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ʆ ʢʦʤʧʣʘʥʘʨʥʦʤ ʠʥʪʝʛʨʠʨʫʝʤʦʤ ʩʣʫʯʘʝ ʜʚʫʢʨʘʪʥʦ-ʦʩʨʝʜʥʝʥʥʦʡ ʟʘʜʘʯʠ ʍʠʣʣʘ 

ʩ ʫʯʝʪʦʤ ʩʞʘʪʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʢʨʘʪʥʦ-ʦʩʨʝʜʥʝʥʥʘʷ ʟʘʜʘʯʘ ʍʠʣʣʘ ʩ ʫʯʝʪʦʤ ʩʞʘʪʠʷ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʣʘʥʝʪʳ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʝ ɻʢʚʘʪʦʨʠʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ 

ʧʣʦʩʢʦʩʪʴʶ ʦʨʙʠʪʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʫʱʘʶʱʝʛʦ ʪʝʣʘ. 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʢʦʤʧʣʘʥʘʨʥʦʛʦ 

ʠʥʪʝʛʨʠʨʫʝʤʦʛʦ ʩʣʫʯʘʷ ʙʳʣʦ ʥʘʯʘʪʦ ʀ. ʂʦʟʘʠ ʠ ʧʨʦʜʦʣʞʝʥʦ ʄ.ʃ. ʃʠʜʦʚʳʤ ʠ 

ʄ.ɺ. ʗʨʩʢʦʡ. ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʩʣʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʣʦʚ ʩʪʨʦʛʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʣʫʯʠʪʴ ʥʝ ʫʜʘʝʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʚʦʣʶʮʠʠ ʠ ʧʨʝʜʣʦʞʝʥʦ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʚ ʚʠʜʝ ʷʚʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʩʧʫʪʥʠʢʦʚʦʡ ʦʨʙʠʪʳ ʦʪ ʚʨʝʤʝʥʠ. 

ʆʮʝʥʢʘ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʜʣʷ ʨʷʜʘ ʦʨʙʠʪ ʣʫʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ʧʦʣʫʯʝʥʘ 

ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʵʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʫʪʥʠʢʦʚʳʝ ʦʨʙʠʪʳ, ʚʝʢʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ. 

 

 

Mikhail  Alexandrovich Vashkovôyak  

On coplanar integrable case of double-averaged Hillôs problem taking into account 

the oblateness of central body 

 

Double-averaged Hillôs problem taking into account the oblateness of central 

planet is considering in the case, when its equatorial plane coincides with the plane 

of orbital motion relatively perturbing body. A qualitative investigation of this so 

named coplanar integrable case was begun by Y. Kozai and was prolonged by 

M.L. Lidov and M.V. Yarskaya. However, it is not possible to get strict analytical 

solution of this problem because the integrals are complicated. In present work some 

quantitative evolutionôs characteristics are got and approximate constructive-

analytical solution of the evolutional system is offered as obvious dependences of 

satellite orbital elements versus time. The estimation of methodical accuracy is got 

by comparing to the numerical solution of the evolutionary system for row lunar 

satellite orbits. 

 

Key words: satellite orbits, secular perturbations. 
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1.  ɺʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʠʟʚʝʩʪʥʳʭ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʚ 

ʢʚʘʜʨʘʪʫʨʘʭ ʩʣʫʯʘʝʚ ʜʚʫʢʨʘʪʥʦ-ʦʩʨʝʜʥʝʥʥʦʡ ʟʘʜʘʯʠ ʍʠʣʣʘ ʩ ʫʯʝʪʦʤ ʩʞʘʪʠʷ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʣʘʥʝʪʳ. ɽʛʦ ʢʘʯʝʩʪʚʝʥʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʧʦʩʪʨʦʝʥʠʝʤ ʩʝʤʝʡʩʪʚ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚʳʧʦʣʥʝʥʦ ʚ 

ʨʘʙʦʪʝ (Kozai, 1963) ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ ʟʘʜʘʯʝ ʦʙ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚ ʃʫʥʳ. ɼʣʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʝ (ʵʪʦʛʦ ʠ ʜʨʫʛʠʭ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʩʣʫʯʘʝʚ) 

ʧʨʦʜʦʣʞʝʥʦ ʠ ʨʘʟʚʠʪʦ ʚ ʨʘʙʦʪʘʭ (ʃʠʜʦʚ, ʗʨʩʢʘʷ, 1974; Lidov, 1974). ɺ ʜʘʥʥʦʡ 

ʧʫʙʣʠʢʘʮʠʠ ʤʳ ʙʫʜʝʤ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʙʨʘʱʘʪʴʩʷ ʢ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʨʘʙʦʪʘʤ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʠʥʪʝʛʨʠʨʫʝʤʘ ʚ ʢʚʘʜʨʘʪʫʨʘʭ, 

ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʥʝ ʫʜʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʠʭ ʦʙʨʘʱʝʥʠʝ ʠ ʧʦʣʫʯʠʪʴ ʩʪʨʦʛʦʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʘʞʝ ʚ ʠʟʚʝʩʪʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʷʭ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʥʘʨʷʜʫ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʥʝʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʚʦʣʶʮʠʠ, ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʵʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ 

ʩʧʫʪʥʠʢʦʚʦʡ ʦʨʙʠʪʳ ʩʦ ʚʨʝʤʝʥʝʤ. ʄʝʪʦʜ, ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ 

(ɺʘʰʢʦʚʴʷʢ, 2017), ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʠʨʨʘʮʠʦʥʘʣʴʥʦʡ ʯʘʩʪʠ 

ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʧʨʠʚʦʜʷʱʫʶ ʢ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʠʥʪʝʛʨʘʣʘʤ, 

ʦʙʨʘʱʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʚ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ. 

ɼʣʷ ʦʮʝʥʢʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩ ʯʠʩʣʝʥʥʳʤ 

ʨʝʰʝʥʠʝʤ ʢʘʢ ʤʦʜʝʣʴʥʦʡ, ʪʘʢ ʠ ʙʦʣʝʝ ʧʦʣʥʦʡ (ʥʝʠʥʪʝʛʨʠʨʫʝʤʦʡ) 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʥʘʢʣʦʥ ʦʨʙʠʪʳ ʚʦʟʤʫʱʘʶʱʝʡ 

ʪʦʯʢʠ ʢ ʵʢʚʘʪʦʨʠʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʠ ʧʨʝʮʝʩʩʠ ̫ ʵʪʦʡ 

ʦʨʙʠʪʳ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʨʷʜʘ ʦʨʙʠʪ ʣʫʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚ, ʚʦʟʤʫʱʘʝʤʳʭ ʧʨʠʪʷʞʝʥʠʝʤ ɿʝʤʣʠ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʉʦʣʥʮʘ. 

ʆʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʪʝʛʨʠʨʫʝʤʦʛʦ ʩʣʫʯʘʷ 

ʩʦʩʪʘʚʣʷʶʪ ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʩʧʫʪʥʠʢʦʚʦʡ ʦʨʙʠʪʳ, 

ʦʩʨʝʜʥʝʥʥʳʝ ʧʦ ʚʩʝʤ ʙʳʩʪʨʳʤ ʧʝʨʝʤʝʥʥʳʤ ï ʩʨʝʜʥʠʤ ʜʦʣʛʦʪʘʤ ʩʧʫʪʥʠʢʘ ʠ 

ʚʦʟʤʫʱʘʶʱʠʭ ʪʝʣ. ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ (ʃʠʜʦʚ, ʗʨʩʢʘʷ, 1974). 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʝʟʘʚʠʩʠʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ʵʚʦʣʶʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 

2 210 sin 1 sin2
de

e i e
d

w
t
= - ,   ( )

1 2
2 210 sin cos 1 sin2

di
e i i e

d
w

t

-

=- -
/

, 

( ) ( ) ( )( )
1 2 2

2 2 2 2 2 2 22 1 1 5cos 5 sin cos2 4 1 5cos 1
d

e e i i e e i
d

w
w g

t

- -
è ø= - - + + - + - -
ê ú

/

, (1) 

( ) ( ) ( )
1 2 2

2 2 2 22cos 1 5 cos2 3 2 4 1
d

i e e e e
d

w g
t

- -W è ø= - - - - -
é ùê ú

/

. 



4 

ɿʜʝʩʴ i, w, W ï ʦʙʦʟʥʘʯʝʥʠʷ ʫʛʣʦʚʳʭ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʝʧʣʝʨʦʚʩʢʦʡ 

ʩʧʫʪʥʠʢʦʚʦʡ ʦʨʙʠʪʳ, ʘ ʧʦʩʪʦʷʥʥʳʡ ʧʘʨʘʤʝʪʨ g  ʠ ʙʝʟʨʘʟʤʝʨʥʘʷ ʥʝʟʘʚʠʩʠʤʘʷ 

ʧʝʨʝʤʝʥʥʘʷ t  ʜʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ 

( )
( )

2 3
j0

20 0 3 2
3 2

j 1
j j

3 3

16 16 1

Ja a
c n t t

a a e

m
g t b b

b m=

å õ
=- = - =æ ö

ç ÷ -
ä /

, , .                     (2) 

ɺ ʬʦʨʤʫʣʘʭ (2) ʚʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: j
m m,  ï ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʮʝʥʪʨʘʣʴʥʦʡ ʧʣʘʥʝʪʳ ʠ 

j-ʡ ʠʟ J ʚʦʟʤʫʱʘʶʱʠʭ ʪʦʯʝʢ; 0 j j
a a a e, , ,  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʩʨʝʜʥʠʡ 

ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʨʘʜʠʫʩ ʧʣʘʥʝʪʳ, ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ (ʘ = const 

ʚ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʟʘʜʘʯʠ), ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʦʨʙʠʪʳ j-ʡ ʚʦʟʤʫʱʘʶʱʝʡ 

ʪʦʯʢʠ ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʵʪʦʡ ʦʨʙʠʪʳ; ʩ20 ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ ʚʪʦʨʦʡ ʟʦʥʘʣʴʥʦʡ 

ʛʘʨʤʦʥʠʢʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʧʣʘʥʝʪʳ; 
1 2 3 2n am -= / /

 ï ʩʨʝʜʥʝʝ ʜʚʠʞʝʥʠʝ 

ʩʧʫʪʥʠʢʘ; t0 ʠ t ï ʥʘʯʘʣʴʥʳʡ ʠ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʕʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ (1) ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ (ɺʘʰʢʦʚʴʷʢ, 2017), ʚ ʢʦʪʦʨʦʡ 

ʧʦʩʪʨʦʝʥʦ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʣʫʯʘʷ 

ʟʘʜʘʯʠ ï ʧʦʣʷʨʥʳʭ ʦʨʙʠʪ 
0

090
di d

d
i

dt t

W
= =

å õ
= ¯ W=Wæ ö
ç ÷

, ,  ï ʠ ʧʨʠʚʝʜʝʥʳ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɼʣʷ ʦʙʱʝʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ i  ̧ 90̄  ʠ W  ̧ const, ʧʝʨʚʳʝ ʠʥʪʝʛʨʘʣ r

ʵʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (1) ʠʤʝʶʪ ʚʠʜ (ʃʠʜʦʚ, ʗʨʩʢʘʷ, 1974): 

         ( ) ( )
3 2

2 2 2 2 2 2 2

1 2

2 2 1
1 cos sin sin 1 cos

5 5 3
e i c e i e i cw g

-å õ å õ
- = - + - - =æ ö æ ö

ç ÷ ç ÷

/

, .              (3) 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʠʥʪʝʛʨʘʣʦʚ ʜʦʣʛʦʪʘ ʚʦʩʭʦʜʷʱʝʛʦ ʫʟʣʘ W, ʥʝ ʚʭʦʜʷʱʘʷ 

ʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ (1), ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦ ʥʠʞʝʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ 

                           

() ()

()
() ()

()

0 0 1

0

3 2
2 2

2

2

1

4sign(cos )

4
2 5 1

3

1

i c d

e c e

c e

t

t t y n n

n g n
y n

n

-

ë ûî î
W =W - +ì ü

î îí ý

è ø- + -ê ú
=

- -

ñ

/

,

                                 (4) 

ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ e2(n). ʀʩʢʣʯʁʝʥʠʝ ʥʘʢʣʦʥʝʥʠ ̫ i ʧʦʟʚʦʣʷʝʪ 

ʩʚʝʩʪʠ ʵʚʦʣʶʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʢ ʜʚʫʤ ʫʨʘʚʥʝʥʠʷʤ ʜʣʷ  z = ʝ2  ʠ  w 

     

( ) ( )

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

1 2

1

3 2 2 2 3 22

1 1

20 1 1 sin2

4 1 2 1 5 1 sin 1 1 5

dz
z z ʩ z

d

d
z z z c z z c

d

w
t

w
w g

t

-

- -

= - - -

è ø= - - - - - + - - +
ê ú

/

/ /

,

.
    (5) 
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ɼʘʣʴʥʝʡʰʝʝ ʠʩʢʣʶʯʝʥʠʝ w ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (5) ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʘ  

                          ( )
3 221 1

2

12 2 1
sin 1

5 1 5 1 3

c z c
c z z

z z
w g

-- -å õ å õ
= - + - -æ ö æ ö

- -ç ÷ ç ÷

/

                    (6) 

 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʣʠʰʴ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠ ̫ ʜʣʷ ʢʚʘʜʨʘʪʘ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ z ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʷʭ ʧʦʩʪʦʷʥʥʳʭ ʩ1 ʠ ʩ2.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʵʚʦʣʶʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ (1), ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʯʝʪʳʨʝʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ z0 = ʝ0
2, i0, w0, 

W0, ʩʚʦʜʠʪʩ ̫ʧʨʝʞʜʝ ʚʩʝʛʦ ʢ ʦʙʨʘʱʝʥʠʶ ʢʚʘʜʨʘʪʫʨʳ 

 

                             
( )

( )
0 1 2

sign sin2

8 6

z

z

d

f c c

w V
t

V g
= ñ .

, , ,
                                   (7) 

ɿʜʝʩ ɹʬʫʥʢʮʠʠ 

 

( ) ( ) ( )

( ) ( )( ) ( )

( ) ( )( )

1 2 1 1 2 2 1 2

3 2 2

1 1 2 2 1 1 2

5 2

2 1 2 2 1

5 3 2 1 3 1 9 1 5 3

5 2 1 3 1 3

f z c c f z c c f z c c

f z c c c z c z c c z z

f z c c z c z c z

g g g

g g

g g

-

-

=

è ø= + - - - + - + -ê ú

= - - - - -

/

/

, , , , , , , , , ,

, , , / / / ,

, , , / / ,

  (8) 

 

ʢʨʦʤʝ ʘʨʛʫʤʝʥʪʘ z, ʟʘʚʠʩʷʪ ʝʱʝ ʦʪ ʪʨʝʭ ʢʦʥʩʪʘʥʪ: ʧʘʨʘʤʝʪʨʘ ʟʘʜʘʯʠ g ʠ 
ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩ1, ʩ2.  

ʇʦʩʣʝ ʦʙʨʘʱʝʥʠʷ ʢʚʘʜʨʘʪʫʨʳ (7) ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʥʘʢʣʦʥʝʥʠʷ i ʠ 

ʘʨʛʫʤʝʥʪʘ ʰʠʨʦʪʳ ʧʝʨʠʮʝʥʪʨʘ w ʦʧʨʝʜʝʣʷʪʩʷ ʠʟ ʠʥʪʝʛʨʘʣʦʚ (3), ʧʨʠʯʝʤ, ʚ 

ʩʠʣʫ ʩʠʤʤʝʪʨʠʠ, ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ w(t) ʣʠʰʴ ʜʣʷ ʩʝʛʤʝʥʪʘ 

0 90w¢ ¢ . ɼʣʷ ʧʦʣʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʢʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʭʦʞʜʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ W(t) ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠ ̫ʠʥʪʝʛʨʘʣʘ ʚ ʬʦʨʤʫʣʝ (4). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʙʠʪʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʵʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʢʝʧʣʝʨʦʚʩʢʠʭ ʵʣʝʤʝʥʪʘʭ ʩ 

ʠʭ ʧʨʦʠʟʚʦʣʴʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʩʣʫʯʘ ̫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ g ʠʣʠ ʩ20 < 0 (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʫ ʠʟ 

ʠʟʚʝʩʪʥʳʭ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ï ʩʞʘʪʳʭ ʫ ʧʦʣʶʩʦʚ ʨʝʘʣʴʥʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʣʘʥʝʪ ʠ ʠʭ ʩʧʫʪʥʠʢʦʚ). ʂʨʦʤʝ ʪʦʛʦ, ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʚʦʣʶʮʠʠ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʣʫʥʥʳʭ 

ʩʧʫʪʥʠʢʦʚʳʭ ʦʨʙʠʪ. 
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2.  ʂʘʯʝʩʪʚʝʥʥʝr ʦʩʦʙʝʥʥʦʩʪʠ ʵʚʦʣʶʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʦʨʙʠʪ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠʥʪʝʛʨʠʨʫʝʤʦʛʦ ʩʣʫʯʘʷ 

ʩʦʜʝʨʞʘʪʩʷ ʚ ʫʞʝ ʫʧʦʤʠʥʘʚʰʠʭʩʷ ʨʘʙʦʪʘʭ (Kozai, 1963; ʃʠʜʦʚ, ʗʨʩʢʘʷ, 1974; 

Lidov, 1974), ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʚʳʨʘʞʝʥʠ ̫ʜʣʷ ʧʝʨʚʳʭ 

ʠʥʪʝʛʨʘʣʦʚ, ʚʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʩʦʙʳʭ ʪʦʯʝʢ, ʦʧʠʩʘʥʳ ʠʭ ʪʠʧʳ 

ʠ ʧʨʠʚʝʜʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʚʝʜʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ. ɼʣʷ 

ʙʦʣʴʰʝʡ ʩʚʷʟʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ ʠ ʦʙʣʝʛʯʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ ʚ ʪɻʦʤ ʠ 

ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʚʦʩʧʨʦʠʟʚʝʜʝʥ ʨʷʜ ʢʘʯʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ 

ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʘʥʘʣʦʛʦʚ ʬʦʨʤʫʣ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, 

ʥʝʟʘʚʠʩʠʤʦ ʧʦʣʫʯʝʥʥʳʭ ʟʜʝʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʘʨʘʤʝʪʨʘʭ, 

ʢʦʪʦʨʳʝ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʥʘhʠʭ ʧʨʝʞʥʠʭ ʩʪʘʪʴʷʭ. 

ʇʦʩʪʦʷʥʥʳʝ ʩ1 ʠ ʩ2 ʚ ʬʦʨʤʫʣʘʭ (3) ʦʧʨʝʜʝʣʷʪʁʩʷ ʥʘʯʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

z0 = ʝ0
2, i0, w0 ʠ, ʢʦʥʝʯʥʦ, ʧʘʨʘʤʝʪʨʦʤ g 

( ) ( )
3 22 21 0 1

1 0 0 2 0 0 0

0 0

12 2 1
1 cos sin 1

5 1 5 1 3

c z c
c z i c z z

z z
w g

-å õ å õ- -
= - = - + - -æ ö æ ö

- -ç ÷ ç ÷

/
, ,     (9) 

ʧʨʠʯʝʤ ʚʦ ʚʪʦʨʦʡ ʠʟ ʵʪʠʭ ʬʦʨʤʫʣ ʠʤʝʚʰʘʷʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩ2 ʦʪ i0 ʟʘʤʝʥʝʥʘ 

ʩʦʛʣʘʩʥʦ ʠʥʪʝʛʨʘʣʫ ʩ1. 

ɺ ʧʣʦʩʢʦʩʪʠ (w, z) ʠʣʠ (w, e) ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ g  ʠ ʩ1 

ʵʚʦʣʶʮʠʷ ʦʨʙʠʪ ʦʧʠʩʳʚʘʝʪʩʷ ʩʝʤʝʡʩʪʚʦʤ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʦʪʚʝʯʘʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʛʨʘʣʘ ʩ2. ʂʘʯʝʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʘʢʠʭ 

ʩʝʤʝʡʩʪʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʦʙʣʘʩʪʠ ʧʣʦʩʢʦʩʪʠ (g, ʩ1) 

ʧʨʠʥʘʜʣʝʞʠʪ ʪʦʯʢʘ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ. 

ɻʨʘʥʠʮʘʤʠ ʵʪʠʭ ʦʙʣʘʩʪʝʡ ʩʣʫʞʘʪ ʥʝʢʦʪʦʨʳʝ ʢʨʠʚʳʝ ʣʠʥʠʠ 
( )

1 ,mʩ  ʢʦʪʦʨʳʝ ʜʣʷ 

m = 1, 2, 3, 4 ʦʧʨʝʜʝʣʷʪʁʩʷ ʯʠʩʣʦʤ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʩʦʙʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʪʦʯʝʢ (ʠʣʠ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʦʚʝʩʠʷ) ʩʠʩʪʝʤʳ (5), ʘ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʩʝʧʘʨʘʪʨʠʩ (ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʩʝʜʣʦʚʳʝ ʦʩʦʙʳʝ ʪʦʯʢʠ): 

( )

2/5

(1) (1) (2) (2) (3) (3)

1 1 1 1 1 1

1 1 2 3
( ) , ( ) 1 , ( ) ,

7 7 5 5 1
c c c c c c

g g
g g g

g g

å õ +å õ
= = = = - = =æ ö æ ö

+ç ÷ ç ÷
     (10) 

ʘ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ 
(4)

1ʩ ʦʪ g ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʝʝ y-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 

            ()
( )
( )

()
( )2 5 2 3 7 2

(4) (4)

1 5 37 2

2 5 3 3 2 7 5
, ,

3 5 23 2 7 5

y y y y y y
c y y

y yy y
g

- + - +
= =

- +- +
               (11) 

ʧʨʠʯʝʤ 0 Ò y Ò 1, () () () ()(4) (4) (4) (4)

1 1
1 1

0 0 0, . 1/ 7, . 7.lim lim
y y

c c y yg g
­ ­

= = = = 
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ɻʨʘʥʠʮʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ (w, ʝ) 

ʩʣʫʞʘʪ ʧʨʷʤʳʝ ʣʠʥʠʠ: w = 0, w = 90̄ , ʝ = 0, e = (1 ï ʩ1)
1/2, ʘ ʦʩʦʙʳʝ ʪʦʯʢʠ 

(w, ʝ*), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ sin2w = 0 ʠ dw/dt = 0, ʧʨʠʥʘʜʣʝʞʘʪ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʛʨʘʥʠʮʘʤ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ dʝ/dt = 0.  

 

2.1.  ʉʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (5) 

ʇʨʠ w = 0 ʠʣʠ 90̄  ʠʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ (5) ʩʣʝʜʫʪʁ ʫʩʣʦʚʠʷ ʜʣʷ 

ʥʘʭʦʞʜʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʚʘʜʨʘʪʘ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ z* = ʝ*2 ʠʣʠ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥʳ h = (1 - z*)1/2. 

ʇʨʠ w = 0 ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ 

                                                  ( )7 2

15 0.
2

c
g

h h- - =                                           (12) 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʝʤʳ ɼʝʢʘʨʪʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʦʥʦ ʤʦʞʝʪ ʠʤʝʪʴ ʣʠʙʦ ʦʜʠʥ, ʣʠʙʦ ʜʚʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʦʨʥʷ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʥʝʨʘʚʝʥʩʪʚʘʤ  

                                                          0 < h < 1,                                                       (13) 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ g ʠ ʩ1.  

ɼʚʘ ʢʦʨʥʷ ʠʟ ʜʠʘʧʘʟʦʥʘ (13) ʩʫʱʝʩʪʚʫʶʪ ʣʠʰʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʥʝʨʘʚʝʥʩʪʚ 

                                          
(1)

1 10 2, 0 ( )c cg g< < ¢ ¢                                           (14) 

ʠ                                     
(2) (1)

1 1 12 7, ( ) ( ).c c cg g g< < ¢ ¢                                    (15) 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚ 

                                               g > 2, 
(2)

1 10 ( )c c g¢ ¢                                               (16) 

ʪʘʢʦʡ ʢʦʨʝʥʴ ʦʜʠʥ, ʘ ʧʨʠ  

                                               g < 2 ʠ 
(1)

1 1 ( )c c g²                                                    (17) 

ʢʦʨʥʝʡ ʠʟ ʜʠʘʧʘʟʦʥʘ (13) ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚʦʚʩʝ. ɺ ʦʙʣʘʩʪʷʭ ʧʣʦʩʢʦʩʪʠ 

ʧʘʨʘʤʝʪʨʦʚ (g, ʩ1), ʦʧʨʝʜʝʣʷʝʤʳʭ ʥʝʨʘʚʝʥʩʪʚʘʤʠ (14)-(17), ʯʠʩʣʝʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʨʥʝʡ h ʫʨʘʚʥʝʥʠʷ (12), ʘ ʟʘʪʝʤ 

ʥʘʡʜʝʥʳ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ e* = (1 - h2)1/2. 

 

ʇʨʠ w = 90̄  ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ 

                                      
7 3 2

1 13 5 5 0.c ch h gh g- + - =                                            (18) 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ (18) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʦ ʤʦʞʝʪ ʠʤʝʪʴ ʣʠʙʦ ʦʜʠʥ, 

ʣʠʙʦ ʪʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʦʨʥʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʥʝʨʘʚʝʥʩʪʚʘʤ (13) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ g ʠ ʩ1. ʆʜʠʥ ʢʦʨʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠ ʣʶʙʦʤ g ʠ ʧʨʠ 
ʚʳʧʦʣʥʝʥʠʠ ʥʝʨʘʚʝʥʩʪʚ 

                                               
(3)

1 10 ( ),c c g¢ ¢                                                         (19) 

ʘ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʨʝʭ ʢʦʨʥʝʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʦʩʦʙʦ. 

ɿʘʤʝʯʘʥʠʝ: ʋʨʘʚʥʝʥʠʷ (10)-(12), (18), ʥʝʨʘʚʝʥʩʪʚʘ (14)-(17) ʚ ʜʨʫʛʠʭ 

ʦʙʦʟʥʘʯʝʥʠʷʭ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ (Kozai, 1963), ʚ ʢʦʪʦʨʦʡ  

                              a(ʂ) = c1
1/2, g(ʂ) = 0.5g,                                                     (20) 

ʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ (ʃʠʜʦʚ, ʗʨʩʢʘʷ, 1974), ʛʜʝ  

                                  a(L ) = c1
1/4, g(L ) = - 0.4g c1

-5/4).                                              (21) 

ʅʘ ʨʠʩ. 1 ʚ ʧʣʦʩʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʜʝʩʴ ʧʘʨʘʤʝʪʨʦʚ (g, ʩ1) ʧʦʢʘʟʘʥʳ 
ʟʘʚʠʩʠʤʦʩʪʠ (10), (11) ʢʦʪʦʨʳʝ ʜʣʷ m = 1, 2, 3, 4 ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʘʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʚʳʭ g5(L )
(a), g1(L )(a), g2(L )(a) ʠ g8(L ). ʆʥʠ ʷʚʣʷʶʪʩʷ 

ʛʨʘʥʠʮʘʤʠ ʦʙʣʘʩʪʝʡ 1 ï 5 (ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʚ ʢʨʫʞʢʘʭ) ʩ 

ʨʘʟʣʠʯʥʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʝʤʝʡʩʪʚ ʪʨʘʝʢʪʦʨʠʡ ʚ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ 

(w, ʝ). ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʫʤʝʨʘʮʠʷ ʦʙʣʘʩʪʝʡ ʧʣʦʩʢʦʩʪʠ (a(L ), g(L )), 

ʚʚʝʜʝʥʥʘʷ ʚ ʨʘʙʦʪʝ (ʃʠʜʦʚ, ʗʨʩʢʘʷ, 1974).  

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

e

c
1

1

G (7,1/7)

c
1

(3)

c
1

(1)

c
1

(4)
c

1

(2)
3

2

4

5

 
ʈʠʩ. 1. ʆʙʣʘʩʪʠ 1 ï 5 ʩ ʨʘʟʣʠʯʥʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʝʤʝʡʩʪʚ 

ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʠ ʛʨʘʥʠʯʥʳʝ ʢʨʠʚʳʝ ()( )

1

mʩ g  ʜʣʷ m = 1,2,3,4 
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ʉʘʤʘʷ ʚʝʨʭʥʷʷ ʩʧʣʦʰʥʘʷ ʢʨʠʚʘʷ (3)

1 ( )c g ʧʨʠ g ­ ¤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʷʤʦʡ ʩ1 = 0.2. ʉʘʤʘʷ ʥʠʞʥʷʷ ʢʨʠʚʘʷ 
(2)

1 ( )c g 

ʜʣʷ 2 < g < 7 ʧʦʢʘʟʘʥʘ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ, ʘ ʜʣʷ g > 7 ï ʩʧʣʦʰʥʦʡ, 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ ʢ ʪʦʡ ʞʝ ʧʨʷʤʦʡ ʩ1 = 0.2. ʉʧʣʦʰʥʘʷ ʢʨʠʚʘʷ 
(1)

1 ( )c g  ʠ ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʘʷ (4)

1 ( )c g, ʠʩʭʦʜʷʱʠʝ ʠʟ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, 

ʦʢʘʥʯʠʚʘʶʪʩʷ ʚ ʪʦʯʢʝ G ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (g = 7, ʩ1 = 1/7) ʠ ʢʘʩʘʶʪʩʷ ʚ ʵʪʦʡ 

ʪʦʯʢʝ ʢʨʠʚʦʡ (2)

1 ( )c g. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʠʩ.1, ʝʩʪʝʩʪʚʝʥʥʦ, ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʙʝʥ 

ʨʠʩʫʥʢʫ 2 ʨʘʙʦʪʳ (Kozai, 1963), ʠʟʦʙʨʘʞʝʥʥʦʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʦʟʥʘʯʝʥʠʡ (20). 

ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʫʨʘʚʥʝʥʠʶ (18), ʫʢʘʞʝʤ, ʯʪʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ, 

ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ (ʃʠʜʦʚ, ʗʨʩʢʘʷ, 1974), ʪʨʠ ʢʦʨʥʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʟ 

ʜʠʘʧʘʟʦʥʘ (13) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʠ ʦʩʦʙʳʝ ʪʦʯʢʠ ʩʫʱʝʩʪʚʫʶʪ ʣʠʰʴ ʚ 

ʥʝʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ a(L ), g(L ). ʅʘ ʨʠʩ. 3 ʫʢʘʟʘʥʥʦʡ 

ʨʘʙʦʪʳ ʦʥʘ ʦʛʨʘʥʠʯʝʥʘ ʦʪʨʝʟʢʦʤ ʧʨʷʤʦʡ a(L ) = 0 ʠ ʢʨʠʚʳʤʠ 
() ()

6 6,g g¡ ¡¡L L
. ɺ 

ʧʣʦʩʢʦʩʪʠ ʞʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʜʝʩʴ ʧʘʨʘʤʝʪʨʦʚ (g, ʩ1) ʛʨʘʥʠʮʳ ʵʪʦʡ ʦʙʣʘʩʪʠ 
ʦʧʨʝʜʝʣʷʶʪʩʷ y-ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

 () ( ) () ( )(5,6) 2 2 (5,6) 3 2

1 1 21 / 30, 1 21 / 4,c y y y d y y y dg= + ° = - °     (22) 

ʛʜʝ 2 41 138 441 ,d y y= - +  ʘ ʚ ʪʦʯʢʝ ʠʟʣʦʤʘ y2 = 3-1Ŀ7-2. ɻʨʘʬʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ 

ʵʪʠʭ ʛʨʘʥʠʮ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʦʙʣʘʩʪʴ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʦʨʥʷ, ʠʤʝʝʪ ʚʠʜ ʦʯʝʥʴ ʫʟʢʦʡ çʢʦʩʳè, ʢʦʪʦʨʘʷ ʧʦ ʬʦʨʤʝ ʠ 

ʦʨʠʝʥʪʘʮʠʠ ʧʦʭʦʞʘ ʥʘ ʦʙʣʘʩʪ ɹ 5. ʆʜʥʘʢʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 

(g = 0, ʩ1 = 0) ʜʦ ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʠ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 

(g = 2Ŀ33/2Ŀ7-4, ʩ1 = 3-2Ŀ7-3) ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʧʨʠʤʝʨʥʦ 3Ŀ10-4. ɺ ʨʘʙʦʪʝ (Kozai, 

1963) ʜʠʘʧʘʟʦʥ ʦʯʝʥʴ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ g ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ. ʕʪʦ ʦʧʨʘʚʜʘʥʦ 

ʪʝʤ, ʯʪʦ ʦʙʣʘʩʪʴ ʩ ʛʨʘʥʠʮʘʤʠ, ʦʧʠʩʳʚʘʝʤʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ (22), ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʣʠʰʴ ʬʦʨʤʘʣʴʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ 

ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʠʤʝʝʪ ʧʦʨʷʜʦʢ, 

ʟʘʚʝʜʦʤʦ ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʚʝʣʠʯʠʥʫ 10-4. ɺ ʧʨʠʥʷʪʦʤ ʜʘʣʝʝ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʤʘʩʰʪʘʙʝ ʧʘʨʘʤʝʪʨʦʚ (g, ʩ1) ʥʘ ʨʠʩ. 1 ʵʪʘ ʦʙʣʘʩʪʴ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝʨʘʟʣʠʯʠʤʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (21) (çʨʘʩʪʷʛʠʚʘʶʱʝʝè ʦʢʨʝʩʪʥʦʩʪʴ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ), ʧʨʝʜʣʦʞʝʥʥʦʝ ʚ ʨʘʙʦʪʝ (ʃʠʜʦʚ, ʗʨʩʢʘʷ, 1974), ʧʦʟʚʦʣʠʣʦ 

ʝʝ ʘʚʪʦʨʘʤ ʦʙʥʘʨʫʞʠʪʴ ʵʪʫ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙʣʘʩʪʴ, 

ʨʘʩʩʤʦʪʨʝʚ ʝʝ ʢʘʢ ʙʳ ʯʝʨʝʟ çʫʚʝʣʠʯʠʪʝʣʴʥʦʝ ʩʪʝʢʣʦè. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʫʢʘʟʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʪʫ ʦʙʣʘʩʪʴ ʪʨʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʧʦʜʦʙʣʘʩʪʠ (ʦʪʤʝʯʝʥʥʳʝ ʚ ʥʝʡ ʥʦʤʝʨʘʤʠ 6 · 8), ʢʦʪʦʨʳʝ, ʚʧʨʦʯʝʤ, ʟʜʝʩʴ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝ ʙʫʜʫʪ ʚʚʠʜʫ ʠʭ ʦʯʝʥʴ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʠ ʟʥʘʯʠʤʦʩʪʠ. 

ɺʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʪ ʩʪʘʮʠʦʥʘʨʥʳʝ ʦʩʦʙʳʝ ʪʦʯʢʠ (ʪ.ʝ., 

ʢʨʦʤʝ ʦʙʣʘʩʪʠ 1), ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ e* = (1 - h2)1/2 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʨʝʰʝʥʠʝʤ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (12) ʠ (18) ʜʣʷ 
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ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ g  ʠ ʩ1. ɼʣʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʨʘʚʥʦʚʝʩʥʳʭ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʫʩʪʦʡʯʠʚʳʤʠ, ʪʘʢ ʠ 

ʥʝʫʩʪʦʡʯʠʚʳʤʠ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʨʦʝʥʳ ʩʝʤʝʡʩʪʚʘ ʠʟʦʣʠʥʠʡ ʝ* =  const ʚ 

ʧʣʦʩʢʦʩʪʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʀʟʦʣʠʥʠʠ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʠʭ ʟʥʘʯʝʥʠʷʤʠ ʝ* 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2 ʠ 3 ʜʣʷ w =  0 ʠ w =  90̄  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 2. ʈʘʚʥʦʚʝʩʥʳʝ ʟʥʘʯʝʥʠʷ ʝ* ʧʨʠ w = 0 

(ʪʦʥʢʠʝ ʣʠʥʠʠ ï ʫʩʪʦʡʯʠʚʳʝ ʪʦʯʢʠ, ʞʠʨʥʳʝ ï ʥʝʫʩʪʦʡʯʠʚʳʝ) 
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ʈʠʩ. 3. ʈʘʚʥʦʚʝʩʥʳʝ ʟʥʘʯʝʥʠʷ ʝ* ʧʨʠ w = 90̄  ʜʣʷ ʫʩʪʦʡʯʠʚʳʭ ʪʦʯʝʢ 
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ɹʦʣʝʝ ʧʨʦʩʪʳʤ ʧʫʪʝʤ (ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʪʝʛʨʘʣʘ ʩ1) ʩʚʷʟʴ ʤʝʞʜʫ 

ʨʘʚʥʦʚʝʩʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ e*, i* ʠ ʧʘʨʘʤʝʪʨʘ g ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ 

ʫʩʣʦʚʠʡ 0d dw t=  ʧʨʠ w = 0 ʠ 90.̄ ɺ ʨʘʙʦʪʝ (ɺʘʰʢʦʚʴʷʢ, 1996) ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ï ʠʟʦʣʠʥʠʠ i* = const ʚ ʧʣʦʩʢʦʩʪʠ (e*, g) ʠ 
ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʥʦʚʝʩʥʳʭ ʪʦʯʝʢ ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʚʥʦʚʝʩʥʳʭ ʠʣʠ çʟʘʤʦʨʦʞʝʥʥʳʭè ʦʨʙʠʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʨʝʜʥʝʥʥʳʭ ʚʝʢʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥ ʚ ʩʪʘʪʴʝ (Circi et al., 2017). ɺ ʵʪʦʡ ʨʘʙʦʪʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʡʜʝʥʳ 

ʟʥʘʯʝʥʠʷ ʢʝʧʣʝʨʦʚʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʷʜʘ ʧʦʯʪʠ ʢʨʫʛʦʚʳʭ ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʦʨʙʠʪ ʀʉʃ ʩ w0 = 0, 180̄. 

 

2.2. ʊʠʧʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʝʤʝʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ  

ʠ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʟʘʜʘʯʠ ʚ ʧʣʦʩʢʦʩʪʠ 

ʢʝʧʣʝʨʦʚʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʝʤʝʥʥʳʭ 
2 22 , 1 ew hè ø= -ê ú ʠ 

( )
1/2

1/4 2

1, 1x c ew -è ø= -
é ùê ú

, ʠʩʧʦʣʴʟʫʝʤʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʨʘʙʦʪʘʭ (Kozai, 1963) 

ʠ (ʃʠʜʦʚ, ʗʨʩʢʘʷ, 1974). ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʟʘʥʫʤʝʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ 1 ï 5  
ʧʨʠʚʦʜʷʪʩʷ ʪʠʧʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʝʤʝʡʩʪʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ. ʕʪʠ ʢʨʠʚʳʝ 

ʧʦʩʪʨʦʝʥʳ ʚ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ (w, ʝ), ʚʤʝʩʪʦ (w, x), ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ g = 3 ʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʩ1. ʉʪʨʝʣʢʠ ʥʘ 

ʪʨʘʝʢʪʦʨʠʷʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʠʥʪʝʛʨʘʣʘ ʩ2 ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʬʘʟʦʚʳʭ ʪʦʯʝʢ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (5) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʩʧʫʪʥʠʢʦʚʦʡ ʦʨʙʠʪʳ ʠʟʤʝʥʷʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʝʜʝʣʘʭ 

                                   min max 10 1 ,e e e c¢ ¢ ¢ ¢ -                                    (23) 

ʘ ʝʛʦ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠ ʣʶʙʳʭ g ʠ ʩ1 ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʯʠʩʣʝʥʥʦ 
ʢʘʢ ʢʦʨʥʠ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠʥʳ z = e2. ʆʥʠ ʩʣʝʜʫʶʪ ʠʟ 

ʬʦʨʤʫʣʳ (6) ʧʨʠ w = 0 ʠ w = 90̄ .  

ʇʨʠ w = 0 ʠʤʝʝʤ () ( ) ( )
5 2 3 2

1 1 2

1 5
1 1 0

3 2
g z z c z z cg

- -è ø
= + - - - - =é ù

ê ú

/ /
,                  (24) 

ʘ ʧʨʠ w = 90̄   

                () ( ) ( ) ( )
1 5 2 3 2

2 1 1 2

5 2 1 5
1 1 1 0

3 3 3 3
g z z c z z c z z cg

- - -è ø
= - - - - - - + =é ù

ê ú

/ /
.    (25) 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʙʦʣʝʝ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʢʨʦʤʝ g ʠ ʩ1, ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʩ2), ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʠʪʴ ʩʝʤʝʡʩʪʚʘ 

ʠʟʦʣʠʥʠʡ, ʘʥʘʣʦʛʠʯʥʳʝ ʩʝʤʝʡʩʪʚʘʤ ʝ* =  const. ʇʦʵʪʦʤʫ ʤʳ ʦʛʨʘʥʠʯʠʤʩʷ ʤʝʥʝʝ 



12 

ʥʘʛʣʷʜʥʳʤ ʪʘʙʣʠʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʣʠʰʴ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ, ʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʪʠʧʠʯʥʦʛʦ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʧʘʨʘʤʝʪʨʦʚ g = 3. 

ɺ ʧʦʩʣʝʜʥʠʭ ʩʪʨʦʢʘʭ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʪʘʙʣʠʮ 1 ï 5 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩ1, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʣʘʩʪʷʤ ʨʠʩ. 1, ʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʝ0 = emin ʧʨʠʚʦʜʷʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ 

emax = z1/2. ʆʥʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (24), 

(25), ʚ ʢʦʪʦʨʳʭ ʧʦʩʪʦʷʥʥʘʷ ʩ2 ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʪʦʨʦʡ ʠʟ ʬʦʨʤʫʣ (9) ʧʨʠ 
2

0 0z e= . 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʙʣʠʮʘʭ ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷ ʘʨʛʫʤʝʥʪʘ 

ʧʝʨʠʮʝʥʪʨʘ w0 = 0 ʠ w0 = 90̄  ʚʤʝʩʪʝ ʩ ʫʢʘʟʘʥʠʝʤ ʦ ʭʘʨʘʢʪʝʨʝ ʝʛʦ ʠʟʤʝʥʝʥʠʷ (ʉ 

ï ʮʠʨʢʫʣʷʮʠʷ, L ï ʣʠʙʨʘʮʠʷ). 

 

ʆʙʣʘʩʪʴ 1. ʕʪʘ ʦʙʣʘʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʝʡʰʝʡ ʩʪʨʫʢʪʫʨʦʡ ʩʝʤʝʡʩʪʚʘ, 

ʦʪʩʫʪʩʪʚʠʝʤ ʦʩʦʙʳʭ ʪʦʯʝʢ ʚ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ (ʤʦʥʦʪʦʥʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ) ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʮʝʥʪʨʘ. ʅʘ ʨʠʩ. 4 

ʪʘʢʦʝ ʩʝʤʝʡʩʪʚʦ ʧʦʢʘʟʘʥʦ ʜʣʷ ʩ1, ʧʦʯʪʠ ʨʘʚʥʦʛʦ, ʥʦ ʚʩʝ ʞʝ ʯʫʪʴ ʙʦʣʴʰʝʛʦ, ʯʝʤ 
(3)

1 ( 3)c g= . ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʢʘʢ ʙʳ ʫʛʘʜʳʚʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʦʩʦʙʦʡ ʪʦʯʢʠ ʚ ʝʛʦ 

ʧʨʘʚʦʤ ʥʠʞʥʝʤ ʫʛʣʫ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʩ1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʨʠʚʘʷ (3)

1 ( )c g ʥʘ ʨʠʩ. 1 ʦʪʜʝʣʷʝʪ ʦʙʣʘʩʪʴ 1, ʚ ʢʦʪʦʨʦʡ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʦʜʥʦʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʠ ʬʘʟʦʚʦʡ ʧʣʦʩʢʦʩʪʠ (w, ʝ), ʦʪ ʦʩʪʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 2 ï 5, 

ʛʜʝ ʪʘʢʠʝ ʦʩʦʙʳʝ ʪʦʯʢʠ ʩʫʱʝʩʪʚʫʶʪ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʟʥʘʯʝʥʠʡ ʧʦʩʪʦʷʥʥʦʡ ʩ1 ʤʦʥʦʪʦʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʮʝʥʪʨʘ w 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʝmax º ʝ0. ʀ ʣʠʰʴ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮʳ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ 
(3)

1 1ʩ cº  ʠ ʨʘʟʥʦʩʪʴ ʝmax - emin ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʪʥʘ 

(ʪʘʙʣ. 1), ʫʚʝʣʠʯʝʥʠʝ w ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʨʝʤʝʥʠ. 
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ʈʠʩ. 4. ʊʠʧʠʯʥʦʝ ʩʝʤʝʡʩʪʚʦ ʬʘʟʦʚʳʭ ʪʨʘʝʢʪʦʨʠʡ ʜʣʷ ʦʙʣʘʩʪʠ 1, 

w - ʚ ʛʨʘʜʫʩʘʭ, ʩ1 = 0.301 > (3)

1c  
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                                                                                                                 ʊʘʙʣ. 1 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʜʣʷ ʩ1 = 0.301 

 

w0, ʛʨʘʜ 0 0 0 0 0 0 0 0 

ʀʟʤʝʥʝʥʠʝ w C C C C C C C C 

ʝ0 = emin 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 

emax 0.270 0.376 0.454 0.521 0.583 0.647 0.718 0.802 

 

ʆʙʣʘʩʪʴ 2. ɼʣʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʜʣʷ ʦʙʣʘʩʪʝʡ 3 ï 5, ʥʘ 

ʧʨʘʚʦʡ ʛʨʘʥʠʮʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ (w = 90̄ ) ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʩʪʚʝʥʥʘʷ ʦʩʦʙʘʷ ʪʦʯʢʘ ʪʠʧʘ ʮʝʥʪʨ, ʘ ʢʨʦʤʝ ʥʝʝ, ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʝʩʪʴ 

ʦʩʦʙʘʷ ʪʦʯʢʘ ʪʠʧʘ ʩʝʜʣʦ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5 ʜʣʷ 

ʦʙʣʘʩʪʠ 2 (ʩ1 = 0.11). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʤʝʥʴʰʝʥʠʠ ʩ1 ʩʝʜʣʦʚʘʷ ʪʦʯʢʘ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʣʝʚʳʡ ʥʠʞʥʠʡ ʫʛʦʣ. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʩʦʙʳʭ 

ʪʦʯʝʢ ʠ ʩʝʧʘʨʘʪʨʠʩʳ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʜʘʞʝ ʠʟʥʘʯʘʣʴʥʦ ʧʦʯʪʠ ʢʨʫʛʦʚʳʭ ʦʨʙʠʪ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ 

w0, ʘ ʟʥʘʯʝʥʠʷ emax ʜʣʷ g = 3 ʦʢʘʟʳʚʘʶʪʩʷ ʙʣʠʟʢʠʤʠ ʢ 0.8 (ʪʘʙʣ. 2). ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʦʤʧʣʘʥʘʨʥʦʤ ʩʣʫʯʘʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʵʪʦʪ ʠʟʚʝʩʪʥʳʡ 

ʵʬʬʝʢʪ ʃʠʜʦʚʘ-ʂʦʟʘʠ (ʃʠʜʦʚ, 1961; ʂʦʟʘʠ, 1962) ʧʨʦʷʚʣʷʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʞʘʪʠʷ ʚ ʜʚʫʢʨʘʪʥʦ-ʦʩʨʝʜʥʝʥʥʦʡ ʟʘʜʘʯʝ ʍʠʣʣʘ (g = 0). 

ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʥʘ ʩʝʧʘʨʘʪʨʠʩʝ ʟʥʘʯʝʥʠʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʝs ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʡʜʝʥʦ ʠʟ ʦʯʝʚʠʜʥʦʛʦ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʧʦʩʪʦʷʥʥʦʡ ʩ2 ʧʨʠ ʝ = 0 ʠ ʚ 

ʪʦʯʢʝ (w = 90̄ , ʝ = ʝs). ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʝ, ʘʥʘʣʦʛʠʯʥʦʝ (18) ʠ 

ʨʝʰʘʝʤʦʝ ʯʠʩʣʝʥʥʦ. ɺ ʧʣʦʩʢʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʩʝʤʝʡʩʪʚʦ ʠʟʦʣʠʥʠʡ 

ʝs(g, ʩ1) = const ʙʫʜʝʪ ʠʤʝʪ ɹʚʠʜ, ʦʯʝʥʴ ʧʦʭʦʞʠʡ ʥʘ ʨʠʩ. 3. ɼʣʷ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ 

ʩʣʝʜʫʝʪ ʝʱʝ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʘʨʛʫʤʝʥʪʘ 

ʧʝʨʠʮʝʥʪʨʘ ʚ ʟʦʥʝ ʝʛʦ ʮʠʨʢʫʣʷʮʠʠ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ.  

e

u
0 10 20 30 40 50 60 70 80 90

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

 

ʈʠʩ. 5. ʊʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 4, ʥʦ ʜʣʷ ʦʙʣʘʩʪʠ 2, (1)

1c  < ʩ1 = 0.11 < 
(3)

1c   
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                                                                                                               ʊʘʙʣ. 2 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʜʣʷ ʩ1 = 0.11 

 

w0, ʛʨʘʜ 0 0 0 0 90 90 90 90 

ʀʟʤʝʥʝʥʠʝ w C C C C L L L L 

ʝ0 = emin 0.050 0.300 0.500 0.800 0.050 0.300 0.400 0.600 

emax 0.810 0.811 0.812 0.838 0.809 0.801 0.792 0.752 

 

ʆʙʣʘʩʪʴ 3. ʕʪʘ ʦʙʣʘʩʪʴ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʝʜʣʦʚʘʷ ʪʦʯʢʘ ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʘ ʣʝʚʦʡ ʛʨʘʥʠʮʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ (w = 0). ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 6 ʜʣʷ ʦʙʣʘʩʪʠ 3 (ʩ1 = 0.06). ɿʜʝʩʴ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʚ ʩʠʣʫ ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʦʡ ʚʝʪʚʠ ʩʝʧʘʨʘʪʨʠʩʳ (ʦʪʣʠʯʥʦʡ ʦʪ 

ʝ0 = 0) ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʮʝʥʪʨʘ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʦʤ 

ʜʚʠʞʝʥʠʠ ʠʟʤʝʥʠʣʦʩʴ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʠʩ. 4. ɺ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʚʫʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʦʯʥʝʝ ï ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʛʦ 

ʚʣʠʷʥʠʷ ʩʞʘʪʠʷ ʧʣʘʥʝʪʳ ʥʘ ʦʨʙʠʪʘʣʴʥʫʶ ʵʚʦʣʶʮʠʶ (ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ 

ʧʦʚʝʜʝʥʠʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ). ɽʩʣʠ ʙʳ ʦʥʦ ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʦ (g = 0), 

ʪʦ ʚ ʜʚʫʢʨʘʪʥʦ-ʦʩʨʝʜʥʝʥʥʦʡ ʟʘʜʘʯʝ ʍʠʣʣʘ ʧʨʠ ʜʘʥʥʦʤ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʤ 

ʟʥʘʯʝʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʩ1 ʵʚʦʣʶʮʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʦʨʙʠʪʳ ʧʨʠʚʦʜʠʣʘ ʢ ʩʠʣʴʥʦʤʫ 

ʚʦʟʨʘʩʪʘʥʠʶ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʚʧʣʦʪʴ ʜʦ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ ʝʜʠʥʠʮʝ. ʉ 

ʧʨʠʥʷʪʳʤ ʟʥʘʯʝʥʠʝʤ g = 3 ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʥʘʯʘʣʴʥʳʭ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʚ 

(ʧʦʨʷʜʢʘ 0.9) ʬʘʟʦʚʳʝ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʨʠʩ. 6 ʧʦʯʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳ, ʘ ʧʨʠ 

ʥʝʙʦʣʴʰʠʭ ʝ0 ʤʠʥʠʤʫʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʦʪʚʝʯʘʝʪ w = 90̄  (ʪʘʙʣ. 3). 
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ʈʠʩ. 6. ʊʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 4, ʥʦ ʜʣʷ ʦʙʣʘʩʪʠ 3, ʩ1 = 0.06 > (2)

1c  

 



15 

 

                                                                                                                  ʊʘʙʣ. 3 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʜʣʷ ʩ1 = 0.06 

 

w0, ʛʨʘʜ 90 90 90 90 90 90 0 0 

ʀʟʤʝʥʝʥʠʝ w L L L C C C C C 

ʝ0 = emin 0.600 0.700 0.800 0.050 0.200 0.500 0.850 0.900 

emax 0.893 0.884 0.860 0.232 0.497 0.756 0.895 0.910 

 

 

ʆʙʣʘʩʪʴ 4. ɼʣʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʩʦʙʳʭ ʪʦʯʝʢ: ʩʝʜʣʦʚʦʡ ï ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʠ ʪʠʧʘ ʮʝʥʪʨʘ ï 

ʥʘ ʣʝʚʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʨʘʥʠʮʝ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 7 ʜʣʷ ʦʙʣʘʩʪʠ 4 (ʩ1 = 0.07). ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʣʘʩʪʠ 3, ʟʜʝʩʴ ʩʫʱʝʩʪʚʫʶʪ 

ʪʨʘʝʢʪʦʨʠʠ ʩ ʣʠʙʨʘʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʮʝʥʪʨʘ ʠ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ w0 = 0 (ʪʨʝʪʠʡ ʯʠʩʣʦʚʦʡ ʩʪʦʣʙʝʮ ʪʘʙʣ. 4). 
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ʈʠʩ. 7. ʊʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 4, ʥʦ ʜʣʷ ʦʙʣʘʩʪʠ 4, (2)

1 (3)c  < ʩ1 = 0.07 < (4)

1c  
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                                                                                                                  ʊʘʙʣ. 4 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʜʣʷ ʩ1 = 0.07 

 

w0, ʛʨʘʜ 90 90 0 90 90 90 0 0 

ʀʟʤʝʥʝʥʠʝ w L L L C C C C C 

ʝ0 = emin 0.600 0.700 0.050 0.050 0.200 0.400 0.850 0.900 

emax 0.869 0.856 0.152 0.296 0.534 0.725 0.884 0.907 

 

ʆʙʣʘʩʪʴ 5. ʕʪʘ ʦʙʣʘʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʚʦʟʥʠʢʘʶʱʝʡ 

ʧʦʩʣʝ ʩʣʠʷʥʠ ̫ʜʚʫʭ ʚʝʪʚʝʡ ʨʘʟʣʠʯʥʳʭ ʩʝʧʘʨʘʪʨʠʩ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʦʙʣʘʩʪʠ 

ʣʠʙʨʘʮʠʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ w ʠ ʝ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 8 ʜʣʷ ʦʙʣʘʩʪʠ 5 (ʩ1 = 0.1), ʘ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.  
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ʈʠʩ. 8. ʊʦ ʞʝ ʩʘʤʦʝ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 4, ʥʦ ʜʣʷ ʦʙʣʘʩʪʠ 5, (4)

1c  < ʩ1 = 0.1 < (1)

1c  

 

ʊʘʢ ʞʝ ʢʘʢ ʠ ʚ ʦʙʣʘʩʪʠ 3, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʮʝʥʪʨʘ ʚ ʦʙʣʘʩʪʠ ʝʛʦ ʮʠʨʢʫʣʷʮʠʠ, ʥʦ ʨʘʚʥʦʚʝʩʥʦʝ ʟʥʘʯʝʥʠʝ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʨʠ w0 = 0 ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʫʣʷ. ʇʨʠ ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʦʙʣʘʩʪʠ 4, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʙʨʘʮʠʦʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʦʪʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʩʝʧʘʨʘʪʨʠʩʦʡ, ʧʝʨʝʩʝʢʘʶʱʝʡ ʪʦʣʴʢʦ ʣʝʚʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ ʛʨʘʥʠʮʫ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. ʂʘʢ ʠ ʚ ʦʙʣʘʩʪʠ 2, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʠʟʥʘʯʘʣʴʥʦ ʧʦʯʪʠ ʢʨʫʛʦʚʳʭ ʦʨʙʠʪ ʜʣʷ ʣʶʙʳʭ 

ʟʥʘʯʝʥʠʡ ʘʨʛʫʤʝʥʪʘ ʧʝʨʠʮʝʥʪʨʘ. 
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                                                                                                                  ʊʘʙʣ. 5 

ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʜʣʷ ʩ1 = 0.1 

 

w0, ʛʨʘʜ 90 90 90 0 0 0 0 0 

ʀʟʤʝʥʝʥʠʝ w L L L L C C C C 

ʝ0 = emin 0.050 0.300 0.600 0.400 0.050 0.350 0.750 0.850 

emax 0.829 0.823 0.786 0.534 0.829 0.830 0.835 0.867 

 

ʀʥʪʝʨʝʩʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʳ, ʢʘʯʝʩʪʚʝʥʥʦ ʧʦʜʦʙʥʳʝ ʧʦʢʘʟʘʥʥʳʤ 

ʥʘ ʨʠʩ. 7 ʠ 8, ʥʦ ʩ ʫʛʣʦʚʦʡ ʬʘʟʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʦʪʣʠʯʥʦʡ ʦʪ ʘʨʛʫʤʝʥʪʘ 

ʧʝʨʠʮʝʥʪʨʘ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʚ ʜʨʫʛʦʡ ʦʩʨʝʜʥʝʥʥʦʡ ʟʘʜʘʯʝ. ʕʪʦ ʧʣʦʩʢʘ ̫ʟʘʜʘʯʘ ʦ 

ʚʝʢʦʚʦʡ ʵʚʦʣʶʮʠʠ ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ-ʙʘʣʣʦʥʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʣʠʷʥʠʠ ʟʝʤʥʦʛʦ 

ʩʞʘʪʠʷ ʠ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʙʝʟ ʫʯʝʪʘ ʵʬʬʝʢʪʘ ʟʝʤʥʦʡ ʪʝʥʠ ʠ ʚ 

ʤʦʜʝʣʴʥʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʥʫʣʝʚʦʤ ʫʛʣʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʵʢʣʠʧʪʠʢʠ ʠ 

ʟʝʤʥʦʛʦ ʵʢʚʘʪʦʨʘ (Krivov et al.). 

 

 

3.  ʂʦʥʩʪʨʫʢʪʠʚʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʵʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ 

ʵʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (5). ʄʝʪʦʜʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʜʣʷ 

ʩʣʫʯʘʷ ʩ1 = 0 ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ (ɺʘʰʢʦʚʴʷʢ, 2017). ɿʜʝʩʴ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʟʘʜʘʯʠ ʜʣʷ ʩʚʷʟʥʦʩʪʠ ʠʟʣʦʞʝʥʠʷ ʙʫʜʝʪ ʧʦʚʪʦʨʝʥ ʨʷʜ ʬʦʨʤʫʣ ʠ ʥʝʢʦʪʦʨʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʜʝʪʘʣʠ ʤʝʪʦʜʘ.  

ɼʣʷ ʨʝʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʬʫʥʢʮʠʷ f ʚ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ (7) 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ, 

ʧʝʨʝʤʝʥʥʘʷ z ʠʟʤʝʥʷʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʝʜʝʣʘʭ min max
z z z¢ ¢ . ʌʫʥʢʮʠ ̫

f(z, g, c1, c2) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ 

( )1 2
g z c cg, , ,  ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʷʜʨʦè ( )( )min max

z z z z- -  

                       ( ) ( )( )( )1 2 1 2 min max
f z c c g z c c z z z zg g= - -, , , , , , .                   (26) 

ʇʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʨʛʫʤʝʥʪʘ z ʠ ʧʘʨʘʤʝʪʨʦʚ 1 2
c cg, ,  ʬʫʥʢʮʠʷ 

( )1 2
g z c cg, , ,  ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʪʨʦʛʠʤ ʚʳʨʘʞʝʥʠʷʤ (8) ʠ 

ʯʠʩʣʝʥʥʦ ʥʘʡʜʝʥʥʳʤ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ zmin, zmax. ɼʘʣʝʝ ʜʣʷ 

ʧʨʠʚʝʜʝʥʠʷ ʠʥʪʝʛʨʘʣʘ (7) ʢ ʵʣʣʠʧʪʠʯʝʩʢʦʤʫ ʚʠʜʫ ʧʨʠʤʝʥʷʝʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʬʫʥʢʮʠʠ g(z) ʢʚʘʜʨʘʪʠʯʥʳʤ ʧʦʣʠʥʦʤʦʤ 

                          P(z) = p1z
2 + p2z + p3 = p1 (z ï z1) (z ï z2)  º  g(z).                        (27) 
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ɽʛʦ ʢʦɻʬʬʠʮʠʝʥʪʳ p1, p2, p3  ʥʘʭʦʜʷʪʩʷ ʩʧʦʩʦʙʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʥʘ 

ʦʪʨʝʟʢʝ 0 ¢ z ¢ zmax, ʘ ʢʦʨʥʠ z1, z2 ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ ʬʦʨʤʫʣʘʤʠ 

                ( ) ( ) 2

1 2 2 2 2 1 3

1 1

1 1
4

2 2
z p D z p D D p p p

p p
= - + = - - = -, ,,                 (28) 

ʧʨʠʯʝʤ ʚ ʨʝʘʣʴʥʦʤ ʜʚʠʞʝʥʠʠ P(z) > 0.  

ʇʦʣʠʥʦʤ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ 

                                     () ()( )( ) ()min max
Q z P z z z z z f z= - - º                (29) 

ʙʫʜʝʪ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʤ ʜʣʷ ʬʫʥʢʮʠʠ f(z) ʠ ʧʨʝʜʩʪʘʚʠʤ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 

                                     () ( )( )( )( )1 1 2 3 4
Q z p z z z z z z z z= - - - -,                    (30) 

ʛʜʝ 3 min 4 max
z z z z= =, .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ g, ʩ1 ʠ 
ʩ2 ʠʩʢʦʤʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʝʛʦ ʧʦʩʪʨʦʝʥʠʷ (ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ) 

ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʢʘʢ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ, ʪʘʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ 

ʧʦʣʠʥʦʤʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʱʝʥʠʝʤ ʢʚʘʜʨʘʪʫʨʳ (7) ʥʘʭʦʜʠʪʩʷ ʦʙʱʝʝ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʝ ʠ w ʦʪ ʚʨʝʤʝʥʠ. ʕʪʦ ʦʙʨʘʱʝʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ ʜʣʷ D > 0 ʠ D < 0, ʪ.ʝ. ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ g, ʩ1 ʠ ʩ2. ɼʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʬʦʨʤʫʣʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʝ(t), i(t), w(t), W(t) ʠ ʥʝʢʦʪʦʨʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʨʘʚʦʯʥʦʛʦ ʨʫʢʦʚʦʜʩʪʚʘ (ɻʨʘʜʰʪʝʡʥ, ʈʳʞʠʢ, 1962). 

 

3.1. ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ D > 0 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʢʦʨʥʠ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʧʦʣʠʥʦʤʘ P(z) ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚʥʝ ʦʪʨʝʟʢʘ 

3 4
z z z¢ ¢, ʪ.ʝ. ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʩʝ ʯʝʪʳʨʝ ʢʦʨʥ ̫ʧʦʣʠʥʦʤʘ 

P(z) ʜʝʡʩʪʚʠʪʝʣʴʥʳ, ʦʥʠ ʚʤʝʩʪʝ ʩ ʧʝʨʝʤʝʥʥʦʡ z ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪ ɹʦʜʥʦʤʫ 

ʠʟ ʥʝʨʘʚʝʥʩʪʚ: 

                   2 1 3 4 3 4 2 1
ʠʣʠz z z z z z z z z z< < ¢ ¢ ¢ ¢ < <  ʧʨʠ p1 > 0          (31) 

                                        1 3 4 2
z z z z z< ¢ ¢ <  ʧʨʠ p1 < 0,                                   (32) 

ʘ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ z ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʯʝʚʠʜʥʳʤʠ ʬʦʨʤʫʣʘʤʠ 
2 2

3 min 4 max
z e z e= =, . ʆʪʤʝʪʠʤ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʨʠʚʦʜʠʤʳʭ ʜʘʣʝʝ ʯʠʩʣʝʥʥʳʭ 

ʧʨʠʤʝʨʘʭ ʫʩʣʦʚʠʷ (31), (32) ʦʢʘʟʳʚʘʶʪʩʷ ʚʳʧʦʣʥʝʥʥʳʤʠ. 
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ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʦʪ t ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʘʤʠ 

         

()
( ) ( )
( )

( )( )
( )( )

( )( ) ( ) ( )

( )( )
( )( )

2

1 4 3 3 4 1 4 3 1 22 2

2

4 3 4 1 4 1 3 2

2

1 4 1 3 2 0 0

4 1 0 32 2

0 0 0

4 3 0 1

sn

sn

= 4 6 sign sin2

sin

z z z u z z z z z z z
e k

z z u z z z z z z

u p z z z z F k

z z z z
z e

z z z z

t

t w j

j

- - - - -
= =

- - + - -

- - +

- -
= =

- -

, ,

, ,

, ,

           (33) 

 

ʛʜʝ snu ʠ F(j0, k
2) ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʩʠʥʫʩ ʗʢʦʙʠ ʠ ʥʝʧʦʣʥʳʡ 

ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʠʥʪʝʛʨʘʣ ʧʝʨʚʦʛʦ ʨʦʜʘ ʩ ʤʦʜʫʣʝʤ k.  

ɺ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ z ʤʦʜʫʣʴ k ʦʩʪʘʝʪʩʷ ʤʝʥʴʰʠʤ 

ʝʜʠʥʠʮʳ. ʆʥ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʧʨʠ ( )1 2
0z z D= =  ʠʣʠ ʧʨʠ 3 4

z z=  

(ʦʙʣʘʩʪʴʶ ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ z ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʨʘʚʥʦʚʝʩʥʘʷ ʪʦʯʢʘ z = z*). 

ʇʨʝʜʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦ ʩʝʧʘʨʘʪʨʠʩʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ 1 3
z z= , ʢʦʛʜʘ k 

ʦʙʨʘʱʘʝʪʩʷ ʚ ʝʜʠʥʠʮʫ. ɺʳʧʦʣʥʝʥʥʳʝ ʜʝʪʘʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʫʩʣʦʚʠʷ (31), (32) ʤʦʛʫʪ ʥʘʨʫʰʘʪʴʩʷ ʧʨʠ 
()3

1 1
ʩ c<  ʜʣʷ ʪʨʘʝʢʪʦʨʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʩʝʧʘʨʘʪʨʠʩ. ʇʦʵʪʦʤʫ ʢʦʨʨʝʢʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʢʨʠʚʳʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʝ ʩʣʠʰʢʦʤ 

ʙʣʠʟʢʦ ʢ ʵʪʠʤ (ʧʨʝʜʝʣʴʥʳʤ) ʪʨʘʝʢʪʦʨʠʷʤ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ u (ʠʣʠ ʧʝʨʝʤʝʥʥʳʭ t ʠ t). ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʠʦʜʳ 

ʠʟʤʝʥʝʥʠʷ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʦʧʨʝʜʝʣʷʪʁʩʷ ʬʦʨʤʫʣʘʤʠ 
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ʛʜʝ K (k2) ï ʧʦʣʥʳʡ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʠʥʪʝʛʨʘʣ 1-ʛʦ ʨʦʜʘ ʩ ʤʦʜʫʣʝʤ k. 

 

3.2. ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ D < 0 

ɺ ɻʪʦʤ ʩʣʫʯʘʝ ʧʦʣʠʥʦʤ P(z) ʠʤʝʝʪ ʜʚʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʢʦʨʥʷ ( )3 4
z z,  ʠ ʜʚʘ 

ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ  

                  ( ) ( ) ( )1 2 2 2
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= -= - + - = - - -, , .              (35) 




























