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Annotatsiya: ushbu maqgolada modifitsirangan Korteveg-de  Friz
tenglamasini oddiy va xos giymatlarga mos keluvchi moslangan manba bilan
integrallash kelfirilgan.

Kalit so‘zlar: xos giymat, xos vektor funksiya, “tez kamayuvchi” funksiyalar
sinfi, Loran qatori, xos funksiya, integral tenglama,

KIRISH
Quyidagi tenglamalar sistemasini ko ‘rib chigamiz.

r 1N
! 2 = [ £ £
ju +6uwn +u, =3\ .8, - f.g.k

, (1)
[Lnf, =c.f.. LiNg =cg. K=11..1IN
Quyvidagi boshlang‘ich shart berilgan bo‘lsin
w(x,0) = ug(x), xR, (2)
Bunda U,(x) (—= < x<+x) quvidagi xossalarga ega:
1. ]:[1 + [ Vo, ()| e < o0 (3)

2. L(0) operator 2N larda quyidagi qiymatlarga ega: & (0). £2(0).... S2x(0) ko'rib
chigilayotgan Lg, =, g, masalada xos giymatga mos keladigan JT*[‘F|I:J||:J|eralt|::ming

: r : T -
xos vektor funksiyasi /& =-S5 ] va 8x =12k 222 ) tenglamaning yechimi 5% |
buning uchun

H.-M'-EA}E.J?:.EJ.:_J{J.:EJ..=&JAEF:};ED= '%:1:2*""‘"_-. {4]

buverda “ ¥ () dastlab shartlami gancatlantiruvchi uzluksiz funksivalar benlgan.
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@ (f)=—a, () agar £ =-¢,,

Retjm(g}dg 3—Im{.:.(ﬂ}} k=ﬁ (j}

t ning barcha xos bo'lmagan qivmatlan uchun (1)ning o*ng tomonida ishtirck etayotgan
vig‘indiga birinchi navbatda Im& >0, k=1 N deb shartlar beramiz .

“Tez kamayuvehi™ fimksivalar sinfidan U(x) funksiva u(x.1), £.g,. £=L12N. bo‘lsin.
Ushbu bo'limning asosiv magsadi L(f) operator uchun teskari tarqalish usuli doirasida (1)
- (5) muammeoning vechimlari uchun tasvirlami olishdir.

i (x)funksiva uchun quvida keltirilgan tenglikka ko'ra

:I@ CW]L P
h(x)=— FER = n=LN.
F!(Y)— ol & |+a,g,. n=LN. (7)

I =)
(7) tenglikka keladi. Buyerda. #(# ) noldan farq qiladi.
{ v, +ifv, =u(x)v,,
v, —iEv, =—u(x)v,.

tenglamalar sistemasidagi u(x) potensial tenglamaning vechimi bo'lsin

w=6un, +u, =G{x. 1)
Bu verda G x— toda nolga avlanadi.
Lemma 1.1. Agar vektor funksivani bajarsa va LF =25 va LZ =nZtenglamalaming

yvechimi bo‘lsa, unda ulaming komponentlan tengliklami qanoatlantiradi.
d
— (2, + v ==i(E+)(v,z, —3.2.),
2 15 FYa5) == (E+m0ic - 1:2),
da
— (V. — 1. Y =—i(E— 1T + VaI. ).
& P E) = G- mz: + 1)
Ushbu lemmaning haqigivligi to‘g ridan-to g ri tekshirish bilan isbotlanadi.
Lemma 1.2.

9 | vektor funksiva

Agar y(x. &)= |J( 5
2=y
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[v +i5v = x,, }
L IV = XV, ceR ®

v, — oy, =—ulx)v,

Ir

sistemaning £ = w+ i songa mos keluvehi yechimi bolsa, u heolda (8) sistemaning

i Ey
£ = u—fv songa mos keluvehi vechimi 7 x.5) =i T _ | bolad
R(x))

Lenuma 1.2 va birinchi (3) shartlarga muvofig, (1) tenglamaning o'ng tomorni
Gix,i)=2 ZU’ o~ a8 )-
b 2y

shaklda gayta yvozilishi mumkin.
Eiman-I ebeglenumasidan kelib chigganhelda, manfiy bo'lmagan t uchun &z ) =o(l)
agar [|— = ekanligini ko'rish oson.

@x. & =d uwix. &) natijalanni tenglamalar tizimiga (1) golayimiz va sochilish
nazanyasining evolyutsivasini hisoblaymiz.
Quyidag asimptotikalar x — —oo udnmn amal qiladi.

vax — o0 uchm

( —:;x}wm gl k“(é)g_f&x>

T G)M_[n e ¥, Gy {2) gl fux

Ci
Birinchidan [~ G (¢} + ¢2) dx. ni hisoblasak. Lemma 1.1 ga binoan bizda quyidagi
tenglik mavjud
(fer8r1 — frz @i (@1 + 33)
= fu @ ®i + fiudn i — filedl — fiednds =
= %[(fqujl ~ [z ®2)(@r1 @1 + G @) + Fa @y + fro @2 (Gra P1
— JrzP2)] +
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+§[(fk1¢: — ez @ ) Grz Py + Gra P2) (9)
—(fer @2+ fro D N Gra P — Grad2)] =

= ":EE+E}dx (fk1¢1+fi’{"¢ W Gr1®: + Giad2)] — (— i E}m[(¢1fk‘

@2 i1 ) ( @19k — P20x1)]
Biz (9) tenglikni x boyicha -co  dan +oc gacha mtegrallasak

;j [{ﬁﬂ"‘f 2 Ng e +g.0 )=
_2{5 5.\)__,

— ]' ]ﬂT].CIbEH_J'W[ @{f} —I.—J,F-ﬁ'] ab@;{'r}

—2i(§+ 4 ) x= 2A(5+ &)
Yugoridagilarga ko‘ra
I 6(9] + d3)dx = — T, iabax (¢)
Shunday qilib

&

& Hk (10

= |81 + TV, iw,(t) :&+ -

Lemma 1.1 gakora & =2,
(fugu - fugu)(hmwﬂ + h.\.‘.’wx.’) =
= .ﬁlgﬂhm‘»"" al T klgnhnﬂfﬂ'yﬂ _-ﬁlgklhnlwm - fugnhﬂfﬁ" "=
B 1
—2i(5, =& ) dx
1

———— I f. A, 2 m&gr T ¥FpaEn ll- 11
—zf(;_—;)dx[{ i R f N8 w1 80)] (11)

[{h So+h N, g, +v,.g,)]-

Biz tenglikmi x boyicha -co dan +oo gacha integrallasak

f [(h S +h S, g, v, g, -
—2{5 l=

—z;(f E)j; (A Siz = e )W i Bre — W 280 ) =
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1
b st U CALTRS TN B
S I o g s =
_ 1 . FETRE Ty (3 AL e e, (¥} —.-..-,,—.-;u.-e—l_
_m_]i@m[c;e C_.-E Ce C—'e J_II]

Shunday qilib , & =2,

I (f.8 —Fu8. Wi, + iy, )de=0

Agar £, = £, bo'lza
(g~ fuga iy, +hw,.)=

41 ;[{fr AR R U Y] b

—[(!.tf.f v g+ 0.2
ﬂw.lf.u"'w._‘-f.le;l ff EJ]_

=_C.W.|W.z|:[%@’.| +a.§.|]§.1 [ﬂi }F’ +o g, ]S.l:|=

-Cyw. e, a2
(12} tenglikm x boyicha integrallazak
_F (f.8 — S8 iy, +hy =
P C =
3 (!‘}f W
L 9= 00,0 3

Shunday qilib, biz quyidagi

% =[8#5 +if, (He,(H]C,, n=LN tenglikka ega bo‘lamiz.

Endit ga msbatan evolyutsivalami hisoblavhk.
Agar 5 =5, bo'lza
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_I-(fj..gj.. - fx.‘gl:]{‘?.-j. + ‘F’}dx =

1 3

=_2‘{!'::_1 +!'::,':}-'lm %[{_f B+ @ FNP 8+, 8.0 e+

1
(g, —5,)
_ -1
M, +E)
I. . B _
+m]‘ﬂnﬂ[{f B _{':'.ﬂf: '}({':'.1'3: 2 _¢'.1:g:'}|—~c] =0

2a ega bolamiz.

+

E %[‘:f B @ fu N, 8 — 9,8, )=

im [(f, .. + P Fia NP & +0,:8.0)| 1+

Agar £y = £, bo'lza

j - _ﬁ:g.‘:]{‘?:' + W::]'ﬂk:

1 = 4
I =l

= 1 L+ ] ] Wt 1 Ea ﬁax_
my TR - (@t @t NP8+ @)

1=
E ][{.lﬂ@ﬂ _‘;In'.lf.ﬂy:‘;ln'gn! +¢1!g1:}+

(2@ + P L NP B — P8 )l =
=31 2.0, (a8~ Fugddr=-0.00] p.pud

dl.:: . —
- E . = L ‘ﬂ\lu
o i (), nm

Shunday qilib, biz quyidagl teoremani ishotladik.
Teorema 1: Agar w(x.¢) . f,(x.0), g (x.0), k=1 N, funksivalan (1) — (5) funksivalar
sinfidagl muammening yvechimi bo'lsa, u holda L{f)operatoming w(x, 1) potentsial

o‘zgarishiga ega sochilish ma humotlan quyidagicha boladi.

- S
2% =ja@ (f). n=LN,
=2 o, (1), .

& (81 +iB. (D, (]C.. n=LX,

1 A

drt o s
E =[Ef|_..- +§f@: (E}il

+— |}1 {Im £ =0),

F+d -4 )

(7)tengliklardan aniglanadi .
Xulosa

Ushbu maqgolada nochizigli mKdF tenglamasini oddiy xos giymatlarga
mos keladigan moslangan manba bilan integratsiyalashuvi “tez kamayuvchi”
funksiyalar sinfida o‘rganilgan. Ya'ni, oddiy xos giymatlarga ega bo'lgan o'z -
o'ziga go‘shma bo'lmagan Dirak operatorining sochilish ma’lumotlarining
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evolyutsiyasi olingan bo'lib, uning potensiali moslangan manba bilan mKdF
tenglamasining yechimi hisoblanadi.
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