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ɸʇʉʊʈɸʂʊ 
 

ɻʣʦʙʘʣʥʘʪʘ ʧʦʪʨʦʰʫʚʘʯʢʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʝ ʚʦ ʢʦʥʩʪʘʥʪʝʥ ʧʦʨʘʩʪ, ʧʘ ʟʘʪʦʘ  

ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ ʩʝ ʜʦʙʠʚʘ ʟʛʦʣʝʤʝʥʘ ʧʦʙʘʨʫʚʘʯʢʘ ʦʜ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ. ʂʘʢʦ ʜʦʧʦʣʥʫʚʘˁʝ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, 

ʚʦ ʝʜʝʥ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ, ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʘʪ ʠ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʦʙʥʦʚʣʠʚʠ 

ʠʟʚʦʨʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʯʠʩʪʘ ʝʥʝʨʛʠʿʘ (ʚʦʜʘ, ʩʦʥʮʝ ʠ ʚʝʪʝʨ). ʄʦʨʘ ʜʘ ʩʝ 

ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥ ʢʘʧʘʮʠʪʝʪ ʦʜ ʚʝʪʝʨʥʘ ʝʥʝʨʛʠʿʘ ʝ ʥʘʿʢʦʤʧʝʪʠʪʠʚʝʥ ʠ 

ʥʘʿʙʝʟʙʝʜʝʥ ʠʟʚʦʨ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʧʦʜʦʙʨʫʚʘˁʝʪʦ ʥʘ 

ʢʘʨʘʢʝʪʨʠʩʪʠʢʠʪʝ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʮʠʪʝ ʠ ʧʦʛʦʥʠʪʝ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʬʨʝʢʚʝʥʮʠʿʘ, 

ʢʘʢʦ ʥʘʿʜʦʙʨʦ ʨʝʰʝʥʠʝ ʩʝ ʧʦʢʘʞʘʘ ʚʝʪʝʨʥʠʪʝ ʮʝʥʪʨʘʣʠ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ. 

ʄʦʤʝʥʪʘʣʥʦ ʪʠʧʘ ʥʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʪʝʭʥʦʣʦʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʥʠʪʝ 

ʝʣʝʢʪʨʘʥʠ. ʊʦʘ ʩʝ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʠʣʠ ʪ.ʥ. DFIG 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ, ʢʦʿ ʨʘʙʦʪʠ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ ʠ ʛʝʥʝʨʘʪʦʨ ʩʦ ʢʦʥʩʪʘʥʪʥʘ 

ʙʨʟʠʥʘ. ɺʦ ʦʚʦʿ ʤʘʛʠʩʪʝʨʩʢʠ ʪʨʫʜ, ʪʝʤʝʣʥʦ ʝ ʨʘʟʨʘʙʦʪʝʥ ʤʦʜʝʣʦʪ ʥʘ ʜʚʦʿʥʦ 

ʥʘʧʦʿʫʚʘʥ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ. ʄʦʜʝʣʠʨʘˁʝʪʦ ʠ ʩʠʤʫʣʘʮʠʿʘʪʘ ʥʘ ʘʩʠʥʭʨʦʥʘʪʘ 

ʤʘʰʠʥʘ ʝ ʠʟʚʝʜʝʥʦ ʩʦ ʧʦʤʦʰ ʥʘ MATLAB /SIMULINK ʩʦʬʪʚʝʨʩʢʘʪʘ ʧʣʘʪʬʦʨʤʘ. 

ɺʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʩʦ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥ ʛʝʥʝʨʘʪʦʨ ʝ ʝ ʠʥʪʝʛʨʠʨʘʥ ʜʝʣ ʦʜ ʦʜ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ, ʧʘ ʪʘʢʘ ʩʠʪʝ ʘʙʥʦʨʤʘʣʥʠ ʧʦʿʘʚʠ ʚʦ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ˃ʝ ʩʝ ʨʝʬʣʝʢʪʠʨʘʘʪ ʥʘ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʚʦ ʩʦʦʜʚʝʪʥʘ ʤʝʨʘ.  

ɿʝʤʘʿ˃ʠ ʛʦ ʦʚʘ ʚʦ ʧʨʝʜʚʠʜ, ʨʘʟʨʘʙʦʪʝʥʠ ʩʝ ʥʝʢʦʣʢʫ ʩʧʝʮʠʬʠʯʥʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ 

ʥʘ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥʠʦʪ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ (DFIG) ʩʧʦʨʝʜ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ 

ʜʝʬʠʥʠʨʘ ʢʦʿ ʦʜ ʨʝʞʠʤʠʪʝ ʝ ʥʘʿʥʝʧʦʚʦʣʝʥ. ɹʠʜʝʿ˃ʠ ʚʦ ʩʝʢʦʿ ʪʠʧ ʥʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ 

ʝ ʜʝʬʠʥʠʨʘʥ ʩʠʩʪʝʤ ʥʘ ʟʘʰʪʠʪʘ ʟʘʝʜʥʦ ʩʦ ʧʘʨʘʤʝʪʨʠʪʝ ʩʧʦʨʝʜ ʢʦʠ ʪʨʝʙʘ ʪʘʘ 

ʟʘʰʪʠʪʘ ʜʘ ʜʝʣʫʚʘ, ʪʫʨʙʠʥʘʪʘ ʤʦʞʝ ʚʦ ʥʝʢʦʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʜʘ ʠʩʧʘʜʥʝ ʦʜ 

ʧʦʛʦʥ, ʩʝ ʜʦʜʝʢʘ ʛʨʝʰʢʘʪʘ ʥʝ ʩʝ ʘʥʫʣʠʨʘ. ʆʪʢʘʢʦ ʛʨʝʰʢʘʪʘ ʚʦ ʧʦʛʦʥʦʪ ˃ʝ ʩʝ 

ʘʥʫʣʠʨʘ, ʪʫʨʙʠʥʘʪʘ ʩʝ ʚʨʘ˃ʘ ʚʦ ʧʦʛʦʥ. ʂʘʢʦ ʜʦʧʦʣʥʠʪʝʣʥʘ ʪʝʤʘ ʩʝ ʧʨʝʟʝʥʪʠʨʘʥʠ ʠ 

ʜʝʬʠʥʠʨʘʥʠ ʫʩʣʦʚʠʪʝ ʠ ʤʨʝʞʥʠʪʝ ʧʨʘʚʠʣʘ ʩʧʦʨʝʜ ʢʦʠ ʪʨʝʙʘ ʚʝʪʝʨʥʘʪʘ ʬʘʨʤʘ ʜʘ ʩʝ 

ʚʢʣʫʯʠ ʚʦ ʧʦʛʦʥ. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 



 

vi 

 

ABSTRACT 
 

The global electrical energy consumption is rising and there is steady increase of the 

demand on power generation. So in addition to conventional power generation units a 

large no. of renewable energy units is being integrated into the power system. A wind 

electrical generation system is the most cost competitive of all the environmentally clean 

and safe renewable energy sources in world. The recent evolution of power 

semiconductors and variable frequency drive technology has aided the acceptance of 

variable speed generation systems.  

Both fixed-speed squirrel-cage induction generator and variable speed double fed 

induction generator are used in wind turbine generation technology. Therefore, a detailed 

model of induction generator coupled to wind turbine system is presented in the thesis. 

Modeling and simulation of induction machine using vector control computing technique 

is done in MATLAB/SIMULINK platform. The significant result of the analysis is also 

shown and being compared with the existing literature to validate approach.  

DFIGïwind turbine is an integrated part of distributed generation system. Therefore, any 

abnormalities associates with grid are going to affect the system performance 

considerably.  

Taking this into account, the performance of double fed induction generator (DFIG) 

variable speed wind turbine under network fault is studied using simulation developed in 

MATLAB/SIMULINK results show the transient behavior of the double fed induction 

generator in different scenarios of work, which are defined and explained thoroughly in 

the master thesis. After the clearance of the fault fault the wind turbine returns in normal 

operation. As an additional topic in the master thesis, the conditions for proper 

connection of the wind turbine in the rest of the power system are presented and 

explained. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



ɼʠʥʘʤʠʯʢʠ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ ʩʦ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥ ʘʩʠʥʭʨʦʥ 

ʛʝʥʝʨʘʪʦʨ 
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1  ɺʆɺɽɼ 

1.1 ʇʨʦʙʣʝʤʘʪʠʢʘ 

ɻʣʦʙʘʣʥʠʦʪ ʨʘʟʚʦʿ ʥʘ ʦʧʰʪʝʩʪʚʦʪʦ ʚʦ ʠʜʥʠʥʘ ʚʦ ʛʦʣʝʤʘ ʤʝʨʢʘ ˃ʝ ʟʘʚʠʩʠ ʦʜ 

ʩʦʩʪʦʿʙʠʪʝ ʚʦ ʦʙʣʘʩʪʘ ʥʘ ʝʥʝʨʛʝʪʠʢʘʪʘ. ʉʝʛʘʰʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʨʠʤʘʨʥʠʪʝ ʠʟʚʦʨʠ 

ʥʘ ʝʥʝʨʛʠʿʘ ʥʝ ʤʦʞʝ ʜʘ ʛʦ ʦʙʝʟʙʝʜʠ ʧʦʩʪʦʝʯʢʠʦʪ ʪʨʝʥʜ ʥʘ ʧʦʨʘʩʪ ʥʘ ʧʦʪʨʝʙʠʪʝ ʦʜ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʇʨʠʯʠʥʘ ʟʘ ʪʦʘ ʩʝ ʘʢʪʫʝʣʥʠʪʝ ʝʢʦʣʦʰʢʠ ʧʨʦʙʣʝʤʠ ʢʦʠ ʩʝ 

ʜʠʨʝʢʪʥʦ ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʜ ʩʦʛʦʨʫʚʘˁʝʪʦ ʥʘ ʬʦʩʠʣʥʠʪʝ ʠ ʥʫʢʣʝʘʨʥʠʪʝ ʛʦʨʠʚʘ, ʘ ʚʨʟ 

ʢʦʠ ʩʝ ʙʘʟʠʨʘ ʜʝʥʝʰʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʄʦʞʝ ʜʘ ʩʝ ʢʘʞʝ 

ʜʝʢʘ ʪʝʭʥʦʣʦʰʢʠʦʪ ʨʘʟʚʦʿ ʥʘ ʥʘʰʘʪʘ ʮʠʚʠʣʠʟʘʮʠʿʘ ʧʦʧʦʣʝʢʘ ʛʦ ʜʦʩʪʠʛʥʫʚʘ ʢʨʘʿʦʪ 

ʥʘ ʝʜʥʘ ʝʧʦʭʘ ʧʦʩʣʝ ʢʦʿʘ ʬʦʩʠʣʥʠʪʝ ʛʦʨʠʚʘ ʧʦʚʝ˃ʝ ʥʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʦʩʥʦʚʘ ʟʘ 

ʧʣʘʥʠʨʘˁʝ ʥʘ ʝʥʝʨʛʝʪʠʢʘʪʘ. ʆʜʛʦʚʦʨʦʪ ʥʘ ʧʨʘʰʘˁʝʪʦ ʰʪʦ ʧʦʥʘʪʘʤʫ ʤʦʞʝ ʜʘ ʩʝ 

ʜʚʠʞʠ ʚʦ ʜʚʝ ʥʘʩʦʢʠ: ʝʜʥʘʪʘ ʝ ʚʦ ʨʘʟʚʠʚʘˁʝ ʥʘ ʤʝʪʦʜʠ ʟʘ ʰʪʝʜʝˁʝ ʠ ʝʬʠʢʘʩʥʦ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʧʦʩʪʦʝʯʢʠʪʝ ʝʥʝʨʛʝʪʩʢʠ ʨʝʩʫʨʩʠ ʠ ʜʨʫʛʘʪʘ ʚʦ ʚʦʚʝʜʫʚʘˁʝ ʥʦʚʠ 

(ʘʣʪʝʨʥʘʪʠʚʥʠ) ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʢʦʠ ʰʪʦ ʩʝ ʝʢʦʣʦʰʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʦʧʨʘʚʜʘʥʠ. 

ʄʝʺʫʥʘʨʦʜʥʦ ʧʨʠʬʘʪʝʥʠ ʦʙʚʨʩʢʠ ʟʘ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʝʤʠʩʠʿʘʪʘ ʥʘ CO2 (Kyoto 

protocol) ʠ ʣʦʢʘʣʥʠʪʝ ʝʢʦʣʦʰʢʠ ʧʨʦʙʣʝʤʠ ʛʠ ʧʨʠʥʫʜʠʣʝ ʚʠʩʦʢʦʨʘʟʚʠʝʥʠʪʝ ʟʝʤʿʠ ʜʘ 

ʚʣʦʞʫʚʘʘʪ ʦʛʨʦʤʝʥ ʢʘʧʠʪʘʣ ʠ ʘʥʛʘʞʠʨʘˁʝ ʥʘ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʩʪʨʫʯˁʘʮʠ ʚʦ ʨʘʟʚʦʿ ʥʘ 

ʩʠʩʪʝʤʠ ʟʘ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ (ʚʝʪʝʨʥʠ ʮʝʥʪʨʘʣʠ, ʩʦʣʘʨʥʠ 

ʮʝʥʪʨʘʣʠ, ʛʝʦʪʝʨʤʘʣʥʠ ʠ ʮʝʥʪʨʘʣʠ ʢʦʠ ʢʦʨʠʩʪʘʪ ʙʠʦʤʘʩʘ ʠʪʥ.). ʆʩʚʝʥ ʪʦʘ, ʚʣʘʜʠʪʝ 

ʥʘ ʤʥʦʛʫ ʟʝʤʿʠ ʿʘ ʧʦʪʪʠʢʥʫʚʘʘʘʪ ʠʟʛʨʘʜʙʘʪʘ ʥʘ ʝʢʦʣʦʰʢʠ ʯʠʩʪʠ ʮʝʥʪʨʘʣʠ ʢʦʠ 

ʢʦʨʠʩʪʘʪ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ. ʆʚʘʘ ʧʦʣʠʪʠʢʘ ʧʨʠʜʦʥʝʩʫʚʘ ʜʦ ʦʯʠʛʣʝʜʥʘ 

ʧʦʧʫʣʘʨʠʟʘʮʠʿʘ ʠ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʫʜʝʣʦʪ ʥʘ ʦʜʨʝʜʝʥʠ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʚʦ 

ʚʢʫʧʥʦʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. 

ʀʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʦʙʥʦʚʣʠʚʠʪʝ ʠʟʚʦʨʠ ʝ ʦʜ ʛʦʣʝʤʘ ʚʘʞʥʦʩʪ ʧʦʨʘʜʠ 

ʬʘʢʪʦʪ ʰʪʦ ʪʠʝ ʠʛʨʘʘʪ ʛʦʣʝʤʘ ʫʣʦʛʘ ʧʨʠ ʥʘʤʘʣʫʚʘˁʝʪʦ ʥʘ ʝʤʠʩʠʿʘʪʘ ʥʘ ʰʪʝʪʥʠ 

ʛʘʩʦʚʠ, ʰʪʦ ʚʦʝʜʥʦ ʝ ʠ ʝʜʥʘ ʦʜ ʛʣʘʚʥʠʪʝ ʩʤʝʨʥʠʮʠ ʥʘ ʝʥʝʨʛʝʪʩʢʘʪʘ ʧʦʣʠʪʠʢʘ ʥʘ 

ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ (ɽʋ). ʆʩʚʝʥ ʪʦʘ, ʪʦʘ ʟʥʘʯʠ ʠ ʜʠʨʝʢʪʥʘ ʧʦʜʜʨʰʢʘ ʥʘ ʧʦʣʠʪʠʢʘʪʘ ʥʘ 

ʦʜʨʞʣʠʚ ʨʘʟʚʦʿ ʢʘʢʦ ʝʜʥʘ ʦʜ ʪʝʤʝʣʥʠʪʝ ʧʨʝʪʧʦʩʪʘʚʢʠ ʥʘ ʜʝʥʝʰʥʠʦʪ ʨʘʟʚʦʿ ʥʘ 

ʛʣʦʙʘʣʥʦʪʦ ʦʧʰʪʝʩʪʚʦ. ʆʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʪʦ, ʟʝʤʿʠʪʝ ʢʦʠ ʩʝ ʦʨʠʝʥʪʠʨʘʥʠ ʢʦʥ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʥʘ ʝʥʝʨʛʠʿʘ ʜʘʚʘʘʪ ʟʥʘʯʘʝʥ ʧʨʠʜʦʥʝʩ ʟʘ 

ʩʦʟʜʘʚʘˁʝ ʥʘ ʟʜʨʘʚʘ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ ʥʘ ʩʝʛʘʰʥʠʪʝ ʠ ʠʜʥʠʪʝ ʛʝʥʝʨʘʮʠʠ. 

 ɼʝʥʝʩ, ʝʜʝʥ ʦʜ ʥʘʿʧʝʨʩʧʝʢʪʠʚʥʠʪʝ ʦʙʣʠʮʠ ʥʘ ʦʙʥʦʚʣʠʚʠ ʠʟʚʦʨʠ ʦʜ ʘʩʧʝʢʪ ʥʘ 

ʥʝʿʟʠʥʦ ʧʨʝʪʚʦʨʘˁʝ ʚʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʝ ʚʝʪʝʨʥʘʪʘ ʝʥʝʨʛʠʿʘ. ʇʨʦʛʥʦʟʠʪʝ ʟʘ 

ʥʝʿʟʠʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʩʝ ʤʥʦʛʫ ʦʧʪʠʤʠʩʪʠʯʢʠ ʠ ʩʝ ʧʨʝʪʧʦʩʪʘʚʫʚʘ ʜʝʢʘ ʚʝʪʝʨʦʪ ˃ʝ 

ʙʠʜʝ ʤʥʦʛʫ ʚʘʞʝʥ ʠʟʚʦʨ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʠʜʥʠʥʘ. ʊʘʢʚʠʪʝ ʧʨʦʛʥʦʟʠ ʩʝ 

ʨʝʘʣʥʠ ʩʦ ʦʛʣʝʜ ʥʘ ʤʦʞʥʦʩʪʠʪʝ ʠ ʠʥʪʝʥʟʠʚʥʠʦʪ ʨʘʟʚʦʿ ʥʘ ʪʝʭʥʦʣʦʰʢʠ ʫʩʦʚʨʰʝʥʠ 

ʚʝʪʝʨʥʠ ʮʝʥʪʨʘʣʠ ʩʦ ʩé ʧʦʛʦʣʝʤʠ ʤʦ˃ʥʦʩʪʠ.  

ɽʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʝ ʚʩʫʰʥʦʩʪ ʪʨʘʥʩʬʦʨʤʠʨʘʥʘ ʝʥʝʨʛʠʿʘ ʥʘ ʩʦʥʯʝʚʦ 

ʟʨʘʯʝˁʝ ʢʦʿʘ ʩʝ ʧʨʝʪʚʦʨʘ ʚʦ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʥʘ ʧʦʜʚʠʞʥʠʪʝ ʚʦʟʜʫʰʥʠ ʤʘʩʠ ʚʦ 

ʘʪʤʦʩʬʝʨʘʪʘ. ʉʝ ʧʨʦʮʝʥʫʚʘ ʜʝʢʘ ʦʢʦʣʫ 1-2 % ʦʜ ʩʦʥʯʝʚʦʪʦ ʟʨʘʯʝˁʝ ʩʝ ʧʨʝʪʚʦʨʘ ʚʦ 

ʚʝʪʝʨʥʘ ʝʥʝʨʛʠʿʘ, ʥʦ ʠ ʪʦʿ ʠʟʥʦʩ ʧʦʚʝ˃ʝʢʨʘʪʥʦ ʛʠ ʥʘʜʤʠʥʫʚʘ ʜʝʥʝʰʥʠʪʝ ʩʚʝʪʩʢʠʪʝ 

ʧʦʪʨʝʙʠ ʦʜ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ.  



 

2 

 

ʂʦʨʠʩʪʝˁʝʪʦ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪeʨʦʪ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʧʦʯʥʘʣʘ ʜʘ ʩʝ ʨʘʟʚʠʚʘ ʚʦ ʪʨʠʝʩʝʪʠʪʝ ʛʦʜʠʥʠ ʥʘ 20 ʚʝʢ ʠ ʪʦʛʘʰ ʟʘʧʦʯʥʫʚʘ 

ʠʟʛʨʘʜʙʘʪʘ ʥʘ ʧʨʚʠʪʝ ʚʝʪʝʨʥʠʮʠ ʟʘ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʢʘ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ 

ʚʝʪʘʨʦʪ. ʇʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨ ʚʦ ʪʦʘ ʚʨʝʤʝ ʙʠʣʘ 

ʥʝʝʬʠʢʘʩʥʘ ʠ ʩʢʘʧʘ. ʉʦ ʨʘʟʚʦʿʦʪ ʥʘ ʛʦʣʝʤʠʪʝ ʭʠʜʨʦʝʣʝʢʪʨʘʥʠ ʠ ʪʝʨʤʦʝʣʝʢʪʨʘʥʠ, 

ʚʝʪʝʨʥʠʮʠʪʝ ʙʨʟʦ ʧʘʜʥʘʣʝ ʚʦ ʟʘʙʦʨʘʚ. ɻʦʣʝʤʘʪʘ ʝʥʝʨʛʝʪʩʢʘ ʢʨʠʟʘ ʚʦ ʩʝʜʫʤʜʝʩʝʪʠʪʝ 

ʛʦʜʠʥʠ ʥʘ ʤʠʥʘʪʠʦʪ ʚʝʢ, ʘ ʧʦʜʦʮʥʘ ʠ ʩʝ ʧʦʩʝʨʠʦʟʥʠʪʝ ʛʣʦʙʘʣʥʠ ʝʢʦʣʦʰʢʠ ʧʨʦʙʣʝʤʠ 

ʜʦʚʝʜʦʘ ʜʦ ʨʝʥʝʩʘʥʩʘ ʥʘ ʚʝʪʝʨʥʠʮʠʪʝ. ɼʝʥʝʩ ʚʝʪʝʨʥʘʪʘ ʝʥʝʨʛʝʪʠʢʘ ʧʨʝʪʩʪʘʚʫʚʘ 

ʛʨʘʥʢʘ ʦʜ ʝʥʝʨʛʝʪʠʢʘʪʘ ʢʦʿʘ ʥʘʿʙʨʟʦ ʩʝ ʨʘʟʚʠʚʘ, ʢʘʢʦ ʚʦ ʧʦʛʣʝʜ ʥʘ ʪʝʭʥʦʣʦʛʠʿʘʪʘ, 

ʪʘʢʘ ʠ ʚʦ ʧʦʛʣʝʜ ʥʘ ʧʦʨʘʩʪʦʪ ʥʘ ʠʟʛʨʘʜʝʥʠ ʚʝʪʝʨʥʠʮʠ ʚʦ ʩʚʝʪʦʪ.  

                ʀʩʢʦʨʠʩʪʫʚʘˁʝʪʦ ʥʘ ʚʝʪʝʨʦʪ ʝ ʥʘʿʙʨʟʦ ʨʘʩʪʝʯʢʘ ʛʨʘʥʢʘ ʦʜ ʦʙʥʦʚʣʠʚʠʪʝ 

ʠʟʚʦʨʠ. ɺʦ ʧʦʩʣʝʜʥʠʚʝ ʥʝʢʦʣʢʫ ʛʦʜʠʥʠ, ʪʫʨʙʠʥʠʪʝ ʥʘ ʚʝʪʝʨ ʩʝ ʧʦʜʦʙʨʝʥʠ ʚʦ ʤʥʦʛʫ 

ʘʩʧʝʢʪʠ. ʎʝʥʘʪʘ ʥʘ ʝʜʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ ʧʦ ʝʜʠʥʠʮʘ ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʚʦ 

ʩʧʦʨʝʜʙʘ ʩʦ ʝʜʥʘ ʪʝʨʤʦʝʣʝʢʪʨʘʥʘ ʩʝ ʥʘʤʘʣʫʚʘ ʨʘʧʠʜʥʦ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʨʘʟʚʦʿʦʪ ʥʘ 

ʪʝʭʥʦʣʦʛʠʿʘʪʘ. ʇʦʩʪʦʿʘʪ ʜʝʣʦʚʠ ʥʘ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ ʥʘ ʢʦʠ ʨʝʯʠʩʠ ʧʦʩʪʦʿʘʥʦ ʜʫʚʘʘʪ 

ʚʝʪʨʦʚʠ, ʧʘ ʥʘ ʪʠʝ ʤʝʩʪʘ ʝ ʥʘʿʧʦʛʦʜʥʦ ʠ ʥʘʿʠʩʧʣʘʪʣʠʚʦ ʜʘ ʩʝ ʠʟʚʝʜʘʪ ʚʝʪʝʨʥʠ 

ʮʝʥʪʨʘʣʠ. ʅʘʿʧʦʚʦʣʥʠ ʣʦʢʘʮʠʠ ʟʘ ʠʥʩʪʘʣʠʨʘˁʝ ʧʨʝʪʩʪʘʚʫʚʘʘʪ ʢʨʘʿʙʨʝʞʿʘʪʘ ʠ 

ʙʨʝʛʦʚʠʪʝ ʥʘ ʤʦʨʠˁʘʪʘ ʠ ʦʢʝʘʥʠʪʝ. ʆʜ ʥʝʢʦʠ ʩʪʫʜʠʠ ʠʟʨʘʙʦʪʝʥʠ ʦʜ ʉɸɼ ʠ ɽʋ ʩʝ 

ʛʣʝʜʘ ʜʝʢʘ 1/4 ʦʜ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ɽʚʨʦʧʘ ʠʤʘ ʦʜʣʠʯʥʠ ʫʩʣʦʚʠ ʟʘ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ 

ʚʘʢʚʠ ʝʥʝʨʛʝʪʩʢʠ ʢʘʧʘʮʠʪʝʪʠ. 

ʅʘʿʤʥʦʛʫ ʠʥʩʪʘʣʠʨʘʥʠ ʢʘʧʘʮʠʪʝʪʠ ʥʘ ʚʝʪʝʨʥʠ ʮʝʥʪʨʘʣʠ ʩʝ ʥʘʦʺʘʘʪ ʚʦ 

ʟʝʤʿʠʪʝ ʥʘ ɽʚʨʦʧʩʢʘʪʘ ʫʥʠʿʘ (ɻʝʨʤʘʥʠʿʘ, ʐʧʘʥʠʿʘ, ɼʘʥʩʢʘ, ʍʦʣʘʥʜʠʿʘ ʠ ʀʪʘʣʠʿʘ), ʘ  

ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʠ ʂʠʥʘ ʠ  ʉɸɼ. ʊʨʝʙʘ ʜʘ ʩʝ ʠʩʪʘʢʥʝ ʧʨʠʤʝʨʦʪ ʥʘ ɼʘʥʩʢʘ ʢʦʿʘ ʦʜ 

ʩʠʪʝ ʟʝʤʿʠ ʚʦ ʩʚʝʪʦʪ ʠʤʘ ʥʘʿʛʦʣʝʤ ʩʪʝʧʝʥ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʠ ʠʥʩʪʘʣʠʨʘˁʝ ʥʘ ʦʚʦʿ 

ʚʠʜ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʢʘʧʘʮʠʪʝʪʠ ʩʧʦʨʝʜʝʥʦ ʩʦ ʙʨʦʿʦʪ ʥʘ ʞʠʪʝʣʠ, ʘ ʥʝʿʟʠʥʘʪʘ 

ʠʥʜʫʩʪʨʠʿʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʠ (Vestas) ʩʪʘʥʘ ʝʜʥʘ ʦʜ ʚʦʜʝʯʢʠʪʝ 

ʠʥʜʫʩʪʨʠʠ. 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʝ ʨʝʣʘʪʠʚʥʦ ʩʠʨʦʤʘʰʥʘ ʩʦ ʚʝʪʨʦʝʥʝʨʛʝʪʩʢʠ 

ʧʦʪʝʥʮʠʿʘʣ ʧʦʨʘʜʠ ʬʘʢʪʦʪ ʰʪʦ ʝ ʢʦʥʪʠʥʝʥʪʘʣʥʘ ʜʨʞʘʚʘ, ʥʦ ʩʝʧʘʢ ʦʜ ʥʘʧʨʘʚʝʥʠʪʝ 

ʤʝʨʝˁʘ ʠ ʠʟʨʘʙʦʪʝʥʠʪʝ ʩʪʫʜʠʠ ʫʪʚʨʜʝʥʠ ʩʝ ʥʝʢʦʣʢʫ ʣʦʢʘʮʠʠ ʥʘ ʢʦʠ ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʛʨʘʜʘʪ ʚʝʪʝʨʥʠ ʬʘʨʤʠ.  

1.2  ʄʦʪʠʚʘʮʠʿʘ ʠ ʦʯʝʢʫʚʘʥʠ ʨʝʟʫʣʪʘʪʠ 

ɺʝʪʝʨʥʠʪʝ ʝʣʝʢʪʨʠʯʥʠ ʮʝʥʪʨʘʣʠ (ɺɽʎ) ʿʘ ʪʨʘʥʩʬʦʨʤʠʨʘʘʪ ʢʠʥʝʪʠʯʢʘʪʘ 

ʝʥʝʨʛʠʿʘ ʥʘ ʚʦʟʜʫʰʥʠʪʝ ʤʘʩʠ ʚʦ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ɹʠʜʝʿ˃ʠ ʚʝʪʝʨʦʪ ʧʨʝʪʩʪʘʚʫʚʘ 

ʧʨʦʤʝʥʣʠʚ ʝʥʝʨʛʝʪʩʢʠ ʨʝʩʫʨʩ ʯʠʿ ʧʨʘʚʝʮ ʠ ʠʥʪʝʥʟʠʪʝʪ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ, 

ʥʠʪʫ ʧʘʢ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʩʦ ʛʦʣʝʤʘ ʪʦʯʥʦʩʪ, ʨʘʙʦʪʘʪʘ ʥʘ ʝʜʥʘ ɺɽʎ ʚʦ ʦʜʨʝʜʝʥʠ 

ʧʝʨʠʦʜʠ ʤʦʞʝ ʜʘ ʙʠʜʝ ʠʩʢʣʫʯʠʪʝʣʥʦ ʜʠʥʘʤʠʯʥʘ. ɺʦ ʪʘʢʚʠʪʝ ʧʝʨʠʦʜʠ ʚʝʪʝʨʦʪ ʤʦʞʝ 

ʟʥʘʯʘʿʥʦ ʜʘ ʿʘ ʧʨʦʤʝʥʠ ʙʨʟʠʥʘʪʘ ʠʣʠ ʧʘʢ ʧʨʘʚʝʮʦʪ, ʧʘ ʦʜ ʠʥʪʝʨʝʩ ʝ ʜʘ ʩʝ ʧʨʦʫʯʠ 

ʢʘʢʦ ʥʝʦʯʝʢʫʚʘʥʠʪʝ ʧʨʦʤʝʥʠ ʥʘ ʠʟʣʝʟʥʘʪʘ ʤʦ˃ʥʦʩʪ ʚʣʠʿʘʘʪ ʚʨʟ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ 

ʩʠʩʪʝʤ. ʂʘʢʦ ʨʝʟʫʣʪʘʪ ʥʘ ʚʘʢʚʠʪʝ ʜʠʥʘʤʠʯʢʠʪʝ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ɺɽʎ, ʩʝ ʿʘʚʫʚʘ 

ʧʨʦʙʣʝʤʦʪ ʩʦ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʥʘʧʦʥ, ʬʨʝʢʚʝʥʮʠʿʘ, ʘʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʪ.ʝ 

ʮʝʣʘʪʘ ʠʥʪʝʨʘʢʮʠʿʘ ʥʘ ɺɽʎ ʩʦ ʩʠʩʪʝʤʦʪ ʦʜ ʘʩʧʝʢʪ ʥʘ ʟʘʜʦʚʦʣʫʚʘˁʝ ʥʘ ʄʨʝʞʥʠʪʝ 

ʧʨʘʚʠʣʘ ʟʘ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ʚʝʪʝʨʥʠ ʮʝʥʪʨʘʣʠ.  



 

3 

 

ɺʝʪʝʨʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ (ɺɽʎ) ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʢʣʫʯʠ ʥʘ ʧʨʝʥʦʩʥʘ 

ʤʨʝʞʘ ʠʣʠ ʥʘ ʜʠʩʪʨʠʙʫʪʠʚʥʘ ʤʨʝʞʘ. ʇʨʠʢʣʫʯʫʚʘˁʝʪʦ ʥʘ ʛʦʣʝʤʠ ʚʝʪʝʨʥʠ ʬʘʨʤʠ ʚʦ 

ʨʝʣʘʪʠʚʥʦ ʤʘʣ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʩʠʛʫʨʥʦ ʝ ʧʨʝʜʠʟʚʠʢ ʟʘ ʩʠʛʫʨʥʦ ʚʦʜʝˁʝ ʥʘ 

ʩʠʩʪʝʤʦʪ. ʊʘʢʦʚ ʩʣʫʯʘʿ ʩʝ ʧʨʝʜʚʠʜʝʥʠʪʝ ɺɽʎ ʠ ʚʝʪʨʦʧʘʨʢʦʚʠ ʢʦʠ ʙʠ ʩʝ ʠʟʛʨʘʜʠʣʝ 

ʥʘ ʪʝʨʠʪʦʨʠʿʘʪʘ ʥʘ ʈ. ʄʘʢʝʜʦʥʠʿʘ ʠ ʢʦʠ ʠʤʘʘʪ ʨʝʣʘʪʠʚʥʦ ʛʦʣʝʤʠ ʤʦ˃ʥʦʩʪʠ. ʇʨʠ ʪʦʘ 

ʤʦʨʘ ʜʘ ʩʝ ʟʘʜʦʚʦʣʘʪ ʥʝʢʦʠ ʪʝʭʥʠʯʢʠ ʫʩʣʦʚʠ ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʥʘʧʦʥ, 

ʬʨʝʢʚʝʥʮʠʿʘ, ʧʨʝʜʘʜʝʥʠ ʘʢʪʠʚʥʠ ʠ ʨʝʘʢʪʠʚʥʠ ʤʦ˃ʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʩʝʪʦ ʪʦʘ ʤʦʨʘ ʜʘ 

ʙʠʜʝ ʫʩʦʛʣʘʩʝʥʦ ʩʦ ʤʨʝʞʥʠʪʝ ʧʨʘʚʠʣʘ ʢʦʠ ʛʠ ʫʩʣʦʚʫʚʘ ʤʨʝʞʥʠʦʪ ʦʧʝʨʘʪʦʨ ʩʦ ʮʝʣ 

ʜʘ ʩʝ ʟʘʜʨʞʠ ʦʩʥʦʚʥʘʪʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ɽɽʉ ʢʘʢʦ ʰʪʦ ʩʝ ʜʦʚʝʨʣʠʚʦʩʪʘ ʠ 

ʢʚʘʣʠʪʝʪʦʪ ʥʘ ʠʩʧʦʨʘʯʘʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ 

ɹʘʨʘˁʘʪʘ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ 

ʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ, ʦʜʥʦʩʥʦ ʪʦʘ ʙʠ ʟʥʘʯʝʣʦ ʚʝʪʝʨʥʠʪʝ ʮʝʥʪʨʘʣʠ ʠʣʠ ʧʘʢ 

ʚʝʪʨʦʧʘʨʢʦʚʠʪʝ ʜʘ ʿʘ ʠʤʘʘʪ ʤʦʞʥʦʩʪʘ ʟʘ ʢʦʥʪʠʥʫʠʨʘʥʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʘʢʪʠʚʥʘʪʘ 

ʤʦ˃ʥʦʩʪ ʠ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʛʦ ʟʘʜʨʞʘʪ ʧʦʛʦʥʦʪ ʥʘ ɽɽʉ ʚʦ ʨʝʞʠʤ ʥʘ ʥʘʨʫʰʫʚʘˁʝ ʥʘ 

ʥʦʨʤʘʣʥʘʪʘ ʨʘʙʦʪʘ. ʇʦʩʪʦʿʘʪ ʠ ʜʨʫʛʠ ʙʘʨʘˁʘ ʢʘʢʦ ʥʘ ʧʨʠʤʝʨ ʨʝʛʫʣʘʮʠʿʘʪʘ ʥʘ 

ʥʘʧʦʥʦʪ ʠ ʢʦʤʧʝʥʟʘʮʠʿʘʪʘ ʥʘ ʨʝʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ, ʧʨʠ ʰʪʦ ʩʝ ʧʦʪʝʥʮʠʨʘ ʥʘ 

ʜʦʟʚʦʣʝʥʠʪʝ ʧʨʦʤʝʥʠ ʥʘ ʥʘʧʦʥʦʪ ʩʧʦʨʝʜ ʢʦʿ ɺɽʎ ʦʩʪʘʥʫʚʘ ʧʨʠʢʣʫʯʝʥʘ ʚʦ ʤʨʝʞʘ, 

ʜʦʜʝʢʘ ʜʨʫʛʦʪʦ ʙʘʨʘˁʝ ʝ ʟʘ ʢʦʤʧʝʥʟʠʨʘˁʝ ʥʘ ʨʝʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʧʦʨʘʜʠ 

ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʟʘʛʫʙʠʪʝ ʚʦ ʧʨʝʥʦʩʦʪ. ɺʦ ʩʣʫʯʘʿ ʢʦʛʘ ʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ 

ʥʘʩʪʘʥʫʚʘ ʛʨʝʰʢʘ (ʢʫʩʘ ʚʨʩʢʘ ʦʜ ʢʦʿ ʠ ʜʘ ʙʠʣʦ ʚʠʜ), ʪʦʘ ʧʨʝʪʩʪʘʚʫʚʘ ʥʘʨʫʰʝʥʘ 

ʩʦʩʪʦʿʙʘ ʚʦ ʩʠʩʪʝʤʦʪ. ɿʘʪʦʘ ʙʘʨʘˁʘʪʘ ʟʘ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʚʝʪʝʨʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ 

ʮʝʥʪʨʘʣʘ ʢʦʥ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʚʦ ʚʘʢʚʠ ʩʣʫʯʘʠ ʠ ʟʘʰʪʠʪʘʪʘ ʢʦʿʘ ʩʝ 

ʢʦʨʠʩʪʠ ʢʘʿ ʥʠʚ ʩʝ ʦʜ ʛʦʣʝʤʘ ʚʘʞʥʦʩʪ ʧʨʠ ʧʦʛʦʥʦʪ ʥʘ ʚʝʪʝʨʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ 

ʮʝʥʪʨʘʣʘ. ʅʘʿʜʦʙʨʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦ ʧʦʛʣʝʜ ʥʘ ʦʚʘ ʙʘʨʘˁʝ ʝ ɺɽʎ ʜʘ ʧʦʤʠʥʝ ʥʠʟ 

ʧʝʨʠʦʜʦʪ ʥʘ ʥʘʨʫʰʫʚʘˁʝ ʙʝʟ ʜʘ ʩʝ ʠʩʢʣʫʯʠ ʦʜ ʩʠʩʪʝʤʦʪ. ʂʘʢʦ ʰʪʦ ʝ ʥʘʧʦʤʝʥʘʪʦ 

ʧʨʝʪʭʦʜʥʦ, ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʝ ʩʝʫʰʪʝ ʧʠʦʥʝʨ ʚʦ ʨʘʟʚʦʿʦʪ ʥʘ 

ʚʝʪʨʦʝʥʝʨʛʝʪʩʢʠʪʝ ʢʘʧʘʮʠʪʝʪʠ, ʰʪʦ ʥʝ ʪʨʝʙʘ ʜʘ ʧʨʝʪʩʪʘʚʫʚʘ ʭʝʥʜʠʢʝʧ, ʪʫʢʫ ʤʦʪʠʚ 

ʧʦʪʝʥʮʠʿʘʣʦʪ ʥʘ ʚʝʪʝʨʦʪ ʜʘ ʩʝ ʠʩʢʦʨʠʩʪʠ ʚʦ ʰʪʦ ʧʦʛʦʣʝʤʘ ʤʝʨʢʘ. 

ɺʦ ʤʘʛʠʩʪʝʨʩʢʠʦʪ ʪʨʫʜ ʝ ʧʨʝʟʝʥʪʠʨʘʥ ʥʘʯʠʥʦʪ ʥʘ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʦʩʥʦʚʥʠʪʝ 

ʢʦʤʧʦʥʝʥʪʠ ʦʜ ʢʦʠ ʩʝ ʩʦʩʪʦʠ ʝʜʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ ʠ ʘʥʘʣʠʟʘ ʥʘ ʜʠʥʘʤʠʯʢʠʪʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ɺɽʎ ʧʦʚʨʟʘʥʘ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ. 

ʈʘʟʛʣʝʜʘʥʠ ʩʝ ʥʝʢʦʣʢʫ ʤʦʞʥʠ ʩʣʫʯʘʠ ʥʘ ʨʘʙʦʪʘ: ʩʣʫʯʘ ʿʢʦʛʘ ʩʝ ʿʘʚʫʚʘ ʥʘʛʣʘ (ʫʜʘʨʥʘ) 

ʧʨʦʤʝʥʘ ʥʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨ ʠ ʩʣʫʯʘʿ ʥʘ ʢʦʥʪʠʥʫʠʨʘʥʘ ʧʨʦʤʝʥʘ ʥʘ ʙʨʟʠʥʘʪʘ. ʀʩʪʦ 

ʪʘʢʘ, ʘʥʘʣʠʟʠʨʘʥʦ ʝ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ɺɽʎ ʚʦ ʩʣʫʯʘʿ ʥʘ ʢʫʩʘ ʚʨʩʢʘ ʥʘ ʩʦʙʠʨʥʠʮʘ ʚʦ 

ʥʝʿʟʠʥʘ ʙʣʠʟʠʥʘ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʩʥʠʤʘʘʪ ʧʨʝʦʜʥʠʪʝ ʧʦʿʘʚʠ ʚʦ ʩʠʩʪʝʤʦʪ. ɺʦ ʩʠʪʝ ʦʚʠʝ 

ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʠʤʘ ʧʨʦʤʝʥʘ ʥʘ ʠʟʣʝʟʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʚʝʪʝʨʥʘʪʘ ʮʝʥʪʨʘʣʘ. 

ʉʝʪʦ ʪʦʘ ʝ ʧʦʜʜʨʞʘʥʦ ʩʦ ʤʦʞʥʦʩʪʠʪʝ ʥʘ ʩʦʬʪʚʝʨʩʢʠʦʪ ʧʘʢʝʪ MATLAB ʢʦʿ 

ʧʨʝʪʩʪʘʚʫʚʘ ʤʦ˃ʥʘ ʠʥʞʝʥʝʨʩʢʘ ʘʣʘʪʢʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʜʠʥʘʤʠʯʢʠ ʥʝʣʠʥʝʘʨʥʠ 

ʧʨʦʮʝʩʠ, ʘ ʩʠʤʫʣʘʮʠʠʪʝ ʩʝ ʦʜʥʝʩʫʚʘʘʪ ʥʘ ʧʨʚʠʦʪ ʠʟʛʨʘʜʝʥ ʚʝʪʝʨʝʥ ʧʘʨʢ ʚʦ 

ʄʘʢʝʜʦʥʠʿʘ ɺɽʎ Ăɹʦʛʜʘʥʮʠñ. 
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2  ʆʉʅʆɺʅʀ ʂʆʄʇʆʅɽʅʊʀ ʅɸ ɺɽʊɽʈʅɸ ɽʃɽʂʊʈʀʏʅɸ 
ʎɽʅʊʈɸʃɸ 

 ʆʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʝʜʥʘ ʚʝʪʝʨʥʘ ʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ ʩʝ: ʚʝʪʝʨʥʘʪʘ 

ʪʫʨʙʠʥʘ (ʝʣʠʩʘ), ʤʝʥʫʚʘʯ, ʛʝʥʝʨʘʪʦʨ ʠ ʫʧʨʘʚʫʚʘʯʢʠʪʝ ʩʠʩʪʝʤʠ ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʘʪ 

ʥʦʨʤʘʣʥʘ ʨʘʙʦʪʘ ʥʘ ʦʚʦʿ ʩʣʦʞʝʥ ʩʠʩʪʝʤ. ʅʠʟ ʩʣʝʜʥʠʦʪ ʜʝʣ ʥʘ ʤʘʛʠʩʪʝʨʩʢʠʦʪ ʪʨʫʜ 

˃ʝ ʙʠʜʘʪ ʧʨʝʪʩʪʘʚʝʥʠ ʦʩʥʦʚʥʠʪʝ ʤʦʜʝʣʠ ʥʘ ʦʚʠʝ ʜʝʣʦʚʠ ʧʨʝʢʫ ʪʝʭʥʠʯʢʠ ʦʧʠʩ, ʰʪʦ 

ʧʨʝʪʩʪʘʚʫʚʘ ʨʝʣʘʪʠʚʥʦ ʧʦʣʝʩʝʥ ʠʥʞʝʥʝʨʩʢʠ ʧʨʠʦʜ. ʆʚʦʿ ʧʨʠʦʜ, ʧʨʝʢʫ ʩʦʬʪʚʝʨʩʢʠ 

ʧʘʢʝʪʠ ʢʦʿ ˃ʝ ʙʠʜʝ ʧʨʝʟʝʥʪʠʨʘʥ ʚʦ ʦʚʦʿ ʪʨʫʜ, ʦʚʦʟʤʦʞʫʚʘ ʜʘ ʩʝ ʟʘʰʪʝʜʠ ʥʘ ʚʨʝʤʝ ʠ 

ʩʨʝʜʩʪʚʘ ʢʦʛʘ ʩʝ ʚʨʰʘʪ ʪʝʩʪʦʚʠ ʟʘ ʢʦʿʘ ʠ ʜʘ ʙʠʣʦ ɺɽʎ ʠ ʜʘ ʩʝ ʠʟʣʦʞʫʚʘʘʪ ʥʘ 

ʜʝʩʪʨʫʢʪʠʚʥʠ ʚʣʠʿʘʥʠʿʘ ʦʜ ʥʘʜʚʦʨʝʰʥʘʪʘ ʩʨʝʜʠʥʘ, ʧʘ ʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʠʩʧʠʪʘ 

ʜʦʚʝʨʣʠʚʦʩʪʘ ʥʘ ʩʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ɺɽʎ, ʢʘʢʦ ʠ ʥʘʯʠʥʦʪ ʥʘ ʢʦʿ ʪʘʘ ʩʝ ʠʥʪʝʛʨʠʨʘ 

ʚʦ ɽɽʉ. ʉʝʧʘʢ, ʩʝʪʦ ʪʦʘ ʟʘʚʠʩʠ ʦʜ ʥʘʯʠʥʦʪ ʥʘ ʢʦʿ ʩʝ ʤʦʜʝʣʠʨʘ ʠ ʧʨʝʟʝʥʪʠʨʘ ʚʦ 

ʧʨʦʛʨʘʤʩʢʠʦʪ ʧʘʢʝʪ. 

 ʅʘ ʩʣʠʢʘʪʘ 2.1 ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʧʨʠʥʮʠʧʠʝʣʥʘ ʰʝʤʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ɺɽʎ. ʂʘʢʦ 

ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ, ʝʜʥʘ ɺɽʎ ʝ ʩʦʩʪʘʚʝʥʘ ʦʜ ʝʣʠʩʘ, ʤʝʥʫʚʘʯ (ʨʝʜʫʢʪʦʨ), 

ʛʝʥʝʨʘʪʦʨ, ʠ ʥʘ ʢʨʘʿ ʫʧʨʘʚʫʚʘʯʢʠ ʩʠʩʪʝʤʠ, ʧʨʝʢʫ ʢʦʠ ʦʧʝʨʘʪʦʨʦʪ ʿʘ ʢʦʥʪʨʦʣʠʨʘ 

ʨʘʙʦʪʘʪʘ ʥʘ ɺɽʎ, ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʧʦʪʨʝʙʠʪʝ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ.  

 ʉʧʦʨʝʜ ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʮʠʧʠ ʥʘ ʚʝʪʨʦʝʥʝʨʛʝʪʠʢʘʪʘ, ʝʥʝʨʛʠʿʘʪʘ ʩʝ ʜʦʙʠʚʘ 

ʧʨʝʢʫ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʤʝʭʘʥʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʜʦʙʠʝʥʘ ʦʜ ʚʝʪʨʦʚʠʪʝ. ʆʜ ʧʦʩʝʙʝʥ 

ʠʥʪʝʨʝʩ ʩʝ ʚʝʪʨʦʚʠʪʝ ʢʦʠ ʩʝ ʥʘʦʺʘʘʪ ʥʘ ʚʠʩʠʥʘ ʜʦ ʦʢʦʣʫ 200 m.  

 

 
ʉʣʠʢʘ 2.1 ʇʨʠʥʮʠʧʠʝʣʥʘ ʰʝʤʘ ʥʘ ɺɽʎ 

 ɺʦ ʤʦʤʝʥʪʦʪ ʢʦʛʘ ʚʝʪʝʨʦʪ ʜʫʚʘ, ʛʠ ʧʨʠʜʚʠʞʫʚʘ ʝʣʠʩʠʪʝ ʜʘ ʩʝ ʚʨʪʘʪ, ʧʨʠ ʰʪʦ 

ʩʝ ʩʦʟʜʘʚʘ ʤʝʭʘʥʠʯʢʘ ʝʥʝʨʛʠʿʘ ʥʘ ʦʩʦʚʠʥʘʪʘ ʥʘ ʨʦʪʦʨʦʪ ʥʘ ʪʫʨʙʠʥʘʪʘ. ʊʘʘ 

ʤʝʭʘʥʠʯʢʘ ʝʥʝʨʛʠʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʝʥʝʩʝ ʥʘ ʦʩʦʚʠʥʘʪʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ. ɹʠʜʝʿ˃ʠ 

ʦʩʦʚʠʥʘʪʘ ʥʘ ʪʫʨʙʠʥʘʪʘ ʩʝ ʚʨʪʠ ʩʦ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ ʙʨʟʠʥʘ, ʦʜʥʦʩʥʦ ʥʝʢʦʣʢʫ 

ʜʝʩʝʪʠʮʠ ʚʨʪʝʞʠ ʚʦ ʤʠʥʫʪʘ, ʪʘʘ ʙʨʟʠʥʘ ʤʦʨʘ ʜʘ ʩʝ ʩʚʝʜʝ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʟʛʦʣʝʤʠ 

ʧʨʝʢʫ ʤʝʭʘʥʠʯʢʠʦʪ ʜʝʣ ʢʦʿ ʩʣʫʞʠ ʟʘ ʫʩʦʛʣʘʩʫʚʘˁʝ ʥʘ ʙʨʟʠʥʠʪʝ. ʊʦʿ ʤʝʭʘʥʠʯʢʠ ʜʝʣ 
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ʩʝ ʥʘʨʝʢʫʚʘ ʨʝʜʫʢʪʦʨ, ʦʜʥʦʩʥʦ ʤʝʥʫʚʘʯ. ʊʘʘ ʤʝʭʘʥʠʯʢʘ ʝʥʝʨʛʠʿʘ ʧʦʪʦʘ ʩʝ ʧʨʝʜʘʚʘ 

ʥʘ ʦʩʦʚʠʥʘʪʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ, ʧʘ ʩʝ ʧʨʝʪʚʦʨʘ ʚʦ ʝʣʝʢʪʨʠʯʥʘ. ʇʨʠʪʦʘ ʥʘʧʦʥʩʢʦʪʦ 

ʥʠʚʦ ʥʝ ʝ ʜʦʚʦʣʥʦ ʚʠʩʦʢʦ, ʧʘ ʟʘʪʦʘ ʩʝ ʢʦʨʠʩʪʠ ʙʣʦʢ ʛʝʥʝʨʘʪʦʨ-ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʧʦ 

ʰʪʦ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʩʝ ʧʨʝʜʘʚʘ ʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ. 

2.1  ɽʣʠʩʘ 

ɸʝʨʦʜʠʥʘʤʠʯʢʠʦʪ ʧʨʦʬʠʣ ʥʘ ʝʣʠʩʘʪʘ ʝ ʛʣʘʚʥʠʦʪ ʬʘʢʪʦʨ ʩʧʦʨʝʜ ʢʦʿ ʩʝ 

ʦʜʨʝʜʫʚʘ ʥʘʯʠʥʦʪ ʥʘ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʢʠʥʝʪʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʥʘ ʚʝʪʝʨʦʪ. ʂʘʿ ʝʣʠʩʠʪʝ, 

ʚʦʟʜʫʭʦʪ ʦʜ ʟʘʜʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʝʣʠʩʠʪʝ ʩʪʨʫʠ ʧʦʙʨʟʦ ʦʜ ʚʦʟʜʫʭʦʪ ʦʜ ʧʨʝʜʥʘʪʘ 

ʩʪʨʘʥʘ. ʉʦ ʦʛʣʝʜ ʥʘ ʨʘʟʣʠʢʘʪʘ ʚʦ ʩʪʨʫʝˁʝʪʦ ʥʘ ʙʨʟʠʥʠʪʝ ʥʘ ʚʝʪʝʨʦʪ ʦʜ ʟʘʜʥʘʪʘ ʠ 

ʧʨʝʜʥʘʪʘ ʩʪʨʘʥʘ, ʩʝ ʿʘʚʫʚʘ ʨʘʟʣʠʢʘ ʥʘ ʧʨʠʪʠʩʦʮʠ, ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʩʦ ʧʦʛʦʥʩʢʘ ʩʠʣʘ 

ʦʜʥʦʩʥʦ ʧʨʝʜʠʟʚʠʢʫʚʘ ʚʨʪʝʞʝʥ ʤʦʤʝʥʪ. ʇʦʢʨʘʿ ʦʚʘʘ ʩʠʣʘ, ʥʘ ʝʣʠʩʠʪʝ ʜʝʣʫʚʘ ʠ 

ʩʠʣʘʪʘ ʥʘ ʜʠʨʝʢʪʝʥ ʧʨʠʪʠʩʦʢ ʥʘ ʚʝʪʝʨʦʪ, ʥʦ ʥʝʿʟʠʥʦʪʦ ʚʣʠʿʘʥʠʝ ʝ ʤʥʦʛʫ ʤʘʣʦ. ɿʘ 

ʩʠʣʠʪʝ ʢʦʠ ʜʝʿʩʪʚʫʚʘʘʪ ʥʘ ʝʣʠʩʘʪʘ, ʤʝʨʦʜʘʚʥʘ ʝ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ (v) ʠ ʦʙʝʤʥʘʪʘ 

ʙʨʟʠʥʘ (tv ), ʦʜʥʦʩʥʦ ʪʦʘ ʝ ʨʝʣʘʪʠʚʥʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ ʚʦ ʦʜʥʦʩ ʥʘ ʝʣʠʩʘʪʘ. ʉʝʢʦʿ 

ʜʝʣ ʥʘ ʝʣʠʩʘʪʘ ʠʤʘ ʨʘʟʣʠʯʥʘ ʙʨʟʠʥʘ (ʜʝʣʦʚʠʪʝ ʢʦʠ ʩʝ ʧʦʜʘʣʝʢʫ ʦʜ ʮʝʥʪʘʨʦʪ ʥʘ 

ʪʫʨʙʠʥʘʪʘ ʠʤʘʘʪ ʧʦʛʦʣʝʤʘ ʦʙʝʤʥʘ ʙʨʟʠʥʘ), ʧʘ ʪʘʢʘ ʠ ʨʝʣʘʪʠʚʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ 

ʩʝ ʤʝʥʫʚʘ ʧʦ ʜʦʣʞʠʥʘ ʥʘ ʝʣʠʩʘʪʘ. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʝ ʜʘʜʝʥ ʥʘ ʩʣʠʢʘ 2.1.1. 

  

 
ʉʣʠʢʘ 2.1.1 ɼʝʿʩʪʚʦ ʥʘ ʚʝʪʝʨ ʚʨʟ ʝʣʠʩʘ 

 

v - ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨ; 

rv -ʨʝʣʘʪʠʚʥʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ ʚʦ ʦʜʥʦʩ ʥʘ ʜʝʣ ʥʘ ʪʫʨʙʠʥʘ 

tv -ʧʝʨʠʬʝʨʥʘ ʙʨʟʠʥʘ ʥʘ ʜʝʣ ʦʜ ʪʫʨʙʠʥʘʪʘ 

a- ʘʛʦʣ ʥʘ ʫʧʘʜ 

 

ʇʦʘʺʘʿ˃ʠ ʦʜ ʦʩʢʘʪʘ ʥʘ ʨʦʪʘʮʠʿʘ ʢʦʥ ʧʝʨʠʬʝʨʠʿʘʪʘ ʥʘ ʝʣʠʩʘʪʘ, ʨʝʣʘʪʠʚʥʘʪʘ 

ʙʨʟʠʥʘ ʥʘ ʚʝʪʨʦʪ ʩʝ ʤʝʥʫʚʘ ʦʜʥʦʩʥʦ ʩʝ ʟʛʦʣʝʤʫʚʘ, ʜʦʜʝʢʘ ʥʝʿʟʠʥʠʦʪ ʫʧʘʜʝʥ ʘʛʦʣ ʚʦ 

ʦʜʥʦʩ ʥʘ ʦʩʢʘʪʘ ʥʘ ʨʦʪʘʮʠʿʘ ʩʝ ʥʘʤʘʣʫʚʘ. ʄʦʞʝ ʜʘ ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʜʝʢʘ ʝʣʠʩʠʪʝ ʥʘ 

ɺɽʎ ʩʝ ʟʘʚʠʝʥʠ ʚʜʦʣʞ ʘʢʩʠʿʘʣʥʘʪʘ ʦʩʢʘ. ɼʝʣʦʚʠʪʝ ʥʘ ʝʣʠʩʠʪʝ, ʢʦʠ ʩʝ ʙʣʠʩʢʫ ʜʦ 

ʦʩʢʘʪʘ ʥʘ ʨʦʪʘʮʠʿʘ ʠʤʘʘʪ ʛʦʣʝʤ ʘʛʦʣ ʚʦ ʦʜʥʦʩ ʥʘ ʨʘʤʥʠʥʘʪʘ ʥʘ ʨʦʪʘʮʠʿʘ, ʜʦʜʝʢʘ 

ʢʨʘʿʥʠʪʝ ʜʝʣʦʚʠ ʠʤʘʘʪ ʧʦʤʘʣ ʘʛʦʣ. ɿʘ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʝʣʠʩʠʪʝ ʩʝ ʢʦʨʠʩʪʘʪ ʩʣʦʞʝʥʠ 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣʠ, ʜʦʜʝʢʘ ʪʝʩʪʠʨʘˁʝʪʦ ʥʘ ʪʠʝ ʤʦʜʝʣʠ ʩʝ ʚʨʰʠ ʚʦ ʘʝʨʦʜʠʥʘʤʠʯʢʠ 
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ʪʫʥʝʣʠ. ɺʦ ʤʦʤʝʥʪʦʪ ʢʦʛʘ ʚʝʪʝʨʦʪ ʤʠʥʫʚʘ ʥʠʟ ʪʫʨʙʠʥʘʪʘ, ʝʜʝʥ ʜʝʣ ʦʜ ʥʝʛʦʚʘʪʘ 

ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʩʝ ʧʨʝʜʘʚʘ ʥʘ ʨʦʪʦʨʦʪ. ʂʦʣʠʯʠʥʘʪʘ ʥʘ ʚʦʟʜʫʭ ʢʦʿʘ ʚʣʝʛʫʚʘ ʚʦ 

ʪʫʨʙʠʥʘʪʘ ʚʦ ʩʪʘʮʠʦʥʘʨʝʥ ʨʝʞʠʤ ʝ ʝʜʥʘʢʚʘ ʥʘ ʢʦʣʠʯʠʥʘʪʘ ʢʦʿʘ ʠʟʣʝʛʫʚʘ ʦʜ ʥʝʘ, 

ʜʦʜʝʢʘ ʙʨʟʠʥʘʪʘ ʥʘ ʠʟʣʝʟʦʪ ʝ ʧʦʤʘʣʘ ʦʜ ʚʣʝʟʥʘʪʘ. ʆʚʦʿ ʝʬʝʢʪ ʩʝ ʥʘʨʝʢʫʚʘ 

ʧʨʝʢʨʰʫʚʘˁʝ ʥʘ ʚʝʪʝʨʦʪ. ʇʨʝʢʨʰʫʚʘˁʝʪʦ ʥʘ ʚʝʪʝʨʦʪ ʥʘʩʪʘʥʫʚʘ ʧʨʝʜ ʚʝʪʝʨʦʪ ʜʘ 

ʜʦʿʜʝ ʜʦ ʪʫʨʙʠʥʘʪʘ. ʂʘʢʦ ʰʪʦ ʚʝʪʝʨʦʪ ʧʨʠʦʺʘ ʜʦ ʪʫʨʙʠʥʘʪʘ, ʧʨʠʪʠʩʦʢʦʪ ʧʨʝʜ ʥʝʘ 

ʧʦʩʪʝʧʝʥʦ ʨʘʩʪʝ ʠ ʧʨʠʪʦʘ ʩʪʨʫʿʥʠʮʠʪʝ ʥʘ ʚʦʟʜʫʭʦʪ ʧʦʯʥʫʚʘʘʪ ʜʘ ʩʝ ʧʨʝʢʨʰʫʚʘʘʪ ʠ 

ʥʘʩʪʦʿʫʚʘʘʪ ʜʘ ʿʘ ʟʘʦʙʠʢʦʣʘʪ ʪʫʨʙʠʥʘʪʘ. ʇʨʠ ʪʘʢʚʦ ʩʪʨʫʝˁʝ, ʧʨʠʪʠʩʦʢʦʪ ʟʘʜ 

ʪʫʨʙʠʥʠʪʝ ʥʘʛʣʦ ʦʧʘʺʘ, ʥʦ ʨʘʩʪʝ ʜʦ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʥʘ ʘʪʤʦʩʬʝʨʩʢʠʦʪ 

ʧʨʠʪʠʩʦʢ, ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘʪʘ 2.1.2. 

 

 
 

ʉʣʠʢʘ 2.1.2 ʇʨʝʢʨʰʫʚʘˁʝ ʥʘ ʚʝʪʝʨʦʪ ʚʦ ʪʫʨʙʠʥʘʪʘ 

 

ʄʝʭʘʥʠʯʢʘʪʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʪʫʨʙʠʥʘʪʘ ʿʘ ʜʘʚʘ ʩʝ ʦʧʨʝʜʝʣʫʚʘ ʩʧʦʨʝʜ ʠʟʨʘʟʦʪ: 

                                    
32 vRCP pmeh ÖÖÖÖ= pr                                               (2.1.1) 

ʢʘʜʝ ʩʧʦʨʝʜ ʩʣʠʢʘʪʘ ʧʨʦʤʝʥʣʠʚʠʪʝ ʦʟʥʘʯʫʚʘʘʪ 

v -ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨ ʥʘ ʚʣʝʟ ʚʦ ʪʫʨʙʠʥʘʪʘ ]/[ sm   

R-ʨʘʜʠʫʩ ʥʘ ʝʣʠʩʘʪʘ ][m  

r-ʛʫʩʪʠʥʘ ʥʘ ʚʦʟʜʫʭʦʪ ]/[ 3mkg  

pC -ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʤʦ˃ʥʦʩʪʘ ʥʘ ʪʫʨʙʠʥʘʪʘ (ʩʝ ʜʝʬʠʥʠʨʘ 

ʢʘʢʦ ʦʜʥʦʩ ʥʘ ʤʝʭʘʥʠʯʢʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʪʫʨʙʠʥʘʪʘ ʠ ʤʦ˃ʥʦʩʪʘ ʥʘ ʚʝʪʝʨʦʪ ʥʘ 

ʚʣʝʟ ʚʦ ʪʫʨʙʠʥʘʪʘ) 

 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʤʦ˃ʥʦʩʪ ʢʦʿʘ ʝʜʥʘ ʪʫʨʙʠʥʘ ʤʦʞʝ ʜʘ ʿʘ ʨʘʟʚʠʝ ʝ ʩʪʨʦʛʦ 

ʜʝʬʠʥʠʨʘʥʘ ʩʦ Betz-ʦʚʠʦʪ ʟʘʢʦʥ, ʰʪʦ ʟʥʘʯʠ ʜʝʢʘ ʤʘʢʩʠʤʘʣʥʘ ʤʦ˃ʥʦʩʪ ʩʝ 

ʧʦʩʪʠʛʥʫʚʘ ʢʦʛʘ ʦʜʥʦʩʦʪ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʧʨʝʜ ʠ ʧʦʩʣʝ ʧʨʦʘʺʘˁʝʪʦ ʥʠʟ 

ʪʫʨʙʠʥʘʪʘ ʝ 
3

1'

=
v

v
. ʇʨʠ ʦʚʦʿ ʦʜʥʦʩ, ʤʘʢʩʠʤʘʣʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ 

ʥʘ ʪʫʨʙʠʥʘʪʘ ʝ 5926,0max =pC  ʦʜʥʦʩʥʦ ʢʦʛʘ ʙʠ ʩʝ ʠʟʨʘʟʠʣ ʧʨʦʮʝʥʪʫʘʣʥʦ ʙʠ ʙʠʣ 

ʦʢʦʣʫ 59%.  
3

0 369,0 vAP ÖÖ=                                                         (2.1.2) 

 ʢʘʜʝ, pÖ= 2RA  ʝ ʚʩʫʰʥʦʩʪ ʧʦʚʨʰʠʥʘʪʘ ʥʘ ʢʨʫʛʦʪ ʢʦʿ ʩʝ ʧʨʘʚʠ ʩʦ 

ʜʚʠʞʝˁʝʪʦ ʥʘ ʝʣʠʩʠʪʝ. 
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ʂʘʿ ʨʝʘʣʥʠʪʝ ʤʦʜʝʣʠ ʥʘ ʚʝʪʨʦʪʫʨʙʠʥʠ, ʤʘʢʩʠʤʘʣʥʠʦʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʩʝ ʜʚʠʞʠ ʚʦ ʛʨʘʥʠʮʠ ʦʜ 40% ʜʦ 45%, ʰʪʦ ʜʦʢʦʣʢʫ ʩʝ ʩʧʦʨʝʜʠ ʩʦ 

ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʿʘʛʣʝʥʦʪ ʚʦ ʪʝʨʤʦʮʝʥʪʨʘʣʠʪʝ, ʢʦʿ 

ʠʟʥʝʩʫʚʘ ʦʜ 30% ʜʦ 40% ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʩʪʘʪʠʨʘ ʜʝʢʘ ʦʚʦʿ ʩʪʝʧʝʥ ʝ ʧʦʛʦʣʝʤ ʢʘʿ 

ʚʝʪʨʦʪʫʨʙʠʥʠʪʝ ʟʘ ʦʢʦʣʫ 10%, ʥʝ ʟʝʤʘʿ˃ ʠ ʛʦ ʚʦ ʧʨʝʜʚʠʜ ʰʪʝʪʥʦʪʦ ʜʝʿʩʪʚʦ ʧʨʠ 

ʩʦʛʦʨʫʚʘˁʝ ʥʘ ʿʘʛʣʝʥʦʪ. ɺʦ ʤʦʤʝʥʪ ʢʦʛʘ ʠʤʘʤʝ ʧʨʦʤʝʥʘ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ, ʩʦ 

ʧʨʦʤʝʥʘʪʘ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʪʫʨʙʠʥʘʪʘ tw, ʜʦʘʺʘ ʜʦ ʧʨʦʤʝʥʘ ʥʘ ʘʛʦʣʦʪ ʥʘ ʨʝʣʘʪʠʚʥʘʪʘ 

ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ, ʧʘ ʩʣʝʜʠ ʜʝʢʘ ʩʝ ʤʝʥʫʚʘ ʠ ʩʠʣʘʪʘ ʥʘ ʜʠʛʘˁʝ ʠ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ. ʂʘʢʦ ʥʦʚ ʧʘʨʘʤʝʪʘʨ ʩʝ ʚʦʚʝʜʫʚʘ ʦʜʥʦʩʦʪ ʧʦʤʝʺʫ ʙʨʟʠʥʘʪʘ ʥʘ ʚʨʚʦʪ 

ʥʘ ʝʣʠʩʘʪʘ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ, ʢʦʿ ʤʘʪʝʤʘʪʠʯʢʠ ʩʝ ʜʦʙʠʚʘ ʧʨʝʢʫ ʩʣʝʜʥʠʦʪ ʠʟʨʘʟ: 

                                                
v

Rt Ö=
w

l                                                         (2.1.3)                   

ʆʜ ʠʟʨʘʟʦʪ ʟʘ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʟʘ 

ʥʝʢʦʿʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ v  ʧʦʩʪʦʠ ʦʧʪʠʤʘʣʥʘ ʙʨʟʠʥʘ ʥʘ ʚʨʪʝˁʝ ʥʘ ʪʫʨʙʠʥʘʪʘ ʧʨʠ 

ʢʦʿʘ ʢʦʝʬʠʮʠʝʥʪʦʪ ʝ ʤʘʢʩʠʤʘʣʝʥ, ʦʜʥʦʩʥʦ ʟʘ ʩʝʢʦʿʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ ʧʦʩʪʦʠ 

ʦʧʪʠʤʘʣʥʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʨʦʪʫʨʙʠʥʘʪʘ ʧʨʠ ʢʦʿʘ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʝ 

ʥʘʿʛʦʣʝʤ. ʉʧʦʨʝʜ ʪʦʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʟʘ ʜʘ ʜʦʙʠʝʤʝ ʤʘʢʩʠʤʘʣʝʥ 

ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨʦʪ, ʪʨʝʙʘ ʜʘ ʩʝ ʤʝʥʫʚʘ 

ʙʨʟʠʥʘʪʘ ʥʘ ʚʨʪʝˁʝ ʥʘ ʨʦʪʦʨʦʪ ʧʨʠ ʩʝʢʦʿʘ ʧʨʦʤʝʥʘ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ. 

ʄʝʭʘʥʠʯʢʘʪʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣʠʢʘʪʘ 2.1.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ 2.1.3 ʄʝʭʘʥʠʯʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ 

 

ɺʦ ʩʫʰʪʠʥʘ, ʥʝ ʝ ʝʢʦʥʦʤʠʯʥʦ ʜʘ ʩʝ ʧʨʦʝʢʪʠʨʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʢʦʿʘ ʙʠ ʠʤʘʣʘ 

ʤʘʢʩʠʤʘʣʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ, ʧʘ ʚʦ ʧʨʘʢʩʘ ʪʫʨʙʠʥʠʪʝ ʚʦ ʫʩʣʦʚʠ ʢʦʛʘ 

ʠʤʘ ʧʦʛʦʣʝʤʠ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨ ʩʝ ʠʩʢʣʫʯʫʚʘʘʪ ʦʜ ʤʨʝʞʘ, ʠ ʩʝ ʧʨʠʢʣʫʯʫʚʘʘʪ ʚʦ ʦʥʦʿ 

ʤʦʤʝʥʪ ʢʦʛʘ ʚʝʪʝʨʦʪ ˃ʝ ʩʝ ʥʘʤʘʣʠ. ʆʚʘ ʩʝ ʧʨʘʚʠ ʩʦ ʮʝʣ ʜʘ ʥʝ ʩʝ ʧʨʝʜʠʟʚʠʢʘ ʥʝʢʦʿ 

ʧʦʩʝʨʠʦʟʝʥ ʤʝʭʘʥʠʯʢʠ ʜʝʬʝʢʪ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ. ɽʜʥʘ ʪʫʨʙʠʥʘ ʝ ʜʝʬʠʥʠʨʘʥʘ ʚʦ 

ʩʪʨʦʛʠ ʟʦʥʠ, ʩʝʢʦʿʘ ʩʦ ʦʧʨʝʜʝʣʝʥ ʦʧʩʝʛ ʥʘ ʚʝʪʝʨ  ʚʦ ʢʦʿ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʝʬʝʢʪʠʚʥʦ, 

ʠ ʩʦʦʜʚʝʪʥʦ ʜʘ ʛʦ ʜʘʜʝ ʥʘʿʛʦʣʝʤʠʦʪ ʧʨʠʜʦʥʝʩ.  
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ʊʠʝ ʟʦʥʠ ʚʦ ʢʦʠ ʤʦʞʝ ʪʫʨʙʠʥʘʪʘ ʜʘ ʨʘʙʦʪʠ ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘ 2.1.4: 

 

1. ʄʠʥʠʤʘʣʥʘ ʨʘʙʦʪʥʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨ minv (eng. cut-in wind speed) 

ʦʜʥʦʩʥʦ ʪʦʘ ʝ ʙʨʟʠʥʘʪʘ ʧʨʠ ʢʦʿʘ ʩʝ ʟʘʧʦʯʥʫʚʘ ʩʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ, ʜʦʜʝʢʘ ʟʘ ʙʨʟʠʥʠ ʧʦʤʘʣʠ ʦʜ ʦʚʘʘ ʪʫʨʙʠʥʘʪʘ ʝ ʟʘʢʦʯʝʥʘ. ʆʚʠʝ 

ʙʨʟʠʥʠ ʩʝ ʜʚʠʞʘʪ ʚʦ ʦʧʩʝʛ ʦʜ 2,5sm/  ʜʦ 3,5sm/ . 

2. ʅʦʤʠʥʘʣʥʘ ʨʘʙʦʪʥʘ ʙʨʟʠʥʘ nv  (eng. nominal wind speed) ʝ ʦʥʘʘ 

ʙʨʟʠʥʘ ʧʨʠ ʢʦʿʘ ʘʛʨʝʛʘʪʦʪ ʿʘ ʧʦʩʪʠʛʥʫʚʘ ʩʚʦʿʘʪʘ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ. ɿʘ 

ʣʦʢʘʮʠʠ ʩʦ ʧʦʩʣʘʙ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʚʝʪʝʨ ʪʘʘ ʠʟʥʝʩʫʚʘ ʦʜ 10sm/  ʜʦ 13sm/ , 

ʜʦʜʝʢʘ ʟʘ ʣʦʢʘʮʠʠ ʩʦ ʧʦʛʦʣʝʤ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʚʝʪʝʨ ʠʟʥʝʩʫʚʘ ʦʜ 14sm/  ʜʦ 

17 sm/ . 

3. ʄʘʢʩʠʤʘʣʥʘ ʨʘʙʦʪʥʘ ʙʨʟʠʥʘ maxv (eng. cut-out wind speed) ʝ 

ʚʩʫʰʥʦʩʪ ʙʨʟʠʥʘʪʘ ʧʨʠ ʢʦʿʘ ʪʫʨʙʠʥʘʪʘ ʧʨʝʩʪʘʥʫʚʘ ʜʘ ʨʘʙʦʪʠ. ʊʦʘ ʥʘʿʯʝʩʪʦ ʝ 

ʙʨʟʠʥʘʪʘ ʦʜ 25sm/ , ʥʦ ʠʤʘ ʠ ʪʫʨʙʠʥʠ ʢʦʠ ʧʦʜʥʝʩʫʚʘʘʪ ʜʦ 30sm/ . ʆʙʠʯʥʦ 

ʪʫʨʙʠʥʠʪʝ ʩʝ ʧʨʦʝʢʪʠʨʘʘʪ ʜʘ ʤʦʞʘʪ ʜʘ ʠʟʜʨʞʘʪ ʠ ʛʦʣʝʤʠ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨ ʚʦ 

ʟʘʢʦʯʝʥʘ ʩʦʩʪʦʿʙʘ. 

 

ʉʝʢʦʿʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʩʝ ʢʘʨʘʢʪʝʨʠʟʠʨʘ ʩʦ ʧʘʨʘʤʝʪʘʨ ʥʘʨʝʯʝʥ ñSò ʢʨʠʚʘ, 

ʢʦʿʘ ʚʩʫʰʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘ ʢʦʣʢʫ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʝʜʥʘ ʪʫʨʙʠʥʘ ʤʦʞʝ ʜʘ ʨʘʟʚʠʝ 

ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨʦʪ. ʊʠʝ ʤʝʨʝˁʘ ʩʝ ʚʨʰʘʪ ʥʘ ʦʩʦʚʠʥʘʪʘ ʥʘ ʪʫʨʙʠʥʘʪʘ. 

ʆʚʦʿ ʧʘʨʘʤʝʪʘʨ ʩʝ ʜʝʬʠʥʠʨʘ ʟʘ ʦʜʨʝʜʝʥʘ ʛʫʩʪʠʥʘ, ʧʨʠʪʠʩʦʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʦʟʜʫʭʦʪ ʠ ʥʠʚʦ ʥʘ ʪʫʨʙʫʣʝʥʪʥʦʩʪ ʥʘ ʚʝʪʝʨʦʪ, ʧʨʠ ʰʪʦ ʢʘʢʦ ʫʧʨʦʩʪʫʚʘˁʝ 

ʫʩʚʦʿʫʚʘʤʝ ʜʝʢʘ ʚʝʪʝʨʦʪ ʜʫʚʘ ʥʦʨʤʘʣʥʦ ʥʘ ʨʘʤʥʠʥʘʪʘ ʥʘ ʨʦʪʘʮʠʿʘ ʥʘ ʨʦʪʦʨʦʪ. ɽʜʥʘ 

ʪʘʢʚʘ ñSò ʢʨʠʚʘ ʟʘ ʪʠʧʠʯʥʘ ʪʫʨʙʠʥʘ ʦʜ 2 MW ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣʠʢʘʪʘ 2.1.4. 

 

 
ʉʣʠʢʘ 2.1.4 ñSò ʢʨʠʚʘ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ 

 

ɹʠʜʝʿ˃ʠ ʚʝʪʝʨʦʪ ʧʨʝʪʩʪʘʚʫʚʘ ʚʝʣʠʯʠʥʘ ʢʦʿʘ  ʝ ʥʝʧʨʝʜʚʠʜʣʠʚʘ, ʩʝʢʦʿʘ ʪʫʨʙʠʥʘ 

ʝ ʫʧʨʘʚʫʚʘʥʘ ʜʘ ʨʘʙʦʪʠ ʚʦ ʧʦʩʝʙʝʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ. ʉʝ ʨʘʟʣʠʢʫʚʘʘʪ ʜʚʝ ʨʘʟʣʠʯʥʠ 

ʦʙʣʘʩʪʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ʝʜʥʘ ʪʫʨʙʠʥʘ ʠ ʪʦʘ ʧʨʚʘʪʘ ʦʙʣʘʩʪ ʝ ʚʦ ʦʧʩʝʛʦʪ nvvv <<min , 

ʜʦʜʝʢʘ ʚʪʦʨʘʪʘ ʦʙʣʘʩʪ ʝ ʚʦ ʦʧʩʝʛʦʪ maxvvvn << .  
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ɺʦ ʧʨʚʘʪʘ ʦʙʣʘʩʪ, ʜʦʢʦʣʢʫ ʿʘ ʨʘʟʛʣʝʜʘʤʝ ʩʣʠʢʘʪʘ ʢʘʜʝ ʝ ʧʨʝʟʝʥʪʠʨʘʥʘ 

ʤʝʭʘʥʠʯʢʘʪʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʪʫʨʙʠʥʘʪʘ, ʩʝ ʟʘʙʝʣʝʞʫʚʘ ʜʝʢʘ ʫʧʨʘʚʫʚʘʯʢʘ ʢʦʥʪʫʨʘ 

ʝ meht Pv ­­w , ʦʜʥʦʩʥʦ ʚʦ ʦʚʦʿ ʦʧʩʝʛ ʘʛʨʝʛʘʪʦʪ ʿʘ ʠʤʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ 

ʪʫʨʙʠʥʘʪʘ. ʇʨʦʤʝʥʘʪʘ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʨʪʝˁʝ ʥʘ ʪʫʨʙʠʥʘʪʘ ʩʝ ʧʨʘʚʠ ʩʦ ʫʧʨʘʚʫʚʘˁʝ 

ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʦʪ ʤʦʤʝʥʪ ʥʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʪ ʢʦʿ ʿʘ ʧʦʛʦʥʫʚʘ ʪʫʨʙʠʥʘʪʘ. ʂʦʛʘ 

ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ˃ʝ ʜʦʩʪʠʛʥʝ ʚʨʝʜʥʦʩʪ ʦʜ nvv= , ʛʝʥʝʨʘʪʦʨʦʪ ʿʘ ʜʦʩʪʠʛʥʫʚʘ 

ʩʚʦʿʘʪʘ ʥʦʤʠʥʘʣʥʘ ʤʦ˃ʥʦʩʪ. ʇʨʠ ʧʦʥʘʪʘʤʦʰʥʦ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ 

ʚʝʪʝʨʦʪ, ʤʦʨʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʪʫʨʙʠʥʘʪʘ ʩʦ ʮʝʣ 

ʛʝʥʝʨʘʪʦʨʦʪ ʜʘ ʥʝ ʩʝ ʧʨʝʦʧʪʦʚʘʨʠ. ɺʦ ʦʧʩʝʛʦʪ maxvvvn << ʢʦʥʪʨʦʣʘʪʘ ʩʝ ʚʨʰʠ ʚʦ 

ʜʦʤʝʥʦʪ mehel PP - , ʦʜʥʦʩʥʦ ʩʝ ʤʝʨʠ ʘʢʪʠʚʥʘʪʘ ʠ ʨʝʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ 

ʧʨʠʢʣʫʯʦʮʠʪʝ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ ʠ ʜʦʢʦʣʢʫ ʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʝ ʧʦʛʦʣʝʤʘ ʦʜ 

ʥʦʤʠʥʘʣʥʘʪʘ, ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʤʘʣʠ ʢʦʝʬʠʮʠʝʥʪʦʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʟʘ ʤʦ˃ʥʦʩʪʘ ʜʘ 

ʙʠʜʝ ʥʦʤʠʥʘʣʥʘ.  

ʇʦʩʪʦʿʘʪ ʨʘʟʥʠ ʥʘʯʠʥʠ ʟʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʤʦ˃ʥʦʩʪʘ ʥʘ ʚʝʪʨʦʪʫʨʙʠʥʘʪʘ. ʊʠʝ ʩʝ: 

 

1. ʂʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʣʦʧʘʪʢʠʪʝ (stall ʢʦʥʪʨʦʣʘ) - ʧʨʝʪʩʪʘʚʫʚʘ ʧʘʩʠʚʝʥ ʩʠʩʪʝʤ 

ʥʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ. ɽʣʠʩʠʪʝ ʪ.ʝ ʣʦʧʘʪʢʠʪʝ, ʩʝ  

ʢʦʥʩʪʨʫʠʨʘʥʠ ʪʘʢʘʰʪʦ ʧʨʠ ʙʨʟʠʥʠ ʢʦʠ ʩʝ ʙʣʠʩʢʠ ʜʦ ʥʦʤʠʥʘʣʥʘʪʘ, ʫʧʘʜʥʠʦʪ 

ʘʛʦʣ ʥʘ ʚʝʪʝʨʦʪ ʩʪʘʥʫʚʘ ʨʝʣʘʪʠʚʥʦ ʛʦʣʝʤ (00 2015 · ). ɺʦ ʦʚʦʿ ʤʦʤʝʥʪ 

ʩʪʨʫʠʪʝ ʥʘ ʚʦʟʜʫʭʦʪ ʩʝ ʦʜʚʦʿʫʚʘʘʪ ʦʜ ʧʨʦʬʠʣʦʪ ʥʘ ʝʣʠʩʠʪʝ ʠ ʩʝ 

ʧʨʝʜʠʟʚʠʢʫʚʘ ʪʫʨʙʫʣʝʥʮʠʿʘ, ʰʪʦ ʧʘʢ ʨʝʟʫʣʪʠʨʘ ʩʦ ʥʘʤʘʣʫʚʘˁʝ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʜʠʛʘˁʝ ʥʘ ʝʣʠʩʘʪʘ. ʆʚʦʿ ʩʣʫʯʘʿ ʛʦ ʠʤʘ ʠ ʢʦʛʘ ʝʣʠʩʠʪʝ ʩʝ ʥʝʯʠʩʪʠ ʠʣʠ 

ʦʰʪʝʪʝʥʠ. ʅʘʯʠʥʦʪ ʥʝ ʥʫʜʠ ʮʝʣʦʩʥʘ ʢʦʥʪʨʦʣʘ, ʘ ʧʨʝʜʥʦʩʪ ʤʫ ʝ 

ʝʜʥʦʩʪʘʚʥʦʩʪʘ ʠ ʥʠʩʢʘʪʘ ʮʝʥʘ. 

2. ɿʘʚʨʪʫʚʘˁʝ ʥʘ ʣʦʧʘʪʢʠʪʝ (pitch ʨʝʛʫʣʘʮʠʿʘ) - ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʘʛʨʝʛʘʪʠ ʩʦ 

ʧʦʛʦʣʝʤʘ ʤʦ˃ʥʦʩʪ ʠ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ ʥʘ ʚʨʪʝˁʝ. ɽʣʠʩʠʪʝ ʩʝ ʟʘʚʨʪʫʚʘʘʪ ʩʦ 

ʧʦʤʦʰ ʥʘ ʭʠʜʨʘʫʣʠʯʝʥ ʩʝʨʚʦʤʦʪʦʨ ʠ ʦʧʩʝʛʦʪ ʚʦ ʢʦʿ ʩʝ ʤʝʥʫʚʘ ʘʛʦʣʦʪ ʝ ʦʜ 
00 350 · . ɿʘʜʚʠʞʫʚʘˁʝʪʦ ʩʝ ʤʝʥʫʚʘ ʩʦ ʫʧʘʜʥʠʦʪ ʘʛʦʣ ʥʘ ʚʝʪʝʨʦʪ, ʧʘ 

ʩʦʦʜʚʝʪʥʦ ʩʝ ʤʝʥʫʚʘ ʠ ʩʠʣʘʪʘ ʥʘ ʜʠʛʘˁʝ. ʇʨʝʜʥʦʩʪʘ ʥʘ ʦʚʘʘ ʨʝʛʫʣʘʮʠʿʘ ʝ 

ʚʠʩʦʢʠʦʪ ʩʪʝʧʝʥ ʥʘ ʢʦʥʪʨʦʣʘ, ʜʦʜʝʢʘ ʥʝʛʘʪʠʚʥʘ ʩʪʨʘʥʘ ʝ ʚʠʩʦʢʘʪʘ ʮʝʥʘ ʠ 

ʩʣʦʞʝʥʠʦʪ ʤʝʭʘʥʠʟʘʤ. 

3. ɿʘʚʨʪʫʚʘˁʝ ʠ ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʣʦʧʘʪʢʠʪʝ (ʘʢʪʠʚʥʘ stall ʨʝʛʫʣʘʮʠʿʘ) - 

ʧʨʝʪʩʪʘʚʫʚʘ ʢʦʤʙʠʥʘʮʠʿʘ ʦʜ ʜʚʘʪʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠ ʥʘʯʠʥʠ ʥʘ 

ʨʝʛʫʣʠʨʘˁʝ. ʂʘʿ ʦʚʦʿ ʩʠʩʪʝʤ ʧʨʦʤʝʥʘʪʘ ʥʘ ʘʛʦʣʦʪ ʥʘ ʟʘʜʚʠʞʫʚʘˁʝ ʝ ʤʘʣʘ ʠ 

ʦʩʥʦʚʥʘ ʮʝʣ ʝ ʜʘ ʩʝ ʝʣʠʤʠʥʠʨʘʘʪ ʥʝʛʘʪʠʚʥʠʪʝ ʝʬʝʢʪʠ ʥʘ ʨʝʛʫʣʘʮʠʿʘʪʘ ʩʦ 

ʢʦʥʩʪʨʫʢʮʠʿʘ ʥʘ ʝʣʠʩʠʪʝ. ʆʚʦʿ ʩʠʩʪʝʤ ʠ ʧʨʝʪʭʦʜʥʠʦʪ ʛʦ ʰʪʠʪʘʪ ʘʛʨʝʛʘʪʦʪ ʚʦ 

ʩʣʫʯʘʠ ʥʘ ʥʝʧʣʘʥʠʨʘʥʦ ʠʩʢʣʫʯʫʚʘˁʝ ʦʜ ʤʨʝʞʘ ʠʣʠ ʢʫʩʘ ʚʨʩʢʘ ʚʦ ʤʨʝʞʘʪʘ 

ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʩʠʣʝʥ ʚʝʪʝʨ. 
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2.2  ʄʝʥʫʚʘʯ  

ʂʘʢʦ ʰʪʦ ʝ ʧʨʝʪʭʦʜʥʦ ʥʘʧʦʤʝʥʘʪʦ, ʚʨʪʣʠʚʦʪʦ ʜʝʿʩʪʚʦ ʰʪʦ ʩʝ ʨʘʟʚʠʚʘ ʥʘ 

ʪʫʨʙʠʥʘʪʘ ʚʦ ʤʦʤʝʥʪʦʪ ʢʦʛʘ ʜʫʚʘ ʚʝʪʝʨ ʩʝ ʧʨʝʜʘʚʘ ʧʨʝʢʫ ʤʝʥʫʚʘʯ ʠ ʨʝʜʫʢʪʦʨ ʥʘ 

ʦʩʦʚʠʥʘʪʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ. ɺʦ ʥʘʨʝʜʥʠʦʪ ʜʝʣ ʦʜ ʦʚʘ ʧʦʛʣʘʚʿʝ ˃ʝ ʙʠʜʘʪ ʧʨʝʟʝʥʪʠʨʘʥʠ 

ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʮʠʧʠ ʥʘ ʤʦʜʝʣʠʨʘˁʝ ʥʘ ʤʝʥʫʚʘʯ [1].  

ʇʦʩʪʦʿʘʪ ʧʦʚʝ˃ʝ ʤʦʞʥʦʩʪʠ ʟʘ ʠʟʚʝʜʫʚʘˁʝ ʥʘ ʨʝʜʫʢʪʦʨʠ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ 

ʤʘʩʘʪʘ ʠ ʤʦʤʝʥʪʦʪ ʥʘ ʩʠʣʘ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʩʝ ʧʨʝʥʝʩʝ ʦʜ ʝʜʥʦ ʥʠʚʦ ʥʘ ʜʨʫʛʦ ʥʠʚʦ. 

ɹʠʜʝʿ˃ʠ ʚʨʪʝʞʠʪʝ ʥʘ ʪʫʨʙʠʥʘʪʘ ʩʝ ʤʘʣʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʥʦʤʠʥʘʣʥʠʪʝ ʚʨʪʝʞʠ ʥʘ 

ʛʝʥʝʨʘʪʦʨʦʪ ʢʦʠ ʪʨʝʙʘ ʜʘ ʛʠ ʧʦʩʪʠʛʥʝ ʟʘ ʜʘ ʩʝ ʚʨʪʠ ʩʦ ʩʠʥʭʨʦʥʘ ʙʨʟʠʥʘ, ʦʚʦʿ 

ʤʝʭʘʥʠʯʢʠ ʜʝʣ ʩʝ ʢʦʨʠʩʪʠ. ɺʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ ʙʠʜʝ ʦʙʨʘʙʦʪʝʥ ʪʨʠʪʝʞʠʥʩʢʠʦʪ ʤʦʜʝʣ, 

ʜʚʦʪʝʞʠʥʩʢʠ ʤʦʜʝʣ ʠ ʝʜʥʦʪʝʞʠʥʩʢʠ ʤʦʜʝʣ ʥʘ ʨʝʜʫʢʪʦʨ. ʄʦʨʘ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ 

ʚʦ ʤʦʜʝʣʦʪ ʥʘ ʚʝʪʝʨʥʘ ʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ ʢʦʿ ˃ʝ ʙʠʜʝ ʦʙʨʘʙʦʪʝʥ ʚʦ ʦʚʦʿ ʪʨʫʜ ˃ʝ 

ʙʠʜʝ ʠʩʢʦʨʠʩʪʝʥ ʜʚʦʪʝʞʠʥʩʢʠʦʪ ʤʦʜʝʣ ʥʘ ʨʝʜʫʢʪʦʨ. 

 

ʊʨʠʪʝʞʠʥʩʢʠ ʤʦʜʝʣ 

 

ʅʘ ʩʣʠʢʘʪʘ 2.2.1 ʝ ʧʨʠʢʘʞʘʥ ʪʨʠʪʝʞʠʥʩʢʠ ʤʦʜʝʣ ʥʘ ʨʝʜʫʢʪʦʨ. ʊʦʿ ʩʝ ʩʦʩʪʦʠ 

ʦʜ ʤʘʩʘ ʥʘ ʨʦʪʦʨ ʥʘ ʪʫʨʙʠʥʘ, ʤʘʩʘ ʥʘ ʟʘʧʯʘʥʠʮʠ ʥʘ ʤʝʥʫʚʘʯ ʠ ʤʘʩʘ ʥʘ ʛʝʥʝʨʘʪʦʨ. 

 

 
ʉʣʠʢʘ 2.2.1 ʊʨʠʪʝʞʠʥʩʢʠ ʤʦʜʝʣ ʥʘ ʨʝʜʫʢʪʦʨ 
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ʉʦʦʜʚʝʪʥʦ ʥʘ ʤʦʜʝʣʦʪ ʧʨʝʪʩʪʘʚʝʥ ʥʘ ʩʣʠʢʘʪʘ 2.2.1 ʠ ʟʝʤʘʿ˃ʠ ʛʠ ʧʨʝʜʚʠʜ 

ʤʝʭʘʥʠʯʢʘʪʘ ʮʚʨʩʪʠʥʘ ʥʘ ʦʩʦʚʠʥʘʪʘ ʠ ʬʘʢʪʦʨʠʪʝ ʥʘ ʘʤʦʨʪʠʟʘʮʠʿʘ, ʜʠʥʘʤʠʯʢʠʪʝ 

ʨʘʚʝʥʢʠ ʩʝ ʠʟʨʘʟʫʚʘʘʪ ʢʘʢʦ [1]: 
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             (2.2.1)                               

ʢʘʜʝ wtW  ʝ ʤʝʭʘʥʠʯʢʘ ʙʨʟʠʥʘ ʥʘ ʪʫʨʙʠʥʘʪʘ, wtJ  ʝ ʤʦʤʝʥʪ ʥʘ ʠʥʝʨʮʠʿʘ ʥʘ 

ʪʫʨʙʠʥʘʪʘ, ʩʦ wtT  ʝ ʦʟʥʘʯʝʥ ʤʦʤʝʥʪʦʪ ʥʘ ʪʫʨʙʠʥʘʪʘ, swtk  ʝ ʢʦʥʩʪʘʥʪʘ ʥʘ ʧʨʫʞʠʥʘ 

ʢʦʿʘ ʿʘ ʦʜʨʝʜʫʚʘ ʮʚʨʩʪʠʥʘʪʘ ʥʘ ʦʩʦʚʠʥʘʪʘ ʥʘ ʜʝʣʦʪ ʦʜ ʪʫʨʙʠʥʘʪʘ, ɻɽʅW  ʝ ʤʝʭʘʥʠʯʢʘ 

ʙʨʟʠʥʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ, ɻɽʅJ  ʝ ʤʦʤʝʥʪ ʥʘ ʠʥʝʨʮʠʿʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ, ʩʦ ɻɽʅT  ʝ 

ʦʟʥʘʯʝʥ ʤʦʤʝʥʪʦʪ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ, sɻɻɽk ʝ ʢʦʥʩʪʘʥʪʘ ʥʘ ʧʨʫʞʠʥʘ ʢʦʿʘ ʿʘ ʦʜʨʝʜʫʚʘ 

ʮʚʨʩʪʠʥʘʪʘ ʥʘ ʦʩʦʚʠʥʘʪʘ ʥʘ ʜʝʣʦʪ ʦʜ ʛʝʥʝʨʘʪʦʨʦʪ, 1T  ʜʝʬʠʥʠʨʘ ʤʦʤʝʥʪ ʢʦʿ ʚʣʝʛʫʚʘ 

ʚʦ ʤʝʥʫʚʘʯʦʪ, 2T  ʜʝʬʠʥʠʨʘ ʤʦʤʝʥʪ ʢʦʿ ʠʟʣʝʛʫʚʘ ʚʦ ʤʝʥʫʚʘʯʦʪ, 
ʤʝʥʫʚʘʯk

T
T 1

2 =  ʢʘʜʝ 

ʰʪʦ 
1

2

W

W
=ʤʝʥʫʚʘʯk  ʧʨʝʪʩʪʘʚʫʚʘ ʧʨʝʥʦʩʝʥ ʦʜʥʦʩ ʥʘ ʤʝʥʫʚʘʯʦʪ. 
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ɼʚʦʪʝʞʠʥʩʢʠ ʤʦʜʝʣ 

 

ɺʦ ʦʚʦʿ ʩʣʫʯʘʿ ʠʤʘʤʝ ʩʚʝʜʫʚʘˁʝ ʥʘ ʪʨʠʪʝʞʠʥʩʢʠ ʤʦʜʝʣ ʥʘ ʜʚʦʪʝʞʠʥʩʢʠ 

ʤʦʜʝʣ, ʩʦ ʫʧʨʦʩʪʫʚʘˁʝ ʥʘ ʩʠʩʪʝʤʦʪ, ʦʜʥʦʩʥʦ ʩʦ ʝʢʚʠʚʘʣʝʥʪʠʨʘˁʝ ʥʘ ʮʚʨʩʪʠʥʘʪʘ ʠ 

ʬʘʢʪʦʨʦʪ ʥʘ ʘʤʦʨʪʠʟʘʮʠʿʘ. ʄʦʤʝʥʪʦʪ ʥʘ ʠʥʝʨʮʠʿʘ ʥʘ ʦʩʦʚʠʥʠʪʝ ʠ ʟʘʧʯʘʥʠʮʠʪʝ ʥʘ 

ʤʝʥʫʚʘʯʦʪ ʩʝ ʟʘʥʝʤʘʨʫʚʘʘʪ ʙʠʜʝʿ˃ʠ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ ʤʦʤʝʥʪʠʪʝ ʥʘ ʠʥʝʨʮʠʿʘ ʥʘ 

ʪʫʨʙʠʥʘʪʘ ʠ ʛʝʥʝʨʘʪʦʨʦʪ ʥʠʚʥʠʪʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʤʘʣʠ. ʇʘ ʪʘʢʘ, ʨʝʟʫʣʪʘʥʪʥʠʦʪ ʤʦʜʝʣ 

ʝ ʚʩʫʰʥʦʩʪ ʤʦʜʝʣ ʩʦ ʬʣʝʢʩʠʙʠʣʥʘ ʦʩʦʚʠʥʘ. ɺʦ ʦʚʦʿ ʩʣʫʯʘʿ ʚʣʠʿʘʥʠʝ ʥʘ ʮʝʣ ʩʠʩʪʝʤ 

ʠʤʘ ʧʨʝʥʦʩʥʠʦʪ ʦʜʥʦʩ ʥʘ ʤʝʥʫʚʘʯʦʪ. ʈʘʚʝʥʢʠʪʝ ʤʦʞʘʪ ʜʘ ʩʝ ʩʚʝʜʘʪ ʥʘ ʩʪʨʘʥʘ ʥʘ 

ʪʫʨʙʠʥʘʪʘ ʠʣʠ ʧʘʢ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ ʩʦ ʚʣʠʿʘʥʠʝ ʥʘ ʧʨʝʥʦʩʥʠʦʪ ʦʜʥʦʩ ʥʘ ʤʝʥʫʚʘʯʦʪ. 

ɽʜʝʥ ʪʘʢʦʚ ʩʠʩʪʝʤ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 2.2.2. 

 

 
ʉʣʠʢʘ 2.2.2 ɼʚʦʪʝʞʠʥʩʢʠ ʤʦʜʝʣ ʥʘ ʨʝʜʫʢʪʦʨ 

 

ʀʟʨʘʟʠʪʝ ʢʦʠ ʩʝ ʩʚʝʜʝʥʠ ʥʘ ʛʝʥʝʨʘʪʦʨʩʢʘ ʩʪʨʘʥʘ ʩʝ ʩʣʝʜʥʠʪʝ [1]: 
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            (2.2.2)          

ʢʘʜʝ ʝʢʚʠʚʘʣʝʥʪʥʘʪʘ ʮʚʨʩʪʠʥʘ ʝ ʜʘʜʝʥʘ ʩʦ ʠʟʨʘʟʦʪ 
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+=                                         (2.2.3)                                               

ɼʦʜʝʢʘ ʧʘʢ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʤʦʤʝʥʪ ʥʘ ʠʥʝʨʮʠʿʘ ʥʘ ʨʦʪʦʨʦʪ ʥʘ ʪʫʨʙʠʥʘʪʘ ʩʝ 

ʦʜʨʝʜʫʚʘ ʩʧʦʨʝʜ ʠʟʨʘʟʦʪ  

                                                 '

2

1
wt

ʤʝʥʫʚʘʯ

wt J
k

J Ö=                                            (2.2.4)                                                 

ʉʠʪʝ ʦʚʠʝ ʤʦʜʝʣʠ ʩʝ ʧʨʝʟʝʥʪʠʨʘʥʠ ʚʦ ʙʠʙʣʠʦʪʝʢʘʪʘ ʥʘ MATLAB, ʢʘʜʝ ʩʦ 

ʦʜʨʝʜʝʥʠ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʘʪ, ʟʘʚʠʩʥʦ ʦʜ ʧʦʪʨʝʙʠʪʝ. 
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ɽʜʥʦʪʝʞʠʥʩʢʠ ʤʦʜʝʣ 

 

ʆʚʦʿ ʤʦʜʝʣ ʩʝ ʜʝʬʠʥʠʨʘ ʧʨʝʢʫ ʠʟʨʘʟʦʪ (2.2.5) [1]  
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JTT ɻɽʅ
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W
Ö=-                                   (2.2.5)                                               

ʢʘʜʝ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʤʦʤʝʥʪ ʥʘ ʠʥʝʨʮʠʿʘ ʝ ʠʟʨʘʟʝʥ ʢʘʢʦ 

 

                                                
2

ʤʝʥʫʚʘʯ

wt
ɻɽʅʝʢʚ

k

J
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ʜʦʜʝʢʘ ʧʘʢ ʝʢʚʠʚʘʣʝʥʪʥʠʦʪ ʤʦʤʝʥʪ ʥʘ ʪʫʨʙʠʥʘʪʘ ʝ  

                                                      
2
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T
T =                                              (2.2.7)                                                       

 

2.3  ɻʝʥʝʨʘʪʦʨ 

ɺʦ ʚʝʪʝʨʥʠʪʝ ʬʘʨʤʠ ʩʝ ʢʦʨʠʩʪʘʪ ʥʝʢʦʣʢʫ ʚʠʜʦʚʠ ʥʘ ʛʝʥʝʨʘʪʦʨʠ ʚʦ ʟʘʚʠʩʥʦʩʪ 

ʦʜ ʚʠʜʦʪ ʥʘ ʫʧʦʪʨʝʙʝʥʘʪʘ ʪʫʨʙʠʥʘ, ʢʦʿʘ ʩʝ ʦʜʙʠʨʘ ʩʦʛʣʘʩʥʦ ʫʟʣʦʚʠʪʝ ʥʘ ʣʦʢʘʮʠʿʘʪʘ 

ʢʘʜʝ ʪʨʝʙʘ ʜʘ ʩʝ ʠʥʩʪʘʣʠʨʘ ʚʝʪʝʨʥʘʪʘ ʬʘʨʤʘ. ɻʝʥʝʨʘʣʥʦ ʧʦʩʪʦʿʘʪ ʜʚʘ ʚʠʜʘ ʥʘ 

ʚʝʪʝʨʥʠ ʪʫʨʙʠʥʠ ʧʦʜʝʣʝʥʠ ʧʦ ʦʩʥʦʚ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʦʩʢʘʪʘ, ʠ ʪʦʘ, ʪʫʨʙʠʥʠ ʟʘ 

ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ ʠ ʪʫʨʙʠʥʠ ʟʘ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ. ɺʨʟ ʦʩʥʦʚʘ ʥʘ ʦʚʘʘ ʧʦʜʝʣʙʘ 

ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʝʜʝʥ ʧʨʝʩʝʢ ʥʘ ʥʘʿʯʝʩʪʦ ʢʦʨʠʩʪʝʥʠʪʝ ʚʠʜʦʚʠ ʥʘ ʛʝʥʘʨʘʪʦʨʠ ʠ 

ʢʦʥʮʝʧʪʠ ʟʘ ʚʝʪʝʨʥʠ ʪʫʨʙʠʥʠ.  

 

2.3.1  ɺʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʩʦ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ ʠ ʛʝʥʝʨʘʪʦʨ ʩʦ ʢʘʬʝʟʝʥ ʨʦʪʦʨ 

ɺʦ ʦʚʦʿ ʢʦʥʮʝʧʪ ʩʝ ʢʦʨʠʩʪʠ ʛʝʥʝʨʘʪʦʨ ʩʦ ʝʜʥʦʩʪʘʚʥʘ ʢʦʥʩʪʨʫʢʮʠʿʘ. ʇʦʤʝʺʫ 

ʨʦʪʦʨʦʪ ʥʘ ʪʫʨʙʠʥʘʪʘ ʠ ʛʝʥʝʨʘʪʦʨʦʪ ʩʝ ʥʘʦʺʘ ʤʝʥʫʚʘʯ (ʥʘʿʯʝʩʪʦ ʠʤʘʤʝ ʪʨʠʪʝʞʠʥʩʢʠ 

ʤʦʜʝʣ ʥʘ ʤʝʥʫʚʘʯ) ʢʘʢʦ ʥʘ ʩʣʠʢʘʪʘ 2.3.1.1 [2]. ʂʘʢʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʦʜ ʩʣʠʢʘʪʘ 

ʛʝʥʝʨʘʪʦʨʦʪ ʝ ʜʠʨʝʢʪʥʦ ʧʦʚʨʟʘʥ ʥʘ ʧʨʝʥʦʩʥʘʪʘ ʤʨʝʞʘ ʧʨʝʢʫ Soft START-ʝʨ, ʢʦʿ ʚʦ 

ʩʫʰʪʠʥʘ ʝ ʧʦʩʪʘʚʝʥ ʟʘ ʜʘ ʿʘ ʦʛʨʘʥʠʯʠ ʩʪʨʫʿʘʪʘ ʥʘ ʧʫʰʪʘˁʝ. ʇʦʛʦʥʦʪ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ 

ʝ ʦʛʨʘʥʠʯʝʥ ʜʘ ʜʘʚʘ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʘʝʨʦʜʠʥʘʤʠʯʢʘʪʘ ʬʦʨʤʘ ʥʘ 

ʝʣʠʩʘʪʘ, ʩʦ ʰʪʦ ʙʨʟʠʥʘʪʘ ʥʘ ʧʨʝʥʦʩʥʠʦʪ ʩʠʩʪʝʤ ʚʘʨʠʨʘ ʤʥʦʛʫ ʤʘʣʢʫ ʚʦ ʩʧʦʨʝʜʙʘ ʩʦ 

ʙʨʟʠʥʘʪʘ ʥʘ ʦʩʦʚʠʥʘʪʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ. ʂʘʿ ʦʚʦʿ ʩʠʩʪʝʤ ʣʠʟʛʘˁʝʪʦ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ ʝ 

ʦʢʦʣʫ 1 ʜʦ 2%, ʩʦ ʰʪʦ ʩʝ ʟʘʢʣʫʯʫʚʘ ʜʝʢʘ ʟʘʛʫʙʠʪʝ ʚʦ ʨʦʪʦʨʦʪ ʩʝ ʟʘʥʝʤʘʨʣʠʚʠ. 

ʀʥʪʝʨʝʩʝʥ ʬʘʢʪ ʝ ʜʝʢʘ ʪʫʨʙʠʥʘʪʘ ʥʝ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʜʦʢʦʣʢʫ ʥʝ ʝ ʧʦʚʨʟʘʥʘ ʥʘ 

ʧʨʝʥʦʩʥʠʦʪ ʩʠʩʪʝʤ, ʧʦʨʘʜʠ ʪʦʘ ʰʪʦ ʪʘʘ ʚʣʝʯʝ ʨʝʘʢʪʠʚʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʤʘʛʥʝʪʠʟʠʨʘˁʝ 

ʥʘ ʢʦʣʦʪʦ. ʊʫʨʙʠʥʘʪʘ ʝ ʢʦʥʩʪʨʫʠʨʘʥʘ ʟʘ ʜʚʝ ʢʦʥʩʪʘʥʪʥʠ ʙʨʟʠʥʠ, ʢʦʠ ʩʝ 

ʦʧʪʠʤʠʟʠʨʘʥʠ ʜʘ ʿʘ ʠʟʚʣʝʯʘʪ ʤʘʢʩʠʤʘʣʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨʦʪ ʠ ʜʘ ʿʘ ʥʘʤʘʣʘʪ 

ʙʫʯʘʚʘʪʘ. ʀʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʪʫʨʙʠʥʠ ʚʦ ʢʦʠ ʩʝ ʢʦʨʠʩʪʠ ʥʘʠʟʤʝʥʠʯʝʥ ʤʦʪʦʨ ʩʦ 

ʥʘʤʦʪʘʥ ʨʦʪʦʨ, ʢʘʜʝ ʦʪʧʦʨʦʪ ʥʘ ʨʦʪʦʨʦʪ ʩʝ ʤʝʥʫʚʘ ʝʣʝʢʪʨʦʥʩʢʠ ʩʦ ʮʝʣ ʜʘ ʩʝ 

ʨʝʛʫʣʠʨʘ ʙʨʟʠʥʘʪʘ ʠ ʜʘ ʩʝ ʥʘʤʘʣʘʪ ʤʝʭʘʥʠʯʢʠʪʝ ʫʜʘʨʠ. 
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ʉʣʠʢʘ 2.3.1.1 ʆʩʥʦʚʝʥ ʧʨʠʥʮʠʧ ʥʘ ʨʘʙʦʪʘ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʩʦ ʢʦʥʩʪʘʥʪʥʘ 

ʙʨʟʠʥʘ ʠ ʢʘʬʝʟʝʥ ʨʦʪʦʨ 

2.3.2  ɺʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ ʠ ʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ 

ɺʦ ʩʣʫʯʘʠ ʢʦʛʘ ʠʤʘʤʝ ʤʘʣʠ ʙʨʟʠʥʠ ʥʘ ʨʦʪʘʮʠʿʘ (ʙʨʟʠʥʠ ʦʜ 5 ʜʦ 30 ʚʨʪʝʞʠ ʚʦ 

ʤʠʥʫʪʘ) ʩʝ ʢʦʨʠʩʪʠ ʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʩʦ ʤʘʣʠ ʙʨʟʠʥʠ ʥʘ ʨʦʪʘʮʠʿʘ. ʆʚʠʝ ʩʠʥʭʨʦʥʠ 

ʛʝʥʝʨʘʪʦʨʠ ʦʙʠʯʥʦ ʩʝ ʩʦ ʧʦʚʝ˃ʝ ʧʘʨʦʚʠ ʥʘ ʧʦʣʦʚʠ, ʠ ʥʠʚʥʘʪʘ ʚʦʟʙʫʜʘ ʤʦʞʝ ʜʘ ʙʠʜʝ 

ʠʟʚʝʜʝʥʘ ʧʨʝʢʫ ʧʝʨʤʘʥʝʥʪʥʠ ʤʘʛʥʝʪʠ ʠʣʠ ʧʘʢ ʢʣʘʩʠʯʥʘ ʚʦʟʙʫʜʘ, ʧʨʠ ʰʪʦ 

ʛʝʥʝʨʘʪʦʨʦʪ ʤʦʞʝ ʜʘ ʙʠʜʝ ʧʦʚʨʟʘʥ ʜʠʨʝʢʪʥʦ ʥʘ ʪʫʨʙʠʥʘʪʘ ʙʝʟ ʫʧʦʪʨʝʙʘ ʥʘ ʤʝʥʫʚʘʯ, 

ʜʦʜʝʢʘ ʧʘʢ ʪʦʿ ʝ ʧʦʚʨʟʘʥ ʥʘ ʤʨʝʞʘ ʧʨʝʢʫ ʢʦʥʚʝʨʪʦʨ. ʇʦʨʘʜʠ ʛʦʣʝʤʠʦʪ ʙʨʦʿ ʥʘ 

ʧʘʨʦʚʠ ʥʘ ʧʦʣʦʚʠ ʠ ʥʠʩʢʠʪʝ ʙʨʟʠʥʠ ʥʘ ʨʦʪʘʮʠʿʘ, ʛʝʥʝʨʘʪʦʨʦʪ ʤʦʨʘ ʜʘ ʧʨʦʠʟʚʝʜʝ 

ʛʦʣʝʤ ʚʨʪʝʞʝʥ ʤʦʤʝʥʪ. ʅʘ ʩʣʠʢʘʪʘ 2.3.2.1 [2] ʝ ʧʨʠʢʘʞʘʥ ʤʦʜʝʣ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ 

ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ ʠ ʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ.  

 

ʉʣʠʢʘ 2.3.2.1 ɺʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ ʠ ʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ 
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2.3.3.  ɺʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ ʠ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥ ʘʩʠʥʭʨʦʥ 

ʛʝʥʝʨʘʪʦʨ 

ɺʦ ʧʨʝʪʭʦʜʥʠʦʪ ʜʝʣ ʦʜ ʦʚʦʿ ʪʨʫʜ ʥʘʧʦʤʝʥʘʪʦ ʝ ʜʝʢʘ ʩʝ ʢʦʨʠʩʪʠ DFIG  

(ʘʥʛʣʠʩʢʘ ʢʨʘʪʝʥʢʘ ʦʜ ʠʟʨʘʟʦʪ Double Fed Induction Generator ʦʜʥʦʩʥʦ ɼʚʦʿʥʦ 

ʥʘʧʦʿʫʚʘʥ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ) ʢʘʢʦ ʛʝʥʝʨʘʪʦʨ ʚʦ ʤʦʜʝʣʦʪ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ, 

ʢʦʿ ʜʦʧʦʣʥʠʪʝʣʥʦ ˃ʝ ʙʠʜʝ ʠʟʣʦʞʝʥ ʚʦ ʥʘʨʝʜʥʠʪʝ ʧʦʛʣʘʚʿʘ, ʧʨʠ ʰʪʦ ʚʦ ʦʚʦʿ ʜʝʣ ˃ʝ ʩʝ 

ʟʘʜʨʞʠʤʝ ʥʘ ʥʝʛʦʚʠʦʪ ʪʝʭʥʠʯʢʠ ʦʧʠʩ. ʆʚʦʿ ʪʠʧ ʥʘ ʛʝʥʝʨʘʪʦʨʠ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʧʦʛʦʥʠ 

ʢʘʜʝ ʠʤʘ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ ʥʘ ʚʨʪʝˁʝ. ʆʚʦʿ ʩʣʫʯʘʿ ʝ ʝʜʝʥ ʦʜ ʪʘʢʚʠʪʝ ʟʘʝʜʥʦ ʩʦ 

ʥʝʢʦʠ ʤʘʣʠ ʭʠʜʨʦʪʫʨʙʠʥʠ. ʉʧʦʨʝʜ ʥʝʛʦʚʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʪʦʿ ʚʩʫʰʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘ 

ʘʩʠʥʭʨʦʥ ʤʦʪʦʨ ʢʦʿ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʢʘʢʦ ʛʝʥʝʨʘʪʦʨ, ʩʦ ʥʝʛʘʪʠʚʥʦ ʣʠʟʛʘˁʝ, ʦʜʥʦʩʥʦ 

ʧʨʝʢʫ ʤʝʭʘʥʠʯʢʦ ʧʫʰʪʘˁʝ ʥʘ ʥʠʚʥʠʦʪ ʨʦʪʦʨ ʚʦ ʛʝʥʝʨʘʪʦʨʩʢʠ ʨʝʞʠʤ. ɼʦʢʦʣʢʫ ʩʝ 

ʥʘʧʨʘʚʠ ʩʧʦʨʝʜʙʘ ʥʘ ʤʦʪʦʨ ʩʦ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʠ ʥʠʚʥʠʪʝ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ, ˃ʝ 

ʟʘʢʣʫʯʠʤʝ ʜʝʢʘ ʚʦ ʨʝʞʠʤ ʥʘ ʤʦʪʦʨ ʩʝ ʩʦʟʜʘʚʘ ʨʦʪʦʨʩʢʠ ʬʣʫʢʩ ʩʦ ʧʦʣʘʨʠʪʝʪ ʢʦʿ ʝ 

ʦʙʨʘʪʝʥ ʦʜ ʦʥʦʿ ʥʘ ʩʪʘʪʦʨʦʪ, ʧʘ ʪʘʢʘ ʨʦʪʦʨʩʢʠʦʪ ʩʝ ʜʚʠʞʠ ʧʦʟʘʜʠ ʩʪʘʪʦʨʩʢʠʦʪ 

ʬʣʫʢʩ ʟʘ ʚʨʝʜʥʦʩʪ ʝʜʥʘʢʚʘ ʥʘ ʣʠʟʛʘˁʝʪʦ. ɺʦ ʛʝʥʝʨʘʪʦʨʩʢʠ ʨʝʞʠʤ ʧʨʦʮʝʩʦʪ ʝ 

ʧʦʠʥʘʢʦʚ, ʦʜʥʦʩʥʦ ʪʫʢʘ ʠʤʘʤʝ ʧʨʠʤʘʨʝʥ ʟʘʜʚʠʞʫʚʘʯ, ʪ.ʝ. ʪʫʨʙʠʥʘ, ʦʜʥʦʩʥʦ ʥʝʢʦʿ 

ʜʨʫʛ ʧʦʛʦʥ, ʢʦʿʘ ʛʦ ʧʨʠʜʚʠʞʫʚʘ ʨʦʪʦʨʦʪ ʥʘ ʙʨʟʠʥʘ ʢʦʿʘ ʝ ʧʦʛʦʣʝʤʘ ʦʜ ʩʠʥʭʨʦʥʘʪʘ. 

ʇʨʠʪʦʘ ʩʪʘʪʦʨʩʢʠʦʪ ʬʣʫʢʩ ʠʥʜʫʮʠʨʘ ʩʪʨʫʠ ʚʦ ʨʦʪʦʨʦʪ, ʥʦ ʧʦʨʘʜʠ ʬʘʢʪʦʪ ʰʪʦ 

ʨʦʪʦʨʩʢʠʦʪ ʬʣʫʢʩ ʝ ʩʧʨʦʪʠʚʥʦ ʥʘʩʦʯʝʥ ʠ ʛʠ ʧʨʝʩʝʢʫʚʘ ʩʪʘʪʦʨʩʢʠʪʝ ʥʘʤʦʪʢʠ, ʩʝ 

ʠʥʜʫʮʠʨʘ ʩʪʨʫʿʘ ʩʦ ʘʢʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʚʦ ʩʪʘʪʦʨʩʢʠʪʝ ʥʘʤʦʪʢʠ ʠ ʤʦʪʦʨʦʪ ʩʝ 

ʦʜʥʝʩʫʚʘ ʢʘʢʦ ʛʝʥʝʨʘʪʦʨ, ʦʜʥʦʩʥʦ ʪʦʿ ʧʨʝʜʘʚʘ ʝʥʝʨʛʠʿʘ ʚʦ ʤʨʝʞʘʪʘ. ɹʣʦʢ ʰʝʤʘʪʘ ʥʘ 

ʦʚʦʿ ʚʠʜ ʥʘ ʛʝʥʝʨʘʪʦʨ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣʠʢʘʪʘ 2.3.3.1 [2]. 

 

ʉʣʠʢʘ 2.3.3.1 ɺʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʩʦ ʧʨʦʤʝʥʣʠʚʘ ʙʨʟʠʥʘ ʠ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥ 

ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ 

 

ɺʦ ʥʘʨʝʜʥʠʦʪ ʜʝʣ ʦʜ ʪʨʫʜʦʪ ˃ʝ ʙʠʜʘʪ ʧʨʝʟʝʥʪʠʨʘʥʠ ʦʩʥʦʚʥʠʪʝ ʨʘʚʝʥʢʠ ʚʦ 

ʩʣʫʯʘʿ ʢʦʛʘ ʠʤʘʤʝ ʚʦʟʙʫʜʘ ʩʦ ʥʘʠʟʤʝʥʠʯʝʥ ʥʘʧʦʥ ʥʘ ʨʦʪʦʨʩʢʘʪʘ ʥʘʤʦʪʢʘ. ɺʦ 

ʨʦʪʦʨʩʢʘʪʘ ʥʘʤʦʪʢʘ ʢʦʿʘ ʠʤʘ 2p2 ʧʘʨʦʚʠ ʥʘ ʧʦʣʦʚʠ ʠ ʝ ʧʦʚʨʟʘʥʘ ʥʘ ʪʨʠʬʘʟʥʘʪʘ 

ʤʨʝʞʘ ʩʦ ʬʨʝʢʚʝʥʮʠʿʘ 2f , ʩʝ ʧʦʿʘʚʫʚʘ ʤʘʛʥʝʪʥʦ ʧʦʣʝ ʢʦʝ ʨʦʪʠʨʘ ʩʦ ʙʨʟʠʥʘ 
2

2
2

p

f
n =  

ʚʦ ʦʜʥʦʩ ʥʘ ʨʦʪʦʨʦʪ. ʌʨʝʢʚʝʥʮʠʿʘʪʘ ʥʘ ʥʘʧʦʥʦʪ ʢʦʿ ʝ ʠʥʜʫʮʠʨʘʥ ʚʦ ʩʪʘʪʦʨʩʢʘʪʘ 
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ʥʘʤʦʪʢʘ, ʧʦʨʘʜʠ ʚʨʪʣʠʚʦʪʦ ʧʦʣʝ ʚʦ ʨʦʪʦʨʦʪ ʤʦʞʝ ʜʘ ʩʝ ʥʘʿʜʝ ʩʧʦʨʝʜ ʠʟʨʘʟʦʪ 2.3.3.1 

[2]. 

 

                                                   2121 )( fnppnnf +=+=                                       (2.3.3.1)                                                                          

ɺʦ ʦʚʦʿ ʩʣʫʯʘʿ ʩʝʢʦʛʘʰ ʚʘʞʠ ʜʝʢʘ ppp == 21 , ʠ ʜʦʢʦʣʢʫ ʠʤʘʤʝ ʩʣʫʯʘʿ ʢʘʜʝ ʩʝ 

ʤʝʥʫʚʘ ʥʘʩʦʢʘʪʘ ʥʘ ʧʦʣʝʪʦ ʥʘ ʨʦʪʦʨʦʪ, ʪʦʛʘʰ  

 

                                                    
p

ff
n

)( 21°=                                                         (2.3.3.2) 

ʆʚʦʿ ʚʠʜ ʥʘ ʩʠʩʪʝʤʠ ʩʪʘʥʫʚʘ ʜʦʤʠʥʘʥʪʝʥ ʚʦ ʤʥʦʛʫ ʧʦʣʠˁʘ, ʦʩʦʙʝʥʦ ʚʦ ʚʝʪʝʨʥʠʪʝ 

ʬʘʨʤʠ. ʆʚʦʿ ʤʝʪʦʜ ʩʝ ʢʦʨʠʩʪʠ ʧʦʨʘʜʠ ʛʦʣʝʤʠʪʝ ʠ ʥʝʧʨʝʜʚʠʜʣʠʚʠ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨʦʪ 

ʧʦʨʘʜʠ ʢʦʠ ʩʝʢʦʛʘʰ ʤʦʨʘ ʜʘ ʩʝ ʨʝʛʫʣʠʨʘ ʙʨʟʠʥʘʪʘ ʥʘ ʪʫʨʙʠʥʘʪʘ. ɺʦ ʩʫʰʪʠʥʘ ʩʦ ʦʚʦʿ 

ʩʠʩʪʝʤ ʤʦʞʝ ʜʘ ʩʝ ʠʥʿʝʢʪʠʨʘ ʢʘʧʘʮʠʪʠʚʥʘ ʠʣʠ ʠʥʜʫʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ɽɽʉ ʩʦ 

ʬʨʝʢʚʝʥʮʠʿʘ ʠʩʪʘ ʢʘʢʦ ʥʘ ɽɽʉ. 

 

2.4 ʋʧʨʘʚʫʚʘʯʢʠ ʠ ʟʘʰʪʠʪʥʠ ʩʠʩʪʝʤʠ 

 ʋʧʨʘʚʫʚʘʯʢʠʪʝ ʠ ʟʘʰʪʠʪʥʠʪʝ ʩʠʩʪʝʤʠ ʚʦ ʝʜʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʩʝ ʩʦʩʪʦʿʘʪ ʦʜ 

ʧʦʚʝ˃ʝ ʢʦʤʧʦʥʝʥʪʠ ʢʦʠ ʨʘʙʦʪʘʪ ʟʘʚʠʩʥʦ ʝʜʝʥ ʦʜ ʜʨʫʛ ʠ ʠʤʘʘʪ ʝʜʠʥʩʪʚʝʥʘ ʮʝʣ, ʘ ʪʦʘ 

ʝ ʜʘ ʦʚʦʟʤʦʞʘʪ ʩʠʛʫʨʥʘ ʠ ʜʦʚʝʨʣʠʚʘ ʨʘʙʦʪʘ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ, ʢʦʿʘ ʝ 

ʧʨʠʢʣʫʯʝʥʘ ʥʘ ʧʨʝʥʦʩʥʠʦʪ ʠʣʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠʦʪ ʩʠʩʪʝʤ.  

 ɹʠʜʝʿ˃ʠ ʨʘʙʦʪʘʪʘ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʝ ʢʦʤʧʣʝʢʩʥʘ, ʪʘʘ ʤʦʨʘ ʩʝʢʦʛʘʰ ʜʘ 

ʙʠʜʝ ʥʘʜʛʣʝʜʫʚʘʥʘ ʦʜ ʢʚʘʣʠʬʠʢʫʚʘʥ ʧʝʨʩʦʥʘʣ. ʆʜ ʪʫʢʘ ʧʨʦʠʟʣʝʛʫʚʘ ʧʦʪʨʝʙʘʪʘ ʦʜ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʘ ʛʦʣʝʤ ʙʨʦʿ ʥʘ ʩʝʥʟʦʨʠ, ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʟʘ ʩʫʧʝʨʚʠʟʠʿʘ ʠ 

ʫʧʨʘʚʫʚʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʪʫʨʙʠʥʘʪʘ. ʆʚʠʝ ʫʧʨʘʚʫʚʘʯʢʠ ʩʠʩʪʝʤʠ ʩʝ ʢʦʥʩʪʨʫʠʨʘʥʠ 

ʪʘʢʘ ʜʘ ʠʤʘʘʪ ʚʠʩʦʢ ʩʪʝʧʝʥ ʥʘ ʚʥʘʪʨʝʰʥʘ ʢʦʥʪʨʦʣʘ. 

 ɿʘʰʪʠʪʥʠʪʝ ʩʠʩʪʝʤʠ ʠʛʨʘʘʪ ʛʦʣʝʤʘ ʫʣʦʛʘ ʚʦ ʤʝʭʘʥʠʯʢʘʪʘ ʟʘʰʪʠʪʘ ʥʘ 

ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʚʦ ʘʙʥʦʨʤʘʣʥʠ ʫʩʣʦʚʠ ʥʘ ʨʘʙʦʪʘ. ʇʦʜ ʧʦʠʤʦʪ ʘʙʥʦʨʤʘʣʥʠ 

ʫʩʣʦʚʠ ʥʘ ʨʘʙʦʪʘ ʩʝ ʤʠʩʣʠ ʥʘ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ ʚʦ ʩʣʫʯʘʿ ʢʦʛʘ ʙʨʟʠʥʠʪʝ ʥʘ ʚʝʪʝʨʦʪ 

ʩʝ ʛʦʣʝʤʠ ʠ ʤʦʞʘʪ ʜʘ ʿʘ ʦʰʪʝʪʘʪ ʪʫʨʙʠʥʘʪʘ ʪʨʘʿʥʦ. ɺʦ ʪʦʿ ʩʣʫʯʘʿ ʧʦʯʥʫʚʘ ʜʘ ʨʘʙʦʪʠ 

ʟʘʰʪʠʪʥʠʦʪ ʩʠʩʪʝʤ ʠ ʿʘ ʦʛʨʘʥʠʯʫʚʘ ʙʨʟʠʥʘʪʘ ʥʘ ʝʣʠʩʘʪʘ ʩʦ ʪʦʘ ʰʪʦ ʛʦ ʤʝʥʫʚʘ 

ʘʛʦʣʦʪ ʥʘ ʝʣʠʩʘʪʘ ʥʘ ʪʫʨʙʠʥʘʪʘ.  

 ɺʦ ʩʝʢʦʿ ʩʣʫʯʘʿ ʤʦʨʘ ʜʘ ʧʦʩʪʦʠ ʢʦʥʪʨʦʣʝʨ ʢʦʿ ˃ʝ ʛʠ ʢʦʥʪʨʦʣʠʨʘ ʠ ʫʧʨʘʚʫʚʘ 

ʩʠʪʝ ʧʨʦʮʝʩʠ ʚʦ ʪʫʨʙʠʥʘʪʘ. ʆʚʦʿ ʢʦʥʪʨʦʣʝʨ ʝ ʚʩʫʰʥʦʩʪ ʤʠʢʨʦʧʨʦʮʝʩʦʨ ʥʘ ʢʦʛʦ 

ʧʦʚʝ˃ʝ ʩʝʥʟʦʨʠ ʩʝ ʧʦʚʨʟʘʥʠ. ʆʚʠʝ ʩʝʥʟʦʨʠ ʤʝʨʘʪ ʨʘʟʣʠʯʥʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʧʘʨʘʤʝʪʨʠ, ʠ ʧʦʪʦʘ ʚʦ ʪʘʙʝʣʘʪʘ ʩʦ ʧʘʨʘʤʝʪʨʠ ʩʝ ʩʧʦʨʝʜʫʚʘʘʪ ʠʟʤʝʨʝʥʠʪʝ ʩʦ 

ʟʘʜʘʜʝʥʠʪʝ ʚʨʝʜʥʦʩʪʠ. ɼʝʬʠʥʠʨʘʥʘ ʝ ʣʦʛʠʢʘ ʥʘ ʘʢʮʠʿʘ ʚʦ ʩʣʫʯʘʿ ʢʦʛʘ ʥʝʢʦʠ ʦʜ 

ʠʟʤʝʨʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʦʪʩʪʘʧʫʚʘʘʪ ʦʜ ʥʦʨʤʘʣʥʠʪʝ ʛʨʘʥʠʮʠ.  

 ɺʦ ʦʚʦʿ ʜʝʣ ˃ʝ ʙʠʜʘʪ ʧʨʝʟʝʥʪʠʨʘʥʠ ʩʠʩʪʝʤʠʪʝ ʢʦʠ ʚʦ ʝʜʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ 

ʩʣʫʞʘʪ ʟʘ ʢʦʥʪʨʦʣʘ ʠ ʫʧʨʘʚʫʚʘˁʝ ʥʘ ʧʨʦʮʝʩʠʪʝ ʠ ʧʦʪʧʨʦʮʝʩʠʪʝ ʢʦʠ ʦʚʦʟʤʦʞʫʚʘʘʪ 

ʥʦʨʤʘʣʥʦ ʬʫʥʢʮʠʦʥʠʨʘˁʝ ʥʘ ʪʫʨʙʠʥʘʪʘ ʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʥʘ ʢʦʿ ʪʘʘ ʝ 

ʧʨʠʢʣʫʯʝʥʘ. ɽʜʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʧʨʝʪʩʪʘʚʫʚʘ ʩʣʦʞʝʥ ʩʠʩʪʝʤ ʢʦʿ ʩʝ ʢʦʥʪʨʦʣʠʨʘ 

ʧʨʝʢʫ ʧʦʚʝ˃ʝ ʤʝʭʘʥʠʟʤʠ.  
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ʊʦʿ ʩʣʦʞʝʥ ʩʠʩʪʝʤ ʚʩʫʰʥʦʩʪ ʩʝ ʘʥʘʣʠʟʠʨʘ ʚʦ ʜʚʘ ʜʝʣʘ ʠ ʪʦʘ: ʢʦʥʪʨʦʣʘ ʥʘ 

ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥʠʦʪ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʪʫʨʙʠʥʘʪʘ.   ʂʦʛʘ ʩʝ ʟʙʦʨʫʚʘ 

ʟʘ ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥʠʦʪ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ, ʠʤʘʤʝ ʢʦʥʪʨʦʣʘ ʥʘ 

ʨʦʪʦʨʩʢʘʪʘ ʩʪʨʘʥʘ ʠ ʢʦʥʪʨʦʣʘ ʥʘ ʤʨʝʞʥʘʪʘ ʩʪʨʘʥʘ. ʂʦʥʪʨʦʣʘʪʘ ʥʘ ʨʦʪʦʨʩʢʘʪʘ 

ʩʪʨʘʥʘ ʥʘʿʯʝʩʪʦ ʝ ʠʟʚʝʜʝʥʘ ʧʨʝʢʫ ʝʥʝʨʛʝʪʩʢʠ ʢʦʥʚʝʨʪʦʨʠ, ʢʦʠ ʨʘʙʦʪʘʪ ʥʘ ʧʨʠʥʮʠʧ 

ʥʘ ʚʝʢʪʦʨʩʢʘ ʢʦʥʪʨʦʣʘ. ʂʦʥʪʨʦʣʘʪʘ ʥʘ ʤʨʝʞʥʘ ʩʪʨʘʥʘ ʧʘʢ ʠʤʘ ʟʘʜʘʯʘ ʜʘ ʛʦ ʦʜʨʞʠ 

ʩʪʘʙʠʣʥʦ ʥʠʚʦʪʦ ʥʘ ʥʘʧʦʥ ʥʘ ʝʜʥʦʥʘʩʦʯʥʘʪʘ ʚʨʩʢʘ, ʢʦʿʘ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʧʨʝʢʫ ʝʜʝʥ 

ʢʦʥʜʝʥʟʘʪʦʨ. ʄʦʨʘ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʧʨʝʢʫ ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʨʦʪʦʨʩʢʘʪʘ ʩʪʨʘʥʘ 

ʤʦʞʝ ʜʘ ʩʝ ʚʨʰʠ ʢʦʥʪʨʦʣʘ ʠ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʦʪ ʤʦʤʝʥʪ ʢʘʢʦ ʠ ʙʨʟʠʥʘʪʘ ʥʘ 

ʦʩʦʚʠʥʘʪʘ ʥʘ ʘʩʠʥʭʨʦʥʠʦʪ ʛʝʥʝʨʘʪʦʨ.  

 ɼʦʢʦʣʢʫ ʧʦʪʝʤʝʣʥʦ ʩʝ ʨʘʟʛʣʝʜʘʘʪ ʢʦʥʪʨʦʣʠʪʝ ʥʘ ʤʨʝʞʥʘ ʠ ʨʦʪʦʨʩʢʘ ʩʪʨʘʥʘ, 

ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʪʠʝ ʩʝ ʚʩʫʰʥʦʩʪ ʠʥʚʝʨʪʦʨʠ ʠ ʥʘʩʦʯʫʚʘʯʠ, ʦʜʥʦʩʥʦ 

ʢʦʥʪʨʦʣʘʪʘ ʥʘ ʨʦʪʦʨʦʪ ʩʝ ʚʨʰʠ ʧʨʝʢʫ ʥʘʩʦʯʫʚʘʯ ʢʦʿ ʚʦ ʩʫʰʪʠʥʘ ʧʨʝʪʩʪʘʚʫʚʘ  

ʚʦʟʙʫʜʘ ʥʘ ʨʦʪʦʨʦʪ. ʂʘʢʦ ʤʝʭʘʥʠʟʘʤ ʟʘ ʢʦʥʪʨʦʣʘ ʩʝ ʢʦʨʠʩʪʠ ʠ ʤʝʨʝˁʝʪʦ ʥʘ 

ʘʢʪʠʚʥʘʪʘ ʠ ʨʝʘʢʪʠʚʥʘʪʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ɺɽʎ ʿʘ ʧʨʝʜʘʚʘ ʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ 

ʩʠʩʪʝʤ ʠ ʜʘʣʠ ʪʘʘ ʩʝ ʩʦʚʧʘʺʘ ʩʦ ʜʘʜʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʢʦʠ ʛʠ ʦʜʨʝʜʫʚʘ ʦʧʝʨʘʪʦʨʦʪ ʟʘ 

ʧʨʝʥʦʩ ʥʘ ʝʥʝʨʛʠʿʘ. ɺʦ ʪʫʨʙʠʥʘʪʘ ʠʤʘʤʝ ʠ ʤʝʭʘʥʠʯʢʠ ʢʦʥʪʨʦʣʠ ʢʦʠ ʩʣʫʞʘʪ ʜʘ ʿʘ 

ʟʘʧʨʘʪ ʪʫʨʙʠʥʘʪʘ ʢʦʿʘ ʨʘʙʦʪʠ ʚʦ ʤʦʤʝʥʪʠ ʢʦʛʘ ʠʤʘʤʝ ʥʝʧʦʚʦʣʥʠ ʧʘʨʘʤʝʪʨʠ, 

ʦʜʥʦʩʥʦ ʢʦʛʘ ʠʤʘʤʝ ʛʦʣʝʤʠ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨ ʠ ʢʦʛʘ ʚʝ˃ʝ ʨʦʪʦʨʩʢʘʪʘ ʙʨʟʠʥʘ ʥʝ ʤʦʞʝ 

ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʧʨʝʢʫ ʟʛʦʣʝʤʫʚʘˁʝ ʥʘ ʛʝʥʝʨʠʨʘʥʘʪʘ ʤʦ˃ʥʦʩʪ. ʊʦʛʘʰ ʩʝ ʘʢʪʠʚʠʨʘʘʪ 

ʢʦʯʥʠʪʝ ʩʠʩʪʝʤʠ ʢʦʠ ʚʣʠʿʘʘʪ ʥʘ ʘʝʨʦʜʠʥʘʤʠʯʢʠʦʪ ʧʨʦʬʠʣ ʥʘ ʝʣʠʩʠʪʝ, ʘ ʩʦ ʪʦʘ ʠ ʥʘ 

ʨʦʪʦʨʦʪ. ɽʜʝʥ ʦʧʰʪ ʙʣʦʢ ʤʦʜʝʣ ʥʘ ʩʠʩʪʝʤʠʪʝ ʦʜ ʢʦʠ ʝ ʩʦʩʪʘʚʝʥʘ ʪʫʨʙʠʥʘʪʘ ʠ ʦʥʠʝ 

ʢʦʠ ʩʣʫʞʘʪ ʟʘ ʢʦʥʪʨʦʣʘ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ, ʟʘʝʜʥʦ ʩʦ ʣʝʛʝʥʜʘʪʘ ʥʘ 

ʠʤʠˁʘʪʘ ʥʘ ʙʣʦʢʦʚʠʪʝ ʦʜ ʢʦʠ ʝ ʩʦʩʪʘʚʝʥ ˃ʝ ʙʠʜʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 2.4.1 [6]. 
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ʉʣʠʢʘ 2.4.1 ɹʣʦʢ ʰʝʤʘ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ 

 

1. ʈʦʪʦʨ ʥʘ ʪʫʨʙʠʥʘ                                                          

2. ʄʦʜʝʣ ʥʘ ʚʝʪʝʨ 

3. ʄʝʥʫʚʘʯ 

4. ʂʦʥʪʨʦʣʘ ʥʘ ʝʣʠʩʘ 

5. ʄʦʜʝʣ ʥʘ ʛʝʥʝʨʘʪʦʨ 

6. ɺʨʩʢʘ (ʠʥʪʝʨʬʝʿʩ) 

7. ʄʦʜʝʣ ʥʘ ɽɽʉ 

8. ʅʘʩʦʯʫʚʘʯ ʥʘ ʨʦʪʦʨʩʢʘ ʩʪʨʘʥʘ (ʂʦʥʪʨʦʣʘ ʥʘ ʨʦʪʦʨʩʢʘ ʩʪʨʘʥʘ) 

9. ɽʜʥʦʥʘʩʦʯʝʥ ʩʧʦʿ ʠ ʠʥʚʝʨʪʦʨ ʥʘ ʤʨʝʞʥʘ ʩʪʨʘʥʘ (ʂʦʥʪʨʦʣʘ ʥʘ ʤʨʝʞʘ) 

10. ʂʦʥʪʨʦʣʝʨ ʥʘ ʤʦ˃ʥʦʩʪ ʠ ʙʨʟʠʥʘ 

11. ʂʦʥʪʨʦʣʝʨ ʥʘ ʨʝʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ 
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3 ɸʉʀʅʍʈʆʅ ɻɽʅɽʈɸʊʆʈ ʉʆ ɼɺʆʉʊʈɸʅʆ ʅɸʇʆɱʋɺɸɳɽ 

 

3.1  ɺʦʚʝʜ 

 

 ʅʘ ʩʣʝʜʥʘʪʘ ʩʣʠʢʘ ʝ ʧʨʠʢʘʞʘʥʘ ʧʨʠʥʮʠʧʠʝʣʥʘ ʰʝʤʘ ʥʘ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ 

ʩʦ ʜʚʦʩʪʨʘʥʦ ʥʘʧʦʿʫʚʘˁʝ. 

 

ʉʣʠʢʘ 3.1.1 ɸʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʩʦ ʜʚʦʩʪʨʘʥʦ ʥʘʧʦʿʫʚʘˁʝ 

 

1. ʄʝʥʫʚʘʯ 

2. ɸʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ 

3. ʄʦʜʝʣ ʥʘ ʤʨʝʞʘ 

4. ʂʦʥʚʝʨʪʦʨʠ ʥʘ ʨʦʪʦʨʩʢʘ ʠ ʤʨʝʞʥʘ ʩʪʨʘʥʘ 

5. ʂʦʥʪʨʦʣʘ ʥʘ ʝʣʝʢʪʨʠʯʥʠ ʧʨʦʮʝʩʠ 

 

ʂʘʢʦ ʰʪʦ ʝ ʥʘʚʝʜʝʥʦ ʚʦ ʧʨʝʪʭʦʜʥʦʪʦ ʧʦʛʣʘʚʿʝ, ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥʠʦʪ 

ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʧʨʝʪʩʪʘʚʫʚʘ ʘʩʠʥʭʨʦʥ ʤʦʪʦʨ ʢʦʿ ʨʘʙʦʪʠ ʚʦ ʨʝʞʠʤ ʥʘ ʛʝʥʝʨʘʪʦʨ. 

ɺʦ ʦʚʦʿ ʜʝʣ ʝ ʧʨʝʟʝʥʪʠʨʘʥ ʤʘʪʝʤʘʪʠʯʢʠʦʪ ʤʦʜʝʣ ʥʘ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʠʟʨʘʟʝʥ 

ʧʨʝʢʫ dq0 ʢʦʤʧʦʥʝʥʪʝʥ ʩʠʩʪʝʤ.  ʄʦʜʝʣʦʪ ʢʦʿ ʩʝ ʢʦʨʠʩʪʠ ʚʦ MATLAB/SIMULINK  

ʠʩʪʦ ʪʘʢʘ ˃ʝ ʙʠʜʝ ʧʨʝʪʩʪʘʚʝʥ ʠ ʦʙʨʘʙʦʪʝʥ ʚʦ ʦʚʘʘ ʪʝʤʘ.  

ʉʪʘʪʦʨʩʢʠʪʝ ʥʘʤʦʪʢʠ ʥʘ ʘʩʠʥʭʨʦʥʠʦʪ ʛʝʥʝʨʘʪʦʨ ʩʝ ʧʦʚʨʟʘʥʠ ʜʠʨʝʢʪʥʦ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ, ʜʦʜʝʢʘ ʨʦʪʦʨʩʢʠʪʝ ʥʘʤʦʪʢʠ ʩʝ ʧʦʚʨʟʘʥʠ ʧʨʝʢʫ 

ʠʥʚʝʨʪʦʨʠ ʠ ʥʘʩʦʯʫʚʘʯʠ. ʆʚʦʿ ʪʠʧ ʥʘ ʛʝʥʝʨʘʪʦʨʠ ʩʝ ʢʦʨʠʩʪʠ ʠʩʢʣʫʯʠʚʦ ʟʘ ʪʫʨʙʠʥʠ 

ʢʦʠ ʠʤʘʘʪ ʛʦʣʝʤʘ ʠʟʣʝʟʥʘ ʤʦ˃ʥʦʩʪ. ɼʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥʠʦʪ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʠʤʘ 

ʤʦʞʥʦʩʪ ʜʘ ʛʠ ʢʦʥʪʨʦʣʠʨʘ ʩʪʨʫʠʪʝ ʥʠʟ ʨʦʪʦʨʦʪ, ʰʪʦ ʧʘʢ ʦʚʦʟʤʦʞʫʚʘ ʢʦʥʪʨʦʣʘ ʥʘ 

ʨʝʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʚʨʪʝˁʝ, ʧʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ ʜʝʢʘ ʤʦʞʝ ʜʘ ʩʝ 

ʢʦʨʠʩʪʠ ʚʦ ʰʠʨʦʢ ʦʧʩʝʛ ʥʘ ʙʨʟʠʥʠ. ɿʘ ʜʘ ʧʦʿʘʩʥʠʤʝ, ʩʦ ʢʦʥʪʨʦʣʘʪʘ ʥʘ 

ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʥʘ ʚʦʟʙʫʜʥʘʪʘ ʩʪʨʫʿʘ ʥʘ ʨʦʪʦʨʦʪ, ʜʝʿʩʪʚʫʚʘʤʝ ʚʨʟ ʘʛʦʣʥʘʪʘ ʙʨʟʠʥʘ ʥʘ 

ʨʦʪʦʨʦʪ ʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʦʪ ʤʦʤʝʥʪ. ʇʨʠ ʙʨʟʠʥʠ ʧʦʤʘʣʠ ʦʜ ʩʠʥʭʨʦʥʘʪʘ, 

ʥʘʩʦʯʫʚʘʯʠʪʝ ʟʘʿʤʫʚʘʘʪ ʝʥʝʨʛʠʿʘ ʦʜ ʤʨʝʞʘʪʘ, ʢʦʿʘ ʝ ʧʦʪʨʝʙʥʘ ʟʘ ʚʦʟʙʫʜʘ ʥʘ ʨʦʪʦʨʦʪ. 

ʇʨʝʢʫ ʪʦʿ ʧʨʦʮʝʩ ʧʦʪʦʘ ʝʥʝʨʛʠʿʘʪʘ ʩʝ ʚʨʘ˃ʘ ʚʦ ʤʨʝʞʘʪʘ. ɺʦ ʤʦʤʝʥʪʦʪ ʢʦʛʘ ʠʤʘʤʝ 

ʥʘʜʩʠʥʭʨʦʥʘ ʙʨʟʠʥʘ ʥʘ ʚʨʪʝˁʝ, ʪʦʛʘʰ ʠ ʨʦʪʦʨʦʪ ʠ ʩʪʘʪʦʨʦʪ ʦʜʜʘʚʘʘʪ ʝʥʝʨʛʠʿʘ ʚʦ 

ʤʨʝʞʘʪʘ. ɺʦ ʦʚʦʿ ʤʘʛʠʩʪʝʨʩʢʠ ʪʨʫʜ ˃ʝ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʜʠʥʘʤʠʯʢʠʪʝ ʨʝʞʠʤʠ ʥʘ 

ʨʘʙʦʪʘ ʥʘ ʚʝʪʝʨʥʘ ʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ ʧʨʠ ʢʦʥʪʠʥʫʠʨʘʥʘ ʠ ʫʜʘʨʥʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨ, 

ʢʘʢʦ ʠ ʩʪʘʙʠʣʥʦʩʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ʧʨʠ ʧʦʿʘʚʘ ʥʘ ʢʫʩʘ ʚʨʩʢʘ ʚʦ ʥʝʛʦ. 
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3.2  ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʥʘ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ 

 

ʄʘʪʨʠʮʘ ʥʘ ʠʥʜʫʢʪʠʚʠʪʝʪʠ 

 ɽʣʝʢʪʨʠʯʥʘʪʘ ʤʘʰʠʥʘ ʝ ʩʠʩʪʝʤ ʦʜ ʝʣʝʢʪʨʠʯʥʠ ʠ ʤʘʛʥʝʪʥʠ ʢʦʣʘ ʢʦʠ ʩʝ 

ʩʧʦʝʥʠ ʤʘʛʥʝʪʥʦ ʠ ʝʣʝʢʪʨʠʯʥʦ. ʄʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʜʫʚʘ ʢʘʢʦ ʩʧʦʿ ʦʜ ʦʪʧʦʨʠ, 

ʩʦʧʩʪʚʝʥʘ  ʠʥʜʫʢʪʠʚʥʦʩʪ ʠ ʤʝʺʫʩʝʙʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪ. ɺʦ ʦʚʦʿ ʜʝʣ ˃ʝ ʩʝ ʨʘʟʛʣʝʜʘʘʪ 

ʩʘʤʦ ʠʥʜʫʢʪʠʚʥʦʩʪʠʪʝ [22]. 

 ʀʤʘ ʰʝʩʪ ʝʣʝʢʪʨʠʯʥʠ ʩʪʨʫʿʥʠ ʢʨʫʛʦʚʠ ʠ ʩʝʢʦʝ ʠʤʘ ʩʦʧʩʪʚʝʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪ 

ʠ ʤʝʺʫʩʝʙʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪ. ɺʘʞʥʦ ʝ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʩʘʤʦʠʥʜʫʢʪʠʚʥʦʩʪʠʪʝ ʥʘ 

ʬʘʟʠʪʝ a ,b ,c , ra , rb  ʠ rc  ʥʝ ʟʘʚʠʩʘʪ ʦʜ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʨʦʪʦʨʦʪ. ʊʠʝ ʠʤʘʘʪ ʛʣʘʚʝʥ 

ʜʝʣ ʢʦʿ ʩʝ ʧʦʢʣʦʧʫʚʘ ʧʦ ʥʘʩʦʢʘ ʩʦ ʧʘʪʝʢʠʪʝ ʥʘ ʬʣʫʢʩʦʪ ʢʦʠ ʛʦ ʤʠʥʫʚʘʘʪ  

ʚʦʟʜʫʰʥʠʦʪ ʦʪʚʦʨ ʠ ʛʠ ʦʧʬʘ˃ʘʘʪ ʩʠʪʝ ʥʘʤʦʪʢʠ ʥʘ ʩʪʘʪʦʨʦʪ ʠ ʨʦʪʦʨʦʪ ʠ ʩʧʦʨʝʜʥʠ 

ʜʝʣʦʚʠ ʢʦʠ ʩʝ ʧʦʢʣʦʧʫʚʘʘʪ ʧʦ ʥʘʩʦʢʘ ʩʦ ʧʘʪʝʢʠʪʝ ʥʘ ʬʣʫʢʩʦʪ ʧʦ ʢʘʥʘʣʠʪʝ ʠ 

ʩʧʦʿʥʠʪʝ ʢʨʘʝʚʠ ʥʘ ʥʘʤʦʪʢʠʪʝ ʥʦ ʥʝ ʛʠ ʦʧʬʘ˃ʘʘʪ ʩʪʘʪʦʨʩʢʠʪʝ ʠ ʨʦʪʦʨʩʢʠʪʝ ʥʘʤʦʪʢʠ. 

ʀʥʜʫʢʮʠʿʘʪʘ ʚʦ ʚʦʟʜʫʰʥʠʦʪ ʧʨʦʩʪʦʨ ʥʘ ʩʝʢʦʿʘ ʬʘʟʘ ʝ ʚʦ ʦʩʥʦʚʘ ʩʠʥʫʩʦʠʜʘʣʥʘ ʧʦ 

ʧʝʨʠʬʝʨʠʿʘʪʘ ʥʘ ʨʦʪʦʨʦʪ ʠ ʩʝʢʦʿʘ ʩʦʧʩʪʚʝʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪ ʚʘʨʠʨʘ ʧʦ ʢʦʩʠʥʫʩʝʥ 

ʟʘʢʦʥ ʩʦ ʝʣʝʢʪʨʠʯʥʠʦʪ ʘʛʦʣ ʥʘ ʜʚʝ ʥʘʤʦʪʢʠ. 

 ʄʝʺʫʩʝʙʥʠʪʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʩʪʘʪʦʨʦʪ ʠ ʨʦʪʦʨʦʪ ʩʝ ʧʨʠʢʘʞʘʥʠ ʧʨʝʢʫ 

ʩʣʝʜʥʠʪʝ ʠʟʨʘʟʠ ʠ ʥʝ ʟʘʚʠʩʘʪ ʦʜ ʧʦʟʠʮʠʿʘʪʘ ʥʘ ʨʦʪʦʨʦʪ.      
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 ʉʦʧʩʪʚʝʥʘʪʘ ʠʥʜʫʢʪʠʚʥʦʩʪ ʤʝʺʫ ʨʦʪʦʨʦʪ ʠ ʩʪʘʪʦʨʦʪ ʟʘʚʠʩʠ ʦʜ ʧʦʟʠʮʠʿʘʪʘ ʥʘ 

ʨʦʪʦʨʦʪ ʧʨʝʢʫ erQ  ʢʦʝ ʧʘʢ ʧʨʝʪʩʪʘʚʫʚʘ ʘʛʦʣʥʦ ʟʘʜʚʠʞʫʚʘˁʝ ʥʘ ʨʦʪʦʨʦʪ. ʊʘʘ ʝ 

ʧʨʝʪʩʪʘʚʝʥʘ ʩʦ ʠʟʨʘʟʦʪ 
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ʆʜʥʦʩʦʪ ʤʝʺʫ ʝʢʚʠʚʘʣʝʥʪʥʠʪʝ ʚʨʪʝʞʠ ʥʘ ʨʦʪʦʨʦʪ ʠ ʩʪʘʪʦʨʦʪ sere ww ,  ʝ 

ʧʨʝʪʩʪʘʚʝʥ ʩʦ ʩʣʝʜʥʠʦʪ ʠʟʨʘʟ 

                                                         rs

ms

r

mr

se

re K
L

L
==

w

w
                                              (3.2.4)                                                         

ʙʠʜʝʿ˃ʠ ʩʦʧʩʪʚʝʥʠʪʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʟʘʚʠʩʘʪ ʦʜ ʙʨʦʿʦʪ ʥʘ ʚʨʪʝʞʠ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʥʦ  
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ʀʥʜʫʢʪʠʚʥʦʩʪʠʪʝ ʩʝʛʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʧʨʝʪʩʪʘʚʝʥʠ ʩʦ ʪʘʢʘʥʘʨʝʯʝʥʘʪʘ 

ʤʘʪʨʠʮʘ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʦʿʘ ʝ ʧʨʠʢʘʞʘʥʘ ʧʦʜʦʣʫ. 
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ɺʦ ʤʘʪʨʠʮʘʪʘ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʦʩʪʦʿʘʪ ʧʦʚʝ˃ʝ ʚʝʣʠʯʠʥʠ ʢʦʠ ʩʝ ʧʦʜʦʙʨʦ 

ʤʘʪʝʤʘʪʠʯʢʠ ʜʝʬʠʥʠʨʘʥʠ ʩʦ ʨʘʚʝʥʢʠʪʝ (3.2.8). 
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ɼʠʬʝʨʝʥʮʠʿʘʣʥʠ ʨʘʚʝʥʢʠ ʥʘ ʘʩʠʥʭʨʦʥʠ ʤʘʰʠʥʠ 

ʈʘʚʝʥʢʠʪʝ ʢʦʠ ʛʦ ʦʧʠʰʫʚʘʘʪ ʦʜʥʝʩʫʚʘˁʝʪʦ ʥʘ ʘʩʠʥʭʨʦʥʠʪʝ ʤʘʰʠʥʠ ʩʝ 

ʥʝʣʠʥʝʘʨʥʠ ʠ ʤʦʞʘʪ ʜʘ ʩʝ ʨʝʰʘʪ ʩʘʤʦ ʩʦ ʧʦʤʦʰ ʥʘ ʢʦʤʧʿʫʪʝʨʠ. ʃʠʥʝʘʨʠʟʘʮʠʿʘʪʘ 

ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ ʊʘʿʣʦʨʦʚ ʨʝʜ ʟʘ ʝʜʥʘ ʨʘʟʛʣʝʜʫʚʘʥʘ ʨʘʙʦʪʥʘ 

ʪʦʯʢʘ. ʈʝʟʫʣʪʘʥʪʥʠʦʪ ʩʠʩʪʝʤ ʦʜ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ ʨʘʚʝʥʢʠ ʛʦ ʦʧʠʰʫʚʘ ʜʠʥʘʤʠʯʢʦʪʦ 

ʦʜʥʝʩʫʚʘˁʝ ʥʘ ʤʘʣʠ ʧʦʤʝʩʪʫʚʘˁʘ. ʄʘʰʠʥʠʪʝ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʪʨʝʪʠʨʘʥʠ ʢʘʢʦ 

ʣʠʥʝʘʨʥʠ ʩʠʩʪʝʤʠ ʥʦ ʩʦ ʤʘʣʠ ʥʘʨʫʰʫʚʘˁʘ, ʢʘʜʝ ʩʦ ʫʧʦʪʨʝʙʘ ʥʘ ʪʝʦʨʠʿʘʪʘ ʥʘ 

ʢʣʘʩʠʯʥʠ ʣʠʥʝʘʨʥʠ ʩʠʩʪʝʤʠ ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʧʨʝʥʦʩʥʠʪʝ ʬʫʥʢʮʠʠ ʢʦʠ ʩʝ 

ʧʦʪʨʝʙʥʠ ʟʘ ʜʠʟʘʿʥʠʨʘˁʝ ʥʘ ʢʦʥʪʨʦʣʥʠ ʫʨʝʜʠ ʧʦʚʨʟʘʥʠ ʩʦ ʤʘʰʠʥʠʪʝ. 

ʈʘʚʝʥʢʠ ʥʘ ʘʩʠʥʭʨʦʥʘʪʘ ʤʘʰʠʥʘ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʣʠʥʝʘʨʠʟʠʨʘʘʪ 

ʃʠʥʝʘʨʠʟʠʨʘʥʠʪʝ ʨʘʚʝʥʢʠ ʩʝ ʜʦʙʠʚʘʘʪ ʦʜ ʠʟʨʘʟʠʪʝ ʟʘ ʥʘʧʦʥʦʪ ʚʦ ʫʩʣʦʚʠ ʥʘ 

ʢʦʥʩʪʘʥʪʥʠ ʧʘʨʘʤʝʪʨʠ ʢʦʠ ʩʝ ʥʝʟʘʚʠʩʥʠ ʦʜ ʚʨʝʤʝʪʦ. ɼʦʜʝʢʘ ʪʨʘʘʪ ʙʘʣʘʥʩʠʨʘʥʠʪʝ 

ʫʩʣʦʚʠ ʦʚʠʝ ʙʘʨʘˁʘ ʩʝ ʟʘʜʦʚʦʣʝʥʠ ʦʜ ʩʪʨʘʥʘ ʥʘ ʨʘʚʝʥʢʠʪʝ ʟʘ ʥʘʧʦʥʦʪ ʚʦ ʩʠʥʭʨʦʥ 

ʨʝʬʝʨʝʥʪʝʥ ʩʠʩʪʝʤ. ʈʘʚʝʥʢʠʪʝ ʥʘ ʤʘʰʠʥʘʪʘ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʥʘʧʠʰʘʥʠ ʚʦ ʟʘʚʠʩʥʦʩʪ 

ʦʜ ʩʪʨʫʠʪʝ ʠʣʠ ʬʣʫʢʩʝʚʠʪʝ ʢʘʢʦ ʧʨʦʩʪʦʨʥʠ ʧʨʦʤʝʥʣʠʚʠ [22]. 

ʅʘʧʦʥʩʢʠʪʝ ʨʘʚʝʥʢʠ ʟʘ ʘʩʠʥʭʨʦʥʘ ʤʘʰʠʥʘ ʩʦ ʩʪʨʫʠʪʝ ʢʘʢʦ ʧʨʦʩʪʦʨʥʠ 

ʧʨʦʤʝʥʣʠʚʠ ʤʦʞʘʪ ʜʘ ʙʠʜʘʪ ʥʘʧʠʰʘʥʠ ʩʦ ʩʠʥʭʨʦʥ  ʨʝʬʝʨʝʥʪʝʥ ʩʠʩʪʝʤ ʦʜʥʦʩʥʦ 

eww= . 
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      (3.2.9)             

ɺʦ ʧʨʝʪʭʦʜʥʘʪʘ ʨʘʚʝʥʢʘ ʧʨʝʪʩʪʘʚʝʥʘ ʚʦ ʤʘʪʨʠʯʝʥ ʦʙʣʠʢ ʢʦʨʠʩʪʝʥʠ ʩʝ 

ʚʝʣʠʯʠʥʠ ʢʦʠ ˃ʝ ʙʠʜʘʪ ʜʝʬʠʥʠʨʘʥʠ ʧʦʜʦʣʫ [22]: 

e

qsv -ʩʚʝʜʝʥ ʥʘʧʦʥ ʥʘ ʩʪʘʪʦʨ ʥʘ q ʦʩʢʘ 

e

dsv - ʩʚʝʜʝʥ ʥʘʧʦʥ ʥʘ ʩʪʘʪʦʨ ʥʘ d ʦʩʢʘ 
e

qrv '
- ʩʚʝʜʝʥ ʥʘʧʦʥ ʥʘ ʨʦʪʦʨ ʥʘ q ʦʩʢʘ 

e

drv ' - ʩʚʝʜʝʥ ʥʘʧʦʥ ʥʘ ʨʦʪʦʨ ʥʘ d ʦʩʢʘ 
e

qsi - ʩʚʝʜʝʥʘ ʩʪʨʫʿʘ ʥʘ ʩʪʘʪʦʨ ʥʘ q ʦʩʢʘ 

e

dsi - ʩʚʝʜʝʥʘ ʩʪʨʫʿʘ ʥʘ ʩʪʘʪʦʨ ʥʘ d ʦʩʢʘ 
e

qri '
- ʩʚʝʜʝʥʘ ʩʪʨʫʿʘ ʥʘ ʨʦʪʦʨ ʥʘ q ʦʩʢʘ 

e

dri ' - ʩʚʝʜʝʥʘ ʩʪʨʫʿʘ ʥʘ ʨʦʪʦʨ ʥʘ d ʦʩʢʘ 

MX -ʤʝʺʫʩʝʙʥʘ ʨʝʘʢʪʘʥʩʘ ʥʘ ʩʪʘʪʦʨʩʢʘ ʠ ʨʦʪʦʨʩʢʘ ʥʘʤʦʪʢʘ 

ssX -ʩʦʧʩʪʚʝʥʘ ʨʝʘʢʪʘʥʩʘ ʥʘ ʩʪʘʪʦʨʩʢʘ ʥʘʤʦʪʢʘ 
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'

rrX -ʩʦʧʩʪʚʝʥʘ ʨʝʘʢʪʘʥʩʘ ʥʘ ʨʦʪʦʨʩʢʘ ʥʘʤʦʪʢʘ 

 ɹʠʜʝʿ˃ʠ ʩʝ ʠʟʙʨʘʥʠ ʩʪʨʫʠʪʝ ʢʘʢʦ ʧʨʦʩʪʦʨʥʠ ʧʨʦʤʝʥʣʠʚʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʦʪ 

ʤʦʤʝʥʪ ʤʦʞʝ ʜʘ ʩʝ ʠʟʨʘʟʠ ʢʘʢʦ: 

                                               )( '' e

qr

e

ds

e

dr

e

qsMe iiiiXM Ö-ÖÖ=                                        (3.2.10)                    

ɺʨʩʢʘʪʘ ʚʦ ʝʜʠʥʝʯʥʠ ʚʨʝʜʥʦʩʪʠ ʤʝʺʫ ʤʦʤʝʥʪʦʪ ʠ ʙʨʟʠʥʘʪʘ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʩʦ 

ʩʣʝʜʥʘʪʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ 

s

b

r
e MHpM +=

w

w
2                                                   (3.2.11) 

ʢʘʜʝ ʩʦʦʜʚʝʪʥʦ ʩʝ ʦʟʥʘʯʝʥʠ     

p - ʃʘʧʣʘʩʦʚ ʦʧʝʨʘʪʦʨ 

sM - ʤʦʤʝʥʪ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ 

eM - ʝʣʝʢʪʨʦʤʘʛʥʝʪʝʥ ʤʦʤʝʥʪ 

ʧʨʠ ʰʪʦ ʚʦ ʠʟʨʘʟʦʪ (3.2.11) ʩʝ ʠʩʢʦʨʠʩʪʝʥʠ ʘʛʦʣʥʠʪʝ ʙʨʟʠʥʠ ʜʝʬʠʥʠʨʘʥʠ ʢʘʢʦ 
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2 n
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np
ww ==  ʠ  

60

2 0n
b

p
w =  

 

ɸʩʠʥʭʨʦʥʘ ʤʘʰʠʥʘ 

ɸʢʦ ʢʦʿ ʠ ʜʘ ʙʠʣʦ ʦʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʪʝ ʤʝʪʦʜʠ ʝ ʠʩʢʦʨʠʩʪʝʥ ʟʘ 

ʣʠʥʝʘʨʠʟʘʮʠʿʘ ʪʦʛʘʰ ʣʠʥʝʘʨʥʠʪʝ ʨʘʚʝʥʢʠ ʜʦʙʠʚʘʘʪ ʦʙʣʠʢ ʢʘʢʦ ʚʦ ʤʘʪʨʠʮʘʪʘ ʧʦʜʦʣʫ 

ʦʟʥʘʯʝʥʘ ʩʦ (3.2.12) [22]. 
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     (3.2.12) 

ʢʘʜʝ ʣʠʟʛʘˁʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʧʨʝʢʫ ʩʣʝʜʥʘʪʘ ʨʘʚʝʥʢʘ ʢʦʿʘ ʝ ʦʧʰʪʦ ʧʦʟʥʘʪʘ 

                                        
e

ne

os
w

ww -
=                                                          (3.2.13)                                                                   

ɺʦ ʥʝʢʦʠ ʘʧʣʠʢʘʮʠʠ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʥʘ ʩʪʘʪʦʨʩʢʠʦʪ ʥʘʧʦʥ ʝ ʠʩʢʦʨʠʩʪʝʥʘ 

ʢʘʢʦ ʢʦʥʪʨʦʣʥʘ ʧʨʦʤʝʥʣʠʚʘ. ʇʨʦʤʝʥʣʠʚʘʪʘ ʬʨʝʢʚʝʥʮʠʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʩʦ 

ʧʨʦʤʝʥʘ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʩʠʥʭʨʦʥʠʦʪ ʨʝʬʝʨʝʥʪʝʥ ʩʠʩʪʝʤ ʢʦʿʘ ʩʦʦʜʚʝʪʩʪʚʫʚʘ ʥʘ 
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ʧʨʦʤʝʥʘʪʘ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ. ʊʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʜʦʿʜʝ ʜʦ ʟʘʢʣʫʯʦʢ ʜʝʢʘ ʘʢʦ 

ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʝ ʩʠʩʪʝʤʩʢʘ ʚʣʝʟʥʘ ʧʨʦʤʝʥʣʠʚʘ ʪʦʛʘʰ ʤʘʣʦ ʥʘʨʫʰʫʚʘˁʝ ʥʘ 

ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʤʦʞʝ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʙʨʟʠʥʘʪʘ ʥʘ ʨʝʬʝʨʝʥʪʥʠʦʪ ʩʠʩʪʝʤ ʜʘ ʩʝ ʤʝʥʫʚʘ 

ʧʨʝʢʫ ʟʘʤʝʥʘ ʥʘ ew  ʩʦ eeo ww D+ . 

ʇʦʛʦʜʥʦ ʝ ʜʘ ʩʝ ʠʟʜʚʦʿʘʪ ʠʟʚʦʜʠʪʝ ʠ ʤʘʪʨʠʯʥʠʦʪ ʦʙʣʠʢ (3.2.12) ʜʘ ʩʝ ʥʘʧʠʰʝ 

ʢʘʢʦ ʩʦ ʩʣʝʜʥʠʦʪ ʠʟʨʘʟ: 

[] [][]uxFxEp +=                                          (3.2.14)                                                                                          

ʢʘʜʝ ʩʝ ʚʦʚʝʜʝʥʠ ʟʘʤʝʥʠ ʩʦ ʮʝʣ ʜʘ ʩʝ ʫʧʨʦʩʪʠ ʢʦʤʧʣʝʢʩʥʠʦʪ ʤʦʜʝʣ ʥʘ ʤʘʪʨʠʮʘʪʘ ʟʘ 

ʜʘ ʩʝ ʫʧʨʦʩʪʠ ʥʝʿʟʠʥʦʪʦ ʨʝʰʘʚʘˁʝ. 
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                               (3.2.15)                                     

[] [ ]S

e
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e
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T
Mvvvvu DDDDD= ''

                             (3.2.16)                                      
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            (3.2.18) 

 

 ɺʦ ʘʥʘʣʠʟʘʪʘ ʥʘ ʣʠʥʝʘʨʥʠʪʝ ʩʠʩʪʝʤʠ ʝ ʥʘʿʜʦʙʨʦ ʣʠʥʝʘʨʥʠʪʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ 

ʨʘʚʝʥʢʠ ʜʘ ʩʝ ʥʘʧʠʰʘʪ ʚʦ ʩʣʝʜʥʘʪʘ ʬʦʨʤʘ 

[] [] []uBxAxp +=                                           (3.2.19)                                                             

ʄʦʨʘ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʧʦʛʦʨʝ ʥʘʚʝʜʝʥʘʪʘ ʨʘʚʝʥʢʘ ʝ ʦʩʥʦʚʥʘ ʬʦʨʤʘ ʥʘ 

ʣʠʥʝʘʨʥʠʪʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠ ʨʘʚʝʥʢʠ. ʆʚʘʘ ʨʘʚʝʥʢʘ ʥʘʿʯʝʩʪʦ ʩʝ ʥʘʨʝʢʫʚʘ 

ʨʘʚʝʥʢʘ ʥʘ ʩʦʩʪʦʿʙʘ. 

 

 

 

ʈʘʚʝʥʢʘʪʘ (3.2.14) [22] ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʠʰʝ ʢʘʢʦ ʰʪʦ ʝ ʧʨʝʪʩʪʘʚʝʥʘ ʧʦʜʦʣʫ 
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[][] [][][]uExFExp
11 --

+=                                         (3.2.20)                                                                        

ʢʘʜʝ 

[]FEA
1-

=  

[]1-
=EB  

 

ʄʦʜʝʣ ʥʘ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ ʚʦ dq0 ʩʠʩʪʝʤ 

 ɺʦ ʤʘʪʨʠʯʥʘ ʬʦʨʤʘ, ʩʦ ʨʦʪʦʨʩʢʠ ʨʘʚʝʥʢʠ ʩʚʝʜʝʥʠ ʥʘ ʩʪʘʪʦʨʩʢʘ ʩʪʨʘʥʘ, 

ʨʘʚʝʥʢʠʪʝ ʟʘ ʥʘʧʦʥʦʪ ʠ ʩʪʨʫʿʘʪʘ ʥʘ ʨʦʪʦʨʦʪ ʠ ʩʪʘʪʦʨʦʪ ʩʦʦʜʚʝʪʥʦ ʚʦ ʩʪʘʪʦʨʩʢʠ ʠ 

ʨʦʪʦʨʩʢʠ ʢʦʦʨʜʠʥʘʪʠ ʩʝ ʩʣʝʜʥʠʪʝ [22]: 

[][][] ()l
dt

d
irV +Ö=                                                                                                    (3.2.21) 

[] ( )[ ][]iL ercbacba rrr
ÖQ= ,,,,,l                                                                                          (3.2.22) 

[] [ ]rrrsss rrrrrrDiagr ,,,,,=                                                                                       (3.2.23) 

[][ ]Tcrbrarcba VVVVVVV ,,,,,=                                                                                     (3.2.24) 

[][ ]Tcrbrarcba iiiiiii ,,,,,=                                                                                             (3.2.25) 

 ɺʦ ʧʨʝʪʭʦʜʥʠʪʝ ʨʘʚʝʥʢʠ ʩʝ ʚʦʚʝʜʝʥʠ ʦʟʥʘʢʠ ʢʦʠ ˃ʝ ʛʠ ʜʝʬʠʥʠʨʘʤ ʧʦʜʦʣʫ 

[22]: 

ai -ʩʪʨʫʿʘ ʚʦ ʩʪʘʪʦʨ ʥʘ ʬʘʟʘ ʘ 

bi - ʩʪʨʫʿʘ ʚʦ ʩʪʘʪʦʨ ʥʘ ʬʘʟʘ b 

ci - ʩʪʨʫʿʘ ʚʦ ʩʪʘʪʦʨ ʥʘ ʬʘʟʘ c 

ari - ʩʪʨʫʿʘ ʚʦ ʨʦʪʦʨ ʩʚʝʜʝʥʘ ʥʘ ʩʪʘʪʦʨ ʥʘ ʬʘʟʘ ʘ 

bri - ʩʪʨʫʿʘ ʚʦ ʨʦʪʦʨ ʩʚʝʜʝʥʘ ʥʘ ʩʪʘʪʦʨ ʥʘ ʬʘʟʘ b 

cri - ʩʪʨʫʿʘ ʚʦ ʨʦʪʦʨ ʩʚʝʜʝʥʘ ʥʘ ʩʪʘʪʦʨ ʥʘ ʬʘʟʘ c 

l-ʨʘʩʪʫʨʝʥ ʬʣʫʢʩ 

erQ -ʘʛʦʣ ʥʘ ʟʘʜʚʠʞʫʚʘˁʝ ʥʘ ʨʦʪʦʨʦʪ 

crbrarcba VVVVVV ,,,,, - ʚʦ ʦʚʘ ʦʙʿʘʩʥʫʚʘˁʝ ʧʨʚʠʪʝ ʪʨʠ ʦʟʥʘʢʠ ʛʠ ʦʟʥʘʯʫʚʘʘʪ 

ʥʘʧʦʥʠʪʝ ʚʦ ʬʘʟʠʪʝ a,b,c ʥʘ ʩʪʘʪʦʨʦʪ ʜʦʜʝʢʘ ʜʨʫʛʠʪʝ ʪʨʠ ʦʟʥʘʢʠ ʦʟʥʘʯʫʚʘʘʪ ʥʘʧʦʥʠ 

ʩʚʝʜʝʥʠ ʥʘ ʨʦʪʦʨ ʟʘ ʬʘʟʠʪʝ a,b,c. 

 ɿʘʤʝʥʫʚʘʿ˃ʠ ʿʘ ʨʘʚʝʥʢʘʪʘ (3.2.22) ʚʦ (3.2.21) ʩʦ ʫʩʣʦʚ erQ ʜʘ ʝ ʚʨʝʤʝʥʩʢʘ 

ʧʨʦʤʝʥʣʠʚʘ ʜʦʙʠʚʘʤʝ  

[][][]
[] []

[]
dt

d
i

d

Ld

dt

id
LirV er

er

Q
ÖÖ

Q
++Ö=                                                                        (3.2.26) 
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ʢʘʜʝ 

rpr

er p
dt

d
WÖ==

Q
w                                                                                                  (3.2.27) 

ɺʦ ʧʨʝʪʭʦʜʥʠʦʪ ʠʟʨʘʟ ʩʦ rW  ʝ ʦʟʥʘʯʝʥʘ ʤʝʭʘʥʠʯʢʘʪʘ ʘʛʦʣʥʘ ʙʨʟʠʥʘ ʢʦʿʘ 

ʠʟʥʝʩʫʚʘ 

nr ÖÖ=W p2                                                                                                               (3.2.28) 

 ɽʣʝʢʪʨʦʤʘʛʥʝʪʥʘʪʘ ʤʦ˃ʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʥʘʿʜʝ ʦʜ ʠʟʨʘʟʦʪ 

[]
[]
[] r

er

T

ree i
d

Ld
iMP wÖ

Q
Ö=WÖ=

2

1
                                                                (3.2.29)   

ʂʦʥʝʯʥʦ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʦʪ ʤʦʤʝʥʪ ʤʦʞʝ ʜʘ ʩʝ ʥʘʿʜʝ ʢʘʢʦ 

[]
[]
[]i

d

Ld
ipM

er

T

pe
Q
ÖÖÖ=

2

1
                                                                            (3.2.30) 

 ɺʦ ʧʨʝʪʭʦʜʥʠʦʪ ʠʟʨʘʟ pp ʦʟʥʘʯʫʚʘ ʙʨʦʿ ʥʘ ʧʘʨʦʚʠ ʥʘ ʧʦʣʦʚʠ.          

 ʈʘʚʝʥʢʘʪʘ ʥʘ ʜʚʠʞʝˁʝʪʦ ʿʘ ʜʦʙʠʚʘ ʩʣʝʜʥʘʪʘ ʬʦʨʤʘ 

se
r

p

MM
dt

d

p

J
-=

w
                                                                                      (3.2.31)    

ʢʘʜʝ sM  ʦʟʥʘʯʫʚʘ ʤʦʤʝʥʪ ʥʘ ʦʧʪʦʚʘʨʫʚʘˁʝ, ʜʦʜʝʢʘ ʩʦ J  ʝ ʦʟʥʘʯʝʥ ʤʦʤʝʥʪ 

ʥʘ ʠʥʝʨʮʠʿʘ. 

 ɼʦʢʦʣʢʫ ʛʠ ʚʦʚʝʜʝʤʝ ʩʣʝʜʥʠʪʝ ʟʘʤʝʥʠ 

[]

[ ]

[ ]

[ ]er

er

j

er

j

er

j

ea

ea

a

aea

Q

Q

Ö=ö
÷

õ
æ
ç

å
+Q

Ö=ö
÷

õ
æ
ç

å
+Q

=

==

2

2

3

2

Re
3

4
cos

Re
3

2
cos

Re
3

4
cos

Re
3

2
cos;

p

p

p

p
p

                                                                      (3.2.32) 

ʠ ʘʢʦ ʛʠ ʟʘʤʝʥʠʤʝ ʚʦ ʠʟʨʘʟʦʪ ʟʘ ʬʣʫʢʩʦʪ, ʪʦʛʘʰ ʨʘʩʪʫʨʥʠʪʝ ʬʣʫʢʩʝʚʠ ʚʦ ʬʘʟʠʪʝ a  ʠ 

ra  ˃ʝ ʙʠʜʘʪ ʩʦʦʜʚʝʪʥʦ ʠʟʨʘʟʝʥʠ ʢʘʢʦ ʧʦʜʦʣʫ ʥʘʚʝʜʝʥʦʪʦ 

[ ] ( )[ ]erj

crbrarmscbamsalsa eiaiaiLiaiaiLiL
Q

ÖÖ+Ö+Ö+Ö+Ö+Ö+Ö= 22 ReRel         (3.2.33) 

[ ] ( )[ ]erj

cbamscrbrarmsarlrar eiaiaiLiaiaiLiL
Q-

ÖÖ+Ö+Ö+Ö+Ö+Ö+Ö= 22 ReRel         (3.2.34) 
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ɺʦ ʧʨʝʦʜʥʠ ʠ ʩʠʤʝʪʨʠʯʥʠ ʨʝʞʠʤʠ ʩʪʨʫʠʪʝ ʥʘ ʨʦʪʦʨʩʢʘ ʠ ʩʪʘʪʦʨʩʢʘ ʩʪʨʘʥʘ ʩʝ 

ʥʘʦʺʘʘʪ ʩʧʦʨʝʜ ʜʦʣʫʥʘʚʝʜʝʥʠʦʪ ʠʟʨʘʟ  

0

0

=++

=++

crbrar

cba

iii

iii
                                                                                                         (3.2.35) 

 ɼʦʢʦʣʢʫ ʚʦ ʨʘʚʝʥʢʠʪʝ (3.2.33) ʠ (3.2.34) ʛʠ ʚʥʝʩʝʤʝ ʩʣʝʜʥʠʪʝ ʠʟʨʘʟʠ 

 
r

rcrbrar

s

scba

iiaiai

iiaiai

=ÖÖ+Ö+

=ÖÖ+Ö+

3

2
)(

3

2
)(

2

2

                                                                                    (3.2.36) 

ʤʦʞʝʤʝ ʜʘ ʛʠ ʜʦʙʠʝʤʝ ʠʟʨʘʟʠʪʝ ʟʘ ʬʣʫʢʩʝʚʠʪʝ ʤʦʜʠʬʠʮʠʨʘʥʠ ʠ ʫʧʨʦʩʪʝʥʠ, 

ʧʨʝʪʩʪʘʚʝʥʠ ʢʘʢʦ 

 [ ] ( )[ ]erjs

r

s

sm

s

slsa eiiLiL
Q

Ö+Ö+Ö= ReRel                                                                (3.2.37) 

[ ] ( )[ ]erjs

s

r

rm

s

rlrar
r eiiLiL

Q-
Ö+Ö+Ö= ReRel                                                              (3.2.38) 

msm LL Ö=
2

3
                                                                                                               (3.2.39) 

 ɼʦʢʦʣʢʫ ʦʜ ʠʟʨʘʟʠʪʝ (3.2.37) ʠ (3.2.38), ʚʨʝʜʥʦʩʪʘ ʟʘ lʩʝ ʟʘʤʝʥʠ ʚʦ ʠʟʨʘʟʦʪ 

(3.2.21) [22] ʪʦʛʘʰ ʪʦʿ ʛʦ ʜʦʙʠʚʘ ʩʣʝʜʥʠʦʪ ʦʙʣʠʢ ʩʦʦʜʚʝʪʥʦ ʟʘ ʩʪʘʪʦʨʩʢʠ ʠ ʨʦʪʦʨʩʢʠ 

ʧʨʦʤʝʥʣʠʚʠ 

dt

eid
L

dt

id
LirV

erjr

r
m

s

s
s

s

ss

s

s

)(
Q

Ö
Ö++Ö=                                                                  (3.2.40) 

dt

eid
L

dt

id
LirV

erjs

s
m

r

r
r

r

rr

r

r

)(
Q-

Ö
Ö++Ö=                                                                (3.2.41) 

mlrr

mlss

LLL

LLL

+=

+=
                                                                                                             (3.2.42) 

ʦʜʥʦʩʥʦ 

r

rcrbrar

s

scba

VVaVaV

VVaVaV

=ÖÖ+Ö+

=ÖÖ+Ö+

3

2
)(

3

2
)(

2

2

                                                                                 (3.2.43) 

ʂʦʤʧʣʝʢʩʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ 
r

r

s

s

r

r

s

s

r

r

s

s iiVV ll ,,,,,  ʩʝ ʧʨʝʪʩʪʘʚʝʥʠ ʩʦ 

ʥʠʚʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ (ʩʪʘʪʦʨʩʢʠ ʠ ʨʦʪʦʨʩʢʠ).  
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ɼʦʢʦʣʢʫ ʛʠ ʩʚʝʜʝʤʝ ʦʚʠʝ ʢʦʤʧʣʝʢʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʥʘ ʥʝʢʦʿʘ ʙʘʟʥʘ ʙʨʟʠʥʘ bw  

˃ʝ ʛʠ ʜʦʙʠʝʤʝ ʩʣʝʜʥʠʪʝ ʠʟʨʘʟʠ ʟʘ ʬʣʫʢʩʝʚʠʪʝ, ʩʪʨʫʠʪʝ ʠ ʥʘʧʦʥʠʪʝ ʥʘ ʩʪʘʪʦʨʩʢʘʪʘ ʠ 

ʨʦʪʦʨʩʢʘʪʘ ʥʘʤʦʪʢʘ 

dt

d b
b

Q
=w                                                                                                                   (3.2.44) 

bjb

s

s

s eVV
Q

Ö=                                                                                                           (3.2.45) 

bjb

s

s

s e
Q

Ö=ll                                                                                                           (3.2.46) 

bjb

s

s

s eii
Q

Ö=                                                                                                             (3.2.47) 

)( erbjb

r

r

r eVV
Q-Q

Ö=                                                                                                    (3.2.48) 

)( erbjb

r

r

r e
Q-Q

Ö=ll                                                                                                   (3.2.49) 

)( erbjb

r

r

r eii
Q-Q

Ö=                                                                                                      (3.2.50) 

ɼʦʢʦʣʢʫ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʪʝ ʩʚʝʜʝʥʠ ʢʦʤʧʣʝʢʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʩʝ ʟʘʤʝʥʘʪ 

ʚʦ ʠʟʨʘʟʠʪʝ (3.2.40) ʠ (3.2.41) ʪʦʛʘʰ ʩʝ ʜʦʙʠʚʘʘʪ ʩʣʝʜʥʠʪʝ ʨʘʚʝʥʢʠ ʥʘʚʝʜʝʥʠ ʧʦʜʦʣʫ 

sb
s

sss j
dt

d
irV lw

l
ÖÖ++Ö=                                                                                      (3.2.51) 

rrb
r

rrr j
dt

d
irV lww

l
Ö-Ö++Ö= )(                                                                           (3.2.52) 

ʧʨʠ ʰʪʦ ʤʦʨʘ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʟʘ ʬʣʫʢʩʝʚʠʪʝ ʚʘʞʠ ʩʣʝʜʥʦʪʦ 

rmsss iLiL Ö+Ö=l                                                                                                     (3.2.53) 

smrsr iLiL Ö+Ö=l                                                                                                    (3.2.54) 

ʉʧʦʨʝʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʪʦ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʦʪ ʤʦʤʝʥʪ ʤʦʞʝ ʜʘ ʩʝ 

ʧʨʝʩʤʝʪʘ ʩʧʦʨʝʜ ʩʣʝʜʥʠʦʪ ʠʟʨʘʟ 

( ) ( )**

Re
2

3
Re

2

3
rrpsspe ijpijpM ÖÖÖÖ-=ÖÖÖÖ= yy                                                (3.2.55) 

ʧʨʠ ʰʪʦ ʤʦʨʘ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʚʦ ʧʨʝʪʭʦʜʥʠʦʪ ʠʟʨʘʟ ʩʝ ʟʘʥʝʤʘʨʫʚʘʘʪ ʟʘʛʫʙʠʪʝ 

ʚʦ ʤʘʛʥʝʪʥʦʪʦ ʿʘʜʨʦ. 

 ʆʚʠʝ ʢʦʤʧʣʝʢʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʤʦʞʝʤʝ ʜʘ ʛʠ ʨʘʟʣʦʞʠʤʝ ʥʘ ʜʚʝ ʢʦʤʧʦʥʝʥʪʠ 

ʧʦ d ʠ q (ʧʦʧʨʝʯʥʘ ʠ ʧʦʜʦʣʞʥʘ ʦʩʢʘ)  ʦʩʢʠʪʝ ʢʦʠ ʩʝ ʜʚʠʞʘʪ ʩʦ ʥʝʢʦʿʘ ʙʘʟʥʘ ʙʨʟʠʥʘ 

bw  ʢʘʢʦ ʰʪʦ ʝ ʧʨʝʪʩʪʘʚʝʥʦ ʩʦ ʩʣʝʜʥʠʦʪ ʩʝʪ ʥʘ ʨʘʚʝʥʢʠ [22] 
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qrdrr

qrdrr

qrdrr

qds

qds

qds

j

jiii

jVVV

j

jiii

jVVV

lll

lll

+=

+=

+=

+=

+=

+=

                                                                                                          (3.2.56) 

ʇʦʩʣʝ ʦʚʘ ʨʘʟʣʦʞʫʚʘˁʝ ʤʦʞʝʤʝ ʦʚʠʝ ʨʘʚʝʥʢʠ ʜʘ ʛʠ ʟʘʤʝʥʠʤʝ ʚʦ ʠʟʨʘʟʠʪʝ ʟʘ 

ʥʘʧʦʥʩʢʠʪʝ ʨʘʚʝʥʢʠ ʪ.ʝ. ʠʟʨʘʟʠʪʝ (3.2.51) ʠ (3.2.52) ʩʦ ʰʪʦ ʜʦʙʠʚʘʤʝ 

( )

( )

( ) ( )
qrddrqmpdqqdpe

drrb

qr

qrrqr

qrrb
dr

drrdr

db

q

qsq

qb
d

dsd

iiiiLpiipM

dt

d
irV

dt

d
irV

dt

d
irV

dt

d
irV

-=-=

Ö-++Ö=

Ö--+Ö=

Ö++Ö=

Ö-+Ö=

2
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2

3
ll

lww
l

lww
l

lw
l

lw
l

                                                          (3.2.57) 

ʆʜ ʠʟʨʘʟʠʪʝ (3.2.45) - (3.2.50) ʠ ʠʟʨʘʟʦʪ (3.2.43) ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʠʰʝ ʩʣʝʜʥʦʪʦ 

( )[ ]
ù
ù
ù

ú

ø

é
é
é

ê

è

ÖQ=

ù
ù
ù
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é
é
é

ê

è
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0

                                                                                             (3.2.58) 

ʢʘʜʝ ʩʦ ( )[ ]bPQ  ʝ ʦʟʥʘʯʝʥʘ ʇʘʨʢʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʢʦʿʘ ʚʩʫʰʥʦʩʪ ʝ ʜʝʬʠʥʠʨʘʥʘ 

ʢʘʢʦ 

( )[ ]

ù
ù
ù
ù
ù
ù

ú

ø

é
é
é
é
é
é

ê

è

-Q-+Q-Q-

-Q-+Q-Q-

Ö=Q

2

1

2

1

2
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)
3

2
sin()

3

2
sin()sin(

)
3

2
cos()

3

2
cos()cos(

3

2 pp

pp

bbb

bbb

bP                                   (3.2.59) 

 

 

 ʀʥʚʝʨʟʥʘʪʘ ʇʘʨʢʦʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʝ ʜʝʬʠʥʠʨʘʥʘ ʢʘʢʦ 

( )[ ] ( )[ ]Tbb PP QÖ=Q
-

2

31
                                                                                            (3.2.60) 
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 ɼʦʢʦʣʢʫ ʚʦ ʠʟʨʘʟʦʪ (3.2.59) ʜʦʢʦʣʢʫ ʥʘʤʝʩʪʦ bQ  ʩʝ ʟʘʤʝʥʠ erb Q-Q  ʩʝ 

ʜʦʙʠʚʘ ʩʣʠʯʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʟʘ ʨʦʪʦʨʩʢʠ ʚʝʣʠʯʠʥʠ ʢʦʠ ʥʝ ʫʯʝʩʪʚʫʚʘʘʪ ʚʦ 

ʧʨʝʦʙʨʘʟʙʘʪʘ ʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ʤʦʪʦʨʦʪ. 

ʉʦ ʠʟʨʘʟʦʪ (3.2.61) ʩʝ ʧʨʠʢʘʞʘʥʠ ʥʫʣʪʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʥʘʧʦʥʦʪ ʠ 

ʨʘʩʪʫʨʥʠʦʪ ʬʣʫʢʩ. 

rlrr

r
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d
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d
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                                                                                                    (3.2.61) 

ʀʟʨʘʟʠʪʝ (3.2.58) - (3.2.61) ʛʦ ʜʝʬʠʥʠʨʘʘʪ dq0 ʤʦʜʝʣʦʪ ʥʘ ʘʩʠʥʭʨʦʥʘ ʤʘʰʠʥʘ 

ʩʦ ʨʝʘʣʥʠ ʧʨʦʤʝʥʣʠʚʠ. ʄʦʜʝʣʦʪ ʩʦ ʢʦʤʧʣʝʢʩʥʠ ʧʨʦʤʝʥʣʠʚʠ ʠ dq0 ʤʦʜʝʣʦʪ ʩʝ 

ʝʢʚʠʚʘʣʝʥʪʥʠ ʙʠʜʝʿ˃ʠ ʩʝ ʙʘʟʠʨʘʥʠ ʥʘ ʠʜʝʥʪʠʯʥʠ ʧʨʝʪʧʦʩʪʘʚʢʠ (ʩʠʤʝʪʨʠʯʥʦ 

ʩʠʥʫʩʦʠʜʘʣʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ʥʘʤʦʪʢʠ ʠ ʢʦʥʩʪʘʥʪʝʥ ʚʦʟʜʫʰʝʥ ʟʿʘʿ). 

  ɽʣʝʢʪʨʠʯʥʠʪʝ ʧʨʝʦʜʥʠ ʧʦʿʘʚʠ ˃ʝ ʛʠ ʨʘʟʛʣʝʜʘʤʝ ʩʦ ʧʦʤʦʰ ʥʘ ʨʘʩʪʫʨʥʠʪʝ 

ʬʣʫʢʩʝʚʠ  ʥʘ ʩʪʘʪʦʨʩʢʘʪʘ ʠ ʨʦʪʦʨʩʢʘʪʘ ʥʘʤʦʪʢʘ ʢʘʢʦ ʧʨʦʤʝʥʣʠʚʠ. ʂʘʿ ʨʘʚʝʥʢʠʪʝ 

ʦʟʥʘʯʝʥʠ ʩʦ (3.2.51) - (3.2.54) ʧʨʠ ʢʦʥʩʪʘʥʪʥʘ ʙʨʟʠʥʘ ʤʦʞʝ ʜʘ ʠʤ ʩʝ ʝʣʠʤʠʥʠʨʘʘʪ 
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ʦʜ ʰʪʦ ʩʣʝʜʠ ʜʝʢʘ ʠʟʨʘʟʠʪʝ (3.2.51)- (3.2.54) ˃ʝ ʿʘ ʜʦʙʠʿʘʪ ʩʣʝʜʥʘʪʘ ʬʦʨʤʘ 
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ʧʨʠ ʰʪʦ ʩʝ ʢʦʨʠʩʪʝʥʠ ʩʣʝʜʥʠʪʝ ʦʟʥʘʢʠ 
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ʄʦʨʘ ʜʘ ʩʝ ʥʘʚʝʜʘʪ ʢʦʨʠʩʪʝʥʠʪʝ ʦʟʥʘʢʠ ʟʘ ʚʨʝʤʝʥʩʢʠʪʝ ʢʦʥʩʪʘʥʪʠ ʚʦ ʧʨʝʪʭʦʜʥʠʪʝ 

ʠʟʨʘʟʠ: 
''

; rs tt - ʪʨʘʥʟʠʝʥʪʥʠ ʚʨʝʤʝʥʩʢʠ ʢʦʥʩʪʘʥʪʠ ʥʘ ʩʪʘʪʦʨ ʠ ʥʘ ʨʦʪʦʨ ʩʦʦʜʚʝʪʥʦ 

rs tt; - ʚʨʝʤʝʥʩʢʠ ʢʦʥʩʪʘʥʪʠ ʥʘ ʩʪʘʪʦʨ ʠ ʥʘ ʨʦʪʦʨ 
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3.3  ɽʥʝʨʛʝʪʩʢʠ ʧʨʝʦʙʨʘʟʫʚʘʯʠ ʥʘ ʨʦʪʦʨʩʢʘ ʠ ʤʨʝʞʥʘ ʩʪʨʘʥʘ 

ɺʦ ʧʨʝʪʭʦʜʥʠʪʝ ʧʦʛʣʘʚʿʘ ʩʝ ʧʨʝʟʝʥʪʠʨʘʥʠ ʥʘʯʠʥʠʪʝ ʠ ʤʦʜʝʣʠʪʝ ʟʘ 

ʫʧʨʘʚʫʚʘˁʝ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ. ɺʦ ʦʚʘ ʧʦʛʣʘʚʿʝ ʪʝʤʝʣʥʦ ˃ʝ ʙʠʜʘʪ ʦʙʨʘʙʦʪʝʥʠ 

ʩʠʩʪʝʤʠʪʝ ʟʘ ʫʧʨʘʚʫʚʘˁʝ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥʠʦʪ ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ. 

ʇʨʝʪʭʦʜʥʦ ʪʠʝ ʙʝʘ ʩʧʦʤʥʘʪʠ ʢʘʢʦ ʂʦʥʪʨʦʣʘ ʥʘ ʨʦʪʦʨʩʢʘ ʩʪʨʘʥʘ ʠ ʂʦʥʪʨʦʣʘ ʥʘ 

ʤʨʝʞʥʘ ʩʪʨʘʥʘ. ʄʦʜʝʣʠʪʝ ʢʦʠ ʩʝ ʨʘʟʨʘʙʦʪʝʥʠ ʚʦ ʦʚʦʿ ʜʝʣ ʩʝ ʠʩʢʦʨʠʩʪʝʥʠ ʠ ʚʦ 

ʩʠʤʫʣʘʮʠʦʥʠʦʪ ʜʝʣ ʟʘʝʜʥʦ ʩʦ ʤʦʜʝʣʦʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ.  

ʂʦʛʘ ʩʝ ʨʘʟʛʣʝʜʫʚʘʘʪ ʪʝʢʦʚʠʪʝ ʥʘ ʤʦ˃ʥʦʩʪʠ ʚʦ ʝʜʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ, 

ʘʧʩʦʣʫʪʥʘʪʘ ʚʨʝʜʥʦʩʪ ʥʘ ʣʠʟʛʘˁʝʪʦ ʝ ʤʥʦʛʫ ʧʦʤʘʣʘ ʦʜ 1, ʧʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʢʣʫʯʠ 

ʜʝʢʘ ʢʘʢʦ ʧʦʩʣʝʜʠʮʘ ʥʘ ʪʦʘ ʝʣʝʢʪʨʠʯʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʨʦʪʦʨʦʪ ʝ ʩʘʤʦ ʜʝʣ ʦʜ ʦʥʘʘ ʥʘ 

ʩʪʘʪʦʨʦʪ. ɹʠʜʝʿ˃ʠ ʤʦʤʝʥʪʦʪ ʢʦʿ ʩʝ ʜʘʚʘ ʥʘ ʦʩʢʘʪʘ ʥʘ ʨʦʪʦʨʦʪ ʝ ʧʦʟʠʪʠʚʝʥ ʧʨʠ 

ʛʝʥʝʨʠʨʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘ ʠ ʣʠʟʛʘˁʝʪʦ ʝ ʧʦʟʠʪʠʚʥʦ ʠ ʢʦʥʩʪʘʥʪʥʦ ʟʘ ʢʦʥʩʪʘʥʪʥʘ 

ʬʨʝʢʚʝʥʮʠʿʘ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ. ɽʣʝʢʪʨʠʯʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʨʦʪʦʨʦʪ ʠʤʘ 

ʧʦʟʠʪʠʚʝʥ ʧʨʝʜʟʥʘʢ ʟʘ ʥʝʛʘʪʠʚʥʦ ʣʠʟʛʘˁʝ (ʙʨʟʠʥʘ ʧʦʛʦʣʝʤʘ ʦʜ ʩʠʥʭʨʦʥʘʪʘ) ʠ 

ʥʝʛʘʪʠʚʝʥ ʧʨʝʜʟʥʘʢ ʟʘ ʧʦʟʠʪʠʚʥʦ ʣʠʟʛʘˁʝ (ʙʨʟʠʥʠ ʧʦʤʘʣʠ ʦʜ ʩʠʥʭʨʦʥʘʪʘ).  ɿʘ 

ʥʘʜʩʠʥʭʨʦʥ ʨʝʞʠʤ ʥʘ ʨʘʙʦʪʘ, ʤʦ˃ʥʦʩʪʘ ʥʘ ʨʦʪʦʨʦʪ ʩʝ ʧʨʝʜʘʚʘ ʥʘ ʝʜʥʦʥʘʩʦʯʥʘʪʘ 

ʚʨʩʢʘ ʠ ʠʤʘ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʛʦ ʟʛʦʣʝʤʠ ʥʘʧʦʥʦʪ ʥʘ ʦʚʘʘ ʚʨʩʢʘ. ɿʘ ʧʦʜʩʠʥʭʨʦʥ ʨʝʞʠʤ, 

ʤʦ˃ʥʦʩʪʘ ʥʘ ʨʦʪʦʨʦʪ ʩʝ ʜʦʚʝʜʫʚʘ ʦʜ ʝʜʥʦʥʘʩʦʯʥʘʪʘ ʚʨʩʢʘ ʠ ʠʤʘ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʿʘ 

ʥʘʤʘʣʠ ʥʝʛʦʚʘʪʘ ʚʨʝʜʥʦʩʪ. ɿʘʪʦʘ ʩʝ ʢʦʨʠʩʪʠ ʂʦʥʪʨʦʣʘʪʘ ʥʘ ʤʨʝʞʥʘ ʩʪʨʘʥʘ ʟʘ ʜʘ 

ʩʝ ʦʚʦʟʤʦʞʠ ʢʦʥʩʪʘʥʪʥʘ ʚʨʝʜʥʦʩʪ ʥʘ ʥʘʧʦʥʦʪ ʥʘ ʝʜʥʦʥʘʩʦʯʥʘʪʘ ʚʨʩʢʘ. 

ʂʦʥʪʨʦʣʘʪʘ ʥʘ ʨʦʪʦʨʩʢʘʪʘ ʩʪʨʘʥʘ ʝ ʥʘʤʝʥʝʪʘ ʟʘ ʢʦʥʪʨʦʣʠʨʘˁʝ ʥʘ 

ʠʟʣʝʟʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʪʫʨʙʠʥʘʪʘ ʠ ʥʘʧʦʥʦʪ (ʠʣʠ ʧʘʢ ʨʝʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ) ʢʦʠ ʩʝ 

ʤʝʨʘʪ ʥʘ ʧʨʠʢʣʫʯʦʮʠʪʝ. ʄʦ˃ʥʦʩʪʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʩʧʦʨʝʜ ʦʜʥʘʧʨʝʜ ʜʝʬʠʥʠʨʘʥʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʎʝʣʦʢʫʧʥʘʪʘ ʣʦʛʠʢʘ ʥʘ ʦʚʠʝ ʢʦʥʪʨʦʣʝʨʠ ʩʝ ʙʘʟʠʨʘ ʚʨʟ ʣʦʛʠʢʘʪʘ ʥʘ 

PI ʢʦʥʪʨʦʣʝʨʠ. ɺʢʫʧʥʘʪʘ ʠʟʣʝʟʥʘ ʤʦ˃ʥʦʩʪ, ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʤʝʨʠ ʥʘ ʢʨʘʝʚʠʪʝ ʥʘ 

ʪʫʨʙʠʥʘʪʘ, ʩʝ ʜʦʜʘʚʘ ʥʘ ʚʢʫʧʥʠʪʝ ʟʘʛʫʙʠ (ʤʝʭʘʥʠʯʢʠ ʠ ʝʣʝʢʪʨʠʯʥʠ) ʠ ʩʝ ʩʧʦʨʝʜʫʚʘ 

ʩʦ ʨʝʬʝʨʝʥʪʥʘʪʘ ʚʨʝʜʥʦʩʪ, ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʯʠʪʘ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ. PI 

ʢʦʥʪʨʦʣʝʨʦʪ ʚʩʫʰʥʦʩʪ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʿʘ ʥʘʤʘʣʠ ʛʨʝʰʢʘʪʘ ʥʘ ʤʦ˃ʥʦʩʪʘ ʜʦ ʥʫʣʘ. 

ʂʘʢʦ ʠʟʣʝʟ ʦʜ ʦʚʦʿ ʢʦʥʪʨʦʣʝʨ ʩʝ ʟʝʤʘ ʨʝʬʝʨʝʥʪʥʘʪʘ ʨʦʪʦʨʩʢʘ ʩʪʨʫʿʘ, ʢʦʿʘ ʤʦʨʘ ʜʘ ʩʝ 

ʠʥʿʝʢʪʠʨʘ ʚʦ ʨʦʪʦʨʦʪ ʦʜ ʩʪʨʘʥʘ ʥʘ ʨʦʪʦʨʩʢʠʦʪ ʢʦʥʪʨʦʣʝʨ. ʆʚʘ ʚʩʫʰʥʦʩʪ ʝ 

ʢʦʤʧʦʥʝʥʪʘʪʘ ʥʘ ʩʪʨʫʿʘʪʘ ʢʦʿʘ ʛʦ ʧʨʦʠʟʚʝʜʫʚʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠʦʪ ʤʦʤʝʥʪ. 

ʉʪʨʫʿʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʚʦ ʨʦʪʦʨʦʪ ʩʝ ʩʧʦʨʝʜʫʚʘ ʩʦ ʨʝʬʝʨʝʥʪʥʘʪʘ ʠ ʛʨʝʰʢʘʪʘ ʩʝ 

ʥʘʤʘʣʫʚʘ ʜʦ ʥʫʣʘ, ʩʦ ʧʦʤʦʰ ʥʘ ʩʪʨʫʿʥʠʦʪ PI ʨʝʛʫʣʘʪʦʨ. ʀʟʣʝʟʦʪ ʦʜ ʦʚʦʿ ʨʝʛʫʣʘʪʦʨ ʝ 

ʚʩʫʰʥʦʩʪ ʥʘʧʦʥʦʪ qrV  ʢʦʿ ʝ ʛʝʥʝʨʠʨʘʥ ʦʜ ʢʦʥʪʨʦʣʝʨʦʪ ʥʘ ʨʦʪʦʨʩʢʘ ʩʪʨʘʥʘ. ʂʦʛʘ 

ʪʫʨʙʠʥʘʪʘ ʨʘʙʦʪʠ ʚʦ ʨʝʞʠʤ ʩʦ ʢʦʥʪʨʦʣʘ ʥʘ ʥʘʧʦʥʩʢʘ ʨʝʛʫʣʘʮʠʿʘ, ʪʘʘ ʢʦʥʪʨʦʣʘ ʩʝ 

ʠʟʚʝʜʫʚʘ ʧʨʝʢʫ U-I ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʉʝ ʜʦʜʝʢʘ ʨʝʘʢʪʠʚʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʪʨʫʿʘʪʘ 

ʦʩʪʘʥʫʚʘ ʚʦ ʛʨʘʥʠʮʠʪʝ ʢʦʠ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʩʦ ʦʚʘʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʥʘʧʦʥʦʪ ʿʘ 

ʟʘʜʨʞʫʚʘ ʥʝʛʦʚʘʪʘ ʨʝʬʝʨʝʥʪʥʘ ʚʨʝʜʥʦʩʪ. ʂʦʛʘ ʪʫʨʙʠʥʘʪʘ ʨʘʙʦʪʠ ʚʦ ʨʝʞʠʤ ʥʘ 

ʢʦʥʪʨʦʣʘ ʥʘ ʨʝʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ, ʪʦʛʘʰ ʥʘ ʧʨʠʢʣʫʯʦʮʠʪʝ ʥʘ ʤʨʝʞʘʪʘ ʪʘʘ ʩʝ 

ʢʦʥʪʨʦʣʠʨʘ ʜʘ ʠʤʘ ʢʦʥʩʪʘʥʪʥʦ ʥʠʚʦ. ʂʘʢʦ ʠʟʣʝʟʥʘ ʚʝʣʠʯʠʥʘ ʦʜ ʦʚʦʿ ʢʦʥʪʨʦʣʝʨ ʩʝ 

ʟʝʤʘ ʨʝʬʝʨʝʥʪʥʘʪʘ ʩʪʨʫʿʘ ʧʦ d-ʦʩʢʘ, ʢʦʿʘ ʩʝ ʠʥʿʝʢʪʠʨʘ ʚʦ ʨʦʪʦʨʦʪ. 
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ʇʨʠʥʮʠʧʠʝʣʥʘʪʘ ʰʝʤʘ ʥʘ ʢʦʥʪʨʦʣʝʨʦʪ ʥʘ ʨʦʪʦʨʩʢʘʪʘ ʩʪʨʘʥʘ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ 

ʩʣʠʢʘʪʘ 3.3.1. 

 

 
 

ʉʣʠʢʘ 3.3.1 ʂʦʥʪʨʦʣʝʨ ʥʘ ʨʦʪʦʨʩʢʘ ʩʪʨʘʥʘ 

 

ʂʦʥʪʨʦʣʝʨʦʪ ʥʘ ʤʨʝʞʥʘ ʩʪʨʘʥʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʥʘʧʦʥʦʪ ʥʘ 

ʝʜʥʦʥʘʩʦʯʥʘʪʘ ʚʨʩʢʘ, ʥʦ ʠʩʪʦ ʪʘʢʘ ʤʦʞʝ ʠ ʜʘ ʛʝʥʝʨʠʨʘ ʠʣʠ ʘʧʩʦʨʙʠʨʘ ʨʝʘʢʪʠʚʥʘ 

ʝʥʝʨʛʠʿʘ. ʃʦʛʠʢʘʪʘ ʥʘ ʦʚʦ ʿʢʦʥʪʨʦʣʝʥ ʩʠʩʪʝʤ ʩʝ ʩʦʩʪʦʠ ʦʜ ʢʦʥʪʨʦʣʥʠ ʤʝʨʘʯʠ ʥʘ d ʠ 

q ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʥʘʠʟʤʝʥʠʯʥʠʪʝ ʩʪʨʫʠ ʚʦ ʜʠʨʝʢʪʝʥ ʨʝʞʠʤ ʢʘʢʦ ʠ ʤʝʨʘʯ ʟʘ 

ʥʘʧʦʥʦʪ ʥʘ ʝʜʥʦʥʘʩʦʯʥʘʪʘ ʚʨʩʢʘ. ɺʪʦʨʠʦʪ ʜʝʣ ʩʝ ʩʦʩʪʦʠ ʦʜ ʥʘʜʚʦʨʝʰʥʘ 

ʨʝʛʫʣʘʮʠʦʥʘ ʧʦʚʨʘʪʥʘ ʚʨʩʢʘ ʢʦʿʘ ʛʦ ʢʦʥʪʨʦʣʠʨʘ ʥʘʧʦʥʦʪ ʥʘ ʝʜʥʦʥʘʩʦʯʥʘʪʘ ʚʨʩʢʘ. 

ʀʟʣʝʟʦʪ ʦʜ ʦʚʦʿ ʨʝʛʫʣʘʪʦʨ ʝ ʚʩʫʰʥʦʩʪ ʨʝʬʝʨʝʥʪʥʘʪʘ ʩʪʨʫʿʘ ʟʘ ʩʪʨʫʿʥʠʦʪ ʨʝʛʫʣʘʪʦʨ. 

ʊʨʝʪʠʦʪ ʜʝʣ ʝ ʚʥʘʪʨʝʰʥʘ ʧʦʚʨʘʪʥʘ ʚʨʩʢʘ ʢʦʿʘ ʝ ʩʪʨʫʝʥ ʨʝʛʫʣʘʪʦʨ ʠ ʿʘ ʢʦʥʪʨʦʣʠʨʘ 

ʤʘʛʥʠʪʫʜʘʪʘ ʠ ʬʘʟʘʪʘ ʥʘ ʥʘʧʦʥʦʪ ʛʝʥʝʨʠʨʘʥ ʦʜ ʠʥʚʝʨʪʦʨʦʪ ʢʦʿ ʝ ʧʦʚʨʟʘʥ ʥʘ 

ʤʨʝʞʘʪʘ.  
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ʉʣʠʢʘ 3.3.2 ʂʦʥʪʨʦʣʝʨ ʥʘ ʤʨʝʞʥʘ ʩʪʨʘʥʘ 
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3.4  MATLAB/SIMULINK ʤʦʜʝʣ ʥʘ ɼʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥ ʘʩʠʥʭʨʦʥ      

ʛʝʥʝʨʘʪʦʨ 

 

 ɺʦ ʦʚʦʿ ʤʘʛʠʩʪʝʨʩʢʠ ʪʨʫʜ ʢʘʢʦ ʛʝʥʝʨʘʪʦʨ ʝ ʠʩʢʦʨʠʩʪʝʥ ʜʚʦʿʥʦ ʥʘʧʦʿʫʚʘʥʠʦʪ 

ʘʩʠʥʭʨʦʥ ʛʝʥʝʨʘʪʦʨ. ɺʦ ʩʣʝʜʥʠʦʪ ʜʝʣ ʦʜ ʪʨʫʜʦʪ ʝ ʧʨʠʢʘʞʘʥ ʤʦʜʝʣʦʪ ʢʦʿ ʝ 

ʠʟʨʘʙʦʪʝʥ ʚʦ ʧʨʦʛʨʘʤʩʢʠʦʪ ʧʘʢʝʪ MATLAB .  

ʉʣʠʢʘ 3.4.1 ʄʦʜʝʣ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʚʦ MATLAB  

ʅʘ ʩʣʠʢʘ 3.4.1 ʝ ʜʘʜʝʥ ʤʦʜʝʣ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ ʟʘʝʜʥʦ ʩʦ ʤʦʜʝʣʦʪ ʥʘ ʚʝʪʝʨ, 

ʘʛʦʣʦʪ ʥʘ ʢʦʥʪʨʦʣʘ ʥʘ ʝʣʠʩʠʪʝ, ʙʨʟʠʥʘʪʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ, ʩʪʝʧʝʥʠʪʝ ʥʘ ʤʝʨʝˁʝ ʥʘ 

ʩʪʨʫʠ ʚʦ ʘʩʠʥʭʨʦʥʘʪʘ ʤʘʰʠʥʘ ʠ ʢʦʥʚʝʨʪʦʨʦʪ ʥʘ ʤʨʝʞʥʘ ʩʪʨʘʥʘ ʠ ʤʘʪʝʤʘʪʠʯʢʠʦʪ 

ʤʦʜʝʣ ʥʘ ʘʩʠʥʭʨʦʥʠʦʪ ʛʝʥʝʨʘʪʦʨ ʠ ʢʦʥʚʝʨʪʦʨʠʪʝ ʠʩʢʦʨʠʩʪʝʥʠ ʚʦ ʦʚʦʿ ʤʦʜʝʣ. 

ʄʦʜʝʣʦʪ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʝ ʧʨʠʢʘʞʘʥ ʩʦ ʟʝʣʝʥ ʙʣʦʢ. ʉʪʝʧʝʥʦʪ ʥʘ ʤʝʨʝˁʝ ʥʘ 

ʩʪʨʫʠʪʝ ʥʘ ʘʩʠʥʭʨʦʥʘʪʘ ʤʘʰʠʥʘ ʠ ʢʦʥʚʝʨʪʦʨʦʪ ʥʘ ʤʨʝʞʥʘ ʩʪʨʘʥʘ ʝ ʧʨʠʢʘʞʘʥ ʩʦ 

ʞʦʣʪ ʙʣʦʢ. ʉʦ ʧʣʘʚʠʦʪ ʙʣʦʢ ʩʝ ʧʨʠʢʘʞʘʥʠ ʤʘʪʝʤʘʪʠʯʢʠʪʝ ʤʦʜʝʣʠ ʥʘ ʢʦʥʚʝʨʪʦʨʠʪʝ 

ʠ ʛʝʥʝʨʘʪʦʨʦʪ. ʄʦʜʝʣʦʪ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʝ ʩʦʩʪʘʚʝʥ ʦʜ ʨʝʬʝʨʝʥʪʥʘ ʙʨʟʠʥʘ ʥʘ 

ʚʝʪʝʨʦʪ ʢʦʿʘ ʩʝ ʟʘʜʘʚʘ ʢʘʢʦ ʧʘʨʘʤʝʪʘʨ. ʊʦʿ ʙʣʦʢ ʧʦʪʦʘ ʿʘ ʩʣʝʜʠ ʧʨʦʤʝʥʘʪʘ ʥʘ 

ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʚʦ ʟʘʚʠʩʥʦʩʪ ʦʜ ʨʝʞʠʤʦʪ ʚʦ ʢʦʿ ʪʨʝʙʘ ʜʘ ʨʘʙʦʪʠ ʪʫʨʙʠʥʘʪʘ. 
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ʉʝʪʦ ʪʦʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʧʨʝʢʫ ʢʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩ ʟʘ ʧʦʣʝʩʥʘ ʤʘʥʠʧʫʣʘʮʠʿʘ ʩʦ 

ʧʘʨʘʤʝʪʨʠʪʝ. ʄʘʪʝʤʘʪʠʯʢʠʦʪ ʤʦʜʝʣ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʟʘʝʜʥʦ ʩʦ ʤʦʜʝʣʦʪ ʥʘ 

ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ, ʘʛʦʣʦʪ ʥʘ ʢʦʥʪʨʦʣʘ ʥʘ ʝʣʠʩʠʪʝ ʢʘʢʦ ʠ ʙʨʟʠʥʘʪʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ 

ʝ ʜʘʜʝʥ ʥʘ ʩʣʠʢʘʪʘ 3.4.2. 

 

ʉʣʠʢʘ 3.4.2 ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʥʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ 

ʆʚʦʿ ʙʣʦʢ ʚʨʰʠ ʩʧʦʨʝʜʙʘ ʥʘ ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ, 

ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʠ ʘʛʦʣʦʪ ʥʘ ʢʦʥʪʨʦʣʘ ʥʘ ʝʣʠʩʠʪʝ ʩʧʦʨʝʜ ʥʝʢʦʠ ʟʘʜʘʜʝʥʠ 

ʚʨʝʜʥʦʩʪʠ, ʚʦ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʜʚʠʞʠ. ʊʠʝ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʚʦ ʯʠʿʘ ʦʙʣʘʩʪ ʪʨʝʙʘ ʜʘ 

ʨʘʙʦʪʠ ʪʫʨʙʠʥʘʪʘ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʩʧʦʨʝʜ pC  (ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʩʢʦʨʠʩʪʫʚʘˁʝ) 

ʦʜʥʦʩʥʦ ʤʝʭʘʥʠʯʢʘʪʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʪʫʨʙʠʥʘʪʘ. ɺʦ ʙʣʦʢʦʚʠʪʝ ʩʝ ʠʩʢʦʨʠʩʪʝʥʠ 

ʤʘʪʝʤʘʪʠʯʢʠ ʬʦʨʤʫʣʠ ʩʧʦʨʝʜ ʢʦʠ ʩʝ ʤʦʜʝʣʠʨʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ.  

ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ ʤʘʪʝʤʘʪʠʯʢʠʦʪ ʤʦʜʝʣ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ ʠ ʢʦʥʚʝʨʪʦʨʠʪʝ ʝ 

ʤʥʦʛʫ ʩʣʦʞʝʥ, ʥʝʛʦʚʠʦʪ ʧʦʝʜʥʦʩʪʘʚʝʥ ʤʦʜʝʣ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 3.4.3. ɺʦ ʦʚʦʿ 

ʜʝʣ ʦʜ ʪʨʫʜʦʪ ʩʝ ʜʘʜʝʥʠ ʤʦʜʝʣʠʪʝ ʢʦʠ ʩʝ ʢʦʨʠʩʪʘʪ ʚʦ ʧʨʦʛʨʘʤʩʢʠʦʪ ʧʘʢʝʪ. ʉʦ ʮʝʣ ʜʘ 

ʩʝ ʧʦʝʜʥʦʩʪʘʚʠ ʠʟʛʣʝʜʦʪ ʥʘ ʩʠʩʪʝʤʦʪ ʢʦʿ ʪʨʝʙʘ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ, ʠʩʢʦʨʠʩʪʝʥʠ ʩʝ 

ʤʘʩʢʠ, ʦʜʥʦʩʥʦ ʛʨʘʬʠʯʢʠ ʠʥʪʝʨʬʝʿʩʠ, ʧʨʝʢʫ ʢʦʠ ʩʝ ʚʥʝʩʫʚʘʘʪ ʧʘʨʘʤʝʪʨʠʪʝ ʢʦʠ ʩʝ 

ʢʦʨʠʩʪʘʪ. 
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ʉʣʠʢʘ 3.4.3 ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʥʘ ʛʝʥʝʨʘʪʦʨ ʠ ʢʦʥʚʝʨʪʦʨʠ 

ʅʘ ʤʦʜʝʣʦʪ ʥʘ ʧʨʝʪʭʦʜʥʘʪʘ ʩʣʠʢʘ ʧʦʢʨʘʿ ʤʦʜʝʣʦʪ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ ʝ ʧʨʠʢʘʞʘʥ 

ʠ ʤʦʜʝʣʦʪ ʥʘ ʢʦʥʚʝʨʪʦʨʠʪʝ ʢʦʠ ʧʨʝʪʭʦʜʥʦ ʩʝ ʩʧʦʤʝʥʘʪʠ ʠ ʦʙʨʘʙʦʪʝʥʠ. ɺʦ ʦʚʦʿ 

ʤʦʜʝʣ ʩʝ ʧʨʠʢʘʞʘʥʠ ʠ ʙʣʦʢʦʚʠʪʝ ʚʦ ʢʦʠ ʝ ʜʘʜʝʥʘ ʘʢʚʠʟʠʮʠʿʘʪʘ ʥʘ ʩʠʪʝ ʤʝʨʥʠ 

ʧʦʜʘʪʦʮʠ ʩʧʦʨʝʜ ʢʦʠ ʝ ʤʦʜʝʣʠʨʘʥʘ ʪʫʨʙʠʥʘʪʘ, ʤʦʜʝʣʦʪ ʥʘ ʘʩʠʥʭʨʦʥʘʪʘ ʤʘʰʠʥʘ 

ʢʘʢʦ ʠ ʤʘʪʝʤʘʪʠʯʢʠʦʪ ʤʦʜʝʣ ʥʘ ʝʥʝʨʛʝʪʩʢʠʦʪ ʢʦʥʜʝʥʟʘʪʦʨ ʢʦʿ ʩʝ ʢʦʨʠʩʪʠ.  
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ɺʦ ʥʘʨʝʜʥʠʦʪ ʜʝʣ ʦʜ ʠʟʣʘʛʘˁʝʪʦ ʥʘ ʦʚʦʿ ʤʘʛʠʩʪʝʨʩʢʠ ʪʨʫʜ ʩʝ ʧʨʠʢʘʞʘʥʠ ʠ 

ʦʙʨʘʙʦʪʝʥʠ ʧʦʝʜʠʥʝʯʥʦ ʤʦʜʝʣʦʪ ʥʘ ʘʩʠʥʭʨʦʥʘ ʤʘʰʠʥʘ (ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 3.4.4) 

ʠ ʝʥʝʨʛʝʪʩʢʠʦʪ ʢʦʥʜʝʥʟʘʪʦʨ (ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 3.4.5) ʢʦʿ ʚʦ ʧʨʠʥʮʠʧʠʝʣʥʘʪʘ 

ʚʨʩʢʘ ʩʝ ʥʘʦʺʘ ʧʦʤʝʺʫ ʢʦʥʚʝʨʪʦʨʦʪ ʠ ʠʥʚʝʨʪʦʨʦʪ. 

 
 

ʉʣʠʢʘ 3.4.4 ʄʦʜʝʣ ʥʘ ʘʩʠʥʭʨʦʥʘ ʤʘʰʠʥʘ 

 ʐʪʦ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʤʦʜʝʣʦʪ ʥʘ ʘʩʠʥʭʨʦʥʘʪʘ ʤʘʰʠʥʘ, ʟʘ ʥʝʛʦ ʩʝ ʠʩʢʦʨʠʩʪʝʥʠ 

ʤʘʪʝʤʘʪʠʯʢʠʪʝ ʨʘʚʝʥʢʠ ʟʘ dq0 ʨʝʬʝʨʝʥʪʝʥ ʩʠʩʪʝʤ, ʢʦʠ ʙʝʘ ʜʘʜʝʥʠ ʚʦ ʧʦʛʣʘʚʿʝʪʦ 

3.2. 

 

 

ʉʣʠʢʘ 3.4.5 ʄʦʜʝʣ ʥʘ ʝʥʝʨʛʝʪʩʢʠ ʢʦʥʜʝʥʟʘʪʦʨ 

ʂʘʢʦ ʰʪʦ ʝ ʧʨʠʢʘʞʘʥʦ ʥʘ ʩʣʠʢʘʪʘ 3.1 ʝʥʝʨʛʝʪʩʢʠʦʪ ʢʦʥʜʝʥʟʘʪʦʨ ʧʦʩʪʘʚʝʥ 

ʧʦʤʝʺʫ ʢʦʥʚʝʨʪʦʨʠʪʝ ʥʘ ʨʦʪʦʨʩʢʘ ʠ ʤʨʝʞʥʘ ʩʪʨʘʥʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʟʝʥʪʠʨʘ ʧʨʝʢʫ 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʢʘʢʦ ʥʘ ʩʣʠʢʘʪʘ. ɿʘ ʪʘʘ ʮʝʣ ʝ ʠʩʢʦʨʠʩʪʝʥ ʠʟʨʘʟʦʪ  

ñ ñ -== dtii
C

dti
C

V MRCDC )(
11

                                                                     (3.4.1) 

ʢʘʜʝ Ri  ʧʨʝʪʩʪʘʚʫʚʘ ʩʪʨʫʿʘ ʢʦʿʘ ʧʨʦʪʝʢʫʚʘ ʦʜ ʛʝʥʝʨʘʪʦʨʩʢʘ ʩʪʨʘʥʘ, ʜʦʜʝʢʘ 

Mi ʧʨʝʪʩʪʘʚʫʚʘ ʩʪʨʫʿʘ ʢʦʿʘ ʧʨʦʪʝʢʫʚʘ ʦʜ ʤʨʝʞʥʘ ʩʪʨʘʥʘ. 
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4  ʄʆɼɽʃʀʈɸɳɽ ʅɸ ɺɽʊɽʈʅɸ ʎɽʅʊʈɸʃɸ ʉʆ ɼɺʆɱʅʆ 

ʅɸʇʆɱʋɺɸʅ ɸʉʀʅʍʈʆʅ ɻɽʅɽʈɸʊʆʈ ʇʈʀʂʃʋʏɽʅɸ ʅɸ 

ɽɽʉ 

4.1 ʆʧʠʩ ʥʘ ɺɽʎ ɹʦʛʜʘʥʮʠ 

 
 ʉʦ ʦʛʣʝʜ ʥʘ ʬʘʢʪʦʪ ʰʪʦ ʚʦ ʄʘʢʝʜʦʥʠʿʘ ʩʝ ʥʘʧʨʘʚʝʥʠ ʧʦʚʝ˃ʝ ʩʪʫʜʠʠ ʟʘ 

ʝʢʦʥʦʤʩʢʘ ʠʩʧʣʘʪʣʠʚʦʩʪ ʥʘ ʚʝʪʝʨʥʠ ʬʘʨʤʠ, ʢʘʢʦ ʥʘʿʩʦʦʜʚʝʪʥʘ ʝ ʠʟʙʨʘʥʘ ʣʦʢʘʮʠʿʘʪʘ 

ʢʘʿ ɹʦʛʜʘʥʮʠ. ʊʦʘ ʩʝ ʜʦʣʞʠ ʥʘ ʬʘʢʪʦʪ ʰʪʦ ʚʦ ʪʦʘ ʧʦʜʨʘʯʿʝ, ʤʦʤʝʥʪʘʣʥʦ ʩʝ ʜʦʙʠʝʥʠ 

ʥʘʿʩʦʦʜʚʝʪʥʠ ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʘʢʩʠʤʘʣʥʦ ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ ʥʘ ʚʝʪʝʨʦʪ. 

ɼʦʙʠʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʜ ʤʝʨʝˁʘʪʘ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʚʦ ʦʚʘ ʧʦʜʨʘʯʿʝ ʩʝ 

ʧʨʠʢʘʞʘʥʠ ʥʘ ʩʣʠʢʘ 4.1.1. 

 

 
 

ʉʣʠʢʘ 4.1.1 ɺʝʠʙʫʣʦʚʘ ʨʘʩʧʨʝʜʝʣʙʘ ʥʘ ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ ʟʘ ʣʦʢʘʮʠʿʘʪʘ ɹʦʛʜʘʥʮʠ 

ʥʘ ʛʦʜʠʰʥʦ ʥʠʚʦ 

 

ɹʠʜʝʿ˃ʠ ʦʚʠʝ ʨʝʟʫʣʪʘʪʠ ʿʘ ʦʧʨʘʚʜʫʚʘʘʪ ʝʢʦʥʦʤʩʢʘʪʘ ʠʩʧʣʘʪʣʠʚʦʩʪ, ʦʜʣʫʯʝʥʦ 

ʝ ʜʘ ʩʝ ʠʟʛʨʘʜʠ ʚʝʪʝʨʝʥ ʧʘʨʢ ʩʦ 22 ʪʫʨʙʠʥʠ (ʦʜ ʢʦʠ ʤʦʤʝʥʪʘʣʥʦ ʘʢʪʠʚʥʠ ʩʝ ʩʘʤʦ 16, 

ʥʦ ʥʘʩ ʥʝ ʠʥʪʝʨʝʩʠʨʘ ʮʝʣʦʩʥʠʦʪ ʢʘʧʘʮʠʪʝʪ ʥʘ ʚʝʪʝʨʥʠʦʪ ʧʘʨʢ), ʢʘʜʝ ʩʝʢʦʿʘ ʙʠ ʠʤʘʣʘ 

ʥʦʤʠʥʘʣʥʘ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʦʜ 2,3 MW. ʀʤʧʣʝʤʝʥʪʠʨʘʥʦ ʝ ʨʝʰʝʥʠʝ ʩʦ ʪʫʨʙʠʥʘ ʦʜ 

ʪʠʧ SIEMENS SWT 2,3-93. ʊʝʭʥʠʯʢʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʫʨʙʠʥʘʪʘ ʩʝ ʜʘʜʝʥʠ ʚʦ 

ʪʘʙʝʣʘʪʘ 4.1.1. 

 



 

40 

 

 
 

ʊʘʙʝʣʘ 4.1.1 ʊʝʭʥʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ SIEMENS SWT 2.3-93 

 

ʅʦ ʩʝʧʘʢ ʚʨʝʜʠ ʜʘ ʩʝ ʥʘʚʝʜʘʪ ʠ ʦʩʪʘʥʘʪʠʪʝ ʪʝʭʥʠʯʢʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʚʦʿ ʤʦʜʝʣ 

ʥʘ ʪʫʨʙʠʥʘ. ʈʦʪʦʨʦʪ ʝ ʧʦʟʠʮʠʦʥʠʨʘʥ ʚʝʨʪʠʢʘʣʥʦ ʠ ʝ ʠʟʚʝʜʝʥ ʢʘʢʦ ʢʦʥʟʦʣʘ ʦʜ ʪʨʠ 

ʩʝʯʠʣʘ. ʀʟʣʝʟʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʦʚʦʿ ʚʠʜ ʥʘ ʪʫʨʙʠʥʘ ʩʝ ʨʝʛʫʣʠʨʘ ʩʦ pitch ʨʝʛʫʣʘʮʠʿʘ. 

ɽʣʠʩʠʪʝ ʩʝ ʠʟʚʝʜʝʥʠ ʦʜ ʚʠʩʦʢʦʢʚʘʣʠʪʝʪʥʘ ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ ʚʦ ʩʦʝʜʠʥʝʥʠʝ ʩʦ 

ʬʠʙʝʨʛʣʘʩ. ɽʣʠʩʠʪʝ ʩʝ ʝʜʠʥʝʯʥʦ ʨʝʰʝʥʠʝ ʠ ʥʝʤʘ ʥʠʢʘʢʚʠ ʜʝʣʦʚʠ ʢʦʠ ʩʝ ʩʧʦʿʫʚʘʘʪ 

ʠʣʠ ʣʝʧʘʪ ʥʘ ʥʝʢʦʿ ʥʘʯʠʥ. ʐʪʦ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʛʝʥʝʨʘʪʦʨʦʪ, ʤʦʨʘ ʜʘ ʩʝ ʥʘʧʦʤʝʥʝ 

ʜʝʢʘ ʝ ʢʦʥʩʪʨʫʠʨʘʥ ʜʘ ʠʟʜʨʞʠ ʧʘʨʮʠʿʘʣʥʠ ʪʦʚʘʨʠ ʠ ʜʘ ʜʘʜʝ ʮʝʣʦʩʥʘ ʝʬʠʢʘʩʥʦʩʪ. 

ʇʦʩʪʘʚʝʥ ʝ ʥʘ ʩʦʦʜʚʝʪʥʦ ʤʝʩʪʦ ʢʦʝ ʝ ʪʝʨʤʦ ʨʝʛʫʣʠʨʘʥʦ ʠ ʦʙʝʟʙʝʜʝʥʦ ʩʦ 

ʚʝʥʪʠʣʘʮʠʿʘ, ʩʦ ʮʝʣ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʥʠʩʢʠ ʦʜ ʦʥʠʝ ʟʘ ʢʦʠ 

ʝ ʧʨʝʜʚʠʜʝʥʘ ʥʝʛʦʚʘʪʘ ʠʟʦʣʘʮʠʦʥʘ ʢʣʘʩʘ ʥʘ ʥʘʤʦʪʢʘʪʘ. ʂʦʥʪʨʦʣʝʨʦʪ ʧʨʝʪʩʪʘʚʫʚʘ 

ʥʘʿʚʘʞʥʠʦʪ ʜʝʣ ʦʜ ʪʫʨʙʠʥʘʪʘ ʠ ʝ ʮʝʣʦʩʥʦ ʦʧʨʝʤʝʥ ʩʦ ʩʠʩʪʝʤ ʟʘ ʟʘʰʪʠʪʘ. ʐʪʦ ʩʝ 

ʦʜʥʝʩʫʚʘ ʜʦ ʥʘʯʠʥʦʪ ʥʘ ʨʘʙʦʪʘ, ʦʚʦʿ ʚʠʜ ʥʘ ʪʫʨʙʠʥʘ ʝ ʮʝʣʦʩʥʦ ʘʚʪʦʤʘʪʠʟʠʨʘʥ ʠ 

ʟʘʧʦʯʥʫʚʘ ʩʦ ʨʘʙʦʪʘ ʧʨʠ ʤʘʣʠ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨ ʦʜ 3-5 m/s. ɹʠʜʝʿ˃ʠ ʚʦ ʧʘʨʘʤʝʪʨʠʪʝ 

ʥʘ ʪʫʨʙʠʥʘʪʘ ʝ ʜʝʬʠʥʠʨʘʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʙʨʟʠʥʘ ʧʨʠ ʢʦʿʘ ʪʘʘ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʠ ʜʘ 

ʧʨʝʜʘʚʘ ʝʥʝʨʛʠʿʘ ʚʦ ʤʨʝʞʘʪʘ (ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ ʦʧʪʠʤʘʣʥʘ ʙʨʟʠʥʘ ʝ 13-14 m/s), 

ʤʘʢʩʠʤʘʣʥʘʪʘ ʙʨʟʠʥʘ ʧʨʠ ʢʦʿʘ ʪʫʨʙʠʥʘʪʘ ˃ʝ ʩʝ ʠʩʢʣʫʯʠ ʝ 25m/s. ʉʝ ʜʦʜʝʢʘ ʙʨʟʠʥʘʪʘ 

ʥʘ ʚʝʪʝʨʦʪ ʥʝ ʧʘʜʥʝ ʥʘ ʜʝʬʠʥʠʨʘʥ ʤʠʥʠʤʫʤ, ʪʫʨʙʠʥʘʪʘ ʥʝ ʩʝ ʚʢʣʫʯʫʚʘ ʧʦʨʘʜʠ 

ʤʝʭʘʥʠʯʢʘʪʘ ʟʘʰʪʠʪʘ. 

  

ɼʨʫʛ ʚʘʞʝʥ ʧʦʜʘʪʦʢ ʝ ʠ ʝʥʝʨʛʝʪʩʢʘʪʘ ʢʨʠʚʘ ʟʘ ʠʩʢʦʨʠʩʪʝʥʠʦʪ ʚʠʜ ʥʘ ʪʫʨʙʠʥʘ. ʊʘʘ ʝ 

ʧʨʠʢʘʞʘʥʘ ʥʘ ʩʣʠʢʘ 4.1.2. 

 

 
ʉʣʠʢʘ 4.1.2 ɽʥʝʨʛʝʪʩʢʘ ʢʨʠʚʘ ʥʘ SIEMENS SWT 2,3-93 
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ʉʧʦʨʝʜ ʜʦʩʝʛʘʰʥʠʪʝ ʠʩʢʫʩʪʚʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʦʪ ʥʘ ʪʫʨʙʠʥʘʪʘ, ʥʘʿʦʧʪʠʤʘʣʥʘ 

ʢʦʣʠʯʠʥʘ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ ʦʜ ʚʝʪʝʨʝʥ ʧʘʨʢ ʩʦ ʦʚʘʘ 

ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʝ 100 GWh ʛʦʜʠʰʥʦ, ʩʦ ʦʛʣʝʜ ʥʘ ʬʘʢʪʦʪ ʰʪʦ ʙʠ ʠʤʘʣʝ 22 

ʪʫʨʙʠʥʠ ʚʦ ʚʝʪʝʨʥʠʦʪ ʧʘʨʢ. 

 

ɹʠʜʝʿ˃ʠ ʚʝʪʝʨʦʪ ʝ ʨʝʩʫʨʩ ʢʦʿ ʤʦʞʝ ʜʘ ʩʝ ʧʦʣʟʫʚʘ ʠ ʥʝ ʟʘʚʠʩʠ ʦʜ ʥʠʪʫ ʝʜʝʥ ʬʘʢʪʦʨ, 

ʧʨʦʮʝʥʢʠʪʝ ʥʘ ɽʃɽʄ ʩʝ ʜʝʢʘ ʜʦ 2030 ʛʦʜʠʥʘ, ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʤʦʞʝ ʜʘ 

ʨʘʩʧʦʣʘʛʘ ʩʦ ʦʢʦʣʫ 360 MWh ʠʥʩʪʘʣʠʨʘʥʘ ʤʦ˃ʥʦʩʪ ʦʜ ʚʝʪʝʨʥʠ ʬʘʨʤʠ, ʩʦ ʰʪʦ ʙʠ 

ʠʤʘʣʘ ʛʦʜʠʰʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜ ʦʢʦʣʫ 720 GWh. ʀʘʢʦ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʩʝ 

ʤʦʤʝʥʪʘʣʥʦ ʥʘʿʩʢʘʧʦ ʨʝʰʝʥʠʝ, ʩʝʧʘʢ ʥʠʚʥʘʪʘ ʠʟʜʨʞʣʠʚʦʩʪ ʠ ʜʦʙʨʠʦʪ ʬʘʢʪʦʨ ʥʘ 

ʠʩʢʦʨʠʩʪʫʚʘˁʝ ʥʘ ʝʥʝʨʛʠʿʘʪʘ, ʦʚʦʟʤʦʞʫʚʘʘʪ ʠʥʚʝʩʪʠʮʠʿʘʪʘ ʜʘ ʩʝ ʠʩʧʣʘʪʠ ʚʦ ʤʥʦʛʫ 

ʙʨʟ ʨʦʢ. 

 

4.2  ɼʠʥʘʤʠʢʘ ʥʘ ʚʝʪʝʨ 

 

 ɹʠʜʝʿ˃ʠ ʚʝʪʝʨʦʪ ʝ ʥʝʧʨʝʜʚʠʜʣʠʚʘ ʚʝʣʠʯʠʥʘ, ʧʨʠ ʩʠʤʫʣʘʮʠʿʘ ʥʘ ʚʘʢʦʚ 

ʧʘʨʘʤʝʪʘʨ ʤʦʨʘ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʥʝʛʦʚʘʪʘ ʜʠʥʘʤʠʢʘ ʩʦ ʮʝʣ ʜʘ ʩʝ ʦʪʩʣʠʢʘ ʥʝʢʦʿʘ 

ʨʝʘʣʥʘ ʩʦʩʪʦʿʙʘ. ʇʨʝʜʥʦʩʪʘ ʧʨʠ ʢʦʨʠʩʪʝˁʝ ʥʘ ʦʚʦʿ ʚʠʜ ʥʘ ʛʝʥʝʨʘʪʦʨʠ ʝ ʪʦʘ ʰʪʦ 

ʤʦʞʘʪ ʜʘ ʛʠ ʢʦʨʠʩʪʘʪ ʨʘʟʣʠʯʥʠʪʝ ʙʨʟʠʥʠ ʥʘ ʚʝʪʝʨʦʪ.  

 ʉʠʤʫʣʘʮʠʿʘʪʘ ʢʦʿʘ ʝ ʠʟʚʝʜʝʥʘ ʚʦ ʦʚʦʿ ʪʨʫʜ ʿʘ ʢʦʨʠʩʪʠ ʩʣʝʜʥʘʪʘ ʤʝʭʘʥʠʯʢʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ. ʊʘʘ ʝ ʜʘʜʝʥʘ ʥʘ ʩʣʠʢʘ 4.2.1. 

 

 

ʉʣʠʢʘ 4.2.1 ʄʝʭʘʥʠʯʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʠʩʢʦʨʠʩʪʝʥʘʪʘ ʚʝʪʝʨʥʘ ʪʫʨʙʠʥʘ  

 ʅʘ ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʦʩʢʘ ʩʝ ʜʘʜʝʥʠ ʧʘʨʘʤʝʪʨʠʪʝ ʟʘ ʙʨʟʠʥʘʪʘ ʥʘ ʪʫʨʙʠʥʘʪʘ 

ʧʨʝʟʝʥʪʠʨʘʥʠ ʚʦ ʨʝʣʘʪʠʚʥʠ ʝʜʠʥʠʮʠ, ʜʦʜʝʢʘ ʥʘ ʚʝʨʪʠʢʘʣʥʘʪʘ ʦʩʢʘ ʝ ʜʘʜʝʥʘ 

ʠʟʣʝʟʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʪʫʨʙʠʥʘʪʘ. ʅʘ ʩʣʠʢʘʪʘ ʩʦ ʮʨʚʝʥʘ ʙʦʿʘ ʝ ʜʘʜʝʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʪʘ ʩʧʦʨʝʜ ʢʦʿʘ ʨʘʙʦʪʠ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ, ʜʦʜʝʢʘ ʩʦ ʢʨʠʚʠʪʝ ʦʙʦʝʥʠ 
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ʩʦ ʧʣʘʚʘ ʙʦʿʘ ʩʝ ʜʘʜʝʥʠ ʤʘʢʩʠʤʘʣʥʠʪʝ ʠʟʣʝʟʥʠ ʤʦ˃ʥʦʩʪʠ ʢʦʠ ʪʫʨʙʠʥʘʪʘ ʤʦʞʝ ʜʘ ʛʠ 

ʧʨʦʠʟʚʝʜʝ. 

 ʇʘʨʘʤʝʪʨʠʪʝ ʧʦʪʨʝʙʥʠ ʟʘ ʩʠʤʫʣʘʮʠʿʘʪʘ ʪ.ʝ. ʧʦʯʝʪʥʘʪʘ ʙʨʟʠʥʘ ʥʘ ʚʝʪʝʨʦʪ, 

ʯʝʢʦʨʦʪ ʩʧʦʨʝʜ ʢʦʿ ʩʝ ʤʝʥʫʚʘ ʢʘʢʦ ʠ ʢʨʘʿʥʘʪʘ ʙʨʟʠʥʘ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʿʘ ʜʦʩʪʠʛʥʝ ʟʘ 

ʚʨʝʤʝ ʥʘ ʩʠʤʫʣʘʮʠʿʘʪʘ ʩʝ ʚʥʝʩʫʚʘʘʪ ʚʦ ʛʨʘʬʠʯʢʠ ʠʥʪʝʨʬʝʿʩ, ʦʚʦʟʤʦʞʝʥ ʦʜ 

ʩʠʤʫʣʘʮʠʦʥʠʦʪ ʧʘʢʝʪ MATLAB, ʢʦʿ ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ. ʊʦʿ ʧʘʨʘʤʝʪʘʨ ʧʦʪʦʘ 

ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʦʩʪʘʥʘʪʠʪʝ ʙʣʦʢʦʚʠ ʠ ʧʨʝʪʩʪʘʚʫʚʘ ʝʜʝʥ ʦʜ ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ. 

 

4.3  ɼʠʥʘʤʠʢʘ ʥʘ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ 

 

ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ ʚʦ ʧʨʝʪʭʦʜʥʠʪʝ ʧʦʛʣʘʚʿʘ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʥʝʢʦʠ ʦʜ ʤʝʭʘʥʠʯʢʠʪʝ 

ʩʠʩʪʝʤʠ ʢʘʢʦ ʝʣʠʩʠ, ʤʝʥʫʚʘʯ ʠ ʜʠʥʘʤʠʢʘʪʘ ʥʘ ʚʝʪʝʨʦʪ, ʢʦʠ ʩʝ ʧʦʪʨʝʙʥʠ ʟʘ 

ʩʠʤʫʣʘʮʠʿʘʪʘ, ʚʦ ʦʚʦʿ ʜʝʣ ʦʩʪʘʥʘ ʜʘ ʩʝ ʦʧʠʰʝ ʰʪʦ ʚʩʫʰʥʦʩʪ ʧʨʝʪʩʪʘʚʫʚʘ ʜʠʥʘʤʠʢʘ 

ʥʘ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ. ʅʝʦʩʧʦʨʝʥ ʬʘʢʪ ʝ ʜʝʢʘ ʚʝʪʝʨʥʠʪʝ ʪʫʨʙʠʥʠ ʧʨʦʠʟʚʝʜʫʚʘʘʪ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʧʦʜ ʜʝʿʩʪʚʦ ʥʘ ʜʠʥʘʤʠʯʢʠʪʝ ʩʠʣʠ ʥʘ ʚʝʪʝʨʦʪ, ʰʪʦ ʚʩʫʰʥʦʩʪ 

ʧʨʝʜʠʟʚʠʢʫʚʘ ʢʦʥʩʪʘʥʪʥʦ ʜʠʥʘʤʠʯʢʦ ʜʚʠʞʝˁʝ ʥʘ ʤʝʭʘʥʠʯʢʠʪʝ ʩʠʩʪʝʤʠ. 

ʎʝʣʦʢʫʧʥʠʦʪ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʝ ʠʟʚʝʜʝʥ ʜʘ ʦʜʛʦʚʦʨʠ ʥʘ 

ʧʦʪʨʝʙʠʪʝ. ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ ʥʘ ʮʝʣʦʢʫʧʥʠʦʪ ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤ ʥʘʿʤʥʦʛʫ ʚʣʠʿʘʘʪ 

ʩʠʣʠʪʝ ʥʘ ʚʝʪʝʨʦʪ, ʢʘʢʦ ʧʨʚ ʜʝʣ ʢʦʿ ʝ ʩʝʢʦʭʘʰ ʠʟʣʦʞʝʥ ʥʘ ʫʜʘʨ ʩʝ ʝʣʠʩʠʪʝ. ʉʦ ʮʝʣ 

ʝʣʠʩʘʪʘ ʜʘ ʦʜʛʦʚʦʨʠ ʥʘ ʨʘʟʣʠʯʥʘʪʘ ʜʠʥʘʤʠʢʘ ʥʘ ʨʘʙʦʪʘ, ʟʘ ʩʝʢʦʿʘ ʩʧʝʮʠʬʠʯʥʘ 

ʣʦʢʘʮʠʿʘ ʩʝ ʚʨʰʘʪ ʤʝʨʝˁʘ ʥʘ ʙʨʟʠʥʘʪʘ, ʩʦ ʮʝʣ ʜʘ ʩʝ ʫʪʚʨʜʠ ʠʜʝʘʣʥʠʦʪ ʜʠʟʘʿʥ ʥʘ 

ʝʣʠʩʘʪʘ. ʆʚʠʝ ʤʝʨʝˁʘ ʥʘ ʙʨʟʠʥʘʪʘ ʩʝ ʧʦʪʨʝʙʥʠ ʟʘʪʦʘ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʫʪʚʨʜʠ 

ʪʦʯʥʠʦʪ ʙʨʦʿ ʥʘ ʝʣʠʩʠ, ʢʘʢʦ ʠ ʥʠʚʥʠʦʪ ʨʘʩʧʦʨʝʜ ʥʘ ʪʝʣʦʪʦ ʥʘ ʨʦʪʦʨʦʪ ʥʘ ʪʫʨʙʠʥʘʪʘ. 

ɼʠʟʘʿʥʦʪ ʥʘ ʝʣʠʩʠʪʝ ʝ ʚʘʞʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʟʘʪʦʘ ʰʪʦ ʩʦ ʠʟʙʦʨ ʥʘ ʩʦʦʜʚʝʪʝʥ 

ʜʠʟʘʿʥ ʩʝ ʚʣʠʿʘʝ ʥʘ ʠʩʢʦʨʠʩʪʝʥʘʪʘ ʤʝʭʘʥʠʯʢʘ ʝʥʝʨʛʠʿʘ ʦʜ ʚʝʪʝʨʦʪ. ɹʠʜʝʿ˃ʠ ʨʦʪʦʨʦʪ 

ʥʘ ʪʫʨʙʠʥʘʪʘ ʝ ʧʦʚʨʟʘʥ  ʩʦ ʛʝʥʝʨʘʪʦʨʦʪ ʧʨʝʢʫ ʤʝʥʫʚʘʯʢʠʦʪ ʩʠʩʪʝʤ, ʩʠʪʝ ʦʚʠʝ 

ʜʠʥʘʤʠʯʢʠ ʧʦʿʘʚʠ ʢʦʠ ʩʝ ʿʘʚʫʚʘʘʪ ʚʦ ʘʙʥʦʨʤʘʣʥʠ ʫʩʣʦʚʠ ʥʘ ʨʘʙʦʪʘ, ʜʝʣʫʚʘʘʪ ʥʘ 

ʤʝʥʫʚʘʯʢʠʦʪ ʩʠʩʪʝʤ. ʄʝʥʫʚʘʯʢʠʦʪ ʩʠʩʪʝʤ, ʢʘʢʦ ʰʪʦ ʥʘʧʦʤʝʥʘʚ ʧʨʝʪʭʦʜʥʦ ʠʤʘ ʟʘ 

ʟʘʜʘʯʘ ʜʘ ʛʠ ʥʘʤʘʣʠ ʠʣʠ ʧʘʢ ʜʘ ʛʠ ʟʛʦʣʝʤʠ ʚʨʪʝʞʠʪʝ ʢʦʠ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘʘʪ ʦʜ 

ʨʦʪʦʨʦʪ ʥʘ ʪʫʨʙʠʥʘʪʘ, ʠ ʜʘ ʛʠ ʫʩʦʛʣʘʩʠ ʩʦ ʧʦʪʨʝʙʥʠʦʪ ʙʨʦʿ ʥʘ ʚʨʪʝʞʠ ʥʘ 

ʘʩʠʥʭʨʦʥʠʦʪ ʛʝʥʝʨʘʪʦʨ. ʄʝʥʫʚʘʯʢʠʦʪ ʩʠʩʪʝʤ ʠʤʘ ʩʦʧʩʪʚʝʥ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʨʠʩʥʦ 

ʜʝʿʩʪʚʦ, ʠʟʨʘʟʝʥ ʢʘʢʦ ʦʜʥʦʩ ʥʘ ʤʝʭʘʥʠʯʢʘʪʘ ʤʦ˃ʥʦʩʪ ʜʦʙʠʝʥʘ ʧʦʩʣʝ ʤʝʥʫʚʘʯʢʠʦʪ 

ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʯʢʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʚʣʝʟ ʚʦ ʤʝʥʫʚʘʯʢʠʦʪ ʩʠʩʪʝʤ. ʉʧʦʿʦʪ ʤʝʺʫ ʨʦʪʦʨʦʪ 

ʥʘ ʘʩʠʥʭʨʦʥʠʦʪ ʛʝʥʝʨʘʪʦʨ ʠ ʤʝʥʫʚʘʯʦʪ ʠʩʪʦʪʘʢʘ ʩʧʘʺʘ ʚʦ ʢʘʪʝʛʦʨʠʿʘʪʘ ʤʝʭʘʥʠʯʢʠ 

ʩʠʩʪʝʤʠ.  
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4.4  MATLAB/S IMULINK ʤʦʜʝʣ ʥʘ ʚʝʪʝʨʥʘ ʮʝʥʪʨʘʣʘ ʧʦʚʨʟʘʥʘ ʥʘ 

 ɽɽʉ 

 ɺʦ ʦʚʦʿ ʪʨʫʜ ʩʝ ʨʘʟʛʣʝʜʫʚʘ ɺɽʎ ɹʦʛʜʘʥʮʠ ʧʦʚʨʟʘʥʘ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ 

ʩʠʩʪʝʤ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʧʨʚʘʪʘ ɺɽʎ ʢʦʿʘ ʚʝ˃ʝ ʛʝʥʝʨʠʨʘ ʝʣʝʢʪʨʠʯʥʘ 

ʝʥʝʨʛʠʿʘ ʚʦ ɽɽʉ. ʆʚʦʿ ʜʝʣ ʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʝ ʩʦʩʪʘʚʝʥ ʦʜ ʧʨʝʥʦʩʝʥ ʠ 

ʜʠʩʪʨʠʙʫʪʠʚʝʥ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʩʦ ʧʦʪʨʦʰʫʚʘʯ. ʉʦ ʦʛʣʝʜ ʥʘ ʪʦʘ ʰʪʦ 

ʠʤʘʤʝ ʨʝʘʣʝʥ ʩʠʩʪʝʤ ʥʝʛʦʚʠʦʪ ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 4.4.1. 

 

ʉʣʠʢʘ 4.4.1 ʇʦʚʨʟʫʚʘˁʝ ʥʘ ɺɽʎ ɹʦʛʜʘʥʮʠ ʥʘ ɽɽʉ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ 

 ʆʚʦʿ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʝ ʤʦʜʝʣʠʨʘʥ ʚʦ MATLAB ʟʘʝʜʥʦ ʩʦ 

ʧʨʝʪʭʦʜʥʦ ʦʧʠʰʘʥʠʦʪ ʤʦʜʝʣ ʥʘ ʚʝʪʝʨʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ. ʄʦʜʝʣʦʪ ʚʦ 

MATLAB ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 4.4.2. ʂʘʢʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʦʜ ʩʣʠʢʘʪʘ 

ʤʦʜʝʣʦʪ ʝ ʠʟʨʘʙʦʪʝʥ ʩʦʛʣʘʩʥʦ ʤʦʞʥʦʩʪʠʪʝ ʥʘ ʧʨʦʛʨʘʤʩʢʠʦʪ ʧʘʢʝʪ. ʄʦʨʘ ʜʘ ʩʝ 

ʥʘʧʦʤʝʥʝ ʜʝʢʘ ʩʝʢʦʿ ʝʣʝʤʝʥʪ ʦʜ ʫʧʨʦʩʪʝʥʘʪʘ ʰʝʤʘ ʝ ʟʘʤʝʥʝʪ ʩʦ ʩʦʦʜʚʝʪʝʥ ʝʣʝʤʝʥʪ 

ʦʜ ʙʠʙʣʠʦʪʝʢʘʪʘ ʥʘ ʧʨʦʛʨʘʤʩʢʠʦʪ ʧʘʢʝʪ. ɺʦ ʩʦʙʠʨʥʠʮʠʪʝ ʝ ʠʩʢʦʨʠʩʪʝʥ ʤʝʪʦʜʦʪ ʥʘ 

ʤʝʨʝˁʝ ʥʘ ʥʘʧʦʥʩʢʦʪʦ ʥʠʚʦ, ʩʪʨʫʿʥʦʪʦ ʥʠʚʦ ʠ ʥʠʚʦʪʦ ʥʘ ʤʦ˃ʥʦʩʪ. ʉʦ ʦʚʦʿ ʤʝʪʦʜ 

ʧʦʪʦʘ ʩʝ ʚʨʰʠ ʘʢʚʠʟʠʮʠʿʘ ʥʘ ʧʦʜʘʪʦʮʠ ʠ ʪʠʝ ʩʝ ʧʨʝʟʝʥʪʠʨʘʘʪ ʛʨʘʬʠʯʢʠ. ʀʤʘ ʜʚʘ 

ʚʠʜʘ ʥʘ ʧʦʜʘʪʦʮʠ ʢʦʠ ʩʝ ʧʨʝʟʝʥʪʠʨʘʘʪ ʛʨʘʬʠʯʢʠ ʧʨʝʢʫ ʤʝʨʘʯʠ. ʇʨʚʠʦʪ ʚʠʜ ʝ 

ʧʦʜʘʪʦʮʠ ʢʦʠ ʩʝ ʩʦʙʠʨʘʘʪ ʦʜ ʩʦʙʠʨʥʠʮʘʪʘ ʥʘ ʠʟʣʝʟ ʥʘ ʚʝʪʝʨʥʘʪʘ ʪʫʨʙʠʥʘ ʥʘ 

ʥʘʧʦʥʩʢʦ ʥʠʚʦ ʦʜ 690 V. ʅʘ ʦʚʦʿ ʤʝʨʘʯ ʩʝ ʜʘʜʝʥʠ ʧʦʜʘʪʦʮʠʪʝ ʟʘ ʛʝʥʝʨʠʨʘʥʘʪʘ 

ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʥʘ ʪʫʨʙʠʥʘʪʘ, ʨʝʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ʪʫʨʙʠʥʘʪʘ, ʥʘʧʦʥʦʪ ʥʘ 

ʝʜʥʦʥʘʩʦʯʥʘʪʘ ʚʨʩʢʘ,  ʙʨʟʠʥʘʪʘ ʥʘ ʦʩʦʚʠʥʘʪʘ ʥʘ ʪʫʨʙʠʥʘʪʘ,  ʙʨʟʠʥʘʪʘ ʥʘ ʚʝʪʝʨʦʪ 

ʢʘʢʦ ʠ ʘʛʦʣʦʪ ʥʘ ʢʦʥʪʨʦʣʘ ʥʘ ʝʣʠʩʠʪʝ ʥʘ ʪʫʨʙʠʥʘʪʘ. ɺʦ ʤʦʜʝʣʦʪ ʠʤʘ ʠ ʜʨʫʛ ʤʝʨʘʯ 

ʢʦʿ ʩʝ ʦʜʥʝʩʫʚʘ ʥʘ ʧʦʜʘʪʦʮʠʪʝ ʢʦʠ ʪʨʝʙʘ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʦʜ ʜʨʫʛʘʪʘ ʩʪʨʘʥʘ ʥʘ 

ʩʠʩʪʝʤʦʪ. ɺʦ ʦʚʦʿ ʤʝʨʘʯ ʩʝ ʘʥʘʣʠʟʠʨʘʘʪ ʧʦʜʘʪʦʮʠʪʝ ʢʦʠ ʩʝ ʜʦʙʠʚʘʘʪ ʥʘ 110 kV 

ʥʠʚʦ, 20 kV ʥʠʚʦ, ʙʨʟʠʥʘʪʘ ʥʘ ʤʦʪʦʨʦʪ ʢʦʿ ʝ ʠʩʢʦʨʠʩʪʝʥ ʢʘʢʦ ʧʦʪʨʦʰʫʚʘʯ ʢʘʢʦ ʠ 

ʥʘʧʦʥʦʪ ʠ ʩʪʨʫʿʘʪʘ ʥʘ ʥʠʚʦ ʥʘ ʧʦʪʨʦʰʫʚʘʯʦʪ, ʦʜʥʦʩʥʦ ʜʠʩʪʨʠʙʫʪʠʚʥʠʦʪ ʩʠʪʝʤ. ɺʦ 

ʦʚʦʿ ʤʦʜʝʣ ʝ ʠʩʢʦʨʠʩʪʝʥʘ ʠ ʟʘʰʪʠʪʘ ʢʦʿʘ ʝ ʩʦʩʪʘʚʝʥʘ ʦʜ ʥʝʢʦʣʢʫ ʚʠʜʦʚʠ, ʠ ʪʦʘ: 

ʩʪʨʫʿʥʘ ʟʘʰʪʠʪʘ (ʧʨʝʢʫʩʪʨʫʿʥʘ), ʧʦʜʥʘʧʦʥʩʢʘ ʟʘʰʪʠʪʘ ʠ ʥʘʜʥʘʧʦʥʩʢʘ ʟʘʰʪʠʪʘ, 

ʥʘʜʙʨʟʠʥʩʢʘ ʟʘʰʪʠʪʘ ʠ ʧʦʜʙʨʟʠʥʩʢʘ ʟʘʰʪʠʪʘ, ʢʘʢʦ ʠ ʟʘʰʪʠʪʘ ʥʘ ʝʜʥʦʥʘʩʦʯʥʠʦʪ 

ʥʘʧʦʥ. ʇʘʨʘʤʝʪʨʠʪʝ ʩʧʦʨʝʜ ʢʦʠ ʪʨʝʙʘ ʜʘ ʨʘʙʦʪʠ ʟʘʰʪʠʪʘʪʘ ʩʝ ʚʥʝʩʫʚʘʘʪ ʚʦ 

ʛʨʘʬʠʯʢʠ ʠʥʪʝʨʬʝʿʩ ʩʦ ʰʪʦ ʩʝ ʦʚʦʟʤʦʞʫʚʘ ʧʦʛʦʣʝʤʘ ʢʦʥʪʨʦʣʘ ʥʘʜ ʧʦʜʘʪʦʮʠʪʝ. 

ɻʨʘʬʠʯʢʠʦʪ ʠʥʪʝʨʬʝʿʩ ʢʘʜʝ ʩʝ ʚʥʝʩʫʚʘʘʪ ʩʠʪʝ ʢʦʥʪʨʦʣʥʠ ʧʘʨʘʤʝʪʨʠ ʚʦ ʯʠʿ ʦʧʩʝʛ 

ʪʨʝʙʘ ʜʘ ʜʝʣʫʚʘ ʟʘʰʪʠʪʘʪʘ ʝ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘʪʘ 4.4.3. 
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ʉʣʠʢʘ 4.4.2 ʄʦʜʝʣ ʥʘ ʚʝʪʝʨʥʘ ʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ ʚʦ MATLAB /SIMULINK  
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ʉʣʠʢʘ 4.4.3 ɻʨʘʬʠʯʢʠ ʠʥʪʝʨʬʝʿʩ ʟʘ ʨʝʣʝʿʥʘ ʟʘʰʪʠʪʘ 

ɺʦ ʪʝʢʦʪ ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʚʝʪʝʨʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ ˃ʝ ʩʝ ʨʘʟʛʣʝʜʘʘʪ 

ʥʝʢʦʣʢʫ ʨʝʞʠʤʠ ʥʘ ʨʘʙʦʪʘ ʠ ˃ʝ ʩʝ ʩʥʠʤʘʪ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʢʦʠ ʛʠ ʜʘʚʘʘʪ ʤʝʨʥʠʪʝ 

ʠʥʩʪʨʫʤʝʥʪʠ ʧʦʩʪʘʚʝʥʠ ʚʦ ʩʠʤʫʣʘʮʠʿʘʪʘ. ʊʠʝ ʧʦʜʘʪʦʮʠ ʩʝ ʨʝʣʝʚʘʥʪʥʠ, ʠ ʚʨʟ ʥʠʚʥʘ 

ʦʩʥʦʚʘ ʤʦʞʘʪ ʜʘ ʩʝ ʜʦʥʝʩʘʪ ʟʘʢʣʫʯʦʮʠ ʢʦʠ ʩʝ ʧʦʪʨʝʙʥʠ ʧʨʠ ʧʨʦʮʝʩʦʪ ʥʘ 

ʧʨʦʝʢʪʠʨʘˁʝ ʠ ʧʣʘʥʠʨʘˁʝ ʥʘ ʚʘʢʦʚ ʚʠʜ ʥʘ ʝʣʝʢʪʨʠʯʥʠ ʮʝʥʪʨʘʣʠ, ʢʘʢʦ ʠ ʥʠʚʥʦ 

ʧʫʰʪʘˁʝ ʚʦ ʧʦʛʦʥ ʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ. 
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4.5  ʄʨʝʞʥʠ ʧʨʘʚʠʣʘ ʟʘ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ɺɽʎ ʚʦ ɽɽʉ 

 

ʉʦ ʦʛʣʝʜ ʥʘ ʬʘʢʪʦʪ ʰʪʦ ʚʝʪʝʨʦʪ ʝ ʧʨʦʤʝʥʣʠʚʘ ʚʝʣʠʯʠʥʘ, ʠʩʪʦ ʪʘʢʘ ʤʦʞʝ ʜʘ 

ʩʝ ʢʘʞʝ ʜʝʢʘ ʠ ʢʦʣʠʯʠʥʘʪʘ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʝʥʝʨʛʠʿʘ ʦʜ ʦʚʦʿ ʚʠʜ ʥʘ ʦʙʥʦʚʣʠʚ ʠʟʚʦʨ 

ʙʠ ʙʠʣʘ ʥʝʧʨʝʜʚʠʜʣʠʚʘ. ɿʘʪʦʘ ʢʨʫʮʠʿʘʣʥʦ ʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʤʨʝʞʥʠ ʧʨʘʚʠʣʘ 

ʩʧʦʨʝʜ ʢʦʠ ˃ʝ ʩʝ ʜʝʬʠʥʠʨʘ ʥʘʯʠʥʦʪ ʥʘ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ɺɽʎ ʚʦ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʥʘ ʢʦʿʘ ʠ ʜʘ ʙʠʣʦ ʟʝʤʿʘ [17]. ʇʨʠʪʦʘ ʤʦʨʘ ʜʘ ʩʝ ʚʦʜʠ 

ʛʨʠʞʘ ʜʝʢʘ ʦʚʠʝ ʤʨʝʞʥʠ ʧʨʘʚʠʣʘ ʤʦʨʘ ʜʘ ʙʠʜʘʪ ʧʦʪʧʦʣʥʦ ʫʩʦʛʣʘʩʝʥʠ ʩʦ ʤʨʝʞʥʠʪʝ 

ʧʨʘʚʠʣʘ ʥʘ ʧʨʝʥʦʩʥʠʦʪ ʦʧʝʨʘʪʦʨ. ɹʠʜʝʿ˃ʠ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ ʜʦ ʦʚʦʿ ʤʦʤʝʥʪ ʥʝ 

ʨʘʩʧʦʣʘʛʘʰʝ ʩʦ ʚʘʢʦʚ ʩʧʝʮʠʬʠʯʝʥ ʠʟʚʦʨ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ, ʥʝ ʙʝʘ 

ʜʝʬʠʥʠʨʘʥʠ ʪʘʢʚʠ ʤʨʝʞʥʠ ʧʨʘʚʠʣʘ. ʉʦ ʥʘʿʘʚʘʪʘ ʟʘ ʚʝʪʝʨʝʥ ʧʘʨʢ ʚʦ ʈʝʧʫʙʣʠʢʘ 

ʄʘʢʝʜʦʥʠʿʘ ʠ ʠʟʨʘʙʦʪʢʘʪʘ ʥʘ ʬʠʟʠʙʠʣʠʪʠ ʩʪʫʜʠʿʘʪʘ ʟʘ ʚʝʪʝʨʥʠʦʪ ʧʦʪʝʥʮʠʿʘʣ ʥʘ 

ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ, ʚʩʫʰʥʦʩʪ ʪʨʝʙʘʰʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʘʪ ʪʠʝ ʤʨʝʞʥʠ ʧʨʘʚʠʣʘ ʟʘ 

ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ɺɽʎ ʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʥʘ ʈʝʧʫʙʣʠʢʘ ʄʘʢʝʜʦʥʠʿʘ. 

ʊʠʝ ʤʨʝʞʥʠ ʧʨʘʚʠʣʘ ʩʝ ʚʩʫʰʥʦʩʪ ʥʝʢʦʠ ʪʝʭʥʠʯʢʠ ʢʨʠʪʝʨʠʫʤʠ ʢʦʠ ʤʦʨʘ ʜʘ ʙʠʜʘʪ 

ʠʩʧʦʣʥʝʪʠ. ɹʠʜʝʿ˃ʠ ʚʦ ʝʜʝʥ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ ʠʤʘ ʧʦʚʝ˃ʝ ʚʠʜʦʚʠ ʥʘ 

ʛʝʥʝʨʘʪʦʨʠ ʢʦʠ ʧʨʝʪʝʞʥʦ ʩʝ ʩʠʥʭʨʦʥʠ, ʚʣʝʛʫʚʘˁʝʪʦ ʚʦ ʧʦʛʦʥ ʥʘ ʛʝʥʝʨʘʪʦʨʠʪʝ ʥʘ 

ɺɽʎ ʢʦʠ ʧʨʝʪʝʞʥʦ ʥʝ ʩʝ ʩʠʥʭʨʦʥʠ, ʙʠ ʤʦʞʝʣʦ ʜʘ ʧʨʝʜʠʟʚʠʢʘ ʛʫʙʝˁʝ ʥʘ 

ʜʦʚʝʨʣʠʚʦʩʪ, ʩʠʛʫʨʥʦʩʪ ʠ ʥʘʤʘʣʝʥ ʢʚʘʣʠʪʝʪ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘ ʠ ʠʩʧʦʨʘʯʘʥʘ 

ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʆʚʠʝ ʪʨʠ ʢʨʠʪʝʨʠʫʤʠ ʩʝ ʛʣʘʚʥʠʪʝ ʢʨʠʪʝʨʠʫʤʠ ʢʦʠ ʪʨʝʙʘ ʜʘ 

ʙʠʜʘʪ ʠʩʧʦʣʥʝʪʠ ʩʦ ʮʝʣ ʜʘ ʠʤʘʤʝ ʩʪʘʙʠʣʝʥ ʠ ʜʦʚʝʨʣʠʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ.  

ɺʦ ʤʘʣʠ ɽɽʉ, ʢʘʢʦʚ ʰʪʦ ʝ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʦʪ ʩʠʩʪʝʤ ʥʘ ʄʘʢʝʜʦʥʠʿʘ, ʢʦʛʘ 

ʚʝʪʝʨʥʘʪʘ ʝʣʝʢʪʨʠʯʥʘ ʮʝʥʪʨʘʣʘ ʟʘʧʦʯʥʫʚʘ ʩʦ ʨʘʙʦʪʘ, ʪʘʘ ʟʥʘʯʠʪʝʣʥʦ ʙʠ ʛʠ 

ʧʨʦʤʝʥʠʣʘ ʩʚʦʿʩʪʚʘʪʘ ʥʘ ɽɽʉ. ɹʠʜʝʿ˃ʠ ʚʝʪʝʨʦʪ ʝ ʥʝʧʨʝʜʚʠʜʣʠʚʘ ʚʝʣʠʯʠʥʘ ʠ ʥʝ 

ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ, ʪʦʘ ʟʥʘʯʠ ʜʝʢʘ ʝʜʥʘ ɺɽʎ ʙʠ ʙʠʣʘ ʥʘʿʜʦʙʨʦ ʨʝʰʝʥʠʝ ʢʘʢʦ 

ʧʦʜʜʨʰʢʘ ʥʘ ʦʩʪʘʥʘʪʠʦʪ ʜʝʣ ʥʘ ɽɽʉ ʘ ʥʝ ʢʘʢʦ ʧʨʠʤʘʨʥʦ ʨʝʰʝʥʠʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ɹʠʜʝʿ˃ʠ ɺɽʎ ʧʨʝʪʩʪʘʚʫʚʘ ʩʧʝʮʠʬʠʯʥʦ ʨʝʰʝʥʠʝ ʪʨʝʙʘ ʜʘ 

ʙʠʜʘʪ ʠʩʧʦʣʥʝʪʠ ʥʝʢʦʠ ʧʦʩʝʙʥʠ ʧʨʝʜʫʩʣʦʚʠ ʧʨʠ ʧʨʠʢʣʫʯʫʚʘˁʝ ʥʘ ɺɽʎ ʚʦ 

ʦʩʪʘʥʘʪʠʦʪ ʜʝʣ ʦʜ ɽɽʉ. ʊʠʝ ʙʘʨʘˁʘ ʩʦʜʨʞʘʪ ʨʘʟʥʠ ʢʨʠʪʝʨʠʫʤʠ ʩʧʦʨʝʜ ʢʦʠ ʪʨʝʙʘ ʜʘ 

ʩʝ ʨʝʛʫʣʠʨʘʘʪ ʚʝʣʠʯʠʥʠ ʢʘʢʦ ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ, ʥʘʧʦʥ ʠ ʨʝʘʢʪʠʚʥʘ 

ʤʦ˃ʥʦʩʪ, ʢʚʘʣʠʪʝʪ ʥʘ ʠʩʧʦʨʘʯʘʥʘ ʝʥʝʨʛʠʿʘ ʜʦ ʧʦʪʨʦʰʫʚʘʯʦʪ, ʦʜʥʝʩʫʚʘˁʝ ʧʨʠ 

ʧʨʝʤʠʥʫʚʘˁʝ ʥʘ ɺɽʎ ʚʦ ʤʦʤʝʥʪ ʢʦʛʘ ʠʤʘ ʛʨʝʰʢʘ, ʠ ʢʘʢʦ ʧʦʩʣʝʜʝʥ ʢʨʠʪʝʨʠʫʤ ʙʠ ʩʝ 

ʥʘʚʝʣʦ ʙʘʨʘˁʝʪʦ ʟʘ ʢʦʤʫʥʠʢʘʮʠʠ ʠ ʫʧʨʘʚʫʚʘˁʝ ʩʦ ɺɽʎ. 
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4.5.1 ʂʨʠʪʝʨʠʫʤʠ ʟʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ 

 

ʂʦʛʘ ʩʝ ʧʣʘʥʠʨʘ ʜʘ ʩʝ ʧʫʰʪʠ ʚʦ ʧʦʛʦʥ ʝʜʥʘ ɺɽʎ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʠʩʧʦʣʥʝʪʠ 

ʩʣʝʜʥʠʪʝ ʢʨʠʪʝʨʠʫʤʠ ʩʦ ʮʝʣ ʜʘ ʩʝ ʟʘʯʫʚʘ ʜʦʚʝʨʣʠʚʦʩʪʘ ʥʘ ɽɽʉ [17]. 

 

1. ɺɽʎ ʪʨʝʙʘ ʜʘ ʫʯʝʩʪʚʫʚʘʘʪ ʚʦ ʨʝʛʫʣʘʮʠʿʘʪʘ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʠ 
ʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʥʘ ɽɽʉ 

2. ɺʦ ʥʦʨʤʘʣʥʠ ʠ ʥʘʨʫʰʝʥʠ ʫʩʣʦʚʠ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʠʩʪʝʤʦʪ ɺɽʎ ʪʨʝʙʘ ʜʘ 

ʩʝ ʜʚʠʞʠ ʚʦ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʠ ʛʨʘʥʠʮʠ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ 

3. ɺɽʎ ʪʨʝʙʘ ʜʘ ʦʙʝʟʙʝʜʠ ʨʝʟʝʨʚʥʘ ʤʦ˃ʥʦʩʪ ʩʦ ʮʝʣ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʜʘ 

ʙʠʜʝ ʢʦʥʪʠʥʫʠʨʘʥʦ 

4. ɺʦ ʮʝʣʠʦʪ ʜʠʿʘʧʘʟʦʥ ʥʘ ʬʨʝʢʚʝʥʮʠʠ ʥʘ ʩʠʩʪʝʤʦʪ ʢʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 
ɺɽʎ ʪʨʝʙʘ ʜʘ ʙʠʜʘʪ ʩʦʦʜʚʝʪʥʠ 

 

ʉʦ ʮʝʣ ʜʘ ʙʠʜʝ ʧʦʿʘʩʥʦ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʪʦ ʜʘ ʧʨʝʪʧʦʩʪʘʚʠʤʝ ʜʝʢʘ ɺɽʎ 

ʨʘʙʦʪʝʣʘ ʚʦ ʥʦʨʤʘʣʥʠ ʧʦʛʦʥʩʢʠ ʫʩʣʦʚʠ. ɺʦ ʝʜʝʥ ʤʦʤʝʥʪ ʩʝ ʩʣʫʯʫʚʘ ʥʝʢʦʿʘ ʭʘʚʘʨʠʿʘ 

ʚʦ ɽɽʉ ʧʨʠ ʰʪʦ ʩʝ ʧʨʦʤʝʥʠʣʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʚʦ ɽɽʉ. ɺʦ ʪʦʿ ʩʣʫʯʘʿ ɺɽʎ ʤʦʨʘ ʜʘ 

ʦʩʪʘʥʝ ʚʦ ʧʦʛʦʥ ʠ ʜʘ ʙʠʜʝ ʜʠʤʝʥʟʠʦʥʠʨʘʥʘ ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʦʜʛʦʚʦʨʠ ʥʘ ʧʨʦʤʝʥʠʪʝ ʥʘ 

ʥʠʚʦʪʦ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʚʦ ɽɽʉ, ʦʜʥʦʩʥʦ ʢʦʥʪʠʥʫʠʨʘʥʦ ʜʘ ʛʦ ʨʝʛʫʣʠʨʘ ʥʠʚʦʪʦ ʥʘ 

ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʢʘʢʦ ʠ ʜʘ ʦʩʪʘʥʝ ʚʦ ʧʦʛʦʥ ʢʦʛʘ ʠʤʘ ʢʨʘʪʢʦʪʨʘʿʥʠ ʦʪʩʪʘʧʫʚʘˁʘ ʥʘ 

ʥʠʚʦʘʪʘ ʥʘ ʥʘʧʦʥʦʪ ʠ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʚʦ ɽɽʉ. 

ʈʝʛʫʣʘʮʠʿʘʪʘ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘ ʢʘʢʦ ʥʝʦʧʭʦʜʝʥ ʪʝʭʥʠʯʢʠ ʢʨʠʪʝʨʠʫʤ ʤʦʞʝ ʜʘ 

ʙʠʜʝ ʠʟʚʝʜʝʥʘ ʥʘ ʪʨʠ ʥʘʯʠʥʠ: 

¶ ʇʨʠʤʘʨʥʘ ʨʝʛʫʣʘʮʠʿʘ - ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ ʿʘ ʢʦʥʪʨʦʣʠʨʘʤʝ ʧʨʦʤʝʥʘʪʘ ʥʘ 

ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʧʨʝʜʠʟʠʚʠʢʘʥʘ ʦʜ ʥʝʢʦʿʘ ʛʨʝʰʢʘ ʚʦ ʤʨʝʞʘʪʘ, ʠ ʩʝ 

ʠʟʚʝʜʫʚʘ ʣʦʢʘʣʥʦ ʥʘ ʩʝʢʦʿʘ ʝʜʠʥʠʮʘ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚʦ ʚʨʝʤʝʥʩʢʠ 

ʧʝʨʠʦʜ ʦʜ 15-30 ʩʝʢʫʥʜʠ 

¶ ʉʝʢʫʥʜʘʨʥʘ ʨʝʛʫʣʘʮʠʿʘ ï ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ ʝ ʜʦʟʚʦʣʝʥʦ ʚʨʘ˃ʘˁʝ ʥʘ 

ʚʨʝʜʥʦʩʪʠʪʝ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʚʦ ʥʝʿʟʠʥʠʪʝ ʜʝʬʠʥʠʨʘʥʠ ʚʨʝʜʥʦʩʪʠ ʩʦ 

ʢʦʨʠʩʪʝˁʝ ʥʘ ʫʨʝʜʠ ʢʦʠ ʩʝ ʧʦʜ ʢʦʥʪʨʦʣʘ ʥʘ ʮʝʥʪʨʘʣʝʥ ʨʝʛʫʣʘʪʦʨ. 

ʆʚʦʿ ʧʨʦʮʝʩ ʥʝ ʪʨʝʙʘ ʜʘ ʪʨʘʝ ʧʦʚʝ˃ʝ ʦʜ 15 ʤʠʥʫʪʠ. 

¶ ʊʝʨʮʠʝʨʥʘ ʨʝʛʫʣʘʮʠʿʘ ï ʚʦ ʦʚʦʿ ʩʣʫʯʘʿ, ʦʚʦʿ ʤʝʪʦʜ ʝ ʠʩʢʦʨʠʩʪʝʥ ʟʘ ʜʘ 

ʩʝ ʚʨʘʪʠ ʥʠʚʦʪʦ ʥʘ ʨʝʟʝʨʚʘ ʥʘ ʤʦ˃ʥʦʩʪ ʢʦʝ ʝ ʢʦʥʟʫʤʠʨʘʥʦ ʦʜ 

ʩʝʢʫʥʜʘʨʥʘʪʘ ʨʝʛʫʣʘʮʠʿʘ. 

 

ɼʦʙʨʦ ʝ ʧʦʟʥʘʪʦ ʜʝʢʘ ʩʝʢʦʿʘ ʧʨʦʠʟʚʦʜʥʘ ʝʜʠʥʠʮʘ ʚʦ ɽɽʉ ʨʘʙʦʪʠ ʚʦ ʩʪʨʦʛʦ 

ʦʜʨʝʜʝʥʠ ʤʘʨʛʠʥʠ ʥʘ ʧʨʦʤʝʥʘ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ, ʢʦʠ ʩʝ ʜʝʬʠʥʠʨʘʥʠ ʜʘ ʩʝ ʤʝʥʫʚʘʘʪ 

ʚʦ ʦʧʩʝʛ ʦʜ 49,5 Hz ʜʦ 50,5 Hz. ʀʤʘ ʩʣʫʯʘʠ ʢʦʛʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ 

ʪʨʝʙʘ ʜʘ ʨʘʙʦʪʘʪ ʚʦ ʨʝʞʠʤ ʢʦʛʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʝ ʥʘ ʤʠʥʠʤʘʣʥʦ ʥʠʚʦ ʦʜ 47-47.5 Hz 

ʠʣʠ ʧʘʢ ʤʘʢʩʠʤʘʣʥʦ 52 Hz ʟʘ ʠʟʚʝʩʝʥ ʧʝʨʠʦʜ ʩʝ ʜʦʜʝʢʘ ʥʝ ʩʝ ʚʦʩʧʦʩʪʘʚʠ ʙʘʣʘʥʩ ʚʦ 

ʩʠʩʪʝʤʦʪ. ɽʜʥʘ ʪʘʢʚʘ ʢʨʠʚʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʘ ʝʜʠʥʠʮʘ ʝ ʧʨʠʢʘʞʘʥʘ ʥʘ 

ʩʣʠʢʘ 4.5.1.1, ʢʘʜʝ ʝ ʜʝʬʠʥʠʨʘʥʘ ʟʘʚʠʩʥʦʩʪʘ ʧʦʤʝʺʫ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ 

ʠ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʢʘʢʦ ʜʚʝ ʟʘʚʠʩʥʠ ʚʝʣʠʯʠʥʠ ʚʨʟ ʦʩʥʦʚʘ ʥʘ ʢʦʠ ʩʝ ʚʨʰʠ ʨʝʛʫʣʘʮʠʿʘ 

ʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ɺɽʎ ʚʦ ʝʜʝʥ ɽɽʉ. 
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ʉʣʠʢʘ 4.5.1.1 ɿʘʚʠʩʥʦʩʪ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʦʜ ʬʨʝʢʚʝʥʮʠʿʘ 

ʂʘʢʦ ʰʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʦʜ ʛʨʘʬʠʢʦʪ ʥʘ ʩʣʠʢʘʪʘ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ 

ʝʜʠʥʠʮʘ, ʪ.ʝ. ɺɽʎ ʚʦ ʥʘʰʠʦʪ ʩʣʫʯʘʿ ʪʨʝʙʘ ʚʦ ʩʝʢʦʿ ʤʦʤʝʥʪ ʜʘ ʿʘ ʨʝʛʫʣʠʨʘ ʠʟʣʝʟʥʘʪʘ 

ʤʦ˃ʥʦʩʪ ʢʦʿʘ ʤʦʞʝ ʜʘ ʿʘ ʠʩʧʦʨʘʯʘ ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʿʘ ʨʝʛʫʣʠʨʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ. 

ɼʦʢʦʣʢʫ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʧʦʯʥʫʚʘ ʜʘ ʩʝ ʥʘʛʦʣʝʤʫʚʘ, ɺɽʎ ʠʤʘ ʟʘʜʘʯʘ ʜʘ ʿʘ ʥʘʤʘʣʠ 

ʤʦ˃ʥʦʩʪʘ, ʘ ʚʦ ʩʣʫʯʘʠ ʢʦʛʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ ʩʝ ʥʘʤʘʣʫʚʘ, ɺɽʎ ʠʤʘ ʟʘʜʘʯʘ ʜʘ ʿʘ 

ʟʛʦʣʝʤʠ ʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʿʘ ʧʨʝʜʘʜʝ ʚʦ ʤʨʝʞʘ ʩʦ ʮʝʣ ʜʘ ʦʜʨʞʠ 

ʙʘʣʘʥʩ ʚʦ ʩʠʩʪʝʤʦʪ. 

 ʅʦ, ʙʠʜʝʿ˃ʠ ʚʝʪʝʨʦʪ ʝ ʥʝʧʨʝʜʚʠʜʣʠʚʘ ʚʝʣʠʯʠʥʘ, ʦʧʝʨʘʪʦʨʦʪ ʤʦʨʘ ʜʘ ʠʤʘ ʠ 

ʥʝʢʦʠ ʜʨʫʛʠ ʩʮʝʥʘʨʠʿʘ ʠ ʢʨʠʪʝʨʠʫʤʠ ʟʘ ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʘʢʪʠʚʥʘʪʘ ʤʦ˃ʥʦʩʪ, ʢʘʢʦ ʥʘ 

ʧʨʠʤʝʨ ʦʛʨʘʥʠʯʫʚʘˁʝ ʥʘ ʘʧʩʦʣʫʪʥʘʪʘ ʤʦ˃ʥʦʩʪ, ʦʛʨʘʥʠʯʫʚʘˁʝ ʩʦ D ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʨʝʛʫʣʘʮʠʿʘ ʥʘ ʙʘʣʘʥʩ, ʦʛʨʘʥʠʯʫʚʘˁʝ ʥʘ ʛʨʘʜʠʝʥʪ ʥʘ ʤʦ˃ʥʦʩʪ ʠ ʢʘʢʦ ʧʦʩʣʝʜʥʦ 

ʟʘʰʪʠʪʘ ʥʘ ʩʠʩʪʝʤʦʪ. 

ʂʨʠʪʝʨʠʫʤʦʪ ʆʛʨʘʥʠʯʫʚʘˁʝ ʥʘ ʘʧʩʦʣʫʪʥʘʪʘ ʤʦ˃ʥʦʩʪ ʝ ʟʘʩʥʦʚʘʥ ʥʘ 

ʤʦʞʥʦʩʪʘ ɺɽʎ ʜʘ ʥʝ ʧʨʦʠʟʚʝʜʫʚʘ ʧʦʚʝ˃ʝ ʦʜ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʨʘʥʘʪʘ ʤʘʢʩʠʤʘʣʥʘ 

ʤʦ˃ʥʦʩʪ ʠʘʢʦ ʤʦʤʝʥʪʘʣʥʠʪʝ ʫʩʣʦʚʠ ʥʘ ʪʝʨʝʥ ʜʦʟʚʦʣʫʚʘʘʪ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʝ ʧʦʛʦʣʝʤʘ 

ʢʦʣʠʯʠʥʘ ʥʘ ʤʦ˃ʥʦʩʪ.  

ʆʚʦʿ ʢʨʠʪʝʨʠʫʤ ʝ ʚʦʚʝʜʝʥ ʩʦ ʮʝʣ ʜʘ ʩʝ ʟʘʰʪʠʪʘʪ ʤʨʝʞʥʠʪʝ ʦʧʝʨʘʪʦʨʠ ʥʘ ʢʦʠ 

ʠʤ ʩʝ ʥʘʤʝʪʥʫʚʘ ʜʘ ʧʣʘ˃ʘʘʪ ʟʘ ʩʝʢʦʿ ʧʨʦʠʟʚʝʜʝʥ kWh ʠʘʢʦ ʠʤʘ ʤʦʦʤʝʥʪʠ ʢʦʛʘ ʥʝʤʘ 

ʧʦʪʨʝʙʘ ʜʘ ʩʝ ʧʨʦʠʟʚʝʜʫʚʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʦʜ ɺɽʎ. ɻʨʘʬʠʯʢʠ ʦʚʦʿ ʢʨʠʪʝʨʠʫʤ ʝ 

ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 4.5.1.2. 
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ʉʣʠʢʘ 4.5.1.2 ʂʨʠʪʝʨʠʫʤ ʆʛʨʘʥʠʯʫʚʘˁʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʤʦ˃ʥʦʩʪ 

 ɺʪʦʨʠʦʪ ʢʨʠʪʝʨʠʫʤ, ʦʜʥʦʩʥʦ ʆʛʨʘʥʠʯʫʚʘˁʝ ʩʦ D ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʩʫʰʥʦʩʪ 

ʩʝ ʢʦʨʠʩʪʠ ʚʦ ʩʣʫʯʘʠ ʢʦʛʘ ʠʤʘʤʝ ʧʘʜ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘ ʠ ʦʜ ɺɽʎ ʩʝ ʙʘʨʘ ʜʘ ʿʘ ʟʛʦʣʝʤʠ 

ʠʟʣʝʟʥʘʪʘ ʤʦ˃ʥʦʩʪ ʠ ʩʦ ʪʦʘ ʜʘ ʧʨʠʜʦʥʝʩʝ ʢʦʥ ʩʪʘʙʠʣʠʟʠʨʘˁʝ ʥʘ ʬʨʝʢʚʝʥʮʠʿʘʪʘ. ʂʘʿ 

ʦʚʦʿ ʢʨʠʪʝʨʠʫʤ ʥʠʚʦʪʦ ʥʘ ʚʢʫʧʥʦ ʜʦʩʪʘʧʥʘ ʤʦ˃ʥʦʩʪ ʝ ʦʛʨʘʥʠʯʝʥʦ ʩʦ ʚʝʣʠʯʠʥʘʪʘ D 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʿʘ ʝ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ. ʆʚʦʿ ʢʨʠʪʝʨʠʫʤ ʝ ʧʨʝʪʩʪʘʚʝʥ ʥʘ 

ʩʣʠʢʘʪʘ 4.5.1.3. 

 

 
ʉʣʠʢʘ 4.5.1.3 ʂʨʠʪʝʨʠʫʤ ʆʛʨʘʥʠʯʫʚʘˁʝ ʩʦ D ʧʨʦʠʟʚʦʜʩʪʚʦ 

 ʂʨʠʪʝʨʠʫʤʦʪ ʈʝʛʫʣʘʮʠʿʘ ʥʘ ʙʘʣʘʥʩ ʚʩʫʰʥʦʩʪ ʧʦʤʘʛʘ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ 

ʙʘʣʘʥʩʦʪ ʤʝʺʫ ʧʨʦʠʟʚʝʜʝʥʘʪʘ ʘʢʪʠʚʥʘ ʠ ʧʦʪʨʦʰʝʥʘʪʘ ʘʢʪʠʚʥʘ ʤʦ˃ʥʦʩʪ ʚʦ ɽɽʉ. ʆʚʦʿ 

ʢʨʠʪʝʨʠʫʤ ʦʚʦʟʤʦʞʫʚʘ ɺɽʎ ʚʦ ʩʝʢʦʿ ʤʦʤʝʥʪ ʜʘ ʤʦʞʝ ʜʘ ʿʘ ʟʛʦʣʝʤʠ ʠʣʠ ʥʘʤʘʣʠ 

ʤʦ˃ʥʦʩʪʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʿʘ ʧʨʦʠʟʚʝʜʝ ʠ ʧʨʝʜʘʜʝ ʚʦ ʤʨʝʞʘ. ʆʚʦʿ ʢʨʠʪʝʨʠʫʤ ʛʨʘʬʠʯʢʠ 

ʝ ʧʨʝʪʩʪʘʚʝʥ ʥʘ ʩʣʠʢʘ 4.5.1.4. 
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ʉʣʠʢʘ 4.5.1.4 ʂʨʠʪʝʨʠʫʤ ʈʝʛʫʣʘʮʠʿʘ ʥʘ ʙʘʣʘʥʩ 

ʏʝʪʚʨʪʠʦʪ ʥʦ ʥʝ ʠ ʧʦʤʘʣʢʫ ʚʘʞʝʥ ʢʨʠʪʝʨʠʫʤ ʩʝ ʥʘʨʝʢʫʚʘ ʆʛʨʘʥʠʯʫʚʘˁʝ ʥʘ 

ʛʨʘʜʠʝʥʪ ʥʘ ʤʦ˃ʥʦʩʪ ʠ ʚʩʫʰʥʦʩʪ ʛʦ ʜʝʬʠʥʠʨʘ ʛʨʘʜʠʝʥʪʦʪ ʥʘ ʤʦ˃ʥʦʩʪ ʢʦʿ ʪʨʝʙʘ ʜʘ 

ʙʠʜʝ ʠʩʧʦʣʥʝʪ ʦʜ ʩʪʨʘʥʘ ʥʘ ɺɽʎ ʢʦʿʘ ʝ ʧʨʠʢʣʫʯʝʥʘ ʥʘ ɽɽʉ, ʚʦ ʤʦʤʝʥʪʠ ʢʦʛʘ ʩʠʪʝ 

ʦʩʪʘʥʘʪʠ ʧʨʦʠʟʚʝʜʫʚʘʯʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʚʦ ɽɽʉ ʩʝ ʠʩʢʣʫʯʝʥʠ ʠ ʥʝ 

ʧʨʝʜʘʚʘʘʪ ʝʥʝʨʛʠʿʘ ʚʦ ʩʠʩʪʝʤʦʪ. ɺʦ ʦʚʠʝ ʤʠʛʦʚʠ ʚʩʫʰʥʦʩʪ ɺɽʎ ʿʘ ʢʦʤʧʝʥʟʠʨʘ ʮʝʣʘ 

ʝʥʝʨʛʠʿʘ ʟʘʪʦʘ ʰʪʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠʟʚʦʨʠ ʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ ʢʘʢʦ ʥʘ 

ʧʨʠʤʝʨ ʪʝʨʤʦʝʣʝʢʪʨʘʥʠʪʝ ʠʤʘʘʪ ʧʦʤʘʣ ʛʨʘʜʠʝʥʪ ʥʘ ʤʦ˃ʥʦʩʪ ʦʜʥʦʩʥʦ ʠʤ ʪʨʝʙʘ 

ʧʦʚʝ˃ʝ ʚʨʝʤʝ ʟʘ ʜʘ ʛʦ ʟʛʦʣʝʤʘʪ ʥʠʚʦʪʦ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʠʿʘ. ʆʚʦʿ 

ʢʨʠʪʝʨʠʠʫʤ ʝ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʞʘʥ ʥʘ ʩʣʠʢʘ 4.5.1.5. 

 

 
ʉʣʠʢʘ 4.5.1.5 ʂʨʠʪʝʨʠʫʤ ʆʛʨʘʥʠʯʫʚʘˁʝ ʥʘ ʛʨʘʜʠʝʥʪ ʥʘ ʤʦ˃ʥʦʩʪ 

 

 

 






































































