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OIITUYECKUE COJUTOHBI CUCTEMbBI TNODPEPEHIIVMAJIBHBIX
YPABHEHUU TUIIA HEJIMHEMHOT'O YPABHEHUS HIPEJIMHTEPA
C HEJIMHEWMHOCTBIO TPETBEN, ITATON U CEABMOW CTEIIEHU
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PaccmaTtpuBaercst MaTeMaTUuecKast MOIEb IUISI OMMCAaHUsI PaCIPOCTPAHEHUsI UMITYJIbCOB B HEJTUHEMHOM
OITUYECKOM BOJIOKHE ¢ pelreTkamu bparra. M3ydaroTcst aHamuTUIeCKre CBOMCTBA MOMIEU pacIiipocTpa-
HEHUs BOJIH B IPSIMOM M OOpaTHOM HampaBJICHUU B BOJIOKOHHBIX pellieTKax bparra, ornucbeiBaeMble CBSI-
3aHHBIMU 00OOIIIEHHBIMU HEJTMHEWHBIMU ypaBHeHUsIMU [1IpénuHTepa ¢ HeMMHEeTHOCTSIMM TPETheil, MSATOM
u ceapbMoii crerieHn. C MCMOoIb30BaHUEM MEPEMEHHBIX O€TYIIEi BOJTHBI OCYILIECTBIISIETCS] IEPEXO K CUCTE-
Me YeThIpeX OOBIKHOBEHHBIX MU (hepeHIINATBHBIX ypaBHEHU M, OJydeHHBIX 71T IeMCTBUTEBHON 1 MHU-
MOI1 yacteil MICXoaHO# cucTteMbl ypaBHeHMA. [IpencTaBieHo ycJIoOBUEe COBMECTHOCTHU IIJIsI IBYX JIMHEMHBIX
muddbepeHINATBHBIX YpaBHEHUIT M3ydaeMoil cucTeMbl. I ABYX HeNMMHEHHBIX OudbepeHINaTbHbBIX
ypaBHEHUi1 U3y4aeMoii CUCTEMBI MOJIYYEHBI TIePBble MHTETPaJIbl, a TAKXKE HalIeHbl OTpaHUYCHUSI Ha TTapa-
METDHI, TIPU KOTOPBIX CHUCTEMa He COMEPXKUT IPOOHBIX CTeTIeHe !, U YCIIOBUSI COBMECTHOCTH, TIPH KOTOPBIX
cucrema uMmeeT obiee pemieHue. [1pu HalimeHHBIX OrpaHUYEHUSIX Ha TTapaMeTpbl MOAEIU MPEACTABICHO
pellleHre U3yJaeMOol CUCTeMBbI YeThIpeX OOBIKHOBEHHBIX UM depeHInaTbHbIX YpaBHeHNi. [IpuBoauTcs
pelleHue B BUIe ONTUYECKOTO COJIMTOHA JJIsI CBSA3aHHBIX HEJIMHEHHBIX T depeHLIMaIbHBIX YypaBHEHUI B
YaCTHBIX MTPOoU3BOAHBIX TUTTA IIIp€nuHrepa ¢ HETMHEHHOCTSIMU TPETheld, TIATOM U ceabMoii cterieHr. Haii-
IIEHHOE pellleHre WLTIOCTPUPYETCS TTPU Pa3IUUYHbIX 3HAUCHUSIX TapaMETPOB.

Kntouegule croea: ontudeckue COJUTOHBI, TOUHbIE peleHus: nuddepeHnanbHbIX YpaBHeHU I, HEJTMHE -

Hoe ypaBHeHue llIpénunrepa, Bo1okKoHHBIE peieTku bparra
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1. BBEAEHHME

bparrosckue wiu 1iejieBble COJTUTOHBI BOZHUKA-
IOT B pe3yJIbTaTe pe30HAHCHOT'O OTPAXKEHMS JIEKTPO-
MarHUTHBIX BOJIH B HEJIMHEMHBIX ONITUYECKUX CpeIax
CO CJ1ab0 MEHSIIOIIMMCS IIEPUOINIECKIM ITOKa3aTe-
JieM mipenomieHust (peietku bparra) [1]. BriepBoie
TaKue ONTUYECKHE COJIMTOHBI YIAIOCh 3KCIIEPUMEH-
TaJIGHO ITOJTYYUTh M OnMcath B 1996 romy B pabote [2].
B HacTosiiiee BpeMsi BOJJOKOHHBIE pelieTku bparra
LIUPOKO MPUMEHSIIOTCSI B TEXHUKE ONTUYECKOM CBSI-
31 U TeJIEKOMMYHUKALIMOHHKIX cucTteMax [3]. Knac-
cuyecKasi MoAesb IS ONUCAHUST pacIIPOCTPaHEHUS
VIMITYJIbCOB B BOJIOKOHHBIX OPA3ITOBCKHUX pelleTKax
MpeCcTaBisieT CO0Oil HEMHTErpUPYEMYIO CUCTEMY
JIBYX HEMMHEHHBIX TUddepeHIInaTIbHbIX YPaBHEHUMN
B YAaCTHBIX IIPOU3BOAHBIX MepBoro nopsiaka [1, 4]. B
rocJjienHee BpeMsI MOSIBISIETCST BCe OOJIbIIIE UCCIIeI0-
BaHUIi, B KOTOPBIX IJISI OMKMCaHUs pelreTok bparra
WCHOJB3YIOT CHUCTEMY CBSI3aHHBIX HEJIMHEMHBIX
ypaBHeHni tnna HpénmuHrepa ¢ moMHOMUATBHBI-
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MU HeJIMHenHocTsaMu [5—9]. B maHHoit pabote pac-
cMaTpuBaeTCsl CHUCTeMa ypaBHEHUI TaKOro THUIIA C
HEJIMHEMHOCTBIO TPEThEU, MATOU M CEAbMOM CTe-
neHu [5]

. 2 2
iq, + airy, + (blgl” + clr|)g +
4 2 2 4
+ Elgl” +mylgllr” + Gl Hg +
6 4 2 2 4 6
+ (blgl” + mylgl'|r[” + mlgl | + pilr)g +
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ir, + ayq,, + (bl + colgl )r +

4 2 12 4
+ &lr" + ol lgl” + Colgl r +
6 4 2 2 4 6
+ (Llrl" + mylrl'lgl” + mlr’lal + palal )r +
+ iazrx + qu = 0,
rae g(x,t) u r(x,t) aMIUIMTYIbl BOJIH, pacIpoCTpaHsI-
IOIMXCS B IPSIMOM M OOpaTHOM HaIlpaBlieHUH, a;, b;,

Cj’ &ja nj’ st ljs mja nj’ pja aja Bj (.] = 15 2) - Hapa_
METPBI ONITUYCCKOU CUCTEMBI.
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2. HAXOXJAEHUWE PEILIEHUN CUCTEMBI (1),
(2) B IIEPEMEHHBIX BET'YIIIEN BOJIHBI

TouHoe peureHue cuctemsl (1), (2) uieTcs B BUIE

q(x,1) = y(2)e ™",
r(x1) = (@)

3

5 Z=X—C0f,

rae X, , 6 u C;, — npor3BoJIbHbIE NOCTOSIHHBIE. [1o-
cJie noactaHoBKY (3) B cucteMy (1) u (2) moaydaetcs
CUCTeMa M3 YeTBIpeX YpaBHEHUN IJIs1 NeCTBUTEIb-
HOI 1 MHUMOI1 yacTeit cuctemsl (1), (2) B Bume
" 7 5.2 3.4 6
ay; +hy +myiy; + myiy; + pyy; +
3.2 5 4 2 3
+MY, Y+ s — Kay, + by + 4
2
+onyy — Koy + oy + By, =0,

@y} + by, +myly; + my'y; + pyiy, +
T\z)ﬁzyg + E.-zyzs + Czy;‘b - K2a2y1 + bzyg + (5)
+ c2y12y2 — K0y, + @y, + B, =0,
2xkay, — (Cy — o)y =0, (6)
2xa,y; — (Cy — 0,,)y; = 0. @)
Ecmu 4a,a,K” # (01, — Cp) (0, — C,), To cuctema (6),

(7) nmeet pemieHue ), = const, y, = const U 3TOT
cily4aii He MpeacTaBisieT UHTepeca. Eciau

21([1] _ CO - 0(1

= , (8)
CO - az 2Ka2
TO
»n =0y +C, )
rae C NOCTOSTHHAsI UHTETPUPOBAHUS U
o= 2K (10)
Co— 0,

M3 cooTHomeHus (8) moaydyaem

Gy = %(0‘1 +0,E \/16‘1102K2 + 0(12 = 2040, + oé)‘ (1)

ITonoxum nocTosiHHy10 MHTerpupoBaHus C = 0.
ITocne nmoacTtaHoBKU BhIpaxkeHUs (9) B riepeoripee-
JIeHHY10 cuctemy (4), (5), YMHOXEHUST 3TUX YpaBHe-
HUIl Ha y; U UHTErpUpOBaHUs 1o z cuctema (4), (5)
npruoopeTacT BUI

4a1(5y{2 + (($6pI + 64}11 + sz, + ll)yl8 +
+ (30"t +20m + 25 st + a0 + 2+ (12
+ (40P, + 40 — 4K’0a, — 4xo,)y; +C, =0,
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+ [205&2 +§03n2 +§GC2]J’16 + (13)
+(206°b, + 260,y +

+ (4006 + 4B, + 4K’°a, — 4x00,)y. + C, = 0.

banancupoBouHoe uywmcio cucrembl (12), (13)
1

p =1 Monaras y(2) = Y2y, ypasuenms (12), (13)

IIPUOOPETAIOT BUJL
Ay By 1y By 4 Fy +Gyt = 0, (14)
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F, = o(c’h + 6*'my + &’y + py),
G, = (-4K’a, + 4B,)o — 40, + 40,
G, = (-4xo, + 4w)c — 41<2a2 + 4B,.

Cucremy (14), (15) MOXHO IIPOMHTErPUPOBATH
MpU CICAYIOIINX OTPAaHUYEHUSIX Ha TTapaMeTpPhI

A =0, A4 =0 B =0, an
B,=0, C, =0, C,=0
" yCIIOBUAX COBMECTHOCTU
E_h_ ﬁ (18)
E, F G,

C yuetroMm (16) yciaoBust Ha mapametpsl (17), (18)
MOKHO BEIPa3UTh CICHYIOMNM 00pa3oM
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1.0,

(a)
! (b)

Y /

-10 10 20

Puc. 1. Perienue yj(z) (criolHast JUHUSA) U y5(z) (TTyHK-
TUpHast TnHUs) cucteMsl (4), (5), (6), (7) pu 3HaAYEHUSIX
napameTtpoB: (a) E; =0.1, Gi=-1, F=1, z3=5,
c=0.7; (b) E =1, G=-1, =1, z=0, 6=0.7;
©FE=1,G=-1,=2,z=-5,6=0.7.

Cucrema (14), (15) npm ycinoBusix (17), (18) umeer
ob11ee pelreHre B BUAL

N=EGi(z—2)
B -4EGe B
Wz) = NP (20)

—4E!GFe 5 +e &

Takum obOpa3om, HalilecHO TOYHOE pellleHUe CU-
creMsl (1), (2) B Bume
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—4EGe  © fr———
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—4E'GFe © +e G
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-
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N=EiG (x=Cyt—2) 3
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_4E1Gle !
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e
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E,

C yCJI0oBUSIMM Ha TtapameTpsl (8), (10), (17), (18).

Ha puc. 1 uzobpaxensl rpaduku perieHus y,(z) u
¥,(z) cucteMbl ypaBHeHuii (4), (5), (6), (7) npu pas-
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KYTYKOB, KVIAPAIIIOB

JIMYHBIX 3HAUYEHUSX MapaMeTpoOB MOAEIU C YyYETOM
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Abstract—The mathematical model for describing the propagation of pulses in a nonlinear optical fiber with
Bragg gratings is considered. The analytical properties of the model of wave propagation in the forward and
backward directions in fiber Bragg gratings, described by coupled generalized nonlinear Schrodinger equa-
tions with qubic—quintic—septic nonlinearities, are studied. Using the traveling wave variables, the transition
to the system of four ordinary differential equations obtained for the real and imaginary parts of the original
system of equations is carried out. The compatibility condition for two linear differential equations of the sys-
tem under study is presented. For two nonlinear differential equations of the system under study, first integrals
are obtained, as well as constraints on the parameters for which the system does not contain fractional powers,
and compatibility conditions under which the system has a general solution. Under the found constraints on
the parameters of the model, the solution of the studied system of four ordinary differential equations is pre-
sented. The solution is given in the form of an optical soliton for coupled nonlinear partial differential equa-
tions of the Schrodinger type with nonlinearities of the third, fifth, and seventh degrees. The found solution
is illustrated for different values of the parameters.

Keywords: optical solitons, exact solutions of differential equations, nonlinear Schrodinger equation, fiber
Bragg gratings
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