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Abstract. A method of constructing semiclassical asymptotics for nonlocal Gross-Pitaevskii equation (GPE),
concentrated on a curve in the phase space, has been considered. Solution of the nonlocal GPE on the curve is
reduced to solution of the linear equation in the class functions concentrated at the point and additional
condition. Example of the system evolution has been considered by solving of corresponding differential

equations.

HemokanbHoe YpaBHCHUC rpOCCﬂ—HI/ITaeBCKOFO HUMECT BUJ
{—ihal HVED+R W p.0 [P0 dy}lP(x, £)=0, (1)
RZ

A A T A . v
rie z=( D, x) , p=—ihV, a x — mapamerp HeIMHEHHOCTH. DTO ypaBHEHHE HCIOJb3yeTCs B (H3HKE,

HaIpuMep, U OMUCaHus 003e-3IHINTEeHHOBCKOTO KOHACHCATA B 1I0JIE MATHUTHON JIOBYIIKH, TIPHYEM (yHKIHS

W(x, Y, t) B 3TOM CJIy4dac OTBCYACT 3a MOTCHIIUAJI B3aHMOHeI7[CTBPIH HaCcTul KOHJACH CaTa.

Paccmotpum pemenns ypaBHeHH (1), cOCpeAOTOYCHHBIE B OKPECTHOCTH A-MEPHOTO MHOT000pa3us Af 2n-

MEPHOTO (pa30BOr0 IPOCTPAHCTBA
AF = {z = Z(s,0) = (P(s,0), X(s,t))‘ seDclF 1e[0,T],T > 0},

roe s =(s,,...,5,) — HapaMeTpsl MHOrooOpasus, a Z(s,t) — 3aJaHHbIe QyHKIHUH.
Onpedenenue.  Kommnekcuas  ¢yukums  WV(x,f,/i))  mnpuHammexut  KiacCy  KBa3HUKIACCHIECKH

cocpenoToueHHBIX GyHKIwMi THMa (k), €CIM JUTsS TPOU3BOJIBHOTO oreparopa A(Z,t)

‘ <‘P‘21“I’>(t,h)
%%W = Lj) () A(Z(s,1),1)ds.

k =0 COOTBETCTBYET KJIacCy TPAEKTOPHO COCPEAOTOUCHHBIX pyHKuuit P, [1].
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Teopema 1. Ecmu o¢yuxius W(x,t,71) sBiasercss KBa3HKIACCHYECKH COCPEIOTOYECHHBIM pPELIEHHEM

ypaBHenus (1), To Z(s,t) yIOBIETBOPSCT CHCTEME YpaBHCHHIA

X(5,0)=V,(Z(s,0),t), P(s,t) ==V, (Z(s,0),1)— fcj o(r)W, (X (s,t), X (r,0),t)dr, @)
D

rae K=x- ||‘I’||2 . Cucremy (2) Oynem HasbiBaTh cucteMoi ['ammibTona-Opendecra Tuna (k,1).

Ha tpaekropusix z = Z(s,t) cuctems (2) cTaHAAPTHBIM 00pa30M OIPEIEIIUM JICHCTBHE

SO (s,6) = j {(P(s,t),X(s,t)) —V(Z(s,0),t) - R j W (X(s,1), X(r,t),t)dr} dt + S, (s).
0 D

Pemenus YpaBHCHUA (1) 6y[1eM HUCKaTh B KJIaCCe (byHKHPIﬁ, KBa3UKJIACCUYCCKU COCPCAOTOUYCHHBIX Ha

MMOBEPXHOCTH Z = Z(S,t), KOTOPBIN OMPEISTIUM COOTHOIIICHUEM

JF= 0 2y B0 (7 ((x,0,0), S (t(x,0),1)) = {q> L D(x,1, 1) = 1(%,1, 5, 71)

s=t(x,t) > X(x,t,S, h) S Pht},

=0, Ax=x-X(s,1).

s s=t(x,t)

X
rae Gynkuua T(x,?) onpeaenseTcs ypaBHEHUEM <_6 ;S’t) ,Ax>

Ha q)yHKIII/IHX Kjaacca J ; CHPaBCAJINBO MPEACTABJICHUC OIICPATOPa UMITYyJIbCa ﬁ B BUJIC

p=-i(v

cmeonst F Vr(x,t)ag] . ObozHaumm uepes 7 = —ihV
s

s=t(x,t) ? Aﬁ:ﬁ._P(T(xat)’t) .

Teopema 2. Ha ¢yHkousx kmacca J h‘(Z (r(x,t),t,h),S(r(x,t),t,h)) CIIPaBEIUBEL  CIIENYIONINE
ACHMITOTHYECKUE OICHKH:
(A} =O(A2), ({az}")=0(n"7), az=(Ap,Ax), h—>0.

1
ol

3necs (A1) = <CD‘;1(t)‘ <I)> ,a {Az}" — oneparop ¢ Beiinesckum cumBonom (Az)”, a el [2].

Onpedenenue. OyHKINIO ((fAI(t))) = A4,(t,s,h) , onpezensieMy0 COOTHOILIEHUEM (/](t)) = J-D o(s) ((1:1(1))) ds,

OyneM Ha3bpIBaTh CpPEAHHMM 3HaYcHWEM omepatopa A(f) B Kiacce KBa3HWKIACCHYECKH COCPEIOTOYCHHBIX
byHKIINH.

0603naunM  Z(s,t,h) =((2)) = Z(s,) + hZ"V (s,1,h) . TIycte W(x,t) = q)(x,s,t) . Torma dyuxmus W(x,?)

apnsierca pemennem ypasnenus (1), ecmu ZV (s,2,h) = O(1) pu i — 0 u dpynxuus P(x,s,f) yaoBIETBOPSET

OPpUBCACHHOMY YPaBHECHUIO rpOCC&-HI/ITaeBCKOI‘O C TOMNOJHUTEJIbHBIM YCJIOBUCM:

[—ihat + H(s,0)+(H,(s,0),A2) +%<A§, H_ (s,t)Aé)} O (x,s,0)=0(1"?), )
dy(s,0)@(x,s,0) = O(h),

Gy (s,0) = (Z,(s,0),JAZ),

H(s,) =V (s,0)+ f(lJ; G(r){W(S,r,t) 1 (W, (5,70, X0 (1) +%sp[sz (5,720)- Ay (1, h)]}d,,,

H_(s,0)=V,(s,0)+ f(I (W, (s,r,0)dr, H_(s,1)=V_(s,)+ fcj S(rW._(s,r,0)dr,
D D
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[0 L _ T 0 _(p0) yM)\" _(0 0
J—(I : ] w=(0m,)", z0=(PO,xV), W, = 0w |

3pece I, -  emmmmumas  matpuma,  V(s,0)=V(Z(s,0).t),  W(s,r,0)=W(Z(s,0),Z(r,1),t),
2-A,;(s,0,h) = <<A2iA2j + AéjA2i>> , Sp[A] — cnen marpuuer A4 .
Teopema 3. Matpuna A, (s,?,7) yIOBIETBOPSIET CUCTEME ypaBHEHHIA:

Ay (s,t,1) = JH . (5,)Ay (5,1, 1) — Ay (s, 8, B H . (5,6)] + 0(}‘13/2 ) 4)

Teopema 4. dynxuus 7,(s,t,h) = Re[((~ifd,))] ynoBneTBopsier ypaBHeHUIO

7ty (5,2, 1) +%Sp[(sz (5.0)), A (s.1.1) ]+ f<£ G(r)(h<Wy (s,7,0), XV (r1, h)> +

1 3/2 0 0 (5)
+ESP[WWW(SJ,¢).Az(r,t,h)]) dr:O(h ) Www=[0 Wyy}

s

Teopema 5. ®ynxmun hZ V) (s,1,h) = ((A2)) = (((Af)}), rx® )T Y/IOBIIETBOPSIOT CHCTEME YpaBHEHHiT

. 1
hZ O (s,0)=Jo, [<Vp (Z(s,0),1), 7, (s,t)>7t0 (s,1) +ESp[VZZ (Z(s,0,)- Dy (s,0) ]+

+h<Vz (2(s,0,1),2 (s, t)> [ G(r)(h<Wy (s,r,t),X(l)(r,t)> + h<Wx (s,7, t),X“’(s,t)> ©
D

+%Sp[WWW(s, r,t)~A2(r,t)+WZZ(s,r,t)-Az(s,t)])dr}+O(h3/2).

Takum o0Opa3om, pemieHre ypaBHeHHS (1) B KBa3UKIACCUYECKOM MPUOIMKCHUH OBUIO CBEICHO K PEIICHUIO

cucteMbl ypaBHeHHH (2), (4), (5), (6) u nunueiinoro ypaBHenus (3). Ha puc. la-1B mpencraBneHs! rpaduxu

saucumoctn |W(x, t)|2 ot x=(x,x,) W V(z,0)=0,5-p +x7 +2x7, W(x,p,0) = exp[—(x— y)ZJ .

g

2 1 0 1 2 2 1 n 1 2 2 1 0 1 2
X X T

Puc. 1. 3asucumocmo |‘P(x,t)|2 om x ona t=0 (a); t=0,4 (6); t=0,6 (8)
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