
ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ 

ʄʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʪʝʦʨʠʠ ʬʫʥʢʮʠʡ 

 

 

 

 

 

 

 

ʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ʉʦʣʜʘʪʦʚ 

ʉʚʝʪʣʘʥʘ ʉʝʨʘʬʠʤʦʚʥʘ ʂʨʫʛʣʦʚʘ 

ɽʚʛʝʥʠʡ ɺʘʣʝʥʪʠʥʦʚʠʯ ʂʨʫʛʣʦʚ 

 

 

 

 

 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʡ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ 

ʏʘʩʪʴ 3 

ʂʨʠʚʦʣʠʥʝʡʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠʥʪʝʛʨʘʣʳ. ʕʣʝʤʝʥʪʳ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 

 

ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʨʘʜʠʦʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʦʚ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ çɹʠʟʥʝʩ-ʠʥʬʦʨʤʘʪʠʢʘè 

 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʄʝʪʦʜʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʝʡ  

ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 
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Ä 1. ʂʨʠʚʦʣʠʥʝʡʥʳʝ ʠʥʪʝʛʨʘʣʳ ʧʦ ʜʣʠʥʝ ʜʫʛʠ ʢʨʠʚʦʡ 

 

ʇʦʥʷʪʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʦ ʦʪʨʝʟʢʫ ],[ ba , ba< , ʦʙʦʙʱʠʤ ʥʘ 

ʩʣʫʯʘʡ ʣʶʙʦʡ ʢʨʠʚʦʡ. ʕʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. 

1. ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʘ ʤʘʪʝʨʠʘʣʴʥʘʷ ʩʧʨʷʤʣʷʝʤʘʷ ʢʨʠʚʘʷ AB=G  ʠ 

ʟʘʜʘʥʘ ʝʸ ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ )(Pr=r . ʅʘʡʜʸʤ ʤʘʩʩʫ m. ʇʦʩʪʫʧʘʝʤ ʦʙʳʯʥʳʤ 

ʦʙʨʘʟʦʤ: ʨʘʟʦʙʴʸʤ ʢʨʠʚʫʶ ʥʘ ʤʘʣʳʝ ʯʘʩʪʠ kk AA 1-  ),1( nk= , ʠʭ ʜʣʠʥʳ ʦʙʦʟʥʘ-

ʯʠʤ ksD . ɺ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʚʦʟʴʤʸʤ ʧʦ ʪʦʯʢʝ kP . (ʈʠʩ. 3.1). ɽʩʣʠ ʫʯʘʩʪʦʢ ʤʘʣ, 

ʪʦ ʝʛʦ 

 
ʤʦʞʥʦ ʧʨʠʤʝʨʥʦ ʩʯʠʪʘʪʴ ʦʜʥʦʨʦʜʥʳʤ, ʩ ʧʣʦʪʥʦʩʪʴʶ )( kPr  ʠ ʧʦʪʦʤʫ ʝʛʦ ʤʘʩʩʘ 

ʧʨʠʙʣʠʞʸʥʥʦ ʝʩʪʴ kk sP DÖr )( , ʠ ʪʦʛʜʘ ʜʣʷ ʚʩʝʡ ʢʨʠʚʦʡ ä
=

rº
n

k

m
1

kk sP DÖ)( . ʇʝʨʝ-

ʭʦʜʷ ʢ ʧʨʝʜʝʣʫ ʧʨʠ 0max
1

­D=l
¢¢

k
nk

s , ʧʦʣʫʯʠʤ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ: 

    ä
=­l

Dr=
n

k
kk sPm

10
)(lim .     (3.1) 

ʇʦʣʫʯʝʥʥʳʝ ʩʫʤʤʳ ʠʟʫʯʠʤ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

2. ʇʦʥʷʪʠʝ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʪʠʧʘ). 

 ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʘ ʥʝʧʨʝʨʳʚʥʘʷ ʩʧʨʷʤʣʷʝʤʘʷ ʢʨʠʚʘʷ AB=G  

(ʦʙʳʯʥʦ ʛʣʘʜʢʘʷ ʠʣʠ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʘʷ ï ʩʤ. Ä 2.6, ʧ. 2) ʠ ʚ ʪʦʯʢʘʭ ),,( zyxP  ʵʪʦʡ 

ʢʨʠʚʦʡ ʦʧʨʝʜʝʣʝʥʘ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ ),,()( zyxFPF ¹ . ʈʘʟʦʙʴʸʤ ʢʨʠʚʫʶ ʥʘ 

ʯʘʩʪʠ kk AA 1- , ʜʣʠʥʳ ksD ),1( nk= . ʅʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʚʦʟʴʤʸʤ ʧʦ ʪʦʯʢʝ 
k

P  ʠ 

ʩʦʩʪʘʚʠʤ ʩʫʤʤʫ  

ä
=

D
n

k
kk sPF

1

)( . 

ʆʥʘ ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʫʤʤʦʡ ʜʣʷ ʬʫʥʢʮʠʠ  )(PF  ʚʜʦʣʴ ʢʨʠʚʦʡ G.  

ʆʧʨʝʜʝʣʝʥʠʝ. ʇʨʝʜʝʣ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʫʤʤ ʧʨʠ 0­l  (ʝʩʣʠ ʦʥ ʩʫʱʝʩʪʚʫ-

ʝʪ) ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʠʥʪʝʛʨʘʣʦʤ ʦʪ ʬʫʥʢʮʠʠ )(PF  ʧʦ ʜʣʠʥʝ ʜʫʛʠ 

ʢʨʠʚʦʡ, ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʠʥʪʝʛʨʘʣʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʪʠʧʘ) ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʩʠʤʚʦʣʘʤʠ 

ññ
G

=
AB

dszyxFdsPF ),,()( . 

ʀʪʘʢ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ  

ʈʠʩ. 3.1 

ɻ 
P 

0AA=  

nAB=  

1A  

kA  
1-kA  

1-nA  

1P  

kP  

nP  

kSD  
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    ñ
G

=dsPF )( ä
=­l

D
n

k
kk sPF

10
)(lim .                                      (3.2) 

ʉʠʤʚʦʣ ds ʥʘʟʳʚʘʶʪ ʵʣʝʤʝʥʪʦʤ ʜʣʠʥʳ ʢʨʠʚʦʡ, ʦʥ ʥʘʧʦʤʠʥʘʝʪ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʜʣʠʥʳ ksD , ʘ ʪʦʯʢʘ P ʧʨʦʙʝʛʘʝʪ ʚʩʶ ʢʨʠʚʫʶ. ʂʨʠʚʘʷ AB=G  ʥʘʟʳʚʘʝʪʩʷ: ʧʫʪʴ 

ʠʣʠ ʢʦʥʪʫʨ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʜʣʠʥʳ 0>Dks , ʪʦ ʪʘʢʦʡ ʠʥʪʝʛʨʘʣ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʭʦʜʘ ʢʨʠʚʦʡ:  

ññ =
BAAB

dsPFdsPF )()( . 

ɽʩʣʠ ʢʨʠʚʘʷ AB ʩʦʚʧʘʜʘʝʪ ʩ ʦʪʨʝʟʢʦʤ ],[ ba  ʦʩʠ Ox, ʪʦ ʦʥ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʙʳʯ-

ʥʳʡ ʦʧʨʝʜʝʣʸʥʥʳʡ ʠʥʪʝʛʨʘʣ, ʥʦ ʪʦʣʴʢʦ ʢʦʛʜʘ ba< : ʚ ʵʪʦʤ ʩʣʫʯʘʝ kk xs D=D , 

ñ ñ=
AB

b

a

dxxFdszyxF )0,0,(),,( . 

ʊʝʦʨʝʤʘ (ʩʫʱʝʩʪʚʦʚʘʥʠʷ). ɽʩʣʠ ʬʫʥʢʮʠʷ )(PF  ʥʝʧʨʝʨʳʚʥʘ ʥʘ ʢʨʠʚʦʡ G, 

ʪʦ ʠʥʪʝʛʨʘʣ (3.2) ʧʦ ʢʦʥʪʫʨʫ G ʩʫʱʝʩʪʚʫʝʪ. (ɹʦʣʝʝ ʪʦʛʦ, ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʬʫʥʢʮʠʷ )(PF  ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩ ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʪʦʯʝʢ ʨʘʟʨʳʚʘ.) 

3. ʉʚʦʡʩʪʚʘ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ ï ʪʘʢʠʝ ʞʝ, ʢʘʢ ʠ ʫ ʦʙʳʯʥʳʭ ʦʧʨʝʜʝ-

ʣʥyʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʨʠ ba< , ʠ ʜʦʢʘʟʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. 

 1) ʃʠʥʝʡʥʦʩʪʴ: ʘ) ʀʥʪʝʛʨʘʣ ʦʪ ʩʫʤʤʳ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʬʫʥʢʮʠʡ ʨʘʚʝʥ 

ʩʫʤʤʝ ʠʥʪʝʛʨʘʣʦʚ ʦʪ ʩʣʘʛʘʝʤʳʭ. ʙ) ʇʦʩʪʦʷʥʥʳʡ ʤʥʦʞʠʪʝʣʴ ʤʦʞʥʦ ʚʳʥʦʩʠʪʴ ʟʘ 

ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ. 

 2) ɸʜʜʠʪʠʚʥʦʩʪʴ. ɽʩʣʠ ʢʨʠʚʘʷ  G ʨʘʟʙʠʪʘ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʯʘʩʪʝʡ, ʪʦ 

ʠʥʪʝʛʨʘʣ ʚʜʦʣʴ ʚʩʝʡ ʢʨʠʚʦʡ ʨʘʚʝʥ ʩʫʤʤʝ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʦʪʜʝʣʴʥʳʤ ʯʘʩʪʷʤ. 

 3) ʆʮʝʥʢʘ ʠʥʪʝʛʨʘʣʘ. ɽʩʣʠ MPFm ¢¢ )( , GÍ"P , ʠ  l ï ʜʣʠʥʘ ʢʨʠʚʦʡ ɻ, ʪʦ  

lMdsPFlm Ö¢¢Ö ñ
G

)( . 

 4) ʊʝʦʨʝʤʘ ʦ ʩʨʝʜʥʝʤ. ɽʩʣʠ ʬʫʥʢʮʠʷ )(PF  ʥʝʧʨʝʨʳʚʥʘ ʥʘ ʢʨʠʚʦʡ G, ʪʦ 

ʥʘʡʜʸʪʩʷ ʪʦʯʢʘ GÍ0P , ʯʪʦ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ  

ñ
G

=dsPF )( lPF Ö)( 0 . 

4. ɺʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ.  

ʘ) ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʛʣʘʜʢʠʝ ʠʣʠ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʝ ʢʨʠʚʳʝ AB=G , ʠ 

ʧʫʩʪʴ s ï ʜʣʠʥʘ ʜʫʛʠ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʪʦʯʢʠ A ʜʦ ʧʝʨʝʤʝʥʥʦʡ ʪʦʯʢʠ 

GÍ),,( zyxP  ( =s ʜʣ. AP). ʊʦʯʢʫ P ʦʪʤʝʯʘʝʤ ʢʘʢ ʪʦʯʢʫ P(s) ï ʝʸ ʢʦʦʨʜʠʥʘʪʳ ʦʜ-

ʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʜʘʥʠʝʤ s ʠ ʧʫʩʪʴ ʦʥʠ, ʪ.ʝ. ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ 

ʢʨʠʚʦʡ G, ʝʩʪʴ 

   lsszzsyysxx ¢¢=== 0)},(),(),({ ;                         (3.3)  

ʵʪʦ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ. ʆʙʦʟʥʘʯʠʤ ks  ʠ ks¡ ʜʣʠʥʳ ʜʫʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ kAA  

ʠ 
k

AP, ʪʦ 1--=D kkk sss , ks¡ ],[ 1 kk ss -Í ; ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ kP  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʫʨʘʚʥʝʥʠʡ (3.3) ʧʨʠ kss ¡=  (ʨʠʩ. 3.2). 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʩʫʤʤʘ ʧʦ ʢʨʠʚʦʡ G ʧʨʠʤʝʪ ʚʠʜ 
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  ä
=

D
n

k
kk sPF

1

)( ä
=

--¡¡¡=
n

k
kkkkk ssszsysxF

1
1)))((),(),(( .                   (3.4)  

ʉʧʨʘʚʘ ʧʦʣʫʯʠʣʠ ʦʙʳʯʥʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʫʤʤʫ ʜʣʷ ʬʫʥʢʮʠʠ ))(),(),(( szsysxF  

ʦʜʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ s ʧʦ ʦʪʨʝʟʢʫ ls¢¢0 . ʇʦʵʪʦʤʫ, ʧʝʨʝʭʦʜʷ ʢ ʧʨʝʜʝʣʫ ʧʨʠ 

0­l , ʧʦʣʫʯʠʤ                  

ñ ñ
G

=
l

dsszsysxFdszyxF
0

))(),(),((),,( .   (3.5)  

ʆʜʥʘʢʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʬʦʨʤʫʣʘ (3.5) ʤʘʣʦ ʧʨʠʛʦʜʥʘ. 

 
ʙ) ʂʘʢ ʧʨʘʚʠʣʦ, ʢʨʠʚʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʸʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚ-

ʥʝʥʠʤ̫ʠ  

Ttttztfytx ¢¢y==j= 0)},(),(),({ ,                            (3.6)  

ʛʜʝ ʧʘʨʘʤʝʪʨ t ʧʨʦʠʟʚʦʣʴʥʳʡ. ɼʦʧʫʩʪʠʤ, ʯʪʦ ʢʨʠʚʘʷ G ʛʣʘʜʢʘʷ, ʪʘʢ ʯʪʦ ʬʫʥʢ-

ʮʠʠ (3.6) ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ (ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʝʨʚʳʝ ʧʨʦʠʟ-

ʚʦʜʥʳʝ) ʥʘ ʦʪʨʝʟʢʝ Ttt ¢¢0 . ʇʫʩʪʴ ʟʥʘʯʝʥʠʶ t ʧʘʨʘʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʫʛʘ s.  

ʂʘʢ ʠ ʚ ʧʣʦʩʢʦʤ ʩʣʫʯʘʝ [13, Ä10.2] ʜʣʠʥʘ ʢʨʠʚʦʡ (3.6) ʥʘ ʫʯʘʩʪʢʝ ],[ 0 Tt  ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ  

   dtttfts
t

t

ñ y¡+¡+j¡=

0

222 )()()( ;    (3.7)  

ʟʜʝʩʴ ʟʥʘʯʝʥʠʶ 0=s  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0tt= , ʘ ʟʥʘʯʝʥʠʶ ls=  ʩʦʦʪʚʝʪʩʪʚʫʝʪ Tt=  

(ʨʠʩ. 3.3a)). 

 ɺ ʦʧʨʝʜʝʣʸʥʥʦʤ ʠʥʪʝʛʨʘʣʝ ʚ ʨʘʚʝʥʩʪʚʝ (3.5) ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ: 

ʦʪ s ʧʝʨʝʡʜʸʤ ʢ ʧʝʨʝʤʝʥʥʦʡ t ʧʦ ʬʦʨʤʫʣʝ (3.7). ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣ 

ʜʣʠʥʳ ʜʫʛʠ ʝʩʪʴ =Ö¡= dttsds )( dtttft 222 )()()( y¡+¡+j¡ , ʧʦʣʫʯʠʤ  

ñ ñ
G

yj=
T

t

ttftFdszyxF

0

))(),(),((),,( dtttft 222 )()()( y¡+¡+j¡ , Tt <0 . (3.8) 

ɺʳʚʦʜ. ɽʩʣʠ ʢʨʠʚʘʷ ɻ ʛʣʘʜʢʘʷ ʠ ʟʘʜʘʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʫʨʘʚʥʝʥʠʷʤʠ 

(3.6), ʪʦ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3.8). 

 ʌʦʨʤʫʣʘ (3.8) ʣʝʛʢʦ ʟʘʧʦʤʠʥʘʝʪʩʷ: ʚʤʝʩʪʦ x, y, z ʥʘʜʦ ʧʨʦʩʪʦ ʧʦʜʩʪʘʚʠʪʴ 

ʠʭ ʟʥʘʯʝʥʠʷ (3.6) ʚ ʪʦʯʢʘʭ ʢʨʠʚʦʡ, ʘ ʚʤʝʩʪʦ ds ï ʜʠʬʬʝʨʝʥʮʠʘʣ ʜʣʠʥʳ ʜʫʛʠ. 

00=s  

1s¡ 

1s  
1-ks  ks  1-ns  lsn=  

ns¡ 
ks¡ 

s 

)0( 00 == sAA  

()nn sP ¡ 

)( lsAB nn ==  ()kk sA  

( )11 -- kk sA  

()11 sA  

( )11 -- nn sA  

()kk sP ¡ 

()sP  

()11 sP ¡ 

s 
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 ɽʩʣʠ ʢʨʠʚʘʷ ɻ ʧʣʦʩʢʘʷ, ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ Oxy, ʪʦ ʚ ʬʦʨʤʫʣʘʭ (3.6) ʠ (3.8) 

ʦʪʩʫʪʩʪʚʫʶʪ z ʠ )(ty . ɺ ʯʘʩʪʥʦʩʪʠ, ʧʫʩʪʴ G ʟʘʜʘʥʘ ʷʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ )(xyy= , 

ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ )}(,{ xyyxx == , 

bxa ¢¢ , ʪʦʛʜʘ ʧʦʣʫʯʠʤ 

   ñ ñ
G

¡+= dxxyxyxFdsyxF
b

a

2)(1))(,(),( .    (3.9) 

 
5. ʇʨʠʣʦʞʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

1) ʄʘʩʩʘ m ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ɻ ʩ ʧʣʦʪʥʦʩʪʴʶ )(Pr  ʝʩʪʴ dsPm ñ
G

r= )( . 

2) ʂʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʧʣʦʩʢʦʡ ʢʨʠʚʦʡ ɻ ʙʫʜʫʪ 

m

K
x

y
c = , 

m

K
y x

c = , 

ʛʜʝ ñ
G

r= dsPxK y )( , ñ
G

r= dsPyKx )(  - ʩʪʘʪʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ ʢʨʠʚʦʡ ɻ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʩʝʡ Oy ʠ Ox ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3) ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ. ɸʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʷʤ ʧʣʦʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʪʝʣʘ, ʤʦʞ-

ʥʦ ʟʘʧʠʩʘʪʴ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ɻ (ʧʣʦʩʢʦʡ ʠʣʠ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦʡ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʘ (ʪʦʯʢʠ, ʧʨʷʤʦʡ ʠʣʠ ʧʣʦʩʢʦʩʪʠ) (ʩʤ. Ä 2.8).  

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʨʠʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ 

),,( 000 zyxA  ʝʩʪʴ  

dsPzzyyxxI A )(])()()[( 2
0

2
0

2
0 r-+-+-=ñ

G

. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʙʫʜʝʪ 

dsPzyxIO )()( 222 r++=ñ
G

. 

ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʠʤʝʶʪ ʚʠʜ 

nP

0AA=  

nAB=  

öö
÷

õ
ææ
ç

å

=

=

0

0

tt

s
A  

öö
÷

õ
ææ
ç

å

=

=

Tt

ls
B  

1A  

()tP  

s 

P 

1-kA  

kA  

1-nA  

kP  1-ky  

ky  
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dsPzyI x )()( 22 r+=ñ
G

, dsPzxI y )()( 22 r+=ñ
G

, dsPyxI z )()( 22 r+=ñ
G

. 

ɺ ʩʣʫʯʘʝ ʢʨʠʚʳʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʣʦʩʢʦʩʪʠ Oxy, ʦʪʩʫʪʩʪʚʫʪʁ ʧʝʨʝʤʝʥʥʘʷ z ʠ 

zI . 

ʅʝʪʨʫʜʥʦ ʟʘʧʠʩʘʪʴ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʝʡ. 

ʇʨʠʤʝʨ.r 1) ʅʘʡʪʠ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʯʝʪʚʝʨʪʠ ʦʢʨʫʞʥʦʩʪʠ 
222 Ryx =+ , ʝʩʣʠ ʧʣʦʪʥʦʩʪʴ ʧʦʩʪʦʷʥʥʘ: r=r )(P . ʈʠʩ. (3.4) 

ʈʘʩʧʦʣʦʞʠʤ ʜʫʛʫ ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʝʨʚʦʡ ʯʝʪʚʝʨʪʠ ʠ ʟʘʧʠʰʝʤ ʝʸ ʫʨʘʚʥʝʥʠʝ 

ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ï ʵʪʦ 
2

0},sin,cos{
p
¢j¢j=j= RyRx . ɿʜʝʩʴ j=Rdds  

(ʵʪʦ ʩʣʝʜʫʝʪ ʠ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ). ʀʤʝʝʤ 

ññ

pp

Ör=jÖjr=r=
2

0

2
2

0

cos RRdRxdsK y , ññ

pp

Ör=jÖjr=r=
2

0

2
2

0

sin RRdRydsKx , 

Rm pÖr=
2

1
, Rxc

p
=

2
, Ryc

p
=

2
. 

 
2) ʅʘʡʪʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Oz ʧʝʨʚʦʛʦ ʚʠʪʢʘ ɻ ʚʠʥʪʦʚʦʡ 

ʣʠʥʠʠ  

  },sin,cos{ tvztaytax Ö=w=w= , 
w

p
¢¢

2
0 t ,                      )9.3( ¡  

ʝʩʣʠ ʧʣʦʪʥʦʩʪʴ 1=r . 

 ɺʠʥʪʦʚʦʡ ʣʠʥʠʝʡ ʥʘʟʳʚʘʝʪʩʷ ʣʠʥʠʷ, ʦʧʠʩʳʚʘʝʤʘʷ ʪʦʯʢʦʡ M, ʜʚʠʞʫɦ ʝʡʩʷ 

ʩ ʧʦʩʪʦʷʥʥʦʡ  ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʴʶ v ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʧʨʷʤʦʛʦ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥ-

ʜʨʘ ʨʘʜʠʫʩʘ a, ʢʦʪʦʨʳʡ ʧʨʠ ʵʪʦʤ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʫʛ-

ʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ w. 

 ʅʘʡʜʸʤ ʝʸ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʚʟʷʚ ʟʘ ʧʘʨʘʤʝʪʨ ʚʨʝʤʷ t. ʇʫʩʪʴ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʦʯʢʘ M ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʦʣʦʞʝʥʠʠ )0,0,(aA , ʘ ʚ ʤʦʤʝʥʪ t ʚ 

ʧʦʣʦʞʝʥʠʠ ),,( zyxM . ʇʨʦʝʢʮʠʷ ʪʦʯʢʠ M ʥʘ ʧʣʦʩʢʦʩʪʴ Oxy ʝʩʪʴ )0,,( yxN . (ʈʠʩ. 

3.5). ʉʯʠʪʘʝʤ, ʯʪʦ ʪʦʯʢʘ N ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 222 ayx =+  ʧʨʦʪʠʚ ʯʘʩʦ-

ʈʠʩ. 3.4 

),( yx  

dsRd =j  

x 

y 

),( cc yx  
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dj 
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ʚʦʡ ʩʪʨʝʣʢʠ. ʊʦʛʜʘ ʠʤʝʝʤ ʧʨʘʚʫʶ ʚʠʥʪʦʚʫʶ ʣʠʥʠʶ, ʠʣʠ ʧʨʘʚʳʡ ʚʠʥʪ. (ʇʨʠ ʪʦʤ, 

ʯʪʦ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ Oxyz ï ʧʨʘʚʘʷ.) ʇʦʩʢʦʣʴʢʫ ʪʦʯʢʘ N ʚʨʘʱʘʝʪʩʷ ʧʦ ʦʢʨʫʞ-

ʥʦʩʪʠ ʩ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ  w, ʪʦ ʦʥʘ ʟʘ ʚʨʝʤʷ t ʦʧʠʰʝʪ ʜʫʛʫ AN ʩ ʮʝʥʪʨʘʣʴʥʳʤ 

ʫʛʣʦʤ tAON Öw=Ï=j , ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ taax w=j= coscos , 

taay w=j= sinsin . ɸ ʘʧʧʣʠʢʘʪʘ ʪʦʯʢʠ M ʨʘʚʥʘ ʨʘʩʩʪʦʷʥʠʶ, ʧʨʦʡʜʝʥʥʦʤʫ ʪʦʯ-

ʢʦʡ ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʮʠʣʠʥʜʨʘ, ʠʤʝʥʥʦ tvz Ö= . ʊʘʢ ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʷ )9.3( ¡. 

 ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʛʦʣ j ʠʟʤʝʥʠʪʩʷ ʥʘ p2  (ʵʪʦ ʟʘ ʚʨʝʤʷ 
w

p
=

2
t ), ʪʦʯʢʘ M 

ʚʝʨʥʸʪʩʷ ʥʘ ʪʫ ʞʝ ʦʙʨʘʟʫʶʱʫʶ ʮʠʣʠʥʜʨʘ (ʪʦʯʢʘ B), ʧʦʜʥʷʚʰʠʩʴ ʥʘ ʚʳʩʦʪʫ 

w

p
Ö==
2

vABh  - ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʰʘʛʦʤ ʚʠʥʪʘ. (ʀʥʦʛʜʘ ʚ ʫʨʘʚʥʝʥʠʷʭ )9.3( ¡ ʚʤʝ-

ʩʪʦ v ʧʦʜʩʪʘʚʣʷʶʪ hv Ö
p

w
=

2
, ʘ ʚʤʝʩʪʦ tw  - ʫʛʦʣ j=wt , ʪ.ʝ. ʚʤʝʩʪʦ ʬʠʟʠʯʝʩʢʠʭ 

ʚʝʣʠʯʠʥ ʧʦʜʩʪʘʚʣʷʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ.) 

 ʀʪʘʢ, ʧʦʣʴʟʫʷʩʴ ʫʨʘʚʥʝʥʠʷʤʠ )9.3( ¡, ʥʘʭʦʜʠʤ  

=+w
w

p
=+w=+=ñ ñ

G

p
22222

2

0

222 )(
2

)()( vaadtvaadsyxI z
2222 4 haa +p . 

 
 

 

Ä 2. ʂʨʠʚʦʣʠʥʝʡʥʳʝ ʠʥʪʝʛʨʘʣʳ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠʣʠ ʢʨʠʚʦʣʠʥʝʡʥʳʝ 

ʠʥʪʝʛʨʘʣʳ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʪʠʧʘ) 

 

1. ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʘ ʥʝʧʨʝʨʳʚʥʘʷ ʩʧʨʷʤʣʷʝʤʘʷ ʢʨʠʚʘʷ AB (ʢʘʢ 

ʦʙʳʯʥʦ, ʛʣʘʜʢʘʷ ʠʣʠ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʘʷ) ʠ ʥʘ ʥʝʡ ʫʩʪʘʥʦʚʣʝʥʦ ʦʧʨʝʜʝʣʸʥʥʦʝ ʥʘ-

ʧʨʘʚʣʝʥʠʝ (ʜʚʠʞʝʥʠʷ, ʦʙʭʦʜʘ): ʦʪ (ʥʘʯʘʣʴʥʦʡ) ʪʦʯʢʠ A ʢ (ʢʦʥʝʯʥʦʡ) ʪʦʯʢʝ B. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʢʨʠʚʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ. ʀ ʧʫʩʪʴ ʚ ʪʦʯʢʘʭ 

ABzyxP Í),,(  ʟʘʜʘʥʘ ʬʫʥʢʮʠʷ ),,()( zyxFPF ¹ . ʅʘʯʠʥʘʷ ʩ ʪʦʯʢʠ  A, ʨʘʟʦʙʴʸʤ 

ʢʨʠʚʫʶ ʥʘ n ʤʘʣʳʭ ʫʯʘʩʪʢʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʦʯʢʘʤʠ BAAAA n== ,...,, 10  ʠ 

ʧʫʩʪʴ ),,( kkkkk zyxAA =  ),1( nk= . ʅʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ kk AA 1-  ʚʦʟʴʤʸʤ ʧʦ ʪʦʯʢʝ 

kP  ʠ ʥʘʡʜʸʤ ʧʨʦʠʟʚʝʜʝʥʠʝ kk xPF D)( , ʛʜʝ 1--=D kkk xxx  ʝʩʪʴ ʧʨʦʝʢʮʠʷ ʥʘ ʦʩʴ 

A 

M 

B 
A 

y 

x 

z y 

x 

N 

O 

O 

( )0,, yxN  

a 

a 

j 

h 
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Ox  ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʪʨʝʟʢʘ kk AA 1- ; ʟʜʝʩʴ ʩʫʱʝʩʪʚʝʥʝʥ ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ 

ʢʨʠʚʦʡ ï ʦʥ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʥʘʢʝ ʚʝʣʠʯʠʥʳ kxD . (ʈʠʩ. 3.3, ʙ)) 

 ʇʫʩʪʴ k
nk

sD=l
¢¢1

max , ʛʜʝ  ksD ï ʜʣʠʥʘ ʜʫʛʠ kk AA 1- .  ʉʦʩʪʘʚʠʤ ʩʫʤʤʫ  

ä
=

D
n

k
kk xPF

1

)( . 

ʇʨʝʜʝʣ ʵʪʦʡ ʩʫʤʤʳ ʧʨʠ 0­l   (ʝʩʣʠ ʦʥ ʩʫʱʝʩʪʚʫʝʪ) ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʚʦʣʠʥʝʡ-

ʥʳʤ ʠʥʪʝʛʨʘʣʦʤ (ʚʪʦʨʦʛʦ ʨʦʜʘ) ʧʦ ʢʦʦʨʜʠʥʘʪʝ x ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 

  ñ =
AB

dxPF )( ñ =
AB

dxzyxF ),,(
0

lim
­l
ä
=

D
n

k
kk xPF

1

)( .   (3.10) 

ʆʯʝʚʠʜʥʦ, ʵʪʦʪ ʠʥʪʝʛʨʘʣ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʙʳʯʥʳʡ ʦʧʨʝʜʝʣʸʥʥʳʡ, ʝʩʣʠ AB ʝʩʪʴ 

ʦʪʨʝʟʦʢ [a,b] ʦʩʠ Ox, ʚʢʣʶʯʘʷ ʩʣʫʯʘʡ ba> . 

ʊʝʦʨʝʤʘ (ʩʫʱʝʩʪʚʦʚʘʥʠʷ). ɽʩʣʠ ʬʫʥʢʮʠʷ ),,( zyxF  ʥʝʧʨʝʨʳʚʥʘ ʥʘ ʢʨʠʚʦʡ 

AB, ʪʦ ʠʥʪʝʛʨʘʣ (3.10) ʩʫʱʝʩʪʚʫʝʪ.  

ʉʚʦʡʩʪʚʘ ʠʥʪʝʛʨʘʣʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

1) ʆʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʭʦʜʘ ʢʨʠʚʦʡ AB 

ʠʥʪʝʛʨʘʣ (3.10) ʠʟʤʝʥʠʪ ʟʥʘʢ: ñ =
AB

dxPF )( ñ-
BA

dxPF )( , ʪʘʢ ʢʘʢ ʧʨʠ ʩʤʝʥʝ ʥʘ-

ʧʨʘʚʣʝʥʠʷ ʚʩʝ ʚʝʣʠʯʠʥʳ kxD  ʧʦʤʝʥʷʶʪ ʟʥʘʢ.   

 ʂʘʢ ʠ ʜʣʷ  ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʜʣʠʥʝ ʜʫʛʠ, ʚʳʧʦʣʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ:  

2) ʃʠʥʝʡʥʦʩʪʴ.  

3) ɸʜʜʠʪʠʚʥʦʩʪʴ.  

ɼʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʢʘʢ-ʪʦ ʦʮʝʥʢʘ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ, ʪʝʦʨʝ-

ʤʘ ʦ ʩʨʝʜʥʝʤ ʜʣʷ ʠʥʪʝʛʨʘʣʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ ʤʝʩʪʘ ʥʝ ʠʤʝʶʪ. 

2. ɺʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

 ʇʫʩʪʴ ʢʨʠʚʘʷ AB ï ʛʣʘʜʢʘʷ ʠ ʟʘʜʘʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (3.6), 

ʧʨʠʯʸʤ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ A ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ 0tt= , ʢʦʥʝʯʥʦʡ B ï ʟʥʘʯʝʥʠʝ 

Tt=  (ʚʦʟʤʦʞʥʦ Tt >
0

), ʪʦʯʢʝ ),,( kkkk zyxA  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ktt= . ʊʦʛʜʘ  

1-
-=D

kkk
xxx )()( 1-j-j= kk tt )()( 1--Öxj¡= kkk tt , ),( 1 kkk tt -Íx$ , 

ï ʧʨʠʤʝʥʠʣʠ ʪʝʦʨʝʤʫ ʃʘʛʨʘʥʞʘ ʦ ʢʦʥʝʯʥʦʤ ʧʨʠʨʘʱʝʥʠʠ ʬʫʥʢʮʠʠ. ʅʘ ʜʫʛʝ 

kk AA 1-  ʙʝʨʸʤ ʪʦʯʢʫ kP  ʥʝ ʣʶʙʫʶ, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʟʥʘʯʝʥʠʶ kt x= , ʠ ʦʙʦ-

ʟʥʘʯʠʤ 1--=D kkk ttt . ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ, ʙʫʜʝʤ ʠʤʝʪʴ: 

ä
=

D
n

k
kk xPF

1

)( ä
=

Dxj¡Öxyxxj=
n

k
kkkkk tfF

1

)())(),(),(( . 

ʇʝʨʝʭʦʜʷ ʢ ʧʨʝʜʝʣʫ ʧʨʠ 0­l  ʠ ʧʦʣʴʟʫʷʩʴ ʪʝʤ, ʯʪʦ ʧʨʝʜʝʣ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʫʤʤ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʪʦʯʝʢ kx  ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ kP , ʧʦʣʫʯʠʤ 

 ɺʳʚʦʜ. ɽʩʣʠ ʬʫʥʢʮʠʷ ),,( zyxF  ʥʝʧʨʝʨʳʚʥʘ ʥʘ ʢʨʠʚʦʡ AB , ʧʨʠʯʸʤ ʢʨʠ-

ʚʘʷ ʵʪʘ ʛʣʘʜʢʘʷ ʠ ʟʘʜʘʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (3.6), ʪʦ ʩʧʨʘʚʝʜʣʠʚʘ 

ʬʦʨʤʫʣʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʘ ʚʪʦʨʦʛʦ ʨʦʜʘ 
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  ñ =
AB

dxzyxF ),,( dttttftF
T

t

)())(),(),((

0

j¡Öyjñ ,                      (3.11)  

ʛʜʝ ʥʠʞʥʠʡ ʧʨʝʜʝʣ 
0

t  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ A, ʘ ʚʝʨʭʥʠʡ T ï ʢʦʥʝʯʥʦʡ 

ʪʦʯʢʝ B. 

 ɸʥʘʣʦʛʠʯʥʦ, ʝʩʣʠ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʥʘ ʦʩʠ Oy ʠ Oz, ʪʦ ʧʨʠʜʸʤ ʢ ʧʦʥʷʪʠʶ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʢʦʦʨʜʠʥʘʪʝ y ʠ ʧʦ ʢʦʦʨʜʠʥʘʪʝ z:  

 ñ =
AB

dyPF )(
0

lim
­l
ä
=

D
n

k
kk yPF

1

)( , ñ =
AB

dzPF )(
0

lim
­l
ä
=

D
n

k
kk zPF

1

)( .  (3.12)  

ʅʦ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʫʤʤʫ ʠʥʪʝʛʨʘʣʦʚ ʫʢʘʟʘʥʥʳʭ ʪʨʸʭ ʚʠʜʦʚ. ʀʤʝʥʥʦ, 

ʧʫʩʪʴ ʚ ʪʦʯʢʘʭ ʢʨʠʚʦʡ AB ʟʘʜʘʥʳ ʪʨʠ ʩʢʘʣʷʨʥʳʝ ʬʫʥʢʮʠʠ  X,  Y,  Z ʦʪ ʧʝʨʝʤʝʥ-

ʥʳʭ x, y, z, ʠʣʠ, ʯʪʦ ʪʦ ʞʝ, ʦʜʥʘ ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ kZjYiXF
CCCC

++= . ɹʝʨʫʪ 

ʩʫʤʤʫ 

ZdzYdyXdxZdzYdyXdx
ABABABAB

++¹++ ññññ  

ï ʵʪʦ ʝʩʪʴ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ ʚʪʦʨʦʛʦ ʨʦʜʘ çʦʙʱʝʛʦ ʚʠʜʘè, ʠʣʠ ʣʠʥʝʡʥʳʡ 

ʠʥʪʝʛʨʘʣ ʦʪ ʚʝʢʪʦʨʥʦʡ ʬʫʥʢʮʠʠ ),,( ZYXF
C

 ʚʜʦʣʴ ʢʨʠʚʦʡ AB, ʠʣʠ ʮʠʨʢʫʣʷʮʠʷ 

ʚʝʢʪʦʨʘ F
C

 ʚʜʦʣʴ ʢʨʠʚʦʡ AB. 

3. ɺʳʯʠʩʣʝʥʠʝ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʦʙʱʝʛʦ ʚʠʜʘ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʠʥʪʝʛʨʘʣʦʚ (3.12) ʪʦʞʝ ʩʧʨʘʚʝʜʣʠʚʳ ʬʦʨʤʫʣʳ ʚʠʜʘ 

(3.11). ʇʦɻ ʪʦʤʫ: ʝʩʣʠ ʬʫʥʢʮʠʠ X,  Y,  Z ʥʝʧʨʝʨʳʚʥʳ ʥʘ ʢʨʠʚʦʡ AB, ʢʨʠʚʘʷ ʵʪʘ 

ʛʣʘʜʢʘʷ ʠ ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʷʤʠ (3.6), ʪʦ  

{ } ,)())(),(),(()())(),(),(()())(),(),((

),,(),,(),,(

0

dttttftZtfttftYtttftX

dzzyxZdyzyxYdxzyxX

T

t

AB

ñ

ñ

y¡yj+¡yj+j¡yj=

=++

  (3.13)  

ʧʨʠʯʸʤ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ A ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ 
0

tt=  ʧʘʨʘʤʝʪʨʘ, ʘ ʪʦʯʢʝ B 

(ʢʦʥʝʯʥʦʡ) ï ʟʥʘʯʝʥʠʝ Tt= . ɿʘʤʝʯʘʝʤ, ʯʪʦ ʥʘ ʩʠʤʚʦʣʳ dx,  dy,  dz ʤʦʞʥʦ ʩʤʦʪ-

ʨʝʪʴ ʢʘʢ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʬʫʥʢʮʠʡ (3.6) (ʠʭ ʥʘʟʳʚʘʶʪ: ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʚʜʦʣʴ 

ʢʨʠʚʦʡ AB). ʇʦʵʪʦʤʫ ʬʦʨʤʫʣʘ (3.13) ʟʘʧʦʤʠʥʘʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ: ʚ ʬʫʥʢ-

ʮʠʠ  X, Y, Z ʚʤʝʩʪʦ ʧʝʨʝʤʝʥʥʳʭ  x, y, z ʥʘʜʦ ʧʦʜʩʪʘʚʠʪʴ ʠʭ ʟʥʘʯʝʥʠʷ (3.6) ʚ ʪʦʯ-

ʢʘʭ ʢʨʠʚʦʡ ʠ ʪ.ʜ. 

ɿʘʤʝʯʘʥʠʝ. ɽʩʣʠ ʢʨʠʚʘʷ AB ʧʣʦʩʢʘʷ, ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ Oxy, ʪʦ ʚ ʵʪʠʭ 

ʬʦʨʤʫʣʘʭ ʦʪʩʫʪʩʪʚʫʶʪ Z,  z,  )(ty . 

4. ʉʚʷʟʴ ʤʝʞʜʫ ʢʨʠʚʦʣʠʥʝʡʥʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ t ʚʦʟʴʤʸʤ ʧʝʨʝʤʝʥʥʫʶ ʜʫʛʫ s, ʠ ʧʫʩʪʴ ʢʨʠʚʘʷ ʟʘʜʘʥʘ 

ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (3.3) ʠʣʠ, ʯʪʦ ʪʦ ʞʝ, ʦʜʥʠʤ ʚʝʢʪʦʨʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ 

=== )(srOPr
C

kszjsyisx
CCC

)()()( ++ , 

ʛʜʝ P(s) ï ʪʦʯʢʘ ʢʨʠʚʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʘʨʘʤʝʪʨʫ s (ʜʣʠʥʫ ʦʪʩʯʠʪʳʚʘʝʤ ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ A) (ʨʠʩ.3.3). 
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ɺ ʪʦʯʢʝ P ʧʨʦʚʦʜʠʤ ʚʝʢʪʦʨ 

kszjsyisxsr
CCCC

)()()()( ¡+¡+¡=¡ . 

ʆʥ ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʨʠʚʦʡ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ s ʠ ʷʚʣʷʝʪʩʷ ʝʜʠ-

ʥʠʯʥʳʤ: 1)( =¡sr
C

. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʝʜʠʥʠʯʥʦʛʦ ʚʝʢʪʦʨʘ ʢʘʩʘʪʝʣʴʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ s, ʨʘʚʥʳ ʥʘʧʨʘʚʣʷʶʱʠʤ ʢʦ-

ʩʠʥʫʩʘʤ (ʩʤ. Ä 1.4). ʆʙʦʟʥʘʯʠʤ t=¡
CC

)(sr , ʪʦ kji
CCCC
g+b+a=t coscoscos  ʠ 

a=cos
ds

dx
, b=cos

ds

dy
, g=cos

ds

dz
. (ʈʠʩ. 3.6). 

 
ʇʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ (3.13), ʛʜʝ st¹, ʠ ʟʘʪʝʤ ʬʦʨʤʫʣʳ ʚʠʜʘ (3.5), ʙʫʜʝʤ 

ʠʤʝʪʴ 

.}cos),,(cos),,(cos),,({

}cos(...)cos(...)cos))(),(),(({

)}((...))((...))())(),(),(({

),,(),,(),,(

0

0

dszyxZzyxYzyxX

dsZYszsysxX

dsszZsyYsxszsysxX

dzzyxZdyzyxYdxzyxX

AB

l

l

AB

g+b+a=

=g+b+a=

=¡+¡+¡=

=++

ñ

ñ

ñ

ñ

          (3.14) 

ʇʨʠʨʘʚʥʠʚʘʷ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ, ʧʦʣʫʯʘʝʤ ʠʩʢʦʤʫʶ ʩʚʷʟʴ ʠʥʪʝʛʨʘʣʦʚ ʚʪʦʨʦʛʦ ʠ 

ʧʝʨʚʦʛʦ ʨʦʜʘ. 

 ɺʚʝʜʸʤ ʚʝʢʪʦʨ dsdssrkdzjdyidxdr t
CCCCC
=¡=++= )( , ʪʦ ʧʦʣʫʯʝʥʥʘʷ ʬʦʨ-

ʤʫʣʘ ʟʘʧʠʰʝʪʩʷ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʪʘʢ: 

   ññ t=
ABAB

dsFdrF ),(),(
CCC

.    (3.15)  

ɿʜʝʩʴ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ t=jÖtÖ=t FFF cos),(
CCCC

 (j - ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦ-

ʨʘʤʠ F
C
ʠ t
C
) ʝʩʪʴ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ F

C
 ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ, ʦʥʘ ʥʘʟʳʚʘ-

ʝʪʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ F
C
. ʌʦʨʤʫʣʳ (3.14) ʠ (3.15) ʩʚʷ-

ʟʳʚʘʶʪ ʠʥʪʝʛʨʘʣ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʭʦʜʘ ʢʨʠʚʦʡ, ʩ ʠʥ-

ʪʝʛʨʘʣʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʢʦʪʦʨʳʡ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ. ʅʦ ʟʜʝʩʴ ʥʝʪ ʧʨʦ-

ʪʠʚʦʨʝʯʠʷ: ʝʩʣʠ ʠʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʢʨʠʚʦʡ, ʪʦ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ 

x' 

z' 

y' 
P Ŭ 

g 

ɓ 

dx 

dy 

dz 

ds 

O 

s 

( )0=sA  

( )lsB =

 
()sP  ()t=¡

CC
sr  

ʈʠʩ. 3.6 

()sr
C
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ʠ ʚʝʢʪʦʨ t
C

 ʪʘʢʞʝ ʩʤʝʥʷʪ ʟʥʘʢ (ʪ.ʝ. ʟʥʘʢ ʧʦʤʝʥʷʝʪʩʷ ʠ ʚ ʣʝʚʦʡ ʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʷʭ 

ʦʙʝʠʭ ʬʦʨʤʫʣ). 

 

 

Ä 3. ʇʨʠʣʦʞʝʥʠʝ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʚʪʦʨʦʛʦ ʨʦʜʘ ï

ʚʳʯʠʩʣʝʥʠʝ ʨʘʙʦʪʳ ʩʠʣʳ 

 

ʇʫʩʪʴ ʚ ʪʦʯʢʝ P ʧʨʦʩʪʨʘʥʩʪʚʘ (ʠʣʠ ʝʛʦ ʯʘʩʪʠ) ʧʦʤʝʱʝʥʘ ʤʘʪʝʨʠʘʣʴʥʘʷ 

ʪʦʯʢʘ (ʤʘʩʩʘ, ʟʘʨʷʜ, é) ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʘʢʠʭ-ʪʦ ʧʨʠʯʠʥ ʪʦʯʢʘ ʧʝʨʝʤʝʩʪʠ-

ʣʘʩʴ ʠʟ ʧʦʣʦʞʝʥʠʷ A ʚ ʧʦʣʦʞʝʥʠʝ  B ʚʜʦʣʴ ʢʨʠʚʦʡ AB. ʅʘʡʪʠ ʨʘʙʦʪʫ A ʥʝʢʦʪʦ-

ʨʦʡ ʩʠʣʳ ),,( ZYXF
C

 ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʱʝʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʢʨʠʚʫʶ  AB, ʢʘʢ ʦʙʳʯʥʦ, 

ʪʦʯʢʘʤʠ BAAAA n== ,...,, 10  ʨʘʟʜʝʣʠʤ ʥʘ ʤʘʣʳʝ ʫʯʘʩʪʢʠ kk AA 1-  ),1( nk= , ʜʣʠ-

ʥʳ ksD , ʠ ʥʘ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʚʦʟʴʤʸʤ ʧʦ ʪʦʯʢʝ kP . ɺʚʠʜʫ ʤʘʣʦʩʪʠ ʫʯʘʩʪʢʘ, ʩʠʣʫ 

ʥʘ ʥʸʤ ʤʦʞʝʤ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʦʡ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ )( kPF
C

, ʘ ʢʨʠʚʦʣʠʥʝʡʥʳʡ 

ʫʯʘʩʪʦʢ ʟʘʤʝʥʠʤ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ï ʭʦʨʜʦʡ 
kk

AA
1-
. ʆʙʦʟʥʘʯʠʤ kkk gba ,,  ï ʫʛʣʳ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ  AB ʚ ʪʦʯʢʝ kP , ʘ 
k
t
C

 ï  ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʵʪʦʡ ʪʦʯ-

ʢʝ. ʀʤʝʝʤ 
kkk

sAA Dº
-1

 ʠ ʧʦʪʦʤʫ 
kk

AA
1-

=tÖDº kks
C

}cos,cos,cos{ kkkkkk sss gÖDbÖDaÖD . 

ʇʫʩʪʴ kjï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ kk AA 1-  ʠ )( kPF
C

. (ʉʤ. ʨʠʩ.3.7). ʇʨʠ-

ʙʣʠʞʸʥʥʦ ʨʘʙʦʪʘ ʥʘ ʜʫʛʝ kk AA 1-  ʙʫʜʝʪ 

DA º
k

)),((cos)( 11 kkkkkkk AAPFAAPF -- =jÖÖ
CC

=

kkkkkkk sPZPYPX DgÖ+bÖ+aÖ= )cos)(cos)(cos)(( . 

ʉʫʤʤʘ ʵʪʠʭ çʵʣʝʤʝʥʪʘʨʥʳʭ ʨʘʙʦʪè ʚ ʧʨʝʜʝʣʝ ʧʨʠ 0max
1

­D=l
¢¢

k
nk

s  ʜʘʸʪ ʠʩʪʠʥ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪʳ: 

  A ¹g+b+a=ñ dsZYX
AB

)coscoscos( ZdzYdyXdx
AB

++ñ .             (3.16)  

ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʷʟʴ ʩ ʠʥʪʝʛʨʘʣʘʤʠ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʩʤ. ʬʦʨʤʫʣʫ 

(3.14)). ʉ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʦʚ ʨʘʙʦʪʘ (3.16) ʟʘʧʠʰʝʪʩʷ ʠʥʪʝʛʨʘʣʘʤʠ (3.15), ʧʨʘ-

ʚʳʡ ʠʟ ʢʦʪʦʨʳʭ  ʯʘʩʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ:  

      A ñ Ö= t

AB

dsF .     (3.17) 

ʌʦʨʤʫʣʘ (3.17) ʷʚʥʦ ʦʪʨʘʞʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʘʙʦʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʢʘʩʘ-

ʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ F
C
(ʨʠʩ. 3.8). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʦ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʝ ʚ ʦʪ-

ʜʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ, ʘ ʠʥʪʝʛʨʘʣ ʦʙʱʝʛʦ ʚʠʜʘ (ʣʠ-

ʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ) ʠʥʚʘʨʠʘʥʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʕʪʦ ʚʠʜʥʦ 

ʠʟ (3.15) ʠ (3.17). 
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ʇʨʠʤʝʨ. ʅʘʡʪʠ ʨʘʙʦʪʫ, ʧʨʦʠʟʚʦʜʠʤʫʶ ʩʠʣʦʡ ʪʷʞʝʩʪʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʪʦʯʢʠ ʤʘʩʩʳ m ʠʟ ʧʦʣʦʞʝʥʠʷ ),,( 111 cbaA  ʚ ʧʦʣʦʞʝʥʠʝ ),,( 222 cbaB  (ʨʠʩ. 3.9). 

ʆʩʴ Oz ʥʘʧʨʘʚʠʤ ʚʥʠʟ, ʪʦ ʩʠʣʘ kmgF
CC
Ö=  (g ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ): 

ʧʨʦʝʢʮʠʠ ʩʠʣʳ ʝʩʪʴ mgZYX === ,0,0 . ɿʘ ʧʘʨʘʤʝʪʨ ʢʨʠʚʦʡ AB ʧʨʠʤʝʤ ʢʦʦʨ-

ʜʠʥʘʪʫ z ʠ ʧʫʩʪʴ ʫʨʘʚʥʝʥʠʷ ʢʨʠʚʦʡ ʠʤʝʶʪ ʚʠʜ }),(),({ zzzyyzxx === . ʇʦ 

ʬʦʨʤʫʣʝ (3.16) ʠʤʝʝʤ A hmgccmgdzmgdzmgdzZ

c

cABAB

Ö=-==== ñññ
2

1

)( 12 . 

 
 

 

Ä 4. ʇʣʦʩʢʠʡ ʩʣʫʯʘʡ. ʌʦʨʤʫʣʘ ɻʨʠʥʘ
1
 

 

1. ʇʫʩʪʴ ʢʨʠʚʘʷ AB ʧʣʦʩʢʘʷ, ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ Oxy. ʊʦʛʜʘ ʢʨʠʚʦʣʠʥʝʡ-

ʥʳʡ ʠʥʪʝʛʨʘʣ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʨʠʤʝʪ ʚʠʜ 

    dyyxQdxyxP
AB

),(),(ñ + .     (3.18)  

ʌʠʟʠʯʝʩʢʠ ʝʛʦ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʨʘʙʦʪʫ ʩʠʣʳ jyxQiyxPyxF
CCC

),(),(),( +=  

ʚʜʦʣʴ ʧʫʪʠ AB. 

 ɽʩʣʠ ʢʨʠʚʘʷ ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʝʤ ],[),( baxxyy Í=  (ʨʠʩ.3.10), ʪʦ ʧʨʠʥʷʚ x 

ʟʘ ʧʘʨʘʤʝʪʨ, ʙʫʜʝʤ ʠʤʝʪʴ ʝʸ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ 

                                                 
1
 ɼʞʦʨʜʞ ɻʨʠʥ (1793-1841) ï ʘʥʛʣʠʡʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʠ ʬʠʟʠʢ, ʩʳʥ ʤʝʣʴʥʠʢʘ. ɺ 1828ʛ. ʦʧʫʙ-

ʣʠʢʦʚʘʥʦ ʝʛʦ ʩʦʯʠʥʝʥʠʝ çʆʧʳʪ ʧʨʠʣʦʞʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʪ-

ʚʘ ʠ ʤʘʛʥʝʪʠʟʤʘè. 

ʈʠʩ. 3.7 

kA  

1-kA  

kP  

kj  

0AA=  

nAB=  

( )kPF
C

 

t
C

 

ʈʠʩ. 3.8 

A 

B 

P 

F
C

 

tF  

t
C

 

ʈʠʩ. 3.9 
z 

h 

O 

m 

B 

A 

1ʩ 

2ʩ 
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)}(,{ xyyxx == , ʠ ʧʦʣʫʯʠʤ  

 ñ ñ=
AB

b

a

dxxyxPdxyxP ))(,(),(  , ññ ¡=
b

aAB

dxxyxyxQdyyxQ )())(,(),( . (3.19) 

ɸʥʘʣʦʛʠʯʥʳʝ ʬʦʨʤʫʣʳ ʧʦʣʫʯʠʤ, ʢʦʛʜʘ ʢʨʠʚʘʷ ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʝʤ )(yxx= , 

],[ dcyÍ . 

 ʂʨʠʚʘʷ AB ʥʘʟʳʚʘʝʪʩʷ ʟʘʤʢʥʫʪʦʡ, ʝʩʣʠ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʩʦʚʧʘʜʘʶʪ, BA= . 

 ʂʨʠʚʘʷ AB ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʦʡ, ʝʩʣʠ ʯʝʨʝʟ ʢʘʞʜʫʶ ʩʚʦʶ ʚʥʫʪʨʝʥʥʶʶ 

ʪʦʯʢʫ ʦʥʘ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ: ʢʨʠʚʘʷ ʥʝ ʠʤʝʝʪ ʪʦʯʝʢ ʩʘʤʦʢʘʩʘʥʠʷ, ʩʘʤʦ-

ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʪ.ʧ. ʅʘʧʨʠʤʝʨ, ʢʨʠʚʳʝ, ʠʟʦʙʨʘʞʸʥʥʳʝ ʥʘ ʨʠʩ. 3.11,ʥʝ ʷʚʣʷʁ ʪʩʷ 

ʧʨʦʩʪʳʤʠ. 

 ʇʨʦʩʪʘʷ ʟʘʤʢʥʫʪʘʷ ʛʣʘʜʢʘʷ ʠʣʠ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʘʷ ʢʨʠʚʘʷ ʥʘʟʳʚʘʝʪʩʷ 

ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ.  ʅʘ ʥʸʤ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ (ʜʚʠʞʝʥʠʷ) ʤʦʞʥʦ ʚʙrʨʘʪʴ 

ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ʅʘʧʨʘʚʣʝʥʠʝ ʦʙʭʦʜʘ ʩʯʠʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʧʨʠ 

ʵʪʦʤ ʦʙʭʦʜʝ ʦʙʣʘʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʢʦʥʪʫʨʦʤ, ʪ.ʝ. ʚʥʫʪʨʝʥʥʦʩʪʴ: Gint , ʦʩʪʘʸʪʩʷ 

ʩʣʝʚʘ (ʦʙʭʦʜ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ). ɽʩʣʠ ʟʘʧʠʩʘʥ ʠʥʪʝʛʨʘʣ ʚʠʜʘ (3.18) ʧʦ 

ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ G, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʙʭʦʜ ʚʝʜʸʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘ-

ʧʨʘʚʣʝʥʠʠ, ʠ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ ʠʥʦʛʜʘ ʦʪʤʝʯʘʝʪʩʷ ʩ ʢʨʫʞʦʯʢʦʤ: ñ. ɽʩʣʠ l ʥʝʢʦ-

ʪʦʨʘʷ ʢʨʠʚʘʷ, ʪʦ ʵʪʘ ʞʝ ʢʨʠʚʘʷ, ʥʦ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʯʝʨʝʟ -l ; ʧʨʠ ʵʪʦʤ ʩʘʤ ʧʫʪʴ l ʠʥʦʛʜʘ ʦʪʤʝʯʘʝʪʩʷ ʢʘʢ +l . ʇʦ ʩʚʦʡ-

ʩʪʚʫ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʠ () ()ññ
+-

-=

ll

.22  

 
2. ʊʝʦʨʝʤʘ ɻʨʠʥʘ. ʇʫʩʪʴ D ï ʟʘʤʢʥʫʪʘʷ ʦʙʣʘʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʟʘʤʢʥʫ-

ʪʳʤ ʢʦʥʪʫʨʦʤ G, Dµ=G . ɽʩʣʠ ʬʫʥʢʮʠʠ ),( yxP  ʠ ),( yxQ  ʚ ʦʙʣʘʩʪʠ D ʥʝʧʨʝ-

ʨʳʚʥʳ ʠ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 
y

P

µ

µ
 ʠ 

x

Q

µ

µ
, ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʬʦʨʤʫ-

ʣʘ ɻʨʠʥʘ: 

   =+ñ
G

QdyPdx dxdy
y

P

x

Q

D

ññ öö
÷

õ
ææ
ç

å

µ

µ
-

µ

µ
.    (3.20)  

ʈʠʩ. 3.10 ʈʠʩ. 3.11 

B 

A 

B 

A x 

y 

d 

c 

b a 

B 

A 

()xyy=  
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(ʌʦʨʤʫʣʘ (3.20) ʧʦʣʫʯʘʝʪʩʷ ʩʣʦʞʝʥʠʝʤ ʜʚʫʭ ʝʸ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ: ʢʦʛʜʘ 

( ){ }0,,0),( ¸= yxQyxP  ʠʣʠ  ( ){ }0,,0),( ¸= yxPyxQ .) 

D  1) ʇʫʩʪʴ ʦʙʣʘʩʪʴ D ʧʨʘʚʠʣʴʥʘʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʝʡ Ox ʠ Oy (ʨʠʩ.3.12). 

ɺʳʯʠʩʣʠʤ ʜʚʦʡʥʦʡ ʠʥʪʝʛʨʘʣ: =
µ

µ
ññdxdy

y

P

D

ñ ñ
µ

µb

a

xy

xy

dy
y

P
dx

)(

)(

2

1

. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʠʥʪʝʛʨʘʣʘ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ constx= , ʪʘʢ ʯʪʦ ʦʥ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʝʨʚʦʦʙʨʘʟʥʦʡ ),( yxP :  

ñññññ

ñññññ ñ

G

-¹-=--=-

-=-==
µ

µ

dxyxPdxyxPdxyxPdxyxPdxyxP

dxyxPdxxyxPdxxyxPdxyxPdy
y

P
dx

AnBmAAnBBmAAnB

AmB

b

a

b

a

b

a

xy

xy

b

a

xy

xy

),(),(),(),(),(

),())(,())(,(]),([
)19.3(

ʩʠʣʫʚ

12
)(

)(

)(

)(

2

1

2

1
 (3.21) 

ʈʝʟʫʣʴʪʘʪ ʥʝ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ ɻ ʩʦʜʝʨʞʠʪ ʦʪʨʝʟʢʠ ʧʨʷʤʳʭ ax=  ʠ bx= , 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʥʠʭ 0=dx .  

 ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ 

    =
µ

µ
ññdxdy

x

Q

D

ñ
G

dyyxQ ),( .     (3.22) 

ʉʢʣʘʜʳʚʘʷ ʵʪʠ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ (3.21) ʠ (3.22), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ (3.20). 

 
2) ɽʩʣʠ ʦʙʣʘʩʪʴ D ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʦʡ, ʪʦ ʝʸ ʨʘʟʙʠʚʘʶʪ ʥʘ ʧʨʘʚʠʣʴ-

ʥʳʝ ʯʘʩʪʠ kD  ),1( nk=  ʩ ʧʦʤʦʱʴʶ ʢʨʠʚʳʭ -Ç kk ll , ʧʨʦʭʦʜʠʤʳʭ ʜʚʘʞʜʳ ʚ ʨʘʟ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʜʚʦʡʥʳʝ ʢʨʠʚʳʝ ʠʣʠ çʜʚʦʡʥʳʝ ʧʝʨʝʤʳʯ-

ʢʠè). ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʦʙʣʘʩʪʝʡ 
k

D  ʟʘʧʠʩʳʚʘʶʪ ʬʦʨʤʫʣʫ (3.20), ʟʘʪʝʤ ʧʨʠʤʝʥʷʶʪ 

ʩʚʦʡʩʪʚʦ ʘʜʜʠʪʠʚʥʦʩʪʠ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʥʪʝʛʨʘʣʳ ʧʦ kl  ʠ -kl  ʚʟʘʠʤʥʦ ʫʥʠʯʪʦ-

ʞʘʶʪʩʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʣʫʯʘʷ, ʠʟʦʙʨʘʞʸʥʥʦʛʦ ʥʘ ʨʠʩ. 3.13 ʠʤʝʝʤñ ññ=
AmBA D1

, 

ñ ññ=
ABnA D2

. ʉʢʣʘʜʳʚʘʷ, ʥʘʭʦʜʠʤ: ññññññññ +=
ö
ö

÷

õ

æ
æ

ç

å
++

ö
ö

÷

õ

æ
æ

ç

å
+

21 DDBnAABBAAmB

; ʠʥʪʝʛʨʘʣʳ ʧʦ 

BAl =  ʠ ABl =-  ʚʟʘʠʤʥʦ ʫʥʠʯʪʦʞʘʪʩʷ, ʠ ʧʦʣʫʯʠʤñ ññ=
AmBnA D

, ʪ.ʝ. ʨʘʚʝʥʩʪʚʦ 

ʈʠʩ. 3.12 ʈʠʩ. 3.13 

m 

m 

b a O 

y 

x 

n 

D 
B 

A 

()xyy 1=  

()xyy 2=  

ɻ 

n 

ɻ 

l 
B A 

-l  

1D  

2D  
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(3.20).  ƶ 

3. ʌʦʨʤʫʣʘ ɻʨʠʥʘ ʚʝʨʥʘ ʠ ʜʣʷ ʤʥʦʛʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ. ʀʤʝʥʥʦ, ʧʫʩʪʴ 

ʟʘʤʢʥʫʪʘʷ ʤʥʦʛʦʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ D ʦʛʨʘʥʠʯʝʥʘ (n+1)-ʠʤ ʟʘʤʢʥʫʪʳʤʠ ʢʦʥʪʫʨʘ-

ʤʠ: ʚʥʝʰʥʠʤ 0G ʠ ʚʥʫʪʨʝʥʥʠʤʠ nGG,...,1 , ʧʨʠʯʸʤ, ʚʩʝ ʦʥʠ ʦʙʭʦʜʷʪʩʷ ʧʨʦʪʠʚ ʯʘ-

ʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʀ ʧʫʩʪʴ G - ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʩʦʩʪʘʚʥʦʡ ʢʦʥʪʫʨ: 
-- G++G+G=G n...10 , ʧʨʠʯʸʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ññññ

--
GGGG

+++=

n

....

10

 ʊʦʛʜʘ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʬʫʥʢʮʠʠ  ),( yxP  ʠ ),( yxQ  ʥʝʧʨʝʨʳʚʥʳ ʠ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʝʨʚʳʝ ʯʘ-

ʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 
y

P

µ

µ
 ʠ 

x

Q

µ

µ
 ʚ ʦʙʣʘʩʪʠ D, ʚʢʣʶʯʘʷ ʝʸ ʛʨʘʥʠʮʫ G, ʚʝʨʥʘ ʬʦʨ-

ʤʫʣʘ ɻʨʠʥʘ (3.20). ʇʦʜʪʚʝʨʜʠʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ D (ʩʤ. ʨʠʩ. 

3.14). ʀʟ ʥʝʸ ʩʜʝʣʘʝʤ ʦʙʣʘʩʪʴ ʦʜʥʦʩʚʷʟʥʫʶ, ʧʨʦʚʝʜʷ ʜʚʦʡʥʦʡ ʨʘʟʨʝʟ -Çll , - ʝy  

ʛʨʘʥʠʮʘ ʙʫʜʝʪ -- ++G+G= llL 10 . ʇʨʠʤʝʥʠʤ ʢ ʵʪʦʡ ʦʙʣʘʩʪʠ ʬʦʨʤʫʣʫ ɻʨʠʥʘ. 

ʀʥʪʝʛʨʘʣʳ ʧʦ l ʠ -l  ʫʥʠʯʪʦʞʘʪʩʷ ʠ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ ʧʦ ʛʨʘʥʠʮʝ L ʩʚʝ-

ʜʸʪʩʷ ʢ ʩʫʤʤʝ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʢʦʥʪʫʨʘʤ 0G ʠ -G1 ; ʦʙʦʟʥʘʯʘʝʤ G=G+G -
10 . 

 
ɿʘʤʝʯʘʥʠʝ 1. ʌʦʨʤʫʣʘ ɻʨʠʥʘ ʩʚʦʜʠʪ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʘ ʧʦ ʟʘʤʢʥʫʪʳʤ 

ʢʦʥʪʫʨʘʤ ʢ ʚʳʯʠʩʣʝʥʠʶ ʜʚʦʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʦʙʣʘʩʪʷʤ, ʦʛʨʘʥʠʯʝʥʥʳʤ ʵʪʠ-

ʤʠ ʢʦʥʪʫʨʘʤʠ, ʠʣʠ ʥʘʦʙʦʨʦʪ. 

ɿʘʤʝʯʘʥʠʝ 2. ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʠ ),( yxP  ʠ ),( yxQ  ʦʜʥʦʟʥʘʯʥʳ, ʪʦ ʠʥʪʝ-

ʛʨʘʣ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ AB=G  (ʩʤ. (3.18)) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʥʘʯʘʣʴ-

ʥʦʡ A ʠ ʢʦʥʝʯʥʦʡ B ( BA= ) ʪʦʯʝʢ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

4. ɺʳʯʠʩʣʝʥʠʝ ʧʣʦʱʘʜʠ ʩ ʧʦʤʦʱʴʶ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ. 

ʇʫʩʪʴ s - ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ D, ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ G. ʀʟʚʝʩʪ-

ʥʦ, ʯʪʦ ññ=s
D

dxdy. ʇʦʣʦʞʠʤ ʚ ʬʦʨʤʫʣʝ ɻʨʠʥʘ (3.20) yP -¹ , 0¹Q  ʠʣʠ 0¹P , 

xQ¹ , ʪʦ ʧʦʣʫʯʠʤ ññ
GG

=-=s dyxdxy)(  ʠ ʦʪʩʶʜʘ ʝʱʸ 

    ñ
G

-=s dxydyx
2

1
.                                                (3.23) 

ʇʨʠʤʝʨ. ʅʘʡʪʠ ʧʣʦʱʘʜʴ ʬʠʛʫʨʳ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʵʣʣʠʧʩʦʤ 1
2

2

2

2

=+
b

y

a

x
 

ʈʠʩ. 3.15 ʈʠʩ. 3.14 

D 

l 

-l  

0G 

-
G1  

0G 

a 

b 

O x 

y 
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(ʨʠʩ. 3.15). ɺʦʟʴʤʸʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʵʣʣʠʧʩʘ ʚ ʚʠʜʝ 

}sin,cos{ tbytax == , p¢¢ 20 t . ʅʘʭʦʜʠʤ dttbdydttadx cos,sin =-=  ʠ ʧʦ ʬʦʨ-

ʤʫʣʝ (3.23) 

ññ
pp

p==+=s
2

0

2

0

22

2
)sincos(

2

1
abdt

ab
dttabtab . 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ba=  ʧʦʣʫʯʘʝʤ ʧʣʦʱʘʜʴ ʢʨʫʛʘ. 

 

 

Ä 5. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʠʥʪʝʛʨʘʣʳ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʪʠʧʘ), ʠʣʠ ʠʥʪʝʛʨʘʣʳ 

ʧʦ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʇʦʥʷʪʠʝ ʜʚʦʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʦʙʦʙʱʠʤ ʥʘ ʩʣʫʯʘʡ çʢʨʠʚʳʭè ʧʦʚʝʨʭʥʦʩʪʝʡ. 

1. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ S, ʟʘʜʘʥʥʘʷ ʫʨʘʚʥʝʥʠʝʤ 0),,( =F zyx , ʥʘ-

ʟʳʚʘʝʪʩʷ ʛʣʘʜʢʦʡ, ʝʩʣʠ ʚ ʪʦʯʢʘʭ SzyxP Í),,(  ʬʫʥʢʮʠʷ ),,()( zyxP F¹F  ʥʝʧʨʝ-

ʨʳʚʥʘ ʠ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʝʨʚʳʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʧʨʠʯʸʤ 0grad ¸F , 

ʪ.ʝ. 0
222
¸F¡+F¡+F¡ zyx . ɺ ʢʘʞʜʦʡ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʝ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʝɦ-

ʩʪʚʫʝʪ ʢʘʩʘʪʝʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ ʤʝʥʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʪʦʯʢʠ ʢʘʩʘʥʠʷ P, ʘ ʠʤʝʥʥʦ: ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ F=gradN
C

 ʥʝ-

ʧʨʝʨʳʚʥʦ ʤʝʥʷʝʪ ʩʚʦʸ ʥʘʧʨʘʚʣʝʥʠʝ. ʅʘ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʝʪ ʦʩʦʙʳʭ ʪʦʯʝʢ, 

ʨʸʙʝʨ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʴ ),( yxfz=  ʷʚʣʷʝʪʩʷ ʛʣʘʜʢʦʡ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ 

),( yxfz=  ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʝ xz¡ ʠ yz¡ ʥʝʧʨʝʨʳʚʥʳ ʚ ʦʙʣʘʩʪʠ D ï ʧʨʦʝʢʮʠʠ S ʥʘ 

ʧʣʦʩʢʦʩʪʴ Oxy. ʅʝʧʨʝʨʳʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʦʡ, ʝʩʣʠ ʝʸ 

ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʤʠ ʢʨʠʚʳʤʠ ʥʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʛʣʘʜʢʠʭ ʯʘʩʪʝʡ. 

ʊʦʣʴʢʦ ʪʘʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʙʫʜʝʤ ʠʤʝʪʴ ʚ ʚʠʜʫ. ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ S ʙʫʜʝʤ 

ʦʙʦʟʥʘʯʘʪʴ ʪʦʞʝ ʙʫʢʚʦʡ S.  

2. ʇʫʩʪʴ ʚ ʪʦʯʢʘʭ ),,( zyxP  ʧʦʚʝʨʭʥʦʩʪʠ S ʟʘʜʘʥʘ ʦʛʨʘʥʠʯʝʥʥʘʷ ʬʫʥʢʮʠʷ 

),,()( zyxFPF ¹ .  ʈʘʟʦʙʴʸʤ S ʧʨʦʠʟʚʦʣʴʥʦ ʩʝʪʴʶ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʭ ʢʨʠʚʳʭ ʥʘ n 

ʯʘʩʪʝʡ kSD  ),1( nk=  (ʨʠʩ.3.16). ɺ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʯʘʩʪʝʡ ʙʝʨʸʤ ʧʨʦʠʟʚʦʣʴʥʦ 

ʪʦʯʢʫ kP , ʥʘʡʜʸʤ ʧʨʦʠʟʚʝʜʝʥʠʝ kk SPF DÖ)(  ʠ ʩʦʩʪʘʚʠʤ ʩʫʤʤʫ 

     ä
=

DÖ
n

k
kk SPF

1

)( .     (3.24) 

ʆʥʘ ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʫʤʤʦʡ ʬʫʥʢʮʠʠ )(PF  ʧʦ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ 

S. ʇʫʩʪʴ l - ʥʘʠʙʦʣʴʰʠʡ ʠʟ ʜʠʘʤʝʪʨʦʚ ʚʩʝʭ ʧʣʦʱʘʜʦʢ kSD . ʇʨʝʜʝʣ ʠʥʪʝʛʨʘʣʴ-

ʥʳʭ ʩʫʤʤ ʧʨʠ 0­l  (ʝʩʣʠ ʦʥ ʩʫʱʝʩʪʚʫʝʪ) ʥʘʟʳʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʠʥʪʝʛʨʘ-

ʣʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʪʠʧʘ) ʠʣʠ ʠʥʪʝʛʨʘʣʦʤ ʦʪ ʬʫʥʢʮʠʠ  )(PF  ʧʦ ʧʣʦʱʘʜʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ S ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 

  ññ =
S

dSPF )( ññ =
S

dSzyxF ),,(
0

lim
­l
ä
=

DÖ
n

k
kk SPF

1

)( .   (3.25) 
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ʊʝʦʨʝʤʘ (ʩʫʱʝʩʪʚʦʚʘʥʠʷ). ɽʩʣʠ ʬʫʥʢʮʠʷ )(PF  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S ʥʝʧʨʝ-

ʨʳʚʥʘ, ʪʦ ʠʥʪʝʛʨʘʣ (3.25) ʩʫʱʝʩʪʚʫʝʪ. 

ʉʚʦʡʩʪʚʘ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʫ ʜʚʦʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚ, ʠ 

ʧʦʩʣʝʜʥʠʝ ʝʩʪʴ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʝʨʚʳʭ, ʢʦʛʜʘ DS¹ . 

3. ɺʳʯʠʩʣʝʥʠʝ. ʇʦʥʷʪʠʝ ʠʥʪʝʛʨʘʣʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠʥʚʘʨʠʘʥʪʥʦ ʧʦ ʦʪʥʦʰʝ-

ʥʠʶ ʢ ʚʳʙʦʨʫ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʆʜʥʘʢʦ ʜʣʷ ʝʛʦ ʚʳʯʠʩʣʝʥʠʷ ʚʚʝʜʸʤ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʜʝʢʘʨʪʦʚʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʇʫʩʪʴ ʧʦʚʝʨʭʥʦʩʪʴ S ʛʣʘʜʢʘʷ, ʟʘʜʘʥʘ 

ʫʨʘʚʥʝʥʠʝʤ ),( yxfz=  (ʪʘʢ ʯʪʦ S ʢʘʞʜʦʡ ʚʝʨʪʠʢʘʣʴʶ ʧʝʨʝʩʝʢʘʝʪʩʷ ʥʝ ʙʦʣʝʝ, 

ʯʝʤ ʚ ʦʜʥʦʡ ʪʦʯʢʝ), ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ Oxy ʚ ʦʙʣʘʩʪʴ D, ʘ ʢʫʩʦʢ kSD  - 

ʚ ʧʣʦʱʘʜʢʫ 

 

ksD ),1( nk=  (ʩʤ. ʨʠʩ.3.16). ʂʘʢ ʦʙʳʯʥʦ, ʦʙʦʟʥʘʯʘʝʤ ),(),( yxfyxp x¡= , 

),(),( yxfyxq y¡= . ʀʟʚʝʩʪʥʦ (ʩʤ. Ä 2.7, ʧ.4), ʯʪʦ  

dxdyqpS

k

k ññ
sD

++=D 221 . 

ʇʦ ʪʝʦʨʝʤʝ ʦ ʩʨʝʜʥʝʤ ʜʣʷ ʜʚʦʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ, ʥʘ ʧʣʦʱʘʜʢʝ ksD  ʥʘʡʜʸʪʩʷ ʪʘ-

ʢʘʷ ʪʦʯʢʘ ),( kkkQ hx , ʯʪʦ  

k
Q

k
k

qpS sDÖ++=D 221 . 

ʈʠʩ. 3.16 

D 

S 

z 

y 

x 

kP  

( )yxfz ,=  

kQ  
ksD  

kSD  

N
C

 

O 
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ʇʫʩʪʴ 
k

P  ï ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟ ʪʦʯ-

ʢʠ ),( kkkQ hx , ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ S, ʪ.ʝ. ʵʪʦ ʝʩʪʴ ʪʦʯʢʘ )),(,,( kkkkk fP hxhx . ʊʦʛʜʘ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʫʤʤʘ (3.24) ʧʨʠʤʝʪ ʚʠʜ 

ä
=

DÖ
n

k
kk

SPF
1

)( ä
=

=
n

k

F
1

)),(,,( kkkk f hxhx kkkkk qp sDÖhx+hx+ ),(),(1 22 .  (3.26)  

Cʧʨʘʚʘ ʧʦʣʫʯʠʣʘʩʴ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʫʤʤʘ ʜʣʷ ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ 

),(),(1)),(,,( 22 yxqyxpyxfyxF ++  ʧʦ ʦʙʣʘʩʪʠ D. ʇʝʨʝʭʦʜʷ ʚ ʨʘʚʝʥʩʪʚʝ (3.26) 

ʢ ʧʨʝʜʝʣʫ ʧʨʠ 0­l  ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʝʜʝʣ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʪʦʯʝʢ kP , 

ʧʦʣʫʯʘʝʤ 

ɺʳʚʦʜ. ʇʫʩʪʴ ʬʫʥʢʮʠʷ ),,( zyxF  ʥʝʧʨʝʨʳʚʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S, ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʵʪʘ ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʝʤ ),( yxfz= , ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ Oxy ʚ ʦʛ-

ʨʘʥʠʯʝʥʥʫʶ ʟʘʤʢʥʫʪʫʶ ʦʙʣʘʩʪʴ D, ʠ ʬʫʥʢʮʠʷ ),( yxf  ʠʤʝʝʪ ʚ D ʥʝʧʨʝʨʳʚʥʳʝ 

ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ),( yxfp x¡= , ),( yxfq y¡= . ʊʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʥʪʝʛʨʘʣ 

ʚrʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

  ññ =
S

dSzyxF ),,( ññ
D

yxfyxF )),(,,( dxdyqp 221 ++ .  (3.27) 

ʌʦʨʤʫʣʘ ʵʪʘ ʧʦʣʫʯʘʝʪʩʷ ʠ ʟʘʧʦʤʠʥʘʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ: ʚʤʝʩʪʦ Szyx Í),,(  

ʥʘʜʦ ʧʦʜʩʪʘʚʠʪʴ ʠʭ ʟʥʘʯʝʥʠʷ )),(,,( yxfyx  ʚ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ï ʧʨʠ ʵʪʦʤ 

ʪʦʯʢʠ ),( yx  ʧʨʦʙʝʛʘʶʪ ʦʙʣʘʩʪʴ D, ï ʘ ʩʠʤʚʦʣ dS  ʟʘʤʝʥʠʪʴ ʥʘ çʵʣʝʤʝʥʪ ʧʣʦʱʘ-

ʜʠè ʧʦʚʝʨʭʥʦʩʪʠ: =++= dxdyqpdS 221 s
n

d
cos

1
, dxdyd =s , ʛʜʝ n ï ʫʛʦʣ 

ʥʦʨʤʘʣʠ N
C

 ʢ ʧʦʚʝʨʭʥʦʩʪʠ S ʩ ʦʩʴʶ Oz. ɽʩʣʠ ʙʨʘʪʴ ʦʩʪʨʳʡ ʫʛʦʣ, ʪʦ ʬʦʨʤʫʣʫ 

(3.27) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʠ ʪʘʢ: 

  ññ =
S

dSzyxF ),,( ññ
D

yxfyxF )),(,,( s
n

d
cos

1
.   (3.28) 

 ɸʥʘʣʦʛʠʯʥʳʝ ʬʦʨʤʫʣʳ ʧʦʣʫʯʠʤ, ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ S ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʷʤʠ 

),( zyx j=  ʠʣʠ ),( zxy y=  ʠ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ Oyz ʠʣʠ  Oxz ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʠ 1D  ʠʣʠ 2D ; ʚʧʨʦʯʝʤ, ʜʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʧʝʨʝʦʙʦ-

ʟʥʘʯʠʪʴ ʧʝʨʝʤʝʥʥʳʝ. 

 ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ S ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ  mSSS ,...,, 21 , ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʨʘʚʥʝʥʠʝʤ ),( yxfz= , ),( zyx j=  ʠʣʠ 

),( zxy y= , ʪʦ ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʦʡʩʪʚʦʤ ʘʜʜʠʪʠʚʥʦʩʪʠ ʠ ʟʘʪʝʤ ʚʳʯʠʩ-

ʣʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʯʘʩʪʷʤ kS  ),1( mk=  ʩʚʦʜʠʪʴ ʢ ʚʳʯʠʩʣʝʥʠʶ ʜʚʦʡʥʳʭ ʠʥʪʝ-

ʛʨʘʣʦʚ. 

4. ʇʨʠʣʦʞʝʥʠʷ. ʇʫʩʪʴ ʜʘʥʘ ʤʘʪʝʨʠʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ S ʩ ʟʘʜʘʥʥʦʡ ʧʣʦʪ-

ʥʦʩʪʴʶ )(Pr=r , SPÍ , ʢʦʪʦʨʫʶ ʩʯʠʪʘʝʤ ʤʝʥʷʶʱʝʡʩʷ ʥʝʧʨʝʨʳʚʥʦ. 

1) ʅʘʡʜʸʤ ʤʘʩʩʫ m ʧʦʚʝʨʭʥʦʩʪʠ S. ɼʣʷ ʵʪʦʛʦ ʨʘʟʙʠʚʘʝʤ S ʥʘ ʙʦʣʴʰʦʝ ʯʠʩ-

ʣʦ n ʯʘʩʪʝʡ kSD , ),1( nk= , ʚ ʥʠʭ ʙʝʨʸʤ ʧʦ ʪʦʯʢʝ kP . ʇʦʩʢʦʣʴʢʫ ʫʯʘʩʪʦʢ kSD  
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ʤʘʣ, ʪʦ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʦʡ, ʨʘʚʥʦʡ ʧʨʠʤʝʨʥʦ )( kPr=r , ʠ 

ʪʦʛʜʘ ʤʘʩʩʘ ʫʯʘʩʪʢʘ ʧʨʠʙʣʠʞʸʥʥʦ ʨʘʚʥʘ )( kPr
k

SDÖ  ʠ ä
=

rº
n

k

m
1

)( kP
k

SDÖ . ʇʝʨʝ-

ʭʦʜʷ ʢ ʧʨʝʜʝʣʫ ʧʨʠ 0­l , ʜʣʷ ʤʘʩʩʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ 

ññr=
S

dSPm )( . 

2) ɸʥʘʣʦʛʠʯʥʦ, ʠʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣ (2.45), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʦʦʨʜʠʥʘʪʳ 

ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʚʝʨʭʥʦʩʪʠ: 

  
ññ

ññ

r

r

=

S

S
c

dSP

dSPx

x
)(

)(

, 
ññ

ññ

r

r

=

S

S
c

dSP

dSPy

y
)(

)(

, 
ññ

ññ

r

r

=

S

S
c

dSP

dSPz

z
)(

)(

.  (3.29) 

ɽʩʣʠ ʧʣʦʪʥʦʩʪʴ ʧʦʩʪʦʷʥʥʘ, constP =r=r )( , ʪʦ ʚʳʥʦʩʷ r ʟʘ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ, ʧʦ-

ʩʣʝ ʩʦʢʨʘʱʝʥʠʷ ʥʘ r ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʧʦʣʫʯʠʤ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ: 

ññ=
S

dSS . 

3) ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ S ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʲʝʢʪʘ (ʩʤ. Ä 2.7, ʧ. 4) 

ʥʘʡʜʸʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

=I ññ Ör
S

dSPrP )()( 2 , 

ʛʜʝ )(Pr  ï ʨʘʩʩʪʦʷʥʠʝ ʪʦʯʝʢ SPÍ ʜʦ ʦʙʲʝʢʪʘ. 

ʇʨʠʤʝʨ. ʅʘʡʜʸʤ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʦʜʥʦʨʦʜʥʦʡ ʧʦʣʫʩʬʝʨʳ ʨʘʜʠʫʩʘ 

R (ʨʠʩ. 3.17). ʆʯʝʚʠʜʥʦ 0== cc yx , 

S

zdS

z S
c

ññ
= . 

 

 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʩʬʝʨʳ 22 RS p= . ʋʨʘʚʥʝʥʠʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʝʩʪʴ 222 yxRz --= . ʅʘʭʦʜʠʤ  

ʈʠʩ. 3.17 

D 

S 

2

R
 

O 
R 

x 

y 

z 
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222

2

222

2

222

2

22 11
yxR

R

yxR

y

yxR

x
qp

--
=

--
+

--
+=++ . 

ʊʦʛʜʘ 

ññññ ññ pÖ==
--

Ö--=
DS D

RRdxdyRdxdy
yxR

R
yxRzdS 2

222

222  ʠ 
2

R
zc = . 

 

 

Ä 6. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʠʥʪʝʛʨʘʣʳ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʪʠʧʘ), ʠʣʠ ʠʥʪʝʛʨʘʣʳ 

ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ. ʇʦʪʦʢ ʚʝʢʪʦʨʘ 

 

1. ʇʦʥʷʪʠʝ ʩʪʦʨʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦʟʴʤʸʤ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S, ʠ ʚ 

ʪʦʯʢʝ SPÍ  ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʦʨʤʘʣʴ (ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ) ʢ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʦʯʢʫ P ʚʤʝʩʪʝ ʩ ʥʦʨʤʘʣʴʶ ʙʫʜʝʤ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʜʚʠʛʘʪʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢ, 

ʯʪʦʙʳ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʤʝʥʷʣʦʩʴ ʥʝʧʨʝʨʳʚʥʦ. ɽʩʣʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʦʯʢʠ ʧʦ 

ʣʶʙʦʡ ʟʘʤʢʥʫʪʦʡ ʢʨʠʚʦʡ SËG , ʥʝ ʧʝʨʝʩʝʢʘʶʱʝʡ ʛʨʘʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʩ ʚʦʟ-

ʚʨʘʝɦʥʠʝʤ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʦʨʤʘʣʴ ʚʝʨʥʸʪʩʷ ʩ ʧʨʝʞʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, 

ʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʜʚʫʩʪʦʨʦʥʥʝʡ (ʨʠʩ. 3.18). ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ï ʦʜ-

ʥʦʩʪʦʨʦʥʥʝʡ; ʧʨʠʤʝʨʦʤ ʝʸ ʷʚʣʷʝʪʩʷ ʣʠʩʪ ʄʸʙʠʫʩʘ. ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʝʛʦ ʤʦʜʝʣʴ, 

ʥʘʜʦ ʧʦʣʦʩʢʫ ʙʫʤʘʛʠ (ʨʠʩ.3.19) ʧʝʨʝʢʨʫʪʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʪʦʯʢʘ D ʩʦʚʧʘʣʘ ʩ ʪʦʯ-

ʢʦʡ A, ʘ ʪʦʯʢʘ C ʩ ʪʦʯʢʦʡ B, ʪ.ʝ. ʦʪʨʝʟʦʢ DC  ʩʦʚʤʝʩʪʠʪʩʷ ʩ AB. ʊʘʢʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʤʦʞʥʦ ʟʘʢʨʘʩʠʪʴ ʚʩʶ ʝʜʠʥʳʤ ʜʚʠʞʝʥʠʝʤ ʢʠʩʪʠ, ʥʝ ʧʝʨʝʩʝʢʘʷ ʛʨʘʥʠʮ. 

 
 ʄʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʜʚʫʩʪʦʨʦʥʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʚʳʙʨʘ-

ʥʘ ʦʧʨʝʜʝʣʸʥʥʘʷ ʩʪʦʨʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʘ. ʉʪʦʨʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʸʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ N
C
, ʩ ʢʦʥʮʘ 

ʢʦʪʦʨʦʛʦ ʚʠʜʥʘ ʵʪʘ ʩʪʦʨʦʥʘ. ɼʨʫʛʘʷ ʩʪʦʨʦʥʘ ʦʧʨʝʜʝʣʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʛʦ ʚʝʢʪʦʨʘ NN
CC
-=1 .  ʀʥʦʛʜʘ ʦʙʦʟʥʘʯʘʶʪ -¹NN

CC
1 , ʪʘʢ ʯʪʦ NN

CC
-=- . 

ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ  S ʦʛʨʘʥʠʯʠʚʘʝʪ ʥʝʢʦʪʦʨʦʝ ʪʝʣʦ V, VS µ= , ʪʦ ʥʘ ʥʝʡ ʨʘʟʣʠ-

ʯʘʶʪ ʚʥʝʰʥʶʶ (ʥʘʨʫʞʥʫʶ) ʠ ʚʥʫʪʨʝʥʥʶʶ ʩʪʦʨʦʥʳ, ʧʨʠʯʸʤ, ʢʘʞʜʘʷ ʩʦ ʩʚʦʝʡ 

ʥʦʨʤʘʣʴʶ. ɺʥʝʰʥʶʶ ʩʪʦʨʦʥʫ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʪʦʨʦʥʦʡ. 

ʈʠʩ. 3.18 ʈʠʩ. 3.19 

C 
A 

B D 

N
C

 

P 

S 
G 

1P  
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(ʈʠʩ. 3.20.) ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʣʫʞʘʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʧʘ ʩʬʝʨʳ, 

ʵʣʣʠʧʩʦʠʜʘ, ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, ʚʦʟʤʦʞʥʦ ʥʝʧʨʝʨʳʚʥʦ ʜʝʬʦʨʤʠʨʫʝʤʳʝ. ɽʩʣʠ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʝʤ ),( yxfz= , ʪʦ ʥʘ ʥʝʡ ʨʘʟʣʠʯʘʶʪ ʚʝʨʭʥʶʶ ʩʪʦʨʦ-

ʥʫ ʠ ʥʠʞʥʶʶ (ʨʠʩ. 3.16). 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ʇʫʩʪʴ ʜʘʥʘ ʛʣʘʜʢʘʷ ʜʚʫʩʪʦʨʦʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ S, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ. ɺʳʙʨʘʥʥʫʶ 

ʩʪʦʨʦʥʫ ʟʘʜʘʸʤ ʚʝʢʪʦʨʦʤ n
C
, ʝʛʦ ʩʯʠʪʘʝʤ ʝʜʠʥʠʯʥʳʤ, 1=n

C
 (ʨʠʩ. 3. 20¡).  ʊʦʛʜʘ, 

ʝʩʣʠ ʫʛʣʳ ʚʝʢʪʦʨʘ n
C

 ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ Ox, Oy, Oz ʦʙʦʟʥʘʯʠʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

nml ,, , ʪʦ ʝʛʦ ʧʨʦʝʢʮʠʷʤʠ ʥʘ ʵʪʠ ʦʩʠ ʙʫʜʫʪ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ: 

kjin
CCCC
n+m+l= coscoscos , ( 1coscoscos 222 =n+m+l ). (3.30) 

 ʇʫʩʪʴ ʚ ʪʦʯʢʘʭ SzyxP Í),,(  ʟʘʜʘʥʘ ʬʫʥʢʮʠʷ ),,()( zyxFPF ¹ . 

ʆʧʨʝʜʝʣʝʥʠʝ. ʇʦʚʝʨʭʥʦʩʪʥʳʤ ʠʥʪʝʛʨʘʣʦʤ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ 

x, y ʧʦ ʚʳʙʨʘʥʥʦʡ ʩʪʦʨʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ S ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣ ʧʝʨʚʦʛʦ ʨʦʜʘ ʦʪ 

ʬʫʥʢʮʠʠ ncos)(PF , ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ:  

  ññ
S

dxdyPF )( ññ¹
S

dxdyzyxF ),,( ññ n=
S

dSPF cos)( .  (3.31) 

ʉʠʤʚʦʣ dSdxdy ncos=  ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʣʦʱʘʜʴ ʧʨʦ-

ʝʢʮʠʠ ʧʣʦʱʘʜʢʠ dS ʥʘ ʧʣʦʩʢʦʩʪʴ Oxy. 

 ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʳ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ  y, z: 

    ññ
S

dydzPF )( ññ l=
S

dSPF cos)( ,    (3.32) 

ʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ x, z: 

   ññ
S

dzdxPF )( ññ m=
S

dSPF cos)(  .                                    (3.33) 

ɹʫʢʚʳ ʧʨʠʥʷʪʦ ʧʝʨʝʩʪʘʚʣʷʪʴ ʚ ʮʠʢʣʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ xzyx ­­­ . ɺ ʦʙʦʟʥʘ-

ʯʝʥʠʠ ʠʥʪʝʛʨʘʣʘ ʥʠʛʜʝ ʥʝ ʫʯʘʩʪʚʫʝʪ ʫʢʘʟʘʥʠʝ ʥʘ ʩʪʦʨʦʥʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦ ʢʦʪʦ-

ʨʦʡ ʚʝʜʸʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʥʦ ʵʪʦ ʚʩʝʛʜʘ ʦʛʦʚʘʨʠʚʘʝʪʩʷ ʦʩʦʙʦ. ʀʥʦʛʜʘ ʦʜʥʘ 

ʩʪʦʨʦʥʘ ʦʙʦʟʥʘʯʘʝʪʩʷ +S  ʠʣʠ S, ʜʨʫʛʘʷ -S . 

 

P S 

V 

N
C

 

1
N
C
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 ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʚʠʜʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʷʚʣʝ̫ʪʩʷ 

ʩʫʤʤʘ ʚʩʝʭ ʪʨʸʭ ʪʘʢʠʭ ʠʥʪʝʛʨʘʣʦʚ ï ʦʙʳʯʥʦ ʦʥʘ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. ʀʤʝʥʥʦ, 

ʧʫʩʪʴ ʚ ʪʦʯʢʘʭ P ʧʦʚʝʨʭʥʦʩʪʠ S ʟʘʜʘʥʘ ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ 

kPZjPYiPXPF
CCCC

)()()()( ++= , ʠʣʠ ʪʨʠ ʩʢʘʣʷʨʥʳʝ ʬʫʥʢʮʠʠ ZYX ,, , ʪʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣ  

ññññ

ññññ

¹¹

¹n+m+l=++

S

n

S

SS

dSFdSnF

dSZYXdxdyPZdzdxPYdydzPX

.),(

)coscoscos()()()(

CC   (3.34) 

ɿʜʝʩʴ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ nFnFnF =dÖ= cos),(
CCCC

 ( -d ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘ-

ʤʠ F
C

 ʠ n
C
) ʝʩʪʴ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ F

C
 ʥʘ ʚʳʙʨʘʥʥʫʶ ʥʦʨʤʘʣʴ n

C
. ʀʥʪʝʛʨʘʣ (3.34) 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ ʚʝʢʪʦʨʘ F
C

 ʯʝʨʝʟ ʟʘʜʘʥʥʫʶ ʩʪʦʨʦʥʫ ʧʦʚʝʨʭʥʦʩʪʠ S. ɺ ʦʪ-

ʣʠʯʠʝ ʦʪ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ (3.31) - (3.33), ʦʥ ʠʥʚʘʨʠʘʥʪʝʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʙʦ-

ʨʫ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʕʣʝʤʝʥʪ ʧʣʦʱʘʜʠ dS ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʝʢʪʦʨ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦ ʥʦʨʤʘʣʠ n
C

 ʢ ʧʣʦʱʘʜʢʝ dS (ʦʥʘ ʩʯʠʪʘʝʪʩʷ ʧʣʦʩʢʦʡ), ʠʤʝʥʥʦ 

(ʨʠʩ. 3.20¡): dSndS
C
= , ʠ ʪʦʛʜʘ ʧʦʪʦʢ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

),(ññ
S

dSF
C

. 

ʊʝʦʨʝʤʘ (ʩʫʱʝʩʪʚʦʚʘʥʠʷ). ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ S ʛʣʘʜʢʘʷ ʠʣʠ ʢʫʩʦʯʥʦ-

ʛʣʘʜʢʘʷ ʠ ʬʫʥʢʮʠʷ ),,( zyxF  ʥʝʧʨʝʨʳʚʥʘ ʥʘ S, ʪʦ ʠʥʪʝʛʨʘʣʳ (3.31) - (3.33) ʩʫ-

ʱʝʩʪʚʫʶʪ. 

(ʋʢʘʟʘʥʥʳʝ ʫʩʣʦʚʠʷ ʜʘʣʝʝ  ʩʯʠʪʘʝʤ ʚʳʧʦʣʥʷʶʱʠʤʠʩʷ.) 

ʀʤʝʶʪ ʤʝʩʪʦ ʩʚʦʡʩʪʚʘ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʠʚʝʜʸʥʥʳʤ ʨʘʥʝʝ ʜʣʷ ʢʨʠʚʦʣʠ-

ʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚʪʦʨʦʛʦ ʨʦʜʘ: 

1) ʃʠʥʝʡʥʦʩʪʴ. 2) ɸʜʜʠʪʠʚʥʦʩʪʴ. 3) ʆʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ: ʠʥʪʝʛʨʘʣʳ ʧʦ 

ʨʘʟʥʳʤ ʩʪʦʨʦʥʘʤ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʢʦʤ, ʪ.ʢ. ʜʣʷ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ ʝʩʪʴ nnn
CCC
-== -

1 , ʝʛʦ ʫʛʣʳ ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʛʣʦʚ ʚʝʢʪʦʨʘ n
C

 ʥʘ ʚʝʣʠʯʠʥʫ p, ʧʦʵʪʦʤʫ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʢʦʩʠʥʫʩʳ ʤʝʥʷʶʪ ʟʥʘʢ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ. 

3. ɺʳʯʠʩʣʝʥʠʝ.1) ʇʫʩʪʴ ʛʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ S ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʝʤ 

),( yxfz= , ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ Oxy ʚ ʦʙʣʘʩʪʴ D, ʠ ʚʳʙʨʘʥʘ ʚʝʨʭʥʷʷ 

ʩʪʦʨʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʤ. ʨʠʩ. 3.16), ʪʘʢ ʯʪʦ ʫʛʦʣ n ʦʩʪʨʳʡ, 0cos >n . ɽʜʠʥʠʯ-

ʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ 
N

N
n C

C
C
= , }1,,{ +

µ

µ
-

µ

µ
-=

y

f

x

f
N
C

, ʠ ʧʦʪʦʤʫ 
221

1
cos

qp ++
=n . 

ʇʨʠʤʝʥʷʷ ʢ ʠʥʪʝʛʨʘʣʫ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ (3.31) ʬʦʨʤʫʣʫ ʚʠʜʘ (3.27), ʥʘʡʜʸʤ: 

ññ
S

dxdyzyxF ),,( =n=ññ
S

dSPF cos)(  

ññ ++Ö
++

=
D

dxdyqp
qp

yxfyxF 22

22
1

1

1
)),(,,( . ʀʪʘʢ, ʧʦʣʫʯʠʣʠ ʬʦʨʤʫʣʫ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʘ ʚʪʦʨʦʛʦ ʨʦʜʘ (3.31): 
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   ññ
S

dxdyzyxF ),,( ññ=
D

dxdyyxfyxF )),(,,( .   (3.35) 

ɼʣʷ ʥʠʞʥʝʡ ʩʪʦʨʦʥʳ (ʝʸ ʦʙʦʟʥʘʯʠʤ -S ) ʠʤʝʝʤ: 

 ññ
-S

dxdyzyxF ),,( ññ-=
S

dxdyzyxF ),,( ññ-=
D

dxdyyxfyxF )),(,,( . (3.36)  

2) ʇʫʩʪʴ ʥʘ ʚʳʙʨʘʥʥʦʡ ʩʪʦʨʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪʩʷ ʢʘʢ ʪʦʯʢʠ, ʛʜʝ ʥʦʨ-

ʤʘʣʴ ʥʘʧʨʘʚʣʝʥʘ ʚʚʝʨʭ, ʪʘʢ ʠ ʪʦʯʢʠ, ʛʜʝ ʥʦʨʤʘʣʴ ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ. ʊʦʛʜʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ S ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʘʩʪʠ 
1

S  ʠ 
2

S  (ʨʠʩ.3.21),  ʧʨʠʤʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʦ ʘʜ-

ʜʠʪʠʚʥʦʩʪʠ ʠ ʬʦʨʤʫʣʳ (3.35), (3.36): 

;)),(,,()),(,,(

)()()(

12

12

12 ññññ

ññññññ

-=

=+=

DD

SSS

dxdyyxfyxFdxdyyxfyxF

dxdyPFdxdyPFdxdyPF

                  (3.37)  

1D  ʠ 2D  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʝʢʮʠʠ 1S  ʠ 2S  ʥʘ ʧʣʦʩʢʦʩʪʴ Oxy. 

3) ʇʫʩʪʴ ʧʦʚʝʨʭʥʦʩʪʴ S ʟʘʤʢʥʫʪʘʷ, ʧʨʠʯʸʤ, ʪʝʣʦ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʵʪʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ Oz, ʠ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ 

ʧʣʦʩʢʦʩʪʴ Oxy ʚ ʦʙʣʘʩʪʴ D (ʨʠʩ.3.22), ʪʦ ʧʦ ʬʦʨʤʫʣʝ (3.37) ʠʤʝʝʤ 

 =ññ
S

dxdyPF )( ññ -
D

dxdyyxfyxFyxfyxF ))},(,,()),(,,({ 12 .  (3.38)  

(ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʪʘʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ S ʠ ʩʣʝʜʫʝʪ ʧʦʣʴʟʦʚʘʪʩɹʷ 

ʬʦʨʤʫʣʦʡ (3.38), ʘ ʥʝ ʨʘʟʙʠʚʘʪʴ ʥʘ ʩʫʤʤʫ ʜʚʫʭ ʠʥʪʝʛʨʘʣʦʚ, ʢʘʢ ʚ (3.37).) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʩʣʠ 1)( ¹PF , ʪʦ ʧʦ ʬʦʨʤʫʣʝ (3.38) 

ʥʘʡʜʸʤ, ʯʪʦ ññ =Ö
S

dxdy 01 . 

 
4) ʇʫʩʪʴ S ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʦʙʨʘʟʫʶʱʠʤʠ, ʧʘʨʘʣʣʝʣʴʥʳ-

ʤʠ ʦʩʠ Oz (ʚ ʯʘʩʪʥʦʩʪʠ, ʮʠʣʠʥʜʨ ï ʩʤ. ʨʠʩ. 3.23), ʪʦ 0cos,
2

=n
p
=n , ʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ (3.31) ʧʦʣʫʯʠʤ ññ =
S

dxdyPF 0)( . 

ʈʠʩ. 3.21 ʈʠʩ. 3.22 

n
C

 

n
C

 
1S  

2S  

( )yxfz ,1=  

( )yxfz ,2=  

z 

y 

x 

S 

D 

O 

1n
C

 

2n
C

 

1S  

2S  

( )yxfz ,2=  

( )yxfz ,1=  

M 
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ʇʦʵʪʦʤʫ ʬʦʨʤʫʣʘ (3.38) ʥʝ ʠʟʤʝʥʠʪʩʷ, ʝʩʣʠ ʚ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ S ʚʭʦʜʠʪ ʝʱʸ 

ʙʦʢʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʫʢʘʟʘʥʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

5) ʉʦʦʪʥʦʰʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʬʦʨʤʫʣʘʤ (3.35) ʠ (3.36) ʩʚʝʜ®ʥʠʷ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʢ  ʜʚʦʡʥʦʤʫ, ʧʦʣʫʯʠʤ ʜʣʷ ʠʥʪʝʛʨʘʣʦʚ (3.32) ʠ (3.33). ɺ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʧʦʚʝʨʭʥʦʩʪʴ S ʟʘʜʘʸʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʨʘʚʥʝʥʠʝʤ ),( zxy j=  ʠʣʠ 

),( zyx y= , ʪʘʢ ʯʪʦ ʦʜʥʦʟʥʘʯʥʦ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ Oxz ʠʣʠ Oyz ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʚ ʦʙʣʘʩʪʠ zxD  ʠʣʠ zyD . 

6) ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʦʙʱʝʛʦ ʚʠʜʘ 

(3.34) ʙʳʚʘʝʪ ʫʜʦʙʥʝʝ ʧʝʨʝʡʪʠ ʢ ʠʥʪʝʛʨʘʣʫ ʧʝʨʚʦʛʦ ʨʦʜʘ, ʪ.ʢ. ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʧʦʩʣʝʜʥʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʧʨʦʝʢʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ S ʪʦʣʴʢʦ ʥʘ ʦʜʥʫ ʠʟ ʢʦʦʨ-

ʜʠʥʘʪʥʳʭ ʧʣʦʩʢʦʩʪʝʡ. 

ʇʨʠʤʝʨ. ɺʳʯʠʩʣʠʪʴ dxdyzdzdxydydzx
S

++ññ , ʛʜʝ S ï ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʪʦ-

ʨʦʥʘ ʢʫʙʘ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʧʣʦʩʢʦʩʪʷʤʠ 0,0,0 === zyx , 1,1,1 === zyx . 

(ʈʠʩ.22.3 ¡) 

ɿʜʝʩʴ ʜʘʥʘ ʟʘʤʢʥʫʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʥʘ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʘʷ, ʧʦʵʪʦʤʫ ʨʘʟʙʠ-

ʚʘʝʤ ʝʸ ʥʘ 6 ʧʦʚʝʨʭʥʦʩʪʝʡ (ʛʨʘʥʝʡ ʢʫʙʘ) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʥʦʨʤʘʣʠ ʠ ʧʨʠʤʝʥʷʝʤ ʩʚʦʡʩʪʚʦ ʘʜʜʠʪʠʚʥʦʩʪʠ. ʇʝʨʝʭʦʜʷ ʢ ʜʚʦʡʥʳʤ ʠʥʪʝʛʨʘʣʘʤ, 

ʫʯʠʪʳʚʘʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʥʦʨʤʘʣʠ ʢ ʢʘʞʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʪʦ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴ-

ʥʘʷ ʩʪʦʨʦʥʘ ʢʫʙʘ ï ʵʪʦ ʚʥʝʥhʷʷ ʝʛʦ ʩʪʦʨʦʥʘ. 

 

ññññññññññññññ
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ʈʠʩ.22.3 ¡

 

z 

x 

y 

n
C

 n
C

 

n
C

 

n
C

 n
C

 

n
C

 

O 

1 

1 

1 

ʈʠʩ. 3.23 

n
C
n

 P  

S 



 25 

ɿʜʝʩʴ ʠʥʪʝʛʨʘʣʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʷʤ 0,0,0 === zyx  ʨʘʚʥʳ ʥʫʣʶ, ʘ ʠʥʪʝ-

ʛʨʘʣʳ ʧʦ ʛʨʘʥʷʤ 1,1,1 === zyx  ʩʦʚʧʘʜʘʶʪ: 1111

10
10

10
10

10
10

ññññññ

¢¢
¢¢

¢¢
¢¢

¢¢
¢¢

=Ö=Ö=Ö

z
x

z
y

y
x

dxdzdydzdxdy . 

ʇʨʠʯʸʤ ʦʪ ʠʥʪʝʛʨʘʣʘ ʦʙʱʝʛʦ ʚʠʜʘ ʧʦ ʢʘʞʜʦʡ ʛʨʘʥʠ ʦʩʪʘʸʪʩʷ ʣʠʰʴ ʦʜʥʦ ʩʣʘʛʘʝ-

ʤʦʝ, ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʣʦʩʢʦʩʪʠ (ʦʩʪʘʣʴʥʳʝ ʛʨʘʥʠ ʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ). ʕʪʦʪ ʠʥʪʝʛʨʘʣ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʦʱʝ ʚʳʯʠʩʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʫʩʩʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʟʜʥʝʝ. 

 

 

Ä 7. ʇʦʪʦʢ ʚʝʢʪʦʨʘ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ 

 

ʇʫʩʪʴ ʟʘʜʘʥʦ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʚʝʢʪʦʨʦʤ kZjYiXPF
CCCC

++=)( , SPÍ . ʆʧ-

ʨʝʜʝʣʠʤ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ (ʠʣʠ ʛʘʟʘ), ʧʨʦʭʦʜʷʱʝʝ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ S ʟʘ 

ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʂʘʢ ʦʙʳʯʥʦ, ʨʘʟʦʙʴʸʤ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ n ʤʘʣʳʭ ʫʯʘʩʪʢʦʚ kSD  

),1( nk= . ʀʟ-ʟʘ ʤʘʣʦʩʪʠ ʵʪʦʡ ʧʣʦʱʘʜʢʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʝʸ ʧʣʦʩʢʦʡ, ʘ ʩʢʦʨʦʩʪʴ 

ʧʦʩʪʦʷʥʥʦʡ, ʠ ʩʦʚʧʘʜʘʶʱʝʡ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʝ kk SP DÍ . ʊʦʛʜʘ 

ʞʠʜʢʦʩʪʴ, ʧʨʦʪʝʢʰʘʷ ʟʘ ʚʨʝʤʷ tD ʯʝʨʝʟ ʧʣʦʱʘʜʢʫ kSD , ʟʘʧʦʣʥʠʪ ʮʠʣʠʥʜʨ ʩ ʦʩ-

ʥʦʚʘʥʠʝʤ 
k

SD . ʆʙʨʘʟʫʶʱʠʝ ʵʪʦʛʦ ʮʠʣʠʥʜʨʘ ʧʘʨʘʣʣʝʣʴʥʳ ʚʝʢʪʦʨʫ )( kPF
C

 ʠ ʨʘʚ-

ʥʳ ʧʦ ʜʣʠʥʝ tF DÖ
C

. ʈʘʩʩʤʦʪʨʠʤ ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ n
C

 ʢ ʚʳʙʨʘʥʥʦʡ 

ʩʪʦʨʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʪʦʯʢʝ kP .  ɺʳʩʦʪʘ ʮʠʣʠʥʜʨʘ ʨʘʚʥʘ (ʩʤ. ʨʠʩ 3.24): 

tF DÖ
C

dÖcos tnF DÖdÖ= cos
CC

tnF DÖ= ),(
CC

tFn DÖ= . 

 
ʆʙʲʸʤ ʮʠʣʠʥʜʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʚʝʥ ÖD=D tFV nk kSD . ʇʫʩʪʴ ʧʣʦʪʥʦʩʪʴ ʞʠʜ-

ʢʦʩʪʠ ʝʩʪʴ )(Pr . ʊʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʮʠʣʠʥʜʨʝ, ʧʨʠ-

ʈʠʩ. 3.24 

S 

d 

n
C

 

tFn DÖ  

tF DÖ
C

 

F
C

 

kP  kSD  
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ʤʝʨʥʦ ʨʘʚʥʦ kk VP DÖr )( , ʠ ʢʦʣʠʯʝʩʪʚʦ Q ʞʠʜʢʦʩʪʠ, ʧʨʦʪʝʢʰʝʡ ʯʝʨʝʟ ʚʩʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ, ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʙʫʜʝʪ 

ä
=

rÖDº
n

k
kPtQ

1

)(
kkn

SPF D)( . 

ʆʪʩʶʜʘ ʚ ʧʨʝʜʝʣʝ ʧʨʠ 0max ­D=l k
k

Sʜʠʘʤ  ʧʦʣʫʯʠʤ ʠʩʪʠʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʞʠʜʢʦʩʪʠ 

ññrÖD=
S

PtQ )( dSPF
n

)( . 

ʊʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, ʦʪʥʝʩʸʥʥʦʝ ʢ ʝʜʠʥʠʮʝ ʚʨʝʤʝʥʠ: 
t

Q

D
 ʚ ʩʣʫʯʘʝ 

constP =r )(  ʙʫʜʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʥʪʝʛʨʘʣʫ  

    ññ
S

ndSF ññ¹
S

dSnF ),(
CC

.                                          (3.39) 

ʊʘʢʘʷ ʚʝʣʠʯʠʥʘ, ʝʩʪʝʩʪʚʝʥʥʦ, ʠ ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʦʢʦʤ ʚʝʢʪʦʨʘ F
C

 (ʚʝʢʪʦʨʥʦʛʦ ʧʦ-

ʣʷ F
C
) ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ S, ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʩʤ. ʬʦʨʤʫʣʫ (3.34)). ɽʩʣʠ 

ʚʚʝʩʪʠ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ Oxyz, ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ F
C

 ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʠ 

ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ, ʪʦ ʧʦʪʦʢ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ ʣʶʙʦʛʦ ʠʟ ʯʝʪʳʨʸʭ ʠʥ-

ʪʝʛʨʘʣʦʚ ʚ ʬʦʨʤʫʣʝ (3.34). 

ɿʘʤʝʯʘʥʠʝ. ɽʩʣʠ ʧʦʣʝ F
C

 ʥʝ ʩʪʘʮʠʦʥʘʨʥʦʝ, ʪ.ʝ. ʟʘʚʠʩʠʪ ʠ ʦʪ ʚʨʝʤʝʥʠ: 

),( tPFF
CC
= , ʪʦ ʠʥʪʝʛʨʘʣ   (3.39) ʦʧʨʝʜʝʣʠʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʞʠʜʢʦʩʪʠ ʚ ʤʦʤʝʥʪ t (ʧʨʠ 1)( ¹rP )  ï ʵʪʦ 
t

Q

t D­D 0
lim . 

ʇʨʠʤʝʨ. ʈʘʩʩʤʦʪʨʠʤ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ0

2
r

r

q
F

CC
Ö=  - ʵʪʦ ʩʠʣʘ (ʥʘʧʨʷʞʸʥ-

ʥʦʩʪʴ), ʩ ʢʦʪʦʨʦʡ ʟʘʨʷʜ q ʜʝʡʩʪʚʫʝʪ ʥʘ ʦʜʥʦʠʤʸʥʥʳʡ ʝʜʠʥʠʯʥʳʡ ʟʘʨʷʜ, ʦʪʩʪʦʷ-

ʱʠʡ ʦʪ q ʥʘ ʨʘʩʩʪʦʷʥʠʠ r; 0r
C
ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ. (ʀʥʘʯʝ ʛʦʚʦʨʷ F

C
 ï ʥʘʧʨʷ-

ʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʟʘʨʷʜʦʤ q.) ʅʘʡʜʸʤ ʧʦʪʦʢ ʵʪʦʛʦ ʧʦ-

ʣʷ ʯʝʨʝʟ ʩʬʝʨʫ S ʨʘʜʠʫʩʘ R ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʨʷʜʘ (ʨʠʩ. 3.25). 

ʀʤʝʝʤ 0rn
CC
= , 

 
2

)(
R

q
PF

Sn = , =ññ
S

n dSPF )( =ññ
S

dS
R

q
2

2

2
4 R

R

q
pÖ qp=4 . )93.3( ¡ 
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ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ qp4  ʥʘʟʳʚʘʝʪʩʷ çʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ (ʠʣʠ ʤʦɦʥʦʩʪʴ) 

ʟʘʨʷʜʘ qè. ɽʩʣʠ ʟʘʨʷʜ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʩʬʝʨʳ 1S, ʪʦ ʤʦʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʧʦʪʦʢ ʯʝ-

ʨʝʟ ʥʝʸ ʨʘʚʝʥ ʥʫʣʶ (ʩʤ. (3.45¡)).  

ɿʘʤʝʯʘʥʠʷ. 1) ɺ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʝʜʠʥʠʮ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-

ʩʪʠ q ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʥʳʡ ʚʠʜ. 

2) ɽʩʣʠ 0<q , ʪʦ F
C

 ʝʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʣʝ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʨʠʪʷʞʝ-

ʥʠʷ, ʘ ʝʩʣʠ 0>q  ï ʧʦʣʝ ʢʫʣʦʥʦʚʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ. 

 

 

Ä 8. ʌʦʨʤʫʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ (ʠʣʠ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ-ɻʘʫʩʩʘ) 

 

1. ʊʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ. (ʆ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠʥʪʝʛʨʘʣʘ ʧʦ ʟʘʤʢʥʫʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʸʤʥʦʤʫ ʠʥʪʝʛʨʘʣʫ.) 

 ʇʫʩʪʴ S ï ʧʨʦʩʪʘʷ ʟʘʤʢʥʫʪʘʷ ʛʣʘʜʢʘʷ ʠʣʠ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʦʙʲʸʤ V, ʬʫʥʢʮʠʠ  X,  Y,  Z ʥʝʧʨʝʨʳʚʥʳ ʠ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʝ 

ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʦʙʣʘʩʪʠ V, ʚʢʣʶʯʘʷ ʝʸ ʛʨʘʥʠʮʫ VS µ= . 

ʊʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʬʦʨʤʫʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ 

 ññ =++
S

ZdxdyYdzdxXdydz dxdydz
z
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ñññ öö
÷
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ç

å

µ

µ
+

µ

µ
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µ

µ
,   (3.40) 

 ʛʜʝ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʥʪʝʛʨʘʣ ʙʝʨʸʪʩʷ ʧʦ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ S. 

D  ʉʣʝʜʫʝʪ ʜʦʢʘʟʘʪʴ ʪʨʠ ʨʘʚʝʥʩʪʚʘ (ʪʨʠ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷ): 

 ññ =
S

dydzX ñññ
µ

µ

V

dV
x

X
,ññ =

S

dzdxY ñññ
µ

µ

V

dV
y

Y
, ññ =

S

dxdyZ ñññ
µ

µ

V

dV
z

Z
. (3.41) 

 ʋʩʪʘʥʦʚʠʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʠʟ ʥʠʭ. 

1) ʈʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʦʙʣʘʩʪʴ V ʧʨʘʚʠʣʴʥʘʷ ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʦʩʠ Oz, ʪ.ʝ. ʢʘʞʜʘʷ ʚʝʨʪʠʢʘʣʴ, ʧʨʦʭʦʜʷʱʘʷ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ V ʚʩʪʨʝʯʘʝʪ ʛʨʘ-

ʥʠʮʫ S ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʪʦʯʢʘʭ. ʋʨʘʚʥʝʥʠʝ ʥʠʞʥʝʡ ʯʘʩʪʠ 1S  ʛʨʘʥʠʮʳ ʦʙʦʟʥʘʯʠʤ 

),(1 yxfz= , ʚʝʨʭʥʝʡ 2S : ),(2 yxfz= , ʠ ʧʫʩʪʴ V ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ Oxy  

ʚ ʦʙʣʘʩʪʴ D (ʩʤ ʨʠʩ. 3.22). ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ (3.38), ʚʳʯʠʩʣʠʤ ʪʨʦʡ-

ʥʦʡ ʠʥʪʝʛʨʘʣ 

ʈʠʩ. 3.25 
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ʊʨʝʪʴʝ ʠʟ ʨʘʚʝʥʩʪʚ (3.41) ʫʩʪʘʥʦʚʣʝʥʦ. 

2) ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʜʦ ʨʘʟʙʠʪʴ ʪʝʣʦ ʥʘ ʯʘʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʠʜʘ ʠ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʦʡʩʪʚʦʤ ʘʜʜʠʪʠʚʥʦʩʪʠ. ʀʤʝʥʥʦ, ʜʦʧʫʩʪʠʤ, ʯʪʦ ʤʦʞʥʦ ʨʘʩ-

ʩʝʯʴ ʪʝʣʦ V  ʥʝʢʦʪʦʨʦʡ  ʧʦʚʝʨʭʥʦʩʪʴʶ S ʥʘ ʜʚʝ ʯʘʩʪʠ 1V  ʠ 2V  ʫʢʘʟʘʥʥʦʛʦ ʚʠʜʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʴ S ʙʫʜʝʪ ʨʘʟʜʝʣʝʥʘ ʥʘ ʯʘʩʪʠ 1S  ʠ 2S  (ʨʠʩ. 3.26). 

ɺʥʝʰʥʶʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
1

V  ʩʪʦʨʦʥʫ ʩʝʯʝʥʠʷ S ʦʙʦʟʥʘʯʠʤ +S, ʘ ʚʥʫʪʨʝʥʥʶʶ 

ʯʝʨʝʟ -S, ʪʘʢ ʯʪʦ +=µ 11 SV +S , +=µ 22 SV -S. ʇʦ ʜʦʢʘʟʘʥʥʦʤʫ ʠʤʝʝʤ:  

 ñññ
µ

µ

1V

dV
z

Z
ññ=

1S

Zdxdy ññ
+S

+ Zdxdy,  ñññ
µ

µ

2V

dV
z

Z
ññ=

2S

Zdxdy ññ
-S

+ Zdxdy. 

ʇʨʠ ʩʣʦʞʝʥʠʠ ʵʪʠʭ ʨʘʚʝʥʩʪʚ ʠʥʪʝʛʨʘʣʳ ʧʦ +S  ʠ -S  ʚʟʘʠʤʥʦ ʫʥʠʯʪʦʞʘʪʩʷ, ʠ ʤʳ 

ʧʦʣʫʯʠʤ ʠʩʢʦʤʦʝ ʪʨʝʪʴʝ ʠʟ ʨʘʚʝʥʩʪʚ (3.41). 

 ɸʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʳʚʘʶʪʩʷ ʧʝʨʚʳʝ ʜʚʘ ʠʟ ʨʘʚʝʥʩʪʚ (3.41). ʉʣʦʞʠʚ ʵʪʠ ʪʨʠ 

ʨʘʚʝʥʩʪʚʘ, ʧʦʣʫʯʠʤ ʦʙʱʫʶ ʬʦʨʤʫʣʫ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ (3.40).  ƶ 

2. ʆʧʨʝʜʝʣʝʥʠʝ 1. ʆʙʣʘʩʪʴ V ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʩʚʷʟʥʦʡ, 

ʝʩʣʠ ʚʥʫʪʨʝʥʥʦʩʪʴ ʣʶʙʦʡ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ VS Ë* ʧʨʠʥʘʜʣʝʞʠʪ ʵʪʦʡ ʦʙ-

ʣʘʩʪʠ. 

 ʌʦʨʤʫʣʘ (3.40) ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʠʤʝʥʥʦ ʜʣʷ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ. ʆʜʥʘʢʦ, 

ʦʥʘ ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʝʣʦ V ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʦʜʥʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʴʶ. ʊʘʢʦʝ ʪʝʣʦ ʚʥʫʪʨʠ ʠʤʝʝʪ ʧʫʩʪʦʪʳ, ʠʣʠ ʧʦʣʦʩʪʠ, ʧʨʠ 

ʵʪʦʤ ʚʩʝʛʜʘ ʙʝʨʸʪʩʷ ʥʦʨʤʘʣʴ, ʚʥʝʰʥʷʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʣʫ V.  ʅʘʧʨʠʤʝʨ, 

ʧʫʩʪʴ V ʦʛʨʘʥʠʯʝʥʦ ʜʚʫʤʷ ʟʘʤʢʥʫʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ: ʚʥʝʰʥʝʡ 1S  ʠ ʚʥʫʪʨʝʥ-

ʥʝʡ 2S . ʊ.ʝ., ʢʘʢ ʛʦʚʦʨʷʪ, ʦʛʨʘʥʠʯʝʥʦ ʩʦʩʪʘʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 21 SSS +=  (ʨʠʩ. 

3.27). ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʬʦʨʤʫʣʳ ʨʘʩʩʝʯʸʤ ʪʝʣʦ ʥʘ ʜʚʝ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʩʚʷʟʥʳʝ ʦʙʣʘʩʪʠ 1V  ʠ 2V  ʥʝʢʦʪʦʨʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ S, ʢ ʢʘʞ-

ʜʦʡ ʧʨʠʤʝʥʠʤ ʬʦʨʤʫʣʫ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʟʘʪʝʤ ʧʨʠʤʝʥʠʤ ʩʚʦʡʩʪʚʦ ʘʜʜʠʪʠʚʥʦ-

ʩʪʠ, ʧʦʪʦʤ ʩʣʦʞʠʤ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʨʘʚʝʥʩʪʚʦ (3.40), ʛʜʝ 21 SSS += . ʅʘ 

ʨʠʩ. 3.28: 111 SSS ¡¡¡= 8 , 222 SSS ¡¡¡= 8 . 



 29 

 
3. ʇʫʩʪʴ ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʚʥʝʰʥʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʣʫ V 

ʩʪʦʨʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ VS µ=  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ (3.30). ʊʦʛʜʘ ʩ ʧʦʤʦʱʴʶ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʧʝʨʚʦʛʦ ʨʦʜʘ ʬʦʨʤʫʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʧʝʨʝʧʠh ʝʪʩʷ 

ʪʘʢ: 

 ññ =n+m+l
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dSZYX )coscoscos( dxdydz
z

Z

y

Y

x

X

V

ñññ öö
÷

õ
ææ
ç

å

µ

µ
+

µ

µ
+

µ

µ
. (3.42) 

ɿʘʤʝʯʘʥʠʝ. ʇʦʣʘʛʘʷ ʚ (3.40) 0,0, ¹¹¹ ZYxX , ʠʣʠ 0,,0 ¹¹¹ ZyYX , ʠʣʠ 

zZYX ¹¹¹ ,0,0 , ʠʣʠ zZyYxX ¹¹¹ ,, , ʧʦʣʫʯʠʤ ʯʝʪʳʨʝ ʬʦʨʤʫʣʳ ʜʣʷ ʚʳʯʠʩ-

ʣʝʥʠʷ ʦʙʲʸʤʘ V  ʩ ʧʦʤʦʱʴʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ: 

ññ =
S

dydzx ññ =
S

dzdxy ññ =
S

Vdxdyz ,  ññ +
S

dydzx Vzdxdyydzdx 3=+ . 

 

 

 

Ä 9. ɼʠʚʝʨʛʝʥʮʠʷ (ʨʘʩʭʦʜʠʤʦʩʪʴ) ʚʝʢʪʦʨʥʦʛʦ ʧʦʣ ̫

 

1. ʈʘʩʩʤʦʪʨʠʤ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ kZjYiXF
CCCC

++= . ɽʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʩʪʘʚʠʪʩʷ ʩʢʘʣʷʨʥʘʷ ʬʫʥʢʮʠʷ  
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=
C

;                                               (3.43)  

ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ ʜʠʚʝʨʛʝʥʮʠʝʡ (ʠʣʠ ʨʘʩʭʦʜʠʤʦʩʪʴʶ) ʚʝʢʪʦʨʘ (ʧʦʣʷ) F
C

 (ʦʪ ʬʨ. di-

vergence ï ʨʘʩʭʦʜʠʤʦʩʪʴ). ʉ ʧʦʤʦʱʴʶ ʦʧʝʨʘʪʦʨʘ ɻʘʤʠʣʴʪʦʥʘ ʥʘʙʣʘ 
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µ
=Ð  ʜʠʚʝʨʛʝʥʮʠʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ ʩʠʤʚʦʣʠʯʝʩʢʦʝ ʩʢʘʣʷʨ-

ʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ),( FFdiv
CCC

Ð= .  

 ʊʝʧʝʨʴ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ ʪʝʦʨʝʤʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʧʨʠʤʝʪ ʚʠʜ: 

 ʇʦʪʦʢ ʚʝʢʪʦʨʘ (ʠʣʠ ʧʦʪʦʢ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ) ʯʝʨʝʟ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʨʘʚʝʥ ʪʨʦʡʥʦʤʫ ʠʥʪʝʛʨʘʣʫ (ʠʥʪʝʛʨʘʣʫ ʧʦ ʦʙʲʸʤʫ) ʦʪ ʜʠʚʝʨʛʝʥʮʠʠ: 

    ññ ñññÖ=Ö
S V

n dVFdivdSF
C

.     (3.44) 

ʂʘʢ ʙʳʣʦ ʨʘʥʝʝ ʩʢʘʟʘʥʦ, ),( nFFn

CC
=  ʝʩʪʴ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ F

C
 ʥʘ ʚʥʝʰ-

ʥʶʶ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʣʫ V) ʥʦʨʤʘʣʴ n
C

 ʢ ʧʦʚʝʨʭʥʦʩʪʠ S. 

2. ʀʥʚʘʨʠʘʥʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʚʝʨʛʝʥʮʠʠ.  

ɼʠʚʝʨʛʝʥʮʠʷ, ʟʘʜʘʥʥʘʷ ʦʧʨʝʜʝʣʝʥʠʝʤ (3.43), ʬʦʨʤʘʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʚʳʙʦ-

ʨʦʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʇʦʢʘʞʝʤ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ ʥʝ ʪʘʢ. ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠʣʠ ʯʘʩʪʠ ʝʛʦ, ʛʜʝ ʬʫʥʢʮʠʠ  X, Y, Z  ʥʝʧʨʝʨʳʚʥʳ ʚʤʝʩʪʝ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜ-

ʥʳʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʚʦʟʴʤʸʤ ʪʦʯʢʫ M ʠ ʦʢʨʫʞʠʤ ʝʸ ʟʘʤʢʥʫʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

S ʩ ʦʙʲʸʤʦʤ V (ʨʠʩ. 3.29). ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʫ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ (3.44). ʊʘʢ ʢʘʢ 

F
C

div  ʚ ʩʠʣʫ ʫʩʣʦʚʠʷ ʝʩʪʴ ʬʫʥʢʮʠʷ ʥʝʧʨʝʨʳʚʥʘʷ, ʪʦ ʧʦ ʪʝʦʨʝʤʝ ʦ ʩʨʝʜʥʝʤ ʥʘʡ-

ʜʸʪʩʷ ʪʦʯʢʘ VM Í1 , ʯʪʦ ñññ =Ö
V

dVF
C

div VF
M
Ö

1

div
C

. ʊʦʛʜʘ ʠʟ ʬʦʨʤʫʣʳ (3.44): 

=
1

div
M

F
C

V

dSF
S

nññ
. 

ʉʪʷʥʝʤ ʦʙʲʸʤ V ʚ ʪʦʯʢʫ M; ʧʨʠ ʵʪʦʤ ʧʠʰʫʪ: (V) M­ . ʊʦʛʜʘ ʪʦʯʢʘ MM ­
1

, ʠ 

ʚ ʩʠʣʫ ʥʝʧʨʝʨʳʚʥʦʩʪʠ Fdiv
C

 ʧʦʣʫʯʠʤ  

    =
M

F
C

div
V

dSF
S

n

MV

ññ

­)(
lim .                                        (3.45) 

ɺʳʚʦʜ. ɼʠʚʝʨʛʝʥʮʠʷ ʧʦʣʷ F
C
(ʧʨʠ ʫʩʣʦʚʠʠ ʝʸ ʥʝʧʨʝʨʳʚʥʦʩʪʠ) ʚ ʜʘʥʥʦʡ 

ʪʦʯʢʝ M ʨʘʚʥʘ ʧʨʝʜʝʣʫ ʦʪʥʦʰʝʥʠʷ ʧʦʪʦʢʘ ʧʦʣʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʢʨʫʞʘʶ-

ʱʫʶ ʪʦʯʢʫ M, ʢ ʦʙʲʸʤʫ, ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 

ʦʙʲʸʤ ʩʪʷʛʠʚʘʝʪʩʷ ʚ ʪʦʯʢʫ M. 

 ʇʦʩʢʦʣʴʢʫ ʧʦʪʦʢ ʠ ʦʙʲʸʤ ʥʝ ʩʚʷʟʘʥʳ ʩ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʠ ʜʠʚʝʨ-

ʛʝʥʮʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ: F
C

div  ʝʩʪʴ 

ʠʩʪʠʥʥʳʡ ʩʢʘʣʷʨ. 

3. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʜʠʚʝʨʛʝʥʮʠʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʪʦʢ P ʧʦʣʷ F
C

 ʯʝʨʝʟ 

ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S, ʠ ʜʦʧʫʩʪʠʤ, ʯʪʦ 0̧=P ññ
S

ndSF . ɽʩʣʠ 0>P , ʪʦ ʛʦ-

ʚʦʨʷʪ, ʯʪʦ ʚʥʫʪʨʠ S ʧʨʝʦʙʣʘʜʘʶʪ ʠʩʪʦʯʥʠʢʠ, ʘ ʝʩʣʠ 0<P , ʪʦ ʩʪʦʢʠ. ʀʭ ʤʦʞʥʦ 

ʦʙʲʝʜʠʥʠʪʴ ʦʜʥʠʤ ʩʣʦʚʦʤ: ʠʩʪʦʯʥʠʢ (ʩʪʦʢ ï ʵʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ). ʇʦ-

ʪʦʢ P ʝʩʪʴ ʤʦʱʥʦʩʪʴ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 

ʚʥʫʪʨʠ S. (ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʯʝʥʠʶ ʞʠʜʢʦʩʪʠ ʫʩʣʦʚʠʝ 0̧P  ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ 
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ʧʦʚʝʨʭʥʦʩʪʴ ʚʪʝʢʘʝʪ ʠ ʚʳʪʝʢʘʝʪ ʠʟ ʥʝʸ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ.) ɽʩʣʠ ʠʩ-

ʪʦʯʥʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʧʨʝʨʳʚʥʦ, ʪʦ ʚʚʦʜʷʪ ʧʦʥʷʪʠʝ (ʦʙʲʸʤʥʦʡ) ʧʣʦʪʥʦʩʪʠ 

ʠʩʪʦʯʥʠʢʦʚ: ʢʘʢ ʧʨʝʜʝʣʘ (3.45) ʦʪʥʦʰʝʥʠʷ ʧʦʪʦʢʘ ʢ ʦʙʲʸʤʫ. ʊʘʢʦʚ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʜʠʚʝʨʛʝʥʮʠʠ.  ɽʩʣʠ 0div ¸F
C

 ʚ ʪʦʯʢʝ M, ʪʦ ʛʦʚʦʨʷʪ, ʯʪʦ ʚ ʪʦʯʢʝ M ʥʘʭʦ-

ʜʠʪʩʷ ʠʩʪʦʯʥʠʢ ʠ ʫʩʣʦʚʥʦ ʦʪʤʝʯʘʶʪ ʵʪʦ  ʢʘʢ ʥʘ ʨʠʩ. 3.30. 

 

 

ʇʨʠʤʝʨ 1. ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʝ 0

2
r

r

q
F

CC
Ö= , ʩʦʟʜʘʚʘʝʤʦʝ ʪʦʯʝʯʥʳʤ ʟʘʨʷʜʦʤ q. 

ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʚʳʙʝʨʝʤ ʚ ʪʦʯʢʝ ʨʘʟʤʝʱʝʥʠʷ ʟʘʨʷʜʘ. ʊʦʛʜʘ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ 
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=0 , ʛʜʝ 222 zyxr ++= , ʠ  

3r

r
qF

CC
Ö= , ʦʪʢʫʜʘ 

3r

x
qX = , 

3r

y
qY= , 

3r

z
qZ= . ʇʦʣʝ ʦʧʨʝʜʝʣʝʥʦ ʠ ʥʝʧʨʝʨʳʚʥʦ 
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222 zyx

x

x

r

++
=

µ

µ

r

x
= ;    

5

2

3433

3311

r

xq

r

q

r

x

r
x

r
q

r
x

x
q

x

X
-=ö

÷

õ
æ
ç

å
Ö

-
Ö+=ö

÷

õ
æ
ç

å

µ

µ
=

µ

µ
. 

ʊʦʛʜʘ ʚ ʩʠʣʫ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ 
5

2

3

3

r

yq

r

q

y

Y
-=

µ

µ
,  

5

2

3

3

r

zq

r

q

z

Z
-=

µ

µ
, 0̧r . 

ʆʪʩʶʜʘ 03
3

5

222

3
¹

++
-=

r

zyx
q

r

q
Fdiv
C

 ʚʩʶʜʫ, ʢʨʦʤʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. 
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ʕʪʦ ʞʝ ʧʦʣʫʯʠʤ, ʝʩʣʠ ʟʘʨʷʜ ʧʦʤʝʱʸʥ ʚ ʪʦʯʢʫ ),,( 0000 zyxM  - ʚʧʨʦʯʝʤ, 

ʵʪʦ ʧʦʥʷʪʥʦ ʚ ʩʠʣʫ ʩʚʦʡʩʪʚʘ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʜʠʚʝʨʛʝʥʮʠʠ. 

 ɺʦʟʴʤʸʤ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S, ʥʝ ʦʭʚʘʪʳʚʘʶʱʫʶ ʟʘʨʷʜ q (ʥʘʯʘʣʦ 

ʢʦʦʨʜʠʥʘʪ), ʪʦʛʜʘ ʤʦʞʝʤ ʧʨʠʤʝʥʠʪʴ ʬʦʨʤʫʣʫ (3.44), ʠ ʧʦʣʫʯʠʤ 

0=Ö=Öññ ñññ
S V

n dVFdivdSF
C

.                                (3.45¡) 

ʊʝʧʝʨʴ ʧʫʩʪʴ ʩʬʝʨʘ 1S  ʩʦʜʝʨʞʠʪ ʚ ʮʝʥʪʨʝ ʟʘʨʷʜ q. ʊʦʛʜʘ (ʩʤ. (3.93 ¡)) ʧʦʪʦʢ ʯʝ-

ʨʝʟ ʵʪʫ ʩʬʝʨʫ =P* ññ p=

1

4
S

n qdSF , ʘ ʬʦʨʤʫʣʫ (3.44) ʧʨʠʤʝʥʠʪʴ ʥʝʣʴʟʷ (ʪʘʢ ʢʘʢ 

F
C

div  ʚ ʪʦʯʢʝ O ʪʝʨʧʠʪ ʨʘʟʨʳʚ). ʇʦʪʦʢ ʯʝʨʝʟ ʣʶʙʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʩʦʜʝʨʞʘʱʫʶ ʚʥʫʪʨʠ ʟʘʨʷʜ, ʙʫʜʝʪ ʪʘʢʠʤ ʞʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʥʫʪʨʠ ʟʘʤʢʥʫʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 2S  ʚʦʟʴʤʝʤ ʩʬʝʨʫ 1S, ʩʦʜʝʨʞʘʱʫʶ ʚ ʮʝʥʪʨʝ ʟʘʨʷʜ q; ʪʦʛʜʘ ʧʦ 

ʬʦʨʤʫʣʝ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ (3.44) ʜʣʷ ʩʦʩʪʘʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
-

+= 12 SSS  

(ʨʠʩ.3.32)  ʠʤʝʝʤ: 

0=Ö=Öññ ñññ
S V

n dVFdivdSF
C

, ʦʪʢʫʜʘ  ññ -

2S

ndSF ññ Ý=

1

0
S

ndSF ññ p=

2

4
S

n qdSF . 

 
ɿʘʤʝʯʘʥʠʝ. ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʥʘʜʝʣʠʤ F

C
div ʩʚʦʡʩʪʚʦʤ: 0div =F

C
 ʚʩʶʜʫ, 

ʢʨʦʤʝ ʪʦʯʢʠ 0, ʠ ¤=F
C

div  ʚ ʪʦʯʢʝ 0, ʘ qdVF
V

p=Öñññ 4div
C

, ʢʘʢ ʠ ʧʦʪʦʢ *P . ʇʦ-

ʜʦʙʥʳʝ ʬʦʨʤʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʝʩʣʠ qp4  ʟʘʤʝʥʠʪʴ ʥʘ 1, ʥʘʟʳʚʘʶʪʩʷ çʜʝʣʴʪʘ-

ʬʫʥʢʮʠʷ ɼʠʨʘʢʘè ʠʣʠ d-ʬʫʥʢʮʠʷ. ʆʥʠ ʩʣʫʞʘʪ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ, ʩʦʩʨʝ-

ʜʦʪʦʯʝʥʥʳʭ (ʪ.ʝ. ʥʝ ʷʚʣʷʶʱʠʭʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ) ʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʉ ʥʠʭ ʨʘʟʚʠ-

ʣʘʩʴ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʪʝʦʨʠʷ ʦʙʦʙʱʸʥʥʳʭ ʬʫʥʢʮʠʡ. ɼʦʩʪʘʪʦʯʥʳʝ ʩʚʝʜʝʥʠʷ ʤʦʞ-

ʥʦ ʥʘʡʪʠ ʚ ʢʥʠʛʘʭ [5, 3]  

ʇʨʠʤʝʨ 2. ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʘʨʷʜʦʚ nqqq ...,,, 21 ; ʵʪʠʤʠ ʞʝ ʙʫʢʚʘ-

ʤʠ ʦʙʦʟʥʘʯʘʝʤ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʤʝʱʝʥʳ ʟʘʨʷʜʳ. ʇʦ ʟʘʢʦʥʫ ʥʝʟʘʚʠʩʠʤʦʩʪʠ, 

ʠʣʠ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʜʝʡʩʪʚʠʷ ʩʠʣ, ʦʥʠ ʩʦʟʜʘʶʪ ʧʦʣʝ nFFFF
CCCC
+++= ...21  

( -kF
C
ʥʘʧʨʷʞʸʥʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ ʟʘʨʷʜʦʤ kq )  ʠ 0div...divdiv 1 =++= nFFF

CCC
 

ʚʩʶʜʫ, ʢʨʦʤʝ ʪʦʯʝʢ nqqq ...,,, 21 . ʈʘʩʩʤʦʪʨʠʤ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S ʩ ʦʙʲʸ-

ʤʦʤ V. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʪʦʢ ʩʦʟʜʘʸʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʟʘʨʷʜʦʚ, ʥʘʭʦʜʷ-

ʱʠʭʩʷ ʚʥʫʪʨʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʤʝʥʥʦ, ʧʫʩʪʴ ʚʥʫʪʨʠ S ʥʘʭʦʜʷʪʩʷ ʟʘʨʷ-

n
C

 

n
C

 

1S  

2S  1S  

-
1S  q q 

V 

ʈʠʩ. 3.32 
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ʜʳ mqqq ,,, 21 2 , nm¢ . ʆʢʨʫʞʠʤ ʠʭ ʥʝʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʩʬʝʨʘʤʠ ---
mSSS ...,,, 21 , 

ʢ ʢʦʪʦʨʳʤ ʙʝʨʸʤ ʚʥʝʰʥʠʝ ʥʦʨʤʘʣʠ: ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʥʫʪʨʴ ʪʝʣʘ V (ʨʠʩ.3.33). 

ʇʨʠʤʝʥʷʷ ʬʦʨʤʫʣʫ (3.44) ʢ ʩʦʩʪʘʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ mSSS +++=S ...1 , ʥʘʭʦʜʠʤ 

ññ
S

=0dSFn , ʦʪʢʫʜʘ 

    ññ =
S

ndSF äññ
=

p=
-

m

k S

ndSF

k
1

4 ä
=

m

k
kq

1

.    (3.46) 

ʇʨʠʤʝʨ 3. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʟʘʨʷʜʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʧʨʝʨʳʚʥʦ. 

ʇʫʩʪʴ ʚ ʦʙʲʸʤʝ VD , ʩʦʜʝʨʞʘʱʝʤ ʪʦʯʢʫ M, ʨʘʩʩʨʝʜʦʪʦʯʝʥ ʟʘʨʷʜ ʚʝʣʠʯʠʥʳ qD  

(ʨʠʩ. 3.34). ɺʝʣʠʯʠʥʘ )(lim
)(

M
V

q

MV
r=

D

D
=r

­D
 ʥʘʟʳʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʜ̫ʦʚ ʚ 

ʪʦʯʢʝ M. ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ )(Mr  - ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ. ɼʣʷ ʤʘʣʳʭ ʦʙʲʸʤʦʚ 

ʠʤʝʝʤ  VMq DÖrºD )( . ɺ ʵʪʦʤ ʧʦʣʝ ʨʘʩʩʤʦʪʨʠʤ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S. ʅʘ-

ʜʦ ʧʦʜʩʯʠʪʘʪʴ ʧʦʪʦʢ ʧʦʣʷ ʯʝʨʝʟ ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ V ʨʘʟʦʙʴʸʤ ʥʘ n ʤʘ-

ʣʳʭ ʦʙʲʸʤʦʚ kVD  ( nk ,1= ). ɺ ʦʙʲʸʤʝ kVD  ʚʦʟʴʤʸʤ ʪʦʯʢʫ kM ; ʟʘʨʷʜ ʚ ʥʸʤ ʧʨʠ-

ʤʝʨʥʦ ʙʫʜʝʪ kk VM DÖr )(  - ʝʛʦ ʩʦʩʨʝʜʦʪʦʯʠʤ ʚ ʪʦʯʢʝ kM . ʊʦʛʜʘ ʧʦʪʦʢ ʥʘʰʝʛʦ 

ʧʦʣʷ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ S ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʝʥ (ʩʤ. (3.46)) 

ºññ
S

ndSF ä
=

Drp
n

k
kk VM

1

)(4 . 

ʋʩʪʨʝʤʣʷʷ ʥʘʠʙʦʣʴʰʠʡ ʠʟ ʜʠʘʤʝʪʨʦʚ l ʦʙʣʘʩʪʝʡ 
k

VD  ʢ ʥʫʣʶ, ʚ ʧʨʝʜʝʣʝ ʧʦʣʫ-

ʯʠʤ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʦʢʘ=ññ
S

n
dSF ñññrp

V

dVM )(4 . ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʪʦʢ 

ʥʘʡʜʸʤ ʧʦ ʬʦʨʤʫʣʝ (3.44). ʇʦʣʫʯʠʤ  

    =ñññ
V

dVF
C

div ñññrp
V

dVM )(4 .    (3.47) 

ʆʪʩʶʜʘ ʤʦʞʝʤ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʜʠʚʝʨʛʝʥʮʠʷ ʩʚʷʟʘʥʘ ʩ ʧʣʦʪʥʦʩʪʴʶ. ʈʘʩʩʤʦʪʨʠʤ ʚ 

ʟʘʜʘʥʥʦʤ ʧʦʣʝ ʪʦʯʢʫ M, ʦʢʨʫʞʠʤ ʝʸ ʧʦʚʝʨʭʥʦʩʪʴʶ S ʩ ʦʙʲʸʤʦʤ V ʠ ʢ ʦʙʦʠʤ 

ʦʙʲʸʤʥʳʤ ʠʥʪʝʛʨʘʣʘʤ ʚ (3.47) ʧʨʠʤʝʥʠʤ ʪʝʦʨʝʤʫ ʦ ʩʨʝʜʥʝʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʚ ʦʙʲʸʤʝ V ʥʘʡʜʫʪʩʷ ʪʦʯʢʠ 
1

M  ʠ 
2

M , ʪʘʢʠʝ, ʯʪʦ ʚʳʧʦʣʥʠʪʩʷ ʨʘʚʝʥʩʪʚʦ 

    VMVF
M

Öpr=Ö )(4div 2
1

C
. 

ʉʦʢʨʘʪʠʤ ʥʘ ʚʝʣʠʯʠʥʫ V , ʟʘʪʝʤ ʦʙʲʸʤ V ʙʫʜʝʤ ʩʪʷʛʠʚʘʪʴ ʚ ʪʦʯʢʫ M. ʊʦʛʜʘ ʪʦʯ-

ʢʠ 1M  ʠ 2M M­ ;  ʚ ʧʨʝʜʝʣʝ ʧʦʣʫʯʠʤ  

    )(4div MF
M

pr=
C

.    (3.48) 
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ɺʳʚʦʜ. ɼʠʚʝʨʛʝʥʮʠʷ ʨʘʚʥʘ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ, ʫʤʥʦʞʝʥ-

ʥʦʡ ʥʘ 4p. (ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ, ʢʘʢ ʠ ʨʝʟʫʣʴʪʘʪ (3.46), ʥʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʤʦʡ ɻʘʫʩ-

ʩʘ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʢʝ.)  

4. ʊʨʫʙʯʘʪʳʝ, ʠʣʠ ʩʦʣʝʥʦʠʜʘʣʴʥʳʝ ʧʦʣʷ . (ɻʨʝʯ. solen - ʪʨʫʙʢʘ). 

ʆʧʨʝʜʝʣʝʥʠʝ. ɺʝʢʪʦʨʥʦʝ ʧʦʣʝ F
C
, ʫ ʢʦʪʦʨʦʛʦ ʜʠʚʝʨʛʝʥʮʠʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʨʘʚʥʘ ʥʫʣʶ, 0div =F
C

, ʥʘʟʳʚʘʝʪʩʷ ʩʦʣʝʥʦʠʜʘʣʴʥʳʤ ʠʣʠ ʪʨʫʙʯʘʪʳʤ ʧʦʣʝʤ, ʘ 

ʩʘʤ ʚʝʢʪʦʨ F
C

 ʥʘʟʳʚʘʝʪʩʷ ʩʦʣʝʥʦʠʜʘʣʴʥʳʤ ʚʝʢʪʦʨʦʤ. 

 ɺʳʷʩʥʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ ʧʦʣʝʡ. 

1) ɽʩʣʠ ʦʙʣʘʩʪʴ V, ʟʘʥʷʪʘʷ ʩʦʣʝʥʦʠʜʘʣʴʥʳʤ ʧʦʣʝʤ, ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʦ ʦʜʥʦʩʚʷʟʥʦʡ, ʪʦ ʧʦʪʦʢ ʯʝʨʝʟ ʣʶʙʫʶ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ VSË  ʨʘʚʝʥ 

ʥʫʣʶ ʠ ʥʘʦʙʦʨʦʪ. ʕʪʦ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ (3.44).  

2) ʇʦʵʪʦʤʫ, ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ S ʥʘʪʷʥʫʪʘ ʥʘ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ L, ʪʦ ʧʦ-

ʪʦʢ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʛʨʘʥʠʮʳ L=Sµ  ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʘʤʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ 1S ʠʣʠ 2S  (ʩʤ. ʨʠʩ 3.35): ʧʦʪʦʢ ʯʝʨʝʟ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 
-S+S= 12S  ʨʘʚʝʥ ʥʫʣʶ, ʧʦʵʪʦʤʫ ññññ

SS

=

21

(...)(...) . 

3) ʆʧʨʝʜʝʣʝʥʠʝ. ʂʨʠʚʘʷ l, ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ M ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʩʘ-

ʪʝʣʴʥʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʷ, ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʦʡ ʣʠʥʠʝʡ. ɸ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʚʝʢʪʦʨʥʳʭ ʣʠʥʠʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʟʘʤʢʥʫʪʫʶ ʢʨʠʚʫʶ G, 

ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʥʦʡ ʪʨʫʙʢʦʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʚʝʢʪʦʨʥʫʶ ʪʨʫʙʢʫ ʠ ʣʶʙʳʝ ʝʸ ʩʝʯʝʥʠʷ 1S  ʠ 2S  ʩ ʦʜʠʥʘʢʦʚʦ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʦʨʤʘʣʴʶ. (ʈʠʩ. 3.36). ʇʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʪʨʫʙʢʝ ʧʦʣʝ ʚʩʶʜʫ ʩʦʣʝ-

ʥʦʠʜʘʣʥɹʦ (ʥʝʪ ʥʠ ʠʩʪʦʯʥʠʢʦʚ, ʥʠ ʩʪʦʢʦʚ). ʇʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʢʠ ʦʙʦʟʥʘʯʠʤ S. 

ʀʤʝʝʤ ʟʘʤʢʥʫʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S++= -
21 SSS . ʊʘʢ ʢʘʢ ʚʥʫʪʨʠ ʝʸ 0div =F

C
, ʪʦ 

ʧʦ ʬʦʨʤʫʣʝ (3.44) 

    ññññññññ
S

=++Ý=
-

00

21 SSS

ndSF . 

ʇʦʩʢʦʣʴʢʫ nF
CC
^  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ S, ʪʦ 0=nF , ʠ ʧʦʪʦʤʫ ññ

S

=0. ʇʦʣʫʯʠʤ 

Ý=-ññññ
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0
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n dSFdSF . 
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ɺʳʚʦʜ. ɺ ʩʦʣʝʥʦʠʜʘʣʴʥʦʤ ʧʦʣʝ ʧʦʪʦʢ ʯʝʨʝʟ ʣʶʙʦʝ ʩʝʯʝʥʠʝ ʚʝʢʪʦʨʥʦʡ 

ʪʨʫʙʢʠ ʦʜʠʥ ʠ ʪʦʪ ʞʝ. ʆʥ ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʴʶ ʚʝʢʪʦʨʥʦʡ ʪʨʫʙʢʠ. 

ɿʘʤʝʯʘʥʠʝ. ʄʳ ʚʠʜʝʣʠ, ʯʪʦ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ, ʩʦʣʝ-

ʥʦʠʜʘʣʴʥʦ ʚʩʶʜʫ, ʢʨʦʤʝ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʟʘʨʷʜʳ. ɸ ʚʩʸ ʧʨʦʩʪʨʘʥʩʪ-

ʚʦ ʩ ʚʳʙʨʦʰʝʥʥʳʤʠ ʪʦʯʢʘʤʠ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʩʚʷʟʥʦʡ ʦʙʣʘ-

ʩʪʴʶ. 

 

 

Ä 10. ʌʦʨʤʫʣʘ ʉʪʦʢʩʘ
2
 

 

1. ʇʫʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ G. ʅʘʪʷ-

ʥʝʤ ʥʘ ʥʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ S, G=µS , ʠ ʚʳʙʝʨʝʤ ʥʘ ʥʝʡ ʦʧʨʝʜʝʣʸʥʥʫʶ ʩʪʦʨʦʥʫ, 

ʪ.ʝ. ʥʦʨʤʘʣʴ. ɺʩʝʛʜʘ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʥʪʫʨʝ ʩʦʛʣʘʩʦʚʘʥʦ ʩ 

ʚrʙʨʘʥʥʦʡ ʩʪʦʨʦʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢ, ʯʪʦ ʧʨʠ ʦʙʭʦʜʝ G ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʳʙʨʘʥʥʘʷ ʩʪʦʨʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʸʪʩʷ ʩʣʝʚʘ (ʨʠʩ. 3.37)  - ʪʘʢʦʝ ʥʘʧʨʘʚʣʝ-

ʥʠʝ ʥʘ G ʩʯʠʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʌʦʨʤʫʣʘ ʉʪʦʢʩʘ ʩʚʷʟʳʚʘʝʪ ʢʨʠʚʦʣʠʥʝʡ-

ʥʳʡ ʠʥʪʝʛʨʘʣ ʧʦ G ʩ ʠʥʪʝʛʨʘʣʦʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ S.  

ʊʝʦʨʝʤʘ ʉʪʦʢʩʘ. ʇʫʩʪʴ ʬʫʥʢʮʠʠ ),,(),,,(),,,( zyxZzyxYzyxX  ʥʝʧʨʝʨʳʚ-

ʥʳ ʚʤʝʩʪʝ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ V. 

ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʝʨʸʤ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ G ʠ ʥʘʪʷʥʫʪʫʶ ʥʘ ʥʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ 

S, G=µS . ʊʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʬʦʨʤʫʣʘ ʉʪʦʢʩʘ 
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D  ʉʥʘʯʘʣʘ ʜʦʢʘʞʝʤ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʬʦʨʤʫʣʳ ʉʪʦʢʩʘ: 

   ñ
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=dxX dzdx
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S
µ

µ
+öö

÷

õ
ææ
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µ
-ññ .    (3.50) 

                                                 
2
 ʉʪʦʢʩ ɼʞʦʥ ɻʘʙʨʠʝʣʴ (1819-1903) ï ʘʥʛʣ. ʤʘʪʝʤʘʪʠʢ ʠ ʬʠʟʠʢ. 
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ʇʨʝʦʙʨʘʟʫʝʤ ʣʝʚʫʶ ʯʘʩʪʴ. 

1) ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ S ʩ ʢʘʞʜʦʡ ʧʨʷʤʦʡ, ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʩʠ Oz, 

ʧʝʨʝʩʝʢʘʝʪʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, ʪ.ʝ. ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʥʦ ʟʘʜʘʪʴ ʫʨʘʚ-

ʥʝʥʠʝʤ ),( yxzz= , ʠ ʚʦʟʴʤʸʤ ʚʝʨʭʥʶʶ ʩʪʦʨʦʥʫ. ʆʙʦʟʥʘʯʠʤ D ʠ  L ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʧʨʦʝʢʮʠʠ S ʠ ɻ ʥʘ ʧʣʦʩʢʦʩʪʴ Oxy, Dµ=G  (ʨʠʩ. 3.38). 

 

  
ʋʙʝʜʠʤʩʷ, ʯʪʦ ʪʦʛʜʘ 

   ññ
G

=
L

dxyxzyxXdxzyxX )),(,,(),,( .    (3.51) 

ʇʫʩʪʴ ʢʨʠʚʘʷ G ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʷʤʠ (3.6), ʪʦ ʫʨʘʚʥʝʥʠʷ ʣʠʥʠʠ L ʙʫʜʫʪ 

)}(),({ tfytx =j= , ʘ ))(),(()( tftzt j¹y , ],[
0

TttÍ  . ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ, ʧʦʣʫ-

ʯʠʤ: 

dttttftXdxzyxX
T

t

)())(),(),((),,(

0

j¡yj=ññ
G

, 

=ñ
L

dxyxzyxX )),(,,( dtttftztftX
T

t

)()))(),((),(),((

0

j¡jjñ . 

ʆʪʩʶʜʘ ʠ ʩʣʝʜʫʝʪ ʨʘʚʝʥʩʪʚʦ (3.51). ʇʨʘʚʫʶ ʯʘʩʪʴ ʝʛʦ ʧʨʝʦʙʨʘʟʫʝʤ ʢ ʜʚʦʡʥʦʤʫ 

ʠʥʪʝʛʨʘʣʫ ʧʦ ʬʦʨʤʫʣʝ ɻʨʠʥʘ (3.20), ʚ ʢʦʪʦʨʦʡ )),(,,(),( yxzyxXyxP ¹ ,  

0),( ¹yxQ , ʠ ʟʘʤʝʪʠʤ, ʯʪʦ 
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ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʜʚʦʡʥʦʤʫ ʠʥʪʝʛʨʘʣʫ ʧʨʝʦʙʨʘʟʫʝʤ ʠ ʧʨʘʚʫʶ ʯʘʩʪʴ ʠʟ ʨʘʚʝʥʩʪʚʘ 

(3.50). ʊʘʤ ʧʝʨʝʡʜʸʤ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʠʥʪʝʛʨʘʣʫ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʇʦʩʢʦʣʢɹʫ ʤʳ 

ʚʳʙʨʘʣʠ ʚʝʨʭʥʶʶ ʩʪʦʨʦʥʫ ʧʦʚʝʨʭʥʦʩʪʠ 0),( =- yxzz , ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʘ 

ʥʦʨʤʘʣʠ ʤʦʞʝʤ ʚʟʷʪʴ kj
y

z
i

x

z
N

CCCC
Ö+

µ

µ
-

µ

µ
-= 1 , ʠ ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʙʫʜʫʪ  

ʈʠʩ. 3.38 

ʈʠʩ. 3.37 
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221
cos
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-
=l , 

221
cos

qp

q
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-
=m , 

221

1
cos

qp ++
=n , ʦʪʢʫʜʘ q-=mcos ncos . 

ʀʤʝʝʤ: 
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(3.53) 

ʉʨʘʚʥʠʚʘʷ (3.52) ʠ (3.53), ʧʦʣʫʯʘʝʤ (3.50). 

2) ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʩʩʝʯʸʤ ʧʦʚʝʨʭʥʦʩʪʴ S ʥʘ ʯʘʩʪʠ ʚʠʜʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ 

ʚ ʧʝʨʚʦʤ ʧʫʥʢʪʝ. ɼʦʧʫʩʪʠʤ, ʪʘʢʠʭ ʯʘʩʪʝʡ ʙʫʜʝʪ ʜʚʝ (ʩʤ. ʨʠʩ. 3.39). ʊʦʛʜʘ 

ñ ññ=
ABCmA S

Xdx
1

 ʠ ñ ññ=
AnCBA S

Xdx
2

. ʉʢʣʘʜʳʚʘʷ ʵʪʠ ʨʘʚʝʥʩʪʚʘ, ʟʘʤʝʯʘʷ ʧʨʠ ʵʪʦʤ, ʯʪʦ 

ʠʥʪʝʛʨʘʣʳ ʧʦ  ABC ʠ  CBA ʚʟʘʠʤʥʦ ʫʥʠʯʪʦʞʘʶʪʩʷ, ʠ 
21

SSS += , ʧʦʣʫʯʠʤ  

ñ ññ
G

öö
÷

õ
ææ
ç

å

µ

µ
+

µ

µ
-=

S

dzdx
z

X
dxdy

y

X
Xdx . 

ɼʣʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʭ ʨʘʟʙʠʚʘʶʪ ʥʘ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʯʘʩʪʝʡ. 

 ɸʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʳʚʘʶʪʩʷ ʜʚʘ ʜʨʫʛʠʭ ʨʘʚʝʥʩʪʚʘ 

   ñ
G

=dyY dydz
z

Y
dxdy

x

Y

S µ

µ
-

µ

µ
ññ ,                                     (3.54) 

   ñ
G

=dzZ dzdx
x

Z
dydz

y

Z

S µ

µ
-

µ

µ
ññ .                                    (3.55) 

ʉʢʣʘʜʳʚʘʷ ʨʘʚʝʥʩʪʚʘ (3.50), (3.54), (3.55), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʉʪʦʢʩʘ (3.49) ʦʙ-

ʱʝʛʦ ʚʠʜʘ. ƶ 

ʋʯʠʪʳʚʘʷ, ʯʪʦ kjin
CCCC
n+m+l= coscoscos  ï ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ 

ʚʳʙʨʘʥʥʦʡ ʩʪʦʨʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ S, ʪʦ ʩ ʧʦʤʦʱʴʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ 

ʧʝʨʚʦʛʦ ʨʦʜʘ ʬʦʨʤʫʣʘ ʉʪʦʢʩʘ ʧʝʨʝʧʠʰʝʪʩʷ ʪʘʢ: 
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ɿʘʤʝʯʘʥʠʝ 1. ʌʦʨʤʫʣʘ ʉʪʦʢʩʘ ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʜʣʷ ʤʥʦʛʦʩʚʷʟʥʳʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ, ʪ.ʝ. ʦʛʨʘʥʠʯʝʥʥʳʭ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʤʢʥʫʪʳʤʠ ʢʦʥʪʫʨʘʤʠ. ʕʪʦ ʫʩʪʘʥʘʚʣʠʚʘ-

ʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭ ʞʝ ʨʘʩʩʫʞʜʝʥʠʡ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ ʬʦʨʤʫʣʳ ɻʨʠʥʘ 

(Ä 3.4, ʧ.3). ʅʘ ʨʠʩ. 3.40 ʠʟʦʙʨʘʞʸʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʛʨʘʥʠʮʘ 21 G+G=G  ʩʦʩʪʦʠʪ ʠʟ 

ʜʚʫʭ ʢʦʥʪʫʨʦʚ 1G ʠ 2G. 
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ɿʘʤʝʯʘʥʠʝ 2. ɿʘʧʦʤʥʠʪʴ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʩʧʨʘʚʘ ʚ (3.49) 

ʤʦʞʥʦ ʪʘʢ: ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʪʘʢʦʝ ʞʝ ʢʘʢ ʠ ʚ ʬʦʨʤʫʣʝ ɻʨʠʥʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʧʦ-

ʣʫʯʘʁ ʪʩʷ ʠʟ ʥʝʛʦ ʢʨʫʛʦʚʦʡ ʧʝʨʝʩʪʘʥʦʚʢʦʡ çʟʥʘʤʝʥʘʪʝʣʝʡè zyx µµµ ,, (ʨʠʩ. 3.41), 

ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʠʪʝʣʷ d, ʨʘʟʣʦʞʠʚ ʝʛʦ ʧʦ ʵʣʝʤʝʥʪʘʤ 
ʧʝʨʚʦʡ ʩʪʨʦʢʠ: 

 
ɿʘʤʝʯʘʥʠʝ 3. ʌʦʨʤʫʣʳ ɻʨʠʥʘ, ʉʪʦʢʩʘ ʠ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʦʙʲʝʜʠʥʷʝʪ ʦʜʥʘ 

ʠʜʝʷ: ʦʥʠ ʚʳʨʘʞʘʶʪ ʠʥʪʝʛʨʘʣ ʧʦ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ W ʯʝʨʝʟ ʠʥʪʝʛʨʘʣ ʧʦ ʛʨʘ-

ʥʠʮʝ Wµ  ʵʪʦʡ ʦʙʣʘʩʪʠ. 

 

 

Ä 11. ʅʝʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʦʪ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʷ. ʋʩʣʦʚʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

 

1. ʈʘʩʩʤʦʪʨʠʤ ʠʥʪʝʛʨʘʣ ʧʦ ʧʫʪʠ ABL=  

    ñ ++
AB

ZdzYdydxX .                                          (3.56) 

ʉʦʝʜʠʥʠʤ ʪʦʯʢʠ  A ʠ  B ʜʨʫʛʦʡ ʢʨʠʚʦʡ 1L  (ʨʠʩ. 3.42). ɺʦʦʙʱʝ ʛʦʚʦʨʷ ññ¸
1

)()(
LL

. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʙʦʪʘ ʩʠʣʳ kZjYiXF
CCCC

++=  ʥʘ ʧʫʪʠ L ʚʦʦʙʱʝ ʛʦʚʦʨʷ ʥʝ ʨʘʚʥʘ 

ʨʘʙʦʪʝ ʥʘ ʧʫʪʠ 1L . ʆʜʥʘʢʦ ʝʩʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʨʘʙʦʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʧʫ-

ʪʠ, ʠʣʠ, ʢʘʢ ʛʦʚʦʨʷʪ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ çʧʫʪʠ ʧʝʨʝʭʦʜʘè ʦʪ ʪʦʯʢʠ  A ʢ ʪʦʯʢʝ B.  

 ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʦʛʜʘ ʠʥʪʝʛʨʘʣ (3.56) (ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʙʦʪʘ) ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʥʘʯʘʣʴʥʦʡ A ʠ ʢʦʥʝʯʥʦʡ B 

ʪʦʯʝʢ). 
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 ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʬʫʥʢʮʠʠ  X,  Y,  Z   ʥʝʧʨʝʨʳʚʥʳ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ V 

ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʊʝʦʨʝʤʘ 3.1. ʋʪʚʝʨʞʜʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 

(3.56) ʦʪ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ V ʨʘʚʥʦʩʠʣʴʥʦ ʫʪʚʝʨʞʜʝʥʠʶ ʦ ʨʘ-

ʚʝʥʩʪʚʝ ʥʫʣʶ ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʦ ʣʶʙʦʤʫ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ, ʧʨʠʥʘʜʣʝʞʘ-

ʱʝʤʫ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

D  1) ʇʫʩʪʴ ʜʘʥʦ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ, ʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʪʦʯʝʢ. ʅʘʜʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʧʦ ʣʶʙʦʤʫ ʟʘʤʢʥʫ-

ʪʦʤʫ ʢʦʥʪʫʨʫ ɻ ʨʘʚʝʥ ʥʫʣʶ. ɹʝʨʸʤ ʥʘ ɻ ʜʚʝ ʪʦʯʢʠ  A ʠ  B. ʂʨʠʚʘʷ ɻ ʨʘʟʦʙʴʸʪʩʷ 

ʠʤʠ ʥʘ ʜʚʘ ʧʫʪʠ AmB ʠ  AnB (ʨʠʩ. 3.43). ʇʦ ʫʩʣʦʚʠʶ  

  Ý=+Ý=-Ý= ññññ ññ 0)()(0)()()()(
BnAAmBAnBAnB AmBAmB

ñ=
AmBnA

0)( . 

ʊʨʝʙʫʝʤʦʝ ʜʦʢʘʟʘʥʦ, ʪ.ʢ. ʢʦʥʪʫʨ AmBnA=G  ʙʳʣ ʚʟʷʪ ʧʨʦʠʟʚʦʣʴʥʳʤ. 

2) ʆʙʨʘʪʥʦ. ʇʫʩʪʴ ʜʘʥʦ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʧʦ ʣʶʙʦʤʫ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ ʨʘ-

ʚʝʥ   ʥʫʣʶ. ʅʘʜʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʧʨʦ-

ʠʟʚʦʣʴʥʦ ʚʟʷʪʳʝ ʪʦʯʢʠ A ʠ  B. ɼʣʷ ʵʪʦʛʦ ʜʘʥʥʳʝ ʪʦʯʢʠ A ʠ  B ʩʦʝʜʠʥʠʤ ʣʶʙʳʤʠ 

ʜʚʫʤʷ ʧʫʪʷʤʠ AmB ʠ  AnB (ʨʠʩ. 3.42). ʇʦʣʫʯʠʤ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ G¹AmBnA . 

ʇʦ ʫʩʣʦʚʠʶ 

ñ
G

=0)( ññññ ññ =Ý=-Ý=+Ý
AnBAmBAnBBnA AmBAmB

)()(0)()(0)()( .  ƶ 

2. ʇʨʠʤʝʥʠʤ ʬʦʨʤʫʣʫ ʉʪʦʢʩʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʫʩʣʦʚʠʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʦʪ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʆʙʣʘʩʪʴ 0V  ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʣʘʜʘʶʱʘʷ ʪʝʤ ʩʚʦʡʩʪʚʦʤ, 

ʯʪʦ ʥʘ ʣʶʙʦʡ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ 0VÍG  ʤʦʞʥʦ ʥʘʪʷʥʫʪʴ ʧʨʦʩʪʫʶ ʢʫʩʦʯʥʦ-

ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ S, G=µS , ʮʝʣʠʢʦʤ ʣʝʞʘʱʫʶ ʚ ʦʙʣʘʩʪʠ 0V , ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʜʥʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʴʶ, ʠʣʠ ʧʨʦʩʪʦ ʦʜʥʦʩʚʷʟʥʦʡ. (ʅʝ ʧʫʪʘʪʴ ʩ ʦʧ-

ʨʝʜʝʣʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ ʠʟ Ä 3.8.)  

 

 
 ʊʘʢʠʝ ʦʙʣʘʩʪʠ, ʢʘʢ ʪʦʨ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩ ʚʳʙʨʦʰʝʥʥʦʡ ʧʨʷʤʦʡ, ʥʝ ʷʚʣ̫-

ʶʪʩʷ ʦʜʥʦʩʚʷʟʥʳʤʠ. 

ʊʝʦʨʝʤʘ 3.2. (ʋʩʣʦʚʠʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʦʪ ʧʫ-

ʪʠ.) 

ʇʫʩʪʴ ʬʫʥʢʮʠʠ ),,( zyxX , ),,( zyxY , ),,( zyxZ  ʥʝʧʨʝʨʳʚʥʳ ʠ ʠʤʝʶʪ ʥʝ-

ʧʨʝʨʳʚʥʳʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʦʙʣʘʩʪʠ 0V . ɼʣʷ ʪʦʛʦ, 

ʈʠʩ. 3.42 ʈʠʩ. 3.43 
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ʯʪʦʙʳ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ 

    ñ
G

++ ZdzYdyXdx      (3.57)  

ʧʦ ʣʶʙʦʤʫ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ 0VËG  ʙʳʣ ʨʘʚʝʥ ʥʫʣʶ, ʥʝʦʙʭʦʜʠʤʦ, ʘ ʝʩʣʠ 0V  

ʦʜʥʦʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ, ï ʪʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚ ʦʙʣʘʩʪʠ 0V  ʚʳʧʦʣʥʷʣʠʩʴ ʫʩ-

ʣʦʚʠʷ 

   
y

X

x

Y

µ

µ
=

µ

µ
,  

z

Y

y

Z

µ

µ
=

µ

µ
,  

x

Z

z

X

µ

µ
=

µ

µ
.                               (3.58) 

(ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ: ʪʦʞʜʝʩʪʚʘ (3.58) ʦʧʨʝʜʝʣʷʶʪ ʢʨʠʪʝʨʠʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʛʨʘʣʘ (3.56) ʦʪ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ AB.) 

D  ɼʦʩʪʘʪʦʯʥʦʩʪʴ. ʇʫʩʪʴ ʜʘʥʦ, ʯʪʦ ʫʩʣʦʚʠʷ (3.58) ʚʳʧʦʣʥʷʶʪʩʷ. ɹʝʨʸʤ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ 0VËG .  ʇʦʩʢʦʣʴʢʫ ʦʙʣʘʩʪʴ 0V  ʦʜʥʦʩʚʷʟʥʘʷ, ʥʘ 

ʢʦʥʪʫʨ G ʤʦʞʥʦ ʥʘʪʷʥʫʪʴ ʧʦʚʝʨʭʥʦʩʪʴ 0VSË . ʊʦʛʜʘ ʧʦ ʬʦʨʤʫʣʝ ʉʪʦʢʩʘ (3.49) 

ʧʦʣʫʯʠʤ, ʯʪʦ ʠʥʪʝʛʨʘʣ (3.57) ʨʘʚʝʥ ʥʫʣʶ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʫʩʪʴ ʥʘʦʙʦʨʦʪ, ʜʘʥʦ, ʯʪʦ ʠʥʪʝʛʨʘʣ (3.57) ʧʦ ʣʶʙʦʤʫ 

ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ G ʨʘʚʝʥ ʥʫʣʶ. ɼʦʢʘʞʝʤ, ʯʪʦ ʪʦʛʜʘ ʚʳʧʦʣʥʷʶʪʩʷ ʪʦʞʜʝʩʪ-

ʚʘ (3.58). ʈʘʩʩʫʞʜʘʝʤ ʦʪ ʧʨʦʪʠʚʥʦʛʦ: ʜʦʧʫʩʪʠʤ ʫʩʣʦʚʠʷ (3.58) ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ, 

ʪ.ʝ. ʥʘʡʜʸʪʩʷ ʭʦʪʷ ʙʳ ʦʜʥʘ ʪʦʯʢʘ 00 VM Í , ʚ ʢʦʪʦʨʦʡ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ ʦʜʥʦ ʠʟ ʪʦʞʜʝʩʪʚ (3.58), ʥʘʧʨʠʤʝʨ, ʧʨʝʜʧʦʣʦʞʠʤ 
y

X

x

Y

µ

µ
¸

µ

µ
, ʠʣʠ 

0

0

¸öö
÷

õ
ææ
ç

å

µ

µ
-

µ

µ

M
y

X

x

Y
. ɺʦʟʴʤʸʤ ʢʨʫʛ S ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 0M , ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʣʦʩ-

ʢʦʩʪʠ Oxy, ʩʪʦʣʴ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ, ʯʪʦʙʳ ʚ ʥʸʤ 0),,( ¸
µ

µ
-

µ

µ
¹y

y

X

x

Y
zyx  - ʵʪʦ 

ʚʦʟʤʦʞʥʦ ʚ ʩʠʣʫ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʟʥʘʯʠʪ ʠ ʬʫʥʢʮʠʠ ),,( zyxy . 

ʇʫʩʪʴ  Sµ=G  ʠ S ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ Oxy ʚ ʦʙʣʘʩʪʴ D (ʨʠʩ 3.44). ʇʨʠ-

ʤʝʥʷʷ ʬʦʨʤʫʣʫ ʉʪʦʢʩʘ ʠ ʫʯʠʪʳʚʘʷ ʝʸ ʟʘʧʠʩʴ )94.3( ¡, ʚ ʢʦʪʦʨʦʡ 
2

p
=m=l , 0=n , 

ʥʘʡʜʸʤ: 

ñ
G

++ ZdzYdyXdx dxdy
y

X

x

Y

S

ññ öö
÷

õ
ææ
ç

å

µ

µ
-

µ

µ
= ññy=

D

dxdyhyx ),,( 0.ʧʣ),,( ¸Öhxy= Dh  

(ʪʘʢʘʷ ʪʦʯʢʘ Dh Íhx ),,(  ʥʘʡʜʸʪʩʷ ʧʦ ʪʝʦʨʝʤʝ ʦ ʩʨʝʜʥʝʤ ʜʣʷ ʜʚʦʡʥʦʛʦ ʠʥʪʝʛʨʘ-

ʣʘ). ʀʪʘʢ, ʥʘʰʸʣʩʷ ʢʦʥʪʫʨ, ʧʦ ʢʦʪʦʨʦʤʫ ʠʥʪʝʛʨʘʣ (3.57) ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ. ʕʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʦʤʫ ʫʩʣʦʚʠʶ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʧʦ ʣʶʙʦʤʫ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ ʨʘ-

ʚʝʥ ʥʫʣʶ.  ƶ 
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 3. ʉʚʷʟʴ ʩ ʚʦʧʨʦʩʦʤ ʦ ʧʦʣʥʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʝ.  

ʊʝʦʨʝʤʘ 3.3. ʇʫʩʪʴ ʬʫʥʢʮʠʠ X,  Y,  Z   ʥʝʧʨʝʨʳʚʥʳ ʠ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʝ 

ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʦʜʥʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ 0V . ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʚʳʨʘʞʝʥʠʝ  

    ZdzYdyXdx ++                                                   (3.59)  

ʙʳʣʦ ʧʦʣʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ u(x,y,z): 

   ZdzYdyXdx ++ ),,( zyxdu= ,                                     (3.60)  

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʠʩʴ ʫʩʣʦʚʠʷ (3.58). ʇʨʠ ʵʪʦʤ ʬʫʥʢ-

ʮʠʷ u ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 

   ñ ++=
),,(

),,( 000

),,(
zyxB

zyxA

ZdzYdyXdxzyxu ,    (3.61) 

 ʛʜʝ ),,( 000 zyxA  ʢʘʢʘʷ-ʣʠʙʦ ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʪʦʯʢʘ ʠʟ ʦʙʣʘʩʪʠ 0V . 

 D  ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʫʩʪʴ ʜʘʥʦ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ (3.59) ʝʩʪʴ ʧʦʣʥʳʡ ʜʠʬ-

ʬʝʨʝʥʮʠʘʣ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ u, ʪ.ʝ. ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ (3.60). ʋʯʠʪʳʚʘʷ, 

ʯʪʦ dz
z

u
dy

y

u
dx

x

u
du

µ

µ
+

µ

µ
+

µ

µ
=  ʠ ʧʦʣʘʛʘʷ ʚ  (3.60) ʦʜʥʦ ʠʟ ʧʨʠʨʘʱʝʥʠʡ dx, dy, dz 

ʦʪʣʠʯʥʳʤ ʦʪ ʥʫʣʷ, ʘ ʜʚʘ ʜʨʫʛʠʭ ʥʫʣʸʤ, ʧʦʣʫʯʠʤ 
x

u
X
µ

µ
= , 

y

u
Y
µ

µ
= , 

z

u
Z
µ

µ
= . ʊʝ-

ʧʝʨʴ ʚʦʟʴʤʸʤ ʦʪ ʦʙʝʠʭ ʯʘʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʠ ʚ ʩʠʣʫ ʨʘʚʝʥʩʪ-

ʚʘ ʚʪʦʨʳʭ ʩʤʝʰʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ u (ʘ ʦʥʠ ʙʫʜʫʪ ʥʝʧʨʝʨʳʚʥʳ) ʧʦʣʫ-

ʯʠʤ ʨʘʚʝʥʩʪʚʘ (3.58). (ɿʜʝʩʴ ʦʜʥʦʩʚʷʟʥʦʩʪʴ ʦʙʣʘʩʪʠ 0V  ʥʝ ʦʙʷʟʘʪʝʣʥɹʘ). 

 ɼʦʩʪʘʪʦʯʥʦʩʪʴ. ʇʫʩʪʴ ʜʘʥʦ, ʯʪʦ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ (3.58). ɺʦʟʴʤʸʤ ʚ 

ʦʙʣʘʩʪʠ 0V  ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʪʦʯʢʫ ),,( 000 zyxA  ʠ ʧʝʨʝʤʝʥʥʫʶ ),,( zyxB , ʠ ʨʘʩ-

ʩʤʦʪʨʠʤ ʠʥʪʝʛʨʘʣ (3.56). ɺ ʩʠʣʫ ʫʩʣʦʚʠʡ (3.58) ʦʥ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʧʫʪʠ  

AB, ʘ ʪʦʣʴʢʦ ʦʪ ʪʦʯʝʢ A ʠ  B. ʅʦ ʧʦʩʢʦʣʴʢʫ ʪʦʯʢʘ A ʬʠʢʩʠʨʦʚʘʥʘ, ʪʦ ʦʥ ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʦʪ ʪʦʯʢʠ ),,( zyxB , ʪ.ʝ. ʦʧʨʝʜʝʣʷʝʪ (ʦʜʥʦʟʥʘʯʥʫʶ) ʬʫʥʢʮʠʶ ʦʪ x, y, z; ʝʸ 

ʈʠʩ. 3.44 
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ʦʙʦʟʥʘʯʠʤ u(x,y,z) ʠ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ (3.61). ɼʦʢʘʞʝʤ, ʯʪʦ ʚʨrʘʞʝʥʠʝ 

(3.59) ʝʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣ ʵʪʦʡ ʬʫʥʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʟʥʘʯʝʥʠʶ x ʜʘʜʠʤ ʜʦʩʪʘʪʦʯ-

ʥʦ ʤʘʣʦʝ ʧʨʠʨʘʱʝʥʠʝ 0̧Dx ; ʧʦʣʫʯʠʤ ʪʦʯʢʫ ),,( zyxxC D+ . ʉʦʝʜʠʥʠʤ ʝʸ ʩ 

ʪʦʯʢʦʡ  B ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʦʪʨʝʟʢʦʤ BC (ʨʠʩ. 3.45).  

 
ʀʤʝʝʤ 

   =)(Cu ),,( zyxxu D+ ñ ++=
C

A

ZdzYdyXdx .  

ʅʘʭʦʜʠʤ ʯʘʩʪʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʬʫʥʢʮʠʠ u: 

),,( zyxxu D+ =-
ö
ö

÷

õ

æ
æ

ç

å
+=- ñññ

B

A

C

B

B

A

zyxu )()()(),,( ñ ++
C

B

ZdzYdyXdx ñ ==
C

B

dxzyxX ),,(

ñ
D+

==
xx

x

dxzyxX ),,( [ʧʦʜ ʟʥʘʢʦʤ ʠʥʪʝʛʨʘʣʘ ï ʬʫʥʢʮʠʷ ʦʜʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ x, ʘ y ʠ 

z ï ʧʦʩʪʦʷʥʥʳʝ] xzycX DÖ= ),,( , ),( xxxc D+Í$ , ï ʟʜʝʩʴ ʧʨʠʤʝʥʠʣʠ ʪʝʦʨʝʤʫ ʦ 

ʩʨʝʜʥʝʤ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʠʥʪʝʛʨʘʣʘ. ɼʝʣʠʤ ʥʘ xD : 

),,(
),,(),,(

zycX
x

zyxuzyxxu
=

D

-D+
. 

ɺ ʵʪʦʤ ʨʘʚʝʥʩʪʚʝ ʧʝʨʝʡʜʸʤ ʢ ʧʨʝʜʝʣʫ ʧʨʠ 0­Dx . ʇʨʠ ʵʪʦʤ xc­ ; ʚ ʩʠʣʫ ʥʝ-

ʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʠ X ʧʨʝʜʝʣ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʫʱʝʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ 

ʧʨʝʜʝʣ ʠ ʣʝʚʦʡ ʯʘʩʪʠ, ʠ ʧʦʣʫʯʠʤ ),,( zyxX
x

u
=

µ

µ
. 

 ɸʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ Y
y

u
=

µ

µ
, Z

z

u
=

µ

µ
.  ƶ 

 ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʠʥʪʝʛʨʘʣʦʚ (3.61), ʥʝ ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʫʪʠ, ʟʘ ʧʫʪʴ AB 

ʦʙʳʯʥʦ ʙʝʨʫʪ ʣʦʤʘʥʫʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʸʭ ʟʚʝʥʴʝʚ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʷʤ ʢʦʦʨ-

ʜʠʥʘʪ. ɽʩʣʠ ʦʥʘ ʩʦʝʜʠʥʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʪʦʯʢʠ ),,( 000 zyxA , ),,( 00 zyxE , 

),,( 0zyxD , ),,( zyxB , ʪʦ ʧʦʣʫʯʠʤ 

ʈʠʩ. 3.45 
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ñññ ++=
z

z

y

y

x

x

dzzyxZdyzyxYdxzyxXzyxu

000

),,(),,(),,(),,( 000 . 

 ʆʧʨʝʜʝʣʝʥʠʝ. ɺʩʷʢʘʷ ʬʫʥʢʮʠʷ ),,(1 zyxu , ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʨʘʞʝʥʠʝ (3.59) 

ʝʩʪʴ ʧʦʣʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ, ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʚʦʦʙʨʘʟʥʦʡ ʜʣʷ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ 

(ʦʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʩʤʳʩʣ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ (3.58)). 

 ʇʦʢʘʞʝʤ, ʯʪʦ ʣʶʙʳʝ ʜʚʝ ʧʝʨʚʦʦʙʨʘʟʥʳʝ ),,( zyxu  ʠ ),,(1 zyxu  ʤʦʛʫʪ ʦʪ-

ʣʠʯʘʪʴʩʷ ʣʠʰʴ ʥʘ ʧʦʩʪʦʷʥʥʦʝ ʩʣʘʛʘʝʤʦʝ (ʪ.ʝ. ʥʘ ʘʜʜʠʪʠʚʥʫʶ ʧʦʩʪʦʷʥʥʫʶ). ɼʝʡ-

ʩʪʚʠʪʝʣʴʥʦ, ʠʤʝʝʤ  

0
)( 1 ¹

µ

-µ

x

uu
,   0

)( 1 ¹
µ

-µ

y

uu
,   0

)( 1 ¹
µ

-µ

z

uu
, 

ʪ.ʝ. ʨʘʟʥʦʩʪʴ 1uu-  ʥʝ ʟʘʚʠʩʠʪ  ʥʠ ʦʪ x, ʥʠ ʦʪ y, ʥʠ ʦʪ z, ʟʥʘʯʠʪ constCuu =¹- 1 . 

 ʇʫʩʪʴ ʠʟʚʝʩʪʥʘ ʢʘʢʘʷ-ʪʦ ʧʝʨʚʦʦʙʨʘʟʥʘʷ )(1 Bu . ʅʦ ʬʫʥʢʮʠʷ (3.61) ʪʦʞʝ 

ʧʝʨʚʦʦʙʨʘʟʥʘʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, CBuBu += )()( 1 . ʇʦʣʘʛʘʝʤ ʟʜʝʩʴ AB= , ʪʦ  

)()(0 11 AuCCAu -=Ý+= . 

 ʀʪʘʢ,  

   )()( 11 AuBuZdzYdyXdx
B

A

-=++ñ ,                              (3.62)  

ʠʣʠ  

ñ
B

A

du1
B

A
MuAuBu )()()( 111 ¹-= . 

ʕʪʦ ʝʩʪʴ ʬʦʨʤʫʣʘ ʅʴʶʪʦʥʘ-ʃʝʡʙʥʠʮʘ ʜʣʷ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʦʚ. 

 ɿʘʤʝʯʘʥʠʝ 1. ɽʱʸ ʨʘʟ ʧʦʜʯʝʨʢʥʸʤ, ʯʪʦ ʩʢʘʟʘʥʥʦʝ ʚʝʨʥʦ ʣʠʰʴ ʧʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʫʩʣʦʚʠʡ (3.58), ʧʨʠʯʸʤ ʚ ʦʜʥʦʩʚʷʟʥʳʭ ʦʙʣʘʩʪʷʭ 0V . ɽʩʣʠ ʞʝ ʦʙʣʘʩʪʴ 0V  

ʥʝ ʦʜʥʦʩʚʷʟʥʘʷ, ʪʦ ʬʫʥʢʮʠʷ (3.61) ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʤʥʦʛʦʟʥʘʯʥʦʡ: ʠʥʪʝʛʨʘʣ 

(3.61) ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʫʪʠ. ʆʜʥʘʢʦ, ʢʦʛʜʘ ʦʙʣʘʩʪʴ 0V  ʤʥʦʛʦʩʚʷʟʥʘʷ,  ʝʸ ʨʘʩ-

ʩʝʢʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ *S , ʧʨʝʚʨʘʱʘʷ ʚ ʦʜʥʦʩʚʷʟʥʫʶ ʦʙʣʘʩʪʴ *
0V . 

ɽʩʣʠ ʢʨʠʚʳʝ AB ʙʝʨʫʪʩʷ ʚ ʦʙʣʘʩʪʠ *
0V , ʪ.ʝ. ʥʝ ʧʝʨʝʩʝʢʘʶʪ ʧʦʚʝʨʭʥʦʩʪʠ *S , ʪʦ 

ʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ ʦʪ ʧʫʪʠ ʥʝ ʟʘʚʠʩʠʪ (ʧʨʠ ʫʩʣʦʚʠʷʭ (3.58)) ʠ ʧʝʨʚʦʦʙʨʘʟʥʘʷ u 

ʙʫʜʝʪ ʦʜʥʦʟʥʘʯʥʦʡ (ʚ ʦʙʣʘʩʪʠ *
0V ). 

 ʉʢʘʟʘʥʥʦʝ ʚʳʰʝ ʦʙʦʙʱʘʝʪ ʬʘʢʪʳ: ʝʩʣʠ )()( xfxF =¡ , ʠʣʠ dxxfxdF )()( = , 

ʪʦ ñ -=
x

a

aFxFdxxf )()()( , ʠ ʥʘʦʙʦʨʦʪ. 

 ʇʨʠʤʝʨ. )(xyzdxydzxzdyyzdx =++ , ʫʩʣʦʚʠʷ (3.58) ʚʳʧʦʣʥʷʶʪʩʷ ʚʩʶʜʫ. 

ʇʝʨʚʦʦʙʨʘʟʥʦʡ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ xyzu =1 . ʊʦʛʜʘ, ʝʩʣʠ ʠʤʝʝʤ ʪʦʯʢʠ )2,0,1(A  ʠ 

)4,1,3(-B , ʪʦ ʧʦ ʬʦʨʤʫʣʝ (3.62) 

12012 -=--==++ñ
B

A

B

A

xyzxydzxzdyyzdx . 
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ʂʦʥʝʯʥʦ, ʝʩʣʠ BA= , ʪ.ʝ. ʠʤʝʝʤ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ G=AB , ʪʦ ñ
G

=0)( . 

 4. ʇʣʦʩʢʠʡ ʩʣʫʯʘʡ. ʈʘʩʩʤʦʪʨʠʤ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ 

    ñ +
AB

dyyxQdxyxP ),(),( .                                          (3.63) 

ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʬʫʥʢʮʠʠ ),( yxP  ʠ ),( yxQ  ʥʝʧʨʝʨʳʚʥʳ ʠ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚ-

ʥʳʝ ʧʝʨʚʳʝ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʦʙʣʘʩʪʠ 0D  ʧʣʦʩʢʦʩʪʠ Oxy. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

0¹Z , ʬʫʥʢʮʠʠ PX= , QY=  ʦʪ z ʥʝ ʟʘʚʠʩʷʪ, ʠ ʠʟ ʬʦʨʤʫʣʳ ʉʪʦʢʩʘ (3.49) ʢʘʢ 

ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʦʣʫʯʘʝʪʩʷ ʬʦʨʤʫʣʘ ɻʨʠʥʘ 

   =+ñ
G

QdyPdx dxdy
y

P

x

Q

D

ññ öö
÷

õ
ææ
ç

å

µ

µ
-

µ

µ
,                               (3.64) 

ʛʜʝ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ G ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ 0DDS Ë=  (ʨʠʩ. 3.46).  ʋʩʣʦʚʠʷ 

(3.58) ʧʨʠʤʫʪ ʚʠʜ 

     
y

P

x

Q

µ

µ
¹

µ

µ
.                                                     (3.65) 

 ʀʩʭʦʜʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ (3.64), ʠʣʠ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʠʟʣʦʞʝʥʥʦʛʦ ʚ 

ʧʫʥʢʪʘʭ 1-3, ʧʦʣʫʯʘʝʤ ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ: 

 ʊʝʦʨʝʤʘ 3.4. ɺ ʦʙʣʘʩʪʠ 0D  ʵʢʚʠʚʘʣʝʥʪʥʳ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ: 

 1) ʠʥʪʝʛʨʘʣ (3.63) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ AB, 

 2) ʠʥʪʝʛʨʘʣ ʧʦ ʣʶʙʦʤʫ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ G ʨʘʚʝʥ ʥʫʣʶ, 

 3) ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (3.65), 

 4) ʚʳʨʘʞʝʥʠʝ  

    dyyxQdxyxP ),(),( +      (3.66) 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ),( yxu  (ʦʥʘ ʥʘʟʳʚʘʝʪʩʷ 

ʧʝʨʚʦʦʙʨʘʟʥʦʡ ʜʣʷ ʚʳʨʘʞʝʥʠʷ (3.66)): 

    duQdyPdx =+ ;                                                 (3.67) 

ʵʪʫ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ 

    ñ +=
),(

),( 00

),(
yxB

yxA

QdyPdxyxu .     (3.68)   

 ɽʩʣʠ ʠʟʚʝʩʪʥʘ ʢʘʢʘʷ-ʪʦ ʧʝʨʚʦʦʙʨʘʟʥʘʷ ),()(
11

yxuMu ¹ , ʪʦ  

  ññ ¹=¹+
B

A

B

A

B

A

MuyxduQdyPdx )(),( 11 )()(
11

AuBu - .  (3.69) 

 ɺ ʩʣʫʯʘʷʭ 3) ʠ 4) ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʙʣʘʩʪʴ 
0

D  ʦʜʥʦʩʚʷʟʥʘʷ. 

 ɿʘʤʝʯʘʥʠʝ 2. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʣʦʩʢʦʤ ʩʣʫʯʘʝ ʪʦʞʝ ʩʧʨʘʚʝʜʣʠʚʦ ʟʘʤʝʯʘʥʠʝ 

1, ʪʦʣʢɹʦ ʥʘʜʦ ʟʘʤʝʥʠʪʴ ʫʩʣʦʚʠʷ (3.58) ʥʘ ʫʩʣʦʚʠʝ (3.65) ʠ ʦʙʣʘʩʪʴ 
0

V  ʥʘ 
0

D . 

 ʇʨʠʤʝʨ 1. ʇʨʦʚʝʨʠʪʴ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ dyxxydx 22 +  ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ, ʥʘʡʪʠ ʧʝʨʚʦʦʙʨʘʟʥʫʶ ʠ ʚʳʯʠʩʣʠʪʴ ʨʘʙʦʪʫ ʩʠʣʳ 

jxixyF
CCC

22 +=  ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʠʟ ʪʦʯʢʠ  )2,3(0 -A  ʚ ʪʦʯʢʫ )5,1(0B .  
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 ɿʜʝʩʴ xyP 2= , 2xQ= ; x
y

P

x

Q
2=

µ

µ
=

µ

µ
 - ʫʩʣʦʚʠʝ (3.65) ʚʳʧʦʣʥʷʝʪʩʷ ʚʦ ʚʩʝʡ 

ʧʣʦʩʢʦʩʪʠ  ï  ɻ ʪʦ ʦʜʥʦʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ. ʊʦʛʜʘ 

    ñ +=
),(

),(

2

00

2),(
yxB

yxA

dyxxydxyxu . 

ɺʦʟʴʤʸʤ )0,0(A  ʠ ʚ ʢʘʯʝʩʪʚʝ ʧʫʪʠ ʣʦʤʘʥʫʶ ʣʠʥʠʶ ACB (ʨʠʩ.3.47); ʪʦʛʜʘ 

ññññ ==+Ö+Ö+Ö=+=
y

y
xB

C

C

A

yxyxdyxxyxdxyxu
0

2

0

22

0

2 0200)()(),( . 

ʊʦʛʜʘ ʨʘʙʦʪʘ A= =+ñ
0

0

B

A

QdyPdx 23185
0

0

2 =+=
B

A
yx  (ʝʜ. ʨʘʙʦʪʳ). 

 

 ʇʨʠʤʝʨ 2. ʅʘʡʪʠ ñ +
AB

xydydxy2 , ʛʜʝ )0,0(A , )2,1(B , ʧʦ ʧʫʪʷʤ: a) l ï ʣʦʤʘ-

ʥʘʷ, ʩʦʝʜʠʥʷʶʱʘʷ ʪʦʯʢʠ )0,0(A , )0,1(C , )2,1(B , ʙ) L ï ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʦʪʨʝʟʦʢ 

AB. ʋʨʘʚʥʝʥʠʷ ʚʩʝʭ ʪʨʸʭ ʦʪʨʝʟʢʦʚ ʦʪʤʝʯʝʥʳ ʥʘ ʨʠʩ. 3.48. ɿʜʝʩʴ 2yP= , xyQ= ; 

y
y

P
y

x

Q
2=

µ

µ
¸=

µ

µ
. ʊʦʞʜʝʩʪʚʦ (3.65) ʥʘʨʫʰʘʝʪʩʷ. ʋʙʝʜʠʤʩʷ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʟʘʚʠ-

ʩʠʪ ʦʪ ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

a) ñ +
l

xydydxy2
ññ+=

CBAC

)()( ññ =Ö+Ö+Ö+Ö=
2

0

2
1

0

10000 dyyydx 2
2

2

0

2

=
y

; 

ʙ)  ñ +
L

xydydxy2
ññ =Ö==ÖÖ+=
1

0

1

0

3
2

1

0

2

3

8

3
8822)2(

x
dxxdxxxdxx . 

ʀʥʪʝʛʨʘʣʳ ʧʦ ʨʘʟʥʳʤ ʧʫʪʷʤ ʦʢʘʟʘʣʠʩʴ ʨʘʟʥʳʤʠ, ʠʣʠ: ʠʥʪʝʛʨʘʣ ʧʦ ʟʘʤʢʥʫʪʦʤʫ 

ʢʦʥʪʫʨʫ -+=G Ll  ʦʢʘʟʘʣʩʷ ʥʝ ʨʘʚʥʳʤ ʥʫʣʶ. 

 ʇʨʠʤʝʨ 3: ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʙʝʩʢʦʥʝʯʥʦʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ.  

 ʇʫʩʪʴ ʜʘʥʦ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ  

ʈʠʩ. 3.47 ʈʠʩ. 3.46 

y 

y 

x 

z 

x 

x D ɻ 

O 

( )0,0A  

n
C

 

( )yxB ,  

xx=  

( )0,xC  0=y  
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 jyxQiyxPF
CCC

),(),( += , ʛʜʝ 
22 yx

y
P

+

-
= , 

22 yx

x
Q

+
= .             (3.70) 

ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʝʛʦ ʮʠʨʢʫʣʷʮʠʶ ʧʦ ʨʘʟʥʳʤ ʢʦʥʪʫʨʘʤ G. 

 ʈʘʩʩʤʦʪʨʠʤ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ ),( yxM , ʠʤʝʥʥʦ jyixr
CCC

+= . ʉʢʘʣʷʨ-

ʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 0),( =rF
CC

, ʪ.ʝ. rOMF
CC
=^ . ɼʣʠʥʘ   

ryxyx

x

yx

y
F

11

)()( 22222

2

222

2

=
+

=
+

+
+

=
C

. 

ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʙʝʩʢʦʥʝʯʥʳʡ ʣʠʥʝʡʥʳʡ ʧʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ, ʧʨʦʭʦʜʷɦ ʠʡ 

ʯʝʨʝʟ ʪʦʯʢʫ O(0,0) ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ Oxy, ʪʦ ʚʦʟʥʠʢʘʶʱʝʝ ʧʣʦʩʢʦ-

ʧʘʨʘʣʣʝʣʴʥʦʝ, ʠʣʠ, ʢʘʢ ʛʦʚʦʨʷʪ, ʧʣʦʩʢʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʠʤʝʥʥʦ 

ʚʝʢʪʦʨʦʤ F
C
. ʎʠʨʢʫʣʷʮʠʷ ʚʝʢʪʦʨʘ F

C
 ʚʜʦʣʴ ʢʦʥʪʫʨʘ G ʦʧʨʝʜʝʣʠʪʩʷ ʠʥʪʝʛʨʘʣʦʤ 

   =G)(C =+ñ
G

QdyPdx ñ
G

tdsF .                                     (3.71) 

 ʌʫʥʢʮʠʠ (3.70) ʥʝʧʨʝʨʳʚʥʳ ʚʤʝʩʪʝ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʠ ʫʩʣʦʚʠʝ 

(3.65) ʚʳʧʦʣʥʷʝʪʩʷ ʚʩʶʜʫ, ʢʨʦʤʝ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ O(0,0). ʊʦʛʜʘ ʧʦ ʣʶʙʦʤʫ 

ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ 1G, ʥʝ ʩʦʜʝʨʞʘʱʝʤʫ ʚʥʫʪʨʠ ʪʦʯʢʫ O(0,0), ʮʠʨʢʫʣʷʮʠʷ ʨʘʚ-

ʥʘ ʥʫʣʶ: 0)( 1 =GC . 

 ʆʜʥʘʢʦ ʨʘʩʩʤʦʪʨʠʤ ʠʥʪʝʛʨʘʣ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 
2
G ʨʘʜʠʫʩʘ R ʩ ʮʝʥʪʨʦʤ ʚ 

ʥʘʯʘʣʝ, ʧʨʦʭʦʜʠʤʦʡ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ʇʦʩʢʦʣʴʢʫ t^
CC

r  (ʨʠʩ. 3.49), ʪʦ 

R
FF

1
==t
C

 ʠ 

   ñ
G

Ö=Ö=G

2

11
)( 2

R
ds

R
C ʜʣ.2G 02p̧=                            (3.72)  

(ʮʠʨʢʫʣʷʮʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʜʠʫʩʘ R). 

 ʇʫʩʪʴ 
3
G - ʢʘʢʦʡ ʫʛʦʜʥʦ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ, ʩʦʜʝʨʞʘʱʠʡ ʚʥʫʪʨʠ ʥʘʯʘʣʦ ʠ 

ʧʨʦʭʦʜʠʤʳʡ ʪʦʞʝ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ɺʥʫʪʨʠ 3G ʚʦʟʴʤʸʤ ʦʢʨʫʞʥʦʩʪʴ 2G 

(ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ R). ʇʦ ʬʦʨʤʫʣʝ ɻʨʠʥʘ ʜʣʷ ʩʦʩʪʘʚʥʦʛʦ ʢʦʥʪʫʨʘ 

=G 3G+ -G2  ʚ ʩʠʣʫ (3.65) ʠʥʪʝʛʨʘʣ ʧʦ ʵʪʦʤʫ ʢʦʥʪʫʨʫ ʨʘʚʝʥ ʥʫʣʶ. ʆʪʢʫʜʘ 

    p=G=G 2)()( 23 CC .                                   (3.73) 

ʇʦʵʪʦʤʫ, ʝʩʣʠ ʜʘʥʥʳʝ ʪʦʯʢʠ A ʠ B ʩʦʝʜʠʥʠʤ ʜʚʫʤʷ ʢʨʠʚʳʤʠ AnB ʠ  AmB ʪʘʢʠ-

ʤʠ, ʯʪʦʙʳ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ 
3
G AnBmA=  ʦʭʚʘʪʳʚʘʣ ʥʘʯʘʣʦ, ʪʦ ññ¸

AmBAnB

)()( . ʕʪʦ, 

ʢʘʢ ʠ (3.72), (3.73) ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʝʦʨʝʤʝ 3.4, ʪʘʢ ʢʘʢ ʚʥʫʪʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʦʚ ʠʤʝʝʪʩʷ ʪʦʯʢʘ ʨʘʟʨʳʚʘ ʬʫʥʢʮʠʡ (3.70) (ʪʦʯʢʘ O(0,0)). 

ʆʥʘ ʥʘʟʳʚʘʝʪʩʷ ʚʠʭʨʝʚʦʡ ʪʦʯʢʦʡ ʧʦʣʷ F
C

 (ʩʤ. ʜʘʣʝʝ Ä 3.12). 
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 ʈʝʟʫʣʴʪʘʪ (3.72) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʘʯʝ. ʇʫʩʪʴ x, y ï ʜʝʢʘʨʪʦʚʳ, j,r  - ʧʦ-

ʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ M . ʆʥʠ ʩʚʷʟʘʥʳ ʬʦʨʤʫʣʘʤʠ 

    j=j= sin,cos ryrx ,     (3.74)  

ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʦʢʨʫʞʥʦʩʪʠ  
2
G ʝʩʪʴ jj sin,cos RyRx == , 

p¢j¢ 20  (ʠʣʠ ʚʦʦʙʱʝ p+j¢j¢j 200 ), ʦʪʢʫʜʘ jj-= dRdx sin , 

jj= dRdy cos . ɺʳʯʠʩʣʠʤ ʮʠʨʢʫʣʷʮʠʶ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 
2
G: 

=G)(
2

C =
+

+-
ñ
G2

22 yx

xdyydx
p=j

j+j
ñ
p

2
cossin

2

0

2

2222

d
R

RR
. 

 ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʀʟ (3.74) ʥʘʭʦʜʠʤ 
x

y
=jtg . ʆʪʩʶʜʘ, ʝʩ-

ʣʠ ʩʯʠʪʘʪʴ 
22

p
<j<

p
-  ʪ.ʝ. 0>x , ʠʤʝʝʤ 

x

y
arctg=j . ʕʪʦʪ ʧʦʣʷʨʥʳʡ ʫʛʦʣ ʝʩʪʴ 

ʬʫʥʢʮʠʷ ʦʪ x ʠ  y: ʦʙʦʟʥʘʯʠʤ ),( yxj=j ; ),( yxP
x
=

µ

jµ
,  ),( yxQ

y
=

µ

jµ
, ʛʜʝ P ʠ Q 

ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʤʫʣʘʤʠ (3.70). ʊʘʢ ʯʪʦ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ (3.71), 

ʪ.ʝ. QdyPdx+ , ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ ʬʫʥʢʮʠʠ ),( yxj=j . ʕʪʦ ʞʝ 

ʚʝʨʥʦ, ʝʩʣʠ ʩʯʠʪʘʪʴ, ʥʘʧʨʠʤʝʨ, p¢j<p- , ʪ.ʝ. ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʧʣʦʩʢʦʩʪʴ ʩ 

ʨʘʟʨʝʟʦʤ ʧʦ ʣʫʯʫ 0¢<¤- x , ï  ʘ ʵʪʦ ʝʩʪʴ ʦʜʥʦʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ, ʝʸ ʦʙʦʟʥʘʯʠʤ 

0
D . 

 ɽʩʣʠ ʚʟʷʪʴ ʪʦʯʢʠ )0,1(A , ),( yxB  ʠ ʟʘʧʨʝʪʠʪʴ ʢʨʠʚʳʤ AB ʧʝʨʝʩʝʢʘʪʴ ʵʪʦʪ 

ʨʘʟʨʝʟ, ʪ.ʝ. ʩʯʠʪʘʪʴ 0DABË , ʪʦ ʫʛʦʣ ),( yxj  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ ʧʦʤʦɦ ʴʶ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʚʠʜʘ (3.63): 

  ),( yxj=j ñ
+

+-
=

),(

)0,1(
22

yxB

A yx

xdyydx
, 0),( DyxB Í .                 (3.75) 

ʈʠʩ. 3.49 ʈʠʩ. 3.48 

y 

x 

x 

y 

L 

l 

l R 

B 

A 

m 

n 

xy 2=  
1=x  j 

0=y  

( )2,1B  

( )0,0A  ( )0,1C  

t
C

 

F
C

 

r
C

 

1G 

2G 

3G 

O 
M 
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 ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʦʟʴʤʸʤ ʧʫʪʴ AB, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʫʛʠ AN ʦʢʨʫʞʥʦʩʪʠ 

122 =+yx  ʠ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʦʪʨʝʟʢʘ NB  (ʨʠʩ. 94.3 ¡).  

 
ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʫʛʠ AN ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ (3.74), ʛʜʝ 

1=r , j - ʧʘʨʘʤʝʪʨ, ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ j, ʘ ʫʨʘʚʥʝʥʠʝ ʦʪʨʝʟʢʘ NB  ï 

ʪʝʤʠ ʞʝ ʬʦʨʤʫʣʘʤʠ, ʥʦ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ r, ʤʝʥʷʶʱʝʝʩʷ ʦʪ 1 ʜʦ 

OBR= . ɼʣʷ ʪʦʯʝʢ ANyx Í),(  ʠʤʝʝʤ jÖ=+- dxdyydx 1 , ʘ ʝʩʣʠ ʪʦʯʢʘ 

NByx Í),( , ʪʦ 0sincoscossin ¹jÖj+jÖj-=+- drrdrrxdyydx . ʇʦɻ ʪʦʤʫ  

j=Ö+
jÖ

=+=
+

+-
ñññññ

j B

NBAN

yxB

A

dr
d

yx

xdyydx

10

),(

)0,1(
22

0
1

1
)()( . 

(ʃʫʯʠ const=j  ʷʚʣʷʶʪʩʷ ʣʠʥʠʷʤʠ ʫʨʦʚʥʷ ʬʫʥʢʮʠʠ ),( yxj .) 

 ʇʨʝʜʩʪʘʚʣʝʥʠʝ (3.75) ʜʣʷ ʫʛʣʘ j ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʚ ʩʣʫʯʘʷʭ p¢j¢
p

2
, 

2

p
¢j<p- , ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

2

p
=j  ʠ 

2

p
-=j  (ʪ.ʝ. ʧʨʠ 0=x ). 

 ʇʦʩʢʦʣʴʢʫ QdyPdxd +=j , ʪʦ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ ʧʦ ʧʫʪʠ 

011
DBA Ë  ʤʦʞʥʦ ʥʘʡʪʠ ʪʘʢ: 

)()()( 11

11

1

1

ABBQdyPdx

BA

B

A
j-j=j=+¹K ñ . 

ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʛʜʘ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ 113 BA=G  ʦʭʚʘʪʳʚʘʝʪ ʥʘʯʘʣʦ )0,0(O (ʨʠʩ. 

3.50): p=j )( 1B , p-=j )( 1A , ʧʦʣʫʯʠʤ p=K 2  ï ʵʪʦ ʨʝʟʫʣʴʪʘʪ (3.73). 

 ʊʝʧʝʨʴ ʨʘʟʨʝʰʠʤ ʪʦʯʢʝ ),( yxB  ʧʨʦʠʟʚʦʣʴʥʦ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ 

ʧʦ ʧʣʦʩʢʦʩʪʠ, ʠ ʧʫʩʪʴ ʢʨʠʚʘʷ AB ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʛʠʙʘʝʪ ʥʘʯʘʣʦ )0,0(O . ʊʦʛʜʘ 

ʠʥʪʝʛʨʘʣ ʧʦ ʧʫʪʠ AB ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʧʫʪʠ 0Dl Ë , 

ʩʦʝʜʠʥʷʶʱʝʤʫ ʪʦʯʢʠ A ʠ  B, ʠ ʧʦ ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʘʤ ʚʠʜʘ 3G ʠ 
-
G3 (ʨʠʩ. 

3.51). ʇʦʣʫʯʠʤ  

ʈʠʩ. 94.3 ¡ 

x 

y 

N 

R ( )0,1A  

( )yxB ,  

j 
1=r  

( )Rr ¢¢1 , r - ʧʘʨʘʤʝʪʨ 

O 
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=
+

+-
¹F ñ

AB
yx

xdyydx
B

22
)( ),( yxj p+ k2 , 

Ík Z, },0:),{( ¤<j<-¤¤<<j=Í * rrDB . 

ʌʫʥʢʮʠʷ ),()( yxB F¹F  ʤʥʦʛʦʟʥʘʯʥʘʷ, ʥʦ ʚʩʝ ʝʸ ʦʜʥʦʟʥʘʯʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ 

ʚʝʪʚʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʳʝ ʩʣʘʛʘʝʤʳʝ - ʚʠʜʘ pk2 , ʪʘʢ ʯʪʦ ʠʭ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʳ ʦʜʠʥʘʢʦʚʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

QdyPdxyxdyxd +=j=F ),(),( . (ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʦʥʷʪʠʝ ʧʨʦʠʟʚʦʜʥʳʭ ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ ʚʚʦʜʠʣʦʩʴ (ʠʤʝʝʪ ʩʤʳʩʣ) ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʟʥʘʯʥʳʭ 

ʬʫʥʢʮʠʡ.)  ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʘʨʛʫʤʝʥʪʦʚ argz ʠ zArg  ʜʣʷ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʯʠʩʝʣ iyxyxz +== ),(  ʝʩʪʝʩʪʚʝʥʥʦ ʦʙʦʟʥʘʯʠʪʴ BB arg)( =j , 

p+==F kBBB 2argArg)( , ,...2,1,0 °°=k . 

 
 

 

 Ä 12. ʈʦʪʦʨ (ʚʠʭʨʴ) ʚʝʢʪʦʨʘ. ʊʝʦʨʝʤʘ ʉʪʦʢʩʘ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ. ʇʦ-

ʪʝʥʮʠʘʣʴʥʳʝ ʧʦʣʷ 

 

 1. ɺʦʩʩʪʘʥʦʚʠʤ ʥʝʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ 

kZjYiXF
CCCC

++= . ɺ ʥʸʤ ʙʝʨʸʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʢʨʠʚʫʶ ɻ ʩ ʚʝʢʪʦʨʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ  

    ktzjtyitxtrr
CCCCC

)()()()( ++== .  

ɺʝʢʪʦʨʳ ktzjtyitxtr
CCCC

)()()()( ¡+¡+¡=¡  ʠ kdzjdyidxrd
CCCC

++=  ʥʘʧʨʘʚʣʝʥʳ ʧʦ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʢʨʠʚʦʡ ɻ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʘʢ ʫ ɻ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʜʠ-

ʥʠʯʥʳʡ ʚʝʢʪʦʨ ʟʜʝʩʴ, ʢʘʢ ʵʪʦ ʯʘʩʪʦ ʧʨʠʥʷʪʦ, ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʯʝʨʝʟ l
C

 ʚʤʝʩʪʦ 

ʈʠʩ. 3.51 ʈʠʩ. 3.50 

x 

y 

O 

l 

( )yxB ,  

( )00, yxA  

y 

x 
O 

1A  

3G 

2A  

1B  

2B  

( ) 02 <jA  

( ) 02 >jB  
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t
C

; ls¹ï ʧʝʨʝʤʝʥʥʘʷ ʜʣʠʥʘ ʜʫʛʠ; rddlds
C

=¹ dttztytx 222 )()()( ¡+¡+¡=  ï 

ʜʠʬʬʝʨʝʥʮʠʘʣ, ʠʣʠ ʵʣʝʤʝʥʪ ʜʣʠʥʳ ʜʫʛʠ )0( >dt . ),( lFF
l

CC
=  ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ 

F
C

 ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ l
C
 (ʥʘ ʥʘʧʨʘʚʣʝʥʥʫʶ ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʢʨʠʚʦʡ ɻ) (ʨʠʩ. 3.52).  

 ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ ʚ ʚʝʢʪʦʨʥʦʤ ʧʦʣʝ F
C
, ʪ.ʝ.  ʮʠʨʢʫ-

ʣʷʮʠʶ ʚʝʢʪʦʨʘ F
C

 ʚʜʦʣʴ ʢʨʠʚʦʡ ɻ (ʩʤ. Ä 3.2): 

  ññ
GG

==++ ),( rdFZdzYdydxX
CC
ñ
G

dlFl .                            (3.76) 

ɽʩʣʠ ʧʦʣʝ F
C

 ʩʠʣʦʚʦʝ, ʪʦ ʵʪʦ ʝʩʪʴ ʨʘʙʦʪʘ ʧʦʣʷ F
C

 ʚʜʦʣʴ ʢʨʠʚʦʡ ɻ. (ʊʝʨʤʠʥ 

çʮʠʨʢʫʣʷʮʠʷè ʯʘʱʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʜʣʷ ʟʘʤʢʥʫʪʳʭ ʢʨʠʚʳʭ.) 

 2. ɺʚʝʜʸʤ ʚʝʢʪʦʨ  

 F
C

rot k
y

X

x

Y
j

x

Z

z

X
i

z

Y

y

Z CCC
öö
÷

õ
ææ
ç

å

µ

µ
-

µ

µ
+ö

÷

õ
æ
ç

å

µ

µ
-

µ

µ
+öö

÷

õ
ææ
ç

å

µ

µ
-

µ

µ
= .               (3.77) 

ɽʛʦ ʥʘʟʳʚʘʶʪ ʨʦʪʦʨ (ʠʣʠ ʚʠʭʨʴ) ʚʝʢʪʦʨʘ (ʧʦʣʷ) F
C

 ʚ ʪʦʯʢʝ ),,( zyxM . ʉʠʤʚʦʣʠ-

ʯʝʩʢʠ ʨʦʪʦʨ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʠʪʝʣʷ ʠʣʠ ʚʝʢʪʦʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ 

F
C

 ʥʘ ʩʠʤʚʦʣʠʯʝʩʢʠʡ ʚʝʢʪʦʨ ʥʘʙʣʘ (ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴʪʦʥʘ): 

=F
C

rot =
µ

µ

µ

µ

µ

µ

ZYX

zyx

kji
CCC

F
CC
³Ð ,  =Ð

C
k

z
j

y
i

x

CCC

µ

µ
+

µ

µ
+

µ

µ
, ï 

ʦʧʨʝʜʝʣʠʪʝʣʴ ʥʘʜʦ ʨʘʟʣʦʞʠʪʴ ʧʦ ʵʣʝʤʝʥʪʘʤ ʧʝʨʚʦʡ ʩʪʨʦʢʠ. 

 ʋʧʦʪʨʝʙʣʷʝʪʩʷ ʠ ʜʨʫʛʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʨʦʪʦʨʘ: F
C

curl . (ʌʨ. rotation ï ʚʨʘ-

ʱʝʥʠʝ, ʘʥʛʣ. curl ï ʟʘʚʠʪʦʢ). 

 ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʫʣʫ ʉʪʦʢʩʘ ʚ ʚʠʜʝ )94.3( ¡, ʛʜʝ n
C

 - ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ 

ʥʦʨʤʘʣʠ ʢ ʚʳʙʨʘʥʥʦʡ ʩʪʦʨʦʥʝ ʧʦʚʝʨʭʥʦʩʪʠ S, ʥʘʪʷʥʫʪʦʡ ʥʘ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ  

G, ʩ ʧʨʠʥʷʪʳʤ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʥʸʤ ʠ ʚʳʙʨʘʥʥʦʡ ʩʪʦʨʦʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʉʫʤʤʘ ʚ ʬʠʛʫʨʥʳʭ ʩʢʦʙʢʘʭ ʧʦʜ ʟʥʘʢʦʤ ʠʥʪʝʛʨʘʣʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ S 

ʷʚʣʷʝʪʩʷ ʩʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʚʝʢʪʦʨʦʚ F
C

rot  ʠ n
C

: 

( F
C

rot ,n
C

) FF nn

CC
rotrotʧʨ ¹= ; 

ʪʘʢ ʦʙʦʟʥʘʯʘʝʪʩʷ ʧʨʦʝʢʮʠʷ ʨʦʪʦʨʘ ʚʝʢʪʦʨʘ F
C

 ʥʘ ʥʦʨʤʘʣʴ  n
C
. ʊʦʛʜʘ ʚ ʚʝʢʪʦʨʥʦʡ 

ʬʦʨʤʝ ʬʦʨʤʫʣʘ ʉʪʦʢʩʘ ʧʨʠʤʝʪ ʚʠʜ 

 ñ
G

dlFl ññ=

S

n dSF
C

rot , ʠʣʠ ñ
G

=dllF ),(
CC

ññ
S

dSnF ),(rot
CC

,                 (3.78)  

ʠ ʪʝʦʨʝʤʘ ʉʪʦʢʩʘ ʩʬʦʨʤʫʣʠʨʫʝʪʩʷ ʪʘʢ: 

 ʎʠʨʢʫʣʷʮʠʷ ʧʦʣʷ F
C

 ʚʜʦʣʴ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ɻ ʨʘʚʥʘ ʧʦʪʦʢʫ ʨʦʪʦʨʘ 

ʧʦʣʷ F
C

 ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ S, ʥʘʪʷʥʫʪʫʶ ʥʘ ʵʪʦʪ  ʢʦʥʪʫʨ (ʩʪʦʨʦʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ɻ ʩʦʛʣʘʩʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ) (ʨʠʩ. 3.53). 
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 3. ʀʥʚʘʨʠʘʥʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʪʦʨʘ. 

 ʇʦʢʘʞʝʤ, ʯʪʦ ʨʦʪʦʨ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʇʨʝʜʧʦʣʘ-

ʛʘʝʤ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ V  ʬʫʥʢʮʠʠ X,  Y,  Z ʥʝʧʨʝʨʳʚʥʳ ʚʤʝʩʪʝ ʩ ʧʝʨʚʳʤʠ ʯʘʩʪʥʳ-

ʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ ʧʦʪʦʤʫ Fn

C
rot  ʝʩʪʴ ʬʫʥʢʮʠʷ ʥʝʧʨʝʨʳʚʥʘʷ. ɹʝʨʸʤ ʪʦʯʢʫ 

VMÍ , ʚ ʥʝʡ ʥʘʧʨʘʚʣʝʥʠʝ n
C

 ʠ ʧʣʦʱʘʜʢʫ S ʩ ʛʨʘʥʠʮʝʡ G, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ n
C

 

ʚ ʪʦʯʢʝ M (ʨʠʩ. 3.54). ʇʨʠʤʝʥʠʤ ʬʦʨʤʫʣʫ ʉʪʦʢʩʘ (3.78) ʠ ʪʝʦʨʝʤʫ ʦ ʩʨʝʜʥʝʤ: 

ñ
G

dlFl SF
Mn Ö=

1

rot
C

, SM Í$ 1 ; 

ʪ.ʢ. ʧʣʦʱʘʜʢʘ ʧʣʦʩʢʘʷ, ʪʦ ʥʦʨʤʘʣʴ n
C

 ʧʦʩʪʦʷʥʥʘ. ʆʪʩʶʜʘ =
1

rot
Mn F
C

S

dlFlñ
G . ɹʫ-

ʜʝʤ ʩʪʷʛʠʚʘʪʴ ʧʣʦʱʘʜʢʫ S ʚ ʪʦʯʢʫ M: MS ­)( . ʊʦʛʜʘ MM ­1  ʠ ʧʦʣʫʯʠʤ 

    =
Mn F
C

rot
MS ­)(

lim
S

dlFlñ
G .    

 (3.79) 

 ɺʳʚʦʜ. ʈʦʪʦʨ F
C

rot  ʧʦʣʷ F
C

 ʝʩʪʴ ʚʝʢʪʦʨ, ʧʨʦʝʢʮʠʷ ʢʦʪʦʨʦʛʦ ʥʘ ʜʘʥʥʦʝ ʚ 

ʪʦʯʢʝ M ʥʘʧʨʘʚʣʝʥʠʝ n
C

 ʨʘʚʥʘ ʧʨʝʜʝʣʫ ʦʪʥʦʰʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʧʦʣʷ ʚʜʦʣʴ ʛʨʘ-

ʥʠʮʳ ʧʣʦʩʢʦʡ ʧʣʦʱʘʜʢʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ n
C
, ʢ ʧʣʦʱʘʜʠ ʵʪʦʡ ʧʣʦʱʘʜʢʠ, ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʧʣʦʱʘʜʢʘ ʩʪʷʛʠʚʘʝʪʩʷ ʚ ʪʦʯʢʫ M. 

 ʕʪʦ ʝʩʪʴ ʠʥʚʘʨʠʘʥʪʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʙʦʨʫ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʨʦʪʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʥʠ ʮʠʨʢʫʣʷʮʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, ʨʘʙʦʪʘ), ʥʠ ʧʣʦɦ ʘʜʴ ʩ 

ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ ʥʝ ʩʚʷʟʘʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʨʦʝʢʮʠʷ Fn

C
rot , ʘ ʟʥʘʯʠʪ ʠ 

ʩʘʤ ʚʝʢʪʦʨ F
C

rot  ʝʩʪʴ ʧʦʥʷʪʠʷ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ. ɻʦʚʦʨʷʪ ʧʦ-
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ʵʪʦʤʫ: Fn

C
rot  ʝʩʪʴ ʠʩʪʠʥʥʳʡ ʩʢʘʣʷʨ, ʘ F

C
rot  ï ʠʩʪʠʥʥʳʡ ʚʝʢʪʦʨ. 

 4. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʨʦʪʦʨʘ. ʋʙʝʜʠʤʩʷ, ʯʪʦ F
C

rot  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ 

çʟʘʚʠʭʨʸʥʥʦʩʪʠè ʧʦʣʷ F
C

. 

 1) ʇʫʩʪʴ 0rot ¸
M

F
C

. ɹʝʨʸʤ ʚʝʢʪʦʨ =N
C

F
C

rot , 
N

N
n C

C
C
= , ʪʦ 

Fn

C
rot 0rot >= F

C
, ʠ ʝʩʣʠ ʧʣʦʩʢʘʷ ʧʣʦʱʘʜʢʘ NS

C
^ , ʪʦ ʠʟ ʬʦʨʤʫʣʳ ʉʪʦʢʩʘ 

(3.78), ʛʜʝ Sµ=G , ʚʠʜʠʤ, ʯʪʦ 0>ñ
G

dlFl . ʇʦʵʪʦʤʫ, ʝʩʣʠ ʧʣʦʱʘʜʢʘ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʘʷ, ʪʦ 0>lF , ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʟʘʚʠʭʨʝʥʠʝ ʧʦʣʷ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʠ 

ʥʘ G (ʨʠʩ. 3.55). ʀ ʚʦʦʙʱʝ, ʝʩʣʠ G ʧʨʦʠʟʚʦʣʴʥʳʡ ʢʦʥʪʫʨ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴ S, ʥʘ ʢʦʪʦʨʦʡ 0rot >Fn

C
, ʪʦ 0>ñ

G

dlFl , ʠ ʧʦʪʦʤʫ ʥʘ ɻ ʧʨʝʠʤʫʱʝʩʪ-

ʚʝʥʥʦ 0>lF . 

 
 2) ʇʫʩʪʴ ʠʤʝʝʤ ʪʚʸʨʜʦʝ ʪʝʣʦ, ʟʘʢʨʝʧʣʸʥʥʦʝ ʚ ʪʦʯʢʝ O(0,0,0) (ʨʠʩ. 3.56). ɺ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʣʦ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ ʩ ʥʝʢʦʪʦʨʦʡ ʫʛʣʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ kji zyx

CCCC
w+w+w=w  (ʦʥʘ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ʪʝʣʘ), ʠ ʧʫʩʪʴ 

kzjyixr
CCCC

++=  ï ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʪʦʯʢʠ M. ʊʦʛʜʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʢʠʥʝʤʘʪʠʢʠ, 

ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ),,( zyxM  ʙʫʜʝʪ 
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ʀʪʘʢ, =v
C

rot w
C

2 , ʪ.ʝ. ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʦʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʨʘʱʝʥʠʝ, ʩʪʝʧʝʥʴ 

çʟʘʚʠʭʨʸʥʥʦʩʪʠè ʧʦʣʷ. ɿʜʝʩʴ vv
CC
^rot , ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʩʠʪʫʘʮʠʷ ʙʣʠʟʢʘ ʢ 

ʵʪʦʤʫ. 

 3) ʇʫʩʪʴ ʧʦʣʝ F
C

 ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ: 0=Z ,  ʚʝʢʪʦʨ 

jyxYiyxXF
CCC

),(),( +=  ʥʝ ʟʘʚʠʩʠʪ ʦʪ z ʠ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ Oxy. ʊʦʛʜʘ 

F
C

rot Fk
y

X

x

Y CC
^öö

÷

õ
ææ
ç

å

µ

µ
-

µ

µ
= , ʪ.ʝ. ʨʦʪʦʨ ʥʘʧʨʘʚʣʝʥ ʧʦ ʧʨʷʤʦʡ, ʠ ʧʦʵʪʦʤʫ ʝʛʦ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʢʘʣʷʨ 
y

X

x

Y

µ

µ
-

µ

µ
, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ 

ʥʫʣʷ (ʩʨʘʚʥʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ). 

 5. ʊʦʯʢʘ ),,( zyxM , ʚ ʢʦʪʦʨʦʡ 0rot ¸F
C

, ʥʘʟʳʚʘʝʪʩʷ ʚʠʭʨʝʚʦʡ ʪʦʯʢʦʡ, ʠʣʠ 

ʧʨʦʩʪʦ ʚʠʭʨʝʤ ʧʦʣʷ F
C
. ɺʝʢʪʦʨʥʦʝ ʧʦʣʝ, ʚ ʢʦʪʦʨʦʤ 0rot ¹F

C
, ʥʘʟʳʚʘʝʪʩʷ ʙʝʟʚʠʭ-

ʨʝʚʳʤ. ʀʤʝʷ ʚ ʚʠʜʫ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʚʝʨʛʝʥʮʠʠ (3.43) ʠ ʨʦʪʦʨʘ (3.77), ʣʝʛʢʦ ʫʙʝ-

ʜʠʤʩʷ, ʯʪʦ 0)div(rot =F
C

, ʪ.ʝ. ʧʦʣʝ ʨʦʪʦʨʘ ʷʚʣʷʝʪʩʷ ʩʦʣʝʥʦʠʜʘʣʴʥʳʤ. ʕʪʦ ʞʝ 

ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣʳ ʉʪʦʢʩʘ (3.78): ʧʦʪʦʢ ʨʦʪʦʨʘ ʯʝʨʝʟ ʚʩʝ ʧʦʚʝʨʭʥʦʩʪʠ S, ʥʘʪʷ-

ʥʫʪʳʝ ʥʘ ʢʦʥʪʫʨ ɻ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ (ʩʤ. Ä 3.9, ʧ. 4). ʊʝʦʨʝʤʫ 3.2 ʪʝʧʝʨʴ ʤʦʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: 

 ʊʝʦʨʝʤʘ 3.5. ɼʣʷ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘñ
AB

dllF ),(
CC

 ʦʪ 

ʧʫʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 0V  (ʠʣʠ: ʜʣʷ ʝʛʦ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʧʦ ʣʶʙʦʤʫ 

ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ 0VËG ) ʥʝʦʙʭʦʜʠʤʦ, ʘ ʝʩʣʠ ʦʙʣʘʩʪʴ 0V  ʦʜʥʦʩʚʷʟʥʘʷ ï ʪʦ 

ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʦʣʝ F
C

 ʙʳʣʦ ʙʝʟʚʠʭʨʝʚʳʤ. 

 6. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʣʷ.  

 ʆʧʨʝʜʝʣʝʥʠʝ. ʇʦʣʝ kZjYiXF
CCCC

++=  ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ, ʠ F
C
ï 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʚʝʢʪʦʨʦʤ, ʝʩʣʠ ʦʥʦ ʷʚʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪʦʤ ʥʝʢʦʪʦʨʦʡ ʩʢʘʣʷʨʥʦʡ 

ʬʫʥʢʮʠʠ ),,( zyxU :  k
z

U
j

y

U
i

x

U
UF

CCCC

µ

µ
+

µ

µ
+

µ

µ
==grad , ʧʨʠ ʵʪʦʤ ʩʘʤʘ ʬʫʥʢʮʠʷ U 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʣʷ. 

 ʀʤʝʝʤ ʪʨʠ ʨʘʚʥʦʩʠʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʷ: 

  Ú= )grad( UF
C

Úöö
÷

õ
ææ
ç

å

µ

µ
=

µ

µ
=

µ

µ
=

z

U
Z

y

U
Y

x

U
X ,, (ɺʳʨʘʞʝʥʠʝ 

dUZdzYdyXdx =++  ʝʩʪʴ ʧʦʣʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ, ʪ.ʝ. ʧʦʪʝʥʮʠʘʣ U ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʦʦʙʨʘʟʥʦʡ ʜʣʷ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ.) 

 ʊʝʦʨʝʤʘ 3.6. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʝ F
C

 ʚ ʦʙʣʘʩʪʠ 0V  ʙʳʣʦ ʧʦʪʝʥʮʠʘʣʴ-

ʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ, ʘ ʝʩʣʠ ʦʙʣʘʩʪʴ 0V  ʦʜʥʦʩʚʷʟʥʘʷ ï ʪʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʧʦʣʝ F
C

 ʙʳʣʦ ʙʝʟʚʠʭʨʝʚʳʤ: 0rot ¹F
C

 ʚ ʦʙʣʘʩʪʠ 0V . 

 D  ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʫʩʪʴ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ, ʪ.ʝ. UF grad=
C

. 

ʅʘʭʦʜʠʤ  
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C
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µ

µ
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U
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U

zyx

kji
CCC

, ʪ.ʝ. 0gradrot ¹U . 

 ɼʦʩʪʘʪʦʯʥʦʩʪʴ. ʇʫʩʪʴ ʜʘʥʦ, ʯʪʦ 0rot =F
C

 ʠ 0V  -  ʦʜʥʦʩʚʷʟʥʘʷ ʦʙʣʘʩʪʴ. ʇʦ-

ʪʝʥʮʠʘʣʴʥʦʩʪʴ ʧʦʣʷ F
C
ʩʣʝʜʫʝʪ ʠʟ ʪʝʦʨʝʤ 3.4 ʠ 3.3, ʧʨʠʯʸʤ, ʧʦʪʝʥʮʠʘʣ U ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʡʜʝʥ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ (3.61), ʪ.ʝ. 

ñ ++=
),,(

),,( 000

),,(
zyxB

zyxA

ZdzYdyXdxzyxU ==ñ
B

A

rdF ),(
CC

=ñ
B

A

dllF ),(
CC

ñ
B

A

l dlF .          (3.80) 

ɿʜʝʩʴ ʤʳ ʩʦʙʨʘʣʠ ʚʤʝʩʪʝ ʚʩʝ ʦʙʦʟʥʘʯʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ. ƶ 

 ʇʦʪʝʥʮʠʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʩʣʘ-

ʛʘʝʤʦʛʦ. ʇʦʩʪʦʷʥʥʫʶ ʧʦʜʙʠʨʘʶʪ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʧʦʪʝʥʮʠʘʣ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʟʘ-

ʜʘʥʥʦʡ ʪʦʯʢʝ, ʯʘʱʝ ʚʩʝʛʦ  ï ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʙʳʣ ʨʘʚʝʥ ʥʫʣʶ.  

 ɺʳʚʦʜ. ɽʩʣʠ ʧʦʣʝ F
C

 ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠ )(1 MU  - ʝʛʦ ʧʦʪʝʥʮʠʘʣ, 

ʪ.ʝ. ʢʘʢʘʷ-ʣʠʙʦ ʬʫʥʢʮʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ 1gradUF=
C

, ʠʣʠ 

1
dUdzZdyYdxX =++ , ʪʦ ʪʦʛʜʘ ʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ ʤʦʞʥʦ ʧʦʜʩʯʠʪʳʚʘʪʴ ʧʦ 

ʬʦʨʤʫʣʝ ʅʴʶʪʦʥʘ-ʃʝʡʙʥʠʮʘ: 

 ¹ñ
B

A

l dlF ¹++ñ
B

A

ZdzYdyXdx )()()( 1111 AUBUMUdU

B

A

B

A

-==ñ .        (3.81) 

ɿʜʝʩʴ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʨʘʥʝʝ, ʩʧʨʘʚʝʜʣʠʚʦ ʩʢʘʟʘʥʥʦʝ ʚ ʟʘʤʝʯʘʥʠʠ 1 ʧʦʩʣʝ ʬʦʨʤʫʣʳ 

(3.62). ʆʪʤʝʪʠʤ ʪʦʣʴʢʦ, ʯʪʦ ʚ ʦʜʥʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ 0V  ʧʦʪʝʥʮʠʘʣ ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʦʟʥʘʯʥʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʚ ʤʥʦʛʦʩʚʷʟʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦʟʥʘʯʥʦʡ. 

 ɺ ʩʠʣʫ ʪʝʦʨʝʤʳ 3.6, ʝʩʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʦʣʝ UF grad=
C

 ʝʩʪʴ ʩʠʣʦʚʦʝ 

ʧʦʣʝ, ʪʦ ʨʘʙʦʪʘ ʚ ʥʸʤ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʧʫʪʠ AB, ʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʥʘʯʘʣʴ-

ʥʦʡ ʠ ʢʦʥʝʯʥʳʭ ʪʦʯʝʢ, ʠ ʝʸ ʤʦʞʥʦ ʚʳʯʠʩʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ (3.81).  

 ʇʨʠʤʝʨ. ʈʘʩʩʤʦʪʨʠʤ ʢʫʣʦʥʦʚʩʢʦʝ ʧʦʣʝ 
3r

r
qF

CC
= , ʩʦʟʜʘʥʥʦʝ ʪʦʯʝʯʥʳʤ ʟʘ-

ʨʷʜʦʤ (ʩʤ. Ä 3.9, ʧʨʠʤʝʨ 1 ʠ ʨʠʩ. 3.57). 

 ʅʝʪʨʫʜʥʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʧʨʦʝʢʮʠʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʣʷ ʩʫʪʴ 
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1
grad

C
. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʝ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʠ ʝʛʦ ʧʦʪʝʥʮʠ-

ʘʣ 
r

q
U
-
= , ï ʦʥ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʥʦʨʤʠʨʦʚʢʠ 0=

¤=r
U . ʈʘʙʦʪʘ ʧʦʣʷ F

C
 

ʥʘʡʜʸʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ: 
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+-=-=ñ
CC

. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʪʦʯʢʠ  A ʠ  B ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʘʨʜ̫ʘ 

(ʦʪ ʪʦʯʢʠ O), ʪʦ ʨʘʙʦʪʘ ʨʘʚʥʘ ʥʫʣʶ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ q  

ʟʘʤʝʥʠʪʴ ʥʘ k- , 0>k , ʪʦ ʧʦʣʫʯʠʤ ʥʴʪʁʦʥʦʚʩʢʦʝ ʩʠʣʦʚʦʝ ʧʦʣʝ ʠʣʠ ʧʨʠʪʷʞʝ-

ʥʠʝ ʧʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 
31

r

r
kF

CC
-=  - ʦʥʦ ʥʘʧʨʘʚʣʝʥʦ ʢ ʪʦʯʢʝ O (ʨʠʩ. 3.57, ʛʜʝ m 

ʠ 
1

m  ʤʘʩʩʳ ʪʦʯʝʢ).  ɼʣʷ ʥʝʛʦ ʧʦʪʝʥʮʠʘʣ  
r

k
U =1 . 

 
 ɿʘʤʝʯʘʥʠʝ. ɹʳʣʠ ʦʪʤʝʯʝʥʳ ʜʚʝ ʦʧʝʨʘʮʠʠ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ:  

0rotdiv =F
C

 ʠ 0gradrot =U . 

ʆʪʤʝʪʠʤ ʝʱʸ ʦʜʥʫ: U
z

U
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U

x

U
U D¹

µ

µ
+

µ

µ
+

µ

µ
=

2

2

2

2

2

2

graddiv , ʛʜʝ ʩʠʤʚʦʣ 

2

2

2

2

2

2

zyx µ

µ
+

µ

µ
+

µ

µ
=D  ʥʘʟʳʚʘʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ ʃʘʧʣʘʩʘ; ʝʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ),( ÐÐ=D
CC
, ʛʜʝ Ð

C
 ï ʦʧʝʨʘʪʦʨ ɻʘʤʠʣʴ-

ʪʦʥʘ (ʥʘʙʣʘ). ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 0=DU  ʥʘ-

ʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʃʘʧʣʘʩʘ, ʘ ʝʛʦ ʨʝʰʝʥʠʷ ),,( zyxUU =  ï ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ 

ʬʫʥʢʮʠʷʤʠ (ʪʨʸʭ ʧʝʨʝʤʝʥʥʳʭ).  

 

 

 Ä 13. ʇʦʪʝʥʮʠʘʣʴʥʦ-ʩʦʣʝʥʦʠʜʘʣʴʥʳʝ ʧʦʣʷ ʚ ʧʣʦʩʢʦʤ ʩʣʫʯʘʝ 

 

 ʇʫʩʪʴ ʠʤʝʝʤ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʧʦʣʝ  

jyxQiyxPF
CCC

),(),( += , 

ʛʜʝ ʬʫʥʢʮʠʠ ),( yxP  ʠ ),( yxQ  ʩʯʠʪʘʝʤ ʥʝʧʨʝʨʳʚʥʳʤʠ ʚʤʝʩʪʝ ʩ ʧʝʨʚʳʤʠ ʯʘʩʪ-

ʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ 0D . ɺʚʝʜʸʥʥʳʝ ʚʳʰʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ 
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Ä3.11, ʧ.4,  ʧʦʥʷʪʠʷ, ʬʘʢʪʳ ʧʝʨʝʥʝʩʸʤ, ʩ ʚʦʟʤʦʞʥʳʤʠ ʧʦʚʪʦʨʝʥʠʷʤʠ ʥʘ ʩʣʫʯʘʡ 

ʪʘʢʠʭ ʧʦʣʝʡ. 

 1. ʅʘ ʢʨʠʚʦʡ ËG 0D  ʚʳʙʠʨʘʝʤ ʦʧʨʝʜʝʣʸʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ 

ʚʦʟʨʘʩʪʘʝʪ ʧʝʨʝʤʝʥʥʘʷ ʜʣʠʥʘ ʜʫʛʠ s, ʠ ʧʨʦʚʦʜʠʤ ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʢʘʩʘʪʝʣʴ-

ʥʦʡ t
C
, ʘ ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ n

C
 ʧʨʦʚʦʜʠʤ ʚʧʨʘʚʦ ʦʪ t

C
, ʩʫʜʷ   ʧʦ ʦʙʭʦʜʫ. 

ʇʦɻ ʪʦʤʫ, ʝʩʣʠ t
C

 ʦʙʨʘʟʫʝʪ ʫʛʣʳ a ʠ b ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ Ox ʠ Oy ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ, ʪʦ a-
p
=b

2
 (ʠʣʠ 

2

p
-a=b ), jiji

CCCCC
a+a=b+a=t sincoscoscos ,  

n
C

ji
CC
a-a= cossin . (ʈʠʩ.3.58.) 

 ʇʫʩʪʴ ʚʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ G ʝʩʪʴ 

jsyisxsrr
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)()()( +== , ʪʦ t
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rd CCC
+== , dssrds Ö¡=Öt )(

CC
, ʪ.ʝ. jdyidxds
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+=Öt  ʠ 

jdxidydsn
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-=Ö , ʛʜʝ dx ʠ dy ʝʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʚʜʦʣʴ ʢʨʠʚʦʡ ɻ. 

 
 

 ʆʧʨʝʜʝʣʝʥʠʝ 1. ʇʦʪʦʢʦʤ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ F
C

 ʯʝʨʝʟ ʢʨʠʚʫʶ ɻ ʥʘʟʳʚʘʝʪʩʷ 

ʯʠʩʣʦ  

 ññ
GG

==Ö=N dsnFdsFn ),(
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ñ
G

a-a dsQP )cossin( ñ
G

+-= PdyQdx . (3.82) 

ɽʩʣʠ G - ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ, ʪʦ ʯʠʩʣʦN ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʣʠ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʫʪʨʠ G. ʇʦ ʬʦʨʤʫʣʝ ɻʨʠʥʘ 

ʠʤʝʝʤ 
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ʟʳʚʘʝʪʩʷ ʜʠʚʝʨʛʝʥʮʠʝʡ ʠʣʠ ʨʘʩʭʦʜʠʤʦʩʪʴʶ ʧʦʣʷ F
C

 ʚ ʪʦʯʢʝ ),( yxM . ɽʩʣʠ 

0div ¸
M

F
C

 (ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ), ʪʦ ʪʦʯʢʘ M ʥʘʟʳʚʘʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ; ʚ 

ʈʠʩ. 3.58 

t
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ʩʣʫʯʘʝ 0div <
M

F
C

 ʪʦʯʢʘ M ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʩʪʦʢʦʤ (ʵʪʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʠʩ-

ʪʦʯʥʠʢ). 

 ɽʩʣʠ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ M ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ 1D , 01 DD Ë , ʙʫʜʝʪ 0div =
M

F
C

, 

ʪ.ʝ.  

     
y

Q

x

P

µ

-µ
=

µ

µ )(
,                                                  (3.84) 

ʪʦ ʧʦʣʝ F
C

 ʥʘʟʳʚʘʝʪʩʷ ʩʦʣʝʥʦʠʜʘʣʴʥʳʤ, ʠʣʠ ʪʨʫʙʯʘʪʳʤ, ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɺ ʪʘ-

ʢʦʤ ʧʦʣʝ ʧʦʪʦʢ ʯʝʨʝʟ ʣʶʙʫʶ ʟʘʤʢʥʫʪʫʶ ʢʨʠʚʫʶ ɻ, ʪʘʢʫʶ, ʯʪʦ 
1

)( DDI Ë=G , 

ʢʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ (3.83), ʙʫʜʝʪ ʨʘʚʝʥ ʥʫʣʶ: 0=N , ʠ ʩʫɦ ʝʩʪʚʫʝʪ ʬʫʥʢʮʠʷ 

),( yxv  ʪʘʢʘʷ, ʯʪʦ PdyQdxyxdv +-=),( , ʪ.ʝ. 

     P
y

v
Q

x

v
=

µ

µ
-=

µ

µ
, .                                            (3.85) 

ʇʝʨʚʦʦʙʨʘʟʥʘʷ ),( yxv  ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʦʢʘ, ʠʙʦ ʝʸ ʣʠʥʠʠ ʫʨʦʚʥʷ 

1),( Cyxv =  ʷʚʣʷʶʪʩʷ ʚʝʢʪʦʨʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʣʷ F
C

 (ʠʣʠ ʣʠʥʠʷʤʠ ʪʦʢʘ ï ʜʣʷ 

ʩʣʫʯʘʷ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ). ɺ ʩʘʤʦʤ ʜʝʣʝ, ʚʜʦʣʴ ʣʠʥʠʠ ʫʨʦʚʥʷ ʠʤʝʝʤ 

0=¡+¡¹ dyvdxvdv yx , ʦʪʢʫʜʘ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʩʘʪʝʣʴʥʦʡ 

j==
¡

¡
-¹ tg

P

Q

v

v

dx

dy

y

x  (j ïʫʛʦʣ ʥʘʢʣʦʥʘ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʣʠʥʠʠ ʫʨʦʚʥʷ ʢ ʦʩʠ Ox), 

ʠʣʠ 
Q

dy

P

dx
= , ʪ.ʝ. t

C
ƐF
C

 (ʨʠʩ. 3.59). ʌʫʥʢʮʠʶ ),( yxv  ʤʦʞʥʦ ʥʘʡʪʠ ʩ ʧʦʤʦɦ ʴʶ 

ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 

 ),( yxv =+= ñ CdsF
yxB

yxA

n

),(

),( 00

CPdyQdx
B

A

++-ñ , constC=" .              (3.86) 

 ɿʘʤʝʯʘʥʠʝ 1. ʌʦʨʤʫʣʫ (3.83) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ 

ñ
G

=m+l dsQP )coscos( ññ öö
÷

õ
ææ
ç

å

µ

µ
+

µ

µ

D

dxdy
y

Q

x

P
, ʠʣʠ ñ

G

=dsFn ññ
D

dxdyFdiv
C

; )38.3( ¡ 

ʵʪʦ ʝʩʪʴ ʬʦʨʤʫʣʘ ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ ʜʣʷ ʧʣʦʩʢʦʩʪʠ. ɿʜʝʩʴ jin
CCC
m+l= coscos  ʝʩʪʴ 

ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʢʦʥʪʫʨʫ G ( ,
2

p
-a=l  a-p=l-

p
=m

2
, 

ʨʠʩ. 3.60). 
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 ʇʦʩʪʨʦʠʤ ʧʨʷʤʦʡ ʮʠʣʠʥʜʨ ʚʳʩʦʪʳ 1, ʦʩʥʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʙ-

ʣʘʩʪʴ )(G=ID , ʠ ʦʙʨʘʟʫʶʱʠʝ ʧʘʨʘʣʣʝʣʴʥʳ ʦʩʠ Oz (ʨʠʩ. 3.61). ʋʨʘʚʥʝʥʠʝ ʚʝʨʭ-

ʥʝʛʦ ʦʩʥʦʚʘʥʠʷ ʝʩʪʴ 1=z , ʪʦʛʜʘ ʪʨʦʡʥʦʡ ʠʥʪʝʛʨʘʣ ʚ ʬʦʨʤʫʣʝ (3.44) 

( 0,, ¹== ZQYPX ) ʩʚʦʜʠʪʩʷ ʢ ʜʚʦʡʥʦʤʫ, ʠ ʬʦʨʤʫʣʘ (3.44) ʧʨʠʤʝʪ ʚʠʜ 

ññ =
S

n dSF ññ
D

dxdyF
C

div , ʪʘʢ ʯʪʦ ʣʝʚʘʷ ʯʘʩʪʴ ʟʜʝʩʴ ʜʘʩʪ ʣʝʚʫʶ ʯʘʩʪʴ ʚ )38.3( ¡. ʆʪ-

ʩʶʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ ʆʧʨʝʜʝʣʝʥʠʝ 1. 

 
ʆʧʨʝʜʝʣʝʥʠʝ 2. ʎʠʨʢʫʣʷʮʠʝʡ ʧʦʣʷ F

C
 ʚʜʦʣʴ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ G ʥʘʟr-

ʚʘʝʪʩʷ ʯʠʩʣʦ  

 =G)(C ¹ñ
G

tdsF ¹tñ
G

dsF ),(
CC

=+ñ
G

QdydxP ññ öö
÷

õ
ææ
ç

å

µ

µ
-

µ

µ

D

dxdy
y

P

x

Q
,         (3.87) 

 0)( DID ËG¹ . 

 ɺʝʣʠʯʠʥʘ 
y

P

x

Q
F

µ

µ
-

µ

µ
=
C

rot  ʥʘʟʳʚʘʝʪʩʷ ʨʦʪʦʨʦʤ ʠʣʠ ʚʠʭʨʝʤ ʧʦʣʷ F
C

 (ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ï ʵʪʦ ʚʝʢʪʦʨ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʧʣʦʩʢʦʩʪʠ Oxy). ʊʦʯʢʘ M ʧʦʣʷ, ʚ 
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ʢʦʪʦʨʦʡ  0rot ¸F
C

, ʥʘʟʳʚʘʝʪʩʷ ʚʠʭʨʝʚʦʡ ʪʦʯʢʦʡ ʠʣʠ ʚʠʭʨʝʤ ʧʦʣʷ F
C
. ɽʩʣʠ ʚ ʢʘ-

ʞʜʦʡ ʪʦʯʢʝ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ 1D  ʙʫʜʝʪ 0rot =F
C

, ʪ.ʝ. 

     
x

Q

y

P

µ

µ
=

µ

µ
,                                                 (3.88)  

ʪʦ ʧʦʣʝ ʥʘʟʳʚʘʝʪʩʷ ʙʝʟʚʠʭʨʝʚʳʤ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʚ ʦʙʣʘʩʪʠ 
1

D . ɽʩʣʠ 

1)( DI ËG , ʪʦ ʧʦ ʬʦʨʤʫʣʝ (3.87) ʧʦʣʫʯʠʤ 0)( =GC . ʇʨʠ ʫʩʣʦʚʠʠ (3.88) ʩʫʱʝʩʪ-

ʚʫʝʪ ʬʫʥʢʮʠʷ ),( yxu  ʪʘʢʘʷ, ʯʪʦQdyPdxdu += , ʠʣʠ   

    P
x

u
=

µ

µ
, Q

y

u
=

µ

µ
,                                              (3.89)  

ʠ ʝʸ ʤʦʞʥʦ ʥʘʡʪʠ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ 

  ),( yxu =+= ñt constdsF
yxB

yxA

),(

),( 00

constQdyPdx
B

A

++ñ .                  (3.90)  

ʇʝʨʚʦʦʙʨʘʟʥʘʷ ),( yxu  ʥʘʟʳʚʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʠʣʠ ʧʦʪʝʥʮʠʘʣʦʤ 

ʧʦʣʷ F
C
, ʧʦʩʢʦʣʴʢʫ, ʚ ʩʠʣʫ (3.89) uF grad=

C
. ʃʠʥʠʠ ʫʨʦʚʥʷ 

2
),( Cyxu =  ʥʘʟʳʚʘ-

ʶʪʩʷ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʠʣʠ ʣʠʥʠʷʤʠ ʨʘʚʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ï ʢ ʥʠʤ ʚʝʢʪʦʨ F
C

 

ʥʘʧʨʘʚʣʝʥ ʧʦ ʥʦʨʤʘʣʠ. 

ɺʳʚʦʜ. ɽʩʣʠ ʚ ʦʙʣʘʩʪʠ 
1

D  ʧʦʣʝ F
C

 ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʣʝʥʦʠʜʘʣʴ-

ʥʳʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ, ʪʦ ʩʫʱʝʩʪʚʫʶʪ ʜʚʝ ʬʫʥʢʮʠʠ ),( yxu  ʠ ),( yxv , ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ (3.85) ʠ (3.89), ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʣʦʚʠʷʤ 

   
y

v

x

u

µ

µ
=

µ

µ
, 

x

v

y

u

µ

µ
-=

µ

µ
.                                         (3.91)  

ɺ ʪʘʢʦʤ ʧʦʣʝ ʥʝʪ ʥʠ ʠʩʪʦʯʥʠʢʦʚ, ʥʠ ʚʠʭʨʝʡ. 

 ʈʘʚʝʥʩʪʚʘ (3.91) ʥʘʟʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ɼʘʣʘʤʙʝʨʘ-ʕʡʣʝʨʘ. ʀʭ ʧʦʣʫʯʠʣʠ 

ɼʘʣʘʤʙʝʨ ʚ 1752 ʛ. ʠ ʕʡʣʝʨ ʚ 1755 ʛ. ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 

 ʇʦʩʢʦʣʴʢʫ t
CC
^n , ʪʦ ʚ ʩʦʣʝʥʦʠʜʘʣʴʥʦ-ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʣʝ ʣʠʥʠʠ ʪʦʢʘ ʠ 

ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ ʣʠʥʠʠ ʦʙʨʘʟʫʶʪ ʢʨʠʚʦʣʠʥʝʡʥʫʶ ʦʨʪʦʛʦʥʘʣʴʥʫʶ ʩʝʪʴ (ʦʥʘ 

ʥʘʟʳʚʘʝʪʩʷ ʩʝʪʢʦʡ ʧʦʣʷ). 

 ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʧʝʨʚʦʝ ʠʟ ʪʦʞʜʝʩʪʚ (3.91) ʧʦ x, ʚʪʦʨʦʝ ʧʦ y, ʠ ʟʘʪʝʤ ʩʢʣʘ-

ʜʳʚʘʷ, ʧʦʣʫʯʠʤ 0
2

2

2

2

=
µ

µ
+

µ

µ

y

u

x

u
; ʘʥʘʣʦʛʠʯʥʦ 0

2

2

2

2

=
µ

µ
+

µ

µ

y

v

x

v
, ʪʘʢ ʯʪʦ ʚ ʪʘʢʦʤ ʧʦʣʝ 

u ʠ  v ʷʚʣʷʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ (ʦʪ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ), ʘ ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʝʱʸ ʩʚʷʟʘʥʳ ʫʩʣʦʚʠʷʤʠ (3.91), ʪʦ ʠ ʩʦʧʨʷʞʸʥʥʳʤʠ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ ʬʫʥʢ-

ʮʠʷʤʠ (ʧʦʨʷʜʦʢ ʬʫʥʢʮʠʡ ʚ ʧʘʨʝ ʩʫʱʝʩʪʚʝʥ: u ï ʧʝʨʚʘʷ, v ï ʚʪʦʨʘʷ ʬʫʥʢʮʠʷ). 

 ɺʚʝʜʸʤ ʢʦʤʧʣʝʢʩʥʦʝ ʧʝʨʝʤʝʥʥʦʝ yixyxz +== ),(  ʠ ʩʦʩʪʘʚʠʤ ʬʫʥʢʮʠʶ 

),(),()( yxviyxuz +=F . ʕʪʘ ʬʫʥʢʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʧʦʣʷ, ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʪʝʯʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʝʸ ʤʦʞʥʦ ʨʝʰʘʪʴ 

ʤʥʦʛʠʝ ʟʘʜʘʯʠ ʛʠʜʨʦ- ʠ ʘʵʨʦʜʠʥʘʤʠʢʠ. ɼʣʷ ʬʫʥʢʮʠʠ )(zF  ʫʩʣʦʚʠʷ (3.91) ʥʘʟʳ-

ʚʘʶʪʩʷ ʝʱʸ ʫʨʘʚʥʝʥʠʷʤʠ ʂʦʰʠ-ʈʠʤʘʥʘ. 
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ɿʘʤʝʯʘʥʠʝ 2. ʈʘʩʩʤʦʪʨʠʤ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʠʥʪʝʛʨʘʣ 

=y ),( yx ñ +
),(

),( 00

yxB

yxA

QdyPdx  (ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 
x

Q

y

P

µ

µ
=

µ

µ
 ʚ ʦʙʣʘʩʪʠ 0D ).      (3.92)  

ɽʩʣʠ ʦʙʣʘʩʪʴ 0D  ʦʜʥʦʩʚʷʟʥʘʷ, ʪʦ ʠʥʪʝʛʨʘʣ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʫʪʠ 
0

DABË  ʠ ʧʦʪʦ-

ʤʫ ʦʧʨʝʜʝʣʷʝʪ ʦʜʥʦʟʥʘʯʥʫʶ ʬʫʥʢʮʠʶ ),( yxy . ɽʩʣʠ ʞʝ 0D  ʦʙʣʘʩʪʴ ʤʥʦʛʦʩʚʷʟ-

ʥʘʷ, ʪʦ ʬʫʥʢʮʠʷ ),( yxy  ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʤʥʦʛʦʟʥʘʯʥʦʡ (ʩʤ. Ä 3.11, ʧ.4, ʧʨʠʤʝʨ 

3), ʦʜʥʘʢʦ ʚʩʝ ʝʸ ʦʜʥʦʟʥʘʯʥʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʚʝʪʚʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 

ʧʦʩʪʦʷʥʥʳʝ ʚʠʜʘ ä
=

n

k
kkCN

1

. ʀʤʝʥʥʦ, ʧʫʩʪʴ 
0

D  ʝʩʪʴ ʚʥʝʰʥʦʩʪʴ ʢʦʥʪʫʨʦʚ 
k
G, 

nk ,1= . ʏʠʩʣʘ ñ
G

+=

k

QdyPdxCk  ),...,2,1( nk=  ʥʘʟʳʚʘʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤʠ ʧʦʩʪʦ-

ʷʥʥʳʤʠ ʠʣʠ ʧʝʨʠʦʜʘʤʠ ʠʥʪʝʛʨʘʣʘ (3.92). ʇʫʩʪʴ l ï ʢʘʢʦʡ-ʣʠʙʦ ʬʠʢʩʠʨʦʚʘʥʥʳʡ 

ʧʫʪʴ, ʘ  L ï ʣʶʙʦʡ ʜʨʫʛʦʡ ʧʫʪʴ, ʩʦʝʜʠʥʷʶʱʠʡ ʪʦʯʢʠ  A ʠ  B (ʨʠʩ. 3.62), ʠ ʦʙʭʦ-

ʜʷʱʠʡ ʢʦʥʪʫʨ kG  ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ kN  ʨʘʟ, ÍkN Z ( nk ,1= ). ʊʦʛʜʘ ʚ 

ʩʠʣʫ ʩʚʦʡʩʪʚʘ ʘʜʜʠʪʠʚʥʦʩʪʠ ʠʥʪʝʛʨʘʣʘ ʷʩʥʦ, ʯʪʦ  

nn

lL

CNCNyx +++=¹Y ññ ...)()(),( 11 . 

ʍʦʪʷ ʬʫʥʢʮʠʷ ),( yxY , ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʤʥʦʛʦʟʥʘʯʥʘʷ, ʦʜʥʘʢʦ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ 

ʚʩʝʭ ʝʸ ʚʝʪʚʝʡ ʝʩʪʴ ʦʜʥʦʟʥʘʯʥʳʝ ʬʫʥʢʮʠʠ ),( yxP  ʠ ),( yxQ . 

 
ʉʢʘʟʘʥʥʦʝ ʧʦʣʥʦʩʪʴʶ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʪʝʛʨʘʣʘʤ (3.86) ʠ (3.90). 

 ɿʘʤʝʯʘʥʠʝ 3. ʀʥʦʛʜʘ, ʛʦʚʦʨʷ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʧʦʣʝ, ʠʤʝʶʪ ʚ ʚʠʜʫ ʪʦʣʴʢʦ 

ʦʜʥʦʟʥʘʯʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʅʦ ʪʦʛʜʘ ʙʝʟʚʠʭʨʝʚʦʝ ʧʦʣʝ ʚ ʥʝʦʜʥʦʩʚʷʟʥʦʡ ʦʙʣʘʩʪʠ 

ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤ. ʆʜʥʘʢʦ ʥʘ ʪʦ, ʯʪʦ ʦʥʦ ʚʩʸ-ʪʘʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦ-

ʪʝʥʮʠʘʣʴʥʳʤ, ʫʢʘʟʳʚʘʝʪ ʧʨʠʤʝʨ ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʠʣʠ ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʣʷ 

3r

r
F

CC
m=  (ʩʤ. Ä 3.12, ʧʨʠʤʝʨ ʠʟ ʧ.6) ʥʘ ʧʣʦʩʢʦʩʪʠ: jyixr

CCC
+= , 22 yxr += . 

ɿʜʝʩʴ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʟʥʘʯʥʳʡ ʧʦʪʝʥʮʠʘʣ 
r

U
m-

=1  ʠ ʠʥʪʝʛʨʘʣ (3.87) 

( ), YQXP ¹¹  ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ G ʙʫʜʝʪ ʥʫʣʸʤ, ʜʘʞʝ ʝʩʣʠ G ʩʦʜʝʨʞʠʪ 

ʈʠʩ. 3.62 
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ʚʥʫʪʨʠ ʪʦʯʢʫ )0,0(O , ʚ ʢʦʪʦʨʦʡ ʧʦʣʝ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʴ ï ʵʪʦ ʪʦʯʢʘ ʨʘʟʨʳʚʘ, 

ʦʩʦʙʘʷ ʪʦʯʢʘ. ɸ ʚʩʷ ʧʣʦʩʢʦʩʪʴ ʩ ʚʳʢʦʣʦʪʦʡ ʪʦʯʢʦʡ )0,0(O  ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦ-

ʩʚʷʟʥʦʡ ʦʙʣʘʩʪʴʶ. 

 ɺ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʞʝ ʩʣʫʯʘʝ, ʪ.ʝ. ʢʦʛʜʘ kzjyixr
CCCC

++= , ʧʦʣʝ  

3r

r
F

CC
m=  ʦʧʨʝʜʝʣʝʥʦ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦ ʚʩʸʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʚʳʢʦʣʦʪʦʡ ʪʦʯʢʦʡ 

)0,0,0(O . ʊʘʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʩʚʷʟʥʦʡ, ʠʤʝʥʥʦ, ʧʦʚʝʨʭʥʦʩʪʥʦ ʦʜʥʦʩʚʷʟ-

ʥʦʡ (ʦʜʥʘʢʦ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʩʚʷʟʥʦʡ). 
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