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In the present paper we propose a new technique for the.numerical solu-, ' . -

· tion of the Schrodingerequat;.on with the enough ~ommontype 'nonlinearity 

·-
i¢1 + ¥·,;+ !<1~1 2 )!/J ~ 0, (i) 

' ·' . ,, . . .. 

. where in the term off we imp)~ the polynoinial of th~_l-th degree: 

' N . •·· : ·. . . . . 

f = f(lt/JI 2
) = ·L aMJI 21 .~no+ OJ I'1W+ ~21tPI1 + · ~: + oNitP,I 2N. .(2) 

·1=0. 

De~~nding on the number of the series members and also on. the· cocf-
. . I , . ' , . . . ·, 

ficients of(2}( we supp~~e that a 0 , a~,·· ·• are, in general, arbitrary),' eq.(1) 
t - " ' -

· arisesin various bra~ches .of phy~ics. For example, in. the caseo(N. = 0 

and ao = U = U(x); eq.(1) d~scribes the motion of quantum p~rti~les (el~c-
• ,_ ' I • ~ ' / ' . 

} < • ' • 

trons, pr~to~s and so. on)' in the external field U (1926, E. Schrodinger). 
' • ' ,· ' . I 

The eq.(1)for N ~ 1 is. the S~hrodinger ~quation with the c~bic no~linear-
ity (the so called .,pa-.NLSE). Corresponding to the•sign ofa1 =canst 

.,.. . ' . •' .... 

{~0 = 0), the t/J3 
-· N LSE has a wlde application in phy~ics~ For a 1 :> 0, . 

··.' . - . ' ', ' ·' ' 

it describes thenonideal Dose gas of the attracting-particles [1],· the prop-
.. ~ . _.. . - . ·_. . . . ' \ . . . 

agation of light beams in a nonlinear dispersive media [2] (the propagation 

of "brigh~ solitons"), a~d it ~lso arise~. in the ~tudy of:so~e probl~ms~f 
the theory of magnetism .and molecular c~ystals .• l'he. t/J3 - N LS E with· the 

O:t = canst < 0 serves as a phenoinen<_>gical.model of supe~fluidity for the 

inhomogeneous ~d nonstationary ~rder parameter t/J [3], it describes. th~ 
' < \ ~ 

propagation of "dark solitons" in nonlinear 'optics (4), the rionideal Bose gas 
' . t • - • 

of the repulsive particles[5) etc. 
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-The addition.<.>£ the foll?wing members in{2), apart frorp._the purt; mathe-, . . . 

matical variety, leads to the description of the more complicated phenomena. 
, r , .. - , ~ . ,- ~- , '., • • -

For N = 2 one has the t/J3 ·- t/J5 - NLSE, which were applied to the nuclear 

hydrodynamics with Skyrma forces[6],to the Bose gas with two-, particle at~ 

tractive and three- particle repulsive,S-function-like.interadion potential [7] 
' ·, • ' ' ., ' \ ' ' ; j • ' 1 • • 1 _. -· 1 • ; • ~ 

and so on. In view of such a rich application in physics and other sciences, 
' . . . ' '.' ~' 

the development of the. numerical methods for solving the NLSE is still a 
' .. ,.,., '. ' . -· ' ; .'-; ' ., ;, ' ·.• . '···· ,._ ' . ; 

challenging task. ,A good library of the various finite difference, spectral, it-
••• • • • • <. • • .'. ' • • • j ' '; ' ,. • ' ; : ' : ,' ,. ; • :. • • • • ~· ~ ,; • • : • : < • ' •• _.-

erative and other numerical methods can be found in the remarkable work of 
i .. , ·l '. • 3 ' i : . • . ) . ~- ' : _: ' 

Taha and;Ablowitz [8]. Recently [9], a modificati~n of t~e rpultigrid m~th?~~ 
• " , • • t , ' I , -' . ·. . •' " __ , . '- ~ 

for the, parallel numerical simulation of the '¢3
. -.N LSB was proposed. : _ 

• • 1 ' • " • '" " ' ' i • , • , I.· .: j , J I ·. i; " ~·· , . , ; · .. , ., 

N ~vertbeless, many, methods applied, to numerical analysis of the NLSE, 
,. .• · ~ •. • ' . l I •·'! ·. ,__ .' • '\. , ~- ~ . ~ , '· .• •. "'· ' + ~··· 'I , 

will .works when the initial condition or some information about the initial 
• • • ) ' • ,- • 1 - ~. ", • ', ,(' ' • • - •. 

configuration _is kno,wn. In the case of the absence of such an information we 
; ' .,. -l ' '·· ~··1 ---~· ~~ ·:_' ~·:. · ..• ,,, 

propose the following scheme to solve the NLSE:,Using the .idea of"contin7 
• ~' • • • 1 ~ \, •· • ' ' · • • • ! · ,,. I • ' , 

uatioil on parameter" [10],,_we introduce a parametric dependence on f for 
, , • ' ' , • ' · \ ' A\.- \ ' ' ' ··• , i, : ~-' , , i , J . ·, ' !:, 

f(l'¢1 2 ) the following "!ay: · ·.;l .c.~ 

J(T) ~ T/(1'¢12
);· 

~· ' ~ .-i· :''\ (3): 

Further, by carrying out th~ discretization of (1), taking into account the ", .. , .;,. •' ', . ~ ' : 

(3), we will have: 

.!.n+l _ .1.n· (82./.)n + (62:/.)n+l · 'q,(.i.~) + ~(~ .. !.n+l) 
i'!-:m 'l"m+ 'l"m 'l"m +T 'l"m 'l"m =0. {4) 

fit . 2(fl.x)2 2 , " 

-~· ... · ......... 
. ~ t~n.,; ;.:.,;-,;: ',.;..-,)) :;---:::;:;,~ )7 ~' 
l •·n ... ·.<'< !3 'l' ...... ,, .-... ~n".-; . t.J.~ -~~.-, •. \ t.~\.. h .. •;..l! .... .t~.'4f-~J,.,:.;.J: 
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Here in ( 4) we introduce the following notation for 'the space differences and 

nonlhiear term approximation: . · ; 0 
• 

· ·(c52t/J);:. =.t/li;.+t- 2,P;:, + ,p;:,_l, <I>(T/1;:.) = J(lt/J;:.I2)t/l:ri, -. ··• (5). 

It should be noted that. the first ord~r tiirie differencing in ( 4 ),; aswell as the 

approximations :introduced in (5) ar~ not unique and we imply, of course, 

the existeri~e of the oth~r approximations here. The. imiin' idea of the de~ 

v~lo~e'd scheme is. that the 'numerical s~lution 'of the all ,P21+1 - N LS E can· 
', .. ',, ·. ''·. , _,;., _,;. ~~,--~~.·, ' .-~ . ~ .... '·... .· ~.. .. - \. 

be carried. out on the basis of the solution of the linear problem. Starting 

fro~ the s~me initial cbndition at T·= 0, winvill, depending on the type of 

nonlinearit}r in (1 ); ~~~e to th~ various r~~ults' at T = 1.' Thus·, thesolutiori. 

of ,p;:_ -::d':,P(mb..x, ntlt) = ip(x, t) will be ·a f~nction' ofT for every val~e of 

the p~ra:~eter T E (0,1}. · Ob~ioU:sly, for T ~ 1 ~e have the original 'system 

of eqti'ations (1):{2), and for' T = 0 w~ obtain a more simple line~r problem; 

. We introduce' a discretization on T,: T;ij ::':: 0;1,··· ,M(To·'= O,T~ '== 1)• 

In order to find a solution of the problem(1):{2)in thepoint T;+t, having 

the ,p;:_(T;), one can use Newton's ~ethod. We suppose that the difference 

ITi+i - T; I is enough small and w~. have the good initial approximation for 
. . . , ~ 

Newton's method: 
, I--+ :.. .. _., ·· .• · 

F (P,zk)vk = -F(P,zi.), 

P= {T, t/1;:,, ao, a17 · · · }, Zk = {tP;:,+I·k}, 

and 
Zk+l = Zk + Vk, k = 0, 1, · · ·. 

,4 
\_ 

l 

I~ 
~ 

-, 

I) 
J 

It is important that the proposed approach can easily be generalized for 

investigation ~f ~ultidimensiomil nonlinear Schrodinger systems.'· The more 

detailed practical analysis of. the described above numerical scheme is in 

progress~ The some realization of t?e similarmethod has been d~ne in (11],. 

to carry out the numerical analysis of three- dimensional polaron equations .. 
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Xom.,typOJlOB X,T._, J1Y3blllllll H.B., Ci'ompuos I< 
:0 IIOBOM HOJlXO}le K 'IHC!Iei!IIOMY al!aJJHJy lleCT~ 
WpeJlHI!repa c nommoMUaTibiiOH uemmeihtocT 

8 }laiiiiOii pa6oTe IIJJIO)Kell IIOBblii IIOllXOJl K 

uoro ypasuemtll Wpewmrepa c uominoMUaTibm 
<<llpOJlOJI)KeJ_Illll 110 HapaMeTpy>> Will ypaBHellltll 

i\j/1 + 'l'.u + Tf(i \jl [ 
. ~ . 

rue f d \jl ~-)- IIOJIIIIIOM {-ii CTellellll, BBOlliiTCll 
OcJJOBIIUll Ullell npeWJO)Keuuoii cxeMbt JaK.iJto'la 

BCeX \jf2l + I_ J:IYW MO)KeT 6bJTb ;lpOB~Jlello 1: 

CTapTyll c . Ollnoro u Torn )Ke na'larJbuoro y 
·a ·JaBl!CliMOCTII OT TIUJa HemmeHIIOCTll, K paJJJI 

. . 

Pa6cJTa sbmonneua s Jla6opaTopmt Bbi•IitcJJI 
OH5H1. . 
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for! <I wl \ wherefd wl 2
) is the polynomial 0 

_Schrodinger equation: · · 

I iw,+ 'V_rx+ Tf<i w1 2 

The main idea.of the developed scheme'is th 

w21 ,+ I ~ NLSE can,be carried out on the basis I 

Starting from the same initial condition at T= 
of nonlinearity, come to the various results at ~ 
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