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H3ydeHa ycTOMYMBOCTD M MMHAMUKA B3aUMOACHCTBUST COIMTOHOITONOOHBIX PeIlleHUI 0000IIIeHHOTO He-
JMHelHoro ypaBHeHus LlIpenrHrepa, OMMChIBAIOIIEro IMHAMUKY OrMGarolieil MOIyIMPOBAaHHBIX HETH-
HEWHBIX BOJIH U UMITYJIbCOB (B TOM YHCJIE SIBJICHHST BOJTHOBOTO KoJIlarca M caMO(MOKYCUPOBKU BOJTHOBBIX
MYYKOB) B Iu1a3Me (BKJIIOYasi KOCMUYECKYIO), a TAKXKe B HEJIMHEHHBIX ONTUYECKUX CUCTEMAX C YYETOM He-
OTHOPOTHOCTH M HECTAIIMOHAPHOCTH CPEIbl PACIIPOCTPAaHEeHSI. YpaBHEHHE UCITONB3YETCS U B IPYTHX 00-
JacTaX GU3NKU — TaKUX, HAIIpUMEp, KaK TEOPUS CBEPXITPOBOIMMOCTH U (DM3MKaA HU3KUX TEMIIEPATyp, Ipa-
BUTALIMOHHBIC BOJIHBI MaJIOM aMITIUTYIbI Ha TTIOBEPXHOCTU TITYOOKOM HEeBSA3KOM XXUIKOCTH U np. Ciemyer
OTMETUTD, YTO UCCIICAYEMOE YPAaBHEHNE HE SIBJISIETCS MOJTHOCTHIO MHTETPUPYEMBIM, U €T0 aHATUTUYECKIE
pelreHrs B O0IIeM ciTydae He M3BECTHHI (32 MCKITIOUEHHMEM, TIOXKATYi, TNIaIKUX pellIeHuit TUTa YeTuHEeH -
HBIX BOJIH). OQHAKO, UCIIOJIB3Ysl paHee pa3BUThIe HAMU MOAXOAbI ISl PYTUX ypaBHEHUI (0000I11IEHHOE
ypaBHeHue KamomiieBa—IleTBuamBuiu u 3-MepHOoe HelMHeliHoe ypaBHeHue IlIpenuHrepa ¢ mpou3Bo-
HOIi HeJIMHEeiTHOTO ujieHa) cucteMbl benamopa—KaprnMaHa, MOXXHO aHAJIMTUYECKU UCCIIEIOBATh YCTOMYM -
BOCTh BO3MOXHBIX PEIIIEHU TaHHOTO YpaBHEHMSI, 2 TMHAMUKY B3aUMONIEHCTBUS COJTUTOHOB U3YyINUTh YHNC-
JneHHo. MMeHHO Takoil Moaxo peajn30oBaH B paboTe. AHAJTUTUYECKU TTOJTYyYeHBI IOCTATOUYHBIE YCIIOBUS
YCTOMYUBOCTU 2- M 3-MEPHBIX COJTUTOHOTIOMOOHBIX PEIICHUI 1 YUCIICHHO U3YYeHBI ClTydanl YCTOMIMBOM 1
HEYCTONYMBOI1 (C 0Opa3oBaHUEM OPU3EPOB) IBOIIOLIMU UMITYJIbCOB Pa3IMYHON (hOPMBI, a TaKKe B3aUMO-
IeCcTBUE 2- U 3-UMITYJIbCHBIX CTPYKTYD, TIPUBOsIIEe K (OPMUPOBAHUIO YCTOMYMBBIX M HEYCTOMYMBBIX
petreHuii. ITonydeHHbIE PE3YIbTAThl MOTYT OBITh MOJIE3HBI B MHOTOYMCIIEHHBIX MTPUJIOXEHUSIX B (DU3UKE

HOHOC(HEPHOI 1 MAarHUTOC(HEPHOI TIJIa3Mbl M MHOTHUX IPYTUX 00J1aCTIX (DU3UKU.
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1. BBEAEHME. OCHOBHbLIE YPABHEHUA

Ecnu B cucreme BK (Belashov-Karpman system)
[Belashov and Vladimirov, 2005; Belashov et al., 2018a]

du+Atuu = f, f= cj Audx+ f'

orepaTop WMeeT BUI A(f,u) = z'[y|u|2 —Bai]+ /2,
OHa TpeAcTasiisieT coboii 3-mepHoe (3D) 0600I11IeH-

Hoe HeuHeliHoe ypaBHeHue lIpemunrepa (3-GNLS)
[Belashov et al., 2018b]:

ou + z’y|u|2 u—iPoiu + (0/2)u = GI Ajudx + f*, (2)

e o,B, Y=ot x,,2), [ =f(txyz) u (0/2u
OIMCBIBAET JUCCUTIATUBHbBIE 3(P(PEKTHI, a U ECTh OTU-
Oarol11ast BOJTHOBOTO MakKeTa (MMITyJibca). YpaBHEHUE
3-GNLS (2) onuceiBaeT [MHAMUKY orudaroliieii Mo-
JyIMPOBAaHHbBIX HEJIWHEWHBIX BOJH U UMITYJILCOB
(BOJTHOBBIX MMAKETOB) B CpeJiax C AucIiepcreit U uMeeT
MHOTOYMCIIEHHBIC BaxKHbIE TPUIOXEHUSI B (DU3UKE
IUIa3Mbl (HarmpuMmep, OIMMCHIBAET paclpoCTpaHEHUE
JIEHTMIOPOBCKMX BOJIH B TOpSiYEli TJIa3Me), HEJTUHEe -
HOI ONTUKE (pacnpoCTpaHEHHWE CBETOBBIX UMIMYJIb-
COB B KpUCTaJlJIaX, ONTOBOJOKHE U TJIOCKUX ONTHYe-
CKMX BOJIHOBOJaX), OHO ONMKCHIBAET, B YACTHOCTH,
Takue SIBJIEHUSI, KaK TypOYyJIeHTHOCTb, BOJIHOBOI
KOJIJIATIC M OTITUYecKast caMOo(OKYCHPOBKa. YpaBHE-
HUe (2) UCTIONB3YETCS U B IPYTUX 00J1acTsIX (U3UKA —
TaKuX, HApUMep, KaK TeOpUsI CBEPXITPOBOIANMOCTHU
U (pU3MKa HU3KUX TeMIeparyp (B 4aCTHOCTU, OObIY-



2 BEJIALLIOB u ap.

Hoe ypaBHeHue NLS ectb yrpomenHas 1D ¢opma
ypaBHeHus I'ma3oypra—Jlanmay [['mH30ypr u JlaH-
nay, 1950], BrnepBbie BBeaeHHOro uMu B 1950 r. mpu
OMUCAaHUW CBEPXIIPOBOAUMOCTHU), TpaBUTALIMOH-
Hble BOJIHBI Majloli aMIJIUTYAbl Ha MOBEPXHOCTU
r1yookoit HeBSI3KOM XuakocTu M Ap. OTMmeTum,
yT0 3D-ypaBHeHUe (2) HE SIBJIIETCS IOTHOCTBIO MH-
TETPUPYEMBIM, U €T0 aHAJIUTUUECKNE PellIeHUs B 00-
1IIeM CJIydyae He M3BECTHHI (32 UCKIIIOUEHUEM, TT0XKa-
JIyi, THaAKUX pelieHUil TUmna yeAMHEHHBIX BOJIH).
OnHako, ¢ UCIMOJIb30BAaHUEM MOAXON0B, Pa3BUTHIX B
paborax [benamos, 1991, 1999] mist npyrux ypaBHe-
Huii cuctembl BK (06o61meHHOoe ypaBHeHHe Kagom-
neBa—IlerBnamBuan — ypaBHenue GKP, xorma B

cucreme (1) A(t,u) = owd, —92(v—B9, —70)), u
3-MmepHOe HenuHelHoe ypaBHeHue lllpemuHrepa c
MPOM3BOIHOM HeuHeHoro uieHa — 3-DNLS, ecimn

omreparop B (1) A(t,u) = 3s|p|2 u’d, — 32\ +V)), MBI
MOXEM HCCIEIOBaTh YCTOMYMBOCTH BO3MOXKHBIX
peuteHuit ypaBHeHust 3-GNLS. I1pu atom nuHamMu-
Ky B3aMMOJCUCTBUS COJIMTOHOIIOMOOHBIX CTPYKTYP
ypaBHeHUsI GNLS MOXHO M3y4YNTh YHUCIIEHHO C HC-
MMOJb30BaHUEM METONOB, pa3BUThHIX Belashov and
Vladimirov [2005]. PemreHue Takoii 3amauu sIBISIETCS
LIEJIBIO HACTOSIIIEN paboOThI.

1. UCCJIENOBAHUE
YCTOWYUBOCTH PELLEHUI

3anuiiieM ypaBHeHue (2) ¢ o, = 0 (ypaBHeHue 3-NLS)
B TaMUJIBTOHOBOM (hopMe:

du =9, (8H/du), (3)
rlle TaMWJIbTOHUAH, UMEIOIIUI CMBIC]T SHEPTUU CU-
cremb, H=| [g|u|4 + Buu*d, @ + %G(VLBXW)Z} dr,

2
oW =u, ¢ = arg(u).

Ucnonw3ysas mMeTon aHanm3a TpaHchOPMaIlMOH-
HBIX CBOWCTB TaMWJIbTOHMAHA, TTOAPOOHO U3JIOXKEH-
HBbI 11 ypaBHeHuUli cucteMbl BK B padotax [bena-
moB, 1991, 1999; Belashov and Vladimirov, 2005] u
BIIepBble TIPUMEHEHHBIN IIs1 CYIIeCTBEHHO Oosee
IIPOCTHIX CIy4daeB “Kiraccmueckoro” ypaBHeHus Ka-
nomiieBa—IlerBuamBunu B padote [ Ky3nemos u My-
mrep, 1986] u ypaBuenuss NLS B pabore [3axapoB u
Kysnenon, 2012], uccnenyeM ycTtoitumBoCcTh 2D- 1

3D-pemenuii ypaBHenus (2). Ilpu aTom 3amava miist
ypaBHeHUs (3) opMyaupyeTcsl B BUIe BapuallMOH-

Horo ypaBHeHust O(H+vP,) =0, Px = %juz dr,

CMBICJI KOTOPOTO COCTOUT B TOM, YTO BCe (PUHUTHBIE
pelleHusT ypaBHeHUS (3) eCTh CTallMOHAPHBIE TOYKI
raMmwIbToOHMaHa H Tipm ¢puKcrpoBaHHOM 3HAaYCHUH

MpoeKIuy uMmynibca P.. B coorBeTcTBUY € TeOpemMoit
JIsmmyHOBa 00 yCTOMYMBOCTH, B TUHAMUYECKON CH-
CTEME TOYKHU, KOTOPBIE COOTBETCTBYIOT MUHUMYMY
WJIM MAaKCUMYMY FTaMUJIbTOHMaHa H, sBisioTcst abeco-

FT'EOMATHETU3M U ADPOHOMUSA

JIIOTHO YCTOMUMBBIMU. ECIU Xe 3KCTpeMyM JIOKaIb-
HBIi, eMy OyIyT COOTBETCTBOBATh JOKAJIBHO YCTOM-
YUBBIE PEIICHUSI.

Paccmorpum gedopmariin H, coxpaHsionye mpo-
eKLMIO UMITyJIbca P,

ux,r) > & e/ e ), Gne €.
TamuibTonuan npumer sux HE M) =al M~ +
+ b — e’ ¢ koabduumeHTAMM

a= /2l dr, b=B[uurd,gdr,

4
= (c/z)j (V,9,w)’dr.

W3 neobxomumbix ycnosuil akctpemyma d¢H =0,
d,H = 0 cpasy xe HaiiieM ero KOOpIMHATBI:

Co=—ac”, M =[-ab"'(1+d’cH],

rne b <0, ecnun e Rc C, mockonbky a > 0, ¢ > 0 1o
onpeneneHuto, u b > 0, eciu n € C. JloctaTouHble
ycioBust MUHUMYMa B Touke ({;, M )

OLH(GM) 9 HEGm))
Ine H(C,m)) 9n H(E;,m))
d9; H(,,m;) > 0.

Pelrast maHHy0 CUCTEMY HEPaBEHCTB, MTOJYUYUM, UYTO
JUISI BOJIH B ciiydae b < 0 (IoJIoKuTeabHask HeJIMHEe -

HOCTB) a/ c<d= (2\/5)71\/13 + 185, otkyna cieny-

2
er, yto H > —3bd/ (1+2d7), TO eCTb TaMWIBTOHUAH
orpaHuueH cHusy. [1pu b > 0 (oTpuLaTebHAasI HEMU-
HEWHOCTB): 3aMeHa b — —b 3KBUBaJICHTHA 3aMeHE

0,

y—= —iy,z— —iznu H< —3bd/(1 + 2d2), TO €CTh ra-
MWIBTOHUAH CHU3Y HE OTPAHUYEH (OrPaHUYEH CBEPXY).

HTak, MBI 1oKa3ajJn BO3MOXKHOCTH CYIIIECTBOBA-
HUsl ycToiuuBbiX 3D-pemrenuii B Mmoaeau 3-NLS u
TTOJTYYMJIN YCIOBUS UX YCTOMIUBOCTH, TO €CTh OIIpe-
IeIM 00J1acTU 3HadYeHUil Koa¢hdULMEHTOB ypaB-
HeHUsl (MepeMEeHHbIX BO BPEMEHU U MPOCTPAHCTBE
XapaKTEepUCTUK Cpelbl), Korga 3D-conuToHbl OyayT
YCTOMYMBBIMMU.

2. YUCITEHHOE NCCIEJOBAHUE
SBOJIIOIMHN U TUHAMUWKHA
B3AUMOAENUCTBUA COIUTOHOB GNLS

YucneHHoe ucciie10BaHUe BOJIOIIMU U TUHAMMU -
KM B3aUMOJICHICTBUSI COJIMTOHOITOJOOHBIX CTPYKTYD
ypaBHeHUs1 3-GNLS npoBoaniaoch HaMU C UCIIOJIb-
30BaHUMEM METOJ0OB, pPa3pabOTaHHBIX W AETajbHO
onuvcaHHbIX B pabore [Belashov and Vladimirov,
2005]. PesyabraThl MOAEIMPOBAHMS AJ1sI OOLLETO CITy-
yasi HEOOHOPOJHOM 1M HECTALlMOHAPHOM Cpedbl MO -
TBEPKAAIOT CleJaHHbIe HA OCHOBE aHAJUTUYECKOTO
paccMoTpeHus TpobJieMbl 3aKiitoueHus1. B kauecTse
Ne 2
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JNHAMUKA COJIMTOHOB OBOBINEHHOI'O YPABHEHUMA NLS 3
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Puc. 1. DBoiolns rayccoBa UMITyJIbca orubarorieii mpu A =2, /=2; 3 =10.5,y=0.

WUTIOCTPALIMK Ha pUCYHKaX 1 u 2 mpeacTaBlIeHbl pe-
3yJIbTaThl, mojiydeHHbIe Tipu ¢ = 0 (1D-cnyuait) mis
HavyaJIbHBIX YCJIOBUII B BHUIE COJIMTOHOIIOIOOHOTO
UMITYJIbCA OTMOAaIOIIEii:

u(x,0) = Aexp(—xz/l),
u(x,0) = Aexpl~(x — 5)° /11 + Aexpl~(x + 5)° /11,

COOTBETCTBEHHO, B MPOCTEMIIIEM ClIydae ypaBHEHUS
NLS c B, Y = const (craiioHapHas cpena); o, f = 0
MpU OTpHUIIATebHON HeauHeitHoctu, B > 0. Ipu
atoM b > 0 u rammisTonnad H > 3bd/(1 + 2d?), a 3Ha-
YUT YCJIOBUE YCTOMUYMBOCTHU JJIsl OTPULIATEIbHOMN He-
muneinoctu, H < 3bd/(1 + 2d?), He BBITIOIHSIETCA, U,
KaK BUJIHO U3 PUCYHKOB, Mbl HAaOJII0daeM paccessHue
UMIIYJIbCOB Ornbarolieii co BpeMeHeM.

IIpumepsl, Korna koadduumeHt y # 0 u yciosue
YCTOMYMBOCTU IS TIOJIOXUTEIIbHOM HEJIMHEMHOCTH
H > 3bd/(1 + 2d?) > 0 He BBINOJIHSAETCS Y KOTIA yCIIO-
BUE IUISI oTpuLaTenbHOM HemmHeitHocTn H < 0 <
< —=3bd/(1 + 2d?*) ynoBIETBOPEHO, MTOKA3aHbI COOT-
BETCTBEHHO Ha pMCYHKax 3 u 4.

B niepBoM cirydae MbI HaOJII0JaeM paccesTHUe M-
myJjibca oTubaloleit Co BpeMeHeM, a BO BTOPOM UMe-
€T MEeCTO CTaOMIIM3alus peleHus U (hopMUpoBaHUe
COJINTOHA U3 HAYaIbHOTO UMITYJIbCA.

Ha pucynke 5 moka3aH pe3yabTaT IJisl TOTO K€,
Kak 1 Ha puc. 4, cliydasi oTpulaTeIbHOU HEJTMHEHO-
ctu [B<0,y<0wua,b<0Bdopmynax (4)], omHako

T’EOMATHETU3M U ADPOHOMMUASA

TOM 61 Ne 2

3[IECh UMEET MECTO CJIy4aid CUJIbHOM OTPULIATEJIbHOM
HEJIMHEHHOCTH, Koraa Y = —1 u Habmonaercs Mnosis-
JICHME KBa3UYyCTOMYUBBIX MOLIHBIX COJTMTOHOIIOA00-
HBIX ITyJIbCAIINI THUIIA OpU3EPOB.

B uyuncieHHBIX 3KcnepuMeHTax [Iisl ypaBHEHUS
GNLS (2) co=0npu B, y=o¢(9); o, f = 0 HamMmu ObLTO
YCTaHOBJICHO, YTO KBa3MYyCTOWUYMBasi IBOJIOINS Ha-
YaJIbHOTO TaycCOBa UMITYJIbCA MOXKET HAOII0AAThCS,
KOTIIa B HECTAlIMOHAPHOM Ccpelle ¢ OTPUIIATeIBHOM He-
JIMHEMHOCTBIO ycsioBUe ycToitunBoct H < —3bd/(1 +
+ 2d?) ynosnerBopeHo. B 3TOM cilydae MOXHO Ha-
OirofaTh My/abCallMM CO CIBUIOM MMITYJIbCA B MPO-
IIecce €To BOJTIOINH B X-HarpaBjieHUH (puc. 6).

Ha puc. 7 npeacrasiieHsbl 1Ba ITpuMepa pe3yJibTa-
TOB 3BOJIIOLIUY TayCcCcoBa MMILyjIbca B HeCTallMOHAap-
HOI cpejae Npu OTPULIATEJIbHOW HEJIMHEWHOCTH,
Koraa yciaosue ycroiunsoctu H < —3bd/(1 + 2d?)
BBIMOJHSIETCSI. B pesynbraTe 3BOJIOLMU TIPU 3TOM
HabJo1aeTCsl BOBHUKHOBEHNE M3 HAYaJIbHOTO Year-
HEHHOI0 MMITyJIbCa MOIIHBIX YCTOMYMBBIX MYJIbCA-
LU TUTIAa OpU3EPOB.

I[Ipumep B3auMOAEHCTBUS COJMTOHOIIOMOOHBIX
HavYaJIbHBIX UMITYJIbCOB BUIIA

u(x,0) = Alsch(x) + sch(x — 5/2) + sch(x + 5/2)],
u(x,0) = Alsch(x — s/2) + sch(x + s/2)]

MpY OTpULIATEJIbHOUN HEJIMHEMHOCTU B paMKax MOJIe-
au GNLS npuBeneH Ha puc. 8, 9, COOTBETCTBEHHO.

(6))
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Puc. 2. DBoTIOLNS rayccoBa 2-MMITYJIbCHOTO BO3MYyIIeH!sI orubatomteii mpu A =1, /=4; 3 = 0.5, y=0.
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Puc. 3. DBotionns rayccoBa NMITyJIbca orubarotieit ipu A = 1, /=4; § < 0, > 0 (IIoJg0XuTeIbHAS HETMHEITHOCTB).
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Puc. 4. DBoionns rayccoBa UMITyJIbca orubarotiieit ipu A =1, /=4; < 0, y= —0.5 < 0 (oTpunateabHasi HeJIMHEIHOCTD).

X
500
450
400
350
300 F
200
150

100

50

o~ . [

Il
300 400 500 600 700 800 900 1000
t

Il Il
100 200
Puc. 5. DBoJrorust rayccoBa MMIYJIbca orubaroreit ipu A= 1,/=4; <0, y=—1.
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Puc. 6. DBoumioLKs rayccoBa MMITyJibca orubatomieii ipu A = 1, /=4; B(f) = —0.5(1 + sin0.177), y=—1.
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Puc. 7. DBoTIONNS rayccoBa MMITYJIbca OTMOAONIEN B HeCTAIMOHAPHOI cpenie mipu o, /= 0: (a) B = 0.5, y=—1 + 0.01sin 27z,
©0)y=—1,B@® =—-05nput<5u P =0.5(1 + 0.2sin277) npu ¢ > 5; ciryyar OTpULATETBHON HETMHEHHOCTH.

B mrepBoM citydae yciioBre yCTOMYMBOCTH HE BBITION -
HSIETCSI, M MBI HAOJTIOMaeEM Ha IIEPBOM 3Tare BO3HUK-
HOBEHME OJHOTO MOILIIHOTO MUMITYJIbCA U3 3-UMITYJIbC-
HOTO HAYAJIbHOTO BO3MYILIEHUS 1 JaJIee, CO BPEMEHEM,
ero pacrnaj Ha IBa MMIIYJIbCa MaJlOi aMITIATYIEL.
Bo BropoM ciydae, yCIOBHE YCTOMYMBOCTH BBITION -

IT'’EOMATHETHU3M U ADPOHOMMUA

HEHO, U UMEET MECTO YCTOMYMBAS SBOIIOLIUAS 2-uM-
ITYJIbCHOI'O BOSMYILICHMS.

I/IHTepCCHO OTME€TUTDL, YTO, KOIrJa B HCKOTOprﬁ
MOMCHT BPEMCHHU II0JI€ CTAaHOBUTCA HECTAallMOHAp-
HbIM, YCTOﬁQHBOCTL MHOTOMMITYJIbCHOTO BO3MYUIIC-
HUA MOXKET HAPYIIATHCA M ITPOLECC 3BOJTIOIINHA IIEPEC-
2021
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t

Puc. 8. Bzaumoneiictsre Tpex My ibcoB GNLS (cranmonapHasi cpena) mpu Y= —1, B = 0.25; ciy4aii cia6oit oTpuiaTenbHoi
HEJIMHEWHOCTH.
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t

Puc. 9. OrcyrcTBue B3anMoencTBrst uMitysibcoB GNLS (craunonapHas cpesa) ripu Y = —1, f = 0.05; ciyyaii orpuiarebHOi
HEJIMHEWHOCTHU.
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Puc. 10. DBosronust 2-UMITYICHOTO BO3MYIIEHUST B HecTannoHapHo#t cpeme pu Y= —1, f(#) = 0.5 w1 < 15u B(7) = 0.5[1 +

+ 0.2sin(2nz/15)] st £ >15; orpuiiatesibHasE HETUHEWHOCTbD.

XOOUT B HEYCTOMYMBEIII C MaJbIMUA NYJIbCALIVSIMU.
Takoii cinydyait MoxXXHO BuAeTh Ha pucyHke 10 (cp. co
cliy4aeM, IIpeJICTaBJIeHHBIM Ha puc. 9).

B yucneHHbIX 3KcIeEpUMEHTax ObUIO TaKXKe ycTa-
HOBJIEHO, UTO TIPU cJIa00ii OTpUIIATEILHOM HEJTMHEN -
HOCTHU, KOTJa YCJIOBUE YCTOMYMBOCTU BBITIOJHSIETCS,
mepexon OT YCTOMYMBOM SBOMIOLUUA K PEXUMY
YCTOMYMBBIX TITyJbcaliuii (OpU3epOB) HPOMCXOAUT
MpU YMEHBIIEHUNW HAYaJIbHOTO PACcCTOSIHUS S B Ha-
YaIbHBIX YCIIOBUsIX (5) Mexay umiryibcamu [Belash-
ov et al., 2019a; benaios u ap., 2019].

JleTalbHOMY YMCJIEHHOMY HCCIIEIOBAaHUIO 3amad
3BOMIOINN U B3anMoueiicTeusg 2D- u 3D- nmmyirb-
coB B Mojeau 3-GNLS nocssieHb! padoTsl [Belash-
ov et al., 2018b, 2019a, b; Belashov and Kharshiladze,
2019; benamos u ap., 2019, 2020].

3. BAKJIIOYEHUE

PestoMupyst pe3ynbTaTbl, OTMETHM CJIEAYIOIIEE.

1. MBI oOcyauau npo6yieMy 3BOJIIOLIMY U IMHAMU -
K1 HEOTHOMEPHBIX pellleHNIT 0000IIEHHOIO ypaBHE -
Hust NLS (ypaBHenust GNLS), kak yacTHOro ciaydast
cucteMmbl BK, a mumMeHHo: ycroitunBocTh 3D-penre-
Huii ypaBHeHus 3-GNLS 1 tTMuHaMUKY yCTOMYMUBBIX U

IT'’EOMATHETHU3M U ADPOHOMMUA

HEYCTOMYMBEIX pellieHnii ypaBHeHUsT NLS B crarimo-
HapHBIX U HECTAIIMOHAPHBIX Cpemax.

2. B pabote aHaIMTUYECKN MOJIYyYE€HBI YCIOBUS,
Pa3nessaIoIe KJIacChl YyCTOWYMBBIX U HEYCTOMYUBBIX
COJIMTOHOTIONOOHBIX pelieHuit ypaBHeHuss GNLS, u
HalIeHbl TOCTATOYHBIC YCIOBUS YCTOMYMBOCTU HE-
OIHOMEPHBIX PEIICHUIA.

3. [lokaszaHo, 4To maxe B npocTeiitieM 1 D-ciyyae
ypaBHeHUe GNLS uMeeT MIMpoKuii Kiaacc ycToiun-
BbIX WM KBa3UYyCTOMUYMBBIX PEILIEHWIA THUIIA COJUTO-
HOB U OpM3EpOB, a TAKXKE HEYCTOMYUBBIE MYJILCUPY-
IOIIME PEeLIeHUs, paCCeUBAaIOIIUECS] CO BpEMEHEM.

4. [TonydyeHHbIE aHATUTUYECKHE PE3YIbTaThI II0JI-
TBEPXKIEHbl YMCJICHHBIM MCCIEIOBAaHMEM CJIy4acB
YCTOWYMBOI 1 HEYCTOMYMBOM (C 0Opa3zoBaHUEM OpU-
3€pOB) 3BOJIOLIMY UMITYJIBCOB Pa3IMYHOM (hOPMBI, a
TakKe B3aMMOICHCTBUS 2- M 3-UMIYJIBCHBIX CTPYK-
TYp, IPUBOISIIETO K (hOPMUPOBAHUIO YCTOHUMBBIX U
HEYCTOMYUBBIX PEIICHUIA.

PNHAHCHUPOBAHUE PABOThI

PaGota BhITTOTHEHA 3a CYET CPEICTB CyOCUIVHN, BbIIE-
JIEHHOM B paMKax roCylIapCTBeHHOM mommepxku KazaH-
cKoro ¢eaepaqbHOrO0 YHUBEPCUTETA B LIEJISIX MOBBIILICHUS
€ro KOHKYPEHTOCITOCOOHOCTHM CpeIM BENYIIMX MHPOBBIX
Ne 2
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Hay4YHO-00pa30BaTeNbHBIX 1IeHTpPOB. PaboTta Oblna mom-
mepxana HammoHanpHBIM HaydHBIM GoHmoM ['py3un
uM. [lora PycraBenu (SRNF) (rpant Ne FR17 252).
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