
ʆʃʀʄʇʀɸɼɸ ʐʂʆʃʔʅʀʂʆɺ çʇʆʂʆʈʀ ɺʆʈʆɹʔɽɺʓ ɻʆʈʓ!è ʇʆ ʌʀɿʀʂɽ. 

2022/23 ʫʯʝʙʥʳʡ ʛʦʜ, ɿɸɼɸʅʀɽ ɿɸʆʏʅʆɻʆ ʊʋʈɸ. 11 ʢʣʘʩʩʳ. 

ɿʘʜʘʥʠʝ ʦʪʙʦʨʦʯʥʦʛʦ ʪʫʨʘ ʩʦʩʪʦʷʣʦ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ. ɺ ʯʘʩʪʠ I ʧʨʝʜʣʘʛʘʣʦʩʴ ʪʨʠ ʚʦʧʨʦʩʘ, 

ʦʪʚʝʪ ʢ ʢʦʪʦʨʳʤ (ʙʝʟ ʨʝʰʝʥʠʷ) ʥʫʞʥʦ ʙʳʣʦ ʟʘʛʨʫʟʠʪʴ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʬʦʨʤʫ ʥʘ ʩʘʡʪʝ 

ʦʣʠʤʧʠʘʜʳ. ɺʦʧʨʦʩʳ ʫ ʫʯʘʩʪʥʠʢʦʚ ʨʘʟʣʠʯʘʣʠʩʴ ʯʠʩʣʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʚʳʙʠʨʘʝʤʳʤʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ. ɺ ʯʘʩʪʠ II (ʪʚʦʨʯʝʩʢʦʡ) ʧʨʝʜʣʘʛʘʣʦʩʴ 4 

ʦʜʠʥʘʢʦʚʳʭ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʟʘʜʘʯʠ, ʢ ʢʦʪʦʨʳʤ ʪʨʝʙʦʚʘʣʦʩʴ ʟʘʛʨʫʟʠʪʴ ʦʪʚʝʪʳ ʠ 

ʨʝʰʝʥʠʷ, ʧʨʠʯʝʤ ʦʮʝʥʢʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʨʢʠ ʨʝʰʝʥʠʡ. 

ʏʘʩʪʴ I (ʧʨʦʚʝʨʷʶʪʩʷ ʦʪʚʝʪʳ), ʧʨʠʤʝʨ ʚʘʨʠʘʥʪʘ: 

ɺʦʧʨʦʩ 1 (7 ʙʘʣʣʦʚ): 

ʅʘʜ ʧʦʩʪʦʷʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʧʨʦʠʟʚʝʣʠ ʧʨʦʮʝʩʩ 1-2-3-4-1, ʜʠʘʛʨʘʤʤʘ 

ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʜʘʚʣʝʥʠʝ-ʦʙʲʝʤ. ɺʳʯʠʩʣʠʪʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʪʳ, ʢʦʪʦʨʳʤ ʛʘʟ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʙʤʝʥʷʣʩʷ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʪʝʣʘʤʠ, ʝʩʣʠ p0 = 50 ʢʇʘ, 

ʘ V0 = 3 ʣ.  ʆʪʚʝʪ ʟʘʧʠʰʠʪʝ ʚ ɼʞ, ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ (Q>0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʛʘʟʦʤ 

ʪʝʧʣʦʪʳ), ʙʝʟ ʫʢʘʟʘʥʠʷ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ. 

 
ʆʪʚʝʪ:  0. 

ʂʦʤʤʝʥʪʘʨʠʡ: ʉʦʛʣʘʩʥʦ I ʅʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, UAQ D+= . ɺ ʮʠʢʣʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ 

0=DU , ʪʘʢ ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʛʘʟʦʤ ʪʝʧʣʦ ʨʘʚʥʦ ʩʦʚʝʨʰʝʥʥʦʡ ʠʤ ʨʘʙʦʪʝ, ʘ ʦʥʘ ʯʠʩʣʝʥʥʦ 

ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʢʦʥʪʫʨʘ ʧʨʦʮʝʩʩʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʜʘʚʣʝʥʠʝ-ʦʙʲʝʤ ʩ ʫʯʝʪʦʤ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʙʭʦʜʘ. ɿʜʝʩʴ ʢʦʥʪʫʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ ʨʘʚʥʦʡ ʧʣʦʱʘʜʠ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʙʭʦʜʘ, ʪʘʢ ʯʪʦ 0==AQ .  

 

ɺʦʧʨʦʩ 2 (9 ʙʘʣʣʦʚ): 

ʅʘ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʣʝʛʢʠʭ ʧʨʫʞʠʥʘʭ ʞʝʩʪʢʦʩʪʴʶ k = 300 ʅ/ʤ ʩʠʤʤʝʪʨʠʯʥʦ ʧʦʜʚʝʰʝʥʘ 

ʜʣʠʥʥʘʷ ʦʜʥʦʨʦʜʥʘʷ ʜʦʩʢʘ ʤʘʩʩʳ 2 ʢʛ. ʊʦʯʥʦ ʥʘʜ ʮʝʥʪʨʦʤ ʤʘʩʩ ʜʦʩʢʠ ʥʘ ʥʝʡ ʣʝʞʠʪ 

ʤʘʣʝʥʴʢʠʡ ʧʦ ʨʘʟʤʝʨʘʤ ʛʨʫʟ ʤʘʩʩʦʡ m = 1 ʢʛ. ʅʘʡʜʠʪʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʦʟʤʦʞʥʫʶ ʘʤʧʣʠʪʫʜʫ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʵʪʦʡ ʩʠʩʪʝʤʳ ʚ ʦʪʩʫʪʩʪʚʠʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʟʜʫʭʘ. ʋʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 10 ʤ/ʩ
2
. ʆʪʚʝʪ ʟʘʧʠʰʠʪʝ ʚ ʩʤ, ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʮʝʣʦʛʦ ʟʥʘʯʝʥʠʷ, ʙʝʟ ʫʢʘʟʘʥʠʷ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ. 

ʆʪʚʝʪ: 5. 



ʂʦʤʤʝʥʪʘʨʠʡ: ʊʘʢ ʢʘʢ ʧʨʫʞʠʥʳ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ɻʫʢʘ (ʟʘʜʘʥʦ k), ʢʦʣʝʙʘʥʠʷ  

ʚʝʨʪʠʢʘʣʴʥʳ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʥʝʪ, ʪʦ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ ʛʘʨʤʦʥʠʯʥʦʩʪʠ 

ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʦʪʨʳʚ ʛʨʫʟʘ ʦʪ ʜʦʩʢʠ (ʫ ʛʨʫʟʘ ʧʦʷʚʣʷʝʪʩʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʘʷ 

ʬʘʟʘ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ).ʆʪʨʳʚ ʧʨʦʠʟʦʡʜʝʪ, ʝʩʣʠ ʜʦʩʢʘ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʚʥʠʟ ʩ ʫʩʢʦʨʝʥʠʝʤ, 

ʧʨʝʚʳʰʘʶʱʠʤ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʣʦʚʠʝ ʛʘʨʤʦʥʠʯʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ï ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʫʩʢʦʨʝʥʠʷ gam¢ . ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʷʭ mm xa 2w= , ʘ ʢʚʘʜʨʘʪ ʮʠʢʣʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʜʦʩʢʠ 

ʩ ʛʨʫʟʦʤ ʥʘ ʧʘʨʝ ʧʨʫʞʠʥ 
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ʚʦʟʤʦʞʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʦʧʠʩʘʥʥʦʡ ʩʠʩʪʝʤʳ  
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ɺʦʧʨʦʩ 3 (9 ʙʘʣʣʦʚ): 

ɺ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪʢʘʯʘʥ ʚʦʟʜʫʭ ʠ ʨʘʟʤʝʱʝʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʘʷ 

ʯʘʩʪʘʷ ʩʝʪʢʘ, ʩʦʟʜʘʶʱʝʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʦʯʪʠ ʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 1000 ɺ/ʤ. ʂʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 2 

ʊʣ, ʧʨʠʯʝʤ ʣʠʥʠʠ ʠʥʜʫʢʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳ ʩʠʣʦʚr ʤ ʣʠʥʠʷʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʀʟ ʦʜʥʦʡ 

ʠʟ ʷʯʝʝʢ ʩʝʪʢʠ ʠʦʥʥʘʷ ʧʫʰʢʘ ʚʳʩʪʨʝʣʠʚʘʝʪ ʠʦʥ ʩ ʫʜʝʣʴʥʳʤ ʟʘʨʷʜʦʤ +6Ā10
6
 ʂʣ/ʢʛ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 1 ʢʤ/ʩ ʧʦʜ ʫʛʣʦʤ 20Á ʢ ʧʣʦʩʢʦʩʪʠ ʩʝʪʢʠ.  ʅʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʪʦʯʢʠ ʚʳʣʝʪʘ  

ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʠʦʥ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʥ ʚʧʝʨʚʳʝ ʚʥʦʚʴ ʦʢʘʞʝʪʩʷ ʚ ʧʣʦʱʘʜʠ ʩʝʪʢʠ? 

ʚʥʦʚʴ  ʆʪʚʝʪ ʟʘʧʠʰʠʪʝ  ʚ ʤʢʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʝʩʷʪʳʭ, ʙʝʟ ʫʢʘʟʘʥʠʷ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷ. 

ʆʪʚʝʪ: 99,0. 

ʂʦʤʤʝʥʪʘʨʠʡ: ʀʦʥ ʧʦʩʣʝ ʚʳʩʪʨʝʣʘ ʜʚʠʞʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ EqFE

CC
= , ʜʝʡʩʪʚʫʶʱʝʡ 

ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʩʠʣʳ ʃʦʨʝʥʮʘ ][ BvqFB

CCC
³= , ʧʨʠʯʝʤ ʧʝʨʚʘʷ ʚʩʝʛʜʘ 

ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʝʪʢʝ (ʠʦʥ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʢ ʩʝʪʢʝ), ʘ ʚʪʦʨʘʷ ï ʚ ʧʣʦʩʢʦʩʪʠ 

ʩʝʪʢʠ. ʇʦʵʪʦʤʫ ʜʚʠʞʝʥʠʷ ʠʦʥʘ ʚʜʦʣʴ ʦʩʠ z, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʝʪʢʝ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʩʪʨʝʣʘ, ʠ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʴ ʩʝʪʢʠ xy, ʧʨʦʠʩʭʦʜʷʪ ʥʝʟʘʚʠʩʠʤʦ: 
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ʧʣʦʩʢʦʩʪʴ xy ï ʣʘʨʤʦʨʦʚʩʢʦʝ ʚʨʘʱʝʥʠʝ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ 
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=w . ɿʥʘʯʠʪ, ʚʦʟʚʨʘʱʝʥʠʝ ʠʦʥʘ ʚ ʧʣʦʩʢʦʩʪʴ ʩʝʪʢʠ ʧʨʦʠʟʦʡʜʝʪ ʟʘ ʚʨʝʤʷ 

qE

mv
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)sin(2 0 a
= , ʠ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʝʛʦ ʧʨʦʝʢʮʠʠ ʧʦ ʣʘʨʤʦʨʦʚʩʢʦʡ ʦʢʨʫʞʥʦʩʪʠ 

. ʈʘʩʩʪʦʷʥʠʝ ʠʦʥʘ ʦʪ ʪʦʯʢʠ ʚʳʣʝʪʘ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʨʘʚʥʦ ʜʣʠʥʝ ʭʦʨʜʳ 

ʣʘʨʤʦʨʦʚʩʢʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʪʦʤʫ ʫʛʣʫ ʧʦʚʦʨʦʪʘ: 

ʤʢʤ. 

 

 


