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ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 19 ʷʥʚʘʨʷ 2017 ʛ. 

ɸʥʥʦʪʘʮʠʷ.  ʏʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʤʝʨʥʦ-

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʚ ʚʠʜʝ ʨʝʰʝʪʢʠ ʦʜʥʦʤʝʨʥʳʭ 

ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʩ ʣʠʥʝʡʥʳʤ ʩʜʚʠʛʦʤ ʬʘʟʳ ʤʝʞʜʫ ʥʠʤʠ. ʈʘʩʯʝʪʳ  

ʧʨʦʚʝʜʝʥʳ ʚ ʤʥʦʛʦʤʦʜʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʚ ʚʠʜʝ 

ʚʝʪʚʝʡ ʠ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʟʘʠʤʥʦʡ ʩʚʷʟʴʶ ʠ ʬʘʟʦʚʳʤ 

ʩʜʚʠʛʦʤ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʚ ʨʝʰʝʪʢʝ. ʆʧʨʝʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ 

ʚʳʪʝʢʘʶʱʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʠ ʌʣʦʢʝ ʠ ʩʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʠ ʟʘʜʘʥʥʦʤ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ. ʏʠʩʣʝʥʥʦ ʨʝʰʝʥʘ ʟʘʜʘʯʘ 

ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ. ʈʘʩʩʯʠʪʘʥʳ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʠ ʩʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʦ ʚʩʝʭ 

ʝʝ ʚʭʦʜʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʣʫʯʘ ʚ ʜʠʘʛʨʘʤʤʝ ʠʟʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʡ 

ʨʝʰʝʪʢʠ ʠ ʝʝ ʩʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʚʧʘʜʘʪʁ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠ 

ʩʝʢʪʦʨʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʛʘʨʤʦʥʠʢʠ ʌʣʦʢʝ ʚʦ ʚʩʝʤ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʥʪʝʥʥʘ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ, ʜʚʫʤʝʨʥʘʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʨʝʰʝʪʢʘ, ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʘʷ ʘʥʪʝʥʥʘ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ, ʩʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

Abstract. Numerical study of the dispersion properties of a 2-D periodic leaky 

wave antenna composed of the array of one-dimensional slotted waveguide 

antennas with linear phase shift between them is presented. Calculations were 

performed using the multimode setup for the eigen mode problem. The study 

revealed branches and stop bands in the dispersion diagram caused by the mutual 

coupling and phase shift between the waveguides in the array. The directions of 

radiation of the leaky Floquet space harmonic and the scanning sector in the 
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frequency range for the given phase shift are determined. The numerical analysis 

of a large finite array composed of waveguides of finite length is carried out. The 

angles of radiation and the scanning sector of the finite array fed from all its inputs 

were computed in the given frequency range. They agree very well with the 

corresponding leakage directions and the scanning sector of the leaky space 

harmonic in the infinite array. For the given parameters the scanning sector is 30Á 

in elevation and 40Á in azimuth in the frequency range 8-11 GHz. The active 

reflection coefficients at the waveguide inputs do not exceed -20 dB in most of the 

frequency range. It is also shown that with increasing the phase shift between 

waveguides an additional beam corresponding to a different spatial harmonic may 

appear in the radiation pattern along with the main beam.  

Key words. Leaky wave antenna, 2-D periodic antenna array, slotted-waveguide 

antenna, phase shift, scanning sector. 

 

ɺʚʝʜʝʥʠʝ   

ʃʠʥʝʡʥʳʝ ʦʜʥʦʤʝʨʥʳʝ ʘʥʪʝʥʥʳ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʚʦʣʥʦʚʦʜʘʭ  ʠʤʝʶʪ ʜʠʘʛʨʘʤʤʫ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʝ ʚʝʝʨʦʦʙʨʘʟʥʦʛʦ ʣʫʯʘ, 

ʢʦʪʦʨʳʡ ʩʢʘʥʠʨʫʝʪ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʚʦʣʥʦʚʦʜʘ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʫʟʢʦʛʦ ʣʫʯʘ ʩ ʚʳʩʦʢʠʤ ʫʩʠʣʝʥʠʝʤ ʠʩʧʦʣʴʟʫʶʪ ʣʠʙʦ ʨʝʰʝʪʢʫ ʠʟ 

ʪʘʢʠʭ ʚʦʣʥʦʚʦʜʦʚ, ʣʠʙʦ ʧʣʘʥʘʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʚʠʜʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʚʦʣʥʦʚʦʜʘ ʩ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʵʢʨʘʥʦʤ [1-6]. ʀʟʣʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʙʣʘʛʦʜʘʨʷ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʣʠ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ) 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʣʦʷ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʣʠʙʦ ʱʝʣʠ, ʧʨʦʨʝʟʘʥʥʝr ʚ 

ʤʝʪʘʣʣʠʟʘʮʠʠ, ʣʠʙʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʚʦʜʥʠʢʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ, 

ʥʘʧʝʯʘʪʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ.  

ɺ  [7] ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʣʠʥʝʡʥʳʭ ʠ 

ʧʣʘʥʘʨʥʳʭ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ. ʆʙʩʫʞʜʘʶʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ ʠ ʬʦʢʫʩʠʨʦʚʢʠ ʧʦʣʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ ʌʨʝʥʝʣʷ, 

ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ. ɺ [8, 9] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 



ɾʋʈʅɸʃ ʈɸɼʀʆʕʃɽʂʊʈʆʅʀʂʀ, ISSN 1684-1719, N1, 2017 

 

3 
 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʫʤʝʨʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚʳʪʝʢʘʶʱʝʡ 

ʚʦʣʥʳ ʜʚʫʭ ʪʠʧʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ. ɺ [8] 

ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʘʥʪʝʥʥʳ ʩ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʦʡ ʠʟ ʧʝʯʘʪʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʦʩʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ, ʘ ʚ [9] 

ʠʩʩʣʝʜʫʝʪʩʷ ʜʫʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʘʥʪʝʥʥʳ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʯʘʪʥʘʷ 

ʜʚʫʤʝʨʥʘʷ ʨʝʰʝʪʢʘ ʱʝʣʝʡ ʚ ʤʝʪʘʣʣʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ  ʩʣʦʷ. ɸʥʪʝʥʥʘ 

ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʡ ʚʦʣʥʦʚʦʜ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʦʩʥʦʚʥʘ ̫ ʚʳʪʝʢʘʶʱʘ ̫ ʤʦʜʘ. ʀʟʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ 

ʧʦʣʦʩʦʢ ʠʣʠ ʱʝʣʝʡ ʚ ʤʝʪʘʣʣʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʚʦʟʤʫʱʝʥʠʝ ʜʣʷ ʤʦʜʳ ʚʦʣʥʦʚʦʜʘ. ʀʩʪʦʯʥʠʢʦʤ ʩʣʫʞʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʣʠʙʦ 

ʤʘʛʥʠʪʥʳʡ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʜʠʧʦʣʴ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʥʫʪʨʠ ʩʣʦʷ. ɼʣʷ 

ʨʘʩʯʝʪʘ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʚʟʘʠʤʥʦʩʪʠ ʠ ʤʝʪʦʜ ʤʦʤʝʥʪʦʚ 

ʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʘʢʦʡ ʘʥʪʝʥʥʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʠʟʣʫʯʝʥʠʝ ʧʦ ʥʦʨʤʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʦʛʦ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʣʫʯʘ (pencil-

beam), ʘ ʪʘʢʞʝ ʨʝʞʠʤ ʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʫʯʘ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʥʦʣʫʯʝʚʦʛʦ ʨʝʞʠʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʪʠʧʳ ʨʝʘʣʠʟʫʝʤʳʭ 

ʜʠʘʛʨʘʤʤ ʠʟʣʫʯʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʚʦʟʜʫʰʥʦʡ ʧʦʜʣʦʞʢʠ ʩʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠ ʢ ʨʝʰʝʪʢʝ ʚ ʦʜʥʦʣʫʯʝʚʦʤ ʨʝʞʠʤʝ ʩʦʩʪʘʚʣʷʝʪ 45-60Á, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʜʠʘʧʘʟʦʥʦʤ ʦʜʥʦʤʦʜʦʚʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ. ɺ [9] ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʜʚʫʤʝʨʥʦ-

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʩ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʚ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʝʩʪʦʦʙʨʘʟʥʳʝ ʱʝʣʠ. ɺ [10] ʘʥʘʣʠʟʠʨʫʶʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʫʤʝʨʥʳʭ ʘʥʪʝʥʥ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʠ 

ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʘʭ. ʅʘʧʨʘʚʣʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ 

ʩʦʟʜʘʝʪʩʷ ʧʫʪʝʤ ʚʦʟʙʫʞʜʝʥʠʷ ʚʳʪʝʢʘʶʱʠʭ ʚʦʣʥ-ʧʣʘʟʤʦʥʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʣʫʯʘʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʧʣʘʟʤʦʥʘʤʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ 

ʜʚʫʤʝʨʥʳʭ ʘʥʪʝʥʥ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʀʟʣʫʯʘʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, 
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ʛʦʬʨʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʠʟ ʩʝʨʝʙʨʘ. ɸʥʘʣʠʟ ʦʧʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚʳʪʝʢʘʶʱʝʡ 

ʚʦʣʥʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʘʥʘʣʦʛʠʯʥʦ ʘʥʘʣʠʟʫ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʘʥʪʝʥʥ.  

ɺ [11] ʨʘʩʩʤʦʪʨʝʥʘ ʜʚʫʤʝʨʥʘʷ ʘʥʪʝʥʥʘ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʚ ʚʠʜʝ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʨʝʰʝʪʢʦʡ ʠʟ ʧʦʧʝʨʝʯʥʳʭ ʱʝʣʝʡ ʚ ʚʝʨʭʥʝʤ 

ʵʢʨʘʥʝ, ʚʦʟʙʫʞʜʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʜʚʫʭ ʨʝʬʣʝʢʪʦʨʦʚ. ʈʝʬʣʝʢʪʦʨʳ ʠʟʛʦʪʦʚʣʝʥʳ 

ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʪʦʥʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʰʪʳʨʝʡ, ʢʦʪʦʨʳʝ ʟʘʢʦʨʘʯʠʚʘʶʪ 

ʚʦʟʜʫʰʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ ʥʠʞʥʠʤ ʠ ʚʝʨʭʥʠʤ ʵʢʨʘʥʘʤʠ ʚʦʣʥʦʚʦʜʘ. 

ɺʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʘʷ ʨʝʰʝʪʢʘ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʜʥʝʝ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ. 

ʇʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠʟʣʫʯʝʥʠʷ ʘʥʪʝʥʥʳ ʚ ɽ-ʧʣʦʩʢʦʩʪʠ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ 9.1-9.6 ɻɻʮ. ɺ [12] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʦʡ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʠ ʧʦʧʝʨʝʯʥʳʭ ʱʝʣʝʡ ʚ ʚʝʨʭʥʝʡ 

ʤʝʪʘʣʣʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ. ʀʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʜʣʦʞʢʘ Rogers 

Duroid 5880 ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ Ů =2.2 ʠ ʪʦʣʱʠʥʦʡ 0.508 ʤʤ. 

ʈʝʰʝʪʢʘ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ -1 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʘʨʤʦʥʠʢʝ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʠ 

ʠʟʤʝʨʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠʟʣʫʯʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʵʬʬʝʢʪ ʯʘʩʪʦʪʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʫʯʘ ʘʥʪʝʥʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʧʨʠʤʝʨʥʦ ʦʪ 30 ʜʦ 45 ʛʨʘʜʫʩʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ 23.8-25.4 ɻɻʮ.  

ɺ [13,14] ʨʘʩʩʤʦʪʨʝʥʳ ʧʣʘʥʘʨʥʳʝ ʘʥʪʝʥʥʳ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʥʘ 

ʚʦʣʥʦʚʦʜʘʭ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʦʡ (substrate-

integrated waveguides (SIW)). ʕʪʠ ʘʥʪʝʥʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʤʝʨʥʳʝ 

ʨʝʰʝʪʢʠ SIW ʚʦʣʥʦʚʦʜʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʥʦʛʦʣʫʯʝʚʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʘʥʪʝʥʥʳ. ɺ ʥʠʭ ʚʦʣʥʦʚʦʜʳ ʟʘʢʦʨʦʯʝʥʳ ʥʘ ʢʦʥʮʝ, ʠ ʦʪʢʣʦʥʝʥʠʝ ʣʫʯʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʦʣʥʦʚʦʜʦʚ ʩ 

ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤʦ-ʦʙʨʘʟʫʶʱʝʡ ʩʭʝʤʳ ʟʘ ʩʯʝʪ ʩʜʚʠʛʘ ʬʘʟʳ ʚ ʩʦʩʝʜʥʠʭ 

ʚʦʣʥʦʚʦʜʘʭ ʨʝʰʝʪʢʠ.  

ɺ [15] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʪʝʢʘʶʱʝʡ ʤʦʜʳ ʚ ʦʜʥʦʤʝʨʥʦʡ ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʦʡ 

ʘʥʪʝʥʥʝ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ 
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ʫʩʣʦʚʠʡ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣ ɹ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʦʜʳ ʚ ʧʦʣʦʤ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ ʩ 

ʧʘʨʥʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ ʱʝʣʷʤʠ ʚ ʰʠʨʦʢʦʡ ʩʪʝʥʢʝ. ɺ [16] ʤʝʪʦʜ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʩʣʫʯʘʡ ʜʚʫʤʝʨʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚʳʪʝʢʘʶʱʝʡ 

ʚʦʣʥʳ ʚ ʚʠʜʝ ʨʝʰʝʪʢʠ ʦʜʥʦʤʝʨʥʳʭ ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʩ ʣʠʥʝʡʥʳʤ 

ʩʜʚʠʛʦʤ ʬʘʟʳ ʤʝʞʜʫ ʥʠʤʠ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʦʜʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ 

ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʯʝʥʠʡ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ [16] ʙʳʣʦ ʫʜʝʣʝʥʦ ʘʥʘʣʠʟʫ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʰʝʪʢʠ, ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʦʜʥʦʡ ʤʦʜʦʡ ʚ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ɼʨʫʛʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʳ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ, ʠ ʚʦʧʨʦʩ ʠʭ ʚʣʠʷʥʠ ̫ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʝ ʦʙʩʫʞʜʘʣʩʷ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʯʘʩʪʦʪʳ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʚʦʟʥʠʢʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʟʣʫʯʘʶʱʘʷ ʛʘʨʤʦʥʠʢʘ ʚ ʧʦʣʝ ʨʝʰʝʪʢʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʚ ʧʦʧʝʨʝʯʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʦʣʥʦʚʦʜʦʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʘʟʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ ʠ ʫʛʣʦʚ ʠʟʣʫʯʝʥʠʷ 

ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʚ ʦʜʥʦʤʦʜʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ ʥʝ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ 

ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ [17] ʪʦʪ ʞʝ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʪʝʢʘʶʱʠʭ ʤʦʜ ʧʨʠʤʝʥʝʥ ʢ ʘʥʘʣʠʟʫ 

ʣʠʥʝʡʥʦʡ ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʦʡ ʘʥʪʝʥʥʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʥʘ ʚʦʣʥʦʚʦʜʝ, 

ʟʘʧʦʣʥʝʥʥʦʤ ʜʠʵʣʝʢʪʨʠʢʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʯʝʪ ʜʚʫʭ ʤʦʜ ʚ ʟʘʜʘʯʝ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʳ ʠ 

ʜʠʘʧʘʟʦʥ ʝʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʨʝʞʠʤʘʭ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ [16] ʟʜʝʩʴ ʨʘʩʩʤʦʪʨʠʤ ʜʚʫʤʝʨʥʦ-

ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʧʣʘʥʘʨʥʫʶ ʱʝʣʝʚʫʶ ʘʥʪʝʥʥʫ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʚ ʚʠʜʝ 

ʨʝʰʝʪʢʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʦʣʳʭ ʚʦʣʥʦʚʦʜʦʚ ʩʦ ʱʝʣʷʤʠ ʚ ʰʠʨʦʢʦʡ ʩʪʝʥʢʝ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚʳʪʝʢʘʶʱʝʡ 

ʚʦʣʥʳ ʚ ʤʥʦʛʦʤʦʜʦʚʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʨʝʰʝʪʢʠ ʟʘʜʘʥ ʣʠʥʝʡʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʚʠʤ ʟʘʜʘʯʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʡ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʣʦʛʦ 
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ʚʣʠʷʥʠʷ ʝʝ ʢʨʘʝʚ) ʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ ʠ ʨʘʩʯʝʪʘ ʝʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʨʘʚʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʣʫʯʘ ʚ ʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʝ, 

ʚʦʟʙʫʞʜʘʝʤʦʡ ʩʦ ʚʩʝʭ ʚʭʦʜʦʚ, ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʳʪʝʢʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ 

ʛʘʨʤʦʥʠʢʠ ʌʣʦʢʝ ʚ ʙʝʩʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʝ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ  ʚ ʛʣʘʚʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ ʚ ʙʣʠʞʥʝʤ ʧʦʣʝ ʨʝʰʝʪʢʠ.  

  

                       ʘ                                                         ʙ  

ʈʠʩ. 1. ʘ - ʇʣʘʥʘʨʥʘʷ ʘʥʪʝʥʥʘ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʨʝʰʝʪʢʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʩʦ ʱʝʣʷʤʠ, ʙ ï ʤʦʜʝʣʴ ʝʜʠʥʠʯʥʦʡ 

ʷʯʝʡʢʠ ʙʝʩʢʦʥʝʯʥʦʡ ʜʚʫʤʝʨʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚʦʣʥʦʚʦʜʦʚ 
 

ɼʠʩʧʝʨʩʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʩʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ 

ɺ ʦʪʣʠʯʠʝ ʦʪ [16], ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʦʜʥʘ ʤʦʜʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʰʠʨʠʤ ʯʠʩʣʦ ʤʦʜ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʜʦ ʪʨʝʭ. ʏʠʩʣʦ ʤʦʜ  ʚʳʙʨʘʥʦ, ʠʩʭʦʜʷ 

ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʥʝ ʧʨʝʚʳʰʘʣʘ 11 

ɻɻʮ, ʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʚ 

ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʥʘ ʜʠʩʧʝʨʩʠʶ ʨʝʰʝʪʢʠ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʨʝʟʦʥʘʥʩ ʱʝʣʝʡ, ʘ ʪʘʢʞʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʵʬʬʝʢʪ ʥʦʨʤʘʣʠ, 
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ʧʦʵʪʦʤʫ ʵʪʫ ʦʙʣʘʩʪʴ ʯʘʩʪʦʪ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ. ɹʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʫ ʞʝ ʤʦʜʝʣʴ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʯʪʦ ʠ 

ʚ [16], ʩʤ. ʨʠʩ. 1ʙ. ɺʦʣʥʦʚʦʜʳ ʨʝʰʝʪʢʠ ʩʝʯʝʥʠʝʤ 23ʭ10 ʤʤ ʩ ʚʦʟʜʫʰʥʳʤ 

ʟʘʧʦʣʥʝʥʠʝʤ ʠʤʝʶʪ ʚ ʰʠʨʦʢʦʡ ʩʪʝʥʢʝ ʧʘʨʥʳʝ ʧʨʦʜʦʣʴʥʳʝ ʱʝʣʠ ʜʣʠʥʦʡ 12 

ʤʤ ʠ ʰʠʨʠʥʦʡ 3 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʪʘʢ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʱʝʣʝʡ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʚʥʦ ʧʦʣʦʚʠʥʝ ʨʘʟʤʝʨʘ ʰʠʨʦʢʦʡ ʩʪʝʥʢʠ. ʉʪʝʥʢʠ ʚʦʣʥʦʚʦʜʦʚ 

ʩʯʠʪʘʶʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʪʦʥʢʠʤʠ ʠ ʠʜʝʘʣʴʥʦ ʧʨʦʚʦʜʷʱʠʤʠ; ʚ ʨʝʰʝʪʢʝ 

ʚʦʣʥʦʚʦʜʳ ʧʨʠʤʳʢʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ ʫʟʢʠʤʠ ʩʪʝʥʢʘʤʠ. ʇʝʨʠʦʜ ʱʝʣʝʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʚʦʣʥʦʚʦʜʦʚ 30 ʤʤ, ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

23 ʤʤ. ʉʜʚʠʛ ʬʘʟʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʚʦʣʥʦʚʦʜʘʤʠ ʚ ʨʝʰʝʪʢʝ ʟʘʜʘʥ 90Á. ʕʪʦ 

ʟʥʘʯʝʥʠʝ ʚʳʙʨʘʥʦ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʦʪʢʣʦʥʝʥʠʝ ʣʫʯʘ ʨʝʰʝʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʦʨʤʘʣʠ ʚ ʧʦʧʝʨʝʯʥʦʡ  ʧʣʦʩʢʦʩʪʠ YZ ʧʨʠ ʧʝʨʠʦʜʝ 23 ʤʤ ʚʜʦʣʴ Y ʩʦʩʪʘʚʠʣʦ 

ʧʨʠʤʝʨʥʦ 20Á ʥʘ ʯʘʩʪʦʪʝ 9.5 ɻɻʮ. (ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʣʠʰʴ ʦʮʝʥʦʯʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʚ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʝ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚʜʦʣʴ Z).  

 

ʈʠʩ. 2. ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʜʣʷ ʪʨʝʭ ʤʦʜ ʚ ʤʦʜʝʣʠ 

ʙʝʩʢʦʥʝʯʥʦʡ ʜʚʫʤʝʨʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʦʚʦʛʦ 

ʩʜʚʠʛʘ ʥʘ ʜʣʠʥʝ ʧʝʨʠʦʜʘ ʚʜʦʣʴ ʦʩʠ ʚʦʣʥʦʚʦʜʦʚ  
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ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʩʯʠʪʘʥʥʘʷ ʚ ʜʘʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʪʨʝʭ ʤʦʜ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʨʘʟʥʳʤ 

ʮʚʝʪʦʤ, ʦʪ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʥʘ ʜʣʠʥʝ ʧʝʨʠʦʜʘ ʚʜʦʣʴ ʦʩʠ ʚʦʣʥʦʚʦʜʦʚ. ʅʘ ʨʠʩ. 3 

ʪʘ ʞʝ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʬʘʟʦʚʦʡ ʧʦʩʪʦʷʥʥʦʡ ʦʪ ʯʘʩʪʦʪʳ.   

 

ʈʠʩ. 3. ʌʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʤʦʜ ʦʪ ʯʘʩʪʦʪʳ. ʐʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ï ʬʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʫʝʜʠʥʝʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩʦ ʱʝʣʷʤʠ, ʧʫʥʢʪʠʨʥʘʷ ï 

ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʙʝʟ ʱʝʣʝʡ  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 8 ʜʦ 11 ɻɻʮ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʪʨʝʭ ʚʝʪʚʝʡ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʜʚʫʤʷ ʟʘʧʨʝʱʝʥʥʳʤʠ ʟʦʥʘʤʠ. ɹʦʣʝʝ ʰʠʨʦʢʘʷ ʧʦ ʯʘʩʪʦʪʝ ʟʦʥʘ ʣʝʞʠʪ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʯʘʩʪʦʪʳ 9.78 ɻɻʮ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʜʣʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ -1 ʛʘʨʤʦʥʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Y, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ 

ʚʦʣʥʦʚʦʜʦʚ. ɺ ʜʘʥʥʦʡ ʨʝʰʝʪʢʝ ʧʝʨʠʦʜ ʧʦ ʦʩʠ Y ʨʘʚʝʥ ʨʘʟʤʝʨʫ ʰʠʨʦʢʦʡ 

ʩʪʝʥʢʠ ʚʦʣʥʦʚʦʜʦʚ ὖ=23 ʤʤ. ʃʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʧʝʨʠʦʜʝ ʠ 

ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ   90Á ʫʩʣʦʚʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ -1 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʠ ʚʜʦʣʴ ʦʩʠ Y ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʫʧʦʤʷʥʫʪʦʡ  ʚʳʰʝ 

ʯʘʩʪʦʪʝ 9.78 ɻɻʮ. [ʋʩʣʦʚʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ -1 ʛʘʨʤʦʥʠʢʠ ʧʦ Y:  

  ς“Ⱦὖ Ὧ , 

ʛʜʝ ὖ ï ʧʝʨʠʦʜ ʚʜʦʣʴ Y, Ὧ = ς“Ⱦ‗ ï ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ]. ʅʘʣʠʯʠʝ ʚʝʪʚʝʡ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʚʝʨʦʷʪʥʦ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʟʘʠʤʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʚʷʟʴʶ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʝʰʝʪʢʝ 

ʠʟ ʚʦʣʥʦʚʦʜʦʚ, ʠʤʝʶʱʠʭ ʣʠʥʝʡʥʳʡ ʩʜʚʠʛ ʧʦ ʬʘʟʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. 

ɼʣʷ ʫʝʜʠʥʝʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩʦ ʱʝʣʷʤʠ ʬʘʢʪʦʨ ʚʟʘʠʤʥʦʡ ʩʚʷʟʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ 

ʝʛʦ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʤʝʝʪ ʚʠʜ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʰʪʨʠʭʦʚʦʡ 

ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 3. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʶʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʙʫʜʝʪ ʩʤʝʱʘʪʴʩʷ ʧʦ ʯʘʩʪʦʪʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤ, ʢʘʢ  ʩʤʝʱʘʝʪʩʷ ʯʘʩʪʦʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ -1 ʛʘʨʤʦʥʠʢʠ ʧʦ Y 

[16]. ʅʘʧʨʠʤʝʨ, ʧʨʠ   60Á ʵʪʘ ʯʘʩʪʦʪʘ ʨʘʚʥʘ 10.87 ɻɻʮ, ʘ ʧʨʠ   120Á  

ʦʥʘ ʨʘʚʥʘ 8.70 ɻɻʮ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʨʠʩ. 2, 3 ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʛʣʘʭ ʠʟʣʫʯʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ 

ʫʛʣʦʚ ʠʟʣʫʯʝʥʠʷ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʨʝʰʝʪʢʠ (ʩʤ. ʨʠʩ. 4 ʥʠʞʝ), ʠ ʥʝ 

ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ ʥʦʨʤʘʣʠ. ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʪʨʘʢʪʦʚʢʠ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ  ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʨʝʰʝʪʢʠ ʧʨʠ 

ʜʨʫʛʠʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ.   

ʅʘ ʨʠʩ. 4 ʫʛʣʳ ɗ0, ű0 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʧʨʘʚʣʝʥʠʶ ʠʟʣʫʯʝʥʠʷ -1 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʠ ʧʦ ʦʩʠ ʚʦʣʥʦʚʦʜʦʚ Z ʠ 0-ʡ ʛʘʨʤʦʥʠʢʠ ʧʦ 

ʧʦʧʝʨʝʯʥʦʡ ʢʦʦʨʜʠʥʘʪʝ Y. ʆʙʦʟʥʘʯʠʤ ʵʪʫ ʛʘʨʤʦʥʠʢʫ (-1, 0). ɺ ʩʬʝʨʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʫʛʦʣ ɗ0 ï ʵʪʦ ʫʛʦʣ ʤʝʩʪʘ, ʦʪʩʯʠʪʳʚʘʝʤʳʡ ʦʪ ʦʩʠ X (ʩʤ. 

ʨʠʩ. 1ʘ) ʚ ʧʣʦʩʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ. ʋʛʦʣ ű0 ï 

ʘʟʠʤʫʪʘʣʴʥʳʡ ʫʛʦʣ ʚ ʧʨʦʝʢʮʠʠ ʥʘʧʨʘʚʣʝʥʠ ̫ʠʟʣʫʯʝʥʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ʨʝʰʝʪʢʠ 

ZY. ʆʥ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʨʝʰʝʪʢʠ ZY ʦʪ ʦʩʠ - Z (ű0= 0Á) ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ +Y (ű0= 90Á). ʂʚʘʜʨʘʪʥʳʝ ʪʦʯʢʠ ʥʘ ʨʠʩ. 4 ʦʪʤʝʯʘʶʪ  
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ʈʠʩ. 4. ʅʘʧʨʘʚʣʝʥʠʝ ʚʳʪʝʢʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ ʛʘʨʤʦʥʠʢʠ (-1, 0) ʚ ʙʝʩʢʦʥʝʯʥʦʡ 

ʨʝʰʝʪʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ. ʂʚʘʜʨʘʪʥʳʝ ʪʦʯʢʠ ï ʥʘʧʨʘʚʣʝʥʠʝ ʣʫʯʘ 

ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ 
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ʥʘʧʨʘʚʣʝʥʠʷ ʣʫʯʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʟʘʜʘʯʝ ʚʦʟʙʫʞʜʝʥʠʷ ʙʦʣʴʰʦʡ ʢʦʥʝʯʥʦʡ 

ʨʝʰʝʪʢʠ ʠʟ ʦʪʨʝʟʢʦʚ ʚʦʣʥʦʚʦʜʦʚ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʷʚʣʷʶʱʝʡʩʷ ʬʨʘʛʤʝʥʪʦʤ 

ʙʝʩʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ (ʩʤ. ʥʠʞʝ). ʅʘʙʣʶʜʘʶʱʝʝʩʷ ʩʦʚʧʘʜʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ (-1, 0) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʠ ʙʝʩʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʣʫʯʘ ʚ ʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʝ ʩʣʫʞʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠ ̫ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʚʫʤʝʨʥʦ-

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʠ ʩ ʣʠʥʝʡʥʳʤ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʤʝʞʜʫ 

ʚʦʣʥʦʚʦʜʘʤʠ. ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʩʪʘʪʴʠ ʧʨʠʚʝʜʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦʝ 

ʦʧʠʩʘʥʠʝ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ.   

ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʣʷ ʤʦʜ ʥʘ ʨʘʟʥʳʭ ʚʝʪʚʷʭ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘ ʨʠʩ. 5-7 ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʛʣʘʚʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʚ ʧʨʝʜʝʣʘʭ ʝʜʠʥʠʯʥʦʡ 

ʷʯʝʡʢʠ ʥʘ ʪʨʝʭ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ. ʏʘʩʪʦʪʳ ʥʘ ʨʠʩ. 5-7 ʚʳʙʨʘʥʳ ʪʘʢ, ʯʪʦʙʳ 

ʧʨʠʥʘʜʣʝʞʘʪʴ ʨʘʟʥʳʤ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʨʘʩʥʦʡ, ʩʠʥʝʡ ʠ ʟʝʣʝʥʦʡ) ʚʝʪʚʤ̫ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʠʩ. 2, 3. ɼʣʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʷ ʥʘ ʵʪʠʭ ʨʠʩʫʥʢʘʭ ʷʯʝʡʢʘ ʧʦʢʘʟʘʥʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ 

ʨʠʩ. 1ʙ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʨʠʩ. 5-7, ʘ ʪʘʢʞʝ 

ʢʦʥʝʯʥʳʝ ʟʥʘʯʝʥʠʷ ʤʥʠʤʦʡ ʯʘʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ (ʟʜʝʩʴ ʥʝ ʧʨʠʚʝʜʝʥʳ) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʤʦʜʳ ʷʚʣʷʶʪʩʷ ʠʟʣʫʯʘʶʱʠʤʠ. 
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ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʤʦʜʳ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ ʩ Ref =9.697 ɻɻʮ  

 



ɾʋʈʅɸʃ ʈɸɼʀʆʕʃɽʂʊʈʆʅʀʂʀ, ISSN 1684-1719, N1, 2017 

 

13 
 

 

 

 

 

ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʤʦʜʳ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ ʩ Ref =9.965 ɻɻʮ  
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ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʤʦʜʳ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ ʩ Ref =10.103 ɻɻʮ  
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ʅʘ ʨʠʩ. 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʥʘ ʵʪʠʭ ʤʦʜʘʭ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʩ ʤʥʠʤʦʡ 

ʯʘʩʪʴʶ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʦʩʪʦʷʥʥʫʶ ʚʳʪʝʢʘʥʠʷ ʤʦʜʳ. 

ɼʦʙʨʦʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʥʘ ʜʣʠʥʝ 

ʧʝʨʠʦʜʘ ʚʜʦʣʴ ʦʩʠ ʚʦʣʥʦʚʦʜʦʚ. ʎʚʝʪ ʢʨʠʚʳʭ ʥʘ ʨʠʩ. 8 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʚʝʪʫ 

ʚʝʪʚʝʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʤʦʜʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʚʝʪʚʠ, ʦʙʦʟʥʘʯʝʥʥʦʡ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʠ 

ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʜʦʙʨʦʪʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʴʰʫʶ ʧʦʩʪʦʷʥʥʫʶ 

ʚʳʪʝʢʘʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʜʘʤʠ ʥʘ ʜʨʫʛʠʭ ʚʝʪʚʷʭ. ʈʘʩʯʝʪ ʠ ʘʥʘʣʠʟ 

ʧʦʩʪʦʷʥʥʦʡ ʚʳʪʝʢʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʜʦʙʨʦʪʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʝ 

ʧʨʦʚʦʜʠʣʩʷ ʠ ʟʜʝʩʴ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥ.  

 

ʈʠʩ. 8. ɼʦʙʨʦʪʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ ʦʪ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʥʘ ʜʣʠʥʝ ʧʝʨʠʦʜʘ 

ʚʜʦʣʴ ʦʩʠ ʚʦʣʥʦʚʦʜʦʚ  

ʀʟʣʫʯʝʥʠʝ, ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ ʚʦʣʥʦʚʦʜʦʚ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 4 ʫʛʣʦʚ ʠʟʣʫʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ 

ʙʝʩʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʠ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʘʣʴʥʦʡ ʢʦʥʝʯʥʦʡ ʘʥʪʝʥʥʳ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʚʦʟʙʫʞʜʝʥʠʷ 

ʨʝʰʝʪʢʠ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ. ɽʝ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 9. ʆʥʘ 

ʩʦʜʝʨʞʠʪ 10 ʚʦʣʥʦʚʦʜʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 10 ʧʝʨʠʦʜʦʚ ʱʝʣʝʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠʟ ʧʘʨʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʱʝʣʝʡ. ʈʘʟʤʝʨʳ ʠʟʣʫʯʘʶʱʝʡ ʘʧʝʨʪʫʨʳ 
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ʨʝʰʝʪʢʠ 230 ʭ 300 ʤʤ. ʇʘʨʘʤʝʪʨʳ ʱʝʣʝʡ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʚ ʟʘʜʘʯʝ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ. ɺʭʦʜʳ (ʚʭʦʜʥʳʝ ʧʦʨʪʳ) 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʦʣʥʦʚʦʜʦʚ, ʪʘʢ ʯʪʦ  ʚ ʥʠʭ ʚʦʟʙʫʞʜʘʶʪʩʷ 

ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ +Z ʚ ʤʦʜʝʣʠ ʥʘ ʨʠʩ. 9, ʘ ʚʳʭʦʜʳ 

ʥʘʛʨʫʞʝʥʳ ʥʘ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʵʪʦʤ ʚ ʚʦʣʥʦʚʦʜʘʭ ʩʫʱʝʩʪʚʫʝʪ 

ʨʝʞʠʤ ʙʝʛʫʱʝʡ ʚʦʣʥʳ.  ɺʦʣʥʦʚʦʜʳ ʚʦʟʙʫʞʜʘʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʘʤʧʣʠʪʫʜʘʤʠ ʠ ʣʠʥʝʡʥʳʤ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ 90Á.  

 

ʈʠʩ. 9. ʄʦʜʝʣʴ ʨʝʰʝʪʢʠ ʩ 10-  ʁʧʝʨʠʦʜʘʤʠ ʧʦ Z ʠ 10-ʶ ʧʝʨʠʦʜʘʤʠ ʧʦ Y. 

ʎʠʬʨʳ ʦʙʦʟʥʘʯʘʶʪ ʥʦʤʝʨʘ ʚʭʦʜʦʚ 

 

  

ʈʠʩ. 10. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʟʣʫʯʝʥʠʷ ʨʝʰʝʪʢʠ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʚʩʝʭ ʚʭʦʜʦʚ ʠ ʧʨʠ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ 90Á ʥʘ ʯʘʩʪʦʪʝ 9.5 ɻɻʮ 

 



ɾʋʈʅɸʃ ʈɸɼʀʆʕʃɽʂʊʈʆʅʀʂʀ, ISSN 1684-1719, N1, 2017 

 

17 
 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ  ʜʠʘʛʨʘʤʤʳ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʰʝʪʢʘ ʧʦʚʝʨʥʫʪʘ 

ʚʦʢʨʫʛ ʦʩʠ Y ʥʘ 90Á ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʪʘʢ ʯʪʦ ʧʣʦʩʢʦʩʪʴ ʨʝʰʝʪʢʠ  

ʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ XY. ɺ ʵʪʦʡ ʛʝʦʤʝʪʨʠʠ ʚʳʪʝʢʘʶʱʠʝ ʚʦʣʥʳ ʚ 

ʚʦʣʥʦʚʦʜʘʭ ʨʝʰʝʪʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ʦʩʠ -ʍ. ɺʠʜʥʦ, ʯʪʦ ʧʨʦʝʢʮʠʷ 

ʣʫʯʘ ʥʘ ʧʣʦʩʢʦʩʪʴ ʨʝʰʝʪʢʠ ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʩʝʡ +ʍ ʠ +Y. ɺʳʰʝ ʤʳ 

ʦʧʨʝʜʝʣʠʣʠ ʪʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʢʘʢ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʠ (-1, 0). ɺ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʥʘ ʨʠʩ. 10 ʵʪʦ -1 ʛʘʨʤʦʥʠʢʘ ʧʦ ʍ ʠ 0 ʛʘʨʤʦʥʠʢʘ ʧʦ Y. 

ɸʥʘʣʦʛʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʨʝʰʝʪʢʠ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʪʘʢʞʝ ʠ ʥʘ ʜʨʫʛʠʭ ʯʘʩʪʦʪʘʭ ʚ ʜʠʘʧʘʟʦʥʝ 8-11 ɻɻʮ. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʚ ʚʠʜʝ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʣʫʯʘ  ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʧʦʢʘʟʘʥʳ ʢʚʘʜʨʘʪʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʨʠʩ. 4. ʆʥʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʚʳʰʝ ʥʘ ʦʩʥʦʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʘʤʠ 

ʠʟʣʫʯʝʥʠʷ ɗ0 , ű0 ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʠ (-1, 0) ʚ ʙʝʩʢʦʥʝʯʥʦʡ 

ʨʝʰʝʪʢʝ. ʅʝʙʦʣʴʰʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʰʴ ʜʣʷ ʫʛʣʘ ű0  ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʦʪ 10.5 ʜʦ 11 ɻɻʮ. ɺ ʧʨʝʜʝʣʘʭ ʟʘʧʨʝʱʝʥʥʳʭ 

ʟʦʥ ʧʦ ʯʘʩʪʦʪʝ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʞʠʤʝ 

ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ, ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʜʘʯʝ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʥʝʯʥʦʡ 

ʨʝʰʝʪʢʠ ʧʦʣʫʯʘʝʪʩʷ ʢʘʢ ʥʝʧʨʝʨʳʚʥʘʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʣʠʥʠʷ ʤʝʞʜʫ ʫʛʣʘʤʠ 

ʠʟʣʫʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʦʜ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʚʝʪʚʷʤ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʨʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʣʫʯʘ ʚ 

ʜʠʘʛʨʘʤʤʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʢʦʥʝʯʥʦʡ ʨʝʰʝʪʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʠʟʣʫʯʝʥʠʷ ʛʘʨʤʦʥʠʢʠ ʌʣʦʢʝ (-1,0). ʕʪʠ ʫʛʣʳ ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʝʢʪʦʨ 

ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʣʘʥʘʨʥʦʡ ʱʝʣʝʚʦʡ ʘʥʪʝʥʥʳ ʚʳʪʝʢʘʶʱʝʡ 

ʚʦʣʥʳ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ ʤʝʞʜʫ 

ʚʦʣʥʦʚʦʜʘʤʠ.  

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʜʠʘʛʨʘʤʤʝ ʠʟʣʫʯʝʥʠʷ ʥʠʞʝ ʥʘ ʨʠʩ. 11 ʧʨʠʚʝʜʝʥ r

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʝʰʝʪʢʠ 

ʚ ʬʫʥʢʮʠʠ ʯʘʩʪʦʪʳ. ɿʘʤʝʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʫʩʠʣʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 
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ʥʝ ʚʩʷ ʚʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ ʫʩʧʝʚʘʝʪ ʠʟʣʫʯʠʪʴʩʷ ʥʘ ʜʣʠʥʝ ʚʦʣʥʦʚʦʜʦʚ, ʠ ʥʝ 

ʠʟʣʫʯʸʥʥʘʷ ʯʘʩʪʴ ʤʦʱʥʦʩʪʠ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʥʘ 

ʚʳʭʦʜʝ ʚʦʣʥʦʚʦʜʦʚ. 

 

ʈʠʩ. 11. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʘʣʠʟʫʝʤʦʛʦ ʫʩʠʣʝʥʠʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠ)̫ ʨʝʰʝʪʢʠ ʥʘ ʨʠʩ. 9 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʯʘʩʪʦʪʳ ʧʨʠ ʩʜʚʠʛʝ ʬʘʟ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ 90Á  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʝʥʥʳ ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ, ʠ ʜʣʷ ʝʝ 

ʧʦʚʳʰʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʜʣʠʥʫ 

ʚʦʣʥʦʚʦʜʦʚ. ʅʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʦʩʪʦʷʥʥʘʷ ʠʟʣʫʯʝʥʠʷ ʚʳʪʝʢʘʶʱʠʭ 

ʚʦʣʥ ʠ ʜʦʣʷ ʠʟʣʫʯʸʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʚʦʣʥʦʚʦʜʘʭ ʨʝʰʝʪʢʠ ʚʦʟʨʘʩʪʘʶʪ, ʧʨʠ 

ʵʪʦʤ ʦʙʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʙʣʠʞʘʶʪʩʷ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 9.5 ɻɻʮ. ʉʥʠʞʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʫʩʠʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʧʨʠʤʝʨʥʦ ʦʪ 9.25 ʜʦ 10.25 ɻɻʮ 

ʦʙʫʩʣʦʚʣʝʥʦ, ʚʝʨʦʷʪʥʦ, ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ (ʩʤ. ʨʠʩ. 2, 3). ʄʦʞʝʤ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʚ ʨʝʰʝʪʢʝ ʧʦʤʠʤʦ ʚʦʣʥ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʥʦʡ ʣʫʯ, ʚʦʟʙʫʞʜʘʶʪʩʷ  ʪʘʢʞʝ ʜʨʫʛʠʝ ʪʠʧʳ ʚʦʣʥ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʪʠʭ ʯʘʩʪʦʪʘʭ (ʟʜʝʩʴ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ) ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʪʘʢ, ʯʪʦ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʚʦʣʥʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʝʪʢʠ. 
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ɹʳʣʠ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ  rʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʰʝʪʢʠ. ʅʘ 

ʨʠʩ. 12 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʜʚʫʭ 

ʮʝʥʪʨʘʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʩ ʚʭʦʜʘʤʠ 5 ʠ 6 ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚʩʝʭ ʚʭʦʜʦʚ ʩ 

ʦʜʠʥʘʢʦʚʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ ʣʠʥʝʡʥʳʤ ʩʜʚʠʛʦʤ ʬʘʟʳ 90Á ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʥʦʡ 

ʩʚʷʟʠ ʚʦʣʥʦʚʦʜʦʚ. ʆʪʨʘʞʝʥʠʝ ʜʣʷ ʦʙʦʠʭ ʚʭʦʜʦʚ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ -20 ʜɹ ʚ  

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʚʳʰʝ 10.5 ɻɻʮ. 

ɸʥʘʣʦʛʠʯʥʦ ʚʝʜʫʪ ʩʝʙʷ ʘʢʪʠʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʜʣʷ ʚʩʝʭ ʜʨʫʛʠʭ 

ʚʭʦʜʦʚ ʨʝʰʝʪʢʠ, ʚʢʣʶʯʘʷ ʢʨʘʡʥʠʝ ʚʦʣʥʦʚʦʜʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʟʘʧʨʝʱʝʥʥʳʭ ʟʦʥ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 

ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʥʘ ʨʠʩ. 12, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʫʩʠʣʝʥʠʷ ʥʘ ʨʠʩ. 11. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʪ. ʥ. ʵʬʬʝʢʪʦʤ ʥʦʨʤʘʣʠ, ʦʪʨʘʞʝʥʠʝ ʥʘ ʯʘʩʪʦʪʘʭ ʚ ʧʨʝʜʝʣʘʭ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʪʴ ʠʟ-ʟʘ ʩʠʥʬʘʟʥʦʛʦ ʩʣʦʞʝʥʠʷ ʯʘʩʪʠʯʥʳʭ 

ʦʪʨʘʞʝʥʠʡ ʦʪ ʵʣʝʤʝʥʪʦʚ ʨʝʰʝʪʢʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [17, 18]). 

 

ʈʠʩ. 12. ɸʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʜʚʫʭ 

ʮʝʥʪʨʘʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʨʝʰʝʪʢʠ ʩ ʥʦʤʝʨʘʤʠ ʚʭʦʜʦʚ 5 ʠ 6 

ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʪʴ ʜʠʘʛʨʘʤʤʫ ʠʟʣʫʯʝʥʠʷ ʘʢʪʠʚʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʜʚʫʤʝʨʥʦʡ ʨʝʰʝʪʢʠ, ʪʦ ʝʩʪʴ ʜʠʘʛʨʘʤʤʫ ʠʟʣʫʯʝʥʠʷ ʚʦʣʥʦʚʦʜʘ, ʥʘ 

ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʜʘʝʪʩʷ ʤʦʱʥʦʩʪʴ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʩʪʘʣʴʥʳʝ ʚʭʦʜʳ 

ʩʦʛʣʘʩʦʚʘʥʳ.  
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ʈʠʩ. 13. ʀʟʣʫʯʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ-ʚʦʣʥʦʚʦʜʘ ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʦʩʪʘʣʴʥʳʭ ʚʭʦʜʘʭ ʨʝʰʝʪʢʠ ʥʘ ʯʘʩʪʦʪʝ 9.5 ɻɻʮ: ʘ ï ʚʦʣʥʦʚʦʜ ʩ ʚʭʦʜʦʤ 5, ʙ - 

ʚʦʣʥʦʚʦʜ ʩ ʚʭʦʜʦʤ 6 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 13ʘ, ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʠʟʣʫʯʝʥʠʷ 

ʜʚʫʭ ʮʝʥʪʨʘʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʩ ʚʭʦʜʘʤʠ 5 ʠ 6. ɺʠʜʠʤ, ʯʪʦ ʜʠʘʛʨʘʤʤʳ ʜʚʫʭ 

ʮʝʥʪʨʘʣʴʥʳʭ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ-ʚʦʣʥʦʚʦʜʦʚ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ (ʙʫʜʫʯʠ 

ʧʦʯʪʠ ʟʝʨʢʘʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʜʨʫʛ ʜʨʫʛʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ XZ), 

ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʨʝʰʝʪʢʠ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʨʘʟʥʠʮʘ ʚ ʜʠʘʛʨʘʤʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʨʘʩʯʝʪʝ ʠʟʣʫʯʝʥʠʷ 

ʜʚʫʭ ʮʝʥʪʨʘʣʴʥʳʭ ʘʢʪʠʚʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʚ ʙʦʣʴʰʝʡ ʨʝʰʝʪʢʝ 20ʭ20 (ʟʜʝʩʴ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩ ʪʝʤ, ʯʪʦʙʳ ʥʝ ʫʚʝʣʠʯʠʚʘʪʴ ʯʨʝʟʤʝʨʥʦ ʦʙʲʝʤ ʩʪʘʪʴʠ). ʅʝ 

ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʨʘʟʥʠʮʘ ʚ ʜʠʘʛʨʘʤʤʘʭ ʮʝʥʪʨʘʣʴʥʳʭ ʚʦʣʥʦʚʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʟʙʫʞʜʝʥʠʝʤ ʚʦʣʥ ʚ ʨʝʰʝʪʢʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪɹʩʷ 

ʚʜʦʣʴ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʪʨʘʞʘʪʴʩʷ ʦʪ ʢʨʘʝʚ ʠ ʚʣʠʷʪɹ ʥʘ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʝ 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʘʧʝʨʪʫʨʝ ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʚʦʣʥʦʚʦʜʘ.  ʆʜʥʘʢʦ ʚ ɻʪʦʡ ʨʘʙʦʪʝ 

ʤʳ ʥʝ ʩʪʘʚʠʤ ʟʘʜʘʯʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʠʧʘ ʚ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. 

 ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʩʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ ʣʫʯʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ 

ʧʣʘʥʘʨʥʦʡ ʨʝʰʝʪʢʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʬʠʢʘʤʠ 

ʥʘ ʨʠʩ. 4. ʕʪʦʪ ʩʝʢʪʦʨ ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʝʥ. ʇʦ ʫʛʣʫ ʤʝʩʪʘ ɗ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 30Á, ʘ ʧʦ ʘʟʠʤʫʪʘʣʴʥʦʤʫ ʫʛʣʫ ű ʦʢʦʣʦ 40Á. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʚ ʧʦʧʳʪʢʝ  ʫʚʝʣʠʯʠʪʴ 

ʩʝʢʪʦʨ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʜʠʘʛʨʘʤʤʝ ʠʟʣʫʯʝʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʣʫʯ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʩʨʘʚʥʠʤʳʤ ʧʦ ʘʤʧʣʠʪʫʜʝ ʩ ʦʩʥʦʚʥʳʤ. ɼʣʷ 

ʠʣʣʶʩʪʨʘʮʠʠ  ʥʘ ʨʠʩ. 14 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʠʟʣʫʯʝʥʠʷ ʨʝʰʝʪʢʠ ʧʨʠ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ 150Á ʥʘ ʯʘʩʪʦʪʝ 

9.5 ɻɻʮ. 

   

ʈʠʩ. 14. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʟʣʫʯʝʥʠʷ ʨʝʰʝʪʢʠ ʧʨʠ ʬʘʟʦʚʦʤ 

ʩʜʚʠʛʝ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ 150Á ʥʘ ʯʘʩʪʦʪʝ 9.5 ɻɻʮ.  

ʆʩʥʦʚʥʦʡ  ʣʫʯ ʠʤʝʝʪ ʪʫ ʞʝ ʦʨʠʝʥʪʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʘʨʤʦʥʠʢʝ ʌʣʦʢʝ (-1, 0). ɽʛʦ ʦʪʢʣʦʥʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʢʘʢ ʧʦ ʫʛʣʫ ʤʝʩʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Z, ʪʘʢ ʠ ʧʦ ʘʟʠʤʫʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʍ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ ʩʜʚʠʛʘ ʬʘʟ 90Á ʧʨʠʤʝʨʥʦ ʥʘ 14Á. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ, ʢʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʣʫʯʘ ʚ ʜʠʘʛʨʘʤʤʝ ʠʟʣʫʯʝʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʣʫʯ, ʧʨʦʝʢʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘ ʧʣʦʩʢʦʩʪʴ ʨʝʰʝʪʢʠ ʥʘʧʨʘʚʣʝʥʘ 

ʚʜʦʣʴ ʦʩʝʡ +ʍ ʠ ïY. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠ ʁʠʟʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʠ (-1, -1), 

ʪʦ ʝʩʪʴ -1 ʛʘʨʤʦʥʠʢʠ ʧʦ ʍ ʠ -1 ʛʘʨʤʦʥʠʢʠ ʧʦ Y (ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʥʘ ʨʠʩ. 

14). ʅʘʣʠʯʠʝ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʠʤ 

ʣʫʯʘʤ, ʧʨʦʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʙʣʠʞʥʝʡ ʟʦʥʝ ʨʝʰʝʪʢʠ, ʩʤ. ʨʠʩ. 15. ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ ZY 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʶʪʩʷ ʜʚʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦ Y 

ʥʘʧʨʘʚʣʝʥʠʷ,  ʚ ʢʦʪʦʨʳʭ ʚ ʙʣʠʞʥʝʤ ʧʦʣʝ ʨʝʰʝʪʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʳʭ ʬʨʦʥʪʦʚ ʚ ʧʦʣʝ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʩʪ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʦʜʥʦʣʫʯʝʚʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʨʝʰʝʪʢʠ. 

 

ʈʠʩ. 15. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʛʣʘʚʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ ʨʝʰʝʪʢʠ ʧʨʠ ʩʜʚʠʛʝ ʬʘʟ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ 150Á 

ʥʘ ʯʘʩʪʦʪʝ 9.5 ɻɻʮ 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʠ ʘʧʨʦʙʠʨʦʚʘʥʥʳʡ ʨʘʥʝʝ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠ ̫

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʤʝʥʝʥ ʢ ʙʝʩʢʦʥʝʯʥʦʡ ʜʚʫʤʝʨʥʦ-

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʘʥʪʝʥʥʦʡ ʨʝʰʝʪʢʝ ʠʟ ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʳʭ ʘʥʪʝʥʥ ʩ 

ʣʠʥʝʡʥʳʤ ʩʜʚʠʛʦʤ ʬʘʟʳ ʤʝʞʜʫ ʥʠʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ 


