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ʉʇʀʉʆʂ ʆɹʆɿʅɸʏɽʅʀʁ ʀ ɸɹɹʈɽɺʀɸʊʋʈ 

ʕʣʝʤʝʥʪʳ ʦʨʙʠʪ ʤʘʣʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ: 

AU, ʘ.ʝ. ï ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ ï ʦʪ ɿʝʤʣʠ ʜʦ ʉʦʣʥʮʘ  ʦʢʦʣʦ 81.5 10Ö  ʢʤ; 

ʘ ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ (AU, ʘ.ʝ.); 

ʝ ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ; 

p ï ʧʝʨʠʛʝʣʠʡ ï ʙʣʠʞʘʡʰʘʷ ʢ ʉʦʣʥʮʫ ʪʦʯʢʘ ʦʨʙʠʪʳ ʥʝʙʝʩʥʦʛʦ ʪʝʣʘ; 

q ï ʧʝʨʠʛʝʣʠʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʉʦʣʥʮʘ ʜʦ ʧʝʨʠʛʝʣʠʷ (ʘ.ʝ.); 

Q ï ʘʬʝʣʠʡ ï ʪʦʯʢʘ ʦʨʙʠʪʳ ʤʘʢʩʠʤʘʣʴʥʦ ʫʜʘʣʝʥʥʘʷ ʦʪ ʉʦʣʥʮʘ; 

Q (q¡) ï ʘʬʝʣʠʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʉʦʣʥʮʘ ʜʦ ʘʬʝʣʠʷ (ʘ.ʝ.); 

p ï ʧʘʨʘʤʝʪʨ ʦʨʙʠʪʳ; 2(1 )p a e= - ; 

W ï ʚʦʩʭʦʜʷʱʠʡ ʫʟʝʣ; ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ, ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʚʝ-

ʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥʩʪʚʠʷ ʜʦ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ (ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʥʝʙʝʩʥʦʛʦ ʵʢʚʘʪʦʨʘ 

ʠ ʵʢʣʠʧʪʠʢʠ c ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ). 

ǝ ï ʥʠʩʭʦʜʷʱʠʡ ʫʟʝʣ; ʜʦʣʛʦʪʘ ʥʠʩʭʦʜʷʱʝʛʦ ʫʟʣʘ, ǝ = W +180; 

Wǝ ï ʣʠʥʠʷ ʫʟʣʦʚ ï ʧʨʷʤʘʷ, ʩʦʝʜʠʥʷʶʱʘʷ ǝ ʠ W ʫʟʣʳ; 

i ï ʥʘʢʣʦʥʝʥʠʝ ï ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ ʦʨʙʠʪʳ ʠ ʧʣʦʩʢʦʩʪʴʶ ʵʢʣʠʧʪʠʢʠ; 

wï ʘʨʛʫʤʝʥʪ ʧʝʨʠʛʝʣʠʷ, ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʠʛʝʣʠʷ ʦʪ ʫʟʣʘ 

p = W+w ï ʜʦʣʛʦʪʘ ʧʝʨʠʛʝʣʠʷ; 

ʋʛʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʳ (W, i, w ʠ ʜʨ.) ʟʘʜʘʶʪʩʷ ʚ ʛʨʘʜʫʩʘʭ. 

ʂʃɸ ï ʢʦʩʤʠʯʝʩʢʠʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ. 

ʕʄʀ ï  ɻ ʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʈʊʉ ï   ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤ r

ɸɺʍï ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʄɸʈʉ ï ʤʝʪʝʦʨʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʍʘʨʴʢʦʚ) 

AMOR ï Advanced Meteor Orbit Radar (ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ, ʂʨʘʡʩʪʯʝʨʯ) 

CMOR ï Canadian Meteor Orbit Radar (ʂʘʥʘʜʘ, ʊʘʚʠʩʪʦʢ, ʆʥʪʘʨʠʦ) 

VHF ï Very High Frequency, 30 ï 300 MHz 

UHF ï Ultra High Frequency, 300 ï 3000 MHz 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʩ ʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʚ (ʝ>0,9), ʩ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ ʦʨʙʠʪʘʤʠ ʚʢʣʶʯʠʪʝʣʴʥʦ, 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʟʝʤʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦ-

ʩʬʝʨʳ ɿʝʤʣʠ ʥʘ ʯʘʩʪʦʪʝ 31,1 ʄɻʮ ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ 70-130 ʢʤ ʩ ʦʮʝʥʢʦʡ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʝʡ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʤʝʪʝʦʨʦʠʜʦʚ. ʀʟʫʯʝʥʠʝ 

ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʠ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʧʦʣʫʯʠʣʦ ʟʥʘʯʠʪʝʣɹ -

ʥʳʡ ʠʤʧʫʣʴʩ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ ʚ ʩʚʷʟʠ ʩ ʚʥʝʜʨʝʥʠʝʤ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠ-

ʦʥʥʳʭ ʤʝʪʦʜʦʚ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɿʥʘʥʠʷ ʦ ʤʝʪʝʦʨʘʭ ʧʦʤʦʛʘʶʪ ʠʟʫʯʘʪʴ ʢʦʩʤʦʛʦʥʠʶ 

ɺʩʝʣʝʥʥʦʡ, ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʢʦʤʝʪʥʦ-ʘʩʪʝʨʦʠʜʥʦ-ʤʝʪʝʦʨʦʠʜʥʫʶ ʦʧʘʩʥʦʩʪʴ ɿʝʤʣʠ ʠ 

ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʂʃɸ) ʚ 

ʙʣʠʞʥʝʤ ʠ ʜʘʣʴʥʝʤ ʢʦʩʤʦʩʝ. ʄʝʪʝʦʨʥʳʝ ʩʣʝʜʳ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʟʦʥʜʳ ʚ ʠʦʥʦʩʬʝʨʝ 

ʧʨʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʜʣʷ ʨʘʜʠʦʩʚʷʟʠ. ʄʝʪʝʦʨʥʘʷ ʥʘʫʢʘ ʟʘʥʠʤʘʝʪ ʩʚʦʠ 

ʚʘʞʥʳʝ ʧʦʟʠʮʠʠ ʚ ʘʩʪʨʦʥʦʤʠʠ, ʢʦʩʤʦʥʘʚʪʠʢʝ, ʛʝʦʬʠʟʠʢʝ, ʵʢʦʣʦʛʠʠ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʥʘʫʢʘʭ.  

ʄʝʪʝʦʨʳ (ʤʝʪʝʦʨʥʳʝ ʷʚʣʝʥʠʷ ï ʩʚʝʪʦʚʳʝ ʠ ʠʦʥʠʟʘʮʠʦʥʥʳʝ ʩʣʝʜʳ), ʢʦʪʦʨʳʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ɿʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʨʘʟʥʳʤʠ ʤʝʪʦ-

ʜʘʤʠ (ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤ, ʦʧʪʠʯʝʩʢʠʤ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ, ʜʨ.) ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʚʩʪʨʝʯʠ ɿʝʤʣʠ ʩ ʤʝʪʝʦʨʥʳʤʠ ʪʝʣʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʉʦʣ-

ʥʝʯʥʦʡ ʩʠʩʪʝʤʝ. ʄʝʪʝʦʨʥʳʝ ʪʝʣʘ, ʠʤʝʶʱʠʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʩ ʢʦʤʝʪʘʤʠ ʠ ʘʩʪʝ-

ʨʦʠʜʘʤʠ ʠ ʤʝʥʴʰʠʝ ʠʭ ʧʦ ʨʘʟʤʝʨʘʤ, ʦʙʨʘʟʫʁ ʪ ʤʦʱʥʦʝ ʦʙʣʘʢʦ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʢʦʪʦʨʦʝ ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ ʛʨʘʥʠʮ ʛʝʣʠʦʩʬʝʨʳ ʠ ʜʘʣʴʰʝ ʜʦ ʤʝʞʟʚʝʟʜ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʄʝʪʝʦʨʳ ʨʘʟʜʝʣʷʶʪc  ̫ʥʘ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʠ ʧʦʪʦʢʦʚʳʝ. ʄʝʪʝʦʨ-

ʥʳʝ ʪʝʣʘ ʜʚʠʞʫʪʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʦʨʙʠʪʘʤ. ʌʦʨʤʘ ʦʨʙʠʪʳ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ ʦʜʥʦʛʦ ʠʟ ʰʝʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ - ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʝ: ʜʣʷ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪ 0 <ʝ <1 ʠ ʯʝʤ ʙʦʣʴʰʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ, ʪʝʤ ʙʦʣʝʝ ʚʳʪʷʥʫʪʘ ʦʨ-

ʙʠʪʘ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʚʦʜʳ (Shtol, ɺʩʝʭʩʚʷʪʩʢʠʡ, ɹʝʣʴʢʦʚʠʯ, Landgraft, Wiegert ʠ 

ʜʨ.) ʠ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ (Baggaley, Brown, Meisel, ʂʘʱʝʝʚ ʠ ʜʨ.) 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ɿʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʩ ʧʘʨʘ-
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ʙʦʣʠʯʝʩʢʠʤʠ (e = 1) ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ (e > 1) ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʤʠ ʦʨʙʠʪʘʤʠ. 

ʂʦʤʧʣʝʢʩ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʥʳʭ ʦʨʙʠʪ ʚʤʝʩʪʝ ʩ ʵʣʣʠʧʪʠʯʝ-

ʩʢʠʤʠ ʤʝʪʝʦʨʥʳʤʠ ʦʨʙʠʪʘʤʠ, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ ʢʦʪʦʨʳʭ ʚʳʩʦʢʠʝ (ʝ > 0,9) ʠ ʙʣʠʟʢʠʝ 

ʢ ʝʜʠʥʠʮʝ, ʤʘʣʦ ʠʟʫʯʝʥ. ʊʘʢʠʝ ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʝ ʦʨʙʠʪʳ ʠʟʜʘʚʥʘ ʧʨʠʚʣʝʢʘʣʠ ʢ 

ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ ʤʝʪʝʦʨʥʦʝ ʚʝʱʝʩʪʚʦ ʥʘ ʪʘʢʠʭ ʦʨʙʠʪʘʭ 

ʠʤʝʝʪ ʦʩʦʙʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʦʝʥʠʝʤ ʉʦʣʥʝʯʥʦʡ ʩʠʩ-

ʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʪʝʦʨʥʳʭ ʦʨʙʠʪ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʢʩʮʝʥ-

ʪʨʠʩʠʪʝʪʘ, ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʡ ʘʩʪʨʦʥʦʤʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʇʨʦʙʣʝʤʘ ʠʟʫʯʝ-

ʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʥʘ ʨʘʟʦʤʢʥʫʪʳʭ (ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ) 

ʦʨʙʠʪʘʭ ʟʘʢʣʶʯʘʣʘʩʴ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʦʨʙʠʪ ʫʢʘʟʘʥʥʦʛʦ ʢʣʘʩʩʘ ʠ ʪʦʯʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʵʪʠ ʦʨʙʠʪʳ ʨʝ-

ʛʠʩʪʨʠʨʫʶʪʩʷ. ʉʠʪʫʘʮʠʷ ʦʩʣʦʞʥʝʥʘ ʪʝʤ, ʯʪʦ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʚʳʚʦʜʘʤ, ʤʝʪʝʦʨʦʚ ʚ 

ɿʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʙʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʝʘʣʴʥʳʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ 

(ʠʣʠ ʧʦʯʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ) ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʝ ʦʨʙʠʪʳ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʜʦʚʦʣʴʥʦ 

ʤʘʣʦ (~ 1% ʦʪ ʦʙʱʝʛʦ ʧʨʠʪʦʢʘ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ɿʝʤʥʫʶ ʘʪʤʦʩʬʝʨʫ).  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʝʦʨʥʳʝ ʦʨʙʠʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʢʣʘʩʩʠ-

ʯʝʩʢʠʤʠ ʥʘʟʝʤʥʳʤʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘʙʣʶʜʝʥʠʷ ʤʝʪʝʦʨʦʚ ʚ ʘʪʤʦʩʬʝʨʝ 

ɿʝʤʣʠ: ʚʠʟʫʘʣʴʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ, ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤʠ, ʘ ʪʘʢʞʝ 

in situ - ʨʝʛʠʩʪʨʘʮʠʷʤʠ ʥʘ ʂʃɸ ʠ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ. ʇʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʦʨʙʠʪʳ ʤʝʪʝʦʨʥʳʭ ʯʘʩʪʠʮ ʥʘ ʂʃɸ çʇʠʦʥʝʨè 8 ʠ 9 (1967-1968 ʛʛ.) ʙʳʣʠ ʛʠʧʝʨʙʦʣʠ-

ʯʝʩʢʠʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʩʪʳʢʦʚʢʠ ʤʝʪʝʦʨʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʂʃɸ ʠ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. ʉʦʟʜʘʥʠʝ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʤʝʪʝ-

ʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ (ʞʝʣʘʪʝʣʴʥʦ ʩ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʤʘʩʩ) ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʥʘʩʫʱʥʦʡ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʴʶ. ɺ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʩʤʦʩʘ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫ-

ʶʪ ʅʘʮʠʦʥʘʣʴʥʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ (National Aeronautics and Space Administra-

tion, NASA), ɽʚʨʦʧʝʡʩʢʦʝ ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ (European Space Agency, ESA), 

ʂʦʤʠʪʝʪ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (Committee on Space Research, COSPAR), 

ʫʜʝʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʪʝʦʨʥʦʛʦ ʢʦʤ-



8 

ʧʣʝʢʩʘ ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪ (ʚʤʝʩʪʝ ʩ ʨʝʰʝʥʠʝʤ ʦʙʱʝʡ ʧʨʦʙʣʝʤʳ ʠʥʬʠʥʠʪ-

ʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ) ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʝʦʨʥʳʭ ʪʝʣ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʅʝʦʙʭʦʜʠʤʦ ʥʘʢʦʧʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʩʪʘʪʠʩʪʠʢʫ, ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʷʚʣʷʶʪʩʷ ʩʦ-

ʧʦʩʪʘʚʠʤʳʤʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ 

ʚʦʟʨʦʩʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩ ʦʪʢʨʳʪʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʧʦʷʩʘ ʂʦʡʧʝʨʘ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʠ ʧʣʘʥʝʪʘʨʥʳʭ ʜʠʩʢʦʚ ʫ ʮʝʣʦʛʦ ʨʷʜʘ ʟʚʝʟʜ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʛʦʩʙʶʜʞʝʪʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ (ʅʀʈ), ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʠ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʍʘʨʴʢʦʚʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʅʀʈ ̄287 çʉʦʟʜʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʦ-

ʩʪʨʦʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘè, ʨʘʟʜʝʣ 1 ˉ287-1 çʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʦʨʙʠʪʘʭ ʩ ʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʚè (ʧʨʠʢʣʘʜʥʘʷ 2014-2015, ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ 

0114U002697), ʅʀʈ ̄253-1 çʀʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʵʣʝ-

ʤʝʥʪʦʚ ʦʨʙʠʪ ʤʘʣʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ (ʢʦʤʝʪ, ʘʩʪʝʨʦʠʜʦʚ ʠ ʤʝʪʝʦʨʦʠʜʦʚ)è 

(ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ 2011-2013, ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ 0111U002902), ʅʀʈ ̄144-

1 çʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʘʩʪʝʨʦʠʜʥʦ-ʢʦʤʝʪʥʦ-ʤʝʪʝʦʨʦʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʣʠʞʥʝʛʦ ʠ 

ʜʘʣʴʥʝʛʦ ʢʦʩʤʦʩʘè (ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ 2002-2004, ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ 

0102U001435), ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ 2007-2009 çInternational 

Heliophisical Year 2007è ʧʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʦʛʨʘʤʤʝ CIP 65 

ñMeteors in the Earth atmosphere and meteoroids in the Solar Systemò ʠ ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʝʪʳ ɻʘʣʣʝʷ: IHW- 1986. ɺ ʫʢʘʟʘʥʥʳʭ ʨʘʙʦʪʘʭ ʠ 

ʧʨʦʛʨʘʤʤʘʭ ʜʠʩʩʝʨʪʘʥʪ ʙʳʣ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ ʠ ʠʩʧʦʣʥʠʪʝʣʝʤ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʤʝʪʝʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʨʝʘʣʴʥʳʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ 

ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝ-
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ʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘʟʝʤʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʪʘʢʠʝ 

ʟʘʜʘʯʠ: 

- ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ ʢʣʘʩʩʘ ʪʝʣ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝ-

ʥʠʷʤʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʚ (e>0,9) ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥ-

ʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʝʪʝʦʨʦʚ ʚ ʍʘʨʴʢʦʚʝ ʚ ʪʝʯʝʥʠʝ 1972-1978 ʛʦʜʦʚ ʠ ʜʨʫʛʠʭ; 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʦʨʙʠʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʦʪʦ-

ʙʨʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 

- ʦʮʝʥʠʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʨʘʩʯʝʪʘʭ ʩʢʦʨʦʩʪʝʡ, ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʘʥʪʦʚ, ʵʣʝ-

ʤʝʥʪʦʚ ʦʨʙʠʪ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʥʳʭ ʪʝʣ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦ-

ʩʪʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʥʘ ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪʘʭ; 

- ʧʦʩʪʨʦʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʢʣʘʩʩʦʚ ʤʝʪʝʦʨʥʳʭ ʪʝʣ; 

- ʚʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʚʷʟʠ ʢʦʤʧʣʝʢʩʘ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʥʘ ʚʳ-

ʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪʘʭ, ʚʦʟʤʦʞʥʳʝ ʤʝʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʝʦʨʦʠʜʦʚ ʥʘ ʛʠʧʝʨ-

ʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʪʨʫʢʪʫʨʘ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʝʪʝʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʦʣ-

ʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳʭ ʦʨʙʠʪʘʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʠʩʪʘʥ-

ʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʘʪʤʦʩʬʝʨʳ ʚ ʍʘʨʴʢʦʚʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʝʪʦʜʳ ʤʝʪʝʦʨʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʤʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʳ ʪʘʢʠʝ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

ɺʧʝʨʚʳʝ:  

ʨʘʟʨʘʙʦʪʘʥ rʘʣʛʦʨʠʪʤ ʠ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʩʢʦʨʦʩʪʝʡ, ʢʦ-

ʦʨʜʠʥʘʪ ʨʘʜʠʘʥʪʦʚ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʜʣʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥ-

ʥʳʭ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʚʘʣʝ ʤʘʩʩ 10
-6
 ï 10

-3
 ʛ ʤʝʪʝʦʨʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 
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ʄɸʈʉ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʝʡ (ʘʧʨʦʙʘʮʠʷ ʜʣʷ ʛʨʘʥʠʯʥʦʛʦ ʭʫʜʰʝʛʦ ʩʣʫʯʘʷ - ʛʠʧʝʨʙʦʣ); 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʍʘʨʴʢʦʚʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʥʝʣʴʟʷ 

ʦʙʲʷʩʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʥʘʙʣʶʜʝʥʠʡ ʠ ʯʪʦ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 30% ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʧʦ ʢʨʠʪʝʨʠʶ 2ů (ʜʚʘ ʩʠʛʤʘ) ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʴʥʳʤʠ, ʯʪʦ ʩʦ-

ʩʪʘʚʣʷʝʪ 0,8 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʨʙʠʪ ʚ 1975 ʛʦʜʫ; 

ʧʦʣʫʯʝʥʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚ ʧʦʣʴʟʫ ʨʝʘʣʴʥʦʩʪʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʍʘʨʴʢʦʚʝ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʥʳʭ ʦʨʙʠʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʟʤʦʚ ʠʭ ʦʙʨʘʟʦʚʘ-

ʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʪʝʦʨʥʳʭ ʪʝʣ; 

ʨʘʟʨʘʙʦʪʘʥʘ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʤʝʪʝʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ 

ʥʘʟʝʤʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ ʍʘʨʴʢʦ-

ʚʝ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ:r 

ʘʣʛʦʨʠʪʤ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʄɸʈʉ ʧʫʪʝʤ ʜʦ-

ʙʘʚʣʝʥʠʷ ʚ ʥʝʛʦ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ ʦʮʝʥʦʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʠ ʚʚʝʜʝʥʠʷ ʙʦʣʝʝ ʩʦ-

ʚʝʨʝhʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʫʯʝʪʘ ʧʨʠʪʷʞʝʥʠʷ ɿʝʤʣʠ; 

ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʦʨʙʠʪʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ ɖ-ɸʢʚʘʨʠʜ 

(e~0,8) ʠ ʆʨʠʦʥʠʜ (e~0,9) ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʝʪʝʦʨʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʚ ʧʝʨʠʦʜ ʧʨʠʙʣʠʞʝʥʠʷ ʢʦʤʝʪʳ ɻʘʣʣʝʷ (e~0,97) ʢ ʉʦʣʥʮʫ ʚ 1986 ʛʦʜʫ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʠ ʚʦʟʤʦʞʥʦʛʦ 

ʤʝʩʪʘ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʦʚ ʫʟʣʦʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ 

ʤʝʪʝʦʨʥʦʡ ʦʨʙʠʪʳ ʚ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʥʘʣʠʯʠʠ ʫʟʣʦʚ; 

ʧʦʜʭʦʜ ʚ ʧʦʠʩʢʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʜʣʷ ɿʝʤʣʠ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʤʝʪʥʦ-ʘʩʪʝʨʦʠʜʥʦʡ ʫʛʨʦʟʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ 

ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ ʩ ʘʬʝʣʠʷʤʠ ʚʙʣʠʟʠ ʝʜʠʥʠʮʳ. 

ʇʦʣʫʯʠʣʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ: 

ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʥʝʦʧ-

ʨʝʜʝʣʝʥʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʥʘ ʚʳʙʨʘʥʥʦʤ ʵʪʘ-

ʧʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪ, ʩʢʦʨʦʩʪʝʡ ʠ ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʘʥʪʦʚ ʤʝʪʝʦʨʦʚ ʜʣʷ ʨʘʟʥʳʭ ʤʝʪʦ-

ʜʦʚ ʥʘʙʣʶʜʝʥʠʷ ʤʝʪʝʦʨʦʚ (ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʚʳʙʦʨʦʤ ʪʦʯʢʠ ʦʪʩʯʝʪʘ), ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʚʝʨʦʯʥʳʭ ʚʳʯʠʩ-

ʣʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨ-

ʙʠʪ ʠ ʦʮʝʥʢʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʭʘʨʴʢʦʚʩʢʠʡ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠʣʠ ʨʘʟʥʳʭ ʟʘʜʘʯ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥ-

ʥʳʝ ʧʦ ʤʝʪʝʦʨʥʳʤ ʧʦʪʦʢʘʤ ɖ -ɸʢʚʘʨʠʜ ʠ ʆʨʠʦʥʠʜ ʨʝʢʦʤʝʥʜʫʶʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʦ ʩʚʦʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʪʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʚ ʵʪʦʤ ʠʭ ʚʳʩʦʢʘʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ. ʇʦʣʫ-

ʯʝʥʥʳʡ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪ-

ʢʠ ʧʨʦʙʣʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʚ ʠ ʧʦʠʩʢʘ ʤʝʞʟʚʝʟʜʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʫʜʘʣʝʥʥʳʭ ʠ ʙʣʠʟʢʠʭ ʦʙʣʘʩʪʝʡ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʤʝ-

ʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ.  

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʦʙʦʩʥʦʚʘʥʳ ʠ ʜʦʩʪʦʚʝʨʥʳ, ʪʘʢ ʢʘʢ ʜʣʷ ʠʭ ʧʦʣʫʯʝʥʠʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʠʟʚʝʩʪʥʦʡ 

ʭʘʨʴʢʦʚʩʢʦʡ ʤʝʪʝʦʨʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʄɸʈʉ [1, 2] ʠ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʧʨʦʚʝʨʝʥʥʳʝ ʧʨʠ ʨʝʰʝʥʠʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ [3, 4]. ʅʝʢʦʪʦʨʳʝ ʦʮʝʥʢʠ ʠ ʩʪʘʪʠ-

ʩʪʠʢʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ 1980-ʭ ʠ 1990-ʭ, ʫʞʝ ʧʨʦʚʝʨʝ-

ʥʳ ʚʨʝʤʝʥʝʤ, ʪʘʢ ʢʘʢ ʪʝʧʝʨʴ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʤʝʪʝʦʨʳ ʚʳʷʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʤʠ ʨʘ-

ʜʠʦʣʦʢʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʄɸʈʉ ʜʘʥʥʳʝ ʧʨʦʰʣʳʭ ʣʝʪ ʩʦʛʣʘ-

ʩʫʁʪʩʷ ʩ ʥʠʤʠ. ʌʦʨʤʫʣʳ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʦʨʙʠʪʘʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʥʳʭ ʪʝʣ, ʚʳʚʝʜʝʥʥʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʣʷ ʩʠʩʪʝ-

ʤʳ ʄɸʈʉ, ʩʦʛʣʘʩʦʚʳʚʘʶʪʩʷ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ 

[5] ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [6, 3]. ʊʦʯʥʦʩʪʴ ʨʘʜʠʦʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨ-

ʙʠʪ ʠ ʩʢʦʨʦʩʪʝʡ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʫʩʪʫʧʘʝʪ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ, ʥʦ ʷʚʣʷʝʪʩʷ 
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ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʘʩʯʝʪʘʤʠ, ʩʨʘʚʥʝ-

ʥʠʝʤ ʩ ʨʘʙʦʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʠ ʩʩʳʣʢʘʤʠ ʥʘ ʘʚʪʦʨʠʪʝʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ [6, 3].  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʈʘʙʦʪʳ [7-19] ʚʳʧʦʣʥʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʦ, ʚ ʨʘʙʦʪʘʭ ʩ ʩʦʘʚʪʦʨʘʤʠ [20-31] ʜʠʩʩʝʨʪʘʥʪ ʧʨʠʥʠʤʘʣ ʧʦʣʥʦʮʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦ-

ʩʪʘʥʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɸʚʪʦʨʫ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʥʘʜʣʝ-

ʞʠʪ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʩʢʦʨʦʩʪʝʡ, ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʘʥ-

ʪʘ, ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʪʝʦʨʦʠʜʦʚ, ʦʙ-

ʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ 

ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʦʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʣʴʥʳʭ ʛʠʧʝʨʙʦʣ ʚ ʭʘʨʴʢʦʚʩʢʠʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥ-

ʥʳʭ ʜʘʥʥʳʭ, ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʪʘʣʦʛʘ ʠ ʙʘʟʳ ʜʘʥʥʳʭ ʤʝʪʝʦʨʥʳʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨ-

ʙʠʪ, ʧʦʩʪʨʦʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʝʦʨʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʠʩʪʝʤʳ 

ʵʢʩʮʝʥʪʨʠʜ ʠ ʜʣʷ ʤʝʪʝʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ, ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʨʘʟ-

ʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠ ʧʦʠʩʢʘ ʤʝʪʝʦʨʥʳʭ ʪʝʣ, ʦʨʙʠʪʳ, ʢʦʪʦʨʳʭ ʩʪʘʣʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʥʳʭ ʩʙʣʠʞʝʥʠʡ ʩ ʧʣʘʥʝʪʘʤʠ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʪʣʘʜʢʘ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦ-

ʛʨʘʤʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘ-

ʯʠ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʨʘʩʯʝʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʘ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. ʀʟ 

ʨʘʙʦʪ ʚ ʩʦʘʚʪʦʨʩʪʚʝ ʚʳʥʦʩʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʚ ʧʦʣʫʯʝʥʠʠ ʢʦʪʦʨʳʭ ʘʚʪʦʨ ʧʨʠʥʠʤʘʣ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ. ʃʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʘʚʪʦʨʘ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦ-

ʜʝʣʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʠ ʧʦʠʩʢʘ ʤʝʞʟʚʝʟʜ-

ʥʳʭ ʤʝʪʝʦʨʦʠʜʦʚ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʠ ʯʠʩʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪ rʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

- ɸʩʪʨʦʥʦʤʽʯʥʘ ʰʢʦʣʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ. ɸʢʪʫʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʘʩʪʨʦʥʦʤʽʾ ʽ ʢʦʩʤʦʥʘʚ-

ʪʠʢʠ. ʋʢʨʘʾʥʘ: 2013 (ɹʽʣʘ ʮʝʨʢʚʘ, 15-17 ʪʨʘʚʥʷ); 

- ʉʝʤʠʥʘʨ ʧʘʤʷʪʠ ɹ. ʃ. ʂʘʱʝʝʚʘ, ʍʅʋʈʕ, ʍʘʨʢɹʦʚ, ʋʢʨʘʠʥʘ: 2010. çʄʝʪʝʦʨʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ: ʥʘʫʯʥʳʝ ʠ  ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪèr (12 ʤʘʨʪʘ); 
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- 3-ʡ ʄʽʞʥʘʨʦʜʥʠʡ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʠʡ ʬʦʨʫʤ çʇʨʠʢʣʘʜʥʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʘ. ʉʪʘʥ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫè. ʄʈʌ'2008. ʍʅʋʈɽ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ, 2008, 22-24 ʞʦʚʪʥʷ; 

- 200th Anniversary of Astronomy in Kharkiv. International conference ñThe Solar system 

bodies: from optics to geologyò, 2008, Ukraine, Kharkiv, May 26-29; 

- 22th Int. Crimean Conference ñMicrowave & Telecommunication Technologyò 

(CriMiCoô2012). Sevastopol, Crimea, Ukraine, 2012, 10-14 September; 

- Memorial international conference CAMMAC 2008 (Comets, Asteroids, Meteors, Mete-

orites, Astroblemes, Craters) dedicated to 100-th anniversary of I.S. Astapovich, 2008, 

Ukraine, Vinnitsa, September 28-October 3; 

- Memorial international conference. Astronomy and space physics at Kiev University, 

devoted to 100-th anniversary of S.K. Vsekhsvyatsky & 160-th anniversary AO of Nation-

al Taras Shevchenko University of Kyiv, 2005, May 23-26. 

- Meteoroids: 2007 (Spain, Barcelona, June 11-15), 2010 (USA, Breckenridge, Colorado, 

24-28 May), 2013 (Polska, Poznan, 26-30 August); 

- ʉOSPAR 2008 (37
th
 Montreal, Canada, 13-20 July); 

- IAU XXVI
th
 General Assembly, S236, Near Earth Objects, our Celestial neighbors: op-

portunity and risk. Prague, Czech Republic, 2006, August 14-15; 

- 13th International Workshop on Technical and Scientific Aspects of Mesospheric-

Stratosphere-Tropospheric Radars (MST13). 2012, Germany, Kuhlungsborn, March 19-

23; 

- International Conference on atmospheric dust, DUST 2014, 2014, Italy, Castellaneta Ma-

rina, 1-6 June; 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 25 ʥʘʫʯʥʳʭ ʨʘʙʦʪ: 4 ʩʪʘʪʴʠ 

[7-8, 21, 23] ʚ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʟʜʘʥʠʷʭ ʚ ʦʙ-

ʣʘʩʪʠ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʠ 5 ʟʘʨʫʙʝʞʥʳʭ [9-10, 20, 24-25]; 6 ʩʪʘʪʝʡ [11, 

26-30] ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʜʘʥʠʷʭ, 4 ʜʦʢʣʘʜʘ ʠ 6 ʪʝʟʠʩʦʚ [12-19, 22, 31] ʚ ʤʘʪʝʨʠʘ-

ʣʘʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʨʘʟʜʝʣʦʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ 1 ʧʨʠʣʦʞʝʥʠʷ (7 ʩʪʨʘʥʠʮ), 48 ʨʠʩʫʥʢʦʚ, 21 ʪʘʙʣʠʮ.r ʉʧʠʩʦʢ 
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ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʩʯʠʪʳʚʘʝʪ 238 ʥʘʠʤʝʥʦʚʘʥʠʡ (ʥʘ 22 ʩʪʨʘʥʠʮʘʭ). 

ɺʦ ʚʚʝʜʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʨʘʙʦʪʳ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ-

ʩʷ, ʦʧʨʝʜʝʣʝʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʦʧʠʩʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʨʘʙʦʪʳ ʠ ʢʦʨʦʪʢʦ ʠʟʣʦʞʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʝʝ ʨʘʟʜʝʣʦʚ. 

ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʜʘʥ ʦʙʟʦʨ ʦʙʱʠʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʧʦ ʬʠʟʠʢʝ ʠ ʜʠ-

ʥʘʤʠʢʝ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʠ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ, ʧʦ ʥʘʟʝʤ-

ʥʦʤʫ ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠ ʁʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ, ʩʜʝʣʘʥ 

ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʘʪʠʢʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʥʝʨʝʰʝʥʥʳʭ ʧʨʦʙʣʝʤ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʩʪʨʫʢʪʫʨʳ ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʝʦʨʦʠʜʦʚ ʚ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʝ ʥʘ ʦʨʙʠʪʘʭ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʚ 9,0>e , ʚʢʣʶʯʘʷ ʵʢʩ-

ʮʝʥʪʨʠʩʠʪʝʪʳ ʙʦʣʴʰʠʝ ʝʜʠʥʠʮʳ. 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩ ʠʭ ʦʙʩʫʞʜʝʥʠʝʤ ʚ ʦʪʥʦʰʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʝʦʨʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥ-

ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʪʦʨʳʝ ʧʦʣʫʯʝʥʳ ʥʘʟʝʤʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥ-

ʥʳʤ ʤʝʪʦʜʦʤ ʟʦʥʜʠʨʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ. ʇʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʤʝʪʝʦʨʥʦʡ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʄɸʈʉ), ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʍʘʨʴʢʦʚʝ. ɼʘʥʘ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʄɸʈʉ [1], ʢʘʢ ʦʨʙʠʪʘʣʴʥʦʤ ʨʘʜʘʨʝ (ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ, ʚʳʧʦʣʥʷʶʱʝʡ ʨʝʛʠʩʪʨʘʮʠʶ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʦʨʙʠʪʘʣʴʥʳʤʠ ʨʘʜʘʨʘʤʠ ʚ ʤʠʨʝ: AMOR [32], CMOR [33] ʠ 

AreciboMR [34]. ɼʣʷ ʤʝʪʝʦʨʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʨʘʜʘʨʦʤ ʄɸʈʉ, 

ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʠ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʢʦʨʦʩʪʝʡ ʠ ʥʝʙʝʩʥʳʭ ʢʦʦʨʜʠʥʘʪ ʨʘ-

ʜʠʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʦʨʙʠʪ. ʄʝʪʝʦʨʥʳʝ 

ʩʢʦʨʦʩʪʠ ʠ ʨʘʜʠʘʥʪʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦ-ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 

ʤʝʪʦʜʘ ɼʵʚʠʩʘ [35-37], ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʄɸʈʉ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʨʝʛʠʩʪʨʘʮʠʠ ʦʨʙʠʪ ʤʝʪʝʦʨʦʠʜʦʚ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ [1-2]. 

ʄɸʈʉ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʍʘʨʴʢʦʚʩʢʦʤ ʥʘʮʠʦʥʘʣʥɹʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ. ʄʦʱʥʘʷ ʤʝʛʘʚʘʪʪʥʘʷ ʩʠʩʪʝʤʘ ʄɸʈʉ ʦʙʝʩʧʝʯʠʚʘʣʘ ʚʳʩʦʢʫʶ ʵʬ-

ʬʝʢʪʠʚʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʝʜʝʣ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ 
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ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ ʤʝʪʝʦʨʦʚ ʜʦʩʪʠʛʘʣ ʧʣʶʩ ʜʚʝʥʘʜʮʘʪʦʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ. ʂʦʥ-

ʮʝʧʮʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʳʣʘ ʚʚʝʜʝʥʘ ʜʣʷ ʩʠʩʪʝʤʳ ʄɸʈʉ ʚ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʠ, ʯʪʦ ʚʩʝ ʤʝʪʝʦʨ rʥʝʜʦʫʧʣʦʪʥʝʥʥʳʝ (ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʦʚ 

11110~ -Öʤe ) ʠ ʠʜʝʘʣʠʟʠʨʦʚʘʥʳ (ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʮʠʠ ʩʤʝʱʝʥʠʷ ʩʜʚʠʛʘ ʚʝʪ-

ʨʘ ʠ ʪ.ʜ.), ʯʪʦ ʨʝʘʣʴʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʩʣʘʙʳʭ ʤʝʪʝʦʨʦʚ. ʆʨʙʠ-

ʪʘʣʴʥʳʡ ʨʘʜʘʨ ʄɸʈʉ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʦʢʦʣʦ 250 000 ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʭ ʦʨʙʠʪ ʤʝʪʝʦʨʦʠʜʦʚ ʩ ʤʘʩʩʘʤʠ 63 1010 -- -  ʛ (ʧʦ 300-700 ʦʨʙʠʪ ʝʞʝʜʥʝʚʥʦ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ 1972-1978 ʛʛ.) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʨʝʜʠ ʜʨʫʛʠʭ ʨʘʜʘʨʦʚ ʠ 

ʩʝʛʦʜʥʷ. ɹʦʣʝʝ 7000 ʦʨʙʠʪ ʩ 8,0>e  ʥʘʡʜʝʥʳ ʚ ʜʘʥʥʳʭ ʄɸʈʉ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʚʳʙʦʨʢʠ 1975 ʛ: 1350 ʛʠʧʝʨʙʦʣ, 640 ʵʣʣʠʧʩʦʚ; 1976 ʛ.: 950 ʛʠʧʝʨʙʦʣ, 461 ʵʣ-

ʣʠʧʩ. 

ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʧʘ-

ʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʪʝʦʨʦʠʜʦʚ ʠ ʧʦʩʪʨʦʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʣʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, 

ʩʜʝʣʘʥʥʳʝ ʘʚʪʦʨʦʤ. ʊʦʯʥʦʩʪʴ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʮʝʥʝʥʘ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʥʝʦʧʨʝ-

ʜʝʣʝʥʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʦʠʜʘ ʩ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʫʣʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʩʚʷʟʢʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʯʠʥʘʷ ʩ ʥʘʙʣʶʜʘʝʤʦʡ ʩʢʦʨʦ-

ʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤ (ɸɺʍ) ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʝʪʝʦʨʘ, ʠ ʚʨʝʤʝʥʥʳʭ ʩʜʚʠʛʦʚ ɸɺʍ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤ ʠ 

ʚʳʥʦʩʥʳʤʠ ʧʨʠʝʤʥʳʤʠ ʧʫʥʢʪʘʤʠ. ʊ.ʝ. ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʶʪʩʷ 

ʢʘʢ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʍʘʨʴ-

ʢʦʚʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʥʝʣʴʟʷ ʦʙʲʷʩʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʥʘʙʣʶʜʝʥʠʡ ʠ ʯʪʦ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 30% ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʧʦ ʢʨʠʪʝʨʠʶ 2ů ʧʨʠ-

ʤʝʥʠʪʝʣʴʥʦ ʢ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʫ e ʠ ʝʛʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ es  ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʥɹʳʤʠ 

( ee s21+² ), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 0,8 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʨʙʠʪ ʚ 1975 ʛʦʜʫ. 

ʏʝʪʚʝʨʪʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʤʝʭʘʥʠʟʤʘʤ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨ-

ʙʠʪ ʤʝʪʝʦʨʦʠʜʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʥʳʭ ʚʩrʦʢʦʝʢʩʮʝʥʪʨʠʯʥʭr 

ʦʨʙʠʪ. ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʧʨʦʷʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 
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ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʠ ʠʟ ʤʝʞʟʚʝʟʜʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʚʦʜʘ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʤʝʪʝʦʨʥʳʭ ʦʨʙʠʪ ʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʥʳʭ ʩʙʣʠʞʝʥʠʡ ʩ ʧʣʘʥʝʪʘʤʠ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʧʨʠ ʦʛʠʙʘʥʠʠ ʧʣʘʥʝʪʳ ʤʝʪʝʦʨʦʠʜʦʤ ʥʘ ʥʘʯʘʣʴ-

ʥʳʭ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪʘʭ. ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʤʝʪʝʦ-

ʨʦʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʩrʦʢʦʝʢʩʮʝʥʪʨʠʯʥʭr ʦʨʙʠʪ ʄɸʈʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʫʩ 

ʚʝʢʪʦʨʦʚ ʚʦʩʭʦʜʷʱʝʛʦWR  ʠ ʥʠʩʭʦʜʷʱʝʛʦ NR  ʫʟʣʦʚ ʤʝʪʝʦʨʦʠʜʥʦʡ ʦʨʙʠʪʳ. 

ɺ ʧʷʪʦʤ ʨʘʟʜʝʣʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʘʩʩʠʚ ʤʝʪʝʦʨʥʳʭ ʚrʩʦʢʦʝʢʩʮʝʥʪʨʠʯʥʳʭ 

ʦʨʙʠʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ (Q ~ 35 ʘ.ʝ.) ʠ ʤʘʣʦʛʦ (Q ~ 1 ʘ.ʝ.) ʨʘʟʤʝʨʦʚ ʙʘʟʳ ʜʘʥʥʳʭ ʍʅʋ-

ʈʕ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʝʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ ʩʚʷʟʷʤ ʤʝʪʝʦ-

ʨʦʠʜʦʚ ʩ ʢʦʤʝʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʤʝʪʳ ɻʘʣʣʝʷ ʠ ʢʦʤʝʪʘʤʠ, ʢʦʪʦʨʳʝ 

"ʮʘʨʘʧʘʶʪ ʉʦʣʥʮʝ", ʪʘʢʞʝ ʩ ʤʝʪʝʦʨʥʦ-ʘʩʪʝʨʦʠʜʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʕʢʩʮʝʥʪʨʠʜ, ʚ ʢʦ-

ʪʦʨʳʡ ʚʭʦʜʷʪ ʤʝʪʝʦʨʠʪʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʘʩʪʝʨʦʠʜʳ (PHA / NEA), ʢʦʪʦʨʳʝ 

ʙʣʠʟʢʦ ʧʦʜʭʦʜʷʪ ʢ ʦʨʙʠʪʝ ɿʝʤʣʠ. ʇʦʣʫʯʝʥʳ ʦʨʙʠʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʦʚ ʢʦʤʝ-

ʪʳ ɻʘʣʣʝʷ. ʇʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ 12 ʧʦʪʦʢʦʚ ʪʠʧʘ ʕʢʩʮʝʥʪʨʠʜ ʠʟ ʍʅʋʈʕ ʢʘʪʘʣʦʛʘ 

5160 [4] (ʧʦʪʦʢʠ ʩ e > 0,9, Q ~ 1 ʘ.ʝ. ʠ ʩ ʥʘʠʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʩʪʨʝʯʠ ʩ ɿʝʤʣʝʡ 

ʠʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʦʜʠʪʝʣʴʩʢʠʭ ʪʝʣ). 

ɺ ʚʳʚʦʜʘʭ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ʨʘʟʤʝʱʝʥ ʚʳʙʦʨʦʯʥʳʡ ʢʘʪʘʣʦʛ ʤʝʪʝʦʨʥʳʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ 

ʦʨʙʠʪ ʄɸʈʉ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʷʤʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ʈɸɿɼɽʃ 1 ʅɸɿɽʄʅʆɽ ʈɸɼʀʆʃʆʂɸʎʀʆʅʅʆɽ ɿʆʅɼʀʈʆɺɸʅʀɽ ʄɽʊɽʆʈʅʆʁ 

ɿʆʅʓ ʀ ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 

ʇʦʜ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʠʟʫʯʝʥʠʝ ʦʙʲʝʢʪʘ, ʦʩʫʱʝʩʪ-

ʚʣʷʝʤʦʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʥʠʤ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠ-

ʙʦʨʘ. ʈʘʜʠʦʤʝʪʝʦʨʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʘʪʤʦʩʬʝʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 30-75 ʄɻʮ (ʚ ʯʘ-

ʩʪʥʦʩʪʠ ʥʘ 31,1 ʄɻʮ) ʩʚʷʟʘʥʦ ʩ ʩʦʩʪʦʷʥʠʝʤ ʠ ʜʠʥʘʤʠʢʦʡ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʥʘ ʚʳʩʦ-

ʪʘʭ 70 - 130 ʢʤ, ʧʨʠʪʦʢʦʤ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʠ ʝʛʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝʤ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʀʥʬʦʨʤʘʮʠʷ ʧʦʣʫʯʘʝʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʠʟʣʫʯʘʝʤʳʭ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʬʠʢʩʠʨʫʝ-

ʤʳʭ ʧʨʠʝʤʥʠʢʦʤ ʟʘ ʩʯʝʪ ʦʪʨʘʞʝʥʠʷ ʨʘʜʠʦʵʭʦ ʦʪ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʦʚ. ɺ ʨʘʜʠʦʣʦʢʘʮʠ-

ʦʥʥʦʤ ʤʝʪʦʜʝ ʥʘʙʣʶʜʝʥʠʷ ʤʝʪʝʦʨʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʦʦʙʱʝʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʩ ʘʪʤʦʩʬʝʨʦʡ ɿʝʤʣʠ ʠ ʦʪʨʘʞʝʥʠʷ ʨʘ-

ʜʠʦʚʦʣʥ ʦʪ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʨʠ ʵʪʦʤ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ [3, 6, 35-38]. ʇʝʨʚʳʡ ʧʨʦ-

ʮʝʩʩ ʩʣʦʞʝʥ ʠ ʩʚʷʟʘʥ ʩ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ 

ʘʪʤʦʩʬʝʨʦʡ ɿʝʤʣʠ. ɺʪʦʨʦʡ ʧʨʦʮʝʩʩ ʩʣʦʞʝʥ ʠ ʩʚʷʟʘʥ ʩ ʠʦʥʠʟʘʮʠʝʡ ʠ ʦʪʨʘʞʝʥʠʝʤ ʨʘ-

ʜʠʦʚʦʣʥ ʦʪ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʩʣʝʜʘ. ʂʨʘʪʢʦ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʤʝʪʝʦʨʥʳʝ ʷʚʣʝʥʠʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʘʪʤʦʩʬʝʨʥʳʝ ʫʩʣʦʚʠʷ ʚ ʤʝʪʝʦʨʥʦʡ ʟʦʥʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʜʠʦ-

ʚʦʣʥ ʩ ʤʝʪʝʦʨʥʳʤ ʩʣʝʜʦʤ ʠ ʦʮʝʥʠʤ ʨʝʛʠʩʪʨʠʨʫʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʟʫʯʘʝʤʦʤ 

ʦʙʲʝʢʪʝ. 

1.1 ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ 

1.1.1 ʄʝʪʝʦʨʥʳʝ ʷʚʣʝʥʠʷ ʠ ʤʝʪʝʦʨʦʠʜʳ 

çʄʝʪʝʦʨ ï ʵʪʦ ʷʚʣʝʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ ʢʘʢʦʡ-ʣʠʙʦ ʧʣʘʥʝʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ɿʝʤʣʠ, 

ʧʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚ ʥʝʝ ʦʜʥʦʛʦ ʠʟ ʤʘʣʳʭ ʪʝʣ ɺʩʝʣʝʥʥʦʡè [39]. ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʶʟʘ (ʄɸʉ) - ʤʝʪʝʦʨ: ʚ ʯʘʩʪʥʦʩʪʠ, ʩʚʝʪʦʚʦʝ 

ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʭʦʞʜʝʥʠʷ ʚ ʟʝʤʥʫʶ ʘʪʤʦʩʬʝʨʫ ʪʚʝʨʜʦʡ 

ʯʘʩʪʠʮʳ ʠʟ ʢʦʩʤʦʩʘ; ʚ ʙʦʣʝʝ ʦʙʱʝʤ ʩʤʳʩʣʝ, ʢʘʢ ʩʫʱʝʩʪʚʠʪʝʣʴʥʦʝ ʠʣʠ ʧʨʠʣʘʛʘʪʝʣʴ-

ʥʦʝ, ʣʠʙʦ ʬʠʟʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʠʣʠ ʷʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʘʢʠʤ ʩʦʙʳʪʠʝʤ (ʘʥʛʣ. çme-

teor: in particular, the light phenomenon which results from the entry into the Earth's at-

mosphere of a solid particle from space; more generally, as a noun or an adjective, any 
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physical object or phenomenon associated with such an eventè) [40]. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘ-

ʪʫʨʝ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ (ʠ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʪʘʢʞʝ) ʤʝʪʝʦʨ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʨʘʚʥʦʟʥʘʯʥʦ ʠ 

ʚ ʟʥʘʯʝʥʠʠ ʷʚʣʝʥʠʷ, ʠ ʚ ʟʥʘʯʝʥʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʝʢʩʪʘ. 

ʊʝʨʤʠʥʳ ʚʠʟʫʘʣʴʥʳʡ ʤʝʪʝʦʨ, ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʝʦʨ, ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʡ ʤʝʪʝʦʨ ʠ 

ʨʘʜʠʦʤʝʪʝʦʨ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʜʦʙʥʳʝ ʩʦʢʨʘʱʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʠʩʧʦʣʟɹʫʶʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʙʲʝʢʪʦʤ (ʤʝʪʝʦʨʥʳʤ 

ʪʝʣʦʤ ʠʣʠ ʷʚʣʝʥʠʝʤ) ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ ʝʛʦ ʥʘʙʣʶʜʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʷ ʦʙʦ-

ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʤʝʪʁʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʨʘʚʥʦʟʥʘʯʥʳʝ ʪʝʨʤʠʥ r- ʤʝʪʝʦʨʥʦʝ 

ʪʝʣʦ ʠ ʤʝʪʝʦʨʦʠʜ. ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʄɸʉ ʤʝʪʝʦʨʦʠʜ - ʪʚʸʨʜʳʡ 

ʦʙʲʝʢʪ, ʜʚʠʞʫʱʠʡʩʷ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʘʟʤʝʨʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʘʩʪʝʨʦʠʜʘ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʘʪʦʤʘ (ʘʥʛʣ. çmeteoroid: a solid object moving in 

interplanetary space, of a size considerably smaller than an asteroid and considerably larg-

er than an atom or moleculeè) [40 ]. ʊʘʢʦʝ ʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʠ ʚ [ 41]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʥʘʫʯʥʦʡ ʨʫʩʩʢʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʯʘʱʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʪʝʨʤʠʥ ʤʝ-

ʪʝʦʨʥʦʝ ʪʝʣʦ, ʘ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ - ʤʝʪʝʦʨʦʠʜ. ɹʨʠʪʘʥʩʢʦʝ ʢʦʨʦʣʝʚʩʢʦʝ ʘʩʪʨʦʥʦʤʠʯʝ-

ʩʢʦʝ ʦʙʱʝʩʪʚʦ ʚʳʜʚʠʥʫʣʦ ʝʱʝ ʦʜʥʫ ʬʦʨʤʫʣʠʨʦʚʢʫ ʜʣʷ ʤʝʪʝʦʨʦʠʜʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦ-

ʨʦʡ ʤʝʪʝʦʨʦʠʜ - ʵʪʦ ʪʝʣʦ ʜʠʘʤʝʪʨʦʤ ʦʪ 100 ʤʢʤ ʜʦ 10 ʤ. ɼʨʫʛʠʝ ʠʩʪʦʯʥʠʢʠ ʦʛʨʘʥʠ-

ʯʠʚʘʶʪ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʤʝʪʝʦʨʦʠʜʘ ʜʦʣʷʤʠ ʤʠʢʨʦʥʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ 

ʤʝʪʝʦʨʦʠʜʘ 50 ʤ. ʉʫʱʝʩʪʚʫʶʪ ʠʥʳʝ ʛʨʘʜʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʤʝʪʝʦʨʦʠʜʥʳʝ ʨʘʟʤʝʨʳ 

ʦʮʝʥʠʚʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʤʝʨʥʦ ʦʪ 10
-6 
ʩʤ ʜʦ 5 ʩʤ. ɽʩʣʠ ʚʪʦʨʛʘʶʱʝʝʩʷ ʢʦʩʤʠʯʝ-

ʩʢʦʝ ʪʝʣʦ, ʧʨʦʡʜʷ ʘʪʤʦʩʬʝʨʫ, ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʪʦʛʜʘ ʦʥʦ ʥʘʟʳʚʘʝʪʩʷ 

ʤʝʪʝʦʨʠʪʦʤ. ʗʚʣʝʥʠʝʤ ʤʝʪʝʦʨʘ (ʦʯʝʥʴ ʷʨʢʦʛʦ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ) ʪʘʢʞʝ ʙʫʜʝʪ ʩʦ-

ʧʨʦʚʦʞʜʘʪʴʩʷ ʚʪʦʨʞʝʥʠʝ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʷʜʨʘ ʢʦʤʝʪʳ (ʢʦʪʦʨʳʤ ʚʦʟʤʦʞʥʦ ʙʳʣ ʊʫʥ-

ʛʫʩʩʢʠʡ ʤʝʪʝʦʨʠʪ 30 ʠʶʥʷ 1908 ʛ.), ʠ ʘʩʪʝʨʦʠʜʘ (ʢʦʪʦʨʳʤ ʚʦʟʤʦʞʥʦ ʙʳʣ ʉʠʭʦʪʵ-

ɸʣʠʥʩʢʠʡ ʤʝʪʝʦʨʠʪ 12 ʬʝʚʨʘʣʷ 1947 ʛ.) [39]. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʝʦʨʦʠʜʘ ʩ ʤʦʣʝʢʫ-

ʣʘʤʠ ʚʦʟʜʫʭʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʝʪʝʦʨʦʠʜ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʚʝʩʴʤʘ ʚʳʩʦʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨ, ʧʣʘʚʠʪʩʷ ʠ ʠʩʧʘʨʷʝʪʩʷ. ʉʚʝʯʝʥʠʝ ʧʘʨʦʚ ʤʝʪʝʦʨʦʠʜʘ (ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ) ʠ 

ʛʘʟʦʚ ʚʦʟʜʫʭʘ ʩʦʟʜʘʝʪ ʚʠʟʫʘʣʴʥʦʝ ʩʚʝʪʦʚʦʝ ʷʚʣʝʥʠʝ "ʧʘʜʘʶʱʫʶ ʟʚʝʟʜʫ", ʢʦʪʦʨʦʝ ʠ 

ʩʪʘʣʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʟʳʚʘʪʴʩʷ ʤʝʪʝʦʨʦʤ (ʚrʟʳʚʘʶʪ ʝʛʦ ʤʝʪʝʦʨʦʠʜʳ ʨʘʟʤʝʨʦʤ ʜʦ 

10
-2
ʩʤ ʩ ʤʘʩʩʦʡ ʯʘʩʪʠʮ ʦʪ 0,5 ʛ ʜʦ 0,1 ʢʛ). ɽʞʝʩʫʪʦʯʥʦ ʥʘ ʚʩʝʤ ʥʝʙʝ ɿʝʤʣʠ ʥʘʙʣʶʜʘ-
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ʝʪʩʷ ʜʦ 10
6
 ʚʠʟʫʘʣʴʥʳʭ ʤʝʪʝʦʨʦʚ. ɽʩʣʠ ʚʩʧʳʰʢʘ ʩʠʣʴʥʘʷ (ʪ.ʝ. "ʧʘʜʘʶʱʘʷ ʟʚʝʟʜʘ" 

ʠʤʝʝʪ ʩʚʝʪʠʤʦʩʪʴ ʙʦʣʝʝ ʯʝʤ ʤʠʥʫʩ ʯʝʪʳʨʝ ʟʚʝʟʜʥʳʝ ʚʝʣʠʯʠʥʳ - 4
ʄ
), ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʝʨʤʠʥ ʙʦʣʠʜ. ɺʜʦʣʴ ʧʫʪʠ ʤʝʪʝʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʠʦʥʠʟʘʮʠʷ ʚʦʟʜʫʭʘ ʠ ʦʙʨʘʟʫʝʪʩʷ 

ʠʦʥʥʳʡ ʩʣʝʜ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʨʘʜʠʦʚʦʣʥʳ ʤʝʪʨʦʚʦʛʦ ʠ ʜʝʢʘʤʝʪʨʦʚʦʛʦ ʜʠʘ-

ʧʘʟʦʥʘ. ʋʩʪʦʡʯʠʚʳʝ ʩʣʝʜʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʝʩʷʪʢʠ ʩʝʢʫʥʜ ʠ ʜʘʞʝ ʤʠʥʫʪʳ, ʥʦ ʚʩʝ 

ʞʝ ʯʘʱʝ "ʧʘʜʘʶʱʠʝ ʟʚʝʟʜʳ" ʚʠʜʥʳ ʝʜʠʥʠʮʳ ʠʣʠ ʜʦʣʠ ʩʝʢʫʥʜ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ 

ʤʝʪʝʦʨʦʠʜʦʤ ʪʷʥʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʭʚʦʩʪ, ʩʚʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʪʫ ʞʝ ʧʨʠʨʦ-

ʜʫ, ʯʪʦ ʠ ʩʘʤʦ ʤʝʪʝʦʨʥʦʝ ʷʚʣʝʥʠʝ. 

ʄʝʪʝʦʨʦʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʣʘʚʥʫʶ ʪʚʝʨʜʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʦʢ-

ʨʫʞʝʥʠʷ ʚʙʣʠʟʠ ʦʨʙʠʪʳ ɿʝʤʣʠ. ʀʭ ʦʨʙʠʪʳ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠ ʤʝʞʜʫ ʧʣʘʥʝʪʘʤʠ 

ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ. ʂʦʤʧʣʝʢʩ ʤʝʪʝʦʨʦʠʜʦʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʟʫʝʪ ʪʘʢ ʥʘ-

ʟʳʚʘʝʤʦʝ ʤʝʞʧʣʘʥʝʪʥʦʝ ʤʝʪʝʦʨʥʦʝ ʦʙʣʘʢʦ. ʀʩʪʦʯʥʠʢʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʝʪʝʦʨʦʠʜʦʚ: 

ʢʦʤʝʪʳ, ʘʩʪʝʨʦʠʜʳ, ʩʪʦʣʢʥʦʚʝʥʠʷ ʚ ʧʦʷʩʘʭ ʘʩʪʝʨʦʠʜʦʚ, ʤʝʞʟʚʝʟʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ 

ʪʘʢʠʤʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤʠ ʦʮʝʥʢʘʤʠ ʚʢʣʘʜʘ ʦʪ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 98% ʤʝʪʝʦʨʦʚ 

ʧʦʨʦʞʜʘʶʪʩʷ ʯʘʩʪʠʮʘʤʠ ʢʦʤʝʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, 1-2 % ʤʝʣʴʯʘʡʰʠʤʠ ʦʙʣʦʤʢʘʤʠ ʘʩʪʝ-

ʨʦʠʜʦʚ, ʤʝʥʝʝ 0,001 % ʤʝʪʝʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʄʝʞ-

ʧʣʘʥʝʪʥʘʷ ʧʳʣʴ ï ʵʪʦ ʩʘʤʝr ʤʝʣʢʠʝ ʤʝʪʝʦʨʥʳʝ ʯʘʩʪʠʮʳ (ʩ ʨʘʟʤʝʨʘʤʠ 10
-9
 - 10

-4
 ʤ, ʩ 

ʤʘʩʩʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ 10
-17

- 10
-14

 ʢʛ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʦ 10
-25

 ʢʛ/ʤ
3
). ʂʨʦʤʝ ʨʘʟʤʝʨʘ ʠ 

ʤʘʩʩʳ ʚʘʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʠ ʩʦ-

ʩʪʘʚ. ʇʣʦʪʥʦʩʪʴ ʙʳʚʘʝʪ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʠ ʦʙʲʝʤʥʦʡ (ʩ ʫʯʝʪʦʤ ʧʦʨʠʩʪʦʩʪʠ) [42]. 

ʉʦʛʣʘʩʥʦ [43] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʩʦʩʪʘʚʘ ʤʝʪʝʦʨʥʳʝ ʪʝʣʘ ʤʦʞʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʥʘ ʪʘʢʠʝ ʛʨʫʧʧʳ: I - ʦʙʳʯʥʳʝ ʭʦʥʜʨʠʪʳ ʩ ʧʣʦʪʥʦʩʪʴʶ 3,7 ʛ/ʩʤ
3
; II ï ʫʛʣʠʩʪʳʝ 

ʭʦʥʜʨʠʪʳ 2,1 ʛ/ʩʤ
3
; III ï çʢʦʤʝʪʥʦʝ ʚʝʱʝʩʪʚʦè ʩ ʧʣʦʪʥʦʩʪʴʶ 0,2 ʜʦ 1 ʛ/ʩʤ

3
. ʉʦʛʣʘʩʥʦ 

[42] ʩ ʫʯʝʪʦʤ ʢʚʘʟʠʥʝʧʨʝʨʳʚʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʚʳʯʠʩʣʝʥʳ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ: ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʤʝʪʝʦʨʦʠʜʦʚ ʧʦ-

ʪʦʢʦʚ ʜʣʷ ʛʣʘʚʥʳʭ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ ʟʘʢʣʶʯʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,9 ʜʦ 

2,4 ʛ/ʩʤ
3
(ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʫ ɻʝʤʠʥʠʜ ï 2,9 ʛ/ʩʤ

3
, ʩʘʤʘʷ ʥʠʟʢʘʷ ʫ ʃʝʦʥʠʜ ï 0,4 ʛ/ʩʤ

3
), 

ʜʣʷ ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʬʦʥʘ ʧʣʦʪʥʦʩʪʴ ʦʮʝʥʝʥʘ ʢʘʢ 1,8 ʛ/ʩʤ
3
, ʧʨʠʯʝʤ ʥʘʠʤʝʥʴʰʫʶ ʧʦ-

ʨʠʩʪʦʩʪʴ ʠʤʝʶʪ ɻʝʤʠʥʠʜ r(ʧʦʯʪʠ 0%), ʘ ʥʘʠʙʦʣʴʰʫʶ ï ʃʝʦʥʠʜʳ (83%). ʇʦ ʧʣʦʪʥʦ-

ʩʪʠ ʤʦʞʥʦ ʪʘʢʞʝ ʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʤʝʪʝʦʨʦʠʜʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʥʝʪʠ-
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ʯʝʩʢʦʡ ʩʚʷʟʠ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʨʘʜʠʦʤʝʪʦʜʘ ʦʪʥʦʩʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʤʘʩʩʫ 

ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʝʪʝʦʨʦʠʜʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʜʠʘʧʘʟʦʥ ʤʘʩʩ, ʭʦʪʷ ʘʤ-

ʧʣʠʪʫʜʥʳʡ ʨʘʟʤʘʭ ʚ ʠʤʧʫʣʴʩʥʦ-ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʌʨʝʥʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʢʦʩ-

ʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʩʩʳ ʯʘʩʪʠʮʳ. ʊʘʢʞʝ ʦ ʧʣʦʪʥʦʩʪʠ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ (ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʨʳʭʣʦʤʫ ʢʦʤʝʪʥʦʤʫ ʪʠʧʫ ʠʣʠ ʪʚʝʨʜʦʤʫ ʘʩʪʝʨʦʠʜ-

ʥʦʤʫ) ʚ ʨʘʜʠʦʤʝʪʦʜʝ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʚʳʩʦʪʘʤ. 

1.1.2 ʉʢʦʨʦʩʪʴ ʚʭʦʞʜʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʠ ʧʨʦʮʝʩʩʳ ʚ ʤʝʪʝ-

ʦʨʥʦʡ ʟʦʥʝ 

ɺʦʧʨʦʩ ʦ ʩʢʦʨʦʩʪʷʭ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ 

ʤʝʪʝʦʨʥʦʡ ʘʩʪʨʦʥʦʤʠʠ ʠ ʬʠʟʠʢʠ ʤʝʪʝʦʨʥʦʛʦ ʷʚʣʝʥʠʷ. ʊʝʣʘ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, 

ʜʚʠʞʫʱʠʝʩʷ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʦʨʙʠʪʘʤ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ɿʝʤʥʦʡ 

ʦʨʙʠʪʳ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 

41,2 ʢʤ/ʩ, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʠʥʪʝʛʨʘʣʘ ʵʥʝʨʛʠʠ ʠ ʬʦʨʤʫʣʳ (1.1).  

 ö
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kVhʇ

122 ,  (1.1) 

ʛʜʝ R- ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʯʘʩʪʠʮʳ, a  ï ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ, k  ï ʧʦʩʪʦʷʥʥʘʷ ɻʘʫʩʩʘ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ ʧʦ ʦʨʙʠʪʝ ʚ ʧʝʨʠʛʝʣʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 30,5 ʢʤ/ʩ. 

ʇʨʠ ʚʩʪʨʝʯʝ ʤʝʪʝʦʨʦʠʜʘ ʩ ɿʝʤʣʝʡ ʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 

11 ʢʤ/ʩ ʜʦ 72 ʢʤ/ʩ [44]. ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚʭʦʞʜʝʥʠʷ ʪʝʣʘ ʚ ʘʪʤʦʩʬʝʨʫ ï ʵʪʦ 

ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ (ʚʪʦʨʘʷ ʢʦʩʤʠʯʝʩʢʘʷ) ʩʢʦʨʦʩʪʴ ʇV  ʜʣʷ ʜʘʥʥʦʡ ʧʣʘʥʝʪʳ. ʄʘʢʩʠʤʘʣʴ-

ʥʦ ʜʦʩʪʠʞʠʤʫʶ ʩʢʦʨʦʩʪʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʉʦʣʥʮʘ (ʝʩʣʠ ʪʝʣʦ 

ʧʨʠʥʘʜʣʝʞʠʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ (1.2): 

 ,])21([ 21222

max oʨʨʇ VVV ++=   (1.2) 

ʛʜʝ oʨʨV  ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʣʘʥʝʪʳ ʥʘ ʦʨʙʠʪʝ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʢʘʞʜʘʷ ʧʣʘʥʝʪʘ ʠʤʝʝʪ ʩʚʦʡ ñʢʦʨʠ-

ʜʦʨò ʩʢʦʨʦʩʪʝʡ, ʩ ʢʦʪʦʨʳʤʠ ʢʦʩʤʠʯʝʩʢʠʝ ʪʝʣʘ ʚʭʦʜʷʪ ʚ ʝʝ ʘʪʤʦʩʬʝʨʫ. ɼʣʷ ʧʣʘʥʝʪï

ʛʠʛʘʥʪʦʚ ʖʧʠʪʝʨʘ ʠ ʉʘʪʫʨʥʘ ʵʪʠ ʢʦʨʠʜʦʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʞʝ (59,4-67,3 ʠ 35,5-42,2 

ʢʤ/ʩ), ʯʝʤ ʜʣʷ ɿʝʤʣʠ, ʄʘʨʩʘ ʠ ɺʝʥʝʨʳ (11,2-72,8; 5,0-58,6; 10,3-85,4 ʢʤ/ʩ, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ). 
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ʊʘʢ ʯʪʦ, ʭʦʪʷ ʦʙʳʯʥʳʡ ʤʝʪʝʦʨ, ʚʩʧʳʭʠʚʘʶʱʠʡ ʥʘ ʥʝʙʝ, ʚʳʟʚʘʥ ʜʚʠʞʝʥʠʝʤ ʤʝ-

ʪʝʦʨʦʠʜʘ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʜʦʣʠ ʛʨʘʤʤʘ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ, ʤʝ-

ʪʝʦʨʥʘʷ ʯʘʩʪʠʮʘ ʨʘʟʚʠʚʘʝʪ ʤʦʱʥʦʩʪʴ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʢʠʣʦʚʘʪʪ ʧʨʝʚʳʰʘʶʱʫʶ 

ʤʦʱʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ. ʊʳʩʷʯʠ ʢʠʣʦʛʨʘʤʤʦʤʝʪʨʦʚ ʵʥʝʨʛʠʠ ʜʚʠʞʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ 

ʟʚʫʢʦʚʫʶ, ʪʝʧʣʦʚʫʶ, ʩʚʝʪʦʚʫʶ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ, ʤʝʭʘʥʠʯʝʩʢʫʶ, ʭʠʤʠʯʝʩʢʫʶ ʠ 

ʠʥʳʝ ʚʠʜʳ ʵʥʝʨʛʠʠ. ʈʘʩʪʘʣʢʠʚʘʷ ʚʩʪʨʝʯʥʳʝ ʯʘʩʪʠʮʳ ʚʦʟʜʫʭʘ, ʤʝʪʝʦʨʥʦʝ ʪʝʣʦ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʠʭ ʪʝʧʣʦʚʳʝ ʩʢʦʨʦʩʪʠ, ʜʠʩʩʦʮʠʠʨʫʝʪ ʤʦʣʝʢʫʣʳ ʠ ʠʦʥʠʟʫʝʪ ʘʪʦʤʳ; ʩʞʠʤʘʷ ʥʘ 

ʩʚʦʝʤ ʧʫʪʠ ʮʠʣʠʥʜʨ ʚʦʟʜʫʭʘ, ʦʥʦ ʧʝʨʝʜʘʝʪ ʝʤʫ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʩʚʦʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʧʦʨʦʞʜʘʷ ʧʨʠ ʵʪʦʤ ʚʦʟʜʫʰʥʳʝ ʚʦʣʥʳ. ʈʘʟʜʝʣʷʷ ʠ ʧʝʨʝʤʝʱʘʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʟʘʨʷʜʳ, ʤʝʪʝʦʨ ʧʦʨʦʞʜʘʝʪ ʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʧʨʦʠʟʚʦʜʠʪ ʠʦ-

ʥʠʟʘʮʠʶ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʪʝʤ ʩʘʤʳʤ ʚʣʠʷʷ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʚ ʤʝ-

ʪʝʦʨʥʦʡ ʟʦʥʝ. ɺʦʟʜʝʡʩʪʚʫʷ ʥʘ ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ, ʤʝʪʝʦʨʥʦʝ ʪʝʣʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʥʘ 

ʩʝʙʝ ʠʩʧʳʪʳʚʘʝʪ ʝʝ ʜʝʡʩʪʚʠʝ: ʝʛʦ ʚʝʱʝʩʪʚʦ ʨʘʩʧʳʣʷʝʪʩʷ ʠ ʧʣʘʚʠʪʩʷ ʧʦʪʦʢʘʤʠ 

ʚʩʪʨʝʯʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʪʜʝʣʝʥʠʠ ʦʪ ʤʝʪʝʦʨʦʠʜʘ ʤʥʦʞʝʩʪʚʘ ʤʝʣ-

ʢʠʭ ʯʘʩʪʠʮ ʧʨʦʠʩʭʦʜʠʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʙʣʝʩʢʘ ð ʚʩʧʳʰʢʘ. ɿʘ ʜʦʣʠ 

ʩʝʢʫʥʜʳ ʤʝʪʝʦʨʥʘʷ ʯʘʩʪʠʮʘ ʠʩʧʘʨʷʝʪʩʷ ʮʝʣʠʢʦʤ, çʧʘʜʘʶʱʘʷ ʟʚʝʟʜʘè ʫʛʘʩʘʝʪ. ʈʘʟʚʠ-

ʪʠʝ ʩʣʝʜʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.1 [45]. ɸʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ, ʠʩʧʘʨʷʶʱʠʝʩʷ ʩ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ, ʠʤʝʶʪ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʨʫʞʘʶ-

ʱʝʡ ʘʪʤʦʩʬʝʨʳ, ʙʣʠʟʢʫʶ ʢ ʩʢʦʨʦʩʪʠ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ. ʇʨʠ ʠʭ ʩʦʫʜʘʨʝʥʠʷʭ ʩ ʤʦʣʝ-

ʢʫʣʘʤʠ ʘʪʤʦʩʬʝʨʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʜʠʩʩʦʮʠʘʮʠʠ, ʚʦʟʙʫʞ-

ʜʝʥʠʷ ʠ ʠʦʥʠʟʘʮʠʠ. ʀʩʧʘʨʠʚʰʠʝʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʘʪʦʤʳ ʠʤʝʶʪ 

ʩʢʦʨʦʩʪʴ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʫʶ ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ ʘʪʤʦʩʬʝʨʳ, ʠ ʜʦ ʤʦʤʝʥʪʘ 

ʥʘʩʪʫʧʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʦʡ ʧʨʦʭʦʜʠʪ ʥʝʢʦʪʦʨʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ ʤʝʪʝʦʨʥʦ-

ʛʦ ʩʣʝʜʘ r0. ɺ ʩʣʫʯʘʝ ʛʘʫʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʨʘʜʠʫʩʫ ʩʣʝʜʘ ʥʘʯʘʣʴ-

ʥʳʡ ʨʘʜʠʫʩ ʨʘʚʝʥ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʦʩʠ ʩʣʝʜʘ, ʥʘ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʧʘʜʘʝʪ ʚ e ʨʘʟ ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʥʝʥ-

ʪʳ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ ʜʦʚʦʣʴʥʦ ʩʣʦʞʝʥ. ɼʣʷ ʩʤʝʩʠ ʯʘʩʪʠʮ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠ ʠʦʥʦʚ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʧʠʩʘʥ ʪʦʣʴʢʦ ʩ 

ʧʦʤʦʱʴʶ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ɹʦʣʴʮʤʘʥʘ. 
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ʇʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʙʳʣʠ ʨʘʟʚʠʪʳ ʚ ʨʘʙʦʪʘʭ 

[46-50], ʛʜʝ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʜʠʬʬʫʟʠ-

ʦʥʥʳʡ. ʏʘʩʪʦ ʤʦʜʝʣʴ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ (1.3) 

ʠʣʠ (1.4): 

 ba
Vcr -=r0 , (1.3) 

 baVcDr =0 , (1.4) 

ʛʜʝ ba,  ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʘʥʪʳ (ʥʘʧʨʠʤʝʨ, ʘ = 0,995 , b = 0,102 ), r  ï ʧʣʦʪʥʦʩʪʴ ʘʪʤʦʩʬʝ-

ʨʳ ʥʘ ʚʳʩʦʪʝ ʦʪʨʘʞʘʶʱʝʡ ʪʦʯʢʠ, D  ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʙʠʧʦʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ, V  ï

ʩʢʦʨʦʩʪʴ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ. 

ɺ ʩʨʝʜʥʝʤ ʤʝʪʝʦʨʥʳʝ ʠʦʥʠʟʦʚʘʥʥʳʝ ʩʣʝʜʳ ʠʤʝʶʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʢʦʣʦ 15 ʢʤ 

ʩ ʥʘʯʘʣʴʥʳʤ ʨʘʜʠʫʩʦʤ ʧʨʠʤʝʨʥʦ 1...2 ʤ. ʅʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ ʠʟ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ ʤʥʦʛʦʯʘʩʪʦʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

[51-53] ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴʶ (1.5): 

 ( )40/10log92,1019,010log 0 Vhr =-= . (1.5) 

ʊʦʛʜʘ ʜʣʷ ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʩ ʥʘ ʚʳʩʦʪʝ 80 ʢʤ 0r =0,4 ʤ, ʥʘ ʚʳʩʦʪʝ 120 ʢʤ 0r =2,3ʤ.  

ʉ ʨʦʩʪʦʤ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʤʝʪʝʦʨʥʳʭ ʘʪʦʤʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʠʭ ʩʪʘʣʢʠʚʘʥʠʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʧʘʜʘʝʪ ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

 

ʈʠʩ.1.1 ɺʳʩʦʪʘ ʤʝʪʝʦʨʥʦʡ ʟʦʥʳ (ʧʦ ʚʝʨʪʠʢʘʣʠ) ʠ ʬʘʟʳ ʞʠʟʥʠ ʤʝʪʝʦʨʥʦʛʦ 

ʩʣʝʜʘ (ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʝʚ [45] 
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ʵʣʝʢʪʨʦʥʦʚ ʚ ʩʣʝʜʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʦʪ ʤʝʪʝʦʨ-

ʥʦʛʦ ʩʣʝʜʘ. ʇʦʵʪʦʤʫ ʥʘʯʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʩʣʝʜʘ ʚʘʞʥʦ ʚ ʤʝʪʝʦʨʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ. 

ɺ [54] ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʚʨʝʤʷ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʤʝʪʝʦʨʥʦʛʦ 

ʩʣʝʜʘ ʥt , ʦʮʝʥʝʥʥʦʝ ʜʣʷ h=95 ʢʤ ʠ v=40 ʢʤ/ʩ ʢʘʢ ʥt = 2,6*10
-4 
ʩ. ɺʝʣʠʯʠʥʘ ʥt  ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʪʝʦʨʥʳʭ ʠʦʥʦʚ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʤʦʣʝʢʫʣʘʤʠ. ɺʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʨʘʩh ʠʨʝʥʠʝ 

ʩʣʝʜʘ, ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʥt , ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 0r  

ʜʘʶʪ ʧʝʨʚʳʝ 3-4 ʩʚʦʙʦʜʥʳʭ ʧʨʦʙʝʛʘ ʠʩʧʘʨʠʚʰʠʭʩʷ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ. ʇʝʨʚʳʡ ʢʦʨ-

ʨʝʢʪʥʳʡ ʧʨʠʙʣʠʞʝʥʥʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʥʘʯʘʣʥɹʦʛʦ ʨʘʜʠʫʩʘ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʥʝʜʨʦʙʷʱʝʛʦʩʷ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ 

ʙʳʣ ʜʘʥ ʚ [49]. 

ʉʦʛʣʘʩʥʦ [55] ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʪʦʨʛʘʶʱʠʭʩʷ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʩ ʤʘʩ-

ʩʘʤʠ ʦʪ 10
-9
 ʜʦ 10 ʛ, ʧʦʨʦʞʜʘʶʱʠʭ ʤʝʪʝʦʨʳ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ ʦʪ +20 ʜʦ -4

ʄ
, ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʜʦ ʚʳʩʦʪʳ 140-100 ʢʤ ʦʥʠ ʦʙʣʘʜʘʶʪ, ʧʦ ʩʫʪʠ, ʪʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦ-

ʩʪʴʶ, ʢʦʪʦʨʫʶ ʦʥʠ ʠʤʝʣʠ ʜʦ ʚʩʪʨʝʯʠ ʩ ɿʝʤʥʦʡ ʘʪʤʦʩʬʝʨʦʡ ʠ ʧʨʦʥʠʢʘʶʪ ʚ ʙʦʣʝʝ 

ʧʣʦʪʥʳʝ ʝʸ ʩʣʦʠ, ʛʜʝ ʨʦʣʴ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ. ɼʘʣʝʝ ʦʥʠ ʨʝʟʢʦ ʪʦʨʤʦʟʷʪʩʷ ʠ ʯʘʩʪʠʮʳ ʩ ʨʘʜʠʫʩʦʤ ʤʝʥʴʰʠʤ 

1 ʤʢʤ ʪʝʨʷʶʪ ʩʚʦʠ ʩʢʦʨʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 130-95 ʢʤ. ɽʩʣʠ ʤʘʩʩʘ ʪʝʣʘ ʣʝʞʠʪ ʚ ʠʥʪʝʨ-

ʚʘʣʝ ʦʪ 10
-8
 ʛ ʜʦ 1 ʢʛ, ʪʦ ʦʥʦ ʧʦʣʥʦʩʪʴʶ ʠʩʧʘʨʷʝʪʩʷ ʥʘ ʚʳʩʦʪʝ 120-70 ʢʤ, ʧʦʨʦʞʜʘʷ 

ʚʠʜʠʤʳʝ ʤʝʪʝʦʨʳ (ʈʠʩ. 1.2 [56]). ʄʝʣʢʠʝ ʪʝʣʘ ʫʩʧʝʚʘʶʪ ʥʘʛʨʝʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʘʨʝʥʠʷ, ʠʭ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʨʘʩʭʦʜʫʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʪʝʧʣʦʚʦʝ ʠʟ-

ʣʫʯʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ. ʇʦʪʝʨʷʚ ʯʘʩʪʴ ʩʚʦʝʡ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʳ 

ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ, ʪʘʢʠʝ ʤʝʣʢʠʝ ʤʝʪʝʦʨʥʳʝ ʪʝʣʘ ʩ ʤʘʩʩʦʡ ʤʝʥʝʝ 10
-8
 - 10

-9
 ʛ ʥʝ 

ʩʛʦʨʘʶʪ, ʝʩʣʠ ʠʭ ʪʦʨʤʦʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʥʘ 110-130 ʢʤ, ʘ ʟʘʪʝʤ ʦʩʝʜʘʶʪ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ɿʝʤʣʠ ʚ ʚʠʜʝ ʤʠʢʨʦʤʝʪʝʦʨʠʪʦʚ. ʋʩʨʝʜʥʷʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʳʩʦʪʳ ʧʦʷʚʣʝ-

ʥʠʷ ʤʝʪʝʦʨʦʚ ʦʙʳʯʥʦ ʟʘʢʣʶʯʝʥʳ ʚ ʧʨʝʜʝʣʘʭ 80-120 ʢʤ ʠ, ʯʪʦ ʦʥʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʤʝʪʝʦʨʦʠʜʦʚ ɺʳʩʦʪʳ ʠʩʯʝʟʥʦʚʝʥʠʷ ʤʝʪʝʦʨʦʚ 

ʦʙʳʯʥʦ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ 60-100 ʢʤ ʠ ʚʦʟʨʘʩʪʘʶʪ ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʤʝ-

ʪʝʦʨʦʠʜʦʚ, ʪʘʢ ʠ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʙʦʣʝʝ ʷʨʢʠʭ ʢ ʙʦʣʝʝ ʩʣʘʙʳʤ ʤʝʪʝʦʨʘʤ 
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ʈʠʩ. 1.2 ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʥʘʯʘʣʴʥʳʝ ʚʳʩʦʪʳ ʘʙʣʷʮʠʠ ʜʣʷ ʚʪʦʨʛʘʶʱʝʡʩʷ ʢʘʤʝʥʥʦʡ 

ʯʘʩʪʠʮʳ ʚ ʘʪʤʦʩʬʝʨʫ (ʟʝʥʠʪʥʳʡ ʫʛʦʣ =45
0
) [56]. ɹʦʣʝʝ ʧʣʦʪʥʳʝ ʣʠʥʠʠ ʜʘʶʪ 

ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʪʦʨʛʘʶʱʝʡʩʷ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʪ ʤʝʪʝʦʨ c ʨʘʜʠʦ ʟʚʝʟʜʥʦʡ 

ʚʝʣʠʯʠʥʦʡ +12
M

 ʠ +15
M
. ʃʠʥʠʷ ML ʜʘʝʪ ʤʠʢʨʦʤʝʪʝʦʨʦʠʜʥʳʡ ʧʨʝʜʝʣ. 

ʆʙʱʝʠʟʚʝʩʪʝʥ ʨʘʩʯʝʪ, ʯʪʦ ʝʩʣʠ ʤʝʪʝʦʨ ʩʚʝʪʠʤʦʩʪʴʶ ʦʢʦʣʦ +1
M

 ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʝʛʦ ʚʭʦʞʜʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ 40 ʢʤ/ʩ ʟʘʛʦʨʠʪʩʷ ʥʘ ʚʳʩʦʪʝ 100 ʢʤ, ʘ ʧʦʪʫʭʥʝʪ ʥʘ 

ʚʳʩʦʪʝ 80 ʢʤ (ʧʨʠ ʜʣʠʥʝ ʝʛʦ ʧʫʪʠ ʚ 60 ʢʤ ʠ ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚ 150 ʢʤ), ʪʦ 

ʦʥ ʙʫʜʝʪ ʚʠʜʝʥ 1,5 ʩ ʠ ʝʛʦ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʩʦʩʪʘʚʠʪ 0,6 ʤʤ ʧʨʠ ʤʘʩʩʝ 6 ʤʛ. ʆʯʝʥʴ ʷʨ-

ʢʠʝ ʙʦʣʠʜʳ ʤʦʛʫʪ ʠʩʯʝʟʘʪʴ ʥʘ ʚʳʩʦʪʘʭ 20-40 ʢʤ. 

ʅʘ ʨʠʩ. 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʧʦʣʫʯʝʥʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ ʚ ʍʘʨʴʢʦʚʝ) ʠ ʨʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ )(Vh  ʚ ʤʝʪʝʦʨʥʦʡ ʟʦʥʝ ʧʫʪʝʤ ʧʦʜʛʦʥ-

ʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ ʢʦʥʩʪʘʥʪ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʤʝʪʝʦʨʦʚ [57]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩ ʵʪʦʡ ʨʘʙʦʪʦʡ ʥʘʠʣʫʯʰʝʝ ʩʦʛʣʘʩʠʝ ʨʘʩʯʝʪʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʥʘ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ 25 - 72 ʢʤ/ʩ
 
ʧʦʣʫʯʝʥʦ ʜʣʷ ʪʘʢʦʛʦ ʚʠʜʘ ʤʦʜʝʣʝʡ ʠ ʟʥʘʯʝʥʠʡ 

ʢʦʥʩʪʘʥʪ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʤʝʪʝʦʨʦʚ: 

1) ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ (1.6) 

 ʘ = 0,45 , b = 0,4, (1.6) 

2) ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥʠʟʘʮʠʠ(1.7) 

 4cv=b , (1.7) 

025.0=b  ʧʨʠ =v 40 ʢʤ/ʩ; 
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3) ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʙʠʧʦʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ (1.8) 

 )
45.5

0.95
exp(0.8

-
=

h
D , (1.8) 

ʟʜʝʩʴ ʚʳʩʦʪʘ h - ʢʤ; ʧʣʦʪʥʦʩʪʴ ʤʝʪʝʦʨʥʳʭ ʪʝʣ 5.3=d  ʛĿʩʤ
-3
. 

 
ʈʠʩ.1.3 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ (ʧʦʣʫʯʝʥʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʍʘʨʴʢʦʚʝ) ʠ 

ʨʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ )(Vh  ʚ ʤʝʪʝʦʨʥʦʡ ʟʦʥʝ ʧʫʪʝʤ ʧʦʜʛʦʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʠ 

ʢʦʥʩʪʘʥʪ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʤʝʪʝʦʨʦʚ [57] 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʤ ʤʦʜʝʣʠ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ (1.9) ʠ ʘʤʙʠʧʦʣʷʨʥʦʡ 

ʜʠʬʬʫʟʠʠ (1.10), ʥʘʡʜʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠ ʚ ʂʘʟʘʥʠ [58]: 

 ö
÷

õ
æ
ç

å-
ÖÖ=

H

hv
r

2

95
exp

40
65,10  ʤ, (1.9) 

 ö
÷

õ
æ
ç

å-
Ö=

H

h
Da

95
exp2,13  ʤ

2
/ʩ, (1.10) 

ʛʜʝ v ʵʪʦ ʩʢʦʨʦʩʪʴ ʤʝʪʝʦʨʘ ʚ ʢʤ/ʩ, h ï ʚʳʩʦʪʘ ʚ ʢʤ ʠ H ï ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʩʦʪʘ ʘʪʤʦ-

ʩʬʝʨʳ ʚ ʢʤ. 

ʋʢʘʟʘʥʥʳʡ ʚʳʰʝ ʧʘʨʘʤʝʪʨ Dï ʘʤʙʠʧʦʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ, ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʚ ʤʝ-

ʪʝʦʨʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ. ɸʤʙʠʧʦʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ - ʵʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʚ ʠʦʥʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ (ʥʘʧʨ., ʧʣʘʟʤʝ) ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʦʙʦʠʭ ʟʥʘʢʦʚ, ʥʘʧʨʠʤʝʨ, 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʘʜʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺʳʰʝ 

ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʧʨʦʣʝʪʝ ʤʝʪʝʦʨʦʠʜʘ ʚʦʢʨʫʛ ʥʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʠʦʥʠʟʠʨʦʚʘʥ-

ʥʳʡ ʩʪʦʣʙ ʚʦʟʜʫʭʘ, ʛʜʝ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʘʤʙʠʧʦʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ, ʷʚʣʷʁ -

ʱʘʷʩʷ ʧʝʨʚʠʯʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʠ ʠʟʣʫʯʝʥʠʶ ʠʦʥʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʩʣʝʜʘ ʤʝʪʝʦʨʘ. ɸʤʙʠʧʦʣʷʨʥʫʶ ʜʠʬʬʫʟʠʶ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝ-
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ʣʠʪʴ ʢʘʢ ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʣʝʢʪʨʦʥʳ ʠ ʠʦʥʳ ʜʠʬʬʫʥʜʠʨʫʶʪ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʝʡʪʨʘʣʴ-

ʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ. ɺʝʣʠʯʠʥʘ ʜʠʬʬʫʟʠʠ ʟʘʜʘʸʪʩʷ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʘʤʙʠʧʦʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ D  ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʘʪʤʦʩʬʝʨʳ ʥʘ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʡ ʚʳʩʦʪʝ. 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʤʝʪʝʦʨʥʳʤ ʩʣʝʜʦʤ ʠ ʦʢʨʫ-

ʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʦʡ ʜʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʝʤʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʤʝʪʝʦʨʥʦʤ ʩʣʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʨʘʩʰʠ-

ʨʝʥʠʷ ʩʣʝʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ ʧʨʠʣʠʧʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ (ʦʙʨʘʟʦʚʘ-

ʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ). ɿʘ ʚʨʝʤʷ ʤʝʥʝʝ 1 ʩ ʦʪ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʚ ʩʣʝʜʝ (ʥʝʦʙʭʦ-

ʜʠʤʦʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʘʥʪʘ ʠ ʩʢʦʨʦʩʪʠ ʨʘʜʠʦʤʝʪʝʦʨʘ) ʵʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʣʝʜʝ ʤʝʪʝʦʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʦʥ-

ʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʣʝʜʘ. ɺʣʠʷʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʜʝʠʦʥʠʟʘʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ʅʝ ʪʨʝʙʫʝʪʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠ ʫʯʝʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ, ʢʦʪʦʨʘʷ ʥʘ-

ʯʠʥʘʝʪ ʚʥʦʩʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʣʝʜʘ ʙʦʣʝʝ ʧʨʠʤʝʨʥʦ 10 ʩ. 

ʊʘʢʞʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝʠʟʦʪʝʨʤʠʯʥʦʩʪʴ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ, ʢʦʪʦʨʘʷ, ʚ ʮʝʣʦʤ, ʦʙʫ-

ʩʣʦʚʣʝʥʘ ʥʘʛʨʝʚʘʥʠʝʤ ʘʪʤʦʩʬʝʨʳ ʚ ʩʣʝʜʘʭ ʷʨʢʠʭ ʤʝʪʝʦʨʦʚ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʦʝ ʨʘʩʰʠ-

ʨʝʥʠʝ ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʤʝʨʥʦʛʦ ʨʘʚʝʥʩʪʚʘ 

ʩʢʦʨʦʩʪʝʡ ʠʦʥʦʚ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʤʦʣʝʢʫʣ ʚ ʩʣʝʜʝ. ʆ ʥʝʠʟʦʪʝʨʤʠʯʥʦʩʪʠ ʩʣʝʜʦʚ ʤʦʞ-

ʥʦ ʧʦʯʝʨʧʥʫʪʴ ʩʚʝʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [47, 59-60]. ɺʦ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʠʩʧʘʨʝʥʠʷ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʚ ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ çʚʜʫʚʘʥʠʝè 

ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʠʯʝʤ ʯʠʩʣʦ ʥʘʣʝʪʘʶʱʠʭ ʤʦʣʝʢʫʣ ʚʦʟʜʫʭʘ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʯʠʩʣʘ ʠʩʧʘʨʷʶʱʠʭʩʷ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ, ʦʩʦʙʝʥʥʦ 

ʚ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʭ ʤʝʪʝʦʨʦʚ. ɿʘʛʦʨʘʞʠʚʘʥʠʝ ʦʪʣʝʪʘʶʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʣʠʰʴ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʝʜ ʣʦʙʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʪʦʣʴʢʦ ʚ ʩʣʫ-

ʯʘʝ ʷʨʢʠʭ ʙʦʣʠʜʦʚ. ʇʨʦʙʣʝʤ rʜʚʠʞʝʥʠʷ ʢʨʫʧʥʳʭ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪ-

ʨʝʥ,r ʥʘʧʨʠʤʝʨ, ʚ [61-62]. ʇʨʠ ʜʚʠʞʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʢʨʫʧʥʳʭ ʤʝʪʝʦʨʥʳʭ ʪʝʣ, ʩ ʢʦ-

ʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʷʨʢʠʝ ʙʦʣʠʜʳ, ʦʙʨʘʟʫʝʪʩʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝ-

ʥʠʶ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʜʦʣʠ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʳ, ʪʝʨʷʝ-
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ʤʦʡ ʜʦ ʪʦʛʦ, ʢʘʢ ʪʝʣʦ ʫʪʨʘʪʠʪ ʩʚʦʶ ʢʦʩʤʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ. ɿʘʪʦʨʤʦʟʠʚʰʠʝʩʷ ʦʩʪʘʪ-

ʢʠ ʪʘʢʠʭ ʦʯʝʥʴ ʢʨʫʧʥʳʭ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʤʦʛʫʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʧʘʩʪʴ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ɿʝʤʣʠ ʚ ʚʠʜʝ ʤʝʪʝʦʨʠʪʦʚ. ʆʛʨʦʤʥʳʝ ʤʝʪʝʦʨʥʳʝ ʪʝʣʘ ʩ ʥʘʯʘʣʴʥʳʤʠ ʤʘʩʩʘʤʠ ʚ 

ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʪʦʥʥ ʠ ʙʦʣʝʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʷʷ 

ʩʚʦʶ ʢʦʩʤʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ; ʧʨʠ ʫʜʘʨʝ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʧʨʦʠʩʭʦʜʠʪ ʚʟʨʳʚ 

ʙʦʣʴʰʦʡ ʩʠʣʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʝʦʨʠʪʥʦʛʦ ʢʨʘʪʝʨʘ [62-

63]. 

1.1.3 ʇʨʠʪʦʢ ʚ ɿʝʤʥʫʶ ʘʪʤʦʩʬʝʨʫ ʤʝʪʝʦʨʥʳʭ ʪʝʣ  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʣ ʧʦ ʤʘʩʩʘʤ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ (ʚ ʰʠ-

ʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ ʦʪ 10
-15

 ʜʦ 10
22

 ʛ) ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʪʝʧʝʥ-

ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: f(M)~M
-S
. ʇʘʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ S ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʠʥʪʝʨʚʘʣʦʚ 

ʤʘʩʩ ʩʦʩʪʘʚʣʷʝʪ 1,5·2,5. ɽʩʣʠ S=2,0, ʪʦ ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʪʝʣ ʚ ʨʘʚʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝ-

ʩʢʠʭ ʫʯʘʩʪʢʘʭ ʦʜʥʘ ʠ ʪʘ ʞʝ. ɺ [64-65] ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ ʦʪ 10
-18 
ʜʦ 10

22
ʛ ʙʳʣʠ ʩʚʝʜʝ-

ʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ (ʥʘ-

ʧʨʠʤʝʨ, ʦ ʧʨʦʣʝʪʘʭ ʙʦʣʠʜʦʚ ʠ ʧʘʜʝʥʠʷʭ ʤʝʪʝʦʨʠʪʦʚ [66-67] ʠ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʩʨʝʜ-

ʥʝʝ (ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩ ʜʨʫʛʠʤʠ ʦʮʝʥʢʘʤʠ) ʠʥʪʝʛʨʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʪʦʢʘ ʪʝʣ 

ʥʘ ɿʝʤʣʶ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ (1.11), 

 mN lg892,086,7lg --= , (1.11) 

ʛʜʝ N ï ʧʦʪʦʢ ʪʝʣ ʩ ʤʘʩʩʘʤʠ ʥʝ ʤʝʥʴʰʝ m (ʚ ʛʨʘʤʤʘʭ) ʥʘ ʚʩʶ ɿʝʤʣʶ ʟʘ ʛʦʜ (R
2
 = 

0,9859).  

ɹʳʣʦ ʦʮʝʥʝʥʦ, ʯʪʦ ʝʞʝʩʫʪʦʯʥʦ ʚʣʝʪʘʝʪ ʦʢʦʣʦ 400 ʤʝʪʝʦʨʦʠʜʦʚ, ʥʝ ʤʝʥʴʰʠʭ, 

ʯʝʤ 1 ʢʛ ʢʘʞʜʳʡ, ʜʦʩʪʠʛʘʷ ʚʳʩʦʪ 30 ʢʤ ʠ ʥʠʞʝ ʠ, ʯʪʦ ʢʘʞʜʳʡ ʛʦʜ ʚʳʧʘʜʘʝʪ ʦʢʦʣʦ 

800 ʤʝʪʝʦʨʠʪʦʚ. ɺʝʨʦʷʪʥʦʩʪʴ ʊʫʥʛʫʩʩʢʦʛʦ ʩʦʙʳʪʠʷ ʦʮʝʥʝʥʘ, ʢʘʢ 1 ʨʘʟ ʚ 1300 ʣʝʪ. ʇʦ 

ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ [56, 68-75 ʠ ʜʨ.] ʝʞʝʜʥʝʚʥʦ ʥʘ ʚʩʝʡ ɿʝʤʣʝ ʚ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʝ ʩʛʦ-

ʨʘʝʪ ʦʪ ʩʪʘ ʜʦ ʜʚʫʭʩʦʪ ʤʠʣʣʠʦʥʦʚ ʤʝʪʝʦʨʥʳʭ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ. ʅʘ-

ʧʨʠʤʝʨ, ʤʝʪʝʦʨʥʳʭ ʯʘʩʪʠʮ ʩ ʤʘʩʩʘʤʠ ʥʝ ʤʝʥʝʝ 0,01 ʛ ʚ ɿʝʤʥʫʶ ʘʪʤʦʩʬʝʨʫ ʝʞʝʩʫ-

ʪʦʯʥʦ ʚʣʝʪʘʝʪ ʩʚʳʰʝ 20 ʤʣʥ. ɿʘ ʛʦʜ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʦʩʘʞʜʘʝʪʩʷ 

ʢʛ71063 Ö·  ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʤʝʪʝʦʨʥʦʛʦ ʧʨʠʪʦʢʘ ʟʘ 4 ʤʠʣʣʠʘʨʜʘ 

ʣʝʪ ʤʘʩʩʘ ɿʝʤʥʦʡ ʢʦʨʳ ʤʦʛʣʘ ʙʳ ʫʚʝʣʠʯʠʪʴʩʷ ʥʘ 5 %. 

http://slovari.yandex.ru/~%D0%BA%D0%BD%D0%B8%D0%B3%D0%B8/%D0%91%D0%A1%D0%AD/%D0%9C%D0%B5%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%82%D0%BD%D1%8B%D0%B5%20%D0%BA%D1%80%D0%B0%D1%82%D0%B5%D1%80%D1%8B/
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ʄʝʪʝʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʪʦʡ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʜʣʠʥʦʡ ʪʨʝʢʘ (ʚʠʜʠʤʦʛʦ ʧʫ-

ʪʠ), ʨ̫ʢʦʩʪʴʶ ʩʚʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤ ʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʚʳʟʚʘʚʰʝʛʦ ʝʛʦ ʤʝʪʝʦʨʦʠʜʘ: ʤʘʩʩʦʡ, ʨʘʟʤʝʨʦʤ, ʩʢʦʨʦʩʪʴʶ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

(ʚʣʠʷʝʪ ʥʘ ʮʚʝʪ ʛʦʨʝʥʠʷ). ʈʘʜʠʦʤʝʪʝʦʨ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʢ 

ʩʦʙʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʝʦʨʦʠʜʘ, ʪʘʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ (ʪʘʙʣʠʮʘ 1.1). 

ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʤʝʪʝʦʨʥʳʤ 

ʵʭʦ: ʩʦʙʩʪʚʝʥʥʳʝ (ʤʝʪʝʦʨʦʠʜʘ) ʠ ʘʪʤʦʩʬʝʨ rʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʜʝʣʝʥʠʷ ʧʦ [76] ʠ 

ʩ ʫʢʘʟʘʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʩʩʳʣʦʢ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʙ-

ʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʊʘʙʣʠʮʘ 1.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʦʙʩʪʚʝʥʥʳʭ, ʘʪʤʦʩʬʝʨʥʳʭ) 

ʄʝʪʝʦʨʥʦʝ ʵʭʦ 

ʉʦʙʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ɸʪʤʦʩʬʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʋʛʦʣ ʧʨʠʭʦʜʘ (Angle-of-Arrival) 

[77, 78] 

ɺʝʪʝʨ 

[79-82, 95] 

ɺʳʩʦʪʘ [83-86] ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ 

[92-94] ʉʢʦʨʦʩʪʴ 

[36, 38, 84- 85, 87-91, 96, 98]  

ʈʘʜʠʘʥʪ [37-38, 88,97, 99] ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʟʦʥʘ 

[100-102] ʆʨʙʠʪʘ (ʦʧʨʝʜʝʣʷʝʤʘʷ ʯʝʨʝʟ ʨʘʜʠʘʥʪ, 

ʩʢʦʨʦʩʪʴ ʠ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝ-

ʥʠʷ) [38, 103-104] 

ʉʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ [38, 86]  ʕʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ 

[105-107]  ʊʦʨʤʦʞʝʥʠʝ [108]  

ɼʨʦʙʣʝʥʠʝ [96,109 -110] 

Macca [111]  

1.1.4 ʌʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʤʝʪʝʦʨʥʦʛʦ ʷʚʣʝʥʠʷ 

ɺʪʦʨʞʝʥʠʝ ʤʝʪʝʦʨʦʠʜʘ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʚʫʤʷ ʬʠʟʠʯʝʩʢʠ-

ʤʠ ʧʨʦʮʝʩʩʘʤʠ: ʪʦʨʤʦʞʝʥʠʝʤ ʠ ʘʙʣʷʮʠʝʡ [44, 6]. ʂʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʠʩʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʜʘʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʤʝʪʝʦʨʥʦʛʦ ʷʚʣʝʥʠʷ ʚ ʤʝʪʝʦʨ-

ʥʦʡ ʟʦʥʝ, ʪ.ʝ. ʚ ʪʦʡ ʯʘʩʪʠ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʥʘʙʣʶʜʘʝʤʳʝ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ɿʝʤʣʠ ʤʝʪʝʦʨʥʳʝ ʷʚʣʝʥʠʷ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ, ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʪ 

60-120 ʢʤ. ʉʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʤʝʪʝʦʨʦʚ ʦʯʝʥʴ ʩʣʦʞʥʘ, ʝʝ ʢʦʨʨʝʢʪʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʨʘʩʯʝʪʦʚ. ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʦʧʪʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʝʪʝʦʨʦʚ ʯʘʩʪʦ ʜʦʧʫʩʢʘʝʪʩʷ ʠ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʝʡʰʘʷ ʬʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʤʝʪʝʦʨʦʚ [112ï114], ʢʦʪʦʨʘʷ ʠʩʭʦʜʠʪ 

ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʘʙʣʷʮʠʠ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʷʚʣʷʝʪʩʷ ʠʩ-

ʧʘʨʝʥʠʝ ʥʝʜʨʦʙʷʱʝʛʦʩʷ ʠ ʥʝ ʠʟʤʝʥʷʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ ʩʚʦʶ ʬʦʨʤʫ ʤʝ-

ʪʝʦʨʦʠʜʘ, ʧʨʠʯʝʤ, ʩʢʦʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦ-

ʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʪʝʣʫ ʵʥʝʨʛʠʠ ʤʦʣʝʢʫʣʘʤʠ ʘʪʤʦʩʬʝʨʳ, ʢʦʪʦʨʳʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʠʤ. 

ɸʙʣʷʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʤʝʪʝʦʨʦʠʜʘ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʫʰʝʥʠʷ (ʠʩʧʘʨʝʥʠʷ, 

ʧʣʘʚʣʝʥʠʷ ʠ ʜʨʦʙʣʝʥʠʷ). ʊʦʨʤʦʞʝʥʠʝ ʤʝʪʝʦʨʦʠʜʘ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ. ʋʨʘʚʥʝʥʠʝ ʪʦʨʤʦʞʝʥʠʷ (1.12) ʚʳʚʦʜʠʪʩʷ ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴ-

ʩʘ, ʫʨʘʚʥʝʥʠʝ ʘʙʣʷʮʠʠ (1.13) ï ʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. 
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r-= , (1.12) 

 3

2
1 vS

dt

dm
Q rL-= , (1.13) 

ʛʜʝ 
dt

dv
 ï ʪʦʨʤʦʞʝʥʠʝ ʤʝʪʝʦʨʦʠʜʘ, v  ï ʩʢʦʨʦʩʪʴ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ, ɻ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (0,15,0 ¢¢ɻ ), r ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, S ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ (ʤʠʜʝʣʴ) ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ, Q  ï ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ ʪʝʣʘ 

(ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʝʜʠʥʠʮʳ ʤʘʩʩʳ), L ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝ-

ʜʘʯʠ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ (1.12-1.13) ʵʪʦ ʫʧʨʦʱʝʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʚʦʟʥʠʢʘʶʱʠʭ ʩʚʷʟʝʡ ʧʨʠ ʦʧʠʩʘʥʠʠ ʜʚʠʞʝʥʠʷ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʚ 

ʧʨʦʩʪʝʡʰʝʡ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʤʝʪʝʦʨʥʦʛʦ ʷʚʣʝʥʠʷ. ɺ ʮʝʣʦʤ, ʪʘʢʠʝ ʟʘʜʘʯʠ ʦʪʥʦʩʷʪ-

ʩʷ ʢ ʨʘʟʨʷʜʫ ʟʘʜʘʯ ʙʘʣʣʠʩʪʠʢʠ. ɺʳʚʦʜ ʨʷʜʘ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʜʝʣʘʝʪʩʷ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʤʝʪʝʦʨʥʦʝ ʪʝʣʦ ʥʝʧʦʜʚʠʞʥʦ (ʤʠʰʝʥʴ) ʠ ʥʘ ʥʝʛʦ ʥʘʣʝʪʘʶʪ ʤʦ-

ʣʝʢʫʣʳ ʘʪʤʦʩʬʝʨʳ. 

ʇʨʠ ʧʦʩʪʦʷʥʥʳʭ Q ,L,ɻ ʩʦʚʤʝʩʪʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ (1.12-1.13) 

ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ ʌʠh ʝʨʘ [115]  

 ( )ù
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ø
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ê

è
--= 22

00
2

exp vvmm
s

, (1.14) 

ʛʜʝ ɻQ2/L=s  ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʙʣʷʮʠʠ,0m , 0v  ï ʤʘʩʩʘ ʠ ʩʢʦʨʦʩʪʴ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʜʦ 

ʥʘʯʘʣʘ ʨʘʟʨʫʰʝʥʠʷ. 
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʫʨʘʚʥʝʥʠʶ ʩʚʝʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʠʣʫ ʩʚʝʪʘ 

(ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ I , ʧʦʜ ʢʦʪʦʨʦʡ ʧʦʥʠʤʘʶʪ ʵʥʝʨʛʠʶ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʡ 

ʯʘʩʪʠ ʩʧʝʢʪʨʘ ï ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 4500-5700 ¡) ʦʙʳʯʥʦ ʚʳʨʘʞʘʶʪ ʯʝʨʝʟ ʢʠʥʝʪʠ-

ʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʠʩʧʘʨʷʶʱʝʛʦʩʷ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ (1.15). ʇʦʩʣʝ ʤʦʞʥʦ ʧʝʨʝʡʪʠ 

ʢ ʚʠʜʠʤʦʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʝ ʤʝʪʝʦʨʘ ʄ, ʥʘʧʨʠʤʝʨ, ʧʦ ʬʦʨʤʫʣʝ ʕʧʠʢʘ [116] (1.16). 

 2

2

1
v

dt

dm
I t-= , (1.15) 

 MI 4,072,9lg -= , (1.16) 

ʛʜʝ t ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝʯʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʡ ʜʦʣʶ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʩʧʘʨʠʚ-

ʰʠʭʩʷ ʘʪʦʤʦʚ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʚʠʜʠʤʦʝ ʩʚʝʯʝʥʠʝ 

( 42 103102 -- Ö¢¢Ö t ). 

ʀʦʥʠʟʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʝʦʨʥʳʭ ʘʪʦʤʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʠʦʥʠʟʘʮʠʠ b (ʩʨʝʜʥʠʤ ʯʠʩʣʦʤ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʦʨʦʞʜʘʝʤʳʭ ʦʜʥʠʤ ʠʩ-

ʧʘʨʠʚʰʠʤʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʘʪʦʤʦʤ). ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʠʦʥʠʟʘʮʠʠ ï ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʠʩʧʘʨʠʚʰʠʭʩʷ ʤʝʪʝʦʨʥʳʭ ʘʪʦʤʦʚ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ɼʝʣʘʷ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʝ, ʯʪʦ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʦʙʨʘʟʦʤ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʧʦʪʝʨʝ ʤʘʩʩʳ ʤʝʪʝʦʨʥʳʤ ʪʝʣʦʤ ʟʘ ʵʪʦ ʞʝ ʚʨʝʤʷ, ʩʦʩʪʘʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʠʦ-

ʥʠʟʘʮʠʠ (1.17): 
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ʃʠʥʝʡʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʣʝʜʘ a (ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʠʦʥʦʚ, ʦʙʨʘ-

ʟʦʚʘʥʥʳʭ ʥʘ ʧʫʪʠ ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ), ʦʙʨʘʟʫʝʤʘ ̫ʤʝʪʝʦʨʦʤ, ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ 

ʠʦʥʠʟʘʮʠʠ (1.17) [6]: 
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ʛʜʝ m ï ʩʨʝʜʥʷʷ ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ, Hm  ï ʤʘʩʩʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ. 

ʃʠʥʝʡʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʣʝʜʘ a ʚ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʪʠʧ ʦʪʨʘʞʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʦʪ ʩʣʝʜʘ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʠʦʥʠʟʘʮʠʠ b ʧʨʠ ʘʪʦʤʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʪʦʛʦ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʠʩʧʘʨʷʶʱʠʭʩʷ ʤʝʪʝ-
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ʦʨʥʳʭ ʘʪʦʤʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʧʨʫʛʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʤʦʣʝʢʫʣʘʤʠ ʘʪʤʦʩʬʝʨʳ ʠ 

ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʦʥʠʟʘʮʠʶ ʠ ʚʦʟʙʫʞʜʝʥʠʝ, ʢʘʢ ʩʘʤʠʭ ʤʝʪʝʦʨʥʳʭ ʘʪʦʤʦʚ, ʪʘʢ ʠ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʤʦʣʝʢʫʣ. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʤʝʪʝʦʨʥʳʭ ʘʪʦʤʦʚ ʥʘ ʦʪʨʝʟʢʝ ʧʫʪʠ ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʦʣʝʢʫʣ ʘʪʤʦʩʬʝʨ  rn, ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ 

ʠʦʥʠʟʘʮʠʠ (iE), ʚʦʟʙʫʞʜʝʥʠʷ (exE ) ʠ ʜʠʩʩʦʮʠʘʮʠʠ (ɼE ) ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʩʝʯʝʥʠʷ 

ʜʠʬʬʫʟʠʠ (dQ ), ʠʦʥʠʟʘʮʠʠ (iQ), ʚʦʟʙʫʞʜʝʥʠʷ (exQ ) ʠ ʜʠʩʩʦʮʠʘʮʠʠ (ɼQ ) [117], ʢʘʢ  

 dsQEnEnQEnnEQdE ɼɼexiid )( +++-= d , (1.19) 
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ʛʜʝ amm, - ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʩʣʦʷ. 

ʅʘ ʵʪʦʤ ʞʝ ʦʪʨʝʟʢʝ ʧʫʪʠ ds ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ dN, ʧʦʨʦʞʜʘʝʤʳʭ 

ʙʳʩʪʨʳʤ ʤʝʪʝʦʨʥʳʤ ʘʪʦʤʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ (1.21): 

 dsnQdN i= . (1.21) 

ɼʝʣʷ (1.21) ʥʘ (1.19) ʠ ʠʥʪʝʛʨʠʨʫʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ tE, ʧʨʠ 

ʢʦʪʦʨʦʡ ʝʱʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʦʥʠʟʘʮʠʷ, ʧʦʣʫʯʘʝʤ ʧʦʣʥʦʝ ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ, ʧʦʨʦʞʜʘʝʤʳʭ ʦʜʥʠʤ ʠʩʧʘʨʠʚʰʠʤʩʷ ʤʝʪʝʦʨʥʳʤ ʘʪʦʤʦʤ ʜʦ ʧʦʪʝʨʠ ʢʦʩ-

ʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ, - b (1.22) 
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ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʧʨʠʙʣʠʞʝʥʥʫʶ ʦʮʝʥʢʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʦʥʠʟʘʮʠʠ ʯʘʩʪʦ ʦʛʨʘʥʠ-

ʯʠʚʘʶʪʩʷ ʫʯʝʪʦʤ ʠʦʥʠʟʘʮʠʠ ʣʠʰʴ ʧʨʠ ʧʝʨʚʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ. ʊʦʛʜʘ ʠʩʭʦʜʷ ʠʟ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʮʝʣʦʛʦ ʨʷʜʘ ʜʦʧʫʱʝʥʠʡ, ʧʦʣʟɹʫʶʪʩʷ ʦʯʝʥʴ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʦʡ (1.23): 

 
d

i

Q

Q
ºb . (1.23) 

ʌʦʨʤʫʣʘ (1.23) ʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 3/di QQ <  ʠ ʚʳʚʝʜʝʥʘ 

ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʪʝʦʨʥʳʭ ʩʢʦʨʦʩʪʝʡ iQ  ʨʘʩʪʝʪ, ʘ dQ  ʫʙʳʚʘʝʪ ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʯʘʩʪʠʮ, ʪʘʢ ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʠʦʥʠʟʘʮʠʠ ʧʨʠ 

ʧʝʨʚʦʤ ʩʪʦʣʢʥʦʚʝʥʠʠ ʠʩʧʘʨʠʚʰʝʛʦʩʷ ʤʝʪʝʦʨʥʦʛʦ ʘʪʦʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʧʨʠ ʚʪʦʨʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ [6]. ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʦʥʠʟʘ-
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ʮʠʠ b ʜʣʷ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʤʝʪʝʦʨʦʠʜʦʚ ʧʦ ʬʦʨʤʫʣʝ (1.22) ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ ʜʠʬʬʫʟʠʠ dQ  ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ ʠʦʥʠʟʘʮʠʠ iQ  ʧʨʠ ʩʪʦʣʢʥʦ-

ʚʝʥʠʷʭ ʤʝʪʝʦʨʥʳʭ ʘʪʦʤʦʚ ʩ N2  ʠ O2 ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʯʝʥʠʡ ʦʪ ʩʢʦʨʦʩʪʠ. ɺ ʩʣʫʯʘʝ 

ʤʝʜʣʝʥʥʳʭ ʤʝʪʝʦʨʦʠʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝ-

ʥʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ɼQ . ɼʣʷ ʙʳʩʪʨʳʭ ʤʝʪʝʦʨʦʠʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʦʥʠʟʘʮʠʶ 

ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʙʳʩʪʨʳʭ ʤʦʣʝʢʫʣ N2  ʠ O2, ʢʦʪʦʨʳʤ ʧʝʨʝʜʘʥʘ ʜʦʚʦʣʴ-

ʥʦ ʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ ʧʨʠ ʧʝʨʚʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʥʠʤʠ ʠʩʧʘʨʠʚʰʠʭʩ̫ ʤʝʪʝʦʨʥʳʭ 

ʘʪʦʤʦʚ. ʇʨʠ ʩʣʦʞʥʦʤ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʪʨʝʙʫʝʪʩʷ ʫʩʨʝʜʥʝʥʠʝ ʧʦ 

ʩʦʩʪʘʚʫ ʧʘʨʦʚ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

1.2 ʀʦʥʦʩʬʝʨʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ. ʅʝʢʦʪʦʨʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ 

1.2.1 ɸʪʤʦʩʬʝʨʘ ɿʝʤʣʠ 

ɿʝʤʥʘʷ ʘʪʤʦʩʬʝʨʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ ʚʳʩʦʪ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ ʥʘʜ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ. ɸʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʩʥʦʚʥʳʝ ʯʝʪʳʨʝ 

ʩʣʦʷ: ʪʨʦʧʦʩʬʝʨʫ, ʩʪʨʘʪʦʩʬʝʨʫ, ʤʝʟʦʩʬʝʨʫ ʠ ʠʦʥʦʩʬʝʨʫ (ʪʝʨʤʦʩʬʝʨʫ) [118]. ʅʘ 

ʨʠʩ.1.4 [119-123] ʧʦʢʘʟʘʥʦ ʨʘʟʜʝʣʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʩʣʦʠ ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʦʙ ʠʟ-

ʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʚʳʩʦʪʦʡ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ 

ʧʦʥʷʪʠʝ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝʨʳ, ʢʦʪʦʨʦʡ ʩʯʠʪʘʝʪʩʷ ʯʘʩʪʴ ʘʪʤʦʩʬʝʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ 

ʚʳʰʝ ʪʨʦʧʦʧʘʫʟʳ, ʪ.ʝ. ʦʭʚʘʪʳʚʘʶʱʘʷ ʩʨʝʜʥʶʶ ʘʪʤʦʩʬʝʨʫ (15 ï 90 ʢʤ) ʠ ʠʦʥʦʩʬʝʨʫ 

(ʚʳʰʝ 50-60 ʢʤ). ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʘʪʤʦʩʬʝʨʳ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

ʠ ʦʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʉʦʣʥʮʝ ï ɿʝʤʣʷ, ʛʜʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴʩʘ ʚ ʮʝʧʦʯʢʝ ʩʦʣ-

ʥʝʯʥʳʡ ʚʝʪʝʨ ï ʤʘʛʥʠʪʦʩʬʝʨʘ ï ʠʦʥʦʩʬʝʨʘ (ʪʝʨʤʦʩʬʝʨʘ), ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʣʘʟʤʝʥ-

ʥʭr ʧʨʦʮʝʩʩʘʭ. ʄʘʩʩʘ ɿʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 151015,5 Ö  ʪʦʥʥ. ʆʢʦʣʦ 

90% ʤʘʩʩʳ ʟʘʢʣʶʯʝʥʦ ʚ ʩʣʦʝ ʜʦ 16 ʢʤ, ʘ 10% - ʚ ʩʣʦʝ ʦʪ 16 ʜʦ 100 ʢʤ.  

ʅʘ ʩʣʦʡ ʩʚʳʰʝ 100 ʢʤ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ ʦʜʥʦʡ ʤʠʣʣʠʦʥʥʦʡ ʜʦʣʠ ʤʘʩʩʳ ʘʪʤʦ-

ʩʬʝʨʳ. ɽʩʪʴ ʠʥʪʝʨʝʩʥʦʝ ʩʫʞʜʝʥʠʝ, ʯʪʦ ʢʦʩʤʦʩ ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʚʳʩʦʪʝ 100 ʢʤ. ɸʪʤʦ-

ʩʬʝʨʘ ɿʝʤʣʠ ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠ ʛʘʟʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʘʟʦʪ N2 ʟʘʥʠʤʘʝʪ ʧʦ ʦʙʲʝʤʫ 

78,0%, ʢʠʩʣʦʨʦʜ ʆ2 -20,95%, ʘʨʛʦʥ Ar -0,93% ʠ ʥʝʦʥ-0,03%. ʅʘ ʜʦʣʶ ʦʩʪʘʣʴʥʳʭ ʛʘ-
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ʟʦʚ (ʛʝʣʠʡ, ʢʨʠʧʪʦʥ, ʢʩʝʥʦʥ ʠ ʦʟʦʥ) ʧʨʠʭʦʜʷʪʩʷ ʪʳʩʷʯʥʳʝ ʠ ʜʘʞʝ ʤʠʣʣʠʦʥʥʳʝ ʜʦʣʠ 

ʧʨʦʮʝʥʪʘ. ʂʠʩʣʦʨʦʜ ʠ ʘʟʦʪ ʫʯʘʩʪʚʫʶʪ ʚ ʩʚʝʯʝʥʠʠ ʤʝʪʝʦʨʦʚ. 

 

 

 
 

ʈʠʩ. 1.4. ʉʪʨʫʢʪʫʨʘ ʘʪʤʦʩʬʝʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʟʤʝʥʝʥʠʷ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʥʠʟʢʦʛʦ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʚʳʩʦʢʦʛʦ (ʧʫʥʢʪʠʨ) 

ʫʨʦʚʥʝʡ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʘ); ʝʝ ʩʦʩʪʘʚ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʙ) [119-123] 

1.2.2 ʉʣʦʠ ʠʦʥʦʩʬʝʨʳ 

ʀʦʥʦʩʬʝʨʘ (ʨʠʩ 1.4ʙ) [119, 124-125] ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠ ʛʘʟʘ ʥʝʡʪʨʘʣʴʥʳʭ ʘʪʦʤʦʚ 

ʠ ʤʦʣʝʢʫʣ (ʚ ʦʩʥʦʚʥʦʤ ʘʟʦʪʘ N2 ʠ ʢʠʩʣʦʨʦʜʘ ʆ2) ʠ ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʦʡ ʧʣʘʟʤʳ (ʯʠʩʣʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʣʠʰʴ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ ʯʠʩʣʫ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷ-

ʞʝʥʥʳʭ). ʄʠʥʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʢʦʣʦ ʤʠʥʫʩ 88
0 
ʉ) ʥʘ ʚʳʩʦʪʘʭ 80-90 ʢʤ (ʚ ʧʨʝʜʝ-

ʣʘʭ ʤʝʪʝʦʨʥʦʡ ʟʦʥʳ) ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʮʝʣʳʡ ʨʷʜ ʷʚʣʝʥʠʡ (ʩʤʝʥʘ ʥʘʧʨʘʚʣʝʥʠʡ ʚʦʟ-

ʜʫʰʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʚʳʩʦʪʘʭ 80-92 ʢʤ, ʣʝʪʥʠʝ ʩʝʨʝʙʨʠʩʪʳʝ ʦʙʣʘʢʘ ʥʘ ʚʳʩʦʪʘʭ ʦʢʦʣʦ 

83 ʢʤ ʚʦ ʚʨʝʤʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʩʫʤʝʨʝʢ, ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʩ ʙʦʣʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ 

ï ʦʢʦʣʦ 65 ʤ/ʩ, ʧʦʣʷʨʥʳʝ ʩʠʷʥʠʷ ï ʚʳʩʦʪʘ ʠʭ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʦʢʦʣʦ 80 ʢʤ). ʇʦʣʷʨ-

https://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D0%B7%D0%BC%D0%B0
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ʥʳʝ ʩʠʷʥʠʷ ʚʦʟʥʠʢʘʶʪ ʜʦ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 1000 ʢʤ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ɿʝʤʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʨʦʪʦʥʦʚ, 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚʝʨʭʥʝʡ ʘʪʤʦʩʬʝ-

ʨ.r ʇʦʣʷʨʥʳʝ ʩʠʷʥʠʷ ʧʨʦʠʩʭʦʜʷʪ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʦʙʦʠʭ ʧʦʣʫʰʘ-

ʨʠʡ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʚ ʩʚʝʯʝʥʠʠ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʣʫʯʝʥʠʝ ʘʪʦ-

ʤʘʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ (ʚ ʩʧʝʢʪʨʝ ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʷʝʪʩʷ ʟʝʣʝʥʘʷ ʣʠʥʠʷ ʢʠʩʣʦʨʦʜʘ 

l=5577¡). 

ɺ ʨʘʡʦʥʝ 65ð965 ʢʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʤʦʣʝʢʫʣʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʛʘʟʘ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʠʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʠʩʧʫʩʢʘʝʤʳʤʠ ʉʦʣʥʮʝʤ, ʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʪ ʩ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ. ʇʨʦʠʩʭʦʜʠʪ ʠʦʥʠʟʘ-

ʮʠʷ. ɿʘ ʦʪʢʨʳʪʠʝ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ ʚ 1927, ʕʧʣʪʦʥʫ ʚ 1947 ʛʦʜʫ, 

ʧʨʠʩʚʦʝʥʘ ʥʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ. ʀʦʥʦʩʬʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʣʦʝʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ 

ʩʥʠʟʫ ʚʚʝʨʭ ï ʙʫʢʚʘʤʠ D, ɽ ʠ F (ʨʠʩ.1.5). ʕʪʠ ʩʣʦʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʠʭ ʧʣʘʟʤʳ. ʉʘʤʘʷ ʥʠʟʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʣʦʝ 

Fls, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʚʳʩʦʪʝ ʦʪ 145 ʜʦ 225 ʢʤ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ï ʚ ʩʪʘʙʠʣʴʥʦʤ ʩʣʦʝ 

F2, ʥʘ ʚʳʩʦʪʝ ʧʨʠʤʝʨʥʦ ʦʪ 225 ʜʦ 480 ʢʤ (ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ ʜʦ 2Ŀ10
6
 ʤʣʥ. ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʢʫʙʠʯʝʩʢʦʤ ʤʝʪʨʝ ʠ ʚ ʥʦʯʥʳʝ ʜʦ 3Ŀ10
5
 ʤʣʥ. ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʫʙʠʯʝʩʢʦʤ ʤʝʪʨʝ). ʊʘʢ ʢʘʢ 

ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʠʦʥʦʚ ʥʝʦʙʭʦʜʠʤʘ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʪʦ ʥʦʯʴʶ ʩʣʦʡ F1 ʠʩʯʝʟʘʝʪ. 

ʅʝʪ ʝʛʦ ʠ ʟʠʤʦʡ. ʉʣʦʡ E ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʠʦʥʠʟʘʮʠʠ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 120 ʢʤ. ɺ 

ʜʥʝʚʥʳʝ ʯʘʩʳ ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʵʪʦʛʦ ʩʣʦʷ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʦ 10
5
, ʘ ʚ ʥʦʯʥʳʝ - ʥʝ 

ʙʦʣʝʝ 10
4
 ʤʣʥ ʵʣʝʢʪʨʦʥʦʚ ʚ ʢʫʙʠʯʝʩʢʦʤ ʤʝʪʨʝ.  

ʂʨʦʤʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʦʚ ʩʫʪʦʢ ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʟʘʚʠʩʠʪ 

ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 11-ʣʝʪʥʶʶ ʠ ʜʨʫʛʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ. 

ʉʣʦʡ E ʭʘʨʘʢʪʝʨʝʥ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʚ ʥʝʤ ʚʝʪʨʦʚ ʠ ʪʝʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʟʘʚʠʭ-

ʨʝʥʠʷ ʠ ʦʙʨʘʟʫʶʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ. ɺ ʵʪʦʤ ʞʝ ʩʣʦʝ E ʧʦ ʩʣʫʯʘʡ-

ʥʳʤ ʟʘʢʦʥʘʤ ʚʦʟʥʠʢʘʶʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʳʝ ʧʦʧʘʜʘʶʱʠʤʠ ʩʶʜʘ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʢʨʫʧʥʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (ʤʝʪʝʦʨʦʠʜʘʤʠ). ʉʣʦʡ ɽ 

ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ çʩʣʦʝʤ ʂʝʥʥʝʣʣʠ-ʍʝʚʠʩʘʡʜʘè. ʅʘʣʠʯʠʝ ʠʦʥʦʩʬʝʨʳ ʚʣʠʷʝʪ ʥʘ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʥʝʢʦʪʦʨʳʭ ʜʠʘʧʘʟʦʥʦʚ, ʩʦʟʜʘʚʘʷ ʦʪʨʘʞʝʥʠʝ ʠ ʧʨʝʣʦʤʣʝʥʠʝ.  

https://ru.wikipedia.org/w/index.php?title=%D0%9A%D0%B5%D0%BD%D0%BD%D0%B5%D0%BB%D0%BB%D0%B8,_%D0%90%D1%80%D1%82%D1%83%D1%80&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A5%D0%B5%D0%B2%D0%B8%D1%81%D0%B0%D0%B9%D0%B4
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ʈʠʩ.1.5. ɿʘʚʠʩʠʤʦʩʪʠ ʚʳʩʦʪʳ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ ʦʪ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ʜʣʷ ʟʠʤʥʠʭ 

ʜʥʝʚʥʳʭ ʯʘʩʦʚ (ʘ) ʠ ʜʣʷ ʥʦʯʥʦʛʦ ʚʨʝʤʝʥʠ (ʙ). ʉʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʜʘʥʘ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ [124]. ʀʦʥʦʛʨʘʤʤʘ (ʚ) ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ 

(ʠʟʤʝʨʷʝʤʦʡ ʧʦ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʝ) ʦʪ ʚʳʩʦʪʳ ʥʘʜ ʟʝʤʣʸʡ [125] 

ʇʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ ʠʦʥʦʩʬʝʨʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʨʘʜʠʦʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴ-

ʥʦ ʚʚʝʨʭ ʧʦʩʳʣʘʶʪ ʥʘʙʦʨ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʜʦ 25 ʄɻʮ. ʆʪʨʘʞʝʥʥʳʝ ʦʪ ʠʦʥʦʩʬʝʨʳ ʨʘʜʠʦʠʤʧʫʣʴʩʳ ʧʨʠʥʠʤʘʶʪʩʷ 

ʥʘ ʠʦʥʦʩʬʝʨʥʦʡ ʩʪʘʥʮʠʠ ʩʧʫʩʪʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʚʳʩʦʪʝ ʦʪʨʘʞʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʩʷ ʜʠʘʛʨʘʤʤʘ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʵʪʦʡ ʚʳʩʦʪʳ ʦʪ ʯʘʩʪʦʪʳ ʨʘʜʠʦʚʦʣʥʳ, ʥʘʟʳʚʘʝʤʘʷ ʠʦʥʦʛʨʘʤʤʦʡ. ʀʦʥʦʛʨʘӢʤʤʘ 

(ʨʠʩ. 1.5ʛ), ʠʣʠ ʚʳʩʦʪʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ð ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʦʥʦʩʬʝʨʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʥʘʙʦʨ ʪʦʯʝʢ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʪʳ: ʯʘʩʪʦʪʫ ʠ ʜʝʡʩʪʚʫʶʱʫʶ ʚʳʩʦʪʫ. ʀʦʥʦʛʨʘʤʤʳ 

ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʣʝʜʳ ʦʪʨʘʞʝʥʠʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ, ʛʝʥʝ-

ʨʠʨʫʝʤʳʭ ʠʦʥʦʟʦʥʜʘʤʠ. ʇʝʨʝʜʘʪʯʠʢ ʠʦʥʦʟʦʥʜʘ ʠʟʣʫʯʘʝʪ ʨʘʜʠʦʚʦʣʥʳ ʦʪ ʥʠʟʢʠʭ ʢ 

ʚʳʩʦʢʠʤ ʯʘʩʪʦʪʘʤ. ʀʤʧʫʣʴʩʥʳʝ ʨʘʜʠʦʩʠʛʥʘʣʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʠʦʥʦʩʬʝʨʝ ʙʦʣʝʝ 

ʤʝʜʣʝʥʥʦ, ʯʝʤ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʵʪʦʤʫ ʚʤʝʩʪʦ ʠʩʪʠʥʥʦʡ ʚʳʩʦʪʳ ʨʝʛʠʩʪ-

ʨʠʨʫʝʪʩʷ ʢʘʞʫʱʘʷʩʷ ʠʣʠ "ʜʝʡʩʪʚʫʶʱʘʷ" ʚʳʩʦʪʘ ʦʪʨʘʞʝʥʠʷ (h'E, h'F ʠ ʪ.ʜ.), ʢʦʪʦʨʘʷ 

ʚʩʝʛʜʘ ʧʨʝʚʳʰʘʝʪ ʠʩʪʠʥʥʫʶ ʚʳʩʦʪʫ ʦʪʨʘʞʝʥʠʷ. ɼʣʷ ʯʘʩʪʦʪ, ʜʦʩʪʠʛʘʶʱʠʭ ʩʣʦʷ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʜʝʡʩʪʚʫʶʱʘʷ ʚʳʩʦʪʘ ʩʪʘʥʦʚʠʪ-

ʩʷ ʙʝʩʢʦʥʝʯʥʦʡ. ʏʘʩʪʦʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʥʘʟʳʚʘʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ 

https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0
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ʯʘʩʪʦʪʘʤʠ (foE, foF1 ʠ ʪ.ʜ.). ʆʙʳʯʥʦ ʠʦʥʦʛʨʘʤʤʫ ʨʘʩʩʯʠʪʳʚʘʶʪ ʟʘ 15 ʤʠʥʫʪʥʳʡ ʠʥ-

ʪʝʨʚʘʣ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ.  

ʈʘʜʠʦʚʦʣʥʳ (ʨʘʜʠʦʯʘʩʪʦʪʳ), ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ, ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 100 000 ʤ (3 ʢɻʮ) ʜʦ 0,1 ʤʤ (3 000 ɻɻʮ). ʃʝʚʝʝ ʨʘʜʠʦʚʦʣʥ ʣʝʞʠʪ ʠʥʬʨʘʢʨʘʩʥʦʝ 

(ʪʝʧʣʦʚʦʝ) ʠʟʣʫʯʝʥʠʝ, ʧʨʘʚʝʝ - ʚʠʜʠʤʳʡ ʩʚʝʪ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʠ 

ʛʘʤʤʘ ʣʫʯʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʙʠʝʥʠʠ ʩʧʝʢʪʨʘ ʨʘʜʠʦʚʦʣʥ ʢʨʘʡʥʠʝ ʜʠʘʧʘʟʦʥʳ ï ʵʪʦ 

ʦʯʝʥʴ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ (ʠʣʠ ʤʠʨʠʘʤʝʪʨʦʚʳʝ ʚʦʣʥʳ 100-10 ʢʤ) ʠ (ʩʫʙʤʠʣʠʤʝʪʨʦʚʳʝ 1-

0,1 ʤʤ). ʂʦʨʦʪʢʠʝ ʚʦʣʥʳ (ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʪʨʦʚʳʭ ʠ ʜʝʢʘʤʝʪʨʦʚʳʭ 1-100 ʤ ʩ ʯʘʩʪʦʪʦʡ 

ʧʨʠʤʝʨʥʦ ʜʦ 25-30 ʄɻʮ) ʩʧʦʩʦʙʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʦʛʨʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʤʥʦ-

ʛʦʢʨʘʪʥʦ ʦʪʨʘʞʘʷʩʴ ʦʪ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʣʦʷ ʂʝʥʥʝʣʠ - ʍʝʚʠʩʘʡʜʘ, ʘ ʚʦʪ ʜʣʷ 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʠʦʥʦʩʬʝʨʘ ʧʨʦʟʨʘʯʥʘ. ʉʚʷʟʴ ʥʘ ʢʦʨʦʪʢʠʭ ʚʦʣʥʘʭ  ʨʘʙʦʪʘʝʪ 

ʣʫʯʰʝ ʥʦʯʴʶ, ʯʝʤ ʜʥʝʤ, ʧʦʪʦʤʫ ʯʪʦ ʥʘ ʩʦʩʪʦʷʥʠʝ ʠʦʥʦʩʬʝʨʳ ʚʣʠʝ̫ʪ ʉʦʣʥʮʝ. 

ʂ ʩʝʨʝʜʠʥʝ ʍʍ ʚʝʢʘ, ʢʦʛʜʘ ʚʩʝ ʩʚʝʜʝʥʠʷ ʦʙ ʠʦʥʠʟʦʚʘʥʥʦʤ ʩʣʦʝ ʛʘʟʦʚʦʡ ʦʙʦ-

ʣʦʯʢʠ ɿʝʤʣʠ ʤʦʛʣʠ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʧʨʠ ʧʦʤʦʱʠ ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʙʳʣʦ 

ʠʟʚʝʩʪʥʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʙʣʘʩʪʝʡ 

ʠʦʥʦʩʬʝʨʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʚʝʣʠʩʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʝʪʦʜʘʤʠ ʠʤʧʫʣʴʩ-

ʥʦʛʦ ʨʘʜʠʦʟʦʥʜʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʧʨʦʥʠʢʥʫʪʴ ʚ ʦʙʣʘʩʪʴ ʚʳʰʝ ʛʣʘʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ 

ʠʦʥʠʟʘʮʠʠ ʥʝ ʫʜʘʚʘʣʦʩʴ. ʆʩʥʦʚʥʦʡ ʦʧʨʝʜʝʣʷʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʳʣʘ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʘ ʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʘʩʩʦʚʦʤ ʩʦʩʪʘʚʝ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦ-

ʠʩʭʦʜʷʱʠʭ ʚ ʦʢʦʣʦʟʝʤʥʦʡ ʧʣʘʟʤʝ, ʤʦʞʥʦ ʙʳʣʦ ʜʝʣʘʪʴ ʣʠʰʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʠ ʦʮʝʥ-

ʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʩʚʝʥʥʳʭ ʩʚʝʜʝʥʠʡ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʟʘ ʧʝʨʠʦʜ ʜʦ ʥʘʯʘʣʘ ʨʘʢʝʪʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝ-

ʥʳʝ ʜʦʩʪʠʛʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʘʢ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʤʝ-

ʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʧʦʣʫʯʝʥʠʠ ʚʘʞʥʝʡʰʠʭ ʩʚʝʜʝʥʠʡ ʦʙ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʛʘ-

ʟʝ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʪʠ ʨʘʙʦʪʳ ʩʪʠʤʫʣʠʨʦʚʘʣʠʩʴ ʦʛʨʦʤʥʳʤ ʧʨʘʢʪʠʯʝ-

ʩʢʠʤ ʟʥʘʯʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ ʠʦʥʦʩʬʝʨʳ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʫʩʣʦʚʠʡ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʜʠʦʩʚʷʟʠ; ʦʥʠ ʪʝʩʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʩʚʷ-

ʟʘʥʳ ʩ ʧʨʦʛʨʝʩʩʦʤ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʨʘʜʠʦʬʠʟʠʢʠ. ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʠʦʥʦʩʬʝʨʳ ʩʳʛʨʘʣʠ ʠ ʤʝʪʝʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʥʘʯʘʣʘ ʨʘʢʝʪ, ʘ 

ʧʦʪʦʤ ʠ ʩʧʫʪʥʠʢʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʥʘʜʸʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʝʨʭʥʝʡ ʘʪ-
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ʤʦʩʬʝʨʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʨʠʪʴ ʥʘ ʨʘʢʝʪʘʭ ʠʦʥʥʳʡ ʩʦʩʪʘʚ (ʧʨʠ ʧʦʤʦʱʠ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʘ) ʠ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʦʥʦʩʬʝʨʳ (ʪʝʤʧʝʨʘʪʫʨʫ, 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ) ʥʘ ʚʩʝʭ ʚʳʩʦʪʘʭ, ʠʩʩʣʝʜʦʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʠʦʥʠʟʘ-

ʮʠʠ ð ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʩʧʝʢʪʨ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʦʥʠʟʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʧʦʪʦʢʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʙʲʷʩʥʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʠʟ-

ʤʝʥʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ. 

ʉ ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚ, ʥʝʩʫʱʠʭ ʥʘ ʙʦʨʪʫ ʠʦʥʦʩʬʝʨʥʫʶ ʩʪʘʥʮʠʶ ʠ ʟʦʥʜʠ-

ʨʫʶʱʠʭ ʠʦʥʦʩʬʝʨʫ ʩʚʝʨʭʫ, ʫʜʘʣʦʩʴ ʠʩʩʣʝʜʦʚʘʪʴ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʠʦʥʦʩʬʝʨʳ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʫʶ ʚʳʰʝ ʤʘʢʩʠʤʫʤʘ ʩʣʦʷ F ʠ ʧʦʵʪʦʤʫ ʥʝʜʦʩʪʫʧʥʫʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘʟʝʤʥʳ-

ʤʠ ʠʦʥʦʩʬʝʨʥʳʤʠ ʩʪʘʥʮʠʷʤʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʵʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ nʝ ʚ ʠʦʥʦʩʬʝʨʝ ʨʝʟʢʦ ʨʘʩʪʫʪ ʜʦ ʦʙʣʘʩʪʠ F (ʩʤ. ʨʠʩ. 1.5);ʚ ʚʝʨʭʥʝʡ ʯʘʩ-

ʪʠ ʠʦʥʦʩʬʝʨʳ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʜʣʷʝʪʩʷ, ʘ nʝ ʚʳʰʝ ʦʙʣʘʩʪʠ F ʫʤʝʥʴʰʘʝʪʩʷ ʩ 

ʚʳʩʦʪʦʡ ʩʥʘʯʘʣʘ ʧʦʩʪʝʧʝʥʥʦ ʜʦ ʚʳʩʦʪ 15-20 ʪʳʩ. ʢʤ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʧʣʘʟʤʦʧʘʫʟʘ), ʘ 

ʧʦʪʦʤ ʙʦʣʝʝ ʨʝʟʢʦ, ʧʝʨʝʭʦʜʷ ʢ ʥʠʟʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ nʝ ʚ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʝ.  

ʉ ʥʘʯʘʣʘ ʍʍI ʚʝʢʘ ʘʢʪʫʘʣʴʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʠʦʥʦʩʬʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʨʪʠ-

ʢʘʣʴʥʳʭ ʦʮʝʥʦʢ VTEC (Total Electron Content) ʧʦ ʩʠʛʥʘʣʘʤ GPS [125]. ʅʘʨʷʜʫ ʩ ʨʘ-

ʢʝʪʘʤʠ ʠ ʩʧʫʪʥʠʢʘʤʠ ʧʦʣʫʯʠʣʠ ʫʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʥʦʚʳʝ ʥʘʟʝʤʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʦʥʦʩʬʝʨʳ ʚ ʦʙʣʘʩʪʠ D: ʤʝ-

ʪʦʜʳ ʯʘʩʪʠʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠ ʧʝʨʝʢʨʸʩʪʥʦʡ ʤʦʜʫʣʷʮʠʠ; ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʠʦ-

ʤʝʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ, ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʣʷ ʜʣʠʥʥʳʭ ʠ ʩʚʝʨʭʜʣʠʥʥʳʭ ʨʘʜʠʦʚʦʣʥ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʥʘʢʣʦʥʥʦʛʦ ʠ ʚʦʟʚʨʘʪ-

ʥʦ-ʥʘʢʣʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʤʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʥʝʢʦʛʝʨʝʥʪ-

ʥʦʛʦ (ʪʦʤʧʩʦʥʦʚʩʢʦʛʦ) ʨʘʩʩʝʷʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʜʠʦʣʦʢʘʮʠʠ, ʢʦʛʜʘ ʧʦ-

ʩʳʣʘʶʪ ʚ ʠʦʥʦʩʬʝʨʫ ʢʦʨʦʪʢʠʡ ʤʦʱʥʳʡ ʠʤʧʫʣʴʩ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ, ʘ ʟʘʪʝʤ ʧʨʠʥʠʤʘ-

ʶʪ ʩʣʘʙʳʡ ʨʘʩʩʝʷʥʥʳʡ ʩʠʛʥʘʣ, ʨʘʩʪʷʥʫʪʳʡ ʚʦ ʚʨʝʤʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʪʦʯʢʠ ʨʘʩʩʝʷʥʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ nʝ ʜʦ 

ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʚʳʩʦʪ (1000 ʢʤ ʠ ʚʳʰʝ), ʥʦ ʜʘʸʪ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʫ ʵʣʝʢʪʨʦʥʦʚ ʠ 

ʠʦʥʦʚ, ʠʦʥʥʳʡ ʩʦʩʪʘʚ, ʨʝʛʫʣʷʨʥʳʝ ʠ ʥʝʨʝʛʫʣʷʨʥʳʝ ʜʚʠʞʝʥʠʷ ʠ ʜʨ. ʧʘʨʘʤʝʪʨʳ ʠʦʥʦ-

ʩʬʝʨʳ. ʉʪʘʣʦ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʤʦʜʝʣʝʡ ʠʦʥʦʩʬʝʨʳ (ʥʘʧʨʠʤʝʨ, ʤɻ-

ʧʠʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʣʦʪʥʦʩʪʠ ʘʪʦʤʘʨʥʳʭ ʠʦʥʦʚ ʚ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʦ 4 ʪʳʩ. ʢʤ ʧʦ 

http://slovari.yandex.ru/~%D0%BA%D0%BD%D0%B8%D0%B3%D0%B8/%D0%91%D0%A1%D0%AD/%D0%9F%D0%B5%D1%80%D0%B5%D0%BA%D1%80%D1%91%D1%81%D1%82%D0%BD%D0%B0%D1%8F%20%D0%BC%D0%BE%D0%B4%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D1%8F/
http://slovari.yandex.ru/~%D0%BA%D0%BD%D0%B8%D0%B3%D0%B8/%D0%91%D0%A1%D0%AD/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D0%BB%D0%BE%D0%BA%D0%B0%D1%86%D0%B8%D1%8F/
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ʥʘʙʣʶʜʝʥʠʷʤ ʩʧʫʪʥʠʢʦʚ ʠ ʨʘʢʝʪ [126] ʚʤʝʩʪʝ ʩ ʨʘʟʚʠʪʠʝʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʧʨʝʞʥʠʭ ʤʦʜʝʣʝʡ (ʥʘʧʨʠʤʝʨ, ʩʪʘʥʜʘʨʪʥʘʷ ʘʪʤʦʩʬʝʨʘ [127-128]). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘ ʋʢʨʘʠʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʉʪʘʥʜʘʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ɻʆʉʊ 4401-81, ʢʦ-

ʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʫ [129]. 

 ʉʣʦʞʥʦʩʪʴ ʠ ʛʣʦʙʘʣʴʥʦʩʪʴ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʦʮʝʩʩʦʚ [119,123,130] 

ʪʨʝʙʫʝʪ ʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʙʲʝʜʠʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʰʠʨʦʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʦʧʝʨʘʮʠʠ. ʅʦʚʝʡʰʠʤʠ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʦʝʢʪʳ 

LOFAR ʠ VLBI ʩ ʜʚʫʤʷ ʦʜʥʦʠʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʕʪʦ ʥʠʟʢʦ ʯʘʩʪʦʪʥʳʝ ʘʥʪʝʥ-

ʥʳʝ ʧʦʣʷ LOFAR (Lʦw Frequency Array) ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ ʩ ʦʯʝʥʴ ʜʣʠʥʥʦʡ ʙʘʟʦʡ 

VLBI ( Very Long Baseline Interferometry). ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʢʨʦʤʝ ʘʪʤʦʩʬʝʨʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʘʢʞʝ ʥʦʚʦʝ ʦʢʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʦʩʤʦʩʘ ʫʚʠʜʝʪʴ ʠ 

ʫʩʣʳʰʘʪʴ ɺʩʝʣʝʥʥʫʶ ʚʦ ʚʩʝʭ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʯʘʩ-

ʪʦʪ ʜʦ ʩʘʤʳʭ ʥʠʟʢʠʭ ʯʘʩʪʦʪ, ʚʦʟʤʦʞʥʳʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʆʩʦʙʝʥʥʦ ʘʢʪʠʚʥʳ 

ʩʝʡʯʘʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ʦʢʦʣʦʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʝʡ (ʨʠʩ.1.6) [131]. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʨʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ ʠ ʧʨʠʙʦʨʦʚ ʥʘʟʝʤʥʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʷ-

ʤʳʭ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʝ ʬʘʢʪʦʨʦʚ (ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠ ʤʝʪʝʦʨʦʠʜʥʳʝ 

ʚʪʦʨʞʝʥʠʷ). 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʩʦʪʘʭ 80ð180 ʢʤ, 

ʚʢʣʶʯʘʶʱʠʭ ʤʝʪʝʦʨʥʫʶ ʟʦʥʫ (70-130 ʢʤ), ʠʟʫʯʝʥʳ ʤʝʥʴʰʝ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ 

ʚʩʣʝʜʩʪʚʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʢʝʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʵʪʠʭ ʚʳʩʦʪʘʭ ʠ ʧʨʦ-

ʩʤʦʪʨʘ ʠʟ ʢʦʩʤʦʩʘ ʵʪʦʡ ʟʦʥʳ. ʀʤʝʶɦ ʠʝʩʷ ʩʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘ 

ʵʪʠʭ ʚʳʩʦʪʘʭ ʚʘʨʠʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʨʘʞʝʥʳ ʤʝʥʝʝ ʷʨʢʦ. ɸʢʪʫʘʣʴ-

ʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʪʝʦʨʥʦʡ ʟʦʥʝ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘʟʝʤʥʦʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʩʨʝʜʩʪʚʘʤʠ ʨʘʜʠʦʣʦʢʘʮʠʠ. 
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ʈʠʩ. 1.6 [132] ʇʨʠʚʝʜʝʥʳ ʦʙʲʝʢʪʳ ʠʟʫʯʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʜ ʧʦʚʝʨʥʦʩʪʴʶ ɿʝʤʣʠ ʜʦ 

ʛʣʫʙʦʢʦʛʦ ʢʦʩʤʦʩʘ ʨʘʟʣʠʯʥʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʘʟʝʤʥʳʤʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʠʩʪʝʤʘʤʠ (ʈʊʉ) ʥʘ ʧʨʠʤʝʨʝ ʈʊʉ ʦʢʦʣʦʧʦʣʷʨʥʦʡ ʝʚʨʦʧʝʡʩʢʦʡ ʟʦʥʳ: KAIRA -

ʂʠʣʧʠʩʷʨʚʠ (ʌʠʥʣʷʥʜʠʷ). ʇʨʠʝʤʥʠʢ ʘʪʤʦʩʬʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʜʚʫʤʷ LOFAR ʥʘ 

(110-270 MHz) ʠ (10-90 MHz) ʨʘʜʠʦʯʘʩʪʦʪʘʭ; ʋʂɺ ʨʘʜʘʨ ʊʨʦʤʩʸ (ʅʦʨʚʝʛʠʷ); 

ʤʝʟʦʩʬʝʨʥʦ- ʩʪʨʘʪʦʩʬʝʨʥʦ- ʪʨʦʧʦʩʬʝʨʥʳʝ (ʄʉʊ) ʠ ʤʝʪʝʦʨʥʳʝ ʨʘʜʘʨʳ ʊʨʦʤʩʸ 

(ʅʦʨʚʝʛʠʷ), ʂʠʨʫʥʘ (ʐʚʝʮʠʷ), ɸʥʜʦʷ (ʅʦʨʚʝʛʠʷ), ʠʦʥʦʩʬʝʨʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴ ʂɺ (3-

30 ʄɻʮ) ʊʨʦʤʩʸ (ʅʦʨʚʝʛʠʷ), ʨʘʜʘʨ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʊʨʦʤʩʸ (ʅʦʨʚʝʛʠʷ) 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʨʘʟʜʝʣʫ ʬʠʟʠʢʠ, ʘ ʷʚʣʷ-

ʶʪʩʷ ʯʘʩʪʴʶ ʛʝʦʬʠʟʠʢʠ ʠʣʠ ʩʦʣʥʝʯʥʦ-ʟʝʤʥʦʡ ʬʠʟʠʢʠ (ʉɿʌ), ʛʜʝ ʥʝ ʚ ʦʧʳʪʝ, ʘ ʚ ʥʘ-

ʙʣʶʜʝʥʠʷʭ ʦʙʥʘʨʫʞʠʚʘʶʪ ʥʦʚʳʝ ʬʘʢʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ ʧʨʦʰʣʠ ʜʚʘ ʵʪʘ-

ʧʘ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʤʝʪʦʜʘʤʠ ʥʘʙʣʶʜʝʥʠʷ, ʪʘʢ ʠ ʤʘʩʰʪʘʙʘʤʠ 

ʧʨʠʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ. ɹʣʘʛʦʜʘʨʷ ʩʣʦʞʠʚʰʠʤʩʷ ʫʩʣʦʚʠʷʤ ʫʜʘʣʦʩʴ ʟʘʤʝʪʥʦ 

ʧʨʦʜʚʠʥʫʪʴʩʷ ʥʘ ʧʫʪʠ ʠʟʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʠʦʥʦ-

ʩʬʝʨʳ, ʭʦʪʷ ʧʨʦʙʣʝʤʳ ʦʩʪʘʣʠʩʴ. ʄʝʪʝʦʨʥʘʷ ʥʘʫʢʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʘʷ ʩ ʤʝ-

ʪʝʦʨʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʚ ʠʦʥʦʩʬʝʨʝ ʠ ʢʦʩʤʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʤʝʪʝʦʨ-
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ʥʳʤʠ ʪʝʣʘʤʠ, ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʦ-

ʙʣʝʤ ʠ ʟʘʜʘʯ ʥʘ ʩʪʳʢʝ ʥʘʫʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʟʜʝʣʫ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʘʵ-

ʨʦʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

1.2.3 ʄʦʜʝʣʴ ʘʪʤʦʩʬʝʨʳ ʥʘ ʤʝʪʝʦʨʥʳʭ ʚʳʩʦʪʘʭ. 

ʊʘʢ ʢʘʢ ʘʙʣʷʮʠʷ ʤʝʪʝʦʨʦʠʜʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʤʦʜʝʣʴ ʘʪʤʦʩʬʝʨʳ ʥʘ ʤʝʪʝʦʨʥʳʭ ʚʳʩʦʪʘʭ. ʇʨʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʚ ʤʝʪʝʦʨʥʦʡ ʟʦʥʝ ʠʩʧʦʣʴʟʫʶʪ ʙʘ-

ʨʦʤʝʪʨʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʘʪʤʦʩʬʝʨ r[6, 133, 63]. ɺ ʪʘʙʣʠʮʝ 

1.2 ʚʠʜʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʅ* ʦʪ ʊ. ɹʘʨʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʦʧʨʝʜʝʣʷʝʪ ʜʘʚʣʝʥʠʝ 

)(Hp ʠ ʧʣʦʪʥʦʩʪʴ )(Hr  ʘʪʤʦʩʬʝʨʳ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʚʳʩʦʪʝ ʘʪʤʦʩʬʝʨʳ H, ʚr -

ʨʘʞʝʥʠʷ (1.24-1.26): 

 *)/exp()()( 0 HHhpHp -= , (1.24) 

 )/exp()( *

0 HHH -=rr , (1.25) 

 gRTH am/
* = , (1.26) 

ʛʜʝ H* - ʚʳʩʦʪʘ ʦʜʥʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʳ ʪ.ʝ. ʠʥʪʝʨʚʘʣ ʚʳʩʦʪ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ 

ʜʘʚʣʝʥʠʝ ʘʪʤʦʩʬʝʨʳ p  ʠʟʤʝʥʷʝʪʩʷ ʚ e ʨʘʟ (ʟʜʝʩʴ e=2,718 ï ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ 

ʣʦʛʘʨʠʬʤʘ), R=8,314 ɼʞ/ʤʦʣʴ,ĀK - ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʤʦʣʝʢʫʣʷʨ-

ʥʳʡ ʚʝʩ 29ºam , ʢʠʥʝʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ T (ʜʣʷ ʤʝʪʝʦʨʥʳʭ ʚʳʩʦʪ KT 0300º ), ʩʦ-

ʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ Cospar International Reference Atmosphere 

(CIRA) [127] ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʤʝʪʝʦʨʥʦʡ ʟʦʥʳ ʩʤH 5* 10)3,7.....7,6( Ö= . 

ʉʦʛʣʘʩʥʦ [133] ʥʘ ʚʳʩʦʪʝ h=120 ʢʤ H*=7,9 ʢʤ. ʇʦ [134] ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʢʩʠ-

ʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ H*  ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5,6 - 5,8 ʢʤ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʸʞʥʦ ʚ ʧʦʜʘʚʣʷʶ-

ʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʜʘʯ ʤʝʪʝʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʚʳʩʦʪ 80-105 ʢʤ. ʇʦʩʢʦʣʴʢʫ 

ʘʪʤʦʩʬʝʨʘ ɿʝʤʣʠ ʥʝʠʟʦʪʝʨʤʠʯʥʘ, H*  ʠʟʤʝʥʷʝʪʩʷ ʩ ʚʳʩʦʪʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʝ-

ʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʢʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ (ʪʘʙʣʠʮʘʭ 

1.2-1.1.3) ʚʠʜʥʦ, ʯʪʦ H*  ʠʤʝʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʳʩʦʪʳ. ɺ ʪʘʙʣʠʮʝ 1.3 ʜʘʥʳ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʩʦʪʳ H* ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʘʪʤʦʩʬʝʨʳ. 

ʇʝʨʚʘʷ ʩʪʨʦʢʘ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ COSPAR (1965) [127], ʚʦ ʚʪʦ-

ʨʦʡ ʩʪʨʦʢʝ ɻʆʉʊ 4401-81 ʉʪʘʥʜʘʨʪ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ (1982) [128]. 
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ʊʘʙʣʠʮʘ 1.2 ʉʪʨʫʢʪʫʨʘ ʘʪʤʦʩʬʝʨʳ ʧʦ ʜʘʥʥʳʤ ʩʪʘʥʜʘʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ 1976 [133] 

H, ʢʤ am ʊ, ʛʨʘʜ ʂ 2/,lg ʤʢʛp  2/,lg ʤʢʛr  H*,ʢʤ 2/, cʤg  

0 28,96 288 4,006 -0,912 8,43 9,81 

5 28,96 256 3,733 -1,133 7,49 9,79 

10 28,96 223 3,423 -1,383 6,55 9,78 

15 28,96 217 3,083 -1,710 6,37 9,76 

20 28,96 217 2,743 -2,051 6,38 9,74 

25 28,96 222 2,406 -2,397 6,53 9,73 

30 28,96 227 2,078 -2,735 6,69 9,71 

35 28,96 237 1,759 -3,072 7,00 9,70 

40 28,96 250 1,458 -3,398 7,42 9,68 

45 28,96 264 1,173 -3,706 7,84 9,67 

50 28,96 271 0,902 -3,988 8,04 9,65 

55 28,96 261 0,622 -4,245 7,77 9,64 

60 28,96 247 0,342 -4,509 7,37 9,62 

65 28,96 233 0,039 -4,788 6,97 9,61 

70 28,96 220 -0,282 -5,082 6,57 9,60 

75 28,96 208 -0,622 -5,399 6,24 9,58 

80 28,96 198 -0,978 -5,733 5,96 9,57 

85 28,96 189 -1,351 -6,085 5,68 9,55 

90 28,91 187 -1,736 -6,466 5,64 9,53 

95 28,73 189 -2,119 -6,855 5,73 9,52 

100 28,40 195 -2,495 -7,250 6,01 9,51 

110 27,27 240 -3,148 -8,013 7,72 9,48 

120 26,20 360 -3,595 -8,653 12,09 9,45 

130 25,44 469 -3,903 -9,088 16,29 9,42 

ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʅ* ʪʘʢʞʝ ʧʦʜ-

ʚʝʨʞʝʥʳ ʩʝʟʦʥʥʳʤ ʠ ʩʫʪʦʯʥʳʤ ʚʘʨʠʘʮʠʷʤ, ʠ ʟʘʚʠʩʷʪ ʦʪ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪ.ʝ. 

ʠʩʪʠʥʥʳʝ ʚʝʣʠʯʠʥʳ ʠʤʝʶʪ ʩʫʪʦʯʥʳʝ, ʩʝʟʦʥʥʳʝ ʠ 11-ʣʝʪʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1.3. ɺʝʣʠʯʠʥʳ ʧʨʠʚʝʜʝʥʥʦʡ ʚʳʩʦʪʳ ʜʣʷ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʘʪʤʦʩʬʝʨʳ 

h (ʢʤ) 80 85 90 95 100 105 

H*(COSPAR, ʢʤ) 

H*(ɻʆʉʊ, ʢʤ) 

5,59 

5,96 

5,60 

5,68 

5,60 

5,62  

6,02 

5,83 

6.44 

6,04 

7,21 

6,69 

1.2.4 ɺʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ ɻʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠ ̫

ʌʘʢʪ, ʯʪʦ ʨʘʜʠʦʚʦʣʥʳ ʚʣʠʷʶʪ ʥʘ ʠʦʥʦʩʬʝʨʫ [130, 136], ʙʳʣ ʦʙʥʘʨʫʞʝʥʦ ʬɻ-

ʬʝʢʪʦʤ ʃʶʢʩʝʤʙʫʨʛ (ʢʨʦʩʩʤʦʜʫʣʷʮʠʠ) ʚ 1930-ʝ ʛʦʜʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʪʦʢ ʤʦʱʥʦ-

ʩʪʠ ʚ ʠʦʥʦʩʬʝʨʝ ʦʪ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʫʟʢʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ ʜʦ 5 ʄɺʪ 
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(ʥʘʧʨʠʤʝʨ, High Frequency Active Auroral Research Program HAARP, ɸʣʷʩʢʘ, ʉʐɸ) 

ʥʠʞʝ 0,03 ɺʪ/ʤ
2
 [137]. ʕʪʦ ʜʘʝʪ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚ ʠʦʥʦʩʬʝʨʝ, ʢʦʪʦʨʘʷ ʤʝʥʴʰʝ 

1/100 ʪʝʧʣʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʩʘʤʦʡ ʠʦʥʦʩʬʝʨʥʦʡ ʧʣʘʟʤʳ. ʕʪʦʪ ʧʦʪʦʢ ʵʥʝʨʛʠʠ 

ʤʦʞʝʪ ʪʘʢʞʝ ʙʳʪʴ ʩʨʘʚʥʠʤ ʩ ʩʦʣʥʝʯʥʳʤ ʧʦʪʦʢʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʨʘʚʥʳʤ 

ʧʨʠʤʝʨʥʦ 1,5 ʢɺʪ/ʤ
2
. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʕʄʀ) ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ 

ʘʪʤʦʩʬʝʨʫ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʛʣʦʱʝʥʠʶ ʠ ʨʘʩʩʝʷʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ʠ ʨʘʩʩʝʷʥʠʝ ʠʟ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʝʛʠʩʪ-

ʨʠʨʫʝʪʩʷ. ɺʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʥʘ ʕʄʀ, ʥʝʩʫʱʝʝ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʝ ʦʢʨʫʞʘʶ-

ʱʝʡ ʩʨʝʜʳ, ʞʝʣʘʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʠ ʫʯʠʪʳʚʘʪʴ. ʕʥʝʨʛʠʷ ʨʘʜʠʦʚʦʣʥ, ʦʪʨʘʞʝʥʥʳʭ 

ʦʪ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ, ʥʠʞʝ ʯʘʩʪʦʪʘ 

ʨʘʜʠʦʚʦʣʥ ʠ ʙʦʣʴʰʝ ʫʛʦʣ ʧʘʜʝʥʠʷ [138]. 

1.3 ʇʨʦʙʣʝʤʘ ʠʟʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤ .r ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʝʦʨʦʚ, ʥʘʙʣʶʜʘʝʤʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦ, ʩʚʷʟʘʥʦ ʩ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʉʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʟʘʤʢʥʫʪʘ. ʆʥʘ ʧʨʦʥʠʮʘʝʤʘ ʜʣʷ ʯʘʩ-

ʪʠʮ ʠ ʜʘʞʝ ʢʨʫʧʥʳʭ ʪʝʣ, ʣʝʪʷʱʠʭ ʢʘʢ ʚ, ʪʘʢ ʠ ʠʟ, ʩʠʩʪʝʤʳ. ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʛʝʣʠʦ-

ʮʝʥʪʨʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʤʝʪʝʦʨʦʠʜʦʚ ʩʚʷʟʘʥʘ ʩ ʠʭ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʧʦ-

ʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʤʝʪʝʦʨʳ ʩʚʷʟʳʚʘʶʪ ʩ ʙʦʣʴ-

ʰʠʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʭ ʥʘʙʣʶʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ [29]. ʇʨʠʩʫʪʩʪʚʠʝ 

ʤʝʞʟʚʝʟʜʥʳʭ ʯʘʩʪʠʮ ʚ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʜʦ ʩʠʭ ʧʦʨ ʧʦʪʦʤʫ, 

ʯʪʦ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʥʝ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʩʪʦʚʝʨ-

ʥʦʩʪʠ ʵʪʠʭ ʜʘʥʥʳʭ. ʇʨʦʙʣʝʤʘ ʠʟʚʝʩʪʥʘ ʢʘʢ ʧʨʦʙʣʝʤʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʚ 

[139], ʥʦ ʨʝʘʣʴʥʦ ʵʪʦ ʧʨʦʙʣʝʤʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʚ ʉʦʣʥʝʯ-

ʥʦʡ ʩʠʩʪʝʤʝ. ʅʝʪ ʥʠ ʦʜʥʦʡ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʦʨʙʠʪʳ ʥʝ ʪʦʣʴʢʦ ʤʝʪʝʦʨʦʠʜʦʚ, ʥʦ ʠ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʘʣrʭ ʪʝʣ (ʘʩʪʝʨʦʠʜʦʚ ʠ ʢʦʤʝʪ), ʜʦʩʪʦʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʢʘʢ ʨʝʘʣʴʥʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ. 
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ʈʠʩ.1.7 [135] ʉʪʨʫʢʪʫʨʘ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʬʨʘʛʤʝʥʪʘ ʉʦʥʷʯʥʦʡ ʩʠʩʪʝʤʳ (0 

- 35 ʘ.ʝ.) ʠʟ ʢʨʫʛʦʚʳʭ (0~e ) ʠ ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪ ʥʝʙʝʩʥʠʭ ʪʝʣ (9,0>e , 

ʝʣʣʠʧʪʠʯʝʩʢʠʭ, ʚʢʣʶʯʠʪʝʣʴʥʦ ʩ ʥʝʟʘʤʢʥʫʪʦʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ 1=e ), 

ʘʬʝʣʠʠ ʢʦʤʝʪ, ʘ.ʝ: 2P/ʕʥʢʝ ~4; 1P/ɻʘʣʣʝʷ ~35  

ɺʩʝ ʜʚʠʞʝʥʠʷ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝ-

ʥʠʷ ʅʴʶʪʦʥʘ. ʀʩʭʦʜʷ ʠʟ ʤʘʣʦʡ ʤʘʩʩʳ ʧʣʘʥʝʪ ʠ ʦʩʪʘʣʴʥʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ 

(ʉʦʣʥʮʝ ʙʦʣʴʰʝ ʧʦ ʤʘʩʩʝ ʚʤʝʩʪʝ ʚʟʪ̫ʳʭ ʧʣʘʥʝʪ ~ ʚ 750 ʨʘʟ), ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʦʢʦʣʦʩʦʣʥʝʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦ-

ʥʘʤ ʂʝʧʣʝʨʘ (ʨʠʩ. 1.7). ɺʩʝ ʪʝʣʘ ʜʚʠʞʫʪʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʦʨʙʠ-

ʪʘʤ, ʚ ʦʜʥʦʤ ʠʟ ʬʦʢʫʩʦʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʉʦʣʥʮʝ. ʊʝʣʘ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʠ ʧʦ ʨʘ-

ʟʦʤʢʥʫʪʳʤ ʦʨʙʠʪʘʤ: ʧʘʨʘʙʦʣʝ ʠʣʠ ʛʠʧʝʨʙʦʣʝ. ʕʪʦ ʩʣʫʯʘʝʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʢʦ-

ʨʦʩʪʴ ʪʝʣʘ ʨʘʚʥʘ ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʚʪʦʨʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʉʦʣʥʮʘ 

ʥʘ ʜʘʥʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʚʝʪʠʣʘ (ʩʤʦʪʨʝʪʴ ʧ.1.1.2). ʊʝʦʨʝʪʠʯʝʩʢʠ ʚʙʣʠ-

ʟʠ ʦʨʙʠʪʳ ɿʝʤʣʠ (ʠ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ) ʤʦʛʫʪ ʙʳʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʪʝʣʘ ʠ ʯʘʩʪʠ-

ʮʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ ʤʝʞʟʚʝʟʜʥʳʝ (ʨʠʩ. 1.7). ʂ ʥʘ-

ʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʦʷʚʠʣʦʩʴ ʤʥʦʛʦ ʪʝʦʨʠʡ ʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ, ʢʘʢ ʥʘʟʝʤ-

ʥʳʭ, ʪʘʢ ʠ in situ, ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 

ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝ-

ʪʦʚ 0,9 ʠ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʘ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʝʣʝʥʠʝʤ ʦʨʙʠʪ ʥʘ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʩ ʝ < 1, 

ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʩ e = 1 (ʧʦʯʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ e ~ 1) ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʩ e > 1. 

ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʤʝʣʢʠʭ ʪʝʣ 

ʠ ʧrʣʠ ʩʣʝʜʫʝʪ ʠʟ ʫʩʪʦʷʚʰʝʛʦʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʨʦʜʠʪʝʣʴʩʢʠʤʠ ʪʝʣʘʤʠ ʪʘʢʠʭ 
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ʯʘʩʪʠʮ ʤʦʛʫʪ ʙʳʪʴ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʤʝʪʳ ʩ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ ʦʨʙʠʪ ʙʦʣʴʰʝ 

0.9. ʊʦʛʜʘ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʤʫʱʝʥʠʡ, ʵʪʠ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ ʚ 

ʧʨʠʥʮʠʧʝ ʤʦʛʫʪ ʧʝʨʝʡʪʠ ʥʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ. 

ʊʦ, ʯʪʦ ʠ ʤʝʞʟʚʝʟʜʥʳʝ ʯʘʩʪʠʮʳ, ʠ ʪʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʧʦʢʠʜʘʶʪ ʉʦʣʥʝʯʥʫʶ 

ʩʠʩʪʝʤʫ, ʤʦʛʫʪ ʠʤʝʪʴ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ, ʫʩʣʦʞʥʷʝʪ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʪʘʢʠʤ 

ʦʨʙʠʪʘʤ. ʅʝʪ ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʝʞʟʚʝʟʜʥʳʭ ʢʦʤʝʪ 

[140-143]. ʇʨʦʙʣʝʤʘ ʤʝʞʟʚʝʟʜʥʳʭ ʤʝʪʝʦʨʦʠʜʦʚ ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʦ-

ʙʣʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʤʘʣʳʭ ʪʝʣ, ʧʦʪʦʤʫ ʯʪʦ ʪʨʫʜʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʝʢʫʣʷʨ-

ʥʦʝ ʜʚʠʞʝʥʠʝ ʉʦʣʥʮʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʚʩʝʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ. ɺ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ ʪʝʦʨʠʝʡ ʟʘʭʚʘʪʘ [144], ʟʘʭʚʘʯʝʥʥʳʝ ʚ ʉʦʣʥʝʯʥʫʶ ʩʠʩʪʝʤʫ ʪʝʣʘ ʙʫʜʫʪ ʠʤʝʪʴ ʵʣ-

ʣʠʧʪʠʯʝʩʢʠʝ ʠ ʧʦʯʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ. ʕʪʦ ʜʝʣʘʝʪ ʧʦʠʩʢ ʤʝʞʟʚʝʟʜʥʳʭ ʯʘʩʪʠʮ 

ʝʱʝ ʙʦʣʝʝ ʩʣʦʞʥʳʤ. ʅʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʢʦʥʮʝʧʮʠʷ ʘʧʝʨʠʦʜʠʯʥʳʭ ʢʦʤʝʪ, ʢʦʪʦ-

ʨʳʝ ʫʰʣʠ ʠʟ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʧʦʪʦʤ ʪʝ ʞʝ ʢʦʤʝʪʳ ʚ ʥʝʝ ʚʦʟʚʨʘʱʘʶʪʩʷ ʠ ʫʞʝ 

ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʚʥʝʰʥʠʝ ʧʨʠʰʝʣʴʮʳ. ʈʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʩʘʤʙʣʷ ʛʠʧʝʨʙʦʣʠ-

ʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʩʦ ʩʢʦʨʦʩʪʴʶ V çʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠè), ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʦʪ ʉʦʣʥʮʘ, 

ʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (1.27) 

 ( ) 2/1, RVGMnRVn Q¤ += , (1.27) 

ʛʜʝ ¤n - ʧʣʦʪʥʦʩʪʴ ʘʥʩʘʤʙʣʷ ʚʜʘʣʠ ʦʪ ʉʦʣʥʮʘ, G - ʧʦʩʪʦʷʥʥʘʷ ʪʷʛʦʪʝʥʠʷ, QM   - ʤʘʩʩʘ 

ʉʦʣʥʮʘ. ʕʪʘ ʠ ʜʨʫʛʠʝ ʠʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷ ʦʮʝʥʢʠ ʠ ʛʠʧʦʪʝʟʳ  ʥʦʩʷʪ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʡ, ʠʥʦʛʜʘ ʩʧʦʨʥʳʡ ʭʘʨʘʢʪʝʨ [145-148]. ʅʠ ʦʜʥʘ ʠʟ ʛʠʧʦʪʝʟ ʥʝ ʧʦʣʫʯʠʣʘ ʰʠ-

ʨʦʢʦʛʦ ʧʨʠʟʥʘʥʠʷ. ʆʙʠʣʠʝ ʛʠʧʦʪʝʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʷʚʥʦʤ ʥʝʙʣʘʛʦʧʦʣʫʯʠʠ ʚ ʢʦ-

ʤʝʪʥʦʡ ʢʦʩʤʦʛʦʥʠʠ [142]. 

ʈʦʩʪ ʯʠʩʣʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʨʝʘʣʴʥʳʤ, ʣʠʙʦ ʷʚʣʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʢʦʧʣʝʥʠʷ ʦʰʠ-

ʙʦʯʥʳʭ ʜʘʥʥʳʭ. ɸʥʘʣʠʟ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʚ ʉʦʣʥʝʯ-

ʥʦʡ ʩʠʩʪʝʤʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʯʠʩʣʦ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ. 

ʏʝʤ ʤʝʥʴʰʝ ʤʘʩʩʘ ʤʝʪʝʦʨʦʠʜʦʚ (ʄ<<1 ʛ), ʪʝʤ ʙʦʣʴʰʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤʦʚ (ʩʚʝ-

ʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʠ ʜʨʫʛʠʝ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ, ʚʦʟʤʫɦ ʝʥʠʷ ʉʦʣʥʮʘ ʠ ʃʫʥʳ ʚ 

ʩʬʝʨʝ ʟʝʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠʭ ʦʨʙʠʪʳ ʚ ʛʠʧʝʨ-
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ʙʦʣʠʯʝʩʢʠʝ, ʥʦ ʪʘʢʠʝ ʪʝʣʘ ʪʨʫʜʥʝʝ ʦʙʥʘʨʫʞʠʚʘʪʴ. 

ʇʦ ʦʮʝʥʢʘʤ ɺʩʝʭʩʚʷʪʩʢʦʛʦ [149-150] ʤʝʞʟʚʝʟʜʥʳʝ ʤʝʪʝʦʨʳ ʜʦʣʞʥʳ ʥʘʙʣʶ-

ʜʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʝʞʝʜʥʝʚʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʪʝʦʨʦʠʜʳ ʩ ʝ >> 1 ʜʦʣʞʥʳ ʧʨʠʩʫʪ-

ʩʪʚʦʚʘʪʴ ʩʨʝʜʠ ʥʘʙʣʶʜʝʥʥʳʭ ʪʝʣ. ʇʦʠʩʢ ʤʝʞʟʚʝʟʜʥʳʭ ʤʝʪʝʦʨʦʚ ʩ ʚʳʩʦʢʠʤʠ ʵʢʩʮʝʥ-

ʪʨʠʩʠʪʝʪʘʤʠ ʧʦʜʜʝʨʞʘʥ ʂʨʘʤʝʨʦʤ, ʉʤʠʨʥʦʚʳʤ, ʍʘʡʜʫʢʦʚʦʡ [151-153]. ʇʦ ʜʨʫʛʠʤ 

ʦʮʝʥʢʘʤ ʥʘʦʙʦʨʦʪ, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʭ ʤʝʞʟʚʝʟʜʥʳʭ 

ʦʨʙʠʪ ʜʦʣʞʥʳ ʙʳʪʴ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʢ ʝʜʠʥʠʮʝ ʠʣʠ ʯʘʩʪʴ ʤʝʞʟʚʝʟʜʥʳʭ ʦʨʙʠʪ ʤʦ-

ʞʝʪ ʙʳʪʴ ʧʦʯʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤʠ, ʥʘʧʨʠʤʝʨ, ʄʘʨʢʠʥʘ, ʉʢʦʙʣʠʢʦʚʘ, ɹʝʣʴʢʦʚʠʯ, ʇʦ-

ʪʘʧʦʚ, ʂʘʟʘʥʮʝʚ [154-157] ʆʨʙʠʪʳ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ ʠʟ-ʟʘ ʚʦʟʤʫ-

ʱʝʥʠʡ ʦʪ ʩʙʣʠʞʝʥʠʡ ʩ ʧʣʘʥʝʪʘʤʠ, ʦʞʠʜʘʶʪʩʷ ʠʤʝʶʱʠʤʠ ʪʘʢʞʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʳ 

ʝ ~ 1. ɺʦʟʤʦʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʠʜʦʚ ʩ 

57>hV ʢʤ/ʩ ʷʚʣʷʝʪʩʷ ʩʪʦʣʢʥʦʚʝʥʠʝ ʜʚʫʭ ʘʩʪʝʨʦʠʜʦʚ [158-159]. ʆʪʤʝʪʠʤ ʤʝʭʘʥʠʟʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʨʦʛʘʪʢʠ Wiegert [160], ʨʘʩʧʘʜ ʢʦʤʝʪʦʠʜʘ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʤʝʪʝʦ-

ʨʦʠʜʥʦʛʦ ʧʦʪʦʢʘ ʢ ʉʦʣʥʮʫ [161]. ʂʦʩʤʠʯʝʩʢʠʝ ʦʪʢʨʳʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʚʫʣʢʘʥʳ ʥʘ ʀʦ ʠ 

ʜʨʫʛʠʝ, ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʪʚʝʨʜʠʣʠ ʛʠʧʦʪʝʟʫ ɺʩʝʭʩʚʷʪʩʢʦʛʦ [149-150] ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʠʜʦʚ ʠʟ-ʟʘ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʵʨʫʧʪʠʚʥʦʩʪʠ 

ʢʘʢ ʥʘ ʩʧʫʪʥʠʢʘʭ ʧʣʘʥʝʪ, ʪʘʢ ʠ ʚ ɻʘʣʘʢʪʠʢʝ. ʀʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʧʦ ʟʚʝʟʜʝ ɻʝʤʠʥʛʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʱʝʩʪʚʦʤ, ʚʳʙʨʦʰʝʥʥʳʤ ʚʦ ʚʨʝʤʷ ʚʟʨʳʚʘ 

ʵʪʦʡ ʩʚʝʨʭʥʦʚʦʡ ʠ ʦʪʢʨʳʪʳʤʠ ʤʠʢʨʦʤʝʪʝʦʨʦʠʜʥʳʤʠ ʧʦʪʦʢʘʤʠ ɸʨʝʩʠʙʦ-ʯʘʩʪʠʮ [34] 

ʠ ʋʣʠʩ-ʯʘʩʪʠʮ [72, 163]. ʇʳʣʝʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʙʦʨʪʫ ʋʣʠʩʘ ʠ ʜʨʫʛʠʭ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʢʦʨʘʙʣʝʡ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ɓ-ʤʝʪʝʦʨʦʠʜʦʚ ʩ ʤʝʞʟʚʝʟʜʥʳ-

ʤʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ ʦʨʙʠʪʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ ʤʘʩʩ 10
-16 

-10
-8
 ʛ [164]. ʄʝʪʝʦʨʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʠʜʦʚ ʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ɸʨʝʩʠʙʦ ʚ 

1997 ʛʦʜʫ ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʩʩʦʚʦʤʫ ʧʨʝʜʝʣʫ 10
-11 
ï 10

-6
 ʛ. ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

AMOR, ʨʘʥʝʝ ʜʝʡʩʪʚʫʶʱʘʷ ʝʞʝʜʥʝʚʥʦ ʚ ʖʞʥʦʡ ʧʦʣʫʩʬʝʨʝ, ʧʨʝʜʦʩʪʘʚʠʣʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʟʫʯʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʧ ʯʘʩʪʠʮ ʩ ʤʘʩʩʘʤʠ 710-² ʛ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʧʨʠʰʝʜʰʠʭ ʠʟ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚʥʫʪʨʴ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤ  r[165]. ʅʘ ʨʘʜʘʨʝ AMOR 

[85] ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʵʭʦ ʦʪ ʤʝʪʝʦʨʦʠʜʦʚ, ʚʪʦʨʛʘʶʱʠʭʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʠ ʠʟ 

ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʵʣʝʤʝʥʪʳ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ 

ʜʦ ʩʪʦʣʢʥʦʚʝʥʠʷ. ʇʝʨʝʭʦʜ ʦʪ ʥʘʙʣʶʜʘʝʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʢ ʠʩ-
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ʪʠʥʥʳʤ ʚ ʢʦʩʤʦʩʝ ʜʣʷ ʤʘʩʩ ʜʦ 10
-7
 ʛ (ʩ ʨʘʟʤʝʨʦʤ ~20-ʤʠʢʨʦʥ) ʧʨʦʠʩʭʦʜʠʣ ʯʝʨʝʟ 

ʩʣʦʞʥʫʶ ʧʨʦʮʝʜʫʨʫ ʢʦʨʨʝʢʮʠʠ [76, 165]. 

ʇʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʪʦʯʥʳʭ ʬʦʪʦ-

ʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʛʠʧʝʨʙʦʣ ï 1-2% , ʚ ʤʝʥʝʝ ʪʦʯʥʳʭ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ï 

ʜʦ 10% [166-167], ʪʘʢ ʞʝ ʢʘʢ ʚ ʨʘʜʠʦʤʝʪʝʦʨʥʳʭ ʢʘʪʘʣʦʛʘʭ, ʠʥʦʛʜʘ ʦʪ 2 ʜʦ 24% [6,168 

-171]. ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʝʩʪʴ ʠ ʚ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʤʝʪʝʦʨʥʳʭ ʢʘʪʘʣʦʛʘʭ: ʧʦʯʪʠ 

15% ʚ ʷʧʦʥʩʢʦʤ ʢʘʪʘʣʦʛʝ ʠ 12% ʚ ʢʘʥʘʜʩʢʦʤ ʢʘʪʘʣʦʛʝ [151,172]. ʂʘʥʘʜʩʢʠʤʠ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʠʤʠ, ʢʨʦʤʝ ʨʝʛʠʩʪʨʘʮʠʠ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʤ ʨʘʜʘʨʦʤ CMOR, ʧʨʦʚʦʜʷʪʩʷ ʦʧ-

ʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ. ʕʧʠʢ ʩʯʠʪʘʣ, ʯʪʦ ʟʥʘʤʝʥʠʪʳʡ ʤʝʪʝʦʨʠʪ ʇʫʣʪʫʩʢ ï ʝʜʠʥʩʪʚʝʥ-

ʥʦʝ ʪʝʣʦ ʩ ʫʚʝʨʝʥʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʉʝʡʯʘʩ ʦʨʙʠʪʘ ʇʫʣ-

ʪʫʩʢ ʧʨʠʥʠʤʘʝʪʩʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ. ʅʝʩʢʦʣʴʢʦ ʢʘʪʘʣʦʛʦʚ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʠ-

ʜʦʚ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ. ʉʨʝʜʠ ʥʠʭ ʢʘʪʘʣʦʛ ɺʩʝʭʩʚʷʪʩʢʦʛʦ, ʩʦʩʪʦʷʱʠʡ ʠʟ 78 ʦʨʙʠʪ 

[149], ʢʘʪʘʣʦʛ ʉʠʤʘʢʠʥʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 38 ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ[173], ʦʜʝʩʩʢʠʡ 

ʢʘʪʘʣʦʛ ʪʨʘʥʩʧʣʘʥʝʪʥʳʭ ʨʘʜʠʘʥʪʦʚ 737 ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʚ [174]. ʊʘʢʞʝ 

ʫʤʝʩʪʥʦ ʫʧʦʤʷʥʫʪʴ ʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʢʦʤʝʪʘʭ ʚ ʢʘʪʘʣʦʛʝ ʄʘʨʩʜʝʥʘ ʠ ʜʨʫʛʠʭ [175-

177]. 

ʈʘʜʘʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʫʩʪʫʧʘʶʪ ʣʫʯʰʠʤ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʚ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ, ʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʝʩʧʝʯʝʥ-

ʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʠ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʩʣʘʙʳʝ ʤʝʪʝʦʨʳ. ʋʚʝʣʠʯʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʚ ʨʘʜʠʦʢʘʪʘʣʦʛʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦ-

ʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʥʝ ʪʦʣʴʢʦ ʙʦʣʴʰʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝ-

ʥʠʡ, ʥʦ ʠ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʩ ʛʠʧʝʨʙʦ-

ʣʠʯʝʩʢʠʤʠ ʦʨʙʠʪʘʤʠ, ʘ ʪʘʢʞʝ ʠʩʭʦʜʷ ʠʟ ʠʭ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ [178]. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʥʘʙʣʶʜʘʪʴ ʨʝʘʣʴʥʳʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʧʨʠ 

ʨʘʜʠʦʠʟʤʝʨʝʥʠʷʭ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʈʊʉ ʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʩʪʨʝʯʠ ɿʝʤʣʠ ʩ ʪʘʢʠʤʠ ʦʨʙʠʪʘʤʠ. 

ʆʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʳʣʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʫʞʝ ʥʝ ʦʜʠʥ 

ʜʝʩʷʪʦʢ ʣʝʪ ʥʘʫʢʘ ʞʜʝʪ ʦʪʚʝʪʘ ʥʘ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʚʦʧʨʦʩʘ.  

1) ɽʩʪʴ ʣʠ ʩʨʝʜʠ ʩʦʪʝʥ ʪʳʩʷʯ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠ ʨʘʟʣʠʯʥʳʤʠ 
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ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʤʘʣʳʭ ʦʙʲʝʢʪʦʚ ʭʦʪʷ ʙʳ ʦʜʠʥ, ʦʨʙʠʪʘ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʝ >1 (ʪʦ ʝʩʪʴ ʦʨʙʠʪʘ ʠʤʝʝʪ ʬʦʨʤʫ ʛʠʧʝʨʙʦʣʳ), ʠʣʠ ʚʩʝ ʦʥʠ ʠʤʝʶʪ 

ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʩ ʝ < 1, ʘ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʝ > 1 ʦʙʲʷʩʥʷʶʪʩʷ ʧʦʛʨʝʰʥʦ-

ʩʪʷʤʠ ʠʟʤʝʨʝʥʠʡ?  

2) ɽʩʣʠ, ʚʩʝ-ʪʘʢʠ, ʩʫʱʝʩʪʚʫʶʪ ʪʝʣʘ ʩ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ ʦʨʙʠʪʘʤʠ, ʪʦ ʷʚʣʷʶʪʩʷ ʣʠ 

ʦʥʠ ʤʝʞʟʚʝʟʜʥʳʤʠ (ʪʦ ʝʩʪʴ ʧʨʠʰʝʣʴʮʘʤʠ ʠʟ ʜʨʫʛʠʭ ʟʚʝʟʜʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʛʘʣʘʢʪʠʢ) 

ʠʣʠ ʦʥʠ ʙʳʣʠ ʯʣʝʥʘʤʠ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʜʚʠʛʘʣʠʩʴ ʧʦ ʦʙʳʯʥʳʤ ʵʣʣʠʧʪʠʯʝʩʢʠʤ 

ʦʨʙʠʪʘʤ ʩ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘʤʠ ʙʣʠʟʢʠʤʠ ʢ 1 (ʥʦ ʤʝʥʴʰʠʤʠ 1), ʥʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʢʘʢʠʭ-ʪʦ ʚʦʟʤʫʱʝʥʠʡ ʠʟʤʝʥʠʣʠ ʦʨʙʠʪʫ ʥʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʫʶ? 

ʏʪʦʙʳ ʜʘʞʝ ʥʝ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ, ʘ ʪʦʣʴʢʦ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʦʪʚʝʪʘʤ, 

ʥʫʞʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʦʮʝʥʠʪʴ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʚʦ-ʚʪʦʨʳʭ, ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʪʴ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʪʘʢʠʭ ʪʝʣ ʠʟ ʚʩʝʭ ʪʝʭ, ʯʪʦ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʠ, ʚ-

ʪʨʝʪʴʠʭ, ʧʨʦʚʝʩʪʠ ʧʦʠʩʢ ʩ ʫʯʝʪʦʤ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ. 

ɺʳʚʦʜʳ ʢ ʨʘʟʜʝʣʫ 1 

ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʥʘʟʝʤʥʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ 

ʟʚʝʥʦʤ, ʠʤʝʶʱʠʤ ʩʚʦʶ ʦʩʦʙʫʶ ʥʠʰʫ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʩʝʭ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʠʟʫ-

ʯʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪ-

ʚʘʤʠ ʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʩʪʘʪʠʩʪʠʢʫ ʜʘʥ-

ʥʳʭ, ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʛʦʜʳ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ. ʅʝʜʦʩʪʘʪʦʢ ʚ ʦʪʥʦ-

ʰʝʥʠʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʤʝ-

ʪʦʜʘʤʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʘʪʠʩʪʠʢʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ɺʦʧʨʦʩ ʦ ʪʦʯʥʦʩʪʠ ʨʘʜʠʦʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʪʝʩʥʦ ʩʚʷ-

ʟʘʥ ʩ ʧʨʦʙʣʝʤʦʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʚ, ʪʘʢ ʯʪʦ ʦʨʛʘʥʠʯʥʦ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ. 

ɺ ʨʘʙʦʪʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʭʘʨʴʢʦʚʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʨʙʠʪ ʠ 

ʩʢʦʨʦʩʪʝʡ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʤʝʪʝʦʨʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝ-

ʤʦʡ ʄɸʈʉ. 

ʀʤʝʷ ʙʦʣʴʰʝ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ, 

ʜʘʞʝ ʝʩʣʠ ʢʘʞʜʘʷ ʦʨʙʠʪʘ ʥʝ ʦʯʝʥʴ ʪʦʯʥʘʷ. ʅʘʢʦʧʣʝʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘ-
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ʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʪʝʣʘʤ ʩ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ ʦʨʙʠʪʘʤʠ ʥʝʦʜʥʦʨʦʜʥʳ ʠ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʢʘʢʠʝ-ʪʦ ʟʥʘʯʠʤʳʝ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʚʳʚʦʜʳ. 

ʍʘʨʴʢʦʚʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤ ʦʨʙʠʪʘʤ 1972-1978 ʛʦʜʦʚ ʦʜʥʠ ʠʟ ʧʝʨʚʳʭ 

ʚ ʤʠʨʝ ʧʨʝʜʦʩʪʘʚʠʣʠ ʚʳʩʦʢʫʶ ʩʪʘʪʠʩʪʠʢʫ ʧʦ ʪʘʢʠʤ ʦʨʙʠʪʘʤ, ʜʘʶʱʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʦʧʨʦʩʫ ʠʭ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʪʝʦʨʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʚʩrʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. 
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ʈɸɿɼɽʃ 2 ʍɸʈʔʂʆɺʉʂʀɽ ʄɽʊɽʆʈʅʓɽ ʈɸɼʀʆʃʆʂɸʎʀʆʅʅʓɽ ɼɸʅʅʓɽ ʇʆ 

ɺʓʉʆʂʆʕʂʉʎɽʅʊʈʀʏʅʓʄ ʆʈɹʀʊɸʄ 

ʂʨʠʪʝʨʠʝʤ ʠʩʪʠʥʥʦʩʪʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʦʨʠʠ ʚʩʝʛʜʘ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪ. ʍʘʨʴ-

ʢʦʚʩʢʠʝ ʤʝʪʝʦʨʥʳʝ ʜʘʥʥʳʝ 1972-1978 ʛʛ., ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʷʚʣʷʶʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʥʦʛʦ ʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʩʘʤʦʤ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʥʘ-

ʙʣʶʜʘʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʥʘʟʝʤʥʦʤʫ ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ ʘʪʤʦ-

ʩʬʝʨʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʡ ʩʣʘʙʳʭ ʤʝʪʝʦʨʦʚ ʚ ʍʘʨʴʢʦʚʝ ʦʩʦʙʦʝ ʚʥʠ-

ʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʨʝʛʫʣʷʨʥʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʠ ʧʦʩʪʦʷʥʩʪʚʫ ʯʫʚʩʪ-

ʚʠʪʝʣʥɹʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ. ɻʨʘʬʠʢ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʮʠʢʣʳ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʙʦʣʝʝ-ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʦ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. ʅʘ-

ʧʨʠʤʝʨ, ʚ ʪʝʯʝʥʠʝ 1975ʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 29 ʮʠʢʣʦʚ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-

ʩʪʴʶ ʦʪ 5-8 ʩʫʪʦʢ ʜʦ 20 ʠ ʙʦʣʝʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʧʨʝʜʝʣʝʥʳ ʦʨʙʠʪʳ ʩʚʳʰʝ 54 ʪʳʩ. 

ʤʝʪʝʦʨʥʳʭ ʪʝʣ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʚ ʧʝʨʠʦʜʳ ʜʝʡʩʪʚʠʷ ʠʟʚʝʩʪ-

ʥʳʭ ʤʝʪʝʦʨʥʳʭ ʧʦʪʦʢʦʚ, ʪʘʢ ʠ ʚ ʠʭ ʦʪʩʫʪʩʪʚʠʝ, ʪ.ʝ. ʠʟʫʯʘʣʩʷ ʩʧʦʨʘʜʠʯʝʩʢʠʡ ʤʝʪʝʦʨ-

ʥʳʡ ʬʦʥ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʣʘʙʳʭ ʤʝʪʝʦʨʦʚ 

ʤʝʪʝʦʨʥʳʝ ʧʦʪʦʢʠ, ʟʘ ʥʝʙʦʣʴʰʠʤ ʠʩʢʣʶʯʝʥʠʝʤ (ɻʝʤʠʥʠʜʳ, ʂʚʘʜʨʘʥʪʠʜʳé), ʧʦʯʪʠ 

ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʩʧʦʨʘʜʠʯʝʩʢʦʤ ʬʦʥʝ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʝʚʘʣʠʨʫʶʱʠʤ. ʇʦʵʪʦ-

ʤʫ ʧʦʣʫʯʘʝʤʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʝʦʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʤʝʪʝ-

ʦʨʥʳʭ ʧʦʪʦʢʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʩʧʦʨʘʜʠʯʝʩʢʠʝ ʤʝʪʝʦʨʳ. ɺ 1972-1978 ʛʛ. 

ʤʝʪʝʦʨʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʝʪʝʦʨʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʄɸʈʉ 

(ʍʅʋʈʕ, ʍʘʨʴʢʦʚ), ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʦʢʦʣʦ 250 ʪʳʩʷʯ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʘʜʠ-

ʘʥʪʦʚ, ʩʢʦʨʦʩʪʝʡ ʠ ʦʨʙʠʪ ʤʝʣʢʠʭ ʤʝʪʝʦʨʥʳʭ ʪʝʣ. ʇʨʝʜʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʟʚʝʟʜ-

ʥʘʷ ʚʝʣʠʯʠʥʘ ʍʘʨʴʢʦʚʩʢʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ 1970-ʭ 

ʙrʣʘ "ʧʣʶʩ" ʜʚʝʥʘʜʮʘʪʦʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠʯʠʥʳ +12
M

 (ʩʣʘʙʳʝ ʤʝʪʝʦʨʳ).  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘʰʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʝʦʨʦʠʜʥʳʝ ʦʨ-

ʙʠʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʚʦʟ-

ʚʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ) ʥʘ ʤʝʪʝʦʨʥʳʭ ʚʳʩʦʪʘʭ 70-120 ʢʤ (ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦ ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ ʜʘʥʥʳʤ ʄɸʈʉ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʪʝʨʚʘʣ ʚʳʩʦʪ 69-121 ʢʤ [8]). 

ʄʝʪʝʦʨʥʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʩʚʝʥʥʳʤʠ, ʪʘʢ ʢʘʢ ʩʚʦʡʩʪʚʘ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʤʝʪʝʦʨʘ ʠʣʠ ʤʝʪʝʦʨʦʠʜʘ) ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʠʟʤʝʨʝʥʥʳʤ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʨʘʞʝʥʥʦʛʦ ʠʤ ʩʠʛʥʘʣʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʩʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʠ ʟʥʘʪʴ ʦʰʠʙʢʠ ʥʘ-

ʙʣʶʜʝʥʠʡ ʜʣʷ ʨʝh ʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. 

2.1 ʇʘʨʘʤʝʪʨʳ ʦʨʙʠʪʘʣʴʥʳʭ ʨʘʜʘʨʦʚ ʄɸʈʉ, CMOR, AMOR, AreciboMR 

ɺ ʪʘʙʣʠʮʝ 2.1 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʘʣʴʥʳʭ ʨʘʜʘʨʦʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʄɸʈʉ ʩ ʜʨʫʛʠʤʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʚ ʤʠʨʝ ʤʝʪʝʦʨʥʳʤʠ ʦʨʙʠʪʘʣʴʥʳʤʠ ʨʘʜʘʨʘʤʠ 

ʩ ʙʦʣʴʰʦʡ ʩʪʘʪʠʩʪʠʢʦʡ ʜʘʥʥʳʭ CMOR (Canadian Meteor Orbit Radar, ʂʘʥʘʜʘ), 

AMOR (Advanced Meteor Orbit Radar Facility, ʅʦʚʘʷ ɿʝʣʘʥʜʠʷ), Arecibo MR (Arecibo 

Meteor Radar, ʇʫʵʨʪʦ-ʈʠʢʦ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʳʤ ʧʨʦʜʫʢʪʠʚʥʳʤ (ʟʘʨʝʛʠʩʪʨʠ-

ʨʦʚʘʥʦ ʙʦʣʝʝ 3 ʤʣʥ. ʦʨʙʠʪ) ʠ ʘʢʪʠʚʥʦ ʜʝʡʩʪʚʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʢʘʥʘʜʩʢʠʡ ʤʝʪʝʦʨʥʳʡ 

ʦʨʙʠʪʘʣʴʥʳʡ ʨʘʜʘʨ CMOR [179], ʷʚʣʷʶʱʠʡʩʷ ʚʦʧʣʦʱʝʥʠʝʤ SKYiMET ʪʝʭʥʦʣʦʛʠʡ 

[180] (ʪʘʙʣʠʮʘ 2.1). ʊʝʭʥʦʣʦʛʠʠ ʨʘʜʘʨʦʚ ʩ hʠʨʦʢʦʡ ʘʧʝʨʪʫʨʦʡ HPLA, ʪʠʧʘ 

AreciboMR, ʧʨʦʜʦʣʞʘʶʪ ʫʩʧʝʰʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʣʠʦ-

ʮʝʥʪʨʠʯʝʩʢʠʭ ʦʨʙʠʪ ʤʝʪʝʦʨʦʠʜʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ [181-182]. ɼʚʘ ʩʦʚʩʝʤ ʥʦʚʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʜʘʨʘ MAARSY (Middle Atmosphere Alomar 

Radar System) ʠ SAAMER (Southern Argentina Agile Meteor Radar) ʠʤʝʶʪ ʚ ʩʚʦʠʭ 

ʧʨʦʛʨʘʤʤʘʭ ʦʧʮʠʶ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʨʝʛʠʩʪʨʘʮʠʠ ʩʢʦʨʦʩʪʝʡ, ʨʘʜʠʘʥʪʦʚ ʠ ʦʨʙʠʪ [180-

181]. ʈʘʥʝʝ ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘʙʣʶʜʝʥʠʷ ʦʨʙʠʪ ʥʘ ʄɸʈʉ, AMOR, AreciboMR ʠʤʝʶʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʢʘʢ ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʦʧʳʪ, ʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʦʨʙʠʪʘʤ. ʀʤʝʝʪʩʷ ʩʣʦʞʥʦʩʪʴ 

ʩʪʳʢʦʚʢʠ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʠ ʠʟ-ʟʘ ʥʝ 

ʠʜʝʥʪʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ ʜʘʞʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ.  

ʄʝʪʝʦʨʥʳʡ ʨʘʜʘʨ ʄɸʈʉ 1970-ʭ ʛʦʜʦʚ (ʢʘʢ ʩʦʚʨʝʤʝʥʥʳʝ SKYiMET ʨʘʜʘʨʳ ʠ 

AMOR) ʙʳʣ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʧʨʝʜʦʩʪʘʚʣʷʣ ʚʦʟʤʦʞʥʦʩʪʴ ʫʛʣʫʙ-

ʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʝʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʜʨʫʛʠʭ [1]. ʈʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʚʳʜʘʯʝʡ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʥʘ ʧʝʯʘʪʴ.  
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ʊʘʙʣʠʮʘ 2.1 ʇʘʨʘʤʝʪʨʳ ʦʨʙʠʪʘʣʴʥʳʭ ʨʘʜʘʨʦʚ ʄɸʈʉ, CMOR, AMOR, Arecibo MR 

ʀʤʷ ʨʘʜʘʨʘ ʄɸʈʉ [1] CMOR [33] AMOR [32] Arecibo MR [34] 

ʉʪʨʘʥʘ ʋʢʨʘʠʥʘ ʂʘʥʘʜʘ ʅʦʚʘ̫ ɿʝʣʘʥʜʠ̫ ʇʫʵʨʪʦ-ʈʠʢʦ 

ʊʠʧ ʨʘʜʘʨʘ ʧʦ 

ʨʘʩʩʝʠʚʘʥʠ ʁ

ʆʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʠʚʘʥʠ ̫

SKYiMET ʆʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʠʚʘʥʠ ̫

HPLA 

ʅʝʢʦʛʝʨʝʥʪʥʡr 

ɼʠʘʧʘʟʦʥ fD  VHF HF/VHF HF/VHF UHF  

ʇʦʣʝ ʦʙʟʦʨʘ ʫʟʢʦʝ ʚʩʝ ʥʝʙʦ ʫʟʢʦʝ ʫʟʢʦʝ 

ʄʝʪʦʜ ɿʝʨʢʘʣʴʥʦʝ ʦʪʨʘʞʝʥʠʝ ʅʝʟʝʨʢʘʣʴʥʦʝ ʦʪ-

ʨʘʞʝʥʠʝ ʀʤʧʫʣʴʩʥʦ-ʜʠʬʨʘʢʮʠʦʥʥʳʡ 

 ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʏʘʩʪʦʪʘ f  31,1 ʄɻʮ 29,85 ʄɻʮ 26,2 ʄɻʮ 430 ʄɻʮ 

ɻʦʨʦʜ ʚʙʣʠʟʠ 

ʜʠʩʣʦʢʘʮʠʠ 

ʍʘʨɹʢʦʚ ʊʘʚʠʩʪʦʢ, 

ʆʥʪʘʨʠʦ 

ʂʨʘʡʩʪʯʝʨʯ ɸʨʝʩʠʙʦ 

ʐʠʨʦʪʘ ʩʘʡʪʘ N417,49 0  N264,49 0  N6,430  N344,18 0  

ɼʦʣʛʦʪʘ ʩʘʡʪʘ E867,36 0  W772,80 0  E6,1720  W753,66 0  

ʇʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ 

1972 - 1978 2002 - 2004 1995-1999 1997 - 1999, 

2002 

ʈʝʛʠʩʪʨʘʮʠ ̫ ʕʭʦ ʌʨʝʥʝʣ ̫ Time of Flight Time of Flight ʛʦʣʦʚʥʝ ʵʭʦ 

ɿʘʧʠʩʴ ʥʘ ʙʫʤʘʛʫ ʢʦʤʧʴʶʪʝʨ ʢʦʤʧʴʶʪʝʨ ʢʦʤʧʴʶʪʝʨ 

ʍʨʘʥʝʥʠʝ ʕʣ. ʬʦʨʤʘ ʕʣ. ʬʦʨʤʘ ʕʣ. ʬʦʨʤʘ ʕʣ. ʬʦʨʤʘ 

ʏʠʩʣʦ ʦʨʙʠʪ ~250 000 >1 000 000 ~500 000 ~50 000 

ɿʚ. ʚʝʣʠʯʠʥʘ 12
M

 8
M

 (8-13)
M

  

ʈʘʟʤʝʨ, ʤʢʤ  >100 ~40 <20-100 

% ʛʠʧʝʨʙʦʣ 1-3% 1-10% 1-3% ~2% 

hVs  2 ʢʤ/ʩ ~5 % ~5 %  

aEess ;  0,2; 2
0
,7  ~5 %; 2%  

ʆʧʨʝʜʝʣʷʣʠʩʴ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʜʠʦʤʝʪʝʦʨʦʚ, 

ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʠ ʘʪʤʦʩʬʝʨʳ: ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʠ ʥʘʢʣʦʥʥʘ ̫ʜʘʣʴʥʦʩʪʴ, ʫʛʣʦʚʳʝ ʢʦ-

ʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʘ ʦʪʨʘʞʘʶʱʝʡ ʦʙʣʘʩʪʠ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʦʚ, ʩʢʦʨʦʩʪʴ, ʢʦʦʨʜʠʥʘʪʳ 

ʨʘʜʠʘʥʪʦʚ ʠ ʵʣʝʤʝʥʪʳ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʤʝʪʝʦʨʦʚ ʧʦ ʘʤ-

ʧʣʠʪʫʜʝ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʧʦ ʤʘʩʩʝ, ʨʘʜʠʘʣʴʥʘ ̫ʩʦʩʪʘʚ-

ʣʷʶʘɦ ̫ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʤʝʪʝʦʨʥʦʡ ʟʦʥʝ ʘʪʤʦʩʬʝʨʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʙʠʧʦʣʷʨʥʦʡ 

ʜʠʬʬʫʟʠʠ. ʀʤʝʣʘʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʥʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ 

ʤʝʪʝʦʨʥʦʛʦ ʩʣʝʜʘ, ʦʮʝʥʠʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʠʟʘʮʠʠ ʚʜʦʣʴ ʩʣʝʜʘ, ʚʝʣʠʯʠʥʫ ʪʦʨ-

ʤʦʞʝʥʠʷ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʧʨʦʚʦʜʠʪʴ ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʣʫʘʚ-
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ʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

2.2 ʂʨʘʪʢʠʡ ʵʢʩʢʫʨʩ ʚ ʠʩʪʦʨʠʶ ʄɸʈʉ ʠ ʭʘʨʴʢʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʄɸʈʉ ʚ 1972-1978 (ʪʘʙ-

ʣʠʮʘ 2.1) ʠ ʥʝʢʦʪʦʨʦʝ ʧʨʦʰʣʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ [185-189, 49, 35] 

ʇʝʨʚʳʡ ʤʝʪʝʦʨʥʳʡ ʨʘʜʘʨ (ʤʝʪʝʦʨʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ) ʚ ʍʘʨʴʢʦʚʝ 

ʥʘʯʘʣ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ 1957 ʛʦʜʫ (ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l = 8 ʤ, ʧʨʝʜʝʣʴʥʦʡ ʟʚʝʟʜʥʦʡ 

ʚʝʣʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʳʭ ʤʝʪʝʦʨʦʚ mo ʜʦ +7
M

), ʩ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦ-

ʚʘʥʥʳʭ ʥʘ ʥʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʨʙʠʪ N = 12500 ʚ ʪʝʯʝʥʠʝ 1959-1963) [49]. ʈʘʜʘʨ 

ʙʳʣ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʉʚʦʝ ʠʤʷ çʄɸʈʉè ʭʘʨʴʢʦʚʩʢʠʡ ʤʝʪʝʦʨʥʳʡ ʨʘ-

ʜʘʨ ʧʦʣʫʯʠʣ ʚ 1968 (ʄɸʈʉ I: l=13.6 ʤ, mo ʜʦ +12
M

 N =~ 90,000 ʚ ʪʝʯʝʥʠʝ 1967-

1971). ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʝʱʝ ʙʦʣʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ 

ʨʘʜʘʨʘ ʄɸʈʉ (ʄɸʈʉ II: l=9.6 ʤ, mo ʜʦ +12
M
, N ~ 250,000 ʟʘ ʧʝʨʠʦʜ 1972-1978) 

(ʨʠʩ.2.1-2.2, ʪʘʙʣʠʮʘ 2.1-2.3) ʠ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʰʣʳʭ ʣʝʪ. 

ʄɸʈʉ II [1] ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʍʘʨʴʢʦʚʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʨʘʜʠʦʵʣʝʢʪʨʦ-

ʥʠʢʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠ-

ʢʠ. "ɺʝʥʮʦʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʷʚʠʣʘʩʴ ʩʦʟʜʘʥʥʘʷ ʚ ʍʘʨʴʢʦʚʩʢʦʤ ʠʥʩʪʠʪʫ-

ʪʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹ. ʃ. ʂʘʱʝʝʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦ-

ʪʦʨʦʡ ʥʘ ʚʳʭʦʜʝ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʩʪʦʠʪ ʕɺʄ, ʢʦʪʦʨʘʷ ʟʘ 5 ʩ ʤʦʤʝʥʪʘ ʧʨʦʣʝʪʘ ʤʝʪʝʦʨʘ 

ʚʳʯʠʩʣʷʝʪ ʝʛʦ ʦʨʙʠʪʫ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʟʘ 5 ʤʠʥ ï ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʨʝʡʬʘ ʩʣʝʜʘ" (ɹʨʦʥʰʪʵʥ ɺ.ɸ., 1987) [189]. 

2.3 ʄʝʪʝʦʨʥʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʄɸʈʉ 

ʄʦʱʥʘʷ ʤʝʛʘʚʘʪʪʥʘʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ʄɸʈʉ) ʦʙʝʩʧʝʯʠʚʘʣʘ ʚʳʩʦ-

ʢʫʶ ʵʬʬʝʢʪʠʚʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩ ʧʨʝʜʝʣʴʥʦʡ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʟʚʝʟʜʥʦʡ ʚʝʣʠ-

ʯʠʥʦʡ ʤʝʪʝʦʨʦʚ ʜʦ +12
ʄ
. ʇʦʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʳʣʦ ʚʚʝʜʝʥʦ ʜʣʷ 

ʄɸʈʉ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʩʝ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʤʝʪʝʦʨʥʳʝ ʩʣʝʜʳ ʥʝʥʘʩʳʱʝʥʥʳʝ 

(ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ~ 10
11

 ʝ ʤ
-1
) ʠ ʠʜʝʘʣʠʟʠʨʦʚʘʥʳ (ʥʘʧʨʠʤʝʨ, ʙʝʟ 

ʚʣʠʷʥʠʷ ʚʝʪʨʦʚʦʛʦ ʩʤʝʱʝʥʠʷ), ʪ.ʝ. ʪʘʢʠʝ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʠʤʘ ʧʨʦʩʪʝʡʰʘʷ ʬʠʟʠʯʝ-

ʩʢʘʷ ʪʝʦʨʠʷ ʜʣʷ ʩʣʘʙʳʭ ʤʝʪʝʦʨʦʚ [35, 38]. ʕʬʬʝʢʪʠʚʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʝʦʨ-

ʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʣʘʩʴ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʪ.ʝ 
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ʤʦʱʥʦʩʪʴʶ ʧʝʨʝʜʘʪʯʠʢʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʨʠʝʤʥʠʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 

ʘʥʪʝʥʥ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝʤ ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ. ʆʩʥʦʚʥʳʝ ʘʥʪʝʥʥʳ ʄɸʈʉ (ʨʘʟʜʝʣʴʥʳʝ 

ʧʝʨʝʜʘʶʱʘʷ ʠ ʧʨʠʥʠʤʘʶʱʘʷ, ʨʘʟʥʝʩʝʥʥʳʝ ʥʘ 260 ʤ) ʙʳʣʠ ʫʛʦʣʢʦʚʦʛʦ ʪʠʧʘ ʜʣʠʥʦʡ 

ʦʢʦʣʦ 200 ʤ ʠ ʰʠʨʠʥʦʡ ʠ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 30 ʤ [1]. ʀʟʣʫʯʘʪʝʣʠ ï 20 ʩʠʥʬʘʟʥʳʭ ʙʠʢʦ-

ʥʠʯʝʩʢʠʭ ʚʠʙʨʘʪʦʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʫʛʦʣʢʦʚʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʩ ʫʛʣʦʤ ʨʘʩ-

ʪʚʦʨʘ 60
0
.  

ʅʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ MARS II 1972-1978 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2 ʚ ʜʦ-

ʧʦʣʥʝʥʠʝ ʢ ʪʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.2. ʅʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʄɸʈʉ II [1, 186] 

ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ / ʜʣʠʥʘ ʚʦʣʥʳ 31.1 ʄɻʮ/9.6 ʤ 

ʄʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʚ ʠʤʧʫʣʴʩʝ (PEP) ʜʦ 1 ʄɺʪ 

ʏʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ (PRF) 500 ɻʮ 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ 30 ʤʢʩ 

ʊʠʧ ʘʥʪʝʥʥʳ (ʦʩʥʦʚʥʳʝ ʘʥʪʝʥʥʳ) ʋʛʦʣʢʦʚʳʝ 

ʂʦʵʬʬʠʮʠʝʥʪ ʋʩʠʣʝʥʠʷ ʘʥʪʝʥʥ (ʦʩʥʦʚ-

ʥʳʝ/ʚʳʥʦʩʥʳʝ) 

~250/16 

ʅʘʧʨʘʚʣʝʥʠʝ, ʚʳʩʦʪʘ, ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ ʚʦʩʪʦʢ, 45
0
, 5

0
 ʠ 30

0
 

ʄʠʥʠʤʘʣʴʥʦ ʨʘʟʣʠʯʠʤʳʡ ʩʠʛʥʘʣ ʧʨʠʝʤ-

ʥʠʢʘ 
5 Vm (ʩʦʦʪʥ. ʩʠʛʥʘʣ/ʰʫʤ = 2) 

ʊʠʧ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʦʚ  ʥʝʜʦʫʧʣʦʪʥʝʥʥʳʝ~10 
11

 e m
-1
 

ʄʠʥʠʤʘʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʤʘʩʩʘ  ~ 10
-6 

g 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 5
0
 ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʠ 30
0
 ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ. ʄʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ ʧʦʜ ʫʛʣʦʤ 45

0
 ʢ ʛʦʨʠʟʦʥʪʫ. 

ʆʪʨʘʞʘʪʝʣʴ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʜʚʫʤʷ ʩʝʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʪʷʥʫʪʳ ʧʦʜ ʨʘʟʥʳʤʠ 

ʫʛʣʘʤʠ 15
0
 ʠ 75

0
 ʢ ʛʦʨʠʟʦʥʪʫ. ʀʭ ʜʣʠʥʘ ʙʳʣʘ 193 ʤ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠʭ 

ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ ʩʦʩʪʘʚʣʷʣʠ 27 ʤ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʫʛʦʣʢʦʚʦ-

ʛʦ ʦʪʨʘʞʘʪʝʣʷ ʬʦʨʤʠʨʫʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. ʋʨʦʚʝʥʴ ʟʘʜʥʠʭ ʠ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʤʝʥʝʝ 

ï 20 ʜɹ (ʪʘʙʣʠʮʘ 2.2). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʚ ʚʳʥʝʩʝʥʥʳʭ ʧʫʥʢʪʘʭ ʧʨʠʤʝʥʝ-

ʥ  rʜʚʦʡʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʦʤʙʳ. ɼʣʷ ʨʝʪʨʘʥʩʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʠʟ ʚʳʥʦʩʥʳʭ ʧʫʥʢ-

ʪʦʚ 1R  ʠ 2R  ʚ ʦʩʥʦʚʥʦʡ 0R  ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʷʪʠʵʣʝʤʝʥʪʥʳʝ ʘʥʪʝʥʥʳ ʪʠʧʘ "ʚʦʣʥʦʚʦʡ 

ʢʘʥʘʣ". ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʝʨʝʜʘʪʯʠʢʘ ʊ ʠ ʧʨʠʝʤʥʠʢʦʚ iR , i =0, 1, 2 ʤʳ ʤʦʞʝʤ 
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ʚʠʜʝʪʴ ʥʘ ʈʠʩ. 2.1. ʇʦʢʘʟʘʥʘ ʛʝʦʤʝʪʨʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ TE45 (ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ 

ʚʦʩʪʦʢ EA = 270
0
, ʫʛʦʣ ʚʦʟʚʳʰʝʥʠʷ ʣʫʯʘ ÏETE45= 45

0
) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʤʝʪʝʦʨ-

ʥʦʤʫ ʩʣʝʜʫ. ʇʣʦʩʢʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʣʫʯ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ ʧʣʦʩʢʦʩʪʠ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʄʝʪʝʦʨʥʳʝ ʩʢʦʨʦʩʪʠ ʠ ʨʘʜʠʘʥʪʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦ-ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ɼʵʚʠʩʘ (ʩʤ.ʨʠʩ.2.2), ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘ-

ʥʠʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʜʘʥʦ ʥʝʦʜʥʦʢʨʘʪʥʦ [89, 36, 49, 35]. 

 

ʈʠʩ 2.1. ʆʨʠʝʥʪʘʮʠ ̫ʧʝʨʝʜʘʪʯʠʢʘ T ʠ ʧʨʠʝʤʥʠʢʦʚ iR ( iL , iA ), i =0,1,2 ʚ ʧʣʦʩʢʦʩʪʠ 

ʛʦʨʠʟʦʥʪʘ (ʧʣʦʩʢʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʛʦʨʠʟʦʥʪʘ SWNE, S ï ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʶʛ), ʛʜʝ 

iA  ï ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʘʟʠʤʫʪʳ ( 0A = 0, 1A =214
0
, 2A =290

0
), iL  ï ʜʣʠʥʳ ʙʘʟ ( 0L = 0, 

1L =4,32 km, 2L =8,42 km) 

2.4 ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʘʥʪʘ ʨʘʜʠʦʤʝʪʝʦʨʦʚ 

ʅʘ ʈʠʩ.2.2 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘʪʠʯʝʩʢʠ ʛʝʦʤʝʪʨʠʷ ʜʠʬʨʘʢʮʠʠ ʌʨʝʥʝʣʷ (ʘ) ʠ ʤʝ-

ʪʦʜ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ (ʙ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʘʣʷʨʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʨʘʜʠʘʥʪʦʚ ʩʧʦ-

ʨʘʜʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘ ʄɸʈʉ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʢʦʣʝʙʘʥʠʡ ʌʨʝʥʝʣʷ ʩ ʦʛʠʙʘʶʱʝʡ ɸɺʍ (ʘʤʧʣʠʪʫʜʥʦ-

ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ - ABCD ...) ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʤʝʪʝʦʨʦʚ ʜʣʷ ʠʜʝʘ-

ʣʠʟʠʨʦʚʘʥʥʳʭ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʣʝʜʦʚ ʧʨʠ ʟʝʨʢʘʣʴʥʦʤ ʦʪʨʘʞʝʥʠʠ. 

ʀʟʤʝʨʝʥʠʷ ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ ʜʦ ʦʪʨʘʞʘʶʱʝʡ ʪʦʯʢʠ ʩʣʝʜʘ R0, ʧʦʣʦʞʝʥʠʷ 

ʵʢʩʪʨʝʤʫʤʦʚ (A, B, C, Dé) ʠ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʚʤʝʩʪʝ ʩ ʨʘʩʯʝʪʦʤ ʩʢʦ-

ʨʦʩʪʝʡ ʠ ʦʨʙʠʪ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [1-2]. ʀʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʤʝʪʝʦʨʘ t , 

ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ 1t, 2t ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʵʭʦ ʥʘ ʦʩʥʦʚʥʦʤ ʧʨʠʝʤʥʠʢʝ Receiv-
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er 0 ʠ ʜʚʫʤʷ ʚʳʥʦʩʥʳʤʠ ʧʫʥʢʪʘʤʠ (ʈʠʩ 2.1-2.2): Receiver 1 (ʜʣʠʥʘ ʙʘʟʳ 4.2 ʢʤ, ʘʩ-

ʪʨʦʥʦʤʠʯʝʩʢʠʡ ʘʟʠʤʫʪ 214
0
) ʠ Receiver 2 (ʜʣʠʥʘ ʙʘʟʳ 8.4 ʢʤ, ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʘʟʠ-

ʤʫʪ 290
0
), ʠ ʩʨʝʜʥʷʷ ʥʘʙʣʶʜʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ʤʝʪʝʦʨʦʠʜʦʚ  V= F(Vi), ʚʟʷʪʘʷ ʩʨʝʜʥʝʡ ʩ 

ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʛʜʝ Vi ï ʥʘʙʣʶʜʘʝʤʘʷ ʩʢʦʨʦʩʪʴ (i=1, 2 ,3 ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʨʠʝʤʥʠʢʘ Receiver k, k = 0, 1, 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

 

ʈʠʩ.2.2 ɻʝʦʤʝʪʨʠʷ ʜʠʬʨʘʢʮʠʠ ʌʨʝʥʝʣʷ (ʘ) ʠ ʤʝʪʦʜʦʚ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ (ʙ) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʘʣʷʨʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʨʘʜʠʘʥʪʦʚ ʤʝʪʝʦʨʦʚ ʄɸʈʉ 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʢʘʞʜʦʛʦ ʤʝʪʝʦʨʘ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʧʦ-

ʤʦʱʴʶ ʨʘʩʯʝʪʥʦʡ ʪʝʭʥʠʢʠ ɼʴʷʢʦʚʘ [2]. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ɼʴʷʢʦʚʘ ʙʳʣʘ ʧʦʣʦʞʝʥʘ 

ʨʘʩʯʝʪʥʘʷ ʪʝʭʥʠʢʘ ʅʠʣʴʩʦʥʘ, ʧʨʠʤʝʥʝʥʥʘʷ ʅʠʣʴʩʦʥʦʤ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʤʝʪʦʜʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦ-ʚʦʣʥʦʚʦʤ ʤʝʪʦʜʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ [190] ʧʦ ʧʨʠʙʣʠʞʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ ("turning point") 

ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʆʧʪʠʤʘʣʴ-

ʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ɼʴʷʢʦʚʘ, ʧʨʠʤʝʥʝʥʥʦʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ ʚ ʍʘʨʴʢʦʚʝ, 

ʩʣʝʜʫʝʪ ʠʟ ʩʜʝʣʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝ-

ʥʠʠ ʟʥʘʯʝʥʠʡ ʘʨʛʫʤʝʥʪʘ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʦʯʝʢ ɸɺʍ. ɺ [2] ʤʳ ʤʦʞʝʤ ʥʘʡʪʠ ʜʦʢʘ-

ʟʘʪʝʣʴʩʪʚʦ, ʧʦʣʫʯʝʥʥʦʝ ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʜʝʤʦʥʩʪ-

ʨʠʨʫʝʪ, ʯʪʦ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʟ-

ʤʝʨʘ ʟʦʥ ʌʨʝʥʝʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯ-

ʥʳʤ ʩ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ. ɸʣʛʦʨʠʪʤ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʙʣʠʞʝʥʠʠ ʤʝ-
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ʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ ʚʝʣʠʯʠʥ ʘʨʛʫʤʝʥʪʘ ti (ʠʣʠ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝ-

ʥʠ ni, i ïʥʦʤʝʨ ʢʘʢʦʛʦ-ʣʠʙʦ ʵʢʩʪʨʝʤʫʤʘ), ʢʦʪʦʨʳʝ ʚʳʚʦʜʷʪʩʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦʛʦ 

ʢ ʚʝʣʠʯʠʥʘʤ ʧʨʠʚʝʜʝʥʥʦʛʦ ʘʨʛʫʤʝʥʪʘ xi (ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʠʥʪʝ-

ʛʨʘʣʘ ʜʠʬʨʘʢʮʠʠ I). ɿʘʢʦʥ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʧʠʩʳʚʘ-

ʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ ʜʠʬʨʘʢʮʠʠ I (2.1). 
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ʛʜʝ t ï ʚʨʝʤʷ, x ï ʧʨʠʚʝʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, V ï ʩʢʦʨʦʩʪʴ ʤʝʪʝʦʨʦʠʜʘ, ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ 

ʧʝʨʝʜʘʪʯʠʢʘ, R ï ʥʘʢʣʦʥʥʘʷ ʜʘʣʴʥʦʩʪʴ, amD  - ʧʘʨʘʤʝʪʨ, ʫʯʠʪʳʚʘʶʱʠʡ ʘʤʙʠʧʦʣʷʨ-

ʥʫʶ ʜʠʬʬʫʟʠʶ. 

ɼʣʷ ʧʨʠʤʝʨʘ, ʜʣʠʥʘ ʟʦʥʳ BD ʚ (2.3) 
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õ
æ
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Ö
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Fx
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  (2.3) 

ʨʘʚʥʷʝʪʩʷ ~ 0.86 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [89], ʨʠʩ. 2.2a. ɼʣʷ ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʜʘ-

ʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʧʧʘʨʘʪ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠʷ ʬʫʥʢʮʠʡ ʧʦʣʠʥʦʤʘʤʠ, ʦʨʪʦʛʦʥʘʣʴʥʤrʠ 

ʥʘ ʤʥʦʞʝʩʪʚʝ ʪʦʯʝʢ. ɺʳʙʦʨʢʘ ʟʥʘʯʝʥʠʡ it  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʨʝʢʫʨʨʝʥʪʥʦʛʦ ʩʦ-

ʦʪʥʦʰʝʥʠʷ 
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ʛʜʝ: 0t -ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ, 0ttt iio -=D .  ʆʙʦʙʱʘʷ ʬʦʨʤʫʣʫ (2.2) [2] ʧʦʣʫʯʘʝʤ (2.5) 
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ʛʜʝ: i, j ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʤʝʨʘ ɻʢʩʪʨʝʤʫʤʦʚ ʦʛʠʙʘʶʱʝʡ ʠ ʩʜʝʣʘʥʘ ʟʘʤʝʥʘ (2.6) 
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, m - ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʥʘ ʦʩʠ ʘʨʛʫ-
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ʤʝʥʪʘ (ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ), ʪʦ ʤʳ ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ ʩʠʩ-

ʪʝʤʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (2.7-

2.8): 
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ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (2.6) ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ, ʧʦ-

ʣʫʯʝʥʥʫʶ ʚʳʙʦʨʢʫ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʧʦʣʠʥʦʤʦʤ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ. ʂʦʵʬʬʠ-

ʮʠʝʥʪʳ ʵʪʦʛʦ ʧʦʣʠʥʦʤʘ ʥʘʭʦʜʷʪʩʷ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʚ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʠ, ʯʪʦ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ it ʩʠʤʤʝʪʨʠʯʥʳʡ. ɿʥʘʯʝʥʠʝ 10tD  

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʢʦʨʦʩʪʠ ʤʝʪʝʦʨʦʠʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʩʝʡ ʠʤʝʶʱʝʡʩʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʣʝʙʘʥʠʷʭ ʌʨʝʥʝʣʷ ʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙ-

ʢʦʡ. ɺʝʣʠʯʠʥʘ 0t  ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʥʳʭ ʩʜʚʠʛʦʚ ʤʝʞʜʫ ʦʪʨʘʞʝʥʠʷʤʠ 

ʥʘ ʚʳʭʦʜʘʭ ʨʘʟʣʠʯʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʘʥʪʦʚ ʠʥʜʠʚʠ-

ʜʫʘʣʴʥʳʭ ʤʝʪʝʦʨʦʚ ʧʦ ʤʝʪʦʜʫ ɼʵʚʠʩʘ [37] (ʨʠʩ.2.2ʙ). ʇʦʩʢʦʣʴʢʫ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʳ-

ʙʨʘʥʦ ʧʨʦʠʟʚʦʣʴʥʦ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ 0t  ʤʦʞʥʦ ʙʳʣʦ ʚʟʷʪʴ ʣʶʙʦʡ ʵʢʩʪʨʝʤʫʤ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʚʢʣʶʯʘʷ ʚ ʨʘʩʯʝʪ ʛʣʘʚʥʳʡ ʤʘʢʩʠʤʫʤ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʤ  rʚʥʦʩʠʤ ʚ ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʘʤʙʠʧʦʣʷʨ-

ʥʦʡ ʜʠʬʬʫʟʠʝʡ. ʕʪʘ ʦʰʠʙʢʘ ʧʦ ʤʝʪʦʜʠʢʝ [35] ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʧʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʘʤʙʠʧʦʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ amD . ʆʜʥʘʢʦ ʨʘʙʦʪʳ [191] ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ amD  ʧʦ ʩʧʘʜʫ ʦʛʠʙʘʶʱʝʡ ʚʝʩʴʤʘ ʥʝʪʦʯʥʦ (ʧʦʛʨʝʰʥʦʩʪʴ 

ʝʜʠʥʠʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ amDln5,04,0 · ), ʪʘʢ ʯʪʦ ʪʘʢʘʷ ʢʦʨʨʝʢʮʠʷ ʥʝ ʜʘ-

ʝʪ ʨʝʟʫʣʴʪʘʪʘ. ʇʨʠʥʠʤʘʷ ʚ ʢʘʯʝʩʪʚʝ 0t  ʧʝʨʚʳʡ ʤʠʥʠʤʫʤ ʦʛʠʙʘʶʱʝʡ, ʤʦʞʥʦ ʠʩʢʣʶ-

ʯʠʪʴ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ [192, 193]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪ ʜʠʬ-

ʬʫʟʠʠ ʠ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʥʘ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ ʤʠ-

ʥʠʤʫʤʫ, ʝʩʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʝʨʚʳʤ ʤʘʢʩʠʤʫʤʦʤ ʦʛʠ-
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ʙʘʶʱʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ ʤʘʢʩʠʤʫʤ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʥʝ ʧʨʠʤʝʥʝ̫ʪʩʷ 

ʚ ʦʧʠʩʘʥʥʦʤ ʤʝʪʦʜʝ. ʕʪʦ ʚʘʞʥʦʝ ʫʩʣʦʚʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʤʦʞʥʦ ʩʚʦʙʦʜ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʦʡ ʜʨʫʛʦʡ. ɼʣʷ ʚʳʙʦʨʘ ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʘʤʙʠʧʦʣʷʨʥʦʡ 

ʜʠʬʬʫʟʠʠ amD  ʙrʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʇʨʝʜʣʦʞʝʥʦ ʙʨʘʪʴ ʧʝʨʚʳʡ 

ʤʠʥʠʤʫʤ ʦʛʠʙʘʶʱʝʡ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʵʬʬʝʢʪ 

ʚʣʠʷʥʠʷ ʘʤʙʠʧʦʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ. ɽʩʣʠ ʦʙʦʙɦ ʝʥʥʳʡ ʧʘʨʘʤʝʪʨ amD  ʥʝ ʠʟʚʝʩʪʝʥ ʜʣʷ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʦʛʜʘ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ iodʙʝʨʝʪʩʷ ʟʥʘʯʝʥʠʝ 

ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ amD = 0.3. ɹʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʘʢʠʝ ʵʭʦ ʌʨʝ-

ʥʝʣʷ, ʢʦʪʦʨʳʝ ʠʩʢʘʞʝʥʥʳ ʪʫʨʙʫʣʝʥʪʥʳʤ ʚʝʪʨʦʤ, ʚʩʧʳʰʢʘʤʠ, ʜʨʦʙʣʝʥʠʝʤ ʠ ʝʩʣʠ 

ʦʥʠ ʥʝ ʙʣrʠ ʥʝ ʥʘʩʳʱʝʥʥʳʤʠ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʚʩʝʭ 

ʧʨʠʝʤʥʠʢʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʥʝʝ ʚʟʚʝʰʝʥʥʦʝ (2.9). 
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ʛʜʝ kV ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʚʠʚʘʣʝʥʪʥʳʡ m, k ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʨʠʝʤʥʠʢʘ. 

ʇʦ ʤʝʪʦʜʫ ɼʵʚʠʩʘ, ʝʩʣʠ ʜʣʠʥʳ ʙʘʟ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ 

ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʥʘ ʩʣʝʜʝ, ʫʛʣʳ ʤʝʞʜʫ ʙʘʟʦʚʳʤʠ ʣʠʥʠʷʤʠ ʠ ʩʣʝʜʦʤ kq , 

k = 1, 2 (ʨʠʩ. 2.1) ʤʦʛʫʪ ʙʳʪʴ ʚʳʚʝʜʝʥʳ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (2.10). ʀʩʧʦʣʴʟʫʷ 

(2.10) ʤʳ ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʤʝʪʝʦʨʥʦʛʦ ʨʘʜʠʘʥʪʘ 

(ʘʟʠʤʫʪ A  ʠ ʟʝʥʠʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ Z ) ( kj - ʫʛʣʳ ʤʝʞʜʫ ʙʘʟʘʤʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʩʝ-

ʚʝʨ, k=1, 2).  

 )cos(sin/2cos kkkk AZLV jtq -Ö-=ÖÖ= , k=1,2. (2.10) 

ɿʥʘʷ ʤʦʤʝʥʪ ʨʝʛʠʩʪʨʘʮʠʠ ʤʝʪʝʦʨʘ, ʥʘʙʣʶʜʘʝʤʫʶ ʩʢʦʨʦʩʪʴ ʤʝʪʝʦʨʦʠʜʘ ʠ ʢʦʦʨ-

ʜʠʥʘʪʳ ʝʛʦ ʨʘʜʠʘʥʪʘ ʥʘ ʥʝʙʝʩʥʦʡ ʩʬʝʨʝ ɿʝʤʣʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʠ ʦʨʙʠʪʫ ʤʝʪʝʦʨʥʦʛʦ ʪʝʣʘ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ [44, 89, 

103]. 

2.5 ʕʣʝʤʝʥʪʳ ʦʨʙʠʪ ʪʝʣ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ ʷʚʣʷʝʪʩʷ çʠʟʫʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠ-

ʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʩʚʦʙʦʜʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ, ʦʙ-
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ʣʘʜʘʶɦ ʠʭ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʩʩʘʤʠ ʠ ʜʚʠʞʫʱʠʭʩʷ ʚ ʘʙʩʦʣʶʪʥʦ ʧʫʩʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʚʟʘʠʤʥʳʭ ʧʨʠʪʷʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʟʘʢʦʥʦʤ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦ-

ʪʝʥʠʷ ʅʴʶʪʦʥʘè [194]. ʅʝʚʦʟʤʫʱʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʟʘʢʦʥʘʤʠ ʂʝ-

ʧʣʝʨʘ.  

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʧʨʠʪʷʞʝʥʠʷ ʅʴʶʪʦʥʘ (ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ) ʚʩʷʢʠʝ ʜʚʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʯʘʩʪʠʮʳ ʚʟʘʠʤʥʦ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʩ ʩʠʣʦʡ 

F ʧʨʤ̫ʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʠʭ ʤʘʩʩʘʤ21,mm  ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʚʘʜʨʘʪʫ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ( f ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʛʨʘʚʠ-

ʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ): 

 2

21

r

mm
fF

Ö
Ö= , (2.11) 

ʄʘʪʝʨʠʘʣʴʥʘʷ ʯʘʩʪʠʮʘ ï ʵʪʦ, ʢʘʢ ʧʦʥʷʪʠʝ ʬʠʟʠʯʝʩʢʦʝ, ʚʝʩʴʤʘ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪ-

ʚʦ ʢʘʢʦʛʦ-ʣʠʙʦ ʚʝʱʝʩʪʚʘ ʚ ʣʶʙʦʤ ʬʠʟʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ: ʛʘʟʦʦʙʨʘʟʥʦʤ, ʞʠʜʢʦʤ ʠʣʠ 

ʪʚʝʨʜʦʤ, ʟʘʥʠʤʘʶʱʝʝ ʚʝʩʴʤʘ ʤʘʣʳʡ ʦʙʲʝʤ. ʄʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʚ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʧʦʥʠʤʘʥʠʠ - ʵʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʪʦʯʢʘ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪ.ʝ. ʦʙʲʝʢʪ, ʥʝ ʠʤʝʶʱʠʡ ʠʟʤʝ-

ʨʝʥʠʡ, ʥʦ ʦʙʣʘʜʘʶʱʠʡ ʢʦʥʝʯʥʦʡ ʤʘʩʩʦʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʦʪʥʦʩʠʣʩʷ 

ʢ ʤʘʪʝʨʠʘʣʴʥʳʤ ʯʘʩʪʠʮʘʤ, ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʙʳʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʚʩʝ ʪʝʣʘ ʥʝ-

ʧʨʝʨʳʚʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ (ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʯʘʩʪʠʮ). ɹʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʘ ʪʝʣʘ, ʦʙʣʘʜʘʶʱʠʝ ʣʶʙʦʡ ʬʦʨʤʦʡ ʠ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʚʟʘʠʤʥʦ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʩ ʩʠʣʦʡ, ʧʦʯʪʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʡ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʭ ʮʝʥʪʨʘʤʠ ʤʘʩʩ, ʝʩʣʠ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʪʝʣ 

ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʠʤ ʨʘʩʩʪʦʷʥʠʝʤ. ʆʪʜʝʣʴʥʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʘ ʰʘʨʘ, ʦʙ-

ʣʘʜʘʶʱʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʟʘʠʤʥʦ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʩ ʩʠʣʦʡ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʡ ʠʭ ʤʘʩʩʘʤ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʠʭ 

ʮʝʥʪʨʘʤʠ. ɿʚʝʟʜʳ, ʧʣʘʥʝʪʳ ʠ ʠʭ ʩʧʫʪʥʠʢʠ ʠʤʝʶʪ ʬʦʨʤʫ ʙʣʠʟʢʫʶ ʢ ʰʘʨʦʦʙʨʘʟʥʦʡ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʥʝʙʝʩʥʳʤʠ ʪʝʣʘʤʠ ʚʝʩʴʤʘ ʚʝʣʠʢʠ. ʉ ʜʦʩʪʘʪʦʯʥʳʤ ʦʩʥʦʚʘ-

ʥʠʝʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʥʝʙʝʩʥʳʝ ʪʝʣʘ ʚʟʘʠʤʥʦ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʪʘʢ 

ʞʝ, ʢʘʢ ʧʨʠʪʷʛʠʚʘʣʠʩʴ ʙʳ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʮʝʥʪʨʘʭ ʠʥʝʨʮʠʠ ʵʪʠʭ 

ʪʝʣ ʠ ʦʙʣʘʜʘʶʱʠʝ ʠʭ ʤʘʩʩʘʤʠ. 

ɺ ʦʙʱʝʤ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ) 
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ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʢʝʧʣʝʨʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʦʜʝʨʞʠʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ (ʰʝʩʪʴ) 

ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ (ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪʳ), ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʨʦʠʟʚʦʣʴʥʦ ʟʘʜʘ-

ʚʘʝʤʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʫ-

ʱʝʡʩʷ ʧʣʘʥʝʪʳ [103,194, 195]. ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʪʦʯʢʠ ʦʨʙʠʪ ʥʝʙʝʩʥʳʭ ʩʚʝʪʠʣ 

ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʳʝ ʥʘʟʚʘʥʠʷ: ʧʝʨʠʛʝʣʠʡ ï ʙʣʠʞʘʡʰʘʷ ʢ ʉʦʣʥʮʫ ʪʦʯʢʘ ʦʨʙʠʪʳ ʥʝ-

ʙʝʩʥʦʛʦ ʪʝʣʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ; ʘʬʝʣʠʡ ï ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʘʷ ʦʪ ʉʦʣʥʮʘ 

ʪʦʯʢʘ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ. ʐʝʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢʝʧʣʝʨʦʚʦʡ ʦʨʙʠʪʳ ʧʣʘʥʝʪʳ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. ʕʣʝʤʝʥʪʳ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʨʫʧʧ ʵʪʦ ʯʠʩʪʦ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʝ ʚʝʣʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʚʝʢʪʦʨʘʤʠ ï ʚʝʢʪʦʨʦʤ ʤʦʤʝʥʪʘ ʢʦʣʠ-

ʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʚʝʢʪʦʨʦʤ ʃʘʧʣʘʩʘ (ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʣʠʥʠʝʡ ʘʧʩʠʜ). ʇʨʠ ʵʪʦʤ ʵʣʝ-

ʤʝʥʪʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʷ ʵʪʠʭ ʚʝʢʪʦʨʦʚ, ʘ ʵʣʝʤʝʥʪʳ ʚʪʦʨʦʡ 

ʛʨʫʧʧʳ ʩʚʷʟʘʥʳ ʩ ʠʭ ʤʦʜʫʣʷʤʠ. ʊʘʢ ʢʘʢ ʵʣʝʤʝʥʪ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ t ï ʚʨʝʤʷ, ʧʨʦʭʦ-

ʞʜʝʥʠʷ ʯʝʨʝʟ ʧʝʨʠʛʝʣʠʡ, ʩʚʷʟʘʥ ʩ ʜʚʠʞʝʥʠʝʤ ʧʦ ʦʨʙʠʪʝ, ʪ.ʝ. ʩ ʜʠʥʘʤʠʢʦʡ ʜʚʠʞʝʥʠʷ, 

ʪʦ ʦʥ ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ. ɺʤʝʩʪʦ ʚʨʝʤʝʥʠ t ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠ ʜʨʫʛʠʝ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʥʝʛʦ ʚʝʣʠʯʠʥʳ, ʥʘʧʨʠʤʝʨ, ʠʩʪʠʥʥʘʷ ʘʥʦʤʘʣʠʷ u ʚ ʥʘʯʘʣʴ-

ʥʳʡ ʤʦʤʝʥʪ (ʠʣʠ, ʢʘʢ ʧʨʠʥʷʪʦ ʚ ʘʩʪʨʦʥʦʤʠʠ, ʠʩʪʠʥʥʘʷ ʘʥʦʤʘʣʠʶ ʵʧʦʭʠ). ʀʩʪʠʥʥʘʷ 

ʘʥʦʤʘʣʠʷ u ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʪʦʯʢʫ (ʧʣʘʥʝʪʫ) ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʧʝ-

ʨʠʮʝʥʪʨ (ʧʝʨʠʛʝʣʠʡ) (ʨʠʩ.2.3ʘ). ʋʛʦʣ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ ʧʝʨʠʛʝʣʠʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ) ʦʪ 0 ʜʦ 
0360ʠʣʠ ʜʦ

0180° . 

 

ʈʠʩ. 2.3 ʆʨʙʠʪʘ ʥʝʙʝʩʥʦʛʦ ʪʝʣʘ (ʘ), ʦʨʠʝʥʪʘʮʠʷ ʦʨʙʠʪʳ ʥʝʙʝʩʥʦʛʦ ʪʝʣʘ (ʙ) 

1) ʌʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʦʨʙʠʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʴʶ ʦʨʙʠʪʳ (a = ʆʇ) ʠ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʦʨʙʠʪʳ e (2.12).  

 
a

OS
e= , (2.12) 

 
ʘ) 

 
ʙ) 
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ʛʜʝ OS - ʬʫʥʢʮʠʷ ʧʦʣʫʦʩʝʡ ʦʨʙʠʪʳ b ʠ a. ɼʣʷ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʟʥʘʯʝʥʠʝ e ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0 Ò e < 1 (ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʧʦʚ ʦʨʙʠʪ: ʧ.1.3, ʚʠʜ: ʨʠʩ.1.7). 

2) ʆʨʠʝʥʪʘʮʠʷ ʦʨʙʠʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʢʦʪʦʨʦʡ ʧʣʦʩ-

ʢʦʩʪʠ, ʧʨʠʥʷʪʦʡ ʟʘ ʦʩʥʦʚʥʫʶ (ʨʠʩ.2.3ʙ). ɼʣʷ ʧʣʘʥʝʪ, ʢʦʤʝʪ ʠ ʜʨʫʛʠʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʳ ʪʘʢʦʡ ʧʣʦʩʢʦʩʪʴʶ ʩʣʫʞʠʪ ʧʣʦʩʢʦʩʪʴ ʵʢʣʠʧʪʠʢʠ. ʇʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʦʨ-

ʙʠʪʳ ʟʘʜʘʝʪʩʷ ʜʚʫʤʷ ʵʣʝʤʝʥʪʘʤʠ ʦʨʙʠʪʳ: ʜʦʣʛʦʪʦʡ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ɋ ʠ ʥʘʢʣʦʥʝ-

ʥʠʝʤ ʦʨʙʠʪʳ i (
00 1800 ¢¢i ). ɼʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ɋ ï ʵʪʦ ʫʛʦʣ ʤʝʞʜʫ ʣʠʥʠʝʡ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʦʨʙʠʪʳ ʠ ʵʢʣʠʧʪʠʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʪʦʯʢʫ ʆʚʥʘ ◓ 

(0Á Ò ɋ Ò 360Á). ʋʛʦʣ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʚʜʦʣʴ ʵʢʣʠʧʪʠʢʠ ʦʪ ʪʦʯʢʠ ʚʝʩʝʥʥʝʛʦ ʨʘʚʥʦʜʝʥ-

ʩʪʚʠʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʜʦ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ʦʨʙʠʪʳ ɋ, ʪ.ʝ. ʪʦʡ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ 

ʪʝʣʦ ʧʝʨʝʩʝʢʘʝʪ ʵʢʣʠʧʪʠʢʫ, ʧʝʨʝʭʦʜʷ ʠʟ ʶʞʥʦʡ ʧʦʣʫʩʬʝʨʳ ʚ ʩʝʚʝʨʥʫʶ. ʇʨʦʪʠʚʦʧʦ-

ʣʦʞʥʘʷ ʪʦʯʢʘ ʥʘʟʳʚʘʝʪʩʷ ʥʠʩʭʦʜʷʱʠʤ ʫʟʣʦʤ, ʘ ʣʠʥʠʷ, ʩʦʝʜʠʥʷʶʱʘʷ ʫʟʣʳ ï ʣʠʥʠʝʡ 

ʫʟʣʦʚ. Q ï ʧʣʦʩʢʦʩʪʴ ʦʨʙʠʪʳ ʧʣʘʥʝʪʳ. P ï ʧʣʦʩʢʦʩʪʴ ʵʢʣʠʧʪʠʢʠ.  

3) ʇʦʣʦʞʝʥʠʝ ʦʨʙʠʪʳ ʚ ʧʣʦʩʢʦʩʪʠ Q ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʨʛʫʤʝʥʪʦʤ ʧʝʨʠʛʝʣʠʷ ɤ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʝʨʠʛʝʣʠʷ ʦʨʙʠʪʳ ʦʪ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ 

ɤ = ɋʇ (ʨʠʩ.2.3ʙ). 

2.6 ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʤʝʪʝʦʨʥʳʤ ʦʨʙʠʪʘʤ ʄɸʈʉ 

ɹʦʣʝʝ 7000 ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪ ʩ 8,0>e  ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ ʜʘʥʥʳʭ 

ʄɸʈʉ ʩʨʝʜʠ ʚʩʝʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ 1972-1978 ʛʛ. ʦʨʙʠʪ (~250000). ɺ 

ʊʘʙʣʠʮʝ 2.3 ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦ ʦʨʙʠʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʄɸʈʉ ʩ 8,0>e , ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʳʙʦʨʢʠ ʦʨʙʠʪ 1975 ʛʦʜʘ: ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ 1350 ʠ 640, ʵʣ-

ʣʠʧʪʠʯʝʩʢʠʭ 533; 1976 ʛ.: ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ 950 ʠ 461. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʩʚʦʡʩʪʚʘ ʤʘʣʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʀʟ-

ʚʝʩʪʥʦ ʠ ʫʢʘʟʳʚʘʣʦʩʴ ʚ ʧ.1.1.1, ʯʪʦ ʢ ʤʘʣʳʤ ʪʝʣʘʤ ʦʪʥʦʩʷʪʩʷ ʢʦʤʝʪʳ, ʤʘʣʳʝ ʧʣʘʥʝʪʳ 

(ʘʩʪʝʨʦʠʜʳ), ʤʝʪʝʦʨʦʠʜʳ ʠ ʧʳʣʴ, ʪ.ʝ. ʪʚʝʨʜʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ ʤʝʞʜʫ ʚʦʩʴʤʴʶ ʛʣʘʚʥʳʤʠ ʧʣʘʥʝʪʘʤʠ: ʄʝʨʢʫʨʠʝʤ, ɺʝʥʝʨʦʡ, ɿʝʤʣʝʡ, ʄʘʨʩʦʤ, 

ʖʧʠʪʝʨʦʤ, ʅʝʧʪʫʥʦʤ, ʋʨʘʥʦʤ [69,196-200]. ʊʚʝʨʜʘʷ ʤʝʞʧʣʘʥʝʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʢʦʤʧʣʝʢʩ ʦʨʙʠʪ ʩ ʥʘʭʦʜʷʱʠʤʩʷ 

ʥʘ ʢʘʞʜʦʡ ʦʨʙʠʪʝ ʦʙʲʝʢʪʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʢʦʤʝʪʥʦʤ, ʘʩʪʝʨʦʠʜ-
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ʥʦʤ ʠ ʤʝʪʝʦʨʥʦʤ ʢʦʤʧʣʝʢʩʘʭ ʦʨʙʠʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ.  

ʊʘʙʣʠʮʘ 2.3 ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʦʨʙʠʪʘʤ ʄɸʈʉ 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʂʦʣʠʯʝʩʪʚʦ 

ʦʨʙʠʪ 

ɹʦʣʴʰʘʷ ʧʦ-

ʣʫʦʩʴ 

78,0 <<e  7911 0>a , 0<a  

5>e  28 0<a  

57 >>e  15 0<a  

12 >>e  2300 0<a  

11,1 >>e  1102 0<a  

19,0 <<e  5300 11004956,0 <<a  

00.1972,0 <<e  259 11000,38 <<a  

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʣʝʢʩʘ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ (ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʝʪʝʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʨʙʠʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩ-

ʪʝʤʳ) ʚʙʣʠʟʠ ʦʨʙʠʪʳ ɿʝʤʣʠ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʩ ʢʘʢʦʡ ʯʘʩʪʴʶ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ 

(ʚʥʫʪʨʝʥʥʝʡ ʠʣʠ ʚʥʝʰʥʝʡ) ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʘ ʢʦʥʢʨʝʪʥʘʷ ʤʝʪʝʦʨʥʘʷ ʦʨʙʠʪʘ. 

ɿʜʝʩʴ ʦʪʤʝʪʠʤ ʦʩʦʙʝʥʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘʟʝʤʥʳʤʠ ʥʘʙʣʶʜʘʪʝʣʷʤʠ ʦʨʙʠʪ ʤʝʪʝʦ-

ʨʦʚ: ʩʛʦʨʝʚʰʘʷ ʤʝʪʝʦʨʥʘʷ ʯʘʩʪʠʮʘ, ʦʨʙʠʪʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʥʘʙʣʶʜʝʥʠʡ, ʥʠ-

ʢʦʛʜʘ ʙʦʣʴʰʝ ʧʦ ʵʪʦʡ ʦʨʙʠʪʝ ʜʚʠʛʘʪʴʩʷ ʥʝ ʙʫʜʝʪ. ʇʦʵʪʦʤʫ, ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʦʛʦʚʦʨʢʫ, 

ʯʪʦ ʤʝʪʝʦʨʥʳʝ ʥʘʟʝʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʶʪ ʩʚʝʜʝʥʠʷ ʦ ʤʛʥʦʚʝʥʥʦʤ ʥʘʩʪʦʷʱʝʤ ʤʝ-

ʪʝʦʨʥʳʭ ʪʝʣ ʠ ʠʭ ʦʨʙʠʪ, ʢʦʪʦʨʦʝ ʟʘ ʜʦʣʠ ʩʝʢʫʥʜ ʧʝʨʝʭʦʜʠʪ ʚ ʙʝʟʚʦʟʚʨʘʪʥʦʝ ʧʨʦʰʣʦʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʦʥʢʨʝʪʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʯʘʩʪʠʮʳ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʠʣʠ in situ (ʪ.ʝ. 

ʢʦʥʢʨʝʪʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʤʝʪʝʦʨʥʦʡ ʦʨʙʠʪʳ) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʙʫ-

ʜʫʱʝʝ, ʥʦ ʫʞʝ ʜʨʫʛʠʭ ʯʘʩʪʠʮ (ʠʣʠ ʜʘʞʝ ʘʥʩʘʤʙʣʷ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ 

ʩʭʦʜʥʫʶ ʦʨʙʠʪʫ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʫʶ ʞʝ), ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʚ ʢʘʞ-

ʜʦʡ ʤʝʪʝʦʨʥʦʡ ʦʨʙʠʪʝ ʟʘʢʣʶʯʝʥʳ ʩʚʦʡʩʪʚʘ ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʜʠʥʘʤʠʢʠ ʤʝʪʝʦʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚʘʞʥʘ ʚʳ-

ʩʦʢʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʜʦʩʪʦʠʥʩʪ-

ʚʘʤ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʨʘʜʠʦʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʝʦʨʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʜʘʥʥʳʭ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʘʩʪʨʦʥʦʤʠ-

ʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʄɸʈʉ ʧʦ-ʧʨʝʞʥʝʤʫ ʘʢʪʫʘʣʴʥʳ ʩʝʛʦ-
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ʜʥʷ [4, 9]. 

2.7 ɸʥʘʣʠʟ ʫʯʝʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʄɸʈʉ 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʳʙʦʨʢʘ, ʧʦʣʫʯʘʝʤʘʷ ʥʘ ʚʳʭʦʜʝ ʧʦʜʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʦʨʙʠʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʤʝʪʝʦʨʥʳʭ ʪʝʣ, ʥʝ ʷʚʣʷʝʪʩʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʝʨʦʷʪʥʦʩʪʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʤʝʪʝʦʨʥʦʝ ʚʝʱʝʩʪʚʦ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʫʯʝʪʦʤ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʦʙʱʠʡ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜ ʫʯʝʪʘ ʩʝʣʝʢʪʠʚʥʦ-

ʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʝʩʦʚʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ-

ʙʣʶʜʝʥʠʡ [35, 201-204]. ʇʨʠʧʠʩʳʚʘʷ ʢʘʞʜʦʤʫ ʤʝʪʝʦʨʫ ʚʝʩ, ʨʘʚʥʳʡ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʦʚ ʟʘʤʝʯʘʝʤʦʩʪʠ ʜʣʷ ʜʘʥʥʦʡ ʈʃʉ, ʤʦʞʥʦ ʧʝ-

ʨʝʡʪʠ ʦʪ ʠʟʤʝʨʝʥʥʦʛʦ (ʠʣʠ ʢʘʢ ʛʦʚʦʨʷʪ ʥʘʙʣʶʜʘʝʤʦʛʦ) ʥʘ ʜʘʥʥʦʡ ʈʃʉ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʨʘʜʠʦʤʝʪʝʦʨʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʢ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ ʪʝʤ ʞʝ ʧʘʨʘʤʝʪ-

ʨʘʤ, ʚʩʪʨʝʯʘʝʤʳʭ ɿʝʤʣʝʡ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʩ ʤʘʩʩʘʤʠ, ʙʦʣʴʰʠʤʠ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʝʣʴ-

ʥʦʡ ʚʝʣʠʯʠʥʳ (ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʢʦʨʦʩʪʠ ʤʝʪʝʦʨʥʳʭ ʪʝʣ). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ 

ʚʝʨʦ̫ ʪʥʦʩʪʴ ʚʩʪʨʝʯʠ ʩ ɿʝʤʣʝʡ ʤʝʪʝʦʨʥʳʭ ʪʝʣ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʦʨʙʠʪʘʤ. 

ɺʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʵʪʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ 3P . 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʤʝʪʦʜʘ ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʤʝʪʝʦʨʦʚ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ ʕʧʠʢʘ [205], ʭʦʪʷ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʠʢʠ 

ʝʛʦ ʫʯʝʪʘ [3-4, 206]. 

 
2/1

223

1
2

sin
ö
÷

õ
æ
ç

å
--Ö

Ö

ÖÖ
= p

aVR

iV
P

gsc

gp
. (2.13) 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʪʦʤ, ʢʘʢ ʫʯʝʪ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʍʘʨʴʢʦʚʝ ʚ 

ʧʨʠʤʝʥʝʥʠʝ ʢ ʜʘʥʥʳʤ 1972-1978 ʛʛ. ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ (ʨʠʩ.2.4). ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʟʘ-

ʤʝʯʘʝʤʦʩʪʠ ʩʣʘʙʳʭ ʨʘʜʠʦʤʝʪʝʦʨʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʝ ʄɸʈʉ ʠʟʣʦʞʝʥʘ ʚ ʨʘ-

ʙʦʪʝ [203]. ɺ ʦʪʣʠʯʠʠ ʦʪ ʨʘʙʦʪʳ [35], ʵʬʬʝʢʪʠʚʥʘʷ ʩʦʙʠʨʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʝ-

ʦʨʥʦʡ ʈʃʉ ʩʦʛʣʘʩʥʦ [203] ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʠʟʚʝʩʪʥʦʡ ʜʠʘʛʨʘʤʤʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʘʥʪʝʥʥʳ ʥʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘ-
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ʧʨʘʚʣʝʥʠʶ ʥʘ ʨʘʜʠʘʥʪ (ʚ ʵʭʦ-ʧʣʦʩʢʦʩʪʠ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʨʘʩʯʝʪʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦ-

ʛʦ ʬʘʢʪʦʨʘ ʟʘʤʝʯʘʝʤʦʩʪʠ 1W  ʧʦ ʬʦʨʤʫʣʝ (2.14) 

 ( )dttSW

h

ʝʬ Ö=ñ ,

24

0

1 d , (2.14) 

ʚ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ ʠʩʢʣʶʯʝʥʘ ʬʫʥʢʮʠʷ Zcos , ʟʜʝʩʴ d ï ʩʢʣʦʥʝʥʠʝ, Z  ï 

ʟʝʥʠʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʘʜʠʘʥʪʘ ʤʝʪʝʦʨʘ. 

 
ʘ) 

 
ʙ) 

ʈʠʩ.2.4 ʌʘʢʪʦʨʳ ʟʘʤʝʯʘʝʤʦʩʪʠ (ʤʦʜʝʣʴ ʂʘʱʝʝʚʘ-ʊʢʘʫʢʘ):  

ʘ ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ, ʙ ï ʬʠʟʠʯʝʩʢʠʡ 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʟʘʤʝʯʘʝʤʦʩʪʠ ʨʘʜʠʦʤʝʪʝʦʨʦʚ ʚ ʨʘʜʠʦ-

ʣʦʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ, ʦʜʥʘʢʦ ʩʘʤ ʨʘʩʯʝʪ ʚʳʟʳʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʤʝʪʝʦʨʥʳʭ ʪʝʣ (ʥʘʧʨʠʤʝʨ, ʧʣʦʪʥʦʩʪʴʶ ʪʝʣ) ʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦ-

ʨʠʠ ʤʝʪʝʦʨʦʚ (ʤʥʦʛʦʦʙʨʘʟʠʝ ʢʦʪʦʨʳʭ ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʨʘʟʜʝʣʝ 1 ʠ ʯʪʦ ʦʪʨʘʞʝʥʦ ʥʘ 

ʨʠʩ 2.5-2.6 ʩʦʛʣʘʩʥʦ [211]. 

ʅʘ ʨʠʩ. 2.4 ʧʦʢʘʟʘʥʘ ʦʜʥʘ ʠʟ ʚʝʨʦʷʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʟʘʤʝʯʘʝʤʦʩʪʠ ( )ZVW ,2  ʜʣʷ ʩʠʩʪʝʤʳ ʄɸʈʉ (ʤʦʜʝʣʴ ʂʘʱʝʝʚʘ-ʊʢʘʯʫʢʘ). ʇʨʠ ʨʘʩʯʝʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʜʦʙʥʳʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʦʩʥʦʚʥʳʭ ʟʘ-

ʚʠʩʠʤʦʩʪʝʡ ʬʠʟʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʨʘʜʠʦʤʝʪʝʦʨʦʚ ʂ.ɺ. ʂʦʩʪʳʣʝʚʘ (ʢʘʟʘʥʩʢʘʷ ʥʘʫʯʥʘʷ 

ʰʢʦʣʘ) [208]. ɹʳʣʠ ʧʨʠʥʷʪʳ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ: 
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- ʤʠʥʠʤʘʣʴʥʘʷ ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ 

ʤʵʣaa /'1011min

' =a ; 

- ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʤʝʪʝʦʨʥʳʭ ʪʝʣ 3/4,3 ʩʤʛʴ ==r ; 

- ʧʘʨʘʤʝʪʨ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʝʦʨʥʳʭ ʪʝʣ ʧʦ ʤʘʩʩʝ 2=S ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʠʦʥʠʟʘʮʠʠ 5,371026,1 VÖÖ= -b ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʙʠʧʦʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ )95(11,03,2ln -Ö+= hD ; 

- ʥʘʯʘʣʴʥʳʡ ʨʘʜʠʫʩ 8,03

0 107 VDr ÖÖÖ= - , ʛʜʝ V  ʚʳʨʘʞʝʥʦ ʚ ʢʤ/ʩ, h  - ʢʤ, D  - ʤ
2
/ʩ, 0r  - ʤ. 

 

ʂʨʠʚʳʝ ( )ZVW ,2  ʥʘ ʨʠʩ. 2.4 ʧʨʦʥʦʨʤʠʨʦʚʘʥʳ: ʧʨʠʥʷʪʦ ( ) 1,2 =ZVW  ʧʨʠ 

V = 40 ʢʤ/ʩ ʠ 050=Z . ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʚ ʩʣʫʯʘʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʠʚʝʜʝʥʥʳʭ 

ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʡ, ʣʫʯʰʝ ʚʩʝʛʦ ʟʘʤʝʯʘʶʪʩʷ ʨʘʜʠʦʤʝʪʝʦʨʳ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 30 -

40 ʢʤ/ʩ. ʈʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʝʡ ()Vb  ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʨʫʪʠʟʥʝ ʣʝʚʦʡ ʯʘʩ-

ʪʠ ʢʨʠʚʦʡ ()VW2 , ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ V < 20 ʢʤ/ʩ, ʘ ʟʘʚʠʩʠʤʦʩʪʠ ()hD  ʠ ( )VhD ,  ʦʧʨʝ-
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ʈʠʩʫʥʦʢ 2.5 
 

ʈʠʩ.2.5. [211]: ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʟʘʤʝʯʘ-

ʝʤʦʩʪʠ ʜʣʷ ʨʘʟʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʧʣʦʪʥʦʩʪʠ (2 ï ʵʣ/ʤ11min 10=ʵʬa ) ʈʠʩ. 2.6 ʄʦʜʝʣʠ: 1-[35]; 2-[208] 

ltkm[K]. 
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ʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʩʧʘʜʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʢʨʠʚʦʡ ()VW2 . ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʟʘʤʝʯʘʝʤʦʩʪʠ ʤʝʪʝʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʨʠ ʠʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʕʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʚʠʩʠʤʦʩʪʷʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʦʥʠʟʘʮʠʠ 

ʦʪ ʩʢʦʨʦʩʪʠ ʤʝʪʝʦʨʦʚ ʠ ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʦʚ ʦʪ ʚʳʩʦʪʳ 

ʠ ʩʢʦʨʦʩʪʠ [201]. ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʠʥʷʪʘʷ ʪʝʦʨʠʷ ʠʩʧʘʨʝʥʠʷ ʤʝʪʝʦʨ-

ʥʳʭ ʪʝʣ ʠ ʨʘʩʩʝʷʥʠʷ ʨʘʜʠʦʚʦʣʥ ʥʘ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʘʭ. ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʟʘʤʝʯʘʝ-

ʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (2.15) [35]: 

 ( )dʄZVʄl
l

W ʵʬ Ö= ñ
¤

min

00

00

2 ,,,
1

a , (2.15) 

ʛʜʝ 0l  ï ʥʝʢʦʪʦʨʘʷ ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʦʚ; ( )min
ʵʬl a  ï ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʤʝʪʝ-

ʦʨʥʦʛʦ ʩʣʝʜʘ, ʥʘ ʢʦʪʦʨʦʤ ʵʬʬʝʢʪʠʚʥʘʷ ʣʠʥʝʡʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʦʣʴʰʝ 

min
ʵʬa  (ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʳ ʜʘʥʥʦʡ ʈʃʉ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʣʫʯʝʥʠʷ); ( )0n M  ï 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩ ʤʝʪʝʦʨʥʳʭ ʪʝʣ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʟʘʤʝʯʘʝʤʦʩʪʠ ʩʠʩʪʝʤʳ 

ʄɸʈʉ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʪʘʭ [4, 207, 209-211]. ʅʘ ʨʠʩ. 2.6 [211] ʧʨʠʚʝʜʝʥ ʬʠʟʠʯʝʩʢʠʡ 

ʬʘʢʪʦʨ ʟʘʤʝʯʘʝʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʡ ʜʣʷ ʭʘʨʴʢʦʚʩʢʦʡ [4] ʠ ʢʘʟʘʥʩʢʦʡ ʤʦʜʝʣʝʡ [208], 

(ʘ) ʠ (ʙ) ʦʪʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʘʤʠ ʥʦʨʤʠʨʦʚʢʠ: ʘ) ʥʦʨʤʠʨʦʚʢʘ, ʧʨʦʠʟʚʝʜʝʥʥʘʷ ʥʘ ʭʘʨʴ-

ʢʦʚʩʢʫʶ ʤʦʜʝʣʴ, ʙ) ʥʦʨʤʠʨʦʚʢʘ, ʧʨʦʠʟʚʝʜʝʥʥʘʷ ʥʘ ʢʘʟʘʥʩʢʫʶ ʤʦʜʝʣʴ. ʏʝʪʢʦʝ ʧʦʜʦ-

ʙʠʝ ʢʨʠʚʳʭ 1 (ʜʣʷ ʭʘʨʴʢʦʚʩʢʦʡ ʤʦʜʝʣʠ) ʠ 2 (ʜʣʷ ʢʘʟʘʥʩʢʦʡ ʤʦʜʝʣʠ) ʥʘ ʨʠʩ. 2.6 ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʚʝʩʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚʠʜʠʤʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦ-

ʣʫʯʠʪʴ ʠʩʪʠʥʥʳʝ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʚʝʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘ ʬP/1 , ʧʦʩʣʝ ʥʦʨʤʠ-

ʨʦʚʢʠ ʧʦʣʫʯʘʶʪʩʷ ʚʝʩʴʤʘ ʙʣʠʟʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚ ʦʜʥʦʤ, ʠ ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ. ʅʘ 

ʨʠʩ. 2.5. [211] ʧʨʠʚʝʜʝʥ ʬʠʟʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʟʘʤʝʯʘʝʤʦʩʪʠ, ʢʦʪʦʨʳʡ  ʙʳʣ ʨʘʩʩʯʠʪʘʥ 

ʜʣʷ 5 ʧʦʨʦʛʦʚ ʵʬʬʝʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʟʜʝʩʴ. ʦʙʦʟʥʘʯʝʥʦ: ʢʨʠʚʳʝ 1 

ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʩʣʫʯʘʷ - ʵʣ/ʤ10min 105Ö=ʵʬa ; ʢʨʠʚʳʝ 2 ï ʵʣ/ʤ11min 10=ʵʬa  (ʧʨʝʜʝʣʴʥʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʄɸʈʉ); 3 ï ʵʣ/ʤ11min 105Ö=ʵʬa ; 4 ï ʵʣ/ʤ12min 10=ʵʬa  ʠ ʟʘ-

ʚʠʩʠʤʦʩʪʠ 5 ï ʵʣ/ʤ12min 105Ö=ʵʬa . ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʛʨʘʬʠ-
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ʢʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.5 ʢʘʯʝʩʪʚʝʥʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʨʠʚʳʤʠ ʠʟ 

[35]: ʣʫʯʰʝ ʚʩʝʛʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʤʝʪʝʦʨʳ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 4020·  ʢʤ/ʩ, ʯʪʦ ʩʦʛʣʘ-

ʩʫʝʪʩʷ ʩ ʤʦʜʝʣʴʶ ʂʘʱʝʝʚʘ-ʊʢʘʯʫʢʘ ʪʘʢʞʝ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ ʈʃʉ (ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʷ min
ʵʬa ) ʤʘʢʩʠʤʫʤ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʜʠʦʤʝ-

ʪʝʦʨʦʚ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ. ʅʠʟʢʘʷ ʟʘʤʝʯʘʝʤʦʩʪʴ ʤʝʜʣʝʥʥʳʭ 

ʤʝʪʝʦʨʦʚ ʩʚʷʟʘʥʘ ʩ ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʦʥʠʟʘʮʠʠ ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦ-

ʩʪʷʭ. ɺ ʩʣʫʯʘʝ ʙʳʩʪʨʳʭ ʤʝʪʝʦʨʦʚ ʚʦʟʨʘʩʪʘʶʪ ʥʘʯʘʣʴʥʳʝ ʨʘʜʠʫʩʳ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʤʝʪʝʦʨʥʳʭ ʩʣʝʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ, ʨʘʩʩʝʷʥʥʳʭ ʤʝʪʝʦʨʥʳʤʠ ʩʣʝʜʘʤʠ. ɺʠʜ-

ʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʘʨʴʢʦʚʩʢʦʡ ʤʦʜʝʣʠ [4] ʠʣʠ ʢʘʟʘʥʩʢʦʡ [208] ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʢʘʯʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʦʮʝʥʦʢ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʭʦʪʷ ʥʝʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪ-

ʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʠʤʝʶʪ ʤʝʩʪʦ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʈʃʉ. 

ɺ ʍʘʨʴʢʦʚʝ ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʠʭ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʠ [211]. ʕʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.2.7, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʛʨʘ-

ʬʠʢʠ ʩ ˉ 1 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʩʪʝʤʝ Radioscience laboratory, Stanford University Stan-

ford (RSLSU), ʉʐɸ; ˉ2 ï ʩʠʩʪʝʤʝ Advanced Meteor Orbital Radar (AMOR), ʅʦʚʘʷ 

ɿʝʣʘʥʜʠʷ; ˉ3 ï ʩʠʩʪʝʤʝ ʄɸʈʉ, ʋʢʨʘʠʥʘ; ˉ4 ï ʩʠʩʪʝʤʝ Harvard Radio Meteor Project 

(HRMP), ʉʐɸ. ɺ ʨʘʩʯʝʪʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʤʝʪʝʦʨʦʚ [35], ʘ 

ʪʘʢʞʝ ʧʨʠʥʷʪʳ ʨʘʚʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ (ʧʨʠʥʷʪʘ ʦʜʠ-

ʥʘʢʦʚʘʷ min 105 10ʵʬa = Ö  ʵʣ/ʤ) 

ʅʘ ʨʠʩ. 2.7ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʠʩʪʝʤ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢ-

ʪʦʨʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʄɸʈʉ ʠ ʥʘ ʩʢʦʨʦʩʪʠ 40 ʢʤ/ʩ ʨʘʚʥʦʝ ʝʜʠʥʠʮʝ. ʅʘ 

ʨʠʩ. 2.7ʙ ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʜʣʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʩʢʦʨʦʩʪʠ 40 

ʢʤ/ʩ ʙʳʣʠ ʨʘʚʥʳ ʝʜʠʥʠʮʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 2.7 

ʣʫʯʰʠʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʤʝʯʘʝʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʉʪʘʥʬʦʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʡ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ ʜʣʠʥʦʡ ʚʦʣʥʳ ʈʃʉ. 
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ʋʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʦʣʝʝ ʤʝʣʢʠʝ ʤʝʪʝʦʨʳ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʤʘʩʩʝ). 

 
ʈʠʩ. 2.7. 1 ï RSLSU, 13 ʤ; 2 ï AMOR, 11,4 ʤ; 3 ï ʄɸʈʉ,9,6 ʤ;4 ï HRMP,7,3 ʤ; 

a) ʥʦʨʤʠʨʦʚʢʘ ʧʦ ʢʨʠʚʦʡ ʄɸʈʉ; ʙ) ʥʦʨʤʠʨʦʚʢʘ ʧʦ ʢʨʠʚʳʤ  ʚʩʝʭ ʩʠʩʪʝʤ (ʧʨʠʥʷʪʘ 

ʦʜʠʘʢʦʚʘʷmin 105 10ʵʬa = Ö  ʵʣ/ʤ), ʦʙʦʟʥʘʯʝʥʠʷ ʦʩʝʡ ʢʘʢ ʥʘ ʨʠʩ. 2.5-2.6 [211] 

ɺʪʦʨʦʡ ʚʘʞʥʳʡ ʚʳʚʦʜ ï ʧʣʦʭʘʷ ʟʘʤʝʯʘʝʤʦʩʪʴ (ʥʠʟʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝ-

ʥʠʷ) ʙʳʩʪʨʳʭ ʤʝʪʝʦʨʦʚ ʧʨʠ ʥʘʙʣʶʜʝʥʠʷʭ ʥʘ ʈʃʉ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʨʘʙʦ-

ʪʘʶʱʠʭ ʥʘ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥʘʭ (ʢʨʠʚʘʷ 4). ʇʦʣʫʯʝʥʥʳʝ ʚʳʚʦʜʳ ʧʦ ʩʠʩʪʝʤʘʤ ʠʥ-

ʪʝʨʝʩʥʳ ʠ ʧʦ ʩʫʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʦʙʱʝʠʟʚʝʩʪʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ, ʥʦ ʚʳʚʦʜ ʦ ʪʦʤ, ʢʘ-

ʢʘʷ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʠʩʪʝʤ ʥʘʠʣʫʯʰʘʷ, ʢʦʥʝʯʥʦ, ʦʪʥʦʩʠʪʝʣʝʥ, ʪʘʢ ʢʘʢ ʧʦʣʫʯʝʥ 

ʧʨʠ ʨʷʜʝ ʜʦʧʫʱʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢʦʤʧʣʝʢ-

ʩʦʚ (ʦʥʘ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʟʥʘʷ), ʘ ʠʤʝʶʱʘʷʩʷ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʬʬʝʢ-

ʪʠʚʥʘʷ ʨʘʙʦʪʘ ʄɸʈʉ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ʦʢʦʣʦ 13 ʤ ʚ ʧʝʨʠʦʜ 1968-1971 ʛʦʜʦʚ ʙʳʣʘ ʟʘ-

ʪʨʫʜʥʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʦʥʦʩʬʝʨʥʳʤʠ ʧʦʤʝʭʘʤʠ (ʚʦʟʚʨʘʪʥʦ-ʥʘʢʣʦʥʥʳʤ ʟʦʥ-

ʜʠʨʦʚʘʥʠʝʤ ʠ ʜʨʫʛʠʤʠ), ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʪʦʞʝ ʚʥʦʩʠʪ ʩʚʦʶ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʚ ʥʘ-

ʙʣʶʜʘʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʪʘʢʫʶ ʠʟʙʠʨʘʪʝʣʥɹʦʩʪʴ ʦʯʝʥʴ ʪʨʫʜʥʦ ʫʯʝʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠ 

(ʯʘʩʪʠʯʥʦ ʤʦʞʥʦ ʫʯʝʩʪʴ ʚʚʝʜʝʥʠʝʤ ʚʝʩʘ ʈ0.) ʅʦ ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʘʢʪʠʯʝ-

ʩʢʦʤʫ ʦʧʳʪʫ ʄɸʈʉ I ʜʣʠʥʘ ʚʦʣʥʳ ʩʠʩʪʝʤʳ ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ ʠ ʩ 1972 ʛʦʜʘ ʦʥʘ ʩʪʘʣʘ 

ʩʦʩʪʘʚʣʷʪʴ 9,6 ʤ (ʄɸʈʉ II). ʄʳ ʥʝ ʟʥʘʝʤ, ʠʤʝʣʠʩʴ ʣʠ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʫ RSLSU, ʥʦ, 

ʚʦʟʤʦʞʥʦ ʠʤʝʣʠʩʴ, ʪʘʢ ʢʘʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʠ ʤʝʪʝʦʨ-

ʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ ʥʘʯʠʥʘʶʪʩʷ ʠʟʚʝʩʪʥʳʝ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ ʧʨʦ-

ʙʣʝʤʳ [188]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʠʩʪʝʤʳ AMOR, ʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʥʘ 
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ʢʘʢ ʨʘʟ ʧʨʠʟʥʘʥʘ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʥʘ ʩʝʛʦʜʥʷ (ʪʘʢ ʢʘʢ ʧʨʝʜʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ 

ʝʶ ʩʣʘʙʳʝ ʤʝʪʝʦʨʳ ʦʙʲʷʚʣʝʥʳ ʜʦ +13
M
), ʥʦ ʚʩʝ ʞʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʱʘʪʝʣʴʥʦʩʪʠ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ AMOR ʝʩʪʴ ʤʥʦʛʦ 

ʚʦʧʨʦʩʦʚ, ʪʘʢ ʢʘʢ ʩʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʳ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʝʨʝʩʤʘʪʨʠʚʘʣʠ ʧʦʣʫʯʝʥ-

ʥʳʝ ʠʤʠ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ [85, 171, 212] ʚ ʦʪʥʦʰʝʥʠʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʧʦʪʦʢʘ 

ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ ʤʝʪʝʦʨʦʠʜʦʚ ʧʦʨʷʜʢʘ 100 ʢʤ/ʩ ʧʦʩʣʝ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʢʨʠʪʠʢʠ [170]. ʅʝʫʜʘʯʥʦ ʩʧʣʘʥʠʨʦʚʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʩʯʠʪʘʝʪʩʷ ʠ ɻʘʨʚʘʨʜʩʢʠʡ 

ʤʝʪʝʦʨʥʳʡ ʧʨʦʝʢʪ [6]. ʀʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʨʦʜʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʫʜʘʯʥʳʤ ʧʣʘʥʠ-

ʨʦʚʘʥʠʝʤ ʠʣʠ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʟʠʪʴ ʨʝʟʫʣʴʪʘʪʳ. 

 ɺʳʚʦʜʳ ʢ ʨʘʟʜʝʣʫ 2 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʴʢʦʚʩʢʦʡ ʤʝʪʝʦʨʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʜʠʦʣʦʢʘ-

ʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʄɸʈʉ), ʢʘʢ ʦʨʙʠʪʘʣʴʥʦʛʦ ʨʘʜʘʨʘ, ʪʦ ʝʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦ-

ʨʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ, ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ʘʪʤʦ-

ʩʬʝʨʳ ɿʝʤʣʠ ʤʝʪʦʜʦʤ ʘʢʪʠʚʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʧʦʜʦʙʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʂʘʢ ʧʝʨʚʳʡ ʫʩʧʝʰʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʦʨʙʠʪ ʤʝʪʦʜʦʤ ʨʘʜʠʦʣʦʢʘʮʠ-

ʦʥʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʄɸʈʉ ʧʨʦʯʥʦ ʟʘʥʷʣ ʩʚʦʶ ʚʘʞʥʫʶ 

ʧʦʟʠʮʠʶ ʚ ʩʝʨʠʠ ʧʦʜʦʙʥʳʭ ʤʠʨʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʠ, ʙʦʣʴʰʦʤʫ ʥʘʙʣʶʜʘʪʝʣʴʥʦʤʫ ʦʧʳʪʫ ʠ ʦʙʲʝʤʫ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʩʦʙʦʡ 

ʪʱʘʪʝʣʴʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʝʛʦ ʦʪʣʘʞʝʥʥʦʩʪʠ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʛʘʚʘʪʪʥʦʡ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝ-

ʤʳ ʄɸʈʉ ʥʝ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ ʠʟʤʝʨʷʣʠʩʴ ʙʦʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ (ʩʣʘʙʳʝ ʤʝʪʝʦʨʳ 
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) ʠ ʠʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʙʦʣʴʰʝ, ʥʦ ʠ ʚ ʪʦʤ, ʯʪʦ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ ʨʘʙʦ-

ʪʘʝʪ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʧʨʦʩʪʝʡʰʘʷ ʬʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʤʝʪʝʦʨʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʷ, ʘ 

ʟʥʘʯʠʪ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʧʦʨʦʛ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

ʇʨʠʚʝʜʝʥ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʤʝʪʝʦʨʦʚ ʜʣʷ 

ʩʠʩʪʝʤʳ ʄɸʈʉ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ɼʵʚʠʩʘ, ʭʦʨʦʰʦ ʨʘʙʦ-

ʪʘʶʱʠʡ ʜʣʷ ʩʣʘʙʳʭ ʤʝʪʝʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʘʥʘʣʦʛʠʶ ʩʚʦʡʩʪʚ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘ-

ʣʘ ʠʟʚʝʩʪʥʦʤʫ ʧʨʦʮʝʩʩʫ ʜʠʬʨʘʢʮʠʠ ʌʨʝʥʝʣʷ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʄɸʈʉ ʚ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ. ʈʘʟʥʝʩʝʥʥʳʡ ʧʨʠʝʤ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ, 
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ʢʨʦʤʝ ʩʢʦʨʦʩʪʠ, ʪʘʢʞʝ ʠ ʢʦʦʨʜʠʥʘʪ rʨʘʜʠʘʥʪʘ ʤʝʪʝʦʨʦʚ (ʧʨʠ ʥʘʣʠʯʠʠ ʦʪʨʘʞʝʥʠʡ ʚ 

ʪʨʝʭ ʧʫʥʢʪʘʭ), ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠʥʬʦʨʤʘʮʠ-

ʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪ ʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʠʟʚʝʩʪʥʳʤ ʚ ʘʩʪʨʦʥʦʤʠʠ ʘʣʛʦʨʠʪʤʘʤ, 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʦ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 

ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʭ ʦʨʙʠʪ. 

ʆʩʫʱʝʩʪʚʣʝʥ ʦʪʙʦʨ ʦʨʙʠʪ ʠ ʧʨʠʚʝʜʝʥʘ ʩʪʘʪʠʩʪʠʢʘ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʚ ʧʦʣʥʦ-

ʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʚʳʩʦʢʦʵʢʩʮʝʥʪʨʠʯʥʳʤ ʦʨʙʠʪʘʤ ʩ ʠʭ ʛʨʘʜʘʮʠʝʡ 

ʧʦ ʩʪʨʫʢʪʫʨʝ: ʵʣʣʠʧʩʳ, ʧʘʨʘʙʦʣʳ, ʛʠʧʝʨʙʦʣʳ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʘʢʪʦʨʦʚ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʩʜʝʣʘʥ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʘʚʪʦʨʦʤ ʜʠʩʩʝʨʪʘʮʠʠ ʤʦʜʝʣʠ ʫʯʝʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ 

(ʤʦʜʝʣʴ ʂʘʱʝʝʚʘ-ʊʢʘʯʫʢʘ) ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʦʪʦʙʨʘʥʥʳʭ ʜʘʥ-

ʥʳʭ, ʢʦʪʦʨrʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ. 
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ʈɸɿɼɽʃ 3 ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ ʇɸʈɸʄɽʊʈʆɺ ʆʈɹʀʊɸʃʔʅʆɻʆ ɼɺʀɾɽ-

ʅʀʗ ʄɽʊɽʆʈʆʀɼʆɺ ʇʆ ɼɸʅʅʓʄ ʄɸʈʉ 

ʂʦʛʜʘ ʤʳ ʨʝʛʠʩʪʨʠʨʫʝʤ ʯʠʩʣʝʥʥʦʩʪʴ, ʤʝʪʝʦʨʥʳʝ ʨʘʜʠʘʥʪʳ, ʩʢʦʨʦʩʪʠ ʤʝʪʝʦ-

ʨʦʠʜʦʚ, ʪʦ ʤʳ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʩ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʆʩ-

ʥʦʚʥʘʷ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʵʪʦʤ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʝʦʨʥʫʶ ʦʨ-

ʙʠʪʫ ʠ ʠʟʫʯʠʪʴ ʤʝʪʝʦʨʦʠʜ ʢʘʢ ʢʦʩʤʠʯʝʩʢʠʡ ʦʙʲʝʢʪ - ʪʝʣʦ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʀʥʦ-

ʛʜʘ ʤʝʪʝʦʨʦʠʜʳ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʞʟʚʝʟʜʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʊʘʢʠʝ ʤʝʪʝʦʨʦʠʜʳ ʠʤʝ-

ʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ 

ʤʝʪʝʦʨʦʠʜʦʚ ʤʦʛʫʪ ʠʤʝʪʴ ʜʨʫʛʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʙʳʪʴ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʥʘ-

ʙʣʶʜʝʥʠʡ. ʏʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʢʘʢ ʨʘʩ-

ʩʯʠʪʳʚʘʶʪʩʷ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʵʪʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʤʳ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤ ʜʘʥʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʥʠʭ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʨʙʠʪ ʤʝʪʝʦʨʦʠʜʦʚ ʨʘʜʠʦʤʝʪʦʜʦʤ. ʄʳ ʙʫʜʝʤ ʠʩʩʣʝ-

ʜʦʚʘʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʠʟʤʝʨʝʥʠʠ ʦʨʙʠʪ ʤʝʪʝʦʨʦʠʜʦʚ. ɿʥʘʯʝʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥ-

ʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞ-

ʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʤʝʪʝʦʨʥʦʛʦ ʨʘʜʘʨʘ. 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴʶ (ʦʰʠʙʢʦʡ) ʠʟʤʝʨʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʦʥʷʪʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʮʝʧʮʠʝʡ ʧʦʛʨʝʰʥʦʩʪʠ (ʠʣʠ ʦʰʠʙʢʠ) ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯ-

ʪʠʪʝʣʴʥʳʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ ʩʪʘʥʜʘʨʪʘʤʠ ʤʝʪʨʦʣʦʛʠʠ. ʅʘ ʦʩʥʦʚʝ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʵʪʠ ʜʚʘ ʧʦʥʷʪʠʷ (ʠ ʠʭ ʠʜʝʥʪʠʯʥʦʩʪʠ ʧʦ ʩʫʪʠ), ʤʳ ʙʫʜʝʤ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʧʦʥʷʪʠʷ "ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ" ʫʩʪʦʷʚʰʝʝʩʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʪʘʢʦʝ ʧʦʥʷʪʠʝ ʠʟʤʝʨʝʥʠʷ, ʢʘʢ "ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ" (ʠʣʠ "ʦʰʠʙʢʘ 

ʠʟʤʝʨʝʥʠʷ"), ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠ ʩʪʘ-

ʥʦʚʣʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʨʘʜʠʦʤʝʪʦʜʦʚ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʦ ʩʠʭ ʧʦʨ ʚ ʥʘʫʯʥʦʤ ʩʣʝʥʛʝ.  

ʉʫʱʝʩʪʚʫʶʪ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨ-

ʥʳʭ ʦʨʙʠʪ ʧʦʷʚʣʷʶʪʩʷ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʦʰʠʙʦʢ ʚ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ, ʘ ʯʠʩ-

ʣʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ [170, 213]. ʀʥʦʛʜʘ ʨʝʛʠʩʪʨʘ-

ʮʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʪʦʢʘ ʤʝʪʝʦʨʦʚ ʩ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤʠ ʦʨʙʠʪʘʤʠ (e Ó 1, a < 0) ʙʳʣʘ 
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ʩʚʷʟʘʥʘ ʩʦ ʩʙʦʷʤʠ ʠʣʠ ʦʪʢʘʟʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʚʩʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʤʝʪʝʦ-

ʨʳ ʧʨʠʦʙʨʝʣʠ ʧʨʝʜʚʟʷʪʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʥʠʤ, ʢʘʢ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʦʰʠʙʢʘʤ ʚ ʟʘʧʠʩʷʭ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʨʘʜʠʦʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʪʦʯʥʳʤʠ, ʯʝʤ ʬʦ-

ʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʛʝʣʠʦʮʝʥʪʨʠʯʝ-

ʩʢʠʭ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʥʳʭ ʦʨʙʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʤʝʪʝʦʨʥʳʭ ʜʘʥʥʳʭ ʠʟʚʝʩʪʥʘ 

ʢʘʢ ʧʨʦʙʣʝʤʘ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʚ [139], ʦ ʯʝʤ ʛʦʚʦʨʠʣʦʩʴ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘ-

ʜʘʯʠ (ʨʘʟʜʝʣ 1). ʕʪʘ ʧʨʦʙʣʝʤʘ ʧʦʜʥʠʤʘʝʪ ʢʦʩʤʦʛʦʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ: 

[23, 34, 85, 152, 156, 169ï170, 212, 214, 215ï218].  

ʅʝʪ ʥʠ ʦʜʥʦʡ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʡ ʦʨʙʠʪʳ ʤʘʣʦʛʦ ʪʝʣʘ ʜʦʩʪʦʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠ-

ʨʦʚʘʥʥʦʡ ʢʘʢ ʨʝʘʣʴʥʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ (ʨʘʟʜʝʣ 1). ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʧʨʝʜʝʣʴʥʦ 

ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʠʟʤʝʨʝʥʠʷ ï ʧʦ̫ ʚʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʛʠʧʝʨʙʦʣ, ʜʣʷ ʩʥʷʪʠʷ ʚʦʧʨʦʩʘ 

ʧʨʦ ʪʝʭʥʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʚ ʟʘʧʠʩʷʭ, ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʨʝʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʟʘʨʝʛʠʩʪʨʠ-

ʨʦʚʘʥʥʳʭ ʦʨʙʠʪ ʤʝʪʝʦʨʦʠʜʦʚ ʩ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʴʶ ʘ < 0 ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʝ > 1 

(ʪ.ʝ. ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ).  

3.1. ʄʝʪʦʜ ʠ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʩʢʦʨʦʩʪʝʡ, ʢʦʦʨʜʠʥʘʪ ʨʘʜʠʘʥʪʘ 

ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʪʝʦʨʦʠʜʦʚ  

ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʝʦʨ-

ʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ʚ ʵʪʦʤ ʝʛʦ ʛʣʘʚʥʘʷ ʮʝʥʥʦʩʪʴ (ʪ.ʢ. ʢʨʠʪʝʨʠʝʤ ʠʩʪʠ-

ʥʳ ʚʩʝʛʜʘ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪ, ʨʘʟʜʝʣ 2). ʄʝʪʝʦʨʥʳʝ ʦʨʙʠʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ 

ʩ ʧʦʤʦʱʴʶ ʄɸʈʉ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʧ-

ʨʝʜʝʣʝʥʥʦʩʪʝʡ ʦʨʙʠʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʝʦʨʦʚ, ʟʘʨʝʛʠʩʪʨʠ-

ʨʦʚʘʥʥʳʭ ʥʘ ʵʪʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ[9, 21]. 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʥʘ ʦʙʨʘʟʮʝ 1350 ʛʠʧʝʨʙʦʣʠʯʝ-

ʩʢʠʭ ʦʨʙʠʪ ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 54 000 ʦʨʙʠʪ ʚ 1975 ʛʦʜʫ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʤʝʪʝʦʨʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʠ ʨʘʜʠʘʥʪʦʚ ʚ ʍʘʨʴʢʦʚʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʠʟʚʝʩʪʥʳʡ ʠʤʧʫʣʴʩʥʦ - ʜʠʬʨʘʢ-

ʮʠʦʥʥʳʡ ʤʝʪʦʜ [37] (ʨʘʟʜʝʣ 2). ʇʝʨʚʠʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ, ʧʦʣʦ-

ʞʝʥʠʡ ʵʢʩʪʨʝʤʫʤʦʚ ʠ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʝʢ ʚʤʝʩʪʝ ʩ ʨʘʩʯʝʪʦʤ ʩʢʦʨʦʩʪʝʡ ʠ 

ʦʨʙʠʪ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ [1] (ʨʘʟʜʝʣ 2). ɺ ʜʠʩ-

ʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨ ʜʝʣʘʝʪ ʧʝʨʝʨʘʩʯʝʪ ʦʨʙʠʪ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳ-

ʯʠʩʣʝʥʠʝʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʜʣʷ ʥʠʭ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ 
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ʚʨʝʤʷ ʧʦʷʚʣʝʥʠʷ ʤʝʪʝʦʨʘ T, ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ 21,tt  ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤ ʵʭʦ 

(ɸɺʍ) ʥʘ ʧʨʠʝʤʥʠʢʝ ʦʩʥʦʚʥʦʛʦ ʧʫʥʢʪʘ ʠ ʥʘ ʜʚʫʭ ʚʳʥʦʩʥʳʭ ʧʨʠʝʤʥʠʢʘʭ, ʘ ʪʘʢʞʝ 

ʩʨʝʜʥʷʷ ʥʘʙʣʶʜʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ʤʝʪʝʦʨʥʳʭ ʪʝʣ 

 ( )321 ,, VVVFV= . (3.1) 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʜʘʥʥʳʝ, ʢʘʢ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ɿʝʤʣʠ ʜʦ ʉʦʣʥʮʘ, 

ʦʨʙʠʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ɿʝʤʣʠ, ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ ʤʝʩʪʘ ʥʘʙʣʶʜʝʥʠʷ. ʆʩʪʘʣʴʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʢʦʩʚʝʥʥʦ ʯʝʨʝʟ ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. ʂʦʛʜʘ ʥʘ-

ʙʣʶʜʘʝʤʘʷ ʩʢʦʨʦʩʪʴ (V) ʠ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʘʥʪʘ (ʘʟʠʤʫʪA, ʟʝʥʠʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ Z ) 

ʫʞʝ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʚ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʢʘʢ (3.2) 

 ( ) ( )TVFZAVF ,,,,, 2100 tt= , (3.2) 

ʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʪʝʦʨʦʠʜʥʦʡ ʦʨʙʠʪʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʩʭʝʤʝ ʂʣʝʡʙʝʨʘ-

ɼʫʙʷʛʦ [103, 202] ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚ ʦʙʦʙ-

ʱʝʥʥʦʤ ʚʠʜʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ (3.3) 

 ( ) ( )tZAVFteaiqVVF gh ,,,,,,,,,,, 0=Ww , (3.3) 

ʛʜʝ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʳ ʤʝʪʝʦʨʦʠʜʘ: ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʘ, ʧʝʨʠʛʝʣʠʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ q, 

ʘʨʛʫʤʝʥʪ ʧʝʨʠʛʝʣʠʷ ɤ , ʥʘʢʣʦʥ i , ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ ɋ, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʝ ʠ 

ʩʢʦʨʦʩʪʠ ʤʝʪʝʦʨʦʠʜʘ: Vg ʠ Vh , ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʠ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʘʷ, ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʰʠʙʢʠ ʢʦʩʚʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ RMS ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ (3.4): 
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ʛʜʝ y = f(x1,x2,é,xn). ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʰʠʙʢʠ 

nxxxx ssss ...,, ,321 , ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʨʝʟʫʣʴʪʘʪ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʤʘʣʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʘʤʠʭ ʵʪʠʭ ʚʝʣʠʯʠʥ nxxxx ...,, ,321 , ʘ ʚʪʦʨʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʬʫʥʢʮʠʠ f  ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤʠ ʧʨʦʠʟʚʦʜ-

ʥʳʤʠ. ʊʘʢʠʤ ʧʫʪʝʤ ʙʳʣʠ ʥʘʡʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʠ ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʝʡ, ʨʘʜʠʘʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ 
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ʢʦʦʨʜʠʥʘʪ ʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʦʨʙʠʪ ʤʝʪʝʦʨʥʳʭ ʪʝʣ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ. 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʢʘʞʜʦʛʦ ʤʝʪʝʦʨʦʠʜʘ ʠʟʚʝʩʪʥʘ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʯʠʩʣʝʥʘ ʚ ʨʝ-

ʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ɼʴʷʢʦʚʘ-ʂʘʱʝʝʚʘ [2, 35] (ʨʘʟʜʝʣ 2). ʅʘʯʘʣʴ-

ʥʳʝ ʦʰʠʙʢʠ ʚ ʠʟʤʝʨʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʠ ʨʘʚʥʳ 

5%. ʅʘʯʘʣʴʥʳʝ ʦʰʠʙʢʠ ʚʦ ʚʨʝʤʝʥʥʳʭ ʟʘʜʝʨʞʢʘʭ ʥʘ ʦʙʦʠʭ ʧʨʠʝʤʥʠʢʘʭ ʨʘʚʥʳ 1 ʤʢʩ 

(ʧʦʣʧʝʨʠʦʜʘ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴʩʦʚ). ʊʦʯʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ 

(ʚʢʣʶʯʘʷ ʚʩʝ ʩʚʷʟʘʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ), ʜʣʠʥʳ ʙʘʟ ʠ ʠʭ ʘʟʠʤʫʪʳ ʦʧʨʝʜʝʣʝʥʳ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʠ ʥʝ ʚʥʦʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ (ʪ.ʝ. ʧʨʠʥʷʪʘ ʤʦʜʝʣʴ, 

ʯʪʦ ʟʜʝʩʴ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ:0=s ). 

ɺ ʥʘʰʝʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʫʶ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʝʨʝʨʘʩʯʝʪʦʚ, ʩʢʦʨʦʩʪʴ ʩ ʧʦ-

ʧʨʘʚʢʦʡ ʟʘ ʪʦʨʤʦʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 

 65.00398.10 +Ö= VV . (3.5) 

ɺ ʨʘʙʦʪʘʭ [3, 6, 219] ʧʨʠʚʝʜʝʥʦ ʠ ʧʨʠʥʷʪʦ ʜʨʫʛʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (3.6) ʩ ʧʦʛʨʝʰ-

ʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ (3.7), ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 3.1ʘ 
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nn )( , (3.6) 

ʛʜʝ a ʠ b ï ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ,  
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=D sn
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ʅʘ ʨʠʩ. 3.1ʙ ʤ  rʤʦʞʝʤ ʚʠʜʝʪʴ ʥʝʙʦʣʴʰʦʝ ʩʤʝʱʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʝʪʝʦʨʦ-

ʠʜʥʳʭ ʩʢʦʨʦʩʪʝʡ Vg (ʣʝʚʘʷ ʢʨʠʚʘʷ: ʙʦʣʴʰʠʥʩʪʚʦ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʦʨʙʠʪ ʩ e < 1; ʧʨʘʚʘʷ 

ʢʨʠʚʘʷ: ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʩ e Ó 1), [24]. ʕʪʦʪ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʫ ʙʦʣʴ-

ʰʝʡ ʯʘʩʪʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʨʙʠʪ ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʩʢʦʨʦʩʪʠ ʤʝʪʝʦʨʦʠʜʦʚ ʠʤʝʶʪ 

ʟʥʘʯʝʥʠʷ ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʩʧʦʨʥʳʤʠ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʝʜʝʣʘʤ ʨʝʛʠʩʪʨʘʮʠʠ, ʦʥʠ ʥʝ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʝ ʠ ʥʝ ʣʝʞʘʪ ʥʘ ʧʨʝʜʝʣʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʪʦʨʘ (ʜʦ ~ 90 ʢʤ/ʩ) ʠ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʦʙʲʷʩʥʝʥʳ ʫʩʣʦʚʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʪʝʭ-

ʥʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʨʘʜʠʦʤʝʪʦʜʘ ʚ ʦʪʥʦʰʝʥʠʠ ʦʯʝʥʴ ʙʳʩʪʨʳʭ ʤʝʪʝʦʨʦʠʜʦʚ. 
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ʈʠʩ. 3.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʄɸʈʉ ʚ 1970-ʝ ʛʦʜʳ: (ʘ) ɿʘʚʠʩʠʤʦʩʪʴ 

ʦʮʝʥʢʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʩʪʦʛʦ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʤʝʪʝʦʨʦʚ ʦʪ ʩʢʦʨʦʩʪʠ ʤʝʪʝʦʨʘ 
0Vs = F (V0), ʛʜʝ V0 ï ʩʢʦʨʦʩʪʴ, 

0Vs  ï ʩʪʘʥʜʘʨʪʥʦʝ  

ʦʪʢʣʦʥʝʥʠʝ ʝʝ ʦʰʠʙʢʠ [4, 219]; (b) ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʝʦʨʦʠʜʥʳʭʭ ʩʢʦʨʦʩʪʝʡ Vg 

(ʣʝʚʘʷ ʢʨʠʚʘʷ: ʙʦʣʴʰʠʥʩʪʚʦ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʤʝʪʝʦʨʦʚ ʩ e < 1; ʧʨʘʚʘʷ ʢʨʠʚʘʷ: 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ ʩ e Ó 1), [24] 

ʄʳ ʧʦʩʪʨʦʠʣʠ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʚ ʤʝʪʝʦʨʥʳʭ ʦʨʙʠ-

ʪʘʣʴʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʭr ʜʘʥʥʳʭ. ɺʩʝ ʫʛʣʦʚʳʝ ʚʝʣʠʯʠʥʳ ʧʨʠʚʦʜʷʪʩʷ ʚ ʨʘʜʠʘʥʘʭ. 

1. ɸʟʠʤʫʪ ʨʘʜʠʘʥʪʘ A  (3.8-3.13) ʠ ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ As  (3.14). 

ɻʣʘʚʥʦʝ ʟʥʘʯʝʥʠʝ ʘʟʠʤʫʪʘ: 
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ʛʜʝ 1j, 2j  - ʘʟʠʤʫʪʳ ʙʘʟ, ʦʪʩʯʠʪʳʚʘʝʤʳʝ ʦʪ ʪʦʯʢʠ ʩʝʚʝʨʘ ʢ ʚʦʩʪʦʢʫ (1j=0,596398 ʨʘʜ, 

2j=1,92462 ʨʘʜ), 
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m= , ʘ 1l , 2l  ï ʜʣʠʥʘ ʙʘʟ ( 1l =4,324 ʢʤ, 2l =8,422 ʢʤ). 

ʏʝʪʚʝʨʪʴ ʘʟʠʤʫʪʘ ɸ ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ ʠ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʥʳʭ ʩʜʚʠʛʦʚ ʠ ʛʣʘʚʥʦʛʦ ʘʟʠʤʫ-
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ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ As : 
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ʛʜʝ cT 3102 -Ö= . 

2. ɿʝʥʠʪʥʳʡ ʫʛʦʣ ʨʘʜʠʘʥʪʘ ʩʨZ  (3.15-3.17) ʠ ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ ʩʨZs  

(3.18-3.20): 
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ʛʜʝ ( )11 cos j-= AW , ( )22 cos j-= AW ;  
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3. ʉʢʦʨʦʩʪʴ 0V  ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʢʠ ʟʘ ʪʦʨʤʦʞʝʥʠʝ (3.5) ʠ ʝʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ 

ʦʰʠʙʢʘ 0Vs  (3.21): 

 ʩʨVV ss Ö= 0398,10 . (3.21) 

4. ʉʢʦʨʦʩʪʴ V¡ (3.22) ʠ ʟʝʥʠʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʘʜʠʘʥʪʘ ʠZ  (3.23-3.24) ʩ ʫʯʝʪʦʤ ʧʦ-
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ʧʨʘʚʢʠ ʟʘ ʟʝʥʠʪʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʠ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʰʠʙʢʠ V¡s  (3.25), ʠZs  

(3.26, 3.27): 
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 2/122 )]([ ZZZ ʩʨʠ D+= sss . (3.27) 

5. ʉʢʣʦʥʝʥʠʝ ʨʘʜʠʘʥʪʘ d ʠ ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘsd (3.28, 3.29): 

 )cossincoscosarcsin(sin AZZ ʠʠ ÖÖ-Ö= jjd , (3.28) 

ʛʜʝ 86244,0=j  - ʰʠʨʦʪʘ ʤʝʩʪʘ ʥʘʙʣʶʜʝʥʠʷ; 
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6. ʏʘʩʦʚʦʡ ʫʛʦʣ  ʨʘʜʠʘʥʪʘ t (3.30-3.33) ʠ ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘts (3.34): 

 
AZZ

AZ
arctt

ʠʠ

ʠ
ʛʣ

cossinsincoscos

sinsin

ÖÖ+Ö

Ö
=

jj
, (3.30) 

 ʛʣtt=        ʝʩʣʠ   AZt ʠʛʣ sinsin,0 Ö² , (3.31) 

 p+=ʛʣtt   ʝʩʣʠ  
í
ì
ë

<Ö>

²Ö¢

0sinsin,0

0sinsin,0

AZt

AZt

ʠʛʣ

ʠʛʣ , (3.32) 

 p2+=ʛʣtt ʝʩʣʠ   0sinsin,0 <Ö< AZt ʠʛʣ ; (3.33) 

 ( ) ʠʠ ZAAZt 22222

2
sincossincossin

cos

1
sjsdj

d
s ÖÖ+ÖÖ-Ö= . (3.34) 

7.ɿʚʝʟʜʥʦʝ ʚʨʝʤʷ Sʚ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʷ (3.35): 

 mhdcS Ö+Ö+Ö+= 004375,02625,00172,02 , (3.35) 

ʛʜʝ 2c  - ʢʦʥʩʪʘʥʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʜʣʷ ʢʘʞʜʦʛʦ ʛʦʜʘ,  
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d  ï ʜʝʥʴ ʚ ʛʦʜʫ (ʦʪ 0 ʜʦ 365), h  ï ʯʘʩʳ, m ï ʤʠʥʫʪʳ. 

0=Ss  

8. ʇʨʷʤʦʝ ʚʦʩʭʦʞʜʝʥʠʝ ʨʘʜʠʘʥʪʘ a (3.36) ʠ ʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘsa 

 tS-=a , pa 20 ¢¢ ; (3.36) 

tssa=  

9. ʇʦʧʨʘʚʢʠ ʟʘ ʩʫʪʦʯʥʫʶ ʘʙʝʨʨʘʮʠʶ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭaD , dD  (3.37, 

3.37) ʠ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʰʠʙʢʠ)( asD , )( dsD  (3.38, 3.40): 

 
d

j
a

cos

coscos47033133,0

Ö¡

ÖÖ
-=D

V

t
,  (3.37) 

 
V

t

¡

ÖÖÖ
-=D

jd
d

cossinsin47033133,0
;  (3.38) 

 dsdss
d

j
as 222222

2

2

cossin
cos

cos

cos47033133,0
)( ÖÖ+Ö+¡Ö

¡
Ö

Ö¡

Ö
=D tgtttV

V

t

V
,  (3.39) 

dsdsds
dj

ds 2222222

2

22

cossinsincos
sinsincos47033133,0

)( ÖÖ+ÖÖ+¡Ö
¡

Ö
Ö

¡

Ö
=D tttV

V

t

V
.  (3.40) 

10. ʀʩʧʨʘʚʣʝʥʥʳʝ ʵʢʚʘʪʦʨʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʨʘʜʠʘʥʪʘ ʠa , ʠd (3.41, 3.42) ʠ ʠʭ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʰʠʙʢʠ ʠsa, ʠsd (3.43, 3.44): 

 
í
ì
ë

<D++D+=

>D+D+=

0,2

0,

aapaaa

aaaaa

ʠ

ʠ , (3.41) 

 ddd D+=ʠ ; (3.42) 

 ( )asassa D+= 22

ʠ ,  (3.43) 

 ( )dsdssd D+= 22

ʠʠ . (3.44) 

11. ʕʣʦʥʛʘʮʠʷ Ey  ʠ Esy: 

 )cossinarccos( ʠE t
ɻʃ

dy Ö-= ,  (3.45) 

 
îí

î
ì
ë

<+=

>=

0,

0,

ɻʃɻʃ

ɻʃɻʃ

EEE

EEE

ypyy

yyy
;  (3.46) 

 ʠʠʠ

E

E ttt
ɻʃ

dsdsd
y

sy 222222 sinsincoscos
sin

1
ÖÖ+ÖÖÖ= .  (3.47) 

12. ɻʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ gV  (3.48, 3.49) ʠ ʝʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ gVs  
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(3.50, 3.51): 

 ( ) ( )22
cos dda D+ÖD=D ʠs ,  (3.48) 

 
E

E
g

S
VV

y

y

sin

)sin( D-
Ö¡= ;  (3.49) 

( ) ( ) ( )( ) ( )( ) ʠʠʠʠ
s

s dsddadsdasdas 222422242
cossincos

1
ÖÖD+DÖD+DÖÖDÖ

D
=D ,  (3.50) 

( ) ( ) ( )
( )

E

E

EE

E

g

sV
ssVVsV ys

y
sysy

y
s 2

2

22
22222

sin

sin
cossin

sin

1 DÖ¡
+DÖD-Ö¡+¡ÖD-Ö= .  (3.51) 

13. ɺʥʝʘʪʤʦʩʬʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ¤V  (3.52) ʠ ʝʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ ¤Vs  (3.53): 

 2,123
2
+=¤ gVV ,  (3.52) 

 g

g
V

V

V
V ss Ö=

¤

¤ .  (3.53) 

14. ʕʢʣʠʧʪʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʨʘʜʠʘʥʪʘ b (3.54) ʠ ʝʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ sb 

(3.55): 

 ]sincoscossinsinarcsin[ ʠʠʠ dedaeb Ö+ÖÖ-= ,  (3.54) 

ʛʜʝ 40918274,0=e -ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ ʵʢʣʠʧʪʠʢʠ ʢ ʧʣʦʩʢʦʩʪʠ ʵʢʚʘʪʦʨʘ 

 2
1

22

2

22
22 ])

cos

cossin
1()cos[(sin ʠ

ʠ
ʠ ds

b

ae
aslesb

Ö
-+= .  (3.55) 

15. ʕʢʣʠʧʪʠʯʝʩʢʘʷ ʜʦʣʛʦʪʘ ʨʘʜʠʘʥʪʘ l (3.56-3.58) ʠ ʝʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ 

sl (3.59): 

 
b

ad
l

cos

coscos
cos ʠʠÖ= , (3.56) 

 ( )edead
b

l sinsincossincos
cos

1
sin Ö+ÖÖÖ= Ö ʠʠʠ , (3.57) 

 ö
÷

õ
æ
ç

å
=

l

l
l

cos

sin
arctg , pl 20 ¢¢ ; (3.58) 

 2
1

2222

2
])sinsin(cos)cos[(sin

cos

1
ʠʠʠʠ asbdedsae

b
sl -+Ö= . (3.59) 

16. ɼʦʣʛʦʪʘ ʉʦʣʥʮʘ Ql  (3.60): 

( )[ ]2017203,0sin034435,0017203,0000717,00000097,03 -Ö+Ö+Ö+Ö+-=Q ddhmcl ,  (3.60) 
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ʛʜʝ 3c - ʢʦʥʩʪʘʥʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʜʣʷ ʢʘʞʜʦʛʦ ʛʦʜʘ; 

0=Qsl . 

17.ɼʦʣʛʦʪʘ ʨʘʜʠʘʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʧʝʢʩʘ  (3.61, 3.62): 

 , (3.61) 

ʛʜʝ ,  

 , . (3.62) 

18. ʋʛʦʣ ʵʣʦʥʛʘʮʠʠ ʚʠʜʠʤʦʛʦ ʨʘʜʠʘʥʪʘ ʦʪ ʘʧʝʢʩʘ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ  (3.63) ʠ ʝʛʦ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ  (3.64): 

 , (3.63) 

;  

 .  (3.64) 

19. ʈʘʜʠʫʩ ʚʝʢʪʦʨ ʦʨʙʠʪʳ ɿʝʤʣʠ  (3.65): 

 , ; (3.65) 

. 

20. ʆʨʙʠʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ɿʝʤʣʠ ʜʣʷ ʜʘʥʥʦʛʦ ʜʥʷ  (3.66): 

 ; (3.66) 

. 

21. ɼʦʣʛʦʪʘ ʠʩʪʠʥʥʦʛʦ ʨʘʜʠʘʥʪʘ  (3.67, 3.68) ʠ ʝʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ  

(3.69): 

 , (3.67) 

,  




























































































































































































