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EKI 6JIIIEMAI KUPAJIb/bI CbI3bIKTbhI EMEC INPEAUHTEP TEHAEYIHIH
HAKTbI INEIIMAEPI

Anoamna
MateMaTuKanbIK (U3UKAHBIH CHI3BIKTEI eMec aepbec muddepeHnnanaslk TeHASYIepi  (U3UKaHBIH MaHBI3IbI
oObekrici Gousbin TabObimansl. OcbiHaal Oenrini TeHAeynepaiH Oipi — ch3BIKTHL emec lllpenunrep Tenaeyi Oobln
TaOBUIAJIBI, OJI TUIAPOJUHAMUKA, CHI3BIKTHIK €MEC OMNTHKA, KBAaHTTHIK MECXaHHWKA XOHE T.0. caianaplia KOJIaHbLIAbIL.
ChI3BIKTHI eMec JepoOec nuddepeHnnanapik TeHaeyIepiH HAKTHI MICIIIMICPIH 13716y ChI3BIKTHIK eMeC KYOBUIBICTap IbIH
JIMHAMHKACBIH 3epTTeY Ie MaHbI3bI pell aTKapansl. Kasipri yakpITTa HaKThI IIeIiMIepAl Ta0yIbIH KOIITEreH THIM/II XKoHE
3¢ dexTHBTI 9icTepi 6ap. byt xyMbIcTa 013 COMKEC ChI3BIKTHI €MEC MYIIIENIepi 0ap eKi oJIIIeM/Ii KHPaJIb bl ChI3BIKTHI €MEC
Ilpenunrep TeHaeyiH 3eprreiimi3. by TeHmey Oip emmemai ChI3bIKThI eMec [llpeauHrep TeHICYiHIH KEHErO1 OOJIBIT
TabbLIa bl JkoHe AbnoBui-Kayn-Heroamn-Cerypa uepapXusichl apKpLUIbl cHMaTTanaabl. HakTel miemiMaepai any yimiH
CHHYC-KOCHUHYC ojiici KonjaHbu1aapl. CHHYC-KOCHHYC 9JIiCi MaTeMaTHKalbIK (U3MKAHBIH CBI3BIKTHI eMec aepoec
mudepeHUaIIBIK TCHACYICPIHIH MemiMaepid TaOyaslH THIMAI MaTEeMaTHKAIBIK KYpaibl eKEHMIr KOepCeTLIreH.
ATBIHFaH MemiMAepAiH JMHAMUKACH CypeTTepe KopceTiie .
Tyiiin ce3mep: cuHyc-KOCHHYC ofici, KapamaiibiM audQepeHINanablK TeHACY, HepOec  TYBIHIBLIBI
nudepeHIMaIIbIK TeHASY, OCUCHI3BIKTHIK, IIpeaunrep TeHaeyi.
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TOYHBIE PELIEHUSA JIBYMEPHOI'O KHUPAJIBHOI'O HEJIMHEMHOI'O
YPABHEHMUS IHPEJIUHI'EPA

Henuneitnble nuddepeHnyanpible ypaBHEHHS B YacTHBIX INPOM3BOAHBIX MaTEeMaTHUECKOH (U3UKH SIBISIOTCS
Ba)XHBIM 00BEKTOM B (u3uke. OJHUM M3 N3BECTHBIX TAKUX YPaBHEHHH SIBIIsieTCSl HeIMHeHOe ypaBHeHue LlIpenunrepa,
KOTOPOE UMECT NNPUITOKEHNUE B TAKUX 001acTIX KaK TUApOJNHAMUKa, HeJIUHEeHas OIITHKA, KBAHTOBAas MCXaHUKa, U T. 1.
Ilouck TOYHBIX pELICHUM HENMHEHHBIX YPaBHEHUU B YACTHBIX IPOM3BOJHBIX UIPAET HEMAIYK pPOJIb B HU3YYCHUU
JUHAMHUKHU HEJIMHEHHBIX sIBJIeHUi. B HaCTOAIEEC BPEMA CYIIECTBYET MHOKECTBO I[eﬁCTBeHHBIX u 3(1)(I)CKTI/IBHBIX METOA0B
HAXOXKJCHUS TOYHBIX pelleHui. B maHHOW paboTe HCCIEAOBAaHO IBYMEPHOE KHPAIBHOE HEJIMHEHHOE ypaBHCHHE
Ipeaunrepa, KOTOPOE COJAEPKHUT COOTBETCTBYIOIIME HEJNWHEHHBIC WICHBl. DTO YpaBHEHHE SBIIIECTCS PaCIIMpPEHHEM
OJTHOMEPHOTO HeNuHeHoro ypaBHeHus lllpeaunrepa u onmceiBaercs uepapxueii A6mosuna-Kayna-Heroamma-Cerypa.
JUist mosydeHnsl TOYHBIX PEUICHUH NPHMEHEH MEeTOJ CHHyca-KocuHyca. [loka3aHo, 4TO METOJ CHHYyca-KOCHHYca
npeacTaBisieT co0oit 3¢pheKTHBHBIA MaTeMaTHUeCKHH WHCTPYMEHT JUIS TOMCKa pelIeHUs] HeJIWHEHHBIX YpaBHEHHH B
YaCTHBIX MPOM3BOAHBIX MaTeMaTHueckoi (pu3nku. JlnHaMuKa IOJIy4eHHbBIX peIIeHNH MpeAcTaBlIeHa Ha PUCYHKAX.

KaioueBble cjioBa: MeTO] CHHYyCa-KOCHHYCa, OOBIKHOBEHHOE n(depeHmansHoe ypaBHeHne, nuddepeHnnaisHoe
ypaBHEHHE B YaCTHBIX IIPOM3BOJIHBIX, HEIMHEHHOCTD, ypaBHeHUe LlIpeannrepa.

Abstract
EXACT SOLUTIONS FOR TWO-DIMENSIONAL CHIRAL NONLINEAR
SCHRODINGER EQUATION
Primkhan N.T.1, Syzdykova A.M. *", Shaikhova G.N.?
!L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

Nonlinear partial differential equations of mathematical physics are an important subject in physics. One of the well-
known such equations is the nonlinear Schrodinger equation, which has applications in such areas as hydrodynamics,
nonlinear optics, quantum mechanics, etc. The search for exact solutions to nonlinear partial differential equations plays
a significant role in the study of the dynamics of nonlinear phenomena. Currently, there are many efficient and effective
methods for finding exact solutions. In this paper, we study the two-dimensional chiral nonlinear Schrédinger equation,
which contains the corresponding nonlinear terms. This equation is an extension of the one-dimensional nonlinear
Schrodinger equation and is described by the Ablowitz-Kaup-Newell-Segur hierarchy. To obtain exact solutions, the sine-
cosine method is applied. It is shown that the sine-cosine method is an effective mathematical tool for finding solutions
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to nonlinear partial differential equations of mathematical physics. The dynamics of the obtained solutions is shown in
the figures.

Keywords: sine-cosine method, ordinary differential equation, partial differential equation, nonlinearity, Schrodinger
equation.

Kipicne

ChI3BIKTBIK €MeC DBOJIOIMS TCHICYJIEPIHIE 6Te MaHbBI3/Ibl POl aTKAPaThiH CBHI3BIKTHIK emec [lIpeaunrep
TeHJeyl THIPOAWHAMHKAIA, MOJEKYNalblK OWONOrHMAga, KBAaHTTHIK MEXaHUWKaJa KoHE T.0. KemTereH
KYOBUTBICTapAa TOJBIK KOMAaHbIC TanThl [1-2]. OChl yakbITKa ACHIH CHI3BIKTHIK €MeC TEHIACYJIEpIiH HaKThI
memiMiH Tady ol Jie CBI3BIKTHIK eMeC KYOBUIBICTapAblH JAMHAMUKACBIH 3€PTTEyJe ©T€ MAaHBI3IBI Pell
aTkapassl. COHFBI OipHeIIe OHKBUTABIKTA CHI3BIKTHIK €MeC TeHACYIEepAiH HaKThI MeNTiMIepi KapKbIHIBI TYP/Ie
3eprrengi. KongaHemaTelH Heri3ri oxicTep: Kepi mambipay oaici, JapOy Typrennipyi, Xupota OUCHI3BIKTEI
omici xane JIu omici [3-7].

Byt sxymeIcTa eki emmemti KupaiibIs! ChI3BIKTE eMec [penuarep Tenaeyin 3eprreiimis [8-10], om keneci
Typae Oepineni:

id, +a(dy +dy,) +il(7(ag, —a'a,) +7,(qdy —97g,)1q =0, 1)

MyHIarbl = (X, Y,t)— KOMIUIEKCTI (QYHKIHS, /,7,- TYpakTbl Kodpduumentrep. [8]-mi sxymbicta (1)
TEHICYIIH JKapbhlK XKoHe KYHTIPT COMUTOHIBIK MIEeTIiMAepi TYPAKTHl KOG (UIIMEHT 9IiciMeH anbIAFaH, [9]-mmi
KYMBICTa CUHTYJISIPIIBIK MEPUOJITHI HICNIIMi ChIHAK LICHIIM 9JIiCi apKbUIbl TaObLUTFaH, JIM CHMMETPHSICHI JKoHE
cakrary 3agnapsl [10] 3eprrenren.

3eprrey saicHamMachl

Exi-enmmemi kupanbael ChI3BIKTH emec Lllpeawnarep TeHneyiHiH HAKTHI MICUTIMACPIH aly YIIiH CHHYC-
KOCHHYC 9/1iCi KOJIaHBUI/IBI.

CHHYC-KOCHHYC 9JiCi-MaTeMaTUKAIBIK (U3MKAHBIH KONTEreH ChI3BIKTBIK eMeC JepOec TYBIHJbI
audhepeHIHaIIBIK TEHICYIIEPiH METYAiH THIMII dicTepiin 0ipi 6osbin Tabbutazsl [1, 11-15].

1. Cunyc-kocHHyc JIiCiHiH cMIIATTaMaChl
Byn Oemimme cuHyc-kocWHYC oficiHiH cumartamackl Oepinmemi [1, 11-15]. Jlepbec TywIHIBI
UG GepeHInaNIBIK TCHACY I

El(ut,ux,ux,uxx,uw,uxxx,..)z0, (2)
TOJIKBIH/IBIK aHHBIMAJIBI apKBLIBI
u(x,y,t) =u(é), & = (x+y—ct, 3)
KapanaiibiM nudGepeHIMaIIbIK TeHIEYTe TYpACHAIpyTre 0oaabl
Ez(u,u',u",u"',..)zo. (4)
An (4) kapanaiteiM muddepeHIuanIblK TeHACYAIH MemiMiH Keneci Typae Tadyra 60ma bl
u(x, y,t) = 1cos” (u&), ®)
HeMece
u(x, y,t) = Asin” (u&), 6)
MYHJAFHBI £4, € -TYpakThuIap. (5) TeHAeyaiH TybIHABIIAPHI Keneciiel anyra 60maabl
U'(ue ) = —ABucos” (ué )sin(ué), W
U (u§)=~2p% u? cos” (ug)+ 2u* B ~1)oos” *(uc), ®)
oHe (6) TeHAEYAIH TYBIHABUIAPEIH KEJIeCi TYP/Ie aTbIHAIbI
U (ug) = Apusin’™ (ug Jeos( &), 9)
U (g )= =A% sin’ (u& )+ A’ BB —1)sin” 2 (ué ) (10)
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(7)-(10) tenmeynepai KapamaitbiM auddepeHIMaNABIK TeHASYre KOiibim, Mmymenepi COS' (1) xone
sin r(,uf) OoNaThlH TPUTOHOMETPHUSUIBIK TeHACYJepiH anaMbl3. ComaH KeiiH f -Hbl aHBIKTAy YIIiH KOCHHYC
HEMeCe CHHYC JKYOBIHBIH JOPEKENIEpiH TEHECTIpil, mapaMeTpiepi aHbIKTaliMbI3. Opi Kapaii, 6i3 C0S' (u&)
HeMece sin“(,ucf) yurin Oipaeit mopexeneri Oapnblk kodpduunentrepai xuHaiiMbl3. benricis A xkoHe 4
apachIHIAFBI aNTe0pabIK TEHACYIIEp KYHECIH anbli, oaH K03 PpHUIreHTTep Al aHBIKTaMBI3.

2. CHHYC-KOCHHYC JTiCiH KOIIaHy
(1) nmepbec TywiHABI aupGHEepeHIMATIBIK TEHACYTe CHHYC-KOCHHYC OJMiCiH KOJJaHy YIIH Keleci
TYPJACHAIPYAl KOJJaHAMBI3

q — U(X, y’t)ei(ax+by+dt)’ (11)

MyHna a,b,d - typaktel kodddunuentep. (11) Terneyni (1) Tenaeyre KoubIm, Kelecifen aepoec TybIHIbI
g hepeHInaNIBIK TeHACYAl aJaMbl3:

iu, —du+a(u,, +2iau, —a’u+u,, +2ibu, —bu)+2(y,a+ y,b)u® =0. (12)
u(x,y,t)=u(é), £ =(x+y—ct) TypreHaipy apKbUibl KapanaibiM quddepeHnuanaplk TeHaeyre Keaemis
—icu'—du+ a(u"+2iau-a’u +u"+2ibu—b’u) + 2(y,a+y,b)u® = 0. (13)
JKorapbina TaObUIFaH TEHACYII HAKThI )KOHE XKopamall O6IIKTepre aXbIpaTy apKbUIbI KEJIeCl JKYHere KeieMis
—(d + 0@’ +ab®)u + 2au"+2(y,a+ y,b)u® =0, (14)
—CU'+2cau'+2obu’= 0. (15)
(15)-mi Tenmeyai O6ip peT HHTErpaIal )KaHe HHTErpalJaHFaH TYPAKThIHBI HOJIb JIETI CaHall, KeJeCi OpHEeKTi
TabambI3
c=2a(a+b). (16)

Ocninan coH (14) TeHaeyl CUHYC-KOCUHYC 9/IiCIMEH IIIeIIeMi3
—(d + 0@’ +ab®)u +2au"+2(y,a+ y,b)u’® = 0.
3epTTey HOTH:KEJIEPi

2.1 Kocunyc wiewimi
(14) Terneyniy KocuHyc nrerrimMid tady yiin (5) TypreHIipy KojiaHaMbI3

u(ué)=Acos” (ué), (17)

U (i) = =27 u” cos” (u )+ s’ B(5 ~L)cos” ™ (ug ) (18)

(17), (18) Terneynepai (14) TeHaeyre KOWBIN KeJeci Typeri TeHaey 1 TabaMbI3

—(d +aa’ +ab?)Acos” (ué) - 2B 1? cos” (ué)+ 2001 B(B ~1)cos” (& )+ 2(y,a+ y,0) A cos¥ (u£) = 0. (19)

Tene-tenik oaicin Konuanwin, (19) Terueyaeri cos” GyHKUMSCHIHBIH JOPEKENEPIH TEHECTIIM, f MOHIH
AHBIKTAHMMBI3
B—-2=38, onoa B=-1.

Korapeina Tabbutran [ MoHiH (19) Tenaeyre KoWbII, KeJeci TeHACYAl anaMbl3

—(d +0@? +ab?) A cos ™ (uE)— 20 A 11? cos ™ (uE)+ 2a il B —1)cos*(ué)+2(r,a+ y,b) A cos®(u&)=0. (20)
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Kocunyc ¢hyHkuusmapsiasiy opOip >KyOBIHBIH KOG (GHUIUEHTTEPIH TEHECTIPY apKbUIbI KeJleci TeHAeyep
KyHeciH TabampI3:

cos™: —(d +oa’® +ab*)A—2al’ =0, (21)
cos®: dalf +2(y,a+y,0) 2 =0. (22)

(21)- (22) Tenumeynep xyitecineH keseci ko3 UIMEHTEPAIH MOHIEPIH aHBIKTAWMbI3

(23)

\/—(d+aa2+ab2) \/d+aa2+ab2
= L A= T
2a ay, +by,

YKorapeina tabbutran Mouaepai (17) TeHOeyre Kolicak, oJlaH KeiiH anbiHFaH epHekTi (11) TeHaeyre Kol
eKi-eJIIIeM/Ti KHPaJIbabl CHI3BIKTHI emec LlIpennHrep TeHaeyiHiH HaKTH MeNTMIepid TabaMbI3

> P _ 2 2 ) d > +ab?
q = |d+ea’+ab sec\/ (d+aa’+ab®) \ o el(ax+by+dt),erep( toal+ad’) o oy
ay, +by, 20 2

2 2 2 2 2 2
e = \/ %SC'{\/ (O ) xay - Ct>}e“wk’“"°, erep 912 1A Lo (25)
1 2

MyHJAaFrbl C = 2a(a + b).
TaOburran (24) memiMHiH rpadukTepi Keneci cyperre kepcerinred (1-cyper).

2a

=5

Cypem 1. 0, (X, Y,1) wewiminiy ounamuxacw

mynoaenr a=0.15b=0.1d =-0.2,a =1y, =1y, =1.

(34) wemim OoiipiHIIa TpadUKTEp TOMEHIE KOPCETUIreH (2-cypeT).

-10 x -10 % -10

Cypem 2. U, (X, Y,t) wewiminiy ounamuxacet mynoaser a=0.1b=0.5,d =15 =1Ly, =1y, =1.
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2.1 Cunyc wewimi
(14) terneyniy cunyc menrimin Tady yurin (6) TypiaeHaipyai KojaIaHaMbI3

u(ug)= Asin” (ug), (26)

U (ug) =2 pi* sin (ug)+ A B8 ~1)sin * 2 (1), (27)
(26),(27) Tenneynepni (14) Terneyre KOWBII Kelleci TYpIeri TEHAEYAl TabaMbI3
—(d+aa® +ab?)Asin? (u&)—2aA B 1? sin? (uE)+ 2a i B —1)sin 2 (ué)+ 2(y,a+ y,0) 2% sin* (u&)=0. (28)

Byn Tenueyre Teme-TeHmik omiciH Koumawsin, (28) Termeyzeri Sin” GpyHKUMSACHIHBIH I9peKeIEpiH
TEHECTIpIIL, f MOHIH aHBIKTaHMbI3
L—-2=36, onga f=-1.
YKorapeina Ta0bbuIFaH [ MoHiH (28) TeHIIEyre KOWBIIN, Kelecl TEHACY Il ajJaMbl3

—(d +c@? +ab?) Asin (u&) - 22 1i? sin (&) + 2a 24 B(B —1)sin (1) + 2(y,a+y,0) 2 sin = (uE)=0.  (29)

Cunyc GyHKUMSUTapBIHBIH 9pOip >KYOBIHBIH KOX(QQUIMEHTTEPIH TEHECTIPY apKbUIBI Keleci TeHAeylep
KYHeciH TabaMbI3:

sin: —(d +c@? + adb?) A — 20442 =0, (30)
sin ;Ao +2(y,a+ y,b)A° =0. (31)

(30)- (31) Tenumeynep xyiiecineH keieci ko3 UIMEHTEPAIH MOHICPIH aHBIKTAWMbI3

2 2 2 2
#:\/_(d+0‘a +ab ), gz\/w_ (32)

2a ay, +by,

JKorapbia TaObuTFan MoHIEP I (26) TeHACYTe KOMCaK, 0JlaH KeiiH ajibiuFaH opHekTi (11) TeHaeyre KOsl
eKi-eJIIIeM/Ti KHPaJbabl CBI3BIKTHI eMec LlpennHrep TeHaeyiHiH HaKThI MENTiMIepiH TabaMbI3

2 2 - 2 2 : d +aa’® +ab?
q, = wcosec (d+oa +ab )(x+y—ct) g' @+ “erep (d+ A )<0, (33)
21
ay, +by, 200 2a

2 2 _ 2 2 ) d 2 4 ab?
q22 =\/w CSCh{\/ (d +oa’ +ab )(X+ y_Ct)]e|(ax+by+dt) , erep ( +oaa” + ) >0’ (34)

ay, +by, 2a 2a

MyHJaFrbl C = 2a(a + b).
Tabburran (33) nrenriMHiH rpaduKTepi Kesieci cypeTTe KkepceTireH (3-cyper).

Cypem 3. U,, (X, Y,t) wewiminiy ounamuxacwt mynoasor

a=05b=01d=-02a=Ly, =Ly, =1
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(34) wemim OoiibiHIIa TpadUKTEp TOMEHIE KOPCETUITeH (4-cypeT).

t=0 =9

Cypem 4. Q,, (X, Y, t) WewiMIHIK OUHAMUKACDL
mynoaenr a=0.15b=0.1,d =05 =1y, =1y, =1

KopbITbIHABI

MaTtemaTuKaiblK (PU3NKAaHBIH CBI3BIKTHI eMec aepOec AuddepeHIalIbK TeHAeYJIepl Ka3ipri yaKbpITTa
¢u3uKaHblH MaHBI3AB Oemiri 6oibim TaOeuTyaa. Ockl peTTe CHI3BIKTHI eMmec JiepOec anuddepeHInanIbK
TEHICYNEePAIH HaKTHl IIENIIMJEPIH 134y CBHI3BIKTBIK €MeC KYOBUIBICTapAblH TUHAMHKACHIH 3epTTeyIe
MaHBI3/Ibl POJI aTKapajbl. byJl KYMBICTa €Ki-eJIeM]li KHpaJIbJbl ChI3BIKTHI emec lllpenuHrep TeHICYiHIH
HaKThI Ienrmaepi Tadpuiabl. HakTel memiMaepai Tady YIIH KOCHHYC-CHHYC 9JIiCI KOJNJIAHBUIABL. 3epTTey
HOTIDKECIHIE KOCHHYC-CUHYC SIICiH MailataHa OTHIPHIN COUTOHIBIK, IEPHOTHI IIemiMaep Tabsutasl. Maple
OarmapiaMachiH/a anblHFaH memiMaepaiy 3D rpadukrepi TYpFeI3bUABL. by menriMaep keidip GpusukaHbIH
JKOHE MaTeMaTHKaHBIH ITPAKTUKAIBIK €CENTePIHAC KOIAAHbUTYbl MyMKiH. COHIali-aK OYJI 9/1iC CBHI3BIKTHIK €MEC
TeHJEYyJIepre KOJIIaHbLTYbl MYMKIH.

3epmmey orcymuicor Kazaxeman Pecnyonuxacer Binim oicone viivlm munucmpiiel folivim Komumeminiy
arcobacwl ascvinoa oauvinoanzan (KTH owcobacer: AP09057947).

Tatioananvinean a0ebuemmep mizimi:

1 Wazwaz A., Partial differential equations and solitary waves theory.// Springer. 2009, P.746.

2 Yesmakhanova K., Nugmanova G., Shaikhova G., Bekova G., Myrzakulov R. Coupled dispersionless and
generalized Heisenberg ferromagnet equations with self-consistent sources: Geometry and equivalence. // International
Journal of Geometric Methods in  Modern  Physics.  2020. Voll7, MNe 7. P. 2050104.
https://doi.org/10.1142/50219887820501042

3 Serikbayev N.S., Shaikhova G.N., Yesmakhanova K.R., Myrzakulov R. Traveling wave solutions for the (3+1)-
dimensional Davey-Stewartson equations. //Journal of Physics: Conference Series (1) 1391. 2019. P.012166.
http://doi.org/10.1088/1742-6596/1391/1/012166

4 Burdik C., Shaikhova G., Rakhimzhanov B. Soliton solutions and travelling wave solutions for the two-dimensional
generalized nonlinear Schrodinger equations.// European Physical Journal Plus. 136:1095. 2021. P.1-17.
https://doi.org/10.1140/epjp/s13360-021-02092-6

5 Kutum B.B., Yesmakhanova K.R., Shaikhova G.N. The differential-g-difference 2D Toda equation: bilinear form
and soliton solutions. //Journal of Physics: Conference Series 1391. 2019. P.012122. https://doi.org/10.1088/1742-
6596/1391/1/012122

6 Bekova G., Shaikhova G., Yesmakhanova K., Myrzakulov R., Darboux transformation and soliton solution for
generalized Konno-Oono equation.//Journal of Physics: Conference Series 1416. 2019. P. 012003.
https://doi.org/10.1088/1742-6596/1416/1/012003

7 Shaikhova G.N., Rakhimzhanov B.K., and Zhanbosinova Zh.K., Travelling wave solutions for the generalized
nonlinear  Schr'odinger equation //Journal of Physics: Conference Series, 2090. 2021. P. 012062.
https://doi.org/10.1016/j.ijle0.2019.05.026

8 Biswas A., Chiral solitons in (I + 2) dimensions. // Int. J. Theor. Phys.. 2009. Ne48(12). P. 3403-3409.
https://doi.org/10.1007/s10773-009-0145-4.

9 Eslami M., Trial solution technique to chiral nonlinear Schrédinger’s equation in (I + 2)- dimensions, Nonlinear
Dyn., 2016. Vol. 85. P.813-816, https://doi.org/10.1007/s11071-016-2724-2.

10 Mao J., Tiana Sh., Zhang T., Yan X., Lie symmetry analysis, conservation laws and analytical solutions for chiral
nonlinear Schrédinger equation in (2 + 1)-dimensions. Nonlinear Analysis: Modelling and Control, 2020. Vol. 25.Ne 3,

37



https://doi.org/10.1142/S0219887820501042
http://doi.org/10.1088/1742-6596/1391/1/012166
https://doi.org/10.1140/epjp/s13360-021-02092-6
https://doi.org/10.1088/1742-6596/1391/1/012122
https://doi.org/10.1088/1742-6596/1391/1/012122
https://doi.org/10.1088/1742-6596/1416/1/012003
https://doi.org/10.1016/j.ijleo.2019.05.026
https://doi.org/10.1007/s10773-009-0145-4
https://doi.org/10.1007/s11071-016-2724-2

BECTHHUK KaszHIIY um. Abas, cepus « Quzuxo-mamemamuyeckue naykuy, Ne3(79), 2022 2.

P.358-377. https://doi.org/10.15388/namc.2020.25.16653.

11 Yusufoglu E., Bekir A., Solitons and periodic solutions of coupled nonlinear evolution equations by using Sine-
Cosine method. //International Journal of Computer Mathematics. 2006. Vol. 83(12). P. 915-924.
https://doi.org/10.1080/00207160601138756

12 Wazwaz A.M., A sine-cosine method for handling nonlinear wave equations. //Mathematical and Computer
Modeling. 2004. Ne 40(5). P. 499-508. https://doi.org/10.1016/j.mcm.2003.12.010

13 Shaikhova G.N., Kalykbay Y.S., Exact solutions of the Hirota equation via the sine-cosine method. // Becmnux
FOoicno-Ypanvckozo ynusepcumema. Cepus « Mamemamuxa. Mexanuxa. @usuxay. -2021.-Ne3(13). — C. 47-52.

14 Shaikhova G.N., Syzdykova A.M., Daulet S., Exact solutions of the the generalized nonlinear Scrodinger equation.
Il 2Kypnan «Mamemamuueckas ¢husuxa u komnviomepnoe modenuposanuey. -2021. Ne3(24). — C. 18-25.

15 Shaikhova G.N., Rakhimzhanov B.K., Traveling wave solutions for the extended modified Korteweg-de Vries
equation. // Becmnux Hayuonanvnot unscenepnou axademuu PK. -2021. -Ne4(82). — C. 197-203.

References:

1 Wazwaz A.,Partial differential equations and solitary waves theory.// Springer. 2009, P.746.

2 Yesmakhanova K., Nugmanova G., Shaikhova G., Bekova G., Myrzakulov R. Coupled dispersionless and
generalized Heisenberg ferromagnet equations with self-consistent sources: Geometry and equivalence. // International
Journal of Geometric Methods in  Modern  Physics. 2020. Voll7, MNe 7. P. 2050104.
https://doi.org/10.1142/50219887820501042

3 Serikbayev N.S., Shaikhova G.N., Yesmakhanova K.R., Myrzakulov R. Traveling wave solutions for the (3+1)-
dimensional Davey-Stewartson equations. //Journal of Physics: Conference Series (1) 1391. 2019. P.012166.
http://doi.org/10.1088/1742-6596/1391/1/012166

4 Burdik C., Shaikhova G., Rakhimzhanov B. Soliton solutions and travelling wave solutions for the two-dimensional
generalized nonlinear Schrodinger equations.// European Physical Journal Plus. 136:1095. 2021. P.1-17.
https://doi.org/10.1140/epjp/s13360-021-02092-6

5 Kutum B.B., Yesmakhanova K.R., Shaikhova G.N. The differential-g-difference 2D Toda equation: bilinear form
and soliton solutions. //Journal of Physics: Conference Series 1391. 2019. P.012122. https://doi.org/10.1088/1742-
6596/1391/1/012122

6 Bekova G., Shaikhova G., Yesmakhanova K., Myrzakulov R., Darboux transformation and soliton solution for
generalized Konno-Oono equation.//Journal of Physics: Conference Series 1416. 2019. P. 012003.
https://doi.org/10.1088/1742-6596/1416/1/012003

7 Shaikhova G.N., Rakhimzhanov B.K., and Zhanbosinova Zh.K., Travelling wave solutions for the generalized
nonlinear  Schr’odinger equation //Journal of Physics: Conference Series, 2090. 2021. P. 012062
https://doi.org/10.1016/j.ijle0.2019.05.026

8 Biswas A., Chiral solitons in (I + 2) dimensions. // Int. J. Theor. Phys.. 2009. Ne48(12). P. 3403-3409.
https://doi.org/10.1007/s10773-009-0145-4.

9 Eslami M.., Trial solution technique to chiral nonlinear Schrodinger’s equation in (1 + 2)- dimensions, Nonlinear
Dyn., 2016. Vol. 85. P.813-816, https://doi.org/10.1007/s11071-016-2724-2.

10 Mao J., Tiana Sh., Zhang T., Yan X., Lie symmetry analysis, conservation laws and analytical solutions for chiral
nonlinear Schrodinger equation in (2 + 1)-dimensions. Nonlinear Analysis: Modelling and Control, 2020. Vol. 25.Ne 3,
P.358-377. https://doi.org/10.15388/namc.2020.25.16653.

11 Yusufoglu E., Bekir A., Solitons and periodic solutions of coupled nonlinear evolution equations by using Sine-
Cosine method. //International Journal of Computer Mathematics. 2006. Vol. 83(12). P. 915-924.
https://doi.org/10.1080/00207160601138756

12 Wazwaz A.M., A sine-cosine method for handling nonlinear wave equations. //Mathematical and Computer
Modeling. 2004. Ne 40(5). P. 499-508. https://doi.org/10.1016/j.mcm.2003.12.010

13 Shaikhova G.N., Kalykbay Y.S. (2021) Exact solutions of the Hirota equation via the sine-cosine method // Vestnik
Juzhno-Ural'skogo universiteta Serija «Matematika. Mehanika. Fizika», Ne3(13), 47-52. (In Russian)

14 Shaikhova G.N., Syzdykova A.M., Daulet S. (2021) Exact solutions of the the generalized nonlinear Scrodinger
equation // Zhurnal «Matematicheskaja fizika i kompjuternoe modelirovanie, Ne3(24), 18-25. (In Russian)

15 Shaikhova G.N., Rakhimzhanov B.K. (2021) Traveling wave solutions for the extended modified Korteweg-de Vries
equation // Vestnik Nacional'noj inzhenernoj akademii RK., Ne4(82), 197-203. (In Russian)

38



https://doi.org/10.15388/namc.2020.25.16653
https://doi.org/10.1080/00207160601138756
https://doi.org/10.1016/j.mcm.2003.12.010
https://doi.org/10.1142/S0219887820501042
http://doi.org/10.1088/1742-6596/1391/1/012166
https://doi.org/10.1140/epjp/s13360-021-02092-6
https://doi.org/10.1088/1742-6596/1391/1/012122
https://doi.org/10.1088/1742-6596/1391/1/012122
https://doi.org/10.1088/1742-6596/1416/1/012003
https://doi.org/10.1016/j.ijleo.2019.05.026
https://doi.org/10.1007/s10773-009-0145-4
https://doi.org/10.1007/s11071-016-2724-2
https://doi.org/10.15388/namc.2020.25.16653
https://doi.org/10.1080/00207160601138756
https://doi.org/10.1016/j.mcm.2003.12.010

