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OnTHyeckre CUCTEMBI C IBYMEPHOI 00paTHOMN CBSI3BIO IEMOHCTPUPYIOT IIMPOKHE
BO3MOXHOCTH TI0 HCCIICJIOBAHUIO MTPOIIECCOB 3apOXKICHHUS M Pa3BUTHUS IUCCHIIATHBHBIX CTPYKTYP.
OO6patHast cBs3b O3BOJIAET BO3JEHCTBOBATh HA IUHAMUKY ONTHYECKOM CUCTEMBI IOCPEACTBOM
YIIPaBIISIEMOT0 MPeoOpa3oBaHusl IPOCTPAHCTBEHHBIX MIEPEMEHHBIX, BBITIOIHSIEMBIX IPU3MaMH,
JMH3aMH, JUHAMHUYECKUMH TOJIOTpaMMaMHt U IpyTuMH ycTpoiictBamu. Henunelnsiit uHTEpdepomMeTp
C 3epKaIbHBIM OTPa)XCHUEM TOJISl B IBYMEPHOU OOpaTHOM CBSI3U SIBJIIETCS OJHON M3 Haubolee
MPOCTBIX ONTHYECKUX CUCTEM, B KOTOPBIX pealn3yeTcs] HEOKAIbHBINA XapaKkTep B3aUMOACHCTBHSA
CBETOBBIX IOJIEH.

MaremaTH4ecKoil MOJIEJIBbIO ONITHYECKUX CHCTEM C IByMEPHOH 00paTHOH CBA3BIO SBISETCS
HeJIMHEWHOoe napaboJnuecKoe ypaBHEHHE ¢ IPeoOpa3oBaHNEM IIOBOPOTa IPOCTPAHCTBEHHOM
MEPEMEHHON U YCIIOBHAMH MEPHOJANIHOCTH Ha OKPYKHOCTH.

HUccnenyrotes Borpocs! OndypKanuu poskKASHUS CTAllMOHAPHBIX CTPYKTYp TUIa Oerymien
BOJTHBI, SBOJIIOIMN MX (HOPM IPU YMEHBIICHUU OU(YPKAIMOHHOTO TTapamMeTpa (BIEepBbIe B KAYeCTBE
OudypKaroHHOTO MapaMerpa ObuT B3AT KodhduineHT quddy3un) 1 TMHAMUKA UX YCTOMYUBOCTH
MIPU OTXOJI€ OT KPUTHUYECKOTO 3HAYCHHUS TTapaMeTpa OudypKkayy 1 JaibHeHeM ero yMeHblneHnn. B
paboTe HCIoNB3yIOTCSl METOJ IEHTPAILHBIX MHOT000pasuii u merox I'anepkuna. Ha ocHoBe MeTona
LEHTPaJIbHBIX MHOT000pa3uil Joka3aHa TeopeMa O CyIIEeCTBOBaHUH, (GOpME U YCTOMUMBOCTH PELIEHUS
TUMa Oerymiell BOJIHbI B OKPECTHOCTH OM(YPKaMOHHOTO 3HAaUYeHHs Koddduumenta nudpysuu.
[TomydeHo npeacTaBIIeHAE TEPBOM OETyIIElH BOHEI, pOKIAONICHCS B pe3ybTaTe OndypKamm
AnzponoBa—Xomnda npu nepexoze OudypkamoHHOTO MapaMeTpa yepe3 KPUTHIECKOE 3HaueHHe.
CormnacHo TeopeMe 0 LeHTPaJIbHOM MHOT000pa3uy nepBast Oeryiiasi BOJHa POXKIaeTcsi OpOUTAIbHO
YCTONYMBOM.

[Tockonbky oka3aHHasi TeOpeMa AaeT BO3MOXHOCTD UCCIIEI0BATh POXKACHHbBIE PEILICHUS
TOJILKO B OKPECTHOCTH KPUTUYIECKOTO 3HAYECHUs] OU(PYPKAIIMOHHOTO NTapamMeTpa, TO [T U3yUeHUsT
JUHAMHUKHI U3MEHEHUH pelleHus THIa OeryIeii BOIHbI Ipu 0TX0/1e Ou(ypKarOHHOTO apamMeTpa B
00J1acTh HAJIKPUTUIHOCTH OBLT HCTIOJIb30BaH GopManuiM Merona [anepkuna. B coorBercTBuu ¢
METOAOM LIEHTPaJIBbHBIX MHOT000pa3uii coctaBieHa rajiepKUHCKas alpOKCHMAIHS TPUOIMKEHHBIX
pemieHuit mocTaBieHHON 3amaun. [Ipu ymeHbIeHnn mapaMmerpa Oudypkamnuy 1 ero nepexoe depes
KPUTHYECKOE 3HaUCHHUE, HYJIEBOE PEICHUE 3a/1a41 TepsieT YCTOWYMBOCTh KoJiebaTeapHbIM 00pazom. B
pe3yJbTaTe OT HyJIEBOT'O PELICHHS OTBETBIIIETCSA NEPUOANYECKOE PEILICHHE THIIA OeTyIei BOIHBI.
Ota BoJIHA pOXkAaeTcss OpOUTaNBHO ycTolunBoi. [Ipy nanpHeliieM yMEHBIICHUH TapaMeTpa U ero
MIPOXOKACHUH Yepe3 Clenyolee KpUTHIECKOe 3HAUeHHE OT HYJIEBOTO PELICHHUS B Pe3yJIbTaTe
oudypxauu AHapoHoBa—Xor¢a pokIaeTcst BTOpoe pelieHue Tuma oeryias BoiHa. JanHas BojHa
pOXIaeTcs HEYyCTOHUMBON C MHAEKCOM HEYCTOHYMBOCTH JIBa.



YuceHHBIE pacyeThl ¢ MOMOIIBI0 TakeTa Mathematica mokasanu, 4To MpUMEHEHHE METO 1A
lajsiepkrHa TPUBOAUT K KAYECTBEHHO M KOJIMYECTBEHHO MPABHIBHBIM pe3yibraram. [ToydeHHbIe
PE3YJIBTAThI XOPOIIIO COTJIACYIOTCS C PE3yJIbTaTaMH, MOJyUYESHHBIMU JIPYTUMH aBTOPaMHU U MOTYT OBITh
HCIIOJIb30BAHBI ISl TIOCTAHOBKH 3KCIICPUMEHTOB 110 M3YYCHHUIO SIBICHUH B ONTHYECKHX CHCTEMAX C
00paTHO# CBSI3BIO.
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Optical systems with two-dimensional feedback demonstrate wide possibilities for
emergence of dissipative structures. Feedback allows to influence on dynamics of the optical
system by controlling the transformation of spatial variables performed by prisms, lenses,
dynamic holograms and other devices. Nonlinear interferometer with mirror reflection of a
field in two-dimensional feedback is one of the simplest optical systems in which the nonlocal
interaction of light fields is realized.

A mathematical model of optical systems with two-dimensional feedback is the nonlinear
parabolic equation with rotation transformation of a spatial variable and periodicity conditions
on a circle. Such problems are investigated: conditions of occurrence the traveling wave
solution, how the form of the solution changes as the diffusion coefficient decreases, dynamics
of the solution’s stability when the value of bifurcation parameter is decrease. As a bifurcation
parameter was taken diffusion coefficient.

The method of central manifolds and the Galerkin’s method are used in this paper. The
method of central manifolds allows to prove the theorem on the existence and form of the
traveling wave solution in the neighborhood of the critical bifurcation value. The first traveling
wave born as a result of the Andronov—Hopf bifurcation. According to the central manifold
theorem, the first traveling wave is born orbitally stable.

The theorem gives the opportunity to explore solutions near the critical values of the
bifurcation parameter. The Galerkin’s method was used by further research of traveling waves
when bifurcation parameter was decrease. If the bifurcation parameter decreases and transition
through the critical value, the zero solution of the problem loses stability. As a result, a periodic
solution of the traveling wave type branches off from the zero solution. This wave is born
orbitally stable. Further, the bifurcation parameter and its passage through the next critical
value from the zero solution, the second solution of the traveling wave type is arise as a result
of the Andronov—Hopf bifurcation. This wave is born unstable.



Numerical calculations have shown that the application of the Galerkin’s method leads to
correct results. The results can be used by experiments on the study of phenomena in optical
systems with feedback.
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