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9 ʢʣʘʩʩ 

ɿʘʜʘʯʘ 1. ʇʦʩʪʦʷʥʥʘʷ ʧʣʘʥʢʘ 

 ʇʨʠ ʢʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʳ M ʚʦʟʤʦʞʥʦ ʨʘʚʥʦʚʝʩʠʝ ʛʨʫʟʦʚ ʥʘ ʤʘʩʩʠʚʥʦʡ 

ʦʜʥʦʨʦʜʥʦʡ ʧʣʘʥʢʝ (ʨʠʩ.  1)? ʅʠʪʠ ʠ ʙʣʦʢʠ ʥʝʚʝʩʦʤʳ. ʊʨʝʥʠʷ ʥʝʪ. ʄʘʩʩʘ m ʠʟʚʝʩʪʥʘ. 

 
ʨʠʩ.  1 

 
 

ʨʠʩ.  2 

ɿʘʜʘʯʘ 2. ʂʘʨʣʩʦʥ ʫʞʝ ʥʝ ʪʦʪ 

ʆʜʥʘʞʜʳ ʫ ʂʘʨʣʩʦʥʘ ʟʘʛʣʦʭ ʤʦʪʦʨʯʠʢ, ʠ ʦʥ ʩʪʘʣ ʧʘʜʘʪʴ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ɡ1 = 6 ʤ/ʩ. ʇʦʩʣʝ ʨʝʤʦʥʪʘ ʤʦʪʦʨ ʩʪʘʣ ʨʘʟʚʠʚʘʪʴ ʧʦʩʪʦʷʥʥʫʶ ʩʠʣʫ ʪʷʛʠ. ʀʟ-ʟʘ 

ʵʪʦʛʦ, ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʜʲʝʤʝ ʂʘʨʣʩʦʥ ʚʳʭʦʜʠʣ ʥʘ ʩʢʦʨʦʩʪʴ ɡ2 = 3 ʤ/ʩ. ʉ ʢʘʢʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʦʥ ʜʚʠʛʘʣʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʝʪʝ? ʉʯʠʪʘʪʴ ʩʠʣʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ. ʂʘʨʣʩʦʥ, ʙʫʜʫʯʠ ʚ ʤʝʨʫ 

ʫʧʠʪʘʥʥʳʤ, ʦʜʠʥʘʢʦʚʦ ʦʙʪʝʢʘʝʤ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ɿʘʜʘʯʘ 3. ɸʤʧʝʨʤʝʪʨʳ 

ʀʟ ʯʝʪʳʨʸʭ ʦʜʠʥʘʢʦʚʳʭ ʘʤʧʝʨʤʝʪʨʦʚ ʩʦʙʨʘʣʠ ʮʝʧʴ ( 

ʨʠʩ.  2), ʢʦʪʦʨʫʶ ʧʦʜʢʣʶʯʠʣʠ ʢ ʠʩʪʦʯʥʠʢʫ ʩ ʥʝʙʦʣʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʆʧʨʝʜʝʣʠʪʝ ʩʠʣʫ 

ʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʯʝʨʝʟ ʧʝʨʝʤʳʯʢʫ ɸɺ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʤʳʯʢʠ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʧʨʦʚʦʜʦʚ ʤʥʦʛʦ ʤʝʥʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʤʧʝʨʤʝʪʨʘ), ʝʩʣʠ ʩʫʤʤʘ ʧʦʢʘʟʘʥʠʡ ʚʩʝʭ 

ʘʤʧʝʨʤʝʪʨʦʚ 0 49I  ʤɸ. 

ɿʘʜʘʯʘ 4. ʇʦʣʸʪ 

ʉʢʦʨʦʩʪʴ ʢʘʤʥʷ, ʙʨʦʰʝʥʥʦʛʦ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ, ʯʝʨʝʟ 

ʚʨʝʤʷ 0,5  ʩ ʧʦʩʣʝ ʙʨʦʩʢʘ ʩʦʩʪʘʚʣʷʣʘ 80% ʦʪ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʘ ʝʱʸ ʯʝʨʝʟ  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 70%. 

ʅʘʡʜʠʪʝ ʧʦʣʥʦʝ ʚʨʝʤʷ ʧʦʣʸʪʘ ʢʘʤʥʷ. 

ʅʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʤʝʩʪʘ ʙʨʦʩʢʘ ʫʧʘʣ ʢʘʤʝʥʴ? 

ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ 
29,8ʤ ʩg , ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʧʨʝʥʝʙʨʝʯʴ. 

ɿʘʜʘʯʘ 5. ʇʦʣʦʞʝʥʠʝ ʉʦʣʥʮʘ 

ʅʘ ʣʠʩʪʝ ʩ ʧʨʠʚʝʜʸʥʥʦʡ ʬʦʪʦʛʨʘʬʠʝʡ (ʨʠʩ. 3) ʚʦʩʩʪʘʥʦʚʠʪʝ ʧʦʣʦʞʝʥʠʝ ʉʦʣʥʮʘ ʠ 

ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʟʘʙʦʨʘ. ɺʩʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʚʦʜʠʪʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʳʜʘʥʥʦʤ ʣʠʩʪʝ ʩ 

ʬʦʪʦʛʨʘʬʠʝʡ ʠ ʧʦ ʦʢʦʥʯʘʥʠʶ ʪʫʨʘ ʩʜʘʡʪʝ ʝʛʦ ʚʤʝʩʪʝ ʩ ʨʘʙʦʪʦʡ. ɺ ʩʚʦʝʡ ʪʝʪʨʘʜʠ 

ʧʨʠʚʝʜʠʪʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʷʩʥʝʥʠʷ. 
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10 ʢʣʘʩʩ 

ɿʘʜʘʯʘ 1. ʗʱʠʢ ʩ ʧʨʫʞʠʥʘʤʠ 

ɺʥʫʪʨʠ ʯʝʨʥʦʛʦ ʷʱʠʢʘ ʥʘʭʦʜʷʪʩʷ ʜʚʝ ʣʝʛʢʠʝ ʧʨʫʞʠʥʳ ʩ ʞʝʩʪʢʦʩʪʷʤʠ k  ʠ 2k , 

ʩʚʷʟʘʥʥʳʝ ʣʝʛʢʦʡ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʴʶ, ʠ ʣʝʛʢʠʡ ʧʦʜʚʠʞʥʳʡ ʙʣʦʢ (ʨʠʩ. 4). ɺ ʥʘʯʘʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʚʥʝʰʥʷʷ ʩʠʣʘ 6F  ʅ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʩʚʦʙʦʜʥʦʤʫ ʢʦʥʮʫ ʥʠʪʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʝʬʦʨʤʘʮʠʶ ʥʠʞʥʝʡ ʧʨʫʞʠʥʳ 1x  ʩʤ. ʂʘʢʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʨʘʙʦʪʫ A  ʜʦʣʞʥʘ 

ʩʦʚʝʨʰʠʪʴ ʚʥʝʰʥʷʷ ʩʠʣʘ, ʯʪʦʙʳ ʩʤʝʩʪʠʪʴ ʚʥʠʟ ʩʚʦʙʦʜʥʳʡ ʢʦʥʝʮ ʥʠʪʠ ʝʱʸ ʥʘ x ? 

 
ʨʠʩ. 4  

ʨʠʩ. 5 

 

 ɿʘʜʘʯʘ 2. ɼʚʘ ʚ ʦʜʥʦʤ 

ʅʘ pV-ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 5) ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʟʘʤʢʥʫʪʳʭ ʧʨʦʮʝʩʩʘ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʩ 

ʠʜʝʘʣʴʥʳʤ ʛʘʟʦʤ: 1-2-4-1, 2-3-4-2 ʠ 1-2-3-4-1. ʅʘ ʫʯʘʩʪʢʘʭ 1-2 ʠ 3-4 ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ 

ʧʦʩʪʦʷʥʥʘ, ʘ ʥʘ ʫʯʘʩʪʢʘʭ 2-3 ʠ 4-1 ʛʘʟ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 1-2-4-1 

ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ 1 5A ɼʞ, ʘ ʚ ʧʨʦʮʝʩʩʝ 2-3-4-2 ð 2 4A ɼʞ. ʅʘʡʜʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʘ 1-2-3-4-1, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ 

1-2-4-1 ʠ 2-3-4-2 ʨʘʚʥʳ. 

ɿʘʜʘʯʘ 3. ʇʨʠʢʣʶʯʝʥʠʷ ʧʨʦʙʠʨʢʠ 

ʇʨʦʙʠʨʢʘ ʜʣʠʥʦʡ l = 35 ʩʤ, ʩʦʜʝʨʞʘʱʘʷ ʚʦʟʜʫʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T0 = 300 K, ʧʦʣʥʦʩʪʴʶ 

ʧʦʛʨʫʞʝʥʘ ʚ ʨʪʫʪʴ ʧʣʦʪʥʦʩʪʴʶ ɟ = 13 600 ʢʛ/ʤ
3
 ʪʘʢ, ʯʪʦ ʜʥʦ ʧʨʦʙʠʨʢʠ ʢʘʩʘʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʧʨʦʙʠʨʢʘ ʚʝʨʪʠʢʘʣʴʥʘ. ʇʨʠ ʵʪʦʤ ʞʠʜʢʦʩʪʴʶ ʟʘʧʦʣʥʝʥʘ ʯʘʩʪʴ 

ʧʨʦʙʠʨʢʠ ʜʣʠʥʦʡ h = 10 ʩʤ. ʇʨʦʙʠʨʢʫ ʧʦʜʥʠʤʘʶʪ ʚʚʝʨʭ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʝʸ ʥʠʞʥʠʡ ʢʨʘʡ 

ʥʝ ʜʦʩʪʠʛʥʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʪʫʪʠ (ʧʨʦʙʠʨʢʫ ʠʟ ʨʪʫʪʠ ʥʝ ʚʳʥʠʤʘʶʪ). ʉʯʠʪʘʡʪʝ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʜʲʝʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʨʦʙʠʨʢʝ ʥʝ ʤʝʥʷʣʘʩʴ. ɿʘʪʝʤ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʦʟʜʫʭʘ ʚ ʧʨʦʙʠʨʢʝ ʠʟʤʝʥʠʣʠ, ʠ ʨʪʫʪʴ ʩʥʦʚʘ ʟʘʧʦʣʥʠʣʘ ʯʘʩʪʴ ʧʨʦʙʠʨʢʠ ʜʣʠʥʦʡ h. ʅʘʡʪʠ 

ʢʦʥʝʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ ʧʨʦʙʠʨʢʝ T. ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ p0 = 10
5
 ʇʘ. 
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ɿʘʜʘʯʘ 4. ʉʣʦʞʥʳʡ ʩʧʣʘʚ 

ʀʟ ʩʧʣʘʚʘ ʩ ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʠʟʛʦʪʦʚʣʝʥʳ ʜʚʘ ʪʦʥʢʠʭ ʧʨʦʚʦʜʥʠʢʘ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ ʩ ʚʜʚʦʝ ʦʪʣʠʯʘʶʱʝʡʩʷ ʧʣʦʱʘʜʴʶ 

ʩʝʯʝʥʠ.̫ ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ ʢʘʞʜʦʛʦ ʠʟ ʧʨʦʚʦʜʥʠʢʦʚ ʨʘʚʥʦ 1, ʘ ʩ 

ʜʨʫʛʦʛʦ 2 . ʇʨʦʚʦʜʥʠʢʠ ʩʦʝʜʠʥʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʦʜʢʣʶʯʠʣʠ ʢ ʠʜʝʘʣʴʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʩ 

ʥʘʧʨʷʞʝʥʠʝʤ U, ʘ ʢ ʠʭ ʩʝʨʝʜʠʥʘʤ (ʪʦʯʢʠ a ʠ b) ʧʦʜʢʣʶʯʠʣʠ ʠʜʝʘʣʴʥʳʡ ʚʦʣʴʪʤʝʪʨ (ʨʠʩ. 6). 

ʅʘʡʜʠʪʝ ʧʦʢʘʟʘʥʠʝ ʚʦʣʴʪʤʝʪʨʘ V . 
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ɿʘʜʘʯʘ 5. ɼʚʝ ʰʘʡʙʳ 

ʅʘ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʜʚʝ ʦʜʠʥʘʢʦʚʳʭ ʛʣʘʜʢʠʭ ʰʘʡʙʳ ʨʘʜʠʫʩʘ R . ʆʜʥʦʡ 

ʠʟ ʰʘʡʙ ʩʦʦʙʱʘʶʪ ʩʢʦʨʦʩʪʴ 0  ʚʜʦʣʴ ʦʩʠ x (ʨʠʩ. 7). ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʨʦʠʟʦʰʸʣ 

ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʡ ʫʜʘʨ. ʇʨʠ ʢʘʢʦʤ ʟʥʘʯʝʥʠʠ ʧʨʠʮʝʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ d ʧʨʦʝʢʮʠʷ 

ʩʢʦʨʦʩʪʠ ʚʪʦʨʦʡ ʰʘʡʙʳ ʥʘ ʦʩʴ y ʤʘʢʩʠʤʘʣʴʥʘ? 
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11 ʢʣʘʩʩ 

ɿʘʜʘʯʘ 1. ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ 

ʄʘʣʝʥʴʢʠʡ ʰʘʨʠʢ ʢʦʣʝʙʣʝʪʩʷ ʥʘ ʣʸʛʢʦʡ ʥʝʨʘʩʪʷʞʠʤʦʡ ʥʠʪʠ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ g  ʩ 

ʙʦʣʴʰʦʡ ʫʛʣʦʚʦʡ ʘʤʧʣʠʪʫʜʦʡ . ʅʘʡʜʠʪʝ ʫʩʢʦʨʝʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʜʚʠʞʝʪʩʷ ʰʘʨʠʢ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘʪʷʞʝʥʠʝ ʥʠʪʠ ʚ 4 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʅʘʡʜʠʪʝ ʥʘʠʤʝʥʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ min  ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʘ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ. 

ɿʘʜʘʯʘ 2. ʇʝʨʝʟʘʨʷʜʢʘ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʸʤʢʦʩʪʴʶ C, ʨʝʟʠʩʪʦʨ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R ʠ ʜʠʦʜ 

ʚʢʣʶʯʝʥʳ ʚ ʩʭʝʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 8. ɺʦʣʴʪʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʦʜʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 9. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʣʝʚʳʡ (ʥʘ ʨʠʩʫʥʢʝ) ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʞʝʥ ʜʦ 

ʥʘʧʨʷʞʝʥʠʷ U0, ʧʨʠ ʵʪʦʤ ʟʘʨʷʜ ʚʝʨʭʥʝʡ ʧʣʘʩʪʠʥʳ ð ʧʦʣʦʞʠʪʝʣʴʥʳʡ. ɼʚʘ ʜʨʫʛʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʝ ʟʘʨʷʞʝʥʳ, ʢʣʶʯ ʨʘʟʦʤʢʥʫʪ. ɿʘʪʝʤ ʢʣʶʯ ʟʘʤʳʢʘʶʪ. 

ʆʧʨʝʜʝʣʠʪʝ: 

1. ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʯʝʨʝʟ ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʧʦʩʣʝ 

ʟʘʤʳʢʘʥʠʷ ʢʣʶʯʘ; 

2. ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪ,r ʢʦʪʦʨʦʝ ʚʳʜʝʣʠʪʩʷ ʚ ʩʭʝʤʝ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ; 

3. ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʡʩʷ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʥʘ ʜʠʦʜʝ; 

4. ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʠʚʰʝʡʩ ̫ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʥʘ ʨʝʟʠʩʪʦʨʝ. 

 
ʨʠʩ. 8 
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ɿʘʜʘʯʘ 3. ʋʩʢʦʨʝʥʠʝ ʜʦʩʢʠ 

ʅʘ ʛʣʘʜʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʞʠʪ ʜʦʩʢʘ ʜʣʠʥʦʡ L ʠ ʤʘʩʩʦʡ M. ʅʘ ʢʨʘʶ 

ʜʦʩʢʠ ʧʦʢʦʠʪʩʷ ʥʝʙʦʣʴʰʦʡ ʙʨʫʩʦʢ. ʅʘ ʙʨʫʩʦʢ ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʧʦʩʪʦʷʥʥʘʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʠʣʘ, ʪʘʢ ʯʪʦ ʦʥ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʜʦʩʢʠ ʩ ʫʩʢʦʨʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʙʦʣʴʰʝ 

ʫʩʢʦʨʝʥʠʷ ʜʦʩʢʠ. ʅʘʡʜʠʪʝ ʫʩʢʦʨʝʥʠʝ ʩ ʢʦʪʦʨʳʤ ʜʚʠʛʘʣʘʩʴ ʜʦʩʢʘ, ʝʩʣʠ ʟʘ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʧʦ ʥʝʡ ʙʨʫʩʢʘ ʚʳʜʝʣʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ Q. 

ɿʘʜʘʯʘ 4. ʎʠʢʣʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʅʘ ʨʠʩ. 10 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʮʠʢʣʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʚʝʨʰʸʥʥʦʛʦ ʥʘʜ ʠʜʝʘʣʴʥʳʤ 

ʤʥʦʛʦʘʪʦʤʥʳʤ ʛʘʟʦʤ. ʅʘʡʜʠʪʝ ʂʇɼ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʨʠʤʝʯʘʥʠʝ: ʧʨʦʮʝʩʩ ʩ ʧʦʩʪʦʷʥʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʴʶ C ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʠʪʨʦʧʠʯʝʩʢʠʤ ʠ 

ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʟʘʜʘʸʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

 const,

p

V

C C

C C
pV   

ʛʜʝ pC  ð ʪʝʧʣʦʸʤʢʦʩʪʴ ʛʘʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʘ VC  ð ʪʝʧʣʦʸʤʢʦʩʪʴ ʛʘʟʘ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʸʤʝ. 
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ɿʘʜʘʯʘ 5. ʇʨʦʚʠʩʣʘ-ʥʘʪʷʥʫʣʘʩʴ 

ʅʘ ʛʣʘʜʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʭʦʜʷʪʩʷ ʪʨʠ ʙʨʫʩʢʘ, ʤʘʩʩʳ ʢʦʪʦʨʳʭ ʨʘʚʥʳ 1m , 

2m  ʠ 3m. ʅʘ ʨʠʩ. 11 ʧʨʠʚʝʜʸʥ ʚʠʜ ʩʚʝʨʭʫ. ʋʧʨʫʛʘʷ ʣʸʛʢʘʷ ʨʝʟʠʥʢʘ ʩʚʷʟʳʚʘʝʪ ʙʨʫʩʢʠ 1 ʠ 2 

ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʙʣʦʢ, ʧʨʠʢʨʝʧʣʸʥʥʳʡ ʢ ʙʨʫʩʢʫ 3. ʊʨʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʥʝʪ. ʀʩʭʦʜʥʦ ʙʨʫʩʢʠ 

ʥʝʧʦʜʚʠʞʥʳ, ʘ ʨʝʟʠʥʢʘ ʯʫʪʴ ʧʨʦʚʠʩʘʝʪ. ɹʨʫʩʢʫ 3 ʫʜʘʨʦʤ (ʤʛʥʦʚʝʥʥʦ) ʩʦʦʙʱʘʶʪ 

ʩʢʦʨʦʩʪʴ V. 

1. ʅʘʡʜʠʪʝ ʩʢʦʨʦʩʪʠ ʙʨʫʩʢʦʚ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʨʘʩʪʷʞʝʥʠʝ ʨʝʟʠʥʢʠ ʥʘʠʙʦʣʴʰʝʝ. 

2. ʂʘʢʠʤʠ ʙʫʜʫʪ ʩʢʦʨʦʩʪʠ ʙʨʫʩʢʦʚ, ʢʦʛʜʘ ʨʝʟʠʥʢʘ ʩʥʦʚʘ ʧʨʦʚʠʩʥʝʪ? 

3. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ V = 1 ʤ/ʩ, 1m  = 1 ʢʛ, 2m  = 2 ʢʛ, 3m  = 3 ʢʛ ʥʘʡʜʠʪʝ ʩʢʦʨʦʩʪʴ 3v  

ʪʨʝʪʴʝʛʦ ʙʨʫʩʢʘ, ʢʦʛʜʘ ʨʘʩʪʷʞʝʥʠʝ ʨʝʟʠʥʢʠ ʥʘʠʙʦʣʴʰʝʝ. 

 

ʨʠʩ. 11 
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ɺʦʟʤʦʞʥʳʝ ʨʝʰʝʥʠʷ 
9 ʢʣʘʩʩ 

ɿʘʜʘʯʘ 1. ʇʦʩʪʦʷʥʥʘʷ ʧʣʘʥʢʘ 

ʈʘʚʥʦʚʝʩʠʝ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ ʩʠʣʳ ʨʝʘʢʮʠʠ ʛʨʫʟʦʚ ʠ 

ʧʣʘʥʢʠ ʠ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʥʠʪʝʡ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʠʣ ʥʘʪʷʞʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʪʦʣʴʢʦ 

ʚʥʝʰʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʠʩʪʝʤʫ ʛʨʫʟʳ+ʙʣʦʢʠ+ʧʣʘʥʢʘ. ʇʨʘʚʠʣʘ ʤʦʤʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʝʢ 1O  ʠ 2O , ʣʝʞʘʱʠʭ ʥʘ ʣʠʥʠʷʭ ʜʝʡʩʪʚʠʷ ʩʠʣ ʥʘʪʷʞʝʥʠʷ ʚʝʨʭʥʠʭ ʥʠʪʝʡ 

(ʨʠʩ.  12), ʠʤʝʶʪ ʚʠʜ: 

 
2

1

1

2

2 6 2 3 7 (ʦʪʥʦʩʠʪʝʣʴʥʦʧʦʣʶʩʘ ),

2 6 2 3 7 (ʦʪʥʦʩʠʪʝʣʴʥʦʧʦʣʶʩʘ ).

Mgx T x mg x mg x O

mgx T x mg x Mg x O
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ʆʪʢʫʜʘ 1 2

5 7 13
,

12 12

m M m M
T g T g. 

ɺʠʜʥʦ, ʯʪʦ ʣʝʚʘʷ ʥʠʪʴ ʥʝ ʧʨʦʚʠʩʘʝʪ ʧʨʠ ʣʶʙʳʭ ʤʘʩʩʘʭ M, ʘ ʧʨʘʚʘʷ ʥʘʪʷʥʫʪʘ ʧʨʠ 

13M m. ɿʘʧʠʰʝʤ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʛʨʫʟʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ: 

 
1 1

2 2

,

.

Mg T N

mg T N
  

ʆʪʢʫʜʘ ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʩʠʣ ʥʘʪʷʞʝʥʠʷ ʩʠʣʳ ʨʝʘʢʮʠʠ ʨʘʚʥʳ: 

1 5( ) /12N M m g  ʠ 2 ( ) /12N M m g . ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣ ʨʝʘʢʮʠʠ ʙʫʜʫʪ 

ʪʦʣʴʢʦ ʧʨʠ M m. 

ʆʢʦʥʯʘʪʝʣʴʥʦ, ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ ʜʣʷ 13m M m. 



ʈʝʛʠʦʥʘʣʴʥʘʷ ʦʣʠʤʧʠʘʜʘ ʰʢʦʣʴʥʠʢʦʚ ʧʦ ʬʠʟʠʢʝ. 17.01.2015 

 

ɿʘʜʘʯʘ 2. ʂʘʨʣʩʦʥ ʫʞʝ ʥʝ ʪʦʪ 

ʇʦ ʫʩʣʦʚʠʶ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ, ʪʦ ʝʩʪʴ ʟʘʜʘʸʪʩʷ 

ʬʦʨʤʫʣʦʡ 2k . ʇʨʠ ʩʚʦʙʦʜʥʦʤ ʧʘʜʝʥʠʠ ʩʠʣʘ ʪʷʞʝʩʪʠ ʨʘʚʥʘ ʩʠʣʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 

 2

1 2

1

, ʦʪʢʫʜʘ .
mg

mg k k  

ʆʙʦʟʥʘʯʠʤ ʩʠʣʫ ʪʷʛʠ ʤʦʪʦʨʯʠʢʘ ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʊF . ʇʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʚʟʣʸʪʝ ʩʠʣʘ ʪʷʛʠ 

ʨʘʚʥʘ ʩʫʤʤʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 

 

2

2 2
2

1

ʊ 1 .F mg k mg  

ʇʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʸʪʝ ʩʠʣʘ ʪʷʛʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʩʠʣʫ ʪʷʞʝʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʫʶ 

ʚʝʨʪʠʢʘʣʴʥʦ ʠ ʩʠʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦ: 

 
22 22 2

1

4

3
ʊ 3 1 .F mg k mg   

ʀʟ ʧʨʠʚʝʜʸʥʥʦʡ ʚʳʰʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʘʡʜʸʤ 3 : 

 2 2 2

3 2 2 1
4 2 å 5,2 ʤ/ʩ. 

 

ɿʘʜʘʯʘ 3. ɸʤʧʝʨʤʝʪʨʳ 

ʇʨʦʥʫʤʝʨʫʝʤ ʘʤʧʝʨʤʝʪʨʳ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ( 

ʨʠʩ.  13) ʠ ʠʟʦʙʨʘʟʠʤ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ (ʨʠʩ.  14). ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʘʤʧʝʨʤʝʪʨʳ 

ʦʜʠʥʘʢʦʚʳʝ, ʦʜʠʥʘʢʦʚʳ ʠ ʠʭ ʚʥʫʪʨʝʥʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɿʥʘʯʠʪ, 1 4I I I , 

3 1 4 2I I I I . ʆʙʦʟʥʘʯʠʤ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʤʧʝʨʤʝʪʨʘ r, ʪʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ 

ʠʩʪʦʯʥʠʢʘ ʨʘʚʥʦ 

 1 3 2 23 , ʦʪʢʫʜʘ 3 .U I r I r Ir I r I I   

 
 

ʨʠʩ.  13 
 

ʨʠʩ.  14 

 

ʇʦ ʫʩʣʦʚʠʶ 0 1 2 3 4 7I II II I , ʦʪʢʫʜʘ 0 7 7I I  ʤɸ. ʀʩʢʦʤʘʷ ʩʠʣʘ ʪʦʢʘ ʯʝʨʝʟ 

ʧʝʨʝʤʳʯʢʫ AB 1 2 4 28ABI I I I  ʤɸ. 



ʈʝʛʠʦʥʘʣʴʥʘʷ ʦʣʠʤʧʠʘʜʘ ʰʢʦʣʴʥʠʢʦʚ ʧʦ ʬʠʟʠʢʝ. 17.01.2015 

 

ɿʘʜʘʯʘ 4. 

ʇʫʩʪʴ 0x  ð ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ, ʘ 
0y

 ð ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ. ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ, ʪʦ ʧʨʦʝʢʮʠʷ ʩʢʦʨʦʩʪʠ 

ʪʝʣʘ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʧʨʦʝʢʮʠʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ ʙʫʜʝʪ 

ʠʟʤʝʥʷʪʴʩʷ ʧʦ ʟʘʢʦʥʫ 

 
0( ) .y yt gt   

ɺʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 

 
2

2 2 2

0 0( ) .x y x yt gt  

ʇʦ ʫʩʣʦʚʠʶ 

 

2
2 2 2

0 0 0 0

2
2 2 2

0 0 0 0

( ) ,

( 22 ) .

x y x y

x y x y

g

g

 (1) 

ʈʝʰʘʷ ʵʪʫ ʩʠʩʪʝʤʫ, ʥʘʡʜʸʤ 0 10,53ʤ ʩx , 
0 10,85ʤ ʩy

. ɺʨʝʤʷ ʧʦʣʸʪʘ 

0ʧ 2 2,21ʩyt g , ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʝʩʪʘ ʙʨʦʩʢʘ ʜʦ ʤʝʩʪʘ ʧʘʜʝʥʠʷ ʧ0 23,3xl t  ʤ. 

ɿʘʜʘʯʘ 5. 

ʉʚʝʪʦʚʳʝ ʣʫʯʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ. ʉʣʝʚʘ ʥʘ ʬʦʪʦʛʨʘʬʠʠ ʟʘʧʝʯʘʪʣʝʥʳ 

ʥʝʩʢʦʣʴʢʦ ʣʶʜʝʡ ʚʤʝʩʪʝ ʩ ʦʪʙʨʘʩʳʚʘʝʤʳʤʠ ʠʤʠ ʪʝʥʷʤʠ. ʇʦʣʥʦʩʪʴʶ ʚʠʜʥʘ ʪʝʥʴ ʜʝʚʫʰʢʠ ʚ 

ʯʸʨʥʦʤ ʧʣʘʱʝ. ʏʝʨʝʟ ʚʝʨʰʠʥʳ ʝ yʛʦʣʦʚʳ ʠ ʪʝʥʠ ʧʨʦʚʝʜʸʤ ʧʨʷʤʫʶ 1, ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʣʝʞʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʉʦʣʥʮʘ (ʨʠʩ. 15). ʊʦʞʝ ʩʧʨʘʚʝʜʣʠʚʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʨʝʙʸʥʢʘ ʚ ʢʦʣʷʩʢʝ 

ʠ ʝʛʦ ʪʝʥʠ. ɽʩʣʠ ʥʘ ʬʦʪʦʛʨʘʬʠʠ ʪʝʥʴ ʦʪ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʧʨʫʪʘ ʟʘʙʦʨʘ ʠ ʧʨʫʪ ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ 

ʧʨʷʤʦʡ, ʪʦ ʥʘ ʵʪʦʡ ʞʝ ʧʨʷʤʦʡ ʥʘʭʦʜʠʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʉʦʣʥʮʘ. ʅʘʡʜʸʤ ʥʘ ʬʦʪʦʛʨʘʬʠʠ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʧʨʫʪ ʠ ʧʨʦʚʝʜʸʤ ʯʝʨʝʟ ʥʝʛʦ ʣʠʥʠʶ 2. ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ ʣʠʥʠʡ 1 ʠ 2 

ʣʝʞʠʪ ʠʟʦʙʨʘʞʝʥʠʝ ʉʦʣʥʮʘ. ʆʙʦʟʥʘʯʠʤ ʵʪʫ ʪʦʯʢʫ S. ɿʥʘʷ ʧʦʣʦʞʝʥʠʝ ʉʦʣʥʮʘ, ʤʦʞʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʣʦʞʝʥʠʝ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʟʘʙʦʨʘ. ʇʨʦʚʝʜʸʤ ʧʨʷʤʫʶ ʯʝʨʝʟ ʚʝʨʭʫʰʢʫ ʪʝʥʠ, 

ʦʪʙʨʘʩʳʚʘʝʤʦʡ ʦʜʥʠʤ ʠ ʩʪʦʣʙʦʚ, ʠ ʪʦʯʢʫ S. ʇʨʦʚʝʜʸʤ ʪʘʢʞʝ ʧʨʷʤʫʶ, ʷʚʣʷʶʱʫʶʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʵʪʦʛʦ ʩʪʦʣʙʘ. ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ ʜʚʫʭ ʵʪʠʭ ʧʨʷʤʳʭ ʣʝʞʠʪ ʚʝʨʰʠʥʘ ʩʪʦʣʙʘ 

(ʪʦʯʢʘ A). ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʥʘʡʪʠ ʚʝʨʰʠʥʫ ʜʨʫʛʦʛʦ ʩʪʦʣʙʘ (ʪʦʯʢʘ B) ʠ ʯʝʨʝʟ 

ʜʚʝ ʵʪʠʭ ʪʦʯʢʠ ʧʨʦʚʝʩʪʠ ʧʨʷʤʫʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʝʨʭʥʝʤʫ ʢʨʘʶ ʩʪʦʣʙʘ. ʕʪʘ ʧʨʷʤʘʷ 

ʜʦʣʞʥʘ ʪʘʢʞʝ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʫ C ð ʧʝʨʝʩʝʯʝʥʠʝ ʧʨ̫ʤʳʭ, ʷʚʣʷʶʱʠʭʩʷ 

ʧʨʦʜʦʣʞʝʥʠʷʤʠ ʪʝʥʠ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʟʘʙʦʨʘ ʠ ʥʠʞʥʝʛʦ ʢʨʘʷ ʟʘʙʦʨʘ. ʕʪʘ ʪʦʯʢʘ ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʟʘʙʦʨʘ. 
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10 ʢʣʘʩʩ 

ɿʘʜʘʯʘ 1. ʗʱʠʢ ʩ ʧʨʫʞʠʥʘʤʠ 

ʀʟ-ʟʘ ʙʣʦʢʘ ʩʠʣʘ, ʨʘʩʪʷʛʠʚʘʶʱʘʷ ʚʝʨʭʥʶʶ ʧʨʫʞʠʥʫ ʚʜʚʦʝ ʙʦʣʴʰʝ. ʊʦʛʜʘ, ʧʦ ʟʘʢʦʥʫ 

ɻʫʢʘ, ʜʝʬʦʨʤʘʮʠʠ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʨʫʞʠʥ ʦʜʠʥʘʢʦʚʳ:F kx, 2 2F kx. ʇʫʩʪʴ ʧʨʠ 
ʩʤʝʱʝʥʠʠ ʩʚʦʙʦʜʥʦʛʦ ʢʦʥʮʘ ʥʘ x ʚʥʠʟ ʨʘʩʪʷʞʝʥʠʝ ʚʝʨʭʥʝʡ ʧʨʫʞʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ y. 

ʇʨʠ ʵʪʦʤ ʙʣʦʢ ʦʧʫʩʪʠʪʩʷ ʚʥʠʟ ʥʘ y. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʨʘʩʪʷʞʝʥʠʝ ʥʠʞʥʝʡ ʧʨʫʞʠʥʳ 

ʪʘʢʞʝ ʨʘʚʥʦ y. ʇʦʩʢʦʣʴʢʫ ʥʠʪʴ ʥʝʨʘʩʪʷʞʠʤʘ   3x y.  

ɺʥʝʰʥʷʷ ʩʠʣʘ ʩʥʘʯʘʣʘ ʨʘʚʥʘ F kx, ʚ ʢʦʥʮʝ 1 ( ) (4 / 3) (4 / 3)F k x y kx F ʠ ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʠʪ ʦʪ x. ʈʘʙʦʪʫ ʵʪʦʡ ʩʠʣʳ ʥʘʡʜʸʤ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʜ ʛʨʘʬʠʢʦʤ F(y): 

 1 7
.

2 6

F F
A x Fx    

ɿʘʜʘʯʘ 2. ɼʚʘ ʚ ʦʜʥʦʤ 

ɺ ʧʨʦʮʝʩʩʝ 1-2-4 ʥʘ ʫʯʘʩʪʢʝ 1-2 ʢ ʛʘʟʫ ʧʦʜʚʦʜʷʪ ʪʝʧʣʦ 1Q , ʘ ʥʘ ʫʯʘʩʪʢʝ 2-4 ʛʘʟ ʦʪʜʘʸʪ 

ʪʝʧʣʦ Q. ɺ ʧʨʦʮʝʩʩʝ 2-3-4 ʥʘ ʫʯʘʩʪʢʝ 4-2 ʢ ʛʘʟʫ ʧʦʜʚʦʜʷʪ ʪʝʧʣʦ Q, ʘ ʥʘ ʫʯʘʩʪʢʝ 3-4 ʛʘʟ 

ʦʪʜʘʸʪ ʪʝʧʣʦ 2Q . ɺ ʧʨʦʮʝʩʩʝ 1-2-3-4 ʥʘ ʫʯʘʩʪʢʝ 1-2 ʢ ʛʘʟʫ ʧʦʜʚʦʜʷʪ ʪʝʧʣʦ 1Q , ʘ ʥʘ ʫʯʘʩʪʢʝ 

3-4 ʛʘʟ ʦʪʜʘʸʪ ʪʝʧʣʦ 2Q . ɺ ʧʨʦʮʝʩʩʘʭ 1-2-4 ʠ 2-3-4 ʧʨʦʭʦʜʠʪʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʯʘʩʪʦʢ 2-4, 

ʥʦ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʦʵʪʦʤʫ ʚ ʦʜʥʦʤ ʮʠʢʣʝ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʩʦʚʝʨʰʘʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʘ ʚ ʜʨʫʛʦʤ ʪʘʢʘʷ ʞʝ ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ 1 2A A A . 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

 1 2
1 2

1

, .
A A

Q Q
 

ʇʦʩʢʦʣʴʢʫ 1 2, ʪʦ  ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʮʠʢʣʘ 1-2-4 

. ʆʪʢʫʜʘ 

   

ɿʥʘʷ ʨʘʙʦʪʫ A ʠ ʪʝʧʣʦ , ʤʦʞʥʦ ʥʘʡʪʠ ʠʩʢʦʤʳʡ ʂʇɼ 

  

 

ɿʘʜʘʯʘ 3. ʇʨʠʢʣʶʯʝʥʠʷ ʧʨʦʙʠʨʢʠ 

ʇʨʦʚʝʨʠʤ, ʥʝ ʚʳʭʦʜʠʪ ʣʠ ʯʘʩʪʴ ʚʦʟʜʫʭʘ ʠʟ ʧʨʦʙʠʨʢʠ. ɺ ʢʦʥʝʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʤ 

ʚʦʟʜʫʭʘ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʦʙʲʝʤʘ ʧʨʦʙʠʨʢʠ (ʠʥʘʯʝ ʯʘʩʪʴ ʚʦʟʜʫʭʘ ʚʳʡʜʝʪ), ʘ ʜʘʚʣʝʥʠʝ 

ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ (ʜʘʚʣʝʥʠʝ ʨʘʚʥʦ ʘʪʤʦʩʬʝʨʥʦʤʫ, ʝʩʣʠ ʦʥʘ ʙʫʜʝʪ 

ʟʘʧʦʣʥʝʥʘ ʚ ʢʦʥʝʯʥʦʤ ʧʦʣʦʞʝʥʠʠ ʮʝʣʠʢʦʤ ʠ ʤʝʥʴʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ, ʝʩʣʠ ʚ ʥʝʡ ʝʩʪʴ 

ʞʠʜʢʦʩʪʴ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʟʘʢʦʥʫ ɹʦʡʣʷ-ʄʘʨʠʦʪʪʘ ʧʦʣʫʯʘʝʤ ʫʩʣʦʚʠʝ: 

, ʪ.ʝ. ʦʪʢʫʜʘ  


