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SECTION I . Mathematics (ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ) 
 

 

ɺʘʩʠʣʴʝʚ ɸ.ɺ. 
ɼʦʮʝʥʪ, ʢ.ʬ.-ʤ.ʥ., ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʂɺɸʅʊʆɺʆɽ ʍɽʐʀʈʆɺɸʅʀɽ ɼɺʆʀʏʅʓʍ ɼɸʅʅʓʍ 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʙʦʪʝ [1] ʥʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ 

ʭʝʰʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʜʩʪʘʚʣʷʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʚʠʜʝ ʢʚʘʥʪʦʚʦʡ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʬʫʥʢʮʠʷ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʨʘʪʠʤʦʡ, ʪ.ʝ. ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ 

ʢʣʶʯʘ ʠʟ ʝʛʦ ʭʝʰ-ʢʦʜʘ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʡ ʢʦʣʣʠʟʠʷʤ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʨʘʟʣʠʯʘʪʴ ʢʚʘʥʪʦʚʳʝ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ. ʋʢʘʟʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʢʚʘʥʪʦʚʦʝ 

ʭʝʰʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʚʘʥʪʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ [2] ʠ 

ʧʨʦʪʦʢʦʣʦʚ [3], ʘ ʪʘʢʞʝ ʟʘʱʠʱʝʥʥʳʭ ʢʚʘʥʪʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ [1]. 

ɼʣʷ ʧʦʣʥʦʪʳ ʠʟʣʦʞʝʥʠʷ ʧʨʠʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʦʡ ʭʝʰ-

ʬʫʥʢʮʠʠ. 

ʇʫʩʪʴ ὲ ï ʜʣʠʥʘ ʭʝʰʠʨʫʝʤʳʭ ʩʦʦʙʱʝʥʠʡ (ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʘʢ -

ʙʠʪʥʳʝ ʯʠʩʣʘ, ή ς , ὄṒ πȟȣȟή ρ. ʂʚʘʥʪʦʚʘʷ ʭʝʰ-ʬʫʥʢʮʠʷ 

‪ȟȡ πȟρ ᴼ ꞊ ṧ ȿȿ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ 

ʩʦʦʙʱʝʥʠʷ ύᶰπȟρ , ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʘʢ ʯʠʩʣʦ ύᶰπȟȣȟή ρ, 

ʧʦʣʦʞʠʤ 

‪ȟ ύỚ
ρ

ȿὄȿ
ȿὮỚ

ȿȿ

ÃÏÓ
ς“ὦύ

ή
 ȿπỚ ÓÉÎ

ς“ὦύ

ή
ȿρỚ Ȣ 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦ ʩʫʱʝʩʪʚʫ ʚʩʶʜʫ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʚʘʥʪʦʚʦʡ ʭʝʰ-

ʬʫʥʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʜʚʦʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʣʠʥʳ ὲ, ʘ -

ʙʠʪʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ, ʪ.ʝ. ʧʨʝʜʣʦʞʝʥʥʘʷ ʭʝʰ-ʬʫʥʢʮʠʷ ʨʘʙʦʪʘʝʪ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʮʠʢʣʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ᴚ . ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʠʥʥʦʡ ʘʨʠʬʤʝʪʠʢʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ 

ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʷʭ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʩʠʣʫ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʟʘʤʝʯʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ 

ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʚʘʥʪʦʚʦʡ ʭʝʰ-ʬʫʥʢʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʵʣʝʤʝʥʪʘʭ 

ʙʫʣʝʚʩʢʦʛʦ ʢʫʙʘ, ʪ.ʝ. ʤʥʦʞʝʩʪʚʘ ʜʚʦʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʠʥʳ ὲ. 
 

ʂʚʘʥʪʦʚʦʝ ʭʝʰʠʨʦʚʘʥʠʝ ʜʚʦʠʯʥʳʭ ʜʘʥʥʳʭ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʘʞʥʦʤ ʢʦʤʙʠʥʘʪʦʨʥʦʤ ʦʙʲʝʢʪʝ, 

ʥʘʟʳʚʘʝʤʦʤ ʤʥʦʞʝʩʪʚʦʤ ʩ -ʦʪʢʣʦʥʝʥʠʝʤ (ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ï ‐-
biased set). ʇʨʠʚʝʜʝʤ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʛʣʘʩʥʦ [4]. 
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ʄʥʦʞʝʩʪʚʦ ὄṖ πȟρ  ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʩ -ʦʪʢʣʦʥʝʥʠʝʤ, 

ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ ʥʝʧʫʩʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʠʥʜʝʢʩʦʚ ὍṖ ρȟȣȟὲ 

ρ

ȿὄȿ
ρВᶰ

ᶰ

‐Ȣ 

ɼʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʞʥʦ ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʤ 

ʦʙʨʘʟʦʤ, ʟʘʤʝʥʠʚ ʤʥʦʞʝʩʪʚʦ ʧʨʦʠʟʚʦʣʴʥʦʝ ʠʥʜʝʢʩʦʚ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʚʝʢʪʦʨʦʤ. 

ʄʥʦʞʝʩʪʚʦ ὄṖ πȟρ  ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʩ -ʦʪʢʣʦʥʝʥʠʝʤ, 

ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ ʥʝʥʫʣʝʚʦʛʦ ὼɴ πȟρ  

ρ

ȿὄȿ
ρВ

ᶰ

‐Ȣ 

ʂʘʢ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʚ [5] ʪʘʢʦʝ ʤʥʦʞʝʩʪʚʦ ʩʫʱʝʩʪʚʫʝʪ, ʝʩʣʠ ʝʛʦ 

ʨʘʟʤʝʨ ʥʝ ʤʝʥʴʰʝ ὕὲȾ‐ , ʘ ʚ ʩʪʘʪʴʝ [4] ʧʨʠʚʦʜʠʪʩʷ ʷʚʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʨʘʟʤʝʨʘ ὕ
Ⱦ
, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʢʦʜʘʭ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʦʩʪʨʦʝʥʠʡ ʟʘʬʠʢʩʠʨʫʝʤ ‐ɴ πȟρ ʠ ʧʦʣʦʞʠʤ, ʯʪʦ 

ὄ ὦȟὦȟȣ Ṗ πȟρ  ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʩ -ʦʪʢʣʦʥʝʥʠʝʤ. 

ɼʣʷ ʜʚʦʠʯʥʳʭ ʥʘʙʦʨʦʚ ὼ ὼȣ ὼ ʠ ώ ώȣ ώ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 

Ὅὖὼȟώ ʟʥʘʯʝʥʠʝ ʠʭ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʪ.ʝ. 

Ὅὖὼȟώ ὼẗ ώṥỄṥ ὼẗ ώȟ 
ʛʜʝ ṥ ʦʟʥʘʯʘʝʪ ʦʧʝʨʘʮʠʶ ʠʩʢʣʶʯʘʶʱʝʛʦ ʀʃʀ (XOR). 

ʆʧʨʝʜʝʣʠʤ ʢʚʘʥʪʦʚʫʶ ʭʝʰ-ʬʫʥʢʮʠʶ ‪ȡ πȟρ ᴼ ꞊ ṧ ȿȿ  

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʩʦʦʙʱʝʥʠʷ ύᶰπȟρ  ʧʦʣʦʞʠʤ 

ȿ‪ ύỚ
ρ

ȿὄȿ
ȿὮỚ

ȿȿ

ȿὍὖὦȟύỚȢ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʢʚʘʥʪʦʚʦʛʦ ʭʝʰʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ 

ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ὄ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʣʣʠʟʠʡ ʠ 
ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʩ -ʦʪʢʣʦʥʝʥʠʝʤ. ʌʦʨʤʘʣʴʥʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

[1], ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʣʣʠʟʠʡ ʚʩʝʮʝʣʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʮʝʥʢʦʡ ʜʣʷ ʩʢʘʣʷʨʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʚʘʥʪʦʚʳʭ ʭʝʰ-ʢʦʜʦʚ. ɺ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʚʳʰʝ ʢʚʘʥʪʦʚʦʡ ʭʝʰ-ʬʫʥʢʮʠʠ ʵʪʘ ʦʮʝʥʢʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

ȿ ‪ ύ ȿ‪ ύ ȿ ‐, 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʡʩʪʚʘʤ ʤʥʦʞʝʩʪʚʘ ʩ -ʦʪʢʣʦʥʝʥʠʝʤ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʤʥʦʞʝʩʪʚʦ ὄ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʤʝʨ ὕὲȾ
‐ , ʘ ʢʚʘʥʪʦʚʦʝ ʭʝʰʠʨʦʚʘʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʦʙʨʘʞʘʪʴ ʚʭʦʜʥʳʝ 
ʜʘʥʥʳʝ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʤʝʥʴʰʠʝ ʧʦ ʨʘʟʤʝʨʫ ʦʙʨʘʟʳ. ʊʦʯʥʝʝ, ʜʣʷ -

ʙʠʪʥʳʭ ʜʚʦʠʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʬʫʥʢʮʠʷ ʧʦʨʦʞʜʘʝʪ ʩʦʩʪʦʷʥʠʷ ʠʟ 

ÌÏÇȿὄȿ ρ ὕÌÏÇὲ ÌÏÇ‐ ʢʚʘʥʪʦʚʳʭ ʙʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʠ 
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ʫʚʝʣʠʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʦʣʣʠʟʠʷʤ, ʥʘʧʨʠʤʝʨ, ʚ 1 000 000 ʨʘʟ, 

ʧʦʣʫʯʘʝʤʳʡ ʢʚʘʥʪʦʚʳʡ ʭʝʰ ʫʚʝʣʠʯʠʪʩʷ ʣʠʰʴ ʥʘ 20 ʢʚʘʥʪʦʚʳʭ ʙʠʪ. 

ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʦʪ ʤʦʱʥʦʩʪʠ ʤʥʦʞʝʩʪʚʘ ὄ ʟʘʚʠʩʠʪ ʨʘʟʤʝʨ 

ʢʚʘʥʪʦʚʦʛʦ ʭʝʰ-ʢʦʜʘ, ʢʦʪʦʨʳʡ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʨʘʚʝʥ ÌÏÇȿὄȿ ρ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʤʥʦʞʝʩʪʚʘ ὄ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʠ ʢʦʤʧʘʢʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʭʝʰʠʨʦʚʘʥʠʷ. 
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ɻʘʥʠʯʝʚʘ ɸ. ɺ. 
ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʊʚʝʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ  

ɻʘʥʠʯʝʚ ɸ. ɺ. 
ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ʋʇʈɸɺʃɽʅʀɽ ʈʀʉʂɸʄʀ ʋʏɽɹʅʆɻʆ ʇʈʎɽʉʉɸ  

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ ʨʠʩʢʘʤʠ. ɺ 

ʧʫʙʣʠʢʘʮʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʫʧʨʘʚʣʝʥʠʷ 

ʨʠʩʢʘʤʠ ʚ ʙʘʥʢʦʚʩʢʦʡ, ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʬʝʨʝ [1]. ʕʪʠ ʞʝ ʨʠʩʢʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʜʣʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʆʜʥʘʢʦ, ʜʣʷ ʩʬʝʨʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʦʩʦʙʳʝ ʨʠʩʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʠʤʝʥʥʦ ʵʪʠ ʨʠʩʢʠ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʩʪʘʥʦʚʣʝʥʥʳʤ 
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ʩʪʘʥʜʘʨʪʘʤ, ʥʦʨʤʘʤ ʠ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʊʘʢʠʤʠ 

ʨʝʩʫʨʩʘʤʠ ʷʚʣʷʶʪʩʷ: ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ, 

ʢʦʥʪʠʥʛʝʥʪ ʦʙʫʯʘʶʱʠʭʩʷ, ʤʘʪʝʨʠʘʣʴʥʦ ï ʪʝʭʥʠʯʝʩʢʦʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʪ. ʜ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʠʩʢʠ ʤʥʦʛʦʘʩʧʝʢʪʥʳ, ʦʪʣʠʯʘʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʤʝʩʪʫ ʠ ʚʨʝʤʝʥʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʚʦʟʤʦʞʥʳʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʨʠʩʢʦʚ ʚʟʘʠʤʦʩʚʷʟʘʥʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʚʠʜʘ ʨʠʩʢʘ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʨʫʛʦʤ. 

ʈʠʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʳ, ʪʦ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʩʦʚʦʢʫʧʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʥʦʛʠʭ ʚʠʜʦʚ ʨʠʩʢʘ ʠ ʥʝʣʴʟʷ 

ʚʳʷʚʠʪʴ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʠʟ ʨʠʩʢʦʚ, ʥʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʠʭ 

ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʠ ʩʦʚʦʢʫʧʥʦʝ ʚʣʠʷʥʠʷ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ, ʪʦ ʝʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʨ, ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʚʳʷʚʣʷʪʴ, 

ʦʮʝʥʠʚʘʪʴ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʩʪʫʧʣʝʥʠʝ ʨʠʩʢʘ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ 

ʢ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʝʥʠʷ ʨʠʩʢʘ.  

1. ʇʦʥʷʪʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʛʨʫʧʧ ʨʠʩʢʦʚ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ: 

1) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʫʯʝʙʥʦ-

ʚʦʩʧʠʪʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʫʧʨʘʚʣʝʥʯʝʩʢʘʷ ʥʝʢʦʤʧʝʪʝʥʪʥʦʩʪʴ 

ʨʫʢʦʚʦʜʩʪʚʘ; ʣʠʯʥʦʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʜʤʠʥʠʩʪʨʘʮʠʠ; ʦʪʩʫʪʩʪʚʠʝ 

ʢʦʤʘʥʜʳ ʝʜʠʥʦʤʳʰʣʝʥʥʠʢʦʚ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʢʦʣʣʝʢʪʠʚʝ; ʙʦʣʴʰʦʡ 

ʦʙʲʝʤ ʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ; ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ; ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ; 

ʪʝʢʫʯʝʩʪʴ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ; ʥʘʙʦʨ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʘʙʠʪʫʨʠʝʥʪʦʚ; 

ʦʪʩʫʪʩʪʚʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʫʯʝʙʥʦʡ, ʥʘʫʯʥʦʡ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ, 

ʦʙʱʝʩʪʚʝʥʥʦʡ, ʢʫʣʴʪʫʨʥʦʡ ʠ ʩʧʦʨʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ  

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʩʪʫʜʝʥʪʦʚ; ʥʝʦʙʝʩʧʝʯʝʥʥʦʩʪʴ 

ʩʪʫʜʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ; 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʤʘʪʝʨʠʘʣʴʥʦ ï ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ);  

2) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ (ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʥʝʧʨʦʬʠʣʴʥʦʡ ʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʦʙʫʯʘʝʤʳʭ; ʥʝʢʘʯʝʩʪʚʝʥʥʳʝ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ; ʥʝʫʤʝʥʠʝ ʥʘʫʯʠʪʴ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʪʚʦʨʯʝʩʢʠʝ 

ʟʘʜʘʯʠ; ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʪʦʜʠʢ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʙʫʯʘʝʤʦʛʦ); 

3) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʧʝʜʘʛʦʛ ï ʦʙʫʯʘʝʤʳʡ 

(ʯʨʝʟʤʝʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʠʣ ʠ ʧʝʨʝʛʨʫʟʢʠ ʦʙʫʯʘʝʤʳʭ ʥʘ ʫʯʝʙʥʳʭ 

ʟʘʥʷʪʠʷʭ; ʥʝʚʥʠʤʘʥʠʝ ʢ ʣʠʯʥʦʩʪʠ ʦʙʫʯʘʝʤʦʛʦ; ʥʠʟʢʘʷ ʢʦʤʤʫʥʠʢʘʪʠʚʥʘʷ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ; ʥʝʜʦʙʨʦʞʝʣʘʪʝʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ; ʟʘʚʳʰʝʥʥʘʷ 

ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ; ʛʨʫʙʦʩʪʴ; ʙʝʟʨʘʟʣʠʯʠʝ); 
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4) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʚ ʩʪʫʜʝʥʯʝʩʢʠʭ ʛʨʫʧʧʘʭ 

(ʥʘʨʫʰʝʥʠʝ ʤʝʞʣʠʯʥʦʩʪʥʳʭ ʦʪʥʦʰʝʥʠʡ; ʥʝʪʝʨʧʠʤʦʩʪʴ; ʦʪʩʫʪʩʪʚʠʝ 

ʧʦʜʜʝʨʞʢʠ; ʩʦʧʝʨʥʠʯʝʩʪʚʦ; ʟʘʚʠʩʪʴ; ʧʫʙʣʠʯʥʦʝ ʫʥʠʞʝʥʠʝ; ʦʩʢʦʨʙʣʝʥʠʝ; 

ʚʳʩʤʝʠʚʘʥʠʝ; ʫʛʨʦʟʳ); 

5) ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʫʯʝʙʥʦ ï  ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʠ 

ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʥʠʟʢʘʷ ʫʩʧʝʚʘʝʤʦʩʪʴ; ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʦʜʛʦʪʦʚʢʘ 

ʦʙʫʯʘʝʤʳʭ; ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʥʘʫʯʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ 

ʩʪʫʜʝʥʪʦʚ; ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʦʢ). 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ 

ʩʦʟʜʘʪʴ ʙʘʟʫ ʜʘʥʥʳʭ (ʢʘʪʘʣʦʛ) ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʢʦʤʧʣʝʢʩʥʳʡ ʫʯʝʪ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʠʩʢʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʟʘ, ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ. 

2. ʄʝʪʦʜʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʄʝʪʦʜʠʢʘ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʦʠʪ 

ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ:1) ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʠʩʢʦʚ (ʦʧʘʩʥʦʩʪʝʡ); 2) ʘʥʘʣʠʟ 

ʨʠʩʢʦʚ;3) ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʠʩʢʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʨʠʩʢʦʚʦʡ ʩʠʪʫʘʮʠʠ. ɺʳʷʚʣʝʥʠʝ ʨʠʩʢʘ (ʦʧʘʩʥʦʩʪʠ) ʩʚʷʟʘʥʦ ʩ ʦʪʚʝʪʦʤ ʥʘ 

ʚʦʧʨʦʩ: çɺ ʯʝʤ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʙʫʜʫʱʠʡ ʫʱʝʨʙ?è. ʀʜʝʥʪʠʬʠʢʘʮʠʷ 

ʨʠʩʢʘ ï ʵʪʦ ʦʪʥʝʩʝʥʠʝ ʝʛʦ ʢ ʦʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʛʨʫʧʧ (ʢʣʘʩʩʦʚ) ʨʠʩʢʘ, 

ʦʪʦʞʜʝʩʪʚʣʝʥʠʝ ʩ ʵʪʘʣʦʥʥʳʤ ʨʠʩʢʦʤ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʘʩʥʦʩʪʝʡ 

ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʪʘ ʠ ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɸʥʘʣʠʟ ʨʠʩʢʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ, 

ʧʦʩʣʝʜʩʪʚʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʩʥʠʞʝʥʠʷ ʦʧʘʩʥʦʩʪʠ.  

ʆʮʝʥʢʘ ʨʠʩʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʚʦʟʤʦʞʥʦʛʦ ʫʱʝʨʙʘ (ʫʨʦʚʥʷ ʨʠʩʢʘ) ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʠʦʨʠʪʝʪʦʚ ʨʠʩʢʦʚ. ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʨʠʩʢʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [2, 3]. 

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʨʠʦʨʠʪʝʪʦʚ ʨʠʩʢʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʜʥʘ ʠʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ñʥʝʧʨʠʝʤʣʝʤʳʡ ʨʠʩʢò, ñʢʨʠʪʠʯʝʩʢʠʡ ʨʠʩʢò, ñʫʤʝʨʝʥʥʳʡ 

ʨʠʩʢò, ñʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʠʩʢò. ɺʦʟʤʦʞʥʘ ʠ ʜʨʫʛʘʷ ʛʨʘʜʘʮʠʷ: ñʦʯʝʥʴ 

ʚʳʩʦʢʠʡ ʨʠʩʢò, ñʚʳʩʦʢʠʡ ʨʠʩʢò, ñʩʨʝʜʥʠʡ ʨʠʩʢò ʠ ñʥʠʟʢʠʡ ʨʠʩʢò. 

ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʘʞʜʦʛʦ 

ʵʪʘʧʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʵʢʩʧʝʨʪʥʳʭ ʨʝʰʝʥʠʡ. ʇʦʩʣʝ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʘʧʦʚ ʦʙʱʝʡ ʦʮʝʥʢʠ ʨʠʩʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʨʘʙʦʪʢʘ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʪ. ʝ. ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʥʢʨʝʪʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠ ʧʣʘʥʦʚ ʜʝʡʩʪʚʠʡ ʧʦ ʫʤʝʥʴʰʝʥʠʶ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʛʨʦʟ ʠ ʩʤʷʛʯʝʥʠʶ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʇʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʫʩʠʣʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʨʠʩʢʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʠʟʤʝʨʠʤʘ ʩ ʫʨʦʚʥʝʤ ʨʠʩʢʘ. ʇʨʠ ʘʥʘʣʠʟʝ ʨʠʩʢʦʚ 
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ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʦʪʥʦʰʝʥʠʝ ʠʥʜʠʚʠʜʘ ʠ ʛʨʫʧʧʳ 

ʠʥʜʠʚʠʜʦʚ ʢ ʨʠʩʢʫ [4]. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʜʝʨʝʚʦ ʨʠʩʢʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ ʚʦ ʤʥʦʛʦʤ ʘʥʘʣʦʛʠʯʥʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ 

ʜʝʨʝʚʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʅʘ ʩʘʤʦʤ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʜʝʨʝʚʘ ʨʠʩʢʦʚ 

ʥʘʭʦʜʷʪʩʷ ʧʦʩʣʝʜʩʪʚʠʷ ʨʠʩʢʦʚ, ʘ ʥʝ ʧʦʩʪʘʥʦʚʢʠ ʧʨʦʙʣʝʤ. ʋʱʝʨʙ ʦʪ ʪʘʢʠʭ 

ñʢʦʥʝʯʥʳʭ ʨʠʩʢʦʚò ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ɼʝʨʝʚʦ ʨʠʩʢʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʩʪʨʦʝʥʦ ʚ ʚʠʜʝ ʩʦʙʳʪʠʡ ʠʣʠ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ. 

ɼʝʨʝʚʦ ʨʠʩʢʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: 

1) ʫʟʣʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʠʩʢʦʚ - ʵʪʦ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ (ʩʦʙʳʪʠʷ), ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʦʜʥʦʡ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʠʩʢʦʚʳʭ ʩʠʪʫʘʮʠʡ; 

2) ʫʟʣʳ ʧʨʦʷʚʣʝʥʠʷ ʨʠʩʢʦʚ (ʢʦʥʝʯʥʳʝ ʨʠʩʢʠ) - ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

(ʩʦʙʳʪʠʷ), ʢʦʛʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʝ ʩʦʙʳʪʠʝ (ʧʦʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪ); 

3) ʚʝʪʚʠ ʜʝʨʝʚʘ ʵʪʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʫʟʣʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ 

ʧʨʦʷʚʣʝʥʠʷ ʨʠʩʢʦʚ. ɺʝʪʚʠ, ʠʩʭʦʜʷʱʠʝ ʠʟ ʫʟʣʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʳʝ ʚʠʜʳ ʨʠʩʢʦʚ, ʘ ʣʠʥʠʠ, ʠʩʭʦʜʷʱʠʝ ʠʟ ʫʟʣʦʚ 

ʧʨʦʷʚʣʝʥʠʷ ʨʠʩʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʤʦʞʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʷʚʣʝʥʠʷ 

ʨʠʩʢʘ. 

ɼʝʨʝʚʦ ʨʠʩʢʘ ʤʦʞʝʪ ʙʳʪʴ ñʚʟʚʝʰʝʥʥʳʤò, ʢʦʛʜʘ ʥʘ ʚʝʪʚʷʭ ʜʝʨʝʚʘ 

ʧʠʰʫʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ.ʇʦʩʪʨʦʝʥʠʝ ʜʝʨʝʚʘ ʨʠʩʢʦʚ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ, ʠʤʝʶʱʝʛʦ ʚʠʜ ʢʚʘʜʨʘʪʘ. ʀʟ 

ʥʝʛʦ ʚʳʭʦʜʠʪ  ʢʦʣʠʯʝʩʪʚʦ ʚʝʪʚʝʡ, ʨʘʚʥʦʝ ʯʠʩʣʫ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ. ɺ 

ʢʦʥʮʝ ʢʘʞʜʦʡ ʚʝʪʚʠ ʦʙʦʟʥʘʯʘʶʪ ʫʟʝʣ, ʦʟʥʘʯʘʶʱʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʠʩʢʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʭʦʜʷʪ ʜʚʝ ʚʝʪʚʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʦʟʤʦʞʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʠʩʢʘ ʠʣʠ ʥʝʦʩʫʱʝʩʪʚʣʝʥʠʷ. 

ɺʝʪʚʠ ʜʝʨʝʚʘ ʙʝʨʫʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ʫʟʣʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʠʩʢʘ ʠ 

ʨʘʟʨʘʩʪʘʶʪʩʷ ʜʦ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʫʪʴ ʚʜʦʣʴ ʧʦ ʚʝʪʚʷʤ 

ʜʝʨʝʚʘ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ ʢ ʢʦʥʝʯʥʳʤ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʚʳʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʠʩʢʦʚʳʭ ʩʠʪʫʘʮʠʡ ʠ ʢʦʥʝʯʥʳʭ ʨʠʩʢʦʚ. 

ɽʩʣʠ ʨʠʩʢ ʦʮʝʥʠʚʘʝʪʩʷ ʜʠʩʧʝʨʩʠʝʡ ʧʦʢʘʟʘʪʝʣʷ, ʪʦ ʩʫʤʤʘʨʥʳʡ ʨʠʩʢ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʨʝʥʴ ʢʚʘʜʨʘʪʥʳʡ ʠʟ ʩʫʤʤʳ ʜʠʩʧʝʨʩʠʡ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʝʯʥʳʤ ʫʟʣʘʤ ʜʝʨʝʚʘ ʨʠʩʢʦʚ ʩ ʫʯʝʪʦʤ 

ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʘʛʘʝʤʳʭ. ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʠʥʠʤʘʶʪʩʷ ʧʨʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ, ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʜʦʣʛʦʩʨʦʯʥʳʤ ʧʨʠʦʨʠʪʝʪʘʤ ʚʫʟʘ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʷ ʨʠʩʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ 

ʩʪʨʘʪʝʛʠʡ, ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʪʝ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳ (ʧʦ ʢʨʠʪʝʨʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ / ʩʪʦʠʤʦʩʪʴ). ɺ 

ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʨʘʤʢʘʭ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ 

ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 
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ɺʦʟʤʦʞʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʠʩʢʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ. ɽʩʣʠ ʨʠʩʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, ʪʦ 

ʦʙʳʯʥʦ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʥʝ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʢ ʩʚʝʜʝʥʠʶ. ɽʩʣʠ ʨʠʩʢ ʫʤʝʨʝʥʥʳʡ, ʪʦ 

ʦʮʝʥʠʚʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʶ ʨʠʩʢʘ. ʇʨʠ ʢʨʠʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʨʠʩʢʘ ʧʨʠʥʠʤʘʶʪʩʷ 

ʩʨʦʯʥʳʝ ʤʝʨʳ ʧʦ ʝʛʦ ʫʩʪʨʘʥʝʥʠʶ, ʘ ʝʩʣʠ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʪʦ ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ. ɺ ʩʣʫʯʘʝ ʥʝʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ 

ʧʨʠʥʠʤʘʶʪʩʷ ʤʝʨʳ ʧʦ ʝʛʦ ʫʩʪʨʘʥʝʥʠʶ, ʘ ʝʩʣʠ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʪʦ 

ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʦʜʦʣʞʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʜʘʥʥʦʤ ʚʫʟʝ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ, ʫʢʣʦʥʝʥʠʝ ʦʪ ʨʠʩʢʘ, 

ʣʦʢʘʣʠʟʘʮʠʠ, ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʨʠʩʢʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʠʩʢʘ 

ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ, ʦʙʲʝʢʪʘʤʠ, ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ) ʠ ʜʨ.  

ɿʘʢʣʶʯʝʥʠʝ 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʨʠʩʢʘ ʠ ʫʱʝʨʙ ʦʪ ʥʝʛʦ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ 

ʩʦʟʜʘʶʪʩʷ ʤʥʦʛʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʦʩʣʝʜʩʪʚʠʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʠʩʢʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʩʠʣʝ ʧʦʩʣʝʜʩʪʚʠʡ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʠʩʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ.  
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SECTION II. Information Technology  

(ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ) 
 

 

ɸʣʠʝʚʘ ʈ.ɸ. 
 ʩʪʫʜʝʥʪʢʘ 3 ʢʫʨʩʘ, ʬʘʢʫʣʴʪʝʪʘ ʤʘʛʠʩʪʝʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

 ʌɻɹʆʋ ɺʇʆ çɼʘʛʝʩʪʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè 

ʄʘʛʦʤʝʜʦʚʘ ʄ.ɸ. 
 ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʶʨʠʩʧʨʫʜʝʥʮʠʠ 

 ʌɻɹʆʋ ɺʇʆ çɼʘʛʝʩʪʘʥʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪè 

 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʊɽʍʅʆʃʆɻʀʁ ɺ ʅɸʃʆɻʆɺʓʍ ʆʈɻɸʅɸʍ ʈʌ 
 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʯʥʦ ʚʦʰʣʠ ʚ ʥʘʰʫ ʞʠʟʥʴ. 

ʇʨʠʤʝʥʝʥʠʝ ʕɺʄ ʩʪʘʣʦ ʦʙʳʯʥʳʤ ʜʝʣʦʤ, ʭʦʪʷ ʩʦʚʩʝʤ ʝʱʸ ʥʝʜʘʚʥʦ 

ʨʘʙʦʯʝʝ ʤʝʩʪʦ, ʦʙʦʨʫʜʦʚʘʥʥʦʝ ʢʦʤʧʴʶʪʝʨʦʤ, ʙʳʣʦ ʥʝʤʘʣʦʡ ʨʝʜʢʦʩʪʴʶ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦ ʤʥʦʛʦʤ ʦʙʣʝʛʯʠʣʠ ʪʨʫʜ ʯʝʣʦʚʝʢʘ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʪʢʨʳʣʠ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʨʘʙʦʪʳ 

ʠ ʦʪʜʳʭʘ. ʅʳʥʝʰʥʝʝ ʦʙʱʝʩʪʚʦ ʚʨʷʜ ʣʠ ʩʝʡʯʘʩ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʥʝ ʧʦʜ ʩʠʣʫ ʜʘʞʝ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʚ ʙʫʜʫʱʝʤ ʥʘʩ ʞʜʝʪ, ʯʪʦ-ʪʦ ʛʨʘʥʜʠʦʟʥʦʝ. ʀ ʝʩʣʠ ʪʝʤʧʳ ʨʘʟʚʠʪʠ̫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝ ʩʦʢʨʘʪ̫ʪʩ̫, ʪʦ ʪɻʦ ʧʨʦʠʟʦʡʜʝʪ ʦʯʝʥʴ 

ʩʢʦʨʦ. ʉ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʭr ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʪʝʪ ʧʨʦʟʨʘʯʥʦʩʪɹ 

ʤʠʨʘ, ʩʢʦʨʦʩʪɹ  ʠ ʦʙ̡ʝʤr  ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʝʞʜʫ ʣɻʝʤʝʥʪʘʤʠ 

ʤʠʨʦʚʦʡ ʩʠʩʪʝʤr , ʧʦ̫ʚʣ̫ʝʪʩ̫  ʝɦʝ ʦʜʠʥ ʠʥʪʝʛʨʠʨʫʁ ʠɦʡ ʤʠʨʦʚʦʡ ʬʘʢʪʦʨ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʦʣɹ  ʤʝʩʪʥrʭ ʪʨʘʜʠʮʠʡ, ʩʧʦʩʦʙʩʪʚʫʁ ʠɦʭ 

ʩʘʤʦʜʦʩʪʘʪʦʯʥʦʤʫ ʠʥʝʨʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʁ  ʦʪʜʝʣɹʥrʭ ʣɻʝʤʝʥʪʦʚ, 

ʩʣʘʙʝʝʪ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʫʩʠʣʠʚʘʝʪʩ̫  ʨʝʘʢʮʠ̫  ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʠʛʥʘʣr  ʩ 

ʧʦʣʦʞʠʪʝʣɹʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚ̫ʟɹ .ʁ ʀʥʪʝʛʨʘʮʠʁ  ʤʦʞʥʦ ʙrʣʦ ʙr ʪʦʣɹʢʦ 

ʧʨʠʚʝʪʩʪʚʦʚʘʪɹ, ʝʩʣʠ ʙr ʝʝ ʩʣʝʜʩʪʚʠʝʤ ʥʝ ʩʪʘʥʦʚʠʣʦʩɹ  ʨʘʟʤr ʚʘʥʠʝ 

ʨʝʛʠʦʥʘʣɹʥrʭ ʠ ʢʫʣɹʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʚʠʪʠ̫. 

ʀʥʬʦʨʤʘʮʠʦʥʥrʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙ̡ʝʜʠʥʠʣʠ ʚ ʩʝʙ̫  ʥʝʤʘʣrʝ ʜʦʩʪʠʞʝʥʠ̫  

ʤʘʪʝʤʘʪʠʢʠ, ʬʠʣʦʩʦʬʠʠ, ʵʣʝʢʪʨʦʥʠʢʠ, ʵʢʦʥʦʤʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ. 

ʆʙʨʘʟʦʚʘʚhʠʡʩ̫  ʚ ʨʝʟʫʣɹʪʘʪʝ ʞʠʟʥʝʩʧʦʩʦʙʥrʡ ʛʠʙʨʠʜ ʦʟʥʘʤʝʥʦʚʘʣ 

ʨʝʚʦʣʁʮʠʦʥʥrʡ ʧʨrʞʦʢ ʚ ʠʩʪʦʨʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥrʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʘ̫  

ʥʘʩʯʠʪrʚʘʝʪ ʩʦʪʥʠ ʪrʩ̫ʯ ʣʝʪ. ʅʘhʝ ʦʙɦ ʝʩʪʚʦ ʥʘʧʦʣʥʝʥʦ ʠ ʧʨʦʥʠʟʘʥʦ 

ʧʦʪʦʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ʥʫʞʜʘʁ ʝɦʡʩ̫  ʚ ʦʙʨʘʙʦʪʢʝ. ʇʦɻʪʦʤʫ ʙʝʟ ʀʊ, ʢʘʢ ʠ 

ʙʝʟ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʪʨʘʥʩʧʦʨʪʥrʭ ʠ ʭʠʤʠʯʝʩʢʠʭ) ʦʥʦ 

ʥʦʨʤʘʣɹʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪɹ  ʥʝ ʩʤʦʞʝʪ. 

ɺ ʠhʨʦʢʦʤ ʩʤr ʩʣʝ ʩʣʦʚʘ ʵʬʬʝʢʪʠʚʥʦʩʪɹ  - ʪɻʦ ʩʪʝʧʝʥɹ  ʩʦʦʪʚʝʪʩʪʚʠ̫  

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥrʭ ʜʝʡʩʪʚʠʡ ʦʧʨʝʜʝʣʝʥʥrʤ ʮʝʣ̫ʤ, ʘ ʵʬʬʝʢʪ - ʪɻʦ 
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ʩʣʝʜʩʪʚʠʝ ʚʚʝʜʝʥʠ̫  ʢʘʢʦʛʦ-ʣʠʙʦ ʤʝʨʦʧʨʠ̫ʪʠ̫, ʚʨrʘʞʝʥʥʦʝ ʚ ʩʪʦʠʤʦʩʪʥʦʡ 

ʬʦʨʤʝ ʚ ʚʠʜʝ ʵʢʦʥʦʤʠʠ ʦʪ ʝʛʦ ʦʩʫɦʝʩʪʚʣʝʥʠ̫. ʉʝʛʦʜʥ̫  ʠʥʬʦʨʤʘʮʠʦʥʥrʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚʭʦʜ̫ʪ ʚ ʩʘʤr ʝ ʨʘʟʣʠʯʥrʝ ʩʣʦʠ ʥʘʮʠʦʥʘʣɹʥʦʡ ʢɻʦʥʦʤʠʢʠ, ʠ 

ʢʘʢ ʨʝʟʫʣɹʪʘʪ ʵʪʦʛʦ, ʠʤʝʁʪ ʤʥʦʞʝʩʪʚʦ ʦʪʣʠʯʠʪʝʣɹʥrʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʕʬʬʝʢʪ ʦʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʙʝʟʫʩʣʦʚʥʦ, ʚʦʟʥʠʢʘʝʪ, ʚ ʩʬʝʨʝ 

ʫʧʨʘʚʣʝʥʠ̫  ʭʦʜʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʬʝʨʝ ʩʘʤʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʝʛʦʜʥ̫  

ʬɻʬʝʢʪ ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠ̫  ʤʦʞʝʪ ʙrʪɹ  ʚʧʦʣʥʝ ʫʩʪʘʥʦʚʣʝʥ ʠ ʧʦʣʫʯʝʥʥʘ̫  

ʦʮʝʥʢʘ ʙʫʜʝʪ ʚʧʦʣʥʝ ʚʝʨʥʘ. ɸ ʚʦʪ ʵʬʬʝʢʪ ʦʪ ʢʦʤʧɹ ʪʁʝʨʠʟʘʮʠʠ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʪʨʫʜʘ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦ̫ʚʣ̫ʝʪʩ̫  ʦʧʦʩʨʝʜʦʚʘʥʥʦ. 

ɺ ʥʘʠʙʦʣɹ ʝhʡ ʩʪʝʧʝʥʠ ʚ ʤʝʪʦʜʠʢʘʭ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʠʩʧʦʣɹʟʦʚʘʥʠ̫  ʀʊ ʧʨʠʤʝʥ̫ ʪʁʩ̫  ʵʢʩʧʝʨʪʥrʝ ʦʮʝʥʢʠ 

ʚʣʠ̫ʥʠ̫  ʠʭ ʥʘ ʨʘʟʣʠʯʥrʝ ʧʦʢʘʟʘʪʝʣʠ ʜʝ̫ʪʝʣɹʥʦʩʪʠ ʩʘʤʦʛʦ ʦʙ̡ʝʢʪʘ. ʀ ʚ 

ʦʩʥʦʚʥʦʤ ʥʘ ʜʘʥʥrʭ ʫʙʝʞʜʝʥʠ̫ʭ ʠ  ʙʘʟʠʨʦʚʘʣʘʩɹ  ʥʘʠʙʦʣɹ ʘh̫  ʯʘʩʪɹ  

ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʠʩʧʦʣɹʟʦʚʘʥʠ̫  

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥrʭ ʠʥʬʦʨʤʘʮʠʦʥʥrʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʩʥʦʚʥrʤ ʧʨʠʥʮʠʧʦʤ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʥʘʠʙʦʣɹ ʝhʡ ʤʘʩʩʝ ʤʝʪʦʜʠʢ ʚ̫ʣ̫ʝʪʩ̫  ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥrʭ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥrʭ ʩ ʠʩʧʦʣɹʟʦʚʘʥʠʝʤ ʕɺʄ; ʠʥʜʠʚʠʜʫʘʣɹʥʦʝ ʠʩʧʦʣɹʟʦʚʘʥʠʝ ʕɺʄ ʩ 

ʚʘʨʠʘʥʪʦʤ ʨʘʙʦʪr  ʝʛʦ ʚ ʩʝʪʠ ʠ ʪ.ʧ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣ̫ʝʪʩ̫  

ʦʪʥʦʩʠʪʝʣɹʥrʡ ʢɻʦʥʦʤʠʯʝʩʢʠʡ ʨʝʟʫʣɹʪʘʪ. 

ʈʘʟʣʠʯʘʁʪ ʪʘʢʞʝ ʨʝʘʣɹʥrʡ ʬɻʬʝʢʪ (ʚʨrʘʞʘʁ ʠɦʡʩ̫  ʚ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʥʠʞʝʥʠʠ ʢʘʧʠʪʘʣɹʥrʭ ʠʣʠ ʢɻʩʧʣʫʘʪʘʮʠʦʥʥrʭ ʪʨʘʪ) 

ʠ ʨʘʩʯʝʪʥrʡ (ʢʦʛʜʘ ʤʝʨʦʧʨʠ̫ʪʠʝ ʥʝ ʤʦʞʝʪ ʙrʪɹ  ʚʚʝʜʝʥʦ ʩʨʘʟʫ, ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʦʩʥʘɦʝʥʠʝ ʥʘ ʦʙ̡ʝʢʪʝ ʚ ʪʝʯʝʥʠʝ ʨ̫ʜʘ ʣʝʪ ʥʦʚʦʡ ʚrʯʠʩʣʠʪʝʣɹʥʦʡ 

ʪʝʭʥʠʢʦʡ). ʉ ʠʥʦʡ ʩʪʦʨʦʥr, ʵʬʬʝʢʪ ʦʪ ʠʩʧʦʣɹʟʦʚʘʥʠ̫  ʕɺʄ ʤʦʞʝʪ ʙrʪɹ  

ʧʨ̫ʤr ʤ, ʧʦʜʜʘʁ ʠɦʤʩ̫  ʧʨ̫ʤʦʤʫ ʩʯʝʪʫ, ʠ ʢʦʩʚʝʥʥrʤ, ʥʝ ʧʦʜʜʘʁ ʠɦʤʩ̫  

ʧʨ̫ʤʦʤʫ ʩʯʝʪʫ ʠ ʚʳ̫ʚʣ̫ʝʤʦʤʫ ʦʧʦʩʨʝʜʦʚʘʥʥʦ. 

ɺʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤr  ʫʯʝʪʘ ʠ ʧʝʨʝʤʝɦʝʥʠ̫  

ʤʘʪʝʨʠʘʣɹʥrʭ ʮʝʥʥʦʩʪʝʡ ʤʝʞʜʫ ʧʦʜʨʘʟʜʝʣʝʥʠ̫ʤʠ ʋʌʅʉ ʦʙʝʩʧʝʯʠʪ 

ʫʤʝʥɹ ʝhʥʠʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʠ ʥʘʢʣʘʜʥrʭ ʨʘʩʭʦʜʦʚ, ʦʙʝʩʧʝʯʠʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥrʡ ʙʝʟʦh ʠʙʦʯʥrʡ ʫʯʝʪ ʚʩʝʭ ʤʘʪʝʨʠʘʣɹʥrʭ ʮʝʥʥʦʩʪʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʧʝʨʝʤʝɦʝʥʠʝ, ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪɹ  

ʬʦʨʤʠʨʦʚʘʥʠ̫  ʜʦʩʪʦʚʝʨʥʦʡ ʠ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʦ ʚʩʝʭ ʧʨʦʚʦʜʠʤr ʭ ʩ 

ʤʘʪʝʨʠʘʣɹʥrʤʠ ʮʝʥʥʦʩʪ̫ʤʠ ʦʧʝʨʘʮʠ̫ʭ. 

ʇʨʦʛʨʝʩʩ ʀʊ ʚ ʥʘhʝʡ ʩʪʨʘʥʝ ʦʢʘʟrʚʘʝʪ ʧʨ̫ʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʢɻʦʥʦʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪr  ʞʠʟʥʝʜʝ̫ʪʝʣɹʥʦʩʪʠ ʦʙɦ ʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʘ ʚʩʁ  

ʩʠʩʪʝʤʫ ʥʘʣʦʛʦʚʦʛʦ ʫʯʝʪʘ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘ̫  ʠʥʬʦʨʤʘʮʠʦʥʥʘ̫  

ʪʝʭʥʦʣʦʛʠ̫  (ɸʀʊ) ʚ ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʝ - ʪɻʦ ʩʦʚʦʢʫʧʥʦʩʪɹ  ʤʝʪʦʜʦʚ, 

ʠʥʬʦʨʤʘʮʠʦʥʥrʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, 

ʦʙ̡ʝʜʠʥʝʥʥrʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʁ  ʮʝʧʦʯʢʫ, ʦʙʝʩʧʝʯʠʚʘʁ ʫɦʁ  ʩʙʦʨ, 

ʦʙʨʘʙʦʪʢʫ, ʭʨʘʥʝʥʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʮʝʣɹʶ ʩʥʠʞʝʥʠ̫  ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣɹʟʦʚʘʥʠ̫  
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ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʝʩʫʨʩʘ, ʘ ʪʘʢʞʝ ʧʦʚr ʝhʥʠ̫  ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʠ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʢʣʁʯʘʝʪ ʚʝʩɹ  ʥʘʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʜʦʢʫʤʝʥʪʦʚ, ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ, ʢʦʜʦʚ, ʤʝʪʦʜʠʢ ʠʭ ʠʩʧʦʣɹʟʦʚʘʥʠ̫  ʚ 

ʩʠʩʪʝʤʝ ʥʘʣʦʛʦʚrʭ ʦʨʛʘʥʦʚ, ʧʨʠʤʝʥ̫ʝʤr ʝ ʚ ʧʨʦʮʝʩʩʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʝhʝʥʠ̫  ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪɹ  ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣ̫  

ʠʩʧʦʣʥʝʥʠ̫  ʝʝ ʛʣʘʚʥrʭ ʬʫʥʢʮʠʡ, ʠʤʝʪɹ  ʨʘʮʠʦʥʘʣɹʥrʝ ʩʠʩʪʝʤr  

ʢʦʜʠʨʦʚʘʥʠ̫, ʧʨʠʤʝʥ̫ʪɹ  ʦʙ̡ʝʜʠʥʝʥʥrʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨr  ʠʥʬʦʨʤʘʮʠʠ, 

ʠʤʝʪɹ  ʭʦʨʦh ʦ ʩʬʦʨʤʠʨʦʚʘʥʥrʝ ʠʥʬʦʨʤʘʮʠʦʥʥrʝ ʬʘʡʣr  ʠ ʙʘʟr  ʜʘʥʥrʭ, 

ʩʦʟʜʘʚʘʪɹ  ʚrʭʦʜʥʫʁ  ʠʥʬʦʨʤʘʮʠʁ  ʚ ʚʠʜʝ, ʢʦʪʦʨrʡ ʙrʣ ʙr ʧʨʦʩʪ ʠ ʫʜʦʙʝʥ 

ʜʣ̫  ʚʦʩʧʨʠ̫ʪʠ̫ ʧʦʣɹʟʦʚʘʪʝʣ̫ʤʠ ʠ ʪ.ʜ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʜʝʣʘʥʥʳʝ ʧʝʨʚʳʝ ʰʘʛʠ ʧʦ ʚʚʝʜʝʥʠʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʣʦʛʦʚʫʶ ʩʠʩʪʝʤʫ 

ʈʌ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʘʥʠʡ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʥʝʨʝʜʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʥʘʣʦʛʦʚʦʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ, ʦʪʚʣʝʢʘʶʱʠʝ ʤʥʦʞʝʩʪʚʦ ʩʠʣ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ 

ʥʘ ʘʜʘʧʪʘʮʠʶ ʢ ʥʠʤ ʠ ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʝʜʧʨʠ̫ʪʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʨʘʙʦʪʥʠʢʦʚ ʙʫʭʛʘʣʪʝʨʠʠ). ʇʦɻʪʦʤʫ ʜʣ̫ ʠʩʧʨʘʚʣʝʥʠ̫ ʩʬʦʨʤʠʨʦʚʘʚh ʝʡʩ̫ 

ʩʠʪʫʘʮʠʠ ʥʫʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪɹ  ʠ ʫʩʚʘʠʚʘʪɹ  ʜʘʥʥʫʁ  ʪʝʤʫ, ʙʦʣɹ ʝh 

ʚʥʝʜʨ̫ʪɹ  ɸʀʊ ʚʦ ʚʩʝ ʩʬʝʨr  ʞʠʟʥʠ ʦʙɦ ʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʘʚʘʪɹ  

ʩʪʘʙʠʣɹʥʦʩʪɹ  ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʝ, ʫʩʠʣʠʚʘʪɹ  ʩʠʩʪʝʤʫ ʣɻʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʩʠʩʪʝʤʫ ʣɻʝʢʪʨʦʥʥrʭ ʧʣʘʪʝʞʝʡ ʠ ʪ.ʜ. 

ʅʘ ʩʝʛʦʜʥ̫ ʥhʠʡ ʜʝʥɹ  ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ 

ʜʝʡʩʪʚʝʥʥʦʡ, ʪʦ ʝʩʪɹ  ʵʬʬʝʢʪʠʚʥʦʡ ʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʝ ʠ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʘʣʦʛʦʚʦʡ ʩʣʫʞʙr  ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ̫ʣ̫ʝʪʩ̫  

ʢʦʥʪʨʦʣɹ  ʟʘ ʩʦʙʣʁʜʝʥʠʝʤ ʥʘʣʦʛʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣɹʩʪʚʘ, ʧʨʘʚʠʣɹʥʦʩʪɹʶ 

ʝʛʦ ʠʩʯʠʩʣʝʥʠ̫, ʧʦʣʥʦʪʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪɹʶ ʚʥʝʩʝʥʠ̫  ʚ ʥʘʜʣʝʞʘɦʠʝ 

ʙʁ ʜʞʝʪr  ʛʦʩʫʜʘʨʩʪʚʝʥʥrʭ ʥʘʣʦʛʦʚ ʠ ʜʨʫʛʠʭ ʧʣʘʪʝʞʝʡ, ʫʯʨʝʞʜʝʥʥrʭ 

ʟʘʢʦʥʦʜʘʪʝʣɹʩʪʚʦʤ. 

ʈʝhʝʥʠʝ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥrʭ ʧʝʨʝʜ ʥʘʣʦʛʦʚrʤʠ ʦʨʛʘʥʘʤʠ, ʩʚ̫ʟʘʥʦ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥrʭ ʦʙ̡ʝʤʦʚ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨrʝ ʧʨʝʜʩʪʘʚʣʝʥr  ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʙʫʤʘʞʥrʭ ʥʦʩʠʪʝʣ̫ʭ - 

ʜʦʢʫʤʝʥʪʘʭ. ɺ ʦʪʯʝʪʥrʝ ʧʝʨʠʦʜr  ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʚ ʥʘʣʦʛʦʚrʭ 

ʠʥʩʧʝʢʮʠ̫ʭ ʢʨʫʧʥrʭ ʛʦʨʦʜʦʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪɹ  ʪrʩ̫ʯʠ ʜʦʢʫʤʝʥʪʦʚ 

ʝʞʝʜʥʝʚʥʦ. ʄʥʦʛʦʚʘʨʠʘʥʪʥʘ̫, ʩʣʦʞʥʘ̫  ʦʙʨʘʙʦʪʢʘ ʵʪʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʠʩʧʦʣɹʟʦʚʘʥʠ̫  ʩʦʚʨʝʤʝʥʥrʭ ʧʝʨʝʜʦʚrʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʙʘʟʠʨʫʁ ʠɦʭʩ̫  ʥʘ ʠʩʧʦʣɹʟʦʚʘʥʠʠ ʢʦʤʧɹ ʪʁʝʨʥʦʡ ʪʝʭʥʠʢʠ. ʉ ʵʪʦʡ ʮʝʣɹʶ ʚ 

ʦʨʛʘʥʘʭ ʥʘʣʦʛʦʚʦʡ ʩʣʫʞʙr  ʠ ʩʦʟʜʘʝʪʩ̫  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘ̫  

ʠʥʬʦʨʤʘʮʠʦʥʥʘ̫  ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘ̫  ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣ̫  ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʬʫʥʢʮʠʡ ʚʩʝʭ ʫʨʦʚʥʝʡ ʥʘʣʦʛʦʚʦʡ ʩʣʫʞʙr  ʧʦ ʦʙʝʩʧʝʯʝʥʠʁ  ʩʙʦʨʘ ʥʘʣʦʛʦʚ 

ʠ ʜʨʫʛʠʭ ʦʙ̫ʟʘʪʝʣɹʥr ʭ ʧʣʘʪʝʞʝʡ ʚ ʙʜʁʞʝʪ ʠ ʚʥʝʙʁʜʞʝʪʥrʝ ʬʦʥʜr , 
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ʧʨʦʚʝʜʝʥʠʁ  ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʁ , ʦʙʝʩʧʝʯʝʥʠʁ  ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠ̫  ʠ ʩʦʦʪʚʝʪʩʪʚʫʁ ʠɦʭ 

ʫʨʦʚʥʝʡ ʥʘʣʦʛʦʚrʭ ʩʣʫʞʙ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʅʘ ʧʨʦʪ̫ʞʝʥʠʠ ʨ̫ʜʘ ʣʝʪ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʛʣʘʚʥʦʡ ʮʝʣʠ - 

ʦʙʝʩʧʝʯʝʥʠ̫  ʧʦʣʥʦʛʦ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠ̫  ʥʘʣʦʛʦʚ ʠ ʩʙʦʨʦʚ ʚ 

ʙʁʜʞʝʪ - ʛʦʩʫʜʘʨʩʪʚʦ ʚ ʤʝʥɹ ʝhʡ ʩʪʝʧʝʥʠ ʦʙʨʘɦʘʣʦ ʚʥʠʤʘʥʠʝ ʥʘ ʚʩʝ ʪʝ 

ʪʨʫʜʥʦʩʪʠ, ʩ ʢʦʪʦʨrʤʠ ʩʪʘʣʢʠʚʘʣʠʩɹ  ʧʣʘʪʝʣɹ ʠɦʢʠ. 

ʅʘ ʩʝʛʦʜʥ̫ ʥhʠʡ ʜʝʥɹ  ʩʠʪʫʘʮʠ̫  ʢʦʨʝʥʥrʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʣʘʩɹ  ʠ 

ʥʘʨ̫ʜʫ ʩ ʚʧrʦʣʥʝʥʠʝʤ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠ ʧʝʨʝʜ ʥʘʣʦʛʦʚrʤʠ ʦʨʛʘʥʘʤʠ ʩʪʦʠʪ 

ʨ̫ʜ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚrʭ ʟʘʜʘʯ, ʩʚ̫ʟʘʥʥrʭ ʩ ʫʧʨʦɦ ʝʥʠʝʤ ʧʨʦʮʝʜʫʨ 

ʥʘʣʦʛʦʚʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠ̫, ʩʦʟʜʘʥʠʝʤ ʤʘʢʩʠʤʘʣɹʥʦ ʢʦʤʬʦʨʪʥrʭ 

ʫʩʣʦʚʠʡ ʜʣ̫  ʠʩʧʦʣʥʝʥʠ̫  ʧʣʘʪʝʣɹ ʠɦʢʘʤʠ ʩʚʦʠʭ ʥʘʣʦʛʦʚrʭ ʦʙ̫ʟʘʪʝʣɹʩʪʚ, 

ʨʝʘʣʠʟʘʮʠ̫  ʢʦʪʦʨrʭ ʚʦʟʤʦʞʥʘ ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʚʠʪʠ̫  

ʠʥʬʦʨʤʘʮʠʦʥʥrʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʉʝʛʦʜʥ̫, ʥʘʣʦʛʦʚrʤʠ ʦʨʛʘʥʘʤʠ ʧʣʘʪʝʣɹ ʠɦʢʘʤ ʧʨʝʜʣʦʞʝʥr  ʜʚʝ 

ʫʩʣʫʛʠ, ʧʦʟʚʦʣ̫ʶɦ ʠʝ ʩʦʢʨʘʪʠʪɹ  ʦʧʨʝʜʝʣʝʥʥrʝ ʠʟʜʝʨʞʢʠ ʧʨʠ ʠʩʧʦʣʥʝʥʠʠ 

ʥʘʣʦʛʦʚrʭ ʦʙ̫ʟʘʪʝʣɹʩʪʚ, ʘ ʠʤʝʥʥʦ ʣɻʝʢʪʨʦʥʥʦʝ ʜʝʢʣʘʨʠʨʦʚʘʥʠʝ ʠ ʫʧʣʘʪʘ 

ʥʘʣʦʛʦʚ ʯʝʨʝʟ ʧʣʘʪʝʞʥrʝ ʪʝʨʤʠʥʘʣr  ʠ ʙʘʥʢʦʤʘʪr. 

ʏʪʦ ʞʝ ʧʨʝʜʩʪʘʚʣ̫ʝʪ ʩʦʙʦʡ ʣɻʝʢʪʨʦʥʥʦʝ ʥʘʣʦʛʦʚʦʝ ʜʝʢʣʘʨʠʨʦʚʘʥʠʝ? 

ʕʪʦ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣ̫ʶɦ ʘ̫  ʧʣʘʪʝʣɹ ʠɦʢʘʤ ʦʙʣʝʛʯʠʪɹ  ʧʨʦʮʝʩʩ ʩʦʩʪʘʚʣʝʥʠ̫  

ʥʘʣʦʛʦʚrʭ ʜʝʢʣʘʨʘʮʠʡ ʠ ʧʦʣʥʦʩʪɹʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪɹ  ʧʨʦʮʝʩʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠ̫  ʠʭ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʚ ʥʘʣʦʛʦʚrʝ ʦʨʛʘʥr, ʠʩʢʣʁʯʘ̫  

ʥʝʦʙʭʦʜʠʤʦʩʪɹ  ʧʦʩʝɦʝʥʠ̫  ʜʣ̫  ʵʪʦʛʦ ʠʥʩʧʝʢʮʠʡ. 

ʅʠ ʜʣ̫  ʢʦʛʦ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʨʠʝʤʘ ʥʘʣʦʛʦʚrʭ ʜʝʢʣʘʨʘʮʠʡ ʥʘ 

ʙʫʤʘʞʥʦʤ ʥʦʩʠʪʝʣʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣɹʥrʭ ʟʘʪʨʘʪ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʠ 

ʣʁʜʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʅʘʧʨʠʤʝʨ, ʧʣʘʪʝʣɹ ʠɦʢ - ʨʁʠʜʠʯʝʩʢʦʝ ʣʠʮʦ 

ʝʞʝʤʝʩ̫ʯʥʦ ʧʨʝʜʩʪʘʚʣ̫ʝʪ ʚ ʥʘʣʦʛʦʚʫʁ  ʠʥʩʧʝʢʮʠʁ  ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʘʣʦʛʦʚrʭ ʜʝʢʣʘʨʘʮʠʡ, ʟʘʪʨʘʯʠʚʘ̫  ʥʝʤʘʣʦ ʚʨʝʤʝʥʠ ʥʘ ʠʭ 

ʜʦʩʪʘʚʢʫ, ʧʝʨʝʜʘʯʫ, ʘ ʪʘʢʞʝ ʧʨʠʝʤ ʥʘʣʦʛʦʚʦʡ ʜʝʢʣʘʨʘʮʠʠ ʚ ʠʥʩʧʝʢʮʠʠ. ɺ 

ʩʚʦʁ  ʦʯʝʨʝʜɹ  ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʢʘʤʝʨʘʣɹʥʦʡ ʧʨʦʚʝʨʢʠ ʠ ʚʥʝʩʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʣʦʛʦʚrʭ ʜʝʢʣʘʨʘʮʠʡ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʁ  ʩʠʩʪʝʤʫ ʨʘʙʦʪʥʠʢ 

ʥʘʣʦʛʦʚʦʛʦ ʦʨʛʘʥʘ ʪʨʘʪʠʪ ʦʢʦʣʦ 25-30 ʤʠʥʫʪ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ. ɸ ʧʨʠ 

ʥʘʣʠʯʠʠ ʦhʠʙʦʢ ʠ ʥʝʪʦʯʥʦʩʪʝʡ ʫʢʘʟʘʥʥrʡ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨ̫ʝʪʩ̫. ɺ 

ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʪʫʘʮʠʠ ʦʢʘʟrʚʘʁʪʩ̫  ʠ ʜʨʫʛʠʝ ʢʘʪʝʛʦʨʠʠ ʧʣʘʪʝʣɹ ʠɦʢʦʚ. 

ʊʦʛʜʘ-ʪʦ ʠ ʩʪʘʥʦʚ̫ʪʩ̫  ʘʙʩʦʣʁʪʥʦ ʦʯʝʚʠʜʥrʤʠ ʧʨʝʠʤʫɦʝʩʪʚʘ 

ʠʩʧʦʣɹʟʦʚʘʥʠ̫  ʩʠʩʪʝʤr  ʣɻʝʢʪʨʦʥʥʦʛʦ ʜʝʢʣʘʨʠʨʦʚʘʥʠ̫, ʢʦʪʦʨrʝ ʚ ʧʝʨʚʫʁ  

ʦʯʝʨʝʜɹ  ʩʦʩʪʦ̫ʪ ʚ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʥʘʣʦʛʦʚʦʛʦ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠ̫, ʪ.ʝ. 

ʩʦʢʨʘɦʝʥʠʠ ʪʝʭ ʩʘʤr ʭ ʠʟʜʝʨʞʝʢ, ʟʘʪʨʘʯʠʚʘʝʤr ʭ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ 

ʧʨʠʝʤ ʥʘʣʦʛʦʚrʭ ʜʝʢʣʘʨʘʮʠʡ ʥʘ ʙʫʤʘʞʥrʭ ʥʦʩʠʪʝʣ̫ʭ. ʅʝʤʘʣʦʚʘʞʥrʤʠ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤr  ʚ̫ʣ̫ ʪʁʩ̫  ʚʦʟʤʦʞʥʦʩʪɹ  ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣ̫  ʧʨʘʚʠʣɹʥʦʩʪʠ ʟʘʧʦʣʥʝʥʠ̫  ʥʘʣʦʛʦʚʦʡ ʜʝʢʣʘʨʘʮʠʠ ʠ, ʢʦʥʝʯʥʦ, 

ʭʨʘʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʙʦʣɹ ʠhʭ ʦʙ̡ʝʤʦʚ ʜʝʢʣʘʨʘʮʠʡ ʟʘ ʨʘʟʣʠʯʥrʝ 

ʧʝʨʠʦʜr  ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʙrʩʪʨʘ̫  ʦʨʛʘʥʠʟʘʮʠ̫  ʫʜʦʙʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʥʠʤ. 



21 

 

ʄʠʨʦʚʘ̫  ʧʨʘʢʪʠʢʘ ʩʚʠʜʝʪʝʣɹʩʪʚʫʝʪ, ʯʪʦ ʚ ʨʝʟʫʣɹʪʘʪʝ ʧʝʨʝʭʦʜʘ ʢ 

ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠ̫  ʥʘʣʦʛʦʚrʭ ʜʝʢʣʘʨʘʮʠʡ ʩ ʠʩʧʦʣɹʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʟʥʘʯʠʪʝʣɹʥʦ ʫʤʝʥɹ ʠhʣʠʩɹ  ʟʘʪʨʘʪr  ʚʨʝʤʝʥʠ 

ʧʣʘʪʝʣɹ ʠɦʢʦʚ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʥʘʣʦʛʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʝʝ ʚ 

ʥʘʣʦʛʦʚrʝ ʦʨʛʘʥr, ʩʪʘʣʦ ʚʦʟʤʦʞʥrʤ ʦʧʝʨʘʪʠʚʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʬʦʨʤʘʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠ̫  ʦʪʯʝʪʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠ̫  ʬʦʨʤ ʙʫʭʛʘʣʪʝʨʩʢʦʡ 

ʦʪʯʝʪʥʦʩʪʠ ʠ ʥʘʣʦʛʦʚrʭ ʜʝʢʣʘʨʘʮʠʡ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʧrʦʣʥʝʥʠʠ ʦʙ̫ʟʘʪʝʣɹʩʪʚ ʧʝʨʝʜ ʙʁʜʞʝʪʦʤ. 

ʅʘ ʩʝʛʦʜʥ̫ ʥhʠʡ ʜʝʥɹ  ʧʨʦʛʨʘʤʤr , ʦʩʫɦʝʩʪʚʣ̫ʶɦ ʠʝ ʧʝʨʝʜʘʯʫ 

ʥʘʣʦʛʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʧʣʘʪʝʣɹ ʠɦʢʘ ʚ ʥʘʣʦʛʦʚʫʁ  ʠʥʩʧʝʢʮʠʁ , ʥʝ 

ʙʝʟʫʧʨʝʯʥr. ʀ ʚʦ ʚʨʝʤ̫  ʧʨʦʚʝʨʦʢ ʠʥʦʛʜʘ ʦʙʥʘʨʫʞʠʚʘʁʪʩ̫  ʥʝʩʦʚʧʘʜʝʥʠ̫  

ʧʨʠʥ̫ʪrʭ ʜʘʥʥrʭ ʩ ʦʪʧʨʘʚʣʝʥʥrʤʠ. ʋʯʠʪrʚʘ̫  ʜʘʥʥrʡ ʬʘʢʪ, ʤʥʦʛʠʝ 

ʧʨʝʜʧʨʠ̫ʪʠ̫  ʥʘʣʦʛʦʚrʝ ʜʦʢʫʤʝʥʪr  ʩʨʘʟʫ ʚ ʜʚʫʭ ʚʠʜʘʭ: ʙʫʤʘʞʥʦʤ ʠ 

ʣɻʝʢʪʨʦʥʥʦʤ. 

ʅʝ ʩʣʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪɹ, ʯʪʦ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʨʝh ʘ̫  ʩʫɦ ʝʩʪʚʫʁ ʠɦʝ 

ʧʨʦʙʣʝʤr , ʧʝʨʝʭʦʜ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ ʜʝʢʣʘʨʠʨʦʚʘʥʠʁ  ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪɹʩ̫. 

ʀ ʧʦɻʪʦʤʫ ʨʘʙʦʪʘ ʥʘʣʦʛʦʚrʭ ʦʨʛʘʥʦʚ ʦʩʥʦʚrʚʘʝʪʩ̫  ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʟʜʘʥʠ̫  ʢʦʤʬʦʨʪʥrʭ ʫʩʣʦʚʠʡ ʧʫʪʝʤ ʦʢʘʟʘʥʠ̫  ʢʘʯʝʩʪʚʝʥʥrʭ ʫʩʣʫʛ 

ʧʣʘʪʝʣɹ ʠɦʢʘʤ ʜʣ̫  ʠʩʧʦʣʥʝʥʠ̫  ʠʤʠ ʦʙ̫ʟʘʥʥʦʩʪʠ ʧʦ ʫʧʣʘʪʝ ʥʘʣʦʛʦʚ. 

ɺʨʝʤ̫, ʧʦʪʨʘʯʝʥʥʦʝ ʥʘ ʧʦʭʦʜr  ʚ ʠʥʩʧʝʢʮʠʁ , ʧʣʘʪʝʣɹ ʠɦʢ ʤʦʞʝʪ 

ʠʩʧʦʣɹʟʦʚʘʪɹ  ʥʘ ʨʘʟʚʠʪʠʝ ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ ʠ ʪʝʤ ʩʘʤr ʤ ʧʦʣʫʯʠʪɹ  

ʜʦʧʦʣʥʠʪʝʣɹʥʫʁ  ʧʨʠʙr ʣɹ. ʈʘʮʠʦʥʘʣɹʥʘ̫  ʦʨʛʘʥʠʟʘʮʠ̫  ʨʘʙʦʪr  ʥʘʣʦʛʦʚrʭ 

ʦʨʛʘʥʦʚ ʩ ʧʣʘʪʝʣɹ ʠɦʢʘʤʠ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪɹ  ʜʦʧʦʣʥʠʪʝʣɹʥrʝ 

ʧʦʩʪʫʧʣʝʥʠ̫  ʥʘʣʦʛʦʚ ʚ ʙʜʁʞʝʪ. 

ʄʦʞʥʦ ʩʢʘʟʘʪɹ, ʯʪʦ ʪʝʭʥʦʣʦʛʠ̫  ʥʝʨʘʟʨrʚʥʦ ʩʚ̫ʟʘʥʘ ʩ ʤʘhʠʥʠʟʘʮʠʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠʣʠ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʋʧʨʘʚʣʝʥʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚrʚʘʁʪʩ̫  ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʧɹ ʪʁʝʨʦʚ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ɺʘʞʥʦʡ 

ʤʝʨʦʡ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥrʭ ʠʥʬʦʨʤʘʮʠʦʥʥrʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚ ʥʘʣʦʛʦʚʫʁ  ʩʠʩʪʝʤʫ ʚ̫ʣ̫ʝʪʩ̫  ʠʟʫʯʝʥʠ̫  ʦʧrʪʘ ʟʘʨʫʙʝʞʥrʭ ʩʪʨʘʥ, ʪʘʢʠʭ 

ʢʘʢ ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʠ̫, ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʛʜʝ ʵʣʝʢʪʨʦʥʥʦʝ 

ʜʝʢʣʘʨʠʨʦʚʘʥʠ̫  ʠ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥrʭ ʠʥʬʦʨʤʘʮʠʦʥʥrʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʩʪʠʛʣʦ ʟʥʘʯʠʪʝʣɹʥʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʦʞʥʦ ʩʢʘʟʘʪɹ, ʯʪʦ ʩʝʛʦʜʥ̫  ʨʘʙʦʪʘ ʥʘʣʦʛʦʚrʭ 

ʦʨʛʘʥʦʚ ʦʩʥʦʚrʚʘʝʪʩ̫  ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠ̫  ʢʦʤʬʦʨʪʥrʭ ʫʩʣʦʚʠʡ 

ʧʫʪʝʤ ʦʢʘʟʘʥʠ̫  ʢʘʯʝʩʪʚʝʥʥrʭ ʫʩʣʫʛ ʧʣʘʪʝʣɹ ʠɦʢʘʤ ʜʣ̫  ʠʩʧʦʣʥʝʥʠ̫  ʠʤʠ 

ʦʙ̫ʟʘʥʥʦʩʪʠ ʧʦ ʫʧʣʘʪʝ ʥʘʣʦʛʦʚ. ɺʨʝʤ̫, ʧʦʪʨʘʯʝʥʥʦʝ ʥʘ ʧʦʭʦʜr  ʚ 

ʠʥʩʧʝʢʮʠʁ , ʧʣʘʪʝʣɹ ʠɦʢ ʤʦʞʝʪ ʠʩʧʦʣɹʟʦʚʘʪɹ  ʥʘ ʨʘʟʚʠʪʠʝ ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ ʠ 

ʪʝʤ ʩʘʤr ʤ ʧʦʣʫʯʠʪɹ  ʜʦʧʦʣʥʠʪʝʣɹʥʫʁ  ʧʨʠʙr ʣɹ. ʈʘʮʠʦʥʘʣɹʥʘ̫  

ʦʨʛʘʥʠʟʘʮʠ̫  ʨʘʙʦʪr  ʥʘʣʦʛʦʚrʭ ʦʨʛʘʥʦʚ ʩ ʧʣʘʪʝʣɹ ʠɦʢʘʤʠ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪɹ  ʜʦʧʦʣʥʠʪʝʣɹʥrʝ ʧʦʩʪʫʧʣʝʥʠ̫  ʥʘʣʦʛʦʚ ʚ ʙʜʁʞʝʪ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪɹ  ʪʦʪ ʬʘʢʪ, ʯʪʦ ɸʀʉ ʠʛʨʘʁʪ ʟʥʘʯʠʪʝʣɹʥʫʁ  

ʨʦʣɹ  ʚ ʨʘʙʦʪʝ ʥʘʣʦʛʦʚrʭ ʦʨʛʘʥʦʚ. ʆʥʠ ʟʥʘʯʠʪʝʣɹʥʦ ʩʥʠʞʘʁʪ ʠʟʜʝʨʞʢʠ 
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ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʢʘʢ ʚʥʫʪʨʠ ʩʘʤʦʡ ʩʪʨʫʢʪʫʨr  ʦʨʛʘʥʦʚ, ʪʘʢ ʠ ʤʝʞʜʫ 

ʥʘʣʦʛʦʚrʤʠ ʦʨʛʘʥʘʤʠ ʠ ʥʘʣʦʛʦʧʣʘʪʝʣɹ ʠɦʢʘʤʠ. ʉʦʟʜʘʥʠʝ ʝʜʠʥʦʡ, 

ʬɻʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʁ ʝɦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤr  ʥʘʣʦʛʦʚrʭ 

ʦʨʛʘʥʦʚ ʚ̫ʣ̫ʝʪʩ̫  ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʥʘʣʦʛʦʚʦʡ ʩʣʫʞʙr  ʈʌ. 

 

 

 

 

ɸʣʠʧʫʣʘʪʦʚ ʀ. ʉ. 
ʇʦʣʠʪʦʣʦʛ, ʟʘʚʝʜʫʶʱʠʡ  ʢʘʬʝʜʨʦʡ ʵʣʝʢʪʨʦʥʥʳʭ ʉʄʀ ɼɻʋ,  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɺʃɸʉʊʔ ʇʆɼ ʂʆʅʊʈʆʃɽʄ ʉʄʀ    

 

ʉʦʚʨʝʤʝʥʥʘʷ ʈʦʩʩʠʷ, ʢʘʢ  ʠ ʚʩʝ ʤʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ, ʧʝʨʝʞʠʚʘʝʪ 

ʧʝʨʠʦʜ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ. 

ʇʦʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʈʦʩʩʠʠ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʨʝʜʩʪʚ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦʧʳʪʢʠ ʫʩʪʘʥʦʚʠʪʴ 

ʜʝʤʦʢʨʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʦʙʫʩʣʦʚʠʣʠ ʙʦʣʴʰʠʝ ʧʝʨʝʤʝʥʳ 

ʠ ʤʦʜʥʳʡ ʩʢʘʯʦʢ ʚ ʨʘʟʚʠʪʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʧʝʯʘʪʥʳʭ ʉʄʀ.  

ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʉʄʀ ɼʘʛʝʩʪʘʥ ʟʘʥʠʤʘʝʪ ʦʜʥʦ 

ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʩʨʝʜʠ ʩʫʙʲʝʢʪʦʚ ʖʛʘ ʈʦʩʩʠʠ. ʅʘ ʩʝʛʦʜʥʷ ʚ ʨʝʩʧʫʙʣʠʢʝ 

ʨʝʛʫʣʷʨʥʦ ʚʳʭʦʜʷʪ ʦʢʦʣʦ 500 ʛʘʟʝʪ ʠ ʞʫʨʥʘʣʦʚ ʠ ʚʝʱʘʶʪ ʙʦʣʝʝ ʩʪʘ 

ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʨʘʜʠʦʢʘʥʘʣʦʚ. ɺ ʯʠʩʣʝ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʠʟʜʘʥʠʡ, 

ʫʯʨʝʜʠʪʝʣʷʤʠ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʦʨʛʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʥʘʰʝʡ 

ʨʝʩʧʫʙʣʠʢʠ ï 17 ʛʘʟʝʪ, 6 ʞʫʨʥʘʣʦʚ, ʈʀɸ çɼʘʛʝʩʪʘʥè, ʈɻɺʂ çɼʘʛʝʩʪʘʥè. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʩʧʫʙʣʠʢʠ 

ʟʘʥʠʤʘʶʪ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʝ ʛʘʟʝʪʳ, ʫʯʨʝʜʠʪʝʣʷʤʠ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʳ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʠ ʤʝʩʪʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʝ 

ʦʨʛʘʥʳ. ʊʘʢʠʭ ʠʟʜʘʥʠʡ ʚ ɼʘʛʝʩʪʘʥʝ 49 ï 13 ʛʦʨʦʜʩʢʠʭ ʠ 36 ʨʘʡʦʥʥʳʭ 

ʛʘʟʝʪ. 

ʇʦʤʠʤʦ ʛʘʟʝʪ ʠ ʞʫʨʥʘʣʦʚ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʯʘʩʪʠʝʤ ʚ ʥʘʰʝʡ 

ʨʝʩʧʫʙʣʠʢʝ ʠʟʜʘʝʪʩʷ ʝʱʝ ʙʦʣʝʝ 130 ʥʘʠʤʝʥʦʚʘʥʠʡ ʯʘʩʪʥʳʭ ʉʄʀ. ɺʩʝ ʵʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ ʫʯʘʩʪʠʝ ʉʄʀ ʚ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ ʞʠʟʥʠ 

ɼʘʛʝʩʪʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʦʝ. ɸ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʉʄʀ ʷʚʣʷʶʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʧʦʣʠʪʠʯʝʩʢʦʡ ʠ 

ʢʫʣʴʪʫʨʥʦʡ ʞʠʟʥʠ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ. 

ʉʝʛʦʜʥʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʉʄʀ  ʥʝʩʫʪ ʦʛʨʦʤʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ʧʝʨʝʜ ʦʙʱʝʩʪʚʝʥʥʳʤ ʤʥʝʥʠʝʤ, ʦʪʜʘʚʘʷ ʩʝʙʝ ʦʪʯʝʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʠʛʨʘʶʪ 

ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʦʨʠʝʥʪʘʮʠʠ ʠʣʠ ʜʝʟʦʨʠʝʥʪʘʮʠʠ, 

ʧʦʥʠʤʘʥʠʷ ʨʦʣʠ ʠʜʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ 

ʵʪʦʤ ʥʝʧʨʦʩʪʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʥʘʰʝʛʦ ʦʙʱʝʩʪʚʘ.  
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ʇʘʜʝʥʠʝ ʩʪʘʨʦʛʦ ʨʝʞʠʤʘ ʚʥʝʩʣʦ ʢʦʨʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʣʠʪʠʯʝʩʢʫʶ ʠ ʦʙʱʝʩʪʚʝʥʥʫʶ ʞʠʟʥʴ. ʉʝʛʦʜʥʷ ʦʯʝʥʴ ʩʝʨʴʝʟʥʳʤ ʠ 

ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʦʩʪʦʷʥʠʷ ʜʝʣ ʚ ʉʄʀ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʚʣʘʩʪʠ ʠ ʦʙʱʝʩʪʚʘ. 

ɺ ʣʶʙʦʤ ʮʠʚʠʣʠʟʦʚʘʥʥʦʤ ʦʙʱʝʩʪʚʝ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʝʪ 

ʮʝʧʦʯʢʘ: ʚʣʘʩʪʴ ï ʦʙʝɦʩʪʚʦ ï ʉʄʀ. ʀʭ ʦʪʥʦʰʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʨʦʷʪʩʷ 

ʥʘ ʧʘʨʠʪʝʪʥʦʡ ʦʩʥʦʚʝ. ʕʣʝʢʪʨʦʥʥʳʝ ʠ ʧʝʯʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʜʦʚʦʜʷʪ ʜʦ ʚʣʘʩʪʠ ʥʘʩʫʱʥʳʝ ʧʨʦʙʣʝʤʳ ʦʙʱʝʩʪʚʘ, ʢʦʪʦʨʘʷ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʷʟʘʥʘ ʠʭ ʨʝʰʘʪʴ. 

ʂʦʥʪʨʦʣʴ çʩʥʠʟʫè ʠ ʦʛʨʘʥʠʯʝʥʠʷ çʩʚʝʨʭʫè ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʨʦʠʪʴ ʦʪʥʦʰʝʥʠʷ ʥʘ ʧʘʨʠʪʝʪʥʦʡ ʦʩʥʦʚʝ. ʅʦ ʝʩʣʠ ʪʘʢʦʝ ʨʘʚʥʦʚʝʩʠʝ 

ʥʘʨʫʰʘʝʪʩʷ, ʪʦ ʚʣʘʩʪʴ ʪʝʨʷʝʪ ʩʚʷʟʴ ʩ ʦʙʱʝʩʪʚʦʤ, ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʡ. ʊʢʘʥʴ ʚʣʘʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʦʩʥʦʚʘʥʘ ʪʦʣʴʢʦ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʘʨʦʜʦʤ.  

ʉʝʛʦʜʥʷ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʪʝʣʝʚʠʜʝʥʠʷ ʧʨʝʜʣʘʛʘʶʪ ʫʜʝʣʠʪʴ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʚʝʣʠʯʝʥʠʶ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʱʝʩʪʚʝʥʥʦ-

ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʚʝʱʘʥʠʷ. ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʫʜʝʣʷʝʪʩʷ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʪʘʢʦʤʫ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʞʘʥʨʫ, ʢʘʢ ʪʝʣʝʚʠʟʠʦʥʥʳʡ ʢʦʤʤʝʥʪʘʨʠʡ. ɽʩʣʠ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʘʥʘʣʠʪʠʢʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʵʬʠʨʝ, ʪʦ ʵʪʦʛʦ 

ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦʙ ʘʥʘʣʠʪʠʢʝ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʚʝʱʘʥʠʷ. 

ɺ ʥʦʚʝʡʰʝʡ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʄʀ ʚ ʈʦʩʩʠʠ ʙʳʣʠ ʨʘʟʥʳʝ 

ʧʝʨʠʦʜʳ. ʀ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʛʦʩʫʜʘʨʩʪʚʦ ʥʝ ʠʤʝʣʦ ʥʠʢʘʢʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʩʨʝʜʩʪʚ 

ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʨʦʤʝ ʭʦʨʦʰʝʛʦ ʣʠʙʝʨʘʣʴʥʦʛʦ ɿʘʢʦʥʘ çʆ ʉʄʀè 

ʙʝʟ ʥʘʣʠʯʠʷ ʚ ʥʝʤ ʢʘʢʦʡ-ʣʠʙʦ ʩʦʙʩʪʚʝʥʥʦʡ ʧʦʟʠʮʠʠ ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʟʚʠʪʠʷ 

ʉʄʀ. 

ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʪʦʚ ʠ ʘʥʘʣʠʪʠʢʦʚ ʛʣʘʚʥʘʷ 

ʟʘʜʘʯʘ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʩʬʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʉʄʀ ʚ ʮʝʣʦʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ï ʩʧʦʩʦʙʩʪʚʦʚʘʥʠʝ ʩʦʟʜʘʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʨʝʜʩʪʚ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʘʩʩ-ʤʝʜʠʘ, ʠʤʝʥʥʦ ʢʘʢ ʙʠʟʥʝʩʘ. 

ʉʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʷʟʘʥʳ, ʢʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, 

ʜʝʨʞʘʪʴ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʚʣʘʩʪʴ  ʚ ʜʝʤʦʢʨʘʪʠʯʝʩʢʦʤ ʦʙʱʝʩʪʚʝ. ʅʘʜʦ 

ʦʧʘʩʘʪʴʩʷ ʤʘʥʠʠ ʚʩʝʤʦʛʫʱʝʩʪʚʘ, ʦʩʦʙʦ ʦʩʪʨʦ ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʈʦʩʩʠʠ, ʛʜʝ 

ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʚʣʘʩʪʠ ʟʘʚʠʩʷʪ ʦʪ ʧʝʨʚʦʡ, ʘ ʯʝʪʚʝʨʪʘʷ, ʥʘ ʢʘʢʦʤ-ʪʦ ʵʪʘʧʝ, 

ʦʢʘʟʘʣʘʩʴ ʚ ʨʫʢʘʭ ʥʝʩʢʦʣʴʢʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʣʠ ʯʘʩʪʥʳʭ ʤʘʛʥʘʪʦʚ.  

ɺ ʩʚʦʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ  ʉʄʀ ʥʝʩʫʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʠʩʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʀ ʦʥʠ ʥʝ ʜʦʣʞʥʳ ʦʱʫʱʘʪʴ ʥʠʢʘʢʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʢʨʦʤʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʣʘʩʪʷʤ. ʅʘ 

ʤʦʡ ʚʟʛʣʷʜ, ʢʦʥʪʨʦʣʴʥʳʝ ʬʫʥʢʮʠʠ ʉʄʀ ʩʦʩʪʦʷʪ ʚ ʵʪʦʤ ʠ ʪʦʣʴʢʦ ʚ ʵʪʦʤ. 

ɽʩʣʠ ʞʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥʩʪʠʪʫʪʳ ʥʝ ʚʳʧʦʣʥʷʶʪ ʩʚʦʠ ʦʙʷʟʘʥʥʦʩʪʠ ʠʣʠ 
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ʜʘʞʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʠʤ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʘʢʪʠʢʫ ʞʫʨʥʘʣʠʩʪʦʚ, ʥʠʯʝʛʦ ʥʝ 

ʤʝʥʷʝʪʩʷ, ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʙʦʣʝʟʥʴ ʟʘʰʣʘ ʦʯʝʥʴ ʛʣʫʙʦʢʦ ʠ ʪʨʝʙʫʝʪ ʙʦʣʝʝ 

ʨʘʜʠʢʘʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʯʝʤ ʧʨʦʩʪʦ ʫʣʫʯʰʝʥʠʝ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʠ.  

ʆʩʥʦʚʥʘʷ ʦʙʱʝʩʪʚʝʥʥʘʷ ʦʙʷʟʘʥʥʦʩʪʴ ʞʫʨʥʘʣʠʩʪʘ ï ʚʝʟʜʝ ʠ ʚʩʝʛʜʘ 

ʧʦʚʦʨʘʯʠʚʘʪʴ ʚʣʘʩʪʥʳʝ ʬʠʟʠʦʥʦʤʠʠ ʢ ʧʨʦʙʣʝʤʘʤ ʧʦʜʯʠʥʝʥʥʦʛʦ ʠʤ 

ʥʘʨʦʜʘ, ʪʳʢʘʪʴ ʚʦ ʚʩʝ ʠʭ ʫʨʦʜʩʪʚʘ, ʟʘʩʪʘʚʣʷʷ ʧʨʠʥʠʤʘʪʴ ʠʭ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʦʙʣʠʢé ʧʦʢʘ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʨʘʟ ʪʨʝʙʫʝʪʩʷ, ʧʦʪʦʤ ï ʝʩʪʴ ʥʘʜʝʞʜʘ ï 

ʚʦʡʜʝʪ ʚ ʧʨʠʚʳʯʢʫ. 

ʇʦʟʠʮʠʷ ʛʦʩʫʜʘʨʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʢʘʢ ʨʳʥʦʯʥʳʡ 

ʠʛʨʦʢ ʜʦʣʞʥʦ ʫʭʦʜʠʪʴ ʩ ʨʳʥʢʘ ʉʄʀ, ʦʩʪʘʚʣʷʷ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʛʦʩʫʜʘʨʩʪʚʦ ʛʦʪʦʚʦ ʧʝʨʝʣʦʞʠʪʴ ʥʘ 

ʩʦʟʜʘʚʘʝʤʳʝ ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ ʪʝ 

ʦʪʨʘʩʣʝʚʳʝ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʥʦ ʩʝʛʦʜʥʷ ʠʤʝʝʪ. ʉʝʛʦʜʥʷ ʫ ʥʘʩ ʝʩʪʴ 

ʯʝʪʢʦʝ ʧʦʥʠʤʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ 

ʘʜʘʧʪʠʨʦʚʘʥʦ ʢ ʫʩʣʦʚʠʷʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʄʀ.  

ɺʘʞʥʝʡʰʠʤ ʜʝʤʦʢʨʘʪʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʦʪʯʝʪʥʦʩʪʴ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʩʪʠʪʫʪʦʚ ʦʙʱʝʩʪʚʫ, ʧʨʦʟʨʘʯʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʚʣʘʩʪʠ. ʅʝ 

ʩʝʢʨʝʪ, ʯʪʦ ʚ ʥʘʨʦʜʝ ʠʥʦʛʜʘ ʙʳʪʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʚ ʚʳʩʰʠʭ ʵʰʝʣʦʥʘʭ 

ʚʣʘʩʪʠ ʩʚʦʠ ʟʘʙʦʪʳ, ʘ ʫ ʨʷʜʦʚʳʭ ʛʨʘʞʜʘʥ - ʩʚʦʠ. ʅʘ ʤʦʡ ʚʟʛʣʷʜ, ʩʪʝʧʝʥʴ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʧʨʠʥʮʠʧʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴʶ 

ʥʘʩʝʣʝʥʠʷ ʦ ʜʝʡʩʪʚʠʷʭ ʚʣʘʩʪʠ. 

ʅʝʠʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʥʘʰʝʛʦ ʥʘʩʝʣʝʥʠʷ ʦ ʜʝʡʩʪʚʠʷʭ ʚʣʘʩʪʠ, ʚ 

ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ, ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʩʦʟʥʘʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ. ʅʘʧʨʘʰʠʚʘʝʪʩʷ ʚʦʧʨʦʩ - ʚ ʯʝʤ ʧʨʠʯʠʥʘ? ʄʦʞʝʪ ʚ ʥʝʞʝʣʘʥʠʠ 

ʩʘʤʠʭ ʥʘʰʠʭ ʩʦʛʨʘʞʜʘʥ ʙʳʪʴ ʚ ʢʫʨʩʝ ʚʩʝʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʣʘʩʪʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ? ɺ ʨʝʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʘʤʙʠʮʠʡ? ɺʟʘʠʤʥʦʝ ʦʪʯʫʞʜʝʥʠʝ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʪʜʝʣʴʥʳʡ ʯʝʣʦʚʝʢ ʟʘʮʠʢʣʠʚʘʝʪʩʷ ʥʘ ʧʨʦʙʣʝʤʘʭ 

ʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʀʥʜʠʚʠʜʫʫʤ ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠʶ ʥʝʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, 

ʦʪʢʘʟʘ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʣʘʩʪʴʶ. ʆʪʜʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʰʠʭ ʛʨʘʞʜʘʥ 

ʚʦʩʧʨʠʥʠʤʘʝʪ ʚʣʘʩʪʴ ʢʘʢ ʩʠʣʫ, ʥʝ ʩʧʦʩʦʙʥʫʶ ʨʝʰʠʪʴ ʨʝʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ. 

ʆʢʘʟʳʚʘʝʪʩʷ ʢʦʣʦʩʩʘʣʴʥʫʶ ʧʨʦʧʘʩʪʴ ʤʝʞʜʫ ʥʘʨʦʜʦʤ ʠ ʚʣʘʩʪʴʶ ʤʦʞʥʦ 

ʩʦʢʨʘʪʠʪʴ, ʘ ʤʦʞʥʦ ʠ ʧʨʦʣʦʞʠʪʴ ʢʘʧʠʪʘʣʴʥʳʡ ʤʦʩʪ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʯʝʤ ʞʠʚʝʪ ʥʘʰ ʥʘʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ 

ʥʘ ʚʩʝ ʚʣʘʩʪʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ, ʘ ʪʘʢ ʞʝ ʧʦʵʪʘʧʥʦʩʪʴ ʚʣʘʩʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʥʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚʥʦʩʠʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʘʢʮʝʥʪ ʚ ʜʝʡʩʪʚʠʷ 

ʨʘʟʣʠʯʥʳʭ ʚʝʪʚʝʡ ʚʣʘʩʪʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʫʧʨʝʜʠʪʴ ʦʰʠʙʢʠ, 

ʥʝʨʝʜʢʦ ʩʣʫʯʘʶʱʠʝʩʷ ʚ ʧʨʘʢʪʠʢʝ ʢʘʢ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʪʘʢ ʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʚʣʘʩʪʠ. 

ɺʘʞʥʝʡʰʘʷ ʧʨʦʙʣʝʤʘ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ï ʵʪʦ ʧʨʘʚʦʚʦʡ ʠ 

ʩʦʮʠʘʣʴʥʳʡ ʩʪʘʪʫʩ ʩʘʤʦʛʦ ʞʫʨʥʘʣʠʩʪʘ. ʇʨʝʩʩʘ ʥʝ ʣʶʙʠʪ, ʢʦʛʜʘ ʚ ʥʝʡ 

ʚʠʜʷʪ ʧʨʠʯʠʥʳ ʦʙʱʝʩʪʚʝʥʥʳʭ ʙʦʣʝʟʥʝʡ. ʂʦʥʝʯʥʦ, ʧʝʨʚʦʧʨʠʯʠʥʳ ʥʘʜʦ 
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ʠʩʢʘʪʴ ʚ ʜʨʫʛʦʤ ʤʝʩʪʝ, ʥʦ ʠ ʧʦʩʝʷʥʥʳʝ ʥʘʤʠ, ʞʫʨʥʘʣʠʩʪʘʤʠ ʩʦʪʥʷʤʠ 

ʤʠʣʣʠʦʥʦʚ ʩʣʦʚʘ ʜʘʶʪ ʚʩʭʦʜʳ. ɺʦʧʨʦʩ ï ʯʝʛʦ, ʙʣʘʛʦʨʦʜʥʦʡ ʢʫʣʴʪʫʨʳ ʠʣʠ 

ʩʦʨʥʷʢʦʚ? ɾʫʨʥʘʣʠʩʪʩʢʘʷ ʧʨʦʬʝʩʩʠʷ, ʢʘʢ ʠ ʣʶʙʘʷ ʜʨʫʛʘʷ, ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ ʠ ʢʦʜʝʢʩʘ ʯʝʩʪʠ. ɺ ʩʣʦʞʥʳʭ 

ʩʠʪʫʘʮʠʷʭ, ʠʤʝʥʥʦ, ʵʪʠ ʥʝʛʣʘʩʥʳʝ ʧʨʘʚʠʣʘ ʧʦʤʦʛʘʶʪ ʞʫʨʥʘʣʠʩʪʫ.  

ɼʝʷʪʝʣʴʥʦʩʪʴ ʞʫʨʥʘʣʠʩʪʦʚ, ʢʘʢʠʝ ʙʳ ʦʥʠ ʥʝ ʙʳʣʠ ï ʧʨʘʚʳʝ, ʣʝʚʳʝ, 

ʫʤʝʨʝʥʥʳʭ ʠʣʠ ʨʘʜʠʢʘʣʴʥʳʭ ʚʟʛʣʷʜʦʚ, - ʚʩʝʛʜʘ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴ ʨʘʟʥʫʶ 

ʨʝʘʢʮʠʶ. 

ʄʥʦʛʠʤ ʣʶʜʷʤ ʥʝ ʥʨʘʚʠʪʴʩʷ ʪʦ, ʯʪʦ ʦ ʥʠʭ ʛʦʚʦʨʷʪ ʠ ʧʠʰʫʪ. ʂʘʢ-ʪʦ 

ʦʜʠʥ ʠʟ ʢʨʫʧʥʳʭ ʯʠʥʦʚʥʠʢʦʚ ʥʝʜʦʚʦʣʴʥʳʡ ʢʨʠʪʠʢʦʡ ʚ ʩʚʦʡ ʘʜʨʝʩ 

ʚʦʟʤʫʱʘʣʩʷ: ʥʦ ʟʘʯʝʤ ʞʝ ʟʨʷ ʙʫʜʦʨʘʞʠʪʴ ʥʘʨʦʜ? ʊʘʢʘʷ ʚʦʪ ʣʦʛʠʢʘ. 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʘʚʜʘ ʙʫʜʦʨʘʞʠʪ, ʘ ʣʦʞʴ ʫʩʧʦʢʘʠʚʘʝʪ.  

çʀ ʤʥʝ, ʥʘʚʝʨʥʦʝ, ʪʦʞʝ ʥʝ ʥʨʘʚʠʪʴʩʷ, ʯʪʦ ʛʦʚʦʨʷʪ ʠ ʧʠʰʫʪ ʦʙʦ ʤʥʝ 

ʠʣʠ ʦ ʥʘʰʝʡ ʩʪʨʘʥʝ.  ʅʦ ʚ ʵʪʦʤ-ʪʦ ʠ ʧʨʠʟʚʘʥʠʝ ʞʫʨʥʘʣʠʩʪʘ, ʯʪʦʙʳ ʯʝʨʝʟ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚʟʛʣʷʜʳ, ʠʩʧʦʣʴʟʫʷ ʩʦʙʩʪʚʝʥʥʫʶ ʘʨʛʫʤʝʥʪʘʮʠʶ, 

ʩʦʙʩʪʚʝʥʥʳʡ ʘʚʪʦʨʠʪʝʪ, ʨʘʩʩʢʘʟʳʚʘʪʴ ʦ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʦʙʳʪʠʷʭ. ɼʘ, 

ʧʨʠʜʘʚʘʷ ʠʤ ʩʫʙʲʝʢʪʠʚʥʫʶ ʦʢʨʘʩʢʫ, ʧʦʪʦʤʫ ʯʪʦ ʚʩʝ ʤʳ ʣʶʜʠ.  

ʀ ʚʦʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʘʚʦ ʞʫʨʥʘʣʠʩʪʘ ʙʳʣʦ ʛʘʨʘʥʪʠʨʦʚʘʥʦ, 

ʢʦʥʝʯʥʦ, ʛʦʩʫʜʘʨʩʪʚʦ ʜʦʣʞʥʦ ʩʘʤʳʤ ʚʥʠʤʘʪʝʣʴʥʳʤ ʦʙʨʘʟʦʤ ʩʣʝʜʠʪʴ ʟʘ 

ʪʨʫʜʦʤ ʞʫʨʥʘʣʠʩʪʦʚ ʠ ʧʨʠʥʠʤʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʰʝʥʠʷ ʚ ʩʣʫʯʘʝ 

ʧʦʩʷʛʘʪʝʣʴʩʪʚʘ ʥʘ ʠʭ ʟʜʦʨʦʚʴʝ ʠʣʠ ʥʘ ʞʠʟʥʴ. ʀʤʝʥʥʦ ʚ ʩʠʣʫ 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʞʫʨʥʘʣʠʩʪʦʚ. 

ʊʝʣʝʚʠʜʝʥʠʝ ʜʘʚʥʦ ʧʝʨʝʩʪʘʣʦ ʙʳʪʴ ʧʨʦʩʪʦ ʦʜʥʠʤ ʠʟ ʩʨʝʜʩʪʚ 

ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘʰʝʛʦ ʙʳʪʠʷ, 

ʟʝʨʢʘʣʦʤ ʩʦʮʠʘʣʴʥʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. 

ɻʣʘʚʥʳʡ ʩʝʛʦʜʥʷʰʥʠʡ ʢʨʠʪʝʨʠʡ ʜʣʷ ʊɺ - ʵʪʦ ʨʝʡʪʠʥʛ. ʇʦʵʪʦʤʫ 

ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ ʞʫʨʥʘʣʠʩʪʳ, ʨʝʞʠʩʩʝʨʳ ʠ 

ʜʨʫʛʠʝ ʪʚʦʨʯʝʩʢʠʝ ʨʘʙʦʪʥʠʢʠ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʥʝʥʠʝʤ 

ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʘʫʜʠʪʦʨʠʠ. ɺʦʪ ʧʦʯʝʤʫ ʦʯʝʥʴ ʚʘʞʥʦ ʠʤʝʪʴ ʯʝʪʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʝʛʦ ʞʜʝʪ ʟʨʠʪʝʣʴ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʯʪʦ 

ʭʦʯʝʪ ʚʠʜʝʪʴ ʥʘ ʵʢʨʘʥʝ.  

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʠʭ ʉʄʀ ʚʠʜʠʪʩʷ 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʞʫʨʥʘʣʠʩʪʠʢʘ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ 

ʜʠʘʣʦʛʠʯʥʦʩʪʴ ʦʪʥʦʰʝʥʠʡ ʩ ʘʫʜʠʪʦʨʠʝʡ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʝʣʝʚʠʜʝʥʠʷ, ʨʘʜʠʦ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʨʩʠʡ ʛʘʟʝʪ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ 

ʪʘʢʦʤʫ ʫʨʦʚʥʶ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʘʚʝʨʰʝʥʠʝ 

ʮʠʚʠʣʠʟʦʚʘʥʥʦʛʦ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ ʉʄʀ, ʢʦʪʦʨʳʡ ʩʪʘʥʦʚʠʪʩʷ ʵʣʝʤʝʥʪʦʤ 

ʧʨʷʤʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʩ ʦʙʦʙʱʝʥʥʦʡ, ʛʨʫʧʧʦʚʦʡ 

ʘʫʜʠʪʦʨʠʝʡ, ʪʘʢ ʠ ʩ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʘʜʨʝʩʘʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʨʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʠʤʝʝʪ ʩʤʳʩʣ, ʣʠʰʴ ʘʥʘʣʠʟʠʨʫʷ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʬʦʨʤʳ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ 
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ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʉʄʀ, ʀʥʪʝʨʥʝʪ, ʨʝʢʣʘʤʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, PR-

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ. 

ʈʝʛʠʦʥʘʣʴʥʦʝ ʪʝʣʝʚʠʜʝʥʠʝ ï ʵʪʦ ʦʩʦʙʘʷ ʥʠʰʘ, ʢʦʪʦʨʫʶ ʥʠʯʝʤ 

ʜʨʫʛʠʤ ʥʝ ʟʘʧʦʣʥʠʰʴ. ʀ, ʢʦʥʝʯʥʦ, ʣʶʜʠ ʩʤʦʪʨʷʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʝʩʪʥʳʝ 

ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʝ ʧʨʦʛʨʘʤʤʳ: ʘʥʘʣʠʪʠʯʝʩʢʠʝ, ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʝ, 

ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʠ ʥʦʚʦʩʪʥʳʝ ʨʝʧʦʨʪʘʞʠ ʥʘ ʟʣʦʙʫ ʜʥʷ. 

ʋ ʥʘʩ ʚ ɼʘʛʝʩʪʘʥʝ ʉʄʀ ʚ ʮʝʣʦʤ ʠ ʪʝʣʝʚʠʜʝʥʠʝ ʚ ʯʘʩʪʥʦʩʪʠ ʜʝʣʘʶʪ 

ʥʝʤʘʣʦ ʜʣʷ ʢʦʥʩʦʣʠʜʘʮʠʠ ʦʙʱʝʩʪʚʘ,  ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʩʝʛʦʜʥʷ ʧʨʦʙʣʝʤʘ 

ʧʨʘʚʦʚʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʧʨʘʚʦʚʦʛʦ ʦʙʫʩʪʨʦʡʩʪʚʘ ï ʥʦʤʝʨ ʦʜʠʥ ʚ 

ʨʝʩʧʫʙʣʠʢʝ. ɺ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ, ʤʫʥʠʮʠʧʘʣʴʥʳʭ, ʯʘʩʪʥʳʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ 

ʢʦʤʧʘʥʠʷʭ ʝʩʪʴ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʚʦʠʭ ʧʦʩʪʦʷʥʥʳʭ ʟʨʠʪʝʣʝʡ.   

ɻʣʘʚʥʦʝ ʞʝ ʩʚʦʡʩʪʚʦ ʉʄʀ, ʥʘ ʤʦʡ ʚʟʛʣʷʜ, ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʧʨʦʛʨʝʩʩʝ ʠ ʩʪʨʝʤʣʝʥʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʵʪʦʤ 

ʧʣʘʥʝ ʠʛʨʘʶʪ ʪʚʦʨʯʝʩʢʠʝ ʢʦʣʣʝʢʪʠʚʳ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʚ 

ʜʚʠʞʝʥʠʝ ʚʝʩʴ ʵʪʦʪ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ, ʥʦʩʷʱʠʡ ʥʘʟʚʘʥʠʝ ʧʨʠʨʦʜʳ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
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INFORMATIONAL SUPPOR T FOR MAKING DIAGNOS TIC 

DECISIONS WITH THE USE OF  THERAPEUTIC FEEDBACK  BASED 

ON THE ANALYSIS OF B IOMEDICAL SIGNALS  

 

Currently in the practice of medicine and screening diagnostics are 

applied intellectual systems of support of acceptance diagnostic solutions 

(SSADS) making recommendations about the need for clinical examinations 

and-or implementation of therapeutic treatment, for example, presented in 

[2,3]. In [1] in order to improve the quality and objectivity of diagnosis is 

proposed a simultaneous use of direct and inverse decision rules that form the 

basis of knowledge base SSADS. 

In the treatment of various diseases the doctor constantly have to take the 

decision to conduct a certain therapeutic effect. From the point of view of 

control theory, the process according to [4] is a chain of duplicate tuples 
* *

, { , ( , , ), ( )}t t t t t t tTE S D S S Risk S St t tt+ += Ý     (here: tS  the state of an object (analyze 

of the patient's body) in the time t, *( , , )t t tD S Stt+  - the therapeutic effects in the 
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transferring state tS  required state *

tS t+
 for the time t, *( )t tRisk S St+Ý  - value of 

risk of the object to transition from state tS  to state *

tS t+
 ). After application 

*( , , )t t tD S Stt+  , the state of the object is identified as **

tS t+
  . With proper 

therapeutic effects states *

tS t+
 and **

tS t+
  of the condition and lie in the allowable 

differences, determined by the doctor depending on the nature of the disease, its 

flow and or other characteristics of the object.  Note, that in the general case, 

therapeutic effect *( , , )t t tD S Stt+   can be a "process of waiting" (therapeutic 

omission), for the purpose of tracking the natural object to transition from one 

state to another according to autonomous management. 

In order to partially automate the therapeutic process and-or its 

optimization by pre-simulation "process chain" of therapeutic effects consisting 

of not less than one tuple 
,tTEt is proposed information-analytical management 

system (correction) the condition of the body during treatment with the 

therapeutic use of feedback (author's term) is presented in figure 1. 
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Figure 1. Information-analytical management system (correction) the condition  

of the body during treatment with the use of therapeutic feedback. 
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The implementation method of therapeutic feedback with the use of  

SSADS  according to the proposed control system state of an object is as 

follows. Management target: by successive application of tuples 
,tTEt is 

necessary to bring the initial detected SSADS  the state of the object to the 

desired end state. Initial and subsequent recognized status are defined as 

follows. recorded some biomedical signals (ECG, EEG, PPG, etc.), which are 

converted into digital form (followed, if necessary, filtering and smoothing). 

Then, the computation of numerical values of indicators and information, 

as the registration process and further calculation has some errors, interval 

estimates are determined by the received values. During the training phase are 

identified SSADS  diagnostic classification decision rules allow with a specific 

and acceptable for the diagnostic process to determine the confidence different 

States of the object (in units of "Decoder of a condition of object" and "Current 

state of object tS "). 

Then realized the tuple * *

, { , ( , , ), ( )}t t t t t t tTE S D S S Risk S St t tt+ += Ý    and, after 

comparing actual newly established through time t the state *

tS t+   and desired 

end state, medical professional, formed a certain therapeutic effect (in the 

module "Formation of therapeutic intervention") applied to the object (the 

patient). It does this by identifying and analysing differences in and interval 

estimates of indicators, corresponding to particular states of the object, in 

modules "in The decoder the values of the state" (knowledge base module is 

formed SSADS previously during the training phase of the system). 

Thus is realized the mechanism of negative feedback therapeutic touch, 

(in accordance with the theory of automatic control) can implement: a 

sustainable approach to final state is beyond the control of the process of the 

distance from the final state, the stagnation of a certain state (between start and 

end). 

As information indicators characterizing the condition of the body at the 

current time it is proposed to use the characteristics of different biomedical 

signals, identified as proposed in [5] mathematical methods and algorithms 

established in clinical medicine. 

 In particular, in the analysis of signals ECG, EEG, PPG, respiratory 

waves, and reogramme or other biomedical signals, integrally characterizing 

the state of the patient's body is proposed to identify informative the following 

frequency values: 

- direct: frequency, power, real and imaginary parts of the expansions of the 

biomedical signal presented in digital form, in rows, identified by using Fourier 

transform and harmonic GMDH algorithms; 

- latent: first the lows and highs in the low frequencies (harmonics), the global 

maxima on the entire spectrum of nearby local maxima minima (paired 

frequencies), the functional dependence between the real and the imaginary 
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parts of the spectra in the frequency ranges defined for the signal Fourier 

transform by the formula (1). 

max max max min[ , ] [ ,2 ]miinf f è f f fÖ +  ,                       (1) 

here: max,miinf f  - accordingly, the frequency of the first minimum at low 

frequencies and spectrum in general. 

Thus, the proposed informational support of the therapeutic process, 

based on the application of intellectual capabilities SSADS  continuous 

assessment of the current condition of the patient and the therapeutic principle 

of feedback, to objectify and partially automate the therapeutic process, 

including the use of simulation to predict the possible consequences of the 

decision. 

In real clinical conditions, helping the patient use of the considered 

model of information support is recommended as a regulatory and / or 

prognostic system. Since, in this case, during the training phase SSADS master 

knowledge implements science-based and practically important classification 

of States, therapeutic interventions and their relationship (in the form of 

decision rules), the proposed analytical model is applicable in the process of 

raising the qualification level of medical personnel and the search for optimal 

therapeutic technologies (the trajectory of treatment). 
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ʂʘʟʘʥʙʠʝʚʘ ɽ.ʈ. 
ʩʪʫʜʝʥʪʢʘ 3 ʢʫʨʩʘ, ʬʘʢʫʣʴʪʝʪʘ ʤʘʛʠʩʪʝʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ,  

ʌɻɹʆʋ ɺʇʆ çɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʄʫʩʣʠʤʦʚʘ ʌ.ʅ. 
 ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ  

ʚ ʶʨʠʩʧʨʫʜʝʥʮʠʠ, ʢ.ʵ.ʥ., ʜʦʮʝʥʪ,  

 ʌɻɹʆʋ ɺʇʆ çɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 çʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʂʆʄʇʃɽʂʉʅʆʁ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ çɹɽɿʆʇɸʉʅʓʁ ɻʆʈʆɼè 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʚʣʝʯʝʥʳ 

ʚʦ ʚʩʝ ʩʬʝʨʳ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ.  

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʢʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʄɺɼ ʈʦʩʩʠʠ ʥʝ 

ʠʩʢʣʶʯʝʥʠʝ, ʦʭʨʘʥʘ ʧʨʘʚʦʧʦʨʷʜʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʦʨʛʘʥʦʚ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʙʣʘʯʥʫʶ ʪʝʭʥʦʣʦʛʠʶ VSaaS - 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʢʘʢ ʩʝʨʚʠʩ ʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʦʨʛʘʥʦʚ ʧʨʘʚʦʧʦʨʷʜʢʘ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ çɹʝʟʦʧʘʩʥʳʡ ʛʦʨʦʜè ʧʨʠʤʝʥʷʝʪʩʷ 

ʦʨʛʘʥʘʤʠ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʜʣʷ ʚʠʜʝʦ ʬʠʢʩʘʮʠʠ ʧʨʘʚʦʥʘʨʫʰʝʥʠʡ 

çɹʝʟʦʧʘʩʥʳʡ ʛʦʨʦʜè - ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʩʠʩʪʝʤʘ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʘʚʦʧʦʨʷʜʢʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʚʦ ʚʩʝʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ. ʉʠʩʪʝʤʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʩʝʪʴ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠ ʩʠʩʪʝʤʫ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʠ ʨʘʩʧʦʟʥʘʥʠʝ ʥʦʤʝʨʦʚ ʘʚʪʦʤʦʙʠʣʝʡ 

ʠ ʨʘʩʧʦʟʥʘʥʠʝ ʣʠʮ ʚ ʘʵʨʦʧʦʨʪʘʭ, ʘʚʪʦ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʦʢʟʘʣʘʭ, 

ʢʦʥʪʨʦʣʴ ʜʦʨʦʛ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ (ʜʝʪʩʢʠʝ ʩʘʜʳ, ʰʢʦʣʳ, 

ʫʥʠʚʝʨʩʠʪʝʪʳ ʠ ʪ.ʜ.), ʘ ʪʘʢʞʝ ʚ ʧʦʜʚʘʣʘʭ ʠ ʯʝʨʜʘʢʘʭ. 

ʉʠʩʪʝʤʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʨʠʥʮʠʧʘʭ: 

1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʘ ʥʘ ʣʶʙʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

2. ʉʠʩʪʝʤʘ ʫʩʪʦʡʯʠʚʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʪʢʘʟʥʦʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʜʦʩʪʫʧʝ ʢ ʠʥʬʦʨʤʘʮʠʠ 

ʨʘʟʣʠʯʥʳʤʠ ʩʣʫʞʙʘʤʠ. 

3. ʆʧʝʨʘʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʩ ʣʶʙʦʡ ʪʦʯʢʠ 

ʜʦʩʪʫʧʘ ʩʝʪʠ. 

4. ɺʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 

5. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘ ʢʣʠʝʥʪ/ʩʝʨʚʠʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 
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ʉʭʝʤʘ ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ ˉ1. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʛʦʨʦʜʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʂɸʉ çɹʝʟʦʧʘʩʥʳʡ ʛʦʨʦʜè 

 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʠʩʪʝʤʝ çɹʝʟʦʧʘʩʥʳʡ ʛʦʨʦʜè ʤʳ ʧʨʝʜʣʘʛʘʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʣʘʯʥʫʶ ʪʝʭʥʦʣʦʛʠʶ VSaaS ʩ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʚʠʜʝʦ 

ʩ ʚʠʜʝʦʨʝʛʠʩʪʨʘʪʦʨʦʚ ʫʯʘʩʪʥʠʢʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʦʙʳʯʥʳʭ 

ʛʨʘʞʜʘʥ, ʟʘʬʠʢʩʠʨʦʚʘʚʰʠʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷ ʥʘ ʤʦʙʠʣʴʥʳʝ ʠ ʜʨʫʛʠʝ 

ʮʠʬʨʦʚʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʝʘʛʠʨʦʚʘʥʠʷ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʘ 

ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʥʘ ʦʙʲʝʢʪʘʭ 

ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʪʨʫʢʪʫʨʫ. 

ʊʝʭʥʦʣʦʛʠʷ Vsaas ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʝʨʚʠʩʦʚ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʤ 

ʦʙʣʘʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ɺ ʦʙʱʝʡ ʤʦʜʝʣʠ Vsaas ʜʘʥʥʳʝ ʩ ʢʘʤʝʨ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʧʝʨʝʜʘʶʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚ ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʠʥʘʯʝ 

ʵʪʦ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʭʨʘʥʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚ 

ʦʙʣʘʯʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʘ ʠʤʝʥʥʦ ʦʙʣʘʯʥʦʛʦ ʩʝʨʚʠʩʘ Saas. 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ Vsaas, ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʣʦʢʘʣʴʥʳʤʠ 

ʩʝʪʷʤʠ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʫʚʣʝʯʝʥʠʷ ʦʙʲʝʤʦʚ ʭʨʘʥʠʤʳʭ ʚʠʜʝʦʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʦʯʝʢ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, 

ʙʝʟ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ. 

ʈʘʟʣʠʯʘʝʪʩʷ ʜʚʘ ʚʠʜʘ ʚʠʜʝʦ ʚ ʩʝʨʚʠʩʝ Vsaas: ʭʦʩʪʠʥʛʦʚʦʝ, 

ʫʧʨʘʚʣʷʝʤʦʝ. 

ʉʝʨʚʝʨ ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ 
ʉʝʨʚʝʨ ʰʣʶʟ 

ʉʝʨʚʝʨ ɻʀʉ 

ɸʈʄ 

ʩʠʪʫʘʮʠʦʥʥ

ʦʛʦ ʮʝʥʪʨʘ 

ʄʆɹ 

ʂʦʥʪʨʦʣʴ ʠ 

ʥʘʚʝʜʝʥʠʝ 

ʵʢʠʧʘʞʘ 

ʜʘʥʥʳʝ 

ɸʈʄ ʩʠʪʫʘʮʠʦʥʥʦʛʦ 

ʮʝʥʪʨʘ 

ʘʜʤʠʥʠʩʪʨʘʮʠʠ 

ɸʈʄ ʩʠʪʫʘʮʠʦʥʥʦʛʦ 

ʮʝʥʪʨʘ ʄʏʉ 

ʈʘʡʦʥʥʳʝ ʩʝʛʤʝʥʪʳ ʂɸʉ çɹʝʟʦʧʘʩʥʳʡ ʛʦʨʦʜè 

ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʧʦʪʦʢʠ 

ʜʘʥʥʳʭ 

ɻʋɺɼ ʛʦʨʦʜʘ 

 

ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʛʦʨʦʜʘ ʎʝʥʪʨ 

ʫʧʨʘʚʣʝʥʠʷ  

ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ 

ʄʏʉ 

ʜʘʥʥʳʝ ʜʘʥʥʳʝ ʜʘʥʥʳʝ 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʦʩʪʠʥʛʦʚʦʛʦ ʚʠʜʝʦ, ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʱʝʡ ʠʣʠ ʀʥʪʝʨʥʝʪ ʩʝʪʠ ʚ ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʧʨʦʚʘʡʜʝʨʘ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʠʜʝʦ, ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʥʘ 

ʨʝʩʫʨʩʘʭ ʢʣʠʝʥʪʘ ʧʨʠ ʫʜʘʣʝʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʚʘʡʜʝʨʦʤ. ʕʪʠ ʜʚʘ ʚʠʜʘ 

ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʤʙʠʥʠʨʦʚʘʥʳ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ Vsaas ʩʝʨʚʠʩʘ ʷʚʣʷʝʪʩʷ ʩʝʨʚʠʩ 

VMaas, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʝʨʚʠʩʦʤ ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʚʠʜʝʦʤʦʥʠʪʦʨʠʥʛ 

ʠʣʠ ʘʥʘʣʠʟ ʚʠʜʝʦʢʦʥʪʝʥʪʘ ʦʧʝʨʘʪʦʨʦʤ.  

ʉʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʦʙʣʘʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ ˉ2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ ˉ2 çʉʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʦʙʣʘʯʥʦʛʦ ʨʝʩʫʨʩʘ ʜʣʷ ʩʠʩʪʝʤʳ çɹʝʟʦʧʘʩʥʳʡ 

ʛʦʨʦʜè 

 

ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʝ, ʪʝʭʥʦʣʦʛʠʷ Vsaas ʙʫʜʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʩʠʩʪʝʤʝ çɹʝʟʦʧʘʩʥʳʡ ʛʦʨʦʜè ʪʦʣʴʢʦ ʢʘʢ ʨʝʩʫʨʩ, ʢ 

ʢʦʪʦʨʦʤʫ ʙʫʜʫʪ ʠʤʝʪʴ ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝʣʠ ʪʦʣʴʢʦ ʜʣʷ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʩ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʩʘʤ ʨʝʩʫʨʩ ʙʫʜʝʪ ʠʤʝʪʴ ʪʦʣʴʢʦ ʚʳʭʦʜʥʳʝ ʧʦʪʦʢʠ 

ʜʘʥʥʳʭ ʢ ʩʝʨʚʝʨʘʤ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʦʨʛʘʥʘʤʠ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ.  

ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʷ ʚ ʩʠʩʪʝʤʝ çɹʝʟʦʧʘʩʥʳʡ ʛʦʨʦʜè ʧʨʝʜʦʩʪʘʚʠʪ 

ʪʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʢ: 

ʚʠʜʝʦ ɺʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ 
ʧʦʪʦʢʠ ʜʘʥʥʳʭ 

ʆʙʣʘʯʥʳʡ ʨʝʩʫʨʩ 
ʊʝʭʥʦʣʦʛʠʷ Saas/ VSaas 

ʈʘʡʦʥʥʳʝ 

ʩʝʛʤʝʥʪʳ ʂɸʉ 

çɹʝʟʦʧʘʩʥʳʡ 

ʛʦʨʦʜè 
ʧʦʣʴʟʦʚ

ʘʪʝʣʴ 

ʧʦʣʴʟʦʚ

ʘʪʝʣʴ 

 

ʧʦʣʴʟʦʚʘ

ʪʝʣʴ 

 

ʉʝʨʚʝʨ ʦʙʨʘʙʦʪʢʠ ʩʦʦʙʱʝʥʠʡ ʉʝʨʚʝʨ ʰʣʶʟ ʉʝʨʚʝʨ ɻʀʉ 

ɻʋɺɼ ʛʦʨʦʜʘ 

 
ɸʈʄ 

ʩʠʪʫʘʮʠʦʥʥ

ʦʛʦ ʮʝʥʪʨʘ 
ʄʆɹ 

ʂʦʥʪʨʦʣʴ ʠ 

ʥʘʚʝʜʝʥʠʝ 

ʵʢʠʧʘʞʘ 

ɸʜʤʠʥʠʩʪʨʘʮʠʷ ʛʦʨʦʜʘ 

ɸʈʄ ʩʠʪʫʘʮʠʦʥʥʦʛʦ 

ʮʝʥʪʨʘ ʘʜʤʠʥʠʩʪʨʘʮʠʠ 

ʎʝʥʪʨ 

ʫʧʨʘʚʣʝʥʠʷ  

ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ 

ʄʏʉ 

ɸʈʄ ʩʠʪʫʘʮʠʦʥʥʦʛʦ 

ʮʝʥʪʨʘ ʄʏʉ 

ʜʘʥʥʳʝ ʜʘʥʥʳʝ ʜʘʥʥʳʝ ʜʘʥʥʳʝ 
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1. ʉʚʦʙʦʜʥʦʝ ʚʳʜʝʣʝʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ ʩʘʤʦʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ 

ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ (ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʝʨʚʝʨʥʦʝ ʚʨʝʤʷ, ʨʘʟʤʝʨ ʭʨʘʥʷʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʢʣʶʯʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʘʙʦʪʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ); 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʶʙʦʛʦ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʥʦʫʪʙʫʢ, 

ʧʣʘʥʰʝʪ, ʪʝʣʝʬʦʥ, ʠ ʪ ʜ.) ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʜʦʩʪʫʧ ʢ ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʝʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ; 

3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʮʝʥʪʨʳ ʧʨʦʚʦʜʷʪ ʩʣʠʷʥʠʝ ʚʩʝʭ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʠ ʫʩʣʦʚʠʠ ʩʪʘʙʠʣʴʥʦʛʦ ʩʧʨʦʩʘ 

ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʤʦʱʥʦʩʪʴ ʨʝʩʫʨʩʦʚ; 

4. ʇʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʣʘʩʪʠʯʥʳ ʠʣʠ ʛʠʙʢʠ ʧʦ ʩʚʦʝʤʫ ʩʚʦʡʩʪʚʫ, ʦʥʠ 

ʤʦʛʫʪ ʨʘʩʰʠʨʝʥʳ, ʩʫʞʝʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʶʙʦʝ ʥʝʦʙʭʦʜʠʤʦʝ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʨʝʤʷ, ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʮʝʥʪʨʘʤʠ; 

5. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠʣʠ ʫʯʝʪ ʩʧʨʦʩʘ ʟʘ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ, ʯʪʦ ʩʣʫʞʠʪ ʙʘʟʦʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʙʲʝʤʘ 

ʧʦʪʨʝʙʣʷʝʤʳʭ ʫʩʣʫʛ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʚʩʝʭ ʚʠʜʦʚ 

ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ, ʚ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ ʚʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʠʤʝʪʴ ʦʙʣʘʯʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʢʘʢ ʚʘʞʥʫʶ ʯʘʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʀ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ 

ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʙʦʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʭ 

ʦʨʛʘʥʦʚ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʛʨʘʞʜʘʥ. 
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ANALYSIS OF THE DEVE LOPMENT  OF END USER PORTABLE 

TELECOMMUNICATIONS D EVICES FOR THE FIRST  15 YEARS  
OF XXI CENTURY  

 

The development of telecommunications technology for the first 15 years 

of the 21st century made some big steps in the representation of the electronic 

future, which was predicted by the popular futurist writers and filmmakers. 

Tablets, smart phones and other hybrid devices in a short time become an 

indispensable attribute of modern life. It should be noted that the portable 

devices designed primarily for processing, storing and transmitting 

information, has also changed the class (traffic class) of the transmitted data. In 

the designated period, the majority of users of mobile cellular radio access 

networks, used primarily for data transfer and not for voice communications, 

which were characterized for the last decades of the 20th century (the main 

traffic class) [1]. Firmly and quickly entered into the everyday life a variety of 

home electronic devices (smart TVs, Internet radio, e-books and so forth) 

equipped with a wide nomenclature of connectors and interfaces with support 

for wireless connectivity and Internet access. Obviously, that this rapid 

development process and mass distribution of the telecommunication 

technology to end users is inextricably linked to developments in the two areas 

of applied science - microelectronics and software. 

Due to mass standardization of microelement base, intensification and 

optimization of the development of microelectronics hardware is a main driver 

for constant renewal of generations of user telecommunication devices. 

However, according to the observations of experts, and analysis of the products 

of different manufacturers there is no significant or critical differences between 

the produced devices generations [2]. This conclusion can be independently 

investigated within research of some number of similar devices (such as 

smartphones), issued in a few years. For example, the major manufacturers of 

end user telecommunication equipment, primarily concentrated in Asia, in 

some cases using in their modern devices some highly interchangeable 

electronic chips.  

At the same time, completed end user devices may have identical 

motherboards, radio chipsets, peripheral components, etc. Obviously, that this 

mailto:inebaev@spbgut.ru
file://vboxsvr/ingg/common/university/my_articles/otkritieinfo/2015/efimo-ele@yandex.ru
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manufacturers trick can significantly save on their own production of electronic 

components and chipsets, which eventually leads to some reduction in the value 

of the product and in practice will lead to device class standardization. 

However, this method of manufacturing, sometimes born unconfidently 

question: does this new device has some essential benefits for the end user and 

is there any generation change, as such? We can say that the term "change of 

generations" as applied to the development of end user telecommunication 

devices only means upgrading and placement some new on-board device. 

It is important to underline another feature change the user 

telecommunications equipment. The change of generations of these devices 

tends to be a significant backlog depreciation and physical aging of portable 

devices as compared to the process of their obsolescence. This leads to dire 

consequences in the case where the portable device produced a year or two ago, 

is not able to handle new types of data or does not support a number of 

application protocols. 

As mentioned earlier, through the use of ultra-high level of integration is 

constantly expanding set of integrated additional elements (front and rear 

digital cameras, sensors, the availability of radios, etc.), which leads, one side, 

to the enlargement of the external dimensions of the device, and, with the other 

side, increases the screen diagonal, which masks the increased device 

dimensions. This effect is observed in the entire range of portable 

telecommunication devices, from smartphones and tablets to monoblocks and a 

PC. However, despite the obvious advantages of multifunction devices, in 

practice is detected categorically negative effects, manifested in the significant 

increase in energy consumption and hence reduced the battery life of mobile 

devices.  

In this case, we lose the main advantage of such devices - portability. 

According to experts, research on improving the efficiency of energy 

consumption and battery power consumption will be devoted to the next decade 

[3]. This means that during this time, users will be prosecuted by "battery cell 

crisis", since the functionality of portable devices not be provided with 

appropriate energy resources, and provided solutions in the field of energy 

storage don't appear to be effective and affordable [3]. 

However, expanding the range of embedded devices and their integration 

is just one aspect of the process of development of the telecommunications 

microelectronics. The second important element of the development of the 

portable telecommunication means is to increase the computing power, most 

clearly observed from the beginning of 2000. The continued trend of 

penetration of the idea of parallel computing, telecommunications electronics is 

reflected in the growth of the number of cores to be placed in a single 

processor. As is known, this allows overcoming computational power, limited, 

firstly, with the size of process technology used to manufacture the processor, 

and secondly, solve problems of high heating of the components. 
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For the first fifteen years of the XXI century it was produced and 

reinvented a large number of different microprocessors architectures (MIPS, 

ARM, Bonnell, etc.), designed primarily for portable telecom SoC platforms 

and MID. As the prevalence of such devices, almost every processor 

architecture has taken its application field. Over the past few years have seen 

significant growth in devices equipped with multi-core processors, from four to 

eight cores per processor. This allows you to fully meet the requirements of 

telecom software applications to hardware resources. Affordable broad mass of 

materials and publications [4], we can say that in the short term multi-core 

telecommunication device completely replace the traditional single and dual-

core chips. 

It should be noted that the main advantage of this modernization is gets 

exactly software of the portable telecommunication devices. Architecture of 

modern software for SoC (System on Chips) and MID (Mobile Internet 

Devices) basically is to use a virtual micro machines that can perform various 

application processes in a transparent mode. In such circumstances, application 

does not have a clear idea about the architectural features, nuances, and other 

things about of the highly abstracted hardware, work with which is responsible 

to virtual micro machines. In connection with the multilevel architecture of the 

firmware, it requires the individual computing cores, which can obviously 

accelerate application processes. This will allow implement many promising 

approaches to the execution of the software, including user-space applications - 

from the construction of user interfaces based on pure voice control to ensure 

high-quality three-dimensional visualization and augmented reality projection. 

Based on an analysis of the development of portable telecommunication 

devices for the first fifteen years of the XXI century, we can make a prediction 

of what the next few years, together with a further deepening of the role of 

telecommunications in human life, will be a gradual change in the means of 

hardware and software telecommunication devices with enhanced functionality 

and computing power. This, on the one hand, lead to strong competition 

between the traditional means of communication devices (telephone, television, 

radio, etc.) and mobile devices. On the other, will lead to changing the 

principles of storing and distributing data, in which portable telecommunication 

devices will be the highest priority. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɺʝʨʝʱʘʛʠʥʘ ɽ.ɸ. 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʰʢʦʣʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉʊʆʁʏʀɺʆʉʊʀ ʂ ʉʆʂɸʅɸʃʔʅʆʁ 

ʀʅʊɽʈʌɽʈɽʅʎʀʀ ɺ ɹɽʉʇʈʆɺʆɼʅʓʍ ʉɽʅʉʆʈʅʓʍ ʉɽʊʗʍ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʩʪʨʝʤʠʪʩʷ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʝʥʩʦʨʦʚ ʚ 

ʣʶʙʳʝ ʵʣʝʤʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʢʘ ʩ ʦʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʪʝʭʥʠʢʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʫʞʝ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʦʙʨʘʟʦʚʳʚʘʷ ʝʜʠʥʫʶ ʙʝʩʧʨʦʚʦʜʥʫʶ 

ʩʝʥʩʦʨʥʫʶ ʩʝʪʴ. ɹʝʩʧʨʦʚʦʜʥʘʷ ʩʝʥʩʦʨʥʘʷ ʩʝʪʴ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ 

ʜʘʪʯʠʢʦʚ (ʩʝʥʩʦʨʦʚ), ʦʙʲʝʜʠʥʸʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʘʜʠʦʢʘʥʘʣʘ, ʜʝʡʩʪʚʫʶʱʝʤ, ʯʘʱʝ ʚʩʝʛʦ, ʚ ʩʪʘʥʜʘʨʪʝ IEEE 802.11b.  

ʊʦʧʦʣʦʛʠʠ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʠʤʝʶʪ ʜʚʘ ʧʫʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

Infrastructure ʠ Peer-to-Peer. ɺ ʨʝʞʠʤʝ Infrastructure ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʩʝʥʩʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʦʯʢʫ ʜʦʩʪʫʧʘ, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʢʘʢ 

ʢʦʥʮʝʥʪʨʘʪʦʨ ʜʘʥʥʦʡ ʩʝʪʠ, ʯʪʦ ʩʭʦʞʝ ʩ ʪʦʧʦʣʦʛʠʝʡ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʢʘʙʝʣʴʥʳʭ ʩʝʪʝʡ. ɺ ʨʝʞʠʤʝ Peer-to-Peer ʩʝʥʩʦʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʩʦʟʜʘʚʘʷ ʩʚʦʝʦʙʨʘʟʥʫʶ ʩʝʪʴ.  

ʊʨʝʙʦʚʘʥʠʷ, ʚʳʜʚʠʛʘʝʤʳʝ ʢ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ, ʧʦʨʦʜʠʣʠ ʦʩʥʦʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʩʝʪʠ: ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʄʥʦʞʝʩʪʚʘ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ ʚ ʥʝ ʣʠʮʝʥʟʠʨʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ  2,4 - 2,48 ɻɻʮ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʙʣʝʤʫ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʦʢʘʥʘʣʴʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʦʙʣʘʜʘʥʠʶ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ 

ʤʝʭʘʥʠʟʤʘʤʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ.  
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ɺ ʦʜʥʦʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ 

ZigBee, ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʫ 

IEEE 802.15.4, ʯʪʦ ʦʟʥʘʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʜʠʘʧʘʟʦʥʦʚ : 

868...868,6 ʄɻʎ, 902...928 ʄɻʎ ʠ 2405...2483,5 ʄɻʎ.  ʉʪʘʥʜʘʨʪ IEEE 

802.15.4 ʜʣʷ ʜʠʘʧʦʟʦʥʘ 2.4...2.4835 ɻɻʮ ʨʘʟʜʝʣʝʥ 16 ʢʘʥʘʣʘʤʠ ʰʠʨʠʥʦʡ 2 

ʄɻʮ ʩ ʰʘʛʦʤ ʚ 5 ʄɻʮ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ 

ʩʦ ʩʜʚʠʛʦʤ (O-QPSK) ʚʤʝʩʪʝ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 16 ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʢʚʘʟʠʦʨʪʦʛʦʥʘʣʴʥʳʤʠ 32-

ʨʘʟʨʷʜʥʳʤʠ ʢʦʜʘʤʠ. ʇʨʠ ʢʦʵʬʠʮʠʝʥʪʝ ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʨʘʚʥʦʤ 9ʜɹ, 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ZigBee ʩʦʩʪʘʚʣʷʝʪ  250 ʢʙʠʪ/ʩ. ʉʭʝʤʳ 

ʩʝʪʝʚʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʭʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ ʠ 

ʢʨʘʪʯʘʡʰʠʝ ʟʘʜʝʨʞʢʠ, ʫʢʣʘʜʳʚʘʶʱʠʝʩʷ ʚ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ, ʘ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʘʨʰʨʫʪʦʚ ʢ ʢʘʞʜʦʤʫ ʫʟʣʫ ʚ ʩʝʪʷʭ 

ZigBee ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʙʦʷ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʂʣʶʯʝʚʳʝ 

ʬʫʥʢʮʠʠ PHY ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʦʥʪʨʦʣʴ ʟʘ ʵʥʝʨʛʠʝʡ ʠ ʢʘʯʝʩʪʚʦʤ ʟʚʝʥʴʝʚ, 

ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ ʢʘʥʘʣʦʚ ʜʣʷ ʙʦʣʝʝ ʫʩʧʝʰʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʝʪʷʤʠ 

ʜʨʫʛʠʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. MAC ʦʧʨʝʜʝʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦʣʫʯʝʥʠʷ ʧʘʢʝʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 128ï

ʙʠʪʥʳʝ ʬʫʥʢʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ AES. 

ɺ ʧʣʘʪʬʦʨʤʝ MeshLogic ʧʦʩʪʨʦʝʥʠʝ ʫʟʣʘ ʦʩʥʦʚʘʥʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠ 

Cypress WirlessUSB, ʢʦʪʦʨʘʷ ʪʘʢ ʞʝ ʨʘʙʦʪʘʝʪ ʚ ʜʠʘʧʘʟʦʥʝ 2,4...2.4835ɻɻʮ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʠʘʧʘʟʦʥ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 78 ʢʘʥʘʣʦʚ ʰʠʨʠʥʦʡ ʚ 1 ʄɻʮ. ɺ 

WirelessUSB ʧʨʠʤʝʥʷʶʪʩʷ ʛʘʫʩʩʦʚʘ ʯʘʩʪʦʪʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ ʠ ʨʘʩʰʠʨʝʥʠʝ 

ʩʧʝʢʪʨʘ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ɻʦʣʜʘ ʜʣʠʥʦʡ 32 ʠʣʠ 64 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʤʚʦʣʘ. ɺʦʟʤʦʞʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʩ 

ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ, ʪ.ʢ. ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ 

ʨʘʩʰʠʨʷʶʱʠʝ ʢʦʜʳ. ɺʦʟʤʦʞʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 15625 

ʙʠʪ/ʩ, 31250 ʙʠʪ/ʩ, 62500 ʙʠʪ/ʩ, ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʰʠʨʝʥʠʷ 

ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 18, 15 ʠ 12 ʜɹ. 

ʉʨʘʚʥʠʚʘʷ ʵʪʠ ʜʚʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʚ ZigBee 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʳʰʝ, ʥʦ ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ MeshLogic 

ʦʙʣʘʜʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʧʦʤʝʭʘʤ, ʠ, ʠʩʭʦʜʷ 

ʠʟ ʪʠʧʦʚʳʭ ʥʘʟʥʘʯʝʥʠʡ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʪʝʨʷ ʜʘʥʥʳʭ 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ, ʘ ʪʘʢ ʞʝ ʥʘ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʫʟʣʦʚ. 

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʘʧʨʠʤʝʨ ʢʨʫʧʥʦʝ 

ʟʜʘʥʠʝ, ʟʘʥʷʪʦ ʥʝʩʢʦʣʴʢʠʤʠ Wi-Fi ʩʝʪʷʤʠ (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʳʝ 

ʧʦʢʨʳʚʘʶʪ ʧʦʣʥʦʩʪʴʶ ʜʠʘʧʘʟʦʥ 2400 é 2483,5ʄɻʮ , 16 ʢʘʥʘʣʦʚ 

ʩʪʘʥʜʘʨʪʘ IEEE 802.15.4 ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ Wi-Fi 

ʩʝʪʝʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ZigBee ʥʝʜʦʧʫʩʪʠʤʦ. 
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ʈʠʩʫʥʦʢ 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʠʘʧʘʟʦʥʦʚ Wi-Fi ʩʝʪʝʡ 

 

ʅʘ ʵʪʦʪ ʩʣʫʯʘʡ ʚ ʪʝʭʥʦʣʦʛʠʠ MeshLogic ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ: 

ʚʳʙʠʨʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʜʠʘʧʘʟʦʥ, ʩʚʦʙʦʜʥʳʡ ʦʪ ʧʦʤʝʭ. ʊʘʢʘʷ ʩʝʪʴ 

ʨʘʙʦʪʘʝʪ, ʭʦʪʷ ʨʘʟʥʳʝ ʫʯʘʩʪʢʠ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʢʘʥʘʣʳ. ʇʨʠ 

ʫʩʪʘʥʦʚʢʝ, ʚʩʷ ʩʝʪʴ MeshLogic ʠʩʧʦʣʴʟʫʝʪ ʦʜʠʥ ʚʳʙʨʘʥʥʳʡ ʢʘʥʘʣ. ɽʩʣʠ 

ʧʦʷʚʣʷʝʪʩʷ ʧʦʤʝʭʘ ʥʘ ʜʘʥʥʦʤ ʢʘʥʘʣʝ ʚ ʥʝʢʦʪʦʨʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, 

ʢʦʪʦʨʘʷ ʧʦʢʨʳʚʘʝʪ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʴ ʫʟʣʦʚ, ʫʟʣʳ ʧʨʝʡʜʫʪ ʥʘ ʜʨʫʛʦʡ 

ʯʘʩʪʦʪʥʳʡ ʦʪʨʝʟʦʢ ʜʠʘʧʘʟʦʥʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʘʣʛʦʨʠʪʤʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʳʜʝʣʝʥʠʷ ʢʘʥʘʣʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʨʫʛʦʡ ʢʘʥʘʣ ʫʭʦʜʷʪ 

ʪʦʣʴʢʦ ʪʝ ʫʟʣʳ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʧʦʜ ʜʝʡʩʪʚʠʝ ʧʦʤʝʭʠ, ʘ ʚʩʷ ʦʩʪʘʚʰʘʷʩʷ 

ʩʝʪʴ ʨʘʙʦʪʘʝʪ ʥʘ ʧʨʝʞʥʝʤ ʢʘʥʘʣʝ, ʧʨʠ ʵʪʦʤ ʮʝʣʦʩʪʥʦʩʪʴ ʩʝʪʠ ʩʦʭʨʘʥʷʝʪʩʷ.  

 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ ï ZigBee ʠ MeshLogic, 

ʦʧʠʩʘʥʳ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʙʣʘʩʪʠ ʧʦʢʨʳʪʠʷ, ʠ ʠʭ ʥʝʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ʇʨʠʚʝʜʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʦʢʘʥʘʣʴʥʦʡ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʷʭ ʜʣʷ ʟʦʥ ʧʦʢʨʳʪʠʷ, 

ʥʘʛʨʫʞʝʥʥʳʭ ʧʦʤʝʭʘʤʠ ʦʪ ʜʨʫʛʠʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ. 
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ʎʠʨʣʠʥ ɸ.ɺ., ʖʞʘʢʦʚ ɸ.ɸ. 
ʘʩʧʠʨʘʥʪʳ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɺʝʨʝʱʘʛʠʥʘ ɽ.ɸ. 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʢʘʬʝʜʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʰʢʦʣʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʉʈɸɺʅɽʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ ʇʆɼʍʆɼʆɺ 

ʀ ʇɸʊʊɽʈʅʆɺ ʈɸɿʈɸɹʆʊʂʀ ɺʓʉʆʂʆʆʈɻɸʅʀɿʆɺɸʅʅʓʍ 

ʇʈʀʃʆɾɽʅʀʁ 
 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʥʝʦʜʥʦʨʦʜʥʳʡ ʧʦ ʩʣʦʞʥʦʩʪʠ ʧʨʦʮʝʩʩ, ʚ 

ʢʦʪʦʨʦʤ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʨʫʧʧ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ, ʘʨʭʠʪʝʢʪʦʨʦʚ, ʜʠʟʘʡʥʝʨʦʚ, ʪʝʩʪʝʨʦʚ, ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʦʚ.  

ʇʨʠ ʪʘʢʦʤ ʤʦʜʫʣʴʥʦʤ ʧʦʜʭʦʜʝ ʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʪʨʝʙʫʝʪʩʷ ʩʪʦʡʢʘʷ 

ʙʘʟʦʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʩʧʦʩʦʙʥʘʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʤʝʞʜʫ ʩʦʙʦʡ. ɺʚʠʜʫ ʵʪʦʛʦ, 

ʫʯʠʪʳʚʘʷ ʮʝʣʴ ʫʤʝʥʴʰʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʣʦʞʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʪʦʚʳʝ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʠʤʝʨʳ, ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʦʙʱʝʧʨʠʥʷʪʳʭ 

ʧʨʘʚʠʣ ʠ ʩʪʘʥʜʘʨʪʦʚ, ʪʘʢ ʢʘʢ ʰʘʙʣʦʥʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʦʙʣʝʛʯʘʝʪ 

ʢʦʤʤʫʥʠʢʘʮʠʶ ʤʝʞʜʫ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʩʩʳʣʘʪʴʩʷ ʥʘ ʠʟʚʝʩʪʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪ ʠ 

ʨʘʟʚʠʚʘʶʪ ʧʘʪʪʝʨʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ.  

ʇʘʪʪʝʨʥ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (design pattern) ï ʧʦʚʪʦʨʠʤʘʷ 

ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʥʝʢʦʪʦʨʦʛʦ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʱʝʛʦ ʢʦʥʪʝʢʩʪʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʙʘʟʦʚʳʭ ʧʘʪʪʝʨʥʦʚ-ʧʦʜʭʦʜʦʚ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ 

ï ʨʘʩʩʤʦʪʨʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʙʱʝʧʨʠʟʥʘʥʥʳʝ ʧʘʪʪʝʨʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʤʢʘʭ ʷʟʳʢʘ 

ʉ#. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʘʪʪʝʨʥʦʚ ʨʘʟʨʘʙʦʪʢʠ 

ʠ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠ ʙʘʟʦʚʳʭ ʷʚʣʷʝʪʩʷ Model-View-Controller (MVC). 

MVC ï ʵʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʘʪʪʝʨʥ, ʢʦʪʦʨʳʡ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚʦ 

ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʜʘʣ ʨʘʟʚʠʪʠʝ ʥʦʚʳʤ ʧʦʜʭʦʜʘʤ. ʂʦʥʮʝʧʮʠʷ MVC 

ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʊʨʶʛʚʝ ʈʝʝʥʩʢʘʫʛʦʤ ʚ 1979 ʛʦʜʫ, ʨʘʙʦʪʘʚʰʠʤ ʚ ʪʦ 

ʚʨʝʤʷ ʥʘʜ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Smalltalk ʚ Xerox PARC. 

ʈʘʟʨʘʙʦʪʯʠʢʠ ʜʦʣʞʥʳ ʙʳʣʠ ʧʨʠʜʫʤʘʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʪʜʝʣʠʪʴ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʦʪ ʙʠʟʥʝʩ ʣʦʛʠʢʠ, ʘ 

ʙʠʟʥʝʩ ʣʦʛʠʢʫ ʦʪ ʜʘʥʥʳʭ. ʊʘʢ ʧʦʷʚʠʣʦʩʴ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 3 ʯʘʩʪʠ:  
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1) ʄʦʜʝʣʴ (Model) ï ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʙʠʟʥʝʩ-

ʣʦʛʠʢʫ ʧʨʠʣʦʞʝʥʠʷ, ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʘ ʦʪ ʦʩʪʘʣʴʥʳʭ 

ʯʘʩʪʝʡ ʧʨʦʜʫʢʪʘ (ʤʦʜʝʣʴʥʳʡ ʩʣʦʡ ʥʠʯʝʛʦ ʥʝ ʜʦʣʞʝʥ ʟʥʘʪʴ ʦʙ ʵʣʝʤʝʥʪʘʭ 

ʜʠʟʘʡʥʘ, ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥ ʙʫʜʝʪ ʦʪʦʙʨʘʞʝʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʠʣʠ ʙʘʟʘ 

ʜʘʥʥʳʭ, ʠʣʠ ʩʫʱʥʦʩʪʠ ʢʦʥʪʝʢʩʪʘ ʙʘʟʳ ʜʘʥʥʳʭ); 

2) ʇʨʝʜʩʪʘʚʣʝʥʠʝ (View) ï ʦʪʦʙʨʘʞʘʝʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ 

ʤʦʜʝʣʠ, ʦʜʥʘʢʦ, ʥʝ ʤʦʞʝʪ ʥʘʧʨʷʤʫʶ ʚʣʠʷʪʴ ʥʘ ʤʦʜʝʣʴ (ʥʘʧʨʠʤʝʨ, HTML-

ʩʪʨʘʥʠʮʘ, WPF ʬʦʨʤʘ, Windows Form); 

3) ʂʦʥʪʨʦʣʣʝʨ (Controller) ï ʚʳʧʦʣʥʷʝʪ ʩʚʷʟʫʶʱʫʶ ʨʦʣʴ ʤʝʞʜʫ 

ʤʦʜʝʣʴʶ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʧʦʩʦʙʘ ʩʚʷʟʠ 

ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ, ʢʘʢ ʩʘʤ ʩʪʘʥʜʘʨʪʥʳʡ Controller, ʪʘʢ ʠ Presenter 

ʠʣʠ ViewModel.  

ʅʘ ʙʘʟʝ MVC ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʧʦʷʚʠʣʠʩʴ ʪʘʢʠʝ ʧʘʪʪʝʨʥʳ ʢʘʢ 

MVP, MVVM , MVPVM, ʨʘʩʰʠʨʝʥʥʳʡ MVC ʜʣʷ ASP.NET ʠ ʪ.ʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʧʦʜʭʦʜʳ. 

Model-View-Presenter (MVP) ʧʘʪʪʝʨʥ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʘʙʩʪʨʘʢʮʠʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʠʥʪʝʨʬʝʡʩ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ ʠ ʤʝʪʦʜʦʚ. ʇʨʝʟʝʥʪʝʨ ï 

ʫʧʨʘʚʣʷʝʪ ʤʦʜʝʣʴʶ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ. ʅʘʧʨʠʤʝʨ, ʠʟʚʣʝʢʘʝʪ ʜʘʥʥʳʝ ʠʟ 

ʤʦʜʝʣʠ ʠ ʬʦʨʤʘʪʠʨʫʝʪ ʠʭ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ʆʙʳʯʥʦ, 

ʵʢʟʝʤʧʣʷʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʟʜʘʸʪ ʵʢʟʝʤʧʣʷʨ ʧʨʝʟʝʥʪʝʨʘ, ʧʝʨʝʜʘʚʘʷ ʝʤʫ 

ʩʩʳʣʢʫ ʥʘ ʩʝʙʷ. ʇʨʠ ʵʪʦʤ ʧʨʝʟʝʥʪʝʨ ʨʘʙʦʪʘʝʪ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚ 

ʘʙʩʪʨʘʢʪʥʦʤ ʚʠʜʝ, ʯʝʨʝʟ ʝʛʦ ʠʥʪʝʨʬʝʡʩ. ʂʦʛʜʘ ʚʳʟʳʚʘʝʪʩʷ ʩʦʙʳʪʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʥ ʚʳʟʳʚʘʝʪ ʢʦʥʢʨʝʪʥʳʡ ʤʝʪʦʜ ʧʨʝʟʝʥʪʝʨʘ, ʥʝ ʠʤʝʶʱʝʛʦ 

ʥʠ ʧʘʨʘʤʝʪʨʦʚ, ʥʠ ʚʦʟʚʨʘʱʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʝʟʝʥʪʝʨ ʧʦʣʫʯʘʝʪ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʠ ʯʝʨʝʟ ʥʝʛʦ ʞʝ ʧʝʨʝʜʘʸʪ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʝ ʠʟ ʄʦʜʝʣʠ ʠ ʜʨʫʛʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʝʡ ʨʘʙʦʪʳ.  ʅʘ 

ʨʠʩʫʥʢʝ 1 ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʙʘʟʦʚʳʡ ʧʨʠʥʮʠʧ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ Windows Form ʧʨʠʣʦʞʝʥʠʡ.  

ʆʩʥʦʚʥʘʷ ʠʜʝʷ Model-View-Controller (MVC) ʧʘʪʪʝʨʥʘ ʚ ʪʦʤ, ʯʪʦ ʠ 

ʢʦʥʪʨʦʣʣʝʨ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʷʪ ʦʪ ʤʦʜʝʣʠ, ʥʦ ʤʦʜʝʣʴ ʥʠʢʘʢ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʵʪʠʭ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ (ʩʤʦʪʨʠʪʝ ʨʠʩʫʥʦʢ 2). ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ 

ʢʦʥʪʨʦʣʣʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ: 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʚʚʦʜ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʠʩʧʦʣʴʟʫʝʪ ʤʦʜʝʣʴ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʨʝʘʢʮʠʠ. ʇʨʠʤʝʥʷʝʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʦ ʚ ASP.NET MVC ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ web ʧʨʠʣʦʞʝʥʠʡ. 
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ʈʠʩʫʥʦʢ 1. ʇʘʪʪʝʨʥ Model-View-Presenter 

 

 

 

 

 

 

 

 

 

 

 
 

 

ʈʠʩʫʥʦʢ 2. ʇʘʪʪʝʨʥ Model-View-Controller 

 

ʇʦʜʭʦʜ Model-View-ViewModel (MVVM) ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʳʚʘʪʴ 

ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʦʙʳʪʠʷʤʠ ʢʣʘʩʩʘ-ʩʫʱʥʦʩʪʠ 

View-Model. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʩʣʦʡ ʵʪʦʛʦ ʧʘʪʪʝʨʥʘ ʥʝ ʟʥʘʝʪ 

ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʨʫʛʦʛʦ ʩʣʦʷ. View-Model ʚʳʧʦʣʥʷʝʪ ʜʚʫʭʩʪʦʨʦʥʥʶʶ 

ʢʦʤʤʫʥʠʢʘʮʠʶ, ʧʦ ʩʫʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʫʶ ʣʦʛʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ. 

MVVM ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ MVC ʠ ʝʤʫ ʧʦʜʦʙʥʳʭ 

ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʧʣʘʪʬʦʨʤʝ, ʥʘ ʢʦʪʦʨʦʡ ʚʝʜʸʪʩʷ ʨʘʟʨʘʙʦʪʢʘ, 

ʧʨʠʩʫʪʩʪʚʫʝʪ çʩʚʷʟʳʚʘʥʠʝ ʜʘʥʥʳʭè. ɺ ʰʘʙʣʦʥʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

MVC/MVP ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʠʥʪʝʨʬʝʡʩʝ ʥʝ ʚʣʠʷʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʦʜʝʣʴ, ʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʜʫʪ ʯʝʨʝʟ ʢʦʥʪʨʦʣʣʝʨ ʠʣʠ 

ʧʨʝʟʝʥʪʝʨ. ɺ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʢʘʢ WPF ʠ Silverlight ʝʩʪʴ ʢʦʥʮʝʧʮʠʷ 

çʩʚʷʟʳʚʘʥʠʷ ʜʘʥʥʳʭè, ʧʦʟʚʦʣʷʶʱʘʷ ʩʚʷʟʳʚʘʪʴ ʜʘʥʥʳʝ ʩ ʚʠʟʫʘʣʴʥʳʤʠ 
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ʵʣʝʤʝʥʪʘʤʠ ʚ ʦʙʝ ʩʪʦʨʦʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ 

ʧʨʠʝʤʘ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ MVC ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ ʥʝʫʜʦʙʥʳʤ ʠʟ-ʟʘ 

ʪʦʛʦ, ʯʪʦ ʧʨʠʚʷʟʢʘ ʜʘʥʥʳʭ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʥʘʧʨʷʤʫʶ ʥʝ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ 

ʢʦʥʮʝʧʮʠʶ MVC/MVP. ɺʚʠʜʫ ʵʪʦʛʦ MVVM ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʣʘʪʬʦʨʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʝ ʢʘʢ Windows Presentation 

Foundation (WPF), Silverlight ʦʪ ʢʦʤʧʘʥʠʠ Microsoft. ʉʫʪʴ ʧʘʪʪʝʨʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

ʈʠʩʫʥʦʢ 3. ʇʘʪʪʝʨʥ Model-View-ViewModel 

 

ɼʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʣʫʯʰʠʡ ʚʳʙʦʨ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʜʝʨʞʢʝ ʠ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʧʘʪʪʝʨʥʘ. ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʧʨʠʤʝʨʦʚ ʮʝʣʴ 

ʣʶʙʦʛʦ ʧʘʪʪʝʨʥʘ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ï ʵʪʦ ʦʪʜʝʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʪ ʙʠʟʥʝʩ 

ʣʦʛʠʢʠ ʠ ʣʦʛʠʢʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʠʭ ʩʚʷʟʳʚʘʝʪ. ʇʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʣʝʛʢʦ ʪʝʩʪʠʨʫʝʤʳʤ ʠ ʧʦʜʜʝʨʞʠʚʘʝʤʳʤ, ʘ ʜʣʷ ʘʥʘʣʠʪʠʢʦʚ ï 

ʧʦʥʷʪʥʳʤ. ʉʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʥʘ ʩʪʳʢʝ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʧʦʷʚʠʣʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʘʪʪʝʨʥ Model-View-Presenter-ViewModel 

(MVPVM), ʦʙʲʝʜʠʥʠʚʰʠʡ ʣʫʯʰʠʝ ʩʪʦʨʦʥʳ ʦʙʦʠʭ ʧʘʪʪʝʨʥʦʚ, ʥʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʦʢʘʟʘʚʰʠʡʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ. ɺʚʠʜʫ ʵʪʦʛʦ 

MVPVM ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ 

ʧʘʪʪʝʨʥʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʷʟʳʢʘ C#, 

ʦʧʠʩʘʥʳ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʘʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʇʨʠʚʝʜʝʥʳ ʠʭ ʩʣʘʙʳʝ ʠ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ. ʆʩʚʦʝʥʠʝ ʣʶʙʦʛʦ ʥʦʚʦʛʦ 

ʧʘʪʪʝʨʥʘ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ, ʥʦ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʪʦʠʪ 

ʧʦʪʨʘʯʝʥʥʳʭ ʫʩʠʣʠʡ, ʪʘʢ ʢʘʢ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘʚʳʢʠ, ʨʘʩʰʠʨʷʝʪʩʷ ʢʨʫʛʦʟʦʨ 

ʟʥʘʥʠʡ ʚ ʩʬʝʨʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
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ʃʠʪʝʨʘʪʫʨʘ 
1. ɼʦʢʫʤʝʥʪʘʮʠʷ MVPVM 

ʉʧʦʩʦʙ ʜʦʩʪʫʧʘ: http://msdn.microsoft.com/ru-ru/magazine/hh580734.aspx 

2. ɼʦʢʫʤʝʥʪʘʮʠʷ MVVM  

ʉʧʦʩʦʙ ʜʦʩʪʫʧʘ: https://msdn.microsoft.com/en-us/library/hh848246.aspx 

3. ɼʦʢʫʤʝʥʪʘʮʠʷ MVC 

ʉʧʦʩʦʙ ʜʦʩʪʫʧʘ: https://msdn.microsoft.com/ru-

ru/library/dd381412(v=vs.108).aspx 

4. ɼʦʢʫʤʝʥʪʘʮʠʷ MVP 

ʉʧʦʩʦʙ ʜʦʩʪʫʧʘ: 

http://professorweb.ru/my/WPF/documents_WPF/level36/36_4.php 

 

 

 

 

 

SECTION III. Biological sciences (ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ) 
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ɸʥʪʦʥʦʚʘ ʆ.ɼ., ɺʝʯʢʘʥʦʚ ɽ.ʄ. 
ɸʥʪʦʥʦʚʘ ʆʣʴʛʘ ɼʤʠʪʨʠʝʚʥʘ, ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ ʙʠʦʭʠʤʠʠ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ. ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʢʘʜʝʤʠʷ ʙʠʦʣʦʛʠʠ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠʤ. ɼ.ʀ. ʀʚʘʥʦʚʩʢʦʛʦ. olya3336@mail.ru 
ɺʝʯʢʘʥʦʚ ɽʚʛʝʥʠʡ ʄʠʭʘʡʣʦʚʠʯ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʙʠʦʭʠʤʠʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʠ, 

ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ. ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ɸʢʘʜʝʤʠʷ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠʤ. ɼ.ʀ. ʀʚʘʥʦʚʩʢʦʛʦ, ʫʣ. ɹ. ʉʘʜʦʚʘʷ, 

105/41, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 344006, ʈʦʩʩʠʷ.  emvechkanov@sfedu.ru 
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ʅɸ ʌʆʅɽ ɻʀʇɽʈɻʆʄʆʎʀʉʊɽʀʅɽʄʀʀ ʀ ʇʈʀ ɽɽ ʉʆʏɽʊɸʅʀʀ 

ʉ ʊʈɸɺʄʆʁ 

 
ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʨʦʚʥʷ ʘʢʪʠʚʥʦʩʪʠ 

ʬʝʨʤʝʥʪʦʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ï ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ (ʉʆɼ) ʠ ʢʘʪʘʣʘʟʳ 

ʚ ʧʝʯʝʥʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫ ʞʠʚʦʪʥʳʭ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʠ ʠ ʪʨʘʚʤʝ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʉʆɼ ʠ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʢʘʪʘʣʘʟʳ, ʢʘʢ ʧʨʠ ʪʨʘʚʤʘʪʠʟʘʮʠʠ ʞʠʚʦʪʥʦʛʦ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʫʤʝʨʝʥʥʦʡ 

ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʠ ʠ ʠʭ ʩʦʯʝʪʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʷ (ɻɻʎ); ʪʨʦʤʙʦʬʠʣʠʷ; ʪʨʘʚʤʘ 

ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ; ʤʝʤʙʨʘʥʳ ʵʨʠʪʨʦʮʠʪʦʚ; ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ. 
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THE STATE OF ANTIOXIDANT STATUS IN RAT TISSUES WITH 

TRAUMA MUSCULOSKELETAL SYSTEM IN THE METHIONINE 

INDUCED HYPERHOMOCYSTEINEMIA  

 
Abstract. The article aims to research the antioxidant system state in rat liver 

after trauma of the musculoskeletal system in a methionine-induced 

hyperhomocysteinemia. The enzyme activity SOD and catalase in the liver 

homogenates have been determined. An increase activity change of catalase in liver 

have been shown.  An decrease activity change of SOD in liver have been shown. 

Keywords: hyperhomocysteinemia, thrombophilia, trauma, oxidative stress. 

 

ʇʘʪʦʣʦʛʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʥʦʩʪʠ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʃʠʜʠʨʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʩʨʝʜʠ ʜʘʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʥʦʟʥʳʝ ʪʨʦʤʙʦʟʳ ʠ 

ʪʨʦʤʙʦʵʤʙʦʣʠʶ ʣʝʛʦʯʥʳʭ ʘʨʪʝʨʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʣʝʪʘʣʴʥʦʤʫ ʠʩʭʦʜʫ ʠʣʠ 

ʠʥʚʘʣʠʜʠʟʘʮʠʠ ʧʘʮʠʝʥʪʦʚ [4]. ʇʨʦʚʝʜʝʥʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ 

ʠʣʠ ʧʦʣʫʯʝʥʠʷ ʪʨʘʚʤʳ, ʩʦʧʨʷʞʸʥʥʦʡ ʩ ʥʘʨʫʰʝʥʠʝʤ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʩʪʝʡ, 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʪʨʦʤʙʦʟʘ [4]. ʅʝʟʘʚʠʩʠʤʳʤ 

ʬʘʢʪʦʨʦʤ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʥʫʪʨʠʩʦʩʫʜʠʩʪʦʛʦ ʪʨʦʤʙʦʟʘ ʷʚʣʷʝʪʩʷ 

ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʷ, ʟʘʧʫʩʢʘʶʱʘʷ ʤʝʭʘʥʠʟʤʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ 

ʠ ʜʠʩʬʫʥʢʮʠʠ ʵʥʜʦʪʝʣʠʷ [2]. ɺ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʝ ʚʘʞʥʝʡʰʘʷ ʨʦʣʴ 

ʦʪʚʦʜʠʪʩʷ ʩʠʩʪʝʤʝ ʉʆɼ - ʢʘʪʘʣʘʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʱʠʪʫ ʢʣʝʪʦʢ ʦʪ 

ʘʢʪʠʚʥʳʭ ʢʠʩʣʦʨʦʜʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʧʦʚʳʰʘʶʱʝʡ ʠʭ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʚʨʝʞʜʘʶʱʠʤ ʬʘʢʪʦʨʘʤ. ʆʜʥʘʢʦ ʩʦʩʪʦʷʥʠʝ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ  

ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʠ ʥʘ ʬʦʥʝ ʪʨʘʚʤʳ ʠʟʫʯʝʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʬʝʨʤʝʥʪʦʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ - ʉʆɼ ʠ ʢʘʪʘʣʘʟʳ  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʝʣʳʝ 

ʙʝʩʧʦʨʦʜʠʩʪʳʝ ʢʨʳʩʳ ï ʩʘʤʮʳ ʤʘʩʩʦʡ 250ï300 ʛ ʚ ʚʦʟʨʘʩʪʝ 6 ʤʝʩʷʮʝʚ. 

ɾʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʢʣʝʪʢʘʭ ʚ ʫʩʣʦʚʠʷʭ 12-ʯʘʩʦʚʦʛʦ 

ʨʝʞʠʤʘ ʦʩʚʝʱʝʥʠʷ ʠ ʩʚʦʙʦʜʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʢʦʨʤʫ ʠ ʚʦʜʝ. ɾʠʚʦʪʥʳʝ ʙʳʣʠ 

ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʳ ʥʘ 8 ʛʨʫʧʧ ʧʦ 8 ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ: 1 ʛʨ. ï ʠʥʪʘʢʪʥʳʝ 

ʞʠʚʦʪʥʳʝ; ʞʠʚʦʪʥʳʤ 2 ʛʨ., 3 ʛʨ., 4 ʛʨ. ï ʬʦʨʤʠʨʦʚʘʣʠ ʟʘʢʨʳʪʳʡ ʧʝʨʝʣʦʤ 

ʢʦʩʪʝʡ ʛʦʣʝʥʠ ʠ ʚʳʚʦʜʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʯʝʨʝʟ 3, 7 ʠ 14 ʜʥʝʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʞʠʚʦʪʥʳʤ 5 ʛʨ. ʚ ʪʝʯʝʥʠʝ 30 ʜʥʝʡ ʝʞʝʜʥʝʚʥʦ ʚʚʦʜʠʣʠ 

ʤʝʪʠʦʥʠʥ ʧʦʩʣʝ ʯʝʛʦ ʚʳʚʦʜʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʞʠʚʦʪʥʳʤ 6 ʛʨ., 7 ʛʨ., 8 

ʛʨ. ʚ ʪʝʯʝʥʠʝ 30 ʜʥʝʡ ʝʞʝʜʥʝʚʥʦ ʚʚʦʜʠʣʠ ʤʝʪʠʦʥʠʥ, ʟʘʪʝʤ ʬʦʨʤʠʨʦʚʘʣʠ 

ʟʘʢʨʳʪʳʡ ʧʝʨʝʣʦʤ ʢʦʩʪʝʡ ʛʦʣʝʥʠ, ʧʨʦʜʦʣʞʘʷ ʚʚʦʜʠʪʴ ʤʝʪʠʦʥʠʥ, ʠ 

ʚʳʚʦʜʠʣʠ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʯʝʨʝʟ 3, 7 ʠ 14 ʜʥʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʥʜʫʢʮʠʶ ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʠ ʫ ʢʨʳʩ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ 
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ʝʞʝʜʥʝʚʥʦʛʦ ʟʘʱʸʯʥʦʛʦ ʚʚʝʜʝʥʠʷ 1% ʨʘʩʪʚʦʨʘ ʤʝʪʠʦʥʠʥʘ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠʟ ʨʘʩʯʝʪʘ 0,04 ʛ/100 ʛ ʚʝʩʘ ʢʨʳʩʳ ʚ ʩʫʪʢʠ [6]. 

ʅʘʥʝʩʝʥʠʝ ʪʨʘʚʤʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʜ ʥʘʨʢʦʟʦʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ [1]. ʇʦ ʦʢʦʥʯʘʥʠʠ ʩʨʦʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʞʠʚʦʪʥʳʭ ʜʝʢʘʧʠʪʠʨʦʚʘʣʠ ʧʦʜ ʥʘʨʢʦʟʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʦʣʝʪʠʣʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 5 ʤʛ/100 ʛ. ɺ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʦʤʦʛʝʥʘʪ ʪʢʘʥʠ ʧʝʯʝʥʠ ʠ ʩʝʨʜʝʯʥʦʡ ʤʳʰʮʳ. ʊʢʘʥʠ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʥʘ ʭʦʣʦʜʫ ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 50 ʤʄ Tris-HCl ʨʅ 

7,4 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʦ ʢʦʥʝʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1% Triton X100. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ (ʉʆɼ) ʧʨʠʤʝʥʷʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʉʆɼ 

ʘʫʪʦʦʢʠʩʣʝʥʠʷ ʘʜʨʝʥʘʣʠʥʘ ʚ ʘʜʨʝʥʦʭʨʦʤ ʚ ʫʩʣʦʚʠʷʭ ʛʝʥʝʨʘʮʠʠ 

ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʘ [5]. ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʘʟʳ (ʂɸʊ) 

ʦʧʨʝʜʝʣʷʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʧʦ ʫʙʳʣʠ ʩʫʙʩʪʨʘʪʘ (H2O2), 

ʩʧʦʩʦʙʥʦʛʦ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʩʦʣʷʤʠ ʤʦʣʠʙʜʝʥʘ ʩʪʦʡʢʠʡ ʦʢʨʘʰʝʥʥʳʡ 

ʢʦʤʧʣʝʢʩ [3]. ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʩʨʘʚʥʠʚʘʝʤʳʤʠ ʛʨʫʧʧʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ 

ʉʪʴʶʜʝʥʪʘ. ʈʘʟʥʠʮʫ ʩʨʝʜʥʠʭ ʚʝʣʠʯʠʥ ʩʯʠʪʘʣʠ ʜʦʩʪʦʚʝʨʥʦʡ ʧʨʠ ʨ < 0,05. 

ʉʦʩʪʦʷʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʮʝʩʩʦʚ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ï ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʠ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʉʆɼ ʚ ʧʝʯʝʥʠ ʢʨʳʩ, ʢʘʢ 

ʧʨʠ ʪʨʘʚʤʝ, ʪʘʢ ʠ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʡ ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʠ ʠ 

ʩʦʯʝʪʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʬʘʢʪʦʨʦʚ ʩʥʠʞʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʚ 

ʩʨʝʜʥʠʭ ʧʨʝʜʝʣʘʭ ʥʘ 15-25%. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ, ʫ ʞʠʚʦʪʥʳʭ ʥʘ 

7 ʩʫʪʢʠ ʧʦʩʣʝ ʪʨʘʚʤʳ (3 ʛʨ.), ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʘʟʳ ʚ ʧʝʯʝʥʠ ʚʦʟʨʘʩʪʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ ʥʘ 74,3% ʠ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ ʢ 14 ʩʫʪʢʘʤ, 

ʦʜʥʘʢʦ ʧʨʝʚʳʰʘʷ ʢʦʥʪʨʦʣʴ ʥʘ 41%. ɺ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʡ 

ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʠ (5 ʛʨ.) ʠ ʥʘ ʬʦʥʝ ʪʨʘʚʤʳ ʢ 7-ʤ ʩʫʪʢʘʤ ʘʢʪʠʚʥʦʩʪʴ 

ʢʘʪʘʣʘʟʳ ʪʘʢʞʝ ʧʨʝʚʳʰʘʝʪ ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ 34,8% ʠ 62% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʉʆɼ, ʢʘʢ ʧʨʠ 

ʪʨʘʚʤʘʪʠʟʘʮʠʠ ʞʠʚʦʪʥʦʛʦ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʫʤʝʨʝʥʥʦʡ 

ʛʠʧʝʨʛʦʤʦʮʠʩʪʝʠʥʝʤʠʠ ʠ ʠʭ ʩʦʯʝʪʘʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ. 
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1
ɼʠʩʩʝʨʪʘʥʪ ʅʘʭʯʳʚʘʥʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ 

2
ʂʘʥʜʠʜʘʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʥʘʫʢ, ʜʦʮʝʥʪ,  ʚʝʜʫʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʦʪʜʝʣʘ çʉʠʩʪʝʤʘʪʠʢʘ ʨʘʩʪʝʥʠʡè ʀʥʩʪʠʪʫʪʘ ɹʠʦʨʝʩʫʨʩʦʚ ʅʘʭʯʳʚʘʥʩʢʦʛʦ 

ʆʪʜʝʣʝʥʠʷ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ɸʟʝʨʙʘʡʜʞʘʥʘ, ʛ. ʅʘʭʯʳʚʘʥ 
3
ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʨʫʢʦʚʦʜʠʪʝʣʴ ʦʪʜʝʣʘ çʉʠʩʪʝʤʘʪʠʢʘ ʨʘʩʪʝʥʠʡè 

 

ʌʃʆʈɸ ʀ ʈɸʉʊʀʊɽʃʔʅʆʉʊʔ ʆɿɽʈɸ ɻɸʈɸɻɽʃʔ 

ʐɸʍɹʋɿʉʂʆɻʆ ʈɸʁʆʅɸ ʅɸʍʏʓɺɸʅʉʂʆʁ ɸɺʊʆʅʆʄʅʆʁ 

ʈɽʉʇʋɹʃʀʂʀ  ɸɿɽʈɹɸʁɼɾɸʅɸ 

 

ɸʥʥʦʪʘʮʠʷ. ɻʘʨʘʛʝʣʴ - ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʐʘʭʙʫʟʩʢʦʛʦ 

ʨʘʡʦʥʘ. ɺʳʷʚʣʝʥʦ ʙʦʣʝʝ 49  ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʦʪʥʦʩʷʱʠʝʩʷ ʚʦʜʥʦʡ ʠ 

ʧʨʠʙʨʝʞʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ. ʆʥʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʛʨʫʧʧʘʤ: ʛʠʜʘʪʦʬʠʪʳ - 13 ʚʠʜʘ, ʧʣʝʡʩʪʦʬʠʪʳ - 4 ʚʠʜʘ, ʛʝʣʦʬʠʪ r- 10 ʚʠʜʘ 

ʠ ʛʠʛʨʦʬʠʪʳ - 22 ʚʠʜʘ. ʋʪʦʯʥʝʥʦ ʠʭ ʦʩʥʦʚʥʳʝ ʬʦʨʤʘʮʠʠ, ʘʩʩʦʮʠʘʮʠʠ ʠ 

ʠʟʫʯʝʥʳ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ.   

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʤʝʡʩʪʚʘ, ʬʣʦʨʘ, ʨʦʜ, ʚʠʜ, ʥʦʚʳʡ, ʪʘʢʩʦʥ 

 Key word: family, flora, genus, species, new taxon 

 

ʅʘʭʯʳʚʘʥʩʢʘʷ ɸʚʪʦʥʦʤʥʘʷ ʈʝʩʧʫʙʣʠʢʘ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʛʦʨʥʦʡ 

ʩʪʨʘʥʦʡ. ʊʝʨʨʠʪʦʨʠʷ ʝʝ 5,5 ʪʳʩ. ʢʤ
2
. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠ ʚʝʨʰʠʥʳ ʛʦʨ 3906 

ʤ. ʂʣʠʤʘʪ ʅʘʭ. ɸʈ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʫʭʦʩʪʴʶ ʠ ʨʝʟʢʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴʶ. ʀʤʝʶʱʠʝʩʷ ʢʣʠʤʘʪ ʛʦʨʥʦʡ ʪʫʥʜʨʳ, ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ 

ʚʳʩʦʪʝ ʚʳʰʝ 3200 ʤ ʦʭʚʘʪʳʚʘʝʪ ʦʢʨʝʩʪʥʦʩʪʠ ʙʣʠʟ ʚʝʨʰʠʥʳ ʛ. ʂʘʧʫʜʞʠʢ 
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[1, 2]. ʉʚʝʜʝʥʠʷ ʦʙ ʦʟʝʨʝ ɻʘʨʘʛʝʣʴ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʝ 

ʠʤʝʶʪʩʷ. ʆʥʦ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʣʝʩʘ ɹʘʪʘʙʘʪ 

ʐʘʭʙʫʟʩʢʦʛʦ ʨʘʡʦʥʘ,  ʚ ʦʯʝʥʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ. ɼʣʠʥʘ ʦʟʝʨʘ 

ʦʢʦʣʦ 150-180 ʤ,  ʘ ʰʠʨʠʥʘ ʙʦʣʝʝ  35-40ʤ.  ɺʩʷ ʮʝʥʪʨʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʦʟʝʨʘ ʜʦ 1,5-2 ʤ, ʠʥʦʛʜʘ 2,5-5ʤ ʙʝʨʝʛʘ ʧʦʢʨʳʪʦ ʯʠʩʪʳʤʠ ʟʘʨʦʩʣʷʤʠ Lemna 

minor L. ʠ Lemna trisulca L. ʦʙʨʘʟʫʶʱʠʝ ʬʦʨʤʘʮʠʠ Lemneta, ʘ ʪʘʢʞʝ 

ʩʤʝʰʘʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ Lemnetum. ʇʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʪʘʢ ʩʠʣʴʥʦ ʧʦʢʨʳʪʦ 

ʵʪʠʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʯʪʦ ʚʦʜʳ ʩʦʚʩʝʤ ʥʝ ʚʠʜʥʦ (ʨʠʩ.1). ʅʘ ʙʝʨʝʛʫ ʦʟʝʨʘ 

ʚʩʪʨʝʯʘʶʪʩʷ ʧʣʦʪʥʦ  ʨʘʩʪʫʱʠʝ ʚʳʩʦʢʦʨʦʩʣʳʝ ʟʝʤʥʦʚʦʜʥʳʝ ʪʨʘʚʷʥʠʩʪʳʝ 

ʨʘʩʪʝʥʠʷ ʠ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʘʷ ʨʦʱʘ. ɺʩʷ ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʦʟʝʨʘ 

ɻʘʨʘʛʝʣʴ ʧʦʢʨʳʪʘ ʜʝʥʜʨʦʬʣʦʨʦʡ ʠ ʪʨʘʚʷʥʠʩʪʳʤ ʨʘʩʪʝʥʠʷʤ. ʆʟʝʨʦ ʤʘʣʦ 

ʦʩʚʝʱʘʝʪʩʷ ʩʦʣʥʝʯʥʳʤʠ ʣʫʯʘʤʠ. ʇʦʵʪʦʤʫ ʦʟʝʨʦ ʢʘʞʝʪʩʷ ʧʦʣʫʤʨʘʯʥʳʤ. 

ʅʘ ʦʩʥʦʚʝ ʫʢʘʟʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʥʦʝ ʥʘʩʝʣʝʥʠʝ ɹʠʯʝʥʘʢʘ 

ʐʘʭʙʫʟʩʢʦʛʦ ʨʘʡʦʥʘ ʝʛʦ ʥʘʟʳʚʘʶʪ ɻʘʨʘʛʝʣʴ, ʦʟʥʘʯʘʶʱʠʡ - ʏʝʨʥʦʝ ʦʟʝʨʦ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ ʠʤʝʝʪʩʷ ʩʚʳʰʝ 400 ʨʝʢ, ʦʟʝʨ, ʚʦʜʦʝʤʦʚ, 

ʚʦʜʦʭʨʘʥʠʣʠʱ  ʠ ʪ.ʜ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʣʦʨʳ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʟʝʨʘ 

ɻʘʨʘʛʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʱʝʧʨʠʥʷʪʳʝ ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [9, ʩ. 129; 

10]. ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʥʘʤʠ ʧʨʠʥʷʪʘ ʢʘʢ ʪʠʧ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 2 ʢʣʘʩʩʘʤʠ ʬʦʨʤʘʮʠʠ: 1. ʅʘʩʪʦʷʱʘʷ ʚʦʜʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʝ 7 ʛʨʫʧʧ ʬʦʨʤʘʮʠʡ ʠ 48 ʬʦʨʤʘʮʠʡ. 2. 

ɿʝʤʥʦʚʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʠʤʝʶʱʘʷ  3 ʛʨʫʧʧʳ ʬʦʨʤʘʮʠʡ ʠ 37 

ʬʦʨʤʘʮʠʡ.  

 

 

 

     

 

 

 

 

 

 
 

 

 

 

 

ʈʠʩ.1. ʇʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ɻʘʨʘʛʝʣʴ ʚʠʜʘʤʠ ʨʜʝʩʪʦʚ 

     

ʌʣʦʨʘ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ  ʦʟʝʨʘ ʨʝʛʠʦʥʘ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʚʠʪʳʤʠ ʢʨʝʧʢʦʩʪʝʙʝʣʴʥʳʤʠ, 

ʚʳʩʦʢʦʨʦʩʣʳʤʠ ʨʘʩʪʝʥʠʷʤʠ,  ʧʦʢʨʳʚʘʶʱʠʤʠ ʩʚʦʠʤʠ ʣʠʩʪʴʷʤʠ ʚʦʜʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʠʜʘʤʠ ʨʘʩʪʝʥʠʡ, ʧʣʘʚʘʶʱʠʭ ʚ ʚʦʜʝ ʠʣʠ 
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ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʚʦʜʫ ʣʠʩʪʴʷʤʠ. ɺ ʧʦʪʨʝʙʥʦʩʪʠ ʢ ʚʦʜʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʅʘʭʯʳʚʘʥʩʢʦʡ ɸʈ ʥʘʤʠ ʩʦʩʪʘʚʣʝʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ 

ɻʘʨʘʛʝʣʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʦʥʠ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ: 

ɻʠʜʘʪʦʬʠʪʳ: Ceratophyllum demersum L., Batrachium divaricatum L., 

Callitricha verna L., Utricularia vulgaris L., Potamogeton crispus L., P. 

filiformis Pers., P. lucens L., P. pectinatus L., P. perfoliatus L., P. trichoides 

L., Lemna trisulca L., L. minor L.,  L. gibba L.         

ʇʣʝʡʩʪʦʬʠʪʳ: Persicaria amphibia L., Potamogeton alpinus Balb., P. 

natans L., Sparganium emersum L.  

ɻʝʣʦʬʠʪʳ: Eguisetum fluviatile L., Alisma plantago-aguatica L,. Carex 

vesicaria L., C. acutiformis L., Eleocharis meridionalis L., Glyceria 

arundinacea L., Phragmites australis (Cav.) Trim., Sparganium erectum L., 

Typha angustifolia L., T. latifolia L. 

ɻʠʛʨʦʬʠʪʳ: Caltha polipetala L., Ranunculus sceleratus L., Rumex 

maritimus L., Rorippa amphibia (L.) Bess., Lythrum salicaria L., Epilobium 

palustre L., Cicuta virosa L., Oenanthe fistulosa (L.) Bess., Myocotis palustris 

L., Mentha longifolia L., Lycopus europaeus L., Stachis palustris L., 

Peducularis palustris L., Bidens tripartita L., Juncus bufonius L., J. 

compressus Jacq., J. effusus L., Alopecurus aegualis Sobol., Phalaroides 

arundinaceae (L.) Rauscpert, Poa palustris L. ʠ ʜʨ.  

ɺʦʜʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʨʝʛʠʦʥʘ ʠʤʝʝʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ. 

ʄʥʦʛʠʝ ʘʚʪʦʨʳ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʦʙʲʝʜʠʥʷʶʪ ʯʝʪʢʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʛʨʫʧʧʳ ʨʘʩʪʝʥʠʡ, 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʘʥʘʪʦʤʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ  

ʧʨʦʮʝʩʩʘʤ, ʘʵʨʘʮʠʠ,  ʧʠʪʘʥʠʶ, ʫʩʣʦʚʠʷʤ ʦʙʠʪʘʥʠʷ. ɸ ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ 

ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ. ʅʝʣʴʟʷ ʩʨʘʚʥʠʚʘʪʴ ʨʘʩʪʝʥʠʷ, ʨʘʩʪʫʱʠʝ ʚ ʩʳʨʳʭ 

ʫʚʣʘʞʥʝʥʥʳʭ ʠʣʠ ʩʠʣʴʥʦ ʫʚʣʘʞʥʝʥʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ, ʩ ʨʘʩʪʝʥʠʷʤʠ 

ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʚʦʜʫ, ʞʠʚʫʱʠʭ ʚ ʪʦʣʱʝ ʚʦʜʳ, 

ʧʣʘʚʘʶʱʠʭ ʚ ʚʦʜʝ, ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʩʫʙʩʪʨʘʪʫ ʥʘ ʜʥʝ ʚʦʜʦʝʤʦʚ ʠ ʪ.ʜ.  

ʅʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʬʘʢʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʧʝʨʚʳʝ ʥʘʤʠ ʠʟʫʯʝʥ 

ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʦʜʥʦʡ ʠ ʧʨʠʙʨʝʞʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ɻʘʨʘʛʝʣʴ (ʨʠʩ. 2). 

ɺʦʟʜʫʰʥʦ-ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʦʪʥʝʩʝʥʳ ʢ ʛʝʣʦʬʠʪʘʤ. ʇʦ ʤʥʝʥʠʶ ʀ.ʄ. 

ʈʘʩʢʦʧʦʚʘ [8] ʢ ʚʦʜʥʳʤ  ʨʘʩʪʝʥʠʷʤ  ʙʣʠʟʢʠ  ʛʠʛʨʦʬʠʪʳ - ʩʫʭʦʧʫʪʥʳʝ  

ʨʘʩʪʝʥʠʷ,  ʚ ʧʨʦʮʝʩʩʝ ʦʥʪʦʛʝʥʝʟʘ ʪʨʝʙʫʶʱʠʝ ʚʩʝʛʜʘ ʙʦʣʴʰʦʡ ʚʣʘʞʥʦʩʪʠ 

ʩʨʝʜʳ. ʆʥʠ ʪʘʢ ʞʝ ʢʘʢ ʛʠʜʘʪʦʬʠʪʳ ʠʤʝʶʪ ʛʠʜʨʦʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʪʝʙʣʷ ʠ ʣʠʩʪʴʝʚ. ʇʦʵʪʦʤʫ, ʛʠʜʨʘ ʠ ʛʠʛʨʦʬʠʪʘʤʠ ʪʨʫʜʥʦ ʧʨʦʚʝʩʪʠ 

ʛʨʘʥʠʮʫ. ɻʠʜʨʦʬʠʪʳ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ. ɺʦʜʥʘʷ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ɻʘʨʘʛʝʣʴ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʚʠʪʳʤʠ 

ʢʨʝʧʢʦʩʪʝʙʝʣʴʥʳʤʠ, ʚʳʩʦʢʦʨʦʩʣʳʤʠ  ʨʘʩʪʝʥʠʷʤʠ,  ʧʦʢʨʳʚʘʶʱʠʤʠ 

ʩʚʦʠʤʠ ʣʠʩʪʴʷʤʠ ʚʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʠʜʘʤʠ ʨʘʩʪʝʥʠʡ, 

ʧʣʘʚʘʶʱʠʭ ʚ ʚʦʜʝ ʠʣʠ ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʚʦʜʫ ʣʠʩʪʴʷʤʠ. ɺ ʧʦʪʨʝʙʥʦʩʪʠ ʢ 

ʚʦʜʝ ʥʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʦ ʚʠʜʳ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ  ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʦʟʝʨʘ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ.  
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ʈʠʩ.2. ʌʣʦʨʘ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʟʝʨʘ ɻʘʨʘʛʝʣʴ 

 

ɻʠʜʘʪʦʬʠʪʳ: Ceratophyllum demersum L., Batrachium divaricatum L., 

Potamogeton crispus L., P.pectinatus L., P. perfoliatus L., P. trichoides L., 

Lemna trisulca L., L. minor L.  

ʇʣʝʡʩʪʦʬʠʪʳ: Persicaria amphibia L., Potamogeton alpinus Balb., P. 

natans L., Sparganium emersum L. 

ɻʝʣʦʬʠʪʳ: Eguisetum fluviatile L,. Hippuris vulgaris L., Butomus 

umbellatus L., Alisma plantago - aguatica L,. Carex vesicaria L., C. 

acutiformis L., Eleocharis meridionalis L,. E. palustris (L.) Roem. et Schult., 

Glyceria arundinacea L., Phragmites australis (Cav.) Trim., Sparganium 

erectum L., Typha angustifolia L., T. latifolia L., T. minuta L. 

ɻʠʛʨʦʬʠʪʳ: Caltha polipetala L., C. palustris (Cav.) Trim., Ranunculus 

sceleratus L., Rumtx maritimus L.,  Rorippa amphibia (L.) Bess., Lysimachia 

vulgaris L., Lythrum salicaria L., Epilobium palustre L., Cicuta virosa L., 

Oenanthe fistulosa (L.) Bess., Ranunculus polyphyllus L., Myocotis palustris 

L., Mentha aguatica L., Lycopus europaeus L., Stachis palustris L., 

Peducularis palustris L., Bidens tripartita L., Juncus bufonius L., J. 

compressus Jacq., J. effusus L., Alopecurus aegualis Sobol., Phalaroides 

arundinaceae (L.) Rauscpert, Poa palustris L. ʠ ʜʨ. ʀʟ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ:  Ceratophyllum demersum L., Potamogeton crispus L., P. lucens L., 

P., pectinatus L., P. perfoliatus L., P. trichoides L., L. gibba L.,  Persicaria 

amphibia L., Potamogeton alpinus Balb., Eguisetum fluviatile L., Hippuris 

vulgaris L., Sparganium polyedrum L., Typha latifolia L., Caltha palustris 

(Cav.) Trim. ʚʦ ʬʣʦʨʝ ɸʟʝʨʙʘʡʜʞʘʥʘ ʜʣʷ ʅʘʭ ɸʈ ʥʝ ʫʢʘʟʳʚʘʶʪʩʷ. ʆʥʠ 

ʚʳʷʚʣʝʥʳ ʥʘʤʠ ʠ ʙʫʜʫʪ ʚʢʣʶʯʝʥʳ ʚ ʥʦʚʦʝ ʠʟʜʘʥʠʝ ʬʣʦʨʳ ɸʟʝʨʙʘʡʜʞʘʥʘ.                                                                             

ʈʘʩʪʝʥʠʷ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʚʦʜʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩ ̫ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ:  

ʤʭʠ, ʥʘʜʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʣʘʚʘʶʱʠʝ ʠ ʧʦʛʨʫʞʝʥʥʳʝ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ 
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ʵʪʠʭ ʛʨʫʧʧ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʅʘʭ.ɸʈ. ʄʭʠ ʦʙʨʘʟʫʶʪ 

ʧʦ ʜʥʫ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʛʫʩʪʳʝ ʜʝʨʥʦʚʥʠʢʠ, ʩʣʘʙʦ ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ 

ʛʨʫʥʪʫ. ʇʦ ʯʠʩʣʝʥʥʦʩʪʠ ʦʥʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʉʶʜʘ  ʤʦʞʥʦ  ʦʪʥʝʩʪʠ  ʣʠʰʴ: 

Fontinalis antipyetica L., Calliergonella cuspidate Loeske, Scorpidium 

scoppides (L.) Limpr., Drepanocladus vernicosus (Lindb.) Warnst., D. flutians 

(L.) Warnst., Cineidosus minor Lindb. ʅʘʜʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ  

ʚʳʩʪʘʚʣʷʶʱʠʝʩʷ  ʠʟ  ʚʦʜʳ ʩʪʝʙʣʷʤʠ ʠʣʠ ʣʠʩʪʴʷʤʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ. ʆʩʥʦʚʥʳʤʠ, ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ: Equisetum fluviatile L., Glyceria arudinacea Kunth, Catabrosa 

aguatica Beauv., Phragmites australis Steud., Iris musulmanica Fomin, Typha 

minima Funck, T. Laxmannii Lepech., Sparganium erectum L.,  Alisma 

plantago - aguatica L., A. lanceolatum With., Nasturtium officinale R.Br. ʠ ʜʨ. 

ʇʣʘʚʘʶʱʠʝ ʨʘʩʪʝʥʠʷ, ʨʘʩʧʣʳʚʘʶʱʠʝʩʷ ʚʝʛʝʪʘʪʠʚʥʳʤʠ ʯʘʩʪʷʤʠ 

(ʩʪʝʙʣʷʤʠ, ʣʠʩʪʘʤʠ) ʧʦ ʚʦʜʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʟʝʨʘʭ, ʧʨʫʜʘʭ, 

ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʚʦʜʦʡ ʜʨʝʥʘʞʘʭ ʠ ʜʨ. ʩʪʦʷʯʠʭ, ʤʝʜʣʝʥʥʦ 

ʪʝʢʫʯʠʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ.  ɺ ʧʨʫʜʘʭ, ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʧʦʢʨʳʚʘʶʪʩʷ 

ʣʠʩʪʴʷʤʠ ʚʠʜʦʚ ʨʜʝʩʪʦʚ. ʊʘʢʠʝ ʨʘʩʪʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʩʪʦʷʱʠʤ ʚʦʜʥʳʤ 

ʨʘʩʪʝʥʠʷʤ: Lemna minor L., L. trisulca L., L. gibba L., Potamogeton natans 

L., P. nodosus L. ʇʦʛʨʫʞʝʥʥʳʝ ʚ ʚʦʜʫ ʨʘʩʪʝʥʠ ̫ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ. ʉʶʜʘ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʠʜʳ: Ceratophyllum demersum L., Potamogeton pectinatus 

L., P. crispus L., P. trichoides Schlecht., P. perfoliatus Zannichellia palustris 

L., Ruppia maritima L. ʠ ʜʨ. ɹʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʬʣʦʨʳ 

ʅʘʭ.ɸʈ ʚʧʝʨʚʳʝ ʥʘʡʜʝʥ ʥʘʤʠ. ʀʟʫʯʝʥʳ ʨʘʩʪʠʪʝʣʴʥʳʝ ʬʠʪʦʮʝʥʦʟʳ 

ʩʦʟʜʘʥʥʳʝ ʵʪʠʤʠ ʚʠʜʘʤʠ: Ceratophyllum demersi aqui-herbosum, 

Potamogetonetum perfoliati batrachiosum, Potamogetonetum perfoliati 

lemnosum, Potamogetonetum natantis batrachiosum, Persicarietum amphibii 

aqui - herbosum, Potamogetonetum pectinati sparganiosum, Typhetum 

latifoliae-lemnosum, Typhetum latifoliae natantis-potamogetonosum.  

ʆʟʝʨʦ ɻʘʨʘʛʝʣʴ ʦʪʣʠʯʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʚʩʝʭ ʦʟʝʨ. ʆʥʦ ʚʦ ʚʩʝʭ 

ʩʪʦʨʦʥ ʦʢʫʪʘʥʦ ʚʳʩʦʢʠʤ ʜʝʨʝʚʴʷʤ, ʢʫʩʪʘʨʥʠʢʘʤʠ, ʚʳʩʦʢʦʨʦʩʣʳʤʠ 

ʪʨʘʚʷʥʠʩʪʳʤʠ ʨʘʩʪʝʥʠʷʤʠ. ʇʦʵʪʦʤʫ ʠʤʝʝʪ ʟʘʤʢʥʫʪʳʝ ʬʦʨʤʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʤʦʨʬʦʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʪʦʮʝʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʜʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʟʝʨʘ ɻʘʨʘʛʝʣʴ ʅʘʭʯʳʚʘʥʩʢʦʡ 

ɸʚʪʦʥʦʤʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ɸʟʝʨʙʘʡʜʞʘʥʘ.  
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ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 
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ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʠʱʝʚʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ  

ʌɻɹʆʋ ɺʇʆ çʂʅʀʊʋè, ʈʦʩʩʠʷ, e-mail: zino-mari@yandex.ru;  
3
ʤʘʛʠʩʪʨ ʢʘʬʝʜʨʳ ʧʠʱʝʚʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʌɻɹʆʋ ɺʇʆ çʂʅʀʊʋè, ʈʦʩʩʠʷ;  

4
ʤʘʛʠʩʪʨ ʢʘʬʝʜʨʳ ʧʠʱʝʚʦʡ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʌɻɹʆʋ ɺʇʆ çʂʅʀʊʋè, ʈʦʩʩʠʷ  

 

ʇʆʃʋʏɽʅʀɽ ʄʆʃʆʏʅʆʁ ʂʀʉʃʆʊʓ 

 ʀɿ ʎɽʃʃʖʃʆɿʆʉʆɼɽʈɾɸʑɽɻʆ ʉʓʈʔʗ 

 
ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʦʣʦʯʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʛʠʜʨʦʣʠʟʘʪʘʭ ʧʰʝʥʠʯʥʦʡ ʩʦʣʦʤʳ. 

  

ʄʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʚʝʱʝʩʪʚʦʤ. ʆʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʭʣʝʙʦʧʝʢʘʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, 

ʢʦʥʜʠʪʝʨʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʜʨʫʛʠʝ), ʚʝʪʝʨʠʥʘʨʠʠ ʠ ʧʪʠʮʝʚʦʜʩʪʚʝ, 

ʤʝʜʠʮʠʥʝ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʦʣʦʯʥʫʶ ʢʠʩʣʦʪʫ ʧʦʣʫʯʘʶʪ ʭʠʤʠʯʝʩʢʠʤ 

ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʩʧʦʩʦʙʘʤʠ [1, 2]. ɺ ʈʦʩʩʠʠ ʧʠʱʝʚʫʶ ʤʦʣʦʯʥʫʶ 

ʢʠʩʣʦʪʫ ʚʳʨʘʙʘʪʳʚʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 490-2006 ʠʟ 

ʩʤʝʩʠ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ [3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʧʫʪʝʤ ʩʙʨʘʞʠʚʘʥʠʷ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ ʛʠʜʨʦʣʠʟʘʪʦʚ 
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ʧʰʝʥʠʯʥʦʡ ʩʦʣʦʤʳ ʤʦʣʦʯʥʦʢʠʩʣʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʨ. Lactobacillus. 

ɻʠʜʨʦʣʠʟ ʧʰʝʥʠʯʥʦʡ ʩʦʣʦʤʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʠʤʠ 

ʬʝʨʤʝʥʪʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ: çʎʝʣʣʶʢʩʠʣ XLè (ʘʢʪʠʚʥʦʩʪʴ ï 7000 ʝʜ./ʤʣ) 

ʠ çDenycel 100 ʉGè (ʘʢʪʠʚʥʦʩʪʴ ï 1340-1400 ʝʜ./ʛ). 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʣʠ ʛʠʜʨʦʣʠʟ ʧʰʝʥʠʯʥʦʡ ʩʦʣʦʤʳ 

ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 45 Áʉ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʤʦʥʠʪʦʨʠʥʛ 

ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʦʚ (ʨʠʩʫʥʦʢ 1) ʠ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩʫʥʦʢ 2) ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ɻʠʜʨʦʣʠʟ ʧʰʝʥʠʯʥʦʡ ʩʦʣʦʤʳ ʮʝʣʣʶʣʦʣʠʪʠʯʝʩʢʠʤʠ ʬʝʨʤʝʥʪʥʳʤʠ 

ʧʨʝʧʘʨʘʪʘʤʠ: 1 - çʎʝʣʣʶʢʩʠʣ XLè; 2 - çDenycel 100 ʉGè 

 

 
ʈʠʩʫʥʦʢ 2 ï ʅʘʢʦʧʣʝʥʠʝ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʘ ʚ ʧʨʦʮʝʩʩʝ ʩʙʨʘʞʠʚʘʥʠʷ ʩʘʭʘʨʦʚ 

ʛʠʜʨʦʣʠʟʘʪʦʚ ʩʦʣʦʤʳ ʤʦʣʦʯʥʦʢʠʩʣʳʤʠ ʙʘʢʪʝʨʠʷʤʠ ʨ. Lactobacillus:  

1 - çʎʝʣʣʶʢʩʠʣ XLè; 2 - çDenycel 100 ʉGè 
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ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2 ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʣʫʯʰʝʡ 

ʛʠʜʨʦʣʠʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ 

çʎʝʣʣʶʢʩʠʣ XLè ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚ ʩʨʝʜʝ 

ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʦʤʦʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʤʦʣʦʯʥʦʢʠʩʣʦʛʦ 

ʙʨʦʞʝʥʠʷ. 
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SECTION IV. Geographical sciences (ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʥʘʫʢʠ) 
 

 

ɸʢʤʫʣʣʠʥʘ ʈ. ʕ. 
ʩʪʫʜʝʥʪʢʘ 4 ʢʫʨʩʘ ʢʘʬʝʜʨʳ ʛʝʦʵʢʦʣʦʛʠʠ,  

ʌɻɹʆʋ ɺʇʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪ çɻʦʨʥʳʡè 

ʂʦʨʝʣʴʩʢʠʡ ɼ.ʉ. (ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ) 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʛʝʦʵʢʦʣʦʛʠʠ,  

ʌɻɹʆʋ ɺʇʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪ çɻʦʨʥʳʡè 

 

ʉʇɽʂʊʈɸʃʔʅʓɽ ʀʅɼɽʂʉʓ ɼʃʗ ɿɸɼɸʏ 

ʂʆʉʄʆʄʆʅʀʊʆʈʀʅɻɸ ʇʆʏɺɽʅʅʆ-ʈɸʉʊʀʊɽʃʔʅʓʍ 

ʉʆʆɹʑɽʉʊɺ 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʨʝʘʢʮʠʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤʳ ʥʘ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʮʝʩʩʘʤʠ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʧʦʞʘʨʦʚ, ʣʠʙʦ ʩ ʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢʠʤʠ ʢʘʢ 

ʣʝʩʥʳʝ ʨʫʙʢʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʫʧʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [1]. ʈʝʘʢʮʠʷ 

ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʩʪʝʧʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ, ʧʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʝʡ 
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ʜʠʥʘʤʠʢʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʥʘʣʦʞʝʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʤʘʩʢʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚʣʠʷʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʮʠʢʣʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʪʨʘʞʘʶʱʠʝ 

ʨʝʘʢʮʠʠ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ, ʦʪʨʘʞʘʶʱʠʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʮʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʠʢʠ ʚʳʷʚʣʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʳʪʳʚʘʶʱʠʭ ʪʝʭʥʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. 

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʝʡ 

ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʙʠʦʤʘʩʩʳ ʠ 

ʫʭʫʜʰʝʥʠʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤʳ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʫʭʫʜʰʝʥʠʠ ʩʦʩʪʘʚʘ ʠ ʢʘʯʝʩʪʚʘ ʧʦʯʚ ʠ ʧʦʚʨʝʞʜʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʝʥʠʡ 

ʧʨʠ ʘʪʤʦʪʝʭʥʦʛʝʥʥʦʤ ʨʘʩʩʝʠʚʘʥʠʠ ʪʦʢʩʠʢʘʥʪʦʚ, ʚ ʧʦʪʝʨʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʢʦʥʪʨʦʣʷ ʥʘʜ ʧʦʪʦʢʘʤʠ ʚʦʜʳ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʠʟʤʝʥʝʥʠʶ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦʯʚʳ, ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʚ ʧʦʚʳʰʝʥʠʠ ʠʭ ʚʳʥʦʩʘ ʠʟ ʵʢʦʩʠʩʪʝʤʳ. ʅʘ ʤʘʪʝʨʠʘʣʘʭ 

ʢʦʩʤʠʯʝʩʢʦʡ ʤʥʦʛʦʟʦʥʘʣʴʥʦʡ ʩʲʝʤʢʠ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʥʳʭ ʧʠʢʦʚ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ/ʠʣʠ ʩʜʚʠʛʦʤ ʚʩʝʡ 

ʢʨʠʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ. 

ʊʘʢ ʢʘʢ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʷ (ʧʝʨʝʭʦʜ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʢ ʩʦʩʪʦʷʥʠʶ 

ʨʘʟʜʨʘʞʝʥʠʷ) ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʦʢʨʘʩʢʫ, ʪʦ ʵʪʦ ʝʛʦ ʩʚʦʡʩʪʚʦ ʚʳʩʪʫʧʘʝʪ ʚ 

ʨʦʣʠ ʛʣʘʚʥʦʛʦ ʜʝʰʠʬʨʦʚʦʯʥʦʛʦ ʧʨʠʟʥʘʢʘ. ʀʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʡ ʨʘʩʪʝʥʠʡ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʢʨʠʚʳʭ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʥʘʭ ʚʦʣʥ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ. ʉʦʩʪʦʷʥʠʝ ʩʪʨʝʩʩʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʠʣʣʘ 

ʠ ʩʥʠʞʝʥʠʶ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʟʝʣʝʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʠ 

ʧʦʚʳʰʝʥʠʶ ʚ ʩʠʥʝʡ ʠ ʦʩʦʙʝʥʥʦ ʚ ʢʨʘʩʥʦʡ ʯʘʩʪʷʭ ʩʧʝʢʪʨʘ, ʪʦ ʝʩʪʴ 

ʧʨʦʠʩʭʦʜʠʪ ʩʛʣʘʞʠʚʘʥʠʝ ʧʠʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʝʤ ʭʣʦʨʦʬʠʣʣʘ 

ʫ ʟʜʦʨʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʫʩʳʭʘʥʠʠ ʨʘʩʪʝʥʠʡ ʩʥʠʞʘʝʪʩʷ 

ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʚʦʜʦʡ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ 

ʦʙʣʘʩʪʠ ʚʦʜʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʫʩʠʣʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʦʪʨʘʞʘʪʝʣʴʥʳʭ 

ʢʘʯʝʩʪʚ ʧʦʯʚ ʠ ʫʩʳʭʘʶʱʝʛʦ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʇʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʩʳʭʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʚʦ ʚʩʝʤ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. ʏʘʩʪʦ ʠʥʜʝʢʩʳ ʤʦʛʫʪ 

ʧʦʢʘʟʘʪʴ ʩʪʨʝʩʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʝʱʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʦ ʙʫʜʝʪ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴʩʷ ʚʠʟʫʘʣʴʥʦ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʥʦʚʥʳʤʠ ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ 

ʠʥʜʝʢʩʘʤʠ ʷʚʣʷʶʪʩʷ: 

V ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪʥʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI  

(Normalised Difference Vegetation Index), ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚʝʛʝʪʘʮʠʦʥʥʦ ʘʢʪʠʚʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; 
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V ʠʥʜʝʢʩʳ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ï ʢʘʨʦʪʠʥʦʠʜʳ ʠ 

ʘʥʪʦʮʠʘʥʠʥʳ: (Carotenoid Reflectance Index 1 ʠ Anthocyanin 

Reflectance Index), ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪ ʧʠʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʫ ʫʛʥʝʪʝʥʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʭʣʦʨʦʬʠʣʣ.; 

V ʠʥʜʝʢʩʳ ʜʣʷ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ 

(Normalized Difference Water Index ʠ ʪ.ʧ.). 

 

ʂʨʦʤʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʳ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè. ʆʩʥʦʚʥʦʡ ʦʙʣʠʢ ʢʨʠʚʳʝ ʩʧʝʢʪʨʘʣʴʥʦ-

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʦʨʦʚʦʡ ʩʠʩʪʝʤʳ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè 

ʧʦʣʫʯʘʶʪ ʦʪ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʅʘ ʥʠʭ ʯʝʪʢʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʟʦʥʳ, 

ʚ ʢʦʪʦʨʳʭ ʧʦʛʣʦʱʘʝʪ, ʦʪʨʘʞʘʝʪ ʠ ʠʟʣʫʯʘʝʪ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ. ʇʨʠ 

ʩʦʢʨʘʱʝʥʠʠ ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʚʩʝ ʙʦʣʴʰʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʧʦʯʚʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʚʩʝʡ ʢʨʠʚʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʷʨʢʦʩʪʠ: ʫʚʝʣʠʯʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʚ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ, ʩʥʠʞʝʥʠʝ ʚ ʩʨʝʜʥʝʡ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʟʦʥʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚ ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʟʦʥʝ. ʆʜʥʘʢʦ 

ʧʨʠ ʵʪʦʤ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʫʛʥʝʪʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʜʦʣʶ ʫʯʘʩʪʠʷ ʠʭ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʦʙʱʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ. 

ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʯʚ ʷʚʣʷʶʪʩʷ ʮʚʝʪ, ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʠ ʫʚʣʘʞʥʝʥʥʦʩʪʴ. ʂʨʦʤʝ ʵʪʦʛʦ ʮʚʝʪ ʧʦʯʚʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʥʘ ʛʣʫʙʠʥʫ ʚ ʧʨʝʜʝʣʘʭ ʦʢʦʣʦ 40 - 50 ʩʤ. ʅʘ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʵʪʦʛʦ ʩʣʦʷ ʚʣʠʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʤʠʛʨʠʨʫʶʱʠʝ ʩ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʠʟ ʧʨʠʨʦʜʥʳʭ ʘʥʦʤʘʣʠʡ, ʣʠʙʦ 

ʧʨʠʚʥʦʩʠʤʳʝ ʘʪʤʦʪʝʭʥʦʛʝʥʥʳʤʠ ʚʳʧʘʜʝʥʠʷʤʠ. ʅʘ ʦʢʨʘʩʢʫ ʧʦʯʚ ʩʠʣʴʥʦ 

ʚʣʠʷʶʪ: ʢʨʝʤʥʝʚʘʷ ʢʠʩʣʦʪʘ, ʢʘʦʣʠʥ, ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ 

ʜʨ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʷʜʘ ʨʘʙʦʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʬʫʣʴʚʦʢʠʩʣʦʪʳ ʠ ʛʫʤʠʥʦʚʳʝ 

ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʩʠʣʴʥʦ ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʦ ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè. 

ʊʘʢʞʝ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè ʦʢʘʟʳʚʘʶʪ ʦʢʠʩʣʳ ʞʝʣʝʟʘ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʠʭ ʚʣʠʷʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʠʥʜʠʢʘʪʦʨʦʤ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʝ ʧʦʯʚʝʥʥʦʡ ʣʠʥʠʠ 

ʧʦ ʜʘʥʥʳʤ ʦʪʨʘʞʝʥʠʷ ʧʦʯʚʳ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ 

ʩʧʝʢʪʨʘ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʝʢʩʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʧʦʯʚ 

(ʥʘʧʨʠʤʝʨ, ʠʥʜʝʢʩʘ MOD09 ʠ ʪ.ʧ.). ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʦʤ 

ʫʨʦʚʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ, ʢʦʪʦʨʦʝ ʷʨʢʦ ʦʪʨʘʟʠʪʩʷ ʥʘ ʠʥʜʝʢʩʘʭ 
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çʟʝʣʝʥʦʩʪʠè ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʵʪʦʤʫ ʚʣʠʷʥʠʝ ʠʭ ʥʘ ʢʘʨʪʠʥʫ ʚ 

ʮʝʣʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʣʠʙʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʦʚ ʚʥʝ ʧʝʨʠʦʜʦʚ ʚʝʛʝʪʘʮʠʠ ʠʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʥʠʟʢʠʤ 

ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ʂ ʪʨʝʪʴʝʤʫ ʫʨʦʚʥʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʥʜʝʢʩ 

ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ (Normalized Difference Nitrogen 

Index), ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ. 

ɸʟʦʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʝʣʢʦʚ, ʭʣʦʨʦʬʠʣʣʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 

ʙʳʩʪʨʦʨʘʩʪʫʱʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʥʠʪʨʘʪʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ (ʠʟʙʳʪʦʢ 

ʦʨʛʘʥʠʢʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠʣʠ ʧʨʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ). ʀʥʜʝʢʩʳ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʣʠʛʥʠʥʘ ʠ ʮʝʣʣʶʣʦʟʳ (Dry or Senescent Carbon) 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʫʯʝʪʘ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ çʩʫʭʦʛʦè ʫʛʣʝʨʦʜʘ ʢʦʪʦʨʳʡ ʚ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʨʝʚʝʩʠʥʝ ʠ ʚ ʤʝʨʪʚʳʭ ʠʣʠ ʩʫʭʠʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʷʭ. ʋʚʝʣʠʯʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ 

ʧʨʦʮʝʩʩ çʩʪʘʨʝʥʠʷè ʠ ʦʪʤʠʨʘʥʠʷ ʨʘʩʪʝʥʠʡ. ɼʘʥʥʳʝ ʠʥʜʝʢʩʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʫʩʳʭʘʥʠʠ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʥʝ ʩʠʣʴʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʦʙʱʫʶ ʢʘʨʪʠʥʫ, ʦʪʨʘʞʘʝʤʫʶ 

ʚʝʛʝʪʘʪʠʚʥʳʤʠ ʠʥʜʝʢʩʘʤʠ ʟʘ ʩʯʝʪ ʜʨʫʛʠʭ ʷʨʫʩʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʪʢʣʠʢʘ ʦʪ ʩʠʩʪʝʤʳ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ ʚ ʮʝʣʦʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʣʠ 

ʫʯʘʩʪʠʷ ʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʦʙʱʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʷʚʣʷʝʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʩʪʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʦʧʠʩʘʥʠʝ ʩʦʩʪʘʚʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚ, 

ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʪʘʣʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʚʝʜʝʥʥʦʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʪʦʙʨʘʞʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 
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SECTION V. Earth Science (ʅʘʫʢʠ ʦ ɿʝʤʣʝ) 
 

 

ɺʦʨʦʥʦʚʘ ɼ.ʉ. 
ʩʪʫʜʝʥʪʢʘ 4 ʢʫʨʩʘ ʢʘʬʝʜʨʳ ʛʝʦʵʢʦʣʦʛʠʠ,  

ʌɻɹʆʋ ɺʇʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪ çɻʦʨʥʳʡè 

ʉʪʨʠʞʝʥʦʢ ɸ.ɺ. (ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ) 
ʢ.ʪ.ʥ., ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʛʝʦʵʢʦʣʦʛʠʠ,  

ʌɻɹʆʋ ɺʇʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪ çɻʦʨʥʳʡè 

 

ʄʆʅʀʊʆʈʀʅɻ ʀ ʆʎɽʅʂɸ ɺʆɿɼɽʁʉʊɺʀʗ ʎɽʄɽʅʊʅʆɻʆ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ʅɸ ʆʂʈʋɾɸʖʑʋʖ ʉʈɽɼʋ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʤʧʳ ʨʦʩʪʘ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʦʚ ʚʳʥʫʞʜʘʶʪ 

ʯʝʣʦʚʝʯʝʩʪʚʦ ʨʘʩʰʠʨʷʪʴ ʠʭ ʪʝʨʨʠʪʦʨʠʠ, ʩʦʟʜʘʚʘʪʴ ʧʨʦʤʘʛʣʦʤʝʨʘʮʠʠ, 

ʚʦʟʚʦʜʠʪʴ ʥʘ ʩʚʦʙʦʜʥʳʭ ʦʪ ʟʘʩʪʨʦʡʢʠ ʪʝʨʨʠʪʦʨʠʷʭ ʥʦʚʳʝ ʟʜʘʥʠʷ ʠ 

ʩʦʦʨʫʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʯʝʣʦʚʝʢʫ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺʩʝ 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʧʨʦʩʘ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʩʧʨʦʩʘ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʣʦʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʈʦʩʩʠʠ ʠ ʚ ʤʠʨʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ 

ʝʞʝʛʦʜʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʚʩʝ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʳʙʨʦʩ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʩʙʨʦʩ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ 

ʚʦʜ ʚ ʧʨʠʨʦʜʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʘ ʪʘʢʞʝ ʦʪʯʫʞʜʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ 

ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʡ ʧʦʜ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʠ 

ʧʨʦʮʝʩʩʳ ʚʝʜʫʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʪʤʦ-, ʣʠʪʦ- ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʦʨʝʦʣʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʛʦʨʦʜʦʚ ʠ ʧʨʦʤʘʛʣʦʤʝʨʘʮʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʫʭʫʜʰʘʝʪʩʷ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ 

ʯʝʣʦʚʝʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʢʘʟʘʪʝʣʠ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ [1]. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʠʟʚʦʜʩʪʚ ʚ 

ʢʣʘʩʪʝʨʝ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʮʝʤʝʥʪʘ. ʇʨʝʜʧʨʠʷʪʠʷʤʠ ʮʝʤʝʥʪʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʝʞʝʛʦʜʥʦ ʚʳʙʨʘʩʳʚʘʶʪ ʙʦʣʝʝ 27 ʤʣʥ. ʪ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʧʳʣʠ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 8% 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʦʢʦʣʦ 5% ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʚʳʙʨʦʩʦʚ. ʎʝʤʝʥʪʥʘʷ ʧʳʣʴ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʢʨʦʤʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʨʘʩʪʝʥʠʡ, 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʩʝʜʘʥʠʷ ʘʵʨʦʟʦʣʝʡ ʠ ʧʳʣʠ ʥʘ 
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ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʩʪʴʝʚ ʠ ʢʦʨʥʝʚʦʛʦ ʫʩʚʦʝʥʠʷ ʪʚʝʨʜʳʭ ʤʝʪʘʣʣʦʚ, 

ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ ʧʦʯʚʝ ʚ ʪʝʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʪʫʧʣʝʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ ʘʪʤʦʩʬʝʨʳ ʧʫʪʝʤ ʩʫʭʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʣʠ 

ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʮʝʤʝʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʝʜʝʪʩʷ, ʘ ʇɼʂ ʜʣʷ ʤʥʦʛʠʭ ʧʦʣʣʶʪʘʥʪʦʚ ʚ ʧʦʯʚʘʭ ʥʝ 

ʫʩʪʘʥʦʚʣʝʥʳ. ɺʩʝ ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ, ʘ 

ʪʘʢʞʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʚʳʙʨʦʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʠʭ ʟʘʛʨʷʟʥʝʥʠʶ [1]. 

ʇʨʠʤʝʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʨʠʷʪʠʝ çʋʣʴʷʥʦʚʩʢʮʝʤʝʥʪè. 

ʇʨʝʜʧʨʠʷʪʠʝ çʋʣʴʷʥʦʚʩʢʮʝʤʝʥʪè ʦʩʥʦʚʘʥʦ ʚ 1961 ʛʦʜʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʛʦʨʦʜʘ ʅʦʚʦʫʣʴʷʥʦʚʩʢ ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʚ 

ʈʦʩʩʠʠ. ɽʞʝʛʦʜʥʦ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʦʠʟʚʦʜʠʪ ʦʢʦʣʦ 2,5 ʤʣʥ. ʪ. ʮʝʤʝʥʪʘ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

çʋʣʴʷʥʦʚʩʢʮʝʤʝʥʪè ʘʚʪʦʨʦʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 50 ʪʳʩ. ʪ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʳʣʠ ʚ ʛʦʜ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʙʨʦʩʦʚ ʧʳʣʠ ʷʚʣʷʶʪʩʷ 

ʧʝʯʠ ʜʣʷ ʦʙʞʠʛʘ, ʢʣʠʥʢʝʨʥʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʠ ʮʝʤʝʥʪʥʳʝ ʤʝʣʴʥʠʮʳ. 

ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʛʦʨʷʯʠʡ ʦʪʨʘʙʦʪʘʥʥʳʡ ʛʘʟ ʠʣʠ ʦʪʨʘʙʦʪʘʥʥʳʡ ʚʦʟʜʫʭ ʚ ʥʠʭ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʜʦ ʩʦʩʪʦʷʥʠʷ ʧʳʣʠ ʤʘʪʝʨʠʘʣ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʤʝʩʠ ʛʘʟʘ ʠ ʧʳʣʠ. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʯʘʩʪʠʮ ʟʘʚʠʩʷʪ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʣʠʥʢʝʨʘ ʠʣʠ ʮʝʤʝʥʪʘ. ʇʳʣʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟ 

ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʚʦʜʘ (ʩʜʫʚʘʝʤʘʷ ʧʳʣʴ) 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʨʘʥʝʥʠʷ ʠ ʧʦʛʨʫʟʢʠ ʩʳʨʴʷ ʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɼʣʷ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʝʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʦʪ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ, 

ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʩʚʳʰʝ 80%. ʅʝʩʤʦʪʨʷ ʥʘ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʧʳʣʝʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʨʝʛʠʦʥʘ ʝʞʝʛʦʜʥʦ ʧʦʩʪʫʧʘʝʪ ʙʦʣʝʝ 1,5 ʪʳʩ. ʪ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʳʣʠ, ʢʦʪʦʨʘʷ ʦʩʘʞʜʘʝʪʩʷ ʠ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʦʢʨʦʚʝ, ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʝʪ 

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ 

ʅʦʚʦʫʣʴʷʥʦʚʩʢ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʭʠʤʠʯʝʩʢʠʡ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʮʝʤʝʥʪʥʦʡ ʧʳʣʠ ʧʦʜʦʙʝʥ ʧʨʠʨʦʜʥʦʤʫ ʢʘʤʥʶ, 

ʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʩʯʠʪʘʝʪʩʷ ʚʨʝʜʥʳʤ, ʥʦ ʥʝ ʪʦʢʩʠʯʥʳʤ 

[3]. 

ʂʨʦʤʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʳʣʠ ʧʨʝʜʧʨʠʷʪʠʝ çʋʣʴʷʥʦʚʩʢʮʝʤʝʥʪè 

ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʜʠʦʢʩʠʜʘ ʩʝʨʳ, ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʫʛʘʨʥʦʛʦ ʛʘʟʘ, ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ 
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ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʩʶ ʚʘʞʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʥʦ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʧʨʦʩ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʳʣʝ- ʠ ʛʘʟʦʦʯʠʩʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʮʝʤʝʥʪʘ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʝʛʦ ʛʘʟʦ-ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 
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SECTION VI. Engineering (ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ) 
 

 

ɸʢʠʰʝʚ ɸ.ɸ. 
ʩʪʫʜʝʥʪ 4-ʛʦ ʢʫʨʩʘ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ), ʬʠʣʠʘʣ ʚ ʛ. ʄʠʘʩʩʝ 

 

ʂʆʅʊʈʆʃʔ ʇɸʈɸʄɽʊʈʆɺ ʕʃɽʂʊʈʆʅʅʓʍ ʂʃʖʏɽʁ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʣʝʢʪʨʦʥʥʳʝ ʢʣʶʯʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʭʝʤʦʪʝʭʥʠʢʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ  ʠʤʧʫʣʴʩʥʳʭ ʩʭʝʤ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝʤ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 

ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʤʤʫʪʠʨʦʚʘʪʴ ʪʦʢʠ ʚ ʩʦʪʥʠ ʘʤʧʝʨ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʦʪʥʠ ʚʦʣʴʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʘʟʦʚʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʩʠʣʦʚʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ: 

1. ɹʠʧʦʣʷʨʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ 

2. ɹʠʧʦʣʷʨʥʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ (IGBT) 

3. ʇʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʩʪʨʫʢʪʫʨʳ ʄʆʇ (MOSFET) 
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4. ʊʠʨʠʩʪʦʨʳ, ʩʠʤʠʩʪʦʨʳ (ʪʨʠʘʢʠ) 

ʉʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʦʭʚʘʪʳʚʘʝʪ ʦʪʚʝʪʩʪʚʝʥʥʳʝ 

ʫʟʣʳ, ʢʦʪʦʨʳʝ ʥʝ ʜʦʣʞʥʳ ʜʦʧʫʩʢʘʪʴ ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ, ʧʦʚʳʰʝʥʥʳʝ 

ʪʦʢʠ ʫʪʝʯʢʠ ʠ ʟʘʧʫʩʢ ʫʩʪʨʦʡʩʪʚʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʙʦʯʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʣʶʯʝʡ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʣʶʯʝʚʳʝ ʵʣʝʤʝʥʪʳ ʢʘʢ 

ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢ, ʫʩʣʦʚʥʦ ʧʘʨʘʤʝʪʨʳ ʢʣʶʯʝʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ [1]: 

1. ʅʘʧʨʷʞʝʥʠʝ ʚʳʭʦʜʥʦʡ ʮʝʧʠ ʢʣʶʯʘ (ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʙʣʦʢʠʨʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʶʯʘ ʠ ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ).  

2. ʊʦʢʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʚʳʭʦʜʥʦʡ ʮʝʧʠ ʢʣʶʯʘ (ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʪʦʢʠ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʠ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʘʭ, ʪʦʢʠ 

ʫʪʝʯʢʠ). 

3. ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ. 

4. ʇʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʩʠʣʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʣʶʯʘ. 

5. ɺʨʝʤʝʥʥʳʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʦʧʨʝʜʝʣʷʶʪ ʨʘʙʦʯʠʝ 
ʯʘʩʪʦʪʳ ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ). 

6. ʊʝʧʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ (ʦʧʨʝʜʝʣʷʶʪ ʜʦʧʫʩʪʠʤʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 
ʨʝʞʠʤʳ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ). 

ɿʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʘ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʘʨʘʤʝʪʨʳ ʢʣʶʯʝʡ 

ʚʳʙʠʨʘʶʪʩʷ ʩ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʯʝʤ ʨʘʙʦʯʠʝ. ɼʘʥʥʘʷ ʤʝʨʘ 

ʧʨʠʥʠʤʘʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʜʦʧʫʩʪʠʤʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʚ 

ʨʝʞʠʤʝ ʨʘʙʦʪʳ. ɺ ʠʪʦʛʝ, ʧʨʠ  ʨʘʟʨʘʙʦʪʢʝ ʩʭʝʤ ʢʦʥʪʨʦʣʷ, ʧʦʨʦʛʦʚʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʣʶʯʘ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝ 

ʧʘʩʧʦʨʪʥʳʤʠ ʜʘʥʥʳʤʠ ʢʣʶʯʘ, ʘ ʨʘʙʦʯʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʭʝʤʳ. 

ʂʦʥʪʨʦʣʴ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʣʶʯʝʡ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʧʦʩʪʦʷʥʥʳʡ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ, ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ.  

ɺ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʢʣʶʯʘ ʚʝʜʝʪʩʷ ʚʦ ʚʩʝʤ 

ʠʥʪʝʨʚʘʣʝ ʨʘʙʦʪʳ ʩʭʝʤʳ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʠʤ ʜʣʷ ʢʣʶʯʝʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʇʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʢʦʥʪʨʦʣʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʚʝʨʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ʢʣʶʯʘ ʠ ʧʨʠ ʝʝ ʫʩʧʝʰʥʦʤ ʠʩʭʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʫʩʢ ʩʭʝʤʳ (ʫʩʪʨʦʡʩʪʚʘ). 

ʇʨʦʚʝʨʢʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʦ ʧʨʦʛʨʘʤʤʝ, ʘʣʛʦʨʠʪʤ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪ 

ʪʨʝʙʫʝʤʳʝ ʪʝʩʪʦʚʳʝ ʦʧʝʨʘʮʠʠ. ɺ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʠʤʧʫʣʴʩʥʳʭ 

ʩʭʝʤʘʭ ʠ ʩʭʝʤʘʭ ʩ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ. 

ɺ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ ʢʦʥʪʨʦʣʷ ʧʨʦʛʨʘʤʤʘ ʧʨʦʚʝʨʢʠ 

ʟʘʧʫʩʢʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʯʘʩʪʦʪʦʡ. 

ɺ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʤʝʝʪ ʩʤʳʩʣ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʘʮʠʠ 

ʠʟ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ: ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʫʩʪʨʦʡʩʪʚʘ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʧʨʦʚʝʨʦʢ, ʘ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʢʦʥʪʨʦʣʴ ʪʦʣʴʢʦ ʪʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʩʭʝʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ ʄʆʇ ʪʨʘʥʟʠʩʪʦʨʝ, 

ʚʢʣʶʯʝʥʥʦʤ ʧʦ ʪʠʧʦʚʦʡ ʩʭʝʤʝ (ʨʠʩ.1).   

ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ: 

- ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʜʘʯʠ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʪʦʢʘ ʚʳʰʝ 10ɸ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʜʘʯʠ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ ʧʨʠ ʪʦʢʝ ʫʪʝʯʢʠ ʙʦʣʝʝ 

1ʤɸ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʜʘʯʠ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʢʦʤʤʫʪʠʨʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʠʞʝ 27 ʚʦʣʴʪ. 

 ʉʭʝʤʘ ʢʣʶʯʘ  ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʦʢʘ ʯʝʨʝʟ ʢʣʶʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʜʘʪʯʠʢ 

ʪʦʢʘ DA1 (INA169) ʩʦʚʤʝʩʪʥʦ ʩ ʨʝʟʠʩʪʦʨʦʤ R2. ʈʝʟʠʩʪʦʨ R3 ʟʘʜʘʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ DA1, ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʥʘ ʢʦʤʧʘʨʘʪʦʨ DA3.1, ʢʦʪʦʨʳʡ ʩʨʘʚʥʠʚʘʝʪ ʜʘʥʥʳʡ ʩʠʛʥʘʣ ʩ ʦʧʦʨʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ Vref ʨʘʚʥʳʤ +5ɺ. ʉʠʛʥʘʣ ʦʰʠʙʢʠ CSIGA, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ 

ʥʠʟʢʠʤ ʣʦʛʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʪʦʢʝ ʙʦʣʝʝ 10ɸ. ʂʦʥʪʨʦʣʴ 

ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʝʜʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ. 

 ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʦʢʘ ʫʪʝʯʢʠ ʧʨʠʤʝʥʝʥʘ ʘʥʘʣʦʛʠʯʥʘʷ ʩʭʝʤʘ ʠʟ 

ʢʦʤʧʘʨʘʪʦʨʘ DA3.2, ʜʘʪʯʠʢʘ ʪʦʢʘ DA2, ʜʝʣʠʪʝʣʷ R6, R7, R8 ʠ ʜʠʦʜʘ VD4, 

ʦʪʢʨʳʚʘʶʱʝʛʦʩʷ ʧʨʠ ʪʦʢʝ ʫʪʝʯʢʠ ʢʣʶʯʘ ʙʦʣʝʝ 1ʤɸ, ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʚʘʷ ʪʦʢ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R6 ʠ ʬʦʨʤʠʨʫʷ ʩʠʛʥʘʣ ʦʰʠʙʢʠ CSIGB, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʥʠʟʢʠʤ ʣʦʛʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ. ʇʨʠ ʦʪʢʨʳʪʦʤ ʢʣʶʯʝ 

ʩʠʛʥʘʣ CSIGB ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʩʨʘʙʘʪʳʚʘʥʠʷ. ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ. 

 

 
 

ʈʠʩ.1 ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʢʣʶʯʝʚʦʤ ʨʝʞʠʤʝ. 
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ʈʠʩ. 2 ʉʭʝʤʘ ʢʣʶʯʘ ʥʘ ʄʆʇ ʪʨʘʥʟʠʩʪʦʨʝ ʩʦ ʩʭʝʤʘʤʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ. 

 

ʂʦʥʪʨʦʣʴ ʢʦʤʤʫʪʠʨʫʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʣʶʯʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʨʝʟʠʩʪʦʨʥʳʤ ʜʝʣʠʪʝʣʝʤ R4, R5 ʠ ʢʦʤʧʘʨʘʪʦʨʦʤ DA3.3. ʉʠʛʥʘʣ ʦʰʠʙʢʠ 

CSIGB, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ ʥʠʟʢʠʤ ʣʦʛʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ 

ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʢʣʶʯʝ ʥʠʞʝ 27ɺ. ɼʘʥʥʳʡ ʩʠʛʥʘʣ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚ ʨʝʞʠʤʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ. 

ʉʠʛʥʘʣʳ ʦʰʠʙʦʢ CSIGA, CSIGB, CSIGC ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʜʘʚʘʪʴ 

ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʢʦʪʦʨʳʡ ʟʘʧʨʝʱʘʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʩʠʛʥʘʣʘ ʢʣʶʯʘ ʠ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʦʰʠʙʢʠ ʜʣʷ ʩʠʛʥʘʣʠʟʘʮʠʠ. ɽʩʣʠ ʦʪ 

ʩʭʝʤʳ ʢʦʥʪʨʦʣʷ ʪʨʝʙʫʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʱʠʡ ʩʠʛʥʘʣ ʦʰʠʙʢʠ, ʩʠʛʥʘʣʳ 

ʢʦʥʪʨʦʣʷ CSIGA, CSIGB, CSIGC ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʥʫ ʪʦʯʢʫ, 

ʦʨʛʘʥʠʟʦʚʘʚ ʪʝʤ ʩʘʤʳʤ ñʤʦʥʪʘʞʥʦʝ ʀʃʀò.  

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʦʩʪʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʪʨʝʭ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʭʝʤʳ, 

ʪʨʝʙʫʶʱʠʝ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʠʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʢʦʥʪʨʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʦʜʘʪʯʠʢʘ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʩʭʝʤʳ ʢʦʥʪʨʦʣʷ 

ʩʪʨʦʷʪʩʷ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʪʨʫʢʪʫʨʝ: ʩʠʛʥʘʣ ʩ ʜʘʪʯʠʢʘ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʦʧʦʨʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʠ ʚ ʩʣʫʯʘʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ 

ʦʰʠʙʢʠ.   
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ɺʘʩʠʣʝʚʩʢʠʡ ʅ.ʀ. 
ʉʪʫʜʝʥʪ ʛʨʫʧʧʳ ʄʠʕʊ-426 çʋʧʨʘʚʣʝʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭè 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ),  

ʬʠʣʠʘʣ ʚ ʛ. ʄʠʘʩʩ 

 

ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ ʄʀʂʈʆʄɽʍɸʅʀʏɽʉʂʀʍ ɼɸʊʏʀʂʆɺ 

ʀʅɽʈʎʀɸʃʔʅʆʁ ʀʅʌʆʈʄɸʎʀʀ ɺ ʉʀʉʊɽʄɽ ʋʇʈɸɺʃɽʅʀʗ ʀ 

ʊɽʃɽʄɽʊʈʀʀ ɹɽʉʇʀʃʆʊʅʓʍ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ 

 

ʈʘʟʚʠʪʠʝ ʙʝʩʧʠʣʦʪʥʦʡ ʤʘʣʦʡ ʘʚʠʘʮʠʠ ʚ ʈʦʩʩʠʠ ʩʚʷʟʘʥʦ ʩ ʚʦʟʥʠʢʰʝʡ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʣʝʛʢʠʭ, ʤʘʥʝʚʨʝʥʥʳʭ ʠ ʜʝʰʝʚʳʭ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ (ɹʇʃɸ), ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʦʙʰʠʨʥʳʡ 

ʢʨʫʛ ʟʘʜʘʯ ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: 

- ʤʦʥʠʪʦʨʠʥʛ ʠ ʬʦʪʦʩʲʝʤʢʘ ʦʙʲʝʢʪʦʚ ʠ ʩʪʨʦʝʥʠʡ; 

- ʤʦʥʠʪʦʨʠʥʛ ʚ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ;  

- ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʞʠʚʦʪʥʳʤʠ; 

- ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʦʧʝʨʘʮʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʘʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʫʧʨʘʚʣʷʝʪʩʷ ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʫʨʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ. ʇʨʠ ʵʪʦʤ ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ  ʪʨʫʜʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʚ ʚʦʟʜʫʰʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʢʦʪʦʨʳʝ ʨʘʩʩʤʦʪʨʠʤ ʥʠʞʝ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʪʯʠʢʠ: ʤʦʜʫʣʠ ʧʨʠʝʤʘ ʜʘʥʥʳʭ ʩʦ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤGPS/ɻʃʆʅɸʉʉ, ʙʣʦʢ ʠʥʝʨʮʠʘʣʴʥʳʭ 

ʜʘʪʯʠʢʦʚ (ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʘʷ ʠʥʝʨʮʠʘʣʴʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʜʘʪʯʠʢʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ɼʋʉ) ʠ ʜʘʪʯʠʢʠ ʣʠʥʝʡʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ (ʘʢʩʝʣʝʨʦʤʝʪʨʳ)), ʜʘʪʯʠʢ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʘʪʯʠʢ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ɹʇʃɸ. 
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ʇʨʠʝʤʥʠʢ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ GPS/ɻʃʆʅɸʉʉ 

ʩʣʫʞʠʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʪʝʢʫʱʝʛʦ ʢʫʨʩʘ ɹʇʃɸ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʚʳʯʠʩʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʜʚʠʞʝʥʠʷ ʃɸ ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʫʨʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʘ ɹʇʃɸ 

ʪʨʝʙʫʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʩʦʩʪʘʚ ʫʧʨʘʚʣʝʥʠʷ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ɹʇʃɸ. ʉʠʩʪʝʤʘ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ɹʇʃɸ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʝʨʮʠʘʣʴʥʳʝ 

ʜʘʪʯʠʢʠ ʜʚʠʞʝʥʠʷ, ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʩʦʚʤʝʩʪʥʦ ʩ ʜʘʥʥʳʤʠ ʩ GPS/ɻʃʆʅɸʉʉ-ʤʦʜʫʣʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ, 

ʧʦʣʫʯʘʝʤʳʭ ʠ ʚʳʯʠʩʣʷʝʤʳʭ ʤʦʜʫʣʝʤ ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ, ʩ ʜʨʫʛʦʡ ï 

ʦʙʝʩʧʝʯʠʪʴ ʫʧʨʘʚʣʷʝʤʦʝ ʜʚʠʞʝʥʠʝ ʘʧʧʘʨʘʪʘ ʚ ʩʣʫʯʘʝ ʧʨʦʧʘʜʘʥʠʷ ʩʠʛʥʘʣʘ 

ʩ ʧʨʠʝʤʥʠʢʘ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʘʪʯʠʢʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ (ʄʕʄʉ). 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʙʫʩʣʦʚʣʝʥʳ ʨʷʜʦʤ 

ʧʨʠʯʠʥ: ʧʨʦʩʪʦʪʘ ʠʭ ʧʦʜʢʣʶʯʝʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʮʝʥʘ, ʤʘʣʳʝ 

ʛʘʙʘʨʠʪʳ ʠ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ʄʕʄʉ-ʜʘʪʯʠʢʠ ʦʩʥʘʱʘʶʪʩʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʠ ʥʝ ʠʤʝʶʪ 

ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʳʝ ʧʦʢʘʟʘʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

  ʈʘʩʩʤʦʪʨʠʤ ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ (ʘʢʩʝʣʝʨʦʤʝʪʨʳ) ʠ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ (ɼʋʉ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʣʝʛʢʠʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. 

 

ɼʘʪʯʠʢʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʛʠʨʦʩʢʦʧʳ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ 

ʛʠʨʦʩʢʦʧʦʚ: ʩʚʝʨʭʚʳʩʦʢʠʭ ʪʦʯʥʦʩʪʝʡ, ʚʳʩʦʢʦʡ, ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ 

ʪʦʯʥʦʩʪʠ. ɺ ʠʥʝʨʮʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ɹʇʃɸ ʠʩʧʦʣʴʟʫʶʪʩʷ ɼʋʉ 

ʚʳʩʦʢʦʡ, ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʠ: ʜʠʥʘʤʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʝʤʳʝ (ɼʅɻ), 

ʚ ʯʘʩʪʥʦʩʪʠ, ʨʦʪʦʨʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ (ʈɺɻ), ʣʘʟʝʨʥʳʝ (ʃɻ) ʠ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʝ (ɺʆɻ), ʚʦʣʥʦʚʳʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ (ɺʊɻ) ʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ 

(ʄʄɻ).  

- ɼʠʥʘʤʠʯʝʩʢʠ ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʛʠʨʦʩʢʦʧʳ (ɼʅɻ) ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ 

ʨʦʪʦʨʥʳʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʛʠʨʦʩʢʦʧʦʚ ʩ ʫʧʨʫʛʠʤ ʧʦʜʚʝʩʦʤ ʥʦʩʠʪʝʣʷ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʠʣʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʩʪʨʦʡʢʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʩʚʦʙʦʞʜʘʶʱʝʡ ʨʦʪʦʨ ʦʪ 

ʫʧʨʫʛʦʡ ʩʚʷʟʠ ʩ ʦʩʥʦʚʘʥʠʝʤ. ɼʅɻ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʢ ʯʠʩʣʫ 

ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʳʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  
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ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

- ɺʦʣʥʦʚʳʝ ʦʧʪʠʯʝʩʢʠʝ ʛʠʨʦʩʢʦʧʳ (Bʆɻ). ʂ ʥʠʤ ʦʪʥʦʩʷʪ - ʣʘʟʝʨʥʳʡ 

ʛʠʨʦʩʢʦʧ (ʃɻ) ʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʛʠʨʦʩʢʦʧ (ɺʆɻ). ʅʦʩʠʪʝʣʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʚ ʵʪʠʭ ʛʠʨʦʩʢʦʧʘʭ 

ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʘʥʥʳʭ ʛʦʨʦʩʢʦʧʦʚ, 

ʚʦʣʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ 

ʟʘʤʢʥʫʪʦʤʫ ʦʧʪʠʯʝʩʢʦʤʫ ʢʦʥʪʫʨʫ ʚ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʠ ʧʨʠ ʚʨʘʱʝʥʠʠ ʢʦʥʪʫʨʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʦʣʥʦʛʦ ʦʙʭʦʜʘ ʧʨʦʭʦʜʷʪ ʨʘʟʥʳʡ 

ʧʫʪʴ. ʈʘʟʥʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʚʦʣʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʬʬʝʢʪʦʤ ʉʘʥʴʷʢʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʥʪʫʨʘ. ɺ ʣʘʟʝʨʥʳʭ 

ʛʠʨʦʩʢʦʧʘʭ ʵʪʘ ʨʘʟʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʘʟʥʦʩʪʴ ʯʘʩʪʦʪ, ʘ ʚ 

ʚʦʣʥʦʚʳʭ - ʚ ʨʘʟʥʦʩʪʴ ʬʘʟ ʚʦʣʥ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ ʬʦʨʤʠʨʫʶʪ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ 

ʛʠʨʦʩʢʦʧʦʚ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʚʦʣʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʦʚ ʷʚʣʷʶʪʩʷ 

ʰʠʨʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ, ʣʠʥʝʡʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʝʨʝʛʨʫʟʢʘʤ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢ ʦʨʠʝʥʪʘʮʠʠ ʚʭʦʜʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʦʩʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʤʘʣʦʝ ʚʨʝʤʷ 

ʛʦʪʦʚʥʦʩʪʠ, ʤʘʣʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ. 

- ɺʦʣʥʦʚʦʡ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʛʠʨʦʩʢʦʧ (ɺʊɻ) ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʚʦʣʥʦʚʳʭ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʦʚ; ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʝʨʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʚʦʟʙʫʞʜʘʝʤʦʡ ʚ 

ʫʧʨʫʛʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʦʙʦʣʦʯʢʝ (ʨʝʟʦʥʘʪʦʨʝ). ɼʦʩʪʦʠʥʩʪʚʘʤʠ ɺʊɻ 

ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʰʠʨʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʝʥʠʡ, ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʣʠʥʝʡʥʳʤ ʧʝʨʝʛʨʫʟʢʘʤ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʜʘʨʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʨʘʜʠʘʮʠʦʥʥʦʤʫ 

ʠʟʣʫʯʝʥʠʶ, ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʤʘʣʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʝʨʝʨʳʚʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʘ 

ʪʘʢʞʝ ʤʘʣʦʝ ʚʨʝʤʷ ʛʦʪʦʚʥʦʩʪʠ ʢ ʨʘʙʦʪʝ. 

-  ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʛʠʨʦʩʢʦʧʳ (MMɻ). ʇʨʠʤʝʥʷʝʤʳʝ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʄʄɻ ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ 

ʦʙʝʩʧʝʯʠʪʴ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ, ʚʝʩ ʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʚʳʩʦʢʫʶ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ ʪʘʢʞʝ ʥʠʟʢʫʶ 

ʩʪʦʠʤʦʩʪʴ ʜʘʪʯʠʢʦʚ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʜʘʪʯʠʢʘ ʠ ʩʝʨʚʠʩʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʝʜʠʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʦʜʫʣʠ ð ʯʠʧʳ-

ʛʠʨʦʩʢʦʧʳ, ʘ ʪʘʢʞʝ ʩʙʦʨʢʠ ʠʥʝʨʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʲʝʤʦʤ 0,5-10 ʩʤ
3
 ʩ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʴʶ 0,5-1 ɺʪ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ ʄʄɻ. ʆʙʱʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʧʨʠʟʥʘʢʦʤ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʤʠʢʨʦʛʠʨʦʩʢʦʧʦʚ - ʜʘʪʯʠʢʦʚ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʠʭ ʨʘʟʣʠʯʥʳʭ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʚʫʭʩʪʝʧʝʥʥʳʭ ʫʧʨʫʛʠʭ 

ʧʦʜʚʝʩʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʏʕ). ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʄʄɻ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʣʠʙʦ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʦ ʦʜʥʦʡ ʠʟ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʠʟʤʝʨʝʥʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ 

ʜʨʫʛʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʨʠʦʣʠʩʦʚʳʭ ʩʠʣ 

ʠʣʠ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʥʦʩʥʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʢʦʨʧʫʩʘ. 

ʇʦ ʧʨʠʥʮʠʧʫ ʧʦʩʪʨʦʝʥʠʷ ʫʧʨʫʛʦʛʦ ʧʦʜʚʝʩʘ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʪʠʧʳ 

ʄʄɻ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʥʘ ʨʠʩ. 1, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʜʚʠʞʝʥʠʷ ʏʕ ʚ ʧʦʜʚʝʩʝ, ʄʄɻ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʪʨʠ ʛʨʫʧʧʳ: RR-ʪʠʧʘ - ʩ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʦ ʦʙʝʠʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ; ʄʄɻ RL-ʪʠʧʘ - ʩ ʚʨʘʱʘʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʧʦ ʦʜʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʠ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ - ʧʦ ʜʨʫʛʦʡ; 

LL-ʪʠʧʘ - ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʧʦ ʦʙʝʠʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ. 

 
 

ʈʠʩʫʥʦʢ 1-ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʠʧʦʚ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʦʥʥʳʭ 

ʛʠʨʦʩʢʦʧʦʚ. 

 

ɺ ʢʘʞʜʦʡ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʩʭʝʤ ʄʄɻ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʚʝʣʠʢʦ. ʅʘ ʩʭʝʤʝ ʫʢʘʟʘʥʳ ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʝ ʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪʳ: ɻʄʇ - 

ʛʠʨʦʩʢʦʧ ʩ ʤʘʷʪʥʠʢʦʚʳʤ ʧʦʜʚʝʩʦʤ; ɻʂʇ - ʛʠʨʦʩʢʦʧ ʩ ʢʘʨʜʘʥʥʳʤ 

ʧʦʜʚʝʩʦʤ; ɻʂ - ʛʠʨʦʩʢʦʧ ʢʘʤʝʨʪʦʥʥʳʡ; ɻʉʄ - ʛʠʨʦʩʢʦʧ ʩ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʤʘʩʩʦʡ; ɻʈʄ - ʛʠʨʦʩʢʦʧ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʦʡ. 

 

ʄʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ 

ʇʝʨʚʳʝ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʝ ʄʄɸ ʧʦʷʚʠʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʥʴʰʝ, ʯʝʤ ʛʠʨʦʩʢʦʧʳ ʘʥʘʣʦʛʠʯʥʦʛʦ ʪʠʧʘ, ʚ ʩʠʣʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʦʪʳ ʠʭ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ ʄʄɻ - ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʚʠʙʨʦʧʨʠʚʦʜʘ, ʫʨʦʚʝʥʴ ʠʟʤʝʨʷʝʤʳʭ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ ʠʥʝʨʮʠʦʥʥʳʭ 

ʫʩʢʦʨʝʥʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʫʨʦʚʥʷ ʫʩʢʦʨʝʥʠʡ ʂʦʨʠʦʣʠʩʘ, 
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ʠʟʤʝʨʷʝʤʳʭ ʚ ʛʠʨʦʩʢʦʧʘʭ. ʆʪʩʫʪʩʪʚʫʶʪ ʪʘʢʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʚʘʢʫʫʤʘ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ ʄʄɻ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʫʧʨʫʛʦʛʦ ʧʦʜʚʝʩʘ ʏʕ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʜʦʙʨʦʪʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʛʠʨʦʩʢʦʧʘ ʠ ʜʨ. ɺ 

ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʤ ʠʩʧʦʣʥʝʥʠʠ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʨʠ ʩʭʝʤʳ 

ʄʄɸ ʩ ʫʧʨʫʛʠʤʠ ʧʦʜʚʝʩʘʤʠ ʏʕ ʢʘʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ: ʄʄɸ ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʏʕ; ʄʄɸ ʩ ʫʧʨʫʛʠʤ 

ʧʦʜʚʝʩʦʤ ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʘ; ʚʠʙʨʘʮʠʦʥʥʳʡ ʄʄɸ. ɺ ʘʢʩʝʣʝʨʦʤʝʪʨʘʭ ʩ 

ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʏʕ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ 

ʜʚʠʞʝʥʠʷ - ʜʚʠʞʝʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ ʧʦʜʚʝʩʘ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʵʪʦʡ 

ʧʣʦʩʢʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʏʕ ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʤʢʦʩʪʥʳʝ, ʘ 

ʪʘʢʞʝ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ. ʂʦʤʧʝʥʩʘʮʠʷ 

ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʩʠʣʳ 

ʠ ʤʦʤʝʥʪʘ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʪʠʧʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ, ʠʟʤʝʨʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʄʄɸ, ʤʦʛʫʪ 

ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥ ʧʦʨʷʜʢʘ 10
5
g, ʫʨʦʚʝʥʴ ʧʦʛʨʝʰʥʦʩʪʠ ʄʄɸ ʦʮʝʥʠʚʘʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ʧʦʨʷʜʢʘ 10
-4
- 10

-3
g. 

ɺ ʘʢʩʝʣʝʨʦʤʝʪʨʘʭ ʝʤʢʦʩʪʥʦʛʦ ʪʠʧʘ, ʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ï 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʛʨʫʟʠʢ ʥʘ ʧʦʜʚʝʩʘʭ. ʇʨʠ ʥʘʣʠʯʠʠ ʫʩʢʦʨʝʥʠʷ ʛʨʫʟʠʢ 

ʩʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ. ʆʙʢʣʘʜʢʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʧʨʠʢʨʝʧʣʝʥʥʘʷ ʢ ʛʨʫʟʠʢʫ, ʩʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʙʢʣʘʜʢʠ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ. ɽʤʢʦʩʪʴ ʤʝʥʷʝʪʩʷ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ 

ʟʘʨʷʜʝ ʤʝʥʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ï ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʠ 

ʨʘʩʩʯʠʪʘʪʴ ʩʤʝʱʝʥʠʝ ʛʨʫʟʠʢʘ. ʆʪʢʫʜʘ, ʟʥʘʷ ʝʛʦ ʤʘʩʩʫ ʠ ʧʘʨʘʤʝʪʨʳ 

ʧʦʜʚʝʩʘ, ʣʝʛʢʦ ʥʘʡʪʠ ʠ ʠʩʢʦʤʦʝ ʫʩʢʦʨʝʥʠʝ. 

ɸʢʩʝʣʝʨʦʤʝʪʨʳ ʥʘ ʧʴʝʟʦʵʬʬʝʢʪʝ. ɺ ʘʢʩʝʣʝʨʦʤʝʪʨʘʭ ʪʘʢʦʛʦ ʪʠʧʘ 

ʧʨʦʠʩʭʦʜʠʪ ʜʘʚʣʝʥʠʝ ʛʨʫʟʠʢʘ ʥʘ ʧʴʝʟʦʢʨʠʩʪʘʣʣ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ 

ʘʢʩʝʣʝʨʦʤʝʪʨʘ - ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʧʴʝʟʦʵʣʝʤʝʥʪ 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʪʦʢ. ʀʟ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʟʥʘʷ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ, 

ʤʦʞʥʦ ʥʘʡʪʠ ʩʠʣʫ, ʩ ʢʦʪʦʨʦʡ ʛʨʫʟʠʢ ʜʘʚʠʪ ʥʘ ʢʨʠʩʪʘʣʣ,  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʨʘʩʩʯʠʪʘʪʴ ʠʩʢʦʤʦʝ ʫʩʢʦʨʝʥʠʝ. 

ɸʢʩʝʣʝʨʦʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʫʩʢʦʨʝʥʠʷ. ɺ ʥʠʭ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʦʨʷʯʠʡ ʧʫʟʳʨʝʢ ʚʦʟʜʫʭʘ. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʧʫʟʳʨʝʢ ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʩʠʩʪʝʤʳ, ʵʪʦ ʦʪʩʣʝʞʠʚʘʝʪʩʷ 

ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ: ʯʝʤ ʜʘʣʴʰʝ ʩʤʝʩʪʠʣʩʷ ʧʫʟʳʨʝʢ ï ʪʝʤ ʙʦʣʴʰʝ 

ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ 

 

ɺʳʚʦʜ: 

ʈʘʩʩʤʦʪʨʝʚ ʜʘʪʯʠʢʠ ʠʟʤʝʨʝʥʠʷ ʫʩʢʦʨʝʥʠʷ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ: ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʛʜʝ 

ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ, ʪʷʞʝʣʳʭ ʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʨʠʙʦʨʦʚ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ. ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʜʣʷ  ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʧʨʦʩʪʦʪʫ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʳʭ (ʥʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ), ʦʙʣʘʜʘʶʪ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʤʘʣʳʤʠ 

ʛʘʙʘʨʠʪʘʤʠ ʠ ʚʝʩʦʤ. ɺʩʝ ʵʪʠ ʢʘʯʝʩʪʚʘ ʙʫʜʫʪ ʦʧʪʠʤʘʣʴʥʳ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ɹʇʃɸ. 

 

ʃʠʪʝʨʘʪʫʨʘ ʧʨʦʬ.  
1 ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʜʘʯʘʭ ʥʘʚʠʛʘʮʠʠ ʠ 

ʥʘʚʝʜʝʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʤʘʥʝʚʨʝʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ / ʄ. ʅ. 

ʂʨʘʩʠʣʴʱʠʢʦʚʘ, ɻ.ɻ.ʉʝʙʨʷʢʦʚʘ. ï ʄ.:ʌʀɿʄɸʊʃʀʊ, 2009. - 556ʩ. 

2 ɸʚʠʘʮʠʦʥʥʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ / ʜʦʢʪ. ʪʝʭʥ. ʅʘʫʢ ɺ. ɸ. 

ɹʦʜʥʝʨʘ. 1961ʛ. 

 

 

 

 

 

 

 

 

 

 

 

 

 






















































































































































































































































































































































































































