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ɺɺɽɼɽʅʀɽ 

ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʧʦʩʦʙʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ, 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʚʦʣʥʳ, 
ʚʢʣʶʯʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʢʦʥʳ ʠ ʦʙʱʫʶ ʪʝʦʨʠʶ ʤʝʪʦʜʦʚ. ɺʦʟ-
ʤʦʞʥʦ, ʵʪʦ ʩʘʤʳʡ ʚʘʞʥʳʡ ʨʘʟʜʝʣ ʬʠʟʠʢʠ, ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝ ʪʦʣʴʢʦ ʦʙʲʷʩʥʷʶʪ ʚʩʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ 
ʷʚʣʝʥʠʷ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʠʣʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʚʝʱʝʩʪʚʦ ʥʘ 
ʘʪʦʤʥʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʮʝʣʦʝ. ʀʟʫʯʝʥʠʝ ʵʣʝʢ-
ʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʧʦʟʚʦʣʷʝʪ 
ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠ ʪʚʝʨʜʳʭ ʪʝʣ. 

ʎʝʣʴ ʧʦʩʦʙʠʷ ï ʧʦʤʦʯʴ ʩʪʫʜʝʥʪʘʤ ʦʩʚʦʠʪʴ ʤʘʪʝʨʠʘʣ ʧʨʦʛʨʘʤʤʳ, 
ʥʘʫʯʠʪʴ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʠʟʠʢʠ ʢʘʢ ʨʘʙʦʯʠʡ 
ʘʧʧʘʨʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ. 

ʇʦʩʦʙʠʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 
ʩʪʫʜʝʥʪʦʚ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʚ ʧʨʠʣʦʞʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʬʫʥʜʘʤʝʥ-
ʪʘʣʴʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ, ʪʘʙʣʠʮʳ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʥʝʢʦʪʦ-
ʨʳʝ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʠ ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʤʝʨʥʦʩʪʷʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠ-
ʯʠʥ. ɹʦʣʝʝ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʠ ʪʘʙʣʠʮʳ ʬʠʟʠʯʝ-
ʩʢʠʭ ʚʝʣʠʯʠʥ ʧʨʠʚʝʜʝʥʳ ʚ ʩʧʨʘʚʦʯʥʠʢʝ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ.  

ɸʚʪʦʨ rʩ ʙʣʘʛʦʜʘʨʥʦʩʪʴʶ ʧʨʠʤʫʪ ʚʩʝ ʟʘʤʝʯʘʥʠʷ ʠ ʧʦʞʝʣʘʥʠʷ ʯʠʪʘ-
ʪʝʣʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʣʫʯʰʝʥʠʶ ʢʫʨʩʘ ʧʦ ʘʜʨʝʩʘʤ smit@tpu.ru ʠ 
krogozi@mail.ru . 

mailto:smit@tpu.ru
mailto:krogozi@mail.ru
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1.1. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʚʘʢʫʫʤʝ 

1.1.1. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. 
ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 

ʕʣʝʢʪʨʦʩʪʘʪʠʢʘ ï ʨʘʟʜʝʣ, ʠʟʫʯʘʶʱʠʡ ʩʪʘʪʠʯʝʩʢʠʝ (ʥʝʧʦʜʚʠʞ-

ʥʳʝ) ʟʘʨʷʜʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʟʘʨʷʜʦʚ ʣʠʙʦ ʦʪʩʫʪʩʪʚʫʝʪ, ʣʠʙʦ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢ ʤʝʜ-

ʣʝʥʥʦ, ʯʪʦ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʟʘʨʷʜʦʚ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʥʠ-

ʯʪʦʞʥʳ. ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʠʭ 

ʚʟʘʠʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʶʪ 

ʪʦʣʴʢʦ ʜʚʘ ʚʠʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ: ʟʘʨʷʜʳ ʧʦʜʦʙʥʳʝ ʪʝʤ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʥʘ ʩʪʝʢʣʝ, ʧʦʪʝʨʪʦʤ ʦ ʰʝʣʢ, ʠ ʟʘʨʷʜʳ, ʧʦʜʦʙʥʳʝ ʪʝʤ, ʢʦʪʦ-

ʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʷʥʪʘʨʝ, ʧʦʪʝʨʪʦʤ ʦ ʤʝʭ. ʇʝʨʚʳʝ ʙʳʣʠ ʥʘʟʚʘʥʳ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʤʠ, ʚʪʦʨʳʝ ï ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʘʨʷʜʘʤʠ. ʊʘʢ ʠʭ ʥʘʟʚʘʣ ʘʤʝ-

ʨʠʢʘʥʩʢʠʡ ʫʯʝʥʳʡ ɹʝʥʜʞʘʤʠʥ ʌʨʘʥʢʣʠʥ ʚ 1746 ʛ. ʆʜʥʠʤ ʠʟ ʬʫʥʜʘʤʝʥ-

ʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ ʷʚʣʷʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʘʨʷʜʘ: ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʟʘʨʷʜʦʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩʦʭʨʘʥʷ-

ʝʪʩʷ ʧʨʠ ʣʶʙʳʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʭʦʜʷʱʠʭ ʚʥʫʪʨʠ ʵʪʦʡ ʩʠʩʪʝʤʳ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʥʝ ʩʫʱʝʩʪʚʫʶʪ ʩʘʤʠ ʧʦ ʩʝʙʝ, ʘ ʷʚʣʷʶʪʩʷ 

ʚʥʫʪʨʝʥʥʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ï ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʪʦ-

ʥʦʚ ʠ ʜʨ. 

ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʚ 1914 ʛ. ʘʤʝʨʠʢʘʥʩʢʠʡ ʬʠʟʠʢ ʈ. ʄʠʣʣʠʢʝʥ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʜʠʩʢʨʝʪʝʥ. ɿʘʨʷʜ ʣʶʙʦʛʦ ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ ʮʝʣʦʝ 

ʢʨʘʪʥʦʝ ʦʪ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʜ̫ʘ 19106,1 -Ö=e  ʂʣ: 

neq °= , 

ʛʜʝ n ï ʮʝʣʦʝ ʯʠʩʣʦ.  

ʕʣʝʢʪʨʦʥ ʠ ʧʨʦʪʦʥ ʷʚʣʷʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʦʩʠʪʝʣʷʤʠ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʦʚ. 

1.1.2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʚ ʚʘʢʫʫʤʝ. 
ɿʘʢʦʥ ʂʫʣʦʥʘ 

ʊʦʯʝʯʥʳʤ ʟʘʨʷʜʦʤ (q) ʥʘʟʳʚʘʝʪʩʷ ʟʘʨʷʞʝʥʥʦʝ ʪʝʣʦ, ʨʘʟʤʝʨʳ ʢʦ-

ʪʦʨʦʛʦ ʧʨʝʥʝʙʨʝʞʠʪʝʣʴʥʦ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʜʨʫʛʠʭ 

ʟʘʨʷʞʝʥʥʳʭ ʪʝʣ, ʩ ʢʦʪʦʨʳʤ ʦʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ. 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 7 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʳʪʦʚ ʂʫʣʦʥ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ ʚ ʚʘʢʫʫʤʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ ʟʘʨʷʜʦʚ ʠ ʦʙ-

ʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʥ̫ʠʷ ʤʝʞʜʫ ʥʠʤʠ: 

,
4

1

2
21

0 r

qq
F

pe
=                                        (1.1.1) 

ʛʜʝ 
ʤ

ʌ
1085,8

ʤʅ

ʂʣ
1085,8 12

2

2
12

0
-- Ö=

Ö
Ö=e  ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

ʤʥʦʞʠʪʝʣʴ 4ˊ ʚʳʨʘʞʘʝʪ ʩʬʝʨʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ ʟʘʢʦʥʘ ʂʫʣʦʥʘ. 

ɺ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʟʘʢʦʥ ʂʫʣʦʥʘ ʠʤʝʝʪ ʩʣʝʜʫʶɦ ʠʡ ʚʠʜ: 

3

21

0

r

4

1
F

r

qq
C

C

pe
= ,                                   (1.1.2) 

ʛʜʝ 
12

12r

r

C
 ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʢ 

ʦʪʨʠʮʘʪʝʣʥɹʦʤʫ. 

ɺ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʨʷʜʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʪʨʝʪʴʝʤʫ 

ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ: ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʨʘʚʥʳ ʧʦ ʚʝʣʠ-

ʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʜʨʫʛ ʜʨʫʛʫ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʩʚʷʟʳ-

ʚʘʶʱʝʡ ʵʪʠ ʟʘʨʷʜʳ (ʨʠʩ. 1.1.1). 

 

 
ʈʠʩ. 1.1.1 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʣ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʪʦʯʝʯʥʳʝ ʟʘʨʷʜʳ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʚʘʪʴ ʵʪʠ ʪʝʣʘ ʥʘ 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʫʯʘʩʪʢʠ, ʘ ʟʘʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʧʦ ʦʙʲʝʤʫ.  

ɿʘʢʦʥ ʂʫʣʦʥʘ ʩʧʨʘʚʝʜʣʠʚ ʧʨʠ ʨʘʩʩʪʦʷʥʠʷʭ 715 1010 <<- r  ʤ. ɺʥʫʪ-

ʨʠ ʷʜʨʘ ʜʝʡʩʪʚʫʶʪ ʫʞʝ ʜʨʫʛʠʝ ʩʠʣʳ, ʥʝ ʢʫʣʦʥʦʚʩʢʠʝ. 
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1.1.3. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ 

ɺʦʢʨʫʛ ʟʘʨʷʜʘ ʚʩʝʛʜʘ ʝʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ 

ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʚʩʷʢʠʡ ʜʨʫʛʦʡ ʟʘʨʷʜ, ʧʦʤʝʱʝʥʥʳʡ 

ʚ ʵʪʦ ʧʦʣʝ, ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ.  

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ï ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʙʦʣʝʝ ʦʙʱʝʛʦ ï 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʕʄʇ). ʆʥʠ ʤʦʛʫʪ ʧʦʨʦʞʜʘʪʴ ʜʨʫʛ ʜʨʫʛʘ, 

ʧʨʝʚʨʘʱʘʪʴʩʷ ʜʨʫʛ ʚ ʜʨʫʛʘ. ɽʩʣʠ ʟʘʨʷʜʳ ʥʝ ʜʚʠʞʫʪʩʷ, ʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ʕʄʇ ï ʥʝ ʘʙʩʪʨʘʢʮʠʷ, ʘ ʦʙʲʝʢʪʠʚʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ï ʬʦʨʤʘ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʷ ʤʘʪʝʨʠʠ, ʦʙʣʘʜʘʶɦ ʘʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʤʳ ʤʦʞʝʤ ʠʟʤʝʨʠʪʴ. 

ʅʝ ʩʫʱʝʩʪʚʫʝʪ ʩʪʘʪʠʯʝʩʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʥʝ ʩʚʷʟʘʥʥʳʭ 

ʩ ʟʘʨʷʜʘʤʠ, ʢʘʢ ʥʝ ʩʫʱʝʩʪʚʫʝʪ çʛʦʣʳʭè, ʥʝ ʦʢʨʫʞʝʥʥʳʭ ʧʦʣʝʤ ʟʘʨʷʜʦʚ. 

ʉʠʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʟʘʨʷʜʦʤ q, ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʟʘʨʷʜ, ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ ʟʘʨʷʜʘ, ʥʘʟr-

ʚʘʝʤʦʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪ.ʝ. 

2
04 r

q

q

F
E

pe
== ,                                       (1.1.3) 

ʠʣʠ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ï 

rr

q r

4
E

2
0

CC

pe
= ,                                           (1.1.4) 

ʟʜʝʩʴ r ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʟʘʨʷʜʘ ʜʦ ʪʦʯʢʠ, ʛʜʝ ʤʳ ʠʟʫʯʘʝʤ ʵʪʦ ʧʦʣʝ. ʊʦʛʜʘ 

EF
CC

q=  ʠ, ʧʨʠ 1+=q , EF
CC
= . 

ɺʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʚʝʥ ʩʠʣʝ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʥʘ ʧʦʤʝʱʝʥʥʳʡ ʚ ʥʝʝ ʧʨʦʙʥʳʡ ʝʜʠʥʠʯʥʳʡ 

ʧʦʣʦʞʠʪʝʣʥɹʳʡ ʟʘʨʷʜ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠ-

ʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʧʦʤʝʱʝʥʥʳʡ ʚ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʫʶ ʪʦʯʢʫ. 

ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ï 

ɺʦʣʴʪ ʥʘ ʤʝʪʨ (ɺ/ʤ). 

ɺ ʉʀ  
2

04 r

q
ɽ

pe
= , ʨʘʟʤʝʨʥʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ []

ʤ

ɺ
ʠʣʠ

ʂʣ

ʅ
=E . 
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1.1.4. ʉʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʣʝʡ. 
ʇʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʆʜʥʠʤ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʠʥʮʠʧʦʚ ʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʷ ʩʠʣ, ʠʣʠ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʢʦʪʦʨʳʡ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʢʫ. 

ɽʩʣʠ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ, ʪʦ ʥʘ ʧʨʦʙ-

ʥʳʡ ʟʘʨʷʜ q  ʜʝʡʩʪʚʫʝʪ ʩʦ ʩʪʦʨʦʥʳ ʟʘʨʷʜʘ kq  ʪʘʢʘʷ ʩʠʣʘ, ʢʘʢ ʝʩʣʠ ʙʳ 

ʜʨʫʛʠʭ ʟʘʨʷʜʦʚ ʥʝ ʙʳʣʦ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʦʧʨʝʜʝʣʠʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

ä ä=
pe

=
k k

k
k

k

k

k

rr

qq
F

r

4

1
F

2
0

CCC
 

ï ʵʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʨʠʥʮʠʧʘ ʩʫʧʝʨʧʦʟʠʮʠʠ. 

ʊʘʢ ʢʘʢ EF
CC

q= , ʪʦ E
C

 ï ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ 

ʚ ʪʦʯʢʝ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʧʨʦʙʥʳʡ ʟʘʨʷʜ; ʪʘʢ ʞʝ ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʠʥʮʠʧʫ 

ʩʫʧʝʨʧʦʟʠʮʠʠ: 

.ɽ...ɽɽɽ 21 ä=++=
k

k

CCCC
                                (1.1.5) 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʣʷ ʩʠʩʪʝʤʳ ʪʦʯʝʯʥʳʭ ʟʘ-

ʨʷʜʦʚ ʨʘʚʥʘ ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʣʝʡ, ʩʦʟʜʘʥʥʳʭ 

ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʢʘʞʜʳʤ ʠʟ ʥʠʭ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

1.1.5. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʜʠʧʦʣʷ 

ʕʣʝʢʪʨʠʯʝʩʢʠʤ ʜʠʧʦʣʝʤ ʥʘʟʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʧʦ 

ʚʝʣʠʯʠʥʝ ʨʘʟʥʦʠʤʝʥʥʳʭ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳ-

ʤʠ l ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʪʦʯʝʢ, ʛʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʝ 

ʩʠʩʪʝʤʳ, ʪ. ʝ. lr >> (ʨʠʩ. 1.1.2). 

 

ʈʠʩ. 1.1.2 
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ɿʜʝʩʴ l
C

 ʥʘʟʳʚʘʶʪ ʧʣʝʯʦ ʜʠʧʦʣʷ ï ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ ʦʪʨʠ-

ʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʠ ʯʠʩʣʝʥʥʦ ʨʘʚʥʳʡ ʨʘʩʩʪʦʷʥʠʶ 

ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ. 

ʇʨʠʤʝʨ 1. ʅʘʡʜʝʤ ɽ ̂ʚ ʪʦʯʢʝ ɸ, ʣʝʞʘʱʝʡ ʥʘ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʮʝʥʪʨ ʜʠʧʦʣʷ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʦʩʠ ʜʠʧʦʣʷ (ʨʠʩ. 1.1.2): 

2
0

2

20 4

2

4

1
EE

r

q

l
r

q

pe
º

ö
÷

õ
æ
ç

å
+

pe
== -+  (ʪ.ʢ. rl <<).             (1.1.6) 

ʀʟ ʧʦʜʦʙʠʷ ʟʘʰʪʨʠʭʦʚʘʥʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

r

l

l
r

l
º

ö
÷

õ
æ
ç

å
+

=
+

^

2

1
2

2

4

E

E
, ʦʪʩʶʜʘ .

4
EE

3
0r

ql

r

l

pe
== +^           (1.1.7) 

ʆʙʦʟʥʘʯʠʤ ʚʝʢʪʦʨ:lp
CC

q=  ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʠʧʦʣʷ (ʠʣʠ 

ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ), ʵʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʜʠʧʦʣʷ ʥʘ 

ʧʣʝʯʦ l
C
. ʅʘʧʨʘʚʣʝʥʠʝ p

C
 ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ l

C
, ʪ.ʝ. ʦʪ ʦʪʨʠʮʘʪʝʣʴ-

ʥʦʛʦ ʟʘʨʷʜʘ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ. ʊʦʛʜʘ, ʫʯʠʪʳʚʘʷ ʯʪʦ pql= , ʧʦʣʫʯʠʤ 

3
04

E
r

p

pe
=^ ,  ʠʣʠ  

3
04

p
E

rpe

-
=^

CC
.                       (1.1.8) 

ʇʨʠʤʝʨ 2. ʅʘ ʦʩʠ ʜʠʧʦʣʷ, ʚ ʪʦʯʢʝ ɺ (ʨʠʩ. 1.1.2), 

3
0

||
ˊŮ4

2

r

ql
E = ,  ʠʣʠ  .

4

p2
E

3
0

||
rpe

=

CC
                          (1.1.9) 

ʇʨʠʤʝʨ 3. ɺ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ( 21 űűű ºº ): 

,1űcos3
ˊŮ4

2

3
0

+=
r

p
E                                  (1.5.5) 

ʇʨʠ 
3

0

121
ˊŮ4

,
2

ˊ
űű

r

p
E === . 

ʇʨʠ 
3

0

221
ˊŮ4

2
,0űű

r

p
ɽ=== . 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʧʦʣʷ ʩʠʩʪʝʤʳ ʟʘʨʷʜʦʚ ʨʘʚʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 

ʧʦʣʝʡ ʢʘʞʜʦʛʦ ʠʟ ʟʘʨʷʜʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ (ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ). 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʟʘʨʷʜʘ? ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ 

ʧʨʦʷʚʣʝʥʠʷ ʟʘʢʦʥʘ. 

2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʯʝʪʳʨʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʧʨʠʨʦʜʝ. 

3. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʠ ʢʘʢ ʝʛʦ ʤʦʞʥʦ 
ʠʟʦʙʨʘʟʠʪʴ ʛʨʘʬʠʯʝʩʢʠ? 

4. ɿʘʧʠʰʠʪʝ, ʩʬʦʨʤʫʣʠʨʫʡʪʝ ʠ ʦʙʲʷʩʥʠʪʝ ʟʘʢʦʥ ʂʫʣʦʥʘ. 

5. ʂʘʢʠʝ ʧʦʣʷ ʥʘʟʳʚʘʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ? 

6. ʏʪʦ ʪʘʢʦʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ E
C

 ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ? 

7. ʂʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E
C
? ɽʜʠʥʠʮʘ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʚ ʉʀ. 

8. ʂʘʢʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʷʚʣʷʝʪʩʷ ʩʠʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 
ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ? ʅʘʧʠʰʠʪʝ ʝʝ ʬʦʨʤʫʣʫ. 

9. ʏʪʦ ʪʘʢʦʝ ʧʦʪʦʢ ʚʝʢʪʦʨʘ E
C
? ɽʜʠʥʠʮʘ ʝʛʦ ʚ ʉʀ? 

10. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʜʠʧʦʣʴ ʧʦʤʝʱʝʥ ʚʥʫʪʨʴ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʂʘʢʦʚ ʧʦʪʦʢ ɽʌ ʩʢʚʦʟʴ ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ? 

11. ʇʦʣʴʟʫʷʩʴ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʥʘʡʜʠʪʝ ʚ ʧʦʣʝ ʜʚʫʭ ʪʦʯʝʯ-

ʥʳʭ ʟʘʨʷʜʦʚ +q ʠ +2q, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪʦʯ-

ʢʫ, ʛʜʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʨʘʚʥʘ ʥʫʣʶ. 

12. ʏʝʤʫ ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦ-

ʣʝʡ ʚ ʪʦʯʢʝ ɺ, ʣʝʞʘʱʝʡ ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ ʦʩʠ ʜʠʧʦʣʷ (ʨʠʩ. 1.1.2), ʠ ʚ ʪʦʯ-

ʢʝ ɸ, ʣʝʞʘʱʝʡ ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʆ ʦʩʠ 

ʵʪʦʛʦ ʜʠʧʦʣʷ, ʝʩʣʠ ʆɸ= ʆɺ? 

13. ʇʨʠʚʝʜʠʪʝ ʬʦʨʤʫʣʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʪʦʯʢʝ ʉ ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʧʨʦʠʟʚʦʣʴʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʧʦʣʶ. 

14. . ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʰʘʨʠʢʘ, ʠʤʝʶʱʠʭ ʟʘʨʷʜʳ ʧʦ 400 ʥʂʣ ʩʦʝʜʠʥʝ-

ʥ  rʧʨʫʞʠʥʦʡ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʣʘʜʢʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʪʦʣʝ. ʐʘʨʠʢʠ 

ʢʦʣʝʙʣʶʪʩʷ ʪʘʢ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʤʝʥʷʝʪʩʷ ʦʪ L ʜʦ 4L. ʅʘʡ-

ʜʠʪʝ ʞʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʝʝ ʜʣʠʥʘ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ 2L, ʛʜʝ L = 2 ʩʤ. 

15. . ɼʚʘ ʥʝʙʦʣʴʰʠʭ ʪʝʣʘ ʤʘʩʩʦʡ 5 ʛ ʢʘʞʜʦʝ, ʟʘʨʞ̫ʝʥʥʳʝ ʦʜʠʥʘʢʦʚʳʤ 

ʟʘʨʷʜʦʤ 1 ʤʢʂʣ, ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

10 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʪʝʣ ʦ ʧʣʦʩʢʦʩʪʴ ʨʘʚʝʥ 0,5. ʂʘ-

ʢʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʥʘʜʦ ʩʦʦʙʱʠʪʴ ʦʜʥʦʤʫ ʠʟ ʪʝʣ, 

ʯʪʦʙʳ ʩʜʚʠʥʫʪʴ ʩ ʤʝʩʪʘ ʚʪʦʨʦʝ ʪʝʣʦ? 

16. . ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʟʘʢʨʝʧʣʝʥ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ ī10 ʤʢʂʣ, ʘ ʧʦʜ 
ʥʠʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤ ʥʘʭʦʜʠʪʩʷ ʯʘʩʪʠʮʘ ʤʘʩʩʦʡ 9 ʛ ʠ ʟʘʨʷʜʦʤ 4 ʤʢʂʣ. 

ʂʘʢʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ (ʚ ʝʜʠʥʠʮʘʭ ʉʀ) ʥʘʜʦ ʩʦ-

ʦʙʱʠʪʴ ʯʘʩʪʠʮʝ, ʯʪʦʙʳ ʦʥʘ ʜʦʣʝʪʝʣʘ ʜʦ ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʟʘʨʷʜʘ? 
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1.2. ʊʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ 

1.2.1. ʉʠʣʦʚʳʝ ʣʠʥʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʥʫʞʥʦ ʟʘʜʘʪʴ ʚʝʢʪʦʨ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʣʷ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ 

ʠʣʠ ʛʨʘʬʠʯʝʩʢʠ. ɼʣʷ ʵʪʦʛʦ ʧʦʣʴʟʫʶʪʩʷ ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ ï ʵʪʦ ʣʠʥʠʠ, 

ʢʘʩʘʪʝʣʴʥʘʷ ʢ ʢʦʪʦʨʳʤ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʦʣʷ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʚʝʢʪʦʨʘ ʥʘʧʨʞ̫ʝʥʥʦʩʪʠ E
C
 (ʨʠʩ. 1.2.1). 

 

 

ʈʠʩ. 1.2.1 

 

ʉʠʣʦʚʦʡ ʣʠʥʠʠ ʧʨʠʧʠʩʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʦʪ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʢ ʦʪʨʠʮʘʪʝʣʥɹʦʤʫ, ʠʣʠ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

ʆʜʥʦʨʦʜʥʳʤ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ, ʚʦ ʚʩʝʭ ʪʦʯ-

ʢʘʭ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʦʜʠʥʘʢʦʚʘ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʥʘʧʨʘʚʣʝʥʠʶ, 

ʪ.ʝ. .constE=
C

.  

ʆʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʠʟʦʙʨʘʞʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʤrʠ 

ʩʠʣʦʚʳʤʠ ʣʠʥʠʷʤʠ ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʘʢʦʝ ʧʦʣʝ 

ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʙʝʩʢʦʥʝʯʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʘ-

ʩʪʠʥʘʤʠ, ʥʘʧʨʠʤʝʨ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʨʠʩ. 1.2.2). 

ʇʦʣʝ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʥʝʦʜʥʦʨʦʜʥʦ. ɼʣʷ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʣʠʥʠʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ  ʠʩʭʦʜʷʪ ʠʟ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʠ ʫʭʦʜʷʪ ʚ ʙʝʩʢʦ-

ʥʝʯʥʦʩʪʴ ʠ ʠʟ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚʭʦʜʷʪ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʊʘʢ ʢʘʢ 

,/1~ 2rɽ  ʪʦ ʠ ʛʫʩʪʦʪʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜ-

ʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʟʘʨʷʜʘ. ʊʘʢ ʢʘʢ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ, ʯʝʨʝʟ 

ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʷʪ ʵʪʠ ʣʠʥʠʠ, ʩʘʤʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘ-

ʪʫ ʨʘʩʩʪʦʷʥʠʷ, ʪʦ ʦʙʱʝʝ ʯʠʩʣʦ ʣʠʥʠʡ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʥʘ ʣʶʙʦʤ 

ʨʘʩʩʪʦʥ̫ʠʠ ʦʪ ʟʘʨʷʜʘ. 

ɼʣʷ ʩʠʩʪʝʤʳ ʟʘʨʷʜʦʚ, ʢʘʢ ʚʠʜʠʤ, ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʥʘʧʨʘʚʣʝʥʳ ʦʪ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʢ ʦʪʨʠʮʘʪʝʣʥɹʦʤʫ (ʨʠʩ. 1.2.2). 
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ʈʠʩ. 1.2.2 

 

ʀʟ ʨʠʩ. 1.2.2 ʚʠʜʥʦ, ʯʪʦ ʛʫʩʪʦʪʘ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʝʣʠʯʠʥʳ E
C
. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʯʠʩʣʦ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʝʜʠʥʠʯʥʫʶ ʧʣʦʱʘʜʢʫ, ʥʦʨ-

ʤʘʣʴʥʫʶ ʢ ʚʝʢʪʦʨʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʙʳʣʦ ʨʘʚʥʦ ʤʦʜʫʣʶ ʚʝʢʪʦʨʘ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ɽ
C

. 

1.2.2. ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ɽʩʣʠ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴʶ E
C
 ʧʨʦʥʠʟʳʚʘʶʪ ʥʝʢʦʪʦʨʫʶ ʧʣʦʱʘʜʢʫ S, ʪʦ ʧʦʪʦʢ ʚʝʢʪʦʨʘ ʥʘ-

ʧʨʷʞʝʥʥʦʩʪʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʬʦʨʤʫʣʦʡ 

,cosʌ SEESES nE =a== ^  

ʛʜʝ nE  ï ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ E
C
 ʥʘ ʥʦʨʤʘʣʴ n

C
 ʢ ʜʘʥʥʦʡ ʧʣʦʱʘʜʢʝ 

(ʨʠʩ. 1.2.3). 

 

 
 

ʈʠʩ. 1.2.3. 

 

ʇʦʣʥʦʝ ʯʠʩʣʦ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ S, ʥʘ-

ʟʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʌɽ ʯʝʨʝʟ ʵʪʫ ʧʦʚʝʨʭ-

ʥʦʩʪʴ. 

ɺ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʯʪʦ  )S,E(ʌ
CC

=E  ï ʩʢʘʣʷʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʚʝʢʪʦʨʦʚ, ʛʜʝ ʚʝʢʪʦʨ SnS
CC
= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʦʢ ʚʝʢʪʦʨʘ E
C
 ʝʩʪʴ ʩʢʘʣʷʨ, ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʫʛʣʘ Ŭ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʪʘʢ ʠ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʤ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ. 1.2.4 ʠ 1.2.5.  
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    ʈʠʩ. 1.2.4                                                   ʈʠʩ. 1.2.5 

 

ʅʘ ʨʠʩ. 1.2.4 ʧʦʚʝʨʭʥʦʩʪʴ ɸ1 ʦʢʨʫʞʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, 

ʠ ʧʦʪʦʢ ʟʜʝʩʴ ʥʘʧʨʘʚʣʝʥ ʥʘʨʫʞʫ, ʪ.ʝ. .0ʌ >E  ʇʦʚʝʨʭʥʦʩʪʴ ɸ2  ʦʢʨʫʞʘʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʟʜʝʩʴ 0ʌ <ɽ  ʠ ʥʘʧʨʘʚʣʝʥ ʚʥʫʪʨʴ. ʆʙʱʠʡ ʧʦʪʦʢ 

ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ɸ ʨʘʚʝʥ ʥʫʣʶ. 

ʇʦʪʦʢ ʙʫʜʝʪ ʥʝ ʨʘʚʝʥ ʥʫʣʶ, ʝʩʣʠ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʚʥʫʪʨʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʥʝ ʨʘʚʝʥ ʥʫʣʶ. ɼʣʷ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1.2.5, 

ʧʦʪʦʢ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ɸ ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʦʢ ʚʝʢʪʦʨʘ ʥʘʧʨ̫ʞʝʥʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ  

ʟʘʨʷʜʘ. 

1.2.3. ʊʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ 

ʇʫʩʪʴ ʠʤʝʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q (ʨʠʩ. 1.2.6). 

ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʥɹʫʶ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʧʣʦʱʘʜʢʫ dS ʙʫʜʝʪ ʨʘʚʝʥ 

.dcosddʌ SESɽ nɽ =a=                            (1.2.1) 

ɺ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ .ʌ ESɽ=  ɺ ʧʨʦʠʟʚʦʣʴʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

.SdEdʌ ñ=ñ=
SS

nɽ Sɽ
CC

                                    (1.2.2) 

  

ʈʠʩ. 1.2.6 ʈʠʩ. 1.2.7 
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ɿʜʝʩʴ ndSd
CC

S= , ʪ.ʝ. ʦʨʠʝʥʪʘʮʠʷ dS ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ n
C
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ Sd

C
 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ n
C

 ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʜʩʯʠʪʘʝʤ ʧʦʪʦʢ ʚʝʢʪʦʨʘ E
C
 ʯʝʨʝʟ ʧʨʦʠʟʚʦʣʴʥʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ S, ʦʢʨʫʞʘʶʱʫʶ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ q (ʨʠʩ. 1.2.7). ʆʢʨʫʞʠʤ ʟʘʨʷʜ 

q ʩʬʝʨʦʡ S1. 

ʎʝʥʪʨ ʩʬʝʨʳ ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʟʘʨʷʜʘ. ʈʘʜʠʫʩ ʩʬʝʨʳ S1 ʨʘʚʝʥ R1.  

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ S1 ʧʨʦʝʢʮʠʷ E
C
 ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʥʝʰ-

ʥʝʡ ʥʦʨʤʘʣʠ ʦʜʠʥʘʢʦʚʘ ʠ ʨʘʚʥʘ 

.
4

1
2
10 R

q
En

pe
=  

ʊʦʛʜʘ ʧʦʪʦʢ ʯʝʨʝʟ S1 

.4
4

dʌ
0

2
12

101
e
=p

pe
=ñ=

q
R

R

q
SE

S
nE  

ʇʦʜʩʯʠʪʘʝʤ ʧʦʪʦʢ ʯʝʨʝʟ ʩʬʝʨʫ S2, ʠʤʝʶʱʫʶ ʨʘʜʠʫʩ R2: 

.4
4

d
4

ʌ
0

2
22

20
2
202

e
=p

pe
=ñ

pe
=

q
R

R

q
S

R

q

S
ɽ  

ʀʟ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʣʠʥʠʠ E
C

 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʪʦʢ ʠ ʯʝʨʝʟ ʣʶʙʫʶ ʧʨʦ-

ʠʟʚʦʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S ʙʫʜʝʪ ʨʘʚʝʥ ʵʪʦʡ ʞʝ ʚʝʣʠʯʠʥʝ: 

0

dʌ
e
=ñ=

q
Sɽ

S
nɽ  ï ʪʝʦʨʝʤʘ ɻʘʫʩʩʘ ʜʣʷ ʦʜʥʦʛʦ ʟʘʨʜ̫ʘ.           (1.2.3) 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʧʨʘʚʝʜʣʠʚ ʥʝ ʪʦʣʢɹʦ ʜʣʷ ʦʜʥʦʛʦ ʟʘʨʷʜʘ, ʥʦ 

ʠ ʜʣʷ ʣʶʙʦʛʦ ʯʠʩʣʘ ʧʨʦʠʟʚʦʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʘʨʷʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʚʥʫʪʨʠ ʧʦʚʝʨʭʥʦʩʪʠ: 

ñ
e

ä
==

S
nɽ

q
Sɽ

0

dʌ  ï ʪʝʦʨʝʤʘ ɻʘʫʩʩʘ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʟʘʨʷʜʦʚ.   (1.2.4) 

ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʯʝʨʝʟ 

ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʚʘʢʫʫʤʝ ʨʘʚʝʥ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʚʩʝʭ 

ʟʘʨʷʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʫʪʨʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʝʣʝʥʥʦʡ ʥʘ Ů0. 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʦʪʦʢʘ ʯʝʨʝʟ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʝʢʪʦʨ ʥʦʨ-

ʤʘʣʠ n
C

 ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘʨʫʞʫ. ʃʠʥʠʠ E
C
, ʚʳʭʦʜʷʱʠʝ ʠʟ 

ʦʙʲʝʤʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʩʦʟʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʧʦʪʦʢ, ʣʠʥʠʠ ʞʝ, ʚʭʦʜʷʱʠʝ ʚ ʦʙʲʝʤ, ï ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʦʢ. 

ɽʩʣʠ ʤʝʞʜʫ ʥʘʰʠʤʠ ʩʬʝʨʘʤʠ ʨʘʩʧʦʣʦʞʠʪʴ ʝʱʸ ʦʜʥʫ ʧʦʚʝʨʭ-

ʥʦʩʪʴ S3, ʥʝ ʦʭʚʘʪʳʚʘʶʱʫʶ ʟʘʨʷʜ, ʪʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1.2.7, ʢʘʞʜʘʷ 

ʣʠʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E
C
 ʙʫʜʝʪ ʜʚʘʞʜʳ ʧʝʨʝʩʝʢʘʪʴ ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ: 
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ʦʜʠʥ ʨʘʟ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʪʦʨʦʥʳ ï ʚʦʡʜʝʪ ʚ ʧʦʚʝʨʭʥʦʩʪʴ S3, ʜʨʫʛʦʡ 

ʨʘʟ ï ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʩʪʦʨʦʥʳ ï ʚʳʡʜʝʪ ʠʟ ʧʦʚʝʨʭʥʦʩʪʠ S3. ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʣʠʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ 

ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S3, ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ, ʪ.ʝ. ʧʦʣʥʳʡ ʧʦʪʦʢ, ʧʨʦʭʦ-

ʜʷʱʠʡ ʯʝʨʝʟ S3, ʨʘʚʝʥ ʥʫʣʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ q ʧʦʣʥʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʣʶʙʫʶ 

ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S ʙʫʜʝʪ ʨʘʚʝʥ 

0Ů
ʌ

q
ɽ= , ʝʩʣʠ ʟʘʨʷʜ ʨʘʩʧʦʣʦʞʝʥ ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

0ʌ =ɽ , ʝʩʣʠ ʟʘʨʷʜ ʨʘʩʧʦʣʦʞʝʥ ʚʥʝ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʟʥʘʢ ʧʦʪʦʢʘ 

ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʢʦʤ ʟʘʨʷʜʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʤʦʛʫʪ ʙʳʪʴ çʨʘʟʤʘʟʘʥʳè 

ʩ ʥʝʢʦʪʦʨʦʡ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ Vq d/dɟ= , ʨʘʟʣʠʯʥʦʡ ʚ ʨʘʟʥʳʭ ʤʝʩ-

ʪʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɿʜʝʩʴ dV ï ʬʠʟʠʯʝʩʢʠ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ ʦʙʲʝʤ, ʧʦʜ 

ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʪʘʢʦʡ ʦʙʲʝʤ, ʢʦʪʦʨʳʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ, ʯʪʦʙʳ ʚ ʧʨʝʜʝʣʘʭ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʩʯʠʪʘʪʴ 

ʦʜʠʥʘʢʦʚʦʡ, ʘ ʩ ʜʨʫʛʦʡ ï ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ, ʯʪʦʙʳ ʥʝ ʤʦʛʣʘ ʧʨʦʷʚʠʪʴʩʷ 

ʜʠʩʢʨʝʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʪ.ʝ. ʪʦ, ʯʪʦ ʣʶʙʦʡ ʟʘʨʷʜ ʢʨʘʪʝʥ ʮʝʣʦʤʫ ʯʠʩʣʫ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʘʨʷʜʦʚ ʵʣʝʢʪʨʦʥʘ -e  ʠʣʠ ʧʨʦʪʦʥʘ +p .  

ʉʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʦʙʲʝʤʘ dV ʙʫʜʝʪ ʨʘʚʝʥ 

.dä ñr=
V

i Vq                                                   (1.2.5) 

ʊʦʛʜʘ ʠʟ ʪʝʦʨʝʤʳ ɻʘʫʩʩʘ (2.3.4) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ñr=ñ=
VS

E Vd
Ů

1
Sdɽʌ

0

CC
                                  (1.2.6) 

ï ʵʪʦ ʝʱʸ ʦʜʥʘ ʬʦʨʤʘ ʟʘʧʠʩʠ ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ, ʝʩʣʠ 

ʟʘʨʷʜ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʦʙʲʝʤʫ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ: ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʩʘʤʦ ʧʦʣʝ E
C
 ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʩʝʭ ʟʘʨʷʜʦʚ, ʧʦʪʦʢ 

Eʌ  ʩʢʚʦʟʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʟʘʨʷʜʦʚ ʚʥʫʪʨʠ ʧʦʚʝʨʭʥʦʩʪʠ S. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ 

ʝʩʣʠ ʧʝʨʝʜʚʠʥʫʪʴ ʟʘʨʷʜʳ, ʪʦ E
C
 ʠʟʤʝʥʠʪʩʷ ʚʩʶʜʫ, ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S, 

ʘ ʧʦʪʦʢ ʚʝʢʪʦʨʘ E
C
 ʯʝʨʝʟ ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʪʘʥʝʪʩʷ ʧʨʝʞʥʠʤ. 
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1.2.4. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʪʝʦʨʝʤʳ 
ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ 

ʉ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʪʝʦʨʝʤʳ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʠ ʟʘʨʷʜʦʚ. ɺ ʥʝʡ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʟʘʨʷʜʘ ɟ ʠ ʠʟʤʝʥʝʥʠʝʤ E
C
 ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʘʥʥʦʡ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʫʩʪʴ ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ DV ʩ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦ-

ʩʪʴʶ ><ɟ . ʊʦʛʜʘ 

0Ů
SdE

q
=ñ
CC

; 

0

SdE
e

D>r<
=ñ

VCC
; 

0

SdE
1

e

>r<
=ñ

D

CC

V
. 

ʊʝʧʝʨʴ ʫʩʪʨʝʤʠʤ 0ȹ ­V , ʩʪʷʛʠʚʘʷ ʝʛʦ ʢ ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ ʪʦʯʢʝ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ><ɟ  ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ɟ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ, ʪ.ʝ. 

.
00 e

r
­

e

>r<
 

ɺʝʣʠʯʠʥʫ, ʷʚʣʷʶʱʫʶʩʷ ʧʨʝʜʝʣʦʤ ʦʪʥʦʰʝʥʠʷ ñ Sdɽ
CC

 ʢ DV, ʧʨʠ 

0ȹ ­V , ʥʘʟʳʚʘʶʪ ʜʠʚʝʨʛʝʥʮʠʝʡ ʧʦʣʷ E
C

 ʠ ʦʙʦʟʥʘʯʘʶʪ Ediv
C

. ʊʦʛʜʘ, 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, 

ñ
D

=
­D

SdE
1

limEdiv
0

CCC

VV
.                                  (1.2.7) 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʚʝʨʛʝʥʮʠʷ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ. ʀʟ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʠʚʝʨʛʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʥʦʡ 

ʬʫʥʢʮʠʝʡ ʢʦʦʨʜʠʥʘʪ. ɺ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʠʚʝʨʛʝʥʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʦʡ 

z

E

y

E

x

E zyx

µ

µ
+

µ

µ
+

µ

µ
=Ediv
C

 ;                       (1.2.8) 

.Ediv
0e

r
=
C

                                                  (1.2.9) 

ʕʪʦ ʪʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ. 

ʅʘʧʠʩʘʥʠʝ ʤʥʦʛʠʭ ʬʦʨʤʫʣ ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʚʚʝʩʪʠ ʚʝʢʪʦʨʥʳʡ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ Ð
C

(ʥʘʙʣʘ); 

,kji
CCCC

zyx µ

µ
+

µ

µ
+

µ

µ
=Ð                              (1.2.10) 
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ʛʜʝ k,j,i
CCC

 ï ʦʨʪʳ ʦʩʝʡ (ʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ). 

ʉʘʤ ʧʦ ʩʝʙʝ ʦʧʝʨʘʪʦʨ Ð
C

 ʩʤʳʩʣʘ ʥʝ ʠʤʝʝʪ. ʆʥ ʧʨʠʦʙʨʝʪʘʝʪ ʩʤʳʩʣ 

ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʝʢʪʦʨʥʦʡ ʠʣʠ ʩʢʘʣʷʨʥʦʡ ʬʫʥʢʮʠʝʡ, ʥʘ ʢʦʪʦʨʫʶ ʩʠʤʚʦ-

ʣʠʯʥʦ ʫʤʥʦʞʘʝʪʩʷ: 

z

E

y

E

x

E
EEE zyx

zzyyxx
µ

µ
+

µ

µ
+

µ

µ
=Ð+Ð+Ð=ÖÐɽ

CC
; 

0

E
e

r
=Ð
CC

.                                               (1.2.11) 

ʌʦʨʤʫʣʘ (1.2.11) ï ʵʪʦ ʪʦʞʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʪʝʦʨʝʤʳ 

ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ. 

ɺ ʪʝʭ ʪʦʯʢʘʭ ʧʦʣʷ, ʛʜʝ 0div >E  (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʨʷʜʳ), ï ʠʩʪʦʯ-

ʥʠʢʠ ʧʦʣʷ, ʛʜʝ 0div <E (ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ) ï ʩʪʦʢʠ. ʃʠʥʠʠ E
C
 ʚr -

ʭʦʜʷʪ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʚ ʩʪʦʢʘʭ. 

1.2.5. ɺʳʯʠʩʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʩ ʧʦʤʦʱʴʶ 
ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ 

ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʤʝʨʘʭ. 

ʇʦʣʝ ʙʝʩʢʦʥʝʯʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʣʦʘɦʜʴʶ S ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

,
d

d
ů

S

q
=  

ʛʜʝ dq ï ʟʘʨʷʜ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʥʘ ʧʣʦʱʘʜʠ dS; dS ï ʬʠʟʠʯʝʩʢʠ ʙʝʩʢʦ-

ʥʝʯʥʦ ʤʘʣʳʡ ʫʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʫʩʪʴ ů ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʧʣʦʩʢʦʩʪʠ S ʦʜʠʥʘʢʦʚʘ. ɿʘʨʷʜ q ï ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ E
C
 ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʧʣʦʩʢʦʩʪʠ S (ʨʠʩ. 1.2.8). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʪʦʯʢʘʭ ʥʘ-

ʧʨʷʞʝʥʥʦʩʪʴ E
C

 ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʘ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘ ʧʦ ʥʘ-

ʧʨʘʚʣʝʥʠʶ. 

ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ ʮʠʣʠʥʜʨ ʩ ʦʙʨʘʟʫʶʱʠʤʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ 

ʧʣʦʩʢʦʩʪʠ, ʠ ʦʩʥʦʚʘʥʠʷʤʠ ȹS, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ (ʨʠʩ. 1.2.9). 
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ʈʠʩ. 1.2.8                                              ʈʠʩ. 1.2.9 

 

ʊʦʛʜʘ .''' EEE ==  

ʇʨʠʤʝʥʠʤ ʪʝʦʨʝʤʫ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ. ʇʦʪʦʢ ʌɽ ʯʝʨʝʟ ʙʦʢʦ-

ʚʫʶ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʨʘʚʝʥ ʥʫʣʶ, ʪ.ʢ. .0=nE  ɼʣʷ ʦʩʥʦʚʘʥʠʷ 

ʮʠʣʠʥʜʨʘ .EEn=  

ʉʫʤʤʘʨʥʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʮʠʣʠʥʜʨ) ʙʫʜʝʪ 

ʨʘʚʝʥ 

.2ʌ SEɽ D=  

ɺʥʫʪʨʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʢʣʶʯʝʥ ʟʘʨʷʜ Sq ȹů= . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ 

ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ ʧʦʣʫʯʠʤ 

00

1
2ʌ

e
Ds=D=

e
= SSE

q
ɽ , 

ʦʪʢʫʜʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʧʣʦʩʢʦʩʪʠ S ʨʘʚʥʘ 

.
2 0e

s
=E                                                          (1.2.12) 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʮʠʣʠʥʜʨʘ. ʕʪʦ ʟʥʘʯʠʪ, 

ʯʪʦ ʥʘ ʣʶʙʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʣʦʩʢʦʩʪʠ .const=E  

ʇʦʣʝ ʜʚʫʭ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ 

ʇʫʩʪʴ ʜʚʝ ʙʝʩʢʦʥʝʯʥʳʝ ʧʣʦʩʢʦʩʪʠ ʟʘʨʷʞʝʥʳ ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʟʘʨʷʜʘ-

ʤʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ů (ʨʠʩ.1.2.10). 

ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʣʝ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʩʫ-

ʧʝʨʧʦʟʠʮʠʷ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʢʘʞʜʦʡ ʠʟ ʧʣʦʩʢʦʩʪʝʡ:  -++= EEE . 

ʊʦʛʜʘ ʚʥʫʪʨʠ ʧʣʦʩʢʦʩʪʝʡ 

0Ů/ů =E .                                        (1.2.13) 

ɺʥʝ ʧʣʦʩʢʦʩʪʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ .0=E  
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ʈʠʩ. 1.2.10  

 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʧʨʘʚʝʜʣʠʚ ʠ ʜʣʷ ʧʣʦʩʢʦʩʪʝʡ ʢʦʥʝʯʥʳʭ ʨʘʟ-

ʤʝʨʦʚ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʣʠʥʝʡʥʳʭ 

ʨʘʟʤʝʨʦʚ ʧʣʦʩʢʦʩʪʝʡ (ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ). 

ʇʦʥʜʝʨʤʦʪʦʨʥʳʝ ʩʠʣʳ. 

ʄʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷ-

ʞʝʥʠʷ (ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʣʘʩʪʠʥ) 

S

ES

S

F
F

s
==ʝʜ ,   ʪ.ʝ.   

ee

s
=

0

2

ʝʜ
2

F .                       (1.2.14) 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʪʝʣʘʤʠ, 

ʥʘʟʳʚʘʶʪ ʧʦʥʜʝʨʤʦʪʦʨʥʳʤʠ. 

ʊʦʛʜʘ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ 

,
2 0

2

e

s
=

S
F                                                   (1.2.15) 

ʛʜʝ S ï ʧʣʦʱʘʜʴ ʦʙʢʣʘʜʦʢ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʊʘʢ ʢʘʢ 0e==s E
S

q
, ʪʦ 

22

2
0

0

2 SE

S

q
F

e
=

ee
=                                  (1.2.16) 

ï ʪɻʦ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʥʜʝʨʤʦʪʦʨʥʦʡ ʩʠʣʳ. 
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Ů

ů

0E
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ʇʦʣʝ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʛʦ  

ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʮʠʣʠʥʜʨʘ (ʥʠʪʠ) 

ʇʫʩʪʴ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʨʘʜʠʫʩʘ R, ʟʘʨʷʞʝʥʥʦʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 
l

q

d

d
ɚ=+ , ʛʜʝ 

dq ï ʟʘʨʷʜ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʥʘ ʦʪʨʝʟʢʝ ʮʠʣʠʥʜʨʘ (ʨʠʩ. 1.2.11).  

  

ʈʠʩ. 1.2.11 ʈʠʩ. 1.2.12 
 

ʀʟ ʩʦʦʙʨʘʞʝʥʠʷ ʩʠʤʤʝʪʨʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ɽ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʙʫʜʝʪ ʥʘ-

ʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʨʘʜʠʫʩʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʮʠʣʠʥʜʨʘ. 

ʇʨʝʜʩʪʘʚʠʤ ʚʦʢʨʫʛ ʮʠʣʠʥʜʨʘ (ʥʠʪʠ) ʢʦʘʢʩʠʘʣʴʥʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ (ʮʠʣʠʥʜʨ ʚ ʮʠʣʠʥʜʨʝ) ʨʘʜʠʫʩʘ r ʠ ʜʣʠʥʦʡ l. ɼʣʷ ʦʩʥʦʚʘʥʠʡ ʮʠ-

ʣʠʥʜʨʦʚ ,0=nE  ʜʣʷ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ),(rEEn=  ʪ.ʝ. ʟʘʚʠʩʠʪ ʦʪ ʨʘʩ-

ʩʪʦʷʥʠʷ r. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʪʦʢ ʚʝʢʪʦʨʘ E
C
 ʯʝʨʝʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʨʘʚʝʥ .2)()(ʌ rlrESrEE p==  

ʇʨʠ Rr²  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʟʘʨʷʜ .ɚlq=  ʇʦ ʪʝʦʨʝʤʝ ʆʩʪʨʦ-

ʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ 
0

2)(
e

l
=p

l
rlrE , ʦʪʩʶʜʘ 

Rr
r

rɽ ²
pe

l
= ʧʨʠ

2
)(

0

.                                (1.2.17) 

ɽʩʣʠ ,Rr <  0)( =rE , ʪ.ʢ. ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʜʦʚ 

ʥʝʪ (ʨʠʩ. 1.2.12). 

ɽʩʣʠ ʫʤʝʥʴʰʘʪʴ ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʘ R (ʧʨʠ constɚ= ), ʪʦ ʤʦʞʥʦ 

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʧʦʣʝ ʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

ʠ, ʧʨʠ 0­R , ʧʦʣʫʯʠʪʴ ʥʠʪʴ. 
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ʇʦʣʝ ʜʚʫʭ ʢʦʘʢʩʠʘʣʴʥʳʭ ʮʠʣʠʥʜʨʦʚ ʩ ʦʜʠʥʘʢʦʚʦʡ 

ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ɚ, ʥʦ ʨʘʟʥʳʤ ʟʥʘʢʦʤ 

ɺʥʫʪʨʠ ʤʝʥʴʰʝʛʦ ʠ ʚʥʝ ʙʦʣʴʰʝʛʦ ʮʠʣʠʥʜʨʦʚ ʧʦʣʝ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦ-

ʚʘʪʴ, 0=E  (ʨʠʩ. 1.2.13). 

ɺ ʟʘʟʦʨʝ ʤʝʞʜʫ ʮʠʣʠʥʜʨʘʤʠ ʧʦʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʝ-

ʜʳʜʫʱʝʤ ʩʣʫʯʘʝ: 

 

 

 

 

 

.
2

)(
0r

rE
pe

l
=  

ʈʠʩ. 1.2.13  

 

ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʮʠʣʠʥʜʨʘ, ʠ ʜʣʷ ʮʠ-

ʣʠʥʜʨʦʚ ʢʦʥʝʯʥʦʡ ʜʣʠʥʳ, ʝʩʣʠ ʟʘʟʦʨ ʤʝʞʜʫ ʮʠʣʠʥʜʨʘʤʠ ʥʘʤʥʦʛʦ ʤʝʥʴ-

ʰʝ ʜʣʠʥʳ ʮʠʣʠʥʜʨʦʚ (ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ). 

ʇʦʣʝ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʇʫʩʪʦʪʝʣʳʡ ʰʘʨ (ʠʣʠ ʩʬʝʨʘ) ʨʘʜʠʫʩʘ R ʟʘʨʷʞʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʟʘʨʷʜʦʤ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ů. ʇʦʣʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʮʝʥʪʨʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʤ, E
C
 ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʘh-

ʨʘ; )(rEE=  ʠ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ. ɺʦʦʙʨʘʟʠʤ ʚʦʢʨʫʛ ʰʘʨʘ  ʩʬʝʨʫ ʨʘʜʠʫʩʘ r (ʨʠʩ. 1.2.14). 

ɽʩʣʠ ,Rr ²  ʪʦ ʚʥʫʪʨʴ ʚʦʦʙʨʘʞʘʝʤʦʡ ʩʬʝʨʳ ʧʦʧʘʜʝʪ ʚʝʩʴ ʟʘʨʷʜ q, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʧʦ ʩʬʝʨʝ, ʪʦʛʜʘ 

0

24)()(ʌ
e
=p==

q
rrɽSrEE , 

ʦʪʢʫʜʘ ʧʦʣʝ ʚʥʝ ʩʬʝʨʳ 

.
4

)(
2

0r

q
rE

pe
=                                               (1.2.18) 

ɺʥʫʪʨʠ ʩʬʝʨʳ, ʧʨʠ ,Rr <  ʧʦʣʝ ʙʫʜʝʪ ʨʘʚʥʦ ʥʫʣʶ, ʪ.ʢ. ʪʘʤ ʥʝʪ ʟʘ-

ʨʷʜʦʚ: .0)( =rE  
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ʈʠʩ. 1.2.14  

 

ʇʦʣʝ ʚʥʝ ʩʬʝʨʳ ʪʦʞʜʝʩʪʚʝʥʥʦ ʧʦʣʶ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʪʦʡ ʞʝ ʚʝʣʠ-

ʯʠʥʳ, ʧʦʤʝɦ ʝʥʥʦʤʫ ʚ ʮʝʥʪʨ ʩʬʝʨʳ. 

ʇʦʣʝ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʞʝʥʥʦʛʦ ʰʘʨʘ 

ɼʣʷ ʧʦʣʷ ʚʥʝ ʰʘʨʘ ʨʘʜʠʫʩʦʤ R (ʨʠʩ. 1.2.15) ʧʦʣʫʯʘʝʪʩʷ ʪʦʪ ʞʝ ʨʝ-

ʟʫʣʴʪʘʪ, ʯʪʦ ʠ ʜʣʷ ʧʫʩʪʦʪʝʣʦʡ ʩʬʝʨʳ, ʪ.ʝ. ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 
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ʈʠʩ. 1.2.15 

 

ʅʦ ʚʥʫʪʨʠ ʰʘʨʘ, ʧʨʠ ,Rr <  ʩʬʝʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʫʜʝʪ ʩʦʜʝʨ-

ʞʘʪʴ ʚ ʩʝʙʝ ʟʘʨʷʜ, ʨʘʚʥʳʡ 
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ʛʜʝ ɟ ï ʦʙ̡ʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʨʘʚʥʘʷ 
V

q
=ɟ ; 3ˊ

3

4
rV =  ï ʦʙʲʝʤ ʰʘ-

ʨʘ. ʊʦʛʜʘ, ʧʦ ʪʝʦʨʝʤʝ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ, ʟʘʧʠʰʝʤ, ʯʪʦ 

3
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2

3

41
4)()(ʌ rrrɽSrEE pr

e
=pÖ== , 

ʪ.ʝ. ʚʥʫʪʨʠ ʰʘʨʘ 

03
)(
e

r
=

r
rE .                                           (1.2.19) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠ ʰʘʨʘ .~ rE  

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï 

ɻʘʫʩʩʘ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʚʘʢʫʫʤʝ? 

2. ʏʪʦ ʪʘʢʦʝ ʣʠʥʝʡʥʘʷ, ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʠ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷ-

ʜʦʚ? 

3. ʂʘʢ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴ-

ʥʳʤ?  

4. ʂʘʢ ʟʘʧʠʩʳʚʘʝʪʩʷ ʊʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʘ ʚ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʡ ʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʘʭ? 

5. ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʘʦʛʦ ï ɻʘʫʩʩʘ ʨʘʩʩʯʠʪʘʡʪʝ ʠ 

ʠʟʦʙʨʘʟʠʪʝ ʛʨʘʬʠʯʝʩʢʠ: 

¶ ʧʦʣʝ ʙʝʩʢʦʥʝʯʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʩ ʧʦʚʝʨʭʥʦ-

ʩʪɹʶ ʟʘʨʷʜʘ;  

¶ ʧʦʣʝ ʜʚʫʭ (ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʳʭ) ʧʘʨʘʣʣʝʣʴʥʳʭ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷ-

ʞʝʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ; 

¶ ʧʦʣʝ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʧʨʷʤʦʛʦ ʮʠ-

ʣʠʥʜʨʘ (ʥʠʪʠ); 

¶ ʧʦʣʝ ʜʚʫʭ ʢʦʘʢʩʠʘʣʴʥʳʭ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʳʭ ʨʘʚʥʦʤʝʨʥʦ ʠ ʨʘʚ-

ʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʭ ʮʠʣʠʥʜʨʦʚ (ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ); 

¶ ʧʦʣʝ ʩʬʝʨʳ, ʟʘʨʷʞʝʥʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʩʢʦʩʪʴʶ 

ʟʘʨʷʜʘ ů; 

¶ ʧʦʣʝ ʜʚʫʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʨʘʚʥʦʤʝʨʥʦ ʠ ʨʘʟʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥ-

ʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʩʬʝʨʠʯʝʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ); 

¶ ʧʦʣʝ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʰʘʨʘ ʩ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ɟ. 
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1.3. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʠ ʨʘʙʦʪʘ ʵʣʝʢʪʨʦʩʪʘʪʠ-
ʯʝʩʢʦʛʦ ʧʦʣʷ. ʉʚʷʟʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 

1.3.1. ʈʘʙʦʪʘ ʩʠʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʄʝʞʜʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʧʨʦ-

ʩʣʝʞʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʷ ʚ ʬʦʨʤʝ ʥʘʧʠʩʘʥʠʷ ʟʘʢʦʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʆʜ-

ʥʘʢʦ ʵʪʠʤ ʘʥʘʣʦʛʠʷ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ. ʂʘʢ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʘʣʘ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʘʢʞʝ 

ʢʘʢ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ,  ʢʦʥʩʝʨʚʘʪʠʚʥʳ, ʘ ʩʘʤʦ ʧʦʣʝ ï ʧʦʪʝʥʮʠʘʣʥɹʦ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʥʝʧʦʜʚʠʞʥʳʤ ʪʦʯʝʯʥʳʤ ʟʘʨʷʜʦʤ q. 

ɺ ʣʶʙʦʡ ʪʦʯʢʝ ʵʪʦʛʦ ʧʦʣʷ ʥʘ ʧʨʦʙʥʳʡ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ 'q  ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ F
C

 

(ʨʠʩ. 1.3.1), ʨʘʚʥʘʷ 

r
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qq r
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pe
= , 

ʛʜʝ F(r) ï ʤʦʜʫʣʴ ʚʝʢʪʦʨʘ ʩʠʣʳ F
C

; 
r

r
C

 ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʧʦʣʦʞʝʥʠʝ ʟʘʨʷʜʘ 'q  ʦʪʥʦʩʠʪʝʣʴʥʦ q; Ů0 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

 

 

ʈʠʩ. 1.3.1 

 

ʀʟ ʨʘʟʜʝʣʘ çʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʭʘʥʠʢʠè ʠʟʚʝʩʪʥʦ, ʯʪʦ ʣʶʙʦʝ 

ʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦʣʝ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʣ ʷʚʣʷʝʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤ, ʪ.ʝ. 

ʨʘʙʦʪʘ ʩʠʣ ʵʪʦʛʦ ʧʦʣʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʧʫʪʠ, ʘ ʪʦʣʴʢʦ ʦʪ ʧʦʣʦ-

ʞʝʥʠʷ ʢʦʥʝʯʥʦʡ ʠ ʥʘʯʘʣʴʥʦʡ ʪʦʯʝʢ. 

ɺʳʯʠʩʣʠʤ ʨʘʙʦʪʫ, ʢʦʪʦʨʫʶ ʩʦʚʝʨʰʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʩʦʟʜʘʥʥʦʝ ʟʘʨʷʜʦʤ q ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ 'q  ʠʟ ʪʦʯʢʠ 1 ʚ ʪʦʯʢʫ 2. 

ʈʘʙʦʪʘ ʥʘ ʧʫʪʠ dl ʨʘʚʥʘ 
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ʛʜʝ dr ï ʧʨʠʨʘʱʝʥʠʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ r
C

 ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʥʘ dl; 

,Ŭcosdd lr =  ʪ.ʝ. 
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ʊʦʛʜʘ ʧʦʣʥʘʷ ʨʘʙʦʪʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 'q  ʠʟ ʪʦʯʢʠ 1 ʚ ʪʦʯʢʫ 2 ʨʘʚ-

ʥʘ ʠʥʪʝʛʨʘʣʫ 
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A                  (1.3.1) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʬʦʨʤʳ ʧʫʪʠ, ʘ ʪʦʣʴʢʦ ʣʠʰʴ ʦʪ ʢʦʦʨʜʠʥʘʪ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ 

ʪʦʯʝʢ ʧʝʨʝʤʝʱʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʣʳ ʧʦʣʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳ, ʘ ʩʘʤʦ 

ʧʦʣʝ ï ʧʦʪʝʥʮʠʘʣʴʥʦ.  

ʕʪʦʪ ʚʳʚʦʜ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʠ ʥʘ ʧʦʣʝ, ʩʦʟʜʘʥʥʦʝ ʩʠʩʪʝʤʦʡ 

ʟʘʨʷʜʦʚ, ʪ. ʢ. ʧʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʦʣʝʡ 

ä=
k

kEE
CC

. 

ʀʪʘʢ, ʢʘʢ ʠ ʚ ʤʝʭʘʥʠʢʝ, ʣʶʙʦʝ ʩʪʘʮʠʦʥʘʨʥʦʝ ʧʦʣʝ ʮʝʥʪʨʘʣʴʥʳʭ ʩʠʣ 

ʷʚʣʷʝʪʩʷ ʢʦʥʩʝʨʚʘʪʠʚʥʳʤʠ, ʪ.ʝ. ʨʘʙʦʪʘ ʩʠʣ ʵʪʦʛʦ ʧʦʣʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʬʦʨʤʳ ʧʫʪʠ, ʘ ʪʦʣʴʢʦ ʦʪ ʧʦʣʦʞʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʪʦʯʝʢ. 

ʀʤʝʥʥʦ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ ʦʙʣʘʜʘʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ï ʧʦʣʝ, ʦʙ-

ʨʘʟʦʚʘʥʥʦʝ ʩʠʩʪʝʤʦʡ ʥʝʧʦʜʚʠʞʥʳʭ ʟʘʨʷʜʦʚ. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʙʥʦʛʦ 

ʟʘʨʷʜʘ, ʧʝʨʝʥʝʩʝʥʥʦʛʦ ʠʟ ʪʦʯʢʠ 1 (ʨʠʩ. 1.3.2) ʟʘʜʘʥʥʦʛʦ ʧʦʣʷ E
C

 ʚ ʪʦʯʢʫ 2, 

ʚʟʷʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʝʜʠʥʠʯʥʳʡ ʟʘʨʷʜ q, ʪʦ ʵʣʝʤʝʥʪʘʨʥʘʷ ʨʘʙʦʪʘ ʩʠʣ 

ʧʦʣʷ ʙʫʜʝʪ ʨʘʚʥʘ 

.ldEd
CC

qA=                                         (1.3.2) 

ʊʦʛʜʘ ʚʩʷ ʨʘʙʦʪʘ ʨʘʚʥʘ 

.ldE
2

1
ñ=
CC

qA                                           (1.3.3) 

 

 
ʈʠʩ. 1.3.2 

 

ʀʟ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʦʪ ʧʫʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯ-

ʢʘʤʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʟʘʤʢʥʫʪʦʤʫ ʧʫʪʠ 
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.0ldEñ =
CC

                                              (1.3.4) 

ʊʘʢʦʡ ʠʥʪʝʛʨʘʣ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ ʥʘʟʳʚʘʝʪʩʷ ʮʠʨʢʫʣʷʮʠʝʡ 

ʚʝʢʪʦʨʘ E
C
, ʘ ʬʦʨʤʫʣʘ (1.3.4) ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʪʝʦʨʝʤʘ ʦ ʮʠʨʢʫʣʷʮʠʠ E

C
. 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ ʨʘʟʦʙʴʝʤ ʧʨʦʠʟʚʦʣʥɹʦ ʟʘʤʢʥʫʪʳʡ ʧʫʪʴ 

ʥʘ ʜʚʝ ʯʘʩʪʠ: 1ʘ2 ʠ 2b1 (ʨʠʩ. 1.3.2). ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʩʣʝʜʫʝʪ, ʯʪʦ 

.dd
1

2

2

1
ñ-=ñ lElE  

ʀʥʪʝʛʨʘʣʳ ʧʦ ʤʦʜʫʣʶ ʨʘʚʥʳ, ʥʦ ʟʥʘʢʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ. ʊʦʛʜʘ ʨʘ-

ʙʦʪʘ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʧʫʪʠ 

.0ldEldEldE
1

2

2

1

=ñ-ñ ñ==
CCCCCC

qqqA  

ʇʦʣʝ, ʦʙʣʘʜʘʶʱʝʝ ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴ-

ʥʳʤ. ʃʶʙʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ. 

1.3.2. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʧʦʣʝ ʧʦʪʝʥʮʠʘʣʴʥʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʥʝʛʦ ʤʦʞʥʦ ʚʚʝʩʪʠ ʬʫʥʢʮʠʶ 

ʩʦʩʪʦʷʥʠʷ, ʟʘʚʠʩʷʱʫʶ ʦʪ ʢʦʦʨʜʠʥʘʪ, ï ʧʦʪʝʥʮʠʘʣʥɹʫʶ ʵʥʝʨʛʠʶ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ ʩʫʧʝʨʧʦʟʠʮʠʠ ʩʠʣ ä=
k

kFF
CC
, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, 

ʯʪʦ ʦʙʱʘʷ ʨʘʙʦʪʘ ɸ ʙʫʜʝʪ ʨʘʚʥʘ ʩʫʤʤʝ ʨʘʙʦʪ ʢʘʞʜʦʡ ʩʠʣʳ: 

.ä=
k

kAA  

ɿʜʝʩʴ ʢʘʞʜʦʝ ʩʣʘʛʘʝʤʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʧʫʪʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʧʫʪʠ ʠ ʩʫʤʤʘ. 

ʀʪʘʢ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʧʦʪʝʥʮʠʘʣʥɹʦ. 

ʈʘʙʦʪʫ ʩʠʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʞʥʦ ʚʨrʘʟʠʪʴ ʯʝʨʝʟ ʫʙʳʣʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ï ʨʘʟʥʦʩʪʴ ʜʚʫʭ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʡ: 

.2112 WWA -=                                               (1.3.5) 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ 

.
4
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4

'

2010
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r
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r
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pe
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pe
=                                  (1.3.6) 

ʉʦʧʦʩʪʘʚʣʷʷ ʬʦʨʤʫʣ r (1.3.5) ʠ (1.3.6), ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʟʘʨʷʜʘ q' ʚ ʧʦʣʝ ʟʘʨʷʜʘ q: 

const.
'

4

1

0

+
pe

=
r

qq
W                                   (1.3.7) 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʦʧʨʝʜʝʣʷʝʪʩ ̫ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʡ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 
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ɿʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ W ʚʳʙʠʨʘʁ ʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʧʨʠ ʫʜʘʣʝʥʠʠ ʟʘʨʷʜʘ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʴ (ʪ.ʝ. ʧʨʠ ¤­r ) ʧʦʪʝʥʮʠ-

ʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʦʙʨʘʱʘʣʘʩʴ ʚ ʥʫʣʴ. 

ɼʣʷ ʩʠʩʪʝʤʳ ʟʘʨʷʜʦʚ ʩʫʤʤʘʨʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʢʣʘʜʳʚʘ-

ʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠ: 

.ä=
k

kWW                                                   (1.3.8) 

1.3.3. ʇʦʪʝʥʮʠʘʣ. ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

ʈʘʟʥʳʝ ʧʨʦʙʥʳʝ ʟʘʨʷʜʳ (q', q'', é) ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʪʦʯʢʝ ʧʦʣʷ ʨʘʟʥʳʤʠ ʵʥʝʨʛʠʷʤʠ (W', W'' ʠ ʪ.ʜ.). ʆʜʥʘʢʦ ʦʪʥʦʰʝʥʠʝ '/ qW  

ʙʫʜʝʪ ʜʣʷ ʚʩʝʭ ʟʘʨʷʜʦʚ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʚʚʝʩʪʠ ʩʢʘʣʷʨ-

ʥʫʶ ʚʝʣʠʯʠʥʫ, ʷʚʣʷʶʱʫʶʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʦʙʩʪ-

ʚʝʥʥʦ ʧʦʣʷ, ï ʧʦʪʝʥʮʠʘʣ 

.
'

ű
q

W
=                                                     (1.3.9) 

ʀʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʦʡ ʦʙʣʘʜʘʝʪ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʣʷ ʝʜʠʥʠʯ-

ʥʳʡ ʧʦʣʦʞʠʪʝʣʥɹʳʡ ʟʘʨʷʜ. 

ʇʦʜʩʪʘʚʠʚ ʚ (1.3.9) ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (1.3.7), ʧʦʣʫ-

ʯʠʤ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

.
4

1

0 r

q

pe
=j                                          (1.3.10) 

ʇʦʪʝʥʮʠʘʣ, ʢʘʢ ʠ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʦʧʨʝʜʝʣʷʶʪ ʩ ʪʦʯʥʦ-

ʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʠʤʝʝʪ ʥʝ ʧʦʪʝʥʮʠʘʣ, ʘ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʦʵʪʦʤʫ ʜʦʛʦʚʦʨʠʣʠʩʴ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʪʦʯʢʠ, ʫʜʘʣʝʥʥʦʡ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ, ʨʘʚʝʥ ʥʫʣʶ. 

ʂʦʛʜʘ ʛʦʚʦʨʷʪ çʧʦʪʝʥʮʠʘʣ ʪʘʢʦʡ-ʪʦ ʪʦʯʢʠè, ʠʤʝʶʪ ʚ ʚʠʜʫ ʨʘʟʥʦʩʪʴ ʧʦ-

ʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʵʪʦʡ ʪʦʯʢʦʡ ʠ ʪʦʯʢʦʡ, ʫʜʘʣʝʥʥʦʡ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. 

ɼʨʫʛʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ï 

,űʠʣʠ,ű qA
q

A
== ¤

¤  

ʪ.ʝ. ʧʦʪʝʥʮʠʘʣ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʨʘʙʦʪʝ, ʢʦʪʦʨʫʶ ʩʦʚʝʨʰʘʶʪ ʩʠʣʳ ʧʦʣʷ 

ʥʘʜ ʝʜʠʥʠʯʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʧʨʠ ʫʜʘʣʝʥʠʠ ʝʛʦ ʠʟ ʜʘʥʥʦʡ 

ʪʦʯʢʠ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ (ʠʣʠ ʥʘʦʙʦʨʦʪ ï ʪʘʢʫʶ ʞʝ ʨʘʙʦʪʫ ʥʫʞʥʦ ʩʦ-

ʚʝʨʰʠʪʴ, ʯʪʦʙʳ ʧʝʨʝʤʝʩʪʠʪʴ ʝʜʠʥʠʯʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʠʟ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚ ʜʘʥʥʫʶ ʪʦʯʢʫ ʧʦʣ)̫. ʇʨʠ ʵʪʦʤ 0ű> , ʝʩʣʠ q > 0. 

ɽʩʣʠ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʟʘʨʷʜʦʚ, ʪʦ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʩʫ-

ʧʝʨʧʦʟʠʮʠʠ, ʧʦʣʫʯʘʝʤ 
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ʊʦʛʜʘ ʠ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ äj=j
k

k , ʠʣʠ 

ä
pe

=j
k k

k

r

q

04

1
,                                      (1.3.12) 

ʪ.ʝ. ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʳʡ ʩʠʩʪʝʤʦʡ ʟʘʨʷʜʦʚ, ʨʘʚʝʥ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʦʡ ʩʫʤʤʝ ʧʦʪʝʥʮʠʘʣʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʢʘʞʜʳʤ ʠʟ ʟʘʨʷʜʦʚ ʚ ʦʪʜʝʣʴʥʦ-

ʩʪʠ. ɸ ʚʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʧʦʣʝʡ ï ʚʝʢ-

ʪʦʨʥʦ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʪʝʥʮʠʘʣʳ ʧʦʣʝʡ ʩʯʠʪʘʪʴ ʧʨʦʱʝ, ʯʝʤ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ. 

ɺʝʨʥʝʤʩʷ ʢ ʨʘʙʦʪʝ ʩʠʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʜ ʟʘʨʷʜʦʤ q. 

ɺʳʨʘʟʠʤ ʨʘʙʦʪʫ ʯʝʨʝʟ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯ-

ʥʦʡ ʪʦʯʢʘʤʠ: 

( ).21212112 j-j=j-j=-= qqqWWA                    (1.3.13) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ ʥʘʜ ʟʘʨʷʜʦʤ q ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʟʘʨʷʜʘ 

ʥʘ ʫʙʳʣʴ ʧʦʪʝʥʮʠʘʣʘ, ʪ.ʝ. 

( ) qUqA =j-j= 21 ;  

,qUA=                                                      (1.3.14) 

ʛʜʝ U ï ʥʘʧʨʷʞʝʥʠʝ. 

ɸʥʘʣʦʛʠʷ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ: 

( )2121 ghghmmghmghA -=-= , 

ʟʜʝʩʴ gh ï ʩʤʳʩʣ ʧʦʪʝʥʮʠʘʣʘ, ʘ m ï ʟʘʨʷʜʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. 

ʀʪʘʢ, ʧʦʪʝʥʮʠʘʣ ï ʩʢʘʣʷʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʧʦʵʪʦʤʫ ʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚʳ-

ʯʠʩʣʷʪʴ ű ʧʨʦʱʝ, ʯʝʤ E
C
. ʇʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. 

ʌʦʨʤʫʣʫ j=¤ qA  ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʝʜʠʥʠʮ 

ʧʦʪʝʥʮʠʘʣʘ: ʟʘ ʝʜʠʥʠʮʫ ű ʧʨʠʥʠʤʘʁ ʪ ʧʦʪʝʥʮʠʘʣ ʚ ʪʘʢʦʡ ʪʦʯʢʝ ʧʦʣʷ, 

ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʢʦʪʦʨʫʶ ʠʟ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦʛʦ ʟʘʨʷʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪʴ ʨʘʙʦʪʫ, ʨʘʚʥʫʶ ʝʜʠʥʠʮʝ. 

ɺ ʉʀ ʝʜʠʥʠʮʘ ʧʦʪʝʥʮʠʘʣʘ ʂʣ ɼʞ/1 1 ɺ 1 = . 

ɺ ʬʠʟʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʠʮʘ ʵʥʝʨʛʠʠ ʠ ʨʘʙʦʪʳ, ʥʘʟʳʚʘʝ-

ʤʘʷ ʵʣʝʢʪʨʦʥ-ʚʦʣʴʪ (ʵɺ) ï ʵʪʦ ʨʘʙʦʪʘ, ʩʦʚʝʨʰʝʥʥʘʷ ʩʠʣʘʤʠ ʧʦʣʷ ʥʘʜ 

ʟʘʨʷʜʦʤ, ʨʘʚʥʳʤ ʟʘʨʷʜʫ ʵʣʝʢʪʨʦʥʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʤ ʨʘʟʥʦʩʪʠ ʧʦ-

ʪʝʥʮʠʘʣʦʚ 1 ɺ, ʪ.ʝ. 

ɼʞ.106,1ɺʂʣ106,1ʵɺ1 1919 -- Ö=ÖÖ=  
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1.3.4.  ʉʚʷʟʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʠ ʧʦʪʝʥʮʠʘʣʦʤ 

ʀʪʘʢ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ 

ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʳ E
C
, ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʩʢʘʣʷʨʥʦʡ ʚʝʣʠʯʠʥʳ ű. ʆʯʝ-

ʚʠʜʥʦ, ʯʪʦ ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥ-

ʥʘʷ ʩʚʷʟʴ. ʅʘʡʜʝʤ ʝʝ. 

ʀʟʦʙʨʘʟʠʤ ʧʝʨʝʤʝʱʝʥʠʝ ʟʘʨʷʜʘ q ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʧʫʪʠ l 

(ʨʠʩ. 1.3.2) ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ E
C

. 

ʈʘʙʦʪʫ, ʩʦʚʝʨʰʝʥʥʫʶ ʩʠʣʘʤʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʙʝʩʢʦ-

ʥʝʯʥʦ ʤʘʣʦʤ ʦʪʨʝʟʢʝ dl, ʤʦʞʥʦ ʥʘʡʪʠ ʪʘʢ: 

,ddd lqElFA ll ==                                        (1.3.15) 

ʛʜʝ El ï ʧʨʦʝʢʮʠʷ E
C

 ʥʘ ld
C

; dl ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʟʘʨʷʜʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʤʳ ʧʦʢʘʟʘʣʠ, ʵʪʘ ʨʘʙʦʪʘ, ʝʩʣʠ ʦʥʘ ʩʦʚʝʨʰʝʥʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʨʘʚʥʘ ʫʙʳʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʟʘʨʷʜʘ, 

ʧʝʨʝʤʝɦ ʝʥʥʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ dl: 

j-=j-= dd;dd qlqEqA l , 

ʦʪʩʶʜʘ 

.
dl

dj
-=lE                                                        (1.3.16) 

ɼʣʷ ʦʨʠʝʥʪʘʮʠʠ dl (ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʜʦ 

ʟʥʘʪʴ ʧʨʦʝʢʮʠʠ E
C

 ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ: 

;
x

Ex
µ

jµ
-=  ;

y
Ey

µ

jµ
-=  ;

z
Ez

µ

jµ
-=  

.kjiE
CCCC

zyx µ

jµ
-

µ

jµ
-

µ

jµ
-=                                   (1.3.17) 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʨʘʜʠʝʥʪʘ ʩʫʤʤʘ ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʢʘʢʦʡ-

ʣʠʙʦ ʬʫʥʢʮʠʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʝʩʪʴ ʛʨʘʜʠʝʥʪ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʪ.ʝ. 

,kjigrad
CCC

zyx µ

jµ
+

µ

jµ
+

µ

jµ
=j  

j grad  ï ʚʝʢʪʦʨ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʠʙʳʩʪʨʝʡʰʝʛʦ ʫʚʝʣʠ-

ʯʝʥʠʷ ʬʫʥʢʮʠʠ.  

ʊʦʛʜʘ ʢʦʨʦʪʢʦ ʩʚʷʟʴ ʤʝʞʜʫ E
C

 ʠ ű ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 

j-= gradE
C

,                                                   (1.3.18) 

ʠʣʠ ʪʘʢ: 

űE -Ð=
C

,                                                       (1.3.19) 

ɿʥʘʢ ʤʠʥʫʩ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʝʢʪʦʨ E
C

 ʥʘʧʨʘʚʣʝʥ ʚ ʩʪʦʨʦʥʫ 

ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
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1.3.5. ɹʝʟʚʠʭʨʝʚʦʡ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʀʟ ʫʩʣʦʚʠʷ űE -Ð=
C

 ʩʣʝʜʫʝʪ ʦʜʥʦ ʚʘʞʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʘ ʠʤʝʥʥʦ: 

ʚʝʣʠʯʠʥʘ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ]E,[
C

Ð  ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʩʝʛʜʘ ʨʘʚʥʘ ʥʫʣʶ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, 

ʠʤʝʝʤ 

0

kjikji

]E,[ =j

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ

µ
=

µ

jµ

µ

jµ

µ

jµ

µ

µ

µ

µ

µ

µ
=Ð

zyx

zyx

zyx

zyx

CCCCCC

C
, 

ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʠʪʝʣʴ ʩʦʜʝʨʞʠʪ ʜʚʝ ʦʜʠʥʘʢʦʚʳʝ ʩʪʨʦʢʠ. 

ɺʝʣʠʯʠʥʘ ]E,[
C

Ð  ʥʘʟʳʚʘʝʪʩʷ ʨʦʪʦʨʦʤ, ʠʣʠ ʚʠʭʨʝʤ, ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʢʘʢ Erot 
C

. 

ʄʳ ʧʦʣʫʯʘʝʤ ʚʘʞʥʝʡʰʝʝ ʫʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ 

0Erot =
C

.                                                    (1.3.20) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʫʣʦʥʦʚʩʢʦʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ï ʙʝʟʚʠʭʨʝʚʦʝ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʉʪʦʢʩʘ ʤʝʞʜʫ ʢʦʥʪʫʨʥʳʤ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠʥ-

ʪʝʛʨʘʣʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʩʣʝʜʫʶʱʘʷ ʩʚʷʟʴ: 

ñ ==ñ
SL

0SdErot )ld,E(
CCCC

, 

ʛʜʝ ʢʦʥʪʫʨ L ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ S, ʦʨʠʝʥʪʘʮʠʷ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʥʦʨʤʘʣʠ n
C

: 

SdnSd
CC
= . 

ʇʦʵʪʦʤʫ ʨʘʙʦʪʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘʨʷʜʘ ʧʦ ʣʶʙʦʤʫ ʟʘʤʢʥʫʪʦʤʫ 

ʧʫʪʠ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʨʘʚʥʘ ʥʫʣʶ. 

1.3.6. ʉʠʣʦʚʳʝ ʣʠʥʠʠ ʠ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʅʘʧʨʘʚʣʝʥʠʝ ʩʠʣʦʚʦʡ ʣʠʥʠʠ (ʣʠʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ) ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ E
C

. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ E
C

 

ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʩʠʣʦʚʦʡ ʣʠʥʠʠ. 

ʀʤʝʥʥʦ ʚʜʦʣʴ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ. ʇʦʵʪʦʤʫ ʚʩʝʛʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ E
C

 ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘ-

ʤʠ, ʠʟʤʝʨʷʷ U ʤʝʞʜʫ ʥʠʤʠ, ʧʨʠʯʝʤ ʪʝʤ ʪʦʯʥʝʝ, ʯʝʤ ʙʣʠʞʝ ʪʦʯʢʠ. ɺ ʦʜ-

ʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ï ʧʨʷʤʳʝ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ 

ʦʧʨʝʜʝʣʠʪʴ E
C

 ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ: 
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l

U
E= .                                                 (1.3.21) 

ʊʝʧʝʨʴ ʜʘʜʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦʦʙ-

ʨʘʞʘʝʤʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʩʝ ʪʦʯʢʠ ʢʦʪʦʨʦʡ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʧʦ-

ʪʝʥʮʠʘʣ, ʥʘʟʳʚʘʝʪʩʷ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʋʨʘʚʥʝʥʠʝ 

ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ï  

.const),,(űű == zyx                                         (1.3.22) 

ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʠ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.3.3. 

 

  

ʈʠʩ. 1.3.3 

 

ɺʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E
C

 ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʥʘʧʨʘʚʣʝʥ ʧʦ ʥʦʨʤʘʣʠ 

ʢ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʕʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ 

ʤʥʦʛʦ. ʇʦ ʛʫʩʪʦʪʝ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʦʞʥʦ ʩʫʜʠʪʴ 

ʦ ʚʝʣʠʯʠʥʝ E
C

; ʵʪʦ ʙʫʜʝʪ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ 

ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʘʚʥʘ ʧʦʩʪʦʷʥ-

ʥʦʡ ʚʝʣʠʯʠʥʝ. 

ʌʦʨʤʫʣʘ űgradE -=
C

 ʚʳʨʘʞʘʝʪ ʩʚʷʟʴ ʧʦʪʝʥʮʠʘʣʘ ʩ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʴʶ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʥʘʯʝʥʠ̫ ʤ ű ʥʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ 

ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ. ʄʦʞʥʦ ʨʝʰʠʪʴ ʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ, ʪ.ʝ. ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʟʥʘʯʝʥʠʷʤ E
C

 ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʣʷ ʥʘʡʪʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ 

ʜʚʫʤʷ ʧʨʦʠʟʚʦʣʥɹʳʤʠ ʪʦʯʢʘʤʠ ʧʦʣʷ. ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʤ, ʯʪʦ 

ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʩʠʣʘʤʠ ʧʦʣʷ ʥʘʜ ʟʘʨʷʜʦʤ q ʧʨʠ ʧʝʨʝʤʝɦ ʝʥʠʠ ʝʛʦ 

ʠʟ ʪʦʯʢʠ 1 ʚ ʪʦʯʢʫ 2, ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʢʘʢ 

.)ld,E(
2

1

12 ñ=
CC

qA  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʙʦʪʫ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

( )2112 j-j=qA , ʪʦʛʜʘ .)ld,E(
2

1

21 ñ=j-j
CC

 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 33 

ʀʥʪʝʛʨʘʣ ʤʦʞʥʦ ʙʨʘʪʴ ʧʦ ʣʶʙʦʡ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʪʦʯʢʫ 1 

ʠ ʪʦʯʢʫ 2, ʠʙʦ ʨʘʙʦʪʘ ʩʠʣ ʧʦʣʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ. ɼʣʷ ʦʙʭʦʜʘ ʧʦ ʟʘʤʢ-

ʥʫʪʦʤʫ ʢʦʥʪʫʨʫ 21 j=j  ʧʦʣʫʯʠʤ 

,0)ld,E( =ñ
CC

 

ʪ.ʝ. ʧʨʠʰʣʠ ʢ ʠʟʚʝʩʪʥʦʡ ʥʘʤ ʪʝʦʨʝʤʝ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ. ʀʟ ʦʙʨʘʱʝʥʠʷ ʚ ʥʫʣʴ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ E
C

 ʩʣʝʜʫʝʪ, ʯʪʦ ʣʠʥʠʠ 

E
C

 ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʢʥʫʪʳʤʠ: ʦʥʠ ʥʘʯʠʥʘʶʪ-

ʩʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʘʭ (ʠʩʪʦʢʠ) ʠ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʘʭ ʟʘ-

ʢʘʥʯʠʚʘʶʪʩʷ (ʩʪʦʢʠ) ʠʣʠ ʫʭʦʜʷʪ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ (ʨʠʩ. 1.3.3). 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʨʥʦ ʪʦʣʴʢʦ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺʧʦ-

ʩʣʝʜʩʪʚʠʠ ʤʳ ʩ ʚʘʤʠ ʚʳʷʩʥʠʤ, ʯʪʦ ʧʦʣʝ ʜʚʠʞʫʱʠʭʩʷ ʟʘʨʷʜʦʚ ʥʝ ʷʚʣʷʝʪ-

ʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠ ʜʣʷ ʥʝʛʦ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. 

1.3.7.  ʈʘʩʯʝʪ ʧʦʪʝʥʮʠʘʣʦʚ ʧʨʦʩʪʝʡʰʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ 
ʧʦʣʝʡ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘ-

ʣʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʥʝʢʦʪʦʨʳʤʠ ʟʘʨʷʞʝʥʥʳʤʠ ʪʝʣʘʤʠ. 

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦʣʷ,  

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʜʚʫʤʷ ʙʝʩʢʦʥʝʯʥʳʤʠ ʟʘʨʷʞʝʥʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ 

ʉʚʷʟʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ,
d

űd

l
E -=  ʪʦʛʜʘ 

lEdűd -= ,                                       (1.3.23) 

ʛʜʝ 
0
Ůů=E  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʞʜʫ ʟʘʨʷ-

ʞʝʥʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ, ʥʘʡʜʝʥʥʘʷ ʚ ʧ. 1.2.5 ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʆʩʪʨʦ-

ʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ; ů = q/S ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ. 

ʊʝʧʝʨʴ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʧʣʦʩʢʦ-

ʩʪʷʤʠ, ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʚʳʨʘʞʝʥʠʝ (1.3.23): 

;dd
2

1 0

2

1

ñ ñ
e

s
-=j

x

x

x  

( )12
0

21 xx -
e

s
-=j-j , ʠʣʠ ( )12

0
12 xx -
e

s
=j-j .           (1.3.24) 

ʇʨʠ     x1 = 0  ʠ  x2 = d    
0

12
e

s
=j-j

d
.                                       (1.3.25) 

ʅʘ ʨʠʩ. 1.3.4 ʠʟʦʙʨʘʞʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E 

ʠ ʧʦʪʝʥʮʠʘʣʘ ű ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ. 
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ʈʠʩ. 1.3.4  

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦʣʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʟʘʨʷʞʝʥʥʦʡ 

ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ɺ ʧ. 1.2.5 ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ ʙʳʣʘ ʚʳ-

ʯʠʩʣʝʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦʛʦ ʮʠʣʠʥʜʨʘ. ɺʦʩʧʦʣʴʟʦ-

ʚʘʚʰʠʩʴ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʥʘʡʜʝʤ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ 

ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʘʢ ʢʘʢ ,dűd rE-=  ʪʦ ññ
pe

l
-=j

2

1

d

2
d

2

1 0

r

r r

r
, ʦʪʩʶʜʘ ʥʘʡʜʝʤ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʦʯʢʘʭ 1 ʠ 2: 

1
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0
12 ln

2
ln

2 r
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r

pe
-=

pe

l
-=j-j . 

ʅʘ ʨʠʩ. 1.3.5 ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E ʠ ʧʦʪʝʥ-

ʮʠʘʣʘ ű ʦʪ r. (ɿʜʝʩʴ ʠ ʜʘʣʝʝ E ʠʟʦʙʨʘʞʝʥʘ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ, ʘ ű ï 

ʧʫʥʢʪʠʨʥʦʡ.)  
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ʈʠʩ. 1.3.5  

 

 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 35 

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ  

ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʇʨʦʚʝʜʷ ʚʳʢʣʘʜʢʠ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʧʦʣʫʯʠʤ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʚʥʘ 

1

2

0
12 ln

2 r

r

pe

l
-=j-j .                                      (1.3.27) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʫʪʨʠ ʤʝʥʴʰʝʛʦ ʮʠʣʠʥʜʨʘ ʠʤʝʝʤ constű= , ɽ = 0; 

ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʧʦʪʝʥʮʠʘʣ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʟʘʢʦ-

ʥʫ, ʘ ʚʪʦʨʘʷ ʦʙʢʣʘʜʢʘ (ʚʥʝ ʮʠʣʠʥʜʨʦʚ) ʵʢʨʘʥʠʨʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʠ ű ʠ ɽ ʨʘʚʥʳ ʥʫʣʶ: 

ʅʘ ʨʠʩ. 1.3.6 ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E ʠ ʧʦʪʝʥ-

ʮʠʘʣʘ ű ʦʪ r.  
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ʈʠʩ. 1.3.6 
 

 

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦʣʷ, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʟʘʨʷʞʝʥʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʩʬʝʨʳ (ʨʠʩ. 1.3.7) ʦʧʨʝʜʝʣʝ̫ʪʩʷ ʬʦʨʤʫʣʦʡ 
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ʈʠʩ. 1.3.7  

 

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ  

ʚʥʫʪʨʠ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨ̫ʞʝʥʥʦʛʦ ʰʘʨʘ 

ʀʤʝʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʰʘʨ (ʨʠʩ. 1.3.8), ʟʘʨʷʞʝʥʥʳʡ ʩ ʦʙʲʝʤʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 

.
4

3

3R

q

p
=r  

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥ-

ʥʦʛʦ ʰʘʨʘ 
0Ů3

ɟ
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r
rE = . 

ʊʝʧʝʨʴ ʥʘʡʜʝʤ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʚʥʫʪʨʠ ʰʘʨʘ: 
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ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ ʧʦʪʝʥʮʠʘʣ ʰʘʨʘ. 

 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 37 

 

î
î
î
î
î
î

í

î
î
î
î
î
î

ì

ë

²

-

¢

-ö
÷

õ
æ
ç

å
-

=-

=

).(ʰʘʨʘ ʚʥʝ

 ʠ ʠʧʦʚʝʨʭʥʦʩʪ ʥʘ
ˊŮ4

);(ʰʘʨʘ ʚʥʫʪʨʠ

 3
ˊŮ8

);0( ʰʘʨʘ ʮʝʥʪʨʝʚ
ˊŮ8

3

ű

0

2

2

0

0

Rr

r

q

Rr

R

r

R

q

r
R

q

 

ʈʠʩ. 1.3.8  

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

¶ ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ɻʘʫʩʩʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʤʦʞʥʦ ʨʘʩʩʯʠ-

ʪʘʪʴ ɽ ʠ ű ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

¶ ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʚʘʢʫʫʤʝ ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʯʝʨʝʟ ʟʘʨʷʞʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

¶ ʇʦʪʝʥʮʠʘʣ ʧʦʣʷ ï ʚʩʝʛʜʘ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ʢʦʦʨʜʠʥʘʪ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ʂʘʢʦʚʘ ʩʚʷʟʴ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʠ ʧʦʪʝʥʮʠʘʣʦʤ ʵʣʝʢʪʨʦʩʪʘ-

ʪʠʯʝʩʢʦʛʦ ʧʦʣʷ? ɺʳʚʝʜʠʪʝ ʝʝ ʠ ʦʙʲʷʩʥʠʪʝ. ʂʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʵʪʠʭ ʧʦʥʷʪʠʡ? 

2. ʏʝʤʫ ʨʘʚʥʘ ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʚʜʦʣʴ ʵʢʚʠʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ?  

3. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʜʘʥʥʦʡ ʪʦʯʢʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 
ʧʦʣʷ ʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʜʚʫʭ ʪʦʯʝʢ ʧʦʣʷ. ʂʘʢʦʚʳ ʠʭ ʝʜʠʥʠʮʳ? 

4. ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ ʨʘʩʩʯʠʪʘʡʪʝ ʠ ʠʟʦ-

ʙʨʘʟʠʪʝ ʛʨʘʬʠʯʝʩʢʠ: 

¶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦʣʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʟʘʨʷʞʝʥʥʦʡ 
ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; 

¶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ; 

¶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʦʣʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʟʘʨʷ-

ʞʝʥʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; 

¶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʚʥʫʪʨʠ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʰʘʨʘ. 

5. ʇʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʨʘʜʠʫʩʦʤ 30 ʩʤ ʨʘʩʧʨʝʜʝʣʝʥ ʟʘʨʷʜ 4 ʥʂʣ. 
ʏʝʤʫ ʨʘʚʝʥ ʧʦʪʝʥʮʠʘʣ ʚ ʮʝʥʪʨʝ ʩʬʝʨʳ? 
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1.4. ɼʠɻ ʣʝʢʪʨʠʢʠ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ 

1.4.1.  ʇʦʣʷʨʠʟʘʮʠʷ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʚ ʧʨʠʨʦʜʝ ʚʝʱʝʩʪʚʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: 

ʜʠʵʣʝʢʪʨʠʢʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠ ʧʨʦʚʦʜʥʠʢʠ. ɽʩʣʠ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʫ ʧʨʦʚʦʜʥʠʢʦʚ ʨʘʚʥʦ 68
ʧʨ 1010 ---=r  ʆʤĿʤ, ʪʦ ʫ ʜʠʵʣʝʢʪʨʠʢʦʚ 

188
ʜ 1010 -=r  ʆʤĿʤ, ʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʦʙ-

ʣʘʩʪʴ ï .ʧʨʧ/ʧʜ r>r>r   

ɺ ʠʜʝʘʣʴʥʦʤ ʜʠʵʣʝʢʪʨʠʢʝ ʩʚʦʙʦʜʥʳʭ ʟʘʨʷʜʦʚ, ʪ.ʝ. ʩʧʦʩʦʙʥʳʭ ʧʝʨʝ-

ʤʝʱʘʪʴʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ (ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝ-

ʞʜʫ ʘʪʦʤʘʤʠ), ʥʝʪ. ʅʦ ʵʪʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʜʠʵʣʝʢʪʨʠʢ, ʧʦʤʝʱʝʥʥʳʡ 

ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ, ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʥʝʛʦ, ʯʪʦ ʚ ʥʝʤ ʥʠʯʝʛʦ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ. 

ʃʶʙʦʝ ʚʝʱʝʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʘʪʦʤʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳ-

ʤʠ ʷʜʨʘʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ʇʦʵʪʦʤʫ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʷʨʠʟʘʮʠʷ. 

ʉʤʝʱʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʚʝʱʝʩʪʚʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʷʨʠʟʘʮʠʝʡ. ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʣʷʨʠʟʘ-

ʮʠʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʜʠʵʣʝʢʪʨʠʢʦʚ. 

ʇʦʣʷʨʠʟʘʮʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʚʢʣʶʯʘʝʪ ʩʦʩʪʘʚʣʷʶɦ ʠʝ ï ʵʣʝʢʪʨʦʥʥʫʶ, 

ʠʦʥʥʫʶ ʠ ʦʨʠʝʥʪʘʮʠʦʥʥʫʶ (ʜʠʧʦʣʴʥʫʶ). ʅʘ ʨʠʩ. 1.4.1 ʧʨʦʠʣʣʶʩʪʨʠʨʦ-

ʚʘʥʳ ʤʝʭʘʥʠʟʤr  ʵʪʠʭ ʚʠʜʦʚ ʧʦʣʷʨʠʟʘʮʠʠ. 

 

 

ʈʠʩ. 1.4.1 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʤʝɦ ʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ 

ʦʙʦʣʦʯʢʠ ʘʪʦʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʜʨʘ. ʀʦʥʥʘʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʚʳʟʚʘʥʘ 

ʩʤʝʱʝʥʠʝʤ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʠʦʥʘʤ. ʆʨʠʝʥ-
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ʪʘʮʠʦʥʥʘʷ (ʜʠʧʦʣʴʥʘʷ) ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʚʝʱʝʩʪʚʦ ʩʦ-

ʩʪʦʠʪ ʠʟ ʤʦʣʝʢʫʣ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʩʪʦʷʥʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʜʠʧʦʣʴ-

ʥʳʤʠ ʤʦʤʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʩʚʦʙʦʜʥʦ ʠʟʤʝʥʷʪʴ 

ʩʚʦʶ ʦʨʠʝʥʪʘʮʠʶ ʚʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. 

ɽʩʪʴ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʧʦʣʷʨʠʟʘʮʠʠ. ɻʣʘʚʥʦʝ ʚ ʧʦʣʷʨʠʟʘʮʠʠ ï ʩʤʝʝɦ-

ʥʠʝ ʟʘʨʷʜʦʚ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ 

ʠʣʠ ʘʪʦʤ ʦʙʨʘʟʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ p (ʨʠʩ. 1.4.2): 

.lpʠʣʠ, 1111

CC
qqlp ==                                  (1.4.1) 

ʗʩʥʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ p ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ɽ ï ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ ʤʦʣʝ-

ʢʫʣʳ, ʪ.ʝ. ʚʥʫʪʨʠ ʚʝʱʝʩʪʚʘ. 

 

ʈʠʩ. 1.4.2 

ʅʘ ʨʠʩ. 1.4.3 ʧʦʢʘʟʘʥ ʤʝʭʘʥʠʟʤ ʧʦʣʷʨʠʟʘʮʠʷ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʤʘ ʜʠ-

ʵʣʝʢʪʨʠʢʘ. 

              

ʈʠʩ. 1.4.3 

 

ɺʥʫʪʨʠ ʜʠʵʣʝʢʪʨʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʜʠʧʦʣʝʡ ʢʦʤʧʝʥʩʠʨʫ-

ʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʅʦ ʥʘ ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʠʵʣʝʢʪʨʠʢʘ, ʧʨʠʣʝʛʘʶʱʠʭ 

ʢ ʵʣʝʢʪʨʦʜʘʤ, ʧʦʷʚʣʷʶʪʩʷ ʟʘʨʷʜʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ (ʧʦʚʝʨʭʥʦ-

ʩʪʥʦ ʩʚʷʟʘʥʥʳʝ ʟʘʨʷʜʳ). 

ʇʫʩʪʴ 'E  ï ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʩʚʷʟʘʥʥʳʭ ʟʘʨʷʜʦʚ. ʆʥʦ ʥʘ-

ʧʨʘʚʣʝʥʦ ʚʩʝʛʜʘ ʧʨʦʪʠʚ ʚʥʝʰʥʝʛʦ ʧʦʣʷ 0E . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʝʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʚʥʫʪʨʠ ʜʠʵʣʝʢʪʨʠʢʘ 

'.0 EEE -=                                                        (1.4.2) 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 40 

ʀʪʘʢ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʚʥʫʪʨʠ ʜʠʵʣʝʢʪʨʠʢʘ ʚʩʝʛʜʘ ʤʝʥʴʰʝ 

ʚʥʝʰʥʝʛʦ ʧʦʣʷ.  

ʇʦʤʝʩʪʠʤ ʜʠʵʣʝʢʪʨʠʢ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝ-

ʩʢʦʝ ʧʦʣʝ 0E
C

 (ʨʠʩ. 1.4.4). 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʪʝʣʘ ʨ
C

 ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 

,űcos'ůʠʣʠ,l'ůlp SlpSq ===
CCC

                    (1.4.3) 

ʛʜʝ 'ů ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʚʷʟʘʥʥʳʭ ʟʘʨʷʜʦʚ. 

 

 

ʈʠʩ. 1.4.4 

ɺʚʝʜʝʤ ʥʦʚʦʝ ʧʦʥʷʪʠʝ ï ʚʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʠʠ 
VV

kä
==

pp
P

CCC
 ï 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʝʜʠʥʠʯʥʦʛʦ ʦʙʲʝʤʘ; 

,ppP 11
CCC

n
n

k
kä ==                                          (1.4.4) 

ʛʜʝ n ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ; 1p
C

 ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʤʦʤʝʥʪ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ. 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

űcosPSlPVp ==                                     (1.4.5) 

(ʪ.ʢ. űcosSlV=  ï ʦʙʲʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ). 

ʇʨʠʨʘʚʥʷʝʤ (1.4.3) ʠ (1.4.5) ʠ ʫʯʪʝʤ, ʯʪʦ nPP =jcos  ï ʧʨʦʝʢʮʠʷ P
C

 

ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ n
C

 ï ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ, ʪʦʛʜʘ 

nP=s' .                                                      (1.4.6) 

ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʟʘʨʷʜʦʚ ʨʘʚʥʘ ʥʦʨ-

ʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭ-

ʥʦʩʪʠ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʵʣʝʢʪʨʦ-

ʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ E' ʙʫʜʝʪ ʚʣʠʷʪʴ ʪʦʣʴʢʦ ʥʘ ʥʦʨʤʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶ-

ʱʫʶ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ E
C

. 
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ɺʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: 

,EEpP 001

CCCC
ce=ae== nn                                     (1.4.7) 

ʛʜʝ Ŭ ï ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʤʦʣʝʢʫʣ; Ŭɢ n=  ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠ-

ʚʦʩʪʴ ï ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ 

ʧʦʣʷʨʠʟʘʮʠʶ ʝʜʠʥʠʮʳ ʦʙʲʝʤʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʣʷ E
C

 ʠʟʤʝʥʷʝʪʩʷ, ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ 0E
C

, ʪʦʣʴʢʦ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʊʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ ʧʦʣʷ ʦʩʪʘʝʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. 

ɺ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʣʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢ: 

'.EEE 0

CCC
+=                                          (1.4.8) 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʨʘʚʥʘ 

ʚʥʝʰʥʝʤʫ ʧʦʣʶ, ʜʝʣʝʥʥʦʤʫ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ Ů: 

.0

e
=

E
E                                               (1.4.9) 

ɺʝʣʠʯʠʥʘ ɢ1Ů +=  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʵʣʝʢ-

ʪʨʠʢʘ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ Ů ï 

ʚʝʣʠʯʠʥʘ, ʧʦʢʘʟʚrʘʶʱʘʷ, ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ 

ʚʥʫʪʨʠ ʜʠʵʣʝʢʪʨʠʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʚʘʢʫʫʤʝ: 

.0

E

E
=e                                              (1.4.10) 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝ-

ʜ ,r ʤʳ ʜʦʣʞʥʳ ʧʦʧʨʘʚʠʪʴ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʚ ʧʨʦʰʣʳʭ ʨʘʟʜʝʣʘʭ 

ʬʦʨʤʫʣʳ, ʥʘʧʨʠʤʝʨ ʪʝʦʨʝʤʘ ɻʘʫʩʩʘ: 

ŮŮ
ʌ

0

ä
= k

E

q
, 

ʠʣʠ ʟʘʢʦʥ ʂʫʣʦʥʘ: 

.
4 2

0

21

r

qq
F

epe
=  

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʰʘʨʘ ʦʪ ʨʘʜʠʫʩʘ, ʩ ʫʯʝ-

ʪʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʚʫʭ ʩʨʝʜ (1e ʠ 2e), ʧʦʢʘʟʘʥ ʥʘ  

ʨʠʩ. 1.4.5. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ E
C

 ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʡ ʩʨʝʜʳ 1e ʚ ʜʨʫʛʫʶ 2e. 
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ʈʠʩ. 1.4.5 

1.4.2. ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʜʠʵʣʝʢʪʨʠʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʪʘʶʪ 
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʚʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ. ʅʦ ʝʩʪʴ 
ʠ ʜʨʫʛʠʝ ʜʠʵʣʝʢʪʨʠʢʠ, ʥʘʧʨʠʤʝʨ: ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ, ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ. 

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ 

ɺ 1920 ʛ. ʙʳʣʘ ʦʪʢʨʳʪʘ ʩʧʦʥʪʘʥʥʘʷ (ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ) ʧʦʣʷʨʠʟʘ-
ʮʠʷ. ʉʥʘʯʘʣʘ ʝʸ ʦʙʥʘʨʫʞʠʣʠ ʫ ʢʨʠʩʪʘʣʣʦʚ ʩʝʛʥʝʪʦʚʦʡ ʩʦʣʠ 
(NaKC4H4O6Ŀ4H2O), ʘ ʟʘʪʝʤ ʠ ʫ ʜʨʫʛʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɺʩʶ ʵʪʫ ʛʨʫʧʧʫ ʚʝ-
ʱʝʩʪʚ ʥʘʟʚʘʣʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ (ʠʣʠ ʬʝʨʨʦʵʣʝʢʪʨʠʢʠ). ɼʝʪʘʣʴʥʦʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʚʝʱʝʩʪʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 
ʚ 1930 ï 1934 ʛʛ. ʀ.ɺ. ʂʫʨʯʘʪʦʚʳʤ ʚ ʣʝʥʠʥʛʨʘʜʩʢʦʤ ʬʠʟʠʯʝʩʢʦʤ ʪʝʭʥʠ-
ʢʫʤʝ. ɺʩʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʨʝʟʢʫʶ ʘʥʠʟʦʪʨʦʧʠʶ 
ʩʚʦʡʩʪʚ (ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ 
ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʢʨʠʩʪʘʣʣʘ). ʋ ʠʟʦʪʨʦʧʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʦʣʷʨʠʟʘ-
ʮʠʷ ʚʩʝʭ ʤʦʣʝʢʫʣ ʦʜʠʥʘʢʦʚʘ, ʫ ʘʥʠʟʦʪʨʦʧʥʳʭ  ʧʦʣʷʨʠʟʘʮʠʷ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʚʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʠʠ P
C

 ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʥʳʝ. ɺ ʥʘ-

ʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ. 
ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ: 
1. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů ʚ ʥʝʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʚʝʣʠʢʘ( 43 1010~ -e ). 

2. ɿʥʘʯʝʥʠʝ Ů ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʚʥʝʰʥʝʛʦ ʧʦʣʷ E0, ʥʦ ʠ ʦʪ ʧʨʝ-

ʜʳʩʪʦʨʠʠ ʦʙʨʘʟʮʘ.  
3. ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʈ ʥʝʣʠʥʝʡ-

ʥʦ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʥʝ-
ʣʠʥʝʡʥʳʝ ʜʠɻ ʣʝʢʪʨʠʢʠ). 

ʕʪʦ ʩʚʦʡʩʪʚʦ ʥʘʟʳʚʘʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʛʠʩʪʝʨʝʟʠʩʦʤ. ʅʘ 

ʨʠʩ. 1.4.6 ʠʟʦʙʨʘʞʝʥʘ ʢʨʠʚʘʷ ʧʦʣʷʨʠʟʘʮʠʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ï ʧʝʪʣʷ 

ʛʠʩʪʝʨʝʟʠʩʘ. 
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ʈʠʩ. 1.4.6 

 

ɿʜʝʩʴ ʪʦʯʢʘ ʘ ï ʩʦʩʪʦʷʥʠʝ ʥʘʩʳʱʝʥʠʷ. 

ʇʨʠ 00=E  0̧P ; ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠʤʝʝʪʩʷ ʦʩ-

ʪʘʪʦʯʥʘʷ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʴ Pʉ; ʯʪʦʙʳ ʝʝ ʫʥʠʯʪʦʞʠʪʴ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʣʦʞʠʪʴ Eʉ ï ʢʦʵʨʮʠʪʠʚʥʫʶ ʩʠʣʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

4. ʅʘʣʠʯʠʝ ʪʦʯʢʠ ʂʶʨʠ ï ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ  ʩʝʛʥʝʪʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʧʘʜʘʶʪ. ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦ-

ʚʳʡ ʧʝʨʝʭʦʜ 2-ʛʦ ʨʦʜʘ. (ʅʘʧʨʠʤʝʨ, ʜʣʷ ʪʠʪʘʥʠʪʘ ʙʘʨʠʷ ʦʥʘ ʨʘʚʥʘ  

+133 Áʉ; ʜʣʷ ʩʝʛʥʝʪʦʚʦʡ ʩʦʣʠ: ï18é+24 Áʉ; ʜʣʷ ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ ʢʘʣʠʷ: 

ï150 Áʉ; ʜʣʷ ʥʠʦʙʘʪʘ ʣʠʪʠʷ: +1210 Áʉ). 

ʇʨʠʯʠʥʦʡ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴ-

ʥʘʷ (ʩʧʦʥʪʘʥʥʘʷ) ʧʦʣʷʨʠʟʘʮʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʦʙʦ ʩʠʣʴ-

ʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʚʝʱʝʩʪʚʦ. 

ʉʪʨʝʤʣʝʥʠʝ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʥʘʣʠʯʠʝ ʜʝ-

ʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ ʨʘʟʙʠʪ ʥʘ  

ʜʦʤʝʥʳ (ʨʠʩ. 1.4.7). ɹʝʟ ʚʥʝʰʥʝʛʦ ʧʦʣʷ P  ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʢʨʠ-

ʩʪʘʣʣʘ ʨʘʚʝʥ ʥʫʣʶ (ʨʠʩ. 1.4.7, ʘ). ɺʦ ʚʥʝʰʥʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ 

ʜʦʤʝʥʳ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʚʜʦʣʴ ʧʦʣʷ (ʨʠʩ. 1.4.7, ʙ). 

 

 
ʘ                                             ʙ 

ʈʠʩ. 1.4.7 

ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʥʦʛʠʭ ʨʘʜʠʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʥʘʧʨʠʤʝʨ ʚʘʨʠʢʦʥʜʦʚ, ï ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩ ʠʟʤʝ-

ʥʷʝʤʦʡ ʝʤʢʦʩʪʴʶ. 
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ʉʨʝʜʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʝʩʪʴ ʚʝʱʝʩʪʚʘ, ʥʘʟʳʚʘʝʤʳʝ ʵʣʝʢʪʨʝʪʳ, ï ʵʪʦ 

ʜʠʵʣʝʢʪʨʠʢʠ, ʜʣʠʪʝʣʴʥʦ ʩʦʭʨʘʥʷʶɦ ʠʝ ʧʦʣʷʨʠʟʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝ 

ʩʥ̫ʪʠʷ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʕʣʝʢʪʨʝʪʳ ʷʚʣʷʶʪʩʷ ʬʦʨʤʘʣʴʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠ-

ʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʚʦʢʨʫʛ ʩʝʙʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʘ ʧʨʝʜʩʢʘʟʘʥʘ ʌʘʨʘʜʝʝʤ. ʊʝʨʤʠʥ 

çʵʣʝʢʪʨʝʪè ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʍʝʚʠʩʘʡʜʦʤ ʚ 1896 ʛ. ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʘʥʛʣʠʡ-

ʩʢʠʤ çmagnetè ï ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ, ʘ ʧʝʨʚʳʝ ʵʣʝʢʪʨʝʪʳ ʧʦʣʫʯʝʥʳ 

ʷʧʦʥʩʢʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ɽʛʫʯʠ ʚ 1922 ʛ. ɽʛʫʯʠ ʦʭʣʘʜʠʣ ʚ ʩʠʣʴʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʨʘʩʧʣʘʚ ʢʘʨʥʘʫʙʩʢʦʛʦ ʚʦʩʢʘ ʠ ʢʘʥʠʬʦʣʠ. ʕʣʝʢʪʨʠ-

ʯʝʩʢʦʝ ʧʦʣʝ ʩʦʨʠʝʥʪʠʨʦʚʘʣʦ ʧʦʣʷʨʥʳʝ ʤʦʣʝʢʫʣʳ, ʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ 

ʤʘʪʝʨʠʘʣ ʦʩʪʘʣʩʷ ʚ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʠ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘʟʳʚʘʶʪ ʪʝʨʤʦʵʣʝʢʪʨʝʪʘʤʠ. 

ʇʴʝʟʦʵʣʝʢʪʨʠʢʠ 

ʅʝʢʦʪʦʨʳʝ ʜʠʵʣʝʢʪʨʠʢʠ ʧʦʣʷʨʠʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʥʦ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. 

ʗʚʣʝʥʠʝ ʦʪʢʨʳʪʦ ʙʨʘʪʴʷʤʠ ʇʴʝʨʦʤ ʠ ɾʘʢʦʤ ʂʨʁʠ ʚ 1880 ʛ. 

ɽʩʣʠ ʥʘ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ ʥʘʣʦʞʠʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʜʳ (ʦʙ-

ʢʣʘʜʢʠ), ʪʦ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʩ ʧʦʤʦʱʴʶ ʩʠʣʳ F
C

 ʥʘ ʦʙʢʣʘʜʢʘʭ 

ʚʦʟʥʠʢʥʝʪ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ. ɽʩʣʠ ʟʘʤʢʥʫʪʴ ʦʙʢʣʘʜʢʠ, ʪʦ ʧʦʪʝʯʝʪ ʪʦʢ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʴʝʟʦʵʬʬʝʢʪ ʤʦʞʥʦ ʨʠʩ. 1.4.8. 

 

 

ʈʠʩ. 1.4.8 

 

ʉʝʡʯʘʩ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 1800 ʧʴʝʟʦʢʨʠʩʪʘʣʣʦʚ. ɺʩʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠ-

ʢʠ ʦʙʣʘʜʘʶʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ɺʦʟʤʦʞʝʥ ʠ ʦʙʨʘʪʥʳʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ. ɽʩʣʠ ʥʘ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ ʧʦʜʘʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʪʦ ʚʦʟʥʠʢʥʫʪ ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʘ, ʧʨʠʯʝʤ ʜʝʬʦʨʤʘʮʠʠ ʙʫʜʫʪ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʳ ʧʨʠʣʦʞʝʥʥʦʤʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤʫ ʧʦʣʶ ɽ0. 

ʇʠʨʦʵʣʝʢʪʨʠʢʠ 

ʂʨʦʤʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ, ʩʧʦʥʪʘʥʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʜʠʵʣʝʢʪʨʠ-

ʢʘʤʠ ʷʚʣʷʶʪʩʷ ʧʠʨʦɻ ʣʝʢʪʨʠʢʠ (ʦʪ ʛʨʝʯ. pyr ï ʦʛʦʥʴ). ʇʠʨʦʵʣʝʢʪʨʠʢʠ ï 

ʵʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʜʠʵʣʝʢʪʨʠʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʩʧʦʥʪʘʥʥʦʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚʦ ʚʩʝʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʚ ʧʠʨʦʵʣʝʢʪʨʠʢʘʭ ʧʦʣʷʨʠʟʘʮʠʷ ʈ 

ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪ.ʝ. ʧʠʨʦ-

ʵʣʝʢʪʨʠʢʠ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʜʠʵʣʝʢʪʨʠʢʘʤʠ. 

ʇʠʨʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ï ʧʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʠʭ ʥʘʛʨʝʚʘʥʠʠ ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʜʠʥ ʢʦʥʝʮ ʜʠʵʣʝʢʪʨʠʢʘ ʟʘʨʞ̫ʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ,  

ʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʥ ʞʝ ï ʦʪʨʠʮʘʪʝʣʴʥʦ. ʇʦʷʚʣʝʥʠʝ ʟʘʨʷʜʦʚ ʩʚʷʟʘʥʦ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʨʠʩʪʘʣʣʦʚ. ʊʠʧʠʯʥʳʡ ʧʠʨʦʵʣʝʢʪʨʠʢ ï ʪʫʨʤʘʣʠʥ. 

ɺʩʝ ʧʠʨʦʵʣʝʢʪʨʠʢʠ ʷʚʣʷʶʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʢʘʤʠ, ʥʦ ʥʝ ʥʘʦʙʦʨʦʪ. 

ʅʝʢʦʪʦʨʳʝ ʧʠʨʦʵʣʝʢʪʨʠʢʠ ʦʙʣʘʜʘʶʪ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘ-

ʤʠ. ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʥʷʪʠʝ çʧʠʨʦʵʣʝʢʪʨʠʢè ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʦʙʱʠʤ, ʯʝʤ çʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢè. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ 

ʝʩʪʴ ʧʠʨʦʵʣʝʢʪʨʠʢʠ ʩ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʚʥʝʰʥʠʤ ʧʦʣʝʤ ʧʦʣʷʨʠʟʘʮʠʝʡ. 

ɺ ʧʠʨʦʵʣʝʢʪʨʠʢʘʭ ʧʦʣʷʨʠʟʘʮʠʷ ʈ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 0E , ʪ.ʝ. ʧʠʨʦʵʣʝʢʪʨʠʢʠ ʷʚʣʷʶʪʩʷ 

ʣʠʥʝʡʥʳʤʠ ʜʠʵʣʝʢʪʨʠʢʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʤʦʞ-

ʥʦ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶɦ ʠʝ: 

¶ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ï ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʜʝʥʩʘʪʦʨʳ, ʦʛʨʘʥʠʯʠʪʝʣʠ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʪʦʢʘ, ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ; 

¶ ʧʴʝʟʦʵʣʝʢʪʨʠʢʠ ï ʛʝʥʝʨʘʪʦʨʳ ɺʏ ʠ ʧʦʰʘʛʦʚʳʝ ʤʦʪʦʨʳ, ʤʠʢʨʦ-

ʬʦʥʳ, ʥʘʫʰʥʠʢʠ, ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, ʯʘʩʪʦʪʥʳʝ ʬʠʣʴʪʨʳ, ʧʴʝʟʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʝ ʘʜʘʧʪʝʨʳ; 

¶ ʧʠʨʦʵʣʝʢʪʨʠʢʠ ï ʜʝʪʝʢʪʦʨʳ ʀʂ-ʠʟʣʫʯʝʥʠʷ, ʙʦʣʦʤʝʪʨʳ (ʜʘʪʯʠʢʠ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ), ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʳ. 
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1.4.3.  ɺʝʢʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ D
C

 

ʀʤʝʝʤ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ ʩ 1e ʠ 2e, ʪʘʢ ʯʪʦ 21 e<e  

(ʨʠʩ. 1.4.9, ʘ). 

ʂʘʢ ʤʳ ʫʞʝ ʧʦʢʘʟʘʣʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1.4.10), 
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ʪ.ʝ. ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ E ʠʟʤʝʥʷʝʪʩʷ ʩʢʘʯʢʦʤ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʡ ʩʨʝʜʳ ʚ ʜʨʫʛʫʶ. 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ï ʨʘʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʪ.ʝ. 

E
C

 ʚ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ, ʢʘʙʝʣʷʭ, ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʠ ʪ.ʜ. 

ʕʪʠ ʨʘʩʯʝʪʳ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝʧʨʦʩʪʳ, ʜʘ ʝʱʝ ʥʘʣʠʯʠʝ ʨʘʟʥʦʛʦ ʩʦʨʪʘ ʜʠ-

ʵʣʝʢʪʨʠʢʦʚ ʠ ʧʨʦʚʦʜʥʠʢʦʚ ʝʱʝ ʙʦʣʝʝ ʫʩʣʦʞʥʷʶʪ ʟʘʜʘʯʫ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʚʚʝʜʝʥʘ ʥʦʚʘʷ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ ï 

ʚʝʢʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ (ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ): 

.EŮŮD 0

CC
=                                           (1.4.11) 

ʀʟ ʧʨʝʜʳʜʫʱʠʭ ʨʘʩʩʫʞʜʝʥʠʡ 2211 EE
CC
e=e , ʪʦʛʜʘ 220110 EE

CC
ee=ee , 

ʦʪʩʶʜʘ  

.DD 21 nn=                                        (1.4.12) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨ D
C

 ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ 

ʦʜʥʦʡ ʩʨʝʜʳ ʚ ʜʨʫʛʫʶ (ʨʠʩ. 1.4.9, ʙ), ʠ ʵʪʦ ʦʙʣʝʛʯʘʝʪ ʨʘʩʯʝʪ D
C

.  

 

 
ʘ                                                 ʙ 

ʈʠʩ. 1.4.9 

 

ɿʥʘʷ D
C

 ʠ Ů, ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ 
ŮŮ

D
E

0

C
C
= ; 
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EɢŮEŮEŮ)ɢ1(EŮŮD 0000

CCCCC
+=+== , ʦʪʩʶʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

,PED 0

CCC
+e=                                     (1.4.13) 

ʛʜʝ EP 0

CC
ce=  ï ʚʝʢʪʦʨ ʧʦʣʷʨʠʟʘʮʠʠ; ɢ ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʦʩʧʨʠʠʤʯʠ-

ʚʦʩʪʴ ʩʨʝʜʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʦʣʷʨʠʟʘʮʠʶ ʝʜʠʥʠʯʥʦʛʦ ʦʙʲʝʤʘ ʩʨʝʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨ D
C

 ʝʩʪʴ ʩʫʤʤʘ (ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ) ʜʚʫʭ 

ʚʝʢʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ: E
C

 ï ʛʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷ ʠ P
C

 ï 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʨʝʜʳ. 

ɺ ʉʀ [][][]
220
ʤ

ʂʣ

ʂʣ

ʅ

ʤʅ

ʂʣ
=

Ö
=eÖ=ED , ʪ.ʝ. ʵʪʦ ʟʘʨʷʜ, ʧʨʦʪʝʢʘʶʱʠʡ 

ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʚ ʚʘʢʫʫʤʝ .
4 2r

q
D

p
=  

ɼʣʷ D
C

 ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʢʘʢ ʠ ʜʣʷ E
C
, ʪ.ʝ. 

.DD
1

ä
=

=
n

k
k

CC
 

1.4.4. ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ. 

ʊʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ ʜʣʷ D
C

 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʪʦʢʫ ʜʣʷ ʚʝʢʪʦʨʘ E
C

 ( ñ=
S

nE SE dʌ ) ʤʦʞʥʦ ʚʚʝʩʪʠ ʧʦ-

ʥʷʪʠʝ ʧʦʪʦʢʘ ʜʣʷ ʚʝʢʪʦʨʘ D
C

 ( Dʌ ). ʇʫʩʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʣʦʱʘʜʢʫ S ʧʝ-

ʨʝʩʝʢʘʶʪ ʣʠʥʠʠ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ D
C

 ʧʦʜ ʫʛʣʦʤ Ŭ 

ʢ ʥʦʨʤʘʣʠ n
C

 (ʨʠʩ. 1.4.10): 

.dʌ ñ=
S

nD SD  

ɺ ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ .cosʌ SDDS nD =a=  

ʊʝʦʨʝʤʫ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ ʜʣʷ ʚʝʢʪʦʨʘ D
C

 ʧʦʣʫʯʠʤ ʠʟ ʪʝʦ-

ʨʝʤʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ ʜʣʷ ʚʝʢʪʦʨʘ E
C

: 

ee

ä
=ñ=

0

dʌ k

S
nE

q
SE ; 

ʪ. ʢ.                                             
ee

=
0

n
n

D
E , 

ʪʦ                                          ñ
ee

ä
=

ee s

k
n

q
SD

00

d
1

. 
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ʈʠʩ. 1.4.10 

 

ʊʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ ʜʣʷ D
C

: 

.dʌ ñ ä==
S

knD qSD                                  (1.4.14) 

ʇʦʪʦʢ ʚʝʢʪʦʨʘ D
C

 ʯʝʨʝʟ ʣʶʙʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʪʦʣʴʢʦ ʩʚʦʙʦʜʥʳʤʠ ʟʘʨʷʜʘʤʠ, ʘ ʥʝ ʚʩʝʤʠ ʟʘʨʷʜʘʤʠ ʚʥʫʪʨʠ ʦʙʲʝ-

ʤʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʩʚʷʟʘʥʥʳʝ (ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ) ʟʘʨʷʜʳ, ʚʣʠʷʶʱʠʝ ʥʘ E
C

, ʠ ʫʧʨʦʱʘʝʪ 

ʨʝʰʝʥʠʝ ʤʥʦʛʠʭ ʟʘʜʘʯ. ɺ ʵʪʦʤ ʩʤʳʩʣ ʚʚʝʜʝʥʠʷ ʚʝʢʪʦʨʘ D
C

. 

1.4.5. ʀʟʤʝʥʝʥʠʝ E
C

 ʠ D
C

 ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ 
ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡ (ʨʠʩ. 1.4.11): ʜʚʘ ʙʝʩʢʦʥʝʯʥʦ ʧʨʦʪʷ-

ʞʝʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʘ ʩ 1e ʠ 2e, ʠʤʝʶʱʠʭ ʦʙʱʫʶ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ, ʧʨʦ-

ʥʠʟʳʚʘʝʪ ʚʥʝʰʥʝʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ 0E
C

. 

ʇʫʩʪʴ .12 e>e  

ʀʟ ʧ. 1.4.3 ʤʳ ʟʥʘʝʤ, ʯʪʦ 
1

2

2

1

e

e
=

n

n

E

E
 ʠ tt= 21 EE . 

ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʟʘʨʷʜʳ ʠʟʤʝʥʷʶʪ ʪʦʣʴʢʦ ʥʦʨʤʘʣʴ-

ʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ E
C
, ʘ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦ-

ʷʥʥʦʡ (ʨʠʩ. 1.4.11): 

,
tg

tg

1

2

2

1

12

12

2

1

e

e
===

a

a

t

t

n

n

n

n

E

E

EE

EE
 

ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ E
C

 ʠʟʤʝʥʷʝʪʩʷ. ʕʪʦ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʚʝʢ-

ʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
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ʈʠʩ. 1.4.11 ʈʠʩ. 1.4.12 

 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʚʝʢʪʦʨʘ D
C

 ʠ ʝʛʦ ʧʨʦʝʢʮʠʡ ï nD  ʠ tD  (ʨʠʩ. 

1.4.11). 

ʊʘʢ ʢʘʢ ED 0

CC
ee= , ʪʦ ʠʤʝʝʤ 

nn ED 1011 ee= ; nn ED 2022 ee= ; 

1
120

210

202

101

2

1 =
eee

eee
=

ee

ee
=

n

n

n

n

E

E

D

D
, 

ʪ.ʝ. nn DD 21 =  ï ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ D
C

 ʥʝ ʠʟʤʝʥʷʝʪʩʷ; 

;
2

1

202

101

2

1

e

e
=

ee

ee
=

t

t

t

t

E

E

D

D
 

1

2
12
e

e
= tt DD , 

ʪ.ʝ. ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʝʢʪʦʨʘ D
C

 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 
1

2

e

e
 ʨʘʟ; 

1

2

Ű1

Ű2

12

12

2

1

tg

tg

e

e
===

a

a

t

t

D

D

DD

DD

n

n
.                           (1.4.15) 

ʕʪʦ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʚʝʢʪʦʨʘ D
C

. 

ʇʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʥʘ ʨʠʩ. 1.4.13 ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨʦʚ 

E
C

 ʠ D
C

. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʨʝʜʳ ʚ ʜʨʫʛʫʶ ʚʝʢʪʦʨ D
C

  ʧʨʝʣʦʤʣʷʝʪʩʷ ʥʘ ʪʦʪ ʞʝ ʫʛʦʣ, ʯʪʦ ʠ E
C

 

( ED 0

CC
ee= ). ɺʭʦʜʷ ʚ ʜʠʵʣʝʢʪʨʠʢ ʩ ʙʦʣʴʰʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝ-

ʤʦʩʪʴʶ, ʣʠʥʠʠ D
C
ʠ E
C

 ʫʜʘʣʷʶʪʩʷ ʦʪ ʥʦʨʤʘʣʠ.  
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ʈʠʩ. 1.4.13 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ʏʪʦ ʪʘʢʦʝ ʧʦʣʷʨʠʟʦʚʘʥʥʦʩʪʴ? 

2. ʏʪʦ ʧʦʢʘʟʳʚʘʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ? 

3. ɺʳʚʝʜʠʪʝ ʩʚʷʟʴ ʤʝʞʜʫ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʚʝʱʝ-

ʩʪʚʘ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʩʨʝʜʳ. 

4. ɺ ʯʝʤ ʨʘʟʣʠʯʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʧʦʣʷʨʥʳʤʠ ʠ ʥʝʧʦ-

ʣʷʨʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ?  

5. ɽʩʪʴ ʣʠ ʩʚʦʙʦʜʥʳʝ ʟʘʨʷʜʳ ʚ ʠʜʝʘʣʴʥʦʤ ʜʠʵʣʝʢʪʨʠʢʝ? 

6. ʂʘʢʠʝ ʚʠʜʳ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʚʳ ʟʥʘʝʪʝ? 

7. ʅʘʟʦʚʠʪʝ 3 ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ ʚʝʱʝʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ 

8. ʆʧʨʝʜʝʣʠʪʝ, ʯʝʤʫ ʨʘʚʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʠ ʧʦ-

ʩʪʨʦʝʥʠʠ ʨʠʩʫʥʢʝ:  

 
9. ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ? ʏʪʦ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ? 

10. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʪʝʦʨʝʤʫ ɻʘʫʩʩʘ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 
ʜʠʵʣʝʢʪʨʠʢʝ. 

11. ɺʳʚʝʜʝʪʝ ʠ ʧʨʦʢʦʤʤʝʥʪʠʨʫʡʪʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʝʢʪʦʨʦʚ E
C

 ʠ D
C

 ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʨʝʜ. 

12. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨʦʚ E
C

 ʠ D
C
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1.5.  ʇʨʦʚʦʜʥʠʢʠ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ 

1.5.1.  ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ  
ʚ ʧʨʦʚʦʜʥʠʢʝ 

ɺ ʧʨʦʚʦʜʥʠʢʘʭ ʠʤʝʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ï ʥʦʩʠ-

ʪʝʣʠ ʟʘʨʷʜʘ (ʵʣʝʢʪʨʦʥʳ ʚ ʤʝʪʘʣʣʘʭ, ʠʦʥʳ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ), ʩʧʦʩʦʙʥʳʝ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʧʨʦʚʦʜʥʠʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʤʳ ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʩ-

ʩʤʦʪʨʝʥʠʝʤ ʪʚʝʨʜʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ. 

ʅʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ ʚ ʤʝʪʘʣʣʘʭ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʤʝʪʘʣʣʘ ʟʘ ʩʯʝʪ ʦʙʦʙʱʝʩʪʚʣʝʥʠʷ 

ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʚʦʜ-

ʥʠʢ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳʤ ï ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ, 

ʩʦʟʜʘʚʘʝʤʦʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʤrʠ ʟʘʨʷʜʘʤʠ ʚʥʫʪʨʠ ʥʝʛʦ, 

ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ. 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʚʦ ʚʥʝʰʥʝʝ ʵʣʝʢʪʨʦʩʪʘ-

ʪʠʯʝʩʢʦʝ ʧʦʣʝ ʵʣʝʢʪʨʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʝʨʝʤʝʱʘʶʪʩʷ (ʧʝʨʝʨʘʩʧʨʝʜʝ-

ʣʷʶʪʩʷ) ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʶʜʫ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ ʧʦʣʝ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ ʥʝ ʩʢʦʤʧʝʥʩʠʨʫʝʪ ʚʥʝʰʥʝʝ ʧʦʣʝ. 

ʀʪʘʢ, ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʵʣʝʢʪʨʦ-

ʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ, 0E=
C

; 0űd = , ʪ.ʝ. constű= , ʚ ʠʜʝʘʣʴʥʦʤ ʧʨʦʚʦʜʥʠʢʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ .ʤʝ ¤­e  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ E
C

 (ʨʠʩ. 1.5.1) ʜʦʣʞʥʘ 

ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʥʘʯʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ EŰ, ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʨʜ̫ʳ ʧʝʨʝʤʝʱʘʣʠʩʴ ʙʳ ʧʦ 

ʧʨʦʚʦʜʥʠʢʫ, ʘ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʙʳ ʠʭ ʩʪʘʪʠʯʝʩʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. 

ɺʥʝ ʟʘʨʷʞʝʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʧʦʣʝ ʝʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʞʝʥ 

ʙʳʪʴ ʚʝʢʪʦʨ E
C
, ʠ ʥʘʧʨʘʚʣʝʥ ʦʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 

ʈʠʩ. 1.5.1 
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ʀʪʘʢ, ʚ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʩʦʩʪʦʷʥʠʠ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʧʦʤʝʱʝʥʥʦʤ  

ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ, ʠʤʝʝʤ: 

¶ ʇʦʷʚʣʝʥʠʝ ʫ ʟʘʨʷʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʤʝʪʘʣʣʝ ʟʘʨʷʜʘ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ ï ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʦʯʝʥʴ ʢʨʘʪʦʢ( ~ 10
ï8

 ʩ). 

¶ ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ï ʚʥʫʪʨʴ ʧʨʦʚʦʜʥʠʢʘ ʧʦʣʝ 

ʥʝ ʧʨʦʥʠʢʘʝʪ. 

¶ ɺʦ ʚʩʝʭ ʪʦʯʢʘʭ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ 0=E , ʘ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ );0( == tEEE n  

¶ ɺʝʩʴ ʦʙʲʝʤ ʧʨʦʚʦʜʥʠʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ 
ʧʦʣʝ, ʵʢʚʠʧʦʪʝʥʮʠʘʣʝʥ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ 0
d

űd
=-= E

l
, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, constű= . 

ʇʦʚʝʨʭʥʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ ʪʦʞʝ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʘ: constʧʦʚ=j , ʪ.ʢ. 

0
d

d
=-=

j
tE

l
. 

¶ ʇʦʪʝʥʮʠʘʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʨʘʚʝʥ ʧʦʪʝʥʮʠʘʣʫ 

ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ. 

¶ ɺ ʟʘʨʷʞʝʥʥʦʤ ʧʨʦʚʦʜʥʠʢʝ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʝ ʟʘʨʷʜʳ ʨʘʩʧʦ-

ʣʘʛʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʭ ʨʘʩʪʘʣʢʠʚʘʶʪ ʢʫʣʦʥʦʚʩʢʠʝ ʩʠʣʳ). 

ʄʦʞʥʦ ʜʦʢʘʟʘʪʴ ʧʦʩʣʝʜʥʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʬʦʨʤʘʣʴʥʦ: ʧʨʦʚʝʜʝʤ 

ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ ʧʨʦʠʟʚʦʣʴʥʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S, ʦʛʨʘʥʠʯʠʚ 

ʥʝʢʦʪʦʨʳʡ ʦʙʲʝʤ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ. ʊʦʛʜʘ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʆʩʪʨʦ-

ʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ, ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ q ʵʪʦʛʦ ʦʙʲʝʤʘ ʨʘʚʝʥ 

ñ =ee=ñ=
ss

SESDq 0dd 0 , 

ʪ.ʢ. E = 0. 

1.5.2. ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ  

ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʝʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 

ɺʳʜʝʣʠʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S ʧʨʦʚʦʜʥʠʢʘ ʧʣʦʱʘʜʢʫ dS ʠ ʧʦʩʪʨʦʠʤ ʥʘ 

ʥʝʡ ʮʠʣʠʥʜʨ ʩ ʦʙʨʘʟʫʶʱʠʤʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤʠ ʢ ʧʣʦʱʘʜʢʝ dS, ʚr -

ʩʦʪʦʡ dl (ʨʠʩ. 1.5.2): 

.d''d'd SSS ==  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ E
C

 ʠ ʚʝʢ-

ʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ED 0

CC
ee=  ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ ʧʦʪʦʢ D
C

 ʩʢʚʦʟʴ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʚʝʥ ʥʫʣʶ. 
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ʈʠʩ. 1.5.2 

 

ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ Dʌ  ʯʝʨʝʟ ''dS  ʪʦʞʝ ʨʘʚʝʥ 

ʥʫʣʶ, ʪ.ʢ. ''dS  ʣʝʞʠʪ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ, ʛʜʝ 0E=
C

 ʠ, ʩʣʝʜʦʚʘʪʝʣʥɹʦ, 

0D=
C

. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʪʦʢ Ddʌ  ʩʢʚʦʟʴ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʨʘʚʝʥ ʧʦʪʦʢʫ D
C

 ʯʝʨʝʟ 'dS : 

.ddʌ SDnD=  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʪʝʦʨʝʤʝ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ï ɻʘʫʩʩʘ 

,dddʌ SqD s==  

ʛʜʝ ů ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʦʚ ʥʘ dS. ʀʟ ʨʘʚʝʥʩʪʚʘ ʧʨʘʚʳʭ 

ʯʘʩʪʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ s=nD , ʪʦʛʜʘ 

ee

s
=
ee

=
00

n
n

D
E .                                        (1.5.1) 

ʀʪʘʢ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʝʥʥʦʛʦ ʧʨʦ-

ʚʦʜʥʠʢʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʦʚ. 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʳʝ ʧʣʦʩʢʦʩʪʴʶ, ʮʠʣʠʥʜʨʦʤ, ʰʘ-

ʨʦʤ, ʠ ʚʝʟʜʝ ʧʦʣʫʯʠʣʠ, ʯʪʦ ů~E . ʕʪʦʪ ʚʳʚʦʜ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ, ʪ.ʢ. ʧʨʦ-

ʠʟʚʦʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʝʩʪʴ ʢʦʤʙʠʥʘʮʠʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʦʩʪʝʡh ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ.   

1.5.3.  ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ 
ʥʘ ʧʨʦʚʦʜʥʠʢʝ 

ʇʨʦʚʝʨʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʜʝʣʘʥʥʳʝ ʥʘʤʠ ʚʚrʦʜʳ. 

1. ɿʘʨʷʞʝʥʥʳʡ ʢʦʥʜʫʢʪʦʨ (ʨʠʩ. 1.5.3). 

ɺ ʤʝʩʪʘʭ ʨʘʟʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʝʧʝʩʪ-

ʢʠ ʙʫʤʘʞʢʠ ʨʘʩʭʦʜʷʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 1 ï ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʭʦʞʜʝʥʠʝ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 2 ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥ ʨʘʚʥʦʤʝʨʥʦ 

( const=q ) ʠ ʥʘ ʥʝʡ ʠʤʝʝʤ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʣʝʧʝʩʪʢʦʚ. ʅʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ 3 (ʚʥʫʪʨʠ ʢʦʥʜʫʢʪʦʨʘ) ʟʘʨʷʜʦʚ ʥʝʪ ʠ ʣʝʧʝʩʪʢʠ ʥʝ ʨʘʩʭʦʜʷʪʩʷ. 
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ʈʠʩ. 1.5.3 ʈʠʩ. 1.5.4 

 

ʀʟ ʨʠʩ. 1.5.4 ʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʤʘʢʩʠʤʘʣʴʥʘ ʥʘ ʦʩʪʨʠʝ ʟʘʨʷʞʝʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. 

2. ʉʪʝʢʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʩ ʦʩʪʨʠʷ. 

ɹʦʣʴʰʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ E ʥʘ ʦʩʪʨʠʷʭ ï ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʷʚʣʝ-

ʥʠʝ, ʪ.ʢ. ʧʨʦʠʩʭʦʜʠʪ ʫʪʝʯʢʘ ʟʘʨʷʜʦʚ ʠ ʠʦʥʠʟʘʮʠʷ ʚʦʟʜʫʭʘ. ʀʦʥʳ ʫʥʦʩʷʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʦʙʨʘʟʫʝʪʩʷ ʢʘʢ ʙʳ çʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʝʪʝʨè (çʦʛʥʠ 

ʉʚʷʪʦʛʦ ʕʣʤɹʘè). 

ɽʩʪʴ ʥʘʛʣʷʜʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʵʪʦʤʫ ʷʚʣʝʥʠʶ: ʩʜʫʚʘʥʠʝ ʧʣʘʤʝ-

ʥʠ ʩʚʝʯʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʚʝʪʨʦʤ (ʨʠʩ. 1.5.5), ʢʦʣʝʩʦ ʌʨʘʥʢʣʠʥʘ, ʠʣʠ ʚʝʨ-

ʪʫʰʢʘ (ʨʠʩ. 1.5.6). ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʧʦʩʪʨʦʝʥ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʜʚʠ-

ʛʘʪʝʣʴ. 

 

  
ʈʠʩ. 1.5.5 ʈʠʩ. 1.5.6 

 

3. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ. 

ɽʩʣʠ ʟʘʨʷʞʝʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʰʘʨʠʢ ʧʨʠʚʝʩʪʠ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝ-

ʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʚʦʜʥʠʢʘ, ʪʦ ʟʘʨʷʜ ʰʘʨʠʢʘ ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʜʘʝʪʩʷ ʧʨʦʚʦʜʥʠʢʫ: ʰʘʨʠʢ ʙʫʜʝʪ ʨʘʟʨʞ̫ʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʠʭ 

ʧʦʪʝʥʮʠʘʣʳ ʥʝ ʚʳʨʘʚʥʷʶʪʩʷ. ʀʥʘʯʝ ʦʙʩʪʦʠʪ ʜʝʣʦ, ʝʩʣʠ ʰʘʨʠʢ ʧʨʠʚʝʩʪʠ 

ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʣʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. 

ʇʨʠ ʵʪʦʤ ʚʝʩʴ ʟʘʨʷʜ ʩ ʰʘʨʠʢʘ ʩʪʝʯʝʪ ʥʘ ʧʨʦʚʦʜʥʠʢ ʠ ʨʘʩʧʨʝʜʝʣʠʪʩʷ ʥʘ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ (ʨʠʩ. 1.5.7). 
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ʈʠʩ. 1.5.7 ʈʠʩ. 1.5.8 

 

ʇʦʪʝʥʮʠʘʣ ʧʦʣʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴh ʝ, ʯʝʤ ʧʦʪʝʥʮʠʘʣ 

ʰʘʨʠʢʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʟʘʨʷʜ ʩ ʰʘʨʠʢʘ ʩʪʝʯʝʪ ʧʦʣʥʦʩʪʴʶ. ɺ ʪʦʯʢʝ 1 ʧʦ-

ʪʝʥʮʠʘʣ ʰʘʨʠʢʘ ʤʝʥʴʰʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʚʦʜʥʠʢʘ (ʧʨʰ j<j ), ʥʦ ʧʦʢʘ ʤʳ 

ʧʝʨʝʥʦʩʠʣʠ ʰʘʨʠʢ ʚ ʧʦʣʦʩʪʴ, ʤʳ ʩʦʚʝʨʰʠʣʠ ʨʘʙʦʪʫ ʧʦ ʧʨʝʦʜʦʣʝʥʠʶ 

ʩʠʣ ʦʪʪʘʣʢʠʚʘʥʠʷ ʠ ʪʝʤ ʩʘʤʳʤ, ʫʚʝʣʠʯʠʚʘʷ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ, 

ʫʚʝʣʠʯʠʣʠ ʧʦʪʝʥʮʠʘʣ ʰʘʨʠʢʘ, ʪ.ʝ., ʢʦʛʜʘ ʤʳ ʚʥʦʩʠʤ ʰʘʨʠʢ, ʧʦʪʝʥʮʠʘʣ 

ʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʠ ʟʘʨʷʜ, ʢʘʢ ʦʙʳʯʥʦ, ʧʝʨʝʪʝʢʘʝʪ ʦʪ ʙ·ʣʴʰʝʛʦ ʧʦ-

ʪʝʥʮʠʘʣʘ ʢ ʤʝʥʴʰʝʤʫ. ʇʝʨʝʥʦʩʷ ʩ ʧʦʤʦʱʴʶ ʰʘʨʠʢʘ ʩʣʝʜʫʶʱʫʶ ʧʦʨ-

ʮʠʶ ʟʘʨʷʜʘ, ʤʳ ʩʦʚʝʨʰʘʝʤ ʝʱʝ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ. ʕʪʦ ʥʘʛʣʷʜʥʳʡ ʧʨʠʤʝʨ 

ʪʦʛʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ï ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠ-

ʧʝ ʧʦʩʪʨʦʝʥ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ɺʘʥ-ʜʝ-ɻʨʘʘʬʘ. 

ɺ 1931 ʛ. ʈʦʙʝʨʪ ɺʘʥ-ʜʝ-ɻʨʘʘʬ ï ʘʤʝʨʠʢʘʥʩʢʠʡ  ʫʯʝʥʳʡ ʬʠʟʠʢ ï ʟʘ-

ʧʘʪʝʥʪʦʚʘʣ   ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʫʩʢʦʨʠʪʝʣʴ, ʧʨʠʥ-

ʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʦʪʘʣ ʚ 1929 ʛ., ʠ ʚ 1932ï1933 ʛʛ. ʩʧʨʦʝʢʪʠ-

ʨʦʚʘʣ ʠ ʧʦʩʪʨʦʠʣ ʛʝʥʝʨʘʪʦʨ ʩ ʜʠʘʤʝʪʨʦʤ ʩʬʝʨʳ 4,5 ʤ. ɺ 1936 ʛ. ʦʥ ʧʦ-

ʩʪʨʦʠʣ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘ-

ʧʨʷʞʝʥʠʷ. 

ʋʩʪʨʦʡʩʪʚʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ɺʘʥ-ʜʝ-ɻʨʘʘʬʘ 

ʧʦʢʘʟʘʥʦ ʥʘ (ʨʠʩ. 1.5.8). 

ɿʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 4 ʟʘʨʷʞʘʝʪ ʣʝʥʪʫ ʪʨʘʥʩʧʦʨʪʝʨʘ 3 ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʤʠ ʟʘʨʷʜʘʤʠ. ʃʝʥʪʘ ʧʝʨʝʥʦʩʠʪ ʠʭ ʚʦʚʥʫʪʨʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʬʝʨʳ 5, 

ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʲʝʤ ʵʪʠʭ ʟʘʨʷʜʦʚ. ɼʘʣʝʝ ʦʥʠ ʩʪʝʢʘʶʪ ʥʘ ʚʥʝʰʥʶʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ 1. ʊʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʪʝʥʮʠʘʣ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ ʚʦʣʴʪ. ʆʛʨʘʥʠʯʝʥʠʝʤ ʷʚʣʷʝʪ-

ʩʷ ʪʦʢ ʫʪʝʯʢʠ. ʊʘʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ. ʅʘ-

ʧʨʠʤʝʨ, ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʦʩʪʨʦʝʥ ʛʝʥʝ-

ʨʘʪʦʨ ʩ ʜʠʘʤʝʪʨʦʤ ʩʬʝʨʳ 4,5 ʤʝʪʨʦʚ ʠ ʧʦʣʫʯʝʥ ʧʦʪʝʥʮʠʘʣ 3ï5Ŀ10
6  
ɺ. 

ɺ ʊʦʤʩʢʝ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ ʫʩʢʦʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. ʊʘʢ, ʪʦʣʴʢʦ 

ʚ ʅʀʀ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤʝʝʪʩʷ ʦʢʦʣʦ ʜʝʩʷʪʠ ʫʩʢʦʨʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʢʣʘʩ-

ʩʘ. ʆʜʠʥ ʠʟ ʥʠʭ ï ʕʉɻ,  ʠʣʠ ʛʝʥʝʨʘʪʦʨ ɺʘʥ-ʜʝ-ɻʨʘʘʬʘ. ʆʥ ʠʟʛʦʪʦʚʣʝʥ ʚ ʩʧʝ-

ʮʠʘʣʴʥʦʡ ʙʘʰʥʝ, ʠ ʥʘ ʥʝʤ ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʪʝʥʮʠʘʣ ʦʜʠʥ ʤʠʣʣʠʦʥ ʚʦʣʴʪ. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ʂʘʢʦʚʳ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʟʘʨʷʜʦʚ ʚʥʫʪʨʠ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʝʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ?  

2. ʅʘ ʯʝʤ ʦʩʥʦʚʘʥʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʟʘʱʠʪʘ? 

3. ɺ ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʟʘʨʷʜ ʧʝʨʝʥʦʩʷʪ ʠʟ ʪʦʯʢʠ 
ɸ ʚ ʪʦʯʢʫ ɺ. ʉʨʘʚʥʠʪʝ ʨʘʙʦʪʫ ʩʠʣ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠ ʧʝʨʝʥʦ-

ʩʝ ʟʘʨʷʜʘ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʚ ʜʨʫʛʫʶ ʚʜʦʣʴ ʨʘʟʣʠʯʥʳʭ ʪʨʘʝʢʪʦʨʠʡ. 

4. ʏʝʤʫ ʨʘʚʥʘ ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʦʚ ʚʜʦʣʴ ʵʢʚʠʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ? 

5. ɼʦʢʘʞʠʪʝ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ. 

6. ʅʘʨʠʩʫʡʪʝ ʣʠʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʩʝʯʝʥʠʷ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ 
ʧʦʚʝʨʭʥʦʩʪʝʡ: ʘ) ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ; ʙ) ʜʣʷ ʜʚʫʭ ʦʜʠ-

ʥʘʢʦʚʳʭ ʧʦ ʤʦʜʫʣʶ ʨʘʟʥʦʠʤʝʥʥʳʭ ʟʘʨʷʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

7. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ ʥʝʧʦʜʚʠʞʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 
ʟʘʨʷʜʦʤ q1. ʅʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʝʛʦ ʨʘʩʧʦʣʦʞʠʣʠ ʜʨʫʛʦʡ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ q2 (q1 < q2). ʋʚʝʣʠʯʠʪʩʷ ʠʣʠ ʫʤʝʥʴʰʠʪʩʷ ʧʨʠ ʵʪʦʤ 

ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ʚ ʪʦʯʢʝ ɸ; ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʪʦʯʢʝ ɸ? 

8. ʂʘʢʦʚʳ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ 

ʚʥʫʪʨʠ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʝʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ? 

9. ʂʘʢʦʚʘ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʣʶʙʦʡ ʪʦʯʢʦʡ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʨʦʚʦʜʷʱʝʛʦ ʟʘʨʷʞʝʥʥʦʛʦ ʰʘʨʘ ʠ ʣʶʙʦʡ ʪʦʯʢʦʡ ʚʥʫʪʨʠ ʰʘʨʘ? 

10. ʂʦʩʥʫʚʰʠʩʴ ʧʨʦʙʥʳʤ ʰʘʨʠʢʦʤ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷ-

ʞʝʥʥʦʛʦ ʧʦʣʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʘʢʘʥʘ, ʩʪʨʝʣʢʘ ʵʣʝʢʪʨʦʤʝʪʨʘ ʥʝ ʦʪ-

ʢʣʦʥʷʝʪʩʷ. ʂʦʩʥʫʚʰʠʩʴ ʞʝ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ï ʦʪʢʣʦʥʷʝʪʩʷ. ʇʦʷʩ-

ʥʠʪʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʦʧʳʪʘ.  

11. ʇʦʯʝʤʫ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ 
ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʚʦʜʥʠʢʘ ʥʘʧʨʘʚʣʝʥ ʧʦ ʥʦʨʤʘʣʠ ʢ ʢʘʞʜʦʡ ʪʦʯ-

ʢʝ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ? 

12. ʅʘ ʨʠʩ. 1.5.3 ʠʟʦʙʨʘʞʝʥ ʟʘʨʷʞʝʥʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʨʦʚʦʜʥʠʢ ʩ 

ʢʦʥʠʯʝʩʢʠʤ ʚʳʩʪʫʧʦʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʚʧʘʜʠʥʦʡ ï ʩ ʜʨʫʛʦʡ. ʇʨʦʙʥʳʡ 

ʰʘʨʠʢ ʥʘ ʠʟʦʣʠʨʫʶʱʝʡ ʨʫʯʢʝ ʩʦʝʜʠʥʝʥ ʧʨʦʚʦʣʦʢʦʡ ʩ ʵʣʝʢʪʨʦʤʝʪʨʦʤ. 

ʉʨʘʚʥʠʪʝ ʧʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʰʘʨʠʢʘ ʧʦ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʦʡ, ʢʦʥʠʯʝʩʢʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʨʦʚʦʜʥʠʢʘ. ʆʙʲʷʩʥʠʪʝ. 

13. ʀʤʝʝʪʩʷ ʮʠʣʠʥʜʨ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʠ ʥʘ ʠʟʦʣʠʨʫʶʱʝʡ ʧʦʜʩʪʘʚ-

ʢʝ. ɺʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʪʢʠ ʩʦʝʜʠʥʝʥʘ ʩ ʦʜʥʠʤ ʵʣʝʢʪʨʦʩʢʦʧʦʤ, ʥʘ-

ʨʫʞʥʘʷ ï ʩ ʜʨʫʛʠʤ. ɽʩʣʠ ʩʝʪʢʫ ʟʘʨʷʜʠʪʴ (ʥʘʧʨʠʤʝʨ, ʥʘʪʝʨʪʦʡ ʩʪʝʢʣʷʥʥʦʡ 

ʧʘʣʦʯʢʦʡ), ʪʦ ʣʠʩʪʦʯʢʠ ʥʘ ʵʣʝʢʪʨʦʩʢʦʧʝ ʚʥʫʪʨʠ ʩʝʪʢʠ ʥʝ ʨʘʩʭʦʜʷʪʩʷ, ʘ 

ʣʠʩʪʦʯʢʝ ʜʨʫʛʦʛʦ ʵʣʝʢʪʨʦʩʢʦʧʘ ʨʘʩʭʦʜʷʪʩʷ. ʇʦʷʩʥʠʪʝ ʵʪʦʪ ʦʧʳʪ. 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 57 

1.6.  ʂʦʥʜʝʥʩʘʪʦʨʳ 

1.6.1.  ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ 

ʇʨʠ ʩʦʦʙʱʝʥʠʠ ʧʨʦʚʦʜʥʠʢʫ ʟʘʨʷʜʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣ ű, ʥʦ ʝʩʣʠ ʵʪʦʪ ʞʝ ʟʘʨʷʜ ʩʦʦʙʱʠʪʴ ʜʨʫʛʦʤʫ ʧʨʦʚʦʜʥʠʢʫ, ʪʦ 

ʧʦʪʝʥʮʠʘʣ ʙʫʜʝʪ ʜʨʫʛʦʡ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʚʦʜʥʠʢʘ. ʅʦ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʧʦʪʝʥʮʠʘʣ ű ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʟʘʨʷʜʫ q: 

űCq= .                                                  (1.6.1) 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʉ ʥʘʟrʚʘʶʪ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴʶ ï 

ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ ʟʘʨʷʜʫ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʩʦ-

ʦʙʱʠʪʴ ʧʨʦʚʦʜʥʠʢʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʤʝʥʠʪʴ ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʥʘ ʝʜʠ-

ʥʠʮʫ: 

ű

q
C= .                                                     (1.6.2) 

ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʝʤʢʦʩʪʠ ʚ ʉʀ ï ʬʘʨʘʜʘ; 1 ʌ = 1 ʂʣ/1 ɺ. 

ɽʩʣʠ ʧʦʪʝʥʮʠʘʣ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ 

,
4 0

ʰʘʨ
R

q

pee
=j                                        (1.6.3) 

ʪʦ 

.ˊŮŮ4 0ʰʘʨ RC =                                         (1.6.4) 

ʇʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʝʤʢʦʩʪʴ ɿʝʤʣʠ. ɽʩʣʠ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʨʝʜʳ Ů =  1 (ʚʦʟʜʫʭ, ʚʘʢʫʫʤ) ʠ ,ɿʝʤʣʠRR=  ʪʦ 

ʠʤʝʝʤ, ʯʪʦ Cɿ =  7Ŀ10
ï4

 ʌ, ʠʣʠ 700 ʤʢʌ. 

ʏʘʱʝ ʥʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʤʝʣʢʠʝ ʝʜʠʥʠʮʳ ʝʤʢʦʩʪʠ:  

1 ʥʌ (ʥʘʥʦʬʘʨʘʜʘ) = 10
ï9

 ʌ ʠ 1 ʧʢʌ (ʧʠʢʦʬʘʨʘʜʘ) = 10
ï12

 ʌ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʩʪʨʦʡʩʪʚʘʭ, ʥʘʢʘʧʣʠʚʘʶʱʠʭ ʟʘʨʷʜ, ʝʩʪʴ, ʘ ʫʝʜʠ-

ʥʝʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʝʤʢʦʩʪʴʶ. ʆʧʳʪʥʳʤ ʧʫʪʝʤ ʙʣrʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ ʧʨʦʚʦʜʥʠʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʢ ʥʝ-

ʤʫ ʧʦʜʥʝʩʪʠ ʜʨʫʛʦʡ ʧʨʦʚʦʜʥʠʢ, ʟʘ ʩʯʝʪ ʷʚʣʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ 

ʠʥʜʫʢʮʠʠ. 

ʂʦʥʜʝʥʩʘʪʦʨ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʟʘʨʷʜʘ ʠ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʉʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚ ʚ ʬʦʨʤʝ ʧʣʘʩʪʠʥ, 

ʥʘʟʳʚʘʝʤʳʭ ʦʙʢʣʘʜʢʘʤʠ, ʨʘʟʜʝʣʝʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʤ. ʊʦʣʱʠʥʘ ʜʠʵʣʝʢ-

ʪʨʠʢʘ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ ʧʣʘʩʪʠʥ (ʨʠʩ.1.6.1). 
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ʈʠʩ.1.6.1 

 

ʂʦʥʩʪʨʫʢʮʠʷ ʪʘʢʦʚʘ, ʯʪʦ ʚʥʝʰʥʠʝ, ʦʢʨʫʞʘʶʱʠʝ ʢʦʥʜʝʥʩʘʪʦʨ ʪʝʣʘ, 

ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʵʣʝʢʪʨʦʝʤʢʦʩʪʴ. ʕʪʦ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ, 

ʝʩʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʙʫʜʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚʥʫʪʨʠ ʢʦʥʜʝʥʩʘʪʦ-

ʨʘ, ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ. 

ʂʦʥʜʝʥʩʘʪʦʨʳ ʙʳʚʘʶʪ ʧʣʦʩʢʠʝ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʠ ʩʬʝʨʠʯʝʩʢʠʝ. 

ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʪʦ ʣʠʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʥʘʯʠʥʘʶʪʩʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙ-

ʢʣʘʜʢʝ, ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʥʠʢʫʜʘ ʥʝ ʠʩʯʝʟʘʶʪ. ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʟʘʨʷʜʳ ʥʘ ʦʙʢʣʘʜʢʘʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ, ʥʦ ʦʜʠʥʘʢʦ-

ʚʳ ʧʦ ʚʝʣʠʯʠʥʝ. 

ɽʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʟʘʨʷʜʘ ʢ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥ-

ʮʠʘʣʦʚ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ: 

.
21 U

qq
C =

j-j
=                                          (1.6.5) 

ʇʦʤʠʤʦ ʝʤʢʦʩʪʠ ʢʘʞʜʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ Uʨʘʙ  

(ʠʣʠ Uʧʨ) ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʧʨʦ-

ʠʩʭʦʜʠʪ ʧʨʦʙʦʡ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

1.6.2.  ʉʦʝʜʠʥʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ɽʤʢʦʩʪʥʳʝ ʙʘʪʘʨʝʠ ï ʢʦʤʙʠʥʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ (ʨʠʩ. 1.6.2, 1.6.3). 

1. ʇʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚ (ʨʠʩ. 1.6.2). 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʱʠʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ U: 

;11 UCq =      UCq 22= . 
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ʈʠʩ. 1.6.2 ʈʠʩ. 1.6.3 

 

ʉʫʤʤʘʨʥʳʡ ʟʘʨʷʜ 

).( 2121 CCUqqq +=+=  

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʝʤʢʦʩʪʴ 

.21 CC
U

q
C +==  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʩʫʤ-

ʤʘʨʥʘʷ ʝʤʢʦʩʪʴ 

ä=
k

kCC . 

ʆʙʱʘʷ ʝʤʢʦʩʪʴ ʙʦʣʴʰʝ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ, ʚʭʦʜʷʱʝʡ ʚ ʙʘʪʘʨʝʶ. 

ʉʨʘʚʥʠʪʝ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R: 

21

111

RRR
== . 

2. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚ (ʨʠʩ. 1.6.3): 

ʆʙʱʠʤ ʷʚʣʷʝʪʩʷ ʟʘʨʷʜ q: 

;
1

1
C

q
U =  

2
2

C

q
U = , 

ʠʣʠ                                        ä ä==
k k k

k
C

qUU
1

,  

ʦʪʩʶʜʘ 

.
111

21 CCC
+=                                          (1.6.6) 

ʉʨʘʚʥʠʪʝ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ R: 

.21 RRR +=  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʦʝʜʠʥʝʥʠʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʦʙʱʘʷ ʝʤʢʦʩʪʴ ʤʝʥʴʰʝ ʩʘʤʦʡ ʤʘʣʝʥʴʢʦʡ ʝʤʢʦʩʪʠ, ʚʭʦʜʷʱʝʡ ʚ ʙʘʪʘʨʝʶ: 

.
11

ä=
k kCC
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1.6.3.  ʈʘʩʯʝʪ ʝʤʢʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 
ɽʤʢʦʩʪʴ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚʥʫʪʨʠ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʨʠʩ. 1.6.4) ʨʘʚʥʘ 

.
0ee

s
=E  

ʅʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʨʘʚʥʦ 

,d
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1 0
21 ñ

ee

s
==j-j=

x

x

dxEU  

ʛʜʝ 12 xxd -=  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ. 

ʊʘʢ ʢʘʢ ʟʘʨʷʜ Sq ů= , ʪʦ 

d

Sq
C ee=

j-j
= 0

21

.                                 (1.6.7) 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʝʱʝʩʪʚʘ 

ʦʯʝʥʴ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʕʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʠ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ: ʟʘʨʷʞʘʝʤ ʵʣʝʢʪʨʦʩʢʦʧ, ʧʦʜʥʦʩʠʤ ʢ ʥʝʤʫ ʤʝʪʘʣʣʠʯʝ-

ʩʢʫʶ ʧʣʘʩʪʠʥʫ ï ʧʦʣʫʯʠʣʠ ʢʦʥʜʝʥʩʘʪʦʨ (ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʠʥ-

ʜʫʢʮʠʠ ʧʦʪʝʥʮʠʘʣ ʫʚʝʣʠʯʠʣʩʷ). ɽʩʣʠ ʚʥʝʩʪʠ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʜʠʵʣʝʢ-

ʪʨʠʢ ʩ Ů, ʙʦʣʴʰʝ, ʯʝʤ ʫ ʚʦʟʜʫʭʘ, ʪʦ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʫʚʝʣʠʯʠʪʩʷ. 

 

ʈʠʩ. 1.6.4 

 

ʀʟ (1.6.7) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ Ů0: 

;
Ů

Ů0 S

Cd
=                                                          (1.6.8) 

[]
[][]
[] ʤ

ʌ

ʤ

ʤʌ
Ů

20 =
Ö

=
Ö

=
S

dC
. 

ɽʤʢʦʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥ-

ʜʝʥʩʘʪʦʨʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩ. 1.6.5, ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨ-

ʤʫʣʝ 
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ʛʜʝ ɚ ï ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ; 1R  ʠ 2R  ï ʨʘʜʠʫʩʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʦʙʢʣʘʜʦʢ; l ï ʜʣʠʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘ; lq ɚ= . 

 

 

 

ʈʠʩ. 1.6.5 
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ʇʦʥʷʪʥʦ, ʯʪʦ ʟʘʟʦʨ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ ʤʘʣ: ,12 RRd -=  ʪ.ʝ. .1Rd<<  
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C ee=
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epe
º                             (1.6.10) 

ɽʤʢʦʩʪʴ ʰʘʨʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʨʠʩ. 1.6.6) 

 

ʈʠʩ. 1.6.6 
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ʀʟ ʧ. 3.6 ʤʳ ʟʥʘʝʤ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ 

ʨʘʚʥʘ 
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epe
=j-j
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q
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ʊʦʛʜʘ, ʪ.ʢ. 
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C= , ʧʦʣʫʯʠʤ 
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epe
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ʕʪʦ ʝʤʢʦʩʪʴ ʰʘʨʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʛʜʝ 1R  ʠ 2R  ï ʨʘʜʠʫʩʳ ʰʘʨʦʚ. 

ɺ ʰʘʨʦʚʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ ;21 RR º  ;4 2RS p=  dRR =- 12  ï ʨʘʩʩʪʦʷ-

ʥʠʝ ʤʝʞʜʫ ʦʙʢʣʘʜʢʘʤʠ. ʊʦʛʜʘ 

.
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d
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C ee=

epe
º                               (1.6.11) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʤʢʦʩʪʴ ʰʘʨʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝ-

ʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʝʤʢʦʩʪʴ ʧʣʦʩʢʦʛʦ 

ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

1.6.4. ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ɺ ʧʨʝʜʝʣʘʭ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ ʥʝʚʦʟʤʦʞʥʦ ʜʘʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, ʛʜʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʵʥʝʨʛʠʷ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʇʦʣʷ ʠ ʟʘʨʷʜʳ, ʠʭ ʦʙʨʘʟʦʚʘʚʰʠʝ, 

ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʙʦʩʦʙʣʝʥʥʦ. ʀʭ ʥʝ ʨʘʟʜʝʣʠʪʴ. ʆʜʥʘʢʦ ʧʝʨʝʤʝʥ-

ʥʳʝ ʧʦʣʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʙʫʞʜʘʚʰʠʭ ʠʭ ʟʘʨʷʜʦʚ 

(ʠʟʣʫʯʝʥʠʝ ʩʦʣʥʮʘ, ʨʘʜʠʦʚʦʣʥʳé), ʠ ʦʥʠ ʧʝʨʝʥʦʩʷʪ ʵʥʝʨʛʠʶ. ʕʪʠ ʬʘʢ-

ʪʳ ʟʘʩʪʘʚʣʷʶʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʥʦʩʠʪʝʣʝʤ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦ-

ʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʩʠʣʳ ʢʫʣʦʥʦʚʩʢʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʩʦʚʝʨʰʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʘʙʦʪʫ dɸ. ʈʘʙʦʪʘ, ʩʦʚʝʨʰʝʥʥʘʷ 

ʩʠʩʪʝʤʦʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʙʳʣʴʶ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Wd-  ʟʘʨ̫ʜʦʚ: 

WA d-=d .                                       (1.6.12) 

ʕʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ ( 1q  ʠ 2q ), ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 12r , ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʨʘʙʦʪʝ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷ-

ʜʘ 1q  ʚ ʧʦʣʝ ʥʝʧʦʜʚʠʞʥʦʛʦ ʟʘʨʷʜʘ 2q  ʠʟ ʪʦʯʢʠ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 
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ɹʫʜʝʤ ʩʯʠʪʘʪʴ ʘʜʜʠʪʠʚʥʫʶ ʧʦʩʪʦʷʥʥʫʶ 0W  ʨʘʚʥʦʡ ʥʫʣʶ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ W ʤʦʞʝʪ ʙʳʪʴ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʝʩʣʠ ( 1q  ʠ 2q ) - ʟʘ-

ʨʷʜʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʵʥʝʨʛʠʶ ʜʚʫʭ ʟʘʨʷʜʦʚ, ʨʘʩʩʤʦʪʨʝʚ 

ʧʝʨʝʤʝʱʝʥʠʝ ʟʘʨʷʜʘ 2q  ʚ ʧʦʣʝ ʥʝʧʦʜʚʠʞʥʦʛʦ ʟʘʨʷʜʘ 1q  ʠʟ ʪʦʯʢʠ ʩ ʧʦ-

ʪʝʥʮʠʘʣʦʤ 
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ʋʜʦʙʥʦ ʟʘʧʠʩʘʪʴ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʟʘʨʷʜʦʚ ʚ ʩʠʤʤʝʪ-

ʨʠʯʥʦʡ ʬʦʨʤʝ: 

( )2211
2

1
j+j= qqW .                                           (1.6.14) 

ɺʟʘʠʤʥʘʷ ʥɻʝʨʛʠʷ ʩʠʩʪʝʤʳ n ʟʘʨʷʜʦʚ ʨʘʚʥʘ 
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qW               (1.6.15) 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʩʧʨʘʚʝʜʣʠʚʘ ʣʠʰʴ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞ-

ʜʫ ʟʘʨʷʜʘʤʠ ʟʘʤʝʪʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʨʘʟʤʝʨʳ ʩʘʤʠʭ ʟʘʨʷʜʦʚ. 

ʈʘʩʩʯʠʪʘʝʤ ʵʥʝʨʛʠʶ ʟʘʨʷʞʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʂʦʥʜʝʥʩʘʪʦʨ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʝʟʘʨʷʞʝʥʥʳʭ, ʧʣʘʩʪʠʥ. ɹʫʜʝʤ ʧʦʩʪʝ-

ʧʝʥʥʦ ʦʪʥʠʤʘʪʴ ʫ ʥʠʞʥʝʡ ʧʣʘʩʪʠʥʳ ʟʘʨʷʜ dq ʠ ʧʝʨʝʥʦʩʠʪʴ ʝʛʦ ʥʘ ʚʝʨʭ-

ʥʶʶ ʧʣʘʩʪʠʥʫ (ʨʠʩ. 1.6.7). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʚʦʟʥʠʢʥʝʪ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

.12 j-j  ʇʨʠ ʧʝʨʝʥʦʩʝ ʢʘʞʜʦʡ ʧʦʨʮʠʠ ʟʘʨʷʜʘ ʩʦʚʝʨʰʘʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʘʷ 

ʨʘʙʦʪʘ 

).(d 12 j-j-=d qA  

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʦʧʨʝʜʝʣʝʥʠʝʤ ʝʤʢʦʩʪʠ ,
21 j-j

=
q

C  ʧʦʣʫʯʘʝʤ 

C

qq
A

d
=d . 

ʆʙʱʘʷ ʨʘʙʦʪʘ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʟʘʨʷʜʘ ʧʣʘʩʪʠʥ ʢʦʥʜʝʥ-

ʩʘʪʦʨʘ ʦʪ 0 ʜʦ q, ʨʘʚʥʘ 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 64 

.
2

d 2

00 C

q

C

qq
AA

qq

=ñ=ñd=                                   (1.6.16) 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʠʥʪʝʛʨʘʣʘ ʫʯʪʝʥʦ, ʯʪʦ ʝʤʢʦʩʪʴ ʉ ʥʝ ʟʘʚʠʩʠʪ ʦʪ q ʠ ű. 

ɺʝʣʠʯʠʥʘ ʧʦʣʥʦʡ ʨʘʙʦʪʳ ɸ ʨʘʚʥʘ ʵʥʝʨʛʠʠ, ʟʘʧʘʩʝʥʥʦʡ ʢʦʥʜʝʥʩʘʪʦʨʦʤ, 
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ʕʪʫ ʵʥʝʨʛʠʶ ʤʦʞʥʦ ʪʘʢʞʝ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

( ) .
2

1

2

1
22

21 CUCW =j-j=                          (1.6.18) 

ɿʘʧʘʩʘʥʠʝ ʵʥʝʨʛʠʠ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʥʘʛʣʷʜʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʝʛʦ 

ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʣʘʤʧʦʯʢʝ. ʃʘʤʧʦʯʢʘ ʚʩʧʳʭʠʚʘʝʪ ʠ ʛʘʩʥʝʪ 

ʧʨʠ ʨʘʟʨʷʜʢʝ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʨʠʩ. 1.6.8). 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ʊʨʠ ʦʜʠʥʘʢʦʚʳʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʦʜʠʥ ʨʘʟ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʜʨʫʛʦʡ ï ʧʘʨʘʣʣʝʣʴʥʦ. ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʠ ʢʦʛʜʘ ʝʤʢʦʩʪʴ ʙʘʪʘʨʝʠ 

ʙʫʜʝʪ ʙʦʣʴʰʝ? 

2. ʄʦʞʝʪ ʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘ ʦʪʚʝʪʠʪʴ ʧʘ ʚʦʧʨʦʩ: ʛʜʝ ʣʦʢʘʣʠʟʦʚʘʥʘ 
ʵʥʝʨʛʠʷ ʠ ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʝ ʥʦʩʠʪʝʣʝʤ ï ʟʘʨʷʜʳ ʠʣʠ ʧʦʣʝ? ʇʦʯʝʤʫ? 

3. . ʏʝʤʫ ʨʘʚʥʘ ʝʤʢʦʩʪʴ (ʚ ʤʢʌ) ʢʦʥʜʝʥʩʘʪʦʨʘ, ʝʩʣʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
ʝʛʦ ʟʘʨʷʜʘ ʥʘ 30 ʤʢʂʣ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʥʘ 10 ɺ? 

4. . ɺʦ ʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʩʷ ʝʤʢʦʩʪʴ ʧʣʦʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʝʩʣʠ 

ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥ ʫʚʝʣʠʯʠʪʴ ʚ 8 ʨʘʟ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʫʤʝʥʴ-

ʰʠʪʴ ʚ 2 ʨʘʟʘ? 

5. . ʇʣʦʩʢʠʡ ʚʦʟʜʫʰʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ ʧʨʠʩʦʝʜʠʥʝʥ ʢ ʠʩʪʦʯʥʠʢʫ ʥʘ-

ʧʨʷʞʝʥʠʷ ʩ ʕɼʉ 200 ɺ. ʅʘ ʩʢʦʣʴʢʦ ʫʤʝʥʴʰʠʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ (ʚ ʢɺ/ʤ) 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘ-

ʤʠ ʫʚʝʣʠʯʠʪʴ ʦʪ 1 ʩʤ ʜʦ 2 ʩʤ? 

6. . ʉ ʢʘʢʠʤ ʫʩʢʦʨʝʥʠʝʤ ʧʦʜʥʠʤʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʧʳʣʠʥʢʘ 
ʤʘʩʩʦʡ 10

-7
 ʛ, ʥʝʩʫʱʘʷ ʟʘʨʷʜ 1,77 ʧʂʣ, ʚ ʧʣʦʩʢʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ ʥʘ ʦʙʢʣʘʜʢʘʭ 6 ʥʂʣ/ʤ
2
? 

7. . ʉ ʢʘʢʦʡ ʩʠʣʦʡ (ʚ ʤʅ) ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʦʙʢʣʘʜʢʠ 
ʧʣʦʩʢʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ? ɿʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ 6 ʤʢʂʣ, ʥʘ-

ʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ 3 ʢɺ/ʤ. 

8. . ɼʚʘ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 
300 ɺ ʢʘʞʜʳʡ, ʥʦ ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʝʤʢʦʩʪʠ 500 ʠ 300 ʧʌ, ʩʦʝʜʠʥʝ-

ʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʂʘʢʦʝ ʥʘʠʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʥʦ ʧʨʠʣʦʞʠʪʴ 

ʢ ʪʘʢʦʤʫ ʩʦʩʪʘʚʥʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʫ? 

9. . ʆʜʥʫ ʧʣʘʩʪʠʥʫ ʥʝʟʘʨʷʞʝʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʝʤ-

ʢʦʩʪʴʶ 1 ʥʌ, ʟʘʟʝʤʣʷʶʪ, ʘ ʜʨʫʛʫʶ ʧʨʠʩʦʝʜʠʥʷʶʪ ʜʣʠʥʥʳʤ ʪʦʥʢʠʤ ʧʨʦ-

ʚʦʜʦʤ ʢ ʫʜʘʣʝʥʥʦʤʫ ʧʨʦʚʦʜʷʱʝʤʫ ʰʘʨʫ ʨʘʜʠʫʩʦʤ 20 ʩʤ, ʠʤʝʶʱʝʤʫ ʟʘ-

ʨʷʜ 92 ʤʢʂʣ. ʂʘʢʦʡ ʟʘʨʷʜ (ʚ ʤʢʂʣ) ʦʩʪʘʥʝʪʩʷ ʥʘ ʰʘʨʝ? 

10. . ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʚʦʟʜʫʰʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ ʠ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʠʩʪʦʯʥʠʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʋ ʦʜʥʦʛʦ 

ʠʟ ʥʠʭ ʚʪʨʦʝ ʫʚʝʣʠʯʠʚʘʁ ʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ. ɺʦ ʩʢʦʣʴʢʦ 

ʨʘʟ ʫʤʝʥʴʰʠʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʵʪʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ? 

11. . ɼʚʘ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʝʤʢʦʩʪʴ ʦʜʥʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ, 

ʯʝʤ ʝʤʢʦʩʪʴ ʜʨʫʛʦʛʦ, ʩʦʝʜʠʥʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʧʦʜʢʣʶʯʠʣʠ ʢ ʠʩ-

ʪʦʯʥʠʢʫ ʥʘʧʨʷʞʝʥʠʷ ʩ ʕɼʉ 75 ɺ. ɿʘʪʝʤ ʟʘʨʷʞʝʥʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʦʪ-

ʢʣʶʯʠʣʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʩʦʝʜʠʥʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ. ʏʝʤʫ 

ʙʫʜʝʪ ʨʘʚʥʦ ʧʦʩʣʝ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ? 
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ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠ-
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1.7.  ʇʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ 

1.7.1.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʋʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤ ʪʦʢʦʤ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʦʡ ʪʦʢʘ ʩʣʫʞʠʪ ʩʠʣʘ ʪʦʢʘ I, ʪ.ʝ. ʟʘʨʷʜ, ʧʝʨʝ-

ʥʝʩʝʥʥʳʡ ʩʢʚʦʟʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S (ʠʣʠ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ 

ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ) ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʪ.ʝ. 

.
t

q
I
µ

µ
=                                              (1.7.1) 

ʊʦʢ, ʥʝ ʠʟʤʝʥʷʶʱʠʡʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʩʦ ʚʨʝʤʝʥʝʤ, ʥʘʟʳʚʘʝʪʩʷ ʧʦ-

ʩʪʦʷʥʥʳʤ ʪʦʢʦʤ: 

t

q
I = , 

ʦʪʩʶʜʘ ʚʠʜʥʘ ʨʘʟʤʝʨʥʦʩʪʴ ʩʠʣʳ ʪʦʢʘ ʚ ʉʀ: ʩʂʣA1 = . 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ï ʙʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʢʘ, ʯʝʤ ʩʠ-

ʣʘ ʪʦʢʘ I. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʦʢ ʣʦʢʘʣʴʥʦ, ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ I ï ʵʪʦ ʠʥʪʝʛʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʧʨʠʚʷʟʘʥʥʘʷ ʥʝ ʢ 

ʪʦʯʢʝ, ʘ ʢ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʪʝʢʘʝʪ ʪʦʢ. 

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʯʠʩʣʝʥʥʦ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʩʠʣʳ 

ʪʦʢʘ Iµ  ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʫʶ ʧʣʦʱʘʜʢʫ Sµ , ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʥʘʧʨʘʚ-

ʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʢ ʝʝ ʧʣʦʱʘʜʠ: 

^µ

µ
=

S

I
j .                                          (1.7.2) 

ɽʜʠʥʠʮʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ï ɸ/ʤ
2
.  

ɿʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ j
C

 ʧʨʠʥʠʤʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʜʨɡ
C

 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ (ʨʘʥʴʰʝ ʥʝ ʟʥʘʣʠ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʠ ʧʨʠʥʷʣʠ ʪʘʢ). ɽʩʣʠ ʥʦʩʠʪʝʣʷʤʠ ʷʚ-

ʣʷʶʪʩʷ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ, ʪʦ ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

 ,ɡɡj ʜʨʜʨ ---+++ +=
CCC

nqnq   

ʛʜʝ ++nq  ʠ --nq  ï ʦʙʲʝʤʥʳʝ ʧʣʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʨʷʜʦʚ. 

ʇʦʣʝ ʚʝʢʪʦʨʘ j
C

 ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʛʨʘʬʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʣʠʥʠʡ 

ʪʦʢʘ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʣʠʥʠʠ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E
C

 

(ʨʠʩ. 1.7.1). 
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ʈʠʩ. 1.7.1 ʈʠʩ. 1.7.2 

1.7.2.  ʋʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ɽʩʣʠ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, 

ʚʳʜʝʣʠʪʴ ʢʘʢʦʡ-ʪʦ ʦʙʲʝʤ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ S 

(ʨʠʩ 1.7.2), ʪʦ, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʩʫʤ-

ʤʘʨʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ q, ʦʭʚʘʪʳʚʘʝʤʳʡ ʧʦʚʝʨʭʥʦʩʪʴʶ S, ʠʟʤʝʥʷ-

ʝʪʩʷ ʟʘ ʚʨʝʤʷ tµ ʥʘ tIq µ-=µ , ʪʦʛʜʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ ʤʦʞʥʦ ʟʘ-

ʧʠʩʘʪʴ: 

ñ
µ

µ
-=µ

S t

q
j S
CC

.                                       (1.7.3) 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ. ʆʥʦ ʷʚ-

ʣʷʝʪʩʷ, ʧʦ ʩʫʱʝʩʪʚʫ, ʚʳʨʘʞʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʘʨ̫ʜʘ.  

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʟʘ-

ʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 

tµ

µ
-=Ð
ɟ

j
C

,   ʠʣʠ   
t

j
µ

rµ
-=

C
div .                         (1.7.4) 

ɺ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʳʤ: 

,0=
µ

µ

t

q
 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ñ =µ 0Sj
CC

                                           (1.7.5) 

ï ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʚ ʠʥʪʝʛʨʘʣʴ-

ʥʦʡ ʬʦʨʤʝ). 

ʃʠʥʠʠ j
C

 ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʠʛʜʝ ʥʝ ʥʘʯʠʥʘʶʪʩʷ ʠ ʥʠʛʜʝ ʥʝ ʟʘʢʘʥʯʠʚʘ-

ʶʪʩʷ. ʇʦʣʝ ʚʝʢʪʦʨʘ j
C

 ʥʝ ʠʤʝʝʪ ʠʩʪʦʯʥʠʢʘ. ɺ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ 

ʫʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 0j=Ð
C

. 
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1.7.3.  ʉʪʦʨʦʥʥʠʝ ʩʠʣʳ ʠ ʕɼʉ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʦʢ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʪ ʢʦʥʮʘ ʧʨʦʚʦʜʥʠʢʘ ʩ ʤʝʥʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʥʝʧʨʝʨʳʚʥʦ 

ʦʪʚʦʜʠʪʴ, ʘ ʢ ʜʨʫʛʦʤʫ ʢʦʥʮʫ ï ʩ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ï ʧʦʜʚʦʜʠʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʪ.ʝ. ʥʝʦʙʭʦʜʠʤ ʢʨʫʛʦʚʦʨʦʪ ʟʘʨʷʜʦʚ. ʇʦʵʪʦʤʫ 

ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ, ʥʘʨʷʜʫ ʩ ʥʦʨʤʘʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʟʘʨʷʜʦʚ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʫʯʘʩʪʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʜʚʠʞʝʥʠʝ (ʧʦʣʦʞʠʪʝʣʴʥʳʭ) ʟʘʨʷʜʦʚ ʧʨʦʠʩʭʦ-

ʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ, ʪ.ʝ. ʧʨʦʪʠʚ ʩʠʣ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ (ʨʠʩ. 1.7.1). 

 

 

ʈʠʩ. 1.7.1 ʈʠʩ. 1.7.2 

 

ʇʝʨʝʤʝʱʝʥʠʝ ʟʘʨʷʜʘ ʥʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʩ ʧʦʤʦʱʴʶ 

ʩʠʣ ʥʝʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʩʪʦʨʦʥʥʠʭ ʩʠʣ): ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʜʠʬʬʫʟʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʚʠʭʨʝʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ. 

ɸʥʘʣʦʛʠʷ ï ʥʘʩʦʩ, ʢʘʯʘʶʱʠʡ ʚʦʜʫ ʚ ʚʦʜʦʥʘʧʦʨʥʫʶ ʙʘʰʥʶ, ʜʝʡʩʪʚʫʝʪ ʟʘ 

ʩʯʝʪ ʥʝʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ (ʵʣʝʢʪʨʦʤʦʪʦʨ). 

ʉʪʦʨʦʥʥʠʝ ʩʠʣʳ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʘʙʦʪʦʡ, ʢʦʪʦʨʫʶ ʦʥʠ ʩʦ-

ʚʝʨʰʘʶʪ ʥʘʜ ʧʝʨʝʤʝʱʘʶʱʠʤʠʩʷ ʧʦ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʠʣʠ ʝʝ ʫʯʘʩʪʢʫ ʟʘ-

ʨʷʜʘʤʠ (ʨʠʩ.1.7.2). 

ɺʝʣʠʯʠʥʘ Ů, ʨʘʚʥʘʷ ʨʘʙʦʪʝ ʩʪʦʨʦʥʥʠʭ ʩʠʣ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʝʜʠ-

ʥʠʯʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚ ʮʝʧʠ, ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ 

ʩʠʣʦʡ (ʕɼʉ), ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʮʝʧʠ: 

[]ɺ
ʂʣ

ɼʞ
Ů =ùú

ø
éê

è
=

q

A
.                                  (1.7.6) 

ʂʘʢ ʚʠʜʥʦ ʠʟ (1.7.6), ʨʘʟʤʝʨʥʦʩʪʴ ʕɼʉ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʧʦʪʝʥʮʠʘʣʘ, ʪ.ʝ. ʠʟʤʝʨʝ̫ʪʩʷ ʚ ʚʦʣʴʪʘʭ. 

1.7.4.  ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʦʜʥʦʨʦʜʥʳʡ ʫʯʘʩʪʦʢ ʮʝʧʠ, ʫʯʘʩʪʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʠʩ-

ʪʦʯʥʠʢ ʕɼʉ (ʪ.ʝ. ʫʯʘʩʪʦʢ, ʛʜʝ ʜʝʡʩʪʚʫʶʪ ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʣʳ). ʅʘ-

ʧʨʷʞʝʥʥʦʩʪʴ E
C

 ʧʦʣʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʮʝʧʠ ʨʘʚʥʘ ʚʝʢʪʦʨʥʦʡ ʩʫʤʤʝ ʧʦʣʷ 

ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʣ ʠ ʧʦʣʷ ʩʪʦʨʦʥʥʠʭ ʩʠʣ, ʪ.ʝ. .EEE ʩʪʢ

CCC
+=  
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ɺʝʣʠʯʠʥʘ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ ʨʘʙʦʪʝ ʧʦ ʧʝʨʝʥʦʩʫ ʝʜʠʥʠʯʥʦʛʦ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩʫʤʤʘʨʥʳʤ ʧʦʣʝʤ ʢʫʣʦʥʦʚʩʢʠʭ ʠ ʩʪʦʨʦʥʥʠʭ ʩʠʣ ʥʘ 

ʫʯʘʩʪʢʝ ʮʝʧʠ (1-2), ʥʘʟʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ U12 ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 

(ʨʠʩ. 1.7.2):  

ñ ñ+=
2

1

2

1
ʩʪ12 ldEldE
CCCC

qU ,                                  (1.7.7) 

ʪ.ʢ. j-= dldE
CC

q , ʠʣʠ ñ j-j=
2

1
21ldE

CC
q , ʪʦʛʜʘ 

.)űű( 122112 Ů+-=U                                   (1.7.8) 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʢʦʥʮʘʭ ʫʯʘʩʪʢʘ ʮʝʧʠ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥ-

ʮʠʘʣʦʚ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʥʝʪ ʕɼʉ, ʪ.ʝ. ʥʘ ʦʜʥʦʨʦʜ-

ʥʦʤ ʫʯʘʩʪʢʝ ʮʝʧʠ. ɿʘʧʠʰʝʤ ʦʙʦʙʱʝʥʥʳʡ ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʫʯʘʩʪʢʘ ʮʝʧʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʠʩʪʦʯʥʠʢ ʕɼʉ: 

.)űű( 122112 Ů+-=IR                                 (1.7.9) 

ʆʙʦʙʱʝʥʥʳʡ ʟʘʢʦʥ ʆʤʘ ʚʳʨʘʞʘʝʪ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ-

ʤʝʥʠʪʝʣʴʥʦ ʢ ʫʯʘʩʪʢʫ ʮʝʧʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʆʥ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʩʧʨʘ-

ʚʝʜʣʠʚ ʢʘʢ ʜʣʷ ʧʘʩʩʠʚʥʳʭ ʫʯʘʩʪʢʦʚ (ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʕɼʉ), ʪʘʢ ʠ ʜʣʷ ʘʢ-

ʪʠʚʥʳʭ. 

ɺ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ï 

ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ: 

.IRU =                                                    (1.7.10) 

ɺ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ (ʨʠʩ. 1.7.3) 21 j=j :  Ů=SIR ,      ʠʣʠ      ,
Ů

S

=
R

I  

ʛʜʝ rRR +=S ; r ï ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ.  

 

 
ʈʠʩ. 1.7.3 

 

ʊʦʛʜʘ ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʟʘʤʢʥʫʪʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʠʩʪʦʯʥʠʢ ʕɼʉ, ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 

.
Ů

rR
I

+
=                                             (1.7.11) 
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1.7.5.  ɿʘʢʦʥ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ 

ɿʘʢʦʥ ʆʤʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ (ʥʝ 

ʩʦʜʝʨʞʘʱʝʛʦ ʕɼʉ) ï 

R

U
I = .                                               (1.7.12) 

ɼʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʚʳʨʘʟʠʤ R ʯʝʨʝʟ ɟ: 

S

l
R ɟ= ,                                             (1.7.13) 

ʛʜʝ ɟ ï ʫʜʝʣʴʥʦʝ ʦʙʲʝʤʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ; [ɟ] = [ʆʤĿʤ]. 

ʅʘʡʜʝʤ ʩʚʷʟʴ ʤʝʞʜʫ j
C

 ʠ E
C

 ʚ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ ʦʙʲʝʤʝ ʧʨʦʚʦʜʥʠʢʘ ï 

ʟʘʢʦʥ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ. 

ʀʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ ʆʤʘ (7.6.1), ʠʤʝʝʤ 

r
=

r

==
SE

S

l

lE

R

U
I

d

d

d

d
. 

ɸ ʤʳ ʟʥʘʝʤ, ʯʪʦ E
S

I
j

ɟ

1

d

d
== , ʠʣʠ E

ɟ

1
j

CC
= . ʆʪʩʶʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

Eůj
CC

=                                               (1.7.14) 

ï ʵʪʦ ʟʘʧʠʩʴ ʟʘʢʦʥʘ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ. 

ɿʜʝʩʴ ɟ/1ů=  ï ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ.  

ʈʘʟʤʝʨʥʦʩʪʴ ů ï [ 11 ʤOʤ --Ö ]. 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ ʝ, ʢʦʣʠʯʝʩʪ-

ʚʦ ʟʘʨʷʜʦʚ n ʠ ʜʨʝʡʬʦʚʫʶ ʩʢʦʨʦʩʪʴ ɡ
C

: 

ɡj
CC

en= .                                          (1.7.15) 

ʇʫʩʪʴ 
E

ɡ
C
C
=b , ʪʦʛʜʘ Eɡ

CC
b=  ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ Ej

CC
enb= . 

ɽʩʣʠ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ů ʚʨrʘʟʠʪʴ ʯʝʨʝʟ ʝ, n ʠ b 

( enb=ů ), ʪʦ ʚʥʦʚʴ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʟʘʢʦʥʘ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣɹ-

ʥʦʡ ʬʦʨʤʝ: 

Eůj
CC

= . 

1.7.6.  ʈʘʙʦʪʘ ʠ ʤʦʱʥʦʩʪʴ ʪʦʢʘ. ɿʘʢʦʥ ɼʞʦʫʣʷ ï ʃʝʥʮʘ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʠʟʚʦʣʴʥʳʡ ʫʯʘʩʪʦʢ ʮʝʧʠ, ʢ ʢʦʥʮʘʤ ʢʦʪʦʨʦʛʦ ʧʨʠ-

ʣʦʞʝʥʦ ʥʘʧʨʷʞʝʥʠʝ U. ɿʘ ʚʨʝʤʷ dt ʯʝʨʝʟ ʢʘʞʜʦʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ 

ʧʨʦʭʦʜʠʪ ʟʘʨʷʜ 
.dd tIq=  
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ʇʨʠ ʵʪʦʤ ʨʘʙʦʪʘ ʩʠʣʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ  
.ddd tUIqUA ==  

ʈʘʟʜʝʣʠʚ ʨʘʙʦʪʫ ʥʘ ʚʨʝʤʷ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʦʱʥʦʩʪʠ ï  

.
d

d
UI

t

A
N ==                                           (1.7.16) 

ʇʦʣʝʟʥʦ ʚʩʧʦʤʥʠʪʴ ʠ ʜʨʫʛʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʤʦʥɦʦʩʪʠ ʠ ʨʘʙʦʪʳ: 

;2RIN=                                                 (1.7.17) 

.2tRIA=                                                  (1.7.18) 

ɺ 1841 ʛ. ʤʘʥʯʝʩʪʝʨʩʢʠʡ ʧʠʚʦʚʘʨ ɼʞʝʡʤʩ ɼʞʦʫʣʴ ʠ ʚ 1843 ʛ. ʧʝ-

ʪʝʨʙʫʨʛʩʢʠʡ ʘʢʘʜʝʤʠʢ ʕʤʠʣʠʡ ʃʝʥʮ ʫʩʪʘʥʦʚʠʣʠ ʟʘʢʦʥ ʪʝʧʣʦʚʦʛʦ ʜʝʡʩʪ-

ʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ʅʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ɼʞʦʫʣʴ ʠ ʃʝʥʮ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʦ-

ʪʝʢʘʥʠʠ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʚʳʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ 

.2tRIQ=                                                 (1.7.19) 

ɽʩʣʠ ʪʦʢ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʪʦ 

ñ=
2

1

2dtRIQ . 

ʕʪʦ ʟʘʢʦʥ ɼʞʦʫʣʷ ï ʃʝʥʮʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ. 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʛʨʝʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ, ʩʦʚʝʨ-

ʰʘʝʤʦʡ ʩʠʣʘʤʠ ʧʦʣʷ ʥʘʜ ʟʘʨʷʜʦʤ. 

ʉʦʦʪʥʦʰʝʥʠʝ (1.7.19) ʠʤʝʝʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʪʥʦʩʠʪʩʷ ʢʦ 

ʚʩʝʤʫ ʧʨʦʚʦʜʥʠʢʫ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʯʝʪ ʪʦʢ I. ʇʦʣʫ-

ʯʠʤ ʟʘʢʦʥ ɼʞʦʫʣʷ ï ʃʝʥʮʘ ʚ ʣʦʢʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʷ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ.  

ʊʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʪʦʢʘ ʚ ʵʣʝʤʝʥʪʝ ʧʨʦʚʦʜʥʠʢʘ ȹl ʩʝʯʝʥʠʝʤ ȹS, 

ʦʙ̡ʝʤʦʤ SlV ȹȹȹ Ö=  ʨʘʚʥʘ 

VlSEjIRIN ȹEjȹȹȹȹ 2
CC

==== . 

ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʪʦʢʘ 

Ej
ȹ

ȹ CC
==

V

N
w . 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ Eůj
CC

= . ʆʪʩʶʜʘ 

ʟʘʢʦʥ ɼʞʦʫʣʷ ï ʃʝʥʮʘ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʧʣʦʪʥʦʩʪʴ ʚʳʜʝʣʝʥʥʦʡ ʵʥʝʨʛʠʠ, ï 

Eů
C

=w .                                              (1.7.20) 

ʊʘʢ ʢʘʢ ʚʳʜʝʣʝʥʥʘʷ ʪʝʧʣʦʪʘ ʨʘʚʥʘ ʨʘʙʦʪʝ ʩʠʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ï   

IUtA= , 

ʪʦ ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʜʣʷ ʤʦʱʥʦʩʪʠ ʪʦʢʘ: 
2RIUIN == .                                     (1.7.21) 
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ʄʦʱʥʦʩʪʴ, ʚʳʜʝʣʝʥʥʘʷ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʧʨʦʚʦʜʥʠʢʘ, 2ɟjw= . 

ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʮʝʧʠ 

ʠ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ. 

ʆʧʨʝʜʝʣʠʤ ʂʇɼ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ï ɖ. ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʩʦʜʝʨʞʘʱʫʶ ʠʩʪʦʯʥʠʢ ʕɼʉ ʩ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝʤ r, ʠ ʚʥʝʰʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R  (ʨʠʩ. 1.7.4). 

ʂʇɼ ʦʧʨʝʜʝʣʷʝʤ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʢ ʟʘʪʨʘʯʝʥʥʦʡ: 

.ɖ
ŮŮʟ

ʧ

ʟ

ʧ U

I

UI

N

N

A

A
====

 
 

ʇʦʣʝʟʥʘʷ ʨʘʙʦʪʘ ï ʤʦʱʥʦʩʪʴ, ʚʳʜʝʣʷʝʤʘʷ ʥʘ ʚʥʝʰʥʝʤ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʠ R ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ.  

ʇʦ ʟʘʢʦʥʫ ʆʤʘ ʠʤʝʝʤ: ,IRU =  ʘ ,)(Ů IrR+=  ʪʦʛʜʘ ʂʇɼ 

rR

R

rRI

IR

+
=

+
==

)(

U
ɖ
Ů

. 

ʅʘ ʨʠʩʫʥʢʦʤ 7.7. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ʧʦʣʫʯʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʮʝʧʠ 

ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʤʦʱʥʦʩʪʠ. 

 

 

 
ʈʠʩ. 1.7.4 ʈʠʩ. 1.7.5 

ʇʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ ʜʣʷ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʝʡ 

ʈʘʩʯʝʪ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʝʡ ʩ ʧʦʤʦʱʴʶ ʟʘʢʦʥʘ ʆʤʘ ʜʦʚʦʣʴʥʦ ʩʣʦ-

ʞʝʥ. ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʦ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʧʨʘʚʠʣ ʥʝʤʝʮ-

ʢʦʛʦ ʬʠʟʠʢʘ ɻ. ʂʠʨʭʛʦʬʘ (1824 ï 1887). 

ʇʝʨʚʦʝ ʧʨʘʚʠʣʦ ʂʠʨʭʛʦʬʘ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤ-

ʤʘ ʪʦʢʦʚ, ʩʭʦʜʷʱʠʭʩʷ ʚ ʣʶʙʦʤ ʫʟʣʝ ʮʝʧʠ ʨʘʚʥʘ ʥʫʣʶ: 

 .0
1

=ä
=

n

k

kI   

ɺ ʩʣʫʯʘʝ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʮʝʧʠ ʥʠ ʚ ʦʜʥʦʡ ʪʦʯ-

ʢʝ ʧʨʦʚʦʜʥʠʢʘ, ʥʠ ʥʘ ʦʜʥʦʤ ʠʟ ʝʛʦ ʫʯʘʩʪʢʦʚ ʥʝ ʜʦʣʞʥʳ ʥʘʢʘʧʣʠʚʘʪʴʩʷ 
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ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʫʟʝʣ ï ʣʶʙʦʡ ʫʯʘʩʪʦʢ ʮʝʧʠ, ʛʜʝ ʩʭʦʜʷʪʩʷ ʙʦʣʝʝ 

ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚ (ʨʠʩ. 1.7.6). 

ʊʦʢʠ, ʩʭʦʜʷʱʠʝʩʷ ʢ ʫʟʣʫ,  ʩʯʠʪʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ:  

.0321 =+- III  

ʇʝʨʚʳʡ ʟʘʢʦʥ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʟʘʨʷʜʘ. 

ɺʪʦʨʦʝ ʧʨʘʚʠʣʦ ʂʠʨʭʛʦʬʘ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʟʘʢʦʥʘ ʆʤʘ ʜʣʷ 

ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʮʝʧʠ ʠ ʩʣʝʜʩʪʚʠʝʤ ɿʉʕ. 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ 

ʨʘʟʚʝʪʚʣʝʥʠʡ (ʨʠʩ. 1.7.7) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʢʦʥʪʫ-

ʨʘ: 
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ʉʢʣʘʜʳʚʘʷ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʠʤ ʚʪʦʨʦʝ ʧʨʘʚʠʣʦ ʂʠʨʭʛʦʬʘ: 

 ä ä=
k k

kkkRI .E   

ɺ ʣʶʙʦʤ ʟʘʤʢʥʫʪʦʤ ʢʦʥʪʫʨʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ 

ʩʫʤʤʘ ʧʨʦʠʟʚʝʜʝʥʠʷ ʪʦʢʘ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ 

ʩʫʤʤʝ ʕɼʉ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʵʪʦʤ ʞʝ ʢʦʥʪʫʨʝ. 

ʆʙʭʦʜ ʢʦʥʪʫʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʝʩʣʠ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʦʙʭʦʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘ, ʪʦ ʪʦʢ ʙʝʨʝʪʩʷ ʩʦ ʟʥʘʢʦʤ 

çʧʣʶʩè. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ʏʪʦ ʥʘʟʳʚʘʶʪ ʩʠʣʦʡ ʪʦʢʘ? ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ? ʂʘʢʦʚʳ ʠʭ ʝʜʠʥʠʮʳ? 
ʅʘʟʦʚʠʪʝ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

2. ʏʪʦ ʪʘʢʦʝ ʩʪʦʨʦʥʥʠʝ ʩʠʣʳ? ʂʘʢʦʚʘ ʠʭ ʧʨʠʨʦʜʘ? 

3. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʮʝʧʠ? ʥʘʧʨʷʞʝʥʠʷ? ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ? 

4. ʇʦʯʝʤʫ ʥʘʧʨʷʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʥʳʤ ʧʦʥʷʪʠʝʤ ʨʘʟʥʦʩʪʠ ʧʦ-

ʪʝʥʮʠʘʣʦʚ? 

5. ʂʘʢʦʚʘ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʫʜʝʣʴʥʳʤ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ? 

6. ʅʘ ʯʝʤ ʦʩʥʦʚʘʥʦ ʜʝʡʩʪʚʠʝ ʪʝʨʤʦʤʝʪʨʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ?  

7. ɺʳʚʝʜʠʪʝ ʟʘʢʦʥʳ ʆʤʘ ʠ ɼʞʦʫʣʷ ï ʃʝʥʮʘ. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʬʠ-

ʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʤʦʥɦʦʩʪʠ ʪʦʢʘ? 

8. ʇʨʦʘʥʘʣʠʟʠʨʫʡʪʝ ʦʙʦʙʱʝʥʥʳʡ ʟʘʢʦʥ ʆʤʘ. ʂʘʢʠʝ ʯʘʩʪʥʳʝ ʟʘʢʦʥʳ 

ʤʦʞʥʦ ʠʟ ʥʝʛʦ ʧʦʣʫʯʠʪʴ? 

9. ʇʦʷʩʥʠʪʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ, ʨʘʟʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. 

10. ʂʘʢ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʧʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ? ʅʘ ʯʝʤ ʦʥʠ ʦʩʥʦʚʘʥʳ? 

11. ʂʘʢ ʩʦʩʪʘʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʝ ʧʨʘʚʠʣʘ ʂʠʨʭʛʦʬʘ? 

12. ʆʧʨʝʜʝʣʠʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʭʨʦʤʦʚʦʡ ʧʨʦʚʦʣʦʢʠ ʜʣʠʥʦʡ 1 ʤ ʠ 
ʤʘʩʩʦʡ 0,83 ʛ. ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʭʨʦʤʘ 10ï6 ʆʤÅʤ, ʧʣʦʪʥʦʩʪʴ 

8300 ʢʛ/ʤ
3
 

13. ʇʨʦʚʦʣʦʢʫ ʜʣʠʥʦʡ 1 ʤ ʨʘʩʪʷʥʫʣʠ ʪʘʢ, ʯʪʦ ʝʝ ʜʣʠʥʘ ʩʪʘʣʘ 110 ʩʤ. 

ʅʘ ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʫʚʝʣʠʯʠʣʦʩʴ ʧʨʠ ʵʪʦʤ ʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

14. . ʉʢʦʣʴʢʦ ʚʠʪʢʦʚ ʧʨʦʚʦʣʦʢʠ ʩʣʝʜʫʝʪ ʚʧʣʦʪʥʫʶ ʥʘʤʦʪʘʪʴ ʥʘ ʬʘʨ-

ʬʦʨʦʚʫʶ ʪʨʫʙʢʫ ʨʘʜʠʫʩʦʤ 10 ʩʤ, ʯʪʦʙʳ ʠʟʛʦʪʦʚʠʪʴ ʨʝʦʩʪʘʪ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝʤ 50 ʆʤ? ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʣʦʢʠ 5Ĭ10
-6
 ʆʤÅʤ, ʝʝ ʜʠʘ-

ʤʝʪʨ 2 ʤʤ. 

15. ɸʤʧʝʨʤʝʪʨ ʠʤʝʝʪ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 0,02 ʆʤ, ʝʛʦ ʰʢʘʣʘ 
ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʩʠʣʫ ʪʦʢʘ 1,2 B. ʆʧʨʝʜʝʣʠʪʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʚ ʤʆʤ) ʰʫʥ-

ʪʘ, ʢʦʪʦʨʳʡ ʥʘʜʦ ʧʨʠʩʦʝʜʠʥʠʪʴ ʢ ʘʤʧʝʨʤʝʪʨʫ ʧʘʨʘʣʣʝʣʴʥʦ, ʯʪʦʙʳ ʠʤ 

ʤʦʞʥʦ ʙʳʣʦ ʠʟʤʝʨʷʪʴ ʩʠʣʫ ʪʦʢʘ ʜʦ 6 ɸ. 

16. ɿʘ ʦʜʥʫ ʤʠʥʫʪʫ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʧʨʦʰʝʣ ʟʘ-

ʨʷʜ 100 ʂʣ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʝ 10 ʩ ʩʠʣʘ ʪʦʢʘ ʨʘʚʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʣʘ ʦʪ 

ʥʫʣʷ ʜʦ ʥʝʢʦʪʦʨʦʡ ʚʝʣʠʯʠʥʳ I, ʘ ʧʦʩʣʝʜʥʠʝ 10 c ʨʘʚʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘ-

ʣʘʩʴ ʜʦ ʥʫʣʷ. ʅʘʡʜʠʪʝ I. 
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1.8. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʤʝʪʘʣʣʘʭ,  
ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ 

1.8.1.  ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʤʝʪʘʣʣʘʭ 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʤʝʪʘʣʣʘʭ ï ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

ʅʘʠʙʦʣʝʝ ʫʙʝʜʠʪʝʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʠʨʦʜʳ ʪʦʢʘ 

ʚ ʤʝʪʘʣʣʘʭ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʦʧʳʪʘʭ ʩ ʠʥʝʨʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ (ʦʧʳʪ ʊʦʣ-

ʤʝʥʘ ʠ ʉʪʴʶʘʨʪʘ). 

ʂʘʪʫʰʢʘ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʚʠʪʢʦʚ ʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʠ (ʨʠʩ. 1.8.1) 

ʧʨʠʚʦʜʠʣʘʩʴ ʚ ʙʳʩʪʨʦʝ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ. ʂʦʥʮʳ ʢʘʪʫʰʢʠ 

ʩ ʧʦʤʦʱʴʶ ʛʠʙʢʠʭ ʧʨʦʚʦʜʦʚ ʙʳʣʠ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʤʫ 

ʙʘʣʣʠʩʪʠʯʝʩʢʦʤʫ ʛʘʣʴʚʘʥʦʤʝʪʨʫ. ʈʘʩʢʨʫʯʝʥʥʘʷ ʢʘʪʫʰʢʘ ʨʝʟʢʦ ʪʦʨʤʦʟʠ-

ʣʘʩʴ, ʠ ʚ ʮʝʧʠ ʚʦʟʥʠʢʘʣ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʪʦʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʠʥʝʨʮʠʝʡ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʇʦʣʥʳʡ ʟʘʨʷʜ, ʧʨʦʪʝʢʘʶʱʠʡ ʧʦ ʮʝʧʠ, ʠʟʤʝʨʷʣʩʷ 

ʛʘʣʴʚʘʥʦʤʝʪʨʦʤ. 

ʇʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚʨʘʱʘʶʱʝʡʩʷ ʢʘʪʫʰʢʠ ʥʘ ʢʘʞʜʳʡ ʥʦʩʠʪʝʣʴ ʟʘʨʷ-

ʜʘ e ʤʘʩʩʦʡ m ʜʝʡʩʪʚʫʝʪ ʪʦʨʤʦʟʷʱʘʷ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʨʦʣʴ ʩʪʦʨʦʥ-

ʥʝʡ ʩʠʣʳ, ʪ.ʝ. ʩʠʣʳ ʥʝʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: 

t

ɡ
mF

d

d
-= . 
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ʉʪʦʨʦʥʥʷʷ ʩʠʣʘ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʜʠʥʠʮʝ ʟʘʨʷʜʘ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʷʚ-

ʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʩʪE  ʧʦʣʷ ʩʪʦʨʦʥʥʠʭ ʩʠʣ: 

te

m
E

d

ɡd
ʩʪ -= . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʮʝʧʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʢʘʪʫʰʢʠ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢ-

ʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ 

l
te

m
lE

d

ɡd
ʩʪŮ -== . 

ɿʘ ʚʨʝʤʷ ʪʦʨʤʦʞʝʥʠʷ ʢʘʪʫʰʢʠ ʧʦ ʮʝʧʠ ʧʨʦʪʝʯʝʪ ʟʘʨʷʜ q, ʨʘʚʥʳʡ 
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ʛʜʝ l ï ʜʣʠʥʘ ʧʨʦʚʦʣʦʢʠ ʢʘʪʫʰʢʠ; I ï ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ 

ʚ ʢʘʪʫʰʢʝ; R ï ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ; 0ɡ ï ʥʘʯʘʣʴʥʘʷ ʣʠʥʝʡʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʨʦʚʦʣʦʢʠ.  

ʍʦʨʦʰʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʪʘʣʣʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʨʘʚʥʦʡ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ 

ʯʠʩʣʫ ʘʪʦʤʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ.  

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʤʝʪʘʣʣʘʭ ʦʪʚʝʪ-

ʩʪʚʝʥʥʳ ʵʣʝʢʪʨʦʥʳ, ʚʦʟʥʠʢʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ ʦʧʳʪʦʚ ʊʦʣʤʝʥʘ  

ʠ ʉʪʶʘʨʪʘ. ɽʱʝ ʚ 1900 ʛ. ʥʝʤʝʮʢʠʡ ʫʯʝʥʳʡ ʇ. ɼʨʫʜʝ ʥʘ ʦʩʥʦʚʝ ʛʠʧʦʪʝʟʳ 

ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʘʭ ʩʦʟʜʘʣ ʵʣʝʢʪʨʦʥʥʫʶ 

ʪʝʦʨʠʶ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʪʘʣʣʦʚ. ʕʪʘ ʪʝʦʨʠʷ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦ-

ʪʘʭ ʛʦʣʣʘʥʜʩʢʦʛʦ ʬʠʟʠʢʘ ʍ. ʃʦʨʝʥʮʘ ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʦʨʠʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʥʳ ʚ ʤʝʪʘʣʣʘʭ ʚʝ-

ʜʫʪ ʩʝʙʷ, ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ, ʚʦ ʤʥʦʛʦʤ ʧʦʭʦʞʠʡ ʥʘ ʠʜʝʘʣʴʥʳʡ ʛʘʟ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʛʘʟ ʟʘʧʦʣʥʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʠʦʥʘʤʠ, ʦʙʨʘʟʫʶ-

ʱʠʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʤʝʪʘʣʣʘ. ʀʟ-ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʦʥʘʤʠ 

ʵʣʝʢʪʨʦʥʳ ʤʦʛʫʪ ʧʦʢʠʥʫʪʴ ʤʝʪʘʣʣ, ʣʠʰʴ ʧʨʝʦʜʦʣʝʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʦ-

ʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ. ɺʳʩʦʪʘ ʵʪʦʛʦ ʙʘʨʴʝʨʘ ʥʘʟʳʚʘʝʪʩʷ ʨʘʙʦʪʦʡ ʚʭrʦʜʘ. 

ʇʨʠ ʦʙʳʯʥʳʭ (ʢʦʤʥʘʪʥʳʭ) ʪʝʤʧʝʨʘʪʫʨʘʭ ʫ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʭʚʘʪʘʝʪ 

ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ɼʨʫʜʝ ï ʃʦʨʝʥʮʘ ʵʣʝʢʪʨʦʥʳ ʦʙʣʘʜʘʶʪ ʪʘʢʦʡ ʞʝ ʩʨʝʜʥʝʡ ʵʥʝʨʛʠʝʡ ʪʝʧ-

ʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʘʢ ʠ ʤʦʣʝʢʫʣʳ ʦʜʥʦʘʪʦʤʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʧʦ ʬʦʨʤʫʣʘʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ: ʤ/ʩ10ɡ 5
ʪʝʧ= . 

ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ 

ʧʨʦʚʦʜʥʠʢʝ, ʢʨʦʤʝ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʚʦʟʥʠʢʘʝʪ ʠʭ ʫʧʦ-

ʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ (ʜʨʝʡʬ), ʪ.ʝ. ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ɺʝʣʠʯʠʥʘ ʜʨʝʡ-

ʬʦʚʦʡ ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 0,6ï6 ʤʤ/c. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʘʭ ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʠʭ 

ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ.  

ʄʘʣʘʷ ʩʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʧʳʪʥʦʤʫ ʬʘʢʪʫ, ʯʪʦ ʪʦʢ 

ʚʦ ʚʩʝʡ ʮʝʧʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ. 

ɿʘʤʳʢʘʥʠʝ ʮʝʧʠ ʚʳʟʳʚʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ  c = 8103Ö  ʤ/ʩ. ʏʝʨʝʟ ʚʨʝʤʷ l/c=Ű  (l ï ʜʣʠʥʘ ʮʝʧʠ) ʚʜʦʣʴ ʮʝ-

ʧʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʠ ʚ ʥʝʡ ʥʘʯʠʥʘʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ. 
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ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʦʨʠʠ ʤʝʪʘʣʣʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʘʤ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ. ɺ ʵʪʦʡ 

ʪʝʦʨʠʠ ʧʨʝʥʝʙʨʝʛʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʩʚʦʜʷʪ ʪʦʣʴʢʦ ʢ ʩʦʫʜʘʨʝʥʠ-

ʷʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʧʨʠ ʢʘʞʜʦʤ ʩʦʫʜʘʨʝʥʠʠ ʵʣʝʢʪʨʦʥ ʧʝʨʝ-

ʜʘʝʪ ʨʝʰʝʪʢʝ ʚʩʶ ʥʘʢʦʧʣʝʥʥʫʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʵʥʝʨʛʠʶ, ʠ ʧʦ-

ʵʪʦʤʫ ʧʦʩʣʝ ʩʦʫʜʘʨʝʥʠʷ ʦʥ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʩ ʥʫʣʝʚʦʡ ʜʨʝʡʬʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʵʪʠ ʜʦʧʫʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʨʠʙʣʠ-

ʞʝʥʥʳʤʠ, ʢʣʘʩʩʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʦʨʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʲʷʩʥʷʝʪ ʟʘ-

ʢʦʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʘʭ ï ʟʘʢʦʥ ʆʤʘ, 

ʟʘʢʦʥ ɼʞʦʫʣʷ ï ʃʝʥʮʘ ï ʠ ʦʙʲʷʩʥʷʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ. 
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ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʚʦʧʨʦʩʦʚ ʢʣʘʩʩʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʦʨʠʷ ʧʨʠʚʦʜʠʪ 

ʢ ʚʳʚʦʜʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʦʧʳʪʦʤ. ʕʪʘ ʪʝʦʨʠʷ ʥʝ ʤʦʞʝʪ, 

ʥʘʧʨʠʤʝʨ, ʦʙʲ̫ ʩʥʠʪʴ, ʧʦʯʝʤʫ ʤʦʣʷʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʝʪʘʣʣʦʚ, ʪʘʢʞʝ ʢʘʢ 

ʠ ʤʦʣʷʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʨʘʚʥʘ 3R (ʟʘʢʦʥ 

ɼʶʣʦʥʛʘ ʠ ʇʪʠ). ʂʣʘʩʩʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʦʨʠʷ ʥʝ ʤʦʞʝʪ ʪʘʢʞʝ ʦʙʲ-

ʷʩʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ: 

ʪʝʦʨʠʷ ʜʘʝʪ T~ɟ , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʫʯʘʝʪʩʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ  ɟ ~ T.  

ʅʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʨʘʩʭʦʞʜʝʥʠʷ ʪʝʦʨʠʠ ʠ ʦʧʳʪʦʚ ʷʚʣʷʝʪʩʷ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ.  

ɿʦʥʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʪʘʣʣʦʚ 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʤʝʪʘʣʣʘʤʠ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ (ʜʠ-

ʵʣʝʢʪʨʠʢʘʤʠ) ʩʦʩʪʦʠʪ ʚ ʭʘʨʘʢʪʝʨʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʋ ʤʝʪʘʣʣʦʚ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʘʜʘ-

ʝʪ, ʘ ʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ï ʨʘʩʪʝʪ. ʇʨʠ ʊ ­ 0 ʂ ʫ ʯʠʩʪʳʭ 

ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʤʦʩʪʴ s ­ ¤. ʋ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʧʨʠ 
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ʊ ­ 0 ʂ  s ­ 0. ʂʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ 

ʠ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝʪ. 

ʇʨʦʷʚʣʝʥʠʝ ʫ ʦʜʥʠʭ ʚʝʱʝʩʪʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʫ ʜʨʫʛʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʦʙʲʷʩʥʝʥʦ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ.  

ʉʦʛʣʘʩʥʦ ʢʚʘʥʪʦʚʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʜʠʩʢʨʝʪʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠʯʝʤ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ 

ʇʘʫʣʠ, ʚ ʦʜʥʦʤ ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʥʳ ʥʝ ʩʦʙʠʨʘʶʪʩʷ ʥʘ ʢʘʢʦʤ-ʪʦ ʦʜʥʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʦʣʥʷʶʪ ʨʘʟʨʝʰʝʥʥʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʚ ʘʪʦʤʝ, ʬʦʨʤʠʨʫʷ ʝʛʦ ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʦʣʦʯʢʠ. 

ʇʨʠ ʩʙʣʠʞʝʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʪʦʤʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʭʠʤʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʦ ʚʥʝʰʥʠʭ, ʚʘʣʝʥʪʥʳʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʢʘʭ. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʇʘʫʣʠ ʘʪʦʤʳ ʥʝ ʤʦʛʫʪ ʩʙʠʪʴʩʷ ʚ ʧʣʦʪʥʫʶ ʤʘʩ-

ʩʫ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʦʜʥʦʤ ʢʚʘʥʪʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʦʢʘʟʘʣʦʩʴ ʙʳ 

ʤʥʦʛʦ ʯʘʩʪʠʮ ʩ ʧʦʣʫʮʝʣʳʤ ʩʧʠʥʦʤ - ʩʦʙʩʪʚʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʢʦʣʠʯʝʩʪ-

ʚʘ ʜʚʠʞʝʥʠʷ (L = ǩ/2). ʊʘʢʠʝ ʯʘʩʪʠʮʳ ʥʘʟʚrʘʶʪʩʷ ʬʝʨʤʠʦʥʘʤʠ, ʠ ʢ ʥʠʤ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʷʪʩʷ ʵʣʝʢʪʨʦʥʳ, ʧʨʦʪʦʥʳ, ʥʝʡʪʨʦʥʳ. ʅʘʟʚʘʥʳ ʦʥʠ ʪʘʢ 

ʚ ʯʝʩʪʴ ʠʪʘʣʴʷʥʩʢʦʛʦ ʬʠʟʠʢʘ ʕ. ʌʝʨʤʠ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʚʰʝʛʦ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʧʦʚʝʜʝʥʠʷ ʢʦʣʣʝʢʪʠʚʦʚ ʪʘʢʠʭ ʯʘʩʪʠʮ. ʇʨʠ ʩʙʣʠʞʝʥʠʠ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʘʪʦʤʦʚ ʚ ʧʨʝʜʝʣʘʭ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʠʩʭʦʜ-

ʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʚʘʣʝʥʪʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʝ ʥʘ N ʧʦʜʫ-

ʨʦʚʥʝʡ, ʛʜʝ N - ʯʠʩʣʦ ʘʪʦʤʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʢʨʠʩʪʘʣʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘ-

ʟʫʝʪʩʷ ʟʦʥʘ ʨʘʟʨʝʰʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ (ʨʠʩ. 1.8.2). 

 

 

ʈʠʩ. 1.8.2 

ɺ ʤʝʪʘʣʣʘʭ ʚʥʝʰʥʠʝ ʚʘʣʝʥʪʥʳʝ ʦʙʦʣʦʯʢʠ ʟʘʧʦʣʥʝʥʳ ʥʝ ʧʦʣʥʦʩʪʴʶ, 

ʥʘʧʨʠʤʝʨ, ʫ ʘʪʦʤʦʚ ʩʝʨʝʙʨʘ ʚʦ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʝ 5s1 ʥʘʭʦʜʠʪʩʷ ʦʜʠʥ 

ʵʣʝʢʪʨʦʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʇʘʫʣʠ, ʤʦʛʣʦ ʙʳ ʥʘʭʦ-

ʜʠʪʴʩʷ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʠʝʥʪʘʮʠʷʤʠ ʩʧʠʥʦʚ, ʥʦ ʚʪʦʨʦʛʦ 

ʵʣʝʢʪʨʦʥʘ ʚʦ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʝ ʘʪʦʤʘ ʩʝʨʝʙʨʘ ʧʨʦʩʪʦ ʥʝʪ. ʇʨʠ ʩʙʣʠʞʝ-
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ʥʠʠ N ʘʪʦʤʦʚ Ag ʠ ʨʘʩʱʝʧʣʝʥʠʠ ʚʥʝʰʥʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 5s1 

ʥʘ N ʧʦʜʫʨʦʚʥʝʡ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʟʘʧʦʣʥʷʝʪʩʷ ʫʞʝ ʜʚʫʤʷ ʵʣʝʢʪʨʦʥʘʤʠ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʨʠʝʥʪʘʮʠʷʤʠ ʩʧʠʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʩʙʣʠʞʝʥʠʠ 

N ʘʪʦʤʦʚ ʩʝʨʝʙʨʘ ʚʦʟʥʠʢʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʟʦʥʘ, ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥ-

ʥʘʷ ʵʣʝʢʪʨʦʥʘʤʠ. ʕʥʝʨʛʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʩʣʝʜʥʝʤʫ ʟʘʧʦʣʥʝʥʥʦʤʫ 

ʵʣʝʢʪʨʦʥʥʦʤʫ ʫʨʦʚʥʶ ʧʨʠ 0 ʂ, ʥʘʟʳʚʘʝʪʩʷ ʵʥʝʨʛʠʝʡ ʌʝʨʤʠ (eF º kTg). 

ʈʘʩʩʪʦʷʥʠʝ Dɽ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʦʯʝʥʴ ʤʘ-

ʣʦ, ʧʦʩʢʦʣʴʢʫ N ʦʯʝʥʴ ʚʝʣʠʢʦ, ʜʦ 323 ʩʤ10 - ;  

eF ~ 1·10 ʵɺ, 

Dɽ = eF/N << kT º 0,025 ʵɺ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʨʘʟʨʝʰʝʥʥʳʤʠ ʫʨʦʚʥʷʤʠ ʵʣʝʢʪʨʦʥʦʚ 

ʚ ʤʝʪʘʣʣʘʭ ʤʥʦʛʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʜʘʞʝ 

ʧʨʠ ʩʘʤʳʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɽʩʣʠ ʧʦʤʝʩʪʠʪʴ ʧʨʦʚʦʜʥʠʢ ʚ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʝ ʧʦʣʝ, ʚʢʣʶʯʠʚ ʝʛʦ, ʥʘʧʨʠʤʝʨ, ʚ ʟʘʤʢʥʫʪʫʶ ʮʝʧʴ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʕɼʉ, ʪʦ ʵʣʝʢʪʨʦʥʳ ʥʘʯʥʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʠʟ ʪʦʯʢʠ ʧʨʦʚʦʜʥʠʢʘ ʩ ʤʝʥʴ-

ʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʢ ʪʦʯʢʝ ʩ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʪ.ʢ. ʠʭ ʟʘʨʷʜ ʦʪʨʠ-

ʮʘʪʝʣʝʥ. ʅʦ ʜʚʠʞʝʥʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʦʟʥʘʯʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨ-

ʛʠʠ ʵʣʝʢʪʨʦʥʘ, ʘ ʧʦ ʢʚʘʥʪʦʚʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʝʨʝʭʦʜ ʥʘ ʙʦʣʝʝ ʚʳʩʦ-

ʢʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʫ ʵʣʝʢʪʨʦʥʘ ʚʦʟʤʦʞʝʥ, ʝʩʣʠ ʵʪʦʪ ʩʦʩʝʜʥʠʡ 

ʫʨʦʚʝʥʴ ʩʚʦʙʦʜʝʥ. ɺ ʤʝʪʘʣʣʘʭ ʪʘʢʠʭ ʩʚʦʙʦʜʥʳʭ ʫʨʦʚʥʝʡ ʜʣʷ ʵʣʝʢʪʨʦ-

ʥʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ, ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʧʦɻ ʪʦʤʫ 

ʤʝʪʘʣʣʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ.  

1.8.2.  ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ 

ʂ ʯʠʩʣʫ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʦʪʥʦʩʷʪʩʷ ʤʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

(ʛʝʨʤʘʥʠʡ, ʢʨʝʤʥʠʡ, ʩʝʣʝʥ, ʪʝʣʣʫʨ, ʤʳʰʴʷʢ ʠ ʜʨ.), ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʧʣʘʚʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʯʪʠ ʚʩʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

ʦʢʨʫʞʘʶʱʝʛʦ ʥʘʩ ʤʠʨʘ ï ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ. ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʚ ʧʨʠʨʦʜʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʷʚʣʷʝʪʩʷ ʢʨʝʤʥʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʦʢʦʣʦ 

30 % ʟʝʤʥʦʡ ʢʦʨʳ.  

ʂʘʯʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʦʪ ʤʝʪʘʣʣʦʚ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 1.8.3 ʘ, ʙ). 

  
ʘ ʙ 

ʈʠʩ. 1.8.3 
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ɿʦʥʥʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ  

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʚʝʨʜʳʭ ʪʝʣ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʘʷ ʟʦʥʘ, ʚʦʟʥʠʢʰʘʷ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦ-

ʥʦʚ ʠʩʭʦʜʥʳʭ ʘʪʦʤʦʚ, ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʦʡ ʵʣʝʢʪʨʦʥʘ-

ʤʠ, ʘ ʙʣʠʞʘʡʰʠʝ ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʝ ʫʨʦʚʥʠ ʦʪʜʝʣʝʥʳ ʦʪ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ɽV ʧʨʦʤʝʞʫʪʢʦʤ ʥʝʨʘʟʨʝ-

ʰʝʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ï ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦ-

ʥʦʡ ɽg (ʨʠʩ. 1.8.4). ɺʳʰʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʘ ʟʦʥʘ ʨʘʟʨʝ-

ʰʝʥʥʳʭ ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ï ʟʦʥʘ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ ɽc. 

ɿʦʥʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ 0 ʂ ʧʦʣʥʦʩʪʴʶ ʩʚʦʙʦʜʥʘ, ʘ ʚʘʣʝʥʪʥʘʷ ʟʦʥʘ ï 

ʧʦʣʥʦʩʪʴʶ ʟʘʥʷʪʘ. ʇʦʜʦʙʥʳʝ ʟʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʨʝʤ-

ʥʠ̫, ʛʝʨʤʘʥʠʷ, ʘʨʩʝʥʠʜʘ ʛʘʣʣʠʷ (GaAs), ʬʦʩʬʠʜʘ ʠʥʜʠʷ (InP) ʠ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʪʚʝʨʜʳʭ ʪʝʣ, ʷʚʣʷʶʱʠʭʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤʠ. 

 

 

ʈʠʩ. 1.8.4 

 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ 

ʵʣʝʢʪʨʦʥʳ ʩʧʦʩʦʙʥʳ ʧʦʣʫʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ, ʩʚʷʟʘʥʥʫʶ 

ʩ ʪʝʧʣʦʚʳʤ ʜʚʠʞʝʥʠʝʤ kT. ʋ ʯʘʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʝʨʝʭʦʜʘ ʠʟ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʛʜʝ ʵʣʝʢʪʨʦʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʤʦʛʫʪ ʧʝʨʝʤʝɦ ʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʦʙʦʜʥʦ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʮʝʧʠ ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦ ʤʝʨʝ 

ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʙʫʜʝʪ ʥʘʨʘʩʪʘʪʴ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʡ ʪʦʢ. ʕʪʦʪ ʪʦʢ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʟʦʥʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʥʦ ʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʘʢʘʥʪʥʳʭ ʤʝʩʪ ʦʪ ʫʰʝʜʰʠʭ ʚ ʟʦʥʫ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʜʳʨʦʢ. 

ɺʘʢʘʥʪʥʦʝ ʤʝʩʪʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʥʷʪʦ ʚʘʣʝʥʪʥʳʤ ʵʣʝʢʪʨʦʥʦʤ ʠʟ ʩʦʩʝʜʥʝʡ 

ʧʘʨʳ, ʪʦʛʜʘ ʜʳʨʢʘ ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʥʦʚʦʝ ʤʝʩʪʦ ʚ ʢʨʠʩʪʘʣʣʝ.  

ɽʩʣʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʧʦʤʝʱʘʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʪʦ ʚ ʫʧʦʨ̫-

ʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʚʣʝʢʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʥʦ 
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ʠ ʜʳʨʢʠ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʩʝʙʷ, ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ. 

ʇʦʵʪʦʤʫ ʪʦʢ I ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ In ʠ ʜr-

ʨʦʯʥʦʛʦ Ip ʪʦʢʦʚ: I = In + Ip. 

ʕʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴ-

ʢʦ ʫ ʯʠʩʪʳʭ (ʪ.ʝ. ʙʝʟ ʧʨʠʤʝʩʝʡ) ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʆʥ ʥʘʟʳʚʘʝʪʩʷ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʕʣʝʢʪʨʦ-

ʥʳ ʟʘʙʨʘʩʳʚʘʶʪʩʷ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩ ʫʨʦʚʥʷ ʌʝʨʤʠ, ʢʦʪʦʨʳʡ ʦʢʘ-

ʟʳʚʘʝʪʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʦʩʝʨʝʜʠʥʝ 

ʟʘʧʨʝɦ ʝʥʥʦʡ ʟʦʥʳ (ʨʠʩ. 1.8.4).  

ʉʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʤʦʞʥʦ, 

ʚʚʝʜʷ ʚ ʥʠʭ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ. ɺ ʤʝʪʘʣʣʘʭ ʧʨʠʤʝʩʴ 

ʚʩʝʛʜʘ ʫʤʝʥʴʰʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ. ʊʘʢ, ʜʦʙʘʚʣʝʥʠʝ ʚ ʯʠʩʪʳʡ ʢʨʝʤʥʠʡ 3 % 

ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʚ 10
5
 ʨʘʟ. 

ʅʝʙʦʣʴʰʦʝ ʜʦʙʘʚʣʝʥʠʝ ʧʨʠʤʝʩʠ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʫ ʥʘʟʳʚʘʝʪʩʷ ʣʝ-

ʛʠʨʦʚʘʥʠʝʤ. 

ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʧʨʠʤʝʩʝʡ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʠʝ ʚʘ-

ʣʝʥʪʥʦʩʪʠ ʘʪʦʤʦʚ ʧʨʠʤʝʩʠ ʦʪ ʚʘʣʝʥʪʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʘ. 

ʇʨʦʚʦʜʠʤʦʩʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʠʤʝʩʝʡ ʥʘʟʳʚʘʝʪʩʷ 

ʧʨʠʤʝʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʧʨʠʤʝʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ï ʵʣʝʢʪʨʦʥʥʫʶ 

ʠ ʜʳʨʦʯʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʟʥʠʢʘʝʪ, ʢʦ-

ʛʜʘ ʚ ʢʨʠʩʪʘʣʣ ʛʝʨʤʘʥʠʷ ʩ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʳʤʠ ʘʪʦʤʘʤʠ ʚʚʝʜʝʥʳ ʧʷʪʠ-

ʚʘʣʝʥʪʥʳʝ ʘʪʦʤʳ (ʥʘʧʨʠʤʝʨ, ʘʪʦʤʳ ʤʳʰʴʷʢʘ As), ʨʠʩ. 1.8.5. 

ʏʝʪʳʨʝ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʘ ʘʪʦʤʘ ʤʳʰʴʷʢʘ ʚʢʣʶʯʝʥʳ ʚ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʩ ʯʝʪʳʨʴʤʷ ʩʦʩʝʜʥʠʤʠ ʘʪʦʤʘʤʠ ʛʝʨʤʘʥʠʷ. 

ʇʷʪʳʡ ʚʘʣʝʥʪʥʳʡ ʵʣʝʢʪʨʦʥ ʦʢʘʟʘʣʩʷ ʠʟʣʠʰʥʠʤ. ʆʥ ʣʝʛʢʦ ʦʪʨʳʚʘʝʪʩʷ ʦʪ 

ʘʪʦʤʘ ʤʳʰʴʷʢʘ ʠ ʩʪʘʥʦʚʠʪʩʷ ʩʚʦʙʦʜʥʳʤ. ɸʪʦʤ, ʧʦʪʝʨʷʚʰʠʡ ʵʣʝʢʪʨʦʥ, 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʦʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʫʟʣʝ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʦʡ ʨʝh ʝʪʢʠ.  

 

 

ʈʠʩ. 1.8.5 
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ʇʨʠʤʝʩʴ ʠʟ ʘʪʦʤʦʚ ʩ ʚʘʣʝʥʪʥʦʩʪʴʶ, ʧʨʝʚʳʰʘʶʱʝʡ ʚʘʣʝʥʪʥʦʩʪʴ 

ʦʩʥʦʚʥʳʭ ʘʪʦʤʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʥʘʟʳʚʘʝʪʩʷ ʜʦʥʦʨ-

ʩʢʦʡ ʧʨʠʤʝʩʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʚʚʝʜʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʧʦʷʚʣʷʝʪʩʷ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ï ʚ ʪʳʩʷʯʠ 

ʠ ʜʘʞʝ ʤʠʣʣʠʦʥʳ ʨʘʟ.  

ʋʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʨʠʤʝʩʝʡ ʤʦʞʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʫʜʝʣʴʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. ʊʘʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʚʦʙʦʜʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ, ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ, ʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʦʙʣʘʜʘʶʱʠʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ n-ʪʠʧʘ.  

ɼʳʨʦʯʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʚ ʢʨʠʩʪʘʣʣ ʛʝʨʤʘʥʠʷ 

ʚʚʝʜʝʥʳ ʪʨʝʭʚʘʣʝʥʪʥʳʝ ʘʪʦʤʳ, ʥʘʧʨʠʤʝʨ ʘʪʦʤʳ ʠʥʜʠʷ (ʨʠʩ. 1.8.6). 

ʅʘ ʨʠʩ. 1.8.6 ʧʦʢʘʟʘʥ ʘʪʦʤ ʠʥʜʠʷ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʣ ʩ ʧʦʤʦʱʴʶ ʩʚʦʠʭ 

ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʣʠʰʴ ʩ ʪʨʝʤʷ ʩʦʩʝʜʥʠʤʠ ʘʪʦ-

ʤʘʤʠ ʛʝʨʤʘʥʠʷ. ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ ʩ ʯʝʪʚʝʨʪʳʤ ʘʪʦʤʦʤ ʛʝʨʤʘʥʠʷ  

ʫ ʘʪʦʤʘ ʠʥʜʠʷ ʥʝʪ ʵʣʝʢʪʨʦʥʘ. ʕʪʦʪ ʥʝʜʦʩʪʘʶʱʠʡ ʵʣʝʢʪʨʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʭʚʘʯʝʥ ʘʪʦʤʦʤ ʠʥʜʠʷ ʠʟ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʛʝʨʤʘ-

ʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʪʦʤ ʠʥʜʠʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʠʦʥ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʡ ʚ ʫʟʣʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʘ ʚ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʩʦ-

ʩʝʜʥʠʭ ʘʪʦʤʦʚ ʦʙʨʘʟʫʝʪʩʷ ʚʘʢʘʥʩʠʷ.  
 

 

ʈʠʩ. 1.8.6 

 

ʇʨʠʤʝʩʴ ʘʪʦʤʦʚ, ʩʧʦʩʦʙʥʳʭ ʟʘʭʚʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʥʳ, ʥʘʟʳʚʘʝʪʩʷ 

ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʴʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʠ 

ʚ ʢʨʠʩʪʘʣʣʝ ʨʘʟʨʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʠ ʦʙʨʘʟʫʁ ʪʩʷ 

ʚʘʢʘʥʪʥʳʝ ʤʝʩʪʘ (ʜʳʨʢʠ). ʅʘ ʵʪʠ ʤʝʩʪʘ ʤʦʛʫʪ ʧʝʨʝʩʢʘʢʠʚʘʪʴ ʵʣʝʢʪʨʦʥʳ 

ʠʟ ʩʦʩʝʜʥʠʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʭʘʦʪʠʯʝʩʢʦʤʫ ʙʣʫʞʜʘ-

ʥʠʶ ʜʳʨʦʢ ʧʦ ʢʨʠʩʪʘʣʣʫ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʳʨʦʢ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ ʩ ʘʢʮʝʧʪʦʨʥʦʡ ʧʨʠʤʝʩʴʶ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ 

ʠʟ-ʟʘ ʤʝʭʘʥʠʟʤʘ ʩʦʙʩʪʚʝʥʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ:  
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np >> nn. ʇʨʦʚʦʜʠʤʦʩʪʴ ʪʘʢʦʛʦ ʪʠʧʘ ʥʘʟʳʚʘʝʪʩʷ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦ-

ʩʪʴ.ʁ ʇʨʠʤʝʩʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʩ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʥʘʟʳʚʘ-

ʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ p-ʪʠʧʘ. ʆʩʥʦʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʩʚʦʙʦʜʥʦʛʦ ʟʘ-

ʨʷʜʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ p-ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʜʳʨʢʠ. 

ʕʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʡ ʧʝʨʝʭʦʜ. ɼʠʦʜʳ ʠ ʪʨʘʥʟʠʩʪʦʨʳ  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ 

ʠʛʨʘʶʪ ʠʩʢʣʶʯʠʪʝʣʥɹʫʶ ʨʦʣʴ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʦʥʠ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʠʣʠ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʝ ʧʨʠʙʦʨʳ.  

ɺ ʣʶʙʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤ ʧʨʠʙʦʨʝ ʠʤʝʝʪʩʷ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣɹʢʦ 

ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ ʧʝʨʝʭʦʜʦʚ. ʕʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʡ ʧʝʨʝʭʦʜ (ʠʣʠ 

nïp-ʧʝʨʝʭʦʜ) ï ʵʪʦ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʨʘʟʥʳʤʠ 

ʪʠʧʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʅʘ ʛʨʘʥʠʮʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ (ʨʠʩ. 1.8.7) ʦʙʨʘʟʫʝʪʩʷ ʜʚʦʡʥʦʡ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʡ ʩʣʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʢʦʪʦʨʦʛʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʮʝʩʩʫ 

ʜʠʬʬʫʟʠʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. 
 

 

ʈʠʩ. 1.8.7 
 

ʉʧʦʩʦʙʥʦʩʪʴ nïp-ʧʝʨʝʭʦʜʘ ʧʨʦʧʫʩʢʘʪʴ ʪʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ 

ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʠʙʦʨʘʭ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʜʠʦʜʘʤʠ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʠʦʜʳ ʠʟʛʦʪʘʚʣʠ-

ʚʘʶʪʩʷ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ ʠʣʠ ʛʝʨʤʘʥʠʷ. ʇʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʚ ʢʨʠʩʪʘʣʣ c ʢʘʢʠʤ-ʣʠʙʦ ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʧʣʘʚʣʷʶʪ ʧʨʠʤʝʩʴ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʜʨʫʛʦʡ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʅʘ ʨʠʩ. 1.8.8 ʧʨʠʚʝʜʝʥʘ ʪʠʧʠʯʥʘʷ ʚʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʨʝʤʥʠʝʚʦʛʦ ʜʠʦʜʘ.  
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ʈʠʩ. 1.8.8 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʙʨʘʪʥʳʡ ʪʦʢ ʜʦ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ (ʧʨʦʙʦʡʥʦʛʦ) ʨʘʚʝʥ ʥʫʣʶ. ʇʨʠ ʥʘ-

ʧʨʷʞʝʥʠʠ ʚʳʰʝ ʧʨʦʙʦʡʥʦʛʦ ʥʘʩʪʫʧʘʝʪ ʧʨʦʙʦʡ ʜʠʦʜʘ, ʦʥ ʚʳʭʦʜʠʪ ʠʟ 

ʩʪʨʦʷ.  

1.8.3.  ʉʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ 

ʉʫʱʝʩʪʚʫʝʪ ʦʜʥʦ ʷʚʣʝʥʠʝ, ʤʝʭʘʥʠʟʤ ʢʦʪʦʨʦʛʦ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞ-

ʥʳʤ ʦʙʲʷʩʥʠʪʴ ʣʠʰʴ ʚ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ. ʇʨʠ ʥʝʢʦʪʦʨʦʡ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ Tʢʨ, ʨʘʟʣʠʯʥʦʡ ʜʣʷ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʫʜʝʣʴʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʩʢʘʯʢʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʫʣʷ (ʨʠʩ. 1.8.9, ʢʨʠʚʘʷ 2).  

 

 

ʈʠʩ. 1.8.9 

 

ɺ 1908 ʛ. ʛʦʣʣʘʥʜʩʢʦʤʫ ʬʠʟʠʢʫ ɻ. ʂʘʤʝʨʣʠʥʛïʆʥʥʝʩʫ ʫʜʘʣʦʩʴ ʧʦ-

ʣʫʯʠʪʴ ʞʠʜʢʠʡ ʛʝʣʠʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ 4,44 ʂ. ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʞʠʜʢʦʛʦ ʛʝʣʠʷ ʦʢʘʟʘʣʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤ ʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ, ʠ ʚ ʪʝʯʝ-

ʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʣʠʰʴ ʣʘʙʦʨʘʪʦʨʠʷ ʂʘʤʝʨʣʠʥʛïʆʥʥʝʩʘ ʚ ʃʝʡʜʝʥʝ 

ʧʨʦʠʟʚʦʜʠʣʘ ʞʠʜʢʠʡ ʛʝʣʠʡ.  

ʀʟʫʯʘʷ ʧʦʚʝʜʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʪʫʪʠ, ʦʭʣʘʞʜʘʝʤʦʡ ʜʦ ʛʝʣʠʝʚʳʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʂʘʤʝʨʣʠʥʛïʆʥʥʝʩ ʚ 1911 ʛ. ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ ʥʘʙʣʶʜʘʣ ʠʩ-

ʯʝʟʥʦʚʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʪʫʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʙʳʣʦ ʥʘʟʚʘʥʦ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴʶ.   
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ʂʘʤʝʨʣʠʥʛïʆʥʥʝʩ ʧʠʩʘʣ: çʇʨʠ 4,3 ʂ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʪʫʪʠ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʜʦ 0,084 ʆʤ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 0,0021 ʦʪ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʠʤʝʣʘ ʙʳ ʪʚʝʨʜʘʷ ʨʪʫʪʴ ʧʨʠ 0 ʉ̄ (39,7 ʆʤ). ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʨʠ 3 ʂ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʘʜʘʝʪ ʥʠʞʝ 3Ö10
-6
 ʆʤ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 10

-7
 ʦʪ 

ʟʥʘʯʝʥʠʷ ʧʨʠ 0 ʉ̄è. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ, ʚ ʢʦʪʦʨʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʣʦʩʴ ʜʦ ʥʫʣʷ, ʦʯʝʥʴ ʫʟʦʢ, ʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝ-

ʪʘʣʣʦʚ ʦʥ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 10
-3
 ʂ.  

ɺ 1957 ʛ. ɼʞ. ɹʘʨʜʠʥʦʤ, ʃ. ʂʫʧʝʨʦʤ, ɼʞ. ʐʨʠʬʝʨʦʤ ʜʘʥʦ ʢʚʘʥʪʦ-

ʚʦ-ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ (ʪʝʦʨʠʷ 

ɹʂʐ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʭʦʪʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʢʫ-

ʣʦʥʦʚʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʝʨʝʭʦʜʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʊʩ ï ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘʯʠʥʘʶʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʝ ʦʙʤʝʥʦʤ ʬʦʥʦʥʘʤʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ (ʬʦʥʦʥʳ ï ʢʚʘʥʪʳ 

ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ). ʕʪʦ ʧʨʠʪʷʞʝʥʠʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʷʟʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʘʨ ï ʢʫʧʝʨʦʚʩʢʠʭ ʧʘʨ.  

ʇʘʨʳ ʵʣʝʢʪʨʦʥʦʚ ʫʞʝ ʥʝ ʷʚʣʷʶʪʩʷ ʬʝʨʤʠʦʥʘʤʠ, ʠ ʜʣʷ ʥʠʭ ʫʞʝ ʥʝ 

ʜʝʡʩʪʚʫʝʪ ʧʨʠʥʮʠʧ ʟʘʧʨʝʪʘ ʇʘʫʣʠ. ʉʧʘʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʷʚʣʷʶʪʩʷ ʙʦʟʦʥʘ-

ʤʠ ï ʯʘʩʪʠʮʘʤʠ ʩ ʥʫʣʝʚʳʤ ʩʧʠʥʦʤ, ʠ ʩʪʨʝʤʷʪʩʷ ʩʢʦʥʜʝʥʩʠʨʦʚʘʪʴʩʷ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʘʷ, ʩʚʝʨʭʪʝ-

ʢʫʯʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʞʠʜʢʦʩʪʴ, ʦʙʣʘʜʘʶʱʘʷ ʩʚʦʡʩʪʚʘʤʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ.  

ʉʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʢʚʘʥʪʦ-

ʚʳʤ ʩʦʩʪʦʷʥʠʝʤ ʤʝʪʘʣʣʘ. ʕʣʝʢʪʨʦʥ, ʜʚʠʞʫʱʠʡʩʷ ʩʨʝʜʠ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ, ʧʦʣʷʨʠʟʫʝʪ ʨʝʰʝʪʢʫ, ʪ.ʝ. ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʠ-

ʣʘʤʠ ʧʨʠʪʷʛʠʚʘʝʪ ʢ ʩʝʙʝ ʙʣʠʞʘʡʰʠʝ ʠʦʥʳ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʩʤʝɦ ʝʥʠʶ 

ʠʦʥʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʨʘʝʢʪʦʨʠʠ ʵʣʝʢʪʨʦʥʘ ʣʦʢʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪ-

ʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ. ɺʪʦʨʦʡ ʵʣʝʢʪʨʦʥ, ʜʚʠʞʫʱʠʡʩʷ ʚʩʣʝʜ ʟʘ 

ʧʝʨʚʳʤ, ʙʫʜʝʪ ʧʨʠʪʷʛʠʚʘʪʴʩʷ ʦʙʣʘʩʪʴʶ ʩ ʠʟʙʳʪʦʯʥʳʤ ʧʦʣʦʞʠʪʝʣʥɹʳʤ 

ʟʘʨʷʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʨʝ-

ʰʝʪʢʦʡ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʘʤʠ 1 ʠ 2 ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ (ʩʚʷʟʘʥ-

ʥʘʷ ʢʫʧʝʨʦʚʩʢʘʷ ʧʘʨʘ).  

ɺʝʱʝʩʪʚʘ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʤ ʩʦʩʪʦʷʥʠʠ ʦʙʣʘʜʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠʭ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʤʥʦʛʠʝ ʛʦʜʳ) ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʝʟ ʟʘʪʫʭʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʚʦʟʙʫʞʜʝʥʥʳʡ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʡ ʮʝʧʠ.  

ʅʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦʟʨʘʩʪʘʣ ʧʦ ʤʝʨʝ ʦʪʢʨʳ-

ʪʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʢʨʠʪʠʯʝʩʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

ɿʥʘʯʠʪʝʣʴʥʳʡ ʰʘʛ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʦʰʝʣ ʚ 1986 ʛʦʜʫ, ʢʦʛʜʘ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ ʦʜʥʦʛʦ ʩʣʦʞʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

Tʢʨ = 35 K.  ʋʞʝ ʚ ʩʣʝʜʫʶʱʝʤ 1987 ʛʦʜʫ ʬʠʟʠʢʠ ʩʫʤʝʣʠ ʩʦʟʜʘʪʴ ʥʦʚʫʶ 
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ʢʝʨʘʤʠʢʫ ʩ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 98 ʂ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ 

ʞʠʜʢʦʛʦ ʘʟʦʪʘ (77 ʂ).  

ʗʚʣʝʥʠʝ ʧʝʨʝʭʦʜʘ ʚʝʱʝʩʪʚ ʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ, ʙʳʣʦ 

ʥʘʟʚʘʥʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴʶ. ɺ 1988 ʛʦʜʫ ʙʳʣʦ 

ʩʦʟʜʘʥʦ ʢʝʨʘʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʵʣʝʤʝʥʪʦʚ TlïCaïBaïCuïO 

ʩ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 125 ʂ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʤʝʭʘʥʠʟʤ ʚʳʩʦʢʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʢʦʥʮʘ 

ʥʝ ʚʳ̫ ʩʥʝʥ. 

1.8.4. ʕʤʠʩʩʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʧʨʦʚʦʜʥʠʢʦʚ 

ʋʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠ-

ʢʦʤ ʠ ʚʘʢʫʫʤʦʤ ʩʢʘʯʢʦʤ ʠʟʤʝʥʷʶʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠ ʠʥʜʫʢʮʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʉ ʵʪʠʤ ʩʚʷʟʘʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ. ʕʣʝʢʪʨʦʥ 

ʩʚʦʙʦʜʝʥ ʪʦʣʴʢʦ ʚ ʛʨʘʥʠʮʘʭ ʤʝʪʘʣʣʘ. ʂʘʢ ʪʦʣʴʢʦ ʦʥ ʧʳʪʘʝʪʩʷ ʧʝʨʝʡʪʠ 

ʛʨʘʥʠʮʫ çʤʝʪʘʣʣ ï ʚʘʢʫʫʤè, ʚʦʟʥʠʢʘʝʪ ʢʫʣʦʥʦʚʩʢʘʷ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʦʤ ʠ ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʙʳʪʦʯʥʳʤ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ (ʨʠʩ. 1.8.9). 

 

 

ʈʠʩ. 1.8.9 

 

ɺʙʣʠʟʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ, ʠ ʥʘ ʛʨʘʥʠ-

ʮʝ ʨʘʟʜʝʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦ-

ʪʝʥʮʠʘʣʦʚ (ʧʦʚʚʥj-j ). ʉʢʘʯʢʠ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʛʨʘʥʠʮʝ ʤʝʪʘʣʣʘ ʧʦʢʘʟʘ-

ʥʳ ʥʘ ʨʠʩ. 1.8.10. 

 

 

ʈʠʩ. 1.8.10 
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ɺ ʟʘʥʷʪʦʤ ʤʝʪʘʣʣʦʤ ʦʙʲʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʘʷ ʷʤʘ, ʪ.ʢ. ʚ ʧʨʝʜʝʣʘʭ ʤʝʪʘʣʣʘ ʵʣʝʢʪʨʦʥʳ ʩʚʦʙʦʜʥʳ ʠ ʠʭ ʵʥʝʨʛʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʟʣʘʤʠ ʨʝʰʝʪʢʠ ʨʘʚʥʘ ʥʫʣʶ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʤʝʪʘʣʣʘ 

ʵʣʝʢʪʨʦʥ ʧʨʠʦʙʨʝʪʘʝʪ ʵʥʝʨʛʠʶ 0W . ʕʪʦ ʵʥʝʨʛʠʷ ʧʨʠʪʷʞʝʥʠʷ, 00<W . 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʢʠʥʫʪʴ ʤʝʪʘʣʣ, ʵʣʝʢʪʨʦʥ ʜʦʣʞʝʥ ʧʨʝʦʜʦʣʝʪʴ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʡ ʙʘʨʴʝʨ ʠ ʩʦʚʝʨʰʠʪʴ ʨʘʙʦʪʫ 

).( ʧʦʚʚʥʚʳʭ j-j=eA                                 (1.8.1) 

ʕʪʫ ʨʘʙʦʪʫ ʥʘʟʳʚʘʶʪ ʨʘʙʦʪʦʡ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʤʝʪʘʣʣʘ. ɼʣʷ 

ʝʝ ʩʦʚʝʨʰʝʥʠʷ ʵʣʝʢʪʨʦʥʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʙʱʠʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʵʥʝʨʛʠʶ ï 

ʚʳʭAW² . 

ʊʝʨʤʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ 

ɺʝʣʠʯʠʥʘ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʚʝʱʝʩʪ-

ʚʘ, ʦʪ ʝʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ. ɽʩʣʠ ʵʥʝʨʛʠʷ, ʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ ʚʳʭʦʜʘ, ʩʦ-

ʦʙʱʘʝʪʩʷ ʵʣʝʢʪʨʦʥʘʤ ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ, ʪʦ ʧʨʦʮʝʩʩ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ 

ʠʟ ʤʝʪʘʣʣʘ ʥʘʟʳʚʘʶʪ ʪʝʨʤʦɻ ʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʝʡ. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʤʝʪʘʣʣ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʠʦʥ-

ʥʦʡ ʨʝʰʝʪʢʠ, ʟʘʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʝ ʵʣʝʢʪʨʦʥʥʳʡ ʛʘʟ. ʉʯʠʪʘʶʪ, ʯʪʦ ʩʦ-

ʦʙʱʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʘʤ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʄʘʢʩʚʝʣʣʘ, ʧʨʠ ʪʝʤ-

ʧʝʨʘʪʫʨʝ, ʦʪʣʠʯʥʦʡ ʦʪ 0 ʂ, ʚ ʤʝʪʘʣʣʝ ʝʩʪʴ ʢʘʢʦʝ-ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦ-

ʥʦʚ, ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ ʨʘʙʦʪʳ ʚʳʭʦʜʘ. ʕʪʠ ʵʣʝʢʪʨʦʥʳ 

ʠ ʧʦʢʠʜʘʶʪ ʤʝʪʘʣʣ. ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʫʚʝʣʠʯʠʪʴ, ʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ 

ʯʠʩʣʦ ʪʘʢʠʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʗʚʣʝʥʠʝ ʠʩʧʫʩʢʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʘʛʨʝʪʳʤʠ ʪʝʣʘʤʠ (ʵʤʠʪʪʝʨʘʤʠ) 

ʚ ʚʘʢʫʫʤ ʠʣʠ ʜʨʫʛʫʶ ʩʨʝʜʫ ʥʘʟrʚʘʝʪʩʷ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʝʡ. 

ʅʘʛʨʝʚ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʥʝʨʛʠʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʵʣʝʢ-

ʪʨʦʥʘ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʩʠʣ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʨʠʪʷʞʝʥʠʷ 

ʤʝʞʜʫ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʞ̫ʝʥʥʳʤ ʵʣʝʢʪʨʦʥʦʤ ʠ ʠʥʜʫʮʠʨʫʝʤʳʤ ʠʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʧʨʠ ʫʜʘʣʝʥʠʠ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ (ʨʠʩ. 1.8.10). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ ʩʦʟʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʝ ʵʣʝʢ-

ʪʨʦʥʥʦʝ ʦʙʣʘʢʦ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʚʳʭʦʜʫ ʵʣʝʢʪʨʦʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝ-

ʪʘʣʣʘ ʚ ʚʘʢʫʫʤ. ʕʪʠʤʠ ʜʚʫʤʷ ʠ, ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʤʠ ʧʨʠʯʠʥʘʤʠ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʤʝʪʘʣʣʘ. 

ʗʚʣʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʦʪʢʨʳʪʦ ʚ 1883 ʛ. ʕʜʠʩʦʥʦʤ, 

ʟʥʘʤʝʥʠʪʳʤ ʘʤʝʨʠʢʘʥʩʢʠʤ ʠʟʦʙʨʝʪʘʪʝʣʝʤ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʤ 

ʚ ʚʘʢʫʫʤʥʦʡ ʣʘʤʧʝ ʩ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ ï ʘʥʦʜʦʤ, ʠʤʝʶʱʠʤ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʠ ʢʘʪʦʜʦʤ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʂʘʪʦʜʦʤ 
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ʣʘʤʧʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʠʪʴ ʠʟ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ (ʚʦʣʴʬʨʘʤ, ʤʦʣʠʙ-

ʜʝʥ, ʪʘʥʪʘʣ ʠ ʜʨ.), ʥʘʛʨʝʚʘʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ (ʨʠʩ. 1.8.11). ʊʘʢʘʷ 

ʣʘʤʧʘ ʥʘʟʳʚʘʝʪʩʷ ʚʘʢʫʫʤʥʳʤ ʜʠʦʜʦʤ. ɽʩʣʠ ʢʘʪʦʜ ʭʦʣʦʜʥʳʡ, ʪʦ ʪʦʢ 

ʚ ʮʝʧʠ ʢʘʪʦʜ ï ʘʥʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʢʘʪʦʜʘ ʚ ʮʝʧʠ ʢʘʪʦʜ ï ʘʥʦʜ ʧʦʚ̫ʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʢʦʪʦ-

ʨʳʡ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʪʦʜʘ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ʢʘʪʦʜʘ ʪʦʢ ʚ ʮʝʧʠ ʢʘʪʦʜ ï ʘʥʦʜ ʚʦʟʨʘʩʪʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʨʘʟʥʦ-

ʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U ʤʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʘʥʦʜʦʤ ʠ ʚʳʭʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʥʘʟʳʚʘʝʤʦʤʫ ʪʦʢʦʤ ʥʘʩʳʱʝʥʠʷ Iʥ. ʇʨʠ ʵʪʦʤ 

ʚʩʝ ʪʝʨʤʦʵʣʝʢʪʨʦʥʳ, ʠʩʧʫʩʢʘʝʤʳʝ ʢʘʪʦʜʦʤ, ʜʦʩʪʠʛʘʶʪ ʘʥʦʜʘ. ɺʝʣʠ-

ʯʠʥʘ ʪʦʢʘ ʘʥʦʜʘ ʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ U, ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʚʘʢʫʫʤʥʦʛʦ ʜʠʦʜʘ 

ʟʘʢʦʥ ʆʤʘ ʥʝ ʚʧrʦʣʥʷʝʪʩʷ. 

ʅʘ ʨʠʩ. 1.8.11 ʧʦʢʘʟʘʥʳ ʩʭʝʤʘ ʚʘʢʫʫʤʥʦʛʦ ʜʠʦʜʘ ʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) Ia(Ua). ɿʜʝʩʴ Uʟ ï ʟʘʜʝʨʞʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ  I = 0. 

 

 

ʈʠʩ. 1.8.11 

ʍʦʣʦʜʥʘʷ ʠ ʚʟʨʳʚʥʘʷ ʵʤʠʩʩʠʷ 

ʕʣʝʢʪʨʦʥʥʫʶ ʵʤʠʩʩʠʶ, ʚʳʟʳʚʘʝʤʫʶ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʥʘ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʚ ʤʝʪʘʣʣʝ, ʥʘʟʳʚʘʶʪ ʭʦʣʦʜʥʦʡ ʵʤʠʩʩʠ-

ʝʡ, ʠʣʠ ʘʚʪʦʵʣʝʢʪʨʦʥʥʦʡ(ɸʕʕ). ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ 

ʥʘʧʨʞ̫ʝʥʥʦʩʪʴ ʧʦʣʷ ʠ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ 

( ) ,ʧʦʚʚʥʚʳʭ eEdeɸ ¢j-j=                              (1.8.2) 

ʟʜʝʩʴ d ï ʪʦʣʱʠʥʘ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʩʨʝʜ. ʆʙʳʯʥʦ ʫ ʯʠʩʪʳʭ ʤʝʪʘʣʣʦʚ ʤ 10 10-ºd  ʠ ʵɺ. 1 ɼʞ  10 19
ʚʳʭ =º -A  

ʇʨʠ ʂʣ106,1 19-Ö=e  ʧʦʣʫʯʠʤ ɺ/ʤ. 1010=E  ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ ʭʦʣʦʜʥʘʷ 

ʵʤʠʩʩʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʨʷʜʢʘ 

ɺ/ʤ. 1010 86-  ʊʘʢʦʝ ʥʝʩʦʚʧʘʜʝʥʠʝ ʦʪʥʦʩʷʪ ʥʘ ʩʯʝʪ ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. 
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ɸʚʪʦʵʣʝʢʪʨʦʥʥʫʶ ʵʤʠʩʩʠʶ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʭʦʨʦʰʦ ʦʪʢʘʯʘʥʥʦʡ 

ʚʘʢʫʫʤʥʦʡ ʪʨʫʙʢʝ, ʢʘʪʦʜʦʤ ʢʦʪʦʨʦʡ ʩʣʫʞʠʪ ʦʩʪʨʠʝ, ʘ ʘʥʦʜʦʤ ï ʦʙʳʯʥʳʡ 

ʵʣʝʢʪʨʦʜ ʩ ʧʣʦʩʢʦʡ ʠʣʠ ʤʘʣʦ ʠʟʦʛʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʨʠʷ ʩ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ r 

ʠ ʧʦʪʝʥʮʠʘʣʦʤ U ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʥʦʜʘ ʨʘʚʥʘ 

.
r

U
E=  

ʇʨʠ ʤʤ 10~ 2-r  ʠ ɺ 10~ 3U  ɺ/ʩʤ, 10~ 6E  ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝ-

ʥʠ ʁʩʣʘʙʦʛʦ ʪʦʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʘʚʪʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʝʡ ʩ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʢʘʪʦʜʘ. ʉʠʣʘ ʵʤʠʩʩʠʦʥʥʦʛʦ ʪʦʢʘ ʙʩrʪʨʦ ʥʘʨʘʩʪʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ U. ʇʨʠ ʵʪʦʤ ʢʘʪʦʜ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʨʘʟʦʛʨʝʚʘʝʪʩʷ, 

ʧʦʵʪʦʤʫ ʵʤʠʩʩʠʷ ʠ ʥʘʟʳʚʘʝʪʩʷ ʭʦʣʦʜʥʦʡ. 

ʉ ʧʦʤʦʱʴʶ ʘʚʪʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʧʦ-

ʣʫʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ,ɸ/ʩʤ 1010 286-  ʥʦ ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʳ ʵʤʠʪʪʝʨʳ 

ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʤʠʢʨʦʦʩʪʨʠʡ, ʠʜʝʥʪʠʯʥʳʭ ʧʦ ʬʦʨʤʝ, 

ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʜʦ 10
8
 ɸ/ʩʤ

2
 

ʧʨʠʚʦʜʠʪ ʢ ʚʟʨʳʚʦʦʙʨʘʟʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʠʢʨʦʦʩʪʨʠʡ ʠ ʚʩʝʛʦ ʵʤʠʪʪʝʨʘ. 

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ɸʕʕ ʚ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʨʘʚʥʘ 

(ʟʘʢʦʥ ʏʘʡʣʴʜʘ ï ʃʝʥʛʤʨʁʘ) 

,A/cʤ10 282/3 ¢= EAj  

ʛʜʝ 2/12/3
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2
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A  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʦʧʨʝ-

ʜʝʣʷʝʤʳʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʤʘʪʝʨʠʘʣʦʤ ʢʘʪʦʜʘ. 

ʇʨʦʱʝ ʛʦʚʦʨʷ, ʟʘʢʦʥ ʏʘʡʣʴʜʘ ï ʃʝʥʛʤʶʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʣʦʪ-

ʥʦʩʪʴ ʪʦʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥɹʘ 2/3E  (ʟʘʢʦʥ ʪʨʝʭ ʚʪʦʨʳʭ). 

ʊʦʢʦʤ ʘʚʪʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʤʠʢ-

ʨʦʦʙʲʝʤʘʭ ʢʘʪʦʜʘ ʜʦ 10
4
 ɼʞÖʤ

ï1
 ʠ ʙʦʣʝʝ (ʧʨʠ ʦʙʱʝʡ ʵʥʝʨʛʠʠ 10

-8
 ɼʞ) 

ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴʩʷ ʢʘʯʝʩʪʚʝʥʥʦ ʠʥʦʡ ʚʠʜ ʵʤʠʩʩʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʚʟʨʳʚʦʤ ʤʠʢʨʦʦʩʪʨʠʡ ʥʘ ʢʘʪʦʜʝ (ʨʠʩ. 1.8.12). 

ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʪʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʡ ʥʘ ʧʦʨʷʜʢʠ ʧʨʝʚʦʩ-

ʭʦʜʠʪ ʥʘʯʘʣʴʥʳʡ ʪʦʢ ï ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʨʳʚʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ 

(ɺʕʕ). ɺʕʕ ʙʳʣʘ ʦʪʢʨʳʪʘ ʠ ʠʟʫʯʝʥʘ ʚ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥ-

ʩʪʠʪʫʪʝ ʚ 1966 ʛ. ʢʦʣʣʝʢʪʠʚʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɻ.ɸ. ʄʝ-

ʩʷʮʘ. 

ɺʕʕ ï ʵʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʠʜ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʦʣʫʯʠʪʴ ʧʦʪʦʢʠ ʵʣʝʢʪʨʦʥʦʚ ʤʦʥɦʦʩʪʴʶ ʜʦ 10
13

 ɺʪ ʩ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ 

ʜʦ 10
9
 ɸ/ʩʤ

2
. 

ʊʦʢ ɺʕʕ ʥʝʦʙʳʯʝʥ ʧʦ ʩʪʨʫʢʪʫʨʝ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʧʦʨʮʠʡ 

ʵʣʝʢʪʨʦʥʦʚ 10
11
ï10

12
 ʰʪʫʢ, ʠʤʝʶʱʠʭ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʦʥʥʳʭ ʣʘʚʠʥ, ʧʦ-
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ʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ ʵʢʪʦʥʦʚ (ʥʘʯʘʣʴʥʳʝ ʙʫʢʚʳ çexplosive centreè), 

ʨʠʩ. 1.8.13. ɺʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʣʘʚʠʥ ʩʦʩʪʘʚʣʷʝʪ 10
-9
ï10

-8
 ʩ. 

 

                        

ʈʠʩ. 1.8.12                                                  ʈʠʩ. 1.8.13 

 

ʇʦʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʢʪʦʥʝ ʚʳʟʚʘʥʦ ʙʳʩʪʨʳʤ ʧʝʨʝʛʨʝʚʦʤ ʤʠʢ-

ʨʦʫʯʘʩʪʢʦʚ ʢʘʪʦʜʘ ʠ ʷʚʣʷʝʪʩʷ, ʧʦ ʩʫʱʝʩʪʚʫ, ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʪʝʨʤʦʵʣʝʢ-

ʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʵʢʪʦʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʨʘʪʝʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ. ʇʨʝʢʨʘʱʝʥʠʝ ʵʤʠʩʩʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʢ-

ʪʦʥʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʭʣʘʞʜʝʥʠʝʤ ʟʦʥʳ ʵʤʠʩʩʠʠ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-

ʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʠʩʧʘʨʝʥʠʷ ʘʪʦʤʦʚ. 

ɺʟʨʳʚʥʘʷ ʵʤʠʩʩʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ ʵʢʪʦʥʳ ʠʛʨʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ 

ʨʦʣʴ ʚ ʚʘʢʫʫʤʥʳʭ ʠʩʢʨʘʭ ʠ ʜʫʛʘʭ, ʚ ʨʘʟʨʷʜʘʭ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʩʞʘ-

ʪʳʭ ʠ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʛʘʟʘʭ, ʚ ʤʠʢʨʦʧʨʦʤʝʞʫʪʢʘʭ, ʪ.ʝ. ʪʘʤ, ʛʜʝ ʚ ʥʘʣʠ-

ʯʠʠ ʝʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʦʜʘ. 

ʗʚʣʝʥʠʝ ʚʟʨʳʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʴʥʦ-

ʪʦʯʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʵʣʝʢʪʨʦʥʦʚ, ʤʦʱʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʤʦʱʥʳʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. 

ʅʘʧʨʠʤʝʨ, ʠʤʧʫʣʴʩʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʵʣʝʢʪʨʦʥʦʚ ʠʤʝʶʪ ʤʦʥɦʦʩʪʴ 10
13

 ɺʪ 

ʠ ʙʦʣʝʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ 10
-10
ï10

-6
 ʩ, ʪʦʢʝ ʵʣʝʢʪʨʦʥʦʚ 10

6
 ɸ 

ʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ 10
4
ï10

7
 ʵɺ. ʊʘʢʠʝ ʧʫʯʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʬʠʟʠʢʝ ʧʣʘʟʤʳ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʠʟʠʢʝ ʠ ʭʠʤʠʠ, ʜʣʷ 

ʥʘʢʘʯʢʠ ʛʘʟʦʚʳʭ ʣʘʟʝʨʦʚ ʠ ʧʨ. 

ʌʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ 

ʌʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ (ʬʦʪʦʵʬʬʝʢʪ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ çʚʳʙʠʚʘ-

ʥʠʠè ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʝʪʘʣʣʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ.  

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʵʬʬʝʢʪʘ ʠ ɺɸʍ ʘʥʘʣʦʛʠʯ-

ʥʳ ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 1.8.11. ɿʜʝʩʴ ʚʤʝʩʪʦ ʨʘʟʦʛʨʝʚʘ ʢʘʪʦʜʘ ʥʘ ʥʝʛʦ 

ʥʘʧʨʘʚʣʷʶʪ ʧʦʪʦʢ ʬʦʪʦʥʦʚ ʠʣʠ ɔ-ʢʚʘʥʪʦʚ (ʨʠʩ. 1.8.14). 
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ʈʠʩ. 1.8.14 

 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʪʦʵʬʬʝʢʪʘ ʝʱʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʝ ʩʦʛʣʘʩʫ-

ʶʪʩʷ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʭʦʣʦʜʥʦʡ ʵʤʠʩʩʠʠ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʪʝʦʨʠʶ ʬʦʪʦʵʬʬʝʢʪʘ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʢʚʘʥʪʦ-

ʚʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʦʧʪʠʢʝ.  

ɺ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ɔ-ʠʟʣʫʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʪ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʫʤʥʦʞʠʪʝʣʠ ʌʕʋ. ʉʭʝʤʘ ʧʨʠʙʦʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1.8.15. 

 

 

ʈʠʩ. 1.8.15 

 

ɺ ʥʝʤ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʵʤʠʩʩʠʦʥʥʳʭ ʵʬʬʝʢʪʘ: ʬʦʪʦʵʬʬʝʢʪ ʠ ʚʪʦ-

ʨʠʯʥʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʵʤʠʩʩʠʶ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʙʠʚʘʥʠʠ ʵʣʝʢ-

ʪʨʦʥʦʚ ʠʟ ʤʝʪʘʣʣʘ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʧʦʩʣʝʜʥʝʛʦ ʜʨʫʛʠʤʠ ʵʣʝʢʪʨʦʥʘ-

ʤʠ. ʕʣʝʢʪʨʦʥʳ ʚʳʙʠʚʘʶʪʩʷ ʩʚʝʪʦʤ ʠʟ ʬʦʪʦʢʘʪʦʜʘ ʌʂ. ʋʩʢʦʨʷʷʩʴ ʤʝʞʜʫ 

ʌʂ ʠ ʧʝʨʚʳʤ ʵʤʠʪʪʝʨʦʤ ʂʉ1, ʦʥʠ ʧʨʠʦʙʨʝʪʘʶʪ ʵʥʝʨʛʠʶ, ʜʦʩʪʘʪʦʯʥʫʶ, 

ʯʪʦʙʳ ʚʳʙʠʪʴ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʵʤʠʪʪʝʨʘ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʥʦʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʭ 

ʯʠʩʣʘ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʵʤʠʪʪʝʨʘʤʠ. ʇʦʩʣʝʜʥʠʡ ʵʣʝʢʪʨʦʜ ʥʘʟʳʚʘʶʪ ʢʦʣʣʝʢʪʦʨʦʤ. ʈʝ-

ʛʠʩʪʨʠʨʫʶʪ ʪʦʢ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤ ʵʤʠʪʪʝʨʦʤ ʠ ʢʦʣʣʝʢʪʦʨʦʤ. ʊʘʢʠʤ ʦʙ-
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ʨʘʟʦʤ, ʌʕʋ ʩʣʫʞʠʪ ʫʩʠʣʠʪʝʣʝʤ ʪʦʢʘ, ʘ ʧʦʩʣʝʜʥʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʠʟ-

ʣʫʯʝʥʠʶ, ʧʦʧʘʜʘʶʱʝʤʫ ʥʘ ʬʦʪʦʢʘʪʦʜ, ʯʪʦ ʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ ʨʘ-

ʜʠʦʘʢʪʠʚʥʦʩʪʠ. 

1.8.5.  ʂʦʥʪʘʢʪʥʳʝ ʷʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ  
ʜʚʫʭ ʧʨʦʚʦʜʥʠʢʦʚ 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʥʘ ʢʦʥʪʘʢʪʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʦʙʨʘ-

ʟʫʝʪʩʷ ʜʚʦʡʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʣʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʟʥʦʩʪʴ ʧʦ-

ʪʝʥʮʠʘʣʦʚ (ʨʠʩ. 1.8.16).  

ʇʦʷʚʣʝʥʠʝ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʠʝʤ 

ʨʘʙʦʪ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʝʪʘʣʣʦʚ. ʏʝʤ ʦʥʘ ʙʦʣʴʰʝ, ʪʝʤ ʤʝʥʴʰʝ ʚʝ-

ʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʥʘʤʠ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʇʦʵʪʦʤʫ ʩʦ ʩʪʦʨʦʥʳ 

ʤʝʪʘʣʣʘ ʩ ʙʦʣʴʰʝʡ ʨʘʙʦʪʦʡ ʚʳʭʦʜʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, 

ʘ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ. 

 

 

ʈʠʩ. 1.8.16 

 

ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʪʘʣʴʷʥʩʢʠʤ ʬʠʟʠʢʦʤ ɸʣʝʢʩʘʥʜʨʦ ɺʦʣʴ-

ʪʘ (1745ï1827), ʢʦʪʦʨʳʡ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʜʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʘ, 

ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʟʘʢʦʥʳ ɺʦʣʪɹʘ: 

1. ʅʘ ʢʦʥʪʘʢʪʝ ʜʚʫʭ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ ʚʦʟʥʠʢʘʝʪ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥ-

ʮʠʘʣʦʚ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʧʘʝʚ. 

2. ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʢʦʥʮʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʨʘʚʥʘ ʨʘʟ-

ʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʢʨʘʡʥʠʭ ʧʨʦʚʦʜʥʠʢʦʚ 

ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩ ʧʦʟʠʮʠʠ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʦʨʠʠ. ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʤʝʪʘʣʣʘ ʨʘʚʝʥ ʥʫʣʶ, ʪʦ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʘ ʚʥʫʪʨʠ ʤʝʪʘʣʣʘ ʩ ʧʦʪʝʥʮʠʘ-

ʣʦʤ űi ʦʧʨʝʜʝʣʠʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

.ii eW j=                                              (1.8.3) 

ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʜʚʫʭ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ (ʨʠʩ. 1.8.17) ʩ ʨʘʙʦʪʘʤʠ ʚʳ-

ʭʦʜʘ  
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11 j=eA    ʠ    22 j=eA  

ʚʦʟʥʠʢʘʝʪ ʠʟʙʳʪʦʯʥʳʡ ʧʝʨʝʭʦʜ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʚʪʦʨʦʛʦ ʤʝʪʘʣʣʘ ʚ ʧʝʨ-

ʚʳʡ, ʪ. ʢ. .12 AA <  ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ n1 ʚ ʤʝʪʘʣʣʝ 1 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ n2, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʦʙʨʘʪʥʳʡ ʠʟʙʳʪʦʯʥʳʡ 

ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦʪʦʢʫ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʤʫ ʨʘʟʥʦʩʪʴʶ ʨʘʙʦʪ ʚʳʭʦʜʘ. 

 

 

ʈʠʩ. 1.8.17 

 

ʋʩʪʘʥʦʚʠʚʰʘʷʩʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

( )( )( )''' 212121 j-j+j-j=j-j , 

ʛʜʝ )'( 21 j-j  ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʥʳʤʠ ʨʘʙʦʪʘʤʠ 

ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʤʝʪʘʣʣʦʚ, ʘ ')'( 21 j-j  ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, 

ʚʦʟʥʠʢʘʶʱʘʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʟʘ ʩʯʝʪ ʥʝʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʛʘʟʝ. 

ʋʩʪʘʥʦʚʠʚʰʫʶʩʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʚʳʨʘʞʝʥʠʷ 

( ) .ln
2

121
21

n

n

e

kT

e

AA
+

-
=j-j  

ʗʚʣʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʝʝ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʟʳʚʘʶʪ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʵʬʬʝʢ-

ʪʦʤ, ʠʣʠ ʵʬʬʝʢʪʦʤ ɿʝʝʙʝʢʘ. ʕʬʬʝʢʪ ɿʝʝʙʝʢʘ (ʧʨʷʤʦʡ ʪʝʨʤʦʵʣʝʢʪʨʠ-

ʯʝʩʢʠʡ ʵʬʬʝʢʪ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʪʝʨ-

ʤʦʧʘʨʘʭ.  

ʉʭʝʤʘ ʪʝʨʤʦʧʘʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʧʘʷ ʜʚʫʭ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ ï 1 ʠ 2, 

ʧʦʜʦʛʨʝʚʘʝʤʳʭ ʛʦʨʝʣʢʦʡ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.8.18. 
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ʈʠʩ. 1.8.18 

 

ʅʘ ʢʦʥʮʘʭ ʪʝʨʤʦʧʘʨʳ ʚʦʟʥʠʢʘʝʪ ʪʝʨʤʦʕɼʉ Ů: 

( ) ( ),Ŭln ʭʛʛʭ
2

1Ů ʊʊʊʊ
n

n

e

k
-=-=                        (1.8.4) 

ʛʜʝ ʛʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʛʦ ʩʧʘʷ ʠ ʭʊ  ï ʪʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʦʛʦ ʩʧʘʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʦʕɼʉ ʪʝʨʤʦʧʘʨʳ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 

)(Ŭ ʭʛŮ ʊT -= , 

ʛʜʝ 
2

1lnŬ
n

n

e

k
=  ï ʧʦʩʪʦʷʥʥʘʷ ʪʝʨʤʦʧʘʨʳ. 

ʊʝʨʤʦʧʘʨʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɹʘʪʘʨʝʠ ʪʝʨʤʦ-

ʧʘʨ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʕɼʉ ʜʣʷ ʧʠʪʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ. 

ʕʬʬʝʢʪʦʤ ʇʝʣʴʪʴʝ ʥʘʟʳʚʘʶʪ ʦʙʨʘʪʥʳʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʯʝʨʝʟ ʪʝʨ-

ʤʦʧʘʨʫ ʝy ʩʧʘʡ ʧʦʛʣʦʱʘʝʪ ʠʣʠ ʚʳʜʝʣʷʝʪ ʪʝʧʣʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘ-

ʧʨʘʚʣʝʥʠʷ ʪʦʢʘ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ ʪʝʧʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ: 

jQ 12ʇ ʇ= ,                                            (1.8.5) 

ʛʜʝ 12ʇ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʝʣʴʪʴʝ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʤʘʪʝʨʠʘʣʘ ʢʦʥʪʘʢʪʠ-

ʨʫʶʱʠʭ ʤʝʪʘʣʣʦʚ. ʕʬʬʝʢʪ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʭʦʣʦʜʠʣʴʥʠ-

ʢʦʚ. ʕʪʦʪ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, 

ʝʩʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ. 

1.8.6.  ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ 

ʕʣʝʢʪʨʦʣʠʪʘʤʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʧʨʦʚʦʜʷʱʠʝ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʪʝʢʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʥʦʩʦʤ ʚʝʱʝʩʪ-

ʚʘ. ʅʦʩʠʪʝʣʷʤʠ ʩʚʦʙʦʜʥʳʭ ʟʘʨʷʜʦʚ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ ʷʚʣʷʶʪʩʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʠʦʥʳ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳ-

ʤʠ ʚ ʪʝʭʥʠʢʝ, ʷʚʣʷʶʪʩʷ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʩʦʣʝʡ 
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ʠ ʦʩʥʦʚʘʥʠʡ. ʇʨʦʭʦʞʜʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʵʣʝʢʪʨʦʣʠʪ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʚʝʱʝʩʪʚ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. ʕʪʦ ʷʚʣʝʥʠʝ ʧʦʣʫʯʠ-

ʣʦ ʥʘʟʚʘʥʠʝ ʵʣʝʢʪʨʦʣʠʟʘ (ʨʠʩ.9.10). 
 

 
ʈʠʩ.9.10 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʵʣʝʢʪʨʦʣʠʪʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʤʝʱʝ-

ʥʠʝ ʠʦʥʦʚ ʦʙʦʠʭ ʟʥʘʢʦʚ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʦʣʦʞʠ-

ʪʝʣʴʥʳʝ ʠʦʥʳ ʜʚʠʞʫʪʩʷ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʵʣʝʢʪʨʦʜʫ (ʢʘʪʦʜʫ), ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʝ ʠʦʥʳ ï ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʵʣʝʢʪʨʦʜʫ (ʘʥʦʜʫ). ʀʦʥʳ ʦʙʦʠʭ ʟʥʘ-

ʢʦʚ ʧʦʷʚʣʷʶʪʩʷ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʦʣʝʡ, ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʨʘʩɦ ʝʧʣʝʥʠʷ ʯʘʩʪʠ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʝʡ.  

ɿʘʢʦʥ ʵʣʝʢʪʨʦʣʠʟʘ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦ ʫʩʪʘʥʦʚʣʝʥ ʘʥʛʣʠʡʩʢʠʤ 

ʬʠʟʠʢʦʤ ʄ. ʌʘʨʘʜʝʝʤ ʚ 1833 ʛʦʜʫ.  

ʇʝʨʚʳʡ ʟʘʢʦʥ ʌʘʨʘʜʝʷ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʚʠʯʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ: ʤʘʩʩʘ m ʚʝʱʝʩʪʚʘ, 

ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʘʨʷʜʫ q, ʧʨʦ-

ʰʝʜʰʝʤʫ ʯʝʨʝʟ ʵʣʝʢʪʨʦʣʠʪ: 

m = kq = kIt, 

ʛʜʝ k ï ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʚʝʱʝʩʪʚʘ: 

nF
k

ɛ1
=  

F = eNA = 96485 ʂʣ / ʤʦʣʴ. ï ʧʦʩʪʦʷʥʥʘʷ ʌʘʨʘʜʝʷ. 

ɺʪʦʨʦʡ ʟʘʢʦʥ ʌʘʨʘʜʝʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʵʢʚʠʚʘʣʝʥʪʳ ʨʘʟʣʠʯ-

ʥʳʭ ʚʝʱʝʩʪʚ ʦʪʥʦʩʷʪʩʷ ʠʭ ʭʠʤʠʯʝʩʢʠʝ ʵʢʚʠʚʘʣʝʥʪʳ xk : 

1

2

1

2

x

x

k

k

k

k
= . 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʟʘʢʦʥ ʌʘʨʘʜʝʷ ʜʣʷ ʵʣʝʢʪʨʦʣʠʟʘ: 

It
nF

m
ɛ1

= . 

ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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¶ ʧʦʣʫʯʝʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʚʦʜʦʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ, ʭʣʦʨʘ, ʱʝ-

ʣʦʯʝʡ ʠ ʪ.ʜ.); 

¶ ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʦʚ (ʣʠʪʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ, ʙʝʨʠʣʣʠʡ, ʤʘʛʥʠʡ, ʮʠʥʢ, 

ʘʣʶʤʠʥʠʡ, ʤʝʜʴ ʠ ʪ.ʜ.); 

¶ ʦʯʠʩʪʢʘ ʤʝʪʘʣʣʦʚ (ʤʝʜʴ, ʩʝʨʝʙʨʦ,é); 

¶ ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ; 

¶ ʧʦʣʫʯʝʥʠʝ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ; 

¶ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʪʘʣʣʦʚ (ʘʟʦʪʠʨʦʚʘʥʠʝ, ʙʦʨʠʨʦʚʘʥʠʝ, ʵʣʝʢ-

ʪʨʦʧʦʣʠʨʦʚʢʘ, ʦʯʠʩʪʢʘ); 

¶ ʧʦʣʫʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ; 

¶ ʵʣʝʢʪʨʦʜʠʘʣʠʟ ʠ ʦʙʝʩʩʦʣʠʚʘʥʠʝ ʚʦʜʳ; 

¶ ʥʘʥʝʩʝʥʠʝ ʧʣʝʥʦʢ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʬʦʨʝʟʘ. 
 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʣʠʟʘ  
 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʙʠʦʭʠʤʠʠ ʠ ʪ. ʜ. 

ɺ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʟʦʤ ʧʦʣʫʯʘʶʪ ʭʣʦʨ ʠ ʬʪʦʨ, 

ʱʝʣʦʯʠ, ʭʣʦʨʘʪʳ ʠ ʧʝʨʭʣʦʨʘʪʳ, ʥʘʜʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʠ ʧʝʨʩʫʣʴʬʘʪʳ, ʭʠ-

ʤʠʯʝʩʢʠ ʯʠʩʪʳʝ ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ ʠ ʪ. ʜ. ʇʨʠ ʵʪʦʤ ʦʜʥʠ ʚʝʱʝʩʪʚʘ ʧʦ-

ʣʫʯʘʶʪ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʢʘʪʦʜʝ (ʘʣʴʜʝʛʠʜʳ, ʧʘʨʘʘʤʠʥʦʬʝʥʦʣ 

ʠ ʜʨ.), ʜʨʫʛʠʝ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʝʤ ʥʘ ʘʥʦʜʝ (ʭʣʦʨʘʪʳ, ʧʝʨʭʣʦʨʘʪʳ, ʧʝʨ-

ʤʘʥʛʘʥʘʪ ʢʘʣʠʷ ʠ ʜʨ.).  

ʕʣʝʢʪʨʦʣʠʟ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʪʘʜʠʡ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʣʫʯʝʥʠʝ ʪʦʚʘʨʥʳʭ 

ʤʝʪʘʣʣʦʚ. ʕʣʝʢʪʨʦʣʠʟ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʨʘʩʪʚʦʨʠʤʳʤʠ ʘʥʦʜʘʤʠ 

ï ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʨʘʬʠʥʠʨʦʚʘʥʠʷ ʠʣʠ ʩ ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ï ʧʨʦʮʝʩʩ 

ʵʣʝʢʪʨʦʵʢʩʪʨʘʢʮʠʠ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʵʣʝʢʪʨʦʨʘʬʠʥʠʨʦʚʘʥʠʠ ʤʝʪʘʣ-

ʣʦʚ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʯʠʩʪʦʪʳ ʢʘʪʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ 

ʧʨʠʝʤʣʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʭʦʜʘʭ. ɺ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʵʣʝʢʪʨʦ-

ʣʠʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠʟ ʨʫʜ ʠ ʠʭ ʦʯʠʩʪʢʠ. 

ʕʣʝʢʪʨʦʣʠʟʦʤ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʨʝʜ ʧʦʣʫʯʘʶʪ ʘʣʶʤʠʥʠʡ, ʤʘʛʥʠʡ, 

ʪʠʪʘʥ, ʮʠʨʢʦʥʠʡ, ʫʨʘʥ, ʙʝʨʠʣʣʠʡ ʠ ʜʨ. ɼʣʷ ʨʘʬʠʥʠʨʦʚʘʥʠʷ (ʦʯʠʩʪʢʠ) 

ʤʝʪʘʣʣʘ ʵʣʝʢʪʨʦʣʠʟʦʤ ʠʟ ʥʝʛʦ ʦʪʣʠʚʘʶʪ ʧʣʘʩʪʠʥʳ ʠ ʧʦʤʝʱʘʶʪ ʠʭ ʚ ʢʘ-

ʯʝʩʪʚʝ ʘʥʦʜʦʚ 1 ʚ ʵʣʝʢʪʨʦʣʠʟʝʨ 3 (ʨʠʩ.9.11). ʇʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʪʦʢʘ ʤʝ-

ʪʘʣʣ, ʧʦʜʣʝʞʘʱʠʡ ʦʯʠʩʪʢʝ 1, ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʥʦʜʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ, ʪ. ʝ. 

ʧʝʨʝʭʦʜʠʪ ʚ ʨʘʩʪʚʦʨ ʚ ʚʠʜʝ ʢʘʪʠʦʥʦʚ. ɿʘʪʝʤ ʵʪʠ ʢʘʪʠʦʥʳ ʤʝʪʘʣʣʘ ʨʘʟʨʷ-

ʞʘʶʪʩʷ ʥʘ ʢʘʪʦʜʝ 2, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʘʢʪʥʳʡ ʦʩʘʜʦʢ ʫʞʝ 

ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠʤʝʩʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʘʥʦʜʝ, ʣʠʙʦ ʦʩʪʘʶʪʩʷ ʥʝʨʘʩ-

ʪʚʦʨʠʤʳʤʠ 4, ʣʠʙʦ ʧʝʨʝʭʦʜʷʪ ʚ ʵʣʝʢʪʨʦʣʠʪ ʠ ʫʜʘʣʷʶʪʩʷ.   
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ʈʠʩ. 9.11 

 ʅʘ ʨʠʩʫʥʢʝ 9.11 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʬʠʥʠʨʦ-

ʚʘʥʠʷ ʤʝʜʠ. 

ɻʘʣʴʚʘʥʦʪʝʭʥʠʢʘ ï ʦʙʣʘʩʪʴ ʧʨʠʢʣʘʜʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʠ, ʟʘʥʠʤʘʶ-

ʱʘʷʩʷ ʧʨʦʮʝʩʩʘʤʠ ʥʘʥʝʩʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʨʘʩʪʚʦʨʳ ʠʭ ʩʦʣʝʡ. ɻʘʣʴʚʘʥʦ-

ʪʝʭʥʠʢʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʛʘʣʴʚʘʥʦʩʪʝʛʠʶ ʠ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʫ.  

ɻʘʣʴʚʘʥʦʩʪʝʛʠʷ (ʦʪ ʛʨʝʯ. ʧʦʢʨʳʚʘʪʴ) ï ʵʪʦ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʝʪʩʷ 

(ʩʮʝʧʣʷʝʪʩʷ) ʩ ʧʦʢʨʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ (ʧʨʝʜʤʝʪʦʤ), ʩʣʫʞʘʱʠʤ ʢʘʪʦʜʦʤ 

ʵʣʝʢʪʨʦʣʠʟʝʨʘ (ʨʠʩ. 9.12). 

ʉʧʦʩʦʙʦʤ ʛʘʣʴʚʘʥʦʩʪʝʛʠʠ ʤʦʞʥʦ ʧʦʢʨʳʪʴ ʜʝʪʘʣʴ ʪʦʥʢʠʤ ʩʣʦʝʤ ʟʦ-

ʣʦʪʘ ʠʣʠ ʩʝʨʝʙʨʘ, ʭʨʦʤʘ ʠʣʠ ʥʠʢʝʣʷ. ʉ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʣʠʟʘ ʤʦʞʥʦ 

ʥʘʥʦʩʠʪʴ ʪʦʥʯʘʡʰʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ, ʜʝʪʘʣʴ ʠʩ-

ʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʦʜʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʨʘʩʪʚʦʨ ʩʦʣʠ ʪʦʛʦ ʤʝʪʘʣʣʘ, 

ʧʦʢʨʳʪʠʝ ʠʟ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʣʘʩʪʠʥʢʘ ʠʟ ʪʦʛʦ ʞʝ ʤʝʪʘʣʣʘ. 

                    
ʈʠʩ. 9.12                                                   ʈʠʩ. 9.13 

 

ɻʘʣʴʚʘʥʦʧʣʘʩʪʠʢʘ ï ʧʦʣʫʯʝʥʠʝ ʧʫʪʝʤ ʵʣʝʢʪʨʦʣʠʟʘ ʪʦʯʥʳʭ, ʣʝʛʢʦ 

ʦʪʜʝʣʷʝʤʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʧʠʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʦʣɦ ʠʥʳ ʩ ʨʘʟʣʠʯʥʳʭ 

ʢʘʢ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʝʜʤʝʪʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʤʘʪ-

ʨʠʮʘʤʠ (ʨʠʩ. 9.13). 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 99 

ʉ ʧʦʤʦʱʴʶ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʠ ʠʟʛʦʪʦʚʣʷʶʪ ʙʶʩʪʳ, ʩʪʘʪʫʠ ʠ ʪ. ʜ. 

ɻʘʣʴʚʘʥʦʧʣʘʩʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʦʣʩʪʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ (ʥʘʧʨʠʤʝʨ, ʦʙʨʘʟʦʚʘʥʠʝ 

"ʥʘʢʣʘʜʥʦʛʦ" ʩʣʦʷ ʥʠʢʝʣʷ, ʩʝʨʝʙʨʘ, ʟʦʣʦʪʘ ʠ ʪ. ʜ.). 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ʂʘʢʠʤʠ ʦʧʳʪʘʤʠ ʙʳʣʘ ʚʳʷʩʥʝʥʘ ʧʨʠʨʦʜʘ ʥʦʩʠʪʝʣʝʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ ʚ ʤʝʪʘʣʣʘʭ? 

2. ʂʘʢʦʚʳ ʦʩʥʦʚʥʳʝ ʠʜʝʠ ʪʝʦʨʠʠ ɼʨʫʜʝïʃʦʨʝʥʮʘ? 

3. ʉʨʘʚʥʠʪʝ ʧʦʨʷʜʦʢ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʪʝʧʣʦʚʦʛʦ ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ 
ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʘʭ (ʧʨʠ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʥʦʨʤʘʣʴʥʳʤ 

ʠ ʧʨʠʝʤʣʝʤʳʤ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ).  

4. ʇʦʯʝʤʫ ʪʝʧʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ? 

5. ɺʳʚʝʜʠʪʝ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝ-

ʪʘʣʣʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʬʦʨʤʫ ʟʘʢʦʥʦʚ ʆʤʘ ʠ ɼʞʦʫʣʷïʃʝʥʮʘ. 

6. ʂʘʢ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʪʘʣʣʦʚ ʦʙʲʷʩʥʷʝʪ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ? 

7. ɺ ʯʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʪʨʫʜʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʪʘʣʣʦʚ? ʂʘʢʦʚʳ ʛʨʘʥʠʮʳ ʝʝ ʧʨʠʤʝʥʝʥʠʷ? 

8. ɺ ʯʝʤ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʦʪ ʤʝ-

ʪʘʣʣʦʚ? 

9. ʇʨʠʚʝʜʠʪʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ ʤʝʪʘʣʣʦʚ. 

10. ɼʘʡʪʝ ʧʦʥʷʪʠʝ ʟʦʥʥʦʡ ʤʦʜʝʣʠ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦ-

ʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. 

11. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʣʝʛʠʨʦʚʘʥʠʝʤ? 

12. ʂʘʢʠʝ ʩʫʱʝʩʪʚʫʶ ʪʠʧʳ ʧʨʠʤʝʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ? 

13. ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʠʦʜʳ ʦʪ ʪʨʘʥʟʠʩʪʦʨʦʚ? 

14. ʏʪʦ ʪʘʢʦʝ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ? 

15. ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʣʠʟʦʤ? ɻʜʝ ʦʥ ʧʨʠʤʝʥʷʝʪʩʷ? 

16. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʢʦʥʳ ʌʘʨʘʜʝʷ. 

17. ɼʘʡʪʝ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. 

18. ʂʘʢ ʧʨʠʤʝʥʷʝʪʩʷ ʣɻʝʢʪʨʦʣʠʟ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʠ? 

19. ʂʘʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʣʠʟʘ? 

20. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʛʘʣʴʚʘʥʦʧʣʘʩʪʠʢʘ ʦʪ ʛʘʣʴʚʘʥʦʩʪʝʛʠʠ? 
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1.9.  ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʛʘʟʘʭ 

1.9.1.  ʗʚʣʝʥʠʝ ʠʦʥʠʟʘʮʠʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʚ ʛʘʟʘʭ 

ɺ ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʛʘʟʳ ʩʦʩʪʦʷʪ ʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴ-

ʥʳʭ ʤʦʣʝʢʫʣ ʠ ʘʪʦʤʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʪʦʢ. ʇʦʵʪʦʤʫ ʛʘʟʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʟʦʣʷʪʦ-

ʨʘʤʠ. ʆʢʨʫʞʘʶʱʠʡ ʥʘʩ ʚʦʟʜʫʭ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʠ ʩʘʤʳʤ ʜʝʰʸʚʳʤ 

ʜʠʵʣʝʢʪʨʠʢʦʤ, ʠ ʝʛʦ ʠʟʦʣʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʃʕʇ, ʧʦʜʩʪʘʥʮʠʷʭ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʘʭ ʠ ʜʨ.). 

ʇʨʦʜʝʣʘʝʤ ʦʧʳʪ: ʨʘʟʦʨʚʸʤ ʮʝʧʴ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ, ʪ.ʝ. ʩʦʟʜʘʜʠʤ ʚ ʥʝʡ 

ʚʦʟʜʫʰʥʳʡ ʧʨʦʤʝʞʫʪʦʢ. ɽʩʣʠ ʚʢʣʶʯʠʪʴ ʚ ʪʘʢʫʶ ʨʘʟʦʨʚʘʥʥʫʶ ʮʝʧʴ 

ʛʘʣʴʚʘʥʦʤʝʪʨ, ʪʦ ʦʥ ʧʦʢʘʞʝʪ ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ʇʦʜʥʝʩʸʤ ʢ ʚʦʟʜʫʰʥʦʤʫ ʧʨʦʤʝʞʫʪʢʫ ʧʣʘʤʷ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ. 

ɺ ʧʣʘʤʝʥʠ ʧʨʦʠʩʭʦʜʷʪ ʠʥʪʝʥʩʠʚʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʟʘ ʩʯʸʪ ʵʥʝʨ-

ʛʠʠ ʢʦʪʦʨʳʭ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʠ ʠʦʥʠʟʠʨʦʚʘʪʴʩʷ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʧʣʘʤʝʥʠ ʛʦʨʝʣʢʠ ʠʦʥʳ ʠ ʵʣʝʢʪʨʦʥʳ ʧʝʨʝʭʦʜʷʪ ʚ ʚʦʟ-

ʙʫʞʜʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʥʝʤʫ ʨʘʟʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʦʚ ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʢ ʵʣʝʢʪʨʦʜʘʤ; ʚ ʮʝʧʠ ʧʦʷʚʣʷʝʪʩʷ ʪʦʢ.  

ʇʨʦʮʝʩʩ ʠʦʥʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦ-

ʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʥʝʢʦʪʦʨʳʭ ʣʫʯʝʡ ʤʦʣʝʢʫʣʳ ʛʘʟʘ ʪʝʨʷʶʪ ʵʣʝʢ-

ʪʨʦʥʳ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʚʦʙʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ 

ʠʟ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʩʦʝʜʠʥʠʪʴʩʷ ʢ ʥʝʡʪʨʘʣʴʥʳʤ 

ʤʦʣʝʢʫʣʘʤ ʠʣʠ ʘʪʦʤʘʤ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʦʥʳ. ʀʦʥʳ  

ʠ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʜʝʣʘʶʪ ʛʘʟ ʧʨʦʚʦʜʥʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. 

ʀʦʥʠʟʘʮʠʷ ʛʘʟʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʨʦʪʢʦʚʦʣʥʦ-

ʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ï ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ, ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ ʛʘʤʤʘ-ʣʫʯʝʡ, 

ʘ ʪʘʢʞʝ ʘʣʴʬʘ-, ʙʝʪʘ- ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʛʘʟʳ, ʥʘʧʨʠʤʝʨ ʚʦʟʜʫʭ, 

ʦʙʣʘʜʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʥʦ ʦʯʝʥʴ ʥʠʯʪʦʞʥʦʡ. ʕʪʘ ʧʨʦ-

ʚʦʜʠʤʦʩʪʴ ʚʳʟʚʘʥʘ ʠʟʣʫʯʝʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʠʤʝʶʱʠʭʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʘ ʪʘʢʞʝ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ, ʧʨʠʭʦʜʷʱʠʤʠ ʠʟ 

ʤʠʨʦʚʳʭ ʛʣʫʙʠʥ. ʆʜʥʘʢʦ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʚ ʚʦʟʜʫʭʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʧʘʨ ʠʦʥʦʚ ʚ ʢʫʙʠʯʝʩʢʦʤ ʩʘʥʪʠʤʝʪʨʝ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʦʟʜʫʭ ʩʪʘʣ ʟʘʤʝʪʥʦ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʝʛʦ 

ʥʘʜʦ ʧʦʜʚʝʨʛʥʫʪʴ ʚʦʟʜʝʡʩʪʚʠʶ ʠʥʪʝʥʩʠʚʥʳʭ ʠʦʥʠʟʘʪʦʨʦʚ. 

ʀʪʘʢ, ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʛʘʟʦʚʳʭ ʤʦʣʝʢʫʣ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʠʟ ʤʦʣʝʢʫʣʳ ʦʙʳʯʥʦ ʚʳʨʳʚʘʝʪʩʷ ʦʜʠʥ ʵʣʝʢʪʨʦʥ ʠ ʦʩʪʘʸʪʩʷ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʦʥ ʩ ʟʘʨʷʜʦʤ ʝ
+
, ʪ.ʝ. ʦʙʨʘʟʫʝʪʩʷ ʧʘʨʘ ï ʧʦʣʦ-
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ʞʠʪʝʣʴʥʳʡ ʠʦʥ ʠ ʵʣʝʢʪʨʦʥ. ɺʳʨʚʘʚʰʠʡʩʷ ʵʣʝʢʪʨʦʥ ʦʙʳʯʥʦ ʧʨʠʩʦʝʜʠʥʷʝʪ-

ʩʷ ʢ ʢʘʢʦʡ-ʣʠʙʦ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʝ ʠ ʦʙʨʘʟʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʤʦʣʝʢʫʣʷʨ-

ʥʳʡ ʠʦʥ ʩ ʟʘʨʷʜʦʤ ʝ
ï
, ʦʧʷʪʴ ʦʙʨʘʟʫʝʪʩʷ ʧʘʨʘ ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʡ ʠʦʥʳ. ʆʙʘ ʪʠʧʘ ʠʦʥʦʚ ʦʜʥʦʚʘʣʝʥʪʥʳ (1=z ), ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ n, ʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʝ ʧʦʜʚʠʞʥʦʩʪʠ: +ɛ  ʠ .ɛ-  

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʵʪʠ ʠʦʥʳ ʥʘʯʠʥʘʶʪ ʜʚʠ-

ʛʘʪʴʩʷ ʠ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʦʥʠʟʘʮʠʠ ʛʘʟʘ, ï 

ʪʦʢ ʚ ʛʘʟʘʭ ï ʵʪʦ ʚʩʪʨʝʯʥʳʡ ʧʦʪʦʢ ʠʦʥʦʚ ʠ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ʅʘʨʷʜʫ ʩ ʪʝʨʤʠʥʦʤ çʠʦʥʠʟʘʮʠʷè ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʶʪ ʪʝʨʤʠʥ  

çʛʝʥʝʨʘʮʠʷè, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʪʦʪ ʞʝ ʩʘʤʳʡ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦ-

ʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʚ ʛʘʟʝ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʠʦʥʠʟʘʮʠʠ ʠʜʸʪ ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ ï 

ʨʝʢʦʤʙʠʥʘʮʠʠ (ʠʥʘʯʝ ï ʤʦʣʠʟʘʮʠʠ). 

ʈʝʢʦʤʙʠʥʘʮʠʷ ï ʵʪʦ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʧʨʠ ʚʩʪʨʝʯʝ ʨʘʟʥʦʠʤʝʥʥʳʭ 

ʠʦʥʦʚ ʠʣʠ ʚʦʩʩʦʝʜʠʥʝʥʠʝ ʠʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ ʚ ʥʝʡʪʨʘʣʴʥʫʶ ʤʦʣʝʢʫʣʫ 

(ʘʪʦʤ). 

ʌʘʢʪʦʨʳ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ ʠʦʥʠʟʘʮʠʷ ʚ ʛʘʟʝ, ʥʘ-

ʟʳʚʘʶʪ ʚʥʝʰʥʠʤʠ ʠʦʥʠʟʘʪʦʨʘʤʠ, ʘ ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʥʝʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. 

ʇʨʠ ʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʠʦʥʠʟʘʪʦʨʘ ʚ ʦʙʲʸʤʝ ʛʘʟʘ ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʯʠʩʣʦ ʧʘʨ ʠʦʥʦʚ, ʚʦʟʥʠ-

ʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʘʪʦʨʘ ʟʘ ʦʜʥʫ ʩʝʢʫʥʜʫ ʚ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ, 

ʨʘʚʥʦ ʯʠʩʣʫ ʧʘʨ ʨʝʢʦʤʙʠʥʠʨʦʚʘʚʰʠʭ ʠʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʦʥʠ-

ʟʘʮʠʠ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʠ: 
ʨʝʢʛʝʥɡɡ = .                                              (1.9.1) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥʠʟʦʚʘʥʥʳʡ ʛʘʟ ʩʧʦʩʦʙʝʥ ʧʨʦʚʦʜʠʪʴ ʪʦʢ. ʗʚʣʝ-

ʥʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʛʘʟ ʥʘʟʳʚʘʝʪʩʷ ʛʘʟʦʚʳʤ 

ʨʘʟʨʷʜʦʤ. ɻʘʟʦʚʳʝ ʨʘʟʨʷʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʚʠʜʘ: ʥʝʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʳʡ ʠ ʩʘʤʦʩʪʦʷʪʝʣʥɹʳʡ. 

1.9.2.  ʅʝʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʛʘʟʦʚʳʡ ʨʘʟʨʷʜ 

ʅʝʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʛʘʟʦʚʳʤ ʨʘʟʨʷʜʦʤ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʦʡ ʨʘʟ-

ʨʷʜ, ʢʦʪʦʨʳʡ, ʚʦʟʥʠʢʥʫʚ ʧʨʠ ʥʘʣʠʯʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʤʦʞʝʪ ʩʫ-

ʱʝʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʠʦʥʠʟʘʪʦʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʧʨʠ ʥʝʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʤ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ. ɺʚʝʜʝʤ ʨʷʜ ʦʙʦʟʥʘʯʝʥʠʡ: ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 

0N  ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʛʘʟʘ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʤʝ V. ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ 

./00 VNn =  ʏʘʩʪʴ ʤʦʣʝʢʫʣ ʠʦʥʠʟʠʨʦʚʘʥʘ. ʆʙʦʟʥʘʯʠʤ ʯʠʩʣʦ ʠʦʥʦʚ ʦʜʥʦ-

ʛʦ ʟʥʘʢʘ ʯʝʨʝʟ N; ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ./VNn=  ɼʘʣʝʝ, ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  
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æni  ʯʠʩʣʦ ʧʘʨ ʠʦʥʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʘʪʦʨʘ ʟʘ ʦʜʥʫ 

ʩʝʢʫʥʜʫ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʛʘʟʘ. 

ʅʘʨʷʜʫ ʩ ʧʨʦʮʝʩʩʦʤ ʠʦʥʠʟʘʮʠʠ ʚ ʛʘʟʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʢʦʤʙʠʥʘʮʠʷ 

ʠʦʥʦʚ. ɺʝʨʦʷʪʥʦʩʪʴ ʚʩʪʨʝʯʠ ʜʚʫʭ ʠʦʥʦʚ ʨʘʟʥʳʭ ʟʥʘʢʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴ-

ʥʘ ʢʘʢ ʯʠʩʣʫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʯʠʩʣʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ, ʘ ʵʪʠ 

ʯʠʩʣʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʚʥʳ n. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʠʩʣʦ ʧʘʨ ʠʦʥʦʚ,  

ʨʝʢʦʤʙʠʥʠʨʫʶʱʠʭ ʟʘ ʩʝʢʫʥʜʫ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ n
2
: 

,2rnnr =D                                               (1.9.2) 

ʛʜʝ r ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ɺ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʯʠʩʣʦ ʚʦʟʥʠʢʘʶʱʠʭ ʠʦʥʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲ-

ʝʤʘ ʨʘʚʥʦ ʯʠʩʣʫ ʨʝʢʦʤʙʠʥʠʨʫʶʱʠʭ: 
2rnnn ri =D=D .                                      (1.9.3) 

ʆʪʩʶʜʘ ʜʣʷ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ (ʯʠʩʣʘ ʧʘʨ ʠʦʥʦʚ 

ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ) ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

r

n
n iȹ= .                                                (1.9.4) 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʪʨʫʙʢʦʡ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.9.1. 

 

 

ʈʠʩ. 1.9.1 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʘʣʝʝ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʨʦʮʝʩʩʳ 

ʚ ʠʦʥʠʟʦʚʘʥʥʳʭ ʛʘʟʘʭ. ʇʦʜʘʜʠʤ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʳ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ ʙʫʜʫʪ ʥʘʧʨʘʚʣʷʪʴʩʷ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʵʣʝʢʪʨʦʜʫ, 

ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ ï ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʵʣʝʢʪʨʦʜʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʘʩʪʴ ʥʦʩʠʪʝʣʝʡ ʠʟ ʛʘʟʦʨʘʟʨʷʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʙʫʜʝʪ ʫʭʦʜʠʪʴ ʢ ʵʣʝʢ-

ʪʨʦʜʘʤ (ʚ ʮʝʧʠ ʚʦʟʥʠʢʥʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ). ʇʫʩʪʴ ʠʟ ʝʜʠʥʠʮʳ ʦʙʝ̡ʤʘ 

ʫʭʦʜʠʪ ʝʞʝʩʝʢʫʥʜʥʦ ænj ʧʘʨ ʠʦʥʦʚ. ʊʝʧʝʨʴ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
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.jri nnn D+D=D                                           (1.9.5) 

1. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʩʣʘʙʦʛʦ ʧʦʣʷ: .rj nn D<<D  ɺ ʮʝʧʠ ʙʫʜʝʪ ʧʨʦ-

ʪʝʢʘʪʴ ʩʣʘʙʳʡ ʪʦʢ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʦ ʚʝʣʠʯʠʥʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ n, ʟʘʨʷʜʫ q, ʧʝʨʝʥʦʩʠʤʦʤʫ ʢʘʞʜʳʤ ʥʦʩʠʪʝʣʝʤ,  

ʠ ʩʢʦʨʦʩʪʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʠʦʥʦʚ ( +u
C

 ʠ -u
C

): 

)ɡɡ(j -++=
CCC

nq .                                       (1.9.6) 

ʉʢʦʨʦʩʪʴ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʧʦʜ-

ʚʠʞʥʦʩʪʴ ɛ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ E
C

 ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

Eɛɡ,Eɛɡ
CCCC
-

-
+

+ == .                          (1.9.7) 

ʇʦʜʚʠʞʥʦʩʪʴ ï ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ ʩʢʦʨʦʩʪʠ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʚ ʛʘʟʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʷ ʩ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴʶ 1 ɺ/ʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ (1.9.6) ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠʤʝʝʤ 

.E)ɛɛ(j
CC

-++=nq                                    (1.9.8) 

ɺ ʩʣʘʙʦʤ ʧʦʣʝ (rj nn ȹȹ << ) ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʚʥʘ 
r

n
n iȹ= . 

ʇʦʜʩʪʘʚʠʤ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ (1.9.7): 

( ).Eɛɛ
ȹ

j
CC

-++=
r

in
q                               (1.9.9) 

ɺ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʤʥʦʞʠʪʝʣʴ ʧʨʠ E
C

 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ. ʆʙʦʟʥʘʯʠʚ ʝʛʦ ʯʝʨʝʟ ů, ʧʦʣʫʯʠʤ ʟʘʢʦʥ ʆʤʘ ʚ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʡ ʬʦʨʤʝ: 

,Eůj
CC

=                                             (1.9.10) 

ʛʜʝ ( )-+ m+m
D

=s
r

n
q i  ï ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. 

ɺʳʚʦʜ: ʚ ʩʣʫʯʘʝ ʩʣʘʙʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʪʦʢ ʧʨʠ ʥʝʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʤ ʨʘʟʨʷʜʝ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ʆʤʘ. 

2. ʈʘʩʩʤʦʪʨʠʤ ʩʠʣʴʥʦʝ ʧʦʣʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ jr nn D<<D  ʠ ji nn D=D , 

ʪ.ʝ. ʚʩʝ ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʦʥʳ ʫʭʦʜʷʪ ʠʟ ʛʘʟʦʨʘʟʨʷʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʘ ʚʨʝʤʷ, ʪʨʝ-

ʙʫʶʱʝʝʩʷ ʠʦʥʫ, ʯʪʦʙʳ ʧʨʦʣʝʪʝʪʴ ʚ ʩʠʣʴʥʦʤ ʧʦʣʝ E
C

 ʦʪ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʢ ʜʨʫʛʦʤʫ, ʠʦʥʳ ʥʝ ʫʩʧʝʚʘʶʪ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʘʤʝʪʥʦ ʨʝʢʦʤʙʠʥʠʨʦʚʘʪʴ. 

ʇʦʵʪʦʤʫ ʚʩʝ ʠʦʥʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʠʦʥʠʟʘʪʦʨʦʤ, ʫʯʘʩʪʚʫʶʪ ʚ ʩʦʟʜʘʥʠʠ 

ʪʦʢʘ ʠ ʫʭʦʜʷʪ ʥʘ ʵʣʝʢʪʨʦʜʳ. ɸ ʪ. ʢ. ʯʠʩʣʦ ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʦʥʠʟʘʪʦʨʦʤ 

ʠʦʥʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ( inD ) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʪʦ 
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ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ inD  ʠ ʥʝ ʙʫʜʝʪ ʟʘ-

ʚʠʩʝʪʴ ʦʪ E
C
. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʠʣʦʞʝʥ-

ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʦʢ ʧʝʨʝʩʪʘʝʪ ʨʘʩʪʠ ʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʝ ʦʙʨʘʟʫʶʱʠʝʩʷ ʠʦʥʳ 

ʫʭʦʜʷʪ ʢ ʵʣʝʢʪʨʦʜʘʤ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʣʘʚʠʥʳ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʛʜʘ ʚʦʟʥʠʢʰʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʘʪʦʨʘ ʵʣʝʢ-

ʪʨʦʥʳ ʧʨʠʦʙʨʝʪʘʶʪ ʥʘ ʜʣʠʥʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ (ʦʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʜʦ 

ʩʪʦʣʢʥʦʚʝʥʠʷ) ʵʥʝʨʛʠʶ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʛʘʟʘ 

(ʫʜʘʨʥʘʷ ʠʦʥʠʟʘʮʠʷ). ɺʦʟʥʠʢʰʠʝ ʧʨʠ ʵʪʦʤ ʚʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʨʘʟʦ-

ʛʥʘʚʰʠʩʴ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʠʟʚʦʜʷʪ ʠʦʥʠʟʘʮʠʶ ʠ ʪ.ʜ. ï ʧʨʦʠʩʭʦʜʠʪ 

ʣʘʚʠʥʦʦʙʨʘʟʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ, ʩʦʟʜʘʥ-

ʥʳʭ ʚʥʝʰʥʠʤ ʠʦʥʠʟʘʪʦʨʦʤ, ʠ ʫʩʠʣʝʥʠʝ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ. 

ʅʘ ʨʠʩ. 1.9.2 ʠʟʦʙʨʘʞʝʥ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʣʘʚʠʥʳ. 

 

 

 

ʈʠʩ. 1.9.2 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʛʨʘʬʠʯʝʩʢʠ (ʨʠʩ. 1.9.3) 

ʚ ʚʠʜʝ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ 

ʨʘʟʨʜ̫ʘ. 

 

ʈʠʩ. 1.9.3 
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ɺʳʚʦʜ: ʜʣʷ ʥʝʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʤʘʣʳʭ ʧʣʦʪʥʦʩʪʷʭ 

ʪʦʢʘ, ʪ.ʝ. ʢʦʛʜʘ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʠʩʯʝʟʥʦʚʝʥʠʠ ʟʘʨʷʜʦʚ ʠʟ ʛʘʟʦʨʘʟʨʷʜʥʦ-

ʛʦ ʧʨʦʤʝʞʫʪʢʘ ʠʛʨʘʝʪ ʧʨʦʮʝʩʩ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʢʦʥ ʆʤʘ 

( Eůj
CC

= ); ʧʨʠ ʙʦʣʴʰʠʭ ʧʦʣʷʭ ( ʥEE² ) ʟʘʢʦʥ ʆʤʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ï ʥʘ-

ʩʪʫʧʘʝʪ ʷʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ, ʘ ʧʨʠ ʧʦʣʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʣE , ï ʚʦʟʥʠʢʘ-

ʝʪ ʣʘʚʠʥʘ ʟʘʨʷʜʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦ-

ʩʪʠ ʪʦʢʘ. 

1.9.3.  ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʛʘʟʦʚʳʡ ʨʘʟʨʷʜ 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʣʘʚʠʥ 

ʟʘ ʩʯʝʪ ʫʜʘʨʥʦʡ ʠʦʥʠʟʘʮʠʠ ʥʝ ʫʪʨʘʯʠʚʘʝʪ ʭʘʨʘʢʪʝʨʘ ʥʝʩʘʤʦʩʪʦʷʪʝʣʥɹʦʛʦ 

ʨʘʟʨʷʜʘ, ʪ.ʢ. ʚ ʩʣʫʯʘʝ ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʠʦʥʠʟʘʪʦʨʘ ʨʘʟ-

ʨʷʜ ʙʳʩʪʨʦ ʠʩʯʝʟʘʝʪ. 

ʆʜʥʘʢʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʣʘʚʠʥʳ ʟʘʨʷʜʦʚ ʥʝ ʦʛʨʘʥʠʯʠ-

ʚʘʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʫʜʘʨʥʦʡ ʠʦʥʠʟʘʮʠʠ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ, ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʤ, ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʛʘʟʦʨʘʟʨʷʜʥʦʛʦ ʧʨʦ-

ʤʝʞʫʪʢʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ ʧʨʠʦʙʨʝʪʘʶʪ ʙʦʣʴʰʫʶ ʵʥʝʨʛʠʶ ʠ, ʫʜʘ-

ʨʷʷʩʴ ʦ ʢʘʪʦʜ, ʚʳʙʠʚʘʶʪ ʠʟ ʥʝʛʦ ʵʣʝʢʪʨʦʥʳ, ʧʨʦʠʩʭʦʜʠʪ ʚʪʦʨʠʯʥʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ. ɺʦʟʥʠʢʰʠʝ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʥʘ ʧʫʪʠ ʢ ʘʥʦ-

ʜʫ ʧʨʦʠʟʚʦʜʷʪ ʫʜʘʨʥʫʶ ʠʦʥʠʟʘʮʠʶ ʤʦʣʝʢʫʣ ʛʘʟʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ 

ʥʘ ʧʫʪʠ ʢ ʢʘʪʦʜʫ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʣEE=  ʩʘʤʠ ʠʦʥʠʟʠʨʫʶʪ ʤʦ-

ʣʝʢʫʣʳ ʛʘʟʘ. 

ɽʩʣʠ ʢʘʞʜʳʡ ʚʳʙʠʪʳʡ ʩ ʢʘʪʦʜʘ ʵʣʝʢʪʨʦʥ ʩʧʦʩʦʙʝʥ ʫʩʢʦʨʷʪʴʩʷ  

ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʫʜʘʨʥʫʶ ʠʦʥʠʟʘʮʠʶ ʤʦʣʝʢʫʣ ʛʘʟʘ, ʪʦ ʨʘʟʨʷʜ ʙʫʜʝʪ ʧʦʜ-

ʜʝʨʞʠʚʘʪʴʩʷ ʠ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʛʦ ʠʦʥʠʟʘʪʦʨʘ. 

ʅʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʟʚʠʚʘʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʨʘʟʨʷʜ, ʥʘʟʳʚʘ-

ʝʪʩʷ ʥʘʧʨʞ̫ʝʥʠʝʤ ʟʘʤʳʢʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʢʘʟʘʥʥʦʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʨʘʟʨʷʜʦʤ ʙʫʜʝʤ ʥʘ-

ʟʳʚʘʪʴ ʪʘʢʦʡ ʛʘʟʦʚʳʡ ʨʘʟʨʷʜ, ʚ ʢʦʪʦʨʦʤ ʥʦʩʠʪʝʣʠ ʪʦʢʘ ʚʦʟʥʠʢʘʶʪ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʘʟʝ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʠʣʦʞʝʥʥʳʤ 

ʢ ʛʘʟʫ ʥʘʧʨʷʞʝʥʠʝʤ, ʪ. ʝ. ʜʘʥʥʳʡ ʨʘʟʨʷʜ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʧʦʩʣʝ ʧʨʝ-

ʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʠʦʥʠʟʘʪʦʨʘ. 

ʂʦʛʜʘ ʤʝʞʵʣʝʢʪʨʦʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʧʨʦʚʦʜʷʱʝʡ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʦʡ, ʥʘʩʪʫʧʘʝʪ ʝʛʦ ʧʨʦʙʦʡ. ʅʘʧʨʷʞʝʥʠʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʙʦʡ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ, ʥʘʟʳʚʘ-

ʝʪʩʷ ʧʨʦʙʠʚʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. ɸ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʨʦʙʠʚʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʦʛʦ ʨʘʟʨʷʜʘ. 
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ʇʨʠ ʙʦʣʴʰʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʛʘʟʦʚʦʛʦ ʧʨʦʤʝʞʫʪ-

ʢʘ ʪʦʢ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʚʦʟʥʠ-

ʢʘʶʱʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʠʦʥʠʟʘʪʦʨʘ ʵʣʝʢʪʨʦʥʳ, ʩʠʣʴʥʦ ʫʩʢʦ-

ʨʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʡʪʨʘʣʴʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʛʘʟʘ ʠ ʠʦʥʠʟʠʨʫʶʪ ʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʵʣʝʢ-

ʪʨʦʥʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ (ʧʨʦʮʝʩʩ 1, ʨʠʩ. 1.9.4). ʇʦʣʦʞʠʪʝʣʥɹʳʝ 

ʠʦʥʳ ʜʚʠʞʫʪʩʷ ʢ ʢʘʪʦʜʫ, ʘ ʵʣʝʢʪʨʦʥʳ ï ʢ ʘʥʦʜʫ. ɺʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ 

ʚʥʦʚʴ ʠʦʥʠʟʠʨʫʶʪ ʤʦʣʝʢʫʣʳ ʛʘʟʘ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʠʦʥʦʚ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ, ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʢ ʘʥʦʜʫ, ʣʘʚʠʥʦʦʙʨʘʟʥʦ. ʕʪʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʪʦʢʘ. ʆʧʠʩʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʫʜʘʨʥʦʡ ʠʦʥʠʟʘʮʠʝʡ. 

 

 

ʈʠʩ. 1.9.4 

 

ʆʜʥʘʢʦ ʫʜʘʨʥʘʷ ʠʦʥʠʟʘʮʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʥʝʜʦʩʪʘʪʦʯʥʘ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʟʨʷʜʘ ʧʨʠ ʫʜʘʣʝʥʠʠ ʚʥʝʰʥʝʛʦ ʠʦʥʠʟʘʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʣʝʢʪʨʦʥʥʳʝ ʣʘʚʠʥʳ çʚʦʩʧʨʦʠʟʚʦʜʠʣʠʩʴè, ʪ.ʝ. ʯʪʦ-

ʙʳ ʚ ʛʘʟʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʢʠʭ-ʪʦ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʘʣʠ ʥʦʚʳʝ ʵʣʝʢʪʨʦ-

ʥʳ. ʕʪʦ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ: 

¶ ʫʩʢʦʨʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ, ʫʜʘʨʷ-

ʷʩʴ ʦ ʢʘʪʦʜ, ʚʳʙʠʚʘʶʪ ʠʟ ʥʝʛʦ ʵʣʝʢʪʨʦʥʳ (ʧʨʦʮʝʩʩ 2); 

¶ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ, ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ, ʧʝʨʝʚʦʜʷʪ 

ʠʭ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ; ʧʝʨʝʭʦʜ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʚ ʦʩʥʦʚʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʦʚ (ʧʨʦʮʝʩʩ 3); 

¶ ʬʦʪʦʥ, ʧʦʛʣʦʱʝʥʥʳʡ ʥʝʡʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ, ʠʦʥʠʟʠʨʫʝʪ ʝʝ, 
ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʬʦʪʦʥʥʦʡ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ (ʧʨʦʮʝʩʩ 4); 

¶ ʚʳʙʠʚʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʢʘʪʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʬʦʪʦʥʦʚ (ʧʨʦ-

ʮʝʩʩ 5); 

¶ ʥʘʢʦʥʝʮ, ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʛʘ-

ʟʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʥʘʩʪʫʧʘʝʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ, ʦʙ-

ʣʘʜʘʶʱʠʝ ʤʝʥʴʰʝʡ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ, ʯʝʤ ʵʣʝʢʪʨʦʥʳ, ʧʨʠʦʙ-
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ʨʝʪʘʶʪ ʵʥʝʨʛʠʶ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ ʛʘʟʘ (ʧʨʦʮʝʩʩ 6), 

ʠ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʝ ʫʩʪʨʝʤʣʷʶʪʩʷ ʠʦʥʥʳʝ ʣʘʚʠʥʳ. ʂʦʛʜʘ ʚʦʟ-

ʥʠʢʘʶʪ, ʢʨʦʤʝ ʵʣʝʢʪʨʦʥʥʳʭ ʣʘʚʠʥ, ʝʱʝ ʠ ʠʦʥʥʳʝ, ʩʠʣʘ ʪʦʢʘ ʨʘʩʪʝʪ ʫʞʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. 

1.9.4.  ʊʠʧʳ ʨʘʟʨʷʜʦʚ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʛʘʟʘ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʘʨʘ-

ʤʝʪʨʦʚ ʚʥʝʰʥʝʡ ʮʝʧʠ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʪʠʧʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʟʨʜ̫ʦʚ: 

¶ ʪʣʝʁɦ ʠʡ; 

¶ ʠʩʢʨʦʚʦʡ; 

¶ ʜʫʛʦʚʦʡ; 

¶ ʢʦʨʦʥʥʳʡ. 

1. ʊʣʝʶʱʠʡ ʨʘʟʨʷʜ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ. ɽʛʦ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʚ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʝ ʩ ʚʧʘʷʥʥʳʤʠ ʫ ʢʦʥʮʦʚ ʧʣʦʩʢʠʤʠ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (ʨʠʩ. 1.9.5). ɺʙʣʠʟʠ ʢʘʪʦʜʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʦʥ-

ʢʠʡ ʩʚʝʪʷʱʠʡʩʷ ʩʣʦʡ, ʥʘʟʳʚʘʝʤʳʡ ʢʘʪʦʜʥʦʡ ʩʚʝʪʷɦ ʝʡʩʷ ʧʣʝʥʢʦʡ 2. 

ʄʝʞʜʫ ʢʘʪʦʜʦʤ ʠ ʧʣʝʥʢʦʡ ʥʘʭʦʜʠʪʩʷ ʘʩʪʦʥʦʚʦ ʪʝʤʥʦʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ 1. ʉʧʨʘʚʘ ʦʪ ʩʚʝʪʷʱʝʡʩʷ ʧʣʝʥʢʠ ʧʦʤʝʱʘʝʪʩʷ ʩʣʘʙʦ ʩʚʝʪʷʱʠʡʩʷ 

ʩʣʦʡ, ʥʘʟʳʚʘʝʤʳʡ ʢʘʪʦʜʥʳʤ ʪʝʤʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 3. ʕʪʦʪ ʩʣʦʡ ʧʝ-

ʨʝʭʦʜʠʪ ʚ ʩʚʝʪʷʱʫʶʩʷ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʫʶ ʥʘʟʳʚʘʶʪ ʪʣʝʶʱʠʤ ʩʚʝʯʝʥʠʝʤ 4, 

ʩ ʪʣʝʶʱʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʛʨʘʥʠʯʠʪ ʪʸʤʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ï ʬʘʨʘʜʝʝʚʦ 

ʪʸʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 5. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʣʦʠ ʦʙʨʘʟʫʶʪ ʢʘʪʦʜʥʫʶ 

ʯʘʩʪʴ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. ɺʩʷ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʪʨʫʙʢʠ ʟʘʧʦʣʥʝʥʘ ʩʚʝʪ̫ -

ʱʠʤʩʷ ʛʘʟʦʤ. ʕʪʫ ʯʘʩʪʴ ʥʘʟʚrʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʪʦʣʙʦʤ 6. 

 

 

ʈʠʩ. 1.9.5 

 

ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʢʘʪʦʜʥʘʷ ʯʘʩʪʴ ʨʘʟʨʷʜʘ ʠ ʬʘʨʘʜʝʝʚʦ ʪʸʤʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʩʪʦʣʙ ʫʢʦʨʘʯʠʚʘʝʪʩʷ. 
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ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʯʪʠ ʚʩʝ ʧʘʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠʭʦʜʷʪʩʷ 

ʥʘ ʧʝʨʚʳʝ ʪʨʠ ʫʯʘʩʪʢʘ ʨʘʟʨʷʜʘ (ʘʩʪʦʥʦʚʦ ʪʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʘʪʦʜʥʘʷ 

ʩʚʷʪʷʱʘʷʩʷ ʧʣʸʥʢʘ ʠ ʢʘʪʦʜʥʦʝ ʪʸʤʥʦʝ ʧʷʪʥʦ). ʕʪʫ ʯʘʩʪʴ ʥʘʧʨʷʞʝʥʠʷ, 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʪʨʫʙʢʝ, ʥʘʟʳʚʘʶʪ ʢʘʪʦʜʥʳʤ ʧʘʜʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ. 

ɺ ʦʙʣʘʩʪʠ ʪʣʝʶʱʝʛʦ ʩʚʝʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ï ʟʜʝʩʴ ʥʘ-

ʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʨʘʚʥʘ ʥʫʣʶ. ʅʘʢʦʥʝʮ, ʚ ʬʘʨʘʜʝʝʚʦʤ ʪʸʤʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʩʪʦʣʙʝ ʧʦʪʝʥʮʠʘʣ ʤʝʜʣʝʥʥʦ ʨʘʩʪʸʪ.  

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʳʟʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʢʘʪʦʜʥʦʤ 

ʪʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʦʛʦ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ, ʫʩʢʦʨʝʥʥʳʝ ʢʘʪʦʜʥʳʤ ʧʘʜʝʥʠʝʤ ʧʦʪʝʥʮʠʘ-

ʣʘ, ʙʦʤʙʘʨʜʠʨʫʶʪ ʢʘʪʦʜ ʠ ʚʳʙʠʚʘʶʪ ʠʟ ʥʝʛʦ ʵʣʝʢʪʨʦʥʳ. ɺ ʘʩʪʦʥʦʚʦʤ 

ʪʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʪʠ ʵʣʝʢʪʨʦʥʳ, ʧʨʦʣʝʪʝʚʰʠʝ ʙʝʟ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʚ ʦʙʣʘʩʪʴ ʢʘʪʦʜʥʦʛʦ ʪʸʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʵʥʝʨʛʠʶ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʯʘʱʝ ʠʦʥʠʟʠʨʫʶʪ ʤʦʣʝʢʫʣʳ, ʯʝʤ ʚʦʟʙʫʞʜʘʶʪ, ʪ.ʝ. 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʛʘʟʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʟʘʪʦ ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʛʦ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʦʥʳ ʚʥʘʯʘʣʝ 

ʠʤʝʶʪ ʦʯʝʥʴ ʤʘʣʫʶ ʩʢʦʨʦʩʪʴ, ʠ ʧʦʪʦʤʫ ʚ ʢʘʪʦʜʥʦʤ ʪʸʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝ ʩʦʟʜʘʸʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʟʘʨʷʜ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ 

ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʚʜʦʣʴ ʪʨʫʙʢʠ ʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʘ-

ʪʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ. 

ʕʣʝʢʪʨʦʥʳ, ʚʦʟʥʠʢʰʠʝ ʚ ʢʘʪʦʜʥʦʤ ʪʸʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʨʦʥʠʢʘ-

ʶʪ ʚ ʦʙʣʘʩʪʴ ʪʣʝʶʱʝʛʦ ʩʚʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ, ʢʦʣʝʥʘʨʥʳʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʤ ʟʘʨʷʜʦʤ, ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ (ʧʣʘʟʤʘ). ʇʦʵʪʦʤʫ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʧʦʣʷ ʟʜʝʩʴ ʦʯʝʥʴ ʤʘʣʘ. ɺ ʦʙʣʘʩʪʠ ʪʣʝʶʱʝʛʦ ʩʚʝʯʝʥʠʷ ʠʜʸʪ ʠʥʪʝʥ-

ʩʠʚʥʳʡ ʧʨʦʮʝʩʩ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʠʟʣʫʯʝʥʠʝʤ ʚʳʜʝ-

ʣʷʶʱʝʡʩʷ ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʣʝʶʱʝʝ ʩʚʝʯʝʥʠʝ ʝʩʪʴ 

ʚ ʦʩʥʦʚʥʦʤ ʩʚʝʯʝʥʠʝ ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ʀʟ ʦʙʣʘʩʪʠ ʪʣʝʶʱʝʛʦ ʩʚʝʯʝʥʠʷ ʚ ʬʘʨʘʜʝʝʚʦ ʪʸʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʵʣʝʢʪʨʦʥʳ ʠ ʠʦʥʳ ʧʨʦʥʠʢʘʶʪ ʟʘ ʩʯʸʪ ʜʠʬʬʫʟʠʠ. ɺʝʨʦʷʪʥʦʩʪʴ ʨʝʢʦʤʙʠ-

ʥʘʮʠʠ ʟʜʝʩʴ ʩʠʣʴʥʦ ʧʘʜʘʝʪ, ʪ.ʢ. ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʝʚʝ-

ʣʠʢʘ. ʇʦʵʪʦʤʫ ʚ ʬʘʨʘʜʝʝʚʦʤ ʪʸʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʝʪʩʷ ʧʦʣʝ. ʋʚʣʝ-

ʢʘʝʤʳʝ ʵʪʠʤ ʧʦʣʝʤ ʵʣʝʢʪʨʦʥʳ ʥʘʢʘʧʣʠʚʘʶʪ ʵʥʝʨʛʠʶ ʠ ʯʘʩʪʦ, ʚ ʢʦʥʮʝ 

ʢʦʥʮʦʚ, ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʣʘʟʤʳ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʩʪʦʣʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʘʟʦʨʘʟʨʷʜʥʫʶ ʧʣʘʟʤʫ. ʆʥ 

ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʧʨʦʚʦʜʥʠʢʘ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʘʥʦʜ ʩ ʢʘʪʦʜʥʳʤʠ ʯʘʩʪʷʤʠ 

ʨʘʟʨʷʜʘ. ʉʚʝʯʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʩʪʦʣʙʘ ʚʳʟʚʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʧʝʨʝʭʦ-

ʜʘʤʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʤʦʣʝʢʫʣ ʚ ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

2. ʀʩʢʨʦʚʦʡ ʨʘʟʨʷʜ ʚʦʟʥʠʢʘʝʪ ʚ ʛʘʟʝ ʦʙʳʯʥʦ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʧʦʨʷʜ-

ʢʘ ʘʪʤʦʩʬʝʨʥʦʛʦ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʨʳʚʠʩʪʦʡ ʬʦʨʤʦʡ. ʇʦ ʚʥʝʰ-
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ʥʝʤʫ ʚʠʜʫ ʠʩʢʨʦʚʦʡ ʨʘʟʨʷʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʫʯʦʢ ʷʨʢʠʭ ʟʠʛʟʘʛʦʦʙ-

ʨʘʟʥʳʭ ʨʘʟʚʝʪʚʣʷʶʱʠʭʩʷ ʪʦʥʢʠʭ ʧʦʣʦʩ, ʤʛʥʦʚʝʥʥʦ ʧʨʦʥʠʟʳʚʘʶʱʠʭ 

ʨʘʟʨʷʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ, ʙʳʩʪʨʦ ʛʘʩʥʫʱʠʭ ʠ ʧʦʩʪʦ̫ ʥʥʦ ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ 

ʜʨʫʛʘ (ʨʠʩ. 1.9.6). ʕʪʠ ʧʦʣʦʩʢʠ ʥʘʟʳʚʘʶʪ ʠʩʢʨʦʚʳʤʠ ʢʘʥʘʣʘʤʠ. 

 

 

ʊʛʘʟʘ = 10 000 ʂ; 

 

Ïʢʘʥʘʣʘ~ 40 ʩʤ; 

 

I = 100 ʢɸ; 

 

t = 10
ï4

 c; 

 

l ~ 10 ʢʤ. 

 

ʈʠʩ. 1.9.6 

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʨʘʟʨʷʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ çʧʨʦʙʠʪè ʠʩʢʨʦʚʳʤ ʢʘʥʘ-

ʣʦʤ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʤʘʣʳʤ, ʯʝʨʝʟ ʢʘʥʘʣ ʧʨʦʭʦʜʠʪ ʢʨʘʪ-

ʢʦʚʨʝʤʝʥʥʳʡ ʠʤʧʫʣʴʩ ʪʦʢʘ ʙʦʣʴʰʦʡ ʩʠʣʳ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘ ʨʘʟ-

ʨʷʜʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʧʨʠʭʦʜʠʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɽʩ-

ʣʠ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʥʝ ʦʯʝʥʴ ʚʝʣʠʢʘ, ʪʦ ʧʦʩʣʝ ʵʪʦʛʦ ʠʤʧʫʣʴʩʘ ʪʦʢʘ 

ʨʘʟʨʷʜ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʅʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʥʘʯʠʥʘʝʪ ʧʦʚʳ-

ʰʘʪʴʩʷ ʜʦ ʧʨʝʞʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʠ ʧʨʦʙʦʡ ʛʘʟʘ ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠ-

ʝʤ ʥʦʚʦʛʦ ʠʩʢʨʦʚʦʛʦ ʢʘʥʘʣʘ. 

ɺ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʢʨʦʚʦʡ ʨʘʟʨʷʜ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚ ʚʠʜʝ ʤʦʣʥʠʠ. ʅʘ ʨʠʩ. 1.9.7 ʠʟʦʙʨʘʞʝʥ ʧʨʠʤʝʨ ʠʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘ ï ʤʦʣ-

ʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 0.2ï0.3 ʩ, ʩʠʣʦʡ ʪʦʢʘ 10
4
ï10

5
 ɸ, ʜʣʠʥʦʡ 20 ʢʤ. 

 

                      

ʈʠʩ. 1.9.7 
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3. ɼʫʛʦʚʦʡ ʨʘʟʨʷʜ. ɽʩʣʠ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘ ʦʪ ʤʦʱ-

ʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴh ʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʪʦ 

ʨʘʟʨʷʜ ʠʟ ʧʨʝʨʳʚʠʩʪʦʛʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ, ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʬʦʨʤʘ 

ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʥʘʟʳʚʘʝʤʘʷ ʜʫʛʦʚʳʤ ʨʘʟʨʷʜʦʤ (ʨʠʩ. 1.9.8).  

 

                    
I ~ 10

3
 ɸ  

ʈʠʩ. 1.9.8 

 

ʇʨʠ ʵʪʦʤ ʪʦʢ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʦʩʪʠʛʘʷ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʘʤ-

ʧʝʨ, ʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʘʟʨʷʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʧʘʜʘʝʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝ-

ʩʷʪʢʦʚ ʚʦʣʴʪ. ʉʦʛʣʘʩʥʦ ɺ.ʌ. ʃʠʪʢʝʚʠʯʫ (1872ï1951), ʜʫʛʦʚʦʡ ʨʘʟʨʷʜ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʠ 

ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʦʜʘ. ʅʘ ʧʨʘʢʪʠʢʝ ï ʵʪʦ ʩʚʘʨʢʘ, ʤʦʱʥʳʝ ʜʫʛʦʚʳʝ ʧʝʯʠ. 

4. ʂʦʨʦʥʥʳʡ ʨʘʟʨʷʜ (ʨʠʩ. 1.9.9) ʚʦʟʥʠʢʘʝʪ ʚ ʩʠʣʥɹʦʤ ʥʝʦʜʥʦʨʦʜʥʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʛʘʟʘ (ʧʦʨʷʜʢʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ). ʊʘʢʦʝ ʧʦʣʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʜʥʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ (ʪʦʥʢʘʷ 

ʧʨʦʚʦʣʦʯʢʘ, ʦʩʪʨʠʝ).  
 

           
 

ʈʠʩ. 1.9.9 
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ʅʘʣʠʯʠʝ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ, ʥʦ ʝʛʦ ʨʦʣʴ ʤʦʛʫʪ ʠʛ-

ʨʘʪʴ ʙʣʠʞʘʡʰʠʝ ʦʢʨʫʞʘʶʱʠʝ ʟʘʟʝʤʣʝʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʝʜʤʝʪʳ. 

ʂʦʛʜʘ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʙʣʠʟʠ ʵʣʝʢʪʨʦʜʘ ʩ ʙʦʣʴʰʦʡ ʢʨʠʚʠʟʥʦʡ ʜʦʩ-

ʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ 3Ā10
6
 ɺ/ʤ, ʚʦʢʨʫʛ ʥʝʛʦ ʚʦʟʥʠʢʘʝʪ ʩʚʝʯʝʥʠʝ, ʠʤʝʶʱʝʝ 

ʚʠʜ ʦʙʦʣʦʯʢʠ ʠʣʠ ʢʦʨʦʥʳ, ʦʪʢʫʜʘ ʠ ʧʨʦʠʟʦʰʣʦ ʥʘʟʚʘʥʠʝ ʟʘʨʷʜʘ. 

1.9.5.  ʇʨʠʤʝʥʝʥʠʝ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ 

ɻʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶɦ ʠʭ ʛʘʟʦʚʳʡ ʨʘʟʨʷʜ, 

ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʨʷʜʘ ʧʨʠʙʦʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʸʥʥʳʝ ʧʨʠʙʦʨʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʷʚʣʝʥʠʠ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʤʦʞʥʦ ʨʘʟ-

ʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 

¶ ʊʠʨʘʪʨʦʥʳ ʠ ʛʘʟʦʪʨʦʥʳ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. 

¶ ʉʪʘʙʠʣʠʪʨʦʥʳ ʪʣʝʶʱʝʛʦ ʠ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʜ̫ʦʚ. 

¶ ʉʯʸʪʯʠʢʠ ʢʦʤʤʫʪʘʪʦʨʥʳʝ, ʚʝʢʦʪʨʦʥʳ. 

¶ ʀʥʜʠʢʘʪʦʨʳ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ. 

¶ ɻʘʟʦʪʨʦʥʳ, ʪʠʨʘʪʨʦʥʳ ʩ ʥʘʧʦʣʥʝʥʥʳʤ ʢʘʪʦʜʦʤ. 

¶ ʀʤʧʫʣʴʩʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʪʠʨʘʪʨʦʥʳ ʩ ʥʘʧʦʣʥʝʥʥʳʤ ʢʘʪʦʜʦʤ. 

ɻʘʟʦʨʘʟʨʷʜʥʳʝ ʧʨʠʙʦʨʳ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚʠʜʦʤ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʟʨʷʜʘ. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʳʭ ʬʫʥʢ-

ʮʠʡ, ʠʥʜʠʢʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʠ ʪ.ʜ. 

ʀʩʢʨʦʚʦʡ ʨʘʟʨʷʜ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ. 

ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʠʥʠʮʠʠʨʫʶʪ ʚʟʨʳʚʳ ʠ ʧʨʦʮʝʩʩʳ ʛʦʨʝʥʠʷ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʟʘʱʠʪʳ ʫʷʟʚʠʤʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥ-

ʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ ʧʫʩʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʢʝʪ, ʧʳʪʘʶʪʩʷ ʨʝʘʣʠ-

ʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʣʥʠʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʣʘʟʝʨʥʦʝ 

ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʤʦʣʥʠʠ. ʃʘʟʝʨʥʦʝ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʩʦʟʜʘʥʠʠ 

ʚ ʚʦʟʜʫʭʝ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʢʘʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

1.9.6.  ʇʦʥʷʪʠʝ ʦ ʧʣʘʟʤʝ 

ɺ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʠʦʥʦʚ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʘʨʥʦʡ ʠʦʥʠʟʘʮʠʠ, ʧʨʠʯʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʦʜʠʥʘʢʦʚʘ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʠʟ ʵʣʝʢʪʨʦ-

ʥʦʚ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ, ʥʘʟʳʚʘʝʪʩʷ ʧʣʘʟʤʦʡ. ʊʝʨʤʠʥ çʧʣʘʟʤʘè ʙʳʣ ʚʚʝʜʝʥ ʚ 1929 ʛ. ʘʤʝ-

ʨʠʢʘʥʩʢʠʤʠ ʬʠʟʠʢʘʤʠ ʀ. ʃʝʥʛʤʶʨʦʤ ʠ ʃ. ʊʦʥʢʩʦʤ. 
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ʇʣʘʟʤʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʛʘʟʦʚʦʤ ʨʘʟʨʷʜʝ, ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʛʘʟʦʨʘʟ-

ʨʷʜʥʦʡ; ʢ ʥʝʡ ʦʪʥʦʩʷʪʩʷ ʧʦʣʦʞʠʪʝʣʥɹʳʡ ʩʪʦʣʙ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʢʘʥʘʣ 

ʠʩʢʨʦʚʦʛʦ ʠ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʦʚ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʩʪʦʣʙ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʥʝʠʟʦ-

ʪʝʨʤʠʯʝʩʢʫʶ ʧʣʘʟʤʫ. ɺ ʪʘʢʦʡ ʧʣʘʟʤʝ ʩʨʝʜʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʦʚ, ʠʦʥʦʚ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ (ʘʪʦʤʦʚ) ʨʘʟʣʠʯʥʳ. 

ɺʩʧʦʤʥʠʤ ʩʚʷʟʴ ʤʝʞʜʫ ʩʨʝʜʥʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʤʦʣʝʢʫʣ 

ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ (ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʥʝʚʝʣʠʢʦ, ʧʦʵʪʦʤʫ 

ʝʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʜʝʘʣʴʥʳʤ) ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ: 

.
2

3

2

ɡ2
kT

m
=  

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʟʤʳ ʨʘʟʣʠʯ-

ʥʳ. ʊʘʢ, ʵʣʝʢʪʨʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʚ ʥʝʦʥʝ ʧʨʠ ʜʘʚ-

ʣʝʥʠʠ 3 ʤʤ ʨʪ. ʩʪ. ï ʧʦʨʷʜʢʘ  4Ā10
4
 ʂ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ ʠ ʘʪʦʤʦʚ ï 

400 ʂ, ʧʨʠʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʘʪʦʤʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʣʘʟʤʘ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʘʠʵ ʊʊT ==  (ʛʜʝ ʠʥ-

ʜʝʢʩʳ çèɻ, çʠè, çʘè ʦʪʥʦʩʷʪʩʷ ʢ ʵʣʝʢʪʨʦʥʘʤ, ʠʦʥʘʤ, ʘʪʦʤʘʤ), ʥʘʟʳʚʘʝʪ-

ʩʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ. ʊʘʢʘʷ ʧʣʘʟʤʘ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʩ ʧʦʤʦ-

ʱʴʶ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʫʛʘ, ʛʦʨʷʱʘʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʠ ʚʳʰʝ 

ʜʘʚʣʝʥʠʠ, ʠʩʢʨʦʚʦʡ ʢʘʥʘʣ); ʥʘʧʨʠʤʝʨ, ʚ ʜʫʛʝ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʜʦ 1000 ʘʪʤ.) ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ ʜʦʩʪʠʛʘʝʪ 10 000 ʂ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʟʤʳ ʧʨʠ ʪʝʨʤʦʷʜʝʨʥʦʤ ʚʟʨʳʚʝ ï ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʠʣ-

ʣʠʦʥʦʚ ʛʨʘʜʫʩʦʚ, ʚ ʫʩʪʘʥʦʚʢʝ çʊʆʂɸʄɸʂè ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦ-

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ï ʧʦʨʷʜʢʘ 7Ā10
6
 K (ʨʠʩ. 1.9.10). 

 

 
ʈʠʩ. 1.9.10 
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ʇʣʘʟʤʘ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʪʦʢʘ ʯʝʨʝʟ 

ʛʘʟ. ɻʘʟ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʧʣʘʟʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʫʪʝʤ ʝʛʦ ʥʘʛʨʝʚʘ-

ʥʠʷ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɺʥʫʪʨʝʥʥʠʝ ʦʙʣʘʩʪʠ ʟʚʝʟʜ (ʚ ʪ. ʯ. ʠ ʩʦʣʥʮʝ) 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ 

10
8
 ʂ. 

ʂʫʣʦʥʦʚʩʢʦʝ ʜʘʣʴʥʦʜʝʡʩʪʚʫʶʱʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩ-

ʪʠʮ ʚ ʧʣʘʟʤʝ ʧʨʠʚʦʜʠʪ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʩʚʦʝʦʙʨʘʟʠʶ ʧʣʘʟʤʳ, ʧʦʟʚʦ-

ʣʷʶʱʝʤʫ ʩʯʠʪʘʪʴ ʝʝ ʦʩʦʙʳʤ, ʯʝʪʚʝʨʪʳʤ, ʘʛʨʝʛʘʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚʝ-

ʱʝʩʪʚʘ. 

ɺʘʞʥʝʡʰʠʝ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʳ: 

¶ ʩʠʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʝʰʥʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʤʠ ʧʦʣʷʤʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʝʝ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ; 

¶ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʢʦʣʣʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘʩʪʠʮ ʧʣʘʟʤʳ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʝʩʷ ʯʝʨʝʟ ʫʩʨʝʜʥʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦ-

ʣʷ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʩʘʤʠ ʵʪʠ ʯʘʩʪʠʮʳ; 

¶ ʙʣʘʛʦʜʘʨʷ ʢʦʣʣʝʢʪʠʚʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʧʣʘʟʤʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ 
ʩʚʦʝʦʙʨʘʟʥʘʷ ʫʧʨʫʛʘʷ ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʣʝʛʢʦ ʚʦʟʙʫʞʜʘʶʪʩʷ ʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʢʦʣʝʙʘʥʠʷ ʠ ʚʦʣʥʳ (ʥʘʧʨʠʤʝʨ, ʣʝʥʛʤʶʨʦʚ-

ʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʧʣʘʟʤʳ); 

¶ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʣʘʟʤʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʜʠʘʤʘʛʥʠʪʥʘʷ 
ʩʨʝʜʘ; 

¶ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ů ʧʦʣʥʦʩʪʴʶ ʠʦʥʠʟʦʚʘʥʥʦʡ 

ʧʣʘʟʤʳ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 2/3T . ʇʨʠ ʊ Ó 10
7
 ʂ ů ʩʪʦʣʴ 

ʚʝʣʠʢʘ, ʯʪʦ ʧʣʘʟʤʫ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ ʠʜʝʘʣʴʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ 

( ¤­ů ). 

ʇʣʘʟʤʘ ï ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʝʱʝʩʪʚʘ ʚʦ ɺʩʝ-

ʣʝʥʥʦʡ. ʉʦʣʥʮʝ ʠ ʜʨʫʛʠʝ ʟʚʝʟʜʳ ʩʦʩʪʦʷʪ ʠʟ ʧʦʣʥʦʩʪʴʶ ʠʦʥʠʟʦʚʘʥʥʦʡ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ. ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ 

ʟʚʝʟʜ ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʥʝʜʨʘʭ 

ʟʚʝʟʜ ʧʨʠ ʦʛʨʦʤʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʍʦʣʦʜʥʳʝ ʪʫʤʘʥʥʦʩʪʠ ʠ ʤʝʞʟʚʝʟʜ-

ʥʘʷ ʩʨʝʜʘ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʣʘʟʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʧʣʘʟʤʫ, ʠʦʥʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʫʪʝʤ ʬʦʪʦʠʦʥʠʟʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦ-

ʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʚʝʟʜ. ɺ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʣʘʙʦʠʦʥʠʟʦʚʘʥʥʘʷ 

ʧʣʘʟʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʷʩʘʭ ʠ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ. ʉ ʧʨʦʮʝʩ-

ʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʵʪʦʡ ʧʣʘʟʤʝ, ʩʚʷʟʘʥʳ ʪʘʢʠʝ ʷʚʣʝʥʠʷ, ʢʘʢ ʤʘʛ-

ʥʠʪʥʳʝ ʙʫʨʠ, ʥʘʨʫʰʝʥʠʷ ʜʘʣʴʥʝʡ ʨʘʜʠʦʩʚʷʟʠ ʠ ʧʦʣʷʨʥʳʝ ʩʠʥ̫ʠʷ. 
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ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʛʘʟʦʨʘʟʨʷʜʥʘʷ ʧʣʘʟʤʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ 

ʪʣʝʶʱʝʤ, ʠʩʢʨʦʚʦʤ ʠ ʜʫʛʦʚʦʤ ʨʘʟʨʷʜʘʭ ʚ ʛʘʟʘʭ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʩʚʝʪʘ, ʚ ʛʘʟʦʚʳʭ ʣʘʟʝʨʘʭ, ʜʣʷ ʩʚʘʨʢʠ, ʨʝʟʢʠ, 

ʧʣʘʚʢʠ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ. 

ʆʩʥʦʚʥʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʬʠʟʠʢʝ ʧʣʘʟʤʳ ʩʚʷʟʘʥ ʩ ʨʝʰʝʥʠ-

ʝʤ ʧʨʦʙʣʝʤʳ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ï ʧʨʦʮʝʩʩ ʩʣʠʥ̫ʠʷ 

ʣʝʛʢʠʭ ʘʪʦʤʥʳʭ ʷʜʝʨ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʫʧʨʘʚʣʷʝʤʳʭ ʫʩʣʦʚʠ-

ʷʭ (ʨʠʩ. 1.9.11). ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʭʦʜ ʨʝʘʢʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 10
5
 ʢɺʪ/ʤ

3
 ʚ 

ʨʝʘʢʮʠʠ 

ʄʵɺ6,17HeTD 2
432 ++­+ +++ n  

ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʧʣʘʟʤʳ 10
5
 ʩʤ

-3
 ʠ ʪʝʤʧʝʨʘʪʫʨʝ 10

8
 ʂ.  

 

  
ʈʠʩ 1.9.11                                              ʈʠʩ. 1.9.12 

 

ʋʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʧʣʘʟʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ (1950 ʛ., 

ʉʉʉʈ, ʀ.ɽ. ʊʘʤʤ, ɸ.ɼ. ʉʘʭʘʨʦʚ) ʩʠʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʪʦʨʦʠ-

ʜʘʣʴʥʦʡ ʢʘʤʝʨʝ ʩ ʤʘʛʥʠʪʥʳʤʠ ʢʘʪʫʰʢʘʤʠ, ʩʦʢʨʘʱʝʥʥʦ - ʪʦʢʘʤʘʢ 

(ʨʠʩ.1.9.12). ʋʧʨʘʚʣʝʥʠʝ ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʝʡ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨ-

ʥʦʡ ʧʣʘʟʤʝ ʧʦʟʚʦʣʠʪ ʯʝʣʦʚʝʯʝʩʪʚʫ ʚ ʙʫʜʫʱʝʤ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʩʯʝʨʧʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʣʘʟʤʘ (ʊ ~ 10
3
 ʂ) ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʛʘ-

ʟʦʨʘʟʨʷʜʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʩʚʝʪʘ, ʛʘʟʦʚʳʭ ʣʘʟʝʨʘʭ, ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ɺʦʟʤʦʞʥʦ ʩʦʟʜʘ-

ʥʠʝ ʧʣʘʟʤʝʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʣʷ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʚ ʢʦʩ-

ʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʜʣʠʪʝʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ. 

ʇʣʘʟʤʘ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʧʣʘʟʤʝʥʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠ-

ʛʘʪʝʣʷʭ ʠ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʛʝʥʝʨʘʪʦʨʝ (ʄɻɼ-ʛʝʥʝʨʘʪʦʨ). 

ɼʚʠʞʝʥʠʝ ʧʣʘʟʤʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʪʦʜʝ ʧʨʷʤʦ-

ʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʛʘʟʘ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʄɻɼ-ʛʝʥʝʨʘʪʦʨʝ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.9.13. 
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ʈʠʩ. 1.9.13 

 

ʉʠʣʴʥʦ ʥʘʛʨʝʪʳʡ ʠʦʥʠʟʦʚʘʥʥʳʡ ʛʘʟ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʠ ʦʙʦʛʘʱʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʧʘʨʘʤʠ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ʛʘʟʘ, 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʦʧʣʦ ʠ ʨʘʩʰʠʨʷʝʪʩʷ ʚ ʥʝʤ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʛʘʟʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʝʛʦ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ɺ ʧʦʧʝʨʝʯʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ  (ʨʠʩ. 1.9.13) ʚʝʢʪʦʨ B
C

 ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʥʘ-

ʧʨʘʚʣʝʥ ʟʘ ʧʣʦʩʢʦʩʪʴ ʯʝʨʪʝʞʘ, ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ ʦʪʢʣʦʥʷʶʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʃʦʨʝʥʮʘ ʢ ʚʝʨʭʥʝʤʫ ʵʣʝʢʪʨʦʜʫ ɸ, ʘ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦ-

ʥ  rï ʢ ʥʠʞʥʝʤʫ ʵʣʝʢʪʨʦʜʫ ʂ. ʇʨʠ ʟʘʤʳʢʘʥʠʠ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʚʥʝʰʥʶʶ 

ʥʘʛʨʫʟʢʫ ʚ ʥʝʡ ʠʜʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ ʘʥʦʜʘ ɸ,  

ʄɻɼ-ʛʝʥʝʨʘʪʦʨʘ ʢ ʝʛʦ ʢʘʪʦʜʫ ʂ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʫʩʪʨʦʡʩʪʚʦ ʄɻɼ-ʛʝʥʝʨʘʪʦʨʘ ʧʦʢʘʟʭʘʥʦ ʥʘ ʨʠʩ. 1.9.14. 

 
ʈʠʩ. 1.9.14 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ɼʘʡʪʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤ ʠʦʥʠʟʘʮʠʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ. 

2. ʅʘʟʦʚʠʪʝ ʜʚʘ ʚʠʜʘ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ. 

3. ɺʳʧʦʣʥʷʝʪʩʷ ʣʠ ʟʘʢʦʥ ʆʤʘ ʧʨʠ ʥʝʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʛʘʟʦʚʦʤ ʨʘʟ-

ʨʷʜʝ? 

4. ʂʘʢ ʧʨʦʠʩʭʦʜʠʪ ʛʘʟʦʚʳʡ ʨʘʟʨʷʜ ʚ ʩʠʣʴʥʦʤ ʧʦʣʝ? ɼʘʡʪʝ ʧʦʥʷʪʠʝ 
ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ. 

5. ʀʟʦʙʨʘʟʠʪʝ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʣʘʚʠʥʳ. 

6. ʇʨʠʚʝʜʠʪʝ ʚʦʣʴʪʘʤʧʝʨʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʝʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 
ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ. 

7. ʂʘʢʦʡ ʨʘʟʨʷʜ ʥʘʟʳʚʘʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ? 

8. ʂʘʢʦʚʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 
ʨʘʟʨʷʜʘ?  

9. ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʪʠʧʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ. ɺ ʯʝʤ 
ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ? 

10. ʇʨʠʚʝʜʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ?  

11. ɻʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ʛʘʟʦʚʳʝ ʨʘʟʨʷʜʳ? 

12. ʂ ʢʘʢʦʤʫ ʪʠʧʫ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʦʪʥʦʩʠʪʩʷ ʤʦʣʥʠʷ? 

13. ʄʦʞʝʪ ʣʠ ʚʦʟʥʠʢʥʫʪʴ ʪʦʢ ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʛʘʟʦ-

ʚʦʤ ʨʘʟʨʷʜʝ? 

14. ɺ ʯʝʤ ʦʪʣʠʯʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʨʘʟʨʷʜʘ ʦʪ ʥʝʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʦʛʦ? ʂʘʢʦʚʳ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ? 

15. ɼʘʡʪʝ ʧʦʥʷʪʠʝ ʧʣʘʟʤʳ. 

16. ɺ ʯʝʤ ʦʪʣʠʯʠʝ ʨʘʚʥʦʚʝʩʥʦʡ ʧʣʘʟʤʳ ʦʪ ʥʝʨʘʚʥʦʚʝʩʥʦʡ? 

17. ʇʨʠʚʝʜʠʪʝ ʚʘʞʥʝʡʰʠʝ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʳ. 

18. ʏʝʤ ʦʙʫʩʣʦʚʣʝʥ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʬʠʟʠʢʝ ʧʣʘʟʤʳ? 

19. ʏʪʦ ʪʘʢʦʝ ʪʦʢʘʤʘʢ? 

20. ʂʘʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʟʤʘ ʚ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʛʝʥʝʨʘʪʦʨʝ? 

21. ʇʨʠʚʝʜʠʪʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʢ-

ʨʘʥʘʭ ʧʣʦʩʢʠʭ ʪʝʣʝʚʠʟʦʨʦʚ. 

22. ʈʘʩʩʢʘʞʠʪʝ ʦ ʤʝʪʦʜʝ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ 

ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʛʘʟʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

23. ʆʧʠʠhʪʝ ʫʩʪʨʦʡʩʪʚʦ ʄɻɼ-ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ. 
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2. ʕʃɽʂʊʈʆʄɸɻʅɽʊʀɿʄ 

2.1. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 

2.1.1.  ʄʘʛʥʠʪʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɺ 1820 ʛ. ʜʘʪʩʢʠʡ ʫʯʝʥʳʡ ɻʘʥʩ ʍʨʠʩʪʠʘʥ ʕʨʩʪʝʜ ʦʪʢʨʳʣ ʷʚʣʝʥʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʝʣʢʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʪʦʢʦʤ ʠ ʪʝʤ ʩʘʤʳʤ ʩʜʝ-

ʣʘʣ ʧʝʨʚʳʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʰʘʛ ʚ ʚʳʷʩʥʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʩʚʷʟʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ. ɿʘʪʝʤ ʬʨʘʥʮʫʟʩʢʠʝ ʫʯʝʥʳʝ ɻʝʡ-ʃʶʩʩʘʢ 

ʠ ɸʨʘʛʦ ʥʘʙʣʶʜʘʣʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʞʝʣʝʟʘ ʧʦʩʪʦʷʥʥʳʤ ʪʦʢʦʤ, ʠʜʫʱʠʤ 

ʚ ʧʨʦʚʦʜʥʠʢʝ. ɸʤʧʝʨ ʦʙʥʘʨʫʞʠʣ ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ ʧʨʦʚʦʜʘʤʠ, ʧʦ ʢʦ-

ʪʦʨʳʤ ʧʨʦʭʦʜʷʪ ʧʘʨʘʣʣʝʣʴʥʳʝ ʪʦʢʠ, ʠ ʦʪʪʘʣʢʠʚʘʥʠʝ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʪʦʢʘʤʠ. ʀʤ ʞʝ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, 

ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʮʠʨʢʫʣʠʨʫʶʱʠʤʠ ʚ ʠʭ 

ʪʦʣʱʝ ʧʦʩʪʦʷʥʥʳʤʠ ʢʨʫʛʦʚʳʤʠ ʪʦʢʘʤʠ (ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʪʦʢʘʤʠ). 

ɹʳʣ ʩʜʝʣʘʥ ʦʙʱʠʡ ʚʳʚʦʜ: ʚʦʢʨʫʛ ʚʩʷʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ ʝʩʪʴ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʀʪʘʢ, ʚʦʢʨʫʛ ʚʩʷʢʦʛʦ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ ʧʦʤʠʤʦ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʧʦʣʷ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʠ ʤʘʛʥʠʪʥʦʝ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ï ʵʪʦ ʧʦʣʝ 

ʜʚʠʞʫʱʠʭʩʷ ʟʘʨʷʜʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʝʙʷ ʧʦ ʜʝʡʩʪʚʠʶ 

ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʪʨʝʣʢʠ ʠʣʠ ʥʘ ʧʨʦʚʦʜʥʠʢʠ ʩ ʪʦʢʘʤʠ, ʪ.ʝ. ʥʘ ʜʚʠʞʫɦ ʠʝʩʷ 

ʟʘʨʷʜʳ. 

ɼʘʣʴʰʝ ʤʳ ʫʚʠʜʠʤ, ʯʪʦ, ʧʦʜʦʙʥʦ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʧʦʣʶ, ʦʥʦ ʦʙʣʘ-

ʜʘʝʪ ʵʥʝʨʛʠʝʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʩʩʦʡ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʘʪʝʨʠʘʣʴʥʦ. 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʜʘʪʴ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʤʘʛʥʠʪ-

ʥʦʝ ʧʦʣʝ ï ʵʪʦ ʤʘʪʝʨʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʟʘʨʷʜʘʤʠ ʠ ʦʙʥʘ-

ʨʫʞʠʚʘʶʱʘʷ ʩʝʙʷ ʧʦ ʜʝʡʩʪʚʠʶ ʥʘ ʤʘʛʥʠʪʥʳʝ ʩʪʨʝʣʢʠ ʠ ʜʚʠʞʫʱʠʝʩʷ 

ʟʘʨʷʜʳ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʵʪʦ ʧʦʣʝ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʪʫʨʳ ʩ ʪʦʢʦʤ. 

ɺʦʟʴʤʝʤ ʪʘʢʦʡ ʢʦʥʪʫʨ ʩ ʪʦʢʦʤ I ʠ ʧʦʤʝʩʪʠʤ ʝʛʦ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ɺ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʢʦʥʪʫʨ ʩ ʪʦʢʦʤ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤ ʦʙʨʘʟʦʤ. ʆʨʠʝʥʪʘʮʠʶ ʢʦʥʪʫʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʫʜʝʤ ʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ n
C
, ʩʚʷʟʘʥʥʦʡ ʩ ʜʚʠʞʝʥʠʝʤ ʪʦʢʘ ʧʨʘʚʠʣʦʤ 

ʧʨʘʚʦʛʦ ʚʠʥʪʘ, ʠʣʠ çʧʨʘʚʠʣʦʤ ʙʫʨʘʚʯʠʢʘè (ʨʠʩ. 2.1.1).  

ʀʪʘʢ, ʥʘ ʢʦʥʪʫʨ ʩ ʪʦʢʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ ʚʨʘʱʘʶʱʠʡ 

ʤʦʤʝʥʪ. ʂʦʥʪʫʨ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʣʷ ʪʦʣʴʢʦ ʦʜʥʠʤ ʩʧʦ-

ʩʦʙʦʤ. ʇʨʠʤʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ n
C

 ʟʘ ʥʘʧʨʘʚʣʝʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B
C

 ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ. ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʧʨʷʤʦ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʝʥ ʚʝʣʠʯʠʥʝ ʪʦʢʘ I, ʧʣʦʱʘʜʠ ʢʦʥʪʫʨʘ S ʠ ʩʠʥʫʩʫ ʫʛʣʘ ʤʝʞʜʫ ʥʘ-

ʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʥʦʨʤʘʣʠ n
C

: 
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),B,nsin(~
CC

ISM  

ʟʜʝʩʴ ʄ ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʠʣʠ ʤʦʤʝʥʪ ʩʠʣʳ; mPIS=  ï ʤʘʛʥʠʪ-

ʥʳʡ ʤʦʤʝʥʪ ʢʦʥʪʫʨʘ (ʘʥʘʣʦʛʠʯʥʦ P
C
=ql  ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʜʠ-

ʧʦʣʷ). 

 

ʈʠʩ. 2.1.1 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʦʨʤʘʣʠ: 

.nP
CC

mm P=                                                (2.1.1) 

ʆʪʥʦʰʝʥʠʝ ʤʦʤʝʥʪʘ ʩʠʣʳ ʢ ʤʘʛʥʠʪʥʦʤʫ ʤʦʤʝʥʪʫ 
mP

M
 ʜʣʷ ʜʘʥʥʦʡ 

ʪʦʯʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʙʫʜʝʪ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʟʚʘʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʝʡ: 

)B,n(sin
GC

mP

M
B= ,                                     (2.1.2) 

ʠʣʠ                                          ,
P

M
B max

m

C

C
C
=  

ʛʜʝ  B
C

 ï ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʥʦʨʤʘʣʴʶ n
C

.  

ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ /qFE
CC
= . 

ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ B
C

 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʠʣʦʚʦʝ ʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʥʘ ʪʦʢ (ʘʥʘʣʦʛʠʯʥʦ E
C

 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʠʣʦʚʦʝ ʜʝʡʩʪʚʠʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʟʘʨʷʜ).  

B
C

 ï ʩʠʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʝʝ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ 

ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʄ ï ʤʦʤʝʥʪ ʩʠʣʳ ʠ mP  ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ï ʚʠʭʨʝʚʦʝ. 
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ʋʩʣʦʚʠʣʠʩʴ ʟʘ ʥʘʧʨʘʚʣʝʥʠʝ B
C

 ʧʨʠʥʠʤʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʩʝʚʝʨʥʦʛʦ 

ʢʦʥʮʘ ʤʘʛʥʠʪʥʦʡ ʩʪʨʝʣʢʠ. ʉʠʣʦʚʳʝ ʣʠʥʠʠ ʚʳʭʦʜʷʪ ʠʟ ʩʝʚʝʨʥʦʛʦ ʧʦʣʶ-

ʩʘ, ʘ ʚʭʦʜʷʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʶʞʥʳʡ ʧʦʣʶʩ ʤʘʛʥʠʪʘ (ʨʠʩ. 2.1.2, ʘ). 

ɼʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʝʡ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʣʦ-

ʚʳʤʠ ʣʠʥʠʷʤʠ (ʣʠʥʠʷʤʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ). ʃʠʥʠʷʤʠ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʢʨʠʚʳʝ, ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʢʦʪʦʨʳʤ ʚ ʢʘʞʜʦʡ ʪʦʯ-

ʢʝ ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ B
C

 ʚ ʵʪʦʡ ʪʦʯʢʝ. 

ʄʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʚʩʝʛʜʘ ʟʘʤʢʥʫʪʳ ï ʚʠʭʨʝʚʦʝ ʧʦʣʝ 

(ʨʠʩ.2.1.2, ʙ). 

 

  
ʈʠʩ. 2.1.2 

2.1.2. 3ʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʣʶʙʦʛʦ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʢʘʢ ʚʝʢʪʦʨ-

ʥʘʷ ʩʫʤʤʘ (ʩʫʧʝʨʧʦʟʠʮʠʷ) ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʨ-

ʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʪʦʢʘ: 

.BB ä= i

CC
 

ʕʣʝʤʝʥʪ ʪʦʢʘ ʜʣʠʥʳ dl (ʨʠʩ. 2.1.3) ʩʦʟʜʘʝʪ ʧʦʣʝ ʩ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʝʡ: 

2

d
d

r

lI
kB= ,                                           (2.1.3) 

ʠʣʠ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ: 

.
]r,ld[

Bd
3r

I
k

CCC
=                                     (2.1.4) 

ʕʪʦ ʠ ʝʩʪʴ ʟʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ, ʧʦʣʫʯʝʥʥʳʡ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ. 

ɿʜʝʩʴ I ï ʪʦʢ; ld
C

 ï ʚʝʢʪʦʨ, ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʵʣʝʤʝʥʪʘʨʥʳʤ ʫʯʘʩʪʢʦʤ 

ʪʦʢʘ ʠ ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ ʪʫ ʩʪʦʨʦʥʫ, ʢʫʜʘ ʪʝʯʝʪ ʪʦʢ; r
C

 ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, 

ʧʨʦʚʝʜʝʥʥʳʡ ʦʪ ʵʣʝʤʝʥʪʘ ʪʦʢʘ ʚ ʪʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ ʤʳ ʦʧʨʝʜʝʣʷʝʤ Bd
C

; 

r ï ʤʦʜʫʣʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ; k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʟʘʚʠ-

ʩʷʱʠʡ ʦʪ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ Bd
C

 ʥʘʧʨʘʚʣʝʥ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ld
C

 ʠ ʪʦʯʢʫ, ʚ ʢʦʪʦʨʦʡ 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʝ.  
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ʅʘʧʨʘʚʣʝʥʠʝ Bd
C

 ʩʚʷʟʘʥʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ld
C

 çʧʨʘʚʠʣʦʤ ʙʫʨʘʚʯʠ-

ʢʘè: ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʛʦʣʦʚʢʠ ʚʠʥʪʘ ʜʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ Bd
C

, ʧʦ-

ʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʠʥʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ ʪʦʢʘ  

ʚ ʣɻʝʤʝʥʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʝ-

ʣʠʯʠʥʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ Bd
C

 ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʦʤ ld
C

 ʩ ʪʦʢʦʤ I. 

ʄʦʜʫʣʴ ʚʝʢʪʦʨʘ Bd
C

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

,
sinŬd

d
2r

lI
kB=                                       (2.1.5) 

ʛʜʝ Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ld
C

 ʠ r
C

; k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʟʘʚʠ-

ʩʷʱʠʡ ʦʪ ʩʠʩʪʝʤʳ ʝʜʠʥʠʮ. 

ɺ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮ ʉʀ ʟʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘ-

ʩʘ ʜʣʷ ʚʘʢʫʫʤʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

,
sinŬd

ˊ4

ɛ
d

2

0

r

lI
B=                                    (2.1.6) 

ʛʜʝ ɻʥ/ʤ 104 7
0

-Öp=m  ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

2.1.3.  ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ 

ɺ ʫʨʘʚʥʝʥʠʠ (2.1.6) ʟʘʤʝʥʠʤ ʪʦʢ I ʥʘ jS, ʛʜʝ j ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ. ɺʝʢ-

ʪʦʨʳ j
C

 ʠ ld
C

 ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʟʥʘʯʠʪ 

.dd lSjlI =  

ɽʩʣʠ ʚʩʝ ʟʘʨʷʜʳ ʦʜʠʥʘʢʦʚʳ ʠ ʠʤʝʶʪ ʟʘʨʷʜ q, ʪʦ 

ɡj
CC

qn= ,                                                        (2.1.7) 
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ʛʜʝ n ï ʯʠʩʣʦ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ; ɡ
C

 ï ʜʨʝʡʬʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ ʟʘʨʷʜʦʚ. 

ɽʩʣʠ ʟʘʨʷʜʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʦ j
C

 ʠ ɡ
C

 ʠʤʝʶʪ ʦʜʥʦ ʥʘʧʨʘʚʣʝʥʠʝ. 

ʇʦʜʩʪʘʚʠʚ (2.1.7) ʚ (2.1.6), ʧʦʣʫʯʠʤ 

[ ]
.

r,ɡd

4ˊ

ɛ
Bd

3
0

r

lnqS
CCC

=                                        (2.1.8) 

ʆʙʦʟʥʘʯʠʤ lnSN dd =  ï ʯʠʩʣʦ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʦʪʨʝʟʢʝ ld
C
. ʈʘʟ-

ʜʝʣʠʚ (2.1.8) ʥʘ ʵʪʦ ʯʠʩʣʦ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʦʜʥʠʤ ʟʘʨʷʜʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ
C

: 
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CCC

==                                     (2.1.9) 

ɺ ʩʢʘʣʷʨʥʦʡ ʬʦʨʤʝ ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʜʥʦʛʦ ʟʘʨʷʜʘ 

ʚ ʚʘʢʫʫʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

.
)r,ɡ(sinɡ

ˊ4

ɛ
2

0
1

r

q
B

CC
=                                     (2.1.10) 

ʕʪʘ ʬʦʨʤʫʣʘ ʩʧʨʘʚʝʜʣʠʚʘ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʟʘʨʞ̫ʝʥʥʳʭ ʯʘʩʪʠʮ 

c<<ɡ . 

2.1.4.  ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʉʠʣʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʣʫʞʠʪ ʚʝʢʪʦʨ ʤʘʛʥʠʪ-

ʥʦʡ ʠʥʜʫʢʮʠʠ B
C

 ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʦʜʥʠʤ ʟʘʨʷʜʦʤ ʚ ʚʘʢʫʫʤʝ: 

[ ]
3

0 r,ɡ

ˊ4

ɛ
B

r

q
CCC

= . 

ɽʱʝ ʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʟʳʚʘʶʪ ʚʝʢʪʦʨʥʫʶ ʚʝʣʠ-

ʯʠʥʫ H
C

, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʦʧʨʝʜʝʣʷʝʤʫʶ ʜʣʷ ʚʘʢʫʫʤʘ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

.
B

H
0m

=

C
C

                                                (2.1.11) 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʟʘʨʷʜʘ q, ʜʚʠʞʫʱʝʛʦʩʷ ʚ ʚʘʢʫʫʤʝ, 

ʨʘʚʥʘ 

[ ]
3

r,

4

1
H

r

q
CCC u

p
= .                                       (2.1.12) 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʟʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ ʜʣʷ H
C

. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H
C

 ʷʚʣʷʝʪʩʷ ʢʘʢ ʙʳ ʘʥʘʣʦʛʦʤ ʚʝʢ-

ʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ D
C

 ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ. 
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2.1.5.  ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʷʤʦʛʦ ʪʦʢʘ 

ʇʨʠʤʝʥʠʤ ʟʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʧʨʦʩʪʝʡʰʠʭ ʪʦʢʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʷʤʦʛʦ ʪʦʢʘ (ʨʠʩ. 2.1.4). 

 

 

ʈʠʩ. 2.1.4 

 

ɺʩʝ ʚʝʢʪʦʨʳ Bd
C

 ʦʪ ʧʨʦʠʟʚʦʣʴʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʫʯʘʩʪʢʦʚ ld
C

 ʠʤʝ-

ʶʪ ʦʜʠʥʘʢʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʇʦʵʪʦʤʫ ʩʣʦʞʝʥʠʝ ʚʝʢʪʦʨʦʚ ʤʦʞʥʦ ʟʘʤʝ-

ʥʠʪʴ ʩʣʦʞʝʥʠʝʤ ʤʦʜʫʣʝʡ. 

ʇʫʩʪʴ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ b ʦʪ ʧʨʦʚʦʜʘ. ʀʟ ʨʠʩ. 2.1.4 ʚʠʜʥʦ, ʯʪʦ 
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ʣʘʩʘ, ʧʦʣʫʯʠʤ 
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BB             (2.1.13) 

ɼʣʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ,01=a  ʘ p=a2 , ʪʦʛʜʘ 

b

I
B

p

m
=

2

0 , 

ʠʣʠ, ʯʪʦ ʫʜʦʙʥʝʝ ʜʣʷ ʨʘʩʯʝʪʦʚ, 

.
2

4

0

b

I
B

p

m
=                                        (2.1.14) 
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ʃʠʥʠʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʧʨʷʤʦʛʦ ʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩ-

ʪʝʤʫ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʦʢʨʫʞʥʦʩʪʝʡ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʪʦʢ (ʨʠʩ. 2.1.3). 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʢʨʫʛʦʚʦʛʦ 

ʪʦʢʘ. 

2.1.6.  ʊʝʦʨʝʤʘ ɻʘʫʩʩʘ ʜʣʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ɺ ʧʨʠʨʦʜʝ ʥʝʪ ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʣʠʥʠʠ 

ʚʝʢʪʦʨʘ B
C

 ʥʝ ʠʤʝʶʪ ʥʠ ʥʘʯʘʣʘ, ʥʠ ʢʦʥʮʘ. ʄʳ ʟʥʘʝʤ, ʯʪʦ ʧʦʪʦʢ ʣʶʙʦʛʦ 

ʚʝʢʪʦʨʘ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʚʝʥ ʨʘʟʥʦʩʪʠ ʯʠʩʣʘ ʣʠʥʠʡ, ʥʘʯʠʥʘʶʱʠʭʩʷ 

ʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʯʠʩʣʘ ʣʠʥʠʡ, ʦʢʘʥʯʠʚʘʶʱʠʭʩʷ ʚʥʫʪʨʠ ʧʦʚʝʨʭʥʦʩʪʠ: 

ʦʢʘʥʯʥʘʯʌ NN -= . 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, 

ʯʪʦ ʧʦʪʦʢ ʚʝʢʪʦʨʘ B
C

 ʯʝʨʝʟ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘ-

ʚʝʥ ʥʫʣ .ʁ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʶʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʟʘʤʢ-

ʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ S ʠʤʝʝʪ ʤʝʩʪʦ ʫʩʣʦʚʠʝ 

ñ ==

S

B 0SdBʌ
CC

.                                       (2.1.15) 

ʕʪʦ ʪʝʦʨʝʤʘ ɻʘʫʩʩʘ ʜʣʷ ɺʌ  (ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ): ʧʦʪʦʢ ʚʝʢ-

ʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʯʝʨʝʟ ʣʶʙʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘ-

ʚʝʥ ʥʫʣʶ. 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ 

ʚ ʧʨʠʨʦʜʝ ʥʝʪ ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ ï ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘ 

ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʣʠʩʴ ʠ ʟʘʢʘʥʯʠʚʘʣʠʩʴ ʙʳ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ɿʘʤʝʥʠʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʥʪʝʛʨʘʣ ʚ (2.1.15) ʦʙʲʝʤʥʳʤ, ʧʦʣʫʯʠʤ 

ñ =Ð
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V 0dB
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,                                       (2.1.16) 
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ʕʪʦ ʫʩʣʦʚʠʝ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʜʣʷ ʣʶʙʦʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʲʝ-

ʤʘ V, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʧʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʣʷ ʨʘʚʥʘ ʥʫʣʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʙʣʘ-

ʜʘʝʪ ʪʝʤ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ ʝʛʦ ʜʠʚʝʨʛʝʥʮʠʷ ʚʩʶʜʫ ʨʘʚʥʘ ʥʫʣʶ: 

0Bdiv =
C

.                                        (2.1.17) 

ɺ ʵʪʦʤ ʝʛʦ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʩʢʘʣʷʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ű, 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ï ʚʠʭʨʝʚʦʝ, ʠʣʠ ʩʦʣʝʥʦʠʜʘʣʴʥʦʝ. 

 

 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 124 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 
 

1. ʂʘʢ, ʧʦʣʴʟʫʷʩʴ ʤʘʛʥʠʪʥʦʡ ʩʪʨʝʣʢʦʡ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʢʠ ʧʦ-

ʣʶʩʦʚ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ? 

2. ʏʝʤʫ ʨʘʚʝʥ ʠ ʢʘʢ ʥʘʧʨʘʚʣʝʥ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʨʘʤʢʠ ʩ ʪʦʢʦʤ? 

3. ʏʪʦ ʥʘʟʳʚʘʶʪ ʠʥʜʫʢʮʠʝʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? ʂʘʢʦʚʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʚʝʢʪʦʨʘ B
C

?  ʅʘʨʠʩʫʡʪʝ ʠ ʧʦʢʘʞʠʪʝ, ʢʘʢ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʣʠʥʠʠ ʤʘʛʥʠʪ-

ʥʦʡ ʠʥʜʫʢʮʠʠ ʧʦʣʷ ʧʨʷʤʦʛʦ ʪʦʢʘ? 

4. ɿʘʧʠʩʘʚ ʟʘʢʦʥ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ, ʦʙʲʷʩʥʠʪʝ ʝʛʦ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ.  

5. ʈʘʩʩʯʠʪʘʡʪʝ, ʧʨʠʤʝʥʷʷ ʟʘʢʦʥ ɹʠʦ-ʉʘʚʘʨʘ-ʃʘʧʣʘʩʘ, ʤʘʛʥʠʪʥʦʝ ʧʦ-

ʣʝ: 1) ʧʨʷʤʦʛʦ ʪʦʢʘ; 2) ʚ ʮʝʥʪʨʝ ʢʨʫʛʦʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ. 

6. ʂʘʢʦʡ ʚʳʚʦʜ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʩʨʘʚʥʠʚʘʷ ʮʠʨʢʫʣʷʮʠʶ ʚʝʢʪʦʨʦʚ E
C

 ʠ B
C

? 

7. ʂʘʢʘʷ ʪʝʦʨʝʤʘ ʜʦʢʘʟʳʚʘʝʪ ʚʠʭʨʝʚʦʡ ʭʘʨʘʢʪʝʨ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 
ʂʘʢ ʦʥʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ? 

8. ʇʦʯʝʤʫ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʚʠʭʨʝʚʳʤ? 

9. ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B
C

, 

ʨʘʩʩʯʠʪʘʡʪʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʦʨʦʠʜʘ. 

10. ʏʪʦ ʥʘʟʳʚʘʶʪ ʧʦʪʦʢʦʤ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ? ɿʘʧʠʰʠʪʝ 
ʪʝʦʨʝʤʫ ɻʘʫʩʩʘ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʙʲʷʩʥʠʚ ʝʝ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. 

11. ʂʘʢʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʝʙʝʨʘʭ? ɼʘʡʪʝ ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʚʝʙʝʨʘ. 

12. ɺ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ B ʧʦʤʝʩʪʠʣʠ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʚʥʦ d. ʇʦʪʦʢ 

ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ v ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʜʚʠʞʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʧʣʘʩʪʠʥ. ʂʘʢʦʚʘ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ 

ʧʣʘʩʪʠʥʘʤʠ? 

13. ʂʘʢʠʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʚʝʱʝʩʪʚʦ ʠʟ 

ʘʪʦʤʦʚ ʩ ʥʝʯʝʪʥʳʤ ʯʠʩʣʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʦʣʦʯʢʝ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ? 

14. ʈʘʤʢʘ ʛʘʣʴʚʦʥʦʤʝʪʨʘ ʧʣʦʱʘʜʴʶ 6 ʩʤ 2
, ʩʦʜʝʨʞʘʱʘʷ 200 ʚʠʪʢʦʚ 

ʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʠ, ʥʘʭʦʜʷʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 0,01 ʊʣ. 

ʇʣʦʩʢʦʩʪʴ ʨʘʤʢʠ ʧʘʨʘʣʣʝʣʴʥʘ ʣʠʥʠʷʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ɽʩʣʠ ʧʦ 

ʚʠʪʢʘʤ ʨʘʤʢʠ ʧʨʦʪʝʢʘʝʪ ʪʦʢ ʩʠʣʦʡ 100 ʤɸ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʨʘʱʘʶ-

ʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʨʘʤʢʫ, ʨʘʚʝʥ: 

15. ʇʨʦʚʦʜʥʠʢ ʤʘʩʩʦʡ 10 ʛ ʠ ʜʣʠʥʦʡ 20 ʩʤ ʧʦʜʚʝʰʝʥ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 0,25 ʊʣ. 

ʅʘ ʢʘʢʦʡ ʫʛʦʣ (ʚ ʛʨʘʜʫʩʘʭ) ʦʪ ʚʝʨʪʠʢʘʣʠ ʦʪʢʣʦʥʷʪʩʷ ʥʠʪʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʦʜʚʝh ʝʥ ʧʨʦʚʦʜʥʠʢ, ʝʩʣʠ ʧʦ ʥʝʤʫ ʧʨʦʧʫʩʪʠʪʴ ʪʦʢ ʩʠʣʦʡ 2 ɸ? ʄʘʩʩʦʡ 

ʥʠʪʝʡ ʧʨʝʥʝʙʨʝʯʴ. 
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2.2. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʜʚʠʞʫʱʠʝʩʷ ʟʘʨʷʜʳ  
ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

2.2.1.  ɿʘʢʦʥ ɸʤʧʝʨʘ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʟʘʧʠʩʠ ʚ ʉʀ ʟʘʢʦʥ ɸʤʧʝʨʘ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 

]B,ld[Fd
CCC

I= ,                                         (2.2.1) 

ʛʜʝ Fd
C

 ï ʩʠʣʘ, ʩ ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘ-

ʣʳʡ ʧʨʦʚʦʜʥʠʢ ld
C

 ʩ ʪʦʢʦʤ I. 

ʄʦʜʫʣʴ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʨʦʚʦʜʥʠʢ, 

).B,ldsin(dd
CC

lBIF=                                     (2.2.2) 

ɽʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʜʥʦʨʦʜʥʦ ʠ ʧʨʦʚʦʜʥʠʢ ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʩʠ-

ʣʦʚʳʤ ʣʠʥʠʷʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʪʦ 

,IlBF=                                                    (2.2.3) 

ʛʜʝ SqnI ɡ=  ï ʪʦʢ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢ ʩʝʯʝʥʠʝʤ S. 

ʅʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ F
C

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷ, ʠʣʠ ʧʨʘʚʠʣʦʤ ʣʝʚʦʡ ʨʫʢʠ: ʦʨʠʝʥʪʠʨʫʝʤ ʧʘʣʴʮʳ ʧʦ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʧʝʨʚʦʛʦ ʚʝʢʪʦʨʘ, ʚʪʦʨʦʡ ʚʝʢʪʦʨ ʜʦʣʞʝʥ ʚʭʦʜʠʪʴ ʚ ʣʘʜʦʥʴ ʠ ʙʦʣʴ-

ʰʦʡ ʧʘʣʝʮ ʧʦʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ɿʘʢʦʥ ɸʤʧʝʨʘ ï ʵʪʦ ʧʝʨʚʦʝ ʦʪʢʨʳʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʠʣ, ʟʘʚʠ-

ʩʷʱʠʭ ʦʪ ʩʢʦʨʦʩʪʝʡ. 

ʀʟ ʟʘʢʦʥʘ ɸʤʧʝʨʘ ʭʦʨʦʰʦ ʚʠʜʝʥ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʤʘʛʥʠʪʥʦʡ ʠʥ-

ʜʫʢʮʠʠ. ɺ ï ʚʝʣʠʯʠʥʘ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʘʷ ʩʠʣʝ, ʩ ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʧʨʦʚʦʜʥʠʢ ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ, ʧʦ ʢʦʪʦʨʦʤʫ ʪʝʯʝʪ ʝʜʠʥʠʯ-

ʥʳʡ ʪʦʢ: 

.
Il

F
B=  

ʈʘʟʤʝʨʥʦʩʪʴ ʠʥʜʫʢʮʠʠ [] .
ʤɸ

ʅ

Ö
=B  

2.2.2.  ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩ 
ʪʦʢʦʤ 

ʇʫʩʪʴ b ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ, ʙʝʩʢʦʥʝʯʥʦ 

ʜʣʠʥʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ (ʨʠʩ. 2.2.1). ɿʘʜʘʯʫ ʩʣʝʜʫʝʪ ʨʝʰʘʪʴ ʪʘʢ: ʦʜʠʥ 

ʠʟ ʧʨʦʚʦʜʥʠʢʦʚ ʩ ʪʦʢʦʤ 2I  ʩʦʟʜʘʸʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʚʪʦʨʦʡ ʧʨʦʚʦʜʥʠʢ 

ʩ ʪʦʢʦʤ 1I  ʥʘʭʦʜʠʪʩʷ ʚ ʵʪʦʤ ʧʦʣʝ. 

 

J1 b 
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ʈʠʩ. 2.2.1 

 

ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ, ʩʦʟʜʘʚʘʝʤʘʷ ʪʦʢʦʤ 2I  ʥʘ ʨʘʩʩʪʦʷʥʠʠ b ʦʪ ʥʝʛʦ, 

.
2

20
2

b

I
B

p

m
=                                                        (2.2.4) 

ɽʩʣʠ ʧʨʦʚʦʜʥʠʢʠ 1I  ʠ 2I  ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʫʛʦʣ ʤʝʞʜʫ 

2B  ʠ 1I  ʧʨʷʤʦʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 1)B,l(sin =
CC

. ʊʦʛʜʘ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ 

ʥʘ ʵʣʝʤʝʥʪ ʧʨʦʚʦʜʥʠʢʘ ld   ʩ ʪʦʢʦʤ 1I , 

.
2

dɛ
d 210

1221 b

lII
lIBF

p
==                                   (2.2.5) 

ʅʘ ʢʘʞʜʫʶ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʧʨʦʚʦʜʥʠʢʘ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ 

b

II

l

F
F 21021
ʝʜ

ˊ2

ɛ

d
==                                          (2.2.6) 

(ʨʘʟʫʤʝʝʪʩʷ, ʩʦ ʩʪʦʨʦʥʳ ʧʝʨʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʚʪʦʨʦʡ ʜʝʡʩʪʚʫʝʪ ʪʦʯʥʦ 

ʪʘʢʘʷ ʞʝ ʩʠʣʘ). 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ ʨʘʚʥʘ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʩʠʣ. ɽʩʣʠ ʵʪʠ ʜʚʘ ʧʨʦ-

ʚʦʜʥʠʢʘ ʙʫʜʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʪʨʝʪʠʡ, ʪʦʛʜʘ ʠʭ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 1B
C

 

ʠ 2B
C

 ʥʫʞʥʦ ʩʣʦʞʠʪʴ ʚʝʢʪʦʨʥʦ. 

2.2.3.  ɺʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʨʘʤʢʫ ʩ ʪʦʢʦʤ 

ʅʘ ʨʠʩ. 2.2.2 ʧʦʢʘʟʘʥʘ ʨʘʤʢʘ ʩ ʪʦʢʦʤ I, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ B
C
. ɿʜʝʩʴ Ŭ ï ʫʛʦʣ ʤʝʞʜʫ n

C
 ʠ B
C

 (ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ 

ʩʚʷʟʘʥʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘ çʧʨʘʚʠʣʦʤ ʙʫʨʘʚʯʠʢʘè). 

ʉʠʣʘ ɸʤʧʝʨʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʩʪʦʨʦʥʫ ʨʘʤʢʠ ʜʣʠʥʦʡ l, ʨʘʚʥʘ 

IlBF =1 ; ʟʜʝʩʴ ).lB(
CC
^  

ʅʘ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʜʣʠʥʦʡ l ʜʝʡʩʪʚʫʝʪ ʪʘʢʘʷ ʞʝ ʩʠʣʘ. ʇʦʣʫʯʘʝʪʩʷ 

çʧʘʨʘ ʩʠʣè, ʠʣʠ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ: 

,Ŭsin1 IlBbhFM ==                                       (2.2.7) 
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ʛʜʝ ʧʣʝʯʦ .Ŭsinbh=  ʊʘʢ ʢʘʢ Slb=  ï ʧʣʦʱʘʜʴ ʨʘʤʢʠ, ʪʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠ-

ʩʘʪʴ: 

ŬsinŬsin BPIBSM m== ,                                 (2.2.8) 

ʛʜʝ M ï ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʩʠʣʳ; mP  ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ. 

 

 

ʈʠʩ. 2.2.2 

 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʨʘʤʢʘ ʧʦʚʝʨʥʸʪʩʷ ʪʘʢ, 

ʯʪʦ B||n
CC

 (ʨʠʩ. 2.2.3). 

ʅʘ ʩʪʦʨʦʥʳ ʜʣʠʥʦʡ b ʪʦʞʝ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ɸʤʧʝʨʘ 2F , ʨʘʩʪʷʛʠʚʘʷ 

ʨʘʤʢʫ. ʊʘʢ ʢʘʢ ʩʠʣʳ ʨʘʚʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʥʘʧʨʘʚ-

ʣʝʥʠʶ, ʨʘʤʢʘ ʥʝ ʩʤʝʱʘʝʪʩʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 0=M  ï ʩʦʩʪʦʷʥʠʝ ʫʩʪʦʡʯʠ-

ʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

 

 

ʈʠʩ. 2.2.3 

 

ʂʦʛʜʘ n
C

 ʠ B
C

 ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʳ, ʪʦ ʩʥʦʚʘ 0=M  (ʪ.ʢ. ʧʣʝʯʦ ʨʘʚʥʦ 

ʥʫʣʶ). ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʈʘʤʢʘ ʩʞʠʤʘʝʪʩʷ 
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ʠ, ʝʩʣʠ ʯʫʪʴ ʩʤʝʩʪʠʪʩʷ, ʩʨʘʟʫ ʚʦʟʥʠʢʘʝʪ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʚʦʟʚʨʘ-

ʱʘʶʱʠʡ ʨʘʤʢʫ ʚ ʩʦʩʪʦʷʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ: B||n
CC

. 

ɺ ʥʝʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʨʘʤʢʘ ʧʦʚʝʨʥʝʪʩʷ ʠ ʙʫʜʝʪ ʚʳʪʷʛʠʚʘʪʴʩʷ 

ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʩʠʣʴʥʦʛʦ ʧʦʣʷ. 

2.2.4.  ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʚʝʣʠʯʠʥ 

ɿʘʢʦʥ ɸʤʧʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʝʜʠʥʠʮʳ ʩʠʣʳ ʪʦʢʘ ï 

ʘʤʧʝʨ. 

ɸʤʧʝʨ ï ʩʠʣʘ ʪʦʢʘ, ʥʝʠʟʤʝʥʥʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ, ʢʦʪʦʨʳʡ, ʧʨʦʭʦʜʷ ʧʦ 

ʜʚʫʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʧʨʦʚʦʜʥʠʢʘʤ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ 

ʠ ʥʠʯʪʦʞʥʦ ʤʘʣʦʛʦ ʩʝʯʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʜʠʥ ʤʝʪʨ 

ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ ʚ ʚʘʢʫʫʤʝ, ʚʳʟʳʚʘʝʪ ʤʝʞʜʫ ʵʪʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʩʠʣʫ 

ʚ H/ʤ102 7-Ö : 

b

II

l

F 210 2

4d

d

p

m
= . 

ɿʜʝʩʴ ʤ 1d =l ; ʤ 1=b ; ɸ 121 ==II ; .
ʤ

ʅ
102

d

d
7-Ö=

l

F
 

 

ʆʧʨʝʜʝʣʠʤ ʦʪʩʶʜʘ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʚʝʣʠʯʠʥʫ 0m  ʚ ʉʀ: 

207 2
4ʤ

ʅ
102 ɸÖ

p

m
=Ö - , 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
2

7
0

ɸ

ʅ
104 -Öp=m , ʠʣʠ  

ʤ

ɻʥ
104 7

0
-Öp=m . 

ʀʟ ʟʘʢʦʥʘ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ ʜʣʷ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 

ʩ ʪʦʢʦʤ 
b

I
B

p

m
=

4

0  ʪʦʞʝ ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʟʤʝʨʥʦʩʪʴ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣ:̫ 

ʊʣ.1
ʤɸ

ʅ

ʤ

ɸ

ɸ

ʅ
][

2
=

Ö
==B  

ʊʝʩʣʘ ï ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʠʥʜʫʢʮʠʠ ʚ ʉʀ. 

1 ʊʣ ʨʘʚʝʥ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʚ ʢʦʪʦʨʦʤ ʥʘ ʧʣʦʩʢʠʡ ʢʦʥʪʫʨ ʩ ʪʦʢʦʤ, ʠʤʝʶʱʠʤ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 
2ʤɸ 1 Ö , ʜʝʡʩʪʚʫʝʪ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʤʅ1 Ö . 

ɼʨʫʛʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: 1 ʊʣ ʨʘʚʝʥ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʩʢʚʦʟʴ ʧʣʦʱʘʜʢʫ 1 ʤ
2
, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʧʦʣʷ, ʨʘʚʝʥ 1 ɺʙ. 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 129 

ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ɺʙ ʧʦʣʫʯʠʣʘ ʩʚʦʝ ʥʘʟʚʘʥʠʝ 

ʚ ʯʝʩʪʴ ʥʝʤʝʮʢʦʛʦ ʬʠʟʠʢʘ ɺʠʣʛɹʝʣʴʤʘ ɺʝʙʝʨʘ (1804ï1891) ï ʧʨʦʬʝʩʩʦʨʘ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚ ɻʘʣʣʝ, ɻʝʪʪʠʥʛʝʥʝ, ʃʝʡʧʮʠʛʝ. 

ʂʘʢ ʤʳ ʫʞʝ ʛʦʚʦʨʠʣʠ, ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ S ï 

ʦʜʥʘ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 2.2.4): 

)B,nd(cosSddʌ
CCC

BB= ;     .dʌ ñ=
S

n SB  

 

ʈʠʩ. 2.2.4 

 

ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʉʀ: 

ɺʙʤʊʣ][][]ʌ[ 2=Ö=Ö= SBɺ ; 
2ʤ

ɺʙ
 1ʊʣ 1 = . 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ ʠʟʤʝʨʷʝʪʩʷ ʚ 1ʤA -Ö . 

2.2.5.  ʉʠʣʘ ʃʦʨʝʥʮʘ 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ n ʜʚʠ-

ʞʫʱʠʭʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ ʟʘʨʷʜʦʚ. ʅʘʡʜʝʤ ʩʠʣʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʦʜʠʥ 

ʟʘʨʷʜ ʩʦ ʩʪʦʨʦʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʦ ʟʘʢʦʥʫ ɸʤʧʝʨʘ ʩʠʣʘ, ʜʝʡʩʪʚʫʶ-

ʱʘʷ ʥʘ ʧʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

]B,ld[Fd
CCC

I= ,                                                  (2.2.9) 

ʥʦ ʪʦʢ ,jSI =  ʧʨʠʯʝʤ ɡqnj = , ʪʦʛʜʘ 

]B,ɡ[d]B,ld[ɡFd
CGCCC

lqnSSqn == . 

ʊʘʢ ʢʘʢ nSdl ï ʯʠʩʣʦ ʟʘʨʷʜʦʚ ʚ ʦʙʲʸʤʝ Sdl, ʪʦʛʜʘ ʜʣʷ ʦʜʥʦʛʦ ʟʘʨʜ̫ʘ 

],B,ɡ[
d

Fd CC
C

q
lnS
=  

ʠʣʠ                                            ]B,ɡ[Fʣ
CCC

q= .                                         (2.2.10) 

ʉʠʣʘ ʃʦʨʝʥʮʘ ï ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘ ʜʚʠʞʫʱʠʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ
C

 ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ (ʟʜʝʩʴ ɡ
C

 ï ʩʢʦ-

ʨʦʩʪʴ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ). 

ʄʦʜʫʣʴ ʩʠʣʳ ʃʦʨʝʥʮʘ 

ŬBqF sinɡʣ= ,                                             (2.2.11) 

ʛʜʝ Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ɡ
C

 ʠ B
C

. 
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ʀʟ (2.2.11) ʚʠʜʥʦ, ʯʪʦ ʥʘ ʟʘʨʷʜ, ʜʚʠʞʫʱʠʡʩʷ ʚʜʦʣʴ ʣʠʥʠʠ B
C
, ʥʝ 

ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ (00sin = ). 

ʅʘʧʨʘʚʣʝʥʘ ʩʠʣʘ ʃʦʨʝʥʮʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ 

ʣʝʞʘʪ ʚʝʢʪʦʨʳ ɡ
C

 ʠ B
C
. ʂ ʜʚʠʞʫʱʝʤʫʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʟʘʨʷʜʫ ʧʨʠʤʝ-

ʥʠʤʦ ʧʨʘʚʠʣʦ ʣʝʚʦʡ ʨʫʢʠ, ʠʣʠ çʧʨʘʚʠʣʦ ʙʫʨʘʚʯʠʢʘè (ʨʠʩ. 2.2.5).  

 

 

 

ʈʠʩ.2.2.5 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ï ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʵʣʝʢʪʨʦʥʘʤ ʧʨʠʤʝʥʠʤʦ ʧʨʘʚʠʣʦ ʧʨʘʚʦʡ ʨʫʢʠ. 

ʊʘʢ ʢʘʢ ʩʠʣʘ ʃʦʨʝʥʮʘ ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʚʠʞʫʱʝʤʫʩʷ 

ʟʘʨʷʜʫ, ʪ.ʝ. ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ɡ
C

, ʨʘʙʦʪʘ ʵʪʦʡ ʩʠʣʳ ʚʩʝʛʜʘ ʨʘʚʥʘ ʥʫʣ .ʁ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʡʩʪʚʫʷ ʥʘ ʟʘʨʷʞʝʥʥʫʶ ʯʘʩʪʠʮʫ, ʩʠʣʘ ʃʦʨʝʥʮʘ ʥʝ ʤʦ-

ʞʝʪ ʠʟʤʝʥʠʪʴ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʯʘʩʪʠʮʳ. 

ʏʘʩʪʦ ʣʦʨʝʥʮʝʚʦʡ ʩʠʣʦʡ ʥʘʟʳʚʘʶʪ ʩʫʤʤʫ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪ-

ʥʳʭ ʩʠʣ: 

],B,[EFʣ
CCCC
u+= qq                                         (2.2.12) 

ʟʜʝʩʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʣʘ E
C

q  ʫʩʢʦʨʷʝʪ ʯʘʩʪʠʮʫ, ʠʟʤʝʥʷʝʪ ʝʝ ʵʥʝʨʛʠʶ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ʅʘʡʜʠʪʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʙʝʩʢʦʥʝʯʥʳʭ 

ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʦʜʠʥʘʢʦʚʳʭ ʪʦʢʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʅʘ-

ʯʝʨʪʠʪʝ ʨʠʩʫʥʦʢ ʩ ʫʢʘʟʘʥʠʝʤ ʩʠʣ. 

2. ʅʘʟʦʚʠʪʝ ʝʜʠʥʠʮʳ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ. ɼʘʡʪʝ ʠʤ ʦʧʨʝʜʝʣʝʥʠʷ. 

3. ʆʧʨʝʜʝʣʠʪʝ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʦʡ. 

4. ʇʦʯʝʤʫ ʜʚʠʞʫʱʠʡʩʷ ʟʘʨʷʜ ʥʦ ʩʚʦʠʤ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʵʢʚʠ-

ʚʘʣʝʥʪʝʥ ʵʣʝʤʝʥʪʫ ʪʦʢʘ? 

5. ʏʝʤʫ ʨʘʚʥʘ ʠ ʢʘʢ ʥʘʧʨʘʚʣʝʥʘ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, ʜʚʠʞʫʱʠʡʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ? 
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6. ʏʝʤʫ ʨʘʚʥʘ ʨʘʙʦʪʘ ʩʠʣʳ ʃʦʨʝʥʮʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʨʦʪʦʥʘ ʚ ʤʘʛ-

ʥʠʪʥʦʤ ʧʦʣʝ? ʆʪʚʝʪ ʦʙʦʩʥʦʚʘʪʴ. 

7. . ʇʨʦʚʦʜʥʠʢ ʤʘʩʩʦʡ 10 ʛ ʠ ʜʣʠʥʦʡ 20 ʩʤ ʧʦʜʚʝʰʝʥ ʚ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʤ ʧʦʣʦʞʝʥʠʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 0,25 ʊʣ. 

ʅʘ ʢʘʢʦʡ ʫʛʦʣ (ʚ ʛʨʘʜʫʩʘʭ) ʦʪ ʚʝʨʪʠʢʘʣʠ ʦʪʢʣʦʥʷʪʩʷ ʥʠʪʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʧʦʜʚʝh ʝʥ ʧʨʦʚʦʜʥʠʢ, ʝʩʣʠ ʧʦ ʥʝʤʫ ʧʨʦʧʫʩʪʠʪʴ ʪʦʢ ʩʠʣʦʡ 2 ɸ? ʄʘʩʩʦʡ 

ʥʠʪʝʡ ʧʨʝʥʝʙʨʝʯʴ. 

8. . ʇʨʦʚʦʜʥʠʢ ʜʣʠʥʦʡ 110 ʩʤ ʩʦʛʥʫʣʠ ʧʦʜ ʫʛʣʦʤ 60o
 ʪʘʢ, ʯʪʦ ʦʜʥʘ ʠʟ 

ʩʪʦʨʦʥ ʫʛʣʘ ʨʘʚʥʘ 30 ʩʤ, ʠ ʧʦʤʝʩʪʠʣʠ ʚ ʦʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ 

ʠʥʜʫʢʮʠʝʡ 2 ʤʊʣ ʦʙʝʠʤʠ ʩʪʦʨʦʥʘʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʠʥʠʷʤ ʠʥʜʫʢ-

ʮʠʠ. ʂʘʢʘʷ ʩʠʣʘ (ʚ ʤʅ) ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʵʪʦʪ ʧʨʦʚʦʜʥʠʢ, ʝʩʣʠ ʧʦ 

ʥʝʤʫ ʧʨʦʧʫʩʪʠʪʴ ʪʦʢ ʩʠʣʦʡ 10 A? 

9. . ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʢʦʥʪʫʨ ʧʣʦʱʘʜʴʶ 150 ʩʤ2
 ʩ ʪʦʢʦʤ ʩʠʣʦʡ 4 A, ʥʘ 

ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 0,1 

ʊʣ, ʟʘʥʷʣ ʧʦʣʦʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʂʘʢʫʶ ʧʦʩʣʝ ʵʪʦʛʦ ʥʘʜʦ 

ʩʦʚʝʨʰʠʪʴ ʨʘʙʦʪʫ (ʚ ʤɼʞ), ʯʪʦʙʳ ʤʝʜʣʝʥʥʦ ʧʦʚʝʨʥʫʪʴ ʝʛʦ ʥʘ 90Á ʚʦʢʨʫʛ 

ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʩʝʨʝʜʠʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥ? 

10. . ʇʨʷʤʦʡ ʧʨʦʚʦʜʥʠʢ ʜʣʠʥʦʡ 20 ʩʤ ʠ ʤʘʩʩʦʡ 50 ʛ ʧʦʜʚʝʰʝʥ ʛʦʨʠ-

ʟʦʥʪʘʣʥɹʦ ʥʘ ʜʚʫʭ ʣʝʛʢʠʭ ʥʠʪʷʭ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʚʝʢʪʦʨ 

ʠʥʜʫʢʮʠʠ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʨʦ-

ʚʦʜʥʠʢʫ. ʂʘʢʦʡ ʪʦʢ ʥʘʜʦ ʧʨʦʧʫʩʪʠʪʴ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢ, ʯʪʦʙʳ ʦʜʥʘ ʠʟ 

ʥʠʪʝʡ ʨʘʟʦʨʚʘʣʘʩʴ? ʀʥʜʫʢʮʠʷ ʧʦʣʷ 50 ʤʊʣ. ʂʘʞʜʘʷ ʥʠʪʴ ʨʘʟʨʳʚʘʝʪʩʷ 

ʧʨʠ ʥʘʛʨʫʟʢʝ 0,4 ʅ 

11. . ʄʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 
ʨʘʤʢʫ ʩ ʪʦʢʦʤ ʩʠʣʦʡ 50 A ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʨʘʚʝʥ 1 ʅÅʤ. 

ʂʘʢʦʚʘ ʠʥʜʫʢʮʠʷ ʧʦʣʷ, ʝʩʣʠ ʰʠʨʠʥʘ ʨʘʤʢʠ 0,1 ʤ, ʘ ʜʣʠʥʘ 0,2 ʤ? 

12. . ʇʨʦʚʦʣʦʯʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʨʘʤʢʘ ʤʘʩʩʦʡ 10 ʛ ʩʦ ʩʪʦʨʦʥʦʡ 10 ʩʤ 
ʤʦʞʝʪ ʚʨʘʱʘʪʩɹʷ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʦʜʥʦʡ ʠʟ 

ʝʝ ʩʪʦʨʦʥ. ʈʘʤʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦ-

ʣʝ ʩ ʠʥʜʫʢʮʠʝʡ 0,1 ʊʣ. ʇʨʠ ʢʘʢʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʩʠʣʝ ʪʦʢʘ ʚ ʨʘʤʢʝ ʦʥʘ 

ʙʫʜʝʪ ʥʝʧʦʜʚʠʞʥʘ ʠ ʥʘʢʣʦʥʝʥʘ ʢ ʛʦʨʠʟʦʥʪʫ ʧʦʜ ʫʛʣʦʤ 45Á? 
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2.3. ʎʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

2.3.1.  ʊʝʦʨʝʤʘ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʉʚʷʟʴ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʵʪʠʤ ʪʦ-

ʢʦʤ, ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʵʤʧʠʨʠʯʝʩʢʠʡ ʟʘʢʦʥ ɹʠʦ ï ʉʘʚʘʨʘ ï ʃʘʧʣʘʩʘ. ɽʱʝ 

ʦʜʥʦʡ ʠʟ ʬʦʨʤ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʤʘ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ ʤʘʛ-

ʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ɺʦʟʴʤʝʤ ʢʦʥʪʫʨ l (ʨʠʩ. 2.3.1), ʦʭʚʘʪʳʚʘʶʱʠʡ ʧʨʷʤʦʡ ʪʦʢ I, ʠ ʚʳʯʠʩ-

ʣʠʤ ʜʣʷ ʥʝʛʦ ʮʠʨʢʫʣʷʮʠʶ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B
C
, ʪ.ʝ. ñ ldB

CC
l . 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʥʪʫʨ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʪʦʢʫ (ʪʦʢ I ʥʘʧʨʘʚʣʝʥ ʟʘ ʯʝʨʪʝʞ). ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʦʥ-

ʪʫʨʘ ʚʝʢʪʦʨ B
C

 ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝ-

ʨʝʟ ʵʪʫ ʪʦʯʢʫ (ʣʠʥʠʠ B
C

 ʧʨʷʤʦʛʦ ʪʦʢʘ ï ʦʢʨʫʞʥʦʩʪʠ). 

 

 
 

ʈʠʩ. 2.3.1 ʈʠʩ. 2.3.2 

 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʩʚʦʡʩʪʚʘʤʠ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ. 

,dd Bl lBlB =  ʛʜʝ Bld  ï ʧʨʦʝʢʮʠʷ dl ʥʘ ʚʝʢʪʦʨ B
C
, ʥʦ a= dd RlB , ʛʜʝ 

R ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʨʷʤʦʡ ʪʦʢʘ I ʜʦ dl; 

p

am
=a

p

m
==

2

d
d

2
dd 00 I

R
R

I
lBlB Bl , 

ʦʪʩʶʜʘ 

I
I

lBl 0

2

0

0 d
2

d m=a
p

m
= ññ

p

                                            (2.3.1) 

ï ʵʪʦ ʪʝʦʨʝʤʘ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ B
C

: ʮʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪ-

ʥʦʡ ʠʥʜʫʢʮʠʠ ʨʘʚʥʘ ʪʦʢʫ, ʦʭʚʘʯʝʥʥʦʤʫ ʢʦʥʪʫʨʦʤ, ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ ʤʘʛ-

ʥʠʪʥʫʶ ʧʦʩʪʦʷʥʥʫʶ. 

ʀʥʘʯʝ ʦʙʩʪʦʠʪ ʜʝʣʦ, ʝʩʣʠ ʪʦʢ ʥʝ ʦʭʚʘʪʳʚʘʝʪʩʷ ʢʦʥʪʫʨʦʤ (ʨʠʩ. 2.3.2). 
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ʇʨʠ ʦʙʭʦʜʝ ʨʘʜʠʘʣʴʥʘʷ ʧʨʷʤʘʷ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʩʥʘʯʘʣʘ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ (1-2), ʘ ʧʦʪʦʤ ʚ ʜʨʫʛʦʤ (2-1). ʇʦʵʪʦʤʫ ñ =0Ŭd  ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, 

ñ =0ldB
CC

. 

ʀʪʘʢ,   ñ = IlB
l 0
ɛd ,  ʛʜʝ I ï ʪʦʢ, ʦʭʚʘʯʝʥʥʳʡ ʢʦʥʪʫʨʦʤ L. 

ʕʪʘ ʬʦʨʤʫʣʘ ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʜʣʷ ʪʦʢʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʠ ʜʣʷ 

ʢʦʥʪʫʨʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

ɽʩʣʠ ʢʦʥʪʫʨ ʦʭʚʘʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʦʢʦʚ, ʪʦ 

,d 0ñ ämm= il IlB                                              (2.3.2) 

ʪ.ʝ. ʮʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ B
C

 ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʪʦʢʦʚ, ʦʭʚʘ-

ʯʝʥʥʳʭ ʢʦʥʪʫʨʦʤ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

ʊʝʦʨʝʤʘ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ñ m= I0ld,B
CC

 ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ ɺ ʦʪ ʙʝʩʢʦʥʝʯʥʦʛʦ 

ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ (ʨʠʩ. 2.3.3): 
r

I
B

p

m
=

2

0 . 

 

 

ʈʠʩ. 2.3.3 

 

ʀʪʘʢ, ʮʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B
C

 ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ, 

ʝʩʣʠ ʢʦʥʪʫʨ ʦʭʚʘʪʳʚʘʝʪ ʪʦʢ (ʩʨʘʚʥʠʪʝ ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʚʝʢʪʦʨʘ E
C

: 

ñ =0dlEl ). 

ʊʘʢʠʝ ʧʦʣʷ ʥʘʟʳʚʘʶʪʩʷ ʚʠʭʨʝʚʳʤʠ, ʠʣʠ ʩʦʣʝʥʦʠʜʘʣʴʥʳʤʠ. 

ʄʘʛʥʠʪʥʦʤʫ ʧʦʣʶ ʥʝʣʴʟʷ ʧʨʠʧʠʩʳʚʘʪʴ ʧʦʪʝʥʮʠʘʣ, ʢʘʢ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤʫ ʧʦʣʶ. ʕʪʦʪ ʧʦʪʝʥʮʠʘʣ ʥʝ ʙʳʣ ʙʳ ʦʜʥʦʟʥʘʯʥʳʤ: ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʦʙʭʦʜʘ ʧʦ ʢʦʥʪʫʨʫ ʦʥ ʧʦʣʫʯʘʣ ʙʳ ʧʨʠʨʘʱʝʥʠʝ I0m . 

ʃʠʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʯʠʥʘʶʪʩʷ ʠ ʟʘʢʘʥʯʠ-

ʚʘʶʪʩʷ ʥʘ ʟʘʨʷʜʘʭ. ɸ ʤʘʛʥʠʪʥʳʭ ʟʘʨʷʜʦʚ ʚ ʧʨʠʨʦʜʝ ʥʝʪ. ʆʧʳʪ ʧʦʢʘʟʳʚʘ-

ʝʪ, ʯʪʦ ʣʠʥʠʠ B
C

 ʚʩʝʛʜʘ ʟʘʤʢʥʫʪʳ. ʇʦʵʪʦʤʫ ʪʝʦʨʝʤʘ ɻʘʫʩʩʘ ʜʣʷ ʚʝʢʪʦʨʘ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B
C

 ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 

ñ =
S

0SdB
CC

. 
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2.3.2.  ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʣʝʥʦʠʜʘ 

ʉʦʣʝʥʦʠʜ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ, ʥʘʭʦʜʷʱʠʤ ʠhʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʨʘʜʠʦɻ ʣʝʢʪʨʦʥʥʳʭ ʮʝʧʷʭ. ʉʦʣʝʥʦʠʜ ʦʙ-

ʣʘʜʘʝʪ ʨʷʜʦʤ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ: ʧʦʣʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʦʛʦ ʩʦʣʝʥʦʠ-

ʜʘ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʥʫʪʨʠ ʩʦʣʝʥʦʠʜʘ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ. 

ʉʦʣʝʥʦʠʜ ʩʧʦʩʦʙʝʥ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʵʥʝʨʛʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣ.̫ 

ʇʨʠʤʝʥʠʤ ʪʝʦʨʝʤʫ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ B
C

)ldB( 0ñ ämm= iI
CC

 ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʩʪʝʡʰʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ï ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʩʦʣʝ-

ʥʦʠʜʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʪʦʥʢʠʡ ʧʨʦʚʦʜ, ʥʘʤʦʪʘʥʥʳʡ ʧʣʦʪʥʦ (ʚʠ-

ʪʦʢ ʢ ʚʠʪʢʫ) ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʘʨʢʘʩ (ʨʠʩ. 2.3.4). 

 

 

ʈʠʩ. 2.3.4 

 

ʉʦʣʝʥʦʠʜ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʦʜʠʥʘʢʦʚʳʭ ʢʨʫʛʦ-

ʚʳʭ ʪʦʢʦʚ ʩ ʦʙʱʝʡ ʧʨʷʤʦʡ ʦʩʴʶ. 

ɹʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʳʡ ʩʦʣʝʥʦʠʜ ʩʠʤʤʝʪʨʠʯʝʥ ʣʶʙʦʡ ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦʡ ʢ ʝʛʦ ʦʩʠ ʧʣʦʩʢʦʩʪʠ. ɺʟʷʪʳʝ ʧʦʧʘʨʥʦ (ʨʠʩ. 2.3.5), ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʘʢʦʡ ʧʣʦʩʢʦʩʪʠ ʚʠʪʢʠ ʩʦʟʜʘʶʪ ʧʦʣʝ, ʚ ʢʦʪʦʨʦʤ ʚʝʢʪʦʨ B
C

 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ ʚʠʪʢʘ, ʪ.ʝ. ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠʤʝ-

ʶʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʘʨʘʣʣʝʣʴʥʦʝ ʦʩʠ ʩʦʣʝʥʦʠʜʘ ʚʥʫʪʨʠ ʠ ʚʥʝ ʝʛʦ. 

 

 

ʈʠʩ. 2.3.5 

 

ʀʟ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʝʢʪʦʨʘ B
C

 ʦʩʠ ʩʦʣʝʥʦʠʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʧʦʣʝ, 

ʢʘʢ ʚʥʫʪʨʠ, ʪʘʢ ʠ ʚʥʝ ʩʦʣʝʥʦʠʜʘ, ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʥʦʨʦʜʥʳʤ.  

ɺʦʟʴʤʸʤ ʚʦʦʙʨʘʞʘʝʤʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʢʦʥʪʫʨ 1-2-3-4-1 ʠ ʨʘʟʤʝʩ-

ʪʠʤ ʝʛʦ ʚ ʩʦʣʝʥʦʠʜʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.3.6. 
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ʈʠʩ. 2.3.6 

 

ʇʦ ʪʝʦʨʝʤʝ ʦ ʮʠʨʢʫʣʷʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

.ddddd
1

4

4

3

3

2

2

1

ñññññ +++= lBlBlBlBlB llll

L

l  

ɺʪʦʨʦʡ ʠ ʯʝʪʚʸʨʪʳʡ ʠʥʪʝʛʨʘʣʳ ʨʘʚʥʳ ʥʫʣʶ, ʪ.ʢ. ʚʝʢʪʦʨ B
C

 ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʝʥ ʥʘʧʨʘʚʣʝʥʠʶ ʦʙʭʦʜʘ, ʪ.ʝ 0=lB . 

ɺʦʟʴʤʸʤ ʫʯʘʩʪʦʢ 3-4 ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʩʦʣʝʥʦʠʜʘ, ʛʜʝ ʧʦ-

ʣʝ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʠ ʧʨʝʥʝʙʨʝʞʸʤ ʪʨʝʪʴʠʤ ʠʥʪʝʛʨʘʣʦʤ, ʪʦʛʜʘ 

,dd 0

2

1

ñ äñ mm== ill IlBlB  

ʛʜʝ BBl =  ï ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʥʘ ʫʯʘʩʪʢʝ 1-2 ï ʚʥʫʪʨʠ ʩʦʣʝʥʦʠʜʘ;  

ɛ ï ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʝʱʝʩʪʚʘ. 

ɽʩʣʠ ʦʪʨʝʟʦʢ 1-2 ʚʥʫʪʨʠ ʩʦʣʝʥʦʠʜʘ, ʢʦʥʪʫʨ ʦʭʚʘʪʳʚʘʝʪ ʪʦʢ: 

,ä= iInlI  

ʛʜʝ n ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ; I ï ʪʦʢ ʚ ʩʦʣʝʥʦʠʜʝ (ʚ ʧʨʦʚʦʜ-

ʥʠʢʝ). 

ʊʦʛʜʘ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚʥʫʪʨʠ ʩʦʣʝʥʦʠʜʘ 

.0nIB mm=                                                  (2.3.3) 

ɺʥʝ ʩʦʣʝʥʦʠʜʘ 

ä =0iI     ʠ     0d ==ñ BllBl ,    ʪ.ʝ. 0=B . 

ɹʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʳʡ ʩʦʣʝʥʦʠʜ ʘʥʘʣʦʛʠʯʝʥ ʧʣʦʩʢʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʫ: 

ʠ ʪʫʪ, ʠ ʪʘʤ ʧʦʣʝ ʦʜʥʦʨʦʜʥʦ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚʥʫʪʨʠ. 

ʇʨʦʠʟʚʝʜʝʥʠʝ nI ï  ʵʪʦ ʯʠʩʣʦ ʘʤʧʝʨ ï ʚʠʪʢʦʚ ʥʘ ʤʝʪʨ. 

ʋ ʢʦʥʮʘ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʩʦʣʝʥʦʠʜʘ, ʥʘ ʝʛʦ ʦʩʠ, ʤʘʛʥʠʪʥʘʷ ʠʥ-

ʜʫʢʮʠʷ ʨʘʚʥʘ 

.
2

1
0nIB mm=                                        (2.3.4) 

ʇʨʘʢʪʠʯʝʩʢʠ, ʝʩʣʠ ʜʣʠʥʘ ʩʦʣʝʥʦʠʜʘ ʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʝʛʦ ʜʠʘ-

ʤʝʪʨ, ʬʦʨʤʫʣʘ (2.3.3) ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʪʦʯʝʢ ʚʙʣʠʟʠ ʩʝʨʝʜʠʥʳ, ʬʦʨʤʫʣʘ 

(2.3.4) ï ʜʣʷ ʪʦʯʝʢ ʦʢʦʣʦ ʢʦʥʮʘ. 
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ɽʩʣʠ ʞʝ ʢʘʪʫʰʢʘ ʢʦʨʦʪʢʘʷ, ʯʪʦ ʦʙʳʯʥʦ ʠ ʙʳʚʘʝʪ ʥʘ ʧʨʘʢʪʠʢʝ, ʪʦ 

ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ɸ, ʣʝʞʘʱʝʡ ʥʘ ʦʩʠ ʩʦʣʝʥʦʠʜʘ, ʥʘ-

ʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʩʠ (ʧʦ ʧʨʘʚʠʣʫ ʙʫʨʘʚʯʠʢʘ) ʠ ʯʠʩʣʝʥʥʦ ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʦʡ ʩʫʤʤʝ ʠʥʜʫʢʮʠʡ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʪʦʯʢʝ ɸ ʚʩʝʤʠ 

ʚʠʪʢʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ: 

¶ ʚ ʪʦʯʢʝ, ʣʝʞʘʱʝʡ ʥʘ ʩʝʨʝʜʠʥʝ ʦʩʠ ʩʦʣʝʥʦʠʜʘ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʳʤ: 

,
4 22

0max
LR

L
nIB

+
mm=                                      (2.3.5) 

ʛʜʝ L ï ʜʣʠʥʘ ʩʦʣʝʥʦʠʜʘ; R ï ʨʘʜʠʫʩ ʚʠʪʢʦʚ; 

¶ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʢʦʥʝʯʥʦʛʦ ʩʦʣʝʥʦʠʜʘ (ʨʠʩ. 2.3.7) ʤʘʛʥʠʪ-

ʥʫʶ ʠʥʜʫʢʮʠʶ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 

).coscos(
2

1
210 a-amm= nIB                                   (2.3.6) 

 

 

ʈʠʩ. 2.3.7 

 

ʅʘ ʨʠʩ. 2.3.8 ʠʟʦʙʨʘʞʝʥʳ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B
C
ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʝʚ: 

ʘ) ʜʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʨʞʥʷ;  

ʙ) ʜʣʷ ʩʦʣʝʥʦʠʜʘ;  

ʚ) ʜʣʷ ʞʝʣʝʟʥʳʭ ʦʧʠʣʦʢ, ʨʘʩʩʳʧʘʥʥʳʭ ʥʘ ʣʠʩʪʝ ʙʫʤʘʛʠ, ʥʘʜ ʤʘʛʥʠ-

ʪʦʤ. 

            

ʈʠʩ. 2.3.8 
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2.3.3.  ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʦʨʦʠʜʘ 

ʊʦʨʦʠʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʠʡ ʧʨʦʚʦʜ, ʧʣʦʪʥʦ (ʚʠʪʦʢ ʢ ʚʠʪʢʫ) 

ʥʘʤʦʪʘʥʥʳʡ ʥʘ ʢʘʨʢʘʩ ʚ ʬʦʨʤʝ ʪʦʨʘ (ʨʠʩ. 2.3.9). 

 

 

ʈʠʩ. 2.3.9 

 

ɺʦʟʴʤʸʤ ʢʦʥʪʫʨ L ʚ ʚʠʜʝ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ r, ʮʝʥʪʨ ʢʦʪʦʨʦʛʦ 

ʩʦʚʧʘʜʘʝʪ ʩ ʮʝʥʪʨʦʤ ʪʦʨʘ ʨʘʜʠʫʩʘ R. 

ɺ ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ ʚʝʢʪʦʨ B
C

 ʚ ʢʘʞʜʦʤ ʪʦʢʝ ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴ-

ʥʦʡ ʢ ʢʦʥʪʫʨʫ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

,2d BlrBlB

L

l =p=ñ                                         (2.3.7) 

ʛʜʝ rl ˊ2=  ï ʜʣʠʥʘ ʢʦʥʪʫʨʘ. 

ɽʩʣʠ ʢʦʥʪʫʨ ʧʨʦʭʦʜʠʪ ʚʥʫʪʨʠ ʪʦʨʦʠʜʘ, ʦʥ ʦʭʚʘʪʳʚʘʝʪ ʪʦʢ RnIˊ2  

(n ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ). 

ʊʦʛʜʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ B
C
, ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ: 

r

R
nIB 0mm= .                                                    (2.3.8) 

ʂʦʥʪʫʨ ʚʥʝ ʪʦʨʦʠʜʘ ʪʦʢʦʚ ʥʝ ʦʭʚʘʪʳʚʘʝʪ, ʧʦʵʪʦʤʫ 0=B . 

ɼʣʷ ʪʦʨʦʠʜʘ, ʛʜʝ ʨʘʜʠʫʩ ʪʦʨʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʨʘʜʠʫʩʘ ʚʠʪʢʘ, ʦʪ-

ʥʦʰʝʥʠʝ 1/ ºrR , ʪʦʛʜʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɺ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫ-

ʣʝ (2.3.3): 

.0nIB mm=  

ɺ ʪʦʨʦʠʜʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʜʥʦʨʦʜʥʦ ʪʦʣʴʢʦ ʧʦ ʚʝʣʠʯʠʥʝ, ʪ.ʝ. ʧʦ 

ʤʦʜʫʣʶ, ʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʝʛʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʨʘʟʣʠʯʥʦ. 

2.3.4.  ʈʘʙʦʪʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ  
ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʪʫʨ ʩ ʪʦʢʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʥʝʧʦʜʚʠʞʥʳʤʠ ʧʨʦʚʦʜʘ-

ʤʠ ʠ ʩʢʦʣʴʟʷʱʝʡ ʧʦ ʥʠʤ ʧʦʜʚʠʞʥʦʡ ʧʝʨʝʤʳʯʢʦʡ ʜʣʠʥʦʡ l (ʨʠʩ. 2.3.10). 
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ʕʪʦʪ ʢʦʥʪʫʨ ʥʘʭʦʜʠʪʩʷ ʚʦ ʚʥʝʰʥʝʤ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ B
C

, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʫʨʘ. ʇʨʠ ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 

ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʢʘ I ʚʝʢʪʦʨ B
C

 ʩʦʥʘʧʨʘʚʣʝʥ ʩ n
C

. 

 

 
ʈʠʩ. 2.3.10 

 

ʅʘ ʵʣʝʤʝʥʪ ʪʦʢʘ I (ʧʦʜʚʠʞʥʳʡ ʧʨʦʚʦʜ) ʜʣʠʥʦʡ l ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ 

ɸʤʧʝʨʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʧʨʘʚʦ: 

.IlBF =  
ʇʫʩʪʴ ʧʨʦʚʦʜʥʠʢ l ʧʝʨʝʤʝʩʪʠʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩʘʤʦʤʫ ʩʝʙʝ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʝ dx. ʇʨʠ ʵʪʦʤ ʩʦʚʝʨʰʠʪʩʷ ʨʘʙʦʪʘ 

.dʌdddd ISIBxIBlxFA ====  
ʀʪʘʢ, 

.dʌd IA=                                                   (2.3.9) 

ʈʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʧʨʦʚʦʜʥʠʢʦʤ ʩ ʪʦʢʦʤ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ, ʯʠʩ-

ʣʝʥʥʦ ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʪʦʢʘ ʥʘ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʧʝʨʝʩʝʯʸʥʥʳʡ 

ʵʪʠʤ ʧʨʦʚʦʜʥʠʢʦʤ. 

ʌʦʨʤʫʣʘ ʦʩʪʘʸʪʩʷ ʩʧʨʘʚʝʜʣʠʚʦʡ, ʝʩʣʠ ʧʨʦʚʦʜʥʠʢ ʣʶʙʦʡ ʬʦʨʤʳ 

ʜʚʠʞʝʪʩʷ ʧʦʜ ʣʶʙʳʤ ʫʛʣʦʤ ʢ ʣʠʥʠʷʤ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ɺʳʚʝʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʤʢʥʫʪʦʛʦ 

ʢʦʥʪʫʨʘ ʩ ʪʦʢʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʢʦʥʪʫʨ ʩ ʪʦʢʦʤ 1-2-3-4-1 (ʨʠʩ. 2.3.11). 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʧʨʘʚʣʝʥʦ ʦʪ ʥʘʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʫ-

ʨʘ. ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ 1ʌ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʢʦʥʪʫʨ, ʥʘʧʨʘʚʣʝʥ ʧʦ ʥʦʨ-

ʤʘʣʠ n
C

 ʢ ʢʦʥʪʫʨʫ, ʧʦʵʪʦʤʫ 0ʌ1> . 

ʇʝʨʝʤʝʩʪʠʤ ʵʪʦʪ ʢʦʥʪʫʨ ʧʘʨʘʣʣʝʣʴʥʦ ʩʘʤʦʤʫ ʩʝʙʝ ʚ ʥʦʚʦʝ ʧʦʣʦʞʝ-

ʥʠʝ 1'-2'-3'-4'-1'. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʜʥʦ-

ʨʦʜʥʳʤ, ʠ  ʥʦʚʳʡ ʢʦʥʪʫʨ ʙʫʜʝʪ ʧʨʦʥʠʟʘʥ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ 2ʌ . 

ʇʣʦʱʘʜʢʘ 4-3-2'-1'-4, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʤʝʞʜʫ ʩʪʘʨʳʤ ʠ ʥʦʚʳʤ ʢʦʥ-

ʪʫʨʦʤ, ʧʨʦʥʠʟʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ 'ʌ . 
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ʈʠʩ. 2.3.11 

 

ʇʦʣʥʘʷ ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʢʦʥʪʫʨʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʨʘʚʥʘ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʨʘʙʦʪ, ʩʦʚʝʨʰʘʝʤʳʭ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʢʘʞʜʦʡ ʠʟ 

ʯʝʪʳʨʝʭ ʩʪʦʨʦʥ ʢʦʥʪʫʨʘ: 

,41342312 AAAAA +++=  

ʛʜʝ 23A , 41A  ʨʘʚʥʳ ʥʫʣʶ, ʪ.ʢ. ʵʪʠ ʩʪʦʨʦʥʳ ʥʝ ʧʝʨʝʩʝʢʘʶʪ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʪʦʢʘ ʧʨʠ ʩʚʦʸʤ ʧʝʨʝʤʝʱʝʥʠʠ (ʦʯʝʨʯʠʚʘʶʪ ʥʫʣʝʚʫʶ ʧʣʦɦ ʘʜʢʫ); 

)ʌʌ'( 234 +=IA . 

ʇʨʦʚʦʜ 1-2 ʧʝʨʝʨʝʟʘʝʪ ʧʦʪʦʢ ('ʌʌ1+ ), ʥʦ ʜʚʠʞʝʪʩʷ ʧʨʦʪʠʚ ʩʠʣ 

ʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

)'ʌʌ( 112 +-= Iɸ . 

ʊʦʛʜʘ ʦʙʱʘʷ ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʢʦʥʪʫʨʘ 

),ʌʌ( 12-=Iɸ  

ʠʣʠ                                       ,ʌD=Iɸ                                                    (2.3.10) 

ʟʜʝʩʴ ȹʌʌʌ 12 =-  ï ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʮʝʧʣʝʥʥʦʛʦ 

ʩ ʢʦʥʪʫʨʦʤ. 

ʈʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʩ ʪʦ-

ʢʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʨʘʚʥʘ ʧʨʦʠʟʚʝʜʝʥʠʶ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʥʘ ʠʟʤʝ-

ʥʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʩʮʝʧʣʝʥʥʦʛʦ ʩ ʵʪʠʤ ʢʦʥʪʫʨʦʤ. 

ʕʣʝʤʝʥʪʘʨʥʫʶ ʨʘʙʦʪʫ ʧʦ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʢʦʥʪʫ-

ʨʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 

.dʌd IA=                                                         (2.3.11) 

ɺʳʨʘʞʝʥʠʷ (2.3.9) ʠ (2.2.11) ʚʥʝʰʥʝ ʪʦʞʜʝʩʪʚʝʥʥʳ, ʥʦ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʚʝʣʠʯʠʥʳ dʌ ʨʘʟʣʠʯʝʥ. 

ʉʦʦʪʥʦʰʝʥʠʝ (2.3.11), ʚʳʚʝʜʝʥʥʦʝ ʥʘʤʠ ʜʣʷ ʧʨʦʩʪʝʡʰʝʛʦ ʩʣʫʯʘʷ, 

ʦʩʪʘʸʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ ʢʦʥʪʫʨʘ ʣʶʙʦʡ ʬʦʨʤʳ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʘʛ-

ʥʠʪʥʦʤ ʧʦʣʝ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ ʢʦʥʪʫʨ ʥʝʧʦʜʚʠʞʝʥ, ʘ ʤʝʥʷʝʪʩʷ B
G
, ʪʦ, 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʦʥʪʫʨʝ ʥʘ ʚʝʣʠʯʠʥʫ dʌ, ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʩʦʚʝʨʰʘʝʪ ʪʫ ʞʝ ʨʘʙʦʪʫ: .dʌd IA=  
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2.3.5.  ʕʬʬʝʢʪ ʍʦʣʣʘ 

ʆʜʥʠʤ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʃʦʨʝʥʮʘ 

ʚ ʚʝʱʝʩʪʚʝ ʩʣʫʞʠʪ ʵʬʬʝʢʪ, ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ 1879 ʛ. ʘʤʝʨʠʢʘʥʩʢʠʤ ʬʠ-

ʟʠʢʦʤ ʕ.ɻ. ʍʦʣʣʦʤ (1855ï1938). ʕʬʬʝʢʪ ʩʦʩʪʦʠʪ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʘ 

ʙʦʢʦʚʳʭ ʛʨʘʥʷʭ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʧʦʧʝʨʝʯʥʦʝ ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ, ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʪʦʢʘ I 

ʠ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ. 

ʈʘʩʩʤʦʪʨʠʤ ʵʬʬʝʢʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʝʡʩʪʚʠʝʤ ʣʦʨʝʥʮʝʚʦʡ ʩʠʣʳ f
C

 

ʥʘ ʩʚʦʙʦʜʥʳʝ ʟʘʨʷʜʳ ʚ ʧʨʦʚʦʜʥʠʢʝ. ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ ʧʨʦʚʦʜʥʠʢ ʩ ʪʦ-

ʢʦʤ I ʚ ʚʠʜʝ ʧʣʦʩʢʦʡ ʣʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩ ʠʥʜʫʢ-

ʮʠʝʡ B
C
, ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʪ ʥʘʩ (ʨʠʩ. 2.3.12). 

ɺ ʩʣʫʯʘʝ, ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩ. 2.3.12, ʘ, ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʚʦʜʥʠʢʘ 

ʙʫʜʝʪ ʟʘʨʷʞʘʪʴʩʷ ʦʪʨʠʮʘʪʝʣʥɹʦ, ʚ ʩʣʫʯʘʝ 2.3.12, ʙ ï ʧʦʣʦʞʠʪʝʣʴʥʦ. 

 

 
ʘ                                                                  ʙ 

ʈʠʩ. 2.3.12 

 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʢ ʥʦʩʠʪʝʣʷ ʟʘʨʷʜʘ 

ʚ ʧʨʦʚʦʜʥʠʢʝ. 

ʇʨʠ ʨʘʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʦʙʦʠʭ ʟʥʘʢʦʚ ʚʦʟʥʠʢʘ-

ʝʪ ʭʦʣʣʦʚʩʢʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʝʩʣʠ ʨʘʟʣʠʯʥʘ ʧʦʜʚʠʞʥʦʩʪʴ, ʪ.ʝ. 

ʜʨʝʡʬʦʚʘʷ ʩʢʦʨʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. 

ʇʦʜʩʯʠʪʘʝʤ ʚʝʣʠʯʠʥʫ ʭʦʣʣʦʚʩʢʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ (Uʍ). 

ʇʫʩʪʴ ʍE  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʕɼʉ ʍʦʣʣʘ; h ï ʪʦʣʱʠʥʘ ʣʝʥʪʳ ʧʨʦʚʦʜʥʠʢʘ; 

.ʍʍ hEU =                                                     (2.3.12) 

ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʧʨʝʢʨʘʪʠʪʩʷ, ʢʦʛʜʘ ʩʠʣʘ q ʍE  ʫʨʘʚʥʦ-

ʚʝʩʠʪ ʣʦʨʝʥʮʝʚʫ ʩʠʣʫ, ʪ.ʝ. 

BqqE u=ʍ ,   ʠʣʠ   .ʍ uBE =  

ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ qnj ɡ= , ʦʪʩʶʜʘ 
nq

j
=ɡ . ʊʦʛʜʘ 

nq

j
BE =ʍ .  
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ʇʦʜʩʪʘʚʠʤ ʍE  ʚ (2.10.1) ʠ ʥʘʡʜʝʤ Uʍ: 

,ʠʣʠ, ʍʍ a

RBI

qna

BI

nqS

BhI
U

nq

jBh
U ====                (2.3.13) 

ʛʜʝ qnR /1=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʍʦʣʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʕɼʉ ʍʦʣʣʘ ʧʨʠʚʝʣʠ ʢ ʫʜʠʚʠʪʝʣʴʥʳʤ ʚʳʚʦʜʘʤ. ʄʝ-

ʪʘʣʣʳ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʨ-ʪʠʧʘ (Zn, Cd ï ʫ ʥʠʭ ʜʳʨʢʠ ʙʦ-

ʣʝʝ ʧʦʜʚʠʞʥʳʝ, ʯʝʤ ʵʣʝʢʪʨʦʥʳ). ʕʪʦ ʤʝʪʘʣʣʳ ʩ ʯʫʪʴ ʧʝʨʝʢʨʳʚʘʶʱʠʤʠ-

ʩʷ ʟʥʘʢʘʤʠ, ʪ.ʝ. ʧʦʣʫʤʝʪʘʣʣʳ. 

ʀʟ ʬʦʨʤʫʣʳ (2.3.13) ʤʦʞʥʦ ʥʘʡʪʠ ʯʠʩʣʦ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ: 

ʍqaU

IB
n= .                                                (2.3.14) 

ʀʪʘʢ, ʠʟʤʝʨʝʥʠʝ ʭʦʣʣʦʚʩʢʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧ-

ʨʝʜʝʣʠʪʴ: 

¶ ʟʥʘʢ ʟʘʨʷʜʘ ʠ ʪʠʧ ʥʦʩʠʪʝʣʝʡ; 

¶ ʢʦʣʠʯʝʩʪʚʦ ʥʦʩʠʪʝʣʝʡ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʪʝʦʨʝʤʘ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥ-

ʜʫʢʮʠʠ B
C

?  

2. ʇʨʠʤʝʥʠʚ ʪʝʦʨʝʤʫ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ B
C
, ʨʘʩʩʯʠʪʘʡʪʝ ʤʘʛʥʠʪ-

ʥʦʝ ʧʦʣʝ ʧʨʷʤʦʛʦ ʪʦʢʘ. 

3. ʇʨʠʤʝʥʚ ʪʝʦʨʝʤʫ ʦ ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ B
C

 ʚʳʯʠʩʣʠʪʝ ʧʨʦʩʪʝʡʰʠʝ 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ: 

¶ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʩʦʣʝʥʦʠʜʘ; 

¶ ʫ ʢʦʥʮʘ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʩʦʣʝʥʦʠʜʘ; 

¶ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʢʦʥʝʯʥʦʛʦ ʩʦʣʝʥʦʠʜʘ. 

4. ʂʘʢ ʨʘʩʩʯʠʪʘʪʴ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʦʨʦʠʜʘ? 

5. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʨʘʙʦʪʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʨʦʚʦʜʥʠʢʘ ʩ ʪʦʢʦʤ, ʦʪ 

ʨʘʙʦʪʳ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʢʦʥʪʫʨʘ ʩ ʪʦʢʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 

6. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʵʬʬʝʢʪ ʍʦʣʣʘ? ɺʳʚʝʜʠʪʝ ʬʦʨʤʫʣʫ ʜʣʷ ʭʦʣʣʦʚ-

ʩʢʦʡ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ. 

7. ʂʘʢʠʝ ʧʨʘʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʜʣʷ ʧʦʷʩʥʝʥʠʷ ʵʬʬʝʢʪʘ 
ʍʦʣʣʘ (ʨʠʩ. 2.3.12). 

8. ʂʘʢʠʝ ʜʘʥʥʳʝ ʦ ʧʨʦʚʦʜʥʠʢʘʭ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ʍʦʣʣʘ? 

9. ʀʩʧʦʣʴʟʫʷ çʧʨʘʚʠʣʦ ʣʝʚʦʡ ʨʫʢʠè ʦʙʲʷʩʥʠʪʝ, ʢʘʢ ʙʫʜʝʪ ʟʘʨʷʞʘʪʴʩʷ 
ʚʝʨʭʥʷʷ ʛʨʘʥʴ ʧʣʘʩʪʠʥʳ ʩ ʪʦʢʦʤ ʥʘ ʨʠʩ. 2.3.12. 
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2.4. ʗʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

2.4.1.  ʆʧʳʪʳ ʌʘʨʘʜʝʷ. ʀʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ. ʇʨʘʚʠʣʦ ʃʝʥʮʘ 

ʉ ʤʦʤʝʥʪʘ ʦʪʢʨʳʪʠʷ ʩʚʷʟʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʪʦʢʦʤ (ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ) ʜʝʣʘʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥ-

ʥʳʝ ʧʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʪʦʢ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɿʘʜʘʯʘ ʙʳʣʘ 

ʨʝʰʝʥʘ ʄʘʡʢʣʦʤ ʌʘʨʘʜʝʝʤ ʚ 1831 ʛ. (ɸʤʝʨʠʢʘʥʝʮ ɼʞʦʟʝʬ ɻʝʥʨʠ ʪʦʞʝ 

ʦʪʢʨʳʣ, ʥʦ ʥʝ ʫʩʧʝʣ ʦʧʫʙʣʠʢʦʚʘʪʴ ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ. ɸʤʧʝʨ ʪʘʢʞʝ ʧʨʝ-

ʪʝʥʜʦʚʘʣ ʥʘ ʦʪʢʨʳʪʠʝ, ʥʦ ʥʝ ʩʤʦʛ ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʦʠ ʨʝʟʫʣʴʪʘʪʳ). 

ʀʟ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ ʦʧʳʪʳ ʌʘʨʘʜʝʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ 

(ʨʠʩ. 2.4.1 ï 2.4.3). 

ɽʩʣʠ ʧʦʜʥʦʩʠʪʴ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʢ ʢʘʪʫʰʢʝ ʠʣʠ ʥʘʦʙʦʨʦʪ 

(ʨʠʩ. 2.4.1), ʪʦ ʚ ʢʘʪʫʰʢʝ ʚʦʟʥʠʢʥʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʊʦ ʞʝ ʩʘʤʦʝ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʜʚʫʤʷ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʘʪʫʰʢʘʤʠ: ʝʩʣʠ ʢ ʦʜʥʦʡ 

ʠʟ ʢʘʪʫʰʝʢ ʧʦʜʢʣʶʯʠʪʴ ʠʩʪʦʯʥʠʢ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʪʦ ʚ ʜʨʫʛʦʡ ʪʘʢʞʝ 

ʚʦʟʥʠʢʥʝʪ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ (ʨʠʩ. 2.4.2), ʥʦ ʣʫʯʰʝ ʚʩʝʛʦ ʵʪʦʪ ʵʬʬʝʢʪ ʧʨʦ-

ʷʚʣʷʝʪʩʷ, ʝʩʣʠ ʜʚʝ ʢʘʪʫʰʢʠ ʩʦʝʜʠʥʠʪʴ ʩʝʨʜʝʯʥʠʢʦʤ (ʨʠʩ. 2.4.3). 
 

 

ʈʠʩ. 2.4.1                                         ʈʠʩ. 2.4.2 

 
 

 

ʈʠʩ. 2.4.3 

 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʌʘʨʘʜʝʷ ʦʙʱʠʤ ʜʣʷ ʵʪʠʭ ʦʧʳʪʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶ-

ʱʝʝ: ʝʩʣʠ ʧʦʪʦʢ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʟʘʤʢʥʫʪʳʡ, ʧʨʦʚʦʜʷ-

ʱʠʡ ʢʦʥʪʫʨ, ʤʝʥʷʝʪʩʷ, ʪʦ ʚ ʢʦʥʪʫʨʝ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 
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ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʶʪ ʷʚʣʝʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, 

ʘ ʪʦʢ ï ʠʥʜʫʢʮʠʦʥʥʳʤ. ʇʨʠ ʵʪʦʤ ʷʚʣʝʥʠʝ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʩʧʦʩʦʙʘ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ʀʪʘʢ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʜʚʠʞʫʱʠʝʩʷ ʟʘʨʷʜʳ (ʪʦʢ) ʩʦʟʜʘʶʪ ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ, ʘ ʜʚʠʞʫʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʝʪ (ʚʠʭʨʝʚʦʝ) 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠ ʩʦʙʩʪʚʝʥʥʦ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ ʌʘʨʘʜʝʡ ʫʢʘʟʳʚʘʣ ʥʘʧʨʘʚʣʝʥʠʝ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ. 

ɺ 1833 ʛ. ʨʫʩʩʢʠʡ ʬʠʟʠʢ ʕ.ʍ. ʃʝʥʮ ʫʩʪʘʥʦʚʠʣ ʦʙʱʝʝ ʧʨʘʚʠʣʦ ʥʘ-

ʭʦʞʜʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ: ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥ 

ʪʘʢ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʵʪʦʛʦ ʪʦʢʘ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʪʦʢʘ, ʚʳʟʳʚʘʶʱʝʛʦ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ 

ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʨʘʚʠʣʦ ʃʝʥʮʘ. 

ɿʘʧʦʣʥʝʥʠʝ ʚʩʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʜʥʦʨʦʜʥʳʤ ʤʘʛʥʝʪʠʢʦʤ ʧʨʠʚʦʜʠʪ, 

ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʜʫʢʮʠʠ ʚ Õ ʨʘʟ. ʕʪʦʪ 

ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ ʦʙʫʩʣʦʚʣʝʥ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʪʦʢʘ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B
C
, ʘ ʥʝ ʧʦʪʦʢʘ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ H
C

. 

2.4.2.  ɺʝʣʠʯʠʥʘ ʕɼʉ ʠʥʜʫʢʮʠʠ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʦʢʘ ʚ ʮʝʧʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ 

ʩʠʣʳ. ʇʦʵʪʦʤʫ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʢʦʥʪʫʨʝ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢ-

ʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʠʥʜʫʢʮʠʠ iŮ. ʅʘʰʘ ʟʘʜʘʯʘ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥʳ ʩʦʭʨʘ-

ʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʘʡʪʠ ʚʝʣʠʯʠʥʫ iŮ ʠ ʚʳʷʩʥʠʪʴ ʝʝ ʧʨʠʨʦʜʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʫʯʘʩʪʢʘ 1-2 ʢʦʥʪʫʨʘ ʩ ʪʦʢʦʤ 

ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ B
C

 (ʨʠʩ. 2.4.4). 

 

 

ʈʠʩ. 2.4.4 

 

ʇʫʩʪʴ ʩʥʘʯʘʣʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ B
C

 ʦʪʩʫʪʩʪʚʫʝʪ. ɹʘʪʘʨʝʷ ʩ ʕɼʉ, ʨʘʚ-

ʥʦʡ 0Ů, ʩʦʟʜʘʝʪ ʪʦʢ 0I . ɿʘ ʚʨʝʤʷ dt ʙʘʪʘʨʝʷ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ 
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tIA dd 00Ů= .                                         (2.4.1) 

ʕʪʘ ʨʘʙʦʪʘ ʙʫʜʝʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʪʝʧʣʦ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʟʘʢʦʥʫ 

ɼʞʦʫʣʷ ï ʃʝʥʮʘ: 

,ddd 2
000

Ů tRItIAQ ===  

ʟʜʝʩʴ 
R

I 0
0

Ů
= , R ï ʧʦʣʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʛʦ ʢʦʥʪʫʨʘ. 

ʇʦʤʝʩʪʠʤ ʢʦʥʪʫʨ ʚ ʦʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ B
C

. 

ʃʠʥʠʠ B
C

||n
C

 ʠ ʩʚʷʟʘʥʳ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʦʢʘ çʧʨʘʚʠʣʦʤ ʙʫʨʘʚʯʠʢʘè. ʇʦ-

ʪʦʢ ʌ, ʩʮʝʧʣʝʥʥʳʡ ʩ ʢʦʥʪʫʨʦʤ, ï ʧʦʣʦʞʠʪʝʣʝʥ. 

ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦʥʪʫʨʘ ʠʩʧʳʪʳʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʣʫ Fd
C
. ʇʦʜ-

ʚʠʞʥʘʷ ʩʪʦʨʦʥʘ ʨʘʤʢʠ ʙʫʜʝʪ ʠʩʧʪrʳʚʘʪʴ ʩʠʣʫ 0F
C
. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʡ 

ʩʠʣʳ ʫʯʘʩʪʦʢ 1-2 ʙʫʜʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ tx d/dɡ= . ʇʨʠ ʵʪʦʤ 

ʠʟʤʝʥʠʪʩʷ ʠ ʧʦʪʦʢ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʊʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʪʦʢ ʚ ʢʦʥʪʫʨʝ ʠʟʤʝʥʠʪʩʷ ʠ ʩʪʘʥʝʪ ʨʘʚʥʳʤ 

.0 iIII -=  

ʀʟʤʝʥʠʪʩʷ ʠ ʩʠʣʘ 0F
C
, ʢʦʪʦʨʘʷ ʪʝʧʝʨʴ ʩʪʘʥʝʪ ʨʘʚʥʦʡ ʨʝʟʫʣʴʪʠʨʫʶ-

ʱʝʡ ʩʠʣʝ F
C
. ʕʪʘ ʩʠʣʘ ʟʘ ʚʨʝʤʷ dt ʧʨʦʠʟʚʝʜʝʪ ʨʘʙʦʪʫ dA: 

.dʌdd IxFA ==  
ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʵʣʝʤʝʥʪʳ ʨʘʤʢʠ ʥʝʧʦʜʚʠʞʥʳ, ʠʩʪʦʯʥʠʢʦʤ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 0Ů. 

ʇʨʠ ʥʝʧʦʜʚʠʞʥʦʤ ʢʦʥʪʫʨʝ ʵʪʘ ʨʘʙʦʪʘ ʩʚʦʜʠʣʘʩʴ ʪʦʣʴʢʦ ʣʠʰʴ ʢ ʚʳ-

ʜʝʣʝʥʠʶ ʪʝʧʣʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʪʝʧʣʦ ʪʦʞʝ ʙʫʜʝʪ ʚʳʜʝʣʷʪʴʩʷ, ʥʦ ʫʞʝ 

ʚ ʜʨʫʛʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʪ.ʢ. ʪʦʢ ʠʟʤʝʥʠʣʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʚʝʨʰʘʝʪʩʷ ʤʝʭʘ-

ʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ. ʆʙʱʘʷ ʨʘʙʦʪʘ ʟʘ ʚʨʝʤʷ dt ʨʘʚʥʘ 

.dʌdd 2
0
Ů ItRItI +=                                (2.4.2) 

ʋʤʥʦʞʠʤ ʣʝʚʫʶ ʠ ʧʨʘʚʫʶ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ (2.4.2) ʥʘ 
tIRd

1
, ʧʦʣʫ-

ʯʠʤ 

.
d

dʌ10Ů
tR

I
R

+=  

ʆʪʩʶʜʘ 

.d

dʌ
0Ů

R
tI

-
=                                            (2.4.3) 

ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ (2.4.3) ʤʳ ʚʧʨʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʢʦʥ 

ʆʤʘ ʜʣʷ ʢʦʥʪʫʨʘ, ʚ ʢʦʪʦʨʦʤ, ʢʨʦʤʝ ʠʩʪʦʯʥʠʢʘ 0Ů, ʜʝʡʩʪʚʫʝʪ 

.
d

dʌŮ
ti -=                                               (2.4.4) 
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ʕɼʉ ʠʥʜʫʢʮʠʠ ʢʦʥʪʫʨʘ 
i
Ů ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʤʘʛ-

ʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʨʦʥʠʟʳʚʘʶʱʝʡ ʵʪʦʪ ʢʦʥʪʫʨ. 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ (2.4.4) ʜʣʷ ʕɼʉ ʠʥʜʫʢʮʠʠ ʢʦʥʪʫʨʘ ʷʚʣʷʝʪʩ ̫ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʤ, ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʧʦʩʦʙʘ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ ʤʘʛʥʠʪʥʦʡ ʠʥ-

ʜʫʢʮʠʠ, ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʟʘʢʦʥ ʌʘʨʘʜʝʷ. 

ɿʥʘʢ ʤʠʥʫʩ ʚ ʚʳʨʘʞʝʥʠʠ ʦʪʨʘʞʘʝʪ ʧʨʘʚʠʣʦ ʃʝʥʮʘ ʦ ʥʘʧʨʘʚʣʝʥʠʠ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ: ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥ ʪʘʢ, ʯʪʦʙʳ 

ʩʚʦʠʤ ʧʦʣʝʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʠʟʤʝʥʝʥʠʶ ʥʘʯʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ 
td

dʌ
 ʩʚʷʟʘʥʳ 

çʧʨʘʚʠʣʦʤ ʙʫʨʘʚʯʠʢʘè (ʨʠʩ. 2.4.5). 

 

 

ʈʠʩ. 2.4.5 

 

ʈʘʟʤʝʨʥʦʩʪʴ ʕɼʉ ʠʥʜʫʢʮʠʠ ï [] []
[]

ɺ
ʩ

ʩɺʌŮ =
Ö

==
ti . 

ɽʩʣʠ ʢʦʥʪʫʨ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʠʪʢʦʚ, ʪʦ ʥʘʜʦ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʧʦʥʷʪʠʝʤ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ (ʧʦʣʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ): 
,ʌɊ N=  

ʛʜʝ N ï ʯʠʩʣʦ ʚʠʪʢʦʚ. 

ʀʪʘʢ, ʝʩʣʠ 

ä ä-=
= =
-=

N

i i
i

i
i

N

tt1 1
ʌ

d

d

d

dʌ
Ů ,  

.Ɋʌ =ä i  

ʊʦʛʜʘ ʟʘʢʦʥ ʌʘʨʘʜʝʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

.
d

dɊŮ
ti -=                                                      (2.4.5) 

2.4.3.  ʇʨʠʨʦʜʘ ʕɼʉ ʠʥʜʫʢʮʠʠ 

ʆʪʚʝʪʠʤ ʥʘ ʚʦʧʨʦʩ: ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʜʚʠʞʝʥʠʷ ʟʘʨʷʜʦʚ, ʧʨʠ-

ʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ? ʈʘʩʩʤʦʪʨʠʤ ʨʠʩ. 2.4.6.  
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ʇʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ, ʠʟʦʛʥʫʪʳʡ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʟʘʤʢʥʫʪ 

ʧʦʜʚʠʞʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ. 

¶ ɽʩʣʠ ʧʝʨʝʤʝʱʘʪʴ ʧʨʦʚʦʜʥʠʢ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ B
C

, 

ʪʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʃʦʨʝʥʮʘ ʵʣʝʢʪʨʦʥʳ ʙʫʜʫʪ ʦʪʢʣʦʥʷʪʴʩʷ ʚʥʠʟ, 

ʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʨʷʜʳ ï ʚʚʝʨʭ; ʚʦʟʥʠʢʘʝʪ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ. ʕʪʦ 

ʠ ʙʫʜʝʪ 
i
Ů ï ʩʪʦʨʦʥʥʷʷ ʩʠʣʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʡ ʪʝʯʝʪ ʪʦʢ.  

ɼʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ ,]ɡ,B[ʣF
CCC +=q  ʜʣʷ ʵʣʝʢʪʨʦʥʦʚ 

.]ɡ,B[ʣF
CCC

e-=  

¶ ɽʩʣʠ ʧʨʦʚʦʜʥʠʢ ʥʝʧʦʜʚʠʞʝʥ, ʘ ʠʟʤʝʥʷʝʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʘʢʘʷ 
ʩʠʣʘ ʚʦʟʙʫʞʜʘʝʪ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ? 

ɽʩʣʠ ʚʟʷʪʴ ʦʙʳʢʥʦʚʝʥʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʪʦ, ʢʘʢ ʪʦʣʴʢʦ ʟʘʤʳʢʘʝʪ-

ʩʷ ʮʝʧʴ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ, ʚʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʩʨʘʟʫ ʚʦʟʥʠʢʘʝʪ ʪʦʢ. 

ʇʨʠ ʵʪʦʤ ʩʠʣʘ ʃʦʨʝʥʮʘ ʥʝ ʫʯʘʩʪʚʫʝʪ, ʪ.ʢ. ʦʥʘ ʜʝʡʩʪʚʫʝʪ ʥʘ ʜʚʠʞʫɦ ʠʝʩʷ 

ʟʘʨ̫ʜʳ.  

 

ʈʠʩ. 2.4.6 

 

ʆʪʚʝʪ ʙʳʣ ʜʘʥ ɼʞ. ʄʘʢʩʚʝʣʣʦʤ ʚ 1860 ʛ.: ʚʩʷʢʦʝ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ ʚʦʟʙʫʞʜʘʝʪ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʝʨʝʤʝʥʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 'E . ʆʥʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʜʫʢ-

ʮʠʦʥʥʦʛʦ ʪʦʢʘ ʚ ʧʨʦʚʦʜʥʠʢʝ. ʊʦ ʝʩʪʴ 'E  ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʝ 

ʨʘʙʦʪʘʝʪ). 

ʉʫʱʥʦʩʪʴ ʷʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩʦʚʩʝʤ ʥʝ ʚ ʧʦʷʚ-

ʣʝʥʠʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ (ʪʦʢ ʧʦʷʚʣʷʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʝʩʪʴ ʟʘʨʷʜʳ 

ʠ ʟʘʤʢʥʫʪʘ ʮʝʧʴ), ʘ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʠʭʨʝʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

(ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʥʦ ʠ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʚʘʢʫʫʤʝ). 

ʕʪʦ ʧʦʣʝ ʠʤʝʝʪ ʩʦʚʝʨʰʝʥʥʦ ʠʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʝʞʝʣʠ ʧʦʣʝ, ʩʦʟʜʘ-

ʚʘʝʤʦʝ ʟʘʨʷʜʘʤʠ. ʊʘʢ ʢʘʢ ʦʥʦ ʥʝ ʩʦʟʜʘʝʪʩʷ ʟʘʨʷʜʘʤʠ, ʪʦ ʩʠʣʦʚʳʝ ʣʠʥʠʠ 

ʥʝ ʤʦʛʫʪ ʥʘʯʠʥʘʪʴʩʷ ʠ ʟʘʢʘʥʯʠʚʘʪʴʩʷ ʥʘ ʟʘʨʷʜʘʭ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʫ ʥʘʩ  

ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ. ʕʪʦ ʧʦʣʝ ʚʠʭʨʝʚʦʝ, ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʝʛʦ ʟʘʤʢʥʫʪʳ. 

ʊʘʢ ʢʘʢ ʵʪʦ ʧʦʣʝ ʧʝʨʝʤʝʱʘʝʪ ʟʘʨʷʜʳ, ʦʥʦ ʦʙʣʘʜʘʝʪ ʩʠʣʦʡ.  
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ɺʚʝʜʝʤ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 'E
C

. 

ʉʠʣʘ, ʩ ʢʦʪʦʨʦʡ ʵʪʦ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ ʥʘ ʟʘʨʷʜ, 

.'E'F
CC

q=  

ʅʦ ʢʦʛʜʘ ʟʘʨʷʜ ʜʚʠʞʝʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʥʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ 

ʃʦʨʝʥʮʘ 

].B,ɡ['ʣF
CCC

q=  

ʕʪʠ ʩʠʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ:  ]B,['E
CCC
ɡqq = , ʦʪʩʶʜʘ 

]B,['E
CCC
ɡ= ,                                           (2.4.6) 

ʟʜʝʩʴ ɡ
C

 ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʘʨʷʜʘ q ʦʪʥʦʩʠʪʝʣʴʥʦB
C

. ʅʦ ʜʣʷ ʷʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚʘʞʥʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ B
C
. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

],B,ɡ['E
CCC

B-=                                        (2.4.7) 

ʛʜʝ Bu
C

 ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʨʷʜʘ. 

ʕɼʉ ʠʥʜʫʢʮʠʠ 
ti d

dʌŮ -= . ɽʩʣʠ ʧʣʦʱʘʜʴ S, ʢʦʪʦʨʫʶ ʧʨʦʥʠʟʳʚʘʝʪ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ (S = const), ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

,
d

dŮ
t

B
Si -=  

ʪ.ʝ. ʕɼʉ ʠʥʜʫʢʮʠʠ 
i
Ů ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ 
t

B

d

d
. 

2.4.4.  ʎʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ  ʚʠʭʨʝʚʦʛʦ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʏʝʤʫ ʨʘʚʥʘ ʮʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ʚʠʭʨʝʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 'E
C

 

ʚ ʩʣʫʯʘʝ, ʠʟʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩ. 2.4.7? 
 

 

 

ʈʠʩ. 2.4.7 
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ʈʘʙʦʪʫ ʚʠʭʨʝʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ 

ʚʜʦʣʴ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ L ʤʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

.ld'Ed ñ=
L

qA
CC

                                          (2.4.8) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʝʜʠʥʠʯʥʦʛʦ ʟʘʨʷʜʘ 

ʚʜʦʣʴ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʨʘʚʥʘ ʕɼʉ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʵʪʦʡ ʮʝʧʠ: 

=Ad q
i
Ů .                                               (2.4.9) 

ʀʟ ʩʨʘʚʥʝʥʠʷ (2.4.8) ʠ (2.4.9) ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʮʠʨ-

ʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʚʥʘ 

i

L
Ůld'E =ñ

CC
.                                            (2.4.10) 

ʊʘʢ ʢʘʢ ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʩʪʦʨʦʥʥʠʭ ʩʠʣ ʚ ʮʝʧʠ, ʛʜʝ ʪʝʯʝʪ ʠʥʜʫʢʮʠ-

ʦʥʥʳʡ ʪʦʢ, ʥʝʪ, ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

.
d

dʌ
ld'Eñ -=

L
t

CC
                                      (2.4.11) 

ʕʪʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʮʠʨʢʫʣʷʮʠʠ ʩʧʨʘʚʝʜʣʠʚʳ ʚʩʝʛʜʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦ-

ʛʦ, ʚʳʧʦʣʥʝʥ ʢʦʥʪʫʨ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ, ʜʠʵʣʝʢʪʨʠʢʘ ʠʣʠ 

ʨʝʯʴ ʠʜʝʪ ʦ ʢʦʥʪʫʨʝ (ʤʳʩʣʝʥʥʦʤ) ʚ ʚʘʢʫʫʤʝ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʟʘʨʷʜʘ ʚ ʧʨʦʚʦʜʥʠʢʝ ʠʟ-ʟʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. 

ɽʩʣʠ ʢʦʥʪʫʨ ʚʳʧʦʣʥʝʥ ʠʟ ʜʠʵʣʝʢʪʨʠʢʘ, ʪʦ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʝʛʦ ʧʦ-

ʣʷʨʠʟʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶɦ ʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ 'E
C

. 

ɽʩʣʠ ʟʘʨʷʜ q ʜʚʠʞʝʪʩʷ ʚ ʚʘʢʫʫʤʝ ʧʦ ʢʦʥʪʫʨʫ, ʪʦ ʧʨʠ ʢʘʞʜʦʤ ʦʙʭʦʜʝ 

ʢʦʥʪʫʨʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʚʝʣʠʯʠʥʫ 

ñ ==
L

qq
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ɡ2 CC
.                            (2.4.12) 

ʅʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʬʘʢʪʘ ʦʩʥʦʚʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʫʩʢʦʨʠʪʝʣʴ 

ʵʣʝʢʪʨʦʥʦʚ ï ʙʝʪʘʪʨʦʥ. 

2.4.5.  ʊʦʢʠ ʌʫʢʦ (ʚʠʭʨʝʚʳʝ ʪʦʢʠ) 

ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʠʥʜʫʢʮʠʦʥʥʳʝ ʪʦʢʠ ʚ ʣʠʥʝʡʥʳʭ ʧʨʦ-

ʚʦʜʥʠʢʘʭ. ʅʦ ʠʥʜʫʢʮʠʦʥʥʳʝ ʪʦʢʠ ʙʫʜʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʚ ʪʦʣʱʝ ʩʧʣʦʰʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚ ʥʠʭ ʧʦʪʦʢʘ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ B
C

. 

ʆʥʠ ʙʫʜʫʪ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʚ ʚʝʱʝʩʪʚʝ ʧʨʦʚʦʜʥʠʢʘ (ʥʘʧʦʤʥʠʤ, ʯʪʦ ʣʠʥʠʠ 

'E
C

 
ï ʟʘʤʢʥʫʪʳ). ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʠʭʨʝʚʦʝ, ʪʦ ʠ ʪʦʢʠ ʥʘʟʳ-

ʚʘʶʪʩʷ ʚʠʭʨʝʚʳʤʠ ʪʦʢʘʤʠ, ʠʣʠ ʪʦʢʘʤʠ ʌʫʢʦ. 

ɽʩʣʠ ʤʝʜʥʫʶ ʧʣʘʩʪʠʥʫ ʦʪʢʣʦʥʠʪʴ ʦʪ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʠ ʦʪ-

ʧʫʩʪʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʚʦʰʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʧʦ-
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ʣʦʩʘʤʠ ʤʘʛʥʠʪʘ, ʪʦ ʧʣʘʩʪʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʥʦʚʠʪʩʷ ʚ ʤʦʤʝʥʪ ʝʝ ʚʭʦ-

ʞʜʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʨʠʩ. 2.4.8). 

ɿʘʤʝʜʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʚ ʧʣʘʩʪʠʥʝ ʚʠʭʨʝ-

ʚʳʭ ʪʦʢʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʠʟʤʝʥʝʥʠʶ ʧʦʪʦʢʘ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʡ ʠʥ-

ʜʫʢʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʧʣʘʩʪʠʥʘ ʦʙʣʘʜʘʝʪ ʢʦʥʝʯʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʪʦʢʠ 

ʠʥʜʫʢʮʠʠ ʧʦʩʪʝʧʝʥʥʦ ʟʘʪʫʭʘʶʪ ʠ ʧʣʘʩʪʠʥʘ ʤʝʜʣʝʥʥʦ ʜʚʠʛʘʝʪʩʷ ʚ ʤʘʛ-

ʥʠʪʥʦʤ ʧʦʣʝ. ɽʩʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʦʪʢʣʶʯʠʪʴ, ʪʦ ʤʝʜʥʘʷ ʧʣʘʩʪʠʥʘ ʙʫʜʝʪ 

ʩʦʚʝʨʰʘʪʴ ʦʙʳʯʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʤʘʷʪʥʠʢʘ. 

ʉʠʣʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʬʦʨ-

ʤʝ ʧʣʘʩʪʠʥʳ. ɽʩʣʠ ʟʘʤʝʥʠʪʴ ʩʧʣʦʥhʫʶ ʤʝʜʥʫʶ ʧʣʘʩʪʠʥʫ çʛʨʝʙʝʥʢʦʡè ï 

ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʦʡ ʩ ʧʨʦʧʠʣʘʤʠ, ʪʦ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʚ ʢʘʞʜʦʡ ʯʘʩʪʠ ʧʣʘ-

ʩʪʠʥʳ ʚʦʟʙʫʞʜʘʶʪʩʷ ʤʝʥʴʰʠʤʠ ʧʦʪʦʢʘʤʠ. ʀʥʜʫʢʮʠʦʥʥʳʝ ʪʦʢʠ ʫʤʝʥʴ-

ʰʘʶʪʩʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʪʦʨʤʦʞʝʥʠʝ (ʨʠʩ. 2.4.9). ʄʘʷʪʥʠʢ ʚ ʚʠʜʝ ʛʨʝ-

ʙʝʥʢʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʯʪʠ ʙʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʠʤ 

ʦʧʳʪʦʤ ʦʙʲʷʩʥʷʝʪʩʷ, ʧʦʯʝʤʫ ʩʝʨʜʝʯʥʠʢʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʦʚ ʜʝʣʘʶʪ ʥʝ ʠʟ ʩʧʣʦʰʥʦʛʦ ʢʫʩʢʘ ʞʝʣʝʟʘ, ʘ ʥʘʙʨʘʥʥʳʤʠ ʠʟ ʪʦʥʢʠʭ 

ʧʣʘʩʪʠʥ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʤʝʥʴʰʘʶʪʩʷ ʪʦʢʠ 

ʌʫʢʦ ʠ ʚʳʜʝʣʷʝʤʦʝ ʠʤʠ ʪʝʧʣʦ. 

                            

ʈʠʩ. 2.4.8                                                 ʈʠʩ. 2.4.9 

 

ɽʩʣʠ ʚʟʷʪʴ ʤʝʜʥʳʡ ʜʠʩʢ ʜʠʘʤʝʪʨʦʤ º 5 ʩʤ ʠ ʪʦʣɦ ʠʥʦʡ º 5 ʤʤ  

ʠ ʫʨʦʥʠʪʴ ʝʛʦ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʪʦ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ 

ʤʘʛʥʠʪʝ ʜʠʩʢ ʧʘʜʘʝʪ ʩ ʦʙʳʯʥʳʤ ʫʩʢʦʨʝʥʠʝʤ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ º 1 ʊʣ ʧʘʜʝʥʠʝ ʜʠʩʢʘ ʨʝʟʢʦ ʟʘʤʝʜʣʷʝʪʩʷ ʠ ʝʛʦ ʜʚʠʞʝʥʠʝ ʥʘʧʦ-

ʤʠʥʘʝʪ ʧʘʜʝʥʠʝ ʪʝʣʘ ʚ ʦʯʝʥʴ ʚʷʟʢʦʡ ʩʨʝʜʝ. 

ʊʦʨʤʦʟʷʱʝʝ ʜʝʡʩʪʚʠʝ ʪʦʢʘ ʌʫʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛ-

ʥʠʪʥʳʭ ʫʩʧʦʢʦʠʪʝʣʝʡ ï ʜʝʤʧʬʝʨʦʚ. ɽʩʣʠ ʧʦʜ ʢʘʯʘʶʱʝʡʩʷ ʚ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʝʣʢʦʡ ʨʘʩʧʦʣʦʞʠʪʴ ʤʘʩʩʠʚʥʫʶ ʤʝʜ-

ʥʫʶ ʧʣʘʩʪʠʥʫ, ʪʦ ʚʦʟʙʫʞʜʘʝʤʳʝ ʚ ʤʝʜʥʦʡ ʧʣʘʩʪʠʥʝ ʪʦʢʠ ʌʫʢʦ ʙʫʜʫʪ 
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ʪʦʨʤʦʟʠʪʴ ʢʦʣʝʙʘʥʠʝ ʩʪʨʝʣʢʠ. ʄʘʛʥʠʪʥʳʝ ʫʩʧʦʢʦʠʪʝʣʠ ʪʘʢʦʛʦ ʨʦʜʘ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʩʝʡʩʤʦʛʨʘʬʘʭ, ʛʘʣʴʚʘʥʦʤʝʪʨʘʭ ʠ ʜʨʫʛʠʭ ʧʨʠʙʦʨʘʭ. 

ʊʦʢʠ ʌʫʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʧʣʘʚʢʠ ʤʝʪʘʣ-

ʣʦʚ (ʨʠʩ. 2.4.10). ʄʝʪʘʣʣ ʧʦʤʝʱʘʶʪ ʚ ʧʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟ-

ʜʘʚʘʝʤʦʝ ʪʦʢʦʤ ʯʘʩʪʦʪʦʡ 500ï2000 ɻʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʜʫʢʪʠʚʥʦʛʦ ʨʘʟʦ-

ʛʨʝʚʘ ʤʝʪʘʣʣ ʧʣʘʚʠʪʩʷ, ʘ ʪʠʛʣʴ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʥʘʭʦʜʠʪʩʷ, ʧʨʠ ʵʪʦʤ ʦʩʪʘ-

ʝʪʩʷ ʭʦʣʦʜʥʳʤ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʜʚʝʜʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 600 ʢɺʪ ʪʦʥʥʘ 

ʤʝʪʘʣʣʘ ʧʣʘʚʠʪʩʷ ʟʘ 40ï50 ʤʠʥʫʪ. 

 

 

 

 

ʈʠʩ. 2.4.10 ʈʠʩ. 2.4.11 

 

ɺʨʝʜʥʦʝ ʜʝʡʩʪʚʠʝ ʪʦʢʦʚ ʌʫʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʦʛʨʝʚʝ ʩʝʨʜʝʯʥʠʢʦʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ʨʠʩ. 2.4.11). ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ, ʧʨʠʭʦʜʠʪʩʷ ʠʟʛʦ-

ʪʘʚʣʠʚʘʪʴ ʩʝʨʜʝʯʥʠʢʠ ʥʝ ʩʧʣʦʰʥʳʝ, ʘ ʠʟ ʧʣʘʩʪʠʥ. 

2.4.6. ʉʢʠʥ-ʵʬʬʝʢʪ 

ɽʩʣʠ ʙʳʩʪʨʦʧʝʨʝʤʝʥʥʳʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʪʦʢ ʧʨʦʪʝʢʘʝʪ ʧʦ ʧʨʦ-

ʚʦʜʥʠʢʫ, ʪʦ ʚʠʭʨʝʚʳʝ ʪʦʢʠ, ʠʥʜʫʮʠʨʫʝʤʳʝ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ 

ʧʨʦʚʦʜʥʠʢʘ ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘ ʦʩʠ ʧʨʦʚʦʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʢ ʢʘʢ ʙʳ ʚʳʪʝʩʥʷʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʚʦʜʘ, ʧʨʠ 

ʵʪʦʤ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʧʦ ʦʩʠ ʧʨʦʚʦʜʥʠʢʘ ʪʝʢʫʪ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩ-

ʥʦʚʥʦʛʦ ʪʦʢʘ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ï ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ (ʨʠʩ. 2.4.10). 

ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʩʢʠʥ-ʵʬʬʝʢʪʦʤ (ʦʪ ʘʥʛʣ. skin ï ʢʦʞʘ, ʦʙʦʣʦʯʢʘ). 

ɺʧʝʨʚʳʝ ʵʪʦ ʷʚʣʝʥʠʝ ʦʧʠʩʘʥʦ ʚ 1885ï1886 ʛʛ. ʘʥʛʣʠʡʩʢʠʤ ʬʠʟʠʢʦʤ 

ʆ. ʍʝʚʠʩʘʡʜʦʤ, ʘ ʦʙʥʘʨʫʞʝʥʦ ʥʘ ʦʧʳʪʝ ʝʛʦ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʦʤ ɼ. ʖʟʦʤ 

ʚ 1886 ʛ. 

ʇʨʠ ʥʘʨʘʩʪʘʥʠʠ ʪʦʢʘ ʚ ʧʨʦʚʦʜʝ ʕɼʉ ʠʥʜʫʢʮʠʠ ʥʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ 

ʪʦʢʘ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʘʤʦʠʥʜʫʢʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ ʦʩʠ ʧʨʦʚʦʜʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʇʣʦʪ-
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ʥʦʩʪʴ ʪʦʢʘ ʫʙʳʚʘʝʪ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʩʠ ʧʨʦʚʦʜʘ ʧʨʠʤʝʨʥʦ ʧʦ ʵʢʩʧʦ-

ʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ (ʨʠʩ. 2.4.13). 

 

  

ʈʠʩ. 2.4.12 ʈʠʩ. 2.4.13 

 

ʇʨʠ ʯʘʩʪʦʪʝ ɻʮ 50ɜ=  ʤʤ 100=r  ï ʪʦʢ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʦʙʲʝʤʫ ʧʨʦʚʦʜʦʚ, ʠʩʢʣʶʯʘʷ ʦʯʝʥʴ ʪʦʣʩʪʳʝ ʢʘʙʝʣʠ. 

ʅʦ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ( ɻʮ 10ʄɻʮ 100 8=ºn ) ʛʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʤ 107 3
0

-Öºr  ʠ ʪʦʢ ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʪʝʯʝʪ ʧʦ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʨʦʚʦʜʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʥʪʫʨʦʚ ʩʝʨʝʙʨʷʪ. ʇʨʦʚʦʜʘ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ, ʫʯʠʪʳʚʘʷ ʩʢʠʥ-ʵʬʬʝʢʪ, ʩʧʣʝʪʘʶʪ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʪʦʥʢʠʭ ʧʨʦʚʦʜʷʱʠʭ ʥʠʪʝʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʵʤʘʣʝʚʳʤ ʧʦ-

ʢʨʳʪʠʝʤ ï ʣʠʪʮʝʥʜʨʘʪʦʤ (ʨʠʩ. 2.4.14). 

 

                        

ʈʠʩ. 2.4.14 

 

ɺʏ-ʪʦʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʢʘʣʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ: ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʡ ʩʣʦʡ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʙʳʩʪʨʦ ʚ ɺʏ-ʧʦʣʝ, ʟʘʢʘʣʠʚʘʝʪʩʷ ʠ ʩʪʘʥʦ-

ʚʠʪʩʷ ʧʨʦʯʥʳʤ, ʥʦ ʥʝ ʭʨʫʧʢʠʤ, ʪ.ʢ. ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʜʝʪʘʣʠ ʥʝ ʨʘʟʦʛʨʝ-

ʚʘʣʘʩʴ ʠ ʥʝ ʟʘʢʘʣʠʚʘʣʘʩʴ. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ʏʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕɼʉ ʠʥʜʫʢʮʠʠ ʚ ʟʘʤʢʥʫ-

ʪʦʤ ʧʨʦʚʦʜʷʱʝʤ ʢʦʥʪʫʨʝ? ʆʪ ʯʝʛʦ ʠ ʢʘʢ ʟʘʚʠʩʠʪ ʕɼʉ ʠʥʜʫʢʮʠʠ, ʚʦʟʥʠ-

ʢʘʶʱʘʷ ʚ ʢʦʥʪʫʨʝ? 

2.  ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ? ʇʨʦ-

ʘʥʘʣʠʟʠʨʫʡʪʝ ʦʧʳʪʳ ʌʘʨʘʜʝʷ. 

3. ʇʦʯʝʤʫ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʟʘʤʢʥʫʪʳʡ ʧʨʦʚʦʜʥʠʢ ʚ ʚʠʜʝ ʢʘʪʫʰʢʠ, ʘ ʥʝ ʚ ʚʠʜʝ ʦʜʥʦʛʦ ʚʠʪʢʘ 

ʧʨʦʚʦʜʘ?  

4. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʧʨʘʚʠʣʦ ʃʝʥʮʘ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʚ ʝʛʦ ʧʨʠʤʝʨʘʤʠ. 

5.  ʂʘʢ ʥʘʧʨʘʚʣʝʥ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ? 

6. ɺʩʝʛʜʘ ʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʧʨʦʚʦʜʷʱʝʤ ʢʦʥ-

ʪʫʨʝ ʚ ʥʝʤ ʚʦʟʥʠʢʘʝʪ ʕɼʉ ʠʥʜʫʢʮʠʠ? ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ? 

7. ɺʦʟʥʠʢʘʝʪ ʣʠ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ ʚ ʧʨʦʚʦʜʷʱʝʡ ʨʘʤʢʝ, ʧʦʩʪʫʧʘ-

ʪʝʣʴʥʦ ʜʚʠʞʫʱʝʡʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ? 

8. ʇʦʢʘʞʠʪʝ, ʯʪʦ ʟʘʢʦʥ ʌʘʨʘʜʝʷ ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ 
ʵʥʝʨʛʠʠ. 

9.  ʂʘʢʦʚʘ ʧʨʠʨʦʜʘ ʕɼʉ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ? 

10. ɺʳʚʝʜʠʪʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʕɼʉ ʠʥʜʫʢʮʠʠ ʚ ʧʣʦʩʢʦʡ ʨʘʤʢʝ, ʨʘʚʥʦ-

ʤʝʨʥʦ ʚʨʘʱʘʶʱʝʡʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɿʘ ʩʯʝʪ ʯʝʛʦ ʝʝ 

ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ? 

11. ʏʪʦ ʪʘʢʦʝ ʚʠʭʨʝʚʳʝ ʪʦʢʠ? ɺʨʝʜʥʳ ʦʥʠ ʠʣʠ ʧʦʣʝʟʥʳ? 

12. ʇʦʯʝʤʫ ʩʝʨʜʝʯʥʠʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʝ ʜʝʣʘʶʪ ʩʧʣʦʰʥʤrʠ? 

13. ʂʦʛʜʘ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʙʦʣʴʰʝ ï ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʠʣʠ ʨʘʟʤʳʢʘ-

ʥʠʠ ʮʝʧʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ? 

14. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʦʥʪʫʨʘ? 
ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʚʫʭ ʢʦʥʪʫʨʦʚ? ʆʪ ʯʝʛʦ ʦʥʠ ʟʘʚʠʩʷʪ? 

15. ɺ ʯʝʤ ʟʘʢʣʶʯʘʶʪʩʷ ʷʚʣʝʥʠʷ ʩʘʤʦʠʥʜʫʢʮʠʠ ʠ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ? 

ɺʳʯʠʩʣʠʪʝ ʕɼʉ ʠʥʜʫʢʮʠʠ ʜʣʷ ʦʙʦʠʭ ʩʣʫʯʘʝʚ. 

16. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘ-

ʮʠʠ RL=Ű ? ɼʦʢʘʞʠʪʝ, ʯʪʦ Ű ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʚʨʝʤʝʥʠ. 

17. ɿʘʧʠʰʠʪʝ ʠ ʧʨʦʘʥʘʣʠʟʠʨʫʡʪʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ. ʏʝʤʫ ʨʘʚʥʘ ʦʙʲʝʤʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 

18. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʠʭʨʝʚʳʝ ʪʦʢʠ (ʪʦʢʠ ʌʫʢʦ)? ʂʘʢʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ ʦʥʠ ʥʘʭʦʜʷʪ? ʂʘʢ ʤʦʞʥʦ ʩ ʥʠʤʠ ʙʦʨʦʪʴʩʷ? 

19. ʄʝʞʜʫ ʧʦʣʶʩʘʤʠ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʩʥʘʯʘʣʘ ʢʘʯʘʝʪʩʷ ʤʘʩ-

ʩʠʚʥʳʡ ʤʘʷʪʥʠʢ (ʨʠʩ. 2.4.8), ʟʘʪʝʤ ï ʤʘʷʪʥʠʢ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʘʟʨʝ-

ʟʦʚ (ʨʠʩ. 2.4.9). ʇʦʷʩʥʠʪʝ ʧʦʚʝʜʝʥʠʝ ʤʘʷʪʥʠʢʦʚ ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʡ ʠ 

ʟʘʤʢʥʫʪʦʡ ʦʙʤʦʪʢʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ. 
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2.5. ʋʩʢʦʨʠʪʝʣʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

2.5.1.  ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʫʩʢʦʨʠʪʝʣʝʡ 

ʋʩʢʦʨʠʪʝʣʷʤʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘʟʳʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦ-

ʪʦʨʳʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʦʟʜʘʶʪʩʷ 

ʠ ʫʧʨʘʚʣʷʶʪʩʷ ʧʫʯʢʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʵʣʝʢ-

ʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ, ʤʝʟʦʥʦʚ ʠ ʪ.ʜ.). ʋʩʢʦʨʠʪʝʣʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ʃʶʙʦʡ ʫʩʢʦʨʠʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʠʧʦʤ ʫʩʢʦʨʷʝʤʳʭ ʯʘʩʪʠʮ, ʨʘʟ-

ʙʨʦʩʦʤ ʯʘʩʪʠʮ ʧʦ ʵʥʝʨʛʠʷʤ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʫʯʢʘ. ʋʩʢʦʨʠʪʝʣʠ ʧʦʜ-

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʧʨʝʨʳʚʥʳʝ (ʨʘʚʥʦʤʝʨʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʧʫʯʦʢ) 

ʠ ʠʤʧʫʣʴʩʥʳʝ (ʚ ʥʠʭ ʯʘʩʪʠʮʳ ʫʩʢʦʨʷʶʪʩʷ ʧʦʨʮʠʷʤʠ ï ʠʤʧʫʣʴʩʘʤʠ). 

ʇʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ.  

ʇʦ ʬʦʨʤʝ ʪʨʘʝʢʪʦʨʠʠ ʠ ʤʝʭʘʥʠʟʤʫ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮ ʫʩʢʦʨʠʪʝʣʠ 

ʜʝʣʷʪʩʷ ʥʘ ʣʠʥʝʡʥʳʝ, ʮʠʢʣʠʯʝʩʢʠʝ ʠ ʠʥʜʫʢʮʠʦʥʥʳʝ. ɺ ʣʠʥʝʡʥʳʭ ʫʩʢʦ-

ʨʠʪʝʣʷʭ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʙʣʠʟʢʠ ʢ ʧʨʷʤʳʤ ʣʠʥʠʷʤ, ʚ ʮʠʢ-

ʣʠʯʝʩʢʠʭ ʠ ʠʥʜʫʢʮʠʦʥʥʳʭ ʪʨʘʝʢʪʦʨʠʷʤʠ ʯʘʩʪʠʮ ʷʚʣʷʶʪʩʷ ʦʢʨʫʞʥʦʩʪʠ 

ʠʣʠ ʩʧʠʨʘʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʪʠʧʳ ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʨʞ̫ʝʥʥʳʭ ʯʘʩʪʠʮ. 

2.5.2.  ʃʠʥʝʡʥʳʝ ʫʩʢʦʨʠʪʝʣʠ 

1. ʃʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ. ʋʩʢʦʨʝʥʠʝ ʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʩʦʟʜʘʚʘʝʤʳʤ, ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ 

(ʨʠʩ. 2.5.1). ɿʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʧʨʦʭʦʜʠʪ ʧʦʣʝ ʦʜʥʦʢʨʘʪʥʦ: ʟʘʨʷʜ q, 

ʧʨʦʭʦʜʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 21 j-j , ʧʨʠʦʙʨʝʪʘʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨ-

ʛʠʶ )( 21 j-j=qK . ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʯʘʩʪʠʮʳ ʫʩʢʦʨʷʁ ʪʩʷ ʜʦ å 10 ʄʵɺ. 

ʀʭ ʜʘʣʴʥʝʡʰʝʝ ʫʩʢʦʨʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʫʪʝʯʢʠ ʟʘʨʷʜʦʚ, ʧʨʦʙʦʝʚ ʠ ʪ.ʜ. 

2. ʃʠʥʝʡʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ. ʋʩʢʦʨʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʩʚʝʨʭʚʳʩʦ-

ʢʦʡ ʯʘʩʪʦʪʳ, ʩʠʥʭʨʦʥʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʩ ʜʚʠʞʝʥʠʝʤ ʯʘʩʪʠʮ. ʊʘʢʠʤ 

ʩʧʦʩʦʙʦʤ ʧʨʦʪʦʥʳ ʫʩʢʦʨʷʶʪʩʷ ʜʦ ʵʥʝʨʛʠʡ ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʦʚ ʤʝʛʘʵʣʝʢ-

ʪʨʦʥʚʦʣʴʪ, ʵʣʝʢʪʨʦʥʳ ï ʜʦ ʜʝʩʷʪʢʦʚ ʛʠʛʘʵʣʝʢʪʨʦʥʚʦʣʴʪ. 

ʆʙʱʠʡ ʚʠʜ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʥʘ ʙʝʛʫʱʝʡ ʚʦʣʥʝ ʧʨʠʚʝʜʝʥ ʥʘ 

ʨʠʩ. 2.5.2. ɿʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʭʦʜʷʪ ʫʩʢʦʨʷʶʱʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚ ʜʚʫʭ ʨʝʟʦʥʘʪʦʨʘʭ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ. 
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ʈʠʩ. 2.5.1
 

ʈʠʩ. 2.5.2
 

2.5.3. ʎʠʢʣʠʯʝʩʢʠʝ ʫʩʢʦʨʠʪʝʣʠ 

1. ʎʠʢʣʦʪʨʦʥ ï ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʪʷʞʝʣʳʭ 

ʯʘʩʪʠʮ (ʧʨʦʪʦʥʦʚ, ʠʦʥʦʚ). ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʮʠʢʣʦʪʨʦʥʘ ʠ ʝʛʦ 

ʚʥʝʰʥʠʡ ʚʠʜ ʧʨʠʚʝʜʝʥ  rʥʘ ʨʠʩ. 2.5.3. 

ʄʝʞʜʫ ʧʦʣʶʩʘʤʠ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʧʦʤʝʱʘʝʪʩʷ ʚʘʢʫʫʤʥʘʷ 

ʢʘʤʝʨʘ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ ʜʚʘ ʵʣʝʢʪʨʦʜʘ ʚ ʚʠʜʝ ʧʦʣʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʣʫʮʠʣʠʥʜʨʦʚ, ʠʣʠ ʜʫʘʥʪʦʚ 3. ʂ ʜʫʘʥʪʘʤ ʧʨʠʣʦʞʝʥʦ ʧʝʨʝʤʝʥʥʦʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 5. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ, ʦʜʥʦ-

ʨʦʜʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʜʫʘʥʪʦʚ. 

 

  
ʈʠʩ. 2.5.3 

 

ɽʩʣʠ ʟʘʨʷʞʝʥʥʫʶ ʯʘʩʪʠʮʫ ʚʚʝʩʪʠ ʚ ʮʝʥʪʨ ʟʘʟʦʨʘ 1 ʤʝʞʜʫ ʜʫʘʥʪʘʤʠ, 

ʪʦ ʦʥʘ, ʫʩʢʦʨʷʝʤʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʦʪʢʣʦʥʷʝʤʘʷ ʤʘʛʥʠʪʥʳʤ ʧʦʣʤ̫ʠ, 

ʚʦʡʜʝʪ ʚ ʜʫʘʥʪ ʠ ʦʧʠʰʝʪ ʧʦʣʫʦʢʨʫʞʥʦʩʪʴ, ʨʘʜʠʫʩ ʢʦʪʦʨʦʡ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʝʥ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮʳ. ʂ ʤʦʤʝʥʪʫ ʝʝ ʚʳʭʦʜʘ ʠʟ ʧʝʨʚʦʛʦ ʜʫʘʥʪʘ ʧʦʣʷʨ-

ʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ (ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʦʜʙʦʨʝ ʠʟʤʝʥʝ-

ʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʜʫʘʥʪʘʤʠ), ʧʦʵʪʦʤʫ ʯʘʩʪʠʮʘ ʚʥʦʚʴ ʫʩʢʦʨʝ̫ʪʩʷ 

ʠ, ʧʝʨʝʭʦʜʷ ʚʦ ʚʪʦʨʦʡ ʜʫʘʥʪ, ʦʧʠʩʳʚʘʝʪ ʪʘʤ ʧʦʣʫʦʢʨʫʞʥʦʩʪʴ ʫʞʝ ʙʦʣʴ-

ʰʝʛʦ ʨʘʜʠʫʩʘ 2 ʠ ʪ.ʜ. 

ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʮʠʢʣʦʪʨʦʥʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʷʪʴ ʫʩʣʦʚʠʝ ʩʠʥʭʨʦʥʠʟʤʘ (ʫʩʣʦʚʠʝ çʨʝʟʦʥʘʥʩʘè) ï ʧʝʨʠʦʜʳ ʚʨʘ-
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ʱʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʠ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʯʘʩʪʠʮʘ ʙʫʜʝʪ ʜʚʠ-

ʛʘʪʴʩʷ ʧʦ ʨʘʩʢʨʫʯʠʚʘʶʱʝʡʩʷ ʩʧʠʨʘʣʠ, ʧʦʣʫʯʘʷ ʧʨʠ ʢʘʞʜʦʤ ʧʨʦʭʦʞʜʝ-

ʥʠʠ ʯʝʨʝʟ ʟʘʟʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʚʠʪʢʝ, ʢʦʛʜʘ 

ʵʥʝʨʛʠʷ ʯʘʩʪʠʮ ʠ ʨʘʜʠʫʩ ʦʨʙʠʪʳ ʜʦʚʝʜʝʥʳ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ, ʧʫʯʦʢ ʯʘʩʪʠʮ ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʢʣʦʥʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦ-

ʣʷ ʚʳʚʦʜʠʪʩʷ ʠʟ ʮʠʢʣʦʪʨʦʥʘ 4. 

ɺ ʮʠʢʣʦʪʨʦʥʘʭ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʩ ʟʘʨʷʜʦʤ q ʠ ʤʘʩʩʦʡ m ʫʩʢʦʨʷʝʪ-

ʩʷ ʜʦ ʩʢʦʨʦʩʪʝʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ 

ʯʘʩʪʠʮʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ. ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʯʘʩʪʠʮ  r
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p
=

2
. 

ʈʘʜʠʫʩ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ 
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m
R

ɡ
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ʎʠʢʣʦʪʨʦʥʳ ʧʦʟʚʦʣʷʶʪ ʫʩʢʦʨʷʪʴ ʧʨʦʪʦʥʳ ʜʦ ʵʥʝʨʛʠʡ ʧʨʠʤʝʨʥʦ 

20 ʄʵɺ. ɼʘʣʴʥʝʡʰʝʝ ʠʭ ʫʩʢʦʨʝʥʠʝ ʚ ʮʠʢʣʦʪʨʦʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʝʣʷ-

ʪʠʚʠʩʪʩʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʤʘʩʩʳ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠ-

ʯʝʥʠʶ ʧʝʨʠʦʜʘ ʦʙʨʘʱʝʥʠʷ (ʦʥ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʤʘʩʩʝ), ʠ ʩʠʥʭʨʦʥʠʟʤ 

ʥʘʨʫʰʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʮʠʢʣʦʪʨʦʥ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʠʤʝʥʠʤ ʜʣʷ ʫʩʢʦʨʝ-

ʥʠʷ ʵʣʝʢʪʨʦʥʦʚ (ʧʨʠ ɽ = 0,5 ʄʵɺ m = 2m0, ʧʨʠ ɽ = 10 ʄʵɺ   m = 28m0). 

ʋʩʢʦʨʝʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʯʘʩʪʠʮ ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʷʭ 

ʤʦʞʥʦ, ʦʜʥʘʢʦ, ʦʩʫʱʝʩʪʚʠʪʴ, ʝʩʣʠ ʧʨʠʤʝʥʷʪʴ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 1944 ʛ. 

ʩʦʚʝʪʩʢʠʤ ʬʠʟʠʢʦʤ ɺ.ʀ. ɺʝʢʩʣʝʨʦʤ (1907ï1966) ʠ ʚ 1945 ʛ. ʘʤʝʨʠʢʘʥ-

ʩʢʠʤ ʬʠʟʠʢʦʤ ʕ. ʄʘʢ-ʄʠʣʣʘʥʦʤ (1907ï1991) ʧʨʠʥʮʠʧ ʘʚʪʦʬʘʟʠʨʦʚʢʠ. 

ɽʛʦ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʠʦʜʘ 

ʚʨʘʱʝʥʠʷ ʯʘʩʪʠʮ, ʚʝʜʫʱʝʛʦ ʢ ʥʘʨʫʰʝʥʠʶ ʩʠʥʭʨʦʥʠʟʤʘ, ʠʟʤʝʥʷʶʪ ʣʠʙʦ 

ʯʘʩʪʦʪʫ ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ, ʣʠʙʦ ʠʥʜʫʢʮʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʝʡ, ʣʠʙʦ ʪʦ ʠ ʜʨʫʛʦʝ. ʇʨʠʥʮʠʧ ʘʚʪʦʬʘʟʠʨʦʚʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʘʟʦʪʨʦ-

ʥʝ, ʩʠʥʭʨʦʪʨʦʥʝ ʠ ʩʠʥʭʨʦʬʘʟʦʪʨʦʥʝ. 

2. ʄʠʢʨʦʪʨʦʥ (ʵʣʝʢʪʨʦʥʥʳʡ ʮʠʢʣʦʪʨʦʥ) ï ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩʥʳʡ 

ʫʩʢʦʨʠʪʝʣʴ, ʚ ʢʦʪʦʨʦʤ, ʢʘʢ ʠ ʚ ʮʠʢʣʦʪʨʦʥʝ, ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠ ʯʘʩʪʦʪʘ 

ʫʩʢʦʨʷʶʱʝʛʦ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳ ʚʦ ʚʨʝʤʝʥʠ, ʥʦ ʨʝʟʦʥʘʥʩʥʦʝ ʫʩʣʦʚʠʝ ʚ ʧʨʦ-

ʮʝʩʩʝ ʫʩʢʦʨʝʥʠʷ ʚʩʸ ʞʝ ʩʦʭʨʘʥʷʝʪʩʷ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʢʨʘʪʥʦʩʪʠ ʫʩʢʦʨʝ-

ʥʠʷ q. ʏʘʩʪʠʮʘ ʚʨʘʱʘʝʪʩʷ ʚ ʤʠʢʨʦʪʨʦʥʝ, ʚ ʦʜʥʦʨʦʜʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʦʭʦʜʷ ʫʩʢʦʨʷʶʱʠʡ ʨʝʟʦʥʘʪʦʨ. ɺ ʨʝʟʦʥʘʪʦʨʝ ʦʥʘ ʧʦʣʫʯʘʝʪ 

ʪʘʢʦʡ ʧʨʠʨʦʩʪ ʵʥʝʨʛʠʠ, ʯʪʦ ʝʸ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʠʟʤʝʥʝ̫ʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ, 

ʨʘʚʥʫʶ ʠʣʠ ʢʨʘʪʥʫʶ ʧʝʨʠʦʜʫ ʫʩʢʦʨʷʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠʯʝʤ, ʝʩʣʠ 

ʯʘʩʪʠʮʘ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʚʦʰʣʘ ʚ ʨʝʟʦʥʘʥʩ ʩ ʫʩʢʦʨʷʶʱʠʤ ʧʦʣʝʤ, ʵʪʦʪ ʨʝ-

ʟʦʥʘʥʩ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʝʨʠʦʜʘ ʦʙʨʘʱʝʥʠʷ. ɺ ʤʠʢʨʦ-
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ʪʨʦʥʝ ʜʝʡʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ ʘʚʪʦʬʘʟʠʨʦʚʢʠ, ʪʘʢ ʯʪʦ ʯʘʩʪʠʮʳ, ʙʣʠʟʢʠʝ ʢ ʨʘʚ-

ʥʦʚʝʩʥʦʡ ʦʨʙʠʪʝ, ʪʘʢʞʝ ʙʫʜʫʪ ʫʩʢʦʨʷʪʩɹʷ.  

ʄʠʢʨʦʪʨʦʥ ï ʫʩʢʦʨʠʪʝʣʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʝʥ ʜʘʚʘʪʴ 

ʪʦʢʠ ʧʦʨʷʜʢʘ 100 ʤɸ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʩʪʠʛʥʫʪʘʷ ʵʥʝʨʛʠʷ ï ʧʦʨʷʜʢʘ     

30 ʄ ɺɻ (ʈʦʩʩʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʈʝʘʣʠʟʘʮʠʷ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʡ ʟʘ-

ʪʨʫʜʥʠʪʝʣʴʥʘ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ, ʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʦʢʘ ʦʛʨʘʥʠʯʝʥʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟ-

ʣʫʯʝʥʠʝʤ ʫʩʢʦʨʷʝʤʳʭ ʵʣʝʢʪʨʦʥʦʚ. 

ɼʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʨʝʟʦʥʘʥʩʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʠʢʨʦʪʨʦʥʘ 

ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʥʦʨʦʜʥʳʤ. ʊʘʢʦʝ ʧʦʣʝ ʥʝ ʦʙʣʘʜʘʝʪ ʬʦʢʫʩʠʨʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ; ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʬʦʢʫʩʠʨʦʚʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʨʝʟʦʥʘʪʦʨʘ. ʇʨʝʜʣʘʛʘʣʠʩʴ ʚʘʨʠʘʥʪʳ ʤʠʢʨʦʪʨʦʥʦʚ 

ʩ ʤʝʥʷʶʱʠʤʩʷ ʧʦ ʘʟʠʤʫʪʫ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ (ʩʝʢʪʦʨʥʳʡ ʤʠʢʨʦʪʨʦʥ), ʥʦ 

ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʥʠ ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʠ. 

3. ʌʘʟʦʪʨʦʥ (ʩʠʥʭʨʦʮʠʢʣʦʪʨʦʥ) ï ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩʥʳʡ ʫʩʢʦ-

ʨʠʪʝʣʴ ʪʷʞʝʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʥʘʧʨʠʤʝʨ: ʧʨʦʪʦʥʦʚ, ʠʦʥʦʚ,  

Ŭ-ʯʘʩʪʠʮ), ʚ ʢʦʪʦʨʦʤ ʫʧʨʘʚʣʷʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʩʪʦʷʥʥʦ, ʘ ʯʘʩʪʦʪʘ 

ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʜʣʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʝʨʠʦʜʦʤ. 

ɼʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʬʘʟʦʪʨʦʥʝ, ʢʘʢ ʠ ʚ ʮʠʢʣʦʪʨʦʥʝ, ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʨʘʩ-

ʢʨʫʯʠʚʘʶʱʝʡʩʷ ʩʧʠʨʘʣʠ. ʏʘʩʪʠʮʳ ʚ ʬʘʟʦʪʨʦʥʝ ʫʩʢʦʨʷʶʪʩʷ ʜʦ ʵʥʝʨʛʠʡ, 

ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʭ 1 ɻʵɺ (ʦʛʨʘʥʠʯʝʥʠʷ ʟʜʝʩʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʤʝʨʘʤʠ 

ʬʘʟʦʪʨʦʥʘ, ʪ. ʢ. ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʨʘʩʪʝʪ ʨʘʜʠʫʩ ʠʭ ʦʨʙʠʪʳ). 

4. ʉʠʥʭʨʦʪʨʦʥ ï ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʫʣʴʪʨʘʨʝ-

ʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ, ʚ ʢʦʪʦʨʦʤ ʫʧʨʘʚʣʷʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʟ-

ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʘ ʯʘʩʪʦʪʘ ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦ-

ʩʪʦʷʥʥʘ. ʅʘ ʨʠʩ. 2.5.4 ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥ ʩʠʥʭʨʦʪʨʦʥ: 1 ï ʠʥʞʝʢ-

ʪʦʨ ʵʣʝʢʪʨʦʥʦʚ; 2 ï ʧʦʚʦʨʦʪʥʳʡ ʤʘʛʥʠʪ; 3 ï ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ;  

4 ï ʫʧʨʘʚʣʷʶʱʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪ; 5 ï ʚʘʢʫʫʤʥʘʷ ʪʦʨʦʠʜʘʣʴʥʘʷ ʢʘʤʝʨʘ; 

6 ï ʫʩʢʦʨʷʶʱʠʡ ʧʨʦʤʝʞʫʪʦʢ. 

ɺʥʝʰʥʠʡ ʚʠʜ ʊʦʤʩʢʦʛʦ ʩʠʥʭʨʦʪʨʦʥʘ ʥʘ 1,5 ɻʵɺ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩ. 2.5.5. ʕʣʝʢʪʨʦʥʳ ʚ ʨʘʟʥʳʭ ʩʠʥʭʨʦʪʨʦʥʘʭ ʫʩʢʦʨʷʶʪʩʷ ʜʦ ʵʥʝʨʛʠʡ  

5ï10 ɻʵɺ. 

              

ʈʠʩ. 2.5.4                                               ʈʠʩ. 2.5. 



.˞̞ Ȣ ̠ ̗̔̈̎̆̏̃ȟ ˗Ȣ˕Ȣ ˝̏̄̏̈̉̎Ȣ ˠ̘̆̂̎̉̋ ˪˘˒˗˟˝˕ˤ˒˞˟ˏ˛   
 

 157 

5. ʉʠʥʭʨʦʬʘʟʦʪʨʦʥ ï ʮʠʢʣʠʯʝʩʢʠʡ ʨʝʟʦʥʘʥʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʪʷʞʝ-

ʣʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʧʨʦʪʦʥʦʚ, ʠʦʥʦʚ), ʚ ʢʦʪʦʨʦʤ ʦʙʲʝʜʠʥʷʶʪʩʷ 

ʩʚʦʡʩʪʚʘ ʬʘʟʦʪʨʦʥʘ ʠ ʩʠʥʭʨʦʪʨʦʥʘ. ɿʜʝʩʴ ʫʧʨʘʚʣʷʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʠ ʯʘʩʪʦʪʘ ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ 

ʚʦ ʚʨʝʤʝʥʠ ʪʘʢ, ʯʪʦʙʳ ʨʘʜʠʫʩ ʨʘʚʥʦʚʝʩʥʦʡ ʦʨʙʠʪʳ ʯʘʩʪʠʮ ʦʩʪʘʚʘʣʩʷ ʧʦ-

ʩʪʦʷʥʥʳʤ. ʅʘ ʨʠʩ. 2.5.6 ʠʟʦʙʨʘʞʝʥ ʉʝʨʧʫʭʦʚʩʢʦʡ ʩʠʥʭʨʦʬʘʟʦʪʨʦʥ ʋ-70 

ʩ ʵʥʝʨʛʠʝʡ 70 ɻʵɺ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʝʡʩʪʚʠʝ ʣʦʨʝʥʮʝʚʦʡ ʩʠʣʳ ʠ ʨʘʩʩʯʠʪʘʝʤ ʵʥʝʨʛʠʶ ʧʨʦ-

ʪʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʦʣʴʮʝʚʦʡ ʤʘʛʥʠʪ ʜʠʘʤʝʪ-

ʨʦʤ 2 ʢʤ. ʄʝʞʜʫ ʧʦʣʶʩʘʤʠ ʵʪʦʛʦ ʤʘʛʥʠʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʪʦʨʦʠʜʘʣʴʥʘʷ 

ʚʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ, ʚ ʢʦʪʦʨʫʶ ʠʥʞʝʢʪʠʨʦʚʘʥ ʧʫʯʦʢ ʧʨʦʪʦʥʦʚ. ɽʩʣʠ 

ʩʤʦʪʨʝʪʴ ʥʘ ʫʩʢʦʨʠʪʝʣʴ ʩʚʝʨʭʫ (ʨʠʩ. 2.5.7), ʪʦ ʧʫʯʦʢ ʧʨʦʪʦʥʦʚ ʜʚʠʞʝʪʩʷ 

ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ, ʙʣʠʟʢʦʡ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 

ʅʘ ʧʨʦʪʦʥ ʜʝʡʩʪʚʫʝʪ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʘʷ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ 

ʢ ʮʝʥʪʨʫ. ɽʩʣʠ ʧʦʣʝ B
C

 ʥʘʧʨʘʚʣʝʥʦ ʠʟ ʧʣʦʩʢʦʩʪʠ ʯʝʨʪʝʞʘ, ʪʦ ʩʠʣʘ ʃʦ-

ʨʝʥʮʘ ]B,ɡ[F
CCC

=  ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʘ ʢ ʮʝʥʪʨʫ. 

 

                       

ʈʠʩ. 2.5.6                                                           ʈʠʩ. 2.5.7 

 

ʎʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʘʷ ʩʠʣʘ ʨʘʚʥʘ 

),/ɡ( 2
ʮ RmF r=  

ʛʜʝ rm  ï ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʤʘʩʩʘ ʧʨʦʪʦʥʘ. ʊʘʢ ʢʘʢ ʵʪʘ ʩʠʣʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʥʘ ʨʘʚʥʘ Beɡ. ʊʦʛʜʘ .ɡ/ɡ2 BeRmr =  

ʇʦʩʢʦʣʴʢʫ cºɡ , ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʯʪʦ ecBRcmr =2  ï ʪʘʢ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦʣʥʫʶ ʨʝʣʷʪʠʚʠʩʪʩʢʫʶ ʵʥʝʨʛʠʶ ʧʨʦʪʦʥʦʚ: 

ɻʵɺ540ɼʞ1064,8108,1103106,1 83819 =Ö=ÖÖÖÖÖ= --E . 

ɿʘʤʝʪʠʤ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ 

ʠʣʠ ʵʥʝʨʛʠʶ ʯʘʩʪʠʮ. ʋʩʢʦʨʝʥʠʝ ʧʨʦʪʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ 

ʠʭ ʦʙʦʨʦʪʝ ʚ ʢʦʣʴʮʝ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʜʝʡʩʪʚʫ-

ʝʪ ʥʘ ʢʦʨʦʪʢʦʤ ʫʯʘʩʪʢʝ ʢʦʣʴʮʘ. 
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ʇʣʘʥʠʨʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʚ ʛ. ʉʝʨʧʫʭʦʚʝ ʧʨʦʪʦʥʥʳʡ ʩʠʥʭʨʦʬʘʟʦʪʨʦʥ 

ʥʘ ʵʥʝʨʛʠʶ ʧʨʠʤʝʨʥʦ 3 000 ɻʵɺ (ʜʠʘʤʝʪʨ ʫʩʪʘʥʦʚʢʠ ʧʨʠʤʝʨʥʦ 6 000 ʤ). 

ɺ ʬʘʟʦʪʨʦʥʘʭ, ʤʠʢʨʦʪʨʦʥʘʭ, ʩʠʥʭʨʦʪʨʦʥʘʭ ʠ ʩʠʥʭʨʦʬʘʟʦʪʨʦʥʘʭ 

ʯʘʩʪʠʮʳ ʫʩʢʦʨʷʶʪʩʷ ʜʦ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʩʢʦʨʦʩʪʝʡ. 

ʄʘʩʩʘ ʯʘʩʪʠʮʳ m ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʩʢʦʨʦʩʪʠ ɡ: 

2

0

22

0

ɓ1/ɡ1 -
=

-
=

m

c

m
m , 

ʛʜʝ 0m  ï ʤʘʩʩʘ ʧʦʢʦʷ ʯʘʩʪʠʮʳ; c/ɡɓ=  ï ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠ-

ʮ  rɡ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ c  ʚ ʚʘʢʫʫʤʝ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ K: 0WWK -= , ʛʜʝ 2mcW=  ï ʧʦʣ-

ʥʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ; 2
00 cmW =  ï ʵʥʝʨʛʠʷ ʧʦʢʦʷ ʯʘʩʪʠʮʳ. 

ʀʤʧʫʣʴʩ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʯʘʩʪʠʮʳ 
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6. ɹʝʪʘʪʨʦʥ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʫʩʢʦʨʠʪʝʣʴ (ʵʣʝʢʪʨʦ-

ʥʦʚ) ʥʝʨʝʟʦʥʘʥʩʥʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʦʤ ʫʩʢʦʨʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʠʭʨʝ-

ʚʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. 

ʕʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʠʥʜʫʢʮʠʠ, ʩʦʟʜʘʚʘʝʤʘʷ ʧʝʨʝʤʝʥʥʳʤ ʤʘʛ-

ʥʠʪʥʳʤ ʧʦʣʝʤ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʨʦʚʦʜʥʠʢʦʚ. ʕʥʝʨ-

ʛʠʷ K, ʧʝʨʝʜʘʚʘʝʤʘʷ ʚʠʭʨʝʚʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʝʜʠʥʠʯʥʦʤʫ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦʤʫ ʟʘʨʷʜʫ, ʨʘʚʥʘ ʢʦʥʪʫʨʥʦʤʫ ʠʥʪʝʛʨʘʣʫ ʧʦ ʟʘʤʢʥʫʪʦʡ ʪʨʘʝʢʪʦ-

ʨʠʠ L: 

ñ -===
L t

K
d

dʌ
ldEŮ
CC

. 

ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʌʘʨʘʜʝʷ ʵʪʦʪ ʠʥʪʝʛʨʘʣ ʨʘʚʝʥ ʠʟʤʝʥʝʥʠʶ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ L. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʭʨʝʚʦʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʛʫʩʪʦʢ ʵʣʝʢʪʨʦʥʦʚ, ʜʚʠʛʘʶɦ ʠʭʩʷ 

ʚ ʠʟʤʝʥʷʶʱʝʤʩʷ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʠ ʫʩʢʦʨʷʪʴ ʠʭ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩ-

ʣʦʚʠʷʭ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʧʦ ʦʨʙʠʪʝ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʜʠʫʩʘ ʠ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ, ʧʨʠʯʝʤ ʵʥʝʨʛʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʠʭʨʝʚʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟ-
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ʜʘʚʘʝʤʦʛʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ, ʧʨʦʥʠʟʳʚʘʶʱʠʤ ʦʨʙʠʪʫ 

ʯʘʩʪʠʮ (ʨʠʩ. 2.5.8). 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.5.8, ʧʝʨʝʤʝʥʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ 

ʧʦʪʦʢ ɺʩʨ ʩʦʟʜʘʝʪ ʚ ʙʝʪʘʪʨʦʥʝ ʚʠʭʨʝʚʫʶ ʕɼʉ ʠʥʜʫʢʮʠʠ, ʫʩʢʦʨʷʶʱʫʶ 

ʵʣʝʢʪʨʦʥʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 

iq
m

Ů
2

ɡ2

= , 

ʧʨʠ ʢʘʞʜʦʤ ʦʙʭʦʜʝ ʢʦʥʪʫʨʘ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʚʝʣʠ-

ʯʠʥʫ iqŮ. 

  

ʈʠʩ. 2.5.8 

 

ʋʜʝʨʞʘʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʝ ʦʩʫʱʝʩʪ-

ʚʣʷʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ɺʫʧʨ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʠʟʤʝʥʷʶʱʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ. 

ɹʝʪʘʪʨʦʥ (ʨʠʩ. 2.5.9, ʘ) ʩʦʩʪʦʠʪ ʠʟ ʪʦʨʦʠʜʘʣʴʥʦʡ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ 

(ʨʠʩ. 2.5.9, ʚ), ʧʦʤʝʱʘʶʱʝʡʩʷ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʩʧʝʮʠ-

ʘʣʴʥʦʡ ʬʦʨʤʳ (ʨʠʩ. 2.5.9, ʙ). ʆʙʤʦʪʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʧʠʪʘʝʪʩʷ ʧʝʨʝ-

ʤʝʥʥʳʤ ʪʦʢʦʤ ʩ ʯʘʩʪʦʪʦʡ ɻʮ 100ɜº . 

 
a                                          ʙ                                            ʚ 

ʈʠʩ. 2.5.9 

 

ʇʝʨʝʤʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʳʧʦʣʥʷʝʪ ʜʚʝ ʬʫʥʢʮʠʠ: ʚʦ-ʧʝʨʚʳʭ, 

ʩʦʟʜʘʝʪ ʚʠʭʨʝʚʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʫʩʢʦʨʷʶʱʝʝ ʵʣʝʢʪʨʦʥʳ ʚʥʫʪʨʠ 
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ʪʦʨʦʠʜʘ; ʚʦ-ʚʪʦʨʳʭ, ʫʜʝʨʞʠʚʘʝʪ ʵʣʝʢʪʨʦʥʳ ʥʘ ʦʨʙʠʪʝ (ʩʠʣʦʚʳʝ ʣʠʥʠʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʫʩ-

ʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʮʝʥʪʨʝ ʪʦʨʘ). 

ɿʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ ʩ 10 3-  ʵʣʝʢʪʨʦʥʳ ʫʩʧʝʚʘʶʪ ʩʜʝʣʘʪʴ ʜʦ 610  ʦʙʦʨʦ-

ʪʦʚ ʠ ʧʨʠʦʙʨʝʩʪʠ ʵʥʝʨʛʠʶ ʜʦ 500 ʄʵɺ (ʩʦʪʥʠ ʄʵɺ ʚ ʨʘʟʥʳʭ ʫʩʢʦʨʠʪʝ-

ʣʷʭ). ʇʨʠ ʪʘʢʦʡ ʵʥʝʨʛʠʠ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʙʣʠʟʢʘ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 

( cºɡ ). 

ʂʨʦʤʝ ʪʦʛʦ, ʩʘʤ ʞʝ ʧʫʯʦʢ ʵʣʝʢʪʨʦʥʦʚ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʝʪ 

ʨʦʣʴ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ɺ ʢʦʥʮʝ ʮʠʢʣʘ ʫʩʢʦʨʝʥʠʷ ʚʢʣʶʯʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ, ʢʦʪʦʨʦʝ ʦʪʢʣʦʥʷʝʪ ʵʣʝʢʪʨʦʥʳ ʦʪ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʳ ʠ ʥʘʧʨʘʚ-

ʣʷʝʪ ʠʭ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʤʠʰʝʥʴ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚʥʫʪʨʠ ʢʘʤʝʨʳ. ʇʦʧʘ-

ʜʘʷ ʥʘ ʤʠh ʝʥʴ, ʵʣʝʢʪʨʦʥʳ ʪʦʨʤʦʟʷʪʩʷ ʚ ʥʝʡ ʠ ʠʩʧʫʩʢʘʶʪ ʞʝʩʪʢʠʝ ɔ-ʣʫʯʠ 

(ʠʣʠ ʨʝʥʪʛʝʥ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠ ʥʝ-

ʨʘʟʨʫʰʘʶʱʠʭ ʤʝʪʦʜʘʭ ʢʦʥʪʨʦʣʷ, ʚ ʤʝʜʠʮʠʥʝ ʠ ʪ.ʜ. 

ʀʜʝʷ ʙʝʪʘʪʨʦʥʘ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʚ 1922 ʛ. ɼʞ. ʉʣʝʧʷʥʦʤ. ɺ 1928 ʛ. 

ʈ. ɺʠʜʝʨʦʵ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʚʥʦʚʝʩʥʦʡ ʦʨʙʠʪʳ ï 

ʦʨʙʠʪʳ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʜʠʫʩʘ çʫʩʣʦʚʠʝ 2:1è. ʇʝʨʚʳʡ ʜʝʡʩʪʚʫʶʱʠʡ ʙʝʪʘ-

ʪʨʦʥ ʙʳʣ ʩʦʟʜʘʥ ʚ 1940 ʛ. ɼ. ʂʝʨʩʪʦʤ. 

ɺ ʉʉʉʈ ʧʝʨʚʳʝ ʙʝʪʘʪʨʦʥʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʩʦʟʜʘʥʳ ʫʯʝʥʳʤʠ 

ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʥʳʥʝ ʫʥʠʚʝʨʩʠʪʝʪʘ): ʧʨʦʬʝʩʩʦ-

ʨʘʤʠ ɸ.ɸ. ɺʦʨʦʙʴʝʚʳʤ, ʃ.ʄ. ɸʥʘʥʴʝʚʳʤ, ɺ.ʀ. ɻʦʨʙʫʥʦʚʳʤ, ɺ.ɸ. ʄʦʩ-

ʢʘʣʝʚʳʤ, ɹ.ʅ. ʈʦʜʠʤʦʚʳʤ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʚ ʠʥʩʪʠʪʫʪʝ ʠʥʪʨʦʩʢʦ-

ʧʠʠ (ʅʀʀʅ ʊʇʋ) ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬʝʩʩʦʨʘ ɺ.ʃ. ʏʘʭʣʦʚʘ ʫʩʧʝʥhʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʧʝʨʝʥʦʩʥʳʝ ʙʝʪʘ-

ʪʨʦʥʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʤʝʜʠʮʠʥʝ, ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʠ ʜʨʫʛʠʭ ʧʨʠʢʣʘʜʥʳʭ 

ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ɹʣʘʛʦʜʘʨʷ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʝʰʝʚʠʟʥʝ ʠ ʫʜʦʙʩʪʚʫ ʧʦʣʴʟʦʚʘ-

ʥʠʷ ʙʝʪʘʪʨʦʥʳ ʥʘʰʣʠ ʦʩʦʙʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʠʢʣʘʜʥʳʭ ʮʝʣʷʭ 

ʚ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʠ 20ï50 ʄʵɺ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ 

ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ ʠʣʠ ʪʦʨʤʦʟʥʦʝ ɔ-ʠʟʣʫʯʝʥʠʝ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ 

ʧʣʘʚʥʦ ʠʟʤʝʥʷʪʴʩʷ. 

2.5.4. ɹʦʣʴʰʦʡ ʘʜʨʦʥʥʳʡ ʢʦʣʣʘʡʜʝʨ 

ɹʦʣʴʰʦʡ ʘʜʨʦʥʥʳʡ ʢʦʣʣʘʡʜʝʨ (ʘʥʛʣ. Large Hadron Collider, LHC; 

ʩʦʢʨ. ɹɸʂ) ʫʩʢʦʨʠʪʝʣʴ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʚʩʪʨʝʯʥʳʭ ʧʫʯʢʘʭ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʟʛʦʥʘ ʧʨʦʪʦʥʦʚ ʠ ʪʷʞʸʣʳʭ ʠʦʥʦʚ (ʠʦʥʦʚ ʩʚʠʥʮʘ) ʠ 

ʠʟʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠʭ ʩʦʫʜʘʨʝʥʠʡ. ɹɸʂ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʚ ʤʠʨʝ (ʨʠʩ. 2.5.10).  
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ɹʦʣʴʰʠʤ ʥʘʟʚʘʥ ʠʟ-ʟʘ ʩʚʦʠʭ ʨʘʟʤʝʨʦʚ: ʜʣʠʥʘ ʦʩʥʦʚʥʦʛʦ ʢʦʣʴʮʘ ʫʩ-

ʢʦʨʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 26 659 ʤ; ʘʜʨʦʥʥʳʤ  ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʥ ʫʩʢʦʨʷʝʪ ʘʜ-

ʨʦʥʳ, ʪʦ ʝʩʪʴ ʯʘʩʪʠʮʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʚʘʨʢʦʚ; ʢʦʣʣʘʡʜʝʨʦʤ (ʘʥʛʣ. collide 

ʩʪʘʣʢʠʚʘʪʴʩʷ) ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʫʯʢʠ ʯʘʩʪʠʮ ʫʩʢʦʨʷʶʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʪʦʯʢʘʭ ʩʪʦʣʢʥʦʚʝʥʠʷ 

(ʨʠʩ. 2.5.11). 

  
ʈʠʩ. 2.5.10 ʈʠʩ.2.5.11 

ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʧʦʩʪʫʧʘʶʪ ʩʪʨʦʛʦ ʜʦʟʠʨʦʚʘʥʥʳʤʠ ʧʦʨʮʠʷʤʠ ʚ ʢʘ-

ʤʝʨʫ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ (ʨʠʩ. 2.5.12), ʪʘʤ ʦʪ ʥʠʭ ʦʪʜʝʣʷʶʪ ʵʣʝʢʪʨʦ-

ʥ ,r ʦʩʪʘʚʣʷʷ ʪʦʣʴʢʦ ʷʜʨʘ ʚʦʜʦʨʦʜʘ. ʇʨʦʪʦʥʳ ʥʝʩʫʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘ-

ʨʷʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʜʘʚʘʪʴ ʠʤ ʫʩʢʦʨʝʥʠʝ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ʕʪʫ ʩʪʘʜʠʶ ʨʘʟʛʦʥʘ ʯʘʩʪʠʮ ʚ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʤʦʞʥʦ ʩʨʘʚ-

ʥʠʪʴ ʩ ʧʝʨʚʦʡ ʩʪʫʧʝʥʴʶ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʢʝʪʳ. ʅʘ ʚʳʭʦʜʝ ʦʪʩʶʜʘ ʧʨʦʪʦ-

ʥʳ ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʚʥʦʡ 1/3 ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʊʝʧʝʨʴ ʦʥʠ 

ʛʦʪʦʚʳ ʧʦʩʪʫʧʠʪʴ ʚ ʙʫʩʪʝʨ ʠʣʠ ʚʦ ʚʪʦʨʫʶ ʩʪʫʧʝʥʴ ʨʘʢʝʪʳ. 

 
ʈʠʩ. 2.5.12 
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ʏʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʠʭ ʨʘʟʜʝ-

ʣʷʶʪ ʥʘ 4 ʯʘʩʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʝʪ ʚ ʦʪʜʝʣʴʥʦʝ ʢʦʣʴʮʦ ʙʫʩ-

ʪʝʨʘ (ʥʘʢʦʧʠʪʝʣʷ). ʂʦʣʴʮʝʚʦʡ ʫʩʢʦʨʠʪʝʣʴ ʨʘʟʛʦʥʷʝʪ ʧʨʦʪʦʥʳ ʜʦ 91,6 % 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʧʨʠ ʵʪʦʤ ʩʦʙʠʨʘʝʪ ʠʭ ʚ ʧʣʦʪʥʳʡ ʧʫʯʦʢ. ʇʦʩʣʝ ʵʪʦʛʦ ʯʘʩ-

ʪʠʮʳ ʠʟ 4 ʢʦʣʝʮ ʩʦʙʠʨʘʶʪʩʷ ʚʦʝʜʠʥʦ ʠ ʧʦʩʪʫʧʘʶʪ ʚ ʧʨʦʪʦʥʥʳʡ ʩʠʥ-

ʭʨʦʪʨʦʥ ʵʪʘ ʪʨʝʪʴʷ ʩʪʫʧʝʥʴ ʥʘʰʝʡ ʨʘʢʝʪʳ.  

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʩʠʥʭʨʦʪʨʦʥʘ 628 ʤʝʪʨʦʚ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʧʨʦʪʦʥʳ 

ʧʨʦʭʦʜʷʪ ʟʘ 1,2 ʩʝʢʫʥʜʳ, ʨʘʟʛʦʥʷʷʩʴ ʜʦ 99.9 % ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʅʦ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚ 25 ʨʘʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʘʩʩʘ ʧʨʦʪʦʥʦʚ, ʪʦ 

ʝʩʪʴ ʧʨʦʪʦʥʳ ʥʝ ʤʦʛʫʪ ʫʩʢʦʨʷʪʴʩʷ, ʘ ʩʪʘʥʦʚʷʪʩʷ ʪʷʞʝʣʝʝ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ 

ʵʥʝʨʛʠʷ ʢʘʞʜʦʡ ʯʘʩʪʠʮʳ ʨʘʚʥʷʝʪʩʷ 25 ʤʣʨʜ. ʵʣʝʢʪʨʦʥ-ʚʦʣʴʪ.  

ʊʝʧʝʨʴ ʥʘʯʠʥʘʝʪʩʷ 4 ʩʪʘʜʠʷ. ʇʨʦʪʦʥʥʳʡ ʩʫʧʝʨʩʠʥʭʨʦʪʨʦʥ ï ʦʛ-

ʨʦʤʥʦʝ 7-ʤʠ ʢʠʣʦʤʝʪʨʦʚʦʝ ʢʦʣʴʮʦ. ɽʛʦ ʟʘʜʘʯʘ ʫʚʝʣʠʯʠʪʴ ʵʥʝʨʛʠʶ ʧʨʦ-

ʪʦʥʦʚ ʜʦ 450 ʤʣʨʜ. ʵʣʝʢʪʨʦʥ-ʚʦʣʴʪ.  

ɼʘʣʝʝ ʧʫʯʢʠ ʧʨʦʪʦʥʦʚ ʙʫʜʫʪ ʛʦʪʦʚʳ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʙʦʣʴʰʦʡ ʘʜ-

ʨʦʥʥʳʡ ʢʦʣʣʘʡʜʝʨ. ɺ ʥʝʤ ʧʨʦʣʦʞʝʥʳ ʜʚʝ ʚʘʢʫʫʤʥʳʝ ʪʨʫʙʳ, ʧʦ ʥʠʤ ʚ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʜʚʠʞʫʪʩʷ ʧʫʯʢʠ ʧʨʦʪʦʥʦʚ. ʇʦ ʦʜʥʦʡ 

ʪʨʫʙʝ ʯʘʩʪʠʮʳ ʜʚʠʞʫʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʘ ʧʦ ʜʨʫʛʦʡ ʧʨʦʪʠʚ. ʕʪʠ 

ʪʨʫʙʳ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʯʝʪʳʨʝʭ ʤʝʩʪʘʭ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʜʝʪʝʢʪʦʨʳ. 

ʀʤʝʥʥʦ ʟʜʝʩʴ ʧʨʦʪʦʥʳ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʨʠʯʝʤ ʵʥʝʨʛʠʷ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʟʘʧʘʩ ʵʥʝʨʛʠʠ ʢʘʞʜʦʛʦ ʧʨʦʪʦʥʘ.  

 ɺ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ ʚ ʢʦʣʣʘʡʜʝʨ ʧʦʩʪʫʧʘʶʪ ʦʢʦʣʦ 2800 ʧʦʨʮʠʡ 

ʯʘʩʪʠʮ. ʂʘʞʜʫʶ ʩʝʢʫʥʜʫ ʧʨʦʪʦʥʳ ʧʨʦʭʦʜʷʪ, 27 ʢʠʣʦʤʝʪʨʦʚʳʡ ʢʨʫʛ ʙʦ-

ʣʝʝ 11 ʪʳʩʷʯ ʨʘʟ ʧʦʩʪʦʷʥʥʦ ʧʦʣʫʯʘʷ, ʠʤʧʫʣʴʩʳ ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ.  ʕʥʝʨʛʠʷ ʢʘʞʜʦʛʦ ʧʨʦʪʦʥʘ ʫʞʝ ʩʦʩʪʘʚʣʷʝʪ 7 ʊʵɺ, ʘ ʤʘʩʩʘ ʚ 

ʩʝʤʴ ʪʳʩʷʯ ʨʘʟ ʙʦʣʴʰʝ ʥʦʨʤʘʣʴʥʦʡ. ʆʙʱʘʷ ʵʥʝʨʛʠʷ ʜʚʫʭ ʩʪʘʣʢʠʚʘʶ-

ʱʠʭʩʷ ʧʨʦʪʦʥʦʚ ʨʘʚʥʘ 14 ʊʵɺ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ʂʘʢ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ, ʚʣʝʪʝʚʰʘʷ ʚ ʦʜʥʦʨʦʜʥʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢ ʚʝʢʪʦʨʫ B
C

 ʧʦʜ ʫʛʣʦʤ 2́? 

2. ʂʦʛʜʘ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʜʚʠʞʝʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦ ʩʧʠʨʘʣʠ? 

ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʰʘʛ ʩʧʠʨʘʣʠ? ʆʪʚʝʪʳ ʧʦʜʪʚʝʨʜʠʪʝ ʚʳʚʦʜʘʤʠ ʬʦʨʤʫʣ. 

3. ʏʪʦ ʪʘʢʦʝ ʫʩʢʦʨʠʪʝʣʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ? ʂʘʢʠʝ ʦʥʠ ʙʳʚʘʶʪ ʠ 

ʯʝʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ? 

10. ʇʦʯʝʤʫ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʮʠʢʣʦʪʨʦʥʳ? 

11. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠʥʮʠʧ ʘʚʪʦʬʘʟʠʨʦʚʢʠ? ɻʜʝ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ? 

12. ʏʝʤ ʦʪʣʠʯʘʝʪʩʷ ʩʠʥʭʨʦʪʨʦʥ ʦʪ ʩʠʥʭʨʦʬʘʟʦʪʨʦʥʘ? 

13. ʅʘ ʢʘʢʫʶ ʚʝʣʠʯʠʥʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʢʘʞ-

ʜʦʤ ʦʙʭʦʜʝ ʢʦʥʪʫʨʘ ʚ ʙʝʪʘʪʨʦʥʝ. 

14. ʂʘʢʘʷ ʜʦʩʪʠʛʥʫʪʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʨʦʪʦʥʦʚ? 
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2.6. ʉʘʤʦʠʥʜʫʢʮʠʷ ʠ ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʮʠʷ 

2.6.1.  ʗʚʣʝʥʠʝ ʩʘʤʦʠʥʜʫʢʮʠʠ 

ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʠʟʤʝʥʷʶʱʠʝʩʷ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʥʝ 

ʦʙʨʘʱʘʷ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʠʭ ʠʩʪʦʯʥʠʢʦʤ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ 

ʚʩʝʛʦ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʩʦʟʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʦʣʝʥʦʠ-

ʜʦʚ, ʪ.ʝ. ʤʥʦʛʦʚʠʪʢʦʚʳʭ ʢʦʥʪʫʨʦʚ ʩ ʪʦʢʦʤ. 

ɿʜʝʩʴ ʚʦʟʤʦʞʥʳ ʜʚʘ ʩʣʫʯʘʷ: ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ ʠʟʤʝʥʷ-

ʝʪʩʷ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ:  

ʘ) ʵʪʦʪ ʞʝ ʢʦʥʪʫʨ;  

ʙ) ʩʦʩʝʜʥʠʡ ʢʦʥʪʫʨ. 

ʕɼʉ ʠʥʜʫʢʮʠʠ, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʩʘʤʦʤ ʞʝ ʢʦʥʪʫʨʝ, ʥʘʟʳʚʘʝʪʩʷ ʕɼʉ 

ʩʘʤʦʠʥʜʫʢʮʠʠ, ʘ ʩʘʤʦ ʷʚʣʝʥʠʝ ï ʩʘʤʦʠʥʜʫʢʮʠʷ. 

ɽʩʣʠ ʞʝ ʕɼʉ ʠʥʜʫʢʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚ ʩʦʩʝʜʥʝʤ ʢʦʥʪʫʨʝ, ʪʦ ʛʦʚʦʨʷʪ 

ʦ ʷʚʣʝʥʠʠ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ. 

ʗʩʥʦ, ʯʪʦ ʧʨʠʨʦʜʘ ʷʚʣʝʥʠʷ ʦʜʥʘ ʠ ʪʘ ʞʝ, ʘ ʨʘʟʥʳʝ ʥʘʟʚʘʥʠʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ʤʝʩʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʕɼʉ ʠʥʜʫʢʮʠʠ. 

ʗʚʣʝʥʠʝ ʩʘʤʦʠʥʜʫʢʮʠʠ ʦʪʢʨʳʣ ʘʤʝʨʠʢʘʥʩʢʠʡ ʫʯʝʥʳʡ ɼʞ. ɻʝʥʨʠ. 

ʗʚʣʝʥʠʝ ʩʘʤʦʠʥʜʫʢʮʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʪʦʢ I, ʪʝʢʫʱʠʡ ʚ ʣʶʙʦʤ ʢʦʥʪʫʨʝ, ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ, ʧʨʦʥʠʟʳ-

ʚʘʶʱʠʡ ʵʪʦʪ ʞʝ ʢʦʥʪʫʨ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ I ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʌ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʚ ʢʦʥʪʫʨʝ ʙʫʜʝʪ ʥʘʚʦʜʠʪʴʩʷ ʕɼʉ ʠʥʜʫʢʮʠʠ.  

ʊʘʢ ʢʘʢ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ɺ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʦʢʫ I 

),( 0nIB mm=  ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

,ʌ LI=  

ʛʜʝ L ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʥʘʟʚʘʥʥʳʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ 

ʢʦʥʪʫʨʘ. 

ɽʩʣʠ ʚʥʫʪʨʠ ʢʦʥʪʫʨʘ ʥʝʪ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ, ʪʦ const=L , ʪ.ʢ. 

)()( HfIf ==m . 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʘ L ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ ʢʦʥʪʫʨʘ, ʯʠʩʣʘ 

ʚʠʪʢʦʚ, ʧʣʦʱʘʜʠ ʚʠʪʢʘ ʢʦʥʪʫʨʘ. 

ɿʘ ʝʜʠʥʠʮʫ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʚ ʉʀ ʧʨʠʥʠʤʘʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʪʘʢʦ-

ʛʦ ʢʦʥʪʫʨʘ, ʫ ʢʦʪʦʨʦʛʦ ʧʨʠ ʪʦʢʝ A 1=I  ʚʦʟʥʠʢʘʝʪ ʧʦʣʥʳʡ ʧʦʪʦʢ 

ɺʙ1ʌ= . ʕʪʘ ʝʜʠʥʠʮʘ ʥʘʟʳʚʘʝʪʩʷ ɻʝʥʨʠ (ɻʥ).  

ʈʘʟʤʝʨʥʦʩʪʴ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

[]
[]
[]

ɻʥ.ʩʆʤ
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ɺʙʌ
=Ö=
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L  
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ɺʳʯʠʩʣʠʤ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʦʣʝʥʦʠʜʘ L. ɽʩʣʠ ʜʣʠʥʘ ʩʦʣʝʥʦʠʜʘ l ʛʦ-

ʨʘʟʜʦ ʙʦʣʴʰʝ ʝʛʦ ʜʠʘʤʝʪʨʘ d ( dl >>), ʪʦ ʢ ʥʝʤʫ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʬʦʨ-

ʤʫʣʳ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʛʦ ʩʦʣʝʥʦʠʜʘ. ʊʦʛʜʘ 

,0
l

N
IB mm=  

ʟʜʝʩʴ N ï ʯʠʩʣʦ ʚʠʪʢʦʚ. ʇʦʪʦʢ ʯʝʨʝʟ ʢʘʞʜʳʡ ʠʟ ʚʠʪʢʦʚ .ʌ BS=  

ʇʦʪʦʢʦʩʮʝʧʣʝʥʠʝ 

.
2

00 ɛɛɛɛ I
l

SN
NS

l

N
INBS ===Y  

ʅʦ ʤʳ ʟʥʘʝʤ, ʯʪʦ LI=ʌ , ʦʪʢʫʜʘ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʩʦʣʝʥʦʠʜʘ 

,2
2

0ʩʦʣ 0
ɛɛɛɛ lSn

l

SN
L ==  

ʛʜʝ n ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ, ʪ.ʝ.VSllNn == ,/  ï ʦʙʲʝʤ ʩʦ-

ʣʝʥʦʠʜʘ, ʟʥʘʯʠʪ, 

.2
0

ɛɛʩʦʣ VnL =                                                 (2.6.1) 

ʀʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʟʤʝʨʥʦʩʪʴ ʜʣʷ ʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦ-

ʷʥʥʦʡ: 

[ ]
[][]
[]
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ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ ʚʦʟʥʠʢʘʝʪ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ, ʨʘʚʥʘʷ 
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-=                                                         (2.6.2) 

ɿʥʘʢ ʤʠʥʫʩ ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ʦʙʫʩʣʦʚʣʝʥ ʧʨʘʚʠʣʦʤ ʃʝʥʮʘ. 

ʗʚʣʝʥʠʝ ʩʘʤʦʠʥʜʫʢʮʠʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʨʘ-

ʜʠʦʪʝʭʥʠʢʝ. ʂʘʢ ʤʳ ʫʚʠʜʠʤ ʜʘʣʴʰʝ, ʙʣʘʛʦʜʘʨʷ ʩʘʤʦʠʥʜʫʢʮʠʠ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʝʨʝʟʘʨʷʜʢʘ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʢʘʪʫʰ-

ʢʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚ ʪʘʢʦʡ LC-ʮʝʧʦʯʢʝ (ʢʦʣʝʙʘʪʝʣʴʥʦʤ 

ʢʦʥʪʫʨʝ) ʚʦʟʥʠʢʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʣʝʙʘʥʠʷ. 

2.6.2.  ɺʣʠʷʥʠʝ ʩʘʤʦʠʥʜʫʢʮʠʠ ʥʘ ʪʦʢ ʧʨʠ ʟʘʤʳʢʘʥʠʠ  
ʠ ʨʘʟʤʳʢʘʥʠʠ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʩʣʫʯʘʝʚ ʚʣʠʷʥʠʷ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʥʘ ʪʦʢ 

ʚ ʮʝʧʠ. 

ʉʣʫʯʘʡ 1. ʇʦ ʧʨʘʚʠʣʫ ʃʝʥʮʘ ʪʦʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʮʝʧʷʭ ʚʩʣʝʜʩʪ-

ʚʠʝ ʩʘʤʦʠʥʜʫʢʮʠʠ, ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʠʟʤʝ-

ʥʝʥʠʶ ʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʚ ʮʝʧʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʟʘʤʳʢʘʥʠʠ 
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ʢʣʶʯʘ ʂ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʦʢʘ I2 ʚ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴ L, ʙʫ-

ʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʤʛʥʦʚʝʥʥʦ, ʘ ʧʦʩʪʝʧʝʥʥʦ (ʨʠʩ. 2.6.1). 

ʉʠʣʘ ʪʦʢʘ ʚ ʵʪʦʡ ʮʝʧʠ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ 

.102 ö
ö

÷

õ

æ
æ

ç

å
-=
- t

L

R

eII                                           (2.6.3) 

 

ʈʠʩ. 2.6.1 

 

ʉʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʥʠʷ ʪʦʢʘ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʦʡ 

ʚʨʝʤʝʥʠ ʮʝʧʠ 

.Ű
R

L
=                                                       (2.6.4) 

ɺ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʪʦʣʴʢʦ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R, ʪʦʢ 1I  ʫʩ-

ʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦ (ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ ʨʠʩ. 2.6.1). 

ʉʣʫʯʘʡ 2. ʇʨʠ ʧʝʨʝʚʦʜʝ ʢʣʶʯʘ ʠʟ ʧʦʣʦʞʝʥʠʷ 1 ʚ 2 ʚ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ 0t  ʪʦʢ ʥʘʯʥʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʥʦ ʕɼʉ ʩʘʤʦʠʥʜʫʢʮʠʠ ʙʫʜʝʪ ʧʦʜʜʝʨʞʠ-

ʚʘʪʴ ʪʦʢ ʚ ʮʝʧʠ, ʪ.ʝ. ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʪʦʢʘ (ʨʠʩ. 2.6.2). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʙʳʚʘʥʠʝ ʪʦʢʘ ʚ ʮʝʧʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ 

.00 t
--

==

t
t

L

R

eIeII                                      (2.6.5) 

ʆʙʘ ʵʪʠ ʩʣʫʯʘʷ ʛʦʚʦʨʷʪ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʮʝʧʠ L 

ʠ ʯʝʤ ʤʝʥʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R, ʪʝʤ ʙʦʣʴʰʝ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ Ű ʠ ʪʝʤ 

ʤʝʜʣʝʥʥʝʝ ʠʟʤʝʥʷʝʪʩʷ ʪʦʢ ʚ ʮʝʧʠ. 

 

 

ʈʠʩ. 2.6.2 
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ʉʣʫʯʘʡ 3. ʈʘʟʤʳʢʘʥʠʝ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴ L. ʊʘʢ ʢʘʢ 

ʮʝʧʴ ʨʘʟʦʤʢʥʫʪʘ, ʪʦʢ ʥʝ ʪʝʯʸʪ, ʧʦʵʪʦʤʫ ʥʘ ʨʠʩ. 2.6.3 ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ )(Ůt
i

.  

 

ʈʠʩ. 2.6.3 

 

ʇʨʠ ʨʘʟʤʳʢʘʥʠʠ ʮʝʧʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t  ¤­R . ʕʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʨʝʟʢʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʕɼʉ ʠʥʜʫʢʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʬʦʨʤʫʣʝ 

.
d

d
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t

I
L

i
-=   

ʇʨʦʠʩʭʦʜʠʪ ʵʪʦʪ ʩʢʘʯʦʢ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʪʦʢʘ 
t

I

d

d
. 

i
Ů ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

0
Ů ʠ ʜʘʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ 
0
Ů. ʇʦʵʪʦʤʫ ʥʝʣʴʟʷ ʨʝʟʢʦ ʨʘʟʤʳʢʘʪʴ ʮʝʧʴ, ʚʢʣʶ-

ʯʘʶʱʫʶ ʚ ʩʝʙʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠ ʜʨʫʛʠʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 

2.6.3.  ɺʟʘʠʤʥʘʷ ʠʥʜʫʢʮʠʷ 

ɺʦʟʴʤʝʤ ʜʚʘ ʢʦʥʪʫʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʝʜʘʣʝʢʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʢʘʢ 

ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.6.4. 

 

 

ʈʠʩ. 2.6.4 
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ɺ ʧʝʨʚʦʤ ʢʦʥʪʫʨʝ ʪʝʯʝʪ ʪʦʢ 1I . ʆʥ ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʢʦʪʦ-

ʨʳʡ ʧʨʦʥʠʟʳʚʘʝʪ ʠ ʚʠʪʢʠ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ: 

.ʌ 1212 IL=                                            (2.6.6) 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ 1I  ʚʦ ʚʪʦʨʦʤ ʢʦʥʪʫʨʝ ʥʘʚʦʜʠʪʩʷ ʕɼʉ ʠʥʜʫʢʮʠʠ 

.
d

d 1
2121
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L-=                                       (2.6.7) 

ɸʥʘʣʦʛʠʯʥʦ ʪʦʢ 2I  ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ ʩʦʟʜʘʝʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʧʨʦ-

ʥʠʟʳʚʘʶʱʠʡ ʧʝʨʚʳʡ ʢʦʥʪʫʨ, 

.2121ʌ IL=                                              (2.6.8) 

ʀ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ 2I  ʥʘʚʦʜʠʪʩʷ ʕɼʉ 

.
d

d 2
1212

Ů
t

I
L-=                                      (2.6.9) 

ʂʦʥʪʫʨʳ ʥʘʟʳʚʘʶʪʩʷ ʩʚʷʟʘʥʥʳʤʠ, ʘ ʷʚʣʝʥʠʝ ï ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʝʡ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ 21L  ʠ 12L  ʥʘʟrʚʘʁʪʩʷ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ, ʠʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʨʠʯʸʤ .1221 LLL ==  

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʜʚʫʭ ʩʚʷʟʘʥʥʳʭ ʢʦʥ-

ʪʫʨʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠ ʥʘʡʜʝʤ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

2.6.4.  ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʀʪʘʢ, ʷʚʣʝʥʠʝ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʙʳʣ ʠʟʦʙʨʝʪʝʥ ʗʙʣʦʯʢʦʚʳʤ, ʨʫʩʩʢʠʤ ʫʯʝʥʳʤ, 

ʚ 1876 ʛ. ʜʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʚʝʪʘ (ʩʚʝʯʠ ʗʙʣʦʯʢʦʚʘ). 

ʈʘʩʩʯʠʪʘʝʤ ʚʟʘʠʤʥʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʜʚʫʭ ʢʘʪʫʰʝʢ ( 1L  ʠ 2L ), ʥʘ-

ʤʦʪʘʥʥʳʭ ʥʘ ʦʙʱʠʡ ʩʝʨʜʝʯʥʠʢ (ʨʠʩ. 2.6.5). 

ʂʦʛʜʘ ʚ ʧʝʨʚʦʡ ʢʘʪʫʰʢʝ ʠʜʝʪ ʪʦʢ 1I , ʚ ʩʝʨʜʝʯʥʠʢʝ ʚʦʟʥʠʢʘʝʪ ʤʘʛ-

ʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ B
C

 ʠ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʌ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ S. 

  

ʈʠʩ2.6.5 
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ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʪʦʨʦʠʜʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

.1
10

l

N
Imm=B  

ʏʝʨʝʟ ʚʪʦʨʫʶ ʦʙʤʦʪʢʫ ʧʨʦʭʦʜʠʪ ʧʦʣʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ 2Ɋ , ʩʮʝ-

ʧʣʝʥʥʳʡ ʩʦ ʚʪʦʨʦʡ ʦʙʤʦʪʢʦʡ: 

,Ɋ 1
21

022 SI
l

NN
BSN mm==  

ʟʜʝʩʴ ʌ22 N=Y  ï ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 

.1212Ɋ IL=  

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʟʘʠʤʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʜʚʫʭ ʢʘʪʫʰʝʢ ʨʘʚʥʘ 

.0
Ɋ 21

1

2
2112 S

l

NN
LL

I
mm===  

ʂ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʝ ʧʦʜʢʣʶʯʝʥʘ ʧʝʨʝʤʝʥʥʘʷ ʕɼʉ Ů1. ʇʦ ʟʘʢʦʥʫ 

ʆʤʘ ʪʦʢ ʚ ʵʪʦʡ ʮʝʧʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʚʥʝʰ-

ʥʝʡ ʕɼʉ ʠ ʕɼʉ ʠʥʜʫʢʮʠʠ: 

,11
1

1 d

)ʌ(d
Ů RI

t

N
+-=  

ʛʜʝ 1R  ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ; 

1R  ʜʝʣʘʶʪ ʤʘʣʳʤ (ʤʝʜʥʳʝ ʧʨʦʚʦʜʘ), ʠ 011 ­RI . ʊʦʛʜʘ 

.
d

dʌ

d

)ʌ(d

1

1

1
Ů

t
N

t

N
ºº  

ɺʦ ʚʪʦʨʦʡ ʦʙʤʦʪʢʝ, ʧʦ ʘʥʘʣʦʛʠʠ, 
2
Ů

t
N

d

dʌ
2º , ʦʪʢʫʜʘ 

.
2

1

2

1

N

N

E

E
º                                                    (2.6.10) 

ɽʩʣʠ ʧʨʝʥʝʙʨʝʯʴ ʧʦʪʝʨʷʤʠ, ʪ.ʝ. ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 0ºR , ʪʦ 

=
11
ŮI  

22
ŮI .                                              (2.6.11) 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ  .
1

2

1

2

N

N

E

E
k ==  

2.6.5.  ʕʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʟʘʧʘʩʘ ʵʥʝʨʛʠʠ ʚ ʩʭʝʤʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ  

(ʨʠʩ. 2.6.2). 

ʉʥʘʯʘʣʘ ʟʘʤʢʥʝʤ ʩʦʣʝʥʦʠʜ L ʥʘ ʠʩʪʦʯʥʠʢ ʕɼʉ 
0
Ů ʚ ʥʝʤ ʙʫʜʝʪ ʧʨʦ-

ʪʝʢʘʪʴ ʪʦʢ 0I . ɿʘʪʝʤ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0t , ʧʝʨʝʢʣʶʯʠʤ ʢʣʶʯ ʚ ʧʦʣʦʞʝ-
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ʥʠʝ 2 ï ʟʘʤʢʥʝʤ ʩʦʣʝʥʦʠʜ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R. ɺ ʮʝʧʠ ʙʫʜʝʪ ʪʝʯʴ ʫʙʳ-

ʚʘʶʱʠʡ ʪʦʢ I. ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ ʩʦʚʝʨʰʝʥʘ ʨʘʙʦʪʘ =Ad  
0
Ů tId , ʠʣʠ 

;dd
d

d
d ILItI

t

I
LA -=-=       ;

2
d

20
LI

IILA

I

=-= ñ  

.
2

2LI
A=                                                        (2.6.12) 

ʕʪʘ ʨʘʙʦʪʘ ʧʦʡʜʝʪ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ. ʅʦ ʦʪʢʫʜʘ ʚʟʷʣʘʩʴ 

ʵʪʘ ʵʥʝʨʛʠʷ? ʇʦʩʢʦʣʴʢʫ ʜʨʫʛʠʭ ʠʟʤʝʥʝʥʠʡ, ʢʨʦʤʝ ʠʩʯʝʟʥʦʚʝʥʠʷ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʚ ʦʢʨʫʞʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʝ ʧʨʦʠʟʦʰʣʦ, ʦʩʪʘʝʪʩʷ ʟʘʢʣʯʁʠʪʴ, 

ʯʪʦ ʵʥʝʨʛʠʷ ʙʳʣʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɿʥʘʯʠʪ, ʧʨʦʚʦʜʥʠʢ 

ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʴʶ L, ʧʦ ʢʦʪʦʨʦʡ ʪʝʯʝʪ ʪʦʢ I, ʦʙʣʘʜʘʝʪ ʵʥʝʨʛʠʝʡ 

.
2

2LI
W=                                                      (2.6.13) 

ɺʳʨʘʟʠʤ ʵʥʝʨʛʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ. ɼʣʷ ʩʦʣʝʥʦʠʜʘ 

VnlSnL 2
0

2
0 mm=mm= ; 

InH= ; ʦʪʩʶʜʘ .
n

H
I =  

ʇʦʜʩʪʘʚʠʤ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (2.6.13): 

.
22

2
0

2

22
0 V

H

n

VHn
W

mm
=

mm
=                        (2.6.14) 

ʇʫʩʪʴ w ï ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ, ʠʣʠ ʵʥʝʨʛʠʷ ʚ ʦʙʲʝʤʝ V, ʪʦʛʜʘ 

,
2

2
0H

V

W
w

mm
==                                          (2.6.15) 

ʥʦ ʪ.ʢ. HB 0mm= , ʪʦ 

2

BH
w=  , ʠʣʠ .

2 0

2

mm
=

B
w                               (2.6.16) 

ʕʥʝʨʛʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʣʠʥʥʦʤ ʩʦʣʝʥʦʠʜʝ ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ 

VInW 22
0

2

1
mm= ,                                    (2.6.17) 

ʘ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

22
0

2

1
Inw mm= .                                        (2.6.18) 

ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʦʣʝʥʦʠʜʝ ʩ ʩʝʨʜʝʯʥʠʢʦʤ ʙʫ-

ʜʝʪ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠʟ ʵʥʝʨʛʠʠ ʧʦʣʷ ʚ ʚʘʢʫʫʤʝ ʠ ʚ ʤʘʛʥʝʪʠʢʝ ʩʝʨʜʝʯʥʠʢʘ: 

ʤʘʛʥʝʪʚʘʢwww += ,   ʦʪʩʶʜʘ    ʚʘʢʤʘʛʥʝʪwww -= . 
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ʊʘʢ ʢʘʢ ʚ ʚʘʢʫʫʤʝ 1ɛ=, ʠʤʝʝʤ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

( )
.

2

1

22

2
0

2
0

2
0

ʤʘʛʥʝʪ
HHH

w
-mm

=
m
-

mm
=  

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ. ʋʧʨʘʞʥʝʥʠʷ 

1. ɺ ʯʝʤ ʦʪʣʠʯʠʝ ʷʚʣʝʥʠʷ ʩʘʤʦʠʥʜʫʢʮʠʠ ʦʪ ʷʚʣʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢ-

ʮʠʠ? ʂʘʢʦʚʘ ʧʨʠʨʦʜʘ ʵʪʠʭ ʷʚʣʝʥʠʡ? 

2. ʅʘ ʨʠʩ. 2.4.1 ʩʭʝʤʘʪʠʯʥʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʦʧʳʪʳ ʌʘʨʘʜʝʷ. ʀʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʟʘʤʢʥʫʪʘʷ ʥʘ ʘʤʧʝʨʤʝʪʨ ʢʘʪʫʰʢʘ ʠ ʤʘʛʥʠʪ, ʢʦʪʦʨʳʡ ʚr -

ʜʚʠʛʘʣʠ ʠʟ ʢʘʪʫʰʢʠ (ʧʦʣʶʩʳ ʤʘʛʥʠʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʫʢʘ-

ʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ). ʇʦʷʩʥʠʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʦʢʘ ʚ ʢʘʞʜʦʤ ʠʟ ʧʨʠʚʝʜʝʥ-

ʥʳʭ ʩʣʫʯʘʝʚ. 

3. ʅʘ ʨʠʩ. ʩʭʝʤʘʪʠʯʥʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʦʧʳʪʳ ʌʘʨʘʜʝʷ. 1) ʂʘʪʫʰʢʘ, 

ʟʘʤʢʥʫʪʘʷ ʥʘ ʘʤʧʝʨʤʝʪʨ, ʤʦʞʝʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʦʜʚʠʞ-

ʥʦʛʦ ʤʘʛʥʠʪʘ (ʚʦʟʤʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʢʘʪʫʰʢʠ ʫʢʘʟʘʥʳ 

ʩʪʨʝʣʢʘʤʠ). ʇʦʷʩʥʠʪʝ ʩʫʪʴ ʵʪʠʭ ʦʧʳʪʦʚ. 2) ʂʦʥʮʳ ʢʘʪʫʰʢʠ ʙʦʣʴʰʝʛʦ 

ʜʠʘʤʝʪʨʘ ʟʘʤʢʥʫʪʳ ʥʘ ʘʤʧʝʨʤʝʪʨ, ʘ ʯʝʨʝʟ ʤʝʥʴʰʫʶ ʢʘʪʫʰʢʫ (ʦʥʘ ʤʦʞʝʪ 

ʚʩʪʘʚʣʷʪʴʩʷ ʚ ʜʨʫʛʫʶ ʢʘʪʫʰʢʫ) ʧʨʦʧʫʩʢʘʝʪʩʷ ʪʦʢ (ʮʝʧʴ ʵʪʦʡ ʢʘʪʫʰʢʠ 

ʩʦʜʝʨʞʠʪ ʨʝʦʩʪʘʪ ʠ ʚʳʢʣʶʯʘʪʝʣʴ). ʇʦʷʩʥʠʪʝ ʩʫʪʴ ʵʪʠʭ ʦʧʳʪʦʚ. 

4. ʇʨʦʚʦʣʦʯʥʘʷ ʢʘʪʫʰʢʘ ʟʘʤʢʥʫʪʘ  ʥʘ ʘʤʧʝʨʤʝʪʨ ʠ ʚ ʥʝʝ ʚʩʪʘʚʣʝʥ 
ʤʘʛʥʠʪ. ɹʫʜʝʪ ʣʠ ʚʦʟʥʠʢʘʪʴ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ ʚ ʢʘʪʫʰʢʝ, ʝʩʣʠ ʤʘʛʥʠʪ 

ʥʝʧʦʜʚʠʞʝʥ? ʇʦʯʝʤʫ? 

5. ʂʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ? 

6. ɼʚʘ ʢʨʫʛʦʚʳʭ ʧʨʦʚʦʜʥʠʢʘ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ 

ʜʨʫʛʫ. ʇʦʯʝʤʫ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʠʣʳ ʪʦʢʘ ʚʦ ʚʪʦʨʦʤ ʧʨʦʚʦʜʥʠʢʝ, ʚ ʧʝʨ-

ʚʦʤ ʥʝ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪʴ ʠʥʜʫʢʮʠʦʥʥʳʡ ʪʦʢ? 

7. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʧʦʣʦʩʦʚʳʭ ʤʘʛʥʠʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʯʠʥʘʶʪ ʧʘ-

ʜʘʪʴ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʳʩʦʪʳ ʩʢʚʦʟʴ ʦʜʠʥʘʢʦʚʦ ʟʘʢʨʝʧʣʝʥʥʳʝ ʢʘʪʫʰʢʠ. 

ʇʝʨʚʳʡ ʤʘʛʥʠʪ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʟʘʤʢʥʫʪʫʶ ʢʘʪʫʰʢʫ, ʚʪʦʨʦʡ ï ʯʝʨʝʟ ʨʘ-

ʟʦʤʢʥʫʪʫʶ. ʂʘʢʦʡ ʠʟ ʤʘʛʥʠʪʦʚ ʫʧʘʜʝʪ ʧʦʟʞʝ? ʇʦʯʝʤʫ? 

8. ʂʘʢʠʤ ʧʦʣʶʩʦʤ ʢ ʥʘʙʣʶʜʘʪʝʣʶ ʧʦʚʝʨʥʝʪʩʷ ʤʘʛʥʠʪʥʘʷ ʩʪʨʝʣʢʘ, 
ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʧʨʦʚʦʜʦʤ, ʝʩʣʠ ʶʞʥʳʡ ʧʦʣʶʩ ʧʦʣʦʩʦʚʦʛʦ ʤʘʛʥʠʪʘ 

ʚʳʜʚʠʛʘʪʴ ʠʟ ʢʘʪʫʰʢʠ (ʨʠʩ. 2.4.3 )? 

9. ʂʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʟʥʘʢʘ çʤʠʥʫʩè ʚ ʟʘʢʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʡ ʠʥʜʫʢʮʠʠ? 

10. ɻʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ? 

11. ɺʳʨʘʟʠʪʝ ʵʥʝʨʛʠʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʠ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʯʝʨʝʟ 

ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

12. ʈʘʩʩʤʦʪʨʠʪʝ ʩʣʫʯʘʡ, ʟʘʧʘʩʘ ʵʥʝʨʛʠʠ ʚ ʩʭʝʤʝ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ  

(ʨʠʩ. 2.6.2). 
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ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʝʡ. 

ʊʘʙʣʠʮʘ 1 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʧʦʣʝ 

ʌʦʨʤʫʣʳ  ʠ ʦʙʦ-

ʟʥʘʯʝʥʠʷ 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 

ʌʦʨʤʫʣʳ ʠ ʦʙʦ-

ʟʥʘʯʝʥʠʷ 

ʊʦʯʝʯʥʳʡ ʟʘʨʷʜ q  ʊʦʢ I  

ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʦʩʪʦʷʥʥʘʷ 0Ů 
ʄʘʛʥʠʪʥʘʷ ʧʦʩʪʦ-

ʷʥʥʘʷ 0ɛ 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ 
Ů 

ʄʘʛʥʠʪʥʘʷ ʧʨʦ-

ʥʠʮʘʝʤʦʩʪʴ 
ɛ 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 
1Ůɢ -=  ʄʘʛʥ. ʚʦʩʧʨʠ- 

ʠʤʯʠʚʦʩʪʴ 
1ɛ-=m  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦ-

ʯʝʯʥʳʭ ʟʘʨʷʜʦʚ 2

21

0ŮˊŮ4

1

r

qq
F =

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʪʦʢʦʚ r

II
F 210 2

4ˊ

ɛɛ
=  

ʅʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨ. ʧʦʣʷ q

F
E

C
C
=  

ʄʘʛʥʠʪʥʘʷ ʠʥ-

ʜʫʢʮʠʷ 
mP

M
B maxC

C
C
=  

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ 

ʠʥʜʫʢʮʠʷ 
EŮŮD 0

CC
=  

ʅʘʧʨʷʞʝʥʥʦʩʪʴ 

ʤʘʛʥʠʪ. ʧʦʣʷ ɛɛ

B
H

0

C
C
=  

ʇʨʠʥʮʠʧ ʩʫʧʝʨʧʦ-

ʟʠʮʠʠ ä= iEɽ
CC

 
ʇʨʠʥʮʠʧ ʩʫʧʝʨ-

ʧʦʟʠʮʠʠ ä= iBB
CC

 

ʇʦʣʷʨʠʟʦʚʘʥʥʦʩʪʲ EɢŮP 0

CC
=  

ʅʘʤʘʛʥʠʯʝʥ 

ʥʦʩʪʴ ʅJ
CC
m=  

ʕʣʝʢʪʨʦʝʤʢʦʩʪʴ 

ʧʨʦʚʦʜʥʠʢʘ d

Sq
C

ŮŮ

ű

0==  ʀʥʜʫʢʪʠʚʥʦʩʪʴ 

ʢʘʪʫʰʢʠ 
Sl

I

ū
L ɛɛ0==  

ʕʥʝʨʛʠʷ ʢʦʥʜʝʥʩʘ-

ʪʦʨʘ C

qCU
W

22

22

==  
ʕʥʝʨʛʠʷ ʢʘʪʫʰʢʠ 

ʩ ʪʦʢʦʤ L

ʌLI
W

22

22

==  

ʆʙʲʝʤʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʵʥʝʨʛʠʠ 2

Ů

2

2
0EED

w ==  
ʆʙʲʝʤʥʘʷ ʧʣʦʪʥ. 

ʵʥʝʨʛʠʠ 2

ɛ

2

2
0HBH

w ==  

ʎʠʨʢʫʣʷʮʠʷ E
C

 
0dE =ñ

L

l
C

 
ʎʠʨʢʫʣʷʮʠʷ B  ʧʦʣʥIH

L

=ñ  

ʊʝʦʨʝʤʘ ɻʘʫʩʩʘ 
0Ů

SdE
q

ʌ
S

E ==ñ
CC

 ʊʝʦʨʝʤʘ ɻʘʫʩʩʘ  0SdB ==ñ
S

Bʌ
CC

 

ɹʝʟʚʠʭʨʝʚʦʝ ʧʦʣʝ 0Erot =
C

 ʉʦʟʜ. ʪʦʢʘʤʠ 
ʧʦʣʥjHrot
CC
=  

ʉʦʟʜ. ʟʘʨʷʜʘʤʠ ɟDDdiv =Ð=
CC

 ɺʠʭʨʝʚʦʝ ʧʦʣʝ 0BBdiv =Ð=
CC
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2.7. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ 

2.7.1.  ʄʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʵʣʝʢʪʨʦʥʦʚ ʠ ʘʪʦʤʦʚ 

ʈʘʟʣʠʯʥʳʝ ʩʨʝʜʳ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʠʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘʟʳ-

ʚʘʶʪ ʤʘʛʥʝʪʠʢʘʤʠ. 

ɺʩʝ ʚʝʱʝʩʪʚʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ. ʋ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʦʭʨʘʥʷʶʪʩʷ 

ʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘʤʘʛʥʠʯʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʢʦʚ, ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʚʥʫʪʨʠ ʘʪʦʤʦʚ, ï ʚʨʘʱʝʥʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʚʠʞʝʥʠʷ ʠʭ ʚ ʘʪʦʤʝ. ʇʦʵʪʦʤʫ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʚʝʱʝʩʪʚʘ 

ʩʣʝʜʫʝʪ ʦʧʠʩʚrʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʨʝʘʣʴʥʳʭ ʘʪʦʤʥʳʭ ʪʦʢʦʚ, ʥʘʟʳʚʘʝʤʳʭ 

ʘʤʧʝʨʦʚʩʢʠʤʠ ʪʦʢʘʤʠ. 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʘʪʦ-

ʤʦʚ ʚʝʱʝʩʪʚʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʦʙʳʯʥʦ ʙʝʩʧʦʨʷʜʦʯʥʦ, ʪʘʢ ʯʪʦ ʩʦʟʜʘʚʘʝ-

ʤʳʝ ʠʤʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʇʨʠ ʥʘʣʦʞʝʥʠʠ 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʘʪʦʤʳ ʩʪʨʝʤʷʪʩʷ ʩʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʩʚʦʠʤʠ 

ʤʘʛʥʠʪʥʳʤʠ ʤʦʤʝʥʪʘʤʠ mP
C

 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ, ʠ ʪʦʛʜʘ ʢʦʤʧʝʥʩʘʮʠʷ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘʨʫʰʘʝʪʩʷ, ʪʝʣʦ ʧʨʠʦʙ-

ʨʝʪʘʝʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ï ʥʘʤʘʛʥʠʯʠʚʘʝʪʩʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʪʝʣ ʥʘʤʘʛ-

ʥʠʯʠʚʘʝʪʩʷ ʦʯʝʥʴ ʩʣʘʙʦ, ʠ ʚʝʣʠʯʠʥʘ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ B ʚ ʪʘ-

ʢʠʭ ʚʝʱʝʩʪʚʘʭ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʝʣʠʯʠʥʳ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚ ʚʘʢʫʫʤʝ 0B . ɽʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʣʘʙʦ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʚʝʱʝʩʪʚʝ, ʪʦ 

ʪʘʢʦʝ ʚʝʱʝʩʪʚʦ ʥʘʟʳʚʘʝʪʩʷ ʧʘʨʘʤʘʛʥʝʪʠʢʦʤ: 

1
0

>=m
B

B
  ( +3Ce , +3Pr , +3Ti , +3V , +2Fe , +2Mg , Li , Na); 

ʝʩʣʠ ʦʩʣʘʙʝʚʘʝʪ, ʪʦ ʵʪʦ ʜʠʘʤʘʛʥʝʪʠʢ: 

1
0

<=m
B

B
  (Bi, Cu, Ag, Au ʠ ʜʨ.). 

ʅʦ ʝʩʪʴ ʚʝʱʝʩʪʚʘ, ʦʙʣʘʜʘʶʱʠʝ ʩʠʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʊʘʢʠʝ ʚʝʱʝʩʪʚʘ ʥʘʟʳʚʘʶʪʩʷ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ: 

1
0

>>=m
B

B
 (Fe, Co, Ni ʠ ʧʨ.). 

ʕʪʠ ʚʝʱʝʩʪʚʘ ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʷʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʚ ʦʪʩʫʪʩʪ-

ʚʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ. 

ɺʩʝ ʪʝʣʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʭ ʚʦ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʤʘʛʥʠʯʠ-

ʚʘʶʪʩʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʪ.ʝ. ʩʦʟʜʘʶʪ ʩʦʙʩʪʚʝʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦ-

ʣʝ, ʢʦʪʦʨʦʝ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 
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ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʵʣʝʢʪʨʦʥʦʚ ʠ ʘʪʦʤʦʚ. 

ʄʘʛʥʝʪʠʢʠ ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʩʪʦʷʪ ʠʟ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʷʜʝʨ ʠ, ʫʩʣʦʚʥʦ ʛʦʚʦʨʷ, ʚʨʘʱʘʶʱʠʭʩʷ ʚʦʢʨʫʛ ʥʠʭ ʵʣʝʢ-

ʪʨʦʥʦʚ. 

ʕʣʝʢʪʨʦʥ, ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʦʨʙʠʪʝ ʚ ʘʪʦʤʝ, ʵʢʚʠʚʘʣʝʥʪʝʥ ʟʘʤʢʥʫʪʦ-

ʤʫ ʢʦʥʪʫʨʫ ʩ ʦʨʙʠʪʘʣʴʥʳʤ ʪʦʢʦʤ: 
,ɜeI =  

ʛʜʝ ʝ ï ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ; ɜ ï ʯʘʩʪʦʪʘ ʝʛʦ ʚʨʘʱʝʥʠʷ ʧʦ ʦʨʙʠʪʝ; 

rT ˊ2

ɡ1
ɜ == . 

ʆʨʙʠʪʘʣʴʥʦʤʫ ʪʦʢʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʨʙʠʪʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦ-

ʤʝʥʪ ʵʣʝʢʪʨʦʥʘ 

,
2

nP
r

e
ISm

p

u
==

C
CC

                                  (2.7.1) 

ʛʜʝ S ï ʧʣʦʱʘʜʴ ʦʨʙʠʪ;r n
C

 ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ S; ɡ
C

 ï ʩʢʦ-

ʨʦʩʪʴ ʵʣʝʢʪʨʦʥʘ. ʅʘ ʨʠʩ. 2.7.1 ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʛ-

ʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʥʘ. 

               

ʈʠʩ. 2.7.1 

 

ʕʣʝʢʪʨʦʥ, ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʦʨʙʠʪʝ, ʠʤʝʝʪ ʦʨʙʠʪʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʠʤʧʫʣʴʩʘ rme ɡL
CC

= , ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ mP  ʠ ʩʚʟ̫ʘʥ ʩ ʥʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

.LP em

CC
g=                                                    (2.7.2) 

ɿʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ɔ ʥʘʟʳʚʘʝʪʩʷ ʛʠʨʦʤʘʛ-

ʥʠʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʦʨʙʠʪʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʠ ʨʘʚʝʥ 

,
2

ɔ
m

e
-=                                                     (2.7.3) 

ʛʜʝ m ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʵʣʝʢʪʨʦʥ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʠʤʧʫʣʩɹʘ 

sL , ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʩʧʠʥʦʤ ʵʣʝʢʪʨʦʥʘ:  

>
2

3
=sL ,                                               (2.7.4) 

ʛʜʝ 
ʩ

ɼʞ
1005,1

2
34-Ö=

p
=

h
> ; 

ʩ

ɼʞ
106,6 34-Ö=h  ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ.  

ʉʧʠʥʫ ʵʣʝʢʪʨʦʥʘ sL  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʠʥʦʚʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ 

ʵʣʝʢʪʨʦʥʘ msP , ʥʘʧʨʘʚʣʝʥʥʳʡ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ: 

.LP ssms

CC
g=                                             (2.7.5) 

ɺʝʣʠʯʠʥʫ sg ʥʘʟʳʚʘʶʪ ʛʠʨʦʤʘʛʥʠʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʩʧʠʥʦʚʳʭ ʤʦ-

ʤʝʥʪʦʚ: 

.
m

e
s -=g                                                (2.7.6) 

ʇʨʦʝʢʮʠʷ ʩʧʠʥʦʚʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʥʘ ʥʘ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʚʝʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ
C

 ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʪʦʣʴʢʦ ʦʜ-

ʥʦ ʠʟ ʩʣʝʜʫʶɦ ʠʭ ʜʚʫʭ ʟʥʘʯʝʥʠʡ: 

smsB L
m

l

m

e
P

22
ɛɹ =°=°=

>
,                            (2.7.7) 

ʛʜʝ ɹɛ  ï ʢʚʘʥʪʦʚʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʥʘ ï ʤʘʛʥʝʪʦʥ ɹʦʨʘ. 

ʆʨʙʠʪʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ mP
C

 ʘʪʦʤʘ ʥʘʟʳʚʘʝʪʩʷ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʦʨʙʠʪʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʚʩʝʭ ʵʣʝʢʪʨʦʥʦʚ 

ʘʪʦʤʘ 

ä
=

=
Z

i
imm

1

,PP
CC

                                            (2.7.8) 

ʛʜʝ Z ï ʯʠʩʣʦ ʚʩʝʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ 

ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʄʝʥʜʝʣʝʝʚʘ. 

ʆʨʙʠʪʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ L
C

 ʘʪʦʤʘ ʥʘʟʳʚʘʝʪʩʷ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʘʷ ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʠʤʧʫʣʴʩʘ ʚʩʝʭ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ: 

.LL
1

ä
=

=
Z

i
ie

CC
                                               (2.7.9) 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʳ ʦʙʩʫʜʠʤ ʚ ʨʘʟ-

ʜʝʣʝ çɸʪʦʤʥʘʷ ʠ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘè. 
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2.7.2.  ɸʪʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʘʪʦʤʘ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩ ʠʥʜʫʢʮʠʝʡ ɺ
C

 ʥʘ ʵʣʝʢʪʨʦʥ, 

ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʦʨʙʠʪʝ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ ʩ ʪʦʢʦʤ, 

ʜʝʡʩʪʚʫʝʪ ʤʦʤʝʥʪ ʩʠʣ M
C

: 

]B,P[M
CCC

m= .                                          (2.7.10) 

ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʦʨʙʠʪʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʥʘ: 

]L,B[]B,P[
d

Ld
em

e

t

CCCC
C

g-== .                      (2.7.11) 

ɸʥʘʣʦʛʠʯʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚʝʢʪʦʨ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʵʣʝʢʪʨʦʥʘ: 

]P,B[
d

Pd
m

m

t

CC
C

g-= .                                    (2.7.12) 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʢʪʦʨʳ eL
C

 ʠ mP
C

 ʠ ʩʘʤʘ ʦʨʙʠʪʘ ʧʨʝʮʝʩʩʠʨʫ-

ʪʁ ʚʦʢʨʫʛ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ B
C
. ʅʘ ʨʠʩ. 2.7.2 ʧʦʢʘʟʘʥʦ ʧʨʝʮʝʩʩʠʦʥ-

ʥʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʠ ʝʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, 

ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ (ʧʨʝʮʝʩʩʠʦʥʥʦʝ) ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʥʘ. 

 

            

ʈʠʩ. 2.7.2 

 

ʕʪʘ ʧʨʝʮʝʩʩʠʷ ʥʘʟʳʚʘʝʪʩʷ ʣʘʨʤʦʨʦʚʩʢʦʡ ʧʨʝʮʝʩʩʠʝʡ. ʋʛʣʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ ʵʪʦʡ ʧʨʝʮʝʩʩʠʠ Lɤ  ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʥʝʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ: 

.B
2

ɤ
CC

m

e
L =                                            (2.7.13) 
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ʊʝʦʨʝʤʘ ʃʘʨʤʦʨʘ: ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦ-

ʛʦ ʧʦʣʷ ʥʘ ʦʨʙʠʪʫ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʝ ʷʚʣʷʝʪʩʷ ʧʨʝʮʝʩʩʠʷ ʦʨʙʠʪʳ 

ʠ ʚʝʢʪʦʨʘ mP
C
ï ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʥʘ ʩ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ Lɤ  ʚʦʢʨʫʛ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʷʜʨʦ ʘʪʦʤʘ ʧʘʨʘʣʣʝʣʴʥʦ 

ʚʝʢʪʦʨʫ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʇʨʝʮʝʩʩʠʷ ʦʨʙʠʪʳ ʵʣʝʢʪʨʦʥʘ ʚ ʘʪʦʤʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʪʦʢʘ  

p

w
=D

2
ʦʨʙ

LeI ,                                      (2.7.14) 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʪʦʢʫ I, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʥʘʚʝ-

ʜʝʥʥʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ  

B
ˊ4

P
2

ʦʨʙ

CC

m

Se
SIm

^
^ -=D-=D ,                     (2.7.15) 

ʛʜʝ Ŝ  ï ʧʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ʦʨʙʠʪʳ ʵʣʝʢʪʨʦʥʘ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʫʶ ʚʝʢʪʦʨʫ ɺ
C
. ɿʥʘʢ ʤʠʥʫʩ ʛʦʚʦʨʠʪ, ʯʪʦ mP

C
D  ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ 

ʚʝʢʪʦʨʫ B
C

.  

ʇʦʣʥʳʡ ʦʨʙʠʪʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʘʪʦʤʘ ʨʘʚʝʥ ʚʝʢʪʦʨʥʦʡ 

ʩʫʤʤʝ 

ää D+=
ii mmma PPP
CCC

. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʨʙʠʪʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʘʪʦʤʘ ʨʘʚʝʥ 

B
4

P
2 CC

m

ZSe
mʘ

p
-= ^ .                                        (2.7.16) 

2.7.3.  ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʚʝʱʝʩʪʚʝ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʝʱʝʩʪʚʝ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʪʠʧʘ ʪʦ-

ʢʦʚ ï ʤʘʢʨʦʪʦʢʠ ʠ ʤʠʢʨʦʪʦʢʠ. 

ʄʘʢʨʦʪʦʢʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʪʦʢʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʢʦʥʚʝʢʮʠʦʥʥʳʝ 

ʪʦʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʚʠʞʝʥʠʝʤ ʟʘʨʞ̫ʝʥʥʳʭ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʝʣ. 

ʄʠʢʨʦʪʦʢʘʤʠ (ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʪʦʢʘʤʠ) ʥʘʟʳʚʘʶʪ ʪʦʢʠ, ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʝ ʜʚʠʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʘʭ, ʤʦʣʝʢʫʣʘʭ ʠ ʠʦʥʘʭ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʚʝʱʝʩʪʚʝ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʜʚʫʭ ʧʦʣʝʡ: 

ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʘʢʨʦʪʦʢʘʤʠ, ʠ ʚʥʫʪʨʝʥʥʝʛʦ, 

ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʛʦ, ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʠʢʨʦʪʦʢʘʤʠ. 

ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʚʝʱʝʩʪʚʝ ʚʝʢʪʦʨ ɺ
C
, ʨʘʚʥʳʡ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʝ ʚʥʝʰɺ
C

 ʠ ʚʥʫʪʨɺ
C

 ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ: 

.ɺɺɺ ʚʥʫʪʨʚʥʝʰ

CCC
+=                                 (2.7.17) 
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ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʝɦ-

ʩʪʚʘ ʩʣʫʞʠʪ ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ ï ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ J
C
, ʨʘʚʥʘʷ ʦʪʥʦʰʝ-

ʥʠʶ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʤʘʣʦʛʦ ʦʙʲʝʤʘ ʚʝʱʝʩʪʚʘ ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ 

ʦʙʲʝʤʘ: 

,P
1

J
1

ä
=D

=
n

i
im

V

CC
                                       (2.7.18) 

ʛʜʝ imP
C

 ï ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ i-ʛʦ ʘʪʦʤʘ ʠʟ ʯʠʩʣʘ n ʘʪʦʤʦʚ ʚ ʦʙʝ̡ʤʝ ȹV. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʚʷʟʘʪʴ ʚʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʨʝʜʳ J
C

 ʩ ʪʦʢʦʤ 

ʤʠʢʨʦI , ʨʘʩʩʤʦʪʨʠʤ ʨʘʚʥʦʤʝʨʥʦ ʥʘʤʘʛʥʠʯʝʥʥʳʡ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʮʠʣʠʥʜ-

ʨʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ ʜʣʠʥʦʡ h ʠ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ S (ʨʠʩ. 2.7.3, ʘ). ʈʘʚ-

ʥʦʤʝʨʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʘʪʦʤʥʳʭ ʮʠʨʢʫʣʠ-

ʨʫʶʱʠʭ ʪʦʢʦʚ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ ʤʠʢʨʦI  ʧʦʚʩʶʜʫ ʧʦʩʪʦ̫ ʥʥʘ. 

 

            
                  ʘ                             ʙ                                              ʚ 

ʈʠʩ. 2.7.3 

 

ʂʘʞʜʳʡ ʘʪʦʤʥʳʡ ʪʦʢ ʚ ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʷ, ʧʝʨʧʝʥʜʠʢʫ-

ʣʷʨʥʦʡ ʝʛʦ ʦʩʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʢʨʫʞʦʢ, ʧʨʠʯʝʤ ʚʩʝ 

ʤʠʢʨʦʪʦʢʠ ʪʝʢʫʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ 

(ʨʠʩ. 2.7.3, ʙ). ɺ ʤʝʩʪʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ 

(ɸ, ɺ) ʤʦʣʝʢʫʣʷʨʥʳʝ ʪʦʢʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʳ ʠ ʢʦʤʧʝʥʩʠʨʫ-

ʶʪ ʜʨʫʛ ʜʨʫʛʘ (ʨʠʩ. 2.7.3, ʚ). ʅʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʣʠʰʴ 

ʪʦʢʠ, ʪʝʢʫʱʠʝ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʩʦʟʜʘʚʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʥʝʢʦʪʦʨʳʡ ʤʠʢʨʦʪʦʢ ʤʠʢʨʦI , ʚʦʟʙʫʞʜʘʶʱʠʡ ʚʦ ʚʥʝʰʥʝʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʨʘʚʥʦʝ ʧʦʣʶ, ʩʦʟʜʘʥʥʦʤʫ ʚʩʝʤʠ ʤʦʣʝʢʫ-

ʣʷʨʥʳʤʠ ʪʦʢʘʤʠ. 

ɿʘʢʦʥ ʧʦʣʥʦʛʦ ʪʦʢʘ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʘʢʫʫʤʝ ʤʦʞʥʦ ʦʙʦʙ-

ʱʠʪʴ ʥʘ ʩʣʫʯʘʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʝɦ ʝʩʪʚʝ: 
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),(ldB ʤʠʢʨʦʤʘʢʨʦ0 II

L

+m=ñ
CC

                       (2.7.19) 

ʛʜʝ ʤʠʢʨʦI  ʠ ʤʘʢʨʦI  ï ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʪʦʢʦʚ ʩʢʚʦʟʴ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘʪʷʥʫʪʫʶ ʥʘ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ L. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2.7.4, ʚʢʣʘʜ ʚ ʤʠʢʨʦI  ʜʘʶʪ ʪʦʣʴʢʦ ʪʝ ʤʦʣʝʢʫʣʷʨ-

ʥʳʝ ʪʦʢʠ, ʢʦʪʦʨʳʝ ʥʘʥʠʟʘʥʳ ʥʘ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ L. 

 

ʈʠʩ. 2.7.4 

 

ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʩʠʣ ʤʠʢʨʦʪʦʢʦʚ ʩʚʷʟʘʥʘ ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʚʝʢ-

ʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʝʤ 

,ldJʤʠʢʨʦñ=
L

I
CC

                                                                 (2.7.20) 

ʪʦʛʜʘ ʟʘʢʦʥ ʧʦʣʥʦʛʦ ʪʦʢʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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                                                 (2.7.21) 

ɺʝʢʪʦʨ 

J
B

H
0

C
C

C
-

m
=  

ʥʘʟʳʚʘʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʦʥ ʧʦʣʥʦʛʦ ʪʦʢʘ ʜʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʚʝʱʝ-

ʩʪʚʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʮʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ H
C

 ʚʜʦʣʴ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ L ʨʘʚʥʘ ʘʣʛʝʙʨʘʠʯʝ-

ʩʢʦʡ ʩʫʤʤʝ ʤʘʢʨʦʪʦʢʦʚ ʩʢʚʦʟʴ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘʪʷʥʫʪʫʶ ʥʘ ʵʪʦʪ ʢʦʥʪʫʨ: 

.dH ʤʘʢʨʦIl

L

=ñ
C

                                        (2.7.22) 

ɺʳʨʘʞʝʥʠʝ (2.7.22) ï ʵʪʦ ʟʘʢʦʥ ʧʦʣʥʦʛʦ ʪʦʢʘ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨ-

ʤʝ. ɺ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʝʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

.JHrot ʤʘʢʨʦ

CC
=                                         (2.7.23) 

ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠʟʦʪʨʦʧʥʦʡ ʩʨʝʜʳ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ H
C

 ʩʚʷʟʘʥʳ 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

HJ
CC
c= ,                                                  (2.7.24) 
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ʛʜʝ c ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʤʘʛʥʠʪ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ ʠ ʥʘʟʳʚʘʝʤʳʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ 

ʩʨʝʜʳ. ʆʥ ʩʚʟ̫ʘʥ ʩ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʩʦʦʪʥʦʰʝʥʠʝʤ c+=m 1 . 

2.7.4.  ɼʠʘʤʘʛʥʝʪʠʢʠ ʠ ʧʘʨʘʤʘʛʥʝʪʠʢʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʦʚ ʚ ʥʘʤʘʛʥʠʯʝʥʥʦʤ ʚʝʱʝʩʪʚʝ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳ ʠ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʘʪʦ-

ʤʘ. ʅʦ ʚʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʩʪʦʣʴ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʷʚʣʷ-

ʝʪʩʷ ʠʟʣʠʰʥʠʤ, ʠ ʥʘʩ ʠʥʪʝʨʝʩʫʶʪ ʩʨʝʜʥʠʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʩʦʟʜʘʥʥʳʝ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʘʪʦʤʦʚ. 

ʄʘʛʥʝʪʠʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʜʠʘʤʘʛʥʝ-

ʪʠʢʠ, ʧʘʨʘʤʘʛʥʝʪʠʢʠ ʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʜʣʷ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.7.5. 

 

  
ʈʠʩ. 2.7.5 

 

ɼʠʘʤʘʛʥʝʪʠʟʤ (ʦʪ ʛʨʝʯ. dia ï ʨʘʩʭʦʞʜʝʥʠʝ ʠ ʤʘʛʥʝʪʠʟʤ) - ʩʚʦʡʩʪʚʦ 

ʚʝʱʝʩʪʚ ʥʘʤʘʛʥʠʯʠʚʘʪʴʩʷ ʥʘʚʩʪʨʝʯʫ ʧʨʠʣʦʞʝʥʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. 

ɼʠʘʤʘʛʥʝʪʠʢʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʚʝʱʝʩʪʚʘ, ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ 

ʘʪʦʤʦʚ ʢʦʪʦʨʳʭ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʨʘʚʥʳ ʥʫʣʶ, ʪ.ʢ. ʤʘʛ-

ʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʚʩʝʭ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ ʚʟʘʠʤʥʦ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʳ 

(ʥʘʧʨʠʤʝʨ: ʠʥʝʨʪʥʳʝ ʛʘʟ ,r ʚʦʜʦʨʦʜ, ʘʟʦʪ, NaCl ʠ ʜʨ.). 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʝʛʦ ʘʪʦʤʳ 

ʧʨʠʦʙʨʝʪʘʶʪ ʥʘʚʝʜʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ. ɺ ʧʨʝʜʝʣʘʭ ʤʘʣʦʛʦ ʦʙʲʝʤʘ 

ȹV ʠʟʦʪʨʦʧʥʦʛʦ ʜʠʘʤʘʛʥʝʪʠʢʘ ʥʘʚʝʜʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ mPD  ʚʩʝʭ 

ʘʪʦʤʦʚ ʦʜʠʥʘʢʦʚʳ ʠ ʥʘʧʨʘʚʣʝʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʝʢʪʦʨʫ ɺ
C

. 

ɺʝʢʪʦʨ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʠʘʤʘʛʥʝʪʠʢʘ ʨʘʚʝʥ 
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                             (2.7.25) 

ʛʜʝ 0n  ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ; 0m  ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; c ï ʤʘʛʥʠʪ-

ʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʩʨʝʜʳ. 
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ɼʣʷ ʚʩʝʭ ʜʠʘʤʘʛʥʝʪʠʢʦʚ .0<c  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨ ʚʥʫʪʨɺ
C

 ʤʘʛ-

ʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʠʘʤʘʛ-

ʥʝʪʠʢʦʤ ʧʨʠ ʝʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʠ ʚʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʚʥʝʰɺ
C

, ʥʘʧʨʘʚʣʝʥ 

ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʚʥʝʰɺ
C

. (ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʠʵʣʝʢʪʨʠʢʘ ʚ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʤ ʧʦʣʝ). 

ʋ ʜʠʘʤʘʛʥʝʪʠʢʦʚ .1010~ 56 ---c  

ʇʘʨʘʤʘʛʥʝʪʠʟʤ (ʦʪ ʛʨʝʯ. para ï ʚʦʟʣʝ, ʨʷʜʦʤ ʠ ʤʘʛʥʝʪʠʟʤ) - ʩʚʦʡ-

ʩʪʚʦ ʚʝʱʝʩʪʚ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʘʤʘʛʥʠʯʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʵʪʦʛʦ ʧʦʣʷ, ʧʦʵʪʦʤʫ ʚʥʫʪʨʠ ʧʘʨʘʤʘʛʥʝʪʠʢʘ ʢ ʜʝʡʩʪʚʠʶ ʚʥʝʰʥʝʛʦ 

ʧʦʣʷ ʧʨʠʙʘʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʝ ʥʘʚʝʜʝʥʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ. 

ʇʘʨʘʤʘʛʥʝʪʠʢʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʚʝʱʝʩʪʚʘ, ʘʪʦʤʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ, 

ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʪʣʠʯʥʳʡ ʦʪ ʥʫʣʷ ʤʘʛʥʠʪʥʳʡ 

ʤʦʤʝʥʪ mP
C

. 

ʕʪʠ ʚʝʱʝʩʪʚʘ ʥʘʤʘʛʥʠʯʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ʚʥʝʰɺ
C

. 

ʂ ʧʘʨʘʤʘʛʥʝʪʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʤʥʦʛʠʝ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ, ʢʠʩʣʦʨʦʜ 

2O , ʦʢʩʠʜ ʘʟʦʪʘ NO, ʭʣʦʨʥʦʝ ʞʝʣʝʟʦ 2FeCl  ʠ ʜʨ. 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʘʨʘ-

ʤʘʛʥʝʪʠʢʘ 0=J , ʪ.ʢ. ʚʝʢʪʦʨʳ miP
C

 ʨʘʟʥʳʭ ʘʪʦʤʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʙʝʩʧʦ-

ʨʷʜʦʯʥʦ. 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʧʘʨʘʤʘʛʥʝʪʠʢʘ ʚʦ ʚʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ʘʪʦʤʦʚ miP
C

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʷ, ʪʘʢ ʯʪʦ ʧʘʨʘʤʘʛʥʝʪʠʢ ʥʘʤʘʛʥʠʯʠʚʘ-

ʝʪʩʷ. ɿʥʘʯʝʥʠʷ i ʜʣʷ ʧʘʨʘʤʘʛʥʝʪʠʢʦʚ ʧʦʣʦʞʠʪʝʣʴʥʳ (0>i ) ʠ ʥʘʭʦʜʷʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ 35 1010~ --- , ʪ.ʝ. ʧʨʠʤʝʨʥʦ ʢʘʢ ʠ ʫ ʜʠʘʤʘʛʥʝʪʠʢʦʚ. 

2.7.5.  ʌʝʨʨʦʤʘʛʥʝʪʠʢʠ 

ʂ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤ (ferrum ï ʞʝʣʝʟʦ) ʦʪʥʦʩʷʪʩʷ ʚʝʱʝʩʪʚʘ, ʤʘʛ-

ʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦʣʦʞʠʪʝʣʴʥʘ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 
54 1010 - . ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ J

C
 ʠ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ B

C
 ʬʝʨʨʦʤʘʛʥʝʪʠ-

ʢʦʚ ʨʘʩʪʫʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ H
C

 ʥʝʣʠʥʝʡ-

ʥʦ, ʠ ʚ ʧʦʣʷʭ  ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʜʦʩʪʠʛʘʝʪ 

ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ , ʘ ʚʝʢʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ 

ʩ :  

ʌʝʨʨʦʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʫ ʚʝ-

ʱʝʩʪʚ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʘʪʦʤʳ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ ʧʦʩʪʦʷʥʥʳʤ ʩʧʠ-

ʥʦʚʳʤ, ʠʣʠ ʦʨʙʠʪʘʣʴʥʳʤ, ʤʘʛʥʠʪʥʳʤ ʤʦʤʝʥʪʦʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʫ ʘʪʦʤʦʚ 

ʩ ʥʝʜʦʩʪʨʦʝʥʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ. ʊʠʧʠʯʥʳ-




































































































































