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ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʏɸʉʊʆʊʅʆ-ʌɸɿʆɺʆɻʆ 

ʉʂɸʅʀʈʆɺɸʅʀʗ ʉʌʆʂʋʉʀʈʆɺɸʅʅʆʁ ɺʆʃʅʆɺʆɼʅʆ-ʑɽʃɽɺʆʁ 

ʈɽʐɪʊʂʀ 

 

ʉ. ɽ. ɹʘʥʢʦʚ, ɺ. ɸ. ʂʘʣʦʰʠʥ, ɽ. ɺ. ʌʨʦʣʦʚʘ 

 ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ, 

125009, ʄʦʩʢʚʘ, ʫʣ. ʄʦʭʦʚʘʷ, 11-7 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 12 ʤʘʷ 2017 ʛ. 

ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʨʘʜʠʦʦʙʲʝʢʪʠʚʝ ʚ ʚʠʜʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʢʠ ʚʦʣʥʦʚʦʜʦʚ 

ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʩ ʧʝʨʝʤʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʱʝʣʷʤʠ ʚʜʦʣʴ 

ʚʦʣʥʦʚʦʜʘ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʟʦʥʝ ʌʨʝʥʝʣʷ 

ʨʝʰʸʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ: ʚ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʦʚʘʥʥʦʡ ʦʩʴʶ 

ʚʦʣʥʦʚʦʜʘ ʠ ʥʦʨʤʘʣʴʶ ʢ ʨʝʰʝʪʢʝ - ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ, ʘ ʚ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ - ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʘ ʬʘʟʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʚʦʣʥʦʚʦʜʘʤʠ ʨʝʰʸʪʢʠ. ʀʩʩʣʝʜʦʚʘʥʦ ʧʦʷʚʣʝʥʠʝ ʠ ʧʦʣʦʞʝʥʠʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʠʟʣʫʯʝʥʠʷ ʨʝʰʸʪʢʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʢʘʥʠʨʦʚʘʥʠʷ  ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʝʥʥʘ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ, ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʘʷ ʨʝʰʸʪʢʘ, 

ʬʦʢʫʩʠʨʦʚʢʘ ʚ ʟʦʥʝ ʌʨʝʥʝʣʷ, ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. 

Abstract. Results of a research of phase-frequency scanning in the radio-objective 

representing the focused array of leaky wave waveguides with variable distance 

between slots along waveguide are given. Scanning of a focused radiation in a 

Fresnel zone of the array is carried out in two directions: in the plane formed by the 

waveguide axis and the normal to the array due to change of frequency and crosswise 

- due to change of a phase shift between the next waveguides of the array. Emergence 

and positions of the interference maxima of the array radiation are investigated. 

Comparison to scanning characteristics of periodic arrays is carried out. 

Keywords: leaky wave antenna, slotted waveguide array, focusing in a Fresnel zone, 

phase-frequency scanning. 
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1. ɺʚʝʜʝʥʠʝ 

 ʉʬʦʢʫʩʠʨʦʚʘʥʥʳʝ ʘʥʪʝʥʥʳ (ʨʘʜʠʦʦʙʲʝʢʪʠʚʳ), ʦʙʣʘʜʘʶʱʠʝ ʩʚʦʡʩʪʚʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʟʦʥʝ ʌʨʝʥʝʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʥʘʨʥʳʝ 

ʬʦʢʫʩʠʨʫʶʱʠʝ ʨʝʰʸʪʢʠ, ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ [1, 2]: 

 ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʜʠʦʦʙʲʝʢʪʠʚʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʨʝʘʣʠʟʘʮʠʠ, ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʧʠʩʘʥʠʶ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ. ʇʨʠ 

ʵʪʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʨʝʰʝʪʦʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʩʣʝʜʫʶʪʩʷ ʪʘʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʨʘʟʤʝʨʳ ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʬʦʢʘʣʴʥʦʛʦ 

ʧʷʪʥʘ, ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ, ʛʝʦʤʝʪʨʠʷ ʬʦʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪ.ʜ. [3-

6].  

 ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʢʪʠʚʘʤʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤʠ ʬʦʢʫʩʠʨʦʚʢʫ ʥʘ ʦʜʥʦʡ 

ʯʘʩʪʦʪʝ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʘʥʪʝʥʥ ʩ ʯʘʩʪʦʪʥʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ 

ʧʦʩʚʷʱʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʣʥʦʚʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʚʳʪʝʢʘʶʱʠʭ 

ʚʦʣʥʘʭ ʩ ʥʝʧʨʝʨʳʚʥʳʤ [4] ʠ ʜʠʩʢʨʝʪʥʳʤ [5,6] ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʟʣʫʯʘʪʝʣʝʡ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʙʦʪ [5,6] ʠ ʧʦʩʚʷʱʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʧʣʘʥʘʨʥʦʡ ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʦʡ ʨʝʰʸʪʢʝ ʩ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʨʦʜʦʣʴʥʳʭ ʱʝʣʝʡ ʚʜʦʣʴ ʰʠʨʦʢʦʡ ʩʪʝʥʢʠ ʚʦʣʥʦʚʦʜʘ. 

 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʣʫʯʝʥʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʝʪʢʠ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ 

ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ ʪʘʢʞʝ 

ʨʘʩʩʤʦʪʨʝʥʘ ʜʚʫʤʝʨʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʘʷ ʘʥʪʝʥʥʘʷ ʨʝʰʸʪʢʘ ʩ 

ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ 

ʙʳʣʦ ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʣʘʩʪʠ 

ʬʦʢʫʩʠʨʦʚʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ (ʯʘʩʪʦʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ) ʠ 

ʩʜʚʠʛʘ ʬʘʟ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʨʝʰʸʪʢʠ (ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ). ʇʨʠ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʦʩʥʦʚʥʦʛʦ, ʪʘʢ ʠ ʧʦʙʦʯʥʳʭ ʣʝʧʝʩʪʢʦʚ 
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(ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʠʟʣʫʯʝʥʠʷ ʨʝʰʸʪʢʠ), ʘ ʪʘʢʞʝ ʙʦʢʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ. 

 

2. ʉʠʥʪʝʟ ʧʦʣʦʪʥʘ ʨʝʰʝʪʢʠ 

 ɺʠʜ ʬʦʢʫʩʠʨʫʶʱʝʡ ʨʝʰʝʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. ʀʩʩʣʝʜʫʝʤʘ ̫ʨʝʰʝʪʢʘ 

ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʚʦʣʥʦʚʦʜʦʚ ʩ ʚʦʟʜʫʰʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ, ʚ ʢʘʞʜʦʤ ʚʦʣʥʦʚʦʜʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʜʚʘ ʨʷʜʘ ʠʟ 16 ʧʨʦʜʦʣʴʥʳʭ ʱʝʣʝʡ ʩ ʨʘʟʤʝʨʘʤʠ 12.5ʭ1.5 ʤʤ, 

ʩʤʝʱʝʥʥʳʭ ʦʪ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʚʦʣʥʦʚʦʜʘ ʥʘ ʯʝʪʚʝʨʪʴ ʨʘʟʤʝʨʘ ʰʠʨʦʢʦʡ ʩʪʝʥʢʠ. 

ʈʘʟʤʝʨ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʣʥʦʚʦʜʦʚ 10ʭ23 ʤʤ, ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ ʨʝʰʝʪʢʠ 

115ʭ428 ʤʤ. ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʱʝʣʝʡ ʥʘʡʜʝʥ ʠʟ ʫʩʣʦʚʠ ̫

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʬʦʢʫʩʠʨʦʚʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ fR =460 ʤʤ ʧʦʜ ʫʛʣʦʤ fq= ╖ 30Á 

ʦʪ ʥʦʨʤʘʣʠ ʢ ʨʝʰʝʪʢʝ, ʧʨʦʚʝʜʝʥʥʦʡ ʠʟ ʝʝ ʮʝʥʪʨʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

0, 214x y= = ʤʤ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʜʠʘʧʘʟʦʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 10f =  ɻɻʮ. 

ʇʨʠ ʩʠʥʪʝʟʝ ʧʦʣʦʪʥʘ ʨʝʰʝʪʢʠ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʤʦʜʘʤʠ ʩʦʩʝʜʥʠʭ ʚʦʣʥʦʚʦʜʦʚ 

ʧʦʣʘʛʘʣʘʩʴ ʨʘʚʥʦʡ ʥʫʣʶ, ʘ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ b ʚʦʣʥʦʚʦʜʥʦʡ ʤʦʜʳ 

ʧʦʣʘʛʘʣʘʩʴ ʨʘʚʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʦʜʘ ʙʝʟ ʱʝʣʝʡ, ʢʘʢ ʠ ʚ 

ʨʘʙʦʪʘʭ [5,6]. 

 

ʈʠʩ. 1. ʉʬʦʢʫʩʠʨʦʚʘʥʥʘʷ ʨʝʰʝʪʢʘ ʚʦʣʥʦʚʦʜʦʚ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʱʝʣʷʤʠ ʦʪ ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ. 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʱʝʣʷʤʠ ʚʜʦʣʴ ʚʦʣʥʦʚʦʜʘ ʦʪ 

ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ Y ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2 ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ʪʦʯʢʘʤʠ ʥʘ 

ʵʪʦʤ ʨʠʩʫʥʢʝ ʦʪʦʙʨʘʞʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʱʝʣʝʡ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʣʠʥʝʝʢ 

ʱʝʣʝʡ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʦʣʥʦʚʦʜʘ. 

ɼʣʠʥʳ ʱʝʣʝʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʟ ʫʩʣʦʚʠʷ S21 = - 10 ʜɹ ʚ ʮʝʥʪʨʘʣʴʥʦʤ 

ʚʦʣʥʦʚʦʜʝ ʨʝʰʸʪʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʟʘʪʫʭʘʥʠʝ ʚʦʣʥʳ ʚʜʦʣʴ ʚʦʣʥʦʚʦʜʘ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ f=10 ɻɻʮ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʟʦʥʝ ʌʨʝʥʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʪʨʝʤ 

ʢʦʦʨʜʠʥʘʪʘʤ: ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Y - ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ (ʯʘʩʪʦʪʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ), ʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ X - ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʘ ʬʘʟʳ ʤʝʞʜʫ 

ʚʭʦʜʘʤʠ ʩʦʩʝʜʥʠʭ ʚʦʣʥʦʚʦʜʦʚ ʨʝʰʸʪʢʠ (ʬʘʟʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ). ʇʨʠ ʯʘʩʪʦʪʥʦʤ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʤʝʥʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘ  Z ʤʘʢʩʠʤʫʤʘ ʠʟʣʫʯʝʥʠʷ, ʪ.ʝ. ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʜʘʣʴʥʝʡ ʟʦʥʳ, ʛʜʝ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʜʚʫʤʝʨʥʳʤ, 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ ʟʦʥʝ ʌʨʝʥʝʣʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʯʘʩʪʦʪʳ ʠ ʩʜʚʠʛʘ ʬʘʟ ʤʝʞʜʫ ʚʭʦʜʘʤʠ ʚʦʣʥʦʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʪʨʸʭʤʝʨʥʳʤ, ʠ ʧʨʠ 
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ʩʢʘʥʠʨʦʚʘʥʠʠ ʤʝʥʷʶʪʩʷ ʢʘʢ ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪ rq, j  ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʬʦʢʫʩʠʨʦʚʢʠ, ʪʘʢ ʠ ʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʨʝʰʸʪʢʠ r. ʄʳ ʦʛʨʘʥʠʯʠʤʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʧʨʠ ʣʠʥʝʡʥʦʤ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʧʨʘʚʣʷʝʤʳʭ 

ʬʘʟʦʚʨʘʱʘʪʝʣʝʡ, ʣʠʙʦ ʤʥʦʛʦʣʫʯʝʚʦʡ ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʫʶʱʝʡ ʩʭʝʤ.r 

ʀʩʢʘʞʝʥʠʷʤʠ ʬʘʟʳ ʠʟ-ʟʘ ʝʸ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚ ʬʘʟʦʚʨʘʱʘʪʝʣʷʭ ʠʣʠ ʘʙʝʨʨʘʮʠʡ ʚ 

ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʦʦʙʨʘʟʫʶʱʝʡ ʩʭʝʤʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʳ ʧʨʝʥʝʙʨʝʛʘʝʤ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʠ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʬʦʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ -

ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʠ ʩʜʚʠʛʘ ʬʘʟ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʚ 

ʟʘʜʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʶ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʢʘʣʴʥʦʛʦ ʧʷʪʥʘ ʠ ʙʦʢʦʚʳʭ 

ʣʝʧʝʩʪʢʦʚ. 

 

3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʝʰʸʪʢʠ, ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ ʨʠʩ. 1, 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʯʠʩʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʏʘʩʪʦʪʘ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʥʷʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 8 ɻɻʮ ʜʦ 13 ɻɻʮ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʚʦʣʥʦʚʦʜʘʤʠ ʤʝʥʷʣʩʷ ʦʪ 0Á ʜʦ 150Á, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʢʣʦʥʝʥʠʶ 

ʣʫʯʘ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʫʛʦʣ ʦʪ 0 ʜʦ 33Á. 

  ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʬʦʢʫʩʠʨʦʚʢʠ ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʣʩʷ ʧʦʠʩʢ ʤʘʢʩʠʤʫʤʘ ʚʝʣʠʯʠʥʳ rE(r) ʚ ʩʬʝʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ r, q, j. ʄʘʢʩʠʤʫʤʫ ʧʨʦʠʟʚʝʜʝʥʠʷ rE(r) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʘʢʩʠʤʫʤ r ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E(r) ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ rE(r) 
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ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʧʣʦʩʢʦʩʪʠ ʨʝʰʸʪʢʠ ʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʬʦʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ.  

 ʇʨʠʤʝʨ ʨʘʜʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ rE(r) ʚ ʧʣʦʩʢʦʩʪʠ Z0Y ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ f =10 ɻɻʮ ʧʨʠ ʩʠʥʬʘʟʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚʦʣʥʦʚʦʜʦʚ 

(Df=0Á) ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 3 (ʢʨʠʚʘʷ 2). ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʘʜʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ (ʢʨʠʚʘʷ 1), ʧʨʠ ʵʪʦʤ ʦʙʝ ʚʝʣʠʯʠʥʳ 

ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʩʚʦʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ, 

ʤʘʢʩʠʤʫʤ ʚʝʣʠʯʠʥʳ  rE(r) ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ rm=460 ʤʤ, ʤʘʢʩʠʤʫʤʫ 

E(r) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ rm=380 ʤʤ. 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ E(r) (ʢʨʠʚʘʷ 1) ʠ ʚʝʣʠʯʠʥʳ rE(r) 

(ʢʨʠʚʘʷ 2) ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ ʨʝʰʸʪʢʠ ʥʘ ʯʘʩʪʦʪʝ 10 ɻɻʮ. 

 

 ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷ ʚ ʦʙʣʘʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ: 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʤʦʱʥʦʩʪʴ) ʠʟʣʫʯʝʥʠʷ E
2
(y,z) ʚ ʩʝʯʝʥʠʠ ZOY (ʨʠʩ. 4ʘ) ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ (ʚ ʜʝʮʠʙʝʣʘʭ) ʥʘ ʩʬʝʨʝ ʨʘʜʠʫʩʘ  rm=460 ʤʤ (ʨʠʩ. 

4ʙ) ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ f =10 ɻɻʮ ʧʨʠ ʩʠʥʬʘʟʥʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥʦʚʦʜʦʚ.  
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ʘ)    ʚ ʩʝʯʝʥʠʠ ZOY                                 ʙ) ʥʘ ʩʬʝʨʝ ʨʘʜʠʫʩʘ rm=460ʤʤ 

 

ʈʠʩ. 4. ʉʝʯʝʥʠʷ ʦʙʣʘʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ  ʠʟʣʫʯʝʥʠʷ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 

f =10 ɻɻʮ ʧʨʠ ʩʠʥʬʘʟʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚʦʣʥʦʚʦʜʦʚ. 

 

 ʈʘʜʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ E(r) ʠ rE(r) ʚ 

ʧʣʦʩʢʦʩʪʠ Z0Y ʧʨʠ ʩʠʥʬʘʟʥʦʤ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥʦʚʦʜʦʚ (Df=0Á) ʧʨʠʚʝʜʝʥr , 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʨʠʩ. 5,6 ʥʘ ʯʘʩʪʦʪʘʭ 8,9,10,12,13 ɻɻʮ (ʢʨʠʚʳʝ 1,2,3,4,5). ʂʘʢ 

ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʘʭ, ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʨʝʰʸʪʢʠ ʜʦ 

ʤʘʢʩʠʤʫʤʦʚ ʚʝʣʠʯʠʥ E(r) ʠ rE(r) ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʤʘʢʩʠʤʫʤʦʚ 

ʦʧʨʝʜʝʣʷʶʪ ʬʦʢʘʣʴʥʫʶ ʢʨʠʚʫʶ ʚ ʧʣʦʩʢʦʩʪʠ Z0Y ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ. 
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ʈʠʩ. 5. ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ɽ(r) ʥʘ 

ʯʘʩʪʦʪʘʭ 8,9,10,12,13 ɻɻʮ (ʢʨʠʚʳʝ 1,2,3,4,5, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

ʈʠʩ. 6. ʈʠʩ. 5. ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʳ rE(r) ʥʘ 

ʯʘʩʪʦʪʘʭ 8,9,10,12,13 ɻɻʮ (ʢʨʠʚʳʝ 1,2,3,4,5, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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 ʈʘʩʩʤʦʪʨʠʤ ʜʘʣʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ ʨʝʰʸʪʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʯʘʩʪʦʪʳ ʠ ʥʝʩʠʥʬʘʟʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚʦʣʥʦʚʦʜʦʚ ʨʝʰʸʪʢʠ. 

 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʨʠʚʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʢʘʣʴʥʳʤ ʣʠʥʠʷʤ ʧʨʠ 

ʯʘʩʪʦʪʥʦʤ ʠ ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʠʟʦʙʨʘʞʝʥʳ  ʥʘ ʨʠʩ. 7 (ʢʨʠʚʘʷ 1 - ʯʘʩʪʦʪʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ Z0Y ʚ ʩʣʫʯʘʝ ʩʠʥʬʘʟʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚʦʣʥʦʚʦʜʦʚ, 

ʢʨʠʚʘʷ 2 - ʬʘʟʦʚʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ  f =10 ɻɻʮ). 

 

 

ʈʠʩ. 7. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʬʦʢʘʣʴʥʳʝ ʢʨʠʚʳʝ ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʠ ʬʘʟʦʚʦʤ 

ʩʢʘʥʠʨʦʚʘʥʠʷʭ 

 

 ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 7 ʠ ʢʘʢ ʙʳʣʦ ʨʘʥʝʝ ʧʦʢʘʟʘʥʦ ʚ [5,6], ʧʨʠ ʯʘʩʪʦʪʥʦʤ 

ʩʢʘʥʠʨʦʚʘʥʠʠ ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʯʘʩʪʦʪʳ ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ ʩʬʝʨʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ 

ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʬʦʨʤʘ ʬʦʢʘʣʴʥʦʡ ʢʨʠʚʦʡ  (ʢʨʠʚʘʷ 2 ʥʘ  ʨʠʩ. 6) ʙʣʠʟʢʘ ʢ 

ʦʢʨʫʞʥʦʩʪʠ. 
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ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ q ʦʪ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ 

ʥʘ ʯʘʩʪʦʪʝ 10 ɻɻʮ 

 

ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ j ʦʪ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ 

ʥʘ ʯʘʩʪʦʪʝ 10 ɻɻʮ. 

 ʈʠʩ. 10 ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʘʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʠʟʣʫʯʝʥʠʷ ʨʝʰʸʪʢʠ ʥʘ ʵʪʦʡ ʢʨʠʚʦʡ.  
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ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʴ ʂʅɼ ʦʪ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʥʘ ʯʘʩʪʦʪʝ 

10 ɻɻʮ. 

 

 ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʦʩʣʘʙʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ 3 ʜɹ ʥʘ ʬʦʢʘʣʴʥʦʡ 

ʢʨʠʚʦʡ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʨʠ  ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʬʘʟʦʚʦʤ 

ʩʜʚʠʛʝ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ Df=130Á, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʢʣʦʥʝʥʠʶ ʣʫʯʘ ʥʘ 

ʫʛʣʳ q=38Á, j=229Á ʦʪʥʦʩʠʪʝʣʴʥʦ  ʧʦʣʦʞʝʥʠʷ ʣʫʯʘ ʧʨʠ ʩʠʥʬʘʟʥʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ ʚʦʣʥʦʚʦʜʦʚ (q=28Á, j=270Á).   

 ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ [7], ʧʨʠ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ ʠʟ ʚʦʣʥʦʚʦʜʦʚ ʩ ʚʦʟʜʫʰʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʧʦʤʠʤʦ 

ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ ʠʟʣʫʯʝʥʠʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ "ʤʠʥʫʩ ʧʝʨʚʦʡ" ʧʨʠ 

ʦʜʥʦʤʝʨʥʦʤ  ʯʘʩʪʦʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ) ʚʦʟʥʠʢʘʶʪ ʧʦʙʦʯʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʛʘʨʤʦʥʠʢʠ (ʧʦʙʦʯʥʳʝ ʣʫʯʠ). ʋʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʪʠʭ ʣʫʯʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʝʨʠʦʜʘʤʠ ʠʟʣʫʯʘʪʝʣʝʡ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʠ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ. 

 ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ 
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ʨʝʰʸʪʢʝ, ʚ ʢʦʪʦʨʦʡ ʦʪʩʫʪʩʪʚʫʝʪ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʱʝʣʝʡ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

 ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʣʫʯʝʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʛʘʨʤʦʥʠʢ ʧʦʤʠʤʦ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʧʝʨʠʦʜʠʯʝʩʢʘʷ 

ʚʦʣʥʦʚʦʜʥʦ-ʱʝʣʝʚʘʷ ʨʝʰʸʪʢʘ. ɺʠʜ ʵʪʦʡ ʨʝʰʸʪʢʠ ʠʟʦʙʨʘʞʸʥ ʥʘ ʨʠʩ. 12.  

 

 

ʈʠʩ. 12. ʈʝʰʸʪʢʘ ʚʳʪʝʢʘʶʱʝʡ ʚʦʣʥʳ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʠʦʜʦʤ ʱʝʣʝʡ 

 

 ɼʘʥʥʘʷ ʨʝʰʸʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʚʦʣʥʦʚʦʜʦʚ ʩ ʚʦʟʜʫʰʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ, ʚ 

ʢʘʞʜʦʤ ʚʦʣʥʦʚʦʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʨʷʜʘ ʧʦ 18 ʧʨʦʜʦʣʴʥʳʭ ʱʝʣʝʡ, ʩʤʝʱʝʥʥʳʭ 

ʦʪ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʚʦʣʥʦʚʦʜʦʚ ʥʘ ʯʝʪʚʝʨʪʴ ʨʘʟʤʝʨʘ ʰʠʨʦʢʦʡ ʩʪʝʥʢʠ. ʈʘʟʤʝʨ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʣʥʦʚʦʜʦʚ, ʢʘʢ ʠ ʚ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʨʝʰʸʪʢʝ, 10ʭ23 

ʤʤ, ʨʘʟʤʝʨ ʘʧʝʨʪʫʨʳ ʨʝʰʝʪʢʠ 115ʭ432 ʤʤ. ʏʠʩʣʦ ʱʝʣʝʡ ʚʜʦʣʴ ʚʦʣʥʦʚʦʜʦʚ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʠʟ ʫʩʣʦʚʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʨʘʟʤʝʨʘ ʘʧʝʨʪʫʨʳ 

ʨʝʰʸʪʢʠ. ɼʣʠʥʘ ʱʝʣʝʡ ʧʦʜʙʠʨʘʣʘʩʴ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʞʥʝʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ S21= ╖10 ʜɹ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʚʦʣʥʦʚʦʜʝ ʨʝʰʸʪʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜ rʧʦʣʷ ʚʜʦʣʴ ʚʦʣʥʦʚʦʜʘ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ f=10 

ɻɻʮ. ʇʝʨʠʦʜ ʨʝʰʸʪʢʠ ʙʳʣ ʚʳʙʨʘʥ  ʨʘʚʥʳʤ 23.84 ʤʤ ʧʨʠ ʫʩʣʦʚʠʠ  ʠʟʣʫʯʝʥʠʷ 

ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ ʥʘ ʯʘʩʪʦʪʝ 10 ɻɻʮ ʧʦʜ ʫʛʣʦʤ -30Á ʦʪ ʥʦʨʤʘʣʠ ʢ ʨʝʰʸʪʢʝ, 

ʪ.ʝ. ʧʦʜ ʪʝʤ ʞʝ ʫʛʣʦʤ, ʯʪʦ ʠ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ.   

 ʈʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʚ ʟʦʥʝ ʌʨʝʥʝʣ ̫ ʜʘʥʥʦʡ 

ʨʝʰʸʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʠʚʝʜʸʥʥʳʤ ʨʘʥʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ 
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ʥʘʜ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʦʡ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 13. ʅʦʨʤʠʨʦʚʢʘ ʢʨʠʚʳʭ ʥʘ 

ʨʠʩʫʥʢʝ ʚʳʧʦʣʥʝʥʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʠ.   

 

 

ʈʠʩ. 13. ʈʘʜʠʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ E(r) ʥʘ ʯʘʩʪʦʪʝ 10ɻɻʮ ʚ 

ʟʦʥʝ ʌʨʝʥʝʣʷ  ʧʝʨʠʦʜʠʯʝʩʢʦʡ (2) ʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ (1) ʨʝʰʸʪʦʢ. 

 

 ʅʘ ʨʠʩʫʥʢʘʭ 14ʘ -19ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʟʣʫʯʝʥʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʠ ʥʘ ʬʦʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʦʢʫʩʠʨʦʚʢʦʡ ʠʟʣʫʯʝʥʠʷ (ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ rE(r)) ʧʨʠ 

ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ, ʘ ʥʘ ʨʠʩ. 14ʙ-19ʙ - ʜʚʫʤʝʨʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʠ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʘʩʪʦʪʘʭ 8, 9, 10, 11, 12, 

13 ɻɻʮ ʠʟʦʙʨʘʞʝʥʳ ʚ ʚʠʜʝ ʣʠʥʠʡ ʫʨʦʚʥʷ ʧʦʣʷ ʚ ʚʝʨʭʥʝʡ ʧʦʣʫʩʬʝʨʝ ʥʘʜ 

ʧʣʦʩʢʦʩʪʴʶ ʨʝʰʸʪʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ q, j ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʜʚʠʛʘʭ ʬʘʟʳ Df, ʚʳʟʳʚʘʶʱʝʤʫ ʧʦʚʦʨʦʪ ʣʫʯʘ ʨʝʰʸʪʢʠ ʥʘ ʯʘʩʪʦʪʝ 10 

ɻɻʮ ʚ ʧʦʧʝʨʝʯʥʦʤ ʧʣʦʩʢʦʩʪʠ (ʍY), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 0, 10Á, 20Á, 30Á.   
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ʘ) ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ                         ʙ) ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ 

 

ʈʠʩ. 14. ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ  ʧʨʠ ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʥʘ 

ʯʘʩʪʦʪʝ f=8 ɻɻʮ. 
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ʘ) ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ                     ʙ) ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ 

 

ʈʠʩ. 15. ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ  ʧʨʠ ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʥʘ 

ʯʘʩʪʦʪʝ f=9 ɻɻʮ. 
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ʘ) ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ                     ʙ) ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ 

 

ʈʠʩ. 16. ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ  ʧʨʠ ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʥʘ 

ʯʘʩʪʦʪʝ f=10 ɻɻʮ. 
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ʘ) ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ                      ʙ) ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ 

 

ʈʠʩ. 17. ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ  ʧʨʠ ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʥʘ 

ʯʘʩʪʦʪʝ f=11 ɻɻʮ. 
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ʘ) ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ                 ʙ) ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ 

 

ʈʠʩ. 18. ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ  ʧʨʠ ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʥʘ 

ʯʘʩʪʦʪʝ f=12 ɻɻʮ. 
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ʘ) ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ                       ʙ) ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ 

ʈʠʩ. 19. ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ  ʧʨʠ ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʥʘ 

ʯʘʩʪʦʪʝ f=13 ɻɻʮ. 
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 ʂʘʨʪʠʥʘ ʣʠʥʠʡ ʫʨʦʚʥʷ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʥʘ ʧʨʠʚʝʜʸʥʥʳʭ ʨʠʩʫʥʢʘʭ 

ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʤʝʱʝʥʠʝ ʬʦʢʘʣʴʥʦʛʦ ʧʷʪʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʦʩʥʦʚʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʘʨʤʦʥʠʢʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʠʟʣʫʯʝʥʠʷ ʠ 

ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝ ʣʫʯʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʙʦʯʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʛʘʨʤʦʥʠʢʘʤ. 

 ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʘʭ, ʧʨʠ ʩʠʥʬʘʟʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚʦʣʥʦʚʦʜʦʚ 

ʩʢʘʥʠʨʦʚʘʥʠʝ, ʢʘʢ ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ, ʪʘʢ ʠ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ, ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʤʠʥʫʩ ʧʝʨʚʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʛʘʨʤʦʥʠʢʝ, ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʛʣʘʚʥʦʛʦ ʣʫʯʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʬʦʨʤʘ ʚ ʨʝʰʸʪʢʘʭ ʧʦʯʪʠ 

ʦʜʠʥʘʢʦʚʳʝ. ʈʘʟʥʠʮʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʧʦʣʷ ʥʘʜ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʦʡ ʧʦʩʪʨʦʝʥʳ ʥʘ ʩʬʝʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʨʘʜʠʫʩʘʤʠ.  

 ʅʘ ʨʠʩ. 20 ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʦʚ q, j  

ʤʘʢʩʠʤʫʤʦʚ ʠʟʣʫʯʝʥʠʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʝ ʥʘ ʯʘʩʪʦʪʘʭ  9, 10, 11, 12, 13 ɻɻʮ (ʢʨʠʚʳʝ 1-5, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ʐʪʨʠʭʦʚʳʝ  ʣʠʥʠʠ ʥʘ ʨʠʩʫʥʢʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʘʥʘʣʦʛʠʯʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʣʫʯʝʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ.  

 ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 20, ʤʝʞʜʫ ʢʨʠʚʳʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ ʧʨʠ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ ʚ 

ʫʢʘʟʘʥʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʯʘʩʪʦʪ ʠ ʬʘʟʦʚʳʭ ʩʜʚʠʛʦʚ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʨʝʰʸʪʢʘʭ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ.  

 ʊʘʢʦʝ ʞʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʠ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʙʦʯʥʳʭ 

ʣʫʯʝʡ. ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʧʦʙʦʯʥʳʭ ʣʫʯʝʡ ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ ʤʝʥʴʰʝ, 

ʯʝʤ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ. ʕʪʦʪ ʵʬʬʝʢʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ  ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 21, ʥʘ 

ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʧʦʣʷ ʥʘ ʯʘʩʪʦʪʝ 9 ɻɻʮ ʧʨʠ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʤʝʱʝʥʠʶ ʣʫʯʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʫʛʦʣ 10Á (ʨʠʩ. 

21ʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ, ʨʠʩ. 21ʙ - ʧʝʨʠʦʜʠʯʝʩʢʦʡ). ʂʘʢ 

ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʫʨʦʚʝʥʴ ʠʟʣʫʯʝʥʠʷ ʧʦʙʦʯʥʦʡ ʛʘʨʤʦʥʠʢʠ ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ 

ʨʝʰʸʪʢʝ ʥʘ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʧʦʯʪʠ ʥʘ 5 ʜɹ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ.  
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ʘ) 

 

ʙ) 

 

ʈʠʩ. 20. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ q, j, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ  ʠʟʣʫʯʝʥʠʝ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʠ ʧʨʠ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ. 
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ʘ) ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ         ʙ)  ʚ  ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ 

ʈʠʩ. 21. ʋʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʠʟʣʫʯʝʥʠʷ ʨʝʰʸʪʢʠ ʥʘ ʯʘʩʪʦʪʝ 9 ɻɻʮ ʧʨʠ 

ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ 48.14Á 

 

 ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ  ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʠ ʙʦʣʝʝ ʯʸʪʢʘʷ,  ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʬʦʢʫʩʠʨʫʶʱʝʡ 

ʨʝʰʸʪʢʝ ʚʥʝ ʛʣʘʚʥʦʛʦ ʬʦʢʘʣʴʥʦʛʦ ʧʷʪʥʘ ʙʦʣʝʝ ʨʘʟʤʳʪʦʝ, ʧʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʦʙʦʯʥʳʭ ʛʘʨʤʦʥʠʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 ɼʣʷ ʜʚʫʤʝʨʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʚ ʫʛʣʦʚʦʤ ʩʧʝʢʪʨʝ ʠʟʣʫʯʝʥʠʷ 

ʧʨʠ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ:   
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ʛʜʝ Py - ʧʨʦʜʦʣʴʥʳʡ ʧʝʨʠʦʜ ʨʝʰʸʪʢʠ, ʨʘʚʥʳʡ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʱʝʣʷʤʠ ʚʜʦʣʴ 

ʚʦʣʥʦʚʦʜʦʚ, Px - ʧʦʧʝʨʝʯʥʳʡ ʧʝʨʠʦʜ, ʨʘʚʥʳʡ ʨʘʟʤʝʨʫ ʰʠʨʦʢʦʡ ʩʪʝʥʢʠ 

ʚʦʣʥʦʚʦʜʘ (ʩ ʫʯʸʪʦʤ ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ), k - ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ɔ - ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚ ʚʦʣʥʦʚʦʜʝ, 

n,m - ʥʦʤʝʨʘ ʛʘʨʤʦʥʠʢ ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʀʟ ʘʥʘʣʠʟʘ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʦʤʠʤʦ ʛʘʨʤʦʥʠʢʠ (-1,0) ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʨʝʰʸʪʢʝ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʛʘʨʤʦʥʠʢ (0,0) ʠ (-1,-1).  

 ʅʘ ʨʠʩʫʥʢʘʭ 14ʙ-19ʙ ʦʩʥʦʚʥʦʡ ʣʫʯ (-1,0) ʧʨʠ ʥʝʥʫʣʝʚʦʤ ʬʘʟʦʚʦʤ ʩʜʚʠʛʝ 

ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ʚ 

ʠʥʪʝʨʚʘʣʝ (180Á, 270Á), ʧʦʙʦʯʥʳʤ ʛʘʨʤʦʥʠʢʘʤ ʩ ʥʦʤʝʨʦʤ (0,0) ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʘʟʠʤʫʪʘʣʴʥʳʝ ʫʛʣʳ ʚ ʠʥʪʝʨʚʘʣʝ (90Á, 180Á), ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ (270Á, 360Á) 

ʧʦʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʛʘʨʤʦʥʠʢʠ ʩ ʥʦʤʝʨʦʤ (-1,-1). ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ (1) 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʙʦʯʥʳʭ ʣʫʯʝʡ ʥʘ ʨʠʩʫʥʢʘʭ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚ ʚʦʣʥʦʚʦʜʝ ʩ ʫʯʸʪʦʤ 

ʱʝʣʝʡ. ɺ ʨʝʰʸʪʢʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʱʝʣʷʤʠ ʧʦʷʚʣʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʧʦʙʦʯʥʳʭ ʛʘʨʤʦʥʠʢ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʥʝʦʯʝʚʠʜʥʳʤ, ʥʦ, ʢʘʢ ʤʦʞʥʦ 

ʚʠʜʝʪʴ ʥʘ ʨʠʩ. 14ʘ-19ʘ, ʥʘʟʚʘʥʥʳʝ ʚʳʰʝ ʛʘʨʤʦʥʠʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʝ. ʅʘ ʯʘʩʪʦʪʘʭ ʙʣʠʟʢʠʭ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʠ ʧʨʠ 

ʤʘʣʳʭ ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʛʘʨʤʦʥʠʢ ʚ ʦʙʝʠʭ 
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ʨʝʰʸʪʢʘʭ ʧʦʯʪʠ ʩʦʚʧʘʜʘʶʪ, ʦʜʥʘʢʦ ʫʨʦʚʝʥʴ  ʵʪʠʭ ʣʝʧʝʩʪʢʦʚ ʚ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ 

ʨʝʰʸʪʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʛʘʨʤʦʥʠʢʠ (0,0). ʇʨʠ ʙʦʣʴʰʠʭ 

ʬʘʟʦʚʳʭ ʩʜʚʠʛʘʭ (ʥʘʧʨʠʤʝʨ, Df=138.6Á, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦʚʦʨʦʪʫ ʣʫʯʘ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚ ʧʦʧʝʨʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʝʰʝʪʢʠ ʥʘ 30Á), ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʦʩʪ ʛʘʨʤʦʥʠʢʠ ʩ ʥʦʤʝʨʦʤ (-1,-1), ʠ ʥʘ ʯʘʩʪʦʪʝ 9 ɻɻʮ ʫʨʦʚʝʥʴ ʵʪʦʛʦ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʤʘʢʩʠʤʫʤʘ  ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ. 

  

 

ʈʠʩ. 22 ʋʛʣʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʨʝʰʸʪʢʠ ʚ 

ʦʙʣʘʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ (ʘ) ʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ 

(ʙ) ʥʘ ʯʘʩʪʦʪʘʭ 9, 10, 12 ɻɻʮ ʧʨʠ ʩʠʥʬʘʟʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚʦʣʥʦʚʦʜʦʚ (Df=0) 


