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�  ®á­®¢ ­¨¨ ¤¢ãåâ¥¬¯¥à âãà­®© ¬®¤¥«¨ �à®¢®â®à®¢  à §¢¨â  â¥®à¨ï ­¥à¥§®­ ­á­®£® ¯ à ¬ £-
­¨â­®£® ¯®£«®é¥­¨ï ¢ ª®­æ¥­âà¨à®¢ ­­ëå ¯ à ¬ £­¥â¨ª å, ¢ ª®â®àëå «¨­¨ï á¯¨­-ä®­®­­®© á¢ï§¨
(���)  á¨¬¬¥âà¨ç­  ®â­®á¨â¥«ì­® æ¥­âà  «¨­¨¨ ¬ £­¨â­®£® à¥§®­ ­á . �®ª § ­®, çâ® á¨«ì­ ï

 á¨¬¬¥âà¨ç­®áâì «¨­¨¨ ��� ¯à¨¢®¤¨â ª ¢®§­¨ª­®¢¥­¨î ¢â®à®£® ¯¨ª  ¯®£«®é¥­¨ï ¢ ®¡« áâ¨ ¬ «ëå

ç áâ®â ­ àï¤ã á ¬ ªá¨¬ã¬®¬, å à ªâ¥à­ë¬ ¤«ï ªà¨¢®© �¥¡ ï. �áâ ­®¢«¥­®, çâ® ¤ ­­ë© íää¥ªâ
á¢ï§ ­ á ¯®ï¢«¥­¨¥¬ ¢ à¥« ªá æ¨®­­®© í¢®«îæ¨¨ §¥¥¬ ­®¢áª®© ¨ ­¥§¥¥¬ ­®¢áª®© ­¨§ª®ç áâ®â­®©

â¥¬¯¥à âãà ¢â®à®£® ”¯¥à¥ªà¥áâ­®£®” ç«¥­ , ®¡ãá«®¢«¥­­®£®  á¨¬¬¥âà¨ç­®áâìî «¨­¨¨ ���.

� ­ áâ®ïé¥¥ ¢à¥¬ï å®à®è® ¨§¢¥áâ­®, çâ®  á¨¬-
¬¥âà¨ç­®áâì ä®à¬ë «¨­¨¨ ¬ £­¨â­®£® à¥§®­ á  ¬®-
¦¥â ®ª § âì áãé¥áâ¢¥­­®¥ ¢«¨ï­¨¥ ª ª ­  å à ªâ¥à

í¢®«îæ¨¨ á¯¨­-á¨áâ¥¬ ¯ à ¬ £­¥â¨ª  ¢ ¯¥à¥¬¥­­ëå

¯®«ïå, â ª ¨ ­  ¯à®æ¥ááë ãáâ ­®¢«¥­¨ï â¥à¬®¤¨­ ¬¨-
ç¥áª®£® à ¢­®¢¥á¨ï [1–5]. �ää¥ªâë, ®¡ãá«®¢«¥­­ë¥
 á¨¬¬¥âà¨¥© «¨­¨¨ á¯¨­-ä®­®­­®© á¢ï§¨ (���), ®á®-
¡¥­­® á¨«ì­ë ¢ ¯ à ¬ £­¥â¨ª å á ­¥®¤­®à®¤­® ãè¨-
à¥­­®© «¨­¨¥© ¬ £­¨â­®£® à¥§®­ ­á , ï¢«ïîé¥©áï
á®¢®ªã¯­®áâìî á¯¨­®¢ëå ¯ ª¥â®¢, á¢ï§ ­­ëå ¬¥¦¤ã
á®¡®© íää¥ªâ¨¢­®© ªà®ááà¥« ªá æ¨¥© [1]. � íâ®¬

á«ãç ¥ á®áâ®ï­¨¥ á¯¨­-á¨áâ¥¬ë å à ªâ¥à¨§ã¥âáï á¯¨-
­®¢ë¬¨ â¥¬¯¥à âãà ¬¨ ª¢ §¨à ¢­®¢¥á­ëå ¢ëá®ª®ç -
áâ®â­®© ¨ ­¨§ª®ç áâ®â­®© ¯®¤á¨áâ¥¬,   ¥¥ ¯®¢¥¤¥-
­¨¥ ®¯¨áë¢ ¥âáï, ª ª ¨ ¯à¨ ®¤­®à®¤­®¬ ãè¨à¥­¨¨,
ãà ¢­¥­¨ï¬¨ â¨¯  ãà ¢­¥­¨© �à®¢®â®à®¢  [6]. �

â ª¨å á¨áâ¥¬ å ¯à¨ç¨­®© à¥§ª®©  á¨¬¬¥âà¨¨ ¨ ã§®-
áâ¨ «¨­¨¨ ��� ¯® áà ¢­¥­¨î á «¨­¨¥© ¬ £­¨â­®£®

à¥§®­ ­á  ¬®¦¥â ¯®á«ã¦¨âì ¡ëáâà® à¥« ªá¨àãîé¨©

æ¥­âà, à¥§®­ ­á­ë¬ ®¡à §®¬ á¢ï§ ­­ë© á ®¤­¨¬ ¨«¨

­¥áª®«ìª¨¬¨ á¯¨­®¢ë¬¨ ¯ ª¥â ¬¨ [1]. � íâ®© á¨-
âã æ¨¨ ®á®¡ë© ¨­â¥à¥á ¢ë§ë¢ ¥â ¨áá«¥¤®¢ ­¨¥ ­¥-
à¥§®­ ­á­®£® ¯ à ¬ £­¨â­®£® ¯®£«®é¥­¨ï ¢ ¯ à «-
«¥«ì­ëå ¯®áâ®ï­­®¬ ¨ ¯¥à¥¬¥­­®¬ ¬ £­¨â­ëå ¯®«ïå.
�¥«® ¢ â®¬, çâ® ®¯¥à â®à ¢§ ¨¬®¤¥©áâ¢¨ï á ¢­¥è­¨¬
¯¥à¥¬¥­­ë¬ ¯®«¥¬ Ht = hω1 cosωt

∑
n

SnZ ª®¬¬ãâ¨-

àã¥â á ®á­®¢­ë¬ §¥¥¬ ­®¢áª¨¬ £ ¬¨«ìâ®­¨ ­®¬, ¨ ¢

íâ®¬ á«ãç ¥, á®£« á­® â¥®à¨¨ [7], ¤«ï ­¥à¥§®­ ­á­®-
£® ¯ à ¬ £­¨â­®£® ¯®£«®é¥­¨ï í­¥à£¨¨ ¯¥à¥¬¥­­®£®

¯®«ï âà¥¡ã¥âáï á®¢¬¥áâ­®¥ ¤¥©áâ¢¨¥ ¯¥à¥¬¥­­®£® ¯®-
«ï ¨ á¯¨­-ä®­®­­®£® ¢§ ¨¬®¤¥©áâ¢¨ï (HSL). �¥«ì

­ áâ®ïé¥© à ¡®âë — ¨áá«¥¤®¢ ­¨¥ ¢«¨ï­¨ï  á¨¬¬¥-
âà¨ç­®áâ¨ «¨­¨¨ ��� ­  ä®à¬ã «¨­¨¨ ¯®£«®é¥­¨ï ¢

¯ à ««¥«ì­ëå ¯®«ïå.
� áá¬®âà¨¬ ¯ à ¬ £­¥â¨ª á ­¥®¤­®à®¤­® ãè¨à¥­-

­®© «¨­¨¥© ��� (S = 1/2), ¯®¬¥é¥­­ë© ¢ ¯®áâ®ï­­®¥
¬ £­¨â­®¥ ¯®«¥H0 = ω0/γ ¨ ¯ à ««¥«ì­®¥ ¥¬ã á« ¡®¥
¯¥à¥¬¥­­®¥ ¯®«¥ H1 = ω1/γ (ω1 � ω0). �§ãç -
¥¬ ï á¨áâ¥¬  å à ªâ¥à¨§ã¥âáï ­  ¢à¥¬¥­ å ¡®«ìè¥

¢à¥¬¥­¨ íää¥ªâ¨¢­®© ªà®ááà¥« ªá æ¨¨ â¥¬¯¥à âã-

à®© ¢ëá®ª®ç áâ®â­®£® §¥¥¬ ­®¢áª®£® à¥§¥à¢ã à  TZ
¨ â¥¬¯¥à âãà®© ­¨§ª®ç áâ®â­®£® à¥§¥à¢ã à  (���)
Td, ¢ª«îç îé¥£® ¢ á¥¡ï í­¥à£¨î ¬ £­¨â­ëå ¤¨¯®«ì-
¤¨¯®«ì­ëå ¢§ ¨¬®¤¥©áâ¢¨© ¨ ¬ «ë¥ ®âª«®­¥­¨ï §¥¥-
¬ ­®¢áª¨å í­¥à£¨© á¯¨­®¢ëå ¯ ª¥â®¢ ®â §­ ç¥­¨ï,
¢ëç¨á«¥­­®£® á ç áâ®â®© ω0, ®¯à¥¤¥«¥­­®© ª ª æ¥­âà
âï¦¥áâ¨ á®¢®ªã¯­®áâ¨ á¯¨­®¢ëå ¯ ª¥â®¢. �¨­¥â¨ç¥-
áª¨¥ ãà ¢­¥­¨ï ¤«ï ®¡à â­ëå á¯¨­®¢ëå â¥¬¯¥à âãà

α = T0/TZ , β = T0/Td, ¯®«ãç¥­­ë¥ á â®ç­®áâìî ¤®

ç«¥­®¢ ¯®àï¤ª  HtH
2
SL [6,7], ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

dα

dt
= −

1

τ
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ωd

ω0

∆1

τ
(β − 1) +
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ω0τ
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dβ

dt
= −

ω0
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τ
(α− 1)−

∆2

τ
(β − 1) +

ω1

ωd

∆1

τ
cosωt. (1)

�¤¥áì T0 — â¥¬¯¥à âãà  â¥à¬®áâ â , ωd — ç áâ®â 

��� [7], τ — ¢à¥¬ï á¯¨­-à¥è¥â®ç­®© à¥« ªá æ¨¨

§¥¥¬ ­®¢áª®© ¯®¤á¨áâ¥¬ë ¯à¨ ∆1 = 0, ∆1 ¨ ∆2 —
á®®â¢¥âáâ¢¥­­® ¯¥à¢ë© ¨ ¢â®à®© ¬®¬¥­âë «¨­¨¨ ���

¢ ¡¥§à §¬¥à­®© ä®à¬¥ Mk = ωkd∆k (k = 1, 2).
�®á«¥¤­¨© ç«¥­ ¢ ãà ¢­¥­¨ïå (1), ®¯¨áë¢ îé¨©

á®¢¬¥áâ­®¥ ¤¥©áâ¢¨¥ ¯¥à¥¬¥­­®£® ¯®«ï ¨ à¥« ªá æ¨-
®­­ëå ¯à®æ¥áá®¢, § ¯¨á ­ ¢ «¨­¥©­®¬ ¯® ¯¥à¥¬¥­­®¬ã
¯®«î ¯à¨¡«¨¦¥­¨¨. �ç¥¢¨¤­®, çâ® á¢ï§ì ¢ëá®ª®ç -
áâ®â­®© ¨ ­¨§ª®ç áâ®â­®© ¯®¤á¨áâ¥¬ ®¯à¥¤¥«ï¥âáï

¯ à ¬¥âà®¬ τ−1
Zd = ωd

ω0

∆1

τ ¨ ¬®¦¥â ®áãé¥áâ¢«ïâìáï

â®«ìª® ¤«ï  á¨¬¬¥âà¨ç­®© «¨­¨¨ ¬ £­¨â­®£® à¥§®-
­ ­á , ¥á«¨ ¯¥à¢ë© ¬®¬¥­â íâ®© «¨­¨¨ ®â«¨ç¥­ ®â

­ã«ï (∆1 6= 0).
�«ï ®¯à¥¤¥«¥­¨ï ä®à¬ë «¨­¨¨ ­¥à¥§®­ ­á­®£®

¯ à ¬ £­¨â­®£® ¯®£«®é¥­¨ï ¢®á¯®«ì§ã¥¬áï å®à®è®

¨§¢¥áâ­ë¬¨ ¢ëà ¦¥­¨ï¬¨ ¤«ï ¯®£«®é ¥¬®© ¬®é­®-
áâ¨ [8]

P (ω) =
1

T0

{
cZ
dα

dt
+ cd

dβ

dt

}
= ωχ′′H2

1 , (2)

£¤¥ cZ , cd — â¥¯«®¥¬ª®áâ¨ ¢ëá®ª®ç áâ®â­®© ¨ ­¨§-
ª®ç áâ®â­®© ¯®¤á¨áâ¥¬, χ′′ — ¢®á¯à¨¨¬ç¨¢®áâì ¯ à -
¬ £­¨â­®© á¯¨­-á¨áâ¥¬ë. �â¬¥â¨¬, çâ® ¯®£«®é ¥¬ ï
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�¨á. 1. � áâ®â­ ï § ¢¨á¨¬®áâì ¬­¨¬®© ç áâ¨ ¯ à ¬ £­¨â­®© ¢®á¯à¨¨¬ç¨¢®áâ¨ χ′′(ω) (5) ¯à¨ ∆2 = 1 ¤«ï §­ ç¥­¨©

¯ à ¬¥âà  η2 = 0.01 (1 ), 0.05 (2 ), 0.1 (3 ) ¨ 0.5 (4 ).

¬®é­®áâì ®¯à¥¤¥«ï¥âáï ª ª ãáà¥¤­¥­­ ï ¯® ¢à¥¬¥­¨

(ç¥àâ  á¢¥àåã) áã¬¬  ¨§¬¥­¥­¨© í­¥à£¨© ¯®¤á¨áâ¥¬,
¯à¨ç¥¬ íâ¨ ¨§¬¥­¥­¨ï ¤®«¦­ë ¡ëâì á¢ï§ ­ë â®«ìª®

á í¢®«îæ¨¥© á¯¨­-á¨áâ¥¬ë ¢ ¯¥à¥¬¥­­®¬ ¯®«¥. �®­-
ªà¥â­ë© à áç¥â ¯®ª §ë¢ ¥â, çâ® ®â«¨ç­ë© ®â ­ã«ï

¢ª« ¤ ¢ ¯®£«®é¥­¨¥ ¢­®áïâ â®«ìª® ª¢ ¤à â¨ç­ë¥ ¯®

¯¥à¥¬¥­­®¬ã ¯®«î ç«¥­ë ª¨­¥â¨ç¥áª¨å ãà ¢­¥­¨©

dα(2)

dt
=− 2

ω1
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cosωt

1

τ
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ωd
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∆1

}

+

(
ω1

ω0

)2
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τ
,

dβ(2)
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=− 2
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cosωt

1

τ
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ω0

ωd
∆1 + (β − 1)∆2

}

+

(
ω1

ω0

)2
ω0

ωd

1

τ
. (3)

�å®¤ïé¨¥ ¢ (3) ®¡à â­ë¥ â¥¬¯¥à âãàë ­ å®-
¤ïâáï ª ª à¥è¥­¨¥ ª¨­¥â¨ç¥áª¨å ãà ¢­¥­¨© (1)
(ν − 1) = Sν sinωt + Cν cosωt (ν = α, β). �®á«¥

ãáà¥¤­¥­¨ï ¯® ¯¥à¨®¤ã ¯¥à¥¬¥­­®£® ¯®«ï ­ å®¤¨¬

χ′′(ω) = χ′′Z(ω) + χ′′d(ω),

χ′′Z(ω) = χ0(ωτ)−1

{
(Sα − 1) + Sβ

ωd

ω0
∆1

}
,

χ′′d(ω) = χ0(ωτ)−1

{
(Sα − 1)∆1 + Sβ

ωd

ω0
∆2

}
ωd

ω0
,

Sα = D−1

{
ω2

τ2
(1 + ∆2

1) +
1

τ4
(∆2 −∆2

1)

}
,

Sβ = D−1ω
2

τ2
(1 + ∆2)

ω0

ωd
∆1,

D = τ−4

{
(ωτ)4 + (ωτ)2

×

[
(1 + ∆2)2 − 2(∆2 −∆2

1)

]
+
(
∆2 −∆2

1

)2}
, (4)

£¤¥ χ0 — áâ â¨ç¥áª ï ¯ à ¬ £­¨â­ ï ¢®á¯à¨¨¬ç¨-
¢®áâì. � ª ¢¨¤­® ¨§ ¢ëà ¦¥­¨ï (4), ¢ª« ¤ ¢ ¯®£«®-
é¥­¨¥ ®â ��� ®ç¥­ì ¬ « (≈ ωd/ω0), ¨ ç áâ®â­ ï

§ ¢¨á¨¬®áâì ¯®£«®é¥­¨ï å à ªâ¥à¨§ã¥âáï £« ¢­ë¬

®¡à §®¬ äã­ªæ¨¥©

χ′′(ω) = χ0
x(x2 + ∆2η

2)

{(x2 − η2)2 + x2} (1 + ∆2)
,

x =
ωτ

1 + ∆2
, η2 =

∆2 −∆2
1

(1 + ∆2)2
. (5)

�ëà ¦¥­¨¥ (5) ¤«ï ¢®á¯à¨¨¬ç¨¢®áâ¨ áãé¥áâ¢¥­­®

®â«¨ç ¥âáï ®â å®à®è® ¨§¢¥áâ­®© ä®à¬ã«ë �¥¡ ï

χ′′D(ω) = χ0
ωτD

1 + ω2τ2
D

, (6)

ª®â®à ï ®¯¨áë¢ ¥â ­¥à¥§®­ ­á­®¥ ¯®£«®é¥­¨¥ ¢ ®¤-
­®â¥¬¯¥à âãà­®© ¬®¤¥«¨ [9]. �¤¥áì τD — ®á­®¢­ ï

à¥« ªá æ¨®­­ ï å à ªâ¥à¨áâ¨ª  ¨§ãç ¥¬®© á¨áâ¥¬ë.
�¥£ª® ¯®ª § âì, çâ® ¯à¨ ∆1 = 0 (¨«¨ ∆2 � ∆2

1),
â. ¥. ¢ ®âáãâáâ¢¨¥ à¥« ªá æ¨®­­®© á¢ï§¨ ¬¥¦¤ã ¯®¤-
á¨áâ¥¬ ¬¨ ¢ëà ¦¥­¨¥ (5) ¯¥à¥å®¤¨â ¢ ä®à¬ã«ã (6).
� ª¨¬ ®¡à §®¬, ®âáî¤  á«¥¤ã¥â, çâ®  á¨¬¬¥âà¨ç­®áâì
«¨­¨¨ ��� (∆1 6= 0) ¢ §­ ç¨â¥«ì­®© áâ¥¯¥­¨ ¬®¦¥â
¯à®ï¢¨âìáï «¨èì ¢ ãá«®¢¨ïå ¤®áâ â®ç­®© ã§®áâ¨ ¥¥

è¨à¨­ë, ª®£¤  ∆2 > ∆2
1 ¨ ¯ à ¬¥âà  á¨¬¬¥âà¨¨

η2 � 1. �â¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç ¥ ¢ ®¡« áâ¨

ç áâ®â x > 1 § ¢¨á¨¬®áâì χ′′(ω)  á¨¬¯â®â¨ç¥áª¨

¯¥à¥å®¤¨â ¢ äã­ªæ¨î �¥¡ ï (6). � ®¡« áâ¨ ç áâ®â,

�¨§¨ª  â¢¥à¤®£® â¥« , 1997, â®¬ 39, ò 3
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�¨á. 2. � áâ®â­ ï § ¢¨á¨¬®áâì ¯®£«®é¥­¨ï χ′′(ω), ®¯à¥-
¤¥«ï¥¬ ï ä®à¬ã«®© (5) (á¯«®è­ ï «¨­¨ï). �âà¨å®¢ë¥

«¨­¨¨ (ªà¨¢ë¥ 1 ¨ 2 ) — ç áâ®â­ë¥ § ¢¨á¨¬®áâ¨ á« £ -
¥¬ëå χ′′1 (ω) ¨ χ′′2 (ω), á®®â¢¥âáâ¢¥­­® ®¯à¥¤¥«ï¥¬ë¥ ä®à-
¬ã«®© (7) ¯à¨ ∆2 = 1 ¨ η2 = 0.3.

£¤¥ x 6 1, ªà¨¢ ï ¢®á¯à¨¨¬ç¨¢®áâ¨ χ′′(ω) ®¡« ¤ ¥â
¤¢ã¬ï ¬ ªá¨¬ã¬ ¬¨ ¯à¨ §­ ç¥­¨ïå ω, ®¯à¥¤¥«ï¥¬ëå
¨§ à¥è¥­¨ï ªã¡¨ç¥áª®£® ãà ¢­¥­¨ï (y = x2)

y3+
[
(3∆2+2)η2−1

]
y2+η2

[
∆2−2∆2η

2−3η2
]
y−∆2η

6 =0.

� ç áâ­®áâ¨, ¢ ¤®¢®«ì­® à á¯à®áâà ­¥­­®¬ á«ãç ¥

∆2 ≈ 1 [3,7] ¤«ï ¬ ªá¨¬ «ì­ëå §­ ç¥­¨© ¢®á¯à¨-
¨¬ç¨¢®áâ¨ ¢ â®çª å y1 ≈ η4 ¨ y2 ≈ 1 − η2 ¨¬¥¥¬

á®®â¢¥âáâ¢¥­­®

χ′′max(y1) ≈ χ0
∆2

2(1 + ∆2)
, χ′′max(y2) ≈ χ0

1

2(1 + ∆2)
.

�  à¨á. 1 ¯à¨¢®¤¨âáï ªà¨¢ ï ç áâ®â­®© § ¢¨á¨¬®-
áâ¨ ¯®£«®é¥­¨ï χ′′(ω), ®¯à¥¤¥«ï¥¬ ï ¢ëà ¦¥­¨¥¬ (5)
¨ ¯®áâà®¥­­ ï ¤«ï ª®­ªà¥â­ëå §­ ç¥­¨© ∆2 ¨ η

2 � 1
(∆2 = 1, η2 = 0.05, 0.01, 0.1, 0.5). �ãé¥áâ¢®¢ ­¨¥

¢ ®¡« áâ¨ ¬ «ëå ç áâ®â ¢â®à®£® ¯¨ª  ¯®£«®é¥­¨ï ¢

®â«¨ç¨¥ ®â ªà¨¢®© �¥¡ ï (6) ®¡ãá«®¢«¥­®, ­  ­ è

¢§£«ï¤, á«¥¤ãîé¨¬ ®¡áâ®ïâ¥«ìáâ¢®¬.�¥£ª® ¯®ª § âì,
çâ® ¯à¨ η2 � 1 ¢ëà ¦¥­¨¥ (5) ¬®¦¥â ¡ëâì ¯à¥¤áâ -
¢«¥­® ¢ ¢¨¤¥ ¤¢ãå á« £ ¥¬ëå, ¨¬¥îé¨å ¤¥¡ ¥¢áªãî

äã­ªæ¨®­ «ì­ãî § ¢¨á¨¬®áâì ®â ç áâ®âë á ¢à¥¬¥­ -
¬¨ τ1 ¨ τ2

χ′′(ω) = χ′′1(ω) + χ′′2(ω),

χ′′k(ω) = χ0
ωτk

1 + ω2τ2
k

, k = 1, 2, (7)

£¤¥

τ1 = τ/(1 + ∆2), τ2 = τ/(1 + ∆2)η2 = τ1/η
2. (8)

�å®¤ïé¨¥ ¢ ¢ëà ¦¥­¨¥ (7) ¢à¥¬¥­  τk á®®â¢¥âáâ¢ã-
îâ ¢à¥¬¥­ ¬ á¯¨­-à¥è¥â®ç­®© à¥« ªá æ¨¨ ¢ á¯¨­®¢®©

á¨áâ¥¬¥, ¢ ª®â®à®© ¯à®æ¥áá ãáâ ­®¢«¥­¨ï à ¢­®¢¥á¨ï
á â¥à¬®áâ â®¬ (à¥è¥âª®©) ®¯¨áë¢ ¥âáï ãà ¢­¥­¨ï¬¨
(1) ¯à¨ ω1 = 0. �¥©áâ¢¨â¥«ì­®, ª ª ¯®ª § ­® ¢ [4] ¨
ª ª á«¥¤ã¥â ¨§ à¥è¥­¨ï á¨áâ¥¬ë ãà ¢­¥­¨© (1) ¯à¨
ω1 = 0 ¨ ∆1 6= 0, á¯¨­-à¥è¥â®ç­ ï à¥« ªá æ¨ï ­®á¨â
¤¢ãåíªá¯®­¥­æ¨ «ì­ë© å à ªâ¥à á ¤¢ã¬ï ¢à¥¬¥­ ¬¨

à¥« ªá æ¨¨. �à¨ç¥¬ ¤«ï à¥§ª®  á¨¬¬¥âà¨ç­®© ¨ ¤®-
áâ â®ç­® ã§ª®© «¨­¨¨ ��� (η2 � 1) íâ¨ ¢à¥¬¥­  ®¯à¥-
¤¥«ïîâáï ¢ëà ¦¥­¨ï¬¨ (8) [4]. �®áª®«ìªã τ2 = τ1/η

2

¨ ¯à¨ η2 � 1 τ2 � τ1, â® ®ç¥¢¨¤­®, çâ® ®¡« áâ¨

ç áâ®â, £¤¥ χ′′k(ω) ¬ ªá¨¬ «ì­ë (çâ® ®¯à¥¤¥«ï¥âáï

ãá«®¢¨¥¬ ω2τ2
k = 1), ®â«¨ç îâáï áãé¥áâ¢¥­­®. � â®

¦¥ ¢à¥¬ï ­¥®¡å®¤¨¬® § ¬¥â¨âì, çâ® ¢ ®¡« áâ¨ ç áâ®â,
£¤¥ ®¤­® ¨§ á« £ ¥¬ëå ¬ ªá¨¬ «ì­®, ¢ª« ¤ ¤àã£®£®

χ′(ω) ¯à¥­¥¡à¥¦¨¬® ¬ « (à¨á. 2).

� ª¨¬ ®¡à §®¬, ¨§ ¢ëè¥áª § ­­®£® á«¥¤ã¥â, çâ® ¢
ª®­æ¥­âà¨à®¢ ­­ëå ¯ à ¬ £­¥â¨ª å á  á¨¬¬¥âà¨ç-
­®© ¨ ¤®áâ â®ç­® ã§ª®© «¨­¨¥© ��� ¬®¦­® ®¦¨-
¤ âì ¯®ï¢«¥­¨ï ¢ ®¡« áâ¨ ¬ «ëå ç áâ®â ¢â®à®£®

¯¨ª  ¯®£«®é¥­¨ï í­¥à£¨¨ ­¨§ª®ç áâ®â­®£® ¯¥à¥¬¥­-
­®£® ¬ £­¨â­®£® ¯®«ï ¢ ¬¥â®¤¥ ¯ à ««¥«ì­ëå ¯®«¥©.
�à®¢¥¤¥­­ë¥ à áç¥âë ¯®§¢®«ïîâ ­ ¤¥ïâìáï ­  íªá¯¥-
à¨¬¥­â «ì­®¥ ­ ¡«î¤¥­¨¥ à áá¬®âà¥­­ëå íää¥ªâ®¢,
  â ª¦¥ ¨á¯®«ì§®¢ âì ¯®«ãç¥­­ë¥ ¤ ­­ë¥ ¤«ï ¨áá«¥-
¤®¢ ­¨ï å à ªâ¥à  ¯à®æ¥áá®¢ ãáâ ­®¢«¥­¨ï â¥à¬®¤¨-
­ ¬¨ç¥áª®£® à ¢­®¢¥á¨ï ¨ ®¯à¥¤¥«¥­¨ï ¢à¥¬¥­ á¯¨­-
à¥è¥â®ç­®© à¥« ªá æ¨¨ ¢ á«®¦­ëå á¯¨­-á¨áâ¥¬ å.
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