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IIenapTaMeHT MaTC€MaTHKH Ta CTATUCTUKH, CTpaCKJ’[aﬁI{CBKHﬁ yHiBepcheT

B3AEMOAIA COJITOHIB I3 BJIM3bKUMU HNIBUJAKOCTAMU

Tpu 63aemo0ii nodibHux conimonie 0osedeHo, wo icHye 08a po3s ’asku. Lli po3e’ssku ompumari, 8 00HOMY
8UNAoKy, uepe3 OBOKPAMHI NOAIOCU 8 Memooi 0bepHeHOi 3a0aui pPO3CIAHHA, 8 IHWOMY, — KOIU aMAIIAimyou
83AEMOOTIOUUX CONIMOHIE ONULKI.

Hocnioocenna pokycyemves Ha 6usyenmi pigHAHMA, AKe 3aNpONOHOSAHe Hamu pauiwe. Mema pobomu
noaseac y 00CioNceHHi 63aemMo0ii NOOIGHUX (DIUZLKUX 3a WEUOKICMIO) CONIMONIB, A MAKONC 36UYALIHO20 CONIIMOHA
I CUHRYTISIPHO20 CONIMONA 3 ONUZLKUMU WeUOKocmamu. J[08edeno, wjo iCHye epanuyHuti po36 s130K, KOIU WeUOKOCMI
36UYALIHUX CONIMOHIB, A MAKOIC 36UHATIHO20 MA CUHZYTIAPHO2O CONIMOHIE HABIUNCAIOMbCS 00UH 00 00H020. B medici
PO36 30K MICIMUmMb 00UH CONIMOH, AKUU HADYBAE 3CY8 3a KOOPOUHAMOIO.

Kniouosi crosa: nodibui conimonu, 63aemo0is.
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JlenapTaMeHT MaTEMAaTUKH U CTATHCTUKH, CTPaCKIAiICKUil yHUBEPCUTET
B3AHMO}IEI7[CTBI/IE COJIMTOHOB C BJIN3KUMH CKOPOCTSMHA

Ipu e3aumodeticmsuu nOOOOHBIX CONUMOHO8 0OKA3AHO, YMO Cyujecmeyem 06a peuienus. Imu peuienus
NoJaYueHbl, ¢ 0OHOM Clyude, Yepe3 O8YKpamuvie Noacd 8 Memooe 0OpamHuoll 3a0a4i paccesHus, 8 Opyeom, — Ko2od
amMnaumyObl 83aUMOOeicmeyIouWux coIumonos onusku. Mcciedosanue @oxKycupyemcs Ha uU3yyeHuu ypasHeHus,
Komopoe npeonodxceHo Hamu patee. Llenv pabomwl cocmoum 8 uccied08anuu 83aumooeticmaus noOOOHbIX (OIUZKUX
N0 CKOPOCMU) COMUMOHO8, A MAKICE OOLIYHO20 COMUMOHA U CUHSYIAPHOSO CONUMOHA C ONUSKUMU CKOPOCHAMU.
Hoxazano, umo cywecmayem npedenvHoe pewienue, K020a CKOpOCmu 0ObIYHBIX COTUNOHO8, A MAKHCe 0OLIYHO20 U
CUHRYIAPHO20 CONUMOHO08 npubauxcaromes opyz K opyey. B npedene pewenue cooepaicum oOun conumon, Komopbiti
npuobpemaem coguz no KoopouHame.

Kntouegvie cnosa: nooobnuvle conumonul, g3aumooeticmaue.
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INTERACTION OF SOLITONS WITH CLOSE VELOCITIES

The study of the nonlinear evolution equations is actually in modern physics. We are focused on the
equation suggested recently in our papers (the Vakhnenko equation). The purpose of this investigation is to study
the interaction between similar usual solitons as well as between usual soliton with singular soliton by means of
analyses (1) of the two-multiple poles in the inverse scattering transform method and (2) of the limit case for two
usual solitons with close amplitudes. For investigation of the solitons interaction with close velocities (amplitudes),
two solutions have been found. First solution has been obtained throughout two-multiple poles in the inverse
scattering transform method. Secondary solution has been obtained from known formula for interaction of two usual
solitons with close velocities. It is proved that at interaction of two usual similar solitons, the minimal distance
between these solitons is increased when the velocities (amplitudes) of these solitons tend to one another. As result
there is only one soliton, however, with shift to the left on axis X. In the case of two-multiple poles, the essential
other result is obtained. The solution consists of both usual soliton and singular soliton. The usual soliton and the
singular soliton with similar velocities interact on large distance. This minimal distance of the approach between
the soliton and the singular soliton is increased always for close velocities. In limit when the velocities of soliton
and of singular soliton tend to one another, the solution tends to the solution with only one soliton which, however,
has a shift on axis X. The additional investigations should be carried out in order to understand a difference
between these solutions.

Keywords: close solitons, interaction.
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IMocTaHoBKa MPOOIEMH
B cyuacHiil ¢i3uni BUHIKae HEOOXIIHICT BUBUCHHS HEJIIHIMHMX €BOJIOLINHMX piBHsIHb. Hu3ka 3anay, mo
JIOCTIIKYIOTBCS B PI3SHOMAHITHUX raiy3sxX (hi3WKW: ONTHII, TiApOaUHAMIIl, (i3uili miasmu [1—4], TpUBOIUTH 10
piBHsaHHS Baxnenka-Ilapkeca (the Vakhnenko-Parkes equation (VPE)) [5—-10]:

WXXT + (1+WT)WX =0. (1)

AHani3 ocTaHHiX 1ocaiaKeHb i myoaikamii

Bussunocs, mo piBasHHESA VPE (1) € oqHIM 3 IHTETPOBHUX PiBHSHB. BOHO BUKOPHUCTOBYETHCS [UIS OIUCY
(GI3MYHUX  ABUIN, 30KpeMa, TEepareploBHUX IMIYJbCIB Yy HECHMMETPHYHHMX JBOAaTOMHHUX MoJjekynax [2],
BHUCOKOYACTOTHUX 30YPCHB Y PEJIAKCUBHOMY CepeloBuIii [3—4], comiToHIB y hepomaraeTukax [4].

Heranpuuii onvc BnactuBocter piBHAHHA VPE (1) MoxxHa 3Haiitn B orssini [7]. [omanbsmmii po3BUTOK Y
BUBYCHHI piBHSIHHS VPE MOB'13aHUM 13 JOCHTIHPKEHHSAM JBOKPATHUX IOJIIOCIB Y METOII 0OCPHEHOT 331a4i PO3CITHHS
(03pP) [10].

Merta gocaigxkeHHs

MerTa mociiKeHHs TIOJATaE y BUBYCHHI B3a€MO/IiT MOMIOHUX COJITOHIB, 3 OJHOTO OOKY, Yepe3 TBOKPATHO

BHPOJDKEHI momock B O3P, 3 1HIIOT0, — KOJIM 1X aMILTITYIH OJN3bKi OJTHA IO OJTHOI.
BuknageHHs 0CHOBHOIO MaTepiajy A0CTiIzKeHHSA

CrouaTKy aHaNi3yeMO OJHOCOJIITOHHUH PO3B'S30K, SKAN ONIEP)KaHO SK METOIOM XipOTH, TaK i METOAOM

obepHeHoi 3amadi poscisaas (O3P) [10]:

UX,T)=W(X,T)=W(=0))x =6-[In(f(X,T))]xx,

ﬂl O, = \/_
238 PR \/_ i

IIBU/KICTD COJITOHY BU3HAYAIOTHCS OAHO3HAYHO BENHYMHON &), B TOW 4ac sik BennunHa ¢ > 0 3amae mowatkose

uepes pomomixuy dymkuito f(X,T)=1+cjexp(d)) 3 ¢ = . Ammiityna Ta

TMONIOXKEHHA (3CyB) comiToHy. UnM 6inbllla BeIMYHHA C|, TUM OiNbllle COMITOH 3CyHyTHH niBopyd. HaBmakw, 3
c; — 0 couiton 3cynyTuii mpaBopyd X i rpanuuHo npsimye 1o oci X 1o HeckinuenHocti Xy —> o0o. Ili paxru
OyzneMo BHKOPMCTOBYBATH IIiJ] YaC BHBUEHHS B3a€EMOZII ABOX CONITOHIB, JUIS SIKUX é:l - /,‘2. JIns BU3HAYEHOCTI
BBaXaeMmo, o & > &, .

JL1st TOBUTBHHUX fl- B3a€EMO/Iisl TBOX CONITOHIB st VPE nomaeTses y Burismi [7]:

UX.T)=W(X,T)=W(=0)) x =6[In(f(X,T))]xx @

e f(X,T)=1+c;exp(6))+cy exp(b,) + bcicy exp(6) +6,), ¢ = Nﬂ_Tié‘il, \/_§, \/_(f,

= [52 1 ] citoi —¢1% . 3Bepraemo ysary, mo 3agxaa b >0 .
Q+6) G+ +44

I'pannunnii Bumagoxk &) =&, NPHBOAUTE O OAHONO CONITOHY 3 BEIMYMHOW C3 =C]+Cp, sKa
BIJINIOBiJIa€, SIK BiJIMiYaJioCh, 3a MOYATKOBHW 3CYB IIHOTO COJITOHY. BumHO 3 (2), mI0 TOYHO TaKa X 3aJCKHICTH
BuHHKae npu ¢p =0 (HaBite npu &) # &)).

JleTabHO HMPOAHATI3yeMO BUMANOK 13 Onusskumu &y, &, , ane HepiBHuMH &) # &, . Bemuunna b npsmye
no wyns b— 0, a 3uHauuTh MiHiMankHA BiACTAHB, HA AKY MOXKYTh 3IATHCS CONITOHM MPU B3aEMOIIi
& — &y = A& << &, npsmye 10 HECKiHYECHHOCTI.

3pyano ¢yukuito mepemmcatn y Burmimi  f(X,T) =exp(6))exp(—6;)+c1 + ¢ exp(6, —6,) +

+bcycy exp(6;)] . Tinbku apyruil MHOKHEK Bifirpae BU3HA4YalbHY POJIb, € 3HAXOMHUTBCS COMITOH &) . COMiTOH

2 2
. A A o .
&> 3HaxomWTBCSA Ha BincraHi, ne % 52 exp(d)) =1, to6ro 6 =+/3&X, =~ —In %iz . Ha wiit Bigcrani
i o
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AS

e ¢ exp(6, —0)) =c; exp —f—ln — ¢y mpu AE —0.
1

&
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TakuM YHHOM, MOXKHA CTBEp)KYBaTH, LIO NPU B3aeMoJii moniOHux comitoHiB &) ~ &, MiHiManbHa
MOJIIMBA BIJICTAHb MIX COJIITOHaMH 30LIBLIYETHCS, B TOI 4ac sik koediuieHT mpu &] HAGIIKAETBCS O 3HAYCHHS
(cy +c3). Tobro, B KiHUEBOMY pe3yiabTaTi MA€MO OIMH COJNITOH, ale 3 IOYaTKOBOK (a3oro, IO BimmoBimae
3HaueHHO (c] +¢p).

Po3risiHeMo miaxix 3 JBOKpaTHO BUPOPKEHHMH MOJIOCAMH. J[Bidi BHPOJPKEHI HMONIOCH Ul TUCKPETHOI
YaCTHHU CIIEKTPAIbHUX JaHUX y METOZl 0OepHEHOI 3a1a4i pO3CiSTHHS PO3IVISIHYTI Ha NpuKiani piBHsHHS VPE (1) y
[11]. [Toka3zano, 0 po3B'sA3KH PiBHIHHS (1) MiATOPIIKOBYIOTHCS CITiBBITHOMICHHIO:

W(X,T)=W(-%)=6-[In(F(X,T))]x 3)
4yepe3 JOMOMDKHY (YHKIIO
F(X,T)=F,,(X.T)=1+c,(1+ gh)exp(63) + p exp(26,), 4
! \/§ X +L , C) = ﬂl ,
25 2 3¢l 24/3¢,

Crani &, h — niiichi. IcHye onHa noBineHa cTana f3) .

0, = 35X - py =2
2 14 =7 P27 T 45
NES 3.24¢7

Ockinekn pp <0 s goBinbHOI nificHoi [, Tomy mMaemo |im F =1, a takox |im F =-o.
X —>—o0 X >+

Orxe, icaye X, Take, mo F(X,.) =0, romy aificauii po3s's30k (3) 3 (4) € CHHIYISPHUM.
IMopienioroun (2) 3 (4), NOTPiOHO BiAMITHTH, IO iCHy€ aBa BUMAAKH, a came, konu b >0, a Takox
BUNAJOK, Ko Py <0 . Po3yMiHHS [UX BUNAIKIB HOTPe6Gy€e TOAATKOBOTO aHATIZY.

BucHoBknu
JloBezieHo, 1o [UIst B3a€EMOJIIT CONITOHIB i3 OMM3BKMMH HMIBUAKOCTSAMHE (aMILIITy1aM1) iCHY€ JBa PO3B’SI3KH.
i po3s’si3ku OTpHMaHi, B OAHOMY BHUIIAJKy, Yepe3 JBOKPATHO BHUPOKCHI IMONIOCH B METOJi OOCpHEHOI 3amadi
PO3CIsIHHSA, B IHIIOMY, — KOJIM aMIDTITYIX B3a€MOJIFOUYNX COJITOHIB OJIU3BKI.
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