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Hccnenyercst cucremMa HeTMHEHBIX AU depeHIInaTIbHbIN YpaBHEHU B YaCTHBIX TIPOU3BOAHBIX YETBEPTO-
rO TIOPSIIKA C HEeJIOKAJIbHOM HEJIMHEWHOCTHIO, KOTOPasi ONMMCHIBAET PACIIPOCTPAHEHUE ABYX BOJH B OTITUYE-
CKOM BosiokHe. 3anava Koiiu st paccMaTpuBaeMoil CUCTEMbI He pelllaeTcsl METOJIOM OOpaTHOM 3amayu
paccessHus. Mcnonb3yloTcst mepeMeHHble Oeryiieil BOJIHBI IJIs1 TOTO, YTOOBI MEPENTH OT UCXOTHOM CUCTE-
MbI TuddepeHIMaTbHBIX YPABHEHUI B YaCTHBIX TPOU3BOIHBIX K CUCTEME OOBIKHOBEHHBIX TUddepeHIIN-
aJIbHBIX YPaBHEHU YeTBEepTOro nopsiaka. B pabore mist moucka TOUYHBIX pELIEHU B BUNE YEAUHEHHBIX
BOJIH MCITOJIb30BaH METO IMpOoCTeInX ypaBHeHUM. [IpeoGpazoBaHHast cucteMa OObIKHOBEHHBIX Audde-
PEeHLIMAJIBHBIX YPABHEHUI COCTOUT U3 YEThIPEX YPAaBHEHUI, COOTBETCTBYIOLIMX A€HCTBUTEIbHON U MHU-
MO 4aCTSIM UCXOIHOM cucTeMbl. [1ojlydeHbl orpaHUYeHUsT Ha TTapaMeTPpbl MICXOAHOI MaTeMaTU4eCcKOoi Mo-
nenu. C ydeToM HaliIeHHBIX OTPaHUYEHUIT paccMOTpeHa cuctema nuddepeHnantbHbIX YypaBHEHU I, COOT-
BETCTBYIOIIIUX OEMCTBUTEIbHBIM YacTsIM. [IJIst 3TOM cUCTeMBbl HaliIeHbl YCJIOBUSI COBMeCTHOCTHU. C ydyeToM
OrpaHUYEHUI Ha MapaMeTphbl, TTOJTYYEHHBIX U3 YCIOBUH COBMECTHOCTH, U3YUYE€HO OIHO M3 YPABHEHUI, CO-
OTBETCTBYIOILIICE NIeiicTBUTENIbHOM YacTu. HalineHbl TOuHble peleHus B (hopMe yeauHEeHHbIX BOIH. [To-
CTpOEHBI TpadUKU MOJTYYEHHBIX PEIIEHUM TIPU Pa3IMYHbIX 3HAYEHUSIX MapaMeTPOB UCXOTHOU CUCTEMBI
ypaBHeHU#. [IpoaHanu3upoBaHoO BIMSTHUE TTApaMEeTPOB MaTeMaTUYECKOM MOIEJIM Ha MOBEIEHNE PEILIEHUIA.
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BBEAEHWE

B cBsI3U ¢ IIMPOKUM pacTipOCTPAaHEHUEM HOBBIX
TeXHoJIoruit nepegayu MHGOPMaIIMU B ONITUYECKUX
JIMHUSX OOJIbIIIOE BHUMAHUE YIENSeTCs U3YyUYEHUIO
pacnpocTpaHEeHUs HETMHEWHBIX BOJTHOBBIX UMITYJIb-
COB B ONTUYECKOM BOJIOKHE. PazBuTre MaTemaruue-
CKOT'O MOJIEJIMPOBAHUS U TIPOTPAMMHBIX KOMIUIEK-
COB JUTSI peIlIeHUST MaTeEMaTUYECKUX 3a/1a4 (TaKUX KaK
Maple, Matlab) mo3BojisieT CTPOUTh YHUCJICHHBIE U
AHAUTUTUYECKUE PELICHUS PA3JIUYHBbIX MaTeMaTuye-
CKUX MOJEJIEN.

CewmelicTBo HeMMHENHBIX ypaBHeHU [IIpenunre-
pa 1, B YaCTHOCTH, YpaBHEHUE, N3y4yeHHoe, B [1—3] B
BU/IE

. . 2

1q; + laquxx + aZQxxxx + F(|Q| )q = 0: (1)
OITMCBIBAIOT paCIIPOCTPAaHCHUEC OIITUYECKMX UMITYJIb-
COB B OIITOBOJIOKHE.

OnTUYeCKre COMUTOHBI YPABHEHUI C Pa3IUYHBI-
MU TUNAMU HEJIMHEMHOCTU TaKXKe U3y4eHblI B pabo-

Tax [4—7]. OpHUM U3 U3BECTHBIX YPaBHECHUI, OIU-
CBIBAIOIIMX JaHHOE (DU3NUECKOE SIBJICHUE, SIBIISIETCS
ypaBHeHue ['mH30ypra—Jlanmay [8, 9]:

. 2
iq, +aq,, + F(ql)q =

L [olgPdaP).. - Bi(aP) 1+ va.

laI"q

B pa6orax [10, 11] uccnemoBanHa Monenb bucpa-
ca—MunoBuua:

i(q"), + a(@") + bF (gl )g" = 0.

Ipennoxennoe bucsacom u Apmmagom B 2018 ro-
oy ypaBHeHue [12], ucciaemoBaHHoe B [13], Takxke
OINMUCBLIBAET PACIPOCTPAHEHUE HEJIMHEHHBIX WM-
IMYJIbCOB B ONTUUYECKOM BOJIOKHE M 3aITMChIBACTCS B
BUJIE:

ig, +aq. +aq, +i(bg +b,q.;) =
= Mgl @)y + 1(al)xq + Olaf g ]
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B nannHoit pabote paccMaTpHBaeTCsI CHUCTEMa,
OIMCHIBaIONIAsI paCIpOCTpaHEeHME IBYX BOJIH B ONITU-
YeCKOM BOJIOKHE, KOTOpasi COOTBETCTBYeT audde-
PEHIIMAJILHOMY YPaBHEHMIO B YAaCTHBIX IPOU3BOI-
HbIX YETBEPTOIO TOPSaKa C HEJIOKAJTbHOW HEJIUHE -
HOCTBIO [5]:

iq, + O + B + O ee + Mgl )1x + (") rclg +
+ (dg|" + blg" + clg™ + d|g")g = 0. ()

Cucrema ypaBHEHMIA, 3aMTMCaHHAsI IO aHAJIOTUY C
[14], mmeeT BUI:

i, + Oy, + iPuy,, + Oty +

2 2
+ (hl|u|Zx + }bl‘/le + gllulxjc + g2|V|XZ)Ll +

b @l + @l + Bl + bl O
e+ dful” o+ s =0,
v, + o, +iBv, + 0V, +
+ (fule + Byl + gaulul + givio)w + “4)

+ (@l + aV" + byl + by + cylul" +
+ eV + dylul" + dov[" W + v = 0.

Cucrema ypaBHeHui (3)—(4) SIBAsSIETCS CUCTEMOM
nByx AuddepeHInaNbHbIX ypaBHEHUI B YaCTHBIX
MPOU3BOMHBIX YETBEPTOTO MOPsIAKA C HEJOKaTbHOM
HEJIMHEWHOCTBIO.

Llenpio naHHOI PaGOTHI SBISIETCST TIOMCK TOYHBIX
peuieHuit cucteMbl ypaBHeHuil (3)—(4) B dopMme
YeIMHCHHEIX BOJIH.

PEIIEHUWE CUCTEMUBI (3)—(4)

Hnst cucremsl ypaBHeHuii (3)—(4) 3amavya Koiu
He pelraeTcst MeTOI0M 0OpaTHOI 3amauyn pacCesTHUs,
IMO3TOMY ISl TIOMCKa PelIeHWH MCIONIb3yeM ITiepe-
MEHHBbIE OeTy11el BOJTHbI

i(kx—ot)
u(x, t) = yl(z)e ’

_ i(kx—oi)

v(x,1) = y(2)e ,
Hcnionsays (5), nmepexoguM K CUCTeMe OOBIKHO-
BEeHHBIX auddepeHInanbHbIX ypaBHeHMi. Ilomy-
YyeHHasl CUCTeMa COCTOMT M3 YeThIpeX YpaBHEHUIA,
COOTBETCTBYIOIINX MHUMBIM U e AICTBUTETLHBIM Ya-
CTSIM CUCTeMBI ypaBHeHUi (3)—(4), u saBJIsieTcs mepe-

onpeneaeHHon st GyHKUMEA y,(2) U 1,(2).

®)
z=x—-Cyt.

OVl ez + Qng " + nhyy — 65,k — 3Bk, + oYz +
+ (Y = 2" = by + A’ +
@y + oy +an” + dy" + gy - o
- 2g2y22n_2n)’22,z - /’lzy;_znyzz,z +Biki + ary; + 8k +

+ 0 + 0" + by -k + doyy" + hzyg_znz)’zz,z +

+ Yy 'y, + 280 nys L + )y = 0,
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(40,k; + By ... + ok, —

@)
- 3B1k12 - 461k13 - Coy; =0,

82)5 e T (2ng4y22n +nhy; — 662k22 =3Bk, + 0y)y; . +
+ (hn’yy ™ = 2g,mys" ™ — hynys ™ + 4gun’ys ys +
+ @y + by + ey + dyyy" +4g Ty, - ®
= 280" nyt — Tyt + Boks + asy + 8.k, +
+ o, + C3J’|3n + b3)’12n - 0L2k22 + dsy;‘n + hgyu"_2n2yfz +
+ hy "y + 280y + )y, =0,

40,k + By .. + 200k, —

©9)
—3B,k; — 48,k; — Cy)y,. = 0.

INonaras ko3 duimeHTEl MOHOMOB ypaBHeHMI1 (7)
" (9) paBHBIMU HYJIIO, MTOJYYMM, UTO JIFOObIe (DYHK-

MU Y,(Z) U ,(Z) OymyT yIOBJIETBOPSTh YpaBHEHUSIM (7)
U (9) cooTBeTCTBEeHHO. [lajiee paccMaTpuBaeM ypaB-
HeHUs (6) u (8) ¢ yuetoM HaiimeHHBIX U3 (7) u (9)
OTpaHUYEHU

Bl = _461/‘17 Bz = _482]‘27

1 3 1 3. (10)
o, =—(Cy—83k), o, =—0 (C,— 80,k
1 2k1( 0 ki) 2 2k2( 0 2k3)

B BUIE:

n n C
OVl + (251k12 +nhy + 2’1g1yl2 + i)yl,u +
1

+ [ng(4n = 2)p" " + nhy(n — Dy Iy}, +
2n-2

+ (ng2<4n SV nhy(n— Dyl i+

(11)
2n— n— 4 n
+ 218,y nhy, VY + Sk + | +
2n 3n 4n n 2n
+ by oy +dy +ay, by, +

+ Czygn + dzy;n + 5+ _%))’1 =0,

n n C
02V e + [2821622 +nhy, + 2”184)’22 + jj WMot
2

> nhy(n =1y s, +

+ [ng4(4n —2)y,

# (nesan 22077 £ mn -yl

2n—1 n—1 4 n
+2ngy W Haly y + 0,k +ay +
+ oy + oy Hdy” + agyy + by +

szoj
=0.
) B %)

IMoncrasnas y,(z) = DIR(z), y,(z) = D,R(z) B cu-
creMy (11)—(12), MBI TTOJIy4yaeM MHepeoIIpeacIeHHYIO

4
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Puc. 1. I'padpuku yenuHEHHBIX BOJH y(2) U ¥»(z) (a) U AeiicTBUTEIbHBIX YacTel u(x, 1) U v(x,7) (6) npuz =10, A =1.0, £ = 6.0,
Cyo=1.0,k =8.0,k =13.0,8,=1.0,8, =1.0, Dy =1.0, D, =2.5,5s =3.0, r = 1.0, z5 = 1.5, n = 4.0.

cucteMmy mis1 R(z). [lomydeHHBIE ypaBHEHUSI MOTYT
OBbITh 3alMCaHbl B BUJIE:
n 2n
2222 + B,2R Rzz + Pi,3R Rzz + Pi,4Rzz +
2n—1 12 n—1p2 n+1
+ PsR™ R+ P¢R R, +P;R+ PgR™ +
+ E,ngnH + B’10R3n+1 + E,11R4n+1 — 0’

hiR
(13)
i=12,

rme P; (i=1,2; j=111) — KoabHULIUEHTBI, 3aBU-
csIIMe OT TapaMeTPOB MCXOTHOM CUCTEMBI:
R, =8D; Py =08,D;
B, = nh D" + nhk, D\ Dy’
Py = nhy D)™ + niyDyD';
B =2mg D" + g, D03
P = 2ng,D;"" + 2ng,D, D{";
Py = D@8k +Co/2k): Poy = Dy(28:k5 + Cy/2ky);
Bs = n(4n=2)(&:D05" + . D{"");
Pys = n(4n— 2)(g; D, D" + g, D",

B = n(n—1)(hD,D5 + kD",
P = n(n—1)(ID,D! + i, D",
B, = Dl(slkf‘ —"‘TQ’+s+wlj;

1)2’7 = DZ(SZk; —%+r+(ﬂ2),
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Bs =a,DD; + alD1n+1; Py = a;D,D;' + a4D1n+1;
Ry = b,DD;" + D",
Py = bD D" + b, D"
P = CleDgn + ClD13n+l;
Py = 03D2D13n + C4D23n+1;
Ry = dyDiDy" +d D
P = d3D2D14n + d4D;n+l-

(14)

YMHoOXasl epBoe ypaBHeHUE Ha P, BTOpoe — Ha
Pl,l 1 BbIYUTad U3 IMIE€PBOIr0 YpaBHCHMA BTOPOEC ITOJTy-
qyacM cieayroniee:

OR'R, + Q,R"R, + O;R, + O,R”" 'R’ +
n—-1p2 n+l
+OsR"™'R: + QR+ QR +
+ Q8R2n+l + Q9R3n+l + Q]OR4n+l — 0,

(15)

rae
O, = n[(8,h — d,m)D + (8,h, — ,h,)DSY;
0, =2n[(8,g, - 61g3)D12n + (8,8, — 8184)D22n];

2 3 3, C 8,k,C
=—=—1 8,0,k k —Sk(ﬁk +—°)+Mj;
Q3 kk(121 2 1™ 202 4 4

Le

0, = n(4n —2)[(d,8, — 51g3)D12n + (8,8, — 81g4)]-)22n];
Qs = n(n —1)[(8, — d,) D" + (8,1, — 8,4y D, ;
2020
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O =82(S"‘C‘)1 _%)_

-9, (Bz(k; — k) +r+ o, _%);

0; = (a8, — a:d) D" + (4,8, — 4,8,)D5;
O = (o, - b381)D12n + (6,0, - b461)D22n;
0Oy = (8, — ;6 )D|3n + (0, — ¢46, )D23n§

0, = (d\6, - d351)1)14” +(dy9, - d451)D;n- (16)

N3 ypaBHenuii 0, = 0,7 = 1,10 nosryyaem orpaHu-
YeHWUsl Ha cliefylolue napameTpbl MaTeMaTUueCcKOi
MOJIEJIN:

aq = Sl(a351 - DlinD; (a,0, — a,0));
2
b= 563, = D'D” (b8, ~ b))
2
¢ = Si(c351 - D;anM(CzSz —¢0)));
2
_ 1 4n —4n .
dy = 8—(61351 - Dy" D "(dy0, - dy6,));
2
8 = SL(gSSI - D22nD1_2n(g262 —840));
2
h = Si(h381 — D" D (3, — hyd))); (17)
2

_ 458,k (ki — k3).

CO b
8k — Bk,

_ 1
62(81kl - 6ZkZ)

—2’KkD) + F + @) — 8,8, (ks + 2kik; —
—3k'ky) + ks + ko (r + ©,)) + 583k,).

(8tki(8,(3ky — k' —

W,

B 3TOM ciryyae MOXHO peliaTh OJHO U3 ypaBHe-
HMI1, COOTBETCTBYIOIINX ACUCTBUTEIILHBIM YacTsM (6)
wu (8), ¢ noMolIbio 3aMeHbl R(z) = F(z), toe F(z)
3TO pellleHre YypaBHEHUS [6]

sz2n2 _ AFn+2, (18)
N UMECT BULL
1/n
(z—zo)\/nTE
F@y=| e ——| (19)
AL+ 570N

VYpaBHeHue (13) npu i = 1 B 3TOM ciiyyae MOXHO 3a-
MnmucaTh Kak cleayroliiee:

GF" +G,F" +GF" +G,F" +G,=0, (20)
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rIe Ko3(pPUIIMEeHTH TpeaCcTaBIIIOTCS (popMyIaMu:
n+l 2 Dl n 2
G, = /iD""(hn'E + a;) —?(—2f1D2 (Wn’E +a,) +

+ 80,A(n + 2) — 8,k (/LE + 2k3) + 8,k (fLE + 2k1)));
G, = /D" (4g’E + by) + f,D,D;"(4g,n’E + b,) +

+ %(DI(SZA(n +1D)(n+2)3n+2) -

— 6h,n° DY) — 6y’ DI;

b

G3 — —ﬁ(5g3l’12A012n+1 _ C3DISn+l +

(1)
+ D(5gn’ ADs" — ¢, D;"));

G, = f(d,D.D," + dy D",

Gs = D(-8ky(k; + E)* + 8,(38,kky — 28,k k; —
—ky(r + @) + Sk EQLL + E)) + 8,k (r + ©,)).

B (21) BBeneHBI clienyroiine 0003HaAYeHUS:

fi:81k1_82k2; ﬁ=n2+2n+2.

N3 ypaBuenuii Buna G; = 0,i = 1,5 nonyyaem

1 n 2
a, = —((-2f,D5(n"E + a,) +
3 2f(( SiDs (hy 4)

1
+ 8,A(n + 2)(=ky8,( /L + 2k3) +
+ 81k Q2K + LEND" = 2 fin’E);
by = —((4g,n°E + b)D;" +

+ %(82(;1 +1)(n+2) (n + %) A— 20D ) sz”) +

+ %2(3h3AD1” —8g,E);
¢y = 5g,n°AD" DY + 50" AD" — ¢, D" Dy,
dy = _d4D; nD1_4n;
o, = %(é‘ékz(kf +EY +8,(28k'K; —
1
- 38,k k5 + rk, — 8,k EQL + E) — rd,k,)).

Torma, ¢ yaetom (19), pemrenue cucteMs (6)—(9)
TIPENCTABIISIETCS B BUJIE:

r =1/
4ED e |
1

n@) = - ,
1 _A(l + e(Z—Zo)\/E)2_ (22)
| 4ED, e NE I
() = 2 N
| A1 + 70N Ey? |

TOM 9 Ne 5 2020



OINTUYECKME COJIMTOHBI, OITMCBIBAEMBIE CUCTEMOW

Pemenue cucrembl ypaBHeHUi (3)—(4) 3ammmchl-
BaeTCs CICAYIOIIMM 00pa3oM:

1/n
(x—Cyt—zo)N n’E

3.
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Abstract—A system of nonlinear partial differential equations of the fourth order with nonlocal nonlinearity
is investigated. The system of equations describes the propagation of two waves in an optical fiber. The Cau-

BECTHUK HALIMOHAJIBHOT'O UCCIENJOBATEJIbCKOT'O SAEPHOI'O YHUBEPCUTETA “MUDOU” ToM 9 Ne 5 2020



454

KAH, KYAPAIIIOB

chy problem for the considered system is unsolvable by the inverse scattering method. Traveling wave vari-
ables are used to transform the system of partial differential equations to a system of ordinary differential
equations of the fourth order. The simplest equation method is applied to seed exact solutions in the form of
solitary waves. The transformed system of ordinary differential equations consists of four equations, corre-
sponding to the real and imaginary parts of the initial system. Constraints on the parameters of the initial
model are found. The system of differential equations corresponding to the real parts is considered together
with the determined constraints. Compatibility conditions for the system are found. One of the equations cor-
responding to the real part is studied taking into account the constraints for the parameters obtained from
compatibility conditions. Exact solutions in the form of solitary waves are found. Graphs of the solutions ob-
tained at different parameter values of the initial system of equations with the determined constraints are con-
structed. The influence of the mathematical model parameters on the behavior of solutions is analyzed.

Keywords: solitary waves, nonlinear differential equations, pulse propagation, optical fiber
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