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ɺɺɽɼɽʅʀɽ 

ʅʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʧʳʪ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʠʭ ʩʦʜʝʨʞʘʥʠʷ ʚ ʚʦʜʝ ʩ  

ʜʦʧʫʩʪʠʤʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʪʘʚʷʪʩʷ ʟʘʜʘʯʠ: ʦʮʝʥʢʘ ʧʨʠʛʦʜʥʦʩʪʠ 

ʚʦʜʳ ʜʣʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʮʝʣʝʡ ʯʝʣʦʚʝʢʘ, ʠ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ. ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯ ʚʝʜʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ɺʩʝ ʵʪʠ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʥʝʢʦʪʦʨʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘʟʘʪʝʣʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʛʨʫʧʧʳ: 

¶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʭʠʤʠʢʦ-ʬʠʟʠʯʝʩʢʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ; 

¶ ʢʦʤʧʣʝʢʩʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ; 

¶ ʩʤʝʰʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʠʚʘʶʪ  ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ 

ʢʦʥʢʨʝʪʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʚ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʦʜʝ (ʉi) ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ  ʝʛʦ 

ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (ʇɼʂi). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ /ʉʘʥʇʠʅ 

2.1.5.980-00/ ʚʦʜʘ ʩʯʠʪʘʝʪʩʷ ʥʝ ʟʘʛʨʷʟʥʝʥʥʦʡ (ʫʩʣʦʚʥʦ ʯʠʩʪʦʡ) ʝʩʣʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ: 

ʉi¢ʇɼʂi,                                  (1) 

ʉʪʦʯʥʳʝ ʚʦʜʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ  

ʥʦʨʤʠʨʫʶʪʩʷ ʧʦ ʦʙʲʝʤʫ ʩʙʨʦʩʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ. ʆʙʲʝʤ 

ʩʙʨʘʩʳʚʘʝʤʳʭ ʚ ʚʦʜʦʝʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 

ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʛʦ ʩʙʨʦʩʘ (ʇɼʉ): 

Vi¢ʇɼʉi,                      ʇɼʉi=ʉʜi×Wʣʠʤ.                       (2) 

ʛʜʝ Vi=Wʚʚ×ʉʚʚi-ʦʙʲʝʤ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʙʨʦʩʘ ʟʘʛʨʷʟʥʠʪʝʣʷ, 
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Wʚʚ-ʬʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʩʪʦʯʥʳʭ ʚʦʜ, ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ i-ʛʦ 

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʉʚʚi; 

Wʣʠʤ.-ʨʘʟʨʝʰʝʥʥʳʡ ʣʠʤʠʪ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ; 

ʉʜi-ʜʦʧʫʩʪʠʤʘʷ ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ, ʥʝ ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʨʝʚʳʰʝʥʠʶ ʇɼʂi ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʩʪʚʦʨʝ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʘʥʇʠʥ 2.1.5.980-00. 

ʄʝʪʦʜ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʘʝʪ ʪʦʯʥʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ 

ʦʮʝʥʢʫ ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʊʘʢʘʷ ʦʮʝʥʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʩʣʫʯʘʝ: 

¶ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʳ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ; 

¶ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʪʦʯʥʳʭ ʚʦʜ; 

¶ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʨʷʜʫ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ; 

¶ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʠ ʪ.ʜ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʣʠʰʝʥʦ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʠʣʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʠʟʚʘʥʳ ʦʮʝʥʠʪʴ 

ʩʦʩʪʦʷʥʠʝ ʚʩʝʡ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʆʥʠ, ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ, ʩʚʷʟʘʥʳ ʩʦ ʤʥʦʛʠʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʜʘʞʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʭʦʪʷ ʙʳ ʧʦ ʪʦʤʫ, 

ʯʪʦ ʦʮʝʥʠʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʇʦʵʪʦʤʫ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʪ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ 

/ʊ.ɺ.ɻʫʩʝʚʘ,  ʠ ʜʨ. ʕʢʦʣʘʡʥ/: 

¶ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠ;̫ 

¶ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ; 

¶ ʜʦʩʪʘʪʦʯʥʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ; 

¶ ʠʤʝʪʴ ʬʠʟʠʯʝʩʢʠʡ ʠ ʣʦʛʠʯʝʩʢʠʡ ʩʤʳʩʣ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ: 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʥʢʨʝʪʥʳʡ ʧʘʨʘʤʝʪʨ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ; 

ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʮʝʣʦʛʦ ʨʷʜʘ 

ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ. 

1 ˙˒˟˛ˑ˨ ˛ˣ˒˚˗˕ ˗ˍˤ˒˞˟ˏˍ ˏ˛ˑ˨ ˕ ˪˗˛˘˛ː˕ˤ˒˞˗˛ː˛ 

˞˛˞˟˛ˬ˚˕ˬ ˏ˛ˑ˚˨ˢ ˛ˎ˧˒˗˟˛ˏ 

1.1 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

1.1.1 ʂʦʤʧʣʝʢʩʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (ɹʇʂ). ɹʇʂ ï ʧʦʢʘʟʘʪʝʣʴ, ʦʮʝʥʠʚʘʝʤʳʡ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʦʝ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ ʧʦʰʣʦ ʥʘ ʦʢʠʩʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚʦʜʳ /ʈʝʡʤʝʨʩ, 

1990/. ʆʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘ ʨʘʟʣʠʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʫʪʦʢ, ʥʘʧʨʠʤʝʨ: 1, 5, 10, 20 ʠʣʠ ʟʘ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ (ɹʇʂʧ). ɹʇʂ5 - ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ 

ʠʟʤʝʥʷʝʪʩʷ ʦʙʳʯʥʦ ʚ ʧʨʝʜʝʣʘʭ 0,5-4 ʤʛ O2/ʜʤ
3
 ʠ ʧʦʜʚʝʨʞʝʥʦ ʩʝʟʦʥʥʳʤ ʠ 

ʩʫʪʦʯʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. ɺʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʳ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ɹʇʂ5 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʦʝʤʦʚ (ʪʘʙʣ.1.1). 

ʊʘʙʣ. 1.1 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʦ ʚʝʣʠʯʠʥʝ ɹʇʂ5 /ʂʨʳʣʦʚ ɸ.ɺ.,2000/ 

ʉʪʝʧʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ 
ɹʇʂ5, ʤʛ O2/ʣ 

ʉʪʘʜʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ 

ʆʯʝʥʴ ʯʠʩʪʳʝ 0,5-1,0 
ʉʪʘʜʠʷ ʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʡ 

ʏʠʩʪʳʝ 1,1-1,9 

ʋʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʝ 
2,0-2,9 ʇʦʨʦʛʦʚʘʷ ʩʪʘʜʠʷ 

ɿʘʛʨʷʟʥʝʥʥʳʝ 3,0-3,9 
ʉʪʘʜʠʷ ʥʝʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʡ 

ɻʨʷʟʥʳʝ 4,0-10,0 
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ɹʇʂ5 ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʚʷʟʴ ʩ ʠʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʠ 

/ʆʮʝʥʢʘé,2000/, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ (ʪʘʙʣ.1.2). 

ʊʘʙʣ.1.2 

ʉʦʦʪʚʝʪʩʪʚʠʝ ɹʇʂ5 ʠʥʜʝʢʩʫ (S) ʠ ʫʨʦʚʥ ʁʩʘʧʨʦʙʥʦʩʪʠ. 

ʋʨʦʚʝʥʴ 

ʩʘʧʨʦʙʥʦʩʪʠ 
S ɹʇʂ5,% 

ʆʣʠʛʦʩʘʧʨʦʙʥʳʡ 1-1.5 0 - 15 

ʄʝʟʦʩʘʧʨʦʙʥʳʡ 1.5 ï 3.5 15 - 80 

ʇʦʣʠʩʘʧʨʦʙʥʳʡ 3.5 ï 4.0 80 - 100 

ɹʇʂ5 ʩʚʷʟʘʥ ʩ ʠʥʜʝʢʩʦʤ ʐʝʥʥʦʥʘ (ʅ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʚʠʜʦʚʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʦʙʱʝʩʪʚ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ ʟʦʦʙʝʥʪʦʩʘ (1.1). ɼʘʥʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʚʝ ʚʘʞʥʝʡʰʠʝ ʧʦʜʩʠʩʪʝʤʳ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ 

/ɸʣʠʤʦʚ ɸ.ʌ.,2004/. ɿʘʚʠʩʠʤʦʩʪʴ (1.1), ʩʧʨʘʚʝʜʣʠʚʘʷ ʜʣʷ ʯʠʩʪʳʭ ʠ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʦʟʝʨ ʠ ʨʝʢ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʪʨʦʬʥʦʩʪʴ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

(ʪʘʙʣ.1.3). 

ʅ=3,74×ɹʇʂ5
-0.27

,                       (1.1) 

ʛʜʝ ɹʇʂ5-ʨʘʩʩʯʠʪʘʥʘ ʚ ʝʜʠʥʠʮʘʭ ʵʥʝʨʛʠʠ, ʦʪʥʝʩʝʥʥʳʭ ʢ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ 

(ʢʢʘʣ/ʤ
2
). 

ʊʘʙʣ.1.3 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ ʠ ɹʇʂ5 

ʊʨʦʬʥʦʩʪʴ ʚʦʜʦʝʤʦʚ ɹʇʂ5, ʢʢʘʣ/ʤ
2
 

ʋʣʴʪʨʘʦʣʠʛʦʪʨʦʬʥʳʝ 2.11ï6.13 

ʆʣʠʛʦʪʨʦʬʥʳʝ 6.13ï12.71 

ʄʝʟʦʪʨʦʬʥʳʝ 12.71ï28.27 

ʕʚʪʨʦʬʥʳʝ 28.27ï58.64 

ɻʠʧʝʨʵʚʪʨʦʬʥʳʝ 58.64ï92.82 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʪʝʣʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʯʠʩʪʳʭ ʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ: 

¶ ʭʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ, 

¶ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʧʦ  ʫʨʦʚʥʶ ʩʘʧʨʦʙʥʦʩʪʠ ʠ ʪʨʦʬʥʦʩʪʠ. 
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ʆʜʥʘʢʦ ʚ ʠʥʞʝʥʝʨʥʦʡ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ɹʇʂ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ɺ ʧʨʦʛʥʦʟʥʳʭ ʨʘʩʯʝʪʘʭ, ʠ ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʧʥʦ ʤʘʩʰʪʘʙʥʳʭ ʩʠʩʪʝʤ (ʫʯʘʩʪʦʢ ʠʣʠ ʙʘʩʩʝʡʥ ʨʝʢʠ) ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʚʣʠʷʥʠ ̫ ʥʘ ʥʝʛʦ ʫʩʣʦʚʠʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘʧʨʠʤʝʨ: ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʦʩʚʝʱʝʥʥʦʩʪʴ. 

1.1.2 ʂʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʨʘʙʦʪʝ /ʐʠʪʠʢʦʚ ɺ.ʂ., ʈʦʟʝʥʙʝʨʛ ɻ.ʉ., ɿʠʥʯʝʥʢʦ ʊ.ɼ., 2005/. ʆʥʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠ ̫ʚʦʜr, ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ. ʅʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʫʯʠʪʳʚʘʶʪʩʷ: ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʨʅ, ʨʘʩʪʚʦʨʝʥʥʳʡ 

ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ. 

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

1.1.2.1 ʇʦʢʘʟʘʪʝʣʴ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ (ʇʍɿ-10) 

ʇʦʢʘʟʘʪʝʣʴ ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 10 ʠʥʛʨʝʜʠʝʥʪʘʤ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ: 

ʦʙʱʠʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʙʷʟʘʪʝʣʴʥʳʤ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜ (ʆ2, ɹʇʂ, 

ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ,  ʚʝʱʝʩʪʚʘ ʘʟʦʪʥʦʡ ʛʨʫʧʧʳ ʠ ʜʨ); 

ʚʝʱʝʩʪʚʘ, ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. 

ɺʳʯʠʩʣʷʝʪʩʷ ʦʥ  ʢʘʢ ʩʫʤʤʘ ʦʪʥʦʰʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʉi ʢ 

ʠʭ ʇɼʂi 

ä=-
10

10
i ʇɼʂi

ʉi
ʇʍɿ            (1.2) 

ʇʨʠʯʝʤ, ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʠʭ ʇɼʂ, 

ʦʪʥʦʰʝʥʠʝ ʉ/ʇɼʂ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ. 
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ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʘʯʝʩʪʚʘ ʚʦʜ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ 10,ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝ 

ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʝ, ʠ ʚʳʰʝ. ʇʦʵʪʦʤʫ ʦʥ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʦʜʳ ʧʨʠʨʦʜʥʦʛʦ ʢʘʯʝʩʪʚʘ (ʥʝ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ) ʚ ʧʨʝʜʝʣʘʭ ʫʨʦʚʥʝʡ, 

ʥʘʧʨʠʤʝʨ: ʯʠʩʪʘʷ, ʦʯʝʥʴ ʯʠʩʪʘʷ. 

1.1.2.2 ʂʦʤʙʠʥʘʪʦʨʥʳʡ ʠʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʠʷ 

ʂʦʤʙʠʥʘʪʦʨʥʳʡ ʠʥʜʝʢʩ (ɺ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 

ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʅi ʢʦʥʢʨʝʪʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ ʂ. ʀʥʜʝʢʩ (ɺ) ʦʧʨʝʜʝʣʷʝʪʩʷ  ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʅiʂiɺ ³=ä             
ʇɼʂi

ʉi
ʂi=        

Ni

Noi
ʅi=                       (1.3) 

ʛʜʝ Noi-ʢʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ, ʧʦ i-ʤʫ ʟʘʛʨʷʟʥʷʶʱʝʤʫ 

ʚʝʱʝʩʪʚʫ, ʠʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ Ni. 

ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 0 (ʥʝ 

ʟʘʛʨʷʟʥʝʥʥʘʷ ʚʦʜʘ Ni=0) ʠ ʚʳʰʝ. ʆʙʣʘʜʘʝʪ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʜʣʷ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ 

ʤʝʪʦʜʠʢʠ ʦʪʙʦʨʘ ʧʨʦʙ ʚʦʜʳ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʯʘʩʪʦʪʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

1.1.2.3 ʇʦʢʘʟʘʪʝʣʴ ʕʨʠʩʤʘʥʘ ʌ.ʌ. 

ʇʦʢʘʟʘʪʝʣʴ ʕʨʠʩʤʘʥʘ ʦʮʝʥʠʚʘʝʪ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʜʝʣʝʥʠʷ  

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʦ ʯʝʪʳʨʝʤ ʢʨʠʪʝʨʠʷʤ: 

¶ ʩʘʥʠʪʘʨʥʳʡ (Wʩ): ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ɹʇʂ, ʍʇʂ ʠ ʩʧʝʮʠʘʣʴʥʳʝ 

ʟʘʛʨʷʟʥʠʪʝʣʠ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ 

ʥʦʨʤʠʨʫʶʪʩʷ ʧʦ ʦʙʱʝ ʩʘʥʠʪʘʨʥʳʤ ʥʦʨʤʘʤ; 

¶ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ (Wʬ): ʟʘʧʘʭ, ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʩʧʝʮʠʘʣʴʥʳʝ 

ʟʘʛʨʷʟʥʠʪʝʣʠ, ʥʦʨʤʠʨʫʝʤʳʝ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ; 

¶ ʩʘʥʠʪʘʨʥʦ-ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʡ (Wʩʪ.); 

¶ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʡ (W )ɻ. 
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 ʌʘʢʪʠʯʝʩʢʠ ʨʝʯʴ ʠʜʝʪ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʱʝʩʪʚ ʧʦ ʛʨʫʧʧʘʤ 

ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʧʨʠʟʥʘʢʘ ʚʨʝʜʥʦʩʪʠ (ʢʨʦʤʝ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ). 

ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʚʝʱʝʩʪʚ ʜʝʣʘʝʪʩʷ ʦʮʝʥʢʘ ʧʦ ʬʦʨʤʫʣʝ: 

Nj

ij
Wj

ä -
+=

)1(
1

d
        

ʇɼʂi

Cij
ij =d                   (1.4) 

ʛʜʝ Njïʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚ ʚ j-ʦʡ ʛʨʫʧʧʝ. 

ʅʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ ʛʨʫʧʧʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ 

ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʜʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʙʣʠʮʝʡ 1.4. ʇʨʠʯʝʤ ʝʩʣʠ d<1, ʪʦ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ d=1. 

ʊʘʙʣ.1.4 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜ rʧʦ ʛʨʫʧʧʦʚʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ. 

ʋʨʦʚʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ 

ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

Wʬ Wʩ Wʩʪ W  ɻ

ɼʦʧʫʩʪʠʤʳʡ 1 1 1 1 

ʋʤʝʨʝʥʥʳʡ 1-1.5 1-3 1-3 1-10 

ɺʳʩʦʢʠʡ 1.5-2 3-6 3-10 10-100 

ʏʨʝʟʚʳʯʘʡʥʦ 

ʚʳʩʦʢʠʡ 
>2 >6 >10 >100 

1.1.2.4 ʕʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʄʦʠʩʝʝʥʢʦ ʊ.ʀ. 

ʕʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ (X) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ 

ʧʦʢʘʟʘʪʝʣʝʡ: 

XʵXʬXʪX ++=                                  (1.5) 

 ʊʦʢʩʠʯʥʦʩʪʠ     ä=
ʇɼʂ

ʉ
Xʪ                                      (1.6) 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ (ʩʫʣʴʬʘʪʳ, ʭʣʦʨʠʜʳ, ʚʟʚʝʰʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʜʨ.). 

)1( -=ä
ʉʬʦʥ

C
Xʬ                                 (1.7) 

ʕʚʪʨʦʬʥʦʩʪʠ (ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ ʚ ʚʦʜʝ ʉʬ ʠ ʝʛʦ ʬʦʥʦʚʦʤʫ 

ʟʥʘʯʝʥʠ ʁʉʬʦʥ.ʬ). 

)1
.

(* -=
ʬʉʬʦʥ

Cʬ
KXʵ                               (1.8) 
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ʛʜʝ ʂïʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ: ʂ=2ïʚʦʜʥʳʡ 

ʦʙʲʝʢʪ ʚ ʤʝʟʦʪʨʦʬʥʦʡ ʩʪʘʜʠʠ, ʂ=3ïʚ ʵʚʪʨʦʬʥʦʡ ʩʪʘʜʠʠ. 

ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ, ʦʜʥʘʢʦ 

ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʬʦʥʦʚʝr ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ. ʍʦʪʷ ʧʨʠ ʵʪʦʤ ʥʝ 

ʫʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ ʢʦʥʢʨʝʪʥʦʡ ʢʘʪʝʛʦʨʠʠ ʜʣʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. 

1.1.2.5 ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜ 

ʧʦ ʌʨʫʣʠʥʫ ɻ.ʊ. ʠ ɹʘʨʢʘʥʫ ʃ.ɺ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʜʝʣʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ ʢʦʥʢʨʝʪʥʳʤ 

ʟʘʛʨʷʟʥʠʪʝʣʝʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ ʞʝʣʘʪʝʣʴʥʦʩʪʠ. 

ʌʫʥʢʮʠʷ ʞʝʣʘʪʝʣʴʥʦʩʪʠ ʍʘʨʨʠʥʛʪʦʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʟʘʜʘʯ. ʆʥʘ, ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ: ʥʝʧʨʝʨʳʚʥʦʩʪʴ, 

ʤʦʥʦʪʦʥʥʦʩʪʴ ʠ ʛʣʘʜʢʦʩʪʴ. ʌʫʥʢʮʠʷ ʞʝʣʘʪʝʣʴʥʦʩʪʠ ʯʘʩʪʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʵʢʩʧʦʥʝʥʪʦʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ ʦʙʣʘʩʪʷʭ ʙʣʠʟʢʠʭ ʢ 0 ʠ 1, ʠ ʧʦʚʳʩʠʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ. 

Di=exp(-exp(Pi))        Pi=bo+b1×Ci/ʇɼʂi                     (1.9) 

ʛʜʝ bo, b1ïʢʦʵʬʬʠʮʠʝʥʪʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʝʱʝʩʪʚ ʠ ʢʣʘʩʩʘ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʆʙʦʙʱʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

D= nDnDiDDD

1

)...,,,321( ³³³³³                             (1.10) 

ʉʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʘʙʣʠʮʝ 1.5. 

ʊʘʙʣ.1.5 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ. 

ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ D 

ʆʯʝʥʴ ʯʠʩʪʘʷ 0.99 

ʏʠʩʪʘʷ 0.99-0.8 

ʋʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 0.8-0.63 

ɿʘʛʨʷʟʥʝʥʥʘʷ 0.63-0.37 

ɻʨʷʟʥʘʷ 0.37-0.2 

ʆʯʝʥʴ ʛʨʷʟʥʝʥʥʘʷ 0.2-0.1 
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ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫʯʠʪʳʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʝʢʦʪʦʨʦʝ ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ʆʜʥʘʢʦ ʩʥʠʞʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʜʣʷ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʙʣʠʟʢʠʭ ʢ ʬʦʥʦʚʳʤ ʟʥʘʯʝʥʠʷʤ. 

1.1.2.6 ʀʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ (ʀɿɺ) 

ʀʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ 

ʟʘʨʫʙʝʞʥʦʡ ʧʨʘʢʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

/ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ, 1988. ʊ.ɺ.ɻʫʩʝʚʘ ʠ ʜʨ., 2003/. 

ʈʘʩʯʝʪ ʀɿɺ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ä=
n

i ʇɼʂi

ʉi

n
ʀɿɺ

1
                      (1.11) 

ʛʜʝ: nïʢʦʣʠʯʝʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʝʱʝʩʪʚ. 

ʊʘʙʣ. 1.6 

ʂʣʘʩʩʳ ʢʘʯʝʩʪʚʘ ʚʦʜ ʧʦ ʀɿɺ 

ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ɺʝʣʠʯʠʥʘ 

ʀɿɺ 

ʉʪʘʜʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛ

ʦ ʩʦʩʪʦʷʥʠʷ 

ʵʢʦʩʠʩʪʝʤʳ 

I ʦʯʝʥʴ ʯʠʩʪʘʷ ʜʦ 0,2 ʉʪʘʜʠʷ 

ʦʙʨʘʪʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ II  ʯʠʩʪʘʷ 0,2-1 

III  ʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 1-2 
ʇʦʨʦʛʦʚʘʷ 

ʩʪʘʜʠʷ 

IV ʟʘʛʨʷʟʥʝʥʥʘʷ 2-4 

ʉʪʘʜʠʷ 

ʥʝʦʙʨʘʪʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ 

V ʛʨʷʟʥʘʷ 4-6 

VI  ʦʯʝʥʴ ʛʨʷʟʥʘʷ 6-10 

VII  ʯʨʝʟʚʳʯʘʡʥʦ ʛʨʷʟʥʘʷ ʙʦʣʝʝ 10 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜ ʨʘʩʯʝʪʳ ʀɿɺ ʚʝʜʫʪ ʜʣʷ n=5é7 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡïʚʢʣʶʯʘʷ ʦʙʷʟʘʪʝʣʴʥʳʝ: ʨʘʩʪʚʦʨʝʥʥʳʡ 

ʢʠʩʣʦʨʦʜ, ɹʇʂ, ʨʅ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʀɿɺ ʨʘʟʣʠʯʘʶʪ ʩʝʤʴ ʢʣʘʩʩʦʚ 
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ʢʘʯʝʩʪʚʘ ʚʦʜʳ (ʪʘʙʣ. 1.6), ʢʦʪʦʨʳʝ ʩʦʦʪʥʦʩʷʪʩʷ ʩʦ ʩʪʘʜʠʷʤʠ ʢʨʠʟʠʩʥʦʩʪʠ 

ʵʢʦʩʠʩʪʝʤ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ʊʘʢ ʙʦʣʝʝ 

ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ çʫʜʝʣʴʥʳʡ 

ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʠʥʜʝʢʩ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳè (ʋʂʀɿɺ) /ɺ.ʀ.ɻʫʙʘʥʦʚ ʠ ʜʨ. 

1997, 2000/, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʜʚʘʜʮʘʪʠ ʧʷʪʠ ʠʥʛʨʝʜʠʝʥʪʘʤ, 

ʚʥʦʩʷʱʠʤ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʠ ʢʣʘʩʩ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ɿʥʘʯʝʥʠʝ ʋʂʀɿɺ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʚʦʜʘʭ, ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ, ʦʪ 1 ʜʦ 16. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʋʂʀɿɺ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʦʮʝʥʠʚʘʝʪʩʷ 5-ʶ ʢʣʘʩʩʘʤʠ: ʯʝʤ ʙʦʣʴʰʝ 

ʟʥʘʯʝʥʠʝ ʋʂʀɿɺ, ʪʝʤ ʭʫʞʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʀɿɺ ʷʚʣʷʝʪʩʷ: 

¶ ʧʨʦʩʪʦʪʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ; 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʨʘʟʥʦʨʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ ʨʅ, ʆ2; 

¶ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʨʘʟʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʪ.ʢ. ʦʮʝʥʢʘ 

ʢʘʯʝʩʪʚʘ ʠʜʝʪ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʘʨʘʤʝʪʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʩʧʠʩʦʢ ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʣʷ ʫʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʚʦʜʥʦʤ ʢʘʜʘʩʪʨʝ. 

ɺʩʝ ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʀɿɺ ʚ  ʧʨʘʢʪʠʢʝ 

ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ: 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ʟʘʛʨʷʟʥʠʪʝʣʝʡ; 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʁʚʳʙʦʨʘ ʟʘʤʝʥʠʪʝʣʷ ʟʥʘʯʝʥʠʶ ʇɼʂ ʚ ʬʦʨʤʫʣʝ (1.11), ʜʣʷ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʨʅ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ ʠ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤ ʚʳʙʦʨ ʥʝʩʢʦʣʴʢʠʭ ʠʟ ʥʠʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
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ʦʮʝʥʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʚʝʜʝʪ ʢ ʩʫʙʲʝʢʪʠʚʠʟʤʫ ʧʨʠ ʦʮʝʥʢʝ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠ ʧʦʵʪʦʤʫ ʪʦʣʴʢʦ ʢʦʩʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʩʦʩʪʦʷʥʠʝ ʩʘʤʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʍʦʪʷ ʩʨʝʜʘ ʦʧʨʝʜʝʣʷʝʪ, ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ ʥʝʡ 

ʚʠʜʳ ʦʨʛʘʥʠʟʤʦʚ, ʚʩʝ ʞʝ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʤʦʞʥʳ 

ʦʪʢʣʦʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʞʜʳʡ ʤʝʪʦʜ ʜʘʥʥʦʡ ʛʨʫʧʧʳ, ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʰʢʘʣʳ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʳʙʠʨʘʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʦʙʱʠʡ  

ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʠ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ,  

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʀɿɺ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʦ ʀɿɺ,  ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ  ʦʜʠʥʦʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʢʦʥʢʨʝʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ  ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ ʠʭ ʩʫʤʤʘʨʥʦʝ ʚʣʠʷʥʠʝ. ʆʥ 

ʧʨʦʩʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ  ʛʠʜʨʦʭʠʤʠʯʝʩʢʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʀɿɺ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ: 

- ʧʦʢʘʟʘʪʝʣʴ ʀɿɺ ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʝ ʫʯʠʪʳʚʘʝʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ, ʥʘʧʨʠʤʝʨ, ʦʙʲʝʤʳ ʩʪʦʢʘ. 

- ʩʣʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʮʝʣʝʡ ʧʨʦʛʥʦʟʘ ʢʘʯʝʩʪʚʘ ʚʦʜ ʚ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ. 

1.2 ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʙʠʦʠʥʜʠʢʘʮʠʷ) ʧʦʟʚʦʣʷʶʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʠ, ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, ʦʮʝʥʠʪʴ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ. ɹʠʦʠʥʜʠʢʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʜʘʶʪ ʠʥʪʝʛʨʘʣʴʥʫʶ ʦʮʝʥʢʫ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʚʰʠʭ ʚ 

ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ. ɹʠʦʠʥʜʠʢʘʮʠʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʝʰʝʚʳʤ 

ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ  

ʘʥʘʣʠʟʘʤʠ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʙʠʦʠʥʜʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 
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ʘʥʘʣʠʟʝ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʚʝʜʝʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʥʠʟʰʝʛʦ ʫʨʦʚʥʷ ʪʨʦʬʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ /ʄʝʪʦʜʳ ʙʠʦʠʥʜʠʢʘʮʠʠ, 1989; ʈʫʢʦʚʦʜʩʪʚʦé1983; ʉʦʚʨʝʤʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝé,1985; ɼʤʠʪʨʠʝʚ ɺ. ɺ. ʆʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷé 2003;  

ɸʙʘʢʫʤʦʚʘ ɺ. ɸ.  ,1992; ɺʣʘʜʠʤʠʨʦʚ ɸ.ʄ., 1991; ɼʤʠʪʨʠʝʚ ɺ.ɺ. 1997é1999; 

ʉʥʘʢʠʥ ɺ.ɺ. 1992; ɹʘʣʫʰʢʠʥʘ ʋ.ɺ. 1976; ɹʨʘʫʥ ɺ.ʄ..,1979;  ɻʠʣʷʨʦʚ ɸ.ʄ., 

1985/. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʰʣʠ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʠ: ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ (S), ʦʣʠʛʦʭʝʪʥʦʛʦ ʠʥʜʝʢʩʘ (ʆʀ), 

ʙʠʦʪʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ (ɹʀ), ʠʥʜʝʢʩʘ ʩʪʘʙʠʣʴʥʦʩʪʠ (St), ʠʥʜʝʢʩʘ ʚʠʜʦʚʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ (ʅ). 

1.2.1 ʀʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ (S) 

ʉʘʧʨʦʙʥʦʩʪʴ-ʵʪʦ ʢʦʤʧʣʝʢʩ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʘʧʨʦʙʠʦʥʪʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʡ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʠʪʘʪʴ ʚ ʚʦʜʝ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

ʉʘʧʨʦʙʠʦʥʪʳ ï ʦʨʛʘʥʠʟʤʳ ʩʧʦʩʦʙʥʳʝ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʦʨʛʘʥʠʢʫ, ʫʯʘʩʪʚʫʷ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʘʭ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʳ. ʉʨʝʜʠ ʩʘʧʨʦʙʠʦʥʪʦʚ 

ʚʳʜʝʣʷʶʪ: ʧʦʣʠʩʘʧʨʦʙʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ ʦʯʝʥʴ ʟʘʛʨʷʟʥʸʥʥʳʭ ʚʦʜʘʭ; 

ʤʝʟʦʩʘʧʨʦʙʦʚðʦʨʛʘʥʠʟʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʦʜ ʩʨʝʜʥʝʡ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ, ʠ 

ʦʣʠʛʦʩʘʧʨʦʙʦʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʚʦʜʘʭ ʤʘʣʦʡ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ. ʉʦʩʪʘʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʪʨʫʢʪʫʨʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʩʘʧʨʦʙʠʦʥʪʦʚ ʩʣʫʞʘʪ 

ʢʨʠʪʝʨʠʷʤʠ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʸʥʥʦʩʪʠ ʚʦʜʦʸʤʦʚ.  ʏʠʩʣʝʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʦʙʱʝʩʪʚʘ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚʳʜʝʨʞʠʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʠʥʜʝʢʩʦʤ 

ʩʘʧʨʦʙʥʦʩʪʠ (S), ʢʦʪʦʨʳʡ  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʧʨʦʙʠʦʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʜʥʳʭ 

ʩʦʦʙʱʝʩʪʚʘʭ (ʬʠʪʦʧʣʘʥʢʪʦʥʝ, ʧʝʨʠʬʠʪʦʥʝ). 

http://slovari.yandex.ru/dict/bse/article/00060/95700.htm
http://slovari.yandex.ru/dict/bse/article/00046/88300.htm
http://slovari.yandex.ru/dict/bse/article/00055/00700.htm
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                                    (1.12) 

ʛʜʝ Si -ʟʥʘʯʠʤʦʩʪʴ i-ʛʦ ʚʠʜʘ ʛʠʜʨʦʙʠʦʥʪʦʚ, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʪʘʙʣʠʮʘʤʠ; 

hi-ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ i-ʛʦ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʚʠʜʘ ʦʨʛʘʥʠʟʤʦʚ; 

N-ʢʦʣʠʯʝʩʪʚʦ ʚʳʙʨʘʥʥʳʭ ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ. 

ʂʘʞʜʦʤʫ ʚʠʜʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʩʚʦʝʥʦ ʥʝʢʦʪʦʨʦʝ ʫʩʣʦʚʥʦʝ 

ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ, ʦʪʨʘʞʘʶʱʝʝ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʝʛʦ ʬʠʟʠʦʣʦʛʦ-ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʠʪʘʪʴ ʚ ʚʦʜʝ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʚ ʧʨʦʙʝ ʩʦʜʝʨʞʘʣʦʩʴ ʥʝ ʤʝʥʝʝ ʜʚʝʥʘʜʮʘʪʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʩ ʦʙʱʠʤ 

ʯʠʩʣʦʤ ʦʩʦʙʝʡ ʚ ʧʦʣʝ ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʤʝʥʝʝ ʪʨʠʜʮʘʪʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʟʥʘʯʝʥʠʶ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ S ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 

1.7. 

ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ ʠʤʝʶʪ 

ʩʚʦʶ ʠʩʪʦʨʠʶ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʦʜʠʬʠʢʘʮʠʡ (ʩʤ. 

ʨʠʩ.1.1), ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ʊʘʙʣ. 1.7 

 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʦ ʠʥʜʝʢʩʫ ʩʘʧʨʦʙʥʦʩʪʠ 

/Ecjlife,http://ecolife.org.ua/data/tdata/td4-1-2.php/ 

ʋʨʦʚʝʥʴ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 
ɿʦʥʳ 

ʀʥʜʝʢʩʳ 

ʩʘʧʨʦʙʥʦʩʪʠ S 

ʂʣʘʩʩʳ 

ʢʘʯʝʩʪʚʘ ʚʦʜ 

ʆʯʝʥʴ ʯʠʩʪʳʝ ʢʩʝʥʦʩʘʧʨʦʙʥʘʷ ¢ 0,50 1 

ʏʠʩʪʳʝ ʦʣʠʛʦʩʘʧʨʦʙʥʘʷ 0,50-1,50 2 

ʋʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʝ 
a-ʤʝʟʦʩʘʧʨʦʙʥʘʷ 1,51-2,50 3 

ʊʷʞʝʣʦ ʟʘʛʨʷʟʥʝʥʥʳʝ b-ʤʝʟʦʩʘʧʨʦʙʥʘʷ 2,51-3,50 4 

ʆʯʝʥʴ ʪʷʞʝʣʦ 

ʟʘʛʨʷʟʥʝʥʥʳʝ 

ʧʦʣʠʩʘʧʨʦʙʥʘʷ 3,51-4,00 5 

ʆʯʝʥʴ ʛʨʷʟʥʳʝ >4,00 6 
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ʀʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʥʘʧʨʠʤʝʨ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʢʘʜʘʩʪʨʘ (ɻɺʂ). 

ʆʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʠʝ ʷʚʥʦʡ ʩʚʷʟʠ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ (ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ) ʩ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ (ʥʘʧʨʠʤʝʨ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ), 

ʢʦʪʦʨʘ ̫ ʧʦʜʚʝʨʞʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʚʣʠʷʥʠʶ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. 

 
ʈʠʩ.1.1 ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʂʦʣʴʢʚʠʪʮʘ-ʄʘʨʩʩʦʥʘ ʠ ʝʝ ʤʦʜʠʬʠʢʘʮʠʡ 

(Jonson,1995) 

1.2.2 ʆʣʠʛʦʭʝʪʥʳʡ ʠʥʜʝʢʩ (ʆʀ) 

ʆʣʠʛʦʭʝʪʥʳʡ ʠʥʜʝʢʩ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ 

ʦʣʠʛʦʭʝʪ ʢ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʨʦʙʝ. (ʆʣʠʛʦʭʝʪʳ ï ʵʪʦ 

ʤʘʣʦʱʝʪʠʥʢʦʚʳʝ ʯʝʨʚʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ ʢʦʣʴʯʘʪʳʭ ʯʝʨʚʝʡ. ɼʣʠʥʘ ʠʭ 

ʪʝʣʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʜʦʣʝʡ ʤʤ ʜʦ 2,5 ʤ. ʅʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 5 ʪʳʩ. ʚʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʦʙʠʪʘʶʪ ʚ ʧʦʯʚʝ (ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ) ʠʣʠ ʧʨʝʩʥʳʭ ʚʦʜʘʭ, ʨʝʞʝ ʚ 

ʤʦʨʷʭ. ʇʦʚʳʰʘʶʪ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʘʤʦʦʯʠʱʝʥʠʶ ʚʦʜʦʝʤʦʚ 

/ʀʥʪʝʨʥʝʪ-ʵʥʮʠʢʣʦʧʝʜʠʷ. http://encycl.accoona.ru/?id=44337/). ɺ ʪʘʙʣʠʮʝ 1.8 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜ ʧʦ ʆʀ. 
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ʊʘʙʣ.1.8 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʧʦ ʦʣʠʛʦʭʝʪʥʦʤʫ ʠʥʜʝʢʩʫ (ʆʀ),% 

ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʆʀ,% 

ʆʯʝʥʴ ʯʠʩʪʘʷ 1-16 

ʏʠʩʪʘʷ 17-33 

ʋʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 34-50 

ɿʘʛʨʷʟʥʝʥʥʘ ̫ 51-67 

ɻʨʷʟʥʘʷ 68-84 

ʆʯʝʥʴ ʛʨʷʟʥʘʷ ² 85 

1.2.3 ɹʠʦʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ (ɹʀ) 

ɹʠʦʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɺʫʜʠʚʠʩʩʦʤ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʈʦʩɻʀɼʈʆʄɽʊ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʧʦʣʦʞʝʥʦ 

ʫʧʨʦʱʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʠʦʮʝʥʦʟʘ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʚʦʜ, ʟʘ ʩʯʝʪ ʚʳʧʘʜʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʟʦʦʙʝʥʪʦʩʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʛʨʫʧʧ ʚʳʙʨʘʥʳ ʦʪʨʷʜʳ ʚʝʩʥʷʥʦʢ, ʧʦʜʝʥʦʢ, ʨʫʯʝʡʥʠʢʦʚ, 

ʨʘʢʦʦʙʨʘʟʥʳʭ ʠ ʜʨ. ɺ ʪʘʙʣʠʮʝ 1.9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜ 

ʧʦ ʠʥʜʝʢʩʫ ɺʫʜʠʚʠʩʩʘ /http://mnepu.sura.ru/El utebnik/ecomonitoring/Sourse/ 

bioindicacia.htm#_Toc352 24928/. 

ʊʘʙʣ.1.9 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜ rʧʦ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʠʥʜʝʢʩʫ ɺʫʜʠʚʠʩʩʘ 

ʂʣʘʩʩ 

ʢʘʯʝʩʪʚʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʩʩʘ ɿʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ  

1 ʆʯʝʥʴ ʯʠʩʪʳʝ 10ï8 

2 ʏʠʩʪʳʝ 7ï5 

3 ʋʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʝ 4ï3 

4 ɿʘʛʨʷʟʥʝʥʥʳʝ 2ï1 

5 ɻʨʷʟʥʳʝ 1ï0 

6 ʆʯʝʥʴ ʛʨʷʟʥʳʝ 0 

ʄʝʪʦʜʳ ʙʠʦʠʥʜʠʢʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʪʦʜ ɺʫʜʠʚʠʩʩʘ, ʠʤʝʁʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ ï ʦʥʠ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʠʚʷʟʢʝ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ. ʅʘʧʨʠʤʝʨ, 

ʙʦʣʴʰʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʦʣʠʛʦʭʝʪ ʷʚʣʷʝʪʩʷ  ʧʨʠʟʥʘʢʦʤ  ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʥʦ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʥʝ ʚʩʝʛʜʘ  ʷʚʣʷʝʪʩʷ ʛʘʨʘʥʪʠʝʡ ʯʠʩʪʦʪʳ 

ʚʦʜʦʝʤʘ. ʉʣʘʙʦʩʪʴʶ  ʤʝʪʦʜʦʚ ʙʠʦʠʥʜʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

http://mnepu.sura.ru/El%20utebnik/ecomonitoring/Sourse/bioindicacia.htm#_Toc
http://mnepu.sura.ru/El%20utebnik/ecomonitoring/Sourse/bioindicacia.htm#_Toc
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ʜʣʷ ʢʨʫʧʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʆʪʤʝʯʘʝʪʩʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʠʭ ʩʚʷʟʠ ʩ 

ʚʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜʥʦʡ ʩʨʝʜʳ (ʪʘʙʣ.1.10), ʘ ʟʥʘʯʠʪ ʤʦʞʥʦ 

ʧʦʜʚʝʨʛʥʫʪʴ ʩʦʤʥʝʥʠʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʊʘʙʣ. 1.10 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʥʜʝʢʩʦʚ ʩ 

ʬʘʢʪʦʨʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʝʢʠ ɹʘʨʥʘʫʣʢʘ 

/http://www.sibpatent.ru/default.asp?khid=8825&code=702711&sort=2/ 

 ʇʦʢʘʟʘʪʝʣʠ 
ʉʘʧʨʦʙʥʦʩʪʠ 

(S) 

ʆʣʠʛʦʭʝʪʥʳʡ 

(ʆʀ) 
ɺʫʜʠʚʠʩʩʘ 

ʑʝʣʦʯʥʦʩʪʴ -0,28 -0,55 -0,08 

ʂʠʩʣʦʪʥʦʩʪʴ -0,03 0,18 -0,31 

ʂʦʥʮʝʥʪʨʘʮʠʷ  ʆ2 0,49 0,17 -0,47 

ɹʇʂ5 0,80 0,65 -0,40 

ʊʝʤʧʝʨʘʪʫʨʘ -0,64 -0,83 0,44 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʭʣʦʨʦʬʠʣʣʘ "ʘ" 
0,27 0,69 -0,20 

ʇʨʠʤʝʯʘʥʠʝ. ɺr ʜʝʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʪʚʝʯʘʶʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʩʚʷʟʠ.  

1.2.4 ʀʥʜʝʢʩ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʀʥʜʝʢʩ ʩʪʘʙʠʣʴʥʦʩʪʠ ʟʦʦʧʣʘʥʢʪʦʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ (St) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʝʩʥʦʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʬʦʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

ɺʳʜʝʣʷʶʪ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ. 

ʇʝʨʚʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, 

ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʦʩʨʝʜʥʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣ ̫ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ʦʪʢʣʦʥʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. 

ɺʪʦʨʦʡ ʧʦʢʘʟʘʪʝʣʴ ʩʪʘʙʠʣʴʥʦʩʪʠ  ʫʯʠʪʳʚʘʝʪ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʦʣʦʞʝʥʠʷ: ʩʪʘʙʠʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ 

ʤʘʢʩʠʤʫʤʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʟʤʝʥʝʥʠʡ ʩʚʦʡʩʪʚ ʵʢʦʩʠʩʪʝʤʳ. 

ɺr ʩʦʢʠʝ ʟʥʘʯʝʥʠʷ St ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʝʧʝʥʠ çʥʘʨʫʰʝʥʥʦʩʪʠ» 

ʵʢʦʩʠʩʪʝʤ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ʀʥʜʝʢʩ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʤʝʝʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʩ ʧʨʦʜʫʢʮʠʝʡ ʟʦʦʧʣʘʥʢʪʦʥʘ ʠ 

ʦʙʨʘʪʥʫʶ ʩ ʝʛʦ ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ 

ʥʘʜʝʞʥʳʤ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʩʠʩʪʝʤ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʪʨʫʜʦʝʤʢʦʩʪʴ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʶʪʩʷ ʧʦʜʨʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ 

ʚʦʜʦʝʤʝ ʧʦ ʮʝʣʦʤʫ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʢʘʟʘʪʝʣʠ ʯʠʩʣʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ - 

N, ʠʭ ʙʠʦʤʘʩʩʳ -B, ʧʨʦʜʫʢʮʠʠ ʟʦʦʧʣʘʥʢʪʦʥʘ -P, ʠʥʜʝʢʩʘ ʚʠʜʦʚʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʐʝʥʥʦʥʘ ïH) ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʣʝʪ. 

1.2.5 ʀʥʜʝʢʩ ʄʘʨʛʘʣʝʬʘ (d) 

ʀʥʜʝʢʩ ʄʘʨʛʘʣʝʬʘ /ʏʝʨʥʳʰʝʚ ɺ.ɹ.,1996/ ʚʳʚʝʜʝʥ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʦʞʝʥʠʷ, 

ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʝʤʘ ʚʠʜʦʚʦʝ ʙʦʛʘʪʩʪʚʦ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʘʜʘʝʪ. ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʚʠʜʦʚʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ 

ʧʨʠʤʝʥʠʤʘ ʢ ʣʶʙʳʤ ʚʠʜʘʤ ʟʘʛʨʷʟʥʝʥʠʷ. 

d=(V-1)/ln(n),                            (1.13) 

 ʛʜʝ V - ʯʠʩʣʦ ʚʠʜʦʚ, ln(n) ï ʥʘʪʫʨʘʣʴʥʳʡ ʣʦʛʘʨʠʬʤ ʯʠʩʣʘ ʦʩʦʙʝʡ. 

ʀʥʜʝʢʩ d ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʝʩʣʠ ʚʩʝ ʦʩʦʙʠ 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʨʘʟʥʳʤ ʚʠʜʘʤ (V=n) ʠ ʨʘʚʝʥ 0, ʢʦʛʜʘ ʚʩʝ ʦʩʦʙʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ 

ʦʜʥʦʤʫ ʚʠʜʫ (V=1). ʀʥʜʝʢʩ ʄʘʨʛʘʣʝʬʘ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʚ ʧʨʠʤʝʥʝʥʠʠ ʠ 

ʦʪʨʘʞʘʝʪ ʫʨʦʚʝʥʴ ʚʠʜʦʚʦʛʦ ʙʦʛʘʪʩʪʚʘ ʵʢʦʩʠʩʪʝʤʳ. ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʣʫʯʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʜʥʘʢʦ, ʤʝʪʦʜ 

ʠʤʝʝʪ ʤʘʣʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʣʠʯʠʶ çʨʝʜʢʠʭè, ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʜʠʢʘʪʦʨʘʤʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

1.2.6 ʀʥʜʝʢʩ ʐʝʥʥʦʥʘ (ʅ) 

ʀʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʟʘʠʤʩʪʚʦʚʘʥ ʠʟ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʘʨʘʤʝʪʨ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʣʶʙʳʭ ʪʠʧʦʚ 

ʩʠʩʪʝʤ, ʦʥ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʮʝʣʝʡ ʩʨʘʚʥʝʥʠʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝ 

ʠʥʪʝʨʝʩʫʶʪ ʢʦʤʧʦʥʝʥʪʳ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʀʥʜʝʢʩ ʐʝʥʥʦʥʘ 

ʦʙʳʯʥʦ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1,1 ʜʦ 3,0  ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

H=-ä(ni/N)³ln(ni/N)            (1.14) 
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ʛʜʝ H ï ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ; ni ï ʯʠʩʣʦ ʦʩʦʙʝʡ ʢʘʞʜʦʛʦ ʚʠʜʘ ʚʦ ʚʩʝʭ 

ʧʨʦʙʘʭ; N ï ʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʦʩʦʙʝʡ ʚʩʝʭ ʚʠʜʦʚ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʦʦʙʱʝʩʪʚ ʦʨʛʘʥʠʟʤʦʚ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʜʝʣʘʝʪʩʷ 

ʟʘʢʣʶʯʝʥʠʝ ʠ ʦ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʠʭ ʦʙʠʪʘʥʠʷ (ʪʘʙʣ.1.11). 

ʀʥʜʝʢʩ ʐʝʥʥʦʥʘ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʥ ʧʨʠʜʘʝʪ ʙʦʣʴʰʠʡ ʚʝʩ 

ʨʝʜʢʠʤ ʚʠʜʘʤ ʦʨʛʘʥʠʟʤʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʠ ʚʠʜʳ ʠʥʜʠʢʘʪʦʨʥʳʝ ʢ 

ʯʠʩʪʦʡ ʚʦʜʝ ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʠ ʚʩʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʥ  ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ  ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʣʷ ʮʝʣʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʛʥʦʟʦʚ. 

ʊʘʙʣ.1.11 

ʆʮʝʥʢʘ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʪʘʪʫʩʘ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

ʧʦ ʠʥʜʝʢʩʫ ʐʝʥʥʦʥʘ (ʅ) 

ʊʨʦʬʥʦʩʪʴ ʚʦʜʦʝʤʦʚ ʅ 

ʋʣʴʪʨʘʦʣʠʛʦʪʨʦʬʥʳʝ 3.06-2.30 

ʆʣʠʛʦʪʨʦʬʥʳʝ 2.30-1.89 

ʄʝʟʦʪʨʦʬʥʳʝ 1.89-1.52 

ʕʚʪʨʦʬʥʳʝ 1.52-1.25 

ɻʠʧʝʨʵʚʪʨʦʬʥʳʝ 1.25-1.11 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʧʨʘʢʪʠʢʝ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʠʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ, ʠʥʜʝʢʩ ɺʫʜʠʚʠʩʩʘ 

ʠ ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ, ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʣʦʞʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ 

ʧʨʘʢʪʠʢʝ.  ʆʥʠ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ,  ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʝ ʫʯʠʪʳʚʘʶʪ  ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʥʝ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ ʩ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʅʝ ʩʤʦʪʨʷ ʥʘ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ,  ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

(ʭʘʨʘʢʪʝʨʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ, ʢʦʥʢʨʝʪʥʳʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʬʦʥ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ). ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʦʢ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʩʣʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʮʝʣʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʨʦʛʥʦʟʘ 

ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ɹʘʩʩʝʡʥʦʚʳʭ ʩʭʝʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʉʭʝʤ ʂʀʆɺʆ). ʈʘʟʨʘʙʦʪʢʘ 

ʉʭʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʩʪʘʚʣʝʥʠʝ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʙʘʣʘʥʩʦʚ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʙʘʩʩʝʡʥʘ (ʙʘʩʩʝʡʥʦʚ) ʨʝʢ ʠʣʠ ʫʯʘʩʪʢʘ ʨʝʢʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘʚʘʪʴ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʯʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʠʢʫ, ʢʦʪʦʨʘʷ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

1.3 ʉʤʝʰʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

1.3.1 ʀʥʜʝʢʩ ʵʚʪʨʦʬʠʢʘʮʠʠïTRIX  

ʀʥʜʝʢʩ ʵʚʪʨʦʬʠʢʘʮʠʠ /ʊ.ɺ.ɻʫʩʝʚʘ, 2003; ɻʫʙʘʥʦʚ ɺ. ʀ, 2000; 

Vollenveider R. A.,1982; Moncheva S., 2000/  ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ, ʩʫʤʤʳ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʘʟʦʪʘ 

ʠ ʭʣʦʨʦʬʠʣʣʘ "ʘ". ʇʦʩʣʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʠʣʣʘ "ʘ" ʠ ʬʝʦʬʠʪʠʥʘ "ʘ", ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʙʠʦʤʘʩʩʝ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ, ʚʳʨʘʞʝʥʥʦʡ ʯʝʨʝʟ ʫʛʣʝʨʦʜ. ʀʥʜʝʢʩ ʵʚʪʨʦʬʠʢʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

TRIX=log([Chl]×[DO2]×P×N×1.5)/1.2,                    (1.15) 

ʛʜʝ: Chlïʭʣʦʨʦʬʠʣʣ "ʘ" ʚ ʤʢʛ/ʣ; 

DO2ïʥʝʜʦʩʪʘʪʦʢ ʥʘʩʳʱʝʥʠʷ ʚʦʜʳ ʨʘʩʪʚʦʨʝʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, %; 

Pïʦʙʱʠʡ ʬʦʩʬʦʨ ʚ ʤʢʛ/ʣ; 

Nïʨʘʩʪʚʦʨʝʥʥʘʷ ʬʦʨʤʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʟʦʪʘ ʚ ʤʢʛ/ʣ. 
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ʂʣʘʩʩʳ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ TRIX ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣ. 1.12. 

ʀʥʜʝʢʩ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʦʙʲʝʢʪʠʚʥʦ ʩʫʜʠʪʴ ʦ 

ʩʦʩʪʦʷʥʠʠ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʩʣʘʙʦ ʧʦʜʚʝʨʞʝʥʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ 

ʟʘʛʨʷʟʥʝʥʠʶ /Vollenveider R. A., 1998/, ʪʘʢ ʢʘʢ ʦʥ ʩʚʷʟʘʥ ʩ ʚʦʜʥʦʡ ʙʠʦʪʦʡ. 

ʆʜʥʘʢʦ ʩʣʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. 

ʊʘʙʣ. 1.12 

ʂʘʯʝʩʪʚʦ ʚʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʜʝʢʩʘ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ 

ʀʥʜʝʢʩ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʊʨʦʬʠʯʝʩʢʠʝ ʢʘʪʝʛʦʨʠʠ 

<4 ʥʠʟʢʠʡ ʪʨʦʬʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

4-5 ʩʨʝʜʥʠʡ ʪʨʦʬʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

5-6 ʚʳʩʦʢʠʡ ʪʨʦʬʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

6-10 
ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʪʨʦʬʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ 

1.3.2 ʇʦʢʘʟʘʪʝʣʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʢʦʩʠʩʪʝʤʳ 

ɺ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʩʠʩʪʝʤ, ʯʪʦ ʩʪʘʚʠʪ ʠʭ ʚ ʨʷʜ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥ ɹ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʵʢʦʩʠʩʪʝʤʫ ʠ ʫʨʦʚʝʥɹ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɹʠʦʪʠʯʝʩʢʠʝ ʠ ʘʙʠʦʪʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʢʦʩʠʩʪʝʤʳ ʧʦ ʤʝʭʘʥʠʟʤʘʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ: ʧʝʨʝʥʦʩʘ, 

ʨʘʟʙʘʚʣʝʥʠʷ, ʩʦʨʙʮʠʠ, ʤʠʛʨʘʮʠʠ ʚʝʱʝʩʪʚ. ʉ ʜʨʫʛʦʡ - ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴʶ ʘʜʘʧʪʘʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ. 

ʇʘʨʘʤʝʪʨʳ ʫʷʟʚʠʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʦʙʲʝʜʠʥʝʥʳ ʚ 

ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ /ɼʤʠʪʨʠʝʚ ɺ. ɺ., 2003/ /ɼʤʠʪʨʠʝʚ ɺ.ɺ., ʄʷʢʠʰʝʚʘ ʅ.ɺ., 1977, 

ʉʥʘʢʠʥ ɺ.ɺ., ʄʝʣʴʯʝʥʢʦ ɺ.ɽ., 1992/. 
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ʆʮʝʥʢʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʠ ʟʘʛʨʷʟʥʝʥʠ ̫ ʧʨʦʚʦʜʠʪʩʷ 

ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʫʤʤʠʨʦʚʘʥʠʷ ʦʮʝʥʦʯʥʳʭ ʠʥʜʝʢʩʦʚ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʪʘʙʣ. 1.13 ʧʨʠʚʝʜʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʦʯʝʥʴ ʟʘʪʨʫʜʥʝʥʦ 

ʩʣʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠ ʩʣʦʞʥʦʩʪʴʶ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʰʢʘʣʳ ʢʣʘʩʩʠʬʠʢʘʮʠʡ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʘʤʦ ʧʦʥʷʪʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʩʪʝʧʝʥʠ çʙʣʘʛʦʧʦʣʫʯʠʷè ʵʢʦʩʠʩʪʝʤʳ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺʦʜʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʝ 

ʤʦʞʝʪ ʙʳʩʪʨʦ ʜʝʛʨʘʜʠʨʦʚʘʪʴ ʠ ʧʦʪʝʨʷʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ çéʵʢʦʩʠʩʪʝʤʘ ʤʦʞʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʥʝʰʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʧʨʦʷʚʣʷʶʱʝʤʫʩʷ ʚ 

ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʠ ʪʝʤ ʩʘʤʳʤ ʙʳʪʴ 

ʫʩʪʦʡʯʠʚʦʡ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʥʘʛʨʫʟʢʘʤ. 

ʊʘʙʣ.1.13 

ʇʨʠʟʥʘʢʠ ʪʨʦʬʥʦʩʪʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ /ɼʤʠʪʨʠʝʚ ɺ.ɺ., 1999/ 

ʂʨʠʪʝʨʠʡ  

ʊʠʧ ʪʨʦʬʥʦʩʪʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

ʆʣʠʛʦ-

ʪʨʦʬʥʳʡ 

ʄʝʟʦ-

ʪʨʦʬʥʳʡ 
ʕʚʪʨʦʬʥʳʡ 

ɻʠʧʝʨ-

ʵʚʪʨʦʬʥʳʡ  

ʀʭʪʠʦʤʘʩʩʘ, ʛ/ʤ
2
 <1,25-2,5 2,5-10 10-40 >40 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ 

ʬʦʩʬʦʨʘ, ʈʦʙʱ , ʤʢʛ/ʣ 
5-20 20-50 50-100 >100 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ 

ʘʟʦʪʘ, Nʦʙ,ɦ ʤʢʛ/ʣ 
5-80 80-500 500-1500 >1500 

ʆʪʥʦʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ N: ʈ 
30-40 25-30 15-25 12-15 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʬʦʩʬʦʨʘ, PO4,ʤʛ ʈ/ʣ 

<0,01 

 

0,01-0,02 

 

>0,02 

 

ʈʅ ʧʨʠ 100% 

ʥʘʩʳʱʝʥʠʠ 

ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ 

6.69-7.35 7.36-8.01 8.02-8.67 - 

ʀʥʜʝʢʩ ʚʠʜʦʚʦʛʦ 2,0-3,0 2,0-1,0 1,0-0,0 - 
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ʨʘʟʥʦʦʙʨʘʟʠʷ  

ɹʇʂ5 , ʤʛʆ/ʣ 2,3-3,3 3,3-5,5 >5,5 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ, % 

ʥʘʩʳʱʝʥʠʷ 

95-105 50-155 <50 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʢʨʝʤʥʠʷ,   

ʤʛ Si/ʣ 
0,05-0,30 0,30-0,65 >0,65 - 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʘʤʤʦʥʠʡʥʦʛʦ 

ʘʟʦʪʘ, ʤʛ N/ʣ 

0,025-0,15 0,015-0,06 >0,060 - 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʥʠʪʨʠʪʥʦʛʦ 

ʘʟʦʪʘ, ʤʛ N/ʣ 

0,01-0,015 0,15-0,60 >0,06 - 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʥʠʪʨʘʪʥʦʛʦ 

ʘʟʦʪʘ, ʤʛ N/ʣ 

0,01-0,020 0,2-0,3 >0,03 - 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ 

ʘʟʦʪʘ, ʤʛ N/ʣ 

0,05-0,35 0,35-0,95 >0,95 - 

ʇʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ ʦʙʣʘʜʘʶʪ ʢʨʫʧʥʳʝ ʠ 

(ʠʣʠ) ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʚʦʜʦʝʤʦʚ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʥʦʩʪʠ. ʇʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʦʙʣʘʜʘʶʪ ʢʨʫʧʥʳʝ ʠ (ʠʣʠ) ʩʠʣʴʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʠʣʠ ʵʢʦʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʵʢʦʩʠʩʪʝʤʳ, ʫʞʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʣʘʜʘʶʱʠʝ (ʥʘʜʝʣʝʥʥʳʝ) ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʛʨʷʟʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʘ 

ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ ï ʵʚʪʨʦʬʥʳʝ ʠ ʛʠʧʝʨʵʚʪʨʦʬʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, 

ʵʪʦ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʟʚʘʪʴ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʦʣʫʯʥʳʤʠè /ɺʣʘʜʠʤʠʨʦʚ 

ɸ.ʄ., ʃʷʭʠʥ ʖ.ʀ., 1991, ɼʤʠʪʨʠʝʚ ɺ.ɺ. 1999, ʉʦʚʨʝʤʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝé,1985, ɼʤʠʪʨʠʝʚ ɺ. ɺ., 2003/. 

ɿʘʢʣʶʯʝʥʠʝ 
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ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʦʜʥʫʶ ʩʨʝʜʫ  ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʝʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠʛʦʜʥʦʩʪʠ ʚʦʜʳ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ 

ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʮʝʣʝʡ: 

- ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ; 

- ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; 

- ʤʦʥʠʪʦʨʠʥʛʘ; 

- ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʪ.ʧ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʢʦʩʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʵʢʦʩʠʩʪʝʤʫ, ʥʦ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʚʦʜʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘʧʨʦʪʠʚ, ʜʘʶʪ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ, ʥʦ ʥʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʧʦ ʦʪʜʝʣʴʥʳʤ ʟʘʛʨʷʟʥʷʶʱʠʤ ʚʝʱʝʩʪʚʘʤ. 

ʉʤʝʰʘʥʥʳʝ ʤʝʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʢʘʟʘʪʝʣʷʭ, ʫʯʠʪʳʚʘʶʱʠʭ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʫʶ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ, ʥʝ ʫʩʪʨʘʥʷʶʪ ʥʝʜʦʩʪʘʪʢʠ 

ʜʚʫʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʤʝʪʦʜʦʚ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʴʟʫʶʪ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʦʤ, ʯʪʦ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ, ʙʠʦʪʠʯʝʩʢʦʡ ʠ ʘʙʠʦʪʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʚʦʜʥʦʤʫ ʦʙʲʝʢʪʫ, ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ. ɼʘʥʥʘʷ ʩʚʷʟʴ ʜʦʣʞʥʘ ʧʨʦʷʚʣʷʪʴʩʷ ʢʘʢ ʜʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝ 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʚʣʠʷʥʠʶ ʠʣʠ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʩʣʘʙʳʤ 

ʚʣʠʷʥʠʝʤ, ʪʘʢ ʠ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʩʠʣʴʥʦʤʫ ʚʣʠʷʥʠʶ. 

ɸʥʘʣʠʟʠʨʫʷ ʪʘʙʣʠʮʫ 1.14, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 

ʬʫʥʢʮʠʷʤʠ ʦʙʲʝʤʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʦʙʲʝʤʦʚ ʚʦʜʳ, ʚ ʢʦʪʦʨʳʭ 

çʨʘʟʙʘʚʣʷʶʪʩʷè ʜʘʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ. ʀʤʝʥʥʦ ʦʙʲʝʤʳ ʚʝʱʝʩʪʚ ʠ ʦʙʲʝʤʳ ʚʦʜʳ 

ʜʦʩʪʫʧʥʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʘ ʩʪʘʜʠʠ ʉʭʝʤ ʂʀʆɺʆ. 

ʊʘʙʣ.1.14 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʆʮʝʥʦʯʥʳʡ ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 
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ʧʦʢʘʟʘʪʝʣʴ 1 2 3 4 5 6 

 ɹʇʂ5, ʤʛʆ/ʣ 0.5-1.0 1.1-1.9 2.0-2.9 3.0-3.9 4.0-10 >10 

 ʀɿɺ ¢0.2 0.2-1 1-2 2-4 4-6 >6 

 ʀʥʜʝʢʩ 

ʩʘʧʨʦʙʥʦʩʪʠ 
¢0.5 0.5-1.5 1.5-2.5 2.5-3.5 3.5-4 >4 

ʌʦʩʬʘʪʳ,ʤʛʈ/ʣ  0,005-0,015  0,015-0,05  0,05-0,2  0,2-0,3 0,3-0,6  

ʅʠʪʨʘʪʳ,ʤʛN/ʣ  0,05-0,2  0,2-1,0  1,0-2,0  2,0-2,5 2,5-4,0  

 ʀʥʜʝʢʩ 

ʐʝʥʥʦʥʘ ,ʅ 
3.06-2.30 2.30-1.89 1.89-1.52 1.52-1.25 

1.25-

1.11 

 ʊʨʦʬʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ  

ʂʘʨʣʩʦʥʘ, ʊSI, 

100 ʙʘʣ. 

0-40 40-60 60-80 >80 

 ʀʥʜʝʢʩ 

ʪʨʦʬʥʦʩʪʠ, 

ʀʊ 

20-40 40-60 60-80 >80 

ʀʥʜʝʢʩ 

ɺʫʜʠʚʠʩʘ 
10 9-7 6-5 4 3-2 1-0 

ʊʨʦʬʥʦʩʪʴ 
ʆʣʠʛʦ-

ʪʨʦʬʥʘʷ 
ʤʝʟʦʪʨʦʬʥʘʷ ʵʚʪʨʦʬʥʘʷ ʛʠʧʝʨ- 

ʉʘʧʨʦʙʥʦʩʪʴ 
ʢʩʝʥʦ- ʦʣʠʛʦ- a-ʤʝʟʦ- b-ʤʝʟʦ- ʧʦʣʠ- 

ʩʘʧʨʦʙʥʘʷ 

ʉʪʘʜʠʠ 

ʢʨʠʟʠʩʥʦʩʪʠ 

ʵʢʦʩʠʩʪʝʤʳ  

ʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ   ʧʦʨʦʛʦʚʘʷ  
ʥʝʦʙʨʘʪʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ  

1.4 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ  

ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʘʢʪʠʢʝ ʚʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʦʩʥʦʚʘʥʳ ʥʘ 

ʦʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʍʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʫʜʠʪʴ ʦ 

ʩʦʩʪʦʷʥʠʠ ʚʦʜʥʦʡ ʩʨʝʜʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʩʦʩʪʦʷʥʠʝ ʙʠʦʪʳ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʣʦʞʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ 

ʧʨʘʢʪʠʢʝ.  ʆʥʠ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʩʣʦʞʥʝʥʠʶ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʦʪʨʘʞʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʀʭ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ 



30 

 

ʷʚʣʷʝʪʩʷ ʠ ʩʣʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʮʝʣʝʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʩʯʝʪʦʚ ʠ 

ʧʨʦʛʥʦʟʘ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʉʭʝʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʂʀʆɺʆ). 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʘʶʪ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʦʮʝʥʢʫ 

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʦ ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʚ ʦʮʝʥʢʝ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʮʝʣʦʤ. 

ɺʦʜʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʩʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʚʦʜʥʦʡ ʙʠʦʪʳ ʠ ʩʨʝʜʳ ʠʭ ʦʙʠʪʘʥʠʷ. 

ɹʠʦʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ: ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ, 

ʧʦʧʫʣʷʮʠʡ, ʩʦʦʙʱʝʩʪʚ. ʉʨʝʜʘ ʠʭ ʦʙʠʪʘʥʠʷ ï ʚʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ, ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʦʜʳ, ʝʝ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʪ.ʜ. 

ʉʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ 

ʚʳʡʪʠ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʆʜʥʘʢʦ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ çʉʭʝʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚè. ʅʘ ʜʘʥʥʦʡ ʩʪʘʜʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʝʨʠʦʜ ʚ ʤʘʩʰʪʘʙʘʭ: ʫʯʘʩʪʢʘ ʨʝʢʠ, ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠʣʠ 

ʨʝʛʠʦʥʘ ʩʪʨʘʥʳ, ʢʦʛʜʘ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ. ɺ ʩʠʣʫ ʤʘʩʰʪʘʙʥʦʩʪʠ ʠ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʠ ʵʪʘ ʟʘʜʘʯʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ. ʊʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʦʩʦʙʝʥʥʦ ʪʘʢʠʭ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʢʘʯʝʩʪʚʦ ʚʦʜʳ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ), ʧʨʠ ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʨʘʟʥʳʭ ʩʪʚʦʨʦʚ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ ʠ ʨʘʟʥʳʭ ʧʦ ʚʦʜʥʦʩʪʠ ʣʝʪ. ʇʦʣʦʞʝʥʠʝ ʫʩʫʛʫʙʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 
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ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ: 

- ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʠ 

ʧʨʦʛʥʦʟʘ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ; 

- ʫʧʨʦʱʝʥʠʝ ʨʘʩʯʝʪʦʚ ʙʝʟ ʧʦʪʝʨʠ ʠʭ ʟʥʘʯʠʤʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʈʝʰʘʝʤʳʝ ʟʘʜʘʯʠ: 

- ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ; 

- ʧʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʧʨʠ ʦʮʝʥʢʝ ʧʣʘʥʠʨʫʝʤʦʡ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʫ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʜʦʧʫʩʪʠʤʳʭ ʚʦʟʜʝʡʩʪʚʠʡ; 

- ʦʮʝʥʢʘ ʠ ʧʨʦʛʥʦʟ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʧʣʘʥʠʨʫʝʤʦʡ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʫ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʙʠʪʴʩʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʚʦʜ. 

ʈʝʰʝʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʙʠʦʪʳ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʨʝʜʳ ʠʭ ʦʙʠʪʘʥʠʷ. 

ʉʚʷʟʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʟʚʝʩʪʥʳ /ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ. 2003, ʅ.ɻ.ɹʫʣʛʘʢʦʚ ʠ 

ʜʨ.,2001, ɸʣʠʤʦʚ ɸ.ʌ,2003/ ʠ ʦʯʝʚʠʜʥʳ, ʪʘʢ ʢʘʢ ʠ ʪʝ ʠ ʜʨʫʛʠʝ  ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʢʦʥʢʨʝʪʥʫʶ ʚʦʜʥʫ  ʁ ʵʢʦʩʠʩʪʝʤʫ, ʧʦʵʪʦʤʫ ʦʮʝʥʢʘ ʝʝ ʩʦʩʪʦʷʥʠʷ ʨʘʟʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤ ʜʦʣʞʥʘ ʜʘʚʘʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʚʷʟʠ ʤʝʞʜʫ ʩʘʤʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʩʪʦʷʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʠʣʠ ʦʪʜʝʣʴʥʳʤʠ ʝʝ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʝ 

ʚʩʝʛʜʘ ʦʯʝʚʠʜʥʳ, ʚ ʩʠʣʫ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʧʦʵʪʦʤʫ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʷʚʣʷʶʪʩʷ ʪʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʚʷʟʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʩʪʦʷʥʥʳ, ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʚʨʝʤʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʠ ʜʦʩʪʦʚʝʨʥʳ. 
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ʆʜʥʠʤ ʠʟ ʠʥʪʝʛʨʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ 

ʩʠʩʪʝʤʳ  ʷʚʣʷʝʪʩʷ ʠʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ (S), ʢʦʪʦʨʳʡ ʜʘʝʪ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʦʜʳ ʣʝʛʢʦ ʨʘʟʣʘʛʘʶʱʠʤʠʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʆʥ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʦʨʛʘʥʠʟʤʦʚ-ʩʘʧʨʦʙʠʦʥʪʦʚ ʚ ʚʦʜʥʳʭ 

ʩʦʦʙʱʝʩʪʚʘʭ. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʦʮʝʥʠʚʘʝʪʩʷ 

ʚʝʣʠʯʠʥʦʡ ɹʇʂ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, 

ʥʘʧʨʠʤʝʨ ɹʇʂ5, ʠ ʠʥʜʝʢʩʦʤ ʩʘʧʨʦʙʥʦʩʪʠ S ʜʦʣʞʥʘ ʙʳʪʴ. ɺʳʨʘʞʘʝʪʩʷ ʦʥʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ /ʆʮʝʥʢʘé,2000/. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤ ɹʇʂ5 ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʩʘʧʨʦʙʥʦʩʪʠ, 

ʥʦ ʠ  ʚʳʡʪʠ ʥʘ ʩʚʷʟʴ ʠʥʜʝʢʩʘ S ʩ  ʦʙʲʝʤʘʤʠ ʩʪʦʢʘ ʚʦʜʳ ʚ ʨʝʢʝ ʚ i-ʳʡ ʛʦʜ (Wi). 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʦʙʲʝʤ ʟʘʛʨʷʟʥʝʥʠʡ, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ɹʇʂ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʨʝʢʫ (Gɹʇʂ) ï ʧʦʩʪʦʷʥʥʳʤ ʧʦ ʛʦʜʘʤ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ, ʢʘʢ ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʦʝ 

ʭʦʟʷʡʩʪʚʦ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ, ʪʦʛʜʘ ʩʨʝʜʥʝʛʦʜʦʚʘ ̫

ʢʦʥʮʝʥʪʨʘʮʠ ̫ɹʇʂ5 ʚ i-ʳʡ ʛʦʜ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

ɹʇʂi =Gɹʇʂ/Wi                         (1.16) 

ʀʩʧʦʣʴʟʫʷ ʩʚʷʟʴ ʧʦʢʘʟʘʪʝʣʷ ɹʇʂ ʠ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ (S) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ Si. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘ ʨʠʩ.1.2 ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ (S) ʠ ʦʙʲʝʤʦʚ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʢʠ ʀʩʝʪʴ, ʣʝʚʦʛʦ ʧʨʠʪʦʢʘ ʨʝʢʠ ʊʦʙʦʣ ʙʘʩʩʝʡʥʘ ʀʨʪʳʰʘ. ʆʙʲʝʤ 

ʩʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʜʫʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ (kp), ʨʘʚʥʳʤ ʦʪʥʦʰʝʥʠʶ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʩʪʦʢʘ ʚʦʜʳ ʚ i-ʳʡ ʛʦʜ ʢ ʥʦʨʤʝ ʩʪʦʢʘ kpi=Wi/Wʩʨ. 
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ʈʠʩ. 1.2 ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʤʦʜʫʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘ  ʨʝʢʠ ʀʩʝʪʴ (ʂʨ) ʠ ʠʥʜʝʢʩʘ ʩʘʧʨʦʙʥʦʩʪʠ (S). 

ɼʘʥʥʳʡ ʨʠʩʫʥʦʢ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʚʷʟʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɻʨʘʬʠʢʠ ʜʘʶʪ 

ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: 

¶ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 21% , ʪ.ʝ. ʚ ʛʦʜʳ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ  ʜʦ 21% ʧʦ ʩʪʦʢʫ 

ʚʦʜʳ ʚ ʨʝʢʝ, ʩʘʧʨʦʙʥʦʩʪʴ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ 

çʦʣʠʛʦʩʘʧʨʦʙʥʘʷè, ʪ.ʝ. ʚ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

ʫʣʫʯʰʘʝʪʩʷ, ʟʘ ʩʯʝʪ ʨʘʟʙʘʚʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʘʭ ʨʝʯʥʦʛʦ ʩʪʦʢʘ; 

¶ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 57% ʵʢʦʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ «a-ʤʝʟʦʩʘʧʨʦʙʥʦʡè 

ʩʪʘʜʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʦʪ 21 ʜʦ 78%, ʪʦ ʝʩʪʴ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʚʪʦʨʷʶʱʠʤʩʷ (ʩʨʝʜʥʠʤ) ʫʩʣʦʚʠʷʤ; 

¶ ʚ «b-ʤʝʟʦʩʘʧʨʦʙʥʦʡ» ʩʪʘʜʠʠ ʨʝʯʥʘʷ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

20%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʩʪʦʢʘ ʦʪ 78 ʜʦ 98%. ʇʨʠʯʝʤ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ «ʤʝʟʦʩʘʧʨʦʙʥʦʡ» ʩʪʘʜʠʠ ʨʘʥʘ 77%. 
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ʀʩʧʦʣʴʟʫʷ  ʪʘʙʣʠʮʫ ʩʚʷʟʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʪʘʙʣ.1.15), ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ ʢʣʘʩʩʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʊʘʙʣ.1.15 

ʇʦʢʘʟʘʪʝʣʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʆʮʝʥʦʯʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ 

ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

1 2 3 4 5 6 

ʆʯʝʥʴ 

ʯʠʩʪʘʷ 
ʏʠʩʪʘʷ 

ʋʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷ 

ɿʘʛʨʷʟ-

ʥʝʥʥʘʷ 
ɻʨʷʟʥʘʷ 

ʆʯʝʥʴ 

ʛʨʷʟʥʘʷ 

 ɹʇʂ5, ʤʛʆ/ʣ 0.5-1.0 1.1-1.9 2.0-2.9 3.0-3.9 4.0-10.0 >10 

 ʀɿɺ ¢0.2 0.2-1 1-2 2-4 4-6 >6 

 ʀʥʜʝʢʩ 

ʩʘʧʨʦʙʥʦʩʪʠ 
¢0.5 0.5-1.5 1.5-2.5 2.5-3.5 3.5-4 >4 

ʌʦʩʬʘʪʳ, 

ʤʛʈ/ʣ  

0,005-

0,015  

0,015-

0,05  
0,05-0,2  0,2-0,3 0,3-0,6  

ʅʠʪʨʘʪʳ, 

ʤʛN/ʣ  
0,05-0,2  0,2-1,0  1,0-2,0  2,0-2,5 2,5-4,0  

 ʀʥʜʝʢʩ 

ʐʝʥʥʦʥʘ, ʅ 

3.06-

2.30 

2.30-

1.89 
1.89-1.52 1.52-1.25 1.25-1.11 

ɹʠʦʪʠʯʝʩʢʠʡ 

ʠʥʜʝʢʩ ʦ 

ɺʫʜʠʚʠʩʘ 

10 9-7 6-5 4 3-2 1-0 

ʊʨʦʬʥʦʩʪʴ 
ʆʣʠʛʦ-

ʪʨʦʬʥʘʷ 
ʤʝʟʦʪʨʦʬʥʘʷ ʵʚʪʨʦʬʥʘʷ 

ɻʠʧʝʨ-

ʵʚʪʨʦʬʥʘʷ 

ʉʘʧʨʦʙʥʦʩʪʴ ʢʩʝʥʦ- ʦʣʠʛʦ- 
a-ʤʝʟʦ-

ʩʘʧʨʦʙʥʘʷ 
b-ʤʝʟʦ-ʩʘʧʨʦʙʥʘʷ 

ʇʦʣʠ-

ʩʘʧʨʦʙʥʘʷ 

ɿʦʥʳ 

ʢʨʠʟʠʩʥʦʩʪʠ 

ʵʢʦʩʠʩʪʝʤʳ 

ʆʙʨʘʪʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ 
ʇʦʨʦʛʦʚʘʷ  ʅʝʦʙʨʘʪʠʤʳʭ ʠʟʤʝʥʝʥʠʡ 

ʊʘʢ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʧʨʠʤʝʨʘ, ʜʣʷ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ 

ʫʩʣʦʚʠʡ, ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ «a-

ʤʝʟʦʩʘʧʨʦʙʥʳʡ», ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳï«ʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʡè, ʩʪʘʜʠʷ 

ʧʨʦʪʝʢʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚï«ʧʦʨʦʛʦʚʘʷ». ʊʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʧʠʱʝʚʳʭ ʮʝʧʝʡ, ʚʦʟʨʘʩʪ 

ʩʠʩʪʝʤʳ ʠ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʵʢʦʩʠʩʪʝʤʳ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

çʤʝʟʦʪʨʦʬʥʳʡè. 
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ʊʘʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʦʧʝʨʠʨʦʚʘʪʴ ʜʦʩʪʫʧʥʳʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ «ʉʭʝʤ ʂʆʀɺʆè 

ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ (ʦʙʲʝʤʘʤʠ ʩʪʦʢʘ ʚʦʜʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʦʜʫ ʚʝʱʝʩʪʚ), ʩ ʜʨʫʛʦʡïʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ. 

ʇʦʣʥʦʩʪʴʶ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʧʦʢʘʟʘʪʝʣʶ 

ʩʘʧʨʦʙʥʦʩʪʠ  ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʜʦʩʪʘʪʦʯʥʦ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʛʠʜʨʦʙʠʦʥʪʦʚ ʚʳʜʝʨʞʠʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʠʥʜʝʢʩ 

ʩʘʧʨʦʙʥʦʩʪʠ, ʥʦ ʠ ʪʨʦʬʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʠʜʦʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʪ.ʧ. 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʫʯʠʪʳʚʘʝʪ ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ (ʅ). 

ʀʥʜʝʢʩ ʐʝʥʥʦʥʘ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʠʜʦʚ 

ʛʠʜʨʦʙʠʦʥʪʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʦʙʱʝʩʪʚʘ 

ʦʨʛʘʥʠʟʤʦʚ. 

ä
ö
÷

õ
æ
ç

å
³

-=

N

n
N

n
H

i

i

lg
                    (1.17) 

ʛʜʝ niïʯʠʩʣʦ ʦʩʦʙʝʡ ʢʘʞʜʦʛʦ ʚʠʜʘ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ; Nïʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ 

ʦʩʦʙʝʡ ʚʩʝʭ ʚʠʜʦʚ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ. 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʠʩʣʦ ʚʠʜʦʚ ʠʟʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʦʙʠʪʘʥʠʷ (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʠʪʘʥʠʷ), ʪʦ ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʣʦʪʥʦʩʪʴʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ r(W), ʪʘʢ ʢʘʢ ʦʙʲʝʤ ʩʪʦʢʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʲʝʤ 

ʞʠʟʥʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʢʘʢ ʤʦʜʝʣʴ, 

ʦʧʠʩʳʚʘʶʱʫʶ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʨʝʢʠ. ʕʪʦ ʜʦʧʫʩʪʠʤʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ /ɸʣʠʤʦʚ ɸ.ʌ.,1990/, ʛʜʝ ʜʦʢʘʟʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʙʣʘʩʪʠ 

ʦʙʠʪʘʥʠʷ. 

ʉʜʝʣʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ: 
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¶ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʣʝʛʢʦ ʜʦʩʪʫʧʥʫʶ ʚ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ, 

ʚʝʣʠʯʠʥʫ ʦʙʲʝʤʘ ʩʪʦʢʘ ʨʝʢʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ; 

¶ ʦʮʝʥʠʪʴ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʦʚ ʩʪʦʢʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʭʘʨʘʢʪʝʨʥʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ɺ ʨʘʙʦʪʝ /ɸʣʠʤʦʚ ɸ.ʌ.,2003/ ʙʳʣʘ ʧʦʣʫʯʝʥʘ  ʵʤʧʠʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ ʦʪ ʚʝʣʠʯʠʥʳ ɹʇʂ5: 

ʅ=3.74×ɹʇʂ5
0.27                                       

(1.18) 

ʛʜʝ ɹʇʂ5 -ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʟʘ 5-ʪʴ ʩʫʪʦʢ, ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ, ʢʢʘʣ/ʤ
2
. 

ʋʨʘʚʥʝʥʠʝ (1.18) ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʦʙʲʝʤʳ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ʠʥʜʝʢʩ 

ʐʝʥʥʦʥʘ (ʨʠʩ.1.3.ʘ). ɼʣʷ ʵʪʦʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ɹʇʂ5 ʚʳʨʘʞʘʣʘʩʴ ʯʝʨʝʟ ʦʙʲʝʤʳ 

ʩʪʦʢʘ ʚʦʜʳ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ (1.16). 
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ʈʠʩ.1.3.ʘ ʉʚʷʟʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ (ʅ) ʠ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʦʙʲʝʤʦʚ ʩʪʦʢʘ (ʦʙʲʝʤʳ ʩʪʦʢʘ ʚʳʨʘʞʝʥʳ ʚ ʝʜʠʥʠʮʘʭ 

ʤʦʜʫʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʨ). 

 ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʧʦʩʪʦʷʥʥʳʭ ʦʙʲʝʤʦʚ ʚʦʜʳ, ʚ 

ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʵʢʦʩʠʩʪʝʤʘ. ɼʣʷ ʨʝʢʠ ʵʪʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʡ ʦʙʲʝʤ 

ʩʪʦʢʘ. ɺʩʝ ʦʙʲʝʤʳ ʩʪʦʢʘ ʨʝʢʠ ʠʤʝʶʪ ʥʝʢʦʪʦʨʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ, ʠ 

ʩʠʩʪʝʤʘ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʠʭ ʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʦʪ ʦʙʲʝʤʦʚ ʩʪʦʢʘ ʨʝʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʤʘ ʩʪʦʢʘ. 
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ʈʠʩ.1.3.ʙ ʉʚʷʟʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʩ ʤʦʜʫʣʴʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʢʘ. 

ɼʣʷ ʵʪʦʛʦ, ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ.1.3.ʘ ʫʤʥʦʞʘʶʪʩʷ ʥʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʲʝʤʘ ʩʪʦʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʧʦ ʬʫʥʢʮʠʠ  ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʦʢʘ, ʜʣʷ 

ʫʩʣʦʚʠʡ ʨʝʢʠ ʀʩʝʪʴ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.3.ʙ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ 

ʦʙʣʘʩʪʴ ʥʘʠʙʦʣʴʰʝʛʦ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʂʨ  ʦʪ 

0.5 ʜʦ 1.5. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʩʪʦʢʘ ʉv = 0.6, ʜʘʥʥʘʷ ʟʦʥʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ~2ʉv, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʠʚʘʝʤʦʡ ʚ ~56%. ʕʪʦ ʟʦʥʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʫʩʣʦʚʠʡ, ʢ ʢʦʪʦʨʳʤ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʪʩʷ ʦʙʠʪʘʪʝʣʠ ʚʦʜʥʦʡ 

ʩʨʝʜʳ. 

ʉʢʘʟʘʥʥʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʦʚ ʩʪʦʢʘ ʜʣʷ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ 

ʨʘʟʥʦʦʙʨʘʟʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʢʠ ʚ ʮʝʣʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʠ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ (ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʘʧʨʠʤʝʨ, 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ) ʩ ʙʠʦʪʠʯʝʩʢʠʤʠ (ʚʠʜʦʚʳʤ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ), ʧʦ ʩʦʩʪʦʷʥʠʶ ʩʨʝʜʳ ʤʦʞʥʦ ʩʫʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʦ ʢʘʯʝʩʪʚʝ 
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ʚʦʜʳ ʠ ʝʝ ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʜʘʪʴ ʦʮʝʥʢʫ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʨʝʯʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʦʙʲʝʤʦʚ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʲʝʤ ʩʪʦʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ. ɼʣʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʤ, ʠʣʠ ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʩʣʘʙʳʤ 

ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʜʦʧʫʩʪʠʤʦ, ʚ ʩʠʣʫ 

ʜʝʡʩʪʚʠʷ ʟʘʢʦʥʦʚ: çɺʩʝ ʩʚʷʟʘʥʦ ʩʦ ʚʩʝʤè, çʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʝʜʠʥʩʪʚʘè, 

çʆʧʪʠʤʘʣʴʥʦʩʪʠè /ʈʝʡʤʝʨʩ, 1994/. ʆʜʥʘʢʦ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʠʭ ʟʘʛʨʷʟʥʝʥʠʝ ʠ 

ʠʩʪʦʱʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʟʘʚʠʩʠʤʦʤʫ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠʟʤʝʥʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʙʲʝʤʦʚ 

ʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʬʦʨʤʠʨʫʶʪ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʪʘʢʠʭ 

ʫʩʣʦʚʠʷʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʨʝʙʫʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ. 

2 ʆʎɽʅʂɸ ʂɸʏɽʉʊɺɸ ɺʆɼʅʓʍ ʈɽʉʋʈʉʆɺ 

ɺ ʉʍɽʄɸʍ ʂʀʆɺʈ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʚʷʟʘʥʦ ʩ ʟʘʙʦʨʦʤ ʚʦʜʳ ʠʟ ʠʩʪʦʯʥʠʢʘ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʩʙʨʦʩʦʤ ʚ ʥʝʛʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʢʦʚ. ʕʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʢʘʢ ʧʨʠʚʦʜʠʪ ʢ ʠʩʪʦʱʝʥʠʶ, 

ʠʟʤʝʥʝʥʠʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʠ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʕʪʦ 

ʫʭʫʜʰʘʝʪ ʠ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ ʮʝʣʝʡ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʝʰʝʥʠʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʘʜʘʯ ʧʨʦʚʦʜʠʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦ 

ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ ʚʦʜʥʦʛʦ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʦʚ. ʉʦʩʪʘʚʣʝʥʠʝ 

ʙʘʣʘʥʩʦʚ - ʟʘʜʘʯʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʈʝʰʝʥʠʝ ʫʩʣʦʞʥʷʝʪʩʷ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʚʦʜʥʳʭ 
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ʦʙʲʝʢʪʦʚ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ʠʣʠ ʜʘʞʝ ʝʸ ʦʪʜʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ. ʆʩʦʙʝʥʥʦ ʩʣʦʞʥʦ 

ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʩ ʦʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʕʪʦ ʩʣʦʞʥʘʷ ʠ ʤʥʦʛʦʤʝʨʥʘʷ 

ʟʘʜʘʯʘ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʦʙʲʝʤʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ɺʘʞʥʦʩʪʴ ʝʸ ʨʝʰʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʧʨʦʩʪʳʭ 

ʩʧʦʩʦʙʦʚ ʫʯʝʪʘ ʢʘʯʝʩʪʚʘ ʚʦʜ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʫʯʝʪʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ ʠ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʨʝʜʣʦʞʝʥʥʳʡ ɺ.ɺ. ʐʘʙʘʥʦʚʳʤ. ʉʫʪʴ ʝʛʦ ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʝʜʫʶʱʝʤʫ. ɺ ʫʨʘʚʥʝʥʠʝ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ (ɺʍɹ) ʚʚʦʜʠʪʩʷ 

ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʚʦʜ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʝʜʠʥʠʮʘʭ ʦʙʲʝʤʘ ʚʦʜʳ. ɽʛʦ ʥʘʣʠʯʠʝ 

ʚ ʫʨʘʚʥʝʥʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʩʪʦʢʦʚ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʛʦʚʦʨʠʪ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʜʦʠʩʪʦʯʥʠʢʘ. 

ɺ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ 

ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʢʝ, ʧʦʵʪʦʤʫ ʚʳʨʘʟʠʤ 

ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʚʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʨʝʢʠ. 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ (ɻʍɹ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.1 ʠ ʚʚʝʜʝʤ ʚ ʥʝʛʦ ʦʙʲʝʤ  G1 

ʨʘʚʥʳʡ ʧʨʦʠʟʚʝʜʝʥʠʶ ʦʙʲʝʤʘ ʚʦʜʳ (W1) ʠ ʬʦʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʝʢʝ (ʉʨ). ɺʝʣʠʯʠʥʘ G1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʢʦʪʦʨʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʲʝʤ,  ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʨʘʟʙʘʚʠʪʴ ʟʘʛʨʷʟʥʝʥʥʳʝ ʨʝʯʥʳʝ ʚʦʜʳ ʜʦ ʩʦʩʪʦʷʥʠʷ ʫʩʣʦʚʥʦ ʯʠʩʪʳʭ. ɺ 

ʫʨʘʚʥʝʥʠʠ ʙʘʣʘʥʩʘ ʦʥ ʠʛʨʘʝʪ ʨʦʣʴ ʧʦʢʘʟʘʪʝʣʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʨʝʢʫ, ʚʦʜ. 
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ʈʠʩ. 2.1 ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ɻʍɹ: 

Wnïʬʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʩʪʦʢʘ ʚʦʜʳ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʩʪʚʦʨʝ ʨʝʢʠ 1-1; ʉʨ 

ʬʦʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʨʝʢʝ; ʉn-ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʨʝʢʝ ʧʦʩʣʝ ʩʙʨʦʩʘ ʩʪʦʯʥʳʭ ʚʦʜ. 

Wn×Cn+W1×ʉp=(Wn+W1)×ʇɼʂ               (2.1) 

ʠʣʠ 

W1=Wp×(Cnïʇɼʂ)/(ʇɼʂïʉʨ)                            (2.2) 

ʦʪʢʫʜʘ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʙʲʝʤʘ W1: 

W1=Wn×(Cnïʇɼʂ)/(ʇɼʂïʉʨ)                            (2.3) 

ʉʦʦʪʥʦʰʝʥʠʝ, ʩʪʦʷʱʝʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (2.3) ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ), ʢʦʪʦʨʳʡ 

ʧʦʢʘʟʳʚʘʝʪ ʢʨʘʪʥʦʩʪʴ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʨʝʢʠ: 

ʂʧʟ.=(ʉn-ʇɼʂ)/(ʇɼʂ-ʉʨ)                                  (2.4) 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʨʝʢʘ ʟʘʛʨʷʟʥʷʝʪʩʷ ʚʝʱʝʩʪʚʦʤ, ʢʦʪʦʨʦʛʦ ʚ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʚʦʜʝ ʥʝ ʙʳʣʦ, ʠʟ ʬʦʨʤʫʣʳ (2.4) ʚʠʜʥʦ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʫʧʨʦʱʘʝʪʩʷ: 

ʂʧʟ=(ʉn-ʇɼʂ)/ʇɼʂ                                    (2.5) 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʂʧʟ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʝʱʝ ʙʦʣʝʝ ʧʨʦʩʪʦʡ 

ʬʦʨʤʫʣʝ: 

ʂʧʟ=ʉn/ʇɼʂ                                          (2.6) 
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ʆʧʨʝʜʝʣʠʤ ʦʰʠʙʢʫ (d) ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʧʟ ʧʦ ʬʦʨʤʫʣʝ (2.6). 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʰʠʙʢʠ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ ʟʥʘʯʝʥʠʡ ʂʧʟ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʘʤ (2.4) ʠ 

(2.6): 

{(ʉn-ʇɼʂ)/(ʇɼʂ-ʉʨ)-ʉn/ʇɼʂ}/(ʉn-ʇɼʂ)/(ʇɼʂ-ʉʨ)=d 

ʇʨʝʜʩʪʘʚʠʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʉn ʢʘʢ m×ʇɼʂ, ʛʜʝ mïʢʨʘʪʥʦʩʪʴ 

ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʥʪʨʦʣʴʥʦʤ 

ʩʪʚʦʨʝ ʠ ʉʨ ʢʘʢ v×ʇɼʂ, ʛʜʝ vïʢʨʘʪʥʦʩʪʴ ʇɼʂ ʬʦʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʝʱʝʩʪʚʘ. ʇʦʣʫʯʠʤ: 

d=
-

-

m

mv

1

1*
                                 (2.7) 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʠʤ ʦʰʠʙʢʫ (d1) ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʧʟ ʧʦ 

ʬʦʨʤʫʣʝ (2.5). ʇʦʣʫʯʠʤ: 

{(ʉn-ʇɼʂ)/(ʇɼʂ-ʉʨ)ï(ʉnïʇɼʂ)/ʇɼʂ}/(ʉn-ʇɼʂ)/(ʇɼʂ-ʉʨ)=d 

d=v                                  (2.8) 

ʀʟ ʨʠʩʫʥʢʘ 2.2 ʚʠʜʥʦ, ʯʪʦ ʨʘʩʯʝʪʳ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ (2.6) ʩ ʦʰʠʙʢʦʡ ʜʦ 20% ʚʦʟʤʦʞʥʳ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʢʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʩʪʚʦʨʝ  ʜʦʣʞʥʘ ʙʳʪʴ m²3, ʧʨʠ 

v¢0.2. ʈʘʩʯʝʪʳ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʧʟ ʧʦ ʬʦʨʤʫʣʝ (2.5) ʩ ʦʰʠʙʢʦʡ ʜʦ 

20% ʚʦʟʤʦʞʥʳ ʚ ʩʣʫʯʘʝ v¢0.2 (2.8). ʇʦʩʣʝʜʥʝʝ ʫʩʣʦʚʠʝ ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ 

ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʜʣʷ ʤʥʦʛʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠʭ 

ʬʦʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʝʢʘʭ ʨʘʚʥʘ ʥʫʣʶ. 
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ʈʠʩ.2.2 ʀʟʤʝʥʝʥʠʝ  ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʂʧʟ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ  

ʬʦʨʤʫʣʝ (2.6) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʘʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʟʘʛʨʷʟʥʷʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʨʝʢʝ (m=ʉn/ʇɼʂ), ʧʨʠ ʨʘʟʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʬʦʥʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʇɼʂ (v=ʉʨ/ʇɼʂ, N =0.2, 0.4, 0.6, 0.8). 

ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ, ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ (2.5). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʝʥʠ ̫

ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʝʩʪʝʩʪʚʝʥʥʦʤ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʬʦʥʝ. ʂ ʪʦʤʫ ʞʝ ʚ 

ʜʘʥʥʦʤ ʚʠʜʝ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʡ ʚʦʜʳ ʯʝʨʝʟ ʧʦʢʘʟʘʪʝʣʴ ʀɿɺ. 

ɺr ʨʘʞʝʥʠʷ (2.5) ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʥʜʝʢʩʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ (ʀɿɺ): 

ä³=
N

i ʇɼʂi

Ci

N
ʀɿɺ

1
                             (2.9) 

ʛʜʝ Nïʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚ, ʧʨʠʥʷʪʳʭ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ, ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ 

ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ (N) ʯʝʨʝʟ ʧʦʢʘʟʘʪʝʣʴ ʢʨʘʪʥʦʩʪʠ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ (ʂʧʟ), ʦʧʨʝʜʝʣʠʤ ʝʛʦ ʢʘʢ ʩʨʝʜʥʝʝ ʧʦ ʦʪʜʝʣʴʥʳʤ (i-ʤ) 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚʝʱʝʩʪʚʘʤ (ʂʧʟi), ʧʦʣʫʯʠʤ: 

ʂʧʟ= 11
1

1
1

-=-³=öö
÷

õ
ææ
ç

å
-³ ää ʀɿɺ

ʇɼʂi

Ci

Nʇɼʂi

Ci

N

N

i

N

i

     (2.10) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʚʷʟʘʥ ʩ 

ʠʥʜʝʢʩʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ, ʘ ʯʝʨʝʟ ʥʝʛʦ ʠ ʩʦ ʰʢʘʣʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ʪʘʙʣ.2.1). 

ʊʘʙʣ.2.1 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʇʦʢʘʟʘʪʝʣʴ 
ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ* 

1 2 3 4 5 6 

ɹʇʂ5, ʤʛʆ/ʣ 0.5-1.0 1.1-1.9 2.0-2.9 3.0-3.9 4.0-10.0 >10 

ʀɿɺ ¢0.2 0.2-1 1-2 2-4 4-6 >6 

ʂʧʟ ¢-0.8 -0.8-0.0 0-1 1-3 3-5 >5 

ʀʥʜʝʢʩ 

ʩʘʧʨʦʙʥʦʩʪʠ 
¢0.5 0.5-1.5 1.5-2.5 2.5-3.5 3.5-4 >4 

ʀʥʜʝʢʩ 

ʐʝʥʥʦʥʘ, ʅ 
3.06-2.3 2.3-1.89 1.89-1.52 1.52-1.25 

1.25-

1.11 

ʊʨʦʬʥʦʩʪʴ ʦʣʠʛʦ- ʤʝʟʦʪʨʦʬʥʘʷ ʵʚʪʨʦʬʥʘʷ ʛʠʧʝʨ- 

ʉʘʧʨʦʙʥʦʩʪʴ ʢʩʝʥʦ- ʦʣʠʛʦ- 
a-ʤʝʟʦ-

ʩʘʧʨʦʙʥʘʷ 

b-ʤʝʟʦ-

ʩʘʧʨʦʙʥʘʷ 

ʧʦʣʠ-

ʩʘʧʨʦʙʥʘʷ 

*ʂʣʘʩʩʳ ʢʘʯʝʩʪʚʘ ʚʦʜʳ: 1ïʦʯʝʥʴ ʯʠʩʪʘʷ; 2ïʯʠʩʪʘʷ; 3ï ʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ; 

4ïʟʘʛʨʷʟʥʝʥʥʘʷ; 5ïʛʨʷʟʥʘʷ; 6ïʦʯʝʥʴ ʛʨʷʟʥʘʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂʧʟ 

ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʩʚʝʨʭ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ ʥʝʪ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʝ ʧʨʝʚʳʰʘʶʪ ʇɼʂ. 

ɺʝʣʠʯʠʥʘ W1 ʚ ʬʦʨʤʫʣʝ (2.3) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʢʘʟʘʪʝʣʴ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ  

ʨʝʯʥʦʡ ʚʦʜʳ ʠʣʠ ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ ʚ ʫʨʘʚʥʝʥʠʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ (ɺʍɹ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʨʘʩʯʝʪʳ ʧʦ 

ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʭʝʤ ʂʀʆɺʆ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʯʝʪ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʫʨʘʚʥʝʥʠʠ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ. ɼʣʷ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʛʦʜʦʚʦʛʦ ɺʍɹ ʚ 

ʧʨʦʩʪʝʡʰʝʤ ʚʠʜʝ: 

1. ɹʝʟ ʫʯʝʪʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ 



44 

 

ɺʍɹ=Wʨ+Wʧ.ʚ.j-äWʙ.ʧ.jïWʧʦʧ.             (2.11) 

ʛʜʝ  Wʨ-ʦʙʲʝʤ ʩʪʦʢʘ ʨʝʢʠ, Wʧ.ʚ.jïʚʦʜʦʟʘʙʦʨ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʢʦʡ, j-ʤ ʫʯʘʩʪʥʠʢʦʤ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ɺʍʂ); äWʙ.ʧ.jïʩʫʤʤʘ ʦʙʲʝʤʦʚ ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, 

Wʧʦʧ.-ʦʙʲʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʧʫʩʢʦʚ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷ: ɻʕʉ, 

ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʧʫʩʢʠ ʠ ʜʨ.: 

Wʧʦʧ.= [ ]ä
=

12

1

,,,max
i

ɺʊiʵʢʦʣiʨʭiɻʕʉi wwww         (2.12) 

2. ʉ ʫʯʝʪʦʤ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ɺʍɹʢ=Wʨ+Wʧ.ʚ.j-äWʙ.ʧ.jïWʧʟ                                 (2.13) 

Wʧʟ=äʂʧʟj×Wʚʚj 

ʛʜʝ Wʧʟ-ʧʦʢʘʟʘʪʝʣʴ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ ʚʦʜ j ïʛʦ 

ʫʯʘʩʪʥʠʢʘ ɺʍʂ (2.10) ʥʘ ʦʙʲʝʤ ʝʛʦ ʚʦʟʚʨʘʪʥʳʭ ʚʦʜ (Wʚʚj). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʝ ɺʍɹ ʚ ʦʙʳʯʥʦʤ ʚʠʜʝ (2.11) ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ 

ʦ ʥʘʣʠʯʠʠ (ɺʍɹ<0) ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ (ɺʍɹ²0)  ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʋʨʘʚʥʝʥʠʝ (2.13) ʧʦʟʚʦʣʷʝʪ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ:  ʟʘʛʨʷʟʥʝʥʘ ʚʦʜʘ  (ɺʍɹʢ<0) 

ʠʣʠ ʥʝʪ (ɺʍɹʢ²0). 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʜʘʝʪ ʝʱʝ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ. 

2.1 ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ 

ɺ ʫʨʘʚʥʝʥʠʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʡ ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ 

(W
ʚʚ
ʧʟ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʠʩʧʦʣʴʟʫʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʨʝʯʥʦʡ ʚʦʜʳ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʰʢʘʣʝ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ 

ʨʝʢʝ. 

ʂʧʟ= 1-
+

Wʬ

WʚʚWʚʚ

ʧʟ      WʫWWʚʚWnʚWʨWʬ ä ä --++=           (2.14) 
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ʛʜʝ Wʬïʬʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ; Wʨïʝʩʪʝʩʪʚʝʥʥʳʡ ʩʪʦʢ ʨʝʢʠ; Wʧʚ 

ï ʦʙʲʝʤ ʚʦʜʦʟʘʙʦʨʘ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ; Wʚʚ ï ʦʙʲʝʤ 

ʚʦʟʚʨʘʪʥʳʭ ʚʦʜ; Wïʦʙʲʝʤ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ; Wʫ ï ʫʱʝʨʙ ʨʝʯʥʦʤʫ ʩʪʦʢʫ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʢʦʡ. 

ʂ
ʨ%
ʧʟ=
( )

1
1

%
-

³+
p

pW

Wpʂʧʟ
                                (2.15) 

ʛʜʝ ʂ
ʨ%
ʧʟïʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʜʳ ʚ ʨʝʢʝ ʜʣʷ ʛʦʜʘ 

ʨʘʩʯʝʪʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ; ʂʧʟïʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 

ʜʣʷ ʛʦʜʘ ʩ ʠʟʚʝʩʪʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ (ʥʘʧʨʠʤʝʨ ʦʪʯʝʪʥʳʡ ʛʦʜ); Wʨï

ʦʙʲʝʤ ʩʪʦʢʘ ʚʦʜʳ ʚ ʨʝʢʝ ʚ ʦʪʯʝʪʥʳʡ ʛʦʜ (ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʘʥʦ ʟʥʘʯʝʥʠʝ 

ʂʧʟ); W
ʨ%
ʨ
   
-ʦʙʲʝʤ ʩʪʦʢʘ ʚʦʜʳ ʚ ʨʝʢʝ ʚ ʛʦʜ ʨʘʩʯʝʪʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. 

ʌʦʨʤʫʣʘ (2.15) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ, ʯʪʦ ʬʘʢʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ 

ʜʝʣʘʪʴ ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʛʦʜʘ ʧʦ ʩʪʦʢʫ ʨʝʢʠ. 

2.2 ʆʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʭʝʤ ʂʀʆɺʆ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ), 

ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʙʠʪʴʩʷ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʢʝ ʠ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. ɼʘʥʥʳʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ. 

ʂ
ɺʆʄ
ʧʟ=(ʂʧʟ+1)×(1-ʕ)-1 

1

1
1

+

+
-=

ʧʟ

ɺʆʄ

ʧʟ

ʂ

ʂ
ʕ                                          (2.16) 

ʛʜʝ ʂʧʟ, ʂ
ɺʆʄ
ʧʟïʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 

ʙʝʟ ʫʯʝʪʘ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʩ ʠʭ ʫʯʝʪʦʤ. 
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2.3 ʆʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʧʨʝʜʦʪʚʨʘʱʝʥʥʦʛʦ ʫʱʝʨʙʘ 

ʇʦʢʘʟʘʪʝʣ ɹ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (Wʧʟ) ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʙʲʝʤʫ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ. ʇʦʵʪʦʤʫ ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʝʣʠʯʠʥʫ ʧʨʝʜʦʪʚʨʘʱʝʥʥʦʛʦ ʫʱʝʨʙʘ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ. 

)( ɺʆʄ

ʧʟʂʂʧʟWʬʂʫʜʨʋ -³³³= ,ʨʫʙ           (2.17) 

ʛʜʝ pïʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʟʥʘʯʠʤʦʩʪʴ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʝʡ; ʂʫʜ.ïʫʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʥʦʛʦ 

ʫʱʝʨʙʘ, ʨʫʙ/ʪ; ʂʧʟ, ʂ
ɺʆʄ

ʧʟïʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʜʝʣʴʥʦʡ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʨʝʯʥʦʡ ʚʦʜʳ ʙʝʟ ʫʯʝʪʘ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʩ ʠʭ 

ʫʯʝʪʦʤ; Wʬïʬʘʢʪʠʯʝʩʢʠʡ ʦʙʲʝʤ ʩʪʦʢʘ ʚʦʜʳ ʚ ʨʝʢʝ, ʤʣʥ. ʤ
3
. 

ɽʩʣʠ ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ ʚ ʨʝʢʝ ʜʦ ʫʨʦʚʥʷ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè ʪʦ ʟʥʘʯʝʥʠʝ ʂ
ɺʆʄ

ʧʟ -ʩʣʝʜʫʝʪ 

ʧʨʠʥʠʤʘʪʴ ʨʘʚʥʳʤ 1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʫʣʘ (2.17) ʫʧʨʦʱʘʝʪʩʷ: 

)1( -³³³= ʂʧʟWʬʂʫʜʨʋ                                         (2.18) 

ɺʳʚʦʜ 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ (ʂʧʟ) ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʝʣʴʥʦʡ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. 

1. ʆʥ ʧʦʣʫʯʝʥ ʠʟ ʫʨʘʚʥʝʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʫʯʠʪʳʚʘʝʪ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʉ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ 

ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ 

(Wʧʟ), ʢʦʪʦʨʳʡ ʚʳʨʘʞʘʝʪʩʷ ʚ ʝʜʠʥʠʮʘʭ ʦʙʲʝʤʘ ʚʦʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʚʦʜʥʦʤ ʦʙʲʝʢʪʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ  

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

Wʧʟ.=ʂʧʟ.×W ,                                       (2.19) 

ʛʜʝ Wïʦʙʲʝʤ ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʳ. ɺ ʩʣʫʯʘʝ ʦʮʝʥʢʠ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʩʪʦʯʥʳʭ 

ʚʦʜ, ʂʧʟ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʚʝʱʝʩʪʚ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʠ  

ʚʝʣʠʯʠʥʘ W ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʦʙʲʝʤʫ ʚʦʟʚʨʘʪʥʳʭ ʚʦʜ: W= Wʚʚ. ɽʩʣʠ 

ʜʝʣʘʝʪʩʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʝʯʥʦʡ ʚʦʜʳ, ʂʧʟ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ 
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ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ ʠ ʚʝʣʠʯʠʥʘ W ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʦʙʲʝʤʫ 

ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ W=Wʬ. 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʜʣʷ ʣʝʪ ʨʘʟʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʥʘ 

ʦʩʥʦʚʝ ʩʚʷʟʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂʧʟ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

4. ʇʨʦʩʪʦʡ ʩʧʦʩʦʙ ʫʯʝʪʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʤʝʯʘʝʤʳʭ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ 

ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ. 

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʫʧʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

¶ ʢʨʠʚʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ (W=f(P)); 

¶ ʢʦʥʮʝʥʪʨʘʮʠʠ i-ʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ (Ci). 

6. ʄʝʪʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʦʙʲʝʢʪʦʚ, ʫʯʠʪʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʉʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ 

ʨʘʩʯʝʪʦʚ. 

3. ʆʎɽʅʂɸ ʉʆɺʈɽʄɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ɺʆɼʅʓʍ ʆɹʒɽʂʊʆɺ ɺ ɹɸʉʉɽʁʅɽ ʈ.ʀʈʊʓʐ 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʨʦʚʝʜʝʥʘ ʜʣʷ 8-ʤʠ ʩʪʚʦʨʦʚ ʥʘ  ʨʝʢʝ ʀʨʪʳʰ  ʠ 22-

ʭ ʩʪʚʦʨʦʚ  ʥʘ ʝʝ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʘʭ (ʨʠʩ.3.1). ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʦʚ ʩʚʦʜʠʪʩʷ ʢ 

ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ (ʧʦ ʜʘʥʥʳʤ ʥʘ 2001-2005 

ʛʦʜʳ) ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ: ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʠ 

ʠʥʜʝʢʩ ʐʝʥʥʦʥʘ (ʅ). ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʚʦʜʠʣʩʷ ʧʦ (N) ʟʘʛʨʷʟʥʷʶʱʠʤ 

ʚʝʱʝʩʪʚʘʤ, ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʚʩʝʭ ʩʪʚʦʨʦʚ.  ʇʦʢʘʟʘʪʝʣʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ (2.10) 

ʀʥʜʝʢʩ ʐʝʥʥʦʥʘ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʦʩʥʦʚʝ ʝʛʦ ʩʚʷʟʠ ʩ ʂʧʟ  (ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ r=-0.85): 

H=2×exp(-0.4×(Kʧʟ))+1                  (3.1) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ  ʜʣʷ 

ʦʪʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʜʣʷ ʣʝʪ ʨʘʟʥʦʡ  ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦ ʩʪʦʢʫ: ʈ=25%, 50%,  

75%, 95% . 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʭʨʘʥʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ  ʧʨʦʚʝʜʝʥʦ: 

¶ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩ ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ 

ʚʦʜʳ ʦʪ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʉʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ 

ʚʳʷʚʣʷʣʘʩʴ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ i-ʛʦ 

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ (Ci) ʢ ʝʛʦ ʇɼʂi: 

{
ʇɼʂi

ʉi
> 1} max                         (3.2) 

¶ ʨʘʩʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʜʣʷ ʨʘʟʥʳʭ ʦʙʝʩʧʝʯʝʥʥʦʩʪʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%), 

ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ: 20, 40, 60 ʠ 80%. 

 

ʈʠʩ.3.1 ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʦʚ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʀʨʪʳʰ 

3.1 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʀʨʪʳʰ 

3.1.1 ʀʨʪʳʰ. ʉʪʚʦʨ 123 

ʉʧʠʩʦʢ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ ʠ 

ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3.1. ʂʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ 

ʜʦʩʪʠʛʘʝʪ 8, 10 ʠ ʜʘʞʝ 32 ʝʜʠʥʠʮ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ: 
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ʷʚʣʷʶʪʩʷ: ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʤʝʜʴ ʬʝʥʦʣʳ ʠ ʮʠʥʢ. ɺ ʜʘʥʥʦʤ ʩʪʚʦʨʝ ʚʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʛʨʷʟʥʘʷè. 

ʊʘʙʣ.3.1 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

 ʠʭ ʇɼʂ ʠ ʨʘʩʯʝʪ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʣ 
ʉ/ʇɼʂ 

ʉ,ʤʛ/ʣ ʇɼʂ 

ʆ2 10.30 12.000 0.86 

ɹʇʂ5 4.40 3.000 1.47 

NH4 0.40 0.500 0.80 

NO2 0.015 0.080 0.19 

NO3 0.20 9.100 0.02 

Fe 0.80 0.300 2.67 

Cu 0.0100 0.001 10.00 

Zn 0.0300 0.010 3.00 

Ni 0.0040 0.010 0.40 

ʌʝʥʦʣ 0.01 0.001 8.00 

ʅʝʬʪʴ 1.60 0.050 32.00 

ʉʇɸɺ 0.05 0.500 0.10 

ʂʧʟ 3.58 

ʆʯʠʩʪʢʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ ʧʝʨʝʚʝʩʪʠ ʝʛʦ ʚ ʢʣʘʩʩ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʡè. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʜʠ ʠ ʬʝʥʦʣʦʚ ʜʦ ʟʥʘʯʝʥʠʡ ʠʭ 

ʇɼʂ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʥʘ ʫʨʦʚʝʥʴ  çʯʠʩʪʘʷè (ʨʠʩ.3.1.ʘ). 

ʇʨʝʚʳʰʝʥʠʷ ʇɼʂ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦ ʞʝʣʝʟʫ ʠ ɹʇʂ5 , ʦʜʥʘʢʦ 

(ʨʠʩ.3.1.ʘ) ʥʘʧʨʘʚʣʷʪʴ ʥʘ ʥʠʭ ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʝʪ ʩʤʳʩʣʘ, ʪʘʢ ʢʘʢ 

ʪʨʝʙʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ (ʜʦʩʪʠʞʝʥʠʷ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ çʯʠʩʪʘʷè) 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʯʠʩʪʢʝ ʦʪ 3-ʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 
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ʂʧʟ.

ɿʘʛʨʷʟʥʝʥʥʘʷ

ʋʤʝʨʝʥ.ʟʘʛʨʷʟʥʝʥ.

ʏʠʩʪʘʷ

ʆʯʝʥʴ ʯʠʩʪʘʷ

 

1ïʥʝʬʪʝʧʨʦʜʫʢʪʳ 2-ʤʝʜʴ 3-ʬʝʥʦʣʳ 4-ʮʠʥʢ 

ʈʠʩ.3.1.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 123. 

ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 80% 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ çʫʤʝʨʝʥʥʦ-ʟʘʛʨʷʟʥʝʥʥʘʷè ʜʘʞʝ ʚ ʦʩʪʨʦ 

ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʠ ʜʘʞʝ ʚ ʤʥʦʛʦʚʦʜʥʳʝ 

ʛʦʜʳ,  ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ 

çʟʘʛʨʷʟʥʝʥʥʘʷè (ʨʠʩ.3.1.ʙ,  ʕ=0%, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʤʝʥʝʝ 25%). 

 

ʈʠʩ.3.1.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʀʨʪʳʰ ʩʪʚʦʨ 123. 
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ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʋʩʣʦʚʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝʟʦʪʨʦʬʥʦʤʫ ʫʨʦʚʥʶ ʚʦʟʤʦʞʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60%-80%.  ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʧʨʠ 

ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ  çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè (3.1.ʚ). 

 

ʈʠʩ.3.1.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

 ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 123. 

3.1.2 ʀʨʪʳʰ. ʉʪʚʦʨ 126-3 

ʉʧʠʩʦʢ ʚʝʱʝʩʪʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ ʚ ʜʘʥʥʦʤ ʩʪʚʦʨʝ  

ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3.2. ʂʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ, 

ʢʘʢ ʚʠʜʥʦ ʜʦʩʪʠʛʘʝʪ 4, 10 ʝʜʠʥʠʮ, ʯʪʦ ʚʳʷʚʣʷʝʪ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣʳ, 

ʤʝʜʴ, ʮʠʥʢ ʠ ʞʝʣʝʟʦ ʢʘʢ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ. ɺ ʜʘʥʥʦʤ ʩʪʚʦʨʝ 

ʚʦʜʘ ʚ ʨʝʢʝ, ʥʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʟʘʛʨʷʟʥʝʥʥʘʷè. 

ʊʘʙʣ.3.2 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

ʠʭ ʇɼʂ ʠ ʨʘʩʯʝʪ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʛ/ʣ C/ʇɼʂ 

ʉ,ʤʛ/ʣ ʇɼʂ 
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ʆ2 9.20 12.000 0.77 

ɹʇʂ5 2.68 3.000 0.89 

NH4 0.16 0.500 0.32 

NO2 0.012 0.080 0.15 

NO3 0.15 9.100 0.02 

Fe 0.40 0.300 1.33 

Cu 0.0100 0.001 10.00 

Zn 0.0150 0.010 1.50 

Ni 0.0030 0.010 0.30 

ʌʝʥʦʣ 0.00 0.001 4.00 

ʅʝʬʪʴ 0.42 0.050 8.40 

ʉʇɸɺ 0.05 0.500 0.10 

ʂʧʟ 1.14 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʜʘʥʥʦʤ ʩʪʚʦʨʝ, ʜʣʷ ʫʩʣʦʚʠʡ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʛʦʜʘ,  

ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ çʟʘʛʨʷʟʥʝʥʥʘʷè, ʥʦ ʦʯʠʩʪʢʘ ʦʪ ʤʝʜʠ ʧʝʨʝʚʦʜʠʪ 

ʢʘʯʝʩʪʚʦ ʚ ʢʣʘʩʩ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè (ʨʠʩ.3.2.ʘ). ʉʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʬʝʥʦʣʦʚ ʜʦ ʇɼʂ ʧʦʟʚʦʣʷʝʪ  ʚʳʡʪʠ ʥʘ 

ʫʨʦʚʝʥʴ çʯʠʩʪʦʡè ʚʦʜʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷè ʚ ʛʦʜʳ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʥʠʞʝ 50%, çʟʘʛʨʷʟʥʝʥʥʘʷè ʚ 

ʩʨʝʜʥʠʝ ʧʦ ʚʦʜʥʦʩʪʠ ʛʦʜʳ ʠ çʛʨʷʟʥʘʷè ʚ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ. ʇʨʦʚʝʜʝʥʠʝ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20% ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ 

ʢʣʘʩʩʘ çʯʠʩʪʘʷè ʚ ʛʦʜʳ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʤʝʥʝʝ 50% (ʨʠʩ.3.2.ʙ). 
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1-ʤʝʜʴ 2-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 3-ʬʝʥʦʣʳ 4-ʮʠʥʢ 
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ʈʠʩ.3.2.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-3. 

 

ʈʠʩ.3.2.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʀʨʪʳʰ ʩʪʚʦʨ 126-3. 

ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40% ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʟʦʪʨʦʬʥʦʤʫ ʫʨʦʚʥʶ ʩ 

ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè (ʨʠʩ.3.2.ʙ, 3.2.ʚ). 

ʉʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʣʠʛʦʪʨʦʬʥʦʤʫ ʫʨʦʚʥʶ ʚʦʟʤʦʞʥʦ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60%. 
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ʈʠʩ.3.2.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

 ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-3. 

3.1.3 ʀʨʪʳʰ. ʉʪʚʦʨ 126-4 

ɺ ʜʘʥʥʦʤ ʩʪʚʦʨʝ, ʥʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ, ʚʦʜʘ ʨʝʢʠ ʀʨʪʳʰ ʟʘʛʨʷʟʥʝʥʘ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʬʝʥʦʣʦʤ, ʤʝʜʴʶ, ʮʠʥʢʦʤ ʠ ʞʝʣʝʟʦʤ. ʂʘʯʝʩʪʚʦ ʚʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʟʘʛʨʷʟʥʝʥʥʘʷè. ʂ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʷʤ 

ʦʪʥʦʩʷʪʩʷ ʪʝ ʞʝ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʪʚʦʨʝ: ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʬʝʥʦʣʳ, ʤʝʜʴ ʠ ʮʠʥʢ. 

ʊʘʙʣ.3.3 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

ʠʭ ʇɼʂ ʠ ʨʘʩʯʝʪ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʛ/ʣ C/ʇɼʂ 

ʉ,ʤʛ/ʣ ʇɼʂ 

ʆ2 10.10 12.000 0.84 

ɹʇʂ5 3.00 3.000 1.00 

NH4 0.32 0.500 0.64 

NO2 0.010 0.080 0.13 

NO3 0.10 9.100 0.01 

Fe 0.40 0.300 1.33 

Cu 0.0100 0.001 10.00 

Zn 0.0150 0.010 1.50 
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Ni 0.0040 0.010 0.40 

Cr 0.0040 0.050 0.08 

ʌʝʥʦʣ 0.01 0.001 6.00 

ʅʝʬʪʴ 0.40 0.050 8.00 

ʉʇɸɺ 0.02 0.500 0.04 

ʂʧʟ 1.31 

ʆʯʠʩʪʢʘ ʚʦʜʳ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʝʨʝʚʦʜʠʪ ʝʝ ʚ ʢʣʘʩʩ çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷè. ʆʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠ ʧʦʟʚʦʣʷʝʪ 

ʜʦʚʝʩʪʠ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʜʦ ʩʦʩʪʦʷʥʠʷ çʯʠʩʪʘʷè (ʨʠʩ. 3.3.ʘ). 
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ʏʠʩʪʘʷ

ʆʯʝʥʴ ʯʠʩʪʘʷ

 

1-ʤʝʜʴ 2-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 3-ʬʝʥʦʣʳ 4-ʮʠʥʢ 

ʈʠʩ.3.3.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-4. 

ʇʨʠ ʵʪʦʤ ʦʯʠʩʪʢʘ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60% ʚʦ ʚʩʝ ʧʦ ʚʦʜʥʦʩʪʠ ʛʦʜʳ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʜʦ ʩʦʩʪʦʷʥʠʷ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè 

(3.3.ʙ). 
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ʈʠʩ.3.3.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʀʨʪʳʰ ʩʪʚʦʨ 126-4. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʦʬʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʜʘʥʥʦʤ 

ʩʪʚʦʨʝ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ çʵʚʪʨʦʬʥʳʡè (ʨʠʩ.3.3.ʚ). ʉʦʟʜʘʪʴ ʫʩʣʦʚʠʷ, ʜʣʷ 

ʚʳʚʦʜʘ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʤʝʟʦʪʨʦʬʥʳʡ ʫʨʦʚʝʥʴ, ʚʦʟʤʦʞʥʦ ʫʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40-60%. 

 

 

ʈʠʩ.3.3.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-4. 
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3.1.4 ʀʨʪʳʰ. ʉʪʚʦʨ 126-8 

ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʚ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʨʦʚʥʶ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè. ɺʦʜʘ ʟʘʛʨʷʟʥʝʥʘ ʩʚʝʨʭ ʥʦʨʤʘʪʠʚʦʚ ʪʘʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʢʘʢ: ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʬʝʥʦʣʳ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ. ʇʨʝʚʳʰʝʥʠʝ ʇɼʂ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.46 ʜʦ 7.88. 

ʊʘʙʣ.3.4 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

ʠʭ ʇɼʂ ʠ ʨʘʩʯʝʪ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʛ/ʣ ʉ/ʇɼʂ 

ʉ,ʤʛ/ʣ ʇɼʂ 

ʆ2 10.46 12.000 0.87 

ɹʇʂ5 2.59 3.000 0.86 

NH4 0.37 0.500 0.74 

NO2 0.010 0.080 0.13 

NO3 0.21 9.100 0.02 

Fe 0.19 0.300 0.63 

Cu 0.0079 0.001 7.88 

Zn 0.0085 0.010 0.85 

Ni 0.0000 0.010 0.00 

Mn 0.0289 0.010 2.89 

ʌʝʥʦʣ 0.002 0.001 2.00 

ʅʝʬʪʴ 0.073 0.050 1.46 

ʉʇɸɺ 0.017 0.500 0.03 

ʂʧʟ 0.41 
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ʏʠʩʪʘʷ

ʆʯʝʥʴ ʯʠʩʪʘʷ

 

1-ʤʝʜʴ, 2-ʤʘʨʛʘʥʝʮ, 3-ʬʝʥʦʣʳ, 4-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 

ʈʠʩ.3.4.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-8. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ 

çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè. ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚʳʰʝ ʧʦ 

ʪʝʯʝʥʠʶ ʨʝʢʠ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠ, ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʚʝʩʪʠ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚ ʜʘʥʥʦʤ ʩʪʚʦʨʝ ʜʦ ʩʦʩʪʦʷʥʠʷ çʯʠʩʪʘʷè. 

ɼʦʩʪʠʞʝʥʠʝ ʢʣʘʩʩʘ çʯʠʩʪʘʷè ʚʦʟʤʦʞʥʦ ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ (ʦʮʝʥʝʥʥʳʭ ʧʦ ʜʘʥʥʦʤʫ ʩʪʚʦʨʫ) ʥʝ ʤʝʥʝʝ 60% (ʨʠʩ.3.4.ʙ). 
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ʈʠʩ.3.4.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʀʨʪʳʰ ʩʪʚʦʨ 126-8. 

ɺ ʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ, ʧʦ ʜʘʥʥʳʤ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ, ʢʘʯʝʩʪʚʦ 

ʚʦʜʳ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡè, ʚ ʤʥʦʛʦʚʦʜʥʳʝ 

ʛʦʜʳ, ʜʦ çʟʘʛʨʷʟʥʝʥʥʦʡè ʚ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ. 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 

ʧʨʠʝʤʣʝʤʳʤ ʧʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20-

40%. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦ ʚʩʝ ʧʦ ʚʦʜʥʦʩʪʠ ʛʦʜʳ ʫʨʦʚʝʥʴ ʪʨʦʬʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʷʤ: ʤʝʟʦʪʨʦʬʥʳʡïɻ ʚʪʨʦʬʥʳʡ. 
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ʈʠʩ.3.4.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-8. 

3.1.5 ʀʨʪʳʰ. ʉʪʚʦʨ 126-10 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʛʦʜʘ, ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè. ʇʨʝʚʳʰʝʥʠʝ ʇɼʂ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʪʘʢʠʤ ʚʝʱʝʩʪʚʘʤ ʢʘʢ: ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʬʝʥʦʣʳ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʠ ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1.04é7. 

ʊʘʙʣ.3.5 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

ʠʭ ʇɼʂ ʠ ʨʘʩʯʝʪ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʛ/ʣ ʉ/ʇɼʂ 

ʉ,ʤʛ/ʣ ʇɼʂ 

ʆ2 10.41 12.000 0.87 

ɹʇʂ5 2.60 3.000 0.87 

NH4 0.52 0.500 1.04 

NO2 0.008 0.080 0.10 

NO3 0.22 9.100 0.02 

Fe 0.20 0.300 0.66 

Cu 0.0070 0.001 7.00 

Zn 0.0079 0.010 0.79 

Mn 0.0440 0.010 4.40 
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ʌʝʥʦʣ 0.00 0.001 2.00 

ʅʝʬʪʴ 0.06 0.050 1.10 

ʉʇɸɺ 0.01 0.500 0.02 

ʂʧʟ 0.45 
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ʏʠʩʪʘʷ

ʆʯʝʥʴ ʯʠʩʪʘʷ

 

1-ʤʝʜʴ 2-ʤʘʨʛʘʥʝʮ 3-ʬʝʥʦʣʳ 4-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 

ʈʠʩ.3.5.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-10. 

 

ʈʠʩ.3.5.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʀʨʪʳʰ ʩʪʚʦʨ 126-10. 

ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʘʝʪ ʦʯʠʩʪʢʘ ʚʦʜʳ ʦʪ ʤʝʜʠ (ʨʠʩ.3.5.ʘ). 
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ɺ ʤʥʦʛʦʚʦʜʥʳʝ ʠ ʩʨʝʜʥʠʡ ʧʦ ʚʦʜʥʦʩʪʠ ʛʦʜ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʨʦʚʥʶ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè, ʘ ʚ ʤʘʣʦʚʦʜʥʳʝïçʟʘʛʨʷʟʥʝʥʥʘʷè. 

ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20% ʧʦʟʚʦʣʷʶʪ 

ʚʳʡʪʠ ʥʘ ʫʨʦʚʝʥʴ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè ʚʦ ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʛʦʜʳ, ʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ 60% ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʣʘʩʩʘ çʯʠʩʪʘʷè (ʨʠʩ.3.5.ʙ). 

ɺ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʤʝʟʦʪʨʦʬʥʦʤ ʫʨʦʚʥʝ 

ʨʘʟʚʠʪʠʷ. ʊʦʣʴʢʦ ʚ ʦʩʪʨʦʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʚʦʟʤʦʞʝʥ ʩʜʚʠʛ ʚ ʵʚʪʨʦʬʥʫʶ 

ʩʪʘʜʠʶ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʪʘʙʠʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʠ 

ʧʦʜʜʝʨʞʘʥʠʝ ʤʝʟʦʪʨʦʬʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʚʩʝʭ ʧʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʣʝʪ 

ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20-

40%. 

 

ʈʠʩ.3.5.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-10. 

3.1.6 ʀʨʪʳʰ. ʉʪʚʦʨ 126-12 

ɺ ʜʘʥʥʦʤ ʩʪʚʦʨʝ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʟʘʛʨʷʟʥʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʤʘʨʛʘʥʝʮ. 

ɺʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè. ʆʯʠʩʪʢʘ ʚʦʜʳ ʦʪ 

ʤʘʨʛʘʥʮʘ ʧʦʟʚʦʣʷʝʪ ʜʦʚʝʩʪʠ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʜʦ ʩʦʩʪʦʷʥʠʷ çʯʠʩʪʘʷè (ʨʠʩ.3.6.ʘ). 

ʊʘʙ.3.6 
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ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

ʠʭ ʇɼʂ ʠ ʨʘʩʯʝʪ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʣ 
ʉ/ʇɼʂ 

ʉ,ʤʛ/ʣ ʇɼʂ 

ʆ2 10.10 12.000 0.84 

ɹʇʂ5 1.93 3.000 0.64 

NH4 0.28 0.500 0.55 

NO2 0.009 0.080 0.11 

NO3 0.19 9.100 0.02 

Fe 0.39 0.300 1.31 

Cu 0.0020 0.001 1.95 

Zn 0.0078 0.010 0.78 

Mn 0.1229 0.010 12.29 

ʌʝʥʦʣ 0.00 0.001 2.00 

ʅʝʬʪʴ 0.10 0.050 1.96 

ʉʇɸɺ 0.01 0.500 0.03 

ʂʧʟ 0.73 

-1,00

-0,50

0,00

0,50

1,00

ɹʝʟ

ʦʯʠʩʪʢʠ

1 2 3 4

ʂʧʟ.

ʆʯʝʥʴ ʯʠʩʪʘʷ

ʏʠʩʪʘʷ

ʋʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ

 

1-ʤʘʨʛʘʥʝʮ 2-ʬʝʥʦʣʳ 3-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 4-ʤʝʜʴ 

ʈʠʩ.3.6.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-12. 

ɺʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. 
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ɺ ʤʥʦʛʦʣʝʪʥʝʤ ʧʣʘʥʝ, ʚ ʜʘʥʥʦʤ ʩʪʚʦʨʝ ʩʠʪʫʘʮʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʙʣʘʛʦʧʨʠʷʪʥʘʷ, ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ʦʪ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡè ʚ ʛʦʜʳ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʤʝʥʝʝ 50%, ʜʦ 

çʟʘʛʨʷʟʥʝʥʥʦʡè ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ. 

 

ʈʠʩ.3.6.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʀʨʪʳʰ ʩʪʚʦʨ 126-12. 

 

ʈʠʩ.3.6.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 126-12. 
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ɼʣʷ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʫʩʣʦʚʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʟʦʪʨʦʬʥʦʤʫ ʫʨʦʚʥʶ, ʯʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤ. 

ʆʙʩʪʘʥʦʚʢʘ ʫʣʫʯʰʘʝʪʩʷ ʧʨʠ ʦʯʠʩʪʢʝ ʚʦʜʳ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40%, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʘʯʝʩʪʚʘ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè ʚʦ ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʧʦ 

ʛʦʜʳ. ɺʳʡʪʠ ʥʘ ʫʨʦʚʝʥʴ çʯʠʩʪʦʡè ʚʦʜʳ, ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60-80%, ʯʪʦ ʦʟʥʘʯʘʝʪ ʦʯʠʩʪʢʫ 

ʩʪʦʯʥʳʭ ʚʦʜ ʜʦ ʇɼʂ ʦʪ ʤʘʨʛʘʥʮʘ. 

3.1.7 ʀʨʪʳʰ. ʉʪʚʦʨ 133-1 

ɼʘʥʥʳʡ ʩʪʚʦʨ ʨʘʩʧʦʣʦʞʝʥ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ ʛʦʨʦʜʘ ʊʦʙʦʣʴʩʢ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʢʠ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ 

ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ: ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣʳ, ʤʝʜʴ, ʮʠʥʢ ʠ ʞʝʣʝʟʦ, 

ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʧʦ ʢʦʪʦʨʳʤ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 1.8 ʜʦ 44 (ʪʘʙʣ.3.7). ʂʘʯʝʩʪʚʦ  

ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʛʨʷʟʥʘʷè. ʀʟ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ 

ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚʥʦʩʷʪ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʦʯʠʩʪʢʘ ʦʪ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʥʘ ʫʨʦʚʝʥʴ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡè ʚʦʜʳ (ʨʠʩ.133-1). 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʦʪ ʤʝʜʠ ʠ ʬʝʥʦʣʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʚʝʩʪʠ ʢʘʯʝʩʪʚʦ ʚʦʜʳ 

ʜʦ ʩʦʩʪʦʷʥʠʷ  çʯʠʩʪʘʷè (ʨʠʩ.3.7.ʘ). 

ʊʘʙʣ..3.7 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

 ʠʭ ʇɼʂ ʠ ʨʘʩʯʝʪ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʛ/ʣ ʉ/ʇɼʂ 

ʉ,ʤʛ/ʣ ʇɼʂ 

ʆ2 8.60 12.000 0.72 

ɹʇʂ5 5.40 3.000 1.80 

NH4 0.28 0.500 0.56 

NO2 0.010 0.080 0.13 

NO3 0.04 9.100 0.00 

Fe 0.90 0.300 3.00 

Cu 0.0150 0.001 15.00 

Zn 0.0200 0.010 2.00 
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Ni 0.0030 0.010 0.30 

ʌʝʥʦʣ 0.01 0.001 8.00 

ʅʝʬʪʴ 2.20 0.050 44.00 

ʉʇɸɺ 0.04 0.500 0.08 

ʂʧʟ 4.89 
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ɹʝʟ

ʦʯʠʩʪʢʠ
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ʂʧʟ.
ɿʘʛʨʷʟʥʝʥʥʘʷ

ʋʤʝʨʝʥ.ʟʘʛʨʷʟʥʝʥ.

ʏʠʩʪʘʷ

ʆʯʝʥʴ ʯʠʩʪʘʷ

 

1-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 2- ʤʝʜʴ 3-ʬʝʥʦʣʳ 4-ʞʝʣʝʟʦ 

ʈʠʩ.3.7.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) 

ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 133-1. 

ɺ ʜʘʥʥʦʤ ʩʪʚʦʨʝ ʩʠʪʫʘʮʠʷ ʥʘ ʤʥʦʛʦ ʭʫʞʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʪʚʦʨʘʭ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ  çʛʨʷʟʥʘʷè ʚ 

ʛʦʜʳ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʤʝʥʝʝ  50%, ʠ çʦʯʝʥʴ ʛʨʷʟʥʘʷè ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ 

(ʨʠʩ.3.7.ʙ). ʆʙʩʪʘʥʦʚʢʘ ʫʣʫʯʰʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 80%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè. 

ʊʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʨʝʢʠ ʚ ʜʘʥʥʦʤ ʩʪʚʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʚ ʦʪʯʝʪʥʳʡ 

ʧʝʨʠʦʜ, ʫʨʦʚʥʶ çʛʠʧʝʨʵʚʪʨʦʬʥʳʡè (ʨʠʩ.3.7.ʚ). ʉʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʚʦʜʘ 

ʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʵʚʪʨʦʬʥʳʡ ʫʨʦʚʝʥʴ ʚʦʟʤʦʞʥʦ ʫʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40%. ɼʦʩʪʠʞʝʥʠʝ 



67 

 

ʤʝʟʦʪʨʦʬʥʦʛʦ ʫʨʦʚʥʷ ʧʦʪʨʝʙʫʝʪ ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 80%. 

 

ʈʠʩ.3.7.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʀʨʪʳʰ ʩʪʚʦʨ 133-1. 

 

ʈʠʩ.3.7.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

 ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 133-1. 

3.1.8 ʀʨʪʳʰ. ʉʪʚʦʨ 133-5 

ɼʘʥʥʳʡ ʩʪʚʦʨ ʨʘʩʧʦʣʦʞʝʥ ʥʠʞʝ ʛʦʨʦʜʘ ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʚ ʥʝʤ ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʝ ʯʝʤ ʚ ʩʪʚʦʨʝ 133-1, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʚʧʘʜʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦʚʦʜʥʦʛʦ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʪʦʛʦ ʧʨʠʪʦʢʘ ʂʦʥʜʘ. 
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ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣʳ, ʤʝʜʴ, 

ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ ʠ ʞʝʣʝʟʦ. ɺʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʟʘʛʨʷʟʥʝʥʥʘʷè. 

ʊʘʙʣ.3.8 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

ʠʭ ʇɼʂ ʠ ʨʘʩʯʝʪ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʛ/ʣ ʉ/ʇɼʂ 

ʉ,ʤʛ/ʣ ʇɼʂ 

ʆ2 10.50 12.000 0.88 

ɹʇʂ5 2.30 3.000 0.77 

NH4 0.74 0.500 1.48 

NO2 0.050 0.080 0.63 

NO3 0.40 9.100 0.04 

Fe 1.00 0.300 3.33 

Cu 0.0120 0.001 12.00 

Zn 0.0050 0.010 0.50 

ʌʝʥʦʣ 0.01 0.001 6.00 

ʅʝʬʪʴ 0.65 0.050 13.00 

ʉʇɸɺ 0.04 0.500 0.08 

ʂʧʟ 2.13 
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ɿʘʛʨʷʟʥʝʥʥʘʷ

ʋʤʝʨʝʥ.ʟʘʛʨʷʟʥʝʥ.

ʏʠʩʪʘʷ

ʆʯʝʥʴ ʯʠʩʪʘʷ

 

1-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 2-ʤʝʜʴ 3-ʬʝʥʦʣʳ 4-ʞʝʣʝʟʦ 

ʈʠʩ.3.8.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

 ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 133-5. 
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ʅʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ ʜʘʶʪ: ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʠ ʤʝʜʴ, 

ʫʜʘʣʝʥʠʝ ʢʦʪʦʨʳʭ ʠʟ ʚʦʜʳ ʧʦʟʚʦʣʷʝʪ ʜʦʚʝʩʪʠ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʜʦ ʩʦʩʪʦʷʥʠʷ  

çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè (ʨʠʩ.3.8.ʘ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ, ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ 

ʜʘʥʥʦʤ ʩʪʚʦʨʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ çʟʘʛʨʷʟʥʝʥʥʦʡè ʚ ʛʦʜʳ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ 

ʤʝʥʝʝ 75%, ʜʦ çʛʨʷʟʥʦʡè ʚ ʦʩʪʨʦ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ. ʆʙʩʪʘʥʦʚʢʘ ʫʣʫʯʰʘʝʪʩʷ 

ʧʨʠ ʦʯʠʩʪʢʝ ʚʦʜʳ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʘʯʝʩʪʚʘ 

çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè ʚ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ. ɺʳʭʦʜ ʥʘ ʫʨʦʚʝʥʴ 

çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè ʚʦ ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʛʦʜʳ ʧʦʪʨʝʙʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʝʨʦʧʨʠʷʪʠʡ 60%. ɼʦʩʪʠʯʴ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ çʯʠʩʪʘʷè, ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 80%, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʦʟʥʘʯʘʝʪ ʦʯʠʩʪʢʠ ʜʦ ʇɼʂ ʩʪʦʯʥʳʭ ʚʦʜ ʛʦʨʦʜʘ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʬʝʥʦʣʦʚ, 

ʤʝʜʠ (ʨʠʩ.3.8.ʘ). 

 

ʈʠʩ.3.8.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʀʨʪʳʰ ʩʪʚʦʨ 133-5. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʜʥʳʡ ʦʙʲʝʢʪ ʥʘʭʦʜʠʪʩʷ ʚ ʵʚʪʨʦʬʥʦʡ ʩʪʘʜʠʠ 

ʨʘʟʚʠʪʠʷ (ʨʠʩ.3.8.ʚ). ʉʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʚʳʭʦʜʘ ʚʦʜʥʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʤʝʟʦʪʨʦʬʥʳʡ ʫʨʦʚʝʥʴ ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʦʜʦʦʭʨʘʥʥʳʭ 
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ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40%, ʩ ʢʘʯʝʩʪʚʦʤ ʚʦʜʳ ʥʘ ʫʨʦʚʥʝ çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷè. 

 

ʈʠʩ.3.8.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʈʝʢʘ ʀʨʪʳʰ, ʩʪʚʦʨ 133-5. 

3.2 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʀʰʠʤ 

ʈʘʩʯʝʪʥʳʝ ʩʪʚʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ. 

ʉʧʠʩʦʢ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʜʳ, ʠ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 3.9. ʂʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ 

ʜʦʩʪʠʛʘʝʪ 12, 21.2 ʝʜʠʥʠʮ. ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ: 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʤʝʜʴ ʠ ʬʝʥʦʣʳ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ. 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʨʝʢʝ, ʥʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ 

çʟʘʛʨʷʟʥʝʥʥʘʷè. 

ʊʘʙʣ.3.9 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ 

ʠ ʨʘʩʯʝʪ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. ʈʝʢʘ ʀʰʠʤ ʩʪʚʦʨʳ 124 ʠ 125-1. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ɺʝʱʝʩʪʚʘ 

124 125-1 

ʉ,ʤʛ/ʣ ʉ/ʇɼʂ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 8.60 0.72 10.50 0.88 

ɹʇʂ5 4.40 1.47 4.40 1.47 

NH4 1.00 2.00 0.45 0.90 

NO2 0.015 0.19 0.010 0.13 
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NO3 0.11 0.01 0.20 0.02 

Fe 0.95 3.17 0.90 3.00 

Cu 0.012 12.00 0.010 10.00 

Zn 0.015 1.50 - - 

ʌʝʥʦʣ 0.01 5.00 0.01 10.00 

ʅʝʬʪʴ 1.06 21.20 0.80 16.00 

ʉʇɸɺ 0.03 0.06 0.04 -0.08 

ʂʧʟ 2.79  2.49 
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ʋʤʝʨʝʥ.ʟʘʛʨʷʟʥʝʥ.

ʏʠʩʪʘʷ

ʆʯʝʥʴ ʯʠʩʪʘʷ

124

125-1

 

1-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 2-ʤʝʜʴ 3-ʬʝʥʦʣʳ 4-ʞʝʣʝʟʦ 

ʈʠʩ.3.9.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʀʰʠʤ, ʩʪʚʦʨʳ 124 ʠ 125-1. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʛʦʜʘ, ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʢʝ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ çʛʨʷʟʥʦʡè, ʚ ʛʦʜʳ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʤʝʥʝʝ  50%, ʜʦ çʦʯʝʥʴ 

ʛʨʷʟʥʦʡè - ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ (ʨʠʩ.3.9.ʙ). 

ʆʙʩʪʘʥʦʚʢʘ ʫʣʫʯʰʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʚ ʩʨʝʜʥʝ ʤʥʦʛʦʣʝʪʥʝʤ 

ʨʘʟʨʝʟʝ, ʜʦʩʪʠʯʴ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè. ɺ 

ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʦʩʪʘʝʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴʶ 80% ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠ ʚ ʤʘʣʦʚʦʜʥʳʝ 

ʛʦʜʳ, ʥʦ ʚ ʦʩʪʨʦ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʚʦʜʳ ʦʩʪʘʝʪʩʷ çʛʨʷʟʥʦʡè. 
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ʈʠʩ.3.9.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʀʰʠʤ ʩʪʚʦʨ 124. 

 

ʈʠʩ.3.9.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʈʝʢʘ ʀʰʠʤ, ʩʪʚʦʨ 124. 

ɺ ʜʘʥʥʦʤ ʩʪʚʦʨʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦ ʠʥʜʝʢʩʫ ʐʝʥʥʦʥʘ 

ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʅ=1.1, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʠʧʝʨʵʚʪʨʦʬʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʆʯʠʩʪʢʘ ʚʦʜʳ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20-40% ʧʦʟʚʦʣʷʝʪ, ʚ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ, ʩʦʟʜʘʪʴ 
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ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ çʵʚʪʨʦʬʥʦʤʫè ʫʨʦʚʥʶ. ʇʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 80% ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

çʤʝʟʦʪʨʦʬʥʦʤʫè ʫʨʦʚʥʶ ʚ ʩʨʝʜʥʠʝ ʠ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ. 

3.3 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʊʦʙʦʣ 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʨʝʢʝ ʊʦʙʦʣ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ 5-ʠ ʩʪʚʦʨʘʤ: 

o 127 - ʤʝʞʜʫ ʛʨʘʥʠʮʝʡ ʩ ʈʝʩʧʫʙʣʠʢʦʡ ʂʘʟʘʭʩʪʘʥ ʠ ʚʧʘʜʝʥʠʝʤ ʨʝʢʠ ʋʡ, 

o 132-5 - ʥʠʞʝ ʛʦʨʦʜʘ ʂʫʨʛʘʥ, 

o 132-7 ʤʝʞʜʫ ʛʦʨʦʜʦʤ ʗʣʫʪʦʨʦʚʩʢ ʠ ʚʧʘʜʝʥʠʝʤ ʨʝʢʠ ʀʩʝʪʴ, 

o 132-8 ʥʠʞʝ ʤʝʩʪʘ ʚʧʘʜʝʥʠʷ ʨʝʢʠ ʊʫʨʘ, 

o 
-1

-0,5

0

0,5

1

1,5

2

ɹʝʟ

ʦʯʠʩʪʢʠ

1 2 3 4

ʂʧʟ.
132-5 132-7

132-8 132-9

127

 

1-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 2-ʤʝʜʴ 3-ʬʝʥʦʣʳ 4- ʞʝʣʝʟʦ 

ʈʠʩ.3.10.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʊʦʙʦʣ, ʩʪʚʦʨʳ: 127, 132-5, 132-7, 132-8, 132-9.
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ʊʘʙʣ.3.10 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʊʦʙʦʣ ʠ ʦʮʝʥʢʘ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ.

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

127 132-5 132-7 132-8 132-9 

ʉ,ʤʛ/ʣ ʉ/ʇɼʂ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 3.00 0.25 9.50 0.79 3,00 0,52 8,29 0,69 9,12 0,76 

ɹʇʂ5 0.20 0.07 2.09 0.70 0,20 1,14 3,52 1,17 2,11 0,70 

NH4 0.80 1.60 0.49 0.98 0,80 1,15 0,29 0,57 0,83 1,66 

NO2 0.040 0.50 0.032 0.40 0,040 1,53 0,016 0,20 0,016 0,20 

NO3 0.15 0.02 0.56 0.06 0,15 0,05 0,27 0,03 0,23 0,02 

Fe 0.90 3.00 0.40 1.33 0,90 1,83 0,81 2,70 1,04 3,47 

Cu 0.010 10.00 0.0096 9.60 0,0100 3,39 0,0107 10,71 0,0032 3,18 

Zn 0.004 0.40 0.0182 1.82 0,0040 1,72 0,0066 0,66 0,0160 1,60 

Ni - - 0.0025 0.25 0,0100 0,00 - - 0,0012 0,12 

Mn - - 0.1566 15.66 0,0100 10,42 0,1042 10,42 0,2975 29,75 

ʌʝʥʦʣ 0.01 5.00 0.00 0.00 0,01 2,00 0,00 2,00 0,00 3,00 

ʅʝʬʪʴ 0.70 14.00 0.08 1.60 0,70 3,26 0,04 0,88 0,14 2,76 

ʉʇɸɺ 0.05 0.10 0.05 0.10 0,05 0,03 0,01 0,02 0,01 0,02 

ʂʧʟ 1.84  1.56  1.08  1.31  2.63 

ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ɿʘʛʨʷʟʥʝʥʥʘʷ ɿʘʛʨʷʟʥʝʥʥʘʷ ɿʘʛʨʷʟʥʝʥʥʘ ̫ ɿʘʛʨʷʟʥʝʥʥʘʷ ɿʘʛʨʷʟʥʝʥʥʘʷ 
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ʈʠʩ.3.10.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʊʦʙʦʣ. 

ɺʦ ʚʩʝʭ ʩʪʚʦʨʘʭ, ʥʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʣʘʩʩʫ çʟʘʛʨʷʟʥʝʥʥʘʷè. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ: 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʤʝʜʴ, ʬʝʥʦʣʳ, ʞʝʣʝʟʦ. ʂʨʘʪʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ, ʧʦ 

ʢʦʪʦʨʳʤ ʩʦʩʪʘʚʣʷʝʪ 10, 19 ʠ ʜʘʞʝ 29 ʝʜʠʥʠʮ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʪʚʦʨʘʭ 
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ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ʘʤʤʦʥʠʡʥʦʤʫ ʘʟʦʪʫ ʠ ɹʇʂ5 ʦʪ 1.14 ʜʦ 1.66 

(ʪʘʙʣ.3.10). 

 

 

ʈʠʩ.3.10.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʫʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʦʚ ʨʝʢʠ ʊʦʙʦʣ. 
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ʆʯʠʩʪʢʘ ʩʪʦʢʦʚ ʜʦ ʇɼʂ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʜʦ ʢʣʘʩʩʘ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʫʩʪʨʘʥʝʥʠʝ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦ ʤʝʜʠ, ʬʝʥʦʣʘʤ ʠ ʞʝʣʝʟʫ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ-çʯʠʩʪʘʷè (ʨʠʩ. 3.10.ʘ). 

ɼʣʷ ʣʝʪ ʨʘʟʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʟʥʘʯʠʪʝʣʴʥʳ. 

ʊʘʢ ʚ ʩʨʝʜʥʠʝ ʧʦ ʚʦʜʥʦʩʪʠ ʛʦʜʳ, ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, 

ʚʦʜʘ çʟʘʛʨʷʟʥʝʥʥʘʷè. ɺ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳïçʛʨʷʟʥʘʷè, ʠ çʦʯʝʥʴ ʛʨʷʟʥʘʷè ʚ 

ʦʩʪʨʦ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ (ʨʠʩ.3.10.ʙ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʝʢʝ ʊʦʙʦʣ, ʜʣʷ ʣʝʪ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʤʝʥʝʝ 50%, 

ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦ ʠʥʜʝʢʩʫ ʐʝʥʥʦʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʛʠʧʝʨʵʚʪʨʦʬʥʦʤ 

ʫʨʦʚʥʝ ʜʣʷ ʩʪʚʦʨʘ 127 ʠ ʵʚʪʨʦʬʥʦʤïʜʣʷ ʜʨʫʛʠʭ ʩʪʚʦʨʦʚ. ʇʨʦʚʝʜʝʥʠʝ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20-40% ʤʝʥʷʝʪ ʩʠʪʫʘʮʠʶ ʠ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ çʤʝʟʦʪʨʦʬʥʦʛʦè ʩʪʘʪʫʩʘ 

ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʆʜʥʘʢʦ ʚ ʤʘʣʦʚʦʜʥʳʝ ʠ ʦʩʪʨʦ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ 

ʩʦʭʨʘʥʷʶʪʩʷ ʫʩʣʦʚʠʷ çʛʠʧʝʨʵʚʪʨʦʬʥʦʛʦè ʩʦʩʪʦʷʥʠʷ. ɺ ʚʝʨʭʥʠʭ ʩʪʚʦʨʘʭ (127 

ʠ 132-5) ʥʝʦʙʭʦʜʠʤʳ ʤʝʨʦʧʨʠʷʪʠʷ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 60% ʜʣʷ 

ʚʳʭʦʜʘ ʥʘ çʤʝʟʦʪʨʦʬʥʳʡè ʫʨʦʚʝʥʴ ʚ ʩʨʝʜʥʠʝ ʛʦʜʳ, ʠ 80% ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʫʩʣʦʚʠʡ çʤʝʟʦʪʨʦʬʥʦʛʦè ʫʨʦʚʥʷ  ʥʝ ʪʦʣʴʢʦ ʚ ʩʨʝʜʥʠʝ, ʥʦ ʠ ʚ ʤʘʣʦʚʦʜʥʳʝ 

ʛʦʜʳ. 

3.4 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʊʫʨʘ 

ʉʦʩʪʦʷʥʠʝ ʨʝʢʠ ʊʫʨʘ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ 3-ʤ ʩʪʚʦʨʘʤ: 130-1 - ʜʦ ʛʦʨʦʜʘ 

ʊʫʨʠʥʩʢ, 130-8 - ʧʦʩʣʝ ʛʦʨʦʜʘ ʊʶʤʝʥʴ ʠ 130-12 - ʫʩʪʴʝʚʦʡ ʫʯʘʩʪʦʢ. ʂʣʘʩʩ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʜʚʫʭ ʧʝʨʚʳʭ ʩʪʚʦʨʘʭ, ʥʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʨʦʚʥʶ çʟʘʛʨʷʟʥʝʥʥʘʷè, ʜʣʷ ʫʩʪʴʝʚʦʛʦ ʩʪʚʦʨʘ ï çʛʨʷʟʥʘʷè. ʅʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ: ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʬʝʥʦʣʳ, ʞʝʣʝʟʦ, 

ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ʢʦʪʦʨʳʤ ʜʦʭʦʜʠʪ ʜʦ 4.27 - 29. ɺ ʦʪʜʝʣʴʥʳʭ ʩʪʚʦʨʘʭ 

ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʦʪʤʝʯʝʥʳ ʠ ʜʣʷ ʚʝʱʝʩʪʚ: ɹʇʂ5, ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ, ʮʠʥʢ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ. 

ʊʘʙʣ.3.11 
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ʂʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʊʫʨʘ 

 ʠ ʦʮʝʥʢʘ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ 

ɺʝʱʝʩʪʚʘ 
130-1 130-8 130-12 

ʉ,ʤʛ/ʣ ʉ/ʇɼʂ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 7.50 0.63 8.15 0.68 8.54 0.71 

ɹʇʂ5 3.80 1.27 3.46 1.15 2.92 0.97 

NH4 1.00 2.00 0.50 0.99 0.69 1.38 

NO2 0.030 0.38 0.014 0.18 0.035 0.44 

NO3 0.15 0.02 0.32 0.04 0.29 0.03 

Fe 1.30 4.33 1.09 3.63 1.31 4.37 

Cu 0.019 19.00 0.0114 11.35 0.029 29.00 

Zn 0.005 0.50 0.0214 2.14 0.008 0.80 

Ni - - 0.0045 0.45 0.009 0.30 

Mn - - 0.2042 20.42 0.250 25.00 

ʌʝʥʦʣ 0.01 6.00 0.005 3.00 0.003 3.00 

ʅʝʬʪʴ 0.70 14.00 0.04 0.82 0.070 1.40 

ʉʇɸɺ 0.03 0.06 0.02 0.04 0.100 0.20 

ʂʧʟ 2.86 2.45 4.20 

 

ʉʪʚʦʨ 130-1 1-ʤʝʜʴ 2-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 3-ʬʝʥʦʣʳ 4-ʞʝʣʝʟʦ 

ʉʪʚʦʨ 130-8 1-ʤʘʨʛʘʥʝʮ 2-ʤʝʜʴ 3-ʞʝʣʝʟʦ 4-ʬʝʥʦʣʳ 

ʉʪʚʦʨ 130-12 1-ʤʝʜʴ 2-ʤʘʨʛʘʥʝʮ 3-ʞʝʣʝʟʦ 4-ʬʝʥʦʣʳ 

ʈʠʩ.3.11.ʘ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%), ʜʣʷ ʩʪʚʦʨʦʚ ʨʝʢʠ ʊʫʨʘ. 

ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʚ ʚʝʨʭʥʝʤ ʩʪʚʦʨʝ ʧʨʝʜʩʪʘʚʣʷʶʪ: ʤʝʜʴ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʦʯʠʩʪʢʘ ʦʪ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ 

ʜʦ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡè. ɺ ʩʨʝʜʥʝʤ ʠ ʥʠʞʥʝʤ ʩʪʚʦʨʘʭ ʪʘʢʠʤʠ 

ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʤʝʜʴ ʠ ʤʘʨʛʘʥʝʮ (ʨʠʩ.3.11.ʘ). 
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ʈʠʩ.3.11.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʊʫʨʘ. 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʛʦʜʳ ʨʘʟʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʦʪ çʛʨʷʟʥʦʡè ʜʦ çʦʯʝʥʴ ʛʨʷʟʥʦʡè (ʨʠʩ.3.11.ʙ). ɺʳʭʦʜ ʥʘ ʫʨʦʚʝʥʴ 

çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡè ʚʦʜʳ, ʜʣʷ ʩʨʝʜʥʝ ʤʥʦʛʦʣʝʪʥʠʭ ʫʩʣʦʚʠʡ, ʚʦʟʤʦʞʝʥ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60%, ʥʦ ʚ 

ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʚʦʜʘ ʦʩʪʘʝʪʩʷ çʟʘʛʨʷʟʥʝʥʥʦʡè, ʘ ʚ ʦʩʪʨʦ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ï 

çʛʨʷʟʥʦʡè. ʄʝʨʦʧʨʠʷʪʠʷ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 80% ʧʦʟʚʦʣʷʶʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʜʠʘʧʘʟʦʥʝ çʯʠʩʪʘʷè - çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷè. 
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ʈʠʩ.3.11.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʫʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʦʚ ʨʝʢʠ ʊʫʨʘ. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʵʚʪʨʦʬʥʦʤʫè 

ʫʨʦʚʥʶ ʚ ʚʝʨʭʥʠʭ ʩʪʚʦʨʘʭ ʠ çʛʠʧʝʨʵʚʪʨʦʬʥʦʤʫè ʚ ʫʩʪʴʝʚʦʤ. ɺʦʜʦʦʭʨʘʥʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40% ʧʦʟʚʦʣʷʶʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʦʙʩʪʘʥʦʚʢʫ 

ʥʘ çʵʚʪʨʦʬʥʦʤè ʫʨʦʚʥʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʛʦʜʳ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

60% ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ çʤʝʟʦʪʨʦʬʥʦʛʦè ʫʨʦʚʥʷ ʚ ʩʨʝʜʥʠʝ ʠ 

ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ. 

3.5 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʊʘʚʜʘ 

ɺʦʜʘ, ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʩʪʚʦʨʝ 131-2 ʨʝʢʠ ʊʘʚʜʘ, ʟʘʛʨʷʟʥʝʥʘ ʪʘʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʢʘʢ: ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʞʝʣʝʟʦ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣʳ ʠ ʮʠʥʢ. 
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ʇʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ʢʦʪʦʨʳʤ ʜʦʭʦʜʠʪ ʜʦ 4,15 ʠ ʜʘʞʝ 40 ʝʜʠʥʠʮ. ʂʘʯʝʩʪʚʦ 

ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʦʯʝʥʴ ʛʨʷʟʥʘʷè (ʪʘʙʣ.3.12). 

ʊʘʙʣ.3.12 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

ʠʭ ʇɼʂ ʠ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, 

ʤʛ/ʣ 

ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 12.00 1.00 

ɹʇʂ5 3.00 1.00 

NH4 0.47 0.94 

NO2 0.006 0.08 

NO3 0.27 0.03 

Fe 2.02 6.73 

Cu 0.0159 15.90 

Zn 0.0285 2.85 

Ni 0.0100 1.00 

Mn 0.4280 42.80 

ʌʝʥʦʣ 0.00 2.00 

ʅʝʬʪʴ 0.27 5.40 

ʉʇɸɺ 0.05 0.10 

ʂʧʟ=5.14 
 

 

1ïʤʘʨʛʘʥʝʮ 2ïʤʝʜʴ 3ïʞʝʣʝʟʦ 4-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 

ʈʠʩ.3.12.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʊʘʚʜʘ. 
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ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘʨʛʘʥʝʮ ʠ ʤʝʜʴ. ʉʥʠʞʝʥʠʝ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʦʜʝ ʜʦ ʇɼʂ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʦʜʫ çʫʤʝʨʝʥʥʦ ʯʠʩʪʦʡè 

(ʨʠʩ.3.12.ʘ). 

ɺ ʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʤʦʞʥʦ ʜʦʩʪʠʯʴ  ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 80%, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʥʘ ʫʨʦʚʝʥʴ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡè ʚʦʜʳ ʚ ʛʦʜʳ ʩ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʜʦ 75%. ɺ ʦʩʪʨʦʟʘʩʫʰʣʠʚʳʡ ʛʦʜ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ çʟʘʛʨʷʟʥʝʥʥʘʷè (ʨʠʩ.3.12.ʙ).  

 

ʈʠʩ.3.12.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʊʘʚʜʘ. 

ʊʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʨʝʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʠʧʝʨʵʚʪʨʦʬʥʦʤʫ ʫʨʦʚʥʶ 

(ʨʠʩ.3.12.ʚ). ʉʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ  ʵʚʪʨʦʬʥʦʤʫ ʫʨʦʚʥʶ ʤʦʞʥʦ 

ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40-60%. ɼʣʷ 

ʚʳʭʦʜʘ ʥʘ ʤʝʟʦʪʨʦʬʥʳʡ ʫʨʦʚʝʥʴ ʪʨʝʙʫʶʪʩʷ  ʤʝʨʦʧʨʠʷʪʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

80%. 
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ʈʠʩ.3.12.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʫʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʦʚ ʨʝʢʠ ʊʘʚʜʘ. 

3.6 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʂʦʥʜʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʜʘʥʥʦʤ ʩʪʚʦʨʝ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ 

ʫʨʦʚʥʝ ʦʪ çʟʘʛʨʷʟʥʝʥʥʘʷè. ɺʦʜʘ ʟʘʛʨʷʟʥʝʥʘ: ʤʝʜʴʶ, ʞʝʣʝʟʦʤ, ʭʨʦʤʦʤ, 

ʬʝʥʦʣʘʤʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʮʠʥʢʦʤ ʠ ʘʤʤʦʥʠʡʥʳʤ ʘʟʦʪʦʤ. 

ʊʘʙʣ.3.13 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

ʠʭ ʇɼʂ ʠ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʣ 

ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 8.71 0.73 

ɹʇʂ5 1.20 0.40 

NH4 1.49 2.99 

NO2 0.003 0.04 

NO3 0.04 0.00 

Fe 1.88 6.27 

Cu 0.0115 11.51 

Zn 0.0197 1.97 

Cr 0.0040 3.97 

ʌʝʥʦʣ 0.003 3.00 

ʅʝʬʪʴ 0.12 2.30 

ʉʇɸɺ 0.03 0.06 

ʂʧʟ=1.63 
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1-ʤʝʜʴ 2-ʞʝʣʝʟʦ 3-ʭʨʦʤ 4-ʬʝʥʦʣʳ 

ʈʠʩ.3.13.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʂʦʥʜʘ. 

 

ʈʠʩ.3.13.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʂʦʥʜʘ. 

ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40%, ʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝʚ ʚ ʦʩʪʨʦ ʤʘʣʦʚʦʜʥʳʡ 

ʛʦʜ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʟʘʛʨʷʟʥʝʥʥʘʷè. ʉʠʪʫʘʮʠʷ 
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ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ 60%, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʦʡʯʠʚʦ ʚʳʡʪʠ ʥʘ ʫʨʦʚʝʥʴ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡè ʚʦʜʳ. 

ʊʨʦʬʠʯʝʩʢʠʡ ʩʪʘʪʫʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʚʪʨʦʬʥʦʤʫ ʫʨʦʚʥʶ. ʉʦʟʜʘʪʴ ʫʩʣʦʚʠʷ  

ʤʝʟʦʪʨʦʬʥʦʛʦ ʫʨʦʚʥʷ ʚʦʟʤʦʞʥʦ, ʧʨʦʚʝʜʝʥʠʝʤ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40%. 

 

ʈʠʩ.3.13.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʫʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ ʨʝʢʠ ʂʦʚʜʘ. 

3.7 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ɺʘʛʘʡ 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ, ʥʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʛʨʷʟʥʘʷè. 

ɺʦʜʘ ʟʘʛʨʷʟʥʝʥʘ ʪʘʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʢʘʢ ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʬʝʥʦʣʳ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʮʠʥʢ, ʞʝʣʝʟʦ. ʇʨʝʚʳʰʝʥʠʝ ʇɼʂ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

1.94 ʜʦ 44.85. 

ʊʘʙʣ.3.14 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, 

ʠʭ ʇɼʂ ʠ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 
ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 6.37 0.53 

ɹʇʂ5 2.59 0.86 
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NH4 0.37 0.73 

NO2 0.020 0.25 

NO3 0.23 0.02 

Fe 1.20 4.00 

Cu 0.0097 9.74 

Zn 0.0356 3.56 

Ni 0.0000 0.00 

Mn 0.4485 44.85 

ʌʝʥʦʣ 0.002 2.00 

ʅʝʬʪʴ 0.097 1.94 

ʉʇɸɺ 0.010 0.02 

ʂʧʟ=4.27 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʠʟ ʚʩʝʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʘʨʛʘʥʝʮ, ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʦʛʦ ʜʦ ʇɼʂ, ʧʝʨʝʚʦʜʠʪ ʚʦʜʫ ʚ ʢʣʘʩʩ çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷè (ʨʠʩ.3.14.ʘ). 

 

1-ʤʘʨʛʘʥʝʮ 2-ʤʝʜʴ 3-ʞʝʣʝʟʦ 4-ʮʠʥʢ 

ʈʠʩ.3.14.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ɺʘʛʘʡ. 

ɺ ʤʥʦʛʦʣʝʪʥʝʤ ʧʣʘʥʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

çʛʨʷʟʥʦʡè ʚ ʤʥʦʛʦʚʦʜʥʳʡ ʛʦʜ ʜʦ çʦʯʝʥʴ ʛʨʷʟʥʦʡè ʚ ʜʨʫʛʠʝ ʨʘʩʯʝʪʥʳʝ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

80% ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʪʦʣʴʢʦ ʚ ʩʨʝʜʥʠʝ ʠ ʤʥʦʛʦʚʦʜʥʳʝ 

ʛʦʜʳ, ʚ ʢʦʪʦʨʳʝ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè. 

ʆʜʥʘʢʦ ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ çʟʘʛʨʷʟʥʝʥʥʘʷè. 
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ʈʠʩ.3.14.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ɺʘʛʘʡ. 

 ʋʨʦʚʝʥʴ ʪʨʦʬʥʦʩʪʠ ʨʝʢʠ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʛʠʧʝʨʵʚʪʨʦʬʥʳʡ. 

 

ʈʠʩ.3.14.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʫʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ ʜʣʷ ʨʝʢʠ ɺʘʛʘʡ. 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60% ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʵʚʪʨʦʬʥʦʛʦ ʫʨʦʚʥʷ ʚ ʩʨʝʜʥʠʝ ʠ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ. ɺ 

ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʩʪʘʪʫʩ ʨʝʢʠ ʦʩʪʘʝʪʩʷ çʛʠʧʝʨʵʚʪʨʦʬʥʳʤè. ʄʝʨʦʧʨʠʷʪʠʷ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 80% ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʠʪʴ ʫʩʣʦʚʠʷ çʵʚʪʨʦʬʥʦʛʦè ʫʨʦʚʥʷ 

ʜʘʞʝ ʚ ʦʩʪʨʦ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ. 

3.8 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʀʩʝʪʴ 

ʉʦʩʪʦʷʥʠʝ ʨʝʢʠ ʀʩʝʪʴ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʪʨʝʤ ʩʪʚʦʨʘʤ: 129-1 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʠʞʝ ʛʦʨʦʜʘ ɽʢʘʪʝʨʠʥʙʫʨʛ, 129-5 ʧʦʩʣʝ ʛʦʨʦʜʘ ʐʘʜʨʠʥʩʢ ʠ 

129-6 ʫʩʪʴʝʚʦʡ ʫʯʘʩʪʦʢ. ɺ ʚʝʨʭʥʠʭ ʩʪʚʦʨʘʭ ʚʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ 

çʟʘʛʨʷʟʥʝʥʥʘʷè ʚ ʥʠʞʥʝʤ ʩʪʚʦʨʝ ï çʛʨʷʟʥʘʷè (ʪʘʙʣ.3.15). ʍʘʨʘʢʪʝʨʥʳʤʠ 

ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʜʣʷ ʚʩʝʭ ʩʪʚʦʨʦʚ ʷʚʣʷʶʪʩʷ: ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʧʨʝʚʳʰʝʥʠʝ ʇɼʂ ʧʦ ʢʦʪʦʨʳʤ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1.8ï23. ɺ ʦʪʜʝʣʴʥʳʭ 

ʩʪʚʦʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʧʦ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤ, 

ʘʤʤʦʥʠʶ, ʞʝʣʝʟʫ ʠ ʬʝʥʦʣʘʤ. 

ʊʘʙʣ.3.15 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʘʩʯʝʪʥʳʭ 

ʩʪʚʦʨʘʭ ʠ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɺʝʱʝʩʪʚʘ 
129-1 129-5 129-6 

ʉ, ʤʛ/ʣ ʉ/ʇɼʂ ʉ, ʤʛ/ʣ ʉ/ʇɼʂ ʉ, ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 8.8 0.73 9.52 0.79 8.69 0.72 

ɹʇʂ5 2.29 0.76 3.66 1.22 7.56 2.52 

NH4 0.31 0.62 0.62 1.24 0.445 0.89 

NO2 0.005 0.06 0.038 0.48 0.069 0.86 

Nʆ3 0.17 0.02 0.97 0.11 6.89 0.76 

Fe 0.43 1.43 0.24 0.80 0.606 2.02 

Cu 0.0153 15.30 0.0146 14.60 0.023 23.00 

Zn 0.0201 2.01 0.0243 2.43 0.091 9.10 

Ni 0.0018 0.18 0.0022 0.22 0.005 0.50 

Mn 0.1125 11.25 0.1081 10.81 0.08 8.00 

ʌʝʥʦʣ 0.006 6.00 0.001 1.00 0.001 1.00 

ʅʝʬʪʴ 0.09 1.80 0.11 2.20 0.36 7.20 

ʉʇɸɺ 0 0.00 9.52 0.79 0.01 0.02 

ʂʧʟ 2.09 1.99 3.35 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʚʝʱʝʩʪʚʦʤ ʜʣʷ ʚʝʨʭʥʠʭ ʩʪʚʦʨʦʚ ʷʚʣʷʝʪʩʷ: ʤʝʜʴ. 

ʆʯʠʩʪʢʘ ʚʦʜʳ ʦʪ ʤʝʜʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ - çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷè. ɺ ʥʠʞʥʝʤ, ʧʦ ʪʝʯʝʥʠʶ ʩʪʚʦʨʝ, ʢʨʦʤʝ ʤʝʜʠ ʦʧʘʩʥʦʩʪʴ 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʮʠʥʢ. ʊʦʣʴʢʦ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʜʘʥʥʳʭ ʜʚʫʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʚ ʢʣʘʩʩ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡè ʚʦʜʳ. 

 

ʉʪʚʦʨ 129-1 1-ʤʝʜʴ 2-ʤʘʨʛʘʥʝʮ 3-ʬʝʥʦʣʳ 4-ʮʠʥʢ 

ʉʪʚʦʨ 129-5 1-ʤʝʜʴ 2-ʤʘʨʛʘʥʝʮ 3-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 4-ʮʠʥʢ 

ʉʪʚʦʨ 129-6 1-ʤʝʜʴ 2-ʤʘʨʛʘʥʝʮ 3-ʮʠʥʢ 4-ʥʝʬʪʝʧʨʦʜʫʢʪʳ 

ʈʠʩ.3.15.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʀʩʝʪʴ. 

 

ʈʠʩ.3.15.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʀʩʝʪʴ. 

-1
0
1
2
3

4
5
6
7
8

25 50 75 95

ʆʙʝʩʧʝʯʝʥʥʦʩʪʴ,%

 ʂʧʟ



90 

 

 

ʈʠʩ.3.15.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʫʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʀʩʝʪʴ. 

ɺ ʤʥʦʛʦʣʝʪʥʝʤ ʧʣʘʥʝ, ʚʦ ʚʩʝʭ ʩʪʚʦʨʘʭ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʤʝʥʷʝʪʩʷ ʦʪ 

çʟʘʛʨʷʟʥʝʥʥʦʡè ʚ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ, ʜʦ çʦʯʝʥʴ ʛʨʷʟʥʦʡè ʚ ʤʘʣʦʚʦʜʥʳʝ 

(ʨʠʩ.3.15.ʙ). ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60% 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʣʘʩʩʘ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè ʪʦʣʴʢʦ ʜʣʷ ʣʝʪ ʩ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʥʝ ʚʳʰʝ 50%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʢʣʘʩʩ 

ʢʘʯʝʩʪʚʘ ʤʝʥʷʝʪʩʷ ʦʪ çʦʯʝʥʴ ʛʨʷʟʥʦʡè (ʩʪʚʦʨ 129-1) ʜʦ çʟʘʛʨʷʟʥʝʥʥʦʡè (ʩʪʚʦʨ 

129-5) ʠ ʛʨʷʟʥʦʡè (ʩʪʚʦʨ 129-6). ʕʬʬʝʢʪʠʚʥʦʩʪʴ 80% ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ, ʧʨʠ ʵʪʦʤ ʚ ʦʩʪʨʦ 

ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ çʟʘʛʨʷʟʥʝʥʥʦʡè. 
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ɿʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʨʝʜʥʝ ʤʥʦʛʦʣʝʪʥʠʭ 

ʫʩʣʦʚʠʡ, ʠʟʤʝʥʷʶʪʩʷ ʦʪ 1.53 ʜʦ 1.10 (ʨʠʩ. 3.15.ʚ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʪʦʷʥʠʝ 

ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʚʪʨʦʬʥʦʡ ʩʪʘʜʠʠ. ɺ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ï 

ʛʠʧʝʨʵʚʪʨʦʬʥʦʡ. ɺʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60% 

ʧʦʟʚʦʣʷʶʪ, ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʦ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʫʩʣʦʚʠʷ ʤʝʟʦʪʨʦʬʥʦʡ 

ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ. 

3.9 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʋʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ,  ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʢʝ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ  

çʦʯʝʥʴ ʛʨʷʟʥʦʡè.  ʅʘʠʙʦʣʴʰʠʝ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʦʪʤʝʯʝʥʳ ʜʣʷ ʚʝʱʝʩʪʚ: 

ʤʝʜʴ, ʤʘʨʛʘʥʝʮ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʥʠʢʝʣʴ, ʮʠʥʢ, ʞʝʣʝʟʦ ʠ ɹʇʂ (ʪʘʙʣ.3.16). 

ʊʘʙʣ.3.16 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʚ ʨʝʯʥʦʡ ʚʦʜʝ ʠ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɺʝʱʝʩʪʚʘ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 10.55 0.88 

ɹʇʂ5 3.517 1.17 

NH4 0.33 0.66 

NO2 0.056 0.70 

NO3 0.41 0.05 

Fe 0.48 1.60 

Cu 0.0110 11.00 

Zn 0.0230 2.30 

Ni 0.1170 3.90 

Mn 0.2500 25.00 

ʌʝʥʦʣ 0.000 0.00 

ʅʝʬʪʴ 2.060 41.20 

ʉʇɸɺ 0.040 0.08 

ʂʧʟ=5.81 
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ʈʠʩ.3.16 .ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ 

ʩ ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʋʡ. 

ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʦʢʘʟʳʚʘʶʪ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʠ 

ʤʘʨʛʘʥʝʮ, ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʧʝʨʝʚʦʜʠʪ ʢʣʘʩʩ 

ʢʘʯʝʩʪʚʘ ʚ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʡè. 

ɺ ʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʤʝʥʷʝʪʩʷ ʦʪ çʛʨʷʟʥʦʡè ʜʦ çʦʯʝʥʴ 

ʛʨʷʟʥʦʡè (ʨʠʩ.3.16.ʙ). ʉʠʪʫʘʮʠʷ ʥʝʩʢʦʣʴʢʦ ʫʣʫʯʰʘʝʪʩʷ, ʚ ʛʦʜʳ ʩ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʤʝʥʝʝ 50%, ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 80%. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 

çʵʚʪʨʦʬʥʦʡè ʩʪʘʜʠʠ, ʥʝ ʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʩʨʝʜʥʠʝ ʠ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ, 

ʠ çʛʠʧʝʨʵʚʪʨʦʬʥʦʡè ʚ ʦʩʪʨʦ ʤʘʣʦʚʦʜʥʳʝ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʘʷ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ ʩʚʷʟʘʥʘ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʚʪʨʦʬʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʛʦʜʳ ʚʩʝʭ 

ʨʘʩʯʝʪʥʳʭ ʦʙʝʩʧʝʯʝʥʥʦʩʪʝʡ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ 60%. 
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ʈʠʩ.3.16.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʋʡ. 

 

ʈʠʩ.3.16.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʈʝʢʘ ʋʡ. 

3.10 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʉʠʥʘʨʘ 

ɺʦʜʘ ʨʝʢʠ ʉʠʥʘʨʘ ʟʘʛʨʷʟʥʝʥʘ: ʤʘʨʛʘʥʮʝʤ, ʤʝʜʴʶ, ʬʝʥʦʣʘʤʠ, ʞʝʣʝʟʦʤ ʠ 

ʘʤʤʦʥʠʡʥʳʤ ʘʟʦʪʦʤ. ʇʨʝʚʳʰʝʥʠʷ ʇɼʂ ʧʦ ʵʪʠʤ ʚʝʱʝʩʪʚʘʤ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 

1.02 ʜʦ 11.18 (ʪʘʙʣ.3.17). 

ʊʘʙʣ.3.17 
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ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʚ ʨʝʯʥʦʡ ʚʦʜʝ ʠ ʟʥʘʯʝʥʠʷ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɺʝʱʝʩʪʚʘ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 9.31 0.78 

ɹʇʂ5 2.39 0.80 

NH4 0.51 1.02 

NO2 0.027 0.34 

NO3 1.78 0.20 

Fe 0.43 1.43 

Cu 0.0112 11.18 

Zn 0.0185 1.85 

Ni 0.0073 0.73 

Mn 0.1118 11.18 

ʌʝʥʦʣ 0.002 2.00 

ʅʝʬʪʴ 0.050 1.00 

ʉʇɸɺ 0.035 0.07 

ʂʧʟ=1.50 

 

ʈʠʩ.3.17.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

 ʈʝʢʘ ʉʠʥʘʨʘ. 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʚʝʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʤʘʨʛʘʥʝʮ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ (ʨʠʩ.3.17.ʘ). ɼʨʫʛʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ 

ʦʢʘʟʳʚʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ. 
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ʈʠʩ.3.17.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʉʠʥʘʨʘ. 

ɺ ʮʝʣʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʝʢʘʤʠ ʙʘʩʩʝʡʥʘ ʀʨʪʳʰʘ, 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʩʠʪʫʘʮʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʣʘʛʦʧʨʠʷʪʥʘʷ. ɺ ʛʦʜʳ ʩ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʜʦ 50% ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʩʫ çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷè ʠ çʟʘʛʨʷʟʥʝʥʥʘʷè ʚ ʛʦʜʳ  ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʦʙʝʩʧʝʯʝʥʥʦʩʪʝʡ. 

ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 40% ʧʦʟʚʦʣʷʶʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʥʘ ʫʨʦʚʥʝ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʦʡè ʚʦ ʚʩʝ 

ʨʘʩʯʝʪʥʳʝ ʛʦʜʳ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 60% ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʢʣʘʩʩʘ çʯʠʩʪʦʡè 

ʚʦʜʳ. 
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ʈʠʩ.3.17.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʈʝʢʘ ʉʠʥʘʨʘ. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʟʦʪʨʦʬʥʦʡ 

ʩʪʘʜʠʠ, ʚ ʛʦʜʳ ʩ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʤʝʥʝʝ 50%. ɺ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʩʪʘʪʫʩ 

ʤʝʥʷʝʪʩʷ ʠ ʧʝʨʝʭʦʜʠʪ ʚ çʵʚʪʨʦʬʥʳʡè. ʉʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ çʤʝʟʦʪʨʦʬʥʦʛʦè 

ʫʨʦʚʥʷ ʚʦ ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʛʦʜʳ ʚʦʟʤʦʞʥʦ ʫʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʦʜʦʦʭʨʘʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20-40%. 

3.11 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʊʝʯʘ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ,  ʢʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʜʘʥʥʦʤ ʩʪʚʦʨʝ  ʦʮʝʥʠʚʘʝʪʩʷ 

ʥʘ ʫʨʦʚʥʝ çʟʘʛʨʷʟʥʝʥʥʦʡè. 

ʊʘʙʣ.3.18 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

 ʚ ʨʝʯʥʦʡ ʚʦʜʝ ʠ ʂʧʟ. ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɺʝʱʝʩʪʚʘ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 8.601 0.72 

ɹʇʂ5 2.8 0.93 

NH4 0.239 0.48 

NO2 0.008 0.10 

NO3 0.16 0.02 

Fe 0.51 1.69 
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Cu 0.0090 9.00 

Zn 0.0390 3.90 

P2O5 0.3500 11.67 

Mn 0.0798 7.98 

ʌʝʥʦʣ 0.000 0.00 

ʅʝʬʪʴ 0.024 0.48 

ʉʇɸɺ 0.030 0.06 

ʂʧʟ=1.85 

ʅʘʠʙʦʣʴʰʠʝ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʦʪʤʝʯʝʥʳ ʜʣʷ ʬʦʩʬʘʪʦʚ, ʤʝʜʠ, ʤʘʨʛʘʥʮʘ, 

ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ (ʪʘʙʣ.3.18). 

 

ʈʠʩ.3.18.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) ʚʦʜʳ ʩ 

ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ. 

ʈʝʢʘ ʊʝʯʘ. 

ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʩʚʷʟʘʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʬʦʩʬʘʪʦʚ ʠ ʤʝʜʠ, ʚʢʣʘʜ ʢʦʪʦʨʳʭ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʨʝʢʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ 

(ʨʠʩ.3.18.ʘ). ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 20% 

ʧʦʟʚʦʣʷʝʪ ʚʦ ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʧʦ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʛʦʜʳ ʜʦʙʠʪʴʩʷ çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʦʡè ʚʦʜʳ. ʄʝʨʦʧʨʠʷʪʠʷ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60% ʚʳʚʦʜʷʪ ʥʘ 

ʫʨʦʚʝʥʴ çʯʠʩʪʦʡè ʚʦʜʳ (ʨʠʩ.3.18.ʙ). 
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ʈʠʩ.3.18.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʈʝʢʘ ʊʝʯʘ 

 

ʈʠʩ.3.18.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%). ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʈʝʢʘ ʊʝʯʘ. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 

çʤʝʟʦʪʨʦʬʥʦʡè ʩʪʘʜʠʠ, ʧʦʨʦʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʚ ʦʩʪʨʦ ʤʘʣʦʚʦʜʥʳʝ 

ʛʦʜʳ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʚ çʵʚʪʨʦʬʥʫʶè ʩʪʘʜʠʶ (ʨʠʩ.3.18.ʚ). ʇʨʝʜʦʪʚʨʘʪʠʪʴ 
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ʪʘʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʟʚʦʣʷʶʪ ʚʦʜʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

20%. 

3.12 ʕʢʦʣʦʛʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʢʠ ʄʠʘʩʩ 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʢʠ ʄʠʘʩʩ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʪʨʝʤ ʩʪʚʦʨʘʤ:  

128-1 ʥʠʞʝ ʛʦʨʦʜʘ ʏʝʣʷʙʠʥʩʢ, 128-2 ʩʪʚʦʨ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ, 128-3 

ʫʩʪʴʝʚʦʡ. 

 ɺʣʠʷʥʠʝ ʛʦʨʦʜʘ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʜʚʫʭ ʚʝʨʭʥʠʭ 

ʩʪʚʦʨʘʭ ʠ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʚ ʥʠʞʥʝʤ. 

ʊʘʙʣ.3.19 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ  ʚ ʨʝʯʥʦʡ ʚʦʜʝ ʠ ʂʧʟ. 

ʆʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ɺʝʱʝʩʪʚʘ 
128-1 128-2 128-3 

ʉ,ʤʛ/ʣ ʉ/ʇɼʂ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ ʉ,ʤʛ/ʣ ʉ/ʇɼʂ 

ʆ2 7.67 0.64 9.132 0.76 10.61 0.88 

ɹʇʂ5 4.83 1.61 4.4 1.47 2.2 0.73 

NH4 1.53 3.06 0.9 1.80 0.463 0.93 

NO2 0.19 2.38 0.139 1.74 0.361 4.51 

NO3 5.28 0.58 5.53 0.61 1.29 0.14 

Fe 0.13 0.43 0.12 0.41 0.45 1.48 

Cu 0.0028 2.83 0.0028 2.83 0.0028 2.83 

Zn 0.0430 4.30 0.0394 3.94 0.0039 0.39 

Ni 0.0132 0.44 0.0137 0.46 0.0014 0.05 

Mn 0.1008 10.08 0.0917 9.17 0.0092 0.92 

ʌʝʥʦʣ 0.001 1.33 0.001 1.00 0.001 1.33 

ʅʝʬʪʴ 0.307 6.14 0.256 5.12 0.200 4.00 

ʉʇɸɺ 0.039 0.08 0.034 0.07 0.342 0.68 

ʂʧʟ=1.61 1.26 0.45 

ʅʘʠʙʦʣʴʰʠʝ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʦʪʤʝʯʝʥʳ ʧʦ ʚʝʱʝʩʪʚʘʤ: ʤʘʨʛʘʥʝʮ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʘʤʤʦʥʠʡʥʳʡ ʠ ʥʠʪʨʠʜʥʳʡ ʘʟʦʪ, ʬʝʥʦʣʳ, ʞʝʣʝʟʦ ʠ ɹʇʂ 

(ʪʘʙʣ.3.19). 

ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʨʛʘʥʝʮ, ʦʯʠʩʪʢʘ ʩʪʦʢʦʚ ʦʪ 

ʢʦʪʦʨʦʛʦ ʧʝʨʝʚʦʜʠʪ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʠʟ ʢʣʘʩʩʘ çʟʘʛʨʷʟʥʝʥʥʦʡè ʚ çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʡè. 
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128-1 1-Mn 2-ʥʝʬʪʴ 3-Zn 4-NH4 

128-2 1-Mn 2-ʥʝʬʪʴ 3-Zn 4ïCu 

128-3 1ïNO2 2-ʥʝʬʪʴ 3-Cu 4ïFe 

ʈʠʩ.3.19.ʘ ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʜʝʣʴʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ (ʂʧʟ) 

 ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʦ ʇɼʂ ʚ 

ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʄʠʘʩʩ. 

ɺ ʤʥʦʛʦʣʝʪʥʝʤ ʧʣʘʥʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʚʝʨʭʥʠʭ ʩʪʚʦʨʘʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

çʟʘʛʨʷʟʥʝʥʥʦʡè ʚ ʩʨʝʜʥʠʝ ʧʦ ʚʦʜʥʦʩʪʠ ʛʦʜʳ ʜʦ çʦʯʝʥʴ ʛʨʷʟʥʦʡè ʚ 

ʤʘʣʦʚʦʜʥʳʝ. ʋʩʪʴʝʚʦʡ ʩʪʚʦʨ ʙʦʣʝʝ ʙʣʘʛʦʧʦʣʫʯʥʳʡ ʠ ʪʦʣʴʢʦ ʚ ʦʩʪʨʦ 

ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʢʘʯʝʩʪʚʦ ʫʭʫʜʰʘʝʪʩʷ ʜʦ ʢʣʘʩʩʘ çʛʨʷʟʥʘʷè. 
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ʈʠʩ.3.19.ʙ ʀʟʤʝʥʝʥʠʝ ʢʣʘʩʩʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ ʄʠʘʩʩ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%).  
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ʈʠʩ.3.19.ʚ ʂʨʠʚʳʝ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʨʘʟʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʕ,%), ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ ʨʝʢʠ 

ʄʠʘʩʩ. ʋʨʦʚʥʠ ʪʨʦʬʥʦʩʪʠ. 

ʋʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʜʦ ʢʣʘʩʩʘ çʫʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷè ʚ  ʩʨʝʜʥʠʝ 

ʧʦ ʚʦʜʥʦʩʪʠ ʛʦʜʳ ʧʦʟʚʦʣʷʶʪ ʚʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

60%. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 80% ʧʦʟʚʦʣʷʝʪ ʚʦ ʚʩʝ ʨʘʩʯʝʪʥʳʝ ʛʦʜʳ ʜʦʙʠʪʴʩʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 

çʵʚʪʨʦʬʥʦʡè ʩʪʘʜʠʠ, ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʦʚʝʜʝʥʠʝ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 60% 

ʧʦʟʚʦʣʷʝʪ ʚ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʤ ʨʘʟʨʝʟʝ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ çʤʝʟʦʪʨʦʬʥʦʛʦè 

ʫʨʦʚʥʷ, ʦʜʥʘʢʦ ʚ ʚʝʨʭʥʠʭ ʩʪʚʦʨʘʭ ʩʦʭʨʘʥʷʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʚ 

çʵʚʪʨʦʬʥʳʡè ʫʨʦʚʝʥʴ ʚ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ. ʉʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʩʠʪʫʘʮʠʶ 
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ʫʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʝʜʝʥʠʷ ʚʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

80%. 

ɺʳʚʦʜ 

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʨʝʢʝ ʀʨʪʳʰ ʥʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʥʝ ʦʪʚʝʯʘʝʪ 

ʥʦʨʤʘʪʠʚʘʤ, ʠʟʤʝʥʷʷʩʴ ʦʪ çʛʨʷʟʥʦʡè, ʚ ʧʦʛʨʘʥʠʯʥʦʤ ʩ ʂʘʟʘʭʩʪʘʥʦʤ ʩʪʚʦʨʝ,  

ʜʦ çʟʘʛʨʷʟʥʝʥʥʦʡè ʚ ʤʝʩʪʝ ʚʧʘʜʝʥʠʷ ʚ ʆʙʴ.  ɺ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ 

ʦʪʤʝʯʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʜʦ ʩʦʩʪʦʷʥʠʷ çʫʤʝʨʝʥʥʦ 

ʟʘʛʨʷʟʥʝʥʥʘʷè, ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʢʨʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʠ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʳ. 

ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʢʘʭ: ʊʦʙʦʣ, ʀʰʠʤ, ʊʫʨʘ, ʂʦʥʜʘ, ʀʩʝʪʴ  ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ çʟʘʛʨʷʟʥʝʥʥʘʷè, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʣʘʙʦʤ 

ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʯʠʱʝʥʠʷ ʚʦʜʳ ʠ ʧʦʩʪʦʷʥʥʦʩʪʠ ʧʦʪʦʢʦʚ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʢʦʚ. ʆʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴʶ ʧʨʠʪʦʢʠ:  

ʊʘʚʜʘ,  ɺʘʛʘʡ, ʋʡ. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ ʢʘʢ: ʤʝʜʴ, ʮʠʥʢ, 

ʤʘʨʛʘʥʝʮ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ. ɺʦʜʦʦʭʨʘʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʧʫʪʝʤ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ 

ʜʘʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ʊʘʙʣ. 3.20 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ  ʚ ʨʘʩʯʝʪʥʳʭ ʩʪʚʦʨʘʭ 

ʨʝʢ ʙʘʩʩʝʡʥʘ ʀʨʪʳʰ  ʥʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ. 

ʉʪʚʦʨ ʂʧʟ ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ W,ʤʣʥ.ʤ
3 

ʈʝʢʘ 
123 3.58 ɻʨʷʟʥʘʷ 27900 

ʀʨʪʳʰ 

126-3 1.14 ɿʘʛʨʷʟʥʝʥʥʘʷ 28100 

126-4 1.31 ɿʘʛʨʷʟʥʝʥʥʘʷ 29800 

126-8 0.41 ʋʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 34700 

126-10 0.45 ʋʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 39300 

126-12 0.73 ʋʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 42300 

133-1 4.89 ɻʨʷʟʥʘʷ 68700 

133-5 2.13 ɿʘʛʨʷʟʥʝʥʥʘʷ 88300 

124 2.79 ɿʘʛʨʷʟʥʝʥʥʘʷ 2230 
ʀʰʠʤ 

125-1 2.49 ɿʘʛʨʷʟʥʝʥʥʘʷ 2190 

127 1.84 ɿʘʛʨʷʟʥʝʥʥʘʷ 550 
ʊʦʙʦʣ 

132-5 1.56 ɿʘʛʨʷʟʥʝʥʥʘʷ 1420 
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132-7 2.92 ɿʘʛʨʷʟʥʝʥʥʘʷ 3380 

132-8 0.63 ɿʘʛʨʷʟʥʝʥʥʘʷ 11900 

132-9 2.63 ɿʘʛʨʷʟʥʝʥʥʘʷ 26400 

130-1 2.86 ɿʘʛʨʷʟʥʝʥʥʘʷ 840 

ʊʫʨʘ 
130-7 2.52 ɿʘʛʨʷʟʥʝʥʥʘʷ 5710 

130-8 2.45 ɿʘʛʨʷʟʥʝʥʥʘʷ 5800 

130-12 4.20 ɻʨʷʟʥʘʷ 11900 

130-2 3.43 ɻʨʷʟʥʘʷ 250 
ʊʘʛʠʣ 

130-10 2.05 ɿʘʛʨʷʟʥʝʥʥʘʷ 840 

131-2 5.14 ʆʯʝʥʴ ʛʨʷʟʥʘʷ 13600 ʊʘʚʜʘ 

133-4 1.63 ɿʘʛʨʷʟʥʝʥʥʘʷ 10700 ʂʦʥʜʘ 

126-11 4.27 ɻʨʷʟʥʘʷ 1120 ɺʘʛʘʡ 

132-3 5.81 ʆʯʝʥʴ ʛʨʷʟʥʘʷ 163 ʋʡ 

129-3 1.50 ɿʘʛʨʷʟʥʝʥʥʘʷ 178 ʉʠʥʘʨʘ 

129-4 1.85 ɿʘʛʨʷʟʥʝʥʥʘ ̫ 180 ʊʝʯʘ 

128-1 1.51 ɿʘʛʨʷʟʥʝʥʥʘʷ 790 

ʄʠʘʩʩ 128-2 1.26 ɿʘʛʨʷʟʥʝʥʥʘʷ 890 

128-3 0.45 ʋʤʝʨʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ 900 

129-1 2.09 ɿʘʛʨʷʟʥʝʥʥʘʷ 270 

ʀʩʝʪʴ 129-5 1.99 ɿʘʛʨʷʟʥʝʥʥʘʷ 1960 

129-6 3.35 ɻʨʷʟʥʘʷ 5930 

ɺ ʪʘʙʣʠʮʝ 3.21 ʜʘʥʳ ʩʚʝʜʝʥʠʷ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ 

ʚ ʨʝʢʠ ʙʘʩʩʝʡʥʘ ʀʨʪʳʰʘ. 




