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�®«ãç¥®  ¢â®¬®¤¥«ì®¥ à¥è¥¨¥ á ¬®á®£« á®¢ ëå ãà ¢¥¨© £¨¤à®¤¨ ¬¨ª¨, ®¯¨áë¢ îé¥¥
¤¢¨¦¥¨¥ í««¨¯á®¨¤  § àï¦¥ëå ç áâ¨æ ¢ «®¢ãèª¥ �¥¨£  ¨ ¢ à ¤¨®ç áâ®â®© «®¢ãèª¥.
�¯à¥¤¥«¥ë ãá«®¢¨ï, ¯à¨ ª®â®àëå ¬ «®¥ ¯¥à¨®¤¨ç¥áª®¥ ¨§¬¥¥¨¥ ã¤¥à¦¨¢ îé¥£® ¬ £¨â®£® ¯®«ï
¢ «®¢ãèª¥ �¥¨£  ¯à¨¢®¤¨â ª à áª çª¥ ª®«¥¡ ¨© á£ãáâª .

�¢¥¤¥¨¥

�®áâ®ïë© ¨â¥à¥á ª ¨§ãç¥¨î ¯®¢¥¤¥¨ï § àï-
¦¥ëå ç áâ¨æ ¢ «®¢ãèª å ®¡ãá«®¢«¥ à §«¨çë¬¨

¯à ªâ¨ç¥áª¨¬¨ § ¤ ç ¬¨ [1–5]. � ¯à¨¬¥à, «®ª -
«¨§ æ¨ï í«¥ªâà®  ¢ «®¢ãèª¥ �¥¨£  ¯®§¢®«¨« 

¤®áâ¨çì ¢ëá®ª®© â®ç®áâ¨ ¨§¬¥à¥¨ï ¥£® ¬ £¨â®£®

¬®¬¥â  [2],   «®ª «¨§ æ¨ï ¨®®¢ ®ª §ë¢ ¥âáï ¯®-
«¥§®© ¤«ï â®çëå á¯¥ªâà®áª®¯¨ç¥áª¨å ¨áá«¥¤®¢ -
¨© [3]. � áá¬ âà¨¢ ¥¬ ï á¨áâ¥¬  ¬®¦¥â ¡ëâì â ª-
¦¥ ¨á¯®«ì§®¢   ¤«ï £¥¥à æ¨¨ í«¥ªâà®¬ £¨â®£®

¨§«ãç¥¨ï [6]. �¥á®¬¥ë© ¨â¥à¥á ¯à¥¤áâ ¢«ï¥â

  «¨§ ¤¢¨¦¥¨ï § àï¦¥ëå ç áâ¨æ ¢ «®¢ãèª å

¢ á ¬®á®£« á®¢ ®© ¯®áâ ®¢ª¥. � ª ï § ¤ ç  à á-
á¬ âà¨¢ « áì ¢ à ¡®â¥ [7] ¤«ï å®«®¤®£® á£ãáâª 

ç áâ¨æ ¢ «®¢ãèª¥ �¥¨£ . �¥«ìî ¤ ®© à ¡®âë

ï¢«ï¥âáï ®¡®¡é¥¨¥ à §¢¨â®© ¢ [7] ¬®¤¥«¨ ¤«ï á«ã-
ç ï  «¨ç¨ï ã ç áâ¨æ â¥¬¯¥à âãà®£® à §¡à®á  ¯®

áª®à®áâï¬,   â ª¦¥ ¨§ãç¥¨¥ ¢«¨ï¨ï ¯¥à¥¬¥®£®

¬ £¨â®£® ¯®«ï   ¤¢¨¦¥¨¥ á£ãáâª  ¢ «®¢ãèª¥

�¥¨£ . � áá¬®âà¥¨¥ íâ®© § ¤ ç¨ ¨ ¨áá«¥¤®¢ ¨¥
ãá«®¢¨© ¢®§¡ã¦¤¥¨ï ª®«¥¡ ¨© á£ãáâª  ¬®¦¥â ¯à¥¤-
áâ ¢«ïâì ®¯à¥¤¥«¥ë© ¯à ªâ¨ç¥áª¨© ¨â¥à¥á ¢ á¢ï§¨

á ¯à¥¤«®¦¥¨ï¬¨ ¯® á®§¤ ¨î á ¯®¬®éìî ãª § ®©

«®¢ãèª¨ ¯«®â®© ¯« §¬ë [4].

�¢â®¬®¤¥«ì®¥ à¥è¥¨¥ ãà ¢¥¨©

£¨¤à®¤¨ ¬¨ª¨

�®¢ãèª  �¥¨£  ¯à¥¤áâ ¢«ï¥â á®¡®© ª®¬¡¨ -
æ¨î í«¥ªâà®áâ â¨ç¥áª®£® ¯®«ï ª¢ ¤àã¯®«ì®£® â¨¯ 

¨ ¯®áâ®ï®£® ®¤®à®¤®£® ¬ £¨â®£® ¯®«ï. �á«¨
í«¥ªâà®áâ â¨ç¥áª®¥ ¯®«¥ ¢ «®¢ãèª¥ á®§¤ ¥âáï §  áç¥â

 ¯àï¦¥¨ï U   £¨¯¥à¡®«¨ç¥áª¨å í«¥ªâà®¤ å, à á-
¯®«®¦¥ëå   à ááâ®ï¨¨ d ®â ®á¨ z, â® ¯®â¥æ¨ «
¯®«ï à ¢¥

Φ = U(2z2 − x2 − y2)/2d2. (1)

�¤®à®¤®¥ ¬ £¨â®¥ ¯®«¥ ¬®¦¥â ¡ëâì á®§¤ ® á

¯®¬®éìî á¥«¥®¨¤ ; ¥á«¨ ®® ¨§¬¥ï¥âáï á® ¢à¥¬¥-
¥¬, â® ¢®§¨ª ¥â ¢¨åà¥¢®¥ í«¥ªâà¨ç¥áª®¥ ¯®«¥ (§¤¥áì

¨ ¢ ¤ «ì¥©è¥¬ â®çª®© ®¡®§ ç ¥âáï ¤¨ää¥à¥æ¨à®-
¢ ¨¥ ¯® t)

B0 = F (t)B0ez, E0 = −ḞB0reθ/2c. (2)

�«ï à¥è¥¨ï ãà ¢¥¨ï �« á®¢  ¢ [7] ¨á¯®«ì§®¢ -
«¨áì ¨â¥£à «ë ¤¢¨¦¥¨ï, á®®â¢¥âáâ¢ãîé¨¥  ç «ì-
ë¬ § ç¥¨ï¬ ¤¨ ¬¨ç¥áª¨å ¯¥à¥¬¥ëå ç áâ¨æë

¢ á®¢®ªã¯®áâ¨ ¢¥è¥£® ¨ ª®««¥ªâ¨¢®£® ¯®«¥©. �
à ¬ª å £¨¤à®¤¨ ¬¨ç¥áª®£® ®¯¨á ¨ï íâ® à¥è¥¨¥

á ¬®á®£« á®¢ ®© § ¤ ç¨ á®®â¢¥âáâ¢ã¥â  ¢â®¬®¤¥«ì-
®¬ã ¤¢¨¦¥¨î § àï¦¥®© ¦¨¤ª®áâ¨. �á¯®«ì§ã¥¬
 ¢â®¬®¤¥«ìë© ¯®¤å®¤ ¤«ï   «¨§  ¤¢¨¦¥¨ï á£ãáâ-
ª  § àï¦¥ëå ç áâ¨æ ¢ ¥áâ æ¨® à®¬ ¢¥è¥¬

¯®«¥.
�ã¤¥¬ ¨áª âì à¥è¥¨¥ ãà ¢¥¨© £¨¤à®¤¨ ¬¨ª¨

§ àï¦¥®© ¦¨¤ª®áâ¨ [8] ¢ ¢¨¤¥ ®¤®à®¤®£® í««¨-
¯á®¨¤  ¢à é¥¨ï á § ¢¨áïé¨¬¨ ®â ¢à¥¬¥¨ ¯®«ã®áï-
¬¨ a, b

n(x, t) = q(t)H(1− ξ∗ξ − ζ2).

�¤¥áì ξ = (x − iy − σ)/A, ζ = (z − sz)/b —  ¢â®¬®-
¤¥«ìë¥ ¯¥à¥¬¥ë¥; H(x) — áâã¯¥ç â ï äãªæ¨ï

�¥¢¨á ©¤ ; ¢¢¥¤¥ë â ª¦¥ ®¡®§ ç¥¨ï

σ = sz + isy, A = a exp
(
i

t∫
0

Ω(t′)dt′
)
,

¯à¨ç¥¬ ¢¥ªâ®à s(t) ®¯à¥¤¥«ï¥â ¯®«®¦¥¨¥ æ¥âà 

í««¨¯á®¨¤ ,   Ω(t) — ã£«®¢ãî áª®à®áâì ¥£® ¢à é¥¨ï.
�¢¨¦¥¨¥ ¦¨¤ª®áâ¨ áç¨â ¥¬ ¥à¥«ïâ¨¢¨áâáª¨¬, ¢

á¢ï§¨ á ç¥¬ ¯à¥¥¡à¥£ ¥¬ ¢«¨ï¨¥¬ á®¡áâ¢¥®£® ¬ £-
¨â®£® ¯®«ï á£ãáâª . �®§¤ ¢ ¥¬®¥ ç áâ¨æ ¬¨ í«¥ª-
âà¨ç¥áª®¥ ¯®«¥ ¢ãâà¨ í««¨¯á®¨¤  ¨¬¥¥â á«¥¤ãîé¨©

¢¨¤:
E = 4πn0(κrer + λzez),

£¤¥ n0 —  ç «ì®¥ § ç¥¨¥ ¯«®â®áâ¨ ç áâ¨æ,
λ = 1/LR2 − 2κ.
�ëà ¦¥¨¥ ¤«ï κ § ¢¨á¨â ®â ä®à¬ë í««¨¯á®¨¤ :

¤«ï ¢ëâïãâ®£® ¢¤®«ì ®á¨ z í««¨¯á®¨¤ 

κ =
1

4µ3LR2

[
2µ− (1− µ2) ln

1 + µ

1− µ

]
, (3)

27



28 �.�. � ã¬®¢, �.�. � ¢«¥ª®

  ¤«ï á¯«îáãâ®£® í««¨¯á®¨¤ 

κ =
1

4ν3LR2

[
(1 + ν2)arctg ν − ν

]
. (4)

�¤¥áì µ2 = 1−a2/b2, ν2 = a2/b2−1,R = a/a0, L = b/b0,
£¤¥ a0, b0 —  ç «ìë¥ à §¬¥àë í««¨¯á®¨¤ . �¥çì
¨¤¥â ® ª« áá¥  ¢â®¬®¤¥«ìëå ¤¢¨¦¥¨© § àï¦¥®©

¦¨¤ª®áâ¨, ¤«ï ª®â®àëå áª®à®áâ¨ ¯à®¯®àæ¨® «ìë

à ááâ®ï¨î ¤® æ¥âà  á¨¬¬¥âà¨¨ [9], ¯®íâ®¬ã ¢ëà -
¦¥¨ï ¤«ï ª®¬¯®¥â £¨¤à®¤¨ ¬¨ç¥áª®© áª®à®áâ¨

á«¥¤ã¥â ¨áª âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

Vx + iVy = σ̇ + ξȦ, Vz = ṡz + ζḃ.

� íâ®¬ á«ãç ¥ ¨§ ãà ¢¥¨ï ¥¯à¥àë¢®áâ¨ ¯®«ãç ¥¬,
çâ® q = n0/LR

2. �«ï ®áâ «ìëå ãà ¢¥¨© ¢ ç áâëå
¯à®¨§¢®¤ëå ¯¥à¥å®¤ ª á¨áâ¥¬¥ ®¡ëª®¢¥ëå ¤¨ä-
ä¥à¥æ¨ «ìëå ãà ¢¥¨© ¢®§¬®¦¥ ¯à¨ ãá«®¢¨¨,
çâ® £à ¤¨¥â ¤ ¢«¥¨ï â ª¦¥ ¯à®¯®àæ¨® «¥ à á-
áâ®ï¨î ¤® æ¥âà  á£ãáâª , ¯®íâ®¬ã ¡ã¤¥¬ ¨áå®¤¨âì

¨§ á«¥¤ãîé¥£® ¢ëà ¦¥¨ï ¤«ï ¤ ¢«¥¨ï:

p = nkBT, T = T0(1− a2
0r

2/2a4 − b20z
2/2b4).

� ¨â®£¥ ¨§ ãà ¢¥¨© £¨¤à®¤¨ ¬¨ª¨  ©¤¥¬, çâ®
¤¢¨¦¥¨¥ æ¥âà  á£ãáâª  ®¯à¥¤¥«ï¥âáï ¢®§¤¥©áâ¢¨¥¬

¢¥è¥£® ¯®«ï

σ̈ + iω0σ̇F + (iω0Ḟ − ω
2
z)σ/2 = 0, s̈z + ω2

zsz = 0, (5)

¢ â® ¢à¥¬ï ª ª   ¨§¬¥¥¨¥ à §¬¥à®¢ í««¨¯á®¨¤ 

®ª §ë¢ ¥â ¢«¨ï¨¥ â ª¦¥ ¨ ¥£® á®¡áâ¢¥®¥ ¯®«¥

ä+ (ω2
0F

2/4− ω2
z/2− κω2

p)a

−[(Ω0 + ωLF0)2a2
0 + u2]a2

0/a
3 = 0, (6)

b̈+ (ω2
z − λω

2
p)b− u

2b20/b
3 = 0. (7)

�à¨ íâ®¬ áª®à®áâì ¢à é¥¨ï á£ãáâª  § ¢¨á¨â ®â ¥£®

¯®¯¥à¥ç®£® à §¬¥à 

Ω = (Ω0 + ωLF0)/R2 − ωLF.

�¤¥áì Ω0 —  ç «ì ï ã£«®¢ ï áª®à®áâì, ω0 =
eB0/mc, ωL = ω0/2, ω2

z = 2eU/md2, ω2
p = 4πn0e

2/m,
u2 = 2kBT0/m. �â¬¥â¨¬, çâ® ¤«ï ¯ãçª®¢ § àï-
¦¥ëå ç áâ¨æ ¤ ¢«¥¨¥, ®¡ãá«®¢«¥®¥ à §¡à®á®¬
áª®à®áâ¥© ç áâ¨æ, ¢ëà ¦ ¥âáï ç¥à¥§ í¬¨ââ á ¯ãçª .
�¤¥áì ¢¥«¨ç¨ã ¤ ¢«¥¨ï ã¤®¡¥¥ å à ªâ¥à¨§®¢ âì

¯®áà¥¤áâ¢®¬ ª¢ ¤à â  â¥¯«®¢®© áª®à®áâ¨ ç áâ¨æ u2,
â ª ª ª ¢ á«ãç ¥ ¥©âà «ìëå ç áâ¨æ ãà ¢¥¨ï

(6), (7) ¯à¨¢®¤ïâ ª á«¥¤ãîé¥¬ã § ª®ã ã¢¥«¨ç¥¨ï

à §¬¥à®¢ í««¨¯á®¨¤ : a2 = a2
0 + u2t2, b2 = b20 + u2t2.

�á«¨ ¢ ãà ¢¥¨ïå (5)–(7) ¯®«®¦¨âì F = 1, â®

íâ¨ ãà ¢¥¨ï ¡ã¤ãâ ®¯¨áë¢ âì ¤¢¨¦¥¨¥ í««¨¯á®¨¤ 

§ àï¦¥ëå ç áâ¨æ ¢ «®¢ãèª¥ �¥¨£ . � á«ãç ¥

à ¤¨®ç áâ®â®© «®¢ãèª¨, â. ¥. ª®£¤  ¬ £¨â®¥ ¯®«¥
®âáãâáâ¢ã¥â,   ã¤¥à¦ ¨¥ ç áâ¨æ ¢ ¯®¯¥à¥ç®¬  ¯à -
¢«¥¨¨ ®áãé¥áâ¢«ï¥âáï ¯®áà¥¤áâ¢®¬ ¯¥à¨®¤¨ç¥áª®£®

¨§¬¥¥¨ï í«¥ªâà®áâ â¨ç¥áª®£® ¯®â¥æ¨ « , ¢ ¢ëà -
¦¥¨¨ (1) á«¥¤ã¥â á¤¥« âì § ¬¥ã U → UG(t). � ª

¥âàã¤® ¢¨¤¥âì, â®£¤  ¢¬¥áâ® (5)–(7) ¯®«ãç îâáï

á«¥¤ãîé¨¥ ãà ¢¥¨ï:

s̈x,y − ω
2
zGsx,y/2 = 0, s̈z + ω2

zGsz = 0, (8)

ä− (ω2
zG/2 + κω2

p)a− u2a2
0/a

3 = 0, (9)

b̈+ (ω2
zG− λω

2
p)b− u

2b20/b
3 = 0. (10)

� ª¨¬ ®¡à §®¬, ¤¨ ¬¨ª  í««¨¯á®¨¤  § àï¦¥ëå
ç áâ¨æ ¢ «®¢ãèª å áª« ¤ë¢ ¥âáï ¨§ âà á«ïæ¨®ëå

ª®«¥¡ ¨© ¨ ¯ã«ìá æ¨© à §¬¥à®¢. �à é¥¨¥ á£ãáâ-
ª , ¥á«¨ ®® ¥ § ¤ ® ¢  ç «ìë© ¬®¬¥â (çâ®
¯®¤à §ã¬¥¢ «®áì ¯à¨ ¢ë¢®¤¥ ãà ¢¥¨© (9), (10)),
¢®§¨ª ¥â ¯à¨  «¨ç¨¨ ¢¥è¥£® ¬ £¨â®£® ¯®«ï,
â. ¥. ¤«ï «®¢ãèª¨ �¥¨£ .

�®«¥¡ ¨ï í««¨¯á®¨¤  ¢ «®¢ãèª¥

�¥¨£ 

� á«ãç ¥ ¯®áâ®ï®£® ¬ £¨â®£® ¯®«ï ¬®¦® ¯®-
«ãç¨âì ¥§ ¢¨áïé¨¥ ®â ¢à¥¬¥¨ à¥è¥¨ï ãà ¢¥¨©

(6), (7), â. ¥. a = a0, b = b0, Ω = Ω0. �«ï áâ æ¨®-
 à®£® á®áâ®ï¨ï á£ãáâª  íâ¨ ãà ¢¥¨ï ¯à¨¨¬ îâ

¢¨¤

−Ω0(Ω0 + 2ωL)− ω2
z/2− κ0ω

2
p/3 = u2/a2

0, (11)

ω2
z − (1− 2κ0)ω2

p = u2/b20, (12)

£¤¥ κ0 — § ç¥¨¥ ¢ëà ¦¥¨© (3), (4) ¯à¨ R = L = 1.
�§ ãà ¢¥¨ï (11) á«¥¤ã¥â, çâ® áâ æ¨® àë¥ à¥è¥-

¨ï áãé¥áâ¢ãîâ â®«ìª® ¤«ï ¢à é îé¥£®áï í««¨¯á®-
¨¤ , ¯à¨ç¥¬ ¤¨ ¯ §® ã£«®¢ëå áª®à®áâ¥© ¢à é¥¨ï

®£à ¨ç¥; ¢ ç áâ®áâ¨, ¤«ï ¯®«®¦¨â¥«ì® § àï¦¥-
ëå ç áâ¨æ íâ® ãá«®¢¨¥ ¨¬¥¥â ¢¨¤ −2ωL < Ω0 < 0.
�ç¥¢¨¤®, çâ® ¤àã£¨¥ ®£à ¨ç¥¨ï  ª« ¤ë¢ îâáï

£¥®¬¥âà¨ç¥áª¨¬¨ à §¬¥à ¬¨ «®¢ãèª¨.
� ª ¥âàã¤® ¢¨¤¥âì ¨§ ãà ¢¥¨© (11), (12), ¯à¨

ω2
z = ω2

0/6 ¨ Ω0 = −ωL á£ãáâ®ª ¡ã¤¥â ¨¬¥âì è -
à®®¡à §ãî ä®à¬ã. �§ (11), (12) ¤«ï à ¢®¢¥á®£®

à ¤¨ãá  á£ãáâª   ©¤¥¬

a2
0 = 6u2/ω2

0(1− 2h), (13)

£¤¥ h = ω2
p/ω

2
0.

� áá¬®âà¨¬ ¬ «ë¥ ª®«¥¡ ¨ï â ª®£® á£ãáâª . �¨-
¥ à¨§ãï (6), (7) ¯à¨ f = 0, ¤«ï ¨§¬¥¥¨© à §¬¥à®¢
í««¨¯á®¨¤  ρ = a−a0, δ = b−a0 ¯®«ãç¨¬ á«¥¤ãîé¨¥

ãà ¢¥¨ï:

ρ̈+ (2ω2
0/3− 8ω2

p/15)ρ+ ω2
pδ/5 = 0,

δ̈ + (2ω2
0/3− 11ω2

p/15)δ + 2ω2
pρ/5 = 0.

�âáî¤  ¤«ï á®¡áâ¢¥ëå ç áâ®â ¢à é îé¥£®áï á

« à¬®à®¢áª®© ç áâ®â®© á£ãáâª  § àï¦¥ëå ç áâ¨æ

¢ «®¢ãèª¥ �¥¨£   ©¤¥¬

ω2
1 = ω2

0(2− h)/3, ω2
2 = ω2

0(2− 14h/5)/3.
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�«¨ï¨¥ ¬®¤ã«ïæ¨¨ ¬ £¨â®£® ¯®«ï

�¨ ¬¨ª  ®¤¨®ç®© § àï¦¥®© ç áâ¨æë ¢ á®-
¢®ªã¯®áâ¨ ¢¥è¨å ¯®«¥© (1), (2) ¨§ãç « áì ¢ à -
¡®â¥ [10]. � ¬ ¡ë«® ãáâ ®¢«¥®, çâ® ¯à¨ ¯¥à¨®-
¤¨ç¥áª®¬ ¨§¬¥¥¨¨ ¬ £¨â®£® ¯®«ï á ¬ «®©  ¬-
¯«¨âã¤®©, â. ¥. ¯à¨ F = 1 + f sinωt, £¤¥ f � 1,
¢®§¬®¦® íää¥ªâ¨¢®¥ ãáª®à¥¨¥ § àï¦¥®© ç áâ¨-
æë, á®¯à®¢®¦¤ îé¥¥áï ã¢¥«¨ç¥¨¥¬ ¥¥ ã¤ «¥¨ï ®â

æ¥âà  ¯®«ï. �«ï íâ®£® ç áâ®â  ¬®¤ã«ïæ¨¨ ¤®«¦ 

ã¤®¢«¥â¢®àïâì ãá«®¢¨î

ω2 ≈ ω2
s = ω2

0 − 2ω2
z . (14)

�ç¥¢¨¤®, çâ®   «®£¨ç ï ª àâ¨  ¡ã¤¥â ¨ ¤«ï

âà á«ïæ¨®®£® ¤¢¨¦¥¨ï í««¨¯á®¨¤ , çâ® ¢ à¥§ã«ì-
â â¥ ¬®¦¥â ¯à¨¢¥áâ¨ ª ¢ë¡à®áã ç áâ¨æ   áâ¥ª¨

«®¢ãèª¨. �®¢¥¤¥¨¥ à §¬¥à®¢ á£ãáâª  ¢ § ¢¨á¨¬®áâ¨
®â ç áâ®âë ¨§¬¥¥¨ï ¬ £¨â®£® ¯®«ï ¡ã¤¥¬   «¨-
§¨à®¢ âì ¤«ï  ç «ì®£® à á¯à¥¤¥«¥¨ï § àï¦¥ëå

ç áâ¨æ ¢ ¢¨¤¥ áâ æ¨® à®£® è à®®¡à §®£® á£ãáâª ,
â. ¥. ¥£®  ç «ìë© à ¤¨ãá ®¯à¥¤¥«ï¥âáï á®®â®è¥¨-
¥¬ (13), Ω0 = −ωL, ω2

z = ω2
0/6.

� ª ª ª ¢¨åà¥¢®¥ í«¥ªâà¨ç¥áª®¥ ¯®«¥ ¢«¨ï¥â   ¯®-
¯¥à¥ç®¥ ¤¢¨¦¥¨¥ ç áâ¨æ, â® ¯ à ¬¥âà¨ç¥áª¨© à¥§®-
 á ¢®§¬®¦¥ ¤«ï ç áâ®â ¢¥è¥£® ¢®§¤¥©áâ¢¨ï, ã¤®-
¢«¥â¢®àïîé¨å ãá«®¢¨î ω ≈ 2ω1/k, £¤¥ k = 1, 2, . . . [6].
� ª ¯®ª §ë¢ ¥â ç¨á«¥®¥ à¥è¥¨¥ ãà ¢¥¨© (6),
(7) ¤«ï áâ æ¨® à®£® ¢  ç «ìë© ¬®¬¥â á®áâ®ï¨ï
á£ãáâª  è à®®¡à §®© ä®à¬ë, íää¥ªâ¨¢®¥ ¢®§¡ã-
¦¤¥¨¥ ª®«¥¡ ¨© ¥£® à §¬¥à®¢ ¯à®¨áå®¤¨â ¯à¨ f >
0.1, k = 4, â. ¥. à¥§® á ï ç áâ®â  ®¯à¥¤¥«ï¥âáï

á«¥¤ãîé¨¬ ¢ëà ¦¥¨¥¬:

ω2
r = ω2

1/4 = ω2
0(1− h/2)/6. (15)

�  à¨á. 1, 2 ¯à¨¢¥¤¥ë à¥§ã«ìâ âë à áç¥â®¢ ¤¨ -
¬¨ª¨ á£ãáâª  ¯à¨ ω = ωr ¤«ï h = 0.02 (ªà¨¢ ï 1 ) ¨
0.2 (ªà¨¢ ï 2 ); ¢¥«¨ç¨  f = 0.1 ¢ ®¡®¨å á«ãç ïå;
T = ω1t. � ¯¥à¢ãî ®ç¥à¥¤ì  ç¨ ¥âáï à®áâ  ¬-
¯«¨âã¤ë ª®«¥¡ ¨© ¯®¯¥à¥ç®£® à §¬¥à ,   § â¥¬ —

�¨á. 1.

�¨á. 2.

¯à®¤®«ì®£®, ¯à¨ç¥¬  ç «ì ï áª®à®áâì ¢®§¡ã¦¤¥-
¨ï ¯à®¤®«ìëå ª®«¥¡ ¨©, ª ª ¨ á«¥¤®¢ «® ®¦¨¤ âì,
§ ¢¨á¨â ®â áâ¥¯¥¨ ¥«¨¥©®áâ¨ á¨áâ¥¬ë, ª®â®à ï
¢ á¢®î ®ç¥à¥¤ì ®¯à¥¤¥«ï¥âáï ¯«®â®áâìî ç áâ¨æ.
�¡« áâì à¥§® áëå ç áâ®â ï¢«ï¥âáï áà ¢¨â¥«ì®

ã§ª®©; â ª, ¤«ï h = 0.2, ª®£¤ , á®£« á® á®®â®è¥¨î
(15), ω2

r = 0.15ω2
0, à áª çª  ª®«¥¡ ¨© à §¬¥à®¢

á£ãáâª  ¯à®¨áå®¤¨â ¢ á«ãç ¥ 0.145 6 ω2/ω2
0 6 0.155.

�®íâ®¬ã ãª § ë© íää¥ªâ ¬®¦® ¨á¯®«ì§®¢ âì ª ª

¤«ï à §®£à¥¢  á£ãáâª , â ª ¨ ¤«ï ®æ¥ª¨ ¯«®â®áâ¨

ç áâ¨æ. �«¥¤ã¥â ¯®¤ç¥àªãâì, çâ® ¯à¨ íâ®¬ à¥§® á-
 ï ç áâ®â  (15) ®â«¨ç ¥âáï ®â ç áâ®âë ¢®§¡ã¦¤¥¨ï

âà á«ïæ¨®ëå ª®«¥¡ ¨© (14), ¤«ï ª®â®à®© ¢ ¤ -
®¬ á«ãç ¥  ©¤¥¬ ω2

s = 2ω2
0/3. �®íâ®¬ã ¬®¤ã«ïæ¨ï

¬ £¨â®£® ¯®«ï ¥ ¤®«¦  ¯à¨¢¥áâ¨ ª à áª çª¥

¯¥à¥¬¥é¥¨© á£ãáâª  ª ª æ¥«®£®.

� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ ���� (¯à®¥ªâ
ò 94-01-01542).
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