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ʆץʫ ײץʨʘʣʳ çʕʣʝʢʪʨʪʝʭʥʠʢʘ ʥʝʛʽʟʜʝʨʽè ʞᴅʥʝ çʕʣʝʢʪʨʪʝʭʥʠʢʘ ʞᴅʥʝ ʵʣʝʢʪʨʦʥʠʢʘè ʞʘʣʧʳ 
ʢᴅʩʽʙʠ ʧᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘʣʳץ ʙʝʡʽʥʜʽʢ ʤʘʤʘʥʜʳץʪʘʨʳʥʳש ʪʦʧʪʘʨʳ װʰʽʥ ʦʨʪʘ ʢᴅʩʽʙʠ 
ʙʽʣʽʤ ʙʝʨʫʜʽש ʌʝʜʝʨʘʣʜʳ ʤʝʤʣʝʢʝʪʪʽʢ ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʳʥʘ ʩʘʡ ᴅʟʽʨʣʝʥʛʝʥ.  

ɹײʣ ʦץʫ ײץʨʘʣʳçʕʣʝʢʪʨʪʝʭʥʠʢʘè ʧᴅʥʽʥʽש ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʙʦʡʳʥʰʘ ʪʦʣʳץ ʰʝʰʽʤʜʝʨʽ ʙʘʨ 
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ɾʠʥʘץץʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʜʘ, ʵʣʝʢʪʨʦʥʠʢʘʜʘ, ʨʘʜʠʦʪʝʭʥʠʢʘ ʞᴅʥʝ ʘʚʪʦʤʘʪʠʢʘʜʘ ʤʘשʳʟסʘ ʠʝ 
ʝʩʝʧʪʝʨ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ, ץʦʥʜʳʨסʳʣʘʨʜʳש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʦʣʘʨʜʘסʳ ʘץʘʫʣʘʨʜʳ ʪʘʙʫ, ʦʣʘʨʜʳ ʨʝʪʪʝʫ 
ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʪᴅʞʽʨʠʙʝʣʽʢ ʽʩ-ᴅʨʝʢʝʪʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ʝʩʝʧʪʝʨ ץʘʤʪʳʣסʘʥ.  

ʆʨʪʘ ʢᴅʩʽʙʠ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʽש ʩʪʫʜʝʥʪʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ.  
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ɸʃנʓ ʉᴆɿ 

 

ʆʩʳ ʦץʫ ײץʨʘʣʳ ʈʝʩʝʡ ʌʝʜʝʨʘʮʠʷ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʙʝʨʫʜʽש ʌʝʜʝʨʘʣʜʳץ 

ʘʛʝʥʪʪʽʛʽ ʦʨʪʘ ʢᴅʩʽʙʠ ʙʽʣʽʤ ʙʝʨʫʜʽס שʳʣʳʤ-ᴅʜʽʩʪʝʤʝʣʽʢ ʦʨʪʘʣʳסʳʤʝʥ (נᴄʆ 

ʆʂɹɹ) ײʩʳʥʳʣסʘʥ ʦʨʪʘ ʢᴅʩʽʙʠ ʙʽʣʽʤ ʙʝʨʫʜʽש (ʆʂɹɹ) ʪʝʭʥʠʢʘʣʳץ ʙʝʡʽʥʜʽʢ 

ʤʘʤʘʥʜʳץʪʘʨʳ װʰʽʥ çʕʣʝʢʪʨʪʝʭʥʠʢʘè ʧᴅʥʽʥʽש ʙʘסʜʘʨʣʘʤʘʩʳʥʘ ʩʘʡ 

ᴅʟʽʨʣʝʥʛʝʥ.  

ɽʩʝʧʪʝʨ ʞʠʥʘסʳʥʳש ʤʘץʩʘʪʳ ʩʪʫʜʝʥʪʪʝʨʛʝ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘʣʳץ ʝʩʝʧʪʝʨʜʽ 

ʰʝʰʫʜʽש ʪʝʦʨʠʷʩʳʥ ʞᴅʥʝ ᴅʜʽʩʪʝʨʽʥ ʤʝשʛʝʨʫʜʝ ʢᴇʤʝʢʪʝʩʫʜ ̔ʢᴇʟʜʝʡʜʽ.  

ɾʠʥʘץ ʵʣʝʢʪʨʣʽʢ ʞᴅʥʝ ʤʘʛʥʠʪʪʽʢ ᴇʨʽʩʪʝʨʜʽ ʝʩʝʧʪʝʫʜʽש ᴅʜʽʩʪʝʨʽ, ʪײʨʘץʪʳ 

ʞᴅʥʝ ʘʫʳʩʧʘʣʳ ʪʦʢʪʳש ʩʳʟʳץʪʳ ʞᴅʥʝ ʩʳʟʳץʪʳ ʝʤʝʩ ʵʣʝʢʪʨʣʽʢ ʞᴅʥʝ 

ʤʘʛʥʠʪʪʽʢ ʪʽʟʙʝʢʪʝʨʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʪײʨʘץʪʳ ʞᴅʥʝ ʘʫʳʩʧʘʣʳ ʪʦʢʪʳש 

ʵʣʝʢʪʨʣʽʢ ʪʽʟʙʝʢʪʝʨʽʥʜʝʛʽ ʘʡʥʳʤʘʣʳ װʨʜʽʩʪʝʨʜʽ ʪʘʣʜʘʫ ʤʝʥ ʝʩʝʧʪʝʫʜʽש ʥʝʛʽʟʛʽ 

ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʝʩʝʧʪʝʨʽ ʙʘʨ ʦʥ ʪᴇʨʪ ʪʘʨʘʫʜʳ ץʘʤʪʠʜʳ.  

ʆץʫ ײץʨʘʣʳʥʳש ᴅʨʙʽʨ ʪʘʨʘʫʳ ʧᴅʥʥʽש ʪʝʦʨʠʷʩʳʥ, ʩᴅʡʢʝʩ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʘʧʧʘʨʘʪʪʳ ץʦʣʜʘʥʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʪʝʨʝש ʪװʩʽʥʫʛʝ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʜʝ 

ʪʝʦʨʠʷʣʳץ ʧʘʡʳʤʜʘʫʣʘʨʜʳ ץʦʣʜʘʥʫ ʙʽʣʽʢʪʽʣʽʢʪʝʨʽʥ ʤʝשʛʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʪʽʥ 

ʝʩʝʧʪʝʨʜʽ ʪʦʣʳץ ʰʝʰʫʜʝʥ ʙʘʩʪʘʣʘʜʳ. ʆʜʘʥ ᴅʨʽ ᴇʟʜʽʛʽʥʝʥ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ 

ʪʘʧʩʳʨʤʘʣʘʨ ʞᴅʥʝ ʩʦʣ ʪʘʧʩʳʨʤʘʣʘʨʜʳש ʞʘʫʘʧʪʘʨʳ ʙʘʨ. 

ʆץʫ ײץʨʘʣʳʥʜʘסʳ ʝʩʝʧʪʝʫʣʝʨ ʍʘʣʳץʘʨʘʣʳץ ʙʽʨʣʽʢʪʝʨ ʞװʡʝʩʽʥ (ʉʀ) 

  .ʘʥסʦʣʜʘʥʫʤʝʥ ʦʨʳʥʜʘʣץ (ʦʩʳʤʰʘ 1ץ)

ɾʠʥʘץʪʘסʳ ʩʭʝʤʘʣʘʨʜʘסʳ ʪʽʟʙʝʢ ʵʣʝʤʝʥʪʪʝʨʽ ʤʝʥ ʬʦʨʤʫʣʘʣʘʨʜʘסʳ 

ᴇʣʰʝʤʜʝʨʜʽש ʙʝʣʛʽʣʝʥʫʣʝʨʽ ʢʦʥʩʪʨʫʢʪʦʨʣʳײץ ץʞʘʪʪʘʤʘʣʘʨʜʳש ɹʽʨʪײʪʘʩ 

ʞװʡʝʩʽʥʝ ʞᴅʥʝ ISO (ʉʪʘʥʜʘʨʪʪʘʫ ʙʦʡʳʥʰʘ ʭʘʣʳץʘʨʘʣʳײ ץʡʳʤ) 

ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩʘʡ ʢʝʣʝʜʽ. 

ɾʠʥʘץʪʘ ʝʩʝʧʪʝʨʜʽש ʪᴅʞʽʨʠʙʝʣʽʢ ʙʘסʳʪʳʥʘ ʢᴇʧ ʢᴇשʽʣ ʙᴇʣʽʥʛʝʥ. ɾʠʥʘץץʘ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘʜʘ, ʵʣʝʢʪʨʦʥʠʢʘʜʘ, ʨʘʜʠʦʪʝʭʥʠʢʘ ʞᴅʥʝ ʘʚʪʦʤʘʪʠʢʘʜʘס  r

ʤʘשʳʟʜʳ ʝʩʝʧʪʝʨ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ, ץʦʥʜʳʨסʳʣʘʨʜʳש ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ʦʣʘʨʜʘסʳ 

ʘץʘʫʣʘʨʜʳ ʪʘʙʫ, ʦʣʘʨʜʳ ʨʝʪʪʝʫ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʪᴅʞʽʨʠʙʝʣʽʢ ʽʩ-ᴅʨʝʢʝʪʪʝʨʛʝ 

ʙʘʡʣʘʥʳʩʪʳ ʝʩʝʧʪʝʨ ץʘʤʪʳʣסʘʥ. 

ʆץʫ ײץʨʘʣʳ ʪʝʭʥʠʢʘʣʳץ ʙʝʡʽʥʜʽʢ ʤʘʤʘʥʜʳץ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʘʣʘʪʳʥ ʦʨʪʘ 

ʢᴅʩʽʙʠ ʙʽʣʽʤ ʙʝʨʫ ʤʝʢʝʤʝʣʝʨʽʥʽש ʩʪʫʜʝʥʪʪʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʞᴅʥʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘ, ʵʣʝʢʪʨʦʥʠʢʘ, ʨʘʜʠʦʪʝʭʥʠʢʘ, ʘʚʪʦʤʘʪʠʢʘ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʘʣʳץ ʙʘסʳʪʪʘʨ ʙʦʡʳʥʰʘ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘʣʳײץ ץʨʳʣסʳʣʘʨʜʳ 

ʞʦʙʘʣʘʫ ʤʝʥ ʵʢʩʧʣʫʘʪʘʮʠʷʣʘʫ ʩʘʣʘʩʳʥʳש ʤʘʤʘʥʜʘʨʳʥʘ ʜʘ ʧʘʡʜʘʩʳʥ ʪʠʛʽʟʫʽ 

ʤװʤʢʽʥ.  
 

 

 

 

 

 

 

 

 

 

 

 



1 ʊɸʈɸʋ 

 

 

ʕʃɽʂʊʈʆʉʊɸʊʀʂɸʃʓפ ᴆʈɯʉ 

 

1.1. ʅװʢʪʝʣʽʢ ʟʘʨʷʜʪʳש ʵʣʝʢʪʨ ᴇʨʽʩʽ 

1.1 ʝʩʝʧ. ɿʘʨʷʜʪʘʣסʘʥ ʰʳʥʳ ʪʘʷץʰʘʥʳש ʟʘʨʷʜʪʘʣʤʘסʘʥ ץʘסʘʟ 

 ʩʽʥʜʽʨʫ. ɽʛʝʨ ʟʘʨʷʜʳ ʙʘʨ ʰʳʥʳװʠʳʥʜʳʣʘʨʳʥ ʥʝʣʽʢʪʝʥ ᴇʟʽʥʝ ʪʘʨʪʫʳʥ ʪץ

ʪʘʷץʰʘʥʳ ʰʳʥʳ ʟʘʨʷʜʳʥʘ ץʘʨʩʳ ʪʘשʙʘʩʳ ʙʘʨ ʟʘʪʧʝʥʝʥ ʘʣʤʘʩʪʳʨסʘʥʜʘ ʦʩʳ 

 ?ʘʣʘʜʳ ʤʘץʙʳʣʳʩ ʙʘʡײץ

ʐʝʰʽʤʽ. ɿʘʨʷʜʪʘʣסʘʥ ʜʝʥʝʥʽש ʤʘשʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʙʘʨʣʳץ ʜʝʥʝʣʝʨʜʽש 

ʠʥʜʫʢʮʠʷ ʘʨץʳʣʳ ʵʣʝʢʪʨʣʝʥʝʪʽʥʽ ʙʝʣʛʽʣʽ, ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʦʩʳ ʜʝʥʝʣʝʨʜʝʛʽ 

ʟʘʨʷʜʪʘʣסʘʥ ʝʨʢʽʥ ʙᴇʣʰʝʢʪʝʨ ʢʝʣʝʩʽʜʝʡ ʪװʨʜʝ ʪʘʨʘʣʘʜʳ: ʵʣʝʢʪʨʣʝʥʫʰʽ 

ʜʝʥʝʣʝʨʜʽש ʙʽʨ ʙᴇʣʽʛʽʥʜʝ ʙʽʨ ʪʘשʙʘʥʳש ʘʨʪʳץ ʟʘʨʷʜʪʘʨʳ ʰʦסʳʨʣʘʥʩʘ, ʙʘʩץʘ 

ʙᴇʣʽʛʽʥʜʝ ï ʙʘʩץʘ ʪʘשʙʘʣʳʩʳ.  

ᴄʩʝʨ ʝʪʫʰʽ ʟʘʨʷʜʪʘʣסʘʥ ʜʝʥʝʛʝ ʦʩʳ ʜʝʥʝʥʽש ʟʘʨʷʜ ʪʘשʙʘʩʳʥʘ ץʘʨʩʳ 

ʪʘשʙʘʩʳ ʙʘʨ ʟʘʨʷʜʪʘʨ ʦʨʥʘʣʘʩʘʜʳ. ɹʽʨ ʘʪʘʫʣʳ ʟʘʨʷʜʪʘʨ ʵʣʝʢʪʨʣʝʥʫʰʽ 

ʜʝʥʝʣʝʨʜʽש ʘʣʳʩ ʰʝʪʽʥʜʝ ʰʦסʳʨʣʘʥʘʜʳ. ɼʝʤʝʢ, ʙʘסʳʪʪʘʣסʘʥ ʟʘʨʷʜʪʘʨʳ ʙʘʨ 

ᴅʨʙʽʨ ʜʝʥʝ ʙʽʨ ʫʘץʳʪʪʘ ʪʘʨʪʳʣʘʜʳ, ʞᴅʥʝ ʟʘʨʷʜʪʘʣסʘʥ ʜʝʥʝʤʝʥ ʩʝʨʧʽʣʝʜʽ.  

ʂʫʣʦʥ ʟʘשʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʟʘʨʷʜʪʘʨʜʳש ᴅʨʝʢʝʪʪʝʩʫ ʢװʰʽ (ʤײʥʜʘ 

ʟʘʨʷʜʪʘʣסʘʥ ʜʝʥʝ ʤʝʥ ʙʘסʳʪʪʘʣסʘʥ ʟʘʨʷʜʪʘʨ) ʟʘʨʷʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ 

  :r ʢʚʘʜʨʘʪʳʥʘ ʢʝʨʽ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ שʪʳץʪʳץʘhʳץ

                                                                                                                            (1.1) 

ᴄʨʪװʨʣʽ ʘʪʘʫʣʳ ʟʘʨʷʜʪʘʨ ʟʘʨʷʜʪʘʣסʘʥ ʜʝʥʝʛʝ ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥʜʳץʪʘʥ, 

ʪʘʨʪʳʣʳʩ ʢװʰʪʝʨʽ ʩʝʨʧʽʣʽʩ ʢװʰʪʝʨʽʥʝʥ ʙʘʩʳʤ ʪװʩʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ 

çʟʘʨʷʜʪʘʣʤʘסʘʥè ʜʝʥʝʣʝʨ ʟʘʨʷʜʪʘʣסʘʥ ʜʝʥʝʣʝʨʤʝʥ ʪʘʨʪʳʣʘʜʳ.  

ɹײʣ ײץʙʳʣʳʩ ʢʝʟ-ʢʝʣʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ ʙʘʡץʘʣʘʜʳ, ʷסʥʠ, ᴅʩʝʨ ʝʪʫʰʽ 

ʟʘʨʷʜʪʘʣסʘʥ ʜʝʥʝʥʽש ʟʘʨʷʜ ʪʘשʙʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʤʝʩ.  

 

1.2 ʝʩʝʧ. תʣʢʝʥ ʢᴇʣʝʤʜʽ ʳʜʳʩץʘ ʨʘʜʠʫʩʳ Rh  =  1 ʩʤ ʙʦʣʘʪʳʥ ʦש 

ʟʘʨʷʜʪʘʣסʘʥ ʤʝʪʘʣʜʳץ ʰʘʨʠʢʪʽ ʦʨʥʘʣʘʩʪʳʨʜʳ. ʐʘʨʠʢʪʽש ʟʘʨʷʜʳ Q = 5-10
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ʂʣ (ʢʫʣʦʥ). ʆʩʳʜʘʥ ʢʝʡʽʥ ʳʜʳʩʪʘʥ ʘʫʘʥʳ ʩʦʨʳʧ ʘʣʜʳ, ʷסʥʠ ʚʘʢʫʫʤ ʪװʟʽʣʜʽ 

(ʚʘʢʫʫʤʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʛʽ ‐= 1). 

ʓʜʳʩʪʘ ʦʨʥʘʣʘʩץʘʥ ɸ, ɹ, ʞᴅʥʝ ɺ ʥװʢʪʝʣʝʨʽʥʜʝʛʽ (1.1ʘ-ʩʫʨʝʪ) ʞᴅʥʝ rɸ = 20 

ʩʤ, rɹ = 40 ʩʤ; rɺ = 60 ʩʤ  ʪʝץ שʘʰʳץʪʳץʪʘ ʰʘʨʠʢ ʮʝʥʪʨʽʥʝʥ (ʄ ʥװʢʪʝʩʽ) r 

 ,‚ ʢʝʨʥʝʫʣʽʛʽʥ שʘʥ ʧʦʪʝʥʮʠʘʣʜʳ ű ʞᴅʥʝ ʵʣʝʢʪʨʣʽʢ ᴇʨʽʩʪʽסʘ ʘʣʳʩʪʘʣץץʪʳץʘʰrץ
ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʥװʢʪʝʣʝʨʛʝ ʢʝʟʝʢʪʝʩʽʧ ʦʨʥʘʣʘʩʪʳʨʳʣʘʪʳʥ ᴇʨʽʩʪʽש 

q= 5-10
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 ʂʣ ʥװʢʪʝʣʽ ʟʘʨʷʜץʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʢװʰʽʥ F ʝʩʝʧʪʝשʽʟ. r 

 F ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽʥ שʰʪʽװʢʝʨʥʝʫʣʽʛʽ ‚ ʤʝʥ ʢ שʳʥʘ ᴇʨʽʩʪʽסʪʳץʪʳץʘʰʳץ

ʪײʨסʳʟʳשʳʟʜʘʨ.  

ʂʝʨʥʝʫʣʽʢʢʝ, ʟʘʨʷʜʪʘʣסʘʥ ʰʘʨʠʢʪʽש ʧʦʪʝʥʮʠʘʣʳ ʤʝʥ ᴇʨʽʩ ʢװʰʽʥʝ ʦʩʳ 

ʟʘʨʷʜ ʪʘשʙʘʩʳʥʳש ᴇʟʛʝʨʫʽ ץʘʣʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʜʽʛʽʥ ʘʥʳץʪʘʫ. ʄ ʥװʢʪʝʩʽʥʜʝ (r = 

0) ʞᴅʥʝ ʟʘʨʷʜʪʘʣסʘʥ ʰʘʨʠʢʪʽש ʙʝʪʽʥʜʝ ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽʥ ʪʘʙʫ. ɽʛʝʨ ʳʜʳʩʪʳ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʛʽ ‐= 2,25 ʙʦʣʘʪʳʥ ʤʠʥʝʨʘʣʜʳ ʤʘʡʤʝʥ =
pee20

.
4

Qq
F

r



ʪʦʣʪʳʨסʘʥʜʘ, ʦʥʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʥװʢʪʝʣʝʨʜʝʛʽ ʢʝʨʥʝʫʣʽʢ, ʧʦʪʝʥʮʠʘʣ ʞᴅʥʝ 

ᴇʨʽʩʪʽש ʢװʰʽʥ ץʘʣʘʡ ᴇʟʛʝʨʝʪʽʥʜʽʛʽʥ ʘʥʳץʪʘʫ.  

ʐʝʰʽʤʽ. 1. ɺʘʢʫʫʤʜʝʛʽ ʰʘʨʠʢ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽʥ 

ʘʥʳץʪʘʫ. פʘʨʘʩʪʳʨʳʣʫʰʳ ʞʘסʜʘʡʜʘ ᴇʨʽʩʪʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʥװʢʪʝʣʽ ʟʘʨʷʜ 

ʜʝʧ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ, ʩʝʙʝʙʽ ʦʥʳש ʩʳʟʳץʪʳץ ᴇʣʰʝʤʜʝʨʽ ɸ,ɹ,ɺ ʥװʢʪʝʣʝʨʽʥʝ 

ʜʝʡʽʥʛʽ ʘʨʘץʘʰʳץʪʳץʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʟ (ɸ ʞʘץʳʥʜʘʪʳʣסʘʥ ʥװʢʪʝʩʽ rɸ = 20 

ʩʤ = 20 R  hץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ).ɼʝʤʝʢ, ʙʝʨʽʣʛʝʥ ʥװʢʪʝʣʝʨʜʝʛʽ ᴇʨʽʩʪʽש 

ʢʝʨʥʝʫʣʽʛʽʥ (1.1) ʬʦʨʤʫʣʘʩʳʥʘʥ ʘʣʳʥʘʪʳʥ ʥװʢʪʝʣʽ ʟʘʨʷʜʪʳש ʢʝʨʥʝʫʣʽʛʽʥʽש 

ʙʝʣʛʽʣʽ ʬʦʨʤʫʣʘʩʳʤʝʥ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ:  
 

                                                   (1.2.) 

ʤײʥʜʘסʳ‐ð ʦʨʪʘʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʛʽ; ‐0ð ʚʘʢʫʫʤʥʳש 

ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʛʽ (ʵʣʝʢʪʨʣʽʢ ʪײʨʘץʪʳ), ‐0=8,854 -10
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 ʌ/ʤ. 

ʆʥʜʘ (1.2) ʩʘʡ ɸ ʥװʢʪʝʩʽʥʜʝʛʽ ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽ 

 
 ᴇʣʰʝʤʜʝʨ ɸ ץʰʽʥ ʙʘʨʣʳװ ʢʪʝʣʝʨװʘʥ ʥסʘʣץ ʘץʪʘʥ ʙʘʩץʪʳץʘʰʳפ

ʥװʢʪʝʩʽʥʜʝʛʽʜʝʡ ץʘʣʘʪʳʥʜʳץʪʘʥ, ʙʳʣʘʡ ʞʘʟʳʣʘʜʳ:  

 

 

 
1.1-ʩʫʨʝʪ. Q ʥװʢʪʝʣʽ ʟʘʨʷʜʳʥʳש ᴇʨʽʩʽ: 

ʘ ð Q ʟʘʨʷʜʳʥʳש ʦש ʪʘשʙʘʩʳ ʢʝʟʽʥʜʝʛʽ ᴇʨʽʩʪʽש ʩʫʨʝʪʽ; ʙ ð r ץʘʰʳץʪʳץʪʳסʳʥʘ ᴇʨʽʩʪʽש 

ʢʝʨʥʝʫʣʽʛʽ Q ʤʝʥ ʢװʰʪʽש  ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ; ʚ ð ɸ,ɹ,ɺ ʥװʢʪʝʣʝʨʽʥʝʥ ᴇʪʝʪʽʥ ʪʝש 

ʧʦʪʝʥʮʠʘʣʜʳ ʩʳʟʳץʪʘʨ; ʛ ð Q ʟʘʨʷʜʳʥʳש ʪʝʨʽʩ ʪʘשʙʘʩʳ ʢʝʟʽʥʜʝʛʽ ᴇʨʽʩʪʽש ʩʫʨʝʪʽ. 

  .ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ 1.1ʙ-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ שʪʘʥ ʢʝʨʥʝʫʣʽʢʪʽץʪʳץʘʰʳפ

2. q ʟʘʨʷʜʳʥʘ ᴅʩʝʨ ʝʪʫʰʽ Q ʟʘʨʷʜʳʥʳש ᴇʨʽʩ ʢװʰʽʥ 

ʝʩʝʧʪʝʫ.Q ʟʘʨʷʜʳʥʳץ שʘʥʜʘʡ ʜʘ ʙʽʨ ʥװʢʪʝʩʽʥʜʝʛʽ ʢʝʨʥʝʫʣʽʢ‚ ï ʙʽʨʣʽʢʪʽ 
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ɸ 12 2

5 10
1124ɺ ʤ 1,124 ʢɺ ʤ.

4 1 8,854 10 0,2

-

-

Ö
x = = =

pÖ Ö Ö Ö
 ɸ

ɹ 2 2
ɹ ɸ

1124
281 ɺ ʤ 0,281 ʢɺ ʤ;

( ) (0,4 0,2)r r

x
x = = = =ɸ
ɺ 2 2

ɺ ɸ

 1124
125 ɺ ʤ 0,125 ʢɺ ʤ.

( ) (0,6 0,2)r r

x
x = = = =



ʩʳʥʘʤʘ ʟʘʨʷʜץʘ ᴅʩʝʨ ʝʪʫʰʽ ʢװʰ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʜʘ q ʟʘʨʷʜʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ F 

ʢװʰʽʥ (1.2) ʬʦʨʤʫʣʘʜʘʥ ʪʘʙʫסʘ ʙʦʣʘʜʳ:  

 
 

ʆʩʳʣʘʡʰʘ, ɸ, ɹ, ɺ ʥװʢʪʝʣʝʨʽʥʜʝʛʽ ᴇʨʽʩ ʢװʰʽʥʽש ʤᴅʥʜʝʨʽ  (1.3) ʬʦʨʤʫʣʘ 

ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʝʜʽ:  

 
ᴄʨʪװʨʣʽ ʥװʢʪʝʣʝʨʜʝʛʽ ʢʝʨʥʝʫ ʤʝʥ ʢװʰ ʘʨʘʩʳʥʜʘסʳ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳץ 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʙʽʨʜʝʡ ʙʦʣסʘʥʜʳץʪʘʥ (q -סʘ ʪʝש), ʦʥʜʘ mF = ά q 

ʤʘʩʰʪʘʙʳʥʜʘ ʪײʨסʳʟʳʣסʘʥ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽ F(r)- ‚(r) ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽʥʝ 
ʩʘʡ ʢʝʣʝʜʽ.  

1.1 ʘ-ʩʫʨʝʪʪʝ Q ʟʘʨʷʜʳʥʳש ᴅʨʪװʨʣʽ ᴇʨʽʩ ʥװʢʪʝʣʝʨʽʥʜʝʛʽ ʢʝʨʥʝʫ ʤʝʥ 

ʢװʰʪʽש ʚʝʢʪʦʨʣʘʨʳ ʢᴇʨʩʝʪʽʣʛʝʥ (ʩᴅʡʢʝʩ ʤʘʩʰʪʘʙʪʘʨʜʘ). ʂʝʨʥʝʫʣʽʢ 

ʚʝʢʪʦʨʣʘʨʳʥʳש ʙʘסʳʪʪʘʨʳ ʟʝʨʪʪʝʣʫʰʽ ʥװʢʪʝʣʝʨʛʝ ʦʡʰʘ ʩʘʣʳʥʘʪʳʥ ʦש 

ʩʳʥʘʤʘ ʟʘʨʷʜץʘ ᴅʩʝʨ ʝʪʫʰʽ ʢװʰʪʝʨʜʽש ʚʝʢʪʦʨʣʘʨʳ ʙʘסʳʪʪʘʨʳʥʘ ʩʘʡ ʢʝʣʝʜʽ. 

ɽʩʝʧʪʽש ʰʘʨʪʳ ʙʦʡʳʥʰʘ q ʟʘʨʷʜʳʥʳש ʪʘשʙʘʩʳ ʦש ʙʦʣסʘʥʜʳץʪʘʥ, ʟʝʨʪʪʝʣʫʰʽ 

ʥװʢʪʝʣʝʨʜʝʛʽ q ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʢװʰ ʚʝʢʪʦʨʣʘʨʳʥʳש ʙʘסʳʪʳ Q 

ʟʘʨʷʜʳʥʳש ᴇʨʽʩ ʢʝʨʥʝʫʣʽʢʪʝʨʽʥʽש ʚʝʢʪʦʨʣʘʨʳ ʙʘסʳʪʪʘʨʳʥʘ ʩʘʡ ʢʝʣʝʜʽ.  

ʄɸɹɺ ʪװʟʫʽ ʢʝʨʥʝʫʣʽʢ ʚʝʢʪʦʨʳʥʳש ʙʽʨ ʩʳʟʳסʳ ʥʝʤʝʩʝ Q ʟʘʨʷʜʳ 

ᴇʨʽʩʽʥʽש ʢװʰʪʽʣʽʢ ʩʳʟʳסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʈʘʜʠʫʩʪʘʨʳʥʳש ʙʘסʳʪʪʘʨʳ 

ʙʦʡʳʥʰʘ ʰʘʨʠʢ ᴇʨʽʩʽʥʽש ʙʘʩץʘ ʜʘ ʢװʰʪʽʣʽʢ ʩʳʟʳץʪʘʨʳʥ ʪײʨסʳʟʫסʘ ʙʦʣʘʜʳ. Q 

ʟʘʨʷʜʳ ʦש ʙʦʣסʘʥʜʳץʪʘʥ, ʢʝʨʥʝʫʣʽʢ ʚʝʢʪʦʨʣʘʨʳʥʳש ʙʘʨʣʳץ ʩʳʟʳץʪʘʨʳ 

(ᴇʨʽʩʪʽש ʢװʰʪʽʣʽʢ ʩʳʟʳץʪʘʨʳ) ʟʘʨʷʜʪʳש ʦʨʥʘʣʘʩʫ ʥװʢʪʝʩʽʥʜʝ ʙʘʩʪʘʣʘʜʳ ʞᴅʥʝ 

ʰʝʢʩʽʟʜʽʢʢʝ ʙʘסʳʪʪʘʣסʘʥ.  

3. ʇʦʪʝʥʮʠʘʣʜʘʨ ʤʝʥ ʢʝʨʥʝʫ ʘʥʳץʪʘʫ. ʊʝש ʧʦʪʝʥʮʠʘʣ 

ʩʳʟʳסʳʥ ʪײʨסʳʟʫ. ʂʝʣʝʩʽʜʝʡ ʞʦʨʘʤʘʣʜʘʨʜʳ ץʘʙʳʣʜʘʡ ʦʪʳʨʳʧ 

 ʰʘʤʜʘʡʤʳʟ: ʳʜʳʩ ʧʝʥ ᴇʨʽʩ ʟʘʨʷʜʳʥ ʰʝʢʪʝʫʩʽʟ ʜʝʧץʩʘʪʪʳ ʳץʘʥ ʤʘסʦʡʳʣץ

ʝʩʝʧʪʝʧ, ʰʝʢʩʽʟ ʘʣʳʩʪʘʣסʘʥ ʥװʢʪʝʥʽש ʧʦʪʝʥʮʠʘʣʳʥ ʥᴇʣʛʝ ʪʝש ʜʝʧ ʘʣʳʥʘʜʳ. 

ʄײʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ Q ʟʘʨʷʜʳ ᴇʨʽʩʽʥʽש ʢʝʟ ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥʜʝʛʽ ʧʦʪʝʥʮʠʘʣʳʥ 

• ʤr ʥʘ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ:  

 
(1.2) ʞᴅʥʝ (1.4) ʬʦʨʤʫʣʘʣʘʨʳʥ ʩʘʣʳʩʪʳʨʫʜʘʥ ʘʣʳʥʘʜʳ 

 
 

 (1.5) ʬʦʨʤʫʣʘʩʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʘʣʳʥʘʜʳ:  

 
Q ʟʘʨʷʜʳʥʳש ʩʬʝʨʘʣʳץ ʩʠʤʤʝʪʨʠʷʩʳ ʤʝʥ ʦʥʳʤʝʥ ʪʫʳʥʜʘʡʪʳʥ ɸ,ɹ,ɺ 
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ʥװʢʪʝʣʝʨʽʥʝʥ ᴇʪʫʰʽ ʟʘʨʷʜʪʘʣסʘʥ ʰʘʨʠʢʪʽש ʙʝʪʽʥʜʝʛʽ ʵʢʚʠʧʦʪʝʥʮʠʘʣʜʳ (ʪʝש 

ʧʦʪʝʥʮʠʘʣʜʳ) ᴇʨʽʩʪʝʨ ʮʝʥʪʨʽ  ʄ ʥװʢʪʝʩʽ ʙʦʣʘʪʳʥ ʰʘʨʜʳש ʬʦʨʤʘʩʳ ʤʝʥ 

ʩᴅʡʢʝʩʽʥʰʝ  ʨʘʜʠʫʩʪʘʨʳʥʘ ʠʝ.  

1.1 ʚ-ʩʫʨʝʪʽʥʜʝʛʽ ʞʘʟʳץʪʳץʪʘ ʪʝש ʧʦʪʝʥʮʠʘʣʜʳ ʩʳʟʳץʪʘʨ ʘʣʳʥʘʜʳ - 

ʮʝʥʪʨʽʥʜʝ ʄ ʥװʢʪʝʩʽ ʞᴅʥʝ RA, Rɹ ʤʝʥ RB ʨʘʜʠʫʩʪʘʨʳ ʙʘʨ ʰʝשʙʝʨʣʝʨ. 

ᴆʨʽʩʪʽש ʢʝʟ-ʢʝʣʛʝʥ ʝʢʽ ʥװʢʪʝʩʽ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢ ץʘʨʘʩʪʳʨʳʣʫʰʳ 

ʥװʢʪʝʣʝʨ ʧʦʪʝʥʮʠʘʣʜʘʨʳʥʳש ʘʡʳʨʤʘʩʳ ʪװʨʽʥʜʝ ʘʥʳץʪʘʣʘʜʳ, ʤʳʩʘʣʳ: 

 
4. Q ʟʘʨʷʜʳ ʪʘשʙʘʩʳʥʳש ʢʝʨʥʝʫʣʽʢ ʧʝʥ ᴇʨʽʩ ʢװʰʽʥʝ ᴅʩʝʨʽʥ 

ʙʘסʘʣʘʫ. Q ʟʘʨʷʜʳʥʳש ʙʝʨʽʣʛʝʥ ʪʘשʙʘʩr ʥ ᴇʟʛʝʨʪʢʝʥʜʝ ᴇʨʽʩʪʽש ʩʫʨʝʪʽ ʜʝ 

ᴇʟʛʝʨʝʜʽ (1.1ʛ-ʩʫʨʝʪ). פʘʨʘʩʪʳʨʳʣʫʰʳ ʥװʢʪʝʛʝ ʢʝʨʥʝʫ ʙʘסʳʪʳʥ ʘʥʳץʪʘʫ װʰʽʥ 

ʦש ʪʘשʙʘʩʳ ʙʘʨ ʩʳʥʘʤʘ ʟʘʨʷʜʪʳ ʦʨʥʘʣʘʩʪʳʨסʘʥʜʳץʪʘʥ, ʢʝʨʥʝʫ 

ʚʝʢʪʦʨʣʘʨʳʥʳש ʙʘסʳʪʳ ʤʝʥ ʜʝʤʝʢ, ᴇʨʽʩʪʽש ʢװʰʪʽʣʽʢ ʩʳʟʳץʪʘʨʳ ץʘʨʘʤʘ-

 ʪʘʨʳ ʰʝʢʩʽʟʜʽʢʪʝʥ ʙʘʩʪʘʣʘʜʳ ʞᴅʥʝ -Qץʘ ᴇʟʛʝʨʝʜʽ: ʢʝʨʥʝʫʣʽʢ ʩʳʟʳץץʘʨʩʳʣʳץ

ʪʝʨʽʩ ʟʘʨʷʜʳʥʳש ʦʨʥʘʣʘʩʫ ʥװʢʪʝʩʽʥʜʝ ʘʷץʪʘʣʘʜʳ. -Q ʟʘʨʷʜʳ ʢװʰʪʽʣʽʢ 

ᴇʨʽʩʪʝʨʽʥʽש ʢᴇʨʩʝʪʽʣʛʝʥ ʥװʢʪʝʣʝʨʛʝ ʢʝʟʝʢʪʝʩʽʧ ʦʨʥʘʣʘʩʪʳʨʳʣʘʪʳʥ q ʥװʢʪʝʣʽʢ 

ʟʘʨʷʜʪʘʨʳʥʘ ᴅʩʝʨ ʝʪʫʰʽ ʚʝʢʪʦʨʣʘʨʳʥʳש ʙʘסʳʪʪʘʨʳ ʢʝʨʥʝʫʣʽʢ ʚʝʢʪʦʨʣʘʨʳʥʳש 

ʙʘסʳʪʪʘʨʳʥʘ ʩʘʡ ʢʝʣʝʜʽ, ʩʝʙʝʙʽ ʝʩʝʧʪʽש ʰʘʨʪʳ ʙʦʡʳʥʰʘ q ʟʘʨʷʜʳʥʳש ʪʘשʙʘʩʳ 

ʜʘ ʦש.  

ʅװʢʪʝʜʝʛʽ ʵʥʝʨʛʠʷ ץʦʨʳʥ ʩʠʧʘʪʪʘʫʰʳ ʧʦʪʝʥʮʠʘʣʜʘ ʙʘסʳʪ ʝʤʝʩ, ʪʘשʙʘʩʳ 

ʙʘʨ. ɹʘʨʣʳץ ʢᴇʨʩʝʪʽʣʛʝʥ ʥװʢʪʝʣʝʨʜʽש ʧʦʪʝʥʮʠʘʣʜʘʨʳ ʰʝʢʩʽʟ ʘʣʳʩʪʘʣסʘʥ 

ʥװʢʪʝʣʝʨ ʧʦʪʝʮʥʠʘʣʳʥʘ ץʘʪʳʩʪʳ ʪʘשʙʘʥʳ ץʘʨʘʤʘ-ץʘʨʩʳʣʳץץʘ ᴇʟʛʝʨʪʝʜʽ.  

ʄײʥʜʘסʳ ʘʣʜʳʥʜʘʨʳ ʝʩʝʧʪʝʣʛʝʥ ʙʘʨʣʳץ ᴇʣʰʝʤʜʝʨ ʤᴅʥʽ ᴇʟʛʝʨʽʩʩʽʟ ץʘʣʘʜʳ.  

5. ʐʘʨʠʢʪʽש ʄ ʥװʢʪʝʩʽʥʜʝ ʞᴅʥʝ  ʙʝʪʽʥʜʝʛʽ ᴇʨʽʩʪʽש 

ʢʝʨʥʝʫʣʽʛʽʥ ʘʥʳץʪʘʫ. ʈʘʜʠʫʩʳ ʢʽʰʽ ʙʦʣסʘʥʳʥʘ ץʘʨʘʤʘʩʪʘʥ ʤʝʪʘʣʜʳץ 

ʰʘʨʠʢʪʝ ʟʘʨʷʜʪʘʨ ʙʝʪʽʥʜʝ ʦʨʥʘʣʘʩʘʜʳ, ʩʦʥʜʳץʪʘʥ ʰʘʨʠʢ ʮʝʥʪʨʽʥʜʝ (ʄ 

ʥװʢʪʝʩʽʥʜʝ) ʟʘʨʷʜ ʥᴇʣʛʝ ʪʝש ʞᴅʥʝ ᴇʨʽʩʪʽ ʪʫʳʥʜʘʪʧʘʡʜʳ, ̫  .ʥʠ  ɝʄ = 0ס

ʐʘʨʠʢʪʽש ʙʝʪʽʥʜʝ ʦʥʳש ʩʠʤʤʝʪʨʠʷʣʘʥʫ ʞᴅʥʝ ʙʝʪ ʙʦʡʳʥʜʘ ʟʘʨʷʜʪʳ ʪʝʧʝ-ʪʝש 

ʪʘʨʘʣʫʳ ʞʘסʜʘʡʣʘʨʳʥʜʘ ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ r =RIII  ʢʝʟʽʥʜʝ 

ʥװʢʪʝʣʽʢ ʟʘʨʷʜʪʳש ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽʥ ʘʥʳץʪʘʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʬʦʨʤʫʣʘʥʳ 

  :ʘ ʙʦʣʘʜʳסʦʣʜʘʥʫץ (1.2)

 

 
 

6. ᴆʨʽʩ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʦʨʪʘʥʳש ᴅʩʝʨʽʥ 

ʙʘסʘʣʘʫ.ɼʠʵʣʝʢʪʨʠʢ ᴇʨʽʩʪʽ ᴅʣʩʽʨʝʪʝʪʽʥʽ ʙʝʣʛʽʣʽ. ɼʠʵʣʝʢʪʨʠʢʪʝʛʽ ʥװʢʪʝʣʽʢ 

ʟʘʨʷʜʪʳש ʢʝʨʥʝʫʣʽʛʽʥ, ᴇʨʽʩʪʽש ʢװʰʽ ʤʝʥ ʧʦʪʝʥʮʠʘʣʳʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ 

ʚʘʢʢʫʤʜʝ ʦʨʥʘʣʘʩץʘʥʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʜʠʵʣʝʢʪʨʠʢʪʽש ʵʣʝʢʪʨʣʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʤʝʥ ï ὑ ʩʘʣʳʩʪʳʨʤʘʣʳ ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʛʽ ʢᴇʤʝʛʽʤʝʥ 

(1.1)...(1.5) ʬʦʨʤʫʣʘʣʘʨʜʘ ʝʩʢʝʨʽʣʝʜʽ.  

 ʜʠʵʣʝʢʪʨʣʽʢ שʘʨʘʩʪʳʨʳʣʫʰʳ ʝʩʝʧʪʝ ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʛʽ ʚʘʢʫʫʤʥʳפ

ᴇʪʽʤʜʽʣʽʛʽʥʝʥ 2,25 ʝʩʝʛʝ ʢᴇʧ ʤʠʥʝʨʘʣʜʳץ ʤʘʡʤʝʥ ʳʜʳʩʪʳ ʪʦʣʪʳʨסʘʥʜʘ 

 



ʙʘʨʣʳץ ʝʩʝʧʪʝʣʛʝʥ ʤᴅʥʜʝʨ 2,25 ʝʩʝʛʝ ʘʟʘʷʜʳ.  

 

1.2. ɹʽʨʥʝʰʝ ʥװʢʪʝʣʽʢ ʟʘʨʷʜʪʘʨʜʳש ʵʣʝʢʪʨ ᴇʨʽʩʽ 

 

1.3 ʝʩʝʧ. ɸʫʘʜʘ ʙʽʨ-ʙʽʨʽʥʝʥ r1 =  5 ʩʤ ץʘʰʳץʪʳץʪʘ ʝʢʽ ʦש ʥװʢʪʝʣʽʢ 

ʟʘʨʷʜʪʘʨ ʦʨʥʘʣʘʩץʘʥ: Q1=  2 Å 10
-11

 ʂʣ ʞᴅʥʝQ2 =  3Å10
-11

 ʂʣ. 

Q1 ʟʘʨʷʜʳʥʘʥ r2= 3 ʩʤ, ʘʣ Q2 ʟʘʨʷʜʳʥʘʥ  r3= 4 ʩʤ  ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ɸ 

ʥװʢʪʝʩʽʥʜʝʛʽ ʟʘʨʷʜʪʘʨ ʞװʡʝʩʽʥʽש ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽʥ ʘʥʳץʪʘʫ (1.2ʘ-

ʩʫʨʝʪ).  

ɽʛʝʨ ʟʝʨʪʪʝʣʫʰʽ ʥװʢʪʝʛʝ ʩʘʣʳʥסʘʥ ʩʳʥʘʤʘ ʟʘʨʷʜ q= 2Ț10
-12

 ʂʣ 

ʙʦʣסʘʥʜʘסʳ ɸ ʥװʢʪʝʩʽʥʜʝʛʽ ʟʘʨʷʜʪʘʨ ʞװʡʝʩʽʥʽש ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʧʦʪʝʥʮʠʘʣʳʥ 

ʞᴅʥʝ ʙʽʨʽʢʢʝʥ ᴇʨʽʩ ʵʥʝʨʛʠʷʩʳʥʳץ שʦʨʳʥ ʝʩʝʧʪʝʫ.  

Q2 ʟʘʨʷʜʳʥʳש ʪʘשʙʘʩʳ ᴇʟʛʝʨʛʝʥʜʝʛʽ ɸ ʥװʢʪʝʩʽʥʜʝʛʽ ʢʝʨʥʝʫʣʽʢʪʽש, 

ʧʦʪʝʥʮʠʘʣʜʳש ʞᴅʥʝ ʵʥʝʨʛʠʷ ץʦʨʳ ʤᴅʥʜʝʨʽʥʽש ᴇʟʛʝʨʽʩʽʥ ʙʘסʘʣʘʫ (1.2 ʙ-ʩʫʨʝʪ). 

ʐʝʰʽʤʽ. 1. ɸ ʥװʢʪʝʩʽʥʜʝʛʽ ʟʘʨʷʜʪʘʨ ʞװʡʝʩʽʥʽש ʵʣʝʢʪʨ 

ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽʥ ʘʥʳץʪʘʫ (1.2ʘ-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). (1.2) ʬʦʨʤʫʣʘ 

ʙʦʡʳʥʰʘ ʩᴅʡʢʝʩʽʥʰʝ Q1 ʞᴅʥʝ Q2 ʟʘʨʷʜʪʘʨʳ ᴅʨץʘʡʩʳʩʳʥʳש ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש 

ʢʝʨʥʝʫʣʽʢ ʤᴅʥʜʝʨʽʥ ʪʘʙʘʤʳʟ:  

 
Q1 ʞᴅʥʝ Q2 ʟʘʨʷʜʪʘʨʳʥ ɸ ʥװʢʪʝʩʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ, ʪʫʨʘʜʘ 

ʦʨʥʘʣʘʩץʘʥ, ʞᴅʥʝ1.2 ʘ-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʙʘסʳʪץʘ ʠʝ, ʷסʥʠ ɸ ʥװʢʪʝʩʽʥʜʝʛʽ 

ᴅʨʙʽʨ ʟʘʨʷʜʪʘʨʜʳש ʢʝʨʥʝʫʣʽʢ ʙʘסʳʪʪʘʨʳʥʘ ʠʝ ɝ1 ʞᴅʥʝ ɝ2 ʚʝʢʪʦʨʣʘʨʳʥʳש 

ʢʝʨʥʝʫʣʽʢʪʝʨʽ ɸ ʥװʢʪʝʩʽʥʝ ʦʡʰʘ ʦʨʥʘʣʘʩʪʳʨʳʣʘʪʳʥ ʦש ʩʳʥʘʤʘ ʟʘʨʷʜץʘ ᴅʩʝʨ 

ʝʪʫʰʽ ʢװʰʪʝʨʜʽש ʙʘסʳʪʳʥʘ ʩʘʡ ʢʝʣʝʜʽ.  

ɸ ʥװʢʪʝʩʽʥʜʝʛʽ Q1ʞᴅʥʝ Q2 ʟʘʨʷʜʪʘʨ ʞװʡʝʩʽʥʽש ʥᴅʪʠʞʝʣʝʫʰʽ ʵʣʝʢʪʨ 

ᴇʨʽʩʽʥʽש ʤᴅʥʜʝʨʽʥ ᴅʨʙʽʨ ʟʘʨʷʜʧʝʥ ʙᴇʣʝʢ ʞʘʩʘʣʘʪʳʥ  ɝ1ʞᴅʥʝ ɝ2 ʚʝʢʪʦʨʣʘʨʳ 

ʢʝʨʥʝʫʣʽʢʪʝʨʽʥʽש ɝA ʛʝʦʤʝʪʨʠʷʣʳץ ץʦʩʳʥʜʳʩʳʥʘ ץʘʙʘʪʪʘʩʫ ᴅʜʽʩʽʤʝʥ 

ʘʥʳץʪʘʡʤʳʟ.  

 
1.2-ʩʫʨʝʪ. ɽʢʽ ʥװʢʪʝʣʽ ʟʘʨʷʜʪʘʨ ᴇʨʽʩʪʝʨʽʥʽש ʢʝʨʥʝʫʣʽʢʪʝʨʽ: 

ʘ ðQ1ʞᴅʥʝQ2ʦש ʟʘʨʷʜʪʘʨʳ; ʙ ðQ1ʦש ʞᴅʥʝQ2ʪʝʨʽʩ ʟʘʨʷʜʪʘʨʳ. 

 

ɾʘʣʧʳ ʘʣסʘʥʜʘ ʤᴅʥʜʽ ɝ1, ɝ2 ʞᴅʥʝ ɝɸ ʚʝʢʪʦʨʣʘʨʳʤʝʥ ʪװʟʽʣʛʝʥ, 

ʪʨʠʛʦʥʦʤʝʪʨʠʷʜʘ ʙʝʣʛʽʣʽ ʢʦʩʠʥʫʩʪʘʨ ʪʝʦʨʝʤʘʩʳʥ װʰʙײʨʳʰץʘ ץʦʣʜʘʥʘ 



ʦʪʳʨʳʧ, ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 

 
ʤײʥʜʘסʳ ɸ ð Q1AQ2 װʰʙײʨʳʰʳʥʳש r2 ʞᴅʥʝ r3 ʞʘץʪʘʨʳ ʘʨʘʩʳʥʜʘסʳ 

ʙײʨʳʰʪʘʨסʘ ʪʝש ɝ1 ʞᴅʥʝ ɝ2 ʚʝʢʪʦʨʣʘʨʳ ʘʨʘʩʳʥʜʘ ʙʝʢʽʪʽʣʛʝʥ ʙײʨʳʰ.  

ɸסʳʤʜʘסʳ ʤᴅʣʽʤʝʪʪʝʨʛʝ ʩʘʡ, 1.2 ʘ-ʩʫʨʝʪʪʝʛʽ Q1AQ2 װʰʙײʨʳʰʳ 

ʞʘץʪʘʨʜʳש r2:r3:r1= 3:4:5 ץʘʪʳʥʘʩʳʥʘ ʠʝ, ʜʝʤʝʢ ɸ ʰʳשʳʥʜʘ ʪʫʨʘ 

ʙײʨʳʰʳ ʙʘʨ ʇʠʬʘʛʦʨ װʰʙײʨʳʰʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɝ1 ʞᴅʥʝ ɝ2 ʚʝʢʪʦʨʣʘʨʳ 

ʘʨʘʩʳʥʜʘסʳ ʙײʨʳʰʳ ʙײʨʳʰʪʘʨʜʳש ʰʝʢʪʝʩʪʽʛʽ ʩʘʣʜʘʨʳʥʘʥ ʪʫʨʘ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ 

 
 

2. ɸ ʥװʢʪʝʩʽʥʜʝʛʽ ʟʘʨʷʜʪʘʨ ʞװʡʝʩʽʥʽש ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש 

ʧʦʪʝʥʮʠʘʣʳʥ ʝʩʝʧʪʝʫ.ɹᴇʣʝʢ ʥװʢʪʝʣʽʢ ʟʘʨʷʜʪʳש ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ץʘʨʘʩʪʳʨʘʡʳץ. ɽʛʝʨ Q ʦש ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש N 

ʥװʢʪʝʩʽʥʝ q  ʦש ʩʳʥʘʤʘ ʟʘʨʷʜʳʥ ʦʨʥʘʣʘʩʪʳʨסʘʥʜʘ, ʦʥʜʘ ʦסʘʥ (Q ʟʘʨʷʜʳʥʘ ʜʘ) 

(1.1) ʬʦʨʤʫʣʘʩʳʤʝʥ ʘʥʳץʪʘʣʘʪʳʥ ʢװʰ ᴅʩʝʨ ʝʪʝʜʽ:  

 
ʄײʥʜʘסʳ rN ð Q ʟʘʨʷʜʳʥʳש N ʥװʢʪʝʩʽʥʝ ʜʝʡʽʥʛʽ ץʘʰʳץʪʳסʳ.  

ʆʩʳ ʢװʰʪʽש ᴅʩʝʨʽʥʝʥ ʩʳʥʘʤʘ ʟʘʨʷʜ ʰʝʢʩʽʟ װʣʢʝʥ ץʘʰʳץʪʳץץʘ 

ʘʣʳʩʪʘʡʜʳ. ʄײʥʜʘסʳ ᴇʨʽʩʪʽש ʢװʰʽ FN ʟʘʨʷʜʪʘʥ ʘʣʳʩʪʘסʘʥʜʘ ʢʝʤʠʪʽʥ Q  

ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳʥʳש ᴇʨʽʩʽʥʜʝʛʽ WN ʵʥʝʨʛʠʷ ʝʩʝʙʽʥʝʥ A ʞײʤʳʩʳʥ ʪʫʳʥʜʘʪʘʜʳ. 

A ʞײʤʳʩʳ Q ʟʘʨʷʜʳ ᴇʨʽʩʽʥʽש ʵʥʝʨʛʠʷ ץʦʨʳʥʳש ᴇʟʛʝʨʽʩʽʥʝ ʪʝש, ʷסʥʠ A = WN -

WЊ. WЊ =  0 ʜʝʧ ʝʩʝʧʪʝʛʝʥʜʝ,  ʦʥʜʘ A = WN - WЊ = WN.ʆʩʳʣʘʡʰʘ 

 
N  ʢʝʟ-ʢʝʣʛʝʥ ʝʨʢʽʥ ʥװʢʪʝʩʽʥʜʝʛʽ Q ʟʘʨʷʜʳʥʳש ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʧʦʪʝʥʮʠʘʣʳ 

ʘʥʳץʪʘʤʘ ʙʦʡʳʥʰʘ WN  ʵʥʝʨʛʠʷʩʳʤʝʥ ʤʳʥʘʜʘʡ ץʘʪʳʥʘʩʪʘ ʙʘʡʣʘʥʳʩʘʜʳ:  

 
(1.2) ʞᴅʥʝ (1.6) ʬʦʨʤʫʣʘʩʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, (1.7) ʬʦʨʤʫʣʘʩʳʥʘʥ 

ʧʦʪʝʥʮʠʘʣʜʳ ʝʩʝʧʪʝʫʛʝ ʘʨʥʘʣסʘʥ (1.5) ᴇʨʥʝʛʽʥʝ ץײʩʘʩ ʬʦʨʤʫʣʘ ʘʣʳʥʘʜʳ:  

 
ʤײʥʜʘסʳ ɝNð N ʥװʢʪʝʩʽʥʜʝʛʽ Q ʟʘʨʷʜʳ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽ.  

ᴆʨʽʩʪʽש ʰʝʢʩʽʟ ʘʣʳʩʪʘʣסʘʥ ʥװʢʪʝʩʽʥʽש ʧʦʪʝʥʮʠʘʣʳ ʥᴇʣʛʝ ʪʝש, ʩʝʙʝʙʽ 

(1.8) ʬʦʨʤʫʣʘʜʘʥ r = Њ ʢʝʟʽʥʜʝ •  = 0. 

ɽʛʝʨ ʵʣʝʢʪʨ ᴇʨʽʩʽ ʙʽʨ ʝʤʝʩ, ʙʽʨʥʝʰʝ (ʤʳʩʘʣʳ ʪ) ʥװʢʪʝʣʽʢ ʟʘʨʷʜʪʘʨʤʝʥ 

ʪʫʳʥʜʘʩʘ, ʦʥʜʘ ץʘʙʘʪʪʘʩʫ ᴅʜʽʩʽʥʝ ʩᴅʡʢʝʩ N ʝʨʢʽʥ ʥװʢʪʝʩʽʥʽש ʧʦʪʝʥʮʠʘʣʳʥ ʦʩʳ 

ʥװʢʪʝʜʝ ᴅʨʙʽʨ ʟʘʨʷʜʧʝʥ ʙᴇʣʝʢ-ʙᴇʣʝʢ ʞʘʩʘʣסʘʥ ʧʦʪʝʥʮʠʘʣʜʘʨʜʳש ʘʣʛʝʙʨʘʣʳץ 

  :ʨʽʥʜʝ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳװʦʩʳʥʜʳʩʳ ʪץ

 
ᴆʣʰʝʤʥʽש ʘʣʛʝʙʨʘʣʳץ ץʦʩʳʥʜʳʩʳ ï ʦʥʳש ʘʣʛʝʙʨʘʣʳץ ʪʘשʙʘʩʳʥ 



ʝʩʢʝʨʛʝʥʜʝʛʽ ᴇʣʰʝʤʥʽץ שʦʩʳʥʜʳʩʳ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʜʘ ʧʦʪʝʥʮʠʘʣʜʘʨʜʳש 

ʘʣʛʝʙʨʘʣʳץ ץʦʩʳʥʜʳʩʳ ï ʘʣʛʝʙʨʘʣʳץ ʪʘשʙʘʣʘʨʳ ʝʩʢʝʨʽʣʛʝʥ ʟʘʨʷʜʪʘʨʤʝʥ 

ʪʫʳʥʜʘʡʪʳʥ ʧʦʪʝʥʮʠʘʣʜʘʨʜʳץ שʦʩʳʥʜʳʩʳ. ʆʩʳ ʦʨʘʡʜʘ ʧʦʪʝʥʮʠʘʣ ʦש 

ʙʦʣʘʜʳ, ʝʛʝʨ ʩʳʥʘʤʘ ʟʘʨʷʜʪʳ ʟʝʨʪʪʝʣʫʰʽ ʥװʢʪʝʜʝʥ ʰʝʢʩʽʟʜʽʢʢʝ ʘʫʳʩʪʳʨʫ 

ʞײʤʳʩʳ ʦש ʙʦʣסʘʥʜʘ, ʷסʥʠ ʝʛʝʨ ʞײʤʳʩ ᴇʨʽʩ ʢװʰʪʝʨʽʤʝʥ ʞʘʩʘʣʩʘ ʞᴅʥʝ 

 .ʘʥʜʘסʳʪʳʤʝʥ ʩʘʡ ʙʦʣסʙʘ שʢʪʝʜʝʛʽ ʢʝʨʥʝʫʣʽʢʪʽװʳʪʳ ʟʝʨʪʪʝʣʫʰʽ ʥסʘʣʳʩ ʙʘסʦʟץ

ʂʝʨʽ ʞʘסʜʘʡʜʘ ʧʦʪʝʥʮʠʘʣ ʪʝʨʽʩ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ.  

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʘʥ ʦש ʧʦʪʝʥʮʠʘʣסʘ ʦש ʟʘʨʷʜ ᴇʨʽʩʽʥʽש ʥװʢʪʝʣʝʨʽ, 

ʘʣ ʪʝʨʽʩ ʧʦʪʝʥʮʠʘʣסʘ ï ʪʝʨʽʩ ʟʘʨʷʜ ᴇʨʽʩʽʥʽש ʥװʢʪʝʣʝʨʽ ʠʝ ʝʢʝʥʜʽʢʪʝʨʽʥ 

ʪײʞʳʨʳʤʜʘʫסʘ ʙʦʣʘʜʳ.  

(1.8) ᴇʨʥʝʢʢʝ ʩᴅʡʢʝʩ ɸ ʥװʢʪʝʩʽʥʜʝʛʽ Q1ʞᴅʥʝ Q2 ʟʘʨʷʜʪʘʨʳ ʵʣʝʢʪʨ 

ᴇʨʽʩʪʝʨʽʥʽש ʧʦʪʝʥʮʠʘʣʜʘʨʳʥ ʞʘʟʘʡʳץ (1.2ʘ-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ):  

 

 
•1 ʞᴅʥʝ •2 ʧʦʪʝʥʮʠʘʣʜʘʨʳ ʦש, ʩʝʙʝʙʽ ʝʢʽ ʞʘסʜʘʡʜʘ ʜʘ ʞײʤʳʩ ᴇʨʽʩʪʽש 

ʢװʰʪʝʨʽʤʝʥ ʘʪץʘʨʳʣʘʜʳ. ʆʥʜʘ (1.9) ᴇʨʥʝʢʢʝ ʩʘʡ ɸ ʥװʢʪʝʩʽʥʜʝʛʽ ʟʘʨʷʜʪʘʨ 

ʞװʡʝʩʽʥʽש ʧʦʪʝʥʮʠʘʣʳ 

 
ʆʩʳ ʦʨʘʡʜʘ ɸ ʥװʢʪʝʩʽʥʜʝʛʽ Q1, Q2ʞᴅʥʝqʟʘʨʷʜʪʘʨʳ ʙʽʨʽʢʢʝʥ ʵʣʝʢʪʨ 

ᴇʨʽʩʪʝʨʽʥʽש ʵʥʝʨʛʠʷ ץʦʨʳ WA   ץʘʙʘʪʪʘʩʫ ᴅʜʽʩʽ ʤʝʥ (1.7) ʬʦʨʤʫʣʘסʘ ʩʘʡ 

ʤʳʥʘʜʘʡ ʪװʨʜʝ ʞʘʟʫסʘ ʙʦʣʘʜʳ:  

 
3. ɸ ʥװʢʪʝʩʽʥʜʝʛʽ Q1ʞᴅʥʝ Q2  ʟʘʨʷʜʪʘʨ ʞװʡʝʩʽʥʽש ʵʣʝʢʪʨ 

ᴇʨʽʩʪʝʨʽʥʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ Q2ʟʘʨʷʜʳ ʪʘשʙʘʩʳʥʳש ᴅʩʝʨʽ. 

Q2  ʟʘʨʷʜʳ ʪʘשʙʘʩʳʥʳש ᴇʟʛʝʨʫʽ ɝ1 ʞᴅʥʝ ɝ2 ʢʝʨʥʝʫʣʽʢ ʙʘסʳʪʪʘʨʳʥʳש ᴇʟʛʝʨʫʽʥʝ 

ᴅʢʝʣʝʜʽ (1.2ʙ-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ). ʄײʥʜʘסʳ ɝ1 ʞᴅʥʝ ɝ2 ᴇʣʰʝʤʜʝʨʽʥʽש ʤᴅʥʜʝʨʽ 

ᴇʟʛʝʨʽʩʩʽʟ ץʘʣʘʜʳ.  ɝA ʢʝʨʥʝʫʣʽʛʽʥʽש ʤᴅʥʽ ʜʝ ᴇʟʛʝʨʤʝʡʜʽ, ʩʝʙʝʙʽ ɝ1 ʞᴅʥʝ ɝ2 

ʘʨʘʩʳʥʜʘסʳ ʙײʨʳʰ 90Á (180Á - 90Á = 90Á) ʪʝש, ̫  ʥʠס

 
ɹײʣ ʞʘסʜʘʡʜʘסʳ •2 ʧʦʪʝʥʮʠʘʣʳ ʪʘשʙʘʩʳʥ ᴇʟʛʝʨʪʝʜʽ, ʩʝʙʝʙʽ ʩʳʥʘʤʘ 

ʟʘʨʷʜʪʳ ʰʝʢʩʽʟ ʘʣʳʩʪʘʣסʘʥ ʥװʢʪʝʛʝ ץʦʟסʘʣʪʫ װʰʽʥ Q2 ʟʘʨʷʜʳ ᴇʨʽʩʽʥʽש 

ʢװʰʪʝʨʽʥʝ ץʘʨʩʳ ʞײʤʳʩ ʘʪץʘʨʫ ץʘʞʝʪ. ʆʩʳʣʘʡʰʘ, •2 = - 6,74 ɺ. 

Q2 ʟʘʨʷʜʳʥʳש ʪʝʨʽʩ ʪʘשʙʘʩʳ ɸ ʥװʢʪʝʩʽʥʜʝʛʽ ʧʦʪʝʥʮʠʘʣʳ  

 
ʄײʥʜʘʡ ʞʘסʜʘʡʜʘסʳ ʟʝʨʪʪʝʣʫʰʽ ʥװʢʪʝʜʝʛʽ ʧʦʪʝʥʮʠʘʣʜʳ ʵʥʝʨʛʠʷ ץʦʨʳ:  

 
 

1.3 ɹʽʨʪʝʢʪʽ ʵʣʝʢʪʨ ᴇʨʽʩʽ 

 

1.4 ʝʩʝʧ. ɸʫʘʜʘ ʦʨʥʘʣʘʩץʘʥ ɸ ʞᴅʥʝ ɹ ʞʘʟʳץ ʞʽשʽʰʢʝ ʧʘʨʘʣʣʝʣʴʜʽ 

ʤʝʪʘʣʜʳץ ʧʣʘʩʪʠʥʘʣʘʨ (ʵʣʝʢʪʨʦʜʪʘʨ) ץʫʘʪ ʢᴇʟʽʥʝ ʞʘʣסʘʥסʘʥ (1.3ʘ-ʩʫʨʝʪ). 

ʕʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ d ץʘʰʳץʪʳסʳ ʦʣʘʨʜʳש ʩʳʟʳץʪʳץ ᴇʣʰʝʤʜʝʨʽʥʝ 

ʘʫʜʘʥʳ 5 ʭ 5 ʩʤ שʨʘʡʜʳ. ᴄʨʙʽʨ ʧʣʘʩʪʠʥʘʥʳײץ ʘʥʜʘ ʘʟ ʞᴅʥʝ 2 ʤʤסʘʨʘץ
2
. S 



ʪײʡʳץ ʢʽʣʪʽʥʜʝ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫ Uɸɹ = 300 ɺ. 

ʕʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢʪʽ, ᴅʨ ץʘʡʩʳʩʳʥʜʘסʳ ʞᴅʥʝ 

ʜʠʵʣʝʢʪʨʠʢʪʽש ʙʝʨʽʢʪʽʢ ץʦʨʳʥ ʝʩʝʧʪʝשʽʟ. פʘʰʳץʪʳץץʘ l  ʙʘʡʣʘʥʳʩʪʳ 

ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢ ʧʝʥ ʧʦʪʝʥʮʠʘʣʜʳש ᴇʟʛʝʨʫ ʛʨʘʬʠʛʽʥ 

ʪײʨסʳʟʳשʳʟʜʘʨ (1.3ʙ-ʩʫʨʝʪ).  

 
 

1.3-ʩʫʨʝʪ. ɽʢʽ ᴅʨ ʘʪʪʘʩ ʟʘʨʷʜʪʘʣסʘʥ ʧʣʘʩʪʠʥʘʣʘʨʜʳש ʵʣʝʢʪʨ ᴇʨʽʩʽ: 

ʘ ð ʧʣʘʩʪʠʥʘʣʘʨʜʳ ʟʘʨʷʜʪʘʫʜʳש ʵʣʝʢʪʨʣʽʢ ʩʭʝʤʘʩʳ; ʙ ð ᴇʨʽʩ ʢʝʨʥʝʫʣʽʢʪʝʨʽʥʽש 

ʚʝʢʪʦʨʣʘʨʳ; 

ʚ ð ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽ ɝ  ʤʝʥ ʧʦʪʝʥʮʠʘʣʜʳץ • שʘʰʳץʪʳץץʘ l ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʢʪʝʨʽ 

 

S ʢʽʣʪʽ ʘʞʳʨʘʪʳʣסʘʥʜʘ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽץ שʘʣʘʡ 

ᴇʟʛʝʨʝʪʽʥʜʽʛʽʥ ʘʥʳץʪʘʫ. ʕʣʝʢʪʨ ᴇʨʽʩʽʥʝ (ʢʝʨʥʝʫʣʽʢ ɝ, ᴅʨʙʽʨ ʵʣʝʢʪʨʦʜʪʘסʳ 

ʟʘʨʷʜʪʘʨ Q ʞᴅʥʝ ʢʝʨʥʝʫʽ Uɸɹ ): ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץ; 

ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʪʽ ʘʫʘʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘסʳ ᴇʪʽʤʜʽʣʽʛʽ װʣʢʝʥ 

ʜʠʵʣʝʢʪʨʠʢʧʝʥ ʪʦʣʪʳʨʫ; ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘ ᴇʪʢʽʟʛʽʰ ʧʣʘʩʪʠʥʘʥʳ 

ʦʨʥʘʣʘʩʪʳʨʫ ʩʝʢʽʣʜʽ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳץ שʘʣʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʜʽʛʽʥ ʙʘסʘʣʘʫ.  

ʐʝʰʽʤʽ. 1. ʇʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢʪʽ, 

ʧʣʘʩʪʠʥʘʣʘʨ ʟʘʨʷʜʳʥ ʞᴅʥʝ ʜʠʵʣʝʢʪʨʠʢʪʽש ʙʝʨʽʢʪʽʢ ץʦʨʳʥ 

ʝʩʝʧʪʝʫ. S ʢʽʣʪʽʥ ʪײʡʳץʪʘסʘʥʥʘʥ ʩʦש (1.3ʘ-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ) ɸ ʞᴅʥʝ ɹ 

ʧʣʘʩʪʠʥʘʣʘʨʳ ʟʘʨʷʜʪʘʣʘʜʳ: ץʫʘʪ ʢᴇʟʽʥʽש ʦש ʰʳסʘʨʳʣʳʤʳʥʘ ʞʘʣסʘʥסʘʥ ɸ 

ʧʣʘʩʪʠʥʘʩʳʥʜʘ +QA ʟʘʨʷʜʳ ʞʠʥʘץʪʘʣʘʜʳ, ʘʣ ʪʝʨʽʩ ʰʳסʘʨʳʣʳʤסʘ ʞʘʣסʘʥסʘʥ ɹ 

ʧʣʘʩʪʠʥʘʩʳʥʜʘ ð-Qɹ ʟʘʨʷʜʳ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ|QA|=|Qɹ|=Q. ʇʣʘʩʪʠʥʘʣʘʨ 

ʟʘʨʷʜʪʘʨʳ ץʦʨʰʘסʘʥ ʢʝשʽʩʪʽʢʪʝ ʵʣʝʢʪʨ ᴇʨʽʩʽʥ ʪʫʳʥʜʘʪʘʜʳ.  

ɽʩʝʧʪʽש ʰʘʨʪʳ ʙʦʡʳʥʰʘ ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץ ʦʣʘʨʜʳש 



ʩʳʟʳץʪʳץ ᴇʣʰʝʤʜʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʟ, ʩʦʥʜʳץʪʘʥ ʧʣʘʩʪʠʥʘʣʘʨʜʳ ʰʝʢʩʽʟ 

ʜʝʧ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. ɽʢʽ ʰʝʢʩʽʟ ʙʽʨʢʝʣʢʽ ʞᴅʥʝ ᴅʨ ʘʪʪʘʩ ʟʘʨʷʜʪʘʣסʘʥ ʞʘʟʳץʪʳ 

ᴇʪʢʽʟʛʽʰ ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘ ʙʽʨʢʝʣʢʽ ᴇʨʽʩ ʪʫʳʥʜʘʡʪʳʥʳ ʙʝʣʛʽʣʽ. ɹʽʨʢʝʣʢʽ 

ᴇʨʽʩʪʽש ᴅʨʙʽʨ ʥװʢʪʝʩʽʥʜʝ ʢʝʨʥʝʫʣʽʢ ʙʽʨʜʝʡ ʤᴅʥʛʝ ʞᴅʥʝ ʙʽʨʜʝʡ ʙʘסʳʪץʘ ʠʝ 

ʙʦʣʘʜʳ. ɹʽʨ ʪʳסʳʟʜʳץʪʳ ᴅʨ ʘʪʪʘʩ ʟʘʨʷʜʪʘʨʜʳ ʪʘʩʫʰʳ ʝʢʽ ʧʘʨʘʣʣʝʣʴ ʰʝʢʩʽʟ 

ʞʘʟʳץʪʳש ʵʣʝʢʪʨ ᴇʨʽʩʽ ʦש ʞᴅʥʝ ʪʝʨʽʩ ʧʣʘʩʪʠʥʘʣʘʨ ᴇʨʽʩʽʥʽץ שʘʙʘʪʪʘʩʫʳ ʘʨץʳʣʳ 

ʘʥʳץʪʘʣʘʜʳ.  

ʆʩʪʨʦʛʨʘʜʩʢʠʡ-ɻʘʫʩʩ ʪʝʦʨʝʤʘʩʳʥʘ ʩᴅʡʢʝʩ, ɸ ʞᴅʥʝ ɹ ʟʘʨʷʜʪʘʣסʘʥ 

ʧʣʘʩʪʠʥʘʣʘʨʜʳש ɝɸ ʞᴅʥʝ ɝɹ ʢʝʨʥʝʫʣʽʢʪʝʨʽ ʧʣʘʩʪʠʥʘʣʘʨʜʘʥ ʢʝʟ-ʢʝʣʛʝʥ 

 ʢʪʝʣʝʨʽʥʜʝ ʙʽʨʜʝʡװʥ ץʙʘʨʣʳ שʽʩʪʽʢʪʝʨʜʽשʦʨʰʘʫʰʳ ʢʝץ ʳ ʦʣʘʨʜʳסʪʘץʪʳץʘʰrץ

ʤᴅʥʛʝ ʠʝ. ɼʝʤʝʢ, ʩʳʨʪץʳ ʢʝשʽʩʪʽʢʪʽש ʙʘʨʣʳץ ʥװʢʪʝʣʝʨʽʥʜʝ (1.3 ʙ-ʩʫʨʝʪʪʝ ɸ 

ʧʣʘʩʪʠʥʘʥʳש ʩʦʣ ʞʘסʳʥʜʘ ʞᴅʥʝ ɹ ʧʣʘʩʪʠʥʘʩʳʥʳש ʦש ʞʘסʳʥʜʘ) ʦʩʳ ᴅʨ ʘʪʪʘʩ 

ʟʘʨʷʜʪʘʣסʘʥ ʧʣʘʩʪʠʥʘʣʘʨʜʳש ʢʝʨʥʝʫʣʽʢʪʝʨʽ (ɝɸ ʞᴅʥʝ ɝɹ) ᴇʟʘʨʘ ʪʝשʝʣʛʝʥ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʥᴅʪʠʞʝʣʝʫʰʽ ʢʝʨʥʝʫʣʽʛʽ ʥᴇʣʛʝ ʪʝש:  

ʇʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʪʝ ʦʣʘʨʜʳש ᴇʨʽʩʪʝʨʽ ʞʠʥʘץʪʘʣʘʜʳ. 

ʄײʥʜʘסʳ ʤᴅʥʽ ʙʦʡʳʥʰʘ ʝʢʽ ʙʽʨʜʝʡ ץʦʩʳʥʜʳסʘ ʞᴅʥʝ ʙʽʨʜʝʡ ʙʘסʳʪʪʘʣסʘʥ 

ʢʝʨʥʝʫʣʽʢʪʝʨʛʝ ɝɸ ʞᴅʥʝ ɝɹ ʪʝש ʥᴅʪʠʞʝʣʝʫʰʽ ʢʝʨʥʝʫʣʽʢ ʧʣʘʩʪʠʥʘʣʘʨ 

ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʪʽש ᴅʨʙʽʨ ʥװʢʪʝʩʽʥʜʝ ʙʽʨʜʝʡ ʙʦʣʘʜʳ:  

 
ʄײʥʜʘסʳ „= dQ/dSð ʟʘʨʷʜʪʳש ʙʝʪʢʽ ʪʳסʳʟʜʳסʳ; Sð ʧʣʘʩʪʠʥʘ ʙʝʪʽʥʽש 

ʘʫʜʘʥʳ. 

Q ʟʘʨʷʜʳ ʧʣʘʩʪʠʥʘʣʘʨ ʙʝʪʽʥʜʝ ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳ ʞʘסʜʘʡʳʥʜʘ, 

 „= dQ/dS= Q/S. 

ɸ ʞᴅʥʝ ɹ ʧʣʘʩʪʠʥʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫ (1.3ʙ-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ) 

ʢʝʨʥʝʫʣʽʢʧʝʥ ץʘʨʘʧʘʡʳʤ ץʘʪʳʥʘʩ ʘʨץʳʣʳ ʙʘʡʣʘʥʳʩץʘʥ:  

 

 

(1.11) ʬʦʨʤʫʣʘסʘ ʩʘʡ ץʘʨʘʩʪʳʨʳʣʫʰʳ ʝʩʝʧʢʝ ʢʝʨʥʝʫʣʽʢ 

 
Q ʟʘʨʷʜʳʥ (1.10) ʬʦʨʤʫʣʘʜʘʥ ʢʝʨʥʝʫʣʽʢ ʘʨץʳʣʳ ᴇʨʥʝʢʪʝʫʛʝ ʙʦʣʘʜʳ:  

 
ʆʩʳʣʘʡʰʘ, ʧʣʘʩʪʠʥʘʣʘʨʜʳש ʟʘʨʷʜʳ Q ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽ ɝ ʤʝʥ ʧʣʘʩʪʠʥʘ 

S ʘʫʜʘʥʳʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʞᴅʥʝ ʧʣʘʩʪʠʥʘʥʳ ץʦʨʰʘʫʰʳ ʦʨʪʘʥʳש 

ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ.  

 ʘ ʩʘʡ ʟʘʨʷʜסʰʽʥ (1.12) ʬʦʨʤʫʣʘװ ʘʨʘʩʪʳʨʳʣʫʰʳ ʝʩʝʧפ

 
ɸʥʳץʪʘʤʘסʘ ʩʘʡ ʜʵʠʣʝʢʪʨʠʢʪʽש ʙʝʨʽʢʪʽʢ ץʦʨʳ:  

 
ɸʫʘ ɝʧʨ = 3 ʢɺ/ʤʤ ʢʝʟʽʥʜʝ ʩʘʣʳʥסʘʥʜʳץʪʘʥ, ʘʣ ץʘʨʘʩʪʳʨʳʣʫʰʳ ʞʘסʜʘʡʜʘ ɝ= 

150 ɺ/ʤʤ, ʦʥʜʘ ʜʠʵʣʝʢʪʨʠʢʪʽש ʙʝʨʽʢʪʽʢ ץʦʨʳ  

 
2. ɸ ʦש ʟʘʨʷʜʪʘʣסʘʥ ʧʣʘʩʪʠʥʘʩʳʥʘʥ ʘʣʳʩʪʘסʘʥ l 



 ʘʥ ʧʣʘʩʪʠʥʘʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʟʘʨʷʜʪʘʣץץʪʳץʘʰʳץ

ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʪʝʛʽ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘʣʳץ ᴇʨʽʩʪʽש 

ʢʝʨʥʝʫʣʽʛʽ ɝ ʤʝʥ ʧʦʪʝʥʮʠʘʣʳ ű ᴇʟʛʝʨʽʩʽʥʽש ʩʠʧʘʪʳʥ 

ʘʥʳץʪʘʫ. ʆʩʪʨʘʛʨʘʜʩʢʠʡ-ɻʘʫʩʩ ʪʝʦʨʝʤʘʩʳʥʘ ʩʘʡ ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽ ɝ ʦש 

ʟʘʨʷʜʪʘʣסʘʥ ʧʣʘʩʪʠʥʘʜʘʥ ʢʝʟ-ʢʝʣʛʝʥ ץʘʰʳץʪʳץʪʘ l (0-ʜʝʥ d-סʘ ʜʝʡʽʥ) ʙʽʨʜʝʡ 

(ɝ, = const). (1.11) ʬʦʨʤʫʣʘסʘ ʩᴅʡʢʝʩ ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽ ɝ ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ 

 .שʘʪʳʥʘʩʳʥʘ ʪʝץ שʳ ʢʝʨʥʝʫʣʝʨʜʽסʢʪʝʣʝʨ ʘʨʘʩʳʥʜʘװʳ ʥסʪʘץʪʳץʘʰʳץ

ʂʝʨʥʝʫʣʽʢʪʽש ᴇʨʽʩʪʽש ʩᴅʡʢʝʩʽʥʰʝ ʥװʢʪʝʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʧʦʪʝʥʮʠʘʣʜʘʨ 

ʘʡʳʨʳʤʳʥʘ ʪʝש ʙʦʣסʘʥʜʳץʪʘʥ, (1.11) ʬʦʨʤʫʣʘʥʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʞʘʟʫסʘ 

ʙʦʣʘʜʳ:  

 
ɸʣʳʥסʘʥ ʪʝשʜʝʫʣʝʨʜʽ ʰʝʛʝʨʝ ʦʪʳʨʳʧ, ᴇʨʽʩ ʥװʢʪʝʩʽ ʧʦʪʝʥʮʠʘʣʳʥʳש ű (ɸ 

ʧʣʘʩʪʠʥʘʩʳʥʘʥ l ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ) l ץʘʰʳץʪʳץץʘ ʪᴅʫʝʣʜʽʣʽʛʽʥ 

ʘʥʳץʪʘʡʤʳʟ:   

 
ɹ ʧʣʘʩʪʠʥʘʩʳʥʳש ʧʦʪʝʥʮʠʘʣʳʥ (űɹ = 0) ʧʦʪʝʥʮʠʘʣʜʘʨʳʥ ʝʩʝʧʪʝʫʜʽש ʙʘʩʳ  

ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʡ ʦʪʳʨʳʧ, ʘʣʳʥʘʜʳ:  

 
 

ɽש ʞʦסʘʨʳ ʧʦʪʝʥʮʠʘʣסʘ ɸ ʦש ʟʘʨʷʜʪʘʣסʘʥ ʧʣʘʩʪʠʥʘʩʳ ʠʝ. ʆʣ װʰʽʥ 

  :ʘ ʩʘʡ ʧʦʪʝʥʮʠʘʣ ʘʣʳʥʘʜʳסl = 0, (1.14) ʬʦʨʤʫʣʘ ץʪʳץʘʰʳץ

 
 (1.11) ʬʦʨʤʫʣʘסʘ ʩʘʡ ʢʝʣʝʜʽ. 

1.3 ʚ-ʩʫʨʝʪʪʝ ɸ ʦש ʟʘʨʷʜʪʘʣסʘʥ ʧʣʘʩʪʠʥʘʩʳʥʘʥ ʘʣʳʩʪʘסʘʥʜʘסʳ ʢʝʨʥʝʫʣʽʢ 

ɝ ʧʝʥ ʧʦʪʝʥʮʠʘʣ ű ᴇʟʛʝʨʽʩʪʝʨʽʥʽש ʛʨʘʬʠʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ (1.3ʙ-ʩʫʨʝʪʪʽ 

  .(ʳʟשʘʨʘץ

ʆʩʳʣʘʡʰʘ, ʥװʢʪʝʣʝʨʜʽש ɹ ʧʣʘʪʠʥʘʩʳʥʳש ʞʘץʳʥʜʘʫʳ, ʷסʥʠ l  

  .ʙʦʡʳʥʰʘ ʢʝʤʠʜʽ שʟʘ ץʪʳץʘʶʳʤʝʥ ʧʦʪʝʥʮʠʘʣ ű ʩʳʟʳסʣײ שʳʥʳסʪʳץʘʰʳץ

3. ʕʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʝ ץʫʘʪ ʢᴇʟʽʥ 

ʩᴇʥʜʽʨʫʜʽש ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ. ɽʛʝʨ ʵʣʝʢʪʨʦʜʪʘʨʜʳ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ 

ʘʙʩʦʣʶʪʪʽ ʠʟʦʣʷʪʦʨ ʨʝʪʽʥʜʝ ʝʩʝʧʪʝʩʝ, ʦʥʜʘ ʟʘʨʷʜʪʘʣסʘʥ ʧʣʘʩʪʠʥʘʣʘʨʜʳש 

ʵʣʝʢʪʨ ᴇʨʽʩʽ ï ʵʣʝʢʪʨʦʜʪʘʨ - S ʢʽʣʪʽʥ ʘʞʳʨʘʪץʘʥʥʘʥ ʢʝʡʽʥ ʜʝ ʞʦסʘʣʤʘʡʜʳ, 

ʷסʥʠ ʵʣʝʢʪʨʦʜʪʘʨʜʘסʳ Q ʟʘʨʷʜʳ ʞᴅʥʝ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢ ɝ 

ʘʣʜʳסשʳ ʤᴅʥʜʝʨʽʥ ʩʘץʪʘʧ ץʘʣʘʜʳ. ʐʳʥ ʤᴅʥʽʥʜʝ ʢʝʟ-ʢʝʣʛʝʥ ʦʨʪʘ ʙʝʣʛʽʣʽ 

ᴇʪʢʽʟʛʽʰʪʽʢʢʝ ʠʝ. ɼʝʤʝʢ, QA ʞᴅʥʝ -QB ʵʣʝʢʪʨʦʜʪʘʨʳʥʳש ʟʘʨʷʜʪʘʨʳ ʙʽʨ-ʙʽʨʽʥ 

ʙʽʨʪʝ-ʙʽʨʪʝ ʙʝʡʪʘʨʘʧʪʘʡʜʳ, ʘʣ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽ ʙʘʷʫ ʢʝʤʠʪʽʥ 

ʙʦʣʘʜʳ. ʕʣʝʢʪʨʦʜʪʘʨʜʳ ץʫʘʪʪʘʫ װʰʽʥ ץʫʘʪ ʢᴇʟʽ ʵʣʝʢʪʨʦʜʪʘʨסʘ ʞʘʣסʘʥʫʳ 

  .ʘʞʝʪץ ʪʘʣʫʳץʡʳײʥʠ S ʢʽʣʪʽ ʪסʘʞʝʪ, ʷץ

4. ʕʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳש ʵʣʝʢʪʨʦʜʪʘʨʜʳש 

ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ. ɿʘʨʷʜʪʘʣסʘʥ 

ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʵʣʝʢʪʨ ᴇʨʽʩʽ ᴅʨʙʽʨ ʵʣʝʢʪʨʦʜʪʘסʳ ʢʝʨʥʝʫʣʽʢ, Q ʟʘʨʷʜʳ 



ʞᴅʥʝ UAB  ʢʝʨʥʝʫʣʽʢʪʝʨʽʥʽש ʤᴅʥʜʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʕʣʝʢʪʨʦʜʪʘʨ 

ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳש ᴇʟʛʝʨʫʽ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ᴅʨʪװʨʣʽ 

ᴅʩʝʨ ʝʪʝʜʽ: ץʦʨʝʢ ʢᴇʟʽʥʽש ʵʣʝʢʪʨʦʜʪʘʨסʘ ʞʘʣסʘʥסʘʥʳ ʥʝʤʝʩʝ ʩᴇʥʜʽʨʽʣʛʝʥʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ. ʆʩʳʥʜʘסʳ ᴅʨʙʽʨ ʞʘסʜʘʷʪʪʘʨʜʳ ץʘʨʘʩʪʳʨʘʡʳץ.  

S ʢʽʣʪʽ ʪϰʡʳϨʪʘʣϤʘʥ.1.3 ʘ-ʩʫʨʝʪʪʝ ʙʝʡʥʝʣʝʥʛʝʥ ɽ ʠʜʝʘʣʜʳ ʢᴇʟʽ 

ʞʘסʜʘʡʳʥʜʘ, ʷסʥʠ ʦʥʳש ʽʰʢʽ ʢʝʜʝʨʛʽʩʽʥ ʝʣʝʤʝʛʝʥ ʢʝʟʜʝ, UAB = ɽ =const 

(ʤײʥʜʘסʳ ɽ ð ʢᴇʟʜʽש ʕפʂ). ɼʝʤʝʢ, ʞʘʣסʘʥסʘʥ ʢᴇʟ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨʦʜʪʘʨ 

ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץ UAB ʢʝʨʥʝʫʣʽʛʽʥʝ ᴅʩʝʨʽʥ ʪʠʛʽʟʙʝʡʜʽ. ʆʩʳ ʦʨʘʡʜʘ 

ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽ ʤʝʥ ʵʣʝʢʪʨʦʜʪʘʨʜʳש Q ʟʘʨʷʜʪʘʨʳ ᴇʟʛʝʨʝʜʽ, ʩʝʙʝʙʽ (1.11) 

ʬʦʨʤʫʣʘסʘ ʩʘʡ ʢʝʨʥʝʫʣʽʢ ɝ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ d ץʘʰʳץʪʳץץʘ ʢʝʨʽ 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ,  ʘʣ Q ʟʘʨʷʜ (1.12) ʬʦʨʤʫʣʘסʘ ʩʘʡ ʢʝʨʥʝʫʣʽʢʢʝ ɝ ʪʫʨʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ. ʉʦʥʳש ʽʰʽʥʜʝ, d ץʘʰʳץʪʳץʪʳש n ʨʝʪ ʘʟʘʶʳ ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽ 

ɝ ʤʝʥ Q ʟʘʨʷʜʪʳש ʩʦʥʰʘ ʝʩʝʛʝ ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ (ץʦʩʳʤʰʘ ʟʘʨʷʜ ʢᴇʟʜʝʥ ʢʝʣʽʧ 

ʪװʩʝʜʽ).  

S ʢʽʣʪʽ ʘʞʳʨʘʪʳʣϤʘʥ. פʦʨʰʘסʘʥ ʦʨʪʘ ʠʜʝʘʣʜʳ ʜʠʵʣʝʢʪʨʠʢ 

ʞʘסʜʘʡʳʥʜʘסʳ (ʘʙʩʦʣʶʪʪʽ ʠʟʦʣʷʪʦʨ) ʟʘʨʷʜʪʘʣסʘʥ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ 

 .ʘʣʘʜʳץ Q ʟʘʨʷʜʪʘʨʳ ᴇʟʛʝʨʽʩʩʽʟ שᴇʟʛʝʨʫʽ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨʦʜʪʘʨʜʳ שʪʳץʪʳץʘʰʳץ

ɼʝʤʝʢ, ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽ ‚ ʜʝ ᴇʟʛʝʨʤʝʡʜʽ, ʩʝʙʝʙʽ ɝ = Q/(S‐‐0). 
Uɸɹ ʵʣʝʢʪʨʦʜʪʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢ d ץʘʰʳץʪʳסʳʥʘ ʪʫʨʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʙʦʣʳʧ ᴇʟʛʝʨʝʜʽ, ʩʝʙʝʙʽ  Uɸɹ =ɝd. ʉʦʥʳש ʽʰʽʥʜʝ, ʟʘʨʷʜʪʘʣסʘʥ 

ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳש n ʝʩʝʛʝ ʢʝʤʫʽ ʢʝʟʽʥʜʝ ʦʣʘʨʜʘסʳ 

ʢʝʨʥʝʫʣʽʢ ʪʝ n  ʝʩʝʛʝ ʘʟʘʷʜʳ. ʂʝʨʥʝʫʣʽʢʪʽש ʢʝʤʫʽ ʵʣʝʢʪʨ ᴇʨʽʩʽ ʵʥʝʨʛʠʷʩʳʥʳש 

ʘʟʘʶʳ ʤʝʥ ʦʥʳש ʙʘʩץʘ ʵʥʝʨʛʠʷ ʪװʨʽʥʝ, ʤʳʩʘʣʳ ʞʳʣʫסʘ ʪװʨʣʝʥʜʽʨʽʣʛʝʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ.  

5. ʕʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢ ʪʦʣʪʳʨʫʰʳ 

ʜʠʵʣʝʢʪʨʠʢʪʝʨʜʽש ᴇʪʽʤʜʽʣʽʛʽʥʝ ʵʣʝʢʪʨ ᴇʨʽʩʽ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ. ʄײʥʜʘ ʜʘ ʝʢʽ ʞʘסʜʘʷʪʪʳ 

  .ʘʥסʘʥ ʞᴅʥʝ S  ʢʽʣʪʽ ʘʞʳʨʘʪʳʣסʪʘʣץʡʳײʘʞʝʪ: S ʢʽʣʪʽ ʪץ ʘʨʘʩʪʳʨʫץ

S ʢʽʣʪʽ ʪϰʡʳϨʪʘʣϤʘʥ. ɹײʣ ʞʘסʜʘʡʜʘ ʢʝʨʥʝʫʣʽʢ ʜʠʵʣʝʢʪʨʠʢʪʽש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ᴇʪʽʤʜʽʣʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ ʪײʨʘץʪʳ ɝ= UAɹ/d  (ʩʝʙʝʙʽ ʢᴇʟʜʽש 

ʢʝʨʥʝʫʣʽʛʽ Uɸɹ = ɽ ʪײʨʘץʪ,r ʘʣ ץʘʰʳץʪʳץ d ᴇʟʛʝʨʽʩʩʽʟ). ʕʣʝʢʪʨʦʜʪʘʨʜʳש 

ʟʘʨʷʜʪʘʨʳ (QA = -Qɹ = Q =ɝS‐‐0) ʜʠʵʣʝʢʪʨʠʢʪʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ᴇʪʽʤʜʽʣʽʛʽʥʝʥ 
ὑ ʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝ ʦʨʥʘʣʘʩץʘʥ, ʷסʥʠ ὑ ʢᴇʧ ʙʦʣסʘʥ ʩʘʡʳʥ, 

ʵʣʝʢʪʨʦʜʪʘʨʜʘסʳ ʟʘʨʷʜʪʘʨ ʜʘ ʢᴇʧ ʙʦʣʘʜʳ. ʉʦʥʳש ʽʰʽʥʜʝ, ʪײʡʳץʪʘʣסʘʥ ʢʽʣʪ 

ʧʝʥ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʪʽ ʘʫʘʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ װʣʢʝʥ 

ᴇʪʽʤʜʽʣʽʢʢʝ ʠʝ ʜʠʵʣʝʢʪʨʠʢʧʝʥ ʪʦʣʪʳʨסʘʥʜʘ ʵʣʝʢʪʨʦʜʪʘʨʜʘסʳ Q ʟʘʨʷʜʳ ʘʫʘ 

ʦʨʪʘʩʳʥʘ ץʘʨʘסʘʥʜʘ ὑ2/ὑ1 ʝʩʝʛʝ ʢᴇʧ ʙʦʣʘʜʳ (ʤײʥʜʘסʳ ὑ2 ð ʞʘשʘ ʜʠʵʣʝʢʪʨʠʢʪʽש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ᴇʪʽʤʜʽʣʽʛʽ; ὑ1 = 1 ð ʘʫʘʥʳש ʩʘʣʳʩʪʳʨʤʘʣʳ ᴇʪʽʤʜʽʣʽʛʽ; ὑ2>ὑ1). 

S ʢʽʣʪʽ ʘʞʳʨʘʪʳʣϤʘʥ. ʂʽʣʪʪʽ ʘʞʳʨʘʪץʘʥ ʢʝʟʜʝ ʵʣʝʢʪʨʦʜʪʘʨʜʘסʳ Q ʟʘʨʷʜʳ 

ʘʣʜʳסשʳʜʘʡ ץʘʣʘʜʳ. ᴆʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽ ɝ = Q/( S‐‐0) ʜʠʵʣʝʢʪʨʠʢʪʽש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ᴇʪʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪr  ʢʝʨʽ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʙʦʣʘʜʳ. 

ʉʦʥʳש ʽʰʽʥʜʝ, ʘʞʳʨʘʪʳʣסʘʥ ʢʽʣʪ ʧʝʥ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʪʽ 

ʘʫʘʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ װʣʢʝʥ ᴇʪʽʤʜʽʣʽʢʢʝ ʠʝ ʜʠʵʣʝʢʪʨʠʢʧʝʥ ʪʦʣʪʳʨסʘʥʜʘ  

ʢʝʨʥʝʫʣʽʢ ʘʫʘ ʦʨʪʘʩʳʥʘ ץʘʨʘסʘʥʜʘ ‐2/‐1 ʝʩʝʛʝ ʢᴇʧ ʙʦʣʘʜʳ.  

6. ʕʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ᴇʪʢʽʟʛʽʰ ʧʣʘʩʪʠʥʘ 



ᴇʨʽʩʽʥʽש ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ (ɝ,  Q ʞᴅʥʝ Uɸɹ) ᴅʩʝʨʽ.  ɽʛʝʨ ɸ ʞᴅʥʝ ɹ 

ʵʣʝʢʪʨʦʜʪʘʨʳ (1.4ʘ-ʩʫʨʝʪ) ʘʨʘʩʳʥʜʘ ʙʦʣʫʰʳ ʢʝʨʥʝʫʣʽʢʪʽ ɝ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʝ ɺ 

ᴇʪʢʽʟʛʽʰ ʧʣʘʩʪʠʥʘʩʳʥ ʦʨʥʘʣʘʩʪʳʨסʘʥʜʘ, ʵʣʝʢʪʨʦʩʪʘʪʠʢʘʣʳץ ʠʥʜʫʢʮʠʷ 

 ʨʝʜʽ. ɺװʙᴇʣʽʥʫʽ ʞ שʰʽʥʝ ʦʨʘʡ ʦʩʳ ʧʣʘʩʪʠʥʘʜʘ ʟʘʨʷʜʪʘʨʜʳװʢ שʙʳʣʳʩʳʥʳײץ

ʧʣʘʩʪʠʥʘʩʳʥʜʘ ʠʥʜʫʮʠʨʣʝʥʛʝʥ ʟʘʨʷʜʪʘʨ ʵʣʝʢʪʨʦʜʪʘʨ ᴇʨʽʩʽʥʝ ץʘʨʩʳ 

ʙʘסʳʪʪʘʣסʘʥ ɝ ʢʝʨʥʝʫʣʽʛʽ ʙʘʨ ʽʰʢʽ ᴇʨʽʩʪʽ ʪʫʳʥʜʘʪʘʜʳ. ᴆʪʢʽʟʛʽʰʪʝ ᴇʣʰʝʤʽ 

ʙʦʡʳʥʰʘ ʢʝʟ-ʢʝʣʛʝʥ ʩʳʨʪץʳ ᴇʨʽʩʪʽ ᴇʪʝʫʛʝ ʰʘʤʘʩʳ ʞʝʪʝʪʽʥ ʟʘʨʷʜʪʘʨ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʜʘ ɝʚʥ = ɝ ʞᴅʥʝ ᴇʨʽʩʪʽש ʥᴅʪʠʞʝʣʝʫʰʽ ᴇʨʽʩʽ ᴇʪʢʽʟʛʽʰ ʽʰʽʥʜʝ 

ʥᴇʣʛʝ ʪʝש ʙʦʣʘʜʳ:  

 
 

 
 

1.4-ʩʫʨʝʪ. ʕʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘ ʤʝʪʘʣʜʳץ ʧʣʘʩʪʠʥʘʥʳש ʦʨʥʘʣʘʩʫʳ:  

ʘ ð ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʩʫʨʝʪʽ; ʙ ð ʧʣʘʩʪʠʥʘʣʘʨʜʳ ʟʘʨʷʜʪʘʫ ʩʭʝʤʘʩʳ. 

ʆʩʳʥʳש ʩʘʣʜʘʨʳʥʘʥ ᴇʪʢʽʟʛʽʰ ʽʰʽʥʜʝ ʢʝʨʥʝʫʣʽʢ ʩʳʟʳץʪʘʨʳʥʳװ שʟʽʣʫʽ 

ʦʨʳʥ ʘʣʘʜʳ. 

d1 ʞᴅʥʝ d3 ʘʡʤʘץʪʘʨʳʥʜʘסʳ ʩʳʟʳץʪʳץ ʢװʰʪʝʨʜʽש 

UABʞᴅʥʝUɺɹʢʝʨʥʝʫʣʽʢʪʝʨʽʥ ʩᴅʡʢʝʩʽʥʰʝ ʧʦʪʝʥʮʠʘʣʜʘʨʳש ʘʡʳʨʳʤʳ ʨʝʪʽʥʜʝ 

  :ʘ ʩᴅʡʢʝʩסʆʥʜʘ (1.11) ʬʦʨʤʫʣʘ .ץʘʨʘʩʪʳʨʘʡʳץ

 
ɸʣʳʥסʘʥ ʪʝשʜʝʫʣʝʨʜʽ ץʦʩʘ ʦʪʳʨʳʧ, ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢ 

ʘʥʳץʪʘʣʘʜʳ:  

 
d1+ d3= d - d2ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʜʘ (1.15) ᴇʨʥʝʛʽʥʝʥ ʘʣʳʥʘʜʳ:  

 
ʉʦʥʳʤʝʥ, (1.16) ᴇʨʥʝʢʪʝʥ ʵʣʝʢʪʨʦʜʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʢʝ ᴇʪʢʽʟʛʽʰ 

ʧʣʘʩʪʠʥʘʥʳ ʝʥʛʽʟʫ ʵʣʝʢʪʨʦʜʪʘʨʜʳ ʦʩʳ ʧʣʘʩʪʠʥʘʥʳש ʝʥʽʥʝ ʞʘץʳʥʜʘʩʪʳʨʫʤʝʥ 

ʙʽʨʜʝʡ ʝʢʝʥʜʽʛʽ ʢᴇʨʩʝʪʽʣʜʽ.  

 



1.4 ɾʘʟʳץ ʢʦʥʜʝʥʩʘʪʦʨ 

 

1.5- ʝʩʝʧ. ɽʛʝʨ ʞײʤʳʩ ʢʝʨʥʝʫʽ U= 380 ɺ, ᴅʨʙʽʨ ʧʣʘʩʪʠʥʘ ʘʫʜʘʥʳ S= 5 

ʩʤ
2
 ʞᴅʥʝ ʜʠʵʣʝʢʪʨʠʢ ʨʝʪʽʥʜʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʛʽ s = 6, ʘʣ 

ʵʣʝʢʪʨʣʽʢ ʙʝʨʽʢʪʽʛʽ(ʪʝʩʽʧ ᴇʪʫ ʢʝʨʥʝʫʽ)  ɝʧʨ = 88 Ț 10
6 
ɺ/ʤ (2 ץʦʩʳʤʰʘ) ʙʦʣʘʪʳʥ 

ʩʣʶʜʘ ץʦʣʜʘʥʳʣסʘʥ  ʙʦʣʩʘ (ץʦʩʳʤʰʘ 2), ʩʳʡʳʤʜʳʣʳסʳ ʉ = 1 770 ʧʌ (1 ʧʌ = 

1 Ț 10
-12

 ʌ) ʙʦʣʘʪʳʥ ʞʘʟʳץ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʧʣʘʩʪʠʥʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ d 

  .(ʳʟשʘʨʘץ 1.3ʘ-ʩʫʨʝʪʪʽ) ʪʘʫץʦʨʳʥ ʘʥʳץ ʪʳ ʞᴅʥʝ kʧʨ ʙʝʨʽʢʪʽʢץʪʳץʘʰʳץ

ɽʛʝʨ ʢʦʥʜʝʥʩʘʪʦʨ ʧʣʘʩʪʠʥʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʩʣʶʜʘʥʳ ʧʘʨʘʬʠʥʜʝʣʛʝʥ 

ʘʥʜʘ (ɝ= 4,3; ɝʧʨ = 15 Ț 10סʘʟʙʝʥ ʘʣʤʘʩʪʳʨסʘץ
6
 ɺ/ʤ) U ᴇʟʛʝʨʽʩʩʽʟ ʞײʤʳʩ ʢʝʨʥʝʫʽ 

ʢʝʟʽʥʜʝʛʽ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʜᴅʣ ʩʦʣ ʩʳʡʳʤʜʳʣʳסʳ ʉ ʤʝʥ ʙʝʨʽʢʪʽʢ ץʦʨʳʥ kʧʨ 

 ʪʘʫ. ᴆʟʛʝʨʽʩʩʽʟץʘʤʪʘʤʘʩʳʟ ʝʪʫʰʽ ʢʦʥʜʝʥʩʘʪʦʨ ᴇʣʰʝʤʽʥ (d ʞᴅʥʝ S) ʘʥʳץ

ʩʳʡʳʤʜʳʣʳץ ʢʝʟʽʥʜʝʛʽ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʙʝʨʽʢʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʽש ʘʨʪʫʳ ʦʥʳש 

ᴇʣʰʝʤʽʥʝ ץʘʣʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʜʽʛʽʥ ʙʘסʘʣʘʫ.  

ʐʝʰʽʤʽ. 1. ɼʠʵʣʝʢʪʨʠʢ ʨʝʪʽʥʜʝ ʩʣʶʜʘʥʳ ץʦʣʜʘʥסʘʥ 

ʢʝʟʜʝʛʽ ʞʘʟʳץ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ d  

 ץʪʘʫ. ɾʘʟʳץʦʨʳʥ ʘʥʳץ ʪʳ ʞᴅʥʝ kʧʨ ʙʝʨʽʢʪʽʢץʪʳץʘʰʳץ

ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʩʳʡʳʤʜʳʣʳסʳ ʦʥʳש ʧʘʨʘʤʝʪʨʽʤʝʥ ʘʥʳץʪʘʣʘʪʳʥʳ ʙʝʣʛʽʣʽ:  

 
ʙײʜʘʥ ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץ 

 
ɾʘʟʳץ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʧʣʘʩʪʠʥʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢʪʽ (1.11) 

ʬʦʨʤʫʣʘסʘ ʩʘʡ ʘʥʳץʪʘʡʜʳ:  

 
 

ɼʠʵʣʝʢʪʨʠʢʪʽש ʵʣʝʢʪʨʣʽʢ ʙʝʨʽʢʪʽʛʽʥʽץ שʦʨʳʥ (1.13) ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʡʜʳ:  

 
 

2. ɼʠʵʣʝʢʪʨʠʢʪʽ ʘʣʤʘʩʪʳʨʫ ʢʝʟʽʥʜʝʛʽ ʢʦʥʜʝʥʩʘʪʦʨʜʳש 

ᴇʣʰʝʤʜʝʨʽʥ ʘʥʳץʪʘʫ. ɼʠʵʣʝʢʪʨʠʢʪʽ ʘʣʤʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʵʣʝʢʪʨʣʽʢ 

ʙʝʨʽʢʪʽʢ ʪ ʝʩʝʛʝ ʢʝʤʠʜʽ, (1.13) ʬʦʨʤʫʣʘסʘ ʩʘʡ 

ʵʣʝʢʪʨʣʽʢ ʙʝʨʽʢʪʽʢ ץʦʨʳʥ kʧʨ ʩʘץʪʘʫ ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽʥ ʩʦʥʰʘ ʝʩʝʛʝ ʘʟʘʡʪʫ 

ʘʨץʳʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʫʽ ʤװʤʢʽʥ:  (ʤײʥʜʘ ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ ʰʪʨʠʭʧʝʥ 

ᴇʣʰʝʤʜʝʨʜ̔  .(ʘ ʤᴅʥʜʝʨʽ ʙʝʣʛʽʣʝʥʝʜʽשʞʘ ש

(1.11) ᴇʨʥʝʛʽʥʝ ʩʘʡ ᴇʟʛʝʨʽʩʩʽʟ ʢʝʨʥʝʫ ʢʝʟʽʥʜʝʛʽ ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽʥʽש ʢʝʤʫʽʥ 

d ץʘʰʳץʪʳץʪʳ ʪ ʝʩʝʛʝ ʘʨʪʪʳʨʫ ʘʨץʳʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʙʦʣʘʜʳ: d' = dm. 

ʆʩʳ ʦʨʘʡʜʘ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ᴇʟʛʝʨʽʩʩʽʟ ʩʳʡʳʤʜʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

 '‐'ʘʡʪʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ: Sסʣײ ʘ ʩʘʡ Sὑ ʪʫʳʥʜʳʩʳʥ m ʝʩʝʛʝסʰʽʥ (1.17) ʬʦʨʤʫʣʘװ
= S‐m,ʙײʜʘʥ S' = S‐m/Ң'. 

ʆʥʜʘ ʩʣʶʜʘʥʳ (‐= 6) ʧʘʨʘʬʠʥʜʝʣʛʝʥ ץʘסʘʟʙʝʥ (‐' = 4,3) ʘʣʤʘʩʪʳʨʫ 



ʢʝʟʽʥʜʝʛʽ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ᴇʣʰʝʤʜʝʨʽ ʢʝʣʝʩʽ ʞʦʣʤʝʥ ʘʥʳץʪʘʣʘʜʳ:  

 
ʆʩʳʣʘʡʰʘ, ʢʦʥʜʝʥʩʘʪʦʨʜʳ ʜʠʵʣʝʢʪʨʠʢʪʽ ʘʣʤʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʙʝʨʽʣʛʝʥ 

ʞʘסʜʘʡʣʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʜʠʵʣʝʢʪʨʠʢʪʽץ שʘʣʳשʜʳסʳʥ 5,87 ʝʩʝʛʝ 

ʞᴅʥʝ ʧʣʘʩʪʠʥʘ ʘʫʜʘʥʳʥ S' / S= 40,93/5 = = 8,186 ʝʩʝʛʝ ײʣסʘʡʪץʘʥ ʞᴇʥ.  

3. ʂʦʥʜʝʥʩʘʪʦʨ ᴇʣʰʝʤʜʝʨʽʥʽש ʦʥʳש ʙʝʨʽʢʪʽʢ ץʦʨʳʥʘ 

ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ. (1.13) ᴇʨʥʝʢʪʝ ʢʝʣʪʽʨʽʣʛʝʥʜʝʡ, ʙʝʨʽʢʪʽʢ ץʦʨʳ kʧʨ 

ʜʠʵʣʝʢʪʨʠʢʪʽש ʪʝʩʽʧ ᴇʪʫ ʢʝʨʥʝʫʣʽʛʽ ɝʧʨ ʞᴅʥʝ ʢʦʥʜʝʥʩʘʪʦʨ ʘʩʪʘʨʳ ʘʨʘʩʳʥʜʘס  r

ᴇʨʽʩʪʽש ʢʝʨʥʝʫʣʽʛʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ɼʝʤʝʢ, ᴇʟʛʝʨʽʩʩʽʟ ʜʠʵʣʝʢʪʨʠʢʪʝ ʊʧʨ 
ʘʨʪʫʳʥʘ ʢʝʨʥʝʫʣʽʢʪ̔ ʊ ʩʦʥʰʘ ʝʩʝʛʝ ʘʟʘʡʪʫ ʘʨץʳʣʳ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ.  

 ᴇʟʛʝʨʽʩʩʽʟ ʢʝʨʥʝʫʽʥʜʝ (1.11) ᴇʨʥʝʛʽʥʝ ʩʘʡ ʢʝʨʥʝʫʣʽʢʪʽ שʫʘʪ ʢᴇʟʽʥʽפ

ʘʟʘʡʪʫʜʳ ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳ (ʘʩʪʘʨʳʥ) ʩʦʥʰʘ ʝʩʝʛʝ 

  .ʤʢʽʥ ʙʦʣʘʜʳװʳʣʳ ʤץʘʡʪʫ ʘʨסʣײ

ᴆʟʛʝʨʽʩʩʽʟ ʜʠʵʣʝʢʪʨʠʢ ʞʘסʜʘʡʳʥʜʘסʳ ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ d 

 שᴇʟʽʥʽ ץʘʥʜʘ (1.17) ʬʦʨʤʫʣʘʩʳʥʘ ʩʘʡ ʩʳʡʳʤʜʳʣʳץʘʡʪסʣײ ʪʳץʪʳץʘʰʳץ

ʘʣʜʳסשʳ ʤᴅʥʽʥ ᴅʨʙʽʨ ʧʣʘʩʪʠʥʘ ʘʫʜʘʥʳʥ ʩʦʥʰʘ ʝʩʝʛʝ ײʣסʘʡʪץʘʥ ʢʝʟʽʥʜʝ ʜʝ 

ʩʘץʪʘʧ ץʘʣʘ ʘʣʘʜʳ. 

ʄʳʩʘʣʳ, ץʘʨʘʩʪʳʨʳʣʫʰʳ ʝʩʝʧʪʝ ʩʣʶʜʘʣʳ ʜʠʵʣʝʢʪʨʠʢʪʽ ץʦʣʜʘʥסʘʥʜʘסʳ 

kʧʨ 2 ʝʩʝʛʝ ײʣסʘʡʪʫʜʳ (ʷסʥʠ 3,5-ʥʘʥ 7-ʛʝ ʜʝʡʽʥ)  ʩᴅʡʢʝʩʽʥʰʝ d ץʘʰʳץʪʳץʪʳ 

0,015-ʪʝʥ 0,03ʤʤ-ʛʝ ʞᴅʥʝ S ʘʫʜʘʥʜʳ 5-ʪʝʥ 10 ʩʤ
2
-ʛʝ ʜʝʡʽʥ ʘʨʪʪʳʨסʘʥʜʘ 

ʤװʤʢʽʥ ʙʦʣʘʜʳ.  

ʊᴅʞʽʨʠʙʝʜʝ ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ʢᴇʧʰʽʣʽʢ ʞʘסʜʘʡʜʘ kʧʨ = 2...3 ʙʝʨʽʢʪʽʢ 

 .ʘʥʘ 1,5 Òkʧʨ< 2,0 ʥʝʤʝʩʝ 3 <kʧʨÒ 10ס ʘʨʳʣʘʜʳ. ʂʝʡʜʝסʦʨʳʤʝʥ ʞʘʩʘʧ ʰʳץ

ʂᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ʙʝʨʽʢʪʽʢ ץʦʨʳʥʳײ שʣסʘʶʳ ᴇʣʰʝʤʜʝʨʜʽש ʘʨʪʫʳʥʘ, 

ʜʝʤʝʢ, ʢʦʥʜʝʥʩʘʪʦʨʣʘʨ ײץʥʳʥʳש ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ, ʷסʥʠ ʘʩʘ ץʘʞʝʪʪʽʣʽʢ ʞʦץ 

ʞʘסʜʘʡʜʘ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʙʝʨʽʢʪʽʢ ץʦʨʳʥ ʘʨʪʪʳʨʫסʘ ʪʘʣʧʳʥʫʜʳץ שʘʞʝʪʽ ʞʦץ.  

 

 

1.5 ʎʠʣʠʥʜʨʣʽʢ ʢʦʥʜʝʥʩʘʪʦʨ 

 

1.6 ʝʩʝʧ. פʦʨסʘʩʳʥʜʘʣסʘʥ ʙʽʨ ʪʘʣʰʳץʪʳ ʢʘʙʝʣʜʽש ʤʳʩʪʳ ʪʘʣʰʳסʳ 

 שʪʳץʢʝ ʠʟʦʣʷʮʠʷʤʝʥ ʙᴇʣʽʥʛʝʥ. ʊʘʣʰʳשʘʧʪʘʤʘʩʳʥʘʥ ʨʝʟʝץ ʘʩʳʥʜʳסʦʨץ

ʠʤʘʩʳ 16 ʤʤץ
2
. ʂʘʙʝʣʛɹʝ ʢʝʨʥʝʫ U = 10 ʢɺ ʞװʨʛʽʟʽʣʛʝʥ. 

ʈʝʟʝשʢʝ ʠʟʦʣʷʮʠʷʥʳ4 ꜡=) ש; ɝ,ʧʨ = 18 Ț 10
6
 ɺ/ʤ) ץʘʥʜʘʡ ץʘʣʳשʜʳסʳʥʜʘ 

ʦʥʜʘסʳ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʽ 6 Ț 10
6
 ɺ/ʤ ʘʩʧʘʡʜʳ ʞᴅʥʝ ʦʩʳ ʦʨʘʡʜʘסʳ 

 ʘʥʜʘʡץ ʳסʙʝʨʽʢʪʽʛʽ ʤʝʥ ʩʳʡʳʤʜʳʣʳ שʪʳ ʢʘʙʝʣʜʽץʳ 1 ʤ ʙʽʨʪʘʣʰʳסʟʳʥʜʳײ

ʝʢʝʥʜʽʛʽʥ ʘʥʳץʪʘʫ.  

ʐʝʰʽʤʽ. 1. ʈʝʟʝשʢʝ ʠʟʦʣʷʮʠʷʥʳץ שʘʞʝʪʪʽ 

 ʳʥ ʝʩʝʧʪʝʫ. ʂʘʙʝʣʴʜʽ ʮʠʣʠʥʜʨʣʽʢ ʢʦʥʜʝʥʩʘʪʦʨ ʨʝʪʽʥʜʝסʜʳשʘʣʳץ

ʝʣʝʩʪʝʪʝʡʽʢ (1.5-ʩʫʨʝʪ) ʞᴅʥʝ ʮʝʥʪʨʜʝʥ r ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ʞᴅʥʝ 

ʘʩʪʘʨʳʥʘ ʞװʨʛʽʟʽʣʛʝʥ U ʢʝʨʥʝʫʽ ʙʘʨ ʮʠʣʠʥʜʨʣʽʢ ʢʦʥʜʝʥʩʘʪʦʨ ʘʩʪʘʨʳ 



ʘʨʘʩʳʥʜʘסʳ ʢʝʡʙʽʨ ʥװʢʪʝʣʝʨʜʝ ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽʥ ‚ ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ ʙʝʣʛʽʣʽ 
ᴇʨʥʝʢʪʽ ʧʘʡʜʘʣʘʥʘʡʳץ:  

 
 (1.18) ʬʦʨʤʫʣʘʜʘʥ ʢʘʙʝʣʴ ʽʰʽʥʜʝʛʽ ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽ ʪʘʣʰʳץ ʙʝʪʽʥʜʝ 

ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʛʝ ʠʝ ʙʦʣʘʪʳʥʳ ʢᴇʨʽʥʝʜʽ, ʷסʥʠ r = R1 ʢʝʟʽʥʜʝ 

 
ɽʩʝʧ ʰʘʨʪʳ ʙʦʡʳʥʰʘ ʢʝʨʥʝʫʣʽʢ ʙʝʨʽʣʛʝʥ ʤᴅʥʥʝʥ ʘʩʧʘʡʪʳʥ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʜʘ ɝmax= 6 Ț 10
6
 ɺ/ʤ. 

ʄʳʩ ʪʘʣʰʳסʳʥʳש ʨʘʜʠʫʩʳ 

 
  :ʪʘʣʘʜʳץʨʘʜʠʫʩʳ R2 (1.19) ᴇʨʥʝʛʽʥʝʥ ʘʥʳ שʘʧʪʘʤʳʥʳץ ʘʩʳʥʜʳסʦʨפ

 
 

 

 
1.5-ʩʫʨʝʪ. ʎʠʣʠʥʜʨʣʽʢ ʢʦʥʜʝʥʩʘʪʦʨ 

 

 

 

ʙײʜʘʥ 

 
 

ʀʟʦʣʷʮʠʷ ץʘʣʳשʜʳסʳ a = R2 - R1 =  4,75 - 

2,26 = 2,49 ʤʤ. 

2. ʂʘʙʝʣʴʜʽש ʙʝʨʽʢʪʽʢ ץʦʨʳʥ ʘʥʳץʪʘʫ. (1.13) ʬʦʨʤʫʣʘסʘ 

ʩᴅʡʢʝʩ ʨʝʟʝשʢʝ ʠʟʦʣʷʮʠʷʥʳש ʙʝʨʽʢʪʽʢ ץʦʨʳ:  

 

 
3. ʂʘʙʝʣʴ ʩʳʡʳʤʜʳʣʳסʳʥ ʝʩʝʧʪʝʫ. ʎʠʣʠʥʜʨʣʽʢ 

ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʩʳʡʳʤʜʳʣʳסʳ ʢʘʙʝʣʴʜʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʞᴅʥʝ ʤʳʥʘʜʘʡ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ:  

 

 
 

ʄײʥʜʘסʳ lð ʢʘʙʝʣʴ ײʟʳʥʜʳסʳ. 

 (1.20) ʬʦʨʤʫʣʘסʘ ʩʘʡ ʙʽʨ ʤʝʪʨ ʢʘʙʝʣʴʜʽש ʩʳʡʳʤʜʳʣʳסʳ 



 
 

 

1.6 ᴆʪʢʽʟʛʽʰʪʝʨʜʽשʩʳʡʳʤʜʳʣʳסʳʥ ʝʩʝʧʪʝʫ 

 

1.7 ʝʩʝʧ. ɽʛʝʨ ɾʝʨʜʽש R ʨʘʜʠʫʩʳ 6 357 ʢʤ ʪʝש ʙʦʣʩʘ, ʦʥʳש 

ʩʳʡʳʤʜʳʣʳסʳʥ ʝʩʝʧʪʝʫ.  

ʐʝʰʽʤʽ. 1. ʆשʘʰʘʣʘʥסʘʥ ʩʬʝʨʘʥʳש ʦʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʨץʳʣʳ 

ʩʳʡʳʤʜʳʣʳץ ᴇʨʥʝʛʽ. ɾʝʨʜʽש ʩʳʡʳʤʜʳʣʳסʳʥ ʦשʘʰʘʣʘʥסʘʥ ʩʬʝʨʘ ʪװʨʽʥʜʝ 

ʘʥʳץʪʘʡʳץ (1.6-ʩʫʨʝʪ). ʆʣ װʰʽʥ ʦשʘʰʘʣʘʥסʘʥ ʩʬʝʨʘʥʳ ʩʳʨʪץʳ ʩʬʝʨʘʣʳץ ʙʝʪʽ 

ʰʝʢʩʽʟʜʽʢʢʝ ʞʘʪץʳʟʳʣסʘʥ R ʨʘʜʠʫʩʳ ʙʘʨ ʩʬʝʨʘʣʳץ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʙʽʨ 

ʘʩʪʘʨʳ (ʽʰʢʽ) ʨʝʪʽʥʜʝ ʝʣʝʩʪʝʪʝʡʽʢ.   

ʆʩʪʨʦʛʨʘʜʩʢʠʡ-ɻʘʫʩʩ ʪʝʦʨʝʤʘʩʳʥʘ ʩʘʡ r>R ʨʘʜʠʫʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ 

ʥװʢʪʝʣʝʨʜʝʛʽ ʢʦʥʜʝʥʩʘʪʦʨ ʘʩʪʘʨʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽ ɝ 

ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʽʰʢʽ ʩʬʝʨʘʩʳʥʳש 

ʟʘʨʷʜʳʤʝʥ סʘʥʘ ʘʥʳץʪʘʣʘʜʳ.  

 
1.6-ʩʫʨʝʪ. ɿʘʨʷʜʪʘʣסʘʥ ʩʬʝʨʘʥʳש ʵʣʝʢʪʨ 

ᴇʨʽʩʽ. 
 

ʉʬʝʨʘ ʟʘʨʷʜʳ ʢʝʨʥʝʫʣʽʛʽ 

ʤʳʥʘʜʘʡ ʬʦʨʤʫʣʘʤʝʥ ʝʩʝʧʪʝʣʽʥʝʪʽʥ 

ᴇʨʽʩ ʪʫʳʥʜʘʪʘʜʳ:  

 
ʉʬʝʨʘʣʳץ ʢʦʥʜʝʥʩʘʪʦʨ 

ʘʩʪʘʨʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ᴇʨʽʩ ʙʽʨʢʝʣʢʽ ʙʦʣʤʘסʘʥʜʳץʪʘʥ, ʢʝʨʥʝʫʣʽʢ ʘʡʪʘʨʣʳץʪʘʡ 

ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘʤʘʡʪʳʥ ʰʝʢʩʽʟ ʢʽʰʽ װʟʽʢʪʝʨʜʝʥ ʪײʨʘʪʳʥ ץʘʰʳץʪʳץʪʳ (r-R) 

ʝʣʝʩʪʝʪʝʡʽʢ. ʆʥʜʘ ʩʬʝʨʘʣʳץ ʢʦʥʜʝʥʩʘʪʦʨ ʘʩʪʘʨʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢ 

(1.11) ʬʦʨʤʫʣʘסʘ ʩʘʡ ʘʥʳץʪʘʣʘʜʳ:  

 
(1.21) ᴇʨʥʝʛʽʥ (1.22) ʬʦʨʤʫʣʘʩʳʥʘ ץʦʷ ʦʪʳʨʳʧ, (1.23) ʘʣʳʥʘʜʳ:  

 
ɸʥrץʪʘʤʘסʘ ʩʘʡ ʢʦʥʜʝʥʩʘʪʦʨ ʩʳʡʳʤʜʳʣʳסʳ 

 
(1.23) ᴇʨʥʝʛʽʥ (1.24) ץʦʶ ʘʨץʳʣʳ ʦשʘʰʘʣʘʥסʘʥ ʩʬʝʨʘʥʳש ʩʳʡʳʤʜʳʣʳסʳʥ 

ʝʩʝʧʪʝʫʛʝ ʘʨʥʘʣסʘʥ ʬʦʨʤʫʣʘ ʘʣʳʥʘʜʳ:  

 



2. ɾʝʨʜʽש ʩʳʡʳʤʜʳʣʳסʳʥ ʝʩʝʧʪʝʫ. (1.25) ʬʦʨʤʫʣʘʩʳ ʙʦʡʳʥʰʘ 

ɾʝʨʜʽ ʘʫʘ ץʦʨʰʘʡʪʳʥʜʳסʳʥ (‐=1) ʝʩʢʝʨʝ ʦʪʳʨʳʧ ɾʝʨʜʽש ʩʳʡʳʤʜʳʣʳסʳ 

ʘʥʳץʪʘʣʘʜʳ:  

 
1.8 ʝʩʝʧ. ɽʛʝʨ ʩʳʤ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳ60 ץ ʩʤ ײץʨʘסʘʥʜʘ, ײʟʳʥʜʳסʳ 

l= 1 ʢʤ, ʜʠʘʤʝʪʨʽ 2R= 9 ʤʤ ʙʦʣʘʪʳʥ ʘʫʘʣʳ ʝʢʽ ʩʳʤʜʳ ʩʳʟʳץʪʳש 

ʩʳʡʳʤʜʳʣʳסʳʥ ʘʥʳץʪʘʫ (1.7-ʩʫʨʝʪ).  

ʐʝʰʽʤʽ. ɽʢʽ ʩʳʤʜʳ ʩʳʟʳץʪʳש ʩʳʡʳʤʜʳʣʳסʳ ʤʳʥʘ ʬʦʨʤʫʣʘʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ:  

 
 

 :ʜʘʡʣʘʨʜʘסʘʥ ʞʘסʩʳʥʳʣײ

 
 

1.7-ʩʫʨʝʪ. ɽʢʽ ʩʳʤʜʳ ʩʳʟʳץ 

 

 

1.7 ᴆʟʜʽʛʽʥʝʥ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ ʝʩʝʧʣʘʨ 

 

1.9. ɿʘʨʷʜʪʘʥ 40 ʤʤ ץʘʰʳץʪʳץʪʘ ʚʘʢʫʫʤʜʝ 

ʦʨʥʘʣʘʩץʘʥ ʥװʢʪʝʣʽʢ ʟʘʨʷʜ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽ 

75 ʢɺ/ʤ ʪʝש. ʆʩʳ ʟʘʨʷʜʪʳ ʘʥʳץʪʘʫ. 

1.10. ɿʘʨʷʜʪʘʥ r1= 2 ʩʤ ץʘʰʳץʪʳץʪʘ ʘʫʘʜʘ 

ʦʨʥʘʣʘʩץʘʥ +Q ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳ ű1 = 0,5 Ț 10
-6 

ɺ ʧʦʪʝʥʮʠʘʣʳʥ ʪʫʳʥʜʘʪʘʜʳ. Q ʟʘʨʷʜʳʥ, 

ʩʦʥʜʘʡ-ʘץ ʟʘʨʷʜʪʘʥ r2= 1 ʩʤ ץʘʰʳץʪʳץʪʘסʳ ʧʦʪʝʥʮʠʘʣʜʳ ű2 ʞᴅʥʝ ʢʝʨʥʝʫʣʽʢʪʽ 

‚2 ʘʥʳץʪʘʫ.  

1.11. ɼʠʘʤʝʪʨʽ 2 ʩʤ ʤʝʪʘʣʜʳץ ʰʘʨʠʢ ʘʫʘʜʘ ʦʨʥʘʣʘʩץʘʥ ʞᴅʥʝ 3 Ț 10
-10

 ʂʣ 

ʟʘʨʷʜץʘ ʠʝ. ɿʘʨʷʜʪʘʣסʘʥ ʰʘʨʠʢʪʽש ʙʘʨʣʳץ ʪʝש ʧʦʪʝʥʮʠʘʣʜʳ ʙʝʪʪʝʨʽʥʽש 

ʨʘʜʠʫʩʪʘʨʳʥ, ʰʝʢʩʽʟ ʘʣʳʩʪʘʣסʘʥ ʥװʢʪʝʥʽש ʧʦʪʝʥʮʠʘʣʳʥ ʥᴇʣʛʝ ʪʝשʝʩʪʽʨʝ 

ʦʪʳʨʳʧ, 50 ɺ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʧʦʪʝʥʮʠʘʣʜʘʨʜʳ ʘʥʳץʪʘʫ.  

1.12. + 4q ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳʥʘʥ 15 ʩʤ ʦש ʞʘץʪʘ +q ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳ 

ʦʨʥʘʣʘʩץʘʥ. ʂʝʨʥʝʫʣʽʢ ʥᴇʣʛʝ ʪʝש ʙʦʣסʘʥʜʘסʳ ᴇʨʽʩ ʥװʢʪʝʩʽʥʽש ʦʨʥʳʥ ʪʘʙʫ ʞᴅʥʝ 

q ʟʘʨʷʜʳ ʪʘשʙʘʩʳʥʳש ᴇʟʛʝʨʽʩʽʥʜʝ ʘסʳʤʜʘסʳ ʥװʢʪʝ ʦʨʥʳʥʳץ שʘʣʘʡ 

ᴇʟʛʝʨʝʪʽʥʜʽʛʽʥ ʙʘסʘʣʘʫ.  

1.13. Q ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳ ʘʫʘʜʘ r ץʘʰʳץʪʳץʪʘ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ű ʧʦʪʝʥʮʠʘʣʳʥ 

ʪʫʳʥʜʘʪʘʜʳ. ɼᴅʣ ʦʩʳʥʜʘʡ ʧʦʪʝʥʮʠʘʣʜʳ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʜʘ (‐ = 80) 

ʪʫʳʥʜʘʪʘʪʳʥ ʟʘʨʷʜʪʳ ʘʥʳץʪʘʫ.  

1.14. Q= -3 Ț 10
-5
 ʂʣ ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳ ʤʘʡʜʘ ʦʨʥʘʣʘʩץʘʥ(‐ = 2,25). ɿʘʨʷʜʪʘʥ 

50 ʩʤ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ɸ ʥװʢʪʝʩʽʥʜʝʛʽ Q ʟʘʨʷʜʳ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʢ 

ʤᴅʥʽ ʤʝʥ ʙʘסʳʪʳʥ ʞᴅʥʝ ɸ ʥװʢʪʝʩʽʥʝ ʝʥʛʽʟʽʣʛʝʥ q= 3 Ț 10
-7
 ʂʣ ʩʳʥʘʤʘ ʟʘʨʷʜץʘ 

ᴅʩʝʨ ʝʪʫʰʽ ʢװʰʪʽ ʝʩʝʧʪʝʫ. q ʩʳʥʘʤʘ ʟʘʨʷʜʳ ʪʘשʙʘʩʳʥʳש ᴇʟʛʝʨʽʩʽ ɝ ʞᴅʥʝ F 

ᴇʣʰʝʤʜʝʨʽʥʝ ץʘʣʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʜʽʛʽʥ ʘʥʳץʪʘʫ.  



1.15. ʅװʢʪʝʣʽʢ ʟʘʨʷʜʪʳש ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ɸ ʞᴅʥʝ ɹ ʥװʢʪʝʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ 

ʢʝʨʥʝʫʣʽʢ Uɸɹ =  7,2 ɺ ʪʝש. ɿʘʨʷʜ ʩʫʜʘ ʦʨʥʘʣʘʩץʘʥ (‐= 60), ʘʣ ʥװʢʪʝʣʝʨ 

ʟʘʨʷʜʪʘʥ ʩᴅʡʢʝʩʽʥʰʝ 10 ʞᴅʥʝ 50 ʩʤ ʘʣʳʩʪʘʣסʘʥ. ɿʘʨʷʜʪʳש ʤᴅʥʽʥ ʘʥʳץʪʘʫ.  

1.16. Q =  2¶10
-11
ʂʣ ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳ ʤʘʡʜʘ ʪװʟʽʣʛʝʥ (‐ = 2,26) ʜʠʘʤʝʪʨʽ 20 

ʤʤ ʰʘʨ ʪᴅʨʽʟʜʽ ʘʫʘ ʢᴇʙʽʛʥ̔ʽש ʮʝʥʪʨʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ. ʂᴇʙʽʢʪʽש ʩʳʨʪץʳ ʞᴅʥʝ 

ʽʰʢʽ ʙʝʪʪʝʨʽʥʜʝʛʽ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽʥ ʞᴅʥʝ ʝʢʽ ʦʨʪʘʥʳש 

ʰʝʢʘʨʘʩʳʥʜʘסʳ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽʥʽ (ʢᴇʙʽʢʪʽש ʽʰʢʽ ʞᴅʥʝ ʩʳʨʪץʳ 

ʙʝʪʪʝʨʽ ʘʨʘʩʳʥʜʘסʳ ʧʦʪʝʥʮʠʘʣʜʘʨ ʘʡʳʨʳʤʳ) ʘʥʳץʪʘʫ.  

1.17. Q1 ʞᴅʥʝ Q2 = 2Q1 ʦש ʥװʢʪʝʣʽʢ ʟʘʨʷʜʪʘʨ ʘʫʘʜʘ ʙʽʨ-ʙʽʨʽʥʝʥ 5 ʩʤ 

ʰʽ F = 2,9¶10װᴅʨʝʢʝʪʪʝʩʫ ʢ שʘʥ. ʆʣʘʨʜʳץʪʘ ʦʨʥʘʣʘʩץʪʳץʘʰʳץ
-5
ʅ. 

ɿʘʨʷʜʪʘʨʜʳש ʤᴅʥʽʥ, ʩʦʥʜʘʡ-ʘץ ʙʘʩץʘ ʟʘʨʷʜʪʳש ʦʨʥʘʣʘʩʫ ʥװʢʪʝʩʽʥʜʝʛʽ ʙᴇʣʝʢ 

ᴅʨʙʽʨ ʟʘʨʷʜʪʘסʳ ᴇʨʽʩʪʝʨ ʢʝʨʥʝʫʣʽʢʪʝʨʽʥʽש ʙʘסʳʪʳ ʤʝʥ ʤᴅʥʜʝʨʽʥ ʘʥʳץʪʘʫ. 

ᴄʨʙʽʨ ʟʘʨʷʜץʘ ᴅʩʝʨ ʝʪʫʰʽ ʢװʰʪʝʨʜʽש ʚʝʢʪʦʨʣʘʨʳʥ ʪײʨסʳʟʫ.  

1.18. Q1 =  1¶10
-7
 ʂʣ ʞᴅʥʝ Q2 =  2-10

-7
 ʂʣ ʝʢʽ ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳ ʙʽʨ-ʙʽʨʽʥʝʥ 

ʤʠʥʝʨʘʣʜʳץ ʤʘʡʜʘ (‐ = 2,25) 50 ʩʤ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ. ʆʩʳ 

ʟʘʨʷʜʪʘʨʜʳש ʦʨʪʘʩʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʥװʢʪʝʜʝʛʽ ʢʝʨʥʝʫʣʽʢ ʧʝʥ ʧʦʪʝʥʮʠʘʣʜʳ 

ʝʩʝʧʪʝʫ, ʞᴅʥʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʥװʢʪʝʜʝʛʽ ʢʝʨʥʝʫʣʽʢ ʙʘסʳʪʳʥ ʘʥʳץʪʘʫ.  

1.19. ɹʽʨ ʪʫʨʘ ʩʳʟʳץʪʘ ʦʨʥʘʣʘʩץʘʥ װʰ ʥװʢʪʝʣʽʢ ʟʘʨʷʜʳ Q1= Q3= - 4¶10
-6
 ʂʣ 

ʞᴅʥʝ Q2= 2¶10
-6
 ʂʣ ʚʘʢʫʫʤʜʝ ʦʨʥʘʣʘʩץʘʥ. Q2  ʟʘʨʷʜʳ Q1ʞᴅʥʝ Q3 ʟʘʨʷʜʪʘʨʳʥʳש 

ʦʨʪʘʩʳʥʜʘ ᴅʨʙʽʨʽʥʝʥ 0,35 ʤ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ. ᴄʨʙʽʨ ʟʘʨʷʜץʘ ᴅʩʝʨ 

ʝʪʫʰʽ ʢװʰʪʝʨʜʽ ʘʥʳץʪʘʫ.  

1.20. ɽʛʝʨ ʟʘʨʷʜʪʳש ʙʝʪʪʽʢ ʪʳסʳʟʜʳסʳ „ = 1¶10
-11

 ʂʣ/ʩʤ
2 
ʙʦʣסʘʥʜʘ ᴇʟʘʨʘ 

 ʘʥסʧʝʥ ʙᴇʣʽʥʛʝʥ ʝʢʽ ᴅʨ ʘʪʪʘʩ ʟʘʨʷʜʪʘʣץʘʨʘʣʳ ץʳ 5 ʤʤ ʘʫʘʣʳסʟʳʥʜʳײ

ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʧʦʪʝʥʮʠʘʣʜʘʨ ʘʡʳʨʳʤʳʥ ʘʥʳץʪʘʫ.  

1.21. ɽʢʽ ʞʘʟʳץ ʞʽשʽʰʢʝ ʧʘʨʘʣʣʝʣʴʜʽ ʧʣʘʩʪʠʥʘʣʘʨʜʳ ץʫʘʪ ʢᴇʟʽʥʝ ʞʘʣסʘʜʳ 

(1.3 ʘ-ʩʫʨʝʪ). ɿʘʨʷʜʪʘʫʜʘʥ ʩʦש, ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘ ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽ ɝ= 200 

ɺ/ʤʤ ʙʦʣסʘʥʜʘ ץʫʘʪ ʢᴇʟʽʥ ʩᴇʥʜʽʨʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץnʳ 1-

ʜʝʥ 0,5ʤʤ-ʛʝ ʜʝʡʽʥ ᴇʟʛʝʨʪʪʽ. ʇʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳ 

ᴇʟʛʝʨʪʢʝʥʛʝ ʜʝʡʽʥʛʽ ʞᴅʥʝ ʢʝʡʽʥʛʽ ʦʣʘʨʜʳש ʢʝʨʥʝʫʣʽʢʪʝʨʽʥ ʪʘʙʫ.  

1.22. ʄʝʪʘʣʜʳץ ʞʘʟʳץ ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢ ʵʣʝʢʪʨʣʽʢ ʙʝʨʽʢʪʽʛʽ 

ɝʧʨ = 15¶10
3
 ɺ/ʤʤ ʙʦʣʘʪʳʥ ʧʘʨʘʬʠʥʜʝʣʛʝʥ ץʘסʘʟʙʝʥ ʪʦʣʪʳʨʳʣסʘʥ. 

ʇʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳ0,3 ץ ʤʤ. ɼʠʵʣʝʢʪʨʠʢʪʽש ʙʝʨʽʢʪʽʢ ץʦʨʳ 10-

ʪʝש ʢʝʟʽʥʜʝ ʧʣʘʩʪʠʥʘʣʘʨסʘ ʞװʨʛʽʟʫʛʝ ʙʦʣʘʪʳʥ ʤʘʢʩʠʤʘʣʜʳ ʨץײʩʘʪ ʝʪʽʣʛʝʥ 

ʢʝʨʥʝʫʣʽʢʪʽ ʘʥʳץʪʘʫ.  

1.23. ɾʘʟʳץ ᴇʪʢʽʟʛʽʰ ɸ ʞᴅʥʝ  ɹ ʧʣʘʩʪʠʥʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢʢʝ 

ʤʝʪʘʣʜʳץ ʞʘʡʤʘʥʳ ɺ ʝʥʛʽʟʜʽ (1.4ʙ-ʩʫʨʝʪ). ɽʛʝʨ d1 = d3= 1 ʤʤ, d2= 2 ʤʤ, ʘʣ ɸ 

ʞᴅʥʝ ɹ ʧʣʘʩʪʠʥʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢ  U= 450 ɺ  ʙʦʣסʘʥʜʘ ʧʣʘʩʪʠʥʘʣʘʨ 

ᴇʨʽʩʪʝʨʽʥʽש ʢʝʨʥʝʫʣʽʛʽ ‚ ʤʝʥ U1, U2 ʢʝʨʥʝʫʣʽʢʪʝʨʽʥ ʝʩʝʧʪʝʫ. ɺ ʧʣʘʩʪʠʥʘʩʳʥʳש 

ʤᴅʥʽ ʥᴇʣʛʝ ʪʝש (űɺ = 0) ʙʦʣסʘʥ ʞʘסʜʘʡʜʘסʳ ɸ ʞᴅʥʝ ɹ ʧʣʘʩʪʠʥʘʣʘʨʳʥʳש 

ʧʦʪʝʥʮʠʘʣʜʘʨʳʥ (űɸ ʞᴅʥʝ űɹ) ʪʘʙʫ.   

1.24. ɾʘʟʳץ ʘʫʘ ʢʦʥʜʝʥʩʘʪʦʨʳ ʘʩʪʘʨʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʢʝʨʥʝʫʣʽʢ 220ɺ, ʘʣ 

ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳ1 ץ ʤʤ, ᴅʨʙʽʨ ʧʣʘʩʪʠʥʘʥʳש ʘʫʜʘʥʳ 72 ʩʤ
2
. 

ʂʦʥʜʝʥʩʘʪʦʨʜʳש ᴅʨʙʽʨ ʘʩʪʘʨʳʥʳש ʟʘʨʷʜʳʥ ʪʘʙʫ.  

1.25. ɾʘʟʳץ ʢʦʥʜʝʥʩʘʪʦʨ ʧʣʘʩʪʠʥʘʣʘʨʳʥʳש ʘʨʘʩʳʥʜʘסʳ ʢʝשʽʩʪʽʢ 

 ʘʥ (‐ = 4,3). ᴄʨʙʽʨסʘʟʙʝʥ ʪʦʣʪʳʨʳʣסʘץ ʳ 2 ʤʤ ʧʘʨʘʬʠʥʜʝʣʛʝʥסʜʳשʘʣʳץ



ʧʣʘʩʪʠʥʘʥʳש ʘʫʜʘʥʳ 20 ʩʤ
2
. ᴄʨʙʽʨʽʥʽש ʟʘʨʷʜʳ 2 Ț10

-8
 ʂʣ ʪʝש ʙʦʣʫʳ װʰʽʥ 

ʢʦʥʜʝʥʩʘʪʦʨ ʘʩʪʘʨʣʘʨʳʥʘ ץʘʥʜʘʡ ʢʝʨʥʝʫ ʞװʨʛʽʟʫ ץʘʞʝʪʪʽʛʽʥ ʘʥʳץʪʘʫ.  

1.26. ɽʛʝʨ ʙʽʨ-ʙʽʨʽʥʝʥ 10 ʤʤ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ʧʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʘ 

 ץʞʘʡʤʘʥʳ ʧʘʨʘʣʣʝʣʴ ʝʥʛʽʟʛʝʥʜʝ ʞʘʟʳ ץʳ 2 ʤʤ ʤʝʪʘʣʜʳסʜʳשʘʣʳץ

ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽ ץʘʣʘʡ ᴇʟʛʝʨʝʪʽʥʜʽʛʽʥ ʘʥʳץʪʘʫ.  

1.27. ɾʘʟʳץ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ɸ ʞᴅʥʝ ɹ ʧʣʘʩʪʠʥʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ d 

 ʳסʇʣʘʩʪʠʥʘʣʘʨ ʘʨʘʩʳʥʜʘ .(ʳʟשʘʨʘץ 1.4ʙ-ʩʫʨʝʪʪʽ) שʤʤ ʪʝ 15 ץʪʳץʘʰʳץ

ʢʝשʽʩʪʽʢʪʝ ɸ ʧʣʘʩʪʠʥʘʩʳʥʘʥ  d1= 7 ʤʤ ץʘʰʳץʪʳץʪʘ ץʘʣʳשʜʳסʳ d2= 1 ʤʤ ɺ 

ʤʝʪʘʣʜʳץ ʧʣʘʩʪʠʥʘʩʳ ʦʨʥʘʣʘʩץʘʥ. ɸ ʞᴅʥʝ ɹ ʧʣʘʩʪʠʥʘʣʘʨʳʥʳש 

ʧʦʪʝʥʮʠʘʣʜʘʨʳ ʩᴅʡʢʝʩʽʥʰʝ űɸ = +65 ɺ, űɹ = -45 ɺ ʙʦʣסʘʥʜʘסʳ ɺ 

ʧʣʘʩʪʠʥʘʩʳʥʳש ʧʦʪʝʥʮʠʘʣʳʥ ʘʥʳץʪʘʫ.  

1.28. ɸʫʜʘʥʳ 82 ʩʤ
2
 ʞʘʟʳץ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʝʢʽ ʧʣʘʩʪʠʥʘʩʳʥʳש ᴅʨץʘʡʩʳʩʳ 

ʙʽʨ-ʙʽʨʽʥʝʥ ץʘʣʳשʜʳסʳ 0,15 ʤʤ ʜʠʵʣʝʢʪʨʣʽʢ ᴇʪʽʤʜʽʣʽʛʽ ‐ = 3,14 ʢʘʙʝʣʴʜʽʢ 

  .ʪʘʫץʳʥ ʘʥʳסʩʳʡʳʤʜʳʣʳ שʘʥ. ʂʦʥʜʝʥʩʘʪʦʨʜʳסʰʘʫʣʘʥץʘʟʙʝʥ ʦסʘץ

1.29. ʉʣʶʜʘʣʳ ʜʠʵʣʝʢʪʨʠʛʽ (‐=6; 

ɝʧʨ = 880 ʢɺ/ʩʤ) ʙʘʨ ʞʘʟʳץ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʩʳʡʳʤʜʳʣʳסʳ 200 ʧʌ ʙʦʣʫʳ 

 ʘʤʪʘʤʘʩʳʟ ʝʪʫʰʽץ ʦʨʳʥץ ʰ ʝʩʝʣʽʢ ʙʝʨʽʢʪʽʢװ ʘʞʝʪ. 5 ʢɺ ʢʝʨʥʝʫʣʽʢ ʢʝʟʽʥʜʝץ

ʧʣʘʩʪʠʥʘʥʳש ʘʫʜʘʥʳ ʤʝʥ ʜʠʵʣʝʢʪʨʠʢʪʽץ שʘʣʳשʜʳסʳʥ ʘʥʳץʪʘʫ.  

 ʨʳʣʫʳ ʙʘʨ ʘʫʳʩʧʘʣʳײʙ (ʩʫʨʝʪ-1.8) 2 ,1 שʘʣʤʘʣʳ ʧʣʘʩʪʠʥʘʣʘʨʜʳסʦʟפ .1.30

ʩʳʡʳʤʜʳʣʳץʪʳ ʉ = 50... 200 ʧʌ ʢʦʥʜʝʥʩʘʪʦʨʜʘ ʤʘʢʩʠʤʘʣʜʳ ʩʳʡʳʤʜʳʣʳץʪʳ 

ʦʨʥʘʪʪʳ ʞᴅʥʝ ʦʥʳ 6,3 ʢʝʨʥʝʫʣʽʛʽ ʙʘʨ ץʫʘʪ ʢᴇʟʽʤʝʥ ʟʘʨʷʜʪʘʜʳ. ɿʘʨʷʜʪʘʫʜʘʥ 

ʩʦש ʢʦʥʜʝʥʩʘʪʦʨʜʳ ץʦʨʝʢ ʢᴇʟʽʥʝʥ ʘʞʳʨʘʪʪʳ ʞᴅʥʝ 

ʦʥʜʘ ʤʠʥʠʤʘʣʜʳ ʩʳʡʳʤʜʳʣʳץʪʳ ʦʨʥʘʪʪʳ. ʆʩʳ 

ʞʘסʜʘʡ ʢʝʟʽʥʜʝ ʢʦʥʜʝʥʩʘʪʦʨʜʘסʳ ʢʝʨʥʝʫʣʽʢʪʽש 

ʞᴅʥʝ ʢʦʥʜʝʥʩʘʪʦʨ ʵʣʝʢʪʨ ᴇʨʽʩʽ ʵʥʝʨʛʠʷʩʳʥʳש 

  .ʪʘʫץʘʣʘʡ ᴇʟʛʝʨʛʝʥʜʽʛʽʥ ʘʥʳץ

1.31. ɽʛʝʨ ʽʰʢʽ ʮʠʣʠʥʜʨʜʽש ʜʠʘʤʝʪʨʽ 30 ʤʤ, ʘʣ 

ʩʳʨʪץʳ ʮʠʣʠʥʜʨʜʽש ʜʠʘʤʝʪʨʽ 40 ʤʤ ʙʦʣסʘʥʜʘ ʘʫʘ 

 ʳ 0,5 ʤ ʝʢʽסʟʳʥʜʳײ ʘʙʘʪʳʤʝʥ ʙᴇʣʽʥʛʝʥץ

ʢʦʘʢʩʠʘʣʴʜʳ ʮʠʣʠʥʜʨʣʝʨʜʽש ʩʳʡʳʤʜʳʣʳסʳʥ 

ʪʘʙʫ.  
 

1.8-ʩʫʨʝʪ. ɸʫʳʩʧʘʣʳ ʩʳʡʳʤʜʳʣʳץʪʳ ʢʦʥʜʝʥʩʘʪʦʨ: 

1, 2 ð ץʦʟסʘʣʤʘʣʳ ʧʣʘʩʪʠʥʘʣʘʨ. 

 

1.32. ʇʘʨʘʬʠʥʜʝʣʛʝʥ ץʘסʘʟʙʝʥ (‐ = 4; ɝʧʨ = 18 Ț 10
6
ɺ/ʤ) ʠʟʦʣʷʮʠʷʩʳ ʙʘʨ 

ʙʽʨʪʘʣʰʳץʪʳ ʢʘʙʝʣʴ (1.5-ʩʫʨʝʪʪʽ ץʘʨʘשʳʟ) ʨʘʜʠʫʩʳ R1=  3 ʤʤ ʙʦʣʘʪʳʥ ʤʳʩʪʳ 

ʪʘʣʰʳץץʘ ʠʝ. ɽʛʝʨ ʙʝʨʽʢʪʽʢ ץʦʨʳ ʢʧʨ=  2 ʢʝʟʽʥʜʝ ʪʘʣʰʳץ ʧʝʥ ץʦʨסʘʩʳʥ ץʘʙʘʪʳ 

ʘʨʘʩʳʥʘ U = 20 ʢɺ ʢʝʨʥʝʫʣʽʛʽ ʞװʨʛʽʟʽʣʝʪʽʥ ʞʘסʜʘʡʜʘ ץʘסʘʟ ʠʟʦʣʷʮʠʷסʘ 

 ʳʥʘסʟʳʥʜʳײ ʪʘʫ. 1 ʤץʨʘʜʠʫʩʳʥ R2 ʘʥʳ שʘʧʪʘʤʘʩʳʥʳץ ʘʩʳʥסʦʨץ ʘʥסʘʧʪʘʣץ

ʢʝʣʝʪʽʥ ʢʘʙʝʣʴʜʽש ʩʳʡʳʤʜʳʣʳסʳʥ ʉ0 ʪʘʙʫ.  

1.33. 18,5 ʢɺ ʢʝʨʥʝʫʜʽ ʢᴇʪʝʨʫʛʝ ʰʘʤʘʩʳʥ ʢʝʣʪʽʨʫ װʰʽʥ ʜʠʘʤʝʪʨʽ 10 ʤʤ 

ʢʘʙʝʣʜʽש ʤʳʩʪʳ ʪʘʣʰʳסʳʥʘ ץʘʞʝʪʪʽ ʩʘʣʳʥʘʪʳʥ ץʘסʘʟ ʠʟʦʣʷʮʠʷʩʳʥʳש (‐ = 

2,5; ɝʧʨ = 14 Ț 10
6
 ɺ/ʤ) ץʘʣʳשʜʳסʳʥ ʪʘʙʫ.   

 



 

ᴆɿɼɯɻɯʅɽʅ ʐɽʐʋɻɽɸʈʅɸʃנɸʅ ʊɸʇʉʓʈʄɸʃɸʈɼʓר 

ɾɸʋɸʇʊɸʈʓ  

1.9. 1,33Ț10
-8
 ʂʣ. 

1.10.  1,1 Ț 10
-18

 ʂʣ; 1 Ț 10
-6
 ɺ; 1 Ț 10

-4
 ɺ/ʤ. 

1.11. 

ű,ɺ 0 50 100 150 200 250 

r, ʤʤ Ð 54 27 18 13,5 10,8 

1.12.+ qʟʘʨʷʜʳʥʘʥ 5 ʩʤ ʞᴅʥʝ +4q, ʟʘʨ̫ʜʳʥʘʥ 10 ʩʤ; - qʟʘʨʷʜʘʥ 15 ʩʤ ʞᴅʥʝ+4q 

ʟʘʨʷʜʳʥʘʥ 30 ʩʤ. 

1.13. 80 Q. 

1.14.479 ʢɺ/ʤ; 0,144 ʅ; ʝʛʝʨ qʟʘʨʷʜ ʪʘשʙʘʩʳ ʦש ʙʦʣʩʘ ɝɸʞᴅʥʝF Aʚʝʢʪʦʨʣʘʨʳ 

ʟʘʨʷʜץʘ ʙʘסʳʪʪʘʣסʘʥ; q  ʟʘʨʷʜʳʥʳש ʪʘשʙʘʩʳ ᴇʟʛʝʨʛʝʥʜʝ Faʚʝʢʪʦʨʳʥʳש ʙʘסʳʪʳ 

 .ʘʥʘ ᴇʟʛʝʨʝʜʽס

1.15. 6-10
-9
 ʂʣ. 

1.16. 1,8 ʢɺ/ʤ; 0,8 ʢɺ/ʤ; 10 ɺ. 

1.17. 2Ț10
-9
 ʂʣ; 4 Ț 10

-9
 ʂʣ; 7,22 ʢɺ/ʤ; 14,44 ʢɺ/ʤ. 

1.18. 6,39 ʢɺ/ʤ; 4,8 ʢɺ. ʂʝʨʥʝʫʣʽʢ Q1ʟʘʨʷʜʳʥʘ ʙʘסʳʪʪʘʣסʘʥ. 

1.19. 0,29 ʅ; 0; 0,29 ʅ. 

1.20. 56,5 ɺ. 

1.21. 200 ɺ; 100 ɺ. 

1.22. 450 ɺ. 

1.23. 225 ɺ/ʤʤ; 225 ɺ; 225 ɺ; 225 ɺ; -225 ɺ. 

1.24. 1,4 Ț 10
-8
 ʂʣ. 

1.25. 530 ɺ. 

1.26. 1,25 ʝʩʝʛʝ ײʣסʘʷʜʳ. 

1.27. 10 ɺ. 

1.28. 1,5 Ț 10
-3
 ʤʢʌ. 

1.29. 0,17 ʤʤ; 6,42 ʩʤ
2
. 

1.30. ʂʝʨʥʝʫʣʽʢ 6,3-ʪʝʥ 25,2-ʛʝ ʜʝʡʽʥ ʘʨʪʪʳ, ʘʣ ʵʥʝʨʛʠʷ 4Ț10
-9 

-ʪʝʥ 16¶10
-9
 

ɼʞ-ʛʝ ʜʝʡʽʥ.  

1.31. 97 ʧʌ. 

1.32. 6,3 ʤʤ; 300 ʧʌ/ʤ. 

1.33. 1,5 ʤʤ. 

 

 

 

 

 

 

 

 

2  ʊɸʈɸʋ 

 



 

ʕʃɽʂʊʈ ʊɯɿɹɽʂʊɽʈɯʅɯר ʅɽɻɯɿɻɯ נױʓʄɼɸʈʓ 

 

 

2.1 ʕʣʝʢʪʨ ʪʦʛʳ. ʂʝʜʝʨʛʽ. ʊʽʟʙʝʢ ʙᴇʣʽʛʽ װʰʽʥ ʆʤ ʟʘשʳ. ʊʦʢʪʳש ʞײʤʳʩʳ 

ʤʝʥ ʞʳʣʫʣʳץ ᴅʩʝʨʽ 

 

2.1-ʝʩʝʧ. ʊײʪʳʥʫʰʳ ʵʣʝʢʪʨʵʥʝʨʛʠʷʩʳʥ ץʠʤʘʩʳ S = 6 ʤʤ
2 
ʙʦʣʘʪʳʥ 

ʘʣʶʤʠʥʠʡ ʩʳʤʥʘʥ ʞʘʩʘʣסʘʥ ʝʢʽ ʩʳʤʜʳ ʵʣʝʢʪʨʣʽʢ ʙʝʨʽʣʽʩʪʽ ʩʳʟʳץ ʙʦʡʳʥʰʘ 

 .ʤ 300 ץʪʳץʘʰʳץ ʘ ʜʝʡʽʥʛʽסʪʳʥʫʰʳײʦʨʝʢ ʢᴇʟʽʥʝʥ ʪפ .ʦʨʝʢ ʢᴇʟʽʥʝʥ ʘʣʘʜʳץ

ʊʽʢʝʣʝʡ ʽʩʢʝ ץʦʩʳʣסʘʥʥʘʥ ʢʝʡʽʥʛʽ ʩʳʟʳץʪʘסʳ ʪʦʢ ʢװʰʽ I  50 ɸ ʪʝש.  

R ʩʳʟʳסʳʥʳש ʢʝʜʝʨʛʽʩʽʥ, ץʦʨʰʘסʘʥ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 20 ÁC ʢʝʟʽʥʜʝʛʽ 

ʩʳʟʳץʪʘסʳ U ʢʝʨʥʝʫʜʽש ʞʦסʘʣʪʳʤʳʥ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

+30-ʜʘʥ  -30 ÁC-ʜʝʡʽʥ ʰʘʤʘʩʳʥʜʘ ᴇʟʛʝʨʛʝʥʜʝ ʩʳʟʳץʪʳש ʘʣʶʤʠʥʠʡ ʩʳʤʳʥʳש 

ʢʝʜʝʨʛʽʩʽʥʽש ᴇʟʛʝʨʽʩ ʜʠʘʧʘʟʦʥʳʥ ʘʥʳץʪʘʫ.  

ʐʝʰʽʤʽ. 1. t= 20 ÁC ʢʝʟʽʥʜʝ ʩʳʟʳץʪʳש ʢʝʜʝʨʛʽʩʽ ʤʝʥ 

ʩʳʟʳץʪʘסʳ ʢʝʨʥʝʫʣʽʢʪʝʨʜʽש ʞʦסʘʣʪʳʤʳʥ ʝʩʝʧʪʝʫ. ʉʳʟʳץ ʝʢʽ 

ʩʳʤʜʳ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʜʘ ʩʳʤʥʳײ שʟʳʥʜʳסʳ 

l =  2* 300 = 600 ʤ. 

ʊʘʨʪʳʣסʘʥ ʩʳʟʳץʪʳץ ᴇʪʢʽʟʛʽʰʪʽש ʢʝʜʝʨʛʽʩʽ 

 
ʄײʥʜʘסʳ ὴ ð ᴇʪʢʽʟʛʽʰʪʽש ʤʝʥʰʽʢʪʽ ʢʝʜʝʨʛʽʩʽ. 

20ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʘʣʶʤʠʥʠʡʜʽש ʢʝʜʝʨʛʽʩʽ ὴ20 = 0,028 ʆʤ¶ʤʤ
2
/ʤ 

 שʪʳץʘ ʩʘʡ 20ÁCʢʝʟʽʥʜʝʛʽ ʩʳʟʳסʪʘʥ, ʦʥʜʘ (2.1) ʬʦʨʤʫʣʘץʘʥʜʳסʙʦʣ (ʦʩʳʤʰʘ 3ץ)

ʢʝʜʝʨʛʽʩʽ 

 
ʉʳʟʳץʪʘסʳ ʢʝʨʥʝʫʣʽʢʪʝʨʜʽש ʞʦסʘʣʪʳʤʳʥ ʪʽʟʙʝʢ ʙᴇʣʽʛʽ װʰʽʥ ʆʤ ʟʘשʳʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ:  

 
 ᴇʟʛʝʨʽʩʽʥʜʝ שʘʥ ʦʨʪʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳסʦʨʰʘפ .2

ʢʝʜʝʨʛʽʥʽש ᴇʟʛʝʨʫ ʜʠʘʧʘʟʦʥʳʥ ʝʩʝʧʪʝʫ. ʂʝʟ-ʢʝʣʛʝʥ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ᴇʪʢʽʟʛʽʰʪʽש ʢʝʜʝʨʛʽʩʽ ʤʳʥʘʜʘʡ ᴇʨʥʝʢʧʝʥ ʘʥʳץʪʘʣʘʜʳ:  

 
 

ʄײʥʜʘסʳ R1 ʞᴅʥʝ R2ð ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʩᴅʡʢʝʩʽʥʰʝ ʙʘʩʪʘʧץʳ t1 ʞᴅʥʝ ʩʦסשʳ t2 

ʤᴅʥʜʝʨʽʥʜʝʛʽ ʢʝʜʝʨʛʽc ;̔ ð ʢʝʜʝʨʛʽʥʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ.  

t1= 20 ÁCʢʝʟʽʥʜʝ ʢʝʜʝʨʛʽR1= R20= 2,8 ʆʤ. 

+30Áʉʞᴅʥʝ -30ÁCʪʝש t2ʤᴅʥʜʝʨʽʥʜʝ ʘʣʶʤʠʥʠʡ ʩʳʤʥʳש ʢʝʜʝʨʛʽʩʽʥ R2(2.2) 

ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʘʣʶʤʠʥʠʡʜʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ = 0,005 Áʉ
-1 

  :ʪʘʣʘʜʳץʝʩʢʝʨʝ ʦʪʳʨʳʧ ʘʥʳ (ʦʩʳʤʰʘ 3ץ)

R+30= R20[1 + (t2- t1)] = 2,8(1 + 0,005(30 - 20)) = 2,94 ʆʤ. 

R-30 = R20[1 +  (t2 - t1)] = 2,8(1 + 0,005(-30 - 20)) = 2,1 ʆʤ. 



ɼʝʤʝʢ, ʘʣʶʤʠʥʠʡ ʩʳʤ ʢʝʜʝʨʛʽʩʽʥʽש ᴇʟʛʝʨʽʩ ʜʠʘʧʘʟʦʥʳ 

 

ЎR = R+30 - R-30 = 2,94 - 2,1 = 0,84 ʆʤ. 

 

2.2-ʝʩʝʧ. ʕʣʝʢʪʨʣʽʢ ʤʘʰʠʥʘ ץʦʟʜʳʨʫ ʦʨʘʤʳ U= 120 B ʢʝʨʥʝʫʣʽʛʽʥʝ 

 ʘʥʥʘʥ ʢʝʡʽʥ ʪʽʟʙʝʢʪʝʛʽץʦʩפ .ʘʥ. ɹᴇʣʤʝʜʝʛʽ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ t1= 20 Áʉסʦʩʳʣץ

ʪʦʢ ʢװʰʽ I1 2 ɸ ײץʨʘʜʳ.  

ɽʛʝʨ ʞײʤʳʩ ʨʝʞʠʤʽ ʢʝʟʽʥʜʝ ʪʦʢ ʢװʰʽ I2= 1,5 ɸ ʙʦʣʩʘ, ʦʥʜʘ ʤʳʩ ʩʳʤʤʝʥ 

ʦʨʘʣסʘʥ ʤʘʰʠʥʘʥʳץ שʦʟʜʳʨʫ ʦʨʘʤʳ ץʘʥʜʘʡ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ 

 ʩʘʣʳʩʪʳʨʤʘʣʳ שʳʟʜʳʨʳʣʘʪʳʥʳʥ ʞᴅʥʝ ʦʩʳ ʢʝʟʜʝ ʦʨʘʤʘ ʩʳʤ ʢʝʜʝʨʛʽʩʽʥʽץ

ʞᴅʥʝ ʘʙʩʦʣʶʪʪʽʢ ᴇʟʛʝʨʽʩʽ ʥʝʛʝ ʪʝש ʝʢʝʥʜʽʛʽʥ ʘʥʳץʪʘʫ.  

ʐʝʰʽʤʽ. 1. ʄʘʰʠʥʘʥʳץ שʦʟʜʳʨʫ ʦʨʘʤʳʥʳץ שʳʟʜʳʨʳʣʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʝʩʝʧʪʝʫ. ʊʽʟʙʝʢ ʙᴇʣʽʛʽ װʰʽʥ ʆʤ ʟʘשʳ ʙʦʡʳʥʰʘ 

ʪʽʢʝʣʝʡ ץʦʩʳʣʫʜʘʥ ʢʝʡʽʥ (R1) ʞᴅʥʝ ʞײʤʳʩ ʨʝʞʠʤʽ (R2) ʢʝʟʜʝʨʽʥʜʝ ץʦʟʜʳʨʫ 

ʦʨʘʤʳʥʳש ʢʝʜʝʨʛʽʩʽ ʘʥʳץʪʘʣʘʜʳ:  

R1= U/I1 =  120/2 = 60 ʆʤ; R2= U/I2 =120/1,5 = 80 ʆʤ. 

 ʘʥ ᴇʨʥʝʢʪʽ (2.2)סʳʟʜʳʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʝʩʝʧʪʝʫʛʝ ʘʨʥʘʣץ ʦʟʜʳʨʫ ʦʨʘʤʳʥפ

ʬʦʨʤʫʣʘʜʘʥ ʘʣʳʥʘʜʳ:  

 
 

ʄʳʩʪʳש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ = 0,004 Áʉ
-1 

 ʝʩʢʝʨʝ (ʦʩʳʤʰʘ 3ץ)

ʦʪʳʨʳʧ, (2.3) ʬʦʨʤʫʣʘסʘ ʩʘʡ ʘʥʳץʪʘʣʘʜʳ:  

 
2. ʆʨʘʤʘ ʩʳʤʳ ʢʝʜʝʨʛʽʩʽʥʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʞᴅʥʝ 

ʘʙʩʦʣʶʪʪʽʢ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʝʩʝʧʪʝʫ. (2.2) ʬʦʨʤʫʣʘʜʘʥ ʢʝʜʝʨʛʽʥʽש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʢᴇʙʝʶʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʘʙʩʦʣʶʪʪʽ ʢᴇʙʝʶʽʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ 

ʝʢʝʥʜʽʛʽ ʢᴇʨʽʥʝʜʽ:  

 
(2.4) ʬʦʨʤʫʣʘסʘ ʩʘʡ ʦʨʘʤʘ ʩʳʤʳ ʢʝʜʝʨʛʽʩʽʥʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʢᴇʙʝʶʽ 

 
ʂʝʜʝʨʛʽʥʽש ʘʙʩʦʣʶʪʪʽʢ ᴇʟʛʝʨʽʩʽ 

 
2.3-ʝʩʝʧ. ʕʣʝʢʪʨ ʧʝʰʽʥʽץ שʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪʽ ײʟʳʥʜʳסʳ l= 10 ʤ ʞᴅʥʝ 

ʜʠʘʤʝʪʨʽ d= 0,15 ʤʤ ʙʦʣʘʪ ʩʳʤʥʘʥ ʞʘʩʘʣסʘʥ.  

ɽʛʝʨ ץʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪʪʽ U= 220 B ʢʝʨʥʝʫʛʝ ʞʘʣסʘסʘʥʜʘ ʞײʤʳʩ 

ʨʝʞʠʤʽʥʜʝ I = 1,82 A ʪʦʢʪʳ ʪײʪʳʥʩʘ, ʩʳʤ ץʘʥʰʘ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ 

 ʤʝʥʰʽʢʪʽ שʳʟʜʳʨʫ ʵʣʝʤʝʥʪ ʩʳʤʳʥʳץ ʪʘʫ. ʆʩʳ ʦʨʘʡʜʘץʘʥʳʥ ʘʥʳסʳʟʜʳʨʳʣץ



ʢʝʜʝʨʛʽʩʽ ʥʝʰʝʛʝ ʪʝש ʝʢʝʥʜʽʛʽʥ ʞᴅʥʝ ʙʽʨ ʪᴅʫʣʽʢ װʟʜʽʢʩʽʟ ʞײʤʳʩ ʫʘץʳʪʳʥʜʘ 

 .ʳʥ ʪʘʙʫסʪʳʥʘʪʳʥʜʳײʘʥʰʘ ʵʣʝʢʪʨʵʥʝʨʛʠʷʩʳʥ ʪץ ʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪץ

 ʰʽʥװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʤʳʩ ʨʝʞʠʤʜʝʨʽʥײʙʽʨʜʝʡ ʞ שʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪʪʽפ

ʙʽʨʜʝʡ ץʠʤʘ ʢʝʟʽʥʜʝʛʽ ץʘʡʩʳ ʩʳʤ ץʳʩץʘʨʘץ ʙʦʣʫʳ ץʘʞʝʪ ʝʢʝʥʜʽʛʽʥ ʙʘסʘʣʘʫ: 

ʙʦʣʘʪʪʳ, ʥʠʢʝʣʴʜʽ ʞᴅʥʝ ʥʠʭʨʦʤʜʳ.  

ʐʝʰʽʤʽ. 1. ʕʣʝʤʝʥʪʪʽ ץʳʟʜʳʨʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʝʩʝʧʪʝʫ. 

ʉʳʤʥʳש ʢᴇʣʜʝʥʝץ שʠʤʘʩʳʥʳש ʘʫʜʘʥʳʥ ʘʥʳץʪʘʡʳץ:  

S = “d
2
/4 = “-0,15

2
/4 = 0,018 ʤʤ

2
. 

ɹʦʣʘʪʪʳש ʤʝʥʰʽʢʪʽ ʢʝʜʝʨʛʽʩʽ ʨ20 = 0,13 ʆʤ¶ʤʤ
2
/ʤ (ץʦʩʳʤʰʘ 3) ʝʢʝʥʜʽʛʽʥ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ, (2.1) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ t1= 20 ÁC ʢʝʟʽʥʜʝʛʽ R1 = R20 

  :ʪʘʣʘʜʳץʢʝʜʝʨʛʽʩʽ ʘʥʳ שʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪʪʽץ

 
 

ʓʩʪʳץ ʢװʡ ʢʝʟʽʥʜʝʛʽ (ʞײʤʳʩ ʨʝʞʠʤʽ) ʩʳʤʥʳש ʢʝʜʝʨʛʽʩʽ ʆʤ ʟʘשʳʥʘ ʩʘʡ:  

R2 =  U/I =  220/1,82 = 120,9 ʆʤ. 

(2.3) ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʙʦʣʘʪʪʳש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ  = 0,005 

Áʉ
-1 

 ʳʟʜʳʨʳʣʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳץ t2 שʝʩʢʝʨʛʝʥʜʝ, ʩʳʤʥʳ (ʦʩʳʤʰʘ 3ץ)

ʘʥʳץʪʘʣʘʜʳ:   

 
 .ʪʘʫץʤʝʥʰʽʢʪʽ ʢʝʜʝʨʛʽʩʽʥ ʘʥʳ שʘʥ ʩʳʤʥʳסʳʟʜʳʨʳʣפ .2

ɽʛʝʨ ʩʳʤʥʳש ʢᴇʣʜʝʥʝץ שʠʤʘʩʳʥʳײ שʟʳʥʜʳסʳ ʤʝʥ ʘʫʜʘʥʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʽ 

ʰʘʤʘʣʳ סʘʥʘ ʞᴅʥʝ ʦʥʳ ʝʣʝʤʝʫ ʤװʤʢʽʥ ʙʦʣʩʘ, ʦʥʜʘ (2.1) ʬʦʨʤʫʣʘסʘ ʩʘʡ ʳʩʪʳץ 

ʩʳʤʥʳש ʤʝʥʰʽʢʪʽ ʢʝʜʝʨʛʽʩʽ ὴ ʢʝʜʝʨʛʽʥʽײ שʣסʘʶʳʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʪװʨʜʝ 

ʘʨʪʘʜʳ: 

ὴ/ὴ  = R2/R20= 120,9/73,6 = 1,64. 

ʆʥʜʘ 

ὴ = ὴ  Å 1,64 = 0,13 Å 1,64 = 0,214 ʆʤ Å ʤʤ
2
/ʤ. 

 ʘʥ ʵʣʝʢʪʨʵʥʝʨʛʠʷʩʳʥסʤʩʘʣײʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪʧʝʥ ʞפ .3

ʝʩʝʧʪʝʫ. פʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪ ʪײʪʳʥʘʪʳʥ ʵʣʝʢʪʨʵʥʝʨʛʠʷʩʳ ʤʳʥʘʜʘʡ 

ᴇʨʥʝʢʧʝʥ ʘʥʳץʪʘʣʘʜʳ:  

 
ʤײʥʜʘסʳ ʈʧʦʪʨ = UIð ʵʣʝʤʝʥʪ ʪײʪʳʥʘʪʳʥ ץʫʘʪʪʳʣʳץ; tð ץʳʟʜʳʨʫʰʳ 

ʵʣʝʤʝʥʪʪʽװ שʟʜʽʢʩʽʟ ʞײʤʳʩ ʽʩʪʝʫ ʫʘץʳʪʳ. 

ʈʧʦʪʨ = UI ᴇʨʥʝʛʽʥ (2.5) ʬʦʨʤʫʣʘסʘ ץʦʡסʘʥʜʘ, ʘʣʳʥʘʜʳ:  

 
ʆʩʳʣʘʡʰʘ, (2.6) ʬʦʨʤʫʣʘסʘ ʩʘʡ ץʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪʪʽש ʪײʪʳʥʘʪʳʥ ʵʥʝʨʛʠʷʩʳ 

ɸʧʦʪʨ = UIt =  220 Ț 1,82 Ț 24 = 9,6 ʢɺʪ Ț ʩ. 

 ʘʞʝʪʪʽץ שʨʣʽ ʩʳʤʜʘʨʜʳװʰʽʥ ᴅʨʪװ ʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪפ .4

 ʤʳʩײʙʽʨʜʝʡ ʞ שʳʟʜʳʨʫʰʳ ʵʣʝʤʝʥʪʪʽפ .ʪʘʨʳʥ ʩʘʣʳʩʪʳʨʫץʟʳʥʜʳײ

ʨʝʞʠʤʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʦʩʳ ʩʳʤʜʘʨ ʙʽʨʜʝʡ ʢʝʜʝʨʛʽʛʝ ʠʝ ʙʦʣʫʣʘʨʳ 

 ʠʤʘʩʳ ʙʽʨʜʝʡץ שʰʘʨʪʳ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʳʣʫʰʳ ʩʳʤʜʘʨʜʳ שʘʞʝʪ. ɽʩʝʧʪʽץ


