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TAMAJIBTOHOB AHAJIN3 YCTOMYNUBOCTHU HEOJJHOMEPHBIX
HEJIMHEHUHBIX BOJTHOBBIX CTPYKTYP COJIMTOHHOT O THIIA

BEJIALIIOB B.10.”, BEJIALIIOBA E.C.”
(KA3AHCKHH ®ENEPA/IBHBIH YHUBEPCHUTET®, KA3AHCKHUH HALJUOHAJIbHBIH
HCCIIENOBATEJ/IbCKHUH TEXHUYECKHUY YHUBEPCHUTET UM. A.H. TVIIOJIEBA — KAMU?)
B HacTosieit pabore OyaeM paccMaTpUBaTh aHATUTHUYSCKUE MOAXOJIbI K H3YYCHHIO TTPOOJIEMBI YCTOM-

YUBOCTH HCOJHOMEPHBIX COJIUMTOHOB H HEJIMHENHBIX BOJIHOBBIX IMaK€TOB, KOTOPBIE OIIMCBIBAIOTCA KJIaCCOM

ypaBHenuii benamosa-Kapnmana (BK):

ou+Atuu="f,  f=x[*Audx A =85+, (1)
rae B caydae, koraa A(t,u) =oudy —ai(v—[sax —y@i), nMeeM 0000menHoe ypaBHeHHne Kamomrera-
MerpuamBunu (OKII), xotopoe mpu P=4rnT/ BZ<<1lu o<wmg =eB/Mc, kA <<1 omucsBaer pacmpo-
CTpaHeHHue OBICTPBIX MarHUTO3BYKOBBIX (BM3) BOJTH B 3aMarHW4YEeHHOH TL1a3Me ¢ kf >> kf, Vy << Cp BOIM3H

KoHyca yrioB O =arctan(M / m)ll 2, IIpu 3ToM yHKIUS U MMeET cMbICT 0e3pa3MEpPHOM aMIUTUTYbl MarHuT-

Horo moist BojHBI, h=B_ /B, ko3hduumueHTs onpeaensoTcs 3HaAYCHUAMH MapaMeTPOB IUIA3Mbl U yTJIOM

0=(B,k). Ecim sxe A(t,u)=3s|p|? u?d, —82(ir+v), (1) mepexomur B 3-meproe (3D) ypapnenue Ilpe-
JUHTEepa ¢ MpOM3BOAHON HenmuHeiHoro wieHa (3-DNLS), koropoe mpu [3>1 ommceiBaeT IHHAMUKY aiib(hBe-

HOBCKMX BOJIH, PAaclpOCTPaHAIOIMXCS B Hampasienud, Ommskom k B,  u=h=(B, +iB,)/2B|1-B|,

h=B, /By, rne p=(1+ie), a € — SKCUEHTPUCUTET SILIUIICA MOJIIPU3ALNH BOJIHBI. BepXHUI 1 HIDKHUN 3HAKN
A =11 oTBewaroT BOJHE C KPYrOBOW MPaBO¥ W JIEBOHM MONSAPU3AIUEH COOTBETCTBEHHO, 3HAK HEITMHEHWHOCTH
y4auThIBaeTcst Koapduimentom S =sgn(l— p) = +1 npu HenuneiHOM uneHe; K=—r5 /2, ry =V /g .
VYpaBuenus (1) He ABIAIOTCS B 0OLIEM Cilydae MOJHOCTHIO MHTETPUPYEMBIMH, U BOIPOC CYIIECTBOBA-
HUS HEOJHOMEPHBIX COJIMTOHHBIX (YCTOWYMBBIX) MX pelIeHuH TpeOyeT clenuanbHOro uccienoBanus. Pac-
CMOTPHUM 3TOT Bonpoc otaensHo aist ypasHennit OKII u 3-DNLS.
Ypaenenue OKII. Ilonaras, uto nuccunanus B cpene orcytcTByeT (v=0), 3anumem ypaBHenue OKII B

TaMHUJIBbTOHOBCKOM BHUJIC
B,u =0, (3H/ du) (2)

2
¢ ramuisToHnanoM H=[[—(e/ 2)(6XU)2 +(\/ 2)(6X2u) +(V, 0, 12—u®]dr, rae 8X2V =u, e=Bly| Y2,
A =sgn y. CraunoHapHbIe pelieHus ypaBHEHUs (2) ONpeAeNsoTcs U3 BapralonHoi 3aga4un 6 (H + vPy) = 0

(P =/ 2)ju2dr — MPOEKIMS UMITYJIbca Ha OCh X; V IMEET CMBICIT MHOXHUTENs Jlarpamxka), KOTopasi HLTIOCT-

pHUpyeT TOT (QaKT, YTO Bce (DMHUTHBIC PEUICHUs] YpaBHEHUS (2) SBISIOTCS CTAMOHAPHBIMU TOYKAMH TaMHIIb-
ToHHaHa npu puxcupoBaHHoM Py . CoriacHo Teopeme JIsmyHOBa, B AMHAMUYECKOH cucteMe abCOMIOTHO YCTOM-
YUBBIMU OYyIyT T€ CTAallMOHApHBIE TOYKH, KOTOPHIE pean3yloT MHHUMYM i MakcumyM H. Ecim nmanHbIi 9KC-
TPEMYM SABJISICTCA JIOKAJIBHBIM, TO BO3MOXKHbBI JIOKAJIBHO YCTOﬁQHBBIC PEUICHUA. HGYCTOﬁQHBBIC COCTOSAHHA COOT-
BETCTBYIOT MOHOTOHHOH 3aBHCUMOCTH H OT cBOMX mepeMeHHBIX, T.€. CiIy4yasM, KOrjja CTalliOHapHasl TOUKa SIBJIsI-
ercst ceiioBol. Takum 00pazoM, Tpedyercs JIoKa3aTh orpaHndeHHocTh H (cHHU3Y) npu prKkcupoBaHHOM Py
PaccmoTpuM B JeMCTBUTEIHLHOM BEKTOPHOM HpocTpaHcTBe R MacmTaOHble mpeoOpazoBaHus BHIA

u(xr,) g 22

nynbca Py. FaMuiibTOHHAH Kak QYHKIHS TapaMeTpoB C, 1 MPHUMET BUJ

u(x/&,r; Im) (d — pasmeprocts 3amaum; C, N € R), coxpaHsiomme MPOCKIHIO HM-

H(Cm) =aC 2 +bg 2 —og H2nE D2 e, 3)
- az_(S/Z)I(aXU)zdr' b=(l/2)j(vlaxv)2dr, C=Iu3dr, e:(MZ)j(afu)Zdr. Pemass coBmecTHO



CHCTEMBI ypaBHEHHUI, NPEICTABIAIONINX CO00H HEOOXOIMMBIC YCIOBHUS CYIIECTBOBAHUS SKCTPEMyMa TaMUIIb-
TOHHAHA, ¥ CUCTEMbI HEPABEHCTB, MMEIOLINX CMBICT JOCTATOUYHBIX YCIIOBHH CYIIECTBOBAHHS JOKaIbHOTO MU-
Humyma H s d =2, 3, nonyuum crexpyromue pesynsratel. B 2D ciyyae nmpu A =1 £ <0 raMuiIbTOHHAH MPH
¢ukcupoBanHoM P, orpaHuueH CcHHM3Yy H, ciefoBaTenbHO, 2D pemieHnsi abCOMIOTHO YCTOWYHMBHL, T.€.
npencrasisior codoit 2D conutons! ypaBHeHusa OKIL B cioydasax A=1e>0 u A=-1¢<0 raMwIbTOHUAH
HUMeeT JIOKaJbHbIe MUHUMYMBI, M YpaBHEHHE (2) MOXKET UMETh JIOKAJIbHO YCTOWYHBEIE (COIMTOHHBIE) PEIICHHS
JUIS1 HEKOTOPBIX 3HaYEeHHI ITapaMeTpoB. Bee ocTanbHble cirydan 0TBEYaloT HEYCTOHYMBEIM 2D pemenusim.

B 3D cnyuae pemieHre COOTBETCTBYIOIICH CHCTEMBl YPaBHEHUI U HEPAaBEHCTB IO3BOJISICT YCTAHOBHTH,
uyro abcomoTHo yctoiuuBbie 3D perrenus (3D comuronsr ypaBuenus OKII) OyayT cyiiecTBOBaTh Mpu

A=1¢>0, a IOKALHO YCTOMUMBBIE — IPH A =1, & <0, eciu yoBieTBopsercs ycinosue abe/c* <9/512 na
WUHTErpanbHbie K03 duimenTs raMunbTonnana (3). 9To BecbMa npuMedaTenbHbid (akT, uyto ypaBHenune OKIIL,
B otimane oT oOsraHoro ypaBHeHusa KII, moxer umets ycroitunBbie 3D conmuronnsie pemenus. [Ipunoxkenne
3TOTO aHanu3a K 3ajaade pacrnpocrpaHenus 3D myuxka BM3 BoiH B 3aMarHM4eHHOH IU1a3Me MO3BOJISIET HaM,

HaInpuMep, T0Ka3aTh, 9TO TAKOW MyYOK, PACIIPOCTPAHSIONIHMICS 1O YTIIoM O K MarHUTHOMY TIOJIO, He (DOKYCH-

PYeTCs M CTAHOBUTCS CTALMOHAPHBIM M YCTOMYMBBLIM B KOHyce yrioB 0 <arctan(M /m)Y2, ecau Boimonmsiercs

ycnoue (m/ M —cot? 9)2[Cot4 0@+ cot? E))]_l >4/3. OTMETUM TaKKe, 4TO MOJYYCHHBIC HAMH PE3YJIbTATHI

JIaI0T BO3MOXKHOCTDh KOPPEKTHON MHTEPIPETALMU HAIIUX PE3YJIbTaTOB M0 JUHaMKKe coauToHoB BI'B, B030YyX-
JaeMbIX Ha BeICOTaxX F-cos moHOC(hEphl HCTOYHUKAMH UMITYJIBCHOTO THIIA.

Ypasenenue 3-DNLS. Ananornunsrit mogxox st ypasaenus 3-DNLS, 3anmucannoro, mpu ¢popmManbHOi
3ameHe U — h B popme (2) ¢ raMHIBTOHHAHOM

0 4 *
H:j_w[%|h| + Ashh 8X(p+%K(VJ_aXW)2:|dI’, 22w=h, p=arg(h), @)

nprBOMT NpH aHamuse gedopmarmii H(E, 1) =a M +bl ™ +¢4%n 2, COXPAHSIONIX MPOCSKIHIO HMITJIh-
ca P, =%J.| h|? dr, x asanory Beipaerus (3): H(C,n)=al 2 +b{ ™ +c’n 2, rne a=(1/ 2)I| hi*dr,

bzks.[hh*ﬁx(pdr, c=(c/2) I (% Laxw)zdr. Penrenue 3ajgauu ycTOWYMBOCTH TPHUBOJIWT, MPH 3TOM, K CJe-
ayrouieMy pesyibrary. ['aMunbToHnaH (4) orpaHu4eH CHU3Y:

H>-3bd/(1+2d?), b<0, (5)

-1
ecii BBITIONHSETCS yCIoBUe ac * <d :(2\/5) 13++/185 , u B 3TOM ciydae 3D pemenus ypasuenus: 3-DNLS

1

YCTOWYMBBI, B IPOTUBOIOJIOKHOM ke cirydae, ac — >d, b <0, — neycroituuBel. YcnoBue b <0 orBewaer BoII-

HE B TPaBOil KPYroBo#l MHoJspuU3alMell, pacmpocTpansiomeiics B miasme ¢ p=4nnT/ B%>1, T.e. xorma
A=1 s=-1 B ypaBHenusx (2), (4), u ¢ neBoii moysipuzanueii, korna A =-1 S=1. OmHako, HEOOXOAUMO
OTMETHUTh, YTO CMEHA 3Haka A =1-—>-1, S=-1-—1 skBUBajJicHTHA 3aMeHe t — —t, Kk > —K | I OTpHIa-
TENBHBIX K TaMHJIBTOHHAH CTAHOBHUTCS OTPHUIIATEIbHBIM B 00JIacTH, 3aHUMaeMoil 3D BoJIHOM, ci1abo orpaHu-
4YeHHOH B HampasieHuu K, , B aToMm ciyuae yciosue (5) yxe He BoimosHsercs. CMeHa 3Haka b Ha 1moJoxu-
tenpHbI [Korma A =1 s=1 wm A=-1 s=-1 B (2), (4)] PKBUBAJCHTHO aHAJTUTHUYECKOMY IPOIOHKECHHIO
pelieHus ¢ ACHCTBUTENBHBIX Y, Z HA YHCTO MHUMBIC. Y —> —iYy, Z —> —iZ U, cJIeIoBaTe/IbHO, CMCHE 3HAaKa K B

OCHOBHBIX YpaBHEHHSIX. B 3TOM ciydae yciioBre yCTOHYHMBOCTH OYyJET ONpeAemsThCs HEpaBeHCTBOM TuMna (5),
HO C IPOTHBOIOJIOKHBIM 3HaKOM. C (pu3HYecKOll TOUKH 3pEHHUs 3TO 03HAYAET, YTO €CIIM TaKOe YCJIOBHE OyIeT
BBITIOTHSTHCS, IPABOIOJIIPH30OBAHHBIE BOJHBI C TOJOKUTEIbHON HETMHEWHOCTHIO W JIEBOIIOISPHU30BaHHBIE
BOJIHBI C OTPULATEIILHONW HETMHEHHOCTBIO OYIYT YCTOMUMBBIMH.

Urak, aHanu3 TpaHchOPMALMOHHBIX CBOMCTB raMumibToHHana ypaBHeHus 3-DNLS mo3sonmn Ham ye-
TaHOBHUTH 00JIACTH 3HAUYCHUH KOA(PPUIIMEHTOB YpaBHEHUS U 3HAYCHUS FaMWIIbTOHHAHA (KOTOPBI HMEET CMBICIT
SHEPTHH CHCTEMBI), OTBEYAIONINE YCTOWYMBBIM U HEYCTOHYMBHIM 3D pemenusim.



HAMILTONIAN ANALYSIS OF STABILITY OF MULTIDIMENSIONAL
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The stability of two-dimensional and three-dimensional solitons and nonlinear wave packets which are
described by the Kadomtsev-Petviashvili and DNLS equations classes is analytically studied on the basis of
Hamiltonian approach. The sufficient conditions of stability of the solutions are formulated on the basis of the
analysis of the transformational properties of the Hamiltonians.



