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BonHbl Ha noBepxHocTU raybokoit BoAbI

H = %/gT]Z‘F?/J/?’IZJdX*% {(i%w)27 (’(/)X)2}7)dx+

+ % /{¢xxn2/?w+w/2(n/2(n/2¢))}dx T




HopManbHble nepemeHHble ay

_ | k . Wk _
K = 2wk(ak+a7k) Yk = —i 2k(3k aly) wi = \/gk
TN L.
ak = 2k77k+l 2wk¢k
H=Ho+Hs+Ha+...

7‘[2 = /wk\ak|2

Hs = Hs(ak, ax) — TpexBonHoBbIe
Hs = Ha(axk, ax) — 4eTbIpexBoAHOBbIE
6ak .5H
Onsa ag MeeM ypaBHeHMne — +i—=0
ot oa;




KaHoHunyeckoe npeobpa3oBaHue ay — by

ak  — by - KaHOHM4Yeckoe npeobpa3soBaHue
ak  — bk - ygansieT 3-x n 4-x BOJIHOBblE HEPE3OHAHCHbIE YJEHbI

VpagHerne 3axaposa:

>k 1 * *
H= / webibidk + 5 / T 253b; bis, biy by Oretiy—a—ksdkdkadlkadks

by = wibi + / T35 b, iy by Srety s sslkacaclks




KaHoHu4Yeckmne nepemeHHble by

by = ¢k — i/ Etﬁlf CZl Chka Chg Okt ky —ka— ks dk1dkadks + . ..

Thaks _ frhaks

Bia _— ke  TKa
k2ks T kg Wk, —Wiks
1
- kkikoks)Z .
Fabs  _ %mm(k,kl,kz,k3)9(kk1k2k3),

or

1
" Kk kaks) 3
flab Oy ko) LRI (L kg

|k — ka| — |k — ks| = |k1 — ka| — | ko — ks])




VpaBHEHUE ABUXKEHUS

~ 1 [ ~
H = /c* Vedx + 5/\c|2 [;(cc’* —c*d') = K|c|?| dx.

Vk:% cr et |5 0w>0
A, 0 O0H N
c+ Pt = P =
¢+ I 5o 0 = 0(k)
Ckobka lNapaHepa-3axaposa-Pagaeesa:
0

ox




CynepkoMnaKToe 1 MOJIHOCTbIO HENNHEHbIE YPaBHEHNS

N

Figure: ObpasosaHune BonHbI-yOMiiLb
npu t=874 (cynepkomnakToe
ypaBHeHue)
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Figure: ObpasoBatue BOSHbI-ybuMiiLbI
npu t=802 (NONHOCTLIO HennHeliHble
ypaBHeHus1)




®ypbe npeobpasosatue no x n t

Oc + 0 20c\ 5. 0
E-ﬁ-/wc—/P (| \ )—P &(Uc)
U=Kc? T2l = min(k, k1, ko, k3)0(kkykaks)

. ko6 N
iCk=1/ kck+7k T;fzk;:acklCk2Ck35k+k1—k2—k3dkldk2dk3

Mocne ®Pypue npeobpazosaHust NO BpeMeHU 1 yMHOXeHUS Ha (w + /gk)
nosay4aem:

(w + Cdk)kgk
(2m)?
X 5k+k17k27k36w+w17w27w3 dkl dkzdk3dwl dOJQdoJ3

2 _ kky _*
(w - gk)ckw - Tk2k3 Cklwl Chawa Ckzws X




MpocTpaHcTeeHHoe ypasHenune (Spatial Equation)

Ons BonH manoii amnantyabl B R.H.S. gk MoxHO 3amMeHnTb Ha w?, Tak
4TO:
3
(w? — gk)c 2l 1 e Chauoa Chaons X
W BK)Ckw = g2 (2m)2) "w3ed Tk kawz Chaws
X 5k+k1_k2_k35w+wl_wZ_w3dkldkzdkgdwldWQdW3

Mprumenss obpaTHoe npeobpasosatne Pypbe Haf 3TUM ypaBHEHUEM MO
X U t, NOJy4aem NPOCTPaHCTBEHHOE YpaBHEHWE AJ1st BOJH HAa BOZE:

0 w?
acw —I—Cy=
230, i w22
X
= _ 3 5 ngw:%l Cory Cwz Cwz Ot —wa —ws dw1dwadws

70 33ga4a Kowwn no x.




Spatial Equation

D70 ypaBHeHUe MOXHO 3anucaTb B [amunbToHOBON hopme.:

oH
-3
—Cp = W, —
ox “ocx
CO CKODKOIN TpeTbero nopsigka:

03

-3
1% Gw — ﬁ

n MamMunbTOHMaHOM:

1 1
H= —/—|cw|2dw—
g) w

1 1 W22
* ok
ZE ngwg CUJCUJl Cuw» CUJ35w+w1 —wa—ws3 dOJdLUldOJQd(U?,




Spatial Equation

2 2

- W W
AeHuivi Bug T 5 2:
wWaws

2 2
kawkl

1
_ 2 2 2 2
s = —(wie + wi, + Wi, + Wi, —
k2 k3 4

—lwk — wiy | = Wi — wi | = wk, — Wi = wi — wi])

wzwf
Twzw2 no3sosisieT 3anucaTtb [amMuTbTOHUAH 4-ro nopsaaka Hi,: B
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KOMNaKTHOi chopme:

1 .
Hipe = 5 / |c|2(¢*c + &éc*)dt + é / |c|2G(éc* — ce*)dt




KomnakTHOe NpOCTpaHCTBEHHOE ypaBHEHME

Nmeem ypaBHeHne gBuKeHUS:
0 ~ 0% 0H
—Cc = P -
Ox Ot3 dc*

nnn B t-npoCTpaHCTBE:

é + 1 i 02

axc 8t2

P- 3 [ 62 L
T 2% [atz (IefPe) +2lcfe + ¢ ] +

iP— 93 [0 .
+ 2 on [8 (cw|c| ) + édlc]® + ek (éc* — cé )}




BoccTaHoBneHue n

n(x,t) =




Mpunbamxerne "noutn" MoHoxpomaTuyeckolt BOMHbI

Let c(x, t) - is almost monochromatic wave with the frequency wo:

c(x,t) = C(th_vi)ei(kox—wot),
g

W
wo = V gkOa Vg Suath

2k

where C(x, t) is a slowly varying function. One can derive the following
equation:

0 P02 . 20wk

4
4wq

IC]2C = - 4/CPC + gc2c'* +iCo|C?

L. Shemer - 2001, F.Fedele - 2011




3aktoYeHme

_ 1 2 1 . 2 ek ok P A K -k
H—E/a\cw\ dw+fg3/|c| [¢*c+ ¢c* + 2iw(éc” — cc™)] dt

0 A 0% 5H

ox< =" 9B e

~ 1 [ ~
H = /c* Vedx + 5/\c|2 {;(cc’* —c*c’) — K|c|?| dx.

w .
Vk:f c ~ el

=wt) > 0,w>0

A 0 0H
€t Ox oc* 0




