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ʊתʁɯʅɼɽʄɽ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ 62 ʙʝʪ, 31 ʩʫʨʝʪ, 1 ʢʝʩʪʝ, ᴇʟʘʨʘ ʙᴇʣʽʤʰʝʣʝʨʛʝ 

ʙᴇʣʽʥʛʝʥ 3 ʪʘʨʘʫ, 33 ʘʪʪʘʥ ʪײʨʘʪʳʥ ʦץʫʣʳץʪʘʨ ʪʽʟʽʤ ʞᴅʥʝ ʥʦʨʤʘʪʠʚʪʽʢ ʩʽʣʪʝʤʝʣʝʨ 

 .ʘʥסʘʤʪʳʣץ

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ: ʪʫʨʙʫʣʝʥʪʪʽʣʽʢ, ʪʘʟʘ ʙᴇʣʤʝ, ʘʫʘ ʘסʳʥʳ, ʅʘʚʴʝ-ʉʪʦʢʩ 

ʪʝשʜʝʫʣʝʨʽ, ʣʘʩʪʘʫʰʳ, SIMPLE ʪᴅʩʽʣʽ. 

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ ʪʘʟʘ ʙᴇʣʤʝʥʽש ʽʰʽʥʜʝ ʘʫʘ ʘʡʥʘʣʳʤ ײץʙʳʣʳʩʳʥʳש 

ʥʝʛʽʟʛʽ ʪʝʪʽʢʪʝʨʽʥ ʩʘʥʜʳץ ʪװʨʜʝ ʟʝʨʪʪʝʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʥʜʘסʳ ʘʵʨʦʜʠʥʘʤʠʢʘסʘ 

ʳץʧʘʣ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʦʨʥʘʪʳʣʳʤʜʳʣʳץ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ 

ʘʥʳץʪʘʫ. 

ɾײʤʳʩʪʳש ᴇʟʝʢʪʽʣʽʛʽ. פʘʟʽʨʛʽ ʪʘשʜʘ ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘ ʘʡʥʘʣʳʤʳʥʳש, 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʦʨʪʘʥʳש ʞᴅʥʝ ʣʘʩʪʘʫʰʳʣʘʨʜʳש ʪʘʨʘʣʫʳʥ ʤʦʜʝʣʴʜʝʫʽʥʜʝ 

ʝʩʝʧʪʝʫʰ̔  ʘʵʨʦ - ʞᴅʥʝ ʛʠʜʨʦʜʠʥʘʤʠʢʘʜʘ ʢᴇʧʪʝʧ ץʦʣʜʘʥʳʣʘʜʳ. ʃʘʩʪʘʥʫ 

ʢᴇʟʜʝʨʽʥʝʥ ʰʳץץʘʥ ʟʘʪʪʘʨ ʽʰʢʽ ʘʫʘʥʳ װʥʝʤʽ ʣʘʩʪʘʡʪʳʥ ʜʠʥʘʤʠʢʘʣʳץ ʽʰʢʽ ʦʨʪʘʜʘ, 

ʞʝʣʜʝʪʫ ʞװʡʝʩʽ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʞʦʶ ʢʝʟʽʥʜʝ װʥʝʤʜʽ ʞᴅʥʝ ʪʠʽʤʜʽ ʙʦʣʫʳ ʢʝʨʝʢ. 

ɾʘʣʧʳ ʠʥʞʝʥʝʨʣʽʢ ʪᴅʞʽʨʠʙʝ װʰʽʥ ʞʝʣʜʝʪʫ סʠʤʘʨʘʪʪʳש ʪײʨסʳʥʜʘʨʳʥʘ ʪʘʟʘ ʘʫʘ 

ʢʝʣʝʜʽ, ʙʽʨʘװ ץʣʢʝʥ ʵʥʝʨʛʠʷ ʞװʢʪʝʤʝʩʽʥ ʪʫסʳʟʘʜʳ. ʆʩʳʣʘʡʰʘ, ʞʝʣʜʝʪʫ ʞװʡʝʩʽ ʘʫʘ 

ʩʘʧʘʩʳʥ ʝש ʪᴇʤʝʥʛʽ ʞʳʣʜʘʤʜʳץʧʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʐʳʥ 

ʤᴅʥʽʥʜʝ, ʞʦסʘʨʳ ʞʝʣʜʝʪʫ ʞʳʣʜʘʤʜʳסʳ ץʳʤʙʘʪ ʙʦʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʞʝʣʜʝʪʫʜʽש 

ʪᴇʤʝʥʛʽ ʜʝשʛʝʡʽ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʽ ʤװʤʢʽʥ. ɸʣʘʡʜʘ ʞʝʪʢʽʣʽʢʩʽʟ ʞʝʣʜʝʪʫ ʘʫʘ 

ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘʫʳʥʘ ᴅʢʝʣʽʧ ʩʦסʘʜʳ ʞᴅʥʝ ʜʝʥʩʘʫʣʳץץʘ ʙʘʡʣʘʥʳʩʪʳ 

ʤᴅʩʝʣʝʣʝʨ ʪʫסʳʟʘʜʳ. ʆʣ ʫʘץʳʪ ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʅʘʚʴʝ-ʉʪʦʢʩ (RANS) 

ʪʝשʜʝʫʣʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʪװʨʣʽ ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽʥʜʝ, ʪʫʨʙʫʣʝʥʪʪʽ ʘסʳʥʥʳש 

ʞᴅʥʝ ʞʳʣʫ ʘʣʤʘʩʫʜʳש ʤʦʜʝʣʴʜʝʫʽʥ ץʘʞʝʪ ʝʪʝʜʽ. ױʩʳʥʳʣסʘʥ ʞײʤʳʩʪʘ  ץʦʩ 

ʜʠʬʬʫʟʠʷʣʳץ ʢʦʥʚʝʢʮʠʷ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʽש ʞᴅʥʝ 

ʝʩʝʧʪʝʫ ʘʣʛʦʨʠʪʤʽʥʽש ʘץʠץʘʪʪʳסʳʥ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ, ʪᴅʞʽʨʠʙʝʣʽʢ ʜʝʨʝʢʪʝʨ 

ʞᴅʥʝ ᴇʟʛʝ ʟʝʨʪʪʝʫʰʽʣʝʨʜʽש ʝʩʝʧʪʝʫʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʳʣʫ ʞװʨʛʽʟʽʣʜʽ. ʉʘʥʜʳץ 

ʝʩʝʧʪʝʫʣʝʨʤʝʥ ʙʝʣʛʽʣʽ ʜʝʨʝʢʪʝʨʜʽ ʩʘʣʳʩʪʳʨʫ ʞʘץʩʳ ʥᴅʪʠʞʝ ʢᴇʨʩʝʪʪ̔ . 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʽש  ʞᴅʥʝ ʝʩʝʧʪʝʫʰʽ ʘʣʛʦʨʠʪʤʽʥʽש ʚʝʨʠʬʠʢʘʮʠʷʩʳ 

ʞʘʩʘʣסʘʥʜʳץʪʘʥ ʢʝʡʽʥ, ʘʫʘ ʘסʳʥʳש ʢʝʣʝʩʽ ʪᴅʩʽʣʜʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ: ʙʽʨʙʘסʳʪʪʳ, 

ʙʽʨʙʘסʳʪʪʳ ʝʤʝʩ ʞᴅʥʝ ʘʨʘʣʘʩ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʙʽʨʙʘסʳʪʪʳ ʘʫʘ 

ʘסʳʥʳ ʝש ʪʠʽʤʜʽ ʪᴅʩʽʣ ʙʦʣʘʜʳ. ɽʩʝʧʪʝʫʣʝʨ ANSYS Fluent ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʧʘʢʝʪʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. 
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ʈɽɿʖʄɽ 

 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ 62 ʩʪʨʘʥʠʮ, 31 ʨʠʩʫʥʢʘ, 1 ʪʘʙʣʠʮʫ, 3 

ʛʣʘʚ r ʩʦʩʪʦʷʱʠʭʩʷ ʠʟ ʧʦʜʛʣʘʚ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ 33 

ʥʘʠʤʝʥʦʚʘʥʠʡ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʩʩʳʣʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ, ʯʠʩʪʦʝ ʧʦʤʝʱʝʥʠʝ, ʧʦʪʦʢ ʚʦʟʜʫʭʘ, 

ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʟʘʛʨʷʟʥʠʪʝʣʴ, ʤʝʪʦʜ SIMPLE. 

ʎʝʣʴʶ ʨʘʙʦʪ rʷʚʣʷʝʪʩʷ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʮʠʨʢʫʣʷʮʠʠ 

ʚʦʟʜʫʭʘ ʚ ʯʠʩʪʦʤ ʧʦʤʝʱʝʥʠʠ, ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʫʩʪʘʥʦʚʦʯʥʳʭ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʶʷʱʠʭ ʥʘ ʘʵʨʦʜʠʥʘʤʠʢʫ ʧʦʤʝʱʝʥʠʷ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʘʵʨʦ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʤʧʝʨʝʨʘʪʫʨʳ ʠ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ. ʅʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʩ ʥʘʠʤʝʥʴʰʠʤ ʨʘʩʭʦʜʦʤ ʵʥʝʨʛʠʠ. ɺ 

ʦʩʥʦʚʥʦʤ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʯʠʩʪʳʡ ʚʦʟʜʫʭ ʧʨʠʭʦʜʠʪ ʩʥʘʨʫʞʠ, ʥʦ ʵʪʦ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʝʥʪʠʣʷʮʠʠ ʤʘʣʘʷ 

ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ, ʥʦ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʟʪʠ ʢ 

ʧʦʚʳʰʝʥʠʶ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʚʦʟʜʫʭʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʫʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʠ ʪʝʧʣʦʧʝʨʝʥʦʩ ʚ ʧʦʤʝʱʝʥʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʨʝʜʥʝʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʧʦ ʚʨʝʤʝʥʠ (RANS). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʜʚʫʭʜʠʬʬʫʟʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ. ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩʨʘʚʥʝʥʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ ʠ ʚʳʯʠʩʣʝʥʠʷʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. ɺʝʨʠʬʠʢʘʮʠʷ ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʠʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʩʣʝ ʵʪʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ: 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ, ʥʝʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʠ ʩʤʝʰʘʥʥʳʡ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ. ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ANSYS Fluent. 
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SUMMARY  

 

The dissertation work contains 62 pages, 31 images, 1 table, 3 chapters consisting 

of sub-chapters, list of references, consisting 33 names and normative references. 

Key words: turbulence, clean room, air flow, Navier-Stokes equations, 

contaminant, SIMPLE method. 

The aim of the work is to study numerically the mechanisms of air circulation in 

a clean room, and to establish the basic installation and design factors that affect the 

aerodynamics of the room. 

Actuality of work. At present, computational aero and hydrodynamics are often 

used in modeling of air circulation, the distribution of temperature and indoor 

pollutants. It is necessary to take into account the distribution of pollutants in a dynamic 

environment, and the efficiency of removing pollutants with the lowest energy 

consumption. In basic engineering practice, pure air comes from the outside, but it 

requires a lot of energy. When designing ventilation, the low air speed does not require 

much energy, but this can lead to an increase in pollutants in the air. In this connection, 

it is necessary to simulate turbulence and heat transfer in a room, using the averaged 

Navier-Stokes equations in time (RANS). In this paper we consider double-diffusion 

convection. To verify the mathematical model and the computational algorithm, 

comparisons were made with the experimental data and calculations of other authors. 

Verification showed good results, then the following air supply methods were 

considered: unidirectional, unidirectional and mixed. During the study, it was revealed 

that an unidirectional air flow is an effective method. Calculations were carried out in 

the software package ANSYS Fluent. 
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ʅʆʈʄɸʊʀɺʊɯʂ ʉɯʃʊɽʄɽʃɽʈ 
 

ʄʘʛʠʩʪʨʣʽʢ ʜʠʩʩʝʨʪʘʮʠʷ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ נʳʣʳʤ ʞᴅʥʝ ɹʽʣʽʤ 

ʄʠʥʠʩʪʨʣʽʛʽʥʽש, ᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟʘײ ץʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʢʝʣʝʩʽʜʝʡ 

ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨʳʥʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ ʞʘʟʳʣסʘʥ: 

 ,ʳ (ˉ 319 - IIIשɹʽʣʽʤ ʪʫʨʘʣʳ ɿʘ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ .1

27.07.2007). 

 .ʳשɹʽʣʽʤ ʪʫʨʘʣʳ ɿʘ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ .2

 .ʫ ʦʨʥʳʥʘʥ ʢʝʡʽʥʛʽ ʙʽʣʽʤץʘʨʳ ʦסʈ ʄɾʄɹʉ 5.04.033-2011. ɾʦפ .3

ʄʘʛʠʩʪʨʘʪʫʨʘ. 

4. ʄʘʛʠʩʪʨʣʽʢ ʜʠʩʩʝʨʪʘʮʠʷסʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ (ᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ 

 ʄᴅʞʽʣʽʩʽʥʜʝ 17.02.2012 ʞ. ɹʝʢʽʪʽʣʛʝʥ שʝʩʽʥʽשʳʣʳʤʠ ᴄʜʽʩʪʝʤʝʣʽʢ ʂʝנ שʋ-ʜʳױʘʟפ

(ʭʘʪʪʘʤʘ ˉ 3)). 
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ɹɽʃɻɯʃɽʋʃɽʈ ɾᴄʅɽ פʓʉפɸʈʊʋʃɸʈ 

 

u
d
ï ʞʳʣʜʘʤʜʳץ ʚʝʢʪʦʨʳï 

iuwvu ,,, ïʞʳʣʜʘʤʜʳץ ʚʝʢʪʦʨʳʥʳש ʢʦʤʧʦʥʝʥʪʪʝʨʽ 

ixzyx ,,, ïʥװʢʪʝʥʽש ʜʝʢʘʨʪʪʳץ ʢʦʦʨʜʠʥʘʪʘʣʘʨʳ 

tïʫʘץʳʪ 

pïʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ץʳʩʳʤ 

rïʩײʡʳץʪʳש ʪʳסʳʟʜʳסʳ 

ijsïʢʝʨʥʝʫʣʽʢ ʪʝʥʟʦʨʳ 

i jtïʪײʪץʳʨ ʢʝʨʥʝʫʣʽʢ ʪʝʥʟʦʨʳ 

f
d
ïʤʘʩʩʘʣʳץ ʢװʰʪʝʨʜʽש ʢʝʨʥʝʫ ʪʝʥʟʦʨʳ 

n
d
ïʞʘʟʳץʪʳץץʘ ʥʦʨʤʘʣʴʜʳש ʙʽʨʣʽʢ ʚʝʢʪʦʨʳ 

, tm mïʤʦʣʝʢʫʣʘʣʳץ ʞᴅʥʝ ʪʫʨʙʫʣʝʥʪʪʽ ʜʠʥʘʤʠʢʘʣʳץ ʪײʪץʳʨʣʳץ 

, iC Yïʛʘʟ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

Tïʛʘʟ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

kïʪʫʨʙʫʣʝʥʪʪʽ ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷ 

eï ʪʫʨʙʫʣʝʥʪʪʽ ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷ ʜʠʩʩʠʧʘʮʠʷ ʞʳʣʜʘʤʜʳסʳ 

,T Sb bï ʞʳʣʫ ʞᴅʥʝ ץʦʩʧʘʣʳײ ץʣסʘʶ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ 

Prï ʇʨʘʥʜʪʣʴ ʩʘʥʳ 

Scï ʐʤʠʜʪ ʩʘʥʳ 

Reï ʈʝʡʥʦʣʴʜʩ ʩʘʥʳ 

Raï ʈʵʣʝʡ ʩʘʥʳ 
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ʂɯʈɯʉʇɽ 

 

ɾײʤʳʩʪʳש ᴇʟʝʢʪʽʣʽʛʽ. ɽʞʝʣʛʽ ʟʘʤʘʥʥʘʥ ʙʝʨʽ ʘʜʘʤʜʘʨ ʰʝʢʪʝʫʣʽ ʢʝשʽʩʪʽʢʪʝ 

 ʪʘʥ, ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽץʪᴇʤʝʥʜʝʫʽʥ ʩʝʟʽʥʜʽ. ʉʦʥʜʳ שʦʣʘʡʣʳ ʢʣʠʤʘʪ ʩʘʧʘʩʳʥʳץ

ʩʘשʳʣʘʫʣʘʨ ʝʩʝʙʽʥʝʥ ʪʘʙʠסʠ ʞʝʣʜʝʪʫ 19 סʘʩʳʨסʘ ʜʝʡʽʥ ץʦʣʜʘʥʳʣʜʳ, ʙײʣ ᴅʨʝʢʝʪ 

ʙᴇʣʤʝʣʝʨ װʰʽʥ ץʘʨʘʧʘʡʳʤ ʞʝʣʜʝʪʫ ץʘʞʝʪʪʽʛʽʥʝʥ ʪʫʳʥʜʘʜʳ. ʉʦʣ ʢʝʟʜʝ ʘʰʳץ 

 ʘʣʳʩʳ ʪʝʦʨʠʷʩʳ ʜᴅʣʝʣʜʝʥʜʽ. ɾʳʣʫסʦʟץ שʳ ʝʨʢʽʥ ʘʫʘʥʳסʙʳʨʣʘʨ ʤʝʥ ʘʨʥʘʣʘʨʜʘײץ

ʞʝʣʜʝʪʫʽʥ ʧʘʡʜʘʣʘʥסʘʥ ʢʝʟʜʝ ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ ʪᴇʤʝʥʜʝʪʫʜʝ ʢʝʤʰʽʣʽʢʪʝʨ ʙʽʨʜʝʥ 

ʘʥʳץʪʘʣʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʘʫʘ ʘסʳʥʜʘʨʳʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʨʝʪʪʝʣʫʽ ʝש ʦשʪʘʡʣʳ 

ʪʘשʜʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳסʳ ʙʘʡץʘʣʜʳ. 

ʆʨʪʘʜʘʥ ʪʝʧʢʽʰ ʞʝʣʜʝʪʢʽʰʪʝʨ סʘʩʳʨʜʳש ʦʨʪʘʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʞᴅʥʝ 19 

 ʜʘʜʘ ʜʘשʘʟʽʨʛʽ ʪʘץ ,ʨʣʝʨʽװʘʥ ʞʝʣʜʝʪʫ ʪסʦʣʜʘʥʳʣץ ʘʨʘʡץ ʳסʳʥʜʘשʩʦ שʘʩʳʨʜʳס

 - ʩʘʨʫʜʘʥ ᴇʪʪʽץʳ ʙʽʨ ʞʘסʘʩʳʨʜʘ ʞʝʣʜʝʪʫ ʪʘס ʦʣʜʘʥʳʣʳʧ ʢʝʣʝʜʽ. ᴆʪʢʝʥץ

ʤʝʭʘʥʠʢʘʣʳץ ᴅʨʝʢʝʪʪʝʨ ʵʣʝʢʪʨʣʽʢ ʪװʨʜʝ ʙʘʩץʘʨʳʣʘ ʙʘʩʪʘʜʳ. ɹײʜʘʥ ʢʝʡʽʥʛʽ 

ᴇʟʛʝʨʽʩʪʝʨ ʢʦʥʩʪʨʫʢʮʠʷʜʘ, ʪװʡʽʥʜʝʨʜʝ, ᴇʣʰʝʤʜʝʨʜʝ ʞᴅʥʝ ʪʘסʳ ʙʘʩץʘʣʘʨʜʘ ʦʨʳʥ 

ʘʣʘʜʳ. 

ɼʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ʤʝʢʝʤʝʣʝʨʽʥʜʝ ʦʪʘ ʞʘʩʘʫ, ʞʘʥ ʩʘץʪʘʫ ʙᴇʣʽʤʜʝʨʽʥʜʝ ʪʘʟʘ 

ʙᴇʣʤʝʣʝʨʜʽש ʙʦʣʫʳ ᴇʪʝ ʤʘשʳʟʜʳ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʆʩʳ ʤʘץʩʘʪʪʘ ʙᴇʣʤʝʣʝʨʜʝ 

ʦשʪʘʡʣʳ ʞᴅʥʝ ʞʘסʳʤʜʳ ʘʪʤʦʩʬʝʨʘ ʞʘʩʘʡʪʳʥ, ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽʥ ץʦʩʘ ʘʣסʘʥʜʘ 

ʪװʨʣʽ ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨ ʞʘʩʘʣʘʪʳʥ ץʦʣʘʡʣʳ ʪʘʟʘ ʙᴇʣʤʝ ʪʘשʜʘʣʳʧ ʘʣʳʥʘʜʳ. 

ɹװʛʽʥʜʝ ʦʣʘʨ ᴅʨʪװʨʣʽ ײץʨʘʣʜʘʨʜʘʥ ʥʝʤʝʩʝ ʪʘʙʠסʠ ʢʦʤʧʦʥʝʥʪʪʝʨʜʝʥ ʞʘʩʘʣʫʳ 

ʤװʤʢʽʥ ʞᴅʥʝ ʘʜʘʤʜʘʨʜʳש ʜʝʥʩʘʫʣʳסʳʥʘ ʞᴅʥʝ ʢᴇשʽʣ-ʢװʡʽʥʝ ʞʘסʳʤʜʳ ᴅʩʝʨ ʝʪʝʪʽʥ 

ʦשʪʘʡʣʳ ʘʫʘ ʘʣʤʘʩʫ ʙʘʨ ʝʢʝʥʽʥʝ ʢᴇʟ ʞʝʪʢʽʟʫ ʤʘשʳʟʜʳ. ʊʘʟʘ ʙᴇʣʤʝʥʽש ʥʝʛʽʟʛʽ 

ʤʘץʩʘʪʳ, ʦʪʘ ʞʘʩʘʣסʘʥ ʩʦש ʠʥʬʝʢʮʠʷʣʳץ ץʠʳʥʜʳץʪʘʨ ʪʫʳʥʜʘʫʜʳש, ʘʫʨʫʭʘʥʘ 

ʽʰʽʥʜʝ ʠʥʬʝʢʮʠʷʣʳץ ʘʫʨʫʣʘʨʜʳש ʪʘʨʘʣʫʳʥʳש ʘʣʜʳʥ ʘʣʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʘʟʘ 

ʙᴇʣʤʝʥʽש ʘʨʪʳץʰʳʣʳסʳ ʦʥʜʘ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʪʽʨʽ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʩʘʥʳʥ 

ʥʝʤʝʩʝ ʙʘʩץʘ ʜʘ ʬʠʟʠʢʘʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ץʘʜʘסʘʣʘʫסʘ ʙʦʣʘʜʳ (ʤʳʩʘʣʳ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳץ,ʙᴇʣʤʝʣʝʨ ʘʨʘʩʳʥʜʘסʳ ץʳʩʳʤ 

ʢᴇʪʝʨʽʣʽʧ ʪװʩʫʽʥ). 

ʊʘʟʘ ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʪʘʟʘʣʳץʪʳש ʞʦסʘʨסʳ ʜʝשʛʝʡʽ, ʥʝʛʽʟʽʥʝʥ ʩʳʨʪʪʘʥ ʢʝʣʝʪʽʥ 

ʘʫʘ ʢᴇʣʝʤʽʥʽײ שʣסʘʶ ʝʩʝʙʽʥʝʥ [24] ʩʘץʪʘʣʘʜʳ. פʘʟʽʨʜʝ ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽʥʽש 

ʵʥʝʨʛʠʷʣʳץ ʪװʨʜʝʛʽ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨ װʰʽʥ ʢᴇʧʪʝʛʝʥ ʪᴅʞʽʨʠʙʝʣʝʨ [25,26,27] 

ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʤᴅʩʝʣʝʥʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʰʝʰʽʤʽ ʘʫʘ 

ʨʝʮʠʨʢʫʣʷʮʠʷʩʳʥ [28, 29] ץʦʣʜʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʤᴅʩʝʣʝʤʝʥ ʢᴇʧʪʝʛʝʥ 

ʰʝʪʝʣʜʽʢ ʟʝʨʪʪʝʫʰʽʣʝʨ ʘʡʥʘʣʳʩץʘʥ, ʩʦʣʘʨʜʳש ʽʰʽʥʜʝ ʋ. ʋʘʡʪ [23], ɸ. ɽ. ʌʝʜʦʪʦʚ 

[15, 16], ɻʘʥʩ ɻ. ʐʠʭʪ [18] ʙʘʨ. ɸʣʝʢʩʘʥʜʨ ʂʝʡʥ [30] ᴇʟ ʝשʙʝʛʽʥʜʝ, ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ 

ʤʦʜʝʣʴʜʝʫ װʰʽʥ k-e Realizable ʞᴅʥʝ k-w SST  ʪʫʨʙʫʣʝʥʪʪʽ ʤʦʜʝʣʴʜʝʨʽʥ ץʦʣʜʘʥסʘʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘ ʘסʳʥʳʥ ʟʝʨʪʪʝʫ װʰʽʥ ʅʠʣʴʩʝʥ [17] ʝשʙʝʢʪʝʨʽʥ 

ʜʝ ʘʡʪʘ ʢʝʪʢʝʥ ʞᴇʥ. 

ʉʫʭ-ɼʞʝʥʢ ʗʥʛ ʞᴅʥʝ ɺʫ-ʐʫʥʛ ʌʫ ʦʧʝʨʘʪʦʨʜʳץ שʠʤʳʣʜʘʨʳ ʦʥʳש ʞײʤʳʩ 

ʦʨʥʳʥʳש ʞʘʥʳʥʜʘסʳ ʘʡʤʘץʪʘסʳ ʣʘʩʪʘʫʰʳ ʙᴇʣʰʝʢʪʝʨʜʽש ʘʣʳʩʪʘʫʳʥʘ ץʘʣʘʡ ᴅʩʝʨ 

ʝʪʝʪʽʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʛʝʥ [31]. ʗʥʛ-ʏʵʥʴ ʐʠʭ ʞᴅʥʝ 

ʪ.ʙ. ʦʧʝʨʘʪʦʨʜʳץ שʠʤʳʣʜʘʨr ʪʫʨʙʫʣʝʥʪʪʽ ʞʝʣʜʝʪʽʣʝʪʽʥ ʙᴇʣʤʝ (ʦץʰʘʫʣʘʥסʘʥ) 

ʽʰʽʥʜʝʛʽ ʘʫʘ ʘסʳʤʳʥʘ ץʘʣʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ, ץʳʩʳʤ ʤʝʥ ʞʳʣʜʘʤʜʳץʪʳש ʪʘʨʘʣʫʳʥ 
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 שʦʨʥʳ ʣʘʩʪʘʫʰʳʣʘʨʜʳ שʦʩʘ ʟʝʨʪʪʝʛʝʥ [32] . ʄ.ʍ. ʉʘʠʜ ʞᴅʥʝ ʪ.ʙ. ʣʘʩʪʘʥʫ ʢᴇʟʽʥʽץ

ʪʘʟʘ ʙᴇʣʤʝʜʝ ʪʘʨʘʣʫʳʥʘ ץʘʣʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʟʝʨʪʪʝʛʝʥ [33].   

 שʦʣʘʡʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʘʫʘʥʳץ ʠʤʘʨʘʪʪʘʨʜʘס ʠʤʘʨʘʪʪʘʨʜʘ ʞʝʣʜʝʪʫנ

ʩʘʧʘʩʳ ʞᴅʥʝ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ, ʘʫʘ ʩʠʷץʪʳ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ 

ʞʳʣʫʣʳץ ʞʘʡʣʳʣʳץ ʞʳʣʜʘʤʜʳץ ʧʝʥ ʳʣסʘʣʜʳʣʳץ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦשʪʘʡʣʳ 

ʞʝʣʜʝʪʫ ʞװʡʝʩʽʥ ץʦʣʜʘʥʫ ץʘʞʝʪ, ʩʝʙʝʙʽ ʵʥʝʨʛʠʷ ʰʳסʳʥʳʥ ʜʘ ץʘʨʘʩʪʳʨʫ ץʘʞʝʪ. 

ɾʝʣʜʝʪʫ ʞװʡʝʩʽʥ ʞʦʙʘʣʘʫ ʢʝʟʽʥʜʝ, ʦʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʦʣʞʘʡʪʳʥ ײץʨʘʣ ץʘʞʝʪ, 

ʦʣʘʨסʘ ʘʥʘʣʠʪʠʢʘʣʳץ, ʵʤʧʠʨʠʢʘʣʳץ ʞᴅʥʝ ʘʵʨʦʜʠʥʘʤʠʢʘ ʝʩʝʧʪʝʨʽ ʞʘʪʘʜʳ. 

ɾײʤʳʩʪʳש ʤʘץʩʘʪʳ ï ʪʘʟʘ ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘ ʘסʳʥʳʥʳש ʞʝʣʜʝʪʫʽʥ 

ʟʝʨʪʪʝʫ. ʃʘʩʪʘʫʰʳʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʥʘʫץʘʩ ʘʫʨʫʳʥʳש ʘʩץʳʥʫ ץʘʫʧʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ, ʪʘʟʘ ʙᴇʣʤʝ ʤʘשʳʟʜʳʣʳסʳ ʞʦסʘʨʳ ʦʙʲʝʢʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɿʝʨʪʪʝʫ 

ʢʝʟʽʥʜʝ ʣʘʩʪʘʫʰʳ ʨʝʪʽʥʜʝ ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳ ץʘʨʘʩʪʳʨʳʣʳʧ, ʙᴇʣʤʝʛʝ ʪʘʟʘ ʘʫʘ 

ʢʽʨʫ ʘʨץʘʩʳʥʜʘ ʞʝʣʜʝʪʫ ץʘʨʘʩʪʳʨʳʣʜʳ. ɾʝʣʜʝʪʫʜʽש ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ, ʣʘʩʪʘʫʰʳ 

ʟʘʪʪʘʨʜʳ ʢʝʪʽʨʫ ʞᴅʥʝ ʩʳʨץʘʪʪʘʨʜʳש ʘʣʜʳʥ ʘʣʫ װʰʽʥ, ʘʫʘ ʩʘʧʘʩʳʥ ʞʦסʘʨʳ 

ʜʝשʛʝʡʜʝ ʩʘץʪʘʫ. ɽʛʝʨ ʙᴇʣʤʝ ʽʰʽʥʜʝ ʘʫʘ ʞʳʣʜʘʤʜʳסʳ ʪʳʤ ʪᴇʤʝʥ ʙʦʣʩʘ, ʵʥʝʨʛʠʷ 

ʰʳסʳʥʳ ʪᴇʤʝʥ ʙʦʣʘʜʳ, ʙʽʨʘץ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨ ʰʳץʧʘסʘʥʜʳץʪʘʥ, ʘʫʘ ʩʘʧʘʩʳ 

ʪᴇʤʝʥ ʙʦʣʘʜʳ. ɽʛʝʨʜʝ ʞʳʣʜʘʤʜʳץ ʪʳʤ ʪᴇʤʝʥ ʙʦʣʩʘ, ʙᴇʣʤʝ ʽʰʽʥʜʝ ʘʫʘ ʩʘʧʘʩʳ 

ʞʦסʘʨʳ ʙʦʣʫʳ ʤװʤʢʽʥ, ʘʣʘʡʜʘ ʙײʣ ʵʥʝʨʛʠʷʥʳץ שʘʞʝʪʩʽʟ ʰʳסʳʥʳʥ ʪʫʜʳʨʘʜʳ. 

ɾײʤʳʩʪʘ ץʦʡʳʣסʘʥ ʤʘץʩʘʪʪʘʨסʘ ʞʝʪʫ װʰʽʥ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨ ץʦʡʳʣʜʳ: 

a. פʦʣʜʘʥʳʣʳʧ ʞװʨʛʝʥ ʘʫʘ ʘסʳʥʜʘʨʳʥʳש ʢʝʣʫ ʪᴅʩʽʣʜʝʨʽʥ ʙʘסʘʣʘʫ 

b. ɾײʤʳʩ ʦʨʥʳʥʘ ץʘʞʝʪʪʽ ʪʘʟʘʣʳץ ʪʘʣʘʧʪʘʨʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʬʘʢʪʦʨʣʘʨʜʳ 
ʘʥʳץʪʘʫ 

c. ɹᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘ ʞʝʣʜʝʪʫ ʢʝʟʽʥʜʝ ʘʫʘʥʳש ʪײʨʳʧ ץʘʣʫʳʥ ʘʣʜʳʥ ʘʣʫ 
 ʨʫײץ ʣʙʘʥʳײʰʽʥ ʩװ

d. פʘʟʽʨʛʽ ʪʘשʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʜʽ ʞᴅʥʝ ʩʘʥʜʳץ 

ᴅʜʽʩʪʝʨʜʽ ʙʝʨʽʣʛʝʥ ʤᴅʩʝʣʝ װʰʽʥ ʪʘʣʜʘʫ 

e. ʊʘʟʘ ʙᴇʣʤʝʥʽש ʩʘʥʜʳץ ʤʦʜʝʣʽʥ ײץʨʫ 

f. ʄᴅʩʝʣʝʥʽ ʝʢʽᴇʣʰʝʤʜʽ ʞᴅʥʝ װʰᴇʣʰʝʤʜʽ ʪײʨסʳʜʘʥ ץʘʨʘʩʪʳʨʫ 

ɾײʤʳʩʪʳש ʞʘשʘʣʳסʳ װʰᴇʣʰʝʤʜʽ ʪʘʟʘ ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘ ʪʘʨʘʣʫ 

ʝʩʝʧʪʝʫʣʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽʥʜʝ, ʘʫʘ ʢʽʨʫ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʣʘʩʪʘʫʰʳʥʳ ʪʠʽʤʜʽ 

ʪװʨʜʝ ʰʳסʘʨʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘʫʘ ʘסʳʥʳʥʳץ שʘʣʧʳʥʘ ʢʝʣʫ ʘʨʘʩʳʥʜʘסʳ 

ʪᴅʫʝʣʜʽʣʽʢ ʪʘʙʳʣʜʳ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʳ ʨʝʪʽʥʜʝ ʪʘʟʘ ʙᴇʣʤʝʣʝʨ ʞᴅʥʝ ʙᴇʣʤʝʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʙʘץʳʣʘʥʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʧᴅʥʽ ʨʝʪʽʥʜʝ ʪʘʟʘ ʙᴇʣʤʝʣʝʨʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʞʝʣʜʝʪʫ ʞᴅʥʝ 

ʢʦʥʜʠʮʠʦʥʝʨʣʝʫ ʞװʡʝʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ᴄʜiʩʪʝʤʝʣiʢ ʞᴅʥʝ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥ ʪʘשʜʘʫ ʢʝʟʽʥʜʝ ʭʘʣʳץʘʨʘʣʳץ 

ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩʘʡ, ʪʘʟʘ ʙᴇʣʤʝʣʝʨʜʽש ʞʦʙʘʣʘʫ ʝʨʝʞʝʣʝʨʽ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ʪʘשʜʘʫ ʙʘʨʳʩʳʥʜʘ, ʰʝʪʝʣʜʽʢ ʟʝʨʪʪʝʫʰʽʣʝʨʜʽש 

ʞײʤʳʩʪʘʨʳ ץʘʨʘʩʪʳʨʳʣʜʳ. ɹᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘ ʘסʳʥʳʥ ʤʦʜʝʣʴʜʝʫ ʢʝʟʽʥʜʝ 

ANSYS 16.2 ʙʘסʜʘʨʣʘʤʘʩʳ ץʦʣʜʘʥʳʣʜʳ. 

ɾײʤʳʩʪʳש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ. ɹʝʨʽʣʛʝʥ 

ʞײʤʳʩʪʘסʳ ʟʝʨʪʪʝʫʣʝʨʜʽש ʞʘשʘ ʪʘʟʘ ʙᴇʣʤʝʥʽ ʞʦʙʘʣʘסʘʥʜʘ ʥʝʤʝʩʝ ץʘʟʽʨʛʽ ʪʘשʜʘ 

 .ʘ ʙʦʣʘʜʳסʦʣʜʘʥʫץ ʘʨʫ ʢʝʟʽʥʜʝץʘ ʠʝ ʙᴇʣʤʝʣʝʨʜʝʛʽ ʣʘʩʪʘʫʰʳʣʘʨʜʳ ʙʘʩץʦʣʜʘʥʳʩץ
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I  ʄɽɼʀʎʀʅɸʃʓפ ʄɽʂɽʄɽʃɽʈɼɽɻɯ ɾɽʃɼɽʊʋ ɾתʁɽʃɽʈɯʅɯר 

ɽʈɽʂʐɽʃɯʂʊɽʈɯ ɾᴄʅɽ ʊתʈʃɽʈɯ 

 

1.1 ɾʝʣʜʝʪʫ ʞװʡʝʣʝʨʽʥʽש ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳ 

 

ɸʜʘʤ ʦʨʛʘʥʠʟʤʽʥʝ ץʦʣʘʡʣʳ ʩʘʥʠʪʘʨʠʷʣʳץ-ʛʠʛʠʝʥʘʣʳץ ʰʘʨʪʪʘʨʜʳ  ʩʘץʪʘʫ 

 ʘʥ ʘʫʘʥʳ ʩʳʨʪʪʘʥ ʢʝʣʝʪʽʥסʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʧʘʡʜʘʣʘʥʳʣ (ʥʝʤʽװ)ʰʽʥ, ᴅʨʜʘʡʳʤװ

ʥʝʤʝʩʝ ʩװʟʛʽʣʝʨ ʘʨץʳʣʳ ʪʘʟʘʨʪʳʣסʘʥ ʘʫʘʤʝʥ ʘʫʳʩʪʳʨʫ ץʘʞʝʪ. ɺʝʥʪʠʣʷʮʠʷ ï 

 ʘʞʝʪʪʽץ ʩʳ ʩʝʟʽʥʫʽʥʝץʞʘ שᴇʥʽʤʜʽ ᴅʨʝʢʝʪʽ ʞᴅʥʝ ʦʨʛʘʥʠʟʤʥʽ שʳʟʤʝʪʢʝʨʣʝʨʜʽץ

 ʜʝʨʽʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʝʨʙʝʩװ ʳʟʜʳשʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʝʛʽ ʤʘץ שʘʥ ʦʨʪʘʥʳסʦʨʰʘץ

ʞʘסʜʘʡʜʘ, ʤʝʜʠʮʠʥʘʣʳץ ʤʝʢʝʤʝʣʝʨʜʝʛʽ ʚʝʥʪʠʣʷʮʠʷ ï ʥʘʫץʘʩ ʘʜʘʤʥʳש 

ʞʘʟʳʣʫʳʥʳש ʞᴅʥʝ ʜᴅʨʽʛʝʨʣʝʨʜʽש ʩʘʧʘʣʳ ʞײʤʳʩʳʥʳש ʢʝʧʽʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʅʝʛʽʟʽʥʝʥ ʞʝʣʜʝʪʫ ײץʨʳʣסʳʣʘʨʳ ʘʨץʳʣʳ ʢʝʣʝʩʽ ʤᴅʩʝʣʝʣʝʨ ʰʝʰʽʣʝʜʽ: 

¶ ʦʨʛʘʥʠʟʤʥʽץ שʦʣʘʡʩʳʟʜʳסʳʥʘ ᴅʢʝʣʽʧ ʩʦץʪʳʨʘʪʳʥ ץʘʞʝʪʩʽʟ ʞʳʣʫʜʳ 
ʞʦʶ; 

¶ ʙᴇʣʤʝʜʝʛʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳץ ʜʝשʛʝʡʽʥ ʪʝשʝʩʪʽʨʫ; 

¶ ʘʫʘʥʳש ʣʘʩʪʘʥʫʳ, ʪװʪʽʥʜʽʢʪʝʨʜʝʥ ʟʠʷʥʜʳ ʙᴇʣʽʥʫʽ ʞᴅʥʝ ʪ.ʙ.; 

¶ ʰʘש ʘʜʘʤ װʰʽʥ ʪʽʪʽʨʢʝʥʜʽʨʛʽʰ ʬʘʢʪʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; 

¶ ʘʫʘ ʘסʳʥʳ ʞʳʣʜʘʤʜʳסʳʥ ʨʝʪʪʝʫ. 

ɸʫʘʥʳ ʘʫʳʩʪʳʨʫʜʘסʳ ʙʝʣʛʽʣʽ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ װʰʽʥ ᴅʨʪװʨʣʽ 

 ʘʨʳʜʘסʡʝʩʽ ʜʝʧ ʘʪʘʣʘʜʳ. ɾʦװʡʝ ʞʝʣʜʝʪʫ ʞװʘʤʪʠʪʳʥ ʞץ ʳʣʘʨʜʳסʨʳʣײץ

ʘʡʪʳʣסʘʥʜʘʡ, ʞʘʡʣʳ ʢʣʠʤʘʪʪʳ ץʦʣʜʘʥʫ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʞװʡʝ ʪʘʙʠסʠ ʞᴅʥʝ 

ʞʘʩʘʥʜʳ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ (ʩʳʨʪץʳ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫ: ʞʳʣʫ, 

ʤʝʭʘʥʠʢʘʣʳץ, ʵʣʝʢʪʨʣʽʢ). ʆʨʳʥʜʘʣʘʪʳʥ ʬʫʥʢʮʠʷסʘ ʩᴅʡʢʝʩ, ʦʣʘʨ ʘʫʘʤʝʥ 

 ץʳʰʪʘʨ (ʘʨʪʳץʘʤʪʘʤʘʩʳʟ ʝʪʫ (ʙᴇʣʤʝʛʝ ʘʫʘ ʩʳʨʪʪʘʥ ʢʝʣʝʜʽ) ʞᴅʥʝ ʘʫʘ ʪʘʨʪץ

ʧʘʡʜʘʣʘʥʳʣסʘʥ ʘʫʘʥʳ ʢʝʪʽʨʫ). 

ɸʫʘ ʘʣʤʘʩʫ ץʘסʠʜʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ ʞʝʣʜʝʪʢʽʰʪʝʨ ʢʝʣʝʩʽ ʪװʨʛʝ ʙᴇʣʽʥʝʜʽ:  

ʙᴇʣʤʝʥʽש ʞʘʣʧʳ ʢᴇʣʝʤʽʥʝ ץʳʟʤʝʪ ʝʪʝʪʽʥ ʞʘʣʧʳ ʘʣʤʘʩʫ; ʞʝʨʛʽʣʽʢʪʽ ʤʘשʳʟʳ ʙʘʨ 

ʘʣʤʘʩʫ; ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨסʘ ʘʨʥʘʣסʘʥ ʪʝʟ ʘʨʘʜʘ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳ ʞʦʶ װʰʽʥ 

ʘʨʥʘʣסʘʥ ʞʝʣʜʝʪʫ, ץʘʫʽʧʪʽʣʽʛʽ ʞʦסʘʨʳ ʞʝʨʣʝʨʜʝ ʦʨʥʘʪʳʣʘʜʳ; ᴇʨʪ ץʘʫʽʧʽ ʞʦסʘʨʳ 

 ʨʳʣʳʤײפ .ʳʥ ʩʝʙʝʧʪʝʨʤʝʥ ʦʨʥʘʪʳʣʘʜʳץʘʥʳʩʳ ʘʡסʦʨץ ʪʽʥװʠʤʘʨʘʪʪʘʨʜʘ ʪס

ʙʦʡʳʥʰʘ ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽ ʘʨʥʘʣʳץ ʞᴅʥʝ ʘʨʥʘʫʣʳ ʝʤʝʩ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ. 

ʅʝʛʽʟʛʽ ײץʨʘʤʜʘʩ ʞװʡʝʣʝʨ ʘʨʘʩʳʥʜʘ, ʪװʨʣʽ ʥײʩץʘʜʘסʳ ʘʫʘ ʘʣʤʘʩʫʳʥʳש ʪװʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʪʽʢʝʣʝʡ ʞʝʣʜʝʪʢʽʰʪʝʨ ʙʘʨ: ʦʩʴʪʽʢ, ʦʨʪʘʣʳץʪʘʥ ʪʝʧʢʽʰ ʞᴅʥʝ 

ʜʠʘʤʝʪʨʣʽ. ʉʦʣ ʘʛʨʝʛʘʪʪʘʨ ʤʝʥ ץʦʥʜʳʨסʳʣʘʨ ʢʝש ʙᴇʣʤʝʣʝʨʛʝ ץʳʟʤʝʪ ʝʪʫ װʰʽʥ 

ʞʘʩʘʣסʘʥ. ײפʨʳʣסʳʣʘʨʜʳש ʩʘʧʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘץʩʘʨʪʫ װʰʽʥ ʪװʨʣʽ ʝʢʽʥʰʽ 

ʜᴅʨʝʞʝʣʽ ײץʨʳʣסʳʣʘʨ ץʦʣʜʘʥʳʣʘʜʳ: ʰʫʣʳץ ʙʽʪʝʫʽʰ,ʘʫʘ ʩװʟʛʽʣʝʨʽ, ʘʫʘ ʘסʳʥʳʥ 

ʞʳʣʳʪץʳʰʪʘʨ (ʩʫ ʥʝʤʝʩʝ ʵʣʝʢʪʨ), ʪʘʟʘʨʪʳʣסʘʥ ʘʪʤʦʩʬʝʨʘʥʳש ʢʝʣʫ 

ʞʳʣʜʘʤʜʳסʳʥ ʨʝʪʪʝʫ ʥʝʤʝʩʝ ʦʥʳש ʢʝשʽʩʪʽʢʪʽʢ ʪʘʨʘʣʫʳʥ ʨʝʪʪʝʡʪʽʥ ײץʨʳʣסʳʣʘʨ, 

ʪװʪʽʥ ʞʦʡסʳʰ ʢʣʘʧʘʥ ʞᴅʥʝ ʪ.ʙ.. 

ɾʝʣʜʝʪʫ ʞװʡʝʣʝʨʽʥʽש ᴅʨʙʽʨ ʪװʨʽ ʞᴅʥʝ ץʦʩʳʤʰʘ ײץʨʳʣסʳʣʘʨ ʥʘץʪʳ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫ ʥʳʩʘʥʜʘʨʳʥʘ ʞʘʨʘʤʜʳ, ʤʳʩʘʣʳ, ʝʤʜʝʫ-ʧʨʦʬʠʣʘʢʪʠʢʘʣʳס ץʠʤʘʨʘʪʪʳש 

ʞʝʣʜʝʪʫ ʞװʡʝʩʽ. 
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ʆʩʳʥʜʘʡ ʤʝʢʝʤʝʣʝʨʜʝʛʽ ʞʝʣʜʝʪʫ ʞװʡʝʣʝʨʽ סʠʤʘʨʘʪʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫסʘ 

ʘʨʥʘʣסʘʥ ʥʝʛʽʟʛʽ ײץʞʘʪʪʘʤʘסʘ ʩᴅʡʢʝʩ ʨʝʪʪʝʣʝʜʽ. ʄʝʜʠʮʠʥʘʣʳץ ʤʝʢʝʤʝʣʝʨʜʝ 

ʞʝʣʜʝʪʫʜʽש ʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʢʪʝʨʽ: 

1. ʊʽʢ ʢʦʣʣʝʢʪʦʨʣʘʨ ʙᴇʣʤʝʥʽש ʥʝʛʽʟʽʥʝʥ ʤʝʜʠʮʠʥʘ ץʳʟʤʝʪʢʝʨʣʝʨʽ 

ʦʨʥʘʣʘʩץʘʥ, ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʽש ʩʘʧʘʩʳʟ ʪʘʟʘʣʘʥʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞװʡʝʥʽש ʢʝʟ 

ʢʝʣʛʝʥ ʪװʨʽ װʰʽʥ ʪʠʽʤʩʽʟ. 

2. ʄʝʜʠʮʠʥʘʣʳץ ʤʝʢʝʤʝʥʽש ʦʧʝʨʘʮʠʷʣʳץ ʙᴇʣʽʤʽ, ʨʝʥʪʛʝʥ ʢʘʙʠʥʝʪʽ, 

ʧʝʨʟʝʥʪʭʘʥʘ, ʘʥʝʩʪʝʟʠʷ, ʨʝʘʥʠʤʘʮʠʷ ʩʝʢʽʣʜʽ ʤʘשʳʟʜʳ ʙᴇʣʽʤʜʝʨʽʥʽש ʽʰʽʥʜʝ 

 ʳʥʜʘ ʙʦʣʫסʳ ʞᴅʥʝ ʪᴇʤʝʥʛʽ ʞʘסʘʨסʞʦ שʘʨʫ ʙᴇʣʽʛʽ ʙᴇʣʤʝʥʽסʘ ʘʫʘʥʳ ʰʳסʦʣʜʘʥʳʣץ

 .ʘʞʝʪץ

3. ʆʧʝʨʘʮʠʷʣʳץ ʙᴇʣʽʤʰʝʣʝʨʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘ ʠʥʜʠʢʘʪʦʨʣʘʨʳ 

ʤʝʥ ʳʣסʘʣʜʳʣʳץ ʠʥʜʠʢʘʪʦʨʣʘʨʳ ᴅʨʜʘʡʳʤ ʪᴅʫʣʽʢ ʙʦʡʳ ʘʜʘʤʜʘʨסʘ ʢᴇʤʝʢʪʝʩʫ 

 .ʪʘʣʘʜʳץʰʽʥ ʩʘװ

4. ɸʫʨʫʭʘʥʘ ʙᴇʣʤʝʣʝʨʽʥʜʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳסʳ 35 -50% ʪʝʢ 

ʞʳʣʜʳש ʩʫʳץ ʤʝʟʛʽʣʽʥʜʝ ʨʝʪʪʝʣʝʜʽ, ʩʝʙʝʙʽ ʞʘʟʜʘ ʞʝʣʜʝʪʫ װʰʽʥ ʪʘʙʠסʠ ʞʦʣʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

5. ɸʫʘ ʤʘʩʩʘʩʳʥ ʨʝʮʠʨʢʫʣʷʮʠʷʣʘʫ ʤʝʜʠʮʠʥʘʣʳץ ʦʨʪʘʣʳץʪʘʨʜʳש ʙʘʨʣʳץ 

ʙᴇʣʤʝʣʝʨʽ װʰʽʥ ץʦʣʜʘʥʳʣʤʘʡʜʳ, ᴇʡʪʢʝʥʽ ʩʳʨʪʪʘʥ ʢʝʣʝʪʽʥ ʘʫʘ ʛʠʛʠʝʥʘ ʤʝʥ 

ʩʘʥʠʪʘʨʣʳץ ʥʦʨʤʘʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ. 

6. ʄʝʜʠʮʠʥʘʣʳץ-ʜʠʘʛʥʦʩʪʠʢʘʣʳס ץʠʤʘʨʘʪʪʘʨʜʳש ᴅʨ ʙᴇʣʤʝʩʽʥʜʝ ʘʫʘ 

ʞʝʣʜʝʪʢʽʰ ʞװʡʝʩʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʪʽʥ ʙʝʣʛʽʣʽ ʙʽʨ ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʘʫʘ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʙʝʣʛʽʣʝʥʝʜʽ; 

7. ʐʫ ʜʝשʛʝʡʽ 35 ʜɹɸ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʜʳʙʳʩ ʜʝשʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʘʞʝʪ. 

 

1.2 ʊʘʙʠסʠ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳײץ ץʙʳʣʳʩʧʝʥ ʞʝʣʜʝʪʫ 

 

ʄʝʜʠʮʠʥʘʣʳץ ʤʝʢʝʤʝʣʝʨʜʝ ʢᴇʙʽʥʝʩʝ ʞʝʣʜʝʪʫ ʤʝʭʘʥʠʢʘʣʳץ ץʦʟסʘʣʳʩ 

ʧʨʠʥʮʠʧʽʤʝʥ ʪʘשʜʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʫʘ ʣʘʩʪʘʥסʘʥ ʞʝʨʣʝʨʜʝʥ ʪʘʟʘ ʙᴇʣʤʝʛʝ 

ʘʫʳʩʫסʘ ץʘʪʘש ʪʳʡʳʤ ʩʘʣʳʥʘʜʳ. ʊʘʙʠסʠ ʘʫʘ ʰʳסʫ ʞʦʣʜʘʨʳ ʙᴇʣʝʢ ʦʨʥʘʣʘʩץʘʥ, 

ʪᴇʤʝʥ (װʰ ץʘʙʘʪʪʳ) סʠʤʘʨʘʪʪʘʨ, ʘʫʨʫʭʘʥʘ ʙᴇʣʤʝʣʝʨʽ, ץʘʙʳʣʜʘʫ ʙᴇʣʤʝʣʝʨʽ, ʩʫ 

ʪʝʨʘʧʠʷ ʙᴇʣʤʝʣʝʨʽ ʞᴅʥʝ ʞץײʧʘʣʳ ʘʫʨʫʣʘʨ ʢʦʨʧʫʩʳ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ɾʘʙʜʳץʪʳ ʞʝʣʜʝʪʫʜʽ ʪʝʢ ʞʘʩʘʥʜʳ, ʘʫʘ ʤʘʩʩʘʩʳʥ ʩʳʨʪץʘ ʰʳסʘʪʳʥ ʜᴅʣʽʟʜʝʨ 

ʘʨץʳʣʳ ʰʳסʘʜʳ. 

ʆʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʘʫʘ ʘסʳʥʳ ץʦʣʜʘʥʳʣʤʘʡʪʳʥ ʪʘʙʠסʠ ʞʝʣʜʝʪʢʽʰʽ ʞʝʢʝ, 

ʝש ʢᴇʙʽ װʰ ץʘʙʘʪʪʳ סʠʤʘʨʘʪʪʘ ץʦʣʜʘʥʫסʘ ʨץײʩʘʪ ʙʝʨʽʣʛʝʥ. ʉʦʥʜʘʡ-ʘץ, 

ʘʤʙʫʣʘʪʦʨʠʷʣʳץ-ʝʤʭʘʥʘʣʳץ ʞᴅʥʝ ʬʝʣʴʜʰʝʨʣʽʢ-ʘʢʫʰʝʨʣʽʢ ʧʫʥʢʪʪʝʨʜʝ, ʞʝʜʝʣ 

ʞᴅʨʜʝʤ ʙᴇʣʤʝʣʝʨʽ ʤʝʥ ʙʝʣʛʽʣʽ ʩʘʥʘʪʪʘסʳ ʜᴅʨʽʭʘʥʘʣʘʨʜʘ, ʜʠʩʧʘʥʩʝʨʣʝʨʜʝʛʽ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʪײʨסʳʥ װʡ סʠʤʘʨʘʪʪʘʨʳʥʜʘ ʞᴅʥʝ ʪ.ʙ. ץʦʣʜʘʥʳʣʫʳ ʤװʤʢʽʥ. 

ɾʳʣʳ ʢʣʠʤʘʪʪʳץ ʘʡʤʘץʪʘʨʜʘ ʘʫʘ ʙʘʧʪʘʫ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ ʞʘʟʜʘ ʘʫʘ 

ʘסʳʥʳʥʳש ʞʳʣʜʘʤʜʳסʳʥ ʞᴅʥʝ ʙʘסʳʪʳʥ ᴇʟʛʝʨʪʫ װʰʽʥ ʪᴇʙʝʣʽʢ ʘʩʧʘʧʪʘʨʜʳ ʦʨʥʘʪʫ 

 ʰʽʥװ ʙᴇʣʽʤʰʝʣʝʨʜʝ ʧʘʡʜʘʣʘʥʫ ץʘʥ. ʈʝʥʪʛʝʥʜʽʢ ʞᴅʥʝ ʟʝʨʪʭʘʥʘʣʳסʘʨʘʩʪʳʨʳʣץ

ʤʝʭʘʥʠʢʘʣʳץ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʞʘʙʜʳץʪʘʫ ʞᴅʥʝ ʰʳסʳʩ ײץʨʳʣסʳʣʘʨʳ ʤʽʥʜʝʪʪʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʄʝʭʘʥʠʢʘʣʳץ ʩʦʨסʳʰʪʘʨ, ʪʘʟʘ ʘʫʘʥʳ ײʡʳʤʜʘʩʪʳʨʳʣʤʘסʘʥ ʪװʨʜʝ ʘʫʘ ʢʝʣʫʽ 

ʙʘʨ, ʜᴅʨʝʪʭʘʥʘʣʘʨʜʘ, ʜʫʰ ʙᴇʣʤʝʣʝʨʽʥʜʝ, ʩʘʥʠʪʘʨʣʳץ ʙᴇʣʤʝʣʝʨʜʝ ʞᴅʥʝ ʞʫʳʥʘʪʳʥ 
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ʙᴇʣʤʝʣʝʨʜʝ ץʦʣʘʡʣʳ. נʠʤʘʨʘʪʪʘʨʜʘסʳ ʙʽʨʜʝʡ ʥʝʤʝʩʝ ᴅʨʪװʨʣʽ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ 

ʢʣʠʤʘʪץʘ ʙʘʡʣʘʥʳʩʪʳ ʞʝʣʜʝʪʫ ʞװʡʝʩʽ ʩᴅʡʢʝʩʽʥʰʝ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʞᴅʥʝ 

ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣʤʘסʘʥ. 

 

1.3 ʄʝʜʠʮʠʥʘʣʳץ ʤʝʢʝʤʝʣʝʨʜʝ ʘʫʘ ʘʣʤʘʩʫʜʳײ שʡʳʤʜʘʩʪʳʨʳʣʫʳ 

 

ɾʝʨʛʽʣʽʢʪʽ ʞʝʣʜʝʪʢʽʰʪʝʨ ʪʘʟʘʣʳץ ʰʘʨʪʪʘʨʳʥ ʦʨʳʥʜʘʡ ʘʣʤʘʩʘ, סʠʤʘʨʘʪʪʳש 

ʙʘʨʣʳץ ʞʝʨʣʝʨʽʥʜʝ ʟʠʷʥʜʳ ʰʳסʘʨʳʥʜʳʣʘʨʜʳש, ʳʣסʘʣʜʳש ʞᴅʥʝ ʞʳʣʫʜʳש 

ʞʠʥʘʣʫʳ ʦʨʳʥ ʘʣʳʧ ʞʘʪʩʘ, ʦʥʜʘ ץʘʣʳʧʪʳ ʵʢʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʩʘץʪʘʡʪʳʥ 

ʞʘʣʧʳ ʞʝʣʜʝʪʫ ʞװʡʝʩʽ ץʦʣʜʘʥʳʣʘʜʳ. ɿʠʷʥʜʳ ʟʘʪʪʘʨʜʳש, ʞʳʣʫʜʳש ʞᴅʥʝ 

ʳʣסʘʣʜʳץ שʘʞʝʪʪʽ ʜʝשʛʝʡʽʥʝ ץʘʨʘʡ, ץʦʥʜʳʨסʳʣʘʨʜʳץ שʫʘʪʳ ʝʩʝʧʪʝʣʝʜʽ. 

ɸʫʘʜʘסʳ ʰʳסʘʨʳʥʜʳʣʘʨ ʜʝʥʝʛʝ ʙʽʨʢʝʣʢʽ ᴅʩʝʨ ʝʪʧʝʩʝ, ʤʘʢʩʠʤʘʣʜʳ ʝʩʝʣʝʫ 

ʝʩʢʝʨʽʣʝʜʽ. ɽʛʝʨ ʟʘʪʪʘʨʜʳש ʞʘʣʧʳ ʩʘʥʳ ʘʜʘʤסʘ ᴅʩʝʨ ʝʪʩʝ, ʦʥʜʘ ʪʠʽʩʪʽ ʰʘʨʘʣʘʨ 

 .ʘʙʳʣʜʘʥʘʜʳץ

ɹײʣ ʪʠʧʪʝ ʘʫʘ ʢʽʨʽʩʽ ʙʘʨ, ʩʦʥʜʘʡ-ʘץ ʘʫʘ ʪװʪʽʛʽ, ʪװʨʣʽ ʪʘʟʘʣʘʫ ʩװʟʛʽʣʝʨʽ, 

ʢʘʣʦʨʠʤʝʪʨʣʽʢ ʞʳʣʳʪץʳʰʪʘʨ, ʪʽʢʝʣʝʡ ʞʝʣʜʝʪʢʽʰʪʝʨ, ʘסʳʥʜʳ ʪʘʨʘʪʫʰʳ 

 .ʳʰ ʙʘʨץʟʛʽʣʝʨ, ʞʝʣʜʝʪʢʽʰ ʞᴅʥʝ ʞʳʣʳʪװʳʣʘʨ. ʂʘʤʝʨʘʜʘ ʩסʨʳʣײץ

ɾʝʨ װʩʪʽʥʝʥ 2 ʤʝʪʨʜʝʥ ʘʩʪʘʤ ʙʠʽʢʪʽʢʪʝ ʪʘʟʘ ʞʝʨʜʝ ʦʨʥʘʪʳʣʘʪʳʥ ʘʨʥʘʡʳ 

 .ʟʝʛʝ ʘʩʳʨʳʣʘʜʳװʘʙʳʣʜʘʫ ʞץ ʳʣʳ ʘʫʘʥʳץʘʙʳʣʜʘʫ ʰʘʭʪʘʣʘʨʳ ʤʝʥ ʘʨʥʘʣʘʨʳ ʘʨץ

ɹײʣ ײץʨʳʣסʳʥʳ ʰʘʪʳʨʜʳװ שʩʪʽʥʝ ץʦʶסʘ ʙʦʣʘʜʳ, ʙʽʨʘץ ʦʣʘʨ ץʦʨסʘʥʳʩ 

 ʪʳץʘʥ ʞʘʙʜʳסʰʽʥ ʘʨʥʘʣװ ʳʣʘʨʳʤʝʥ ʞʘʙʳʣʫʳ ʢʝʨʝʢ. A ʞᴅʥʝ B ʙᴇʣʤʝʣʝʨʽסʨʳʣײץ

ʞʝʣʜʝʪʫ ʞʘʙʜʳץʪʘʨʳ ʙʽʨ ʦʨʳʥסʘ ʩʘʣʳʥʙʘʡʜʳ. ʉʦʥʜʘʡ-ʘץ, ʤʝʜʠʮʠʥʘʣʳץ 

 .ʥʜʘʡ ʪʽʨʢʝʩʽʤʽʥʝ ʞʦʣ ʙʝʨʽʣʤʝʡʜʽײʤ שʡ ʢʝʰʝʥʜʝʨʽʥʽװ ʳʥסʨײʠʤʘʨʘʪʪʘʨʤʝʥ ʪס

ɾʝʨʛʽʣʽʢʪʽ ʤʘשʳʟʳ ʙʘʨ ʘʫʘ ʪʘʨʪץʳʰʪʘʨ סʠʤʘʨʘʪʪʳש ʪᴇʙʝʩʽʥʝʥ 2 ʤʝʪʨʜʝʥ ʘʩʘ 

ʘʫʘʥʳ ʰʳסʘʨʘʜʳ. ʉʦʥʜʘʡ-ʘץ, ʘʫʘʥʳש ʣʘʩʪʘʥʫʳʥʳש ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʙʦʣסʘʥ 

ʢʝʟʜʝ ʞʘʙʜʳץʪʘʫ ʞᴅʥʝ ʰʳסʳʩ ʞװʡʝʣʝʨʽʥʽש ʙʽʨʝʛʝʡ ʦʨʥʘʣʘʩʫʳʥʘ ʞʦʣ ʙʝʨʽʣʤʝʡʜʽ. 

ɾʠʽʣʽʢ ʙʦʡʳʥʰʘ, ʘʫʘ ʪʘʨʪץʳʰʪʳ ʞʝʣʜʝʪʢʽʰʪʝʨ ʩʘסʘʪʳʥʘ ʙʽʨ ʨʝʪ ʞײʤʳʩ ʽʩʪʝʡʜʽ, 

ʘʣ ʘסʳʥʜʳץ ʞʝʣʜʝʪʢʽʰʪʝʨ - ʝʢʽ ʨʝʪ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ʉʦʣ סʠʤʘʨʘʪʪʘ ʧʘʮʠʝʥʪʪʝʨʜʽײ שʟʘץץʘ ʩʦʟʳʣסʘʥ ʟʠʷʥʜʳ ᴅʩʝʨʽʥ ʙʦʣʜʳʨʤʘʫ 

 ʰʽʥ ʜʝ ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʜʽװ ʪʘʨץʦʥʘץ ʘʥ ʘʜʘʤʜʘʨ ʤʝʥסʦʨʰʘץ ,ʰʽʥ ʜʝװ ʰʽʥ ᴇʟʜʝʨʽװ

ᴇʟ ʫʘץʳʪʳʥʜʘ ʞʦʶ ץʘʞʝʪ. ʐʳסʘʨʳʥʜʳʣʘʨʜʳ ʘʟʘʡʪʘʪʳʥ ʞʘץʩʘʨʪʳʣסʘʥ 

ʪʝʭʥʦʣʦʛʠʷʜʘʥ ʙʘʩץʘ, ʞʝʣʜʝʪʫ ʞװʡʝʩʽʥ ʜײʨʳʩ ʦʨʥʘʪʫ ʢʝʨʝʢ. 

ʄʝʜʠʮʠʥʘʣʳץ ʤʝʢʝʤʝʣʝʨʜʽש ʪװʨʣʝʨʽ ʢᴇʧ. ɸʫʘ ʘʣʤʘʩʫ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʳʣסʘʣʜʳʣʳץ, ʘʫʘʥʳש ʣʘʩʪʘʥʫ ʞʠʽʣʽʛʽʥ ʨʝʪʪʝʡʪʽʥ ʝʨʝʞʝʣʝʨ ʤʝʥ ʥʦʨʤʘʣʘʨ ʙײʜʘʥ 

ʜʘ ʢᴇʙʽʨʝʢ. ɽʛʝʨ ʉʽʟ ʥʦʨʤʘʣʘʨ ʪʘʣʘʧʪʘʨʳʥʘ ʪʦʣʳץ ʞʘʫʘʧ ʙʝʨʝʪʽʥ ʞʝʣʜʝʪʫ ʞװʡʝʩʽʥ 

ʞʘʩʘʩʘשʳʟ, ʦʥʜʘ ʦʥʳײץ שʥʳ ʙװʢʽʣ סʠʤʘʨʘʪʪʳײץ שʥʳʤʝʥ ʩʘʣʳʩʪʳʨʳʣʘʜʳ. 

ɾʳʣʜʳש ʦʧʝʨʘʮʠʷʣʳץ ʰʳסʳʥʜʘʨʳ ʙʘʨʣʳץ ʞʘʙʜʳץʪʘʨʜʳײץ שʥʳʥ ײץʨʘʡʜʳ. 

ɽש ʘʣʜʳʤʝʥ, ʞʝʣʜʝʪʫʜʽץ שʘʥʜʘʡ ʪʘʧʩʳʨʤʘʣʘʨʳʥ ʦʨʳʥʜʘʫ ʢʝʨʝʢ ʝʢʝʥʽʥ 

ʘʥʳץʪʘʡʳץ: 

ʊʝʤʧʝʨʘʪʫʨʘ. ᴄʜʝʪʪʝ ʞʝʣʜʝʪʫ ʞװʡʝʩʽʥʝ ʦʩʳʥʜʘʡ ʙᴇʣʤʝʜʝʛʽ ʤʠʢʨʦʢʣʠʤʘʪʧʝʥ 

 ᴅʨ ץʤʢʽʥʜʽʛʽ ʙʘʨ, ʙʽʨʘװʪʳ ʪʘʧʩʳʨʤʘ ʙʝʨʽʣʝʜʽ. ʆʥʳ ʦʨʳʥʜʘʫ ʤץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʩʠʷץ

ʙᴇʣʤʝʜʝ ʩʽʟ ʞʝʣʜʝʪʢʽʰ, ʜʳʙʳʩʩʳʟʜʘʥʜʳʨʫʰʳ, ץʳʟʜʳʨסʳʰ, ʩʘʣץʳʥʜʘʪץʳʰ, 

 ʘʫʰʳ ʤʝʭʘʥʠʟʤʜʝʨ, ʘʚʪʦʤʘʪʠʢʘסʦʨץ ʘʨʫʰʳ ʞᴅʥʝץʳʣʘʨʳ, ʘʪסʨʳʣײץ ʘʣʘʫסʘʜʘץ

ʪʘץʪʘʩʳ ץʘʞʝʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʞʠʤʽ ʞʳʣʫ ʞװʡʝʩʽʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʩʽʥ, ʘʫʘ 

ʘסʳʥʳ ʘʫʘ ʢʽʨʫ ʤʝʥ ʰʳסʘʨʳʣʫʳʤʝʥ ʘʡʥʘʣʳʩʘʜʳ. ʈʘʜʠʘʪʦʨʣʘʨסʘ 
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ʪʝʨʤʦʩʪʘʪʠʢʘʣʳץ ʙʘʩʪʠʝʢʪʝʨʜʽ ʦʨʥʘʪʫ ʙᴇʣʤʝʜʝʛʽ ץʳʩץʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɾʘʟʜʘ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʨʝʪʪʝʫ ʬʫʥʢʮʠʷʩʳץ

ʢʦʥʜʠʮʠʦʥʝʨʣʝʨʤʝʥ ʦʨʳʥʜʘʣʘʜʳ. ɽʛʝʨ ʢʦʥʜʠʮʠʦʥʝʨʜʝ ץʳʟʜʳʨʫ ʬʫʥʢʮʠʷʩʳ 

ʙʦʣʩʘ, ʦʥʜʘ ʤʘʫʩʳʤʘʨʘʣʳץ ʢʝʟʝשʜʝ ʞʘʡʣʳʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. 

ʂʦʥʜʠʮʠʦʥʝʨʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ סʠʤʘʨʘʪʪʳש ʩʳʨʪץʳ ʙʝʪʢʽ 

 ʪʘʣʤʘʫʳץʩʘ שʨʽʥʽװʳ ʪץʩʳʨʪ שʠʤʘʨʘʪʪʳס ʘʥץʘʩʙʝʪʽʥʜʝ ʦʨʥʘʣʘʩץ ʘʙʘʪʪʘʨʳʤʝʥץ

ʞᴅʥʝ ʥʘʰʘʨʣʘʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʘʣʘʤʘ ʰʝʰʽʤ - ʢᴇʧ ʙᴇʣʛʽʰ ʞװʡʝʣʝʨʜʽ 

ʧʘʡʜʘʣʘʥʫ, ʦʥʜʘ ʙʽʨ ʩʳʨʪץʳ ʙʣʦʢ ʙʽʨʥʝʰʝ ʽʰʢʽ ʙᴇʣʽʤʜʝʨʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʜʳ.  

ʂᴇʤʽʨʪʝʛʽ ʜʠʦʢʩʠʜʽ (CO2). ʀʥʛʘʣʷʮʠʷʣʘʥסʘʥ ʪʘʟʘ ʘʫʘʜʘ ʉʆ2-ʜʝʥ 0,03% ʙʘʨ, 

ʘʣ ʵʢʟʘʣʷʮʠʷʜʘ ʦʥʳש ʤᴇʣʰʝʨʽ 100 ʝʩʝʜʝʥ ʘʩʪʘʤ ᴇʩʽʧ, 3,7% -4% -סʘ ʜʝʡʽʥ ᴇʩʝʜʽ. 

ɸʫʘʜʘסʳ ʉʆ2-ʥʝʥ ʘʩʳʧ ʢʝʪʫ ʧʩʠʭʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʞᴅʥʝ ʜʝʥʝʥʽש ʞʘʣʧʳ 

ʞʘסʜʘʡʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ʄʳʩʘʣסʘ, ʞʘʙʜʳץʪʳ ʞʝʪʢʽʟʙʝʡʪʽʥ ʞᴅʥʝ ʩʘʨץʳʣסʘʥ 

ʞʝʣʜʝʪʢʽʰʧʝʥ ʞʘʙʜʳץʪʘʣʤʘסʘʥ ʙᴇʣʤʝʜʝ ʢʦʥʜʠʮʠʦʥʝʨ ʦʨʥʘʪʫ ʢʝʨʝʢ. ʂᴇʧʪʝʛʝʥ 

ʘʜʘʤʜʘʨ ʙʽʨ ʙᴇʣʤʝʜʝ ʙʦʣʫʳ CO2 ʜʝשʛʝʡʽʥ ʪʝʟ ʘʨʘʜʘ ʢᴇʪʝʨʽʧ, ʦʪʪʝʛʽ ʜʝשʛʝʡʽʥ 

ʘʟʘʡʪʳʧ, ʘʧʘʪʪʳץ ʰʘʨʰʘʫ ʤʝʥ ʪʽʪʽʨʢʝʥʫʜʽש ʥᴅʪʠʞʝʩʽʥʝ ᴅʢʝʣʝʜʽ. ʂʦʥʜʠʮʠʦʥʝʨ 

ʞʘסʜʘʡʜʳ ʪʝʢ ʥʘʰʘʨʣʘʪʘʜʳ, ᴇʡʪʢʝʥʽ ʙᴇʣʤʝʜʝʛʽ ʘʫʘʥʳ ʩʘʣץʳʥʜʘʪʫ ʞʘʡʣʳʣʳץʪʳש 

ʝʣʝʩʽʥ ʞʘʩʘʡʜʳ, ʘʣ ʘʫʘ ʩװʟʛʽʩʽ ʘʨץʳʣʳ ᴇʪʝʪʽʥ ʘʫʘ ʦʪʪʝʛʽ ʠʦʥʜʘʨʳʥ ʞʦסʘʣʪʘʜʳ.  

ʓʣסʘʣʜʳʣʳץ. ɼʝʤ ʘʣʫ ʢʝʟʽʥʜʝ ʘʜʘʤ ʢװʥʽʥʝ ʰʘʤʘʤʝʥ 1,2-1,5 ʣʠʪʨ ʩʫʜʳ 

ʰʳסʘʨʘʜʳ. ɾʘʙʜʳץʪʘʨ ʤʝʥ ʰʳסʳʥʩʳʟ ʞʝʣʜʝʪʫ ʞװʡʝʩʽ ʙʦʣʤʘʩʘ, ʝש ʩʫʳץ ʙʝʪʪʝʨʜʝ 

ʳʣסʘʣ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʘʜʳ. ᴄʜʝʪʪʝ ʙײʣ ʪʝʨʝʟʝʣʝʨ ʤʝʥ ʙײʨʳʰʪʘʨ. ɸʫʘʜʘʥ 

ʳʣסʘʣʜʘʥʫʜʳװ שʰ ʥʝʛʽʟʛʽ ʪᴅʩʽʣʽ ʙʘʨ: ʵʣʝʢʪʨ ʜʝʛʫʤʠʜʠʬʠʢʘʪʦʨʳ (ʘʫʘ ץʳʟʜʳʨʫ 

ᴅʩʝʨʽʥʽש ʧʨʠʥʮʠʧʽ), ʬʨʝʦʥ ʢʝʧʪʽʨʛʽʰ (ʘʫʘʥʳ ʩʘʣץʳʥʜʘʪʫ ץʘסʠʜʘʩʳ) ʞᴅʥʝ 

ʩʘʨץʳʣסʘʥ ʞʝʣʜʝʪʫ (ʘʫʘʥʳ ʘʫʳʩʪʳʨʫ ʧʨʠʥʮʠʧʽ).  

ʀʽʩ. ɾʘסʳʤʩʳʟ ʠʽʩʪʽ ʞʦʶ ᴇʪʝ ץʠʳʥ. ʆʣ ʤʦʣʝʢʫʣʘʣʳץ ʜʝשʛʝʡʜʝ ʘʫʘʥʳש 

 ʳʤʜʳ ʠʽʩʪʽ ʰʘʰʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ʀʽʥʜʽסʰʪʽ, ʞʘװʟʽʣʫʽ ʥʝʤʝʩʝ ʢװʩ ץʳʤʙʘʪʳʨʘץ

ʘʣʳʧ ʪʘʩʪʘʫʜʳש ʝש ʦשʘʡ ʞʦʣʳ - ץʦʨʝʢʪʝʥʜʽʨʫ ʤʝʥ ʞʝʣʜʝʪʫʜʽ ʦʨʥʘʪʫ. 

ʆʪʪʝʛʽ (O2). ʀʥʛʘʣʷʮʠʷʜʘ ʪʘʟʘ ʘʫʘʜʘ 21% O2 ʙʘʨ, ʦʥʳש ʰʳסʘʨʳʥʜʳʩʳ 16% 

 ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʞᴅʥʝ שʳʣ-ʦʡʜʳץʪᴇʤʝʥʜʝʫʽ ʘ שʳ ʆ2-ʥʽסʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ. ɸʫʘʜʘס-

ʜʝʥʝʥʽש ʞʘʣʧʳ ʞʘסʜʘʡʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ɸʜʘʤʜʳ ץʘʣʳʧʪʳ ᴇʤʽʨ ʩװʨʫ װʰʽʥ O2-ʢʝ 

 ʪʳ ʞᴅʥʝץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʪʠʽʤʜʽ ʪᴅʩʽʣʽ - ʞʘʙʜʳץ שʝ שʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽץ

ʧʘʡʜʘʣʘʥʳʣסʘʥ ʞʝʣʜʝʪʫ ʞװʡʝʩʽʥ ʧʘʡʜʘʣʘʥʫ. 

ʊʘʟʘ ʘʫʘ. ʀʥʬʝʢʮʠʷʥʳ ʙᴇʣʫʜʽש ʞᴅʥʝ ʪʘʨʘʪʫʜʳש ʥʝʛʽʟʛʽ ʢᴇʟʽ ʤʝʜʠʮʠʥʘʣʳץ 

 ʳסᴇʟʜʝʨʽ ʝʢʝʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ɸʫʘʜʘ שʘʩʪʘʨʜʳץʳʟʤʝʪʢʝʨʣʝʨ ʤʝʥ ʥʘʫץ

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʩʘʥʳ ʪײʨʘץʪʳ ʝʤʝʩ, ʙʽʨʘװ ץʥʝʤʽ ᴇʩʽʧ, ʢᴇʙʽʥʝ ʙᴇʣʤʝʜʝʛʽ 

ʘʜʘʤʜʘʨ ʩʘʥʳʥʘ, ʦʣʘʨʜʳץ שʳʟʤʝʪ ʪװʨʽʥʝ, ʢʠʽʤʥʽש ʪװʨʽʥʝ, ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ 

ʞᴅʥʝ ʳʣסʘʣʜʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

ɼװʥʠʝʞװʟʽʣʽʢ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ײʡʳʤʳʥʳש ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʘʫʘʥʳש 

ʣʘʩʪʘʥʫ ʢᴇʟʽ ץʦʨʰʘסʘʥ ʦʨʪʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʜʘסʳ ʤʠʢʨʦʙʪʘʨ ʤᴇʣʰʝʨʽ 5-10% 

 שʘʨʳʣʘʪʳʥ ʙᴇʣʰʝʢʪʝʨʜʽסʪʘʨ (15-20%) ʞᴅʥʝ ʘʜʘʤʥʘʥ ʰʳץʨʘʡʜʳ; ʞʘʙʜʳײץ

ʤᴇʣʰʝʨʽ 70-80% ײץʨʘʡʜʳ. 

ɸʫʘ ʪʘʟʘʣʳסʳ ʙʦʡʳʥʰʘ ײʩʳʥʳʣʘʪʳʥ ʰʝʰʽʤʜʝʨ: 

1. ɹʘʩʧʘʣʜʘץ ʞᴅʥʝ ʣʠʬʪ ʩʝʢʽʣʜʽ ʘʫʤʘץʪʘʥ ʣʘʩʪʘʥסʘʥ ʘʫʘʥʳש ʢʝʣʫ ʤװʤʢʽʥʜʽʛʽʥ 

ʞʦʶ װʰʽʥ ץʘʤʪʘʤʘʩʳʟ ᴇʪʧʝʣʽ ʘʡʤʘץ ʘʨʘʩʳʥʜʘ ʘʨʪʳץ ץʳʩʳʤʜʳ ʦʨʥʘʪʫ ץʘʞʝʪ 

2. ɼʳʤץʳʣ ʘʫʘ ʣʘʩʪʘʥʫʳʥʘ ʞʦʣ ʙʝʨʤʝʫ װʰʽʥ ʪʘʟʘ ʘʫʘסʘ ʘʨʥʘʣסʘʥ ʝʢʽ-װʰ 

ʜʝשʛʝʡʣʽ ʩװʟʛʽʣʝʫ ʞװʡʝʩʽʥ ʦʨʥʘʪʫ ײʩʳʥʳʣʘʜʳ. 
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3. ɹᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʙʘʢʪʝʨʠʘʣʜʳ ʘʫʘ ʪʘʟʘʣʳסʘʥ ʩʘץʪʘʫ װʰʽʥ, ʤʝʨʟʽʤʜʽ ʙᴇʣʤʝ 

ʢʚʘʮʪʝʫʽʥ ײʡʳʤʜʘʩʪʳʨסʘʥ ʞᴇʥ. 

 4. ɸʜʘʤʜʘʨ ʢᴇʧ ʞʠʥʘʣסʘʥ ʜᴅʣʽʟ ʩʝʢʽʣʜʽ ʘʫʤʘץʪʘ, ʙʘʢʪʝʨʠʘʣʜʳ ʘʫʘ ʪʘʟʘʣʳסʘʥ 

 ʙᴇʣʽʢʪʝʨʜʽ ץʟʛʽʩʽʥ ʥʝʤʝʩʝ ʙʘʢʪʝʨʠʷʣʳװʩ ץʰʽʥ ʘʙʩʦʣʶʪʪʽ ʪʘʟʘʣʳװ ʘʤʪʘʤʩʳʟ ʝʪʫץ

 ,ʘʨʳ ʙʦʣʫʳסʞʦ שʳʥʳסʘʣʜʳʣʳסʞᴅʥʝ ʳʣ שʘʞʝʪ. ɸʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳץ ʦʣʜʘʥʫץ

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʜʘʤʫʳʥʘ ץʦʣʘʡʣʳ ʦʨʪʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʳʣʳʪʫ ʞᴅʥʝ 

ʞʝʣʜʝʪʫ ʞװʡʝʩʽʥ ʪʝשʛʝʨʽʤʜʽ ʧʘʡʜʘʣʘʥʫ, ʘʪʤʦʩʬʝʨʘʣʳץ ʘʫʘʥʳ ץʘʞʝʪ ʩʘʥʠʪʘʨʣʳץ 

ʞᴅʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ ʞʘʣʧʳ ʞʝʣʜʝʪʫʜʽ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

 ʘʫʜʳסʦʨץ ʘʨʘʪʳʥ ʞʝʣʜʝʪʫʜʝʥסʘʥ ʦʨʪʘʥʳ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳ ʰʳסʦʨʰʘפ

 ʘʥסʧʘʡʜʘʣʘʥʳʣ שʧʘʣʳ ʰʢʘʬʪʘʨʜʳץײʞᴅʥʝ ʞ ץʘʞʝʪ. ʈʘʜʠʦʣʦʛʠʷʣʳץ ʤʳʪʧʘʫײ

 .ʪʘʣʫʳ ʢʝʨʝʢץʡʝʩʽʤʝʥ ʞʘʙʜʳװʟʫ ʞװʳʣʘʨʳ ʩסʨʳʣײץ

 

1.4 ɸʫʘ ʘסʳʥʜʘʨʳʥʳש ʢʝʣʫ ʪװʨʣʝʨʽ 

 

ɺʝʥʪʠʣʷʮʠʷʣʳץ ʙᴇʣʤʝʜʝ ʙʽʨʙʘסʳʪʪʳ ʞᴅʥʝ ʙʽʨ ʙʘסʳʪʪʳ ʝʤʝʩ ʘʫʘ ʘסʳʥʜʘʨʳ 

 .ʳʥʜʳ ʙʝʨʝʜʽסʳʣʳ ʘʨʘʣʘʩ ʘץʢʦʤʙʠʥʘʮʠʷʩʳ ʘʨ שʳʥʥʳסʨʣʽ ʘװʦʣʜʘʥʳʣʘʜʳ. ɽʢʽ ʪץ

1.1-ʩʫʨʝʪʪʝ ʩײʣʙʘʣʘʨʜʳש ʤʳʩʘʣʳ ʙʝʨʽʣʛʝʥ. 

ɹʽʨ ʙʘסʳʪʪʳ ʘʫʘ ʘסʳʥʳ ʚʝʨʪʠʢʘʣʴʜʳ ʥʝʤʝʩʝ ʛʦʨʠʟʘʥʪʘʣʴʜʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɽʢʽ ʞʘסʜʘʡʜʘ ʜʘ ʘʫʘ ʘסʳʥʳ ʢʽʨʫ ʦʙʣʳʩʳʥʘʥ ʰʳסʫ ʦʙʣʳʩʪʘʨʳʥʘ ʙʘסʳʪʪʘʣʘʜʳ. 

ʐʳסʫ ʦʙʣʳʩʪʘʨʳ ʘʫʘʥʳש ʤʘʢʩʠʤʘʣʜʳ ʪװʟʫ ʩʳʟʳץʪʳ ץʦʟסʘʣʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

 שʳʥʳʥʳסʘʨʩʳ ʦʨʥʘʣʘʩʘʜʳ. ɾʦʙʘʣʘʫ ʢʝʟʽʥʜʝ ʘʫʘ ʘץ ʘʨʘʤʘץ ʰʽʥ, ʙʽʨ-ʙʽʨʽʥʝװ

ʙײʟʳʣʫʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʷʜʨʦ ʘʫʤʘסʳʥʜʘ ʤʠʥʠʤʘʣ ʝʢʝʥʜʽʛʽʥʝ ʢᴇʟ ʞʝʪʢʽʟʫ ʢʝʨʝʢ.  

ɸʫʘ ʘסʳʥʳʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʞײʤʳʩ ʦʨʪʘʩʳʥʜʘ, ʪʘʟʘʣʳץ ʜʝשʛʝʡʽ ʙʘʨʣʳץ 

ʥװʢʪʝʣʝʨʜʽ ʙʽʨʜʝʡ ʙʦʣʫʳ ʤʽʥʜʝʪʪʽ. ʉᴅʡʢʝʩʽʥʰʝ, ʛʦʨʠʟʦʥʪʘʣʜʳ ʧʨʦʮʝʩʩ ʢʝʟʽʥʜʝ 

ʚʝʨʪʠʢʘʣʜʳ ʘסʳʥ, ʚʝʨʪʠʢʘʣʜʳ ʧʨʦʮʝʩʩ ʢʝʟʽʥʜʝ ʛʦʨʦʠʟʦʥʪʘʣʴʜʳ ʘסʳʥ ʙʦʣʫʳ 

 ʳסʤʳʩ ʦʨʪʘʩʳʥʜʘ, ʘʫʘ ʪʘʟʘʣʳײʘʥ ʞץʳʥʜʘ ʦʨʥʘʣʘʩסʘʞʝʪ. ʊʘʟʘ ʘʫʘ ʢʽʨʫ ʘʫʤʘץ

ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʙʦʣʘʜʳ. ʆʜʘʥ ʘʨʳ ʦʨʥʘʣʘʩץʘʥ ʞײʤʳʩ ʦʨʪʘʩʳ, ʘʫʘ ʢʽʨʫ 

ʘʫʤʘסʳʥʜʘ ʦʨʥʘʣʩʘץʘʥ ʟʘʪʪʘʨ ʙᴇʣʝʪʽʥ ʙᴇʣʰʝʢʪʝʨʤʝʥ ʣʘʩʪʘʥʫʳ ʤװʤʢʽʥ. ʆʩʳ 

ʩʝʙʝʧʪʽ ץʳʟʤʝʪʢʝʨ ʘʫʘ ʘסʳʥʳ ʢʽʨʫ ʦʙʣʳʩʳ ʤʝʥ ʞײʤʳʩ ʦʨʪʘʩʳ ʘʨʘʩʳʥʜʘ ʪײʨʤʘʫʳ 

 .ʘʞʝʪץ

ɹʽʨʙʘסʳʪʪʳ ʝʤʝʩ ʘʫʘ ʘסʳʥʳ, ᴅʨ ʪװʨʣʽ ʦʨʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʘʫʘ ʢʽʨʫ 

ʩװʟʛʽʣʝʨʜʝʥ ʰʳסʫ ʦʙʣʳʩʳʥʘ ץʦʟסʘʣʘʜʳ. ʉװʟʛʽʣʝʨ ʙᴇʣʤʝ ʙʦʡʳʥʰʘ ʙʽʨʜʝʡ 

ʘʨʘץʘʰʳץʪʘ ʥʝʤʝʩʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʷʜʨʦʥʳװ שʩʪʽʥʜʝ, ʪʦʧʪʘʥʜʳʨʳʣסʘʥ ʥʝʤʝʩʝ 

ʙᴇʣʤʝʥʽײץ שʨʫ ʤʘץʩʘʪʳʥʘ ץʘʨʘʡ ʙʘʩץʘ ʪᴅʩʽʣʤʝʥ ʦʨʥʘʣʘʩʫʳ ʤװʤʢʽʥ. ʉװʟʛʽʣʝʨʜʽש 

ʦʨʥʘʣʘʩʫʳ ʚʝʥʪʠʣʷʮʠʷʣʳץ ʞװʡʝʥʽש ᴇʥʽʤʜʽʣʽʛʽʥʜʝ װʣʢʝʥ ʨᴇʣ ʘʪץʘʨʘʜʳ. ɸץʳʨסʳ 

ʩװʟʛʽʣʝʨ ʙᴇʣʤʝʜʝʥ ʘʣʰʘץ ʦʨʥʘʣʘʩʫʳ ʤװʤʢʽʥ (ʤʳʩʘʣʳ, ʘʫʘ ʘסʳʥʳ ʙʘʩʳʥʜʘ). ɹײʣ 

ʞʘסʜʘʡʜʘ, ʙᴇʣʤʝ ʤʝʥ ʩװʟʛʽ ʘʨʘʩʳʥʜʘ ʣʘʩʪʘʫʰʳ ʧʘʡʜʘ ʙʦʣʤʘʫ װʰʽʥ, ʘʨʥʘʡʳ 

ʰʘʨʘʣʘʨ ᴇʦʣʜʘʥʫ ץʘʞʝʪ (ʤʳʩʘʣʳ, ʙʝʪʪʽש ʪʘʟʘʣʳסʳʥ ʙʘץʳʣʘʫ ᴅʩʝʨʽʥʝʥ, ʘʫʘ 

ᴇʪʢʽʟʙʝʫ ʞᴅʥʝ ʪʘʟʘʣʘʫ ʧʨʦʮʝʩʩʽ). ʐʳסʫ ʦʙʣʳʩʳʥʜʘ ʘʫʘʥʳש ʪײʨʳʧ ץʘʣʫʳʥ ʘʣʜʳʥ 

ʘʣסʘʥ ʞᴇʥ. 

ɸʨʘʣʘʩ ʘסʳʥʜʳ ץʦʣʜʘʥʘʪʳʥ ʚʝʥʪʠʣʷʮʠʷʣʳץ ʙᴇʣʤʝʜʝ ʙʽʨʙʘסʳʪʪʳ, 

ʙʽʨʙʘסʳʪʪʳ ʝʤʝʩ ʪʝ ʘסʳʥ ץʦʣʜʘʥʳʣʘʜʳ. 
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a ï ʙʽʨʙʘסʳʪʪʳ ʘʫʘ ʘסʳʥʳ;b ï ʙʽʨʙʘסʳʪʪʳ ʝʤʝʩ ʘʫʘ ʘסʳʥʳ;c ï ʘʨʘʣʘʩ ʘʫʘ ʘסʳʥʳ; 

1 ï ʘʫʘ ʢʽʨʫ ʦʙʣʳʩʳ; 2 ï ʘʫʘ ʰʳסʫ ʦʙʣʳʩʳ 

ʉʫʨʝʪ 1.1 ï ɺʝʥʪʠʣʷʮʠʷʣʳץ ʙᴇʣʤʝʜʝʛʽ ʘʫʘ ʘסʳʥʳ ʤʳʩʘʣʜʘʨʳ 

 

ɹʽʨʙʘסʳʪʪʳ ʘסʳʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʚʝʥʪʠʣʷʮʠʷʣʳץ ʙᴇʣʤʝʥʽש ʣʘʩʪʘʥʫ 

ʳץʪʠʤʘʣʜʳסʳ ʞʦסʘʨʳ ʦʙʣʳʩʪʘ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʝʥ ײץʪʳʣʫ װʰʽʥ, ʥʝʛʽʟʛʽ 

ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ ʰʘʨʪʪʘʨʜʳ, ʘסʳʥ ʞʦʣʳʥʜʘסʳ ʬʠʟʠʢʘʣʳץ ʙᴇʛʝʪʪʝʨʜʽש 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʩʳʥ (ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʘʙʜʳץ), ʞװʨʛʽʟʽʣʝʪʽʥ ʦʧʝʨʘʮʠʷʣʘʨ, 

 ʟʳʣʫʳʥʘʥ ʞᴅʥʝײʙ שʳʥʳʥʳסʘʞʝʪ. ɸʫʘ ʘץ ʘʣʳʩʳʥ ʝʩʢʝʨʫסʦʟץ ʳʟʤʝʪʢʝʨץ

ʘʫʘʥʳʥʳש ʣʘʩʪʘʥʫʳʥʘʥ ײץʪʳʣʫ װʰʽʥ ʰʘʨʘʣʘʨ ץʦʣʜʘʥʳ ץʘʞʝʪ. 1.2 ʩʫʨʝʪʪʝ ʘʫʘ 

ʘסʳʥʳʥ ʙײʟʘʪʳʥ (ʩʦʣ ʞʘץʪʘ) ʞᴅʥʝ ʩᴅʡʢʝʩʽʥʰʝ ʘʫʘ ʘסʳʥʳʥ ʞʘץʩʘʨʪʘʪʳʥ (ʦש 

ʞʘץʪʘ) ʞʦʣʜʘʨ ʢᴇʨʩʝʪʽʣʛʝʥ.  
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a ï ʞʘʙʜʳץʪʳ ʦʨʥʘʣʘʩʪʳʨʫ ᴅʩʝʨʽʥʝʥ; b ï ʞʘʙʜʳץʪʳש ʬʦʨʤʘʩʳ ʞᴅʥʝ ʞײʤʳʩ 

ʦʨʥʳ ᴅʩʝʨʽʥʝʥ; c ï ץʳʟʤʝʪʢʝʨʜʽש ʜײʨʳʩ ץʠʤʳʣʜʘʨʳʥʘʥ;d ï ʘʨʥʘʡʳ ʘסʳʥ 

 ʳʥסʘ ʠʝ ʞʝʨʛʽʣʽʢʪʽ ʘץץʘʨʳ ʞʳʣʜʘʤʜʳסʡʳʤʜʘʩʪʳʨʫʳʥʘʥ; 1 ï ʞʳʣʫ ʢᴇʟʽ; 2 ï ʞʦײ

ʉʫʨʝʪ 1.2 ï ɹʽʨʙʘסʳʪʪʳ ʘʫʘ ʘסʳʥʳʥʳש ʙײʟʳʣʫʳ 

 

ɹᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʪʘʟʘʣʳץ ʪʘʣʘʧʪʘʨʳ ᴅʨ ʪװʨʣʽ ʙʦʣʫʳ ʤװʤʢʽʥ. ɾʦʙʘ ʤʘץʩʘʪʳ 

ᴇʥʽʤʜʽ ʥʝʤʝʩʝ ʞײʤʳʩ װʨʜʽʩʽʥ ʩʘץʪʘʫ, ᴇʥʽʤʜʽ ʠʟʦʣʷʮʠʷʣʘʫ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹᴇʣʤʝ 

ʽʰʽʥ, ʪʘʟʘʣʳסʳ ʘʟ ʞʝʨʜʝʥ ʢʝʣʝʪʽʥ ʣʘʩʪʘʫʰʳ ʙᴇʣʰʝʢʪʝʨʜʝʥ ʩʘץʪʘʫ װʰʽʥ, ʢʝʣʝʩʽ 

ʰʘʨʪʪʘʨʜʳ ʦʨʳʥʜʘʫ ץʘʞʝʪ: 

¶ ʢᴇʨʰʽʣʝʩ ʘʡʤʘץʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ װʣʢʝʥ ʩʪʘʪʠʢʘʣʳץ ץʳʩʳʤʜʳ ʩʘץʪʘʫ; 

¶ ʢᴇʨʰʽʣʝʩ ʘʡʤʘץʧʝʥ ʰʝʢʘʨʘʣʘʩʘʪʳʥ ʦʙʣʳʩʪʘ ʞʝʪʢʽʣʽʢʪʽ ʞʳʣʜʘʤʜʳץʪʳ 
ʩʘץʪʘʫ. ɸʫʘʥʳש ʢʝʨʽ ץʦʟסʘʣʳʩʳ ʣʘʩʪʘʥʫ ץʘʫʽʧʽʥ ʪʫʜʳʨʫʳ ʤװʤʢʽʥ. 

ʉʘʥʠʪʘʨʠʷʣʳץ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʚʝʥʪʠʣʷʮʠʷ, ʙᴇʣʤʝʥʽש ʰʝʢʘʨʘʣʘʨʳʥʜʘסʳ 

ʥʝʤʝʩʝ ʪʘʟʘ ʘʡʤʘץʪʘסʳ ʘʫʘ ʰʳסʫʳʥʳש ᴇʪʝʤʽ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ ʩʳʨʪץʳ ʘʫʘʥʳש 

ʢʝʣʽʧ ʪײʨʫʳʥ ץʘʤʪʘʤʩʳʟ ʝʪʫ ץʘʞʝʪ. 

ʓסʳʩʪʳʨʫʰʳ ʘסʳʥ ץʘסʠʜʘʩʳ (ץʳʩʳʤʥʳʥ ʘʟ ᴇʟʛʝʨʫʽ, ʘʫʘʥʳש ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳסʳ). ʊʘʟʘʣʳסʳ ʪᴇʤʝʥ ʞᴅʥʝ ʞʦסʘʨʳ ʘʡʤʘץʪʳʨʜʳ ʙᴇʣʫʜʽ ʪᴇʤʝʥʛʽ 

ʪʫʨʙʫʣʝʥʪʪʽ ʳסʳʩʪʳʨʫʰʳ ʘʫʘ ʝʩʝʙʽʥʝʥ ʘʣʫסʘ ʙʦʣʘʜʳ. ʓסʳʩʪʳʨʫʰʳ ʘʫʘ 

ʞʳʣʜʘʤʜʳסʳ, ʪʘʟʘʣʳסʳ ʞʦסʘʨʳ ʘʡʤʘץʪʘʥ ʪᴇʤʝʥ ʘʡʤʘץ ʙʘסʳʪʳʥʜʘ 0,2 ʤ/ʩ ïʪʘʥ 

ʞʦסʘʨʳ ʙʦʣʫʳ ץʘʞʝʪ, 1.3 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. פʘʞʝʪʪʽ ʘʫʘ ʞʳʣʜʘʤʜʳסʳ 

ʬʠʟʠʢʘʣʳץ ʢʝʜʝʨʛʽ, ʞʳʣʫ ʢᴇʟʽ, ʣʘʩʪʘʥʫ ʢᴇʟʜʝʨʽ ʝʩʝʙʽʤʝʥ ʘʣʳʥʫ ץʘʞʝʪ.  
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ʉʫʨʝʪ 1.3 ï ʓסʳʩʪʳʨʫʰʳ ʘסʳʥ ץʘסʠʜʘʩʳ 

 

 ʪᴇʤʝʥ שʳʥʥʳסʢᴇʧ ᴇʟʛʝʨʫʽ, ʘ שʳʩʳʤʥʳץ) ʠʜʘʩʳסʘץ ʳʩʳʤ ᴇʟʛʝʨʫפ

ʞʳʣʜʘʤʜʳסʳ). ᴄʨ ʪװʨʣʽ ʪʘʟʘʣʳץ ʢʣʘʩʪʘʨʳʥʜʘ ץʳʩʳʤʥʳש ᴇʟʛʝʨʫʽ ʙʘʨ, 1.4 ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 1.4 ï פʳʩʳʤ ʪװʩʽʧ ʢʝʪʫ ץʘסʠʜʘʩʳ 

 

ʂʝʨʽ ʘסʳʥ ʧʘʡʜʘ ʙʦʣʫʜʳש ʘʣʜʳʥ ʘʣʫ װʰʽʥ , ץʳʩʳʤʥʳש ᴇʟʛʝʨʫʽ ʪײʨʘץʪʳ ʞᴅʥʝ 

ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʫʳ ץʘʞʝʪ. פʳʩʳʤʥʳש ᴇʟʛʝʨʫʽ ץʘסʠʜʘʩʳʥ ʣʘʩʪʘʥʫʜʳ ʙʘʩץʘʨʫʜʳש 

ʙʘʩץʘ ʪᴅʩʽʣʜʝʨʽʤʝʥ ץʦʩʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ɽʩʽʢʪʝʨʜʽ ʢʝʜʝʨʛʽʩʽʟ ʘʰʫ ʞᴅʥʝ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢ ᴅʩʝʨʽʥʝʥ ץʘʨʘʩʪʳʨʳʣʤʘסʘʥ 

 ᴇʟʛʝʨʫʽ 5-20 שʳʩʳʤʥʳץ ʳסʪʘʨ ʘʨʘʩʳʥʜʘץʰʽʥ ʘʡʤʘװ ʘʨʫסʘ ʰʳץץʳʥʜʳ ʞʦסʘʨʩʳ ʘץ

ʇʘ ʘʨʘʩʳʥʜʘ ʙʦʣʫʳ ץʘʞʝʪ. 

ʊʘʟʘʣʳץ ʢʣʘʩʳ ᴅʨ ʪװʨʣʽ ʪʘʟʘ ʙᴇʣʤʝʣʝʨ ʘʨʘʩʳʥʜʘ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪʘʟʘ 

ʙᴇʣʤʝʣʝʨ ʞᴅʥʝ ʢʣʘʩʪʘʥʙʘʡʪʳʥ ʘʡʤʘץ ʘʨʘʩʳʥʜʘסʳ ʩʪʘʪʠʢʘʣʳץ ץʳʩʳʤʜʳ ʪװʨʣʽ ʘʫʘ 

ʘסʳʥʳʥ ʪʝשʛʝʨʫ ᴅʜʽʩʪʝʨʽ ʘʨץʳʣʳ ʩʘץʪʘʧ ʪײʨʫ ץʘʞʝʪ, ʞᴅʥʝ ʜʝ ʪʘʟʘ ʘʡʤʘץץʘ ʢʝʣʝʪʽʥ 

ʞᴅʥʝ ʰʳסʘʪʳʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʘʫʘ ʘסʳʥʳ ʢᴇʣʝʤʽʥ ʙʘʩץʘʨʫ ץʘʞʝʪ. 
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ɽʛʝʨ ץʳʩʳʤ ᴇʟʛʝʨʫʽ ʢᴇʨʩʝʪʽʣʛʝʥ ʰʝʢʪʝʫʜʽש ʪᴇʤʝʥʛʽ ʰʝʢʘʨʘʩʳʥʜʳ ʦʨʥʘʣʘʩʩʘ, 

ʪʘʟʘ ʙᴇʣʤʝ ʞײʤʳʩʳ ʪײʨʘץʪʳ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʫ װʰʽʥ, ʘʫʘ ʘסʳʥʳ ʞʳʣʜʘʤʜʳסʳʥ 

ʞᴅʥʝ ץʳʩʳʤʥʳש ʜײʨʳʩ ᴇʣʰʝʫʽʥ ʙʘץʳʣʘʫ ץʘʞʝʪ.  
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II  ʓʉʊʓ ʉʀʇɸʊʊɸʁʊʓʅנʆʉ ɼʀʌʌʋɿʀʆʅɼʓ ɸפ 

ʄɸʊɽʄɸʊʀʂɸʃʓפ ʄʆɼɽʃʔ ɾᴄʅɽ ʉɸʅɼʓפ ᴄɼɯʉ 

 

2.1 ɻʠʜʨʦʜʠʥʘʤʠʢʘʥʳש ʥʝʛʽʟʛʽ ʪʝשʜʝʫʣʝʨʽ 

 

 ʳʥʳʥ ʤʦʜʝʣʴʜʝʫʽʥʜʝ ʞᴅʥʝ ʪʘʣʜʘʫʳʥʜʘ, ʝʩʝʧʪʝʰʽסʜʘ ʘʫʘ ʘשʘʟʽʨʛʽ ʪʘפ

ʛʠʜʨʦʥʠʤʘʢʠʥʳש (CFD - Computational Fluid Dynamics) ᴅʜʽʩʪʝʨʽ ʢᴇʧʪʝʧ 

 .ʘʶʜʘסʣײ ʘʨʘʩʪʳʨʘʣʘʪʳʥ ʝʩʝʧʪʝʫʣʝʨ ᴅʨʜʘʡʳʤץ ʦʣʜʘʥʳʣʘʜʳ. CFD ᴅʜʽʩʪʝʨʽʤʝʥץ

ʌʠʟʠʢʘʣʳײץ ץʙʳʣʳʩʪʳ ʜᴅʣ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʞʘשʘ ʤʦʜʝʣʴʜʝʫ ʧʘʡʜʘ ʙʦʣʳʧ ʞʘʪʳʨ, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽ ʜʘʤʫ װʩʪʽʥʜʝ. 

 ʞᴅʥʝ ʞʳʣʫʘʣʤʘʩʫ ʤᴅʩʝʣʝʣʝʨʽʥ CFD שʦʣʜʘʥʙʘʣʳ ʘʵʨʦʜʠʥʘʤʠʢʘʥʳפ

ʤʦʜʝʣʴʜʝʫʽ װʰʽʥ ʢᴇʧʪʝʛʝʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʣʘʨ (PHOENICS, FIRE, 

FLUENT, FLOW3D, STAR CD, OpenFOAM ʞᴅʥʝ ʪ.ʙ.), ʙʘʨ. ᴄʨʙʽʨ סʳʣʳʤʠ ʥʝʤʝʩʝ 

ʢʦʤʤʝʨʮʠʷʣʳץ ʞʘʩʘץʪʘʤʘ ʥʝʛʽʟʽʥʜʝ, ʘסʳʥʥʳש ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʽʥ ʩʠʧʘʪʪʘʡʪʳʥ, 

ʙʝʣʛʽʣʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʙʦʣʘʜʳ. 

ʉײʡʳץʪʳץ ʥʝʤʝʩʝ ʛʘʟ ʟʝʨʪʪʝʫʣʝʨʽ ʢʝʟʽʥʜʝ ʤʘʩʩʘ סײʳʤʳ ʵʣʝʤʝʥʪʘʨ ʢᴇʣʝʤ 

ʤʘʩʩʘ סײʳʤʳʤʝʥ ʘʣʤʘʩʪʳʨʳʣʘʜʳ. ɸʥʳץʪʘʣסʘʥ ʥװʢʪʝʜʝ ץʘʨʘʩʪʳʨʳʣסʘʥ 

ʪʳסʳʟʜʳץ ʢʝʣʝʩʽ ᴇʨʥʝʢ ʨʝʪʽʥʜʝ ʘʣʳʥʘʜʳ: 
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ʉᴅʡʢʝʩʽʥʰʝ ʢʝʣʝʩʽ ʪʝשʜʽʢʪʝʨʜʽ ʘʣʫסʘ ʙʦʣʘʜʳ: 
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ʄʘʩʩʘ ʩʘץʪʘʣʫ ʟʘשʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʢʝʣʝʩʽʜʝʡ ᴇʨʥʝʢʢʝ ʢʝʣʝʤʽʟ: 
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ɾʦסʘʨʳʜʘסʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʠʥʪʝʛʨʘʣʜʘʡ ʦʪʳʨʳʧ, 
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ʥᴅʪʠʞʝʩʽʥʜʝ װʟʽʣʽʩʩʽʟʜʽʢ ʪʝשʜʝʫʽ ʧʘʡʜʘ ʙʦʣʘʜʳ: 
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ɽʛʝʨ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ ʦʨʪʘ ʩʳסʳʣʤʘʡʪʳʥ ʙʦʣʩʘ ʢʝʣʝʩʽ ʪʝשʜʝʫʜʽ ʘʣʫסʘ 

ʙʦʣʘʜʳ: 
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            (2.2) 

 

ʊײʪʘʩ ʦʨʪʘ ʤʝʭʘʥʠʢʘʩʳʥʜʘ ץʦʟסʘʣʳʩ ʤᴇʣʰʝʨʽʥʽש ʪʝʦʨʝʤʘʩʳʥ ʝʩʢʝ ʘʣʩʘץ: 

 ʙʘʩ ʚʝʢʪʦʨʳ ᴇʟʛʝʨʫ ʙʘʩ שʰʪʝʨʜʽװʳ ʢץᴇʟʛʝʨʽʩʽ ʩʳʨʪ שʘʣʳʩ ʤᴇʣʰʝʨʽʥʽסʦʟפ

ʚʝʢʪʦʨʳʥ, ʫʘץʳʪ ʙʦʡʳʥʰʘ ʪʫʳʥʜʳ ʘʣסʘʥסʘ ʪʝש ʙʦʣʳʧ ʢʝʣʝʜʽ. 

 ɾʦסʘʨʳʜʘסʳ ʪʝʦʨʝʤʘסʘ ʩװʡʝʥʝ ʢʝʣʝ, ʢʝʣʝʩʽ ʪײʞʳʨʳʤסʘ ʢʝʣʫʛʝ ʙʦʣʘʜʳ:   

 

dtrd VK =             (2.3) 

 

ʤײʥʜʘסʳ dtïץʘʥʜʘʡʜʘ ʙʽʨ ʥװʢʪʝ ʢᴇʣʝʤʽ, Kd  .ʘʣʳʩ ʤᴇʣʰʝʨʽסʣʟץ

 ʦʩʳʥʜʳʩʳʥʘץ שʙʘʩ ʚʝʢʪʦʨʳ ʦʣʘʨʜʳ שʘʣʳʩʳʪʳסʦʟץ ʘʥ t ʢᴇʣʝʤʽʥʜʝסʘʨʘʩʪʳʨʳʣפ

ʞᴅʥʝ ʦʣʘʨʜʳש ʠʥʪʝʨʘʣʳʥʳש ʤᴅʥʽʥʝ ʧʘʨʘʧʘʨ ʢʝʣʝʜʽ: 
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ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥסʘ ʩᴅʡʢʝʩ, ʙʝʪʢʽ ʤʝʥ ʩʳʨʪץʳ ʢᴇʣʝʤʜʽʢ ʢװʰʪʝʨʜʽש ʙʘʩ 

ʚʝʢʪʦʨʣʘʨʳ ᴇʟʘʨʘ ʪʝש ʙʦʣʳʧ ʢʝʣʝʜʽ: 

 

ñ
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ñpn
           (2.4) 

 

ʆʩʳʣʘʡʰʘ, ץʦʟסʘʣʳʩʪʘʨ ʩʘʥʳ ᴇʟʝʨʽʩʽ ʝʨʝʞʝʩʽ ʢʝʣʝʩʽʜʝʡ ᴇʨʥʝʢʢʝ ᴅʢʝʣʝʜʽ: 
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 ʜʝʫʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧשʟʽʣʽʩʩʽʟʜʽʢ ʪʝת
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ʆʩʪʨʦʛʨʘʜʢʩʠʡ ʝʨʝʞʝʩʽʥ ʝʩʢʝʨʽʧ,  
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ʂʝʣʝʩʽ ʥᴅʪʠʞʝʛʝ ʢʝʣʫʛʝ ʙʦʣʘʜʳ: 
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t ʢᴇʣʝʤʜʽʢ ʠʥʪʝʛʨʘʣʜʘʥ ,ץʦʟסʘʣʳʩ ʪʝשʜʝʫʽʥʝ ʢʝʣʫʛʝ ʙʦʣʘʜʳ 
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ᴆʨʥʝʢʪʽ ʢʝʣʝʩʽ ʪװʨʜʝ ʞʘʟʩʘץ: 
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(2.7) ʪʝשʜʝʫʽʥ ʕʡʥʰʪʝʡʥ ʰʘʨʪʪʳ ʙʝʣʛʽʣʝʫʽ ʘʨץʳʣʳ ʞʘʟʩʘץ 
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ɾʦסʘʨʳʜʘסʳ ʪʝשʜʝʫʜʽש ʪʦʣʳץ ʪװʨʽ: 
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(2.9) ʪʝשʜʝʫʽʤʝʥ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʘʤʘʣʜʘʨ ʦʨʳʥʜʘʡ ʦʪʳʨʳʧ, ʅʘʚʴʝ-ʉʪʦʢʩ 

ʪʝשʜʝʫʽʥ ʘʣʫסʘ ʙʦʣʘʜʳ: 
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 ʘʥ ʦʨʪʘʜʘ, ʞʳʣʫ ʝʩʝʧʪʝʣʝʪʽʥ ʙʦʣʩʘ, ʵʥʝʨʛʠʷ ʰʘʤʘʩʳʥ ʝʩʢʝʨʫסʘʨʳʩʪʳʨʳʣפ

 ,ʡʝʥʝ ʦʪʳʨʳʧװʜʘʨʳʥʘ ʩשʘʞʝʪʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʟʘץ

ʪʝʤʧʝʨʘʪʫʨʘ, ʞʳʣʫʜʳש ʵʥʪʨʦʧʠʷ ʰʘʤʘʩʳʥʘ ץʘʪʳʥʘʩʳʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 

 

,/TQdS d=             (2.10) 

 

Qd  ʩᴅʡʢʝʩʽʥʰʝ ʦʨʪʘʤʝʥ ʞʳʣʫ ʘʣʤʘʩʫ ʙʦʣʳʧ ʢʝʣʝʜʽ. 

ʕʥʪʨʦʧʠʷ ʙʘʣʘʥʩʳʥ ʘʥʳץʪʘʣסʘʥ ʢᴇʣʝʤʜʝ ʪᴇʤʝʥʜʝʛʽ ᴇʨʥʝʢʧʝʥ ʢᴇʨʩʝʪʫʛʝ 

ʙʦʣʘʜʳ: 
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ʤײʥʜʘסʳ sur  ïʢʦʥʚʝʢʪʠʚʪʽ ʤװʰʝ, sJ ï ʜʠʬʬʫʟʠʦʥʜʳ ʤװʰʝ, Vq ïʞʳʣʫ ʢᴇʟʽ, sï

ʙʽʨʣʽʢ ʢᴇʣʝʤʜʝʛʽ ʵʥʪʨʦʧʠʷ. 

ɾʳʣʫ ʘʣʤʘʩʫ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʵʥʪʨʦʧʠʷ ʢᴇʟʽ ʙʘʡʣʘʥʳʩʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 
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(2.10) ʪʝשʜʝʫʽ ʘʨץʳʣʳ ʢʝʣʝʩʽ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 

 

T

q
J s= ,             (2.13) 

 

ʌʫʨʴʝ ʟʘשʳʥ ʝʩʢʝʨʩʝʢ ʢʝʣʝʩʽ ᴇʨʥʝʢʪʽ ʘʣʘʤʳʟ:  
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TJ Q Ð-= l . 

 

 :ʳʪ ʙᴇʣʽʛʽʥʜʝʛʽ ʤᴅʥʽץʪʘ ᴅʨʙʽʨ ʢᴇʣʝʤʜʝʛʽ ʵʥʪʨʦʧʠʷ ʫʘץʪʳץʡʳײʘʥ ʩסʘʨʘʩʪʳʨʳʣפ
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ʅʴʶʪʦʥ ʟʘשʳʥ ʝʩʢʝʨʩʝʢ: 

 
2

ö
ö

÷

õ

æ
æ

ç

å

µ

µ
=

µ

µ
=F

j

i

j

i

ij
x

u

x

u
mp ,          (2.15) 

 

(2.15) ʪʝשʜʝʫʽ ʜʠʩʩʠʧʘʪʠʚʪʽ ʬʫʥʢʮʠʷ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ɸסʳʥ װʰᴇʣʰʝʤʜʽ ʜʝʧ 

ʝʩʝʧʪʝʩʝʢ: 
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(2.14) ᴇʨʥʝʛʽʥ (2.10) ʘʤʘʣʳʥʘ ץʦʡʳʧ, ʪʫʳʥʜʳʩʳʥ ʝʩʝʧʪʝʩʝʢ: 
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(2.20) ʪʝשʜʝʫʜʝ װʟʽʣʽʩʩʽʟʜʽʢ ʪʝשʜʝʫʽʥ ʝʩʢʝʨʽʧ, ʘʨʠʬʤʝʪʠʢʘʣʳץ ʘʤʘʣʜʘʨ ʦʨʳʥʜʘʫ 

ʘʨץʳʣʳ, ʢʝʣʝʩʽ ʪʝשʜʝʫʜʽ ʘʣʘʤʳʟ: 
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ʊʝʨʤʦʜʠʥʘʤʠʢʘ ʟʘשʜʘʨʳʥʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʪᴇʤʝʥʜʝʛʽ ʪʝשʜʽʢʪʽ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ, 
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ʪʝʤʧʝʨʘʪʫʨʘ ʪʝשʜʝʫʽʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ.  
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ʅᴅʪʠʞʝʩʽʥʜʝ ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʨʽʥ ʘʣʘʤʳʟ 
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2.2 ʊʫʨʙʫʣʝʥʪʪʽ ʘסʳʩʪʳ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ 

 

ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʞᴅʥʝ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ 

ʪʠʽʤʜʽ ʘʣʛʦʨʠʪʤʜʝʨʜʽש ʞʝʪʽʩʪʽʢʪʝʨʽʥʝ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞʘʩʘץʪʘʤʘʣʘʨʜʳש 

ᴇʥʽʤʜʽʣʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ʊʫʨʙʫʣʝʥʥʪʽ ʘסʳʥʜʘʨʜʳש ʝʩʝʧʪʝʫʣʝʨʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ, װʰ ʥʝʛʽʟʛʽ ʪᴅʩʽʣ 

ʙʘʨ: 

1) ʊʫʨʘ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ (DNS ï Direct Numerical Simulation) 

 ʡʳʥʜʘʨʜʳ ʤʦʜʝʣʴʜʝʫ (LES ï Large Eddy Simulation)ײץ ʣʢʝʥת (2

3) ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʨʽ (RANS 

Reynolds-averaged Navier-Stokes equations). 

 

2.2.1  ʊʫʨʘ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ (DNS) 

 

ɹײʣ ᴅʜʽʩʪʝ װʰᴇʣʰʝʤʜʽ, ʩʪʘʮʠʦʥʘʨ ʝʤʝʩ  ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʨʽʥ, 

ʢʝשʽʩʪʽʢʪʽʢ ʪʦʨʜʳ ʞᴅʥʝ ʫʘץʳʪ ʙʦʡʳʥʰʘ ʠʥʪʝʛʨʘʣʜʘʫ ץʘʜʘʤʜʘʨʳʥ ץʦʣʜʘʥʘ 

ʦʪʳʨʳʧ ʰʝʰʝʜʽ. ʊʫʨʘ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ ʪʫʨʙʫʣʝʥʪʪʽ ʘסʳʩʪʳ ʅʘʚʴʝ-ʉʪʦʢʩ 

ʪʝשʜʝʫʣʝʨʽʤʝʥ ʩʠʧʘʪʪʘʫסʘ ʙʦʣʘʜʳ ʜʝʛʝʥ ʪײʞʳʨʳʤʥʘʥ, ᴅʜʽʩ ʤʘʢʩʠʤʘʣʜʳ ץʘʪʘש 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ ʢʝʟʽʥʜʝ ײʩʘץ ʪʦʨ ץʦʣʜʘʥʫʜʳ 

ʪʘʣʘʧ ʝʪʝʜʽ, ʪװʡʽʥʜʝʨ ʩʘʥʳ ʈʝʡʥʦʣʴʜʩ ʩʘʥʳʥʳש ʘʨʪʫʳʤʝʥ ʩᴅʡʢʝʩ ᴇʩʫ ץʘʞʝʪ. 

DNS װʰᴇʣʰʝʤʜʽ ʩʪʘʮʠʦʥʘʨ ʝʤʝʩ ʝʩʝʧʪʝʫʜʽ ʪʘʣʘʧ ʝʪʢʝʥʜʽʢʪʝʥ, ʝʩʝʧʪʝʫ ײץʥʳ 

ʪʦʨʜʳש ʞʘʣʧʳ ʪװʡʽʥʜʝʨ ʞᴅʥʝ ץʘʜʘʤʜʘʨ ʩʘʥʳ Re3 ʤᴅʥʽʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ץʘʪʘש ʪʘʣʘʧʪʘʨ ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʨʽʥ ʩʘʥʜʳץ ʠʥʪʝʛʨʘʣʜʘʫʳ 

ʢʝʟʽʥʜʝ, ʞʦסʘʨʳ ʨʝʪʪʽ ʩʧʝʢʪʨʘʣʜʳ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʳʣסʘʥʜʘ ʞʝשʽʣʜʝʪʽʣʝʜʽ. 

ɼʝʛʝʥʤʝʥ ʙײʣ ᴅʜʽʩʪʝʨ ʢװʨʜʝʣʽ ʛʝʦʤʝʪʨʠʷʜʘסʳ ʘסʳʩ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʤʘʡʜʳ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʪʘʣʘʧʪʘʨ ʙʦʡʳʥʰʘ, DNS ʪᴇʤʝʥʛʽ ʈʝʡʥʦʣʴʜʩ 

ʤᴅʥʜʝʨʽʥʜʝʛʽ ץʘʨʘʧʘʡʳʤ ʪʫʨʙʫʣʝʥʪʪʽ ʘסʳʩʪʘ ץʦʣʜʘʥʳʣʘʜʳ, ʜʝʛʝʥ ʰʝʰʽʤʛʝ 

ʢʝʣʝʤʽʟ. ʆʩʳʣʘʡʰʘ, ץʘʟʽʨʛʽ ʪʘשʜʘ DNS ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝʛʽ ץʠʳʥʜʳץʪʘʨ, 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʨʝʩʫʨʩʪʘʨʜʳש ʰʝʢʪʝʫʣʽʛʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʊʫʨʘ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ 
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ᴅʜ̔ʩʽʤʝʥ ץʦʣʜʘʥʙʘʣʳ ʝʩʝʧʪʝʨʜʽ, ʩʦʥʳש ʽʰʽʥʜʝ ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘ ʪʘʨʘʣʘʫ 

ʤʦʜʝʣʴʜʝʫʽʥ ʝʩʝʙʽʥ ʰʝʰʫ ʤװʤʢʽʥʜʽʛʽ ץʠʳʥʜʳץʪʘʨ ʪʫʳʥʜʳʨʘʜʳ. 

 

 ʡʳʥʜʘʨʜʳ ʤʦʜʝʣʴʜʝʫ (LES)ײץ ʣʢʝʥת  2.2.2

 

LES ᴅʜʽʩʽ XX סʘʩʳʨʜʳ80 ש-ʰʽ ʞʳʣʜʘʨʳ ץʘʣʳʧʪʘʩʪʳ. ᴄʜʽʩʪʽש ʥʝʛʽʟʛʽ ʤᴅʥʽ, 

ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʥʜʽʨʽʥ ʦʨʪʘʣʘʥʜʳʨʫʜʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʦʣʘʨʜʳש 

 (ʪʘʨʳץʟʳʥʜʳײ ʳʥץʰʘʤʘʩʳʥʘ ʩᴅʡʢʝʩ ʞᴅʥʝ ʘʟ ʪʦʣ שʝʩʝʧʪʽʢ ʪʦʨʜʳ) ʳʥʜʳץʘʪʦʣץʳʩץ

ʪʫʨʙʫʣʝʥʪʪʽ ᴅʨʪʝʢʪʽʣʽʢʪʝʥ ʩװʟʛʽʣʝʫʽ ʞװʨʛʽʟʽʣʝʜʽ. 

 ʳʪʪʘץʡʳʥʜʘʨʜʳ ʤʦʜʝʣʴʜʝʫʜʝ, ʦʣʘʨ ʪʽʢʝʣʝʡ ʝʩʝʧʪʽʢ ʪʦʨʜʘ ʞᴅʥʝ ʫʘײץ ʣʢʝʥת

ʪʽʢʝʣʝʡ ʰʝʰʽʣʝʜʽ, ʘʣ ײʩʘײץ ץʡʳʥʜʘʨ ʤʦʜʝʣʴʜʝʥʝʜʽ. 

LES ᴅʜʽʩʽʥʽש DNS ʪᴅʩʽʣʽʥʝʥ ʥʝʛʽʟʛʽ ʘʡʳʨʤʘʰʳʣʳסʳ, LES ᴅʜʽʩʽʥʽש ʩװʟʛʽʣʝʫ 

ʪײʞʳʨʳʤʜʘʤʘʩʳʥʜʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʷסʥʠ ײʩʘץʘʫץʘʤʜʳ ʞᴅʥʝ װʣʢʝʥ 

 .ʨʳʣʳʤʜʘʨʜʳ ʙᴇʣʫײץ

LES ᴅʜʽʩʽ ײʩʘײץ ץʡʳʥʜʘʨʜʳ ʤʦʜʝʣʜʝʫʜʽ ץʘʤʪʳסʘʥʜʳץʪʘʥ, ʪʦʨ ʢᴇʣʝʤʽ 

ʢʦʣʤʦʛʦʨʣʳײ ץʟʳʥʜʳץ ʤʘʩʰʪʘʙʳʥʘʥ ʘʥʘײסʨʣʳʤ װʣʢʝʥ ʙʦʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, 

ʘʣ ʫʘץʳʪ ץʘʜʘʤʜʘʨʳ DNS ʪᴅʩʽʣʽʥʝʥ ᴅʣʜʝץʘʡʜʘ װʣʢʝʥ ʝʪʽʧ ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, LES ʝʩʝʧʪʝʫʣʝʨʽʥʜʝʛʽ ʪʘʣʘʧʪʘʨ DNS ʪʘʣʘʧʪʘʨʳʥʘʥ ʪᴇʤʝʥ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

ɼʝʛʝʥʤʝʥ LES ᴅʜʽʩʽʥ ʢʝשʽʥʝʥ ʧʘʡʜʘʣʘʥʫסʘ, ᴅʣʽ ʜʝ ʝʩʝʧʪʝʫ ʨʝʩʫʨʩʪʘʨʳʥʳש 

ʤװʤʢʽʥʜʽʢʪʝʨʽ ʰʝʢʪʝʫ ץʦʷʜʳ. ɹᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘ ʪʘʨʘʣʘʫ ʤʦʜʝʣʴʜʝʫʽʥʜʝ LES 

ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ץʘʨʘʧʘʡʳʤ ʛʝʦʤʝʪʨʠʷʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

 

2.2.3  ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʨʽ 

(RANS) 

 

 ʦʣʜʘʥʳʣʘʪʳʥץ ʝʩʝʧʪʝʫʣʝʨʽʥʜʝ ץʩʘʥʜʳ שʳʩʪʳסʜʘ ʪʫʨʙʫʣʝʥʪʪʽ ʘשʘʟʽʨʛʽ ʪʘפ

ʥʝʛʽʟʛʽ ʙʘסʳʪ, ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʨʽʥ 

(RANS) ʰʝʰʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ ʙײʣ ʪʝשʜʝʫʣʝʨ ʈʝʡʥʦʣʴʜʩ ʪʝשʜʝʫʣʝʨʽ 

ʜʝʧ ʘʪʘʣʘʜʳ. ʋʘץʳʪ ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʫ ʢʝʟʽʥʜʝ ʪʝשʜʝʫʣʝʨʜʝ ʞʘשʘ ʤװʰʝʣʝʨ 

ʧʘʡʜʘ ʙʦʣʘʜʳ, ʦʣʘʨסʘ ʪʫʨʙʫʣʝʥʪʪʽ ץʦʟסʘʣʳʩʧʝʥ ʙʘʡʣʘʥʳʩʪʳ, ץʦʩʳʤʰʘ ʞʳʣʫ 

ʘסʳʥʜʘʨʳʥʳש ʛʨʘʜʠʝʥʪʪʝʨʽ ʨʝʪʽʥʜʝ ʪװʩʽʥʽʢ ʙʝʨʫʛʝ ʙʦʣʘʜʳ. ɾʘשʘ ʰʘʤʘʣʘʨ 

ʤʦʜʝʣʴʜʽש ʪʫʨʙʫʣʝʥʪʪʽʛʽ ᴅʩʝʨʽʥʝʥ, ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʘסʳʩʪʳש ʩʠʧʘʪʪʘʣʘʨʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫ ץʘʞʝʪ, ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʞʘשʘ ʛʠʧʦʪʝʟʝʣʘʨ ʞᴅʥʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʘʣʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ.  

ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʫ f  ʰʘʤʘʩʳʥ ʢʝʣʝʩʽ ʪװʨʜʝ ʘʥʳץʪʘʡʜʳ: 

 

ñ
D+

D
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tt

t

fdt
t

f
0

0

1
            (2.24) 

 

tD ʰʘʤʘʩʳ ʪʫʨʙʫʣʝʥʪʪʽ ʘʫʳʪץʫ ʧʝʨʠʦʜʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ װʣʢʝʥ ʙʦʣʩʳʥ, 

ʙʽʨʘץ  ʘסʳʩ ᴇʨʽʩʽʥʽש ʙʘʷʫ ᴇʟʛʝʨʽʩʽʥʝ ʢʝʪʝʪʽʥ ʪײʨʘץʪʳ ʫʘץʳʪʪʘʥ ʘʟ ʙʦʣʫ ʢʝʨʝʢ. 

ɻʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʫʜʘ ʢʝʟʜʝʡʩʦץ ᴇʟʛʝʨʝʪʽʥ ʰʘʤʘʣʘʨ, ʫʘץʳʪ 

ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʫ ʤʝʥ ʦʩʳ ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʰʘʤʘʣʘʨʜʳש ʘʫʤʘסʳʥʜʘסʳ 
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ʘʫʳʪץʫʜʳץ שʦʩʳʥʜʳʩʳʥʘ ʘʣʤʘʩʪʳʨʳʣʘʜʳ (2.1 ʩʫʨʝʪ). ɼʝʢʘʨʪʪʳץ ʢʦʦʨʜʠʥʘʪʘʣʘʨ 

ʞװʡʝʩʽʥʜʝ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʣʘʜʳ: 

 

YYYTTTPPP

wwwuuu
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,,, uuu
        (2.25) 

 

ʊײʪץʳʨʣʳץ, ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢ ʩʝʢʽʣʜʽ ʰʘʤʘʣʘʨʜʳש ʘʫʳʪץʫʳ ᴅʜʝʪʪʝ ᴇʪʝ ʘʟ, 

ʩʦʣ ʩʝʙʝʧʪʽ ʤײʥʜʘ ʦʣʘʨ ʝʩʢʝʨʽʣʤʝʛʝʥ. 

 

 
 

ʉʫʨʝʪ 2.1 ï uuu ¡,,   ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ. (a) ʩʪʘʮʠʦʥʘʨ ʘסʳʩ; (b) ʩʪʘʮʠʦʥʘʨ ʝʤʝʩ 

ʘסʳʩ 

 

ʆʨʪʘʣʘʥʜʳʨʫ ʢʝʣʝʩʽ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ ʙʦʣʘʜʳ: 

1. ʆʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʰʘʤʘʥʳש ʦʨʪʘʣʘʥʜʳʨʫʳ, ʦʨʪʘʣʘʥʜʳʨʫʜʳש ᴇʟʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

 

ff =  

 

2. ɸʫʳʪץʫʜʳש ʦʨʪʘʣʘʥʜʳʨʫʳ ʥᴇʣʛʝ ʪʝש: 
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f  ʞᴅʥʝ g  ʰʘʤʘʣʘʨʳʥ ʦʨʪʘʣʘʥʜʳʨʫ ʢʝʟʽʥʜʝ, ʢʝʣʝʩʽ ץʘʪʳʥʘʩʪʘʨ ʦʨʳʥ ʘʣʘʜʳ: 

 

1. 0=¡gf  

 

2. gfgf =  

 

3. gfgf +=+  

 

4. faaf = , ʤײʥʜʘסʳ a  ʪײʨʘץʪʳ ʩʘʥ 
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5. 
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f
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f
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2.3 ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝשʜʝʫʣʝʨʽʥ ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʫ 

 

ʅʘʚʴʝ-ʉʪʦʢʩ ʪʝʮʜʝʫʣʝʨʽʥ ʦʨʪʘʣʘʥʜʳʨʫʜʳ, ʜʝʢʘʨʪʪʳץ ʢʦʦʨʜʠʥʘʪʘʜʘ 

ʞʘʟʳʣסʘʥ, ʩʳסʳʣʤʘʡʪʳʥ ʩײʡʳץʪʳץץʘ ʘʨʥʘʣסʘʥ װʟʽʣʽʩʩʽʟʜʽʢ ʪʝשʜʝʫʽʥʝʥ (2.20) 

ʙʘʩʪʘʡʳץ. ɸʣʜʳʤʝʥ ʘʡʥʳʤʘʣʳʣʘʨʜʳ ʦʨʪʘʣʘʥʜʳʨʫ ʞᴅʥʝ ʘʫʳʪץʫʜʳץ שʦʩʳʥʜʳʩʳ 

ʨʝʪʽʥʜʝ ʘʣʘʤʳʟ: 
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ʇʘʡʜʘ ʙʦʣסʘʥ ʪʝשʜʝʫʜʽ ʦʨʪʘʣʘʥʜʳʨʫ ץʘʩʠʝʪʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ: 
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ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ װʟʽʣʽʩʩʽʟʜʽʢ ʪʝשʜʝʫʽʥ (2.27) ʘʣʘʤʳʟ. 

 ʨʜʝװʜʝʫʽʥ ʢʝʣʝʩʽ ʪשʦʣʜʘʥʘ ʦʪʳʨʳʧ, (2.21) ʪʝץ  ʜʝʫʽʥ (2.20)שʟʽʣʽʩʩʽʟʜʽʢ ʪʝת

ʞʘʟʘʡʳץ 
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(2.21) ʪʝשʜʝʫʽʥʜʝʛʽ ʘʡʥʳʤʘʣʳʣʘʨʜʳ, ʢʝʣʝʩʽʜʝʡ ʘʣʤʘʩʪʳʨʘʤʳʟ 

 

( ) ( )( ) ( ) ( )ii

ji

iijj

j

ii uu
x

vPP
x

uuuu
x

uu
t

¡+
µ

µ
+¡+

µ

µ
-=¡+¡+

µ

µ
+¡+

µ

µ
2

21

r
 

 

2

2

2

2
11

j

i

j

i

iij

ij

j

ij

j

ij

j

ijii

x

u
v

x

u
v

x

P

x

P

x

uu

x

uu

x

uu

x

uu

t

u

t

u

µ

¡µ
+

µ

µ
+

µ

¡µ
-

µ

µ
-=

µ

¡¡µ
+

µ

¡µ
+

µ

¡µ
+

µ

µ
+

µ

¡µ
+

µ

µ

rr
 

 

ʉʦסשʳ ʪʝשʜʝʫʜʽ ʦʨʪʘʣʘʥʜʳʨʫ ץʘʩʠʝʪʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ: 
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ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ץʦʟסʘʣʳʩ ʪʝשʜʝʫʽʥ ʘʣʘʤʳʟ. ʊʝשʜʝʫʜʽ ʢʝʣʝʩʽ ʪװʨʜʝ ʞʘʟʩʘץ 

ʙʦʣʘʜʳ 
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ʤײʥʜʘסʳ 
ijs  ï ʩײʡʳץʪʘסʳ ʢʝʨʥʝʫ, ʦʣ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʣʘʜʳ 
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 .ʘʪʳʥʘʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ ʪʘʡʪʳʥץʪʳ ʘʥʳץʪʳץʡʳײʩ ץʘʪʳʥʘʩʳ, ʥʴʶʪʦʥʜʳץ (2.10)

i jd  ʂʨʦʥʝʢʝʨ ʜʝʣʴʪʘʩʳ ʜʝʧ ʘʪʘʣʘʜʳ ʞᴅʥʝ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʣʘʜʳ 
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ʊʝʤʧʝʨʘʪʫʨʘ ʪʝשʜʝʫʽʥ (2.22) ʦʨʪʘʣʘʥʜʳʨʫ ʢʝʟʽʥʜʝ, ץʦʟסʘʣʳʩ ʪʝשʜʝʫʽʥʜʝʛʽ 

ᴅʨʝʢʝʪʪʝʨʜʽ ץʘʡʪʘʣʘʡʤʳʟ. ɸʣʜʳʤʝʥ (2.22) ʪʝשʜʝʫʽʥʜʝʛʽ ʘʡʥʳʤʘʣʳʣʘʨʜʳ, (2.25) 

ʨʝʪʽʥʜʝ ʘʣʤʘʩʪʳʨʘʤʳʟ 
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ʉʦסשʳ ʪʝשʜʝʫʜʽ ʦʨʪʘʣʘʥʜʳʨʫ ץʘʩʠʝʪʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ: 
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         (2.30) 

 

ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝשʜʝʫʽʥ (2.30) ʘʣʘʤʳʟ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʪʝשʜʝʫʽʥ (2.23) ʦʨʪʘʣʘʥʜʳʨʫ װʰʽʥ, ץʦʟסʘʣʳʩ ʞᴅʥʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʪʝשʜʝʫʽʥʜʝʛʽ ᴅʨʝʢʝʪʪʝʨʜʽ ʦʨʳʥʜʘʡʤʳʟ. ɸʣʜʳʤʝʥ (2.23) ʪʝשʜʝʫʽʥʜʝʛʽ 

ʘʡʥʳʤʘʣʳʣʘʨ, (2.25) ʪװʨʽʥʝ ʢᴇʰʝʜʽ. 
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ʉʦסשʳ ʪʝשʜʝʫʜʽ ʦʨʪʘʣʘʥʜʳʨʫ ץʘʩʠʝʪʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ: 
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ʦʨʪʘʣʘʥʜʳʨʳʣסʘʥ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝשʜʝʫʽʥ (2.31) ʘʣʘʤʳʟ. 

ɸʣʳʥסʘʥ ʪʝשʜʝʫʣʝʨ ʈʝʡʥʦʣʴʜʩ ʪʝשʜʝʫʣʝʨʽ ʨʝʪʽʥʜʝ ʙʝʣʛʽʣʽ. ʊʝשʜʝʫʣʝʨ 

ʘʣסʘʰץʳ ʥײʩץʘʩʳʥʘ ʪʝשʜʝʫʣʝʨʽʥʝ ץײʩʘʡʜʳ, ʙʽʨʘץ ʞʘשʘ ʪʝשʜʝʫʣʝʨʜʝ jiuu ¡¡r  ʩʝʢʽʣʜʽ 

ʳʰ ʈʝʡʥʦʣʴʜʩ ʢʝʨʥʝʫʽ ʜʝʧ ʘʪʘʣʘʜʳ. jiuuסʦʩʳʣפ .ʳʰʪʘʨ ʙʘʨסʦʩʳʣץ ¡¡r  ʘʣʪʳ 

ʪᴅʫʝʣʩʽʟ ʢʦʤʧʦʥʝʥʪʪʝʥ ʪײʨʘʪʳʥ, ʝʢʽʥʰʽ ʨʝʪʪʽ ʩʠʤʤʝʪʨʠʷʣʳץ ʪʝʥʟʦʨ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, juC ¡¡  ʞᴅʥʝ juT ¡¡  ʨʘʪʳʥ ʪʝʥʟʦʨʣʘʨ. ʅᴅʪʠʞʝʩʽʥʜʝײʰ ʢʦʤʧʦʥʝʥʪʪʝʥ ʪװ 

ʪʫʨʙʫʣʝʥʪʪʽʢ ʘסʳʩ װʰʽʥ ʪʝשʜʝʫʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ, ʙʽʨʘץ ʙʝʣʛʽʩʽʟʜʝʨ ʩʘʥʳ ʦʥ ʘʣʪʳ 

ʙʦʣʘʜʳ. ɹʝʨʽʣʛʝʥ ʤᴅʩʝʣʝʥʽ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש ʪײʡʳץʪʘʣʫʳ ʜʝʧ ʘʪʘʡʜʳ. 

  

2.4 ʊʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש k-Ů ʩʪʘʥʜʘʨʪʪʳ ʤʦʜʝʣʽ 

 

ʊʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽ ʪײʡʳץʪʘʫ װʰʽʥ ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʢʝʨʥʝʫʜʽש ʞᴅʥʝ ʘסʳʩ 

ʦʨʪʘʣʘʥʜʘʨʫʳ ʧʘʨʘʤʝʪʨʽʥʽש ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʫ ץʘʞʝʪ. ʆʩʳ ʩʝʙʝʧʪʽ 

ʪʫʨʙʫʣʝʥʪʪʽʢ ʤʦʜʝʣʴʜʝʨʜʝʛʽ ʙʝʣʛʽʩʽʟʜʝʨʜʽ ʘʥʳץʪʘʫ װʰʽʥ, ʪװʨʣʽ ʞʦʨʘʤʘʣסʘ ʩװʡʝʥʽʧ 

ʞʘשʘ ʪʝשʜʝʫʣʝʨ ʘʥʳץʪʘʣʘʜʳ. ʆʣʘʨʜʳש ʙʽʨʽ ɹʫʩʩʠʥʝʩʢ ʞװʟʝʛʝ ʘʩʳʨסʘʥ, 

ʪʫʨʙʫʣʝʥʪʪʽ ʪײʪץʳʨʣʳץʪʳ ץʦʩʫ. ʆʣ ʪʫʨʙʫʣʝʥʪʪʽ ʜʠʥʘʤʠʢʘʣʳץ ʪײʪץʳʨʣʳץʪʳ tm 

ʜʠʥʘʤʠʢʘʣʳץ ʪײʪץʳʨʣʳץ ʩʝʢʽʣʜʽ ʝʥʜʽʨʜʽ 
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 ʳ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ʝʩʝʧʪʝʨʜʝʛʽסʜʘ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽ ʩʠʧʘʪʪʘʫʜʘשʘʟʽʨʛʽ ʪʘפ

ʩʪʘʥʜʘʨʪ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ, ʝʢʽ ʪʝשʜʝʫʜʝʥ ʪײʨʘʪʳʥ k-Ů ʩʪʘʥʜʘʨʪʪʳ ʤʦʜʝʣʽʥ 

ʘʥʳץʪʘʡʳץ. ɹײʣ ʤʦʜʝʣʴʜʝ ʝʢʽ ʤʘשʳʟʜʳ סײʳʤ ï ʛʝʥʝʨʘʮʠʷ P ʞᴅʥʝ ʜʠʩʩʠʧʘʮʠʷ Ů 

 ʳʥʘʩʳסʤʘ ץP ʬʠʟʠʢʘʣʳ שʛʝʥʝʨʘʮʠʷʩʳʥʳ שʳʤʜʘʨʳ ʝʥʛʽʟʽʣʝʜʽ. ʊʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽסײ

ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʢʝ ᴅʢʝʣʝʪʽʥ ʞʘשʘ ײץʡʳʥʜʘʨ ʤʝʥ ʘʫʳʪץʫʣʘʨʜʳש ʪʫʫʳ. ɼʠʩʩʠʧʘʮʠʷ 

Ů װʣʢʝʥ ײץʡʳʥʜʘʨʜʳש ʢʽʰʽ ײץʡʳʥʜʘʨסʘ ʘʡʥʘʣʫʳʥ ʘʥʳץʪʘʡʜʳ, ʦʣ ᴇʟ ʘʣʜʳʥʘ 

ʘסʳʩʪʳש ʦʨʪʘʣʘʥʫʳʥʘ ʞᴅʥʝ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש ʘʟʘʶʳʥʘ ᴅʢʝʣʝʜʽ. ʊʘʩʳʤʘʣʜʘʫʜʳש 

ʝʢʽ ʪʝשʜʝʫʽ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽ ʢʝשʽʩʪʽʢʪʝ ʞᴅʥʝ ʫʘץʳʪʪʘ ץʘʨʘʩʪʳʨʫסʘ ʨץײʩʘʪ ʙʝʨʝʜʽ. 
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ɹʝʨʽʣʛʝʥ ʤʦʜʝʣʴ ʞʘʨʪʳʣʘʡ ʵʤʧʠʨʠʢʘʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ 

ʞʦʣʤʝʥ ʘʣʳʥסʘʥ ʬʝʥʦʤʝʥʦʣʦʛʠʷʣʳץ ᴅʜʽʩʢʝ ʩװʡʝʥʝʜʽ. 

(2.28) ʪʝשʜʝʫʽʤʝʥ ʢʝʡʙʽʨ ʘʣʛʝʙʨʘʣʳץ ʘʤʘʣʜʘʨ ʦʨʳʥʜʘʧ [11], ʢʝʣʝʩʽ ʪװʨʛʝ 

ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ: 
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ʊʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷʩʳʥ 
jiuuk ¡¡= 5.0   ʞᴅʥʝ ji =  ʨʝʪʽʥʜʝ 

 :ʦʷʤʳʟץ ʘʨʘʩʪʳʨʳʧ, (2.33)-ʢʝץ
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(2.34) ʪʝשʜʝʫʜʽש ʦש ʞʘסʳʥʜʘסʳ ʝʢʽʥʰʽ ץʦʩʳʥʜʳ, ʘʥʳץʪʘʤʘ ʙʦʡʳʥʰʘ 

ʜʠʩʩʠʧʘʮʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

 

ikik uuv ¡µ¡µ=e             (2.35) 

 

ʘʣ (2.34) ʪʝשʜʝʫʜʽש ʦש ʞʘסʳʥʜʘסʳ ʪᴇʨʪʽʥʰʽ ץʦʩʳʥʜʳ, ʘʥʳץʪʘʤʘ ʙʦʡʳʥʰʘ 

ʛʝʥʝʨʘʮʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

 

ikkj uuuP µ¡¡-=             (2.36) 

 

ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʣʝʩʽʜʝʡ ʙʦʣʞʘʤ ʞʘʩʘʡʤʳʟ: 
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(2.35)-(2.37) ʪʝשʜʝʫʣʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, (2.34) ʪʝשʜʝʫʽʥ ʢʝʣʝʩʽ ʪװʨʜʝ ʞʘʟʩʘץ 

ʙʦʣʘʜʳ: 
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(2.38) ʪʝשʜʝʫʽ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷʩʳʥʘ k  ʘʨʥʘʣסʘʥ 

ʪʝשʜʝʫ. ks  ʧʘʨʘʤʝʪʨʽ 
Tv  .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʘʞʝʪʪʽ ᴇʣʰʝʤʜʽץ ʰʽʥװ ʦʩʳʥʜʳʩʳץ 

ᴄʜʝʪʪʝ 1=ks  ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. e ʜʠʩʩʠʧʘʮʠʷ ʪʝשʜʝʫʽ (2.38) ʪʝשʜʝʫʽʥʝ 

ʘʥʘʣʦʛʠʷʣʳץ ʪװʨʜʝ ʞʘʟʳʣʘʜʳ: 
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ʤײʥʜʘסʳ e/kT= ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, eeeץ ʘʞʝʪʪʽ ᴇʣʰʝʤʜʽץ  s,, 21 CC ¡¡  ʪײʨʘץʪʳʣʘʨʳ 

ʪʝʢ ʝʥʛʽʟʽʣʝʜʽ, ʩʝʙʝʙʽ (2.39) ʪʝשʜʝʫʽ ʘʥʘʣʠʪʠʢʘʣʳץ ʞʦʣʤʝ ʰʳסʘʨʳʣʤʘʡ, ʙʦʣʞʘʤ 

ʨʝʪʽʥʜʝ ʘʣʳʥʘʜʳ. 

Ansys Fluent ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ k-Ů ʩʪʘʥʜʘʨʪʪʳ ʤʦʜʝʣʽ, (2.38) ʞᴅʥʝ (2.39) 

ʪʝשʜʝʫʣʝʨʽʤʝʥ ʘʣʛʝʙʨʘʣʳץ ʘʤʘʣʜʘʨ ʦʨʳʥʜʘʫ ʘʨץʳʣʳ, ᴇʟʛʝ ʪװʨʜʝ ʘʣʳʥʘʜʳ: 
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ɹʝʨʽʣʛʝʥ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʜʝ kG  ʞʳʣʜʘʤʜʳץʪʳש ʦʨʪʘ ʛʨʘʜʠʝʥʪʪʝʨʜʝʥ 

ʧʘʡʜʘ ʙʦʣסʘʥ ʪʫʨʙʫʣʝʥʪʪʽ ʢʠʥʝʪʠʢʘʣʘץ ʵʥʝʨʛʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʫʩʩʠʥʝʩʢ 

ʛʠʧʦʪʝʟʘʩʳʥʘ ʩװʡʝʥʽʧ, ʦʥʳ ʢʝʣʝʩʽ ʪװʨʜʝ ʞʘʟʫסʘ ʙʦʣʘʜʳ: 

 
2SG Tk m=  

 

ʤײʥʜʘסʳ 

 

e
rm m

2k
CT =             (2.40) 

 

mC  ʪײʨʘץʪʳ, S ï ʜʝʬʦʨʤʘʮʠʷ ʪʝʥʟʦʨʳʥʳש ʠʥʚʘʨʠʘʥʪʳ ijij SSS 2= , bG  ï ʠʪʝʨʽʧ 

ʰʳסʘʨʫʰʳ ʢװʰʪʽש ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷʩʳ 

 

iT
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b  

 

ʤײʥʜʘסʳ 
TPr  ï ʵʥʝʨʛʠʷ װʰʽʥ ʇʨʘʥʜʪʣʴ ʪʫʨʙʫʣʝʥʪʪʽ ʪײʨʘץʪʳʩʳ, igï ʛʨʘʚʠʪʘʮʠʷ 

ʚʝʢʪʦʨʳʥʳש i  ʙʘסʳʪʳʥʜʘסʳ ʢʦʤʧʦʥʝʥʪʽ,bï ʪʝʤʧʝʨʘʪʫʨʘʣʳײ ץʣסʘʶ ʢʦʵʬʬʠʮʝʥʪʽ, 

e3C ï ʠʪʝʨʽʧ ʰʳסʘʨʫʰʳ ʢװʰʪʽש e ʰʘʤʘʩʳʥʘ ᴅʩʝʨʽ 
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ʤײʥʜʘסʳ, v¡ï ʛʨʘʚʠʪʘʮʠʷ ʞʳʣʜʘʤʜʳסʳʥʘ ʧʘʨʘʣʣʝʣʴ ʩײʡʳץ ʞʳʣʜʘʤʜʳסʳʥʳש 

ʢʦʤʧʦʥʝʥʪʘʩʳ, u¡ï ʛʨʘʚʠʪʘʮʠʷ ʞʳʣʜʘʤʜʳסʳʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʩײʡʳץ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʢʦʤʧʦʥʝʥʪʘʩʳ. 
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ʉײʡʳץ ʞʳʣʜʘʤʜʳסʳʥʳש ʙʘסʳʪʳ ʛʨʘʚʠʪʘʮʠʷ ʚʝʢʪʦʨʳʥʘ ʧʘʨʘʣʣʝʣʴ ץʘʙʘʪʪʘ

13 =eC , ʉײʡʳץ ʞʳʣʜʘʤʜʳסʳʥʳש ʙʘסʳʪʳ ʛʨʘʚʠʪʘʮʠʷ ʚʝʢʪʦʨʳʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ 

ʘʙʘʪʪʘ13ץ =eC . 

mY ï ʘʡʥʳʤʘʣʳ ײʣסʘʶʜʳש ʪʫʨʙʫʣʝʥʪʪʽ ʩʳסʳʣʫ ʢʝʟʽʥʝʜʝ ʞʘʣʧʳ ʜʠʩʩʠʧʘʮʠʷסʘ 

ᴅʩʝʨʽ. ɹײʣ ʰʘʤʘʥʳ ʄʘʭ ʩʘʥʳʥʳװ שʣʢʝʥ ʤᴅʥʽ ʢʝʟʽʥʜʝ ʝʩʢʝʨʫ ץʘʞʝʪ. ʆʥʳ 

ʩʳסʳʣʘʪʳʥ ʠʜʝʘʣ ʛʘʟʜʳ ʤʦʜʝʣʴʜʝʛʝʥʜʝ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʝʩʢʝʨʫ ץʘʞʝʪ. 

 
22 tm MY re=  

 

2a

k
M t =  

 

ʤײʥʜʘ, tM ïʪʫʨʙʫʣʝʥʪʪʽ ʩײʡʳץʪʳש ʄʘʭ ʩʘʥʳ, aïʜʳʙʳʩ ʞʳʣʜʘʤʜʳסʳ,RTa g= .  

 ʘʥ ʪᴅʞʽʨʠʙʝʨʝʜʝʥסʘ ʘʨʥʘʣסʪʘʨץʡʳײʪʳʣʘʨ ʽʨʛʝʣʽ ʪʫʨʙʫʣʝʥʪʪʽ ʩץʨʘײʘʥ ʪסʘʣפ

ʘʥʳץʪʘʣʜʳ, ʞᴅʥʝ ʢʝʣʝʩʽ ʤᴅʥʜʝʨʛʝ ʠʝ: 

 
.3.1,44.1,09.0,92.1,44.1 21 ===== emee sskCCC  

 

ʉʪʘʮʠʦʥʘʨ ʝʤʝʩ ץʦʩ ʜʠʬʬʫʟʠʷʣʳץ ʘסʳʥʜʳ װʰᴇʣʰʝʤʜʽ ʦʙʣʳʩʪʘ ʤʦʜʝʣʴʜʝʫ 

 ;ʳʨץʪײʳʥ ʪʫʨʙʫʣʝʥʪʪʽ ʞᴅʥʝ ʪסʰʽʥ ʢʝʣʝʩʽʜʝʡ ʙʦʣʞʘʤʜʘʨ ʞʘʩʘʣʜʳ: ʘ)ʘװ

ʙ)ʝʩʝʧʪʝʣʝʪʽʥ ʦʙʣʳʩʪʘסʳ ʛʘʟ(ʘʫʘ - CO2) ʥʴʶʪʦʥʜʳץ ʞᴅʥʝ ɹʫʩʩʠʥʝʩʢ 

ʞʫʳץʪʘʫʳʥʜʘ ʩʳסʳʣʤʘʡʪʳʥ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʚ) ʜʠʩʩʠʧʘʮʠʷ, ץʳʩrʤ ʘʟ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʩʳ ʙʦʣʞʘʤʜʘʨʜʳ ʞᴅʥʝ ʈʝʡʥʦʣʴʜʩ ʙʦʡʳʥʰʘ ʦʨʪʘʣʘʥʜʳʨʫʜʳ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʢʝʣʝʩʽʜʝʡ ᴇʨʥʝʢʪʝʣʝʜʽ: 
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2.5 ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʞᴅʥʝ ʘʣʛʦʨʠʪʤ 

 

(2.22)ï(2.27) ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʜʠʩʢʨʝʪʪʝʫ װʰʽʥ ʘץʳʨסʳ ʘʡʳʨʳʤʜʘʨ ᴅʜʽʩʽ 

 ʨʽװʜʠʩʨʝʪʪʽ ʪ שʜʝʫʽʥʽשʰʽʥ, ʪʘʩʳʤʘʣʜʘʫ ʪʝװ ʳʥסʘ ʪᴅʫʝʣʜʽ ʘץʳʪץʦʣʜʘʥʳʣʘʜʳ. ʋʘץ

ʢʝʣʝʩʽʜʝʡ ʙʦʣʘʜʳ: 
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ʤײʥʜʘסʳ 

 

tµ

µrf
 - ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ f ʘʡʥʳʤʘʣʳʩʳʥʳש ʢʦʥʩʝʨʚʘʪʠʚʪʽ ʪװʨʽ 

A
d
 - ʙʝʪ ʘʫʜʘʥʳʥʳש ʚʝʢʪʦʨʳ 

FG  - f ʜʠʬʬʫʟʠʦʥʜʳ ʢʦʵʬʬʠʮʝʥʪʽ 

fÐ  - f ʛʨʘʜʠʝʥʪʽ 

fS  - ʙʽʨʣʽʢ ʢᴇʣʝʤʛʝ f ʢᴇʟʽ 

ANSYS Fluent ʝʩʝʧʪʝʫʽʰʽ ʪʘʩʳʤʘʣʜʘʫ ʪʝשʜʝʫʽʥʝ (2.47), ץʳʩʳʤ ʥʝʛʽʟʽʥʜʝʛʽ 

ʘʡץʳʥ ʝʤʝʩ ʜʠʩʢʨʝʪʠʟʘʮʠʷʩʳʥ ץʦʣʜʘʥʘʜʳ. ʉʪʘʥʜʘʨʪʪʳ ʪᴅʩʽʣ ʨʝʪʽʥʜʝ ʙʘʨʣʳץ 

ʢʦʥʚʝʢʪʠʚʪʽ, ʜʠʬʬʫʟʠʦʥʜʳ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʪʝʨʤʠʥʜʝʨ n+1 ʫʘץʳʪ ץʘʙʘʪʳʥʜʘ 

ʘʥʳץʪʘʣʘʜʳ. 
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ɹʘʨʣʳץ ʪʘʩʳʤʘʣ ʪʝשʜʝʫʽ ʘʣʛʝʙʨʘʣʳץ ʪװʨʜʝ ʜʠʩʢʨʝʪʠʟʘʮʠʷʣʘʥʘʜʳ. P ײʷʰʳץ 

 ʰʽʥװ
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ɼʠʩʢʨʝʪʠʟʘʮʠʷʣʘʥסʘʥ ʪʝשʜʝʫ ʪʦʨʜʳש ʙʝʪʽ ʞᴅʥʝ ʝʢʽ ʮʝʥʪʨʽ ʞʘʡʣʳ ʘץʧʘʨʘʪʪʪʳ 

 :ʘʞʝʪ ʝʪʝʜʽץ

¶ ᴆʨʽʩ ʜʝʨʝʛʽ (ʤʘʪʝʨʠʘʣ ץʘʩʠʝʪʽ, ʞʳʣʜʘʤʜʳץ, ʪ.ʙ.) ʪʦʨʜʳש ʦʨʪʘʩʳʥʜʘ 

ʩʘץʪʘʣʘʜʳ 

¶ ɹʝʪʪʽʢ ʤᴅʥʜʝʨ ʪʦʨʜʳש ʣʦʢʘʣʜʳץ ʞᴅʥʝ ʢᴇʨʰʽʣʝʩ ʤᴅʥʜʝʨʽʥʝ 

ʠʥʪʝʨʧʦʣʷʮʠʷʣʘʥʘʜʳ 
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¶ ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʜᴅʣʜʽʛʽ ʘʨʘץʘʰʳץʪʳײ ץʟʳʥʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ɼʠʩʢʨʝʪʪʝʣʽʥʛʝʥ ʪʝשʜʝʫʜʽ ʢʝʣʝʩʽʜʝʡ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ 

 

p

nb

nbnbpp baa =+ä ff            (2.49) 

 

(2.49) ʪʝשʜʝʫ ̔ ʝʩʝʧʪʝʫ ʦʙʣʳʩʳʥʜʘסʳ ᴅʨʙʽʨ ʘץʳʨסʳ ʢᴇʣʝʤ װʰʽʥ 

ʞʘʟʳʣסʘʥ.ʊʝשʜʝʫʣʝʨ ʞʠʥʘסʳ ʠʪʝʨʘʮʠʷʣʳץ ʪװʨʜʝ ʰʝʰʽʣʝʜʽ. 

¶ pa  ʞᴅʥʝ nba  ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ᴅʜʝʪʪʝ ʘʡʥʳʤʘʣʳ ʰʝʰʽʤʜʝʨʽʥʽש 

ʬʫʥʢʮʠʷʩʳ (ʩʳʟʳץʪʳ ʝʤʝʩ ʞᴅʥʝ ʙʘʡʣʘʥʳʩʪʳ) 

¶ ʂʦʵʬʬʠʮʠʝʥʪʪʝʨ ʘʣʜʳסשʳ ʠʪʝʨʘʮʠʷʜʘסʳ ʘʡʥʳʤʘʣʳʣʘʨʜʳש 

ʰʝʰʽʤʜʝʨʽʥ ץʦʣʜʘʥʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ 

Á ʉʳʟʳץʪʘʥʜʳʨʫ f ʰʘʤʘʩʳʥʘ ʪᴅʫʝʣʜʽ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽ ʞʦʷʜʳ 

Á ɹʘʡʣʘʥʳʩʪʳ װʟʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽש ᴇʟʛʝ ʘʡʥʳʤʘʣʳʣʘʨ ʰʝʰʽʤʽʥʝʥ 
ʪᴅʫʝʣʜʽʣʽʛʽʥ ʞʦʷʜʳ 

¶ ʂʦʵʬʬʠʮʠʝʥʪʪʝʨ ᴅʨʙʽʨ ʩʳʨʪץʳ ʠʪʝʨʘʮʠʷ ʩʘʡʳʥ ʞʘשʘʨʳʧ ʦʪʳʨʘʜʳ 

Á ɯʰʢʽ ʠʪʝʨʘʮʠʷ װʰʽʥ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ ʪײʨʘץʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

Á pf  ʘʡץʳʥ ʞᴅʥʝ ʘʡץʳʥ ʝʤʝʩ ʪװʨʜʝ ʰʝʰʽʣʝ ʘʣʘʜʳ. 

 :ʳʩʳʤ ʥʝʛʽʟʽʥʜʝʛʽ ᴅʜʽʩפ

¶ ʝʛʝʨ ʙʝʨʽʣʛʝʥ ʪʝשʜʝʫʜʝʛʽ ʞʘʣסʳʟ ʙʝʣʛʽʩʽʟ ʙʽʨ ʘʡʥʳʤʘʣʳ ʙʦʣʩʘ, ʦʥʳ 

ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʙʘʩץʘ ʘʡʥʳʤʘʣʳʣʘʨʜʳ ʝʩʢʝʨʤʝʡ ʰʳסʘʨʫסʘ ʙʦʣʘʜʳ 

¶ ʪװʡʽʥʜʝʛʝʥʜʝ ᴅʨʙʽʨ ʪʝשʜʝʫʜʽ ץʘʣסʘʥ ʪʝשʜʝʫʣʝʨʛʝ ʪᴅʫʝʣʩʽʟ ʰʝʰʫʛʝ 

ʙʦʣʘʜʳ 

¶ ʙײʣ ʞʘסʜʘʡʜʘ pa  ʞᴅʥʝ nba  ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʩʢʘʣʷʨ ʙʦʣʳʧ ʢʝʣʝʜʽ. 

 ʳʩʳʤץ SIMPLE ʘʣʛʦʨʠʪʤʽʥʜʝ שʜʝʫʽ ʇʘʪʘʥʢʘʨʜʳשʟʽʣʽʩʩʽʟʜʽʢ ʪʝװ ¶

ʢʦʨʨʝʢʮʠʷʩʳ ʬʦʨʤʘʩʳʥʘ ʘʡʥʘʣʘʜʳ 

¶ ɼʠʩʢʨʝʪʪʝʣʛʝʥ ʪʝשʜʝʫʜʝ ʨʝʣʘʢʩʘʮʠʷ ʬʘʢʪʦʨʳ ʝʥʛʽʟʽʣʛʝʥ 

Á ʀʪʝʨʮʠʷʣʳץ ʧʨʦʮʝʩʩʪʽש ʪײʨʘץʪʳʣʳװ סʰʽʥ ʝʥʛʽʟʽʣʜʽ 

Á a ʘʡץʳʥ ʨʝʣʘʢʩʘʮʠʷ ʬʘʢʪʦʨʳʥʳש ʘʡʥʳʤʘʣʳʥʳש ʙʽʨ 

ʠʪʝʨʘʮʠʷʜʘʥ ʝʢʽʥʰʽ ʠʪʝʨʘʮʠʷסʘ ᴇʪʫ ʢʝʟʽʥʜʝʛʽ ʰʝʢʪʝʫʽ ʙʘʨ 

 

poldpp faff D+= ,  

 

 ʳʪץʘʪʝʣʽʛʽ,ʫʘץ ʞʘʣʧʳ שʳʩʳʤ ʥʝʛʽʟʽʥʜʝʛʽ ᴅʜʽʩʪʝʛʽ ʜʠʩʢʨʝʪʠʟʘʮʠʷʥʳפ

ʙʦʡʳʥʰʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʩײʣʙʘʩʳʥʘʥ (ʤʳʩʘʣʳ, ʙʽʨʽʥʰʽ ʨʝʪʪʽ, ʝʢʽʥʰʽ ʨʝʪʪʽ ʩײʣʙʘ) 

ʞᴅʥʝ ʰʝʰʽʤʥʽש ʫʘץʳʪ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽ ץʘʜʘʤסʘ ᴇʪʫ ʪᴅʩʽʣʽʥʝʥ ʪᴅʫʝʣʜʽ.  

ʊʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʫ ʩʘʥʜʳץ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ SIMPLE ʘʣʛʦʨʠʪʤʽ 

 :ʦʣʜʘʥʳʣʜʳץ ʣʙʘʣʘʨײʽʩʪʽʢʪʽʢ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʨʝʪʽʥʜʝ ʢʝʣʝʩʽ ʩשʦʣʜʘʥʳʣʜʳ.ʂʝץ

ʛʨʘʜʠʝʥʪ ï ʝש ʢʽʰʽ ʢʚʘʜʨʘʪʪʘʨ; ץʳʩʳʤ ï ʝʢʽʥʰʽ ʨʝʪʪʽ ʩײʣʙʘ; ʠʤʧʫʣʴʩ ï ʘסʳʥסʘ 

 ʘʨʩʳ ʙʽʨʽʥʰʽץ ʘסʳʥסʵʥʝʨʛʠʷ ï ʘ ץʣʙʘ;ʪʫʨʙʫʣʝʥʪʪʽ ʢʠʥʝʪʠʢʘʣʳײʘʨʩʳ ʝʢʽʥʰʽ ʩץ

ʩײʣʙʘ; ʢʦʥʮʝʥʪʨʘʮʠʷ ï ʘסʳʥסʘ ץʘʨʩʳ ʝʢʽʥʰʽ ʩײʣʙʘ; ʪʝʤʧʝʨʘʪʫʨʘ ï ʘסʳʥסʘ ץʘʨʩʳ 

ʝʢʽʥʰʽ ʩײʣʙʘ. ʋʘץʳʪ ʙʦʡʳʥʰʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷʣʘʫʜʘ ʙʽʨʽʥʰʽ ʨʝʪʪʽ ʘʡץʳʥ ʝʤʝʩ 

ʩײʣʙʘ. 
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ʉʫʨʝʪ 2.2 ï ʉʘʥʜʳץ ʘʣʛʦʨʠʪʤʛʝ ʞʘʣʧʳ ʰʦʣʫ 

 

ʀʪʝʨʘʮʠʷʣʳץ ʩײʣʙʘʜʘ ʙʘʨʣʳץ ʪʝשʜʝʫʣʝʨ ʙʝʨʽʣʛʝʥ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ, 

ʞʠʥʘץʪʘʣʫ ʰʘʨʪʳ ʦʨʳʥʜʘʣסʘʥסʘ ʜʝʡʽʥ ʠʪʝʨʘʮʠʷʣʳץ ʪװʨʜʝ ʰʝʰʽʣʝʜʽ. ʆʩʳ 

ʩʝʙʝʧʪʽ, ʰʝʰʽʤʥʽש ʫʘץʳʪ ʘʨʘʣʳסʳ ʙʦʡʳʥʰʘ ʙʽʨ ץʘʜʘʤסʘ ʞʳʣʞʫʳ װʰʽʥ, 2.2 

ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʙʽʨʥʝʰʝ ʩʳʨʪץʳ ʠʪʝʨʘʮʠʷʥʳ ץʘʞʝʪ ʝʪʝʜʽ. ɹʝʨʽʣʛʝʥ 

ʠʪʝʨʘʮʠʷʣʳץ ʩײʣʙʘʜʘ ʪʝשʜʝʫʣʝʨʜʽש ʙᴇʣʰʝʢʪʝʥʫ ץʘʪʝʣʽʛʽʥ ʞʦʷʪʳʥ ʩʳʟʳץʩʳʟʜʳץ 

ʪʦʣʳץʪʘʡ ʝʩʢʝʨʽʣʝʜʽ. 

 

2.6 SIMPLE ʘʣʛʦʨʠʪʤʽ 

 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʘʣʛʦʨʠʪʤʛʝ ʪʦʣʳץ ʪʦץʪʘʣʘʪʳʥ ʙʦʣʩʘץ, ʘסʳʩ ᴇʨʽʩʽʥ 

ʝʩʝʧʪʝʫ װʰʽʥ ʰʳסʘʨʳʣסʘʥ ʘʣʛʦʨʠʪʤ SIMPLE (Semi-Implicit Method for Pressure-

Linked Equations) ʘʣʛʦʨʠʪʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ᴇʟ ʘʣʜʳʥʘ ץʳʩʳʤʜʳ 

ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ ʪʝשʜʝʫʣʝʨ װʰʽʥ, ʞʘʨʪʳʣʘʡ ʘʡץʳʥ ʝʤʝʩ ʪᴅʩʽʣ ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ. 

ɹʝʨʽʣʛʝʥ ʘʣʛʦʨʠʪʤ ʇʘʪʘʥʢʘʨ [5] ʩʠʧʘʪʪʘסʘʥ. 
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ɼʠʩʢʨʝʪʪʝʫ (ʙʘʩʪʘʧץʳ ʜʠʬʬʝʨʝʥʮʠʷʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʘץʳʨסʳ 

ʘʡʳʨʳʤʜʘסʳ ʘʥʘʣʦʛʳ) ʘץʳʨסʳ ʢᴇʣʝʤ ᴅʜʽʩʽ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɸץʳʨסʳ 

ʢᴇʣʝʤ ᴅʜʽʩʽʥʽש ʥʝʛʽʟʛʽ ʦʡʳʥ ʪװʩʽʥʫ ʦשʘʡ ʞᴅʥʝ ʪʽʢʝʣʝʡ ʬʠʟʠʢʘʣʳץ ʩʘʣʳʥʘʜʳ. 

ʆʩʳʣʘʡ, ʝʩʝʧʪʝʫ ʦʙʣʳʩʳ ᴅʨʙʽʨ ʪװʡʽʥʜʽ ʥװʢʪʝ ʙʽʨ ʢᴇʣʝʤʜʝ ʙʦʣʘʪʳʥʜʘʡ ʝʪʽʧ, 

 .ʠʳʣʳʩʧʘʡʪʳʥ ʢᴇʣʝʤʜʝʨ ʩʘʥʳʥʘ ʙᴇʣʽʥʝʜʽץ ʳסʳʨץʘʥʜʘʡ ʜʘ ʙʽʨ ʘץ

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫ ᴅʨʙʽʨ ʢᴇʣʝʤ ʙʦʡʳʥʰʘ ʠʥʪʝʛʨʘʣʜʘʥʘʜʳ. 

ʀʥʪʝʛʨʘʣʜʘʨʜʳ ʝʩʝʧʪʝʫ װʰʽʥ ʪװʡʽʥʜʽ ʥװʢʪʝʣʝʨ ʘʨʘʩʳʥʜʘסʳ ʘʡʥʳʤʘʣʳʣʘʨʜʳש 

ᴇʟʛʝʨʽʩʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʩʳʥʳץ ʧʨʦʬʠʣʴʜʝʨ ץʦʣʜʘʥʳʣʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʢʝʡʙʽʨ 

ʪװʡʽʥ ʥװʢʪʝʣʝʨʜʽש ʤᴅʥʽ ʢʽʨʝʪʽʥ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽש ʜʠʩʢʨʝʪʪʽ 

ʘʥʘʣʦʛʳʥ ʘʣʘʤʳʟ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝשʜʝʫ ʰʝʢʩʽʟ ʘʟ ʘץʳʨסʳ ʢᴇʣʝʤ װʰʽʥ ʩʘץʪʘʣʫ ʟʘשʳʥ 

ᴇʨʥʝʫʪʝʡʪʽʥ ʩʝʢʽʣʜʽ, ʞʦסʘʨʳʜʘסʳ ʞʦʣʤʝʥ ʘʣʳʥסʘʥ ʜʠʩʢʨʝʪʪʽ ʘʥʘʣʦʛ ʘץʳʨסʳ 

ʢᴇʣʝʤ װʰʽʥ ʩʘץʪʘʣʫ ʟʘשʳʥ ᴇʨʥʝʢʪʝʡʜʽ. ɸץʳʨסʳ ʢᴇʣʝʤʥʽש ʤʘשʳʟʜʳ ץʘʩʠʝʪʪʝʨʽʥʽש 

ʙʽʨʽ, ʦʥʜʘ ʢʝʣʝʩʽʜʝʡ ʰʘʤʘʣʘʨʜʳש ʜᴅʣ ʠʥʪʝʛʨʘʣʜʳץ ʩʘץʪʘʣʫʳ ʢᴇʨʩʝʪʽʣʝʜʽ: ʤʘʩʩʘ, 

 ,ʳ ʢᴇʣʝʤʜʝʨ ʪʦʙʳʥʜʘ ʞᴅʥʝסʳʨץʘʣʳʩ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʵʥʝʨʛʠʷ ʢʝʟ-ʢʝʣʛʝʥ ʘסʦʟץ

ʩᴅʡʢʝʩʽʥʰʝ, ʙװʢʽʣ ʝʩʝʧʪʝʫ ʦʙʣʳʩʳʥʜʘ. ɹײʣ ץʘʩʠʝʪ ʪװʡʽʥʜʽ ʥװʢʪʝʣʝʨʜʽש ʰʝʢʪʽ ᴇʪʝ 

ʢᴇʧ ʩʘʥʳʥʜʘ סʘʥʘ ʝʤʝʩ, ʢʝʟ-ʢʝʣʛʝʥ ʢʽʰʽ ʩʘʥʜʘ ʜʘ ʪʘʥʳʣʘʜʳ. ʆʩʳʣʘʡʰʘ, ᴇʨʝʩʢʝʣ 

ʪʦʨ ʙʦʣסʘʥ ʢʝʟʜʝ ʜʝ ʠʥʪʝʛʨʘʣʜʳש ʜᴅʣ ʙʘʣʘʥʩʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ. ʊᴇʤʝʥʜʝ P 

ʪװʡʽʥʽʥʽש ʪᴇשʽʨʝʛʽʥʜʝ ʘץʳʨסʳ ʪʦʨʣʘʨʜʳש (2.3 ʩʫʨʝʪ) ʞᴅʥʝ ʞʳʣʜʘʤʜʳץ ᴇʨʽʩʽʥ 

ʝʩʝʧʪʝʫ װʰʽʥ ʪʦʨʣʘʨʜʳש (2.5 ,2.4 ʩʫʨʝʪʪʝʨ)  ʛʝʦʤʝʪʨʠʷʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 2.3 ï p ץʳʩʳʤ ᴇʨʽʩʽ װʰʽʥ ʘץʳʨסʳ ʢᴇʣʝʤ 
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ʉʫʨʝʪ 2.4 ï u ʞʳʣʜʘʤʜʳץ ᴇʨʽʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʘץʳʨסʳ ʢᴇʣʝʤ 

 

 
 

ʉʫʨʝʪ 2.5 ï v ʞʳʣʜʘʤʜʳץ ᴇʨʽʩʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʘץʳʨסʳ ʢᴇʣʝʤ 

 

ʄײʥʜʘסʳ w, n, e, s ʪʘשʙʘʣʘʨʳ ñʢᴇʢʞʠʝʢ ʞʘץʪʘʨʳʥò ʩʠʧʘʪʪʘʡʜʳ. ɸץʳʨסʳ 

ʢᴇʣʝʤʜʝʨ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘʨ ʘʣʜʳʥʜʘ, ʙʘʩʪʘʧץʳ ʞװʡʝʥʽש ʜʠʩʢʨʝʪʪʽ ʪװʨʽʥ ʘʣʫ װʰʽʥ 

ʰʘʭʤʘʪʪʳ ʪʦʨ ײץʨʳʣʘʪʳʥ ʘʡʪʘ ʢʝʪʢʝʥ ʞᴇʥ. W ʙʘʩʪʘʧץʳ ʦʙʣʳʩ ʙʽʨץʘʣʳʧʪʳ 

ʪʦʨʤʝʥ ʞʘʙʳʣʘʜʳ ( ){ }NLhNjijhyihxyx xjiji /;,0,,,, =====w . 
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ʉʦʥʳʤʝʥ ץʘʪʘʨ, ײץʨʳʣסʘʥ ʪʦʨʜʘ ץʳʩʳʤ ʪװʡʽʥʜʽ ʥװʢʪʝʣʝʨʜʝ, ʘʣ ʞʳʣʜʘʤʜʳץ 

ʢʦʤʧʦʥʝʥʪʘʣʘʨʳ ʘץʳʨʣʳ ʢᴇʣʝʤʥʽץ שʳʨʳʥʜʘ ʘʥʳץʪʘʣʘʪʳʥʜʳסʳʥ ʙʘʡץʘʫסʘ 

ʙʦʣʘʜʳ (2.6 ʩʫʨʝʪ). ɽʥʜʽʛʽ ʢʝʟʝʢʪʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש ʘץʳʨסʳ 

ʘʡʳʨʳʤʜʘסʳ ʘʥʘʣʦʛʳʥ ʘʣʫסʘ ʢʽʨʽʩʝʡʽʢ.  

ʊʘʩʳʤʘʣʜʳש ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʽʥ ץʘʨʘʩʪʳʨʘʡʳץ: 
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ʉʫʨʝʪ 2.6 ï x (ɸ), y (ɹ) ʙʘסʳʪʪʘʨʳʥʜʘסʳ ʜʠʩʢʨʝʪʪʽ ʘʥʘʣʦʛ ײץʨʫ ʩײʣʙʘʣʘʨʳ 

 

(2.50) ʪʝשʜʝʫʽʥ ʘץʳʨסʳ ʢᴇʣʝʤ ᴅʜʽʩʽʤʝʥ ʠʥʪʝʛʨʘʣʜʘʫ ʢʝʣʝʩʽ ʥᴅʪʠʞʝ ʙʝʨʝʜʽ: 
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ɽʛʝʨ (2.52) ʪʝשʜʝʫʜʝ ʜʠʬʬʫʟʠʦʥʜʳ ʤװʰʝʣʝʨʜʝʛʽ ʪʫʳʥʜʳʣʘʨʜʳ ʢʝʣʝʩʽ 

ʘʥʘʣʦʛʳʥʘ ʘʫʳʩʪʳʨʩʘץ: 
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ʞᴅʥʝ ʜʝ ʢʝʣʝʩʽ ʙʝʣʛʽʣʝʫʜʽ ʝʥʛʽʟʩʝʢ: 
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ʦʥʜʘ (2.52) ʪʝשʜʝʫʽ ʢʝʣʝʩʽ ʪװʨʛʝ ʢʝʣʝʜʽ: 

 
( ) ( ) ( )[ ] ( ) ( )[ ]
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 (2.55) 

 

ʄײʥʜʘ ʢʝʣʝʩʽ ʙʝʣʛʽʣʝʫʣʝʨ ץʦʣʜʘʥʳʣʘʜʳ: 

 
( ) ( ) ( ) ( ) ( );,;,;,;,;, 1111 -+-+ F=FF=FF=FF=FF=F jiNjiSjiWjiEjiP yxyxyxyxyx  

 
( ) ( ) ( ) ( );,;,;,;, 2/12/12/12/1 -+-+ F=FF=FF=FF=F jinjisjiwjie yxyxyxyx  

 

ɸץʳʨסʳ ʘʡʳʨʳʤ ץʳʨʳʥʜʘסʳ F ʤᴅʥʽʥ ʘʥʳץʪʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ 

ʬʦʨʤʫʣʘ, ʢʦʥʚʝʢʪʠʚʪʽ ʤװʰʝʣʝʨʜʽש ʘʧʧʨʦʢʩʠʤʘʮʠʷʩʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʩײʣʙʘסʘ 

ʪᴅʫʝʣʜʽ. ɸסʳʥסʘ ץʘʨʩʳ ʩײʣʙʘʥʳ (UPWIND) ץʦʣʜʘʥסʘʥʜʘ, ʘץʳʨסʳ ʢᴇʣʝʤ 

 ʡʽʥʜʝʛʽ ʬʫʥʮʠʷ ʤᴅʥʽʥʝװʘʥ ʪץʪʘ ʦʨʥʘʣʘʩץʳʥ ʢʝʣʝʪʽʥ ʞʘסʳ ʬʫʥʮʠʷ ʤᴅʥʽ ʘסʳʨʳʥʜʘץ

ʪʝ2.7 ,ש ʩʫʨʝʪʪʝ ʩײʣʙʘ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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       (2.56) 

 

ʆʩʳ ᴅʜʽʩʧʝʥ ײץʨʳʣסʘʥ ʩײʣʙʘʣʘʨ ï ʙʽʨʽʥʰʽ ʨʝʪʪʽ ʩײʣʙʘ ʙʦʣʳʧ ʪʘʙʣʳʜʳ. ʆʩʳ 

ʩײʣʙʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽס ʘסʳʩ ʢᴇʨʽʥʽʩʽʥ ᴇʟʛʝʨʪʝʪʽʥ ʩײʣʙʘʣʳץ 

ʪײʪץʳʨʣʳץ ʧʘʡʜʘ ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

(2.56) ᴇʨʥʝʛʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, (2.55) ʘʤʘʣʳʥ ʢʝʣʝʩʽ ʪװʨʜʝ ʘʥʳץʪʘʫסʘ 

ʙʦʣʘʜʳ: 
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ʉʫʨʝʪ 2.7 ï UPWIND ʩײʣʙʘʩʳʥʳש ʘʧʧʨʦʢʩʠʤʘʮʠʷʩʳ 

 

ɽʛʝʨ ʢʝʣʝʩʽ ʙʝʣʛʽʣʝʫʣʝʨʜʽ ʝʥʛʽʟʩʝʢ: 

 

,,,

,],0max[,],0max[

,],0max[,],0max[
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PPPPPSNWEP
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wwWeeE

D

DD
=F++DD=++++=
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   (2.58) 

 

ʦʥʜʘ ʢʝʣʝʩʽ ʪװʨʜʝ ʞʘʟʩʘץ ʙʦʣʘʜʳ: 

 

.baaaaa SSNNWWEEPP +F+F+F+F=F        (2.59) 

 

ɸץʳʨסʳ ʢᴇʣʝʤʜʝʛʽ u  ʞᴅʥʝ u ʞʳʣʜʘʤʜʳץ ʢʦʤʧʦʥʝʪʘʣʘʨʳʥʳש ʘʥʳץʪʘʫ װʰʽʥ 

ʜʠʩʢʨʝʪʪʽ ʘʥʘʣʦʛʪʘʨʳ: 
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        (2.60) 

 

pa  ʞᴅʥʝ nba  ʢʦʵʬʬʠʮʝʥʪʪʝʨʽʥʽש ʤᴅʥʜʝʨʽ ʢʦʥʚʝʢʪʠʚʪʽ ʞᴅʥʝ ʜʠʬʬʫʟʠʦʥʜʳ 

ʧʨʦʮʝʩʪʝʨʜʝʛʽ ʘץʳʨסʳ ʢᴇʣʝʤʥʽץ שʳʨʳʥʘ ᴅʩʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʞᴅʥʝ ʘץʳʨסʳ 

ʢᴇʣʝʤʥʽש ʞʳʣʞʫʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ (2.59) ʪʝשʜʝʫʽʥʝ ʘʥʘʣʦʛʪʳ ʪװʨʛʝ ʠʝ. 
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 ʘʥʜʘʡ ʜʘ ʙʽʨץ ʳʩʳʤ ᴇʨʽʩʽ ʙʝʨʽʣʛʝʥ ʥʝʤʝʩʝ ʦʥʳץ ʜʝʫʽʥ ʪʝʢשʘʣʳʩ ʪʝסʦʟפ

ʞʦʣʤʝʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʪʳʥ ʙʦʣʩʘ סʘʥʘ ʰʝʰʫʛʝ ʙʦʣʘʜʳ. ɽʛʝʨ ʰʝʰʫ ʢʝʟʽʥʜʝ ʜײʨʳʩ 

ʝʤʝʩ ץʳʩʳʤ ᴇʨʽʩʽ ץʦʣʜʘʥʳʣʩʘ, ʪʘʙʳʣסʘʥ ʞʳʣʜʘʤʜʳץ ᴇʨʽʩʽ װʟʽʣʽʩʩʽʟʜʽʢ ʪʝשʜʝʫʽʥ 

ʳʩʳʤ ᴇʨʽʩʽʥ *pץ ʘʥסʪʘʣץʜʘʡʜʘ, ʞʫʳסʣ ʞʘײʘʪʪʘʥʜʳʨʤʘʡʜʳ. ɹסʘʥʘץ  ʦʣʜʘʥʘץ 

ʦʪʳʨʳʧ ʪʘʙʣʳסʘʥ ,ʞʳʣʜʘʤʜʳץ ᴇʨʽʩʽʥ *u  ʞᴅʥʝ *u  ʘʨץʳʣʳ ᴇʨʥʝʢʪʝʧ, ʢʝʣʝʩʽ 

ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʝ ʦʪʳʨʳʧ ʘʥʳץʪʘʡʳץ: 
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        (2.61) 

 

ɾʫʳץʪʘʣסʘʥ ץʳʩʳʤ ᴇʨʽʩʽʥ *p  , ʝʩʝʧʪʝʣʝʪʽʥ ʞʳʣʜʘʤʜʳץ ᴇʨʽʩʽ ᴅʨ ʠʪʝʨʘʮʠʷ 

ʩʘʡʳʥ װʟʽʣʽʩʩʽʟʜʽʢ ʪʝשʜʝʫʽʥ ʞʘץʩʳʨʘץ ץʘʥʘסʘʪʪʘʥʜʳʨʫ ʘʨץʳʣʳ ʞʘץʩʘʨʪʘʪʳʥ ᴅʜʽʩ 

ʙʘʨ. ʐʳʥʘʡʳ ץʳʩʳʤ ppp ¡+= *  ,ץʘʨʘʩʪʳʨʘʡʳץ ʘʪʳʥʘʩʳʥʘʥ ʪʘʙʳʣʘʜʳ ʜʝʧץ 

ʤײʥʜʘסʳ p¡ ï ץʳʩʳʤ ʪװʟʝʪʫʽ. ɾʳʣʜʘʤʜʳײץ ץʨʘʫʰʳʩʳ ʦʩʳʥʜʘʡ ץʳʩʳʤ ᴇʟʛʝʨʽʩʽʥʝ 

ʩᴅʡʢʝʩ, ץʘʣʘʡ ᴇʟʛʝʨʝʪʽʥʜʽʛʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ. ʆʩʳ ʩʝʙʝʧʪʽ ʞʳʣʜʘʤʜʳץ ʪװʟʝʪʫʣʝʨʽʥ 

ʝʥʛʽʟʝʤʽʟ uuu ¡+=¡+= ** ,uuu  , ʤײʥʜʘסʳ u¡¡,u  ï ʞʳʣʜʘʤʜʳץ ʪװʟʝʪʫʣʝʨʽ. (2.60) 

ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʝʥ (2.42) ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʘʣʘ ʦʪʳʨʳʧ, ʞᴅʥʝ ää ¡¡
nb

nbnb

nb

nb

u

nb aua uu,  

ʤװʰʝʣʝʨʽʥ ʝʣʝʤʝʡ, ʞʳʣʜʘʤʜʳװ ץʰʽʥ ʢʝʣʝʩʽ ʪװʟʝʪʫ ʪʝשʜʝʫʣʝʨʽʥ ʘʣʫסʘ ʙʦʣʘʜʳ: 
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ʤײʥʜʘסʳ 
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D
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 ʳʩʳʤץ שʳ ʢᴇʣʝʤ ʙʦʡʳʥʰʘ ʠʥʪʝʛʨʘʣʜʘʩʘ, ʦʥʳסʳʨץʜʝʫʽʥ ʘשʟʽʣʽʩʩʽʟʜʽʢ ʪʝת

ʪװʟʝʪʫ ʪʝשʜʝʫʽ ʪװʨʽʥʜʝʛʽ ʜʠʩʢʨʝʪʪʽ ʘʥʘʣʦʛʳʥ ʘʣʫסʘ ʙʦʣʘʜʳ, ʝʛʝʨ ʞʳʣʜʘʤʜʳץ 

 :ʦʡʩʘץ ʜʝʫʽʥʜʝʛʽ ᴇʨʥʝʢʪʽשʟʝʪʫ ʪʝװʪ שʦʨʥʳʥʘ, ʦʥʳ שʨʘʫʰʳʩʳʥʳײץ

 
( ) ( ) ( ) ( ) 0][][ =D-+D- xyuu snwe rururr ,       (2.63) 

 

ʤײʥʜʘסʳ 
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;SNWEP aaaaa +++=  

( ) ( )[ ] ( ) ( )[ ] .**** xyuub nsew D-+D-= rururr  

 

ʜʝʫʽʥʜʝʛʽ bשʟʝʪʫ ʪʝװʳʩʳʤ ʪץ (2.54)  ʤװʰʝʩʽ, ʰʳʥ ʤᴅʥʽʥʜʝ, ʞʳʣʜʘʤʜʳץ 

* ʨʘʫʰʳʣʘʨʳײץ  ʘʨץʳʣʳ ʞʘʟʳʣסʘʥ, (2.53) װʟʽʣʽʩʩʽʟʜʽʢ ʪʝשʜʝʫʽʥʽʥ ʜʠʩʢʨʝʪʪʽ 

ʘʥʘʣʦʛʳʥʜʘסʳ, ʩʦʣ ʞʘץ ʪʝשʜʝʫ ʝʢʝʥʜʽʛʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. 0=b  ʪʝשʜʽʛʽ, ʦʩʳ 

 ʘʞʝʪץ ʟʝʪʫʽʥװʳʩʳʤ ʪץ ʘʪʪʘʥʜʳʨʳʧ, ʝʰסʘʥʘץ ʜʝʫʽʥשʟʽʣʽʩʩʽʟʜʽʢ ʪʝװ ʨʘʫʰʳʣʘʨײץ

ʝʪʧʝʡʪʽʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. ʆʩʳʣʘʡʰʘ, b  ʤװʰʝʩʽ ñʤʘʩʩʘ ʢᴇʟʽò ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʞᴅʥʝ 

ʜʝ ʦʣ ץʳʩʳʤ ʪװʟʝʪʫʽ ʘʨץʳʣʳ ʪʦʣʳץʪʳʨʳʣʘʜʳ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨ ʙʦʡʳʥʰʘ, ʩʪʘʮʠʦʥʘʨ ʝʤʝʩ ʞʘסʜʘʡ װʰʽʥ ʇʘʪʘʥʢʘʨ ï 

ʉʧʦʣʜʠʥʛʪʽש SIMPLE ʘʣʛʦʨʠʪʤʽʥ ʢʝʣʝʩʽ ʨʝʪ ʙʦʡʳʥʰʘ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ: 

ʳ ʤᴅʥʽʥ 0pץʙʘʩʪʘʧ שʳʩʳʤ ᴇʨʽʩʽʥʽפ .1 ʢᴇʨʩʝʪʫ ʞᴅʥʝ ʢʝʣʝʩʽ ʤᴅʥʜʝʨʜʽ ʙʝʨʫ 

0,0* == tpp . 

2. ɾʳʣʜʘʤʜʳץʪʳש ʙʘʩʪʘʧץʳ ᴇʨʽʩʽʥ ʘʥʳץʪʘʫ 00,uu . 

3. ** ,uu  ʘʣʫ װʰʽʥ ץʦʟסʘʣʳʩ ʪʝשʜʝʫʽʥ ʰʝʰʫ. 

ʳʩʳʤʜʳ pץ ,ʪʘʧץʳʣʳ p¡ ʘʥʳץʜʝʫʽʥ ʰʝʰʫ ʘʨשʟʝʪʫ ʪʝװʳʩʳʤ ʪץ (2.45) .4  *p  

ʰʘʤʘʩʳʥʘ ʪװʟʝʪʫʜʽ p¡ ץʦʩʫ ʘʨץʳʣʳ ʘʥʳץʪʘʡʤʳʟ. 

5. u,u  (2.43) ʪװʟʝʪʫ ʬʦʨʤʫʣʘʩʳ ʘʨץʳʣʳ ʘʥʳץʪʘʡʤʳʟ. 

6. ɽʛʝʨ p¡ ʝʩʝʧʪʝʫ ʪʦʨʳʥʳש ʙʘʨʣʳץ ʞʝʨʽʥʜʝ ʘʟ ʙʦʣʩʘ, ʦʥʜʘ ,, 00 uupp ==  

ttt D+== ,0 uu  ʨʝʪʽʥʜʝ ʘʣʘʤʳʟ. פʘʨʘʤʘ ï ץʘʨʩʳ ʞʘסʜʘʡʜʘ ʪʘʙʳʣסʘʥ p  ʤᴅʥʽʥ
*p  ʨʝʪʽʥʜʝ ʘʣʳʧ, 3 ץʘʜʘʤסʘ ץʘʡʪʘ ᴇʪʝʤʽʟ. 

7. ɽʛʝʨ maxTt<  ʙʦʣʩʘ 3 ץʘʜʘʤסʘ ץʘʡʪʘ ᴇʪʝʤʽʟ. 

ʉʳסʳʣʤʘʡʪʳʥ ʩײʡʳץ ʘסʳʩʳ ʤᴅʩʝʣʝʣʝʨʽ װʰʽʥ SIMPLE ʢᴇʨʪʝʧ ץʦʣʜʘʥʳʣʘʜʳ. 

ɸʣʘʡʜʘ ʢʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ, ʞʠʥʘץʪʘʣʫ ʞʳʣʜʘʤʜʳסʳ ʞʝʪʢʽʣʽʢʪʽ ʪװʨʜʝ ʪʝʟ 

ʙʦʣʤʘʡʜʳ. ɹײʣ ץʳʩʳʤ ʪװʟʝʪʫʽ װʰʽʥ ʪʝשʜʝʫ ʢᴇʪʝʨʽשʢʽ ʤᴅʥ ʙʝʨʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, 

ʙײʣ ʪʽʧʪʽ ʝʛʝʨ ʞʳʣʜʘʤʜʳץ ʢʦʤʧʦʥʝʥʪʘʣʘʨʳ װʰʽʥ ʪװʟʝʪʫ ʪʝשʜʝʫʣʝʨʽ ʞʘץʩʳ 

ʥᴅʪʠʞʝ ʙʝʨʛʝʥ ʢʝʟʜʝ ʜʝ ʙʦʣʘʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ ץʳʩʳʤ ʪװʟʝʪʫ ʪʝשʜʝʫʽʥ, ʢᴇʙʽʥʝʩʝ 

ppp p
¡+= a0
ʪʝשʜʝʫʽʤʝʥ ʘʣʤʘʩʪʳʨʘʜʳ. 
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III  ʉɸʅɼʓפ ʇɯʐɯʅɼɽʋɼɯר ʅᴄʊʀɾɽʃɽʈɯ 

 

3.1 ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʽש ʞᴅʥʝ ʩʘʥʜʳץ ʘʣʛʦʨʠʪʤʥʽש ʚʝʨʠʬʠʢʘʮʠʷʩʳ 
 

3.1.1  ɺʝʥʪʠʣʷʮʠʷʣʳץ ʙᴇʣʤʝ ʽʰʽʥʜʝʛʽ ʘʫʘ ʘסʳʥʳ 

 

ɸסʳʥ ʰʘʨʪʪʘʨʳ. ɹײʣ ʙᴇʣʽʤʜʝ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש k-Ů ʩʪʘʥʜʘʨʪʪʳ ʤʦʜʝʣʽʥ 

ʞᴅʥʝ ʦʥʳ ʰʝʰʫ ʘʣʛʦʨʠʪʤʽʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʜʝʨʝʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨʘʤʳʟ. 3.1 ʩʫʨʝʪʪʝ 

ʙᴇʣʤʝʥʽש ʩײʣʙʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ױʟʳʥʜʳץ ʞᴅʥʝ ʙʠʽʢʪʽʢ ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩ 3:1. 

ɸʫʘ ʘסʳʥʳ ʙᴇʣʤʝʛʝ ʢʽʨʝʪʽʥ ʦʙʣʳʩʪʘסʳ ʈʝʡʥʦʣʴʜʩ ʩʘʥʳ 5000. ʅʠʣʴʩʦʥ (1990) 

ʦʩʳʥʜʘʡ ʙᴇʣʤʝʜʝ ʪᴅʞʽʨʠʙʝ ᴇʪʢʽʟʽʧ, ʞʳʣʜʘʤʜʳץ ʤᴅʥʽʥ ᴇʣʰʝʛʝʥ. ʊᴅʞʽʨʠʙʝʣʽʢ 

ʜʝʨʝʢʪʝʨʜʽ ʢᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʰʽʣʝʨ ᴇʟʜʝʨʽʥʽש ʩʘʥʜʳץ ʪᴅʩʽʣʜʝʨʽʥ ʪʝʢʩʝʨʫ װʰʽʥ 

 ʳʥ ʩʪʘʮʠʦʥʘʨ ʞᴅʥʝ ʝʢʽ ᴇʣʰʝʤʜʽ ʙʦʣʳʧסʘʥ. ɽʩʝʧʪʝʫ ʢʝʟʽʥʜʝ ʘסʦʣʜʘʥץ

 .ʘʨʘʩʪʳʨʳʣʘʜʳץ

 

 
 

ʉʫʨʝʪ 3.1 ï ʈʝʩʪʠʚʠʪʦ ʪᴅʞʽʨʠʙʝʩʽʥʜʝʛʽ ʙᴇʣʤʝ ʩײʣʙʘʩʳ 

 

ʐʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ 3.1 ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

 

ʂʝʩʪʝ 3.1 ï ʐʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ ʞᴅʥʝ ʝʩʝʧʪʝʫ ʧʘʨʘʤʝʪʨʣʝʨʽ  

 

 P U V k Ů 

Inlet ï Uin 0 2.4Ĭ10-3 
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Wall ï 0 0 0 0 

ʈʝʣʘʢʩʘʮʠʷ 

ᴅʜʽʩʽ 

ʉʳʟʳץʪʳ 

ʨʝʣʘʢʩʘʮʠʷ 

ɾʘʣסʘʥ 

ʫʘץʳʪ 

 ʘʜʘʤʳץ

ɾʘʣסʘʥ 

ʫʘץʳʪ 

 ʘʜʘʤʳץ
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ʫʘץʳʪ 

 ʘʜʘʤʳץ

ɾʘʣסʘʥ 
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 ʘʜʘʤʳץ

ʈʝʣʘʢʩʘʮʠʷ  

ʬʘʢʪʦʨʳ 

0.8 100 1 0.1 0.1 
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a 

 

 
 

b 

 

 
 

c 

a ï ʝʩʝʧʪʝʫ ʦʙʣʳʩʳʥʜʘסʳ ʘסʳʥ ʩʳʟʳץʪʘʨʳ;b ï ʝʩʝʧʪʝʫ ʦʙʣʳʩʳʥʜʘסʳ ʚʝʢʪʦʨ 

ᴇʨʽʩʽ;c ï ʝʩʝʧʪʝʫ ʦʙʣʳʩʳʥʜʘסʳ ʞʳʣʜʘʤʜʳץ ʤʘʛʥʠʪʫʜʘʩʳ 

ʉʫʨʝʪ 3.2 ï ɽʢʽ ᴇʣʰʝʤʜʽ ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝ ʘסʳʥ ʩʳʟʳסʳ 
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a 

 

 
 

b 

a ï 1/ =Hx  ʢʝʩʽʥʜʽʩʽʥʜʝʛʽ ʧʨʦʬʠʣʴ x ʢʦʦʨʜʠʥʘʪʘ 0/UU , y ʢʦʦʨʜʠʥʘʪʘ Hy / ; 

b ï 1/ =Hx  ʢʝʩʽʥʜʽʩʽʥʜʝʛʽ ʧʨʦʬʠʣʴ x ʢʦʦʨʜʠʥʘʪʘ 0

2

0 /,/ UuUk , y ʢʦʦʨʜʠʥʘʪʘ 

Hy / ; 

ʉʫʨʝʪ 3.3 ï ɾʳʣʜʘʤʜʳץ ʧʨʦʬʠʣʽ ʘʨʘʩʳʥʜʘסʳ ʩʘʣʳʩʪʳʨʫʣʘʨ 

 

ɽʩʝʧʪʝʫ ʥᴅʪʠʞʝʩʽ, ʙᴇʣʤʝʥʽװ שʩʪʽʥʛʽ ʞʘסʳʥʜʘ ʘסʳʥʥʳש ʪʦʣʳץ ʜʘʤʳסʘʥʜʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʙᴇʣʤʝʥʽש x / L = 1 ʦʙʣʳʩʳʥʳש ʪᴇʤʝʥʛʽ ʘʫʤʘסʳʥʜʘ ʦש 

ʞᴅʥʝ ʜʝ ʪʝʨʽʩ ʞʳʣʜʘʤʜʳץץʘ ʠʝ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ (3.2 ʩʫʨʝʪ). 
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a 

 

 
 

b 

a ï 2/hHy -=  ʢʝʩʽʥʜʽʩʽʥʜʝʛʽ ʧʨʦʬʠʣʴ x ʢʦʦʨʜʠʥʘʪʘ Hx / , y ʢʦʦʨʜʠʥʘʪʘ 0/UU ; 

b ï 2/hHy -=  ʢʝʩʽʥʜʽʩʽʥʜʝʛʽ ʧʨʦʬʠʣʴ x ʢʦʦʨʜʠʥʘʪʘ Hx / , y ʢʦʦʨʜʠʥʘʪʘ 

0

2

0 /,/ UuUk ; 

ʉʫʨʝʪ 3.4 ï ɾʳʣʜʘʤʜʳץ ʞᴅʥʝ ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷ ʧʨʦʬʠʣʽ ʘʨʘʩʳʥʜʘסʳ 

ʩʘʣʳʩʪʳʨʫʣʘʨ 

 

0k  ʢʽʨʫ ʰʘʨʪʳ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʢʝ ᴇʪʝ ʘʟ ᴅʩʝʨ ʝʪʝʪʽʥʜʽʛʽ ʙʘʡץʘʣʫʜʘ. ʅʠʣʴʩʦʥ 

(1990) ᴇʣʰʝʛʝʥ ʰʘʤʘʣʘʨ, ʅʠʣʴʩʦʥ (1991) ʝʩʝʧʪʝʛʝʥ ʥᴅʪʠʞʝʣʝʨ ʞᴅʥʝ ʜʝ ʙʝʨʽʣʛʝʥ 

ʞײʤʳʩʪʘ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʘʨץʳʣʳ ʩʘʣʳʩʪʳʨʫ ʞװʨʛʽʟʽʣʜʽ. k  ʰʘʤʘʩʳʥ ʅʠʣʴʩʦʥ 
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ᴇʣʰʝʛʝʥ 2u  ʰʘʤʘʩʳʤʝʥ ʩʘʣʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 3.3-3.4 ʩʫʨʝʪʪʝʨʜʝ ʞʳʣʜʘʤʜʳץ 

ʞᴅʥʝ ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷ ʧʨʦʬʠʣʽ ʘʨʘʩʳʥʜʘסʳ ʩʘʣʳʩʪʳʨʫʣʘʨ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʅᴅʪʠʞʝʣʝʨʜʝʥ ʩᴅʡʢʝʩʪʽʢ ᴇʪʝ ʞʘץʩʳ ʝʢʝʥʜʽʛʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ.  

 

 ʤʦʜʝʣʴ ʚʝʨʠʬʠʢʘʮʠʷʩʳ ץʦʩ ʜʠʬʬʫʟʠʦʥʜʳ ʤʘʪʝʤʘʪʠʢʘʣʳפ  3.1.2

 

ʉʘʥʜʳץ ʘʣʛʦʨʠʪʤʜʽ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ʪʝʢʩʝʨʫ װʰʽʥ ʪʝʩʪʪʽʢ ʝʩʝʧ 

ʩʘʥʜʳץ ʪװʨʜʝ ʰʝʰʽʣʝʜʽ. פʘʨʘʩʪʳʨʳʣʘʪʳʥ ʤᴅʩʝʣʝ 3.5 ʩʫʨʝʪʪʝ ʜʝʢʘʨʪʪʳץ 

ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʞװʡʝʩʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹײʣ ʝʢʽᴇʣʰʝʤʜʽ ʞʝʣʜʝʪʽʣʝʪʽʥ ʦʙʣʳʩ 

1,04Ĭ1,04 ʤ2 (ʷסʥʠ ײʟʳʥʜʳסʳ ʞᴅʥʝ ʙʠʽʢʪʽʛʽ).  ʂʽʨʫ ʞᴅʥʝ ʰʳסʫ ʩʘשʳʣʘʫʣʘʨʳʥʳש 

ʙʠʽʢʪʽʛʽ ʩᴅʡʢʝʩʽʥʰʝ 0,018 ʤ ʞᴅʥʝ 0,0024 ʤ. ɹײʣ ʢʝʩʢʽʥʜʝʤʝ ʥʘץʪʳ ʪᴅʞʽʨʠʙʝʣʽʢ 

ʜʝʨʝʢʪʝʨʜʽ[8] ש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʙʽʨʥʝʰʝ ʘʚʪʦʨʣʘʨʤʝʥ [6, 7]  

 ʳʥ ʘʡʪʘ ʢʝʪʢʝʥ ʞᴇʥ. ʊᴅʞʽʨʠʙʝʣʽʢ ʜʝʨʝʢʪʝʨ ᴇʟ ʘʣʜʳʥʜʘ ʙʝʨʽʣʛʝʥסʘʥʜʳסʦʣʜʘʥʳʣץ

ʞײʤʳʩʪʳש ʝʩʝʧʪʝʫʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʳʣסʘʥ. ʄײʥʜʘ ʟʝʨʪʪʝʣʝʪʽʥ ʛʘʟ ץʦʩʧʘ (ʚʦʟʜʫʭ 

- CO2) ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊᴇʤʝʥʛʽ ץʘʙʳʨסʘʜʘ ʙʽʨץʘʣʳʧʪʳ ʪʝʤʧʝʨʘʪʫʨʘ (TH) ʞᴅʥʝ 

CO2 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ (CH) ʙʝʨʽʣʛʝʥ. פʘʣסʘʥ ץʘʙʳʨסʘʣʘʨʜʘ ʪʝʤʧʝʨʘʪʫʨʘ (TC) ʞᴅʥʝ 

CO2 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ (CL), TH>TC ʠ CH>CL  ʰʘʨʪʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʙʝʨʽʣʛʝʥ. 

ʉʳʨʪʪʘʥ ʪʘʟʘ ʘʫʘ TC ʪʝʤʧʝʨʘʪʫʨʘʤʝʥ ʞᴅʥʝ CL CO2 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʤʝʥ ʩʦʣ ʞʘץ 

ʪᴇʙʝʜʝ ʦʨʥʘʣʘʩץʘʥ ʩʘשʳʣʘʫ ʘʨץʳʣʳ ʢʝʣʽʧ, ʦש ʞʘץ ʪᴇʤʝʥʛʽ ʩʘשʳʣʘʫ ʘʨץʳʣʳ 

ʰʳסʘʜʳ. ɸʫʘʥʳש ʢʽʨʫ ʞʳʣʜʘʤʜʳסʳ 0,57 ʤʩ-1, ʦʣ ᴇʟ ʘʣʜʳʥʘ Re=706 ʰʘʤʘʩʳʥ 

ʙʝʨʝʜʽ. ɽʩʝʧʪʝʣʽʥʛʝ ʈʵʣʝʡ ʩʘʥʳ 2,62Ĭ109 ʰʘʤʘʩʳʥʘ ʪʝש. ʆʩʳʣʘʡ ʞʳʣʫ ʞᴅʥʝ 

ʤʘʩʩʘʣʳץ ʜʠʬʬʫʟʠʷ (Ŭ ʞᴅʥʝ D) 1,47 ï ʛʝ ʪʝש ʃʴʶʠʩ ʩʘʥʳʥ ʙʝʨʝʜʽ. ʉʦסשʳ ʰʘʤʘ 

ʞʳʣʫᴇʪʢʽʟʛʽʰʪʽʢʪʽש ʤʘʩʩʘ ʜʠʬʬʫʟʠʷʩʳʥʘ ץʘʪʳʥʘʩʳʥʘʥ ʘʥʳץʪʘʣʘʜʳ (Le=Ŭ0/D). 

 

 
 

ʉʫʨʝʪ 3.5 ï ɾʝʣʜʝʪʽʣʝʪʽʥ ʦʙʣʳʩ 

 

ʉᴅʡʢʝʩʽʥʰʝ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ ʢʝʣʝʩʽʜʝʡ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

ʂʽʨʫ: 
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2
0,57 / ; 0 / ; 288 ; 0.035%COu ʤ ʩ ʤ ʩ T K Yu= = = =  

 

ʐʳסʫ: 
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ɹװʡʽʨ ʞᴅʥʝ ʞʦסʘʨסʳ ץʘʙʳʨסʘʣʘʨ: 

 

2
0 / ; 0 / ; 288 ; 0.035%COu ʤ ʩ ʤ ʩ T K Yu= = = =  

 

ʊᴇʤʝʥʛʽ ץʘʙʳʨסʘ: 

 

2
0 / ; 0 / ; 308,5 ; 0.3%COu ʤ ʩ ʤ ʩ T K Yu= = = =  

 

 
 

a 

 
b 

a ï X=0,5 ʤ ʢʝʩʢʽʥʽʥʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʬʠʣʴʜʝʨʽ; 

b ï  X=0,5 ʤ ʢʝʩʢʽʥʽʥʜʝ ʪʫʨʙʫʣʝʥʪʪʽ ʢʠʥʝʪʠʢʘʣʳץ ʵʥʝʨʛʠʷʥʳש 

ʠʥʪʝʥʩʠʚʪʽʣʽʢ ʧʨʦʬʠʣʴʜʝʨʽ; 

ʉʫʨʝʪ 3.6 ï ɾײʤʳʩ ʥᴅʪʠʞʝʩʽʥ ʝʩʝʧʪʝʫʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ 
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a) CO2 ʢʦʥʪʫʨʳ 

 

 
 

b) ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʫʨʳ 

ʉʫʨʝʪ 3.7 ï ɾײʤʳʩ ʥᴅʪʠʞʝʣʝʨʽ 

 

ɹʝʨʽʣʛʝʥ ᴅʜʽʩʪʽ ʪʝʢʩʝʨʫ ʞᴅʥʝ ץʘʙʳʣʜʘʫ ʤʘץʩʘʪʳʥʜʘ [8] ʞײʤʳʩʪʘ ʩʠʧʘʪʪʘʣסʘʥ 

ʝʩʝʧ ʰʝʰʽʣʜʽ. 3.6 ʩʫʨʝʪʪʝ X=0,5 ʤ ʢʝʩʢʽʥʽʥʜʝ ʪʫʨʙʫʣʝʥʪʪʽ ʢʠʥʝʪʠʢʘʣʳץ 

ʵʥʝʨʛʠʷʥʳש ʠʥʪʝʥʩʠʚʪʽʣʽʢ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʬʠʣʴʜʝʨʽʥ  ʪᴅʞʽʨʠʙʝʣʽʢ 

ʜʝʨʝʢʪʝʨʤʝʥ [8] ʩʘʣʳʩʪʳʨʫ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ. ʆʩʳ ʩʘʣʳʩʪʳʨʫʣʘʨסʘ ʩװʡʝʥʝ 

ʦʪʳʨʳʧ ʩʘʥʜʳץ ᴅʜʽʩ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʜװʨʳʩ ʪʘשʜʘʣסʘʥ ʜʝʛʝʥ 

 ʘ ʢʝʣʫʛʝ ʙʦʣʘʜʳ. 3.7 ʩʫʨʝʪʪʝ CO2 ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʫʨʣʘʨʳסʦʨʳʪʳʥʜʳץ

ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

3.2 ɸʫʘ ʘסʳʥʳʥʳש ʢʝʣʫ ʪᴅʩʽʣʜʝʨʽʥ ʟʝʨʪʪʝʫ 
 

ʊʘʟʘ ʙᴇʣʤʝʣʝʨʜʝ ʘʫʘ ʘסʳʥʳ ʢʝʣʫʽʥʽש ʥʝʛʽʟʛʽ װʰ ʪᴅʩʽʣʽ ץʦʣʜʘʥʳʣʘʜʳ: 

ʙʽʨʙʘסʳʪʪʳ, ʙʽʨʙʘסʳʪʪʳ ʝʤʝʩ ʞᴅʥʝ ʘʨʘʣʘʩ ʘסʳʥʜʘʨ. 3.8 ʩʫʨʝʪʪʝ ʘʫʘ ʘסʳʥʳ 

ʢʝʣʫʽʥʽװ שʰ ʩײʣʙʘʩʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɸʫʘ ʘסʳʥʳʥʳש ʦשʪʘʡʣʳ ʢʝʣʫ ʞʦʣʳʥ ʘʥʳץʪʘʫ 

ʤʘץʩʘʪʳʥʜʘ, ʢʝʣʝʩʽ ʝʩʝʧʪʝʨ ץʘʨʘʩʪʳʨʳʣסʘʥ. פʘʨʘʩʪʳʨʳʣסʘʥ ʦʙʣʳʩ ʝʢʽᴇʣʰʝʤʜʽ 

ʞᴅʥʝ ʛʘʟ ʨʝʪʽʥʜʝ CO2 ï ʘʫʘ ץʦʩʧʘʩʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. t=0 ʩ ʫʘץʳʪ ʢʝʟʝשʽʥʜʝ, ʙᴇʣʤʝ 

ʽʰʽʥʜʝʛʽ CO2 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 5 % ï ʜʳ ײץʨʘʡʜʳ, ʘʣ ʪʝʤʧʝʨʘʪʫʨʘ 303 ʂ ʙʦʣʳʧ 

ʘʣʳʥʜʳ. ʊʘʟʘ ʘʫʘ 293 ʂ ʪʝʤʧʝʨʘʪʫʨʘʤʝʥ ʞᴅʥʝ 1 ʤ/ʩ ʞʳʣʜʘʤʜʳץʧʝʥ ʙᴇʣʤʝ ʽʰʽʥʝ 
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ʢʽʨʝʜʽ. ɽʩʝʧʪʝʫʣʝʨ CO2 ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʞᴅʥʝ ʤʘʢʩʠʤʘʣʜʳ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩᴅʡʢʝʩʽʥʰʝ 0,035 % ï ʜʳ ʞᴅʥʝ 293 ʂ ײץʨʘסʘʥʰʘ ʞװʨʛʽʟʽʣʜʽ. 

 

 
 

a) ɹʽʨʙʘסʳʪʪʳ ʘʫʘ ʘסʳʥʳ 

 

 
 

b) ɹʽʨ ʙʘסʳʪʪʳ ʝʤʝʩ ʘʫʘ ʘסʳʥʳ 

 

 
 

c) ɸʨʘʣʘʩ ʘʫʘ ʘסʳʥʳ 

ʉʫʨʝʪ 3.8 ï ɽʩʝʧʪʝʫ ʦʙʣʳʩʪʘʨʳ 
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ɽʩʝʧʪʝʫʣʝʨ ʞװʨʛʽʟʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʣʝʩʽ ʥᴅʪʠʞʝʣʝʨ ʘʣʳʥʜʳ: ʙʽʨʙʘסʳʪʪʳ ʘʫʘ 

ʘסʳʥʳʜʘ (3.9 ʩʫʨʝʪ), ʙʽʨʙʘסʳʪʪʳ ʝʤʝʩ ʘʫʘ ʘסʳʥʳʜʘ (3.10 ʩʫʨʝʪ), ʘʨʘʣʘʩ ʘʫʘ 

ʘסʳʥʳʜʘ (3.11 ʩʫʨʝʪ). ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʛʝ ץʘʨʘʧ, ʘʫʘ ʙᴇʣʤʝ ʽʰʽʥʜʝ ʙʽʨץʘʣʳʧʪʳ 

ʪʘʨʘʣʘʪʳʥʜʳסʳʥʘ ʢᴇʟ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʝʩʝʧʪʝʫ ʦʙʣʳʩʳʥʜʘ 

ʣʘʩʪʘʫʰʳʣʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʪʘʨʘʣʫʳ, ʘʫʘ ʢʽʨʫ 

ʩʘשʳʣʘʫʳʥʳש ʢᴇʣʝʤʽʥʝ ץʘʪʘש ʪᴅʫʝʣʜʽʣʽʛʽʥ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. ɹʝʨʽʣ ʞʘסʜʘʡʣʘʨʜʳש 

ʙʘʨʣʳסʳʥʜʘ, ʘʫʘ ʘסʳʥʳ ʢᴇʣʝʤʽ ʙʽʨʜʝʡ ʙʦʣʜʳ, ʩʦסʘʥ ץʘʨʘʤʘʩʪʘʥ ʙʽʨʙʘסʳʪʪʳ 

ʘסʳʥʜʘ, ʘʫʘʥʳש ʦʙʣʳʩץʘ ᴅʩʝʨʽ ʢᴇʧ ʙʦʣסʘʥʜʳסʳʥ ʘʥʳץ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ. 

 

 
 

a) ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʫʨʳ 

 

 
 

b) ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʬʠʣʽ 

ʉʫʨʝʪ 3.9 ï ɹʽʨ ʙʘסʳʪʪʳ ʘʫʘ ʘסʳʥʳʥʜʘסʳ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ, t=44.1 ʩ. 

 






















