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ʧʨʠʙʦʨʠ; ʯʣʘʥ 
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ɼʘʪʫʤ ʦʜʙʨʘʥʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

 

 

 

  



 
 

ɿʘʭʚʘʣʥʠʮʘ 

 

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʿʝ ʥʘʩʪʘʣʘ ʢʘʦ ʨʝʟʫʣʪʘʪ ʚʠʰʝʛʦʜʠʰˁʝʛ ʨʘʜʘ ʥʘ ʠʩʪʨʘʞʠʚʘˁʫ ʩʘ 

ʛʨʫʧʦʤ ʧʨʦʬʝʩʦʨʘ ʠ ʠʩʪʨʘʞʠʚʘʯʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠʭ ʟʘ ʨʘʟʚʦʿ ʪʨʠʙʦʤʝʪʨʠʿʩʢʠʭ 

ʤʝʪʦʜʘ ʢʚʘʥʪʠʬʠʢʦʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʪʨʝˁʘ ʥʘ ʙʘʟʠ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ 

ʢʨʝʪʘˁʘ.  

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʤ ʤʝʥʪʦʨʫ ʧʨʦʬ. ʜʨ ʉʣʦʙʦʜʘʥʫ ʄʠʪʨʦʚʠ˂ʫ ʥʘ ʚʝʣʠʢʦʿ 

ʧʦʜʨʰʮʠ ʢʘʦ  ʠ ʦʩʪʘʣʠʤ ʫʚʘʞʝʥʠʤ ʧʨʦʬʝʩʦʨʠʤʘ ʜʨ ɫʦʨʹʫ ɺʫʢʝʣʠ˂ʫ ʠ  ʜʨ ɺʣʘʜʠʤʠʨʫ 

ʄʠʣʦʚʘʥʦʚʠ˂ʫ ʦʜ ʢʦʿʠʭ ʩʘʤ ʠʤʘʣʘ ʥʝʩʝʙʠʯʥʫ ʧʦʤʦ˂ ʫ ʨʝʘʣʠʟʘʮʠʿʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʧʨʦʬʝʩʦʨʫ ʜʨ ɹʨʘʥʢʫ ʊʘʜʠ˂ʫ ʯʠʿʘ ʿʝ ʩʪʨʫʯʥʘ ʧʦʜʨʰʢʘ ʫ 

ʦʚʦʤ ʨʘʜʫ ʥʝʤʝʨˀʠʚʘ ʘʣʠ ʠ ʥʘ ʚʝʣʠʢʦʤ ʨʘʟʫʤʝʚʘˁʫ, ʩʪʨʧˀʝˁʫ ʠ ʧʦʚʝʨʝˁʫ. 

ʆʛʨʦʤʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʜʨ ɺʣʘʜʠʤʠʨʫ ʂʦʯʦʚʠ˂ʫ ʥʘ ʩʪʨʫʯʥʦʿ ʠ ʧʨʘʢʪʠʯʥʦʿ ʧʦʤʦ˂ʠ 

ʦʢʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʥʘ ʢʦʨʠʩʥʠʤ ʩʘʚʝʪʠʤʘ ʠ ʠʩʢʨʝʥʦʿ ʧʦʜʨʰʮʠ ʪʦʢʦʤ 

ʩʪʫʜʠʿʘ. 

ʍʚʘʣʘ ʤʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ ʠ ʤʦʤ ʥʘʿʚʝ˂ʝʤ ʙʣʘʛʫ, ʤʦʤ ʩʠʥʫ ʄʠʣʦʰʫ, ʥʘ ʚʝʣʠʢʦʿ ˀʫʙʘʚʠ, 

ʝʥʝʨʛʠʿʠ ʠ ʧʦʜʨʰʮʠ ʢʦʿʘ ʤʠ ʿʝ ʤʥʦʛʦ ʟʥʘʯʠʣʘ.  



 
 

ʈʝʟʠʤʝ 

ʂʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ, ʛʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʫ ʩʚʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʥʪʘʢʪʘ, ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʧʦʪʧʫʥʦ ʜʨʫʛʘʯʠʿʠʤ ʤʝʪʦʜʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ 

ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʤʝʨʝˁʫ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ ʤʝʨʝˁʫ ʩʠʣʝ ʪʨʝˁʘ. ʄʝʪʦʜʘ 

ʢʦʿʘ ʩʝ ʧʨʝʜʣʘʞʝ ʦʜʥʦʩʠ ʩʝ ʥʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʝʢʦ 

ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʧʨʠ ʦʙʨʪʘˁʫ ʪʝʣʘ, ʧʨʠ ʯʝʤʫ ʘʢʪʠʚʥʘ ʩʠʣʘ ʥʘ ʦʙʨʪʥʦ ʪʝʣʦ 

ʜʝʣʫʿʝ ʩʘʤʦ ʫ ʪʨʝʥʫʪʢʫ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ, ʜʦʢ ʩʪʘʪʠʯʢʫ ʠ ʜʠʥʘʤʠʯʢʫ ʢʦʤʧʦʥʝʥʪʫ 

ʞʝˀʝʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʪʠʧʘ "ʨʫʢʘʚʘʮ-ʣʝʞʘʿ" ʦʙʝʟʙʝʹʫʿʫ ʤʘʩʝ ʪʝʣʘ, 

ʢʦʥʮʝʥʪʨʠʯʥʦ ʠ ʝʢʩʮʝʥʪʨʠʯʥʦ ʨʘʩʧʦʨʝʹʝʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʫ ʦʙʨʪʘˁʘ. ɸʢʦ ʩʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ ʦʜʨʝʜʠ ʟʘʚʠʩʥʦʩʪ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʪʝʣʘ ʫ ʬʫʥʢʮʠʿʠ 

ʚʨʝʤʝʥʘ, ʦʥʜʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʪʨʝʥʫʪʥʝ 

ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʯʠʪʘʚʦʤ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʘ, ʦʜ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ 

ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʘˁʘ ʪʝʣʘ.  

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʠʟʣʦʞʝʥʠ ʨʝʟʫʣʪʘʪʠ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʘʥʘʣʠʟʘ ʚʝʟʘʥʠʭ 

ʟʘ ʢʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʢʦʪʨˀʘʥʿʦʛ ʣʝʞʘʿʘ ʫ ʫʩʣʦʚʠʤʘ ʤʘʥʫʝʣʥʦʛ (ʨʫʯʥʦʛ) 

ʠʥʠʮʠʨʘˁʘ  ʦʙʨʪʥʦʛ ʢʨʝʪʘˁʘ ʠ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʜʠʥʘʤʠʯʢʦʤ ʫʜʘʨʥʦʤ ʩʠʣʦʤ.  

ʅʘʢʦʥ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʠ ʧʨʝʩʪʘʥʢʘ ʜʝʿʩʪʚʘ ʩʧʦˀʘʰˁʝ ʩʠʣʝ (ʫʜʘʨʥʦʛ ʠʤʧʫʣʩʘ)  

ʢʨʝʪʘˁʝ ʩʝ ʥʘʩʪʘʚˀʘ, ʧʨʠ ʯʝʤʫ ʦʧʪʝʨʝ˂ʝʥʠ ʣʝʞʘʿ (ʟʦʥʘ ʣʝʞʘʿʘ ʫ ʢʦʿʦʿ ʜʝʿʩʪʚʫʿʫ ʩʠʣʝ 

ʦʪʧʦʨʘ ʪʨʝˁʘ) ʧʨʦʣʘʟʠ ʯʠʪʘʚ ʩʧʝʢʪʘʨ ʙʨʟʠʥʘ, ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʙʨʟʠʥʝ ʫ ʪʨʝʥʫʪʢʫ 

ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ, ʜʦ ˁʝʥʝ ʥʫʣʪʝ ʚʨʝʜʥʦʩʪʠ ʧʨʠ ʟʘʫʩʪʘʚˀʘˁʫ ʢʨʝʪʘˁʘ, ʧʨʠ ʯʝʤʫ ʩʝ 

ʯʠʪʘʚ ʤʝʨʥʠ ʩʠʩʪʝʤ ʩʚʦʜʠ ʥʘ ʨʦʪʘʮʠʦʥʠ ʝʥʢʦʜʝʨ. ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʢʘʟʘʥʠ ʫ 

ʜʠʩʝʨʪʘʮʠʿʠ ʢʦʤʧʘʪʠʙʠʣʥʠ ʩʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʧʨʠʤʝʥʦʤ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ 

ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʠ ʫʢʘʟʫʿʫ ʥʘ ʬʠʟʠʯʢʫ ʚʝʟʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʫʛʘʦʥʦʛ 

ʫʙʨʟʘˁʘ. ʊʘʢʦ ʩʝ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʿʝ ʫʙʨʟʘˁʝ ʬʠʟʠʯʢʠ ʠ ʝʥʝʨʛʝʪʩʢʠ ʧʦʢʘʟʘʪʝˀ ʪʨʝˁʘ ʠ 

ʨʘʩʠʧʘˁʘ ʝʥʝʨʛʠʿʝ ʫ ʪʨʠʙʦʤʝʭʘʥʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ ʠ ʜʘ ʜʝʬʠʥʠʰʝ ʢʦʤʧʣʝʪʥʫ ʜʠʥʘʤʠʢʫ 

ʩʘʤʦʛ ʧʨʦʮʝʩʘ ʪʨʝˁʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʪʨʝˁʝ, ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ, ʫʛʘʦ, ʫʛʘʦʥʦ ʫʙʨʟʘˁʝ, 

ʫʛʘʦʥʘ ʙʨʟʠʥʘ, ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʿʝʜʥʘʯʠʥʘ ʢʨʝʪʘˁʘ, ʙʠʣʘʥʩ ʝʥʝʨʛʠʿʘ. 

 

  



 
 

Abstract 

The kinematic coefficient of friction, generally speaking, in all contact load conditions, can be 

determined by completely different methods compared to existing methods that are based on 

measuring the contact load level and measuring the friction force. The proposed method refers 

to the determination of the kinematic coefficient of friction through the dynamic equation of 

motion when the body rotates, whereby the active force on the rotating body acts only at the 

moment of motion initiation, while the static and dynamic component of the desired load of 

the "sleeve-bearing" type contact is provided by the masses of the body, concentrically and 

eccentrically arranged in relation to the axis of rotation. If the dependence of the change in the 

angle of rotation of the body as a function of time is determined experimentally, then based on 

the dynamic equation of motion, it is possible to determine the current values of the 

coefficient of friction in the entire period of time, from the initiation of movement to the 

moment when the body's rotation stops. 

The dissertation presents the results of theoretical and experimental analyzes related to the 

kinematic coefficient of friction of the rolling bearing under the conditions of manual 

(manual) initiation of rotary motion and initiation of motion by dynamic impact force. After 

the movement is initiated and the effect of the external force (impact impulse) ceases, the 

movement continues, whereby the loaded bearing (bearing zone where the frictional 

resistance forces act) passes through the entire range of speeds, from the maximum speed at 

the moment of movement initiation, to its zero value when the movement stops, whereby the 

entire measuring system is reduced to a rotary encoder. The research results presented in the 

dissertation are compatible with the results obtained using conventional tribodiagnostic 

methods and indicate a physical connection between the coefficient of friction and angular 

acceleration. So it can be said that acceleration is a physical and energetic indicator of friction 

and energy dissipation in tribomechanical systems and defines the complete dynamics of the 

friction process itself. 

Keywords: friction, friction coefficient, initiation of motion, angle, angular acceleration, 

angular velocity, differential equation of motion, energy balancʝ. 
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ʇʨʝʛʣʝʜ ʩʢʨʘ˂ʝʥʠʮʘ ʠ ʩʪʨʘʥʠʭ ʨʝʯʠ 

 

ʉʢʨʘ˂ʝʥʠʮʘ ɽʥʛʣʝʩʢʠ ʉʨʧʩʢʠ 

AFC Adaptive Force Control 

ʋʨʝʹʘʿ ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʦʧʝʨʘʪʝʨʫ ʜʘ 

ʦʜʨʝʜʠ ʩʠʣʫ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʙʨʫʰʝˁʝ ʨʘʜʥʦʛ ʧʨʝʜʤʝʪʘ. 

AFM Atomic Force Microscope ʄʠʢʨʦʩʢʦʧ ʘʪʦʤʩʢʠʭ ʩʠʣʘ 

ASTM 
American Society for Testing and 

Materials 

ɸʤʝʨʠʯʢʦ ʜʨʫʰʪʚʦ ʟʘ ʪʝʩʪʠʨʘˁʝ ʠ 

ʤʘʪʝʨʠʿʘʣʝ 

BK-7  ʊʠʧ ʦʧʪʠʯʢʦʛ ʤʝʨʥʦʛ ʩʠʩʪʝʤʘ 

CAD Computer Aided Design ʂʦʥʩʪʨʫʠʩʘˁʝ ʧʦʤʦ˂ʫ ʨʘʯʫʥʘʨʘ 

DC Direct Current ʊʠʧ ʝʣʝʢʪʨʦʤʦʪʦʨʘ 

DEV Deviation ɼʝʚʠʿʘʮʠʿʘ-ʦʜʩʪʫʧʘˁʝ 

FEʄ Finite Element Method ʄʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ 

MEAS Measurement ʄʝʨʝˁʝ 

MEMS Micro Electro-Mechanical Systems ʄʠʢʨʦ ʝʣʝʢʪʨʦ-ʤʝʭʘʥʠʯʢʠ ʩʠʩʪʝʤʠ 

Rotary 

encoder 
Rotary encoder ʈʦʪʘʮʠʦʥʠ ʝʥʢʦʜʝʨ 

SLIDE-ROLL Slide-roll  ʂʣʠʟʘˁʝ - ʢʦʪʨˀʘˁʝ 

UFF Ultraform Finishing ɿʘʚʨʰʥʘ ʦʙʨʘʜʘ 

 

  



 
 

ʇʨʝʛʣʝʜ ʟʥʘʯʘʿʥʠʭ ʦʟʥʘʢʘ 

I ʄʘʩʝʥʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʿʝ 

ɤ ʋʛʘʦʥʘ ʙʨʟʠʥʘ 

ὓ  ɸʢʪʠʚʥʠ ʤʦʤʝʥʪ ʢʦʿʠʤ ʿʝ ʠʥʠʮʠʨʘʥʦ ʢʨʝʪʘˁʝ 

ὓ  
ʈʝʟʫʣʪʫʿʫ˂ʠ ʤʦʤʝʥʪ ʠʥʪʝʛʨʘʣʥʦʛ ʟʙʠʨʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʪʧʦʨʥʠʭ ʤʦʤʝʥʘʪʘ 

ʪʨʝˁʘ 

ὓ  ʈʝʟʫʣʪʫʿʫ˂ʠ ʤʦʤʝʥʪ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ 

ὸ ɺʨʝʤʝ 

ЎὝ ʈʘʟʣʠʢʘ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʤʝʹʫ ʜʚʝ ʤʝʨʥʝ ʪʘʯʢʝ 

Ўὸ 
ʂʨʘʪʘʢ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʫ ʢʦʿʝʤ ʜʝʣʫʿʝ ʘʢʪʠʚʥʘ 

ʩʠʣʘ ʠ ʤʦʤʝʥʪ 

Ὂ ʉʠʣʘ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ 

ὅ 
ɸʝʨʦʜʠʥʘʤʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʦʙʣʠʢʘ ʪʝʣʘ ʥʘ ʢʦʿʠ ʜʝʣʫʿʝ ʦʪʧʦʨ ʩʪʨʫʿʥʠʮʘ 

ʚʘʟʜʫʭʘ 

” ɻʫʩʪʠʥʘ ʚʘʟʜʫʭʘ 

ὃ ʇʦʚʨʰʠʥʘ ʪʝʣʘ ʥʘ ʢʦʿʫ ʜʝʣʫʿʝ ʦʪʧʦʨ ʚʘʟʜʫʭʘ 

v ɹʨʟʠʥʘ ʢʨʝʪʘˁʘ ʪʝʣʘ 

ὓ  ʄʦʤʝʥʪ ʪʨʝˁʘ 

Ὂ ʈʝʟʫʣʪʫʿʫ˂ʘ ʩʠʣʘ ʪʨʝˁʘ ʫ ʢʦʥʪʘʢʪʫ 

ὶ ʈʘʜʠʿʫʩ ʥʘ ʢʦʿʝʤ ʜʝʣʫʿʫ ʝʣʝʤʝʥʪʘʨʥʝ ʩʠʣʝ ʪʨʝˁʘ 

Ὂ ʉʠʣʘ ʩʪʘʪʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ 

Ὂ ʉʠʣʘ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ 

ά ʄʘʩʘ ʩʪʘʪʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

Ὂ  ʅʦʨʤʘʣʥʘ ʩʠʣʘ 

ά  ɽʢʩʮʝʥʪʨʠʯʥʘ ʤʘʩʘ ʠʥʝʨʮʠʿʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ὓ ɿʙʠʨ ʩʚʠʭ ʦʙʨʪʥʠʭ ʤʘʩʘ ʢʦʿʝ ʦʧʪʝʨʝ˂ʫʿʫ ʣʝʞʘʿ 

Ç ɿʝʤˀʠʥʦ ʫʙʨʟʘˁʝ 

Ὁ ʂʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ 

ὃ ʈʘʜ ʩʠʣʝ ʪʨʝˁʘ 

Ὁ ɽʥʝʨʛʠʿʘ ʫʪʨʦʰʝʥʘ ʥʘ ʩʘʚʣʘʜʘʚʘˁʝ ʦʪʧʦʨʘ ʪʨʝˁʘ 

ȹE ʈʘʟʣʠʢʝ ʠʟʤʝʹʫ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʠ ʨʘʜʦʚʘ ʪʨʝˁʘ 

Ci 
ʂʦʥʩʪʘʥʪʝ ʜʦʙʠʿʝʥʝ ʨʝʛʨʝʩʠʦʥʦʤ ʘʥʘʣʠʟʦʤ (ʠ-ʪʦʛ) ʥʝʟʘʚʠʩʥʦʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ 

Ri 
ʂʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ ʜʦʙʠʿʝʥʠ ʨʝʛʨʝʩʠʦʥʦʤ ʘʥʘʣʠʟʦʤ (ʠ-ʪʦʛ) 

ʥʝʟʘʚʠʩʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ 

ɛd ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʥʘ ʜʨʞʘʯʫ, ʩʨʝʜˁʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ 

ʊ ʊʝʤʧʝʨʘʪʫʨʘ 

P ʇʨʠʪʠʩʘʢ  

ɛ ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ  

AC ʇʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ 

AG ʇʦʧʨʝʯʥʠ ʧʨʝʩʝʢ 

Ů(t) ʅʠʚʦ ʜʝʬʦʨʤʘʮʠʿʝ 

ὺ ʂʚʘʜʨʘʪ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʪʝʣʘ 

◖ ʋʛʘʦ 

◒k ɹʨʟʠʥʘ ʢʣʠʟʘˁʘ 

  



 
 

ʉʧʠʩʘʢ ʩʣʠʢʘ 

ʈʝʜʥʠ ʙʨʦʿ ʆʟʥʘʢʘ ʠ ʥʘʟʠʚ 

1.  

ʉʣʠʢʘ 2.2.1 ʌʦʪʦʛʨʘʬʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʩʪʘʚʢʝ ʧʦʤʦ˂ʫ 3-ʦʩʥʝ ˂ʝʣʠʿʝ ʟʘ 

ʦʧʪʝʨʝ˂ʝˁʝ (Kistler, ʤʦʜʝʣ 9347C) ʤʦʥʪʠʨʘʥʝ ʫ UFF ʩʘ BK-7 ʦʧʪʠʢʦʤ 

ʬʠʢʩʠʨʘʥʦʤ ʥʘ ʛʦʨˁʦʿ ʧʦʚʨʰʠʥʠ [5]. 

2.  ʉʣʠʢʘ 2.2.2 ʋʨʝʹʘʿ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ [6]. 

3.  ʉʣʠʢʘ 2.2.3 ʂʦʥʩʪʨʫʢʮʠʿʘ ʤʘʰʠʥʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʘ [7]. 

4.  
ʉʣʠʢʘ 2.2.4 ɼʝʪʘˀʘʥ ʦʧʠʩ ʫʨʝʹʘʿʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʠʥʘʤʠʯʢʘ ʤʝʨʝˁʘ ʪʨʝˁʘ, 

ʜʝʬʠʥʠʮʠʿʘ ʟʦʥʝ ʩʝʥʟʦʨʘ ʩʠʣʝ [22]. 

5.  
ʉʣʠʢʘ 2.2.5 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʠʤʝʨ ʩʠʛʥʘʣʘ ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʜʚʘ ʤʝʨʘʯʘ ʟʘ 

ʧʦʯʝʪʥʫ ʙʨʟʠʥʫ ʦʜ 23 m/s ʠ ʧʨʠʪʠʩʘʢ ʦʜ 49 MPa [22]. 

6.  
ʉʣʠʢʘ 2.2.6 FEʄ ʤʦʜʝʣ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʮʝʥʫ ʫʨʝʹʘʿʘ ʟʘ ʤʝʨʝˁʝ 

ʜʠʥʘʤʠʯʢʦʛ ʪʨʝˁʘ. 

7.  
ʉʣʠʢʘ 2.2.7 ʇʨʦʚʝʨʘ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʟʘ ʩʣʫʯʘʿ V0=23 m/s ʠ P=49 

MPa ʢʦʨʠʰ˂ʝˁʝʤ ʥʫʤʝʨʠʯʢʠʭ ʩʠʤʫʣʘʮʠʿʘ. 

8.  
ʉʣʠʢʘ 2.2.8 ʇʦʨʝʹʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʜʦʙʠʿʝʥʦʛ ʥʫʤʝʨʠʯʢʠ ʠʟʤʝʹʫ ʜʚʝ 

ʤʝʪʦʜʦʣʦʛʠʿʝ, V0=23 m/s ʠ P=49 MPa. 

9.  

ʉʣʠʢʘ 2.2.9 ʇʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣ ʪʨʝˁʘ: a) ʆʧʰʪʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʘ, (ʙ) 1D 

ʧʨʠʤʝʨ ʤʦʜʝʣʘ, ʧʨʝʜʩʪʘʚˀʝʥ ʢʦʨʠʰ˂ʝˁʝʤ ʦʧʨʫʛʘ, ʘʤʦʨʪʠʟʝʨʘ, ʤʘʩʝ ʠ 

ʬʨʠʢʮʠʦʥʦʛ ʝʣʝʤʝʥʪʘ. 

10.  
ʉʣʠʢʘ 2.2.10 ʉʪʘʢʣʝʥʘ ʩʬʝʨʘ ʢʦʿʘ ʢʣʠʟʠ ʧʦ ʛʫʤʝʥʦʿ ʧʣʦʯʠ, (a) ʠʣʫʩʪʨʘʮʠʿʘ 

Barkins-ʦʚʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ [24], (ʙ) ʤʦʜʝʣʠʨʘˁʝ ʛʫʤʝʥʝ ʧʣʦʯʝ ʢʘʦ ʿʝʜʥʝ ʯʝʢʠˁʝ, 

(ʚ) ʄʦʜʝʣʠʨʘˁʝ ʛʫʤʝʥʝ ʧʣʦʯʝ ʢʘʦ ʨʘʩʧʦʨʝʹʝʥʠʭ ʯʝʢʠˁʘ. 

11.  ʉʣʠʢʘ 2.2.11 ʄʦʜʝʣ ʛʫʤʝ. 

12.  
ʉʣʠʢʘ 2.2.12 ʉʪʨʫʢʪʫʨʘ ʧʨʦʿʝʢʪʦʚʘʥʦʛ ʪʨʠʙʦʪʝʩʪʝʨʘ: (ʘ) ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

ʤʠʢʨʦʪʨʠʙʦʪʝʩʪʝʨʘ, (ʙ) ʧʦʚʝ˂ʘˁʝ ʜʝʣʘ C. 

13.  ʉʣʠʢʘ 2.2.13 Kʨʝʪʘˁʝ ʪʝʣʘ ʥʠʟ ʩʪʨʤʫ ʨʘʚʘʥ ï ʘʥʘʣʠʟʘ ʩʠʣʘ [47]. 

14.  
ʉʣʠʢʘ 2.2.14 ʌʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟʠ ʤʦʜʫʣʘ ʥʘʤʝˁʝʥʦʛ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ 

ʦʙʣʘʩʪʠ ʢʠʥʝʤʘʪʩʢʦʛ ʪʨʝˁʘ, ʥʘʜʛʨʘʹʝʥʦʛ ʥʘ ʦʩʥʦʚʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʫʨʝʹʘʿʘ 

[48].] 

15.  
ʉʣʠʢʘ 2.2.15 ʈʝʘʣʠʟʦʚʘʥʠ ʫʨʝʹʘʿ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʿʠ ʩʠʤʫʣʠʨʘ 

ʨʘʜ ʚʠʙʨʘʮʠʦʥʝ ʧʣʘʪʬʦʨʤʝ (ʘ), ʤʝʭʘʥʠʯʢʠ ʤʦʜʝʣ ʨʘʩʧʦʨʝʜʘ ʩʠʣʘ ʥʘ 

ʚʠʙʨʘʮʠʦʥʦʿ ʧʣʘʪʬʦʨʤʠ (ʙ) ʠ ʬʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʥʘ ʩʠʪʫ (ʚ). 

16.  
ʉʣʠʢʘ 2.2.16 ɼʠʿʘʛʨʘʤ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠʟʤʝʹʫ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʠ 

ʩʠʪʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ [1]. 

17.  
ʉʣʠʢʘ 3.1 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʨʘʩʧʦʨʝʜʘ ʘʢʪʠʚʥʠʭ ʠ ʦʪʧʦʨʥʠʭ ʩʠʣʘ ʧʨʠ ʦʙʨʪʘˁʫ 

ʪʝʣʘ ʦʢʦ ʥʝʧʦʤʠʯʥʝ ʦʩʝ. 

18.  
ʉʣʠʢʘ 3.2 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘ ʨʘʩʧʦʨʝʜʘ ʦʪʧʦʨʥʠʭ ʩʠʣʘ ʪʨʝˁʘ ʢʣʠʟʘˁʘ ʠʣʠ ʪʨʝˁʘ 

ʢʦʪʨˀʘˁʘ ʧʨʠ ʦʙʪʘˁʫ ʪʝʣʘ ʦʢʦ ʥʝʧʦʤʠʯʥʝ ʦʩʝ. 

19.  ʉʣʠʢʘ 3.3 ʀʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ (ʦʙʨʪʘˁʘ) ʫʜʘʨʥʦʤ ʠʤʧʫʣʩʥʦʤ ʩʠʣʦʤ. 

20.  
ʉʣʠʢʘ 5.1.1 ʉʢʣʦʧʥʠ ʮʨʪʝʞ ʨʝʘʣʠʟʦʚʘʥʦʛ ʫʨʝʹʘʿʘ ʩʘ ʩʧʝʮʠʬʠʢʘʮʠʿʦʤ 

ʩʧʝʮʠʿʘʣʥʠʭ ʠ ʩʪʘʥʜʘʨʜʥʠʭ ʝʣʝʤʝʥʘʪʘ 

21.  ʉʣʠʢʘ 5.1.2 ʀʟʦʤʝʪʨʠʿʩʢʠ ʧʨʠʢʘʟ CAD ʤʦʜʝʣʘ. 

22.  ʉʣʠʢʘ 5.1.3 CAD ʤʦʜʝʣ ʫʨʝʹʘʿʘ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʨʘʚʥʠ. 

23.  ʉʣʠʢʘ 5.1.4 CAD ʤʦʜʝʣ ʯʝʦʥʦʛ ʧʦʛʣʝʜʘ ʦʜ ʩʪʨʘʥʝ ʝʥʢʦʜʝʨʘ. 

24.  ʉʣʠʢʘ 5.1.5 CAD ʤʦʜʝʣ ʧʦʛʣʝʜʘ ʧʦʣʦʞʘʿʘ ʝʢʩʮʝʥʪʨʠʯʥʝ ʤʘʩʝ. 

25.  ʉʣʠʢʘ 5.1.6 ʌʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʨʝʘʣʠʟʦʚʘʥʦʛ ʫʨʝʹʘʿʘ. 

26.  ʉʣʠʢʝ 5.1.7 ʎʨʪʝʞʠ ʩʧʝʮʠʿʘʣʥʦ ʠʟʨʘʹʝʥʠʭ ʝʣʝʤʝʥʘʪʘ. 

27.  
ʉʣʠʢʘ 5.2.1 ʌʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʬʫʥʢʮʠʦʥʘʣʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʮʝʣʠʥʝ 

ʢʨʝʠʨʘʥʝ ʠʟ ʨʘʟʚʠʿʝʥʦʛ ʧʦʜʩʢʣʦʧʘ ʫʨʝʹʘʿʘ ʠ ʧʦʩʪʦʿʝ˂ʝʛ ʫʨʝʹʘʿʘ. 

28.  
ʉʣʠʢʘ 5.2.2 ʉʢʣʦʧʥʠ ʮʨʪʝʞ ʨʘʟʚʠʿʝʥʦʛ ʫʨʝʹʘʿʘ (ʇʦʜʩʢʣʦʧʘ) ʩʘ ʩʧʝʮʠʬʠʢʘʮʠʿʦʤ 

ʩʚʠʭ ʩʧʝʮʠʿʘʣʥʦ ʨʘʟʚʠʿʝʥʠʭ ʠ ʩʪʘʥʜʘʨʜʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫʨʝʹʘʿʘ. 



 
 

29.  ʉʣʠʢʘ 5.2.3 CAD ʤʦʜʝʣ ʫʨʝʹʘʿʘ. 

30.  ʉʣʠʢʘ 5.2.4 CAD ʤʦʜʝʣ ʫʨʝʹʘʿʘ (ʧʦʛʣʝʜ ʦʜʦʟʛʦ). 

31.  ʉʣʠʢʘ 5.2.5 CAD ʤʦʜʝʣ ʫʨʝʹʘʿʘ (ʧʦʛʣʝʜ ʩʘ ʙʦʯʥʝ ʩʪʨʘʥʝ). 

32.  ʉʣʠʢʘ 6.1.1 ɸʣʛʦʨʠʪʘʤ ʪʦʢʘ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʤʝʨʥʦʤ ʩʠʩʪʝʤʫ ʫʨʝʹʘʿʘ. 

33.  
ʉʣʠʢʘ 6.3.1 ɸʣʛʦʨʠʪʘʤʩʢʠ ʪʦʢ ʚʝʟʘʥ ʟʘ ʢʨʝʠʨʘˁʝ ʠʟʚʝʰʪʘʿʘ ʠ ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ 

ʢʦʿʝ ʧʨʦʛʨʘʤ ʥʫʜʠ. 

34.  ʉʣʠʢʘ 7.1 ʌʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʨʝʘʣʠʟʦʚʘʥʠʭ ʫʨʝʹʘʿʘ. 

35.  
ʉʣʠʢʘ 7.2 ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʬʫʥʢʮʠʿʠ 

ʚʨʝʤʝʥʘ. 

36.  ʉʣʠʢʘ 7.3 ʇʨʦʤʝʥʘ ʫʛʣʘ ʦʙʨʪʘˁʘ (ʘ), ʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ (ʙ), ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ. 

37.  
ʉʣʠʢʘ 7.4 ʇʨʦʤʝʥʘ ʥʠʚʦʘ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʫ ʬʫʥʢʮʠʿʠ 

ʚʨʝʤʝʥʘ. 

38.  
ʉʣʠʢʘ 7.5 ʋʧʦʨʝʜʥʠ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʚʨʝʤʝʥʫ. 

39.  
ʉʣʠʢʘ 7.6 ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ 

ʫ ʚʨʝʤʝʥʫ ʧʨʠ ʝʣʠʤʠʥʠʩʘˁʫ ʜʠʥʘʤʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ ʦʧʪʝʨʝ˂ʝˁʘ (ʝʢʩʮʝʥʪʨʠʯʥʦ 

ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʤʘʩʝ). 

40.  
ʉʣʠʢʘ 7.7 ɼʠʿʘʛʨʘʤ ʧʨʦʤʝʥʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ, (ʙ) ʠ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ (ʘ) 

ʫ ʚʨʝʤʝʥʫ. 

41.  ʉʣʠʢʘ 7.8 ʅʠʚʦʠ ʧʨʦʤʝʥʝ ʙʨʟʠʥʝ ʢʦʪʨˀʘˁʘ ʫ ʟʦʥʠ ʪʨʝˁʘ ʫ ʢʦʪʨˀʘʿʥʦʤ ʣʝʞʘʿʫ. 

42.  
ʉʣʠʢʘ 7.9 ʋʪʠʮʘʿ ʜʠʥʘʤʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠʣʫʩʪʨʦʚʘʥ 

ʜʠʿʘʛʨʘʤʦʤ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ 

ʠʥʪʝʨʚʘʣʫ. 

43.  

ʉʣʠʢʘ 7.10 ɼʠʿʘʛʨʘʤ ʧʨʦʤʝʥʝ ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ, ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ 

ʠ ʢoʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ 

ʪʝʦʨʠʿʩʢʠ ʦʜʨʝʹʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʦʜ ʪʨʝʥʫʪʢʘ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ 

ʧʨʝʩʪʘʥʢʘ ʢʨʝʪʘˁʘ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʿʝʜʥʦʛ ʦʜ ʠʟʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫ ʧʨʚʦʿ 

ʩʝʨʠʿʠ (ʘ), ʫʛʘʦʥʦ ʫʙʨʟʘˁʘ, ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʠ ʧʨʠʨʘʰʪʘʿ ʫʛʣʘ ʠ ʫʛʘʦʥʝ 

ʙʨʟʠʥʝ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʩʘ ʚʝ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʝʥʝʨʛʠʿʝ ʠʤʧʫʣʩʘ ʫʜʘʨʘ 

(ʙ). 

44.  
ʉʣʠʢʘ 7.11(ʘ-ʙ) ɼʠʿʘʛʨʘʤ ʙʠʣʘʥʩʘ ʝʥʝʨʛʠʿʘ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʨʘʟʣʠʯʠʪʠʤ 
ʝʥʝʨʛʠʿʘʤʘ ʠʤʧʫʣʩʥʝ ʩʠʣʝ ʫʜʘʨʘ (ʘ - ʄʘʣʘ ʝʥʝʨʛʠʿʘ; ʙ - ɿʥʘʯʘʿʥʦ ʚʝ˂ʘ ʝʥʝʨʛʠʿʘ). 

45.  
ʉʣʠʢʘ 7.12(ʘ-ʹ) ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ 

ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʤʘˁʦʤ ʝʥʝʨʛʠʿʦʤ. 

46.  
ʉʣʠʢʘ 7.13(ʘ-ʹ) ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ 
ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʩʨʝʜˁʦʤ ʝʥʝʨʛʠʿʦʤ. 

47.  
ʉʣʠʢʘ 7.14(ʘ-ʹ) ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ 
ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʚʝ˂ʦʤ ʝʥʝʨʛʠʿʦʤ. 

48.  
ʉʣʠʢʘ 7.15(ʘ-ʹ) ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ 

ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʤʘˁʦʤ ʝʥʝʨʛʠʿʦʤ ʫʜʘʨʘ (ʉʝʥʟʦʨ 2). 

49.  
ʉʣʠʢʘ 7.16(ʘ-ʹ) ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ 
ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʚʝ˂ʦʤ" ʝʥʝʨʛʠʿʦʤ ʫʜʘʨʘ (ʩʝʥʟʦʨ 10). 

50.  

ʉʣʠʢʘ 8.1 ɼʠʿʘʛʨʘʤ ʧʨʦʤʝʥʝ, ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ, ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ 

ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ 

ʪʝʦʨʠʿʩʢʠ ʦʜʨʝʹʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʦʜ ʪʨʝʥʫʪʢʘ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ 

ʧʨʝʩʪʘʥʢʘ ʢʨʝʪʘˁʘ. 

51.  

ʉʣʠʢʘ 9.1 ɼʠʿʘʛʨʘʤ  ʧʨʦʤʝʥʝ, ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ, ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ 

ʠ ʢʝʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ (ʘ) ʠ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ 

ʪʝʦʨʠʿʩʢʠ ʦʜʨʝʹʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʦʜ ʪʨʝʥʫʪʢʘ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ 

ʧʨʝʩʪʘʥʢʘ ʢʨʝʪʘˁʘ (ʙ). 

  



 
 

ʉʧʠʩʘʢ ʪʘʙʝʣʘ 

ʈʝʜʥʠ ʙʨʦʿ ʆʟʥʘʢʘ ʠ ʥʘʟʠʚ 

1.  
ʊʘʙʝʣʘ 2.2.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠ ʧʦʜʘʮʠ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʧʨʦʨʘʯʫʥ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʠ ʩʠʪʘ [1]. 

2.  
ʊʘʙʝʣʘ 5.1.1 ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʩʧʝʮʠʿʘʣʥʠʭ, ʩʪʘʥʜʘʨʜʥʠʭ, ʤʝʨʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʣʠʟʦʚʘʥʦʛ ʫʨʝʹʘʿʘ ʩʘ ʢʦʿʠʤ ʩʝ ʚʨʰʠ ʨʫʯʥʦ ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ. 

3.  

ʊʘʙʝʣʘ 5.2.1 ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʩʧʝʮʠʿʘʣʥʠʭ, ʩʪʘʥʜʘʨʥʠʭ, ʤʝʨʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʣʠʟʦʚʘʥʦʛ ʫʨʝʹʘʿʘ ʩʘ ʢʦʿʠʤ ʩʝ ʚʨʰʠ ʨʫʯʥʦ ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ 

ʠʤʧʫʣʩʥʦʤ ʩʠʣʦʤ ʫʜʘʨʘ. 

4.  
ʊʘʙʝʣʘ 7.1 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʤʘˁʦʤ" 

ʝʥʝʨʛʠʿʦʤ. 

5.  
ʊʘʙʝʣʘ 7.2 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʩʨʝʜˁʦʤ" 

ʝʥʝʨʛʠʿʦʤ. 

6.  
ʊʘʙʝʣʘ 7.3 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʚʝ˂ʦʤ" 

ʝʥʝʨʛʠʿʦʤ. 

7.  
ʊʘʙʝʣʘ 7.4 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʤʘˁʦʤ" ʝʥʝʨʛʠʿʦʤ ʧʨʝʢʦ 

ʠʤʧʫʣʩʥʝ ʩʠʣʝ ʫʜʘʨʘ (ʩʝʥʟʦʨ 2). 

8.  
ʊʘʙʝʣʘ 7.5 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ  ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʚʝ˂ʦʤ" ʝʥʝʨʛʠʿʦʤ ʧʨʝʢʦ 

ʠʤʧʫʣʩʥʝ ʩʠʣʝ ʫʜʘʨʘ (ʩʝʥʟʦʨ 10). 

9.  

ʊʘʙʝʣʘ 8.1 ʂʦʥʩʪʘʥʪʝ (Ci) ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ (Ri) ʜʦʙʠʿʝʥʠ 

ʩʪʘʪʠʩʪʠʯʢʦʤ ʦʙʨʘʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ 

ʢʨʝʪʘˁʘ. 

10.  
ʊʘʙʝʣʘ 8.2 ʂʦʥʩʪʘʥʪʝ (Ci) ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ (Ri) ʜʦʙʠʿʝʥʠ 

ʩʪʘʪʠʩʪʠʯʢʦʤ ʦʙʨʘʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ 

ʚʝ˂ʦʤ ʝʥʝʨʛʠʿʦʤ ʫʜʘʨʘ (ʩʝʥʟʦʨ 10). 
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1. ʋɺʆɼʅɸ ʈɸɿʄɸʊʈɸɳɸ 

ʀʩʪʨʘʞʠʚʘˁʘ ʥʘ ʪʝʤʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʠʧʘʜʘʿʫ ʪʨʠʙʦʣʦʛʠʿʠ ʢʘʦ 

ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʦʿ ʥʘʫʮʠ ʠ ʪʝʭʥʦʣʦʛʠʿʠ, ʧʦʩʚʝ˂ʝʥʦʿ ʠʥʪʝʨʘʢʮʠʿʠ ʢʦʥʪʘʢʪʥʠʭ 

ʧʦʚʨʰʠʥʘ ʧʨʠ ʨʝʣʘʪʠʚʥʦʤ ʢʨʝʪʘˁʫ ʠ ʧʦʩʣʝʜʠʮʘʤʘ, ʢʦʿʝ ʩʝ ʤʦʛʫ ʨʘʟʤʘʪʨʘʪʠ ʦʜ ʥʘʥʦ ʠ 

ʤʠʢʨʦ ʥʠʚʦʘ, ʧʘ ʩʚʝ ʜʦ ʥʠʚʦʘ ʥʘʮʠʦʥʘʣʥʠʭ ʝʢʦʥʦʤʠʿʘ. ʇʨʝʜʤʝʪ ʨʘʜʘ ʦʜʥʦʩʠ ʩʝ ʥʘ 

ʨʘʟʚʦʿ, ʥʦʚʝ ʤʝʪʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʈʘʟʚʦʿ ʤʝʪʦʜʝ 

ʧʦʜʨʘʟʫʤʝʚʘ ʨʘʟʚʦʿ ʪʝʦʨʠʿʩʢʝ ʙʘʟʝ ʤʝʪʦʜʝ, ʨʘʟʚʦʿ ʧʨʦʪʦʪʠʧʘ ʫʨʝʹʘʿʘ, ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʘ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ ʤʝʪʦʜʝ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʢʘʟʫʿʫ ʥʘ ʧʨʝʜʥʦʩʪʠ ʠ 

ʦʙʣʘʩʪʠ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ, ʫ ʩʚʝʪʫ ʨʘʟʚʠʿʝʥʝ 

ʤʝʪʦʜʝ, ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʄʝʪʦʜʘ ʩʝ ʨʘʟʤʘʪʨʘ ʫ ʫʩʣʦʚʠʤʘ 

ʜʠʥʘʤʠʯʢʠ ʦʧʪʝʨʝ˂ʝʥʠʭ ʢʦʥʪʘʢʘʪʘ, ʢʦʿʠ ʩʧʘʜʘʿʫ ʫ ʥʘʿʢʦʤʧʣʝʢʩʥʠʿʝ ʚʠʜʦʚʝ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʩʘ ʘʩʧʝʢʪʘ ʜʠʿʘʛʥʦʩʪʠʢʝ ʨʝʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʪʨʠʙʦʤʝʪʨʠʿʩʢʠʭ ʚʝʣʠʯʠʥʘ. ʄʝʪʦʜʘ ʩʝ 

ʟʘʩʥʠʚʘ  ʥʘ ʦʜʨʝʹʠʚʘˁʫ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʝʢʦ ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ 

ʢʨʝʪʘˁʘ ʧʨʠ ʦʙʨʪʘˁʫ, ʧʨʠ ʯʝʤʫ ʘʢʪʠʚʥʘ ʩʠʣʘ ʥʘ ʦʙʨʪʥʦ ʪʝʣʦ ʜʝʣʫʿʝ ʩʘʤʦ ʫ ʪʨʝʥʫʪʢʫ 

ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ, ʜʦʢ ʩʪʘʪʠʯʢʫ ʠ ʜʠʥʘʤʠʯʢʫ ʢʦʤʧʦʥʝʥʪʫ ʞʝˀʝʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʥʪʘʢʪʘ,  ʦʙʝʟʙʝʹʫʿʫ ʤʘʩʝ ʪʝʣʘ, ʢʦʥʮʝʥʪʨʠʯʥʦ ʠ ʝʢʩʮʝʥʪʨʠʯʥʦ ʨʘʩʧʦʨʝʹʝʥʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʩʫ ʦʙʨʪʘˁʘ. ʂʘʜʘ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ ʦʜʨʝʜʠ ʟʘʚʠʩʥʦʩʪ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ 

ʪʝʣʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʦʥʜʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʤʦʛʫ˂ʝ 

ʦʜʨʝʜʠʪʠ ʪʨʝʥʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʯʠʪʘʚʦʤ ʧʝʨʠʦʜʫ ʦʜ ʠʥʠʮʠʨʘˁʘ 

ʢʨʝʪʘˁʘ ʜʦ ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʘˁʘ ʪʝʣʘ. ʇʦʨʝʜ ʪʦʛʘ, ʦʚʦʤ ʤʝʪʦʜʦʤ ʿʝ, ʥʘ ʦʩʥʦʚʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʝ ʟʘʚʠʩʥʦʩʪʠ ʫʛʣʘ ʦʙʨʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʤʦʛʫ˂ʝ 

ʦʜʨʝʜʠʪʠ ʠ ʪʨʝʥʫʪʥʝ ʚʝʣʠʯʠʥʝ ʫʛʘʦʥʠʭ ʙʨʟʠʥʘ ʠ ʫʛʘʦʥʠʭ ʫʙʨʟʘˁʘ, ʪʿ. ʫʛʘʦʥʠʭ 

ʫʩʧʦʨʝˁʘ, ʥʘʩʪʘʣʠʭ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʜʝʣʦʚʘˁʘ ʦʪʧʦʨʥʝ ʩʠʣʝ ʪʨʝˁʘ ʫ ʯʠʪʘʚʦʤ ʧʝʨʠʦʜʫ 

ʦʙʨʪʘˁʘ ʪʝʣʘ. ʊʘʢʦʹʝ, ʤʦʛʫ˂ʝ ʿʝ ʠ ʫʩʧʦʩʪʘʚʠʪʠ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʢʠʥʝʤʘʪʩʢʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʙʨʟʠʥʘ ʠ ʫʙʨʟʘˁʘ ʫ ʟʦʥʠ ʩʘʤʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʘʪʠʪʠ ˁʠʭʦʚʝ 

ʧʨʦʤʝʥʝ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʟʥʘʪʥʦ ʢʦʤʧʣʝʢʩʥʠʿʫ ʘʥʘʣʠʟʫ, ʘ ʰʪʦ ʥʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʦʩʪʦʿʝ˂ʝ 

ʤʝʪʦʜʝ.  

1.1 ʆʉʅʆɺʅɽ ʍʀʇʆʊɽɿɽ ʆɼ ʂʆɱʀʍ ʉɽ ʇʆʃɸɿʀ  

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʩʣʝʜʝ˂ʦʿ ʧʦʣʘʟʥʦʿ ʭʠʧʦʪʝʟʠ: 

ʂʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ, ʛʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʫ ʩʚʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʥʪʘʢʪʘ, ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʜʨʫʛʘʯʠʿʠʤ ʤʝʪʦʜʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ 

ʟʘʩʥʠʚʘʿʫ ʥʘ ʤʝʨʝˁʫ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ ʤʝʨʝˁʫ ʩʠʣʝ ʪʨʝˁʘ.  

ʆʚʘ ʭʠʧʦʪʝʟʘ ʦʙʨʘʟʣʘʞʝ ʩʝ ʩʣʝʜʝ˂ʠʤ ʯʠˁʝʥʠʮʘʤʘ: 

¶ ʇʨʚʘ ʧʫʙʣʠʢʦʚʘʥʘ ʪʝʦʨʠʿʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʚʝʟʠ ʩʘ ʦʜʨʝʹʠʚʘˁʝʤ ʢʠʥʝʤʘʪʩʢʦʛ 
ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʝʢʦ ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʪʝʣʘ ʥʠʟ ʩʪʨʤʫ ʨʘʚʘʥ 

ʦʙʿʘʚʠʦ ʿʝ ʆʿʣʝʨ 1748. ʛʦʜʠʥʝ. ʉʣʦʙʦʜʥʦ ʩʝ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʦʚʘ ʤʝʪʦʜʘ, ʥʘʞʘʣʦʩʪ, 

ʥʠ ʧʦʩʣʝ 273 ʛʦʜʠʥʝ ʫ ʩʬʝʨʠ ʥʘʫʢʝ, ʘ ʧʦʩʝʙʥʦ ʫ ʩʬʝʨʠ ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʦʿʝʢʪʦʚʘˁʘ 

ʩʘʚʨʝʤʝʥʝ ʪʨʠʙʦ-ʜʠʿʘʛʥʦʩʪʠʯʢʝ ʦʧʨʝʤʝ, ʥʠʿʝ ʜʦʞʠʚʝʣʘ ʰʠʨʫ ʝʢʩʧʘʥʟʠʿʫ. ʋ 

ʩʬʝʨʠ ʥʘʫʢʝ, ʤʘˁʠ ʙʨʦʿ ʧʫʙʣʠʢʦʚʘʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (ʧʨʝʪʝʞʥʦ ʫ ʯʘʩʦʧʠʩʠʤʘ 

ʢʦʿʠ ʧʦʢʨʠʚʘʿʫ ʦʙʣʘʩʪ ʝʜʫʢʘʮʠʿʝ ʠʟ ʦʙʣʘʩʪʠ ʬʠʟʠʢʝ) ʙʘʟʠʨʘ ʩʝ ʥʘ ʆʿʣʝʨʦʚʠʤ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠʣʠ ʿʝ ʪʘʥʛʝʥʪʘʥ ʩʘ ˁʠʤʘ. ɱʝʜʘʥ ʦʜ ʨʝʪʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʩʝ ʙʘʟʠʨʘ, 

ʥʝ ʥʘ ʩʪʨʤʦʿ ʨʘʚʥʠ, ʚʝ˂ ʥʘ ʆʿʣʝʨʦʚʦʿ ʠʜʝʿʠ ʜʘ ʩʝ ʧʨʝʢʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ 

ʢʨʝʪʘˁʘ ʦʜʨʝʜʠ ʢʠʥʝʤʘʪʩʢʠ  ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʦʙʿʘʚˀʝʥ ʿʝ ʫ ʪʝʤʘʪʩʢʦʤ 

ʯʘʩʦʧʠʩʫ ʠʟ ʦʙʣʘʩʪʠ ʪʨʠʙʦʣʦʛʠʿʝ Journal of Friction and Wear [1]. 
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¶ ʄʝʪʦʜʘ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʥʘ ʙʘʟʠ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ 
ʿʝʜʥʘʯʠʥʘ ʢʨʝʪʘˁʘ ʿʝ ʫ ʩʫʰʪʠʥʠ ʚʝʟʘʥʘ ʟʘ ʤʝʨʝˁʝ ʪʨʠ ʦʩʥʦʚʥʝ ʿʝʜʠʥʠʮʝ SI 

ʩʠʩʪʝʤʘ ʤʝʨʘ (ʤʘʩʝ, ʚʨʝʤʝʥʘ ʠ ʜʫʞʠʥʝ), ʰʪʦ ʫ ʪʝʦʨʠʿʩʢʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ 

ʪʝʭʥʦʣʦʰʢʦʤ ʩʤʠʩʣʫ ʧʨʝʜʩʪʘʚˀʘ ʚʝʦʤʘ ʟʥʘʯʘʿʥʫ ʧʨʝʜʥʦʩʪ. 

¶ ʋ ʦʢʚʠʨʫ ʮʝʥʪʨʘ ʟʘ ʨʝʚʠʪʘʣʠʟʘʮʠʿʫ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʩʠʩʪʝʤʘ ʌʘʢʫʣʪʝʪʘ 

ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ ʂʨʘʛʫʿʝʚʮʫ ʨʝʘʣʠʟʦʚʘʥ ʿʝ ʚʝ˂ʠ ʙʨʦʿ ʪʨʠʙʦʤʝʪʘʨʘ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʙʘʟʠʨʘʥʠʭ ʥʘ ʨʘʟʤʘʪʨʘʥʦʿ ʤʝʪʦʜʠ, 

ʠ ʧʫʙʣʠʢʦʚʘʥʦ ʩʝʜʘʤ ʨʘʜʦʚʘ ʫ ʯʘʩʦʧʠʩʠʤʘ ʩʘ SCI ʣʠʩʪʝ. 

¶ ʈʝʟʫʣʪʘʪʠ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʠʭ ʟʘ ʨʘʟʚʦʿ ʤʝʪʦʜʝ 

ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʫʩʣʦʚʠʤʘ ʜʠʥʘʤʠʯʢʠʭ 

ʦʧʪʝʨʝ˂ʝˁʘ ʠʟʣʦʞʝʥʠ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʩʧʫʥʠʣʠ ʦʯʝʢʠʚʘˁʘ. 

ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʢʦʪʨˀʘˁʘ ʠʣʠ ʢʣʠʟʘˁʘ ʚʝʦʤʘ ʩʫ ʙʣʠʩʢʝ 

ʚʨʝʜʥʦʩʪʠʤʘ ʠ ʜʠʥʘʤʠʮʠ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʪʨʝˁʘ ʫ ʚʨʝʤʝʥʫ, ʢʦʿʠ ʩʝ 

ʜʦʙʠʿʘʿʫ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʠʜʝʥʪʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʥʘ 

ʫʨʝʹʘʿʠʤʘ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ ʧʨʠʥʮʠʧʫ ʤʝʨʝˁʘ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ 

ʩʠʣʝ ʪʨʝˁʘ. 
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2. ʊʈʀɹʆʃʆɻʀɱɸ ʂɸʆ ʅɸʋʂɸ ʀ ʊɽʍʅʆʃʆɻʀɱɸ 

Tʨʠʙʦʣʦʛʠʿʘ ʢʘʦ ʥʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʿʘ ʜʦʞʠʚˀʘʚʘ ʫ ʦʙʣʘʩʪʠ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʢʝ ʠ ʨʘʟʚʦʿʘ 

ʩʘʚʨʝʤʝʥʠʭ ʤʝʨʥʠʭ ʩʠʩʪʝʤʘ ʫ ʩʘʜʘʰˁʝ ʚʨʝʤʝ ʧʫʥʫ ʝʢʩʧʘʥʟʠʿʫ. ʈʘʟʣʦʟʠ ʩʫ ʧʨʚʝʥʩʪʚʝʥʦ 

ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʩʫ ʟʘ ʘʥʘʣʠʟʫ ʠ ʢʚʘʥʪʠʬʠʢʦʚʘˁʝ ʩʣʦʞʝʥʠʭ ʪʨʠʙʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ 

ʥʝʦʧʭʦʜʥʠ ʧʦʫʟʜʘʥʠ ʤʝʨʥʠ ʫʨʝʹʘʿʠ ʠ ʤʘʰʠʥʝ. ʊʨʠʙʦʣʦʛʠʿʘ ʿʝ ʟʙʦʛ ʩʣʦʞʝʥʦʩʪʠ ʧʨʦʮʝʩʘ 

ʢʦʿʠ ʩʝ ʦʜʚʠʿʘʿʫ ʫ ʟʦʥʘʤʘ ʢʦʥʪʘʢʘʪʘ, ʚʝʣʠʢʠʤ ʜʝʣʦʤ ʟʘʩʥʦʚʘʥʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ 

ʤʝʪʦʜʘʤʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʉʘʚʨʝʤʝʥʝ ʤʝʪʦʜʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʦʨʝʜ 

ʟʘʭʪʝʚʘ ʧʦʫʟʜʘʥʦʩʪʠ ʤʝʨʥʠʭ ʩʠʩʪʝʤʘ, ʧʦʩʪʘʚˀʘʿʫ ʠ ʥʠʟ ʜʨʫʛʠʭ ʩʣʦʞʝʥʠʭ ʟʘʭʪʝʚʘ ʠ 

ʦʛʨʘʥʠʯʝˁʘ. ʉʚʝ ʪʦ ʥʘʤʝ˂ʝ ʩʪʘʣʥʫ ʧʦʪʨʝʙʫ ʟʘ ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ ʠ ʫʩʘʚʨʰʘʚʘˁʝ ʧʦʩʪʦʿʝ˂ʠʭ 

ʤʝʨʥʠʭ ʫʨʝʹʘʿʘ ʠ ʤʘʰʠʥʘ, ʥʝ ʩʘʤʦ ʫ ʫʞʦʿ ʦʙʣʘʩʪʠ ʤʝʨʥʦʛ ʩʠʩʪʝʤʘ ʠ ʧʨʘʪʝ˂ʝʛ ʩʦʬʪʚʝʨʘ, 

ʚʝ˂ ʠ ʫ ʦʙʣʘʩʪʠ ʩʘʤʠʭ ʧʨʠʥʮʠʧʘ ʦʜʥʦʩʥʦ ʬʠʟʠʢʝ ʧʨʦʮʝʩʘ. Tʨʠʙʦʣʦʰʢʘ ʠʩʪʨʘʞʠʚʘˁʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʪʠʧʘ ʫ ʩʘʜʘʰˁʝ ʚʨʝʤʝ ʥʠʩʫ ʩʘʤʦ ʧʦʪʨʝʙʘ ʠʩʪʨʘʞʠʚʘʯʢʠʭ 

ʠʥʩʪʠʪʫʮʠʿʘ ʚʝ˂ ʠ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʨʦʠʟʚʦʜʥʠʭ ʧʨʝʜʫʟʝ˂ʘ ʢʦʿʘ ʫʚʠʹʘʿʫ ʜʘ ʠʤ ʿʝ ʟʘ 

ʦʧʩʪʘʥʘʢ ʥʘ ʪʨʞʠʰʪʫ ʪʦ ʥʝʦʧʭʦʜʥʦ. ɺʝʣʠʢʠ ʙʨʦʿ ʧʨʝʜʫʟʝ˂ʘ, ʧʘ ʯʘʢ ʠ ʥʘʮʠʦʥʘʣʥʠʭ 

ʠʩʪʨʘʞʠʚʘʯʢʠʭ ʠ ʦʙʨʘʟʦʚʥʠʭ ʠʥʩʪʠʪʫʮʠʿʘ, ʥʝ ʧʦʩʝʜʫʿʝ ʩʘʚʨʝʤʝʥʝ ʤʝʨʥʝ ʫʨʝʹʘʿʝ 

ʥʝʦʧʭʦʜʥʝ ʟʘ ʪʨʠʙʦʣʦʰʢʘ ʠʩʧʠʪʠʚʘˁʘ (ʢʚʘʥʪʠʬʠʢʦʚʘˁʝ ʦʩʥʦʚʥʠʭ ʪʨʠʙʦʣʦʰʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʣʠ ʢʦʤʧʣʝʢʩʥʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ). ʄʘʰʠʥʩʢʠ ʬʘʢʫʣʪʝʪ ʫ ʂʨʘʛʫʿʝʚʮʫ ʿʝ 

ʚʝ˂ ʜʫʛʠ ʥʠʟ ʛʦʜʠʥʘ ʿʝʟʛʨʦ ʪʨʠʙʦʣʦʰʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʥʝ ʩʘʤʦ ʥʘ ʥʠʚʦʫ ʉʨʙʠʿʝ, ʚʝ˂ ʠ 

ʥʘ ʥʠʚʦʫ ʨʝʛʠʦʥʘ, ʧʘ ʠ ʤʥʦʛʦ ʰʠʨʝ. ɺʝʣʠʢʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘʯʘ, ʚʝʣʠʢʠ ʙʨʦʿ ʦʙʿʘʚˀʝʥʠʭ 

ʨʘʜʦʚʘ ʫ ʩʚʝʪʩʢʠʤ ʯʘʩʦʧʠʩʠʤʘ ʠ ʥʘ ʠʥʦʩʪʨʘʥʠʤ ʠ ʜʦʤʘ˂ʠʤ ʢʦʥʬʝʨʝʥʮʠʿʘʤʘ ʠ ʚʝʣʠʢʠ 

ʙʨʦʿ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʠʭ ʨʝʰʝˁʘ ʪʨʠʙʦʤʝʪʘʨʘ ʧʣʘʩʠʨʘʥʠʭ ʥʘ ʜʦʤʘ˂ʝʤ ʠ ʠʥʦʩʪʨʘʥʦʤ 

ʪʨʞʠʰʪʫ ʧʨʝʜʩʪʘʚˀʘ ʙʠʪʘʥ ʧʨʝʜʫʩʣʦʚ ʟʘ ʫʩʧʝʰʥʫ ʨʝʘʣʠʟʘʮʠʿʫ ʧʨʝʜʩʪʦʿʝ˂ʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ. 

2.1 ʊɽʂʋɴɽ ʉʊɸɳɽ ʀʉʊʈɸɾʀɺɸɳɸ ʋ ʆɹʃɸʉʊʀ ʊʈʀɹʆʄɽʊʈʀɱɽ 

ʈʘʟʚʦʿ ʥʘʧʨʝʜʥʝ ʦʧʨʝʤʝ ʟʘ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʢʫ ʜʘʥʘʩ ʫ ʩʚʝʪʫ ʧʦʩʪʘʿʝ ʠ ʪʨʝʥʜ ʠ ʠʟʘʟʦʚ 

ʤʥʦʛʠʭ ʠʩʪʨʘʞʠʚʘʯʘ ʠ ʠʥʞʝˁʝʨʘ. ʈʘʟʚʦʿ ʩʘʚʨʝʤʝʥʝ ʤʝʨʥʝ ʦʧʨʝʤʝ ʟʘ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʢʫ, 

ʧʘ ʠ ʤʝʨʥʝ ʦʧʨʝʤʝ ʫʦʧʰʪʝ, ʧʦ ʩʚʦʿʦʿ ʧʨʠʨʦʜʠ ʿʝ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʥʘ ʠ 

ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʘ ʦʙʣʘʩʪ ʠʩʪʨʘʞʠʚʘˁʘ. ʋ ʧʨʠʥʮʠʧʫ, ʥʘʧʨʝʜʥʫ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʫ 

ʦʧʨʝʤʫ ʨʝʘʣʠʟʫʿʫ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʠʥʩʪʠʪʫʮʠʿʝ ʠ ʧʨʦʠʟʚʦʹʘʯʠ ʠʟʘ ʢʦʿʠʭ ʩʪʦʿʝ ʛʦʜʠʥʝ 

ʪʝʦʨʠʿʩʢʦʛ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʨʘʜʘ, ʥʝ ʩʘʤʦ ʫ ʦʙʣʘʩʪʠ ʪʨʠʙʦʣʦʛʠʿʝ, ʚʝ˂ ʠ ʫ ʤʥʦʛʠʤ 

ʦʙʣʘʩʪʠʤʘ ʪʘʥʛʝʥʪʥʠʤ ʩʘ ʧʨʦʙʣʝʤʘʪʠʢʦʤ ʩʘʚʨʝʤʝʥʠʭ ʤʝʨʥʠʭ ʩʠʩʪʝʤʘ.  

ʇʨʦʙʣʝʤʘʪʠʢʦʤ ʨʘʟʚʦʿʘ ʪʨʠʙʦʤʝʪʘʨʘ ʠ ʦʩʪʘʣʝ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʝ ʦʧʨʝʤʝ ʜʘʥʘʩ ʫ 

ʩʚʝʪʫ, ʙʘʚʝ ʩʝ ʠʩʪʨʘʞʠʚʘʯʢʠ ʪʠʤʦʚʠ ʢʦʿʠ ʧʦʩʝʜʫʿʫ: 

1. ʚʠʩʦʢ ʥʠʚʦ ʪʝʦʨʠʿʩʢʠʭ ʟʥʘˁʘ ʠʟ ʤʥʦʛʠʭ ʦʙʣʘʩʪʠ ʪʨʠʙʦʣʦʛʠʿʝ,  

2. ʚʠʩʦʢ ʥʠʚʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʟʥʘˁʘ ʠ ʠʩʢʫʩʪʚʘ ʠʟ ʦʙʣʘʩʪʠ ʪʨʠʙʦʤʝʪʨʠʿʝ ʠ 
ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʢʝ, 

3. ʚʠʩʦʢ ʥʠʚʦ ʟʥʘˁʘ ʠʟ ʙʘʟʠʯʥʠʭ ʥʘʫʢʘ ʢʘʦ ʰʪʦ ʩʫ: ʜʠʥʘʤʠʢʘ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ, 
ʪʝʨʤʦʜʠʥʘʤʢʘ, ʝʣʝʢʪʨʦʥʠʢʘ, ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʠ ʩʘʚʨʝʤʝʥʠ ʤʘʪʝʨʠʿʘʣʠ ʠ ʜʨʫʛʝ 

ʥʘʫʢʝ, 

4. ʚʠʩʦʢ ʥʠʚʦ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦʛ ʟʥʘˁʘ ʠ ʠʩʢʫʩʪʚʘ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʿʝʢʪʦʚʘˁʘ 
ʩʣʦʞʝʥʠʭ ʤʝʨʥʠʭ ʩʠʩʪʝʤʘ, 

5. ʚʠʩʦʢ ʥʠʚʦ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦʛ ʟʥʘˁʘ ʠʟ ʦʙʣʘʩʪʠ  ʩʘʚʨʝʤʝʥʠʭ ʜʘʚʘʯʘ ʟʘ ʤʝʨʝˁʝ 
ʩʠʣʘ, ʧʦʤʝʨʘˁʘ  ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʢʠʭ ʚʝʣʠʯʠʥʘ, 

6. ʚʠʩʦʢ ʥʠʚʦ ʟʥʘˁʘ ʠʟ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʠʨʘˁʘ ʠ ʨʘʟʚʦʿʘ ʩʘʚʨʝʤʝʥʠʭ ʩʦʬʪʚʝʨʩʢʠʭ 

ʧʘʢʝʪʘ, 

7. ʥʝʦʧʭʦʜʥʠ ʩʦʬʪʚʝʨ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʫ ʦʧʨʝʤʫ, 
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8. ʚʝʣʠʢʠ ʙʨʦʿ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʪʨʝʥʜʦʚʠʤʘ ʠ ʜʦʩʪʠʛʥʫ˂ʠʤʘ ʫ ʦʙʣʘʩʪʠ ʨʘʟʚʦʿʘ 
ʩʘʚʨʝʤʝʥʝ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʝ ʦʧʨʝʤʝ, 

9. ʢʨʝʘʪʠʚʥʠ ʜʫʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʿʝ ʤʦʛʫ ʫʿʝʜʠʥʠʪʠ ʝʥʝʨʛʠʿʫ ʚʝ˂ʝʛ 
ʙʨʦʿʘ ʢʦʤʧʝʪʝʥʪʥʠʭ ʠʩʪʨʘʞʠʚʘʯʘ ʠ ʠʩʪʫ ʫʩʤʝʨʠʪʠ ʧʨʝʤʘ ʞʝˀʝʥʦʤ ʮʠˀʫ. 

ʀʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʦʙʣʘʩʪʠ ʨʘʟʚʦʿʘ ʩʘʚʨʝʤʝʥʝ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʝ ʦʧʨʝʤʝ ʙʘʚʝ ʩʝ ʤʥʦʛʠ 

ʩʚʝʪʩʢʠ ʠʥʩʪʠʪʫʪʠ ʠ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠ ʧʨʦʠʟʚʦʹʘʯʠ. ʋ ʥʘʿʢʨʘ˂ʠʤ ʮʨʪʘʤʘ,  ʠʩʪʨʘʞʠʚʘˁʘ 

ʩʫ ʫʩʤʝʨʝʥʘ ʥʘ: 

1. ʨʘʟʚʦʿ ʥʦʚʠʭ ʨʝʰʝˁʘ ʠ 

2. ʫʩʘʚʨʰʘʚʘˁʝ ʠ ʩʪʘʥʜʘʨʜʠʟʘʮʠʿʫ ʧʦʩʪʦʿʝ˂ʠʭ ʨʝʰʝˁʘ. 

ɺʝʣʠʢʠ ʙʨʦʿ ʧʦʩʪʦʿʝ˂ʠʭ ʩʚʝʪʩʢʠʭ ʨʝʰʝˁʘ ʪʨʠʙʦʤʝʪʘʨʘ ʿʝ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥ (ASTM ʠ ISO 

ʩʪʘʥʜʘʨʜʠ) ʧʨʝʤʘ ʫʩʣʦʚʠʤʘ ʦʩʪʚʘʨʠʚʘˁʘ ʢʦʥʪʘʢʘʪʘ, ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʪʨʠʙʦʤʝʪʨʠ: TE 53 

MULTI -PURPOSE FRICTION AND WEAR TESTER, TE 54 MINI TRACTION 

MACHINE, TE 55 LUBRICITY TEST MACHINE, TE 56 MULTI-STATION BLOCK ON 

RING MACHINE,  TE 57 PRESSURIZED LUBRICITY TESTER, ʠ ʤʥʦʛʠ ʜʨʫʛʠ 

ʪʨʠʙʦʤʝʪʨʠ. ʆʚʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʪʨʠʙʦʤʝʪʘʨʘ ʩʝ ʠ ʜʘʥʘʩ ʫʩʘʚʨʰʘʚʘʿʫ ʥʘʿʚʠʰʝ ʫ ʧʦʛʣʝʜʫ 

ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʰʝˁʘ ʠ ʧʦʙʦˀʰʘˁʘ ʪʝʭʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʧʦʚʝ˂ʘˁʝ ʥʠʚʦʘ 

ʦʧʪʝʨʝ˂ʝˁʘ, ʧʦʚʝ˂ʘˁʝ ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʠ ʢʦʪʨˀʘˁʘ, ʧʦʚʝ˂ʘˁʝ ʨʘʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʘʢʫʫʤʩʢʠʭ ʢʦʤʦʨʘ ʠ ʜʨ.). ʋ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ ʠʟ ʚʝ˂ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʠʭ ʨʝʰʝˁʘ 

ʪʨʠʙʦʤʝʪʘʨʘ ʥʘʩʪʘʿʫ ʪʨʠʙʦʤʝʪʨʠ ʚʠʩʦʢʦ ʧʦʙʦˀʰʘʥʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʢʦʿʠ ʩʫ ʥʘʤʝˁʝʥʠ 

ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʟʥʘʪʥʦ ʰʠʨʝʤ ʦʧʩʝʛʫ ʦʧʪʝʨʝ˂ʝˁʘ, ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʠ ʢʦʪʨˀʘˁʘ, 

ʨʘʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʫʩʣʦʚʘ ʧʦʜʤʘʟʠʚʘˁʘ, ʧʨʠʩʫʩʪʚʘ ʘʙʨʘʟʠʚʘ ʠ ʩʣ. ʇʨʠʩʫʪʘʥ ʿʝ ʠ 

ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʨʝʰʝˁʘ ʪʨʠʙʦʤʝʪʘʨʘ ʢʦʿʠ ʧʦʢʨʠʚʘʿʫ ʚʠʰʝ ʪʠʧʦʚʘ ʢʦʥʪʘʢʘʪʘ. ʊʘ ʨʝʰʝˁʘ 

ʩʫ ʫʥʠʚʝʨʟʘʣʥʠʿʝʛ ʢʘʨʘʢʪʝʨʘ ʠ ʧʨʦʿʝʢʪʦʚʘʥʘ ʩʫ ʚʨʣʦ ʯʝʩʪʦ ʧʦ ʩʠʩʪʝʤʫ ʤʦʜʫʣʘʨʥʦʛ 

ʧʨʦʿʝʢʪʦʚʘˁʘ. ʇʦʩʪʦʿʠ, ʪʘʢʦʹʝ, ʚʝʣʠʢʠ ʙʨʦʿ ʩʧʝʮʠʿʘʣʥʠʭ ʨʝʰʝˁʘ (ʢʦʥʩʪʨʫʢʮʠʿʘ) 

ʪʨʠʙʦʤʝʪʘʨʘ ʥʘʤʝˁʝʥʠʭ ʪʨʠʙʦʣʦʰʢʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʟʫʧʯʘʩʪʠʭ ʧʘʨʦʚʘ, ʪʚʨʜʠʭ 

ʧʨʝʚʣʘʢʘ, ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʩʚʝʪʫ ʿʝ ʨʘʟʚʠʿʝʥ ʠ ʚʝʣʠʢʠ ʙʨʦʿ 

ʪʨʠʙʦʤʝʪʘʨʘ ʥʘʤʝˁʝʥʠʭ ʠʩʧʠʪʠʚʘˁʫ ʪʨʠʙʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʫ 

ʚʘʢʫʫʤʫ, ʢʘʦ ʠ ʪʨʠʙʦʤʝʪʘʨʘ ʥʘʤʝˁʝʥʠʭ ʟʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʫʩʣʦʚʠʤʘ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʠʪʠʩʘʢʘ ʢʦʥʪʘʢʪʥʠʭ ʧʘʨʦʚʘ. ʈʘʟʚʦʿ ʥʘʥʦʪʨʠʙʦʤʝʪʨʠʿʝ, ʢʘʦ ʧʦʩʝʙʥʝ 

ʦʙʣʘʩʪʠ ʪʨʠʙʦʣʦʛʠʿʝ, ʠʥʠʮʠʨʘʦ ʿʝ ʨʘʟʚʦʿ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʚʠʩʦʢʦ ʩʦʬʠʩʪʠʮʠʨʘʥʠʭ ʨʝʰʝˁʘ 

ʥʘʥʦʪʨʠʙʦʤʝʪʘʨʘ [2]. 

ʈʘʟʚʦʿ ʥʦʚʠʭ ʨʝʰʝˁʘ ʪʨʠʙʦʤʝʪʘʨʘ, ʫ ʚʝʣʠʢʦʤ ʜʝʣʫ, ʠʥʠʮʠʨʘʥ ʿʝ ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʧʨʝʚʣʘʢʘ, ʧʦʩʝʙʥʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʘʛʨʝʩʠʚʥʦʤ ʩʨʝʜʠʥʦʤ ʠ ʜʨʫʛʠʤ 

ʩʧʝʮʠʬʠʯʥʠʤ ʫʩʣʦʚʠʤʘ.  

ʅʘ ʄʘʰʠʥʩʢʦʤ ʬʘʢʫʣʪʝʪʫ ʫ ʂʨʘʛʫʿʝʚʮʫ ʨʝʘʣʠʟʦʚʘʥ ʿʝ ʠ ʧʣʘʩʠʨʘʥ, ʥʘ ʜʦʤʘ˂ʝʤ ʠ 

ʠʥʦʩʪʨʘʥʦʤ ʪʨʞʠʰʪʫ ʚʝ˂ʠ ʙʨʦʿ ʪʨʠʙʦʤʝʪʘʨʘ (ʉʨʙʠʿʘ, ʍʨʚʘʪʩʢʘ, ɻʨʯʢʘ, ʐʧʘʥʠʿʘ, 

ɽʥʛʣʝʩʢʘ). ʊʨʠʙʦʤʝʪʨʠ ʩʫ ʫ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʧʣʘʩʠʨʘʥʠ ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʠʤ 

ʠʥʩʪʠʪʫʮʠʿʘʤʘ ʠʟ ʧʦʤʝʥʫʪʠʭ ʟʝʤʘˀʘ.  

ʇʨʦʮʝʜʫʨʘ ʤʝʨʝˁʘ ʬʨʠʢʮʠʦʥʠʭ ʠ ʘʥʪʠʭʘʙʘʿʫ˂ʠʭ ʩʚʦʿʩʪʘʚʘ ʥʘ ʦʚʠʤ ʪʨʠʙʦʤʝʪʨʠʤʘ ʿʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ASTM ʩʪʘʥʜʘʨʜʠʤʘ D ʠ G ʛʨʫʧʝ (D2625, D2627, D2714, G77, G99) ʠ 

ʩʪʘʥʜʘʨʜʫ ISO 7148-1/2012 (Testing of the tribological behaviour of bearing materials ). ʅʘ 

ʦʚʠʤ ʪʨʠʙʦʤʝʪʨʠʤʘ ʿʝ ʤʦʛʫ˂ʝ ʦʩʪʚʘʨʠʪʠ ʣʠʥʠʿʩʢʠ ʢʦʥʪʘʢʪ ʠ ʢʦʥʪʘʢʪ ʫ ʪʘʯʢʠ. ʅʦʚʠʥʘ 

ʢʦʿʘ ʩʝ ʿʘʚˀʘ ʥʘ ʨʘʟʚʠʿʝʥʦʤ ʪʨʠʙʦʤʝʪʨʫ ʦʚʝ ʛʨʫʧʝ (TPD ï 2000) ʿʝ ʠ ʤʦʛʫ˂ʥʦʩʪ 

ʦʩʪʚʘʨʠʚʘˁʘ Ăslide/rollñ ʢʦʥʪʘʢʪʘ ʫʟ ʧʦʤʦ˂ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʘʜʘʧʪʝʨʘ. 

ʆʩʥʦʚʥʝ ʪʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʨʠʙʦʤʝʪʨʘ TPD ï 2000 ʩʫ: 

¶ ʩʥʘʛʘ ʧʦʛʦʥʩʢʦʛ ʝʣʝʢʪʨʦʤʦʪʦʨʘ: 1,5 KW,  

¶ ʩʥʘʛʘ ʧʦʛʦʥʩʢʦʛ ʤʦʪʦʨʘ ʘʜʘʧʪʝʨʘ: 0,37 KW, 

file:///D:/TADIC/leaflet/te56.htm
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¶ ʤʘʢʩʠʤʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ: 500 N, 

¶ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʘ ʩʠʣʘ ʪʨʝˁʘ: 50 N, 

¶ ʤʘʢʩʠʤʘʣʥʘ ʙʨʟʠʥʘ ʜʠʩʢʦʚʘ: 5 m/s, 

¶ ʛʘʙʘʨʠʪʥʝ ʜʠʤʝʥʟʠʿʝ ʪʨʠʙʦʤʝʪʨʘ: 1200x1600x1300 mm, 

¶ ʤʘʩʘ ʪʨʠʙʦʤʝʪʨʘ: 200 kg. 

ʀʩʧʠʪʠʚʘˁʘ ʥʘ ʪʨʠʙʦʤʝʪʨʫ TPD ï 2000 ʿʝ ʤʦʛʫ˂ʝ ʚʨʰʠʪʠ ʩʘ ʜʠʩʢʦʚʠʤʘ, ʧʠʥʦʚʠʤʘ ʠ 

ʙʣʦʢʦʚʠʤʘ ʯʠʿʝ ʩʝ ʜʠʤʝʥʟʠʿʝ ʢʨʝ˂ʫ ʫ ʦʜʨʝʹʝʥʦʤ ʨʘʩʧʦʥʫ [33].  

ʂʘʦ ʠʟʣʘʟʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ (ʠʟʣʘʟ ʠʟ ʥʘʤʝʥʩʢʠ ʠʟʨʘʹʝʥʦʛ ʩʦʬʪʚʝʨʘ) ʜʦʙʠʿʘʿʫ ʩʝ, 

ʧʦʨʝʜ ʦʩʪʘʣʦʛ, ʠ ʜʠʿʘʛʨʘʤʠ: 

¶ ʧʨʦʤʝʥʝ ʥʦʨʤʘʣʥʝ ʩʠʣʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, 

¶ ʧʨʦʤʝʥʝ ʩʠʣʝ ʪʨʝˁʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, 

¶ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, 

¶ ʧʨʦʤʝʥʝ ʩʨʝʜˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫˀʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ, 

¶ ʧʨʦʤʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʦʜʨʝʹʝʥʠʤ ʪʘʯʢʘʤʘ ʢʦʥʪʘʢʪʥʠʭ ʧʘʨʦʚʘ. 

2.2 ʇʈɽɻʃɽɼ ʇʋɹʃʀʂʆɺɸʅʀʍ ʅɸʋʏʅʀʍ ʀʉʊʈɸɾʀɺɸɳɸ ʋ ʆɹʃɸʉʊʀ 

ʊʈʀɹʆʃʆɻʀɱɽ  

ʋ ʨʘʜʫ [3] ʘʫʪʦʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ, ʧʨʝʟʝʥʪʫʿʫ ʠʩʪʨʘʞʠʚʘˁʝ ʚʝʟʘʥʦ ʟʘ ʜʠʥʘʤʠʯʢʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ. ʀʩʪʨʘʞʠʚʘˁʝ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʘʥʘʣʠʟʫ ʩʠʣʝ ʩʪʝʟʘˁʘ, ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʧʨʝʢʦ ʩʪʝʟʥʠʭ ʚʠʿʘʢʘ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʜʘ ʦʙʝʟʙʝʜʝ ʩʠʣʫ ʪʨʝˁʘ ʠ ʨʝʟʫʣʪʠʨʘʿʫ˂ʫ 

ʜʠʩʠʧʘʮʠʿʫ ʝʥʝʨʛʠʿʝ. ɼʦʙʠʿʝʥʠ ʠʟʨʘʯʫʥʘʪʠ ʝʬʝʢʪʠʚʥʠ ʜʠʥʘʤʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʿʝ 

ʠʟʚʝʜʝʥ ʢʘʦ ʬʫʥʢʮʠʿʘ ʦʙʨʪʥʦʛ ʤʦʤʝʥʪʘ ʩʢʣʦʧʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʙʝʟʙʝʹʠʚʘˁʝ ʩʠʣʝ 

ʩʪʝʟʘˁʘ ʫ AFC ʠ ʠʟʤʝʨʝʥʦʛ ʠʟʜʫʞʝˁʘ ʟʘʚʨʪˁʘ ʪʦʢʦʤ ʠʩʧʠʪʠʚʘˁʘ. ʀʟʣʦʞʝʥʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʜʥʦʩʠ ʩʝ ʥʘ ʪʝʩʪʠʨʘˁʝ ʦʜʨʝʹʝʥʠʭ ʪʠʧʦʚʘ ʬʨʠʢʮʠʦʥʠʭ ʩʧʦʿʝʚʘ/ʫʨʝʹʘʿʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʧʨʦʩʝʯʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʪʨʝˁʘ ʥʝ ʚʘʨʠʨʘʿʫ 

ʟʥʘʯʘʿʥʦ ʧʨʠ ʧʦʚʝ˂ʘˁʫ ʦʙʨʪʥʦʛ ʤʦʤʝʥʪʘ. ʇʨʦʩʝʯʥʘ ʚʨʝʜʥʦʩʪ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʢʨʝ˂ʝ ʩʝ ʫ ʨʘʩʧʦʥʫ ʦʜ 0,18ï0,37.  

ʋ ʨʘʜʫ [4] ʩʝ ʨʘʟʤʘʪʨʘ ʧʨʦʙʣʝʤ ʢʣʠʟʘˁʘ ʯʝʩʪʠʮʝ ʧʦ ʨʦʪʠʨʘʿʫ˂ʝʤ ʩʪʦʣʫ. ʇʨʦʙʣʝʤ 

ʢʣʠʟʘˁʘ ʧʨʦʫʯʘʚʘʥ ʿʝ ʠ ʥʫʤʝʨʠʯʢʠ ʠ ʘʥʘʣʠʪʠʯʢʠ. ʉʠʩʪʝʤ ʥʫʜʠ ʟʘʥʠʤˀʠʚ ʩʢʫʧ 

ʧʦʥʘʰʘˁʘ ʢʦʿʠ ʩʝ ʟʘʥʝʤʘʨʫʿʝ ʫ ʪʠʧʠʯʥʦʤ ʨʘʟʤʘʪʨʘˁʫ ʦʚʦʛ ʧʨʦʙʣʝʤʘ. ɱʝʜʥʘʯʠʥʝ ʩʝ ʤʦʛʫ 

ʠʟʨʘʟʠʪʠ ʫ ʙʝʟʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʦʙʣʠʢʫ ʢʦʨʠʩʪʝ˂ʠ ʠʥʭʝʨʝʥʪʥʝ ʜʫʞʠʥʝ ʠ ʚʨʝʤʝʥʩʢʝ 

ʩʢʘʣʝ ʫ ʧʨʦʙʣʝʤʫ ʟʘ ʩʠʩʪʝʤʘʪʩʢʫ ʘʥʘʣʠʟʫ. ʂʨʝʪʘˁʘ ʯʝʩʪʠʮʝ ʟʘ ʢʨʘʪʢʦ ʚʨʝʤʝ ʥʘʢʦʥ ʰʪʦ 

ʿʝ ʧʫʰʪʝʥʘ ʠʟ ʤʠʨʦʚʘˁʘ (ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʢʨʝʪʥʠ ʩʪʦ ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʣʘʙʦʨʘʪʦʨʠʿʫ) ʤʦʛʫ ʩʝ 

ʦʜʨʝʜʠʪʠ ʘʥʘʣʠʪʠʯʢʠ. ʅʫʤʝʨʠʯʢʘ ʠʥʪʝʛʨʘʮʠʿʘ ʿʝʜʥʘʯʠʥʘ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ 

Runge-Kutta ʘʣʛʦʨʠʪʤʘ ʜʨʫʛʦʛ ʨʝʜʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʦʯʝʪʥʝ ʫʩʣʦʚʝ. ɿʘʥʠʤˀʠʚʦ ʿʝ ʜʘ ʿʝ 

ʧʦʿʘʤ ʙʨʟʠʥʝ ʠʟʣʘʟʘ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥ ʟʘ ʦʚʘʿ ʩʠʩʪʝʤ ʠ ʦʥʘ ʿʝ ʬʫʥʢʮʠʿʘ ʣʦʢʘʮʠʿʝ ʯʝʩʪʠʮʝ 

ʠ ʧʨʘʚʮʘ ʧʦʯʝʪʥʝ ʙʨʟʠʥʝ. ɸʥʘʣʠʟʘ ʠʟʣʦʞʝʥʘ ʫ ʨʘʜʫ ʪʘʢʦʹʝ ʧʨʝʜʣʘʞʝ ʘʣʪʝʨʥʘʪʠʚʥʠ 

ʥʘʯʠʥ ʦʜʨʝʹʠʚʘˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠʟʤʝʹʫ ʯʝʩʪʠʮʝ ʠ ʩʪʦʣʘ. 

ɸʥʘʣʠʟʘ ʧʨʦʤʝʥʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʬʫʥʢʮʠʿʠ ʭʘʙʘˁʘ ʢʘʠʰʘ ʠ ʫʪʠʮʘʿ 

ʚʨʝʜʥʦʩʪʠ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʥʘ ʠʥʪʝʥʟʠʪʝʪ ʭʘʙʘˁʘ ʢʘʠʰʘ ʠʟʣʦʞʝʥʠ ʩʫ ʫ 

ʦʢʚʠʨʫ ʣʠʪʝʨʘʪʫʨʥʦʛ ʥʘʚʦʜʘ [5]. ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʿʝ ʨʘʟʤʘʪʨʘʥ ʩʘ ʘʩʧʝʢʪʘ ʢʦʥʪʘʢʪʥʝ 

ʤʝʭʘʥʠʢʝ ʠ ʇʨʝʩʪʦʥʦʚʝ ʿʝʜʥʘʯʠʥʝ, ʫ ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ ʚʝʣʠʯʠʥʝ ʠʥʪʝʥʟʠʪʝʪʘ ʭʘʙʘˁʘ 

(ʫʢʣʘˁʘˁʘ ʤʘʪʝʨʠʿʘʣʘ). ʊʘʯʥʠʤ ʧʨʝʜʚʠʹʘˁʝʤ ʧʨʦʤʝʥʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠʪʝʨʘʮʠʿʝ 

ʧʦʣʠʨʘˁʘ ʩʝ ʤʦʛʫ ʧʨʝʮʠʟʥʠʿʝ ʧʨʝʜʚʠʜʝʪʠ, ʩʤʘˁʫʿʫ˂ʠ ʫʢʫʧʘʥ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʧʦʪʨʝʙʥʠʭ 

ʜʘ ʙʠ ʩʝ ʠʩʧʫʥʠʣʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ. ʋ ʨʘʜʫ ʿʝ ʜʝʤʦʥʩʪʨʠʨʘʥʘ ʤʝʨʝˁʘ ʟʘ UFF ʢʘʠʰʝʚʝ 

ʪʦʢʦʤ ʨʘʟʣʠʯʠʪʠʭ ʩʪʘˁʘ ˁʠʭʦʚʦʛ ʞʠʚʦʪʥʦʛ ʮʠʢʣʫʩʘ ʠ ʧʨʦʮʝˁʝʥʘ ʿʝ ʬʫʥʢʮʠʿʘ ʫʢʣʘˁʘˁʘ 

ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʪʘʯʘʢʘ ʜʠʿʘʛʨʘʤʘ, ʢʘʦ ʬʫʥʢʮʠʿʘ ʭʘʙʘˁʘ. ʂʦʥʘʯʥʦ, ʢʦʨʠʰ˂ʝʥ ʿʝ ʦʚʘʿ ʩʠʩʪʝʤ 
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ʟʘ ʢʚʘʣʠʬʠʢʦʚʘˁʝ ʢʦʤʙʠʥʘʮʠʿʘ ʨʝʤʝʥ-ʪʦʯʘʢ-ʤʘʪʝʨʠʿʘʣ ʜʘ ʙʠ ʩʝ ʨʘʟʚʠʦ ʤʦʜʝʣ 

ʧʨʝʦʙʣʠʯʘʚʘˁʘ ʤʝʩʪʘ ʟʘ ʙʦˀʝ ʧʨʝʜʚʠʹʘˁʝ ʪʨʝʥʫʪʥʠʭ ʬʫʥʢʮʠʿʘ ʫʢʣʘˁʘˁʘ ʤʘʪʝʨʠʿʘʣʘ 

[5]. 

ʋ ʨʘʜʫ ʿʝ, ʥʘ ʉʣʠʮʠ 1. ʧʨʠʢʘʟʘʥʘ ʬʦʪʦʛʨʘʬʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʩʪʘʚʢʝ ʧʦʤʦ˂ʫ 3-ʦʩʥʝ 

˂ʝʣʠʿʝ ʟʘ ʦʧʪʝʨʝ˂ʝˁʝ (Kistler, ʤʦʜʝʣ 9347C) ʤʦʥʪʠʨʘʥʝ ʫ UFF ʩʘ BK-7, ʦʧʪʠʢʦʤ 

ʬʠʢʩʠʨʘʥʦʤ ʥʘ ʛʦʨˁʦʿ ʧʦʚʨʰʠʥʠ. ʅʘ ʚʨʭʫ ˂ʝʣʠʿʝ ʟʘ ʦʧʪʝʨʝ˂ʝˁʝ ʥʘʣʘʟʠ ʩʝ 

ʘʣʫʤʠʥʠʿʫʤʩʢʘ ʧʣʦʯʘ ʜʝʙˀʠʥʝ 1 in ʢʦʿʘ ʿʝ ʙʨʫʰʝʥʘ ʜʦ ʨʘʚʥʦʩʪʠ <5 µm, ʛʜʝ ʿʝ ʦʧʪʠʢʘ ʟʘ 

ʪʝʩʪʠʨʘˁʝ ʤʦʥʪʠʨʘʥʘ ʟʘ ʪʝʩʪʦʚʝ ʥʘ ʤʝʩʪʫ ʫʢʣʘˁʘˁʘ, ʢʘʦ ʠ ʟʘ ʦʩʪʘʪʢʝ ʧʨʠʢʫʧˀʘˁʘ 

ʧʦʜʘʪʘʢʘ [5]. 

 

ʉʣʠʢʘ 2.2.1 ʌʦʪʦʛʨʘʬʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʩʪʘʚʢʝ ʧʦʤʦʫ˂ 3-ʦʩʥʝ ˂ʝʣʠʿʝ ʟʘ 

ʦʧʪʝʨʝ˂ʝˁʝ (Kistler, ʤʦʜʝʣ 9347C) ʤʦʥʪʠʨʘʥʝ ʫ UFF ʩʘ BK-7 ʦʧʪʠʢʦʤ ʬʠʢʩʠʨʘʥʦʤ ʥʘ 

ʛʦʨˁʦʿ ʧʦʚʨʰʠʥʠ [5]. 

ʀ ʢʣʠʟʥʠ ʠ ʜʠʥʘʤʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʪʨʝˁʘ ʩʝ ʤʝʨʝ ʠ ʘʥʘʣʠʟʠʨʘʿʫ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʠʥʪʝʨʚʘʣʠʤʘ ʪʦʢʦʤ ʞʠʚʦʪʥʦʛ ʚʝʢʘ ʘʙʨʘʟʠʚʥʝ ʪʨʘʢʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ UltraForm 

Finishing. ʇʦʢʘʟʘʣʦ ʩʝ ʜʘ ʪʨʝˁʝ ʢʣʠʟʘˁʘ, ɛs, ʥʝʤʘ ʚʝʟʫ ʠʟʤʝʹʫ ʜʠʥʘʤʠʯʢʦʛ ʪʨʝˁʘ ʠ 

ʫʢʣʘˁʘˁʘ ʤʘʪʝʨʠʿʘʣʘ ʫ UFF. ʇʦʨʝʜ ʪʦʛʘ, ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʩʝ ʜʠʥʘʤʠʯʢʦ ʪʨʝˁʝ, ɛd, 

ʦʜʥʦʩʠ ʥʘ ʫʢʣʘˁʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʫ UFF, ʘʣʠ ʪʘ ʩʠʣʘ ʪʨʝˁʘ ʿʝ ʧʦʛʦʜʥʠʿʘ ʟʘ ʫʧʦʪʨʝʙʫ ʫ 

ʤʦʜʠʬʠʢʦʚʘʥʦʤ ʦʙʣʠʢʫ ʇʨʝʩʪʦʥʦʚʝ ʿʝʜʥʘʯʠʥʝ.  

ʋ ʥʘʨʝʜʥʦʤ ʨʘʜʫ ʿʝ ʜʘʪʘ ʪʝʦʨʠʿʩʢʘ ʦʮʝʥʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʨʠʤʝʥʝ ʫʨʝʹʘʿʘ ʩʘ ʢʦʩʦʤ ʨʘʚʥʠ 

ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʩʣʠʢʘ (2.2.2). ʇʨʠʢʘʟʘʥʝ ʩʫ ʨʘʯʫʥʩʢʝ 

ʿʝʜʥʘʯʠʥʝ ʟʘ ʧʨʦʮʝʥʫ ʨʝʟʦʣʫʮʠʿʝ ʫʨʝʹʘʿʘ [6]. 

1. UFF ͟ ͙͊΄ ͙ ͭͦ;͊͟ 
2. ͙͔͙ͤͣ͊ͭ͟;͊͟ ͣͦͤͭ͊͗͊ όͨͦ͒ 
͍͔͔͔ͦͫͭͥͣ͢ύ 

3. ͔ͭͫͭ ͙ͦͨͭ͊͟ 
4. ͙͙͙͊ͯͣͤͯͣͫ͟͡͞ ͙ͭ͊ͥͪ 
5. ͍͙ͦͦͤ͡ ͔ͨ;͊ͭ όͯͤͯͭͪ͊ύ 
6. B ͦ ͍͙ͫͦͤ͊ 
7. C ͦ ͍͙ͫͦͤ͊ 
8. ͪ͊ͫͻ͊͒ͤ͊͡ ͔ͭ;ͤͦͫͭ 
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ʉʣʠʢʘ 2.2.2 ʋʨʝʹʘʿ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ [6]. 

ʇʨʝʜʣʦʞʝʥʠ ʤʝʪʦʜ ʦʜʨʝʹʠʚʘˁʘ ʜʠʥʘʤʠʯʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʪʨʝˁʘ ʧʦʤʦ˂ʫ ʫʨʝʹʘʿʘ ʩʘ 

ʥʘʛʥʫʪʦʤ ʨʘʚʥʠ, ʧʨʠʤʝˁʝʥ ʥʘ ʟʨʥʘʩʪʠ ʤʘʪʝʨʠʿʘʣ, ʦʤʦʛʫ˂ʘʚʘ ʩʠʤʫʣʘʮʠʿʫ ʬʠʟʠʯʢʠʭ 

ʫʩʣʦʚʘ ʢʨʝʪʘˁʘ ʧʨʦʠʟʚʦʜʘ ʫ ʨʘʜʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʿʝʜʥʦʩʪʘʚʥʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ 

ʚʘʨʠʿʘʮʠʿʘʤʘ [6]. 

ʂʦʨʠʰ˂ʝˁʝʤ ʤʝʪʦʜʝ ʢʦʿʘ ʿʝ ʦʚʜʝ ʨʘʟʤʘʪʨʘʥʘ, ʚʘʨʠʿʘʮʠʦʥʘ ʢʨʠʚʘ ʢʦʿʘ ʦʧʠʩʫʿʝ ʨʘʩʧʦʜʝʣʫ 

ʬʨʠʢʮʠʦʥʠʭ ʩʚʦʿʩʪʘʚʘ ʟʨʥʘʩʪʦʛ ʤʘʪʝʨʠʿʘʣʘ ʤʦʞʝ ʩʝ ʠʟʚʝʩʪʠ ʜʠʨʝʢʪʥʦ ʫ ʪʦʢʫ 

ʦʜʨʝʹʠʚʘˁʘ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʘʢʦ ʿʝ ʚʠʰʝʿʝʜʠʥʠʯʥʠ ʢʦʣʝʢʪʦʨ ʯʝʩʪʠʮʘ 

ʧʨʦʠʟʚʦʜʘ, ʧʦʩʪʘʚˀʝʥʦʛ ʥʘ ʤʝʩʪʫ ʛʜʝ ʩʝ ʯʝʩʪʠʮʝ ʩʧʫʰʪʘʿʫ [6]. 

ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ [7] ʿʝ ʜʘ ʩʝ ʨʘʟʚʠʿʫ ʪʝʦʨʠʿʩʢʝ ʦʩʥʦʚʝ ʟʘ ʧʨʦʨʘʯʫʥ ʧʘʨʘʤʝʪʘʨʘ 

ʢʦʥʪʘʢʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʝʣʘʩʪʦʧʣʘʩʪʠʯʥʠʭ ʪʝʣʘ ʩʘ ʫʜʘʨʥʦʤ ʧʦʚʨʰʠʥʦʤ, ʜʘ ʩʝ ʩʪʚʦʨʠ 

ʤʝʪʦʜʘ ʟʘ ʧʨʦʨʘʯʫʥ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʧʨʠʤʝˁʝʥʠʭ ʥʘ ʟʨʥʦ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʢʫʣʪʫʨʘ. ɿʘ 

ʧʨʦʫʯʘʚʘˁʝ ʫʪʠʮʘʿʘ ʭʨʘʧʘʚʦʩʪʠ ʫʜʘʨʥʝ ʧʦʚʨʰʠʥʝ, ʦʜʨʝʹʝʥʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʙʨʟʠʥʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʫʜʘʨʮʘ, ʢʘʦ ʠ ʦʩʦʙʠʥʘ ʪʝʣʘ ʥʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʨʘʟʚʠʿʝʥ ʿʝ 

ʧʦʩʝʙʘʥ ʫʨʝʹʘʿ ï ʤʘʰʠʥʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʘ ʦʧʨʝʤˀʝʥʘ ʩʘ ʜʚʝ ʯʝʣʠʯʥʝ ʨʘʚʥʠ 

ʜʠʿʘʤʝʪʨʘʣʥʦ ʩʤʝʰʪʝʥʝ ʥʘ ʨʦʪʠʨʘʿʫ˂ʝʤ ʜʠʩʢʫ (ʩʣʠʢʘ 2.2.3). ɼʠʩʢ 2 ʩʘ ʫʜʘʨʥʠʤ ʨʘʚʥʠʤʘ 

1 ʧʦʢʨʝ˂ʝ DC ʝʣʝʢʪʨʦʤʦʪʦʨ 3 ʩʘ ʢʦʥʪʨʦʣʦʤ ʙʨʟʠʥʝ ʫ ʦʧʩʝʛʫ ʦʜ 500 ʜʦ 3000 o/min, ʢʦʿʠ 

ʦʙʝʟʙʝʹʫʿʝ ʙʨʟʠʥʫ ʫʜʘʨʘ ʦʜ 12 ʜʦ 72 m/sec [7]. 

 

ʉʣʠʢʘ 2.2.3 ʂʦʥʩʪʨʫʢʮʠʿʘ ʤʘʰʠʥʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʜʘʨʘ [7]. 

ʈʘʟʚʠʿʝʥʘ ʤʝʪʦʜʘ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʪʝʣʘ 

ʦʜ ʭʦʤʦʛʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʟʨʥʘ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʢʫʣʪʫʨʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʫʪʚʨʜʠ 

ʧʨʘʚʠʣʥʦʩʪ ʧʨʦʤʝʥʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʛʣʘ ʥʘʛʠʙʘ 

ʫʜʘʨʥʝ ʨʘʚʥʠ [7]. 
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ʋ ʯʣʘʥʢʫ [8] ʿʝ ʦʧʠʩʘʥ ʧʨʠʩʪʫʧ ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ ʠʤʧʫʣʩʠʚʥʝ ʩʠʣʝ (ʤʝʨʝ) ʩʘ ʢʦʥʚʝʢʩʥʦʤ 

ʘʥʘʣʠʟʦʤ. ʀʥʪʝʣʝʢʪʫʘʣʥʦ ʥʘʩʣʝʹʝ ʢʦʨʠʰ˂ʝʥʦ ʫ ʦʚʦʤ ʨʘʜʫ ʿʝ ʦʧʩʝʞʥʦ: ʢʦʥʚʝʢʩʥʘ 

ʘʥʘʣʠʟʘ, ʪʝʦʨʠʿʘ ʤʝʨʝ, ʧʨʦʙʣʝʤʠ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʩʪʠ, ʢʦʤʧʘʢʪʥʦʩʪ ʠ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʫ 

ʪʝʦʨʠʿʠ, ʟʘʿʝʜʥʦ ʩʘ ʧʨʠʥʮʠʧʠʤʘ ʜʠʩʠʧʘʮʠʿʝ ʝʥʝʨʛʠʿʝ ʠ ʜʨʫʛʠʤ ʪʨʘʜʠʮʠʦʥʘʣʥʠʿʠʤ 

ʘʣʘʪʠʤʘ ʧʨʠʤʝˁʝʥʝ ʤʘʪʝʤʘʪʠʢʝ. 

ʋ ʩʪʫʜʠʿʠ [9] ʨʘʟʤʘʪʨʘʥʦ ʿʝ ʠʩʧʠʪʠʚʘˁʝ ʠ ʫʧʦʨʝʹʠʚʘˁʝ ʥʝʢʦʣʠʢʦ ʤʦʜʝʣʘ ʩʠʣʘ ʪʨʝˁʘ 

ʢʦʿʠ ʩʝ ʙʘʚʝ ʨʘʟʣʠʯʠʪʠʤ ʬʝʥʦʤʝʥʠʤʘ ʪʨʝˁʘ ʫ ʢʦʥʪʝʢʩʪʫ ʜʠʥʘʤʠʢʝ ʚʠʰʝʪʝʣʝʩʥʦʛ 

ʩʠʩʪʝʤʘ. ʋ ʦʚʦʿ ʩʪʫʜʠʿʠ ʿʝ ʦʧʠʩʘʥ ʫʢʫʧʥʦ 21 ʨʘʟʣʠʯʠʪ ʤʦʜʝʣ ʩʠʣʝ ʪʨʝˁʘ ʠ ˁʠʭʦʚʝ 

ʦʩʥʦʚʥʝ ʬʠʟʠʯʢʝ ʠ ʨʘʯʫʥʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʫ ʨʘʟʤʦʪʨʝʥʝ ʠ ʫʧʦʨʝʹʝʥʝ ʫ ʜʝʪʘˀʝ. ʀʟ 

ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʤʦʞʝ ʩʝ ʢʦʥʩʪʘʪʦʚʘʪʠ ʜʘ ʠ ʠʟʙʦʨ ʤʦʜʝʣʘ ʩʠʣʝ ʪʨʝˁʘ ʠ ʫʢˀʫʯʝʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʪʨʝˁʘ ʤʦʛʫ ʟʥʘʯʘʿʥʦ ʫʪʠʮʘʪʠ ʥʘ ʩʠʤʫʣʠʨʘʥʠ/ʤʦʜʝʣʦʚʘʥʠ ʜʠʥʘʤʠʯʢʠ ʦʜʟʠʚ 

ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ ʩʘ ʪʨʝˁʝʤ. ʆʚʘ ʩʪʫʜʠʿʘ ʠʣʫʩʪʨʫʿʝ ʜʘ ʟʘ ʧʨʘʚʠʣʥʦ ʤʦʜʝʣʠʨʘˁʝ, 

ʘʥʘʣʠʟʫ ʠ ʩʠʤʫʣʘʮʠʿʫ ʧʦʥʘʰʘˁʘ ʪʨʝˁʘ ʫ ʩʠʩʪʝʤʠʤʘ ʩʘ ʚʠʰʝ ʪʝʣʘ, ʤʦʨʘ ʩʝ ʫʩʚʦʿʠʪʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʤʦʜʝʣ ʪʨʝˁʘ ʢʘʜʘ ʿʝ ʟʥʘʯʘʿʥʘ ʧʨʠʨʦʜʘ ʨʘʩʠʧʘˁʘ ʝʥʝʨʛʠʿʝ ʠ ˁʝʥʘ 

ʢʚʘʥʪʠʬʠʢʘʮʠʿʘ, ʦʥʜʘ ʩʝ ʧʨʝʧʦʨʫʯʫʿʫ ʜʠʥʘʤʠʯʢʠ ʤʦʜʝʣʠ [9]. 

ʎʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʨʘʜʫ [10] ʿʝ, ʜʘ ʩʝ ʫʪʚʨʜʠ ʜʠʥʘʤʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ Ăɛdñ ʟʘ 

ʞʫʪʠ ʢʫʢʫʨʫʟʥʠ ʛʨʠʟ, ʧʰʝʥʠʯʥʝ ʤʝʢʠˁʝ, ʩʦʿʠʥʫ ʩʘʯʤʫ, ʩʘʯʤʫ ʦʜ ʩʝʤʝʥʘ ʧʘʤʫʢʘ ʠ 

ʤʝʰʘʚʠʥʝ ʥʝʢʠʭ ʦʜ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʠʟʚʦˁʫ ʧʝʣʝʪʘ ʟʘ ʩʪʦʯʥʫ 

ʭʨʘʥʫ, ʧʦʜ ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʧʨʠʪʠʩʢʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʈʘʟʚʠʿʝʥ ʿʝ ʫʨʝʹʘʿ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʦʜ ʧʨʠʪʠʩʢʦʤ ʫ 

ʨʘʩʧʦʥʫ ʦʜ 9 kPa ʜʦ 109 kPa ʠ ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʜ 30 ʜʦ 150ÁC. ɺʨʝʜʥʦʩʪ Ăɛdò ʿʝ ʦʜʨʝʹʝʥʘ 

ʥʘ ʜʝʩʝʪ ʥʠʚʦʘ ʧʨʠʪʠʩʢʘ ĂPò: 9, 18, 27, 42, 53, 65, 75, 88, 97 ʠ 109 kPa ʠ ʰʝʩʪ ʥʠʚʦʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ĂTò: 30, 50, 75, 100, 125 ʠ 150ÁC. ʋʪʚʨʹʝʥʝ ʚʨʝʜʥʦʩʪʠ Ăɛdò ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʫ 

ʨʘʩʧʦʥʫ ʦʜ 0,113 ʜʦ 0,397 ʟʘ ʞʫʪʠ ʢʫʢʫʨʫʟʥʠ ʛʨʠʟ, ʦʜ 0,122 ʜʦ 0,505 ʟʘ ʧʰʝʥʠʯʥʝ 

ʤʝʢʠˁʝ, ʦʜ 0,105 ʜʦ 0,410 ʟʘ ʩʘʯʤʫ ʧʘʤʫʢʘ, ʦʜ 0,105 ʜʦ 0,347 ʟʘ ʤʝʰʘʚʠʥʫ ʩʦʿʠʥʝ ʩʘʯʤʝ 

ʦʜ 0,5 ʜʦ 0,19 [10]. 

ɼʠʥʘʤʠʯʢʠ ʦʜʟʠʚ ʧʣʘʥʘʨʥʦʛ ʢʨʫʪʦʛ ʩʠʩʪʝʤʘ ʩʘ ʚʠʰʝ ʪʝʣʘ ʩʘ ʪʨʝˁʝʤ ʰʪʘʧ-ʢʣʠʟʘˁʝ ʫ 

ʦʙʨʪʥʠʤ ʩʧʦʿʝʚʠʤʘ ʩʘ ʟʘʟʦʨʦʤ ʨʘʟʤʘʪʨʘʥ ʿʝ ʫ ʦʢʚʠʨʫ ʣʠʪʝʨʘʪʫʨʥʦʛ ʥʘʚʦʜʘ [11]. LuGre-

ʦʚ ʟʘʢʦʥ ʪʨʝˁʘ ʿʝ ʧʨʝʜʣʦʞʝʥ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʪʨʝˁʘ ʰʪʘʧʘ ʠ ʢʣʠʟʘˁʘ ʥʘ ʦʢʨʝʪʥʠʤ 

ʟʘʟʦʨʥʠʤ ʩʧʦʿʝʚʠʤʘ. ʅʘʚʦʜʠ ʩʝ, ʜʘ ʧʨʝʜʣʦʞʝʥʠ ʟʘʢʦʥ ʤʦʞʝ ʢʚʘʥʪʠʬʠʢʦʚʘʪʠ ʚʘʨʠʿʘʮʠʿʘ 

ʩʠʣʝ ʪʨʝˁʘ ʧʨʠ ʧʨʦʤʝʥʠ ʙʨʟʠʥʝ ʢʣʠʟʘˁʘ, ʰʪʦ ʛʘ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʟʘ ʩʪʫʜʠʿʝ ʢʦʿʝ 

ʫʢˀʫʯʫʿʫ ʧʦʢʨʝʪʝ ʰʪʘʧ-ʢʣʠʟʘˁʝ. ʇʨʠʤʝʥʦʤ LuGre-ʦʚʦʛ ʟʘʢʦʥʘ ʪʨʝˁʘ ʥʘ ʪʠʧʠʯʥʠ 

ʤʝʭʘʥʠʟʘʤ ʢʣʠʟʘʯ-ʨʘʜʠʣʠʮʘ, ʚʠʜʠ ʩʝ ʜʘ ʩʠʣʘ ʪʨʝˁʘ ʫ ʦʙʨʪʥʦʤ ʟʛʣʦʙʫ ʢʦʿʠ ʠʤʘ ʟʘʟʦʨ 

ʥʝʤʘ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪ ʧʨʠ ʥʫʣʪʦʿ ʙʨʟʠʥʠ ʢʣʠʟʘˁʘ ʪʦʢʦʤ ʩʠʤʫʣʘʮʠʿʝ ʟʘ ʨʘʟʣʠʢʫ ʦʜ 

ʩʪʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʪʨʝˁʘ. ʉʪʦʛʘ ʿʝ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ ʧʨʝʜʩʪʘʚˀʝʥ ʿʝʜʥʦʩʪʘʚʘʥ ʠ ʨʘʯʫʥʘʨʩʢʠ 

ʝʬʠʢʘʩʘʥ ʧʨʠʩʪʫʧ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʤʦʜʝʣʠʨʘˁʘ ʠ ʩʠʤʫʣʘʮʠʿʝ ʪʨʝˁʘ ʰʪʘʧ-ʢʣʠʟʘˁʝ ʫ 

ʦʢʨʝʪʥʠʤ ʟʘʟʦʨʥʠʤ ʩʧʦʿʝʚʠʤʘ ʧʣʘʥʘʨʥʦʛ ʢʨʫʪʦʛ ʩʠʩʪʝʤʘ ʩʘ ʚʠʰʝ ʪʝʣʘ. LuGre-ʦʚ ʟʘʢʦʥ 

ʪʨʝˁʘ ʿʝ ʧʨʝʜʣʦʞʝʥ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʪʨʝˁʘ ʰʪʘʧ-ʢʣʠʟʘˁʝ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʝʬʝʢʪʠʚʥʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ (ɛ) ʢʘʦ ʬʫʥʢʮʠʿʝ ʨʝʣʘʪʠʚʥʝ ʪʘʥʛʝʥʮʠʿʘʣʥʝ ʙʨʟʠʥʝ ʪʝʣʘ ʫ ʢʦʥʪʘʢʪʫ ʠ 

ʫʥʫʪʨʘʰˁʝʛ ʩʪʘˁʘ ʩʧʦʿʘ (ʚʝʣʠʯʠʥʝ ʟʘʟʦʨʘ). ʈʘʟʚʠʿʝʥʠ ʘʣʛʦʨʠʪʘʤ ʦʤʦʛʫ˂ʘʚʘ ʜʝʬʠʥʠʩʘˁʝ 

ʩʠʣʘ ʪʨʝˁʘ ʫ ʟʛʣʦʙʫ ʩʘ ʟʘʟʦʨʦʤ ʪʦʢʦʤ ʩʚʠʭ ʨʝʞʠʤʘ ʢʨʝʪʘˁʘ ʨʫʢʘʚʮʘ ʫʥʫʪʘʨ ʣʝʞʘʿʘ. 

ʊʦʢʦʤ ʧʝʨʠʦʜʘ ʫʜʘʨʘ ʠ ʦʜʩʢʦʢʘ ʠʟʤʝʹʫ ʨʫʢʘʚʮʘ ʠ ʣʝʞʘʿʘ, ʧʨʠʤʝ˂ʫʿʝ ʩʝ ʧʦʤʝʨʘˁʝ ʰʪʘʧ - 

ʢʣʠʟʘˁʝ ʥʘ ʤʠʢʨʦʩʢʦʧʩʢʠʤ ʥʠʚʦʠʤʘ. ʇʦʢʘʟʘʣʦ ʩʝ ʜʘ ʧʦʚʝ˂ʘˁʝ ʙʨʟʠʥʝ ʧʦʚʝ˂ʘʚʘ ʩʠʣʝ 

ʪʨʝˁʘ, ʤʝʹʫʪʠʤ, ʝʬʝʢʘʪ ʪʨʝˁʘ ʥʘ ʫʢʫʧʥʦ ʜʠʥʘʤʠʯʢʦ ʧʦʥʘʰʘˁʝ ʤʝʭʘʥʠʯʢʦʛ ʩʠʩʪʝʤʘ, 

ʧʨʠ ʯʝʤʫ ʩʠʣʘ ʪʨʝˁʘ ʚʘʨʠʨʘ ʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʩʧʠʪʠʚʘʥʦʛ ʫʟʦʨʢʘ (ʚʘʨʠʨʘ ʦʜ ʿʝʜʥʦʛ ʜʦ 

ʜʨʫʛʦʛ ʠʩʧʠʪʠʚʘʥʦʛ ʢʠʥʝʤʘʪʠʯʢʦʛ ʟʛʣʦʙʘ. 

ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʪʝʭʥʠʢʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ 

ʪʨʝˁʘ ʠʟʤʝʹʫ ʜʚʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʟʠʥʝ ʢʣʠʟʘˁʘ. ɼʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʝ ʚʝ˂ʝ 
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ʙʨʟʠʥʝ ʠ ʚʝ˂ʠ ʥʦʨʤʘʣʥʠ ʧʨʠʪʠʩʮʠ ʦʜ ʦʥʠʭ ʢʦʿʠ ʩʝ ʚʠʜʝ ʫ ʘʧʘʨʘʪʫ ʥʘ pin-on-disk, 

ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʪʝʩʪʦʚʝ ʜʠʥʘʤʠʯʢʦʛ ʪʨʝˁʘ. ʋ ʦʚʦʿ ʩʪʫʜʠʿʠ ʿʝ 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʥʦʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʤʝʪʦʜʘ ʢʦʿʘ ʢʦʨʠʩʪʠ Kolski ʟʘʪʝʟʥʫ ʰʠʧʢʫ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠʟʤʝʹʫ ʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʊʨʠʙʦ 

ʬʨʠʢʮʠʦʥʠ ʫʨʝʹʘʿ ʿʝ ʧʘʞˀʠʚʦ ʜʠʟʘʿʥʠʨʘʥ ʜʘ ʦʣʘʢʰʘ ʢʣʠʟʘˁʝ ʥʘ ʠʥʪʝʨʬʝʿʩʠʤʘ ʢʘʜʘ ʿʝ 

ʧʦʜʚʨʛʥʫʪ ʜʠʥʘʤʠʯʢʦʤ ʟʘʪʝʟʥʦʤ ʦʧʪʝʨʝ˂ʝˁʫ. ʂʘʦ ʥʘʯʠʥ ʜʘ ʩʝ ʧʨʦʮʝʥʠ ʥʦʚʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ, ʦʜʨʝʹʝʥ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʠʟʤʝʹʫ ʯʝʣʠʢʘ ʠ 

ʘʣʫʤʠʥʠʿʫʤʘ ʩʘ ʜʚʝ ʨʘʟʣʠʯʠʪʝ ʭʨʘʧʘʚʦʩʪʠ ʧʨʠ ʙʨʟʠʥʠ ʢʣʠʟʘˁʘ ʦʜ 8 m/s. ʄʝʪʦʜʘ 

ʧʨʝʜʩʪʘʚˀʝʥʘ ʫ ʦʚʦʿ ʩʪʫʜʠʿʠ ʧʦʢʘʟʘʣʘ ʩʝ ʢʘʦ ʧʦʫʟʜʘʥ ʠ ʧʦʥʦʚˀʠʚ ʥʘʯʠʥ ʤʝʨʝˁʘ 

ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠʟʤʝʹʫ ʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʨʠʤʘʨʥʘ ʧʨʝʜʥʦʩʪ ʦʚʝ 

ʤʝʪʦʜʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʩʫ ʧʦʪʨʝʙʥʝ ʤʠʥʠʤʘʣʥʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ ʧʦʩʪʦʿʝ˂ʠʭ ʦʙʿʝʢʘʪʘ Kolski ʟʘʪʝʟʥʠʭ ʰʠʧʢʠ [12]. 

ʋ ʯʣʘʥʢʫ [13] ʿʝ ʦʧʠʩʘʥ ʧʨʠʩʪʫʧ ʢʦʿʠ ʢʦʤʙʠʥʫʿʝ ʠʤʧʫʣʩʠʚʥʝ ʩʠʣʝ (ʤʝʨʝ) ʩʘ ʢʦʥʚʝʢʩʥʦʤ 

ʘʥʘʣʠʟʦʤ. ʈʘʩʧʨʘʚʘ ʩʝ ʜʝʣʠ ʥʘ ʪʨʠ ʩʣʫʯʘʿʘ. ʇʨʚʠ ʿʝ ʛʜʝ ʿʝ ʛʨʘʥʠʮʘ v(t) ʢʦʥʪʠʥʫʠʨʘʥʘ; 

ʧʨʠʤʝʪʠʪʝ ʜʘ ʤʝʨʘ (v+ ī vī) M(q)dv ʠʤʘ ʩʚʦʿ ʦʩʣʦʥʘʮ ʥʘ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʠʤʘ ʫ v. ʆʚʦ 

ʦʤʦʛʫ˂ʘʚʘ ʜʦʢʘʟ ʚʘʣʠʜʥʦʩʪʠ Kulon-oʚʦʛ ʟʘʢʦʥʘ ʟʘ ʛʨʘʥʠʮʫ ʫ ʩʚʘʢʦʿ ʪʘʯʢʠ ʢʦʥʪʠʥʫʠʪʝʪʘ 

v. ʅʘʨʘʚʥʦ, ʧʨʘʚʠ ʠʥʪʝʨʝʩ ʿʝ ʫ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʠʤʘ v. ɼʨʫʛʠ ʩʣʫʯʘʿ ʿʝ ʜʘ ʿʝ ʬʨʠʢʪʦʥʩʢʠ 

ʢʦʥʫʩ ʪʨʘʥʩʬʦʨʤʠʩʘʥ ʩʘ M(q)
ī1

 ʩʪʨʠʢʪʥʦ ʫʥʫʪʘʨ ʪʘʥʛʝʥʪʥʦʛ ʢʦʥʫʩʘ ʠʟʚʦʜˀʠʚʦʛ 

ʨʝʛʠʦʥʘ. ʊʦ ʿʝʩʪ, n(q)
T
M(q)

ī1
z > 0 ʟʘ ʙʠʣʦ ʢʦʿʝ z  ɴFC(q) ʠ z Í 0. ʏʠʥʠ ʩʝ ʜʘ ʿʝ ʢʨʰʝˁʝ 

ʦʚʦʛ ʫʩʣʦʚʘ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ Painlev-ʦʚʝ ʠ ʩʨʦʜʥʝ ʧʨʠʤʝʨʝ. ʂʦʨʠʰ˂ʝʥʠ 

ʘʨʛʫʤʝʥʪ ʥʝ˂ʝ ʙʠʪʠ ʦʚʜʝ ʦʧʠʩʘʥ, ʦʩʠʤ ʰʪʦ ʢʦʨʠʩʪʠ ʨʝʟʫʣʪʘʪ ʥʝʝʣʘʩʪʠʯʥʦʛ ʫʜʘʨʘ. 

ʂʦʥʘʯʥʠ ʩʣʫʯʘʿ ʫʢˀʫʯʫʿʝ Painlev-ʦʚ ʩʣʫʯʘʿ: ʪʦ ʿʝ ʩʣʫʯʘʿ ʛʜʝ ʿʝ ʨʘʚʘʥ ʪʨʝˁʘ 

ʿʝʜʥʦʜʠʤʝʥʟʠʦʥʘʣʥʘ (dim span D(q)= 1). ʆʧʰʪʠ ʘʨʛʫʤʝʥʪ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʿʝʜʠʥʠ ʥʘʯʠʥ ʥʘ 

ʢʦʿʠ Kulon-ʦʚ ʟʘʢʦʥ ʥʝ ʫʩʧʝ ʟʘ ʛʨʘʥʠʮʫ ʘʢʦ ʥʫʤʝʨʠʯʢʠ ʠʤʧʫʣʩʠ ʪʨʝˁʘ ʠʤʘʿʫ ʦʩʮʠʣʘʮʠʿʝ 

ʢʦʿʝ ʥʠʩʫ O(h) ʧʦ ʚʝʣʠʯʠʥʠ ʫ ʤʘʣʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. ʀʘʢʦ ʦʚʠ ʨʝʟʫʣʪʘʪʠ ʥʝ 

ʧʦʢʨʠʚʘʿʫ ʩʚʝ ʩʣʫʯʘʿʝʚʝ ʦʜ ʠʥʪʝʨʝʩʘ (ʥʘʨʦʯʠʪʦ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʝ ʨʘʚʥʠ ʪʨʝˁʘ), ʦʥʠ 

ʧʨʫʞʘʿʫ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʨʝʰʝˁʝ ʥʝʢʠʭ ʜʦʙʨʦ ʧʦʟʥʘʪʠʭ Ăʧʘʨʘʜʦʢʩʘñ [13]. 

ʋ ʨʘʜʫ [14] ʧʨʝʜʩʪʘʚˀʝʥ ʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʤʦʜʝʣ ʪʨʝˁʘ, ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʨʘʚʥʠʭ 
ʜʦʜʠʨʥʠʭ ʧʦʚʨʰʠʥʘ ʙʝʩʢʦʥʘʯʥʝ ʰʠʨʠʥʝ ʢʦʿʠ ʢʣʠʟʝ ʧʨʝʢʦ ʛʣʘʪʢʝ ʧʦʚʨʰʠʥʝ. ʍʨʘʧʘʚʦʩʪʠ 

ʩʫ ʙʠʣʝ ʫ ʚʠʜʫ ʧʦʧʨʝʯʥʠʭ ʠʣʠ ʫʟʜʫʞʥʠʭ ʞʣʝʙʦʚʘ. ʀʟʨʘʯʫʥʘʪʠ ʩʫ ʥʦʩʠʚʦʩʪ, ʪʨʝˁʝ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ. ʋ ʦʚʦʤ ʨʘʜʫ ʧʨʦʫʯʘʚʘʥ ʿʝ ʫʪʠʮʘʿ ʢʨʫʪʦʩʪʠ ʠ ʧʨʠʛʫʰʝˁʘ, ʢʘʦ ʠ 

ʧʨʦʪʦʢ ʠ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʪʨʝˁʘ ʫʧʦʨʝʹʝʥʝ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʟʘ ʩʣʠʯʥʝ 

ʛʣʘʪʢʝ ʩʪʘʥʜʘʨʜʥʝ ʦʙʣʠʢʝ. ɺʠʜʠ ʩʝ ʜʘ ʢʦʝʬʠʮʠʿʝʥʪʠ ʥʦʚʝ ʢʣʘʩʝ ʫʨʝʹʘʿʘ ʤʦʛʫ ʙʠʪʠ 

ʟʥʘʪʥʦ ʚʝ˂ʠ, ʘ ʧʨʦʪʦʢ ʤʘˁʠ ʥʝʛʦ ʢʦʜ ʩʣʠʯʥʠʭ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʣʝʞʘʿʝʚʘ ʢʘʜʘ ʩʫ 

ʜʝʙˀʠʥʝ ʬʠʣʤʘ ʤʘʣʝ. ɿʘʢˀʫʯʫʿʝ ʩʝ ʜʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʥʘʹʫ ʢʦʨʠʩʥʫ ʧʨʠʤʝʥʫ ʢʦʜ ʤʥʦʛʠʭ 

ʫʨʝʹʘʿʘ, ʫ ʫʩʣʦʚʠʤʘ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʦʩʪʚʘʨʠʪʠ ʦʜʨʝʹʝʥʫ ʜʝʙˀʠʥʫ ʫˀʥʦʛ ʬʠʣʤʘ ʠ ʢʘʜʘ 

ʮʫʨʝˁʝ ʫˀʘ ʪʨʝʙʘ ʩʚʝʩʪʠ ʥʘ ʤʠʥʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ. 

ʋʨʝʹʘʿ ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʤ ʢʦʥʮʝʧʪʫ ʿʝ ʚʝʦʤʘ ʧʨʠʢʣʘʜʘʥ ʟʘ ʫʧʦʪʨʝʙʫ ʠ 

ʿʝʜʥʦʩʪʘʚʘʥ ʟʘ ʠʟʨʘʜʫ. ʊʘʢʦʹʝ ʩʝ ʥʘʧʦʤʠˁʝ ʜʘ ʙʠ ʧʨʘʢʪʠʯʥʦ ʩʚʝ ʚʨʩʪʝ ʫʟʦʨʘʢʘ 

ʨʘʟʣʠʯʠʪʝ ʭʨʘʧʘʚʦʩʪʠ ʙʠʣʝ ʧʨʠʭʚʘʪˀʠʚʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ. ʋ ʨʝʬʝʨʝʥʮʠ [15] ʠʩʪʠ ʘʫʪʦʨ ʿʝ 

ʠʩʪʘʢʘʦ ʜʘ ʩʫ ʥʘʿʧʦʛʦʜʥʠʿʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʫʟʦʨʮʠ ʩʘ ʠʟʨʘʞʝʥʦʤ ʧʦʧʨʝʯʥʦʤ ʠ/ʠʣʠ 

ʫʟʜʫʞʥʦʤ ʭʨʘʧʘʚʦʰ˂ʫ ʢʘʦ ʠ ʧʨʝʧʦʨʫʢʫ ʟʘ ʧʨʠʤʝʥʫ ʤʝʪʦʜʝ ʢʦʜ ʪʘʢʦʟʚʘʥʠʭ ʙʝʩʢʦʥʘʯʥʦ 

ʰʠʨʦʢʠʭ ʣʝʞʠʰʪʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʛʝʥʝʨʠʩʘˁʝ ʘʥʘʣʠʪʠʯʢʠʭ ʠʟʨʘʟʘ ʟʘ ʭʠʜʨʦʜʠʥʘʤʠʯʢʝ 

ʧʘʨʘʤʝʪʨʝ ʢʘʦ ʰʪʦ ʩʫ ʦʧʪʝʨʝ˂ʝˁʝ, ʪʨʝˁʝ ʠ ʧʨʦʪʦʢ. ʇʨʠ ʯʝʤʫ ʩʝ ʘʫʪʦʨ ʧʨʠ ʨʘʟʚʦʿʫ 

ʪʝʦʨʠʿʩʢʦʛ ʤʦʜʝʣʘ ʠ ʛʝʥʝʨʠʩʘˁʫ ʘʥʘʣʠʪʠʯʢʠʭ ʠʟʨʘʟʘ ʧʦʟʠʚʘ ʥʘ ʧʫʙʣʠʢʦʚʘʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʜʘʪʘ ʫ ʦʢʚʠʨʫ ʣʠʪʝʨʘʪʫʨʥʠʭ ʥʘʚʦʜʘ [16, 17]. 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʜʘʪʠ ʫ ʦʢʚʠʨʫ ʣʠʪʝʨʘʪʫʨʥʦʛ ʥʘʚʦʜʘ [18] ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʦʧʪʠʤʘʣʥʫ ʘʥʘʣʠʟʫ ʟʘ ʪʘʯʥʫ ʧʨʦʮʝʥʫ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʦʤʦ˂ʫ 
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ʪʨʠʙʦʤʝʪʘʨʩʢʦʛ ʫʨʝʹʘʿʘ. ʊʨʦʜʠʤʝʥʟʠʦʥʘʣʥʠ ʤʦʜʝʣ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ (FEʄ) ʿʝ 

ʨʘʟʚʠʿʝʥ ʜʘ ʙʠ ʩʝ ʙʦˀʝ ʨʘʟʫʤʝʦ ʪʝʩʪʥʦ ʦʢʨʫʞʝˁʝ ʠ ʧʨʠʜʨʫʞʝʥʠ ʤʝʪʦʜ ʟʘ ʧʨʝʮʠʟʥʦ 

ʜʝʬʠʥʠʩʘˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʦʜ ʜʠʥʘʤʠʯʢʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ. ɸʩʧʝʢʪ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʦʿʘ ʩʝ ʪʨʝʥʫʪʥʦ ʢʦʨʠʩʪʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʟʘʢʦʥʘ 

ʜʠʥʘʤʠʯʢʦʛ ʪʨʝˁʘ ʠ ˁʝʛʦʚʠ ʛʣʘʚʥʠ ʥʝʜʦʩʪʘʮʠ ʩʫ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʠ ʜʠʩʢʫʪʦʚʘʥʠ. ʅʘ 

ʦʩʥʦʚʫ FEʄ ʘʥʘʣʠʟʝ, ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʥʦʚʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʦʮʝʥʫ ʜʠʥʘʤʠʯʢʦʛ ʪʨʝˁʘ 

ʫʚʦʹʝˁʝʤ ʢʦʥʮʝʧʪʘ ʬʘʢʪʦʨʘ ʢʦʨʝʢʮʠʿʝ ʢʦʿʠ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʢʦʨʝʢʮʠʿʫ ʩʪʘʨʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ. ʎʠˀ ʦʚʦʛ ʨʘʜʘ ʿʝ ʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʜʠʥʘʤʠʯʢʦ ʪʨʝˁʝ ʠʟʤʝʹʫ 

ʜʚʝ ʧʣʦʯʝ ʢʦʿʝ ʩʝ ʢʨʝ˂ʫ ʿʝʜʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʫ. ɻʣʘʚʥʠ ʬʦʢʫʩ ʿʝ ʜʘ ʩʝ ʠʩʧʠʪʘ ʤʝʪʦʜʘ 

ʢʦʿʘ ʢʦʨʠʩʪʠ ʩʧʝʮʠʬʠʯʥʠ ʙʘʣʠʩʪʠʯʢʠ ʪʨʠʙʦʤʝʪʘʨ [19 ï 21] ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʬʘʢʪʦʨʘ 

ʜʠʥʘʤʠʯʢʦʛ ʪʨʝˁʘ. ɿʥʘʯʘʿ ʦʚʝ ʩʪʫʜʠʿʝ ʿʝ ʜʘ ʩʝ ʠʩʧʨʘʚʠ ʧʦʩʪʦʿʝ˂ʠ ʧʦʛʨʝʰʘʥ ʧʨʠʩʪʫʧ 

ʤʝʨʝˁʘ ʧʨʦʮʝʥʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʝʢʩʪʨʘʭʦʚʘʥ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʧʦʜʘʪʘʢʘ. ʊʨʝʥʫʪʥʠ ʧʦʛʨʝʰʘʥ ʧʨʦʨʘʯʫʥ ʜʠʥʘʤʠʯʢʦʛ ʪʨʝˁʘ ʧʨʠʧʠʩʫʿʝ ʩʝ ʥʝʪʘʯʥʦʿ 

ʧʨʝʪʧʦʩʪʘʚʮʠ ʨʘʚʥʦʤʝʨʥʝ ʨʘʩʧʦʜʝʣʝ ʧʦˀʘ ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʩʝʥʟʦʨʫ ʩʠʣʝ. ʆʚʘ ʧʦʛʨʝʰʥʘ 

ʧʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʟʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ ʩʫ ʦʯʠʪʘʚʘˁʘ ʩʘʤʦ ʜʚʘ ʤʝʨʘʯʘ, ʬʠʢʩʠʨʘʥʘ 

ʩʠʤʝʪʨʠʯʥʦ, ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʧʦˀʘ ʜʝʬʦʨʤʘʮʠʿʝ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʚʘ ʥʘʿʚʘʞʥʠʿʘ ʧʘʨʘʤʝʪʨʘ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʩʫ: ʧʨʠʤʝˁʝʥʠ 

ʥʦʨʤʘʣʥʠ ʧʨʠʪʠʩʘʢ P ʠ ʧʦʯʝʪʥʘ ʙʨʟʠʥʘ ʫʜʘʨʘ V0. ʇʦʯʝʪʥʘ ʙʨʟʠʥʘ ʫʜʘʨʘ ʩʝ ʤʝʨʠ ʧʦʤʦ˂ʫ 

ʣʘʩʝʨʩʢʠʭ ʩʝʥʟʦʨʘ ʠ ʟʘʚʠʩʠ ʦʜ ʧʦʯʝʪʥʦʛ ʧʨʠʪʠʩʢʘ ʫ ʛʘʩʥʦʤ ʧʠʰʪʦˀʫ. ʉʣʠʢʘ 2.2.7 

ʧʨʠʢʘʟʫʿʝ ʨʝʟʫʣʪʘʪʝ ʫʟʦʨʢʘ ʜʚʘ ʩʠʛʥʘʣʘ ʤʝʨʝʥʘ ʪʦʢʦʤ ʪʠʧʠʯʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ 

ʧʦʯʝʪʥʦʤ ʙʨʟʠʥʦʤ ʿʝʜʥʘʢʦʤ 23 m/s ʠ ʧʨʠʪʠʩʢʦʤ ʦʜ 49 MPa[22]. ɼʝʬʦʨʤʘʮʠʿʝ ʩʝ ʤʝʨʝ ʥʘ 

ʜʚʝ ʩʫʧʨʦʪʥʝ ʩʪʨʘʥʝ ʩʝʥʟʦʨʘ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ˁʝʛʦʚʠʤ ʩʧʦˀʥʠʤ ʧʦʚʨʰʠʥʘʤʘ. ɼʦʜʘʪʥʦ, 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʦʚʘ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʠ ʛʝʦʤʝʪʨʠʿʫ ʫʨʝʹʘʿʘ, ʢʦʝʬʠʮʠʿʝʥʪ ʜʠʥʘʤʠʯʢʦʛ 

ʪʨʝˁʘ, ɛ (t), ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʧʨʝʢʦ ʦʜʥʦʩʘ ʩʠʣʝ ʪʨʝˁʘ ʠ ʥʦʨʤʘʣʥʝ ʩʠʣʝ [22]. 

ʉʠʣʘ ʪʨʝˁʘ FT ʠ ʥʦʨʤʘʣʥʘ ʩʠʣʘ FN ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Ὂ ὸ ὉϽὃ Ͻ‐ὸ ̉  Ὂ ὖϽὃ                (2.2.1) 

ʆʚʜʝ ʿʝ ɽ ɱʫʥʛʦʚ ʤʦʜʫʣ, AG ʿʝ ʧʦʧʨʝʯʥʠ ʧʨʝʩʝʢ ʜʝʣʘ ʩʘ ʟʘʣʝʧˀʝʥʠʤ ʤʝʨʠʣʠʤʘ, P ʿʝ 

ʧʨʠʤʝˁʝʥʠ ʥʦʨʤʘʣʥʠ ʧʨʠʪʠʩʘʢ ʠ AC ʿʝ ʧʦʚʨʰʠʥʘ ʢʦʥʪʘʢʪʘ. ɳʠʭʦʚʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʚʨʝʜʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʨʝʣʠʤʠʥʘʨʥʦʿ ʘʥʘʣʠʟʠ ʩʫ ʥʘʚʝʜʝʥʝ ʫ ʪʘʙʝʣʠ. ʅʠʚʦ 

ʜʝʬʦʨʤʘʮʠʿʝ Ů(t) ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʠʣʝ ʪʨʝˁʘ (ʿʝʜʥʘʯʠʥʘ 2.2.1) ʫʟʠʤʘ ʩʝ 

ʢʘʦ ʧʨʦʩʝʢ ʦʯʠʪʘʚʘˁʘ ʜʚʘ ʤʝʨʘʯʘ ʜʝʬʦʨʤʘʮʠʿʝ [22]. 

 
ʉʣʠʢʘ 2.2.4 ɼʝʪʘˀʘʥ ʦʧʠʩ ʫʨʝʹʘʿʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʠʥʘʤʠʯʢʘ ʤʝʨʝˁʘ ʪʨʝˁʘ, 

ʜʝʬʠʥʠʮʠʿʘ ʟʦʥʝ ʩʝʥʟʦʨʘ ʩʠʣʝ [22]. 
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ʉʣʠʢʘ 2.2.5 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʨʠʤʝʨ ʩʠʛʥʘʣʘ ʜʝʬʦʨʤʘʮʠʿʝ ʫ ʜʚʘ ʤʝʨʘʯʘ ʟʘ ʧʦʯʝʪʥʫ 

ʙʨʟʠʥʫ ʦʜ 23 m/s ʠ ʧʨʠʪʠʩʘʢ ʦʜ 49 MPa [22]. 

ʇʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʨʘʯʫʥ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʩʫ: ɽ=210000 MPa, AC=120 

mm
2
 i AG=20 mm

2
 

ʇʨʝʣʠʤʠʥʘʨʥʘ ʥʫʤʝʨʠʯʢʘ ʘʥʘʣʠʟʘ ʿʝ ʧʨʚʦʙʠʪʥʦ ʩʧʨʦʚʝʜʝʥʘ ʜʘ ʙʠ ʩʝ ʚʝʨʠʬʠʢʦʚʘʣʘ 

ʧʨʝʪʭʦʜʥʘ ʘʥʘʣʠʟʘ ʪʨʝˁʘ. ʆʩʥʦʚʥʠ ʮʠˀ ʿʝ ʙʠʦ ʜʘ ʩʝ ʩʠʤʫʣʠʨʘ ʜʠʥʘʤʠʯʢʠ ʧʨʦʮʝʩ ʪʨʝˁʘ 

ʤʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ (ʉʣʠʢʘ 2.2.6). ʇʨʝʣʠʤʠʥʘʨʥʘ ʘʥʘʣʠʟʘ ʿʝ ʧʦʜʝˀʝʥʘ ʫ ʜʚʘ 

ʢʦʨʘʢʘ: 

1) ʇʨʝʪʝʥʟʠʿʘ ï ʩʪʘʪʠʯʢʘ ʘʥʘʣʠʟʘ ʟʘ ʜʦʙʠʿʘˁʝ ʧʦʯʝʪʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʟʘ ʢʦʨʘʢ 

ʜʠʥʘʤʠʯʢʝ ʘʥʘʣʠʟʝ. ʎʠˀ ʦʚʦʛ ʜʝʣʘ ʿʝ ʙʠʦ ʜʘ ʩʝ ʧʨʦʥʘʹʝ ʦʜʥʦʩ ʠʟʤʝʹʫ ʜʝʙˀʠʥʝ 

ʿʘʩʪʫʯʠ˂ʘ ʠ ʧʨʠʤʝˁʝʥʦʛ ʥʦʨʤʘʣʥʦʛ ʧʨʠʪʠʩʢʘ. 

2) ʋʪʠʮʘʿ ï ʜʠʥʘʤʠʯʢʘ ʘʥʘʣʠʟʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʪʨʝˁʘ ʠʟʤʝʹʫ ʧʦʚʨʰʠʥʘ ʫ 

ʠʥʪʝʨʘʢʮʠʿʠ. ɺʘʞʥʦʩʪ ʦʚʦʛ ʢʦʨʘʢʘ ʿʝ ʜʘ ʿʝ ʫ ʥʫʤʝʨʠʯʢʦʿ ʘʥʘʣʠʟʠ ʤʦʛʫ˂ʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʘ ʟʘʪʠʤ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʧʨʠʢʘʟʘʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʤʦʞʝ ʜʘ ʟʘʜʨʞʠ 

ʠʩʪʫ ʚʨʝʜʥʦʩʪ ʪʨʝˁʘ. 
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ʉʣʠʢʘ 2.2.6 FEʄ ʤʦʜʝʣ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʮʝʥʫ ʫʨʝʹʘʿʘ ʟʘ ʤʝʨʝˁʝ ʜʠʥʘʤʠʯʢʦʛ 

ʪʨʝˁʘ. 

ʇʨʦʚʝʨʘ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʟʘ ʩʣʫʯʘʿ V0=23 m/s ʠ P=49 MPa ʢʦʨʠʰ˂ʝˁʝʤ 

ʥʫʤʝʨʠʯʢʠʭ ʩʠʤʫʣʘʮʠʿʘ ʠ ʧʦʨʝʹʝʝˁ ʜʚʝ ʤʝʪʦʣʦʛʠʿʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʢʘʤʘ 2.2.7 ʠ 

2.2.8. 

 

ʉʣʠʢʘ 2.2.7 ʇʨʦʚʝʨʘ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʟʘ ʩʣʫʯʘʿ V0=23 m/s ʠ P=49 MPa 

ʢʦʨʠʰ˂ʝˁʝʤ ʥʫʤʝʨʠʯʢʠʭ ʩʠʤʫʣʘʮʠʿʘ. 
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ʉʣʠʢʘ 2.2.8 ʇʦʨʝʹʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʜʦʙʠʿʝʥʦʛ ʥʫʤʝʨʠʯʢʠ ʠʟʤʝʹʫ ʜʚʝ 

ʤʝʪʦʜʦʣʦʛʠʿʝ, V0=23 m/s ʠ P=49 MPa. 

ʋ ʦʚʦʤ ʨʘʜʫ ʩʝ ʜʝʪʘˀʥʦ ʨʘʟʤʘʪʨʘʿʫ ʤʥʦʛʠ ʘʩʧʝʢʪʠ ʪʨʝʥʫʪʥʝ ʥʝʪʘʯʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʟʘʢʦʥʘ ʜʠʥʘʤʠʯʢʦʛ ʪʨʝˁʘ. 

ʀʜʝʥʪʠʬʠʢʦʚʘʥʠ ʩʫ ʠ ʜʠʩʢʫʪʦʚʘʥʠ ʛʣʘʚʥʠ ʧʨʦʙʣʝʤʠ ʦʚʝ ʩʪʘʨʝ ʤʝʪʦʜʝ. ʉʪʦʛʘ ʿʝ 

ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʟʘ ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʟʘ ʜʘˀʝ ʝʢʩʧʝʨʠʤʝʥʪʝ ʩʘ ʧʨʩʪʝʥʦʤ ʜʠʥʘʤʦʤʝʪʨʘ. ʅʦʚʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ ʨʘʟʚʠʿʝʥʘ 

ʥʫʤʝʨʠʯʢʠ ʫʟ ʢʦʨʠʰ˂ʝˁʝ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠʤʘ ʩʫ ʩʠʤʫʣʠʨʘʥʠ ʨʝʘʣʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ. ʊʨʝʙʘ ʙʠʪʠ ʦʧʨʝʟʘʥ ʢʦʜ ʤʝʪʦʜʝ ʤʦʜʝʣʠʨʘˁʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ 

ʩʤʠʩʣʫ ʩʪʚʘʨʥʝ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ. ʋ ʩʪʚʘʨʠ, ʢʦʥʪʘʢʪʥʘ ʧʦʚʨʰʠʥʘ ʩʝ ʤʝˁʘ ʩʘ 

ʥʦʨʤʘʣʥʠʤ ʧʨʠʪʠʩʢʦʤ ʠ ʥʝ ʤʦʞʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʢʦʥʩʪʘʥʪʥʦʤ. ʅʫʤʝʨʠʯʢʠ ʿʝ 

ʧʦʢʘʟʘʥʦ ʜʘ ʿʝʜʥʦʩʪʘʚʘʥ ʧʨʠʩʪʫʧ ʘʥʘʣʠʟʠ ʧʨʠʢʘʟʘʥ ʫ [19-22] ʥʠʿʝ ʜʦʚʦˀʘʥ ʜʘ ʩʝ 

ʧʨʝʮʠʟʥʦ ʧʨʦʮʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʧʦʜ ʜʠʥʘʤʠʯʢʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʟʘ ʨʘʟʣʠʯʠʪʝ 

ʥʦʨʤʘʣʥʝ ʧʨʠʪʠʩʢʝ. ʅʝʢʦʣʠʢʦ ʧʨʝʪʧʦʩʪʘʚʢʠ ʢʦʨʠʰ˂ʝʥʠʭ ʫ ʪʠʤ ʩʪʘʨʠʤ ʩʪʫʜʠʿʘʤʘ ʥʠʿʝ 

ʙʠʣʦ ʢʦʥʟʠʩʪʝʥʪʥʦ ʫ ʧʦʛʣʝʜʫ ʜʝʬʠʥʠʩʘˁʘ ʧʨʦʩʝʯʥʝ ʜʝʬʦʨʤʘʮʠʿʝ ʧʦʤʦ˂ʫ ʜʠʥʘʤʦʤʝʪʨʘ 

ʠ ʙʨʟʠʥʝ ʢʣʠʟʘˁʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ. ʋ ʦʚʦʤ ʨʘʜʫ ʿʝ ʨʘʟʚʠʿʝʥʘ ʧʨʝʮʠʟʥʘ ʘʥʘʣʠʟʘ ʟʘʩʥʦʚʘʥʘ 

ʥʘ ʠʥʚʝʨʟʥʦʿ ʤʝʪʦʜʠ ʜʘ ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʝ ʪʘʯʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʜʘ ʙʠ ʩʝ ʢʦʨʠʛʦʚʘʣʠ 

ʧʨʝʪʭʦʜʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ [22]. ʂˀʫʯʥʠ ʠʩʭʦʜ ʿʝ ʠʜʝʿʘ ʜʘ ʩʝ ʫʚʝʜʝ ʢʦʨʝʢʪʠʚʥʠ ʬʘʢʪʦʨ ʟʘ 

ʢʦʨʝʢʮʠʿʫ ʩʪʘʨʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʪʘʯʥʦ ʜʝʬʠʥʠʩʘʦ ʜʠʥʘʤʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʪʨʝˁʘ. ɻʝʥʝʨʘʣʥʦ, ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʦʚʘʿ ʬʘʢʪʦʨ ʢʦʨʝʢʮʠʿʝ ʟʘʚʠʩʠ ʦʜ ʧʦʯʝʪʥʦʛ ʧʨʠʪʠʩʢʘ ʠ 

ʙʨʟʠʥʝ ʫʜʘʨʮʘ ʠ ʥʝʟʘʚʠʩʘʥ ʦʜ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. 

ʋ ʨʘʜʫ ĂA model for the dynamic friction behaviour of rubber-like materialsò - ʄʦʜʝʣ ʟʘ 

ʜʠʥʘʤʠʯʢʦ ʧʦʥʘʰʘˁʝ ʪʨʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʩʣʠʯʥʠʭ ʛʫʤʠ [23] ʘʫʪʦʨʠ ʥʘʚʦʜʝ: Ăʧʨʝʜʣʘʞʝʤʦ 

ʿʝʜʥʦʩʪʘʚʘʥ ʘʥʘʣʠʪʠʯʢʠ ʤʦʜʝʣ ʪʨʝˁʘ ʢʦʿʠ ʦʧʠʩʫʿʝ ʜʠʥʘʤʠʯʢʦ ʧʦʥʘʰʘˁʝ ʪʨʝˁʘ ʠʟʤʝʹʫ 

ʤʘʪʝʨʠʿʘʣʘ ʩʣʠʯʥʠʭ ʛʫʤʠ ʠ ʢʨʫʪʠʭ ʧʦʚʨʰʠʥʘñ. ʇʨʘʪʠʤʦ Kulon-oʚ ʟʘʢʦʥ ʪʨʝˁʘ ʪʘʢʦ ʰʪʦ 

ʨʘʟʣʠʢʫʿʝʤʦ ʩʪʘʪʠʯʢʘ ʠ ʢʠʥʝʪʠʯʢʘ ʩʪʘˁʘ ʪʨʝˁʘ, ʫʩʚʘʿʘʤʦ ʦʩʥʦʚʥʫ ʠʜʝʿʫ ʤʦʜʝʣʘ ʯʝʢʠˁʘ 

ʠ ʫʚʦʜʠʤʦ ʥʝʢʦʣʠʢʦ ʥʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʧʦʩʝʙʥʦ ʜʠʩʠʧʘʪʠʚʥʦ ʝʣʘʩʪʠʯʥʦʩʪ ʯʝʢʠˁʝ 

ʠ ʧʨʠʣʘʛʦʜˀʠʚʦ ʧʨʦʣʘʟʥʦ ʧʦʥʘʰʘˁʝ. ʆʥʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʥʘʰʝʤ ʤʦʜʝʣʫ ʪʨʝˁʘ ʜʘ ʧʦʢʨʠʿʝ 

ʤʥʦʛʘ ʚʘʞʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʟʘʧʘʞʘˁʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʪʭʦʜʥʦ ʢʣʠʟʘˁʝ, ʧʨʝʣʘʟ 

ʤʠʨʦʚʘˁʝ/ʢʣʠʟʘˁʝ, ʩʠʣʘ ʪʨʝˁʘ ʟʘʚʠʩʥʘ ʦʜ ʙʨʟʠʥʝ, ʦʧʫʰʪʘˁʝ, ʢʣʠʟʘˁʝ, ʠʪʜ. 

ʇʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣ ʪʨʝˁʘ ʿʝ ʢʦʥʩʪʨʫʠʩʘʥ ʢʘʦ ʤʦʜʝʣ ʯʝʢʠˁʝ (ʩʣʠʢʘ 2.2.9ʘ) ʠ ʤʦʞʝ ʩʝ 

ʧʦʜʝʣʠʪʠ ʥʘ ʜʚʘ ʜʝʣʘ: ʝʣʘʩʪʠʯʥʦʩʪ ʠ ʧʦʚʨʰʠʥʩʢʦ ʪʨʝˁʝ. ʋ 1D ʢʨʝʪʘˁʫ ʯʝʢʠˁʝ ʥʘ 

ʢʨʫʪʦʿ ʧʦʚʨʰʠʥʠ, xe ʠ xb ʦʟʥʘʯʘʚʘʿʫ, ʨʝʩʧʝʢʪʠʚʥʦ, ʪʘʥʛʝʥʮʠʿʘʣʥʠ ʧʦʣʦʞʘʿ ʛʦʨˁʝ ʠ ʜʦˁʝ 

ʩʪʨʘʥʝ ʯʝʢʠˁʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʚʨʰʠʥʫ. 
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ʘ) ʙ) 

ʉʣʠʢʘ 2.2.9 ʇʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣ ʪʨʝˁʘ: a) ʆʧʰʪʘ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʘ, (ʙ) 1D ʧʨʠʤʝʨ 

ʤʦʜʝʣʘ, ʧʨʝʜʩʪʘʚˀʝʥ ʢʦʨʠʰ˂ʝˁʝʤ ʦʧʨʫʛʘ, ʘʤʦʨʪʠʟʝʨʘ, ʤʘʩʝ ʠ ʬʨʠʢʮʠʦʥʦʛ ʝʣʝʤʝʥʪʘ. 

ɼʘ ʙʠʩʤʦ ʧʦʪʚʨʜʠʣʠ ʧʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣ ʠ ʫʧʦʨʝʜʠʣʠ ʛʘ ʩʘ ʜʨʫʛʠʤ ʤʦʜʝʣʠʤʘ ʪʨʝˁʘ, 

ʧʦʩʪʘʚʠʣʠ ʩʤʦ ʰʝʩʪ ʩʠʤʫʣʘʮʠʿʘ. ʇʨʚʠʭ ʧʝʪ ʩʠʤʫʣʘʮʠʿʘ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʠʤ 

ʤʦʜʝʣʠʨʘˁʝʤ ʛʫʤʝʥʝ ʧʣʦʯʝ ʢʘʦ ʿʝʜʥʝ ʯʝʢʠˁʝ (ʩʣʠʢʘ 2.2.9ʙ) ʩʘ ʩʚʘʢʠʤ ʦʜ ʧʝʪ 

ʨʘʟʤʘʪʨʘʥʠʭ ʤʦʜʝʣʘ ʪʨʝˁʘ. ʆʚʠ ʤʦʜʝʣʠ ʩʫ: 

¶ ʧʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣ ʪʨʝˁʘ, 

¶ Kulon-ʦʚ ʤʦʜʝʣ ʪʨʝˁʘ ʩʘ ʟʘʚʠʩʥʦʰ˂ʫ ʦʜ ʝʣʘʩʪʠʯʥʦʩʪʠ ʠ ʙʨʟʠʥʝ (ʜʦʙʠʿʝ ʩʝ, 

ʝʬʝʢʪʠʚʥʦ, ʧʦʩʪʘʚˀʘˁʝʤ alin= const.= 0 ʫ ʥʘʰʝʤ ʧʨʝʜʣʦʞʝʥʦʤ ʤʦʜʝʣʫ ʪʨʝˁʘ, ʢʘʦ 

ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʦ ʫ  

¶ Dal-ʦʚ ʤʦʜʝʣ, 

¶ ʤʦʜʝʣ LuGre ʠ 

¶ ʤʦʜʝʣ Elasto-Plastic 

 

ʘ) ʙ) ʚ) 

ʉʣʠʢʘ 2.2.10 ʉʪʘʢʣʝʥʘ ʩʬʝʨʘ ʢʦʿʘ ʢʣʠʟʠ ʧʦ ʛʫʤʝʥʦʿ ʧʣʦʯʠ, (a) ʠʣʫʩʪʨʘʮʠʿʘ Barkins-ʦʚʦʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ [24], (ʙ) ʤʦʜʝʣʠʨʘˁʝ ʛʫʤʝʥʝ ʧʣʦʯʝ ʢʘʦ ʿʝʜʥʝ ʯʝʢʠˁʝ, (ʚ) ʄʦʜʝʣʠʨʘˁʝ 

ʛʫʤʝʥʝ ʧʣʦʯʝ ʢʘʦ ʨʘʩʧʦʨʝʹʝʥʠʭ ʯʝʢʠˁʘ. 

ɼʘ ʙʠʩʤʦ ʧʦʪʚʨʜʠʣʠ ʤʦʜʝʣ ʫ ʧʨʘʢʪʠʯʥʠʿʝʤ, 2D ʩʮeʥʘʨʠʿʫ, ʠʤʧʣʝʤʝʥʪʠʨʘʣʠ ʩʤʦ ʛʘ ʫ 

ʤʦʜʝʣ ʛʫʤʝ ʠ ʩʠʤʫʣʠʨʘʣʠ ʩʠʣʫ ʪʨʝˁʘ ʠʟʤʝʹʫ ʛʘʟʝ˂ʝʛ ʩʣʦʿʘ ʛʫʤʝ ʠ ʪʣʘ. ʄʦʜʝʣ ʛʫʤʝ ʿʝ 

ʩʘʩʪʘʚˀʝʥ ʠʟ ʪʨʠ ʜʝʣʘ (ʩʣʠʢʘ 2.2.11): 

(1) ʄʦʜʝʣ ʢʨʫʪʦʛ ʧʨʩʪʝʥʘ: ʤʦʜʝʣʠʨʘ ʝʣʘʩʪʠʯʥʦʩʪ ʪʨʫʧʘ ʛʫʤʝ ʩôʦʙʟʠʨʦʤ ʥʘ ʢʨʫʪʠ 

ʥʘʧʣʘʪʘʢ, ʢʨʫʪʠ ʧʨʩʪʝʥ ʟʘ ʢʘʠʰ, ʝʣʘʩʪʠʯʥʦʩʪ ʠʟʤʝʹʫ ʠ ʚʝʨʪʠʢʘʣʥʫ ʝʣʘʩʪʠʯʥʦʩʪ ʫ 

ʦʜʥʦʩʫ ʥʘ ʪʣʦ. 

(2) ʄʦʜʝʣ ʯʝʪʢʝ: ʨʘʚʥʦʤʝʨʥʦ ʜʠʩʢʨʝʪʠʟʫʿʝ ʢʦʥʪʘʢʪʥʫ ʧʦʚʨʰʠʥʫ ʧʥʝʫʤʘʪʠʢʘ ʫ ʥʠʟ 

ʯʝʢʠˁʘ ʙʝʟ ʤʘʩʝ, ʥʘʣʠʢ ʥʘ ʯʝʪʢʠʮʫ ʩʘ ʨʘʩʪʦʿʘˁʝʤ ʦʜ 10 mm ʠ ʫ ʫʟʜʫʞʥʦʤ ʠ ʫ ʙʦʯʥʦʤ 

ʧʨʘʚʮʫ, ʠ ʦʜʛʦʚʦʨʘʥ ʿʝ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʩʠʣʝ ʪʨʝˁʘ ʠʟʤʝʹʫ ʥʘʚʦʿʘ ʧʥʝʫʤʘʪʠʢʘ ʠ ʪʣʘ. 

(3) ʄʦʜʝʣ ʢʦʥʪʘʢʪʥʦʛ ʧʨʠʪʠʩʢʘ: ʠʟʨʘʯʫʥʘʚʘ ʧʨʦʜʫʞʝʪʘʢ ʢʦʥʪʘʢʪʥʝ ʧʦʚʨʰʠʥʝ 

ʧʥʝʫʤʘʪʠʢʘ ʠ ʥʦʨʤʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ ʩʚʘʢʦʿ ʯʝʢʠˁʠ, ʦʜ ʯʝʛʘ ʟʘʚʠʩʝ ʤʘʢʩʠʤʘʣʥʝ 

ʩʪʘʪʠʯʢʝ ʠ ʩʪʘʙʠʣʥʝ ʢʠʥʝʪʠʯʢʝ ʩʠʣʝ ʪʨʝˁʘ ʯʝʢʠˁʝ,  fh ʠ fg, ʨʝʩʧʝʢʪʠʚʥʦ. 
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ʉʣʠʢʘ 2.2.11 ʄʦʜʝʣ ʛʫʤʝ. 

ʋ ʦʚʦʤ ʨʘʜʫ ʩʤʦ ʧʨʝʜʣʦʞʠʣʠ ʘʥʘʣʠʪʠʯʢʠ ʤʦʜʝʣ ʪʨʝˁʘ ʢʦʿʠ ʦʧʠʩʫʿʝ ʜʠʥʘʤʠʯʢʦ 

ʧʦʥʘʰʘˁʝ ʪʨʝˁʘ ʤʘʪʝʨʠʿʘʣʘ ʩʣʠʯʥʠʭ ʛʫʤʠ ʥʘ ʢʨʫʪʦʿ ʧʦʚʨʰʠʥʠ. ɻʣʘʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʦʚʦʛ ʤʦʜʝʣʘ ʫʢˀʫʯʫʿʫ ʝʣʘʩʪʠʯʥʦʩʪ ʢʦʿʘ ʩʝ ʤʦʞʝ ʢʦʥʬʠʛʫʨʠʩʘʪʠ, ʚʠʜˀʠʚʘ 

ʩʪʘʪʠʯʢʘ/ʢʠʥʝʪʠʯʢʘ ʩʪʘˁʘ ʪʨʝˁʘ, ʩʠʣʫ ʪʨʝˁʘ ʟʘʚʠʩʥʫ ʦʜ ʙʨʟʠʥʝ ʠ ʧʨʠʣʘʛʦʜˀʠʚʦ 

ʧʨʦʣʘʟʥʦ ʧʦʥʘʰʘˁʝ. ʇʦʨʝʜ ʪʦʛʘ, ʫʚʝʣʠ ʩʤʦ ʧʨʦʰʠʨʝˁʝ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ ʪʨʝˁʘ ʥʘ 

2D ʢʨʝʪʘˁʝ, ʢʘʢʦ ʙʠʩʤʦ ʧʨʦʰʠʨʠʣʠ ˁʝʛʦʚʫ ʧʨʠʤʝʥˀʠʚʦʩʪ ʥʘ ʰʠʨʝ ʧʦˀʝ ʩʣʫʯʘʿʝʚʘ ʢʘʦ 

ʰʪʦ ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʪʨʝˁʝ ʛʘʟʝ˂ʝʛ ʩʣʦʿʘ ʛʫʤʝ ʥʘ ʪʣʫ ʫ ʢʦʤʙʠʥʦʚʘʥʦʤ 2D ʢʨʝʪʘˁʫ. 

ʇʦʪʚʨʹʝʥ ʤʝʨʝˁʠʤʘ ʜʦʙʠʿʝʥʠʤ ʫ ʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʜʦʢʘʟʘʥʦ ʿʝ ʜʘ ʧʨʝʜʣʦʞʝʥʠ ʤʦʜʝʣ 

ʪʘʯʥʦ ʨʝʧʨʦʜʫʢʫʿʝ ʤʥʦʛʝ ʚʘʞʥʝ ʬʝʥʦʤʝʥʝ ʫ ʪʨʝˁʫ ʛʫʤʝ, ʥʘ ʧʨʠʤʝʨ, ʧʨʝʜʢʣʠʟʘˁʝ, 

ʧʨʝʣʘʟ ʧʨʠʘʿˁʘˁʘ/ʢʣʠʟʘˁʘ, ʧʨʦʮʝʩ ʨʝʣʘʢʩʘʮʠʿʝ, ʧʨʦʢʣʠʟʘʚʘˁʝ, ʠʪʜ. ʇʦʨʝʹʝˁʘ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʩʪʨʫʢʪʫʨʘ ʠ ʤʦʜʝʣʘ ʧʦʥʘʰʘˁʘ ʧʦʢʘʟʫʿʫ ʧʨʝʜʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦʛ ʤʦʜʝʣʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʜʦʙʨʦ ʧʦʟʥʘʪʝ ʤʦʜʝʣʝ ʪʨʝˁʘ ʢʘʦ ʰʪʦ ʩʫ LuGre, Coulomb, Dahl ʠ Elasto-Plastic 

ʤʦʜʝʣʠ ʫ ʛʦʨʝ ʧʦʤʝʥʫʪʠʤ ʬʝʥʦʤʝʥʠʤʘ. 

ʋ ʩʪʫʜʠʿʠ [25], ʨʘʟʚʠʿʝʥʘ ʿʝ ʥʝʢʘ ʚʨʩʪʘ ʤʠʢʨʦ-ʪʨʠʙʦʪʝʩʪʝʨʘ ʥʘ ʯʠʧʫ ʜʘ ʙʠ ʩʝ ʠʩʪʨʘʞʠʣʦ 

ʙʦʯʥʦ ʧʦʥʘʰʘˁʝ ʪʨʝˁʘ ʿʝʜʥʦʢʨʠʩʪʘʣʥʠʭ ʩʠʣʠʮʠʿʫʤʩʢʠʭ MEMS ʫʨʝʹʘʿʘ. ʋ ʦʚʦʤ 

ʪʨʠʙʦʪʝʩʪʝʨʫ ʜʚʘ ʘʢʪʫʘʪʦʨʘ ʩʘ ʯʝʰˀʘʩʪʠʤ ʧʦʛʦʥʦʤ, ʩʪʨʫʢʪʫʨʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʠ ʩʝʥʟʦʨʠ 

ʩʠʣʝ ʩʫ ʠʥʪʝʛʨʠʩʘʥʠ ʥʘ ʿʝʜʥʦʿ ʧʦʜʣʦʟʠ ʧʦʤʦ˂ʫ ʩʪʘʥʜʘʨʜʥʠʭ MEMS ʧʨʦʮʝʩʘ 

ʧʨʦʠʟʚʦʜˁʝ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʜʘ ʨʘʜʥʦ ʩʪʘˁʝ ʢʦʥʪʘʢʪʥʦʛ ʧʘʨʘ ʙʫʜʝ ʘʥʘʣʦʛʥʦ ʦʥʦʤ ʫ 

ʩʪʚʘʨʥʠʤ MEMS ʫʨʝʹʘʿʠʤʘ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʝʪʭʦʜʥʠʤ ʠʩʪʨʘʞʠʚʘˁʝʤ ʥʘ ʯʠʧʫ ʦ 

ʧʦʣʠʩʠʣʠʮʠʿʫʤʩʢʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʠ ʧʨʦʠʟʚʦʜˁʠ ʧʦʚʨʰʠʥʝ, ʦʚʘ ʩʪʫʜʠʿʘ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʥʠ ʩʠʣʠʮʠʿʫʤʩʢʠ ʤʘʪʝʨʠʿʘʣ, ʢʦʿʠ ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʠ ʟʘ MEMS ʫʨʝʹʘʿʝ. 

ɱʝʜʥʦʩʪʘʚʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʜʠʤʝʥʟʠʿʝ ʤʠʢʨʦ-ʪʨʠʙʦʪʝʩʪʝʨʘ ʧʨʠʢʘʟʘʥʝ ʩʫ 

ʥʘ ʩʣʠʮʠ 2.2.12, ʛʜʝ ʩʝ ʢʘʦ ʿʝʜʠʥʠʮʘ ʢʦʨʠʩʪʠ ʤʠʢʨʦʤʝʪʘʨ. ʊʨʠʙʦʪʝʩʪʝʨ ʩʝ ʫʛʣʘʚʥʦʤ 

ʩʘʩʪʦʿʠ ʦʜ ʜʚʘ ʦʜʚʦʿʝʥʘ ʘʢʪʫʘʪʦʨʘ ʯʝʰˀʘʩʪʦʛ ʧʦʛʦʥʘ, A ʠ B, ʢʦʿʠ ʩʫ ʨʘʩʧʦʨʝʹʝʥʠ ʪʘʢʦ 

ʜʘ ʙʫʜʫ ʫ ʨʘʚʥʠ ʿʝʜʘʥ ʥʘ ʜʨʫʛʠ. ʐʘʪʣ B ʫ ʩʠʩʪʝʤʫ ʜʝʣʫʿʝ ʢʘʦ ʩʪʨʫʢʪʫʨʘ ʟʘ ʦʧʪʝʨʝ˂ʝˁʝ 

ʜʘ ʙʠ ʧʨʫʞʠʦ ʥʦʨʤʘʣʥʫ ʩʠʣʫ ʫʨʝʹʘʿʫ, ʘ ʰʘʪʣ A ʩʝ ʢʨʝ˂ʝ ʥʘʧʨʝʜ-ʥʘʟʘʜ ʢʘʢʦ ʙʠ ʧʦʥʫʜʠʦ 

ʬʨʠʢʮʠʦʥʦ ʢʨʝʪʘˁʝ. ʇʦʢʨʝʪʥʠ ʜʝʦ ʩʚʘʢʦʛ ʰʘʪʣʘ ʿʝ ʤʝʭʘʥʠʯʢʠ ʦʩʣʦˁʝʥ ʥʘ ʰʝʩʪ ʚʠʩʝ˂ʠʭ 

ʛʨʝʜʘ, ʢʦʿʝ ʩʫ ʧʨʠʯʚʨʰ˂ʝʥʝ ʟʘ ʩʪʝʛʥʫʪʝ ʧʨʘʚʦʫʛʘʦʥʝ ʙʣʦʢʦʚʝ. ʉʠʤʝʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ 

ʛʨʝʜʘ ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʝ ʧʦʢʨʝʪʥʠ ʜʝʦ ʰʘʪʣʘ ʢʨʝ˂ʝ ʫ ʬʠʢʩʥʦʤ ʧʨʘʚʮʫ. ʋ ʥʝʥʘʧʫˁʝʥʦʤ 

ʩʪʘˁʫ, ʧʦʩʪʦʿʠ ʨʘʟʤʘʢ, 3 ɛm ʢʘʢʦ ʿʝ ʧʨʦʿʝʢʪʦʚʘʥ, ʠʟʤʝʹʫ ʧʨʦʜʫʞʝʥʝ ʨʫʢʝ ʰʘʪʣʘ A ʠ 

ʚʨʭʘ ʢʨʘʢʘ ʰʘʪʣʘ B (ʫʚʝ˂ʘʥʠ ʜʝʦ C ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 2.2.12ʙ). ʇʨʠʤʝʥʦʤ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʠʩʪʨʘʩʥʦʛ ʿʝʜʥʦʩʤʝʨʥʦʛ ʥʘʧʦʥʘ ʥʘ ʰʘʪʣʫ B, ʚʨʭ ʧʨʦʜʫʞʝʥʝ ʨʫʢʝ ʰʘʪʣʘ 

B ʠ ʧʨʦʜʫʞʝʥʠ ʢʨʘʢ ʰʘʪʣʘ A ʤʦʛʫ ʜʦ˂ʠ ʫ ʢʦʥʪʘʢʪ. ʆʧʪʝʨʝ˂ʝˁʝ ʢʦʥʪʘʢʪʘ ʩʝ ʤʦʞʝ 
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ʧʦʜʝʩʠʪʠ ʫ ʦʧʩʝʛʫ ʦʜ ʥʫʣʘ ʜʦ ʦʢʦ 350 ɛN ʧʨʦʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ ʿʝʜʥʦʩʤʝʨʥʦʛ ʥʘʧʦʥʘ 

ʧʨʠʤʝˁʝʥʦʛ ʥʘ ʰʘʪʣʫ B. ʂʚʘʟʠʩʪʘʪʠʯʢʦ ʠʣʠ ʜʠʥʘʤʠʯʢʦ ʠʩʧʠʪʠʚʘˁʝ ʪʨʝˁʘ ʤʦʞʝ ʜʘ ʩʝ 

ʫʨʘʜʠ ʩʘ ʪʨʠʙʦʪʝʩʪʝʨʦʤ ʥʘʤʝʪʘˁʝʤ ʨʘʤʧʠʥʛ ʿʝʜʥʦʩʤʝʨʥʦʛ ʥʘʧʦʥʘ ʠʣʠ ʧʨʠʩʪʨʘʩʥʦʛ 

ʩʠʥʫʩʥʦʛ ʥʘʧʦʥʘ ʥʘ ʰʘʪʣʫ A, ʨʝʩʧʝʢʪʠʚʥʦ. ʉʠʣʘ ʪʨʝˁʘ ʢʦʿʘ ʜʝʣʫʿʝ ʥʘ ʙʦʯʥʫ ʜʦʜʠʨʥʫ 

ʧʦʚʨʰʠʥʫ ʤʦʞʝ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʠʟ ʠʟʤʝʨʝʥʦʛ ʦʪʢʣʦʥʘ ʢʨʘʢʘ ʰʘʪʣʘ B. ɼʘ ʙʠ ʩʝ ʦʣʘʢʰʘʣʦ 

ʤʝʨʝˁʝ ʦʪʢʣʦʥʘ ʠʩʧʨʫʞʝʥʠʭ ʢʨʘʢʦʚʘ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ, ʩʪʘʮʠʦʥʘʨʥʠ ʨʝʬʝʨʝʥʪʥʠ ʙʣʦʢ 

ʿʝ ʫʛʨʘʹʝʥ ʥʘ ʙʦʯʥʠʤ ʩʪʨʘʥʘʤʘ ʢʨʘʢʦʚʘ ʠ ʚʨʭ ʧʨʦʜʫʞʝʥʝ ʨʫʢʝ ʰʘʪʣʘ B ʿʝ ʜʠʟʘʿʥʠʨʘʥ ʫ 

ʦʙʣʠʢʫ ʢʨʩʪʘ. ɺʨʝʜʥʦʩʪʠ ʥʦʨʤʘʣʥʝ ʩʠʣʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʠʣʝ ʪʨʝˁʘ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʢʨʦʟ 

ʨʝʣʘʪʠʚʥʘ ʢʨʝʪʘˁʘ ʠʩʧʨʫʞʝʥʦʛ ʢʨʘʢʘ A ʠ B ʧʨʝʤʘ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʬʝʨʝʥʪʥʦʤ ʙʣʦʢʫ. 

ʆʜʥʦʩʠ ʩʠʣʘ ʪʨʝˁʘ ʧʨʝʤʘ ʥʦʨʤʘʣʥʠʤ ʩʠʣʘʤʘ ʩʝ ʪʘʢʦʹʝ ʤʦʛʫ ʜʦʙʠʪʠ ʧʨʝʢʦ ʪʝʩʪʠʨʘʥʠʭ 

ʚʨʝʜʥʦʩʪʠ. 

 

ʉʣʠʢʘ 2.2.12 ʉʪʨʫʢʪʫʨʘ ʧʨʦʿʝʢʪʦʚʘʥʦʛ ʪʨʠʙʦʪʝʩʪʝʨʘ: (ʘ) ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

ʤʠʢʨʦʪʨʠʙʦʪʝʩʪʝʨʘ, (ʙ) ʧʦʚʝ˂ʘˁʝ ʜʝʣʘ C. 

ʄʠʢʨʦ-ʪʨʠʙʦʪʝʩʪʝʨ ʿʝ ʫʩʧʝʰʥʦ ʜʠʟʘʿʥʠʨʘʥ, ʧʨʦʠʟʚʝʜʝʥ ʠ ʢʦʨʠʰ˂ʝʥ ʜʘ ʩʠʤʫʣʠʨʘ 

ʪʨʠʙʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʥʠʭ ʩʠʣʠʮʠʿʫʤʩʢʠʭ MEMS ʫʨʝʹʘʿʘ. ʆʚʘʿ ʫʨʝʹʘʿ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʠʥʪʝʛʨʠʰʝ ʜʚʘ ʘʢʪʫʘʪʦʨʘ ʩʘ ʯʝʰˀʘʩʪʠʤ ʧʦʛʦʥʦʤ, ʢʦʥʪʘʢʪʥʠ ʧʘʨ ʠ ʩʝʥʟʦʨʝ 

ʩʠʣʝ ʥʘ ʿʝʜʥʦʤ ʯʠʧʫ ʧʦ ʩʪʘʥʜʘʨʜʥʦʿ MEMS ʪʝʭʥʦʣʦʛʠʿʠ. ʀʟ ʨʝʟʫʣʪʘʪʘ ʩʝ ʤʦʛʫ ʠʟʚʫʠ˂ 

ʩʣʝʜʝ˂ʠ ʟʘʢˀʫʯʮʠ: 

(1) ʊʨʠʙʦʪʝʩʪʝʨ ʤʦʞʝ ʫʩʧʝʰʥʦ ʩʠʤʫʣʠʨʘʪʠ ʫʩʣʦʚʝ ʪʨʝˁʘ ʥʘ ʙʦʯʥʠʤ ʟʠʜʦʚʠʤʘ 

ʤʦʥʦʢʨʠʩʪʘʣʥʦʛ ʩʠʣʠʮʠʿʫʤʩʢʦʛ MEMS ʤʘʪʝʨʠʿʘʣʘ. 

(2) ʊʦʢʦʤ ʠʩʧʠʪʠʚʘˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʪʘʪʠʯʢʦʛ ʪʨʝˁʘ ʫʦʯʝʥʦ ʿʝ ʢʣʠʟʘˁʝ. ʀʟʤʝʨʝʥʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʩʪʘʪʠʯʢʦʛ ʪʨʝˁʘ ʿʝ ʦʢʦ 0,9. 

(3) ʂʦʝʬʠʮʠʿʝʥʪ ʜʠʥʘʤʠʯʢʦʛ ʪʨʝˁʘ ʚʠʰʝ ʥʠʿʝ ʢʦʥʩʪʘʥʪʥʘ ʚʨʝʜʥʦʩʪ ʢʘʜʘ ʿʝ ʥʦʨʤʘʣʥʘ 

ʩʠʣʘ ʧʨʠʤʝˁʝʥʘ ʥʘ ʢʦʥʪʘʢʪʥʠ ʧʘʨ ʧʨʦʤʝʥˀʠʚʘ. ʊʝʩʪʠʨʘʥʘ ʚʨʝʜʥʦʩʪ ʿʝ ʫ ʦʧʩʝʛʫ ʦʜ 0,24ï

0,35. 
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ʆʚʦʤ ʧʨʠʣʠʢʦʤ ʜʘʿʝ ʩʝ ʢʨʘʪʘʢ ʧʨʝʛʣʝʜ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʩʫ ʫ ʦʜʨʝʹʝʥʦʤ 

ʩʤʠʩʣʫ ʫ ʩʢʣʘʜʫ ʩʘ ʪʝʤʦʤ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʋ ʨʘʜʦʚʠʤʘ [26, 30] ʠʟʣʘʞʫ ʩʝ 

ʨʝʟʫʣʪʘʪʠ ʪʨʠʙʦʣʦʰʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʥʦʜʫʣʘʨʥʦʛ ʣʠʚʘ ʢʘʦ ʠ ʘʥʘʣʦʛʠʿʘ, ʫ ʩʤʠʩʣʫ 

ʫʩʧʦʩʪʘʚˀʘˁʘ ʢʦʨʝʣʘʪʠʚʥʝ ʚʝʟʝ ʠʟʤʝʹʫ ʪʨʠʙʦʣʦʰʢʠʭ ʠ ʤʝʪʘʣʫʨʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

(ʧʘʨʘʤʝʪʘʨʘ) ʠʩʧʠʪʠʚʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʂʦʥʮʝʧʪ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʝʰʝˁʘ ʨʘʟʚʠʿʝʥʠʭ ʠ 

ʨʝʘʣʠʟʦʚʘʥʠʭ ʪʨʠʙʦʤʝʪʘʨʘ ʠ ʪʝʩʪʠʨʘˁʝ ʪʨʠʙʦʤʝʪʨʘ ʠʟʣʦʞʝʥʦ ʿʝ ʫ ʦʢʚʠʨʫ ʣʠʪʝʨʘʪʫʨʥʠʭ 

ʥʘʚʦʜʘ [27, 28, 29, 30]. ʊʝʦʨʠʿʩʢʝ ʧʦʩʪʘʚʢʝ ʢʦʥʮʝʧʪʫʘʣʥʠʭ ʨʝʰʝˁʘ ʠ ʘʥʘʣʠʟʘ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʛʨʝʰʘʢʘ ʤʝʨʝˁʘ ʠʟʣʦʞʝʥʘ ʿʝ ʫ ʨʘʜʦʚʠʤʘ [31, 35]. ʂʦʥʮʝʧʪ SLIDE-ROLL 

ʘʜʘʧʪʝʨʘ ʠ ʩʠʤʫʣʘʮʠʿʘ ʪʨʝˁʘ ʠ ʭʘʙʘˁʘ ʥʘ ʪʨʠʙʦʤʝʪʨʫ TPD-2000 ʜʘʪʘ ʿʝ ʫ ʦʢʚʠʨʫ 

ʣʠʪʝʨʘʪʫʨʥʦʛ ʥʘʚʦʜʘ [32]. ɸʣʛʦʨʠʪʘʤ ʥʘʤʝʥʩʢʠ ʨʘʟʚʠʿʝʥʦʛ ʩʦʬʪʚʝʨʘ ʠ ʧʨʠʢʘʟ ʠʟʚʝʰʪʘʿʘ 

ʦ ʦʙʘʚˀʝʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʜʘʪ ʿʝ ʫ ʨʘʜʫ [33]. ʅʘ ʢʨʘʿʫ, ʫ ʦʢʚʠʨʫ ʨʝʬʝʨʝʥʮʝ [34] 

ʠʟʣʦʞʝʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʠʤʝʥʝ ʪʦʧʣʦʪʝ ʛʝʥʝʨʠʩʘʥʝ ʪʨʝˁʝʤ. 

ʀʩʢʫʩʪʚʘ ʫ ʥʘʩʪʘʚʠ ʩʘ ʥʘʰʠʭ ʠ ʧʨʝʩʪʠʞʥʠʭ ʩʚʝʪʩʢʠʭ ʫʥʠʚʝʨʟʠʪʝʪʘ ʧʦʢʘʟʫʿʫ ʜʘ ʩʪʫʜʝʥʪʠ 

ʚʝʦʤʘ ʯʝʩʪʦ ʥʘʠʣʘʟʝ ʥʘ ʧʦʪʝʰʢʦ˂ʝ ʧʨʠ ʩʘʛʣʝʜʘʚʘˁʫ ʠ ʩʫʰʪʠʥʩʢʦʤ ʨʘʟʫʤʝʚʘˁʫ 

ʬʝʥʦʤʝʥʘ ʪʨʝˁʘ [36 - 39]. ʀʤʘʿʫ˂ʠ ʥʘʚʝʜʝʥʦ ʫ ʚʠʜʫ, ʥʘ ʌʘʢʫʣʪʝʪʫ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ, ʫʥʘʟʘʜ ʜʝʩʝʪʘʢ ʛʦʜʠʥʘ, ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʫʿʝ ʩʝ ʫʥʘʧʨʝʹʝˁʫ ʥʘʩʪʘʚʝ ʠ 

ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʝʞʙʠ ʠʟ ʧʨʝʜʤʝʪʘ ʢʦʿʠ ʩʫ ʪʘʥʛʝʥʪʥʠ ʩʘ ʧʨʦʙʣʝʤʘʪʠʢʦʤ ʪʨʝˁʘ ʠ 

ʭʘʙʘˁʘ. ʊʨʝˁʝ ʿʝ ʿʝʜʘʥ ʦʜ ʬʫʥʜʘʤʝʥʪʘʣʥʠʭ ʧʨʦʙʣʝʤʘ ʫ ʬʠʟʠʮʠ, ʩʘ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʦʤ 

ʫ ʤʥʦʛʠʤ ʦʙʣʘʩʪʠʤʘ ʠʥʞʝˁʝʨʩʪʚʘ, ʥʘ ʌʘʢʫʣʪʝʪʫ ʠʥʞʝˁʝʨʩʢʠʭ ʥʘʫʢʘ ʨʘʟʚʠʿʝʥ ʿʝ 

ʨʝʢʦʥʬʠʛʫʨʘʙʠʣʥʠ ʩʝʪ ʢʦʿʝʛ ʯʠʥʠ ʥʠʟ ʤʦʜʫʣʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʩʪʘʪʠʯʢʦʛ ʠ ʢʠʥʝʤʘʪʩʢʦʛ 

ʪʨʝˁʘ ʢʣʠʟʘˁʘ ʠ ʢʦʪʨˀʘˁʘ. ʅʘʚʝʜʝʥʠ ʩʝʪ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʚʝʞʙʘʤʘ ʟʘ 

ʜʝʤʦʥʩʪʨʠʨʘˁʝ ʚʝʟʝ ʠʟʤʝʹʫ ʪʝʦʨʠʿʩʢʠʭ ʟʥʘˁʘ ʠ ʨʝʟʫʣʪʘʪʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʧʫʪʝʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘ. ʋ ʩʘʨʘʜˁʠ ʩʘ ʠʩʪʨʘʞʠʚʘʯʠʤʘ ʩʘ ʜʨʫʛʠʭ ʫʥʠʚʝʨʟʠʪʝʪʘ ʫ ʟʝʤˀʠ ʠ 

ʠʥʦʩʪʨʘʥʩʪʚʫ, ʧʫʙʣʠʢʦʚʘʥ ʿʝ ʚʝ˂ʠ ʙʨʦʿ ʨʘʜʦʚʘ [40 - 53]. 

ʉʪʘʪʠʯʢʦ ʪʨʝˁʝ ʢʦʪʨˀʘˁʘ ʧʨʠ ʧʦʚʠʰʝʥʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʨʘʟʤʘʪʨʘʥʦ ʿʝ ʫ ʦʢʚʠʨʫ 

ʣʠʪʝʨʘʣʥʠʭ ʥʘʚʦʜʘ [40, 41], ʫʪʠʮʘʿ ʢʦʥʪʘʢʪʥʦʛ ʧʨʠʪʠʩʢʘ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʦʙʨʘʟʣʘʞʝ ʩʝ ʫ ʥʘʚʦʜʫ [42], ʫʪʠʮʘʿ ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ 

ʢʣʠʟʘˁʘ ʠʟʣʘʞʝ ʩʝ ʫ ʨʘʜʫ [43], ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʪʨʝˁʘ ʟʘʧʪʠʚʢʠ ʭʠʜʨʘʫʣʠʯʥʦʛ 

ʮʠʣʠʥʜʨʘ ʫ ʩʨʝʜʠʥʠ ʚʠʩʦʢʦʛ ʥʠʚʦʘ ʚʘʢʫʫʤʘ ʠʟʣʘʞʫ ʫ ʣʠʪʝʨʘʪʫʨʥʦʤ ʥʘʚʦʜʫ [44] ʜʦʢ ʩʝ 

ʘʥʘʣʠʟʘ ʫʪʠʮʘʿʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʣʠʟʘˁʘ ʠʟʣʘʞʝ ʫ ʨʘʜʫ 

[45]. 

Kʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ, ʛʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʫ ʩʚʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʥʪʘʢʪʘ, ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʧʦʪʧʫʥʦ ʜʨʫʛʘʯʠʿʠʤ ʤʝʪʦʜʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ 

ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʤʝʨʝˁʫ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ ʤʝʨʝˁʫ ʩʠʣʝ ʪʨʝˁʘ. ʇʨʚʘ 

ʧʫʙʣʠʢʦʚʘʥʘ ʪʝʦʨʠʿʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʧʨʝʢʦ ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʪʝʣʘ ʥʠʟ ʩʪʨʤʫ ʨʘʚʘʥ ʦʙʿʘʚʠʦ ʿʝ ʆjler 1750. 

ʛʦʜʠʥʝ [46]. ʉʣʦʙʦʜʥʦ ʩʝ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʦʚʘ ʤʝʪʦʜʘ, ʥʘʞʘʣʦʩʪ, ʥʠ ʧʦʩʣʝ 275 ʛʦʜʠʥʘ ʫ 

ʩʬʝʨʠ ʥʘʫʢʝ, ʘ ʧʦʩʝʙʥʦ ʫ ʩʬʝʨʠ ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʘʚʨʝʤʝʥʝ 

ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʝ ʦʧʨʝʤʝ, ʥʠʿʝ ʜʦʞʠʚʝʣʘ ʰʠʨʫ ʝʢʩʧʘʥʟʠʿʫ. ʋ ʩʬʝʨʠ ʥʘʫʢʝ, ʤʘˁʠ ʙʨʦʿ 

ʧʫʙʣʠʢʦʚʘʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (ʧʨʝʪʝʞʥʦ ʫ ʯʘʩʦʧʠʩʠʤʘ ʢʦʿʠ ʧʦʢʨʠʚʘʿʫ ʦʙʣʘʩʪ ʝʜʫʢʘʮʠʿʝ 

ʠʟ ʦʙʣʘʩʪʠ  ʬʠʟʠʢʝ ʙʘʟʠʨʘ ʠʣʠ ʿʝ ʪʘʥʛʝʥʪʘʥ ʩʘ ʆjler-ʦʚʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ.  

ʇʨʘʪʝ˂ʠ Ojler-ʦʚʫ ʠʜʝʿʫ, ʛʨʫʧʘ ʘʫʪʦʨʘ [47] ʧʫʙʣʠʢʦʚʘʣʘ ʿʝ ʨʝʟʫʣʪʘʪʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʥʫ ʦʜ ʨʝʪʢʠʭ ʧʫʙʣʠʢʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ Ojler-ʦʚʝ 

ʤʝʪʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʋ ʪʝʦʨʠʿʩʢʦʤ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʤʠʩʣʫ ʛʨʫʧʘ ʘʫʪʦʨʘ [47, 48] ʥʘʜʛʨʘʜʠʣʘ ʿʝ Ojler-ʦʚ ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣ 

ʜʦʜʘʚʘˁʝʤ ʨʝʘʣʥʦ ʧʦʩʪʦʿʝ˂ʝ ʩʠʣʝ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʢʦʿʘ ʩʝ, ʩʘ ʘʩʧʝʢʪʘ ʛʨʝʰʘʢʘ ʤʝʨʝˁʘ 

ʤʦʨʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʫ ʫʩʣʦʚʠʤʘ ʢʨʝʪʘˁʘ ʪʝʣʘ ʥʠʟ ʩʪʨʤʫ ʨʘʚʘʥ ʧʨʠ ʚʝ˂ʠʤ ʙʨʟʠʥʘʤʘ 

ʢʨʝʪʘˁʘ ʠ/ʠʣʠ ʤʘʣʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʆʩʥʦʚʝ ʥʘʜʛʨʘʹʝʥʦʛ Ojler-ʦʚʦʛ 
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ʪʝʦʨʠʿʩʢʦʛ ʤʦʜʝʣʘ ʙʘʟʠʨʘʿʫ ʥʘ ʤʝʨʝˁʫ ʚʨʝʤʝʥʘ ʢʦʿʝ ʿʝ ʧʦʪʨʝʙʥʦ ʪʝʣʫ ʤʘʩʝ m ʜʘ ʥʠʟ 

ʩʪʨʤʫ ʨʘʚʘʥ ʧʨʝʹʝ ʧʫʪ ʜʫʞʠʥʝ s, ʰʪʦ ʿʝ ʠʣʫʩʪʨʦʚʘʥʦ ʰʝʤʦʤ ʜʘʪʦʤ ʥʘ ʩʣʠʮʠ 2.2.13. 

m

s

Fµ
Fw=k.v

m.a

mg sin· Ŭ

F =mg cosn · Ŭ Ŭ

Ŭ

mg

 

ʉʣʠʢʘ 2.2.13 Kʨʝʪʘˁʝ ʪʝʣʘ ʥʠʟ ʩʪʨʤʫ ʨʘʚʘʥ ï ʘʥʘʣʠʟʘ ʩʠʣʘ [47]. 

ʋ ʦʢʚʠʨʫ ʜʘˀʝʛ ʨʘʟʚʦʿʘ Ojler-ʦʚʝ ʤʝʪʦʜʝ ʠ ʨʝʟʫʣʪʘʪʘ ʧʫʙʣʠʢʦʚʘʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ [48] 

ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ ʦʚʝʤ ʤʝʪʦʜʦʤ ʤʦʛʫ ʢʚʘʥʪʠʬʠʢʦʚʘʪʠ ʝʥʝʨʛʝʪʩʢʠ ʛʫʙʠʮʠ ʥʘʩʪʘʣʠ ʫʩʣʝʜ 

ʪʨʝˁʘ ʠ ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʛʝʦʤʝʪʨʠʿʝ ʢʦʥʪʘʢʪʥʠʭ ʧʘʨʦʚʘ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 0,01 ɱ. 

 

 

 

ʉʣʠʢʘ 2.2.14 ʌʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟʠ ʤʦʜʫʣʘ ʥʘʤʝˁʝʥʦʛ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʫ ʦʙʣʘʩʪʠ 

ʢʠʥʝʤʘʪʩʢʦʛ ʪʨʝˁʘ, ʥʘʜʛʨʘʹʝʥʦʛ ʥʘ ʦʩʥʦʚʥʫ ʢʦʥʬʠʛʫʨʘʮʠʿʫ ʫʨʝʹʘʿʘ [48]. 

ɱʝʜʘʥ ʦʜ ʨʝʪʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʥʝ ʙʘʟʠʨʘ ʥʘ ʩʪʨʤʦʿ ʨʘʚʥʠ, ʚʝ˂ ʥʘ Ojler-ʦʚʦʿ ʠʜʝʿʠ ʜʘ ʩʝ 

ʧʨʝʢʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʦʜʨʝʜʠ ʢʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ 

ʦʙʿʘʚˀʝʥ ʿʝ ʫ ʪʝʤʘʪʩʢʦʤ ʯʘʩʦʧʠʩʫ ʠʟ ʦʙʣʘʩʪʠ ʪʨʠʙʦʣʦʛʠʿʝ [1]. ʅʘ ʩʣʠʢʘʤʘ 2.2.15(ʘ-ʚ) 

ʧʨʠʢʘʟʘʥ ʿʝ ʨʝʘʣʠʟʦʚʘʥʠ ʫʨʝʹʘʿ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʿʠ ʩʠʤʫʣʠʨʘ ʨʘʜ 

ʚʠʙʨʘʮʠʦʥʝ ʧʣʘʪʬʦʨʤʝ (2.2.15ʘ), ʤʝʭʘʥʠʯʢʠ ʤʦʜʝʣ ʨʘʩʧʦʨʝʜʘ ʩʠʣʘ ʥʘ ʚʠʙʨʘʮʠʦʥʦʿ 

ʧʣʘʪʬʦʨʤʠ (2.2.15ʙ.) ʠ ʬʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʥʘ ʩʠʪʫ. 
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ʘ) 

 

ʙ) 

 

ʚ) 

ʉʣʠʢʘ 2.2.15 ʈʝʘʣʠʟʦʚʘʥʠ ʫʨʝʹʘʿ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʿʠ ʩʠʤʫʣʠʨʘ ʨʘʜ 

ʚʠʙʨʘʮʠʦʥʝ ʧʣʘʪʬʦʨʤʝ (ʘ), ʤʝʭʘʥʠʯʢʠ ʤʦʜʝʣ ʨʘʩʧʦʨʝʜʘ ʩʠʣʘ ʥʘ ʚʠʙʨʘʮʠʦʥʦʿ ʧʣʘʪʬʦʨʤʠ 

(ʙ) ʠ ʬʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʥʘ ʩʠʪʫ (ʚ). 

ʅʘ ʦʩʥʦʚʫ ʪʝʦʨʠʿʩʢʠʭ ʨʘʟʤʘʪʨʘˁʘ ʠʟʣʦʞʝʥʠʭ ʫ ʣʠʪʝʨʘʪʫʨʥʦʤ ʥʘʚʦʜʫ [1] ʢʦʝʬʠʮʠʿʝʥʪ 

ʪʨʝˁʘ ʿʝ ʦʜʨʝʹʝʥ ʥʘ ʦʩʥʦʚʫ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʧʦ ʩʠʪʫ. 

ʋ ʥʘʚʝʜʝʥʦʤ ʨʘʜʫ ʠʟʣʦʞʝʥ ʿʝ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʘʥ ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣ ʢʦʿʠ ʤʘʪʝʤʘʪʠʯʢʠ 

ʧʨʝʟʝʥʪʠʨʘ ʫʩʣʦʚʝ ʜʠʥʘʤʠʯʢʝ ʨʘʚʥʦʪʝʞʝ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʠ ʝʬʝʢʪʝ ʧʨʝʥʦʩʥʦʛ ʠ 

ʨʝʣʘʪʠʚʥʦʛ ʢʨʝʪʘˁʘ ʥʘ ʧʨʦʤʝʥʫ ʫʙʨʟʘˁʘ ʠ ʧʦʣʦʞʘʿʘ (ʢʦʦʨʜʠʥʘʪʝ) ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʫ 
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ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ. ɿʘ ʧʨʦʨʘʯʫʥ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠ ʧʦʜʘʮʠ ʢʦʿʠ 

ʩʫ ʜʘʪʠ ʫ ʦʢʚʠʨʫ ʣʠʪʝʨʘʪʫʨʥʦʛ ʥʘʚʦʜʘ ʫ ʪʘʙʝʣʠ 2.2.1. 

ʊʘʙʝʣʘ 2.2.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠ ʧʦʜʘʮʠ ʢʦʨʠʰ˂ʝʥʠ ʟʘ ʧʨʦʨʘʯʫʥ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʠ ʩʠʪʘ [1]. 

t, s ȹt, s ȹɝ, mm 
ȹVr, 

mm/s 

Vr = ȹɝ/ ȹt, 

mm/s 

ar = ȹVr/ ȹt 

 mm/s
2 ɛar ɛpl ɛ 

0.00 0 0 0.000 0.000 0.000 0.00000 0.28231 0.28231 

0.56 0.56 -1 -1.786 -1.786 -3.189 -0.00033 0.20257 0.20225 

1.12 0.56 -0.5 0.893 -0.893 1.594 0.00016 0.00840 0.00856 

1.56 0.44 1 3.166 2.273 7.195 0.00073 0.28097 0.28170 

1.96 0.40 -0.5 -3.523 -1.250 -8.807 -0.00090 0.25485 0.25395 

... ... ... ... ... ... ... ... ... 

22.16 0.04 -1 -28.571 -25.000 -714.286 -0.07281 0.18211 0.10930 

22.84 0.68 1 26.471 1.471 38.927 0.00397 -0.17378 -0.16981 

23.04 0.20 1 3.529 5.000 17.647 0.00180 -0.20960 -0.20780 

23.16 0.12 1 3.333 8.333 27.778 0.00282 0.28231 0.28515 

23.24 0.08 3 29.167 37.500 364.593 0.03716 -0.23912 -0.20195 

ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʚʨʝʤʝʥʫ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 

2.2.16. 

 
ʉʣʠʢʘ 2.2.16 ɼʠʿʘʛʨʘʤ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠʟʤʝʹʫ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʠ ʩʠʪʘ ʫ 

ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ [1]. 

ʈʝʟʫʣʪʘʪʠ ʦʚʠʭ ʠʩʪʨʘʞʠʚʘʘˁ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʣʠʪʝʨʘʪʫʨʥʠʤ ʠʟʚʦʨʠʤʘ ʢʦʿʠ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʤʝʪʦʜʘʤʘ ʪʨʝʪʠʨʘʿʫ ʧʨʦʙʣʝʤʘʪʠʢʫ ʪʨʝˁʘ ʥʘ ʚʠʙʨʘʮʠʦʥʠʤ 

ʧʣʘʪʬʦʨʤʘʤʘ [48, 49, 50, 51].   

ʋ ʧʨʦʪʭʦʜʥʠʭ, ʚʠʰʝ ʦʜ ʧʝʪ ʛʦʜʠʥʘ, ʘʫʪʦʨ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʘʫʪʦʨʠ ʨʘʜʘ [1] ʠ 

ʚʝ˂ʠ ʙʨʦʿ ʢʦʤʧʝʪʝʥʪʥʠʭ ʠʩʪʨʘʞʠʚʘʯʘ, ʩʘ ʚʠʩʦʢʦʰʢʦʣʩʢʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʙʠʦ ʿʝ ʫʢˀʫʯʝʥ ʫ 

ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʘ ʟʘ ʨʘʟʤʘʪʨʘˁʝ ʤʦʛʫʥ˂ʦʩʪʠ, ʪʦ ʿʝʩʪ, ʘʥʘʣʠʟʝ ʪʝʦʨʠʿʩʢʦʛ ʠ 

ʪʝʭʥʦʣʦʰʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʤʝʪʦʜʝ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʝʢʦ 
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ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ ʢʨʝʪʘˁʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʪʝʯʫ ʧʨʝʜʤʝʪʥʝ ʜʦʢʪʦʨʩʢʝ 

ʜʠʩʝʨʪʘʮʠʿʝ. ʅʘʠʤʝ, ʩʤʘʪʨʘ ʩʝ ʜʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʠʤʘ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʫ 

ʪʝʦʨʠʿʩʢʦʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ ʪʝʭʥʦʣʦʰʢʦʤ ʩʤʠʩʣʫ, ʢʘʦ ʠ "ʬʫʪʫʨʠʩʪʠʯʢʠ" ʨʝʯʝʥʦ ʩʘ 

ʘʩʧʝʢʪʘ ʤʦʛʫ˂ʥʦʩʪʠ ˁʝʥʝ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʠʤʝʥʝ ʧʨʠ ʢʚʘʥʪʠʬʠʢʦʚʘˁʫ ʪʨʝˁʘ ʠ ʛʫʙʠʪʘʢʘ 

ʝʥʝʨʛʠʿʝ ʫ ʨʝʘʣʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

ʇʫʙʣʠʢʦʚʘʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʥʘ ʪʝʤʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ [53] ʫʢʘʟʫʿʫ ʜʘ ʩʝ 

ʢʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʛʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʫ ʩʚʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʥʪʘʢʪʘ, ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʧʦʪʧʫʥʦ ʜʨʫʛʘʯʠʿʠʤ ʤʝʪʦʜʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ 

ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʤʝʨʝˁʫ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ ʤʝʨʝˁʫ ʩʠʣʝ ʪʨʝˁʘ. ʄʝʪʦʜʘ 

ʢʦʿʘ ʩʝ ʧʨʝʜʣʘʞʝ ʦʜʥʦʩʠ ʩʝ ʥʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʝʢʦ 

ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʧʨʠ ʦʙʨʪʘˁʫ ʪʝʣʘ, ʧʨʠ ʯʝʤʫ ʘʢʪʠʚʥʘ ʩʠʣʘ ʥʘ ʦʙʨʪʥʦ ʪʝʣʦ 

ʜʝʣʫʿʝ ʩʘʤʦ ʫ ʪʨʝʥʫʪʢʫ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ, ʜʦʢ ʩʪʘʪʠʯʢʫ ʠ ʜʠʥʘʤʠʯʢʫ ʢʦʤʧʦʥʝʥʪʫ 

ʞʝˀʝʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʪʠʧʘ "ʨʫʢʘʚʘʮ-ʣʝʞʘʿ" ʦʙʝʟʙʝʹʫʿʝ ʤʘʩʝ ʪʝʣʘ, 

ʢʦʥʮʝʥʪʨʠʯʥʦ ʠ ʝʢʩʮʝʥʪʨʠʯʥʦ ʨʘʩʧʦʨʝʹʝʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʫ ʦʙʨʪʘˁʘ. ɸʢʦ ʩʝ 

eʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ ʦʜʨʝʜʠ ʟʘʚʠʩʥʦʩʪ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʪʝʣʘ ʫ ʬʫʥʢʮʠʿʠ 

ʚʨʝʤʝʥʘ, oʥʜʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʪʨʝʥʫʪʥʝ 

ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʯʠʪʘʚʦʤ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʘ, ʦʜ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ 

ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʘˁʘ ʪʝʣʘ.  

ʀʟʣʦʞʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫ ʦʢʚʠʨʫ ʣʠʪʝʨʘʪʫʨʥʦʛ ʥʘʚʦʜʘ [54] ʦʜʥʦʩʝ ʩʝ ʥʘ ʪʝʦʨʠʿʩʢʘ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʢʦʪʨˀʘʥʦʛ ʣʝʞʘʿʘ ʫ 

ʫʩʣʦʚʠʤʘ ʠʥʠʮʠʨʘˁʘ ʦʙʨʪʥʦʛ ʢʨʝʪʘˁʘ ʜʠʥʘʤʠʯʢʦʤ ʫʜʘʨʥʦʤ ʩʠʣʦʤ. ʅʘʢʦʥ ʠʥʠʮʠʨʘˁʘ 

ʢʨʝʪʘˁʘ ʠ ʧʨʝʩʪʘʥʢʘ ʜʝʿʩʪʚʘ ʩʧʦˀʘʰˁʝ ʩʠʣʝ (ʋʜʘʨʥʦʛ ʠʤʧʫʣʩʘ) ʢʨʝʪʘˁʝ ʩʝ ʥʘʩʪʘʚˀʘ, 

ʧʨʠ ʯʝʤʫ ʦʧʪʝʨʝ˂ʝʥʠ ʣʝʞʘʿ (ʟʦʥʘ ʣʝʞʘʿʘ ʫ ʢʦʿʦʿ ʜʝʿʩʪʚʫʿʫ ʩʠʣʝ ʦʪʧʦʨʘ ʪʨʝˁʘ) ʧʨʦʣʘʟʠ 

ʯʠʪʘʚ ʩʧʝʢʪʘʨ ʙʨʟʠʥʘ, ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʙʨʟʠʥʝ ʫ ʪʨʝʥʫʪʢʫ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ, ʜʦ ˁʝʥʝ 

ʥʫʣʪʝ ʚʨʝʜʥʦʩʪʠ ʧʨʠ ʟʘʫʩʪʘʚˀʘˁʫ ʢʨʝʪʘˁʘ. ɸʫʪʦʨʠ ʥʘʚʦʜʝ ʜʘ ʩʫ ʨʝʟʫʣʪʘʪʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʢʘʟʘʥʠ ʫ ʨʘʜʫ ʢʦʤʧʘʪʠʙʠʣʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʧʨʠʤʝʥʦʤ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʠʭ ʤʝʪʦʜʘ ʠ ʫʢʘʟʫʿʫ ʥʘ ʬʠʟʠʯʢʫ ʚʝʟʫ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʪʿ. ʫʙʨʟʘˁʘ ʢʘʦ ʝʥʠʛʤʝ ʪʨʝˁʘ. 

ʋ ʥʘʚʝʜʝʥʠʤ ʨʘʜʦʚʠʤʘ [53, 54] ʘʫʪʦʨʠ ʪʘʢʦʹʝ ʥʘʚʦʜʝ ʜʘ ʩʝ ʤʝʪʦʜʦʣʦʛʠʿʘ ʦʜʨʝʹʠʚʘˁʘ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʩʚʦʜʠ ʥʘ ʤʝʨʝˁʝ ʜʚʝ ʦʩʥʦʚʥʝ ʬʠʟʠʯʢʝ ʚʝʣʠʯʠʥʝ, ʫʛʣʘ ʦʙʨʪʘˁʘ ʠ 

ʚʨʝʤʝʥʘ, ʰʪʦ ʫ ʪʝʦʨʠʿʩʢʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʤʠʩʣʫ ʠʤʘ ʟʥʘʯʘʿʥʫ ʧʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ 

ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ ʦʜʨʝʹʠʚʘˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ɸʥʘʣʠʟʝ ʠʟʚʝʜʝʥʝ ʫ ʦʢʚʠʨʫ 

ʧʦʛʣʘʚˀʘ ʜʠʩʢʫʩʠʿʝ ʨʘʜʦʚʘ ʫʢʘʟʫʿʫ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ ʪʝʦʨʠʿʩʢʝ ʚʝʟʝ 

ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʇʨʦʤʝʥʝ ʫʙʨʟʘˁʘ, ʤʘ ʢʦʛ ʥʠʚʦʘ ʘʤʧʣʠʪʫʜʝ ʠ 

ʬʨʝʢʚʝʥʮʝ ʧʦʩʪʦʿʝ ʫ ʩʚʘʢʦʤ ʜʠʥʘʤʠʯʢʦʤ ʩʠʩʪʝʤʫ ʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʤʦʛʫ ʦʜʛʦʥʝʪʥʫʪʠ 

ʝʥʠʛʤʫ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ɸʫʪʦʨʠ ʨʘʜʘ ʩʤʘʪʨʘʿʫ ʜʘ ʿʝ ʫʙʨʟʘˁʝ 

ʩʚʦʿʝʚʨʩʪʘʥ ʬʠʟʠʯʢʠ ʠ ʝʥʝʨʛʝʪʩʢʠ ʧʦʢʘʟʘʪʝˀ ʪʨʝˁʘ ʠ ʨʘʩʠʧʘˁʘ ʝʥʝʨʛʠʿʝ ʫ 

ʪʨʠʙʦʤʝʭʘʥʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ. ʋʙʨʟʘˁʝ ʪʘʢʦʹʝ ʜʝʬʠʥʠʰʝ ʢʦʤʧʣʝʪʥʫ ʜʠʥʘʤʠʢʫ ʩʘʤʦʛ 

ʧʨʦʮʝʩʘ ʪʨʝˁʘ ʙʝʟ ʫʚʦʹʝˁʘ ʧʦʙʫʜʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʛʨʝʰʘʢʘ ʤʝʨʝˁʘ, ʢʦʿʝ ʫ ʟʥʘʪʥʦ 

ʚʝ˂ʦʿ ʤʝʨʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʤʝʨʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʢʚʘʥʪʠʬʠʢʦʚʘˁʝ ʥʦʨʤʘʣʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ ʩʠʣʝ ʪʨʝˁʘ ʫ ʟʦʥʠ ʢʦʥʪʘʢʪʘ.   
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3. ʊɽʆʈʀɱʉʂɽ ʆʉʅʆɺɽ ʇʈɽɼʃʆɾɽʅɽ ʄɽʊʆɼɽ 

ʀʩʪʨʘʞʠʚʘˁʘ ʥʘ ʪʝʤʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʠʧʘʜʘʿʫ ʪʨʠʙʦʣʦʛʠʿʠ ʢʘʦ 

ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʦʿ ʥʘʫʮʠ ʠ ʪʝʭʥʦʣʦʛʠʿʠ ʢʦʿʘ ʩʝ ʙʘʚʠ ʠʥʪʝʨʘʢʮʠʿʦʤ ʢʦʥʪʘʢʪʥʠʭ 

ʧʦʚʨʰʠʥʘ ʧʨʠ ʨʝʣʘʪʠʚʥʦʤ ʢʨʝʪʘˁʫ ʿʝʜʥʦʛ ʪʝʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʦ ʪʝʣʦ ʫ ʧʨʠʩʫʩʪʚʫ 

ʦʧʪʝʨʝ˂ʝˁʘ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. ʆʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ, ʩʘ ʘʩʧʝʢʪʘ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʚʨʩʪʝ 

ʦʧʪʝʨʝ˂ʝˁʘ (ʩʪʘʪʠʯʢʦ, ʜʠʥʘʤʠʯʢʦ) ʠ ʫʩʣʦʚʠ ʫ ʢʦʿʠʤʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʢʦʥʪʘʢʪ (ʧʨʠʩʫʩʪʚʦ 

ʤʘʟʠʚʘ, ʧʦʚʝ˂ʘʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʘʛʨʝʩʠʚʥʘ ʩʨʝʜʠʥʘ, ʠʪʜ.) ʤʦʛʫ ʙʠʪʠ ʨʘʟʣʠʯʠʪʠ. 

ʇʨʝʜʤʝʪ ʨʘʜʘ ʦʜʥʦʩʠ ʩʝ ʥʘ ʨʘʟʚʦʿ, ʫ ʩʫʰʪʠʥʠ ʥʦʚʝ ʤʝʪʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʈʘʟʚʦʿ ʤʝʪʦʜʝ ʧʦʜʨʘʟʫʤʝʚʘ: ʨʘʟʚʦʿ ʪʝʦʨʠʿʩʢʝ ʙʘʟʝ ʤʝʪʦʜʝ, ʨʘʟʚʦʿ 

ʧʨʦʪʦʪʠʧʘ ʫʨʝʹʘʿʘ, ʨʘʟʚʦʿ ʩʦʬʪʚʝʨʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ ʤʝʪʦʜʝ. ɼʦʙʠʿʝʥʠ 

ʨʝʟʫʣʪʘʪʠ ʪʨʝʙʘ ʜʘ ʫʢʘʞʫ ʥʘ ʧʨʝʜʥʦʩʪʠ ʠ ʦʙʣʘʩʪʠ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ, ʫ ʩʚʝʪʫ ʨʘʟʚʠʿʝʥʝ ʤʝʪʦʜʝ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ. 

ʄʝʪʦʜʘ ʩʝ ʨʘʟʤʘʪʨʘ ʫ ʫʩʣʦʚʠʤʘ ʜʠʥʘʤʠʯʢʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ. ʂʚʘʥʪʠʬʠʢʦʚʘˁʝ 

ʧʘʨʘʤʝʪʘʨʘ ʪʨʝˁʘ ʫ ʫʩʣʦʚʠʤʘ ʠʟʨʘʞʝʥʠʭ ʜʠʥʘʤʠʯʢʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʩʧʘʜʘ ʫ 

ʥʘʿʢʦʤʧʣʝʢʩʥʠʿʝ ʚʠʜʦʚʝ ʦʧʪʝʨʝ˂ʝˁʘ. ʇʦʩʝʙʥʦ ʩʘ ʘʩʧʝʢʪʘ ʜʠʿʘʛʥʦʩʪʠʢʝ ʨʝʘʣʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʪʨʠʙʦʤʝʪʨʠʿʩʢʠʭ ʚʝʣʠʯʠʥʘ.  

ʂʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ, ʛʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʫ ʩʚʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʥʪʘʢʪʘ, ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʜʨʫʛʘʯʠʿʠʤ ʤʝʪʦʜʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ 

ʟʘʩʥʠʚʘʿʫ ʥʘ ʤʝʨʝˁʫ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ ʤʝʨʝˁʫ ʩʠʣʝ ʪʨʝˁʘ. ʄʝʪʦʜʘ ʢʦʿʘ ʩʝ 

ʧʨʝʜʣʘʞʝ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʝʢʦ ʜʠʥʘʤʠʯʢʝ 

ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʪʝʣʘ ʧʨʠ ʦʙʨʪʘˁʫ ʦʢʦ ʥʝʧʦʤʠʯʥʝ ʦʩʝ. ʇʨʠ ʯʝʤʫ ʘʢʪʠʚʥʘ ʩʠʣʘ ʥʘ 

ʦʙʨʪʥʦ ʪʝʣʦ ʜʝʣʫʿʝ ʩʘʤʦ ʫ ʪʨʝʥʫʪʢʫ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ. 

ʀʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ (ʦʙʨʪʘˁʘ) ʤʦʞʝ ʩʝ ʠʟʚʝʩʪʠ ʤʘʥʫʝʣʥʦ (ʨʫʯʥʦ), ʠʤʧʫʣʩʦʤ ʩʠʣʝ 

ʫʜʘʨʘ, ʧʨʝʢʦ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ ʩʧʦʿʥʠʮʝ ʠʣʠ ʥʘ ʜʨʫʛʘʯʠʿʠ ʥʘʯʠʥ. ʀʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ 

ʘʢʪʠʚʥʦʤ ʩʠʣʦʤ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʫ ʩʠʩʪʝʤʫ ʢʨʝʪʘˁʘ ʘʢʫʤʫʣʠʨʘ ʦʜʨʝʹʝʥʫ ʢʦʣʠʯʠʥʫ 

ʝʥʝʨʛʠʿʝ ʠ ʜʘ ʩʠʩʪʝʤ ʥʘ ʙʘʟʠ ʘʢʫʤʫʣʠʨʘʥʝ ʝʥʝʨʛʠʿʝ ʥʘʩʪʘʚʠ ʢʨʝʪʘˁʝ ʠ ʧʦʩʣʝ ʧʨʝʩʪʘʥʢʘ 

ʜʝʿʩʪʚʘ ʘʢʪʠʚʥʝ ʩʠʣʝ, ʧʨʦʣʘʟʝ˂ʠ ʢʨʦʟ ʯʠʪʘʚ ʩʧʝʢʪʘʨ ʙʨʟʠʥʘ, ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʧʦʯʝʪʥʝ 

ʙʨʟʠʥʝ ʧʘ ʜʦ ʥʫʣʪʝ ʚʨʝʜʥʦʩʪʠ ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʫ ʪʨʝʥʫʪʢʫ ʟʘʫʩʪʘʚˀʘˁʘ ʢʨʝʪʘˁʘ.  

ʀʜʝʿʘ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʩʚʦʜʠ ʩʝ ʥʘ ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʧʦʟʥʘʚʘˁʝʤ (ʧʨʘ˂ʝˁʝʤ ʠ 

ʤʝʨʝˁʝʤ) ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʧʨʝʢʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ 

ʢʨʝʪʘˁʘ ʪʝʣʘ ʧʨʠ ʦʙʨʪʘˁʫ ʦʢʦ ʥʝʧʦʤʠʯʥʝ ʦʩʝ, ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʪʨʝʥʫʪʥʝ ʚʨʝʜʥʦʩʪʠ 

ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʯʠʪʘʚʦʤ ʩʧʝʢʪʨʫ ʙʨʟʠʥʘ ʦʙʨʪʘˁʘ ʢʨʦʟ ʢʦʿʝ ʪʝʣʦ 

ʧʨʦʣʘʟʠ ʦʜ ʪʨʝʥʫʪʢʘ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʘˁʘ. 

 ʋ ʦʚʦʿ ʜʦʢʪʦʨʩʢʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʨʘʟʤʘʪʨʘʿʫ ʩʝ ʩʘʤʦ ʜʚʘ ʦʜ ʚʝ˂ʝʛ ʙʨʦʿʘ ʤʦʛʫ˂ʠʭ ʩʣʫʯʘʿʝʚʘ 

ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʠ ʧʦʩʪʠʟʘˁʘ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʣʠʟʥʠʭ ʠʣʠ ʢʦʪʨʘˀʿʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʧʘʨʦʚʘ. 

ʇʨʚʠ ʨʘʟʤʘʪʨʘʥʠ ʩʣʫʯʘʿ ʩʝ ʦʜʥʦʩʠ ʥʘ ʤʘʥʫʝʣʥʦ (ʨʫʯʥʦ) ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ. ʋ ʦʚʦʤ 

ʩʣʫʯʘʿʫ ʨʘʟʤʘʪʨʘ ʩʝ ʢʦʥʪʘʢʪ, ʪʠʧʘ "ʨʫʢʘʚʘʮ - ʣʝʞʘʿ". ʉʪʘʪʠʯʢʫ ʠ ʜʠʥʘʤʠʯʢʫ ʢʦʤʧʦʥʝʥʪʫ 

ʞʝˀʝʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ, ʦʙʝʟʙʝʹʫʿʫ ʤʘʩʝ ʪʝʣʘ, ʢʦʥʮʝʥʪʨʠʯʥʦ ʠ ʝʢʩʮʝʥʪʨʠʯʥʦ 

ʨʘʩʧʦʨʝʹʝʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʫ ʦʙʨʪʘˁʘ.  

ʄʝʪʦʜʘ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʜʠʥʘʤʠʯʢʠʤ ʫʩʣʦʚʠʤʘ 

ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʙʘʟʠʨʘʥʘ ʿʝ ʥʘ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʿ ʿʝʜʥʘʯʠʥʠ 

ʢʨʝʪʘˁʘ ʪʝʣʘ ʦʢʦ ʥʝʧʦʤʠʯʥʝ ʦʩʝ (ʉʣʠʢʘ 3.1), 
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ʉʣʠʢʘ 3.1 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʨʘʩʧʦʨʝʜʘ ʘʢʪʠʚʥʠʭ ʠ ʦʪʧʦʨʥʠʭ ʩʠʣʘ ʧʨʠ ʦʙʨʪʘˁʫ ʪʝʣʘ ʦʢʦ 

ʥʝʧʦʤʠʯʥʝ ʦʩʝ. 

ʂʨʝʪʘˁʝ ʪʝʣʘ ʩʝ ʦʧʠʩʫʿʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʤ ʿʝʜʥʘʯʠʥʦʤ:  

ὍϽ Вὓ ὓ ὓ ὓ                               (3.1) 

ʛʜʝ ʿʝ:  

I - ʤʘʩʝʥʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʿʝ;  

ɤ - ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʦʙʨʪʘˁʘ;  

ὓ - ʘʢʪʠʚʥʠ ʤʦʤʝʥʪ ʢʦʿʠʤ ʿʝ ʠʥʠʮʠʨʘʥʦ ʢʨʝʪʘˁʝ;  

ὓ - ʨʝʟʫʣʪʫʿʫ˂ʠ ʤʦʤʝʥʪ ʠʥʪʝʛʨʘʣʥʦʛ ʟʙʠʨʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʪʧʦʨʥʠʭ ʤʦʤʝʥʘʪʘ ʪʨʝˁʘ ʧʦ 
ʧʦʚʨʰʠʥʠ ʢʦʥʪʘʢʪʘ;  

ὓ  - ʨʝʟʫʣʪʫʿʫ˂ʠ ʤʦʤʝʥʪ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ.  

ɸʢʦ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ ʦʜʨʝʜʠ ʟʘʚʠʩʥʦʩʪ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʪʝʣʘ ʫ 

ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʦʥʜʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ 

ʪʨʝʥʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʯʠʪʘʚʦʤ ʧʝʨʠʦʜʫ ʦʜ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ 

ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʘˁʘ ʪʝʣʘ.  

ʅʘʢʦʥ ʜʝʿʩʪʚʘ ʠʤʧʫʣʩʘ ʩʠʣʝ ʢʦʿʘ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ Ў  ʠʥʠʮʠʨʘ ʢʨʝʪʘˁʝ 

ʘʢʪʠʚʥʠʤ ʤʦʤʝʥʪʦʤ ὓ  ʠʟ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ 1. ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʘ Ў ὸ 
ʩʣʝʜʠ: 

ὓ πȢ                                       (3.2) 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ Ў ὸ, ʦʜʥʦʩʥʦ 
Ў
ᴼπ ʪʝʣʦ ʫ ʜʫʛʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʥʘʩʪʘʚˀʘ 

ʢʨʝʪʘˁʝ ʙʝʟ ʧʨʠʩʫʩʪʚʘ ʘʢʪʠʚʥʦʛ ʤʦʤʝʥʪʘ ʢʦʨʠʩʪʝ˂ʠ ʝʥʝʨʛʠʿʫ ʘʢʫʤʫʣʠʨʘʥʫ ʧʨʠ 

ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ. 

ʉʠʣʘ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʢʦʿʘ ʩʪʚʘʨʘ ʦʪʧʦʨʥʠ ʤʦʤʝʥʪ ὓ  ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʥʘ ʦʩʥʦʚʫ 

ʘʝʨʦʜʠʥʘʤʠʯʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ, ʙʨʟʠʥʝ ʦʙʨʪʘˁʘ ʠ ʚʝʣʠʯʠʥʝ ʧʦʚʨʰʠʥʝ ʥʘ ʢʦʿʦʿ ʜʝʿʩʪʚʫʿʝ 

ʩʠʣʘ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʧʨʝʤʘ ʧʦʟʥʘʪʦʤ ʠʟʨʘʟʫ: 
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Ὂ ϽὅϽ”ϽὃϽὺȟ                               (3.3) 

ʛʜʝ ʿʝ: 

ὅ  ɸʝʨʦ ʜʠʥʘʤʠʯʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʦʙʣʠʢʘ ʪʝʣʘ ʥʘ ʢʦʿʠ ʜʝʣʫʿʝ ʦʪʧʦʨ ʩʪʨʫʿʥʠʮʘ ʚʘʟʜʫʭʘ; 

”  ʛʫʩʪʠʥʘ ʚʘʟʜʫʭʘ; 

ὃ  ʚʝʣʠʯʠʥʘ ʧʦʚʨʰʠʥʝ ʪʝʣʘ ʥʘ ʢʦʿʦʿ ʜʝʣʫʿʝ ʦʪʧʦʨ ʚʘʟʜʫʭʘ; 

ὺ  ʢʚʘʜʨʘʪ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʪʝʣʘ. 

ʄʝʪʦʜʘ ʢʦʿʘ ʩʝ ʨʘʟʤʘʪʨʘ, ʧʦʜʨʘʟʫʤʝʚʘ ʤʝʨʝˁʝ ʠ ʧʦʟʥʘʚʘˁʝ ʪʨʝʥʫʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʙʨʟʠʥʘ 

ʢʨʝʪʘˁʘ ʪʝʣʘ ʠ ʤʦʞʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʫʪʠʮʘʿ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ Ὂ  ʢʘʦ ʧʘʨʘʟʠʪʥʝ ʩʠʣʝ ʩ 

ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʩʚʝ ʦʩʪʘʣʝ ʚʝʣʠʯʠʥʝ ʜʘʪʝ ʫ ʠʟʨʘʟʫ ʧʦʟʥʘʪʝ. ʊʦ ʙʠ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ 

ʧʦʚʝ˂ʘʣʦ ʪʘʯʥʦʩʪ ʤʝʨʝˁʘ. ʄʝʹʫʪʠʤ, ʦ ʦʚʠʤ ʨʘʟʤʘʪʨʘʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʩ ʦʙʟʠʨʦʤ ʥʘ 

ʚʨʝʜʥʦʩʪʠ ʧʦʚʨʰʠʥʝ ɸ ʢʦʿʘ ʿʝ ʠʟʣʦʞʝʥʘ ʦʪʧʦʨʫ ʩʪʨʫʿʝ ʚʘʟʜʫʭʘ ʠ ʚʝʣʠʯʠʥʠ ʢʚʘʜʨʘʪʘ 

ʙʨʟʠʥʝ ï v
2
 , ʫʪʠʮʘʿ ʩʠʣʝ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʥʘ ʪʘʯʥʦʩʪ ʦʜʨʝʹʠʚʘˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʿʝ 

ʟʘʥʝʤʘʨˀʠʚ. ʊʦ ʧʦʪʚʨʹʫʿʫ ʠ ʨʝʟʫʣʪʘʪʠ ʜʝʪʘˀʥʠʭ ʘʥʘʣʠʟʘ ʚʝʟʘʥʠʭ ʟʘ ʫʪʠʮʘʿ ʦʪʧʦʨʘ 

ʚʘʟʜʫʭʘ ʥʘ ʛʨʝʰʢʫ ʤʝʨʝˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʫʙʣʠʢʦʚʘʥʠ ʫ ʦʢʚʠʨʫ ʣʠʪʝʨʘʪʫʨʥʦʛ 

ʥʘʚʦʜʘ [10]. 

ɿʘʥʝʤʘʨʠʚʘˁʝʤ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʢʘʦ ʚʝʣʠʯʠʥʝ ʥʠʞʝʛ ʨʝʜʘ ʠ ʧʦʩʤʘʪʨʘˁʝʤ ʧʝʨʠʦʜʘ 

ʢʨʝʪʘˁʘ ʪʝʣʘ ʥʘʢʦʥ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ, ʤʦʞʝ ʩʝ ʧʠʩʘʪʠ 

 ὓ π, Ὂ ᴼπȟ                               (3.4) 

ʩʘʜʘ ʩʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʿʝʜʥʘʯʠʥʘ 3.1. ʩʚʦʜʠ ʩʝ ʥʘ ʦʙʣʠʢ: 

ὍϽ ὓ Ὂ˟Ͻὶ                     (3.5) 

ʛʜʝ ʿʝ:  

ὓ   ʤʦʤʝʥʪ ʪʨʝˁʘ;   

Ὂ˟  ʨʝʟʫʣʪʫʿʫ˂ʘ ʩʠʣʘ ʪʨʝˁʘ ʫ ʢʦʥʪʘʢʪʫ;  

ὶ- ʨʘʜʠʿʫʩ ʥʘ ʢʦʿʝʤ ʜʝʣʫʿʫ ʝʣʝʤʝʥʪʘʨʥʝ ʩʠʣʝ ʪʨʝˁʘ (ʉʣʠʢʘ 3.2). 

ʈʝʟʫʣʪʫʿʫ˂ʠ ʤʦʤʝʥʪ ʪʨʝˁʘ ʿʝ ʿʝʜʠʥʘ ʥʝʧʦʟʥʘʪʘ ʚʝʣʠʯʠʥʘ ʫ ʜʠʬʝʨʝʥʮʠʿʘʣʥʦʿ ʿʝʜʥʘʯʠʥʠ 

ʢʨʝʪʘˁʘ ʠ ʥʘ ʦʩʥʦʚʫ ʩʣʠʢʝ 3.2. ʦʜʨʝʹʝʥʘ ʿʝ ʠʟʨʘʟʦʤ: 

ὓ=ḀὶϽὨὊ˟=Ὂ˟Ͻὶ                      (3.6) 

ʢʦʿʠ ʫʢʫʧʥʫ ʩʠʣʫ ʪʨʝˁʘ ʜʝʬʠʥʠʰʝ ʢʘʦ ʠʥʪʝʛʨʘʣʥʠ ʟʙʠʨ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʠʣʘ ʪʨʝˁʘ ʧʦ 

ʧʦʚʨʰʠʥʠ ʢʦʥʪʘʢʪʘ. 
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ʉʣʠʢʘ 3.2 ʐʝʤʘʪʩʢʠ ʧʨʠʢʘ ʨʘʩʧʦʨʝʜʘ ʦʪʧʦʨʥʠʭ ʩʠʣʘ ʪʨʝˁʘ ʢʣʠʟʘˁʘ ʠʣʠ ʪʨʝˁʘ 

ʢʦʪʨˀʘˁʘ ʧʨʠ ʦʙʪʘˁʫ ʪʝʣʘ ʦʢʦ ʥʝʧʦʤʠʯʥʝ ʦʩʝ. 

ʅʘ ʦʩʥʦʚʫ ʰʝʤʝ ʜʘʪʝ ʥʘ ʩʣʠʮʠ 3.1 ʩʠʣʘ ʪʨʝˁʘ Ὂ˟ ʩʝ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʫ ʬʫʥʢʮʠʿʠ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʢʦʤʧʦʥʝʥʪʝ ʩʠʣʝ ʩʪʘʪʠʯʢʦʛ ʦʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ, 

Ὂ ά ά ,                                (3.7) 

ʠ ʢʦʤʧʦʥʝʥʪʝ ʩʠʣʝ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ   

Ὂ ά ϽὙϽ‫ Ͻὧέί•ȟ                    (3.8) 

ʧʨʝʢʦ ʠʟʨʘʟʘ: 

Ὂ˟ ‘ϽὊ ‘Ͻά ά ϽὫ ά ϽὙϽ‫ Ͻὧέί•               ( 3.9) 

ɿʘʤʝʥʦʤ ʚʨʝʜʥʦʩʪʠ ʩʠʣʝ ʪʨʝˁʘ ʠʟ ʿʝʜʥʘʯʠʥʝ 3.9 ʫ ʿʝʜʥʘʯʠʥʫ 3.5. ʜʦʙʠʿʘ ʩʝ ʿʝʜʥʘʯʠʥʘ: 

ὍϽ ‘ϽὶϽά ά ϽὫ ά ϽὙϽ‫ Ͻὧέί•                 (3.10) 

ʀʟ ʢʦʿʝ ʩʣʝʜʠ ʢʦʥʘʯʥʠ ʠʟʨʘʟ ʟʘ ʧʨʦʨʘʯʫʥ ʚʨʝʜʥʦʩʪʠ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ 

ʧʨʠ ʜʠʥʘʤʠʯʢʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʢʦʥʪʘʢʪʘ ʫ ʬʫʥʢʮʠʿʠ ʫʛʣʘ ʦʙʨʪʘʘˁ ʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ, 

‘
Ͻ

Ͻ Ͻ ϽϽ Ͻ
                  (3.11) 

ʋʛʘʦʥʘ ʙʨʟʠʥʘ ʠ ʫʛʘʦʥʦ ʫʙʨʟʘˁʝ  ʤʦʛʫ ʩʝ, ʥʘ ʦʩʥʦʚʫ ʧʦʟʥʘʪʠʭ ʪʝʦʨʠʿʩʢʠʭ ʠʟʨʘʟʘ ‫ 

ʦʜʨʝʜʠʪʠ ʥʫʤʝʨʠʯʢʠʤ ʜʠʬʝʨʝʥʮʠʨʘˁʝʤ, ʧʘ ʟʘ ʜʦʚʦˀʥʦ ʤʘʣʝ ʚʨʝʜʥʦʩʪʠ ˁʠʭʦʚʠʭ 

ʧʨʠʨʘʰʪʘʿʘ ʚʘʞʝ ʿʝʜʥʘʢʦʩʪʠ:  

‫ ÌÉÍЎᴼ
Ў

Ў
                             

(3.12) 

 ÌÉÍЎᴼ
Ў

Ў
                            

(3.13) 

ʀʟ ʥʘʚʝʜʝʥʠʭ ʪʝʦʨʠʿʩʢʠʭ ʨʘʟʤʘʪʨʘˁʘ ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ  

ʟʘʚʠʩʥʦʩʪʠ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʪʝʣʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʦʤʦʛʫ˂ʘʚʘ ʦʜʨʝʹʠʚʘˁʝ  

ʚʨʝʜʥʦʩʪʠ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʠ ʜʠʥʘʤʠʯʢʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʢʦʥʪʘʢʪʘ ʫ 

ʯʠʪʘʚʦʤ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʘ, ʦʜ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʘˁʘ ʪʝʣʘ.  
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ɼʨʫʛʠ ʨʘʟʤʘʪʨʘʥʠ ʩʣʫʯʘʿ ʦʜʥʦʩʠ ʩʝ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʢʦʪʨˀʘˁʘ ʫ ʫʩʣʦʚʠʤʘ ʠʥʠʮʠʨʘˁʘ ʦʙʨʪʥʦʛ ʢʨʝʪʘˁʘ ʜʠʥʘʤʠʯʢʦʤ 

ʫʜʘʨʥʦʤ ʩʠʣʦʤ (ʉʣʠʢʘ 3.3). ʅʘʢʦʥ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʠ ʧʨʝʩʪʘʥʢʘ ʜʝʿʩʪʚʘ ʩʧʦˀʘʰˁʝ 

ʩʠʣʝ (ʋʜʘʨʥʦʛ ʠʤʧʫʣʩʘ) ʢʨʝʪʘˁʝ ʩʝ ʥʘʩʪʘʚˀʘ, ʧʨʠ ʯʝʤʫ ʦʧʪʝʨʝ˂ʝʥʠ ʣʝʞʘʿ (ʟʦʥʘ ʣʝʞʘʿʘ ʫ 

ʢʦʿʦʿ ʜʝʿʩʪʚʫʿʫ ʩʠʣʝ ʦʪʧʦʨʘ ʪʨʝˁʘ) ʧʨʦʣʘʟʠ ʯʠʪʘʚ ʩʧʝʢʪʘʨ ʙʨʟʠʥʘ, ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʙʨʟʠʥʝ 

ʫ ʪʨʝʥʫʪʢʫ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ, ʜʦ ˁʝʥʝ ʥʫʣʪʝ ʚʨʝʜʥʦʩʪʠ ʧʨʠ ʟʘʫʩʪʘʚˀʘˁʫ ʢʨʝʪʘˁʘ.  

ʄʝʪʦʜʘ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʘʢʦʹʝ ʧʦʣʘʟʠ ʦʜ 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ 3.1, ʢʘʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ, ʦʜʥʦʩʥʦ: 

ὍϽ Вὓ ὓ ὓ ὓ                                                                                   (3.14) 

ʛʜʝ ʿʝ:  

I - ʤʘʩʝʥʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʿʝ;  

ɤ - ʫʛʘʦʥʘ ʙʨʟʠʥʘ;  

ὓ  - ʚʨʝʜʥʦʩʪ ʘʢʪʠʚʥʦʛ ʤʦʤʝʥʪʘ ʢʦʿʠʤ ʩʝ ʠʥʠʮʠʨʘ ʢʨʝʪʘˁʝ;  

ὓ  - ʨʝʟʫʣʪʫʿʫ˂ʠ ʤʦʤʝʥʪ ʪʨʝˁʘ;  

ὓ  - ʨʝʟʫʣʪʫʿʫ˂ʠ ʤʦʤʝʥʪ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ. 

 

ʉʣʠʢʘ 3.3 ʀʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ (ʦʙʨʪʘˁʘ) ʫʜʘʨʥʦʤ ʠʤʧʫʣʩʥʦʤ ʩʠʣʦʤ. 

ʇʘʜ ʪʝʛʘ ʩʘ ʚʠʩʠʥʝ "h" ʩʠʣʦʤ, Ὂ άϽὫ ʫʜʘʨʘ ʫ ʠʩʧʫʩʪ ʜʠʩʢʘ ʠ ʧʨʠʛʫʰʠʚʘʯʘ ʫʜʘʨʘ "ʘ" 

ʠ ʠʥʠʮʠʨʘ ʦʙʨʪʥʦ ʢʨʝʪʘˁʝ ʪʨʠʙʦʤʝʭʘʥʠʯʢʦʛ ʩʠʩʪʝʤʘ. ɸʢʦ ʩʝ ʧʨʘʪʠ ʠ ʤʝʨʠ ʧʨʦʤʝʥʘ 

ʫʛʣʘ ʦʙʨʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʦʥʜʘ ʿʝ ʢʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ, ʥʘ 

ʙʘʟʠ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ 3.1 ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʪʨʝʥʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʫ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʘ ʦʜ ʪʨʝʥʫʪʢʘ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ 

ʦʙʨʪʘˁʘ. 
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ɸʢʪʠʚʥʠ ʤʦʤʝʥʪ ὓ   ʜʝʣʫʿʝ ʫ ʚʨʣʦ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ Ў . ʋ ʚʨʝʤʝʥʩʢʦʤ 

ʠʥʪʝʨʚʘʣʫ Ў ὸ ʘʢʪʠʚʥʠ ʤʦʤʝʥʪ ʠʤʘ ʥʫʣʪʫ ʚʨʝʜʥʦʩʪ, ὓ πȢ ʇʨʠ ʯʝʤʫ ʩʠʩʪʝʤ 
ʥʘʩʪʘʚˀʘ ʢʨʝʪʘˁʝ ʥʘ ʙʘʟʠ ʘʢʫʤʫʣʠʨʘʥʝ ʝʥʝʨʛʠʿʝ ʙʝʟ ʧʨʠʩʫʩʪʚʘ ʘʢʪʠʚʥʦʛ ʤʦʤʝʥʪʘ.  

ʄʦʤʝʥʪ ʩʠʣʝ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʧʨʝʤʘ ʧʨʝʪʭʦʜʥʠʤ ʨʘʟʤʘʪʨʘʠˁʤʘ ʠ ʠʩʪʨʘʞʠʚʘˁʠʤʘ 

ʚʝʟʘʥʠʤ ʟʘ ʣʠʪʝʨʘʪʫʨʥʠ ʥʘʚʦʜ [18], ʫ ʫʥʪʝʨʚʘʣʫ ʙʨʟʠʥʘ σ άȾί , ʤʦʞʝ ʩʝ ʟʘʥʝʤʘʨʠʪʠ 
ʢʘʦ ʚʝʣʠʯʠʥʘ ʥʠʞʝʛ ʨʝʜʘ , ʧʘ ʩʣʝʜʠ: 

ὓ π, Ὂ ᴼπ                                                 (3.15) 

ʇʘ ʩʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʿʝʜʥʘʯʠʥʘ 3. 1 ,  ʢʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ  ʩʚʦʜʠ 

ʥʘ ʿʝʜʥʘʯʠʥʫ 3.5, ʦʜʥʦʩʥʦ: 

ὍϽ ὓ Ὂ˟Ͻ                                                 (3.16) 

ʛʜʝ ʿʝ: 

ὓ  ʤʦʤʝʥʪ ʪʨʝˁʘ;  

Ὂ˟  ʨʝʟʫʣʪʫʿʫ˂ʘ ʩʠʣʘ ʪʨʝˁʘ;  

ὶ  ʨʘʜʠʫʿʩ ʢʦʥʪʘʢʪʘ ʥʘ ʢʦʿʝʤ ʜʝʣʫʿʫ ʝʣʝʤʝʥʪʘʨʥʝ ʩʠʣʝ ʪʨʝˁʘ.  

ʈʝʟʫʣʪʫʿʫ˂ʠ ʤʦʤʝʥʪ ʪʨʝˁʘ ʿʝ ʪʘʢʦʹʝ ʜʝʬʠʥʠʩʘʥ ʧʨʝʪʭʦʜʥʦ ʜʘʪʦʤ ʿʝʜʥʘʯʠʥʦʤ 3.6, 

ʦʜʥʦʩʥʦ ʠʟʨʘʟʦʤ;. 

ὓ ḀὶϽὨὊ Ὂ˟Ͻὶ,                                               (3.17) 

ʢʦʿʠ ʜʝʬʠʥʠʰʝ ʫʢʫʧʥʠ ʤʦʤʝʥʪ ʪʨʝˁʘ ʢʘʦ ʠʥʪʝʛʨʘʣʥʫ ʩʫʤʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʦʤʝʥʘʪʘ ʠ 

ʩʠʣʘ ʢʦʿʝ ʜʝʣʫʿʫ ʫ ʟʦʥʠ ʢʦʥʪʘʢʪʘ,  

ʀʟ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ 3.5 ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʩʝ ʫ ʦʚʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ ʢʦʝʬʠʮʠʿʝʥʪ 

ʪʨʝˁʘ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʧʨʝʢʦ ʠʟʨʘʟʘ:  

‘
Ͻ

ϽϽВ
,                     (3.18) 

ʧʨʠ ʯʝʤʫ ʩʝ, Вὓ - ʦʜʥʦʩʠ ʥʘ ʟʙʠʨ ʩʚʠʭ ʦʙʨʪʥʠʭ ʤʘʩʘ ʢʦʿʝ ʦʧʪʝʨʝ˂ʫʿʫ ʣʝʞʘʿ ʘ ʚʝʣʠʯʠʥʘ 

 " Ç " ʥʘ ʟʝʤˀʠʥʦ ʫʙʨʟʘˁʝ.  

ʋʛʘʦʥʘ ʙʨʟʠʥʘ ʠ ʫʛʘʦʥʦ ʫʙʨʟʘˁʝ  ʤʦʛʫ ʩʝ ʢʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ ‫ 

ʦʜʨʝʜʠʪʠ ʧʨʝʢʦ ʿʝʜʥʘʯʠʥʘ 3.12 ʠ 3.13, ʦʜʥʦʩʥʦ: 

‫ ÌÉÍЎᴼ
Ў

Ў
                                                  

(3.19) 

 ÌÉÍЎᴼ
Ў

Ў
                            

(3.20) 

ʀʟ ʥʘʚʝʜʝʥʠʭ ʪʝʦʨʠʿʩʢʠʭ ʨʘʟʤʘʪʨʘˁʘ ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ 

ʟʘʚʠʩʥʦʩʪʠ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʪʝʣʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʦʤʦʛʫ˂ʘʚʘ ʦʜʨʝʹʠʚʘˁʝ 

ʚʨʝʜʥʦʩʪʠ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʠ ʜʠʥʘʤʠʯʢʦʤ ʦʧʪʝʨʝ˂ʝˁʫ ʢʦʥʪʘʢʪʘ ʫ 

ʯʠʪʘʚʦʤ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʘ, ʦʜ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʘˁʘ ʪʝʣʘ.  

ʋ ʦʚʦʤ ʨʘʟʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʤʦʛʫ ʩʝ ʨʘʟʤʘʪʨʘʪʠ ʠ ʪʨʝʥʫʪʥʠ 

ʝʥʝʨʛʝʪʩʢʠ ʙʠʣʘʥʩʠ ʫ ʪʦʢʫ ʚʨʝʤʝʥʘ ʦʙʨʪʘˁʘ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʠ ʘʢʫʤʫʣʠʨʘʥʝ ʝʥʝʨʛʠʿʝ, 

ʧʨʝʢʦ ʠʟʨʘʟʘ: 
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Ὁ ϽὐϽ‫ ,                               (3.21) 

ὃ Ὁ ὶϽÇϽВὓ ʈɝʒ;                            (3.22) 

ȹE=Ὁ   ὃ                              (3.23) 

ʋ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ ʘʥʘʣʠʟʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʙʠ˂ʝ ʨʘʟʤʘʪʨʘʥʠ ʠ 

ʝʥʝʨʛʝʪʩʢʠ ʙʠʣʘʥʩʠ ʨʘʯʫʥʘʪʠ ʥʘ ʙʘʟʠ ʠʟʣʦʞʝʥʦʛ ʪʝʦʨʠʿʩʢʦʛ ʤʦʜʝʣʘ. 

ɸʢʦ ʩʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʫʪʝʤ ʦʜʨʝʜʠ ʟʘʚʠʩʥʦʩʪ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʪʝʣʘ ʫ 

ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʦʥʜʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ 

ʪʨʝʥʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʯʠʪʘʚʦʤ ʧʝʨʠʦʜʫ ʦʜ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ 

ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʥʦʛ ʢʨʝʪʘˁʘ. ʇʦʨʝʜ ʪʦʛʘ, ʦʚʦʤ ʤʝʪʦʜʦʤ ʿʝ, ʥʘ ʦʩʥʦʚʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʝ ʟʘʚʠʩʥʦʩʪʠ ʫʛʣʘ ʦʙʨʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʤʦʛʫ˂ʝ 

ʦʜʨʝʜʠʪʠ ʠ ʪʨʝʥʫʪʥʝ ʚʝʣʠʯʠʥʝ ʫʛʘʦʥʠʭ ʙʨʟʠʥʘ ʠ ʫʛʘʦʥʠʭ ʫʙʨʟʘˁʘ, ʪʿ. ʫʛʘʦʥʠʭ ʫʩʧʦʨʝˁʘ 

ʥʘʩʪʘʣʠʭ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʜʝʣʦʚʘˁʘ ʦʪʧʦʨʥʝ ʩʠʣʝ ʪʨʝˁʘ ʫ ʯʠʪʘʚʦʤ ʧʝʨʠʦʜʫ ʦʙʨʪʘˁʘ ʪʝʣʘ. 

ʊʘʢʦʹʝ, ʤʦʛʫ˂ʝ ʿʝ ʠ ʫʩʧʦʩʪʘʚʠʪʠ ʟʘʚʠʩʥʦʩʪʠ ʠʟʤʝʹʫ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ 

ʙʨʟʠʥʘ ʠ ʫʙʨʟʘˁʘ ʫ ʟʦʥʠ ʩʘʤʦʛ ʢʦʥʪʘʢʪʘ ʠ ʧʨʘʪʠʪʠ ˁʠʭʦʚʝ ʧʨʦʤʝʥʝ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ 

ʟʥʘʪʥʦ ʢʦʤʧʣʝʢʩʥʠʿʫ ʘʥʘʣʠʟʫ, ʘ ʰʪʦ ʥʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ.  

ʄʝʪʦʜʦʣʦʛʠʿʘ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʢʦʿʘ ʩʝ ʧʨʝʜʣʘʞʝ ʫ ʦʚʦʤ 

ʨʘʜʫ, ʥʝʤʘ ʩʫʰʪʠʥʩʢʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʫ ʙʠʣʦ ʢʦʿʠʤ 

ʫʩʣʦʚʠʤʘ ʦʩʪʚʘʨʠʚʘˁʘ ʢʦʥʪʘʢʪʘ. ʄʦʛʫ ʩʝ ʠʩʧʠʪʠʚʘʪʠ ʢʣʠʟʥʠ ʠ ʢʦʪʨˀʘʿʥʠ ʧʘʨʦʚʠ 

ʨʘʟʣʠʯʠʪʠʭ ʪʨʙʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʥʠʚʦ ʩʠʤʫʣʠʨʘʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʨʘʩʧʦʥ ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʠʣʠ ʢʦʪʨˀʘˁʘ, ʤʦʛʫ ʢʨʝʪʘʪʠ ʫ ʰʠʨʦʢʦʤ ʨʘʩʧʦʥʫ. ʇʨʠ ʯʝʤʫ ʩʝ 

ʦʚʦʤ ʤʝʪʦʜʦʤ, ʤʥʦʛʦ ʿʝʜʥʦʩʪʘʚʥʠʿʝ, ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ, ʠʩʧʠʪʠʚʘˁʘ 

ʤʦʛʫ ʚʨʰʠʪʠ ʧʨʠ ʩʠʤʫʣʘʮʠʿʠ ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʢʦʥʪʘʢʪʘ, ʠ ʫʦʧʰʪʝ, 

ʨʘʟʣʠʯʠʪʠʭ ʫʩʣʦʚʘ ʢʦʿʠ ʙʣʠʞʝ ʜʝʬʠʥʠʰʫ ʨʘʜ ʨʝʘʣʥʠʭ ʪʨʠʙʦʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ 

(ʘʛʨʝʩʠʚʥʘ ʩʨʝʜʠʥʘ,  ʩʠʩʪʝʤ ʧʦʜʤʘʟʠʚʘˁʘ, ʠʪʜ.). 
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4. ʇʃɸʅ ʀ ʇʈʆɻʈɸʄ ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀʍ ʀʉʇʀʊʀɺɸɳɸ 

ʀʩʪʨʘʞʠʚʘˁʘ ʠʟʣʦʞʝʥʘ ʫ ʦʢʚʠʨʫ ʧʨʝʛʣʝʜʘ ʣʠʪʝʨʘʪʫʨʥʠʭ ʠʟʚʦʨʘ ʢʘʦ ʠ ʠʩʪʨʘʞʠʚʘˁʘ 

ʨʘʜʘ ʫ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ ʪʝʦʨʠʿʩʢʝ ʘʥʘʣʠʟʝ, ʫʢʘʟʘʣʘ ʩʫ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʦʜʨʝʹʠʚʘˁʘ 

ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʫʩʣʦʚʠʤʘ ʜʠʥʘʤʠʯʢʠ ʦʧʪʝʨʝ˂ʝʥʠʭ ʢʦʥʪʘʢʘʪʘ. ʏʠʤʝ 

ʩʝ, ʪʝʦʨʠʿʩʢʠ ʧʦʩʤʘʪʨʘʥʦ, ʦʪʚʘʨʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʧʨʝʢʦ ʟʘʢʦʥʘ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʫ 

ʚʨʝʤʝʥʫ ʦʜʨʝʜʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʠʥʝʤʘʪʩʢʦʛ ʪʨʝˁʘ. ʅʝʦʧʭʦʜʥʦʩʪ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʪʝʦʨʠʿʩʢʦʛ ʤʦʜʝʣʘ (ʇʦʛʣʘʚˀʝ 3.) ʦʪʚʦʨʠʣʘ ʿʝ ʥʠʟ ʧʠʪʘˁʘ ʚʝʟʘʥʠʭ ʟʘ 

ʧʦʪʨʝʙʫ ʨʘʟʚʦʿʘ ʫʨʝʹʘʿʘ ʠ ʥʘʤʝʥʩʢʦʛ ʩʦʬʪʚʝʨʘ ʢʦʿʠ ʙʠ ʙʠʦ ʧʦʜʨʰʢʘ ʤʝʨʥʦʤ ʩʠʩʪʝʤʫ 

ʫʨʝʹʘʿʘ. 

ʇʣʘʥʠʨʘʥʠ ʨʘʟʚʦʿ ʠ ʠʟʨʘʜʘ ʫʨʝʹʘʿʘ ʢʘʦ ʠ ʭʘʨʜʚʝʨʩʢʘ ʠ ʩʦʬʪʚʝʨʩʢʘ ʧʦʜʨʰʢʘ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʝʜʫʩʣʦʚ ʟʘ ʫʩʧʝʰʥʫ ʨʝʘʣʠʟʘʮʠʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʘʣʠ 

ʦʪʚʘʨʘʿʫ ʠ ʥʠʟ ʧʠʪʘˁʘ ʠ ʧʨʦʙʣʝʤʘ ʬʠʥʘʥʩʠʿʩʢʝ ʧʨʠʨʦʜʝ ʠ ʧʦʪʨʝʙʝ ʟʘ ʘʥʛʘʞʦʚʘˁʝʤ  

ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠʭ ʢʘʜʨʦʚʘ ʠʟ ʦʙʣʘʩʪʠ ʠʥʜʫʩʪʨʠʿʩʢʝ ʝʣʝʢʪʨʦʥʠʢʝ, ʧʨʦʛʨʘʤʠʨʘˁʘ ʠ 

ʤʘʰʠʥʩʢʦʛ ʠʥʞʝˁʝʨʩʪʚʘ.  

ɸʥʛʘʞʦʚʘˁʝʤ ʧʨʦʬʝʩʦʨʘ ʢʦʿʠ ʧʦʜʨʞʘʚʘʿʫ ʪʝʤʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʢʦʤʧʝʪʝʥʪʥʠʭ 

ʫʯʝʩʥʠʢʘ ʧʦʤʝʥʫʪʠʭ ʩʧʝʮʠʿʘʣʥʦʩʪʠ ʧʨʦʙʣʝʤ ʿʝ ʧʨʝʚʘʟʠʹʝʥ. ʇʨʦʿʝʢʪʦʚʘʥʘ ʩʫ ʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʜʚʘ ʧʨʦʪʦʪʠʧʘ ʫʨʝʹʘʿʘ. ɼʝʪʘˀʠ ʚʝʟʘʥʠ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʠ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʦʚʠʭ ʫʨʝʹʘʿʘ ʜʘʪʠ ʩʫ ʫ ʦʢʚʠʨʫ ʧʝʪʦʛ ʧʦʛʣʘʚˀʘ ʜʦʢ ʩʫ ʘʣʛʦʨʠʪʤʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ 

ʜʝʪʘˀʠ ʚʝʟʘʥʠ ʟʘ ʨʝʘʣʠʟʦʚʘʥʠ ʩʦʬʪʚʝʨ ʠʟʣʦʞʝʥʠ ʫ ʰʝʩʪʦʤ ʧʦʛʣʘʚˀʫ ʜʦʢ ʿʝ ʢʦʤʧʣʝʪʘʥ 

ʨʝʘʣʠʟʦʚʘʥʠ ʩʦʬʪʚʝʨ ʜʘʪ ʫ ʧʨʠʣʦʛʫ ʜʠʩʝʨʪʘʮʠʿʝ. 

ʆʩʥʦʚʥʠ ʢʨʠʪʝʨʠʿʫʤ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʫʨʝʹʘʿʘ ʠ ʨʘʟʚʦʿʫ ʩʦʬʪʚʝʨʘ ʦʜʥʦʩʠʦ ʩʝ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ, ʫ ʩʤʠʩʣʫ, ʜʘ ʩʝ ʨʘʩʧʦʣʦʞʠʚʠʤ ʬʠʥʘʥʩʠʿʩʢʠʤ ʩʨʝʜʩʪʚʠʤʘ, ʢʨʝʠʨʘ ʨʝʰʝˁʝ 

ʢʦʿʝ ˂ʝ ʟʘʜʦʚʦˀʠʪʠ ʬʫʥʢʮʠʿʝ ʮʠˀʘ, ʦʜʥʦʩʥʦ ʦʤʦʛʫ˂ʠʪʠ: 

¶ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠ ʣʘʢʦ˂ʫ ʨʫʢʦʚʘˁʘ,  

¶ ʧʦʫʟʜʘʥʦʩʪ ʤʝʨʥʦʛ ʩʠʩʪʝʤʘ ʫʨʝʹʘʿʘ, 

¶ ʬʦʨʤʠʨʘˁʝ ʥʫʤʝʨʠʯʢʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʦ ʪʨʝʥʫʪʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʫʛʣʘ ʦʙʨʪʘˁʘ ʫ 

ʪʦʢʫ ʚʨʝʤʝʥʘ, 

¶ ʦʙʨʘʜʫ ʥʫʤʝʨʠʯʢʠʭ ʧʦʜʘʪʘʢʘ ʠ ʢʨʝʠʨʘˁʝ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ. 

ʀʩʧʫˁʝˁʝ ʥʘʚʝʜʝʥʠʭ ʬʫʥʮʠʿʘ ʮʠˀʘ ʢʨʝʠʨʘʥʦʛ ʨʝʰʝˁʘ ʦʤʦʛʫ˂ʠʣʦ ʿʝ ʠʟʚʦʹʝˁʝ 

ʦʙʠʤʥʦʛ ʧʨʦʛʨʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʨʝʘʣʠʟʦʚʘʥʘ ʢʨʦʟ ʚʠʰʝ ʦʜ 

60 ʥʝʟʘʚʠʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ ʪʦ: 

¶ ʇʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʠʟʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʦ 10 ʥʝʟʘʚʠʩʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ, 

¶ ʇʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʤʘˁʦʤ ʝʥʝʨʛʠʿʦʤ ʠʤʧʫʣʩʥʝ ʩʠʣʝ ʫʜʘʨʘ (ʉʣʦʙʦʜʥʠ ʧʘʜ 

ʤʘʩʝ ʦʜ 0,048 kg ʩʘ ʚʠʩʠʥʝ 0,21 m) ʠʟʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʦ 30 ʥʝʟʘʚʠʩʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ, 

¶ ʇʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʚʝ˂ʦʤ ʝʥʝʨʛʠʿʦʤ ʠʤʧʫʣʩʥʝ ʩʠʣʝ ʫʜʘʨʘ (ʉʣʦʙʦʜʥʠ ʧʘʜ 

ʤʘʩʝ ʦʜ 0,048 kg ʩʘ ʚʠʩʠʥʝ 1.21 m) ʠʟʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʦ 20 ʥʝʟʘʚʠʩʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ. 

ʈʝʟʫʣʪʘʪʠ ʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʦʢʚʠʨʫ ʩʝʜʤʦʛ ʧʦʛʣʘʚˀʘ.  
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5. ʇʈʆɱɽʂʊʆɺɸɳɽ ʇʈʆʊʆʊʀʇɸ ʋʈɽɫɸɱɸ 

ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʨʦʿʝʢʪʦʚʘʥʠ ʩʫ ʠ ʨʝʘʣʠʟʦʚʘʥʠ ʧʨʦʪʦʪʠʧʦʚʠ ʜʚʘ ʫʨʝʹʘʿʘ. ʆʙʘ 

ʫʨʝʹʘʿʘ ʧʨʦʿ ʝʢʪʦʚʘʥʘ ʩʫ ʠ ʨʝʘʣʠʟʦʚʘʥʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʫ ʮʠˀʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʝʪʦʜʝ ʦʜʨʝʹʠʚʘˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʢʦʿʘ ʩʝ ʨʘʟʤʘʪʨʘ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ. ʆʙʘ ʫʨʝʹʘʿʘ ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʩʧʫʥʠʣʘ ʧʦʩʪʘʚˀʝʥʫ ʬʫʥʢʮʠʿʫ ʮʠˀʘ ʠ 

ʫʢʘʟʘʣʘ ʥʘ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʤʝʪʦʜʝ ʢʦʿʘ ʩʝ ʨʘʟʤʘʪʨʘ.  

5.1 ʇʈʆɱɽʂʊʆɺɸɳɽ ʇʈɺʆɻ ʇʈʆʊʆʊʀʇɸ ʋʈɽɫɸɱɸ 

ʇʨʚʠ ʧʨʦʪʦʪʠʧ ʫʨʝʹʘʿʘ ʨʝʘʣʠʟʦʚʘʥ ʿʝ ʟʘ ʧʦʪʨʝʙʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʦʜʨʝʹʠʚʘˁʘ  

ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʫʩʣʦʚʠʤʘ ʜʠʥʘʤʠʯʢʠ ʦʧʪʝʨʝ˂ʝʥʠʭ ʢʦʥʪʘʢʘʪʘ. ʇʨʠ 

ʯʝʤʫ ʩʝ ʜʠʥʘʤʠʯʢʘ ʢʦʤʧʦʥʝʥʪʘ ʦʧʪʝʨʝ˂ʝˁʘ ʦʙʝʟʙʝʹʫʿʝ ʧʨʝʢʦ ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʤʘʩʘ ʘ 

ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ ʚʨʰʠ ʨʫʯʥʦ. ʋʨʝʹʘʿ ʿʝ ʩʘʩʪʘʚˀʝʥ ʦʜ 25 ʝʣʝʤʝʥʘʪʘ (ʇʦʟʠʮʠʿʘ - 

ʊʘʙʝʣʘ 5.1.1) ʦʜ ʢʦʿʠʭ ʿʝ 9 ʩʧʝʮʠʿʘʣʥʦ ʠʟʨʘʹʝʥʠʭ ʝʣʝʤʝʥʘʪʘ, 9 ʩʪʘʥʜʘʨʜʥʠʭ ʤʝʭʘʥʠʯʢʠʭ 

ʝʣʝʤʝʥʘʪʘ, ʘ 7 ʝʣʝʤʝʥʘʪʘ ʯʠʥʝ ʩʪʘʥʜʘʨʜʥʝ ʤʝʨʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ. ʅʘ ʩʣʠʮʠ 

5.1.1 ʧʨʠʢʘʟʘʥ ʿʝ ʩʢʣʦʧʥʠ ʮʨʪʝʞ ʫʨʝʹʘʿʘ ʩʘ ʩʧʝʮʠʬʠʢʘʮʠʿʦʤ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʫʨʝʹʘʿʘ. 

ʊʘʙʝʣʘ 5.1.1 ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʩʧʝʮʠʿʘʣʥʠʭ, ʩʪʘʥʜʘʨʜʥʠʭ, ʤʝʨʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʣʠʟʦʚʘʥʦʛ ʫʨʝʹʘʿʘ ʩʘ ʢʦʿʠʤ ʩʝ ʚʨʰʠ ʨʫʯʥʦ ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ. 

ʇʆɿ. ʅɸɿʀɺ ʆʇʀʉ ʂʆʄ. 

1.  ʉʪʦʧ ʫʨʝʹʘʿʘ ʎʨʪʝʞ ʙʨ. 02 2 

2.  ɺʝʨʪʠʢʘʣʥʠ ʥʦʩʘʯ ʫʨʝʹʘʿʘ ʎʨʪʝʞ ʙʨ. 03 1 

3.  ɺʝʨʪʠʢʘʣʥʠ ʥʦʩʘʯ ʝʥʢʦʜʝʨʘ ʫʨʝʹʘʿʘ ʎʨʪʝʞ ʙʨ. 04 1 

4.  L ʧʨʦʬʠʣ 20x20x1.5 ʜʝʩʥʠ ʎʨʪʝʞ ʙʨ. 05 1 

5.  L ʧʨʦʬʠʣ 20x20x1.5 ʣʝʚʠ ʎʨʪʝʞ ʙʨ. 06 1 

6.  Spring washer DIN 128 ï A6 ʇʨʦʩʝʯʝʥʘ ʧʦʜʣʦʰʢʘ ʟʘ ʄ6 16 

7.  DIN 912 M6 x 10 ï 10S ɺʠʿʘʢ ʫ ʢʚʘʣʠʪʝʪʫ 8.8 12 

8.  DIN 625 ï 626 ï Full, DE, AC, Full_68 ʃʝʞʘʿ 19x6x6 1 

9.  Rotary encoder LPD3806-600BM-G5-24C ɽʥʢʦʜʝʨ 1 

10.  ɽʣʘʩʪʠʯʥʘ ʩʧʦʿʥʠʮʘ ʎʨʪʝʞ ʙʨ. 07 1 

11.  ʆʩʦʚʠʥʘ ʫʨʝʹʘʿʘ ʎʨʪʝʞ ʙʨ. 08 1 

12.  ʏʝʣʠʯʥʠ ʜʠʩʢ ʫʨʝʹʘʿʘ ʎʨʪʝʞ ʙʨ. 09 2 

13.  ʌʠʢʩʘʪʦʨ ʯʝʣʠʯʥʦʛ ʜʠʩʢʘ ʎʨʪʝʞ ʙʨ. 10 2 

14.  DIN 912 M6 x 16 ï 16S ɺʠʿʘʢ ʫ ʢʚʘʣʠʪʝʪʫ 8.8 4 

15.  DIN 912 M5 x 16 ï S ɺʠʿʘʢ ʫ ʢʚʘʣʠʪʝʪʫ 8.8 2 

16.  Arduino ʧʣʦʯʘ ʫ ʢʫ˂ʠʰʪʫ ɻʦʪʦʚ ʢʫʧʦʚʥʠ ʝʣʝʤʝʥʪ 1 

17.  USB ʧʨʠʢˀʫʯʘʢ ɻʦʪʦʚ ʢʫʧʦʚʥʠ ʝʣʝʤʝʥʪ 2 

18.  ʂʘʙʣ USB-ʘ ɻʦʪʦʚ ʢʫʧʦʚʥʠ ʝʣʝʤʝʥʪ 1 

19.  ʂʘʙʣ Rotary encoder-a ɻʦʪʦʚ ʢʫʧʦʚʥʠ ʝʣʝʤʝʥʪ 1 

20.  ʂʦʥʝʢʪʦʨ ɻʦʪʦʚ ʢʫʧʦʚʥʠ ʝʣʝʤʝʥʪ 2 

21.  Spring washer DIN 128 ï A3 ʇʨʦʩʝʯʝʥʘ ʧʦʜʣʦʰʢʘ ʟʘ ʄ3 3 

22.  DIN 912 M3 x 20 ï 20S ɺʠʿʘʢ ʫ ʢʚʘʣʠʪʝʪʫ 8.8 3 

23.  ʐʠʧʢʠʮʘ ʪʝʛʘ ʜʠʩʢʘ ʎʨʪʝʞ ʙʨ. 11 2 

24.  ʊʝʛ ʜʠʩʢʘ ʎʨʪʝʞ ʙʨ. 12 2 

25.  DIN 916 ï M4 x 5-S ɺʠʿʘʢ ʫ ʢʚʘʣʠʪʝʪʫ 8.8 2 
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ʉʣʠʢʘ 5.1.1 ʉʢʣʦʧʥʠ ʮʨʪʝʞ ʨʝʘʣʠʟʦʚʘʥʦʛ ʫʨʝʹʘʿʘ ʩʘ ʩʧʝʮʠʬʠʢʘʮʠʿʦʤ ʩʧʝʮʠʿʘʣʥʠʭ ʠ 

ʩʪʘʥʜʘʨʜʥʠʭ ʝʣʝʤʝʥʘʪʘ 

ʀʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ ʚʨʰʠ ʩʝ ʨʫʯʥʦ ʧʨʝʢʦ ʝʢʩʮʝʥʪʨʘ ʯʝʣʠʯʥʦʛ ʜʠʩʢʘ (ʇʦʟʠʮʠʿʘ 13.). 

ʈʫʯʥʦ ʠʥʠʮʠʨʘʥ ʠʤʧʫʣʩ ʧʨʝʥʦʩʠ ʢʨʝʪʘˁʝ (ʦʙʨʪʘˁʝ) ʧʨʝʢʦ ʦʩʦʚʠʥʝ (ʇʦʟʠʮʠʿʘ 11.) ʠ 

ʝʣʘʩʪʠʯʥʝ ʩʧʦʿʥʠʮʝ (ʇʦʟʠʮʠʿʘ 10.) ʜʦ ʨʦʪʘʮʠʦʥʦʛ ʝʥʢʦʜʝʨʘ ʢʦʿʠ ʿʝ ʿʝʜʠʥʘ ʤʝʨʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ʫʨʝʹʘʿʘ. ʆʧʪʝʨʝ˂ʝʥʠ ʣʝʞʘʿ (ʇʦʟʠʮʠʿʘ 8.) ʩʤʝʰʪʝʥ ʿʝ ʫ ʥʦʩʘʯʫ ʫʨʝʹʘʿʘ 

(ʇʦʟʠʮʠʿʘ 2.) ʠ ʩʠʤʝʪʨʠʯʥʦ ʮʝʥʪʨʠʨʘʥ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʧʨʝʯʥʫ ʦʩʫ ʥʦʩʘʯʘ ʪʿ. ʣʝʞʘʿʘ 

ʫʧʨʝʩʦʚʘʥʦʛ ʫ ʥʦʩʘʯʫ, ʠ  ʦʧʪʝʨʝ˂ʝʥ ʛʨʘʚʠʪʘʮʠʦʥʠʤ ʩʠʣʘʤʘ ʤʘʩʘʤʘ ʜʚʘ ʜʠʩʢʘ (ʇʦʟʠʮʠʿʘ 

12.). ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʥʘ ʜʠʩʢʦʚʠʤʘ (ʇʦʟʠʮʠʿʘ 12.) ʧʨʠʯʚʨʰ˂ʝʥʘ ʦʙʘ ʝʢʩʮʝʥʪʨʘ 

(ʧʦʟʠʮʠʿʘ 13.) ʧʦʜ ʠʩʪʠʤ ʫʛʣʦʤ, ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʠʩʧʠʪʠʚʘʥʠ ʣʝʞʘʿ ʧʨʠʤʘ ʢʦʤʧʣʝʪʥʦ 

ʩʪʘʪʠʯʢʦ ʠ ʜʠʥʘʤʠʯʢʦ ʦʧʪʝʨʝ˂ʝˁʝ.  

ʅʘ ʩʣʠʢʘʤʘ 5.1.2 - 5.1.5 ʜʘʪʘ ʩʫ ʧʨʠʢʘʟʠ CAD ʤʦʜʝʣʘ ʫʨʝʹʘʿʘ ʜʦʢ ʿʝ ʬʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ 

ʨʝʘʣʠʟʦʚʘʥʦʛ ʫʨʝʹʘʿʘ ʜʘʪ ʥʘ ʩʣʠʮʠ 5.1.6. 
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ʉʣʠʢʘ 5.1.2 ʀʟʦʤʝʪʨʠʿʩʢʠ ʧʨʠʢʘʟ CAD ʤʦʜʝʣʘ. 

 

ʉʣʠʢʘ 5.1.3 CAD ʤʦʜʝʣ ʫʨʝʹʘʿʘ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʿ ʨʘʚʥʠ. 
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ʉʣʠʢʘ 5.1.4 CAD ʤʦʜʝʣ ʯʝʦʥʦʛ ʧʦʛʣʝʜʘ ʦʜ ʩʪʨʘʥʝ ʝʥʢʦʜʝʨʘ. 

 

ʉʣʠʢʘ 5.1.5 CAD ʤʦʜʝʣ ʧʦʛʣʝʜʘ ʧʦʣʦʞʘʿʘ ʝʢʩʮʝʥʪʨʠʯʥʝ ʤʘʩʝ. 

 

 

ʉʣʠʢʘ 5.1.6 ʌʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʨʝʘʣʠʟʦʚʘʥʦʛ ʫʨʝʹʘʿʘ. 
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ʋ ʥʘʨʝʜʥʦʤ ʜʝʣʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ (ʉʣʠʢʘ 5.1.7ʘ-ʟ) ʜʘʿʫ ʩʝ ʢʦʥʩʪʨʫʢʪʠʚʥʠ ʮʨʪʝʞʠ 

ʩʧʝʮʠʿʘʣʥʦ ʠʟʨʘʹʝʥʠʭ ʝʣʝʤʝʥʘʪʘ. 

 

ʘ) 

 

ʙ) 
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ʚ) 

 

ʛ) 
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ʜ) 

 

)́ 
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ʝ) 

 

ʞ) 
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ʟ) 

ʉʣʠʢʝ 5.1.7(ʘ-ʟ) ʎʨʪʝʞʠ ʩʧʝʮʠʿʘʣʥʦ ʠʟʨʘʹʝʥʠʭ ʝʣʝʤʝʥʘʪʘ. 

5.2 ʇʈʆɱɽʂʊʆɺɸɳɽ ɼʈʋɻʆɻ ʇʈʆʊʆʊʀʇɸ ʋʈɽɫɸɱɸ 

ɼʨʫʛʠ ʧʨʦʪʦʪʠʧ ʫʨʝʹʘʿʘ ʨʝʘʣʠʟʦʚʘʥ ʿʝ ʟʘ ʧʦʪʨʝʙʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʦʜʨʝʹʠʚʘˁʘ 

ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʫʩʣʦʚʠʤʘ ʠʟʨʘʞʝʥʦʛ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʥʪʘʢʘʪʘ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ ʚʨʰʠ ʩʝ 

ʠʤʧʫʣʩʥʦʤ ʩʠʣʦʤ ʫʜʘʨʘ. ʋʨʝʹʘʿ ʿʝ ʢʨʝʠʨʘʥ ʠʟ ʧʦʜʩʢʣʦʧʘ ʫʨʝʹʘʿʘ ʚʝʦʤʘ ʩʣʠʯʥʦʛ 

ʧʨʝʪʭʦʜʥʦ ʨʘʟʤʘʪʨʘʥʦʤ ʫʨʝʹʘʿʫ ʠ ʧʦʩʪʦʿʝ˂ʝʛ ʫʨʝʹʘʿʘ ʢʦʿʠ ʩʣʫʞʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʦ ʆʿʣʝʨʦʚʦʿ ʤʝʪʦʜʠ. ʂʦʤʙʠʥʦʚʘˁʝʤ ʧʦʩʪʦʿʝ˂ʝʛ 

ʫʨʝʹʘʿʘ ʠ ʨʘʟʚʦʿʝʤ ʥʦʚʦʛ ʧʦʜʩʢʣʦʧʘ ʬʦʨʤʠʨʘʥʘ ʿʝ ʚʝʦʤʘ ʬʫʥʢʮʠʦʥʘʣʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʮʝʣʠʥʘ (ʉʣʠʢʘ 5.2.1), ʰʪʦ ʿʝ ʚʝʣʠʢʠʤ ʜʝʣʦʤ ʨʘʟʿʘʰˁʝʥʦ ʫ ʦʢʚʠʨʫ 

ʧʦʛʣʘʚˀʘ ʪʝʦʨʠʿʩʢʠʭ ʨʘʟʤʘʪʨʘˁʘ (ʉʣʠʢʘ 3.3). ʋʨʝʹʘʿ ʬʫʢʮʠʦʥʠʰʝ ʧʦ ʠʜʝʥʪʠʯʥʦʤ 

ʧʨʠʥʮʠʧʫ ʢʘʦ ʠ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʠ ʫʨʝʹʘʿ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʥʝʤʘ ʝʢʩʮʝʥʪʨʠʯʥʠʭ ʤʘʩʘ 

ʢʦʿʝ ʩʪʚʘʨʘʿʫ ʜʠʥʘʤʠʯʢʫ ʢʦʤʧʦʥʝʥʪʫ ʦʧʪʝʨʝ˂ʝˁʘ. ʂʦʜ ʦʚʦʛ ʫʨʝʹʘʿʘ ʢʦʥʩʪʘʥʪʥʫ ʤʘʩʫ 

ʧʦʙʫʹʫʿʝ ʠʤʧʫʣʩ ʫʜʘʨʥʝ ʩʠʣʝ, ʘ ʤʝʨʥʠ ʩʠʩʪʝʤ ʢʚʘʥʪʠʬʠʢʫʿʝ ʧʝʨʠʦʜ ʪʨʘʿʘˁʘ ʠʤʧʫʣʩʘ 

ʫʜʘʨʘ. 

  
ʉʣʠʢʘ 5.2.1 ʌʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʬʫʥʢʮʠʦʥʘʣʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʮʝʣʠʥʝ ʢʨʝʠʨʘʥʝ ʠʟ 

ʨʘʟʚʠʿʝʥʦʛ ʧʦʜʩʢʣʦʧʘ ʫʨʝʹʘʿʘ ʠ ʧʦʩʪʦʿʝ˂ʝʛ ʫʨʝʹʘʿʘ. 



39 
 

ʅʘ ʩʣʠʮʠ 5.2.2 ʧʨʠʢʘʟʘʥ ʿʝ ʩʢʣʦʧʥʠ ʮʨʪʝʞ ʨʘʟʚʠʿʝʥʦʛ ʫʨʝʹʘʿʘ - ʧʦʜʩʢʣʦʧʘ ʩʘ 

ʩʧʝʮʠʬʠʢʘʮʠʿʦʤ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʫʨʝʹʘʿʘ. ʋʨʝʹʘʿ ʿʝ ʩʘʩʪʘʚˀʝʥ ʠʟ 22 ʝʣʝʤʝʥʘʪʘ 

(ʇʦʟʠʮʠʿʘ-ʊʘʙʝʣʘ 5.2.1) ʦʜ ʢʦʿʠʭ ʿʝ 6 ʩʧʝʮʠʿʘʣʥʦ ʠʟʨʘʹʝʥʠʭ ʝʣʝʤʝʥʘʪʘ, 9 ʩʪʘʥʜʘʨʜʥʠʭ 

ʤʝʭʘʥʠʯʢʠʭ ʝʣʝʤʝʥʘʪʘ ʠ 7 ʝʣʝʤʝʥʘʪʘ ʯʠʥʝ ʩʪʘʥʜʘʨʜʥʝ ʤʝʨʥʝ ʠ ʝʣʝʢʪʨʦʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ. 

ʅʘ ʩʣʠʮʠ 5.2.2 ʧʨʠʢʘʟʘʥ ʿʝ ʩʢʣʦʧʥʠ ʮʨʪʝʞ ʫʨʝʹʘʿʘ ʩʘ ʩʧʝʮʠʬʠʢʘʮʠʿʦʤ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ 

ʫʨʝʹʘʿʘ. 

 

ʉʣʠʢʘ 5.2.2 ʉʢʣʦʧʥʠ ʮʨʪʝʞ ʨʘʟʚʠʿʝʥʦʛ ʫʨʝʹʘʿʘ (ʇʦʜʩʢʣʦʧʘ) ʩʘ ʩʧʝʮʠʬʠʢʘʮʠʿʦʤ ʩʚʠʭ 

ʩʧʝʮʠʿʘʣʥʦ ʨʘʟʚʠʿʝʥʠʭ ʠ ʩʪʘʥʜʘʨʜʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫʨʝʹʘʿʘ. 
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ʊʘʙʝʣʘ 5.2.1 ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʩʧʝʮʠʿʘʣʥʠʭ, ʩʪʘʥʜʘʨʥʠʭ, ʤʝʨʥʠʭ ʠ ʝʣʝʢʪʨʦʥʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʨʝʘʣʠʟʦʚʘʥʦʛ ʫʨʝʹʘʿʘ ʩʘ ʢʦʿʠʤ ʩʝ ʚʨʰʠ ʨʫʯʥʦ ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ 

ʠʤʧʫʣʩʥʦʤ ʩʠʣʦʤ ʫʜʘʨʘ. 

ʇʆɿ. ʅɸɿʀɺ ʆʇʀʉ ʂʆʄ. 

1 ɺʝʨʪʠʢʘʣʥʠ ʥʦʩʘʯ ʝʥʢʦʜʝʨʘ ʫʨʝʹʘʿʘ ʎʨʪʝʞ ʙʨ. 04 1 

2 ʍʦʨʠʟʦʥʪʘʣʥʠ ʥʦʩʘʯ ʝʥʢʦʜʝʨʘ ʫʨʝʹʘʿʘ  1 

3 Spring washer DIN 128 ï A4  2 

4 DIN 912 M4 x 16 ï 16S  2 

5 Rotary encoder LPD3806-600BM-G5-24C ɽʥʢʦʜʝʨ 1 

6 Spring washer DIN 128 ï A3 ʇʨʦʩʝʯʝʥʘ ʧʦʜʣʦʰʢʘ ʟʘ ʄ3 3 

7 DIN 912 M3 x 16 ï 16S  3 

8 ʌʠʢʩʘʪʦʨ ʯʝʣʠʯʥʦʛ ʜʠʩʢʘ ʎʨʪʝʞ ʙʨ. 10 1 

9 DIN 912 M5 x 16 ï S ɺʠʿʘʢ ʫ ʢʚʘʣʠʪʝʪʫ 8.8 1 

10 ʏʝʣʠʯʥʠ ʜʠʩʢ ʫʨʝʹʘʿʘ ʎʨʪʝʞ ʙʨ. 09 1 

11 Spring washer DIN 128 ï A6 ʇʨʦʩʝʯʝʥʘ ʧʦʜʣʦʰʢʘ ʟʘ ʄ6 4 

12 DIN 912 M6 x 16 ï 16S ɺʠʿʘʢ ʫ ʢʚʘʣʠʪʝʪʫ 8.8 2 

13 ɻʫʤʝʥʠ ʧʨʠʭʚʘʪ ʫʜʘʨʘ  2 

14 DIN 967 M4 x 20 ï Z ï 18.6S  2 

15 L ʧʨʦʬʠʣ 20 x 20 x 1.5 ʧʨʠʯʚʨʩʥʠ  2 

16 DIN 912 M6 x 20 ï 20S  2 

17 Hexagon Nut ISO 4033 ï M6 ï W ï S  2 

18 Arduino ʧʣʦʯʘ ʫ ʢʫ˂ʠʰʪʫ ɻʦʪʦʚ ʢʫʧʦʚʥʠ ʝʣʝʤʝʥʪ 1 

19 USB ʧʨʠʢˀʫʯʘʢ ɻʦʪʦʚ ʢʫʧʦʚʥʠ ʝʣʝʤʝʥʪ 2 

20 ʂʦʥʝʢʪʦʨ ɻʦʪʦʚ ʢʫʧʦʚʥʠ ʝʣʝʤʝʥʪ 2 

21 ʂʘʙʣ ʝʥʢʦʜʝʨʘ  1 

22 ʂʘʙʣ USB-ʘ  1 

CAD ʤʦʜʝʣʠ  ʨʘʟʚʠʿʝʥʦʛ ʫʨʝʹʘʿʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʢʘʤʘ 5.2.3 - 5.2.5. 

 

ʉʣʠʢʘ 5.2.3 CAD ʤʦʜʝʣ ʫʨʝʹʘʿʘ. 



41 
 

 

ʉʣʠʢʘ 5.2.4 CAD ʤʦʜʝʣ ʫʨʝʹʘʿʘ (ʧʦʛʣʝʜ ʦʜʦʟʛʦ). 

 

ʉʣʠʢʘ 5.2.5 CAD ʤʦʜʝʣ ʫʨʝʹʘʿʘ (ʧʦʛʣʝʜ ʩʘ ʙʦʯʥʝ ʩʪʨʘʥʝ). 
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6. ʈɸɿɺʆɱ ʅɸʄɽʅʉʂʆɻ ʉʆʌʊɺɽʈɸ 

ʄʝʪʦʜʘ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʜʠʥʘʤʠʯʢʠʤ ʫʩʣʦʚʠʤʘ 

ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʘʪʘ ʢʦʿʘ ʩʝ ʨʘʟʤʘʪʨʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʦʜʨʝʹʠʚʘˁʫ  

ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʜʠʥʘʤʠʯʢʦʛ  

ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʘʪʘ. ʏʠʪʘʚ ʤʝʨʥʠ ʩʠʩʪʝʤ ʫʨʝʹʘʿʘ ʩʚʦʜʠ ʩʝ ʥʘ ʨʦʪʘʮʠʦʥʠ ʝʥʢʦʜʝʨ ʢʦʿʠ 

ʫ ʪʦʢʫ ʿʝʜʥʦʛ ʦʙʨʪʘʿʘ, ʧʨʝʢʦ ʙʨʦʿʘ ʠʤʧʫʣʩʘ, ʤʦʞʝ ʢʚʘʥʪʠʬʠʢʦʚʘʪʠ 360, 640 ʠʣʠ ʚʠʰʝ 

ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʤʝʥʘ ʫʛʣʘ ʫ ʚʨʝʤʝʥʫ. ʋ ʦʢʚʠʨʫ ʪʝʦʨʠʿʩʢʦʛ ʜʝʣʘ ʨʘʜʘ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʩʝ 

ʧʨʝʢʦ ʥʠʟʘ ʥʫʤʝʨʠʯʢʠʭ ʚʨʝʜʥʦʩʪʠ ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ ʫ ʚʨʝʤʝʥʫ ʤʦʛʫ ʦʜʨʝʜʠʪʠ 

ʥʫʤʝʨʠʯʢʠ ʥʠʟʦʚʠ ʚʝʟʘʥʠ ʟʘ ʧʨʦʤʝʥʝ ʫʛʘʦʥʠʭ ʙʨʟʠʥʘ, ʫʛʘʦʥʠʭ ʫʙʨʟʘˁʘ, ʢʘʦ ʠ 

ʥʫʤʝʨʠʯʢʠ ʥʠʟʦʚʠ ʚʝʟʘʥʠ ʟʘ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. 

ʅʘʤʝʥʩʢʠ ʩʦʬʪʚʝʨ ʪʨeʙʘ, ʧʦʩʨʝʜʩʪʚʦʤ arduino ʝʣʝʢʪʨʦʥʠʢʝ, ʜʘ ʦʤʦʛʫ˂ʠ ʜʦʙʠʿʘˁʝ ʠ 

ʦʙʨʘʜʫ ʥʫʤʝʨʠʯʢʠʭ ʚʨʝʜʥʦʩʪ ʧʦʤʝʥʫʪʠʭ ʥʠʟʦʚʘ ʧʨʦʤʝʥʝ ʫʛʣʘ, ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ 

ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʬʫʥʢʮʠʿʠ ʫʩʣʦʚʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʘʪʘ. 

6.1 ɸʃɻʆʈʀʊɸʄ ʊʆʂɸ ʉʆʌʊɺɽʈʉʂɽ ʇʆɼʈʐʂɽ ʄɽʈʅʆʄ ʉʀʉʊɽʄʋ 

ʋʈɽɫɸɱɸ  

ɸʣʛʦʨʠʪʘʤʩʢʠ ʪʦʢ ʚʝʟʘʥ ʟʘ ʧʦʢʨʝʪʘˁʝ ʧʨʦʛʨʘʤʘ (ʉʣʠʢʘ 6.1.1) ʧʦʜʨʘʟʫʤʝʚʘ: 

¶ ʧʦʜʝʰʘʚʘˁʝ ʩʝʨʠʿʩʢʝ ʢʦʤʫʥʠʢʘʮʠʿʝ, 

¶ ʧʦʜʝʰʘʚʘˁʝ ʨʝʟʦʣʫʮʠʿʝ ʝʥʢʦʜʝʨʘ, 

¶ ʫʥʦʩ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʜʝʬʠʥʠʰʫ ʥʠʚʦ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʘʪʘ. 

¶ ʢʦʤʫʥʠʢʘʮʠʿʫ - ʩʪʘʨʪ ʧʨʦʛʨʘʤʘ ʠ 

¶ ʧʦʢʨʝʪʘˁʝ ʤʝʨʝˁʘ. 

ʇʨʦʮʝʩ ʤʝʨʝˁʘ ʧʦʜʨʘʟʫʤʝʚʘ: 

¶ ʨʝʩʝʪʦʚʘˁʝ ʩʠʩʪʝʤʘ ʠ  

¶ ʦʧʮʠʿʫ ʙʨʠʩʘˁʘ ʧʦʜʘʪʘʢʘ ʫ ʩʣʫʯʘʿʫ ʝʚʝʥʪʫʘʣʥʝ ʛʨʝʰʢʝ ʠʣʠ ʧʨʦʧʫʩʪʘ ʫ ʨʫʢʦʚʘˁʫ, 
ʠ 

¶ ʢʨʝʠʨʘˁʝ ʠʟʚʝʰʪʘʿʘ ʠ ʧʨʠʢʘʟ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ. 

ʅʘ ʩʣʠʮʠ 6.1.1 ʧʨʠʢʘʟʘʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʪʦʢʘ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʤʝʨʥʦʤ ʩʠʩʪʝʤʫ 

ʫʨʝʹʘʿʘ. 
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ʉʣʠʢʘ 6.1.1 ɸʣʛʦʨʠʪʘʤ ʪʦʢʘ ʩʦʬʪʚʝʨʩʢʝ ʧʦʜʨʰʢʝ ʤʝʨʥʦʤ ʩʠʩʪʝʤʫ ʫʨʝʹʘʿʘ. 

6.2 ʇʆʊʈɽɹʅʀ ʋʃɸɿʅʀ ʇʆɼɸʎʀ ʀ ʂʈɽʀʈɸɳɽ ʀɿɺɽʐʊɸɱɸ ʆ 

ʀʉʇʀʊʀɺɸɳʋ  

- ʠʟʣʘʟʥʠ ʨʝʟʫʣʪʘʪʠ - 

ʇʦʪʨʝʙʥʠ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʜʝʬʠʥʠʰʫ ʫʩʣʦʚʝ ʠʩʧʠʪʠʚʘˁʘ ʠ ʦʜʥʦʩʝ ʩʝ ʥʘ ʤʘʩʫ ʢʦʿʘ 

ʦʧʪʝʨʝ˂ʫʿʝ ʣʝʞʘʿ, ʝʢʩʮʝʥʪʨʠʯʥʝ ʤʘʩʝ ʢʦʿʝ ʦʙʝʟʙʝʹʫʿʫ ʜʠʥʘʤʠʯʢʫ ʢʦʤʧʦʥʝʥʪʫ 

ʦʧʪʝʨʝ˂ʝˁʘ ʣʝʞʘʿʘ, ʨʝʜʫʢʦʚʘʥʫ ʜʫʞʠʥʫ "ʢʣʘʪʥʘ" ʢʦʿʘ ʧʨʝʢʦ ʢʚʘʜʨʘʪʘ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʠ 

ʝʢʩʮʝʥʪʨʠʯʥʝ ʤʘʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʜʝʬʠʥʠʰʝ ʜʠʥʘʤʠʯʢʫ ʢʦʤʧʦʥʝʥʪʫ ʦʧʪʝʨʝ˂ʝˁʘ (ʉʣʠʢʘ 

5.1). ʉô ʦʙʟʠʨʦʤ ʜʘ ʠʩʪʠ ʧʨʦʛʨʘʤ ʤʦʞʝ ʙʠʪʠ ʢʦʨʠʰ˂ʝʥ ʠ ʧʨʠ ʠʩʧʠʪʠʚʘˁʠʤʘ ʙʝʟ 
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ʠʟʨʘʞʝʥʝ ʜʠʥʘʤʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʫ ʦʙʝʟʙʝʹʫʿʝ ʝʢʩʮʝʥʪʨʠʯʥʘ ʤʘʩʘ, ʧʨʦʛʨʘʤ ʦʧʮʠʦʥʦ 

ʥʫʜʠ ʫʩʣʦʚʝ ʠʩʧʠʪʠʚʘˁʘ (Ăɼʠʥʘʤʠʯʢʠñ ʠʣʠ Ăʉʪʘʪʠʯʢʠ"). ʊʘʢʦʹʝ ʧʨʦʛʨʘʤ ʧʨʝʜʚʠʹʘ 

ʫʥʦʩ ʧʦʜʘʪʘʢʘ ʚʝʟʘʥʠʭ ʟʘ ʦʧʝʨʘʪʝʨʘ ʠ ʜʘʪʫʤ ʠʩʧʠʪʠʚʘˁʘ. 

6.3 ʂʈɽʀʈɸɳɽ ʀɿɺɽʐʊɸɱɸ ʆ ʀʉʇʀʊʀɺɸɳʋ ʀ ʄʆɻʋɴʀ - ʀɿʃɸɿʅʀ 

ʈɽɿʋʃʊɸʊʀ 

ʐʝʤʦʤ ʥʘ ʩʣʠʮʠ 6.3.1 ʧʨʠʢʘʟʘʥ ʿʝ ʘʣʛʦʨʠʪʘʤʩʢʠ ʪʦʢ ʚʝʟʘʥ ʟʘ ʢʨʝʠʨʘˁʝ ʠʟʚʝʰʪʘʿʘ ʠ 

ʤʦʛʫ˂ʝ ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ ʢʦʿʝ ʧʨʦʛʨʘʤ ʥʫʜʠ. 

 

ʉʣʠʢʘ 6.3.1 ɸʣʛʦʨʠʪʘʤʩʢʠ ʪʦʢ ʚʝʟʘʥ ʟʘ ʢʨʝʠʨʘˁʝ ʠʟʚʝʰʪʘʿʘ ʠ ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ ʢʦʿʝ 

ʧʨʦʛʨʘʤ ʥʫʜʠ. 

ʋ ʦʢʚʠʨʫ ʢʨʝʠʨʘˁʘ ʠʟʚʝʰʪʘʿʘ ʧʨʦʛʨʘʤ ʥʫʜʠ ʜʚʝ ʦʧʮʠʿʝ: ʌʠʣʪʝʨ ʫʢˀʫʯʝʥ/ʠʩʢˀʫʯʝʥ. ʊʦ 

ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʢʘʟ ʬʠʣʪʨʠʨʘʥʠʭ ʠʣʠ "ʩʠʨʦʚʠʭ" ʥʝʬʠʣʪʨʠʨʘʥʠʭ ʧʦʜʘʪʘʢʘ. ʊʘʢʦʹʝ 

ʧʨʦʛʨʘʤ ʥʫʜʠ ʦʧʮʠʿʫ ʫʥʦʩʘ ʢʦʤʝʥʪʘʨʘ ʠ ʯʫʚʘˁʝ ʧʦʜʘʪʘʢʘ ʫ ʦʙʣʠʢʫ ɽXCEL ʬʘʿʣʘ, ʧʨʠ 

ʯʝʤʫ ʩʝ ʪʠ ʧʦʜʘʮʠ ʤʦʛʫ ʦʙʨʘʹʠʚʘʪʠ ʨʘʟʣʠʯʠʪʠʤ ʤʘʪʝʤʘʪʠʯʢʦ ʩʪʘʪʠʩʪʠʯʢʠʤ 
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ʧʨʦʛʨʘʤʠʤʘ. ʇʨʦʛʨʘʤ ʥʫʜʠ ʠʟʣʘʟʥʝ ʨʝʟʫʣʪʘʪʝ ʫ ʦʙʣʠʢʫ ʜʠʿʘʛʨʘʤʩʢʠʭ ʧʨʠʢʘʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʝ ʟʘʚʠʩʥʦʩʪʠ ʦʜʨʝʹʝʥʠʭ ʬʠʟʠʯʢʠʭ ʠ ʪʨʠʙʦʣʦʰʢʠʭ ʚʝʣʠʯʠʥʘ, 

ʦʙʣʠʢʘ: 

¶ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, 

¶ ʧʨʦʤʝʥʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, 

¶ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, 

¶ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, 

¶ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʬʫʥʢʮʠʿʠ ʜʠʥʘʤʠʯʢʝ ʩʠʣʝ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ, 

¶ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʬʫʥʢʮʠʿʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʠ 

¶ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʬʫʥʢʮʠʿʠ ʙʨʟʠʥʝ ʢʣʠʟʘˁʘ ʫ ʟʦʥʠ ʢʦʥʪʘʢʪʘ. 

6.4 ʇʈʆʎɽɼʋʈɽ ɺɽɿɸʅɽ ɿɸ ʂʆʈʀʐɴɽɳɽ ʋʈɽɫɸɱɸ ʀ ʉʆʌʊɺɽʈɸ  

ʇʨʦʮʝʜʫʨʝ ʚʝʟʘʥʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʫʨʝʹʘʿʘ ʠ ʩʦʬʪʚʝʨʘ ʩʘʜʨʞʘʥʝ ʩʫ ʫ ʥʘʚʝʜʝʥʠʤ 

ʘʢʪʠʚʥʦʩʪʠʤʘ: 

1. ʇʦʚʝʟʠʚʘˁʝ ʥʘ USB ʧʦʨʪ ʨʘʯʫʥʘʨʘ 

2. ʇʦʢʨʝʪʘˁʝ Windows ʘʧʣʠʢʘʮʠʿʝ 

3. ʇʨʦʚʝʨʘ ʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʧʘʨʘʤʝʪʘʨʘ (comport, ʙʨʟʠʥʘ ʧʨʝʥʦʩʘ) 

4. ʇʨʦʚʝʨʘ ʨʝʟʦʣʫʮʠʿʝ ʢʦʨʠʰ˂ʝʥʦʛ ʝʥʢʦʜʝʨʘ (ʧʦʜʝʰʘʚʘˁʘ Ÿ ʦʩʥʦʚʥʘ ʧʦʜʝʰʘʚʘˁʘ) 

5. ʇʦʢʨʝʪʘˁʝ ʢʦʤʫʥʠʢʘʮʠʿʝ (ʢʦʤʫʥʠʢʘʮʠʿʘ Ÿ ʢʦʤʫʥʠʢʘʮʠʿʘ ʩʪʘʨʪ) 

6. ʋʥʦʩ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʠʟʙʦʨ ʤʝʪʦʜʝ ʠʩʧʠʪʠʚʘˁʘ (ʧʦʜʘʮʠ ʩʝ ʤʦʛʫ ʩʘʯʫʚʘʪʠ ʫ 
ʙʘʟʠ ï ʫʣʘʟʥʠ ʧʦʜʘʮʠ Ÿ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʟʘʧʘʤʪʠʪʠ/ʧʨʦʯʠʪʘʪʠ) 

7. ʇʦʢʨʝʥʫʪʠ ʤʝʨʝˁʝ 

8. ʇʦʩʪʘʚʠʪʠ ʫʛʘʦ ʥʘ ʥʫʣʫ 

9. ʆʜʨʘʜʠʪʠ ʤʝʨʝˁʝ (ʜʦʙʠʿʝ ʩʝ ʢʨʠʚʘ ʫʛʘʦ = f(ʚʨʝʤʝ) ʥʘ ʛʨʘʬʫ) 

10. ɿʘʫʩʪʘʚʠ ʤʝʨʝˁʝ 

11. ʆʙʨʠʩʘʪʠ ʤʝʨʝˁʝ (ʦʧʮʠʦʥʦ) 

12. ʅʘʧʨʘʚʠʪʠ ʠʟʚʝʰʪʘʿ 

13. ʋʢˀʫʯʝˁʝ ʬʠʣʪʨʘ (ʦʧʮʠʦʥʦ) 

14. ʂʨʝʠʨʘˁʝ ʠʟʚʝʰʪʘʿʘ ʩʘ ʜʦʙʠʿʝʥʠʤ ʜʠʿʘʛʨʘʤʠʤʘ 

15. ʂʨʝʠʨʘˁʝ EXCEL ʬʘʿʣʘ ʩʘ ʜʦʙʠʿʝʥʠʤ ʧʦʜʘʮʠʤʘ 
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7. ʈɽɿʋʃʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀʍ ʀʉʊʈɸɾʀɺɸɳɸ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʪʝʦʨʠʿʩʢʦʛ ʤʦʜʝʣʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʠʟʣʦʞʝʥʦʛ ʪʝʦʨʠʿʩʢʦʛ ʤʦʜʝʣʘ ʠʟʚʝʜʝʥʘ ʿʝ ʥʘ 

ʨʝʘʣʠʟʦʚʘʥʠʤ ʫʨʝʹʘʿʠʤʘ ʯʠʿʠ ʿʝ ʬʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʜʘʪ ʥʘ ʩʣʠʮʠ 7.1(ʘ,ʙ). ɼʝʪʘˀʠ 

ʚʝʟʘʥʠ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʠ ʢʦʥʩʪʨʫʢʮʠʿʫ ʫʨʝʹʘʿʘ ʠ ʨʘʟʚʠʿʝʥʠ ʩʦʬʪʚʝʨ ʜʘʪʠ ʩʫ ʫ ʦʢʚʠʨʫ 

ʯʝʪʚʨʪʦʛ ʠ ʧʝʪʦʛ ʧʦʛʣʘʚˀʘ ʨʘʜʘ. 

  
ʘ) ʙ) 

ʉʣʠʢʘ 7.1(ʘ,ʙ) ʌʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʨʝʘʣʠʟʦʚʘʥʠʭ ʫʨʝʹʘʿʘ. 

ʇʨʝʤʘ ʧʣʘʥʫ ʠ ʧʨʦʛʨʘʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ (ʇʦʛʣʘʚˀʝ 4.), ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ  

ʧʨʚʝ ʩʝʨʠʿʝ ʦʜ 8 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ ʧʨʚʦʤ ʨʘʟʚʠʿʝʥʦʤ ʫʨʝʹʘʿʫ (ʉʣʠʢʘ 7.1ʘ), ʢʘʦ ʠʟʣʘʟ ʠʟ 

ʨʘʯʫʥʘʨʩʢʦʛ ʧʨʦʛʨʘʤʘ ʦʙʨʘʜʝ, ʟʘ ʧʦʟʥʘʪʝ ʫʣʘʟʥʝ ʚʨʝʜʥʦʩʪʠ: ʫʢʫʧʥʝ ʤʘʩʝ m, 

ʝʢʩʮʝʥʪʨʠʯʥʝ ʤʘʩʝ me, ʤʘʩʝʥʦʛ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʿʝ I, ʠ ʨʘʜʠʿʫʩʘ ʣʝʞʘʿʘ r ʫ ʟʦʥʠ ʥʘʩʪʘʥʢʘ 

ʪʨʝˁʘ, ʜʦʙʠʿʝʥʝ ʩʫ ʧʦʪʨʝʙʥʝ ʤʝʨʥʝ ʠ ʧʨʦʨʘʯʫʥʩʢʝ ʚʝʣʠʯʠʥʝ. ʅʘʠʤʝ, ʥʘ ʦʩʥʦʚʫ 

ʥʫʤʝʨʠʯʢʠʭ ʥʠʟʦʚʘ ʚʨʝʜʥʦʩʪʠ ʫʛʣʘ ʠ ʚʨʝʤʝʥʘ (ʧʨʦʤʝʥʝ ʫʛʣʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ) ʧʨʝʤʘ 

ʪʝʦʨʠʿʩʢʦʤ ʤʦʜʝʣʫ ʫʩʧʦʩʪʘʚˀʝʥʘ ʿʝ ʚʝʟʘ ʬʠʟʠʯʢʠʭ ʚʝʣʠʯʠʥʘ, ʪʦ ʿʝʩʪ, ʬʦʨʤʠʨʘʥʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʟʘʚʠʩʥʦʩʪʠ ʠ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ 

ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʙʨʟʠʥʝ ʢʣʠʟʘˁʘ, ʧʨʦʤʝʥʝ ʥʦʨʤʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ FN ʫ 

ʚʨʝʤʝʥʫ, ʧʨʦʤʝʥʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ .ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ  ʫ ʚʨʝʤʝʥʫ ‫ 

ʅʘ ʩʣʠʮʠ 7.2, ʢʘʦ ʧʨʠʤʝʨ ʿʝʜʥʦʛ ʦʜ 10 ʠʟʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʧʨʠ ʨʫʯʥʦʤ 

ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ, ʜʘʪʠ ʩʫ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ 

ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ ʟʘ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʥʠʚʦʘ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ.  
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 ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ   1

 ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ   2

 ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ   3
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ʉʣʠʢʘ 7.2 ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ. 

ɼʠʿʘʛʨʘʤʫ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʩʣʠʮʠ 7.2 ʦʜʛʦʚʘʨʘ ʧʨʦʤʝʥʘ 

ʫʛʣʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 7.3ʘ, ʧʨʦʤʝʥʘ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 7.3ʙ ʠ 

ʧʨʦʤʝʥʘ ʥʠʚʦʘ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʫ ʚʨʝʤʝʥʫ ʧʨʠʢʘʟʘʥʘ ʜʠʿʘʛʨʘʤʦʤ ʥʘ 

ʩʣʠʮʠ 7.4.  
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ʘ) 

 ɹʨʟʠʥʘ 3
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ʙ) 

ʉʣʠʢʘ 7.3 ʇʨʦʤʝʥʘ ʫʛʣʘ ʦʙʨʪʘˁʘ (ʘ), ʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ (ʙ), ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ. 
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ʉʣʠʢʘ 7.4 ʇʨʦʤʝʥʘ ʥʠʚʦʘ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ. 

ʋʧʦʨʝʜʥʠ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ 

ʚʨʝʤʝʥʫ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 7.5(ʘ,ʙ). 
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 ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ 1
 ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ 2
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ʙ) 

ʉʣʠʢʘ 7.5(ʘ,ʙ) ʋʧʦʨʝʜʥʠ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʫ ʚʨʝʤʝʥʫ.  
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ʋʧʦʨʝʜʥʠ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʚʨʝʤʝʥʫ ʧʨʠ 

ʝʣʠʤʠʥʠʩʘˁʫ - ʜʝʤʦʥʪʘʞʠ ʝʢʩʮʝʥʪʨʠʯʥʦ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʤʘʩʝ ʠ ʝʣʠʤʠʥʠʩʘˁʫ 

ʜʠʥʘʤʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʜʘʪ ʿʝ ʥʘ ʩʣʠʮʠ 7.6(ʘ,ʙ). 
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ʘ) 

0 10 20 30 40 50 60 70

ɺʨʝʤʝ, s

0

5

10

15

20

25

30

ʋ
ʙ
ʨ
ʟ
ʘ
ˁ
ʝ

, 
ra

d
/s

2

 

ʙ) 

ʉʣʠʢʘ 7.6(ʘ,ʙ) ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʫ 

ʚʨʝʤʝʥʫ ʧʨʠ ʝʣʠʤʠʥʠʩʘˁʫ ʜʠʥʘʤʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ ʦʧʪʝʨʝ˂ʝˁʘ (ʝʢʩʮʝʥʪʨʠʯʥʦ 

ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʤʘʩʝ).  

ɼʠʿʘʛʨʘʤʫ ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʩʣʠʮʠ 7.6(ʘ,ʙ) ʦʜʛʦʚʘʨʘʿʫ ʜʠʿʘʛʨʘʤʠ ʧʦʤʝʥʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʠ 

ʥʠʚʦʘ ʥʦʨʤʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 7.7(ʘ,ʙ).  
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ʙ) 

ʉʣʠʢʘ 7.7(ʘ,ʙ) ɼʠʿʘʛʨʘʤ ʧʨʦʤʝʥʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ, (ʙ) ʠ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ (ʘ) ʫ 

ʚʨʝʤʝʥʫ. 

ʅʠʚʦʠ ʧʨʦʤʝʥʝ ʙʨʟʠʥʝ ʢʦʪʨˀʘˁʘ ʫ ʟʦʥʠ ʪʨʝˁʘ ʫ ʢʦʪʨˀʘʿʥʦʤ ʣʝʞʘʿʫ ʧʨʠʢʘʟʘʥʠ ʩʫ 

ʜʠʿʘʛʨʘʤʦʤ ʥʘ ʩʣʠʮʠ 7.8. 
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ʉʣʠʢʘ 7.8 ʅʠʚʦʠ ʧʨʦʤʝʥʝ ʙʨʟʠʥʝ ʢʦʪʨˀʘˁʘ ʫ ʟʦʥʠ ʪʨʝˁʘ ʫ ʢʦʪʨˀʘʿʥʦʤ ʣʝʞʘʿʫ. 

ʋʪʠʮʘʿ ʜʠʥʘʤʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ (ʫʪʠʮʘʿ ʝʢʩʮʝʥʪʨʠʯʥʝ ʤʘʩʝ) ʟʘ 

ʥʘʚʝʜʝʥʝ ʫʩʣʦʚʝ ʠʩʧʠʪʠʚʘˁʘ ʠʣʫʩʪʨʦʚʘʥ ʿʝ ʫʧʦʨʝʜʥʠʤ ʜʠʿʘʛʨʘʤʦʤ ʧʨʦʤʝʥʝ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʥʘ ʩʣʠʮʠ 7.9.  
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ʉʣʠʢʘ 7.9 ʋʪʠʮʘʿ ʜʠʥʘʤʠʯʢʝ ʢʦʤʧʦʥʝʥʪʝ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠʣʫʩʪʨʦʚʘʥ ʜʠʿʘʛʨʘʤʦʤ 

ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. 

ʅʘ ʜʨʫʛʦʤ ʨʝʘʣʠʟʦʚʘʥʦʤ ʫʨʝʹʘʿʫ (ʉʣʠʢʘ 7.1ʙ) ʠʟʚʝʜʝʥʦ ʿʝ ʫʢʫʧʥʦ 50 ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ʋ 

ʧʨʚʦʿ ʩʝʨʠʿʠ ʦʜ 30 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʜʠʥʘʤʠʯʢʦ ʦʧʪʨʝ˂ʝˁʝ ʠʥʠʮʠʨʘʥʦ ʿʝ ʠʤʧʫʣʩʥʦʤ 

ʩʠʣʦʤ ʫʜʘʨʘ ʧʠʥʘ ʤʘʩʝ 0,0487 kg, ʩʘ ʚʠʩʠʥʝ H1= 0,21 m. ʇʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʜʨʫʛʝ ʩʝʨʠʿʝ 

ʦʜ 20 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʦʧʪʝʨʝ˂ʝˁʝ ʿʝ ʠʥʠʮʠʨʘʥʦ ʠʤʧʫʣʩʦʤ ʫʜʘʨʘ ʠʩʪʝ ʤʘʩʝ ʩʘ ʚʠʩʠʥʝ: 

H2= 1,21 m. 

ʅʘ ʩʣʠʮʠ 7.10(ʘ,ʙ) ʧʨʠʢʘʟʘʥʝ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʦ ʜʦʙʠʿʝʥʝ ʟʘʚʠʩʥʦʩʪʠ ʧʨʦʤʝʥʝ 

ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ ʠ ʧʨʦʤʝʥʝ ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ 

ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʿʝʜʥʦʛ ʦʜ 30 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫ ʧʨʚʦʿ ʩʝʨʠʿʠ (7.10ʘ), 

ʜʦʢ ʩʝ ʜʠʿʘʛʨʘʤ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ (7.10ʙ) ʦʜʥʦʩʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʧʦʜʘʪʢʝ ʜʦʙʠʿʝʥʝ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʿʝʜʥʦʛ ʦʜ 20 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʚʝʜʝʥʠʭ ʫ ʜʨʫʛʦʿ ʩʝʨʠʿʠ. ʇʨʠʢʘʟ 

ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥʘ ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ ʠ ʧʨʠʨʘʰʪʘʿʘ ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʪʦʢʫ ʚʨʝʤʝʥʘ, ʥʘ ʠʩʪʦʤ ʜʠʿʘʛʨʘʤʫ, ʜʘʿʝ ʠʥʪʝʛʨʘʣʥʠʿʫ ʩʣʠʢʫ ʦ 

ʩʘʤʦʤ ʧʨʦʮʝʩʫ, ʰʪʦ ʿʝ ʫʧʨʘʚʦ ʠ ʧʨʠʢʘʟʘʥʦ ʥʘ ʜʠʿʘʛʨʘʤʠʤʘ. ʉʘ ʦʚʠʭ ʜʠʿʘʛʨʘʤʘ ʩʝ ʤʦʞʝ 

ʫʦʯʠʪʠ ʜʘ ʧʨʠʨʘʰʪʘʿʠ ʫʛʣʘ ʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʦʧʘʜʘʿʫ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ, 

ʥʘʢʦʥ ʜʝʿʩʪʚʘ ʫʜʘʨʥʦʛ ʠʤʧʫʣʩʘ ʩʠʣʝ ʢʦʿʘ ʠʥʠʮʠʨʘ ʢʨʝʪʘˁʝ, ʠ ʟʘʜʨʞʘʚʘʿʫ ʧʨʠʙʣʠʞʥʦ 

ʢʦʥʩʪʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ. ʇʨʠ ʯʝʤʫ ʿʝ ʜʠʥʘʤʠʢʘ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʜʝʥʪʠʯʥʘ. 
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ʙ) 

ʉʣʠʢʘ 7.10 ɼʠʿʘʛʨʘʤ ʧʨʦʤʝʥʝ ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ, ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ 

ʢoʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ ʪʝʦʨʠʿʩʢʠ 

ʦʜʨʝʹʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʦʜ ʪʨʝʥʫʪʢʘ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ ʧʨʝʩʪʘʥʢʘ ʢʨʝʪʘˁʘ, 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʿʝʜʥʦʛ ʦʜ ʠʟʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫ ʧʨʚʦʿ ʩʝʨʠʿʠ (ʘ), ʫʛʘʦʥʦ ʫʙʨʟʘˁʘ, 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʠ ʧʨʠʨʘʰʪʘʿ ʫʛʣʘ ʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʩʘ ʚʝ˂ʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʝʥʝʨʛʠʿʝ ʠʤʧʫʣʩʘ ʫʜʘʨʘ (ʙ). 

ʅʘ ʩʣʠʮʠ 7.11(ʘ,ʙ) ʧʨʠʢʘʟʘʥʠ ʩʫ ʙʠʣʘʥʩʠ ʝʥʝʨʛʠʿʘ. ʂʨʠʚʝ ʧʨʦʤʝʥʝ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ, 

ʝʥʝʨʛʠʿʝ ʨʘʜʦʚʘ ʩʠʣʝ ʪʨʝˁʘ ʠ ʨʘʟʣʠʢʝ ʦʚʠʭ ʝʥʝʨʛʠʿʘ. ɼʠʿʘʛʨʘʤʠ ʩʫ ʜʦʙʠjʝʥʠ 

ʩʪʘʪʠʩʪʠʯʢʦʤ ʦʙʨʘʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʿʝʜʘʥ ʦʜ 30 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʚʝʜʝʥʠʭ ʫ ʧʨʚʦʿ ʩʝʨʠʿʠ, ʧʨʠ ʤʘˁʦʿ ʝʥʝʨʛʠʿʠ ʫʜʘʨʘ, ʠ ʿʝʜʘʥ ʦʜ 20 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʚʝʜʝʥʠʭ ʫ ʜʨʫʛʦʿ ʩʝʨʠʿʠ, ʧʨʠ ʟʥʘʯʘʿʥʦ ʚʝ˂ʦʿ ʝʥʝʨʛʠʿʠ ʫʜʘʨʘ.  
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ʉʣʠʢʘ 7.11(ʘ,ʙ) ɼʠʿʘʛʨʘʤ ʙʠʣʘʥʩʘ ʝʥʝʨʛʠʿʘ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʨʘʟʣʠʯʠʪʠʤ 

ʝʥʝʨʛʠʿʘʤʘ ʠʤʧʫʣʩʥʝ ʩʠʣʝ ʫʜʘʨʘ (ʘ - ʄʘʣʘ ʝʥʝʨʛʠʿʘ; ʙ - ɿʥʘʯʘʿʥʦ ʚʝ˂ʘ ʝʥʝʨʛʠʿʘ). 

ɿʘ ʩʚʘʢʠ ʦʜ 184. ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ, ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʿʝʜʘʥ ʝʢʩʧʝʨʠʤʝʥʪ 

ʠʟʚʝʜʝʥ ʫ ʧʨʚʦʿ ʩʝʨʠʿʠ (ʉʣʠʢʘ 7.11ʘ) ʠ ʩʚʘʢʠ ʦʜ 1406. ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʢʘ ʢʦʿʠ ʩʝ 

ʦʜʥʦʩʝ ʥʘ ʿʝʜʘʥ ʝʢʩʧʝʨʠʤʝʥʪ ʠʟʚʝʜʝʥ ʫ ʜʨʫʛʦʿ ʩʝʨʠʿʠ (ʉʣʠʢʘ 7.11ʙ) ʝʥʝʨʛʠʿʝ ʩʫ ʨʘʯʫʥʘʪʝ 

ʧʨʝʤʘ ʠʟʨʘʟʠʤʘ: 

Ὁ ϽὐϽ‫ ,                      (7.1) 

ὃ Ὁ ὶϽÇВὓ ʈɝʒ;                   (7.2) 

ȹE=Ὁ ὃ                     (7.3) 

ʇʨʠ ʯʝʤʫ ʩʝ ɝʒ ʦʜʥʦʩʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʫ ʚʨʝʜʥʦʩʪ ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ ʢʘʦ 
ʨʘʟʣʠʢʫ ʢʚʘʥʪʠʬʠʢʦʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ (i+1) - ʧʦʜʘʪʢʘ ʠ i-ʪʦʛ ʧʦʜʘʪʢʘ ʦ ʚʨʝʜʥʦʩʪʠ ʫʛʣʘ. 
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ʂʦʥʩʪʘʥʪʝ ʢʦʿʝ  ʬʠʛʫʨʠʰʫ ʫ ʠʟʨʘʟʠʤʘ ʠʤʘʿʫ ʩʣʝʜʝ˂ʝ ʚʨʝʜʥʦʩʪʠ: 

ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ, 

ὐ πȟπςτψ ὑὫά Ƞ  Вὓ τȢωσ  +ÇȠ  ὶ πȟππυ άȠ  Ὣ ωȢψρ.                         (7.4) 

ʜʦʢ ʧʨʠ  ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʩʠʣʦʤ ʫʜʘʨʥʦʛ ʠʤʧʫʣʩʘ ʢʦʥʩʪʘʥʪʝ ʠʟʥʦʩʝ 

ὐ πȟππτψφ ὑὫά Ƞ  Вὓ ςȟρυ +ÇȠ ὶ πȟππυ άȠ  Ὣ ωȢψρ.                         (7.5) 

ʇʨʦʛʨʘʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʥʘʛʣʘʰʝʥʦ, ʦʙʫʭʚʘʪʠʦ ʿʝ 10 

ʥʝʟʘʚʠʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʚʝʜʝʥʠʭ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ. ʉʢʨʘ˂ʝʥʠ 

ʧʨʠʢʘʟ ʦʚʠʭ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʜʘʪ ʿʝ, ʟʘ ʪʨʠ ʦʜ ʫʢʫʧʥʦ 10 ʨʝʘʣʠʟʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, 

ʫ ʪʘʙʝʣʘʤʘ 7.1, 7.2 ʠ ʪʘʙʝʣʠ 7.3. 

ʂʘʦ ʠʟʣʘʟʥʠ ʨʝʟʫʣʪʘʪʠ ʥʘʤʝʥʩʢʠ ʨʘʟʚʠʿʝʥʦʛ ʩʦʬʪʚʝʨʘ, ʫʧʦʨʝʜʦ ʩʘ ʪʘʙʝʣʘʤʘ ʥʘ ʩʣʠʢʘʤʘ 

7.12(ʘ- )́ - 7.14(ʘ- )́ ʜʘʪʠ ʩʫ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ 

ʚʝʟʘʥʠʭ ʟʘ ʥʘʚʝʜʝʥʝ ʪʘʙʝʣʝ ʫ ʦʙʣʠʢʫ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ. 

ʇʨʠʢʘʟ ʢʦʤʧʣʝʪʥʠʭ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʚʝʟʘʥʠʭ ʟʘ 60 ʥʝʟʘʚʠʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (30 ʫ 

ʧʨʚʦʿ ʩʝʨʠʿʠ ʧʨʠ ʤʘˁʦʿ ʝʥʝʨʛʠʿʠ ʫʜʘʨʘ ʠ 20 ʫ ʜʨʫʛʦʿ ʩʝʨʠʿʠ ʧʨʠ ʚʝ˂ʦʿ ʝʥʝʨʛʠʿʠ ʫʜʘʨʘ) 

ʜʘʪ ʿʝ ʩʘʤʦ ʟʘ ʧʦ ʿʝʜʘʥ ʠʟ ʦʙʝ ʩʝʨʠʿʝ (ʊʘʙʝʣʝ 7.4 ʠ 7.5).  ʂʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ, 

ʫʧʦʨʝʜʦ ʩʘ ʪʘʙʝʣʘʤʘ ʜʘʪʠ ʩʫ ʥʘ ʩʣʠʢʘʤʘ 7.15 (ʘ- )́ ʠ 7.16 (ʘ- )́  ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʚʝʟʘʥʠʭ ʟʘ ʥʘʚʝʜʝʥʝ ʪʘʙʝʣʝ ʫ ʦʙʣʠʢʫ ʠʟʚʝʰʪʘʿʘ ʦ 

ʦʙʘʚˀʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʠʤʘ.  
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ʊʘʙʝʣʘ 7.1 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʤʘˁʦʤ" ʝʥʝʨʛʠʿʦʤ. 

ɺʝʣʠʯʠʥʘ ɺʨʝʤʝ ʋʛʘʦ ʋʛʘʦʥʘ ʙʨʟʠʥʘ ɹʨʟʠʥʘ ʢʣʠʟʘˁʘ ʋʛʘʦʥʦ ʫʙʨʟʘˁʝ 
ʆʧʪʝʨʝ˂ʝˁʝ  

ʣʝʞʘʿʘ 

ʂʦʝʬʠʮʠʿʝʥʪ  

ʪʨʝˁʘ 

ʈ. ɹʨ.\ 

ɱʝʜʠʥʠʮʘ 
t [s] ◖ [rad] ɤ [rad/s] ◒k [(rad/s)m] Ů [rad/s²] F [N] ɛ 

1 0 0 0 0 0 42.183 0 

2 0.072192 0.0418879 0.580229 0.002901 8.037303 42.175432 0.930357 

3 0.106344 0.07330383 0.919886 0.004599 9.94545 42.164012 1.151541 

4 0.133388 0.10471976 1.16166 0.005808 8.940024 42.152804 1.035404 

5 0.156244 0.13613568 1.374515 0.006873 9.312872 42.140884 1.078891 

6 0.182716 0.17802358 1.582347 0.007912 7.851012 42.127554 0.909823 

7 0.200524 0.20943951 1.764147 0.008821 10.208895 42.114505 1.183435 

8 0.217048 0.24085544 1.90123 0.009506 8.295994 42.104017 0.961927 

9 0.232648 0.27227136 2.013841 0.010069 7.218654 42.095111 0.837185 

10 0.247408 0.30368729 2.128451 0.010642 7.764905 42.085733 0.900738 

ǒ        

ǒ        

ǒ        

1477 13.25008 53.3023556 4.977175 0.024886 3.482731 42.737323 0.39784 

1478 13.256392 53.33377153 4.977175 0.024886 0 42.738879 0 

1479 13.264788 53.37565943 4.98903 0.024945 1.411982 42.742758 0.161272 

1480 13.275208 53.42801931 5.02494 0.025125 3.446257 42.751001 0.393549 

1481 13.28562 53.48037918 5.0288 0.025144 0.370726 42.750471 0.042334 

1482 13.298036 53.54321104 5.060556 0.025303 2.557668 42.753876 0.292058 

1483 13.310444 53.60604289 5.063818 0.025319 0.262895 42.748568 0.030022 

1484 13.316628 53.63745882 5.080196 0.025401 2.648448 42.748346 0.302463 

1485 13.322812 53.66887474 5.080194 0.025401 0.000323 42.743902 0.000037 

1486 13.328992 53.70029067 5.083484 0.025417 0.532362 42.739624 0.06081 

ǒ        

ǒ        

ǒ        

2956 30.886076 106.7199029 1.173287 0.005866 2.35924 42.152164 0.273243 

2957 30.914384 106.7513189 1.10979 0.005549 2.243076 42.155343 0.259768 

2958 30.944392 106.7827348 1.046918 0.005235 2.095175 42.158351 0.242623 

2959 30.976164 106.8141507 0.988793 0.004944 1.829441 42.161001 0.21184 

2960 31.010096 106.8455666 0.92585 0.004629 1.854975 42.163723 0.214782 

2961 31.0852 106.9083985 0.836598 0.004183 1.188379 42.167322 0.137585 

2962 31.126932 106.9398144 0.752802 0.003764 2.007956 42.17035 0.232457 

2963 31.171876 106.9712304 0.699002 0.003495 1.197045 42.172142 0.138575 

2964 31.220436 107.0026463 0.646951 0.003235 1.07189 42.17375 0.124082 

2965 31.291112 107.0445342 0.592675 0.002963 0.767955 42.175305 0.088896 

ʅʘ ʩʣʠʢʘʤʘ 7.12(ʘ- )́ - 7.14(a- )́ ʜʘʪʠ ʩʫ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ 

ʠʩʧʠʪʠʚʘˁʫ.  
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ʀɿɺɽʐʊɸɱ ʆ ʀʉʇʀʊʀɺɸɳʋ ʂʆɽʌʀʎʀɱɽʅʊɸ ʊʈɽɳɸ ʋ 

ʃɽɾɸɱʋ 

 
ʘ) 

 
ʙ) 

 
ʚ)
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ʛ) 

 
ʜ) 

 
)́ 

ʉʣʠʢʘ 7.12(ʘ-ʹ) ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ ʧʨʠ 

ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʤʘˁʦʤ ʝʥʝʨʛʠʿʦʤ. 
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ʊʘʙʝʣʘ 7.2 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʩʨʝʜˁʦʤ" ʝʥʝʨʛʠʿʦʤ. 

ɺʝʣʠʯʠʥʘ ɺʨʝʤʝ ʋʛʘʦ 
ʋʛʘʦʥʘ 

ʙʨʟʠʥʘ 

ɹʨʟʠʥʘ 

ʢʣʠʟʘˁʘ 

ʋʛʘʦʥʦ 

ʫʙʨʟʘˁʝ 

ʆʧʪʝʨʝ˂ʝˁʝ  

ʣʝʞʘʿʘ 

ʂʦʝʬʠʮʠʿʝʥʪ  

ʪʨʝˁʘ 

ʈ. 

ɹʨ.\ɱʝʜʠʥʠʮʘ 
t [s] ◖ [rad] ɤ [rad/s] 

◒k 

[(rad/s)m] 
Ů [rad/sĮ] F [N] ɛ 

1 0 0 0 0 0 42.183 0 

2 0.007876 0.05235988 6.648029 0.03324 844.086973 41.189946 100.044623 

3 0.012764 0.0837758 6.427152 0.032136 45.187602 41.256823 5.347135 

4 0.01926 0.12566371 6.448262 0.032241 3.249692 41.254825 0.384561 

5 0.025736 0.16755161 6.468175 0.032341 3.074892 41.254844 0.363875 

6 0.032196 0.20943951 6.484195 0.032421 2.479876 41.257665 0.293444 

7 0.03702 0.24085544 6.512423 0.032562 5.851575 41.256283 0.692438 

8 0.04344 0.28274334 6.524595 0.032623 1.89595 41.263199 0.224316 

9 0.04824 0.31415927 6.544985 0.032725 4.247917 41.266344 0.50255 

10 0.054628 0.35604717 6.557279 0.032786 1.924546 41.276224 0.227627 

ǒ        

ǒ        

ǒ        

1999 13.976916 74.53952204 4.786095 0.02393 3.084095 41.846226 0.359808 

2000 13.983412 74.57093796 4.836195 0.024181 7.712438 41.826796 0.900193 

2001 13.989868 74.60235389 4.86616 0.024331 4.641419 41.810227 0.541958 

2002 13.996284 74.63376982 4.896498 0.024482 4.728491 41.793644 0.552342 

2003 14.002664 74.66518574 4.924125 0.024621 4.330251 41.777572 0.506018 

2004 14.013168 74.71754562 4.984756 0.024924 5.772182 41.748517 0.674989 

2005 14.025684 74.78037747 5.020122 0.025101 2.825663 41.720793 0.330646 

2006 14.033928 74.82226538 5.081018 0.025405 7.386705 41.695836 0.864878 

2007 14.046196 74.88509723 5.121605 0.025608 3.308363 41.668815 0.387614 

2008 14.058324 74.94792908 5.180726 0.025904 4.874753 41.639299 0.571542 

ǒ        

ǒ        

ǒ        

3999 31.09894 148.6287491 2.553309 0.012767 0.202698 42.26545 0.023414 

4000 31.111248 148.6601651 2.552481 0.012762 0.067273 42.261547 0.007771 

4001 31.12352 148.691581 2.559968 0.0128 0.610088 42.258059 0.070481 

4002 31.135788 148.7229969 2.560802 0.012804 0.067982 42.254082 0.007852 

4003 31.147976 148.7544128 2.577612 0.012888 1.379225 42.250868 0.159367 

4004 31.160104 148.7858288 2.590364 0.012952 1.051451 42.247282 0.121504 

4005 31.172168 148.8172447 2.604105 0.013021 1.139009 42.243597 0.131632 

4006 31.204012 148.9010205 2.630819 0.013154 0.838902 42.232671 0.096977 

4007 31.215816 148.9324364 2.661464 0.013307 2.596154 42.229065 0.300135 

4008 31.227536 148.9638523 2.68054 0.013403 1.627645 42.224843 0.188188 
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ʀɿɺɽʐʊɸɱ ʆ ʀʉʇʀʊʀɺɸɳʋ ʂʆɽʌʀʎʀɱɽʅʊɸ ʊʈɽɳɸ ʋ 

ʃɽɾɸɱʋ 

 

ʘ) 

 

ʙ) 

 

ʚ) 
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ʛ) 

 

ʜ) 

 

)́ 

ʉʣʠʢʘ 7.13(ʘ- )́ ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ ʧʨʠ 

ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʩʨʝʜˁʦʤ ʝʥʝʨʛʠʿʦʤ.  
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ʊʘʙʝʣʘ 7.3 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʚʝ˂ʦʤ" ʝʥʝʨʛʠʿʦʤ. 

ɺʝʣʠʯʠʥʘ ɺʨʝʤʝ ʋʛʘʦ 
ʋʛʘʦʥʘ 

ʙʨʟʠʥʘ 

ɹʨʟʠʥʘ 

ʢʣʠʟʘˁʘ 

ʋʛʘʦʥʦ 

ʫʙʨʟʘˁʝ 

ʆʧʪʝʨʝ˂ʝˁʝ  

ʣʝʞʘʿʘ 

ʂʦʝʬʠʮʠʿʝʥʪ  

ʪʨʝˁʘ 

ʈ. 

ɹʨ.\ɱʝʜʠʥʠʮʘ 
t [s] ◖ [rad] ɤ [rad/s] 

◒k 

[(rad/s)m] 
Ů [rad/sĮ] F [N] ɛ 

1 0 0 0 0 0 42.183 0 

2 0.004528 0.0418879 9.250861 0.046254 2043.034673 40.259174 247.74714 

3 0.009072 0.0837758 9.218288 0.046091 7.168354 40.277727 0.868867 

4 0.01362 0.12566371 9.210182 0.046051 1.782322 40.289432 0.215967 

5 0.017032 0.15707963 9.207479 0.046037 0.792204 40.298987 0.095973 

6 0.021576 0.19896754 9.21829 0.046091 2.379181 40.308742 0.288156 

7 0.024972 0.23038346 9.25086 0.046254 9.590695 40.30836 1.16159 

8 0.02836 0.26179939 9.272707 0.046364 6.448347 40.314301 0.780884 

9 0.031752 0.29321532 9.261772 0.046309 3.223762 40.335316 0.390189 

10 0.035128 0.32463124 9.305664 0.046528 13.001185 40.336372 1.573562 

ǒ        

ǒ        

ǒ        

3274 14.416656 121.2864209 8.408975 0.042045 0 42.706226 0 

3275 14.422904 121.3387808 8.380261 0.041901 4.595711 42.780045 0.524455 

3276 14.426656 121.3701967 8.373116 0.041866 1.904318 42.824609 0.21709 

3277 14.430416 121.4016127 8.355301 0.041777 4.738032 42.866639 0.539604 

3278 14.435444 121.4435006 8.330927 0.041655 4.847653 42.920935 0.551391 

3279 14.44048 121.4853885 8.317693 0.041588 2.627879 42.975395 0.298529 

3280 14.444264 121.5168044 8.302307 0.041512 4.066068 43.014007 0.461492 

3281 14.448056 121.5482203 8.284789 0.041424 4.619726 43.051054 0.52388 

3282 14.451844 121.5796363 8.29354 0.041468 2.31019 43.092665 0.261724 

3283 14.456916 121.6215242 8.258655 0.041293 6.877957 43.136227 0.778422 

ǒ        

ǒ        

ǒ        

6549 31.23846 243.4105999 5.932011 0.02966 0.422961 42.232713 0.048891 

6550 31.245504 243.4524878 5.946607 0.029733 2.072118 42.199662 0.239718 

6551 31.250792 243.4839038 5.940985 0.029705 1.063162 42.174683 0.123069 

6552 31.257808 243.5257917 5.970339 0.029852 4.183865 42.141025 0.484696 

6553 31.263072 243.5572076 5.96807 0.02984 0.431041 42.11594 0.049967 

6554 31.270084 243.5990955 5.973746 0.029869 0.809469 42.082366 0.093906 

6555 31.275328 243.6305114 5.990831 0.029954 3.258009 42.056674 0.378194 

6556 31.2823 243.6723993 6.008019 0.03004 2.46529 42.022468 0.286409 

6557 31.287504 243.7038152 6.036879 0.030184 5.545734 41.995754 0.644689 

6558 31.294452 243.7457031 6.028771 0.030144 1.166955 41.96308 0.135762 
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ʀɿɺɽʐʊɸɱ ʆ ʀʉʇʀʊʀɺɸɳʋ ʂʆɽʌʀʎʀɱɽʅʊɸ ʊʈɽɳɸ ʋ 

ʃɽɾɸɱʋ 

 

ʘ) 

 

ʙ) 

 

ʚ) 
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ʛ) 

 

ʜ) 

 

)́ 

ʉʣʠʢʘ 7.14(ʘ- )́ ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ ʧʨʠ 

ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʚʝ˂ʦʤ ʝʥʝʨʛʠʿʦʤ. 
  



64 
 

ʊʘʙʝʣʘ 7.4 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʤʘˁʦʤ" ʝʥʝʨʛʠʿʦʤ ʧʨʝʢʦ 

ʠʤʧʫʣʩʥʝ ʩʠʣʝ ʫʜʘʨʘ (ʩʝʥʟʦʨ 2). 

ɺʝʣʠʯʠʥʘ ɺʨʝʤʝ ʋʛʘʦ 
ʋʛʘʦʥʘ 

ʙʨʟʠʥʘ 

ɹʨʟʠʥʘ 

ʢʣʠʟʘˁʘ 

ʋʛʘʦʥʦ 

ʫʙʨʟʘˁʝ 

ʆʧʪʝʨʝ˂ʝˁʝ  

ʣʝʞʘʿʘ 

ʂʦʝʬʠʮʠʿʝʥʪ  

ʪʨʝˁʘ 

ʈ. 

ɹʨ.\ɱʝʜʠʥʠʮʘ 
t [s] ◖ [rad] ɤ [rad/s] 

◒k 

[(rad/s)m] 
Ů [rad/sĮ] F [N] ɛ 

1 0 0 0 0 0 21.0915 0 

2 0.324328 0.0418879 0.129153 0.000646 0.398217 21.0915 0.183467 

3 0.367248 0.07330383 0.731965 0.00366 14.045014 21.0915 6.470967 

4 0.4113 0.10471976 0.713156 0.003566 0.426973 21.0915 0.196724 

5 0.454248 0.13613568 0.731487 0.003657 0.426818 21.0915 0.196648 

6 0.498528 0.16755161 0.709484 0.003547 0.496906 21.0915 0.228936 

7 0.541748 0.19896754 0.726884 0.003634 0.402591 21.0915 0.185487 

8 0.586088 0.23038346 0.708523 0.003543 0.414096 21.0915 0.190788 

9 0.629716 0.26179939 0.720086 0.0036 0.265036 21.0915 0.122106 

10 0.674088 0.29321532 0.708012 0.00354 0.272109 21.0915 0.125368 

11 0.718324 0.32463124 0.710189 0.003551 0.049213 21.0915 0.022673 

12 0.762868 0.35604717 0.705279 0.003526 0.110228 21.0915 0.050788 

13 0.807688 0.3874631 0.700936 0.003505 0.096899 21.0915 0.044644 

14 0.852584 0.41887902 0.699749 0.003499 0.026439 21.0915 0.012185 

15 0.897924 0.45029495 0.692897 0.003464 0.151125 21.0915 0.06963 

16 0.943412 0.48171088 0.690642 0.003453 0.049574 21.0915 0.022843 

17 0.989356 0.5131268 0.683787 0.003419 0.149203 21.0915 0.068739 

18 1.035532 0.54454273 0.680352 0.003402 0.074389 21.0915 0.03427 

19 1.081956 0.57595866 0.676717 0.003384 0.0783 21.0915 0.036071 

20 1.128916 0.60737458 0.668993 0.003345 0.16448 21.0915 0.075784 

21 1.17616 0.63879051 0.664972 0.003325 0.085111 21.0915 0.03921 

22 1.223928 0.67020644 0.657677 0.003288 0.152717 21.0915 0.07036 

23 1.27214 0.70162236 0.65162 0.003258 0.125633 21.0915 0.057881 

24 1.320764 0.73303829 0.646099 0.00323 0.113545 21.0915 0.052315 

25 1.370008 0.76445422 0.637965 0.00319 0.165177 21.0915 0.076106 

26 1.419724 0.79587014 0.631908 0.00316 0.121832 21.0915 0.056136 

27 1.469948 0.82728607 0.625516 0.003128 0.12727 21.0915 0.05864 

28 1.52086 0.858702 0.617063 0.003085 0.166032 21.0915 0.076495 

29 1.572252 0.89011792 0.6113 0.003056 0.112138 21.0915 0.05167 

30 1.624352 0.92153385 0.602993 0.003015 0.159443 21.0915 0.073461 

31 1.677248 0.95294978 0.593919 0.00297 0.171544 21.0915 0.079037 

32 1.730808 0.9843657 0.586556 0.002933 0.137472 21.0915 0.063334 

33 1.78504 1.01578163 0.579288 0.002896 0.134017 21.0915 0.06175 

34 1.840072 1.04719756 0.570867 0.002854 0.15302 21.0915 0.070502 

35 1.895932 1.07861348 0.562405 0.002812 0.151486 21.0915 0.069791 

36 1.952616 1.11002941 0.554229 0.002771 0.144238 21.0915 0.066453 

37 2.01014 1.14144534 0.546136 0.002731 0.140689 21.0915 0.064822 

38 2.068576 1.17286126 0.537612 0.002688 0.145869 21.0915 0.067202 

39 2.127852 1.20427719 0.529994 0.00265 0.128517 21.0915 0.059209 

40 2.18812 1.23569312 0.52127 0.002606 0.144753 21.0915 0.06669 

41 2.249344 1.26710904 0.513131 0.002566 0.132938 21.0915 0.061247 

42 2.311624 1.29852497 0.50443 0.002522 0.139708 21.0915 0.064367 

43 2.374856 1.3299409 0.496836 0.002484 0.120097 21.0915 0.05533 

44 2.439164 1.36135682 0.488523 0.002443 0.129269 21.0915 0.05956 

45 2.504552 1.39277275 0.480454 0.002402 0.123402 21.0915 0.056857 

46 2.571012 1.42418868 0.472704 0.002364 0.116611 21.0915 0.053728 

47 2.638584 1.4556046 0.464925 0.002325 0.115122 21.0915 0.053036 

48 2.707368 1.48702053 0.456733 0.002284 0.119097 21.0915 0.054875 

49 2.777216 1.51843646 0.449776 0.002249 0.099602 21.0915 0.045886 

50 2.84822 1.54985238 0.442453 0.002212 0.103135 21.0915 0.047517 

51 2.920392 1.58126831 0.435292 0.002176 0.099221 21.0915 0.045715 
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52 2.99372 1.61268424 0.42843 0.002142 0.09358 21.0915 0.043117 

53 3.068272 1.64410016 0.421396 0.002107 0.09435 21.0915 0.043468 

54 3.143936 1.67551609 0.415203 0.002076 0.081849 21.0915 0.037712 

55 3.220764 1.70693202 0.408913 0.002045 0.081871 21.0915 0.037721 

56 3.298652 1.73834794 0.403347 0.002017 0.071462 21.0915 0.032923 

57 3.377548 1.76976387 0.398194 0.001991 0.065314 21.0915 0.030088 

58 3.457416 1.8011798 0.393348 0.001967 0.060675 21.0915 0.027954 

59 3.538148 1.83259572 0.389138 0.001946 0.052148 21.0915 0.024029 

60 3.6198 1.86401165 0.384754 0.001924 0.053691 21.0915 0.02474 

61 3.702188 1.89542758 0.381317 0.001907 0.041717 21.0915 0.019221 

62 3.785308 1.9268435 0.377959 0.00189 0.040399 21.0915 0.018614 

63 3.869072 1.95825943 0.375053 0.001875 0.034693 21.0915 0.015987 

64 3.953236 1.98967536 0.37327 0.001866 0.021185 21.0915 0.009757 

65 4.03778 2.02109128 0.371593 0.001858 0.019836 21.0915 0.009141 

66 4.12262 2.05250721 0.370296 0.001851 0.015288 21.0915 0.007045 

67 4.207616 2.08392314 0.369617 0.001848 0.007989 21.0915 0.003679 

68 4.292688 2.11533906 0.369286 0.001846 0.003891 21.0915 0.001792 

69 4.377668 2.14675499 0.369686 0.001848 0.004707 21.0915 0.002171 

70 4.462476 2.17817092 0.370436 0.001852 0.008844 21.0915 0.004077 

71 4.546944 2.20958684 0.371927 0.00186 0.017652 21.0915 0.008136 

72 4.631156 2.24100277 0.373058 0.001865 0.01343 21.0915 0.006192 

73 4.714792 2.2724187 0.375627 0.001878 0.030716 21.0915 0.014148 

74 4.797912 2.30383462 0.377959 0.00189 0.028056 21.0915 0.012925 

75 4.880272 2.33525055 0.381446 0.001907 0.042339 21.0915 0.019505 

76 4.961872 2.36666648 0.384999 0.001925 0.043542 21.0915 0.020065 

77 5.04268 2.3980824 0.388772 0.001944 0.046691 21.0915 0.021516 

78 5.1227 2.42949833 0.392601 0.001963 0.047851 21.0915 0.022047 

79 5.201864 2.46091426 0.396846 0.001984 0.053623 21.0915 0.024702 

80 5.280072 2.49233018 0.401697 0.002008 0.062027 21.0915 0.02858 

81 5.357324 2.52374611 0.406668 0.002033 0.064348 21.0915 0.029652 

82 5.433568 2.55516204 0.412045 0.00206 0.070524 21.0915 0.032497 

83 5.50876 2.58657796 0.417809 0.002089 0.076657 21.0915 0.035322 

84 5.582908 2.61799389 0.423692 0.002118 0.079341 21.0915 0.036555 

85 5.656044 2.64940982 0.429555 0.002148 0.080166 21.0915 0.036934 

86 5.72818 2.68082574 0.43551 0.002178 0.082552 21.0915 0.038034 

87 5.79938 2.71224167 0.441235 0.002206 0.080407 21.0915 0.037048 

88 5.869656 2.7436576 0.447036 0.002235 0.082546 21.0915 0.038034 

89 5.938836 2.77507352 0.454119 0.002271 0.102385 21.0915 0.047175 

90 6.00714 2.80648945 0.459943 0.0023 0.085266 21.0915 0.039286 

91 6.074516 2.83790538 0.466278 0.002331 0.094025 21.0915 0.043316 

92 6.141012 2.8693213 0.472448 0.002362 0.092788 21.0915 0.042747 

93 6.206672 2.90073723 0.478464 0.002392 0.091624 21.0915 0.042216 

94 6.271448 2.93215316 0.484993 0.002425 0.100794 21.0915 0.046436 

95 6.335388 2.96356908 0.491334 0.002457 0.099171 21.0915 0.045687 

96 6.398528 2.99498501 0.49756 0.002488 0.098606 21.0915 0.045431 

97 6.460988 3.02640094 0.502977 0.002515 0.086728 21.0915 0.039959 

98 6.522712 3.05781686 0.508974 0.002545 0.097158 21.0915 0.044767 

99 6.583812 3.08923279 0.514172 0.002571 0.085074 21.0915 0.039201 

100 6.644284 3.12064872 0.519512 0.002598 0.088305 21.0915 0.040689 

101 6.704116 3.15206464 0.525069 0.002625 0.092877 21.0915 0.042794 

102 6.763376 3.18348057 0.530137 0.002651 0.085521 21.0915 0.0394 

103 6.822144 3.2148965 0.534575 0.002673 0.075517 21.0915 0.034791 

104 6.880348 3.24631242 0.539755 0.002699 0.088997 21.0915 0.041002 

105 6.938052 3.27772835 0.544432 0.002722 0.081052 21.0915 0.037342 

106 6.995296 3.30914428 0.548807 0.002744 0.076427 21.0915 0.035208 

107 7.052204 3.3405602 0.552048 0.00276 0.056952 21.0915 0.026238 

108 7.108736 3.37197613 0.555719 0.002779 0.064937 21.0915 0.029917 

109 7.164868 3.40339206 0.55968 0.002798 0.070566 21.0915 0.032515 
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110 7.220624 3.43480798 0.563454 0.002817 0.067688 21.0915 0.031188 

111 7.276176 3.46622391 0.565523 0.002828 0.037244 21.0915 0.017163 

112 7.33148 3.49763984 0.568059 0.00284 0.045856 21.0915 0.021127 

113 7.38652 3.52905576 0.570783 0.002854 0.049491 21.0915 0.022805 

114 7.44132 3.56047169 0.573283 0.002866 0.04562 21.0915 0.021023 

115 7.496008 3.59188762 0.574457 0.002872 0.021467 21.0915 0.00989 

116 7.550556 3.62330354 0.575932 0.00288 0.02704 21.0915 0.01246 

117 7.60502 3.65471947 0.57682 0.002884 0.016304 21.0915 0.00751 

118 7.659352 3.6861354 0.578221 0.002891 0.025786 21.0915 0.011882 

119 7.713672 3.71755132 0.578349 0.002892 0.002356 21.0915 0.001081 

120 7.767972 3.74896725 0.578562 0.002893 0.003923 21.0915 0.001811 

121 7.822284 3.78038318 0.578434 0.002892 0.002357 21.0915 0.00109 

122 7.876664 3.8117991 0.577711 0.002889 0.013295 21.0915 0.006126 

123 7.931016 3.84321503 0.578009 0.00289 0.005483 21.0915 0.002522 

124 7.985576 3.87463096 0.575805 0.002879 0.040396 21.0915 0.018614 

125 8.040324 3.90604688 0.573828 0.002869 0.036111 21.0915 0.016642 

126 8.09526 3.93746281 0.571864 0.002859 0.035751 21.0915 0.016471 

127 8.150396 3.96887874 0.56979 0.002849 0.037616 21.0915 0.017334 

128 8.205856 4.00029466 0.566461 0.002832 0.060025 21.0915 0.027651 

129 8.261612 4.03171059 0.563454 0.002817 0.053931 21.0915 0.024844 

130 8.317652 4.06312652 0.560598 0.002803 0.050964 21.0915 0.023479 

131 8.374092 4.09454244 0.556625 0.002783 0.070393 21.0915 0.03243 

132 8.430964 4.12595837 0.552397 0.002762 0.074342 21.0915 0.034251 

133 8.488352 4.1573743 0.54743 0.002737 0.086551 21.0915 0.039874 

134 8.546316 4.18879022 0.54199 0.00271 0.093851 21.0915 0.04324 

135 8.6048 4.22020615 0.537171 0.002686 0.082399 21.0915 0.037968 

136 8.663944 4.25162208 0.531177 0.002656 0.101346 21.0915 0.046692 

137 8.723844 4.283038 0.524473 0.002622 0.11192 21.0915 0.051566 

138 8.784424 4.31445393 0.518586 0.002593 0.097177 21.0915 0.044776 

139 8.845792 4.34586986 0.511927 0.00256 0.108509 21.0915 0.049992 

140 8.908072 4.37728578 0.50443 0.002522 0.120376 21.0915 0.055463 

141 8.971328 4.40870171 0.496647 0.002483 0.12304 21.0915 0.056686 

142 9.03562 4.44011764 0.488644 0.002443 0.124479 21.0915 0.05735 

143 9.101008 4.47153356 0.480454 0.002402 0.125252 21.0915 0.05771 

144 9.167628 4.50294949 0.471569 0.002358 0.133368 21.0915 0.061447 

145 9.235576 4.53436542 0.462353 0.002312 0.135633 21.0915 0.06249 

146 9.304928 4.56578134 0.452992 0.002265 0.134978 21.0915 0.062186 

147 9.375768 4.59719727 0.443477 0.002217 0.134317 21.0915 0.061883 

148 9.44832 4.6286132 0.433013 0.002165 0.144228 21.0915 0.066453 

149 9.522556 4.66002912 0.42319 0.002116 0.132321 21.0915 0.060963 

150 9.598792 4.69144505 0.412088 0.00206 0.145627 21.0915 0.067098 

151 9.67724 4.72286098 0.400468 0.002002 0.148124 21.0915 0.068246 

152 9.757992 4.7542769 0.389042 0.001945 0.141495 21.0915 0.065192 

153 9.841172 4.78569283 0.377686 0.001888 0.136523 21.0915 0.062897 

154 9.927152 4.81710876 0.365386 0.001827 0.143057 21.0915 0.065913 

155 10.01628 4.84852468 0.352481 0.001762 0.144792 21.0915 0.066709 

156 10.108832 4.87994061 0.339441 0.001697 0.140894 21.0915 0.064917 

157 10.20514 4.91135654 0.326203 0.001631 0.137455 21.0915 0.063334 

158 10.305848 4.94277246 0.311951 0.00156 0.141518 21.0915 0.065202 

159 10.411312 4.97418839 0.297883 0.001489 0.133391 21.0915 0.061456 

160 10.52242 5.00560432 0.282751 0.001414 0.136192 21.0915 0.062746 

161 10.63998 5.03702024 0.267233 0.001336 0.132001 21.0915 0.060821 

162 10.765224 5.06843617 0.250838 0.001254 0.130904 21.0915 0.060309 

163 10.899472 5.0998521 0.234014 0.00117 0.12532 21.0915 0.057739 

164 11.044896 5.13126802 0.21603 0.00108 0.123666 21.0915 0.05698 

165 11.204292 5.16268395 0.197094 0.000985 0.118798 21.0915 0.054733 

166 11.382012 5.19409988 0.176772 0.000884 0.114348 21.0915 0.052685 

167 11.585416 5.2255158 0.154451 0.000772 0.109737 21.0915 0.050561 
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168 11.828948 5.25693173 0.129001 0.000645 0.104504 21.0915 0.048152 

169 12.148128 5.28834766 0.098427 0.000492 0.095789 21.0915 0.044132 

ʅʘ ʩʣʠʢʘʤʘ 7.15(ʘ- )́ ʠ 7.16(a- )́ ʜʘʪʠ ʩʫ ʜʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ 

ʠʩʧʠʪʠʚʘˁʫ 
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ʀɿɺɽʐʊɸɱ ʆ ʀʉʇʀʊʀɺɸɳʋ ʂʆɽʌʀʎʀɱɽʅʊɸ ʊʈɽɳɸ ʋ 

ʃɽɾɸɱʋ 

 

ʘ) 

 

ʙ) 

 

ʚ) 
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ʛ) 

 

ʜ) 

 

)́ 

ʉʣʠʢʘ 7.15(ʘ-ʹ) ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ ʧʨʠ 

ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʤʘˁʦʤ ʝʥʝʨʛʠʿʦʤ ʫʜʘʨʘ (ʉʝʥʟʦʨ 2). 
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ʊʘʙʝʣʘ 7.5 ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ  ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʚʝ˂ʦʤ" ʝʥʝʨʛʠʿʦʤ ʧʨʝʢʦ 

ʠʤʧʫʣʩʥʝ ʩʠʣʝ ʫʜʘʨʘ (ʩʝʥʟʦʨ 10). 

ɺʝʣʠʯʠʥʘ ɺʨʝʤʝ ʋʛʘʦ ʋʛʘʦʥʘ ʙʨʟʠʥʘ ɹʨʟʠʥʘ ʢʣʠʟʘˁʘ ʋʛʘʦʥʦ ʫʙʨʟʘˁʝ 
ʆʧʪʝʨʝ˂ʝˁʝ  

ʣʝʞʘʿʘ 

ʂʦʝʬʠʮʠʿʝʥʪ  

ʪʨʝˁʘ 

ʈ. ɹʨ.\ɱʝʜʠʥʠʮʘ t [s] ◖ [rad] ɤ [rad/s] ◒k [(rad/s)m] Ů [rad/sĮ] F [N] ɛ 

1 0 0 0 0 0 21.0915 0 

2 0.753572 0.0418879 0.055586 0.000278 0.073763 21.0915 0.033985 

3 0.773984 0.07330383 1.539091 0.007695 72.678082 21.0915 33.485015 

4 0.794364 0.10471976 1.541508 0.007708 0.118597 21.0915 0.054638 

5 0.81304 0.13613568 1.682155 0.008411 7.530895 21.0915 3.469711 

6 0.833268 0.16755161 1.553091 0.007765 6.380463 21.0915 2.939677 

7 0.852808 0.19896754 1.607775 0.008039 2.798567 21.0915 1.289382 

8 0.87334 0.23038346 1.530095 0.00765 3.783363 21.0915 1.74311 

9 0.89266 0.26179939 1.626083 0.00813 4.968323 21.0915 2.289055 

10 0.911784 0.29321532 1.642749 0.008214 0.87147 21.0915 0.401517 

11 0.932364 0.32463124 1.526527 0.007633 5.647328 21.0915 2.601901 

12 0.952288 0.35604717 1.576788 0.007884 2.522636 21.0915 1.16226 

13 0.97218 0.3874631 1.579325 0.007897 0.127539 21.0915 0.058763 

14 0.991628 0.41887902 1.615381 0.008077 1.85397 21.0915 0.854183 

15 1.011772 0.45029495 1.559568 0.007798 2.770701 21.0915 1.276543 

16 1.032092 0.48171088 1.54606 0.00773 0.664764 21.0915 0.306275 

17 1.051808 0.5131268 1.593423 0.007967 2.402262 21.0915 1.106797 

18 1.07176 0.54454273 1.574575 0.007873 0.944667 21.0915 0.435237 

19 1.091524 0.57595866 1.589553 0.007948 0.757843 21.0915 0.349164 

20 1.112036 0.60737458 1.531587 0.007658 2.825956 21.0915 1.302003 

21 1.13176 0.63879051 1.592777 0.007964 3.102312 21.0915 1.429334 

22 1.15188 0.67020644 1.561428 0.007807 1.558101 21.0915 0.717863 

23 1.172056 0.70162236 1.557094 0.007785 0.21481 21.0915 0.098969 

24 1.192316 0.73303829 1.550638 0.007753 0.318657 21.0915 0.146817 

25 1.212536 0.76445422 1.553706 0.007769 0.151731 21.0915 0.069905 

26 1.232532 0.79587014 1.57111 0.007856 0.870374 21.0915 0.401005 

27 1.253016 0.82728607 1.533681 0.007668 1.827231 21.0915 0.841865 

28 1.273344 0.858702 1.545451 0.007727 0.579004 21.0915 0.266761 

29 1.293716 0.89011792 1.542113 0.007711 0.163852 21.0915 0.07549 

30 1.313984 0.92153385 1.550026 0.00775 0.390418 21.0915 0.179873 

31 1.33448 0.95294978 1.532783 0.007664 0.841286 21.0915 0.387606 

32 1.355064 0.9843657 1.52623 0.007631 0.318354 21.0915 0.146675 

33 1.37546 1.01578163 1.540299 0.007701 0.689792 21.0915 0.317806 

34 1.396044 1.04719756 1.526231 0.007631 0.683443 21.0915 0.314885 

35 1.416648 1.07861348 1.524749 0.007624 0.071928 21.0915 0.033141 

36 1.437424 1.11002941 1.512126 0.007561 0.607576 21.0915 0.279933 

37 1.457988 1.14144534 1.527715 0.007639 0.758072 21.0915 0.349269 

38 1.478784 1.17286126 1.510671 0.007553 0.819581 21.0915 0.377602 

39 1.499624 1.20427719 1.507482 0.007537 0.153023 21.0915 0.070502 

40 1.520444 1.23569312 1.50893 0.007545 0.069549 21.0915 0.032041 

41 1.541272 1.26710904 1.50835 0.007542 0.027847 21.0915 0.01283 

42 1.562184 1.29852497 1.502292 0.007511 0.28969 21.0915 0.133466 

43 1.583256 1.3299409 1.490885 0.007454 0.541334 21.0915 0.249409 

44 1.60418 1.36135682 1.50143 0.007507 0.503967 21.0915 0.232188 

45 1.625208 1.39277275 1.494005 0.00747 0.353101 21.0915 0.162682 

46 1.646292 1.42418868 1.490037 0.00745 0.1882 21.0915 0.086708 

47 1.667468 1.4556046 1.483563 0.007418 0.305723 21.0915 0.140853 

48 1.68854 1.48702053 1.490885 0.007454 0.347475 21.0915 0.160093 

49 1.709752 1.51843646 1.481045 0.007405 0.463888 21.0915 0.213726 

50 1.730972 1.54985238 1.480486 0.007402 0.026343 21.0915 0.012138 

51 1.75226 1.58126831 1.475758 0.007379 0.222097 21.0915 0.102326 

52 1.773472 1.61268424 1.481045 0.007405 0.249246 21.0915 0.114833 

53 1.7948 1.64410016 1.472989 0.007365 0.377719 21.0915 0.174023 

54 1.816204 1.67551609 1.46776 0.007339 0.2443 21.0915 0.112557 

55 1.837572 1.70693202 1.470233 0.007351 0.115734 21.0915 0.05332 

56 1.858972 1.73834794 1.468034 0.00734 0.102757 21.0915 0.047346 

57 1.88044 1.76976387 1.463384 0.007317 0.216601 21.0915 0.099794 

58 1.901928 1.8011798 1.462022 0.00731 0.063384 21.0915 0.029206 

59 1.923408 1.83259572 1.462566 0.007313 0.025326 21.0915 0.011673 

60 1.944876 1.86401165 1.463384 0.007317 0.038103 21.0915 0.017552 

61 1.966428 1.89542758 1.45768 0.007288 0.264662 21.0915 0.121935 

62 1.987984 1.9268435 1.45741 0.007287 0.012526 21.0915 0.005775 

63 2.009516 1.95825943 1.459034 0.007295 0.075423 21.0915 0.034753 

64 2.031104 1.98967536 1.45525 0.007276 0.175283 21.0915 0.080762 

65 2.052696 2.02109128 1.45498 0.007275 0.012505 21.0915 0.005765 
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66 2.074272 2.05250721 1.456059 0.00728 0.050009 21.0915 0.023042 

67 2.09584 2.08392314 1.456599 0.007283 0.025037 21.0915 0.011531 

68 2.117448 2.11533906 1.453902 0.00727 0.124815 21.0915 0.057502 

69 2.139056 2.14675499 1.453903 0.00727 0.000046 21.0915 0.000019 

70 2.16064 2.17817092 1.455519 0.007278 0.07487 21.0915 0.034497 

71 2.182232 2.20958684 1.45498 0.007275 0.024963 21.0915 0.011502 

72 2.203816 2.24100277 1.455519 0.007278 0.024972 21.0915 0.011502 

73 2.225416 2.2724187 1.454441 0.007272 0.049907 21.0915 0.022995 

74 2.246992 2.30383462 1.456059 0.00728 0.074991 21.0915 0.034554 

75 2.268564 2.33525055 1.456329 0.007282 0.012516 21.0915 0.005765 

76 2.290128 2.36666648 1.456869 0.007284 0.025042 21.0915 0.01154 

77 2.311656 2.3980824 1.459305 0.007297 0.113155 21.0915 0.052135 

78 2.333176 2.42949833 1.459848 0.007299 0.025232 21.0915 0.011626 

79 2.354704 2.46091426 1.459306 0.007297 0.025177 21.0915 0.011597 

80 2.376236 2.49233018 1.459034 0.007295 0.012632 21.0915 0.005822 

81 2.397736 2.52374611 1.461206 0.007306 0.101023 21.0915 0.04654 

82 2.419216 2.55516204 1.462567 0.007313 0.063361 21.0915 0.029197 

83 2.440688 2.58657796 1.463111 0.007316 0.025335 21.0915 0.011673 

84 2.46214 2.61799389 1.464476 0.007322 0.06363 21.0915 0.02932 

85 2.48354 2.64940982 1.468034 0.00734 0.166262 21.0915 0.0766 

86 2.504928 2.68082574 1.468857 0.007344 0.03848 21.0915 0.017732 

87 2.526296 2.71224167 1.470233 0.007351 0.064395 21.0915 0.029671 

88 2.547664 2.7436576 1.470233 0.007351 0 21.0915 0 

89 2.569016 2.77507352 1.471334 0.007357 0.051564 21.0915 0.023754 

90 2.590296 2.80648945 1.476313 0.007382 0.233976 21.0915 0.107797 

91 2.61158 2.83790538 1.476035 0.00738 0.013061 21.0915 0.006021 

92 2.632832 2.8693213 1.478257 0.007391 0.104555 21.0915 0.048171 

93 2.65404 2.90073723 1.481325 0.007407 0.144662 21.0915 0.066652 

94 2.67522 2.93215316 1.483283 0.007416 0.092446 21.0915 0.042595 

95 2.696372 2.96356908 1.485246 0.007426 0.092804 21.0915 0.042757 

96 2.71748 2.99498501 1.488342 0.007442 0.146674 21.0915 0.067582 

97 2.73854 3.02640094 1.491735 0.007459 0.161111 21.0915 0.074229 

98 2.759592 3.05781686 1.492301 0.007462 0.026886 21.0915 0.012384 

99 2.78062 3.08923279 1.494005 0.00747 0.081035 21.0915 0.037333 

100 2.80162 3.12064872 1.495997 0.00748 0.094857 21.0915 0.043705 

101 2.822588 3.15206464 1.498279 0.007491 0.108833 21.0915 0.050143 

102 2.843528 3.18348057 1.500283 0.007501 0.095702 21.0915 0.044094 

103 2.864452 3.2148965 1.50143 0.007507 0.054817 21.0915 0.025252 

104 2.885356 3.24631242 1.502866 0.007514 0.068695 21.0915 0.031653 

105 2.90622 3.27772835 1.505748 0.007529 0.138133 21.0915 0.063646 

106 2.927064 3.30914428 1.507193 0.007536 0.069325 21.0915 0.031937 

107 2.947884 3.3405602 1.50893 0.007545 0.083429 21.0915 0.038442 

108 2.968692 3.37197613 1.509801 0.007549 0.041859 21.0915 0.019287 

109 2.989492 3.40339206 1.510381 0.007552 0.027885 21.0915 0.012849 

110 3.010264 3.43480798 1.512417 0.007562 0.098017 21.0915 0.045156 

111 3.030996 3.46622391 1.515335 0.007577 0.140749 21.0915 0.064851 

112 3.051736 3.49763984 1.514751 0.007574 0.028158 21.0915 0.012972 

113 3.072468 3.52905576 1.515335 0.007577 0.028169 21.0915 0.012982 

114 3.093184 3.56047169 1.516506 0.007583 0.056526 21.0915 0.026039 

115 3.113868 3.59188762 1.518852 0.007594 0.113421 21.0915 0.052258 

116 3.134556 3.62330354 1.518558 0.007593 0.014211 21.0915 0.006543 

117 3.15524 3.65471947 1.518852 0.007594 0.014214 21.0915 0.006552 

118 3.175928 3.6861354 1.518558 0.007593 0.014211 21.0915 0.006543 

119 3.196576 3.71755132 1.521499 0.007607 0.142435 21.0915 0.065628 

120 3.21724 3.74896725 1.520322 0.007602 0.056959 21.0915 0.026238 

121 3.237908 3.78038318 1.520028 0.0076 0.014225 21.0915 0.006552 

122 3.25858 3.8117991 1.519733 0.007599 0.014271 21.0915 0.006571 

123 3.279256 3.84321503 1.519439 0.007597 0.014219 21.0915 0.006552 

124 3.299892 3.87463096 1.522385 0.007612 0.14276 21.0915 0.065771 

125 3.320576 3.90604688 1.518851 0.007594 0.170857 21.0915 0.078724 

126 3.341272 3.93746281 1.517971 0.00759 0.04252 21.0915 0.019591 

127 3.361976 3.96887874 1.517385 0.007587 0.028304 21.0915 0.013038 

128 3.382684 4.00029466 1.517091 0.007585 0.014197 21.0915 0.006543 

129 3.403432 4.03171059 1.514167 0.007571 0.140929 21.0915 0.064927 

130 3.42418 4.06312652 1.514167 0.007571 0 21.0915 0 

131 3.44492 4.09454244 1.51475 0.007574 0.02811 21.0915 0.012953 

132 3.46568 4.12595837 1.513291 0.007566 0.070279 21.0915 0.032383 

133 3.48646 4.1573743 1.511835 0.007559 0.070067 21.0915 0.032278 

134 3.507276 4.18879022 1.50922 0.007546 0.125625 21.0915 0.057881 

135 3.528128 4.22020615 1.506615 0.007533 0.124928 21.0915 0.057559 

136 3.548988 4.25162208 1.506037 0.00753 0.027709 21.0915 0.012763 

137 3.56988 4.283038 1.50373 0.007519 0.110425 21.0915 0.050874 
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138 3.590828 4.31445393 1.49971 0.007499 0.191904 21.0915 0.088415 

139 3.61178 4.34586986 1.499424 0.007497 0.01365 21.0915 0.006287 

140 3.632756 4.37728578 1.497708 0.007489 0.081808 21.0915 0.037693 

141 3.653776 4.40870171 1.494573 0.007473 0.149144 21.0915 0.06872 

142 3.67484 4.44011764 1.491451 0.007457 0.148215 21.0915 0.068283 

143 3.695948 4.47153356 1.488342 0.007442 0.14729 21.0915 0.067857 

144 3.717084 4.50294949 1.486371 0.007432 0.093253 21.0915 0.042965 

145 3.738272 4.53436542 1.482723 0.007414 0.172173 21.0915 0.079321 

146 3.759504 4.56578134 1.47965 0.007398 0.144734 21.0915 0.066681 

147 3.780784 4.59719727 1.476312 0.007382 0.156861 21.0915 0.072266 

148 3.802092 4.6286132 1.474373 0.007372 0.090999 21.0915 0.041922 

149 3.823464 4.66002912 1.469957 0.00735 0.206625 21.0915 0.095195 

150 3.844848 4.69144505 1.469133 0.007346 0.038533 21.0915 0.017751 

151 3.8663 4.72286098 1.464476 0.007322 0.217089 21.0915 0.100021 

152 3.887824 4.7542769 1.459576 0.007298 0.227653 21.0915 0.104886 

153 3.909396 4.78569283 1.456329 0.007282 0.150519 21.0915 0.069345 

154 3.930992 4.81710876 1.454711 0.007274 0.074921 21.0915 0.034516 

155 3.95264 4.84852468 1.451216 0.007256 0.161447 21.0915 0.074381 

156 3.97436 4.87994061 1.446406 0.007232 0.221455 21.0915 0.102032 

157 3.996132 4.91135654 1.442951 0.007215 0.15869 21.0915 0.07311 

158 4.017936 4.94277246 1.440833 0.007204 0.097138 21.0915 0.044757 

159 4.039816 4.97418839 1.435829 0.007179 0.228702 21.0915 0.105369 

160 4.061728 5.00560432 1.433732 0.007169 0.095701 21.0915 0.044094 

161 4.083692 5.03702024 1.430337 0.007152 0.154571 21.0915 0.071214 

162 4.1057 5.06843617 1.427478 0.007137 0.129907 21.0915 0.059853 

163 4.127768 5.0998521 1.423597 0.007118 0.175866 21.0915 0.081028 

164 4.149868 5.13126802 1.421535 0.007108 0.093303 21.0915 0.042984 

165 4.172016 5.16268395 1.418454 0.007092 0.13911 21.0915 0.064092 

166 4.194212 5.19409988 1.415387 0.007077 0.138178 21.0915 0.063665 

167 4.21644 5.2255158 1.413349 0.007067 0.091686 21.0915 0.042245 

168 4.238716 5.25693173 1.410304 0.007052 0.136694 21.0915 0.062983 

169 4.261052 5.28834766 1.406515 0.007033 0.169636 21.0915 0.078155 

170 4.283404 5.31976358 1.405508 0.007028 0.045052 21.0915 0.020757 

171 4.3058 5.35117951 1.402747 0.007014 0.123281 21.0915 0.0568 

172 4.328232 5.38259544 1.400496 0.007002 0.100348 21.0915 0.046237 

173 4.350704 5.41401136 1.398003 0.00699 0.110938 21.0915 0.051111 

174 4.373232 5.44542729 1.394528 0.006973 0.154252 21.0915 0.071071 

175 4.395784 5.47684322 1.393044 0.006965 0.065803 21.0915 0.030316 

176 4.41838 5.50825914 1.390331 0.006952 0.120065 21.0915 0.055321 

177 4.441008 5.53967507 1.388365 0.006942 0.086884 21.0915 0.040026 

178 4.463664 5.571091 1.386649 0.006933 0.075742 21.0915 0.034896 

179 4.48634 5.60250692 1.385426 0.006927 0.053934 21.0915 0.024854 

180 4.509028 5.63392285 1.384694 0.006923 0.032264 21.0915 0.014869 

181 4.531756 5.66533878 1.382257 0.006911 0.107225 21.0915 0.049404 

182 4.554492 5.6967547 1.38177 0.006909 0.02142 21.0915 0.009871 

183 4.57726 5.72817063 1.379828 0.006899 0.085295 21.0915 0.039295 

184 4.600048 5.75958656 1.378617 0.006893 0.053142 21.0915 0.024484 

185 4.622828 5.79100248 1.379101 0.006896 0.021247 21.0915 0.009786 

186 4.645616 5.82241841 1.378617 0.006893 0.021239 21.0915 0.009786 

187 4.668412 5.85383434 1.378133 0.006891 0.021232 21.0915 0.009786 

188 4.69122 5.88525026 1.377408 0.006887 0.031787 21.0915 0.014641 

189 4.714032 5.91666619 1.377167 0.006886 0.010565 21.0915 0.004865 

190 4.73684 5.94808212 1.377408 0.006887 0.010566 21.0915 0.004865 

191 4.759652 5.97949804 1.377166 0.006886 0.010608 21.0915 0.004883 

192 4.78244 6.01091397 1.378617 0.006893 0.063674 21.0915 0.029339 

193 4.80526 6.0423299 1.376684 0.006883 0.084706 21.0915 0.03903 

194 4.828048 6.07374582 1.378617 0.006893 0.084825 21.0915 0.039077 

195 4.850852 6.10516175 1.37765 0.006888 0.042405 21.0915 0.019534 

196 4.87362 6.13657768 1.379828 0.006899 0.095661 21.0915 0.044075 

197 4.896364 6.1679936 1.381284 0.006906 0.064017 21.0915 0.029491 

198 4.9191 6.19940953 1.38177 0.006909 0.021376 21.0915 0.009852 

199 4.941836 6.23082546 1.38177 0.006909 0 21.0915 0 

200 4.964564 6.26224138 1.382256 0.006911 0.021383 21.0915 0.009852 

201 4.987268 6.29365731 1.383718 0.006919 0.064394 21.0915 0.029671 

202 5.00996 6.32507324 1.38445 0.006922 0.032258 21.0915 0.014859 

203 5.032628 6.35648916 1.385915 0.00693 0.064629 21.0915 0.029775 

204 5.055252 6.38790509 1.388611 0.006943 0.119165 21.0915 0.054904 

205 5.07784 6.41932102 1.390824 0.006954 0.097972 21.0915 0.045137 

206 5.100404 6.45073694 1.392303 0.006962 0.065547 21.0915 0.030202 

207 5.12294 6.48215287 1.394033 0.00697 0.076766 21.0915 0.03537 

208 5.145468 6.5135688 1.394528 0.006973 0.021973 21.0915 0.010127 

209 5.167988 6.54498472 1.395023 0.006975 0.02198 21.0915 0.010127 
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210 5.190436 6.57640065 1.399498 0.006997 0.19935 21.0915 0.091847 

211 5.212872 6.60781658 1.400246 0.007001 0.033339 21.0915 0.015362 

212 5.235276 6.63923251 1.402246 0.007011 0.08927 21.0915 0.041126 

213 5.257652 6.67064843 1.404001 0.00702 0.078432 21.0915 0.036138 

214 5.28 6.70206436 1.40576 0.007029 0.07871 21.0915 0.036261 

215 5.3023 6.73348029 1.408786 0.007044 0.135695 21.0915 0.062518 

216 5.324564 6.76489621 1.411064 0.007055 0.102318 21.0915 0.047137 

217 5.346776 6.79631214 1.414367 0.007072 0.148703 21.0915 0.068511 

218 5.368972 6.82772807 1.415387 0.007077 0.045954 21.0915 0.021174 

219 5.391128 6.85914399 1.417942 0.00709 0.115319 21.0915 0.05313 

220 5.413272 6.89055992 1.418711 0.007094 0.034727 21.0915 0.015997 

221 5.435384 6.92197585 1.420764 0.007104 0.092846 21.0915 0.042776 

222 5.457452 6.95339177 1.423596 0.007118 0.128331 21.0915 0.059123 

223 5.479504 6.9848077 1.42463 0.007123 0.046889 21.0915 0.021601 

224 5.501536 7.01622363 1.425923 0.00713 0.058687 21.0915 0.027035 

225 5.523524 7.04763955 1.428776 0.007144 0.129753 21.0915 0.059778 

226 5.54548 7.07905548 1.430859 0.007154 0.094872 21.0915 0.043714 

227 5.567412 7.11047141 1.432424 0.007162 0.071357 21.0915 0.032876 

228 5.58934 7.14188733 1.432685 0.007163 0.011903 21.0915 0.005481 

229 5.611256 7.17330326 1.43347 0.007167 0.035819 21.0915 0.0165 

230 5.633128 7.20471919 1.436354 0.007182 0.131858 21.0915 0.060754 

231 5.654964 7.23613511 1.438721 0.007194 0.108399 21.0915 0.049944 

232 5.676812 7.26755104 1.437932 0.00719 0.036113 21.0915 0.016642 

233 5.698652 7.29896697 1.438458 0.007192 0.024084 21.0915 0.011095 

234 5.720464 7.33038289 1.440304 0.007202 0.084632 21.0915 0.038992 

235 5.742248 7.36179882 1.442156 0.007211 0.085017 21.0915 0.039172 

236 5.76404 7.39321475 1.441627 0.007208 0.024275 21.0915 0.01118 

237 5.78582 7.42463067 1.442421 0.007212 0.036455 21.0915 0.016793 

238 5.807604 7.4560466 1.442156 0.007211 0.012165 21.0915 0.005604 

239 5.829356 7.48746253 1.444278 0.007221 0.097554 21.0915 0.044947 

240 5.851128 7.51887845 1.442951 0.007215 0.06095 21.0915 0.028078 

241 5.8729 7.55029438 1.442951 0.007215 0 21.0915 0 

242 5.894664 7.58171031 1.443481 0.007217 0.024352 21.0915 0.011218 

243 5.916436 7.61312623 1.442951 0.007215 0.024343 21.0915 0.011218 

244 5.938164 7.64454216 1.445873 0.007229 0.134481 21.0915 0.061959 

245 5.95994 7.67595809 1.442686 0.007213 0.146354 21.0915 0.06743 

246 5.981732 7.70737401 1.441626 0.007208 0.048642 21.0915 0.022407 

247 6.003536 7.73878994 1.440833 0.007204 0.036369 21.0915 0.016756 

248 6.02534 7.77020587 1.440833 0.007204 0 21.0915 0 

249 6.047188 7.80162179 1.437931 0.00719 0.132827 21.0915 0.0612 

250 6.069048 7.83303772 1.437142 0.007186 0.036093 21.0915 0.016632 

251 6.0909 7.86445365 1.437668 0.007188 0.024071 21.0915 0.011095 

252 6.11278 7.89586957 1.435828 0.007179 0.084095 21.0915 0.038745 

253 6.134688 7.9272855 1.433994 0.00717 0.083714 21.0915 0.038565 

254 6.156632 7.95870143 1.431641 0.007158 0.107227 21.0915 0.049404 

255 6.178624 7.99011735 1.428516 0.007143 0.142097 21.0915 0.065467 

256 6.200624 8.02153328 1.427997 0.00714 0.023591 21.0915 0.010867 

257 6.222668 8.05294921 1.425147 0.007126 0.129287 21.0915 0.059569 

258 6.244768 8.08436513 1.421535 0.007108 0.163439 21.0915 0.0753 

259 6.26688 8.11578106 1.420764 0.007104 0.034868 21.0915 0.016063 

260 6.289024 8.14719699 1.418711 0.007094 0.092711 21.0915 0.042719 

261 6.31122 8.17861291 1.415387 0.007077 0.149757 21.0915 0.068995 

262 6.333468 8.21002884 1.412079 0.00706 0.148688 21.0915 0.068502 

263 6.35576 8.24144477 1.409292 0.007046 0.125022 21.0915 0.057606 

264 6.378096 8.27286069 1.406515 0.007033 0.124328 21.0915 0.057284 

265 6.400492 8.30427662 1.402747 0.007014 0.168244 21.0915 0.077519 

266 6.42294 8.33569255 1.399498 0.006997 0.144734 21.0915 0.066681 

267 6.44544 8.36710847 1.396263 0.006981 0.143778 21.0915 0.066245 

268 6.467976 8.3985244 1.394033 0.00697 0.098953 21.0915 0.045592 

269 6.490588 8.42994033 1.389348 0.006947 0.207191 21.0915 0.09546 

270 6.513216 8.46135625 1.388365 0.006942 0.043442 21.0915 0.020018 

271 6.535924 8.49277218 1.383474 0.006917 0.215387 21.0915 0.099234 

272 6.558716 8.52418811 1.378375 0.006892 0.223719 21.0915 0.103075 

273 6.58156 8.55560403 1.375237 0.006876 0.137366 21.0915 0.063286 

274 6.60444 8.58701996 1.373074 0.006865 0.094537 21.0915 0.043553 

275 6.627376 8.61843589 1.369721 0.006849 0.146189 21.0915 0.067354 

276 6.650392 8.64985181 1.36496 0.006825 0.206856 21.0915 0.095309 

277 6.673468 8.68126774 1.361411 0.006807 0.153796 21.0915 0.070863 

278 6.696592 8.71268367 1.358585 0.006793 0.122211 21.0915 0.056307 

279 6.719792 8.74409959 1.354134 0.006771 0.191853 21.0915 0.088396 

280 6.743028 8.77551552 1.352037 0.00676 0.090248 21.0915 0.041581 

281 6.766336 8.80693145 1.34786 0.006739 0.179209 21.0915 0.082564 
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282 6.7897 8.83834737 1.344629 0.006723 0.13829 21.0915 0.063713 

283 6.813136 8.8697633 1.340499 0.006702 0.176225 21.0915 0.081189 

284 6.836604 8.90117923 1.338671 0.006693 0.077893 21.0915 0.035891 

285 6.86014 8.93259515 1.334803 0.006674 0.164344 21.0915 0.075718 

286 6.883732 8.96401108 1.331635 0.006658 0.134283 21.0915 0.061864 

287 6.907372 8.99542701 1.328931 0.006645 0.114382 21.0915 0.052704 

288 6.931064 9.02684293 1.326014 0.00663 0.123122 21.0915 0.056724 

289 6.954832 9.05825886 1.321774 0.006609 0.178391 21.0915 0.082194 

290 6.97862 9.08967479 1.320663 0.006603 0.046704 21.0915 0.021516 

291 7.002456 9.12109071 1.318003 0.00659 0.111596 21.0915 0.051414 

292 7.026348 9.15250664 1.314914 0.006575 0.12929 21.0915 0.059569 

293 7.050276 9.18392257 1.312936 0.006565 0.082665 21.0915 0.038082 

294 7.074276 9.21533849 1.308997 0.006545 0.164125 21.0915 0.075613 

295 7.098308 9.24675442 1.307254 0.006536 0.072528 21.0915 0.033416 

296 7.122396 9.27817035 1.304215 0.006521 0.126162 21.0915 0.058128 

297 7.146516 9.30958627 1.302484 0.006512 0.071766 21.0915 0.033065 

298 7.17066 9.3410022 1.30119 0.006506 0.053595 21.0915 0.024692 

299 7.19484 9.37241813 1.299253 0.006496 0.080108 21.0915 0.036906 

300 7.219036 9.40383405 1.298393 0.006492 0.035543 21.0915 0.016376 

301 7.243284 9.43524998 1.295609 0.006478 0.114814 21.0915 0.052903 

302 7.267544 9.46666591 1.294968 0.006475 0.026422 21.0915 0.012176 

303 7.291844 9.49808183 1.292836 0.006464 0.087737 21.0915 0.040424 

304 7.316168 9.52949776 1.291561 0.006458 0.052417 21.0915 0.024152 

305 7.340484 9.56091369 1.291986 0.00646 0.017478 21.0915 0.008051 

306 7.364808 9.59232961 1.291561 0.006458 0.017472 21.0915 0.008051 

307 7.389148 9.62374554 1.290712 0.006454 0.034881 21.0915 0.016073 

308 7.4135 9.65516147 1.290076 0.00645 0.026117 21.0915 0.012033 

309 7.437864 9.68657739 1.28944 0.006447 0.026104 21.0915 0.012024 

310 7.462216 9.71799332 1.290076 0.00645 0.026117 21.0915 0.012033 

311 7.486572 9.74940925 1.289864 0.006449 0.008704 21.0915 0.004011 

312 7.510904 9.78082517 1.291136 0.006456 0.052277 21.0915 0.024086 

313 7.535276 9.8122411 1.289017 0.006445 0.086944 21.0915 0.040054 

314 7.5596 9.84365703 1.291561 0.006458 0.104588 21.0915 0.04819 

315 7.58394 9.87507295 1.290712 0.006454 0.034881 21.0915 0.016073 

316 7.608244 9.90648888 1.292624 0.006463 0.07867 21.0915 0.036242 

317 7.632512 9.93790481 1.294541 0.006473 0.078993 21.0915 0.036394 

318 7.656756 9.96932073 1.295822 0.006479 0.052838 21.0915 0.024342 

319 7.681004 10.00073666 1.295609 0.006478 0.008784 21.0915 0.004049 

320 7.705236 10.03215259 1.296465 0.006482 0.035325 21.0915 0.016272 

321 7.729428 10.06356851 1.298608 0.006493 0.088583 21.0915 0.040813 

322 7.7536 10.09498444 1.299683 0.006498 0.044473 21.0915 0.020492 

323 7.777748 10.12640037 1.300974 0.006505 0.053462 21.0915 0.024636 

324 7.801856 10.15781629 1.303133 0.006516 0.089555 21.0915 0.041258 

325 7.825928 10.18923222 1.305082 0.006525 0.080965 21.0915 0.037304 

326 7.849964 10.22064815 1.307037 0.006535 0.081336 21.0915 0.037475 

327 7.873956 10.25206407 1.309433 0.006547 0.099867 21.0915 0.046009 

328 7.897944 10.28348 1.309652 0.006548 0.00913 21.0915 0.00421 

329 7.921908 10.31489593 1.310964 0.006555 0.054749 21.0915 0.025223 

330 7.945796 10.34631185 1.315134 0.006576 0.174565 21.0915 0.080431 

331 7.969664 10.37772778 1.316236 0.006581 0.046171 21.0915 0.021269 

332 7.993492 10.40914371 1.318446 0.006592 0.092748 21.0915 0.042728 

333 8.017284 10.44055963 1.32044 0.006602 0.08381 21.0915 0.038613 

334 8.04104 10.47197556 1.322442 0.006612 0.084273 21.0915 0.038831 

335 8.06474 10.50339149 1.325567 0.006628 0.131857 21.0915 0.060754 

336 8.088384 10.53480741 1.328706 0.006644 0.132761 21.0915 0.061172 

337 8.11198 10.56622334 1.331409 0.006657 0.114553 21.0915 0.05278 

338 8.135556 10.59763927 1.332539 0.006663 0.04793 21.0915 0.022085 

339 8.159088 10.62905519 1.33503 0.006675 0.105856 21.0915 0.048768 

340 8.182588 10.66047112 1.336848 0.006684 0.077362 21.0915 0.035645 

341 8.206064 10.69188705 1.338215 0.006691 0.05823 21.0915 0.026826 

342 8.229488 10.72330297 1.341185 0.006706 0.126793 21.0915 0.058422 

343 8.25288 10.7547189 1.34302 0.006715 0.078446 21.0915 0.036138 

344 8.27626 10.78613483 1.34371 0.006719 0.029512 21.0915 0.013598 

345 8.299588 10.81755075 1.346704 0.006734 0.128344 21.0915 0.059133 

346 8.322876 10.84896668 1.349018 0.006745 0.099364 21.0915 0.045781 

347 8.346128 10.88038261 1.351107 0.006756 0.089842 21.0915 0.041391 

348 8.369388 10.91179853 1.350641 0.006753 0.020034 21.0915 0.009226 

349 8.392624 10.94321446 1.352037 0.00676 0.060079 21.0915 0.027679 

350 8.415812 10.97463039 1.354836 0.006774 0.120709 21.0915 0.055615 

351 8.438956 11.00604631 1.357411 0.006787 0.11126 21.0915 0.051262 

352 8.46212 11.03746224 1.356239 0.006781 0.050596 21.0915 0.023308 

353 8.485268 11.06887817 1.357177 0.006786 0.040522 21.0915 0.018671 
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354 8.508384 11.10029409 1.359055 0.006795 0.081242 21.0915 0.037427 

355 8.531464 11.13171002 1.361175 0.006806 0.091854 21.0915 0.04232 

356 8.55454 11.16312595 1.361411 0.006807 0.010227 21.0915 0.004713 

357 8.577604 11.19454187 1.362119 0.006811 0.030697 21.0915 0.014138 

358 8.600672 11.2259578 1.361884 0.006809 0.010187 21.0915 0.004694 

359 8.6237 11.25737373 1.364249 0.006821 0.102701 21.0915 0.047318 

360 8.646744 11.28878965 1.363302 0.006817 0.041095 21.0915 0.018937 

361 8.669784 11.32020558 1.363539 0.006818 0.010286 21.0915 0.004741 

362 8.692832 11.35162151 1.363065 0.006815 0.020566 21.0915 0.009473 

363 8.715884 11.38303743 1.362828 0.006814 0.010281 21.0915 0.004741 

364 8.738892 11.41445336 1.365435 0.006827 0.113308 21.0915 0.052201 

365 8.761952 11.44586929 1.362356 0.006812 0.133521 21.0915 0.061513 

366 8.785036 11.47728521 1.360939 0.006805 0.061385 21.0915 0.028286 

367 8.808128 11.50870114 1.360468 0.006802 0.020397 21.0915 0.009397 

368 8.831224 11.54011707 1.360233 0.006801 0.010175 21.0915 0.004684 

369 8.854368 11.57153299 1.357411 0.006787 0.121932 21.0915 0.056174 

370 8.877524 11.60294892 1.356708 0.006784 0.030359 21.0915 0.013987 

371 8.900684 11.63436485 1.356474 0.006782 0.010104 21.0915 0.004656 

372 8.923872 11.66578077 1.354835 0.006774 0.070683 21.0915 0.032563 

373 8.947092 11.6971967 1.352969 0.006765 0.080362 21.0915 0.037029 

374 8.970352 11.72861263 1.350642 0.006753 0.100043 21.0915 0.046094 

375 8.993676 11.76002855 1.346935 0.006735 0.158935 21.0915 0.073224 

376 9.017004 11.79144448 1.346705 0.006734 0.009859 21.0915 0.004542 

377 9.04038 11.82286041 1.34394 0.00672 0.118284 21.0915 0.054496 

378 9.063828 11.85427633 1.339812 0.006699 0.176049 21.0915 0.081113 

379 9.087296 11.88569226 1.338671 0.006693 0.048619 21.0915 0.022398 

380 9.110792 11.91710819 1.337076 0.006685 0.067884 21.0915 0.031273 

381 9.134352 11.94852411 1.333443 0.006667 0.154202 21.0915 0.071043 

382 9.157976 11.97994004 1.329831 0.006649 0.152895 21.0915 0.070445 

383 9.181652 12.01135597 1.32691 0.006635 0.123374 21.0915 0.056838 

384 9.205384 12.04277189 1.323779 0.006619 0.131932 21.0915 0.060783 

385 9.229176 12.07418782 1.320441 0.006602 0.140299 21.0915 0.064642 

386 9.253036 12.10560375 1.316678 0.006583 0.157712 21.0915 0.072664 

387 9.276948 12.13701967 1.313814 0.006569 0.119772 21.0915 0.055179 

388 9.300912 12.1684356 1.310964 0.006555 0.118928 21.0915 0.05479 

389 9.32496 12.19985153 1.306384 0.006532 0.190452 21.0915 0.087751 

390 9.349028 12.23126745 1.305298 0.006526 0.045122 21.0915 0.020786 

391 9.373184 12.26268338 1.300544 0.006503 0.196804 21.0915 0.090672 

392 9.39744 12.29409931 1.295182 0.006476 0.221059 21.0915 0.101851 

393 9.42176 12.32551523 1.291773 0.006459 0.140173 21.0915 0.064585 

394 9.446112 12.35693116 1.290076 0.00645 0.069686 21.0915 0.032108 

395 9.470548 12.38834709 1.285641 0.006428 0.181495 21.0915 0.083617 

396 9.495072 12.41976301 1.281028 0.006405 0.188101 21.0915 0.086661 

397 9.519668 12.45117894 1.277278 0.006386 0.152464 21.0915 0.070246 

398 9.544324 12.48259487 1.27417 0.006371 0.126055 21.0915 0.05808 

399 9.56908 12.51401079 1.269022 0.006345 0.20795 21.0915 0.095811 

400 9.593868 12.54542672 1.267385 0.006337 0.06604 21.0915 0.030429 

401 9.618756 12.57684265 1.262292 0.006311 0.204637 21.0915 0.094284 

402 9.643712 12.60825857 1.258852 0.006294 0.137843 21.0915 0.063504 

403 9.668752 12.6396745 1.25463 0.006273 0.16861 21.0915 0.077681 

404 9.693844 12.67109043 1.25203 0.00626 0.103619 21.0915 0.047744 

405 9.719008 12.70250635 1.248447 0.006242 0.142386 21.0915 0.0656 

406 9.744248 12.73392228 1.244688 0.006223 0.14893 21.0915 0.068615 

407 9.769536 12.76533821 1.242326 0.006212 0.093404 21.0915 0.043032 

408 9.794892 12.79675413 1.238994 0.006195 0.131409 21.0915 0.060546 

409 9.820332 12.82817006 1.234903 0.006175 0.16081 21.0915 0.074087 

410 9.845808 12.85958599 1.233158 0.006166 0.068496 21.0915 0.031558 

411 9.871344 12.89100191 1.23026 0.006151 0.113487 21.0915 0.052286 

412 9.89694 12.92241784 1.227377 0.006137 0.112635 21.0915 0.051898 

413 9.922588 12.95383377 1.224888 0.006124 0.097045 21.0915 0.04471 

414 9.948316 12.98524969 1.221079 0.006105 0.148049 21.0915 0.068208 

415 9.974084 13.01666562 1.219184 0.006096 0.073541 21.0915 0.033881 

416 9.999916 13.04808155 1.216163 0.006081 0.116948 21.0915 0.05388 

417 10.025792 13.07949747 1.214095 0.00607 0.07992 21.0915 0.036821 

418 10.051708 13.1109134 1.212221 0.006061 0.072311 21.0915 0.033312 

419 10.077656 13.14232933 1.210726 0.006054 0.057615 21.0915 0.026541 

420 10.103632 13.17374525 1.209421 0.006047 0.050239 21.0915 0.023147 

421 10.129672 13.20516118 1.206449 0.006032 0.114132 21.0915 0.05258 

422 10.155724 13.23657711 1.205893 0.006029 0.021342 21.0915 0.009833 

423 10.181828 13.26799303 1.203491 0.006017 0.092017 21.0915 0.042396 

424 10.207964 13.29940896 1.202018 0.00601 0.056359 21.0915 0.025963 

425 10.234092 13.33082489 1.202386 0.006012 0.014085 21.0915 0.006486 
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426 10.260232 13.36224081 1.201833 0.006009 0.021155 21.0915 0.009748 

427 10.286388 13.39365674 1.201098 0.006005 0.028101 21.0915 0.012944 

428 10.312548 13.42507267 1.200915 0.006005 0.006995 21.0915 0.003224 

429 10.338716 13.45648859 1.200547 0.006003 0.014063 21.0915 0.006477 

430 10.364868 13.48790452 1.201282 0.006006 0.028105 21.0915 0.012953 

431 10.39102 13.51932045 1.201282 0.006006 0 21.0915 0 

432 10.417144 13.55073637 1.202569 0.006013 0.049265 21.0915 0.022701 

433 10.443304 13.5821523 1.200915 0.006005 0.063226 21.0915 0.02913 

434 10.46942 13.61356823 1.202938 0.006015 0.077462 21.0915 0.035692 

435 10.49554 13.64498415 1.202753 0.006014 0.007083 21.0915 0.003262 

436 10.521616 13.67640008 1.204783 0.006024 0.077849 21.0915 0.035863 

437 10.547664 13.70781601 1.206078 0.00603 0.049716 21.0915 0.02291 

438 10.573692 13.73923193 1.207005 0.006035 0.035615 21.0915 0.016405 

439 10.599712 13.77064786 1.207376 0.006037 0.014258 21.0915 0.006571 

440 10.625716 13.80206379 1.208119 0.006041 0.028573 21.0915 0.013162 

441 10.651684 13.83347971 1.209794 0.006049 0.064502 21.0915 0.029718 

442 10.67762 13.86489564 1.211287 0.006056 0.057565 21.0915 0.026523 

443 10.703528 13.89631157 1.212596 0.006063 0.050525 21.0915 0.02328 

444 10.729388 13.92772749 1.214846 0.006074 0.087007 21.0915 0.040082 

445 10.7552 13.95914342 1.217106 0.006086 0.087556 21.0915 0.040339 

446 10.780968 13.99055935 1.219184 0.006096 0.080643 21.0915 0.037152 

447 10.8067 14.02197527 1.220889 0.006104 0.06626 21.0915 0.030524 

448 10.832408 14.0533912 1.222029 0.00611 0.044344 21.0915 0.020435 

449 10.858092 14.08480713 1.223171 0.006116 0.044463 21.0915 0.020482 

450 10.883684 14.11622305 1.227568 0.006138 0.171812 21.0915 0.07916 

451 10.909252 14.14763898 1.228721 0.006144 0.045095 21.0915 0.020776 

452 10.93476 14.17905491 1.231611 0.006158 0.113298 21.0915 0.052201 

453 10.960228 14.21047083 1.233545 0.006168 0.075938 21.0915 0.03499 

454 10.985652 14.24188676 1.23568 0.006178 0.083976 21.0915 0.038689 

455 11.011012 14.27330269 1.238799 0.006194 0.122989 21.0915 0.056667 

456 11.036308 14.30471861 1.241932 0.00621 0.123854 21.0915 0.057066 

457 11.061544 14.33613454 1.244885 0.006224 0.117015 21.0915 0.053908 

458 11.086756 14.36755047 1.246071 0.00623 0.047041 21.0915 0.021677 

459 11.111912 14.3989664 1.248844 0.006244 0.110232 21.0915 0.050788 

460 11.137036 14.43038232 1.250435 0.006252 0.063326 21.0915 0.029178 

461 11.16212 14.46179825 1.252429 0.006262 0.079493 21.0915 0.036621 

462 11.187144 14.49321418 1.255432 0.006277 0.120005 21.0915 0.055292 

463 11.212136 14.5246301 1.257039 0.006285 0.064301 21.0915 0.029623 

464 11.237104 14.55604603 1.258248 0.006291 0.048422 21.0915 0.022312 

465 11.262008 14.58746196 1.261481 0.006307 0.129819 21.0915 0.059816 

466 11.286856 14.61887788 1.264324 0.006322 0.114416 21.0915 0.052713 

467 11.311664 14.65029381 1.266363 0.006332 0.082191 21.0915 0.037864 

468 11.336468 14.68170974 1.266567 0.006333 0.008224 21.0915 0.003793 

469 11.36124 14.71312566 1.268203 0.006341 0.066042 21.0915 0.030429 

470 11.38596 14.74454159 1.270871 0.006354 0.107929 21.0915 0.049726 

471 11.410628 14.77595752 1.27355 0.006368 0.108602 21.0915 0.050039 

472 11.435308 14.80737344 1.27293 0.006365 0.025122 21.0915 0.011578 

473 11.459968 14.83878937 1.273963 0.00637 0.04189 21.0915 0.019297 

474 11.484592 14.8702053 1.275826 0.006379 0.075658 21.0915 0.034858 

475 11.509176 14.90162122 1.277901 0.00639 0.084404 21.0915 0.038888 

476 11.533772 14.93303715 1.277278 0.006386 0.025329 21.0915 0.011673 

477 11.558348 14.96445308 1.278317 0.006392 0.042277 21.0915 0.019477 

478 11.582924 14.995869 1.278317 0.006392 0 21.0915 0 

479 11.607456 15.02728493 1.28061 0.006403 0.09347 21.0915 0.04306 

480 11.632004 15.05870086 1.279776 0.006399 0.033974 21.0915 0.015656 

481 11.656556 15.09011678 1.279567 0.006398 0.008513 21.0915 0.003926 

482 11.681108 15.12153271 1.279567 0.006398 0 21.0915 0 

483 11.705672 15.15294864 1.278942 0.006395 0.025444 21.0915 0.01172 

484 11.730192 15.18436456 1.281237 0.006406 0.093597 21.0915 0.043126 

485 11.75476 15.21578049 1.278734 0.006394 0.10188 21.0915 0.046938 

486 11.77936 15.24719642 1.27707 0.006385 0.067642 21.0915 0.031169 

487 11.80398 15.27861234 1.276032 0.00638 0.042161 21.0915 0.01942 

488 11.828596 15.31002827 1.27624 0.006381 0.00845 21.0915 0.003897 

489 11.853268 15.3414442 1.273343 0.006367 0.117421 21.0915 0.054098 

490 11.877964 15.37286012 1.272106 0.006361 0.050089 21.0915 0.02308 

491 11.902664 15.40427605 1.2719 0.00636 0.00834 21.0915 0.00384 

492 11.927396 15.43569198 1.270254 0.006351 0.066553 21.0915 0.030666 

493 11.952168 15.4671079 1.268203 0.006341 0.082795 21.0915 0.038148 

494 11.976988 15.49852383 1.265751 0.006329 0.098791 21.0915 0.045516 

495 12.001872 15.52993976 1.262495 0.006312 0.130847 21.0915 0.06029 

496 12.02678 15.56135568 1.261278 0.006306 0.04886 21.0915 0.022511 

497 12.05174 15.59277161 1.258651 0.006293 0.105248 21.0915 0.048493 
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498 12.076776 15.62418754 1.25483 0.006274 0.15262 21.0915 0.070313 

499 12.10184 15.65560346 1.253428 0.006267 0.055937 21.0915 0.025773 

500 12.126944 15.68701939 1.251431 0.006257 0.079549 21.0915 0.03665 

501 12.152112 15.71843532 1.248249 0.006241 0.12643 21.0915 0.058251 

502 12.177356 15.74985124 1.244491 0.006222 0.148867 21.0915 0.068587 

503 12.202664 15.78126717 1.241344 0.006207 0.124348 21.0915 0.057293 

504 12.228032 15.8126831 1.238408 0.006192 0.115736 21.0915 0.05332 

505 12.253476 15.84409902 1.234708 0.006174 0.145417 21.0915 0.066994 

506 12.279008 15.87551495 1.230453 0.006152 0.166654 21.0915 0.07678 

507 12.304596 15.90693088 1.22776 0.006139 0.105245 21.0915 0.048493 

508 12.33026 15.9383468 1.224124 0.006121 0.141677 21.0915 0.065277 

509 12.356016 15.96976273 1.219752 0.006099 0.169747 21.0915 0.078212 

510 12.381812 16.00117866 1.217861 0.006089 0.073306 21.0915 0.033777 

511 12.407716 16.03259458 1.212783 0.006064 0.196032 21.0915 0.090321 

512 12.43374 16.06401051 1.207191 0.006036 0.214879 21.0915 0.098997 

513 12.45984 16.09542644 1.203675 0.006018 0.134713 21.0915 0.062063 

514 12.486 16.12684236 1.200914 0.006005 0.105543 21.0915 0.048626 

515 12.512264 16.15825829 1.196159 0.005981 0.181046 21.0915 0.083417 

516 12.53862 16.18967422 1.191984 0.00596 0.158408 21.0915 0.072987 

517 12.565084 16.22109014 1.187119 0.005936 0.183835 21.0915 0.084698 

518 12.59162 16.25250607 1.183898 0.005919 0.121382 21.0915 0.055928 

519 12.618264 16.283922 1.1791 0.005896 0.180078 21.0915 0.082972 

520 12.64498 16.31533792 1.175922 0.00588 0.118955 21.0915 0.054809 

521 12.6718 16.34675385 1.171362 0.005857 0.170022 21.0915 0.078335 

522 12.698712 16.37816978 1.167358 0.005837 0.148781 21.0915 0.068549 

523 12.725728 16.4095857 1.162863 0.005814 0.166383 21.0915 0.076656 

524 12.752808 16.44100163 1.160116 0.005801 0.10144 21.0915 0.046739 

525 12.779976 16.47241756 1.156358 0.005782 0.138324 21.0915 0.063732 

526 12.80724 16.50383348 1.152286 0.005761 0.149354 21.0915 0.068814 

527 12.834572 16.53524941 1.149419 0.005747 0.104895 21.0915 0.048332 

528 12.86198 16.56666534 1.146232 0.005731 0.11628 21.0915 0.053576 

529 12.8895 16.59808126 1.141567 0.005708 0.169513 21.0915 0.078098 

530 12.917064 16.62949719 1.139745 0.005699 0.066101 21.0915 0.030458 

531 12.944696 16.66091312 1.13694 0.005685 0.101513 21.0915 0.046768 

532 12.972412 16.69232904 1.133494 0.005667 0.124333 21.0915 0.057284 

533 13.000192 16.72374497 1.130883 0.005654 0.093988 21.0915 0.043307 

534 13.02806 16.7551609 1.127312 0.005637 0.12814 21.0915 0.059038 

535 13.055992 16.78657682 1.124729 0.005624 0.092475 21.0915 0.042605 

536 13.083996 16.81799275 1.121837 0.005609 0.103271 21.0915 0.047583 

537 13.112064 16.84940868 1.119279 0.005596 0.091136 21.0915 0.041988 

538 13.140184 16.8808246 1.117209 0.005586 0.073613 21.0915 0.033919 

539 13.168336 16.91224053 1.11594 0.00558 0.045077 21.0915 0.020767 

540 13.19652 16.94365646 1.114673 0.005573 0.044955 21.0915 0.02071 

541 13.224776 16.97507238 1.111832 0.005559 0.100545 21.0915 0.046322 

542 13.253052 17.00648831 1.111046 0.005555 0.027797 21.0915 0.012811 

543 13.28138 17.03790424 1.109006 0.005545 0.072014 21.0915 0.033179 

544 13.309752 17.06932016 1.107286 0.005536 0.060623 21.0915 0.027935 

545 13.338108 17.10073609 1.107911 0.00554 0.022041 21.0915 0.010156 

546 13.366492 17.13215202 1.106818 0.005534 0.038508 21.0915 0.017742 

547 13.394892 17.16356794 1.106194 0.005531 0.021972 21.0915 0.010127 

548 13.4233 17.19498387 1.105883 0.005529 0.010948 21.0915 0.005045 

549 13.451728 17.2263998 1.105105 0.005526 0.027367 21.0915 0.012612 

550 13.48014 17.25781572 1.105727 0.005529 0.021892 21.0915 0.010089 

551 13.50856 17.28923165 1.105416 0.005527 0.010943 21.0915 0.005045 

552 13.536952 17.32064758 1.106506 0.005533 0.038391 21.0915 0.017685 

553 13.565372 17.3520635 1.105416 0.005527 0.038353 21.0915 0.017666 

554 13.593752 17.38347943 1.106974 0.005535 0.054898 21.0915 0.02529 

555 13.622132 17.41489536 1.106974 0.005535 0 21.0915 0 

556 13.65046 17.44631128 1.109006 0.005545 0.071731 21.0915 0.033046 

557 13.67876 17.47772721 1.110104 0.005551 0.038799 21.0915 0.017874 

558 13.707036 17.50914314 1.111046 0.005555 0.033314 21.0915 0.015352 

559 13.735292 17.54055906 1.111832 0.005559 0.027817 21.0915 0.01282 

560 13.763536 17.57197499 1.112305 0.005562 0.016747 21.0915 0.007719 

561 13.791728 17.60339092 1.114356 0.005572 0.072751 21.0915 0.033521 

562 13.819888 17.63480684 1.115622 0.005578 0.044957 21.0915 0.02071 

563 13.848004 17.66622277 1.117368 0.005587 0.0621 21.0915 0.028609 

564 13.876064 17.6976387 1.119598 0.005598 0.079473 21.0915 0.036612 

565 13.904068 17.72905462 1.121837 0.005609 0.079953 21.0915 0.036839 

566 13.932024 17.76047055 1.123763 0.005619 0.068894 21.0915 0.031738 

567 13.959924 17.79188648 1.126019 0.00563 0.08086 21.0915 0.037257 

568 13.987792 17.8233024 1.127312 0.005637 0.046397 21.0915 0.021374 

569 14.015624 17.85471833 1.12877 0.005644 0.052386 21.0915 0.024133 
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570 14.043356 17.88613426 1.13284 0.005664 0.146762 21.0915 0.06762 

571 14.07104 17.91755018 1.134804 0.005674 0.070944 21.0915 0.032686 

572 14.098664 17.94896611 1.137269 0.005686 0.089234 21.0915 0.041116 

573 14.126228 17.98038204 1.139745 0.005699 0.089827 21.0915 0.041382 

574 14.153748 18.01179796 1.141567 0.005708 0.066206 21.0915 0.030505 

575 14.181184 18.04321389 1.145062 0.005725 0.127387 21.0915 0.058687 

576 14.208544 18.07462982 1.148243 0.005741 0.116265 21.0915 0.053567 

577 14.23582 18.10604574 1.151779 0.005759 0.129638 21.0915 0.05973 

578 14.263056 18.13746167 1.153471 0.005767 0.062124 21.0915 0.028618 

579 14.29022 18.1688776 1.156528 0.005783 0.112539 21.0915 0.05185 

580 14.31734 18.20029352 1.158404 0.005792 0.069174 21.0915 0.031871 

581 14.344412 18.23170945 1.160458 0.005802 0.075872 21.0915 0.034952 

582 14.371412 18.26312538 1.163553 0.005818 0.11463 21.0915 0.052817 

583 14.398368 18.2945413 1.165452 0.005827 0.070448 21.0915 0.032459 

584 14.425292 18.32595723 1.166837 0.005834 0.051441 21.0915 0.023697 

585 14.452144 18.35737316 1.169966 0.00585 0.116528 21.0915 0.05369 

586 14.47894 18.38878908 1.172411 0.005862 0.091245 21.0915 0.042036 

587 14.505684 18.42020501 1.174691 0.005873 0.085253 21.0915 0.039276 

588 14.532424 18.45162094 1.174866 0.005874 0.006545 21.0915 0.003015 

589 14.559124 18.48303686 1.176626 0.005883 0.065918 21.0915 0.030372 

590 14.585764 18.51445279 1.179277 0.005896 0.099512 21.0915 0.045848 

591 14.612348 18.54586872 1.181761 0.005909 0.09344 21.0915 0.043051 

592 14.638928 18.57728464 1.181938 0.00591 0.006659 21.0915 0.003072 

593 14.6655 18.60870057 1.182295 0.005911 0.013435 21.0915 0.006192 

594 14.69202 18.6401165 1.184613 0.005923 0.087406 21.0915 0.040272 

595 14.718504 18.67153242 1.186223 0.005931 0.060791 21.0915 0.028011 

596 14.744988 18.70294835 1.186223 0.005931 0 21.0915 0 

597 14.77146 18.73436428 1.186761 0.005934 0.020323 21.0915 0.009359 

598 14.79792 18.7657802 1.187299 0.005936 0.020333 21.0915 0.009369 

599 14.824348 18.79719613 1.188737 0.005944 0.054412 21.0915 0.025072 

600 14.850788 18.82861206 1.188197 0.005941 0.020424 21.0915 0.009407 

601 14.877232 18.86002798 1.188017 0.00594 0.006807 21.0915 0.003139 

602 14.903676 18.89144391 1.188017 0.00594 0 21.0915 0 

603 14.930136 18.92285984 1.187299 0.005936 0.027135 21.0915 0.012498 

604 14.956552 18.95427576 1.189276 0.005946 0.074841 21.0915 0.034478 

605 14.983028 18.98569169 1.186581 0.005933 0.10179 21.0915 0.0469 

606 15.009536 19.01710762 1.185149 0.005926 0.054021 21.0915 0.024892 

607 15.036064 19.04852354 1.184255 0.005921 0.0337 21.0915 0.015523 

608 15.062604 19.07993947 1.18372 0.005919 0.020158 21.0915 0.009283 

609 15.089208 19.1113554 1.180872 0.005904 0.107052 21.0915 0.049318 

610 15.115836 19.14277132 1.179808 0.005899 0.039958 21.0915 0.018406 

611 15.142476 19.17418725 1.179277 0.005896 0.019932 21.0915 0.009179 

612 15.16916 19.20560318 1.177332 0.005887 0.07289 21.0915 0.033587 

613 15.195888 19.2370191 1.175394 0.005877 0.072508 21.0915 0.033407 

614 15.22268 19.26843503 1.172586 0.005863 0.104807 21.0915 0.048285 

615 15.24954 19.29985096 1.169618 0.005848 0.110499 21.0915 0.050912 

616 15.276424 19.33126688 1.168573 0.005843 0.038871 21.0915 0.017912 

617 15.30338 19.36268281 1.165452 0.005827 0.115781 21.0915 0.053349 

618 15.330428 19.39409874 1.161488 0.005807 0.146554 21.0915 0.067525 

619 15.35752 19.42551466 1.159601 0.005798 0.069652 21.0915 0.032089 

620 15.38466 19.45693059 1.157551 0.005788 0.075534 21.0915 0.034801 

621 15.411896 19.48834652 1.153471 0.005767 0.149802 21.0915 0.069023 

622 15.43922 19.51976244 1.149756 0.005749 0.135961 21.0915 0.062641 

623 15.466628 19.55117837 1.146232 0.005731 0.128576 21.0915 0.059237 

624 15.494116 19.5825943 1.142896 0.005714 0.121362 21.0915 0.055918 

625 15.5217 19.61401022 1.138918 0.005695 0.144214 21.0915 0.066444 

626 15.54938 19.64542615 1.134969 0.005675 0.142666 21.0915 0.065733 

627 15.577156 19.67684208 1.131046 0.005655 0.141237 21.0915 0.065069 

628 15.605012 19.708258 1.127797 0.005639 0.116636 21.0915 0.053737 

629 15.632988 19.73967393 1.12296 0.005615 0.172898 21.0915 0.079662 

630 15.661036 19.77108986 1.120077 0.0056 0.102788 21.0915 0.047356 

631 15.6892 19.80250578 1.115464 0.005577 0.163791 21.0915 0.075462 

632 15.717516 19.83392171 1.109476 0.005547 0.211471 21.0915 0.097433 

633 15.745936 19.86533764 1.105416 0.005527 0.142857 21.0915 0.065818 

634 15.774436 19.89675356 1.102313 0.005512 0.108877 21.0915 0.050162 

635 15.803056 19.92816949 1.097691 0.005488 0.161495 21.0915 0.074409 

636 15.831816 19.95958542 1.092348 0.005462 0.185779 21.0915 0.085598 

637 15.860692 19.99100134 1.08796 0.00544 0.15196 21.0915 0.070009 

638 15.889672 20.02241727 1.084056 0.00542 0.134714 21.0915 0.062063 

639 15.918796 20.0538332 1.078696 0.005393 0.184041 21.0915 0.084792 

640 15.948012 20.08524912 1.075298 0.005376 0.116306 21.0915 0.053586 

641 15.977364 20.11666505 1.070317 0.005352 0.169699 21.0915 0.078183 
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642 16.006824 20.14808098 1.066393 0.005332 0.133198 21.0915 0.061371 

643 16.036424 20.1794969 1.061349 0.005307 0.170405 21.0915 0.078515 

644 16.066112 20.21091283 1.058203 0.005291 0.105969 21.0915 0.048825 

645 16.095908 20.24232876 1.054367 0.005272 0.128742 21.0915 0.059313 

646 16.12582 20.27374468 1.050278 0.005251 0.136701 21.0915 0.062983 

647 16.155836 20.30516061 1.046639 0.005233 0.121235 21.0915 0.055861 

648 16.185948 20.33657654 1.043303 0.005217 0.110786 21.0915 0.051044 

649 16.216196 20.36799246 1.038611 0.005193 0.155118 21.0915 0.07147 

650 16.246512 20.39940839 1.036282 0.005181 0.076824 21.0915 0.035398 

651 16.276924 20.43082432 1.033011 0.005165 0.107556 21.0915 0.049556 

652 16.30744 20.46224024 1.02949 0.005147 0.115382 21.0915 0.053159 

653 16.338048 20.49365617 1.026396 0.005132 0.101085 21.0915 0.046569 

654 16.368764 20.5250721 1.022787 0.005114 0.117496 21.0915 0.054136 

655 16.399552 20.55648802 1.020395 0.005102 0.077693 21.0915 0.035796 

656 16.430444 20.58790395 1.01696 0.005085 0.111194 21.0915 0.051234 

657 16.4614 20.61931988 1.014858 0.005074 0.067903 21.0915 0.031283 

658 16.49242 20.6507358 1.012763 0.005064 0.067537 21.0915 0.031112 

659 16.523504 20.68215173 1.010678 0.005053 0.067076 21.0915 0.030903 

660 16.554636 20.71356766 1.00912 0.005046 0.050045 21.0915 0.023061 

661 16.585852 20.74498358 1.006404 0.005032 0.087007 21.0915 0.040082 

662 16.617104 20.77639951 1.005245 0.005026 0.037086 21.0915 0.017087 

663 16.648416 20.80781544 1.003319 0.005017 0.06151 21.0915 0.028343 

664 16.679784 20.83923136 1.001528 0.005008 0.057096 21.0915 0.026304 

665 16.711148 20.87064729 1.001656 0.005008 0.004081 21.0915 0.001878 

666 16.742536 20.90206322 1.00089 0.005004 0.024404 21.0915 0.011246 

667 16.773952 20.93347914 0.999997 0.005 0.028425 21.0915 0.013095 

668 16.739848 20.96489507 0.92118 0.004606 2.311078 21.0915 1.064789 

669 16.771296 20.996311 0.99898 0.004995 2.473925 21.0915 1.139815 

670 16.80274 21.02772692 0.999107 0.004996 0.004039 21.0915 0.001859 

671 16.83418 21.05914285 0.999234 0.004996 0.004039 21.0915 0.001859 

672 16.865588 21.09055878 1.000252 0.005001 0.032412 21.0915 0.014935 

673 16.897028 21.1219747 0.999234 0.004996 0.032379 21.0915 0.014916 

674 16.928416 21.15339063 1.00089 0.005004 0.052759 21.0915 0.024304 

675 16.959808 21.18480656 1.000762 0.005004 0.004077 21.0915 0.001878 

676 16.99114 21.21622248 1.002678 0.005013 0.061152 21.0915 0.028172 

677 17.022428 21.24763841 1.004089 0.00502 0.045097 21.0915 0.020776 

678 17.05368 21.27905434 1.005245 0.005026 0.03699 21.0915 0.01704 

679 17.084912 21.31047026 1.005889 0.005029 0.02062 21.0915 0.009501 

680 17.116116 21.34188619 1.006792 0.005034 0.028939 21.0915 0.013332 

681 17.147248 21.37330212 1.00912 0.005046 0.074778 21.0915 0.03445 

682 17.178332 21.40471804 1.010678 0.005053 0.050122 21.0915 0.02309 

683 17.209364 21.43613397 1.012372 0.005062 0.054589 21.0915 0.025148 

684 17.240316 21.4675499 1.014989 0.005075 0.08455 21.0915 0.038954 

685 17.271192 21.49896582 1.017487 0.005087 0.080904 21.0915 0.037276 

686 17.301996 21.53038175 1.019865 0.005099 0.077198 21.0915 0.035569 

687 17.332728 21.56179768 1.022255 0.005111 0.077769 21.0915 0.035834 

688 17.363412 21.5932136 1.023853 0.005119 0.052079 21.0915 0.023991 

689 17.39404 21.62462953 1.025726 0.005129 0.061153 21.0915 0.028172 

690 17.424516 21.65604546 1.030842 0.005154 0.16787 21.0915 0.077339 

691 17.454944 21.68746138 1.032467 0.005162 0.053405 21.0915 0.024607 

692 17.48528 21.71887731 1.035599 0.005178 0.103244 21.0915 0.047564 

693 17.515532 21.75029324 1.038474 0.005192 0.095035 21.0915 0.04379 

694 17.545716 21.78170916 1.040814 0.005204 0.077525 21.0915 0.035721 

695 17.575788 21.81312509 1.04469 0.005223 0.128891 21.0915 0.059379 

696 17.605776 21.84454102 1.047617 0.005238 0.097606 21.0915 0.044966 

697 17.635652 21.87595694 1.051544 0.005258 0.131443 21.0915 0.060555 

698 17.66548 21.90737287 1.053236 0.005266 0.056725 21.0915 0.026134 

699 17.69522 21.9387888 1.056353 0.005282 0.104808 21.0915 0.048285 

700 17.724888 21.97020472 1.058916 0.005295 0.086389 21.0915 0.039798 

701 17.7545 22.00162065 1.060919 0.005305 0.067641 21.0915 0.031169 

702 17.784016 22.03303658 1.064369 0.005322 0.116886 21.0915 0.053851 

703 17.813468 22.0644525 1.066682 0.005333 0.078535 21.0915 0.036185 

704 17.842876 22.09586843 1.068278 0.005341 0.054271 21.0915 0.025005 

705 17.872192 22.12728436 1.071631 0.005358 0.114374 21.0915 0.052694 

706 17.90144 22.15870028 1.074122 0.005371 0.085168 21.0915 0.039239 

707 17.93062 22.19011621 1.076625 0.005383 0.085778 21.0915 0.039523 

708 17.95978 22.22153214 1.077364 0.005387 0.025343 21.0915 0.011673 

709 17.988896 22.25294806 1.078992 0.005395 0.055914 21.0915 0.025764 

710 18.01794 22.28436399 1.081667 0.005408 0.092102 21.0915 0.042434 

711 18.0469 22.31577992 1.084804 0.005424 0.108322 21.0915 0.049906 

712 18.075864 22.34719585 1.084654 0.005423 0.005179 21.0915 0.00239 

713 18.1048 22.37861177 1.085704 0.005429 0.036287 21.0915 0.016718 
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714 18.133688 22.4100277 1.087508 0.005438 0.062448 21.0915 0.02877 

715 18.162512 22.44144363 1.089923 0.00545 0.083784 21.0915 0.038603 

716 18.191344 22.47285955 1.08962 0.005448 0.010509 21.0915 0.004846 

717 18.220152 22.50427548 1.090528 0.005453 0.031519 21.0915 0.014518 

718 18.248948 22.53569141 1.090982 0.005455 0.015766 21.0915 0.007264 

719 18.2777 22.56710733 1.092652 0.005463 0.058083 21.0915 0.02676 

720 18.306468 22.59852326 1.092044 0.00546 0.021135 21.0915 0.009739 

721 18.335232 22.62993919 1.092196 0.005461 0.005284 21.0915 0.002437 

722 18.364 22.66135511 1.092044 0.00546 0.005284 21.0915 0.002437 

723 18.392788 22.69277104 1.091286 0.005456 0.02633 21.0915 0.012128 

724 18.42152 22.72418697 1.093413 0.005467 0.074029 21.0915 0.034109 

725 18.450328 22.75560289 1.090528 0.005453 0.100146 21.0915 0.046142 

726 18.479168 22.78701882 1.089318 0.005447 0.041956 21.0915 0.019335 

727 18.508028 22.81843475 1.088563 0.005443 0.026161 21.0915 0.012052 

728 18.5369 22.84985067 1.08811 0.005441 0.01569 21.0915 0.007226 

729 18.565836 22.8812666 1.085704 0.005429 0.083149 21.0915 0.038309 

730 18.594804 22.91268253 1.084505 0.005423 0.04139 21.0915 0.019069 

731 18.623792 22.94409845 1.083756 0.005419 0.025838 21.0915 0.011901 

732 18.652832 22.97551438 1.081816 0.005409 0.066804 21.0915 0.03078 

733 18.681932 23.00693031 1.079585 0.005398 0.076667 21.0915 0.035322 

734 18.711108 23.03834623 1.076773 0.005384 0.096381 21.0915 0.044407 

735 18.740376 23.06976216 1.073388 0.005367 0.115655 21.0915 0.053282 

736 18.76968 23.10117809 1.07207 0.00536 0.044977 21.0915 0.020719 

737 18.79908 23.13259401 1.068569 0.005343 0.119082 21.0915 0.054866 

738 18.828592 23.16400994 1.064514 0.005323 0.137402 21.0915 0.063305 

739 18.858156 23.19542587 1.062641 0.005313 0.063354 21.0915 0.029187 

740 18.8878 23.22684179 1.059773 0.005299 0.096748 21.0915 0.044577 

741 18.91756 23.25825772 1.055643 0.005278 0.138777 21.0915 0.06394 

742 18.947428 23.28967365 1.051826 0.005259 0.127796 21.0915 0.058877 

743 18.977412 23.32108957 1.047756 0.005239 0.135739 21.0915 0.062537 

744 19.007496 23.3525055 1.044274 0.005221 0.115743 21.0915 0.05333 

745 19.037708 23.38392143 1.039849 0.005199 0.146465 21.0915 0.067477 

746 19.068048 23.41533735 1.035462 0.005177 0.144595 21.0915 0.066624 

747 19.098512 23.44675328 1.031248 0.005156 0.138327 21.0915 0.063732 

748 19.129092 23.47816921 1.027336 0.005137 0.127927 21.0915 0.058943 

749 19.159824 23.50958513 1.022254 0.005111 0.165365 21.0915 0.076192 

750 19.190648 23.54100106 1.019204 0.005096 0.098949 21.0915 0.045592 

751 19.22164 23.57241699 1.013679 0.005068 0.178272 21.0915 0.082137 

752 19.252816 23.60383291 1.007696 0.005038 0.19191 21.0915 0.088415 

753 19.284132 23.63524884 1.003191 0.005016 0.143856 21.0915 0.066283 

754 19.315564 23.66666477 0.999489 0.004997 0.117778 21.0915 0.054268 

755 19.347148 23.69808069 0.994678 0.004973 0.152324 21.0915 0.07018 

756 19.378916 23.72949662 0.988917 0.004945 0.181346 21.0915 0.08355 

757 19.41084 23.76091255 0.984085 0.00492 0.151359 21.0915 0.069734 

758 19.442896 23.79232847 0.980032 0.0049 0.126435 21.0915 0.058251 

759 19.475144 23.8237444 0.974198 0.004871 0.18091 21.0915 0.083351 

760 19.507512 23.85516033 0.970586 0.004853 0.111592 21.0915 0.051414 

761 19.540056 23.88657625 0.965337 0.004827 0.161289 21.0915 0.074314 

762 19.572752 23.91799218 0.960849 0.004804 0.137264 21.0915 0.063239 

763 19.605624 23.94940811 0.955705 0.004779 0.156486 21.0915 0.072095 

764 19.638616 23.98082403 0.952228 0.004761 0.105389 21.0915 0.04856 

765 19.671768 24.01223996 0.947633 0.004738 0.138604 21.0915 0.063855 

766 19.705076 24.04365589 0.943195 0.004716 0.133241 21.0915 0.06139 

767 19.738516 24.07507181 0.939471 0.004697 0.111364 21.0915 0.05131 

768 19.772104 24.10648774 0.935332 0.004677 0.123229 21.0915 0.056772 

769 19.805876 24.13790367 0.930236 0.004651 0.150894 21.0915 0.069526 

770 19.839748 24.16931959 0.927489 0.004637 0.081099 21.0915 0.037361 

771 19.873752 24.20073552 0.923889 0.004619 0.10587 21.0915 0.048778 

772 19.907892 24.23215145 0.920209 0.004601 0.107791 21.0915 0.04966 

773 19.942156 24.26356737 0.916878 0.004584 0.097216 21.0915 0.044786 

774 19.976576 24.2949833 0.912723 0.004564 0.120715 21.0915 0.055615 

775 20.011104 24.32639923 0.909868 0.004549 0.082687 21.0915 0.038101 

776 20.045772 24.35781515 0.906194 0.004531 0.105977 21.0915 0.048825 

777 20.080544 24.38923108 0.903484 0.004517 0.077936 21.0915 0.03591 

778 20.115404 24.42064701 0.901203 0.004506 0.065433 21.0915 0.030145 

779 20.150364 24.45206293 0.898625 0.004493 0.073741 21.0915 0.033976 

780 20.185388 24.48347886 0.896983 0.004485 0.046882 21.0915 0.021601 

781 20.220524 24.51489479 0.894124 0.004471 0.08137 21.0915 0.037494 

782 20.255716 24.54631071 0.892701 0.004464 0.040435 21.0915 0.018633 

783 20.290992 24.57772664 0.890575 0.004453 0.060268 21.0915 0.027765 

784 20.32634 24.60914257 0.888761 0.004444 0.051318 21.0915 0.02364 

785 20.361688 24.64055849 0.888761 0.004444 0 21.0915 0 
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786 20.397072 24.67197442 0.887857 0.004439 0.025548 21.0915 0.011768 

787 20.432488 24.70339035 0.887055 0.004435 0.022645 21.0915 0.010431 

788 20.467924 24.73480627 0.886554 0.004433 0.014138 21.0915 0.006514 

789 20.50338 24.7662222 0.886054 0.00443 0.014102 21.0915 0.006496 

790 20.538828 24.79763813 0.886254 0.004431 0.005642 21.0915 0.002598 

791 20.57428 24.82905405 0.886154 0.004431 0.002821 21.0915 0.001299 

792 20.609696 24.86046998 0.887055 0.004435 0.02544 21.0915 0.01172 

793 20.645136 24.89188591 0.886454 0.004432 0.016958 21.0915 0.007814 

794 20.680508 24.92330183 0.888158 0.004441 0.048174 21.0915 0.022199 

795 20.715876 24.95471776 0.888259 0.004441 0.002856 21.0915 0.001318 

796 20.75116 24.98613369 0.890373 0.004452 0.059914 21.0915 0.027604 

797 20.78638 25.01754961 0.891991 0.00446 0.04594 21.0915 0.021165 

798 20.821544 25.04896554 0.893412 0.004467 0.040411 21.0915 0.018614 

799 20.85668 25.08038147 0.894124 0.004471 0.020264 21.0915 0.00934 

800 20.891748 25.11179739 0.895857 0.004479 0.049418 21.0915 0.022767 

801 20.926708 25.14321332 0.898625 0.004493 0.079176 21.0915 0.036479 

802 20.9616 25.17462925 0.900376 0.004502 0.050183 21.0915 0.023118 

803 20.996408 25.20604517 0.902549 0.004513 0.062428 21.0915 0.02876 

804 21.031104 25.2374611 0.905463 0.004527 0.083987 21.0915 0.038698 

805 21.065692 25.26887703 0.90829 0.004541 0.081734 21.0915 0.037655 

806 21.100176 25.30029295 0.911029 0.004555 0.079428 21.0915 0.036593 

807 21.13456 25.33170888 0.913679 0.004568 0.077071 21.0915 0.035512 

808 21.168868 25.36312481 0.915703 0.004579 0.058995 21.0915 0.027177 

809 21.203092 25.39454073 0.91795 0.00459 0.065656 21.0915 0.030249 

810 21.237148 25.42595666 0.922479 0.004612 0.132987 21.0915 0.061276 

811 21.271116 25.45737259 0.924868 0.004624 0.070331 21.0915 0.032402 

812 21.304968 25.48878851 0.928037 0.00464 0.093613 21.0915 0.043126 

813 21.338704 25.52020444 0.931229 0.004656 0.094617 21.0915 0.043591 

814 21.372344 25.55162037 0.933886 0.004669 0.078983 21.0915 0.036394 

815 21.40584 25.58303629 0.937901 0.00469 0.119865 21.0915 0.055226 

816 21.439208 25.61445222 0.941499 0.004707 0.107828 21.0915 0.049679 

817 21.472444 25.64586815 0.945238 0.004726 0.112498 21.0915 0.051831 

818 21.505596 25.67728407 0.947633 0.004738 0.072243 21.0915 0.033284 

819 21.538632 25.7087 0.95096 0.004755 0.100708 21.0915 0.046398 

820 21.571576 25.74011593 0.953616 0.004768 0.080622 21.0915 0.037143 

821 21.604428 25.77153185 0.956286 0.004781 0.081274 21.0915 0.037446 

822 21.637156 25.80294778 0.95991 0.0048 0.110731 21.0915 0.051016 

823 21.669808 25.83436371 0.962144 0.004811 0.068418 21.0915 0.03152 

824 21.70238 25.86577963 0.964507 0.004823 0.072547 21.0915 0.033426 

825 21.734844 25.89719556 0.967716 0.004839 0.098848 21.0915 0.045544 

826 21.767212 25.92861149 0.970586 0.004853 0.088668 21.0915 0.040851 

827 21.799488 25.96002741 0.973352 0.004867 0.085698 21.0915 0.039485 

828 21.831732 25.99144334 0.974319 0.004872 0.02999 21.0915 0.013816 

829 21.863908 26.02285927 0.976378 0.004882 0.063992 21.0915 0.029481 

830 21.895992 26.05427519 0.979177 0.004896 0.08724 21.0915 0.040196 

831 21.927984 26.08569112 0.981993 0.00491 0.088022 21.0915 0.040557 

832 21.959964 26.11710705 0.982362 0.004912 0.011538 21.0915 0.00532 

833 21.991908 26.14852297 0.983469 0.004917 0.034654 21.0915 0.015969 

834 22.023788 26.1799389 0.985443 0.004927 0.06192 21.0915 0.028533 

835 22.055604 26.21135483 0.987426 0.004937 0.062327 21.0915 0.028713 

836 22.087416 26.24277075 0.987549 0.004938 0.003866 21.0915 0.001783 

837 22.119188 26.27418668 0.988793 0.004944 0.039154 21.0915 0.018036 

838 22.150932 26.30560261 0.989665 0.004948 0.02747 21.0915 0.012659 

839 22.182628 26.33701853 0.991164 0.004956 0.047293 21.0915 0.021791 

840 22.214332 26.36843446 0.990914 0.004955 0.007885 21.0915 0.003632 

841 22.246032 26.39985039 0.991039 0.004955 0.003943 21.0915 0.001821 

842 22.277736 26.43126631 0.990913 0.004955 0.003974 21.0915 0.00183 

843 22.309456 26.46268224 0.990414 0.004952 0.015731 21.0915 0.007245 

844 22.341124 26.49409817 0.99204 0.00496 0.051345 21.0915 0.023659 

845 22.372868 26.52551409 0.989665 0.004948 0.074817 21.0915 0.034469 

846 22.40466 26.55693002 0.988171 0.004941 0.046993 21.0915 0.021649 

847 22.436484 26.58834595 0.987177 0.004936 0.031234 21.0915 0.014394 

848 22.468332 26.61976187 0.986433 0.004932 0.023361 21.0915 0.010763 

849 22.500264 26.6511778 0.983838 0.004919 0.081266 21.0915 0.037446 

850 22.532248 26.68259373 0.982239 0.004911 0.049994 21.0915 0.023033 

851 22.56426 26.71400965 0.981379 0.004907 0.026865 21.0915 0.012375 

852 22.596352 26.74542558 0.978933 0.004895 0.076218 21.0915 0.035114 

853 22.62852 26.77684151 0.976621 0.004883 0.071873 21.0915 0.033113 

854 22.660792 26.80825743 0.973473 0.004867 0.097546 21.0915 0.044947 

855 22.69318 26.83967336 0.969987 0.00485 0.107632 21.0915 0.049593 

856 22.725628 26.87108929 0.968193 0.004841 0.055288 21.0915 0.02547 

857 22.758196 26.90250521 0.964625 0.004823 0.109555 21.0915 0.050475 
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858 22.790916 26.93392114 0.960145 0.004801 0.136919 21.0915 0.063087 

859 22.823712 26.96533707 0.95792 0.00479 0.067844 21.0915 0.031254 

860 22.856624 26.99675299 0.954543 0.004773 0.102607 21.0915 0.04727 

861 22.889684 27.02816892 0.95027 0.004751 0.12925 21.0915 0.05955 

862 22.922896 27.05958485 0.945921 0.00473 0.130947 21.0915 0.060328 

863 22.95626 27.09100077 0.941611 0.004708 0.129181 21.0915 0.059522 

864 22.989768 27.1224167 0.937565 0.004688 0.120747 21.0915 0.055634 

865 23.023448 27.15383263 0.932777 0.004664 0.142162 21.0915 0.065496 

866 23.0573 27.18524855 0.928037 0.00464 0.140021 21.0915 0.064509 

867 23.09132 27.21666448 0.923455 0.004617 0.134685 21.0915 0.062053 

868 23.125504 27.24808041 0.919024 0.004595 0.129622 21.0915 0.059721 

869 23.159896 27.27949633 0.913466 0.004567 0.161607 21.0915 0.074457 

870 23.194416 27.31091226 0.910079 0.00455 0.098117 21.0915 0.045203 

871 23.229156 27.34232819 0.904316 0.004522 0.165889 21.0915 0.076429 

872 23.264144 27.37374411 0.897906 0.00449 0.183206 21.0915 0.084413 

873 23.29932 27.40516004 0.893107 0.004466 0.136428 21.0915 0.062859 

874 23.334672 27.43657597 0.888661 0.004443 0.125764 21.0915 0.057948 

875 23.370236 27.46799189 0.883363 0.004417 0.148971 21.0915 0.068634 

876 23.406044 27.49940782 0.877344 0.004387 0.168091 21.0915 0.077444 

877 23.442084 27.53082375 0.871696 0.004358 0.156715 21.0915 0.0722 

878 23.47832 27.56223967 0.866981 0.004335 0.130119 21.0915 0.059948 

879 23.51482 27.5936556 0.86071 0.004304 0.171808 21.0915 0.07916 

880 23.551512 27.62507153 0.856207 0.004281 0.122724 21.0915 0.056544 

881 23.58846 27.65648745 0.850274 0.004251 0.160577 21.0915 0.073982 

882 23.625628 27.68790338 0.845241 0.004226 0.135412 21.0915 0.062385 

883 23.663056 27.71931931 0.83937 0.004197 0.156861 21.0915 0.072266 

884 23.700676 27.75073523 0.835086 0.004175 0.113876 21.0915 0.052467 

885 23.738536 27.78215116 0.829792 0.004149 0.139831 21.0915 0.064424 

886 23.776628 27.81356709 0.824738 0.004124 0.132679 21.0915 0.061134 

887 23.814932 27.84498301 0.820173 0.004101 0.119178 21.0915 0.054913 

888 23.853452 27.87639894 0.815575 0.004078 0.119367 21.0915 0.054998 

889 23.892228 27.90781487 0.81019 0.004051 0.138875 21.0915 0.063988 

890 23.931172 27.93923079 0.806695 0.004033 0.089744 21.0915 0.041344 

891 23.970324 27.97064672 0.802409 0.004012 0.109471 21.0915 0.050437 

892 24.009692 28.00206265 0.798007 0.00399 0.111817 21.0915 0.051518 

893 24.049256 28.03347857 0.794053 0.00397 0.099939 21.0915 0.046047 

894 24.089044 28.0648945 0.789583 0.003948 0.112345 21.0915 0.051765 

895 24.129012 28.09631043 0.786027 0.00393 0.088971 21.0915 0.040993 

896 24.16918 28.12772635 0.782113 0.003911 0.097441 21.0915 0.04489 

897 24.209512 28.15914228 0.778933 0.003895 0.078846 21.0915 0.036327 

898 24.249992 28.19055821 0.776085 0.00388 0.070356 21.0915 0.032411 

899 24.290624 28.22197413 0.773182 0.003866 0.071446 21.0915 0.032914 

900 24.331368 28.25339006 0.771057 0.003855 0.052155 21.0915 0.024029 

901 24.37228 28.28480599 0.76789 0.003839 0.07741 21.0915 0.035664 

902 24.413288 28.31622191 0.766092 0.00383 0.043845 21.0915 0.020198 

903 24.45442 28.34763784 0.763783 0.003819 0.056136 21.0915 0.025868 

904 24.49566 28.37905377 0.761783 0.003809 0.048497 21.0915 0.022341 

905 24.536944 28.41046969 0.760971 0.003805 0.019669 21.0915 0.009065 

906 24.578276 28.44188562 0.760087 0.0038 0.021388 21.0915 0.009852 

907 24.619664 28.47330155 0.759059 0.003795 0.024838 21.0915 0.011445 

908 24.66108 28.50471747 0.758545 0.003793 0.012411 21.0915 0.005718 

909 24.702528 28.5361334 0.75796 0.00379 0.014114 21.0915 0.006505 

910 24.743972 28.56754933 0.758033 0.00379 0.001761 21.0915 0.000815 

911 24.785412 28.59896525 0.758106 0.003791 0.001762 21.0915 0.000815 

912 24.82678 28.63038118 0.759426 0.003797 0.031909 21.0915 0.014698 

913 24.868172 28.66179711 0.758986 0.003795 0.01063 21.0915 0.004893 

914 24.909468 28.69321303 0.76075 0.003804 0.042716 21.0915 0.019676 

915 24.950732 28.72462896 0.76134 0.003807 0.014298 21.0915 0.00659 

916 24.991884 28.75604489 0.763412 0.003817 0.05035 21.0915 0.023194 

917 25.03294 28.78746081 0.765197 0.003826 0.043477 21.0915 0.020027 

918 25.073904 28.81887674 0.766916 0.003835 0.041964 21.0915 0.019335 

919 25.114788 28.85029267 0.768416 0.003842 0.036689 21.0915 0.016907 

920 25.155592 28.88170859 0.769923 0.00385 0.036933 21.0915 0.017012 

921 25.196252 28.91312452 0.77265 0.003863 0.067068 21.0915 0.030903 

922 25.236792 28.94454045 0.774937 0.003875 0.056413 21.0915 0.025992 

923 25.277204 28.97595637 0.777391 0.003887 0.060725 21.0915 0.027973 

924 25.317448 29.0073723 0.780636 0.003903 0.080633 21.0915 0.037152 

925 25.357532 29.03878823 0.783752 0.003919 0.077737 21.0915 0.035815 

926 25.39746 29.07020415 0.786814 0.003934 0.076688 21.0915 0.035332 

927 25.437236 29.10162008 0.789821 0.003949 0.075598 21.0915 0.034829 

928 25.476884 29.13303601 0.792371 0.003962 0.064316 21.0915 0.029633 

929 25.516392 29.16445193 0.795179 0.003976 0.071074 21.0915 0.032743 
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930 25.55566 29.19586786 0.800039 0.004 0.123765 21.0915 0.057018 

931 25.594796 29.22728379 0.802737 0.004014 0.068939 21.0915 0.031766 

932 25.633748 29.25869971 0.806529 0.004033 0.097351 21.0915 0.044852 

933 25.672536 29.29011564 0.809939 0.00405 0.087914 21.0915 0.040509 

934 25.711164 29.32153157 0.813294 0.004066 0.086854 21.0915 0.040016 

935 25.7496 29.35294749 0.817357 0.004087 0.105708 21.0915 0.048702 

936 25.78784 29.38436342 0.821546 0.004108 0.109545 21.0915 0.050475 

937 25.825892 29.41577935 0.825605 0.004128 0.10667 21.0915 0.049148 

938 25.86382 29.44719527 0.828304 0.004142 0.071161 21.0915 0.03279 

939 25.901564 29.4786112 0.832342 0.004162 0.106984 21.0915 0.04929 

940 25.939188 29.51002713 0.834997 0.004175 0.070567 21.0915 0.032515 

941 25.976664 29.54144305 0.838294 0.004191 0.087976 21.0915 0.040538 

942 26.013976 29.57285898 0.841979 0.00421 0.098762 21.0915 0.045506 

943 26.05116 29.60427491 0.844878 0.004224 0.077964 21.0915 0.03592 

944 26.088228 29.63569083 0.847521 0.004238 0.071301 21.0915 0.032847 

945 26.125144 29.66710676 0.851011 0.004255 0.094539 21.0915 0.043553 

946 26.16192 29.69852269 0.854251 0.004271 0.088101 21.0915 0.040595 

947 26.198568 29.72993861 0.857234 0.004286 0.081396 21.0915 0.037503 
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ʀɿɺɽʐʊɸɱ ʆ ʀʉʇʀʊʀɺɸɳʋ ʂʆɽʌʀʎʀɱɽʅʊɸ ʊʈɽɳɸ ʋ 

ʃɽɾɸɱʋ 

 

ʘ) 
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ʚ) 
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ʛ) 

 

ʜ) 

 

)́ 

ʉʣʠʢʘ 7.16(ʘ- )́ ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʠʟ ʠʟʚʝʰʪʘʿʘ ʦ ʦʙʘʚˀʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ ʧʨʠ 

ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ "ʚʝ˂ʦʤ" ʝʥʝʨʛʠʿʦʤ ʫʜʘʨʘ (ʩʝʥʟʦʨ 10). 
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8. ʉʊɸʊʀʉʊʀʏʂɸ ʆɹʈɸɼɸ ʀ ɸʅɸʃʀɿɸ ʈɽɿʋʃʊɸʊɸ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀʍ ʀʉʊʈɸɾʀɺɸɳɸ 

ʇʨʦʿʝʢʪʦʚʘʥʠ ʫʨʝʹʘʿʠ ʠ ʩʦʬʪʚʝʨʩʢʘ ʧʦʜʨʰʢʘ ʤʝʨʥʦʤ ʩʠʩʪʝʤʫ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʨʝʘʣʠʟʘʮʠʿʫ 

ʚʝʦʤʘ ʦʙʠʤʥʦʛ ʧʨʦʛʨʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ. ɼʦʙʠʿʝʥʘ ʿʝ ʚʝʣʠʢʘ 

ʩʪʘʪʠʩʪʠʯʢʘ ʤʘʩʘ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʠʟʤʝʨʝʥʝ ʠ ʩʘʯʫʚʘʥʝ ʥʫʤʝʨʠʯʢʝ ʥʠʟʦʚʝ 

ʚʨʝʜʥʦʩʪʠ ʧʨʦʤʝʥʝ ʫʛʣʘ ʫ ʚʨʝʤʝʥʫ, ʢʦʿʝ ʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʥʘʢʥʘʜʥʦ ʦʙʨʘʹʠʚʘʪʠ ʠ 

ʘʥʘʣʠʟʠʨʘʪʠ. ʈʝʘʣʠʟʦʚʘʥʠ ʩʦʬʪʚʝʨ (ʇʦʛʣʘʚˀʝ 6.) ʦʤʦʛʫ˂ʠʦ ʿʝ ʧʨʘ˂ʝˁʝ ʧʨʦʮʝʩʘ ʪʨʝˁʘ ʠ 

ʦʤʦʛʫ˂ʠʦ ʜʘ ʩʝ ʫ ʪʨʝʥʫʪʢʫ ʟʘʚʨʰʝʪʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʜʦʙʠʿʝ ʢʦʤʧʣʝʪʘʥ ʠʟʚʝʰʪʘʿ ʦ 

ʠʟʚʨʰʝʥʦʤ ʠʩʧʠʪʠʚʘˁʫ. ʀʟʚʝʰʪʘʿ ʦ ʠʩʧʠʪʠʚʘˁʫ ʜʘʪ ʫ ʦʙʣʠʢʫ ʜʠʿʘʛʨʘʤʩʢʠʭ ʟʘʚʠʩʥʦʩʪʠ 

ʧʨʘ˂ʝʥʠʭ ʬʠʟʠʯʢʠʭ ʚʝʣʠʯʠʥʘ (ʫʛʣʘ, ʚʨʝʤʝʥʘ, ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ) ʦʤʦʛʫ˂ʠʦ ʿʝ: 

¶ ʜʘ ʩʝ ʚʠʟʫʝʣʥʦ ʫʦʯʠ ʠʟʫʟʝʪʥʦ ʧʦʢʣʘʧʘˁʝ ʪʨʝʥʜʘ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʩʘ 
ʪʨʝʥʜʦʤ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, 

¶ ʧʦʢʣʘʧʘˁʝ ʥʘʚʝʜʝʥʠʭ ʪʨʝʥʜʦʚʘ ʦʜʥʦʩʠʣʦ ʩʝ, ʙʝʟ ʠʿʝʜʥʦʛ ʠʟʫʟʝʪʢʘ, ʥʘ ʩʚʝ 
ʨʝʘʣʠʟʦʚʘʥʝ ʝʢʩʧʝʨʠʤʝʥʪʝ,  

¶ ʨʝʘʣʠʟʦʚʘʥʦ ʿʝ ʫʢʫʧʥʦ 70 ʥʝʟʘʚʠʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʨʠ ʯʝʤʫ ʩʝ ʥʝ ʙʨʦʿʝ 
ʝʢʩʧʝʨʠʤʝʥʪʠ ʨʝʘʣʠʟʦʚʘʥʠ ʫ ʮʠˀʫ ʪʝʩʪʠʨʘˁʘ ʫʨʝʹʘʿʘ ʠ ʩʦʬʪʚʝʨʘ. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʿʠ ʥʝʟʘʚʠʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʙʨʦʿ ʥʫʤʝʤʝʨʠʯʢʠʭ ʚʨʝʜʥʦʩʪʠ ʚʝʟʘʥ ʟʘ 

ʦʜʨʝʹʝʥʫ ʬʠʟʠʯʢʫ ʚʝʣʠʯʠʥʫ (ʚʨʝʤʝ, ʫʛʘʦ, ʫʙʨʟʘˁʝ, ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʠʪʜ.) ʢʨʝʪʘʦ ʩʝ, 

ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʘʢʫʤʫʣʠʨʘʥʝ ʝʥʝʨʛʠʿʝ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ, ʫ ʰʠʨʦʢʦʤ ʨʘʩʧʦʥʫ ʠ 

ʥʝʢʘʜʘ ʿʝ ʧʨʝʚʘʟʠʣʘʟʠʦ ʙʨʦʿ ʦʜ 6.000 ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ. 

ɼʠʿʘʛʨʘʤʩʢʠ ʧʨʠʢʘʟʠ ʧʨʘ˂ʝʥʠʭ ʬʠʟʠʯʢʠʭ ʚʝʣʠʯʠʥʘ (ʫʛʣʘ, ʚʨʝʤʝʥʘ, ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʠ 

ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ) ʢʦʿʝ ʛʝʥʝʨʠʰʝ ʨʘʟʚʠʿʝʥʘ ʘʧʣʠʢʘʮʠʿʘ ʠʣʠ ʩʦʬʪʚʝʨ 

ʧʨʝʜʩʪʘʚˀʘʣʠ ʩʫ ʣʦʛʠʯʥʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʮʝʣʠʥʫ ʢʦʿʘ ʥʘʠʣʘʟʠ ʥʘ ʘʧʩʦʣʫʪʥʫ ʧʦʜʨʰʢʫ 

ʪʝʦʨʠʿʩʢʦʛ ʤʦʜʝʣʘ ʠʟʣʦʞʝʥʦʛ ʫ ʦʢʚʠʨʫ ʪʨʝ˂ʝʛ ʧʦʛʣʘʚˀʘ. ʊʝʦʨʠʿʩʢʠ ʜʝʦ ʨʘʟʤʘʪʨʘˁʘ 

ʠʟʣʦʞʝʥʠʭʫ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ ʜʠʩʢʫʩʠʿʝ ʨʘʜʘ, ʥʘʿʚʝ˂ʠʤ ʜʝʣʦʤ ʿʝ ʠʥʠʮʠʨʘʥ ʫʦʯʝʥʠʤ 

ʧʦʢʣʘʧʘˁʝʤ ʪʨʝʥʜʦʚʘ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʋ ʪʦʤ ʮʠˀʫ ʫ 

ʧʨʦʛʨʘʤʫ "STATISTIKA" ʠʟʚʨʰʝʥʘ ʿʝ ʨʝʛʨʝʩʠʦʥʘ ʘʥʘʣʠʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ, 

ʧʨʠ ʯʝʤʫ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ, ʧʨʝʢʦ ʙʘʟʥʝ ʬʫʥʢʮʠʿʝ, ʧʨʠʢʘʟʘʥ ʢʘʦ ʧʨʦʠʟʚʦʜ 

ʢʦʥʩʪʘʥʪʝ ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʦʜʥʦʩʥʦ ʬʫʥʢʮʠʿʦʤ ʦʙʣʠʢʘ: 

ʈ # .                     (8.1) 

ɺʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ ʢʦʥʩʪʘʥʪʠ ʧʨʠ ʠʟʚʦʹʝˁʫ ʩʝʨʠʿʝ ʦʜ 10. ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʥʘ ʧʨʚʦʤ 

ʨʝʘʣʠʟʦʚʘʥʦʤ ʫʨʝʹʘʿʫ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ 8.1. 
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ʊʘʙʝʣʘ 8.1 ʂʦʥʩʪʘʥʪʝ (Ci) ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ (Ri) ʜʦʙʠʝʿʥʠ ʩʪʘʪʠʩʪʠʯʢʦʤ 

ʦʙʨʘʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʧʨʠ ʨʫʯʥʦʤ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ. 

C1 R1 C2 R2 C3 R3 C4 R4 

0,115926 0,981814 0,117954 0,994588 0,116542 0,997536 0,120049 0,998734 

C5 R5 C6 R6 C7 R7 C8 R8 

0,119398 0,998579 0,121907 0,996801 0,119719 0,999539 0,118923 0,998521 

C9 R9 C10 R10     

0,121851 0,999216 0,117611 0,998082     

ʀʟ ʪʘʙʝʣʝ 8.1 ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʨʝʣʘʮʠʿʝ ʚʝʦʤʘ ʚʠʩʦʢʠ ʠ 

ʢʨʝ˂ʫ ʩʝ ʫ ʨʘʩʧʦʥʫ ʦʜ R=0,9945 ʜʦ ʚʨʝʜʥʦʩʪʠ R=0,9995. ʇʨʠ ʯʝʤʫ ʩʝ ʛʨʘʥʠʮʝ ʨʘʩʪʫʨʘˁʘ 

ʚʨʝʜʥʦʩʪʠ ʢʦʥʩʪʘʥʪʠ ʢʨʝ˂ʫ ʫ ʨʘʩʧʦʥʫ ʦʜ 0,116 ʜʦ ʚʨʝʜʥʦʩʪʠ 0,1218 ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ 

ʤʘʢʩʠʤʘʣʥʠ ʨʘʩʧʦʥ ʨʘʩʪʫʨʘˁʘ ʦʜ ʩʚʝʛʘ 5%. 

ʇʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʩʠʣʦʤ ʫʜʘʨʘ ʠʟʚʝʜʝʥʝ ʩʫ ʜʚʝ ʩʝʨʠʿʝ ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʋ ʧʨʚʦʿ 

ʩʝʨʠʿʠ, ʧʨʠ ʚʝ˂ʦʿ ʝʥʝʨʛʠʿʠ ʫʜʘʨʘ, ʠʟʚʝʜʝʥʦ ʿʝ 20 ʝʢʩʧʝʨʠʤʝʥʘʪʘ, ʜʦʢ ʿʝ ʫ ʜʨʫʛʦʿ ʩʝʨʠʿʠ, 

ʧʨʠ ʤʘˁʦʿ ʝʥʝʨʛʠʿʠ ʫʜʘʨʘ ʠʟʚʝʜʝʥʦ 30 ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ʉʪʘʪʠʩʪʠʯʢʦʤ ʦʙʨʘʜʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ ʚʝ˂ʦʤ ʝʥʝʨʛʠʿʦʤ 

ʫʜʘʨʘ ʜʦʙʠʿʝʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʦʥʩʪʘʥʪʠ ʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʨʝʣʘʮʠʿʝ ʢʦʿʝ ʩʫ ʜʘʪʝ ʫ 

ʪʘʙʝʣʠ 8.2. 

ʊʘʙʝʣʘ 8.2 ʂʦʥʩʪʘʥʪʝ (Ci) ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ (Ri) ʜʦʙʠʿʝʥʠ ʩʪʘʪʠʩʪʠʯʢʦʤ 

ʦʙʨʘʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʚʝ˂ʦʤ ʝʥʝʨʛʠʿʦʤ ʫʜʘʨʘ 

(ʩʝʥʟʦʨ 10). 

C1 R1 C2 R2 C3 R3 C4 R4 

0,422004 0,988175 0,414678 0,983463 0,423094 0,999504 0,424585 0,998856 

C5 R5 C6 R6 C7 R7 C8 R8 

0,419688 0,987162 0,421437 0,989236 0,417001 0,985583 0,386464 0,961979 

C9 R9 C10 R10 C11 R11 C12 R12 

0,408183 0,9783 0,460730 0,999997 0,4153526 0,97365294 0,379139 0,969022 

C13 R13 C14 R14 C15 R15 C16 R16 

0,400628 0,976967 0,429296 0,987734 0,385018 0,989164 0,396170 0,986103 

C17 R17 C18 R18 C19 R19 C20 R20 

0,388654 0,982336 0,386182 0,984069 0,389048 0,978138 0,4187 0,9896 

ʀʟ ʜʘʪʝ ʪʘʙʝʣʝ 8.2 ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʨʝʣʘʮʠʿʝ ʚʠʩʦʢʝ ʠ 

ʢʨʝ˂ʫ ʩʝ ʫ ʨʘʩʧʦʥʫ ʦʜ R=0,984 ʜʦ ʚʨʝʜʥʦʩʪʠ R=0,9999, ʧʨʠ ʯʝʤʫ ʩʝ ʛʨʘʥʠʮʝ ʨʘʩʪʫʨʘˁʘ 

ʚʨʝʜʥʦʩʪʠ ʢʦʥʩʪʘʥʪʠ ʢʨʝ˂ʫ ʫ ʨʘʩʧʦʥʫ ʦʜ 0,385 ʜʦ ʚʨʝʜʥʦʩʪʠ 0,460, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ 

ʤʘʢʩʠʤʘʣʥʠ ʨʘʩʧʦʥ ʨʘʩʪʫʨʘˁʘ ʦʜ ʧʨʠʙʣʠʞʥʦ 16%. 

ʇʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʤʘˁʦʤ ʝʥʝʨʛʠʿʦʤ ʠʤʧʫʣʩʥʝ ʩʠʣʝ ʫʜʘʨʘ ʚʨʝʜʥʦʩʪʠ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʨʝʣʘʮʠʿʝ ʠʤʘʣʠ ʩʫ ʿʝʜʠʥʠʯʥʫ ʚʨʝʜʥʦʩʪ (R=1) ʫ ʩʚʠʭ 30 ʠʟʚʝʜʝʥʠʭ 

ʥʝʟʘʚʠʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ʇʨʠ ʯʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʝ ʢʦʥʩʪʘʥʪʝ, ʫ ʩʚʠʭ 30 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʥʦʩʝ: C=0,46073, ʰʪʦ ʿʝ ʠʜʝʥʪʠʯʥʦ ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʢʦʿʫ ʜʝʬʠʥʠʰʝ 

ʠʟʣʦʞʝʥʠ ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣ, ʦʜʥʦʩʥʦ: 
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C=
ϽϽВ

ȟ

ȟ Ͻȟ Ͻȟ
πȟτφπχσȢ                  (8.2) 

ʀʟ ʪʘʙʝʣʝ 8.2 ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ ʚʝ˂ ʦʤ ʝʥʝʨʛʠʿʦʤ ʫʜʘʨʥʦʛ ʠʤʧʫʣʩʘ 

ʩʠʣʝ, ʫ ʿʝʜʥʦʤ ʦʜ ʨʝʘʣʠʟʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʜʦʙʠʿʝʥʠ ʩʫ: ʚʨʝʜʥʦʩʪ ʢʦʥʩʪʘʥʪʝ ʙʣʠʩʢʘ 

ʪʝʦʨʠʿʩʢʦʿ ʚʨʝʜʥʦʩʪʠ ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʚʝʦʤʘ ʙʣʠʟʘʢ ʿʝʜʠʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ 

(C10=0,4160730; R21=0,999997). ʊʘʢʦʹʝ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ ʠʩʪʝ ʪʘʙʝʣʝ ʤʦʞʝ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʨʘʩʪ ʚʨʝʜʥʦʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʝ ʢʦʥʩʪʘʥʪʝ ʠ ˁʝʥʦ 

ʧʨʠʙʣʠʞʘʚʘˁʝ ʪʝʦʨʠʿʩʢʦʿ ʚʨʝʜʥʦʩʪʠ (ʂʦʥʩʪʘʥʪʝ C1, C15, C16 - ʊʘʙʝʣʘ 8.2) ʧʨʘʪʠ 

ʧʦʨʘʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ ʢʦʿʠ ʘʩʠʤʧʪʦʪʩʢʠ ʪʝʞʠ ʿʝʜʠʥʠʯʥʦʿ ʚʨʝʜʥʦʩʪʠ). 

ʇʦ ʤʠʰˀʝˁʫ ʘʫʪʦʨʘ, ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʥʘʩʪʘʣʝ ʤʘʣʝ ʨʘʟʣʠʢʝ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ 

ʢʦʥʩʪʘʥʪʠ ʠ ʟʘʥʝʤʘʨˀʠʚʦ ʤʘʣʦ ʦʜʩʪʫʧʘˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʪʝʦʨʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʩʪʘʥʪʠ ʤʦʞʝ ʙʠʪʠ ʩʘʤʦ ʧʦʩʣʝʜʠʮʘ, ʤʘʣʝ ʩʪʘʙʠʣʥʦʩʪʠ 

ʤʝʭʘʥʠʯʢʦʛ ʩʠʩʪʝʤʘ ʧʨʠ ʜʝʿʩʪʚʫ ʚʝ˂ʠʭ ʠʤʧʫʣʩʥʠʭ ʩʠʣʘ (ʄʦʤʝʥʘʪʘ) ʧʨʠ ʠʥʠʮʠʨʘˁʫ 

ʢʨʝʪʘˁʘ. 

ʇʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ ʤʘˁʦʤ ʝʥʝʨʛʠʿʦʤ (ʩʣʠʢʘ 7.10ʘ) ʫʜʘʨʥʝ ʩʠʣʝ ʢʨʠʚʝ ʧʨʦʤʝʥʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ˁʝʛʦʚʝ ʪʝʦʨʠʿʩʢʝ 

ʚʨʝʜʥʦʩʪʠ ʦʜʨʝʹʝʥʝ ʨʝʛʨʝʩʠʦʥʦʤ ʘʥʘʣʠʟʦʤ, ʩʘ ʙʘʟʥʦʤ ʬʫʥʢʮʠʿʦʤ ʢʦʿʫ ʜʝʬʠʥʠʰʝ 

ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣ ʢʘʦ ʧʨʦʠʟʚʦʜ ʢʦʥʩʪʘʥʪʝ ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʩʫ ʬʘʢʪʠʯʢʠ ʠʩʪʦʚʝʪʥʝ. ɼʘ 

ʙʠ ʩʝ ʫʦʯʠʣʝ ʨʘʟʣʠʢʝ ʥʘ ʩʣʠʮʠ 8.1 ʢʨʠʚʘ ʪʝʦʨʠʿʩʢʦʛ ʦʙʨʪʘˁʘ ʿʝ ʤʘʢʩʠʤʘʣʥʦ ʟʘʜʝʙˀʘʥʘ 

ʧʘ ʮʨʚʝʥʝ ʣʠʥʠʿʝ ʧʦʧʨʠʤʘʿʫ ʦʙʣʠʢ ʦʙʚʦʿʥʠʮʘ ʢʨʠʚʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʦʛ 

ʫʙʨʟʘˁʘ, ʤʘʜʘ ʨʘʟʣʠʢʝ ʫ ʚʨʝʜʥʦʩʪʠ, ʫ ʧʨʠʥʮʠʧʫ, ʠ ʥʝ ʧʦʩʪʦʿʝ.  

 

 ɛ

 ɛT

1 21 41 61 81 101 121 141 161 181

ʇʝʨʠʦʜ ʚʨʝʤʝʥʘ ʦʜ 12,5 ʩʝʢʫʥʜʠ ʫ ʢʦʿʝʤ  ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥa
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ʉʣʠʢʘ 8.1 ɼʠʿʘʛʨʘʤ ʧʨʦʤʝʥʝ, ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ, ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ ʪʝʦʨʠʿʩʢʠ 

ʦʜʨʝʹʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʦʜ ʪʨʝʥʫʪʢʘ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ ʧʨʝʩʪʘʥʢʘ ʢʨʝʪʘˁʘ. 
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9. ɼʀʉʂʋʉʀɱɸ 

ɸʥʘʣʠʟʦʤ ʣʠʪʝʨʘʪʫʨʥʠʭ ʠʟʚʦʨʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ eʥʝʨʛʝʪʩʢʠ ʛʫʙʠʮʠ ʠ ʬʝʥʝʤʝʥ 

ʪʨʝˁʘ ʧʨʝʜʩʪʘʚˀʘ ʚʝʦʤʘ ʘʢʪʫʝʣʥʫ ʧʨʦʙʣʝʤʘʪʠʢʫ ʫ ʩʬʝʨʠ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʨʘʟʚʦʿʘ 

ʩʘʚʨʝʤʝʥʝ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʝ ʦʧʨʝʤʝ. ʂʠʥʝʤʘʪʩʢʦ ʪʨʝˁʝ ʥʘʩʪʘʿʝ ʧʨʠ ʨʝʣʘʪʠʚʥʦʤ 

ʢʨʝʪʘˁʫ ʜʚʘ ʪʝʣʘ ʫ ʢʦʥʪʘʢʪʫ, ʧʨʠ ʜʝʿʩʪʚʫ ʩʠʣʝ ʠʣʠ ʤʦʤʝʥʪʘ ʩʠʣʝ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ 

ʢʨʝʪʘˁʝ.  

Kʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ, ʫ ʩʚʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ, ʤʦʞʝ 

ʦʜʨʝʜʠʪʠ ʧʦʪʧʫʥʦ ʜʨʫʛʘʯʠʿʠʤ ʤʝʪʦʜʘʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʩʪʦʿʝ˂ʝ ʤʝʪʦʜʝ ʢʦʿʝ ʩʝ ʟʘʩʥʠʚʘʿʫ 

ʥʘ ʤʝʨʝˁʫ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ ʤʝʨʝˁʫ ʩʠʣʝ ʪʨʝˁʘ. ʇʨʚʘ ʧʫʙʣʠʢʦʚʘʥʘ 

ʪʝʦʨʠʿʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʝʢʦ 

ʜʠʥʘʤʠʯʢʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʪʝʣʘ ʥʠʟ ʩʪʨʤʫ ʨʘʚʘʥ ʦʙʿʘʚʠʦ ʿʝ ʆʿʣʝʨ 1750. ʛʦʜʠʥʝ [11]. 

Oʚa ʤʝʪʦʜʘ, ʥʘʞʘʣʦʩʪ, ʥʠ ʧʦʩʣʝ 275 ʛʦʜʠʥʘ ʫ ʩʬʝʨʠ ʥʘʫʢʝ, ʘ ʧʦʩʝʙʥʦ ʫ ʩʬʝʨʠ 

ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʦʿʝʢʪʦʚʘˁʘ ʩʘʚʨʝʤʝʥʝ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʝ ʦʧʨʝʤʝ, ʥʠʿʝ ʜʦʞʠʚʝʣʘ ʰʠʨʫ 

ʝʢʩʧʘʥʟʠʿʫ. ʋ ʩʬʝʨʠ ʥʘʫʢʝ, ʤʘˁʠ ʙʨʦʿ ʧʫʙʣʠʢʦʚʘʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ (ʧʨʝʪʝʞʥʦ ʫ 

ʯʘʩʦʧʠʩʠʤʘ ʢʦʿʠ ʧʦʢʨʠʚʘʿʫ ʦʙʣʘʩʪ ʝʜʫʢʘʮʠʿʝ ʠʟ ʦʙʣʘʩʪʠ ʬʠʟʠʢʝ, ʙʘʟʠʨʘ ʠʣʠ ʿʝ ʪʘʥʛʝʥʪʘʥ 

ʩʘ ʆʿʣʝʨʦʚʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ.  

ʇʨʘʪʝ˂ʠ ʆʿʣʝʨʦʚʫ ʠʜʝʿʫ, ʛʨʫʧʘ ʘʫʪʦʨʘ [12] ʧʫʙʣʠʢʦʚʘʣʘ ʿʝ ʨʝʟʫʣʪʘʪʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʥʫ ʦʜ ʨʝʪʢʠʭ ʧʫʙʣʠʢʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʝʨʠʬʠʢʘʮʠʿʘ ʆʿʣʝʨʦʚʝ 

ʤʝʪʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʋ ʪʝʦʨʠʿʩʢʦʤ ʩʤʠʩʣʫ ʠ ʢʨʦʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʚʝʨʠʬʠʢʘʮʠʿʫ ʤʦʜʝʣʘ ʛʨʫʧʘ ʘʫʪʦʨʘ [12, 13] ʥʘʜʛʨʘʜʠʣʘ ʿʝ ʆʿʣʝʨʦʚ 

ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣ. ʊʝʦʨʠʿʩʢʠ ʧʦʩʤʘʪʨʘʥʦ, ʤʦʜʝʣ ʿʝ ʥʘʜʛʨʘʹʝʥ ʜʦʜʘʚʘˁʝʤ ʠ ʘʥʘʣʠʟʦʤ 

ʫʪʠʮʘʿʘ  ʨʝʘʣʥʦ ʧʦʩʪʦʿʝ˂ʝ ʩʠʣʝ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ. ʉʠʣʘ ʦʪʧʦʨʘ ʚʘʟʜʫʭʘ ʩʝ, ʩʘ ʘʩʧʝʢʪʘ 

ʛʨʝʰʘʢʘ ʤʝʨʝˁʘ ʤʦʨʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ, ʫ ʫʩʣʦʚʠʤʘ ʢʨʝʪʘˁʘ ʪʝʣʘ ʥʠʟ ʩʪʨʤʫ ʨʘʚʘʥ ʧʨʠ 

ʚʝ˂ʠʤ ʙʨʟʠʥʘʤʘ ʢʨʝʪʘˁʘ ʠ/ʠʣʠ ʤʘʣʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʀʩʪʨʘʞʠʚʘˁʘ 

ʠʟʣʦʞʝʥʘ ʫ ʣʠʪʝʨʘʪʫʨʥʦʤ ʥʘʚʦʜʫ [48], ʧʨʝʢʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ 

ʢʚʘʥʠʬʠʢʫʿʫ ʚʝʦʤʘ ʤʘʣʝ ʝʥʝʨʛʝʪʩʢʝ ʛʫʙʠʪʢʝ ʥʘʩʪʘʣʝ ʫʩʣʝʜ ʪʨʝˁʘ, ʠ ʥʘ ʩʚʦʿʝʚʨʩʪʘʥ 

ʥʘʯʠʥ ʫʢʘʟʫʿʫ ʥʘ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʆʿʣʝʨʦʚʝ ʤʝʪʦʜʝ. 

ɱʝʜʘʥ ʦʜ ʨʝʪʢʠʭ ʨʘʜʦʚʘ ʢʦʿʠ ʩʝ ʥʝ ʙʘʟʠʨʘ, ʥʘ ʩʪʨʤʦʿ ʨʘʚʥʠ, ʚʝ˂ ʥʘ ʆʿʣʝʨʦʚʦʿ ʠʜʝʿʠ ʜʘ ʩʝ 

ʧʨʝʢʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʦʜʨʝʜʠ ʢʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ 

ʦʙʿʘʚˀʝʥ ʿʝ ʫ ʪʝʤʘʪʩʢʦʤ ʯʘʩʦʧʠʩʫ ʠʟ ʦʙʣʘʩʪʠ ʪʨʠʙʦʣʦʛʠʿʝ [1]. ʅʘ ʩʣʠʢʘʤʘ 2.2.15(ʘ-ʚ) 

ʧʨʠʢʘʟʘʥ ʿʝ ʨʝʘʣʠʟʦʚʘʥʠ ʫʨʝʹʘʿ, ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʤʦʛʫ˂ʥʦʩʪʠ, ʢʦʿʠ ʩʠʤʫʣʨʘ ʨʘʜ 

ʚʠʙʨʘʮʠʦʥʝ ʧʣʘʪʬʦʨʤʝ (2.2.15ʘ), ʤʝʭʘʥʠʯʢʠ ʤʦʜʝʣ ʨʘʩʧʦʨʝʜʘ ʩʠʣʘ ʥʘ ʚʠʙʨʘʮʠʦʥʦʿ 

ʧʣʘʪʬʦʨʤʠ (2.2.15ʙ) ʠ ʬʦʪʦʛʨʘʬʩʢʠ ʧʨʠʢʘʟ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʥʘ ʩʠʪʫ (2.2.15ʚ). ʅʘ ʦʩʥʦʚʫ 

ʪʝʦʨʠʿʩʢʠʭ ʨʘʟʤʘʪʨʘˁʘ ʠʟʣʦʞʝʥʠʭ ʫ ʣʠʪʝʨʘʪʫʨʥʦʤ ʥʘʚʦʜʫ [1] ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʿʝ 

ʦʜʨʝʹʝʥ ʥʘ ʦʩʥʦʚʫ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʧʦ ʩʠʪʫ. ʋ 

ʥʘʚʝʜʝʥʦʤ ʨʘʜʫ ʠʟʣʦʞʝʥ ʿʝ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʘʥ ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣ ʢʦʿʠ ʤʘʪʝʤʘʪʠʯʢʠ 

ʧʨʝʟʝʥʪʠʨʘ ʫʩʣʦʚʝ ʜʠʥʘʤʠʯʢʝ ʨʘʚʥʦʪʝʞʝ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʠ ʝʬʝʢʪʝ ʧʨʝʥʦʩʥʦʛ ʠ 

ʨʝʣʘʪʠʚʥʦʛ ʢʨʝʪʘˁʘ ʥʘ ʧʨʦʤʝʥʫ ʫʙʨʟʘˁʘ ʛʨʘʥʫʣʝ ʧʝʩʢʘ ʥʘ ʩʠʪʫ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ.  ɿʘ 

ʧʨʦʨʘʯʫʥ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 2.2.1. 

ʈʝʟʫʣʪʘʪʠ ʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʫ ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʣʠʪʝʨʘʪʫʨʥʠʤ ʠʟʚʦʨʠʤʘ ʢʦʿʠ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʤʝʪʦʜʘʤʘ ʪʨʝʪʠʨʘʿʫ ʧʨʦʙʣʝʤʘʪʠʢʫ ʪʨʝˁʘ ʥʘ ʚʠʙʨʘʮʠʦʥʠʤ 

ʧʣʘʪʬʦʨʤʘʤʘ [14, 15, 16, 17].   

ʅʘʛʣʘʰʝʥʦ ʿʝ, ʜʘ ʩʫ ʘʫʪʦʨʠ  ʨʘʜʘ [1] ʠ ʚʝ˂ʠ ʙʨʦʿ ʢʦʤʧʝʪʝʥʪʥʠʭ ʠʩʪʨʘʞʠʚʘʯʘ, ʩʘ 

ʚʠʩʦʢʦʰʢʦʣʩʢʠʭ ʠʥʩʪʠʪʫʮʠʿʘ, ʚʝ˂ ʜʫʞʠ ʥʠʟ ʛʦʜʠʥʘ ʫʢˀʫʯʝʥʠ ʫ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʘ ʟʘ 

ʨʘʟʤʘʪʨʘˁʝ ʤʦʛʫʥ˂ʦʩʪʠ ʤʝʪʦʜʝ, ʪʦ ʿʝʩʪ, ʘʥʘʣʠʟʝ ʪʝʦʨʠʿʩʢʦʛ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ 

ʤʝʪʦʜʝ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʧʨʝʢʦ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ 

ʢʨʝʪʘˁʘ ʪʝʣʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʧʨʝʪʝʯʫ ʧʨʝʜʤʝʪʥʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ.  
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ʉʤʘʪʨʘ ʩʝ, ʜʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʠʤʘ ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʫ ʪʝʦʨʠʿʩʢʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ ʪʝʭʥʦʣʦʰʢʦʤ ʩʤʠʩʣʫ, ʢʘʦ ʠ, "ʬʫʪʫʨʠʩʪʠʯʢʠ" ʨʝʯʝʥʦ, ʩʘ ʘʩʧʝʢʪʘ 

ʤʦʛʫ˂ʥʦʩʪʠ ˁʝʥʝ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʠʤʝʥʝ ʧʨʠ ʢʚʘʥʪʠʬʠʢʦʚʘˁʫ ʪʨʝˁʘ ʠ ʛʫʙʠʪʘʢʘ 

ʝʥʝʨʛʠʿʝ ʫ ʨʝʘʣʥʠʤ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. 

 

ʊʨʠʙʦʤʝʪʨʠʿʩʢʝ ʤʝʪʦʜʝ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤaʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʟʘʩʥʠʚʘʿʫ ʩʝ ʥʘ ʤʝʨʝˁʫ ʩʠʣʝ ʪʨʝˁʘ ʧʨʠ ʦʜʨʝʹʝʥʦʤ ʥʠʚʦʫ ʥʦʨʤʘʣʥʝ ʩʠʣʝ 

ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ ʦʜʨʝʹʝʥʦʿ ʙʨʟʠʥʠ ʨʝʣʘʪʠʚʥʦʛ ʢʨʝʪʘˁʘ ʿʝʜʥʦʛ ʢʦʥʪʘʢʪʥʦʛ 

ʝʣʝʤʝʥʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʠ. ʇʨʠ ʯʝʤʫ ʩʝ ʦʩʪʘʣʠ ʫʩʣʦʚʠ ʦʩʪʚʘʨʠʚʘˁʘ ʢʦʥʪʘʢʪʘ 

(ʤʠʢʨʦʛʝʦʤʝʪʨʠʿʘ ʢʦʥʪʘʢʪʥʠʭ ʧʘʨʦʚʘ, ʥʠʚʦʠ ʪʝʤʧʝʨʘʪʫʨʝ ʫ ʟʦʥʠ ʢʦʥʪʘʢʪʘ, ʚʨʩʪʘ ʤʘʟʠʚʘ, 

ʠ ʦʩʪʘʣʠ ʫʩʣʦʚʠ) ʤʦʛʫ ʚʘʨʠʨʘʪʠ ʫ ʰʠʨʦʢʠʤ ʛʨʘʥʠʮʘʤʘ.  

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ 

ʜʠʥʘʤʠʯʢʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʧʨʠʤʝʥʦʤ ʥʘʚʝʜʝʥʠʭ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ,  

ʠʟʣʦʞʝʥʠ ʩʫ ʫ ʨʘʜʦʚʠʤʘ [40 - 45, 47] ʠ ʛʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʫʢʘʟʫʿʫ ʥʘ ʚʝʣʠʢʫ 

ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ ʩʘ ʤʝʪʦʜʦʤ ʢʦʿʘ ʩʝ ʨʘʟʤʘʪʨʘ ʫ ʦʢʚʠʨʫ ʦʚʝ 

ʜʠʩʝʨʪʘʮʠʿʝ. ʅʘʚʝʜʝʥʠ ʟʘʢˀʫʯʘʢ ʦ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ ʤʝʪʦʜʘ ʧʨʦʠʟʠʣʘʟʠ ʥʘ ʦʩʥʦʚʫ 

ʧʦʨʝʹʝˁʘ ʪʨʝʥʜʦʚʘ ʜʠʥʘʤʠʢʝ ʧʨʦʤʝʥʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʥʠʚʦʘ ʚʨʝʜʥʦʩʪʠ 

ʜʦʙʠʿʝʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʪʨʝˁʘ ʧʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʤʝʪʦʜʘʤʘ ʠ ʤʝʪʦʜʠ ʢʦʿʘ ʩʝ 

ʨʘʟʤʘʪʨʘ. 

ɸʥʘʣʠʟʦʤ ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ 9.1 [53] ʢʦʿʘ ʦʧʠʩʫʿʝ ʢʨʝʪʘˁʘ ʪʝʣʘ ʧʨʠ ʦʙʨʪʘˁʫ ʫ 

ʧʨʠʩʫʩʪʚʫ ʩʠʣʝ ʦʪʧʦʨʘ ʪʨʝˁʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʦʥʘ ʪʨʝʙʘ ʙʠʪʠ ʟʘʜʦʚʦˀʝʥʘ, ʙʝʟ 

ʦʙʟʠʨʘ ʥʘ ʪʨʠʙʦʤʝʪʨʠʿʩʢʫ ʤʝʪʦʜʫ ʢʦʿʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ ʠ ʤʝʨʝˁʫ 

ʚʨʝʜʥʦʩʪʠ ʩʠʣʝ ʪʨʝˁʘ. 

ὍϽ Вὓ ὓ ὓ ὓ                     (9.1) 

ʂʦʜ ʧʨʠʤʝʥʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʝʨʝˁʫ ʩʠʣʝ ʪʨʝˁʘ ʧʦʜʨʘʟʫʤʝʚʘ 

ʩʝ  ʜʘ ʿʝ ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʿʝʜʥʘʯʠʥʘ 3.1 ʟʘʜʦʚʦˀʝʥʘ. ʊʦ ʟʥʘʯʠ ʜʘ ʫʛʘʦʥʦ ʫʙʨʟʘˁʝ ʠʤʘ 

ʥʫʣʪʫ ʚʨʝʜʥʦʩʪ, ʦʜʥʦʩʥʦ: 

ᵳπ                                 (9.2)  

ɼʘ ʙʠ ʚʨʝʜʥʦʩʪ ʫʛʘoʥʦʛ ʫʙʨʟʘˁʘ ʠʤʘʣʘ ʥʫʣʪʫ ʚʨʝʜʥʦʩʪ ʫʛʘʦʥʘ ʙʨʟʠʥʘ ʤʦʨʘ ʙʠʪʠ 

ʢʦʥʩʪʘʥʪʥʘ. ʂʘʦ ʧʦʛʦʥʩʢʠ ʝʣʝʤʝʥʪʠ ʪʨʠʙʦʤʝʪʘʨʘ ʥʘʿʚʠʰʝ ʩʫ ʟʘʩʪʫʧˀʝʥʠ ʝʣʝʢʪʨʦʤʦʪʦʨʠ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ (ɸʩʠʥʭʨʦʥʠ, ʩʠʥʭʨʦʥʠ  ʠ DC ʤʦʪʦʨʠ). ʇʦʟʥʘʪʘ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ 

ʩʪʚʘʨʥʠ ʙʨʦʿ ʦʙʨʪʘʿʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʘʪʘʮʠʿʝ ʤʦʞʝ ʠʤʘʪʠ ʠ 

ʟʥʘʯʘʿʥʠʿʝ ʦʜʩʪʫʧʘˁʝ ʦʜ ʥʦʤʠʥʘʣʥʦ ʜʝʢʣʘʨʠʩʘʥʦʛ ʙʨʦʿʘ ʦʙʨʪʘʿʘ, ʧʦʩʝʙʥʦ ʢʦʜ 

ʘʩʠʥʭʨʦʥʠʭ ʤʦʪʦʨʘ. ʐʪʦ ʟʘʚʠʩʠ ʦʜ ʠʥʩʪʘʣʠʨʘʥʝ ʩʥʘʛʝ ʤʦʪʦʨʘ, ʘʥʛʘʞʦʚʘʥʝ ʩʥʘʛʝ ʤʦʪʦʨʘ 

ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘ. 

ʀ ʤʘʣʘ ʪʨʝʥʫʪʥʘ ʦʜʩʪʫʧʘˁʘ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʟʥʘʯʘʿʥʠʭ ʧʨʦʤʝʥʘ 

ʚʨʝʜʥʦʩʪʠ ʫʛʘʦʥʦʛ ʫʙʟʘˁʘ () ʢʦʿʝ ʧʦʤʥʦʞʝʥʦ ʤʘʩʝʥʠʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʿʝ (I) 

ʜʦʚʦʜʠ ʜʦ ʦʜʨʝʹʝʥʝ ʚʨʝʜʥʦʩʪʠ ʛʨʝʰʢʝ ʤʝʨʝˁʘ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʜʠʥʘʤʠʯʢʠʤ 

ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ ʫʢʘʟʫʿʝ ʥʘ ʚʝʟʫ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʇʨʝʤʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʠʟʣʦʞʝʥʠʤ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʦʚʘ ʚʝʟʘ ʠʤʘ ʪʝʞʠʥʫ ʬʠʟʠʯʢʦʛ ʟʘʢʦʥʘ. ʋ 

ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ ʪʝʦʨʠʿʩʢʠʭ ʨʘʟʤʘʪʨʘˁʘ ʧʦʢʘʟʘʥʦ ʿʝ, ʜʘ ʩʝ ʢʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʪʨʝˁʘ, ʧʨʠ  ʥʫʣʪʦʿ ʚʨʝʜʥʦʩʪʠ ʝʢʩʮʝʥʪʨʠʯʥʝ ʤʘʩʝ (me=0), ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʨʝʢʦ ʠʟʨʘʟʘ: 

‘ ὅ
Ͻ

Ͻ Ͻ
 ,                                          (9.3) 
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ʛʜʝ ʢʦʥʩʪʘʥʪʘ ὅ ʟʘʚʠʩʠ ʦʜ ʫʩʣʦʚʘ ʦʩʪʚʘʨʠʚʘˁʘ ʢʦʥʪʘʢʪʘ ʠ ʠʟʥʦʩʠ:  ὅ
Ͻ

. 

ʅʘ ʩʣʠʮʠ 9.1(ʘ,ʙ) ʧʨʝʤʘ ʧʫʙʣʠʢʦʚʘʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʘʫʪʦʨʘ [54] ʧʨʠʢʘʟʘʥʝ ʩʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʦ ʜʦʙʠʿʝʥʝ ʟʘʚʠʩʥʦʩʪʠ ʧʨʦʤʝʥʝ ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ ʠ ʧʨʦʤʝʥʝ ʫʛʘʦʥʝ 

ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʿʠ 

ʿʝʜʥʦʛ ʦʜ 60 ʠʟʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ (ʉʣʠʢʘ 9.1ʘ), ʜʦʢ ʩʫ ʥʘ ʩʣʠʮʠ 9.1ʙ ʧʨʠʢʘʟʘʥʝ 

ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʟʘˁʘ, ʠ ʜʘʪ ʫʧʦʨʝʜʥʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʘ ʠ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ 

ʦʜʨʝʹʝʥʦʛ ʥʘ ʦʩʥʦʚʫ ʠʟʣʦʞʝʥʦʛ ʪʝʦʨʠʿʩʢʦʛ ʤʦʜʝʣʘ. ʅʘʠʤʝ, ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣ ʜʝʬʠʥʠʰʝ 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʢʘʦ ʧʨʦʠʟʚʦʜ ʢʦʥʩʪʘʥʪʝ ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ. 
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 Ů   

 ɛ

 ɛT

1 21 41 61 81 101 121 141 161 181

ʇʝʨʠʦʜ ʚʨʝʤʝʥʘ ʦʜ 12,5 ʩʝʢʫʥʜʠ ʫ ʢʦʿʝʤ ʿʝ

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥa 181 ʚʨʝʜʥʦʩʪ ʫʛʘʦʥʦʛ
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ʙ) 

ʉʣʠʢʘ 9.1(ʘ,ʙ) ɼʠʿʘʛʨʘʤ  ʧʨʦʤʝʥʝ, ʧʨʠʨʘʰʪʘʿʘ ʫʛʣʘ, ʫʛʘʦʥʝ ʙʨʟʠʥʝ, ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ 

ʢʝʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ (ʘ) ʠ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ ʪʝʦʨʠʿʩʢʠ 

ʦʜʨʝʹʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʦʜ ʪʨʝʥʫʪʢʘ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʜʦ ʧʨʝʩʪʘʥʢʘ ʢʨʝʪʘˁʘ 

(ʙ). 

ʉʪʘʪʠʩʪʠʯʢʦʤ ʦʙʨʘʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʟʘ ʧʨʚʫ ʩʝʨʠʿʫ ʦʜ 30 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʫʪʚʨʹʝʥʘ ʿʝ ʧʦʪʧʫʥʘ ʩʘʛʣʘʩʥʦʩʪ ʪʝʦʨʠʿʩʢʠ ʜʘʪʦʛ ʠʟʨʘʟʘ (ʿʝʜʥʘʯʠʥʘ 3.11) 

ʟʘ ʧʨʦʨʘʯʫʥ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʠʟʨʘʟʘ ʜʦʙʠʿʝʥʦʛ ʦʙʨʘʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʧʦʜʘʪʘʢʘ. ʅʘʠʤʝ, ʨʝʟʫʣʪʘʪʠ ʩʪʘʪʠʩʪʠʯʢʝ ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ 30 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʨʚʝ ʩʝʨʠʿʝ, 

ʟʘ ʩʚʘʢʠ ʝʢʩʧʝʨʠʤʝʥʪ, ʜʝʬʠʥʠʰʫ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʢʘʦ ʧʨʦʠʟʚʦʜ ʢʦʥʩʪʘʥʪʝ ʠ ʫʛʘʦʥʦʛ 

ʫʙʨʟʘˁʘ, ʦʜʥʦʩʥʦ ʠʟʨʘʟʦʤ: ʈ # , ʧʨʠ ʯʝʤʫ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʠʤʘ ʿʝʜʠʥʠʯʥʫ 

ʚʨʝʜʥʦʩʪ (R=1), ʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʦʜʨʝʹʝʥʝ ʢʦʥʩʪʘʥʪʝ ʫ ʩʚʠʭ 30 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʥʦʩʝ 

C=0,46073, ʰʪʦ ʿʝ ʠʜʝʥʪʠʯʥʦ ʩʘ ʢʦʥʩʪʘʥʪʦʤ ʢʦʿʫ ʜʝʬʠʥʠʰʝ ʠʟʣʦʞʝʥʠ ʪʝʦʨʠʿʩʢʠ ʤʦʜʝʣ. 

ʀʟʨʘʟ: 

C=0,46073 =  
ϽϽВ

ȟ

ȟ Ͻȟ Ͻȟ
πȟτφπχσȢ                            (9.4) 

ʋ ʜʨʫʛʦʿ ʩʝʨʠʿʠ ʦʜ 30 ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠʟʚʝʜʝʥʠʭ ʠʥʠʮʠʨʘˁʝʤ ʢʨʝʪʘˁʘ ʩʘ ʟʥʘʯʘʿʥʦ ʚʝ˂ʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʝʥʝʨʛʠʿʝ ʠʤʧʫʣʩʘ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ ʩʫ ʪʘʢʦʹʝ ʚʝʦʤʘ ʚʠʩʦʢʠ ʠ 

ʢʨʝ˂ʫ ʩʝ ʫ ʛʨʘʥʠʮʘʤʘ R= 0,995-1. ʄʘʣʠ ʧʘʜ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ ʪʫʤʘʯʠ 

ʩʝ ʤʘʣʠʤ ʧʨʦʤʝʥʘʤʘ ʤʘʩʝʥʦʛ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʿʝ ʥʘʩʪʘʣʠʤ ʫʩʣʝʜ ʝʬʝʢʘʪʘ ʚʝʣʠʢʦʛ 

ʫʜʘʨʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. 

ʉʘ ʜʠʿʘʛʨʘʤʘ ʩʝ ʤʦʞʝ ʫʦʯʠʪʠ ʜʘ ʧʨʠʨʘʰʪʘʿ ʫʛʣʘ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ, ʥʘʢʦʥ 

ʜʝʿʩʪʚʘ ʫʜʘʨʥʦʛ ʠʤʧʫʣʩʘ ʩʠʣʝ ʢʦʿʘ ʠʥʠʮʠʨʘ ʢʨʝʪʘˁʝ, ʩʤʘˁʫʿʫ ʜʠʩʧʝʨʟʠʿʫ ʧʨʠ ʯʝʤʫ ʿʝ 

ʜʠʥʘʤʠʢʘ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʜʝʥʪʠʯʥʘ. 

ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ, ʜʘ ʩʫ ʢʨʠʚʝ ʧʨʦʤʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʝʨʝˁʘ 

ʠ ˁʝʛʦʚʝ ʪʝʦʨʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ ʦʜʨʝʹʝʥʝ ʢʘʦ ʧʨʦʠʟʚʦʜ ʢʦʥʩʪʘʥʪʝ ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ 
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ʘʧʩʦʣʫʪʥʦ ʧʨʝʢʣʦʧˀʝʥʝ. ɼʘ ʙʠ ʩʝ ʫʦʯʠʣʝ ʨʘʟʣʠʢʝ ʥʘ ʩʣʠʮʠ 9.1ʙ, ʢʨʠʚʘ ʪʝʦʨʠʿʩʢʦʛ 

oʙʨʪʘˁʘ ʿʝ ʤʘʢʩʠʤʘʣʥʦ ʟʘʜʝʙˀʘʥʘ ʧʘ ʮʨʚʝʥʝ ʣʠʥʠʿʝ ʧʦʧʨʠʤʘʿʫ ʦʙʣʠʢ ʦʙʚʦʿʥʠʮʘ, ʤʘʜʘ 

ʨʘʟʣʠʢʝ ʫ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʠʯʢʠ ʠ ʥʝ ʧʦʩʪʦʿʝ.  

ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʿʝʜʥʘʯʠʥʘ (3.11) ʢʦʿʦʤ ʩʝ ʜʝʬʠʥʠʰʝ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʤʦʞʝ ʩʝ, ʟʘ 

ʢʦʥʢʨʝʪʥʝ ʫʩʣʦʚʝ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʧʠʩʘʪʠ ʫ ʦʙʣʠʢʫ: 

‘
ǰ Ͻ

                     (9.5) 

ʇʨʠ ʯʝʤʫ ʢʦʥʩʪʘʥʪʝ ὅ Ὥ ρȟςȟσ ʠʤʘʿʫ ʦʜʨʝʹʝʥʝ ʚʨʝʜʥʦʩʪʠ, ʦʜʥʦʩʥʦ: 

ὅ ὍȠ  ὅ  ὶϽά ά ϽὫ;  ὅ = ά                             (9.6) 

ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ‘ ʜʝʬʠʥʠʩʘʥ ʿʝʜʥʘʯʠʥʦʤ (9.5) ʫ ʤʘʪʝʤʘʪʠʯʢʦʤ ʩʤʠʩʣʫ, ʧʨʝʜʩʪʘʚˀʘ 

ʩʣʦʞʝʥʫ ʬʫʥʢʮʠʿʠ ʫʛʣʘ • ʠ ʢʚʘʜʨʘʪʘ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ‫Ȣ 

ʉʪʘʪʠʩʪʠʯʢʘ ʦʙʨʘʜʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʝʢʩʧʝʨʠʤʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʿʝ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʠ ʫ 

ʩʣʫʯʘʿʫ ʚʝʣʠʢʦʛ ʜʠʥʘʤʠʯʢʦʛ ʦʧʪʝʨʝ˂ʝʘˁ ʧʨʝʢʦ ʝʢʩʮʝʥʪʨʠʯʥʝ ʤʘʩʝ (ɱʝʜʥʘʯʠʥʘ 9.7), 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʚʝʦʤʘ ʧʦʫʟʜʘʥʦ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʬʫʥʢʮʠʿʦʤ ʦʙʣʠʢʘ:  

‘ K· ,                                 (9.7) 

ʧʨʠ ʯʝʤʫ ʩʝ ʢʦʥʩʪʘʥʪʘ ʂ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʠʦʥʝ ʘʥʘʣʠʟʝ. ʈʝʟʫʣʪʘʪʠ 

ʩʪʘʪʠʩʪʠʯʢʝ ʦʙʨʘʜʝ ʚʠʰʝ ʦʜ 10.000 ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʝ 

ʤʘʢʩʠʤʘʣʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʦʜʨʝʹʝʥʦʛ ʨʝʛʨʝʩʠʦʥʦʤ ʘʥʘʣʠʟʦʤ ʩʘ ʙʘʟʥʦʤ ʬʫʥʢʮʠʿʦʤ 

(ɱʝʜʥʘʯʠʥʘ 9.7.) ʧʨʝʢʦ ʫʙʨʟʘˁʘ ʢʨʝ˂ʫ ʫ ʛʨʘʥʠʮʘʤʘ ʦʜ 0-1.3%.  

ʅʘ ʦʩʥʦʚʫ ʿʝʜʥʘʯʠʥʘ 9.5 ʠ 9.7 ʧʨʦʠʟʠʣʘʟʠ ʿʝʜʥʘʢʦʩʪ ʦʙʣʠʢʘ:  

K· = ǰ

ǰ Ͻ
,  ʦʜʥʦʩʥʦ:                                                     (9.8) 

K=
ǰ Ͻ

 = const.                                                     (9.9) 

ʀʟ ʿʝʜʥʘʯʠʥʝ 3.3. ʜʘʪʝ ʫ ʪʨʝ˂ʝʤ ʧʦʛʣʘʚˀ ʫ ʨʘʜʘ ʧʨʦʠʟʠʣʘʟʠ ʪʝʦʨʠʿʩʢʘ ʚʝʟʘ ʩʠʣʝ ʪʨʝˁʘ ʠ 

ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʦʙʣʠʢʘ: 

ὍϽ ὓ ὊϽὶO Ὂ Ͻ  , ʦʜʥʦʩʥʦ:                                                                   (9.10) 

‘Ὂ Ͻ ,                                                                         (9.11) 

ʦʜʘʢʣʝ ʩʣʝʜʠ ʚʝʟʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʠ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʜʝʬʠʥʠʩʘʥʘ ʿʝʜʥʘʯʠʥʦʤ  9.12.  

‘ Ͻ                                  (9.12) 

ʅʦʨʤʘʣʥʘ ʩʠʣʘ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʠ ʫʛʘʦʥʦ ʫʙʨʟʘˁʝ ʩʫ ʩʣʦʞʝʥʝ ʠ ʤʘʪʝʤʘʪʠʯʢʠ 

ʧʦʩʤʘʪʨʘʥʦ, ʥʝʟʘʚʠʩʥʝ ʬʫʥʢʮʠʿʝ ʫʛʣʘ, ʦʜʥʦʩʥʦ ʚʨʝʤʝʥʘ ʧʘ ʩʝ ʫ ʤʘʪʝʤʘʪʠʯʢʦʤ ʩʤʠʩʣʫ 

ʤʦʞʝ ʥʘʧʠʩʘʪʠ: 

Ὂ Ὢὸ ;  = Ὢὸ ʠʟ ʯʝʛʘ ʩʣʝʜʠ:                                 (9.13) 

‘
 
                                  (9.14) 

ʀʟʚʨʰʝʥʝ ʘʥʘʣʠʟʝ ʫʢʘʟʫʿʫ ʜʘ ʧʦʩʪʦʿʘˁʝ ʿʘʢʝ ʬʠʟʠʯʢʝ ʚʝʟʝ, ʤʘʪʝʤʘʪʠʯʢʠ ʧʦʩʤʘʪʨʘʥʦ 

ʥʝʟʘʚʠʩʥʠʭ ʬʫʥʢʮʠʿʘ Ὂ Ὢὸ ʠ = Ὢὸ, ʢʦʿʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʩʝ ʢʝʬʠʮʠʿʝʥʪ 
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ʢʠʥʝʤʘʪʩʢʦʛ ʪʨʝˁʘ ʧʨʠʢʘʞʝ ʢʘʦ ʧʨʦʠʟʚʦʜ ʢʦʥʩʪʘʥʪʝ (   ʠ ʦʜʥʦʩʘ ʥʘʚʝʜʝʥʠʭ ʬʫʥʢʮʠʿʘ 

(
 
 ). 

ʀʩʪʨʘʞʠʚʘˁʘ ʘʫʪʦʨʘ ʧʫʙʣʠʢʦʚʘʥʘ ʫ ʦʢʚʠʨʫ ʣʠʪʝʨʘʪʫʨʥʦʛ ʥʘʚʦʜʘ [1] ʦʜʥʦʩʝ ʩʝ ʥʘ 

ʦʜʨʝʹʠʚʘˁʝ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʢʦʪʨˀʘʥʦʛ ʣʝʞʘʿʘ ʫ ʫʩʣʦʚʠʤʘ ʠʥʠʮʠʨʘˁʘ 

ʢʨʝʪʘˁʘ ʜʠʥʘʤʠʯʢʦʤ ʫʜʘʨʥʦʤ ʩʠʣʦʤ. ʋ ʨʘʜʫ ʿʝ ʧʦʢʘʟʘʥʦ, ʜʘ ʩʝ ʥʘʢʦʥ ʠʥʠʮʠʨʘˁʘ 

ʢʨʝʪʘˁʘ ʠ ʧʨʝʩʪʘʥʢʘ ʜʝʿʩʪʚʘ ʩʧʦˀʘʰˁʝ ʩʠʣʝ (ʫʜʘʨʥʦʛ ʠʤʧʫʣʩʘ) ʢʨʝʪʘˁʝ ʥʘʩʪʘʚˀʘ, ʧʨʠ 

ʯʝʤʫ ʦʧʪʝʨʝ˂ʝʥʠ ʣʝʞʘʿ (ʟʦʥʘ ʣʝʞʘʿʘ ʫ ʢʦʿʦʿ ʜʝʿʩʪʚʫʿʫ ʩʠʣʝ ʦʪʧʦʨʘ ʪʨʝˁʘ) ʧʨʦʣʘʟʠ ʯʠʪʘʚ 

ʩʧʝʢʪʘʨ ʙʨʟʠʥʘ, ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʙʨʟʠʥʝ ʫ ʪʨʝʥʫʪʢʫ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ, ʜʦ ˁʝʥʝ ʥʫʣʪʝ 

ʚʨʝʜʥʦʩʪʠ ʧʨʠ ʟʘʫʩʪʘʚˀʘˁʫ ʢʨʝʪʘˁʘ. ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʢʘʟʘʥʠ ʫ ʨʘʜʫ 

ʢʦʤʧʘʪʠʙʠʣʥʠ ʩʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʧʨʠʤʝʥʦʤ ʢʦʥʚʝʥʮʠʿʘʣʥʠʭ 

ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʠʭ ʤʝʪʦʜʘ. ʄʝʨʥʠ ʩʠʩʪʝʤ (ʨʦʪʘʮʠʦʥʠ ʝʥʢʦʜʝʨ), ʧʨʘʪʝ˂ʘ ʘʨʜʫʠʥʦ 

ʝʣʝʢʪʨoʥʠʢʘ, ʠ ʥʘʤʝʥʩʢʠ ʨʘʟʚʠʿʝʥʠ ʩʦʬʪʚʝʨ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʬʦʨʤʠʨʘˁʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ 

ʚʝʟʘʥʠʭ ʟʘ on-line ʧʨʘ˂ʝʝˁ ʧʨʦʮʝʩʘ ʠ ʢʨʝʠʨʘˁʝ ʠʟʚʝʰʪʘʿʘ ʦ ʠʩʧʠʪʠʚʘˁʫ ʫ ʬʦʨʤʠ 

ʪʘʙʝʣʘʨʥʠʭ ʠ ʜʠʿʘʛʨʘʤʩʢʠʭ ʧʨʠʢʘʟʘ ʚʝʟʘʥʠʭ ʟʘ ʫʩʣʦʚʝ ʫ ʢʦʿʠʤʘ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪ ʠʟʚʝʜʝʥ.  

ʉʪʘʪʠʩʪʠʯʢʦʤ ʦʙʨʘʜʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʧʦʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ 

ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʚʝʦʤʘ ʧʦʫʟʜʘʥʦ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʢʘʦ ʧʨʦʠʟʚʦʜ ʢʦʥʩʪʘʥʪʝ ʠ ʫʛʘʦʥʦʛ 

ʫʙʨʟʘˁʘ, ʯʠʤʝ ʿʝ ʠ ʧʦʪʚʨʹʝʥʘ ʧʦʪʧʫʥʘ ʢʦʤʧʘʪʠʙʠʣʥʦʩʪ ʪʝʦʨʠʿʩʢʦʛ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ 

ʜʝʣʘ ʨʘʜʘ. ɺʨʝʜʥʦʩʪʠ  ʜʦʙʠʿʝʥʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʪʨʝˁʘ ʢʦʪʨˀʘˁʘ ʢʨʝ˂ʫ ʩʝ ʫ ʛʨʘʥʠʮʘʤʘ 

ʨʘʩʪʫʨʘˁʘ ʢʘʦ ʠ ʢʦʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʤʝʪʦʜʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʤʝʨʝˁʫ ʩʠʣʝ ʪʨʝˁʘ ʠ 

ʥʦʨʤʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ. ʇʨʠ ʯʝʤʫ ʿʝ ʧʦʥʦʚˀʠʚʦʩʪ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʢʦʜ ʦʚʝ 

ʤʝʪʦʜʝ ʧʦʪʚʨʹʝʥʘ ʢʨʦʟ ʚʝʣʠʢʠ ʙʨʦʿ ʨʝʘʣʠʟʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ. ɼʠʥʘʤʠʢʘ ʧʨʦʤʝʥʝ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʫ ʚʨʝʤʝʥʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʨʘʪʠ ʜʠʥʘʤʠʢʫ ʧʨʦʤʝʥʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ 

ʠ ʫʢʘʟʫʿʝ ʥʘ ʪʝʦʨʠʿʩʢʫ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʪʚʨʹʝʥʫ ʚʝʟʫ ʠʟʤʝʹʫ ʦʚʠʭ ʚʝʣʠʯʠʥʘ. 

ɼʠʿʘʛʨʘʤʠ ʝʥʝʨʛʝʪʩʢʦʛ ʙʠʣʘʥʩʘ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʢʘʤʘ 7.1.1(ʘ,ʙ) ʫʢʘʟʫʿʫ ʜʘ ʨʘʜʦʚʠ ʩʠʣʘ 

ʪʨʝˁʘ ʧʨʦʫʟʨʦʢʫʿʫ ʧʘʜ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ. ʇʘ ʩʭʦʜʥʦ ʪʦʤʝ ʧʨʠ ʧʨʝʩʪʘʥʢʫ ʢʨʝʪʘˁʘ 

(ʉʣʠʢʘ 7.1.1ʘ) ʨʘʟʣʠʢʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʠ ʨʘʜʦʚʘ ʪʨʝˁʘ ʠʤʘ ʧʨʠʙʣʠʞʥʦ ʥʫʣʪʫ 

ʚʨʝʜʥʦʩʪ. ɼʠʿʘʛʨʘʤ ʙʠʣʘʥʩʘ ʝʥʝʨʛʠʿʘ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ (7.1.1ʙ) ʧʦʢʘʟʫʿʝ ʜʘ ʢʨʝʪʘˁʝ 

ʥʠʿʝ ʟʘʫʩʪʘʚˀʝʥʦ ʠ ʜʘ ʿʝ ʨʘʟʣʠʢʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʠ ʨʘʜʦʚʘ ʪʨʝˁʘ ʨʝʜʘ ʚʝʣʠʯʠʥʝ 0,01 

ɱ, ʰʪʦ ʫʢʘʟʫʿʝ ʠ ʥʘ ʧʦʪʝʥʮʠʿʘʣ ʤʝʪʦʜʝ ʫ ʩʤʠʩʣʫ ʢʚʘʥʪʠʬʠʢʦʚʘˁʘ ʚʝʦʤʘ ʤʘʣʠʭ 

ʝʥʝʨʛʝʪʩʢʠʭ ʛʫʙʠʪʘʢʘ. 

ʄʝʪʦʜʦʣʦʛʠʿʘ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʢʦʿʘ ʩʝ ʨʘʟʤʘʪʨʘ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ, ʩʚʦʜʠ ʩʝ ʥʘ ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ (ʦʙʨʪʘˁʘ ʪʝʣʘ) ʘʢʪʠʚʥʠʤ ʦʙʨʪʥʠʤ 

ʤʦʤʝʥʪʦʤ ʢʦʿʠ ʜʝʿʩʪʚʫʿʝ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʠ ʥʘ ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʝ ʫʛʣʘ 

ʦʙʨʪʘˁʘ ʫ ʚʨʝʤʝʥʫ. ʇʨʠ ʯʝʤʫ ʪʝʣʦ ʠ ʟʦʥʘ ʢʦʥʪʘʢʪʘ ʫ ʢʦʿʦʿ ʥʘʩʪʘʿʝ ʪʨʝˁʝ ʧʨʦʣʘʟʠ ʢʨʦʟ 

ʯʠʪʘʚ ʩʧʝʢʪʘʨ ʫʛʘʦʥʠʭ ʙʨʟʠʥʘ, ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʙʨʟʠʥʝ ʠʥʠʮʠʨʘʥʝ ʘʢʪʠʚʥʠʤ ʤʦʤʝʥʪʦʤ ʧʘ 

ʩʚʝ ʜʦ ʥʫʣʪʝ ʚʨʝʜʥʦʩʪʠ ʫʛʘʦʥʝ ʙʨʟʠʥʝ ʫ ʪʨʝʥʫʪʢʫ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʘˁʘ. ʋ ʦʚʦʤ 

ʜʠʥʘʤʠʯʢʦʤ ʩʠʩʪʝʤʫ ʫʣʦʞʝʥʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʧʨʠ ʠʥʠʮʠʨʘˁʫ ʢʨʝʪʘˁʘ, ʫ ʩʚʘʢʦʤ 

ʪʨʝʥʫʪʢʫ ʚʨʝʤʝʥʘ ʥʘʢʦʥ ʠʥʠʮʘʨʘˁʘ ʢʨʝʪʘˁʘ, ʫʤʘˁʫʿʝ ʩʝ ʟʘ ʚʨʝʜʥʦʩʪ ʨʘʜʦʚʘ ʩʠʣʘ ʪʨʝˁʘ 

ʩʚʝ ʜʦ ʪʨʝʥʫʪʢʘ ʧʨʝʩʪʘʥʢʘ ʦʙʨʪʘˁʘ. ɼʘʢʣʝ, ʢʨʝʪʘˁʝ ʪʝʣʘ ʥʘʢʦʥ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ 

ʦʜʚʠʿʘ ʩʝ ʥʘ ʙʘʟʠ ʘʢʫʤʫʣʠʨʘʥʝ ʝʥʝʨʛʠʿʝ, ʧʨʠ ʯʝʤʫ ʟʘʢʦʥ ʧʨʦʤʝʥʝ ʫʛʣʘ ʦʙʨʪʘˁʘ ʫ 

ʚʨʝʤʝʥʫ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʚʨʝʤʝʥʘ ʜʝʬʠʥʠʰʝ ʚʨʝʜʥʦʩʪ ʩʠʣʝ ʪʨʝˁʘ. ʂʨʝʪʘˁʝ ʩʝ ʤʦʞʝ 

ʠʥʠʮʠʨʘʪʠ ʤʘʥʫʝʣʥʦ, ʧʨʝʢʦ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ ʩʧʦʿʥʠʮʝ, ʠʤʧʫʣʩʦʤ ʫʜʘʨʥʝ ʩʠʣʝ ʠʣʠ ʥʘ 

ʜʨʫʛʘʯʠʿʠ ʥʘʯʠʥ. 

ʄʝʪʦʜʦʣʦʛʠʿʘ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʢʦʿʘ ʩʝ ʧʨʝʜʣʘʞʝ ʫ ʦʚʦʤ 

ʨʘʜʫ, ʥʝʤʘ ʩʫʰʪʠʥʩʢʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʫ ʙʠʣʦ ʢʦʿʠʤ 

ʫʩʣʦʚʠʤʘ ʦʩʪʚʘʨʠʚʘˁʘ ʢʦʥʪʘʢʪʘ. ʄʦʛʫ ʩʝ ʠʩʧʠʪʠʚʘʪʠ ʢʣʠʟʥʠ ʠ ʢʦʪʨˀʘʿʥʠ ʧʘʨʦʚʠ  

ʨʘʟʣʠʯʠʪʠʭ ʪʨʙʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʥʠʚʦ ʩʠʤʫʣʠʨʘʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ,  
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ʨʘʩʧʦʥ ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʠʣʠ ʢʦʪʨˀʘˁʘ, ʤʦʛʫ ʢʨʝʪʘʪʠ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ. ʆʚʦʤ ʤʝʪʦʜʦʤ 

ʩʝ, ʤʥʦʛʦ ʿʝʜʥʦʩʪʘʚʥʠʿʝ, ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ, ʤʦʛʫ ʚʨʰʠʪʠ ʠʩʧʠʪʠʚʘˁʘ 

ʧʨʠ ʩʠʤʫʣʘʮʠʿʠ ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʘ, ʠ ʫʦʧʰʪʝ, ʨʘʟʣʠʯʠʪʠʭ ʫʩʣʦʚʘ 

ʢʦʿʠ ʙʣʠʞʝ ʜʝʬʠʥʠʰʫ ʨʘʜ ʨʝʘʣʥʠʭ ʪʨʠʙʦʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ (ɸʛʨʝʩʠʚʥʘ ʩʨʝʜʠʥʘ, 

ʩʠʩʪʝʤ ʧʦʜʤʘʟʠʚʘˁʘ, ʥʠʚʦ ʦʧʪʝʨʝ˂ʝˁʘ, ʠʪʜ.). 

  



96 
 

10. ɿɸʂɲʋʏʎʀ  

ɼʠʩʝʨʪʘʮʠʿʘ ʿʝ ʫ ʧʨʚʦʤ ʢʦʨʘʢʫ ʨʝʘʣʠʟʦʚʘʥʘ ʢʨʦʟ ʬʘʟʫ ʜʝʪʘˀʥʝ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʥʠʭ 

ʠʟʚʦʨʘ ʫ ʩʬʝʨʠ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʩʬʝʨʠ ʨʘʟʚʦʿʘ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʝ ʦʧʨʝʤʝ. ʅʘ 

ʦʩʥʦʚʫ ʣʠʪʝʨʘʪʫʨʥʦʛ ʧʨʝʛʣʝʜʘ ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʿʝ ʫ ʩʬʝʨʠ ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ  

ʝʚʠʜʝʥʪʥʘ ʿʘʢʘ ʩʧʨʝʛʘ ʪʨʠʙʦʣʦʛʠʿʝ ʢʘʦ ʥʘʫʢʝ ʠ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʢʝ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʠ 

ʨʘʟʚʦʿ ʩʘʚʨʝʤʝʥʠʭ ʤʝʨʥʠʭ ʩʠʩʪʝʤʘ. ʈʘʟʣʦʟʠ ʩʫ ʧʨʚʝʥʩʪʚʝʥʦ ʫ ʯʠˁʝʥʠʮʠ ʜʘ ʩʫ ʟʘ 

ʘʥʘʣʠʟʫ ʠ ʢʚʘʥʪʠʬʠʢʦʚʘˁʝ ʧʘʨʘʤʝʪʘʪʘ ʩʣʦʞʝʥʠʭ ʪʨʠʙʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ ʥʝʦʧʭʦʜʥʠ 

ʧʦʫʟʜʘʥʠ ʤʝʨʥʠ ʫʨʝʹʘʿʠ. 

ʊʨʠʙʦʣʦʛʠʿʘ ʿʝ ʟʙʦʛ ʩʣʦʞʝʥʦʩʪʠ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘʿʫ ʫ ʟʦʥʘʤʘ ʢʦʥʪʘʢʘʪʘ, ʚʝʣʠʢʠʤ 

ʜʝʣʦʤ ʟʘʩʥʦʚʘʥʘ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʤʝʪʦʜʘʤʘ ʠʩʪʨʘʞʠʚʘˁʘ. ʉʘʚʨʝʤʝʥʝ ʤʝʪʦʜʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʧʦʨʝʜ ʟʘʭʪʝʚʘ ʧʦʫʟʜʘʥʦʩʪʠ ʤʝʨʥʠʭ ʩʠʩʪʝʤʘ, 

ʧʦʩʪʘʚˀʘʿʫ ʠ ʥʠʟ ʜʨʫʛʠʭ ʟʘʭʪʝʚʘ ʠ ʦʛʨʘʥʠʯʝˁʘ. ʉʚʝ ʪʦ ʥʘʤʝ˂ʝ ʩʪʘʣʥʫ ʧʦʪʨʝʙʫ ʟʘ 

ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ ʠ ʫʩʘʚʨʰʘʚʘˁʝ ʧʦʩʪʦʿʝ˂ʠʭ ʤʝʨʥʠʭ ʫʨʝʹʘʿʘ, ʥʝ ʩʘʤʦ ʫ ʫʞʦʿ ʦʙʣʘʩʪʠ 

ʤʝʨʥʦʛ ʩʠʩʪʝʤʘ ʠ ʧʨʘʪʝ˂ʝʛ ʩʦʬʪʚʝʨʘ, ʚʝ˂ ʠ ʫ ʦʙʣʘʩʪʠ ʩʘʤʠʭ ʧʨʠʥʮʠʧʘ ʦʜʥʦʩʥʦ ʬʠʟʠʢʝ 

ʧʨʦʮʝʩʘ ʪʨʝˁʘ.  

ʈʘʟʚʦʿ ʩʘʚʨʝʤʝʥʝ ʤʝʨʥʝ ʦʧʨʝʤʝ ʟʘ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʢʫ, ʧʘ ʠ ʤʝʨʥʝ ʦʧʨʝʤʝ ʫʦʧʰʪʝ, ʧʦ 

ʩʚʦʿʦʿ ʧʨʠʨʦʜʠ ʿʝ ʚʝʦʤʘ ʢʦʤʧʣʝʢʩʥʘ ʠ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʘ ʦʙʣʘʩʪ ʠʩʪʨʘʞʠʚʘˁʘ. ʋ 

ʧʨʠʥʮʠʧʫ, ʥʘʧʨʝʜʥʫ ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʫ ʦʧʨʝʤʫ ʨʝʘʣʠʟʫʿʫ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ 

ʠʥʩʪʠʪʫʮʠʿʝ ʠ ʧʨʦʠʟʚʦʹʘʯʠ ʠʟʘ ʢʦʿʠʭ ʩʪʦʿʝ ʛʦʜʠʥʝ ʪʝʦʨʠʿʩʢʦʛ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʨʘʜʘ, 

ʥʝ ʩʘʤʦ ʫ ʦʙʣʘʩʪʠ ʪʨʠʙʦʣʦʛʠʿʝ, ʚʝ˂ ʠ ʫ ʤʥʦʛʠʤ ʦʙʣʘʩʪʠʤʘ ʪʘʥʛʝʥʪʥʠʤ ʩʘ 

ʧʨʦʙʣʝʤʘʪʠʢʦʤ ʩʘʚʨʝʤʝʥʠʭ ʤʝʨʥʠʭ ʩʠʩʪʝʤʘ. 

ɺʝʣʠʢʠ ʙʨʦʿ ʧʦʩʪʦʿʝ˂ʠʭ ʩʚʝʪʩʢʠʭ ʨʝʰʝˁʘ ʪʨʠʙʦʤʝʪʘʨʘ ʿʝ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥ (ASTM ʠ ISO 

ʩʪʘʥʜʘʨʜʠ) ʧʨʝʤʘ ʫʩʣʦʚʠʤʘ ʦʩʪʚʘʨʠʚʘˁʘ ʢʦʥʪʘʢʘʪʘ. Oʚʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʪʨʠʙʦʤʝʪʘʨʘ ʩʝ ʠ 

ʜʘʥʘʩ ʫʩʘʚʨʰʘʚʘʿʫ ʥʘʿʚʠʰʝ ʫ ʧʦʛʣʝʜʫ ʩʦʬʪʚʝʨʩʢʠʭ ʨʝʰʝˁʘ ʠ ʧʦʙʦˀʰʘˁʘ ʪʝʭʥʠʯʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʧʦʚʝ˂ʘˁʝ ʥʠʚʦʘ ʦʧʪʝʨʝ˂ʝˁʘ, ʧʦʚʝ˂ʘˁʝ ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʠ ʢʦʪʨˀʘˁʘ, 

ʧʦʚʝ˂ʘˁʝ ʨʘʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʘʢʫʫʤʩʢʠʭ ʢʦʤʦʨʘ ʠ ʜʨ.). ʆʚʘ ʨʝʰʝˁʘ ʩʫ 

ʫʥʠʚʝʨʟʘʣʥʠʿʝʛ ʢʘʨʘʢʪʝʨʘ ʠ ʧʨʦʿʝʢʪʦʚʘʥʘ ʩʫ ʚʨʣʦ ʯʝʩʪʦ ʧʦ ʤʦʜʫʣʘʨʥʦʤ ʧʨʠʥʮʠʧʫ [48]. 

ʇʦʩʪʦʿʠ ʪʘʢʦʹʝ ʠ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʩʧʝʮʠʿʘʣʥʠʭ ʨʝʰʝˁʘ (ʢʦʥʩʪʨʫʢʮʠʿʘ) ʪʨʠʙʦʤʝʪʘʨʘ 

ʥʘʤʝˁʝʥʠʭ ʪʨʠʙʦʣʦʰʢʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʟʫʧʯʘʩʪʠʭ ʧʘʨʦʚʘ, ʪʚʨʜʠʭ ʧʨʝʚʣʘʢʘ, 

ʧʣʘʩʪʠʯʥʠʭ ʤʘʩʘ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʿʘʣʘ [34, 35], ʢʘʦ ʠ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʥʘʤʝʥʩʢʠ 

ʜʠʟʘʿʥʠʨʘʥʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʪʨʠʙʦʤʝʪʘʨʘ [62]. 

ʋ ʩʚʝʪʫ ʿʝ ʨʘʟʚʠʿʝʥ ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʪʨʠʙʦʤʝʪʘʨʘ ʥʘʤʝˁʝʥʠʭ ʠʩʧʠʪʠʚʘˁʫ ʪʨʠʙʦʣʦʰʢʠʭ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʚʘʢʫʫʤʫ [63, 64], ʢʘʦ ʠ ʪʨʠʙʦʤʝʪʘʨʘ ʥʘʤʝˁʝʥʠʭ ʟʘ 

ʠʩʧʠʪʠʚʘˁʘ ʫ ʫʩʣʦʚʠʤʘ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʥʠʭ ʧʘʨʦʚʘ [45].  

ʈʘʟʚʦʿ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʥʘʥʦʪʨʠʙʦʤʝʪʨʠʿʝ, ʢʘʦ ʧʦʩʝʙʥʝ ʦʙʣʘʩʪʠ ʪʨʠʙʦʣʦʛʠʿʝ, 

ʠʥʠʮʠʨʘʦ ʿʝ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʠ ʧʫʙʣʠʢʦʚʘˁʝ ʟʥʘʯʘʿʥʦʛ ʙʨʦʿʘ ʨʝʟʫʣʪʘʪʘ  

ʥʘʫʯʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ [55, 56, 57, 58, 59, 60, 61]. 

ʈʘʟʚʦʿ ʥʦʚʠʭ ʨʝʰʝˁʘ ʪʨʠʙʦʤʝʪʘʨʘ, ʫ ʟʥʘʯʘʿʥʦʤ  ʜʝʣʫ, ʠʥʠʮʠʨʘʥ ʿʝ ʨʘʟʚʦʿʝʤ ʘʣʘʪʥʠʭ 

ʧʨʝʚʣʘʢʘ, ʧʦʩʝʙʥʠʤ ʫʩʣʦʚʠʤʘ ʦʧʪʝʨʝ˂ʝˁʘ , ʘʛʨʝʩʠʚʥʦʤ ʩʨʝʜʠʥʦʤ ʠ ʜʨʫʛʠʤ 

ʩʧʝʮʠʬʠʯʥʠʤ ʫʩʣʦʚʠʤʘ [43]. ɺʝʣʠʢʠ ʙʨʦʿ ʧʫʙʣʠʢʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʨʝʘʣʠʟʦʚʘʥ ʿʝ ʥʘ ʥʝʢʦʤ ʦʜ ʥʘʚʝʜʝʥʠʭ ʪʠʧʦʚʘ ʪʨʠʙʦʤʝʪʘʨʘ. 

ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʪʝʦʨʠʿʩʢʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʠʟʣʦʞʝʥʠʭ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ, ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʩʝ ʢʠʥʝʤʘʪʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʠ ʫ ʫʩʣʦʚʠʤʘ ʩʣʦʞʝʥʠʭ 

ʜʠʥʘʤʠʯʢʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʢʦʥʪʘʢʪʘ ʤʦʞʝ ʚʝʦʤʘ ʧʦʫʟʜʘʥʦ ʦʜʨʝʜʠʪʠ ʥʘ ʙʘʟʠ 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʝ ʿʝʜʥʘʯʠʥʝ ʢʨʝʪʘˁʘ ʪʝʣʘ ʫ ʧʨʠʩʫʩʪʚʫ ʩʠʣʝ ʦʪʧʦʨʘ ʪʨʝˁʘ. 
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ʄʝʪʦʜʦʣʦʛʠʿʘ ʦʜʨʝʹʠʚʘˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ ʩʚʦʜʠ ʩʝ ʥʘ ʤʝʨʝˁʝ ʜʚʝ ʦʩʥʦʚʥʝ ʬʠʟʠʯʢʝ 

ʚʝʣʠʯʠʥʝ, ʫʛʣʘ ʦʙʨʪʘˁʘ ʠ ʚʨʝʤʝʥʘ, ʰʪʦ ʫ ʪʝʦʨʠʿʩʢʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʤʠʩʣʫ ʠʤʘ 

ʟʥʘʯʘʿʥʫ ʧʨʝʜʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ ʦʜʨʝʹʠʚʘˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʪʨʝˁʘ. 

ɸʥʘʣʠʟʝ ʠʟʚʝʜʝʥʝ ʫ ʦʢʚʠʨʫ ʧʦʛʣʘʚˀʘ ʜʠʩʢʫʩʠʿʝ ʨʘʜʘ ʫʢʘʟʫʿʫ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ 

ʚʝʨʠʬʠʢʘʮʠʿʫ ʪʝʦʨʠʿʩʢʝ ʚʝʟʝ ʫʛʘʦʥʦʛ ʫʙʨʟʘˁʘ ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. ʇʨʦʤʝʥʝ ʫʙʨʟʘˁʘ, 

ʤʘ ʢʦʛ ʥʠʚʦʘ ʘʤʧʣʠʪʫʜʝ ʠ ʬʨʝʢʚʝʥʮʝ ʧʦʩʪʦʿʝ ʫ ʩʚʘʢʦʤ ʜʠʥʘʤʠʯʢʦʤ ʩʠʩʪʝʤʫ ʠ ʫ ʚʝʣʠʢʦʿ 

ʤʝʨʠ ʤʦʛʫ ʦʜʛʦʥʝʪʥʫʪʠ ʝʥʠʛʤʫ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ. 

ʇʦ ʤʠʰˀʝˁʫ ʘʫʪʦʨʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠ ʤʠʰˀʝˁʫ ʚʝ˂ʝʛ ʙʨʦʿʘ ʢʦʤʧʝʪʝʥʪʥʠʭ 

ʠʩʪʨʘʞʠʚʘʯʘ ʢʦʿʠ ʧʦʜʨʞʘʚʘʿʫ ʠ ʨʘʜʝ ʥʘ ʨʘʟʚʦʿʫ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ, ʫʙʨʟʘˁʝ ʿʝ 

ʩʚʦʿʝʚʨʩʪʘʥ ʬʠʟʠʯʢʠ ʠ ʝʥʝʨʛʝʪʩʢʠ ʧʦʢʘʟʘʪʝˀ ʪʨʝˁʘ ʠ ʨʘʩʠʧʘˁʘ ʝʥʝʨʛʠʿʝ ʫ 

ʪʨʠʙʦʤʝʭʘʥʠʯʢʠʤ ʩʠʩʪʝʤʠʤʘ.  

ʋʙʨʟʘˁʝ ʪʘʢʦʹʝ ʜʝʬʠʥʠʰʝ ʢʦʤʧʣʝʪʥʫ ʜʠʥʘʤʠʢʫ ʩʘʤʦʛ ʧʨʦʮʝʩʘ ʪʨʝˁʘ ʙʝʟ ʫʚʦʹʝˁʘ 

ʧʦʙʫʜʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʛʨʝʰʘʢʘ ʤʝʨʝˁʘ, ʢʦʿʝ ʫ ʟʥʘʪʥʦ ʚʝ˂ʦʿ ʤʝʨʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʤʝʨʥʠ 

ʠʥʩʪʨʫʤʝʥʪʠ (ʜʠʥʘʤʦʤʝʪʨʠ-ʩʝʥʟʦʨʠ ʩʠʣʝ) ʟʘ ʢʚʘʥʪʠʬʠʢʦʚʘˁʝ ʥʦʨʤʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ 

ʢʦʥʪʘʢʪʘ ʠ ʩʠʣʝ ʪʨʝˁʘ.  

ʏʠˁʝʥʠʮʘ ʜʘ ʩʝ ʦʚʘ ʤʝʪʦʜʘ  ʙʘʟʠʨʘ ʥʘ ʤʝʨʝˁʫ ʦʩʥʦʚʥʠʭ ʬʠʟʠʯʢʠʭ ʚʝʣʠʯʠʥʘ (ʚʨʝʤʝ, 

ʧʨʝʹʝʥʠ ʧʫʪ, ʫʛʘʦ ʦʙʨʪʘˁʘ) ʦʤʦʛʫ˂ʘʚʘ ʬʦʨʤʠʨʘˁʝ ʧʦʫʟʜʘʥʠʭ ʤʝʨʥʠʭ ʣʘʥʘʮʘ ʠ ˁʠʭʦʚ 

ʩʤʝʰʪʘʿ ʚʘʥ ʟʦʥʝ ʢʦʥʪʘʢʪʘ, ʰʪʦ ʟʥʘʪʥʦ ʧʦʿʝʜʥʦʩʪʘʚˀʫʿʝ ʪʨʠʙʦʣʦʰʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ 

ʫʩʣʦʚʠʤʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʥʪʨʦʣʠʩʘʥʝ ʜʫʙʠʥʝ ʚʘʢʫʫʤʘ, ʘʛʨʝʩʠʚʥʦʿ  ʩʨʝʜʠʥʠ ʠ 

ʦʩʪʘʣʠʤ ʩʣʦʞʝʥʠʿʠʤ  ʫʩʣʦʚʠʤʘ ʠʩʧʠʪʠʚʘˁʘ. 

ʀʟʣʦʞʝʥʫ ʤʝʪʦʜʫ ʢʘʨʘʢʪʝʨʠʰʝ ʚʠʩʦʢ ʥʠʚʦ ʧʦʫʟʜʘʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʢʘʦ ʠ 

ʚʝʣʠʢʠ ʧʦʪʝʥʮʠʿʘʣ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʝ ʤʝʪʦʜʝ ʫ ʩʬʝʨʠ ʦʙʨʘʟʦʚʘˁʘ, ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʨʘʟʚʦʿʘ 

ʪʨʠʙʦʜʠʿʘʛʥʦʩʪʠʯʢʝ ʦʧʨʝʤʝ. 

ʄʝʪʦʜʦʣʦʛʠʿʘ ʦʜʨʝʹʠʚʘˁʘ ʢʠʥʝʤʘʪʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ, ʢʦʿʘ ʩʝ ʨʘʟʤʘʪʨʘ ʫ ʦʚʦʤ 

ʨʘʜʫ, ʥʝʤʘ ʩʫʰʪʠʥʩʢʠʭ ʦʛʨʘʥʠʯʝˁʘ. ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʫ ʙʠʣʦ ʢʦʿʠʤ 

ʫʩʣʦʚʠʤʘ ʦʩʪʚʘʨʠʚʘˁʘ ʢʦʥʪʘʢʪʘ. ʄʦʛʫ ʩʝ ʠʩʧʠʪʠʚʘʪʠ ʢʣʠʟʥʠ ʠ ʢʦʪʨˀʘʿʥʠ ʧʘʨʦʚʠ  

ʨʘʟʣʠʯʠʪʠʭ ʪʨʙʦʣʦʰʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʨʠ ʯʝʤʫ ʩʝ  ʥʠʚʦ ʩʠʤʫʣʠʨʘʥʦʛ  ʦʧʪʝʨʝ˂ʝˁʘ ʠ  

ʨʘʩʧʦʥ ʙʨʟʠʥʘ ʢʣʠʟʘˁʘ ʠʣʠ ʢʦʪʨˀʘˁʘ, ʤʦʛʫ ʢʨʝʪʘʪʠ ʫ ʰʠʨʦʢʦʤ ʦʧʩʝʛʫ. ʆʚʦʤ ʤʝʪʦʜʦʤ 

ʩʝ, ʤʥʦʛʦ ʿʝʜʥʦʩʪʘʚʥʠʿʝ, ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʝ ʤʝʪʦʜʝ, ʠʩʧʠʪʠʚʘˁʘ ʤʦʛʫ ʚʨʰʠʪʠ 

ʧʨʠ ʩʠʤʫʣʘʮʠʿʠ ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ  ʢʦʥʪʘʢʪʘ,  ʠ ʫʦʧʰʪʝ, ʨʘʟʣʠʯʠʪʠʭ 

ʫʩʣʦʚʘ  ʢʦʿʠ ʙʣʠʞʝ ʜʝʬʠʥʠʰʫ ʨʘʜ ʨʝʘʣʥʠʭ ʪʨʠʙʦʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ (ɸʛʨʝʩʠʚʥʘ 

ʩʨʝʜʠʥʘ, ʩʠʩʪʝʤ ʧʦʜʤʘʟʠʚʘˁʘ, ʥʠʚʦ ʦʧʪʝʨʝ˂ʝˁʘ, ʠʪʜ.). 

ɹʫʜʫ˂ʘ ʠʩʪʨʘʞʠʚʘˁʘ ʙʠ˂ʝ ʫʩʤʝʨʝʥʘ ʫ ʜʦʤʝʥʫ ʠʥʠʮʠʨʘˁʘ ʢʨʝʪʘˁʘ ʧʨʝʢʦ ʙʝʟʢʦʥʪʘʢʪʥʝ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʝ ʩʧʦʿʥʠʮʝ, ʰʪʦ ˂ʝ ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʝʪʠ ʫʩʘʚʨʰʘʚʘˁʫ ʩʠʩʪʝʤʘ ʟʘ 

ʠʥʠʮʠʨʘˁʝ ʢʨʝʪʘˁʘ ʠ ʧʨʦʰʠʨʠʪʠ ʦʧʩʝʛ ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ. ʊʘʢʦʹʝ 

ʠʩʪʨʘʞʠʚʘˁʘ ˂ʝ ʙʠʪʠ ʫʩʤʝʨʝʥʘ ʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʤʝʪʦʜʝ ʧʨʠ ʢʚʘʥʪʠʬʠʢʦʚʘˁʫ ʪʨʝˁʘ 

ʫ ʫʩʣʦʚʠʤʘ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʟʦʥʠ ʢʦʥʪʘʢʪʘ. 

  












