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�®¤ã«ïæ¨®­­ ï ­¥ãáâ®©ç¨¢®áâì

í«¥ªâà®¬ £­¨â­ëå ¢®«­ ¢ ¤«¨­­ëå

¤¦®§¥äá®­®¢áª¨å ¯¥à¥å®¤ å

c© �.�. �¡¤ã«« ¥¢

�¨§¨ª®-â¥å­¨ç¥áª¨© ¨­áâ¨âãâ �� �¥á¯ã¡«¨ª¨ �§¡¥ª¨áâ ­

�®áâã¯¨«® ¢ �¥¤ ªæ¨î 5  ¢£ãáâ  1996 £.

� áá¬ âà¨¢ ¥âáï ¬®¤ã«ïæ¨®­­ ï ­¥ãáâ®©ç¨¢®áâì í«¥ªâà®¬ £­¨â­ëå

¢®«­ ¢ ¤«¨­­ëå ¤¦®§¥äá®­®¢áª¨å ¯¥à¥å®¤ å ¢ ãá«®¢¨ïå, ª®£¤  í«¥ª-
âà®¤¨­ ¬¨ª  ¯¥à¥å®¤  ­¥«®ª «ì­ . � ©¤¥­ë ®¡« áâ¨ ¬®¤ã«ïæ¨®­­®©

­¥ãáâ®©ç¨¢®áâ¨ ­¥«¨­¥©­®© ¯«®áª®© í«¥ªâà®¬ £­¨â­®© ¢®«­ë ¢ ¯¥à¥å®¤¥.

� ¯®á«¥¤­¥¥ ¢à¥¬ï ¯à¨¢«¥ª ¥â ¡®«ìè®¥ ¢­¨¬ ­¨¥ ¨áá«¥¤®¢ ­¨¥

ï¢«¥­¨ï ¬®¤ã«ïæ¨®­­®© ­¥ãáâ®©ç¨¢®áâ¨ ¢®«­ ¢ ­¥«¨­¥©­ëå áà¥-

¤ å [1,2]. � ª ç¥áâ¢¥ ¯à¨¬¥à®¢ ¬®¦­® ¯à¨¢¥áâ¨ ¬®¤ã«ïæ¨®­­ãî

­¥ãáâ®©ç¨¢®áâì í«¥ªâà®¬ £­¨â­ëå ¢®«­ ¢ ®¯â¨ç¥áª¨å ¢®«®ª­ å,

®¯¨áë¢ ¥¬ãî ­¥ãáâ®©ç¨¢®áâìî à¥è¥­¨© ­¥«¨­¥©­®£® ãà ¢­¥­¨ï

�à¥¤¨­£¥à  [2], ¢ ¤«¨­­ëå ¤¦®§¥äá®­®¢áª¨å ¯¥à¥å®¤ å — ¤«ï

ãà ¢­¥­¨ï sine–Gordon [3,4]. � àï¤ã á â¥®à¥â¨ç¥áª¨¬ ¨­â¥à¥á®¬,

ï¢«¥­¨¥ ¬®¤ã«ïæ¨®­­®© ­¥ãáâ®©ç¨¢®áâ¨ ¨¬¥¥â àï¤ ¯à ªâ¨ç¥áª¨å

¯à¨«®¦¥­¨©. � ç áâ­®áâ¨, ®­® ¨á¯®«ì§ã¥âáï ¤«ï £¥­¥à æ¨¨ æ¥¯®ç¥ª

á¢¥àåª®à®âª¨å ®¯â¨ç¥áª¨å ¨¬¯ã«ìá®¢ á ¢ëá®ª®© ç áâ®â®© ¯®¢â®à¥-

­¨ï [2], à §à ¡®âª¨ «®£¨ç¥áª¨å ãáâà®©áâ¢ [5].

�® ¬­®£¨å á¨âã æ¨ïå ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¬®¤ã«ïæ¨®­­®© ­¥ãáâ®©-

ç¨¢®áâ¨ ­¥®¡å®¤¨¬® à áá¬ âà¨¢ âì ­¥«®ª «ì­ë¥ ¬®¤¨ä¨ª æ¨¨ ­¥-

«¨­¥©­®£® ãà ¢­¥­¨ï �à¥¤¨­£¥à  ¨ ãà ¢­¥­¨ï sine–Gordon [6,7].

� ç áâ­®áâ¨, ¢ ¤«¨­­ëå ¤¦®§¥äá®­®¢áª¨å ¯¥à¥å®¤ å, ª®£¤  ¤«¨­ 

í«¥ªâà®¬ £­¨â­®© ¢®«­ë ¬­®£® ¬¥­ìè¥ ¤¦®§¥äá®­®¢áª®© ¤«¨­ë

¯à®­¨ª­®¢¥­¨ï λJ ¨ ª®£¤  λj < λ, £¤¥ λ — «®­¤®­®¢áª ï £«ã¡¨­ 

¯à®­¨ª­®¢¥­¨ï, í«¥ªâà®¤¨­ ¬¨ª  ¯¥à¥å®¤  áâ ­®¢¨âáï ­¥«®ª «ì-

­®©. �à ¢­¥­¨¥ ¤«ï à §­®áâ¨ ä § ϕ(x, t) ¨¬¥¥â ¢¨¤ ­¥«®ª «ì­®£®

8



�®¤ã«ïæ¨®­­ ï ­¥ãáâ®©ç¨¢®áâì í«¥ªâà®¬ £­¨â­ëå ¢®«­ ... 9

ãà ¢­¥­¨ï sine–Gordon [7]

ϕtt =
λ2
J

πλ

∞∫
−∞

K0(|x− y|)ϕyydy − sinϕ, (1)

£¤¥ K0(x) ¥áâì äã­ªæ¨ï � ª¤®­ «ì¤  ­ã«¥¢®£® ¯®àï¤ª . �â® ãà ¢-
­¥­¨¥ ­¥¨­â¥£à¨àã¥¬®. �­® íª¢¨¢ «¥­â­® ãà ¢­¥­¨î sine–Gordon
á® ¢á¥¬¨ ¢ëáè¨¬¨ ç¥â­ë¬¨ ç áâ­ë¬¨ ¯à®¨§¢®¤­ë¬¨ ¯® ¯à®áâà ­-
áâ¢¥­­®© ¯¥à¥¬¥­­®© x.

�¥«ì ­ áâ®ïé¥© à ¡®âë — ¨áá«¥¤®¢ ­¨¥ ¬®¤ã«ïæ¨®­­®© ­¥-
ãáâ®©ç¨¢®áâ¨ í«¥ªâà®¬ £­¨â­ëå ¢®«­ ¬ «®©  ¬¯«¨âã¤ë ¢ ¤«¨­­ëå

¤¦®§¥äá®­®¢áª¨å ¯¥à¥å®¤ å. � áá¬®âà¨¬ í¢®«îæ¨î ­¥«¨­¥©­ëå

®áæ¨««¨àãîé¨å ¢®«­ ¬ «®©  ¬¯«¨âã¤ë (â¨¯  ¡à¨§¥à ) ¢ ¯¥à¥å®¤¥.
�à¥¤áâ ¢¨¬ ¯®«¥ ϕ ¢ ¢¨¤¥

ϕ = eiΩtv∗(x, t) + e−iΩtv(x, t). (2)

� §« £ ï sin(x) ¢ àï¤, ¨ ã¤¥à¦¨¢ ï ç«¥­ë ¢¯«®âì ¤® 3-£® ¯®àï¤ª 
¯® ¯®«î ¢ª«îç¨â¥«ì­®, ¨ ¯®« £ ï

Ω2 = 1, t = t/4, α =
2λ2

J

πλ2
,

¯®«ãç ¥¬ ãà ¢­¥­¨¥

iut + α

∞∫
−∞

K0(|x− y|)uyydy + |u|2u = 0. (3)

�â® ­¥«®ª «ì­®¥ ­¥«¨­¥©­®¥ ãà ¢­¥­¨¥ �à¥¤¨­£¥à .
� áá¬®âà¨¬ ¬®¤ã«ïæ¨®­­ãî ­¥ãáâ®©ç¨¢®áâì à¥è¥­¨ï ¢ ¢¨¤¥

­¥«¨­¥©­®© ¯«®áª®© ¢®«­ë u0 = A exp(iA2t). �ã¤¥¬ ¨áª âì à¥è¥­¨¥
¢ ¢¨¤¥

u = [A+ ψ(x, t)] exp{iA2t}. (4)

�âáî¤  ¨¬¥¥¬ ãà ¢­¥­¨¥ ¤«ï ¯®¯à ¢ª¨ ψ(x, t):

iψt + α

∞∫
−∞

K0(|x− y|)ψyydy + A2(ψ + ψ∗) = 0. (5)
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�®« £ ï ψ = v + iW ¨§ (5), ¯®«ãç¨¬ á¨áâ¥¬ã ãà ¢­¥­¨©:

vt + α

∞∫
−∞

K0(|x− y|)wyydy = 0,

− wt + α

∞∫
−∞

K0(|x− y|)vyydy + 2A2v = 0.

(6)

�ë¯®«­ïï ¢ (6) �ãàì¥-¯à¥®¡à §®¢ ­¨¥, ­ å®¤¨¬ ¤«ï �ãàì¥-ª®¬¯®-
­¥­âë v̄(k, t)

v̄tt(k) + ᾱK0(k)k2(αK0(k)k2 − 2A2)v̄(k) = 0. (7)

� à¥§ã«ìâ â¥ ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ¤¨á¯¥àá¨®­­®¥ á®®â­®è¥­¨¥:

Ω2 =
απk2

√
1 + k2

(
α

πk2

√
1 + k2

− 2A2

)
. (8)
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�¥ãáâ®©ç¨¢®áâì ¯«®áª®© ¢®«­ë ¨¬¥¥â ¬¥áâ® ¯à¨ Ω2 < 0. �âáî-
¤  ¯à¨å®¤¨¬ ª ãá«®¢¨î, çâ® ­¥ãáâ®©ç¨¢ë ¬®¤ã«ïæ¨¨ ­¥«¨­¥©­®©

¯«®áª®© í«¥ªâà®¬ £­¨â­®© ¢®«­ë á ¢®«­®¢ë¬ ç¨á«®¬ k, ¬¥­ìè¨¬
ªà¨â¨ç¥áª®£® §­ ç¥­¨ï kc

k2
c =

2A4

α2π2

(
1 +

√
1 + α2π2/A4

)
. (9)

�  à¨áã­ª¥ ¯à¨¢¥¤¥­ë ®¡« áâ¨ ¬®¤ã«ïæ¨®­­®© ­¥ãáâ®©ç¨¢®áâ¨ ¯à¨

A = 1, α = 0.1, 0.2, 0.3.

� áá¬®âà¨¬ ¢¥«¨ç¨­ã kc ¤«ï à §«¨ç­ëå ¯à¥¤¥«ì­ëå á«ãç ¥¢:
 ) ¯ãáâì A4/α2π2 � 1, â®£¤  ­ å®¤¨¬, çâ® kc = 2

√
2A2/απ;

¡) ¯ãáâì A4/α2π2 � 1, â®£¤  ¨¬¥¥¬, çâ® kc =
√

2A/
√
απ.

� ªá¨¬ «ì­ë© ª®íää¨æ¨¥­â ãá¨«¥­¨ï gm = ImΩm = A2 ¨ ¤®áâ¨£ -
¥âáï ¯à¨ ¬®¤ã«ïæ¨ïå á ¢®«­®¢ë¬ ç¨á«®¬ km ≈ A2/απ.

� ª¨¬ ®¡à §®¬, ¬ë ­ è«¨ ®¡« áâì ¬®¤ã«ïæ¨®­­®© ­¥ãáâ®©ç¨¢®-
áâ¨ í«¥ªâà®¬ £­¨â­ëå ¢®«­ ¢ ¤«¨­­ëå ¤¦®§¥äá®­®¢áª¨å ¯¥à¥å®¤ å

���. �®¤ã«¨à®¢ ­­ ï ­¥«¨­¥©­ ï ¯«®áª ï ¢®«­  ¢ ¯à®æ¥áá¥

à §¢¨â¨ï ¬®¤ã«ïæ¨®­­®© ­¥ãáâ®©ç¨¢®áâ¨ ¡ã¤ãâ í¢®«îæ¨®­¨à®¢ âì

¢ æ¥¯®çªã ¨¬¯ã«ìá®¢ (¬ «® ¬¯«¨âã¤­ëå ¡à¨§¥à®¢). � áâ®â  ¯®¢â®-
à¥­¨ï ¨¬¯ã«ìá®¢ ¡ã¤¥â ®¯à¥¤¥«ïâìáï ¯¥à¨®¤®¬ ¬®¤ã«ïæ¨¨ ¨áå®¤­®©

¢®«­ë k < kc.
�à®æ¥áá ¬®¤ã«ïæ¨®­­®© ­¥ãáâ®©ç¨¢®áâ¨ ¢®«­ ¡®«ìè®©  ¬¯«¨âã-

¤ë ¢ ­¥«®ª «ì­®¬ ¯¥à¥å®¤¥, ®á­®¢ ­­ë© ­  ­¥«¨­¥©­®¬ ­¥«®ª «ì-
­®¬ ãà ¢­¥­¨¨ sine–Gordon âà¥¡ã¥â ®â¤¥«ì­®£® à áá¬®âà¥­¨ï.
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