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1 Ú ó

Cc5, ��5�Æk�L5��K�� —–

�áfnØ, ®²�5�2�/A^3��50�
¥�1Æ [1], �lfN [2], ÅÚ - OÏd"và�
²þ|nØ [3], và�ÔnÆ [4] ÚÙ¦Nõ+�
¥. Ù¥, �
£ã��5Ôny�, <�~^�
�5 Schrödinger �§ (NLSE) ��Ä��.. ~X,

3±c�
��51Æ�ïÄ¥, (1+1) � NLSE

Ø=�^5£ã�f��� [5,6], ���^5£
ãÙ�p�^ [7−9]. �,, )¥Ì�´¹k½�
V¼ê)óÀ½ä�'ý�¼ê±Ï). ,,

î8ÿ��3p� NLSE ¥?Øk'�f�(�.

�©æ^�qC�, ?ØäkÚÑXê� (2+1) �
��5 Schrödinger �§�kn)Ú�m�f.

2 (2+1) ���5 Schrödinger �§�
�q)

3N1Æ0�¥, (2+1) �CXê�m�f3
(k��Ie�DÂ�±de¡�2Â NLSE 5

L« [10−12]:

iuz +
1
2
β(z)(uxx + uyy) + χ(z)|u|2u

=iγ(z)u, (1)

Ù¥ u ≡ u(x, y, z) L«$ÄX¥>|�EÅ�, z

´DÂ�8�ål, x Ú y ´î²¡�8��I. ¼
ê β(z) L«ÚÑXê, χ(z) L«��5Xê, γ(z)
´OÃ (γ > 0) ½�Ñ (γ < 0) Xê. Ïd, �§ (1)

£ã�´1å3a��0�¥äkCÚÑ!��
5ÚOÃ½�Ñ�DÂ.

Äk, ò�§ (1) =�¤Xe;.� NLSE:

iΦτ (ξ, τ) + εΦξξ(ξ, τ) + σ|Φ(ξ, τ)|2Φ(ξ, τ) = 0,

(2)

ùp τ ≡ τ(z), ξ ≡ ξ(x, y, z), 3 εσ > 0 Ú εσ < 0
�, ©OéAu�§ (2) ���fÚV�f).

��qC� [7,8,13−18]

u(x, y, z) = ρ(z)Φ(ξ, τ) e iϕ(x,y,z), (3)

Ù¥ ρ(z), ϕ(x, y, z) ´�ACþ�¢¼ê, Φ(ξ, τ)
´÷v�§ (2) �E¼ê. ò (3) ª�\�§ (1), ¿
��§ (2) �Xê�'�§�±��Xe� �©
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�§|:

ρτz = 1, χρ3 = σ, (4)
1
2
βρ(ξ2

x + ξ2
y) = ε, (5)

1
2
β(ϕ2

x + ϕ2
y) + ϕz = 0, (6)

ξxx + ξyy = 0, (7)

β(ξxϕx + ξyϕy) + ξz = 0, (8)
1
2
βρ(ϕxx + ϕyy) − γρ + ρz = 0. (9)

d�§ (4), (5) Ú (7) �±��

ξ = pα(z)x + qα(z)y + s(z),

ρ =

√
2εσ(p2 + q2)αβχ

2εχ
,

(10)

τ =
(p2 + q2)

∫ z

0
α2βdt

2ε
+ c0, (11)

Ù¥ p, q, c0 ´?¿~ê§ α(z), s(z) ´DÂå
l z ��½¼ê.

d�§ (8) Ú (11) ª, ��

ϕ = −
(x2 + y2)αz + (x

p + y
q )sz

2αβ
+ ϕ0(z), (12)

Ù¥ ϕ0(z) ´ z ��½¼ê.

ò (12) ª�\�§ (6), )�

α = − 1
c1

∫ z

0
βdt + c2

,

s = − c4

c1(c1

∫ z

0
βdt + c2)

+ c3,
(13)

ϕ0 =
c2
4(p

2 + q2)
8c1p2q2(c1

∫ z

0
βdt + c2)

+ c1, (14)

ùp, ci(i = 1, 2, 3, 4) ´?¿~ê. ��, òþã)
�\�§ (9), ����å^�´

χt

χ
− βt

β
+ 2γ = 0. (15)

�â©z [19, 20], 3 ε = 1/2, σ = 1 �§(2+1)

���5 Schrödinger �§ (1) ���kn)�

u(x, y, z) = ρ
(
1 − 4

1 + 2iτ
1 + 4ξ2 + 4τ2

)
e iτ+ϕ, (16)

��kn)�

u(x, y, z) = ρ
(
1 − G + iH

D

)
e iτ+ϕ, (17)

ùp� G, H , D ©O�

G = − 3
16

+
3
2
ξ2 + ξ4 +

9
2
τ2 + 6ξ2τ2 + 5τ4,

H =
(
− 15

8
− 3ξ2 + 2ξ4 + τ2 + 4ξ2τ2 + 2τ4

)
τ,

D =
3
64

+
9
16

ξ2 +
1
4
ξ4 +

1
3
ξ6 +

33
16

τ2 − 3
2
ξ2τ2

+ ξ4τ2 +
9
4
τ4 + ξ2τ4 +

1
3
τ6.

) (16), (17) ¥� ρ, ξ, τ Ú ϕ d (10)—(12) ªû½.
þã)(���, �f��Ý!�£�Ì�

dÚÑXê β(z)!��5Xê χ(z) 9k'~ê
5 � �. Ï d, é ä N ¯ K, � ± Ï L À J Ü ·
�ëê β(z) Ú χ(z) 5?1. 3 Akhmediev[19,20]

Ú Yan[21,22] �©z¥, �éØÓ�CXê��
5 Schrödinger �§, |^��Ú��kn)£ã

��54�Å�DÂ, �©K|^) (16) 5£
ã (1) �f��
;.(�.

1) �{Bå�, À�~ê ci(i = 0, 1, · · · , 4) =
p = q = 1, d���kn) (16) �rÝ

U ≡ |u|2 =

2α2β(9 − 24ξ2 + 16ξ4 + 32ξ2τ2 + 40τ2 + 16τ4)
χ(1 + 4ξ2 + 4τ2)2

.

(18)

- β(z) = χ(z) = z, K3 γ(z) = 0 �, �å^
� (15) g,÷v, �'ëê�

α(z) = − 2
2 + z2

,

s(z) =
z2

2 + z2
,

ξ = −2x + 2y − z2

2 + z2
,

τ(z) =
4 + 8z2 + z4

(2 + z2)2
.

(19)

ã 1(a) � Ñ � ´ U 3 « m {L = −5—5, z =
−5—5} þ � � f � µ e � dromion ( � ã (ù
p L ≡ x + y). ã 1(b) � Ñ � ´ � β(z) =
0.01sech(z), χ(z) = 0.01ez , γ(z) = −0.5(1 +
tanh(z)) �, 3«m {L = −5—5, z = −10—10}
þ U �Û(.�f�µe� solitoff ).

2) eÀ�~ê c0 = c1 = c2 = c4 = p =
q = 1, c3 = 0, - β(z) = sin(z), χ(z) = 1 +

e(1−sin(z)), γ(z) =
1
2
(cot(z) +

cos(z) e1−sin(z)

1 + e1−sin(z)
�,

�'ëê�

α(z) =s(z) =
1

cos(z) − 2
,

ξ =
x + y + 1
cos(z) − 2

, (20)

τ(z) =
6 − 6 cos(z) + cos2(z)

(cos(z) − 2)2
.
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ã 2(a) � Ñ � ´ U 3 « m {L = −10—9, z =
−7—12} þ ± Ï Å � µ e � dromion ( � ã,

ã 2(b) � A � � ¡ ã (L = 0 ¢ �, L = 4 J
�). ã 3 e À � ~ ê c0 = 0.001, c1 = 0.1,

c2 = 2, c3 = 0, c4 = p = q = 1, - β(z) = sin(z),
χ(z) = cos(0.5z),

γ(z) =
0.25(sin(z) sin(0.5z) + 2 cos(z) cos(0.5z))

sin(z) cos(0.5z)

�, ã 3(a) �Ñ�´ U 3«m {L = −14—−6, z =
−25—25} þ±ÏÅ�µe��f(�ã, ã 3(b)

�A��¡ã (L = −10 ¢�, L = −4 J�). l
ã 2 Úã 3 ��, �,��5Xê χ(z) ÚOÃ½
�ÑXê γ(z) ´±Ï¼ê�EÜ¼ê, ��ÚÑX
ê β(z) ´DÂål z �±Ï¼ê, @orÝ U �
±Ï�Ä.
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3) ¯¤±�, ;.� NLSE �Ä��f31
n¥�±DÂÃ���ålØ¬k&E�ý
ÚÅ/ÆC, äkép�DÑèÇ [9]. �éCX
ê NLSE ó, du��5ÚÚÑ�A�m�²ï
¬;�»�, 1óÀõÇ÷1n�êP~. XeÀ
�~ê c0 = c2 = c4 = p = q = 1, c1 = 0.1, c3 = 0,

ÚÑXê β(z) = sin(10z) �, lã 4 Úã 5 ��,

3ÚÑXê β(z) E,´DÂål z �±Ï¼ê, �
�5Xê χ(z) ´V¼ê�, �O¥y��V�f
��ÝÚ�£�ÚÑ�UCP~, �fóÀ°
Ý�±ØC (ã 4 (a) χ(z) = 0.1 tanh(z) cosh(0.5z),
(b) χ(z) = cosh(z)). �e��5Xê χ(z) ¹±Ï
¼ê� (ã 4 (c) χ(z) = −0.01 tanh(z) cos(0.5z), (d)

χ(z) = 0.1 cos(0.5z)), ÙrÝ U ò�±Ï�Ä.
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ã 5 d (18) ª�Ñ�rÝ U ≡ |u|2 ��ÚÑUC�
±Ï�Ä�ü«�/

3 ( Ø

�©æ^ (2+1) ���qC� (3), òäkÚÑ
Xê� (2+1) ���5 Schrödinger �§ (1) {z¤
Ù�� Schrödinger �§ (2), l¥��
 (2+1) �
��5 Schrödinger �§ (1) ���!��kn).

3À�
A½�ÚÑXê β(z)!��5Xê χ(z)
9k'~ê±�, |^) (16) £ã�´�
;.�
�f(�, X��f�µe� dromion (�!Û(
.�f�µe� solitoff (�Ú±ÏÅ�µe��
f(�, Ó�, Ð«
3��5Xê χ(z) �ØÓ¼
ê�, rÝ U �P~Ú±Ï�Ä��/. þã(J
��E�f�EÜ(�9Ù31n¥�DÂ�ª
��¡Jø
kÃ�}Á.

�öa�Ü)��Ç!���Æ¬Jø�]�ÚkÃ

�éu!��.
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Rational solutions and spatial solitons for the
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Abstract

The nonlinear Schrödinger equation is one of the most important nonlinear models with widely applications in physics. Based

on a similarity transformation, the (2+1)-dimensional nonlinear Schrödinger equation with distributed coefficients is transformed into

a traceable nonlinear Schrödinger equation, and then two types of rational solutions and several spatial solitons are derived.

Keywords: nonlinear Schrödinger equation, similarity transformation, rational solution, soliton structure
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