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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
2023 ʛ.

http://kepstr.eltech.ru/tor/mri

ɸ.ɸ. ɼʘʥʠʣʠʥ

ʌʘʢʫʣʴʪʝʪ ʨʘʜʠʦʪʝʭʥʠʢʠ 
ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ

ʂʘʬʝʜʨʘ ʊʝʦʨʝʪʠʯʝʩʢʠʭ 
ʦʩʥʦʚ ʨʘʜʠʦʪʝʭʥʠʢʠ

çʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ 

ʨʘʜʠʦʠʟʤʝʨʝʥʠʡè

(ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʥʩʧʝʢʪ ʣʝʢʮʠʡ)

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ

ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ

çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ(ʃʝʥʠʥʘ)è 

(ʉʇʙɻʕʊʋ çʃʕʊʀè)
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çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ)è 

(ʉʇʙɻʕʊʋ çʃʕʊʀè)

ɺʚʝʜʝʥʠʝ
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"ʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ"
ɼʣʷ ʩʪʫʜʝʥʪʦʚ ʌʈʊ ʠ ʆʌ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʜʛʦʪʦʚʢʠ 

ʙʘʢʘʣʘʚʨʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ:

Ç 210400 -ʨʘʜʠʦʪʝʭʥʠʢʘ;  210700 -ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳ ʩʚʷʟʠ; 

Ç 211000 -ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ

Ç 11.05.01 -çʈʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʢʦʤʧʣʝʢʩʳè

ʏʠʪʘʝʪʩʷ ʥʘ 2 ʢʫʨʩʝ (4 ʩʝʤʝʩʪʨ):

Ç 36 ʣʝʢʮʠʦʥʥʳʭ ʯʘʩʦʚ (1 ʣʝʢʮʠʷ ʚ ʥʝʜʝʣʶ) ;

Ç 18 ʯʘʩʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ (ʜʦʧʫʩʢ ʢ ʵʢʟʘʤʝʥʫ) ; 

Ç ʵʢʟʘʤʝʥ. 

ɺʝʜʫʱʠʝ ʣʝʢʪʦʨʳ: 

üʜʦʮʝʥʪ ʢʘʬ. ʊʆʈ, ʢ.ʪ.ʥ.,  ɼʘʥʠʣʠʥ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʝʝʚʠʯ 

üʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬ. ʊʆʈ  ʄʦʩʢʘʣʝʮ ɼʤʠʪʨʠʡ ʆʣʝʛʦʚʠʯ
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1. ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂʀɽ ʀɿʄɽʈʀʊɽʃʔʅʓɽ ʇʈʀɹʆʈʓ

2. ʀɿʄɽʈɽʅʀɽ ʅɸʇʈʗɾɽʅʀʁ ʕʃɽʂʊʈʆʅʅʓʄʀ ɺʆʃʔʊʄɽʊʈɸʄʀ

3. ʕʃɽʂʊʈʆʅʅʆïʃʋʏɽɺʆʁ ʆʉʎʀʃʃʆɻʈɸʌ

4. ʀɿʄɽʈɽʅʀɽ ʌɸɿʆɺʆɻʆ ʉɼɺʀɻɸ

5. ʀɿʄɽʈɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʃʀʅɽʁʅʓʍ ʂʆʄʇʆʅɽʅʊʆɺ ʎɽʇɽʁ

6. ʇʆɺɽʈʂɸ ʀɿʄɽʈʀʊɽʃʔʅʓʍ ɻɽʅɽʈɸʊʆʈʆɺ

7. ʀɿʄɽʈɽʅʀɽ ɸʄʇʃʀʊʋɼʅʆ-ʏɸʉʊʆʊʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʉ ʇʆʄʆʑʔʖ ɻɽʅɽʈɸʊʆʈɸ ʀ ɺʆʃʔʊʄɽʊʈɸ

ʉʧʠʩʦʢ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ: 

ʃʘʙʦʨʘʪʦʨʠʷ ʆʄʈʀ  -1 ʢʦʨʧʫʩ , 2 ʵʪʘʞ , ʘ. 1243



ɼʘʥʠʣʠʥ ɸ.ɸ. , ʃʘʚʨʝʥʢʦ ʅ.ʉ. ʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ/ 

ʋʯʝʙ.ʧʦʩʦʙʠʝ. ʉʧʙ.: ʀʟʜ-ʚʦ ʉʇʙɻʕʊʋ çʃʕʊʀè, 2013. -204ʩ 

ʆʩʥʦʚʥʘʷ ʣʠʪʝʨʘʪʫʨʘ-1
ñʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ

ɼʘʥʠʣʠʥ ɸ.ɸ. , ʃʘʚʨʝʥʢʦ ʅ.ʉ. ʀʟʤʝʨʝʥʠʷ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ/ʋʯʝʙ 

ʧʦʩʦʙʠʝ. ïʉʇʙ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʃʘʥʴ, 2017. -408ʩ. (ʰʠʬʨ ʙʠʙʣʠʦʪʝʢʠ 

ʃʕʊʀ  ɿ 842/ ɼ18) 

ɹʘʨʫʟʜʠʥ ʉ.ɸ., ɼʘʥʠʣʠʥ ɸ.ɸ. ʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ: 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ/ ʉʇʙ.: ʀʟʜ-ʚʦ ʉʇʙɻʕʊʋ çʃʕʊʀè, 2015 -

124ʩ (ʐʠʬʨ ʙʠʙʣʠʦʪʝʢʠ ʃʕʊʀ ɿ22/ɹ24) ) 

ɼʘʥʠʣʠʥ ɸ.ɸ. , ʄʦʩʢʘʣʝʮ ɼ.ʆ., ʉʦʩʥʦʚʩʢʠʡ ɺ.ɸ. ʇʨʠʙʦʨʳ ʠ ʪʝʭʥʠʢʘ 

ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ ʚ ʚʦʧʨʦʩʘʭ ʠ ʦʪʚʝʪʘʭ. ʋʯʝʙ. ʇʦʩʦʙʠʝ\ʇʦʜ ʨʝʜ. ɸ.ɸ. 

ɼʘʥʠʣʠʥʘ. ʉʇʙ.: ʀʟʜ-ʚʦ ʉʇʙɻʕʊʋ çʃʕʊʀè, 2018. -124ʩ 



ʄʝʪʨʦʣʦʛʠʷ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʷ / ʋʯʝʙʥʠʢ ʜʣʷ ɺʋɿʦʚ.

/ʇʦʜ ʨʝʜ. ɺ.ʀ.ʅʝʬʝʜʦʚʘ, -ʄ:, ɺʳʩʰʘʷ ʰʢʦʣʘ, 2003. -526 ʩ (ʐʠʬʨ 

ʙʠʙʣʠʦʪʝʢʠ ʃʕʊʀ ɾ10/ʄ54) 

ʆʩʥʦʚʥʘʷ ʣʠʪʝʨʘʪʫʨʘ-2
ñʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ

ʍʘʤʘʜʫʣʠʥ ʕ.ʌ. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʚ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ: ʫʯʝʙ. ʇʦʩʦʙʠʝ. -ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

"ʖʨʘʡʪ", 2016.-365ʩ. 

ɼʚʦʨʷʰʠʥ ɹ.ɺ. ʄʝʪʨʦʣʦʛʠʷ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʷ / ʋʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ɺʋɿʦʚ, -ʄ:, ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 2005. -304ʩ 

(ʐʠʬʨ ʙʠʙʣʠʦʪʝʢʠ ʃʕʊʀ ɾ10/ɼ24) 



ʆʩʥʦʚʥʘʷ ʣʠʪʝʨʘʪʫʨʘ-3
ñʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ

ɺʠʥʦʢʫʨʦʚ ɺ.ʀ., ʂʘʧʣʠʥ ʉ.ʀ., ʇʝʪʝʣʠʥ ʀ.ɻ. 

ʕʣʝʢʪʨʦʨʘʜʠʦʠʟʤʝʨʝʥʠʷ. -ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ., 

1986. -351ʩ 

ʄʠʨʩʢʠʡ ɻ.ɿ. ʕʣʝʢʪʨʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ. -

ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1986.- 440c 

ʄʝʪʨʦʣʦʛʠʷ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ: ʋʯʝʙ. ʜʣʷ ʚʫʟʦʚ/ɸ.ʉ. ʉʠʛʦʚ, 

ɺ.ʀ.ʅʝʬʝʜʦʚ. - ʄ.: ɺʳʩʰ. ʰʢ., 2008 ï624ʩ. 
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ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʪʝʨʘʪʫʨʘ
1. ʀʟʤʝʨʝʥʠʷ   ʚ   ʵʣʝʢʪʨʦʥʠʢʝ.   ʉʧʨʘʚʦʯʥʠʢ   /ʇʦʜ    ʨʝʜ. ɺ.ɸ. 

ʂʫʟʥʝʮʦʚʘ. -ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1987. -512ʩ.

2. ɸʬʦʥʩʢʠʡ ɸ. ɸ., ɼʴʷʢʦʥʦʚ ɺ.ʇ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠ 

ʤʘʩʩʦʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ.  ïʄ.: ʉʆʃʆʅ_ʇʈɽʉʉ, 

2007.-544ʩ.

3. ɼʴʷʢʦʥʦʚ ɺ. ʇ. ɻʝʥʝʨʘʮʠʷ ʠ ʛʝʥʝʨʘʪʦʨʳ ʩʠʛʥʘʣʦʚ / ɺ. ʇ. 

ɼʴʷʢʦʥʦʚ. ðʄ. : ɼʄʂ ʇʨʝʩʩ, 2009. ð384 ʩ.

4. ɿʘʭʘʨʦʚ ʀ.ʇ., ʇʘʚʣʝʥʢʦ ʖ.ʌ. ʕʪʘʣʦʥʳ ʚ ʦʙʣʘʩʪʠ 

ʵʣʝʢʪʨʦʨʘʜʠʦʠʟʤʝʨʝʥʠʡ. ʉʧʨʘʚʦʯʥʦʝ ʧʦʩʦʙʠʝ. ïʄ.: ɻʦʨʷʯʘʷ 

ʣʠʥʠʷ-ʊʝʣʝʢʦʤ, 2008.-192 ʩ.

ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ

http ://kepstr .eltech .ru/tor /mri

http://www.tor.eltech.ru:8000/edu/bachelor/omri

http://kepstr.eltech.ru/tor/mri
http://www.tor.eltech.ru:8000/edu/bachelor/omri
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ʕʢʟʘʤʝʥʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ (34 ʰʪ) ʧʦ ʜʠʩʮʠʧʣʠʥʝ
çʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ" 

2023ʛ.

1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʤʝʪʨʦʣʦʛʠʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʤʝʨʝʥʠʡ ʠ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. ʇʨʠʥʮʠʧʳ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ.

2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ.

3. ʕʪʘʣʦʥʳ ʠ ʤʝʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʜʠʦʠʟʤʝʨʝʥʠʷʭ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʦʪʩʯʝʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ.

-----------------------------------------------------------------------------------------------

4. ʆʙʱʠʝ ʧʦʥʷʪʠʷ ʦ ʧʦʛʨʝʰʥʦʩʪʷʭ ʠʟʤʝʨʝʥʠʡ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʤʝʪʦʜʳ ʠʭ ʫʤʝʥʴʰʝʥʠʷ.

5. ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ, ʠʭ 

ʥʦʨʤʠʨʦʚʘʥʠʝ. ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ, ʠʥʪʝʨʚʘʣʴʥʘʷ ʦʮʝʥʢʘ ʜʦʧʫʩʢʘʝʤʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ.

6. ʉʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʠʭ ʦʧʠʩʘʥʠʝ. ɿʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʠʭ ʧʘʨʘʤʝʪʨʳ.

7. ʇʨʷʤʳʝ ʦʜʥʦʢʨʘʪʥʳʝ ʠ ʤʥʦʛʦʢʨʘʪʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʠʭ 

ʧʦʛʨʝʰʥʦʩʪʠ. ɸʣʛʦʨʠʪʤ ʠʭ ʦʮʝʥʢʠ. ʇʦʛʨʝʰʥʦʩʪʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

-----------------------------------------------------------------------------------------------
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8. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʇʨʠʥʮʠʧʳ ʠʭ ʨʘʙʦʪʳ, ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʱʠʭ ʫʟʣʦʚ.

9. ʄʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ. ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ, ʠʟʤʝʨʝʥʠʝ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ.

10. ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ. ʇʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ, ʠʟʤʝʨʝʥʠʝ ʪʦʢʦʚ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʤʦʱʥʦʩʪʠ.

11. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ.

-----------------------------------------------------------------------------------------------

12. ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʷʝʤʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ 

ʚʦʣʴʪʤʝʪʨʦʚ. ʀʭ ʧʘʨʘʤʝʪʨʳ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ. ɺʦʣʴʪʤʝʪʨʳ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ.

13. ʀʟʤʝʨʝʥʠʝ  ʩʨʝʜʥʝʚʳʧʨʷʤʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ.

14. ʀʟʤʝʨʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʩʠʛʥʘʣʦʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

15. ʀʟʤʝʨʝʥʠʝ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʠʤʧʫʣʴʩʥʳʭ ʠ ɺʏ 

ʩʠʛʥʘʣʦʚ.

16. ʎʠʬʨʦʚʳʝ ʚʦʣʴʪʤʝʪʨʳ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ,  ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ 

ʧʘʨʘʤʝʪʨʳ
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17. ʂʣʘʩʩʠʬʠʢʘʮʠʷ  ʦʩʮʠʣʣʦʛʨʘʬʦʚ. ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʪʨʫʙʢʘ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʠ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦ-

ʣʫʯʝʚʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ.

18. ɺʠʜʳ ʨʘʟʚʝʨʪʦʢ. ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʨʘʟʚʝʨʪʢʠ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʠ ʠʭ ʥʘʟʥʘʯʝʥʠʝ. ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʠ ʟʘʧʫʩʢ 

ʦʩʮʠʣʣʦʛʨʘʬʘ, ʨʝʞʠʤʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ.

19. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ ïʢʘʥʘʣ Y. 

ɼʚʫʭʣʫʯʝʚʦʡ ʠ ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬʳ.

20. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ ïʢʘʥʘʣʳ X ʠ Z. 

21. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʦʩʮʠʣʣʦʛʨʘʬʦʚ. 

ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʤʝʪʦʜʦʤ 

ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʰʢʘʣ.

-----------------------------------------------------------------------------------------------

22. ʀʟʤʝʨʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ʆʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ.

23. ʂʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ (ʥʫʣʝʚʦʡ 

ʤʝʪʦʜ). ʂʘʣʠʙʨʦʚʘʥʥʳʝ ʬʘʟʦʚʨʘʱʘʪʝʣʠ. ʌʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ.

24. ʌʘʟʦʤʝʪʨʳ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚ ʥʘʧʨʷʞʝʥʠʝ. 
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25. ʀʟʤʝʨʝʥʠʝ ʯʘʩʪʦʪʳ ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʛʝʪʝʨʦʜʠʥʥʳʤ ʤʝʪʦʜʘʤʠ. 

ʇʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʦʚ.

26. ʀʟʤʝʨʝʥʠʝ ʯʘʩʪʦʪʳ ʨʝʟʦʥʘʥʩʥʳʤ ʤʝʪʦʜʦʤ. ʄʝʪʦʜ ʜʠʩʢʨʝʪʥʦʛʦ ʩʯʝʪʘ ʠ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʚ ʕʉʏ.

-----------------------------------------------------------------------------------------------

27. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ. ɻʝʥʝʨʘʪʦʨʳ ʥʠʟʢʦʡ 

ʯʘʩʪʦʪʳ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ. 

28. ɻʝʥʝʨʘʪʦʨʳ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʧʘʨʘʤʝʪʨʳ.

29. ʀʤʧʫʣʴʩʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʩʠʛʥʘʣʦʚ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʉʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ.

-----------------------------------------------------------------------------------------------

30. ʀʟʤʝʨʝʥʠʝ ʘʢʪʠʚʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʤʝʪʦʜʦʤ ʘʤʧʝʨʤʝʪʨʘ-ʚʦʣʴʪʤʝʪʨʘ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʦʤʤʝʪʨʳ ʩ ʦʧʝʨʘʮʠʦʥʥʳʤ ʫʩʠʣʠʪʝʣʝʤ. 

31. ʄʦʩʪʦʚʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʮʝʧʝʡ. 

ʏʝʪʳʨʝʭʧʣʝʯʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʦʩʪʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ R,L,C.

32. ʊʨʘʥʩʬʦʨʤʘʪʦʨʥʳʝ ʤʦʩʪʳ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʣʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ.

33. ʎʠʬʨʦʚʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʧʦʣʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ Z -> U.  

-----------------------------------------------------------------------------------------------

34. ʀʟʤʝʨʝʥʠʝ ɸʏʍ. ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ɸʏʍ ʧʦ ʪʦʯʢʘʤ, ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ. . 
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ʆʙʱʠʝ ʚʦʧʨʦʩʳ ʠʟʤʝʨʝʥʠʡ. ʄʝʪʨʦʣʦʛʠʷ

1.ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʶ ʀɿʄɽʈɽʅʀɽ. ʏʝʤ ʠʟʤʝʨʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ?

2.ʏʪʦ ʪʘʢʦʝ ʊʆʏʅʆʉʊʔ ʠʟʤʝʨʝʥʠʷ? ʂʘʢ ʝʝ ʚʳʨʘʟʠʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ?

3.ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʄɽʊʆɼ ʠʟʤʝʨʝʥʠʷ ʦʪ ʇʈʀʅʎʀʇɸ ʠʟʤʝʨʝʥʠʷ?

4.ʏʪʦ ʪʘʢʦʝ ʉʈɽɼʉʊɺʆ ʠʟʤʝʨʝʥʠʷ? ʂʘʢʠʝ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʷ ʦʪʣʠʯʘʶʪ ʝʛʦ ʦʪ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʫʢʝ ʠ 

ʪʝʭʥʠʢʝ?

5.ʂʘʢ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʧʦ ʪʦʯʥʦʩʪʠ? ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ 

ʧʨʠʤʝʥʷʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʤʝʪʦʜʳ?

6.ʏʪʦ ʪʘʢʦʝ ʇʆʂɸɿɸʅʀɽ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ? ʂʦʛʜʘ ʦʥʦ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʢʦʥʯʘʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʷ?

7.ʂʘʢ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʠʟʤʝʨʝʥʠʷ ʧʦ ʤʝʪʦʜʫ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ (ʧʦ ʚʠʜʫ 

ʫʨʘʚʥʝʥʠʷ ʠʟʤʝʨʝʥʠʷ)?

8.ʂʘʢ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʠʟʤʝʨʝʥʠʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʥʘʙʣʶʜʝʥʠʡ? ʇʦ ʬʦʨʤʝ 

ʚʳʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ?

9.ʂʘʢʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ? ʂʘʢʠʝ ʟʘʜʘʯʠ 

ʨʝʰʘʶʪ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ?

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ  ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʩʘʤʦʧʦʜʛʦʪʦʚʢʠ 

ʧʦ ʜʠʩʮʠʧʣʠʥʝ  çʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ"  

2023ʛ.
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10.ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ (ʨʘʙʦʯʠʝ) ʠʟʤʝʨʝʥʠʷ ʦʪ ʵʪʘʣʦʥʥʳʭ ʠ 

ʢʦʥʪʨʦʣʴʥʦ-ʧʦʚʝʨʦʯʥʳʭ?

11.ʏʪʦ ʪʘʢʦʝ ʀɿʄɽʈʀʊɽʃʔʅʓʁ ʈɸɼʀʆʉʀɻʅɸʃ? ʂʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ?

12.ʂʘʢʠʝ ʚʠʜʳ ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʉʀɻʅɸʃʆɺ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʨʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ? ʏʪʦ ʪʘʢʦʝ ʄʆɼʋʃʗʎʀʗ ʨʘʜʠʦʩʠʛʥʘʣʘ?

13.ʏʪʦ ʪʘʢʦʝ ʀʄʇʋʃʔʉ ʢʘʢ ʚʠʜ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ? ʂʘʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ?

14.ʋʢʘʞʠʪʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʙʣʠʟʢʦʛʦ ʧʦ ʬʦʨʤʝ ʢ 

ʧʨʷʤʦʫʛʦʣʴʥʦʤʫ.

15.ʏʪʦ ʪʘʢʦʝ ʉʈɽɼʅɽʂɺɸɼʈɸʊʀʏʅʆɽ ɿʅɸʏɽʅʀɽ ʥʘʧʨʷʞʝʥʠʷ (ʪʦʢʘ)?

16.ʏʪʦ ʪʘʢʦʝ ʉʈɽɼʅɽɺʓʇʈʗʄʃɽʅʅʆɽ ɿʅɸʏɽʅʀɽ ʥʘʧʨʷʞʝʥʠʷ (ʪʦʢʘ)?

17.ʏʪʦ ʪʘʢʦʝ ʉʈɽɼʅɽɽ ɿʅɸʏɽʅʀɽ ʥʘʧʨʷʞʝʥʠʷ (ʪʦʢʘ)?

18.ʏʪʦ ʪʘʢʦʝ ɸʄʇʃʀʊʋɼʅʆɽ ɿʅɸʏɽʅʀɽ ʥʘʧʨʷʞʝʥʠʷ (ʪʦʢʘ)?

19.ʋʢʘʞʠʪʝ ʧʝʨʚʠʯʥʳʝ (ʵʣʝʤʝʥʪʘʨʥʳʝ) ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ 

ʥʘʟʥʘʯʝʥʠʝ.

20.ʂʘʢ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʧʦ ʪʦʯʥʦʩʪʠ ? ʧʦ ʩʧʦʩʦʙʫ 

ʫʧʨʘʚʣʝʥʠʷ? 

21.ɼʣʷ ʢʘʢʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʶʪ ʵʪʘʣʦʥʳ ʠ ʤʝʨʳ? ʏʝʤ ʤʝʨʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʵʪʘʣʦʥʘ?

22.ʏʪʦ ʪʘʢʦʝ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ? ɺ ʯʝʤ ʩʦʩʪʦʠʪ ʦʪʣʠʯʠʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ?
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23.ʏʪʦ ʪʘʢʦʝ ʦʪʩʯʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʢʘʢ ʩʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʷ? ʂʘʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʡ ʦʥʦ ʦʧʨʝʜʝʣʷʝʪ?

24.ʏʪʦ ʪʘʢʦʝ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ? ʂʘʢʠʝ ʧʝʨʚʠʯʥʳʝ ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʡ ʚʭʦʜʷʪ ʚ ʝʛʦ ʩʦʩʪʘʚ?

25.ʏʪʦ ʪʘʢʦʝ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʩʪʝʥʜ) ʠ ʯʝʤ ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ?

26.ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʀɿʄɽʈʀʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ. ʏʝʤ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ?

27.ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʦʙʦʙʱʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ. ʏʪʦ ʪʘʢʦʝ ʏʋɺʉʊɺʀʊɽʃʔʅʆʉʊʔ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ?

28.ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʇʆʈʆɻ ʈɽɸɻʀʈʆɺɸʅʀʗ ʦʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ?

29.ʏʪʦ ʪʘʢʦʝ ɺɸʈʀɸʎʀʗ ʇʆʂɸɿɸʅʀʁ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ?  

30.ʏʪʦ ʪʘʢʦʝ ɹʓʉʊʈʆɼɽʁʉʊɺʀɽ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ? 

31.ʏʪʦ ʪʘʢʦʝ ɼʈɽʁʌ ʅʋʃʗ ʠ ʉʄɽʑɽʅʀɽ ʅʋʃʗ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ? 

ʂʘʢʦʡ ʚʠʜ ʧʦʛʨʝʰʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʪʦʪ ʧʘʨʘʤʝʪʨ?

32.ʂʘʢʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ?

33.ʇʝʨʝʯʠʩʣʠʪʝ ʦʩʥʦʚʥʳʝ ʆʉʆɹɽʅʅʆʉʊʀ ʈɸɼʀʆʊɽʍʅʀʏɽʉʂʀʍ 

ʀɿʄɽʈɽʅʀʁ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ?

34.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʕʊɸʃʆʅʓ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʥʘʧʨʷʞʝʥʠʷ, 

ʯʘʩʪʦʪʳ, ʝʤʢʦʩʪʠ ʠ ʜʨ.).
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35.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʄɽʈʓ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʥʘʧʨʷʞʝʥʠʷ, 

ʯʘʩʪʦʪʳ, ʝʤʢʦʩʪʠ ʠ ʜʨ.).

36.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ 

ʫʨʦʚʥʷ ʠ ʬʦʨʤʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ.

37.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ 

ʯʘʩʪʦʪʳ ʠ ʚʠʜʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ.

38.ʂʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʧʠʩʳʚʘʶʪ ʩʚʦʡʩʪʚʘ ʀɿʄɽʈʀʊɽʃʔʅʓʍ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ?

39.ʇʨʠʚʝʜʠʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʦʙʱʠʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ. ʂʘʢʠʝ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʡ ʧʦ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʦʣʝʝ ʪʦʯʥʳʝ?

40.ʏʪʦ ʪʘʢʦʝ ʤʝʪʦʜ ʉʆɺʇɸɼɽʅʀʗ? ʂʘʢʦʡ ʦʙʦʙʱʝʥʥʦʡ ʩʭʝʤʝ ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʷ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ?

41.ʏʪʦ ʪʘʢʦʝ ʤʝʪʦʜ ɿɸʄɽʑɽʅʀʗ? ʂʘʢʦʡ ʦʙʦʙʱʝʥʥʦʡ ʩʭʝʤʝ ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʷ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ?

42.ʏʪʦ ʪʘʢʦʝ ʤʝʪʦʜ ʋʈɸɺʅʆɺɽʐʀɺɸʅʀʗ? ʂʘʢʦʡ ʦʙʦʙʱʝʥʥʦʡ ʩʭʝʤʝ 

ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ?

43.ɺ ʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʦʚ ʩʨʘʚʥʝʥʠʷ ʩ ʤʝʨʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʪʦʜʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ?

44.ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʤʝʪʦʜ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʦʪ ʤʝʪʦʜʘ ʟʘʤʝʱʝʥʠʷ? ɺ ʯʝʤ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ?



17

ʆʎɽʅʂɸ ʇʆɻʈɽʐʅʆʉʊɽʁ

45.ʂʘʢ ʜʝʣʷʪ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ ʬʦʨʤʝ ʚʳʨʘʞʝʥʠʷ?  

46.ʏʪʦ ʪʘʢʦʝ ʇʈʀɺɽɼɽʅʅɸʗ ʇʆɻʈɽʐʅʆʉʊʔ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ? ʏʝʤ 

ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ?

47.ʏʪʦ ʪʘʢʦʝ ʄɽʊʆɼʀʏɽʉʂɸʗ ʇʆɻʈɽʐʅʆʉʊʔ ʠʟʤʝʨʝʥʠʷ? ʂʘʢʠʝ 

ʧʨʠʯʠʥʳ ʝʝ ʚʳʟʳʚʘʶʪ?

48.ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʀʅʉʊʈʋʄɽʅʊɸʃʔʅɸʗ (ʘʧʧʘʨʘʪʥʘʷ) ʠ 

ʄɽʊʆɼʀʏɽʉʂɸʗ ʧʦʛʨʝʰʥʦʩʪʠ?

49.ʏʪʦ ʪʘʢʦʝ ʉʋɹʒɽʂʊʀɺʅɸʗ ʇʆɻʈɽʐʅʆʉʊʔ ʠʟʤʝʨʝʥʠʷ? ʂʘʢʠʝ 

ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʝʝ ʠʩʢʣʶʯʝʥʠʷ?

50.ʏʪʦ ʪʘʢʦʝ ʆʉʅʆɺʅɸʗ ʇʆɻʈɽʐʅʆʉʊʔ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ? ɺ ʯʝʤ ʝʝ 

ʦʪʣʠʯʠʝ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ?

51.ɼʘʡʪʝ ʧʦʥʷʪʠʝ ʉʀʉʊɽʄɸʊʀʏɽʉʂʆʁ ʇʆɻʈɽʐʅʆʉʊʀ ʠʟʤʝʨʝʥʠʷ. ʏʝʤ 

ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ?

52.ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʉʃʋʏɸʁʅʆʁ ʇʆɻʈɽʐʅʆʉʊʀ ʠʟʤʝʨʝʥʠʷ. ʂʘʢʠʝ 

ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʝʝ ʦʧʠʩʘʥʠʷ?

53.ʏʪʦ ʪʘʢʦʝ ɻʈʋɹɸʗ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ (ʧʨʦʤʘʭ)? ʂʘʢʠʝ ʤʝʪʦʜʳ 

ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʝʝ ʠʩʢʣʶʯʝʥʠʷ?

54.ʏʪʦ ʪʘʢʦʝ ʂʃɸʉʉ ʊʆʏʅʆʉʊʀ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ? ʂʘʢ ʦʥ ʚʳʨʘʞʘʝʪʩʷ 

ʜʣʷ ʘʥʘʣʦʛʦʚʳʭ (ʩʪʨʝʣʦʯʥʳʭ) ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ?

55.ʏʪʦ ʪʘʢʦʝ ʂʃɸʉʉ ʊʆʏʅʆʉʊʀ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ? ʂʘʢ 

ʦʥ ʚʳʨʘʞʘʝʪʩʷ ʜʣʷ ʮʠʬʨʦʚʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ?
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56.ʂʘʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʩʢʣʶʯʝʥʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ?

57.ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʢʘʣʠʙʨʦʚʢʦʡ 

ʦʪ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʧʦʧʨʘʚʦʢ (ʧʦʧʨʘʚʦʯʥʳʭ ʤʥʦʞʠʪʝʣʝʡ)?

58.ʂʘʢʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ? ʂʘʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠʭ ʦʧʠʩʳʚʘʶʪ?

59.ʏʪʦ ʪʘʢʦʝ ʅʆʈʄɸʃʔʅʓʁ (ɻʘʫʩʩʦʚ) ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ? ɼʣʷ ʢʘʢʠʭ ʩʣʫʯʘʝʚ ʦʥ ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʝʥ?

60.ʂʘʢ ʨʘʩʩʯʠʪʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʧʨʠ ʛʘʫʩʩʦʚʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ?

61.ʏʪʦ ʪʘʢʦʝ "ʧʨʘʚʠʣʦ ʪʨʝʭ ʩʠʛʤ", ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʦʮʝʥʢʠ ʩʣʫʯʘʡʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ? ʂʘʢʦʡ ʧʘʨʘʤʝʪʨ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʦʮʝʥʠʚʘʶʪ ʩ ʝʛʦ 

ʧʦʤʦʱʴʶ?

62.ʏʪʦ ʪʘʢʦʝ ʀʅʊɽʈɺɸʃʔʅɸʗ ʆʎɽʅʂɸ ʧʦʛʨʝʰʥʦʩʪʠ? ʏʝʤ ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʧʨʝʜʝʣʴʥʦʡ (ʪʦʯʝʯʥʦʡ) ʠ ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ?

63.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʙʣʦʢʠ ʘʣʛʦʨʠʪʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ.

64.ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʚʦʜʷʪ ʦʮʝʥʢʫ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ?

65.ʂʘʢ ʧʨʦʠʟʚʦʜʷʪ ʦʮʝʥʢʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ?

66.ʏʪʦ ʪʘʢʦʝ "ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ" ʠ "ʜʦʚʝʨʠʪʝʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ", 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʦʮʝʥʢʝ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ?
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67.ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʉʪʴʶʜʝʥʪʘ ʧʨʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ?

68.ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʯʝʪ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ?

ʀɿʄɽʈɽʅʀɽ ʅɸʇʈʗɾɽʅʀʁ. ʕʃɽʂʊʈʆʅʅʓɽ ɺʆʃʔʊʄɽʊʈʓ

69.ʏʪʦ ʪʘʢʦʝ çʟʥʘʯʝʥʠʝè ʥʘʧʨʷʞʝʥʠʷ (ʪʦʢʘ)? ʂʘʢ ʨʘʟʣʠʯʘʶʪʩʷ ʚʦʣʴʪʤʝʪʨʳ 

ʧʦ ʠʟʤʝʨʷʝʤʦʤʫ ʟʥʘʯʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ?

70.ʏʪʦ ʪʘʢʦʝ ʂʆʕʌʌʀʎʀɽʅʊ ɸʄʇʃʀʊʋɼʓ?

71.ʏʪʦ ʪʘʢʦʝ ʂʆʕʌʌʀʎʀɽʅʊ ʌʆʈʄʓ?

72.ʇʦʯʝʤʫ ʠʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʚʦʣʴʪʤʝʪʨʦʤ 

ʩʨʝʜʥʝʚʳʧʨʷʤʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʤʝʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʛʨʘʜʫʠʨʦʚʢʠ?

73.ɺ ʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʦ ʵʣʝʢʪʨʦʥʥʳʭ ʚʦʣʴʪʤʝʪʨʦʚ ʧʝʨʝʜ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ?

74.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʣʴʪʤʝʪʨʦʚ. ʂʘʢ ʟʘʜʘʶʪ ʈɸɹʆʏʋʖ 

ʇʆʃʆʉʋ ʯʘʩʪʦʪ ʚʦʣʴʪʤʝʪʨʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ?

75.ʂʘʢ ʚ ʚʦʣʴʪʤʝʪʨʘʭ ʧʨʦʠʟʚʦʜʷʪ ʜʝʣʝʥʠʝ ʚʩʝʛʦ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʜʜʠʘʧʘʟʦʥʳ?

76.ʇʦʯʝʤʫ ʢʦʥʝʯʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʴʪʤʝʪʨʘ ʚʥʦʩʠʪ 

ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ? ʂʘʢʦʚ ʭʘʨʘʢʪʝʨ ʵʪʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ?

77.ʇʦʯʝʤʫ ʧʨʠʤʝʥʝʥʠʝ ʚʳʥʦʩʥʦʛʦ ʜʝʣʠʪʝʣʷ (ʧʨʦʙʥʠʢʘ) ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʚʣʠʷʥʠʷ ʚʦʣʴʪʤʝʪʨʘ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ?
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78.ʂʘʢʦʚ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ?

79.ʂʘʢʦʚʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ?

80.ʂʘʢʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʤʝʩʪʥʦ ʩ 

ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ?

81.ʏʪʦ ʪʘʢʦʝ ʐʋʅʊ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ? ʂʘʢ 

ʝʛʦ ʨʘʩʩʯʠʪʘʪʴ, ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʫʝʤʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʷ 

ʪʦʢʘ ʚ N ʨʘʟ?

82.ʏʪʦ ʪʘʢʦʝ ɼʆɹɸɺʆʏʅʓʁ ʈɽɿʀʉʊʆʈ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ), ʧʨʠʤʝʥʷʝʤʳʡ ʚ 

ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ? ɼʣʷ ʢʘʢʦʡ 

ʮʝʣʠ ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ?

83.ʂʘʢ ʫʩʪʨʦʝʥʳ ʦʪʩʯʝʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ?

84.ɿʘʧʠʰʠʪʝ ʆʉʅʆɺʅʆɽ ʋʈɸɺʅɽʅʀɽ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʦʜʚʠʞʥʦʡ 

ʯʘʩʪʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ.

85.ʂʘʢʦʚ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʄɸɻʅʀʊʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ? ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩ 

ʠʟʤʝʨʷʝʤʳʤ ʪʦʢʦʤ.  

86.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʧʨʠʙʦʨʘ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ).

87.ʋʢʘʞʠʪʝ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ.
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88.ʂʘʢʦʚ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʕʃɽʂʊʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ? ɿʘʧʠʰʠʪʝ ʫʨʘʚʥʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩ 

ʠʟʤʝʨʷʝʤʳʤ ʪʦʢʦʤ.  

89.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʧʨʠʙʦʨʘ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ).

90.ʋʢʘʞʠʪʝ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ.

91.ʂʘʢʦʚ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʀ 

ʕʃɽʂʊʈʆʉʊɸʊʀʏɽʉʂʆɻʆ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ? ɿʘʧʠʰʠʪʝ 

ʫʨʘʚʥʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʩ ʠʟʤʝʨʷʝʤʳʤ ʪʦʢʦʤ 

(ʥʘʧʨʷʞʝʥʠʝʤ).  

92.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ).

93.ʋʢʘʞʠʪʝ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ.

94.ʂʘʢʠʝ ʫʟʣʳ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ɺʆʃʔʊʄɽʊʈɸ 

ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ? ʂʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʠʭ 

ʧʘʨʘʤʝʪʨʘʤ?

95.ʂʘʢ ʫʩʪʨʦʝʥ ʵʣʝʢʪʨʦʥʥʳʡ ɺʆʃʔʊʄɽʊʈ ʇɽʈɽʄɽʅʅʆɻʆ ʊʆʂɸ (ʪʠʧʘ 

ɺ3)? ɺ ʢʘʢʠʭ ʝʜʠʥʠʮʘʭ ʛʨʘʜʫʠʨʫʶʪ ʝʛʦ ʰʢʘʣʫ?

96.ʂʘʢ ʫʩʪʨʦʝʥ ʜʝʪʝʢʪʦʨ ʉʈɽɼʅɽɺʓʇʈʗʄʃɽʅʅʓʍ ʟʥʘʯʝʥʠʡ? ʂʘʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʝʛʦ ʵʣʝʤʝʥʪʘʤ?

97.ʂʘʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʦʛʨʘʥʠʯʝʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʝʪʝʢʪʦʨʘ 

ʩʨʝʜʥʝʚʳʧʨʷʤʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ?
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98.ɼʣʷ ʢʘʢʦʡ ʮʝʣʠ ʚ ʜʝʪʝʢʪʦʨʝ ʉʈɽɼʅɽʂɺɸɼʈɸʊʀʏɽʉʂʀʍ ʟʥʘʯʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪ ʜʠʦʜʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ?

99.ʂʘʢʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ 

ʜʝʪʝʢʪʦʨʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ? ʂʘʢ ʦʥʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʜʝʪʝʢʪʦʨʝ ʩ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ?

100.ɺ ʯʝʤ ʦʪʣʠʯʠʝ ɸʄʇʃʀʊʋɼʅʓʍ ʜʝʪʝʢʪʦʨʦʚ ʩ çʦʪʢʨʳʪʳʤè ʠ 

çʟʘʢʨʳʪʳʤè ʚʭʦʜʦʤ? ʇʦʯʝʤʫ ʚ ʠʤʧʫʣʴʩʥʳʭ ʚʦʣʴʪʤʝʪʨʘʭ (ʪʠʧʘ ɺ4) 

ʧʨʠʤʝʥʷʶʪ ʜʝʪʝʢʪʦʨʳ ʩ çʟʘʢʨʳʪʳʤè ʚʭʦʜʦʤ?

101.ɺ ʯʝʤ ʧʨʠʯʠʥʘ ʧʦʷʚʣʝʥʠʷ ʅʀɿʂʆʏɸʉʊʆʊʅʆʁ ʇʆɻʈɽʐʅʆʉʊʀ 

ʘʤʧʣʠʪʫʜʥʦʛʦ (ʠʤʧʫʣʴʩʥʦʛʦ) ʚʦʣʴʪʤʝʪʨʘ?

102.ʇʦʯʝʤʫ ʘʤʧʣʠʪʫʜʥʳʡ (ʠʤʧʫʣʴʩʥʳʡ) ʚʦʣʴʪʤʝʪʨ ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ 

ʤʘʣʦʡ ʩʢʚʘʞʥʦʩʪʠ ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ?

103.ʇʦʯʝʤʫ ʀʄʇʋʃʔʉʅʓɽ ɺʆʃʔʊʄɽʊʈʓ ʩʪʨʦʷʪ ʧʦ ʩʭʝʤʝ ñʜʝʪʝʢʪʦʨï

ʫʩʠʣʠʪʝʣʴò, ʘ ʥʝ ñʫʩʠʣʠʪʝʣʴïʜʝʪʝʢʪʦʨò?

104.ʇʦ ʢʘʢʦʡ ʧʨʠʯʠʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʤʧʣʠʪʫʜʥʳʭ ʚʦʣʴʪʤʝʪʨʦʚ 

ʥʝʚʝʣʠʢʘ (ʜʦʣʠ ʚʦʣʴʪʘ)? ʇʦʯʝʤʫ ʫʚʝʣʠʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʷ?

ʆʉʎʀʃʃʆɻʈɸʌ

105.ʂʘʢʠʝ ʪʠʧʳ ʦʩʮʠʣʣʦʛʨʘʬʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ? 

ʋʢʘʞʠʪʝ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.

106.ʂʘʢʠʝ ɺʀɼʓ ʈɸɿɺɽʈʊʆʂ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʤ 

ʦʩʮʠʣʣʦʛʨʘʬʝ? ʂʘʢʘʷ ʨʘʟʚʝʨʪʢʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ?
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107.ʏʪʦ ʪʘʢʦʝ ʥʝʧʨʝʨʳʚʥʘʷ ʨʘʟʚʝʨʪʢʘ? ʇʨʠ ʢʘʢʦʤ ʫʩʣʦʚʠʠ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʚʝʨʪʢʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝʧʦʜʚʠʞʥʫʶ 

ʦʩʮʠʣʣʦʛʨʘʤʤʫ?

108.ʂʘʢʦʚʳ ʧʨʠʯʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʜʫʱʝʡ ʨʘʟʚʝʨʪʢʠ? ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ?

109.ʇʦʯʝʤʫ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʠʤʧʫʣʴʩʦʚ ʙʦʣʴʰʦʡ ʩʢʚʘʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʚʝʨʪʢʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʫʜʦʙʥʳʡ ʤʘʩʰʪʘʙ 

ʦʩʮʠʣʣʦʛʨʘʤʤʳ?

110.ʂʘʢʦʚʦ ʥʘʟʥʘʯʝʥʠʝ ɺʍʆɼʅʆɻʆ ʋʉʊʈʆʁʉʊɺɸ ʢʘʥʘʣʘ Y 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ?

111.ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʂɸʃʀɹʈʆɺɸʅʅʓʁ ɸʊʊɽʅʖɸʊʆʈ ʢʘʥʘʣʘ Y? ɺ 

ʢʘʢʠʭ ʝʜʠʥʠʮʘʭ ʛʨʘʜʫʠʨʦʚʘʥ ʝʛʦ ʧʝʨʝʢʣʶʯʘʪʝʣʴ?

112.ʂʘʢʦʚʳ ʬʫʥʢʮʠʠ ʇʈɽɼɺɸʈʀʊɽʃʔʅʆɻʆ ʋʉʀʃʀʊɽʃʗ ʢʘʥʘʣʘ Y 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ?

113.ʇʦʯʝʤʫ ʚ ʢʘʥʘʣʝ Y ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʦʜʠʥ, 

ʘ ʜʚʘ ʫʩʠʣʠʪʝʣʷ ïʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʠ ʦʢʦʥʝʯʥʳʡ?

114.ʂʘʢʠʝ ʟʘʜʘʯʠ ʚʳʧʦʣʥʷʝʪ ʃʀʅʀʗ ɿɸɼɽʈɾʂʀ ʚ ʢʘʥʘʣʝ Y 

ʦʩʮʠʣʣʦʛʨʘʬʘ? ɼʣʷ ʢʘʢʦʛʦ ʨʝʞʠʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʩʮʠʣʣʦʛʨʘʬʘ ʝʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʘʢʪʫʘʣʴʥʦ?

115.ʏʪʦ ʪʘʢʦʝ ʂʆʕʌʌʀʎʀɽʅʊ ʆʊʂʃʆʅɽʅʀʗ ʦʩʮʠʣʣʦʛʨʘʬʘ? ʂʘʢ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ?

116.ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪ ʋʉʊʈʆʁʉʊɺʆ ʉʀʅʍʈʆʅʀɿɸʎʀʀ ʀ 

ɿɸʇʋʉʂɸ ʦʩʮʠʣʣʦʛʨʘʬʘ?
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117.ʋʢʘʞʠʪʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʟʘʧʫʩʢʘ 

ʦʩʮʠʣʣʦʛʨʘʬʘ. ʏʪʦ ʪʘʢʦʝ ñʩʠʥʭʨʦʥʠʟʘʮʠʷ ʦʪ ʩʝʪʠò?

118.ɺ ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʶʪ ʚʥʫʪʨʝʥʥʶʶ, ʘ ʚ ʢʘʢʠʭ ʩʣʫʯʘʷʭ -ʚʥʝʰʥʶʶ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ?

119.ʏʪʦ ʪʘʢʦʝ ʂʆʕʌʌʀʎʀɽʅʊ ʈɸɿɺɽʈʊʂʀ ʦʩʮʠʣʣʦʛʨʘʬʘ? ʂʘʢ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ?

120.ʂʘʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪ ʢ ʛʝʥʝʨʘʪʦʨʫ ʨʘʟʚʝʨʪʢʠ ʦʩʮʠʣʣʦʛʨʘʬʘ? 

ʂʘʢ ʦʪ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ?

121.ʂʘʢʠʝ ʬʫʥʢʮʠʠ ʚʳʧʦʣʥʷʝʪ ʦʢʦʥʝʯʥʳʡ ʫʩʠʣʠʪʝʣʴ ʢʘʥʘʣʘ X 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ? ʏʪʦ ʪʘʢʦʝ ʈɽɾʀʄ çʈɸʉʊʗɾʂʀè?

122.ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʦʩʮʠʣʣʦʛʨʘʬʝ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʛʘʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʣʫʯʘ? ʂʘʢʦʡ ʢʘʥʘʣ ʜʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ?

123.ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʜʚʫʭʣʫʯʝʚʦʡ ʠ ʜʚʫʭʢʘʥʘʣʴʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬʳ? 

ʋʢʘʞʠʪʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʵʪʠʭ ʦʩʮʠʣʣʦʛʨʘʬʦʚ.

124.ʂʘʢʠʝ ʇɸʈɸʄɽʊʈʓ ʂɸʅɸʃɸ Y ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʝʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ?

125.ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʇɽʈɽʍʆɼʅʆʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʦʩʮʠʣʣʦʛʨʘʬʘ? 

ʂʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʝ ʦʧʠʩʳʚʘʶʪ?

126.ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ɸʏʍ ʦʩʮʠʣʣʦʛʨʘʬʘ? ʂʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʝ 

ʦʧʠʩʳʚʘʶʪ?

127.ʂʘʢʠʝ ʇɸʈɸʄɽʊʈʓ ʂɸʅɸʃɸ X ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ?
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128.ʏʪʦ ʪʘʢʦʝ ʄɽʊʆɼ ʂɸʃʀɹʈʆɺɸʅʅʓʍ ʐʂɸʃ? ʇʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʵʪʦʪ ʤʝʪʦʜ ʚ ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʷʭ?

129.ʏʪʦ ʪʘʢʦʝ ʂɸʃʀɹʈʆɺʂɸ ʦʩʮʠʣʣʦʛʨʘʬʘ? ʆʧʠʰʠʪʝ ʝʝ ʤʝʪʦʜʠʢʫ.

130.ʏʪʦ ʪʘʢʦʝ ʢʘʣʠʙʨʘʪʦʨ ʦʩʮʠʣʣʦʛʨʘʬʘ? ʂʘʢʠʝ ʚʠʜʳ ʩʠʛʥʘʣʦʚ 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʢʘʣʠʙʨʘʪʦʨ? ɼʣʷ ʯʝʛʦ ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ?

ʀɿʄɽʈɽʅʀɽ ʌɸɿʆɺʆɻʆ ʉɼɺʀɻɸ

131.ʏʪʦ ʪʘʢʦʝ çʬʘʟʦʚʳʡ ʩʜʚʠʛè ʜʚʫʭ ʩʠʛʥʘʣʦʚ? ʂʘʢ ʦʥ ʩʚʷʟʘʥ ʩ ʠʭ 

ʚʨʝʤʝʥʥʳʤ ʩʜʚʠʛʦʤ? 

132.ʆʧʠʰʠʪʝ ʆʉʎʀʃʃʆɻʈɸʌʀʏɽʉʂʀʁ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʥʘ ʵʢʨʘʥʝ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, 

ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ.

133.ʆʧʠʰʠʪʝ ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

(ʄɽʊʆɼ ñʕʃʃʀʇʉɸ ò), ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʧʨʠʯʠʥʳ 

ʧʦʷʚʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ.

134.ʆʧʠʰʠʪʝ ʂʆʄʇɽʅʉɸʎʀʆʅʅʓʁ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, 

ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʏʪʦ ʪʘʢʦʝ 

çʢʘʣʠʙʨʦʚʘʥʥʳʡ ʬʘʟʦʚʨʘʱʘʪʝʣʴè, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ?

135.ʂʘʢʠʝ ʥʫʣʴ-ʠʥʜʠʢʘʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʚ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʤ ʤʝʪʦʜʝ 

ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ? ʏʪʦ ʪʘʢʦʝ ʬʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ?

136.ʂʘʢ ʩʪʨʦʷʪ ʬʘʟʦʤʝʪʨ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚ 

ʥʘʧʨʷʞʝʥʠʝ?
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ʀɿʄɽʈɽʅʀɽ ʏɸʉʊʆʊʓ  

137.ʏʪʦ ʪʘʢʦʝè ʜʦʣʛʦʚʨʝʤʝʥʥʘʷè ʠ çʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷè ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

ʯʘʩʪʦʪʳ? ɺ ʯʝʤ ʦʪʣʠʯʠʝ ʤʝʪʦʜʦʚ ʠʭ ʠʟʤʝʨʝʥʠʷ?

138.ʋʢʘʞʠʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʦʚ. ʂʘʢʠʝ 

ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤʠ?

139.ʂʘʢ ʠʟʤʝʨʷʶʪ ʯʘʩʪʦʪʫ ʆʉʎʀʃʃʆɻʈɸʌʀʏɽʉʂʀʄ ʄɽʊʆɼʆʄ (ʤʝʪʦʜ 

çʬʠʛʫʨ ʃʠʩʩʘʞʫè)? ʇʦʯʝʤʫ ʝʛʦ ʩʣʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ?

140.ʂʘʢ ʩʪʨʦʷʪ ʯʘʩʪʦʪʦʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ɻɽʊɽʈʆɼʀʅʅʆɻʆ ʄɽʊʆɼɸ 

ʩʨʘʚʥʝʥʠʷ ʯʘʩʪʦʪ? ɼʣʷ ʯʝʛʦ ʚ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʥʘ 

ʥʘʫʰʥʠʢʘʭ?

141.ʂʘʢ ʠʩʧʦʣʴʟʫʶʪ ʈɽɿʆʅɸʅʉʅʓʁ ʩʧʦʩʦʙ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʥʘ ɺʏ 

ʠ ʉɺʏ?

142.ʆʧʠʰʠʪʝ ʧʨʠʥʮʠʧ, ʧʦʣʦʞʝʥʥʳʡ ʚ ʦʩʥʦʚʫ ʄɽʊʆɼɸ ɼʀʉʂʈɽʊʅʆɻʆ 

ʉʏɽʊɸ. ʏʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ?

143.ʀʟ ʢʘʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚʳʙʠʨʘʶʪ ʯʘʩʪʦʪʫ ʢʚʘʨʮʝʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

ʵʣʝʢʪʨʦʥʥʦ-ʩʯʝʪʥʦʛʦ ʯʘʩʪʦʪʦʤʝʨʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʣʠʪʝʣʷ ʯʘʩʪʦʪʳ?

144.ʏʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʚ ʤʝʪʦʜʝ 

ʜʠʩʢʨʝʪʥʦʛʦ ʩʯʝʪʘ? ʂʘʢʠʝ ʧʨʠʯʠʥʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʝʛʦ ʩʥʠʟʫ ʠ ʩʚʝʨʭʫ?

ʀɿʄɽʈʀʊɽʃʔʅʓɽ ɻɽʅɽʈɸʊʆʈʓ 

145.ʏʪʦ ʪʘʢʦʝ ç ʀɿʄɽʈʀʊɽʃʔʅʓʁ ɻɽʅɽʈɸʊʆʈè? ʏʝʤ ʦʥ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʦʚ?

146.ʂʘʢ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ?
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147.ɻʝʥʝʨʘʪʦʨʳ ʅʀɿʂʆʁ ʯʘʩʪʦʪʳ, ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ. ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ.

148.ɻʝʥʝʨʘʪʦʨʳ ɺʓʉʆʂʆʁ ʯʘʩʪʦʪʳ, ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ.

149.ʋʢʘʞʠʪʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʪʦʨʦʚ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. 

ʂʘʢʠʝ ʨʝʞʠʤʳ ʤʦʜʫʣʷʮʠʠ ʚ ʥʠʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ? 

150.ɻʝʥʝʨʘʪʦʨʳ ʀʄʇʋʃʔʉʆɺ, ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.

ʀɿʄɽʈɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʂʆʄʇʆʅɽʅʊʆɺ RLC

151.ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʀʄʇɽɼɸʅʉɸ) 

ʢʦʤʧʦʥʝʥʪʘ ʮʝʧʠ. ʂʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʤʝʨʷʶʪ? 

152.ʏʪʦ ʪʘʢʦʝ ʤʝʪʦʜ ɺʆʃʔʊʄɽʊʈɸïɸʄʇɽʈʄɽʊʈɸ (ʤʝʪʦʜ ʦʤʤʝʪʨʘ)?

153.ʂʘʢ ʩʪʨʦʷʪ ʕʃɽʂʊʈʆʅʅʓɽ ʆʄʄɽʊʈʓ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʢʪʠʚʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ?

154.ʆʧʠʰʠʪʝ ʄʆʉʊʆɺʆʁ ʄɽʊʆɼ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʯʝʪʳʨʝʭʧʣʝʯʠʡ ʤʦʩʪ ʠʣʠ ʤʦʩʪ ʋʠʥʩʪʦʥʘ).

155.ʆʧʠʰʠʪʝ ʊʈɸʅʉʌʆʈʄɸʊʆʈʅʓʁ ʄʆʉʊʆɺʆʁ ʄɽʊʆɼ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ RLC.  ɺ ʯʝʤ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʯʝʪʳʨʝʭʧʣʝʯʠʤ ʤʦʩʪʦʤ?

156.ʂʘʢ ʠʟʤʝʨʷʶʪ ʠʤʧʝʜʘʥʩ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʦʜʦʤ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ 

ʉʆʇʈʆʊʀɺʃɽʅʀʗ ɺ ʅɸʇʈʗɾɽʅʀɽ?
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ʀɿʄɽʈɽʅʀɽ ɸʏʍ 

157.ʏʪʦ ʪʘʢʦʝ ñɸʏʍ ʮʝʧʠò? ʂʘʢʠʝ ʫʩʣʦʚʠʷ ʥʘʜʦ ʚʳʧʦʣʥʠʪʴ ʧʨʠ ʝʝ 

ʠʟʤʝʨʝʥʠʠ?

158.ʆʧʠʰʠʪʝ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ɸʏʍ ʩ ʧʦʤʦʱʴʶ ɻɽʅɽʈɸʊʆʈɸ ʀ 

ɺʆʃʔʊʄɽʊʈɸ (ʠʟʤʝʨʝʥʠʝ çʧʦ ʪʦʯʢʘʤè).

159.ʇʝʨʝʯʠʩʣʠʪʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʝʥʝʨʘʪʦʨʫ ʠ ʚʦʣʴʪʤʝʪʨʫ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ɸʏʍ ʚ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʢʘʭ.

160.ʋʢʘʞʠʪʝ ʇʆɻʈɽʐʅʆʉʊʀ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ɸʏʍ ʩ ʧʦʤʦʱʴʶ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʚʦʣʴʪʤʝʪʨʘ.

161.ʂʘʢ ʨʝʘʣʠʟʫʶʪ ʇɸʅʆʈɸʄʅʓʁ ʄɽʊʆɼ ʠʟʤʝʨʝʥʠʷ ɸʏʍ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʠʚʝʜʠʪʝ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʠʟʤʝʨʠʪʝʣʷ 

ɸʏʍ.

162.ʋʢʘʞʠʪʝ ʫʩʣʦʚʠʷ ʥʝʠʩʢʘʞʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʬʦʨʤʳ ɸʏʍ ʥʘ 

ʵʢʨʘʥʝ ʠʟʤʝʨʠʪʝʣʷ ʧʘʥʦʨʘʤʥʦʛʦ ʪʠʧʘ.
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
2024 ʛ.

http://kepstr.eltech.ru/tor/mri

ɸ.ɸ. ɼʘʥʠʣʠʥ

ʌʘʢʫʣʴʪʝʪ ʨʘʜʠʦʪʝʭʥʠʢʠ 
ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ

ʂʘʬʝʜʨʘ ʊʝʦʨʝʪʠʯʝʩʢʠʭ 
ʦʩʥʦʚ ʨʘʜʠʦʪʝʭʥʠʢʠ

çʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡè

(ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʥʩʧʝʢʪ ʣʝʢʮʠʡ)

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ

ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ

çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ)è 

(ʉʇʙɻʕʊʋ çʃʕʊʀè)

ʆʙʱʠʝ ʚʦʧʨʦʩʳ ʠʟʤʝʨʝʥʠʡ. 

ʄʝʪʨʦʣʦʛʠʷ
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ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ-1
ɻʆʉʊ 16263-70,  ʈʄɻ29-2013 ɻʉʀ   çʄʝʪʨʦʣʦʛʠʷ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷè

˸͔͎͙ͭͪͦͦ͡Ύ 

-ͤ͊ͯ͊͟ ͦ͋ ͙͔͔͙ͣͪͤ͘ΎͻΣ ͔ͣͭͦ͒͊ͻ ͙ ͔͍ͫͪ͒ͫͭ͊ͻ ͔͔ͦ͋ͫͨ;͔͙ͤΎ ͙ͻ ͔͙͍͒ͤͫͭ͊ ͙ 

ͫͨͦͫͦ͋͊ͻ ͙͔͙͒ͦͫͭ͗ͤΎ ͔͔͚ͭͪ͋ͯͣͦ ͭͦ;͙ͤͦͫͭΦ ʄʝʪʨʦʣʦʛʠʷ ʚ ʧʝʨʝʚʦʜʝ ʩ 

ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʛʦ (Metron-çÕⱦŰɟɞɡè -ʤʝʨʘ, logos-çɚɞɔɞɠè -ʫʯʝʥʠʝ) 

ʦʟʥʘʯʘʝʪ ʫʯʝʥʠʝ ʦ ʤʝʨʘʭ. 

͙͙̅͘;͔ͫ͊͟Ύ 
͍͔͙͡;͙ͤ͊

-͊͟;͔͍͔ͫͭͤͤͦ ͦ͋΅͔͔Σ ͤͦ ͙ͦ͟͡;͔͍͔ͫͭͤͤͦ ͙ͪ͊͘͡;͔ͤͦ ͍͚͍ͫͦͫͭͦ ͦ͋Ά͔͍ͭͦ͟ 

ͦͪͯ͗͊͟Ό΅͔͎ͦ ͙ͣͪ͊Φ 

ˮ͔͔͙͔ͣͪͤ͘

- ͤ͊ͻ͔͙͔ͦ͗͒ͤ ͤ͊͘;͔͙ͤΎ ͺ͙͙͘;͔͚ͫͦ͟ ͍͔͙͡;͙ͤ· ͦͨ·ͭͤ·͔ͣͨͯͭͣ ͫ 

ͨͦͣͦ΅ΈΌ ͔ͫͨͼ͙͊͡Έͤ·ͻ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͔͍͔ͫͪ͒ͫͭͣͭͦ͒ͦͣ ͍͔͙ͫͪ͊ͤͤΎ ͫ 

ͦ͋΅͔͙ͨͪͤΎͭ·͙ͣ ͔͙͙͒ͤͼ͙͊ͣ ό˥˻˿́ мснсоς70)

- -˿͍ͦͦͯͨͤͦͫͭ͟Έ ͔ͦͨͪ͊ͼ͙͚ ͨͦ ͙͔͔͙ͨͪͣͤͤΌ ͔ͭͻ͙ͤ;͔͎ͫͦͦ͟ ͔͍ͫͪ͒ͫͭ͊Σ 

ͻͪ͊ͤΎ΅͔͎ͦ ͔͙͙͒ͤͼͯ ͺ͙͙͘;͔͚ͫͦ͟ ͍͔͙͡;͙ͤ·Σ ͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙ͻ 

ͤ͊ͻ͔͙͔ͦ͗͒ͤ ͫͦͦͭͤͦ΄͔͙ͤΎ ͙͔ͣͪ͘Ύ͔͚ͣͦ ͍͔͙͡;͙ͤ· ͫ ͔͔ ͔͙͙͒ͤͼ͔͚ ͙ 

ͨͦͯ͡;͔͙͔ͤ ͤ͊͘;͔͙ͤΎ Ή͚ͭͦ ͍͔͙͡;͙ͤ· ό˾˸˥ нф-нлмо ˥˿ˮύΦ
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ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ-2

ˮ͙͔ͫͭͤͤͦ ͤ͊͘;͔͙͔ͤ 
ͺ͙͙͘;͔͚ͫͦ͟ ͍͔͙͡;͙ͤ·

-ͤ͊͘;͔͙͔ͤ ͺ͙͙͘;͔͚ͫͦ͟ ͍͔͙͡;͙ͤ· -͙͔͒͊͡Σ ͟ ͦͭͦͪͦͣͯ͟
ͤ͊͒ͦ ͔͙ͫͭͪͣͭΈͫΎ ͙ͨͪ ͍͔͔͙͙ͨͪͦ͒ͤ ͙͔͔͙͚ͣͪͤ͘Φ 

˨͔͚͍͙͔ͫͭͭ͡Έ͔ͤͦ ͤ͊͘;͔͙͔ͤ 
ͺ͙͙͘;͔͚ͫͦ͟ ͍͔͙͡;͙ͤ·

-ͤ͊͘;͔͙͔ͤΣ  ͤ͊ͫͭͦ͡Έͦ͟ ͙͙ͨͪ͋͗͊͡Ό΅͔͔ͫΎ ͟ ͙͙ͫͭͤͤͦͣͯ ͤ͊͘;͔͙ͤΌΣ 
;ͭͦ  ͔ͣͦ͗ͭ ͋·ͭΈ ͙ͫͨͦ͡Έ͍ͦ͊ͤͦ͘ ͍͔ͣͫͭͦ ͔͎ͤͦΦ

˩͙͍͒ͤͫͭͦ ͙͔͔͙͚ͣͪͤ͘ 
-͍͚͍ͫͦͫͭͦ ͙͔͔͙ͣͪͤ͘ΎΣ ͔͙ͫ͡ ͔ͪͯ͘͡Έͭ͊ͭ· ͍·ͪ͊͗͊ΌͭͫΎ ͍ 
ͦ͋΅͔͙ͨͪͤΎͭ·ͻ ͔͙͙͒ͤͼ͊ͻ ͙ ͯ͊͊ͤ͊͘͟ ͙ͻ ͭͦ;ͤͦͫͭΈ

́ͦ;ͤͦͫͭΈ ͙͔͔͙͚ͣͪͤ͘
-͊͟;͔͍ͫͭͦ ͙͔͔͙ͣͪͤ͘ΎΣ ͦͭͪ͊͗͊Ό΅͔͔ ͙͋ͦͫͭ͘͡Έ ͔͎ͦ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ ͟ 
͙͙ͫͭͤͤͦͣͯ ͤ͊͘;͔͙ͤΌ ͙͔ͣͪ͘Ύ͔͚ͣͦ ͍͔͙͡;͙ͤ·Φ ˴͙ͦ͡;͔͍͔ͫͭͤͤͦ 

͍·͔ͪ͊͗͊ͭͫΎ ˽˻˥˾˩̊˹˻˿́̎̑

˽͎͔ͦͪ΄ͤͦͫͭΈ ͙͔͔͙ͣͪͤ͘Ύ
-͔͙͔ͦͭͦͤͤ͟͡ ͔ͪͯ͘͡Έͭ͊ͭ͊ ͙͔͔͙ͣͪͤ͘Ύ ͦͭ ͙͙͎ͫͭͤͤͦͦ ͤ͊͘;͔͙ͤΎ 
͙͔ͣͪ͘Ύ͔͚ͣͦ ͍͔͙͡;͙ͤ·Φ ˤ·ͫͦ͊͟Ύ ͭͦ;ͤͦͫͭΈ ͙͔͔͙͚ͣͪͤ͘ 

͍͔͍͔ͫͦͦͭͭͫͭͯͭ ͣ͊͡·ͣ ͎͔ͨͦͪ΄ͤͦͫͭΎͣΗΗ
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ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ-3

˽͙ͪͤͼ͙ͨ ͙͔͔͙ͣͪͤ͘Ύ
-͍ͫͦͦͯͨͤͦͫͭ͟Έ ͺ͙͙͘;͔͙ͫ͟ͻ ͙͙͡ ͎͙͒ͪͯͻ Ύ͍͔͙͚ͤ͡Σ ͤ͊ 

ͦͭͦͪ͟·ͻ ͍ͦͫͤͦ͊ͤͦ ͔͒͊ͤͤͦ ͙͔͔͙͔ͣͪͤ͘Φ

˸͔ͭͦ͒ ͙͔͔͙ͣͪͤ͘Ύ
-͍ͫͦͦͯͨͤͦͫͭ͟Έ ͙͔͍ͨͪͣͦ ͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ ͙ͨͪͤͼ͙͍ͨͦ ͙ 

͔͍ͫͪ͒ͫͭ ͙͔͔͙͚ͣͪͤ͘ ό͎͙͊ͦͪͭͣ͡ ͙͔͔͙ͣͪͤ͘ΎύΦ 

͔̇͡Έ ͙͔͔͙ͣͪͤ͘Ύ
-͍ͫͦͦͯͨͤͦͫͭ͟Έ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͟ ͙͔͔͙ͣͪͤ͘Ό ͙ ͔͎ͦ 
͔ͪͯ͘͡Έͭ͊ͭ͊ͣΣ ͔͔ͦͨͪ͒͡Ύ͔ͣ·ͻ ͔͚ͦͤͪͭͤͦ͟͟ ͊͒͊͘;͔͚Φ 

˻͋Ά͔ͭ͟ ͙͔͔͙ͣͪͤ͘Ύ-͔ͪ͊͡Έͤ·͚ͦ͋Ά͔ͭ͟ ͙͚ͨͪͪͦ͒ͤͦ ͙͙͔ͭ͡ͻ͎͔͚ͤͦͤͤͦ 
͔ͫͪ͒·Σ ͦͭͦͪ͟·͚ ͙͔͔ͫͫ͒ͯͭͫ͡Ύ ͍ ͨͪͦͼ͔͔ͫͫ ͙͔͔͙͚ͣͪͤ͘

˸͔ͦ͒͡Έ ͦ͋Ά͔ͭ͊͟ 
͙͔͔͙ͣͪͤ͘Ύ

-͔͍͔͙͔ͨͪ͒ͫͭ͊ͤ͡ ͦ͋Ά͔ͭ͊͟Σ ͔ͦͭͦͪͦ͟ ͙ͫͭͪͦͭͫΎ ͤ͊ ͍͔ͦͫͤͦ 
͙͚͙͊ͨͪͦͪͤͦͤͺͦͪͣ͊ͼ͙͙ ͦ͋ ͔ͪ͊͡Έͤͦͣ ͦ͋Ά͔͔ͭ͟ ͙ 
͔ͦͭͪ͊͗͊ͭ ͭͦ͡Έͦ͟ ͫͯ΅͔͍͔ͫͭͤͤ·͔ ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ 
͍͚͍ͫͦͫͭ͊
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ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ-4

˿͔͍ͪ͒ͫͭͦ ͙͔͔͙͚ͣͪͤ͘ 
ό˿ˮύ

-͔ͭͻ͙ͤ;͔͔ͫͦ͟ ͔͍ͫͪ͒ͫͭͦΣ ͙ͫͨͦ͡Έ͔͔ͯͣͦ͘ ͙ͨͪ ͙͔͔͙ͣͪͤ͘Ύͻ ͙ 

͙͔ͣΌ΅͔͔ ͙͍ͤͦͪͣͪͦ͊ͤͤ·͔ ͔͎͙ͣͭͪͦͦ͡;͔͙͔ͫ͟ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟ 

όͦ͊͘͟·͍͊Ό΅͙͔ ͍͙͡Ύ͙͔ͤ ͤ͊ ͔ͪͯ͘͡Έͭ͊ͭ ͙ ͎͔ͨͦͪ΄ͤͦͫͭΈ ͙͔͔͙ͣͪͤ͘Ύύ

͍͙̂ͫͦ͡Ύ ͙͔͔͙ͣͪͤ͘Ύ
-͔ͨ͊ͪ͊ͣͭͪ· ͦͪͯ͗͊͟Ό΅͔͚ ͔ͫͪ͒·Σ ͙ͨͭ͊Ό΅͙ͻ ͤ͊ͨͪΎ͔͙͚͗ͤ ͙ ͨͪΦ 

Σ ͍͙͡ΎΌ΅͙͔ͤ͊ ͔͍ͫͪ͒ͫͭ͊ ͙͔͔͙ͣͪͤ͘Ύ ͙ - ͨͦΉͭͦͣͯ  -ͤ͊ 

͔ͪͯ͘͡Έͭ͊ͭ· ͙͔͔͙ͣͪͤ͘Ύ ͙ ͔͎ͦ ͭͦ;ͤͦͫͭΈ

͍͔͙͔̂ͪ͊ͤͤ 

͙͔͔͙ͣͪͤ͘Ύ

-ͺͯͤ͟ͼ͙ΎΣ ͍ͫΎ͘·͍͊Ό΅͊Ύ ͙͔ͣͪ͘Ύ͔ͣͯΌ ͍͔͙͡;͙ͤͯ ͙ ͔ͪͯ͘͡Έͭ͊ͭ 

͙͔͔͙ͣͪͤ͘Ύ όͦͨ·ͭͤ·͔ ͒͊ͤͤ·͔ ͙͙͡ ͔ͦͤ͟;ͤ·͚ ͔ͪͯ͘͡Έͭ͊ͭύΦ 

˹͙͔͊ͨͪͣͪΣ ͎͙͍ͪ͊͒ͯͪͦͦ;ͤ͊Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟

˽͙͔ͦ͊͊ͤ͘͟ ͔͍ͫͪ͒ͫͭ͊ 

͙͔͔͙͚ͣͪͤ͘

-ͤ͊͘;͔͙͔ͤ ͙͔ͣͪ͘Ύ͔͚ͣͦ ͍͔͙͡;͙ͤ·Σ ͔͔ͦͨͪ͒͡Ύ͔͔ͣͦ ͨͦ 

ͦͭͫ;͔ͭͤͦͣͯ ͚͍ͯͫͭͪͦͫͭͯ ͔͍ͫͪ͒ͫͭ͊ ͙͔͔͙͚ͣͪͤ͘ ͙ ͍·͔͔ͪ͊͗ͤͤͦ ͍ 

͙ͨͪͤΎͭ·ͻ ͔͙͙͒ͤͼ͊ͻ Ή͚ͭͦ ͍͔͙͡;͙ͤ·Φ 

˿͙͔ͫͭͣ͊ ͔͙͙͒ͤͼ
-˭͔͊ͦͤͦ͒͊ͭ͟͡Έͤͦ ͍͔ͯͫͭ͊ͤͦͤͤ͊͡Ύ ͙͔ͫͫͭͣ͊ ͺ͙͙͘;͔͙ͫ͟ͻ ͔͙͙͒ͤͼΣ 

͍ ͦͭͦͪ͟·ͻ ͍·ͪ͊͗͊ΌͭͫΎ ͔ͪͯ͘͡Έͭ͊ͭ· ͙͔͔͙ͣͪͤ͘ΎΦ 
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1. ʇʦ ʚʠʜʫ ʠʟʤʝʨʷʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ïʠʟʤʝʨʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ, ʯʘʩʪʦʪʳ ʠ ʧʨ.

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʤʝʨʝʥʠʡ-1

2. ʇʦ ʚʠʜʫ ʫʨʘʚʥʝʥʠʷ ʠʟʤʝʨʝʥʠʷ:

Åʇʨʷʤʳʝ -ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʀ.

Åʂʦʩʚʝʥʥʳʝïʦʧʳʪʥʳʝ ʜʘʥʥʳʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʝʩʪʴ 

ʨʝʟʫʣʴʪʘʪ ʀ.

Åʉʦʚʤʝʩʪʥʳʝïʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʦʜʥʦʠʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʚʷʟʴ.

Åʉʦʚʦʢʫʧʥʳʝïʠʟʤʝʨʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʠʤʝʥʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ. ʇʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ
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3. ʇʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ:

Åʕʪʘʣʦʥʥʳʝʀ. ïʥʘʠʚʳʩʰʘʷ ʪʦʯʥʦʩʪʴ, ʧʦʩʣʝʦʧʳʪʥʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ 

(ʘʧʦʩʪʝʨʠʦʨʥʘʷ)

Åʂʦʥʪʨʦʣʴʥʦ-ʧʦʚʝʨʦʯʥʳʝïʧʨʠʙʣʠʞʝʥʥʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʀ. ʇʦʚʝʨʢʘ ʨʘʙʦʯʠʭ ʩʨʝʜʩʪʚ ʀ.

Åʊʝʭʥʠʯʝʩʢʠʝ (ʨʘʙʦʯʠʝ) ʀ. ïʘʧʨʠʦʨʥʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ, ʠʩʭʦʜʷ ʠʭ 

ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʩʨʝʜʩʪʚ ʀ. ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʀ.

4. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʦʧʳʪʦʚ:

Åʆʜʥʦʢʨʘʪʥʳʝʀ.

Åʄʥʦʛʦʢʨʘʪʥʳʝʀ. ïʨʝʟʫʣʴʪʘʪ ʝʩʪʴ ʩʨʝʜʥʝʝ ʦʪ ʤʥʦʞʝʩʪʚʘ ʦʧʳʪʥʳʭ 

ʜʘʥʥʳʭ

5. ʇʦ ʚʨʝʤʝʥʥʦʤʫ ʨʝʞʠʤʫ:

Åʉʪʘʪʠʯʝʩʢʠʝʀ.-ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ

Åɼʠʥʘʤʠʯʝʩʢʠʝʀ. ïʨʝʟʫʣʴʪʘʪʳ ʀ. ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʤʝʨʝʥʠʡ-2
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6. ʇʦ ʬʦʨʤʝ ʚʳʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʀ.:

Åɸʙʩʦʣʶʪʥʳʝïʨʝʟʫʣʴʪʘʪ ʚ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ 

Åʆʪʥʦʩʠʪʝʣʴʥʳʝʀ. ïʚʳʨʘʞʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʨʘʥʝʝ 

ʧʨʠʥʷʪʦʡ ʫʩʣʦʚʥʦʡ ʝʜʠʥʠʮʳ

7. ʇʦ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʦʪ ʠʟʤʝʨʷʝʤʦʡ           

ʚʝʣʠʯʠʥʳ:

Åʈʘʚʥʦʪʦʯʥʳʝʀ. ïʦʜʠʥʘʢʦʚʘʷ ʪʦʯʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʨʝʥʠʡ

Åʅʝʨʘʚʥʦʪʦʯʥʳʝʀ.  -ʠʤʝʶʪ ʨʘʟʥʫʶ ʪʦʯʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ 

ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʤʝʨʝʥʠʡ-3
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 ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠʟʤʝʨʝʥʠʷ 

1. ʎʝʣʴ 
ʠʟʤʝʨʝʥʠʷ 
(ʧʦʩʪʘʥʦʚʢʘ 
ʠʟʤʝʨʠʪʝʣʴʥʦʡ 
ʟʘʜʘʯʠ).

2. 
ʇʣʘʥʠʨʦʚʘʥʠʝ 
ʠʟʤʝʨʝʥʠʷ.

3. ʇʨʦʚʝʜʝʥʠʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 
ʧʦʣʫʯʝʥʠʝ 
ʦʧʳʪʥʳʭ 
ʜʘʥʥʳʭ.

4. ʆʙʨʘʙʦʪʢʘ 
ʦʧʳʪʥʳʭ 
ʜʘʥʥʳʭ.

ɿʘʜʘʥʠʝ ʫʩʣʦʚʠʡ, ʩʨʝʜʩʪʚ ʠ ʩʨʦʢʦʚ 

ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ, ʪʨʫʜʦʟʘʪʨʘʪ ʠ 

ʩʪʦʠʤʦʩʪʠ.

¶ ɺʳʙʦʨ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʠʟʤʝʨʝʥʠʷ.

¶ ɺʳʙʦʨ ʤʦʜʝʣʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ.

¶ ɺʳʙʦʨ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ, ʚʠʜʘ 

ʫʨʘʚʥʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ, 

ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ ʠ ʧʨ.

¶ ɸʧʨʠʦʨʥʘʷ ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ.

¶ ʂʘʣʠʙʨʦʚʢʘ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ.

¶ ɺʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ (ʤʝʪʦʜʘ).

¶ ʉʦʭʨʘʥʝʥʠʝ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ. 

¶ ʂʦʤʧʝʥʩʘʮʠʷ ʧʦʤʝʭ. 

¶ ɺʳʯʠʩʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ  

ʢʦʩʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ.

¶ ɸʧʦʩʪʝʨʠʦʨʥʘʷ ʦʮʝʥʢʘ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ.

¶ ʋʜʘʣʝʥʠʝ ʛʨʫʙʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. 

¶ ʀʩʢʣʶʯʝʥʠʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ. 
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ʇʦʣʥʘʷ 

ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ 

ʠʟʤʝʨʠʪʝʣʴ

ʥʦʛʦ 

ʧʨʦʮʝʩʩʘ
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ɺʳʜʝʣʝʥʠʝ ʵʪʘʧʦʚ ʀ. ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʩʪʘʜʠʷʤ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʚʨʘʱʘʪʴʩʷʥʘ 

ʧʨʝʜʳʜʫʱʠʡ ʵʪʘʧ ïʚʧʣʦʪʴ ʜʦ ʧʦʩʪʘʥʦʚʢʠ ʥʦʚʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʟʘʜʘʯʠ

ʊʝʭʥʠʯʝʩʢʠʝ (ʨʘʙʦʯʠʝ) ʠʟʤʝʨʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʩʪʘʥʜʘʨʪʥʳʝ 

ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ (ʛʦʪʦʚʳʝ ʤʝʪʦʜʠʢʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʠʙʦʨʳ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ). 

ɺʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ 

ʠʟʤʝʨʝʥʠʷʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʘʜʝʢʚʘʪʥʘʷ 

ʤʦʜʝʣʴ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʦʦʪʚʝʪʩʪʚʠʶ ʨʝʟʫʣʴʪʘʪʘ ʀ. ʠ ʨʝʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ. ʇʨʠʭʦʜʠʪʩʷ ʧʝʨʝʦʧʨʝʜʝʣʷʪʴʦʙʲʝʢʪ 

ʠʟʤʝʨʝʥʠʡ, ʧʦʚʪʦʨʷʪʴ ʚʳʙʦʨ ʤʝʪʦʜʘ ʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ.. 



ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ ïʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʦ ʚʨʝʤʝʥʠ, 

ʦʪʨʘʞʘʶʱʠʡ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ. ɺ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ 

ʯʘʱʝ ʚʩʝʛʦ  ʩʠʛʥʘʣʦʤ ʥʘʟʳʚʘʶʪ ʥʘʧʨʷʞʝʥʠʝ  u(t).

ʊʝʨʤʠʥ "ʩʠʛʥʘʣ" ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʣʦʚʘ signum (ʟʥʘʢ). ʉʠʛʥʘʣʳ 

ʷʚʣʷʶʪʩʷ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʟʥʘʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʦʩʥʦʚʫ 

(ʘʣʬʘʚʠʪ) ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ. ʉʠʛʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʚʭʦʜʥʳʝ ʠ 

ʚʳʭʦʜʥʳʝ, ʦʙʨʘʟʮʦʚʳʝ (ʠʩʧʳʪʘʪʝʣʴʥʳʝ) ʠ ʠʟʤʝʨʷʝʤʳʝ, 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʠʩʣʫʯʘʡʥʳʝ.

ʉʣʫʯʘʡʥʳʝïʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳ, ʤʦʛʫʪ ʙʳʪʴ 

ʩʪʘʮʠʦʥʘʨʥʳʤʠ ïʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʩʪʦʷʥʥʳ-ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ.

ʇʦʣʝʟʥʳʝʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ ïʠʩʩʣʝʜʫʝʤʳʝ, ʦʙʨʘʟʮʦʚʳʝ ʠ ʧʨ. 

ʇʦʤʝʭʠ ïʦʜʥʦʨʦʜʥʳʝ ʩ ʧʦʣʝʟʥʳʤʠ, ʥʦ ʷʚʣʷʶʪʩʷ ʤʝʰʘʶʱʠʤʠ, 

ʧʦʙʦʯʥʳʤʠ. ʄʦʛʫʪ ʙʳʪʴ ʘʜʜʠʪʠʚʥʳʤʠ, ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʤʠ ʠ ʜʨ.
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ɸʥʘʣʦʛʦʚʳʝ ʎʠʬʨʦʚʳʝ

ʇʝʨʠʦʜʠʯʝʩʢʠʝ

ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ

ʇʦʤʝʭʠ
ʇʦʣʝʟʥʳʝ 
ʩʠʛʥʘʣʳ

ʉʣʫʯʘʡʥʳʝ

ɼʠʩʢʨʝʪʥʳʝ

ʅʝʧʝʨʠʦʜʠʯʝʩʢʠʝʉʪʘʮʠʦʥʘʨʥʳʝʅʝʩʪʘʮʠʦʥʘʨʥʳʝ







ʉʠʛʥʘʣʳ ʜʝʣʷʪʩʷ ʧʦ ʚʠʜʫ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ:

Å ʅʝʧʨʝʨʳʚʥʳʝ (ʛʣʘʜʢʠʝ) ʩʠʛʥʘʣʳ

Å ʀʤʧʫʣʴʩʥʳʝ ʩʠʛʥʘʣʳ (ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʝʨʠʦʜʘ ʨʘʚʥʳ ʥʫʣʶ)

Å ɼʠʩʢʨʝʪʥʳʝ ʠ ʮʠʬʨʦʚʳʝ ʩʠʛʥʘʣʳ (ʠʟʚʝʩʪʥʳ ʚ ʦʪʜʝʣʴʥʳʭ ʪʦʯʢʘʭ)

Å ʄʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ (ʩ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʤʠʩʷ ʧʘʨʘʤʝʪʨʘʤʠ)

ʈʝʘʣʴʥʘʷ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʠ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʩʠʛʥʘʣʘ



ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ                                   ʪʨʝʫʛʦʣʴʥʳʡ ʩʠʛʥʘʣ

ʧʠʣʦʦʙʨʘʟʥʳʡ ʩʠʛʥʘʣ                                                 ʤʝʘʥʜʨ



ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʠʤʧʫʣʴʩ



ɺ ʨʘʜʠʦʪʝʭʥʠʢʝ ʤʦʜʫʣʠʨʦʚʘʥʥʳʤʩʠʛʥʘʣʦʤ (ʨʘʜʠʦʩʠʛʥʘʣʦʤ)ʥʘʟʳʚʘʶʪ 

ʩʠʛʥʘʣ ʚʠʜʘ:

U(t) ïʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ, 

ɤ,f ïʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ, 

ű(t) ïʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʬʘʟʳ, 

ʌ(t) ïʧʦʣʥʘʷ ʬʘʟʘ. ʉʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʡ ʬʘʟʳ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʨʘʜʠʦʩʠʛʥʘʣʘ . 

ʈʘʜʠʦʩʠʛʥʘʣʳ

[ ]

[ ] [ ]

( ) ( ) cos ( )

( ) cos 2 ( ) ( )cos ( ) )

u t U t t t

U t f t t U t t

= Ö w +j =

= Ö p Ö +j = F

1 1 ( )
( )

2 2

d d t
f t f

dt dt

F j
= = +
p p



ɸʤʧʣʠʪʫʜʥʘʷ(ɸʄ), ʯʘʩʪʦʪʥʘʷ(ʏʄ) ʠ ʬʘʟʦʚʘʷ(ʌʄ)

ɺʠʜʤrʦʜʫʣʷʮʠʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ-1

( ) (1 cos(2 ))cos(2 )mU t U m Ft ft= + Ö p +q p +j

ʏʄ:  0( ) cos(2 )f t f f F t= +D Ö p Ö +q

0( ) cos(2 )t f t F tF = Ö +bÖ p Ö +qʌʄ:  

ɸʄ:  



ɸʤʧʣʠʪʫʜʥʘʷ(ɸʄ)                                      ʯʘʩʪʦʪʥʘʷ(ʏʄ)

ɺʠʜʤrʦʜʫʣʷʮʠʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ-2

ɸʤʧʣʠʪʫʜʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ



ʏʘʩʪʦʪʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷʬʘʟʦʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ

ʉʣʫʯʘʡʥʳʡ (ʰʫʤʦʚʦʡ) 

ʩʠʛʥʘʣ 

ɺʠʜʤrʦʜʫʣʷʮʠʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ-3



ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ-1

1. ʋʨʦʚʝʥʴ ʩʠʛʥʘʣʘ (ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ ʠ ʧʨ.)

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ (ʧʦʩʪʦʷʥʥʘʷʩʦʩʪʘʚʣʷʶʱʘʷ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʫʩʨʝʜʥʝʥʠʷ T (ʥʘ ʧʝʨʠʦʜʝ) ʢʘʢ ʩʨʝʜʥʝʝʟʥʘʯʝʥʠʝ u(t):

ʩʨ

0

1
( )

T

U U u t dt
T

= =ñ

ɸʤʧʣʠʪʫʜʥʦʝ (ʧʠʢʦʚʦʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ ) ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ 

ïʥʘʠʙʦʣʴʰʝʝ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘ ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ T:

[ ]Ttʧʠʢ tuUU
,0m )(max

Ë
==

ʄʠʥʠʤʘʣʴʥʦʝʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ïʥʘʠʤʝʥʴʰʝʝ ʤʛʥʦʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ u(t) :

[ ]min 0,
min ( )

t T
U u t

Ë
=



ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ-2

ʉʨʝʜʥʝʚʳʧʨʷʤʣʝʥʥʦʝʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ïʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ u(t) :

0

1
. . ( )

T

Uʩʨʚ u t dt
T
= ñ

ʈʘʟʤʘʭ ʩʠʛʥʘʣʘ (U p-p   çʧʠʢ-ʪʫ -ʧʠʢ:è)

p-p max minU U U= -

ʇʠʢʦʚʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʠʛʥʘʣʘ çʚʚʝʨʭè ʠ çʚʥʠʟè

m+ max ʩʨU U U= -
m- minʩʨU U U= -



ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ-3

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝʩʠʛʥʘʣʘ (root mean squareïRMS)  -

ʢʦʨʝʥʴ ʠʟ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʚʘʜʨʘʪʘ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʛʥʘʣʘ

ʄʦʱʥʦʩʪʴ ʩʠʛʥʘʣʘ- ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ (ʤʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ) ʥʘ ʥʘʛʨʫʟʢʝ 1 ʆʤ: 

ñ=

T

dttu
T

U
0

2 )(
1

ʆʤ

tu
titutp

1

)(
)()()(

2

==

ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʟʘ ʟʘʜʘʥʥʳʡ  ʠʥʪʝʨʚʘʣ T (ʟʘ ʧʝʨʠʦʜ):

[ ]

2

0

1
( )

1

T
U

P p t dt
T ʆʤ
= =ñ



ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ- 4

ʇʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ  T ( ) ( )u t u t T= °
2. ɺʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʛʥʘʣʘ:

ʏʘʩʪʦʪʘʧʦʚʪʦʨʝʥʠʷ 1/ / 2 ,[ ]f T ɻʮw p= =

ɼʣʠʪʝʣʴʥʦʩʪʴʩʠʛʥʘʣʘ         (ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʫʨʦʚʥʶ, 

ʥʘʧʨʠʤʝʨ 0.5 ʦʪ ʤʘʢʩʠʤʫʤʘ) 

t

ɺʨʝʤʝʥʥʦʡ ʩʜʚʠʛ   -ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʜʥʦʨʦʜʥʳʤʠ 

ʪʦʯʢʘʤʠ ʩʠʛʥʘʣʘ (ʥʘʧʨʠʤʝʨ ʤʝʞʜʫ ʬʨʦʥʪʘʤʠ ʠʤʧʫʣʴʩʦʚ).

tD

ʌʘʟʦʚʳʡ ʩʜʚʠʛ             -ʚʨʝʤʝʥʥʦʡ ʩʜʚʠʛ ʤʝʞʜʫ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʦʜʥʦʡ ʯʘʩʪʦʪʳ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʜʦʣʷʭ 

ʧʝʨʠʦʜʘ 360 ʛʨʘʜʫʩʦʚ. ʆʥ ʨʘʚʝʥ  ʨʘʟʥʦʩʪʠ ʥʘʯʘʣʴʥʳʭ ʬʘʟ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ

jD



ʕʣʝʤʝʥʪʘʨʥrʝ 

ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʡ

ʉʨʝʜʩʪʚʘ  ʠʟʤʝʨʝʥʠʡ

ʕʪʘʣʦʥr ʄʝʨr
ʀʟʤʝʨʠʪʝʣɹʥrʝ  
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ

ʋʩʪʨʦʡʩʪʚʘ 
ʩʨʘʚʥʝʥʠ̫

ʆʪʩʯʝʪʥrʝ 
ʫʩʪʨʦʡʩʪʚʘ

ʋʩʪʘʥʦʚʢʠ-
ʩʪʘʥʜʘʨʪr

ʇʦʚʝʨʦʯʥrʝ 
ʩʪʝʥʜr

ʕʪʘʣʦʥʥrʝ 
ʢʦʥʪʨʦʣɹʥʦ-
ʧʦʚʝʨʦʯʥrʝ 
ʧʨʠʙʦʨr

ʀʟʤʝʨʠʪʝʣɹʥrʝ 
ʧʨʠʙʦʨr

ʋʩʪʘʥʦʚʢʠ ʠ 
ʩʪʝʥʜr

ʀʟʤʝʨʠʪʝʣɹʥrʝ 
ʩʠʩʪʝʤr

ʂʦʤʧʣʝʢʩʥrʝ 

ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʡ



1. ʕʪʘʣʦʥʳ ïʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʝ ʠ ʭʨʘʥʷʱʠʝ 

ʝʜʠʥʠʮʳ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʩʪʘʥʜʘʨʪʳʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ)

2. ʄʝʨïrʉʀ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʝʜʠʥʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʯʠʭ 

ʠʟʤʝʨʝʥʠʡ

3. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ - ʩʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʷ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʠʛʥʘʣʦʚ). ɼʘʪʯʠʢïʀʇ ʥʝʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 

4. ʋʩʪʨʦʡʩʪʚʦ ʩʨʘʚʥʝʥʠʷ (ʢʦʤʧʘʨʘʪʦʨ) ïʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʠʟʤʝʨʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʝ ʦʧʝʨʘʮʠʶ ʩʨʘʚʥʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʠʛʥʘʣʦʚ (=,>,<). ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʚʫʭ ʩʠʛʥʘʣʦʚ ʚ ʣʦʛʠʯʝʩʢʫʶ 

ʧʝʨʝʤʝʥʥʫʶ çʜʘ-ʥʝʪè

5. ʆʪʩʯʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ïʚʳʜʘʝʪ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

(ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ) ʦʧʝʨʘʪʦʨʫ (ʪʘʙʣʦ, ʠʥʜʠʢʘʪʦʨ, ʵʢʨʘʥ, ʩʪʨʝʣʢʘ ʩʦ 

ʰʢʘʣʦʡ)

ʕʣʝʤʝʥʪʘʨʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ



1. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ïʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʨʝʜʩʪʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʦʪʩʯʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʢʘʟʘʥʠʷ ʢʦʪʦʨʦʛʦ 

ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʦʧʝʨʘʪʦʨʦʤ. ʇʦʣʥʦʩʪʴʶ ʨʝʰʘʝʪ ʦʜʥʫ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʟʘʜʘʯ 

2. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʩʪʝʥʜ) ïʩʦʚʦʢʫʧʥʦʩʪʴ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʷ (ʧʨʠʙʦʨʦʚ),ʩʦʙʨʘʥʥʳʭ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʠ ʦʙʩʣʫʞʠʚʘʝʤʳʭ 

ʦʧʝʨʘʪʦʨʦʤ. ʈʝʰʘʝʪ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʟʘʜʘʯ

3. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ - ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ, 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʢʘʥʘʣʘʤʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ  (ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠ ʫʧʨʘʚʣʷʶʱʝʡ) . 

ʂʦʤʧʣʝʢʩʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ



1. ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʀʀʉ) ïʩʠʩʪʝʤʳ 

ʩʙʦʨʘ ʜʘʥʥʳʭ, ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ, ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ.

2. ʀʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʀɺʂ) ï

ʚʢʣʶʯʘʶʪ ʫʧʨʘʚʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ 

3. ʂʦʤʧʴʶʪʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʂʀʋ) ʠ 

ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ - ʚʢʣʶʯʘʶʪ ʢʦʤʧʴʶʪʝʨ, 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ  ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʟʘʜʘʯ. 

ʊʠʧʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ



ʇʦ ʪʦʯʥʦʩʪʠ:

1. ʆʙʨʘʟʮʦʚʳʝ ʉʀïʜʣʷ ʧʦʚʝʨʢʠ ʠ ʛʨʘʜʫʠʨʦʚʢʠ ʜʨʫʛʠʭ ʉʀ 

(ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʉʀ).

2. ʈʘʙʦʯʠʝ  ʉʀ ïʚʳʧʦʣʥʷʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. ʅʝ 

ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʜʘʯʝʡ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʦʪ ʵʪʘʣʦʥʘ. 

ʊʠʧʳ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ (ʉʀ)

ʇʦ ʩʧʦʩʦʙʫ ʫʧʨʘʚʣʝʥʠʷ:

1. ʈʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ.

2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ   ʉʀ ï>ʨʷʜ ʦʧʝʨʘʮʠʡ ʧʨʦʚʦʜʠʪʩʷ ʙʝʟ ʦʧʝʨʘʪʦʨʘ 

(ʚʳʙʦʨ ʜʠʘʧʘʟʦʥʘ, ʫʩʪʘʥʦʚʢʘ ʨʝʞʠʤʘ ʠ ʧʨ.)

3. ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ   ʉʀ  ->ʧʨʦʛʨʘʤʤʘ ʠʟʤʝʨʝʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʙʝʟ 

ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ
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ʆʙʦʙʱʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʉʀ-1

1. ɺʠʜ ʠʟʤʝʨʷʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ;

2. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ïʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ; 

3. ɼʠʘʧʘʟʦʥ ʰʢʘʣʳ ʧʦʢʘʟʘʥʠʡ ʉʀ ʠʣʠ ʯʠʩʣʦ ʟʥʘʯʘʱʠʭ ʮʠʬʨ ʥʘ 

ʠʥʜʠʢʘʪʦʨʝ; 

4. ʋʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʠʷ  ʬʫʥʢʮʠʷ ʩʚʷʟʠ ʧʦʢʘʟʘʥʠʡ ʉʀ 

ʩ ʠʟʤʝʨʷʝʤʦʡ ʬʠʟ. ʚʝʣʠʯʠʥʦʡ, ʛʨʘʜʫʠʨʦʚʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ;

5. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ï ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʫʨʘʚʥʝʥʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ

6. ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʉʀ  -ʧʨʝʜʝʣʳ ʯʘʩʪʦʪʳ ʠʟʤʝʨʷʝʤʦʛʦ  

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʢʦʪʦʨʳʭ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʟʘʜʘʥʥʘʷ 

ʪʦʯʥʦʩʪʴ;

( )y f x=

y
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ʆʙʦʙʱʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʉʀ - 2

7. ʇʨʝʜʝʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ïʤʠʥʠʤʘʣʴʥʘʷ  ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ; 

8. ʇʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ïʤʠʥʠʤʘʣʴʥʳʡ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ; 

9. ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ïʤʠʥʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ 

ʚʝʣʠʯʠʥʳ ȹXmin , ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ  

ʉʀ;

10.ɺʘʨʠʘʮʠʷ ʧʦʢʘʟʘʥʠʡ ïʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʠʟʤʝʨʝʥʠʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ ʨʘʟʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʝʝ ʫʩʪʘʥʦʚʢʠ ïʩʚʝʨʭʫ 

ʠʣʠ ʩʥʠʟʫ;

11.ʉʤʝʱʝʥʠʝ ʠ ʜʨʝʡʬ ʥʫʣʷ ïʥʝʥʫʣʝʚʳʝ ʧʦʢʘʟʘʥʠʷ ʧʨʠ ʟʘʚʝʜʦʤʦ 

ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ;
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ʆʙʦʙʱʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʉʀ - 3

12.ɺʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʢʘʟʘʥʠʡ;

13.ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ;

14.ɺʭʦʜʥʦʡ ʠʤʧʝʜʘʥʩ (ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ) - ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʉʀ ʥʘ ʠʟʤʝʨʷʝʤʳʡ ʦʙʲʝʢʪ. ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʯʘʩʪʴ 

ʤʦʱʥʦʩʪʠ , ʧʦʪʨʝʙʣʷʝʤʫʶ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ4

15.ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʉʀ ïʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʪʦʯʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʉʀ. ʕʪʦ ʢʣʘʩʩ 

ʪʦʯʥʦʩʪʠ, ʧʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ ʦʩʥʦʚʥʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʧʨ.
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ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ

1. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʠʟʤʝʨʷʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ  (U, I, f, t, P, RLC, Aʠ ʧʨ.)

2. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ;

3. ʐʠʨʦʢʠʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʛʥʘʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚ;

4. ʉʣʦʞʥʳʡ ʚʠʜ ʩʠʛʥʘʣʦʚ, ʥʘʣʠʯʠʠ ʠʭ ʤʦʜʫʣʷʮʠʠʪʨʝʙʫʝʪʩʷ ʠʟʤʝʨʷʪʴ ʬʦʨʤʫ 

ʩʠʛʥʘʣʦʚ ʠ ʠʭ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ

5. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭʠʟʤʝʨʝʥʠʡ(ʥʝ ʪʨʝʙʫʶʱʠʭ ʵʪʘʣʦʥʦʚ ʬʠʟ. 

ʚʝʣʠʯʠʥ)           ɸʏʍ, ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʠ ʧʨ.)

6. ʅʘʣʠʯʠʝ ʫʩʪʨʦʡʩʪʚ ʩ ʙʦʣʴʰʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ïʤʘʣʳʝ ʪʦʢʠ, 

ʙʦʣʴʰʠʝ ʥʘʧʨʷʞʝʥʠʝ

ʉʣʝʜʩʪʚʠʝ=>ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʨʠʥʮʠʧʦʚ , 

ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡ



ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʳʭ

ʧʨʠʙʦʨʦʚ

ʆʙʦʟʥʘʯʝʥʠʝ  ʵʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʩʦʩʪʦʠʪ ʠʟ 

ʙʫʢʚʳ ʨʫʩʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʪʠʧ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ, ʠ ʯʠʩʣʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʚʠʜ ʠ ʪʠʧ ʧʨʠʙʦʨʘ:

ɼ-ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʝ; ʀ-ʠʥʜʫʢʮʠʦʥʥʳʝ; 

ʄ -ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ; ʅ-ʩʘʤʦʧʠʰʫʱʠʝ; 

ʈ-ʤʝʨʳ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʧʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ; 

ʉ-ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ; ʊ-ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ; 

ʌ-ʵʣʝʢʪʨʦʥʥʳʝ, ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ, ʮʠʬʨʦʚʳʝ; 

ʎ-ʚʳʧʨʷʤʠʪʝʣʴʥʳʝ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ; ʕ-ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ. 



ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʳʭ

ʧʨʠʙʦʨʦʚ

ʉʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ ɻʆʉʊ 15094-86 ʩʦʩʪʦʠʪ ʠʟ: ʙʫʢʚʳ ʨʫʩʩʢʦʛʦ 

ʘʣʬʘʚʠʪʘ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʨʝʥʠʡ ʠ ʚʠʜ ʠʟʤʝʨʷʝʤʳʭ 

ʚʝʣʠʯʠʥ (ʧʦʜʛʨʫʧʧʘ) ; ʮʠʬʨʳ (ʦʪ 1 ʜʦ 9), ʦʙʦʟʥʘʯʘʶʱʝʡ ʪʠʧ

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, ʠ ʯʝʨʝʟ ʜʝʬʠʩ n-ʟʥʘʯʥʦʛʦ ʯʠʩʣʘ (n=1, 2, 3), 

ʫʢʘʟʳʚʘʶʱʝʛʦ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʤʦʜʝʣʠ

ɺ ʦʙʦʟʥʘʯʝʥʠʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ ʜʦʙʘʚʣʷʝʪʩʷ 

ʨʫʩʩʢʘʷ ʙʫʢʚʘ (ɸ,ɹ,ɺ.. -ʥʘʧʨʠʤʝʨ, ɺ7-65ɸ); ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 

ʧʨʠʙʦʨʦʚ, ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ  ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠʩʧʦʣʥʝʥʠʝʤ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʮʠʬʨʘ ʯʝʨʝʟ ʜʨʦʙʴ (ʥʘʧʨʠʤʝʨ, ɺ7-

65/1). ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʚ ʦʙʦʟʥʘʯʝʥʠʠ 

ʪʠʧʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʙʫʢʚʫ "ʂ" (ʥʘʧʨʠʤʝʨ, ʉʂ6-13).



ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʳʭ  ʧʨʠʙʦʨʦʚ

˽κ͎ͪ˹ ͙͔͍͙͔͊ͣͤͦ͊ͤ ͎ͨͦ͒ͪͯͨͨ·

ˢ ˽͙ͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͙ͫ͡· ͭͦ͊͟

ˣ
ˮͫͭͦ;͙͙ͤ͟ ͙͙ͨͭ͊ͤΎ ͒͡Ύ ͙͔͔͙͚ͣͪͤ͘ ͙ ͙͔͙͔ͣͪͭ͘͡Έͤ·ͻ 

͙͍ͨͪ͋ͦͪͦ

ˤ ˽͙ͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͤ͊ͨͪΎ͔͙͗ͤΎ

˥ ˥͔͔ͤͪ͊ͭͦͪ· ͙͔͙͔ͣͪͭ͘͡Έͤ·͔ 

˨ ˢ͔ͭͭͤΌ͊ͭͦͪ· ͙ ͙ͨͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͔͙͚ͦͫ͊͋ͤ͡͡

˩
˽͙ͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͔͍ͨ͊ͪ͊ͣͭͪͦ ͔͍ͦͣͨͦͤͤͭͦ͟ ͙ ͼ͔͔͚ͨ ͫ 

͔ͫͦͫͪ͒ͦͭͦ;͔ͤͤ·͙ͣ ͨͦͫͭͦΎͤͤ·͙ͣ

ˮ ˽͙ͪ͋ͦͪ· ͒͡Ύ ͙ͣͨͯ͡Έͫͤ·ͻ ͙͔͔͙͚ͣͪͤ͘

˴ ˴͔ͦͣͨͫͤ͟͡·͔ ͙͔͙͔ͣͪͭ͘͡Έͤ·͔ ͍͙ͯͫͭ͊ͤͦ͟

˶
˽͙ͪ͋ͦͪ· ͦ͋΅͔͎ͦ ͙͔͔͙ͨͪͣͤͤΎ ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͔͍ͨ͊ͪ͊ͣͭͪͦ 

Ή͔ͭͪͦͤͤ͟͡·ͻ ͊ͣͨ͡ ͙ ͍͙͍ͨͦͯͨͪͦͦ͒ͤͦ͟͡·ͻ ͙͍ͨͪ͋ͦͪͦ

˸ ˽͙ͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͣͦ΅͙ͤͦͫͭ

˹ ˸͔ͪ· ͙ ͙͊͋ͪ͊ͭͦͪ͟͡·

˽κ͎ͪ ˹͙͔͍͙͔͊ͣͤͦ͊ͤ ͎ͨͦ͒ͪͯͨͨ·

˽ ˽͙ͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͤ͊ͨͪΎ͔͙͗ͤͤͦͫͭ ͨͦ͡Ύ ͙ ͙͔ͪ͊͒ͦͨͦͣͻ

˾
˽͙ͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͔͍ͨ͊ͪ͊ͣͭͪͦ Ή͔͔͍ͣͤͭͦ͡ ͙ ͍ͭͪ͊ͭͦ͟ ͫ 

͔͔͔ͪ͊ͫͨͪ͒ͤͤ͡·͙ͣ ͨͦͫͭͦΎͤͤ·͙ͣ

˿
˽͙ͪ͋ͦͪ· ͒͡Ύ ͤ͊͋͡Ό͔͙͒ͤΎΣ ͙͔͔͙ͣͪͤ͘Ύ ͙ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͺͦͪͣ· 

͙͎ͫͤ͊͊͡ ͙ ͔ͫͨͭͪ͊͟

̂ ͙͙͔͙̂ͫͭ͡͡ ͙͔͙͔ͣͪͭ͘͡Έͤ·͔

̅
˽͙ͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ͺ͍͎͊ͦͦͦ͘ ͍͙͎ͫ͒͊ ͙ ͎͍͎ͪͯͨͨͦͦͦ 

͍͔͔͙ͪͣͤ ͊ͨ͊͒͘͘·͍͙͊ͤΎ

̆
˽͙ͪ͋ͦͪ· ͒͡Ύ ͤ͊͋͡Ό͔͙͒ͤΎ ͙ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ 

͙͚͍ͪ͊͒ͦͯͫͭͪͦͫͭ

̇ ˢ͙ͤ͊͊ͭͦͪ͘͡· ͎͙ͦ͡;͔͙ͫ͟ͻ ͚͍ͯͫͭͪͦͫͭ

̉ ˽͙ͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ ;͊ͫͭͦͭ· ͙ ͍͔͔͙ͪͣͤ

̊
˽͙ͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ Ή͔͙ͭͪ͟͡;͔͙ͫ͟ͻ ͙ ͎͙ͣ͊ͤͭͤ·ͻ ͍͚͍ͫͦͫͭ 

͔͙͍ͣ͊ͭͪ͊ͦ͡

̏
ˮ͔͙͔ͣͪͭ͘͡Έͤ·͔ ͚͍ͯͫͭͪͦͫͭ͊ ͙ͦ͊ͫ͊͟͟͡Έͤ·ͻ ͙ ͍͍ͦͤͦͦ͒ͤ͡·ͻ 

͍ͭͪ͊ͭͦ͟

̒ ˣ͙ͦ͟͡ ͙͙͔͙͔ͪ͊͒ͦͣͪͭ͘͡Έͤ·ͻ ͙͍ͨͪ͋ͦͪͦ
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ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʨʘʜʠʦʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ
Å ʨʘʩʰʠʨʝʥʠʝ ʩʦʩʪʘʚʘ ʠ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʷʝʤʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ;

Å ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠʟʤʝʨʝʥʠʡ;

Å ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ;

Å ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ;

Å ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ, ʛʘʙʘʨʠʪʦʚ ʠ ʩʪʦʠʤʦʩʪʠ;

Å ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ;

Å ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ.

ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚʦʟʤʦʞʥʘ ʧʨʠ ʫʩʣʦʚʠʠ:

Å ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ;

Å ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ;

Å ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ;

Å ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʨʝʜʩʪʚ ʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ

Å ʩʠʛʥʘʣʦʚ.
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ɸ.ɸ. ɼʘʥʠʣʠʥ

ʌʘʢʫʣʴʪʝʪ ʨʘʜʠʦʪʝʭʥʠʢʠ 
ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ

ʂʘʬʝʜʨʘ ʊʝʦʨʝʪʠʯʝʩʢʠʭ 
ʦʩʥʦʚ ʨʘʜʠʦʪʝʭʥʠʢʠ

çʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡè

(ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʥʩʧʝʢʪ ʣʝʢʮʠʡ)

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ

ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ

çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ)è 

(ʉʇʙɻʕʊʋ çʃʕʊʀè)

ʕʪʘʣʦʥʳ  ʠ ʤʝʨʳ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʢʦʤʧʘʨʘʪʦʨʳ ʠ ʦʪʩʯʝʪʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. ʆʙʦʙʱʝʥʥʳʝ ʤʝʪʦʜʳʠʟʤʝʨʝʥʠʡ.
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ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ

ɻʆʉʊ 8.057-80: 

ʕʪʘʣʦʥ (measurement standard)-ʩʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʡ,  ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ  ʜʣʷ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ  ʠ (ʠʣʠ)  ʭʨʘʥʝʥʠʷ ʝʜʠʥʠʮʳ ʠ ʧʝʨʝʜʘʯʠ ʝʝ ʨʘʟʤʝʨʘ  ʥʠʞʝʩʪʦʷʱʠʤ  ʧʦ 

ʧʦʚʝʨʦʯʥʦʡ  ʩʭʝʤʝ ʩʨʝʜʩʪʚʘʤ ʠʟʤʝʨʝʥʠʡ.

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʪʘʣʦʥ ïʫʪʚʝʨʞʜʝʥʥʳʡ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ, ʧʨʠʟʥʘʥ ʇʘʣʘʪʦʡ ʄʝʨ ʠ 

ɺʝʩʦʚ

ʇʝʨʚʠʯʥʳʡ ʵʪʘʣʦʥ ïʥʘʠʚʳʩʰʘʷ ʪʦʯʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ 

ʝʜʠʥʠʮʳ ʥʘ ʚʪʦʨʠʯʥʳʡ ʵʪʘʣʦʥ

ɺʪʦʨʠʯʥʳʡ ʵʪʘʣʦʥ ïʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʨʘʙʦʯʠʝ ʵʪʘʣʦʥʳ ʠ ʤʝʨʳ

ʉʧʝʮʠʘʣʴʥʳʡ ʵʪʘʣʦʥ ïʜʣʷ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ (ʥʘʧʨʠʤʝʨ ʥʘ ʉɺʏ)

ʕʪʘʣʦʥ-ʩʚʠʜʝʪʝʣʴ ïʜʣʷ ʧʨʦʚʝʨʢʠ ʩʦʭʨʘʥʥʦʩʪʠ ʛʦʩ. ʵʪʘʣʦʥʘ ʠ ʝʛʦ ʟʘʤʝʥʳ ʚ ʩʣʫʯʘʝ 

ʧʦʨʯʠ

ʕʪʘʣʦʥ-ʢʦʧʠʷ ïʜʣʷ ʨʘʟʛʨʫʟʢʠ ʧʝʨʚʠʯʥʦʛʦ ʵʪʘʣʦʥʘ

ʕʪʘʣʦʥ ʩʨʘʚʥʝʥʠʷ ïʜʣʷ ʚʟʘʠʤʥʦʛʦ ʩʣʠʯʝʥʠʷ ʵʪʘʣʦʥʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ  ʚ 

ʨʘʟʥʳʭ ʤʝʩʪʘʭ (ʥʘʧʨʠʤʝʨ, ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ)

ʈʘʙʦʯʠʡ ʵʪʘʣʦʥ , ʤʝʨʘ = 1,2,3,4ʨʘʟʨʷʜʳ ʧʦ ʪʦʯʥʦʩʪʠ



ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʪʘʣʦʥʦʚ



ʆʙʱʠʡ ʚʠʜ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʚʝʨʦʯʥʦʡ ʩʭʝʤʳ (ʧʦ ɻʆʉʊ 8.057-80)

 

 

 

 

 
 

 

 

      

 

 

ʇʝʨʚʠʯʥʳʡ ʵʪʘʣʦʥ 

ʈʘʙʦʯʠʝ ʵʪʘʣʦʥʳ 

1-ʛʦ ʨʘʟʨʷʜʘ 

2-ʛʦ ʨʘʟʨʷʜʘ 

3-ʛʦ ʨʘʟʨʷʜʘ 

4-ʛʦ ʨʘʟʨʷʜʘ 

ʥʘʠʚʳʩʰʝʡ ʪʦʯʥʦʩʪʠ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ 

ʥʠʟʰʝʡ ʪʦʯʥʦʩʪʠ 

ʩʨʝʜʥʝʡ ʪʦʯʥʦʩʪʠ 

ʚʳʩʰʝʡ ʪʦʯʥʦʩʪʠ 
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ʉʠʩʪʝʤʘ ʬʠʟʠʯʝʩʢʠʭ ʝʜʠʥʠʮ

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʝʜʠʥʠʮ ʉʀ  (Si ïSistema International dôUnites

ʇʨʠʥʷʪʘ ʚ 1960 ʛ. ɻʝʥʝʨʘʣʴʥʦʡ ʢʦʥʬʝʨʝʥʮʠʝʡ ʧʦ ʤʝʨʘʤ ʠ ʚʝʩʘʤ.  ɺ ʉʉʉʈ ʙʳʣʘ ʧʨʠʥʷʪʘ ʢʘʢ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ (1961 ʛ.), ʘ ʟʘʪʝʤ -ɻʆʉʊ 8.417ð81 çɻʉʀ. ɽʜʠʥʠʮʳ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥè  

- ʢʘʢ ʦʙʷʟʘʪʝʣʴʥʘʷ. ɺ ʈʦʩʩʠʠ -ʟʘʢʦʥ ʈʌ ʦʪ 26.06.2008 ˉ102-ʌɿ çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ 

ʠʟʤʝʨʝʥʠʡè  ɻʆʉʊ 8.417-2002ʠ ISO 1000 çɽʜʠʥʠʮʳ ʉʀ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠè 1992ʛ., ISO 31 

çɺʝʣʠʯʠʥʳ ʠ ʝʜʠʥʠʮʳè 1992ʛ.
7 ʆʩʥʦʚʥʳʭ ʝʜʠʥʠʮ ʉʀ:

1. ɼʣʠʥʘ, ʤʝʪʨ

2. ʄʘʩʩʘ, ʢʛ

3. ɺʨʝʤʷ, ʩ

4. ʉʠʣʘ ʪʦʢʘ, ɸʤʧʝʨ
5. ʉʠʣʘ ʩʚʝʪʘ, ʢʘʥʜʝʣʘ

6. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʛʨʘʜʫʩ ʂʝʣʴʚʠʥʘ

7. ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʤʦʣʴ 

ʇʨʦʠʟʚʦʜʥʳʝ ʝʜʠʥʠʮʳ -ʦʙʨʘʟʫʶʪ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ, ʢʫʜʘ ʚʭʦʜʷʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ 
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ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ

˹͙͔͍͙͔͊ͣͤͦ͊ͤ ˻͋ͦͤ͊͘;͔͙͔ͤ ˭ͤ͊;͔͙͔ͤ

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ
ͫ 299 792 458 ʤĿʩī1

= 2,9979246Ŀ108ʤĿʩī1

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘg̫ 6,673 84(80)Ŀ10ī11ʤ3Ŀʢʛī1Ŀʩī2

ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ h 6,626 069 57(29)Ŀ10ī34ɼʞĿʩ

ʵʣʝʤʝʥʪʘʨʥʳʡ ʟʘʨʷʜ e 1,602 176 565(35)Ŀ10ī19ʂʣ

ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ k 1,380 6488(13)Ŀ10ī23ɼʞĿʂī1

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ 8,854 187 817 620 Ŀ10ī12ʌĿʤī1

ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ
1.25663706Ŀ10ī6ɻʥĿʤī1

0 2
0

1

( )c
e

m
=

0 2
0

1

( )c
m

e
=

https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D0%B5%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%B2%D0%B8%D1%82%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%B0%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%B0%D1%8F_%D0%9F%D0%BB%D0%B0%D0%BD%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D0%B0%D1%80%D0%BD%D1%8B%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%B0%D1%8F_%D0%91%D0%BE%D0%BB%D1%8C%D1%86%D0%BC%D0%B0%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%B0%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%B0%D1%8F_%D0%BF%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%B0%D1%8F
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ʄʥʦʞʠʪʝʣʠ ʠ ʧʨʠʩʪʘʚʢʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʩʷʪʠʯʥʳʭ 

ʢʨʘʪʥʳʭ ʠ ʜʦʣʴʥʳʭ ʝʜʠʥʠʮ.

˸͙͔ͤͦ͗ͭ

͡Έ

˽͙͍ͪͫͭ͊͊͟

˸͙͔ͤͦ͗ͭ

͡Έ

˽͙͍ͪͫͭ͊͊͟

͙͔ͤ͊ͣͤͦ

͍͙͔͊ͤ

ͦ͋ͦͤ͊͘;͔͙͔ͤ
͙͔ͤ͊ͣͤͦ

͍͙͔͊ͤ

ͦ͋ͦͤ͊͘;͔͙͔ͤ

͔ͪͯͫͫͦ͟
͔ͣ͗͒ͯͤ͊

͔ͪͦ͒ͤͦ
͔ͪͯͫͫͦ͟

͔ͣ͗͒ͯͤ͊

͔ͪͦ͒ͤͦ

10-18 ͊ͭͭͦ ͊ a 101 ͔͒͊͟ ͒͊ da

10-15 ͺ͔ͣͭͦ ͺ f 102 ͎͔ͭͦ͟ ͎ h

10-12 ͙ͨͦ͟ ͨ p 103 ͙ͦ͟͡ ͟ k

10-9 ͤ͊ͤͦ ͤ n 106 ͔͎ͣ͊ ˸ M

10-6 ͙ͣͪͦ͟ ͣ͟ ˃ 109 ͎͙͎͊ ˥ G

10-3 ͙͙ͣ͡ ͣ m 1012 ͔ͭͪ͊ ́ T

10-2 ͙ͫ͊ͤͭ ͫ c 1015 ͔ͨͭ͊ ˽ P

10-1 ͔͒ͼ͙ ͒ d 1018 Ήͫ͊͟ ̏ E
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ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭʝʜʠʥʠʮ ʩʠʩʪʝʤʳ ʉʀ

͔͙̏ͭͪ͟͡;͔ͫ͊͟Ύ ͍͔͙͡;͙ͤ͊ ˩͙͙͒ͤͼ͊ ͙͔͔͙͚ͣͪͤ͘

͙͔͍͙͔ͤ͊ͣͤͦ͊ͤͦ͋ͦͤ͊͘;͔͙͔͙͔͍͙͔ͤͤ͊ͣͤͦ͊ͤ
͔ͪͯͫͫͦ͟

ͦ͋ͦͤ͊͘;͔͙͔ͤ 

͔͔ͣ͗͒ͯͤ͊ͪͦ͒ͤͦ

ͦ͋ͦͤ͊͘;͔͙͔ͤ 

˿͙͊͡ ͭͦ͊͟ I ˢ͔ͣͨͪ ˢ A

˹͊ͨͪΎ͔͙͔͗ͤΣ ̏˨˿U, E ˤͦ͡Έͭ ˤ V

˸ͦ΅ͤͦͫͭΈ ͙͍͊ͭͤ͊͟ΎP ˤ͊ͭͭ ˤͭ W

˿͙͍͔͙ͦͨͪͦͭͤ͡R͔ ˻ͣ ˻ͣ ʍ

˩ͣͦͫͭ͟Έ C ̅͊ͪ͊͒͊ ̅ F

ˮ͙͍ͤ͒ͯͭͤͦͫͭ͟ΈΣ

͍͙͊ͣͤ͊͘Ύ 

͙͙͍ͤ͒ͯͭͤͦͫͭ͟Έ

L, M ˥͔͙ͤͪ ˥ͤ H

̉͊ͫͭͦͭ͊ f ˥͔ͪͼ ˥ͼ Hz

˨͙ͤ͊͡ ͍ͦͤ͡· ˂ ͔ͣͭͪ ͣ m

͍̅͊ͦ͘·͚ ͍͙͎ͫ͒˒ ͙ͪ͊͒͊ͤ ͪ͊͒ rad
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ʆʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʥʳʭ

ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮ
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ɺʝʣʠʯʠʥʘ (ʥʘʠʤʝʥʦʚʘʥʠʝ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ)ʆʙʦʟʥʘʯʝʥʠʝʈʘʟʤʝʨʥʦʩʪʴ ɺʳʨʘʞʝʥʠʝ

ʏʘʩʪʦʪʘ(ʛʝʨʮ) ɻʮ Tī1 ʩī1

ʉʠʣʘ(ʥʴʶʪʦʥ) ʅ ʄĿLĿTī2 ʢʛĿʤĿcī2

ʕʥʝʨʛʠʷ(ʜʞʦʫʣʴ) ɼʞ ʄĿL2ĿTī2 ʅĿʤ = ʢʛĿʤ2Ŀcī2

ʄʦʱʥʦʩʪʴ(ʚʘʪʪ) ɺʪ ʄĿL2ĿTī3 ɼʞ/ʩ = ʢʛĿʤ2Ŀcī3

ɼʘʚʣʝʥʠʝ(ʧʘʩʢʘʣʴ) ʇʘ ʄĿLī1ĿTī2 ʅ/ʤ2= ʢʛĿʤī1Ŀʩī2

ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ(ʣʶʤʝʥ) ʣʤ J ʢʜĿʩʨ

ʆʩʚʝʱʸʥʥʦʩʪʴ(ʣʶʢʩ) ʣʢ JĿL-Į ʣʤ/ʤĮ = ʢʜĿʩʨ/ʤĮ

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ(ʢʫʣʦʥ) ʂʣ IĿT ɸĿʩ

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ(ʚʦʣʴʪ) ɺ ʄĿL2ĿTī3ĿIī1 ɼʞ/ʂʣ = ʢʛĿʤ2Ŀʩī3Ŀɸī1

ʉʦʧʨʦʪʠʚʣʝʥʠʝ(ʦʤ) ʆʤ ʄĿL2ĿTī3ĿIī2 ɺ/ɸ = ʢʛĿʤ2Ŀʩī3Ŀɸī2

ʕʣʝʢʪʨʦʸʤʢʦʩʪʴ(ʬʘʨʘʜ) ʌ T4ĿI2Ŀʄī1ĿLī2 ʂʣ/ɺ = ʩ4Ŀɸ2Ŀʢʛī1Ŀʤī2

ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ(ʚʝʙʝʨ) ɺʙ ʄĿL2ĿTī2ĿIī1 ʢʛĿʤ2Ŀʩī2Ŀɸī1

ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ(ʪʝʩʣʘ) ʊʣ ʄĿTī2ĿIī1 ɺʙ/ʤ2= ʢʛĿʩī2Ŀɸī1

ʀʥʜʫʢʪʠʚʥʦʩʪʴ(ʛʝʥʨʠ) ɻʥ ʄĿL2ĿTī2ĿIī2 ʢʛĿʤ2Ŀʩī2Ŀɸī2

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ(ʩʠʤʝʥʩ) ʉʤ T3ĿI2Ŀʄī1ĿLī2 ʆʤī1= ʩ3Ŀɸ2Ŀʢʛī1Ŀʤī2

ɸʢʪʠʚʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

(ʙʝʢʢʝʨʝʣʴ)
ɹʢ Tī1 ʩī1

ʇʦʛʣʦʱʸʥʥʘʷ ʜʦʟʘʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ

(ʛʨʝʡ)
ɻʨ LĮĿT-Į ɼʞ/ʢʛ = ʤĮ/cĮ

ʕʬʬʝʢʪʠʚʥʘʷ ʜʦʟʘʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ

(ʟʠʚʝʨʪ)
ɿʚ LĮĿT-Į ɼʞ/ʢʛ = ʤĮ/cĮ

ɸʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ(ʢʘʪʘʣ) ʢʘʪ NĿT-1 ʤʦʣʴ/ʩ

http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B7%D0%BC%D0%B5%D1%80%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D1%84%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D1%8B
http://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BB%D0%B0
http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%89%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0)
http://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D0%BE%D1%82%D0%BE%D0%BA
http://ru.wikipedia.org/wiki/%D0%9E%D1%81%D0%B2%D0%B5%D1%89%D1%91%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B7%D0%B0%D1%80%D1%8F%D0%B4
http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B7%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BF%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D0%B8%D0%B0%D0%BB%D0%BE%D0%B2
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%91%D0%BC%D0%BA%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D1%8B%D0%B9_%D0%BF%D0%BE%D1%82%D0%BE%D0%BA
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%B0%D1%8F_%D0%B8%D0%BD%D0%B4%D1%83%D0%BA%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D1%80%D0%B0%D0%B4%D0%B8%D0%BE%D0%B0%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B0)
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B3%D0%BB%D0%BE%D1%89%D1%91%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B4%D0%BE%D0%B7%D0%B0
http://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%B8%D0%B7%D0%B8%D1%80%D1%83%D1%8E%D1%89%D0%B5%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%B0%D1%8F_%D0%B4%D0%BE%D0%B7%D0%B0
http://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%B8%D0%B7%D0%B8%D1%80%D1%83%D1%8E%D1%89%D0%B5%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%D0%BA%D0%B0%D1%82%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80%D0%B0
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ɽʜʠʥʠʮʳ ʜʣʷ ʆʊʅʆʉʀʊɽʃʔʅʓʍ ʠʟʤʝʨʝʥʠʡ

ʈʝʟʫʣʴʪʘʪ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʨʘʞʘʝʪʩʷ:

Å ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ (ʥʘʧʨʠʤʝʨ, ʚ ʧʨʦʮʝʥʪʘʭ% (ʥʘ ʩʦʪʥʶ), ʧʨʦʤʠʣʣʝ %0

(ʣʘʪ. per mille ðʥʘ ʪʳʩʷʯʫ) , ppm - parts per million);

Åʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ  ʜʝʮʠʙʝʣʘʭ (ʜɹ, dB). ɺ ʪʝʭʥʠʢʝ ʩʚʷʟʠ ʠʥʦʛʜʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʩʠʩʪʝʤʥʘʷ ʝʜʠʥʠʮʘ -ʥʝʧʝʨ. 

ɼʝʮʠʙʝʣ (ʜɹ) -ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʝʜʠʥʠʮʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʝʩʷʪʠʯʥʦʤ ʣʦʛʘʨʠʬʤʝ 

ʦʪʥʦʰʝʥʠʷ ʜʚʫʭ ʚʝʣʠʯʠʥ ʦʜʠʥʘʢʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɺ ʨʘʜʠʦʪʝʭʥʠʢʝ ʵʪʦ ʦʪʥʦʰʝʥʠʝ 

ʤʦʱʥʦʩʪʝʡ

N, ʜɹ=10 lg(P2/P1) =20 lg(U2/U1)

ʅʝʧʝʨ (ʅʧ)-ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʝʜʠʥʠʮʘ, ʨʘʚʥʘʷ ʥʘʪʫʨʘʣʴʥʦʤʫ ʣʦʛʘʨʠʬʤʫ ʦʪʥʦʰʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ: 

N, ʅʧ=ln(U2/U1).

ʉʚʷʟʴ ʅʝʧʝʨʘ ʠ ʜɹ:    1 ʜɹ=0.115 ʅʧ,  1 ʅʧ = 8.686 ʜɹ.



ʉʘʤʳʤ ʧʝʨʚʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʧʨʦʪʦʪʠʧʦʤ ʢʠʣʦʛʨʘʤʤʘ ʚʟʷʪ ʮʠʣʠʥʜʨ ʠʟ ʩʧʣʘʚʘ 

ʧʣʘʪʠʥʳ ʠ ʠʨʠʜʠʷ, ʚʳʩʦʪʘ ʠ ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʨʘʚʥʳ 39 ʤʤ. ʕʪʦʪ ʵʪʘʣʦʥ ʥʝ ʩʚʷʟʘʥ ʥʠ 

ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ, ʥʠ ʩ ʢʘʢʠʤʠ-ʣʠʙʦ ʧʨʠʨʦʜʥʳʤʠ ʷʚʣʝʥʠʷʤʠ.



ʉ 20 ʤʘʷ 2019 ʛʦʜʘ ʚʚʝʜʝʥ ʵʪʘʣʦʥ ʢʠʣʦʛʨʘʤʤʘ ʥʘ ʦʩʥʦʚʝ ʚʝʩʦʚ ʂʠʙʙʣʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʘʣʦʥʥʦʛʦ ʪʦʢʘ ʠ ʧʦʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ. ɺʅʀʀ ʤʝʪʨʦʣʦʛʠʠ ʜʦ 2025ʛ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ  ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʈʦʩʩʠʠ ʵʪʘʣʦʥ ʢʠʣʦʛʨʘʤʤʘ (ʚʝʩʳ ʂʠʙʙʣʘ ʝʱʝ ʥʝ ʧʦʩʪʨʦʝʥʳ)



ʕʪʘʣʦʥ ʝʜʠʥʠʮʳ ʚʨʝʤʝʥʠ -ʩʝʢʫʥʜʘ

ɽʜʠʥʠʮʘ ʚʨʝʤʝʥʠ (ʠ ʯʘʩʪʦʪʳ) . ɿʘ ʩʝʢʫʥʜʫ ʨʘʥʴʰʝ ʙʨʘʣʠ 1/86400 ʯʘʩʪʴ 

ʩʨʝʜʥʠʭ ʩʦʣʥʝʯʥʳʭ ʩʫʪʦʢ (ʧʝʨʠʦʜ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ).ɿʘʪʝʤ (ʚ 1960ʛ.) ʩʪʘʣʠ 

ʙʨʘʪʴ 1/31556925.9744 ʯʘʩʪʴ ʪʨʦʧʠʯʝʩʢʦʛʦ ʛʦʜʘ (ʦʙʦʨʦʪ ɿʝʤʣʠ ʚʦʢʨʫʛ 

ʉʦʣʥʮʘ).  

ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʩʝʢʫʥʜʳ ïʭʨʦʥʦʤʝʪʨʳ, ʵʪʘʣʦʥʥʳʝ ʤʘʷʪʥʠʢʦʚʳʝ ʯʘʩʳ 

(ʪʦʯʥʦʩʪʴ ʧʦʨʷʜʢʘ 10-4ʩʝʢ ʚ ʩʫʪʢʠ).  ʂʚʘʨʮʝʚʳʝ ʯʘʩʳ (ʛʝʥʝʨʘʪʦʨʳ) ï

ʪʦʯʥʦʩʪʴ ʧʦʨʷʜʢʘ 10-6ʩ. 

1967ʛʦʜ ïʂʚʘʥʪʦʚʳʡ ʵʪʘʣʦʥ ʚʨʝʤʝʥʠ ïʮʝʟʠʝʚʳʡ ʛʝʥʝʨʘʪʦʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ïʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 10-14

ʉʝʢʫʥʜʘ-ʵʪʦ  9192631770 ʧʝʨʠʦʜʦʚ ʠʟʣʫʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ ʜʚʫʤʷ ʩʚʝʨʭʪʦʥʢʠʤʠ ʫʨʦʚʥʷʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʘʪʦʤʘ ʮʝʟʠʷ-133.



ʂʚʘʥʪʦʚʳʡ ʵʪʘʣʦʥ ʚʨʝʤʝʥʠ  -ʛʝʥʝʨʘʪʦʨ ʉɺʏ  ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ  ʧʘʨʘʤʠ ʮʝʟʠʷ-133 

(çʮʝʟʠʝʚʳʡ ʨʝʧʝʨè)
ʇʘʩʩʠʚʥʘʷ ʩʭʝʤʘ ï

ʘʪʦʤʥʦ-ʣʫʯʝʚʘʷ 

ʪʨʫʙʢʘʩ ʥʘʛʨʝʪʳʤ 

ʮʝʟʠʝʤ  ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʘʢ ʢʚʘʥʪʦʚʳʡ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨ 

(ʧʦʛʣʦʱʘʶʱʠʡ 

ʨʝʟʦʥʘʪʦʨ) ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʯʘʩʪʦʪʳ ʢʚʘʨʮʝʚʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʜʦ 3Ŀ10-14
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ɺʦʜʦʨʦʜʥʳʡʛʝʥʝʨʘʪʦʨ-ʭʨʘʥʠʪʝʣʴ ʝʜʠʥʠʮʳ ʚʨʝʤʝʥʠ

ɺʦʜʦʨʦʜʥʳʡ ʩʪʘʥʜʘʨʪ ʦ 

ʧʨʦʱʝ. ʉʝʧʘʨʘʮʠʷ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ  ʧʦʤʝʱʘʝʪ ʚ 

ʨʝʟʦʥʘʪʦʨ ʪʦʣʴʢʦ ʪʝ ʘʪʦʤʳ, 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʚʫʶʪ 

ʥʫʞʥʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ 

ʧʝʨʝʭʦʜʫ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʶ 

ʢʚʘʥʪʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʠʤʝʥʷʶʪ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʝʜʠʥʠʮʳ ʚʨʝʤʝʥʠ. ɸʢʪʠʚʥʳʡ 

ʛʝʥʝʨʘʪʦʨ ʩ ʯʘʩʪʦʪʦʡ 

1.4204057518 ɻɻʮ
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ʅʘ ʥʦʚʳʝ ʩʧʫʪʥʠʢʠ çɻʣʦʥʘʩʩ-ʂ2è ʨʦʩʩʠʡʩʢʦʡ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ 

ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ ʫʩʪʘʥʦʚʷʪ ʩʪʘʥʜʘʨʪ ʯʘʩʪʦʪʳ ʥʦʚʦʛʦ ʪʠʧʘ ðʚʦʜʦʨʦʜʥʳʝ ʯʘʩʳ.  

ɺʳʜʘʝʪ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩ ʯʘʩʪʦʪʘʤʠ  5 ʄɻʮ, 10 ʄɻʮ, 100 ʄɻʮ, ʠʤʧʫʣʴʩʥʳʝ: 

ʯʘʩʪʦʪʘ 1 ɻʮ, 1/60 ɻʮ, (ʰʢʘʣʘ ʚʨʝʤʝʥʠ), ʯʘʩʪʦʪʘ 1 ʄɻʮ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 1 ɻʮ, 1/60 

ɻʮ, ð (100Ñ0,01), (10Ñ0,01), (1Ñ0,01) ʤʢʩ. ʆʙʝʩʧʝʯʠʚʘʝʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʥʝ ʭʫʞʝ 3Ĭ10ï13



ʕʪʘʣʦʥ ʤʝʪʨʘ

ʄʝʪʨʨʘʚʝʥ ʨʘʩʩʪʦʷʥʠʶ, ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʩʚʝʪ ʚ ʚʘʢʫʫʤʝ ʟʘ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʨʘʚʥʳʡ 1/299792458 ʩʝʢʫʥʜʳ

ɼʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʝʜʠʥʠʮʳ ʜʣʠʥʳ ʠʩʧʦʣʴʟʫʶʪ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ (ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ 0.633 ʤʢʤ). ʀʟʤʝʨʷʶʪ ʜʣʠʥʫ ʚʦʣʥʳ ʠ ʫʤʥʦʞʘʶʪ ʝʝ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʢʦʥʩʪʘʥʪʫ .

ɺ ʉʀ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ  299 792 458 ʤ/ʩ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʪʨʘ ʧʨʠʚʷʟʘʥʦ ʢ ʩʝʢʫʥʜʝ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʠʨʦʚʦʡ ʢʦʥʩʪʘʥʪʳ.

ʀʩʪʦʨʠʷ ʵʪʘʣʦʥʘ ʤʝʪʨʘ.

ʆʜʠʥ ʠʟ ʧʫʙʣʠʯʥʳʭ ʩʪʘʨʳʭ ʵʪʘʣʦʥʦʚ ʤʝʪʨʘ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʫʣʠʮʘʭ ʇʘʨʠʞʘ ʚ 1795 -1796ʛʛ. 

ʇʝʨʚʳʡ ʵʪʘʣʦʥ ʤʝʪʨʘ (1899ʛ.) -1ù10 000 000 ʜʦʣʷ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʵʢʚʘʪʦʨʘ ɿʝʤʣʠ ʜʦ ʩʝʚʝʨʥʦʛʦ 

ʧʦʣʶʩʘ ʥʘ ʤʝʨʠʜʠʘʥʝ ʇʘʨʠʞʘ.  ʇʣʘʪʠʥʦʚʦ-

ʠʨʠʜʠʝʚʳʡ ʩʪʝʨʞʝʥʴ ʍ-ʦʙʨʘʟʥʦʛʦ ʩʝʯʝʥʠʷ 20ʭ20 

ʤʤ2



ʕʪʘʣʦʥ ʩʠʣʳ ʪʦʢʘ (ɸ)
ɸʤʧʝʨʨʘʚʝʥ ʩʠʣʝ ʪʦʢʘ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʘʭ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 1 ʤ, ʢʦʪʦʨʳʝ ʧʨʠʪʷʛʠʚʘʶʪʩʷ  ʩ ʩʠʣʦʡ  2 Å10-7 ʅ.

ɼʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʝʜʠʥʠʮʳ ʪʦʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʢʦʚʳʝ ʚʝʩʳ. ʆʥʠ 

ʩʚʷʟʳʚʘʶʪ ʚʝʩ ʵʪʘʣʦʥʥʳʭ ʛʠʨʝʢ mg ʩ ʩʠʣʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʡ ʠ ʥʝʧʦʜʚʠʞʥʦʡ 

ʢʘʪʫʰʝʢ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʪʝʢʘʝʪ ʪʦʢI. 

k-ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʛʝʦʤʝʪʨʠʠ 

ʢʘʪʫʰʝʢ

mg
I

k
=

ʉ 1992 ʛ. ʚ ʢʘʯʝʩʪʚʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʵʪʘʣʦʥʘ 

ʫʪʚʝʨʞʜʝʥ ʘʤʧʝʨ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷʩ ʧʦʤʦʱʴʶ 

çʢʚʘʥʪʦʚʳʭè ʵʪʘʣʦʥʦʚ ʚʦʣʴʪʘ ʠ ʦʤʘ. 



ʉʪʘʥʜʘʨʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ

ʊʦʢ (ɸ)

ʅʘʧʨʷʞʝʥʠʝ (ɺ)

ɽʤʢʦʩʪʴ (ʌ)

ɺʨʝʤʷ (ʩ)

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 
(ʆʤ)

ʏʘʩʪʦʪʘ (ɻʮ)

ʀʥʜʫʢʪʠʚʥʦʩʪʴ 
(ɻʥ)
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ ʜʣʷ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ

ʊʨʝʫʛʦʣʴʥʠʢ 

ʢʚʘʥʪʦʚʳʭ 

ʵʪʘʣʦʥʦʚ ï

ʟʘʤʝʥʘ ʪʦʢʦʚʳʭ 

ʚʝʩʦʚ ʜʣʷ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ. ʊʦʢ 

ʚʳʯʠʩʣʷʝʪʩʷ 

ʯʝʨʝʟ ʚʦʣʴʪ ʠ 

ʦʤ!



ʂʚʘʥʪʦʚʳʡ ʵʪʘʣʦʥ ʅɸʇʈʗɾɽʅʀʗʥʘ ʦʩʥʦʚʝ 

ʵʬʬʝʢʪʘ ɼʞʦʟʝʬʩʦʥʘ

ʕʬʬʝʢʪ ɼʞʦʟʝʬʩʦʥʘ ʚʦʟʥʠʢʘʝʪ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʤʠ 

(ʪʫʥʥʝʣʴʥʳʡ ʢʦʥʪʘʢʪ). ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʵʬʬʝʢʪ ɼʞʦʟʝʬʩʦʥʘ ʚʦʟʥʠʢʘʝʪ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢ 

ʜʞʦʟʝʬʩʦʥʦʚʩʢʦʤʫ ʢʦʥʪʘʢʪʫ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ U. ʇʨʠ ʵʪʦʤ ʯʝʨʝʟ 

ʢʦʥʪʘʢʪ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʉɺʏ. ɼʞʦʟʝʬʩʦʥʦʚʩʢʠʡ ʢʦʥʪʘʢʪ, ʥʘ ʢʦʪʦʨʦʤ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U, ʠʟʣʫʯʘʝʪ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʩʠʛʥʘʣ ʩ 

ʯʘʩʪʦʪʦʡ ɤ= (2e/h)U ,  ʛʜʝɤ = 2ˊfïʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ. ɺʝʣʠʯʠʥʘ ɤ/U=2e/h = 483,59767 

ʄɻʮ/ʤʢɺ -ʧʦʩʪʦʷʥʥʘʷ ɼʞʦʟʝʬʩʦʥʘ.

ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʵʬʬʝʢʪ ɼʞʦʟʝʬʩʦʥʘ ʦʙʨʘʪʠʤ: ʝʩʣʠ ʜʞʦʟʝʬʩʦʥʦʚʩʢʠʡ ʢʦʥʪʘʢʪ ʦʙʣʫʯʘʪʴ ʉɺʏ 

ʧʦʣʝʤ ʩ ʯʘʩʪʦʪʦʡ f(ʧʦʨʷʜʢʘ 70 ɻɻʎ), ʪʦ ʥʘ ʢʦʥʪʘʢʪʝ ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʩʪʫʧʝʥʯʘʪʳʤ ʦʙʨʘʟʦʤ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ  U = 

n(h/2e)f

ʛʜʝ fïʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  ʀʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʪʫʧʝʥʴʢʘʤʠ ʜʦʩʪʠʛʘʝʪ 4 ï5 ʤɺ. 



ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɺɸʍ) ʜʞʦʟʝʬʩʦʥʦʚʩʢʦʛʦ ʧʝʨʝʭʦʜʘ ʙʝʟ 

ʦʙʣʫʯʝʥʠʷ (ʘ), ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʉɺʏ ʩʠʛʥʘʣʦʤ (ʙ) ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ɺɸʍ 



ɺ ʈʦʩʩʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʨʚʠʯʥʳʡ ʵʪʘʣʦʥ ʕɼʉ ʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʚʦʣʴʪ ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʘ ɼʞʦʟʝʬʩʦʥʘ. 

ʈʘʟʤʝʨ ʝʜʠʥʠʮʳ ʚʦʣʴʪʘ ʧʝʨʝʜʘʝʪʩʷ ʚʪʦʨʠʯʥʦʤʫʵʪʘʣʦʥʫ, ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʛʨʫʧʧʘ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʳʭ ʥʘʩʳʱʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʨʚʠʯʥʳʡ ʵʪʘʣʦʥ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ɼʞʦʟʝʬʩʦʥʘ 

ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ, ʦʮʝʥʠʚʘʝʤʫʶ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ 

ʦʪʢʣʦʥʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ 5 . 10-9; ʥʝʠʩʢʣʶʯʝʥʥʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴʩʦʩʪʘʚʣʷʝʪ 5 . 10-9. 

ɺʪʦʨʠʯʥʳʡ ʵʪʘʣʦʥ ʚ ʚʠʜʝ ʛʨʫʧʧʳ ʥʘʩʳʱʝʥʥʳʭ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʳʭ ʅʕ 

ʠʤʝʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ 1,3 . 10-8. 



ʕʪʘʣʦʥ ʉʆʇʈʆʊʀɺʃɽʅʀʗʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ

ʂʚʘʥʪʦʚʳʡ ʵʬʬʝʢʪ ʍʦʣʣʘ ʠʩʧʦʣʴʟʫʝʪ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣ-

ʦʢʠʩʝʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ (ʄʆʇ-ʩʪʨʫʢʪʫʨʘ). 

ɽʩʣʠ ʝʝ ʦʭʣʘʜʠʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 4,2 ʂ ʠ 

ʧʦʤʝʩʪʠʪʴ ʚ ʩʠʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ 

ʠʥʜʫʢʮʠʝʡ ɺ= (6é12) ʊʣ, ʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʄʆʇ-ʩʪʨʫʢʪʫʨʳ, ʥʘʟʳʚʘʝʤʦʡ 

ʭʦʣʣʦʚʩʢʠʤ ʢʦʥʪʘʢʪʦʤ, ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ 

ʧʨʠ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ 

ʜʠʩʢʨʝʪʦʤ 

rx = n. (h/e2),

ʛʜʝ h ïʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, ɼʞ .ʩ; e ïʟʘʨʷʜ 

ʵʣʝʢʪʨʦʥʘ, ʂʣ. ɺʝʣʠʯʠʥʘ ʜʠʩʢʨʝʪʘ 

ʭʦʣʣʦʚʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʢʦʥʩʪʘʥʪʘ 

ʂʣʠʪʮʠʥʛʘ) rx= 25812,807 ʆʤ  ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʭʫʞʝ 10-8 . 



ʕʪʘʣʦʥ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ʍʦʣʣʘ

ʋʩʪʘʥʦʚʢʘ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʘʷ ʨʘʟʤʝʨ 

ʆʤʘ, ʚʢʣʶʯʝʥʘ ʚ ʩʦʩʪʘʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʵʪʘʣʦʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʉʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʵʪʘʣʦʥʘ ʷʚʣʷʝʪʩʷ 

ʛʨʫʧʧʘ ʠʟ 10 ʤʘʥʛʘʥʠʥʦʚʳʭ ʢʘʪʫʰʝʢ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʚʪʦʨʠʯʥʳʝ ʵʪʘʣʦʥʳ) ʩ 

ʥʦʤʠʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 1 ʆʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʆʤʘ 

ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʡ 3 . 10-8 . 



ʄʝʨʳɻʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʨʘʙʦʯʠʝ ʵʪʘʣʦʥʳ)



ʄʝʨʳ ʥʘʧʨʷʞʝʥʠʷ-1

ʄʝʨʘ ʥʘʧʨʷʞʝʥʠʷ ïʥʦʨʤʘʣʴʥʳʡ

ʵʣʝʤʝʥʪ (Weston cell) ï

ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʩ 

ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʘ ʢʘʜʤʠʷ, 

ʨʪʫʪʴ ʠ ʘʤʘʣʴʛʘʤʘ ʢʘʜʤʠʷ ï

ʵʣʝʢʪʨʦʜʳ. ʅʘʩʳʱʝʥʥʳʡ ʅʕ ï

ʕɼʉ=1.01858ɺ,ʊʂ ʕɼʉ ïʜʦ 50 

ʤʢɺ/ʛʨʘʜ, ʩʪʘʙʠʣʴʛʥʦʩʪʴ ïʜʦ 1 

ʤʢɺ/ʛʦʜ.  ʅʝʥʘʩʳʱʝʥʥʳʡ ʅʕ -

1.0180é1.0200 ɺ , ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ïʜʦ 5 ʤʢɺ/ʛʨʘʜ!!! 

ɺʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ïʜʦ 1 

ʢʆʤ (ʪʦʢ ʥʘʛʨʫʟʢʠ ʥʝ ʙʦʣʝʝ 1 ʥɸ).



ʄʝʨʳ ʥʘʧʨʷʞʝʥʠʷ-2

ɺ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʙʦʨʘʭ ʤʝʨʘ ʥʘʧʨʷʞʝʥʠʷ ïʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʩʪʘʙʠʣʠʪʨʦʥ  

(ɿʝʥʝʨʦʚʩʢʠʡ ʜʠʦʜ). ʕʪʦ ʜʠʦʜ ʚ ʦʙʨʘʪʥʦʤ ʚʢʣʶʯʝʥʠʠ. ʊʦʯʥʦʩʪʴʤʝʨʳ ʜʦ 10-6

ʇʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʩʪʘʙʠʣʠʪʨʦʥʘ ʠ ʜʠʦʜʘ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʟʘʠʤʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ( ʊʂʅ ʜʦ 10-6/0ʉ)



ʄʝʨʘ ʯʘʩʪʦʪʳ ïʢʚʘʨʮʝʚʳʡ ʛʝʥʝʨʘʪʦʨ

ʏʘʩʪʦʪʦʟʘʜʘʶʱʠʡ ʢʦʥʪʫʨ -ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʟʦʥʘʪʦʨ ʚ ʚʠʜʝ 

ʧʣʘʩʪʠʥʳ ʢʚʘʨʮʘ ʩ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ɹʣʘʛʦʜʘʨʷ 

ʦʙʨʘʪʥʦʤʫ ʧʴʝʟʦʵʬʬʝʢʪʫ ʢʚʘʨʮʝʚʘʷ ʧʣʘʩʪʠʥʘ ʢʦʣʝʙʣʝʪʩʷ ʧʨʠ 

ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɽʩʣʠ ʝʛʦ ʯʘʩʪʦʪʘ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʯʘʩʪʦʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʣʘʩʪʠʥʳ, ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ ʨʝʟʢʦ ʫʩʠʣʠʚʘʝʪʩʷ. ʈʝʟʦʥʘʪʦʨ ʠʤʝʝʪ ʦʯʝʥʴ ʚʳʩʦʢʫʶ -ʜʦ ʩʦʪʝʥ 

ʪʳʩʷʯ -ʜʦʙʨʦʪʥʦʩʪʴ. 
ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʢʚʘʨʮʝʚʳʭ 

ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʨʷʜʢʘ 

10-4é10-5, ʇʨʠ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʠ 

ʢʚʘʨʮʘ ïʜʦ 10-6é10-8. 



ʄʝʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ïʦʙʨʘʟʮʦʚʳʡ ʨʝʟʠʩʪʦʨ

ʂʘʪʫʰʢʠ ʩ ʙʝʟʠʥʜʫʢʪʠʚʥʦʡ 

ʥʘʤʦʪʢʦʡ ʠʟʤʘʥʛʘʥʠʥʘ 

ʊʂʉ=2 ʭ10-6 1/0ʉ. 

ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ 10-7 ʟʘ ʛʦʜ. 

ʊʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʯʠʪʳʚʘʶʪ 

ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ



ʇʦʜʢʣʶʯʝʥʠʝ ʦʙʨʘʟʮʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ  ʢ ʚʦʣʴʪʤʝʪʨʫ (ʤʝʪʦʜ ʂʝʣʴʚʠʥʘ)



ʄʝʨʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ-ʦʙʨʘʟʮʦʚʘʷ ʢʘʪʫʰʢʘ



ʄʝʨʘ ʝʤʢʦʩʪʠ -ʦʙʨʘʟʮʦʚʳʡ ʢʦʥʜʝʥʩʘʪʦʨ



103

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ   

(ɻʆʉʊ 16263 - 70  ) -ʩʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʚʳʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʬʦʨʤʝ, ʫʜʦʙʥʦʡ ʜʣʷ 

ʧʝʨʝʜʘʯʠ, ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ (ʠʣʠ) ʭʨʘʥʝʥʠʷ, ʥʦ 

ʥʝ ʧʦʜʜʘʶʱʝʡʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʥʘʙʣʶʜʘʪʝʣʝʤ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʧʨʠʙʦʨʦʚ, ʩʠʩʪʝʤ ʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʧʘʨʘʤʝʪʨ ʀʇ ïʫʨʘʚʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ!!!

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʀʇ.

ʇʦ ʤʝʩʪʫ ʚ ʩʨʝʜʩʪʚʝ ʠʟʤʝʨʝʥʠʷ:

Åʇʝʨʚʠʯʥʳʡ ʀʇ (ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʜʘʪʯʠʢ);

Åʇʨʦʤʝʞʫʪʦʯʥʳʡ ʀʇ (ʚ ʩʦʩʪʘʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ).

ʇʦ ʚʠʜʫ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ

Åɸʥʘʣʦʛʦʚʳʝ-ʘʥʘʣʦʛʦʚʳʝ;

Åɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʝ (ɸʎʇ);

Åʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʝ (ʎɸʇ);
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ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʨʦʚʥʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ:

ʜɹ

0

0

0

0

0

ï

+

~
=

&
S

R

T

Åʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʬʦʨʤʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ 

Åɼʝʣʠʪʝʣʠ, ʰʫʥʪʳ,ʘʪʪʝʥʶʘʪʦʨʳ

Åʋʩʠʣʠʪʝʣʠ

Åʀʟʤʝʨʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ 

Åʀʤʧʫʣʴʩʥʳʝ ʫʩʪʨʦʡʩʪʚʘ

Åʌʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ

Åɺʳʧʨʷʤʠʪʝʣʠ ʠ 

ʜʝʪʝʢʪʦʨʳ 
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ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʦʚ:

Åʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ (ʩʤʝʩʠʪʝʣʠ):

Åʋʤʥʦʞʠʪʝʣʠ ʯʘʩʪʦʪʳ

Åɼʝʣʠʪʝʣʠ ʯʘʩʪʦʪʳ

Åɼʝʪʝʢʪʦʨʳ

Ff1
f2

f
nf

f
f/n

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚʠʜʘ ʩʠʛʥʘʣʦʚ:

Åʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʀʇ;

Åɼʘʪʯʠʢʠ ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ;

Åʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʠʛʥʘʣʘ ʚ 

ʥʘʧʨʷʞʝʥʠʝ (ʜʝʪʝʢʪʦʨʳ)

V
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ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʘʥʘʣʦʛ-ʮʠʬʨʘ:

Å ɸʎʇ

Å ʎɸʇ

ʎʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ -ʚʳʯʠʩʣʠʪʝʣʠ:

Åʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʢʦʜʦʚ:

Åʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚʠʜʘ ʮʠʬʨʦʚʦʛʦ 

ʩʠʛʥʘʣʘ 



ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ

1.ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʛʨʝʰʥʦʩʪʴ  ʝʛʦ ʫʩʪʘʥʦʚʢʠ

2.ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ)

3.ʉʪʘʙʠʣʴʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦ ʚʨʝʤʝʥʠ

4.ʃʠʥʝʡʥʦʩʪʴ ʢ-ʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʭʦʜʥʦʛʦ ʫʨʦʚʥʷ)

5.ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʀʇ ïʜʣʷ ʥʝʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ

6.ʈʘʟʨʷʜʥʦʩʪʴ ʠ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ - ʜʣʷ ɸʎʇ ʠ ʎɸʇ

7.ʇʦʛʨʝʰʥʦʩʪʴ ʦʢʨʫʛʣʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 



ʂʦʤʧʘʨʘʪʦʨʳ ʠ ʣʦʛʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ

ʂʦʤʧʘʨʘʪʦʨ ïʫʩʪʨʦʡʩʪʚʦ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ

ʉʨʘʚʥʝʥʠʝ ʧʦ ʫʨʦʚʥʶ -ʢʦʤʧʘʨʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ. ʏʘʩʪʦʪʥʳʝ ʢʦʤʧʘʨʘʪʦʨʳ 

(ʜʠʩʢʨʠʤʠʥʘʪʦʨʳ) ïʩʨʘʚʥʝʥʠʝ ʧʦ ʯʘʩʪʦʪʝ. ʉʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ïʚʨʝʤʝʥʥʦʡ 

ʩʝʣʝʢʪʦʨ. ʉʨʘʚʥʝʥʠʝ ʬʘʟʦʚʳʭ ʫʛʣʦʚ ïʬʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ.

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʢʦʤʧʘʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʙʠʥʘʨʥʳʡ:

Å ʚʘʨʠʘʥʪ 1-ʥʘʧʨʷʞʝʥʠʝ  ʜʚʫʭ ʫʨʦʚʥʝʡ (0..1)   (ʚ ʤʦʤʝʥʪ ʨʘʚʝʥʩʪʚʘ ïʩʢʘʯʦʢ 0=>1  ʠʣʠ 

1=>0)

Å ʚʘʨʠʘʥʪ 2 -ʠʤʧʫʣʴʩ ʚ ʤʦʤʝʥʪ ʨʘʚʝʥʩʪʚʘ ʩʠʛʥʘʣʦʚ.

ʃʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ  ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ:

Å ʀʥʚʝʨʪʦʨ  -ʵʣʝʤʝʥʪ ʅɽ

Å ʃʦʛʠʯʝʩʢʦʝ ʩʣʦʞʝʥʠʝ ïɻ ʣʝʤʝʥʪ ʀʃʀ (1)

Å ʃʦʛʠʯʝʩʢʦʝ ʫʤʥʦʞʝʥʠʝ ïɻ ʣʝʤʝʥʪ ʀ (&)



ʆʪʩʯʝʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ

ɸʥʘʣʦʛʦʚʳʝ ʆʋ :

Åʐʢʘʣʳ ʩ ʥʝʧʦʜʚʠʞʥʳʤ 

ʫʢʘʟʘʪʝʣʝʤ

Åʉʪʨʝʣʢʠ ʩ ʥʝʧʦʜʚʠʞʥʦʡ ʰʢʘʣʦʡ

Åʉʚʝʪʦʚʳʝ ʫʢʘʟʘʪʝʣʠ

Åʉʘʤʦʧʠʰʫʱʠʝ ʧʨʠʙʦʨʳ



ʆʪʩʯʝʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ-2

ɼʠʩʢʨʝʪʥʳʝ ʠ 

ʮʠʬʨʦʚʳʝ 

Åʎʠʬʨʦʚʳʝ ʪʘʙʣʦ

Åʇʨʠʥʪʝʨʳ

Åɼʠʩʢʨʝʪʥʳʝ ʰʢʘʣʳ



ʆʪʩʯʝʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ-3

ʕʢʨʘʥʳ (ʕʃʊ, ʜʠʩʧʣʝʠ):

Åɺʳʚʦʜ  ʟʘʚʠʩʠʤʦʩʪʝʡ (ʚʨʝʤʝʥʥʳʭ, ʯʘʩʪʦʪʥʳʭ, ɺɸʍ)

Åʎʠʬʨʦ-ʙʫʢʚʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ

Åʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʤʝʥʶ



ʆʙʱʠʝ ʤʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʷ ʠ 

ʦʙʦʙʱʸʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ 

ʩʭʝʤʳ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʷ

ʄʝʪʦʜr  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʄʝʪʦʜr  ʩʨʘʚʥʝʥʠ̫ ʩ ʤʝʨʦʡ

ʄʝʪʦʜr  ʨʘʟʥʦʚʨʝʤʝʥʥʦʛʦ 

ʩʨʘʚʥʝʥʠ̫

ʄʝʪʦʜ 

ʟʘʤʝɦ ʝʥʠ̫

ʄʝʪʦʜr  ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʩʨʘʚʥʝʥʠ̫

ʄʝʪʦʜ 

ʩʦʚʧʘʜʝʥʠ̫

ʄʝʪʦʜr  

ʫʨʘʚʥʦʚʝh ʠʚʘʥʠ̫

ʅʫʣʝʚʦʡ 

ʤʝʪʦʜ

ɼʠʬʬʝʨʝʥʮʠʘʣɹ ʥr ʡ 

ʤʝʪʦʜ

ʆɹʆɹʑɽʅʅʓɽ ʄɽʊʆɼʓ ʀɿʄɽʈɽʅʀʗ



ʄʝʪʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ -> ʩʭʝʤʘ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ

ɺʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʠ ʚʳʚʦʜʠʪʩʷ ʥʘ ʦʪʩʯʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʏʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ïʧʦ ʰʢʘʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʛʨʘʜʫʠʨʦʚʘʥʥʦʛʦ ʧʨʠʙʦʨʘ. ʉʨʘʚʥʝʥʠʝ  ʩ 

ʤʝʨʦʡ ʨʘʟʥʦʚʨʝʤʝʥʥʦʝ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ  ʩʨʝʜʩʪʚʘ ï

ʰʢʘʣʳ ʦʪʩʯʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʛʨʘʜʫʠʨʦʚʢʠ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ.  

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘïʮʝʧʦʯʢʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ



ʉʨʘʚʥʝʥʠʝ ʩ ʤʝʨʦʡ  -> ʩʭʝʤʘ ʚʢʣʶʯʘʝʪ ʤʝʨʫ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ (ʵʪʘʣʦʥ). ʅʝʠʟʚʝʩʪʥʫʶ 

ʚʝʣʠʯʠʥʫ ʩʨʘʚʥʠʚʘʶʪ ʩ ʤʝʨʦʡ. ʉʨʘʚʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ  ʦʜʥʦʚʨʝʤʝʥʥʳʤ,ʢʦʛʜʘ ʤʝʨʘ ʠ 

ʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʠ 

ʨʘʟʥʦʚʨʝʤʝʥʥʳʤ, ʢʦʛʜʘ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʠ ʤʝʨʳ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ 

ʨʘʟʥʝʩʝʥʦ ʚʦ ʚʨʝʤʝʥʠ. 

ʄʝʪʦʜʳ  ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ (ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʷ) ïʠʟʤʝʨʷʝʤʘʷ ʚʝʣʠʯʠʥʘ ʠ ʚʝʣʠʯʠʥʘ 

ʤʝʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʢʦʤʧʘʨʘʪʦʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. 



ʅʫʣʝʚʦʡ  ʤʝʪʦʜ  ïʤʝʪʦʜ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʵʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʣʠʯʠʥ ʥʘ 

ʢʦʤʧʘʨʘʪʦʨ ʜʦʚʦʜʷʪ ʜʦ ʥʫʣʷ. ʇʨʠʤʝʨ ïʚʝʩʳ ʩ ʨʘʟʥʦʚʝʩʘʤʠ

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʝʪʦʜ  - ʤʝʪʦʜ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʚʝʣʠʯʠʥʳ ʠ ʤʝʨʳ ʥʝ ʜʦʚʦʜʠʪʩʷ ʜʦ ʥʫʣʷ, ʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʠ 

ʬʠʢʩʠʨʫʝʪʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʦʤ.



ʄʝʪʦʜ ʩʦʚʧʘʜʝʥʠʡ(ʠʣʠ ʤʝʪʦʜ çʥʦʥʠʫʩʘè) -ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʝʪʦʜʘ ʩʨʘʚʥʝʥʠʷ ʩ ʤʝʨʦʡ, ʚ 

ʢʦʪʦʨʦʤ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʚʝʣʠʯʠʥʦʡ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ ʤʝʨʦʡ, 

ʠʟʤʝʨʷʶʪ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʧʘʜʝʥʠʝ ʦʪʤʝʪʦʢ  ʰʢʘʣ ʠʣʠ ʯʘʩʪʦʪ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʇʨʠʤʝʨ ï

ʩʪʨʦʙʦʩʢʦʧ, ʰʪʘʥʛʝʣʴʮʠʨʢʫʣʴ

ʄʝʪʦʜ ʟʘʤʝʱʝʥʠʷ   -ʨʘʟʥʦʚʨʝʤʝʥʥʳʡʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʠʟʤʝʨʷʝʤʘʷ ʠ ʦʙʨʘʟʮʦʚʳʝ 

ʚʝʣʠʯʠʥʳ ʧʦ ʦʯʝʨʝʜʠ ʧʦʜʘʶʪ ʥʘ ʠʟʤʝʨʠʪʝʣʴ. ʄʝʥʷʷ ʤʝʨʫ, ʜʦʙʠʚʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʭ 

ʧʦʢʘʟʘʥʠʡ. ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʤʘʣʦ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ.
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ʄʝʪʨʦʣʦʛʠʷ. ʇʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ

ɸ.ɸ. ɼʘʥʠʣʠʥ

˸ˮ˹˻ˣ˾˹ˢ̂˴ˮ ˾˻˿˿ˮˮ

çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ñʃʕʊʀò ʠʤ. ɺ. ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ)è
(ʉʇʙɻʕʊʋ)ʌʘʢʫʣʴʪʝʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, 

ʂʘʬʝʜʨʘ ʊʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʨʘʜʠʦʪʝʭʥʠʢʠ

çʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡè
(ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʥʩʧʝʢʪ ʣʝʢʮʠʡ)



ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʠʟʤʝʨʝʥʠʡ

ʇʦʛʨʝʰʥʦʩʪʴïʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ  ʠʟʤʝʨʝʥʠʷ ʦʪ ʠʩʪʠʥʥʦʛʦ

(ʠʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ) ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ:

ʇʦ ʬʦʨʤʝ ʚʳʨʘʞʝʥʠʷ:

Åɸʙʩʦʣʶʪʥʘʷ

Åʆʪʥʦʩʠʪʝʣʴʥʘʷ

Åʇʨʠʚʝʜʝʥʥʘʷ

ʠʩʪx xD= -

ʠʩʪx

D
d=

ʧʨ
ʤʘʢʩx

D
d =
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ʇʦ ʧʨʠʯʠʥʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ:

Å ʄʝʪʦʜʠʯʝʩʢʘʷ:

Å ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʝʪʦʜʘ ʀ., ʫʧʨʦʱʝʥʠʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ

Å ɺʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʩʨʝʜʩʪʚʘ ʀ. ʠ ʦʙʲʝʢʪʘ ʀ.

Å ʇʨʠʙʣʠʞʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʚ ʢʦʩʚʝʥʥʳʭ ʀ.

Å ʇʦʛʨʝʰʥʦʩʪʴ ʜʠʩʢʨʝʪʥʦʩʪʠ (ʦʢʨʫʛʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ)

Å ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ(ʘʧʧʘʨʘʪʥʘʷ) ïʟʘʜʘʝʪʩʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʷ:

Å ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʩʨʝʜʩʪʚʘ ʀ.

Å ɺʥʫʪʨʝʥʥʠʝ ʰʫʤʳ ʚ ʩʨʝʜʩʪʚʝ ʀ.

Å ɺʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʥʘ ʨʝʟʫʣʴʪʘʪʘ ʀ.

Å ʉʫʙʲʝʢʪʠʚʥʘʷ:

Å ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʧʝʨʘʪʦʨʘ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʀ., ʧʘʨʘʣʣʘʢʩ ʠ ʜʨ. 
119



ʇʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ:

Åʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ

Åʇʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ ʦʙʱʝʡ ʇ. ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ

Åɿʘʢʦʥʦʤʝʨʥʦ ʤʝʥʷʶʱʘʷʩʷ ʯʘʩʪʴ ʦʙʱʝʡ ʇ.

ʉʤʝʱʝʥʠʝ ʥʫʣʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʫʭʦʜ ʧʘʨʘʤʝʪʨʦʚ, ʩʪʘʨʝʥʠʝ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʷ, ʧʦʛʨʝʰʥʦʩʪʴ ʛʨʘʜʫʠʨʦʚʢʠ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʇ. ʥʘʜʦ ʫʤʝʪʴ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʀʉʂʃʖʏɸʊʔ!!!! 

Åʉʣʫʯʘʡʥʳʝ -ʠʟʤʝʥʷʶʱʠʝʩʷ ʩʣʫʯʘʡʥʦ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʀ. ʋʯʠʪʳʚʘʶʪʩʷ 

ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʫʪʝʤ ʆʎɽʅʂʀ ʠʭ  ʚʝʣʠʯʠʥʳ.

Åɻʨʫʙʳʝ ʇ. (ʧʨʦʤʘʭʠ) -ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʦʮʝʥʢʫ ʇ. ʆʙʳʯʥʦ 

ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʀ., ʦʰʠʙʢʠ ʦʧʝʨʘʪʦʨʘ ʠ ʧʨ.. 

ʅʘʜʦ ʚʳʷʚʣʷʪʴ ʠ ʀʉʂʃʖʏɸʊʔ!!! 120



ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʩʪʚʠʟʤʝʨʝʥʠʷ

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʥʦʨʤʠʨʦʚʘʪʴ

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʉʀ.

ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʀ:

Åʌʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʮʝʥʘ ʜʝʣʝʥʠʷ, ʨʘʟʤʝʨʥʦʩʪʴ ʠʥʜʠʢʘʪʦʨʘ, 

ʛʨʘʜʫʠʨʦʚʦʯʥʘʷʭʘʨʘʢʪʝʨʠʩʪʠʢʘ

Åʇʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʠ ʧʨ.

Åɺʭʦʜʥʦʡ ʠʤʧʝʜʘʥʩ (ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʝʤʢʦʩʪʴ ʠ ʧʨ.)

Åɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʝʨʝʭʦʜʥʘʷ ʠ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨ-ʢʠ, ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʧʨ.)

Åʆʮʝʥʢʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ  ʠʟʤʝʨʝʥʠʡ       ʧʨʝʜʝʣ 

ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʉʀ);
121
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ʋʩʣʦʚʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ :

Å ʅʆʈʄɸʃʔʅʓɽ ʫʩʣʦʚʠʷ ïʜʣʷ ʥʠʭ ʫʢʘʟʳʚʘʶʪ ʧʨʝʜʝʣ ʦʩʥʦʚʥʦʡ ʇ. 

ʉʪʘʥʜʘʨʪʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ : ʪʝʤʧʝʨʘʪʫʨʘ 20Ñ0.1 ʛʨʘʜʫʩʦʚ, ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 

220Ñ5 ɺ, ʯʘʩʪʦʪʘ ʧʠʪʘʥʠʷ 50 ɻʮ ʠ ʧʨ.

Å ʈɸʉʐʀʈɽʅʅʓɽ ʫʩʣʦʚʠʷ ïʥʦʨʤʠʨʫʝʪʩʷ  ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʇ. ïʥʘʧʨʠʤʝʨ ʚ ʫʩʣʦʚʠʷʭ 

ʪʨʦʧʠʢʦʚ, ʢʦʩʤʦʩʘ ʠ ʧʨ.

ʅʦʨʤʠʨʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ  

ɻʆʉʊ 8.011-85 çʇʦʢʘʟʘʪʝʣʠ ʪʦʯʥʦʩʪʠ ʠ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡè

ɻʆʉʊ 8.009-84. ɻʉʀ. ʅʦʨʤʠʨʫʝʤʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ

ɻʆʉʊ 8.401-80 çʂʣʘʩʩʳ ʪʦʯʥʦʩʪʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡè

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ïʫʩʪʘʥʦʚʢʘ ʧʨʝʜʝʣʘ ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʠ ʨʘʩʰʠʨʝʥʥʳʭ ʫʩʣʦʚʠʷʭ  (ʫʧʨʦʱʝʥʥʦ ïʆʉʅʆɺʅɸʗ ʠ ɼʆʇʆʃʅʀʊɽʃʔʅɸʗ 

ʇ. ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ)
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ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ ʉʀ:

ʕʪʦ ʦʮʝʥʢʘ ʧʨʝʜʝʣʘ ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʩʚʝʨʭʫ (ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʦʮʝʥʢʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ)

ʊʨʠ ʚʠʜʳ ʚʳʨʘʞʝʥʠʷ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ:

1. ʇʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ ʦʩʥʦʚʥʦʡ ʧʨʠʚʝʜʝʥʥʦʡ ʇ., ʚʳʨʘʞʝʥʥʦʡ ʚ %.ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʉʀ 

ʩ ʘʜʜʠʪʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʇ. (ʧʦʩʪʦʷʥʥʘ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ). ʆʙʦʟʥʘʯʘʝʪʩʷ  

ʜʝʩʷʪʠʯʥʳʤ ʯʠʩʣʦʤ (ʥʘʧʨʠʤʝʨ, 1.0, 2.5 ʠ ʪ.ʜ.) ʠʟ ʨʷʜʘ (1, 1.5, 2, 2.5, 4, 5, 6) x10n

2. ʇʨʝʜʝʣ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚ %. ʇʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʤ ʚʠʜʝ ʇ  (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦʩʪʦʷʥʥʘ).ʆʙʦʟʥʘʯʘʝʪʩʷ ʚ 

ʢʨʫʞʦʯʢʝ ʠʣʠ ʚ ʩʢʦʙʢʘʭ, ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ

3. ʂʣʘʩʩ ʪʦʯʥʦʩʪʠ ʮʠʬʨʦʚʳʭʧʨʠʙʦʨʦʚ:ʆʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ c/d  (ʥʘʧʨʠʤʝʨ, 0.01/0.02)

max
1 ,%

x
ʩ d

x

å õ
d= + -æ ö

ç ÷
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ɼʦʩʪʦʠʥʩʪʚʘ ʟʘʜʘʥʠʷ ʧʨʝʜʝʣʘ ʧʦʛʨʝʰʥʦʩʪʠ ʢʣʘʩʩʦʤ ʪʦʯʥʦʩʪʠ:

Å ʇʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ

Å ʇʨʠʛʦʜʝʥ ʜʣʷ ʚʩʝʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ

Å ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʣʠ ʧʦʚʝʨʢʝ ʧʨʠʙʦʨʘ

Å ɿʥʘʷ ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ, ʤʦʞʥʦ ʣʝʛʢʦ ʦʮʝʥʠʪʴ ʘʙʩʦʣʶʪʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʀ. :

ʅʝʜʦʩʪʘʪʢʠ ʦʧʠʩʘʥʠʷ ʢʣʘʩʩʦʤ ʪʦʯʥʦʩʪʠ:

Å ʅʝ ʫʯʠʪʳʚʘʶʪʩʷ ʨʝʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʥʢʨʝʪʥʦʛʦ ʉʀ

Å ʉʠʣʴʥʦ ʟʘʚʳʰʝʥʥʘʷ ʦʮʝʥʢʘ

Å ʅʝ ʫʯʠʪʳʚʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ, 

ʯʘʩʪʦʪʳ ʠ ʧʨ.

Å ʅʝ ʨʘʟʜʝʣʷʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʩʣʫʯʘʡʥʘʷ ʧʦʛʨʝʰʥʦʩʪʠ 

max( )

100%

ʂʣʘʩʩʪʦʯʥʦʩʪʠ xÖ
D=
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ɼʨʫʛʠʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʉʀ:

üʇʨʷʤʦʝʫʢʘʟʘʥʠʝ ʧʨʝʜʝʣʦʚ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ x. ʅʘʧʨʠʤʝʨ ʣʠʥʝʡʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ: 

ʇʨʠʤʝʨ:

üɿʘʜʘʥʠʝ ʧʨʝʜʝʣʘ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʚʠʜʝ ʪʘʙʣʠʮ ʠ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʦʪ ʧʘʨʘʤʝʪʨʦʚ.

üʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ïʧʨʝʜʝʣ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʠʟʚʝʩʪʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʛʨʝʰʥʦʩʪʠïʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʜʠʩʧʝʨʩʠʠ, ʤʘʪ. ʦʞʠʜʘʥʠʷ.

i i

i

a ad= + xä

1
x ʢʚ

x ʩʯ
f f

f T
d =d +

Ö



ʆʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚʠʟʤʝʨʝʥʠʷ

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʧʨʠʥʷʪʦ ʚʳʨʘʞʘʪʴ ʩ ʫʢʘʟʘʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʥʘʜʦ 

ʆʎɽʅʀʊʔ.

Åçʊʦʯʥʦʝè ʦʮʝʥʠʚʘʥʠʝ-ʫʯʠʪʳʚʘʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʉʀ, ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ , ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʫʩʣʦʚʠʷ ʠʟʤʝʨʝʥʠʷ.

Åʇʨʠʙʣʠʞʝʥʥʦʝʦʮʝʥʠʚʘʥʠʝ ïʫʯʠʪʳʚʘʶʪ ʪʦʣʴʢʦ  ʥʦʨʤʘʪʠʚʥʳʝ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉʀ, ʦʮʝʥʠʚʘʶʪ ʦʪʢʣʦʥʝʥʠʝ ʫʩʣʦʚʠʡ ʠʟʤʝʨʝʥʠʷ.

Åʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝʦʮʝʥʠʚʘʥʠʝ ïʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʤʝʪʦʜʠʢʘʤ , ʫʢʘʟʘʥʥʳʤ ʚ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʛʜʝ ʧʨʠʚʦʜʠʪʩʷ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ 

(ʪʝʭʥʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ). ïʟʘ ʦʮʝʥʢʫ ʙʝʨʫʪ ʧʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʉʀ.
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ʊʦʯʝʯʥʘʷ ʠ ʠʥʪʝʨʚʘʣʴʥʘʷ ʦʮʝʥʢʘ 

ʧʦʛʨʝʰʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ

ʆʙʱʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʝʣʠʪʩʷ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶʯʘʩʪʴ  (ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ ʯʠʩʣʦʤ ʣʠʙʦ ʠʟʚʝʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ) ʠ ʩʣʫʯʘʡʥʫʶʯʘʩʪʴ.

ʆʮʝʥʢʘ ʩʣʫʯʘʡʥʦʡ ʯʘʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʚʘʣʴʥʦʡʠʣʠ ʪʦʯʝʯʥʦʡ..

ʀʥʪʝʨʚʘʣʴʥʘʷʦʮʝʥʢʘ ïʫʢʘʟʳʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣ, ʢʫʜʘ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʧʦʧʘʜʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ (ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʛʨʘʥʠʮʳ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʣʠ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ). ɼʣʷ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʥʘʜʦ ʟʥʘʪʴ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ.

ʊʦʯʝʯʥʘʷʦʮʝʥʢʘ ïʫʢʘʟʳʚʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʛʨʝʰʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʉʂʆ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ). ʊʦʯʝʯʥʘʷ ʦʮʝʥʢʘ ïɻ ʪʦ 

ʠʥʪʝʨʚʘʣʴʥʘʷ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ  => 1
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ʉʧʦʩʦʙʳ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʩ ʫʯʝʪʦʤ ʦʮʝʥʢʠ 

ʧʦʛʨʝʰʥʦʩʪʠ (ʧʨʘʚʠʣʘ ʦʢʨʫʛʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ)

ʇʦʛʨʝʰʥʦʩʪʴ ʦʢʨʫʛʣʷʶʪ ʜʦ ʦʜʥʦʡʟʥʘʯʘʱʝʡ (ʥʝʥʫʣʝʚʦʡ) ʮʠʬʨʳ ʩʣʝʚʘ, ʝʩʣʠ ʵʪʘ ʮʠʬʨʘ 

ʙʦʣʴʰʝ 2, ʠʣʠ ʜʦ ʜʚʫʭʧʝʨʚʳʭ ʮʠʬʨ, ʝʩʣʠ ʤʝʥʴʰʝ.2 ʅʘʧʨʠʤʝʨ: 220.0Ñ1.5,   220.0Ñ0.5

ɿʘʧʠʩʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʩ ʘʙʩʦʣʶʪʥʦʡ (ʠʥʦʛʜʘ ʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ) ʧʦʛʨʝʰʥʦʩʪʷʤʠ:

, ...ʠʟʤx x= °D d=
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ɺ ʨʝʟʫʣʴʪʘʪʝʠʟʤʝʨʝʥʠʷ ʫʢʘʟʳʚʘʝʪʩʷ ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʘʱʠʭ ʮʠʬʨ, ʢʦʪʦʨʦʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʢʨʫʛʣʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ (ʧʦʩʣʝʜʥʠʤʠ ʩʧʨʘʚʘ ʦʩʪʘʚʣʷʶʪ ʮʠʬʨʳ ʪʝʭ 

ʨʘʟʨʷʜʦʚ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʩʣʝ ʝʝ ʦʢʨʫʛʣʝʥʠʷ). 

ʇʨʠʤʝʨ: U=(220.0Ñ0.1) ɺ, U=(220Ñ1) ɺ,  U=(22Ñ1)Ŀ10 ɺ 



ʇʨʘʚʠʣʘ ʦʢʨʫʛʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ

ʃʠʰʥʠʝ ʮʠʬʨʳ ʚ ʮʝʣʳʭ ʯʘʩʪʷʭ ʟʘʤʝʥʷʶʪ ʥʫʣʷʤʠ, ʚ ʜʨʦʙʥʳʭ ïʦʪʙʨʘʩʳʚʘʶʪ.

ɽʩʣʠ ʩʪʘʨʰʘʷ ʮʠʬʨʘ ʦʪʙʨʘʩʳʚʘʝʤʦʡ ʯʘʩʪʠ  < 5 ï> ʦʩʪʘʚʰʠʝʩʷ ʮʠʬʨʳ ʥʝ ʤʝʥʷʶʪ 

(235435 ʦʢʨʫʛʣʷʝʤ ʜʦ 4 ʮʠʬʨ => 235400;  235.435 =>235.4).

ɽʩʣʠ ʩʪʘʨʰʘʷ ʮʠʬʨʘ ʦʪʙʨʘʩʳʚʘʝʤʦʡ ʯʘʩʪʠ  > 5 ʠʣʠ  ʨʘʚʥʘ 5ʠ ʦʩʪʘʣʴʥʳʝ ʮʠʬʨʳ 

ʥʝ ʚʩʝ ʥʫʣʠïʧʦʩʣʝʜʥʷʷ ʦʩʪʘʚʣʷʝʤʘʷ ʮʠʬʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ  ʝʜʠʥʠʮʫ (235598 => 235600;  

2352.56 => 2353)

ɽʩʣʠʩʪʘʨʰʘʷ ʮʠʬʨʘ ʦʪʙʨʘʩʳʚʘʝʤʦʡ ʯʘʩʪʠ  ʨʘʚʥʘ 5 ʠ ʦʩʪʘʣʴʥʳʝ ʮʠʬʨʳ-ʥʫʣʠ, ʪʦ 

ʧʦʩʣʝʜʥʶʶ ʦʩʪʘʚʣʷʝʤʫʶ  ʮʠʬʨʫ ʥʝ ʤʝʥʷʶʪ , ʝʩʣʠ ʦʥʘ ʯʝʪʥʘʷ, ʠ ʫʚʝʣʠʯʠʚʘʶʪ ʥʘ 1 ïʝʩʣʠ 

ʥʝʯʝʪʥʘʷ. (1622.5 =>1622; 1623.5 =>1624)
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ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʟʘʧʠʩʴʉʪʘʥʜʘʨʪʥʘʷ ʬʦʨʤʘ 

ʟʘʧʠʩʠ

U = (5281,12Ñ1524)ʤɺ U = (5,3Ñ1,5). 103 ʤɺ 

I = (0,418 Ñ0,042) ɸ I = (0,42Ñ0,04)ɸ 

R = (0,03643Ñ0,00021)ʆʤ R = (36,43Ñ0,21).10-3 ʆʤ 

f = (125,3Ñ41)ɻʮ f = (0,13Ñ0,04). 103 ɻʮ 

t = (8,72.102Ñ30). 10-1 ʤʩ t = (87Ñ3)ʤʩ 

ʇʨʠʤʝʨʳ ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʩ ʫʢʘʟʘʥʠʝʤ ʦʮʝʥʢʠʧʦʛʨʝʰʥʦʩʪʠ:
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ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ
ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʇ. ïʧʦʩʪʦʷʥʥʘʷ ʯʘʩʪʴ (ʠʣʠ ʟʘʢʦʥʦʤʝʨʥʦ 

ʤʝʥʷʶʱʘʷʩʷ) ʯʘʩʪʴ ʦʙʱʝʡ ʇ  ʧʨʠ  ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʦʧʳʪʘʭ. ʆʜʥʘ ʠ ʪʘ ʞʝ ʬʠʟ. 

ʚʝʣʠʯʠʥʘ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ.ʇʨʠʤʝʨ: 

Åʧʦʛʨʝʰʥʦʩʪʴ ʛʨʘʜʫʠʨʦʚʢʠ ʕʄʇ;

Åʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʨʝʡʬ ʧʦʢʘʟʘʥʠʡ;

Åʇʦʤʝʭʘ ʨʝʛʫʣʷʨʥʦʛʦ ʚʠʜʘ (ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʇ,);

Åʉʪʘʨʝʥʠʝ ʩʨʝʜʩʪʚʘ ʀ., ʨʘʟʨʷʜʢʘ ʙʘʪʘʨʝʡ ʠ ʧʨ.

ʆʙʦʟʥʘʯʝʥʠʝ =>Q. ʅʝʦʙʭʦʜʠʤʦ ʚʳʷʚʣʷʪʴ ʠ ʠʩʢʣʶʯʘʪʴ!!!! ʆʩʪʘʪʦʢ -

ʥʝʠʩʢʣʶʯʝʥʥʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʇ. (ʅʉʇ). ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ ʉʇ ʦʙʱʘʷ ʉʇ 

ʝʩʪʴ ʩʫʤʤʘ ʯʘʩʪʥʳʭ ʇ.ʩ ʫʯʝʪʦʤ ʟʥʘʢʘ!!!! 

1

N

i

i=

Q= Qä
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ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʩʦʪʝʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ 
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ʊʨʠ ʛʨʫʧʧʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʇ. 

Åʀʟʚʝʩʪʥʘ ʧʨʠʯʠʥʘ ʧʦʷʚʣʝʥʠʷ ʉʇ ʠ ʝʝ ʚʝʣʠʯʠʥʘ. ʇʨʠʤʝʨ: ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʟʮʦʚʦʛʦ ʨʝʟʠʩʪʦʨʘ.

Åʇʨʠʯʠʥʘ ʠʟʚʝʩʪʥʘ, ʥʝʠʟʚʝʩʪʥʘ ʚʝʣʠʯʠʥʘ ʉʇ. ʅʘʧʨʠʤʝʨ, ʜʨʝʡʬ ʥʫʣʷ ʚʦʣʴʪʤʝʪʨʘ.

Åʇʨʠʯʠʥʘ  ʠ ʚʝʣʠʯʠʥʘ ʉʇ ʥʝʠʟʚʝʩʪʥʳ. ʅʘʧʨʠʤʝʨ, ʅʉʇ ʧʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʚʩʝʭ 

ʠʟʚʝʩʪʥʳʭ ʉʇ.

ʄʝʪʦʜʳ ʠʩʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʇ. ï

1. ɼʦ ʠʟʤʝʨʝʥʠʷ (ʘʧʨʠʦʨʥʦʝ).

2. ɺʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ.

3. ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ (ʘʧʦʩʪʝʨʠʦʨʥʦʝ-ʦʙʨʘʙʦʪʢʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ).
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1. ɸʧʨʠʦʨʥʳʝ ʩʧʦʩʦʙʳ (ʜʦ ʠʟʤʝʨʝʥʠʷ) 

Åʉʪʘʙʠʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʪʘʙʠʣʠʟʘʮʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ)

Åʄʠʥʠʤʠʟʘʮʠʷ ʚʣʠʷʥʠʷ ʚʣʘʞʥʦʩʪʠ (ʚʝʥʪʠʣʷʪʦʨ, ʨʘʜʠʘʪʦʨ), ʪʝʤʧʝʨʘʪʫʨʳ 

(ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʝ, ʤʠʥʠʤʘʣʴʥʳʡ ʊʂɽ, ʊʂʈ), ʫʤʝʥʴʰʝʥʠʝ ʚʥʝʰʥʠʭ 

ʧʦʤʝʭ (ʵʢʨʘʥʠʨʦʚʢʘ, ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ), ʩʥʠʞʝʥʠʝ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʧʠʪʘʥʠʷ (ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ).

Åʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ  ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

(ʥʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨ.), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʫʙʦʢʦʡ ʆʆʉ

Åʂʘʣʠʙʨʦʚʢʘïʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʩʪʚʘ ʀ. 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʉʇ. ʇʨʠʤʝʨ: ʫʩʪʘʥʦʚʢʘ ʥʫʣʷ.
134



2. ɺʦ ʚʨʝʤʷ ʦʧʳʪʘ 

Åʄʝʪʦʜ ʟʘʤʝʱʝʥʠʷïʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚʳʭ ʤʝʨ ʜʣʷ ʟʘʤʝʱʝʥʠʷ 

ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ (ʉʇ ʚʭʦʜʠʪ ʚ ʦʙʘ ʦʧʳʪʘ ʠ ʫʩʪʨʘʥʷʝʪʩʷ)

Åʉʘʤʦʢʘʣʠʙʨʦʚʢʘïʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʉʇ ʧʫʪʝʤ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʠ ʦʙʨʘʟʮʦʚʦʡ ʚʝʣʠʯʠʥ  (ʤʝʪʦʜ 

ʦʙʨʘʟʮʦʚʳʭ ʩʠʛʥʘʣʦʚ)

Åʂʦʤʧʝʥʩʘʮʠʷ ʉʇ ʧʦ ʟʥʘʢʫ ïʤʝʪʦʜ , ʚ ʢʦʪʦʨʦʤ ʉʇ ʚʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪ ʩ ʨʘʟʥʳʤ 

ʟʥʘʢʦʤ (ʣʶʬʪʳ, ʧʘʨʘʟʠʪʥʳʝ ʪʝʨʤʦʕɼʉ).

Åʄʝʪʦʜ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ (ʩʦʚʤʝʩʪʥʳʭ) ʠʟʤʝʨʝʥʠʡ ʠʩʩʣʝʜʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʠ 

ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ.

Åʈʘʥʜʦʤʠʟʘʮʠʷ ïʧʝʨʝʚʦʜ ʉʇ ʚ ʩʣʫʯʘʡʥʫʶ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʟʘʢʦʥʦʤʝʨʥʦ 

ʤʝʥʷʶʱʠʭʩʷ ʉʇ.
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3. ɸʧʦʩʪʝʨʠʦʨʥʘʷ (ʧʦʩʣʝʦʧʳʪʥʘʷ) 

Åɺʚʝʜʝʥʠʝ ʧʦʧʨʘʚʦʢ ʠ ʧʦʧʨʘʚʦʯʥʳʭ ʤʥʦʞʠʪʝʣʝʡ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʟʘʨʘʥʝʝ 

ʧʨʠ ʧʦʚʝʨʢʝ ʉʀ. ɿʘʜʘʶʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʛʨʘʬʠʢʦʚ, ʬʦʨʤʫʣ, 

ʘʣʛʦʨʠʪʤʦʚ.

Åʈʘʩʯʝʪʥʳʡʤʝʪʦʜ ʚʚʝʜʝʥʠʷ ʧʦʧʨʘʚʦʢ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʟʤʝʨʝʥʠʡ.

ʇʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʦʩʪʘʝʪʩʷ ʥʝʠʩʢʣʶʯʝʥʥʘʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʇ. (ʅʉʇ). 

ɽʝ ʛʨʘʥʠʮʳ ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʥʘ ʦʩʥʦʚʝ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ïʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʯʠʪʘʝʤ ʨʘʚʥʦʤʝʨʥʳʤ. ɼʨʫʛʦʡ 

ʚʘʨʠʘʥʪ ïʠʟʤʝʨʝʥʠʝ ʨʝʟʢʦ ʦʪʣʠʯʥʳʤ ʩʧʦʩʦʙʦʤ.  ʆʩʪʘʪʦʢ  ʅʉʇ  ʜʦʙʘʚʣʷʶʪ 

ʚ ʦʙʱʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʚʤʝʩʪʝ ʩʦ ʩʣʫʯʘʡʥʦʡ ʇ.136



ʉʣʫʯʘʡʥʳʝ  ʧʦʛʨʝʰʥʦʩʪʠ

ʉʣʫʯʘʡʥʘʷ ʇ. ïʥʝʧʦʚʪʦʨʷʶʱʘʷʩʷ  ʯʘʩʪʴ ʦʙʱʝʡ ʇ.  ʧʨʠ  ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʦʧʳʪʘʭ. ʀʟʤʝʨʷʝʪʩʷ ʦʜʥʘ ʠ ʪʘ ʞʝ ʬʠʟ. ʚʝʣʠʯʠʥʘ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ.ʏʘʩʪʦ 

ʦʙʦʟʥʘʯʘʶʪ e. ʇʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʉʣ.ʇ: 

Åɺʥʫʪʨʝʥʥʠʝ ʰʫʤʳ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ

Åʇʦʛʨʝʰʥʦʩʪʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʢʚʘʥʪʦʚʘʥʠʷ

Åɹʳʩʪʨʳʝ ʬʣʫʢʪʫʘʮʠʠ ʫʩʣʦʚʠʡ ʠʟʤʝʨʝʥʠʷ (ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʠʪʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ).

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʉʣ.ʇ. ïʩʣʫʯʘʡʥʳʡ çʵʨʛʦʜʠʯʝʩʢʠʡè ʧʨʦʮʝʩʩ

ʩ ʥʫʣʝʚʳʤ ʤʘʪ. ʦʞʠʜʘʥʠʝʤ. ʆʧʳʪʥʳʝ ʜʘʥʥʳʝ  -ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ). 137



ɿʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ

ʇʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʝʝ ʟʥʘʯʝʥʠʷ.
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ɺʘʞʥʦ!!    ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʚ 

ʠʥʪʝʨʚʘʣ



ʇʘʨʘʤʝʪʨʳʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

(ʤʦʤʝʥʪʳ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ)

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) . ɼʣʷ ʩʣʫʯʘʡʥʦʡ ʇ. ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʥʫʣʶ. 

ɼʘʝʪ ʦʮʝʥʢʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ.

( ) ( )M x p x dx

+¤

-¤

D =D= Ö ÝQñ

ɼʠʩʧʝʨʩʠʷ -ʮʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʙʨʦʩ ʧʦʛʨʝʰʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ  (ʉʂʆ,s) -ʢʦʨʝʥʴ ʠʟ ʜʠʩʧʝʨʩʠʠ

2 2( ) ( ) ( )D x p x dx

+¤

-¤

D = -D Ö =sñ
139



ʉʪʘʥʜʘʨʪʥʳʝ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʈʘʚʥʦʤʝʨʥʳʡʟʘʢʦʥ.  ʍʘʨʘʢʪʝʨʝʥ ʜʣʷ ɸʎʇ, ʦʪʩʯʝʪʘ ʧʦ ʰʢʘʣʝ, ʧʦʛʨʝʰʥʦʩʪʠ ʦʢʨʫʛʣʝʥʠʷ 

ʜʣʷ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ.  ʇʨʠʤʝʨ: ɸʎʇ ʩ ʩʪʫʧʝʥʴʢʦʡ Uʩʪ
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ʊʨʝʫʛʦʣʴʥʳʡʟʘʢʦʥ (ʟʘʢʦʥ ʉʠʤʧʩʦʥʘ). ʍʘʨʘʢʪʝʨʝʥ, 

ʥʘʧʨʠʤʝʨ,  ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʤʝʪʦʜʦʤ ʜʠʩʢʨʝʪʥʦʛʦ ʩʯʝʪʘ
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ɿʘʢʦʥ ʘʨʢʩʠʥʫʩʘ. ʍʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʦʣʴʪʤʝʪʨʦʚ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʛʜʘ ʥʘ ʚʭʦʜ ʧʦʩʪʫʧʘʝʪ ʧʦʤʝʭʘ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ Uʧ 

ʩʦ ʩʣʫʯʘʡʥʦʡ ʬʘʟʦʡ
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ʅʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ɻʘʫʩʩʘ). ʇʨʠʤʝʥʷʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʟʘʢʦʥ ʥʝʠʟʚʝʩʪʝʥ. ʎʝʥʪʨʘʣʴʥʘʷ ʧʨʝʜʝʣʴʥʘʷ ʪʝʦʨʝʤʘ - ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʯʠʩʣʘ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ

2

2

1 ( )
( ) exp

2 2
p

å õD-D
D = Ö -æ ö

æ öpÖs sç ÷

143



2

0

2
( ) exp 2 ( )

22

ʚ

ʚ
ʚ

t
P dt

D

s å õ D
D ¢D = - Ö = Fæ ö

æ ö sp ç ÷
ñ

144



ʀʥʪʝʛʨʘʣ ʚʝʨʦʷʪʥʦʩʪʠ ʌ(x) (ʠʥʪʝʛʨʘʣʴʥʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʫʥʢʮʠʷ, 
ʠʥʪʝʛʨʘʣ ʚʝʨʦʷʪʥʦʩʪʠ ɻʘʫʩʩʘ, ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ, ʠʥʪʝʛʨʘʣ ʦʰʠʙʦʢ)

21 1
( ) exp

2 22 2

x
t x

x dt erf

-¤

å õ å õ
F = - =æ ö æ öæ öp ç ÷ç ÷

ñ

0.66 1 2 3

0.500 0.683 0.954 0.997

( )2

0

2
( ) exp

x

erf x t dt= -
p
ñ

2 ( )
ʚD

F
s



ʊʦʯʝʯʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʣ.ʇ.

ʆʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ïʠʟ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʚ ʦʪʜʝʣʴʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʢʘʭ (ʊʆʏɽʏʅɸʗ 

ʦʮʝʥʢʘ). ʆʮʝʥʢʘ ʜʦʣʞʥʘ ʙʳʪʴ :

Åʅʝʩʤʝʱʝʥʥʦʡ - ʤʘʪ. ʦʞʠʜʘʥʠʝ ʝʩʪʴ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʘ

Åʉʦʩʪʦʷʪʝʣʴʥʦʡ - ʩʭʦʜʠʪʩʷ ʧʦ ʚʝʨʦʷʪʥʦʩʪʠ ʢ ʧʘʨʘʤʝʪʨʫ

Åʕʬʬʝʢʪʠʚʥʦʡ ïʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʜʠʩʧʝʨʩʠʶ

ʆʮʝʥʢʘ  

ʤʘʪ.ʦʞʠʜʘʥʠʷ
ʧʦʛʨʝʰʥʦʩʪʠ

ʆʮʝʥʢʘ  ʜʠʩʧʝʨʩʠʠ ʠ ʉʂʆ ʧʦʛʨʝʰʥʦʩʪʠ ʦʜʥʦʢʨʘʪʥʦʛʦ ʀ.
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ʆʮʝʥʢʘ  ʜʠʩʧʝʨʩʠʠ ʠ ʉʂʆ ʧʦʛʨʝʰʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦʀ. , ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʨʝʟʫʣʴʪʘʪ ʝʩʪʴ ʩʨʝʜʥʝʝ ʦʪ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ

ʊʦʯʝʯʥʘʷ ʦʮʝʥʢʘ  ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʙʨʦʩ ʨʝʟʫʣʴʪʘʪʦʚ (ʧʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ) , ʥʦ ʥʝ ʛʦʚʦʨʠʪ ʦʙ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚ ʵʪʦʪ ʧʨʝʜʝʣ. ʅʝ 

ʫʯʠʪʳʚʘʝʪ ʚʠʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ïʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʙʣʠʟʦʩʪʴ ʢ ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ.

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ x ʟʘʧʠʩʳʚʘʝʤ ʚ ʚʠʜʝ ʦʮʝʥʢʠ ʯʝʨʝʟ 

ʩʨʝʜʥʝʝ ʩ ʫʢʘʟʘʥʠʝʤ ʉʂʆ 
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ʀʥʪʝʨʚʘʣʴʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʣ.ʇ.

ʋʢʘʟʳʚʘʝʪʩʷ ʠʥʪʝʨʚʘʣ, ʢʫʜʘ ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʦʧʘʜʘʝʪ 

ʧʦʛʨʝʰʥʦʩʪʴ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʠʟʚʝʩʪʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʦʮʝʥʦʢ ʜʠʩʧʝʨʩʠʠ ʠ ʤʘʪ. ʦʞʠʜʘʥʠʷ ʧʦ ʟʘʜʘʥʥʦʡ ɼʆɺɽʈʀʊɽʃʔʅʆʁ 

ʚʝʨʦʷʪʥʦʩʪʠ  ʈʜ.

ʂʚʘʥʪʠʣʠʨʘʩʧʨʝʜʝʣʝʥʠʷ ïʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ȹʢʚ  

(ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ ʉʂʆ),  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʈʜ 

(ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ)

0

( ) 2 ( )
ʢʚ

ʜ ʢʚP p t dt

D

D ¢D =ñ

ʢʚ
ʢʚ

s

D
D =

148



ʀʥʪʝʨʚʘʣʴʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ

ɿʘʧʠʩʴ ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠʜʣʷ ʦʜʥʦʢʨʘʪʥʦʛʦ ʠ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ:
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ʀʥʪʝʨʚʘʣʴʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʢʦʥʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉʣ.ʇ.

ʂʚʘʥʪʠʣʠ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʨʫʪʩʷ ʠʟ 

ʪʘʙʣʠʮʳ ʠʥʪʝʛʨʘʣʘ ʚʝʨʦʷʪʥʦʩʪʠ 2ʌ ʜʣʷ ʚʳʙʨʘʥʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ. 

ʏʘʱʝ ʚʩʝʛʦ  ʠʩʧʦʣʴʟʫʶʪ ʜʦʚʝʨʠʪʝʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 0.95 

ïʠʥʪʝʨʚʘʣ 2 ʩʠʛʤʘ, ʨʝʞʝ ï0.997 (ʧʨʘʚʠʣʦ ʪʨʝʭ ʩʠʛʤ). 
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ɼʣʷ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ ʦʮʝʥʢʠ  ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʉʂʆ ʠʤʝʶʪ 

ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ïʈɸʉʇʈɽɼɽʃɽʅʀɽ ʉʊʔʖɼɽʅʊɸ. 

ʂʚʘʥʪʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ïʢʦʵʬʬʠʮʠʝʥʪʳ ʉʪʴʶʜʝʥʪʘ t(P,N)

ɼʣʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ (N ʦʧʳʪʦʚ):

ɼʣʷ ʦʜʥʦʢʨʘʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ:

152



ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʪʴʶʜʝʥʪʘ
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʉʪʴʶʜʝʥʪʘ t(P,N)

N P=0.5 P=0.95 P=0.99 P=0.999

5 0.74 2.78 4.6 6.87

10 0.70 2.26 3.25 4.59

15 0.69 2.14 2.98 4.07

20 0.69 2.09 2.86 3.85

120 0.67 1.96 2.58 3.37
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ʀʩʢʣʶʯʝʥʠʝ ʛʨʫʙʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ (ʧʨʦʤʘʭʦʚ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʡ

ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʦʮʝʥʢʘ ʩʨʝʜʥʝʛʦ ʠ ʜʠʩʧʝʨʩʠʠ  ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʢʘʞʝʥʘ ʛʨʫʙʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʠʟ-ʟʘ:

Åʈʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʀ.

Åʇʦʤʝʭ

Åʆʰʠʙʢʠ ʦʧʝʨʘʪʦʨʘ. 

ʅʘʜʦ ʧʨʦʚʦʜʠʪʴ ʮʝʥʟʫʨʠʨʦʚʘʥʠʝʦʧʳʪʥʳʭ ʜʘʥʥʳʭ. ɻʨʘʥʠʮʘ ʮʝʥʟʫʨʠʨʦʚʘʥʠʷ 

ȹʮ ʚʳʙʠʨʘʝʪʩʷ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦʟʘʢʦʥʘ ʧʦ ʧʨʘʚʠʣʫ çʪʨʝʭ ʩʠʛʤè

ɼʣʷ  ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʦʥʘ 

ʠʩʧʦʣʴʟʫʶʪ ʜʨʫʛʫʶ  ʮʝʥʟʫʨʫ
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ʇʦʩʣʝ ʮʝʥʟʫʨʠʨʦʚʘʥʠʷ ʥʘʜʦ ɿɸʅʆɺʆ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʉʂʆ ʠ ʧʦʚʪʦʨʠʪʴ 

ʮʝʥʟʫʨʠʨʦʚʘʥʠʝ!!!

ʇʨʠʤʝʨ: ʪʘʙʣʠʮʘ ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʧʳʪʦʚ:

8.17 8.05 8.10 8.16 8.18

8.06 8.10 8.12 8.11 8.15

8.09 8.14 8.12 8.13 8.18

8.20 8.17 8.06 8.04 8.11

8.09 8.14 8.16 8.50 8.14

min max0.27, 7.87, 8.41ʮ x xD =° = =

ʇʦʩʣʝ  ʦʪʙʨʦʩʘ ʛʨʫʙʦʡ ʧʦʛʨʝʰʥʦʩʪʠ  

8.50 ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪ         156



ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʝʥʠʡ-1
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ʇʦʛʨʝʰʥʦʩʪʠ ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ

ʋʨʘʚʥʝʥʠʝ ʢʦʩʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ  ʫ=F(x). 

ɸʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʭ -> Ñȹx 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʘ ʢʦʩʚʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ȹy.

yÑȹy = F(xÑȹx).

ʈʘʟʣʦʞʠʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʵʪʦʛʦ ʨʘʚʝʥʩʪʚʘ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʠ ʧʨʝʥʝʙʨʝʛʘʷ 

ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʤʠ ȹ ʭ ʚ ʩʪʝʧʝʥʠ ʚʳʰʝ ʧʝʨʚʦʡ, 

ʧʦʣʫʯʠʤ

( )
dF

y y F x x
dx

°D º ° D dF x

dx x

D
d=°
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22 2
2 2 2
1 2

1 2
... N

N

dF dF dF
y x x x

dx dx dx

å õå õ å õ
D =° D + D + + Dæ ö æ ö æ ö

ç ÷ ç ÷ ç ÷

ɼʣʷ ʬʫʥʢʮʠʠ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ

ɼʣʷ ʩʣʫʯʘʡʥʳʭʧʦʛʨʝʰʥʦʩʪʝʡ  ʢʦʩʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʫʶ (ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ) ʩʫʤʤʫ:

2
2

y i
ii

dF

dx

å õ
d =° dæ ö

ç ÷
ä

i
ii

dF
y x

dx

å õ
D =° Dæ ö

ç ÷
ä

1 2( , )Ny F ʭ ʭ x=

ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪ  ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʦʡ 
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ʇʨʠʤʝʨ  ʩʣʦʞʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭʧʦʛʨʝʰʥʦʩʪʝʡ ʢʦʩʚʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
2024 ʛ.

http://kepstr.eltech.ru/tor/mri

ɸ.ɸ. ɼʘʥʠʣʠʥ

ʌʘʢʫʣʴʪʝʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ 
ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ

ʂʘʬʝʜʨʘ ʊʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ 
ʨʘʜʠʦʪʝʭʥʠʢʠ

çʆʩʥʦʚʳ ʤʝʪʨʦʣʦʛʠʠ ʠ ʨʘʜʠʦʠʟʤʝʨʝʥʠʡè

(ʵʣʝʢʪʨʦʥʥʳʡ ʢʦʥʩʧʝʢʪ ʣʝʢʮʠʡ)

ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ

ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ

çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

çʃʕʊʀè ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ (ʃʝʥʠʥʘ)è 

(ʉʇʙɻʕʊʋ çʃʕʊʀè)

ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ. 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ.



çɿʅɸʏɽʅʀɽèʥʘʧʨʷʞʝʥʠʷ (ʠ ʪʦʢʘ) ïʧʘʨʘʤʝʪʨ,  ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ (ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) ʥʘ ʠʥʪʝʨʚʘʣʝ ʫʩʨʝʜʥʝʥʠʷ T(ʠʣʠ 

ʧʝʨʠʦʜʝ) ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ u(t):

ʩʨ

0

1
( )

T

U U u t dt
T

= =ñ

ɸʤʧʣʠʪʫʜʥʦʝ (ʧʠʢʦʚʦʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ ) ʟʥʘʯʝʥʠʝʩʠʛʥʘʣʘ ïʥʘʠʙʦʣʴʰʝʝ ʤʛʥʦʚʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʟʘ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ Tʠʟʤ (ʥʘ ʧʝʨʠʦʜʝ):

[ ]ʠʟʤ0,
max  ( )m t T

U u t
Ë

=

ʈʘʟʤʘʭ ʩʠʛʥʘʣʘ (U p-p   çʧʠʢ-ʪʫ -ʧʠʢ:è)

p-p max minU U U= -

ʇʠʢʦʚʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʠʛʥʘʣʘ çʚʚʝʨʭè ʠ çʚʥʠʟè

m+ max ʩʨU U U= - m- minʩʨU U U= -



ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝʟʥʘʯʝʥʠʝʩʠʛʥʘʣʘ(Root Mean Square ï RMS)

ʦʧʨʝʜʝʣʷʝʪʩʷʢʘʢʢʦʨʝʥʴʠʟʩʨʝʜʥʝʛʦʟʥʘʯʝʥʠʷʢʚʘʜʨʘʪʘʚʨʝʤʝʥʥʦʡʟʘʚʠʩʠʤʦʩʪʠ

:

2

0

1
( )

T

U u t dt
T

= ñ

ʄʦʱʥʦʩʪʴʩʠʛʥʘʣʘʦʧʨʝʜʝʣʷʶʪʯʝʨʝʟʧʨʦʠʟʚʝʜʝʥʠʝʟʥʘʯʝʥʠʡʥʘʧʨʷʞʝʥʠʷʠ

ʪʦʢʘʚʮʝʧʠ(ʤʛʥʦʚʝʥʥʘʷʤʦʱʥʦʩʪʴ).

:

2

ʥ

( )
( ) ( ) ( )

u t
p t u t i t

R
= =

ʉʨʝʜʥʝʚʳʧʨʷʤʣʝʥʥʦʝʟʥʘʯʝʥʠʝïʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʷ:

ʩʨ. ʚ

0

1
( )

T

U u t dt
T
= ñ



ʉʚʷʟʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʝʥʠʷ -ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʧʣʠʪʫʜʳ ʂʘ (ʧʠʢ-ʬʘʢʪʦʨ) 

ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ  ʂʬ

m
ʘ

U
K

U
= ʬ

ʩʨ. ʚ

U
K

U
=

ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ, ʠʟʤʝʨʝʥʥʘʷ ʟʘ ʟʘʜʘʥʥʳʡ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ T :
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ɺʪ
ʜɹ 10lg
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P

å õ
= æ ö

ç ÷

ʆʪʥʦʩʠʪʝʣʴʥʘʷʤʦʱʥʦʩʪʴ (ʠʩʧʦʣʴʟʫʶʪ 

ʦʧʦʨʥʳʡ ʫʨʦʚʝʥʴ P0 = 1ʤɺʪ, ʨʝʞʝ 1ɺʪ). 

ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ ʦʙʦʟʥʘʯʘʝʪʩʷ ʜɹʤɺʪ 

(ʠʣʠ  ʜɹʤ)
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ʉʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ çʟʥʘʯʝʥʠʷè ʩʠʛʥʘʣʘ, 

ʥʘʟʳʚʘʶʪ ʚʦʣʴʪʤʝʪʨʳ(ʜʣʷ ʪʦʢʦʚ ïʘʤʧʝʨʤʝʪʨʳ)

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʣʴʪʤʝʪʨʦʚ -ʧʦʠʟʤʝʨʷʝʤʦʤʫ çʟʥʘʯʝʥʠʶè ʩʠʛʥʘʣʘ:

1)ʚʦʣʴʪʤʝʪʨʳ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ(ʚʦʣʴʪʤʝʪʨʳ çʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘè). ʕʪʦ 

ʧʨʠʙʦʨʳ ʧʦʩʪʦʷʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʛʥʘʣʦʚ;

2) ʚʦʣʴʪʤʝʪʨʳ ʩʨʝʜʥʝʚʳʧʨʷʤʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (average response 

meter). ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʛʨʘʜʫʠʨʫʶʪʩʷ ʚ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ (ʥʘ ʰʢʘʣʝ 

ʦʪʩʯʝʪ  ʫʤʥʦʞʝʥ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ  ʂʬ= 

1.11). ʀʭ ʥʘʟʳʚʘʶʪ ʚʦʣʴʪʤʝʪʨʘʤʠ çʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘè 
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3) ʚʦʣʴʪʤʝʪʨʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʬʦʨʤʳ. ʊʘʢʠʝ ʚʦʣʴʪʤʝʪʨʳ ʠʥʦʛʜʘ ʤʘʨʢʠʨʫʶʪ ʟʥʘʢʦʤ çTrue RMSè (true root 

mean square). 

4) ʚʦʣʴʪʤʝʪʨʳ ʘʤʧʣʠʪʫʜʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʠʤʧʫʣʴʩʥʳʝ ʚʦʣʴʪʤʝʪʨʳ). ɼʣʷ 

ʠʤʧʫʣʴʩʥʳʭ ʚʦʣʴʪʤʝʪʨʦʚ ʰʢʘʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʤʧʣʠʪʫʜʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʩʠʛʥʘʣʘ.  ɼʣʷ ɺʏ ʚʦʣʴʪʤʝʪʨʦʚ çʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘè (ʪʦ ʝʩʪʴ ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ɺʏ ʠ ʉɺʏ ʜʠʘʧʘʟʦʥʘ)  ʰʢʘʣʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ  -

ʦʪʩʯʝʪʳ ʰʢʘʣʳ  ʧʦʜʝʣʝʥʳ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʳ  ʂʘ=1.41).
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ʇʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ (ɻʆʉʊ 15094ï86) ʚʦʣʴʪʤʝʪʨʳ ʜʝʣʷʪ ʥʘ ʧʦʜʛʨʫʧʧʳ:

ɺ1ïʦʙʨʘʟʮʦʚʳʝ ʧʨʠʙʦʨʳ ʜʣʷ ʧʦʚʝʨʢʠ ʜʨʫʛʠʭ ʚʦʣʴʪʤʝʪʨʦʚ.

ɺ2ïʚʦʣʴʪʤʝʪʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ( çʚʦʣʴʪʤʝʪʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘè).  

ɺ3ïʚʦʣʴʪʤʝʪʨʳ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ.

ɺ4ïʠʤʧʫʣʴʩʥʳʝ ʚʦʣʴʪʤʝʪʨʳ. ʀʟʤʝʨʷʶʪ ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ  .

ɺ5ïʬʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʚʦʣʴʪʤʝʪʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ. ʂʦʤʙʠʥʘʮʠʷ ʚʦʣʴʪʤʝʪʨʘ ʠ ʬʘʟʦʤʝʪʨʘ.

ɺ6ïʩʝʣʝʢʪʠʚʥʳʝ ʚʦʣʴʪʤʝʪʨʳ. ʉʦʜʝʨʞʘʪ ʚʭʦʜʥʦʡ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʡ ʬʠʣʴʪʨ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʠʟʤʝʨʷʝʤʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʬʦʥʝ ʰʫʤʦʚ ʠ ʧʦʤʝʭ.

ɺ7(ɺʂ7) ïʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʨʠʙʦʨʳ (ʘʥʘʣʦʛʦʚʳʝ ʤʫʣʴʪʠʤʝʪʨʳ). ʇʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʪʦʢʦʚ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʝʟʠʩʪʦʨʦʚ.

ɺ8ïʠʟʤʝʨʠʪʝʣʠ ʦʪʥʦʰʝʥʠʷ ʘʤʧʣʠʪʫʜ ʜʚʫʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ.
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ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʣʴʪʤʝʪʨʦʚ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ 

ɺʦʣʴʪʤʝʪʨʳ

ɸʥʘʣʦʛʦʚʳʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ 

ʘʤʧʝʨʤʝʪʨʳ ʠ ʚʦʣʴʪʤʝʪʨʳ

ʕʣʝʢʪʨʦʥʥʳʝ ʚʦʣʴʪʤʝʪʨʳ ʠ 

ʤʫʣʴʪʠʤʝʪʨʳ 

ɸʥʘʣʦʛʦʚʳʝ ʎʠʬʨʦʚʳʝ 

ʉʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʄʛʥʦʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ
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ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʣʴʪʤʝʪʨʦʚ

1.ɺʠʜʠʟʤʝʨʷʝʤʦʛʦʟʥʘʯʝʥʠʷʥʘʧʨʷʞʝʥʠʷ.

2.ʇʨʝʜʝʣʳʠʟʤʝʨʝʥʠʷʥʘʧʨʷʞʝʥʠʷʩʨʘʟʙʠʚʢʦʡʥʘʧʦʜʜʠʘʧʘʟʦʥʳ. ɼʣʘ̫ʥʘʣʦʛʦʚʳʭ

ʚʦʣʴʪʤʝʪʨʦʚʧʨʠʥʷʪʦʨʘʟʙʠʚʘʪʴʚʝʩʴʨʘʙʦʯʠʡʜʠʘʧʘʟʦʥʥʘʧʦʜʜʠʘʧʘʟʦʥʳ,ʠʜʫʱʠʝ

ʯʝʨʝʟ10ʜɹ(ʦʪʣʠʯʘʶʱʠʝʩʷʚ3.16ʨʘʟ).ɼʣʮ̫ʠʬʨʦʚʳʭʚʦʣʴʪʤʝʪʨʦʚʧʦʜʜʠʘʧʘʟʦʥʳ

ʦʪʣʠʯʘʶʪʩʷʚ10ʨʘʟ.

3.ɺʭʦʜʥʦʡʠʤʧʝʜʘʥʩ(ʚʭʦʜʥʦʝʩʦʧʨʦʪʠʚʣʝʥʠʝʠʚʭʦʜʥʘʷʝʤʢʦʩʪʴ).

4.ʈʘʙʦʯʘʷʧʦʣʦʩʘʯʘʩʪʦʪ(ʜʣʷʚʦʣʴʪʤʝʪʨʦʚʧʝʨʝʤʝʥʥʦʛʦʪʦʢʘ).ʕʪʦʜʠʘʧʘʟʦʥʯʘʩʪʦʪ,

ʚʧʨʝʜʝʣʘʭʢʦʪʦʨʦʛʦʩʦʭʨʘʥʷʝʪʩʷʟʘʷʚʣʝʥʥʳʡʧʨʝʜʝʣʜʦʧʫʩʢʘʝʤʦʡʧʦʛʨʝʰʥʦʩʪʠ

ʠʟʤʝʨʝʥʠʷ(ʢʣʘʩʩʪʦʯʥʦʩʪʠ).

5.ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ. ʍʨʘʢʪʝʨʠʟʫʝʪʩʧʦʩʦʙʥʦʩʪʴʚʦʣʴʪʤʝʪʨʘʥʝʨʝʘʛʠʨʦʚʘʪʴʥʘ

ʚʥʝʰʥʠʝʤʝʰʘʶʱʠʝʩʠʛʥʘʣʳʠh ʫʤ(rʩʪʝʧʝʥʴʧʦʜʘʚʣʝʥʠʷʧʦʤʝʭʠ).

6.ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝʧʘʨʘʤʝʪʨʳ(ʧʨʝʜʝʣʳʜʦʧʫʩʢʘʝʤʦʡʧʦʛʨʝʰʥʦʩʪʠ,ʢʣʘʩʩ

ʪʦʯʥʦʩʪʠ)
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ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʣʴʪʤʝʪʨʦʚ

ʆʙʳʯʥʦ ʵʪʦ ʧʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʉʦʛʣʘʩʥʦ 

ɻʆʉʊ8.401ï80 çʂʣʘʩʩʳ ʪʦʯʥʦʩʪʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷè ʧʨʝʜʝʣ 

ʜʦʧʫʩʢʘʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʟʘʜʘʝʪʩʷ ʣʠʙʦ ʢʣʘʩʩʦʤ ʪʦʯʥʦʩʪʠ ʧʨʠʙʦʨʘ, ʣʠʙʦ ʫʢʘʟʳʚʘʝʪʩʷ ʚ 

ʷʚʥʦʤ ʚʠʜʝ (ʚ ʯʠʩʣʦʚʦʤ ʣʠʙʦ ʬʦʨʤʫʣʴʥʦʤ ʬʦʨʤʘʪʝ).

ʂʣʘʩʩ ʪʦʯʥʦʩʪʠʘʥʘʣʦʛʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ ïɻ ʪʦ ʧʨʝʜʝʣ ʦʩʥʦʚʥʦʡ ʜʦʧʫʩʢʘʝʤʦʡ ʧʨʠʚʝʜʝʥʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʧʨʦʮʝʥʪʘʭ. ʋʢʘʟʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʯʠʩʣʘ ʠʟ ʨʷʜʘ (1.0, 1.5, 2.0, 2.5, 

4.0, 5.0, 6.0) ʭ10n,ʛʜʝ n ïʮʝʣʦʝ ʯʠʩʣʦ. 

ɼʣʷ ʮʠʬʨʦʚʳʭʧʨʠʙʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʩʪʘʥʜʘʨʪʥʳʡ ʚʠʜ ʧʨʝʜʝʣʘ ʜʦʧʫʩʢʘʝʤʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, %:

max
1 100

x

U
c d

U

è øå õ
d=° + -é ùæ ö

ç ÷ê ú



ʆʙʦʟʥʘʯʘʝʪʩʷ ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ ʮʠʬʨʦʚʦʛʦ ʚʦʣʴʪʤʝʪʨʘ ʢʘʢ çc/dè (ʥʘʧʨʠʤʝʨ, 0.02/0.01).

max
100

x

U
c d

U

è ø
¡d=° +é ù
ê ú

ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʨʫʛʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ

ɺʘʞʥʳʤ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʘʥʘʣʦʛʦʚʦʛʦʚʦʣʴʪʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʮʝʥʘ ʜʝʣʝʥʠʷ

ʰʢʘʣʳ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʢʦʪʦʨʫʶ ʚʳʧʦʣʥʷʝʪ ʦʧʝʨʘʪʦʨ ʧʨʠ 

ʦʪʩʯʝʪʝ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ (ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ). ʎʝʥʫ ʜʝʣʝʥʠʷ ʟʘʢʣʘʜʳʚʘʶʪ 

ʧʨʠ  ʚʳʙʦʨʝ ʜʣʠʥʳ ʰʢʘʣʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʝʝ ʜʝʣʝʥʠʡ.

ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʮʠʬʨʦʚʦʛʦʚʦʣʴʪʤʝʪʨʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʷʜʥʦʩʪʠɸʎʇ  ʠ 

ʚʳʙʠʨʘʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʦʣʴʪʤʝʪʨʘ.
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ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʚʦʣʴʪʤʝʪʨʘ ʢ ʠʩʩʣʝʜʫʝʤʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʩ ʚʳʭʦʜʥʳʤ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ Zʵʢʚ
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Ux ZʚʭUʠʟʤ

Z ʢɻʚ

ʀʩʩʣʝʜʫʝʤʘ̫ ʮʝʧɹ ɺʦʣɹʪʤʝʪʨ
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ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʘʢʪʠʚʥʦʛʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 
ʥʘʧʨʷʞʝʥʠʷ.

1 2
1 2

1 ʵʢʚ 2 ʵʢʚ
,x x

R R
U U U U

R R R R
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+ +ç ÷ ç ÷

2 1
ʵʢʚ 1 2

2 1 1 2

U U
R R R

R U R U

å õ-
=æ ö

-ç ÷

ʇʦʜʢʣʶʯʘʝʤ ʧʘʨʘʣʣʝʣʴʥʦ ʚʭʦʜʫ ʚʦʣʴʪʤʝʪʨʘ ʜʚʘ ʵʪʘʣʦʥʥʳʭ ʨʝʟʠʩʪʦʨʘ R1ʠ R2. 

ʀʟʤʝʨʷʝʤ ʜʚʘ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ U1ʠ U2

ʈʘʩʯʝʪ ʜʘʝʪ ʚʥʫʪʨʝʥʝʝ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ 

ʧʦʛʨʝʰʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʢʦʥʝʯʥʳʤ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʦʣʴʪʤʝʪʨʘ. 

ʵʢʚ
ʠʟʤ

ʚʭ

R
U U

R
D =



ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʚʭʦʜʥʦʡ ʯʘʩʪʠ ɺʏ-ʚʦʣʴʪʤʝʪʨʘ ʩ ʫʯʝʪʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʦʚ ʠ  ʠʭ ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʠ

RʚʭUʠʟʤ

ɺʦʣɹʪʤʝʪʨ

Cʚʭ

Rʧʨʦʚ1

Rʧʨʦʚ2

Lʧʨʦʚ1

Lʧʨʦʚ2

Cʧʨʦʚ



ɺʳʥʦʩʥʦʡ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ

ʉʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʧʘʨʘʟʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʦʚ ïʧʝʨʝʥʦʩ ʚʭʦʜʥʦʡ 

ʯʘʩʪʠ ʚʦʣʴʪʤʝʪʨʘ ʚ ʚʳʥʦʩʥʫʶ ʛʦʣʦʚʢʫ (ʧʨʦʙʥʠʢ, probe), ʢʦʪʦʨʘʷ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʚ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ. ʆʙʳʯʥʦ ïʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ. ɺ 

ʠʤʧʫʣʴʩʥʳʭ ʚʦʣʴʪʤʝʪʨʘʭ ʚ ʧʨʦʙʥʠʢʝ ʨʘʟʤʝʱʘʶʪ ʩʭʝʤʫ ʘʤʧʣʠʪʫʜʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʚ ʚʦʣʴʪʤʝʪʨʘʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ïʚʭʦʜʥʦʡ ʫʩʠʣʠʪʝʣʴ

Zʚʭ Rʚʭ

ɺʦʣɹʪʤʝʪʨ

CʚʭCʧʨʦʚ

Rʜ

Cʜ



ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ (ʕʄʇ) -ʘʤʧʝʨʤʝʪʨʳ 

ʠ ʚʦʣʴʪʤʝʪʨʳ

ɸʥʘʣʦʛʦʚʳʤʠ ʥʘʟʳʚʘʶʪ ʧʨʠʙʦʨʳ,  ʧʦʢʘʟʘʥʠʷ  ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʬʫʥʢʮʠʝʡ 

ʠʟʤʝʥʝʥʠʡ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʉʪʨʝʣʦʯʥʳʝ ʧʨʠʙʦʨʳ, ʩʘʤʦʧʠʩʮʳ.

ʆʙʱʠʝ ʫʟʣʳ: ɺʭʦʜʥʳʝ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʠʟʤʝʨʠʪʝʣʴʥʡ ʤʝʭʘʥʠʟʤ, ʦʪʩʯʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ.

ɺʭʦʜʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ïh ʫʥʪʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʟʠʩʪʦʨʳ, ʚʳʧʨʷʤʠʪʝʣʠ. 

ʐʫʥʪ(bypass) ïʨʝʟʠʩʪʦʨ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʠʙʦʨʫ. ʇʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʠʟʤʝʨʷʝʤʳʡ ʪʦʢ ʠ 

ʫʤʝʥʴʰʠʪʴ ʪʫ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʕʄʇ, ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

ʧʨʠʙʦʨʘ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʰʫʥʪʘ ʦʧʨʝʜʝʣʷʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ.

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʝʟʠʩʪʦʨʚʢʣʶʯʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʧʨʝʚʨʘʱʘʶʪ ʘʤʧʝʨʤʝʪʨ ʚ 

ʚʦʣʴʪʤʝʪʨ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ

ɺʳʧʨʷʤʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʧʦʩʪʦʷʥʥʳʡ.



ʐʫʥʪʳ ʘʤʧʝʨʤʝʪʨʦʚ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʟʠʩʪʦʨʳ ʚʦʣʴʪʤʝʪʨʦʚ

Rʜ = Rʠ (n - 1)
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ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ

Rʜ = Rʠ (n - 1)



ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ

Rʜ = Rʠ (n - 1)

ʊʨʘʥʩʬʦʨʤʘʪʦʨʳ  ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ
ʂʦʥʩʪʨʫʢʮʠʷ ʪʦʨʦʠʜʘʣʴʥʦʛʦ
ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ



ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʕʄʇ

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʫʝʪ ʵʥʝʨʛʠʶ ʠʟʤʝʨʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʚ ʫʛʣʦʚʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ, ʞʝʩʪʢʦ ʩʚʷʟʘʥʥʦʡ ʩ ʫʢʘʟʘʪʝʣʝʤ ʦʪʩʯʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʘ ʥʝʝ ʜʝʡʩʪʚʦʚʘʣ ʚʨʘʱʘʶʱʠʡʤʦʤʝʥʪ. 

ʏʪʦʙʳ ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʚʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ, ʥʝʦʙʭʦʜʠʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʡʤʦʤʝʥʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ  ʥʘʚʩʪʨʝʯʫ 

ʚʨʘʱʘʶʱʝʤʫ,  ʠ ʚʦʟʨʘʩʪʘʶʱʠʡ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. ʆʙʳʯʥʦ ʪʘʢʦʡ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʡ ʤʦʤʝʥʪ ʩʦʟʜʘʝʪʩʷ ʦʜʥʦʡ ʠʣʠ ʜʚʫʤʷ ʩʧʠʨʘʣʴʥʳʤʠ ʧʨʫʞʠʥʘʤʠʠʣʠ 

ʨʘʩʪʷʞʢʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʦʚʦʨʦʪʝ ʧʦʜʚʠʞʥʦʡ ʯʘʩʪʠ ʟʘʢʨʫʯʠʚʘʶʪʩʷ.ʋʩʧʦʢʦʠʪʝʣʠ ïʜʣʷ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʦʜʚ. ʯʘʩʪʠ

ʆʪʩʯʝʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ -ʩʪʨʝʣʢʘ ʥʘʜ ʥʝʧʦʜʚʠʞʥʦʡ ʰʢʘʣʦʡ. ʇʠʰʫʱʝʝ ʧʝʨʦ ʚ ʩʘʤʦʧʠʩʮʝ. 

ɹʝʩʧʘʨʘʣʣʘʢʩʥʘʷ ʰʢʘʣʘ ïʩ ʟʝʨʢʘʣʴʮʝʤ.



ʉʦʟʜʘʥʠʝ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʝʛʦ ʤʦʤʝʥʪʘ

Rʜ = Rʠ (n - 1)


