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METOJA AOCILIZKEHHSA BATATOCOJIITOHHUX PO3B’S3KIB
PIBHSIHBb TUITY KOPTEBEI'A AE-BPI3A HA OCHOBI
T-IPEACTABJIEHD

Peztome. 3anpononogano Hoguil nioxio 00 3HAXOONCEHHS. YACMKOBUX PO38 53KiG OupepenyianbHux
DIBHAHb V' YACMUHHUX NOXIOHUX, SAKI MOOeniolms O00UHOYHY Xeuno. Bionogionuii nioxio epynmyemvcsi Ha
suxopucmanti T-npedcmasnenv po3e’szkie. Ha yiti ocHogi 3naui0eHO HOBUI KIAC CONMOHHUX PO38 A3KIG
pisnanns Kopmeegeea Oe-Bpiza ma 0ogedeno, wo gioomuii conimon pienanus KoB ¢ uacmkogum eunaoxom
3aNPONOHOBAHO20 HAMU NPEOCMAasieHHs. 3anponoHo8anuil Memood Modce OVmuU 3acmoco8anutl i 00 IHULUX
ougpepenyianvhux pisenans. I1ioxio, wo epynmyemovcs Ha ocHosi T-npedcmagienv po3e si3Kie, MaKoxIC Mooice
oymu gukopucmanuti OJisi 3HAXO0O0JCEHHs. OA2amMOCONIMOHHUX pO38’A3Kig. VY pobomi 3anponoHo8aHo memoo
00CiOHCeH s 83AEMOOI] OOUHOYHUX X8UNb. BiOnogioHull mMemoo npooemMoHCmpOo8aHo HA NPUKIAOI PIGHAHHS
Kopmeseza oe-Bpiza ma ompumano 080conimoHHUll po3g ’a30K ybo2o pieHAHHA. Memoou, 3anpononosawi 8
Oaniil pobomi, MoX*Cyms CmMamu OCHOBOI OJis QOCNIOHCEHb OOUHOUHUX X8UNb MA CONIMOHIE Y PAMKAX THULUX
Modenell, o ONUCYIOmbCs cucmemMam OupepeHyianbHuxX Pi6HAHb Y YACMUHHUX NOXIOHUX.

Knwuoei croea: conimon, bazamoconimonHuii po3a a30k, 8i0okpemaeHa xeuns, pisHanusa KoB.

A. Bomba, Y. Turbal

METHOD FOR STUDING THE MULTI-SOLITONE SOLUTIONS OF
THE KORTEWEG DE-VRIES TYPE EQUATIONS BASED ON THE
T-TRANSFORMATION

Summary. In recent years the investigation of separated waves plays an important role in many
applied scientific fields. Travelling wave solutions can describe various phenomena in fluid mechanics,
hydrodynamics, optics, plasma physics, solid state physics, biology, meteorology and other fields. There are
many models proposed to describe the physical phenomena of separated waves existence and variety of methods
has been proposed to construct the exact and approximate solutions to nonlinear equations. In this paper, we
propose a new technique of finding the PDE’s traveling wave solutions, which are based on the T-
representation. This generalized representation of solutions has the advantages of classical 6-solitons in terms
of their independence from the shape and profile, however, allowed to obtain limited smooth solution that
simulates solitary waves.This technique guarantees isolation of a solution and allows to investigate the
infinitesimal properties. Using T-representation method we found a new class of KdV solution, which simulate
solitary wave and proved that well known KdV solution is a special case of our generalizations. The proposed
method can be applied to finding solutions of a wide class of differential equations in partial derivatives in the
form of solitary waves . T-representations can be useful for the investigation of multi-soliton solutions. Method
for studying multi-soliton solutions is demonstrated on the example of KdV solutions. Multi-soliton solutions are
represented as the sum of the T-representations with variable amplitudes. In this case, there are exact solutions
for the amplitudes of the perturbations in special areas, which are determined by the maximum of perturbations.
Problem of searching the perturbation amplitude is reduced to the Cauchy problem for some initial conditions.
Changing conditions for maximum localization of perturbation we cover the area of solitones intersection by a
system of curves, where exact solutions for the amplitude functions are found. For an approximate description of
the waves interaction quite a few curves are needed. This approach allows to consider different laws of waves
motion and simulate their amplitude in the region of intersection. An example of computer simulation is
presented in this paper.
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ITocTanoBka mpo6Jemu BinokpemiieHi XBuii, ki 37aTHi 30epirata cBorO GopMy Ta
XapaKTepUCTUKN TIPU TOIIUPEHHI HA 3HAYHI BiJICTaHi, € 00’€KTOM BHBUYEHHS y OaraThox
rajgy3sx TEOPeTHYHUX Ta TWPUKIAIHAX HAYKOBUX JOCHIDKeHb. OCTaHHIM YacoM iX
JOCIIDKYIOTh TEOPETHYHO Ta EKCIEPHUMEHTAIBHO, PO3POOJISIOTECS HOBI MOJEII IPOIECiB
MOIMUPEHHS BIJOKPEMJICHHX XBWJIb Ta COJITOHIB. [/ JOCTiIKEHHS COJITOHIB Ta IX
B3aEMOJIIl PO3POOJIEHO HHU3KY CHEIIaIbBHUX METOMIB, IO JO3BOJSIOTH OTPUMYBATH n-
COJITOHHI po3B’s3KU. OJHAK aKTyaJbHOIO MPOOJIEMATHUKOIO € PO3pOOJICHHs yHIBepCalbHUX
IIXOIB TS JOCITIDKEHHST B3a€MOJIINA BiJIOKPEMIICHUX XBHJIb, OCOOJIMBO y BHITAJIKaX, KOJN
PIBHSHHS HE BJA€ThCS NPOIHTErpyBaTH 3a JOMOMOIOK0 METOAy oOOepHeHOi 3anadi
pO3CiIOBaHHS.

AHaJIi3 0CTaHHIX J0C/TiZKeHb i myOaikaniii. [cHye 6araTo Mozenel, 0 ONUCYIOTh
MIPOIIECH TOMMPEHHSI BiIOKPEMIIEHIUX XBHJIb T4 METOJIIB TOYHOTO 1 HAOIMKEHOTO PO3B’S3KY
MoJlenbHUX audepeHnianbHuX piBHAHB. JloOpe Binmomi piBHsiHHS KopreBera ne-Bpiza, siki
OIMCYIOTh TPOIECH TIOIIMPEHHS BIJOKPEMJICHMX XBWJIb Ha MUIKIA BOJI Ta HH3Ka iX
y3arajibHeHb. 30KpeMa, pO3TIISAINCh Y3aralbHEHHS BULY

ul +(a+ﬁup)upux +W.XX.X :0 ([10]); Z'll‘ +6uux +uxxx +uxxxxx ZO([II]);
=0 ([110); u, =u.. +10uu . +20uu_ +30u’u, ([12]);

u, + auzux +buu,, +cuu, +du 7.

u, +uu, +u,, =—ou, — pu,.. (piBEIHHESI KypamoTo-CuBammucskoro-KaB, [13]);
u

u

XXXXX XXXXX

,tuu, +u —u_ . =0 (piBHsHHS KaBaxapw, [14]);u, +vuu +u  +ou  +w .. =0 ([9]);

,tuu, +au + Pu +w,. =0 (piBasHHES KnB-broprepca-Kypamoro, [9]) Ta HE3Ka iHINX.

[{i piBHSHHS MOJENIOIOTH HHU3KY SIBHIN, TAaKMX, SK HECKIHYEHHO JOBI1 XBWIJi B
cTpatu(iKoBaHii BOJII OKeaHy, aKyCTHYHI XBUJI B KpUCTATIYHIN permiTii Ta iHmi. OcTaHHIMA
pokamu po3poOJICHO HU3KY METOIB 3HAXOKEHHS PO3B’SI3KIB THUITY Oi%Ky4ol XBHJII, TAKHUX, 5K
MeTo)r oOepHeHOI 3amadi  po3citoBaHHS [17], MeTomm mepeTBopeHHS bekiyHna,
tpanchopmaniii  lapOy, tanh-meron Ta #oro Mmoaudikaiii, MeTOJ Yy3arajJbHEHHUX
rinepOomiyHuX (QYHKITIHA, METO BiJIOKPEMJICHAX 3MiHHUX, METO]T €KCITOHEHT.

Metoro po6oTm € po3poOJeHHS HOBOTO METONY 3HAXOMKEHHS  PO3B’S3KiB
madepeHmiaTpHuX piBHSHL TUITY KopTeBera ne-Bpiza, o MoJIefor0Th MPOoIecH MOITHPEHHS
BiJIOKPEMJICHUX XBHJIb COJIITOHHOTO THIY, @ TaKOX 3arajbHOi METOIMKH JIOCIiIKEHHSI
COJIITOH-COJIITOHHUX B3a€MOJTii.

ITocranoBka 3amaui. Hexaii maemo audepeHIiaabHe pIBHSIHHS B YaCTHHHUX
MOXITHUX BH]LY

ou(x,t) ou(x,t)
o =~ ox

Ou(x,t)  0"u(x,1)

F t,x, seees
( o’ ox”

)=0, (1

>

ne u(x,t) — HeBimoma QyHkiis, F —moniHoM. CTOITh 3aBIaHHS 3HAUTH PO3B’S3KH PIBHSIHHS
(1), sKi MarOTh COJIITOHHY CTPYKTYpPY, TOOTO € JIOKaTi30BaHUMH B IIPOCTOPI PYXOMHUMHU
30ypeHHsIMU.

OmHUM 3 BIIOMHX METOJB JOCIiPKEHHS BiJOKPEMIICHUX XBHIIb € METO]I TOIIYKY
pO3B’SI3KYy, SKHA € HECKIHYEHHO-TOHKHAM O -COJITOHOM. Ilim o -CONTOHOM pO3YMIIOTh
¢yukmito Buxy w((x—v(t))/ g)=Ced(x—v(t))+O0(g"), ne &— mamuii mapametp; O(x) —
nenbra-QyHkiis Jlipaka, C — geska craja, IO € CJIAOKAM aCHMITOTHYHHM PO3B’SI3KOM
piBHsHHS (1). BukopucraHHs O -CONITOHIB y PpO3yMiHHI iX ACHMMITOTUKA MAa€ CYTTEBI
IepeBard y IMOPIBHSHHI 3 1HIIMMH METOJaMH 3HAXOJDKCHHS TOYHHX PO3B’S3KiB, OCKIJIBKA
JI03BOJISIE HE BpaxoByBaTH (opMmy mpodimo xBuiai. OIHAK BUKOPUCTAHHS Yy3aralbHEHUX
(GYHKIN K MOJIeNIel TIPOIECiB MOMMUPEHHS BiJOKPEMJICHIX XBHIJIb Ta X B3a€MOJIiNl BUMarae
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crerianbHOl (Pi3udHOI THTepmpeTarlii pe3yJbTaTiB Ta Ma€ TEBHI OOMEXKEHHsS, 30KpeMma y
3aCTOCYBaHHI BiJIIIOBITHOTO MaTeMaTHYHOTO anapaTy B 0araTOBUMipHOMY BHIIAJIKY.

ToMy BUHWKIA HEOOXIJHICTE y  pPO3pOOJIEHHI JESIKOr0  y3arallbHEHOTO
MIPEJICTABJICHHS PO3B’S3KiB, siIke O Majo TepeBard KJIACHYHUX O -COJITOHIB Yy YacTHHI iX
He3aNeXKHOCTI Bifg (opmum mpodimto i, BoJHOYAC, O3BOJISLIO OTPUMYBATH OOMEKEHUUH
TIIAJIKAR PO3B’SA30K, [0 MOJICITIOE BiTOKPEMIICHY XBHJIIO.

3naxomkenns po3B’s3ky piBHsaHH KaB y ¢opmi T-mpeacraBiaenns. Hexait
X(t) — pyHKIis, M0 onKcye MakCUMyM 30ypeHHs. BusHaunmo (yHKIIiTO, 1110 onucye Gopmy

xBuI y BUrsai exp(—g(x—Xx(¢))), ne g(x) — mocratHpo riaaaka (QyHKIIiS, 0 3a0BOJILHSIE
YMOBH

()20, g(0)=0,¢"(0)=0.i=13 .g"(0)20. )

OueBunHO, mo (yHKIiS ¥ exp(—g(x—X(f))/ &) Moxe ommcatd AojaTHE 30ypeHHS
OyIb-sik01 hopMU, Jie ¥ € aMILTITYI0I0; £ — MapaMeTp, 0 BU3HAYAE JIOKaIi3aIlio 30ypeHHs.
B maitnpocTtimomy Bunaaky GyHKIs g(x) € Miporo, 110 BU3HAYeHA Ha MHOKHHI iHTEPBAIIiB

B R'. € cenc y BBaxkatu (yHKIicIo yacy. Huxde mykaTuMeMo po3B’si3KH piBHsHB Buy (1)
y Bursiai T-npeacraBieHb

u(x,t) =y()exp(-g(x —x(1)/&). 3)

AHAJIOTIYHO JIUIS CUCTeMH TU(PEPeHIIaTbHIX PIBHIHB

My gm0 0y =1k,

x, 2oy (RS L LR L L

1 1
F(t,x,....x u®, u?

n>>r 2% x o°

sl
PO3B’SI30K OyZeMO 3HAXOIUTH Y BUTIISII
@, u® e ") = (O, 1y O seer 7, (O) W (X, Xy s X, 1)

e W(x,,%yss X, 1) = eXp(— (X}, X5 50 X,,), (6, (), X, (£)s.... X, (1)) €) 5 p(a,b)— byHKIIS MipH,
BH3HAauUeHa Ha MHOXUHI iHTepBaniB{[a.b],a,be R"}; (u(a,p)=0 upun a=p), v, ().
w,(1), ..., y,(t) — ammmTynHi OJyHKOI; ¢ — @apaMeTp JIoKauizamii 30ypeHHs;
X, (1),%,(t),...,X,(t) — QYHKIII, 1[0 BU3HAYAIOTH TPAEKTOPiIO 30ypEHHSL.

Po3rnsiHemo BiAnoBiAHMHN Miixia Ha npukiazi piBHsHHS KB

u, +6uu, +u, =0. “

3Hax0MMO Horo po3B’si3ku y Gopmi (3). OTpuMyemMo

ux =—Mu =77u, e 77 = _M’
g £
uy, =0+, =nu+n'u= (0, +1°u;
Uy = (1 + 200 u+ (1, + 07 )qu = (17, + 301, + 1’ Ju : (%)

U, = (7 () (1) +g'("+’7(’))? Oy =00 7)1 (.

[Tincransroun (5) B (4), OTpUMyEMO
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'O y(@) =X (O))u + 6unu + (., +3nn, +7Hu=0,
(7'(f)/7(t)+wz(;))u_6wuz _
€ P
(6)

_gvn(x_)?(t))u+3gv'(x__)7(t)) g'(x_-;(t))u_(g'(x—f(t))j:/l:O
£ & & ¢ |

Hexait x—X(t)=0. Toxi, BpaxoBytouw (1), 3 piBHSIHHS (6) OTPEMYEMO YMOBY
y'(O)/y(t)u=0.
OTxe, MOXkeMO c(OpMYJIIOBATH TpHUBiaJIbHE TBEPKECHHSI.
Teeprkennss 0. Po3p’s3ku piBHsHHA KaB Tumy Oiky4doi XBHWIII MalOTh CTaly
aMILTITYTY.

3 piBHSHHS (6) OTPUMYEMO

— %" (Ou +6unu + (1, +3nn,+7 Ju =0,

g'(x=X(x,1)) % (-6 g'(x=Xx(t)) S g"'(x—)?(t))u+3 g"(x=x()) g'(x—)?(t))u_
£ ! £ € € £

N3 (N

_(M) y=0

g

— %" (O)u + 6unu + (17, + 3017, + 77 Yu + (1, +100,17,, + 5077, +157 77 +100°n,, +
+107°n, +17)u =0.

Piusaus (7) BU3Havae 3aranbHi yMOBH Ut QyHKIINH g(x) Ta X(f) y mpelncTaBieHHi
(2). ChopmynroeMo HACTYITHI TBEPIKSHHSI.
Teepmxenns 1. Heckinuenno-mupokwuii comiton (3) (limu(x,?)) € tpuBiagpHuM
E—>0

po3B’si3koM piBHsSHHS KiB.
HiticHo,

imECTO) ¢ () (LOFW) g E0) g G T0) g0
(el g g g g g

+g'(x——)~c(x,t)))~c (x,t)—(g'(x_—?c(x’t))j (1-%,(x,0))u =0,
- €

XXX

limu(x,t) =y.

Teepmxennss 2. Heckindenno-toukuii comiton (3) (limu(x,f)) € po3s’s3kom
g0

piBastHHES KnB.
TBepKeHHs BUTUIUBAE 31 CITIBBIIHOIICHD

lim (

>0+

FE-F0) ¢ () (8E-FW)
g ' g

+(_ g"'(x—f(l‘)) +3 g"(x—%(l‘)) g'(x—)?(t)) _(g'(X—)?(l‘))I)u = 0,
€ € ¢ ‘
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lim exp(—y° /)l e = lim exp(—y°/g)/ e’ = lim exp(—y°/g)/g’ =0,
lim exp(-y°/€)/ & = lim exp(—y°x)x = lim x/exp(y°x) =0.
Posristnemo Bunanok, ko x(x,1)=vt. Toxai 3rigHo (7) MaTuMeMo:

_g(x—vr)

' _ ' _ " _ " _ ' _ ' _ 3
g'(x vt)v_6g (x—wvr) e ¢ - g"'(x—vt) 138 (x—=vt) g'(x—v1) _(g (x vt)j ~0.(8)
g g g g g g

Hexait g(x)/&=g(x), x—vt=y.Toxi 3 piBHsHHI (§) OTpUMyEMO

2" (1) -38" ME M +E M) &' (1) +68' (e = =0.
A B pesyibTarti miacTanoBok g'(y) = p(g), W= p’ OCTaHHE PIBHSHHS 3aNHAIIEMO Y

BUTJISLAL
W'/ 2=3w/24+w=v—6 F . 9)

3arajpHUE po3B’ 130K PiBHIHHSA (9) Mae BUTIISAT
— -8 28 g
w=b-2p"f+Ce* +C,e".

Tomi 3a ymoB b—2je® +C,e® +C,e® >20,h-2y+C,+C, =0 Ta (2) MOKeMO
BU3HAUUTH QYHKILIO €()), K po3B’ 130K 3a1adi Komri

g'(y) = sign(yWb—2pe " +Cie* +Ce?, (10)
§(0)=0.

[Toxaxxemo, 110 BiToMU#t cOMTOHHUN po3B’s130K [17] piBusiHHS KnB
u(x,0)=2x"ch” y(x -4t — ) (11)

€ YaCTKOBUM BHITaJIKOM IPEJICTaBICHb (3), Ie ¥, ¢ — JAesKi mapaMeTpH.
Hiticro, moknasom B (10) C, =C,=0,a=0, matumemo v=2y. Toxai 3amaay (10)
3anumemMo y Gpopmi

g =+v-ve®, g(0)=0. (12)
Bpaxosyroun (11) ta (2), orpumaemo
277 (y(x—41°t— )= vexp(-g(x—vt—))/2.

Tomi
g(x—vt—@)=2Inch( y(x—vt —@)) (13)
abo
gy)=2Inch(py). (14)
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2 ysh( )

Judepenuiroroun g(y) mpu v = 44", orpumyemo g'(y)= -
ch( )

[Tincrasnsroun (14) y npaBy wactuny (12), orpumaemo

20 sH ()] i () == 28 ) W 1) = &' ().

MeTtoa noc/tizkeHHs 6araTocoTiTOHHUX B3aeMoiii Ha ocHOBI T-npeacTaBiieHb.

Hexait u,(x,t)=y, exp(-g,(x—X,(¢))/&,),i =12 — TouHi po3B’s3ku piBHAHHI K1B.
3rimHo 3 TBep/ukeHHsM (, BIAMOBIMHI XBWII MalOTh cTaly aMIUnTynay. OdYeBHAHO, IO
bynkuis  u,(x,t)+u,(x,f) He € TOYHUM po3B’si3koM piBHsSHHA KaB B cmry #oro
HemiHiitHOCTI. Tomy po3riasHeMo HacTymHe Yy3aranbHeHHs. Hexaili mapamerpw, 1110
BU3HAYAIOTh aMIUNTYIH, € QyHKIisAMuU vacy, y, = y,(t) , u(x,t) =u,(x,t) +u,(x,t) . Beenemo

nesKi eeKTHBHI pajiycn noKanizauii comitonis R, R;
R} =min{R:|u, (x,0)|<5 .| x—X,()[> R}, R; =min{R:|u, (x,t)|<5,| x—X,()|> R}.

[osHaummo  BimmoBimuo  Gy(f)={x:|x—X,(t)|<R.},G2(t)={x:|x X, () |<R3}.
OueBunno, mo ¢yHKOis  u(x,f) 3amoBoipHATUMEe piBHsSHHS KnB B obmacTti
(G} m@f UC_?; ﬁG§ u@; mC_?;} 3 TouHicTIO O(J), AKIO u,(X,1) € TOUYHUMH PO3B’SI3KAMH
piBasHast  KnB.  3rimmo 3 TBepmkeHHsM 0 MOBMHHA — BUKOHYBaTHCh — yMOBa
7.(t) =y, = const Ipu |)72 (-7, (1‘)| >R, +R;.

[MincraBuBmm cymy u,(x,t) + u,(x,t) B piBHSIHHS (4), OTpUMYEMO

(), +(uy), +6(u, +uy)u, +u, Y+u, +u, =0,
7i'(Oexp(=g,(x =X, (1) /&) + g,"(x =X, (D)X, (Du, / &, +
+7,' (1) exp(=g,(x =X, (1) / &,) + &," (x =X, ()X, (Du, / &, +
+6(u, +u,)(=g," (x =X, (Du, /&, = &, (x =X, (D))u, [ €,) +
+(-g," (x =%, ())& +3g, (x=F (1)g," (x - %, ())& -
—(&' (=% (O /& Yu, + (=8, (x =%, (1) &, +38, (x =X, (1)) g" (x =X, (1)) / &, —
~(g,' (x =%,/ &, ), =0.

(15)

Ilpu x=X,(f) Ta x =X,(t), 3 piBHsHHA (15) oTpumMyeMoO cuctemMy

7O+ 7, () exp(~g, (~d (1) £,) + g, (~d(NF, (7, () exp(~g, (~d(1) / £,) | £, +
F6(7,(1) + 7, () exp(—g, (~d (1) £,))(~ g, (~d (), 1 £,) +

+ (=g, (~d () £, +3g,'(~d(1)g," (~d(1) £, ~

(g, (=d)) 1£,))y, (D exp(~g,(~d(1) | £,) = 0,

(16)

() exp(-g, (d(1) /&) +7,' () + g, (dO)X, (), () exp(-g,(d(1)/ £) ] &, +
+6(y, (1 exp(—g, (A1) &)+ 7,(O)(=g," ([d(O)y, () exp(-g,(d(1))/ £/ &) +
+(=g,""(d(1) /&, +3g,'(d1)g," (d1)/ & ~

—(g,"[d0))’ /&)y, (1 exp(-g,(d (1)) /&) =0,
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ne d(t) =x,(1) —X,(1).

3Bincu

7 /(0 ==g, ' (=d )X, ')y, (1) exp(=g,(—d(1))/ &,) | &, —

—6(71 (1) + 7, (1) exp(=g, (—d (1)) / £,))(=&, '(=d )y, (1) exp(=g,(-d (1)) &,)  £,) +

(g, "(=d(1)/ &, =38, (=d(1))g, "(=d (1)) / £, + (g, (=d ()" / £, )y, (1) exp(~g, (=d (1)) /

l&,) = (=g ([d))x, ")y, (1) exp(—g,(d(1) / &)/ & —

—6(y, (1) exp(=g,(d()/ &)+ 7, (D)(=&, (d(®))y, (1) exp(=g,(d(1))/ &)/ &) +

+(g,"(d(0)/ & =3g,'(d(0)g,"(d(1))/ &7 +(g,'(d(®)))’ / &)y, () exp(~

g (d(1))/ &) exp(—g,(—d(1))/ &,))/ (1-exp(=g,(d(1))/ & — &, (=d(1))/ &,);
75" () ==g,"([dO)X,' )y, (1) exp(-g,(d (1)) &)/ & -
—6(y, (1) exp(=g,(d(1))/ &)+ 7, (D)=&,'(d @)y, () exp(-g,(d(1))/ £)/ &) +
+(g,""(d(0)/ 8, =3g,'(d(1)g," @)/ " +(g,"(d(0)* /&)y, (1) exp(~g, (d(t))/ &) —
—exp(=g,(d(1))/ &)(=g,"(=d())x,' (O)y, (1) exp(-g,(—d(1))/ &,) &, - (17)
—6(7,1 (D + 7y, () exp(=g,(=d(1))/ £,))(=&, ' (=d )y, (1) exp(-g,(=d(1))/ &,)/ &,) +
+(g,"'(=d) /¢, —3g2'(—d(t))gz"(—d(t))/gzz +(g,'(=d(1))’ /823)}/2(t)><
x exp(—g,(=d(1))/&,)) /(1 -exp(=g,(d 1))/ &, — g, (=d(1))/ &,).

3anmcaBmm o4deBHIHI modaTkoBi ymoBu ¥, (0)=y,,7,(0)=y,, orpumyemo 3amady Komri
BITHOCHO HEBIJIOMHX aMIUITYyIHUX QYHKIIH QYHKIOIH y,(¢), SIKy MOXXEMO pO3B’S3aTH IIpH
BIJIOMHX HIBUJKOCTSIX PyXy XBUWIbX,'(f),X,'() . TakuM uMHOM, 3HaXOAUMO TOYHI PO3B’S3KU

piBasiHHA KnB Ha MHOXMHI Q, ={(x,#) :x =X, (1) v x=X,(¢)}.
Hexait, nanpukian, x', (1) =c¢,y,(t),c, =2,i=1,2. Bunanok, ko ¢, = 2 BiAnosigae

BiJIOMOMY COJIITOHHOMY po3B’s3Ky piBHsSHHS KaB (11), mist sKoro MIBHIKICTH 32 MOJIYyJIEM
JOPIBHIOE MOJIBIMHIN aMILTITY/Ii.
Tomi 3 (17) oTpuMy€eMO CUCTEMY

X' () =2y,00).
X', () =2y,0),
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7, (1) = —g2'(—d(t))62722(t)exp(—g2(—d(t))/é‘z)/6‘2 -
—6(7,(1) + 7, (1) exp(=g, (=d (1)) / £,))(=&,' (=d(0)y, (1) exp(=g,(-d (1)) / £,) | £,) +
+(g,""'(=d(1)/ ¢, —3g2'(—d(t))g2”(—d(t))/6‘22 + (gz'(_d(t)))3 /523)7/2(f)><
x exp(—g, (=d(1))/ £,) = (=&, (d(O)X,' 1)y, (1) exp(~g,(d(1))/ &)/ & —
—6(7, (1) exp(=g,(d(1))/ &) + 7, (D)(=g,' ([d(O)y, (1) exp(=g,(d(1))/ £)/ &) +
+(g,"(d(1)/ £, -3, (d()g,"(d 1)/ & +(g,"(d0) /&)y, () exp(=g,(d(1)/ £))
x exp(=g,(~d(1))/ £,)) /(1 —exp(-g,(d(1))/ & — g,(~=d (1)) &,).
7, () =—g'(dO)e,y () exp(-g,(d (1)) &)/ & —
—6(7, (1) exp(=g,(d(1))/ &) + 7, (D)(=g,' @)y, (D) exp(=g,(d (1)) &)/ &) +
+(g,""(d(1)/ &, -3g,'(d(1)g," ([d(D)/ & + (g, (1))’ 1 &)y, (D exp(-g,(d(1))/ &) -
—exp(—g,(d(1)/ £)(~g, (~d(O)%, 1)y, (1) exp(-g,(-d (1)) £,)/ &, — (18)
—6(7,(1) + 7, (1) exp(=g, (=d(1)) / £,)) (=&, (=d ()7, (1) exp(=g, (~d (1)) £,) | £,) +
+(g,""(=d ()] £, —3g,"(~d(1)g," (~d(1)) &, +(g,"(~d(1)))’ 1 £,)7, (1) X
xexp(-g,(-d(1))/ £,)) /(1 —exp(-g,(d(1)) / & - g,(~d(1))/ &,).

Ha puc.1 npencrasneno rpagiyny imocTpaltito po3s’s3kiB (18) mis Bunaaky, Koiau
¢byHkuii g, g, BU3HAYAIOThCS CHIBBIAHOLIEHHAM (14).

Pucynok 1. B3aemoist comiToHiB

Figure 1. The solitones intersection

OueBuHO, 110 3aIIPONIOHOBAHUM PO3B’s130K y dopMmi u, (x,1) + u, (x,7) € HAOIMKEHUM

1 piBHsHHA KB nepeTBoproeThcsl y piBHICTBH JiMIIe Ha MHOXHMHI Q,. [ mopansmoro
YTOYHEHHSI PO3B’SI3KY u(x,#) PO3TIsTHEMO (YHKIIIT BUTY

u (0= Oexpg(x =X -a) &),  w(x0=y,Oexp(~g,(x~%, 1)~ PH)e), e

a, 3 — nesKl mapaMeTpH, Ta miAcTaBisieMo ix cymy B piBHsHHS KnB. (st coporenus

3aIKcy BEPXHI 1HIEKCH aMILTITYyTHUX (YHKIIiH OyJIeMo ormycKaTH ). BUKOpHUCTOBYIOUH ITiJIX1]T,
AQHAJIOTIYHUHN PO3IIITHYTOMY BHIIE, IPU x =X, (1) + ¢ x=X,(t)+ B, OTPUMYEMO CUCTEMY
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7' (Oexp(—g,(a)/ )+ 7y, () exp(-g,(-d(1))/ &,) + g, (@)X, (Du, (1) ] &, +

+g," (=d()X," (), (1) exp(—g,(—d (1) / &,) ] &, +

+6(y, (1) exp(—g,(@)/ &) + 7, (1) exp(—g, (=d(1))/ &,)) (=g, " (@)u, (., 1)/ &, -

- &, (=dO)u, (=d().0) ] £,) + (=g, (@) /&, +3g,"(@)g," (@) & = (g, (@) / & )it (@.1) +
(=g, (=d )/ &, +3g,"(=d(1)g," (~d ()] &, -

— (&, (=d )’/ &,")7, (1) exp(-g,(=d (1)) £,) = 0,

7' exp(=g,(d, (1)) &)+, () exp(=g,(B)/ &,) + &' (d, (O)X,"(Ou,(d, (t).0)/ &, +
+&,"(B)X,' (Ou, (B.1) £, +6(y, (1) exp(—g,(d, (1)) / &) +

+7,(0)exp(=g,(B)/ &,))(—g,"(d,(1)y, () exp(=g,(d, (1)) &,)/ &) —

— & (B (B0 6,)+(-2,""(B) £, +38, (B (B) &, = (&,"(B)’ /&, Nty (B.1) +
+(=g,""(d, (1)) & +3g,"(d,(0)g," (d, (D)) & = (&"(d, ()’ /&)y, () exp(=g,(d, (1)) &) =0,
pe d()=x,()-% ) -, LNl].(x,l‘)=]/,l(l‘)exp(—g,(x)/€,-) s di()=%,)+L-%() .

3Bijacu

7/'(0) =—exp(=g,(B)/ &,)(&" (@)X, (), (&.1) ] &, + &, (=d ()X, (1), (1) X

xexp(=g,(=d(1))/ &,)/ &, + 6(y,(1)exp(=g,(a)/ &) + 7, (1) exp(=g, (=d(1))/ £,)) x

x (=g, (e (a.t)] & — &," (=d()u, (=d(1),0) ] £,) + (=g, (&) / &, +

+3g(@)g," (@)1 8" = (8,"(@)" /&)ty (et.0) + (=g, (=d (1)) / £, +

+3g2'(_d(t))g2”(_d(t))/522 _(gz'(_d(f)))3 /523)72(t)exp(_gz(_d(t))/gz))+

+(g,'(d, (D)X, Oy, (D exp(-g,(d, (1) &)/ &, + g, (B)X, (Ou, (B.1) ] &, +

+6(y, (D exp(=g,(d, (1) / &) + 7, () exp(=g, (L) £,)(=g,"'(d,()y, () x

xexp(=g,(d,(10)/ &)/ &) = &' (B, (B:1)/ &)+ (=g, (B) £, +38,' (B)g" (B) &, —

—(&,' (BN &, iy (B.0) + (=g, (d, (1) & +3g,'(d, ())g," (d, (1) / &, —

—(&,'(d, ()’ /& )i, (d, (1).1)] &) exp(=g, (=d (1)) £,)) |

l(exp(=g,(@)/ & — g,(B)/ &,) —exp(=g,(d(1))/ & — g,(=d, (1)) &,),

7, (1) =—exp(-g,(@)/ &)(g'(d,())x,' 1)y, (1) exp(=g,(d, (1)) / &)/ & +

+8," ()%, (Du, /&, +6(y, (1) exp(=g,(d,(1))/ &) + 7, (1) exp(=g,(B)/ £,)) x

x((=&,"(d,()y, () exp(=g,(d, (1)) &)/ €)— &' (Pu, [ £,) +((=&,""(B)/ &, +

+3g2'(,3)g”(ﬂ)/322 _(gz'(ﬂ))3 /523))”2 +(=g""(d, (1) g +

+3g,'(d,(1)g," ([d (1) & = (g, (d, (1)) 1 &)y, (1) exp(=g, (d, (1)) ) +
+exp(—g,(d )/ &)(g,"()X,'(Du, / & + g, (=d()x," 1)y, () x
xexp(=g,(=d(1))/&,)/ &, +6(y,(1)exp(=g,(@)/ &) + 7, (1) exp(=g, (=d(1))/ £,)) x
x(=g'(@u, /&, — g,"(=dO)u, / &,) +(=g,""(a)/ & +3g1'(a)g1”(a)/512 -
—(&' (@) /& Yy + (=g, (=d(0)/ £, +38,' (~d(1)g,"(=d(0) £,” =
—(g,'(=d(0))’ 1 &, )y, () exp(=g, (~d())/ £,)) l(exp(~g, (@) / &, = g, (B)/ £,) -
—exp(—g,(d(1)/ & — g,(=d,(1))/ &,).

(19)
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3anucaBmm OYCBHTHI MOYaTKOBI YMOBH 7,(0) =y exp(-g,()/ €,),
7,(0) = y3 exp(—g,(f)/ £,), OTpEMYyeMO HOBY cepito 3aaad Ko, Ha 0CHOBi po3B’A3KiB AKHX
OylyBaTUMEMO TOYHUH PpO3B’sI30K PIBHSHHS KnB Ha MHOKHHAX
Q, ,={(x,0):x=X,() +a,x=X,(t) + B} .

AHAJOTIYHO MOXXEMO  pO3IJISIIaTH  pi3HI  3aKOHM pyxy. Hexa#l, Hampukian,
X, =c,y,(Ot+x0, X', (t) =c,y', (Ot +c,y,(t). Jlng uboro 3aKkoHy pyxy OyJayeMO aHAIOTiuHi
3aaui Komi amst aMmomityiHux QyHKIiH Ta 1X yrouneHHs. BiqnoBiaHi po3B’ 3Ky HaBeCHO HA
puc.2.

PucyHnok 2. B3aeMoisi CONITOHIB y BUNIAJKY CTELialIbHOTO 3aKOHY PyXY

Figure 2. The solitones intersection in the case of special trawelling

BucnoBkm. Ile ocHoBi T-mpejpcraBieHb 3HAWJIEHO Y3araJlbHEHHS BIJIOMHUX
colmiToHHUX po3B’s3kiB piBHAHHSA KnB. Ilokasano, mo comiton Kopresera ne-Bpiza €
YaCTKOBUM BHWITAJIKOM BiJIIOBIHUX Yy3araJbHeHb, 3HaWJIeHWX y (opmi T-mpencraBiieHs.
OueBuHO, 1m0 npu yMoBax (2) T-npencrapnenss (3) 703BOJIsIE OMMCATH XBUIIO 3 OYAb-SIKOIO
(hopMoro TPO(BLITIO 32 YMOBH JIOJIATHOCTI 30ypeHHS.

3ayBaXMMO, MIO 3aIPONOHOBAHUA HAMH METOJ 3 TOYKH 30pY MAaTeMaTHYHOTO
amapary € 3Ha4yHO NPOCTIIIAM BiJ BIJOMHX IiJIXOIB, 30KpeMa METOIy OOEpHEHOI 3ajaadi
po3citoBaHHs. BiH He 1a€ TOYHUX PO3B’S3KiB y 0araToCOJITOHHUX BHIAJIKAX, SK, HAPUKIIA,
METOJIM 3BOPOTHOI 3ajiavi po3ciroBanHs, XipoTw [17] Ta iH. OHaK BiH Ma€e B IEBHOMY CEHCI
YHiIBEpcalbHUHN XapaKTep, OCKUILKY He BUMAarae, HalpuKiaj, po3B'si3yBaTH OOEpPHEHY 3ajady
3 BIJHOBIEHHS mToTeHIiany piBHsHHS [llpenuHrepa 3a JaHUMH  pPO3CIIOBaHHS 3
BUKOPDUCTAHHSM 1HTerpasibHoro piBHAHHS ['enbdanna-JleBitana-Mapuenko [17], sKky,
OYEBHJIHO, HE 3aBXK/M BIAETHCS PO3B’SI3aTH.

Binnosiguuit Mmetox My mpoimocTpoBaiy Ha npukianl piBHsHHS KaB. OueBnino,
IO TAKWH IIX17 MOYKHA BUKOPHCTATH JUIS aHAJII3y 0araToCOITOHHUX B3a€MOJIINA Y MOJIEIISIX,
10 OMHUCYIOTHCS IHIMMMHE U (epeHITIaIbBHUMA PIBHSIHHSAMHI B YaCTUHHUX MOXiTHUX.

Conclusions. In this paper, we propose a new technique of finding the PDE’s
traveling wave solutions; this technique is based on the T-transformations. Using T-
representation method we find a new class of KdV solution and proove that well known
solution (11) is a partial case of representation (2).
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The proposed method can be applied to finding solutions of other differential
equations in partial derivatives in the form of solitary waves. Besides, this method can be
useful for the investigation of multi-solitone solutions.

Cnucok BUKOPHCTAHOI JiTepaTypH

1. Asaraii, A. Infinite Series Method for Solving the Improved Modified KdV Equation [Text] / A. Asaraii /
Studies in Mathematical Sciences, 2012 — V.4, N.2. — P.25-31.

2. Miura, M.R. Backlund Transformation [Text] / M.R. Miura. — Berlin: Springer-Verlag, 1978.

3. Matveev, V.B. Darboux Transformations and Solitons [Text] / V.B. Matveev, M.A. Salle. — Berlin:
Springer, 1991.

4. Parkes E.J. An Automated Tanh-Function Method for Finding Solitary Wave Solution to Nonlinear
Evolution Equations [Text] / E.J. Parkes, B.R. Duffy // Comput. Phys. Commun, 1996. — Ne98. — P.288-300.

5. Evans, D.J. The Tanh Function Method for Solving Some Important Non-Linear Partial Differential
Equation [Text] / D.J. Evans, K.R. Raslan // Int. J. comput. Math, 2005. — Ne82. — P.§97-905.

6. Fan, E. Extended Tanh-Function Method and Its Applications to Nonlinear Equations. [Text] / E. Fan //
Phys. Lett. A., 2000. — Ne277. — P.212-218.

7. Elwakil, S.A. Modified Extended Tanh-Function Method For Solving Nonlinear Partial Differential
Equations [Text] / S.A. Elwakil, E.L. Labany, S.K. Zahran, M.A. Sabry // Phys. Lett, 2002. —-A., 299. — P.179—
188.

8. Gao, Y.T. Generalized Hyperbolic-Function Method with Computerized Symbolic Computation to
Construct the Solitonic Solutions to Nonlinear Equations of Mathematical Physics [Text] / Y.T. Gao, B. Tian. //
Comput. Phys. Commun, 2001. — Ne133. — P.158-164.

9. Kim, J.M. New Exact Solutons to the Kdv-Burgers-Kuramoto Equation whith the Exp-Function Method
[Text] / J.M. Kim, C. Chun // Abstract and Applied Analysis, 2012. — Volume 2012. — Article ID 892420.

10. Krishnan, E.V. Higher-order KdV-Type Equations and their stability [Text] / E.V. Krishnan, Q.J.A. Khan
[/ TIMMS, 2001. —27:4. — P.215-220.

11. Adomian, G. The fifth-order korteveg-de vries equation [Text] / G. Adomian // Internet J. Math. & Math.
Sci., 1996. — Vol.19, No.2. — P.415.

12. Huda, O. Bakodah Modified Adomain Decomposition Method for the Generelized Fifth order KdV
Equation [Text] / O. Huda / American journal of computational mathematics, 2013. Ne3. — P.53-58.

13. Maomao, C. The Coupled Kuramoto Sivashinsky-KDV Equations for Surface Wave in Multilayed Liquid
Films [Text] / C. Maomao, L. Dening, C. Rattanakul // Mathematical Physics, 2013. — Volume 2013. — Article
ID 673546.

14. Doronin, G. Well and ill-posed problems for the KdV and Kawahara equations [Text] / G. Doronin,
N.A. Larkin // Bol. Soc. Paran. Mat., 2008 — (3s.) v.26. — P.133—137.

15. Salas, A.H. Exact Solutions for a Third-Order KdV Equation whith Variable Coefficients and Forcing
Term [Text] / A.H. Salas, C.A. Gomez // Mathematical Problems in Engineering, 2009. — Volume 2009. —
Article ID 737928.

16. Turbal, Y. The trajectories of self-reinforsing solitary wave in the gas disc of galaxies [Text] / Y. Turbal //
Proceedings of the 3-rd International Conference on Nonlinear Dynamic. Kharkov, 2010. —P.112-118.

17. Peickun, H.M. HenunHeitasie BostHBL: yued. mocobue aist By30B [Teker] / H.M. Peickun, JI.W. TpyOemkos.
— M.: Hayka. ®usmatnur, 2000. — 272 c.

Ompumano 22.12.2014

249



