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ɸʥʥʦʪʘʮʠʷ 

 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʤʘʩʩʠʚʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ, ʩʦʟʜʘʚʘ-

ʝʤʳʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʪʦʢʦʥʝʩʫʱʠʭ ʢʘʪʫʰʝʢ ʩ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ɿʝʤʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʩʧʫʪʥʠʢʘ çʌʦʪʦʥè. ʀʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʣʫʞʘʪ ʪʨʠ ʦʜʠʥʘʢʦʚʳʝ ʢʘʪʫʰʢʠ, ʦʩʠ ʢʦʪʦʨʳʭ ʚʟʘʠʤʥʦ ʦʨ-

ʪʦʛʦʥʘʣʴʥʳ. ʋʧʨʘʚʣʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟ-

ʤʝʥʝʥʠʷ ʪʦʢʦʚ ʚ ʢʘʪʫʰʢʘʭ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶɦ ʠʝ 

ʛʘʰʝʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ ʝʛʦ ʚ ʨʝʞʠʤʝ ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʏʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʪʴ ʵʪʠ ʟʘʢʦʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ 

ʧʦʢʘʟʘʥʠʷ ʪʨʝʭʦʩʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʘʞ-

ʜʦʛʦ ʟʘʢʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʚʘʪʪ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʢʦʥʦʚ ʧʨʦʚʝʨʝʥʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʫʧʨʘʚ-

ʣʷʶɦʝʛʦ ʤʦʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʩʧʫʪʥʠʢʘʭ ʩʝʨʠʠ çʌʦʪʦʥè 

ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʩʪʘʙʠʣʠʟʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠ-

ʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʚʝʩʴʤʘ ʤʘʣʳʡ ʫʨʦʚʝʥʴ ʢʚʘʟʠʩʪʘ-

ʪʠʯʝʩʢʠʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʠʭ ʙʦʨʪʫ. 

 

A.I. Ignatov, V.V. Sazonov. Stabilization of the spacecraft in the gravity 

gradient orientation mode by electromagnetic attitude control system. We 

demonstrate the possibility to stabilize the heavy spacecraft like Foton in the gravity 

gradient orientation mode by the electromagnetic attitude control system that uses 

three current-carrying coils as its actuators. The coils have mutually perpendicular 

axes. Electric currents in the coils produce the magnetic moment, which interacts 

with the Earth magnetic field and produce a torque acting upon the spacecraft. The 

spacecraft attitude control is implemented by change of the currents in the coils. We 

investigate a few control laws that reduce the spacecraft angular rate and stabilize the 

spacecraft gravity gradient orientation. Measurements of a triaxial magnetometer 

need only to form these laws. Realization of the laws requires a few watts of electric 

power. We test the laws by the mathematical modeling the spacecraft attitude motion 

taking into account the gravitational and the aerodynamic torques acted upon the 

spacecraft, as well as the control torques produced by the electromagnetic system. As 

results of modeling show, the investigated orientation mode provides very small re-

sidual accelerations onboard the spacecraft Foton. 
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1. ɺʚʝʜʝʥʠʝ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʩʧʫʪ-

ʥʠʢʘʭ çʌʦʪʦʥ-11è ʠ çʌʦʪʦʥ-12è, çʌʦʪʦʥ ʄ-2è ʠ çʌʦʪʦʥ ʄ-3è ʚ ʥʝʫʧʨʘʚʣʷʝ-

ʤʦʤ ʧʦʣʝʪʝ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʨʝʤʷ ʧʨʠʯʠʥʘʤʠ: ʜʚʠʞʝʥʠʝʤ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ, ʛʨʘʜʠʝʥʪʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʘʪʤʦ-

ʩʬʝʨʳ [1 - 7]. ʇʝʨʚʘʷ ʠʟ ʵʪʠʭ ʧʨʠʯʠʥ ʙʳʣʘ ʦʧʨʝʜʝʣʷʶʱʝʡ. ʇʨʠʥʷʚ ʤʝʨʳ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ, ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʢʚʘʟʠ-

ʩʪʘʪʠʯʝʩʢʠʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʥʘ ʝʛʦ ʙʦʨʪʫ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ 

ʨʝʞʠʤ ʚʨʘɦ ʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ ʙʳʣʘ ʙʳ 

ʤʘʣʦʡ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʘʠʣʫʯʰʠʤ ʨʝʞʠʤʦʤ ʧʦ ʫʨʦʚʥʶ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʷʚʣʷʝʪ-

ʩʷ ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ [8 ï 10]. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʤʘ-

ʣʳʡ ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ ʙʦʨʪʘ 

ʩʧʫʪʥʠʢʘ, ʥʦ ʠ ʤʘʣʳʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʫʣʝʤ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʚʘʨʠʘʮʠʠ ʵʪʦʛʦ 

ʚʝʢʪʦʨʘ ʚʦ ʚʨʝʤʝʥʠ. 

ʄʘʩʩʠʚʥʳʡ ʩʧʫʪʥʠʢ ʚ ʨʝʞʠʤʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʞʥʦ ʩʪʘʙʠ-

ʣʠʟʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʫʧʨʘʚʣʝʥʠʷ [9, 10], ʥʦ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʢʦʥʝʩʫʱʠʝ ʢʘʪʫʰʢʠ [8, 11], ʢʦʪʦʨʳʤʠ ʨʘʟʛʨʫʞʘʶʪ ʢʠʥʝʪʠʯʝ-

ʩʢʠʡ ʤʦʤʝʥʪ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʦʜʦʣʞʘʝʪ ʥʘʯʘʪʳʡ ʚ [8] ʘʥʘʣʠʟ 

ʩʧʦʩʦʙʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʤʦ-

ʤʝʥʪʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʦʢʦʥʝʩʫʱʠʭ ʢʘʪʫʰʝʢ ʩ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ɿʝʤʣʠ (ʄʇɿ). ʅʠʞʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ çʌʦʪʦʥè ʩʠʩʪʝʤʦʡ ʠʟ ʪʨʝʭ ʦʜʠʥʘʢʦʚʳʭ ʢʘʪʫ-

ʝhʢ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʠʪʢʦʚ, ʫʣʦʞʝʥʥʳʭ ʚʜʦʣʴ 

ʦʢʨʫʞʥʦʩʪʝʡ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʩʬʝʨʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʦʡ 

ʩʧʫʩʢʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ. ʂʘʪʫʰʢʠ ʨʘʟʤʝʱʝʥʳ ʚ ʪʨʝʭ ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ. ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʩʬʝʨʳ, ʦʜʥʘ ʠʟ 

ʣʠʥʠʡ ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʩʦʚʧʘʜʘʝʪ ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʩʧʫʪʥʠʢʘ. ʕʣʝʢ-

ʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʢʘʪʫʰʢʘʭ ʬʦʨʤʠʨʫʝʪ ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦ-

ʨʦʛʦ ʩ ʄʇɿ ʩʦʟʜʘʝʪ ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʩʧʫʪʥʠʢʫ ʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʤʝʥʪ. ʋʧʨʘʚʣʷʷ 

ʪʦʢʘʤʠ ʚ ʢʘʪʫʰʢʘʭ, ʤʦʞʥʦ ʚ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʝʣʘʭ ʫʧʨʘʚʣʷʪʴ ʚʨʘʱʘʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʩʧʫʪʥʠʢʘ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʞʝʩʪʢʠʭ ʚʨʝʤʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʠ-

ʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʥʦ ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʭ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʜʚʠʞʝʥʠʠ ʩʧʫʪʥʠʢʘ. 

ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʭ ʜʣʷ ʛʘʰʝʥʠʷ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʞʠʤʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʟʘʢʦʥʦʚ ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ 

ʩʣʦʞʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɼʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʧʦʢʘʟʘʥʠʷ ʪʨʝʭʦʩʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ ʠ 

ʘʧʧʘʨʘʪʫʨʫ ʜʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʘʞʜʦʛʦ ʟʘ-

ʢʦʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʚʘʪʪ (ʥʝ ʩʯʠʪʘʷ ʟʘʪʨʘʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ). 

ʇʨʦʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʘʢʦʥʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʤʦʤʝʥʪʦʚ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʩʧʫʪʥʠʢʘʭ ʩʝʨʠʠ çʌʦʪʦʥè ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ 
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ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʤʠʢʨʦ-

ʫʩʢʦʨʝʥʠʡ ʥʘ ʠʭ ʙʦʨʪʫ. 

2. ʌʦʨʤʫʣʘ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʇʫʩʪʴ ʩʧʫʪʥʠʢ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʝʨʜʦʝ ʪʝʣʦ ʠ ʪʦʯʢʘ P  ʞʝʩʪʢʦ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʢʦʨʧʫʩʦʤ. ʄʠʢʨʦ-

ʫʩʢʦʨʝʥʠʝʤ b  ʚ ʪʦʯʢʝ P  ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʵʪʦʡ ʪʦʯʢʝ ʠ ʘʙʩʦʣʶʪʥʳʤ ʫʩʢʦʨʝʥʠʝʤ ʧʦʩʣʝʜʥʝʡ. ʈʦʣʴ ʚʝʢʪʦʨʘ 

b  ʚ ʦʨʙʠʪʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʘʥʘʣʦʛʠʯʥʘ ʨʦʣʠ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝ-

ʥʠʷ g  ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʚ ʪʦʯʢʝ P  ʟʘ-

ʢʨʝʧʠʪʴ ʧʨʦʙʥʦʝ ʪʝʣʦ ʩ ʠʩʯʝʟʘʶʱʝ ʤʘʣʦʡ ʤʘʩʩʦʡ pm , ʪʦ ʩʠʣʘ ʨʝʘʢʮʠʠ, ʜʝʡ-

ʩʪʚʫʶʱʘʷ ʥʘ ʵʪʦ ʪʝʣʦ ʩʦ ʩʪʦʨʦʥʳ ʩʧʫʪʥʠʢʘ, ʙʫʜʝʪ ʨʘʚʥʘ )( bpm- . ʇʨʠʙʣʠʞʝʥ-

ʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʠʤʝʝʪ ʚʠʜ [12] 
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ɿʜʝʩʴ d  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ P  ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʩʧʫʪʥʠʢʘ ï ʪʦʯʢʠ 

O , ɤ ï ʘʙʩʦʣʶʪʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʧʫʪʥʠʢʘ, ʪʦʯʢʘ ʥʘʜ ʙʫʢʚʦʡ ʦʟʥʘʯʘʝʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦ ʚʨʝʤʝʥʠ t , Em  ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ɿʝʤʣʠ, r  ï 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ O , v  ï ʩʢʦʨʦʩʪʴ ʵʪʦʡ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ar  ï ʧʣʦʪʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ ʚ ʪʦʯʢʝ O , c  ï ʙʘʣʣʠʩʪʠʯʝʩ-

ʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʫʪʥʠʢʘ. 

ʌʦʨʤʫʣʘ (1) ʚʳʚʝʜʝʥʘ ʜʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʯʘʩʪʦʪʥʳʭ ʦʛʨʘ-

ʥʠʯʝʥʠʡ. ʆʜʥʘʢʦ ʝʩʣʠ ʩʧʫʪʥʠʢ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʝʛʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʜʚʠʞʝʥʠʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ (ʪʘʢʦʝ 

ʜʚʠʞʝʥʠʝ ʦʙʳʯʥʦ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʝ), ʪʦ ʬʦʨʤʫʣʘ (1) ʜʘʝʪ ʠʤʝʥʥʦ ʢʚʘʟʠʩʪʘʪʠʯʝ-

ʩʢʦʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʝ. 

ʌʦʨʤʫʣʘ (1) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʨʝʘʣʴʥʳʭ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʤʠʢ-

ʨʦʫʩʢʦʨʝʥʠʡ, ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʥʘ ʣʝʪʘʚʰʠʭ ʩʧʫʪʥʠʢʘʭ [1 ï 7], ʠ ʜʣʷ ʧʨʦʛʥʦʟʘ 

ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʩʧʫʪʥʠʢʘʭ [8 ï 10]. ɺ ʧʦ-

ʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ï

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, ʚʳʙʠʨʘʝʪʩʷ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ, ʵʪʦʪ ʨʝʞʠʤ ʤʦʜʝʣʠʨʫʝʪʩʷ ï 

ʥʘʭʦʜʠʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ, ʠ ʚʜʦʣʴ ʥʘʡʜʝʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʝ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʙʦʨʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

(1). ʀʤʝʥʥʦ ʪʘʢ ʬʦʨʤʫʣʘ (1) ʧʨʠʤʝʥʷʝʪʩʷ ʥʠʞʝ. 

3. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ. ʉʧʫʪʥʠʢ ʩʯʠʪʘʝʤ ʪʚʝʨʜʳʤ ʪʝʣʦʤ, 

ʮʝʥʪʨ ʤʘʩʩ ʢʦʪʦʨʦʛʦ ʜʚʠʞʝʪʩʷ ʧʦ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʦʨʙʠʪʝ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʚʠ-

ʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʚʚʝʜʝʤ ʪʨʠ ʧʨʘʚʳʭ ʜʝʢʘʨʪʦʚʳʭ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. 

ʉʚʷʟʘʥʥʘʷ ʩʦ ʩʧʫʪʥʠʢʦʤ ʩʠʩʪʝʤʘ 321 xxOx  ʦʙʨʘʟʦʚʘʥʘ ʝʛʦ ʛʣʘʚʥʳʤʠ ʮʝʥ-

ʪʨʘʣʴʥʳʤʠ ʦʩʷʤʠ ʠʥʝʨʮʠʠ. ʅʝʩʢʦʣʴʢʦ ʫʧʨʦʱʘʷ ʤʦʜʝʣʴ, ʧʦʣʘʛʘʝʤ, ʯʪʦ ʦʩʠ ʵʪʦʡ 

ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʫʪʥʠʢʘ: ʦʩʴ 1Ox  

ʧʘʨʘʣʣʝʣʴʥʘ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ, ʦʩʴ 2Ox  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʩʦʣʥʝʯ-

ʥʳʭ ʙʘʪʘʨʝʡ. ʅʠʞʝ, ʝʩʣʠ ʥʝ ʦʛʦʚʦʨʝʥʦ ʦʩʦʙʦ, ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ʠ ʢʦʦʨʜʠ-
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ʥʘʪʳ ʪʦʯʝʢ ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʝ 321 xxOx . ɹʘʟʠʩʥʳʝ ʦʨʪʳ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʙʦʟʥʘ-

ʯʠʤ 1 2 3, ,e e e . 

ʅʘʯʘʣʦ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʳ 321 yyCy  ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ɿʝʤʣʠ, ʧʣʦʩ-

ʢʦʩʪʴ 21yCy  ʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʵʢʚʘʪʦʨʘ, ʦʩʴ 1Cy  ʧʝʨʝʩʝʢʘʝʪ ʛʨʠʥʚʠʯʩʢʠʡ 

ʤʝʨʠʜʠʘʥ, ʦʩʴ 3Cy  ʥʘʧʨʘʚʣʝʥʘ ʢ ʉʝʚʝʨʥʦʤʫ ʧʦʣʶʩʫ. 

 ɺ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 321 XXOX  ʦʩʠ 3OX  ʠ 2OX  ʥʘʧʨʘʚʣʝʥʳ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʚʜʦʣʴ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ O  ʠ ʚʝʢʪʦʨʘ ʢʠʥʝʪʠʯʝ-

ʩʢʦʛʦ ʤʦʤʝʥʪʘ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ. ɹʘʟʠʩ ʵʪʦʡ ʩʠʩʪʝʤʳ ï 

1 2 3, ,E E E . 

 ʄʘʪʨʠʮʫ ʧʝʨʝʭʦʜʘ ʦʪ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʦʙʦ-

ʟʥʘʯʠʤ 3, 1|| ||ij i jc =, ʛʜʝ ijc  ï ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʦʩʷʤʠ iCy  ʠ jOX . ʕʣʝʤʝʥʪʳ ʵʪʦʡ 

ʤʘʪʨʠʮʳ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ r  ʠ v  (ʩʤ. (1)) ʚ ʛʨʠʥʚʠʯʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʄʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ ʦʪ ʩʠʩʪʝʤʳ 321 xxOx  ʢ ʛʨʠʥʚʠʯʩʢʦʡ ʠ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʘʤ ʦʙʦʟʥʘʯʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3
1,|||| =jiijb  ʠ 3

1,|||| =jiija ; ijb  ʠ ija  

ï ʢʦʩʠʥʫʩʳ ʫʛʣʦʚ, ʢʦʪʦʨʳʝ ʦʩʴ jOx  ʦʙʨʘʟʫʝʪ ʩ ʦʩʷʤʠ iCy  ʠ iOX . 

ʄʘʪʨʠʮʫ |||| ija  ʧʘʨʘʤʝʪʨʠʟʫʝʤ ʫʛʣʘʤʠ g, d ʠ b, ʢʦʪʦʨʳʝ ʚʚʝʜʝʤ ʩ ʧʦ-

ʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ. ʆʨʙʠʪʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʩʠʩʪʝʤʫ 

321 xxOx  ʪʨʝʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʧʦʚʦʨʦʪʘʤʠ: 1) ʥʘ ʫʛʦʣ 2/pd+  ʚʦʢʨʫʛ ʦʩʠ 

2OX , 2) ʥʘ ʫʛʦʣ b ʚʦʢʨʫʛ ʥʦʚʦʡ ʦʩʠ 3OX , 3) ʥʘ ʫʛʦʣ g ʚʦʢʨʫʛ ʦʩʠ 1OX , ʧʦʣʫ-

ʯʝʥʥʦʡ ʧʦʩʣʝ ʧʝʨʚʳʭ ʜʚʫʭ ʧʦʚʦʨʦʪʦʚ ʠ ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʩʴʶ 1Ox. ʕʣʝʤʝʥʪʳ 

ʤʘʪʨʠʮʳ |||| ija  ʚrʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʵʪʠ ʫʛʣʳ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ 
 

 bdcossin11 -=a ,     bsin21=a , 

gbdgd cossinsinsincos12 +=a ,   gbcoscos22=a , 

gbdgd sinsinsincoscos13 -=a ,   gbsincos23 -=a , 
 

   bdcoscos31 -=a , 

   gbdgd cossincossinsin32 +-=a , 

   gbdgd sinsincoscossin33 --=a  
 

ʠ ʩʚʷʟʘʥʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮ || ||ijb  ʠ |||| ijc  ʩʦʦʪʥʦʰʝʥʠʷʤʠ 
 

ä
=

=

3

1k

kjikij acb     ( )3,2,1, =ji .                                        (2) 

 

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ. ʆʜʥʘ ʧʦʜʩʠ-

ʩʪʝʤʘ ʦʧʠʩʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʩʧʫʪʥʠʢʘ, ʜʨʫʛʘʷ ʝʛʦ ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ. ʇʦʜʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʚ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʦʚ r  ʠ v  (ʩʤ. 
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(1)). ɺ ʥʝʡ ʫʯʠʪʳʚʘʶʪʩʷ ʥʝʮʝʥʪʨʘʣʴʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʠ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʘʪʤʦʩʬʝʨʳ. ʅʝʮʝʥʪʨʘʣʴʥʦʩʪʴ ʧʦʣʷ ʫʯʠʪʳʚʘʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʯʣʝ-

ʥʦʚ ʧʦʨʷʜʢʘ (16,16) ʚʢʣʶʯʠʪʝʣʴʥʦ ʚ ʨʘʟʣʦʞʝʥʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ɿʝʤʣʠ ʚ ʨʷʜ ʧʦ ʰʘʨʦʚʳʤ ʬʫʥʢʮʠʷʤ. ɸʪʤʦʩʬʝʨʘ ʩʯʠʪʘʝʪʩʷ ʚʨʘʱʘʶʱʝʡʩʷ ʚʤʝʩʪʝ 

ʩ ɿʝʤʣʝʡ, ʝʝ ʧʣʦʪʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ɻʆʉʊ ʈ 25645.166-

2004. ʇʘʨʘʤʝʪʨʳ ʘʪʤʦʩʬʝʨʳ ʠ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʫʪʥʠʢʘ ʩʯʠʪʘ-

ʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. 

ʇʦʜʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʘ ʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʕʡʣʝʨʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ ʠ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʇʫʘʩʩʦʥʘ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʳʭ ʜʚʫʭ ʩʪʨʦʢ ʤʘʪʨʠʮʳ 

|||| ijb . ɺ ʫʨʘʚʥʝʥʠʷʭ ʕʡʣʝʨʘ ʫʯʠʪʳʚʘʶʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶ-

ʱʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ 

ʪʦʢʦʚʳʤʠ ʢʘʪʫʰʢʘʤʠ. ɼʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʦʤʝʥʪʘ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʦʝ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ [13]. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ aM  ʚʳʯʠʩʣʷʣʩʷ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʧʫʪʥʠʢ ʠʤʝʝʪ ʬʦʨʤʫ ʧʨʷʤʦʛʦ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʩ ʜʚʫʤʷ 

ʧʨʠʢʨʝʧʣʝʥʥʳʤʠ ʢ ʥʝʤʫ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ï ʩʦʣʥʝʯ-

ʥʳʤʠ ʙʘʪʘʨʝʷʤʠ. ʎʠʣʠʥʜʨ ʠʤʝʝʪ ʨʘʜʠʫʩ R ʠ ʚʳʩʦʪʫ L, ʝʛʦ ʦʩʴ ʩʦʚʧʘʜʘʝʪ ʩ 

ʦʩʴʶ 1Ox. ʇʣʘʩʪʠʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʧʣʦʩʢʦʩʪʠ 31xOx  ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʦʩʠ 1Ox. ʉʪʦʨʦʥʳ ʧʣʘʩʪʠʥ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʷʤ 1Ox  ʠ 3Ox . ʉʫʤʤʘʨʥʘʷ ʧʣʦ-

ʱʘʜʴ ʧʣʘʩʪʠʥ ʩʦʩʪʘʚʣʷʝʪ bS . ʂʦʦʨʜʠʥʘʪʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʤʘʩʩ ʮʠʣʠʥ-

ʜʨʘ ʠ ʧʣʘʩʪʠʥ ʩʫʪʴ )0,0,( cz  ʠ )0,0,( bz . ʇʦʣʘʛʘʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʘʪʤʦʩʬʝʨʳ 

ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʧʫʪʥʠʢʘ ʠʩʧʳʪʳʚʘʶʪ ʘʙʩʦʣʶʪʥʦ ʥʝʫʧʨʫʛʠʡ 

ʫʜʘʨ. ʊʦʛʜʘ ʬʦʨʤʫʣʘ ʜʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠʤʝʝʪ ʚʠʜ [13] 
 

)(|| PvvM ³= aa r .                                              (3) 
 

ɿʜʝʩʴ )(vPP=  ï ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʠʛʫʨʳ, ʷʚʣʷʶʱʝʡʩʷ ʧʨʦʝʢ-

ʮʠʝʡ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʠ ʩʧʫʪʥʠʢʘ ʥʘ ʧʣʦʩʢʦʩʪʴ vP , ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʚʝʢʪʦʨʫ 

v. ɺʝʢʪʦʨ P  ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ vP  ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʝʢʮʠʠ ʥʘ 

vP  ʪʦʯʢʠ O. ʌʦʨʤʫʣʘ (3) ʚʳʜʝʨʞʠʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ vPP p+­ , ʛʜʝ p  ï 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʩʢʘʣʷʨ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʩʣʦʚʠʝ vPÍP  ʤʦʞʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪʴ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʧʫʪʥʠʢʘ ʤʦʞʥʦ ʚʟʷʪʴ 
 

1| | Q=v P e ,    2 2 2

1 2 2 3| v | | v | 2 v vc b b cQ R z S z RLzp= + + +. 
 

ɿʜʝʩʴ iv  ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ v . 

ɼʦʧʫʱʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʧʨʠ ʚʳʚʦʜʝ ʬʦʨʤʫʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥ-

ʪʘ, ʧʦʟʚʦʣʷʶʪ ʚʳʧʠʩʘʪʴ ʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʭʦʜʷʱʝʛʦ ʚ ʬʦʨʤʫʣʫ (1) ʙʘʣʣʠ-

ʩʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʧʫʪʥʠʢʘ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʠʤʝʝʪ ʚʠʜ mSc v= , ʛʜʝ 

vS  ï ʧʣʦʱʘʜʴ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʠʛʫʨʳ, ʷʚʣʷʶʱʝʡʩʷ ʧʨʦʝʢʮʠʝʡ ʚʥʝʰʥʝʡ ʦʙʦ-

ʣʦʯʢʠ ʩʧʫʪʥʠʢʘ ʥʘ ʧʣʦʩʢʦʩʪʴ vP , m ï ʤʘʩʩʘ ʩʧʫʪʥʠʢʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
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ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʯʣʝʥ ʬʦʨʤʫʣʳ (1) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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 ʅʠʞʝ ʨʘʩʯʝʪ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (1), (4), ʥʦ ʚ 

ʧʦʜʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ʕʪʦ ʫʧʨʦʱʝʥʠʝ ʦʙʣʝʛʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝ-

ʘʣʴʥʳʭ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʨʘʱʘ-

ʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚ ʫʨʘʚʥʝʥʠ-

ʷʭ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʦʙʳʯʥʦ ʫʯʠʪʳʚʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʙʘʣʣʠʩʪʠʯʝʩʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 

ʇʨʠ ʚʳʚʦʜʝ ʚʳʨʘʞʝʥʠʡ ʜʣʷ Pv ||  ʠ v|| Sv  ʥʝ ʫʯʠʪʳʚʘʣʦʩʴ ʚʟʘʠʤʥʦʝ ʟʘʪʝ-

ʥʝʥʠʝ ʢʦʨʧʫʩʘ ʩʧʫʪʥʠʢʘ ʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʦʪ ʥʘʙʝʛʘʶʱʝʛʦ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʦʝ ʫʧʨʦʱʝʥʠʝ ʪʘʢʞʝ ʦʧʨʘʚʜʘʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʣʦʞʝʥʠʡ 

ʩʧʫʪʥʠʢʘ, ʚ ʢʦʪʦʨʳʭ ʫʢʘʟʘʥʥʦʝ ʟʘʪʝʥʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʚʢʣʘʜ ʚ ʫʢʘʟʘʥʥʳʝ ʚʳ-

ʨʘʞʝʥʠʷ ʯʣʝʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʥʦʞʠʪʝʣʴ 
2| v |bS , ʤʘʣ. 

ʄʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʪʦʢʦʚʳʤʠ ʢʘʪʫʰʢʘʤʠ, ʠʤʝʝʪ ʚʠʜ 
 

BLM ³=c .                                                      (5) 
 

ɿʜʝʩʴ ),,( 321 LLL=L  ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʢʘʪʫʰʝʢ, ),,( 321 BBB=B  ï ʤʘʛʥʠʪ-

ʥʘʷ ʠʥʜʫʢʮʠʷ ʄʇɿ ʚ ʪʦʯʢʝ O . 

ʇʦʜʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʠʤʝʝʪ ʚʠʜ 
 

233232323211 ))(( BLBLxxIII -+--= nwww" , 

2 2 3 1 3 1 3 1 3 1 1 3 1( )( ) vaI I I x x L B L B Qw ww n r= - - + - +, 

3 3 1 2 1 2 1 2 1 2 2 1 2( )( ) vaI I I x x L B L B Qw ww n r= - - + - -, 

(6) 

 2121331211 bbbb Ewww +-=" ,   1122332221 bbbb Ewww --=" , 

 2231111312 bbbb Ewww +-=" ,   1232112322 bbbb Ewww --=" , 

 2311221113 bbbb Ewww +-=" ,   1312222123 bbbb Ewww --=" , 
 

ɿʜʝʩʴ iw ʠ ix  ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ɤ ʠ r , iI  ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʩʧʫʪʥʠʢʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ iOx  )3,2,1( =i , 
53 | |En m -= r , Ew  ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝ-

ʥʠʷ ɿʝʤʣʠ. ʊʨʝʪʴʷ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ ʧʝʨʝʭʦʜʘ |||| ijb  ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʚʝʢʪʦʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʝʝ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʪʨʦʢ. ʇʝʨʝʤʝʥʥʳʝ ib1  ʠ ib2  ʟʘʚʠʩʠʤʳ. ʆʥʠ 

ʩʚʷʟʘʥʳ ʫʩʣʦʚʠʷʤʠ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʤʘʪʨʠʮʳ |||| ijb , ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʫʯʠʪʳ-

ʚʘʪʴʩʷ ʧʨʠ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

 ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʄʇɿ ʚ ʪʦʯʢʝ O  ʨʘʩʩʯʠʪʳʚʘ-
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ʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ 

ä
=

=

3

1j

jiyji bBB     )3,2,1( =i , 

ʛʜʝ yiB  ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʄʇɿ ʚ ʛʨʠʥʚʠʯʩʢʦʡ ʩʠʩʪʝ-

ʤʝ ʢʦʦʨʜʠʥʘʪ. ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʦʜʝʣʴʶ IGRF. ʇʨʠʚʝʜʝʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʩʯʝʪʘʭ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʧʠʩʘʥʥʦʡ ʤʦʜʝʣʠ. 

ʇʘʨʘʤʝʪʨʳ ʩʧʫʪʥʠʢʘ: m= 6440 ʢʛ, 1I = 2600 ʢʛĿʤ
2, 2I = 11100 ʢʛĿʤ2, 3I = 10900 

ʢʛĿʤ2, R= 1.3 ʤ, L= 5.0 ʤ, bS = 33 ʤ2, =bz  ï1 ʤ, =cz  0.3 ʤ. ʄʠʢʨʦʫʩʢʦʨʝʥʠʝ 

),,( 321 bbb=b  ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʚ ʪʦʯʢʝ P  ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (ï1 ʤ, 0.7 ʤ, 0.5 ʤ). 

ʕʪʘ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʨʘʙʦʯʝʛʦ ʦʪʩʝʢʘ ʩʧʫʪʥʠʢʘ, ʧʨʠʤʝʨʥʦ 

ʥʘ ʝʝ ʩʝʨʝʜʠʥʝ. ɺʙʣʠʟʠ ʵʪʦʡ ʪʦʯʢʠ ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ ʥʘʫʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ ʚʦ ʚʩʝʭ ʨʘʩʯʝʪʘʭ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: F =137.0, 

81F =117.086, 2.444pK = . 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʩʧʫʪʥʠʢʘ ʟʘʜʘʚʘʣʠʩʴ ʚ ʤʦʤʝʥʪ 

10:13:07 ʜʝʢʨʝʪʥʦʛʦ ʤʦʩʢʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ 05.05.2013. ʅʘ ʵʪʦʪ ʤʦʤʝʥʪ ʵʣʝʤʝʥʪʳ 

ʦʨʙʠʪʳ ʩʦʩʪʘʚʣʷʣʠ: ʚʳʩʦʪʘ ʚ ʘʧʦʛʝʝ 575.2 ʢʤ, ʚʳʩʦʪʘ ʚ ʧʝʨʠʛʝʝ 546.8 ʢʤ, ʥʘʢʣʦ-

ʥʝʥʠʝ 64.87̄, ʘʨʛʫʤʝʥʪ ʰʠʨʦʪʳ ʧʝʨʠʛʝʷ 124.65- ,̄ ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ 

(ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʪʦʯʢʠ ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʵʧʦʭʠ ʜʘʪʳ) 16.73- .̄ 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʫʨʘʚʥʝʥʠʡ (6) ʟʘʜʘʚʘʣʠʩʴ ʚ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

ʯʪʦ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠʥʷʪʦʡ ʦʨʙʠʪʳ. ʕʪʦʪ ʤʦʤʝʥʪ ʩʣʫʞʠʣ ʥʘʯʘʣʦʤ ʦʪ-

ʩʯʝʪʘ ʚʨʝʤʝʥʠ ï ʪʦʯʢʦʡ 0=t . ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 1 (0)ib  ʠ 2 (0)ib  ʟʘʜʘʚʘʣʠʩʴ 

ʬʦʨʤʫʣʘʤʠ (2), ʚ ʢʦʪʦʨʳʭ ʤʘʪʨʠʮʘ |||| ija  ʚʳʨʘʞʘʣʘʩʴ ʯʝʨʝʟ ʫʛʣʳ g, d ʠ b, 

ʤʘʪʨʠʮʘ |||| ijc  ʦʪʚʝʯʘʣʘ ʤʦʤʝʥʪʫ 0=t . ʌʦʨʤʫʣʳ (2) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʞʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʫʛʣʦʚ , ,g d b ʚʜʦʣʴ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ (6).  

4. ʈʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ. ʋʨʘʚʥʝʥʠʷ (6) ʛʨʦ-

ʤʦʟʜʢʠ ʠ ʥʝʫʜʦʙʥʳ ʜʣʷ ʧʦʷʩʥʝʥʠʷ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠ-

ʢʘ. ʕʪʦʪ ʨʝʞʠʤ ʠ ʩʧʦʩʦʙ ʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʷʩʥʠʤ ʩ ʧʦʤʦʱʴʶ ʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʪʦʣʴʢʦ ʛʣʘʚʥʳʝ ʬʘʢʪʦʨʳ. ɸ ʠʤʝʥʥʦ, ʧʨʝʜʧʦʣʦʞʠʤ, 

ʯʪʦ ʦʨʙʠʪʘ ʮʝʥʪʨʘ ʤʘʩʩ ʩʧʫʪʥʠʢʘ ʢʨʫʛʦʚʘʷ ʠ ʥʝʠʟʤʝʥʥʘ ʚ ʘʙʩʦʣʶʪʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ, ʠʤʝʝʪ ʨʘʜʠʫʩ r  ʠ ʥʘʢʣʦʥʝʥʠʝ i; ʥʘ ʩʧʫʪʥʠʢ ʜʝʡʩʪʚʫʶʪ ʪʦʣʴʢʦ ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʳʡ ʤʦʤʝʥʪ ʠ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʢʘʪʫʰʢʘʤʠ; ʄʇɿ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʝ ʜʠʧʦʣʷ ʩ ʜʠʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ Em , ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʮʝʥ-

ʪʨʝ ɿʝʤʣʠ ʠ ʥʘʧʨʘʚʣʝʥʥʳʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʦʩʠ 3Cy . ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʪʘʢʦʛʦ ʩʧʫʪʥʠʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ 

23323332
2
0323211 )3)(( BLBLaaIII -+--= wwww" , 

31133133
2
0131322 )3)(( BLBLaaIII -+--= wwww" , 

12213231
2
0212133 )3)(( BLBLaaIII -+--= wwww" ,                       (7) 
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ɿʜʝʩʴ 3
0 /E rw m=  ï ʩʨʝʜʥʝʝ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ (ʦʨʙʠʪʘʣʴʥʘʷ ʯʘʩʪʦʪʘ), u  ï ʘʨ-

ʛʫʤʝʥʪ ʰʠʨʦʪʳ ʪʦʯʢʠ O. ɺʝʣʠʯʠʥʳ ija  ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʫʛʣʳ g, d ʠ b ʧʦ 

ʬʦʨʤʫʣʘʤ ʧ. 3. 

ʇʨʠ 1 2 3 0L L L= = = ʫʨʘʚʥʝʥʠʷ (7) ʜʦʧʫʩʢʘʶʪ ʯʝʪʳʨʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝ-

ʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 
 

0sinsin === bdg ,    021 ==ww ,    gww cos02= .                    (8) 
 

ʕʪʠ ʨʝʰʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʧʫʪʥʠʢʘ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝ-

ʤʝ ʢʦʦʨʜʠʥʘʪ. ɺ ʥʠʭ ʦʩʠ 1Ox  ʠ 2Ox  ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʷʤʠ 3OX°  ʠ 2OX°  ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɺʳʙʦʨ ʟʥʘʢʦʚ ʟʜʝʩʴ ʧʨʦʠʟʚʦʣʝʥ. ɼʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʦ ʃʷʧʫʥʦʚʫ ʨʝʰʝʥʠʡ (8) ʚʳʨʘʞʘʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘʤʠ [13]: 231 III << . ɼʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʧʫʪʥʠʢʘ ʵʪʠ ʥʝʨʘʚʝʥʩʪʚʘ ʚʳʧʦʣʥʝʥʳ. 

ʀʟ-ʟʘ ʨʘʟʥʦʛʦ ʨʦʜʘ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʵʣʣʠʧʪʠʯʥʦʩʪʴ ʦʨʙʠʪʳ, 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʠ ʜʨ.) ʩʠʩʪʝʤʘ (6) ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʡ, ʪʦʯʥʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʷʤ (8). ʅʦ ʦʥʘ ʠʤʝʝʪ ʨʝʰʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʦʦʪʥʦʰʝʥʠʷ (8) 

ʚʳʧʦʣʥʝʥʳ ʧʨʠʙʣʠʞʝʥʥʦ ʥʘ ʥʝʢʦʪʦʨʦʤ ʥʝ ʦʯʝʥʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʦʪʨʝʟʢʝ 

ʚʨʝʤʝʥʠ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ), ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ (5), ʩʦʟʜʘʚʘʝʤʳʡ ʢʘʪʫʰʢʘʤʠ. 

 5. ʋʧʨʘʚʣʝʥʠʝ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ. ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʢʘʪʫ-

ʰʝʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʪʘʙʠʣʠʟʘʮʠʶ, ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ [11] 
 

2||B
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= uk ,                                                     (9) 

 

ʛʜʝ 0>uk  ï ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ),,( 321 uuu=u  ï ʫʧʨʘʚʣʝʥʠʝ, ʚʠʜ ʢʦʪʦ-

ʨʦʛʦ ʧʨʝʜʩʪʦʠʪ ʫʩʪʘʥʦʚʠʪʴ. ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (9) ʚ ʬʦʨʤʫʣʫ (5), ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ ʜʣʷ ʤʦʤʝʥʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʦʢʦʚʳʤʠ ʢʘʪʫʰʢʘʤʠ, 
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k .                                            (10) 

 

ɽʩʣʠ ʚ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʝ ʦʪʙʨʦʩʠʪʴ ʩʣʘʛʘʝʤʦʝ BBuB )(|| 2 Ö-
uk , ʪʦ ʦʥʘ ʧʝ-

ʨʝʡʜʝʪ ʚ ʬʦʨʤʫʣʫ 

uM uc k-= ,                                                     (11) 
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ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʣʘ ʙʳ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ. ʉʣʘʛʘʝʤʦʝ BBuB )(|| 2 Ö-
uk  ʩʫʞʘʝʪ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʦ ʝʩʣʠ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ ʚʠʪʦʢ ʠ ʙʦʣʝʝ, ʪʦ ʚ ʨʷʜʝ ʩʣʫ-

ʯʘʝʚ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʤʦʞʥʦ ʥʠʚʝʣʠʨʦʚʘʪʴ. ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ 

ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʥʘʢʣʦʥʝʥʠʝ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ. 

ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ ʢʘʪʫʰʝʢ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʨʝ-

ʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʧʦʩʪʨʦʠʤ ʠʩʭʦʜʷ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘ-

ʞʝʥʠʡ. ʆʙʦʙʱʝʥʥʘʷ ʵʥʝʨʛʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʷʤʠ 

(7) ʚ ʩʣʫʯʘʝ 1 2 3 0L L L= = =, ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 
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ʘ ʝʝ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠʡ (7), (9) ʠʤʝʝʪ ʚʠʜ 
 

)]([ 20EɤBL w-³Ö=E" ,    ),,( 2322212 aaa=E . 
 

ʇʨʠ 0=L  ʦʙʦʙʱʝʥʥʘʷ ʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʠʥʪʝʛʨʘʣʦʤ ʫʨʘʚʥʝʥʠʡ (7). 

ʕʪʦʪ ʠʥʪʝʛʨʘʣ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ [13] ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʧʨʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʰʝʥʠʡ (8). ʅʘ ʵʪʠʭ ʨʝʰʝʥʠʷʭ ʠ ʪʦʣʴʢʦ ʥʘ 

ʥʠʭ E  ʜʦʩʪʠʛʘʝʪ ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʨʘʚʥʦʛʦ 2/)3( 21
2
0min IIE -=w . 

ʇʨʠʤʝʤ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ (9), ʚʟʷʚ 
 

0 2w= -u ɤ E.                                                   (12) 
 

ʇʦʣʫʯʠʤ 
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ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 231 III <<  ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʨʝʰʝʥʠʷ (8) ʠʩʯʝʨʧʳʚʘʶʪ ʪʦʯʢʠ ʩʪʨʦʛʦʛʦ ʤʠʥʠʤʫʤʘ E, ʧʦʵʪʦʤʫ ʟʘʢʦʥ ʫʧʨʘʚ-

ʣʝʥʠʷ (12) ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʰʝʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ ʚ ʨʝʞʠʤʝ 

ʪʨʝʭʦʩʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. 

ʉʪʨʦʛʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʪʝʦʨʝʤʫ 14.1 

[14], ʫʩʣʦʚʠʷʤ ʢʦʪʦʨʦʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʘ (7), (9), (12). ʅʘʜʦ ʪʦʣʴʢʦ ʫʙʝ-

ʜʠʪʴʩʷ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ 0 2( ) 0w- ³ =ɤ E B  ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʩʠʩʪʝʤʳ (7) ʧʨʠ 0=L  ʥʝ ʩʦʜʝʨʞʠʪ ʮʝʣʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʘʞʜʦʡ 

ʪʦʯʢʠ (8). ʇʨʦʚʝʨʢʫ ʵʪʦʛʦ ʬʘʢʪʘ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʘʥʘʣʠʟʫ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. 

 ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (9), (12) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʩʪʘ-

ʥʦʚʠʚʰʠʭʩʷ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (6), ʙʣʠʟʢʠʭ ʨʝʰʝʥʠʷʤ (8). ʅʘ ʨʝʰʝʥʠʷʭ ʩʠʩʪʝʤʳ 

(6), (9), (12) ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʫʥʢʮʠʶ E, ʚ ʢʦʪʦʨʦʡ 
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( ),0,0( EE w=ɤ  ʚ ʩʠʩʪʝʤʝ 321 yyCy ). ʇʨʦʠʟʚʦʜʥʘʷ E" ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʣʠʰʴ 

ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ || 20Eɤ w- . ʉ ʫʙʳʚʘʥʠʝʤ E  ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

20Eɤ w- . ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʷ E, ʥʝ ʜʦʩʪʠʛʥʫʚ ʤʠʥʠʤʫʤʘ, ʥʘʯʠʥʘʝʪ ʢʦʣʝ-

ʙʘʪʴʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ uk  ʙʫʜʝʪ ʙʣʠʟʢʦ ʢ minE . ʕʪʦ ʟʥʘʯʠʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʩʠ-

ʩʪʝʤʳ (6), (9), (12) ʙʫʜʝʪ ʣʝʞʘʪʴ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʨʝʰʝʥʠʡ (8). 

 ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʟʘʢʦʥʘ (12) ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʫʛ-

ʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʩʧʫʪʥʠʢʘ. ʂʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʝʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, 

ʦʙʨʘʙʘʪʳʚʘʷ ʥʘ ʙʦʨʪʫ ʩʧʫʪʥʠʢʘ ʧʦʢʘʟʘʥʠʷ ʪʨʝʭʦʩʥʦʛʦ ʤʘʛʥʠʪʦʤʝʪʨʘ. ʀʟʚʝʩʪʥʳ 

ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. ʊʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʩʧʫʪʥʠʢʘ. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ (8) ʧʨʠ 0g=  ʤʦʞʥʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʚʤʝʩʪʦ (12) ʟʘʢʦʥ 
0 2w= -u ɤ e (ʧʨʠ g p=  ʥʘʜʦ ʚʟʷʪʴ 

0 2w= +u ɤ e), ʢʦʪʦʨʳʡ 

ʦʙʦʟʥʘʯʠʤ (12ʘ). ʇʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʦʥʘ (12ʘ) ʧʝʨʝʜ ʟʘʢʦʥʦʤ (12) ʚ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʦ ʚʝʢʪʦʨʘʭ ɤ ʠ B. ʕʪʫ 

ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʙʦʨʪʦʚʳʭ ʜʘʪʯʠʢʦʚ ʙʝʟ 

ʩʣʦʞʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɺʦʟʤʦʞʥʘ ʝʱʝ ʦʜʥʘ ʨʝʘʣʠʟʘʮʠʷ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ 

ʨʝʞʠʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʋʧʨʘʚʣʝʥʠʝ ʚʦʟʴʤʝʤ ʚ ʚʠʜʝ [9] 
 

( ) ( )( )1 0 2 2 2 2 1 3w= - + ³ + ³è øê úu K ɤ E K E e e E,                        (13) 
 

ʛʜʝ ( )1 1 2 3diag , ,k k k=K , ( )2 1 2 3diag , ,k k k¡ ¡ ¡=K  ï ʧʦʩʪʦʷʥʥʳʝ ʤʘʪʨʠʮʳ ʩ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤʠ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ (9), (13) ʧʦʟʚʦʣʷʝʪ ʨʝ-

ʘʣʠʟʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʩʧʫʪʥʠʢʘ ʠ ʧʦʣʫʯʠʪʴ ʤʝʥʴʰʫʶ ʦʙʣʘʩʪʴ 

ʚʘʨʠʘʮʠʠ ʚʝʢʪʦʨʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʋʧʨʘʚʣʝʥʠʝ (13) ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ, ʩ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ 
0 2wE  ʥʘ Ñ

0 2we . ʇʦʣʫʯʝʥʥʦʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʫʧʨʘʚʣʝʥʠʝ ʦʙʦʟʥʘʯʠʤ (13ʘ). 

7. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʞʜʘʷ ʢʦʤʧʦʥʝʥʪʘ iL  ʚʝʢʪʦʨʘ L  ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʪʦʢʦʚʦʡ 

ʢʘʪʫʰʢʦʡ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʪʨʠ ʦʜʠʥʘʢʦʚʳʭ ʢʘʪʫʰʢʠ [8]. ʀʭ ʚʠʪʢʠ ʦʙʨʘʟʫʶʪ 

ʦʢʨʫʞʥʦʩʪʠ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʩʬʝʨʳ, ʷʚʣʷʶʱʝʡʩʷ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʦʡ ʩʧʫʩʢʘʝ-

ʤʦʛʦ ʘʧʧʘʨʘʪʘ. ɺʠʪʢʠ ʢʘʪʫʰʝʢ, ʨʝʘʣʠʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʳ 
2L  ʠ 3L , ʨʘʩʧʦʣʦʞʝ-

ʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʣʦʩʢʦʩʪʷʭ 
1 3Ox x  ʠ 

1 2Ox x. ʇʣʦʩʢʦʩʪʴ ʢʘʪʫʰʢʠ, ʨʝʘʣʠʟʫʶ-

ʱʝʡ ʢʦʤʧʦʥʝʥʪʫ 1L, ʧʘʨʘʣʣʝʣʴʥʘ ʧʣʦʩʢʦʩʪʠ 2 3Ox x . 

ʂʘʞʜʘʷ ʢʘʪʫʰʢʘ ʠʤʝʝʪ ʜʠʘʤʝʪʨ D=2.1 ʤ ʠ ʩʦʜʝʨʞʠʪ N  ʚʠʪʢʦʚ ʘʣʶʤʠʥʠ-

ʝʚʦʛʦ ʧʨʦʚʦʜʘ ʩ ʜʠʘʤʝʪʨʦʤ ʩʝʯʝʥʠʷ d. ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʪʘʢʦʡ 

ʢʘʪʫʰʢʦʡ, ʨʘʚʝʥ L NSI= , ʛʜʝ 2 4S Dp=  ï ʧʣʦʱʘʜʴ ʢʨʫʛʘ, ʦʭʚʘʪʳʚʘʝʤʦʛʦ ʦʜ-

ʥʠʤ ʚʠʪʢʦʤ, I  ï ʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʢʘʪʫʰʢʫ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʘʪʫʰʢʠ 2

Al4R ND dr= , ʛʜʝ Alr =2.8Ö10-8 ʆʤÖʤ ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʘʣʶʤʠʥʠʷ; ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ ʦʙʤʦʪʢʠ ʢʘʪʫʰʢʠ U RI= ; ʤʦʱʥʦʩʪʴ, 
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ʧʦʪʨʝʙʣʷʝʤʘʷ ʢʘʪʫʰʢʦʡ, 2W UI RI= = ; ʤʘʩʩʘ ʢʘʪʫʰʢʠ 2 2

Al 4M NDdp g= , ʛʜʝ 

Alg =2.71Ö103 ʢʛ/ʤ3 ï ʧʣʦʪʥʦʩʪʴ ʘʣʶʤʠʥʠʷ. 

ʉʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʩʝʤʠ ʫʢʘʟʘʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʯʠʩʣʦʚʳʤʠ ʦʮʝʥʢʘʤʠ. ʇʫʩʪʴ N=10, d=0.002 ʤ, ʪʦʛʜʘ R=0.588 

ʆʤ, M =0.562 ʢʛ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʪʦʢʘ, ʥʘʧʨʷ-

ʞʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥ-

ʪʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʦʜʥʦʡ ʢʘʪʫʰʢʦʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 
 

        ʊʘʙʣʠʮʘ 1 
 

ʄʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ L , ɸÖʤ2 

ʉʠʣʘ ʪʦʢʘ 

I , ɸ 

ʅʘʧʨʷʞʝʥʠʝ 

U , ɺ 

ʄʦʱʥʦʩʪʴ 

W , ɺʪ 

1.0 0.029 0.017 0.0005 

30.0 0.870 0.510 0.445 

60.0 1.740 1.020 1.780 
 

ʇʨʠʚʝʜʝʤ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ uk =7.5 ʅÖʤÖʩ, 
1k =10, 

2k =5, 
3k =6, 

1k¡=0.012 c-1, 

2k¡=0.010 c-1, 
3k¡=0.003 c-1. 

8. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘ-

ʮʠʠ. ʎʝʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩ-

ʧʝʯʠʚʘʶʪ ʛʘʰʝʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ ʨʝʞʠʤʘ ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʳʭ ʤʠʢʨʦʫʩʢʨʝʥʠʡ ʚ 

ʵʪʦʤ ʨʝʞʠʤʝ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʚʘʣʠʩʴ ʚ ʚʠʜʝ 
 

pg ʠʣʠ0)0( = ,   0)0()0( ==bd    () () ()1 2 0 30 0 0 0.01° cw w w w= - = = . 
 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʪʘʢʠʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʰʪʘʪʥʦʡ ʩʠʩʪʝ-

ʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ ʩʧʫʪʥʠʢʘ. ɼʣʷ )0(g  ʙʨʘʣʦʩʴ ʪʦ ʟʥʘʯʝʥʠʝ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʦʩʴ 2Ox  ʚ ʤʦʤʝʥʪ 0=t  ʩʦʩʪʘʚʣʷʣʘ ʦʩʪʨʳʡ ʫʛʦʣ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ 

ʉʦʣʥʮʝ. ʈʝʰʝʥʠ ̫ʫʨʘʚʥʝʥʠʡ (6) ʩ ʪʘʢʠʤʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʳʯʠʩʣʷʣʠʩɹ 

ʥʘ ʦʪʨʝʟʢʝ 30 2 86.4 10t¢ ¢ Ö Ö ʩʝʢʫʥʜ (2 cʫʪ). ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚ-

ʥʝʥʠʡ (6), (9) ʩ ʟʘʢʦʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ (12) ʠ (12ʘ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1 - 5. ʅʘ 

ʨʠʩ. 1 ï 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʛʣʦʚ g, d, b ʠ ʚʝ-

ʣʠʯʠʥ iw, ib. ɻʨʘʬʠʢʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʥʳʤ ʟʘʢʦʥʘʤ, ʠʟʦʙʨʘʞʝʥʳ ʣʠʥʠʷʤʠ 

ʨʘʟʥʳʭ ʮʚʝʪʦʚ. ʈʠʩ. 4, 5 ʦʪʥʦʩʷʪʩʷ ʢ ʟʘʢʦʥʫ (12ʘ). ʅʘ ʨʠʩ. 4 ʠʟʦʙʨʘʞʝʥʳ ʛʨʘ-

ʬʠʢʠ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʢʘʪʫʰʝʢ, ʥʘ ʨʠʩ. 5 ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ - ʛʨʘʬʠʢʠ 

ʢʦʤʧʦʥʝʥʪ ʫʧʨʘʚʣʷʶʱʠʭ ʤʦʤʝʥʪʦʚ (10) ʠ (11). ɸʥʘʣʦʛʠʯʥʳʝ ʛʨʘʬʠʢʠ ʜʣʷ ʟʘ-

ʢʦʥʘ (12) ʥʝ ʧʨʠʚʦʜʷʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʛʨʘʬʠʢʠ ʜʣʷ ʟʘʢʦʥʘ (12ʘ). ʅʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʠʩʫʥʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʚʨʝ-

ʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ. ʉʣʝʚʘ ʧʦʢʘʟʘʥ rʧʷʪʠʯʘʩʦʚʳʝ ʠʥʪʝʨʚʘʣ,r ʧʨʠʤʳʢʘʶʱʠʝ ʢ 

ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ t=0. ʅʘ ʥʠʭ ʧʨʦʠʩʭʦʜʠʣʦ ʛʘʰʝʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʦʰʠʙʢʘʤʠ ʚ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʧʫʪʥʠʢʘ. 

ʉʧʨʘʚʘ ʧʦʢʘʟʘʥ rʙʦʣʝʝ ʧʦʟʜʥʠʝ ʠʥʪʝʨʚʘʣr  ʜʣʠʪʝʣʴʥʦʩʪʴʶ 43 ʯʘʩʘ ʩ ʫʩʪʘʥʦ-
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ʚʠʚʰʠʤʩʷ ʨʝʞʠʤʦʤ ʜʚʠʞʝʥʠʷ ʩʧʫʪʥʠʢʘ. ɺ ɻʪʦʤ ʨʝʞʠʤʝ ʠʤʝʶʪ ʤʝʩʪʦ ʢʦʣʝʙʘ-

ʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʫʥʢʮʠʡ ʩ ʜʦʤʠʥʠʨʫʶʱʝʡ ʦʨʙʠʪʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 

0wº0.00109 c-1. ʋʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʨʠʩ. 3 ʚʝʩʴʤʘ ʤʘʣ, ʧʨʠʯʝʤ ʨʘʟ-

ʤʝʨ ʦʙʣʘʩʪʠ ʚʘʨʠʘʮʠʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ b  ʦʢʘʟʘʣʩ ̫ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ||b . 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (6), (9) ʩ ʫʧʨʘʚʣʝʥʠʷʤʠ 

(13) ʠ (13ʘ) ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 6 - 10. ʕʪʠ ʨʠʩʫʥʢʠ ʫʩʪʨʦʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʨʠʩ. 1 

- 5. ɿʜʝʩʴ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘ. ʉʣʝʚʘ ʧʦʢʘʟʘʥʳ 

ʪʨʝʭʯʘʩʦʚʳʝ ʠʥʪʝʨʚʘʣʳ, ʧʨʠʤʳʢʘʶʱʠʝ ʢ ʪʦʯʢʝ t=0, ʩʧʨʘʚʘ ʧʦʢʘʟʘʥʳ ʠʥʪʝʨ-

ʚʘʣʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 45 ʯʘʩʦʚ. ʃʝʚrʝ ʠʥʪʝʨʚʘʣʳ ʠʣʣʶʩʪʨʠʨʫʶʪ ʛʘʰʝʥʠʝ ʚʦʟ-

ʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʘʚʳʝ ï ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʫʧʨʘʚʣʝʥʠʷʤʠ (12) ʠ (12ʘ), ʫʧʨʘʚʣʝʥʠʷ (13) ʠ (13ʘ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʪʦʯ-

ʥʫ  ʁʦʨʠʝʥʪʘʮʠ ʁʩʧʫʪʥʠʢʘ, ʤʝʥʴʰʫ  ʁʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʤʝʥʴʰʫ  ʁʦʙʣʘʩʪʴ ʚʘʨʠʘʮʠʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ, ʥʘʧʨʠʤʝʨ ʚ [11], ʫʧʨʘʚʣʝʥʠʝ (9) ʧʨʝʜʣʘʛʘʣʦʩʴ ʨʝʘ-

ʣʠʟʦʚʚrʘʪʴ ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 2||B . ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʵʪʦ ʧʨʝʜʣʦʞʝʥʠʝ, 

ʥʘ ʨʠʩ. 11 - 13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

(6), (9), (12ʘ) ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ 2||B  ʚ ʫʨʘʚʥʝʥʠʠ (9) 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʄʇɿ (ʛʨʘʬʠʢʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ), ʚʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʨʠʥʠʤʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ: 92 105.1|| Ö=B  ʥʊʣ2  

(ʛʨʘʬʠʢʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ). ʉʦʜʝʨʞʘʥʠʝ ʨʠʩ. 11 ï 13 ʘʥʘʣʦʛʠʯʥʦ ʨʠʩ. 1 - 3. ʈʝ-

ʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʫʢʘ-

ʟʘʥʥʳʤʠ ʩʣʫʯʘʷʤʠ ʥʝʪ. ɺ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʨʝʞʠʤʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʤʘʣʳʡ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 

ʅʘ ʨʠʩ. 14 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʤʛʥʦʚʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʘʥʝʣʝʡ ʩʦʣ-

ʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (6), (9), (12ʘ). ʆʩʚʝʱʝʥ-

ʥʦʩʪʴ ʟʜʝʩʴ ʚʳʨʘʞʝʥʘ ʚ ʧʨʦʮʝʥʪʘʭ, 100% ʜʦʩʪʠʛʘʶʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ, ʚ ʢʦʪʦʨʦʤ 

ʦʩʴ 2Ox  ʪʦʯʥʦ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʉʦʣʥʮʝ. ɻʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʩ ʫʯʝʪʦʤ ʧʨʦʭʦʞ-

ʜʝʥʠʷ ʩʧʫʪʥʠʢʘ ʯʝʨʝʟ ʪʝʥʴ ɿʝʤʣʠ. ʊʝʥʝʚʳʤ ʫʯʘʩʪʢʘʤ ʧʦʣʝʪʘ ʦʪʚʝʯʘʝʪ ʥʫʣʝʚʘʷ 

ʦʩʚʝʱʝʥʥʦʩʪʴ. ʕʪʠ ʫʯʘʩʪʢʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩɹ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ɿʝʤʣʠ ʦʛʨʘʥʠʯʝʥʘ ʩʬʝʨʦʡ ʨʘʜʠʫʩʦʤ 6378 ʢʤ. ʅʘ ʚʝʨʭʥʝʤ ʛʨʘʬʠʢʝ ʧʦʢʘ-

ʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝ-

ʤʝʥʠ 2 ʩʫʪʦʢ. ʅʘ ʥʠʞʥʝʤ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʡ ʟʘ ʚʠʪʦʢ ʦʩʚʝ-

ʱʝʥʥʦʩʪʠ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʥʘ ʢʘʞʜʦʤ ʦʨʙʠʪʘʣʴʥʦʤ ʚʠʪʢʝ. ʇʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʚʠʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 1 ʯʘʩ 36 ʤʠʥ., ʪ.ʝ. ʟʘ 2 ʩʫʪʦʢ ʧʦʣʝʪʘ 

ʩʧʫʪʥʠʢ ʩʦʚʝʨʰʘʝʪ 30 ʚʠʪʢʦʚ. ʅʘ ʨʠʩ. 15, ʢʦʪʦʨʳʡ ʦʨʛʘʥʠʟʦʚʘʥ ʘʥʘʣʦʛʠʯʥʦ 

ʨʠʩ. 14, ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (6), (9), (12ʘ) ʥʘ ʜʘʪʳ 11 - 13.05.2013 (ʚʨʝʤʷ ʥʘʯʘʣʘ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ 0=t  ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 12:00:00 ʜʝʢʨʝʪʥʦʛʦ ʤʦʩʢʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ 

11.05.2013). ʋʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʦʨʙʠʪʳ ʠ ʚʝʢʪʦʨʦʤ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʉʦʣʥ-

ʮʝ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 46.7̄ , ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠ-

ʝʤ ʜʣʷ ʜʘʥʥʦʡ ʦʨʙʠʪʳ ʥʘ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ. 
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ʅʘ ʨʠʩ. 16, 17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ (6) ʧʨʠ 1 2 3 0L L L= = = (ʥʝʫʧʨʘʚʣʷʝʤʦʝ ʜʚʠʞʝʥʠʝ ʩʧʫʪʥʠʢʘ) ʚ ʜʚʫʭ ʩʣʫʯʘ̫ ʭ. 

ɺ ʧʝʨʚʦʤ ʥʘ ʩʧʫʪʥʠʢ ʜʝʡʩʪʚʫʶʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ r

(ʛʨʘʬʠʢʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ), ʚʦ ʚʪʦʨʦʤ ʥʘ ʩʧʫʪʥʠʢ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʳʡ ʤʦʤʝʥʪ (ʛʨʘʬʠʢʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ). ɿʜʝʩʴ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ 8 ʩʫʪʦʢ 

ʠʟʦʙʨʘʞʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʫʛʣʦʚ g, d, b ʠ ʢʦʤʧʦʥʝʥʪ ʫʛ-

ʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʪʠʭ ʨʠʩʫʥʢʘʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʧʫʪʥʠʢʘ, ʧʦʤʠʤʦ ʛʘʰʝʥʠʷ 

ʥʘʯʘʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʘʨʠʨʦʚʘʥʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʫʧʨʘʚʣʝʥʠʝ ʥʝʦʙʷʟʘʪʝʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦ, ʜʦʩʪʘʪʦʯʥʦ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝ-

ʥʠ ʚʢʣʶʯʘʪʴ ʝʛʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʥʘʧʨʠʤʝʨ, ʦʜʠʥ ʨʘʟ ʚ 2 ʩʫʪʦʢ, ʯʪʦʙʳ ʧʘ-

ʨʠʨʦʚʘʪʴ ʥʘʨʘʩʪʘʥʠʝ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʩʧʫʪʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, 

ʩʣʘʙʦ ʩʚʷʟʘʥʥʦʡ ʩ ʦʩʪʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʝʛʦ ʙʦʨʪʘ, ʧʦʜʦʙʥʦ ʘʧʧʘʨʘʪʫʨʘʤ 

ʄʠʨʘʞ, ɻʨʘʚʠʪʦʥ ʠ ʂʉʂʄ ʥʘ ʩʧʫʪʥʠʢʘʭ çʌʦʪʦʥ-12è, çʌʦʪʦʥ ʄ-2è, çɹʠʦʥ ʄè 

ʠ çʌʦʪʦʥ ʄ-4è. 
 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ 14-01-00423. 
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ʈʠʩ. 8. ʄʠʢʨʦʫʩʢʦʨʝʥʠʝ ʥʘ ʙʦʨʪʫ ʩʧʫʪʥʠʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʡ (13) ʠ (13ʘ). 



 

 

 

2
4 

 
ʈʠʩ. 9. ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʢʘʪʫʰʝʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ (13). 
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ʈʠʩ. 10. ʄʦʤʝʥʪʳ (10) ʠ (11) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʧʨʘʚʣʝʥʠʷ (13). 
















