧʦʪʦʢʘʭ ʩʢʣʘʜʥʠʭ ʨʽʜʠʥ, 

ʪʘʢʠʭ, ʷʢ ʨʦʟʯʠʥʠ ʧʦʣʽʤʝʨʽʚ (ñʧʨʫʞʥʘ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴò), ʘ ʪʘʢʦʞ ʧʨʠ 

ʧʦʚʽʣʴʥʦʤʫ ʦʩʽʜʘʥʥʽ ʯʘʩʪʠʥʦʢ  ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʨʽʜʠʥʽ . ʊʘʢʠʤ 

ʯʠʥʦʤ, ʤʝʭʘʥʽʟʤʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʤʘʶʪʴ ʙʫʪʠ  

ʥʘʜʟʚʠʯʘʡʥʦ ʟʘʛʘʣʴʥʠʤʠ. ɯʜʝʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʥʘʚʽʪʴ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʚ 

ʩʬʝʨʽ ʬʽʥʘʥʩʽʚ [26]. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ, 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʦʨʤ  ʽ ʚʘʞʣʠʚʽʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʤʠ ʱʝ ʡ ʜʦʩʽ ʥʘ 

ʜʦʩʪʘʪʥʴʦʤʫ ʨʽʚʥʽ ʥʝ ʨʦʟʫʤʽʻʤʦ, ʷʢ ʚʦʥʘ ʨʦʟʚʠʚʘʻʪʴʩʷ , ʱʦʙ ʢʦʥʪʨʦʣʶʚʘʪʠ, 

ʘʙʦ ʟʘʧʦʙʽʛʘʪʠ ʾʡ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ. ʐʚʠʜʢʽʩʪʴ ʧʦʯʘʪʢʫ ʧʦʪʦʢʫ ʽ 

ʭʘʨʘʢʪʝʨ ʧʦʯʘʪʢʫ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚʩʝ ʱʝ ʚʠʢʣʠʢʘʻ ʟʜʠʚʫʚʘʥʥʷ; 

ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʦʩʪʫʧʦʚʦ, ʧʦʝʪʘʧʥʦ, ʘʣʝ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʩʪʽ ʪʨʫʙʦʧʨʦʚʽʜʥʽ ʧʦʪʦʢʠ, ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ 

ʚʠʥʠʢʘʻ ʧʝʨʝʜʯʘʩʥʦ ʟ ʧʨʠʯʠʥ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ 

ʥʝʟʨʦʟʫʤʽʣʠʤʠ . ʅʘʨʝʰʪʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʟʘ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ ʘʙʦ ʜʚʘ, ʧʨʠʨʦʜʘ ʧʦʚʥʽʩʪʶ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʩʪʘʥʫ ʚʩʝ ʱʝ ʤʽʩʪʠʪʴ 

ʙʘʛʘʪʦ ʚʽʜʢʨʠʪʠʭ ʧʨʦʙʣʝʤ [27,28]. ʋ ʮʴʦʤʫ ʩʪʘʥʽ ʜʦʚʛʦʞʠʚʫʯʽ 

ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʽ ʢʦʛʝʨʝʥʪʥʽ ʩʪʨʫʢʪʫʨʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ, ʘʣʝ ʚʩʝ ʱʝ 

ʥʝʜʦʩʪʘʪʥʴʦ ʟʨʦʟʫʤʽʣʫ ʨʦʣʴ. ʋ ʥʘʩʪʫʧʥʝ ʜʝʩʷʪʠʣʽʪʪʷ ʤʝʪʦʜʠ ʚʽʜʩʪʝʞʝʥʥʷ 

ʯʘʩʪʠʥʦʢ  ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʨʽʜʠʥʠ ʧʽʜ ʯʘʩ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʫ 

ʧʦʚʠʥʥʽ ʧʨʦʣʠʪʠ ʩʚʽʪʣʦ ʥʘ ʙʘʛʘʪʦ ʟ ʮʠʭ ʜʘʚʥʽʭ ʧʠʪʘʥʴ. 

  

 

2.3 ʉʠʥʛʫʣʷʨʥʦʩʪʽ 

 

ʋ ʙʘʛʘʪʴʦʭ ʦʙʩʪʘʚʠʥʘʭ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʟʩʫʚʫ, ʤʘʪʝʨʽʘʣʠ ʚʽʜʜʘʣʷʶʪʴʩʷ ʚʽʜ ʨʽʚʥʦʚʘʛʠ 

ʥʘʩʪʽʣʴʢʠ, ʱʦ ʟʤʽʥʶʶʪʴ ʩʚʦʶ ʬʦʨʤʫ ʥʝʦʙʦʨʦʪʥʦ. ʎʝ ʪʨʘʧʣʷʻʪʴʩʷ ʢʦʞʥʦʛʦ 

ʨʘʟʫ, ʢʦʣʠ ʨʽʜʠʥʘ ʙʨʠʟʢʘʻ ʽ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʢʨʘʧʣʽ, ʨʦʟʙʠʚʘʻʪʴʩʷ ʰʤʘʪʦʢ 

ʩʢʣʘ, ʟʤʠʥʘʻʪʴʩʷ ʘʨʢʫʰ ʧʘʧʝʨʫ ʘʙʦ ʾʟʜʠʪʴ ʘʚʪʦʤʦʙʽʣʴ. ʊʘʢʽ ʧʦʜʽʾ, ʷʢ 

ʧʨʘʚʠʣʦ, ʧʦʚôʷʟʘʥʽ ʟ ʜʝʬʦʨʤʘʮʽʷʤʠ ,ʘʙʦ ʨʝʞʠʤʘʤʠ ʚʽʜʤʦʚʠ, ʷʢʽ ʜʽʶʪʴ ʭʦʯʘ 

ʡ ʫ ʤʝʥʰʠʭ ʤʘʩʰʪʘʙʘʭ, ʘʣʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʷʚʠʱʘ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʨʘʥ, ʟ ʷʢʦʛʦ  ʦʩʴ-ʦʩʴ ʚʧʘʜʝ  ʢʨʘʧʣʷ. ʑʦ ʚʠʟʥʘʯʘʻ ʬʦʨʤʫ 

ʢʨʘʧʣʽ ʪʘ ʰʠʡʢʠ, ʥʘ ʷʢʽʡ ʚʦʥʘ ʚʠʩʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʽʜʨʠʚʦʤ? 

ɺʠʷʚʣʷʻʪʴʩʷ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʮʽ ʬʦʨʤʠ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʧʦʚʥʽʩʪʶ ʽ 

ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʣʠʰʝ ʦʜʥʽʻʶ ʪʦʯʢʦʶ ʚʟʜʦʚʞ ʰʠʾ, ʘ ʩʘʤʝ ʪʘʤ, ʜʝ ʰʠʷ 

ʥʘʡʪʦʥʰʘ ʎʝʡ ʪʠʧ ʧʦʚʝʜʽʥʢʠ ð ʤʘʩhʪʘʙʥʦ ʽʥʚʘʨʽʘʥʪʥʠʡ, ʥʝ ʜʘʻ ʫʷʚʣʝʥʥʷ 

ʧʨʦ  ʟʘʛʘʣʴʥʠʡ ʨʦʟʤʽʨ ʰʠʾ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʨʦʟʧʘʜ ʥʘ ʢʨʘʧʣʽ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʣʦʢʘʣʴʥʦʶ ʩʠʥʛʫʣʷʨʥʽʩʪʶ, ʚ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʨʦʟʙʽʞʥʽʩʪʶ 

ʢʨʠʚʠʟʥʠ ʰʠʾ.  

ɺʘʞʣʠʚʠʤ ʥʝʱʦʜʘʚʥʽʤ ʫʩʚʽʜʦʤʣʝʥʥʷʤ ʩʪʘʣʦ ʪʝ, ʱʦ ʽʩʥʫʶʪʴ ʜʚʘ 

ʢʣʘʩʠ ʦʜʠʥʠʯʥʠʭ ʧʦʜʽʡ ʨʦʟʨʠʚʫ: ʦʜʠʥ, ʫ ʷʢʦʤʫ ʬʦʨʤʘ ʰʠʾ ʫʥʽʚʝʨʩʘʣʴʥʘ, 

ʦʩʢʽʣʴʢʠ ʥʝ ʟʘʧʘʤ'ʷʪʦʚʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ, ʽ ʜʨʫʛʠʡ, ʚ ʷʢʦʤʫ 
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ʟʙʝʨʽʛʘʻʪʴʩʷ  ʧʘʤ'ʷʪʴ ʧʨʦ ʨʘʥʥʽ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʰʠʾ  (ʷʢʠʡ ʥʝ ʻ  

ʫʥʽʚʝʨʩʘʣʴʥʠʤ). ɯʥʰʠʡ ʧʨʠʢʣʘʜ, ʙʫʣʴʙʘʰʢʘ ʧʦʚʽʪʨʷ, ʱʦ ʚʽʜʨʠʚʘʻʪʴʩʷ, ʘ 

ʧʦʪʽʤ ʧʽʜʥʽʤʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʜʫʞʝ ʚôʷʟʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢʦʛʦ, ʩʢʘʞʽʤʦ, 

ʷʢ ʤʝʜ . ʊʘʢ ʩʘʤʦ ʟʘʛʘʣʴʥʘ ʧʦʚʝʜʽʥʢʘ ʟʽʤ'ʷʪʦʛʦ ʘʨʢʫʰʘ ʧʘʧʝʨʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʣʦʢʘʣʴʥʠʭ ʧʣʷʤ, ʛʦʩʪʨʠʭ ʪʦʯʦʢ ʜʫʞʝ ʚʠʩʦʢʦʾ 

ʢʨʠʚʠʟʥʠ, ʟ'ʻʜʥʘʥʠʭ ʚ  ʤʝʨʝʞʘʭ ʭʨʝʙʪʽʚ .ʊʘʢʽ ʧʦʦʜʠʥʦʢʽ ʧʣʷʤʠ ʤʠʪʪʻʚʦ 

ʧʝʨʝʪʚʦʨʶʶʪʴ ʜʠʩʢʝʪʫ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ, ʷʢʘ ʤʦʞʝ ʚʠʪʨʠʤʫʚʘʪʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦʛʣʠʥʘʪʠ ʫʜʘʨʠ (ʨʠʩʫʥʦʢ 2.2). ʇʦʜʽʙʥʝ ʬʦʢʫʩʫʚʘʥʥʷ 

ʥʘʧʨʫʞʝʥʴ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʥʘ ʥʘʥʦ-ʤʘʩʰʪʘʙʽ, ʚ ʢʦʥʛʣʦʤʝʨʘʮʽʷʭ ʥʘʥʦ-

ʯʘʩʪʠʥʦʢ . 

 

                          

ʈʠʩʫʥʦʢ 2.2 - ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ  ʤʘʪʝʨʽʘʣʽʚ. ɿʣʽʚʘ: ʤ'ʷʪʠʡ  ʧʘʧʽʨʝʮʴ ʟʘʩʪʠʛʘʻ ʽ ʜʦʟʚʦʣʷʻ 

ʧʦʛʣʠʥʘʥʥʷ ʫʜʘʨʫ. ʇʨʘʚʦʨʫʯ:  ʯʘʩʪʠʥʢʠ ʜʣʷ ʽʥʢʘʧʩʫʣʷʮʽʾ, ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ 

ʚ ʤʘʡʞʝ ʩʠʥʛʫʣʷʨʥʠʡ ʧʦʪʽʢ, ʢʦʣʠ ʧʨʦʩʪʽʨ  ʤʽʞ ʜʚʦʤʘ ʨʽʜʠʥʘʤʠ (ʪʫʪ: ʤʘʩʣʦ ʽ 

ʚʦʜʘ) ʜʝʬʦʨʤʫʻʪʴʩʷ ʚʠʜʘʚʣʶʚʘʥʥʷʤ ʦʣʽʾ ʧʽʧʝʪʢʦʶ 

 

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʽʜʝʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʙʽʦʣʦʛʽʾ ʟʤʫʩʠʣʠ ʬʽʟʠʢʽʚ 

ʜʦʩʣʽʜʠʪʠ ʤʝʭʘʥʽʟʤ ʚʽʜʙʦʨʫ ʩʪʘʥʫ, ʷʢʠʡ ʜʫʞʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʘʥʫ ʽʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʨʽʚʥʦʚʘʞʥʦʶ ʚʽʣʴʥʦʶ ʝʥʝʨʛʽʻʶ. ɹʘʛʘʪʦ ʩʠʩʪʝʤ, ʜʘʣʝʢʠʭ ʚʽʜ 

ʨʽʚʥʦʚʘʛʠ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ,ʘʙʦ ʰʣʷʭʦʤ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʘʜʘʧʪʦʚʘʥʦʾ 

ʽʥʞʝʥʝʨʽʾ, ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʚʦʣʶʮʽʾ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʚʽʜʙʦʨʫ, ʟ ʤʝʪʦʶ  

ʙʫʪʠ ʩʪʽʡʢʠʤʠ ʜʦ ʟʙʫʨʝʥʴ . ʅʘʧʨʠʢʣʘʜ, ʟʘʨʘʟ ʘʚʪʦʤʦʙʽʣʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟʽ 

ʩʢʣʘʜʥʠʤʠ ʚʥʫʪʨʽʰʥʽʤʠ ʤʝʨʝʞʘʤʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʙʘʛʘʪʦ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʨʝʟʝʨʚʥʽ ʤʝʭʘʥʽʟʤʠ ʪʘ ʘʜʘʧʪʠʚʥʽ ʣʘʥʮʶʛʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʽʡʥʫ ʨʦʙʦʪʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɸʥʘʣʦʛʽʯʥʦ, ʙʽʦʣʦʛʽʯʥʽ ʤʝʨʝʞʽ, ʪʘʢʽ ,ʷʢ ʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʙʽʣʠʤ ʢʨʦʚ'ʷʥʠʤ ʢʣʽʪʠʥʘʤ ʧʝʨʝʩʣʽʜʫʚʘʪʠ ʚʪʦʨʛʥʝʥʥʷ ʙʘʢʪʝʨʽʡ, ʩʪʘʣʠ 

ʥʝʯʫʪʣʠʚʠʤʠ ʜʦ ʙʽʦʭʽʤʽʯʥʠʭ ʟʤʽʥ ʫ ʾʭʥʽʭ ʢʦʤʧʦʥʝʥʪʘʭ.  

 

 

2.4 ɯʥʞʝʥʝʨʽʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤ 

 

 ʅʝʱʦʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʤʘʢʩʠʤʽʟʘʮʽʶ 

ʥʘʜʽʡʥʦʩʪʽ, ʚ ʷʢʦʩʪʽ  ʤʝʭʘʥʽʟʤʫ ʚʠʙʦʨʫ ʩʪʘʥʫ ʫ ʚʟʘʻʤʦʜʽʶʯʠʭ ʤʝʨʝʞʘʭ [29] 

(ʨʠʩʫʥʦʢ 2.3). ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʽʜʢʨʠʪʠ  ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤ, ʷʢʽ ʤʦʞʥʘ 



 

21 
 

ʚʠʚʯʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʬʽʟʠʢʠ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʨʝʯʦʚʠʥʠ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʮʠʨʢʘʜʥʠʭ ʛʦʜʠʥʥʠʢʽʚ  ʜʦ ʥ̔ʪʝʨʥʝʪʫ, ʚʽʜ  ʥʘʰʦʾ ʽʤʫʥʥʦʾ 

ʩʠʩʪʝʤʠ  ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ . ʉʧʽʣʴʥʦʶ ʨʠʩʦʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʻ 

ʪʝ, ʱʦ ʾʭʥʷ ʩʢʣʘʜʥʽʩʪʴ ʨʦʙʠʪʴ ʾʭ ʯʫʪʣʠʚʠʤʠ  ʜʦ ʥʘʚʽʪʴ ʦʜʠʥʦʯʥʠʭ, 

ʥʝʩʧʦʜʽʚʘʥʠʭ ʟʙʫʨʝʥʴ [30].  

  

  
  

ʈʠʩʫʥʦʢ 2.3 - ʇʨʠʢʣʘʜʠ ʝʚʦʣʶʮʽʦʥʽʟʽʫʶʯʠʭ ʤʝʨʝʞʝʚʠʭ ʩʪʨʫʢʪʫʨ, 

ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ. ɿʚʝʨʭʫ: ʢʘʨʪʘ ʚʟʘʻʤʦʜʽʶʯʠʭ ʙʽʣʢʽʚ ʜʨʽʞʜʞʽʚ. ʋʥʠʟʫ: 

ʽʥʪʝʨʥʝʪ-ʚʫʟʣʠ 

  

ʅʘʧʨʠʢʣʘʜ, ʤʝʨʝʞʘ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ  ʚʠʜʽʚ ʚ ʉʚʽʪʦʚʦʤʫ ʦʢʝʘʥʽ ʟʘ 

ʪʠʩʷʯʦʣʽʪʪʷ ʘʜʘʧʪʫʚʘʣʘʩʷ, ʱʦʙ ʙʫʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʩʪʽʡʢʦʶ ʜʦ ʚʝʣʠʯʝʟʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʙʫʨʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ. ʇʨʦʪʝ ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ 

ʢʠʩʣʦʪʥʦʩʪʽ ʚ ʦʢʝʘʥʩʴʢʠʭ ʚʦʜʘʭ, ʚʠʢʣʠʢʘʥʘ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʽ, ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʤʘʩʦʚʝ ʚʠʤʠʨʘʥʥʷ ʚʠʜʽʚ. 

ʅʘʚʽʪʴ ʩʠʩʪʝʤʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʪʘʢʽ ʷʢ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʩʪʘʥʽ ʩʪʨʝʩʫ, ʷʢʽ ʥʝ ʝʚʦʣʶʮʽʦʥʫʚʘʣʠ, ʘʙʦ ʥʝ ʙʫʣʠ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ, 

ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʧʦʜʽʙʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ ʨʫʡʥʫʚʘʥʥʷ, ʯʝʨʝʟ ʽʩʪʦʨʽʶ ʾʭ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʙʘʛʘʪʴʤʘ ʘʪʦʤʘʤʠ ʘʙʦ 

ʤʦʣʝʢʫʣʘʤʠ, ʱʦ ʾʭ ʩʢʣʘʜʘʶʪʴ. 

 

 

2.5 ʌʣʫʢʪʫʘʮʽʾ  ʚ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʪʘʥʘʭ 

 

ɼʣʷ ʩʠʩʪʝʤ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʘʛʘʪʴʦʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʨʽʚʥʦʚʘʟʽ ʘʙʦ ʧʦʙʣʠʟʫ ʥʝʾ, ʩʪʘʪʠʩʪʠʯʥʘ ʤʝʭʘʥʽʢʘ ʛʦʚʦʨʠʪʴ ʥʘʤ, ʱʦ 

ʢʦʣʠʚʘʥʥʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʚʝʣʠʯʠʥ ʥʘʚʢʦʣʦ ʾʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʘʣʽ  ʽ  ʤʘʶʪʴ ʛʘʫʩʩʦʚʠʡ ʨʦʟʧʦʜʽʣ. ɼʣʷ ʩʠʩʪʝʤ, ʜʘʣʝʢʠʭ ʚʽʜ 

ʨʽʚʥʦʚʘʛʠ, ʥʝ ʽʩʥʫʻ ʟʘʛʘʣʴʥʠʭ ʪʝʦʨʽʡ, ʪʘʢʠʭ, ʷʢ ʩʪʘʪʠʩʪʠʯʥʘ ʤʝʭʘʥʽʢʘ, ʽ 

ʢʦʣʠʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ. ʈʦʟʧʦʜʽʣʠ ʯʘʩʪʦ 

ʰʠʨʰ̔, ʥʽʞ ʧʨʦʩʪʽ ʛʘʫʩʩʦʚʽ ʜʝʤʦʥʩʪʨʫʶʯʠ, ʥʘʧʨʠʢʣʘʜ, ʧʦʚʽʣʴʥʽʰʽ, 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʽ ʨʦʟʧʘʜʠ, ʩʪʝʧʝʥʝʚʽ ʟʘʢʦʥʠ ʘʙʦ ʜʦʜʘʪʢʦʚʽ ʧʽʢʠ, ʪʘʢ ʱʦ 
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ʢʘʪʘʩʪʨʦʬʽʯʥʽ, ʘʣʝ ʨʽʜʢʽʩʥʽ ʧʦʜʽʾ ʤʦʞʫʪʴ ʜʦʤʽʥʫʚʘʪʠ ʪʘ ʧʨʘʢʪʠʯʥʦ 

ʚʠʟʥʘʯʘʪʠ  ʧʦʚʝʜʽʥʢʫ. ʎʝ ʤʘʻ ʤʽʩʮʝ ʫ ʚʠʧʘʜʢʫ ʣʘʚʠʥ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʨʘʧʪʦʚʦʶ ʧʝʨʝʦʨʽʻʥʪʘʮʽʻʶ ʤʘʛʥʽʪʥʠʭ ʜʦʤʝʥʽʚ ʘʙʦ ʨʫʭʦʤ ʧʫʯʢʘ ʧʦʪʦʢʽʚ ʫ 

ʥʘʜʧʨʦʚʽʜʥʠʭ ʤʘʛʥʽʪʘʭ  (ʨʠʩʫʥʦʢ 2.4). ʇʦʜʽʙʥʽ ʢʦʣʠʚʘʥʥʷ, ʚ ʪ.ʯ. ʚʝʣʠʢʽ 

ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʧʦʜʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʫ ʚʠʛʣʷʜʽ  

ʟʩʫʚʽʚ ʘʙʦ ʩʝʣʽʚ, ʘʙʦ ʧʽʜ ʯʘʩ ʟʝʤʣʝʪʨʫʩʽʚ. ʊʫʨʙʫʣʝʥʪʥʽʩʪʴ ʽ ʧʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʠʡ ʭʘʦʩ ʪʘʢʦʞ ʚʠʢʣʠʢʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʬʣʫʢʪʫʘʮʽʾ ʚʠʤʽʨʶʚʘʥʠʭ 

ʚʝʣʠʯʠʥ .ʋ ʟʨʽʟʘʥʠʭ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʜʝ ʥʘʧʨʫʛʠ ʧʦʰʠʨʶʶʪʴʩʷ 

ʚʟʜʦʚʞ ʩʠʣʴʥʦ ʨʦʟʛʘʣʫʞʝʥʠʭ ʤʝʨʝʞ çʩʠʣʦʚʠʭ ʣʘʥʮʶʛʽʚè, ʭʘʨʘʢʪʝʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʚʝʣʠʯʠʥʠ ʢʦʥʪʘʢʪʥʦʾ ʩʠʣʠ ʤʽʞ ʯʘʩʪʠʥʢʘʤʠ ʥʘʚʢʦʣʦ ʾʾ ʩʝʨʝʜʥʴʦʾ 

ʚʝʣʠʯʠʥʠ ʤʦʞʝ ʜʘʪʠ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʯʘʪʦʢ ʨʫʡʥʫʚʘʥʥʷ, ʧʝʨʝʭʽʜ 

ʚʽʜ ʙʝʟ-ʟʘʪʠʩʥʫʪʦʾ ʧʦʚʝʜʽʥʢʠ ʜʦ ʩʪʘʥʫ ʧʨʦʪʽʢʘʥʥʷ(ʜʠʚ. ʨʠʩʫʥʦʢ 2.4).  

 

   
ʈʠʩʫʥʦʢ 2.4 - ʇʨʠʢʣʘʜʠ ʢʨʠʪʠʯʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ:  

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʭ  ʩʠʩʪʝʤ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ. ɿʚʝʨʭʫ 

ʚʥʠʟ: ʩʥʽʛʦʚʘ ʣʘʚʠʥʘ, ʟʝʨʥʠʩʪʘ ʣʘʚʠʥʘ (avalanche), ʪʦʢʦʚʘ 

ʣʘʚʠʥʘ(ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ) ʚ ʥʘʜʧʨʦʚʽʜʥʠʢʫ 

 

ʉʧʝʢʪʨ ʬʣʫʢʪʫʘʮʽʡ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʢʣʶʯʦʚʦʶ ʦʟʥʘʢʦʶ ʜʘʣʝʢʦʾ ʚʽʜ 

ʨʽʚʥʦʚʘʛʠ ʧʦʚʝʜʽʥʢʠ ʪʘ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʦʩʥʦʚʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʚʠʚʯʘʻ ʤʦʛʦ ʷʚʠʱʘ. 

ʆʜʥʝ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʧʠʪʘʥʴ, ʷʢʽ ʤʦʞʥʘ ʟʘʜʘʪʠ ʧʨʦ 

ʙʘʛʘʪʦʯʘʩʪʢʦʚʫ ʩʠʩʪʝʤʫ, ʮʝ ʪʝ, ʷʢ ʚʦʥʘ ʙʫʜʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʙʫʨʝʥʥʷ. ɼʣʷ 

ʩʠʩʪʝʤ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʪʝʧʣʦʚʽʡ ʨʽʚʥʦʚʘʟʽ, ʬʣʫʢʪʫʘʮʽʡʥʦ-ʜʠʩʠʧʘʪʠʚʥʘ 

ʪʝʦʨʝʤʘ ʜʘʻ ʚʽʜʧʦʚʽʜʴ ʥʘ ʧʦʩʪʘʚʣʝʥʝ ʧʠʪʘʥʥʷ : ʤʠ ʟʥʘʻʤʦ, ʱʦ ʷʢʱʦ 

ʟʙʫʨʝʥʥʷ ʥʝʚʝʣʠʢʝ, ʩʠʩʪʝʤʘ ʙʫʜʝ ʨʝʘʛʫʚʘʪʠ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʥʘ ʧʨʠʨʦʜʥʽ 

ʬʣʫʢʪʫʘʮʽʾ. ɿʚ'ʷʟʦʢ ʤʽʞ ʢʦʨʝʣʷʮʽʻʶ ʪʘ ʨʝʘʢʮʽʻʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ;. 

ʅʘʧʨʠʢʣʘʜ, ʜʨʫʛʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʩʪʚʝʨʜʞʫʻ, ʱʦ ʬʣʫʢʪʫʘʮʽʾ ʙʫʜ-ɹ

ʷʢʦʾ ʝʢʩʪʝʥʩʠʚʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʥʦʾ X ʧʦʚôʷʟʘʥʽ ʟ ʨʝʘʢʮʽʻʶ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ X ʥʘʩʪʫʧʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ : 

  

                                                                                          (2.3) 
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 ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʟʥʘʯʘʻ ʤʘʩʰʪʘʙ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ,ʱʦ 

ʨʝʘʛʫʻ ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ  
  

     

                                                                                                          (2.4) 

       

ɼʣʷ ʩʠʩʪʝʤ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʞʝ ʥʝ ʛʨʘʻ ʪʘʢʦʾ 

ʚʠʟʥʘʯʘʶʯʦʾ ʨʦʣʽ. ʆʜʥʘʢ, ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ ʢʦʥʮʝʧʮʽʻʶ ʪʝʧʣʦʚʠʭ ʧʨʦʮʝʩʽʚ , ʚ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʽʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʢʦʨʝʣʷʮʽʻʶ ʪʘ ʚʽʜʛʫʢʦʤ. ɼʣʷ ʧʝʚʥʠʭ ʢʣʘʩʽʚ 

ʢʦʥʪʨʦʣʶʻʤʠʭ  ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ ʟʨʽʟʘʥʝ ʩʢʣʦ, ʧʽʥʦʧʣʘʩʪ ʘʙʦ 

ʢʠʧʣʷʯʽ ʛʨʘʥʫʣʴʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʘʢʽ, ʷʢ ʚʽʙʨʫʶʯʽ ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʽ 

ʛʨʘʥʫʣʴʦʚʘʥʽ  ʰʘʨʠ, ʽʩʥʫʶʪʴ ʜʦʢʘʟʠ ʪʦʛʦ, ʱʦ ʧʦʥʷʪʪʷ ʝʬʝʢʪʠʚʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʠʤ ʥʘʚʽʪʴ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʾʭʥʴʦʾ 

ʧʦʚʝʜʽʥʢʠ [31]. ɺʘʞʣʠʚʠʤʠ ʧʠʪʘʥʥʷʤʠ ʻ ʟ'ʷʩʫʚʘʥʥʷ ʫʤʦʚ, ʟʘ ʷʢʠʭ 

ʝʬʝʢʪʠʚʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʶʪʴ ʨʦʟʫʤʥʠʡ ʦʧʠʩ, ʽ ʩʪʫʧʽʥʴ ʘʥʘʣʦʛʽʾ ʽʟ 

ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ  ʟʚʠʯʘʡʥʦʶ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. 

 

 

2.6  ɼʝʷʢʽ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʦʙʢʠ 

 

ʆʜʥʽʻʶ ʽʟ ʟʥʘʯʥʠʭ ʧʨʦʙʣʝʤ ʜʣʷ ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤ ʻ 

ʨʦʟʨʦʙʢʘ ʪʝʦʨʝʪʠʯʥʦʾ ʦʩʥʦʚʠ, ʧʦʜʽʙʥʦʾ ʜʦ ʨʽʚʥʦʚʘʞʥʦʾ ʪʘ ʤʘʡʞʝ 

ʨʽʚʥʦʚʘʞʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ, ʜʣʷ ʾʭ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ. ɿʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʚʽʜʙʫʚʩʷ ʟʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʚ 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʧʦʣʦʞʝʥʴ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʱʦʜʦ 

ʩʠʩʪʝʤ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ. ʉʪʘʮʽʦʥʘʨʥʘ ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʥʘʤʘʛʘʻʪʴʩʷ 

ʚʨʘʭʫʚʘʪʠ  ʪʝʧʣʦ, ʷʢʝ ʙʝʟʧʝʨʝʨʚʥʦ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʟʽ ʩʪʽʡʢʠʤ ʨʫʭʦʤ, 

ʜʣʷ ʪʦʛʦ ʱʦʙ ʨʦʟʧʦʚʩʶʜʠʪʠ ʜʨʫʛʠʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʥʘ ʥʝʨʽʚʥʦʚʘʞʥʽ 

ʩʪʘʥʠ. ɯʥʰʽ ʧʽʜʭʦʜʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʝʥʪʨʦʧʽʾ ʥʘ 

ʩʠʩʪʝʤʠ ʟ ʥʫʣʴʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʽʥʰʽ ʫʟʘʛʘʣʴʥʶʶʪʴ 

ʬʣʫʢʪʫʘʮʽʡʥʦ-ʜʠʩʠʧʘʪʠʚʥʫ ʪʝʦʨʝʤʫ ʥʘ ʩʠʩʪʝʤʠ, ʜʘʣʝʢʽ ʚʽʜ ʨʽʚʥʦʚʘʛʠ [32] . 

ɼʝʷʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ  ʚʠʜʽʣʠʪʠ ʨʽʚʥʦʚʘʞʥʫ ʚʽʣʴʥʫ 

ʝʥʝʨʛʽʶ ʚ ʧʨʦʮʝʩʘʭ, ʜʘʣʝʢʠʭ ʚʽʜ ʨʽʚʥʦʚʘʛʠ  
 

,                                       (2.5) 

 

ʜʝ ȹF ï ʨʽʟʥʠʮʷ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʤʽʞ ʜʚʦʤʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʩʪʘʥʘʤʠ A ʽ 

B, kB ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ, T ï ʪʝʤʧʝʨʘʪʫʨʘ, W ï ʨʦʙʦʪʘ, ʚʠʢʦʥʘʥʘ ʧʽʜ ʯʘʩ 

ʥʝʨʽʚʥʦʚʘʞʥʦʛʦ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʧʝʨʝʚʦʜʠʪʴ  ʩʠʩʪʝʤʫ ʤʽʞ ʩʪʘʥʘʤʠ A ʜʦ B. 

ʂʫʪʦʚʠʡ ʜʫʞʢʠ ʧʦʟʥʘʯʘʶʪʴ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘ ʚʩʽʤʘ ʨʝʘʣʽʟʘʮʽʷʤʠ ʮʴʦʛʦ 

ʧʨʦʮʝʩʫ. ʎʷ ʨʽʚʥʽʩʪʴ ʙʫʣʘ ʧʝʨʝʚʽʨʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [33] ʽ ʦʙʽʮʷʻ ʩʪʘʪʠ 

ʢʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʚʯʝʥʥʷ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ʙʽʦʣʦʛʽʯʥʠʭ 
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ʩʠʩʪʝʤʘʭ. ʊʝʦʨʝʤʠ ʧʨʦ ʬʣʫʢʪʫʘʮʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ, ʱʦʙ ʧʦʢʘʟʘʪʠ, ʷʢ 

ʥʝʟʚʦʨʦʪʥʽʩʪʴ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʟ ʦʩʥʦʚ ʜʠʥʘʤʽʢʠ [34]. ɿʘʚʜʷʢʠ ʮʠʤ ʨʦʙʦʪʘʤ 

ʦʙʣʘʩʪʴ ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʥʘʙʠʨʘʻ 

ʜʦʜʘʪʢʦʚʠʭ ʦʙʝʨʪʽʚ. 

 

 

2.7  ɿʘʤʦʨʦʞʝʥʽ ʩʪʘʥʠ 

 

ʇʨʦʪʦʪʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʟʘʤʦʨʦʞʝʥʦʛʦ  ʩʪʘʥʫ ʻ ʩʢʣʦ, ʩʪʘʥ, ʷʢʠʡ ʤʘʻ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢ ʨʽʜʠʥʠ, ʪʘʢ ʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ: ʚʦʥʦ ʤʘʻ ʘʤʦʨʬʥʫ ʩʪʨʫʢʪʫʨʫ 

ʨʽʜʠʥʠ, ʘʣʝ ʨʝʘʛʫʻ ʥʘ ʧʨʠʢʣʘʜʝʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʷʢ ʪʚʝʨʜʝ ʪʽʣʦ. ʋʩʽ ʨʽʜʠʥʠ 

ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʫʪʚʦʨʶʶʪʴ ʩʪʝʢʣʘ, ʷʢʱʦ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

(ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ). ɼʣʷ ʩʢʣʘʜʥʠʭ ʨʽʜʠʥ, 

ʪʘʢʠʭ, ʷʢ ʧʦʣʽʤʝʨʠ, ʧʝʨʝʭʦʜʫ ʜʦ ʩʢʣʘ (ʧʣʘʩʪʠʢʫ) ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ 

ʫʥʠʢʥʫʪʠ. ɿ ʦʭʦʣʦʜʞʝʥʥʷʤ ʨʽʜʠʥʠ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ(ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ) ʟʙʽʣʴʰʫʻʪʴʩʷ, ʽ ʨʝʘʢʮʽʷ ʩʠʩʪʝʤʠ ʥʘ ʟʙʫʨʝʥʥʷ ʩʪʘʻ 

ʚʩʝ ʙʽʣʴʰ ʤʣʷʚʦʶ, ʧʦʢʠ ʚʦʥʘ ʥʝ ʩʪʘʻ ʚʝʣʴʤʠ ʧʦʚʽʣʴʥʦʶ. ɺ ʜʘʥʦʤʫ ʩʪʘʥʽ, ʷʢ 

ʢʘʞʫʪʴ, ʩʠʩʪʝʤʘ ʧʝʨʝʙʫʚʘʻ ʫ ʩʢʣʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ (ʨʠʩʫʥʦʢ 2.5). 

   
ʈʠʩʫʥʦʢ 2.5 - ʋ ʩʠʩʪʝʤʘʭ ,ʷʢʽ ʥʘʙʣʠʞʫʶʪʴʩʷ ʜʦ ʧʝʨʝʭʽʜʥʠʭ ʩʪʘʥʽʚ  

ʬʦʨʤʫʶʪʴʩʷ ʩʽʪʯʘʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ, ʩʢʘʞʽʤʦ, ʷʢ ʣʘʥʮʶʞʢʠ ʯʘʩʪʠʥʦʢ, ʚ 

ʷʢʠʭ ʜʽʶʪʴ  ʢʦʥʪʘʢʪʥʽ ʩʠʣʠ .ɺ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʧʽʜ ʚʧʣʠʚʦʤ 

ʜʝʬʦʨʤʘʮʽʡ ʟʩʫʚʫ (ʣʽʚʦʨʫʯ) . ɺ ʟʝʨʥʠʩʪʦʤʫ ʰʘʨʽ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʨʦʟʨʽʜʞʝʥʦʤʫ ʩʪʘʥʽ  (ʧʨʘʚʦʨʫʯ) 

  

ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʨʝʣʘʢʩʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʦ, ʘʣʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʥʝʡʤʦʚʽʨʥʦ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢ ʱʦ 

ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 10-20 ʂ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʚôʷʟʢʽʩʪʴ ʽ ʯʘʩ 

ʨʝʣʘʢʩʘʮʽʾ ʥʘ ʜʝʩʷʪʴ ʘʙʦ ʙʽʣʴʰʝ ʧʦʨʷʜʢʽʚ. ʆʩʢʽʣʴʢʠ ʯʘʩ ʨʝʣʘʢʩʘʮʽʾ 

ʧʝʨʝʚʠʱʫʻ ʙʫʜʴ-ʷʢʝ ʤʦʜʝʣʴʥʝ ʨʽʚʥʦʚʘʞʥʝ ʥʘʙʣʠʞʝʥʥʷ, ʩʢʣʦ ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ, ʻ ʩʠʩʪʝʤʦʶ, ʜʘʣʝʢʦʶ ʚʽʜ ʨʽʚʥʦʚʘʛʠ. 

ʇʦʜʽʙʥʽ ʩʢʣʦʚʠʜʥʽ ʩʪʘʥʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʟʚʠʯʘʡʥʠʭ 

ʨʽʜʠʥʘʭ, ʘʣʝ ʽ ʚ ʙʘʛʘʪʴʦʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘ ʥʘʷʚʥʦʩʪʽ ʙʝʟʣʘʜʫ, 
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ʚʢʣʶʯʘʶʯʠ ʚʟʘʻʤʦʜʽʶʯʽ ʝʣʝʢʪʨʦʥʥʽ ʩʧʽʥʦʚʽ ʩʠʩʪʝʤʠ (ʩʧʽʥ-ʩʪʝʢʣʘ), ʘʙʦ 

ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʜʽʶʯʠʭ ʧʫʯʢʽʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ (ʚʠʭʨʦʚʽ ʩʪʝʢʣʘ) . ɺʦʥʠ 

ʪʘʢʦʞ ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʯʘʩʪʠʥʢʠ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʤʽʨʫ ʟʛʨʫʧʦʚʫʶʪʴʩʷ ʧʨʠ 

ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ. ʅʘʧʨʠʢʣʘʜ, ʤʽʮʝʣʠ ʘʙʦ ʢʦʣʦʾʜʠ ʚ ʱʽʣʴʥʠʭ 

ʩʫʩʧʝʥʟʽʷʭ , ʤʘʩʪʠʣʘ, ʟʘʭʦʧʣʝʥʽ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ  , ʙʫʣʴʙʘʰʢʠ ʚ ʧʽʥʽ  ʽ 

ʥʘʚʽʪʴ ʮʫʢʝʨʢʠ ʚ ʙʘʥʮʽ   ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ ʚʠʱʝʚʠʟʥʘʯʝʥʠʭ  

ʩʢʣʦʧʦʜʽʙʥʠʭ  ʩʪʘʥʽʚ. ʇʦʯʘʪʦʢ ʩʢʣʦʧʦʜʽʙʥʦʾ ʧʦʚʝʜʽʥʢʠ ʪʘʢʦʞ  

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʧʽʱʘʥʦʤʫ ʛʦʜʠʥʥʠʢʫ ʫ ʚʠʛʣʷʜʽ  ʨʽʜʢʦʛʦ ʧʦʪʦʢʫ 

ʩʧʣʠʚʘʶʯʠʭ ʛʨʘʥʫʣ. 
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ʈʆɿɼɯʃ 3 ɯʅɽʈɻɽʊʀʏʅɸ ʂʆʅʎɽʇʎɯʗ ɺ ʌɯɿɯʎɯ ʉʋʊʊɭɺʆ 

ʅɽʈɯɺʅʆɺɸɾʅʀʍ ʉʀʉʊɽʄ 

 

 

3.1 ʅʝʨʽʚʥʦʚʘʞʥʽ ʩʪʘʥʠ 

 

ʊʝʦʨʽʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ, ʭʘʦʪʠʯʥʠʭ ʩʪʘʥʽʚ ʽʟ ʨʦʟʩʽʶʚʘʥʥʷʤ ʝʥʝʨʛʽʾ, 

ʨʝʯʦʚʠʥʠ ʪʘ ʝʥʪʨʦʧʽʾ (ʽʥʬʦʨʤʘʮʽʾ) ʚʠʥʠʢʣʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚʠʪʢʫ ʥʘʩʪʫʧʥʠʭ 

ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʽʚ: 

1. ɼʦʩʣʽʜʞʝʥʥʷ ʥʝʟʚʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʽʟʠʢʠ ʪʘ ʣʽʥʽʡʥʦʾ ʪʝʦʨʽʾ ʆʥʩʘʛʝʨʘ. 

2. ʇʦʙʫʜʦʚʘ ʪʝʦʨʽʾ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʽ ʪʘ ʟʙʝʨʽʛʘʶʪʴ ʩʪʽʡʢʽʩʪʴ ʫ ʧʝʚʥʦʤʫ ʩʧʝʢʪʨʽ ʟʦʚʥʽʰʥʽʭ 

ʚʧʣʠʚʽʚ. 

3. ɿ'ʷʩʫʚʘʥʥʷ ʫʤʦʚ ʚʠʥʠʢʥʝʥʥʷ ʟ ʭʘʦʩʫ ʩʘʤʦ-ʦʨʛʘʥʽʟʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʱʦ ʚʧʦʨʷʜʢʦʚʫʶʪʴʩʷ. 

4. ʗʢʽʩʥʠʡ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ 

(ʙʽʬʫʨʢʘʮʽʾ, ʬʨʘʢʪʘʣʠ, ʢʘʪʘʩʪʨʦʬʠ, ʩʦʣʽʪʦʥʠ ʪʘ ʽʥ.). 

ʆʙ'ʻʜʥʘʥʥʷ ʮʠʭ ʥʘʧʨʷʤʽʚ ʩʧʨʠʯʠʥʠʣʦ ʩʪʚʦʨʝʥʥʷ ʘʙʩʦʣʶʪʥʦ ʥʦʚʦʛʦ 

ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʩʪʨʦʶ ʧʨʠʨʦʜʠ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ. ʅʦʚʘ ʥʘʫʢʘ ʤʘʻ ʨʽʟʥʽ 

ʥʘʟʚʠ: ʪʝʦʨʽʷ ʧʨʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʶ, ʩʠʥʝʨʛʝʪʠʢʘ, ʪʝʦʨʽʷ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ, 

ʪʝʦʨʽʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ, ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʥʝʟʚʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʪʝʦʨʽʷ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ  [35-43]. 

ʉʠʥʝʨʛʝʪʠʢʘ ï ʮʝ ʥʘʫʢʘ ʧʨʦ ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ, 

ʽʩʥʫʚʘʥʥʷ, ʩʪʽʡʢʦʩʪʽ ʪʘ ʝʚʦʣʶʮʽʾ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʜʠʩʠʧʘʪʠʚʥʠʭ 

ʩʪʨʫʢʪʫʨ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʨʽʟʥʠʭ ʟʘ ʧʨʠʨʦʜʦʶ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ 

ʧʨʦʪʽʢʘʥʥʽ ʥʝʟʚʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩʫʥʦʢ 3.1). 

 
ʈʠʩʫʥʦʢ 3.1 - ʉʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʩʠʥʝʨʛʝʪʠʢʠ 
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ʉʠʥʝʨʛʝʪʠʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ, ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ, ʭʘʦʩʫ, ʬʨʘʢʪʘʣʽʚ, ʢʘʪʘʩʪʨʦʬ, 

ʙʽʬʫʨʢʘʮʽʡ, ʭʚʠʣʴ, ʩʦʣʽʪʦʥʽʚ, ʧʦʣʴʦʚʠʭ ʪʘ ʽʥʰʠʭ ʝʬʝʢʪʽʚ; ʚʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.2. 

 

 
ʈʠʩʫʥʦʢ 3.2 - ʄʦʜʝʣʶʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʷʚʠʱ ʪʘ ʧʨʦʮʝʩʽʚ 

 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʩʠʥʝʨʛʝʪʠʮʽ ʻ ʜʠʩʠʧʘʪʠʚʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ 

ʦʙʤʽʥʶʻʪʴʩʷ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʨʝʯʦʚʠʥʦʶ, ʝʥʝʨʛʽʻʶ ʪʘ 

ʝʥʪʨʦʧʽʻʶ (ʽʥʬʦʨʤʘʮʽʻʶ) (ʨʠʩʫʥʦʢ 3.3).  

 

 
ʈʠʩʫʥʦʢ 3.3 - ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ 

 

ɼʠʩʠʧʘʪʠʚʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʦʶ ʪʘ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʶ. ʇʽʜ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʨʦʟʫʤʽʪʠʩʷ 

ʘʪʦʤʠ (ʤʦʣʝʢʫʣʠ) ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʨʝʯʦʚʠʥʠ, ʩʫʙ'ʻʢʪʠ ʨʠʥʢʫ, ʯʣʝʥʠ ʢʦʣʝʢʪʠʚʫ 
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ʪʘ ʽʥʰʽ ʦʙ'ʻʢʪʠ. ʇʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʚʥʫʪʨʽʰʥʽ, ʤʽʞ ʷʢʠʤʠ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʟʚ'ʷʟʦʢ, ʽ ʫʧʨʘʚʣʷʶʯʽ (ʘʙʦ ʩʘʤʦʚʨʷʜʥʽ), ʷʢʽ 

ʧʨʠʚʦʜʷʪʴ ʩʠʩʪʝʤʫ ʜʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʟʘ ʾʭ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ. ʗʢ ʧʨʠʢʣʘʜ 

ʨʦʟʛʣʷʥʝʤʦ ʣʦʢʘʣʽʟʘʮʽʶ ɸʥʜʝʨʩʝʥʘ. ʇʝʨʝʤʽʱʝʥʥʷ ʝʣʝʢʪʨʦʥʘ ʟ ʜʦʩʠʪʴ 

ʚʝʣʠʢʦʶ ʝʥʝʨʛʽʻʶ ʫ ʧʨʦʩʪʦʨʦʚʦ-ʧʝʨʽʦʜʠʯʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʪʦʛʦ, ʱʦ ʚʽʥ ʩʧʨʠʡʤʘʻʪʴʩʷ, ʷʢ ʭʚʠʣʷ. ʈʦʣʴ ʯʘʩʪʦʪʠ ʚʽʜʽʛʨʘʻ ʡʦʛʦ 

ʢʚʘʟʽʝʥʝʨʛʽʷ, ʘ ʨʦʣʴ ʭʚʠʣʴʦʚʦʛʦ ʚʝʢʪʦʨʘ - ʢʚʘʟʽʽʤʧʫʣʴʩ. ʋ ʨʘʟʽ ʭʘʦʪʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʝʣʝʢʪʨʦʥ ʣʦʢʘʣʽʟʫʻʪʴʩʷ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ , ʱʦ ʨʦʟʢʠʜ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʦʜʥʦʤʫ  ʨʽʚʥʽ ʩʧʨʠʡʥʷʪʪʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ  ʥʘ 

ʽʥʰʦʤʫ. ɼʠʬʫʟʽʷ ʚʽʜʦʙʨʘʞʘʻ ʭʘʦʪʠʯʥʽʩʪʴ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ ʟʘ 

ʦʙʩʷʛʦʤ ʩʠʩʪʝʤʠ, ʘʣʝ ʚ ʭʽʤʽʯʥʽʡ ʢʽʥʝʪʠʮʽ ʮʝʡ ʧʨʦʮʝʩ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʧʝʨʽʦʜʠʯʥʠʭ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʩʪʨʫʢʪʫʨ. ʆʪʞʝ, ʩʠʥʝʨʛʝʪʠʯʥʠʡ 

ʧʽʜʭʽʜ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʚʠʩʥʦʚʢʫ: ʭʘʦʩ ʽ ʧʦʨʷʜʦʢ ï ʩʧʦʨʽʜʥʝʥʽ 

ʢʘʪʝʛʦʨʽʾ, ʦʩʢʽʣʴʢʠ ʚʠʥʠʢʥʝʥʥʷ ʭʘʦʩʫ ʦʜʥʦʤʫ ʨʽʚʥʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʚʽʪʫ 

ʚʝʜʝ ʜʦ ʧʦʷʚʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʷʜʢʫ ʥʘ ʽʥʰʦʤʫ (ʥʘʧʨʠʢʣʘʜ, ʛʽʧʦʪʝʟʠ 

ɻʽʣʴʜʝʙʨʘʥʜʘ ʧʨʦ ñʛʘʟʦʧʦʜʽʙʥʽʩʪʴò ʪʘ ʌʨʝʥʢʝʣʷ-ɼʝʙʘʷ ʧʨʦ 

ñʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʽʩʪʴò ʨʝʯʦʚʠʥʠ ï ʬʽʟʠʯʥʠʡ ʘʥʘʣʦʛ ʬʽʣʦʩʦʬʩʴʢʦʛʦ ʟʘʢʦʥʫ 

ʻʜʥʦʩʪʽ ʪʘ ʙʦʨʦʪʴʙʠ ʧʨʦʪʠʣʝʞʥʦʩʪʝʡ). ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ: ʷʢʱʦ ʙʫʜʴ-ʷʢʽ 

ʧʘʨʘʤʝʪʨʠ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʝʜʫʪʴ ʩʝʙʝ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ, ʪʦ ʥʘ 

ʧʝʚʥʠʭ ʩʪʘʜʽʷʭ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʧʝʚʥʠʭ ʭʘʨʘʢʪʝʨʥʠʭ ʯʘʩʘʭ ʡʦʛʦ 

ʧʨʦʪʽʢʘʥʥʷ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʫʪʚʦʨʝʥʴ. ɼʦ ʥʠʭ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʪʘʢʽ ʧʦʥʷʪʪʷ, ʷʢ ʩʪʨʫʢʪʫʨʘ, ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʫ, 

ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ, ʯʘʩʪʠʥʢʘ-ʭʚʠʣʷ ʪʘ ʽʥ. ʎʝ ʩʪʨʫʢʪʫʨʠ ʥʦʚʦʛʦ ʨʽʚʥʷ, ʪʦʤʫ ʾʭ 

ʤʦʞʥʘ ʥʘʟʠʚʘʪʠ ʥʘʜʩʪʨʫʢʪʫʨʘʤʠ. ɼʣʷ ʦʧʠʩʫ ʧʦʚʝʜʽʥʢʠ ʥʘʜʩʪʨʫʢʪʫʨ ʤʦʞʥʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʜʝʷʢʠʡ ʫʩʝʨʝʜʥʝʥʠʡ ʤʘʢʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʠʩ, ʱʦ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʤʦʜʝʣʷʭ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʜʩʪʨʫʢʪʫʨ 

ʚʚʦʜʷʪʴ ʨʷʜ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʧʽʜʢʦʨʷʶʪʴʩʷ ʽʤʦʚʽʨʥʽʩʥʠʤ ʟʘʢʦʥʘʤ 

(ʜʝʪʝʨʤʽʥʽʟʤ-ʩʪʦʭʘʩʪʠʢʘ). ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʞʦʨʩʪʢʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ 

(ʪʨʠʛʝʨʥʦʾ ʧʝʨʝʤʽʞʥʦʩʪʽ) ʥʘ ʪʣʽ ʭʘʦʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʨʽʜʢʦʛʦ ʧʦʪʦʢʫ 

ʚʠʥʠʢʘʶʪʴ ʧʨʦʩʪʦʨʦʚʦ-ʣʦʢʘʣʽʟʦʚʘʥʽ ʧʽʢʠ ʟ ʛʽʛʘʥʪʩʴʢʦʶ ʘʤʧʣʽʪʫʜʦʶ, ʷʢʽ ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʤʦʜʝʣʴʦʚʘʥʽ ʙʝʟ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʭʘʦʪʠʯʥʠʭ ʟʤʽʥʥʠʭ. ʆʩʥʦʚʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʫ ʪʝʨʤʦʜʠʥʘʤʽʮʽ ʥʝʨʽʚʥʦʚʘʞʥʠʭ 

ʧʨʦʮʝʩʽʚ ʙʫʣʠ ʟʘʢʣʘʜʝʥʽ ɯ.ʈ. ʇʨʠʛʦʞʠʥʠʤ, ʫ ʩʚʦʾʭ ʜʦʩʣʽʜʞʝʥʥʷʭ  ʚʽʥ 

ʥʘʟʠʚʘʚ ʥʦʚʠʡ ʥʘʧʨʷʤʦʢ ʫ ʬʽʟʠʮʽ ʥʘʫʢʦʶ ʧʨʦ ʩʢʣʘʜʥʝ (ʥʘʫʢʦʶ ʧʨʦ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʶ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ). ʄʝʪʦʜʠ, ʱʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ɯ.ʈ. ʇʨʠʛʦʞʠʥʠʤ, ʙʫʣʠ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʽ ʥʽʤʝʮʴʢʦʶ ʬʽʟʠʢʦʤ 

ɻ. ʍʘʢʝʥʦʤ ʱʦʜʦ ʷʚʠʱ ʫ ʢʚʘʥʪʦʚʠʭ ʛʝʥʝʨʘʪʦʨʘʭ. ʉʘʤʝ ʚʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ 

ʩʫʯʘʩʥʫ ʥʘʟʚʫ "ʩʠʥʝʨʛʝʪʠʢʘ" ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʥʘʫʢʠ ʧʨʦ ʥʝʩʧʦʜʽʚʘʥʫ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʶ ʜʠʩʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʧʝʨʝʙʽʛʫ ʭʘʦʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 

[36-39] ɻ. ʍʘʢʝʥ ʪʘʢ ʧʦʷʩʥʶʻ ʩʚʽʡ ʚʠʙʽʨ: ñʗ ʚʠʙʨʘʚ ʪʦʜʽ ʩʣʦʚʦ 

ñʩʠʥʝʨʛʝʪʠʢʘò, ʪʦʤʫ ʱʦ ʟʘ ʙʘʛʘʪʴʤʘ ʜʠʩʮʠʧʣʽʥʘʤʠ ʫ ʥʘʫʮʽ ʙʫʣʠ ʟʘʢʨʽʧʣʝʥʽ 

ʛʨʝʮʴʢʽ ʪʝʨʤʽʥʠ. ʗ ʰʫʢʘʚ ʪʘʢʝ ʩʣʦʚʦ, ʷʢʝ ʚʠʨʘʞʘʣʦ ʙ ʩʧʽʣʴʥʫ 

ʜʽʷʣʴʥʽʩʪʴ,ʟʘʛʘʣʴʥʫ ʝʥʝʨʛʽʶ ʱʦʩʴ ʟʨʦʙʠʪʠ... ʗ ʤʘʚ ʥʘ ʤʝʪʽ ʧʨʠʚʝʩʪʠ ʚ ʨʫʭ 
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ʥʦʚʫ ʦʙʣʘʩʪʴ ʥʘʫʢʠ. ɺʞʝ ʪʦʜʽ ʷ ʙʘʯʠʚ, ʱʦ ʽʩʥʫʻ ʨʘʟʶʯʘ ʩʭʦʞʽʩʪʴ ʤʽʞ 

ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʠʤʠ ʷʚʠʱʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʤʽʞ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʣʘʟʝʨʘ ʪʘ 

ʩʦʮʽʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʯʠ ʝʚʦʣʶʮʽʻʶ, ʱʦ ʤʘʻ ʙʫʪʠ ʣʠʰʝ ʚʝʨʰʠʥʦʶ 

ʘʡʩʙʝʨʛ. ʑʦʧʨʘʚʜʘ, ʫ ʪʦʡ ʯʘʩ ʷ ʥʝ ʧʽʜʦʟʨʶʚʘʚ, ʱʦ ʮʷ ʛʘʣʫʟʴ ʤʦʞʝ ʚʧʣʠʥʫʪʠ 

ʥʘ ʪʘʢʽ ʚʽʜʜʘʣʝʥʽ ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʧʩʠʭʦʣʦʛʽʷ ʪʘ 

ʬʽʣʦʩʦʬʽʷò. 

ɼʦ ʧʦʷʚʠ ʩʠʥʝʨʛʝʪʠʢʠ ʢʣʘʩʠʯʥʘ ʬʽʟʠʢʘ ʟʘʡʤʘʣʘʩʷ ʚʠʚʯʝʥʥʷʤ 

ʧʦʚʝʜʽʥʢʠ ʽʟʦʣʴʦʚʘʥʠʭ, ʟʘʢʨʠʪʠʭ ʽ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ, ʩʪʘʥ ʷʢʠʭ ʧʝʨʝʙʫʚʘʚ ʫ 

ʤʘʣʽʡ ʦʢʦʣʠʮʽ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. ʋ ʮʽʡ ʛʘʣʫʟʽ ʟʘʢʦʥʠ ʬʽʟʠʢʠ 

ʦʧʠʩʫʶʪʴʩʷ ʣʽʥʽʡʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʤʽʞ ʚʥʫʪʨʽʰʥʽʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, ʟʚ'ʷʟʦʢ ʤʽʞ ʧʦʪʦʢʦʤ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʩʠʣʘʤʠ ʚ 

ʪʝʦʨʽʾ ʆʥʩʘʛʝʨʘ; ʟʘʢʦʥ ʆʤʘ ʪʘ ʽʥʰʽ) ʪʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʢʽʣʴʢʽʩʥʘ ʟʤʽʥʘ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ 

ʪʝ ʱʦ ʢʽʣʴʢʽʩʥʽ ʟʤʽʥʠ ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʷʢʽʩʥʦʾ ʨʦʟʙʫʜʦʚʠ ʦʙ'ʻʢʪʘ. ɼʽʘʧʘʟʦʥ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʪʝʦʨʽʡ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ, ʚʽʥ ʚʢʣʶʯʘʻ ʧʨʘʢʪʠʯʥʦ ʫʩʽ 

ʨʦʟʜʽʣʠ ʬʽʟʠʢʠ. ʇʨʦʪʝ ʚ ʜʘʥʠʡ ʯʘʩ ʯʘʩʪʦ ʜʦʚʦʜʠʪʴʩʷ ʤʘʪʠ ʩʧʨʘʚʫ ʟ 

ʷʚʠʱʘʤʠ ʪʘ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʷʢʽʩʥʦ ʥʦʚʦʛʦ 

ʧʦʚʝʜʽʥʢʠ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʥʝʣʽʥʽʡʥʽ 

ʤʦʜʝʣʽ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʥʝ ʪʽʣʴʢʠ ʚʠʷʚʠʪʠ ʟʘʛʘʣʴʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʭʘʦʪʠʯʥʦʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ, ʘ ʡ ʦʭʦʧʠʪʠ ʰʠʨʰʝ ʢʦʣʦ ʧʨʦʙʣʝʤ: ʚʽʜ ʬʽʟʠʯʥʠʭ 

ʜʦ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ. 

ɺʠʨʽʰʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʦʙʣʝʤ (ʥʘʧʨʠʢʣʘʜ, 

ʟʘʛʘʣʴʥʘ ʪʝʦʨʽʷ ɺʩʝʩʚʽʪʫ) ʪʘ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʚʯʝʥʥʷ ʷʚʠʱ ʪʘ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʣʝʞʘʪʴ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʦʚʦʛʦ ʟʥʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʬʽʟʠʢʠ, 

ʭʽʤʽʾ, ʙʽʦʣʦʛʽʯʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ).ʆʪʞʝ, ʩʫʯʘʩʥʘ ʥʘʫʢʘ ʧʨʘʛʥʝ ʦʙ'ʻʜʥʘʥʥʶ ʚʩʽʭ ʩʚʦʾʭ 

ʛʽʣʦʢ ʜʣʷ ʚʩʝʙʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʩʧʦʜʽʚʘʥʠʭ ʟ ʭʘʦʩʫ ʩʪʨʫʢʪʫʨ, ʪʦʙʪʦ. 

ʟʘʡʤʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘʪʠʢʦʶ, ʱʦ ʣʝʞʠʪʴ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʥʘʫʢʦʚʦʾ ʪʚʦʨʯʦʩʪʽ. 

ɯʥʰʠʡ ʭʘʨʘʢʪʝʨʥʦʶ ʩʪʦʨʦʥʦʶ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʻ ʟʤʽʥʘ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʤʦʜʝʣʝʡ ʪʘ ʩʧʦʩʦʙʽʚ ʦʧʠʩʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʦʜʥʦʛʦ ʨʽʚʥʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʪʝʨʽʾ ʜʦ ʽʥʰʦʛʦ. ʇʨʠʢʣʘʜʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʭʦʜʠ ʚʽʜ ʪʝʦʨʽʾ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʷʜʝʨʥʦʾ ʬʽʟʠʢʠ, ʚʽʜ ʥʝʾ ʜʦ ʘʪʦʤʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʜʘʣʽ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʙʽʦʣʦʛʽʯʥʠʭ ʚʠʜʽʚ ʪʘ ʩʦʮʽʘʣʴʥʠʭ 

ʫʛʨʫʧʦʚʘʥʴ. ɺʽʜ ʥʘʩʢʽʣʴʢʠ ʥʝʣʽʥʽʡʥʽ ʤʦʜʝʣʽ ʟʤʦʞʫʪʴ ʧʨʦʩʫʥʫʪʠ ʥʘʰʝ 

ʨʦʟʫʤʽʥʥʷ ʚ ʧʠʪʘʥʥʽ ʚʠʥʠʢʥʝʥʥʷ, ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʝʚʦʣʶʮʽʾ 

ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤ; ʚʠʷʚʣʝʥʥʷ ʤʽʞʨʽʚʥʝʚʠʭ ʟʚ'ʷʟʢʽʚ ʪʘ ʚʧʣʠʚʫ ʨʽʚʥʽʚ 

ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ ʟʘʣʝʞʠʪʴ ʤʘʡʙʫʪʥʻ ʩʠʥʝʨʛʝʪʠʢʠ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʽ ʚ ʧʨʠʨʦʜʽ ʦʙ'ʻʢʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʪʽʡʢʽʩʪʶ ʫ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʽ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ, ʩʘʤʦʚʽʜʥʦʚʣʶʚʘʥʽʩʪʶ, ʟʜʘʪʥʽʩʪʶ 

ʝʚʦʣʶʮʽʦʥʫʚʘʪʠ ʟ ʯʘʩʦʤ, ʩʧʽʚʽʩʥʫʚʘʥʥʷʤ ʟʜʘʚʘʣʦʩʷ ʙ ʘʥʪʦʛʦʥʽʩʪʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɺʩʽ ʮʽ ʦʟʥʘʢʠ ʚʽʜʨʽʟʥʷʶʪʴ ʩʪʚʦʨʝʥʝ ʧʨʠʨʦʜʦʶ ʚʽʜ ʨʝʯʝʡ, 

ʩʪʚʦʨʝʥʠʭ ʣʶʜʠʥʦʶ. ɼʣʷ ʦʩʪʘʥʥʽʭ ʧʨʠʪʘʤʘʥʥʽ ʨʽʟʢʽ ʧʦʛʽʨʰʝʥʥʷ 
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ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʚʽʪʴ ʟʘ ʤʘʣʠʭ ʟʤʽʥ ʘʙʦ ʧʦʤʠʣʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʢʝʨʫʶʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʥʝʨʛʝʪʠʢʘ ʩʧʦʥʫʢʘʻ ʚʯʝʥʠʭ ʜʦ ʟʘʧʦʟʠʯʝʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʜʦʩʚʽʜʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʘʣʴʥʦʣʶʜʩʴʢʠʭ 

ʟʘʚʜʘʥʴ ʱʦʜʦ ʚʠʨʽʰʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʧʨʦʙʣʝʤ. ʊʦʤʫ ʥʝʜʦʦʮʽʥʢʘ ʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʩʘʤʦʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ, ʱʦ ʚʠʷʚʣʷʶʪʴʩʷ ʩʠʥʝʨʛʝʪʠʢʦʶ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʚʩʽʻʾ ʣʶʜʩʴʢʦʾ ʮʠʚʽʣʽʟʘʮʽʾ. 

ʅʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʩʠʥʝʨʛʝʪʠʢʠ ʚʯʝʥʠʤʠ ʧʦʚ'ʷʟʘʥʘ ʷʢ ʽʟ 

ʧʦʷʚʦʶ ʥʦʚʦʾ ʧʘʨʘʜʠʛʤʠ ʧʨʠʨʦʜʦʟʥʘʚʩʪʚʘ (ʥʘʫʢʘ ʧʨʦ ʩʢʣʘʜʥʝ, ʧʨʦ 

ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʶ), ʪʘʢ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʩʠʥʝʨʛʝʪʠʮʽ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʠʭ 

ʤʝʪʦʜʽʚ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʪʘ ʪʝʦʨʽʾ ʥʝʣʽʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ. ʉʠʥʝʨʛʝʪʠʢʘ ʥʝ 

ʚʠʥʠʢʣʘ ʥʘ ʩʪʠʢʫ ʜʚʦʭ (ʘʙʦ ʙʽʣʴʰʝ) ʥʘʫʢ, ʢʦʣʠ ʦʜʥʘ ʜʘʻ ʧʨʝʜʤʝʪ, ʘ ʽʥʰʘ 

ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʦʥʘ ʟʘʩʪʦʩʦʚʫʻ ʤʝʪʦʜʠ ʪʘ ʧʨʠʡʦʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ 

ʦʜʥʘʢʦʚʦ ʧʨʠʜʘʪʥʽ ʜʦ ʨʽʟʥʠʭ ʩʠʩʪʝʤ ʧʦʟʘ ʾʭʥʽʤ ʧʨʠʨʦʜʥʠʤ ʨʽʚʥʝʤ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʩʠʥʝʨʛʝʪʠʢʠ ʚʽʜ  ʽʥʰʠʭ ʥʘʫʢ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʚʠʚʯʘʻ ʥʝ 

ʩʪʘʪʠʢʫ, ʥʝ ʨʽʚʥʦʚʘʞʥʠʡ ʘʙʦ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ (ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʪʝʨʤʦʜʠʥʘʤʽʢʘ ʽ ʪʝʦʨʽʷ ʽʥʬʦʨʤʘʮʽʾ), ʘ ʾʾ ʧʦʚʝʜʽʥʢʫ ʜʘʣʝʢʦ ʚʽʜ ʪʘʢʠʭ ʩʪʘʥʽʚ. 

ɺʦʥʘ ʚʠʚʯʘʻ ʥʝ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʝʭʘʥʽʯʥʽ ʘʪʨʠʙʫʪʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʤʦʞʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʨʘʚʠʣʴʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʢʽʙʝʨʥʝʪʠʢʘ), ʘ ʚʩʪʘʥʦʚʣʶʻ ʧʨʠʥʮʠʧʠ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʝʚʦʣʶʮʽʡʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʨʠʚʘʣʦʛʦ, ʙʝʟʚʽʜʤʦʚʥʦʛʦ ʽʩʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ. ʉʠʥʝʨʛʝʪʠʢʘ ʚʨʘʭʦʚʫʻ ʬʣʫʢʪʫʘʮʽʾ ʫ ʪʦʯʢʘʭ ʨʦʟʛʘʣʫʞʝʥʥʷ 

(ʙʽʬʫʨʢʘʮʽʾ) ʥʘ ʚʽʜʤʽʥʫ ʪʝʦʨʽʾ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ. ʋ ʮʽʣʦʤʫ ʥʠʥʽ, 

ʩʠʥʝʨʛʝʪʠʢʘ ʟʘʡʤʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʩʪʦʭʘʩʪʠʯʥʠʭ (ʽʤʦʚʽʨʥʽʩʥʠʭ) ʩʠʩʪʝʤ ʽʟ 

ʟʘʣʝʞʥʠʤʠ ʚʽʜ ʯʘʩʫ ʫʧʨʘʚʣʷʶʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɿʤʽʥʶʶʯʠ ʧʘʨʘʤʝʪʨʠ, ʱʦ 

ʫʧʨʘʚʣʷʶʪʴ, ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤʠ ʥʝʩʧʦʜʽʚʘʥʠʤ ʯʠʥʦʤ, 

ʧʨʠʯʦʤʫ ʧʝʨʝʜʙʘʯʠʪʠ ʷʢ ʧʦʚʝʜʝʪʴʩʷ ʩʠʩʪʝʤʘ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʥʝʤʦʞʣʠʚʦ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʝʧʦʚʥʦʪʦʶ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʢʣʘʜʦʚʽ 

ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʫ ʧʦʚʝʜʽʥʮʽ 

ʩʢʣʘʜʦʚʠʭ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʥʘʷʚʥʽʩʪʴ ʨʝʟʦʥʘʥʩʥʠʭ ʷʚʠʱ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʚʝʜʝʥʥʷ ʧʦʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ (ʝʥʪʨʦʧʽʾ). ʅʝʩʪʘʯʘ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʦʚʠ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʦʧʠʩʫ "ʯʘʩʪʦʢ", 

ʧʝʨʝʭʦʜʫ ʜʦ ʨʽʟʥʠʭ ʫʩʝʨʝʜʥʝʥʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ 

ʮʽʣʦʤʫ (ʥʘʧʨʠʢʣʘʜ, ʘʥʩʘʤʙʣʽ ʧʽʜʩʠʩʪʝʤ, ʪʠʤʯʘʩʦʚʝ ʫʩʝʨʝʜʥʝʥʥʷ ʪʦʱʦ), 

ʥʝʤʠʥʫʯʠʤ ʢʚʘʥʪʦʚʠʤ ʬʣʫʢʪʫʘʮʽʷʤ ʪʘ ʟʘʣʝʞʥʦʩʪʽ ʝʚʦʣʶʮʽʾ ʜʝʷʢʠʭ ʩʠʩʪʝʤ 

ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʯʠ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʉʪʦʭʘʩʪʠʯʥʽʩʪʴ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʧʦʚ'ʷʟʘʥʘ ʪʘʢʦʞ ʽʟ ʤʦʞʣʠʚʦʶ ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ ʧʨʠ ʜʝʷʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʢʝʨʫʶʯʠʭ ʬʘʢʪʦʨʽʚ, ʦʜʥʽ ʟ ʷʢʠʭ ʟʤʽʥʶʶʪʴʩʷ ʰʚʠʜʰʝ ʟʘ ʽʥʰʠʭ. ʇʦʚʽʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʨʷʜʢʫ. ʐʚʠʜʢʽ ʟʤʽʥʥʽ ʩʪʘʥʠ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʚʠʨʘʞʘʶʪʴʩʷ ʯʝʨʝʟ 

ʧʘʨʘʤʝʪʨʠ ʧʦʨʷʜʢʫ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʢʽʣʴʢʽʩʪʴ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʥʝʦʙʭʽʜʥʽ 

ʦʧʠʩʫ ʩʪʘʥʫ ʩʠʩʪʝʤʠ, ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ. ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʠʭ ʟʤʽʥʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʷʜʢʫ ʚʽʜʦʙʨʘʞʘʻ ʩʠʥʝʨʛʝʪʠʯʥʠʡ ʧʨʠʥʮʠʧ 
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ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʩʪʽ. ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʧʨʠʥʮʠʧ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʥʘ  

ʧʨʠʢʣʘʜʽ ʷʨʫ (ʨʠʩʫʥʦʢ 3.4). 

 
ʈʠʩʫʥʦʢ 3.4 - ʗʨ: ʧʦʚʽʣʴʥʽ ʪʘ ʰʚʠʜʢʽ ʟʤʽʥʥʽ ʩʠʩʪʝʤʠ (ʈʠʩʫʥʦʢ 3.5) 

ʚʠʢʣʠʢʘʶʪʴ ʧʦʷʚʫ ʩʪʨʫʢʪʫʨ, ʱʦ ʩʘʤʦʦʨʛʘʥʽʟʫʶʪʴʩʷ 

 

 
 

ʈʠʩʫʥʦʢ 3.5 - ʈ̔ ʟʥʽ ʩʪʘʥʠ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʤʽʥʽʤʫʤ ʬʫʥʢʮʽʾ, ʱʦ ʦʧʠʩʫʻ ʷʨ, ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʥʘʡʥʠʞʯʽʡ ʪʦʯʮʽ ʥʘ ʟʝʤʣʽ, ʨʦʟʪʘʰʦʚʘʥʽʡ ʥʘ ʜʥʽ ʷʨʫ. ʋʩʝ ʪʦʯʢʠ, ʱʦ ʣʝʞʘʪʴ 

ʥʘ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʷʨʫ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʚʽʣʴʥʠʤʠ ʟʤʽʥʥʠʤʠ (ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʨʷʜʢʫ). ʈʫʭʘʶʯʠʩʴ ʚʟʜʦʚʞ ʦʩʴʦʚʦʾ ʣʽʥʽʾ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʥʘʡʥʠʞʯʫ ʪʦʯʢʫ 

ʷʨʫ, ʘ ʦʪʞʝ, ʽ ʩʪʘʣʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʗʢʱʦ ʨʫʭʘʪʠʩʷ ʚʟʜʦʚʞ ʣʽʥʽʾ, ʷʢʘ 
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ʧʨʦʭʦʜʠʪʴ ʧʦ ʩʪʽʥʢʘʭ ʷʨʫ, ʤʦʞʥʘ ʟʥʘʡʪʠ ʣʦʢʘʣʴʥʠʡ ʤʽʥʽʤʫʤ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʟʥʘʯʝʥʥʶ ʧʘʨʘʤʝʪʨʘ ʧʦʨʷʜʢʫ. 

ʗʢʱʦ ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʫ ʚʠʟʥʘʯʘʻ ʣʦʢʘʣʴʥʦ ʩʪʽʡʢʠʡ ʩʪʘʥ 

ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʪʦ ʡʦʛʦ  ʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 

ʧʦʨʷʜʢʫ. ʗʢʱʦ ʪʘʢʠʡ ʢʝʨʫʶʯʠʡ ʧʘʨʘʤʝʪʨ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʣʦʢʘʣʴʥʦ 

ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ, ʪʦ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʫ ʥʦʚʠʡ ʩʪʘʥ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟ ʯʘʩʦʤ 

ʧʦʚʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ ʫ ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʻ ʥʝʦʙʦʚ'ʷʟʢʦʚʠʤ. ʆʩʦʙʣʠʚʦ ʷʩʢʨʘʚʦ 

ʮʷ ʥʝʦʙʦʚ'ʷʟʢʦʚʽʩʪʴ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʙʣʠʟʫ ʪʦʯʦʢ ʨʦʟʛʘʣʫʞʝʥʥʷ (ʪʦʯʦʢ ʙʽʬʫʨʢʘʮʽʾ). ɺ ʦʢʦʣʽ 

ʪʦʯʢʠ ʙʽʬʫʨʢʘʮʽʾ ʜʦʩʠʪʴ ʤʘʣʠʡ ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʘʯʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʘʪʠ: ʚʠʥʠʢʘʶʪʴ ʢʦʨʝʣʷʮʽʾ ʚ 

ʩʪʘʥʘʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʨʫʭʠ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʽʜʩʪʘʥʷʭ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. ʂʦʦʧʝʨʘʪʠʚʥʘ 

ʧʦʚʝʜʽʥʢʘ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʟ ʭʘʦʩʫ ʚʧʦʨʷʜʢʦʚʘʥʠʭ 

ʦʙʣʘʩʪʝʡ, ʷʢʽ ʩʘʤʦʦʨʛʘʥʽʟʫʶʪʴʩʷ ʪʘ ʝʚʦʣʶʮʽʦʥʫʶʪʴ. ɺʠʥʠʢʘʶʯʘ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʫ ʧʦʚʝʜʽʥʮʽ ʩʠʩʪʝʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʟʚʦʨʦʪʥʠʭ ʽ 

ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʥʝʶ ʤʦʞʣʠʚʦʩʪʝʡ ʫʧʨʘʚʣʽʥʥʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʩʪʝʤʠ . 

ʍʘʦʪʠʯʥʽʩʪʴ ʽ ʥʝʣʽʥʽʡʥʽʩʪʴ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʧʦʨʦʜʞʫʶʪʴ 

ʩʪʦʭʘʩʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʫʧʨʘʚʣʽʥʥʷ ʫ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. 

ʇʨʠʢʣʘʜ ʟ ʷʨʦʤ ʧʦʢʘʟʫʻ, ʱʦ ʫ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ ʽʩʥʫʶʪʴ ʤʘʣʦʨʦʟʤʽʨʥʽ 

ʧʽʜʧʨʦʩʪʦʨʠ, ʷʢʽ ʙʫʣʠ ʥʘʟʚʘʥʽ ʨʫʩʣʘʤʠ. ʈʫʩʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʧʨʦʩʪʠʭ ʽ ʝʬʝʢʪʠʚʥʠʭ ʪʝʦʨʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʤʽʥʥʠʭ ʦʧʠʩʫʚʘʪʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʷʚʠʱʘ ʪʘ ʧʨʦʮʝʩʠ, 

ʱʦ ʧʨʦʪʽʢʘʶʪʴ, ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʘʡʙʫʪʥʶ 

ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ. ɺ ʦʢʦʣʠʮʽ ʢʽʥʮʝʚʠʭ ʪʦʯʦʢ ʨʫʩʣʘ, ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʩʘʤʝ 

ʧʦ ʩʦʙʽ  ʻ ʚʘʞʣʠʚʠʤ ʪʝʦʨʝʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʚʠʜʢʝ 

ʥʘʨʦʩʪʘʥʥʷ ʯʠʩʣʘ ʟʤʽʥʥʠʭ ʜʣʷ ʦʧʠʩʫ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. ʆʙʣʘʩʪʴ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʧʨʦʛʥʦʟʫ ʟʥʘʯʥʦ ʟʚʫʞʫʻʪʴʩʷ, ʟʨʦʩʪʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʽʟʢʠʭ 

ʟʤʽʥ, ʷʢ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʫʩʪʨʦʾ ʩʠʩʪʝʤʠ (ʘʞ ʜʦ ʾʾ ʨʦʟʧʘʜʫ), ʽ ʾʾ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ  ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʜʞʦʢʝʨʽʚ 

(ʦʙʣʘʩʪʽ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ). ɼʞʦʢʝʨ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʜʦʣʽʢ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʝʥʪʨʦʧʽʾ, ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʦʯʢʦʶ ʙʽʬʫʨʢʘʮʽʾ, ʜʝ ʤʘʣʽ 

ʚʠʧʘʜʢʦʚʽ ʰʫʤʠ ʚʠʢʣʠʢʘʶʪʴ ʨʽʟʢʽ ʟʤʽʥʠ ʫ ʩʠʩʪʝʤʽ. ɺ ʦʙʣʘʩʪʷʭ ʜʞʦʢʝʨʽʚ 

ʜʦʚʦʜʠʪʴʩʷ ʚʜʘʚʘʪʠʩʷ ʜʦ ʥʘʩʪʫʧʥʠʭ ʟʘʭʦʜʽʚ:  

- ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʥʽ ʦʙʯʠʩʣʝʥʥʷ; 

- ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ; 

- ɿʥʘʭʦʜʠʪʠ ʘʩʠʤʧʪʦʪʠʢʠ ʧʨʠ ʦʧʠʩʫ ʧʨʷʤʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʦʨʷʜʢʫ 

ʜʦ ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ; 

- ɺʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ. 

ʇʝʨʝʭʽʜ ʚʽʜ ʨʫʩʣʘ ʜʦ ʦʙʣʘʩʪʽ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʤʘʥʽʧʫʣʷʮʽʡ ʜʘʥʠʤʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʣʞʝʥʘʫʢʦʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʙʫʜʦʚ 

(ʥʘʧʨʠʢʣʘʜ, ʝʬʽʨʥʠʡ ʚʽʪʝʨ, ʪʝʧʣʦʨʦʜ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʘ ʧʦʷʚʘ 
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ʟʜʘʚʘʣʦʩʷ ʙ ʧʩʝʚʜʦʥʘʫʢʦʚʠʭ ʧʦʣʦʞʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʥʘʜʘʣʽ ʩʪʘʪʠ ʦʩʥʦʚʥʠʤʠ 

ʧʦʥʷʪʪʷʤʠ ʪʽʻʾ ʘʙʦ ʽʥʰʦʾ ʥʘʫʢʠ (ʥʘʧʨʠʢʣʘʜ, ʢʽʙʝʨʥʝʪʠʢʘ ʯʠ ʛʝʥʝʪʠʢʘ). 

ʉʧʦʩʦʙʘʤʠ ʧʦʟʙʘʚʣʝʥʥʷ ʚʽʜ ʪʘʢʠʭ ʥʝʜʦʣʽʢʽʚ  ʻ : 

Å ʚʽʜʰʫʢʘʥʥʷ ʥʦʚʦʛʦ ʨʫʩʣʘ, ʜʝ ʜʞʦʢʝʨʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʧʘʨʘʤʝʪʨʠ ʧʦʨʷʜʢʫ (ʫʩʚʽʜʦʤʣʝʥʥʷ ʥʦʚʦʛʦ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʪʝʨʽʾ); 

Å ʥʘʢʦʧʠʯʝʥʥʷ ʥʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʙʫʜʦʚʘ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʥʦʚʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʜʝʣʽ (ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʥʘʫʢʦʚʦʾ ʧʘʨʘʜʠʛʤʠ). 

ʎʷ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʥʝ ʪʽʣʴʢʠ ʦʧʠʩʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

ʚʢʣʶʯʘʪʠ ʚʠʟʥʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʧʦʙʫʜʦʚʠ, ʘʣʝ ʽ ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʷʚʫ ʥʦʚʠʭ 

ʬʘʢʪʽʚ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʚʝʣʠʢʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʟʜʦʨʦʚʠʡ ʛʣʫʟʜ 

ʽ ʽʥʪʫʾʮʽʷ. "ɿʜʦʨʦʚʠʡ ʛʣʫʟʜ" ʢʦʥʩʝʨʚʘʪʠʚʥʠʡ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ, ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʣʦʛʽʢʫ ʪʘ ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ, ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʩʪʘʨʠʭ ʫʷʚʣʝʥʴ ʪʘ 

ʥʘʤʘʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʾʭ ʨʝʚʽʟʽʾ ʩʪʚʦʨʠʪʠ ʥʦʚʝ ʟʥʘʥʥʷ. "ɯʥʪʫʾʮʽʷ" ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʧʘʜʢʦʚʦʤʫ ʦʩʷʷʥʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʜʩʚʽʜʦʤʦʛʦ ʪʘ ʥʘʜʩʚʽʜʦʤʦʛʦ 

ʦʩʤʠʩʣʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʪʘ ʚʝʣʠʢʦʛʦ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʟ ʨʽʟʥʠʤʠ 

ʥʘʫʢʦʚʠʤʠ ʟʥʘʥʥʷʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʠ, ʩʪʚʦʨʝʥʽ ʧʨʠʨʦʜʦʶ, 

ʽʥʪʫʾʪʠʚʥʦ (ʭʘʦʪʠʯʥʦ) ʰʫʢʘʶʪʴ ʨʫʩʣʘ ʽ ʜʝʪʝʨʤʽʥʦʚʘʥʦ (ʟʘ ʧʨʠʥʮʠʧʦʤ: 

ʧʨʠʯʠʥʘ-ʥʘʩʣʽʜʦʢ) ʰʫʢʘʶʪʴ ʚʠʭʽʜ ʽʟ ʦʙʣʘʩʪʝʡ ʜʞʦʢʝʨʽʚ. 

ʇʦʜʽʙʥʘ ʧʦʚʝʜʽʥʢʘ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤ, ʤʘʙʫʪʴ, ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʠʥʮʠʧʦʤ 

ʩʘʤʦʟʙʝʨʝʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʩʠʣʘ ʜʽʾ ʜʦʨʽʚʥʶʻ ʩʠʣʽ ʧʨʦʪʠʜʽʾ, ʧʨʠʥʮʠʧ ʃʝ 

ʐʘʪʝʣʴʻ-ɹʨʘʫʥʘ). ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʘʤʦʟʙʝʨʝʞʝʥʥʷ ʤʘʻ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʚʫʟʴʢʦʩʪʽ ʦʙʣʘʩʪʝʡ ʜʞʦʢʝʨʽʚ ʤʽʞ ʨʫʩʣʘʤʠ. ʆʪʞʝ, ʜʞʦʢʝʨʠ ʤʘʶʪʴ 

ʦʧʠʩʫʚʘʪʠʩʷ "ʢʦʤʧʘʢʪʥʠʤʠ" ʨʦʟʧʦʜʽʣʘʤʠ, ʱʦʙ ʾʭ ʚʠʭʽʜ ʟʘ ʤʝʞʽ ʮʠʭ 

ʦʙʣʘʩʪʝʡ ʙʫʚ ʙ ʦʙʤʝʞʝʥʠʡ ʤʘʣʠʤ ʯʘʩʦʤ ʽʩʥʫʚʘʥʥʷ ʧʦʟʘ ʤʝʞʘʤʠ ʩʚʦʻʾ 

ʦʙʣʘʩʪʽ. ʇʨʦʪʝ ʯʠʩʣʦ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʘʣʝ, ʽ  ʯʘʩʪʽʰʝ ʚ ʧʨʘʢʪʠʯʥʠʭ ʫʤʦʚʘʭ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʠʩʪʝʤʠ ʟ ʨʦʟʧʦʜʽʣʘʤʠ, ʷʢʽ ʤʘʶʪʴ ñʜʦʚʛʽ ʭʚʦʩʪʠò, ʷʢʽ 

ʩʧʘʜʘʶʪʴ ʚʝʣʴʤʠ  ʧʦʚʽʣʴʥʦ (ʦʙʣʘʩʪʽ ʤʘʩʰʪʘʙʥʠʭ ʜʞʦʢʝʨʽʚ). ʊʦʤʫ 

ʥʘʡʙʽʣʴʰʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʽʩʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʣʷʪʴ, ʷʢ ʨʽʜʢʽʩʥʽ, ʪʘʢ ʽ 

ʥʘʡʯʘʩʪʽʰʝ ʧʦʜʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ. ɺʦʥʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʦʟʚʠʪʢʫ 

ʨʝʟʦʥʘʥʩʥʠʭ ʧʨʦʮʝʩʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʪʝʨʽʾ ʪʘ ʾʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʥʘ ʽʥʰʦʤʫ ʨʽʚʥʽ. ʗʢʱʦ "ʢʦʤʧʘʢʪʥʽ" 

ʨʦʟʧʦʜʽʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʽ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʯʠʩʣʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʦ "ʭʚʦʩʪʦʚʽ" ʨʦʟʧʦʜʽʣʠ ʧʦʚʠʥʥʽ ʦʧʠʩʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʦʟʤʽʨʽʚ ʦʙʣʘʩʪʝʡ ʨʽʜʢʽʩʥʠʭ ʽ ʧʦʜʽʡ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʚʽʜʙʫʚʘʶʪʴʩʷ. ʎʽ 

ʦʙʣʘʩʪʽ ʤʘʶʪʴ ʽʥʰʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʤʘʩʰʪʘʙʘʤʠ 

(scales) ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙʣʘʩʪʽ ʤʘʩʰʪʘʙʥʠʭ ʜʞʦʢʝʨʽʚ. 

 

 

3.2 ʇʦʥʷʪʪʷ ʥʝʩʪʽʡʢʦʩʪʽ 

 

ʗʢʱʦ ʜʠʩʠʧʘʪʠʚʥʘ ʩʠʩʪʝʤʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʫ ʣʦʢʘʣʴʥʦʤʫ, ʯʠ 

ʛʣʦʙʘʣʴʥʦʤʫ ʤʽʥʽʤʫʤʽ, ʪʦ ʧʨʠ ʤʘʣʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʘʭ ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ 
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ʥʘ ʦʢʦʣʠʮʽ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ (ʨʠʩʫʥʦʢ 3.5). ɿ ʥʘʨʦʩʪʘʥʥʷʤ ʘʤʧʣʽʪʫʜʠ 

ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʩʠʩʪʝʤʘ ʤʦʞʝ ʧʝʨʝʡʪʠ ʚ ʥʦʚʠʡ ʽ, ʤʦʞʣʠʚʦ, ʥʝʩʪʽʡʢʠʡ 

ʩʪʘʥ (ʣʦʢʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ ʘʙʦ ʣʘʙʽʣʴʥʠʡ ʩʪʘʥ ʥʘ ʨʠʩʫʥʢʫ 3.5). 

ʋ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʚʞʜʠ ʚʠʥʠʢʘʶʪʴ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʟʫʤʦʚʣʝʥʽ 

ʟʤʽʥʘʤʠ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʎʽ ʟʤʽʥʠ ʤʦʞʫʪʴ ʧʝʨʝʚʝʩʪʠ ʩʠʩʪʝʤʫ ʚ ʥʝʩʪʽʡʢʽ ʩʪʘʥʠ, ʷʢʽ ʨʽʟʥʷʪʴʩʷ ʥʘ 

ʚʠʛʣʷʜ ʽ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʥʠʢʘʶʯʽ ʥʝʩʪʽʡʢʦʩʪʽ ʤʦʞʫʪʴ 

ʩʧʨʠʷʪʠ ʧʝʨʝʭʦʜʫ ʚʽʜʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʫ ʩʪʘʥ ʟ ʷʢʽʩʥʦ ʥʦʚʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʛʘʟ-ʨʽʜʠʥʘ; ʚʠʥʠʢʥʝʥʥʷ 

ʦʙʣʘʩʪʝʡ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʧʨʠ ʭʘʦʪʠʯʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ʯʘʩʪʠʥʦʢ). 

ʗʢ ʧʨʠʢʣʘʜ ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʪʽʡʢʦʩʪʽ ʨʦʟʛʣʷʥʝʤʦ ʧʝʨʝʣʠʚʘʥʥʷ ʚʦʜʠ ʟ 

ʦʜʥʽʻʾ ʩʫʜʠʥʠ ʚ ʽʥʰʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʦ-ʧʣʝʯʝʚʦʛʦ ʩʠʬʦʥʘ (ʨʠʩʫʥʦʢ 3.6) 

 

 
ʈʠʩʫʥʦʢ 3.6 - ɼʦʩʣʽʜ ʽʟ ʨʽʚʥʦʧʣʝʯʝʚʠʤ ʩʠʬʦʥʦʤ: ʘ) ʨʦʙʦʪʘ ʩʠʬʦʥʘ; 

ʙ) ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʪʽʡʢʦʩʪʽ; ʚ) W-ʧʦʜʽʙʥʠʡ ʩʠʬʦʥ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ ʜʦʩʪʘʪʥʴʦ 

ʚʠʛʦʪʦʚʠʪʠ ʩʠʬʦʥ ʟ ʙʫʜʴ-ʷʢʦʾ ʛʥʫʯʢʦʾ ʪʨʫʙʢʠ, ʥʘʧʨʠʢʣʘʜ, 

ʧʦʣʽʭʣʦʨʚʽʥʽʣʦʚʦʾ. ɼʣʷ ʫʪʨʠʤʘʥʥʷ ʬʦʨʤʠ ʩʠʬʦʥʘ ʩʣʽʜ ʦʙʤʦʪʘʪʠ ʛʥʫʯʢʫ 

ʪʨʫʙʢʫ ʤʽʜʥʠʤ ʜʨʦʪʦʤ ʧʝʚʥʠʤ ʪʦʚʱʠʥʘ. ɿʽʛʥʫʚʰʠ ʪʨʫʙʢʫ ʫ ʚʠʛʣʷʜʽ 

ʛʨʝʮʴʢʦʾ ʣʽʪʝʨʠ ȿ ʽ ʦʧʫʩʪʠʚʰʠ ʦʜʠʥ ʢʽʥʝʮʴ ʫ ʧʦʩʫʜʠʥʫ ʟ ʚʦʜʦʶ, ʩʪʚʦʨʽʪʴ 

ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʽʥʰʦʤʫ ʢʽʥʮʽ ʪʨʫʙʢʠ, ʚʠʜʘʣʠʚʰʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʩʤʦʢʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʽʟ ʮʴʦʛʦ ʧʣʝʯʘ ʩʠʬʦʥʘ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʠʭ ʜʽʡ ʚʦʜʘ 

ʩʘʤʘ ʧʦʪʝʯʝ ʯʝʨʝʟ ʩʠʬʦʥ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʮʴʦʛʦ ʷʚʠʱʘ ʚʠʚʯʠʤʦ ʧʦʚʝʜʽʥʢʫ 

ʩʠʩʪʝʤʠ ʥʘ ʦʢʦʣʠʮʽ ʚʝʨʰʠʥʠ ʩʠʬʦʥʘ (ʦʙ'ʻʤ A). ʋ ʣʽʚʦʤʫ ʧʣʝʯʽ ʩʠʬʦʥʘ ʪʠʩʢ 

ʜʦʨʽʚʥʶʻ P1 <ʈʘʪʤ , ʚʪʨʠʯʽ ʤʝʥʰʝ  ʥʽʞ ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ Pʘʪʤ ʚʦʜʷʥʦʛʦ 

ʩʪʦʚʧʘ ʟʘʚʚʠʰʢʠ h1 . ɸʥʘʣʦʛʽʯʥʦ, ʫ ʧʨʘʚʦʤʫ ʧʣʝʯʽ ʪʠʩʢ P2 < Pʘʪʤ ʥʘ 

ʚʝʣʠʯʠʥʫ ʪʠʩʢʫ, ʩʪʚʦʨʶʚʘʥʦʛʦ ʩʪʦʚʧʦʤ ʚʦʜʠ ʟʘʚʚʠʰʢʠ h2 (ʨʠʩʫʥʦʢ 3.6ʘ). ɿ 

ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ h2 > h1 ,  ʪʠʩʢ P1 > P2 (ʪʦʙʪʦ ʽʩʥʫʻ ʛʨʘʜʽʻʥʪ ʪʠʩʢʫ). ʉʘʤʝ ʮʷ 

ʚʽʜʤʽʥʥʽʩʪʴ ʪʠʩʢʽʚ ʽ ʟʤʫʰʫʻ ʚʦʜʫ ʧʽʜʥʽʤʘʪʠʩʷ ʚʛʦʨʫ ʩʠʬʦʥʦʤ ʽ 

ʧʝʨʝʣʠʚʘʪʠʩʷ ʯʝʨʝʟ ʢʨʘʡ ʩʫʜʠʥʠ. ʗʢʱʦ ʟʘʪʠʩʥʫʪʠ ʧʨʘʚʝ ʧʣʝʯʝ ʩʠʬʦʥʘ 

ʧʘʣʴʮʝʤ ʽ ʧʽʜʥʷʪʠ ʚʝʨʪʠʢʘʣʴʥʦ ʥʘʛʦʨʫ, ʥʘʧʨʠʢʣʘʜ, ʥʘ ʚʠʩʦʪʫ h1 / 2 , ʪʦ ʚʦʜʘ 

ʫʪʨʠʤʫʚʘʪʠʤʝʪʴʩʷ ʚ ʩʠʬʦʥʽ ʜʦʪʠ, ʜʦʢʠ ʙʫʜʝ ʟʘʢʨʠʪʦ ʧʨʘʚʝ ʧʣʝʯʝ. ʗʢʱʦ 

ʚʽʜʢʨʠʪʠ ʧʨʘʚʝ ʧʣʝʯʝ, ʚʦʜʘ ʚʠʧʣʠʚʝ ʟ ʩʠʬʦʥʘ (ʨʠʩʫʥʦʢ 3.6 ʙ). ʆʪʞʝ, ʪʘʢʠʡ 

ʩʪʘʥ ʩʠʩʪʝʤʠ ʻ ʥʝʩʪʽʡʢʠʤ ʪʘ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ (ʟʘʢʨʠʪʦ 
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ʯʠ ʚʽʜʢʨʠʪʦ ʧʨʘʚʝ ʧʣʝʯʝ ʩʠʬʦʥʘ). ʅʝʩʪʽʡʢʽʩʪʴ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʤʘʣʽ ʟʤʽʥʠ 

ʪʠʩʢʫ ʧʨʘʚʦʨʫʯ ʽ ʣʽʚʦʨʫʯ ʚʽʜ ʦʙ'ʻʤʫ A, ʪʘʢ ʷʢ ʧʽʩʣʷ ʧʽʜʡʦʤʫ                         

ȿ-ʧʦʜʽʙʥʦʛʦ ʩʠʬʦʥʘ ʟ ʚʦʜʠ ʪʠʩʢ ʧʦ ʦʙʠʜʚʘ ʙʦʢʠ ʚʽʜ ʦʙ'ʻʤʫ A ʦʜʥʘʢʦʚʠʡ. 

ɿʥʠʞʝʥʥʷ ʪʠʩʢʫ ʟ ʦʜʥʽʻʾ ʟʽ ʩʪʦʨʽʥ ʦʙ'ʻʤʫ A ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ, ʱʦ ʚʠʢʣʠʢʘʻ ʧʝʨʝʙʽʛ ʨʽʜʠʥʠ. ʏʠʤ ʙʽʣʴʰʝ ʚʠʪʽʢʘʻ ʚʦʜʠ, ʪʠʤ 

ʰʚʠʜʰʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ ʽ ʩʠʬʦʥ ʟʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜ ʨʽʜʠʥʠ ʟ 

ʟʨʦʩʪʘʶʯʦʶ ʰʚʠʜʢʽʩʪʶ. ʇʨʠ ʟʘʛʠʥʘʥʥʽ ʧʣʝʯʝʡ ʩʠʬʦʥʘ ʚʠʥʠʢʘʻ W -ʧʦʜʽʙʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʱʦ ʩʪʘʙʽʣʽʟʫʻ ʩʪʘʥ ʩʠʩʪʝʤʠ (ʨʠʩʫʥʦʢ 1.6). ʇʨʠ ʚʠʧʘʜʢʦʚʠʭ 

ʧʝʨʝʤʽʱʝʥʥʷʭ ʚʦʜʠ ʪʠʩʢ ʚ ʽʥʰʦʤʫ ʧʣʝʯʽ ʩʠʬʦʥʘ ʥʘʨʦʩʪʘʻ ʽ ʨʽʟʥʠʮʷ ʪʠʩʢʽʚ, 

ʱʦ ʚʠʥʠʢʘʻ, ʧʦʚʝʨʪʘʻ ʚʦʜʫ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ. ʈʦʟʛʣʷʥʫʪʠʡ ʝʢʩʧʝʨʠʤʝʥʪ 

ʧʦʢʘʟʫʻ, ʱʦ ʩʧʦʯʘʪʢʫ ʩʪʽʡʢʠʡ ʩʪʘʥ ʤʘʻ ʩʚʦʾ ʤʝʞʽ: ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ 

ʟʦʚʥʽʰʥʽʤʠ ʟʤʽʥʘʤʠ ʧʝʚʥʠʭ ʚʝʣʠʯʠʥ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʩʠʩʪʝʤʠ ʥʘ 

ʥʦʚʠʡ ʩʪʘʥ. ʗʢʱʦ ʞ ʩʠʩʪʝʤʘ ʟʤʽʥʶʻ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ, ʚʦʥʘ ʤʦʞʝ ʟʥʦʚʫ 

ʥʘʙʫʪʠ ʩʪʽʡʢʠʡ ʩʪʘʥ. ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʽʟ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʠ ʪʨʝʙʘ 

ʟʥʦʚʫ ʟʤʽʥʠʪʠ ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʦʜʫʪʠ ʚ ʣʽʚʝ ʧʣʝʯʝ W-

ʧʦʜʽʙʥʦʛʦ ʩʠʬʦʥʘ (ʚʘʤ ʧʦʪʨʽʙʥʦ ʧʨʠʢʣʘʩʪʠ ʜʝʷʢʝ ʟʫʩʠʣʣʷ ʜʣʷ ʧʦʜʦʣʘʥʥʷ 

ʽʥʝʨʮʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ) ʽ ʟʤʫʩʠʪʠ ʚʦʜʫ ʧʽʜʥʷʪʠʩʷ ʜʦ ʟʨʽʟʫ ʧʨʘʚʦʛʦ ʧʣʝʯʘ ɹ, 

ʪʦ ʩʪʽʡʢʽʩʪʴ ʟʥʦʚʫ ʟʥʠʢʥʝ: ʚʦʜʘ ʧʦʚʥʽʩʪʶ ʚʠʣʣ̒ ʪʴʩʷ ʽʟ ʩʠʬʦʥʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʘʚʽʪʴ ʪʘʢʠʡ ʧʨʦʩʪʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʧʽʜʩʪʨʦʶʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʧʽʜ ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ, ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʜʦʩʷʛʥʝʥʥʷ ʥʦʚʦʛʦ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ 

ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʷʢʝ ʤʘʻ ʽʥʰʽ ʦʙʤʝʞʝʥʥʷ ʩʚʦʻʾ ʩʪʽʡʢʦʩʪʽ. 

ɯʥʰʠʡ ʝʢʩʧʝʨʠʤʝʥʪ, ʷʢʠʡ ʧʦʢʘʟʫʻ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʩʠʩʪʝʤʦʶ ʥʝʩʪʽʡʢʦʛʦ ʩʪʘʥʫ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟ ʦʜʥʘʢʦʚʦ 

ʥʘʤʘʛʥʽʯʝʥʠʤʠ ʛʦʣʢʘʤʠ. ɺʩʪʨʦʤʠʚʰʠ ʛʦʣʢʠ ʚ ʰʤʘʪʦʯʢʠ ʧʨʦʙʦʢ (ʧʨʦʙʢʠ 

ʩʣʽʜ ʧʦʢʨʠʪʠ ʧʘʨʘʬʽʥʦʤ, ʱʦʙ ʥʝ ʚʙʠʨʘʣʠ ʚʦʜʫ, ʪʦʙʪʦ. ʟʨʦʙʠʪʠ ʽʟ ʧʨʦʙʦʢ 

ʧʦʧʣʘʚʢʠ), ʧʦʤʽʩʪʽʪʴ ʾʭ ʥʘ ʧʦʚʝʨʭʥʶ ʚʦʜʠ (ʨʠʩʫʥʦʢ 3.7). 

ʄʘʙʫʪʴ ʽʱʝ ʟʽ ʰʢʽʣʴʥʦʛʦ ʢʫʨʩʫ ʬʽʟʠʢʠ ʚʽʜʦʤʦ, ʱʦ ʦʜʥʦʡʤʝʥʥʽ 

ʤʘʛʥʽʪʥʽ ʧʦʣʶʩʠ ʚʽʜʰʪʦʚʭʫʶʪʴʩʷ (ʛʨʘʜʽʻʥʪ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ). 

ʊʦʤʫ ʦʜʥʘʢʦʚʦ ʦʨʽʻʥʪʦʚʘʥʽ, ʥʘʤʘʛʥʽʯʝʥʽ ʛʦʣʢʠ ʟʤʫʩʷʪʴ ʧʦʧʣʘʚʮʽ ʨʫʭʘʪʠʩʷ ʫ 

ʨʽʟʥʽ ʩʪʦʨʦʥʠ, ʟʤʫʰʫʶʯʠ ʾʭ ʧʽʪʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ 

ʚʽʜʩʪʘʥʴ (ʜʦ ʩʪʽʥʦʢ ʩʢʣʷʥʢʠ). ɿʘ ʮʠʭ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʦʟʙʽʛʘʥʥʷ 

ʧʦʧʣʘʚʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʤʘʛʥʽʪʥʠʭ ʛʦʣʦʢ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʦʧʣʘʚʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʘ ʤʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ ʧʨʠʡʤʘʻ 

ʨʽʟʥʽ ʛʝʦʤʝʪʨʠʯʥʽ, ʧʨʘʚʠʣʴʥʽ ʬʽʛʫʨʠ: ʪʨʠ ʛʦʣʢʠ ï ʧʦʧʣʘʚʮʽ ʫʪʚʦʨʶʶʪʴ 

ʨʽʚʥʦʩʪʦʨʦʥʥʽʡ ʪʨʠʢʫʪʥʠʢ; ʯʦʪʠʨʠ ʛʦʣʢʠ ï ʢʚʘʜʨʘʪ; ʰʽʩʪʴ ʛʦʣʦʢ ï 

ʧʨʘʚʠʣʴʥʠʡ ʰʝʩʪʠʢʫʪʥʠʢ. 
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ʈʠʩʫʥʦʢ 3.7 - ʈʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʠʭ ʧʦʧʣʘʚʮʽʚ 

 

ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʛʦʣʦʢ ʚʠʥʠʢʘʻ ʢʽʣʴʢʘ ʩʪʽʡʢʠʭ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʦʧʣʘʚʢʽʚ, ʟʦʢʨʝʤʘ, ʧʨʠ ʜʝʷʢʽʡ ʢʽʣʴʢʦʩʪʽ ʛʦʣʦʢ ʦʜʠʥ ʟ ʧʦʧʣʘʚʮʽʚ ʟʘʡʤʝ 

ʧʦʣʦʞʝʥʥʷ ʚ ʮʝʥʪʨʽ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ (ʩʘʤʦʩʪʽʡʥʦ ʧʨʦʚʝʜʽʪʴ ʝʢʩʧʝʨʠʤʝʥʪ ʽ 

ʚʠʟʥʘʯʪʝ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʤʘʛʥʽʪʥʠʭ ʧʦʧʣʘʚʮʽʚ, ʧʨʠ ʷʢʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʟʥʘʯʝʥʠʡ ʨʦʟʧʦʜʽʣ). ɺʠʥʠʢʥʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʩʠʩʪʝʤʦʶ ʥʝʩʪʽʡʢʦʛʦ ʧʦʣʦʞʝʥʥʷ ʤʦʞʥʘ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʽ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʟ ʣʘʤʧʘʜʦʶ (ʛʘʩʦʚʘ ʣʘʤʧʠ, ʨʠʩʫʥʦʢ 3.8) ʘʙʦ ʟʘʧʘʣʝʥʦʶ 

ʩʚʽʯʢʦʶ ʥʘʢʨʠʪʦʶ ʩʢʣʷʥʦʶ ʯʘʩʪʠʥʦʶ ʣʘʤʧʘʜʠ. 

 
ʈʠʩʫʥʦʢ 3.8 - ʃʘʤʧʘ- ʥʘʩʦʩ 
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ʈʦʟʜʽʣʠʤʦ ʛʦʨʣʦʚʠʥʫ ʩʢʣʷʥʦʾ ʯʘʩʪʠʥʠ ʣʘʤʧʘʜʠ T-ʧʦʜʽʙʥʦʶ, 

ʢʘʨʪʦʥʥʦʶ ʧʝʨʝʛʦʨʦʜʢʦʶ. ʏʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʢʘʨʪʦʥ ʥʘʛʨʽʻʪʴʩʷ ʽ ʧʦʯʥʝ 

ʪʣʽʪʠ, ʧʦʩʫʜʠʥʘ ʥʘʧʦʚʥʠʪʴʩʷ ʜʠʤʦʤ. ʊʝʯʽʷ ʜʠʤʫ ʧʦʢʘʞʝ, ʱʦ ʟ ʦʜʥʦʛʦ ʙʦʢʫ 

ʧʝʨʝʛʦʨʦʜʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʷʛʫʚʘʥʥʷ ʩʚʽʞʦʛʦ ʧʦʚʽʪʨʷ, ʘ ʜʠʤ ʚʠʭʦʜʠʪʴ ʽʟ 

ʩʫʜʠʥʠ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʧʝʨʝʛʦʨʦʜʢʠ. ʇʽʩʣʷ ʚʠʣʫʯʝʥʥʷ ʧʝʨʝʛʦʨʦʜʢʠ 

ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʨʫʭ ʧʦʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʟʥʠʢʘʻ, ʨʫʭ ʧʦʚʽʪʨʷ ʫ ʛʦʨʣʦʚʠʥʽ 

ʣʘʤʧʘʜʠ ʩʪʘʻ ʭʘʦʪʠʯʥʠʤ. ʇʨʠ ʧʦʚʝʨʥʝʥʥʽ ʧʝʨʝʛʦʨʦʜʢʠ ʥʘ ʤʽʩʮʝ ʟʥʦʚʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʜʽʣ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ, ʧʨʠ ʮʴʦʤʫ ʜʠʤ ʤʦʞʝ ʧʽʪʠ ʟ ʽʥʰʦʛʦ 

ʙʦʢʫ ʧʝʨʝʛʦʨʦʜʢʠ, ʥʽʞ ʚʽʥ ʨʫʭʘʚʩʷ ʩʧʦʯʘʪʢʫ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʧʨʠʪʘʤʘʥʥʫ ʚʩʽʤ ʭʘʦʪʠʯʥʠʤ ʜʠʥʘʤʽʯʥʠʤ ʩʠʩʪʝʤʘʤ: ʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩʫʥʢʫ 3.8 ʥʝʤʦʞʣʠʚʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʚʠʧʘʜʢʦʚʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʫʩʝʨʝʜʠʥʽ ʩʠʩʪʝʤʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʚʚʝʜʝʥʥʷ ʧʝʨʝʛʦʨʦʜʢʠ ʚʥʦʩʠʪʴ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʜʦ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʟʤʫʰʫʻ ʧʦʪʦʢʠ ʨʫʭʘʪʠʩʷ ʚʧʦʨʷʜʢʦʚʘʥʠʤ ʯʠʥʦʤ. ʑʝ ʦʜʠʥ ʩʠʥʝʨʛʝʪʠʯʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ ʽʟ ʚʠʥʠʢʥʝʥʥʷʤ ʫʧʦʨʷʜʢʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʜʠʩʠʧʘʪʠʚʥʽʡ 

ʩʠʩʪʝʤʽ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʚ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ ʥʘ ʢʫʭʥʽ. ʅʘʣʠʡʪʝ ʥʘ 

ʩʢʦʚʦʨʦʜʫ ʤʘʩʣʦ ʽ ʟʚʝʨʭʫ ʧʦʩʠʧʪʝ ʩʫʭʦʶ ʩʨʽʙʥʦʶ ʬʘʨʙʦʶ (ʤʦʞʥʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʣʴʢ ʘʙʦ ʙʦʨʦʰʥʷʥʠʡ ʢʣʝʡʩʪʝʨ). 

 

 
ʈʠʩʫʥʦʢ 3.9 - ʂʦʤʽʨʢʠ  ɹʝʥʘʨʘ, ʷʢʽ  ʚʠʥʠʢʘʶʪʴ ʫ ʰʘʨʽ ʨʽʜʠʥʠ,  

ʱʦ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ 

 

ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʩʢʦʚʦʨʦʜʠ ʚʠʥʠʢʘʻ ʨʽʟʥʠʮʷ ʪʝʤʧʝʨʘʪʫʨʠ ʤʽʞ ʜʥʦʤ 

ʩʢʦʚʦʨʦʜʠ ʪʘ ʧʦʚʝʨʭʥʝʶ ʦʣʽʾ (ʛʨʘʜʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʠ). ɼʦ ʜʦʩʷʛʥʝʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʨʽʜʠʥʘ ʥʝʨʫʭʦʤʘ. ʇʨʠ ʢʨʠʪʠʯʥʽʡ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʚʩʷ ʧʦʚʝʨʭʥʷ ʨʽʜʠʥʠ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʧʨʘʚʠʣʴʥʽ ʰʝʩʪʠʛʨʘʥʥʠʢʠ 

(ʢʦʤʽʨʢʠ ɹʝʥʘʨʘ, ʨʠʩʫʥʦʢ 3.9), ʚʩʝʨʝʜʠʥʽ ʷʢʠʭ ʨʽʜʠʥʘ ʧʽʜʥʽʤʘʻʪʴʩʷ ʜʦ 

ʧʦʚʝʨʭʥʽ, ʘ ʧʦ ʛʨʘʥʷʭ ʰʝʩʪʠʛʨʘʥʥʠʢʽʚ ʦʩʪʠʛʣʘ ʨʽʜʠʥʘ ʦʧʫʩʢʘʻʪʴʩʷ ʥʘ ʜʥʦ. 

ʈʦʟʤʽʨ ʢʦʤʽʨʦʢ ɹʝʥʘʨʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ 

ʩʢʦʚʦʨʦʜʠ, ʧʨʦʪʝ ʾʭʥʷ ʬʦʨʤʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʥʠʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʨʽʜʢʦʛʦ 

ʰʘʨʫ. ʂʦʤʽʨʢʠ  ɹʝʥʘʨʘ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʠʩʠʭʘʥʥʽ ʦʟʝʨ (ʛʨʘʜʽʻʥʪ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʦʣʽ, ʨʠʩʫʥʦʢ 3.10), ʧʨʠ ʟʘʩʪʠʛʘʥʥʽ ʣʘʚʠ ʪʘ ʚ ʽʥʰʠʭ 

ʧʨʠʨʦʜʥʠʭ ʷʚʠʱʘʭ. 
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ʈʠʩʫʥʦʢ 3.10 - ɻʝʢʩʘʛʦʥʘʣʴʥʽ ʩʦʣʴʦʚʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʚʠʩʠʭʘʥʥʽ ʦʟʝʨʘ 

 

ɹʽʣʴʰ ʩʢʣʘʜʥʽ ʪʘ ʥʝʟʚʠʯʘʡʥʽ ʩʪʨʫʢʪʫʨʠ ʚʠʥʠʢʘʶʪʴ ʫ ʭʽʤʽʯʥʠʭ ʪʘ 

ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ (ʨʠʩʫʥʦʢ 3.11). 

 

 
ʈʠʩʫʥʦʢ 3.11 - ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʧʦʧʫʣʷʮʽʾ ʘʤʝʙ Dictyostelium 

 

ʈʦʟʛʣʷʥʫʪʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʥʠʢʥʝʥʥʷ ʥʝʩʪʽʡʢʦʩʪʽ 

ʦʙʫʤʦʚʣʝʥʦ ʜʦʩʷʛʥʝʥʥʷʤ ʪʠʤʠ ʯʠ ʽʥʰʠʤʠ ʧʦʪʦʢʘʤʠ ʢʨʠʪʠʯʥʠʭ 

ʟʥʘʯʝʥʴ.(ʢʽʥʝʪʠʯʥʽ ʧʝʨʝʭʦʜʠ). ʋ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʘ 

ʧʦʷʚʘ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʦʙʣʘʩʪʝʡ, ʘʙʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʩʠʤʝʪʨʽʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ. 
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3.3 ʅʝʨʽʚʥʦʚʘʞʥʽ ʩʠʩʪʝʤʠ ʪʘ ʥʝʣʽʥʽʡʥʘ ʜʠʥʘʤʽʢʘ 

 

ɯʟʦʣʴʦʚʘʥʽ ʪʘ ʟʘʢʨʠʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ ʟ ʯʘʩʦʤ ʧʝʨʝʭʦʜʷʪʴ ʫ 

ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ. ɺʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʣʽʩʪʶ ʽʥʪʝʥʩʠʚʥʠʭ ʚʝʣʠʯʠʥ 

(ʪʠʩʢʫ P, ʪʝʤʧʝʨʘʪʫʨʠ T ʽ ʭʽʤʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʢʦʤʧʦʥʝʥʪʽʚ Õ i (i =1õl , l ï 

ʯʠʩʣʦ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ)), ʟʤʽʥʠ ʷʢʠʭ ʚʠʢʣʠʢʘʻ ʚʠʥʠʢʥʝʥʥʷ ʧʦʪʦʢʽʚ 

ʽʥʪʝʥʩʠʚʥʠʭ ʚʝʣʠʯʠʥ (ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ U, ʦʙʩʷʛʫ V ʪʘ ʯʠʩʣʘ ʯʘʩʪʠʥʦʢ 

N i). ʋ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʯʠʩʣʦ ʯʘʩʪʠʥʦʢ ʥʝʟʤʽʥʥʦ, ʪʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʙʝʨʝʞʝʥʥʷ ʚʩʽʭ ʽʥʪʝʥʩʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ. ɺʠʥʠʢʘʶʯʽ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʧʦʪʦʢʠ ʧʨʘʛʥʫʪʴ ʧʦʚʝʨʥʫʪʠ ʩʠʩʪʝʤʫ ʫ 

ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. ɿʘʢʨʠʪʘ ʩʠʩʪʝʤʘ ʦʙʤʽʥʶʻʪʴʩʷ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʝʥʝʨʛʽʻʶ, ʧʨʦʪʝ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ, ʷʢʽ ʚʠʭʦʜʷʪʴ ʽʟ ʩʠʩʪʝʤʠ ʽ 

ʧʦʚʝʨʪʘʶʪʴʩʷ ʚ ʥʝʾ. ɿʘʢʨʠʪʘ ʩʠʩʪʝʤʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʪʘʮʽʦʥʘʨʥʝ 

ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ. ʋ ʮʴʦʤʫ ʩʪʘʥʽ ʯʘʩʪʠʥʢʠ ʟʜʽʡʩʥʶʶʪʴ ʙʨʦʫʥʽʚʩʴʢʽ ʨʫʭʠ, 

ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʪʝʧʣʦʚʠʡ ʭʘʦʩ. ɿʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ ʢʨʠʪʠʯʥʦʾ Tc 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʜʽʣʝʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʟ ʯʘʩʪʢʦʚʦʶ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʶ 

(ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʙʣʠʞʥʴʦʛʦ ʧʦʨʷʜʢʫ 

ʜʝʷʢʠʭ ʦʙʣʘʩʪʷʭ ʩʠʩʪʝʤʠ. ʎʽ ʧʽʜʩʠʩʪʝʤʠ ʧʨʘʛʥʫʪʴ ʧʦʻʜʥʘʥʥʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʜʽʣʝʥʥʷ ʥʦʚʦʾ ʬʘʟʠ. ʅʦʚʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʪʘʥʫ ʷʢ ʟʘ ʚʠʜʦʤ, ʪʘʢ ʽ ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ 

ʪʘ ʩʢʦʨʝʣʶʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʯʘʩʪʠʥʦʢ (ʝʬʝʢʪ ʢʦʛʝʨʝʥʪʥʦʩʪʽ). ʂʦʛʝʨʝʥʪʥʽʩʪʴ 

ʧʦʚʝʜʽʥʢʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʦʷʚʦʤ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʘʙʦ ʧʝʨʽʦʜʠʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʨʠʪʘʤʘʥʥʘ ʤʘʪʝʨʽʾ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʘʛʨʝʛʘʪʥʦʤʫ 

ʩʪʘʥʽ, ʘʣʝ ʥʽʚʝʣʶʻʪʴʩʷ ʪʝʧʣʦʚʠʤʠ ʪʘ ʽʥʰʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʂʦʦʧʝʨʘʪʠʚʥʽ 

ʷʚʠʘɦ ʧʦʷʩʥʶʶʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʜʘʣʝʢʦ-ʜʽʶʯʠʭ ʩʠʣ. ʊʘʢ ʫ ʨʝʘʢʮʽʾ 

ɹʽʣʦʫʩʦʚʘ-ɾʘʙʦʪʠʥʩʴʢʦʛʦ ʚʦʥʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʦʣʠʚʘʥʴ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʨʝʘʛʝʥʪʽʚ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʨʘʜʽʫʩ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʤʦʣʝʢʫʣʘʤʠ ʚ ʤʽʣʴʷʨʜ ʨʘʟʽʚ ʤʝʥʰʠʡ ʟʘ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʩʘʤʦʾ ʩʠʩʪʝʤʠ. 

ɺʠʥʠʢʥʝʥʥʷ ʧʦʨʷʜʢʫ ʚ ʩʧʦʯʘʪʢʫ ʭʘʦʪʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʻ ʧʨʦʷʚʦʤ 

ʥʝʨʽʚʥʦʚʘʞʥʦʩʪʽ, ʥʝʩʪʽʡʢʦʩʪʽ ʪʘ ʥʝʣʽʥʽʡʥʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʑʝ ʙʽʣʴʰ ʥʘʦʯʥʦ ʮʽ ʝʬʝʢʪʠ ʚʠʷʚʣʷʶʪʴʩʷ ʫ 

ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʦʙʤʽʥʶʶʪʴʩʷ ʟ ʪʝʨʤʦʩʪʘʪʦʤ ʷʢ ʝʥʝʨʛʽʻʶ, ʘ ʡ 

ʯʘʩʪʢʘʤʠ. ʏʠʤ ʜʘʣʽ ʪʘʢʘ ʩʠʩʪʝʤʘ ʫʥʠʢʘʻ ʨʽʚʥʦʚʘʛʠ, ʪʠʤ ʙʽʣʴʰʝ 

ʛʘʨʤʦʥʽʡʥʠʭ ʤʦʜ ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʾʾ ʧʦʚʝʜʽʥʮʽ. ɿʦʚʥʽʰʥʽ ʚʧʣʠʚʠ ʩʧʨʠʷʶʪʴ 

ʧʦʩʠʣʝʥʥʶ ʦʜʥʠʭ ʪʘ ʧʨʠʜʫʰʝʥʥʶ ʽʥʰʠʭ ʛʘʨʤʦʥʽʢ. ʇʦʚʝʜʽʥʢʘ ʙʫʜʴ-ʷʢʦʾ 

ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʩʢʽʥʯʝʥʥʠʤ ʨʷʜʦʤ ʛʘʨʤʦʥʽʢ (ʤʦʜ) ʟ 

ʪʠʤʯʘʩʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜ ʢʦʞʥʦʶ. ʗʢʱʦ ʤʦʜʝʣʽ ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʨʽʟʥʽ ʚʠʜʠ ʛʘʨʤʦʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ (ʛʘʨʤʦʥʽʢ, ʯʠ ʤʦʜ) ʥʝʟʘʣʝʞʥʽ, ʪʦ ʤʦʜʝʣʽ 

ʥʝʣʽʥʽʡʥʦʾ ï ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʮʽʣʢʦʤ ʧʝʚʥʘ ʟʚ'ʷʟʦʢ ʟ-ʧʦʤʽʞ ʥʠʭ. ʇʨʠʯʦʤʫ 

ʭʘʨʘʢʪʝʨ ʟʚ'ʷʟʢʫ ʮʽʣʢʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝʣʽʥʽʡʥʽʩʪʶ. ʗʚʠʱʝ  ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ  ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʜʠʥ ʚʠʜ ʢʦʣʠʚʘʥʴ (ʦʜʥʘ ʛʘʨʤʦʥʽʢʘ) 



 

40 
 

ʝʥʝʨʛʝʪʠʯʥʦ ʧʽʜʪʨʠʤʫʻ ʽʥʰʫ, ʪʦʙʪʦ. ʪʫʜʠ ʥʘʢʘʯʫʻʪʴʩʷ ʝʥʝʨʛʽʷ. ɺ ʪʘʢʦʤʫ 

ʚʠʧʘʜʢʫ ʝʥʝʨʛʽʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ, ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ï ʯʝʨʝʟ ʥʝʣʽʥʽʡʥʽʩʪʴ ï 

ʥʝ ʧʦ ʚʩʴʦʤʫ ʩʧʝʢʪʨʫ ʢʦʣʠʚʘʥʴ (ʤʦʜ), ʘ ʩʫʪʦ ʚʠʙʽʨʢʦʚʦ. ʊʦʙʪʦ ʚ 

ʥʝʣʽʥʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʫʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠʩʴ, ʧʽʜʞʠʚʣʶʚʘʪʠʩʷ 

ʝʥʝʨʛʽʻʶ ʣʠʰʝ ʧʝʚʥʽ ʚʠʜʠ ʢʦʣʠʚʘʥʴ, ʧʝʚʥʽ ʛʘʨʤʦʥʽʢʠ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ (ʝʥʪʨʦʧʽʻʶ S) ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ɺʠʥʠʢʥʝʥʥʷ ʧʦʨʷʜʢʫ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʚ'ʷʟʘʥʽ ʟ ʟʨʦʩʪʘʥʥʷʤ ʝʥʪʨʦʧʽʾ 

(ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʪʨʦʧʽʾ ɯ. ʇʨʠʛʦʞʠʥʘ). ʋ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ ʪʘʢʠʡ ʭʘʦʩ ʫ ʚʽʜʢʨʠʪʽʡ ʩʠʩʪʝʤʽ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤ 

ʭʘʦʩʦʤ (ʜʠʥʘʤʽʯʥʠʡ ʭʘʦʩ, ʨʠʩʫʥʦʢ 3.12).  

 

 
ʈʠʩʫʥʦʢ 3.12 - ɽʚʦʣʶʮʽʷ ʜʦ  ʜʠʥʘʤʽʯʥʦʛʦ ʭʘʦʩʫ 

  

ʈʦʟʫʧʦʨʷʜʢʦʚʘʥʽʩʪʴ, ʥʝʩʪʽʡʢʽʩʪʴ ʪʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʜʠʥʘʤʽʯʥʦʛʦ 

ʧʦʨʪʨʝʪʘ ʩʠʩʪʝʤʠ ʟʤʫʰʫʻ ʾʾ ʜʦ ʧʦʩʪʽʡʥʦʛʦ ʧʦʰʫʢʫ ʫ ʧʨʦʩʪʦʨʽ ʩʚʦʾʭ ʩʪʘʥʽʚ 

ʩʪʽʡʢʦʛʦ ʩʪʘʥʦʚʠʱʘ (ʧʨʠʥʮʠʧ ʧʦʰʫʢʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʘ ʽʥʰʠʭ ʤʽʥʽʤʫʤʽʚ), 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺʽʜʢʨʠʪʘ ʩʠʩʪʝʤʘ 

ʚʠʩʪʫʧʘʻ ʫ ʨʦʣʽ ʩʝʧʘʨʘʪʦʨʘ ʮʽʣʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʽʚʥʦʡʤʦʚʽʨʥʠʭ ʩʪʘʥʽʚ, 

ʙʽʣʴʰʽʩʪʴ ʽʟ ʷʢʠʭ ʚʦʥʘ ʚʽʜʩʽʶʻ ʯʝʨʝʟ ʥʝʩʪʽʡʢʽʩʪʴ ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʚʦʾʭ 

ʧʘʨʘʤʝʪʨʽʚ. ʊʘʢʘ ʩʠʩʪʝʤʘ, ʟʤʽʥʶʶʯʠ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ, ʰʫʢʘʻ ʥʦʚʝ ʨʫʩʣʦ ʟ 

ʧʦʚʦʣʽ ʤʽʥʣʠʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʩʫʤʽʩʥʽ ʟ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥ ʩʘʤʦʾ 

ʩʠʩʪʝʤʽ (ʧʨʠʥʮʠʧ ʩʫʤʽʩʥʦʩʪʽ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʫʤʦʚʘʤʠ ʽʩʥʫʚʘʥʥʷ). 

ɹʦʨʦʪʴʙʘ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʧʨʦʮʝʩʽʚ: ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʽʜʪʦʢʫ ʝʥʝʨʛʽʾ, 

ʯʘʩʪʠʥʦʢ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɺʠʙʽʨʢʦʚʽʩʪʴ ʘʙʦ ʯʫʪʣʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʢʨʝʤʠʭ 

ʛʘʨʤʦʥʽʢʽʚ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʫ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʘʷʚʥʽʩʪʶ ʩʠʩʪʝʤʠ 

ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʠ ʥʘ ʨʽʚʥʷʭ ʃʘʥʜʘʫ ʚ 

ʦʜʥʦʨʽʜʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʨʝʘʛʫʶʪʴ ʥʘ ʢʚʘʥʪʦʚʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ 

ʭʚʠʣʶ ʣʠʰʝ ʪʽʻʾ ʯʘʩʪʦʪʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʭʦʜʫ ʝʣʝʢʪʨʦʥʘ ʟ ʦʜʥʦʛʦ 
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ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʚ ʽʥʰʠʡ. ɺ ʅʘʩʘʤʧʝʨʝʜ, ʮʝʡ ʧʨʦʮʝʩ ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʥʘʷʚʥʽʩʪʶ ʜʠʩʠʧʘʮʽʾ (ʨʦʟʩʽʶʚʘʥʥʷ) ʝʥʝʨʛʽʾ, ʯʘʩʪʠʥʦʢ ʪʘ ʽʥʬʦʨʤʘʮʽʾ 

(ʝʥʪʨʦʧʽʾ): ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʜʫʰʝʥʥʷ ʪʠʭ ʛʘʨʤʦʥʽʢ (ʢʦʣʠʚʘʥʴ), ʷʢʽ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʣʘʩʥʠʤ ʯʘʩʪʦʪʘʤ ʢʦʣʠʚʘʥʴ. ʇʨʦʪʝ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ ʚʝʣʠʢʦʾ 

ʘʤʧʣʽʪʫʜʠ ʪʘ ʯʘʩʪʦʪʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʩʧʝʢʪʨʘ ʚʣʘʩʥʠʭ 

ʯʘʩʪʦʪ, ʱʦ ʚʝʜʝ ʜʦ ʧʝʨʝʭʦʜʫ ʩʠʩʪʝʤʠ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ ʦʧʦʨʫ ʟʦʚʥʽʰʥʴʦʾ 

ʘʛʨʝʩʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʥʝʥʥʷ ʟʨʦʩʪʘʶʯʦʛʦ ʭʘʦʩʫ ʚ ʩʠʩʪʝʤʽ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʾʾ ʧʨʘʛʥʝʥʥʷ ʜʦ ʥʦʚʦʛʦ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ ʤʘʻ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ 

ʚʣʘʩʥʠʭ ʤʦʜ (ʧʨʠʥʮʠʧ ʚʠʙʽʨʢʦʚʦʩʪʽ). ʄʘʣʽ ʟʦʚʥʽʰʥʽ ʟʙʫʨʝʥʥʷ ʟ ʚʣʘʩʥʦʶ 

ʯʘʩʪʦʪʦʶ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʟʥʘʯʥʽ ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ 

(ʷʚʠʱʝ ʨʝʟʦʥʘʥʩʫ, ʨʠʩʫʥʦʢ 3.13), ʘ ʰʠʨʦʢʦʧʦʣʦʩʥʽ ʟʘ ʯʘʩʪʦʪʦʶ ʚʧʣʠʚʫ ï 

ʣʠʰʝ ʜʦ ʨʫʭʽʚ ʧʦʙʣʠʟʫ ʩʪʘʣʦʛʦ ʩʪʘʥʫ. 

 

 
ʈʠʩʫʥʦʢ 3.13 - ʈʝʟʦʥʘʥʩʥʽ ʦʨʙʽʪʠ ʥʝʣʽʥʽʡʥʦʛʦ ʤʘʷʪʥʠʢʘ: 

ʘ) ʧʨʠ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʽʡ ʘʤʧʣʽʪʫʜʽ ʧʝʨʽʦʜʠʯʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʧʣʠʚʫ; ʙ) ʧʨʠ  ʦʙʤʝʞʝʥʽʡ  ʘʤʧʣʽʪʫʜʽ 

 

ʅʘʷʚʥʽʩʪʴ ʟʚʦʨʦʪʥʠʭ ʟʚ'ʷʟʢʽʚ (ʧʦʟʠʪʠʚʥʠʭ ʘʙʦ ʥʝʛʘʪʠʚʥʠʭ) ʤʽʞ 

ʩʠʩʪʝʤʦʶ ʪʘ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ ʧʦʨʦʜʞʫʻ ʚʠʥʠʢʥʝʥʥʷ ʭʘʦʩʫ, 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʥʝʣʽʥʽʡʥʦʩʪʽ ʫ ʜʠʥʘʤʽʯʥʽʡ ʢʘʨʪʠʥʽ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʘʚʪʦʢʘʪʘʣʽʪʠʯʥʠʭ ʨʝʘʢʮʽʷʭ ʢʘʪʘʣʽʟʘʪʦʨ (ʽʥʛʽʙʽʪʦʨ) ʥʝ ʪʽʣʴʢʠ 

ʧʨʠʩʢʦʨʶʻ (ʫʧʦʚʽʣʴʥʶʻ) ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ, ʘ ʡ ʟʙʽʣʴʰʫʻ ʩʚʽʡ 

ʚʤʽʩʪ ʫ ʩʠʩʪʝʤʽ ʨʘʭʫʥʦʢ ʚʽʜʪʦʢʫ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ. ʇʝʨʝʙʽʛ ʝʢʟʦʪʝʨʤʽʯʥʠʭ 

(ʝʥʜʦʪʝʨʤʽʯʥʠʭ) ʨʝʘʢʮʽʡ ʟ ʚʠʜʽʣʝʥʥʷʤ (ʧʦʛʣʠʥʘʥʥʷʤ) ʪʝʧʣʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʽʜʪʦʢʫ (ʧʨʠʧʣʠʚʫ) ʪʝʧʣʘ ʟʟʦʚʥʽ, ʱʦ ʚʠʢʣʠʢʘʻ ʛʘʣʴʤʫʚʘʥʥʷ ʯʠ ʧʨʠʩʢʦʨʝʥʥʷ 

ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ. ʆʪʞʝ, ʟʚʦʨʦʪʥʽ ʟʚ'ʷʟʢʠ ʬʦʨʤʫʶʪʴ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʦʪʦʢʠ 

ʪʘ ʩʠʣʠ, ʱʦ ʟʤʫʰʫʶʪʴ ʩʠʩʪʝʤʫ ʰʫʢʘʪʠ ʥʦʚʫ ʩʪʽʡʢʫ ʨʽʚʥʦʚʘʛʫ. 

ɺʽʜʦʤʦ, ʱʦ ʫ ʨʽʚʥʦʚʘʟʽ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʧʨʠʡʤʘʶʪʴ ʜʝʷʢʽ 

ʫʩʝʨʝʜʥʝʥʽ ʪʠʤ ʯʠ ʽʥʰʠʤ ʯʠʥʦʤ ʟʥʘʯʝʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ ʧʦʢʘʞʝ ʾʭ ʩʧʦʥʪʘʥʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʮʠʭ ʟʥʘʯʝʥʴ. ɯ 
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ʪʫʪ ʛʦʚʦʨʷʪʴ ʧʨʦ ʧʦʷʚʫ ʬʣʫʢʪʫʘʮʽʡ ʪʠʭ ʯʠ ʽʥʰʠʭ ʚʝʣʠʯʠʥ, ʪʦʙʪʦ ʥʘʷʚʥʽʩʪʴ 

ʬʣʫʢʪʫʘʮʽʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʩʪʽʡʥʫ ʩʘʤʦʧʝʨʝʚʽʨʢʫ ʩʠʩʪʝʤʦʶ ʩʚʦʛʦ ʩʪʘʥʫ 

(ʧʨʠʥʮʠʧ ʩʘʤʦʢʦʥʪʨʦʣʶ). ɯʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ ʚʠʥʠʢʥʝʥʥʷ ʬʣʫʢʪʫʘʮʽʡ 

ʣʠʰʝ ʧʽʜʢʨʝʩʣʶʻ ʙʝʟʧʝʨʝʯʥʠʡ ʬʘʢʪ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʦʙ'ʻʢʪʘ ʽʟ 

ʟʦʚʥʽʰʥʽʤ ʦʪʦʯʝʥʥʷʤ, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʤʝʪʦʜʽ ʧʨʦʙ ʪʘ ʧʦʤʠʣʦʢ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʫ ʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤʘʭ ʬʣʫʢʪʫʘʮʽʾ ʟʘʛʘʩʘʶʪʴ, ʪʦʤʫ ʱʦ ʥʝ 

ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʽʜʞʠʚʣʝʥʥʷ ʟʟʦʚʥʽ. ʋ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʩʠʩʪʝʤʘʭ ʜʝʷʢʽ ʟ 

ʬʣʫʢʪʫʘʮʽʡ ʧʦʯʠʥʘʶʪʴ ʥʘʨʦʩʪʘʪʠ, ʱʦ ʟʤʫʰʫʻ ʩʠʩʪʝʤʫ ʝʚʦʣʶʮʽʦʥʫʚʘʪʠ 

(ʧʨʠʥʮʠʧ ʨʦʟʚʠʪʢʫ) ʫ ʙʽʢ ʥʦʚʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʽʩʥʫʚʘʥʥʷ. ʇʝʨʝʭʽʜ 

ʜʦ ʮʴʦʛʦ ʨʝʞʠʤʫ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ. 

ʈʽʚʥʷʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʰʝʥʥʷ, ʱʦ ʷʢʽʩʥʦ 

ʨʦʟʨʽʟʥʷʶʪʴʩʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʤʥʦʞʠʥʥʽʩʪʴ ʰʣʷʭʽʚ ʝʚʦʣʶʮʽʾ 

ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʨʽʰʝʥʴ ʙʫʣʦ 

ʟʘʧʨʦʚʘʜʞʝʥʦ ʧʦʥʷʪʪʷ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʦʤʫ ʧʦʣʦʞʝʥʥʷ ʩʠʩʪʝʤʠ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʽ ʰʚʠʜʢʦʩʪʷʤʠ ʨʫʭʫ. 

ʗʢʱʦ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʧʨʠʩʫʪʥʽ ʥʝʨʫʭʦʤʽ 

ʪʦʯʢʠ ʪʘ ʪʨʘʻʢʪʦʨʽʾ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʠ, ʪʦ ʛʦʚʦʨʷʪʴ 

ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ (ʥʘʧʨʠʢʣʘʜ, ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ, 

ʨʠʩʫʥʦʢ 3.14). ɺʽʜʦʙʨʘʞʝʥʥʷʤ ʧʝʨʽʦʜʠʯʥʠʭ ʨʫʭʽʚ ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʬʘʟʦʚʦʤʫ 

ʧʦʨʪʨʝʪʽ ʛʨʘʥʠʯʥʠʭ ʮʠʢʣʽʚ (ʨʠʩʫʥʦʢ 3.14), ʥʘʚʢʦʣʦ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʢʫʧʯʝʥʥʷ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ.  

 

 
ʈʠʩʫʥʦʢ 3.14 - ʌʘʟʦʚʽ ʧʦʨʪʨʝʪʠ ʜʠʩʠʧʘʪʠʚʥʦʛʦ (ʘ) ʪʘ ʟʚʠʯʘʡʥʦʛʦ (ʙ) 

ʦʩʮʠʣʷʪʦʨʽʚ 

 

ʉʪʽʡʢʽ ʩʪʘʥʠ ʟʦʙʨʘʞʫʶʪʴʩʷ ʪʦʯʢʦʶ (ʩʪʽʡʢʠʤ ʬʦʢʫʩʦʤ), ʜʦ ʷʢʦʛʦ ʧʦ 

ʩʧʽʨʘʣʷʤ ʩʭʦʜʷʪʴʩʷ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ (ʨʠʩʫʥʦʢ 3.14ʘ). ʅʝʩʪʽʡʢʽ ʩʪʘʥʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʪʦʯʢʦʶ, ʚʽʜ ʷʢʦʾ ʩʧʽʨʘʣʷʤʠ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʨʦʟʭʦʜʷʪʴʩʷ. 

ɻʨʘʥʠʯʥʽ ʮʠʢʣʠ ʪʘ ʩʪʽʡʢʽ ʬʦʢʫʩʠ ʇʫʘʥʢʘʨʝ ʥʘʟʚʘʚ ʘʪʨʘʢʪʦʨʘʤʠ. ʇʨʠ 

ʧʦʧʘʜʘʥʥʽ ʩʠʩʪʝʤʠ ʚ ʦʙʣʘʩʪʴ ʪʷʞʽʥʥʷ ʘʪʨʘʢʪʦʨʘ ʚʦʥʘ ʟʦʙʦʚ'ʷʟʘʥʘ  

(ʨʠʩʫʥʦʢ 3.15)  
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ʈʠʩʫʥʦʢ 3.15 - ɻʨʘʥʠʯʥʠʡ ʮʠʢʣ 

 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʚʽʣʴʥʫ ʝʚʦʣʶʮʽʶ ʚ ʡʦʛʦ ʙʽʢ, ʘ ʚʥʫʪʨʽʰʥʷ ʧʦʙʫʜʦʚʘ ʩʠʩʪʝʤʠ 

ʧʦʯʠʥʘʻ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʮʝʥʘʨʽʶ, ʟʘʢʣʘʜʝʥʦʛʦ ʚ ʘʪʨʘʢʪʦʨʽ. 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʘʪʨʘʢʪʦʨʠ ʻ ʝʚʦʣʶʮʽʡʥʠʤʠ ʮʽʣʷʤʠ ʥʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʨʽʚʥʽ 

ʩʚʽʪʦʙʫʜʦʚʠ, ʷʢʠʭ ʧʨʘʛʥʫʪʴ ʫʩʽ ʩʠʩʪʝʤʠ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʪʦʢʽʚ ʝʥʝʨʛʽʾ, ʷʢʽ  

ʟʤʽʥʶʶʪʴʩʷ  ʫ ʯʘʩʽ, ʢʽʣʴʢʦʩʪʽ ʨʝʯʦʚʠʥʠ ʪʘ ʽʥʬʦʨʤʘʮʽʾ. ɸʪʨʘʢʪʦʨʠ 

ʚʠʟʥʘʯʘʶʪʴ ʚʽʜʥʦʩʥʦ ʩʪʽʡʢʠʡ ʩʪʘʥ ʦʙ'ʻʢʪʘ, ʟʤʫʰʫʶʯʠ ʛʝʦʤʝʪʨʽʻʶ ʬʘʟʦʚʦʛʦ 

ʧʦʨʪʨʝʪʘ ʦʙôʻʢʪʘ ʟʤʽʱʫʚʘʪʠʩʷ   ʚ ʩʚʦʶ ʙʽʢ. ʊʦʤʫ ʾʭ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ 

"ʚʦʨʦʥʢʘʤʠ" ʘʙʦ "ʞʝʨʣʘʤʠ". ʗʢʱʦ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʢʦʣʠʮʽ 

ʘʪʨʘʢʪʦʨʘ, ʚʦʥʘ ʚʽʜʯʫʚʘʻ ʘʩʠʤʧʪʦʪʠʯʥʫ ʩʪʽʡʢʽʩʪʴ: ʚʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʩʪʘʥʫ 

ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʩʠʣ, ʩʠʩʪʝʤʘ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʟʥʦʚʫ 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʘʪʨʘʢʪʦʨʫ ʧʦ ʽʥʰʽʡ ʬʘʟʦʚʽʡ ʪʨʘʻʢʪʦʨʽʾ. 

ʂʨ̔ʤ ʘʪʨʘʢʪʦʨʽʚ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʦʯʢʠ ʙʽʬʫʨʢʘʮʽʾ. 

(ʨʦʟʛʘʣʫʞʝʥʥʷ) ʪʘ ʜʠʚʥʽ ʘʪʨʘʢʪʦʨʠ (ʥʘʧʨʠʢʣʘʜ, ʜʠʚʥʠʡ ʘʪʨʘʢʪʦʨ ʃʦʨʝʥʮʘ, 

ʨʠʩʫʥʦʢ 3.16). 

 

  

 

ʈʠʩʫʥʦʢ 3.16  - ɼʠʚʥʽ ʘʪʨʘʢʪʦʨʠ ʃʦʨʝʥʮʘ 
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ʇʦʙʣʠʟʫ ʪʦʯʢʠ ʨʦʟʛʘʣʫʞʝʥʥʷ ʚʝʣʠʯʠʥʠ ʬʣʫʢʪʫʘʮʽʡ ʨʽʟʢʦ ʟʨʦʩʪʘʶʪʴ: 

ʩʠʩʪʝʤʘ ʧʨʦʚʦʜʠʪʴ ʩʝʨʝʜ ʥʠʭ ʧʨʠʨʦʜʥʠʡ ʚʽʜʙʽʨ ʟʘ ʾʭʥʴʦʶ ʚʽʜʧʦʚʽʜʥʽʩʪʶ 

ʟʦʚʥʽʰʥʽʤ ʫʤʦʚʘʤ ʪʘ ʩʚʦʻʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʪʘʥʫ. ɺʠʙʽʨ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʥʘʧʨʷʤʫ ʝʚʦʣʶʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʟʘ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʢʘʥʦʥʘʤʠ, ʘ ʟʙʽʛʦʤ 

ʦʙʩʪʘʚʠʥ. 

ʇʝʨʝʤʽʱʝʥʥʷ ʧʦ ʥʦʚʦʤʫ ʰʣʷʭʫ ʨʦʟʚʠʪʢʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʷʢ ʜʦ 

ʧʨʦʛʨʝʩʠʚʥʽʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ, ʪʘʢ ʽ ʨʦʟʚʠʥʫʪʠ ʚ ʥʽʡ ʜʝʛʨʘʜʘʮʽʡʥʽ 

ʧʨʦʮʝʩʠ. ʊʫʪ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʚʠʜ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ ʦʙ'ʻʢʪʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ɼʠʚʥʠʡ 

ʘʪʨʘʢʪʦʨ ʟʦʙʨʘʞʫʻʪʴʩʷ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʷʢ ʦʙʣʘʩʪʽ ʟ ʭʘʦʪʠʯʥʠʤ 

ʥʘʛʨʦʤʘʜʞʝʥʥʷʤ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ. ʋ ʮʠʭ ʦʙʣʘʩʪʷʭ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ ʻ 

ʧʦʚʥʽʩʪʶ ʩʪʽʡʢʠʤʠ, ʤʘʙʫʪʴ, ʮʽ ʦʙʣʘʩʪʽ ʻ ʦʙʣʘʩʪʷʤʠ ʜʞʦʢʝʨʽʚ. ʉʠʩʪʝʤʘ ʤʦʞʝ 

ʧʝʨʝʙʫʚʘʪʠ ʣʠʰʝ ʚ ʧʝʚʥʠʭ ʩʪʘʥʘʭ, ʦʙʤʝʞʝʥʠʭ ʦʙʣʘʩʪʶ ʜʠʚʥʦʛʦ ʘʪʨʘʢʪʦʨʘ 

(ʤʦʞʣʠʚʦ, ʜʠʚʥʠʡ ʘʪʨʘʢʪʦʨ ʚʽʜʧʦʚʽʜʘʻ ʣʘʙʽʣʴʥʠʤ ʨʽʚʥʦʚʘʛʘʤ, ʷʢʽ ʻ 

ʥʝʩʪʽʡʢʠʤʠ, ʪʘ  ʪʘʢʠʤʠ, ʱʦ  ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʦʙʣʘʩʪʴ ʽʩʥʫʚʘʥʥʷ). 

ɼʦʩʣʽʜʥʠʢʠ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʷʢ ʧʨʘʚʠʣʦ, ʙʘʛʘʪʦ ʫʚʘʛʠ 

ʧʨʠʜʽʣʷʶʪʴ ʩʪʨʫʢʪʫʨʽ ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ, ʧʨʦʪʝ ʯʘʩʪʦ ʟʘʤʦʚʯʫʶʪʴ ʧʨʦ 

ʥʘʩʪʫʧʥʝ: 

Å ʩʢʽʣʴʢʠ ʚ ʩʠʩʪʝʤʽ ʤʦʞʝ ʙʫʪʠ ʧʨʦʩʪʠʭ ʪʘ ʜʠʚʥʠʭ ʘʪʨʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʪʦʯʦʢ ʙʽʬʫʨʢʘʮʽʾ; 

Å ʫ ʷʢʠʭ ʦʙʣʘʩʪʷʭ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʾʭʥʴʦʾ ʧʦʷʚʠ; 

Å ʷʢ ʟʘʣʝʞʘʪʴ ʮʽ ʫʪʚʦʨʝʥʥʷ ʚʽʜ ʦʙʨʘʥʠʭ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ; 

Å ʷʢ ʚʧʣʠʚʘʶʪʴ ʟʥʘʯʝʥʥʷ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʠʙʽʨ ʥʦʚʦʛʦ 

ʩʪʘʣʦʛʦ ʩʪʘʥʫ; 

Å ʷʢ ʚʠʜʦʟʤʽʥʶʻʪʴʩʷ ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʢʽʥʝʪʠʯʥʠʭ 

ʬʘʟʦʚʠʭ 

ʧʝʨʝʭʦʜʽʚ; 

Å ʧʝʨʝʙʽʛ ʷʢʠʭ ʚʥʫʪʨʽʰʥʽʭ ʧʨʦʮʝʩʽʚ ʫ ʩʠʩʪʝʤʽ ʬʦʨʤʫʶʪʴ ʪʽ ʯʠ ʽʥʰʽ 

ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ; 

Å ʟʘ ʷʢʠʭ ʦʙʩʪʘʚʠʥ ʚʠʥʠʢʘʻ ʥʦʚʘ ʽʥʬʦʨʤʘʮʽʷ; 

Å ʷʢ ʚʧʣʠʚʘʻ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʚʠʥʠʢʘʻ ʽ ʟʘʧʘʤ'ʷʪʦʚʫʻʪʴʩʷ, ʥʘ ʧʦʜʘʣʴʰʫ 

ʝʚʦʣʶʮʽʶ ʩʠʩʪʝʤʠ; 

Å ʯʠ ʚʣʘʩʪʠʚʘ ʥʝʣʽʥʽʡʥʠʤ ʜʠʥʘʤʽʯʥʠʤ ʩʝʨʝʜʦʚʠʱʘʤ ʙʫʜʴ-ʷʢʘ 

ʽʻʨʘʨʭʽʷ; 

Å ʯʠ ʽʩʥʫʻ ʛʣʦʙʘʣʴʥʠʡ ʝʚʦʣʶʮʽʡʥʠʡ ʤʽʥʽʤʫʤ? 

ʅʘ ʮʽ ʪʘ ʜʝʷʢʽ ʽʥʰʽ ʘʥʘʣʦʛʽʯʥʽ ʧʠʪʘʥʥʷ ʩʠʥʝʨʛʝʪʠʢʘ ʧʦʢʠ ʱʦ ʥʝ ʤʘʻ 

ʚʽʜʧʦʚʽʜʽ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ,ʷʢ ʜʠʥʘʤʽʢʠ ʥʝʣʽʥʽʡʥʠʭ 

ʩʠʩʪʝʤ, ʪʘʢ ʽ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʦʨʛʘʥʽʟʘʮʽʾ 

ʥʝʦʨʛʘʥʽʯʥʦʾ ʽ ʞʠʚʦʾ ʤʘʪʝʨʽʾ. 
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4 ɼʀʅɸʄɯʏʅɯ ʉʀʉʊɽʄʀ: ʍɸʆʉ, ɯʅʌʆʈʄɸʎɯʗ, 

ʆɹʆʈʆʊʅɯʉʊʔ, ʎʀʂʃʀ 

 

 

4.1. ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ 

 

ɼʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʙʦʨʦʤ ʟʤʽʥʥʠʭ, ʟʥʘʯʝʥʥʷ 

ʷʢʠʭ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʚôʷʟʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ  ʨʽʚʥʷʥʴ ʾʾ 

ʨʫʭʫ.  

ʉʠʩʪʝʤʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷʤ ʪʘ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʠ. 

ʉʝʨʝʜ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʚʠʜʠ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ: 

ʢʦʥʩʝʨʚʘʪʠʚʥʽ ʪʘ ʜʠʩʠʧʘʪʠʚʥʽ. ʉʪʘʥ ʜʨʫʛʠʭ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʰʠʭ ʩʠʩʪʝʤ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ 

ʢʦʥʩʝʨʚʘʪʠʚʥʽ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʫ ʥʴʦʤʫ ʥʝʩʢʽʥʯʝʥʥʦ ʪʨʠʚʘʣʠʡ 

ʯʘʩ ʟʘ ʧʦʩʪʽʡʥʠʭ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ. ɼʠʩʠʧʘʪʠʚʥʽ ʩʠʩʪʝʤʠ ʜʦʩʷʛʘʶʪʴ ʨʝʞʠʤʫ 

ʧʦʙʣʠʟʫ ʘʪʨʘʢʪʦʨʽʚ. ʆʜʥʘʢ ʫ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʭʘʦʪʠʯʥʽ ʨʫʭʠ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʤʘʣʽʡ ʟʤʽʥʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʥʘ ʚʝʣʠʢʠʭ ʽʥʪʝʨʚʘʣʘʭ ʯʘʩʫ. 

ʊʘʢʽ ʟʤʽʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʭʘʦʩʫ ʟ ʧʦʨʷʜʢʫ ʪʘ ʧʦʨʷʜʢʫ ʟ ʭʘʦʩʫ 

(ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, ʢʘʨʪʠʥʫ ɽʰʝʨʘ ʥʘ ʨʠʩʫʥʢʫ 4.1). 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 4.1 - ʇʦʨʷʜʦʢ ʪʘ ʍʘʦʩ ɽʰʝʨʘ 
 

ɺʧʝʨʰʝ ʷʚʠʱʝ  ʚʠʥʠʢʥʝʥʥʷ  ʭʘʦʩʫ ʚ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ ʇʫʘʥʢʘʨʝ (1892) ʧʨʠ ʚʠʚʯʝʥʥʽ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʪʨʴʦʭ ʪʝʣ. ɺʽʥ 

ʧʠʩʘʚ: ñɺʨʘʞʘʻʰʩʷ ʩʢʣʘʜʥʦʩʪʽ ʮʽʻʾ ʬʽʛʫʨʠ, ʷʢʫ ʷ ʥʘʚʽʪʴ ʥʝ ʥʘʤʘʛʘʶʩʷ 

ʟʦʙʨʘʟʠʪʠ. ʅʽʱʦ ʥʝ ʻ ʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ, ʱʦʙ ʜʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʢʣʘʜʥʽʩʪʴ 

ʟʘʚʜʘʥʥʷ ʪʨʴʦʭ ʪʽʣ, ʫ ʷʢʽʡ ʥʝʤʘʻ ʦʜʥʦʟʥʘʯʥʦʛʦ ʽʥʪʝʛʨʘʣʘ ʪʘ ʨʷʜʠ 

ʨʦʟʭʦʜʷʪʴʩʷéò. ɺʧʝʨʰʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʭʘʦʩʫ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ɺʘʥ ʜʝʨ ʇʦʣʷ, ʷʢʠʡ ʜʝʤʦʥʩʪʨʫʚʘʚ ʥʝʣʽʥʽʡʥʽ 

ʧʝʨʽʦʜʠʯʥʽ ʘʚʪʦʢʦʣʠʚʘʥʥʷ. ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʧʨʦʷʚʠ ʭʘʦʪʠʯʥʦʛʦ ʨʫʭʫ ʻ 
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ʚʠʥʠʢʥʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʨʠ ʪʝʯʽʾ ʨʽʜʠʥʠ ʚ ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʥʘʣʘʭ, ʷʢʝ 

ʚʧʝʨʰʝ ʩʧʦʩʪʝʨʽʛʘʚ ʆ. ʈʝʡʥʦʣʴʜʩ (1883). 

ʊʝʨʤʦʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʨʽʚʥʦʚʘʛʠ, ʧʨʦʭʦʜʠʪʴ 

ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦ ʦʜʥʽʡ ʪʨʘʻʢʪʦʨʽʾ, ʱʦ ʟʘʧʦʚʥʶʻ ʤʘʡʞʝ ʚʩʽ ʪʦʯʢʠ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʚʝʨʭʥʽ (ʝʨʛʦʜʠʯʥʘ ʪʝʦʨʝʤʘ ɹʦʣʴʮʤʘʥʘ-ɽʨʝʥʬʝʩʪʘ). ʆʜʥʘʢ 

ʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʩʪʽʡʢʽʩʪʴ ʮʽʻʾ ʪʨʘʻʢʪʦʨʽʾ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʩʢʽʣʴʢʠ ʟʘʚʛʦʜʥʦ ʤʘʣʠʭ ʟʤʽʥ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʮʽʻʾ ʦʙʣʘʩʪʽ 

ʧʨʠʟʚʝʣʠ ʜʦ ʚʚʝʜʝʥʥʷ ʩʠʣʴʥʽʰʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʥʽʞ ʝʨʛʦʜʠʯʥʽʩʪʴ, - ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ɺʽʜʤʽʥʥʽʩʪʴ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʚʽʜ ʜʠʩʠʧʘʪʠʚʥʠʭ ʫ ʪʦʤʫ, ʱʦ ʝʥʝʨʛʽʷ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʘ ʝʥʝʨʛʽʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʨʦʟʩʽʶʻʪʴʩʷ ʽ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʽʥʰʽ ʬʦʨʤʠ. ʂʨʽʤ ʪʦʛʦ, ʦʙʩʷʛ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʦʥʩʝʨʚʘʪʠʚʥʽʡ ʩʠʩʪʝʤʽ, ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟ ʧʨʦʪʷʛʦʤ ʯʘʩʫ, ʘ ʣʠʰʝ 

ʟʤʽʥʶʻ ʩʚʦʶ ʬʦʨʤʫ. ʌʘʟʦʚʠʡ ʦʙ'ʻʤ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟ ʯʘʩʦʤ 

ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʧʦʙʣʠʟʫ ʘʪʨʘʢʪʦʨʽʚ (ʩʪʽʡʢʠʡ ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ 

ʯʠ ʛʨʘʥʠʯʥʠʡ ʮʠʢʣ). ɹʝʟʣʽʯ ʪʦʯʦʢ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʟ ʷʢʠʭ ʬʘʟʦʚʽ 

ʪʨʘʻʢʪʦʨʽʾ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʘʪʨʘʢʪʦʨʘ, ʥʘʟʠʚʘʻʪʴʩʷ ʡʦʛʦ ʙʘʩʝʡʥʦʤ. ʊʨʝʪʷ 

ʚʽʜʤʽʥʥʽʩʪʴ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʚʽʜ ʜʠʩʠʧʘʪʠʚʥʠʭ ʧʦʣʷʛʘʻ ʚ 

ʥʘʩʪʫʧʥʦʤʫ: ʬʣʫʢʪʫʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʢʦʥʩʝʨʚʘʪʠʚʥʽʡ ʩʠʩʪʝʤʽ, 

ʧʨʠʛʥʽʯʫʶʪʴʩʷ, ʘ ʜʠʩʠʧʘʪʠʚʥʦʡ ʩʠʩʪʝʤʽ ʚʦʥʠ ʤʦʞʫʪʴ ʧʦʩʠʣʶʚʘʪʠʩʷ ʽ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʷʚʠ ʜʠʥʘʤʽʯʥʦʛʦ ʭʘʦʩʫ (ʥʘ ʬʘʟʦʚʽʡ ʧʣʦʱʠʥʽ ʚʽʥ 

ʚʽʜʧʦʚʽʜʘʻ ʜʠʚʥʦʤʫ ʘʪʨʘʢʪʦʨʫ). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʜʠʥʘʤʽʯʥʠʡ ʭʘʦʩ 

ʥʘʯʝʙʪʦ ʩʫʧʝʨʝʯʠʪʴ ʜʝʪʝʨʤʽʥʦʚʘʥʦʤʫ ʧʝʨʝʜʙʘʯʝʥʥʶ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ, 

ʘʣʝ ʮʷ ʩʫʧʝʨʝʯʥʽʩʪʴ ʟʜʘʻʪʴʩʷ. ɼʣʷ ʡʦʛʦ ʟʥʷʪʪʷ ʨʦʟʛʣʷʥʝʤʦ ʥʠʟʢʫ ʧʨʦʩʪʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ: 

1. "ɿʫʙ ʧʠʣʠ". ʈʦʟʛʣʷʥʝʤʦ ʚʽʜʦʙʨʘʞʝʥʥʷ x n +1 = { } 2 x n ʜʝ ʬʽʛʫʨʥʽ 

ʜʫʞʢʠ ʦʟʥʘʯʘʶʪʴ ʜʨʽʙʥʫ ʯʘʩʪʠʥʫ ʯʠʩʣʘ 2 x n (ʽʪʝʨʘʮʽʡʥʘ ʜʽʘʛʨʘʤʘ ʮʴʦʛʦ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.2). 

                       
ʈʠʩʫʥʦʢ 4.2 - ɯʪʝʨʘʮʽʡʥʘ ʜʽʘʛʨʘʤʘ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ "ʟʫʙ ʧʠʣʠ" 
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ʅʝʭʘʡ, ʷʢ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʠʙʨʘʥʦ ʜʝʷʢʝ ʯʠʩʣʦ x 0 ʟ ʽʥʪʝʨʚʘʣʫ ʚʽʜ 

0 ʜʦ 1, ʷʢʝ ʥʘʧʠʰʝʤʦ ʚ ʜʚʽʡʢʦʚʽʡ ʩʠʩʪʝʤʽ ʦʙʯʠʩʣʝʥʥʷ: 

x0 = 0,010100 ..., 

ʧʨʠʯʦʤʫ ʥʫʣʴ ʧʽʩʣʷ ʢʦʤʠ ʚʢʘʟʫʻ, ʱʦ ʯʠʩʣʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʣʽʚʽʡ ʧʦʣʦʚʠʥʽ 

ʽʥʪʝʨʚʘʣʫ [ 0; 1]. ʅʘʩʪʫʧʥʠʡ ʢʨʦʢ ʽʪʝʨʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʭʦʜʫ ʮʴʦʛʦ 

ʯʠʩʣʘ ʥʘ ʧʨʘʚʫ ʧʦʣʦʚʠʥʫ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʘ ʟʩʫʚʫ ʮʠʬʨ ʣʽʚʦʨʫʯ . ʏʠʩʣʦ, 

ʱʦ ʚʠʷʚʠʣʦʩʷ ʣʽʚʦʨʫʯ ʚʽʜ ʢʦʤʠ, ʚʽʜʢʠʜʘʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʮʠʬʨʘ ʧʽʩʣʷ 

ʢʦʤʠ ʬʽʢʩʫʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʯʠʩʣʘ x n + 1 ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʧʦʣʦʚʠʥʽ ʽʥʪʝʨʚʘʣʫ 

[ 0; 1]. ʗʢʱʦ ʯʠʩʣʦ x 0 ʨʘʮʽʦʥʘʣʴʥʝ, ʚʦʥʦ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʚʽʡʢʦʚʦʤʫ 

ʢʦʜʽ ʧʝʨʽʦʜʠʯʥʠʤ ʚʠʨʘʟʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʽʣʴʢʦʭ ʢʨʦʢʽʚ ʽʪʝʨʘʮʽʾ ʟʥʦʚʫ 

ʧʦʚʝʨʪʘʻʤʦʩʴ ʜʦ ʟʥʘʯʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʯʠʩʣʘ (ʧʝʨʝʚʽʨʪʝ ʩʘʤʦʩʪʽʡʥʦ). ʎʝ 

ʪʚʝʨʜʞʝʥʥʷ ʻ ʩʧʨʘʚʝʜʣʠʚʠʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʯʠʩʣʘ. ʆʪʞʝ, 

ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ "ɿʫʙ ʧʠʣʠ" ʤʘʻ ʥʝʩʢʽʥʯʝʥʥʫ, ʘʣʝ ʣʽʯʠʣʴʥʫ ʙʝʟʣʽʯ ʮʠʢʣʽʚ. 

ɼʣʷ ʽʨʨʘʮʽʦʥʘʣʴʥʠʭ ʯʠʩʝʣ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʝʧʝʨʽʦʜʠʯʥʠʤ ʜʚʽʡʢʦʚʠʤ 

ʢʦʜʦʤ, ʙʝʟʣʽʯ ʙʫʜʝ ʥʝʟʣʽʯʝʥʥʠʤ (ʤʘʻ ʧʦʪʫʞʥʽʩʪʴ ʢʦʥʪʠʥʫʫʤʫ), ʱʦ ʚʝʜʝ ʜʦ 

ʧʦʷʚʠ ʜʠʥʘʤʽʯʥʠʡ ʭʘʦʩ. ɿʘʚʜʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʫʣʽʚ ʪʘ ʦʜʠʥʠʮʴ 

ʜʦʚʽʣʴʥʠʤ ʯʠʥʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʭʘʦʪʠʯʥʦʾ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ x n +1 = { } 2 x n , ʷʢ ʽ ʩʪʚʦʨʶʻ ʭʘʦʩ. 

ɿʥʘʥʥʷ ʧʝʨʰʠʭ n ʮʠʬʨ ʧʽʩʣʷ ʢʦʤʠ ʜʦʟʚʦʣʷʻ  ʚʧʝʚʥʝʥʦ ʧʝʨʝʜʙʘʯʘʪʠ 

ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʜʦ n-ʦʾ ʽʪʝʨʘʮʽʾ, ʘʣʝ ʧʦʜʘʣʴʰʘ ʧʦʚʝʜʽʥʢʘ ʩʠʩʪʝʤʠ ʤʦʞʝ 

ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʠʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʯʝʨʛʫʚʘʥʥʷ 

ʥʫʣʽʚ ʪʘ ʦʜʠʥʠʮʴ ʧʽʩʣʷ n-ʦʾ ʮʠʬʨʠ ʚʠʭʽʜʥʦʛʦ ʯʠʩʣʘ. ʎʝʡ ʝʬʝʢʪ ʧʦʚ'ʷʟʘʥʠʡ 

ʽʟ ʟʤʽʥʦʶ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ: ʟʥʘʥʥʷ ʮʠʬʨ ʜʦ n-ʦʾ ʚʢʣʶʯʥʦ. ɿʙʽʣʴʰʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʮʠʬʨʠ ʧʽʩʣʷ ʢʦʤʠ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʜʣʷ ʩʫʙ'ʻʢʪʘ 

(ʜʦʩʣʽʜʥʠʢʘ) ʻ ʘʙʩʫʨʜʥʠʤ ʯʝʨʝʟ ʢʽʥʮʝʚʩ̔ʪʴ ʯʘʩʫ ʡʦʛʦ ʽʩʥʫʚʘʥʥʷ. ʊʦʤʫ 

ʥʝʩʪʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʤʘʻ ʢʦʤʧʝʥʩʫʚʘʪʠʩʷ 

ʟʘʧʨʦʚʘʜʞʝʥʥʷʤ ʥʝʩʫʧʝʨʝʯʣʠʚʠʭ, ʬʽʟʠʯʥʦ ʦʙʛʨʫʥʪʦʚʘʥʠʭ ʛʽʧʦʪʝʟ. 

 

 

4.2  ʃʦʛʽʩʪʠʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

 

 ʃʦʛʽʩʪʠʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ xn +1 = 1 ī a xn+2  ̔

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.3. 

ɿʛʽʜʥʦ ʟ ʋʣʘʤʦʤ ʪʘ ʬʦʥ ʅʝʡʤʘʥʦʤ ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ a = 2 

ʧʨʦʚʝʜʝʤʦ ʟʘʤʽʥʫ ʟʤʽʥʥʦʾ xn = ī cos (2 ˊ yn ). ʊʦʜʽ ʣʦʛʽʩʪʠʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ:  
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ʈʠʩʫʥʦʢ 4.3 ï "ʃʦʛʽʩʪʠʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ" ʧʨʠ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ a = 2 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʫʣʠ 2 cos (2 Ŭ) ī 1 = cos (2 Ŭ ) , 

ʦʪʞʝ cos(2ˊ yn+1) = cos(4ˊ yn) . ʆʜʥʠʤ ʽʟ ʨʦʟʚ'ʷʟʢʽʚ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʻ 
ʚʽʜʦʙʨʘʞʝʥʥʷ ñʟʫʙ ʧʠʣʠò. ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʠʢʣʘʜʽ ʙʫʣʦ ʧʦʢʘʟʘʥʦ 

ʚʠʥʠʢʥʝʥʥʷ ʭʘʦʩʫ, ʦʪʞʝ, ʽ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʥ ʚʠʥʠʢʘʻ ʜʣʷ 

ʽʨʨʘʮʽʦʥʘʣʴʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʟʚʦʨʦʪʥʫ ʫ ʯʘʩʽ 

ʝʚʦʣʶʮʽʶ ʩʠʩʪʝʤʠ ʟʛʽʜʥʦ ʟ ʨʽʚʥʷʥʥʷʤ 

                                 
ʇʨʠʩʫʪʥʽʩʪʴ ʟʥʘʢʽʚ ñ+ò ʪʘ ñīò ʧʝʨʝʜ ʢʚʘʜʨʘʪʥʠʤ ʢʦʨʝʥʝʤ ʚʽʜʦʙʨʘʞʫʻ 

ʥʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ. ʗʢʱʦ ʚʢʘʟʘʪʠ ʧʨʘʚʠʣʦ 

ʚʽʜʙʦʨʫ ʟʥʘʢʽʚ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʦʙʦʨʦʪʥʽʩʪʴ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʫ 

ʯʘʩʽ. 

 ñʉʠʤʝʪʨʠʯʥʠʡ ʪʘ ʢʦʩʠʡ ʪʝʥʪʠò ʦʧʠʩʫʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ: 

"ʢʦʩʠʡ ʪʝʥʪ" ï 

 

                           
 

ʇʨʠ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ a = 1/2 ñʢʦʩʠʡ ʪʝʥʪò ʚʠʨʦʜʞʫʻʪʴʩʷ ʫ 

ñʩʠʤʝʪʨʠʯʥʠʡ ʪʝʥʪò (ʨʠʩʫʥʦʢ 4.4). 
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ʈʠʩʫʥʦʢ 4.4 - "ʉʠʤʝʪʨʠʯʥʠʡ" (ʘ) ʪʘ "ʢʦʩʠʡ ʪʝʥʪʠ" (ʙ) 

 

ʊʝʥʪʠ ʽ ʨʘʥʽʰʝ ʨʦʟʛʣʷʥʫʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʥʘʷʚʥʽʩʪʴ ʭʘʦʩʫ, ʘʣʝ ʡ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʽʦʜʠʯʥʝ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʩʪʘʥʫ, ʜʦʩʠʪʴ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʜʦ 

ʚʠʭʽʜʥʦʛʦ ʧʦʣʦʞʝʥʥʷ (ʥʘʷʚʥʽʩʪʴ ʮʠʢʣʽʚ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʛʦʚʦʨʠʪʠ ʧʨʦ ʪʝ, ʱʦ: 

Å ʜʣʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʯʠʩʝʣ ʨʦʟʛʣʷʥʫʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴ 

ʧʦʚʝʨʥʝʥʥʷ 

ʩʠʩʪʝʤʠ ʫ ʚʠʭʽʜʥʫ ʨʽʚʥʦʚʘʛʫ (ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʧʨʠ 

ʚʠʭʦʜʽ 

ʟʽ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʩʠʩʪʝʤʘ ʟʥʦʚʫ ʜʦ ʥʴʦʛʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʜʝʷʢʦʛʦ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʨʝʣʘʢʩʘʮʽʾ ʩʠʩʪʝʤʠ); 

Å ʜʣʷ ʽʨʨʘʮʽʦʥʘʣʴʥʠʭ ʯʠʩʝʣ ʨʦʟʛʣʷʥʫʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʭʘʦʩʫ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ (ʥʝʜʦʣʽʢ 

ʽʥʬʦʨʤʘʮʽʾ) ʪʘ ʧʝʨʝʭʽʜ ʩʠʩʪʝʤʠ ʚ ʷʢʽʩʥʦ ʥʦʚʠʡ ʩʪʘʥ (ʝʥʝʨʛʽʷ ʨʦʟʩʽʶʻʪʴʩʷ; 

ʩʠʩʪʝʤʘ ʩʪʽʡʢʘ ʧʦʙʣʠʟʫ ʜʝʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʩʪʘʥʫ; ʚʠʥʠʢʘʶʪʴ 

ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʽ ʨʫʭʠ). 

ʂʨʽʤ ʦʜʥʦʚʠʤʽʨʥʠʭ ʙʝʟʧʝʨʝʨʚʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʚʠʜʫ xn+1= f(xn) 

ʨʦʟʛʣʷʥʝʤʦ ʜʚʦʚʠʤʽʨʥʝ "ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʝʢʘʨʷ", ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʬʦʨʤʫʣʘʤʠ: 

                                                                                                          
                                                                           , 
 

 

ʜʝ ʬʽʛʫʨʥʽ ʜʫʞʢʠ ʦʟʥʘʯʘʶʪʴ ʜʨʦʙʦʚʫ ʯʘʩʪʠʥʫ, ʘ ʢʚʘʜʨʘʪʥʽ ʜʫʞʢʠ ï 

ʮʽʣʫ ʯʘʩʪʠʥʫ ʯʠʩʣʘ 2 xn. ñɺʽʜʦʙʨʘʞʝʥʥʷ ʧʝʢʘʨʷò ʚʠʟʥʘʯʘʻ ʢʦʥʩʝʨʚʘʪʠʚʥʫ 

ʩʠʩʪʝʤʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʟʙʝʨʽʛʘʻ ʧʣʦʱʫ ʬʽʛʫʨʠ ʥʘ ʧʣʦʱʠʥʽ (x; y). ʎʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʦʜʥʝ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ï ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʗʢʱʦ ʚʟʷʪʠ ʢʚʘʜʨʘʪ, ʨʦʟʨʽʟʘʪʠ ʡʦʛʦ ʥʘ ʜʚʽ ʨʽʚʥʽ 

ʧʦʣʦʚʠʥʠ, ʧʦʬʘʨʙʫʚʘʪʠ ʣʽʚʫ ʧʦʣʦʚʠʥʫ ʚ ʪʝʤʥʠʡ ʢʦʣʽʨ, ʧʦʪʽʤ ʥʘʢʣʘʩʪʠ 

ʪʝʤʥʫ ʧʦʣʦʚʠʥʫ ʥʘ ʩʚʽʪʣʫ ʽ ʨʦʟʢʦʪʠʪʠ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʨʦʟʤʽʨʫ, ʪʦ ʧʨʠ 
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ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʤʫ ʨʦʟʢʦʯʫʚʘʥʥʽ ʢʚʘʜʨʘʪ ʟʦʚʥʽ ʩʪʘʥʝ ʦʜʥʦʨʽʜʥʦ ʩʽʨʠʤ 

(ʧʨʦʮʝʩ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 4.5).  

 
ʈʠʩʫʥʦʢ 4.5 - "ɺʽʜʦʙʨʘʞʝʥʥʷ ʧʝʢʘʨʷ" - ʜʝʤʦʥʩʪʨʘʮʽʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

 

ɿ ʧʝʨʝʤʽʰʫʚʘʥʥʷ  ʚʠʧʣʠʚʘʻ ʚʣʘʩʪʠʚʽʩʪʴ ʝʨʛʦʜʠʯʥʦʩʪʽ: ʦʙʯʠʩʣʝʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʩʝʨʝʜʥʽʭ ʟʘ ʘʥʩʘʤʙʣʝʤ ʝʢʚʽʚʘʣʝʥʪʥʦ ʫʩʝʨʝʜʥʝʥʥʶ ʟʘ ʯʘʩʦʤ 

ʚʟʜʦʚʞ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʬʘʟʦʚʦʾ ʪʨʘʻʢʪʦʨʽʾ. 

ʅʘ ʟʘʢʽʥʯʝʥʥʷ ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʧʨʠʪʷʛʫʶʯʠ ʤʥʦʞʠʥ ʟʽ ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʧʦʨʦʜʞʫʻ ʜʠʚʥʽ ʘʪʨʘʢʪʦʨʠ. 

ɺ ʮʠʭ ʤʥʦʞʠʥʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʽʩʪʴ ʱʦʜʦ  ʪʷʞʽʥʥʽ ʜʦ ʘʪʨʘʢʪʦʨʫ ʽ 

ʥʝʩʪʽʡʢʽʩʪʴ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʨʦʟʙʽʛʘʥʥʽ ʬʘʟʦʚʠʭ ʪʦʯʦʢ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʜʠʚʥʦʛʦ ʘʪʨʘʢʪʦʨʘ. 

 

 

4.3 ʉʪʘʮʽʦʥʘʨʥʽ ʩʪʘʥʠ ʪʘ ʩʪʽʡʢʽʩʪʴ 

 

ʅʝʭʘʡ ʦʙ'ʻʢʪ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚʠʜʫ 
                                  

 

 

(ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʫʮʽʣʴʥʽʡ ʜʠʥʘʤʽʯʥʽʡ ʩʠʩʪʝʤʽ). ʗʢʱʦ ʬʫʥʢʮʽʾ fi (x1; x2; ...; xn) 

ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʥʝ ʤʘʶʪʴ ʟʘʛʘʣʴʥʦʛʦ ʤʥʦʞʥʠʢʘ, ʪʦ ʟʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʂʦʰʽ 

ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʻ ʻʜʠʥʝ ʨʽʰʝʥʥʷ, ʱʦ 

ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʯʘʪʢʦʚʠʤ ʫʤʦʚʘʤ xi (0) = xi . 

ʗʢʱʦ ʜʠʥʘʤʽʯʥʽ ʟʤʽʥʥʽ xi(t) ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ, ʩʠʩʪʝʤʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ. ɼʦʩʣʽʜʠʤʦ ʩʪʽʡʢʽʩʪʴ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʩʪʘʥʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ fi (x1; x2; ...; xn) = 0. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʨʽʚʥʷʥʴ ʚʠʟʥʘʯʘʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʪʦʯʢʠ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʪʦʯʦʢ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʨʝʛʫʣʷʨʥʠʤʠ, ʘʙʦ 

ʟʚʠʯʘʡʥʠʤʠ. ʉʫʢʫʧʥʽʩʪʴ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ , ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʭʽʜ 

ʩʠʩʪʝʤʠ ʫ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ, ʧʦʟʥʘʯʠʤʦ ʯʝʨʝʟ x . ʉʪʽʡʢʽʩʪʴ ʮʴʦʛʦ ʩʪʘʥʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʣʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ ʚʽʜ ʾʭ ʟʥʘʯʝʥʴ ʫ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ŭʭi(t)=xi(t)ïxi(0) , ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʣʽʥʝʘʨʠʟʦʚʘʥʠʤ 

ʜʠʥʘʤʽʯʥʠʤ ʨʽʚʥʷʥʥʷʤ ʚʠʜʫ: 
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                                          ,                                                  (4.1) 

                 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ ʫ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 

 

                                                                ,                                          

                                                              
 

ʘ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʤʘʶʪʴ ʚʠʛʣʷʜ 

 
ʧʨʠʯʦʤʫ ʚʝʣʠʯʠʥʠ ŭxi , ʭ ʥʘʟʠʚʘʶʪʴʩʷ ʯʠʩʣʘʤʠ, ʘʙʦ ʧʦʢʘʟʥʠʢʘʤʠ ʃʷʧʫʥʦʚʘ. 

ʈʦʟʚ'ʷʟʘʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʰʫʢʘʪʠʤʝʤʦ ʩʪʘʥʜʘʨʪʥʠʤ ʯʠʥʦʤ, 

ʧʨʝʜʩʪʘʚʠʚʰʠ ʨʽʰʝʥʥʷ ʫ ʚʠʛʣʷʜʽ: 

 

 

                                                                                                              (4.2) 

ʊʫʪ ʚʝʣʠʯʠʥʠ  

 
 

ʊʦʜʽ, ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (4.1) ʧʨʠʡʤʘʻ ʚʠʜ ʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ 

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ: 

 

                                                                                                                                                                          ,                (4.3)    

 

 

ʷʢʘ ʤʘʻ ʨʽʰʝʥʥʷ ʣʠʰʝ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʾʾ ʛʦʣʦʚʥʠʡ ʜʝʪʝʨʤʽʥʘʥʪ  

(4.1) ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʪʦʙʪʦ 

                                                                               

                                                                         , 

                                                                                   

 ʜʝ        

 

 

- ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ. ɿ ʚʠʜʫ ʨʦʟʚôʷʟʢʽʚ  (4.2) ʚʠʧʣʠʚʘʻ, ʱʦ ʾʭʥʷ k-ʘ 

ʩʢʣʘʜʦʚʘ ʟʘʛʘʩʘʪʠʤʝ ʟ ʯʘʩʦʤ, ʷʢʱʦ Re(xks) < 0, ʽ ʥʘʨʦʩʪʘʪʠʤʝ, ʷʢʱʦ Re(xks) 

> 0. ʗʢʱʦ ʭʦʯʘ ʙ ʜʣʷ ʦʜʥʦʛʦ ʟ ʧʦʢʘʟʥʠʢʽʚ ʃʷʧʫʥʦʚʘ ʡʦʛʦ ʨʝʘʣʴʥʘ ʯʘʩʪʠʥʘ 

ʙʫʜʝ ʧʦʟʠʪʠʚʥʦʶ, ʪʦ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ ʙʫʜʝ ʥʝʩʪʽʡʢʠʤ. ʗʢʱʦ ʜʣʷ k-ʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʚʥʽʩʪʴ Re(xks) = 0, ʪʦ ʩʪʘʥ ʩʠʩʪʝʤʠ ʙʫʜʝ 

ʥʝʡʪʨʘʣʴʥʠʤ (ʣʘʙʽʣʴʥʠʤ), ʘ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʽʡʢʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʨʝʙʘ 
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ʚʚʦʜʠʪʠ ʥʘ ʨʦʟʛʣʷʜ ʥʝʣʽʥʽʡʥʽ ʧʦʧʨʘʚʢʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʙʣʽʢʫ, 

ʥʘʧʨʠʢʣʘʜ, ʢʚʘʜʨʘʪʠʯʥʠʭ ʜʦʜʘʥʢʽʚ ʫ ʨʦʟʢʣʘʜʘʥʥʽ ʬʫʥʢʮʽʾ 

 
ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʪʦʙʪʦ ʚʝʣʠʯʠʥ  

 

                                                                               , 

 

ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʘʥʥʷ 

 
ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʝʜʽʥʢʫ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʫ ʤʘʣʦʤʫ ʦʢʦʣʽ ʦʩʦʙʣʠʚʦʾ 

ʪʦʯʢʠ. ʏʝʨʝʟ ʟʚʠʯʘʡʥʫ ʪʦʯʢʫ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʧʨʦʭʦʜʠʪʴ ʦʜʥʘ ʽ ʣʠʰʝ 

ʦʜʥʘ ʪʨʘʻʢʪʦʨʽʷ. ɺ ʦʩʦʙʣʠʚʽʡ ʪʦʯʮʽ ʮʽ ʪʨʘʻʢʪʦʨʽʾ ʤʦʞʫʪʴ ʧʝʨʝʪʠʥʘʪʠʩʷ. 

ʆʜʥʘʢ ʮʝ ʥʝʤʦʞʣʠʚʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ ʧʨʦʪʷʟʽ  ʢʽʥʮʝʚʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 

ʯʝʨʝʟ ʦʜʥʦʟʥʘʯʥʽʩʪʴ ʨʦʟʚ'ʷʟʢʽʚ ʨʽʚʥʷʥʴ ʨʫʭʫ. 

ɼʣʷ ʧʨʦʩʪʦʪʠ ʜʦʩʣʽʜʠʤʦ ʧʦʚʝʜʽʥʢʫ ʦʜʥʦʚʠʤʽʨʥʦʾ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʚʠʜʫ 

                                               
ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷʥʥʷ ʧʝʨʝʪʠʥʘʻ ʚʽʩʴ ʘʙʩʮʠʩ ʫ 

ʪʨʴʦʭ ʪʦʯʢʘʭ (ʨʠʩʫʥʦʢ 4.6).  

                   
ʈʠʩʫʥʦʢ 4.6 - ɻʨʘʬʽʢ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ 

 

ʃʽʥʝʘʨʠʟʫʻʤʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʫ ʦʢʦʣʽ  ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ x1, x2 ʽ x3, 

ʚʨʘʭʦʚʫʶʯʠ : 

 

 
ɼʣʷ ʪʦʯʦʢ x1, x2 ʪʘ x3 ʧʦʢʘʟʥʠʢʠ ʃʷʧʫʥʦʚʘ ʜʦʨʽʚʥʶʶʪʴ 
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ʚʽʜʧʦʚʽʜʥʦ. ʆʪʞʝ, ʧʦʙʣʠʟʫ ʪʦʯʢʠ x2 ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʟ ʧʣʠʥʦʤ ʯʘʩʫ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʩʭʦʜʷʪʴʩʷ, ʘ ʧʦʙʣʠʟʫ x3 ï ʨʦʟʭʦʜʷʪʴʩʷ. ɼʣʷ ʘʥʘʣʽʟʫ 

ʧʦʚʝʜʽʥʢʠ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʧʦʙʣʠʟʫ ʪʦʯʢʠ x1 ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʢʚʘʜʨʘʪʠʯʥʽ ʯʣʝʥʠ ʨʦʟʢʣʘʜʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʽʰʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 

                                    

                                     
ɿ ʚʠʜʫ ʦʪʨʠʤʘʥʦʛʦ  ʨʽʰʝʥʥʷ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʦʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʉʪʽʡʢʽʩʪʴ ʩʪʘʥʫ x1 ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʢʘ ʧʦʯʘʪʢʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ŭ x(0), ʧʨʠ ʮʴʦʤʫ ʚʩʽ ʪʨʘʻʢʪʦʨʽʾ, ʱʦ ʧʦʯʠʥʘʶʪʴʩʷ ʧʨʘʚʦʨʫʯ ʚʽʜ 

ʪʦʯʢʠ x1 (ŭ x > 0), ʨʦʟʭʦʜʷʪʴʩʷ, ʘ ʟʣʽʚʘ (ŭ x < 0) ï ʩʭʦʜʷʪʴʩʷ. ʋʩʽ ʚʠʧʘʜʢʠ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʚʝʜʽʥʢʠ ʦʜʥʦʚʠʤʽʨʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʥʽʩʪʶ ʦʧʠʩʫʶʪʴʩʷ 

ʟʘʟʥʘʯʝʥʠʤʠ ʪʨʴʦʤʘ ʪʦʯʢʘʤʠ. 

ʋ ʜʚʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ 

ʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʢʚʘʜʨʘʪʥʦʛʦ ʨʽʚʥʷʥʥʷ. ɸʥʘʣʽʟ ʢʦʨʝʥʽʚ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 6 

ʪʠʧʽʚ ʧʦʚʝʜʽʥʢʠ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ, ʟʦʙʨʘʞʝʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 4.7: 

 
ʈʠʩʫʥʦʢ 4.7 - ʆʩʦʙʣʠʚʽ ʪʦʯʢʠ ʜʚʦʭʚʠʤʽʨʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ: 

1) Re(x1s) < 0, Im(x1s) = 0; Re(x2s )<0, Im(x2s) = 0 - ʩʪʽʡʢʠʡ ʚʫʟʦʣ; 

2) Re(x1s)  > 0; Im(x1s)  = 0; Re(x2s)> 0, Im (x2s) = 0 - ʥʝʩʪʽʡʢʠʡ ʚʫʟʦʣ; 

3) Re(x1s) < 0, Im(x1s)Í 0; Re(x2s)< 0, Im(x2s) Í 0 ï ʥʝʩʪʽʡʢʠʡ ʬʦʢʫʩ; 

4) Re(x1s) > 0, Im (x1s)Í 0; Re(x2s)> 0, Im(x2s) Í 0 ï ʩʪʽʡʢʠʡ ʬʦʢʫʩ; 

5) Re(x1s)  Re(x2s) < 0ï ʩʽʜʣʦʚʘ ʪʦʯʢʘ (ʯʠʩʣʘ ʃʷʧʫʥʦʚʘ ʤʘʶʪʴ  ʨʽʟʥʽ    

    ʟʥʘʢʠ); 

6) Re(x1s) = 0; Re(x2s) = 0 ï ʮʝʥʪʨ 
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ʇʦʙʣʠʟʫ ʢʦʞʥʦʾ ʦʩʦʙʣʠʚʦʾ ʪʦʯʢʠ ʣʽʥʝʘʨʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʤʘʻ ʚʠʛʣʷʜ:  

                      
ʈʦʟʜʽʣʠʚʰʠ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʥʘ ʜʨʫʛʝ, ʦʪʨʠʤʘʻʤʦ 

                                         
ʗʢʱʦ ʜʝʪʝʨʤʽʥʘʥʪ A ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ: 

                                                                   

                                                                           , 

 

  

ʪʦʜ ̔ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦʭʽʜʥʫ  
            

 

ʚ ʦʩʦʙʣʠʚʽʡ ʪʦʯʮʽ. ʇʨʦʪʝ ʮʷ ʪʦʯʢʘ ʚʩʝ ʨʽʚʥʦ  ʟʘʣʠʰʘʻʪʴʩʷ ʪʦʯʢʦʶ ʨʦʟʨʠʚʫ 

ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ ʫ ʯʘʩʽ. 

ɹʫʜʴ-ʷʢʘ ʬʘʟʦʚʘ ʪʨʘʻʢʪʦʨʽʷ, ʷʢʘ ʧʦʯʠʥʘʻʪʴʩʷ ʫ ʟʚʠʯʘʡʥʽʡ ʪʦʯʮʽ 

ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʙʫʜʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʟ 

ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ, ʘʙʦ ʜʦ ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ (ʧʝʨʽʦʜʠʯʥʠʡ ʨʫʭ). ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʝʩʴ ʬʘʟʦʚʠʡ ʧʨʦʩʪʽʨ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʦʙʣʘʩʪʽ ʧʨʠ ʪʷʞʽʥʥʷ ʜʦ ʦʩʦʙʣʠʚʦʾ ʪʦʯʢʠ ʘʙʦ ʛʨʘʥʠʯʥʦʛʦ 

ʮʠʢʣʫ. ɻʨʘʥʠʮʽ ʮʠʭ ʦʙʣʘʩʪʝʡ, ʷʢʽ ʧʦʜʽʣʷʶʪʴ ʙʘʩʝʡʥʠ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ, 

ʥʘʟʠʚʘʶʪʴ ʩʝʧʘʨʘʪʨʠʩʘʤʠ (ʥʘ ʩʝʧʘʨʘʪʨʠʩʽ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʬʦʨʤʘʣʴʥʦ 

ʜʦʨʽʚʥʶʻ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ). 
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5 ɿɸɻɸʃʔʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʆʉʎʀʃʗʎɯʁʅʀʍ 

ʇʈʆʎɽʉɯɺ 

 

 

5.1 ʆʩʮʠʣʷʪʦʨʠ  

 

ʆʩʮʠʣʷʪʦʨʠ, ʨʦʪʘʪʦʨʠ ʪʘ ʽʥʰʽ ʬʽʟʠʯʥʽ ʦʙ'ʻʢʪʠ, ʩʪʘʥ ʷʢʠʭ ʟ ʧʨʦʪʷʛʦʤ 

ʯʘʩʫ ʦʧʠʩʫʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦʶ ʘʙʦ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʦʶ ʬʫʥʢʮʽʻʶ, ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʦ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ (ʨʠʩʫʥʦʢ 5.1). ʂʦʣʠʚʘʥʥʷ ʚ ʥʠʭ ʧʦʜʽʣʷʶʪʴ ʥʘ : 

 

  
 

ʈʠʩʫʥʦʢ 5.1 - ʇʨʠʢʣʘʜʠ ʧʝʨʽʦʜʠʯʥʠʭ ʨʫʭʽʚ: 

1) ʤʝʭʘʥʽʯʥʽ: ʘ) ʤʘʷʪʥʠʢ; ʙ) ʧʨʫʞʠʥʥʠʡ ʦʩʮʠʣʷʪʦʨ; ʚ) ʢʫʣʴʢʘ ʚ ʷʤʮʽ; 

ʛ) ʛʦʡʜʘʣʢʠ; ʜ) ʩʪʨʫʥʘ; ʝ) ʩʪʨʠʙʘʶʯʠʡ ʤ'ʷʯʠʢ; 

2) ʝʣʝʢʪʨʠʯʥʽ ʪʘ ʦʧʪʠʯʥʽ: ʘ) ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ; ʙ) ʨʝʟʦʥʘʪʦʨ; 

ʚ) ʭʚʠʣʴʦʚʠʡ ʧʘʢʝʪ ʤʽʞ ʧʘʨʘʙʦʣʽʯʥʠʤ ʜʟʝʨʢʘʣʦʤ; ʛ) ʩʚʽʪʣʦʚʠʡ 

ʧʨʦʤʽʥʴ ʫ ʩʠʩʪʝʤʽ ʯʦʪʠʨʴʦʭ ʜʟʝʨʢʘʣ 

 

ʈʦʟʨʽʟʥʷʶʪʴ ʧʝʨʽʦʜʠʯʥʽ ʪʘ ʘʧʝʨʽʦʜʠʯʥʽ ʢʦʣʠʚʘʥʥʷ. ɼʦ ʧʝʨʰʦʛʦ ʪʠʧʫ 

ʚʽʜʥʦʩʷʪʴʩʷ ʩʠʥʫʩʦʾʜʘʣʴʥʽ, ʘʥʛʘʨʤʦʥʽʯʥʽ ʪʘ ʨʝʣʘʢʩʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ. 

ɸʧʝʨʽʦʜʠʯʥʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʟʘʛʘʩʘʶʯʠʭ, ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʭ ʪʘ 

ʭʘʦʪʠʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ. ʉʪʘʥ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʜʠʥʘʤʽʯʥʠʤʠ ʟʤʽʥʥʠʤʠ, ʪʦʙʪʦ. ʚʝʣʠʯʠʥʘʤʠ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʟ ʯʘʩʦʤ t . 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʻ 

ʢʦʦʨʜʠʥʘʪʘ x(t) ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ x(t) ʫ ʚʠʙʨʘʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ. ɿʘʚʜʘʥʥʷ ʥʘʙʦʨʫ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ ʪʘ ʟʘʢʦʥʫ ʾʭ ʟʤʽʥʠ 

ʚʠʟʥʘʯʘʻ ʜʝʪʝʨʤʽʥʦʚʘʥʝ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ. ɺʦʥʠ ʦʧʠʩʫʶʪʴ ʩʪʘʥ 

ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ʂʦʣʠʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʱʝ 

ʥʘʟʠʚʘʶʪʴ ʜʠʥʘʤʽʯʥʠʤʠ. 

ɿ ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʜʠʥʘʤʽʯʥʽ ʟʤʽʥʥʽ ʫʪʚʦʨʶʶʪʴ ʬʘʟʦʚʠʡ 

ʧʨʦʩʪʽʨ, ʷʢʽ ʟʤʽʥʠ ʚ ʯʘʩʽ ʟʘʜʘʶʪʴ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ. ɿʘʟʚʠʯʘʡ ʢʦʣʠʚʘʥʥʷ 

ʧʨʦʪʽʢʘʶʪʴ ʫ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʩʮʝʥʘʨʽʾ ʽ ʜʽʘʧʘʟʦʥʽ 

ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ. ʗʢʱʦ ʢʦʣʠʚʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʘʣʦʤʫ  ʦʢʦʣʽ 
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ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʪʘ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ (ʚʽʣʴʥʽ 

ʢʦʣʠʚʘʥʥʷ): 

                                              
(ʜʨʫʛʘ ʧʦʭʽʜʥʘ ʚʽʜ x ï ʧʨʠʩʢʦʨʝʥʥʷ, ɤ = 2ˊ /T ï ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ, T ï ʧʝʨʽʦʜ 

ʢʦʣʠʚʘʥʴ), ʪʦʜ ̔ʛʦʚʦʨʷʪʴ ʧʨʦ ʤʘʣʽ ʢʦʣʠʚʘʥʥʷ. ʈʽʰʝʥʥʷʤ ʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʢʦʣʠʚʘʥʴ ʻ ʩʠʥʫʩʦʾʜʘ:  

                                                                            ,      

ʜʝ A ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ, ŭ ï ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ. ɸʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ A ʽ 

ʧʦʯʘʪʢʦʚʘ ʬʘʟʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʦʨʜʠʥʘʪʠ ʽ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ. ɼʣʷ ʤʽʥʽʤʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʭʘʨʘʢʪʝʨʥʘ ʘʤʧʣʽʪʫʜʥʘ 

ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ, ʪʦʙʪʦ. ʄʽʥʽʤʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʟ ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʞ ʯʘʩʪʦʪʦʶ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʘʤʧʣʽʪʫʜʦʶ ʢʦʣʠʚʘʥʴ. ɺʝʣʠʯʠʥʘ 

ʘʤʧʣʽʪʫʜʠ ʚʠʟʥʘʯʘʻ ʨʦʟʤʽʨ ʦʙʣʘʩʪʽ, ʜʝ ʩʧʨʘʚʝʜʣʠʚʘ ʣʽʥʽʡʥʘ ʜʠʥʘʤʽʢʘ. ɿʘ 

ʤʝʞʘʤʠ ʦʙʣʘʩʪʽ ʤʘʣʠʭ ʢʦʣʠʚʘʥʴ ʚʠʥʠʢʘʶʪʴ ʷʚʠʱʘ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ 

ʥʝʣʽʥʽʡʥʦʶ ʜʠʥʘʤʽʢʦʶ, ʟʦʢʨʝʤʘ, ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʭʘʦʪʠʯʥʽ ʨʫʭʠ. 

ʂʦʣʠʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʢʦʥʩʝʨʚʘʪʠʚʥʽ (ʟʙʝʨʽʛʘʶʪʴ ʧʦʚʥʫ 

ʝʥʝʨʛʽʶ ʩʠʩʪʝʤʠ) ʪʘ ʜʠʩʠʧʘʪʠʚʥʽ (ʯʘʩʪʠʥʘ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʨʦʟʩʽʶʻʪʴʩʷ ʪʘ 

ʧʝʨʝʭʦʜʠʪʴ ʚ ʽʥʰʽ ʬʦʨʤʠ ʽʩʥʫʚʘʥʥʷ). ʂʦʥʩʝʨʚʘʪʠʚʥʽ ʩʠʩʪʝʤʠ "ʟʙʝʨʽʛʘʶʪʴ" 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʘʤʧʣʽʪʫʜʫ ʪʘ ʧʦʯʘʪʢʦʚʫ ʬʘʟʫ . ɼʠʩʠʧʘʪʠʚʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʥʘʜʘʥʽ ʧʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʦʛʦ  ʯʘʩʫ ʩʘʤʠʤ ʩʦʙʽ, ñʩʪʨʘʞʜʘʶʪʴ ʚʪʨʘʪʦʶ ʧʘʤ'ʷʪʽò (ñʘʤʥʝʟʽʻʶò) 

ʱʦʜʦ  ʜʦ ʜʞʝʨʝʣʘ ʩʚʦʛʦ ʚʠʥʠʢʥʝʥʥʷ. ʇʝʨʝʭʦʜʷʯʠ ʚ ʨʝʞʠʤ ʽʩʥʫʚʘʥʥʷ, ʚʦʥʠ 

ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʧʦʙʣʠʟʫ ʘʪʨʘʢʪʦʨʽʚ (ʩʪʘʥ ʨʽʚʥʦʚʘʛʠ, ʛʨʘʥʠʯʥʠʡ ʮʠʢʣ ʘʙʦ 

ʩʪʽʡʢʠʡ ʬʦʢʫʩ). ʅʘʧʨʠʢʣʘʜ, ʥʘʷʚʥʽʩʪʴ ʛʨʘʥʠʯʥʦʛʦ ʮʠʢʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʘʚʪʦʢʦʣʠʚʘʥʴ ʫ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ (ʨʠʩʫʥʦʢ 5.2). 

 

 

5.2 ɸʚʪʦʢʦʣʠʚʘʥʥʷ  

 

  ʇʦʷʚʘ ʘʚʪʦʢʦʣʠʚʘʥʴ  ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʘ ʚ ʨʘʤʢʘʭ ʣʽʥʽʡʥʦʾ 

ʤʦʜʝʣʽ, ʚ ʷʢʽʡ ʚʽʜʩʫʪʥʽʡ ʭʘʨʘʢʪʝʨʥʠʡ ʤʘʩʰʪʘʙ ʘʤʧʣʽʪʫʜʠ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʛʦ 

ʤʘʩʰʪʘʙʫ ʽ ʷʢ ʨʘʟ ʽ ʚʠʟʥʘʯʘʻ ʥʝʟʘʣʝʞʥʽʩʪʴ ʩʪʘʥʫ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʚʩʪʘʥʦʚʠʚʩʷ, ʚʽʜ ʤʦʤʝʥʪʫ ʾʾ ñʥʘʨʦʜʞʝʥʥʷò. 

ɿʘ ʩʚʦʻʶ ʧʨʦʪʷʞʥʽʩʪʶ ʫ ʧʨʦʩʪʦʨʽ ʢʦʣʠʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʟʦʩʝʨʝʜʞʝʥʽ (ʢʽʥʮʝʚʦʤʽʨʥʽ) ʪʘ ʨʦʟʧʦʜʽʣʝʥʽ. ɿʦʩʝʨʝʜʞʝʥʽ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʽʥʮʝʚʠʤ (ʜʠʩʢʨʝʪʥʠʤ) ʯʠʩʣʦʤ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ, ʘ 

ʨʦʟʧʦʜʽʣʝʥʽ ï ʙʝʟʧʝʨʝʨʚʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʫ ʯʘʩʪʠʥʽ ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʱʽʣʴʥʽʩʪʶ). ʂʦʣʠʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʫ ʨʦʟʧʦʜʽʣʝʥʽʡ ʜʠʥʘʤʽʯʥʽʡ ʩʠʩʪʝʤʽ 

ʥʘʟʠʚʘʻʪʴʩʷ ʭʚʠʣʝʶ, ʽ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʦʙʤʝʞʝʥʠʤ ʯʠʩʣʦʤ ʟʤʽʥʥʠʭ 

ʣʠʰʝ ʧʨʠʙʣʠʟʥʦ. ɺʠʥʠʢʥʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʘʚʪʦʭʚʠʣʴ ʪʘ ʚʽʜʦʢʨʝʤʣʝʥʠʭ 

ʭʚʠʣʴ (ʩʦʣʽʪʦʥʽʚ) ʦʧʠʩʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʻʜʠʥʦʾ ʪʝʦʨʽʾ-ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ. 

ɹʘʛʘʪʦ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ, ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ 



 

57 
 

ʩʦʙʦʶ ʩʧʝʮʠʬʽʯʥʠʤ ʯʠʥʦʤ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʷʢ ʭʚʠʣʽ. ʇʦʷʚʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʦʙʨʘʟʽʚ ʫ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ,ʘʙʦ  

ʚʠʥʠʢʥʝʥʥʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ ʻ ʧʨʝʜʤʝʪʦʤ ʩʠʥʝʨʛʝʪʠʢʠ. 

 

 
ʈʠʩʫʥʦʢ 5.2 - ʇʨʫʞʠʥʥʠʡ ʤʘʷʪʥʠʢ ʥʘ ʨʫʭʦʤʽʡ ʩʪʨʽʯʮʽ ʪʨʘʥʩʧʦʨʪʝʨʘ 

 

 

5.3  ʗʚʠʱʘ, ʧʦʨʦʜʞʝʥʽ ʥʝʣʽʥʽʡʥʽʩʪʶ 

 

ɹʫʜʴ-ʷʢʘ ʩʢʣʘʜʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ (ʢʦʤʧʦʥʝʥʪʽʚ ʯʠ 

ʩʢʣʘʜʦʚʠʭ), ʚʟʘʻʤʦʜʽʷ ʷʢʠʭ ʚʠʟʥʘʯʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ. ʂʦʤʧʦʥʝʥʪʠ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʣʽʥʽʡʥʽ ʪʘ ʥʝʣʽʥʽʡʥʽ. ɼʣʷ ʧʝʨʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʭʘʨʘʢʪʝʨʥʠʡ 

ʣʽʥʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʦʤ ʪʘ ʚʽʜʛʫʢʦʤ ʩʠʩʪʝʤʠ (ʨʠʩʫʥʦʢ 5.3), 

ʥʘʧʨʠʢʣʘʜ: 

 

 
ʈʠʩʫʥʦʢ 5.3 - ʃʽʥʽʡʥʠʡ ʝʣʝʤʝʥʪ 

 

ʧʨʫʞʥʘ ʩʠʣʘ f ʜʣʷ ʽʜʝʘʣʴʥʦ ʧʨʫʞʥʦʾ ʧʨʫʞʠʥʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʟʩʫʚʫ æ x 

ʟʘ ʡʦʛʦ ʤʘʣʠʭ ʟʥʘʯʝʥʴ: f = kæx (k ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ). ʇʨʠ 

ʧʝʨʝʚʠʱʝʥʥʽ ʧʨʠʢʣʘʜʝʥʦʾ ʩʠʣʦʶ ʧʝʚʥʦʾ (ʢʨʠʪʠʯʥʦʾ) ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʠʡ 

ʟʘʢʦʥ ʟʤʽʥʶʻʪʴʩʷ ʥʝʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ (ʨʠʩʫʥʦʢ 5.4).  
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ʈʠʩʫʥʦʢ 5.4 - ʅʝʣʽʥʽʡʥʠʡ ʟʚ'ʷʟʦʢ 

 

ʋ ʜʝʷʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʘʨʘʤʝʪʨʽʚ ʜʝʬʦʨʤʘʮʽʾ ʥʦʚʠʡ ʟʚ'ʷʟʦʢ ʤʦʞʥʘ 

ʦʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʶ: 

                                                                              ,   

ʷʢʘ ʤʽʩʪʠʪʴ ʢʚʘʜʨʘʪʠʯʥʠʡ ʚʥʝʩʦʢ ʚ ʪʝʨʤʽʥʘʭ ʟʤʽʱʝʥʥʷ. ʅʘʷʚʥʽʩʪʴ ʫ ʩʠʩʪʝʤʽ 

ʥʝʣʽʥʽʡʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʪʘʢʠʭ ʷʚʠʱ, ʷʢ ʥʝʽʟʦʭʦʨʥʽʩʪʴ, 

ʘʥʛʘʨʤʦʥʽʯʥʽʩʪʴ, ʘʚʪʦʢʦʣʠʚʘʥʥʷ, ʙʽʬʫʨʢʘʮʽʾ, ʤʫʣʴʪʠʩʪʘʙʽʣʴʥʽʩʪʴ, 

ʜʠʥʘʤʽʯʥʠʡ ʭʘʦʩ ʪʘ ʨʝʟʦʥʘʥʩ. 

ʇʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʠʡ ʪʽʣʴʢʠ ʧʨʠ ʢʫʪʘʭ, ʷʢʽ ʟʥʘʯʥʦ 

ʤʝʥʰʝ ˊ (Ŭ << ˊ), ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʧʦʟʘ ʤʝʞʘʤʠ ʤʘʣʠʭ ʢʦʣʠʚʘʥʴ. 

ʅʝʽʟʦʭʦʨʥʽʩʪʴ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚ'ʷʟʘʥʘ ʩʘʤʝ ʽʟ ʟʘʣʝʞʥʽʩʪʶ ʧʝʨʽʦʜʫ 

ʢʦʣʠʚʘʥʴ ʚʽʜ ʘʤʧʣʽʪʫʜʠ. ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʥʘ ʽʟ 

ʟʘʨʷʜʦʤ e ʪʘ ʤʘʩʦʶ ʩʧʦʢʦʶ m0 ʫ ʧʦʩʪʽʡʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʟ 

ʥʘʧʨʫʞʝʥʽʩʪʶ B. ʈʫʭ ʝʣʝʢʪʨʦʥʘ ʟʽ ʰʚʠʜʢʽʩʪʶ v ʧʦ ʢʦʣʫ ʨʘʜʽʫʩʫ r 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʃʦʨʝʥʮʘ evB , ʧʨʠʯʦʤʫ ʢʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ Ů = 

/ r : mŮ = evB, ʜʝ ʨʝʣʷʪʠʚʽʩʪʩʴʢʘ ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ m = m0/1ī(v/c) . 

ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ v ʧʦʚ'ʷʟʘʥʘ ʟ ʢʨʫʛʦʚʦʶ ʯʘʩʪʦʪʦʶ ʬʦʨʤʫʣʦʶ: v = ɤr. ʆʪʞʝ, 

ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʜʦʨʽʚʥʶ ̒

 
ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʟʨʦʩʪʘʪʠʤʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʘʜʽʫʩʫ 

ʦʨʙʽʪʠ (ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ). ʗʢʱʦ ʧʝʨʽʦʜʠʯʥʽ ʨʫʭʠ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʚʽʜʤʽʥʥʠʤ ʚʽʜ ʨʽʚʥʷʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʪʦ ʚʦʥʠ ʦʧʠʩʫʶʪʴʩʷ 

ʧʝʨʽʦʜʠʯʥʦʶ ʬʫʥʢʮʽʻʶ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʠʥʫʩʦʾʜʠ x(t) = =Asin(ɤt +ŭ 

). ɺʠʥʠʢʥʝʥʥʷ ʪʘʢʠʭ ʢʦʣʠʚʘʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʥʛʘʨʤʦʥʽʯʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʗʢ 

ʚʽʜʦʤʦ, ʙʫʜʴ-ʷʢʫ ʧʝʨʽʦʜʠʯʥʫ ʬʫʥʢʮʽʶ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ 

ʌʫʨ'ʻ (ʨʦʟʢʣʘʩʪʠ ʟʘ ʛʘʨʤʦʥʽʢʘʤʠ ʟ ʨʽʟʥʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ, ʧʦʯʘʪʢʦʚʠʤʠ 

ʬʘʟʘʤʠ ʪʘ ʯʘʩʪʦʪʘʤʠ, ʢʨʘʪʥʠʤʠ ʢʨʫʛʦʚʽʡ ʯʘʩʪʦʪʽ ɤ = 2ˊ /T): 

                          
ɺʠʙʨʘʚʰʠ ʩʧʝʮʽʘʣʴʥʠʤ ʯʠʥʦʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ 

ʪʦʛʦ, ʱʦ ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ A 0 ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ. ʗʢʱʦ ʧʝʨʰʘ 
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ʘʤʧʣʽʪʫʜʘ A1 Í 0 , ʘ ʽʥʰʽ ʘʤʧʣʽʪʫʜʠ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ, ʪʦ ʘʥʛʘʨʤʦʥʽʟʤ 

ʚʽʜʩʫʪʥʽʡ ʽ ʧʨʦʪʽʢʘʻ ʥʦʨʤʘʣʴʥʠʡ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʧʨʦʮʝʩ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ 

ʦʩʮʠʣʷʮʽʡ ʧʝʨʰʘ ʘʤʧʣʽʪʫʜʘ ʻ ʥʘʡʙʽʣʴʰʦʶ, ʪʦʤʫ ʧʝʨʰʘ ʛʘʨʤʦʥʽʢʘ ʻ 

ʦʩʥʦʚʥʦʶ. ɯʥʰʽ ʩʢʣʘʜʦʚʽ ʨʷʜʫ ʌʫʨ'ʻ ʟ ʘʤʧʣʽʪʫʜʘʤʠ Ak , ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ 

ʥʫʣʷ, ʥʘʟʠʚʘʶʪʴʩʷ k-ʪʠʤʠ ʛʘʨʤʦʥʽʢʘʤʠ. ʆʪʞʝ, ʘʥʛʘʨʤʦʥʽʯʥʽʩʪʴ ʢʦʣʠʚʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʘʷʚʥʽʩʪʶ ʚ ʢʦʣʠʚʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʛʘʨʤʦʥʽʢ ʟ 

ʯʘʩʪʦʪʘʤʠ 2ɤ, 3ɤ, 4ɤ, é 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʭʠʣʝʥʥʷ ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʚʚʦʜʷʪʴ ʢʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʟʘ ʬʦʨʤʫʣʦʶ 

                                    
ʑʝ ʦʜʥʠʤ ʧʨʦʷʚʦʤ ʥʝʣʽʥʽʡʥʦʩʪʽ ʻ ʤʠʤʦʚʽʣʴʥʝ ʚʠʥʠʢʥʝʥʥʷ ʚ ʨʷʜʽ 

ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʘʚʪʦʢʦʣʠʚʘʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʨʪʦʚʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ.  

ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʧʦʷʚʫ ʘʚʪʦʢʦʣʠʚʘʥʴ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʛʝʥʝʨʘʪʦʨʽ, ʷʢʠʡ ʩʭʝʤʘʪʠʯʥʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 5.5. 

ʇʨʠʩʫʪʥʽ ʚ ʢʦʣʠʚʘʣʴʥʦʤʫ ʢʦʥʪʫʨʽ ʦʩʮʠʣʷʮʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚʠʢʣʠʢʘʶʪʴ ʩʪʨʫʤ ʫ ʢʦʪʫʰʮʽ ʟʚ'ʷʟʢʫ. ʁʦʛʦ 

ʘʤʧʣʽʪʫʜʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʩʠʣʶʚʘʯʘ. 

ʅʦʚʠʡ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ (ʧʦʟʠʪʠʚʥʠʡ ʟʚʦʨʦʪʥʠʡ 

ʟʚ'ʷʟʦʢ) ʪʘʢ, ʱʦʙ ʚʽʜʙʫʚʘʣʦʩʷ "ʨʦʟʛʦʡʜʫʚʘʥʥʷ" ʢʦʣʠʚʘʥʴ. ɿʨʦʩʪʘʥʥʷ  

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʜʠʩʠʧʘʮʽʾ (ʨʦʟʩʽʶʚʘʥʥʷ) 

ʝʥʝʨʛʽʾ. ʉʪʘʙʽʣʽʟʘʮʽʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ 

ʧʦʪʫʞʥʽʩʪʴ ʚʪʨʘʪ ʧʦʯʠʥʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʫ ʧʽʜʩʠʣʶʚʘʯ ʧʦʜʘʻ 

ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ. ɺʽʜʤʽʪʠʤʦ, ʱʦ ʝʥʝʨʛʽʷ ʧʽʜʪʨʠʤʢʠ ʘʚʪʦʢʦʣʠʚʘʥʴ 

ʯʝʨʧʘʻʪʴʩʷ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ. 

                
ʈʠʩʫʥʦʢ 5.5 - ɽʣʝʢʪʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ 

 

ʂʨʽʤ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ ʩʪʘʥ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʠʟʢʦʶ ʧʘʨʘʤʝʪʨʽʚ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʤʽʥʶʶʪʴʩʷ ʟ ʯʘʩʦʤ. 

ɿʘʜʘʶʯʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʧʝʨʝʣʽʢ ʪʘ ʟʥʘʯʝʥʥʷ  ʧʘʨʘʤʝʪʨʽʚ, ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ 

ʪʦʡ ʯʠ ʽʥʰʠʡ ʨʝʞʠʤ ʽʩʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ: ʨʽʚʥʦʚʘʛʫ, ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ, 
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ʧʝʨʽʦʜʠʯʥʽ ʯʠ ʘʥʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ. ʇʝʨʝʭʽʜ ʩʠʩʪʝʤʠ ʥʘ ʷʢʽʩʥʦ ʥʦʚʠʡ 

ʨʽʚʝʥʴ ʽʩʥʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʟʠʚʘʻʪʴʩʷ ʙʽʬʫʨʢʘʮʽʻʶ. ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ, ʤʘʻ 

ʚʽʜʙʫʚʘʪʠʩʷ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ (ʧʦʚʽʣʴʥʽ ʟʤʽʥʥʽ), ʱʦʙ ʩʠʩʪʝʤʘ ʚʩʪʠʛʘʣʘ 

ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʴ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʟʘ  ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ . 

ʈʦʟʛʣʷʥʝʤʦ ʙʽʬʫʨʢʘʮʽʶ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʘʚʪʦʢʦʣʠʚʘʥʴ ʚ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʛʝʥʝʨʘʪʦʨʽ. ɼʦʢʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʤʘʣʠʡ (ʚʪʨʘʪʠ 

ʧʝʨʝʚʘʞʘʶʪʴ ʥʘʜ ʥʘʜʭʦʜʞʝʥʥʷʤ ʝʥʝʨʛʽʾ ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ), ʢʦʣʠʚʘʥʥʷ 

ʟ ʯʘʩʦʤ ʟʘʛʘʩʘʶʪʴ. ʗʢʱʦ ʧʦʚʽʣʴʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʬʫʨʢʘʮʽʷ: ʢʦʣʠʚʘʥʥʷ ʧʦʯʠʥʘʶʪʴ ʥʘʨʦʱʫʚʘʪʠ ʘʤʧʣʽʪʫʜʫ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʙʫʜʴ-ʷʢʘ ʤʽʥʽʤʘʣʴʥʘ "ʟʘʪʨʘʚʢʘ" ʧʨʠʟʚʝʜʝ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʢʦʣʠʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ɸʤʧʣʽʪʫʜʘ ʦʩʮʠʣʷʮʽʡ ʥʘʨʦʩʪʘʪʠʤʝ ʜʦ ʨʽʚʥʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ (ʙʽʬʫʨʢʘʮʽʷ ɸʥʜʨʦʥʦʚʘ-ʍʦʧʬʘ): ʽʩʥʫʶʯʘ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʥʝʨʫʭʦʤʘ ʪʦʯʢʘ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ, ʘ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʩʠʩʪʝʤʠ ʟʘʤʠʢʘʶʪʴʩʷ 

ʥʘʚʢʦʣʦ ʛʨʘʥʠʯʥʦʛʦ ʮʠʢʣʫ (ʘʪʨʘʢʪʦʨʘ). ɿʘ ʥʘʷʚʥʦʩʪʽ ʢʽʣʴʢʦʭ ʘʪʨʘʢʪʦʨʽʚ 

ʩʠʩʪʝʤʘ ʧʨʠʪʷʛʫʻʪʴʩʷ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦ ʙʽʣʴʰ ʚʠʛʽʜʥʦʛʦ ʩʪʘʥʫ, 

ʪʦʤʫ ʱʦ ʢʦʞʥʦʤʫ ʘʪʨʘʢʪʦʨʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʚʦʾ ʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʟʤʽʥʥʠʭ ʪʘ ʚʽʜʧʦʚʽʜʥʦ - ʙʘʩʝʡʥ  ʧʨʠʪʷʞʽʥʥʷ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʫʣʴʪʠʩʪʘʙʽʣʴʥʦʩʪʽ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʦʩʮʠʣʷʮʽʡ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʠ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʩʪʘʪʠʩʷ ʟʣʠʪʪʷ 

ʩʪʽʡʢʦʛʦ ʪʘ ʥʝʩʪʽʡʢʦʛʦ ʩʪʘʥʽʚ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (ʙʽʬʫʨʢʘʮʽʷ ʟʣʠʪʪʷ). 

ʇʽʩʣʷ ʪʘʢʦʛʦ ʟʣʠʪʪʷ ʟʥʠʢʘʻ ʣʦʢʘʣʴʥʠʡ ʤʽʥʽʤʫʤ (ʦʜʠʥ ʽʟ ʨʽʚʥʦʚʘʞʥʠʭ 

ʩʪʘʥʽʚ), ʧʨʠ ʮʴʦʤʫ ʩʪʘʥ ʩʠʩʪʝʤʠ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʠʙʢʦʤ ʧʨʠ ʧʦʚʽʣʴʥʽʡ ʟʤʽʥʽ 

ʧʘʨʘʤʝʪʨʽʚ (ʪʘʢ ʟʚʘʥʘ ʞʦʨʩʪʢʘ ʙʽʬʫʨʢʘʮʽʷ, ʯʠ ʢʘʪʘʩʪʨʦʬʘ). ɿʘʣʝʞʥʦ ʚʽʜ 

ʪʦʛʦ, ʷʢ ʟʤʽʥʶʚʘʣʠʩʷ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʘ ʟʘʡʤʘʻ ʪʦʡ ʯʠ ʽʥʰʠʡ ʩʪʘʮʽʦʥʘʨʥʠʡ 

ʩʪʘʥ (ʨʠʩʫʥʦʢ 5.6). 

 
ʈʠʩʫʥʦʢ 5.6 - ʇʝʨʝʭʽʜ ʫ ʥʦʚʠʡ ʩʪʘʥ ʧʽʜ ʯʘʩ ʨʫʭʫ ʫ ʚʟʜʦʚʞ ʨʽʟʥʠʭ ʪʨʘʻʢʪʦʨʽʡ 

ʫ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʧʨʦʩʪʦʨʽ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʣʽʥʽʡʥʽʩʪʴ ʟʚ'ʷʟʢʫ ʤʽʞ ʚʧʣʠʚʦʤ ʪʘ ʚʽʜʛʫʢʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʫʣʴʪʠʩʪʘʙʽʣʴʥʦʩʪʽ ʩʪʘʥʽʚ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. ɺʽʜʟʥʘʯʠʤʦ ʚʣʘʩʪʠʚʽʩʪʴ 

ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʣʘʥʮʶʞʢʘ ʙʽʬʫʨʢʘʮʽʡ ʧʦʜʚʦʻʥʥʷ: ʽʥʪʝʨʚʘʣ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʢʝʨʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʫ b , ʚʩʝʨʝʜʠʥʽ ʷʢʦʛʦ ʽʩʥʫʻ ʮʠʢʣ 

ʧʝʨʽʦʜʫ 2 n ʽʟ ʟʨʦʩʪʘʥʥʷʤ n ʟʤʝʥʰʫʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʌʝʡʛʝʥʙʘʫʤʘ, ʪʦʙʪʦ 

 

                                                                                        , 
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ʜʝ ɖ = 4,66920 é ï ʧʦʩʪʽʡʥʘ ʌʝʡʛʝʥʙʘʫʤʘ. 

ʑʝ ʦʜʥʽʻʶ ʦʩʦʙʣʠʚʽʩʪʶ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʪʝ, ʱʦ ʢʦʣʠʚʘʥʥʷ ʟ 

ʨʽʟʥʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ. ʋ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʾʤ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʽ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ, ʦʪʞʝ, ʽ ʨʽʟʥʽ ʚʠʜʠ ʜʠʥʘʤʽʯʥʦʾ 

ʧʦʚʝʜʽʥʢʠ. ʗʢʱʦ ʯʠʩʣʦ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ ʙʽʣʴʰʝ ʘʙʦ ʜʦʨʽʚʥʶʻ ʪʨʴʦʤ, ʪʦ 

ʤʦʞʣʠʚʘ ʥʘʩʪʫʧʥʘ ʩʠʪʫʘʮʽʷ: ʽʩʥʫʶʪʴ ʪʘʢʽ ʨʫʭʠ, ʧʨʠ ʷʢʠʭ ʜʚʽ ʙʣʠʟʴʢʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ (ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ) ʟ 

ʯʘʩʦʤ ʨʦʟʭʦʜʷʪʴʩʷ. ʗʢʱʦ ʪʘʢʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʚʦʣʦʜʽʶʪʴ  ʫʩʽ ʤʦʞʣʠʚʽ 

ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ, ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ ʚʠʥʠʢʥʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʭʘʦʩʫ. ʊʘʢʽ 

ʦʙʣʘʩʪʽ ʧʨʠʪʷʛʫʶʪʴ ʫ ʩʚʽʡ ʙʘʩʝʡʥ ʫʩʽ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʪʘ ʥʘʟʠʚʘʶʪʴʩʷ 

ʜʠʚʥʠʤʠ ʘʪʨʘʢʪʦʨʘʤʠ. ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʃʦʨʝʥʮʘ, 

ʷʢʘ ʦʧʠʩʫʻ ʢʦʥʚʝʢʮʽʶ ʨʽʜʠʥʠ ʫ ʚʝʨʪʠʢʘʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʽʡ ʢʽʣʴʮʝʚʽʡ ʪʨʫʙʮʽ, 

ʱʦ ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ ʟʥʠʟʫ ʪʘ ʦʭʦʣʦʜʞʫʻʪʴʩ ̫

                                        
ʋ ʮʽʡ ʩʠʩʪʝʤʽ ʜʠʥʘʤʽʯʥʽ ʟʤʽʥʥʽ ʦʧʠʩʫʶʪʴ ʪʘʢʽ ʚʝʣʠʯʠʥʠ:  ʚʽʜʧʦʚʽʜʘʻ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʨʽʜʠʥʠ ʧʦ ʢʽʣʴʮʶ; y ʪʘ z ʧʨʦʧʦʨʮʽʡʥʽ ʚʽʜʭʠʣʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʫ ʧʨʘʚʽʡ ʪʘ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʽʣʴʮʷ. 

ʇʘʨʘʤʝʪʨ ʘ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ'ʷʟʢʦʩʪʽ ʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪ b ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʧʽʜʽʛʨʽʚʫ, ʘ ʢʦʥʩʪʘʥʪʘ c 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʝʦʤʝʪʨʽʶ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ (ʜʣʷ ʢʽʣʴʮʷ c =1). ɽ. ʃʦʨʝʥʮ 

ʨʦʟʚôʷʟʘʚ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʟʘ ʫʤʦʚ 

ʚʠʟʥʘʯʝʥʠʭ  ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

                                  
 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 5.7. ɿ ʨʠʩʫʥʢʫ 5.7 ʚʠʜʥʦ, 

ʱʦ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʣʠʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʩʫʪʥʻ ʧʨʘʛʥʝʥʥʷ ʜʦ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʯʠ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʝʞʠʤʽʚ, ʪʦʙʪʦ. 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʠʥʘʤʽʯʥʠʡ ʭʘʦʩ. 

ʋ ʨʝʘʣʴʥʠʭ ʦʩʮʠʣʷʪʦʨʘʭ ʟʘʚʞʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʢʦʣʠʚʘʥʴ ʟʘ ʨʘʭʫʥʦʢ ʪʝʨʪʷ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʽʜ ʯʘʩ ʨʫʭʫ ʚ ʩʝʨʝʜʦʚʠʱʽ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʛʘʩʘʥʥʷ ʢʦʣʠʚʘʥʴ. ʆʪʞʝ, ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʢʦʣʠʚʘʥʴ ʪʨʝʙʘ ʜʦʜʘʚʘʪʠ ʝʥʝʨʛʽʶ ʜʦ ʩʠʩʪʝʤʠ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʥʘ ʾʾ 

ʧʝʨʽʦʜʠʯʥʦʶ ʟʦʚʥʽʰʥʴʦʶ ʩʠʣʦʶ F = F0 cos(ɤt). 
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ʈʠʩʫʥʦʢ 5.7 - ɼʠʚʥʠʡ ʘʪʨʘʢʪʦʨ ʃʦʨʝʥʮʘ 

 

ɼʠʥʘʤʽʯʥʝ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʚʠʛʣʷʜ: 

 

                                                                                           , 

ʜʝ ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ, ɤ0 = k / m ï ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ 

ʢʦʣʠʚʘʥʴ, k ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ, m ï ʤʘʩʘ ʤʘʷʪʥʠʢʘ f 0 = F 0 / m, ɤ ï 

ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ. ʈʽʰʝʥʥʷ ʥʘʚʝʜʝʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʘʻ ʜʣʷ 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ 

                              
ʊʘʢ ʷʢ ʘʤʧʣʽʪʫʜʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ, ʪʦ ʧʨʠ 

ʜʝʷʢʽʡ ʯʘʩʪʦʪʽ ɤ = ɤp = ɤ0 ī 2 ɓ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʢʦʧʦʜʽʙʥʝ ʥʘʨʦʩʪʘʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ 

 

                      
                               ʈʠʩʫʥʦʢ 5.8 - ɽʬʝʢʪ ʨʝʟʦʥʘʥʩʫ 

 

 ʎʝ ʷʚʠʱʝ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʟʦʥʘʥʩʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʥʝʣʽʥʽʡʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʮʽʣʘ ʥʠʟʢʘ ʬʽʟʠʯʥʦ ʮʽʢʘʚʠʭ ʷʚʠʱ ʽ 

ʧʨʦʮʝʩʽʚ, ʪʝʦʨʝʪʠʯʥʝ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʠʭ, ʧʦʢʠ ʱʦ, 

ʥʝʜʦʩʪʘʪʥʴʦ ʨʦʟʚʠʥʝʥʽ. 
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5.4 ʅʝʣʽʥʽʡʥʽ ʤʘʷʪʥʠʢʠ 

 

ʂʦʣʠʚʘʥʥʷ ʚ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʩʠʩʪʝʤʘʭ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ x+ f(x) 

= 0 , ʘ ʜʠʩʠʧʘʪʠʚʥʽ ʦʩʮʠʣʷʮʽʾ ʨʽʚʥʷʥʥʷʤ x+ Õ x + f(x) = 0, ʜʝ ʧʘʨʘʤʝʪʨ Õ ʻ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʠʩʠʧʘʮʽʾ, ʘ f (x) ï ʥʝʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ. ʉʣʽʜ ʨʦʟʫʤʽʪʠ, ʱʦ 

ʜʠʥʘʤʽʯʥʘ ʟʤʽʥʥʘ x ʥʘʧʦʚʥʶʻʪʴʩʷ ʨʽʟʥʠʤ ʬʽʟʠʯʥʠʤ (ʘʙʦ ʽʥʰʠʤ) ʟʤʽʩʪʦʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʣʠʚʘʥʥʷ ʫ ʧʦʪʝʥʮʽʡʥʽʡ ʷʤʽ (ʥʝʣʽʥʽʡʥʠʡ ʢʦʥʩʝʨʚʘʪʠʚʥʠʡ 

ʦʩʮʠʣʷʪʦʨ). ʅʝʭʘʡ ʥʘ ʯʘʩʪʠʥʢʫ ʟ ʤʘʩʦʶ m ʜʽʻ ʩʠʣʘ F(x) ( F(x) = īÖU(x)/Öx , 

U ï ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ), ʱʦ ʧʝʨʝʤʽʱʘʻ ʯʘʩʪʠʥʢʫ ʫ ʥʘʧʨʷʤʢʫ ʦʩʽ ʘʙʩʮʠʩ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ F(x) = mx ʘʙʦ x+ f(x) =0, ʜʝ f(x) = 

īF(x) / m. 

ʇʦʤʥʦʞʠʚʰʠ ʦʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ ʥʘ mx, ʧʝʨʝʧʠʰʝʤʦ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ 

                                   
ʆʪʞʝ, ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʦʩʮʠʣʷʪʦʨʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ  

                                 
 ̔ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟ ʧʣʠʥʦʤ ʯʘʩʫ (ʢʦʥʩʝʨʚʘʪʠʚʥʘ ʩʠʩʪʝʤʘ). ʗʢʱʦ ʧʦʪʝʥʮʽʡʥʘ 

ʝʥʝʨʛʽʷ ʤʘʻ ʤʽʥʽʤʫʤ ʫ ʪʦʯʮʽ ʭ0  

 

 

ʪʦ ʤʦʞʣʠʚʽ ʢʦʣʠʚʘʥʥʷ ʚ ʤʘʣʦʤʫ ʦʢʦʣʽ ʮʽʻʾ ʪʦʯʢʠ. ʈʦʟʢʣʘʜʝʤʦ ʧʦʪʝʥʮʽʡʥʫ 

ʝʥʝʨʛʽʶ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʧʦʙʣʠʟʫ ʪʦʯʢʠ x0: 

 
ʗʢʱʦ ʦʙʤʝʞʠʪʠʩʷ ʣʠʰʝ ʧʝʨʰʠʤʠ ʜʚʦʤʘ ʯʣʝʥʘʤʠ ʨʷʜʫ ʊʝʡʣʦʨʘ, ʪʦ 

ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ʅʝʣʽʥʽʡʥʽʩʪʴ ʚʠʥʠʢʘʻ ʧʨʠ 

ʚʨʘʭʫʚʘʥʥʽ ʪʨʝʪʴʦʛʦ ʪʘ ʥʘʩʪʫʧʥʠʭ ʜʦʜʘʥʢʽʚ ʫ ʥʘʚʝʜʝʥʦʤʫ ʨʷʜʽ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʨʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ ʟʘʧʠʩʫʶʪʴ ʫ ʜʠʥʘʤʽʯʥʠʭ 

ʟʤʽʥʥʠʭ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ: 

                                           
ʘ ʜʠʥʘʤʽʢʫ ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʬʘʟʦʚʠʤʠ ʧʦʨʪʨʝʪʘʤʠ ʟʤʽʥʥʠʭ (Ὄ; Ὄ = v) . 

ɿʘ ʫʤʦʚ ʟʙʝʨʝʞʝʥʥʷ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʱʦ 

                               
ɿʥʘʢ ñ+ò ʚʽʜʧʦʚʽʜʘʻ ʬʘʟʦʚʠʤ ʪʨʘʻʢʪʦʨʽʷʤ ʫ ʚʝʨʭʥʽʡ, ʘ ʟʥʘʢ ñïòï ʫ ʥʠʞʥʽʡ 

ʧʽʚʧʣʦʱʠʥʘʭ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ (ʨʠʩʫʥʦʢ 5.9). 
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ʈʠʩʫʥʦʢ 5.9 - ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʪʘ 

ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʥʝʣʽʥʽʡʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ 

 

ɯʥʪʝʛʨʫʶʯʠ ʦʪʨʠʤʘʥʫ ʨʽʚʥʽʩʪʴ ʫ ʛʨʘʥʠʮʷʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʦʪʨʠʤʘʻʤʦ ʜʣʷ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʥʴ 

                                    
ʋ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʬʫʥʢʮʽʷ 

                                     
ɺʠʙʨʘʚʰʠ ʩʠʩʪʝʤʫ ʚʽʜʣʽʢʫ ʪʘʢ, ʱʦʙ ʾʾ ʧʦʯʘʪʦʢ ʩʧʽʚʧʘʜʘʚ ʽʟ ʥʠʞʥʴʦʶ 

ʪʦʯʢʦʶ ʧʦʪʝʥʮʽʡʥʦʾ ʷʤʠ, ʦʪʨʠʤʘʻʤʦ 

                                        
ʋ ʥʦʚʠʭ ʟʤʽʥʥʠʭ ʚʠʨʘʟ ʜʣʷ ʧʝʨʽʦʜʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 

ʪʫʪ ʧʘʨʘʤʝʪʨʠ ɤ0 = k / m ʠ a = 2 E / k . 

 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʧʝʨ ʬʽʟʠʯʥʠʡ ʤʘʷʪʥʠʢ. ʅʝʭʘʡ ʚʘʥʪʘʞ ʤʘʩʦʶ m 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʢʽʥʮʽ ʩʪʨʠʞʥʷ ʜʦʚʞʠʥʦʶ l ʟ ʤʘʣʦʶ ʤʘʩʦʶ, ʤʦʞʝ ʚʽʣʴʥʦ 

ʦʙʝʨʪʘʪʠʩʷ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ʅʘ ʪʽʣʦ ʜʽʻ ʩʠʣʘ ʪʷʞʽʥʥʷ F = mg 

(ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ g = 9,81 ʤ/ʩʝʢ). ʇʽʩʣʷ ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʠʞʥʷ 
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ʥʘ ʢʫʪ x ʽ ʟʚʽʣʴʥʝʥʥʷ ʤʘʷʪʥʠʢ ʧʦʯʠʥʘʻ ʢʦʣʠʚʘʪʠʩʷ, ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ 

ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʜʦʨʽʚʥʶʻ M 1 = m g l sin x. ʎʝʡ ʤʦʤʝʥʪ ʜʦʨʽʚʥʶʻ ʟʘ 

ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘʣʝ ʧʨʦʪʠʣʝʞʥʦ ʩʧʨʷʤʦʚʘʥʠʡ ʤʦʤʝʥʪʫ ʚʘʥʪʘʞʫ 

M2 = ml2x. ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʥʦʚʦʛʦ ʯʘʩʫ Ű = t g / l ʥʘʙʫʜʝ 

ʚʠʛʣʷʜʫ x+sinx = 0. ʌʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʬʽʟʠʯʥʦʛʦ ʤʘʷʪʥʠʢʘ ʧʦʢʘʟʘʥʠʡ ʥʘ 

ʈʠʩʫʥʦʢ 5.10ʘ. ʗʢʱʦ ʤʘʷʪʥʠʢ ʨʫʭʘʻʪʴʩʷ ʚ  ʩʝʨʝʜʦʚʠʱʽ,ʷʢʝ ʩʪʚʦʨʶʻ ʦʧʽʨ 

ʨʫʭʫ, ʪʦ ʨʽʚʥʷʥʥʷ ʢʦʣʠʚʘʥʴ ʤʘʻ ʚʠʛʣʷʜ x+ Õ x +sinx = 0. ɺʽʜʧʦʚʽʜʥʠʡ 

ʬʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʟʘ ʫʤʦʚ  ʤʘʣʦʾ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 

5.10ʙ. ʊʘʢʠʤʠ ʞ ʨʽʚʥʷʥʥʷʤʠ ʦʧʠʩʫʶʪʴʩʷ ʦʙʝʨʪʘʣʴʥʽ ʨʫʭʠ ʧʦ ʢʦʣʫ. 

 

 

ʈʠʩʫʥʦʢ 5.10 - ʌʘʟʦʚʽ ʧʦʨʪʨʝʪʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ (ʘ) ʪʘ ʜʠʩʠʧʘʪʠʚʥʦʛʦ (ʙ) 

ʬʽʟʠʯʥʠʭ ʤʘʷʪʥʠʢʽʚ 

 

ʈʽʚʥʷʥʥʷ ʟ ʥʝʣʽʥʽʡʥʽʩʪʶ ʪʠʧʫ ʩʠʥʫʩʘ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʜʦʩʠʪʴ ʯʘʩʪʦ ʧʽʜ 

ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʟʘʚʜʘʥʴ: ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʘʢʪʫ ɼʞʦʟʝʬʩʦʥʘ 

ʚ ʪʝʦʨʽʾ ʥʘʜʧʨʦʚʽʜʥʦʩʪʽ; ʩʘʤʦʽʥʜʫʢʦʚʘʥʦʾ ʧʨʦʟʦʨʦʩʪʽ ʚ ʥʝʣʽʥʽʡʥʽʡ ʦʧʪʠʯʥʽʡ 

ʤʦʜʝʣʽ; ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯʽ ʧʨʦ ʟʛʠʥ ʧʨʫʞʥʦʾ ʙʘʣʢʠ ʪʘ ʚ ʽʥʰʠʭ ʟʘʜʘʯʘʭ. ʎʝʡ 

ʬʘʢʪ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʤʝʪʦʜʠ ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʩʘʤʠʭ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʟʥʘʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʟ 

ʽʜʝʥʪʠʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʚʽʜʧʦʚʽʜʥʠʭ  ʧʝʨʽʦʜʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. 
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6  ʍɺʀʃɯ 

 

 
6.1 ʂʣʘʩʠʬʽʢʘʮʽʷ ʭʚʠʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ 

 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʷʢʦʩʪʽ ʦʢʨʝʤʦ 

ʚʟʷʪʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʆʙ'ʻʜʥʘʥʥʷ ʥʝʟʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʦʩʮʠʣʷʪʦʨʽʚ 

ʚ "ʩʧʽʣʴʥʦʪʫ" ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʦʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʙʦʨʦʤ 

ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʽ ʥʝ ʤʘʻ ʥʦʚʠʭ ʷʢʦʩʪʝʡ (ʽʜʝʘʣʴʥʘ ʩʠʩʪʝʤʘ). ʗʢʱʦ 

ʦʩʮʠʣʷʪʦʨʠ ʦʜʥʘʢʦʚʽ (ʪʦʪʦʞʥʽ), ʪʦ ʚʽʜʛʫʢ ʩʠʩʪʝʤʠ ʥʘ ʟʦʚʥʽʰʥʽʡ ʚʧʣʠʚ 

ʜʦʨʽʚʥʶʻ ʚʽʜʛʫʢʫ ʦʜʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ ʧʦʤʥʦʞʝʥʦʛʦ ʥʘ ʾʭʥʻ ʯʠʩʣʦ. ʗʢʱʦ ʞ 

ʦʩʮʠʣʷʪʦʨʠ ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʦʾʤʠ ʯʘʩʪʦʪʘʤʠ, ʪʦ ʟ ʯʘʩʦʤ ʫ ʩʠʩʪʝʤʽ 

ʥʘ ʙʫʜʴ-ʷʢʠʡ ʟʦʚʥʽʰʥʽʡ ʩʠʛʥʘʣ ʟʥʘʡʜʝʪʴʩʷ ʘʥʪʠʩʠʛʥʘʣ, ʱʦ ʛʘʩʠʪʴ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʽʜʛʫʢ ʩʠʩʪʝʤʠ ʤʘʡʞʝ ʪʦʪʦʞʥʠʭ ʢʦʣʠʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ. ɺʢʣʶʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʝʣʝʤʝʥʪʽʚ (ʨʝʘʣʴʥʘ ʩʠʩʪʝʤʘ) ʧʦʨʦʜʞʫʻ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ: ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʨʫʭʽʚ ñʯʘʩʪʦʢò ʩʠʩʪʝʤʠ ʚʥʘʩʣʽʜʦʢ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ; 

ʧʦʷʚʘ ʤʝʞ ʫ ʩʠʩʪʝʤʠ; ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ; ʧʨʦʷʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-

ʭʚʠʣʴʦʚʦʛʦ ʜʫʘʣʽʟʤʫ; ʚʠʥʠʢʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʤʯʘʩʦʚʦ- ʪʘ 

ʧʨʦʩʪʦʨʦʚʦ-ʧʝʨʽʦʜʠʯʥʠʭ ʩʪʨʫʢʪʫʨ; ʽʩʥʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʘʛʨʝʛʘʪʥʠʭ ʩʪʘʥʽʚ. 

ʗʩʢʨʘʚʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʢʦʣʝʢʪʠʚʥʦʛʦ ʨʫʭʫ  ʻ ʭʚʠʣʽ (ʨʠʩʫʥʦʢ 6.1). 

 
ʈʠʩʫʥʦʢ 6.1 - ɺʠʜʠ ʚʦʜʥʠʭ ʭʚʠʣʴ 

 

ʍʚʠʣʝʶ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ 

ʟʙʫʨʝʥʥʷ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʬʽʟʠʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʩʝʨʝʜʦʚʠʱʽ (ʚ ʨʝʯʦʚʠʥʽ 

ʯʠ ʧʦʣʽ), ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʥʝʩʝʥʥʷʤ ʽʤʧʫʣʴʩʫ ʪʘ ʝʥʝʨʛʽʾ. ʆʙʣʘʩʪʴ 

ʧʨʦʩʪʦʨʫ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʭʚʠʣʴʦʚʠʤ ʧʦʣʝʤ. 

ʋʩʽ ʪʦʯʢʠ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ, ʷʢʽ ʤʘʶʪʴ ʫ ʚʠʙʨʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʦʜʥʘʢʦʚʫ 

ʬʘʟʫ, ʫʪʚʦʨʶʶʪʴ ʬʨʦʥʪ ʭʚʠʣʽ. ɻʨʘʥʠʮʷ ʭʚʠʣʴʦʚʦʛʦ ʧʦʣʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʧʝʨʝʜʥʽʤ ʬʨʦʥʪʦʤ ʭʚʠʣʽ. ʇʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʚ ʦʜʥʦʨʽʜʥʦʤʫ ʪʘ ʽʟʦʪʨʦʧʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʥʦʨʤʘʣʽ ʜʦ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ ʭʚʠʣʽ, 

ʪʦʤʫ ʽʥʢʦʣʠ ʛʦʚʦʨʷʪʴ ʧʨʦ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʫ ʚʠʛʣʷʜʽ ʧʨʦʤʝʥ.ʁ ʅʘʫʢʘ, ʱʦ 

ʚʠʚʯʘʻ ʪʘʢʽ ʭʚʠʣʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʦʶ ʦʧʪʠʢʦʶ. ʇʨʦʤʝʥʽ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʡʧʨʦʩʪʽʰʠʭ ʭʚʠʣʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʩʧʽʣʴʥʦʤʫ 

ʧʝʨʝʤʽʱʝʥʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ. ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʪʠʧʠ ʭʚʠʣʴ: 

ʧʨʫʞʥʽ (ʥʘʧʨʠʢʣʘʜ: ʟʚʫʢʦʚʽ, ʩʝʡʩʤʽʯʥʽ), ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ (ʩʚʽʪʣʦ, 
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ʨʘʜʽʦʭʚʠʣʽ) ʪʘ ʭʚʠʣʽ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ. ʗʢ ʧʠʩʘʚ ʈ. ʌʝʡʥʤʘʥ ʧʨʦ 

ʧʦʚʝʨʭʥʝʚʽ ʭʚʠʣʽ: ñéʮʽ ʭʚʠʣʽ ʘʥʽʪʨʦʭʠ ʥʝ ʩʭʦʞʽ ʥʽ ʥʘ ʟʚʫʢ, ʥʽ ʥʘ ʩʚʽʪʣʦ, ʪʫʪ 

ʟʽʙʨʘʥʽ ʚʩʽ ʧʨʦʙʣʝʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʫ ʭʚʠʣʷʭò. ʊʘʢʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʧʦʚôʷʟʘʥʘ ʽʟ ʪʠʤ, ʱʦ ʫ ʨʽʜʠʥʘʭ ʥʝ ʤʦʞʝ ʧʦʰʠʨʶʚʘʪʠʩʷ ʧʦʧʝʨʝʯʥʘ ʭʚʠʣʷ 

(ʜʠʚ. ʥʠʞʯʝ ʾʾ ʚʠʟʥʘʯʝʥʥʷ) ʯʝʨʝʟ ʪʝ, ʱʦ ʤʦʜʫʣʴ ʟʩʫʚʫ ʜʣʷ ʪʘʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʆʜʥʘʢ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʦʚʝʨʭʥʝʚʠʤ ʰʘʨʦʤ 

ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʦʢʘʟʫʻ, ʱʦ ʪʘʢʽ ʭʚʠʣʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʦʧʝʨʝʯʥʠʭ. 

ʆʙʣʽʢ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʭʚʠʣʴ, 

ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ  ʾʭʥʴʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʥʝʦʙʭʽʜʥʦ ʟʘʣʫʯʘʪʠ ʤʦʜʝʣʽ, 

ʷʢ ʟ ʪʝʦʨʽʾ ʢʦʣʠʚʘʥʴ ʽ ʭʚʠʣʴ, ʪʘʢ ʽ ʟ  ʥʝʣʽʥʽʡʥʦʾ ʜʠʥʘʤʽʢʠ. ɺʘʞʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʯʽʡ ʪʘ ʨʫʭʽʚ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱ, ʟʦʢʨʝʤʘ, ʧʦʚ'ʷʟʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʚʘʶʯʠʭ ʟʘʩʦʙʽʚ ʧʝʨʝʩʫʚʘʥʥʷ. 

ɼʝʬʦʨʤʘʮʽʷ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʠʨʝʥʥʷ ʫ ʥʽʡ ʨʽʟʥʠʭ 

ʥʘʧʨʫʛ. ɺʦʥʠ ʤʦʞʫʪʴ ʧʦʰʠʨʶʚʘʪʠʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʟʜʦʚʞʥʴʦʾ ʯʠ ʧʦʧʝʨʝʯʥʦʾ 

ʭʚʠʣʴ. ʇʦʟʜʦʚʞʥʴʦʶ ʭʚʠʣʝʶ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʮʝʩ, ʫ ʷʢʦʤʫ ʢʦʣʠʚʘʥʥʷ 

ʯʘʩʪʠʥʦʢ ʪʽʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʥʘʧʨʷʤʽ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ. ʎʽ ʭʚʠʣʽ ʧʦʚ'ʷʟʘʥʽ 

ʟ ʦʙ'ʻʤʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪʦʤʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʛʘʟʘʭ, 

ʨʽʜʠʥʘʭ ʪʘ ʪʚʝʨʜʠʭ ʪʽʣʘʭ. ʗʢʱʦ ʢʦʣʠʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ, ʷʢʠʡ ʻ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʜʦ ʥʘʧʨʷʤʫ 

ʧʦʰʠʨʝʥʥʷ ʟʙʫʨʝʥʥʷ, ʪʦ ʛʦʚʦʨʷʪʴ ʧʨʦ ʧʦʧʝʨʝʯʥʽ ʭʚʠʣʽ. ʎʝ, ʥʘʧʨʠʢʣʘʜ ,ʢʦʣʠ 

ʡʜʝʪʴʩʷ ʧʨʦ ʟʩʫʚʥʽ ʜʝʬʦʨʤʘʮʽʾ ʩʝʨʝʜʦʚʠʱ ʧʦʰʠʨʝʥʥʷ. ʇʦʧʝʨʝʯʥʠʤʠ 

ʭʚʠʣʷʤʠ, ʥʘʧʨʠʢʣʘʜ, ʻ ʩʚʽʪʣʦʚʽ ʭʚʠʣʽ (ʨʠʩʫʥʦʢ 6.2). 

 
ʈʠʩʫʥʦʢ 6.2 - ʌʦʪʦʟʦʙʨʘʞʝʥʥʷ  ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ 

 

ʈʦʟʛʣʷʥʝʤʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʟʜʦʚʞʥʴʦʾ ʭʚʠʣʽ, ʱʦ ʚʠʥʠʢʘʻ ʚ 

ʧʨʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʤʝʭʘʥʽʯʥʽ ʭʚʠʣʽ). ʅʝʭʘʡ ʜʞʝʨʝʣʦ ʢʦʣʠʚʘʥʴ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʝʢʪʠʚʥʠʭ ʨʫʭʽʚ ʯʘʩʪʠʥʦʢ ʚʟʜʦʚʞ ʦʩʽ ʘʙʩʮʠʩ ʟʘ ʟʘʢʦʥʦʤ 

ʩʠʥʫʩʦʾʜʠ x(t) = Asin(ɤt) ʟ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ A ʢʨʫʛʦʚʦʶ ʯʘʩʪʦʪʦʶ ɤ ʽ 

ʥʫʣʴʦʚʦʶ ʧʦʯʘʪʢʦʚʦʶ ʬʘʟʦʶ. ɿʘ ʧʨʦʤʽʞʦʢ ʯʘʩʫ æt ʭʚʠʣʷ ʧʨʦʡʜʝ ʚʽʜʩʪʘʥʴ s 

ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ v . ʅʘ ʚʽʜʩʪʘʥʽ s ʚʽʜ ʜʞʝʨʝʣʘ ʚ ʪʦʯʮʽ x(t + æt) 
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ʢʦʣʠʚʘʥʥʷ ʚʽʜʩʪʘʚʘʪʠʤʫʪʴ ʧʦ ʬʘʟʽ ʥʘ ʚʝʣʠʯʠʥʫ ŭ = īɤ s/v. ʆʪʞʝ, ʨʽʚʥʷʥʥʷ 

ʭʚʠʣʽ, ʱʦ ʙʽʞʠʪʴ ʤʘʻ ʚʠʛʣʷʜ  x(t + æt) = Asin(ɤ(t ī s/v)). ɿʘ ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ 

T ʭʚʠʣʷ, ʷʢʘ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ , ʧʨʦʡʜʝ ʚʽʜʩʪʘʥʴ ɚ =vT, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. ʋ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ, ʨʦʟʜʽʣʝʥʠʭ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, 

ʢʦʣʠʚʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʦʜʥʘʢʦʚʦʶ ʬʘʟʦʶ. 

ʍʚʠʣʴʦʚʽ ʨʫʭʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʮʽʣʦʶ ʥʠʟʢʦʶ ʝʬʝʢʪʽʚ: 

ʽʥʪʝʨʬʝʨʝʥʮʽʷ, ʩʪʦʷʯʘ ʭʚʠʣʷ, ʝʬʝʢʪ ɼʦʧʧʣʝʨʘ, ʜʠʬʨʘʢʮʽʷ ʪʘ ʽʥʰʽ. 

ɯʥʪʝʨʬʝʨʝʥʮʽʷ ʭʚʠʣʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʥʘʢʣʘʜʝʥʥʽ ʜʚʦʭ ʢʦʛʝʨʝʥʪʥʠʭ ʭʚʠʣʴ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʫ ʧʝʚʥʠʭ ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ ʚʠʥʠʢʘʻ ʟʨʦʩʪʘʥʥʷ, ʘ ʚ ʽʥʰʠʭ 

ʪʦʯʢʘʭ ï ʩʧʘʜ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ. ʍʚʠʣʽ ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʛʝʨʝʥʪʥʠʤʠ, ʷʢʱʦ 

ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʢʨʫʛʦʚʫ ʯʘʩʪʦʪʫ ʽ ʨʽʟʥʠʮʶ ʬʘʟ, ʷʢʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʟ 

ʯʘʩʦʤ. ʎʷ ʨʽʟʥʠʮʷ ʬʘʟ ʜʦʨʽʚʥʶʻ æŭ = 2ˊ æs/ɚ , ʜʝ æs = s2 īs1 ï ʨʽʟʥʠʮʷ 

ʚʽʜʩʪʘʥʝʡ ʚʽʜ ʜʚʦʭ ʢʦʛʝʨʝʥʪʥʠʭ ʜʞʝʨʝʣ ʭʚʠʣʴ (ʨʽʟʥʠʮʷ ʭʦʜʫ ʭʚʠʣʴ). ʗʢʱʦ 

ʨʽʟʥʠʮʷ ʭʦʜʫ ʜʦʨʽʚʥʶʻ ʧʘʨʥʦʤʫ ʯʠʩʣʫ ʥʘʧʽʚʭʚʠʣʴ æ s = 2n(ɚ / 2) ( n = 0, 1, 

2, é), ʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʡ ʤʘʢʩʠʤʫʤ (ʩʢʣʘʜʘʥʥʷ ʘʤʧʣʽʪʫʜ 

ʢʦʛʝʨʝʥʪʥʠʭ ʭʚʠʣʴ).ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʦʙʨʘʥʽʡ ʪʦʯʮʽ ʧʨʦʩʪʦʨʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ "ʛʘʩʽʥʥʷ" ʘʤʧʣʽʪʫʜ (ʚʽʜʥʽʤʘʥʥʷ ʘʤʧʣʽʪʫʜ ʢʦʛʝʨʝʥʪʥʠʭ ʭʚʠʣʴ). 

ʆʢʨʝʤʠʤ ʚʠʧʘʜʢʦʤ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʢʦʛʝʨʝʥʪʥʠʭ ʭʚʠʣʴ ʻ ʚʠʥʠʢʥʝʥʥʷ ʩʪʦʷʯʦʾ 

ʭʚʠʣʽ (ʨʠʩʫʥʦʢ 6.3). ɺʦʥʘ ʚʠʥʠʢʘʻ ʧʨʠ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʢʦʛʝʨʝʥʪʥʠʭ ʭʚʠʣʴ ʟ 

ʦʜʥʘʢʦʚʦʶ ʘʤʧʣʽʪʫʜʦʶ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʥʘʟʫʩʪʨʽʯ ʦʜʥʘ ʦʜʥʽʡ. 

ʅʘʧʨʠʢʣʘʜ, ʪʘʢʝ ʷʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʽʜʙʠʚʘʥʥʽ ʭʚʠʣʽ ʚʽʜ 

ʙʫʜʴ-ʷʢʦʾ ʧʝʨʝʰʢʦʜʠ: ʚʽʜʙʠʪʘ ʭʚʠʣʷ ʽʥʪʝʨʬʝʨʫʻ ʟ ʧʘʜʘʶʯʦʶ ʭʚʠʣʝʶ. ʋ 

ʪʦʯʢʘʭ ʧʨʦʩʪʦʨʫ, ʫ ʷʢʠʭ ʨʽʟʥʠʮʷ ʭʦʜʫ æs = 2n(ɚ / 2) ( n = 0, 1, 2, é), 

ʘʤʧʣʽʪʫʜʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫʜʚʽʯʽ (ʧʫʯʥʽʩʪʴ).  ɺʟʘʻʤʥʝ   ʟʥʠʱʝʥʥʷ   ʧʘʜʘʶʯʦʾ  ʽ  

            
                                 ʈʠʩʫʥʦʢ 6.3 - ʉʪʦʷʯʘ ʭʚʠʣʷ 

 

ʚʽʜʙʠʪʦʾ ʭʚʠʣʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʪʦʯʢʘʭ (ʚʫʟʣʘʭ), ʟ ʨʽʟʥʠʮʝʶ ʭʦʜʫ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ æs = (2n +1)(ɚ /2) (n = 0, 1, é). ʉʪʦʷʯʘ ʭʚʠʣʷ ʤʘʻ 

ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ: 
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Å ʢʦʣʠʚʘʥʥʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʫʟʣʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʦʜʥʘʢʦʚʦʶ ʬʘʟʦʶ 

(ʩʠʥʬʘʟʥʦ); 

Å ʨʫʭʠ ʯʘʩʪʠʥʦʢ ʧʦ ʨʽʟʥʽ ʙʦʢʠ ʚʽʜ ʚʫʟʣʘ ʧʨʦʪʠʣʝʞʥʽ ʧʦ ʬʘʟʽ (ʷʢʱʦ ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ ʚʽʜ ʚʫʟʣʘ ʯʘʩʪʠʥʢʘ ʨʫʭʘʻʪʴʩʷ ʚʛʦʨʫ, ʪʦ ʟ ʽʥʰʦʛʦ ï ʚʥʠʟ); 

Å ʩʪʦʷʯʦʶ ʭʚʠʣʝʶ ʝʥʝʨʛʽʷ ʥʝ ʧʝʨʝʥʦʩʠʪʴʩʷ, ʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟ 

ʦʜʥʦʛʦ ʚʠʜʫ ʥʘ ʽʥʰʠʡ (ʥʘʧʨʠʢʣʘʜ, ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʯʘʩʪʠʥʢʠ ʧʝʨʝʭʦʜʠʪʴ 

ʫ ʾʾ ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ). 

ʉʪʦʷʯʽ ʭʚʠʣʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʟʘʢʨʠʪʠʭ ʚʦʜʦʡʤʘʭ, ʤʫʟʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʘʭ ʪʘ ʽʥʰʠʭ ʬʽʟʠʯʥʠʭ ʦʙ'ʻʢʪʘʭ. ʗʢ ʧʨʠʢʣʘʜ, ʥʠʞʯʝ  ʨʦʟʛʣʷʥʝʤʦ 

ʧʦʧʝʨʝʯʥʽ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʥʠ. 

 

 

6.2 ʂʦʣʠʚʘʥʥʷ ʩʪʨʫʥʠ ʪʘ ʟʚʫʢ 

 

ʅʝʭʘʡ ʩʪʨʫʥʘ ʤʘʻ ʜʦʚʞʠʥʫ l. ʈʦʟʛʣʷʥʝʤʦ ʤʘʣʽ ʚʽʜʭʠʣʝʥʥʷ ʯʘʩʪʠʥʠ 

ʩʪʨʫʥʠ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ: ʘʤʧʣʽʪʫʜʘ ʚʽʜʭʠʣʝʥʥʷ ʤʘʻ ʙʫʪʠ ʤʘʣʘ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʩʪʘʣʽʩʪʴ ʫ ʯʘʩʽ ʜʦʚʞʠʥʠ ʩʪʨʫʥʠ ʪʘ ʾʾ ʥʘʪʷʛʫ T 

(ʨʠʩʫʥʦʢ 6.4).  

 
ʈʠʩʫʥʦʢ 6.4 - ɺʠʛʠʥ ʩʪʨʫʥʠ  

 

ʈʫʭ ʜʦʚʽʣʴʥʦʾ ʪʦʯʢʠ M ʩʪʨʫʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʣʦʱʠʥʽ x0u ʚ 

ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʦʩʽ 0x. ɰʾ ʟʤʽʱʝʥʥʷ ʟ ʧʦʣʦʞʝʥʥʷ 

ʨʽʚʥʦʚʘʛʠ ʙʫʜʝʤʦ ʦʧʠʩʫʚʘʪʠ ʬʫʥʢʮʽʻʶ ʚʽʜʭʠʣʝʥʥʷ u(t; x). ʈʦʟʛʣʷʜʘʪʠʤʝʤʦ 

ʜʦʩʠʪʴ ʤʘʣʽ ʚʽʜʭʠʣʝʥʥʷ (u(x1 + æ x) īu(x1) << u(x1)), ʧʨʠ ʮʴʦʤʫ 

ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʙʣʠʞʝʥʘ ʨʽʚʥʽʩʪʴ æl @ æ x, ʽ ʥʘʪʷʛ ʩʪʨʫʥʠ (ʩʠʣʘ T ) ʫ ʚʩʽʭ 

ʪʦʯʢʘʭ ʩʪʨʫʥʠ ʙʫʜʝ ʦʜʥʘʢʦʚʠʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʦ ʝʣʝʤʝʥʪʘ ʩʪʨʫʥʠ MMǋ ʧʦ 

ʜʦʪʠʯʥʠʭ ʜʦ ʩʪʨʫʥʠ ʧʨʠʢʣʘʜʝʥʽ ʨʽʚʥʽ ʩʠʣʠ T. ʅʝʭʘʡ ʜʦʪʠʯʥʘ ʜʦ ʩʪʨʫʥʠ ʚ 

ʪʦʯʮʽ M ʫʪʚʦʨʶʻ ʟ ʧʦʟʠʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʦʩʽ 0x ʢʫʪ  ʟ, ʘ ʚ ʪʦʯʮʽ M ǋ ï ʢʫʪ  ʟ
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+ æ  ʟ. ʇʨʦʝʢʮʽʷ ʥʘ ʚʽʩʴ 0u ʩʠʣ, ʷʢʽ ʜʽʶʪʴ ʥʘ ʤʘʣʠʡ ʝʣʝʤʝʥʪ ʩʪʨʫʥʠ MM ǋ ,  

ʜʦʨʽʚʥʶʻ T sin(ʟ  + æ)ʟ ī T sinʟ  . ʆʩʢʽʣʴʢʠ ʟʤʽʱʝʥʥʷ ʪʦʯʦʢ ʩʪʨʫʥʠ ʤʘʣʽ, ʪʦ ʽ 

ʢʫʪ ʪʘʢʦʞ ʤʘʣʠʡ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʥʝʩʢʽʥʯʝʥʥʦ 

ʤʘʣʠʭ ʬʫʥʢʮʽʡ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʱʦ sin ʟå tg  ʟ=Öu(t; x)/Öx. 

ʊʦʜʽ ʧʨʦʝʢʮʽʷ ʥʘ ʦʩʴ u ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʝʣʝʤʝʥʪʘ MM ǋ , ʥʘʙʫʚʘʻ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: 

 
ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ f (t ; x) ʟʦʚʥʽʰʥʶ ʩʠʣʫ, ʱʦ ʜʽʻ ʥʘ ʩʪʨʫʥʫ ʚ ʧʦʟʠʪʠʚʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʦʩʽ u ʚʠʢʣʠʢʘʻ ʾʾ ʚʠʛʠʥ ʽ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ. ɰʾ 

ʧʨʦʝʢʮʽʷ ʥʘ ʮʶ ʚʽʩʴ ʜʦʨʽʚʥʶʻ 

                                              
ʇʨʠ ʤʘʣʠʭ ʢʦʣʠʚʘʥʥʷʭ ʩʪʨʫʥʠ ʩʠʣʘ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʪʦʜʽ ʾʾ ʧʨʦʝʢʮʽʷ ʥʘ ʚʽʩʴ u ʟʘʧʠʰʝʪʴʩʷ ʷʢ 

                                  

                                                                                       , 

 

ʜʝ ʧʘʨʘʤʝʪʨ k ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʧʦʚʽʪʨʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ 

ʅʴʶʪʦʥʘ ʨʽʚʥʦʜʽʶʯʘ ʚʩʽʭ ʩʠʣ, ʧʨʠʢʣʘʜʝʥʠʭ ʜʦ ʝʣʝʤʝʥʪʘ MM ǋ , ʜʦʨʽʚʥʶʻ 

                                       

                                                                                                   , 

 

 

ʜʝ ɟ(x) ïʣʽʥʽʡʥʘ ʛʫʩʪʠʥʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 

 
ɺ ʩʠʣʫ ʜʦʚʽʣʴʥʦʩʪʽ ʚʠʙʦʨʫ ʪʦʯʢʠ x1 ʧʜ̔ʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʦʙʝʨʪʘʻʪʴʩʷ ʚ 

ʥʫʣʴ ʥʘʚʢʦʣʦ ʦʙʨʘʥʦʾ ʪʦʯʢʠ ʩʪʨʫʥʠ. ʇʨʠ ʧʦʩʪʽʡʥʽʡ ʣʽʥʽʡʥʽʡ ʱʽʣʴʥʦʩʪʽ 

ʧʨʫʞʥʦʾ  ʥʠʪʢʠ ʨʽʚʥʷʥʥʷ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʚʠʜʫ 

 
ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ h = k / ɟ , v2 = T / ɟ (v = T / ɟ - ʰʚʠʜʢʽʩʪʴ ʭʚʠʣʽ) ʽ q (t; x) = f 

(t; x) / ɟ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ( q (t ; x) = 0 ) ʪʘ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ  

(h = 0) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʠʡʤʘʻ ʚʠʜ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʻ ʚʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ 

ʩʪʨʫʥʠ: 

                                                                      (6.1) 
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ʆʩʢʽʣʴʢʠ ʢʽʥʮʽ ʩʪʨʫʥʠ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʽ, ʪʦ ʚ ʷʢʦʩʪʽ  ʛʨʘʥʠʯʥʠʭ 

ʫʤʦʚ  

                                               
ʚʠʙʠʨʘʻʤʦ ʥʘʩʪʫʧʥʽ (ʢʨʘʡʦʚʝ ʫʤʦʚʠ ʧʝʨʰʦʛʦ ʪʠʧʫ), ʘ ʷʢ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ï 

ʧʦʯʘʪʢʦʚʠʡ ʧʨʦʬʽʣʴ u(0; x) = ɣ (x) ʪʘ ʰʚʠʜʢʽʩʪʴ Öu(0; x)/Öt = ů (x) . ʈʽʰʝʥʥʷ 

ʦʪʨʠʤʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʰʫʢʘʪʠʤʝʤʦ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʟʤʽʥʥʠʭ, ʪʦʙʪʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʤʽʱʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʫ ʜʚʦʭ ʬʫʥʢʮʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʦʜʥʽʻʾ ʽʟ ʟʤʽʥʥʠʭ: u(t; x) = T(t) X(x). ʊʦʜʽ ʨʽʚʥʷʥʥʷ 

ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ (6.1) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ T '' (t) X (x) = v2 T (t) X ''(x) . 

ʈʦʟʜʽʣʠʚʰʠ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ ʨʽʚʥʦʩʪʽ ʥʘ ʚʝʣʠʯʠʥʫ v 2u(t; x) =v2 T(t) X(x), 

ʦʪʨʠʤʫʻʤʦ 

 

                                                                                     , 

 

ʜʝ ɚ ï  ʯʠʩʣʦ(ʦʩʢʽʣʴʢʠ ʣʽʚʘ ʯʘʩʪʠʥʘ ʨʽʚʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ t, 

ʧʨʘʚʘ - ʚʽʜ x). ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʽʜʥʝ ʨʽʚʥʷʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ 

ʦʜʥʦʨʽʜʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

 
(ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ), ʟʘ ʜʦʜʘʪʢʦʚʠʭ ʫʤʦʚʘʭ X(0)= X(l)= 0,  ʧʨʠ T(t) ſ 0 , u(t; 

x) ſ 0 (ʟʘʜʘʯʘ ʐʪʫʨʤʘ-ʃʽʫʚʽʣʷ). ʅʝʩʢʣʘʜʥʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ 

ʧʘʨʘʤʝʪʨ ɚ ʻ ʚʽʜ'ʻʤʥʠʤ ʘʙʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ, ʥʝʪʨʠʚʽʘʣʴʥʠʭ ʨʽʰʝʥʴ ʟʘʜʘʯʽ 

ʐʪʫʨʤʘ-ʃʽʫʚʽʣʷ ʥʝʤʘʻ. ʇʨʠ ʧʦʟʠʪʠʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ ɚ ʟʘʛʘʣʴʥʝ 

ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʤʘʻ ʚʠʛʣʷʜ: 

 
ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʟʥʘʭʦʜʠʤʦ: 

 
ʆʩʢʽʣʴʢʠ ʨʽʰʝʥʥʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʪʨʠʚʽʘʣʴʥʠʤ, ʪʦ ʢʦʥʩʪʘʥʪʘ C2 Í 0, 

ʪʦʜʽ sin( ɚ l ) =0. ʊʘʢʠʤ ʯʠʥʦʤ,  

 
ʎʠʤ ʚʣʘʩʥʠʤ ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʣʘʩʥʽ ʬʫʥʢʮʽʾ 
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ʜʦʚʽʣʴʥʘ ʢʦʥʩʪʘʥʪʘ C2 ʦʙʨʘʥʘ ʨʽʚʥʦʶ 1. ɺʠʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ 

 

ʧʨʦʚʦʜʠʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʬʫʥʢʮʽʾ X (x), ʦʪʞʝ, ʚʦʥʦ ʤʘʻ 

ʘʥʘʣʦʛʽʯʥʠʡ ʚʠʛʣʷʜ: 

 

ʈʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʻ ʩʫʤʦʶ ʯʘʩʪʢʦʚʠʭ  ʨʦʟʚ'ʷʟʢʽʚ u n (t; x) = T(n(t)) X(n(x)), 

ʪʦʙʪʦ 

 

                                                                                                                        (6.2) 

 

 ɿʘ ʥʝʥʫʣʴʦʚʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʫ ʚʠʛʣʷʜʽ  

 

ʬʫʥʢʮʽʾ ɣ(x) ʽ ů(x) ʨʦʟʢʣʘʜʘʶʪʴʩʷ ʚ ʨʷʜʠ ʌʫʨ'ʻ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ 

ʢʦʥʩʪʘʥʪʠ An ʽ Bn ʫ ʨʽʰʝʥʥʽ (6.2). 

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʩʪʦʷʯʘ ʭʚʠʣʷ ʥʘ ʩʪʨʫʥʽ ʦʧʠʩʫʻʪʴʩʷ 

ʬʫʥʢʮʽʻʶ u(t ; x) = u0 sin(kx) sin(ɤ t) , ʜʝ ʘʤʧʣʽʪʫʜʘ A(x) = u0 sin(kx) 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʟʤʽʱʝʥʥʷ u0, ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ k = 2ˊ n/l ʪʘ 

ʢʦʦʨʜʠʥʘʪʠ x ʪʦʯʢʠ ʥʘ ʦʩʽ ʘʙʩʮʠʩ. ɺʫʟʣʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʦʯʢʠ, ʫ ʷʢʠʭ 

sin(kx) = 0, ʘ ʧʫʯʥʦʩʪʷʤ ï sin(kx) =1. ʂʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʭʚʠʣʴʦʚʠʤ ʯʠʩʣʦʤ k ʜʠʩʧʝʨʩʽʡʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʠʜʫ ɤ = k v . 

ʇʨʫʞʥʽ ʭʚʠʣʽ ʚ ʛʘʟʘʭ, ʨʽʜʠʥʘʭ ʽ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʥʘʟʠʚʘʶʪʴʩʷ 

ʘʢʫʩʪʠʯʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʨʦʜʞʫʶʪʴ ʟʚʫʢʦʚʽ ʭʚʠʣʽ, ʯʘʩʪʦʪʘ ʷʢʠʭ 

ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ɻʮ (ʽʥʬʨʘʟʚʫʢ) ʜʦ ʜʝʩʷʪʴ ʫ ʪʨʠʥʘʜʮʷʪʽʡ 

ʩʪʝʧʝʥʽ ɻʮ (ʛʽʧʝʨʟʚʫʢ). ɺʢʘʟʘʥʠʤ ʯʘʩʪʦʪʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʭʚʠʣʽ ʟ ʜʦʚʞʠʥʦʶ 

ʚʽʜ ʜʝʩʷʪʢʽʚ ʢʽʣʦʤʝʪʨʽʚ ʜʦ ʢʽʣʴʢʦʭ ʘʥʛʩʪʨʝʤ . ʉʪʨʫʥʘ, ʱʦ ʚʽʙʨʫʻ, ʧʦʨʦʜʞʫʻ 

ʚ ʦʪʦʯʫʶʯʦʤʫ ʧʦʚʽʪʨʽ ʟʚʫʢʦʚʫ ʭʚʠʣʶ. 

ɿʚʫʢ ʻ ʧʦʟʜʦʚʞʥʴʦʶ ʭʚʠʣʝʶ, ʱʦ ʻ ʧʝʨʽʦʜʠʯʥʠʤ ʯʝʨʛʫʚʘʥʥʷʤ ʩʪʠʩʢʽʚ 

ʽ ʨʦʟʨʽʜʞʝʥʴ. ɿʚʫʢʦʚʘ ʭʚʠʣʷ ʧʦʰʠʨʶʻʪʴʩʷ ʙʝʟ ʧʝʨʝʥʝʩʝʥʥʷ ʽʤʧʫʣʴʩʫ, ʪʦʙʪʦ. 

ʯʘʩʪʠʥʢʠ ʨʝʯʦʚʠʥʠ ʥʝ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʦʩʪʫʧʘʣʴʥʦʤʫ ʨʫʩʽ, ʘ ʢʦʣʠʚʘʶʪʴʩʷ 

ʧʦʙʣʠʟʫ ʩʚʦʾʭ ʨʽʚʥʦʚʘʞʥʠʭ ʧʦʣʦʞʝʥʴ. ɺʟʘʻʤʦʜʽʷ ʯʘʩʪʠʥʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʫʭʫ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʦʢʦʣʽ ʽʥʰʠʭ ʯʘʩʪʦʢ, ʷʢʠʡ  ʽ ʩʧʨʠʡʤʘʻʪʴʩʷ ,ʷʢ 

ʧʝʨʝʜʘʯʘ ʟʙʫʨʝʥʥʷ ʚʽʜ ʦʜʥʽʻʾ ʪʦʯʢʠ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʽʥʰʦʾ ʪʦʯʢʠ. ʍʚʠʣʷ, ʱʦ 

ʙʽʞʠʪʴ, ʧʦʰʠʨʶʻʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ v ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (6.1). 

ʐʚʠʜʢʽʩʪʴ ʟʚʫʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʝʨʝʜʦʚʠʱʘ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʧʦʚʽʪʨʽ ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

 

                                                                                    , 
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ʜʝ ɔ ï ʧʦʩʪʽʡʥʘ ʘʜʽʘʙʘʪʠ (ʜʣʷ ʧʦʚʽʪʨʷ ʮʝʡ ʧʘʨʘʤʝʪʨ ʜʦʨʽʚʥʶʻ 1,40), R = 

8,31ɼʞĿʤʦʣʴī1 /ʂ  ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ (ɼʞ ï ɼʞʦʫʣʴ, ʂ ï ʂʝʣʴʚʽʥ), 

T ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʰʢʘʣʦʶ ʂʝʣʴʚʽʥʘ, M ï ʤʦʣʷʨʥʘ ʤʘʩʘ, (M 

ʧʦʚʽʪʨʷ = 29Ŀ10ī3 ʢʛĿʤʦʣʴī1). ʋ ʨʘʟʽ ʤʘʣʠʭ ʭʚʠʣʴʦʚʠʭ ʘʤʧʣʽʪʫʜ                                

ʙʽʣʴʰ ʟʘʛʘʣʴʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʟʚʫʢʦʚʦʾ ʭʚʠʣʽ ʚ ʨʝʘʣʴʥʠʭ ʨʝʯʦʚʠʥʘʭ ʤʘʻ ʚʠʛʣʷʜ 

 

                                                                                      ,                        

 

ʜʝ P ï ʪʠʩʢ (ʚ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʫ ʅĿʤī2 ; ʅ ï ʅʴʶʪʦʥ), ɟ ï ʱʽʣʴʥʽʩʪʴ 

ʩʝʨʝʜʦʚʠʱʘ, ʘ ɟ0 ï ʾʾ ʨʽʚʥʦʚʘʞʥʝ ʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʧʦʟʜʦʚʞʥʷ ʭʚʠʣʷ 

ʧʨʦʭʦʜʠʪʴ ʚʟʜʦʚʞ ʪʦʥʢʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʩʪʨʠʞʥʷ (ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʤʽʨ 

ʩʪʨʠʞʥʷ ʟʥʘʯʥʦ ʤʝʥʰʝ ʜʦʚʞʠʥʠ ʟʚʫʢʦʚʦʾ ʭʚʠʣʽ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ, ʪʦ 

ʾʾ ʰʚʠʜʢʽʩʪʴ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ 

 

                                 ,                 

ʜʝ E ï ʤʦʜʫʣʴ ʖʥʛʘ (ʇʘ ï ʇʘʩʢʘʣʴ), ɟ ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʩʪʨʠʞʥʷ                   

(ʢʛĿʤī3). ɺ ʨʘʟʽ ʪʦʚʩʪʦʛʦ ʩʪʨʠʞʥʷ (ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʤʽʨ ʩʪʨʠʞʥʷ ʟʥʘʯʥʦ 

ʙʽʣʴʰʝ ʜʦʚʞʠʥʠ ʟʚʫʢʦʚʦʾ ʭʚʠʣʽ, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ) ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ 

ʜʦʨ̔ʚʥʶʻ 
 

                                                                                          , 

ʜʝ ʬʫʥʢʮʽʷ 
 

                                                                                            , 

 

ʘ Õ ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ. ʇʨʠ ʚʩʽʣʷʢʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ 

ʬʫʥʢʮʽʷ q (Õ) > 1, ʪʦʤʫ ʚ ʪʦʚʩʪʦʤʫ ʩʪʨʠʞʥʽ ʟʚʫʢ ʧʦʰʠʨʶʻʪʴʩʷ ʰʚʠʜʰʝ, ʥʽʞ 

ʚ ʪʦʥʢʦʤʫ. ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʜʣʷ ʘʥʘʣʽʟʫ ʻ ʚʠʧʘʜʦʢ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʫ ʚ 

ʩʪʨʠʞʥʽ, ʪʦʚʱʠʥʫ ʷʢʦʛʦ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʜʦʚʞʠʥʦʶ ʟʚʫʢʦʚʦʾ ʭʚʠʣʽ. 

ʌʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ ʪʘʢʦʾ ʭʚʠʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʯʘʩʪʦʪʠ, ʘ ʩʪʨʠʞʝʥʴ ʚʠʢʦʥʫʻ 

ʨʦʣʴ ʭʚʠʣʝʚʦʜʫ: ʧʨʠ ʡʦʛʦ ʧʣʘʚʥʦʤʫ ʟʛʠʥʘʥʥʽ ʭʚʠʣʷ ʨʫʭʘʻʪʴʩʷ ʚʟʜʦʚʞ ʡʦʛʦ 

ʦʩʽ. 

 

 

6.3 ʇʦʚʝʨʭʥʝʚʽ ʭʚʠʣʽ 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʭʚʠʣʴ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʽ ʚʦʜʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʙʨʘʪʦʨ ʟ ʨʝʛʫʣʴʦʚʘʥʦʶ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʴ ʚʽʜ 20 ʜʦ 

100 ɻʮ (ɻʝʨʮ) (ʜʠʚ. ʧʨʘʚʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʨʠʩʫʥʢʫ 6.1). ɺʽʙʨʘʪʦʨ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ, ʷʢ "ʧʨʫʞʥʽ" ʩʠʣʠ (ʷʢʽ 

ʧʦʚʝʨʪʘʶʪʴ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ) ʧʨʠ ʮʴʦʤʫ  ʚʠʩʪʫʧʘʶʪʴ ʩʠʣʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʽ ʪʷʞʽʥʥʷ. ʗʢʱʦ ʥʘ ʧʦʚʝʨʭʥʶ ʨʽʜʠʥʠ ʥʝ ʜʽʶʪʴ 
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ʟʦʚʥʽʰʥʽ ʩʠʣʠ, ʢʨʽʤ ʩʠʣʠ ʪʷʞʽʥʥʷ, ʚʦʥʘ ʤʘʻ ʚʠʛʣʷʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ 

ʧʣʦʱʠʥʽ. ɹʫʜʴ-ʷʢʘ ʜʽʷ ʟʟʦʚʥʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʢʨʠʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʦʜʠ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ 

ʝʥʝʨʛʽʾ. 

 

ʈʠʩʫʥʦʢ 6.5 - ʍʚʠʣʷ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

 

ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʦʚʝʨʭʥʷ ʥʘʤʘʛʘʻʪʴʩʷ ʧʦʚʝʨʥʫʪʠʩʷ  ʚ ʾʾ ʚʠʭʽʜʥʠʡ 

ʧʣʦʩʢʠʡ ʩʪʘʥ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʧʦʪʝʥʮʽʡʥʦʶ ʝʥʝʨʛʽʻʶ. ʗʢʱʦ ʘʤʧʣʽʪʫʜʘ ʭʚʠʣʴ 

ʤʘʣʘ, ʪʦ ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʪʨʘʻʢʪʦʨʽʷʤʠ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʚʦʜʠ 

ʻ ʢʦʣʘ.ʂʦʣʠʚʘʥʥʷ ʙʫʜʫʪʴ ʚʚʘʞʘʪʠʩʷ ʤʘʣʠʤʠ, ʷʢʱʦ ʨʘʜʽʫʩ ʢʦʣʘ r ʙʫʜʝ 

ʟʥʘʯʥʦ ʤʝʥʰʝ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ (r << ɚ). ʆʢʨʫʞʥʽʩʪʴ ʚʠʥʠʢʘʻ ʧʨʠ ʩʢʣʘʜʘʥʥʽ 

ʧʦʟʜʦʚʞʥʽʭ ʪʘ ʧʦʧʝʨʝʯʥʠʭ ʭʚʠʣʴ (ʛʚʠʥʪʦʚʠʡ ʨʫʭ). ʈʘʜʽʫʩ ʢʦʣʘ, ʷʢʠʤ 

ʨʫʭʘʶʪʴʩʷ ʤʦʣʝʢʫʣʠ ʚʦʜʠ, ʰʚʠʜʢʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚʛʣʠʙ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʚʦʜʠ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʭʚʠʣʷ ʨʫʭʘʻʪʴʩʷ ʚ ʪʦʥʢʽʡ 

ʧʣʘʩʪʠʥʢʦʧʦʜʽʙʥʦʾ ʦʙʣʘʩʪʽ (ʧʨʠʢʦʨʜʦʥʥʠʡ ʰʘʨ), ʘ ʾʾ ʨʝʰʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʫ 

ʩʪʘʥʽ ʩʧʦʢʦʶ. ɼʽʘʤʝʪʨ ʢʦʣʘ, ʧʦ ʷʢʦʤʫ ʨʫʭʘʶʪʴʩʷ ʯʘʩʪʠʥʢʠ ʜʦʨʽʚʥʶʻ 

ʨʽʟʥʠʮʽ ʤʽʞ ʚʠʩʦʪʦʶ ʛʨʝʙʝʥʷ ʪʘ ʛʣʠʙʠʥʦʶ ʟʘʧʘʜʠʥʠ ʭʚʠʣʽ. ɿʘʟʥʘʯʠʤʦ, ʱʦ 

ʥʘ ʛʨʝʙʝʥʽ ʭʚʠʣʽ ʯʘʩʪʢʠ ʨʫʭʘʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʧʝʨʝʤʽʱʝʥʥʷ ʭʚʠʣʽ, ʘ ʫ 

ʟʘʧʘʜʠʥʽ ï ʫ ʧʨʦʪʠʣʝʞʥʠʡ ʙʽʢ. 

ʅʝʭʘʡ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʞʦʨʩʪʢʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʭʚʠʣʝʶ, ʱʦ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ (ʨʫʭʦʤʘ ʩʠʩʪʝʤʘ ʚʽʜʣʽʢʫ ,ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʨʫʭʦʤʦʾ 

,ʣʘʙʦʨʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ). ʋ ʚʠʙʨʘʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʨʫʭ ʯʘʩʪʠʥʦʢ ʧʦʚʝʨʭʥʽ ʪʘʢ ʙʠ  ʤʦʚʠʪʠ, ñʟʘʤʦʨʦʞʝʥʦʾò ʭʚʠʣʽ  ʟ ʘʙʩʦʣʶʪʥʦʶ  

 

ʰʚʠʜʢʽʩʪʶ ʫ ʙʽʢ ʧʨʦʪʠʣʝʞʥʠʡ ʜʦ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ. ʆʪʞʝ, ʫ ʟʘʧʘʜʠʥʽ ʭʚʠʣʽ 

ʚʽʜʥʦʩʥʘ ʬʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ ʾʭʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ 



 

75 
 

 

 (v ï ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ). ʅʘ ʛʨʝʙʝʥʽ ʭʚʠʣʽ ʬʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ 

ʯʘʩʪʠʥʦʢ ʜʦʨʽʚʥʶʚʘʪʠʤʝ 

 

ʱʦ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʯʘʩʪʠʥʦʢ. ʗʢʱʦ 

ʟʥʝʭʪʫʚʘʪʠ ʧʦʚʝʨʭʥʝʚʠʤʠ ʩʠʣʘʤʠ ʧʦʨʽʚʥʷʥʦ ʟ ʩʠʣʘʤʠ ʪʷʞʽʥʥʷ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʚʦʜʠ, ʭʚʠʣʽ ʥʘʟʠʚʘʶʪʴ "ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ" (ʜʘʥʘ ʥʘʟʚʘ 

ʚʟʷʪʘ ʚ ʣʘʧʢʠ ʜʣʷ  ʪʦʛʦ,ʱʦʙ ʚʽʜʨʽʟʥʷʪʠ ʪʘʢʽ ʭʚʠʣʽ ʚʽʜ ʽʩʪʠʥʥʠʭ ʭʚʠʣʴ 

ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʧʦʣʷ). ɼʣʷ ʪʘʢʠʭ ʭʚʠʣʴ ʟʤʽʥʘ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʜʦʨʽʚʥʶʻ 

ʜʦʙʫʪʢʫ ʩʠʣʠ ʪʷʞʽʥʥʷ mg (m ï ʤʘʩʘ ʯʘʩʪʢʠ, g = 9,81ʤĿʩʝʢī2 ï ʧʨʠʩʢʦʨʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ) ʥʘ ʜʽʘʤʝʪʨ ʢʦʣʘ d = 2r : æU = mgĀ2r. ɿʤʽʥʘ ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

ɿʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʟʥʘʡʜʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʶʪ ɹ

ʜʦʨʽʚʥʶʚʘʪʠ ʦʜʠʥ ʦʜʥʦʤʫ. ʊʦʙʪʦ ʬʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ ʭʚʠʣʽ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ 

 
 

ɼʣʷ ʤʘʣʠʭ ʢʦʣʠʚʘʥʴ ʧʦʚʝʨʭʥʝʚʘ ʭʚʠʣʷ ʻ ʧʨʘʢʪʠʯʥʦ ʩʠʥʫʩʦʾʜʦʶ; 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʜʦʨʽʚʥʶʻ ɚ = vT. ʊʘʢʠʤ ʯʠʥʦʤ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʭʚʠʣʽ ʧʦʚ'ʷʟʘʥʘ ʟ ʾʾ ʜʦʚʞʠʥʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

ɿ ʮʽʻʾ ʬʦʨʤʫʣʠ ʚʠʜʥʦ, ʱʦ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ ʰʚʠʜʢʽʩʪʴ 

ʨʫʭʫ ʟʥʠʞʫʻʪʴʩʷ, ʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ɚ ï ʟʨʦʩʪʘʻ ʟʘ ʟʘʢʦʥʦʤ ñʢʚʘʜʨʘʪʥʦʛʦ 

ʢʦʨʝʥʷò. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ ʥʘ ʟʤʽʥʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ 

ʟʚʦʜʠʪʴʩʷ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʙʦʪʫ,ʷʢʫ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ. ʗʢʱʦ 

ʝʣʝʤʝʥʪʘʨʥʘ ʧʦʚʝʨʭʥʷ ds ʧʽʜʥʽʤʘʻʪʴʩʷ ʥʘ ʚʠʩʦʪʫ ŭ (ʜʠʚ. ʨʠʩʫʥʦʢ 6.5), 

ʧʨʠʯʦʤʫ ʧʦʯʘʪʢʦʚʘ ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʥʽ ʜʦʨʽʚʥʶʻ 1/ R ( R - ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʭʚʠʣʽ), ʪʦ ʚʦʥʘ ʙʫʜʝ ʨʫʭʘʪʠʩʷ ʧʨʦʪʠ ʩʠʣʠ, ʚʝʣʠʯʠʥʘ 

ʷʢʦʾ ʜʦʨʽʚʥʶʻ d s 

 
 (Ŭ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ, ʷʢʠʡ ʜʣʷ ʚʦʜʠ ʜʦʨʽʚʥʶʻ                     

73Ŀ10ī3 ʅĿʤī1).  
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ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ    ʢʫʪ ʤʽʞ ʚʠʩʦʪʦʶ ŭ ʽ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʟʥʠ R ʚ 

ʧʦʯʘʪʢʦʚʽʡ ʪʦʯʮʽ ʧʽʜʡʦʤʫ, ʪʦʜʽ ʨʦʙʦʪʘ, ʚʠʢʦʥʘʥʘ ʩʠʣʦʶ df ʙʫʜʝ 

ʚʠʟʥʘʯʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ:  

 
ʏʝʨʝʟ ʩʫʮʽʣʴʥʽʩʪʴ ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʚʽʣʴʥʝʥʘ ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʫ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʧʦʚʥʝʥʘ ʚʽʜʧʦʚʽʜʥʦʶ ʢʽʣʴʢʽʩʪʶ ʨʽʜʠʥʠ, ʷʢʘ ʙʝʨʝʪʴʩʷ ʽʟ 

ʦʙʣʘʩʪʽ ʚʠʭʽʜʥʦʾ ʧʣʦʩʢʦʾ ʤʝʞʽ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʟʨʦʙʠʪʠ ʧʽʜʡʦʤ ʨʝʯʦʚʠʥʠ ʽʟ 

ʱʽʣʴʥʽʩʪʶ ɟ (ʱʽʣʴʥʽʩʪʴ ʚʦʜʠ ʜʦʨʽʚʥʶʻ 10ī3ʢʛĿʤī3) ʥʘ ʚʠʩʦʪʫ h ʧʨʦʪʠ ʩʠʣ 

ʪʷʞʽʥʥʷ, ʪʦʙʪʦ, ʚʠʢʦʥʘʪʠ ʨʦʙʦʪʫ 

 
ɿʤʽʥʘ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʨʦʙʽʪ:  

 
ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʬʦʨʤʫʣʠ  ʩʧʝʨʰʝ ʦʙʯʠʩʣʶʻʪʴʩʷ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʟʘ 

ʬʦʨʤʫʣʦʶ 

 

ɺ  ʨʘʟʽ ʤʘʣʠʭ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʮʷ ʬʦʨʤʫʣʘ ʥʘʙʫʚʘʻ ʧʨʦʩʪʦʛʦ ʚʠʛʣʷʜʫ 

 

ʘ ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʧʽʜʡʦʤʫ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 

ʆʪʞʝ 

 

ʊʦʜʽ ʚʠʨʘʟ ʜʣʷ ʟʤʽʥʠ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

ɿ ʦʪʨʠʤʘʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʽʢʘʻ,ʱʦ ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʝʬʝʢʪʠʚʥʦ  

ʟʙʽʣʴʰʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ 

 



 

77 
 

ʆʪʞʝ, ʚʠʨʘʟ ʜʣʷ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʭʚʠʣʽ ʤʦʞʥʘ 

ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ ʧʽʜ ʢʚʘʜʨʘʪʥʠʤ ʢʦʨʝʥʝʤ ʟ'ʷʚʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʣʽʢʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʩʠʣ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʚʠʥʠʢʥʝʥʥʷ ʢʘʧʽʣʷʨʥʠʭ ʭʚʠʣʴ. ʗʢʱʦ 

ʧʦʚʝʨʭʥʝʚʝ ʥʘʪʷʛ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʜʽʶ ʩʠʣʠ ʛʨʘʚʽʪʘʮʽʾ 

 

ʪʦ ʢʘʧʽʣʷʨʥʽ ʭʚʠʣʽ ʨʫʭʘʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 

 
 

ʆʪʨʠʤʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ. ʄʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʜʦʚʞʠʥʘ ʧʦʚʝʨʭʥʝʚʦʾ ʭʚʠʣʽ 

ʜʦʨʽʚʥʶʻ 

 

ʈʝʘʣʴʥʠʡ ʨʫʭ ʭʚʠʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʟ ʬʘʟʦʚʦʶ ʰʚʠʜʢʽʩʪʶ, ʘ ʟʽ ʰʚʠʜʢʽʩʪʶ 

V, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʛʨʫʧʦʚʦʶ ʰʚʠʜʢʽʩʪʶ. ɺʽʜʤʽʪʠʤʦ, ʱʦ 

 

ʇʦʚʝʨʭʥʝʚʽ ʭʚʠʣʽ, ʷʢ ʽ ʽʥʰʽ ʪʠʧʠ ʭʚʠʣʴ, ʤʦʞʫʪʴ ʥʘʢʣʘʜʘʪʠʩʷ ʦʜʥʘ ʥʘ 

ʽʥʰʫ(ʩʫʧʝʨʧʦʟʠʮʽʷ ʭʚʠʣʴ), ʽʥʪʝʨʬʝʨʫʚʘʪʠ, ʦʛʠʥʘʪʠ ʧʝʨʝʰʢʦʜʠ, ʨʦʟʤʽʨ ʷʢʠʭ 

ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʾʭ ʜʦʚʞʠʥʦʶ (ʜʠʬʨʘʢʮʽʷ) ʽ ʪ.ʜ. 

ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʚʝʨʭʥʝʚʠʭ ʭʚʠʣʴ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʦʜʞʝʥʥʷ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ (ʥʘʧʨʠʢʣʘʜ, ʚʦʥʠ ʟʙʫʜʞʫʶʪʴʩʷ 

ʫ ʧʦʚʽʪʨʽ ʧʨʠ ʨʫʩʽ ʩʫʜʝʥ). ɼʦʚʛʽ ʭʚʠʣʽ ʤʘʶʪʴ ʙʽʣʴʰʫ ʰʚʠʜʢʽʩʪʴ ʽ ʰʚʠʜʰʝ 

ʜʦʩʷʛʘʶʪʴ ʩʧʦʩʪʝʨʽʛʘʯʘ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʩʧʦʯʘʪʢʫ ʤʠ ʚʽʜʯʽʚʘʻʤʦ  ʨʽʜʢʽʩʥʽ, ʘ 

ʧʦʪʽʤ ï ʯʘʩʪʽʰʽ ʩʧʣʝʩʢʠ ʚʦʜʠ, ʚʠʢʣʠʢʘʥʽ ʢʦʨʦʪʰʠʤʠ ʭʚʠʣʷʤʠ. 

ʅʝʦʜʥʦʟʥʘʯʥʘ ʧʦʚʝʜʽʥʢʘ ʭʚʠʣʴ ʫ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʨʠʚʝʣʘ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʚʝʜʝʥʥʷ ʢʚʘʥʪʽʚ ʭʚʠʣʴʦʚʠʭ ʧʦʣʽʚ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʭʚʠʣʴʦʚʠʤ ʜʫʘʣʽʟʤʦʤ ʤʘʪʝʨʽʾ. ʅʘʧʨʠʢʣʘʜ, ʫ ʢʚʘʥʪʦʚʽʡ 

ʬʽʟʠʮʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʢʚʘʟʽʯʘʩʪʠʥʢʘ ʘʢʫʩʪʠʯʥʦʛʦ ʧʦʣʷ ʥʘʟʠʚʘʻʪʴʩʷ ʬʦʥʦʥʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ,ʚʠʚʯʝʥʥʷ ʭʚʠʣʴ ʧʦʢʘʟʫʻ ʱʝ ʦʜʥʫ ʦʩʦʙʣʠʚʽʩʪʴ ʜʠʥʘʤʽʯʥʠʭ 

ʩʠʩʪʝʤ: ʽʥʦʜʽ ʚʦʥʠ ʧʦʚʦʜʷʴʩʷ , ʷʢ ʩʫʮʽʣʴʥʘ ʬʽʟʠʯʥʘ ʩʫʙʩʪʘʥʮʽʷ (ʧʦʣʝ), ʘ 

ʽʥʦʜʽ, ʷʢ ʜʠʩʢʨʝʪʥʠʡ ʦʙ'ʻʢʪ ï ʯʘʩʪʠʥʢʘ . ʎʷ ʦʩʦʙʣʠʚʽʩʪʴ ʬʽʟʠʯʥʦʛʦ ʩʚʽʪʫ 

ʢʦʥʪʨʘʩʪʥʦ ʧʨʦʷʚʣʶʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʥʝʣʽʥʽʡʥʠʭ ʭʚʠʣʴ. 
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7  ʅɽʃɯʅɯʁʅɯ ɽʃɽʄɽʅʊʀ ʊɸ ɰʍ ɺɿɸɭʄʆɼɯʗ 

 

 

 7.1 ʅʝʣʽʥʽʡʥʽ ʝʬʝʢʪʠ 

 

ʈʦʟʛʣʷʥʝʤʦ ʩʣʘʙʦʥʝʣʽʥʽʡʥʠʡ ʦʩʮʠʣʷʪʦʨ. ʈʽʚʥʷʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʩʣʘʙʦʥʝʣʽʥʽʡʥʦʾ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʜʣʷ ʷʢʦʾ ʜʦʩʠʪʴ ʤʘʣʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʻ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʜʠʩʩʠʧʘʮʽʷ ʝʥʝʨʛʽʾ ʪʘ ʘʤʧʣʽʪʫʜʘ f0 ʟʦʚʥʽʰʥʴʦʾ ʟʙʫʜʞʫʶʯʦʾ 

ʩʠʣʠ f (t) = f0 cos( ɋ t) ʤʘʻ ʚʠʛʣʷʜ: 

 

ʧʨʠʯʦʤʫ ʧʘʨʘʤʝʪʨ Õ ʻ ʜʫʞʝ ʤʘʣʦʶ ʚʝʣʠʯʠʥʦʶ ( Õ << 1). ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʨʝʟʦʥʘʥʩʫ ʨʽʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʨʽʚʥʷʥʥʷ ʰʫʢʘʻʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʯʘʩʪʦʪʽ 

ʩʠʣʠ, ʪʦʙʪʦ. ʫ ʚʠʛʣʷʜʽ x(t) = A(t) sin( ɋ t + ŭ(t)) . ʅʝʭʘʡ ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ 

ʦʩʮʠʣʷʪʦʨʘ ɤ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ ʤʘʣʫ ʚʝʣʠʯʠʥʫ Ů ʚʽʜ ʯʘʩʪʦʪʠ ɋ : ɤ = ɋ īŮ 

ʪʦʜʽ ʜʠʥʘʤʽʯʥʝ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 

 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ɺʘʥ ʜʝʨ ʇʦʣʷ, ʩʫʪʥʽʩʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ 

ʜʚʦʭ ʚʝʣʠʯʠʥ ʟ ʫʤʦʚʦʶ ʟʚ'ʷʟʢʫ ʤʽʞ ʥʠʤʠ, ʟʘʧʠʰʝʤʦ ʩʢʦʨʦʯʝʥʽ ʨʽʚʥʷʥʥʷ 

ʜʣʷ ʘʤʧʣʽʪʫʜʠ ʽ ʬʘʟʠ:  

 

 

ʅʝʣʽʥʽʡʥʫ ʨʝʟʦʥʘʥʩʥʫ ʢʨʠʚʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ A(Ů), ʟʥʘʭʦʜʷʪʴ 

ʟʘ ʫʤʦʚ A = 0 ʪʘ ŭ=0, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ. ʈʝʟʦʥʘʥʩ 

ʦʧʠʩʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 
 

 
 

(A0 ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ). ʇʨʠ ʚʠʢʦʥʘʥʥʽ 

ʥʝʨʽʚʥʦʩʪʽ  

 
 

ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ A2
0(Ů) ʦʧʠʩʫʻ ʦʜʥʦʟʥʘʯʥʫ ʬʫʥʢʮʽʶ, ʘʥʘʣʦʛʽʯʥʫ 

ʢʨʠʚʽʡ,ʟʦʙʨʘʞʝʥʽʡ  ʥʘ ʨʠʩʫʥʢʫ 3.8, ʘʣʝ ʟʽ ʟʤʽʱʝʥʠʤ ʤʘʢʩʠʤʫʤʦʤ. ʇʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʘʤʧʣʽʪʫʜʠ ʤʘʢʩʠʤʫʤ 

ʟʤʽʱʫʻʪʴʩʷ ʫ ʙʽʢ ʙʽʣʴʰʠʭ ʯʘʩʪʦʪ, ʘ ʽʥʘʢʰʝ ïʫ ʙʽʢ ʤʝʥʰʠʭ ʯʘʩʪʦʪ. ʗʢʱʦ 
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ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ A0 > A*
ɺʅ, ʪʦ ʛʨʘʬʽʢ ʚʽʜʦʙʨʘʞʘʻ ʥʝʦʜʥʦʟʥʘʯʥʫ 

ʬʫʥʢʮʽʶ (ʨʠʩʫʥʦʢ 7.1) ʟ ñʛò-ʧʦʜʽʙʥʦʶ ʜʽʣʷʥʢʦʶ. 

 

ʈʠʩʫʥʦʢ 7.1 - ʈʝʟʦʥʘʥʩʥʽ ʢʨʠʚʽ ʥʝʣʽʥʽʡʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ 

 

ɿ ʨʠʩʫʥʢʫ 7.1 ʚʠʜʥʦ, ʱʦ ʟ ʯʘʩʪʦʪʽ Ů2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʝ 

ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ, ʘ ʟʘ ʯʘʩʪʦʪʽ Ů1 ï ʾʾ ʟʨʦʩʪʘʥʥʷ, ʪʦʙʪʦ. 

ʜʽʣʷʥʢʘ ʢʨʠʚʦʾ, ʚʽʜʟʥʘʯʝʥʠʡ ʭʨʝʩʪʠʢʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʠʥʠʢʥʝʥʥʷ 

ñʣʘʚʠʥʦʧʦʜʽʙʥʦʾò ʥʝʩʪʽʡʢʦʩʪʽ. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ ʛʽʩʪʝʨʝʟʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ʩʠʩʪʝʤʠ ʧʦʚ'ʷʟʘʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʦʩʮʠʣʷʪʦʨʽʚ ʤʦʞʣʠʚʽ ʧʦʷʚʠ ʚʥʫʪʨʽʰʥʽʭ ʨʝʟʦʥʘʥʩʽʚ, ʢʦʣʠ 

ʤʦʞʣʠʚʝ ʟʨʦʩʪʘʥʥʷ ʦʜʥʠʭ ʘʤʧʣʽʪʫʜ ʪʘ ʟʤʝʥʴʰʝʥʥʷ ʽʥʰʠʭ ʜʦʪʠ, ʜʦʢʠ ʥʝ 

ʙʫʜʫʪʴ ʚʨʽʚʥʦʚʘʞʝʥʽ ʢʽʣʴʢʦʩʪʽ ʘʤʧʣʽʪʫʜʟ A0 < A*
ɺʅ ʪʘ A0 > A*

ɺʅ 

(ʚʣʘʩʪʠʚʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʦʩʪʽ). 

 

 

7.2 ɽʣʝʢʪʨʦʥ ʫ ʧʝʨʽʦʜʠʯʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʧʦʟʜʦʚʞʥʴʦʾ 

ʭʚʠʣʽ  

     ʈʦʟʛʣʷʥʝʤʦ ʨʫʭ ʝʣʝʢʪʨʦʥʘ ʟ ʤʘʩʦʶ m ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ, ʧʦʪʝʥʮʽʘʣ 

ʷʢʦʛʦ ʦʧʠʩʫʻʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦʶ ʬʫʥʢʮʽʻʶ  ʟ (t) = (ʟ0) cos(ɤt ī k x ). 

ʋ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʭʚʠʣʝʶ, ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʝʣʝʢʪʨʦʥʘ ʤʘʻ ʚʠʛʣʷʜ 

(ʫ ʚʠʙʨʘʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʧʦʪʝʥʮʽʘʣ (ʟt) = (ʟ0) cos(k x )): m x + eʟ 0 

sin(kx) = 0 . ɿʘʟʥʘʯʠʤʦ,ʱʦ ʘʥʘʣʦʛʽʯʥʝ ʨʽʚʥʷʥʥʷ ʻ ʦʩʥʦʚʦʶ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʪʝʦʨʽʾ ʣʘʟʝʨʘ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʘʤʧʣʽʪʫʜʘ ʭʚʠʣʽ ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ. 

ʌʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʪʘʢʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.10. ʗʢʱʦ 

ʝʣʝʢʪʨʦʥ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʟʜʦʚʞ ʭʚʠʣʽ ʟ ʜʦʩʠʪʴ ʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʚʽʥ ʥʝ 

ñʧʦʤʽʯʘʻò ʧʦʪʝʥʮʽʡʥʠʭ ʷʤ, ʘ ʡʦʛʦ  ʰʚʠʜʢʽʩʪʴ ʚʽʜʯʫʚʘʻ ʥʝʚʝʣʠʢʽ ʢʦʣʠʚʘʥʥʷ. 

ʅʘ ʬʘʟʦʚʦʤʫ ʧʦʨʪʨʝʪʽ ʨʫʭ ʝʣʝʢʪʨʦʥʘ ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ  ʩʝʧʘʨʘʪʨʠʩʦʶ 

(ʨʠʩʫʥʦʢ 7.2). ʗʢʱʦ   ʰʚʠʜʢʽʩʪʴ  ʝʣʝʢʪʨʦʥʘ  ʥʝ ʧʝʨʝʚʠʱʫʻ  ʢʨʠʪʠʯʥʦʾ 

ʰʚʠʜʢʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ ʢʽʥʝʪʠʯʥʦʾ ʪʘ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʡ 

ʝʣʝʢʪʨʦʥʘ 

                                     

                                                                               , 
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ʈʠʩʫʥʦʢ 7.2 - ʌʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ  ʯʘʩʪʠʥʦʢ 

 

ʪʦʜʽ ʚʽʥ ñʟʘʭʦʧʣʶʻʪʴʩʷò ʧʦʪʝʥʮʽʡʥʦʾ ʷʤʦʶ ʽ ʟʜʽʡʩʥʶʻ ʫ ʥʽʡ ʢʦʣʠʚʘʥʥʷ 

(ʬʘʟʦʚʘ ʪʨʘʻʢʪʦʨʽʷ 2). ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʷʢʱʦ ʰʚʠʜʢʽʩʪʴ ʝʣʝʢʪʨʦʥʘ ʚ 

ʣʘʙʦʨʘʪʦʨʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʣʽʢʫ ʤʝʥʰʘ, ʥʽʞ ʩʫʤʘ ʬʘʟʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʭʚʠʣʽ ɤ/ 

k ʪʘ vʢʨ. , ʚʽʥ ʟʘʭʦʧʣʶʻʪʴʩʷ ʭʚʠʣʝʶ. ʇʦʚ'ʷʟʘʥʽ ʝʣʝʢʪʨʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʧʠʩʘʥʽ ʤʦʜʝʣʣʶ ʣʽʥʽʡʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ, ʘ ʧʨʦʣʽʪʘʶʯʽ ï ʤʦʜʝʣʣʶ ʨʦʪʘʪʦʨʘ 

(ʨʫʭ ʧʦ ʢʦʣʫ). ʆʪʞʝ, ʧʦʚʝʜʽʥʢʘ ʝʣʝʢʪʨʦʥʽʚ ʚ ʢʦʩʠʥʫʩʦʾʜʘʣʴʥʦʤʫ 

ʧʦʪʝʥʮʽʡʥʦʤʫ ʧʦʣʽ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ 

ʘʥʩʘʤʙʣʶ ʪʦʪʦʞʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʦʩʮʠʣʷʪʦʨʽʚ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʝʥʝʨʛʽʷʤʠ, ʱʦ 

ʨʦʟʨʽʟʥʷʶʪʴʩʷ. ʇʦʚʦʜʽʥʢʫ  ʘʥʩʘʤʙʣʶ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʦʧʠʩʫʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ  ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ f (v) ʝʣʝʢʪʨʦʥʽʚ ʟʘ ʾʭ ʰʚʠʜʢʦʩʪʷʤʠ. 

ʅʝʭʪʫʚʘʥʥʷ ʚʟʘʻʤʦʜʽʻʶ ʝʣʝʢʪʨʦʥʽʚ ʦʜʠʥ ʟ ʦʜʥʠʤ  ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ 

ʷʢʽʩʥʫ ʢʘʨʪʠʥʫ ʧʦʚʝʜʽʥʢʠ ʘʥʩʘʤʙʣʶ. ʅʝʭʘʡ ʧʦʯʘʪʢʦʚʠʡ ʬʘʟʦʚʠʡ ʦʙ'ʻʤ, 

ʷʢʠʡ ʟʘʡʤʘʻ ʘʥʩʘʤʙʣʴ ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ 

ʩʝʧʘʨʘʪʨʠʩʘʤʠ. ʗʢʱʦ ʧʦʭʽʜʥʘ ʚʽʜ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ, ʦʙʯʠʩʣʝʥʘ ʧʨʠ 

ʰʚʠʜʢʦʩʪʽ ʨʽʚʥʦʾ ʬʘʟʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʭʚʠʣʽ, ʥʝʛʘʪʠʚʥʘ, ʪʦ ʟ ʯʘʩʦʤ 

ʬʘʟʦʚʘ ʦʙʣʘʩʪʴ ʟʘʭʦʧʣʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʥʘ ʩʧʽʨʘʣʴ ʟ ʜʝʜʘʣʽ 

ʙʽʣʴʰʠʤ ʯʠʩʣʦʤ ʚʠʪʢʽʚ. ɺ ʩʠʣʫ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʽ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ 

(ʦʙʦʨʦʪʥʽʩʪʴ ʨʽʚʥʷʥʴ ʨʫʭʫ ʚ ʯʘʩʽ), ʚʦʥʘ ʧʦʚʠʥʥʘ ʧʦʚʝʨʥʫʪʠʩʷ ʫ ʚʠʭʽʜʥʠʡ 

ʩʪʘʥ ʧʽʩʣʷ ʜʦʩʠʪʴ ʚʝʣʠʢʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ʆʜʥʘʢ, ʷʢ ʟʘʚʛʦʜʥʦ ʤʘʣʘ 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʝʣʝʢʪʨʦʥʘʤʠ ʽ ʩ ʭʚʠʣʝʶ ʧʨʠʟʚʝʜʝ ʜʦ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʟʘʧʦʚʥʝʥʥʷ ʦʩʮʠʣʷʪʦʨʘʤʠ ʚʠʭʽʜʥʦʾ ʦʙʣʘʩʪʽ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʇʨʠ ʮʴʦʤʫ 

ʢʽʣʴʢʦʩʪʽ  ʯʘʩʪʠʥʦʢ, ʱʦ ʧʨʦʣʽʪʘʶʪʴ ʽ ʧʦʚ'ʷʟʘʥʽ, ʟʨʽʚʥʶʶʪʴʩʷ (ʚʣʘʩʪʠʚʽʩʪʴ 

ʧʝʨʝʤʽʰʫʚʘʥʦʩʪʽ). ɺʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʮʝʡ ʧʨʦʮʝʩ ʢʦʤʧʝʥʩʫʻ ʭʚʠʣʷ 

(ʥʝʣʽʥʽʡʥʝ ʟʘʛʘʩʘʥʥʷ ʃʘʥʜʘʫ). ɼʣʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʦʩʮʠʣʷʪʦʨʽʚ ʤʦʞʣʠʚʠʡ ʽ 

ʟʚʦʨʦʪʥʠʡ ʧʨʦʮʝʩ: ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʭʚʠʣʽ ʟʘ ʨʘʭʫʥʦʢ "ʟʘʭʚʘʪʫ" ʯʘʩʪʠʥʦʢ, 

ʱʦ ʧʨʦʣʽʪʘʶʪʴ. ɰʭʥʷ ʝʥʝʨʛʽʷ ʡʜʝ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʭʚʠʣʽ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʧʦʚ'ʷʟʘʥʠʭ (ʧʦʚʽʣʴʥʠʭ) ʝʣʝʢʪʨʦʥʽʚ ʤʝʥʰʝ, ʥʽʞ ʰʚʠʜʢʠʭ. 

ɿʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʭʚʠʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʟʨʽʚʥʷʶʪʴʩʷ 

ʯʠʩʣʘ ʰʚʠʜʢʠʭ ʪʘ ʧʦʚʽʣʴʥʠʭ ʝʣʝʢʪʨʦʥʽʚ. ʇʦʢʘʟʘʥʠʡ ʤʝʭʘʥʽʟʤ ʚʟʘʻʤʦʜʽʾ 

ʦʩʮʠʣʷʪʦʨʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ  ʟʘʨʦʜʞʝʥʥʷ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʚ ʪʝʦʨʽʾ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ; ʜʣʷ ʦʧʠʩʫ  ʟʙʫʜʞʝʥʥʷ 

ʥʝʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʭʚʠʣʴ. 
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7.3 ɻʝʥʝʨʘʪʦʨ ɺʘʥ ʜʝʨ ʇʦʣʷ 

 

ʈʦʙʦʪʘ ʛʝʥʝʨʘʪʦʨʘ ɺʘʥ ʜʝʨ ʇʦʣʷ, ʦʜʥʘ ʽʟ ʤʦʞʣʠʚʠʭ ʩʭʝʤ ʷʢʦʛʦ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 7.3 ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

                 

                                                                                        ,  
 

 
ʈʠʩʫʥʦʢ 7.3 - ɻʝʥʝʨʘʪʦʨ ɺʘʥ ʜʝʨ ʇʦʣʷ 

 

ʜʝ ʧʘʨʘʤʝʪʨ Ŭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʟʙʫʜʞʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ (ʧʨʠ Ŭ < 0 

ʟʙʫʜʞʝʥʥʷ ʚʽʜʩʫʪʥʻ), ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɓ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ ʘʤʧʣʽʪʫʜʠ 

ʘʚʪʦʢʦʣʠʚʘʥʴ (ʯʠʤ ʤʝʥʰʝ ɓ ʪʠʤ ʙʽʣʴʰʝ ʘʤʧʣʽʪʫʜʘ), ɤ 0 =1/(LC) ï ʢʨʫʛʦʚʘ 

ʯʘʩʪʦʪʘ ʚʣʘʩʥʠʭ  ʢʦʣʠʚʘʥʴ. ʇʝʨʝʡʜʝʤʦ ʜʦ ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʤʽʥʥʠʭ, ʚʚʽʚʰʠ 

ʧʦʟʥʘʯʝʥʥʷ Ű = ɤ 0 t , y = ɓ x ʽ ɛ = Ŭ ɤ 0 : 

 
ɺ ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ Õ ʦʪʨʠʤʘʥʝ ʜʣʷ ʦʩʮʽʣʣʷʪʦʨʘ ɺʘʥ ʜʝʨ 

ʇʦʣʷ ʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʘʻ ʨʽʟʥʽ ʬʦʨʤʠ ʘʚʪʦʢʦʣʠʚʘʥʴ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 7.4.  

ɿ   ʨʠʩʫʥʢʫ 7.4   ʚʠʜʥʦ,  ʱʦ    ʟʨʦʩʪʘʥʥʷ   ʥʝʣʽʥʽʡʥʦʩʪʽ   ʽʩʪʦʪʥʦ   ʟʤʽʥʶʻ  ʥʝ 

 

 
ʈʠʩʫʥʦʢ 7.4 - ɺʧʣʠʚ ʧʘʨʘʤʝʪʨʘ ʥʝʣʽʥʽʡʥʦʩʪʽ ʥʘ ʚʠʜ ʘʚʪʦʢʦʣʠʚʘʥʴ: 

ʘ) Õ = 0,1 ï ʢʚʘʟʽʛʘʨʤʦʥʽʯʥʽ ʢʦʣʠʚʘʥʥʷ; ʙ) Õ = 1 ï ʩʠʣʴʥʦ 

ʥʝʩʠʥʫʩʦʾʜʘʣʴʥʽ; ʚ) Õ = 10 ï ʨʝʣʘʢʩʘʮʽʡʥʽ 
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ʪʽʣʴʢʠ ʢʽʣʴʢʽʩʥʫ, ʘ ʡ ʷʢʽʩʥʫ ʢʘʨʪʠʥʫ ʘʚʪʦʢʦʣʠʚʘʥʴ. ʅʘ ʨʠʩʫʥʢʫ 7.5 ʧʦʢʘʟʘʥʽ 

ʦʩʮʠʣʦʛʨʘʤʠ ʢʦʣʠʚʘʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʧʘʜʢʘʤ ʨʠʩʫʥʢʫ 7.4. 

 ʅʘ ʨʠʩʫʥʢʫ 7.5ʚ ʤʦʞʥʘ ʙʘʯʠʪʠ ʜʽʣʷʥʢʠ ñʰʚʠʜʢʠʭò ( Õ Ÿ 0 ) ʪʘ 

ñʧʦʚʽʣʴʥʠʭò      ( Õ >>1)   ʨʫʭʽʚ,   ̫ ʢʽ    ʟʥʦʚʫ     ʧʽʜʢʨʝʩʣʶʶʪʴ    ʧʨʠʩʫʪʥʽʩʪʴ  

 

 
 

 

ʈʠʩʫʥʦʢ 7.5 - ʆʩʮʠʣʦʛʨʘʤʠ ʘʚʪʦʢʦʣʠʚʘʥʴ: 

ʘ) Õ = 0,1; ʙ) Õ = 1; ʚ) Õ = 10 

 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʙʽʬʫʨʢʘʮʽʾ (ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʘ Õ, ʱʦ ʫʧʨʘʚʣʷʻ, ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʜʥʦʛʦ ʪʠʧʫ ʘʚʪʦʢʦʣʠʚʘʥʴ ʜʦ ʽʥʰʦʛʦ) ʚ ʜʠʥʘʤʽʯʥʽʡ 

ʩʠʩʪʝʤʽ. 

 

 

7.4 ʅʝʣʽʥʽʡʥʽ ʭʚʠʣʽ: ʢʥʦʾʜʘʣʴʥʽ ʪʘ ʚʽʜʦʢʨʝʤʣʝʥʽ (ʩʦʣʽʪʦʥʠ) 

 

ʊʝʦʨʽʷ ʥʝʣʽʥʽʡʥʠʭ ʭʚʠʣʴ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʽʚʥʷʥʥʷʭ: 

 

 
ï ʤʦʜʝʣʽ ʦʜʥʦʭʚʠʣʴʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʧʣʦʩʢʫ ʭʚʠʣʶ, ʱʦ 

ʙʽʞʠʪʴ, ʫ ʥʝʣʽʥʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

 
ï ʤʦʜʝʣʽ ɹʶʨʛʝʨʩʘ ʜʣʷ ʩʝʨʝʜʦʚʠʱ ʽʟ ʟʘʛʘʩʘʥʥʷʤ; 
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ï ʫʟʘʛʘʣʴʥʝʥʠʭ ʨʽʚʥʷʥʥʷʭ ʂʦʨʪʝʚʝʛʘ-ʜʝ ʌʨʠʟʘ ʜʣʷ ʦʧʠʩʫ ʭʚʠʣʽ, ʱʦ 

ʙʽʞʠʪʴ, ʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʜʠʩʧʝʨʩʽʻʶ (ʜʠʩʧʝʨʩʽʷ ï ʥʝʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʢʨʫʛʦʚʦʾ ʯʘʩʪʦʪʠ ʚʽʜ ʭʚʠʣʴʦʚʦʛʦ ʯʠʩʣʘ ʪʘ ʘʤʧʣʽʪʫʜʠ) ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ 

ʯʘʩʪʦʪ; 

 
- ʨʽʚʥʷʥʴ ʂʣʝʡʥʘ-ɻʦʨʜʦʥʘ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʟʫʩʪʨʽʯʥʠʭ 

ʭʚʠʣʴ (ʩʝʨʝʜʦʚʠʱʝ ʟ ʜʠʩʧʝʨʩʽʻʶ ʚ ʦʙʣʘʩʪʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ). 

ʋ ʣʽʥʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʙʝʟ ʜʠʩʧʝʨʩʽʾ ʭʚʠʣʷ ʧʦʰʠʨʶʻʪʴʩʷ ʟ 

ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ V ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ 

 
(ʧʨʦʩʪʘ ʭʚʠʣʷ,ʯʠ ʭʚʠʣʷ ʈʽʤʘʥʘ). ʊʘʢʘ ʭʚʠʣʷ ʥʝ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʚ 

ʥʝʣʽʥʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʪʦʤʫ ʱʦ ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʥʽʡ, 

ʙʫʜʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʥʝʤʠʥʫʯʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʦʬʽʣʶ 

ʭʚʠʣʽ (ʥʘʧʨʠʢʣʘʜ, ʭʚʠʣʷ ʂʦʨʪʝʚʝʛʘ-ʜʝ ʌʨʠʟʘ, ʨʠʩʫʥʦʢ 7.6). ʋ ʥʝʣʽʥʽʡʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʠʩʧʝʨʩʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʝʬʝʢʪʠ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʦʬʽʣʶ ʭʚʠʣʽ (ʢʦʤʧʦʥʝʥʪʠ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ ʟʘʣʝʞʘʪʴ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ) ʪʘ ʨʦʟʨʠʚʠ ʬʨʦʥʪʫ ʭʚʠʣʽ. ʄʘʣʽ ʟʙʫʨʝʥʥʷ ʭʚʠʣʽ ʧʝʨʝʜ ʨʦʟʨʠʚʦʤ 

ʨʫʭʘʶʪʴʩʷ ʧʦʚʽʣʴʥʦ, ʪʦʤʫ ʚʦʥʠ ʧʦʛʣʠʥʘʶʪʴʩʷ ʨʦʟʨʠʚʦʤ, ʧʨʠ ʮʴʦʤʫ ʨʦʟʨʠʚ 

ʨʦʟʩʽʶʻ ʝʥʝʨʛʽʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʭʚʠʣʽ. 

ʆʪʞʝ, ʨʦʟʨʠʚ ʬʨʦʥʪʫ ʭʚʠʣʽ ʤʦʞʝ ʙʫʪʠ ʩʪʽʡʢʠʤ ʣʠʰʝ ʟʘ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ.  

 
ʈʠʩʫʥʦʢ 7.6 - ʍʚʠʣʷ ʂʦʨʪʝʚʝʛʘ ʜʝ ʌʨʠʟʘ 

 

 ʇʨʠʩʫʪʥʽʩʪʴ ʜʠʩʠʧʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʙʠʪʴ ʥʝʟʚʦʨʦʪʥʠʤʠ ʟʤʽʥʠ, ʱʦ 

ʟ'ʷʚʣʷʶʪʴʩʷ. ʇʨʠ ʥʘʷʚʥʽʩʪʴ ʜʠʩʧʝʨʩʽʾ ʩʝʨʝʜʦʚʠʱʘ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʪʝ, 

ʷʢʠʡ ʟ ʧʨʦʮʝʩʽʚ ʧʝʨʝʚʘʞʘʪʠʤʝ: ʜʠʩʠʧʘʪʠʚʥʠʡ ʘʙʦ ʜʠʩʧʝʨʩʽʡʥʠʡ. ɺ ʩʠʣʫ 

ʥʝʣʽʥʽʡʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʬʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʫʨʝʥʴ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ, ʙʫʜʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʛʨʫʧʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʭʚʠʣʽ, ʘʣʝ ʜʠʩʧʝʨʩʽʷ ʦʙʤʝʞʫʻ ʩʬʝʨʫ ʾʭ 

ʽʩʥʫʚʘʥʥʷ ʰʠʨʠʥʦʶ ʨʦʟʨʠʚʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʭʪʫʚʘʥʥʷ ʜʠʩʧʝʨʩʽʻʶ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʽ ʭʚʠʣʴʦʚʦʛʦ ʧʨʦʮʝʩʫ: ʯʝʨʝʟ 

ʜʝʷʢʠʡ ʯʘʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʥʝʣʽʥʽʡʥʽʩʪʶ 
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ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʧʨʦʬʽʣʶ ʭʚʠʣʽ. ʇʨʦʮʝʩ ʜʝʬʦʨʤʫʚʘʥʥʷ-ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʦʬʽʣʶ ʭʚʠʣʽ ʩʪʘʻ ʧʝʨʽʦʜʠʯʥʠʤ. ʆʜʥʘʢ ʧʨʠ ʜʝʷʢʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʤʽʞ 

ʘʤʧʣʽʪʫʜʘʤʠ ʪʘ ʬʘʟʘʤʠ ʦʙʫʨʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʩʝʨʝʜʦʚʠʱʘ, ʦʙʤʽʥ ʝʥʝʨʛʽʻʶ ʤʽʞ ʦʢʨʝʤʠʤʠ ʛʘʨʤʦʥʽʢʘʤʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ. 

ɯ ʪʫʪ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ, ʘ ʧʨʦʬʽʣʴ ʭʚʠʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʘʩʫ (ʩʪʘʮʽʦʥʘʨʥʘ ʭʚʠʣʷ). ʄʘʡʞʝ ʩʪʘʮʽʦʥʘʨʥʽ ʭʚʠʣʽ ʚʠʥʠʢʘʶʪʴ ʫ ʮʽʣʽʡ ʥʠʟʮʽ 

ʟʘʜʘʯ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʟʙʫʨʝʥʴ ʫ ʜʠʥʘʤʽʯʥʠʭ 

ʩʠʩʪʝʤʘʭ. ʉʪʽʡʢʽʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ ʭʚʠʣʴ ʚʣʘʩʪʠʚʘ ʜʠʩʠʧʘʪʠʚʥʠʤ ʪʘ 

ʢʦʥʩʝʨʚʘʪʠʚʥʠʤ ʩʠʩʪʝʤʘʤ. ʇʨʠʢʣʘʜʦʤ ʩʪʘʣʦʾ ʢʦʥʩʝʨʚʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʽ 

ʩʪʘʮʽʦʥʘʨʥʦʶ ʭʚʠʣʝʶ ʻ ʩʦʣʽʪʦʥ (ʚʽʜʦʢʨʝʤʣʝʥʘ ʭʚʠʣʷ). 

ʅʝʭʘʡ ʧʦ ʧʦʚʝʨʭʥʽ ʙʝʟʜʠʩʠʧʘʪʠʚʥʦʾ ʨʽʜʠʥʠ ʧʦʰʠʨʶʻʪʴʩʷ ʭʚʠʣʷ, ʷʢʘ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʂʦʨʪʝʚʝʛʘ-ʜʝ ʌʨʽʟʘ (ʨʠʩʫʥʦʢ 7.6): 

 
ʊʨʝʪʽʡ ʜʦʜʘʥʦʢ ʫ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʦʧʠʩʫʻ ʜʠʩʧʝʨʩʽʡʥʝ ñʨʦʟʧʣʠʚʘʥʥʷò 

ʭʚʠʣʽ, ʷʢʝ ʧʝʨʝʰʢʦʜʞʘʻ ʧʝʨʝʢʠʜʘʥʥʶ ʬʨʦʥʪʫ, ʩʪʘʙʽʣʽʟʫʻ ʧʨʦʬʽʣʴ ʪʘ 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ V . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ u(x; t) ʟʘʣʝʞʠʪʴ 

ʣʠʰʝ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ʭʚʠʣʽ, ʱʦ ʙʽʞʠʪʴ ɝ = x ī V t . ʊʦʜʽ ʨʽʚʥʷʥʥʷ 

ʂʦʨʪʝʚʝʛʘ-ʜʝ ʌʨʠʟʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʥʘ 

ʧʨʠʚʘʪʥʠʭ ʧʦʭʽʜʥʠʭ ʥʘ ʟʚʠʯʘʡʥʝ ʜʠʬʝʨʝʥʮʽʘʣʴʥʝ ʨʽʚʥʷʥʥʷ  

 

 
ɯʥʪʝʛʨʫʶʯʠ ʮʝ ʨʽʚʥʷʥʥʷ, ʦʪʨʠʤʘʻʤʦ 

 
ɿʘ ʩʚʦʾʤ ʚʠʛʣʷʜʦʤ ʮʝ ʨʽʚʥʷʥʥʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷʤ ʥʝʣʽʥʽʡʥʦʛʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ  ʟ ʧʦʪʝʥʮʽʡʥʦʶ ʝʥʝʨʛʽʻʶ (ʢʦʥʩʪʘʥʪʫ 

ʽʥʪʝʛʨʫʚʘʥʥʷ C1 ʧʦʢʣʘʜʝʤʦ ʪʘʢʽʡ, ʱʦ ʜʦʨʽʚʥʶʻ ʥʫʣʶ) 

 
ʌʘʟʦʚʠʡ ʧʦʨʪʨʝʪ ʪʘʢʦʛʦ ʦʩʮʠʣʷʪʦʨʘ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 7.7. 

ɿ ʨʠʩʫʥʢʫ 7.7 ʚʠʜʥʦ, ʱʦ  ʤʦʞʣʠʚʠʤ  ʻ ʮʽʣʠʡ ʨʷʜ  ʨʦʟʚôʷʟʢʽʚ  ʚ  ʟʘʣʝʞʥʦʩʪʽ  

ʚʽʜ ʪʦʛʦ, ʚ ʷʢʽʡ ʯʘʩʪʠʥʽ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʟʥʘʭʦʜʠʪʴʩʷ ʭʚʠʣʷ. 
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ʈʠʩʫʥʦʢ 7.7 - ʇʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ ʥʝʣʽʥʽʡʥʦʛʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ 

(1)ʽ ʚʠʜʠ ʨʽʰʝʥʴ ʨʽʚʥʷʥʥʷ ʂʦʨʪʝʚʝʛʘ-ʜʝ ʌʨʽʟʘ (2): ʘ) ʢʚʘʟʽʩʠʥʫʩʦʾʜʘʣʴʥʘ 

ʭʚʠʣʷ(ʦʩʮʠʣʷʮʽʾ ʧʦʙʣʠʟʫ ʮʝʥʪʨʫ); ʙ) ʢʥʦʾʜʘʣʴʥʘ ʭʚʠʣʷ (ʢʦʣʠʚʘʥʥʷ ʧʦʙʣʠʟʫ 

ʩʝʧʘʨʘʪʨʠʩʠ); ʚ) ʚʽʜʦʢʨʝʤʣʝʥʘ ʭʚʠʣʷ ʘʙʦ ʩʦʣʽʪʦʥ (ʨʫʭ ʧʨʠʭʦʜʠʪʴ ʫʟʜʦʚʞ 

ʩʝʧʘʨʘʪʨʠʩʠ) 

  

ʇʦʙʣʠʟʫ ʮʝʥʪʨʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʥʝ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʭʚʠʣʽ ʟ 

ʤʘʣʦʶ ʘʤʧʣʽʪʫʜʦʶ, ʪʦʤʫ ʬʦʨʤʘ ʭʚʠʣʽ ʙʣʠʟʴʢʘ ʜʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ. ʅʘ 

ʦʢʦʣʠʮʽ ʩʝʧʘʨʘʪʨʠʩʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʩʠʣʴʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʛʦ ʚʠʜʫ ʭʚʠʣʴ: ʢʥʦʾʜʘʣʴʥʠʭ ʪʘ 

ʚʽʜʦʢʨʝʤʣʝʥʠʭ (ʩʦʣʽʪʦʥʽʚ, ʨʠʩʫʥʦʢ 7.8). 

 

  
ʈʠʩʫʥʦʢ 7.8 - ɺʽʜʦʢʨʝʤʣʝʥʘ ʭʚʠʣʷ (ʩʦʣʽʪʦʥ) 

 

ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʂʦʨʪʝʚʝʛʘ ʜʝ ʌʨʽʟʘ, ʱʦ ʦʧʠʩʫʻ ʩʦʣʽʪʦʥ, ʤʘʻ ʚʠʛʣʷʜ: 

 
ʜʝ umax = 3V ï ʘʤʧʣʽʪʫʜʘ ʪʘ 
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- ʰʠʨʠʥʘ ʩʦʣʽʪʦʥʫ, ʚʽʜʧʦʚʽʜʥʦ. ɿ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʦʩʪʝʡ ʚʠʜʥʦ: ʚʫʟʴʢʠʡ 

ʩʦʣʽʪʦʥ ʤʘʻ ʚʝʣʠʢʫ ʘʤʧʣʽʪʫʜʫ ʽ ʨʫʭʘʻʪʴʩʷ ʰʚʠʜʰʝ ʟʘ ʰʠʨʦʢʠʡ ʩʦʣʽʪʦʥ. 

ʆʜʥʘʢ ʚʣʘʩʪʠʚʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʦʜʥʘʢʦʚʦʾ ʢʽʣʴʢʦʩʪʽ "ʰʚʠʜʢʠʭ" (æ Ÿ 0 ) ʪʘ ñʧʦʚʽʣʴʥʠʭò ( æ >> 1 ) ʩʦʣʽʪʦʥʽʚ. 

ɺʽʜʦʢʨʝʤʣʝʥʘ ʭʚʠʣʷ ʻ ʩʪʽʡʢʦʶ ʦʩʚʽʪʦʶ. ɼʣʷ ʨʦʟ'ʷʩʥʝʥʥʷ ʮʴʦʛʦ ʬʘʢʪʫ 

ʚʚʝʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʙʝʟʨʦʟʤʽʨʥʠʡ ʧʘʨʘʤʝʪʨ 

 
ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʜʦ ʜʠʩʧʝʨʩʽʾ ʚ ʩʠʩʪʝʤʽ: ʯʠʤ  

ʚʠʱʠʡ ʯʠʩʝʣʴʥʠʢ ʜʨʦʙʫ, ʪʽʤ ʩʠʣʴʥʽʰʘ ʥʝʣʽʥʽʡʥʽʩʪʴ. ɼʣʷ ʩʦʣʽʪʦʥʫ ʮʝ 

ʚʽʜʥʦʰʝʥʥʷ ʜʦʨʽʚʥʶʻ 1, ʪʦʙʪʦ. ɽʬʝʢʪʠ ʥʝʣʽʥʽʡʥʦʾ ʧʝʨʝʙʫʜʦʚʠ 

ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʜʠʩʧʝʨʩʽʡʥʠʤ ʨʦʟʧʣʠʚʘʥʥʷʤ ʩʦʣʽʪʦʥʫ. ʗʢʱʦ ʧʘʨʘʤʝʪʨ ů 

ʤʘʣʠʡ (ů << 1), ʪʦ ʦʙʫʨʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʩʧʨʠʡʤʘʶʪʴ ʩʝʨʝʜʦʚʠʱʝ ʫ 

ʚʠʛʣʷʜʽ ʨʝʯʦʚʠʥʠ ʟ ʣʽʥʽʡʥʦʶ ʜʠʩʧʝʨʩʽʻʶ: ʫ ʩʠʩʪʝʤʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʛʘʨʤʦʥʽʢʠ ʟ 

ʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ů ʘʞ 

ʜʦ"ʥʘʨʦʜʞʝʥʥʷ" ʩʦʣʽʪʦʥʫ. ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ (ů >> 1) ʜʠʩʧʝʨʩʽʡʥʽ 

ʝʬʝʢʪʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʥʝʣʽʥʽʡʥʽʩʪʴ ʩʠʩʪʝʤʠ ʧʦʨʦʜʞʫʻ 

ʛʘʨʤʦʥʽʢʠ ʟ ʜʫʞʝ ʤʘʣʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ. ʊʽʣʴʢʠ ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʮʠʭ 

ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʚʢʣʶʯʘʻʪʴʩʷ ʜʠʩʧʝʨʩʽʷ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʽ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʜʦʢʨʝʤʣʝʥʦʛʦ ʭʚʠʣʽ. 

ɺʽʜʦʢʨʝʤʣʝʥʽ ʭʚʠʣʽ ʚʠʥʠʢʘʶʪʴ ʫ ʩʠʩʪʝʤʘʭ, ʷʢʽ ʨʽʟʥʷʪʴʩʷ ʟʘ ʬʽʟʠʯʥʦʶ 

ʧʨʠʨʦʜʦʶ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩʫʥʢʫ 7.9 ʧʦʢʘʟʘʥʽ ʩʦʣʽʪʦʥʠ ʥʘ ʤʘʛʥʽʪʥʽʡ 

ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ, ʘ ʥʘ ʨʠʩʫʥʢʫ 7.10 - ʚʽʜʦʢʨʝʤʣʝʥʽ ʭʚʠʣʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ 

ʨʝʟʦʥʘʥʩʘʭ ʚ ʤʘʛʥʽʪʥʽʡ ʨʽʜʠʥʽ. 

 

 
ʈʠʩʫʥʦʢ 7.9 - ʉʦʣʽʪʦʥʠ ʥʘ ʧʦʚʝʨʭʥʽ      ʈʠʩʫʥʦʢ 7.10 - ɺʽʜʦʢʨʝʤʣʝʥʽ ʭʚʠʣʽ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʩʦʣʽʪʦʥʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʧʦʚʦʜʷʪʴʩʷ ʷʢ 

ʢʣʘʩʠʯʥʽ ʯʘʩʪʠʥʢʠ: ʧʨʠʪʷʛʫʶʪʴʩʷ, ʚʽʜʰʪʦʚʭʫʶʪʴʩʷ ʽ ʢʦʣʠʚʘʶʪʴʩʷ ʦʜʥʘ 

ʚʽʜʥʦʩʥʦ ʽʥʰʦʾ . ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʨʽʟʥʠʮʷ ʰʚʠʜʢʦʩʪʝʡ ʥʝʚʝʣʠʢʘ ʽ ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʩʦʣʽʪʦʥʘʤʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʾʭ ʰʠʨʠʥʫ, ʪʦ ʚʟʘʻʤʦʜʽʷ ʚʽʜʦʢʨʝʤʣʝʥʠʭ 

ʭʚʠʣʴ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʟʛʽʜʥʦ ʽʟ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ. ʉʦʣʽʪʦʥʠ ʤʦʞʫʪʴ 

ʽʩʥʫʚʘʪʠ ʪʘʢʦʞ ʫ ʚʠʛʣʷʜʽ ʩʪʽʡʢʠʭ ʚʠʭʦʨʽʚ ʚ ʘʪʤʦʩʬʝʨʽ (ʩʦʣʽʪʦʥʠ ʈʦʩʩʙʽ). 

ʆʙʝʨʪʘʥʥʷ ʽ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʚʠʭʦʨʫ ʧʨʦʪʠʣʝʞʥʽ ʦʙʝʨʪʘʥʥʶ ʧʣʘʥʝʪʠ 
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(ʘʥʪʠʮʠʢʣʦʥ), ʘ ʪʠʩʢ ʫ ʮʝʥʪʨʽ ʚʠʭʦʨʫ ʟʘʚʞʜʠ ʙʽʣʴʰʠʡ, ʥʽʞ ʥʘ ʡʦʛʦ 

ʛʨʘʥʠʮʷʭ. 

 

 

7.5 ʉʪʦʭʘʩʪʠʯʥʽ ʨʫʭʠ ʨʝʯʦʚʠʥʠ 

 

ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣ (ʘʙʦ ʧʦʣʽʚ) ʪʘ ʜʦʩʠʪʴ 

ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʪʝʯʽʾ ʫ ʩʫʮʽʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʚʠʥʠʢʘʶʪʴ ʩʪʦʭʘʩʪʠʯʥʽ 

ʨʫʭʠ. ɺʠʚʯʠʤʦ ʧʦʚʝʜʽʥʢʫ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟ'ʷʩʫʻʤʦ 

ʬʽʟʠʯʥʫ ʩʫʪʥʽʩʪʴ ʧʨʦʮʝʩʫ, ʚʥʘʩʣʽʜʦʢ ʷʢʦʛʦ ʚʠʥʠʢʘʻ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ 

(ʥʝʚʧʦʨʷʜʢʦʚʘʥʽ, ʭʘʦʪʠʯʥʽ ʨʫʭʠ ʫ ʩʫʮʽʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʨʠʩʫʥʦʢ 7.11).   

 

 
ʈʠʩʫʥʦʢ 7.11 - ʅʝʚʧʦʨʷʜʢʦʚʘʥʽ, ʭʘʦʪʠʯʥʽ ʨʫʭʠ ʚ ʮʽʚʮʽ ʩʠʛʘʨʝʪʥʦʛʦ ʜʠʤʫ 

 

 ɻʽʜʨʦʜʠʥʘʤʽʯʥʽ ʪʝʯʽʾ ʚ'ʷʟʢʦʾ ʨʽʜʠʥʠ ʦʧʠʩʫʶʪʴʩʷ: 

- ʨʽʚʥʷʥʥʷʤ ʅʘʚʴʝ-ʉʪʦʢʩʘ: 

 
- ʨʽʚʥʷʥʥʷʤ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ: 

 
(ʨʽʜʠʥʘ ʥʘʟʠʚʘʻʪʴʩʷ ʥʝʩʪʩʠʩʢʘʻʤʦʶ, ʷʢʱʦ ҼĿu = div u = 0 ) 

- ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ ʨʽʜʠʥʠ: 

                          , 

ʜʝ u (x; y; z; t) - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʝʨʝʜʦʚʠʱʘ; 
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- ʦʧʝʨʘʪʦʨ ʛʨʘʜʽʻʥʪʘ; P ï ʪʠʩʢ ʫ ʩʠʩʪʝʤʽ; ɟ ï ʛʫʩʪʠʥʘ ʨʽʜʠʥʠ; ɜ ï 

ʢʦʝʬʽʮʽʻʥʪ ʚ'ʷʟʢʦʩʪʽ; 

 
 

- ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ.  

ɺʠʷʚʠʣʦʩʷ,  ɦ ʦ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʨʽʚʥʷʥʴ ʧʨʠ ʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʨʫʭʫ 

ʨʽʜʠʥʠ ʩʫʧʝʨʝʯʠʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ. ʅʘʧʨʠʢʣʘʜ, ʟʛʽʜʥʦ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʦʧʽʨ ʨʫʭʫ ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʫ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʟʘ 

ʧʝʨʝʨʽʟʦʤ ʪʨʫʙʠ (ʟʘʢʦʥ ʐʝʟʽ). ɿʘ ʪʝʦʨʽʻʶ ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʚʦʥʦ ʟʨʦʩʪʘʻ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʦ ʧʝʨʰʽʡ ʩʪʫʧʝʥʽ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ (ʟʘʢʦʥ ʇʫʘʟʝʡʣʷ). ʇʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʪʝʯʽʾ ʩʪʨʫʤʽʚ ʧʽʜʬʘʨʙʦʚʘʥʦʾ ʨʽʜʠʥʠ ʈʝʡʥʦʣʴʜʩ ʚʚʽʚ ʧʘʨʘʤʝʪʨ 

Re = u D/v (D ï ʜʽʘʤʝʪʨ ʪʨʫʙʠ). ɺʽʥ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʯʠʩʣʘʭ Re<2000 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʣʘʤʽʥʘʨʥʠʡ ʧʝʨʝʙʽʛ (ʣʘʤʽʥʘʨʥʠʡ ʨʝʞʠʤ ʧʝʨʝʙʽʛʫ ʨʽʜʠʥʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʤʝʥʰʠʭ 30 ʩʤ/ʩʝʢ) ʽ ʧʨʠ ʮʴʦʤʫ ʩʧʨʘʚʝʜʣʠʚʠʡ 

ʟʘʢʦʥ ʇʫʘʟʝʡʣʷ. ʇʨʠ ʚʝʣʠʢʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ ʚʠʥʠʢʘʶʪʴ ʚʠʧʘʜʢʦʚʽ 

ʨʫʭʠ (ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ), ʘ ʦʧʽʨ ʧʦʪʦʢʫ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʢʦʥʫ ʐʝʟʽ. 

ʊʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʠʭʦʨʽʚ  (ʨʠʩʫʥʢʠ  7.12  ʽ  7.13),  ʧʨʠʯʦʤʫ  ʤʘʣʽ,  ʱʦ  ʚʠʥʠʢʘʶʪʴ   ʚʠʭʦʨʠ  

 

 

 
 

ʈʠʩʫʥʦʢ 7.12 - ʇʝʨʝʭʽʜ ʚʽʜ ʣʘʤʽʥʘʨʥʦʛʦ ʜʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʨʝʞʠʤʫ 
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ʈʠʩʫʥʦʢ 7.13 - ɺʠʥʠʢʥʝʥʥʷ ʚʠʭʦʨʫ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʨʫʩʽ ʧʦʚʽʪʨʷ 

 

ʚʽʜʙʠʨʘʶʪʴ ʝʥʝʨʛʽʶ ʫ ʚʝʣʠʢʠʭ ʽ ʧʝʨʝʜʘʶʪʴ ʾʾ ʱʝ ʤʝʥʰʠʤ ʚʠʭʦʨʘʤ. ʆʪʞʝ, 

ʜʠʩʠʧʘʮʽʷ ʝʥʝʨʛʽʾ ʧʨʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʨʦʜʞʫʻ ʮʽʣʠʡ ʩʧʝʢʪʨ ʚʠʭʦʨʽʚ, 

ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʷʢʠʭ ʨʝʛʫʣʶʻʪʴʩʷ ʚ'ʷʟʢʽʩʪʶ ʩʝʨʝʜʦʚʠʱʘ. 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʚʠʭʦʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʯʠʩʣʘ ʚʝʣʠʢʠʭ ʽ 

ʤʘʣʠʭ ʚʠʭʦʨʽʚ. ʂʨʠʪʠʯʥʠʡ ʣʽʥʽʡʥʠʡ ʨʦʟʤʽʨ ʚʠʭʦʨʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 

 
ɺʠʭʦʨʠ, ʨʦʟʤʽʨ ʷʢʠʭ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʢʨʠʪʠʯʥʠʤ, ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʤʘʣʠʤʠ, ʘ ʟʘ ʫʤʦʚ ʟʥʘʯʥʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʮʴʦʛʦ ʨʦʟʤʽʨʫ ï ʚʝʣʠʢʠʤʠ. 

ʆʩʥʦʚʥʦʶ ʪʝʦʨʝʪʠʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʦʧʠʩʽ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʻ ʟ'ʷʩʫʚʘʥʥʷ 

ʧʨʠʯʠʥ ʾʾ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʫ ʨʝʘʣʽʟʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʫ ʤʦʜʝʣʽ ʃʘʥʜʘʫ-

ʍʦʧʬʘ ʚʠʥʠʢʥʝʥʥʷ ʭʘʦʪʠʯʥʠʭ ʨʫʭʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ,ʷʢ ʩʝʨʽʷ ʧʦʩʣʽʜʦʚʥʠʭ 

ʥʝʩʪʽʡʢʦʩʪʝʡ. ʇʝʨʝʧʣʫʪʫʚʘʥʥʷ ʟʙʫʨʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʽ ʧʦʩʪʽʡʥʘ ʧʦʷʚʘ 

ʥʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ ʧʦʨʦʜʞʫʻ ʭʘʦʩ ʫ ʩʧʦʯʘʪʢʫ ʚʧʦʨʷʜʢʦʚʘʥʦʤʫ ʩʪʘʥʽ . 

ʇʦʷʩʥʝʥʥʷ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʚʠʤʘʛʘʻ ʟʘʣʫʯʝʥʥʷ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʢʦʥʮʝʧʮʽʻʶ, 

ʷʢʘ ʧʦʭʦʜʠʪʴ ʽʟ  ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʽʟʠʢʠ: ʟ ʧʦʛʣʷʜʫ ʪʝʦʨʽʾ ʅʴʶʪʦʥʘ ʤʦʞʥʘ 

ʜʝʪʝʨʤʽʥʦʚʘʥʦ ʦʧʠʩʘʪʠ ʨʫʭ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ, ʘʣʝ ʨʫʭ ʩʠʩʪʝʤʠ ʥʘʚʽʪʴ 

ʥʝʚʟʘʻʤʦʜʽʶʯʠʭ ʯʘʩʪʠʥʦʢ ʥʘʩʪʽʣʴʢʠ ʩʢʣʘʜʥʠʡ, ʱʦ ʜʠʥʘʤʽʯʥʠʡ ʧʽʜʭʽʜ 

ʚʪʨʘʯʘʻ ʩʝʥʩ. ɿʘ ʪʝʦʨʽʻʶ ʃʘʥʜʘʫ-ʍʦʧʬʘ ʧʝʨʝʭʽʜ ʜʦ ʭʘʦʩʫ ʩʠʩʪʝʤʠ ʟ 

ʥʝʩʢʽʥʯʝʥʥʠʤ ʯʠʩʣʦʤ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʘʢ: ʨʽʚʥʦʚʘʞʥʠʡ ʩʪʘʥ 

ʩʪʘʻ ʥʝʩʪʽʡʢʠʤ ʽ ʧʨʠ ʧʝʚʥʦʤʫ ʟʥʘʯʝʥʥʽ ʢʝʨʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʨʦʜʞʫʻ ʫ 

ʩʚʦʻʤʫ ʦʢʦʣʽ ʛʨʘʥʠʯʥʠʡ ʮʠʢʣ. ʋ ʧʨʦʮʝʩʽ ʧʦʷʚʠ ʛʨʘʥʠʯʥʦʛʦ ʮʠʢʣʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʫʭʫ, ʷʢʠʡ ʪʘʢʦʞ ʚʪʨʘʯʘʻ ʩʪʽʡʢʽʩʪʴ. 
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ɿʘʤʽʩʪʴ ʛʨʘʥʠʯʥʦʛʦ ʮʠʢʣʫ ʚʠʥʠʢʘʻ ʧʣʦʩʢʠʡ ʪʦʨ, ʱʦ ʧʦʪʽʤ ʚʠʨʦʜʞʫʻʪʴʩʷ ʚ 

ʪʨʠʚʠʤʽʨʥʠʡ ʪʦʨ. ʇʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʥʠʢʘʶʯʠʭ ʛʘʨʤʦʥʽʢ 

ʦʧʠʩʘʥʠʡ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʣʷʜʘʻ ʚʠʧʘʜʢʦʚʠʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʯʝʨʛʦʚʦʾ ʙʽʬʫʨʢʘʮʽʾ ʩʪʘʥʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʣʠʚʘ ʧʦʷʚʘ ʜʠʚʥʦʛʦ 

ʘʪʨʘʢʪʦʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʥʠʢʥʝʥʥʶ ʩʪʦʭʘʩʪʠʯʥʦʾ ʪʝʯʽʾ  ʽʟ ʩʫʮʽʣʴʥʠʤ 

ʝʥʝʨʛʝʪʠʯʥʠʤ ʩʧʝʢʪʨʦʤ. ɸʥʘʣʦʛʽʯʥʦ ʪʦʤʫ, ʷʢ ʥʝʣʽʥʽʡʥʽʩʪʴ ʪʘ ʜʠʩʧʝʨʩʽʷ 

ʩʝʨʝʜʦʚʠʱʘ ʩʪʘʙʽʣʽʟʫʶʪʴ ʥʦʚʠʡ ʩʪʘʥ ʧʨʠ ʨʫʩʽ ʧʦʙʣʠʟʫ ʩʝʧʘʨʘʪʨʠʩʠ, ʪʘʢ 

ʥʘʷʚʥʽʩʪʴ ʚ'ʷʟʢʦʩʪʽ ʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʠʛʥʽʯʫʻ ʛʘʨʤʦʥʽʢʠ ʟ ʚʠʩʦʢʦʶ 

"ʩʘʤʦʩʪʽʡʥʽʩʪʶ" (ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʽ ʟʙʫʨʝʥʥʷ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʢʽʥʮʝʚʦʾ ʤʥʦʞʠʥʠ ʚ ʥʝʩʢʽʥʯʝʥʥʦʤʽʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ, 

ʜʦ ʷʢʦʛʦ ʧʨʠʪʷʛʫʶʪʴʩʷ ʚʩʽ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ. ʩʠʩʪʝʤʠ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚ 

ʪʫʨʙʫʣʝʥʪʥʠʡ ʨʝʞʠʤ. 

ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʫ ʪʝʦʨʝʪʠʢʽʚ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʽʚ ʚʠʢʣʠʢʘʶʪʴ 

ʘʥʽʟʦʪʨʦʧʥʽ ʪʫʨʙʫʣʝʥʪʥʽ ʪʝʯʽʾ, ʫ ʷʢʠʭ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʢʦʛʝʨʝʥʪʥʽ ʩʪʨʫʢʪʫʨʠ. 

ɺʦʥʠ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʪʦʢʽʚ ʽ ʻ ʩʢʣʘʜʦʚʦʶ 

ʪʫʨʙʫʣʝʥʪʥʦʾ ʪʝʯʽʾ ʥʘʨʽʚʥʽ ʟ ʛʣʦʙʘʣʴʥʦ ʩʝʨʝʜʥʴʦʶ ʪʝʯʽʻʶ ʪʘ ʩʪʦʭʘʩʪʠʯʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʉʪʦʭʘʩʪʠʯʥʠʡ ʢʦʤʧʦʥʝʥʪ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʚʠʥʠʢʥʝʥʥʷʤ 

ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ ʪʘ ʬʨʘʢʪʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʤʥʦʞʠʥʠ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʦʣʷ ʟʘʚʠʭʨʝʥʥʷ. ʉʠʣʴʥʦ ʘʥʽʟʦʪʨʦʧʥʽ ʪʝʯʽʾ ʚ ʧʨʠʛʨʘʥʠʯʥʦʤʫ  ʰʘʨʽ, ʘʙʦ 

ʰʘʨʽ ʟʤʽʰʫʚʘʥʥʷ, ʧʦʢʠ ʥʝ ʜʦʩʣʽʜʞʝʥʽ ʪʝʦʨʝʪʠʯʥʦ, ʱʦ ʧʦʚ'ʷʟʘʥʦ, ʤʘʙʫʪʴ, ʟ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʙʣʽʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʽ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʤʽʞ 

ʥʦʨʤʘʣʴʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʛ. 
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8  ʉʆʃɯʊʆʅʆʇʆɼɯɹʅɯ ʇɽʈɽʊɺʆʈɽʅʅʗ 

 

 

8.1 ɺʝʡʚʣʝʪ ʘʥʘʣʽʟ 

 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʦʜʠʥʦʯʥʠʭ ʪʘ ʤʥʦʞʠʥʥʠʭ ʩʠʛʥʘʣʽʚ, 

ʜʝʰʠʬʨʫʚʘʥʥʷ ʨʝʥʪʛʝʥʦʛʨʘʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʢʦʜʫʚʘʥʥʷ ʪʘ 

ʢʦʤʧʘʢʪʠʟʘʮʽʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢ 

ʟʚʘʥʦʛʦ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ (wavelet) [59,60], ʱʦ  ʫ ʧʝʨʝʢʣʘʜʽ ʟ ʘʥʛʣʽʡʩʴʢʦʾ 

ʦʟʥʘʯʘʻ "ʤʘʣʝʥʴʢʘ ʭʚʠʣʷ" ʘʙʦ "ʩʧʣʝʩʢ". ʉʦʣʽʪʦʥʦʧʦʜʽʙʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʢʫʧʥʦʩʪʽ ʬʫʥʢʮʽʡ, ʱʦ ʤʘʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ 

ʧʨʦʩʪʦʨʦʚʦʾ (ʘʙʦ ʯʘʩʦʚʦʾ) ʪʘ ʯʘʩʪʦʪʥʦʾ ʣʦʢʘʣʽʟʦʚʘʥʦʩʪʽ. ʃʦʢʘʣʽʟʘʮʽʷ 

ʩʧʣʝʩʢʫ ʜʦʟʚʦʣʷʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʫ ʟʚʠʯʘʡʥʦʤʫ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʢʦʥʪʠʥʫʫʤʽ ʪʘ ʫ ʯʘʩʪʦʪʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɺʝʡʚʣʝʪʠ 

ʫʪʚʦʨʶʶʪʴ ʽʻʨʘʨʭʽʯʥʠʡ ʙʘʟʠʩ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʝʣʽʥʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʤʽʞʥʦʩʪʽ. 

ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʫ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʠʩʠʧʘʪʠʚʥʫ ʩʠʩʪʝʤʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʌʫʨ'ʻ-ʘʥʘʣʽʟʫ, 

ʩʧʣʝʩʢʠ ʻ "ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ", ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʠʚʯʘʶʪʴ 

ʚʥʫʪʨʽʰʥʶ ʧʨʠʨʦʜʫ ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʡʦʛʦ ʩʢʝʡʣʽʥʛʦʚʽ ( ʤʘʩʰʪʘʙʥʽ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʦʚʝʜʝʤʦ ʧʦʨʽʚʥʷʥʥʷ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʟ 2-́

ʧʝʨʽʦʜʠʯʥʦʶ ʬʫʥʢʮʽʻʶ f(t), ʷʢʘ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ ʌʫʨ'ʻ 

 
ʜʝ ʢʦʝʬʽʮʽʻʥʪʠ ʨʷʜʫ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 
ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʛʘʨʤʦʥʽʢʠ, ʪʦʙʪʦ 

ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʯʠʩʣʘ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ 

ʭʚʠʣʴ ʟ ʨʽʟʥʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ ʪʘ ʯʘʩʪʦʪʘʤʠ. ɼʣʷ ʥʝʧʝʨʽʦʜʠʯʥʠʭ ʽ 

ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʚʩʽʡ ʯʠʩʣʦʚʽʡ ʦʩʽ ʬʫʥʢʮʽʡ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ ʥʦʚʽ ʨʷʜʠ, 

ʜʦʟʚʦʣʷʶʪʴ ʦʙʯʠʩʣʶʚʘʪʠ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʽ ʚʽʜʦʙʨʘʞʘʪʠ ʾʾ ʛʨʘʬʽʢ ʫ ʙʫʜʴ-

ʷʢʦʤʫ ʽʥʪʝʨʚʘʣʽ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʣʝʥʴʢʽ 

"ʭʚʠʣʽ", ʷʢʽ ʰʚʠʜʢʦ ʩʭʦʜʷʪʴ ʥʘʥʽʚʝʮʴ ʧʨʠ ʧʨʘʛʥʝʥʥʽ ʘʨʛʫʤʝʥʪʫ ʬʫʥʢʮʽʾ ʜʦ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʇʦʙʫʜʦʚʫ ʚʝʡʚʣʝʪʘ ɣ(t), ʟʜʘʪʥʦʛʦ ʧʦʢʨʠʪʠ ʚʩʶ ʯʠʩʣʦʚʫ 

ʦʩʴ, ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ʟʩʫʚʽʚ, ʪʦʙʪʦ, ʚʠʟʥʘʯʠʚʰʠ ʬʫʥʢʮʽʶ       

ɣ (ɤ tīn), ʜʝ ʯʘʩʪʦʪʘ ʚʝʡʚʣʝʪʘ ɤ = 2 k . ɼʣʷ ʧʨʦʩʪʦʪʠ ʤʽʨʢʫʚʘʥʴ ʙʫʜʝʤʦ 

ʚʚʘʞʘʪʠ, ʱʦ ʯʠʩʣʘ n ʽ k ʻ ʮʽʣʠʤʠ. ʗʢʱʦ ʙʘʟʠʩʥʠʡ ʚʝʡʚʣʝʪ ɣ(t) ʤʘʻ 

ʦʜʠʥʠʯʥʫ ʥʦʨʤʫ, ʚʩʽ ʽʥʰʽ ʬʫʥʢʮʽʾ ʤʥʦʞʠʥʠ ɣ( k- n) =2kɣ (2ktīn) ʪʘʢʦʞ 

ʙʫʜʫʪʴ ʥʦʨʤʦʚʘʥʽ ʥʘ ʦʜʠʥʠʮʶ, ʪʦʙʪʦ 
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ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʝʨʘ). 

ʆʪʞʝ, ʙʫʜʴ-ʷʢʘ ʥʝʧʝʨʽʦʜʠʯʥʘ ʬʫʥʢʮʽʷ, ʟʘʜʘʥʘ ʥʘ ʚʩʽʡ ʯʠʩʣʦʚʽʡ ʦʩʽ, ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʚʝʡʚʣʝʪ-ʨʷʜʫ: 

 
ʅʘʡʧʨʦʩʪʽʰʠʤ ʦʨʪʦʛʦʥʘʣʴʥʠʤ ʚʝʡʚʣʝʪʦʤ ʻ ʬʫʥʢʮʽʷ ʍʘʘʨʘ, ʷʢʘ ʟʘʜʘʻʪʴʩʷ 

ʬʦʨʤʫʣʦʶ 

 
ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʝʡʚʣʝʪ-ʙʘʟʠʩ ʤʦʞʝ ʙʫʪʠ ʩʢʦʥʩʪʨʫʡʦʚʘʥʠʡ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʩʰʪʘʙʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ (ʩʢʝʡʣʽʥʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ a) ʪʘ 

ʧʝʨʝʥʦʩʽʚ (ʧʘʨʘʤʝʪʨ b) ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʚʝʡʚʣʝʪʘ ɣ (t): 

 
(ʧʘʨʘʤʝʪʨʠ a ʪʘ b ʤʦʞʫʪʴ ʙʫʪʠ ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ  ʢʦʤʧʣʝʢʩʥʠʤʠ ʯʠʩʣʘʤʠ). 

ʊʦʜʽ ʽʥʪʝʛʨʘʣʴʥʝ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʚʽʣʴʥʦʾ ʬʫʥʢʮʽʾ ʤʘʻ ʚʠʛʣʷʜ 

 
ɿʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʟʘʜʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 

                                                                                              , 

 

ʜʝ ʥʦʨʤʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʘʻ ʚʠʛʣʷʜ 

 
ɿ ʪʝʦʨʽʾ ʩʠʛʥʘʣʽʚ ʚʽʜʦʤʦ, ʱʦ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʫ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ. ʆʪʞʝ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʨʝʙʘ 

ʚʠʪʷʛʫʚʘʪʠ ʾʾ ʟ ʚʫʟʴʢʠʭ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ,  ʥʠʟʴʢʦʯʘʩʪʦʪʥʫ ʩʢʣʘʜʦʚʫ ʷʢʘ  

ʜʽʻ ʜʣʷ ʪʨʠʚʘʣʠʭ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ. ʉʘʤʝ ʪʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʧʣʝʩʢ 

ʚʦʣʦʜʽʻ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʘ ʩʘʤʝ :  

-ʣʦʢʘʣʴʥʽʩʪʴ (ʥʫʣʴʦʚʝ ʩʝʨʝʜʥʻ ʧʦʨʷʜʢʫ m ʟʘ ʯʘʩʦʤ) 

, 
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-ʦʙʤʝʞʝʥʽʩʪʴ 

 
ɸʚʪʦʤʦʜʝʣʴʥʽʩʪʴ ʙʘʟʠʩʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦ ʚʩʽ ʯʣʝʥʠ ʤʥʦʞʠʥʠ 

ʙʘʟʠʩʥʦʛʦ ʚʝʡʚʣʝʪʘ ʤʘʶʪʴ ʪʘʢʫ ʞ ʢʽʣʴʢʽʩʪʴ ʦʩʮʠʣʷʮʽʡ, ʱʦ ʡ ʦʩʥʦʚʥʠʡ 

ʚʝʡʚʣʝʪ. 

ʅʘ ʧʨʘʢʪʠʮʽ  ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʝʡʚʣʝʪʠ (ʪʘ ʾʭʥʽ  ʌʫʨ'ʻ-

ʦʙʨʘʟʠ), ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 8.1. ʅʘ ʨʠʩʫʥʢʫ 8.1ʘ ʙ ʧʦʢʘʟʘʥʽ ʚʝʡʚʣʝʪʠ, 

ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʘ 

 
(ʬʫʨʴʝ-ʦʙʨʘʟ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 

 
ʧʨʠ m = 1 ʪʘ m = 2, ʚʽʜʧʦʚʽʜʥʦ). ʅʘ ʨʠʩʫʥʢʫ 8.1ʚ ʪʘ 8.1ʛ ʟʦʙʨʘʞʝʥʽ ʚʝʡʚʣʝʪʠ 

ʄʦʨʣʝ 

 
ɼʝ ʪʝʪʘ -ʩʧʝʮʽʘʣʴʥʘ ʬʫʥʢʮʽʷ ʍʝʚʽʩʘʡʜʘ 

 
ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʘ k 0. ɺʝʡʚʣʝʪʠ ʇʘʫʣʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚ ʢʚʘʥʪʦʚʽʡ ʤʝʭʘʥʽʮʽ ʽ  ʟʘʚʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ 

 

                                                                                                , 

 

ʘ ʌʫʨ'ʻ-ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʠʭ ʤʘʻ ʚʠʛʣʷʜ  

 
ʧʦʢʘʟʘʥʽ     ʥʘ    ʨʠʩʫʥʢʫ  8.1ʜ ʪʘ 8.1ʝ.    ɺʝʡʚʣʝʪʠ   ɻʘʫʩʘ,    ʥʘʧʨʠʢʣʘʜ, 
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ʈʠʩʫʥʦʢ 8.1 - ɺʝʡʚʣʝʪʠ ʪʘ ʾʭ ʌʫʨ'ʻ-ʪʨʘʥʩʬʦʨʤʘʥʪʠ: 

ʘ - WAVE; ʙ - MHAT; ʚ - Morlet; ʛ ï Pauli; ʜ - LMB; ʝ ï Daubechies 

 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʩʢʣʘʜʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ ʽʟʦʪʨʦʧʥʠʭ ʧʦʣʽʚ. 

ʂʦʤʧʣʝʢʩʥʽ ʚʝʡʚʣʝʪʠ ʄʦʨʣʝ ʟʙʝʨʽʛʘʶʪʴ ʥʘʧʨʷʤʦʢ ʯʘʩʫ ʪʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʚʦʥʠ ʥʝ ʩʪʚʦʨʶʶʪʴ 

ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ  ʤʽʞ ʤʠʥʫʣʠʤʠ ʪʘ ʤʘʡʙʫʪʥʽʤʠ ʧʦʜʽʷʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ ʦʪʨʠʤʫʶʪʴ ʜʚʦʭʧʘʨʘʤʝʪʨʠʯʥʫ 

ʤʥʦʞʠʥʫ W ɣ (a; b) , ʷʢʘ ʟʘʟʚʠʯʘʡ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʟʦʣʽʥʽʾ ʥʘ 

ʧʣʦʱʠʥʽ ʧʘʨʘʤʝʪʨʽʚ a ʪʘ b (ʨʠʩʫʥʦʢ 8.2). ʅʘ ʨʠʩʫʥʢʫ 8.2ʙ ʪʝʤʥʽ ʦʙʣʘʩʪʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʦʟʠʪʠʚʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ Wɣ (a;b), ʘ ʩʚʽʪʣʽ ʾʭ 

ʥʝʛʘʪʠʚʥʽ ʟʥʘʯʝʥʥʷ. 
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ʈʠʩʫʥʦʢ 8.2 - ɸʥʘʣʽʟʦʚʘʥʠʡ ʩʠʛʥʘʣ (ʘ) ʪʘ ʽʟʦʦʙʣʘʩʪʽ ʧʘʨʘʤʝʪʨʽʚ  

Wɣ (a; b) (ʙ) 

 

 

8.2 ɺʝʡʚʣʝʪ-ʦʙʨʘʟʠ ʤʦʜʝʣʴʥʠʭ ʩʠʛʥʘʣʽʚ 

 

ʈʦʟʛʣʷʥʝʤʦ ʘʣʛʦʨʠʪʤ ʟʥʘʭʦʜʞʝʥʥʷ ʚʝʡʚʣʝʪ-ʦʙʨʘʟʽʚ Wɣ (a;b) 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

 
ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ: 

1) T1 = 25, =0. ɺʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʥʫʩʦʾʜʠ ʽʟ ʯʘʩʪʦʪʦʶ                

ɤ1 =2ˊ /T1 ʚʽʜʦʙʨʘʞʝʥʠʡ  ʥʘ ʨʠʩʫʥʢʫ 8.3ʘ ɺʝʨʭʥʷ ʯʘʩʪʠʥʘ ʈʠʩʫʥʦʢ 8.3ʙ 

ʜʝʤʦʥʩʪʨʫʻ ʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʆʜʥʘʢʦʚʘ 

ʜʦʚʞʠʥʘ ʣʽʥʽʡ ʪʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʾʭ ʧʦʷʚʠ ʚʢʘʟʫʻ ʥʘ ʻʜʠʥʽʩʪʴ ʪʘ ʩʪʘʣʽʩʪʴ 

ʯʘʩʪʦʪʠ ʩʠʥʫʩʦʾʜʠ. 

 
ʈʠʩʫʥʦʢ 8.3 - ɺʝʡʚʣʝʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʙ) ʩʠʥʫʩʦʾʜʠ (ʘ) 
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2) T1 = 200, T2 = 40, Ŭ = 0,4. ʂʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 8.4. 

ʇʝʨʝʪʚʦʨʶʚʘʥʘ ʬʫʥʢʮʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʫʤʫ ʩʠʥʫʩʦʾʜ ʟ̔ ʩʫʪʪʻʚʦ 

ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ɤ1 = 2ˊ / T1 ʽ ɤ2 = 2ˊ / T2. ɺʥʘʩʣʽʜʦʢ ʨʝʟʦʥʘʥʩʫ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʟ ʜʨʽʙʥʦʤʘʩʰʪʘʙʥʠʤʠ 

ʚʝʡʚʣʝʪʘʤʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩʫʥʢʫ 8.4ʙ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ 

ʨʦʟʪʘʰʦʚʘʥʽ ʜʨʽʙʥʽ ʜʝʪʘʣʽ. ʅʘʷʚʥʽʩʪʴ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʶ 

ʩʢʣʘʜʦʚʦʶ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʤʠ ʚʝʡʚʣʝʪʘʤʠ 

ʚʽʜʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 8.4ʙ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʪʝʤʥʠʭ ʪʘ ʜʚʦʭ ʩʚʽʪʣʠʭ 

ʦʙʣʘʩʪʝʡ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ Wɣ (a; b). 

 
ʈʠʩʫʥʦʢ 8.4 - ɺʝʡʚʣʝʪ-ʪʨʘʥʩʬʦʨʤʘʥʪʠ Wɣ (a; b) (ʙ) ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ (ʘ) 

  

ɺʝʡʚʣʝʪ-ʘʥʘʣʽʟ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʌʫʨ'ʻ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʽʟʥʷʪʠ ʚʢʣʶʯʝʥʥʷ  ʩʠʛʥʘʣʽʚ  ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ (ʥʘʨʘʟʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ  ʩʠʥʫʩʦʾʜʠ ʟ ʧʝʨʽʦʜʘʤʠ T1 = 25, T2 = 50) ʪʘ ʩʫʤʘ ʩʠʥʫʩʦʾʜ (Ŭ 

=1). ʋʚʽʤʢʥʝʥʥʷ ʩʠʛʥʘʣʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 8.5ʘ, ʘ ʩʫʤʘ ʩʠʥʫʩʦʾʜ ʥʘ 

ʨʠʩʫʥʢʫ 8.5ʙ. 

 
ʈʠʩʫʥʦʢ 8.5 - ɺʝʡʚʣʝʪ-ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʢʣʶʯʝʥʥʷ ʩʠʛʥʘʣʫ (ʘ) ʪʘ ʩʫʤʠ 

ʩʠʥʫʩʦʾʜ (ʙ) 



 

97 
 

 ɺʠʢʦʨʠʩʪʘʥʥʷ "ʤʘʣʝʥʴʢʠʭ ʭʚʠʣʴ" ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʬʫʥʢʮʽʶ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ, ʘʣʝ ʽ ʚʠʷʚʠʪʠ ʾʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʧʦʚ'ʷʟʘʥʽ, 

ʥʘʧʨʠʢʣʘʜ, ʟ ʬʘʟʦʚʠʤ ʟʤʽʥʘʤʠ. ɿʘʟʥʘʯʝʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʠ ʟʤʽʥʽ  ʬʘʟʠ ʥʘ  ́

ʩʠʥʫʩʦʾʜʠ ʟ ʧʝʨʽʦʜʦʤ T1 = 25 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 8.6. ʇʨʠ ʘʥʘʣʽʟʽ 

ʦʩʦʙʣʠʚʦʩʪʽ      ʩʠʛʥʘʣʫ ʟʘ   ʜʦʧʦʤʦʛʦʶ   ʨʷʜʫ  ʌʫʨ'ʻ  ʧʨʠʟʚʦʜʠʪʴ ʜʦ    

ʧʦʷʚʠ  

 

 
ʈʠʩʫʥʦʢ 8.6 - ɺʠʷʚʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʥʘʣʽʟʫʻʤʦʛʦ  ʩʠʛʥʘʣʫ 

 

ʜʦʜʘʪʢʦʚʠʭ ʧʽʢʽʚ, ʦʩʢʽʣʴʢʠ ʦʩʦʙʣʠʚʽʩʪʴ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʚʩʽʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʯʘʩʪʦʪʠ ʌʫʨ'ʻ-ʧʝʨʝʪʚʦʨʝʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʩʠʛʥʘʣʫ: ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʽʩʥʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʤʘʩʰʪʘʙʽʚ, ʪʦʜʽ ʷʢ 

ʚʽʥ ʦʜʠʥ. ʋ ʨʝʘʣʴʥʠʭ ʩʠʛʥʘʣʘʭ ʯʘʩʪʦ ʧʨʠʩʫʪʥʽ ʽʤʧʫʣʴʩʥʽ ʧʝʨʝʰʢʦʜʠ, 

ʨʽʟʥʦʛʦ ʨʦʜʫ ʥʘʭʠʣʠ ʪʘ ʩʭʦʜʠ, ʷʢʽ ʧʦʛʘʥʦ ʚʠʷʚʣʷʶʪʴʩʷ ʛʘʨʤʦʥʽʢʘʤʠ ʌʫʨ'ʻ. 

ɺʝʡʚʣʝʪʥʽ ʬʫʥʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ, ʷʢ ʦʩʦʙʣʠʚʽʩʪʴ ʩʠʛʥʘʣʫ, ʪʘʢ  ʽ ʾʾ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ  ʚʠʜ. ɯʟʦʣʴʦʚʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʣʦʢʘʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʝʡʚʣʝʪ, 

ʽ ʢʦʥʪʨʘʩʪʥʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ, ʪʦʤʫ ʾʾ ʤʦʞʥʘ ʩʢʦʨʠʛʫʚʘʪʠ ʘʙʦ ʚʠʜʘʣʠʪʠ ʽʟ 

ʩʠʛʥʘʣʫ. 

 

 

8.3 ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʝʡʚʣʝʪʥʦʛʦ ʘʥʘʣʽʟʫ 

 

ɯʻʨʘʨʭʽʯʥʽʩʪʴ ʙʘʟʠʩʫ ʚʝʡʚʣʝʪʽʚ ʩʧʨʠʷʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʶ ʜʣʷ ʘʥʘʣʽʟʫ 

ʢʘʩʢʘʜʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ, ʬʨʘʢʪʘʣʴʥʠʭ ʤʥʦʞʠʥ ʪʘ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʝʡʚʣʝʪʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʬʨʘʢʪʘʣ ʂʘʥʪʦʨʘ. ʎʷ ʤʥʦʞʠʥʘ  

ʙʫʜʫʻʪʴʩʷ ʪʘʢ: ʜʘʥʠʡ ʚʽʜʨʽʟʦʢ ʜʽʣʠʪʴʩʷ  ʥʘ ʪʨʠ ʯʘʩʪʠʥʠ, ʧʽʩʣʷ ʯʦʛʦ ʩʝʨʝʜʥʽʡ 

ʚʽʜʨʽʟʦʢ ʚʠʢʠʜʘʻʪʴʩʷ; ʦʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ 

(ñʢʘʥʪʦʨʽʚʩʴʢʠʡ ʧʠʣò ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 8.7ʘ). 
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ʈʠʩʫʥʦʢ 8.7 - ɺʝʡʚʣʝʪ-ʘʥʘʣʽʟ ʬʨʘʢʪʘʣʫ ʂʘʥʪʦʨʘ 

 

 "ʂʘʥʪʦʨʦʚʩʴʢʠʡ ʧʠʣ" ʥʘʜʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʜʚʽʡʢʦʚʦʾ ʤʥʦʞʠʥʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʫʣʽʚ (ʚʽʜʨʽʟʦʢ 

ʚʽʜʩʫʪʥʽʡ) ʪʘ ʦʜʠʥʠʮʴ (ʥʘʷʚʥʽʩʪʴ ʚʽʜʨʽʟʢʘ). ʂʘʨʪʠʥʘ ʚʝʡʚʣʝʪʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ (ʨʠʩʫʥʦʢ 8.7ʙ) ʯʽʪʢʦ ʜʝʤʦʥʩʪʨʫʻ ʽʻʨʘʨʭʽʶ ʧʽʜʤʥʦʞʠʥ 

ʬʨʘʢʪʘʣʫ ʂʘʥʪʦʨʘ, ʚʽʜʦʙʨʘʞʘʶʯʠ ʨʦʟʧʘʜ ʢʦʞʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʚʠʱʦʛʦ ʨʽʚʥʷ 

ʥʘ ʜʚʘ ʤʘʢʩʠʤʫʤʠ ʥʠʞʥʴʦʾ ʤʥʦʞʠʥʠ. 

ɼʝʷʢʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʦʧʠʩʫʶʪʴʩʷ ʪʠʤʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ  ʜʦʚʛʦʩʪʨʦʢʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʬʽʟʠʯʥʦʛʦ ʷʚʠʱʘ. 

ʅʘʧʨʠʢʣʘʜ, ʚʠʚʯʝʥʥʷ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʫ ʦʢʝʘʥʽ ʧʨʠʟʚʝʣʦ ʜʦ 

ʚʠʷʚʣʝʥʥʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʘʪʤʦʩʬʝʨʥʦ-ʦʢʝʘʥʽʯʥʠʭ ʷʚʠʱ. ʎʝʡ ʧʨʦʮʝʩ 

ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʨʽʟʢʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʚʦʜʠ ʧʦʙʣʠʟʫ ʫʟʙʝʨʝʞʞʷ  ʽ  

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚʝʣʠʯʝʟʥʠʭ ʤʘʩ ʧʦʚʽʪʨʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ 

ʫʩʽʻʾ ʟʝʤʥʦʾ ʘʪʤʦʩʬʝʨʠ. ʊʘʢʽ ʧʣʘʥʝʪʘʨʥʽ ñʛʦʡʜʘʣʢʠò,  ʥʝ ʪʽʣʴʢʠ 

ʧʝʨʝʛʘʥʷʶʪʴ ʤʘʩʠ ʧʦʚʽʪʨʷ, ʘʣʝ  ʡ ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʤʫʩʦʥʽʚ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʨʦʣʠʚʥʠʤʠ ʜʦʱʘʤʠ. ɸʪʤʦʩʬʝʨʥʦ-ʦʢʝʘʥʽʯʥʽ ʟʤʽʥʠ 

ʦʧʠʩʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʝʷʢʦʛʦ ʽʥʜʝʢʩʫ C(t), ʱʦ 

ʚʠʟʥʘʯʘʻ ʩʪʘʥ ʩʠʩʪʝʤʠ ʦʢʝʘʥ-ʘʪʤʦʩʬʝʨʘ. ɿʘ ʥʝʛʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʽʥʜʝʢʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ʛʨʘʜʽʻʥʪʘ ʪʠʩʢʫ ʤʽʞ ʟʝʤʥʠʤʠ 

ʧʽʚʢʫʣʷʤʠ. ɿʤʝʥʰʝʥʥʷ ʦʧʦʨʫ ʚʽʪʨʫ ʚʠʢʣʠʢʘʻ  ʨʫʭ ʪʝʧʣʠʭ ʦʢʝʘʥʽʯʥʠʭ ʚʦʜ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʢʦʣʠʚʘʥʴ ʚ ʘʪʤʦʩʬʝʨʽ ʧʣʘʥʝʪʠ. ʈʽʟʢʽ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʪʘ ʧʦʚʽʪʨʷ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ ʚ 

ʦʢʝʘʥʽ ʪʘ ʥʘ ʩʫʰʽ: ʪʘʡʬʫʥʽʚ , ʭʦʣʦʜʥʠʭ ʟʠʤ, ʧʦʩʫʭ, ʨʦʟʣʠʚʽʚ ʽ ʪ.ʧ.  

ɺʝʡʚʣʝʪ ʘʥʘʣʽʟ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʢʦʣʠʚʘʥʴ ʽʥʜʝʢʩʫ C(t) ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʠʪʠ  ʘʚʪʦʤʦʜʝʣʴʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʘ ʥʘʷʚʥʽʩʪʴ ʽʻʨʘʨʭʽʾ 

ʧʝʨʽʦʜʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʘʩʢʘʜʥʽʩʪʴ ʧʨʦʮʝʩʫ(ʚʽʜ ʤʽʩʷʮʷ ʜʦ ʢʽʣʴʢʦʭ 

ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ). 
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ʉʢʣʘʜʥʽ ʘʪʦʤʥʽ ʩʪʨʫʢʪʫʨʠ. ɺʽʜʩʫʪʥʽʩʪʴ ʪʦʯʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʝʪʦʜʫ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʘʛʘʪʴʦʭ ʪʽʣ ʚʠʤʘʛʘʻ  ʟʘʩʪʦʩʫʚʘʥʴ ʥʘʙʣʠʞʝʥʠʭ 

ʤʝʪʦʜʽʚ. ʊʦʤʫ ʥʠʥʽ ʧʨʝʚʘʣʶʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʧʝʢʪʨʽʚ ʙʘʛʘʪʦʯʘʩʪʢʦʚʠʭ ʘʪʦʤʘʨʥʦ-ʤʦʣʝʢʫʣʷʨʥʠʭ ʩʠʩʪʝʤ. 

ʉʢʣʘʜʥʽʩʪʴ ʪʘ ʬʨʘʢʪʘʣʴʥʘ ʧʨʠʨʦʜʘ ʩʧʝʢʪʨʽʚ ʫʩʢʣʘʜʥʶʻ ʾʭ ʨʦʟʰʠʬʨʦʚʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʘʨʤʦʥʽʡʥʠʭ ʨʷʜʽʚ ʌʫʨ'ʻ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʧʠʩʫ ʧʦʪʝʥʮʽʘʣʫ 

ʘʪʦʤʘ ʫʨʘʥʫ ʧʦʪʨʽʙʥʦ 2100 ʢʦʝʬʽʮʽʻʥʪʽʚ ʌʫʨ'ʻ, ʦʙʯʠʩʣʝʥʥʷ ʷʢʠʭ ʻ 

ʥʝʧʦʩʠʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘʚʽʪʴ ʜʣʷ ʩʫʯʘʩʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʣʝʩʢʦʚʠʭ ʬʫʥʢʮʽʡ ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ʧʦʪʝʥʮʽʘʣ ʘʪʦʤʘ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ (ʨʠʩʫʥʦʢ 8.8). 

ɿʽʪʢʥʝʥʥʷ ʯʘʩʪʠʥʦʢ ʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʤʠ ʝʥʝʨʛʽʷʤʠ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʨʦʜʞʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʦʚʠʭ ʢʦʨʦʪʢʦ- ʪʘ ʜʦʚʛʦ 

ʞʠʚʫʯʠʭ ʯʘʩʪʠʥʦʢ. ɿʥʦʚʫ ʥʘʨʦʜʞʝʥʫ ʯʘʩʪʠʥʢʫ ʤʦʞʥʘ ʫʷʚʣʷʪʠ, ʷʢ ʪʦʯʢʫ ʫ 

ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ɼʠʥʘʤʽʢʘ ʧʨʦʮʝʩʫ ʟʽʪʢʥʝʥʥʷ ʧʨʠ ʮʴʦʤʫ  ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʟʥʠʤʠ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ ʪʘʢʠʭ ʪʦʯʦʢ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ ʫ ʬʘʟʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʝʡʚʣʝʪʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʚʽʜʢʨʠʚʘʪʠ ʥʦʚʽ ʷʚʠʱʘ ʫ ʩʬʝʨʽ ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɿʦʢʨʝʤʘ, ʩʧʣʝʩʢʦʚʽ ʬʫʥʢʮʽʾ ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʢʽʣʴʮʝʚʽ ʩʪʨʫʢʪʫʨʠ, 

ʷʢʽ ʙʫʣʠ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽ ʷʢ ʩʪʘʪʠʩʪʠʯʥʽ ʬʣʫʢʪʫʘʮʽʾ. ɺʝʡʚʣʝʪ-ʘʥʘʣʽʟ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʚʠʜʽʣʷʻ  ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʽ ʬʣʫʢʪʫʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ 

ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʨʦʜʞʝʥʥʷ ʥʦʚʦʾ 

ʯʘʩʪʠʥʢʠ. 

 
ʈʠʩʫʥʦʢ 8.8 - ʂʫʣʦʥʽʚʩʴʢʠʡ ʧʦʪʝʥʮʽʘʣ V ʪʘ ʪʦʯʥʽʩʪʴ ʡʦʛʦ ʦʙʯʠʩʣʝʥʥʷ 

æV ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ r ʜʦ ʘʪʦʤʘ 

 

ɺʠʚʯʝʥʥʷ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʙʠʪʪʷʤʠ ʩʝʨʮʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

"ʤʘʣʝʥʴʢʠʭ ʭʚʠʣʴ" ʧʨʠʟʚʝʣʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʟʘʭʦʜʫ ʫ ʚʠʟʥʘʯʝʥʥʽ 

ʨʠʪʤʽʯʥʦʾ ʜʠʥʘʤʽʢʠ ʩʝʨʮʷ. ɼʣʷ ʘʥʘʣʽʟʫ ʩʢʣʘʜʘʻʪʴʩʷ ʯʘʩʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 
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ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʩʝʨʮʝʙʠʪʪʷʤʠ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʚʽʜ ʥʦʤʝʨʘ 

ʽʥʪʝʨʚʘʣʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʦʟʨʽʟʥʷʪʠ ʟʜʦʨʦʚʠʭ ʪʘ ʭʚʦʨʠʭ ʧʘʮʽʻʥʪʽʚ 

(ʨʠʩʫʥʦʢ 8.9). ʆʜʥʘʢ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʪʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʥʘʚʝʜʝʥʘ 

ʤʝʪʦʜʠʢʘ ʚʠʢʣʠʢʘʻ ʩʫʤʥʽʚ ʫ ʟʚ'ʷʟʢʫ ʽʟ ʩʪʘʪʠʩʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʝʡʚʣʝʪ-

ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʽʞ ʩʦʙʦʶ. ʈʦʟʰʠʬʨʦʚʢʘ ʚʠʤʽʨʶʚʘʥʴ ʝʣʝʢʪʨʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 

ʩʝʨʮʷ (ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʘ) ʪʘ ʤʦʟʢʫ (ʝʥʮʝʬʘʣʦʛʨʘʤʘ) ʚʠʷʚʠʣʘ ʨʷʜ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʫ ʜʽʷʣʴʥʦʩʪʽ ʮʠʭ ʦʨʛʘʥʽʚ. ɸʥʦʤʘʣʽʾ ʚ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʽ 

ʚʠʷʚʣʷʶʪʴʩʷ ʥʘ ʙʽʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ, ʘ ʥʦʨʤʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʤʘʣʠʭ ʤʘʩʰʪʘʙʘʭ. ɺʝʡʚʣʝʪʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʥʮʝʬʘʣʦʛʨʘʤʠ ʥʘʜʽʡʥʦ ʚʠʷʚʣʷʻ ʮʝʥʪʨʠ ʝʧʽʣʝʧʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʪʘ 

ʜʦʟʚʦʣʷʻ ʢʫʧʽʨʫʚʘʪʠ  ʾʾ ʧʦʰʠʨʝʥʥʷ ʫ ʤʦʟʢʫ. 

 

 
ʈʠʩʫʥʦʢ 8.9 - ɼʠʩʧʝʨʩʽʾ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʜʦʨʦʚʠʭ (ƺ) ʪʘ ʭʚʦʨʠʭ (ǒ) 

ʧʘʮʽʻʥʪʽʚ 

 

ɽʨʠʪʨʦʮʠʪʠ ʘʙʦ ʢʣʽʪʠʥʠ ʢʨʦʚʽ ʨʽʟʥʷʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʦʨʤʦʶ, ʷʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʟʘʭʚʦʨʶʚʘʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʬʽʢʩʘʮʽʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ 

ʢʦʥʪʫʨʽ ʝʨʠʪʨʦʮʠʪʽʚ ʻ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʽʘʛʥʦʩʪʠʢʠ ʭʚʦʨʦʙʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʚʝʡʚʣʝʪʽʚ ʥʘʚʽʪʴ ʜʦ ʥʝʷʢʽʩʥʠʭ ʬʦʪʦʛʨʘʬʽʡ 

ʤʘʟʢʽʚ ʢʨʦʚʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʛʘʨʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʨʠʪʨʦʮʠʪʽʚ ʧʽʩʣʷ 

ʚʠʜʘʣʝʥʥʷ ʰʫʤʽʚ   ʪʘ  ʚʠʧʘʜʢʦʚʠʭ  ʜʝʪʘʣʝʡ  (ʨʠʩʫʥʦʢ 8.10).  ʉʦʨʪʫʚʘʥʥʷ   

ʢʣʽʪʠʥ  ʢʨʦʚʽ  
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ʈʠʩʫʥʦʢ 8.10 - ʄʽʢʨʦʩʢʦʧʽʯʥʝ  (ʘ) ʪʘ ʧʽʩʣʷ ʚʝʡʚʣʝʪʥʦʾ ʦʙʨʦʙʢʠ (ʙ) 

ʟʦʙʨʘʞʝʥʥʷ  ʝʨʠʪʨʦʮʠʪʽʚ 

 

ʧʽʩʣʷ ʝʢʩʧʝʨʪʠʟʠ ʪʘ ʚʠʩʥʦʚʢʽʚ ʤʦʞʝ ʙʫʪʠ  ʟʘʢʣʘʜʝʥʦ ʫ ʧʨʦʛʨʘʤʫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʬʦʨʤ ʝʨʠʪʨʦʮʠʪʽʚ, ʱʦ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʯʘʩ 

ʘʥʘʣʽʟʫ ʢʣʽʪʠʥ ʢʨʦʚʽ. 

ɿʙʝʨʽʛʘʥʥʷ ʪʘ ʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʤʧ'ʶʪʝʨʽ ʟ ʦʙʤʝʞʝʥʦʶ 

ʧʘʤ'ʷʪʪʶ ʪʘ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʧʦ ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ ʟ ʦʙʤʝʞʝʥʦʶ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʧʦʪʨʝʙʫʻ ʾʭ ʩʪʠʩʥʝʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ. ʉʪʠʩʥʝʥʥʷ ʩʠʛʥʘʣʫ ʪʘ 

ʡʦʛʦ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʧʨʦʚʦʜʷʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʷʤʦʛʦ ʪʘ ʟʚʦʨʦʪʥʦʛʦ 

ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ. ʆʮʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʜʘʣʽ 

ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʪʘ ʢʘʨʪʠʥ ʥʘ ʝʢʨʘʥʽ ʢʦʤʧ'ʶʪʝʨʘ. ʆʜʥʘʢ ʟʙʝʨʽʛʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʮʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʤʘʛʘʻ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʧʘʤ'ʷʪʽ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʦ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʩʪʠʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: 

ʘʨʭʽʚʘʮʽʷ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʚʪʨʘʪʠ ʾʭʥʴʦʛʦ ʧʝʨʚʽʩʥʦʛʦ ʚʠʜʫ, ʘ ʧʨʠ 

ʢʚʘʥʪʫʚʘʥʥʽ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʾ ʯʘʩʪʢʦʚʘ ʚʪʨʘʪʘ.  

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʚʝʡʚʣʝʪʥʝ ʫʷʚʣʝʥʥʷ ʚʠʷʚʣʷʻ ʩʪʨʫʢʪʫʨʫ ʘʥʘʣʽʟʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʤʘʩʰʪʘʙʠ 

ʧʦʜʽʡ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʜʘʻ ʾʭ ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʉʧʣʝʩʢʦʚʽ ʬʫʥʢʮʽʾ 

ʚʠʷʚʣʷʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʟʤʽʥʥʠʭ ʩʠʛʥʘʣʽʚ, ʣʦʢʘʣʽʟʦʚʘʥʽ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʧʦʟʙʘʚʣʷʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʦʙ'ʻʢʪ ʚʽʜ 

ʟʘʰʫʤʣʝʥʦʩʪʽ ʪʘ ʜʦʙʨʝ ʨʝʢʦʥʩʪʨʫʶʶʪʴ ʚʠʭʽʜʥʽ ʜʘʥʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʻ ʟʘʤʽʥʦʶ ʛʘʨʤʦʥʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʌʫʨ'ʻ, ʚʦʥʦ ʡʦʛʦ 

ʜʦʧʦʚʥʶʻ ʪʘ ʫʪʦʯʥʶʻ. ɺʝʡʚʣʝʪʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʝʨʩʧʝʢʪʠʚʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʚʠʯʘʡʥʠʭ ʪʘ ʽʥʰʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʝʣʽʥʽʡʥʽ, ʥʝʨʽʚʥʦʚʘʞʥʽ ʪʘ 

ʥʝʦʙʦʨʦʪʥʽ ʧʨʦʮʝʩʠ, ʫ ʷʢʠʭ ʧʨʠʩʫʪʥʽ ʥʝʣʦʢʘʣʴʥʽ ʚʟʘʻʤʦʜʽʾ ʟ ʨʽʟʥʠʤʠ 

ʯʘʩʦʚʠʤʠ ʪʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʤʘʩʰʪʘʙʘʤʠ. ʇʨʦʩʪʦʪʘ ʪʘ ʢʨʘʩʘ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ 

ʻ ʧʨʠʚʘʙʣʠʚʦʶ ʨʠʩʦʶ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ ʷʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ, ʽ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʚʜʘʥʴ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʝʡʚʣʝʪʽʚ: ʾʭʥʷ ʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʝʟʘʣʝʞʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʘʭ; 

ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʧʝʨʝʪʚʦʨʝʥʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʥʦʨʤʠʨʫʻʤʽʩʪʴ ʚʝʡʚʣʝʪʽʚ; ʣʦʢʘʣʴʥʽʩʪʴ ʜʦʟʚʦʣʷʻ, ʷʢ ʚʠʟʥʘʯʠʪʠ ʙʫʜʦʚʫ 

ʩʠʛʥʘʣʫ, ʪʘʢ ʽ ñʚʠʩʚʽʪʠʪʠò ʥʘʷʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ; ʧʦʚʥʦʪʘ ʚʝʡʚʣʝʪʥʦʛʦ ʙʘʟʠʩʫ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʠʪʠ ʧʝʨʚʽʩʥʠʡ ʚʠʜ ʩʠʛʥʘʣʫ ʧʽʜ ʯʘʩ ʜʝʤʧʬʫʚʘʥʥʷ 

ʰʫʤʽʚ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ. ʎʽ ʭʘʨʘʢʪʝʨʥʽ ʨʠʩʠ ʚʝʡʚʣʝʪʽʚ ʜʦʟʚʦʣʷʶʪʴ 

ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʩʠʥʪʝʟʫʚʘʪʠ ʦʙ'ʻʢʪʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʨʽʟʥʠʤ ʨʽʚʥʷʤ ʦʨʛʘʥʽʟʘʮʽʾ 

ʤʘʪʝʨʽʾ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʚʠʧʘʜʢʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʫ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʤʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʷʚʠʱ, ʜʦ ʚʠʢʣʶʯʥʦ ʧʨʦʜʫʢʪʠʚʥʦʾ ʨʦʣʽ ʚʝʡʚʣʝʪʽʚ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʨʽʟʥʦʾ 

ʩʠʛʥʘʣʽʚ  ʧʨʠʨʦʜʠ.  
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9  ʂɸʊɸʉʊʈʆʌʀ 

  

 
9.1 ʉʢʣʘʜʘʥʥʷ ʪʘ ʨʽʚʥʦʚʘʛʘ 

 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʪʘʪʠʯʥʠʭ ʥʝʩʪʽʡʢʦʩʪʝʡ ʚ ʟʘʛʘʣʴʥʽʡ ʪʝʦʨʽʾ ʋʽʪʥʽ-ʊʦʤʘ-

ʄʦʟʝʨʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʦʧʦʣʦʛʽʯʥʦʤʫ ʧʽʜʭʦʜʽ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʥʷʪʪʷ 

ʩʪʨʫʢʪʫʨʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʦ ɸʥʜʨʦʥʦʚʫ ʪʘ ʇʦʥʪʨʷʛʽʥʫ . ʊʘʢʠʡ ʧʽʜʭʽʜ  ʜʦʟʚʦʣʷʻ  

ʚʠʜʽʣʠʪʠ ʢʣʘʩʠ ʥʝʩʪʽʡʢʦʩʪʝʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʫʧʨʘʚʣʷʶʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ. ɺʽʜʦʤʦ, ʱʦ ʩʪʨʫʢʪʫʨʥʘ ʩʪʽʡʢʽʩʪʴ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʟʤʽʥʦʶ ʬʫʥʢʮʽʾ 

ʩʪʘʥʫ ʧʨʠ ʤʘʣʠʭ ʟʙʫʨʝʥʥʷʭ. ʗʢ ʧʨʠʢʣʘʜʠ ʨʦʟʛʣʷʥʝʤʦ ʧʦʚʝʜʽʥʢʫ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʬʫʥʢʮʽʡ y = x2, y = x3,    ʪʘ y = x4, ʧʝʨʰʘ ʧʦʭʽʜʥʘ ʷʢʠʭ 

ʦʙʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ ʧʨʠ ʟʥʘʯʝʥʥʽ ʘʨʛʫʤʝʥʪʫ x = 0 (ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ). ʅʝʭʘʡ 

ʮʽ ʬʫʥʢʮʽʾ ʟʘʟʥʘʣʠ ʤʘʣʠʭ ʟʙʫʨʝʥʴ: y = x2 ī Ů x (ʜʠʚ. ʨʠʩʫʥʦʢ 9.1ʘ),  y = x3 īŮ 

x (ʨʠʩʫʥʦʢ 9.1ʙ) ʪʘ y=x4 īŮ x2 (ʨʠʩʫʥʦʢ 9.1ʚ), ʜʝ Ů <<1 ʤʘʣʠʡ ʧʘʨʘʤʝʪʨ. 

 

 
ʈʠʩʫʥʦʢ 9.1 - ɿʤʽʥʘ ʬʫʥʢʮʽʡ ʟʘ ʫʤʦʚ ʥʘʜʘʥʥʷ ʤʘʣʠʭ ʟʙʫʨʝʥʴ 

 

 ʂʨʠʪʠʯʥʘ ʪʦʯʢʘ ʧʝʨʰʦʾ ʬʫʥʢʮʽʾ ʟʘʣʠʰʠʣʘʩʷ ʻʜʠʥʦʶ, ʘ ʤʽʥʽʤʫʤ 

ʬʫʥʢʮʽʾ ʟʨʫʰʠʚ ʧʨʘʚʦʨʫʯ ʽ ʚʥʠʟ. ʋ ʜʨʫʛʽʡ ʪʘ ʪʨʝʪʽʡ ʬʫʥʢʮʽʷʭ ʟ'ʷʚʠʣʠʩʷ ʥʦʚʽ 

ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ. ʋ ʮʴʦʤʫ ʧʝʨʰʘ ʬʫʥʢʮʽʷ ʻ ʩʪʨʫʢʪʫʨʥʦ ʩʪʽʡʢʦʶ, ʘ ʜʨʫʛʘ ʽ 

ʪʨʝʪʷ ï ʩʪʨʫʢʪʫʨʥʦ ʥʝʩʪʽʡʢʠʤʠ. ɹʫʜʴ-ʷʢʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʙʫʜʫʻʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʭʪʫʚʘʥʥʷ ʤʘʣʠʤʠ ʚʥʝʩʢʘʤʠ. ɼʣʷ ʩʠʩʪʝʤ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ 

ʩʪʨʫʢʪʫʨʥʦ ʩʪʽʡʢʠʤʠ ʬʫʥʢʮʽʷʤʠ ʮʝ ʮʽʣʢʦʤ ʚʠʧʨʘʚʜʘʥʦ. ʆʜʥʘʢ ʜʣʷ ʩʠʩʪʝʤ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦ ʥʝʩʪʽʡʢʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʚʽʜʢʠʜʘʥʥʷ ʤʘʣʠʭ 

ʚʝʣʠʯʠʥ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʦʞʣʠʚʽ ʬʽʟʠʯʥʽ 

ʷʚʠʱʘ, ʝʬʝʢʪʠ ʪʘ ʧʨʦʮʝʩʠ. ʈʦʟʨʽʟʥʷʶʪʴ ʩʪʘʪʠʯʥʽ (ʝʣʝʤʝʥʪʘʨʥʘ ʪʝʦʨʽʷ 

ʢʘʪʘʩʪʨʦʬ) ʪʘ ʜʠʥʘʤʽʯʥʽ (ʪʝʦʨʽʷ ʢʘʪʘʩʪʨʦʬ) ʩʪʨʫʢʪʫʨʥʽ ʥʝʩʪʽʡʢʦʩʪʽ. 

ʉʪʘʪʠʯʥʽ ʩʪʨʫʢʪʫʨʥʽ ʥʝʩʪʽʡʢʦʩʪʽ ʦʧʠʩʫʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ U(q) ʚʽʜ 

ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʯʦʤʫ ʨʽʚʥʷʥʥʷ ʢʘʪʘʩʪʨʦʬʠ ʤʘʻ ʚʠʛʣʷʜ ÖU(q) / 

Öq=0 . ɼʠʥʘʤʽʯʥʽ ʩʪʨʫʢʪʫʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʦʧʠʩʫʶʪʴʩʷ ʬʫʥʢʮʽʷʤʠ 

Z(q), ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʟʘʛʘʣʴʥʝʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʨʦʮʝʩʫ, ʢʘʪʘʩʪʨʦʬʘ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ÖZ(q) / Ö q = 0. ʂʘʪʘʩʪʨʦʬʦʶ ʥʘʟʠʚʘʻʪʴʩʷ 
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ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʧʨʠ ʧʦʚʽʣʴʥʽʡ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʫʧʨʘʚʣʷʶʪʴ. ɿʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ 

ʢʘʪʘʩʪʨʦʬ, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 9.1. ʅʘ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʢʘʪʘʩʪʨʦʬʠ ʪʠʧʫ ʩʢʣʘʜʢʠ ʯʠ ʟʙʽʨʢʠ. 

 

ʊʘʙʣʠʮʷ 9.1 ï ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʝʥʮʽʡʥʠʭ ʝʥʝʨʛʽʡ ʚʽʜ ʢʝʨʫʶʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ 

 
 

ʅʘ ʨʠʩʫʥʢʫ 9.2 ʧʦʢʘʟʘʥʦ ʩʽʤʝʡʩʪʚʦ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʭ ʢʨʠʚʠʭ, ʱʦ 

ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʱʦ 

ʫʧʨʘʚʣʷʻ, ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʩʢʣʘʜʢʠ. ʅʘ ʨʠʩʫʥʢʫ 9.3 ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ 

ʧʦʚʽʣʴʥʽʡ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʘ,   ʱʦ  ʫʧʨʘʚʣʷʻ,  ʤʦʞʝ    ʚʽʜʙʫʚʘʪʠʩʷ    

ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʡ    ʧʝʨʝʭʽʜ   ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ  ʟ    ʦʜʥʦʛʦ     ʩʪʘʥʫ  ʚ 

ʽʥʰʝ  (ʪʨʘʻʢʪʦʨʽʷ  abcd) 

 

 
             ʈʠʩʫʥʦʢ 9.2 - ʉʢʣʘʜʘʥʥʷ                           ʈʠʩʫʥʦʢ 9.3 - ɿʙʽʨʢʘ 



 

105 
 

ʫ ʨʘʟʽ ʢʘʪʘʩʪʨʦʬʠ ʪʠʧʫ ʩʢʣʘʜʘʥʥʷ. ɿʦʢʨʝʤʘ, ʷʚʠʱʝ  ʛʽʩʪʝʨʝʟʠʩʘ ʚʠʥʠʢʘʻ 

ʪʦʜʽ, ʢʦʣʠ ʟʚʦʨʦʪʥʠʡ ʩʪʨʠʙʦʢ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʦʩʣʽʜʦʚʥʽʡ ʟʚʦʨʦʪʥʽʡ 

ʟʤʽʥʽ ʪʠʭ ʩʘʤʠʭ ʟʥʘʯʝʥʴ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʗʢ ʧʨʠʢʣʘʜ ʢʘʪʘʩʪʨʦʬʠ ʪʠʧʫ ʩʢʣʘʜʢʠ ʨʦʟʛʣʷʥʝʤʦ ʨʽʚʥʦʚʘʛʫ ʩʪʨʠʞʥʷ, 

ʩʧʦʣʫʯʝʥʦʛʦ ʟ ʦʩʥʦʚʦʶ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʫʞʠʥʠ. ʅʝʭʘʡ ʞʦʨʩʪʢʠʡ ʩʪʨʠʞʝʥʴ 

ʜʦʚʞʠʥʦʶ l ʟ'ʻʜʥʘʥʠʡ ʟ ʦʩʥʦʚʦʶ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʶ ʧʨʫʞʠʥʦʶ ʪʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʩʠʣʠ N, ʷʢʘ ʟʙʝʨʽʛʘʻ ʩʚʽʡ ʥʘʧʨʷʤʦʢ ʧʨʠ ʚʽʜʭʠʣʝʥʥʽ 

ʩʪʨʠʞʥʷ (ʨʠʩʫʥʦʢ 9.4). ɺ ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʚʝʨʪʠʢʘʣʽ 

ʟʘʜʘʻʪʴʩʷ ʢʫʪʦʤ ɗ0 ʧʨʠ ʥʝʜʝʬʦʨʤʦʚʘʥʽʡ ʧʨʫʞʠʥʽ. ʇʨʠ ʢʫʪʽ ɗ ʩʠʣʘ N 

ʩʪʚʦʨʶʻ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ 

 
ʷʢʦʤʫ ʧʨʦʪʠʜʽʻ ʚʽʜʥʦʚʣʶʶʯʠʡ ʤʦʤʝʥʪ 

 
ʩʪʠʩʥʫʪʦʾ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʾ ʧʨʫʞʠʥʠ. ʈʽʚʥʽʩʪʴ ʮʠʭ ʤʦʤʝʥʪʽʚ ʚʠʟʥʘʯʘʻ 

ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ ʩʪʨʠʞʥʷ, ʷʢʠʡ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

                                                                                                           ( 9.1) 

 

ʈʽʚʥʷʥʥʷ (9.1) ʚʠʟʥʘʯʘʻ ʝʢʩʪʨʝʤʫʤ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʞʦʨʩʪʢʦʛʦ 

ʩʪʨʠʞʥʷ, ʱʦ ʤʘʻ ʚʠʛʣʷʜ: 

 

                                                                                                            , 

ʜʝ ʜʦʜʘʥʦʢ ïNl ʬʽʢʩʫʻ ʧʦʯʘʪʦʢ ʚʽʜʣʽʢʫ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʪʚʝʨʜʦʛʦ 

ʩʪʨʠʞʥʷ (ʨʠʩʫʥʦʢ 9.4).  ʇʨʠ ʜʦʩʠʪʴ ʤʘʣʠʭ ʢʫʪʘʭ ʚʽʜʭʠʣʝʥʥʷ ɗ <<1 

(ʧʦʯʘʪʢʦʚʠʡ ʢʫʪ ʜʦʩʠʪʴ ʤʘʣʠʡ, ʪʦʙʪʦ. ɗ0 <<1) ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʶ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʭ ʚʝʣʠʯʠʥ ʽ ʟʘʧʠʩʘʪʠ: sinɗ åɗ ʽ 1īcosɗ 

åɗ2. ʎʝ ʜʦʟʚʦʣʷʻ ʧʝʨʝʧʠʩʘʪʠ ʥʦʨʤʦʚʘʥʠʡ ʥʘ ʢʦʝʬʽʮʽʻʥʪ k2 ʚʠʨʘʟ ʜʣʷ 

ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʫ ʚʠʛʣʷʜʽ 

 
ʈʠʩʫʥʦʢ 9.4 - ʈʽʚʥʦʚʘʛʘ ʝʥʝʨʛʽʾ ʞʦʨʩʪʢʦʛʦ ʩʪʨʠʞʥʷ 
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ʣʽʥʽʡʥʠʡ ʟʩʫʚ ɗ =q+a2. ʇʦʟʙʘʚʠʤʦʩʷ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʯʣʝʥʘ, ʪʦʜʽ ʚʠʨʘʟ ʜʣʷ 

ʥʘʚʝʜʝʥʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 

 

         (9.2) 

 

ʜʝ ʧʘʨʘʤʝʪʨ a 

= a2 + a1. ɺʠʨʘʟ (9.2) ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʶ, ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʢʘʪʘʩʪʨʦʬʠ ʪʠʧʫ 

ʩʢʣʘʜʢʘ. ʈʽʚʥʷʥʥʷ (9.1) ʟ ʫʨʘʭʫʚʘʥʥʷʤ (9.2) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ q2 īa =0. ʇʨʠ 

ʧʦʟʠʪʠʚʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ ʢʝʨʫʶʯʦʛʦ a (a >0) ʦʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ 

ʤʘʻ ʜʚʘ ʢʦʨʝʥʽ q1,2 = ± a . ʎʝ ʢʦʨʝʥʽ ʚʠʟʥʘʯʘʶʪʴ ʜʚʘ ʩʪʘʮʽʦʥʘʨʥʽ ʩʪʘʥʠ 

ʞʦʨʩʪʢʦʛʦ ʩʪʨʠʞʥʷ, ʦʜʠʥ ʟ ʷʢʠʭ ʙʫʜʝ ʩʪʨʫʢʪʫʨʥʦ ʩʪʽʡʢʠʤ (ʤʽʥʽʤʫʤ 

ʥʘʚʝʜʝʥʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ), ʘ ʽʥʰʠʡ ï ʩʪʨʫʢʪʫʨʥʦ ʥʝʩʪʽʡʢʠʤ (ʤʘʢʩʠʤʫʤ 

ʥʘʚʝʜʝʥʦʾ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ). ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ a ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ ʥʫʣʴ, ʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʣʠʪʪʷ ʮʠʭ ʜʚʦʭ ʩʪʘʥʽʚ, ʘ ʩʪʨʠʞʝʥʴ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʣʘʙʽʣʴʥʦʛʦ 

ʩʪʘʥʫ. ʋ ʮʴʦʤʫ ʩʪʘʥʽ ʩʠʩʪʝʤʘ ʩʪʽʡʢʘ ʱʦʜʦ ʥʝʛʘʪʠʚʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʚʝʣʠʯʠʥʠ 

q ʽ ʥʝʩʪʽʡʢʘ ʜʦ ʾʾ ʧʦʟʠʪʠʚʥʠʭ ʟʙʫʨʝʥʴ. ʇʝʨʝʭʽʜ ʩʪʨʠʞʥʷ ʚ ʣʘʙʽʣʴʥʠʡ ʩʪʘʥ 

ʚʽʜʧʦʚʽʜʘʻ ʙʽʬʫʨʢʘʮʽʾ ʧʘʨʘʤʝʪʨʘ, ʷʢʠʡ ʻ  ʫʧʨʘʚʣʷʶʯʠʤ. ɼʣʷ ʥʝʛʘʪʠʚʥʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ a (a<0) ʬʫʥʢʮʽʷ (9.2) ʝʢʩʪʨʝʤʫʤʽʚ ʥʝ ʤʽʩʪʠʪʴ. 

 

 

9.2 ʉʢʣʘʜʘʥʥʷ ʪʘ ʬʘʟʦʚʽ ʧʝʨʝʭʦʜʠ 

 

ʂʘʪʘʩʪʨʦʬʘ ʚʠʜʫ ʟʙʠʨʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʦʷʩʥʠʪʠ ʮʽʣʠʡ ʢʣʘʩ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʷʚʠʱ ʽʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʬʽʟʠʢʠ, ʟʦʢʨʝʤʘ, ʚʠʥʠʢʥʝʥʥʷ ʬʘʟʦʚʠʭ 

ʧʝʨʝʭʦʜʽʚ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʪʠʧʽʚ. ɺʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʮʠʤʠ ʧʝʨʝʭʦʜʘʤʠ 

ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ (ʨʠʩʫʥʦʢ 9.5): 

ï ʬʘʟʦʚʽ ʧʝʨʝʭʦʜʠ ʧʝʨʰʦʛʦ ʨʦʜʫ (ʥʘʧʨʠʢʣʘʜ, ʩʫʙʣʽʤʘʮʽʷ ,ʪʚʝʨʜʝ ʪʽʣʦ-

ʧʘʨ; ʢʨʠʩʪʘʣ-ʨʽʜʠʥʘ; ʨʽʜʠʥʘ-ʛʘʟ) ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʩʪʘʥʽʚ ʫʚʟʦʜʚʞ 

ʛʽʣʦʢ ʬʘʟʦʚʦʾ ʜʽʘʛʨʘʤʠ  0 ʘʙʦ 1; ʥʝʣʦʢʘʣʴʥʽ (ʧʨʦʪʽʢʘʶʪʴ ʫ ʚʩʽʭ ʪʦʯʢʘʭ 

ʦʙôʻʤʫ  ʩʠʩʪʝʤʠ); ʻ ʢʨʠʪʠʯʥʘ ʪʦʯʢʘ, ʚ ʷʢʽʡ ʨʝʯʦʚʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ñʬʣʶʾʜʥʦʤʫò ʩʪʘʥʽ; ʚʠʜʽʣʷʻʪʴʩʷ ʬʘʟʘ ʟ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʽʜʤʽʥʥʠʤʠ 

ʚʜ̔ ʧʦʢʘʟʥʠʢʽʚ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ; 

ï ʬʘʟʦʚʽ ʧʝʨʝʭʦʜʠ ʜʨʫʛʦʛʦ ʨʦʜʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʫʭʫ 

ʪʨʘʻʢʪʦʨʽʻʶ 2; ʣʦʢʘʣʴʥʽ ʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʨʫʰʝʥʥʷʤ (ʨʠʩʫʥʦʢ 9.5) ʩʠʤʝʪʨʽʾ 

(ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʩʠʤʝʪʨʽʾ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ); ʧʨʠ ʤʘʣʠʭ ʟʙʫʨʝʥʥʷʭ 

ʪʨʘʻʢʪʦʨʽʷ 2 ʤʦʞʝ ʥʝ ʧʨʦʭʦʜʠʪʠ ʯʝʨʝʟ ʚʝʨʰʠʥʫ ʩʢʣʘʜʘʥʥʷ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʟʥʠʢʥʝʥʥʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʜʨʫʛʦʛʦ ʨʦʜʫ. 
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ʌʘʟʦʚʽ ʧʝʨʝʭʦʜʠ ʧʝʨʰʦʛʦ ʨʦʜʫ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʟʤʽʥʠ ʜʝʷʢʠʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʫ ʪʝʨʤʦʜʠʥʘʤʽʮʽ 

ʚʠʟʥʘʯʘʶʪʴʩʷ , ʥʘʧʨʠʢʣʘʜ, ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʪʠʧʫ:  

                 
P ï ʪʠʩʢ; V ï ʦʙôʻʤ  ʬʘʟʠ; T ʪʘ Tcï ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʾʾ ʟʥʘʯʝʥʥʷ ʫ 

ʢʨʠʪʠʯʥʽʡ ʪʦʯʮʽ. ɼʣʷ ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʜʨʫʛʦʛʦ ʨʦʜʫ ʭʘʨʘʢʪʝʨʥʘ 

ʙʝʟʧʝʨʝʨʚʥʘ ʟʤʽʥʘ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ  ʩʪʨʠʙʢʦʧʦʜʽʙʥʽʡ ʟʤʽʥʠ 

ʩʠʤʝʪʨʽʾ ʩʠʩʪʝʤʠ. 

ɿ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʢʘʪʘʩʪʨʦʬʘ ʪʠʧʫ ʩʢʣʘʜʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʥʘʩʪʫʧʥʠʤʠ ʦʟʥʘʢʘʤʠ: 

- ʛʝʪʝʨʦʛʝʥʥʽʩʪʴ (ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʬʘʟ); 

-ʤʝʪʘʩʪʘʙʽʣʴʥʽʩʪʴ (ʤʦʞʣʠʚʽ ʩʪʘʥʠ ʧʝʨʝʦʭʦʣʦʜʞʝʥʦʾ ʧʘʨʠ ʪʘ 

ʧʝʨʝʛʨʽʪʦʾ ʨʽʜʠʥʠ); 

-ʩʪʨʠʙʢʦʧʦʜʽʙʥʽʩʪʴ (ʥʘʷʚʥʽʩʪʴ ʦʙʣʘʩʪʽ ʩʪʨʠʙʢʦ-ʧʦʜʽʙʥʦʾ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ-ʨʽʟʢʠʭ ʟʤʽʥ) ʽ ʧʣʘʚʥʽʩʪʴ (ʧʝʨʝʚʝʜʝʥʥʷ ʦʜʥʽʻʾ ʬʘʟʠ ʚ ʽʥʰʫ 

ʥʘʚʢʦʣʦ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ʯʝʨʝʟ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʱʦ 

ʣʝʞʠʪʴ ʧʦʟʘ ʤʝʞʘʤʠ ʩʪʨʠʙʢʽʚ) ʧʝʨʝʭʦʜʫ ʟ ʦʜʥʽʻʾ ʬʘʟʠ ʜʦ ʽʥʰʦʾ; 

-ʛʽʩʪʝʨʝʟʠʩ (ʚʠʥʠʢʥʝʥʥʷ "ʧʘʤ'ʷʪʽ" ʧʨʦ ʧʨʦʮʝʩ, ʱʦ ʚʽʜʙʫʚʘʚʩʷ 

ʧʦʧʝʨʝʜʥʴʦ); 

            -ʘʥʦʤʘʣʴʥʽʩʪʴ ʧʦʚʝʜʽʥʢʠ ʬʽʟʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʢʨʠʪʠʯʥʽʡ ʦʙʣʘʩʪʽ 

(ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ; 

           -ʢʨʠʪʠʯʥʘ ʦʧʘʣʝʩʮʝʥʮʽʷ (ʚʠʥʠʢʥʝʥʥʷ ʢʘʣʘʤʫʪʥʦʩʪʽ ʨʽʜʢʦʾ ʬʘʟʠ-

ʛʝʪʝʨʦʬʘʟʥʠʭ ʩʪʘʥʽʚ)).  

          ɺ ʦʢʦʣʽ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʝʨʫʶʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ( a ʽ b ) 

ʪʘ ʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʬʘʟʠ ʪʠʩʢʦʤ P ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ T ʤʘʻ 

ʙʫʪʠ ʣʽʥʽʡʥʠʤ. ʆʜʥʘʢ ʧʘʨʘʤʝʪʨʠ a ʪʘ b ʙʝʟʨʦʟʤʽʨʥʽ, ʘ ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ. ʎʷ  ʧʝʨʝʰʢʦʜʘ   ʤʦʞʝ ʙʫʪʠ  ʫʩʫʥʝʥʘ         

ʟʘʧʨʦʚʘʜʞʝʥʥʷʤ    

 
 

ʈʠʩʫʥʦʢ 9.5 - ʌʘʟʦʚʘ ʜʽʘʛʨʘʤʘ ʚ ʪʝʨʤʽʥʘʭ ʪʨʘʻʢʪʦʨʽʡ ʩʠʤʝʪʨʽʾ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʟʥʘʯʝʥʴ ʫ ʢʨʠʪʠʯʥʽʡ ʪʦʯʮʽ (Pc ʪʘ Tc): (P ī 

Pc ) / Pc = p ī 1 ( P / Pc = p ) ʪʘ (T ī T c ) / Tc = t ī 1 (T / T c = t ). ʊʦʜʽ 

ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʚ'ʷʟʦʢ ʤʽʞ ʟʘʟʥʘʯʝʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʤʦʞʥʘ ʟʘʜʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ ʣʽʥʽʡʥʦʛʦ ʚʽʜʛʫʢʫ 
 

                                

                        ʫ ʚʠʛʣʷʜʽ 

 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʢʝʨʫʶʯʽ ʧʘʨʘʤʝʪʨʠ ʜʦʨʽʚʥʶʶʪʴ: 

 
ʉʪʘʥ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ q = (ɟ ī ɟc ) / ɟc = 

ɠ ī 1 ( ɟ = N /V ʪʘ ɟ c ï ʱʣ̔ʴʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʪʘ ʾʾ ʟʥʘʯʝʥʥʷ ʚ ʢʨʠʪʠʯʥʽʡ 

ʪʦʯʮʽ; N - ʯʠʩʣʦ ʯʘʩʪʠʥʦʢ ʚ ʦʙôʻʤʽ ʩʠʩʪʝʤʠ V; ɟ / ɟ c = ɕ). ʈʽʚʥʷʥʥʷ ʟʙʽʨʢʠ 

ʤʘʻ ʚʠʛʣʷʜ ÖU /Öq = 0 = q3 + aq + b ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʚʝʜʝʥʠʭ ʧʦʟʥʘʯʝʥʴ 

ʪʘ ʣʽʥʽʡʥʦʩʪʽ ʚʽʜʛʫʢʫ: 

 

(9.3) 

 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʩʪʘʥʪ A, B, C ʽ D ʪʨʝʙʘ ʟʘʣʫʯʘʪʠ ʬʽʟʠʯʥʽ ʘʨʛʫʤʝʥʪʠ. 

ʇʨʠ t Ÿ Ð ʮʝ ʨʽʚʥʷʥʥʷ ʤʘʻ ʚʠʨʦʜʞʫʚʘʪʠʩʴ ʫ ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ 

ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ. ɯʜʝʘʣʴʥʠʡ ʛʘʟ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʩʪʘʥʫ ʄʝʥʜʝʣʻʻʚʘ-

ʂʣʘʧʝʡʨʦʥʘ 

 
 ʜʝ m ï ʤʘʩʘ ʛʘʟʫ ʟ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ M , R =8,314 ɼʞĿʂī1 Ŀʤʦʣʴī1 ï 

ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ. ʋ ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʤʽʥʥʠʭ ʮʝ ʨʽʚʥʷʥʥʷ ʤʘʻ  ʚʠʜ  

Zc p = t , ʜʝ Zc = pc / (ɕc tc) - ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʣʠʚʦʩʪʽ ʚ ʢʨʠʪʠʯʥʽʡ ʪʦʯʮʽ. ɺ 

ʛʨʘʥʠʮʽ t Ÿ Ð ʱʽʣʴʥʽʩʪʴ ʛʘʟʫ ʪʘ ʪʠʩʢ ʫ ʩʠʩʪʝʤʽ ʧʨʷʤʫʶʪʴ  ʜʦ ʥʫʣʷ            (ɕ 

Ÿ0 ʪʘ p Ÿ0), ʦʪʞʝ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʚʥʷʥʥʷ (9.3) ʧʦʪʨʽʙʥʦ, ʱʦʙ ʨʽʟʥʠʮʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ D ī B = 0 (ʽʥʘʢʰʝ ʚ ʨʽʚʥʷʥʥʽ (9.3) ʙʫʜʝ ʧʨʠʩʫʪʥʽʡ 

ʥʝʩʢʽʥʯʝʥʥʠʡ ʜʦʜʘʥʦʢ). ʊʦʜʽ ī1+ A + B ī C ī D = 0 ʘʙʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʽʚʥʦʩʪʽ D ī B = 0 ʦʩʪʘʪʦʯʥʦ ʟʥʘʭʦʜʠʤʦ, ʱʦ ī1+ A ī C = 0. ʗʢʱʦ 

ʟʛʨʫʧʫʚʘʪʠ ʧʦʜʽʙʥʽ ʯʣʝʥʠ ʚ (9.3) ʽ ʨʦʟʜʽʣʠʪʠ ʮʝ ʨʽʚʥʷʥʥʷ ʥʘ ɕ , ʪʦ 

ʦʪʨʠʤʘʻʤʦ 

 

(9.4)  

 

ʋ ʨʽʚʥʷʥʥʽ (9.4) ʧʨʠ t Ÿ Ð (ɕ Ÿ0 ʽ p Ÿ0) ʢʨʽʤ ʜʦʜʘʥʢʽʚ Bt ʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

p/ɕ , ʷʢʘ ʢʦʤʧʝʥʩʫʻ ʥʝʩʢʽʥʯʝʥʥʠʡ ʜʦʜʘʥʦʢ Bt ,ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʨʘʟ ʟ ʢʦʥʩʪʘʥʪ 

3 ī A ī B , ʷʢʠʡ ʤʘʻ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ʆʪʞʝ, ʨʽʚʥʷʥʥʷ (9.4) ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ 
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                   (9.5) 

 

 

ʈʽʚʥʷʥʥʷ (9.5) ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʙʝʟʨʦʟʤʽʨʥʝ ʨʽʚʥʷʥʥʷ ɺʘʥ ʜʝʨ 

ɺʘʘʣʴʩʘ , ʷʢʱʦ ʧʘʨʘʤʝʪʨ 

 
ʗʢʱʦ ʧʦʚʝʨʥʫʪʠʩʴ ʜʦ ʨʦʟʤʽʨʥʠʭ ʚʝʣʠʯʠʥ, ʪʦ ʨʽʚʥʷʥʥʷ ɺʘʥ ʜʝʨ 

ɺʘʘʣʴʩʘ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

 
ʪʫʪ ʧʘʨʘʤʝʪʨʠ ʨʽʚʥʷʥʥʷ 

 
ʈʽʚʥʷʥʥʷ ɺʘʥ ʜʝʨ ɺʘʘʣʴʩʘ ʥʝ ʟʘʜʦʚʽʣʴʥʷʻ ʟʘʢʦʥʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʽʚ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʦʩʥʦʚʫ ʷʢʦʛʦ ʟʘʢʣʘʚ ɻʫʛʛʝʥʛʝʡʤ, ʜʦʩʣʽʜʞʫʶʯʠ 

ʟʘʣʝʞʥʽʩʪʴ ʥʘʚʝʜʝʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʙʝʟʨʦʟʤʽʨʥʦʾ ʱʽʣʴʥʦʩʪʽ ɕ . 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʨʽʟʥʠʭ ʛʘʟʽʚ ʫʢʣʘʜʘʶʪʴʩʷ ʥʘ ʜʝʷʢʫ ʫʥʽʚʝʨʩʘʣʴʥʫ 

ʢʨʠʚʫ (ʨʠʩʫʥʦʢ 9.6). ɿ ʮʠʭ ʜʘʥʠʭ ʚʠʧʣʠʚʘʻ, ʟʦʢʨʝʤʘ, ʱʦ 

 

 
ʈʠʩʫʥʦʢ 9.6 - ʂʨʠʚʘ ɻʫʛʛʝʥʛʝʡʤʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʘʢʦʥ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʪʘʥʽʚ 

 

Å ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʘʚʠʣʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʜʽʘʤʝʪʨʘ (ʧʨʘʚʠʣʦ ʂʘʣʴʻʪʝ-

ʄʘʪʽʘʩʘ): ʩʝʨʝʜʥʷ ʱʽʣʴʥʽʩʪʴ ʜʚʦʬʘʟʥʦʾ ʩʠʩʪʝʤʠ (ʛʘʟ ʽʟ ʱʽʣʴʥʽʩʪʶ ɟg ʽ 
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ʨʽʜʠʥʘ ʽʟ ʱʽʣʴʥʽʩʪʶ ɟ l ) ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʜʦ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ 

ʚʟʜʦʚʞ ʢʨʠʚʦʾ ʬʘʟʦʚʦʾ ʨʽʚʥʦʚʘʛʠ ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 
Å ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʫ (ʨʽʟʥʠʮʷ ʱʽʣʴʥʦʩʪʝʡ ʨʽʜʢʦʾ ʪʘ ʛʘʟʦʚʦʾ ʬʘʟ) ʚʟʜʦʚʞ 

ʂʨʠʚʦʾ   ʬʘʟʦʚʦʾ    ʨʽʚʥʦʚʘʛʠ ʤʘʻ ʢʨʠʪʠʯʥʠʡ     ̔ ʥʜʝʢʩ, ʱʦ ʜʦʨʽʚʥʶʻ 1/3 (ʜʣʷ 

ʨʽʚʥʷʥʥʷ ɺʘʥ ʜʝʨ ɺʘʘʣʴʩʘ ʚʽʥ ʜʦʨʽʚʥʶʻ 1/2), ʪʦʙʪʦ. ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 
ʆʪʞʝ, ʨʽʚʥʷʥʥʷ ʩʢʣʘʜʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʚʝʜʝʥʥʷ 

ʨʽʚʥʷʥʥʷ ʩʪʘʥʫ ʨʝʯʦʚʠʥʠ ʥʫ ʦʢʦʣʽ ʢʨʠʪʠʯʥʦʾ ʪʦʯʢʠ. ʇʨʦʪʝ ʦʙʤʝʞʝʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ɺʘʥ ʜʝʨ ɺʘʘʣʴʩʘ ʪʘ ʡʦʛʦ ʤʦʜʠʬʽʢʘʮʽʡ ʷʩʢʨʘʚʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʥʝʟʘʜʦʚʽʣʴʥʽʡ ʟʛʦʜʽ ʽʟ ʟʘʢʦʥʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʽʚ, ʷʢʠʡ 

ʥʘʩʧʨʘʚʜʽ  ʜʝʤʦʥʩʪʨʫʻ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ ʨʝʯʦʚʠʥ ʧʨʠ  

ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʘʭ. 

ʉʢʣʘʜʢʠ ʪʘ ʩʢʣʘʜʘʥʥʷ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯʘʭ, 

ʧʦʚ'ʷʟʘʥʠʭ ʽ ʟʽ ʩʪʨʫʢʪʫʨʥʦʶ ʥʝʩʪʽʡʢʽʩʪʶ: ʛʽʜʨʦʩʪʘʪʠʯʥʦʶ ʥʝʩʪʽʡʢʽʩʪʶ 

ʤʝʥʽʩʢʘ; ʧʨʦʙʦʶ ʝʣʝʢʪʨʦʽʟʦʣʷʮʽʾ; ʧʨʦʭʦʜʞʝʥʥʷ ʩʚʽʪʣʘ ʯʝʨʝʟ ʩʝʨʝʜʦʚʠʱʝ; 

ʦʧʠʩʦʤ ʧʦʚʝʜʽʥʢʠ ʪʚʘʨʠʥʠ ʪʘ ʚ ʽʥʰʠʭ ʟʘʜʘʯʘʭ. ʅʘʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʝʤʦ 

ʧʦʚʝʜʽʥʢʫ ʪʚʘʨʠʥʠ, ʷʢʘ ʦʜʥʦʯʘʩʥʦ ʚʽʜʯʫʚʘʻ ʩʪʨʘʭ ʽ ʣʶʪʴ (ʨʠʩʫʥʦʢ 9.7). 

ʃʶʪʴ ʩʧʦʥʫʢʘʻ    ʡʦʛʦ   ʜʦ   ʥʘʧʘʜʫ,   ʘ   ʩʪʨʘʭ ï  ʥʘ   ʚʪʝʯʫ.   ɯ  ʪʘ, ʽ   ʽʥʰʘ  

 

    
ʈʠʩʫʥʦʢ 9.7 - ʇʦʚʝʜʽʥʢʘ ʪʚʘʨʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʥʘʯʝʥʥʷ 

ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ  

 

ʌʦʨʤʠ ʧʦʚʝʜʽʥʢʠ ʩʧʨʠʷʶʪʴ ʩʘʤʦʟʙʝʨʝʞʝʥʥʶ ʪʘ ʚʠʞʠʚʘʥʥʷ ʚʠʜʫ. ʗʢʱʦ 

ʩʠʪʫʘʮʽʷ ʥʝ ʥʝʙʝʟʧʝʯʥʘ, ʪʦ ʨʝʘʢʮʽʷ ʪʚʘʨʠʥʠ ʽʥʜʠʬʝʨʝʥʪʥʘ (ʥʝʡʪʨʘʣʴʥʘ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʷʚʥʽʩʪʴ ʙʽʬʫʨʢʘʮʽʡʥʦʛʦ ʩʢʣʘʜʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʭ, ʧʨʦʪʠʣʝʞʥʠʭ ʝʤʦʮʽʡ ʷʢʽ ʽ  ʚʠʟʥʘʯʘʶʪʴ ʧʦʚʝʜʽʥʢʫ 

ʪʚʘʨʠʥʠ. 
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9.3 ɻʘʣʦʧʫʚʘʥʥʷ, ʬʣʘʪʪʝʨ ʪʘ ʚʠʭʦʨʠ 

 

ʂʨʽʤ ʩʪʨʫʢʪʫʨʥʠʭ ʥʝʩʪʽʡʢʦʩʪʝʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʩʪʘʪʠʯʥʠʭ 

ʟʙʫʨʝʥʥʷʭ, ʩʠʩʪʝʤʠ ʚʽʜʯʫʚʘʶʪʴ ʱʝ ʡ ʜʠʥʘʤʽʯʥʽ ʙʽʬʫʨʢʘʮʽʾ: ʛʘʣʦʧʫʚʘʥʥʷ, 

ʚʠʭʨʦʚʠʡ ʨʝʟʦʥʘʥʩ ʪʘ ʬʣʘʪʪʝʨ. ʅʘʧʨʠʢʣʘʜ, ʚʧʣʠʚ ʚʽʪʨʫ ʟ ʥʝʟʤʽʥʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʥʘ ʤʦʩʪʠ, ʟʣʝʜʝʥʽʣʽ ʧʽʜʚʽʩʥʽ ʜʨʦʪʠ ʪʘ ʘʥʘʣʦʛʽʯʥʽ ʦʙ'ʻʢʪʠ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʾʭ ʩʪʘʮʽʦʥʘʨʥʽ ʢʦʣʠʚʘʥʥʷ. ʏʘʩʪʦʪʘ ʦʩʮʠʣʷʮʽʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʘʨʘʤʝʪʨʘ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʧʦʚʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʥʘʚʽʪʴ ʩʣʘʙʢʠʡ ʚʽʪʝʨ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʜʠʥʘʤʽʯʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʧʽʜʚʽʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʯʠʩʪʦʛʦ ʛʘʣʦʧʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʠʤʦ ʤʽʩʪ ʫ 

ʚʠʛʣʷʜʽ ʢʚʘʜʨʘʪʥʦʾ ʧʨʠʟʤʠ, ʷʢʘ ʤʘʻ ʤʘʩʫ m, ʚʠʩʦʪʫ h, ʜʦʚʞʠʥʫ l, 

ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʧʨʫʞʠʥʫ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʫʞʥʦʩʪʽ k ʽ ʧʨʠʻʜʥʘʥʘ ʜʦ 

ʜʝʤʧʬʝʨʘ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʧʦʨʫ  . ʅʝʭʘʡ ʧʽʜ ʜʽʻʶ ʚʽʪʨʫ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʟʽ 

ʰʚʠʜʢʽʩʪʶ v, ʧʨʠʟʤʘ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʚʝʨʪʠʢʘʣʽ ʧʽʜ ʧʨʷʤʠʤ ʢʫʪʦʤ 

ʥʘʧʨʷʤʫ ʚʽʪʨʫ. ʇʦʟʥʘʯʠʤʦ ʯʝʨʝʟ z ʟʩʫʚ ʚʽʜ  ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ, ʪʦʜʽ 

ʛʘʣʴʤʽʚʥʘ ʩʠʣʘ ʜʝʤʧʬʝʨʘ ʜʦʨʽʚʥʶʻ ɚ z ( z ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʧʨʠʟʤʠ). ʇʨʠ 

ʢʫʪʽ ʦʙʜʫʚʘʥʥʷ Ŭ = arctg(z/v) ʚʽʪʝʨ ʩʪʚʦʨʶʻ ʚʝʨʪʠʢʘʣʴʥʫ ʩʢʣʘʜʦʚʫ 

ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ F = ɟ v2 S B(Ŭ) / 2, ʜʝ ɟ ï ʱʽʣʴʥʽʩʪʴ ʧʦʚʽʪʨʷ, S = h l ï ʧʣʦʱʘ 

ʧʦʚʝʨʭʥʽ ʦʙʜʫʚʘʥʥʷ, B(Ŭ) ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʧʦʟʠʪʠʚʥʠʤ ʧʨʠ ʤʘʣʠʭ ʢʫʪʘʭ Ŭ ʽ ʥʝʛʘʪʠʚʥʠʤ ʧʨʠ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ. 

ɸʝʨʦʜʠʥʘʤʽʯʥʘ ʩʠʣʘ ʧʦʩʠʣʶʻ ʙʫʜʴ-ʷʢʝ ʧʦʯʘʪʢʦʚʝ ʟʤʽʱʝʥʥʷ ʧʨʠʟʤʠ ʧʨʠ 

ʟʙʽʛʫ ʟʥʘʢʽʚ ʢʦʝʬʽʮʽʻʥʪʘ B(Ŭ) ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʨʠʟʤʠ z . ɼʝʤʧʬʝʨ ʽ 

ʧʨʫʞʥʘ ʧʨʫʞʠʥʘ ʧʨʘʛʥʫʪʴ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʧʨʠʟʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʘʝʨʦʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ mz+ ɚ z + k z = ɟ v2 S B(Ŭ) / 2. ʇʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʢʫʪʘ Ŭ 

ʤʦʞʥʘ ʧʦʢʣʘʩʪʠ B(Ŭ) å B 0 z / v , ʪʦʜʽ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʦʨʫ ʨʫʭʫ 

ʜʦʨʽʚʥʶʻ ɚ ʝʬ = ɚ ī (ɟ v S B0/2) . ʇʨʠ ʧʦʟʠʪʠʚʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ B0 

ʦʧʽʨ ʨʫʭʫ ʟʥʠʢʘʻ ʧʨʠ ʢʨʠʪʠʯʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʷʢʘ ʜʦʨʽʚʥʶʻ  v c = 2ɚ/(ɟ S 

B0) (ɚ ʝʬ = 0). ʄʘʣʽ ʦʙʫʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ ʧʨʠʟʤʠ ʙʫʜʫʪʴ ʟʘʛʘʩʘʪʠ ʧʨʠ v 

< v c ʽ ʟʨʦʩʪʘʪʠʤʫʪʴ ʧʨʠ v > vc . ʆʪʞʝ, ʨʽʚʥʦʚʘʛʘ ʧʨʠʟʤʠ ʙʫʜʝ ʥʝʩʪʽʡʢʦʶ 

ʧʨʠ ʢʨʠʪʠʯʥʽʡ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ, ʧʨʠ ʮʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʯʠʥʘʻʪʴʩʷ 

ʛʘʣʦʧʫʚʘʥʥʷ (ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʨʦʟʛʦʡʜʫʚʘʥʥʷ) ʧʽʜʚʽʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʋ 

ʚʠʧʘʜʢʫ ʛʘʣʦʧʫʚʘʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ z+ ɤ0
2 z = f (z), ʜʝ ɤ0 ï ʢʨʫʛʦʚʘ 

ʯʘʩʪʦʪʘ ʚʽʣʴʥʠʭ ʢʦʣʠʚʘʥʴ. ɼʠʥʘʤʽʯʥʘ ʥʝʩʪʽʡʢʽʩʪʴ ʚʠʥʠʢʘʻ ʟʘ ʟʚʝʨʥʝʥʥʽ ʚ 

ʥʫʣʴ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʨʦʟʛʦʡʜʫʚʘʥʥʷ. 

ʈʦʟʛʦʡʜʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʠʭ ʥʝʩʫʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʘʤʧʣʽʪʫʜʦʶ 

ʢʦʣʠʚʘʥʴ, ʱʦ ʥʘʨʦʩʪʘʻ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʘʪʠʯʥʠʤ ʬʣʘʪʪʝʨʦʤ. ɺʽʥ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʥʘʜʟʚʫʢʦʚʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ʣʽʪʘʢʽʚ ʪʘ ʨʘʢʝʪ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʪʘʪʠʯʥʠʡ ʬʣʘʪʪʝʨ ʧʨʠʛʥʽʯʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦʶ 

ʥʝʣʽʥʽʡʥʽʩʪʶ ʤʝʤʙʨʘʥ, ʚʽʥ ʧʨʠʟʚʦʜʠʪʴ, ʚʨʝʰʪʽ-ʨʝʰʪ, ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʢʨʠʣ 

ʣʽʪʘʢʽʚ ʽ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʨʘʢʝʪ. ɼʠʥʘʤʽʯʥʠʡ ʬʣʘʪʪʝʨ ʚʠʥʠʢʘʻ ʧʨʠ ʜʦʩʠʪʴ 
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ʰʚʠʜʢʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ ʨʽʜʠʥ ʫ ʛʥʫʯʢʠʭ ʪʘ ʧʨʫʞʥʠʭ ʪʨʫʙʘʭ. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʥʝʚʠʛʥʫʪʘ ʬʦʨʤʘ ʪʨʫʙʠ ʻ ʥʝʩʪʽʡʢʦʶ. ʅʝʩʪʽʡʢʽʩʪʴ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʽʜ 

ʜʽʻʶ ʜʠʥʘʤʽʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʱʦ ʥʘʨʦʩʪʘʶʪʴ ʧʦ ʘʤʧʣʽʪʫʜʽ, ʚʠʢʣʠʢʘʥʠʭ 

ʨʽʜʠʥʦʶ, ʱʦ ʨʫʭʘʻʪʴʩʷ. ɻʘʣʦʧʫʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʨʠ ʦʙʪʽʢʘʥʥ ̔ ʪʽʣ ʫ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʦʪʦʮʽ ʨʽʜʠʥʠ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʠʥʠʢʥʝʥʥʶ ʚʠʭʦʨʽʚ 

ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʠʭʨʦʚʦʤʫ ʨʝʟʦʥʘʥʩʫ. ɺʠʭʦʨʠ ʪʘ ʚʠʭʨʦʚʽ ʢʽʣʴʮʷ (ʨʽʟʥʽ 

ʚʠʭʨʦʚʽ ʩʪʨʫʢʪʫʨʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 9.8) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʘʚʪʦʭʚʠʣʴʦʚʽ 

ʩʠʩʪʝʤʠ,     ʷʢ̔  ʟʫʩʪʨʽʯʘʶʪʴʩʷ   ʚ   ʧʨʠʨʦʜʽ  ʜʫʞʝ   ʯʘʩʪʦ:  ʚʽʜ   ʩʪʨʫʢʪʫʨ,  

ʱʦ 

 
ʈʠʩʫʥʦʢ 9.8 - ɺʠʜʠ ʚʠʭʦʨʽʚ: ʘ) ʧʨʦʩʪʠʡ; ʙ) ʩʢʨʫʯʝʥʠʡ; ʚ) ʚʠʭʨʦʚʝ ʢʽʣʴʮʝ 

 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʨʽʜʠʥʠ, ʜʦ ʩʧʽʨʘʣʝʧʦʜʽʙʥʠʭ ʛʘʣʘʢʪʠʢ 

(ʨʠʩʫʥʦʢ 9.9). ɺʦʥʠ ʪʘʢʦʞ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʦʣʴʦʪʽ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, 

ʧʪʘʭʽʚ ʪʘ ʢʦʤʘʭ (ʨʠʩʫʥʦʢ 9.10). ʇʨʠ ʧʦʣʴʦʪʽ ʤʝʪʝʣʠʢ ʩʪʚʦʨʶʻ ʩʚʦʾʤʠ 

ʢʨʠʣʘʤʠ  ʚʠʭʨʦʚʽ 

 

 

 
ʈʠʩʫʥʦʢ 9.9 - ʇʦʰʠʨʝʥʽʩʪʴ ʩʪʨʫʢʪʫʨ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʙʝʨʪʘʥʥʽ: 

ʘ) ʚʠʭʦʨʠ ʫ ʨʽʜʠʥʽ; ʙ) ʩʧʽʨʘʣʴ ɼʅʂ; ʚ) ʩʧʽʨʘʣʴʥʘ ʛʘʣʘʢʪʠʢʘ 
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ʈʠʩʫʥʦʢ 9.10 - ɻʘʟʦʜʠʥʘʤʽʯʥʘ ʢʘʨʪʠʥʘ ʧʦʣʴʦʪʫ ʤʝʪʝʣʠʢʘ 

 

ʧʦʪʦʢʠ ʽ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫ ʧʨʦʩʪʦʨʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ñʢʦʨʠʜʦʨʠò 

ʥʘʡʤʝʥʰʦʛʦ ʦʧʦʨʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʩʥʫʶʪʴ ʪʦʧʦʣʦʛʽʯʥʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʽʩʥʫʚʘʥʥʷ ʜʦʚʽʣʴʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʚʠʭʨʦʚʠʭ ʫʪʚʦʨʝʥʴ 

(ʥʘʧʨʠʢʣʘʜ, ʟʘʙʦʨʦʥʝʥʦ ʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʟʯʝʧʣʝʥʠʭ ʚʠʭʨʦʚʠʭ ʢʽʣʝʮʴ), ʾʭʥʷ 

ʚʥʫʪʨʽʰʥʷ ʙʫʜʦʚʘ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʘ (ʨʠʩʫʥʦʢ 9.11). ʍʘʨʘʢʪʝʨ ʩʠʣ,  

 
ʈʠʩʫʥʦʢ 9.11 - ɼʠʤʦʚʝ ʢʽʣʴʮʝ ʪʘ ʡʦʛʦ ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʨʽʟ 

 

ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʫʪʚʦʨʝʥʥʷ ʚʠʭʦʨʽʚ,  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʨʦʙʣʝʥʦʾ 

ʩʠʣʘʤʠ ʨʦʙʦʪʠ. ʅʘʡʧʨʦʩʪʽʰʘ ʟʘʚʠʭʨʦʚʘʥʽʩʪʴ ʫ ʩʝʨʝʜʦʚʠʱʽ ʦʧʠʩʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

- ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʤʘʩʠ ʘʙʦ ʥʝʩʪʠʩʣʠʚʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ: 
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-ʫʤʦʚʘ ʟʘʤʢʥʝʥʽʩʪʽ ʚʠʭʨʦʚʠʭ ʣʽʥʽʡ:  

 
          -ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʚʠʭʦʨʫ: 

 
ʏʠʩʣʝʥʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʠʭʨʦʚʽ ʢʽʣʴʮʷ ʥʝʩʪʽʡʢʽ ʽ 

ʧʦʚʽʣʴʥʦ "ʩʧʣʝʩʢʫʶʪʴʩʷ" ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʚʦʨʦʪʥʦ  ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ ʩʚʦʛʦ 

ʨʘʜʽʫʩʫ. ɿʘ ʧʝʚʥʠʭ ʫʤʦʚ ʚʠʭʨʦʚʝ ʢʽʣʴʮʝ ʤʦʞʝ ʧʦʯʘʪʠ ʨʦʩʪʠ ʽ ʧʦʪʽʤ 

ʧʝʨʝʪʚʦʨʠʪʠʩʷ ʥʘ ʧʨʦʩʪʠʡ ʚʠʭʦʨ. ɺʧʣʠʚʘʶʯʠ ʥʘ ʚʠʭʨʦʚʝ ʢʽʣʴʮʝ 

ʧʝʨʽʦʜʠʯʥʦʶ ʟʦʚʥʽʰʥʴʦʶ ʩʠʣʦʶ ʟ ʧʽʜʽʙʨʘʥʦʶ ʘʤʧʣʽʪʫʜʦʶ ʪʘ ʬʘʟʦʶ, 

ʤʦʞʥʘ ʚʚʝʩʪʠ ʚʠʭʨʦʚʝ ʢʽʣʴʮʝ ʫ ʨʝʟʦʥʘʥʩʥʠʡ ʩʪʘʥ ʪʘ ʢʝʨʫʚʘʪʠ ʡʦʛʦ ʨʫʭʦʤ. 

ʗʢʱʦ ʩʪʚʦʨʠʪʠ ʚ ʜʝʷʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʦʙʤʝʞʝʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʧʨʦʩʪʠʡ 

ʚʠʭʦʨ ʪʘʢ ʱʦʙ ʚʽʥ ʚʠʭʦʜʠʚ ʥʘ ʧʦʚʝʨʭʥʶ (ʨʠʩʫʥʦʢ 9.9ʘ), ʪʦ ʚʽʥ ʙʫʜʝ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʤ ʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʤʦʞʝ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʥʘ 

ʩʢʨʫʯʝʥʠʡ ʚʠʭʦʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʢʨʫʯʝʥʽ ʚʠʭʦʨʠ ʚʠʪʽʩʥʷʶʪʴ ʽʟ 

ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʩʪʽ ʚʠʭʦʨʠ. 

ɺʠʢʣʘʜʝʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʢʘʟʫʻ, ʱʦ ʩʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʥʝʩʪʽʡʢʦʩʪʽ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʩʪʨʫʢʪʫʨʥʦʾ ʟʤʽʥʠ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʧʨʘʚʦʾ 

ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ z+Ŭ z + ɓ z = ū (z; z) ʧʨʠ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʭ ʟʙʫʨʝʥʥʷʭ. 

ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʥʘʚʦʜʠʪʴ ʥʘ ʜʫʤʢʫ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʪʘʢʦʞ  

ʽʥʰʠʭ ʚʠʜʽʚ ʥʝʩʪʽʡʢʦʩʪʽ: ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʫʥʢʮʽʡ ʦʜʥʘ  ʚ ʜʨʫʛʫ 

(ʤʫʣʴʪʠʘʥʘʣʽʪʠʯʥʝ ʟʘʚʜʘʥʥʷ ʧʨʘʚʦʾ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʟʘ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʢʝʨʫʶʯʦʛʦ ʧʘʨʘʤʝʪʨʘ); ʚʠʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʤʽʥʥʠʭ; ʧʝʨʝʭʽʜ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟ ʦʜʥʦʛʦ ʢʣʘʩʫ ʜʦ ʽʥʰʦʛʦ, ʪʦʱʦ. 

 

 

9.4. ɺʠʥʠʢʥʝʥʥʷ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʭʦʨʽʚ 

 

ʆʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʯʘʩʪʠʥʦʢ ʚ'ʷʟʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʠʭʦʨʦʤ. ɺʠʭʦʨʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʫʩʽ ʨʫʭʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʜʠʩʠʧʘʮʽʻʶ 

ʝʥʝʨʛʽʾ. ʆʧʽʨ ʧʦʪʦʢʫ ʧʦʙʣʠʟʫ ʧʝʨʝʰʢʦʜ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʢʨʫʛʦʚʠʭ ʨʫʭʽʚ: 

ʥʘʚʽʪʴ ʧʨʠ ʜʫʞʝ ʩʣʘʙʢʦʤʫ ʚʽʪʨʽ ʦʙʝʨʪʘʻʪʴʩʷ ʧʠʣ ʽ ʜʨʽʙʥʝ ʩʤʽʪʪʷ ʙʽʣʷ ʙʨʦʚʢʠ 

ʪʨʦʪʫʘʨʫ; ʚʠʭʦʨʠ ʚʠʥʠʢʘʶʪʴ ʫ ʪʨʫʙʘʭ ʧʨʠ ʟʘʢʽʥʯʝʥʥʽ ʚʦʜʠ ʯʝʨʝʟ ʢʨʘʥ ʟʽ 

ʟʥʦʰʝʥʦʶ ʧʨʦʢʣʘʜʢʦʶ ʪʘ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʚʫʢʦʚʠʤʠ ʝʬʝʢʪʘʤʠ ʫ ʚʠʛʣʷʜʽ 

ʨʝʚʫ ʪʘ ʛʫʜʽʥʥʷ; ʚ ʛʘʟʦʚʽʡ ʪʘ ʨʽʜʢʽʡ ʩʝʨʝʜʦʚʠʱʽ ʚʠʥʠʢʘʶʪʴ ʛʽʛʘʥʪʩʴʢʽ 

ʚʠʭʦʨʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʩʤʝʨʯʘʤʠ ʪʘ ʚʠʨʘʤʠ; ʚʠʭʦʨʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴ 

ʧʦʣʴʦʪʠ ʢʦʤʘʭ ʪʘ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ; ʧʦʜʚʽʡʥʘ ʩʧʽʨʘʣʴ ɼʅʂ ï̒  ʜʚʦʤʘ  

ʧʝʨʝʧʣʝʪʝʥʠʤʠ ʚʠʭʨʦʚʠʤʠ ʥʠʪʢʘʤʠ, ʪʦʱʦ. ʇʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʚʠʭʦʨʽʚ 
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ʻ ʚ'ʷʟʢʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ (ʥʘʚʽʪʴ ʜʫʞʝ ʤʘʣʝʥʴʢʘ, ʷʢ, ʩʢʘʞʽʤʦ, ʫ ʛʘʟʘʭ). 

ʆʙʪʽʢʘʥʥʷ ʩʝʨʝʜʦʚʠʱʝʤ ʧʝʨʝʰʢʦʜʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʛʘʣʴʤʫʚʘʥʥʷʤ 

ʯʘʩʪʠʥʦʢ ʧʦʙʣʠʟʫ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ɺʜʘʣʠʥʽ ʚʽʜ ʧʦʚʝʨʭʥʽ ʧʝʨʝʰʢʦʜʠ 

ʯʘʩʪʠʥʢʠ ʧʨʠʩʢʦʨʶʶʪʴʩʷ ʧʦʪʦʢʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚ ʩʝʨʝʜʦʚʠʱʽ ʚʠʥʠʢʘʻ 

ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʚʠʭʦʨ. ʋʩʝʨʝʜʠʥʽ ʚʠʭʦʨʫ ʪʠʩʢ ʤʝʥʰʠʡ, 

ʥʽʞ ʥʘ ʡʦʛʦ ʟʦʚʥʽʰʥʽʡ ʛʨʘʥʠʮʽ  , ʪʦʤʫ ʚʽʥ ʙʫʜʝ ʩʪʽʡʢʠʤ ʫʪʚʦʨʝʥʥʷʤ, 

ʚʩʤʦʢʪʫʶʯʠ ʚ ʩʝʙʝ ʛʘʟʦʚʝ ʘʙʦ ʨʽʜʢʝ ʩʝʨʝʜʦʚʠʱʝ. ɺʠʭʦʨʠ, ʱʦ ʦʜʥʘʢʦʚʦ 

ʦʙʝʨʪʘʶʪʴʩʷ, ʧʨʠ ʟʙʣʠʞʝʥʥʽ ʧʦʯʠʥʘʶʪʴ ʦʙʝʨʪʘʪʠʩʷ ʥʘʚʢʦʣʦ ʦʩʽ ʩʠʤʝʪʨʽʾ, ʘ 

ʚʠʭʦʨʠ, ʱʦ ʧʨʦʪʠʣʝʞʥʦ ʦʙʝʨʪʘʶʪʴʩʷ - ʨʫʭʘʶʪʴʩʷ ʧʦʩʪʫʧʘʣʴʥʦ ʷʢ ʻʜʠʥʝ 

ʮʽʣʝ. ʅʘʧʨʠʢʣʘʜ, ʚʠʭʨʦʚʽ ʢʽʣʴʮʷ ʧʨʠ ʟʙʣʠʞʝʥʥʽ ʧʦʚʦʜʷʪʴʩʷ ʪʘʢ: ʧʝʨʝʜʥʻ 

ʢʽʣʴʮʝ ʫʧʦʚʽʣʴʥʶʻ ʩʚʽʡ ʨʫʭ ʪʘ ʟʙʽʣʴʰʫʻ ʩʚʽʡ ʨʘʜʽʫʩ; ʥʘʟʜʦʛʘʥʷʶʯʝ ʢʽʣʴʮʝ 

ʩʪʠʩʢʘʻʪʴʩʷ ʪʘ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʧʝʨʝʜʥʻ ʢʽʣʴʮʝ; 

ʟʤʽʥʘ ʢʽʣʝʮʴ ʤʽʩʮʷʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʪʦʨʝʥʥʷ ʦʧʠʩʘʥʦʛʦ ʧʨʦʮʝʩʫ 

(ʘʚʪʦʢʦʣʠʚʘʣʴʥʘ ʩʠʩʪʝʤʘ). ɿʘʟʥʘʯʠʤʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʜʨʫʛʦʛʦ ʚʠʭʦʨʫ 

ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʰʚʠʜʢʦʩʪʽ, ʘʣʝ ʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʧʝʨʰʦʛʦ ʚʠʭʦʨʫ. ɯʟʦʣʴʦʚʘʥʽ 

ʚʠʭʦʨʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʪʘʥʽ ʩʧʦʢʦʶ. ʉʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʨʦʟʧʘʜ ʚʠʭʦʨʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʛʽʨʦʩʢʦʧʽʯʥʠʤʠ ʩʠʣʘʤʠ.  ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʩʮʝʥʘʨʽʾʚ 

ʨʦʟʧʘʜʫ ʚʠʭʦʨʫ ʚʽʜʢʨʠʪʦ ʙʣʠʟʴʢʦ ʜʝʩʷʪʢʘ: ʙʫʣʴʙʘʰʢʦʚʠʡ (ʨʠʩʫʥʦʢ 10.1ʘ), 

ʩʧʽʨʘʣʴʥʠʡ (ʨʠʩʫʥʦʢ 10.1ʙ), ʜʚʦʩʧʽʨʘʣʴʥʠʡ, ʢʦʥʽʯʥʠʡ, ʙʽʞʫʯʠʡ ʪʘ ʽʥ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʙʽʪ, 

ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʪʝʦʨʽʾ ʨʦʟʧʘʜʫ ʚʠʭʦʨʫ ʧʦʢʠ ʱʦ ʥʝ ʩʪʚʦʨʝʥʦ. ɿʘʚʠʭʨʝʥʥʽʩʪʴ 

ʨʫʭʫ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʩʷʛʫ ʩʝʨʝʜʦʚʠʱʘ ʦʧʠʩʫʻʪʴʩʷ ʨʦʪʦʨʦʤ 

 
ɻʝʣʴʤʛʦʣʴʮ  ʜʦʚʽʚ ʪʝʦʨʝʤʠ  ʧʨʦ   ʟʙʝʨʝʞʝʥʥʷ ʚʠʭʨʦʚʠʭ   ʣʽʥʽʡ (ʨʠʩ. 10.2ʘ)   
 

 
ʈʠʩʫʥʦʢ 10.1 - ʇʫʭʠʨʮʝʚʠʡ (ʘ) ʪʘ ʩʧʽʨʘʣʴʥʠʡ (ʙ) ʨʦʟʧʘʜʠ ʚʠʭʦʨʫ 
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ʈʠʩʫʥʦʢ 10.2 - ɺʠʭʨʦʚʘ ʥʠʪʢʘ(ʘ) ʪʘ ʚʠʭʨʦʚʘ ʪʨʫʙʢʘ(ʙ) 

 

ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʭʨʦʚʠʭ ʪʨʫʙʦʢ (ʨʠʩʫʥʦʢ 10.2ʙ). ʇʝʨʰʘ ʪʝʦʨʝʤʘ 

ʚʽʜʦʙʨʘʞʘʻ  ʬʘʢʪ ʨʫʭʫ ʚʠʭʨʦʚʦʾ ʣʽʥʽʾ ʨʘʟʦʤ ʽʟ ʯʘʩʪʠʥʢʘʤʠ ʩʝʨʝʜʦʚʠʱʘ. 

ʏʘʩʪʠʥʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʠʭʨʦʚʽʡ ʣʽʥʽʾ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʥʽʡ ʽ ʧʨʠ ʨʫʩʽ 

ʚʠʭʦʨʫ. ɯʥʪʝʥʩʠʚʥʽʩʪʶ ʚʠʭʨʦʚʦʾ ʪʨʫʙʢʠ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʪʽʢ ʟʘʚʠʭʨʝʥʥʷ ʯʝʨʝʟ 

ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʪʨʫʙʢʠ, ʷʢʠʡ ʧʦ ʜʨʫʛʽʡ ʪʝʦʨʝʤʽ ɻʝʣʴʤʛʦʣʴʮʷ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ. ʇʨʠ ʜʽʾ ʥʘ ʚʠʭʨʦʚʫ ʣʽʥʽʶ ʨʦʟʪʷʛʫʶʯʠʭ ʩʠʣ, ʚʦʥʘ 

ʧʦʯʠʥʘʻ ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʩʚʦʶ ʟʘʚʠʭʨʝʥʥʽʩʪʴ. ʋ ʩʫʮʽʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʠʭʨʦʚʘ ʣʽʥʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

                                                                                     , 

 

ʜʝ v - ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʩʝʨʝʜʦʚʠʱʘ, uï ʩʦʣʝʥʦʾʜʘʣʴʥʝ ʧʦʣʝ, ʷʢʝ 

ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥʶ  div u = 0 . ʅʘʧʨʠʢʣʘʜ, ʪʘʢʦʤʫ ʨʽʚʥʷʥʥʶ ʟʘʜʦʚʦʣʴʥʷʻ 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ (ʥʘʧʨʫʞʝʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ H= rot A (div H = 0), ʜʝ A- 

ʚʝʢʪʦʨʥʠʡ ʧʦʪʝʥʮʽʘʣ), ʘ ʚʠʭʨʦʚʽ ʣʽʥʽʾ ʟʙʽʛʘʶʪʴʩʷ ʟ ʩʠʣʦʚʠʤʠ ʣʽʥʽʷʤʠ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  
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10  ɯʅʌʆʈʄɸʎɯʗ ʊɸ ɼʀʅɸʄɯʂɸ 
  

 

10.1 ɯʥʬʦʨʤʘʮʽʷ ʫ ʢʣʘʩʠʯʥʽʡ ʤʝʭʘʥʮ̔ ̔

 

ɺʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʝʥʪʨʦʧʽʾ ʧʦʚ'ʷʟʘʥʽ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ 

ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʙʫʚʘʻ ʫ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ 

ʩʪʘʥʽ. ʈʦʟʢʠʜ ʩʪʘʥʽʚ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʙʝʟʧʝʨʝʨʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ,ʯʠ ʪʘʙʣʠʮʝʶ ʟʥʘʯʝʥʴ ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʠ ʜʠʩʢʨʝʪʥʦʤʫ ʦʧʠʩʽ 

ʤʽʢʨʦʩʪʘʥʽʚ. ɿʘʟʥʘʯʝʥʽ ʚʝʣʠʯʠʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ ʪʘ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʩʠʩʪʝʤʦʶ ʩʚʦʛʦ ʩʪʘʥʫ. 

ʋʷʚʠʤʦ, ʥʘʧʨʠʢʣʘʜ, ʙʝʟʧʝʨʝʨʚʥʫ ʜʠʥʘʤʽʯʥʫ ʩʠʩʪʝʤʫ ʫ ʚʠʛʣʷʜʽ 

ʥʝʩʢʽʥʯʝʥʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʧʦʚ'ʷʟʘʥʠʭ ʦʩʮʠʣʷʪʦʨʽʚ (ʥʘʧʨʠʢʣʘʜ, ʢʫʣʴʢʠ 

ʩʢʨʽʧʣʝʥʽ ʧʨʫʞʠʥʘʤʠ). ʉʪʘʥ ʟʚ'ʷʟʢʫ ʦʙʨʘʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʪʦʯʮʽ x ʪʘ ʤʦʤʝʥʪ 

ʯʘʩʫ t ʟ ʽʥʰʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻ ʧʦʚʝʜʽʥʢʫ ʝʣʝʤʝʥʪʘ: 

ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ (ʨʠʩʫʥʦʢ 10.1, ʥʘʧʨʷʤʦʢ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʢʘʟʘʥʦ ʩʫʮʽʣʴʥʦʶ ʩʪʨʽʣʢʦʶ). ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘʚʽʪʴ ʜʫʞʝ 

ʤʘʣʝ ʟʤʽʱʝʥʥʷ ʢʫʣʴʢʠ ʟ ʧʝʨʚʽʩʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʠʢʣʠʢʘʻ  ʟʤʽʥʠ ʚ ʩʪʘʥʘʭ 

ʟʚ'ʷʟʢʽʚ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʨʝʟʫʣʴʪʫʶʯʦʾ ʜʽʾ ʪʘ  ʾʾ 

ʩʧʨʷʤʫʚʘʥʥʷ. ɿʘ ʪʘʢʠʤ ʞ ʩʮʝʥʘʨʽʻʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʭ ʙʨʦʫʥʽʚʩʴʢʦʾ ʯʘʩʪʢʠ) 

,ʷʢʠʡ  ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʭʘʦʪʠʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʨʘʥʦʾ ʢʫʣʴʢʠ. ʈʫʭ 

ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʦʞʝʥʥʷʤ 

ʯʘʩʪʠʥʦʢ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʙʫʜʝ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʤ. ʗʢʱʦ 

ʯʘʩʪʦʪʘ ʩʠʣʠ, ʱʦ ʟʙʫʨʶʻ, ʙʣʠʟʴʢʘ ʜʦ ʚʣʘʩʥʦʾ ʯʘʩʪʦʪʠ ʦʩʮʠʣʷʪʦʨʘ, ʪʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʡ ʨʝʟʦʥʘʥʩ (ʬʣʫʢʪʫʘʮʽʷ). ʏʝʨʝʟ ʩʪʦʭʘʩʪʠʯʥʽʩʪʴ 

ʚʧʣʠʚʫ (ʟʙʫʜʞʝʥʥʷ ʤʦʞʫʪʴ ʧʦʩʠʣʶʚʘʪʠʩʷ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽʡ ʨʝʟʦʥʘʥʩ ʚ 

ʦʜʥʠʭ ʪʦʯʢʘʭ ʽ ʛʘʣʴʤʫʚʘʪʠʩʷ ʚ ʽʥʰʠʭ ʤʽʩʮʷʭ ʩʠʩʪʝʤʠ) ʧʦʣʝ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʭʚʠʣʷʤ ʬʣʫʢʪʫʘʮʽʡ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ, ʧʦʚʠʥʥʦ ʦʧʠʩʫʚʘʪʠʩʷ 

ʽʤʦʚʽʨʥʽʩʥʦʶ ʬʫʥʢʮʽʻʶ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʭʚʠʣʴ, ʷʢʽ ʦʧʠʩʫʶʪʴʩʷ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ. ʉʘʤʝ ʧʦʰʠʨʝʥʥʷ ʬʣʫʢʪʫʘʮʽʡʥʦʾ ʭʚʠʣʽ 

ʽ ʚʽʜʧʦʚʽʜʘʻ ʷʢ ʟʘ ʚʠʥʠʢʥʝʥʥʷ ʭʘʦʩʫ, ʪʘʢ ʽ ʟʘ  ʧʦʷʚʫ ʚʧʦʨʷʜʢʦʚʘʥʠʭ 

ʦʙʣʘʩʪʝʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʭʘʦʪʠʯʥʠʡ ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʠʡ ʨʫʭ ʻ ʧʝʨʝʥʦʩʥʠʢʦʤ 

ʽʥʬʦʨʤʘʮʽʾ ʝʥʪʨʦʧʽʾ. ɿʘ ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ T ʢʚʘʥʪ ʧʦʣʷ ʜʦʨʽʚʥʶʻ 

k ɹT. ʆʪʞʝ, ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ k ɹ ʻ ʜʠʥʘʤʽʯʥʠʤ ʘʜʽʘʙʘʪʠʯʥʠʤ 

ʽʥʚʘʨʽʘʥʪʦʤ. 
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ʈʠʩʫʥʦʢ 10.1 - ʈʫʭ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʾ ʩʠʣʠ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʘʥʦʤ ʩʠʩʪʝʤʠ, ʘ ʩʫʤʘ ʝʥʪʨʦʧʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ï  

ʽʥʪʝʛʨʘʣʦʤ ʨʫʭʫ 

 

ʅʘʚʝʜʝʥʠʡ ʧʨʠʢʣʘʜ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ-ʝʥʪʨʦʧʽʷ ʧʦʚʠʥʥʘ 

ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʽ ʚ ʢʣʘʩʠʯʥʠʭ ʨʽʚʥʷʥʥʷʭ ʨʫʭʫ ʅʴʶʪʦʥʘ, ʷʢ ʫʤʦʚʘ 

ʦʙʦʨʦʪʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʭʫ: ʚʽʜʩʫʪʥʽʩʪʴ ʬʣʫʢʪʫʘʮʽʡ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʪʘʥʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ. 

ɺʚʝʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʬʫʥʢʮʽʶ ʃʘʛʨʘʥʞʘ L, ʷʢ ʨʽʟʥʠʮʶ ʢʽʥʝʪʠʯʥʦʾ ʪʘ 

ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʪʽʣʘ: L = K ī U . ʊʦʜʽ ʜʽʷ D ʧʦʚ'ʷʟʘʥʘ ʟ ʬʫʥʢʮʽʻʶ 

ʃʘʛʨʘʥʞʘ ʨʽʚʥʽʩʪʶ: 

 
ʇʨʠʥʮʠʧ ʥʘʡʤʝʥʰʦʾ ʜʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʽʩʪʶ ʥʫʣʶ ʚʘʨʽʘʮʽʾ ʜʽʾ D=0. ɺʽʥ, 

ʟʦʢʨʝʤʘ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʽʚʥʷʥʥʷ ʅʴʶʪʦʥʘ: 

 

ʽʥʪʝʛʨʘʣ ʚ ʜʨʫʛʦʤʫ ʜʦʜʘʥʢʫ ʚ ʦʪʨʠʤʘʥʦʤʫ ʚʠʨʘʟʽ ʦʙʯʠʩʣʠʤʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʽʥʪʝʛʨʫʚʘʥʥʷ ʯʘʩʪʠʥʘʤʠ 

 

ʆʙʨʘʚʰʠ  ʬʫʥʢʮʽʾ 
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ʋ ʤʝʭʘʥʽʮʽ ʃʘʛʨʘʥʞʘ ʕʡʣʝʨʘ ʧʦʯʘʪʢʦʚʘ ʽ ʢʽʥʮʝʚʘ ʪʦʯʢʘ ʪʨʘʻʢʪʦʨʽʾ 

ʨʫʭʫ ʻ ʬʽʢʩʦʚʘʥʠʤʠ, ʪʦʙʪʦ. ŭ q(t2) = ŭ q(t1) = 0 . ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʥʘʙʫʚʘʻ 

ʚʠʛʣʷʜʫ 

 

ʘʙʦ ʫ ʬʦʨʤʽ ʅʴʶʪʦʥʘ 

 

                                                                         , 

 

ʜʝ 

- ʽʤʧʫʣʴʩ, 

 

ï ʧʦʪʝʥʮʽʡʥʘ ʩʠʣʘ. ʌʽʢʩʘʮʽʷ ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʻ 

ʻʜʠʥʦʶ ʫʤʦʚʦʶ ʽʩʥʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʅʴʶʪʦʥʘ. 

ɯʥʰʦʶ ʫʤʦʚʦʶ ʦʙʦʨʦʪʥʦʩʪʽ ʫ ʯʘʩʽ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʻ ʛʨʘʥʠʯʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

 

ʆʪʞʝ, ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʘʨʽʘʮʽʷ ʜʽʾ ʜʦʨʽʚʥʶʻ 

 

ʗʢʱʦ ʥʝ ʧʨʦʚʦʜʠʪʠ ʚʘʨʽʘʮʽʶ ʟʘ ʯʘʩʦʤ ( t = 0 ), ʪʦ 

, 

ʜʝ ʯʘʩʪʢʦʚʽ  ʧʦʭʽʜʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ , ʷʢ  
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ɺʘʨʽʘʮʽʷ ʜʽʾ ʜʣʷ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʯʘʩʫ t1 ʪʘ t2 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 

ʊʘʢ ʷʢ ʬʫʥʢʮʽʷ ʃʘʛʨʘʥʞʘ ʜʦʨʽʚʥʶʻ 

 

ɺʠʨʘʟ 

 

ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ H ʩʠʩʪʝʤʠ ʤʽʞ ʤʦʤʝʥʪʘʤʠ ʯʘʩʫ t1  ʽ  t2 ʪʦʙʪʦ 

 

ʘ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 

                                                

                                            (10.1) 

 

ɿ ʨʽʚʥʷʥʥʷ (10.1) ʚʠʜʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʛʘʤʽʣʴʪʦʥʽʘʥʘ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻ 

ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʜʽʾ ʟ ʯʘʩʦʤ. ʗʢʱʦ ʜʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ʷʚʥʦ ʚʽʜ ʯʘʩʫ, ʧʦʚʥʘ 

ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ ʻ ʽʥʪʝʛʨʘʣʦʤ ʨʫʭʫ, ʪʦʙʪʦ. ʟʙʝʨʽʛʘʻʪʴʩʷ ( æ H = 0 ʘʙʦ H (t 2 ) 

= H (t1) , ʘ ʯʝʨʝʟ ʜʦʚʽʣʴʥʽʩʪʴ ʤʦʤʝʥʪʽʚ ʯʘʩʫ t 1 ʽ t 2 ʟʥʘʭʦʜʠʤʦ H(t) = E = 

const). ʇʦ ʩʪʨʫʢʪʫʨʽ ʨʽʚʥʷʥʥʷ (10.1) ʥʘʛʘʜʫʻ ʣʦʢʘʣʴʥʠʡ ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ 

ʜʽʾ. ʗʢʱʦ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ ʥʘ ʚʠʛʣʷʜ    

  

                                                                    (10.2) 

 

ʪʦ ʜʽʷ ʙʫʜʝ ʽʥʪʝʛʨʘʣʦʤ ʨʫʭʫ ʜʣʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘʚʽʪʴ ʫ ʨʘʟʽ 

ʧʨʠʩʫʪʥʦʩʪʽ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ. 

ɼʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʤʘʻʤʦ 

 

ʪʦʙʪʦ ʾʭ ʧʦʣʦʞʝʥʥʷ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʝʨʥʝʥʥʷʤ ʥʘ ʥʫʣʴ 

ʯʘʩʪʢʦʚʦʾ ʧʦʭʽʜʥʦʾ  
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ʎʷ ʨʽʚʥʽʩʪʴ ʚʠʟʥʘʯʘʻ ʢʦʥʩʝʨʚʘʪʠʚʥʫ ʧʦʚʝʨʭʥʶ (ʧʦʚʝʨʭʥʷ ʩʪʘʣʦʩʪʽ 

ʝʥʝʨʛʽʾ) ʩʠʩʪʝʤʠ. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʚʣʘʰʪʦʚʘʥʝ ʪʘʢ, ʱʦʙ ʧʨʠʜʫʰʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʬʣʫʢʪʫʘʮʽʾ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʫʭ ʪʘʢʠʭ 

ʦʙ'ʻʢʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʘʙʦ ʧʦ ʢʦʥʩʝʨʚʘʪʠʚʥʽʡ ʧʦʚʝʨʭʥʽ, ʘʙʦ ʚ ʤʘʣʦʤʫ  ʦʢʦʣʽ 

ʮʽʻʾ ʧʦʚʝʨʭʥʽ, ʢʦʣʠ ʟʤʽʥʠ ʬʫʥʢʮʽʾ ɻʘʤʽʣʴʪʦʥʘ ʤʘʣʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʝʣʠʯʠʥʦʶ ʩʘʤʦʛʦ ʛʘʤʽʣʴʪʦʥʽʘʥʘ. ʆʪʞʝ, ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʪʘ ʜʽʷ ʻ ʬʫʥʢʮʽʷʤʠ 

ʩʪʘʥʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. ɼʣʷ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ 

ʣʦʢʘʣʴʥʝ ʟʙʝʨʝʞʝʥʥʷ ʜʽʾ, ʷʢʝ ʟʘʚʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

 

 
 

 ̔ ʟʘʜʘʻ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʦʚʝʨʭʥʽ ʧʦʩʪʽʡʥʦʾ ʜʽʾ (ʽʥʚʘʨʽʘʥʪʥʽ ʪʦʨʠ ʫ 

ʟʤʽʥʥʠʭ ʜʽʶ-ʢʫʪ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʧʦ 

ʩʠʩʪʝʤʽ, ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʽʜʙʦʨʫ ʪʠʭ ʬʣʫʢʪʫʘʮʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʠʥʘʤʽʯʥʽʡ 

ʩʠʩʪʝʤʽ ʥʘʙʣʠʟʠʪʠʩʷ ʜʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ 

ʨʝʟʦʥʘʥʩʥʦʤʫ ʘʙʦ ʟʚʠʯʘʡʥʦʤʫ ʪʦʨʘʭ. ʇʨʠ ʮʴʦʤʫ ʩʪʽʡʢʠʤʠ ʙʫʜʫʪʴ ʽ ʪʽ ʨʫʭʠ, 

ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʚʫʟʴʢʦʤʫ  ʦʢʦʣʽ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʫ. ɼʠʥʘʤʽʯʥʘ 

ʩʠʩʪʝʤʘ ʩʠʥʪʝʟʫʻ ʪʘ ʟʘʧʘʤ'ʷʪʦʚʫʻ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʫ 

ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʧʝʚʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʇʦʚʝʨʭʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʦʪʠ, ʜʦʢʠ 

ʥʝʤʘʻ ʟʥʘʯʥʠʭ ʟʤʽʥ ʩʫʤʠ ʵʥʪʨʦʧʠʷ-ʠʥʬʦʨʤʘʮʠʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʫʤʢʠ 

ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʽʻʨʘʨʭʽʾ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʙʝʨʝʞʝʥʦʶ 

ʘʙʦ ñʟʘʙʫʪʦʶò ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʟʘ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʟʦʚʥʽʰʥʠʭ ʫʤʦʚ. ɿʙʝʨʝʞʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʽʥʪʝʛʨʘʣʫ ʨʫʭʫ ʚʽʜʧʦʚʽʜʘʻ 

ʥʝʟʤʽʥʥʦʩʪʽ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʽʥʚʘʨʽʘʥʪʫ.ɺʠʢʣʶʯʠʪʠ ʚʧʣʠʚ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

ʤʦʞʥʘ, ʷʢʱʦ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʩʪʘʥ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫ ʩʧʦʣʫʯʝʥʠʭ 

ʟʤʽʥʥʠʭ ʗʢʦʙʽ: ʷʢʱʦ 

 

 
 

ʪʦ  ʧʦʚʥʘ ʚʘʨʽʘʮʽʷ ʜʽʾ ʜʦʨʽʚʥʶʻ 

 

ʄʦʞʣʠʚʽʩʪʴ ʪʘʢʦʛʦ ʟʘʧʠʩʫ ʟʘʩʥʦʚʫʻʪʴʩʷ  ʥʘ ʬʘʢʪʽ ʥʝʟʘʣʝʞʥʦʩʪʽ ʨʫʭʫ 

ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʟʤʽʥʦʶ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʘ ʬʦʨʤʘ ʟʘʧʠʩʫ ʜʦʟʚʦʣʷʻ ʧʦʢʘʟʘʪʠ, ʱʦ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʫ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʽʩʪʴ ÖD/ÖH = 0 

ʟʘ ʫʤʦʚʠ ŭH / ŭt Í 0 . ʅʝʟʘʣʝʞʥʽʩʪʴ ʜʠʥʘʤʽʢʠ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʧʝʨʝʙʫʜʦʚʘ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʥʦʚʽ 
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ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʚʠʢʦʥʘʥʥʷ ʨʽʚʥʷʥʥʷ (10.1), ʷʢʝ ʻ ʥʝʦʙʦʨʦʪʥʠʤ  ʫ ʯʘʩʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʥʽʤʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʧʨʦ ʦʙʦʨʦʪʥʽʩʪʴ ʫ ʯʘʩʽ ʜʠʥʘʤʽʯʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʤʽʢʨʦʯʘʩʪʠʥʢʠ ʽ ʥʝʟʚʦʨʦʪʥʽʩʪʴ ʚ ʧʦʚʝʜʽʥʮʽ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ . 

ɹʘʯʠʤʦ,ʱʦ ʝʚʦʣʶʮʽʦʥʫʶʯʽ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷʤ 

ʜʽʾ ʪʘ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ 

 

 
 

ʜʝ ɄD ïʚʠʨʦʙʥʠʮʪʚʦ ʜʽʾ. 

ʄʦʞʝʤʦ ʫʷʚʠʪʠ ʩʦʙʽ ,ʱʦ  ʢʨʠʪʝʨʽʻʤ ʧʦʜʽʣʫ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʻ ʥʘʷʚʥʽʩʪʴ ʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʜʽʾ. ɼʣʷ 

ʧʝʨʰʠʭ ʩʠʩʪʝʤ ɄD = 0, ʘ ʜʣʷ ʜʨʫʛʠʭ ï ɄD Í 0 (ʨʠʩʫʥʦʢ 10.2). 

 

ʈʠʩʫʥʦʢ 10.2 - ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤ ʪʘ ʩʧʦʩʦʙʽʚ ʾʭ ʦʧʠʩʫ 

 

ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʩʪʠʭ ʤʝʭʘʥʽʯʥʠʭ ʪʽʣ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʽ 

ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʛʦʚʦʨʠʪʴ ʧʨʦ ʾʭ ʚʘʞʣʠʚʽ 

ʚ̔ ʜʤʽʥʥʦʩʪʽ. ʎʷ ʚʽʜʤʽʥʥʽʩʪʴ, ʟʜʘʚʘʣʦʩʷ ʙ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽʡ 

ʩʚʦʙʦʜʽ ʜʽʡ, ʚʠʙʽʨʫ ʮʽʣʝʡ ʽ ʚʯʠʥʢʽʚ, ʟʜʘʪʥʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʪʠ, ʟʙʝʨʽʛʘʪʠ ʽ 

ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʚʠʨʦʙʣʷʪʠ ʩʦʙʽ ʧʦʜʽʙʥʠʭ ʽʩʪʦʪ. ɿ ʧʦʛʣʷʜʫ ʞ 

ʩʠʥʝʨʛʝʪʠʢʠ ʙʽʦʣʦʛʽʯʥʽ ʫʪʚʦʨʝʥʥʷ ʻ ʣʠʰʝ ʯʝʨʛʦʚʠʤ ʽʻʨʘʨʭʽʯʥʠʤ ʨʽʚʥʝʤ. 

ʅʘ ʜʠʥʘʤʽʯʥʦʤʫ  ʨʽʚʥʽ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʘʪʝʨʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

"ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷ" ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ; ʚʠʜʽʣʷʶʪʴʩʷ ʧʽʜʩʠʩʪʝʤʠ 

ʟʽ ʩʧʝʮʠʬʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʨʽʚʝʥʴ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʜʽʾ; ʚʠʙʽʨ ʨʽʰʝʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʙʽʬʫʨʢʘʮʽʡʥʠʭ 

ʪʦʯʢʘʭ . ɺʩʽ ʮʽ ʷʢʦʩʪʽ ʩʬʦʨʤʫʚʘʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʢʦʥʢʫʨʝʥʮʽʾ ʟʘ ʧʝʨʝʙʫʚʘʥʥʷ 

ʫ ʩʪʽʡʢʦʤʫ ʩʪʘʥʽ ʘʙʦ ʡʦʛʦ ʤʘʣʽʡ ʦʢʦʣʠʮʽ. ʆʯʝʚʠʜʥʠʤ ʬʘʢʪʦʤ ʪʘʢʦʾ 
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ʢʦʥʢʫʨʝʥʮʽʾ ʻ ʚʠʥʠʢʥʝʥʥʷ ñʧʘʤ'ʷʪʽò, ʘ ʪʘʢʦʞ ʮʝʥʪʨʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʧʨʠʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʙʽʬʫʨʢʘʮʽʡ ʥʝʚʽʜʦʤʠʭ ʜʦʢʠ ʱʦ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʨʷʜʢʫ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʟʜʘʪʥʽ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ, ʱʦ 

ʟʤʽʥʶʶʪʴʩʷ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʚʦʶ ʧʦʚʝʜʽʥʢʫ ʪʘ ʩʧʽʚʽʩʥʫʚʘʪʠ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ. 

ʈʦʟʚʠʪʦʢ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʞʣʠʚʦʩʪʽ ʥʘʢʦʧʠʯʫʚʘʪʠ, 

ʧʝʨʝʨʦʙʣʷʪʠ, ʟʘʩʚʦʶʚʘʪʠ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʥʘʢʦʧʠʯʝʥʽ ʟʥʘʥʥʷ, ʱʦ ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʧʽʜʚʠʱʫʻ ʩʚʦʙʦʜʫ ʜʽʡ ʪʘ ʚʦʣʶ ʜʦ ʚʠʙʦʨʫ ʦʜʥʦʛʦ ʨʽʰʝʥʥʷ ʟ ʙʝʟʣʽʯʽ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ. ɺʠʙʽʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʽʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ (ʟʥʘʥʴ) ʯʠ ʚʠʧʘʜʢʦʚʠʭ (ʽʥʪʫʾʮʽʷ ï ʧʨʠʭʦʚʘʥʽ ʟʥʘʥʥʷ ʚʩʴʦʛʦ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʰʣʷʭʫ ʨʦʟʚʠʪʢʫ) ʜʘʥʠʭ. ʈʽʰʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚʽʜ ʩʝʥʩʦʨʽʚ (ʜʘʪʯʠʢʽʚ, ʷʢʽ ʩʪʝʞʘʪʴ ʟʘ ʩʪʘʥʦʤ 

ʦʪʦʯʝʥʥʷ). ʉʧʦʯʘʪʢʫ ʨʦʟʚʠʚʘʻʪʴʩʷ ʘʥʘʣʦʛʦʚʝ ʤʠʩʣʝʥʥʷ: ʨʦʙʠ ʪʘʢ ʩʘʤʦ, ʷʢ 

ʯʠʥʠʚ ʨʘʥʽʰʝ. ʅʝʚʜʘʣʽ ʜʦʩʣʽʜʠ ʟ ʘʥʘʣʦʛʽʷʤʠ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʷʚʠ ʣʦʛʽʯʥʦʛʦ 

ʤʠʩʣʝʥʥʷ, ʷʢʝ ʟʜʘʪʥʝ, ʷʢ ʢʝʨʫʚʘʪʠ, ʪʘʢ ʽ ʧʝʨʝʜʙʘʯʘʪʠ ʨʦʟʚʠʪʦʢ ʚʟʘʻʤʦʜʽʾ ʽʟ 

ʟʦʚʥʽʰʥʽʤ ʩʚʽʪʦʤ. ɺʩʽ ʮʽ ʘʩʧʝʢʪʠ ʧʦʚʝʜʽʥʢʠ ʙʽʦʩʪʨʫʢʪʫʨ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ 

ʚ ʥʠʭ ʧʝʨʝʚʘʞʘʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʮʝʩʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʧʘʜʢʦʚʽʩʪʶ. 

 

 

10.2 ʅʝʚʠʟʥʘʯʝʥʽʩʪʴ ʚ ʢʚʘʥʪʦʚʽʡ ʜʠʥʘʤʽʮʽ 

 

ʗʢ ʚʽʜʦʤʦ,ʦʧʠʩ ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ 

 
i= ī1 ï ʫʷʚʥʘ ʦʜʠʥʠʮʷ, = h/(2ˊ ), h = 6,63Ŀ10ī34 ɼʞĿʩʝʢ ï ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʢʚʘʥʪ ʜʽʾ, Ɋ ï ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ, H ï ʦʧʝʨʘʪʦʨ ɻʘʤʽʣʴʪʦʥʘ). ʎʝ 

ʨʽʚʥʷʥʥʷ ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷʤ (10.1) ʟʘ ʫʤʦʚʠ, ʱʦ ʜʽʷ            

D Ÿ i Ɋ , ʘ ʟʤʽʥʘ ʛʘʤʽʣʴʪʦʥʽʘʥʫ ʟʘʤʽʥʶʻʪʴʩʷ ʚʠʨʘʟʦʤ H Ɋ. 

ʆʪʞʝ, ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ ʻ ʬʘʢʪʠʯʥʦ ʘʜʽʘʙʘʪʠʯʥʠʤ ʽʥʚʘʨʽʘʥʪʦʤ 

ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʥʝ ʟʤʽʥʠʪʴʩʷ, 

ʷʢʱʦ ʧʨʦʚʝʩʪʠ ʟʘʤʽʥʫ Ɋ = Ɋ~ eiŬ , ʜʝ Ŭ ï ʧʦʩʪʽʡʥʘ ʬʘʟʘ. ʉʪʘʥʠ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʫ ʬʘʟʫ Ŭ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʚʦʨʦʪʫ ʤʦʜʫʣʷ ʭʚʠʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʚ ʢʦʤʧʣʝʢʩʥʽʡ ʧʣʦʱʠʥʽ ʥʘ ʢʫʪ Ŭ. ɯʥʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ ʢʚʘʥʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʨʠʡʥʷʪʪʷ ʩʪʘʥʽʚ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦʩʪʽʡʥʦʶ 

ʬʘʟʦʶ, ʷʢ ʪʦʪʦʞʥʽ. ʆʪʞʝ, ʪʦʪʦʞʥʽ ʩʪʘʥʠ ʢʚʘʥʪʦʚʦʾ ʩʠʩʪʝʤʠ ʤʘʶʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʜʦʜʘʪʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʙʣʽʢ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ (10.1) ʟʥʽʤʘʻ ʩʫʧʝʨʝʯʥʽʩʪʴ ʤʽʞ ʢʣʘʩʠʯʥʦʶ ʪʘ 

ʢʚʘʥʪʦʚʦʶ ʤʝʭʘʥʽʢʦʶ, ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʥʠʤʠ ʧʦʣʷʛʘʻ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ 

ʢʣʘʩʠʯʥʽ ʚʝʣʠʯʠʥʠ (ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʪʘ ʽʤʧʫʣʴʩ) ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ ʦʧʝʨʘʪʦʨʠ. 

ɿʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʜʣʷ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ Ɋ ʽ ʾʡ 

ʧʦʚ'ʷʟʘʥʦʾ ʬʫʥʢʮʽʾ Ɋ *: 
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ɼʦʤʥʦʞʠʤʦ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʟʣʽʚʘ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʩʧʦʣʫʯʝʥʫ 

ʭʚʠʣʴʦʚʫ ʬʫʥʢʮʽʶ Ɋ*, ʘ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ï ʥʘ Ɋ, ʚʽʜʥʽʤʝʤʦ ʟ ʧʝʨʰʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʨʫʛʝ, ʪʦʜʽ  ʦʪʨʠʤʘʻʤʦ 

 

 

 
- ʢʚʘʜʨʘʪ ʤʦʜʫʣʷ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ). ɺʚʦʜʷʯʠ  ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ 

ʩʪʘʥʫ 

 
ʪʘ ʨʦʟʙʽʞʥʦʩʪʽ ʧʦʪʦʢʫ ʡʤʦʚʽʨʥʦʩʪʽ 

 
ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʣʦʢʘʣʴʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ 

 

                                                    (10.3) 

 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʨʽʚʥʷʥʥʷ (10.3) ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʧʦʪʝʥʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

 

 
ʪʦʤʫ ʚʦʥʦ ʚʠʟʥʘʯʘʻ ʟʙʝʨʝʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʟʘʻʤʦʜʽʾ 

ʯʘʩʪʠʥʦʢ. ʗʢʱʦ ʧʦʪʽʢ ʡʤʦʚʽʨʥʦʩʪʽ ʜʦʨʽʚʥʶʻ J = īȾҼP( Ⱦ ï ʢʦʝʬʽʮʽʻʥʪ 

ʜʠʬʫʟʽʡʥʦʾ ʟʤʽʥʠ ʡʤʦʚʽʨʥʦʩʪʽ), ʪʦ ʨʽʚʥʷʥʥʷ (10.3) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ 

ʨʽʚʥʷʥʥʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ. ʈʽʚʥʷʥʥʷ (10.3) ʚʽʜʦʙʨʘʞʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʫ 

ʢʚʘʥʪʦʚʽʡ ʩʠʩʪʝʤʽ ʩʠʥʪʝʟʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʨʠʛʥʽʯʝʥʥʷ  ʬʣʫʢʪʫʘʮʽʡ 

ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʟʨʫʡʥʫʚʘʪʠ ʣʦʢʘʣʴʥʝ 

ʟʙʝʨʝʞʝʥʥʷʡʤʦʚʽʨʥʦʩʪʽ ʮʴʦʛʦ ʩʪʘʥʫ ʢʚʘʥʪʦʚʦʾ ʩʠʩʪʝʤʠ. ɺʠʥʠʢʥʝʥʥʷ 

ʬʣʫʢʪʫʘʮʽʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ñʨʦʟʧʣʠʚʘʥʥʷò ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʧʦʨʫʰʝʥʥʷ 

ʫʤʦʚ ʥʦʨʤʫʚʘʥʥʷ, ʪʦʙʪʦ ʜʦ ʟʤʽʥʠ ʯʠʩʣʘ ʯʘʩʪʠʥʦʢ ʫ ʩʠʩʪʝʤʽ. ɺʠʩʥʦʚʦʢ, 
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ʷʢʠʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʱʻʚʠʢʣʘʜʝʥʦʛʦ: ʢʚʘʥʪʦʚʘ ʤʝʭʘʥʽʢʘ 

ʐʨʝʜʽʥʛʝʨʘ ʚʠʟʥʘʯʘʻ ʟʘʢʨʠʪʽ ʢʚʘʥʪʦʚʽ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʚʽʜʢʨʠʪʠʭ ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ ʪʨʝʙʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʣʽʥʽʡʥʝ 

ʨʽʚʥʷʥʥʷ, ʷʢʽ ʟʜʽʙʥʽ ʦʧʠʩʫʚʘʪʠ  ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʪʘ 

ʧʨʦʮʝʩʠ ʥʘʨʦʜʞʝʥʥʷ-ʟʥʠʱʝʥʥʷ ʨʝʘʣʴʥʠʭ ʯʘʩʪʠʥʦʢ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ 

ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ  ʫʤʦʚʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʪʝʦʨʽʾ ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ: 

ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʢʚʘʥʪʦʚʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʝʟʦʥʘʥʩʥʦʤʫ ʪʦʨʽ ʚʠʥʠʢʘʻ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʨʝʟʦʥʘʥʩʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠʩʷ, ʷʢ ʯʘʩʪʠʥʢʠ. ʋ ʟʚ'ʷʟʢʫ ʟ 

ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʯʽʪʢʦʛʦ ʧʦʜʽʣʫ ʯʘʩʪʠʥʦʢ (ʢʚʘʥʪʦʚʠʡ ʩʦʣʽʪʦʥ, 

ʩʘʤʦʪʥʽʡ ʚʠʭʦʨ ʘʙʦ ʽʥʰʝ ʩʪʽʡʢʝ, ʚʽʜʦʢʨʝʤʣʝʥʝ, ʭʚʠʣʴʦʚʝ ʫʪʚʦʨʝʥʥʷ ʟʽ 

ʩʢʣʘʜʥʦʶ. ʘʙʦ ʧʨʦʩʪʦʶ ʚʥʫʪʨʽʰʥʴʦʶ ʩʪʨʫʢʪʫʨʦʶ) ʪʘ ʨʝʟʦʥʘʥʩʽʚ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʪʘ ʫʤʦʚʘʤʠ ʾʭ 

ʩʪʽʡʢʦʛʦ ʽʩʥʫʚʘʥʥʷ. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʯʘʩʪʠʥʦʢ, ʷʢ ʢʚʘʥʪʦʚʠʭ ʭʚʠʣʴʦʚʠʭ 

ʩʪʨʫʢʪʫʨ ʻ ʬʽʟʠʯʥʦʾ ʦʩʥʦʚʦʶ ʧʨʠʥʮʠʧʫ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʭʚʠʣʴʦʚʦʛʦ 

ʜʫʘʣʽʟʤʫ ʤʘʪʝʨʽʾ. 

ʄʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʚʽʜʢʨʠʪʠʭ ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʚʝʜʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʦʛʘ ʨʽʚʥʷʥʥʷ ʢʣʘʩʠʯʥʦʾ ʜʠʥʘʤʽʢʠ, ʟʘʧʠʩʘʥʦʛʦ ʚ 

ʩʧʦʣʫʯʝʥʠʭ ʟʤʽʥʥʠʭ ʗʢʦʙʽ: 

                                                                              (10.4) 

ʜʝ ʬʫʥʢʮʽʷ ū = ū(H; t) ʦʧʠʩʫʻ ʝʚʦʣʶʮʽʶ ʦʧʝʨʘʪʦʨʘ ʜʽʾ ʫ ʚʽʜʢʨʠʪʽʡ 

ʢʚʘʥʪʦʚʽʡ ʩʠʩʪʝʤʽ ʟ ʜʠʩʠʧʘʮʽʻʶ ʦʧʝʨʘʪʦʨʘ ɻʘʤʽʣʴʪʦʥʘ. ɼʠʩʠʧʘʮʽʷ ʮʴʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʜ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʟʤʽʥʶʻʪʴʩʷ ʟ ʯʘʩʦʤ, ʘ, 

ʦʪʞʝ, ʚʠʥʠʢʘʪʠʤʫʪʴ ʥʦʚʽ ʢʚʘʥʪʦʚʽ ʩʪʘʥʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʚʠʤ ʨʽʰʝʥʥʷʤ. 

ʇʨʠ ʮʴʦʤʫ ʢʚʘʥʪʦʚʘ ʩʠʩʪʝʤʘ "ʟʘʙʫʚʘʻ" ʧʨʦ ʪʝ, ʷʢʦʶ ʚʦʥʘ ʙʫʣʘ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ (ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʝʥʪʨʦʧʽʾ ʯʝʨʝʟ 

ʟʤʝʥʰʝʥʥʷ ʥʘʢʦʧʠʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ) ʪʘ ʟʜʽʡʩʥʶʻ ʧʦʰʫʢ ʥʦʚʦʛʦ ʩʪʽʡʢʦʛʦ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʪʘʥʦʚʠʱʘ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ. ʈʫʡʥʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʘ ʨʫʭʫ 

(ʽʤʦʚʽʨʥʦʩʪʽ ʣʦʢʘʣʴʥʦʛʦ ʩʪʘʥʫ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʟʙʝʨʝʞʝʥʦʾ ʪʘ 

ʧʦʨʦʜʞʫʻ ʩʠʥʪʝʟ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ: ʩʠʩʪʝʤʘ ʧʦʯʠʥʘʻ ʧʨʦʚʦʜʠʪʠ ʚʠʧʘʜʢʦʚʽ 

ʧʦʰʫʢʠ ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ ʪʘ ʥʦʚʦʛʦ ʽʥʪʝʛʨʘʣʘ ʨʫʭʫ. ɺ ʮʴʦʤʫʩʝʥʩʽ ʜʠʥʘʤʽʯʥʘ 

ʩʠʩʪʝʤʘ ʧʦʜʽʙʥʘ ʜʦ ʜʝʤʦʥʘ ʄʘʢʩʚʝʣʣʘ: ʚʦʥʘ ʨʦʟʨʽʟʥʷʻ ʥʝʩʪʽʡʢʽ ʪʘ ʩʪʽʡʢʽ 

ʩʪʘʥʠ (ʚʠʨʦʙʣʷʻ ʽʥʬʦʨʤʘʮʽʶ). ʆʜʥʘʢ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʝʤʦʥʘ ʄʘʢʩʚʝʣʣʘ 

ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʙʦʨʫ ʚʽʜʢʠʜʘʻ ʯʝʨʝʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʥʝʩʪʽʡʢʠʭ ʽ ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ. ʉʪʽʡʢʽʩʪʴ ʪʦʛʦ, ʯʠ ʽʥʰʦʾ ʩʪʘʥʫ 

ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʢʨʠʪʝʨʽʻʤ ʡʦʛʦ ʚʠʙʦʨʫ. ʆʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʫʤʦʚʠ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʩʪʘʥʫ. ɿʘ ʦʜʥʠʭ ʫʤʦʚ ʩʠʩʪʝʤʘ ʧʨʘʛʥʝ ʟʘʡʥʷʪʠ ʧʦʣʦʞʝʥʥʷ 

ʤʽʥʽʤʫʤʫ ʧʦ ʦʜʥʦʤʫ ʟ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʧʦʪʨʘʧʠʚʰʠ ʚ ʤʽʥʽʤʫʤ, 

ʚʠʷʚʣʷʻ ʡʦʛʦ ʥʝʩʪʽʡʢʽʩʪʴ ʟʘ ʽʥʰʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʣʠʰʝ 

ʤʽʥʽʤʽʟʫʶʯʘ ʩʫʢʫʧʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʫʧʨʘʚʣʷʶʪʴ, ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ ʥʘ 

ʧʝʚʥʠʡ ʯʘʩ ʟʘʡʥʷʪʠ ʩʪʘʮʽʦʥʘʨʥʠʡ ʩʪʘʥ. ʇʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʫʧʨʘʚʣʷʶʪʴ, ʧʦʯʠʥʘʻʪʴʩʷ ʥʦʚʠʡ ʧʦʰʫʢ ʩʪʽʡʢʦʛʦ ʩʪʘʥʫ (ʨʠʩʫʥʦʢ 10.3). 
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ʈʠʩʫʥʦʢ 10.3 - ɼʚʘ ʤʦʞʣʠʚʽ ʚʠʧʘʜʢʠ ʚʧʣʠʚʫ ʢʝʨʫʶʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ 

ʧʦʰʫʢ ʜʠʥʘʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʩʪʘʣʦʛʦ ʩʪʘʥʫ 

 

ɯʥʰʠʡ ʘʩʧʝʢʪ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʤʽʨ 

ʦʩʝʨʝʜʢʽʚ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ (ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʩʠ ʯʘʩʪʠʥʢʠ) ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʤʝʥʰʠʤ ʟʘ ʧʦʩʪʽʡʥʫ ʇʣʘʥʢʘ, ʪʦʙʪʦ æpæq Ó ʪʘ æEæt Ó0, ʷʢʽ 

ʥʘʟʠʚʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ɻʝʡʟʝʥʙʝʨʛʘ. ɼʣʷ 

ʤʘʩʠʚʥʠʭ ʪʽʣ ʨʦʟʤʽʨ ʦʩʝʨʝʜʢʫ ʤʦʞʝ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʠʤ ʽ ʜʠʥʘʤʽʯʥʘ 

ʪʨʘʻʢʪʦʨʽʷ ʤʘʢʨʦʪʽʣ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʟʛʽʜʥʦ ʟ H-ʪʝʦʨʝʤʦʶ ɹʦʣʴʮʤʘʥʘ 

ʟʘʧʦʚʥʶʻ ʟ ʯʘʩʦʤ ʚʝʩʴ ʬʘʟʦʚʠʡ ʦʙʾʻʤ ʩʠʩʪʝʤʠ (ʝʨʛʦʜʠʯʥʽʩʪʴ). ɼʣʷ 

ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ ʩʫʪʪʻʚʦʶ ʻ ʥʝ ʚʣʘʩʪʠʚʽʩʪʴ ʝʨʛʦʜʠʯʥʦʩʪʽ, ʘ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ: ʯʘʩʪʠʥʘ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʾʾ ʟʘʧʦʚʥʝʥʥʷ 

ʯʝʨʝʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɻʝʡʟʝʥʙʝʨʛʘ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

"ʙʫʣʴʙʘʰʦʢ" ʫ ʬʘʟʦʚʦʤʫ ʦʙʩʷʟʽ ʜʠʩʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ (ʧʝʨʝʤʽʰʫʚʘʥʽʩʪʴ). 

ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʣʫʢʪʫʘʮʽʡ, ʱʦ ʚʠʥʠʢʘʶʪʴ, ʚ ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʩʠʩʪʝʤʽ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʟʙʫʨʝʥʥʷ ʟ ʝʥʝʨʛʽʻʶ ʤʝʥʰʝ, ʥʽʞ / æt, ʟʘ ʧʨʦʤʽʞʦʢ 

ʯʘʩʫ æt . ɿʙʝʨʝʞʝʥʥʷ ʟʘʙʦʨʦʥʠ ɻʝʡʟʝʥʙʝʨʛʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʰʪʦʚʭʫʚʘʥʥʷ 

ʬʘʟʦʚʦʾ ʪʨʘʻʢʪʦʨʽʾ ʟ ʦʙʣʘʩʪʽ, ʪʦʙʪʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɻʝʡʟʝʥʙʝʨʛʘ ʻ 

ʽʥʪʝʛʨʘʣʘʤʠ ʨʫʭʫ. ʋ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʨʦʟʧʦʜʽʣ ʢʦʤʽʨʦʢ ɻʝʡʟʝʥʙʝʨʛʘ 

ʦʙʫʤʦʚʣʝʥʠʡ ʬʽʟʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʜʠʥʘʤʽʢʦʶ ʢʦʥʢʨʝʪʥʦʾ 

ʢʚʘʥʪʦʚʦʾ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʚʠʜ ʬʘʟʦʚʦʛʦ ʦʙ'ʻʤʫ ʧʽʩʣʷ ʜʝʷʢʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 

ʜʣʷ ʢʦʞʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʩʧʝʮʠʬʽʯʥʠʡ. ʇʨʦʪʝ ʯʝʨʝʟ ʩʪʦʭʘʩʪʠʯʥʠʡ 

ʭʘʨʘʢʪʝʨ ʦʧʠʩʫ ʩʪʘʥʫ ʢʚʘʥʪʦʚʦʾ ʩʠʩʪʝʤʠ ʾʾ ʬʘʟʦʚʠʡ ʦʙô̒ ʤ ʙʫʜʴ-ʷʢʦʾ ʤʠʪʽ 

ʯʘʩʫ ʤʘʻ ʥʝʚʠʟʥʘʯʝʥʽ ʛʨʘʥʠʮʽ. 

 

 

10.3 ʂʚʘʥʪʦʚʠʡ ʢʦʤʧ'ʶʪʝʨ ʪʘ ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʩʪʘʥʽʚ 

 

ɯʜʝʷ ʩʪʚʦʨʝʥʥʷ ʢʚʘʥʪʦʚʦʛʦ ʢʦʤʧ'ʶʪʝʨʘ ʙʫʣʘ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʥʘ 

ʧʦʯʘʪʢʫ 80-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʣʽʪʪʷ. ʂʣʘʩʠʯʥʠʡ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ 

ʤʽʩʪʠʪʴ ʦʩʝʨʝʜʢʠ ʧʘʤ'ʷʪʽ, ʚ ʷʢʠʭ ʟʘʧʠʩʘʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 0 ʽ 1 .ʂʚʘʥʪʦʚʘ 

ʤʝʭʘʥʽʢʘ ʚʠʷʚʠʣʘ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʦʙ'ʻʢʪʽʚ, ʟʜʘʪʥʠʭ ʧʨʠʙʫʚʘʪʠ ʣʠʰʝ ʫ ʜʚʦʭ 

ʩʪʘʥʘʭ (ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʾʭ ʧʝʨʝʧʣʫʪʫʚʘʥʥʷ): ʩʧʠʥ ʯʘʩʪʠʥʢʠ, ʧʦʣʷʨʠʟʘʮʽʷ 
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ʩʚʽʪʣʘ ʪʘ ʽʥ.ʊʝʭʥʽʯʥʘ ʩʪʦʨʦʥʘ ʧʨʦʙʣʝʤʠ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʧʨʠʩʪʨʦʾʚ, ʱʦ 

ʩʪʚʦʨʶʶʪʴ ʢʦʤʽʨʢʠ ʽʟ ʥʝʦʙʭʽʜʥʠʤ ʢʚʘʥʪʦʚʠʤ ʩʪʘʥʦʤ. ʄʽʨʦʶ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʢʽʙʝʨʥʝʪʠʮʽ ʻ ʙʽʪ, ʘ ʢʚʘʥʪʦʚʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ï ʢʫʙʠʪ (quantum bit). 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʦʣʷʨʠʟʘʮʽʾ ʬʦʪʦʥʘ ʢʫʙʠʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʟʜʦʚʞʥʴʦʶ ( ź 

= 0 ) ʪʘ ʧʦʧʝʨʝʯʥʦʶ ( = 1 ) ʧʦʣʷʨʠʟʘʮʽʷʤʠ (ʦʨʪʦʛʦʥʘʣʴʥʽ ʩʪʘʥʠ). ʆʜʥʘʢ 

ʢʽʣʴʢʽʩʪʴ ʩʪʘʥʽʚ ʢʚʘʥʪʦʚʦʛʦ ʙʽʪʘ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʝʣʝʤʝʥʪʘʨʥʦʶ ʧʘʨʦʶ 

ʩʪʘʥʽʚ, ʤʦʞʣʠʚʽ ʾʭ ʩʫʧʝʨʧʦʟʠʮʽʾ ʚʠʜʫ ( )0 + 1/2 ʪʘ ( )0 ī 1/2 . ɺ ʧʨʠʥʮʠʧʽ, 

ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʙʫʜʴ-ʷʢʫ ʣʽʥʽʡʥʫ ʢʦʤʙʽʥʘʮʽʶ ʟ ʫʷʚʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟ 

ʯʠʩʪʠʭ ʪʘ ʟʘʧʣʫʪʘʥʠʭ ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ. ʆʧʝʨʫʚʘʥʥʷ ʟ ʪʘʢʠʤʠ ʜʘʥʠʤʠ ʤʘʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʥʽʪʘʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʆʪʞʝ, ʢʚʘʪʦʚʽ ʦʙʯʠʩʣʝʥʥʷ  ʤʘʶʪʴ 

ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʪʘʢʠʤʠ ʧʨʦʮʝʩʘʤʠ: 

-ʩʫʧʝʨʧʦʟʠʮʽʷ: ʫʥʽʪʘʨʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʛʝʨʝʥʪʥʠʭ ʩʪʘʥʽʚ; 

-ʽʥʪʝʨʬʝʨʝʥʮʽʷ: ʧʨʠʜʫʰʝʥʥʷ ʯʠ ʧʦʩʠʣʝʥʥʷ ʦʙʨʘʥʠʭ ʘʤʧʣʽʪʫʜ ʨʘʭʫʥʦʢ 

ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʨʽʟʥʠʮʽ ʬʘʟ; 

-ʟʘʧʣʫʪʘʥʽʩʪʴ: ʜʝʷʢʽ ʩʪʘʥʠ ʥʝ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʾʭ 

ʜʦʙʫʪʢʫ; 

-ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʪʘ ʥʝʢʦʧʽʶʚʘʥʽʩʪʴ: ʜʝʷʢʽ ʩʪʘʥʠ ʥʝ ʤʦʞʫʪʴ 

ʢʦʧʽʶʚʘʪʠʩʷ ʙʝʟ ʨʠʟʠʢʫ ʾʭ ʟʥʠʱʝʥʥʷ. 

ʋʧʨʘʚʣʽʥʥʷ ʢʦʤʧ'ʶʪʝʨʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʣʦʛʽʯʥʠʤ ʤʦʜʫʣʝʤ 

"ʚʠʢʣʶʯʝʥʦʛʦ - ɸɹʆ" (ʘʥʛʣʽʡʩʴʢʦʶ XOR, OR) ʽ "ʢʝʨʦʚʘʥʦʛʦ - ʅɯ" (NOT). 

ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʚʘ ʙʽʪʠ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʯʦʤʫ ʧʝʨʰʠʡ ʽʟ ʙʽʪʽʚ 

ʫʧʨʘʚʣʷʶʯʠʡ. ʗʢʱʦ ʧʝʨʰʠʡ ʙʽʪ ʜʦʨʽʚʥʶʻ 1, ʚʽʥ ʟʤʽʥʶʻ ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʛʦ 

ʙʽʪʘ. ʆʧʝʨʘʮʽʶ "ʅɯ" ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ 

ʧʝʨʝʩʪʘʥʦʚʢʠ 

 
ʧʨʠ ʮʴʦʤʫ ʢʝʨʫʶʯʠʡ ʙʽʪ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʮʶ ʤʘʪʨʠʮʶ ʧʨʠ ʩʚʦʻʤʫ ʟʥʘʯʝʥʥʽ 

1 ʘʙʦ ʧʨʦʧʫʩʢʘʪʠ ʜʨʫʛʠʡ ʙʽʪ ʙʝʟ ʟʤʽʥʠ (ʦʧʝʨʘʮʽʷ "ɸɹʆ") ʧʨʠ ʩʚʦʻʤʫ 

ʟʥʘʯʝʥʥʽ 0. ʇʨʠ ʨʦʙʦʪʽ ʟ ʩʫʧʝʨʧʦʟʠʮʽʷʤʠ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʧʦʪʨʽʙʥʽ ʽʥʰʽ 

ʤʘʪʨʠʮʽ, ʪʦʤʫ ʚ ʢʚʘʥʪʦʚʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ ʧʦʪʨʽʙʝʥ ʩʢʣʘʜʥʽʰʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʦʪʦʪʦʞʥʝʥʥʷ ʟʘʧʣʫʪʘʥʠʭ ʽ ʯʠʩʪʠʭ ʩʠʛʥʘʣʽʚ. ʃʦʛʽʯʥʽ ʩʭʝʤʠ ʦʙʯʠʩʣʝʥʴ 

ʙʫʜʫʶʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʟʚʠʯʘʡʥʦʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ. ʆʜʥʘʢ 

ʚʦʥʠ ʧʦʚʠʥʥʽ ʚʢʣʶʯʘʪʠ ʩʧʦʩʦʙʠ ʪʘ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʭʦʜʫ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʫ 

ʢʣʘʩʠʯʥʽ ʟʥʘʯʝʥʥʷ 0 ʪʘ 1. ʅʘʷʚʥʽʩʪʴ ʩʫʧʝʨʧʦʟʠʮʽʡʥʠʭ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʨʝʛʽʩʪʨʠ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʚʘʥʪʦʚʠʭ ʤʦʜʫʣʽʚ ʚʠʥʠʢʘʻ ʨʷʜ 

ʩʢʣʘʜʥʦʱʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʚʝʜʽʥʢʦʶ ʛʨʘʥʠʮʴ ʦʩʝʨʝʜʢʽʚ ʪʘ ʤʝʞ 

ʟʯʠʪʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʝʬʝʢʪʘʤʠ ʪʫʥʝʣʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦʛʦ ʟʙʫʜʞʝʥʥʷ ʤʽʞ 

ʦʩʝʨʝʜʢʘʤʠ, ʧʝʨʝʭʽʜ ʜʦ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʧʝʢʪʨʫ ʩʪʘʥʽʚ ʪʘ ʾʭ ʜʝʢʦʛʝʨʝʥʪʥʦʩʪʽ. 

ʉʪʚʦʨʝʥʥʷ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʢʚʘʥʪʦʚʠʭ ʩʪʘʥʽʚ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʧʨʠ ʭʘʦʪʠʟʘʮʽʾ 

ʬʘʟ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʭʚʠʣʴʦʚʠʭ ʧʘʢʝʪʽʚ, ʷʢʽ  ʥʝ ʧʝʨʝʪʠʥʘʶʪʴʩʷ. ʎʝʡ 

ʧʨʦʮʝʩ ʨʦʟʙʠʚʘʻ ʢʦʛʝʨʝʥʪʥʫ ʭʚʠʣʴʦʚʫ ʬʫʥʢʮʽʶ ʥʘ ʜʝʷʢʽ ʩʢʣʘʜʦʚʽ 

(ʦʩʝʨʝʜʢʠ). ʇʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʬʽʢʩʫʻ ʢʚʘʥʪʦʚʫ ʯʘʩʪʠʥʢʫ ʪʽʣʴʢʠ ʚ 
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ʦʜʥʦʤʫ ʟ ʮʠʭ ʦʩʝʨʝʜʢʽʚ, ʘʣʝ ʚ ʷʢʽʡ ʩʘʤʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʶ P = Ɋ 2 

ʟʥʘʭʦʜʞʝʥʥʷ ʯʘʩʪʠʥʢʠ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʢʣʽʪʠʥʮʽ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʨʦʟʤʽʨʠ 

ʦʩʝʨʝʜʢʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʦʚʥʽʰʥʽʤ ʚʠʤʽʨʶʚʘʣʴʥʠʤ ʧʨʠʣʘʜʦʤ, ʷʢʠʡ 

ʚʠʢʣʠʢʘʻ ʭʘʦʪʠʟʘʮʽʶ ʬʘʟ. ʅʘʷʚʥʽʩʪʴ ʛʨʘʥʠʮʽ ʤʽʞ ʢʣʘʩʠʯʥʠʤ ʧʨʠʣʘʜʦʤ ʽ 

ʢʚʘʥʪʦʚʠʤ ʦʙ'ʻʢʪʦʤ ʧʦʨʦʜʞʫʻ  ʭʘʦʪʠʟʘʮʽʶ ʬʘʟ. ʄʦʞʥʘ ʩʦʙʽ ʮʷʚʠʪʠ,ʱʦ ʮʝ 

ʧʝʚʥʠʡ ʢʨʦʢ ʜʦ ʧʽʟʥʘʥʥʷ ʤʝʟʦ-ʩʚʽʪʫ ɺʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʤʝʟʦ-ʩʚʽʪʫ  ʻ ʪʝ, ʱʦ ʚ 

ʥʴʦʤʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʷʚʠʱʘ ʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʤʘʶʪʴ ʽ ʢʣʘʩʠʯʥʽ, ʽ ʢʚʘʥʪʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʴʦʤʫ ʩʚʽʪʫ ʧʨʠʪʘʤʘʥʥʽ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʧʨʠʛʥʽʯʝʥʥʷ 

ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ, ʧʝʨʝʭʽʜ ʚʽʜ ʢʚʘʥʪʦʚʦʛʦ (ʚʠʧʘʜʢʦʚʦʛʦ, 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ, ʭʘʦʪʠʯʥʦʛʦ) ʜʦ ʢʣʘʩʠʯʥʦʛʦ (ʜʝʪʝʨʤʝʥʦʚʘʥʦʛʦ) ʨʝʞʠʤʫ ʚ 

ʧʦʚʝʜʽʥʮʽ ʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʢʣʘʩʠʯʥʫ ʯʘʩʪʠʥʫ ʟ ʙʦʢʫ 

ʢʚʘʪʦʚʠʭ ʩʪʘʥʽʚ ʯʝʨʝʟ ʚʽʢʥʦ ʤʝʟʦʤʽʨʘ, ʪʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ "ʚʠʤʝʨʣʠʭ 

ʜʠʥʦʟʘʚʨʽʚ": ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʤʘʢʨʦʯʘʩʪʠʥʢʠ ʢʦʣʘʧʩʫʚʘʣʘ, ʚʦʥʘ "ʟʘʙʫʣʘ" 

ʧʨʦ ʩʚʦʶ ʭʚʠʣʴʦʚʫ ʧʨʠʨʦʜʫ ʽ ʧʝʨʝʪʚʦʨʠʣʘʩʷ ʥʘ "ʩʢʘʤ'ʷʥʽʣʽʩʪʴ" ʟ 

ʬʽʢʩʦʚʘʥʦʶ ʢʦʦʨʜʠʥʘʪʦʶ ʪʘ ʽʤʧʫʣʴʩʦʤ. ʇʨʦʪʝ ʪʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʚʝʜʽʥʢʠ 

ʩ̔ʥʫʻ ʜʦ ʧʝʚʥʦʛʦ ʯʘʩʫ, ʜʦʢʠ ʤʘʢʨʦʯʘʩʪʠʥʢʠ ʥʝ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʫ ʚʝʣʠʢʽ 

ñʢʦʣʝʢʪʠʚʠò. ɯ ʚʞʝ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ñʚʽʜʥʦʚʣʝʥʥʷ ʧʘʤ'ʷʪʽò: ʚʦʥʠ 

ʤʦʞʫʪʴ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʫʪʚʦʨʶʚʘʪʠ ʭʚʠʣʽ ʪʘ ʯʘʩʪʠʥʢʠ ʥʦʚʦʛʦ ʨʽʚʥʷ 

(ʩʦʣʽʪʦʥʠ, ʦʜʠʥʦʯʥʽ ʚʠʭʦʨʠ ʪʦʱʦ), ʪʦʙʪʦ ʽ ʥʦʚʦʤʫ ʨʽʚʥʽ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʭʚʠʣʴʦʚʠʡ ʜʫʘʣʽʟʤ ʇʨʠʨʦʜʠ, ʘʣʝ  ʚʞʝ ʷʢ ʢʦʣʝʢʪʠʚʥʦʾ  

ʧʦʚʝʜʽʥʢʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʠʥʪʦʢ. 

ʂʦʣʘʧʩ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʦʷʚʫ ʢʣʘʩʠʯʥʦʾ ʯʘʩʪʠʥʢʠ, ʽ 

ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʨʫʡʥʫʚʘʥʥʷʤ ʽʥʪʝʛʨʘʣʘ ʨʫʭʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʚʘʚ ʣʦʢʘʣʴʥʝ 

ʟʙʝʨʝʞʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʢʚʘʥʪʦʚʦʛʦ ʩʪʘʥʫ ʫ ʚʠʙʨʘʥʽʡ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽʡ 

ʪʦʯʮʽ. ɺʽʥ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʨʽʚʥʷʥʥʷʤ ʐʨʝʜʽʥʛʝʨʘ, ʦʩʢʽʣʴʢʠ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʱʝʥʥʷ ʢʦʛʝʨʝʥʪʥʠʭ ʦʩʝʨʝʜʢʽʚ ʚʽʜʨʘʟʫ ʚ ʫʩʽʭ ʽʥʰʠʭ ʪʦʯʢʘʭ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʢʦʣʘʧʩ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʞʦʜʥʦʶ ʤʽʨʦʶ ʥʝ ʟʤʽʥʶʻ  ʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʘʩʠʯʥʦʾ ʯʘʩʪʠʥʢʠ: ʚʦʥʘ ʧʨʦʩʪʦ ʧʝʨʝʭʦʜʠʪʴ ʫ ʤʘʢʨʦʩʚʽʪ, 

ʚʪʨʘʯʘʶʯʠ ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʩʚʦʻʾ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ. ʆʪʞʝ, ʢʦʣʘʧʩ ʭʚʠʣʴʦʚʦʾ 

ʬʫʥʢʮʽʾ ʻ ʥʝʟʚʦʨʦʪʥʽʤ ʪʘ ʦʜʥʦʤʦʤʝʥʪʥʠʤ ʧʨʦʮʝʩʦʤ. ʂʦʣʘʧʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʤʦʤʝʥʪ ʚʽʜʨʠʚʫ ʯʘʩʪʢʠ ʚʽʜ ʤʝʟʦʤʽʨʫ. ʗʢʙʠ ʮʝʡ ʧʨʦʮʝʩ ʧʨʦʜʦʚʞʫʚʘʚʩʷ ʚ 

ʤʘʢʨʦʩʚʽʪʽ, ʪʦ ʚʽʜʙʫʚʘʣʦʩʷ ʙ ʧʦʜʘʣʴʰʝ ʜʨʦʙʣʝʥʥʷ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʥʘ 

ʢʦʛʝʨʝʥʪʥʽ ʧʘʢʝʪʠ ʽ ʤʦʞʥʘ ʙʫʣʦ ʙ ʦʙʯʠʩʣʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʯʘʩʪʠʥʢʠ ʚ ʦʜʥʦʤʫ ʟ ʥʠʭ, ʬʽʢʩʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʢʠ. 

ʆʩʪʘʥʥʻ ,ʩʫʧʝʨʝʯʠʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ɻʝʡʟʝʥʙʝʨʛʘ, ʦʪʞʝ, 

ʚʦʥʦ ʥʝʚʽʨʥʦ.ʊʦʤʫ ʦʧʠʩ ʢʦʣʘʧʩʫ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʜʦʟʚʦʣʠʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʥʘʧʽʚʢʣʘʩʠʯʥʠʭ, 

ʥʘʧʽʚʢʚʘʥʪʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʤʝʟʦʤʽʨʫ. ʈʦʟʫʤʽʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʤʘʛʘʻ ʥʝ 

ʧʨʦʩʪʦʾ ʟʘʤʽʥʠ ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʧʝʨʘʪʦʨʠ, ʘʙʦ ʟʚʦʨʦʪʥʦʛʦ 

ʧʝʨʝʭʦʜʫ (ʦʧʝʨʘʪʦʨʽʚ ʥʘ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ), ʘ ʟ'ʷʩʫʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʩʫʪʥʦʩʪʽ 

ʪʘʢʠʭ ʟʘʤʽʥ.ɺʟʘʻʤʥʦ ʜʦʧʦʚʥʝʥʥʷ  ʢʣʘʩʠʯʥʠʭ ʪʘ ʢʚʘʥʪʦʚʠʭ ʷʚʠʱ, ʧʨʦʮʝʩʽʚ 

ʪʘ ʝʬʝʢʪʽʚ ʜʦʟʚʦʣʠʪʴ ʧʨʘʚʠʣʴʥʦ ʟʨʦʟʫʤʽʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʉʚʽʪʫ. 
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11  ɽʅʊʈʆʇɯʗ ï ʄɯʈɸ ʍɸʆʉʋ 
 

 

11.1 ʉʠʣʠ ʪʘ ʫʟʘʛʘʣʴʥʝʥʝ ʨʽʚʥʷʥʥʷ ʝʥʝʨʛʽʾ 

 

ʉʠʣʠ, ʱʦ ʜʽʶʪʴ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʦʪʝʥʮʽʡʥʽ, 

ʱʦ ʦʙʫʨʶʶʪʴ ʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ (ʩʠʣʠ ʦʧʦʨʫ) ʨʫʭʫ. ʇʦʪʝʥʮʽʡʥʽ ʩʠʣʠ 

ʧʨʘʛʥʫʪʴ ʫʪʨʠʤʘʪʠ ʩʠʩʪʝʤʫ ʧʦʙʣʠʟʫ ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʪʘ ʻ ʧʦʭʽʜʥʠʤʠ 

ʚʽʜ ʧʦʪʝʥʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ( Fʧʦʪ = īÖU /Öq, q ï ʫʟʘʛʘʣʴʥʝʥʘ ʢʦʦʨʜʠʥʘʪʘ). 

ʆʙʫʨʶʚʘʣʴʥʽ ʩʠʣʠ ʷʚʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʫ (ʥʘʧʨʠʢʣʘʜ, ʟʦʚʥʽʰʥʷ ʩʠʣʘ, ʷʢʘ 

ʜʽʻ ʥʘ ʦʩʮʠʣʷʪʦʨ Fʚʦʟʤ = f0 sin(ɋt)), ʚʦʥʠ ʤʦʞʫʪʴ ʘʙʦ ʧʨʠʛʥʽʯʫʚʘʪʠ, ʘʙʦ 

ʧʽʜʩʠʣʶʚʘʪʠ ʧʝʚʥʽ ʤʦʜʠ ʨʫʭʫ. ʉʠʣʠ ʦʧʦʨʫ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʝʨʝʤʽʱʝʥʥʶ ʫ 

ʚʠʙʨʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʪʘ ʻ ʧʨʠʯʠʥʦʶ ʜʠʩʩʠʧʘʮʽʾ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ. 

ʇʝʨʝʰʢʦʜʞʫʶʯʽ ʩʠʣʠ ʤʘʶʪʴ ʨʽʟʥʫ ʬʽʟʠʯʥʫ ʧʨʠʨʦʜʫ. ʉʝʨʝʜ ʥʠʭ ʚʠʜʽʣʷʶʪʴ: 

- ʦʧʽʨ ʩʫʭʦʛʦ (ʢʫʣʦʥʦʚʦʛʦ) ʪʝʨʪʷ,ʷʢʠʡ  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʩʠʩʪʝʤʠ; 

ï ʚ'ʷʟʢʠʡ (ʣʽʥʽʡʥʠʡ) ʦʧʽʨ, ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʝʨʰʦʤʫ ʩʪʫʧʝʥʶ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ; 

ï ʚʠʭʨʦʚʠʡ (ʢʚʘʜʨʘʪʠʯʥʠʡ ʘʙʦ ʪʫʨʙʫʣʝʥʪʥʠʡ) ʦʧʽʨ, ʱʦ ʧʽʜʢʦʨʷʻʪʴʩʷ 

ʟʘʢʦʥʫ ʐʝʟʽ. 

ʆʙʣʽʢ ʣʠʰʝ ʚ'ʷʟʢʦʛʦ ʪʝʨʪʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʧʠʩʫ ʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʩʠʩʪʝʤ ʟ ʜʠʩʩʠʧʘʮʽʻʶ ʝʥʝʨʛʽʾ, ʽʥʰʽ ʚʠʜʠ ʦʧʦʨʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʝʣʽʥʽʡʥʠʭ 

ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʝʚʦʣʶʮʽʾ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʠʩʪʝʤʠ .ʉʠʣʠ ʦʧʦʨʫ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʭʽʜʥʦʾ ʚʽʜ ʬʫʥʢʮʽʾ ʨʦʟʩʽʶʚʘʥʥʷ, ʘʙʦ ʜʠʩʠʧʘʪʠʚʥʦʾ 

ʬʫʥʢʮʽʾ ʈʝʣʝʷ ū (q) (q ï ʫʟʘʛʘʣʴʥʝʥʘ ʰʚʠʜʢʽʩʪʴ): 

 
ɿ ʢʫʨʩʫ ʘʥʘʣʽʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ʚʽʜʦʤʦ, ʱʦ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ ʚʠʛʣʷʜʽ  

 
ʧʨʠʯʦʤʫ ʧʘʨʘʤʝʪʨʠ Ai j(qk) ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ ʽ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ ʚʟʘʻʤʥʦʩʪʽ Aij(qk)) = Aji(qk )( k =1, 2,é). ʗʢʱʦ 

ʢʦʝʬʽʮʽʻʥʪʠ Aij(qk))ʥʝ ʟʘʣʝʞʘʪʴ  ʚʽʜ ʫʟʘʛʘʣʴʥʝʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʚʦʥʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʽʥʝʨʮʽʾ (ʟʦʢʨʝʤʘ ʤʘʩʘ ʪʽʣʘ ï ʮʝ ʤʽʨʘ ʡʦʛʦ 

ʽʥʝʨʪʥʦʩʪʽ. ɺ ʘʥʘʣʦʛʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʧʠʩʫʻʪʴʩʷ ʽ ʬʫʥʢʮʽʷ ʈʝʣʝʷ, ʘʣʝ ʟ 

ʽʥʰʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

 
ʅʝʟʙʫʨʝʥʠʡ ʨʫʭ ʤʘʪʝʨʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟʘ  ʬʽʢʩʦʚʘʥʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʫʤʦʚ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʃʘʛʨʘʥʞʘ-ɽʡʣʝʨʘ: 
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ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ qk(0) = qk0 ʪʘ qk(0) = qk0. ɿʤʽʥʘ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʦʚʦʛʦ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ-ɽʡʣʝʨʘ, ʪʦʤʫ ʱʦ   ʨʫʭ 

ʩʠʩʪʝʤʠ ʟʙʫʨʶʻʪʴʩʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʙʨʘʥʦʛʦ ʟʘ ʦʩʥʦʚʫ. ʅʝʟʙʫʨʝʥʠʡ  

ʨʫʭ ʟʘʣʠʰʘʻʪʴʩʷ ʩʪʽʡʢʠʤ, ʷʢ ʟʘʚʛʦʜʥʦ ʜʦʚʛʦ, ʷʢʱʦ ʟʙʫʨʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʫʭʽʚ ʫ ʤʘʣʦʤʫ  ʦʢʦʣʽ ʩʪʘʥʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʨʫʭʦʤ (ʟʦʢʨʝʤʘ, 

ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ). ʇʝʨʝʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʝʚʦʣʶʮʽʾ  ʫ ʚʠʛʣʷʜʽ  

 
ʇʦʤʥʦʞʠʤʦ ʮʝ ʨʽʚʥʷʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʫ ʫʟʘʛʘʣʴʥʝʥʫ ʰʚʠʜʢʽʩʪʴ qi ʽ 

ʧʽʜʩʫʤʫʻʤʦ ʧʦ i = 1õ N , ʦʪʨʠʤʘʻʤʦ 

 
ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʫ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʨʽʚʥʷʥʥʷ ʧʝʨʝʪʚʦʨʠʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
ʊʫʪ ʙʫʣʘ ʚʨʘʭʦʚʘʥʘ ʪʝʦʨʝʤʘ ɽʡʣʝʨʘ ʧʨʦ ʦʜʥʦʨʽʜʥʽ ʬʫʥʢʮʽʾ (ʢʽʥʝʪʠʯʥʘ 

ʝʥʝʨʛʽʷ ʻ ʢʚʘʜʨʘʪʠʯʥʦʶ ʬʦʨʤʦʶ ʚʽʜ ʫʟʘʛʘʣʴʥʝʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʪʦʙʪʦ ʻ 

ʦʜʥʦʨʽʜʥʦʶ ʬʫʥʢʮʽʻʶ, ʦʪʞʝ 

 
ʆʩʢʽʣʴʢʠ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ʷʚʥʦ ʚʽʜ ʯʘʩʫ ( Ö K / Ö t = 0 ), ʪʦ ʾʾ 

ʧʦʚʥʘ ʧʦʭʽʜʥʘ ʟʘ ʯʘʩʦʤ ʜʦʨʽʚʥʶʻ 

 
ʆʪʞʝ, ʨʽʟʥʠʮʷ 

 
ʇʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ ʥʝ ʟʘʣʝʞʠʪʴ ʷʚʥʦ ʥʽ ʚʽʜ ʯʘʩʫ, ʥʽ ʚʽʜ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʫ, 

ʪʦʤʫ 

 
ʌʫʥʢʮʽʷ ʈʝʣʝʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʢʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ, ʻ ʦʜʥʦʨʽʜʥʦʶ ʬʫʥʢʮʽʻʶ, 

ʪʦʤʫ 
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ɺʝʣʠʯʠʥʘ 

 
ʚʠʟʥʘʯʘʻ ʧʦʪʫʞʥʽʩʪʴ ʟʙʫʨʶʶʯʠʭ ʩʠʣ. 

ɺʚʽʚʰʠ ʧʦʟʥʘʯʝʥʥʷ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ (ʛʘʤʽʣʴʪʦʥʽʘʥ) H = K + U , 

ʟʘʧʠʰʝʤʦ ʨʽʚʥʷʥʥʷ ʃʘʛʨʘʥʞʘ-ɽʡʣʝʨʘ ʫ ʚʠʛʣʷʜʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʝʥʝʨʛʽʾ d H / d t = W ī 2ū. ɿ ʦʪʨʠʤʘʥʦʾ ʨʽʚʥʦʩʪʽ ʚʠʜʥʦ, ʱʦ ʟʘ ʫʤʦʚʠ  

ʢʦʤʧʝʥʩʘʮʽʾ ʟʙʫʨʶʶʯʠʤʠ ʩʠʣʘʤʠ ʜʠʩʩʠʧʘʮʽʾ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ 

ʟʙʝʨʽʛʘʻʪʴʩʷ d H/dt =0 (ʢʦʥʩʝʨʚʘʪʠʚʥʘ ʩʠʩʪʝʤʘ), ʽʥʘʢʰʝ ʨʫʭ ʩʠʩʪʝʤʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ (ʜʠʩʠʧʘʪʠʚʥʘ ʩʠʩʪʝʤʘ). 

 

 

11.2 ɸʜʽʘʙʘʪʠʯʥʽ ʽʥʚʘʨʽʘʥʪʠ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ 

 

ʈʫʭʠ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʪʘ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤ 

ʟʥʘʯʥʦ ʨʽʟʥʷʪʴʩʷ. ɺʚʝʜʝʥʥʷ ʛʘʤʽʣʴʪʦʥʽʘʥʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʫʟʘʛʘʣʴʥʝʥʽ ʰʚʠʜʢʦʩʪʽ q = ÖH /Ö p (p ï ʫʟʘʛʘʣʴʥʝʥʘ ʽʤʧʫʣʴʩ) ʽ ʩʠʣʠ p =ī 

ÖH/Öq .ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʭʽʜʥʠʭ ʚʽʜ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ  ʃʽʫʚʽʣʣʴ ʧʦʢʘʟʘʚ, ʱʦ 

ʬʘʟʦʚʠʡ ʦʙʾʻʤ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʯʘʩʦʤ ʟʙʝʨʽʛʘʻʪʴʩʷ (ʝʨʛʦʜʠʯʥʽʩʪʴ). 

ɺʚʽʚʰʠ ʫʟʘʛʘʣʴʥʝʥʠʡ ʚʝʢʪʦʨ ʩʪʨʫʤʫ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ J (q; p), ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʬʘʟʦʚʘ ñʨʽʜʠʥʘò ʥʝʩʪʠʩʢʘʻʤʘ, ʦʩʢʽʣʴʢʠ 

 
ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʬʫʥʢʮʽʾ ɻʘʤʽʣʴʪʦʥʘ. ʅʝʩʪʠʩʣʠʚʽʩʪʴ ʬʘʟʦʚʦʾ 

"ʨʽʜʢʦʩʪʽ" ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʬʘʟʦʚʦʛʦ ʦʙʩʷʛʫ ʧʨʠ ʝʚʦʣʶʮʽʾ. ɿ 

ʪʝʦʨʝʤʠ ʃʽʫʚʽʣʷ ʚʠʧʣʠʚʘʻ  ʩʪʚʝʨʜʞʝʥʥʷ ʇʫʘʥʢʘʨʝ (ʮʠʢʣ ʇʫʘʥʢʘʨʝ): ʷʢʱʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʜʽʡʩʥʶʻ ʨʫʭ ʽʟ ʦʙʤʝʞʝʥʦʾ ʦʙʣʘʩʪʽ ʬʘʟʦʚʦʛʦ 

ʧʨʦʩʪʦʨʫ, ʪʦ ʾʾ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ ʻ ʪʘʢʠʤʠ, ʱʦ ʩʠʩʪʝʤʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʜʝʷʢʦʛʦ ʯʘʩʫ ʫ ʚʠʭʽʜʥʫ ʦʙʣʘʩʪʴ, ʟʘ ʚʠʥʷʪʢʦʤ ʤʦʞʣʠʚʦ ʪʦʯʦʢ 

ʧʦʯʘʪʢʫ ʨʫʭʫ (ʦʙʦʨʦʪʥʽʩʪʴ ʨʽʚʥʷʥʴ ʜʠʥʘʤʽʢʠ). ʊʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʇʫʘʥʢʘʨʝ 

ʪʠʤ ʙʽʣʴʰʘ, ʯʠʤ ʩʠʣʴʥʽʰʘ ʥʝʩʪʽʡʢʽʩʪʴ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩʫʥʦʢ 11.1). 
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ʈʠʩʫʥʦʢ 11.1 - ɿʤʽʥʘ ʬʘʟʦʚʦʛʦ ʦʙʩʷʛʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠ 

ʩʪʽʡʢʦʤʫ (ʘ) ʪʘ ʜʠʩʠʧʘʪʠʚʥʦʤʫ (ʙ) ʨʫʭʘʭ 

 

ʗʢʱʦ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʜʦʩʪʘʪʥʴʦ  ʚʝʣʠʢʝ ʯʠʩʣʦ ʯʘʩʪʠʥʦʢ, 

ʤʦʞʥʘ ʚʚʝʩʪʠ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ f (q; p; t) ʯʘʩʪʠʥʦʢ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ 

ʟʘ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷʤ ʽ ʰʚʠʜʢʦʩʪʷʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ ʤʦʤʝʥʪʫ ʯʘʩʫ. ɿ 

ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʽʜʦʤʦ, ʱʦ f(q; p; t) d ũ =1, ʜʝ ʚʝʣʠʯʠʥʘ d ũ = dqdp 

ʚʠʟʥʘʯʘʻ ʦʙʾʻʤ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʟʘʡʥʷʪʠʡ ʩʠʩʪʝʤʦʶ ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ 

ʟʘʢʦʥ ʟʙʝʨʝʞʝʥʥʷ ʯʠʩʣʘ ʯʘʩʪʠʥʦʢ ʟ ʯʘʩʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ  

 
ʘʙʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʩʪʠʩʢʘʻʤʦʩʪʽ  ʬʘʟʦʚʦʾ "ʨʽʜʢʦʩʪʽ" ʨʽʚʥʷʥʥʷʤ ʃʽʫʚʽʣʷ: 

 
ʗʢʱʦ ʮʴʦʤʫ ʨʽʚʥʷʥʥʽ ʚʠʢʦʥʘʪʠ ʽʥʚʝʨʩʽʶ ʯʘʩʫ (ʟʘʤʽʥʘ t ʥʘ īt ), ʪʦ 

ʨʽʚʥʷʥʥʷ ʥʝ ʟʤʽʥʠʪʴʩʷ, ʪʦʙʪʦ ʨʽʚʥʷʥʥʷ ʃʽʫʚʽʣʷ ʦʙʦʨʦʪʥʠʤ ʫ ʯʘʩʽ. 

ʇʨʠ ʨʫʩʽ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʧʝʚʥʽ 

ʚʝʣʠʯʠʥʠ, ʥʘʧʨʠʢʣʘʜ, ʽʥʪʝʛʨʘʣ, ʱʦ ʚʠʟʥʘʯʘʻ ʜʽ ʁ

 
ɼʠʥʘʤʽʯʥʽ ʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʪʝʨʤʽʥʘʭ ʟʤʽʥʥʠʭ ʜʽʷ ( I )-ʢʫʪ 

( )ᵻ, ʷʢʽ ʟʘʜʘʶʪʴ ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʽʥʚʘʨʽʘʥʪʥʠʡ ʪʦʨ: 

 
ʜʝ ɤ (I) - ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʥʝʣʽʥʽʡʥʠʭ ʢʦʣʠʚʘʥʴ. 

ɿ ʥʘʚʝʜʝʥʦʾ ʚʠʱʻ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʚʠʜʥʦ, ʱʦ ʜʣʷ  ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʶʪʴʩʷ ʜʽʷ I ʪʘ ʢʫʪ  ᵻ(ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʩʪʝʤʠ). ʇʨʠ ʧʦʚʽʣʴʥʠʭ 

ʟʙʫʨʝʥʥʷʭ, ʱʦ ʚʥʦʩʷʪʴʩʷ ʜʦ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʜʽʷ ʥʘʙʣʠʞʝʥʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ (ʘʜʽʘʙʘʪʠʯʥʠʡ ʽʥʚʘʨʽʘʥʪ). ʗʢʱʦ ʜʽʷ ʟʤʽʥʶʻʪʴʩʷ ʽʩʪʦʪʥʦ, ʪʦ 

ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʥʦʚʽ ʛʘʨʤʦʥʽʢʠ ʟʙʫʨʝʥʴ, ʷʢʽ ʧʝʨʝʚʦʜʷʪʴ ʩʠʩʪʝʤʫ ʚ ʥʦʚʠʡ 
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ʩʪʽʡʢʠʡ ʩʪʘʥ, ʽ ʪʘʢ   ʘʞ ʜʦ ʭʘʦʪʠʯʥʠʭ ʨʫʭʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʭʘʦʪʠʯʥʠʡ ʩʪʘʥ 

ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ 

 
ʗʢʱʦ ʨʫʭ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ N ʘʜʽʘʙʘʪʠʯʥʠʤʠ 

ʽʥʚʘʨʽʘʥʪʘʤʠ Ik (k = 1 õ N), ʪʦ ʚʦʥʘ ʤʘʻ N ʽʥʪʝʛʨʘʣʽʚ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʨʫʭʫ. 

ʗʢʱʦ ʯʠʩʣʦ ʽʥʪʝʛʨʘʣʽʚ ʨʫʭʫ ʤʝʥʰʝ ʯʠʩʣʘ N ʥʘ ʚʝʣʠʯʠʥʫ n, ʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ñʨʫʡʥʫʚʘʥʥʷò n ʘʜʽʘʙʘʪʠʯʥʠʭ ʽʥʚʘʨʽʘʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʦʚʥʘ ʝʥʝʨʛʽʷ 

ʩʠʩʪʝʤʠ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʧʨʠ 

ʫʪʚʦʨʝʥʥʽ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʥʝʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʘʭ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʨʫʡʥʫʚʘʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʨʫʭʫ ʤʘʻ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʽʥʚʘʨʽʘʥʪʥʠʭ ʪʦʨʽʚ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ. ʉʝʨʝʜ ʽʥʚʘʨʽʘʥʪʥʠʭ ʪʦʨʽʚ ʚʠʜʽʣʷʶʪʴ 

ʨʝʟʦʥʘʥʩʥʽ ʪʘ ʟʚʠʯʘʡʥʽ. ʅʘ ʽʥʚʘʨʽʘʥʪʥʠʭ ʪʦʨʘʭ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʟʘʤʢʥʫʪʽ; 

ʯʘʩʪʦʪʠ ʨʫʭʫ ʥʘ ʨʝʟʦʥʘʥʩʥʦʤʫ ʪʦʨʽ ʩʧʽʚʨʦʟʤʽʨʥʽ( ʚ ʟʚʠʯʘʡʥʦʤʫ  ʪʘʢʦʛʦ  

ʥʝʤʘʻ). ɯʥʚʘʨʽʘʥʪʥʽ ʪʦʨʠ ʥʘʨʦʜʞʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʦʜʞʝʥʥʷ 

ʛʨʘʥʠʯʥʦʛʦ ʮʠʢʣʫ: ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʧʦʯʠʥʘʶʪʴ ʥʘʢʨʫʯʫʚʘʪʠʩʷ ʥʘ 

ʛʨʘʥʠʯʥʠʡ ʮʠʢʣ (ʨʠʩʫʥʦʢ 11.2). ʌʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʥʘ ʪʦʨʽ ʦʧʠʩʫʶʪʴ 

ʢʚʘʟʽʧʝʨʽʦʜʠʯʥʽ ʢʦʣʠʚʘʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ ʽʥʚʘʨʽʘʥʪʥʠʭ ʪʦʨʽʚ ʻ ʾʭʥʷ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʽʥʪʝʛʨʘʣʽʚ ʨʫʭʫ. ɿʘ N = 2 ʪʦʨʠ ʚʢʣʘʜʝʥʽ ʦʜʠʥ ʚ 

ʽʥʰʠʡ ʽ ʜʽʣʷʪʴ ʬʘʟʦʚʠʡ ʧʨʦʩʪʽʨ ʤʽʞ ʩʦʙʦʶ. ɿʨʫʡʥʦʚʘʥʽ ʪʦʨʠ ʚʠʷʚʣʷʶʪʴʩʷ 

ʟʘʪʠʩʥʫʪʠʤʠ ʤʽʞ ʩʪʽʡʢʠʤʠ ʪʦʨʘʤʠ (ʨʠʩʫʥʦʢ 11.3), ʪʦʤʫ   ʜʝʬʦʨʤʘʮʽʾ  

ʬʘʟʦʚʦʾ  ʪʨʘʻʢʪʦʨʽʾ ʚ  ʪʘʢʽʡ ʦʙʣʘʩʪʽ  ʦʙʤʝʞʝʥʽ 

 
ʈʠʩʫʥʦʢ 11.2 -"ʅʘʨʦʜʞʝʥʥʷ" ʽʥʚʘʨʽʘʥʪʥʦʛʦ           ʈʠʩʫʥʦʢ 11.3 - ʊʦʨʠ ʤʽʞ                      

ʪʦʨʘ                                                                                ʩʪʽʡʢʠʤʠ  ʪʦʨʘʤʠ 

 

 (ʩʣʘʙʢʠʡ ʭʘʦʩ). ʇʨʠ ʢʽʣʴʢʦʩʪʽ ʽʥʪʝʛʨʘʣʽʚ ʨʫʭʫ N >2 ʪʦʨʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʽ 

ʟʨʫʡʥʦʚʘʥʽ ʪʦʨʠ ʫʪʚʦʨʶʶʪʴ ʩʢʣʘʜʥʫ ʛʨʘʪʢʫ  ʢʘʥʘʣʽʚ, ʷʢʠʤʠ ʬʘʟʦʚʘ 

ʪʨʘʻʢʪʦʨʽʷ ʧʦʯʠʥʘʻ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ  ʧʦ ʚʩʴʦʤʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʫ 

(ʩʠʣʴʥʠʡ ʭʘʦʩ) ʽ ʤʦʞʝ ʚʽʜʜʘʣʠʪʠʩʷ ʩʢʽʣʴʢʠ ʟʘʚʛʦʜʥʦ ʜʘʣʝʢʦ ʚʽʜ ʚʠʭʽʜʥʦʛʦ 

ʩʪʘʥʫ (ʜʠʬʫʟʽʷ ɸʨʥʦʣʴʜʘ). ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ ʧʦʜʽʣʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʫ 

ʧʨʦʩʪʦʨʽ ʟ 2N ʚʠʤʽʨʘʤʠ ʧʦʚʝʨʭʥʷ ʧʦʩʪʽʡʥʦʾ ʝʥʝʨʛʽʾ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ 2N ī1, 

ʪʘ ʾʾ ʤʝʞʘ ï 2N ī 2 . ʗʢʱʦ ʪʦʨʠ ʜʽʣʷʪʴ ʬʘʟʦʚʝ ʧʨʦʩʪʽʨ, ʾʭ ʨʦʟʤʽʨʥʽʩʪʴ 

ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʝʨʽʚʥʦʩʪʽ N Ó 2Nī2, ʟʚʽʜʩʠ ʟʥʘʭʦʜʠʤʦ, ʱʦ N Ò 2. 
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ʆʪʞʝ, ʧʨʠ ʢʽʥʮʝʚʦʤʫ ʟʥʘʯʝʥʥʽ ʯʠʩʣʘ N ʟʘʚʞʜʠ ʽʩʥʫʶʪʴ ʢʽʥʮʝʚʽ ʟʘ ʨʦʟʤʽʨʦʤ 

(ʥʝʭʘʡ ʥʘʚʽʪʴ ʥʝ ʜʫʞʝ ʚʝʣʠʢʽ) ʦʙʣʘʩʪʽ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʠʭ ʨʫʭ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʙʫʜʝ ʜʝʪʝʤʽʥʦʚʘʥʠʤ, ʘ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʦʙʦʨʦʪʥʠʤʠ ʚ 

ʯʘʩʽ. 

ʅʘʚʝʜʝʥʽ ʤʽʨʢʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʩʠʩʪʝʤ ʟ ʢʽʥʮʝʚʠʤ 

ʯʠʩʣʦʤ ʜʠʥʘʤʽʯʥʠʭ ʟʤʽʥʥʠʭ. ʆʜʥʘʢ ʧʦʣʷ ʤʘʶʪʴ ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ 

ʽʥʪʝʛʨʘʣʽʚ ʨʫʭʫ, ʪʦʤʫ ʨʫʡʥʫʚʘʥʥʷ ʢʽʥʮʝʚʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʪʝʛʨʘʣʽʚ ʨʫʭʫ ʤʦʞʝ 

ʧʨʠʚʝʩʪʠ ʪʽʣʴʢʠ ʜʦ ʙʫʜʴ-ʷʢʠʭ ʟʤʽʥ ʫʩʝʨʝʜʠʥʽ ʧʦʣʷ (ʥʘʧʨʠʢʣʘʜ, ʚʠʥʠʢʥʝʥʥʷ 

ʩʦʣ̔ʪʦʥʽʚ), ʘʣʝ ʥʝ ʜʦ ʷʢʽʩʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʧʦʣʴʦʚʦʾ ʩʠʩʪʝʤʠ. ʗʢ ʙʫʜʝ 

ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ ʜʣʷ ʧʝʨʝʭʦʜʫ ʚ ʥʦʚʠʡ ʩʪʘʥ ʪʘʢʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʤʘʪʠ ʥʦʚʽ 

ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.ʈʫʡʥʫʚʘʥʥʷ ʘʜʽʘʙʘʪʠʯʥʠʭ ʽʥʚʘʨʽʘʥʪʽʚ ʨʫʭʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʙʣʠʟʫ ʩʝʧʘʨʘʪʨʠʩʫ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʪʘʥʽʚ 

ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʗʢʱʦ ʫʩʝʨʝʜʥʝʥʽ ʟʘ ʯʘʩʦʤ ʧʘʨʘʤʝʪʨʠ ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ ʨʽʚʥʽ ʘʥʘʣʦʛʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʦʪʨʠʤʘʥʠʤ ʰʣʷʭʦʤ 

ʫʩʝʨʝʜʥʝʥʥʷ ʘʥʩʘʤʙʣʽʚ ʪʦʪʦʞʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʽʜʩʠʩʪʝʤ, ʪʦ ʨʫʭ ʩʠʩʪʝʤʠ 

ʥʘʟʠʚʘʻʪʴʩʷ ʝʨʛʦʜʠʯʥʠʤ. ʇʨʠ ʝʨʛʦʜʠʯʥʦʛʦ ʨʫʭʫ ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ 

ʨʽʚʥʦʤʽʨʥʦ ʧʦʢʨʠʚʘʶʪʴ ʬʘʟʦʚʠʡ ʧʨʦʩʪʽʨ. ʇʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʟʘ ʯʘʩ T 

ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʧʦʢʨʠʚʘʶʪʴ ʚʝʩʴ ʬʘʟʦʚʠʡ ʧʨʦʩʪʽʨ ʧʝʚʥʦʶ ʛʨʘʪʢʦʶ . ʇʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʯʘʩʫ 2T ʢʘʨʪʠʥʘ ʧʦʚʪʦʨʶʻʪʴʩʷ, ʘʣʝ ʨʦʟʤʽʨ ʢʦʤʽʨʢʽʚ ʛʨʘʪʢʠ  ʩʪʘʻ 

ʚʜʚʽʯʽ ʤʝʥʰʠʤ. ʊʘʢʫ ʚʣʘʩʪʠʚʽʩʪʴ ʤʘʶʪʴ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ, ʫ ʷʢʠʭ ʬʘʟʦʚʽ 

ʪʨʘʻʢʪʦʨʽʾ ʟ ʯʘʩʦʤ ʚʽʜʜʘʣʷʶʪʴʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʯʝʨʝʟ ʥʝʩʪʽʡʢʽʩʪʴ 

ʩʠʩʪʝʤʠ.ʗʢʱʦ ʬʘʟʦʚʠʡ ʧʨʦʩʪʽʨ ʟʚʠʯʘʡʥʠʡ, ʪʦ ʪʨʘʻʢʪʦʨʽʾ ʥʝ ʤʦʞʫʪʴ 

ʚʽʜʜʘʣʷʪʠʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʥʘ ʚʽʜʩʪʘʥʽ ʟʘ ʤʝʞʘʤʠ ʜʝʷʢʦʛʦ  ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʨʦʟʤʽʨʫ ʧʨʦʩʪʦʨʫ ʽ ʧʦʯʠʥʘʶʪʴ ʫʪʚʦʨʶʚʘʪʠ "ʟʘʧʣʫʪʘʥʠʡ ʢʣʫʙʦʢ" (ʣʦʢʘʣʴʥʘ 

ʥʝʩʪʽʡʢʽʩʪʴ). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʩʥʫʻ ʥʘʧʨʷʤʦʢ ʫ ʧʨʦʩʪʦʨʽ, ʜʣʷ ʷʢʦʛʦ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʫ ʚʽʜʩʪʘʥʽ D(t) ʤʽʞ ʜʚʦʤʘ ʪʦʯʢʘʤʠ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

D(t) = D(0)exp( h0 t ),ʜʝ h0 ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʯʘʩʫ ʨʦʟʯʝʧʣʝʥʥʷ ʯʘʩʦʚʠʭ ʢʦʨʝʣʷʮʽʡ ʫ 

ʨʦʟʧʦʜʽʣʽ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ ʧʦ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʫ. ʅʘʷʚʥʽʩʪʴ ʣʦʢʘʣʴʥʦʾ 

ʥʝʩʪʽʡʢʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʽ, ʟʦʢʨʝʤʘ, ʝʨʛʦʜʠʯʥʦʩʪʽ 

ʩʠʩʪʝʤʠ. 

 

 

11.3 ɽʥʪʨʦʧʽʷ ʪʘ ʧʝʨʝʤʽʰʫʚʘʥʽʩʪʴ 

 

ʉʪʘʪʠʩʪʠʯʥʘ ʬʽʟʠʢʘ ʜʦʩʣʽʜʞʫʻ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʠʥʦʢ. ʇʽʜ ʯʘʩʪʠʥʢʘʤʠ ʨʦʟʫʤʽʶʪʴ ʦʙ'ʻʢʪʠ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ: ʘʪʦʤʠ ʪʘ ʤʦʣʝʢʫʣʠ ʫ ʛʘʟʽ, ʟʽʨʢʠ ʫ ʛʘʣʘʢʪʠʮʽ, ʘʚʪʦʤʦʙʽʣʽ ʥʘ ʤʽʩʴʢʠʭ 

ʚʫʣʠʮʷʭ, ʣʶʜʝʡ ʫ ʩʦʮʽʘʣʴʥʽʡ ʛʨʫʧʽ ʪʦʱʦ. ʆʜʥʦʨʽʜʥʽ ʩʫʢʫʧʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʧʦʻʜʥʫʶʪʴʩʷ ʧʽʜ ʥʘʟʚʦʶ ʘʥʩʘʤʙʣʴ. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʬʽʟʠʢʠ ʧʦʣʷʛʘʻ ʚ ʟ'ʷʩʫʚʘʥʥʽ ʷʢʦʩʪʝʡ ʘʥʩʘʤʙʣʶ, ʟ ʧʦʚʝʜʽʥʢʠ ʩʢʣʘʜʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ. ɺ ʩʠʣʫ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʤʽʞ ʩʦʙʦʶ 

ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʩʘʤʙʣʶ ʙʫʜʫʪʴ ʷʢʽʩʥʦ ʚʽʜʨʽʟʥʷʪʠʤʝʪʴʩʷ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʝʡ. ɿʦʢʨʝʤʘ, ʦʙʦʨʦʪʥʽʩʪʴ ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʭʫ ʘʪʦʤʽʚ ʤʦʞʝ 

ʚʠʷʚʠʪʠʩʷ ʧʦʨʫʰʝʥʦʶ ʜʣʷ ʚʩʴʦʛʦ ʘʥʩʘʤʙʣʶ ʚ ʮʽʣʦʤʫ (ʨʫʡʥʫʚʘʥʥʷ 

ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʽʥʚʘʨʽʘʥʪʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʙʦʨʦʪʥʽʩʪʴ ʨʫʭʫ ʚ ʯʘʩʽ). ɿʘʢʦʥʠ 

ʨʫʭʫ ʯʘʩʪʠʥʦʢ ʟʘʚʞʜʠ ʚʚʘʞʘʶʪʴʩʷ ʟʘʜʘʥʠʤʠ ʽ ʻ ʧʨʝʜʤʝʪʦʤ ʦʙʛʦʚʦʨʝʥʥʷ ʫ 

ʩʪʘʪʠʩʪʠʯʥʽʡ ʥʘʫʮʽ. ʅʘʜʘʣʽ ʧʽʜ ʘʥʩʘʤʙʣʝʤ ʯʘʩʪʠʥʦʢ ʨʦʟʫʤʽʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ 

ʯʘʩʪʠʥʦʢ, ʨʫʭ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʙʫʜʦʚ ʤʝʭʘʥʽʢʠ 

ɻʘʤʽʣʴʪʦʥʘ, ʯʠ ʤʝʭʘʥʽʢʠ ʃʘʛʨʘʥʞʘ-ʕʡʣʝʨʘ. 

ʈʘʥʽʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʦʙ'ʻʜʥʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚ'ʷʟʘʥʠʭ 

ʤʽʞ ʩʦʙʦʶ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʫʻ  ʥʦʚʫ ʚʣʘʩʪʠʚʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ 

(ʩʫʮʽʣʴʥʦʩʪʽ), ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʥʠʢʣʦ ʧʦʥʷʪʪʷ ʧʦʣʷ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʩʝʨʝʜʦʚʠʱʝ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʴʦʚʦʛʦ ʧʨʦʮʝʩʫ. ʈʽʟʥʽ ʧʦʣʷ ʦʧʠʩʫʶʪʴʩʷ 

ʨʽʟʥʠʤʠ ʙʝʟʧʝʨʝʨʚʥʠʤʠ (ʢʫʩʢʦʚʦ-ʙʝʟʧʝʨʝʨʚʥʠʤʠ) ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʻ 

ʨʽʰʝʥʥʷʤʠ ʨʽʟʥʠʭ, ʯʠ ʧʦʜʽʙʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʘʦʪʠʯʥʦʩʪʽ ʘʥʩʘʤʙʣʶ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ 

ʚʚʦʜʠʪʴʩʷ  ʧʦʥʷʪʪʷ ʝʥʪʨʦʧʽʾ S(f) . ɺʠʟʥʘʯʘʶʯʠ  ʾʾ ʯʝʨʝʟ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ f 

(q; p; t) ʤʘʻʤʦ: 

 
 

ɿ ʮʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʦʥʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟ ʯʘʩʦʤ. 

ɿ ʨʽʚʥʷʥʥʷ ʃʽʫʚʽʣʷ  

 
ʷʢʝ  ʚʠʟʥʘʯʘʻ ʥʝʟʤʽʥʥʽʩʪʴ ʬʘʟʦʚʦʛʦ ʦʙʩʷʛʫ, ʟʘʡʥʷʪʦʛʦ ʘʥʩʘʤʙʣʝʤ ʯʘʩʪʠʥʦʢ 

ʫ ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʤʘʻʤʦ: 

 
ɺʩʪʘʥʦʚʠʪʠ ʪʦʯʥʠʡ ʚʠʜ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʘʥʩʘʤʙʣʶ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʠʤ ʟʚʘʞʘʶʯʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʦʩʪʽ ʯʝʨʝʟ 

ʚʟʘʻʤʦʜʽʶ ʯʘʩʪʠʥʦʢ, ʪʦʤʫ ʜʦʚʦʜʠʪʴʩʷ ʚʚʦʜʠʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ ʾʾ ʚʠʜ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ ʦʛʨʫʙʣʝʥʥʷ. 

ʆʜʥʘʢ ʚ ʧʨʦʮʝʩʽ  ʦʛʨʫʙʣʝʥʥʽ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ f (q; p; t), 

ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ 

 
ŭ ũ ï ʦʙʣʘʩʪʴ ʦʛʨʫʙʣʝʥʥʷ, ʩʠʪʫʘʮʽʷ ʟʤʽʥʶʻʪʴʩʷ. ʌʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ F ʪʝʧʝʨ 

ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʯʘʩʫ, ʽ ʪʦʜʽ ʝʥʪʨʦʧʽʷ 
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ʪʘʢʦʞ ʙʫʜʝ ʬʫʥʢʮʽʻʶ ʯʘʩʫ. ɯʥʰʝ ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʪʘʢʦʞ ʥʘʣʝʞʠʪʴ 

ɹʦʣʴʮʤʘʥʫ: S~=kɹlnW, ʜʝ kɹ =1,38Ŀ10ī25 ɼʞ / ʂ ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ, W ï 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʘ ʧʝʨʝʙʫʚʘʻ ʫ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʩʪʘʥʽ. 

ʇʦʙʣʠʟʫ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʚʩʽ ʩʪʘʥʠ ʩʠʩʪʝʤʠ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʡʤʦʚʽʨʥʽ, 

ʪʦʜʽ ʡʤʦʚʽʨʥʽʩʪʴ W ḙ æũ/ũ0 (ʦʙʣʘʩʪʽ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ æũ, ʘ  ũ0 ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ ʨʽʚʥʠʤ 1). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ʃʽʫʚʽʣʷ, ʟʤʽʥʘ ʬʘʟʦʚʦʛʦ ʦʙʾʻʤʫ, 

ʷʢʠʡ  ʟʘʡʤʘʻ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ, ʪʦʙʪʦ. æũ(t)=æũ(0). 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʬʦʨʤʠ ʽ ʩʪʨʫʢʪʫʨʠ ʙʫʜʴ-ʷʢʦʾ ʬʘʟʦʚʦʾ 

ʢʨʘʧʣʽ. ɯʟ ʧʣʠʥʦʤ ʯʘʩʫ: ʚʦʥʘ ʥʘʧʦʚʥʶʻʪʴʩʷ "ʤʽʭʫʨʘʤʠ ʧʦʨʦʞʥʝʯʽ"; 

ʢʽʣʴʢʽʩʪʴ ñʙʫʣʴʙʘʰʦʢò ʟʨʦʩʪʘʻ ʽʟ ʯʘʩʦʤ; ʦʧʝʨʽʤʝʪʨ  ʢʨʘʧʣʠʥʥʦʛʦ ʦʙô̒ ʤʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ (ʨʠʩʫʥʦʢ 11.4). ʆʛʨʫʙʣʝʥʠʡ ʦʙ'ʻʤ ʢʨʘʧʣʽ æũ~(t) ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʘʩʫ ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ æũ~(t) =æũ(0)exp(hct), ʜʝ hc ï ʫʩʝʨʝʜʥʝʥʝ ʟʘ 

ʬʘʟʦʚʠʤ ʦʙ'ʻʤʦʤ ʢʨʘʧʣʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʛʘʩʘʥʥʷ. ʊʦʜʽ ʙʝʟʨʦʟʤʽʨʥʘ 

ʝʥʪʨʦʧʽʷ (ů = S/k ɹ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 
ʇʨʠ ʪʦʯʥʦʩʪʽ ʦʛʨʫʙʣʝʥʥʷ Ů ʚʝʣʠʯʠʥʫ ʧʦʯʘʪʢʦʚʦʛʦ ʦʙ'ʻʤʫ ʤʦʞʥʘ 

ʧʦʢʣʘʩʪʠ ʨʽʚʥʦʶ æ ũ ḙ Ů(0) ʽ ʥʘʜʘʣʽ ʩʧʨʷʤʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʦʛʨʫʙʣʝʥʥʷ Ů ʜʦ 

ʥʫʣʷ. ɽʥʪʨʦʧʽʷ ʧʦ ʂʦʣʤʦʛʦʨʦʚʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 
ɽʥʪʨʦʧʽʷ ʂʦʣʤʦʛʦʨʦʚʘ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʝʥʪʨʦʧʽʾ ɹʦʣʴʮʤʘʥʘ 

ʧʽʜ ʯʘʩ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʬʘʟʦʚʠʭ ʪʨʘʻʢʪʦʨʽʡ; ʟʚʦʨʦʪʥʴʦ ʧʨʦʧʦʨʮʽʡʥʘ ʯʘʩʫ 

ʨʦʟʯʝʧʣʝʥʥʷ ʯʘʩʦʚʠʭ ʢʦʨʝʣʷʮʽʡ,  

 
ʈʠʩʫʥʦʢ 11.4 - ɿʤʽʥʘ ʩʪʨʫʢʪʫʨʠ ʬʘʟʦʚʦʾ ʢʨʘʧʣʽ 

 

ʚʦʥʘ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʨʦʟʙʠʪʪʷ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʚʠʢʦʥʘʥʦʛʦ 

ʦʛʨʫʙʣʝʥʥʷ (ʤʝʪʨʠʯʥʠʡ ʽʥʚʘʨʽʘʥʪ); ʩʠʩʪʝʤʠ ʟ ʦʜʥʘʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ h c 

ʽʟʦʤʦʨʬʥʽ (ʧʦʜʽʙʥʽ) ʦʜʠʥ ʜʦ ʦʜʥʦʾ. ɺʚʝʜʝʥʥʷ ʝʥʪʨʦʧʽʾ ʂʦʣʤʦʛʦʨʦʚʘ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʟʨʦʩʪʘʻ ʝʥʪʨʦʧʽʷ ɹʦʣʴʮʤʘʥʘ: ʷʢʱʦ 
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ʬʘʟʦʚʘ ʢʨʘʧʣʷ æũ(0) = Ů0 ʨʦʟʪʽʢʘʻʪʴʩʷ ʜʦ ʦʙʩʷʛʫ æũ~(t) =1, ʪʦ ʯʘʩ ʟʨʦʩʪʘʥʥʷ 

ʝʥʪʨʦʧʽʾ ɹʦʣʴʮʤʘʥʘ ʜʦʨʽʚʥʶʻ  

 
ɯʟ ʟʨʦʩʪʘʥʥʷʤ ʝʥʪʨʦʧʽʾ ɹʦʣʴʮʤʘʥʘ (H-ʪʝʦʨʝʤʘ) ʧʦʚ'ʷʟʘʥʠʡ ʨʷʜ 

ʧʘʨʘʜʦʢʩʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʽʟʠʢʠ. ʇʘʨʘʜʦʢʩ ʎʝʨʤʝʣʦ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʝʤʠ ʇʫʘʥʢʘʨʝ ʧʨʦ ʧʦʚʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ ʫ ʚʠʭʽʜʥʠʡ ʩʪʘʥ 

ʟ ʙʫʜʴ-ʷʢʦʶ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʯʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ. ʆʪʞʝ, ʝʥʪʨʦʧʽʷ ʩʠʩʪʝʤʠ 

ʧʦʚʠʥʥʘ ʩʧʽʚʧʘʜʘʪʠ ʚ ʤʦʤʝʥʪ ʧʦʚʝʨʥʝʥʥʷ ʟʽ ʟʥʘʯʝʥʥʷʤ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ ʫ 

ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ, ʘ ʮʝ ʩʫʧʝʨʝʯʠʪʴ H-ʪʝʦʨʝʤʽ. ʇʘʨʘʜʦʢʩ ʃʦʰʤʽʜʪʘ 

(ʦʙʦʨʦʪʥʽʩʪʴ) ʧʦʚ'ʷʟʘʥʠʡ ʟ ʪʠʤʯʘʩʦʚʦʶ ʦʙʦʨʦʪʥʽʩʪʶ ʜʠʥʘʤʽʯʥʠʭ ʨʽʚʥʷʥʴ. 

ʗʢʱʦ ʟʘ ʧʨʷʤʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʘʥʽʚ, ʷʢʠʤʠ ʧʨʦʭʦʜʠʪʴ ʩʠʩʪʝʤʘ, ʝʥʪʨʦʧʽʷ 

ʟʨʦʩʪʘʻ, ʪʦ ʧʨʠ ʟʚʦʨʦʪʥʽʡ ʫ ʯʘʩʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʪʘʥʽʚ ʚʦʥʘ ʧʦʚʠʥʥʘ 

ʟʤʝʥʰʫʚʘʪʠʩʷ, ʘ ʮʝ ʪʘʢʦʞ ʩʫʧʝʨʝʯʠʪʴ ʪʝʦʨʝʤʽ ɹʦʣʴʮʤʘʥʘ.  

ʂʦʥʬʣʽʢʪ ʦʙʦʨʦʪʥʦʩʪʽ ʨʽʚʥʷʥʴ ʤʝʭʘʥʽʢʠ ɻʘʤʽʣʴʪʦʥʘ ʪʘ ʥʝʟʚʦʨʦʪʥʦʩʪʽ 

ʢʽʥʝʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʝʨʽʚʥʦʚʘʞʥʽ ʧʨʦʮʝʩʠ, ʫʩʫʚʘʻʪʴʩʷ ʚ 

ʪʝʦʨʽʾ ɹʦʣʴʮʤʘʥʘ ʟʘʧʨʦʚʘʜʞʝʥʥʷʤ ʽʥʪʝʛʨʘʣʘ ʟʽʪʢʥʝʥʴ (ʚʚʦʜʠʪʴʩʷ 

ʥʘʙʣʠʞʝʥʥʷ ʭʘʦʪʠʯʥʠʭ ʬʘʟ). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʨʫʭ ʢʦʞʥʦʾ ʯʘʩʪʠʥʢʠ 

ʛʘʟʫ ʦʧʠʩʫʻʪʴʩʷ ʧʝʨʰʠʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ, ʘʣʝ ʥʽʭʪʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʚ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʽ, ʱʦʙ ʛʘʟ, ʙʫʜʫʯʠ ʚʽʜʛʦʨʦʜʞʝʥʠʤ ʫ ʣʽʚʽʡ ʧʦʣʦʚʠʥʽ ʩʫʜʠʥʠ, 

ʧʽʩʣʷ ʟʥʷʪʪʷ ʧʝʨʝʛʦʨʦʜʢʠ, ʟʥʦʚʫ ʟʽʙʨʘʚʩʷ ʙ ʫ ʾʾ ʣʽʚʽʡ  ʧʦʣʦʚʠʥʽ  ʯʝʨʝʟ ʙʫʜʴ-

ʷʢʠʡ ʪʨʠʚʘʣʠʡ ʯʘʩ. ʎʝ  ʟʚʷʟʘʥʦ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʤʘʣʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 

ʧʦʚʝʨʥʝʥʥʷ ʩʠʩʪʝʤʠ ʫ ʚʠʭʽʜʥʠʡ ʩʪʘʥ. ʊʘʢʠʤʠ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʟʘʟʚʠʯʘʡ 

ʥʝʭʪʫʶʪʴ ʧʨʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʤʫ ʦʛʨʫʙʣʝʥʥʽ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʩʠʩʪʝʤʠ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʯʘʩʪʦʢ. ɿ ʮʴʦʛʦ ʚʠʪʽʢʘʻ, ʱʦ ʨʽʚʥʷʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʪʝʦʨʽʾ  

ʥʝʩʧʨʦʤʦʞʥʽ ʦʧʠʩʫʚʘʪʠ ʧʨʦʮʝʩʠ ʧʦʚʝʨʥʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʤʽʢʨʦʩʢʦʧʽʯʥʘ 

ʦʙʦʨʦʪʥʽʩʪʴ ʨʫʭʽʚ ʯʘʩʪʠʥʦʢ ʥʽʚʝʣʶʻʪʴʩʷ, ʷʢ ʢʨʫʧʥʦʟʝʨʥʠʩʪʶ ʩʪʨʫʢʪʫʨʦʶ  

ʬʫʥʢʮʽʻʾ ʨʦʟʧʦʜʽʣʫ, ʪʘʢ ʽ ʟʥʝʭʪʫʚʘʥʥʷʤ  ʬʣʫʢʪʫʘʮʽʷʤʠ, ʷʢʽ ʤʦʛʣʠ ʙ 

ʚʠʨʽʚʥʷʪʠ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʚ ʯʘʩʽ ʩʠʩʪʝʤʠ ʟ ʦʜʥʦʛʦ ʤʘʢʨʦʩʪʘʥʫ ʚ 

ʽʥʰʠʡ.  

ʉʫʯʘʩʥʽ ʜʦʩʷʛʥʝʥʥʷ ʝʨʛʦʜʠʯʥʦʾ ʪʝʦʨʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʢʨʠʪʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʘ ʣʦʢʘʣʴʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʷʚʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ (ʥʘʚʽʪʴ ʟ ʤʘʣʠʤ ʯʠʩʣʦʤ 

ʯʘʩʪʠʥʦʢ). ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ, ʥʝʟʚʦʨʦʪʥʽʩʪʴ ʧʨʦʮʝʩʫ ʧʦʚ'ʷʟʘʥʘ ʥʝ ʟ 

ʪʠʤ, ʱʦ ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝ ʧʦʚʝʨʥʫʪʠʩʷ ʚ ʩʢʽʣʴʢʠ ʟʘʚʛʦʜʥʦ ʙʣʠʟʴʢʠʡ ʩʪʘʥ ʜʦ 

ʚʠʭʽʜʥʦʛʦ, ʘ ʯʝʨʝʟ ʷʢʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʪʘʥʽʚ, ʱʦ ʟʤʽʥʶʻ ʬʦʨʤʫ ʬʘʟʦʚʦʛʦ 

ʦʙʴʻʤʫ ʩʠʩʪʝʤʠ. ɯʥʪʫʾʪʠʚʥʦ ʷʩʥʦ, ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʚʝʨʥʝʥʥʷ ʮʴʦʛʦ ʦʙʴʻʤʫ 

ʜʦ ʧʝʨʚʽʩʥʦʾ ʬʦʨʤʠ ʻ ʜʫʞʝ ʤʘʣʦʶ. ʅʝʭʪʫʚʘʥʥʷ ʮʽʻʶ ʡʤʦʚʽʨʥʽʩʪʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʚʦʨʦʪʥʦʩʪʽ ʢʽʥʝʪʠʢʠ.ʏʦʤʫ ʞ ʥʝ ʤʦʞʥʘ ʧʦʚʝʨʥʫʪʠ ʚʩʽ 

ʯʘʩʪʠʥʢʠ ʟʘ ʾʭ ʚʽʜʦʤʠʤʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ, ʦʙʯʠʩʣʝʥʠʤʠ ʟʘ 

ʧʝʨʰʠʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ? ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ,ʱʦ ʧʨʠ ʚʠʙʦʨʽ ʤʘʩʰʪʘʙʫ 

ʦʛʨʫʙʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʧʝʚʥʦʛʦ ʦʙʩʷʛʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 
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ʧʦʚʝʜʽʥʢʫ ʪʨʘʻʢʪʦʨʽʡ ʚʩʝʨʝʜʠʥʽ ʮʴʦʛʦ ʦʙ'ʻʤʫ: ʨʘʟʦʤ ʟ ʨʦʟʚʦʨʦʪʦʤ ʚʠʙʨʘʥʦʾ 

ʪʨʘʻʢʪʦʨʽʾ ʚ ʮʴʦʤʫ ʦʙʩʷʟʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ ʪʘ ʥʝʩʢʽʥʯʝʥʥʦʛʦ ʯʠʩʣʘ 

ʽʥʰʠʭ ʪʨʘʻʢʪʦʨʽʡ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʮʽʡ ʬʘʟʦʚʽʡ ʢʨʘʧʣʽ ʯʝʨʝʟ ʚʣʘʩʪʠʚʽʩʪʴ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ. ʇʝʨʝʤʽʰʫʚʘʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʧʦʚʥʝʥʥʷ ʦʙʩʷʛʫ 

ʦʛʨʫʙʣʝʥʥʷ ʟʘ ʢʽʥʮʝʚʠʡ ʯʘʩ ʜʫʞʝ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʪʨʘʻʢʪʦʨʽʡ, ʱʦ 

ʧʨʠʡʰʣʠ ʟ ʙʫʜʴ-ʷʢʦʾ ʦʙʣʘʩʪʽ ʬʘʟʦʚʦʛʦ ʧʨʦʩʪʦʨʫ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽ 

ʚʪʨʘʯʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʧʝʨʘʮʽʾ ʦʛʨʫʙʣʝʥʥʷ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʙʠʪʴ 

ʧʨʦʮʝʩ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ ʝʢʩʪʨʝʤʘʣʴʥʠʤ ʪʘ ʩʪʽʡʢʠʤ. 

ɺʠʚʯʝʥʥʷ ʤʥʦʞʠʥʠ ʚʟʘʻʤʦʜʽʶʯʠʭ ʯʘʩʪʠʥʦʢ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ 

ʥʘʩʪʫʧʥʽ ʘʥʩʘʤʙʣʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ: 

Å ï ʤʽʢʨʦʢʘʥʦʥʽʯʥʠʡ (ʟʘʢʨʠʪʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʥʝ ʦʙʤʽʥʶʻʪʴʩʷ ʽʟ 

ʟʦʚʥʽʰʥʴʦʶ ʩʝʨʝʜʦʚʠʱʝʤ ʥʽ ʯʘʩʪʠʥʢʘʤʠ, ʥʽ ʝʥʝʨʛʽʻʶ, ʥʽ ʽʥʬʦʨʤʘʮʽʻʶ); 

Å ï ʢʘʥʦʥʽʯʥʠʡ (ʽʟʦʣʴʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʦʙʤʽʥʶʻʪʴʩʷ ʽʟ ʪʝʨʤʦʩʪʘʪʦʤ 

ʪʽʣʴʢʠ ʝʥʝʨʛʽʻʶ, ʘʣʝ ʥʝ ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʻʶ); 

Å ï ʤʘʢʨʦʢʘʥʦʥʽʯʥʠʡ (ʚʽʜʢʨʠʪʘ ʘʙʦ ʜʠʩʠʧʘʪʠʚʥʘ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ 

ʧʨʠʩʫʪʥʽ ʧʦʪʦʢʠ ʯʘʩʪʠʥʦʢ ʪʘ ʝʥʝʨʛʽʾ , ʷʢ ʫʩʝʨʝʜʠʥʫ ʩʠʩʪʝʤʠ, ʪʘʢ ʽ ʫ 

ʟʦʚʥʽʰʥʽʡ ʩʚʽʪ, ʘʣʝ ʥʝʤʘʻ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ); 

Å ï ʤʝʛʘʢʘʥʦʥʽʯʥʠʡ (ʝʚʦʣʶʮʽʦʥʫʶʯʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʤʦʞʝ 

ʥʘʢʦʧʠʯʫʚʘʪʠ, ʟʙʝʨʽʛʘʪʠ, ʧʝʨʝʨʦʙʣʷʪʠ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʽʥʰʠʤ ʩʠʩʪʝʤʘʤ 

ʨʝʯʦʚʠʥʫ, ʝʥʝʨʛʽʶ ʪʘ ʽʥʬʦʨʤʘʮʽʶ). 

ʉʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʩʘʤʙʣʽʚ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ, 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʥʦʚʦʾ ʷʢʦʩʪʽ ï ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ  ʜʠʥʘʤʽʯʥʦʾ 

ʩʠʩʪʝʤʠ.ɺʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʨʦʣʽ ʬʽʟʠʯʥʦʾ ʟʤʽʥʥʦʾ ʚʧʝʨʰʝ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʥʦʚʥʠʢʦʤ ʢʽʙʝʨʥʝʪʠʢʠ ʄ. ɺʽʥʝʨʦʤ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ: ʚʽʜ ʜʨʫʢʦʚʘʥʦʛʦ ʩʣʦʚʘ ʜʦ ʚʠʨʘʞʝʥʥʷ ʾʾ ʯʝʨʝʟ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʷʚʠʱʘ. ʅʘʜʘʣʽ ʧʽʜ ʽʥʬʦʨʤʘʮʽʻʶ 

ʨʦʟʫʤʽʪʠʤʝʤʦ ʯʠʩʝʣʴʥʫ ʤʽʨʫ ʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʘʥʩʘʤʙʣʶ, ʪʦʙʪʦ. ʚʠʟʥʘʯʘʪʠ 

ʾʾ ʟ ʨʽʚʥʦʩʪʽ S~(f) + I(f) = const. ɿ ʮʽʻʾ ʬʦʨʤʫʣʠ ʚʠʧʣʠʚʘʻ ʚʘʞʣʠʚʘ 

ʚʣʘʩʪʠʚʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ: ʧʨʠ ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʘʭ ( dS~ = 0) ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʽʥʘ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʧʨʠ ʥʝʟʚʦʨʦʪʥʠʭ ʷʚʠʱʘʭ (dS~ Ó 0, ʟʥʘʢ ʜʦʨʽʚʥʶʻ 

ʘʜʽʘʙʘʪʠʯʥʠʤ ʟʤʽʥ ʩʪʘʥʫ ʘʥʩʘʤʙʣʶ) ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʄʘʙʫʪʴ, ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʯʠʥʘʶʪʴ ʧʨʦʪʽʢʘʪʠ ʧʨʦʮʝʩʠ, ʱʦ 

ʧʨʘʛʥʫʪʴ ʚʽʜʥʦʚʠʪʠ ʧʦʨʫʰʝʥʠʡ ʧʘʨʠʪʝʪ ʤʽʞ ʝʥʪʨʦʧʽʻʶ ʪʘ ʽʥʬʦʨʤʘʮʽʻʶ. 

ɽʚʦʣʶʮʽʦʥʫʶʯʘ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʷʢʽʩʥʦ ʥʦʚʠʡ ʨʽʚʝʥʴ, ʟʤʽʥʶʶʯʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʷ-ʝʥʪʨʦʧʽʷ, ʥʘʧʨʠʢʣʘʜ,ʟʘ  ʨʘʭʫʥʦʢ ʧʦʜʽʣʫ ʥʘ 

ʧʽʜʩʠʩʪʝʤʠ ʚʠʜʫ k , ʫ ʷʢʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʟʚ'ʷʟʦʢ S~k ( f ) + I k (f ) = const. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʤʝʞ ʤʽʞ ʧʽʜʩʠʩʪʝʤʘʤʠ. ɺʽʜʧʦʚʽʥʽ ʛʨʘʥʠʮʽï 

ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ, ʚʩʝʨʝʜʠʥʽ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ 

ʬʽʟʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʽʻʾ ʧʽʜʩʠʩʪʝʤʠ ʜʦ ʽʥʰʦʾ. 

ʆʪʞʝ, ʩʫʤʘ ʝʥʪʨʦʧʽʾ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʻ ʥʦʚʠʤ ʽʥʪʝʛʨʘʣʦʤ ʨʫʭʫ ʜʣʷ 

ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʠʩʪʝʤ. ʁʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

(ʨʦʟʤʥʦʞʝʥʥʷ) ʩʠʩʪʝʤʠ ʟ ʧʦʷʚʦʶ ʧʽʜʩʠʩʪʝʤ ʽʟ ʷʢʽʩʥʦ ʥʦʚʠʤʠ ʛʝʥʝʪʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʤʫʪʘʥʪʠ). ʅʘʡʧʨʦʩʪʽʰʠʤ ʧʨʠʢʣʘʜʦʤ ʨʝʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʻ 
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ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ. ʇʨʠ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʽ ʟ ʛʘʟʫ ʚʠʜʽʣʷʻʪʴʩʷ ʥʦʚʘ 

ʧʽʜʩʠʩʪʝʤʘ ʫ ʚʠʛʣʷʜʽ ʨʽʜʢʦʾ ʬʘʟʠ, ʚʣʘʩʪʠʚʦʩʪʽ ʷʢʦʾ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʘʟʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʘʟʫ ʨʽʜʠʥʘ ʤʘʣʦʩʪʠʩʣʠʚʘ; ʧʨʠʡʤʘʻ 

ʬʦʨʤʫ ʩʫʜʠʥʠ, ʚ ʷʢʫ ʚʦʥʘ ʤʽʩʪʠʪʴʩʷ; ʤʘʻ ʚ'ʷʟʢʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʚʠʞʠʚʘʥʥʷ ʤʫʪʘʥʪʽʚ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚ'ʷʟʘʥʦ ʽʟ ʩʠʥʪʝʟʦʤ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʆʪʞʝ, ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʟʙʝʨʝʞʝʥʥʷ, ʧʝʨʝʨʦʙʢʠ ʪʘ ʧʝʨʝʜʘʯʽ ʧʨʠ 

ʨʝʧʨʦʜʫʢʮʽʾ. ʇʦʷʚʘ ʛʨʘʥʠʮʴ  ʥʝ ʚʠʨʽʰʫʻ ʮʶ ʧʨʦʙʣʝʤʫ: ʧʨʠ ʨʦʟʧʦʜʽʣʽ 

ʨʽʜʠʥʠ ʧʝʨʝʛʦʨʦʜʢʦʶ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʠʥʪʝʟʫ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʉʢʣʘʜʥʽʰʠʡ ʧʨʦʮʝʩ,ʮʝ ʧʨʦʮʝʩ  ʢʦʘʛʫʣʷʮʽʾ (ʘʙʦ ʦʙ'ʻʜʥʘʥʥʷ) ʦʜʥʘʢʦʚʠʭ ʪʘ 

ʨʽʟʥʦʨʽʜʥʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʱʦ 

ʟʤʽʥʶʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʥʪʨʦʧʽʡʥʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤʠ. ʆʪʞʝ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʽʣ ʚʠʭʽʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʙʣʘʩʪʽ ʟ ʙʽʣʴʰʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʤʝʥʰʦʶ ʝʥʪʨʦʧʽʻʶ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʰʣʷʭʦʤ 

ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, ʯʠ ʝʥʪʨʦʧʽʻʶ. ɺʠʩʦʢʦʝʥʪʨʦʧʽʡʥʽ ʩʠʩʪʝʤʠ 

ʥʘʤʘʛʘʶʪʴʩʷ ʟʨʫʡʥʫʚʘʪʠ ʩʠʩʪʝʤʠ ʟ ʚʠʩʦʢʦʶ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ (ʽ ʥʘʚʧʘʢʠ), 

ʚʝʜʫʯʠ ʙʦʨʦʪʴʙʫ ʚʩʝʨʝʜʠʥʽ ʩʚʦʛʦ ñʚʠʜʫò (ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠʥʮʠʧ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʩʪʽ): ʩʠʩʪʝʤʠ ʟ ʜʦʩʠʪʴ ʥʠʟʴʢʦʶ ʝʥʪʨʦʧʽʻʶ ʥʘʤʘʛʘʶʪʴʩʷ 

ʚʽʜʽʙʨʘʪʠ ʾʾ ʚ ʩʠʩʪʝʤʘʭ ʽʟ ʙʽʣʴʰʦʶ ʝʥʪʨʦʧʽʻʶ (ʚʝʨʩʠʬʽʢʘʮʽʷ ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ). 

ʅʘ ʙʽʦʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʤʘʪʝʨʽʾ ʮʽ ʧʨʦʮʝʩʠ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʤʦʜʝʣʝʡ ñʭʠʞʘʢ-ʞʝʨʪʚʘò  ʪʘ ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʦʾ ʙʦʨʦʪʴʙʠ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ 

ʟʤʫʰʫʻ ʜʦ ʚʨʽʚʥʦʚʘʞʝʥʥʷ ʩʠʩʪʝʤ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʪʘ ʥʠʟʴʢʦʶ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʠ ʟ ʚʠʩʦʢʦʶ ʪʘ 

ʥʠʟʴʢʦʶ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʤʦʞʫʪʴ ʩʧʽʚʽʩʥʫʚʘʪʠ ʣʠʰʝ ʫ ʨʝʞʠʤʽ 

ʝʚʦʣʶʮʽʾ.ɼʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʪʨʝʙʘ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʢʫ 

(ʤʘʪʝʨʽʘʣʴʥʫ, ʝʥʝʨʛʝʪʠʯʥʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʫ) ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ (ʽʥʩʪʠʥʢʪ 

ʩʘʤʦʟʙʝʨʝʞʝʥʥʷ) ʪʘ ʢʦʣʝʢʪʠʚʥʦʛʦ (ʽʥʩʪʠʥʢʪ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʩʪʽ) ʽʩʥʫʚʘʥʥʷ; 

ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ ʽʥʜʠʚʽʜʫʫʤʽʚ (ʽʥʩʪʠʥʢʪ ʨʝʧʨʦʜʫʢʮʽʾ); ʟʙʝʨʝʞʝʥʥʷ ʮʽʥʥʦʾ 

ʜʣʷ ʚʠʞʠʚʘʥʥʷ ʩʪʘʨʦʾ ʪʘ ʩʠʥʪʝʟ ʥʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʽʥʩʪʠʥʢʪ ʝʚʦʣʶʮʽʾ). 
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12  ʌʈɸʂʊɸʃʀ ï ɻɽʆʄɽʊʈɯʗ ʇʈʀʈʆɼʀ 

 

 

12.1 ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ 

 

ʐʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʜʫʤʢʘ,ʦʩʦʙʣʠʚʦ ʩʝʨʝʜ ʬʽʟʠʢʽʚ ʽ ʤʘʪʝʤʘʪʠʢʽʚ, 

ʱʦ  ʷʚʠʱʘ ʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʫ ʜʦʚʢʽʣʣʽ ʽ ʚ ʣʘʙʦʨʘʪʦʨʽʾ 

ʦʧʠʩʫʶʪʴʩʷ ʬʫʥʢʮʽʷʤʠ, ʱʦ ʜʠʬʝʨʝʥʮʽʶʶʪʴʩʷ. ʇʨʦʪʝ ʪʘʢʽ ʬʫʥʢʮʽʾ ʻ 

ʩʢʦʨʽʰʝ ʚʠʥʷʪʢʦʤ, ʥʽʞ ʧʨʘʚʠʣʦʤ, ʫ ʩʪʚʦʨʝʥʥʽ ʧʨʠʨʦʜʥʠʭ ʷʚʠʱ ʪʘ 

ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʪʨʘʻʢʪʦʨʽʷ ʙʨʦʫʥʽʚʩʴʢʦʾ ʯʘʩʪʠʥʢʠ 

(ʨʠʩʫʥʦʢ 12.1), ʷʢʘ ʻ ʥʝʜʠʬʝʨʝʥʮʽʶʻʤʦʶ  ʢʨʠʚʦʶ: ʥʘ ʮʽʡ ʢʨʠʚʽʡ ʧʨʠʩʫʪʥʷ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ, ʫ ʷʢʠʭ ʥʝ ʽʩʥʫʻ ʧʦʭʽʜʥʘ. ʉʝʨʝʜ ʮʠʭ ʦʙ'ʻʢʪʽʚ 

ʧʨʠʩʫʪʥʽ ʪʘʢʽ, ʷʢʽ ʟʘ ʙʫʜʴ-ʷʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʽʚ ʤʽʩʪʷʪʴ ʦʜʥʘʢʦʚʽ 

ʩʪʨʫʢʪʫʨʠ ï ʮʝ ʪʘʢ ʟʚʘʥʽ ʬʨʘʢʪʘʣʴʥʽ ʤʥʦʞʠʥʠ. ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʬʨʘʢʪʘʣʽʚ 

ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʪʦʤʫ, ʱʦ ʮʽʻʶ ʚʣʘʩʪʠʚʽʩʪʶ ʚʦʣʦʜʽʶʪʴ 

ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʦʙ'ʻʢʪʠ ʧʨʠʨʦʜʠ ,ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʩʽʤ ʨʽʚʥʷʤ ʾʾ ʦʨʛʘʥʽʟʘʮʽʾ. 

 
ʈʠʩʫʥʦʢ 12.1 - ɿʦʙʨʘʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʙʨʦʫʥʽʚʩʴʢʦʾ ʯʘʩʪʠʥʢʠ 

 

ʇʨʠʨʦʜʘ ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʻ ʥʘʤ ʥʝ ʧʨʦʩʪʦ ʚʠʱʠʡ ʩʪʫʧʽʥʴ, ʘ ʷʢʽʩʥʦ 

ʥʦʚʠʡ ʨʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ. ʏʠʩʣʦ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʽʚ ʜʦʚʞʠʥ ʫ ʩʪʨʫʢʪʫʨʘʭ 

ʟʘʚʞʜʠ ʥʝʩʢʽʥʯʝʥʥʝ. ɯʩʥʫʚʘʥʥʷ ʮʠʭ ʩʪʨʫʢʪʫʨ ʢʠʜʘʻ ʥʘʤ ʚʠʢʣʠʢ ʫ ʚʠʛʣʷʜʽ 

ʚʘʞʢʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʚʯʝʥʥʷ ʪʠʭ ʬʦʨʤ. 

ʗʢ ʧʨʠʢʣʘʜ ʩʘʤʦʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʚʽʜʦʤʽ 

ʤʘʪʨʴʦʰʢʠ, ʣʦʛʘʨʠʬʤʽʯʥʫ ʩʧʽʨʘʣʴ, Ů -ʨʦʟʢʣʘʜʘʥʥʷ ɺʽʣʴʩʦʥʘ (ʪʝʦʨʽʷ 

ʧʝʨʝʥʦʨʤʫʚʘʥʥʷ) ʪʦʱʦ. 

ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʚʽʜʦʙʨʘʞʘʻ ʽʻʨʘʨʭʽʯʥʫ ʩʫʪʥʽʩʪʴ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ 

ʤʘʪʝʨʽʾ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʾʾ ʽʩʥʫʚʘʥʥʷ: ʚʽʜ ʤʘʣʠʭ ʜʦ ʚʝʣʠʯʝʟʥʠʭ ʤʘʩʰʪʘʙʽʚ. 

ɺʠʙʽʨ ʩʢʝʡʣʽʥʛʦʚʦʾ (ʤʘʩʰʪʘʙʥʦʾ) ʦʙʣʘʩʪʽ ʚ ʦʙ'ʻʢʪʽ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʤʦʞʝ 

ʚʽʜʦʙʨʘʟʠʪʠ ʪʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʽʛʥʦʨʫʶʪʴʩʷ ʧʨʠ ʙʽʣʴʰʦʤʫ 
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ʤʘʩʰʪʘʙʽ. ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʜʨʽʙʥʽ ʜʝʪʘʣʽ 

ʚʢʨʘʧʣʶʶʪʴʩʷ ʫ ʚʝʣʠʢʽ ʽ ʩʪʘʶʪʴ "ʥʝʧʦʤʽʪʥʠʤʠ", ʭʦʯʘ ʚʦʥʠ ʤʘʶʪʴ ʪʽ ʞ ʩʘʤʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʡ ʚʝʣʠʢʽ ʦʙʴʻʢʪʠ ʩʚʽʪʦʙʫʜʦʚʠ. 

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʨʦʟʜʽʣʠʤʦ ʚʽʜʨʽʟʦʢ ʧʨʷʤʦʾ ʣʽʥʽʾ, 

ʢʚʘʜʨʘʪ ʽ ʢʫʙ ʥʘ N ʨʽʚʥʠʭ ʯʘʩʪʠʥ (ʨʠʩʫʥʦʢ 12.2), ʪʦʧʦʣʦʛʽʯʥʘ ʨʦʟʤʽʨʥʽʩʪʴ 

(ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʫ ʬʽʛʫʨʫ) ʷʢʠʭ 

ʜʦʨʽʚʥʶʻ: ʜʣʷ ʚʽʜʨʽʟʢʘ ʧʨʷʤʦʾ d = 1 (ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ï 

ʜʦʚʞʠʥʦʶ),  ʜʣʷ    ʢʚʘʜʨʘʪʘ  d = 2 (ʜʦʚʞʠʥʘ    ̔   h ʠʨʠʥʘ),    ʜʣʷ   ʢʫʙʘ   d =3    

 
ʈʠʩʫʥʦʢ 12.2 - ɸʣʛʦʨʠʪʤ ʩʪʚʦʨʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʾ ʩʪʨʫʢʪʫʨʠ 

 

(ʜʦʚʞʠʥʘ, ʰʠʨʠʥʘ  ʪʘ ʚʠʩʦʪʘ). ʊʦʜʽ ʢʦʞʥʘ ʯʘʩʪʠʥʘ ʙʫʜʝ ʧʦʜʽʙʥʘ ʜʦ 

ʚʠʭʽʜʥʦʛʦ ʦʙ'ʻʢʪʘ, ʘʣʝ ʟʤʝʥʰʝʥʘ ʚ 1/k d ʨʘʟʽʚ (k ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʽʙʥʦʩʪʽ). 

ʏʠʩʣʘ N ʪʘ 1/k d ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʨʽʚʥʽʩʪʶ N k d =1. ɿ ʮʽʻʾ ʨʽʚʥʦʩʪʽ 

ʚʠʧʣʠʚʘʻ ,ʱʦ ʪʦʧʦʣʦʛʽʯʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʜʦʨʽʚʥʶʻ 

 
ʊʦʧʦʣʦʛʽʯʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʟʙʽʛʘʻʪʴʩʷ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʨʦʟʤʽʨʥʽʩʪʶ 

ʧʨʦʩʪʦʨʫ, ʚ ʷʢʦʤʫ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʛʝʦʤʝʪʨʠʯʥʘ ʬʽʛʫʨʘ ʘʙʦ ʾʾ ʯʘʩʪʠʥʘ: 

ʚʽʜʨʽʟʦʢ ʧʨʷʤʦʾ ʣʽʥʽʾ ï ʚ ʦʜʥʦʤʽʨʥʦʤʫ, ʢʚʘʜʨʘʪ ï ʫ ʜʚʦʤʽʨʥʦʤʫ, ʢʫʙ ï ʫ 

ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ 
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ʬʽʛʫʨ ʜʦʩʷʛʘʻʪʴʩʷ ʟʤʽʥʦʶ ʤʘʩʰʪʘʙʫ ʦʨʠʛʽʥʘʣʫ, ʷʢ ʫ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ (k>1), 

ʪʘʢ ʽ ʫ ʙʽʢ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʨʦʟʤʽʨʽʚ (k<1). 

ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʻ ʣʦʛʘʨʠʬʤʽʯʥʘ ʩʧʽʨʘʣʴ. ɿʛʽʜʥʦ 

ɻʘʟʘʣʽ, ʧʦʚʦʨʦʪ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ ri ʥʘ ʜʦʚʽʣʴʥʠʡ ʢʫʪ ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʚ k ʨʘʟʽʚ 

(ʨʠʩʫʥʦʢ 12.3) ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ, ʷʢʽ ʚ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ 

ʚʠʛʣʷʜʘʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ: 

 
ʇʽʩʣʷ n ʧʦʚʦʨʦʪʽʚ ʥʘ ʢʫʪ ʮʽ ʨʽʚʥʷʥʥʷ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ:  

 

 
ʈʠʩʫʥʦʢ 12.3 - ʇʦʚʦʨʦʪ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ  ʽʟ ʧʦʜʦʚʞʝʥʥʷʤ 

 

ʗʢʱʦ ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ ʣʝʞʠʪʴ ʥʘ ʦʩʽ  0 x ʪʦ yi =0. ʇʽʩʣʷ n ʧʦʚʦʨʦʪʽʚ 

ʥʘ ʢʫʪ  ʟʢʦʦʨʜʠʥʘʪʠ ʥʦʚʦʾ ʪʦʯʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦʯʘʪʢʦʚʦʶ ʢʦʦʨʜʠʥʘʪʦʶ 

ʘʙʩʮʠʩʠ ʟʘ ʬʦʨʤʫʣʘʤʠ:  

 
ʆʪʞʝ, 

 

 - ʢʫʪ ʦʙʝʨʪʘʥʥʷ. 

 

ɿ ʮʠʭ ʬʦʨʤʫʣ ʚʠʧʣʠʚʘʻ, ʱʦ ʧʨʠ  ʧʦʚʦʨʦʪʽ ʥʘ ʜʦʚʽʣʴʥʠʡ ʢʫʪ  ᵻʨʘʜʽʫʩ-ʚʝʢʪʦʨ 

ʟʙʽʣʴʰʠʪʴʩʷ ʚ k  ᵻ/  ʟʨʘʟʽʚ. 

ʊʦʜʽ ʨʘʜʽʫʩ-ʚʝʢʪʦʨ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ  ʬʦʨʤʫʣʦʶ  
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ʆʩʪʘʥʥʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʟʥʘʯʘʻ ʪʘʢ ʟʚʘʥʫ ʣʦʛʘʨʽʬʤʽʯʥʫ ʩʧʽʨʘʣʴ. 

ʃʦʛʘʨʠʬʤʽʯʥʘ ʩʧʽʨʘʣʴ ʩʘʤʦʧʦʜʽʙʥʘ, ʪʘʢ ʷʢ ʽʩʥʫʻ ʪʘʢʠʡ ʢʫʪ ɗ, ʧʨʠ ʷʢʦʤʫ 

ʟʙʽʣʴʰʝʥʘ ʫ k ʨʘʟʽʚ ʩʧʽʨʘʣʴ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʠʭʽʜʥʦʶ ʩʧʽʨʘʣʣʶ. ʂʦʝʬʽʮʽʻʥʪ 

ʨʦʟʰʠʨʝʥʥʷ ʚʠʟʥʘʯʘʻ ʢʦʪʘʥʛʝʥʩ ʧʦʩʪʽʡʥʦʛʦ ʢʫʪʘ ʤʽʞ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʦʤ r ʽ 

ʜʦʪʠʯʥʦʶ ʜʦ ʥʦʨʤʘʣʽ ʫ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʩʧʽʨʘʣʽ. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʚ ʢʦʞʥʽʡ ʯʚʝʨʪʽ ʜʝʢʘʨʪʦʚʦʾ ʧʣʦʱʠʥʠ ʪʦʯʢʠ ʩʧʽʨʘʣʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʩʝʨʝʜʠʥʽ ʪʘʢʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʪʨʠʢʫʪʥʠʢʽʚ (ʨʠʩʫʥʦʢ 12.4). ʉʧʽʨʘʣʴ ʜʦʩʠʪʴ 

ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʫ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʟʘʜʘʯʘʭ, ʥʘʧʨʠʢʣʘʜ, ʬʘʟʦʚʽ ʪʨʘʻʢʪʦʨʽʾ ʫ 

ʨʘʟʽ ʩʪʽʡʢʦʛʦʪʘ ʥʝʩʪʽʡʢʦʛʦ ʬʦʢʫʩʽʚ  ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʧʽʨʘʣʽ. ʎʝ 

ʛʦʚʦʨʠʪʴ ʧʨʦ ʚʠʥʠʢʥʝʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʜʣʷ  ʪʘʢʦʛʦ ʪʠʧʫ ʨʫʭʫ. ʇʨʠʨʦʜʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʧʽʨʘʣʴ ʧʨʠ ʧʦʙʫʜʦʚʽ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ï ʤʦʣʁʩʢʽʚ Nautilus 

ʪʘ ʽʥʰʠʭ. ʈʦʟʛʣʷʥʫʪʽ ʧʨʠʢʣʘʜʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ ʻ 

ʥʝʚʽʜ'ʻʤʥʠʤ ʘʪʨʠʙʫʪʦʤ ʧʨʠʨʦʜʠ: ʝʣʝʤʝʥʪʘʨʥʽ ʯʘʩʪʠʥʢʠ ʩʭʦʞʽ (ʪʦʪʦʞʥʽ) 

ʦʜʥʘ  ʦʜʥʽʡ; ʙʨʦʫʥʽʚʩʴʢʠʡ ʨʫʭ ʜʝʤʦʥʩʪʨʫʻ ʽʤʦʚʽʨʥʽʩʥʫ ʩʘʤʦʧʦʜʽʙʥʽʩʪʴ 

(ʨʠʩʫʥʦʢ 12.4).  ɼʚʘʥʘʜʮʷʪʠʪʦʥʦʚʠʡ ʣʘʜ ɹʘʭʘ (ʚʽʜʥʦʰʝʥʥʷ  ʯʘʩʪʦʪ ʩʫʩʽʜʥʽʭ 

ʥʦʪ ʪʝʤʧʝʨʦʚʘʥʦʛʦ ʣʘʜʫ ʧʦʩʪʽʡʥʦ ʽ ʜʦʨʽʚʥʶʻ 21/12 ʦʢʪʘʚʠ, ʨʦʟʜʽʣʝʥʦʾ ʥʘ 12 

ʧʽʚʪʦʥʽʚ) ʚʢʘʟʫʻ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʫ ʤʫʟʠʮʽ. ɯʥʪʝʥʩʠʚʥʦ 

ʚʣʘʩʪʠʚʽʩʪʴ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʫ ʩʚʦʾʡ ʪʚʦʨʯʦʩʪʽ ʭʫʜʦʞʥʠʢ 

ɽʰʝʨ (ʨʠʩʫʥʦʢ 12.5). ʇʨʠʨʦʜʥʽ ʬʨʘʢʪʘʣʠ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 12.6. 

ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʧʨʦʥʠʟʫʻ ʚʩʽ ʨʽʚʥʽ  ʦʨʛʘʥʽʟʘʮʽʾ, ʽʩʥʫʚʘʥʥʷ  ʪʘ  ʚʽʜʦʙʨʘʞʝʥʥʷ 

 

 
ʈʠʩʫʥʦʢ 12.4 - ʉʘʧʦʜʽʙʥʽʩʪʴ ʣʦʛʘʨʠʬʤʽʯʥʦʾ ʩʧʽʨʘʣʽ 
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ʈʠʩʫʥʦʢ 12.5 - ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʫ ʢʘʨʪʠʥʘʭ ʄʦʨʽʮʘ ɽʰʝʨʘ 

 

 

ʈʠʩʫʥʦʢ 12.6 - ʌʨʘʢʪʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ ʧʨʠʨʦʜʠ 

 

ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʪʦʙʪʦ ʩʢʝʡʣʽʥʛ (ʘʙʦ ʤʘʩʰʪʘʙʥʘ 

ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ) ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʠʨʦʜʥʦʛʦ ʦʙ'ʻʢʪʘ. 

ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʽ ʭʘʦʪʠʯʥʦʶ, ʙʝʟʧʝʨʝʨʚʥʦʶ 

(ʪʨʘʻʢʪʦʨʽʷ ʙʨʦʫʥʽʚʩʴʢʦʾ ʯʘʩʪʢʠ) ʪʘ ʜʠʩʢʨʝʪʥʠʤ (ʤʘʪʨʴʦʰʢʠ). ɼʝʷʢʽ ʚʠʜʠ 

ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ  ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʟʥʘʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʤʘʩʰʪʘʙʫ, ʽʥʰʽ 

ʟʥʠʢʘʶʪʴ ʧʨʠ ʥʝʟʥʘʯʥʽʡ ʟʤʽʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ (ʦʙʤʝʞʝʥʽʩʪʴ 

ʩʢʝʡʣʽʥʛʫ). 

ɯʥʦʜʽ ʤʘʩʰʪʘʙʥʦ ʟʤʽʥʝʥʽ ʦʙ'ʻʢʪʠ ʤʘʪʝʤʘʪʠʯʥʦ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʶʪʴ 

ʛʝʦʤʝʪʨʽʶ ʚʠʭʽʜʥʦʛʦ ʦʙʴʻʢʪʫ, ʘʣʝ ʫ ʧʨʠʨʦʜʽ ʮʷ ʪʦʯʥʽʩʪʴ ʚʪʨʘʯʘʻʪʴʩʷ 

ʨʘʭʫʥʦʢ ʚʧʣʠʚʫʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ ("ʤʫʪʘʮʽʡ"), ʽ  ʩʢʝʡʣʽʥʛ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʣʠʰʝ ʘʩʠʤʧʪʦʪʠʯʥʦ. ʉʘʤʦʧʦʜʽʙʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʷʚʥʦʶ ʘʙʦ ʧʨʠʭʦʚʘʥʦʶ, 

ʪʦʤʫ ʾʾ ʚʠʷʚʣʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠʨʦʜʦʟʥʘʚʩʪʚʘ. 

 

 

12.2 ʌʨʘʢʪʘʣʴʥʽ ʤʥʦʞʠʥʠ 

 

ʌʨʘʢʪʘʣʦʤ (ʚʽʜ ʣʘʪʠʥʩʴʢʦʛʦ ʩʣʦʚʘ ñfractusò ï ʟʣʘʤʘʥʠʡ; ʚ 

ʘʥʛʣʽʡʩʴʢʦʤʫ ʚʘʨʽʘʥʪʽ ʩʣʦʚʦ ñfractionalò ʦʟʥʘʯʘʻ ʜʨʦʙʦʚʠʡ) ʥʘʟʠʚʘʻʪʴʩʷ 

ʩʪʨʫʢʪʫʨʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʠʥ, ʷʢʽ ʧʦʜʽʙʥʽ ʜʦ ʚʠʭʽʜʥʦʛʦ ʦʙ'ʻʢʪʘ ʚ 
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ʮʽʣʦʤʫ ʽ ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ ʍʘʫʩʜʦʨʬʘ-ɹʝʟʠʢʦʚʠʯʘ D, ʷʢʘ ʧʝʨʝʚʠʱʫʻ ʘʙʦ 

ʜʦʨʽʚʥʶʻ ʾʾ ʪʦʧʦʣʦʛʽʯʥʽʡ ʨʦʟʤʽʨʥʦʩʪʽ d. ʈʦʟʤʽʨʥʽʩʪʴ ʍʘʫʩʜʦʨʬʘ-ɹʝʟʠʢʦʚʠʯʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʡʞʝ ʪʘʢʠʤ ʩʘʤʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

 
ʱʦ ʡ ʪʦʧʦʣʦʛʽʯʥʘ ʨʦʟʤʽʨʥʽʩʪʴ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ  ʦʩʪʘʥʥʴʦʾ ʤʦʞʝ ʥʘʙʫʚʘʪʠ 

ʷʢ ʮʽʣʽ, ʪʘʢ ʽ  ʜʨʦʙʦʚʽ ʟʥʘʯʝʥʥʷ. ʗʩʢʨʘʚʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʬʨʘʢʪʘʣʴʥʦʾ 

ʢʨʠʚʦʾ ʻ ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʙʨʦʫʥʽʚʩʴʢʦʾ ʯʘʩʪʢʠ (ʨʠʩʫʥʦʢ 12.1). ɿʙʽʣʴʰʝʥʥʷ 

ʙʫʜʴ-ʷʢʦʾ ʾʾ ʜʽʣʷʥʢʠ ʚ 10 ʨʘʟʽʚ ʥʘʚʦʜʠʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʘʥʦʢ ʚ 100 

ʨʘʟʽʚ, ʪʦʙʪʦ, ʜʣʷ ʢʨʠʚʦʾ ɹʨʦʫʥʘ ʨʦʟʤʽʨʥʽʩʪʴ ʍʘʫʩʜʦʨʬʘ-ɹʝʟʠʢʦʚʠʯʘ 

ʜʦʨʽʚʥʶʻ 2. ʗʢʙʠ ʙʨʦʫʥʽʚʩʴʢʘ ʯʘʩʪʢʘ ʨʫʭʘʣʘʩʷ ʧʦ ʧʣʦʱʠʥʽ (ʪʦʧʦʣʦʛʽʯʥʘ 

ʨʦʟʤʽʨʥʽʩʪʴ d = 2 = D), ʪʦ ʾʾ ʪʨʘʻʢʪʦʨʽʷ ʧʨʦʡʰʣʘ ʙ ʧʽʩʣʷ ʩʧʣʠʚʘʥʥʷ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʯʝʨʝʟ ʫʩʽ ʪʦʯʢʠ ʧʣʦʱʠʥʠ. ʆʜʥʘʢ ʯʝʨʝʟ ʩʘʤʦʧʝʨʝʪʠʥ ʢʨʠʚʦʶ 

ʨʫʭʫ ʮʝʡ ʬʝʥʦʤʝʥ ʚʽʜʩʫʪʥʽʡ. ʂʨʽʤ ʪʦʛʦ, ʧʦʯʘʚʰʠ ʨʫʭ ʟ ʜʝʷʢʦʾ ʪʦʯʢʠ, 

ʙʨʦʫʥʽʚʩʴʢʘ ʯʘʩʪʠʥʢʘ ʤʦʞʝ ʧʦʚʝʨʥʫʪʠʩʷ ʚ ʩʢʽʣʴʢʠ ʟʘʚʛʦʜʥʦ ʤʘʣʠʡ ʦʢʽʣ ʮʽʻʾ 

ʪʦʯʢʠ, ʪʦʤʫ ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʮʽʻʾ ʧʦʜʽʾ ʫ ʨʘʟʽ ʧʣʦʱʠʥʠ ʜʦʨʽʚʥʶʻ 1. ʇʨʠ ʨʫʩʽ 

ʚ ʧʨʦʩʪʦʨʽ (ʪʦʧʦʣʦʛʽʯʥʘ ʨʦʟʤʽʨʥʽʩʪʴ d = 3 > D), ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʚʝʨʥʝʥʥʷ ʚ 

ʤʘʣʠʡ ʦʢʽʣ ʧʦʯʘʪʢʦʚʦʾ ʪʦʯʢʠ ʨʫʭʫ ʤʝʥʰʝ 1. ʄʝʞʽ ʤʘʩʰʪʘʙʥʦʾ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʜʣʷ ʙʣʫʢʘʶʯʦʾ ʯʘʩʪʢʠ ɹʨʦʫʥʫ ʧʦʨʷʜʢʫ8 10: ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʩʫʜʠʥʠ ( å 0,1 ʤ) ʜʦ ʜʦʚʞʠʥʠ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ (10 ʥʤ=10ī9 ʤ), ʧʨʠʯʦʤʫ 

ʢʦʞʥʘ ʣʘʥʢʘ ʪʨʘʻʢʪʦʨʽʾ ʫʪʚʦʨʶʻ ʢʦʥʪʠʥʫʫʤ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʪʨʘʻʢʪʦʨʽʷ 

ɹʨʦʫʥʽʚʩʴʢʦʾ ʯʘʩʪʠʥʢʠ ʜʦʩʠʪʴ ʙʣʠʟʴʢʦ ʧʽʜʭʦʜʠʪʴ ʧʽʜ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ɺʝʡʻʨʰʪʨʘʩʩʘ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʧʨʠʢʣʘʜ 

ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʨʦʟʤʽʨʥʦʩʪʽ ʍʘʫʩʜʦʨʬʘ-ɹʝʟʠʢʦʚʠʯʘ, ʱʦ ʜʦʨʽʚʥʶʻ 2 

ʛʝʦʤʝʪʨʠʯʥʠʤ ʦʙ'ʻʢʪʦʤ, ʥʝʦʙʦʚ'ʷʟʢʦʚʦ ʙʫʜʝ ʧʣʦʱʠʥʘ. ʎʽʻʶ ʬʽʛʫʨʦʶ ʤʦʞʝ 

ʙʫʪʠ ʪʦʧʦʣʦʛʽʯʥʦ ʦʜʥʦʤʽʨʥʘ ʣʽʥʽʷ. ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜʠ ʜʝʷʢʠʭ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ: 

-ʢʨʠʚʘ ("ʩʥʽʞʠʥʢʘ") ʂʦʭʘ. ɺʽʟʴʤʝʤʦ ʚʽʜʨʽʟʦʢ ʧʨʷʤʦʾ ʪʘ ʫ ʡʦʛʦ 

ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʠ ʟʙʫʜʫʻʤʦ ʨʽʚʥʦʩʪʦʨʦʥʥʽʡ ʪʨʠʢʫʪʥʠʢ; ʘʥʘʣʦʛʽʯʥʽ ʧʦʙʫʜʦʚʠ 

ʧʨʦʚʝʜʝʤʦ ʥʘ ʢʦʞʥʽʡ ʧʨʷʤʦʣʽʥʽʡʥʽʡ ʜʽʣʷʥʮʽ (ʨʝʟʫʣʴʪʘʪʠ ʧʦʙʫʜʦʚ ʜʦ 5 

ʢʨʦʢʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 12.7. ʂʨʦʢ ʽʪʝʨʘʮʽʾ ʧʨʠ n-ʤʫ ʧʦʙʫʜʦʚʽ 

(ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʽʙʥʦʩʪʽ) ʜʦʨʽʚʥʶʻ 3-n, ʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʨʽʟʢʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ - 

4n. ʆʪʞʝ, ʨʦʟʤʽʨʥʽʩʪʴ ʍʘʫʩʜʦʨʬʘ-ɹʝʟʠʢʦʚʠʯʘ ʢʨʠʚʦʾ ʂʦʭʘ ʜʦʨʽʚʥʶʻ D = ln 

4/ ln3 = 1,26. ʈʦʟʤʽʨʥʽʩʪʴ, ʷʢ ʙʘʯʠʤʦ, ʣʝʞʠʪʴ ʤʽʞ 1 ʽ 2, ʪʦʙʪʦ  ʢʨʠʚʘ ʂʦʭʘ 

ʟʘʡʤʘʻ ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʦʜʥʦ- ʪʘ ʜʚʦʚʠʤʽʨʥʠʤʠ ʪʦʧʦʣʦʛʽʯʥʠʤʠ 

ʬʽʛʫʨʘʤʠ. 

-"ʇʠʣ" ʂʘʥʪʦʨʘ. ʗʢʱʦ ʚʽʜʨʽʟʦʢ ʧʨʷʤʠʡ ʨʦʟʜʽʣʠʪʠ ʥʘ 3 ʨʽʚʥʽ ʯʘʩʪʠʥʠ 

ʪʘ ʚʠʜʘʣʠʪʠ ʩʝʨʝʜʥʽʡ ʚʽʜʨʽʟʦʢ, ʪʦ ʦʪʨʠʤʘʥʘ ʬʽʛʫʨʘ ʧʨʝʜʩʪʘʚʣʷʻ ʧʝʨʰʠʡ 

ʢʨʦʢ ʧʨʠ ʧʦʙʫʜʦʚʽ ʢʘʥʪʦʨʽʚʩʴʢʦʾ "ʧʠʣʫ". ɸʥʘʣʦʛʽʯʥʽ ʜʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʟ 

ʢʦʞʥʠʤ ʽʟ ʦʪʨʠʤʘʥʠʭ ʚʽʜʨʽʟʢʽʚ ʘʞ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ (ʨʠʩʫʥʦʢ 12.8). 

ʈʦʟʤʽʨʥʽʩʪʴ ʍʘʫʩʜʦʨʬʘ-ɹʝʟʠʢʦʚʠʯʘ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

 


