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HccrnenoBana HECTaMOHapHasd NJUHaAMHUKa U B3aMMOJCHCTBHUEC TOMOJOTHUYECKUX COJIHTOHOB (III/ICJIOKa-

Ui, TOMEHHBIX I'paHHIl, (PIAKCOHOB) B OJHOMEPHBIX CHCTEMax C CHIBHOH AUcHepcHel. AHATUTHYECKU H

YUCJIICHHO U3YYCHBI MPOLECChI q)OpMI/IpOBaHI/ISI COJIMTOHHBIX KOMIIJICKCOB B 3aBUCUMOCTHU OT BCJIIMYHUHBI JUC-

nepCcuun, CKOPOCTHU COJIUTOHOB U PACCTOAHUSA MCKAY HUMU. B cpene ¢ IUCCHITauei MIpOoACMOHCTPUPOBAaHa

BO3MOXHOCTb PaCpOCTPAHEHHUS] YCTOMYMBBIX CBSI3aHHBIX COIMTOHHBIX COCTOSIHUI CO CII0KHON BHYTPEHHEN

CprKTypOfI 3a CUCT UX CTa6I/IJ'II/I3aL[I/II/I BHCIIHUMU CHUJIAMH.

JlocnimkeHo HecTal[ioOHApHY AMHAMIKY Ta B3a€MOJII0 TOMOJIOTIYHUX COJNITOHIB (UCIOKAIil, JOMEHHUX

rpaHulb, (pIaKCOHIB) Y OMHOBUMIPHHUX CHUCTEMaX 13 CHJIBHOK JUCIEpCi€l0. AHATITHYHO Ta YACEIHHO BHB-

YeHO TpolecH (pOopMyBaHHS COJITOHHHUX KOMIUJIEKCIB B 3aJ€)KHOCTI BiJl BEJIMYUHHU AUCHEpPCii, MIBUIKOCTI

COJIITOHIB Ta BiJICTAHI M)k HUMH. Y CEPEIOBUIII i3 JUCUIAIIEI MTPOJEMOHCTPOBAHO MOXKIUBICTh PO3IMOB-

CIOIDKCHHS CTIMKUX 3B’SI3aHUX CONITOHHUX CTaHIB 13 CKIIAJIHOI BHYTPIIIHBOIO CTPYKTYPOIO 32 PaxyHOK iX

crabinizanil 30BHIIIHIMKA CUIAMH.

PACS: 05.45.—a HenuHeiinas q1uHaAMHKa U Xaoc;
05.45.Yv CoNuTOHEI,
75.40.Gb JluHaMHUYeCKHE CBOMCTBA.

KiroueBwbie ciioBa: HeJIMHEHHAS JWUHaMUKa, COJINTOHHBIN KOMIIJIEKC, KMHK, CUJIbHas AUCIIEPCHUsL.

JlnHaMHuUYeCcKHUe CBOWCTBA TOIMOJIOTHYCCKUX e(PEKTOB
U CTPYKTYPHBIX HEOAHOPOJHOCTEH B HHU3KOpPa3MEpPHBIX
KpUCTaJJIaX MOT'YT OBITh aJICKBATHO OMMCAHBI B TCPMUHAX
Teopuu couToHOB [1-3]. JIJIst TOTO MPUBIEKAIOTCS KBa-
3MOJHOMEPHBIC PEIICTOYHEIE MOJIETH, B YACTHOCTH, IS
OTMHUCAaHUs TUHAMHKHU AUCIOKAINH (KpayJuOHOB) HCTIOb-
3yercsa Mogenb Openkensi—Konroposoii [4,5], a cBoiicTBa
MAarHUTHBIX JIOMCHHBIX TPaHUIl UCCICAYIOTCS B paMKax
AHU3O0TPOITHBIX MOJICIICH Ieii3eHOEPTOBCKUX HIETOYeK [6].
CrnenctBueM AUCKPETHOCTHU TAKUX CHUCTEM SIBJISETCS
CHUJIbHAS TMPOCTPAHCTBEHHAS AucHepcus BoilH. KoHTH-
HyaJbHBIC MOJIENH TaK)Ke MOTYT 00JagaTh CUIBHON IHC-
Tepcueil, HapuMep, B clIydac ydeTa HeJIOKAThbHBIX B3an-
MoJeHcTBUil. DTO cHpaBeAUBO, B YAaCTHOCTH, AJs
MaKpOCKOMMMYECKUX KBAHTOBBIX CHUCTEM, @ MMEHHO s
MpPOILECCOB PACHPOCTPAHEHHUs KBAHTOB MarHUTHOTO
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nmotoka ((pIaKCOHOB) B JIMHHBIX JXK03¢(PCOHOBCKUX
KOHTaKTax [7].

Juciiokanuu, TOMEHHbIE TPaHUIbl U (IaKCOHBI SIBIISI-
IOTCSl IPOCTEHIIMMHU MpUMEpaMu OJHOMEPHBIX TOIOJO-
THYECKUX COJUTOHOB — KHHKOB. B NIMHHOBOJIHOBOM
Mpezee X CBOHCTBA OMICHIBAIOTCSA B pAMKaX YpaBHCHUH
cunyc-l'opnon (CI') u neoitroii cunyc-T'opron (ACT) [2].
Y4er CUJIBHOIM AMCIEpCUU, BBHI3BAHHON HEJIOKAJIbHBIMH
B3aUMOJICUCTBUSIMU MJIM JIUCKPETHOCTHIO, NMPUBOAUT K
HeobxoauMoctu BBeneHus B ypaBHeHus CI' u JICI” unTter-
PATBHBIX CJIaraeMbIX WM IMPOCTPAHCTBEHHBIX IPOU3BO/I-
HBIX Ooree BbIcOKOoTO Topsiaka [7-12]. Ilpu aTom pac-
MPOCTPpaHCHUE COJMTOHOB B IUCIICPTHPYIOMEH cpere,
Ka3aJo0ch OBbl, C HEOOXOAMMOCTBIO JOJKHO COINPOBOXK-
JIaThCSl CHIIBHBIM M3itydeHreM. OJHaKO cHavaja JUIs Jnuc-
KpeTHBIX cucTteM [13], a 3aTeM u and psga KOHTHHYab-



Ocobennocmu OUHAMUKY CEA3AHHBIX COCMOSHUL MONON02ULECKUX COAUMOHOB

HBIX MOJedei ¢ cuiapHOW aucmepcuerd [7—12] Obimo
00HapYKCHO YHUBEPCAIbHOE SBICHHE — BO3MOXXHOCTH
MPAKTHYCCKH O€3bI3Jy4aTelIbHOI0 OBICTPOTO JIBUKCHUS
CBSI3aHHBIX COJIMTOHHBIX KOMIUIEKCOB. JTO YHHUKAJIbHOE
CBOWCTBO JICJIACT TAKHE MHOT'OCOJUTOHHBIC BO30YK/ICHUS
KpaillHe IPUBJIEKATEIbHBIMU C NPUKJIALHON TOYKH 3pe-
Hus. B HacTosmelr pabore MCCIEAYIOTCS OCOOCHHOCTH
OIWHAMHUKH COJHUTOHHBIX KOMILIEKCOB, 00pa30BaHHBIX
CHUJIPHO B3aMMOJICHCTBYIOIIUMH OJHOMEPHBIMU KHHKAMHU
B cpeje ¢ cuibHOM nucnepcueil [11]. @dusnyecku takue
JIBYXCOJIUTOHHBIE COCTOSIHUSI COOTBETCTBYIOT, HAI[PUMED,
JIBIDKYIIEMYCSI Te(PEKTY, COCTOSIMIEMY H3 IBYX COCEC]-
HUX JUCIOKAIMOHHBIX MOTYTIOCKOCTEH, NN y3Ko# 360°
MarHUTHOW JIOMEHHOM IpaHUIE, BO3HUKAIOIIEH NaKe B
OTCYTCTBHE MAarHHTHOTO IIOJISI, MJIM CBS3aHHOW mMape
(naxconoB. TeopeTHdecku BHYTPCHHSAS CTPYKTypa ITUX
COJINITOHOB MOXET OBITh ACTATBHO U3y4YCHA B pAMKaX MO-
Jeniel, MpUBOASIINX K KYCOUYHO-TMHEHHBIM ypaBHEHUAM
¢ cuuibHOM aucnepcueit [10—-12]. B To xe Bpems HecTanu-
OHapHas AUHAMHKa KOMIIIEKCOB, YCIOBHS X 00pa3oBa-
HHSI M yCTOWYHUBOCTH, yUET BIMSHUSA Ha HUX AUCCUIAIIAN
¥ BHEIITHUX CHJI OCTAIOTCSI BO MHOTOM OTKPBITEIMHU BOTIPO-
caM#. DTOT KpPyT MPoOJIeM pacCMOTPEH B HACTOAIICH pa-
0ote B pamKax peeyuapuzosannuvix ypapaenu CI' u JCT
C JOIOJHUTEIBHOU 4YETBEPTOW INPOCTPAHCTBEHHO-BpE-
MEHHOU IIPOU3BOAHOM.

OOGBIYHO B AJITMHHOBOJTHOBOM NMPUONMKSHUH IS THC-
KPEeTHBIX CHCTEM, HampuMmep, Iias monenu DpeHke-
n5—KoHTOpOBOH, ONMHUCHIBAEMON TUCKPETHBIM yPaBHCHH-
eM cunyc-l'opnon [13]

0%u
o

BbICIIAd JUCIIEPCHUA YUUTBIBACTCA OCTABJICHUCM YCTBCP-

n

+2un—un_1—un+1+isinun =0, (1)
d2

TOW IPOCTPAHCTBEHHOM NIPOU3BOJHOMN B PA3JI0KEHUH BTO-
POM PasSHOCTH U ,,_1 + U ;| —2U ,, R Uy + VU - STECH TTE-
peMeHHas u, — CMELIeHHe aToMa C HOMEpOM 1, d —
rapameTp JUCKPETHOCTH, X =n/ d u napamerp y =1/ 1242,
[TonyueHHOe B pe3yabTaTe ypaBHEHHUE C UETBEPTOM Mpo-
CTPaHCTBEHHOW MPOU3BOJHON 00JaZlaeT CyIIeCTBEHHBIM
HEJI0CTaTKOM — HUCKYCCTBEHHO BO3HUKULIEH HEYCTONYM-
BOCTBIO coCcTOSIHMI ¢ u =0,27, 47 ... OTHOCUTEIHLHO BO3-
OyXICeHHUS KOPOTKHUX BOJH. UTOOBI M30ekKaTh MOIOOHOM
HEYCTOHYMBOCTH B YpaBHEHUSX THIAPOANHAMUKH, Byccn-
HECK MEPBBIM MPEITI0KUI UCIOIb30BATh BMECTO UETBEP-
TOW NPOCTPAHCTBEHHON CMELIAHHYIO IPOCTPAHCTBEHHO-
BPEMEHHYIO MpPOM3BOAHYI0. Po3eHay o0oCHOBan Takyro
3aMeHy B Teopuu pemeTku [14]. DTta xe unes Opuia nmpu-
merneHa K ypaBHeHussM CI™ u JICT ¢ BeIcme#t gucnepcueit
B pabotax [9—11]. B HacTosmiee BpeMs TaKOW MOAXO[] aK-
THBHO MCTOJIB3YETCs JUUISl aHATUTHYECKOTO OMUCaHus (-
¢dexroB nuckpernocru [15-17].

YpaBHeHue NBOMHON cuHyc-I'OpaoH ¢ 4ueTBepTOl CcMe-
MaHHOW MPOMU3BOIHOM uMeeT BU [9—11]
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Uy —Uy =Py +sinu+2Hsin(u/2)=0. (2)
Koncranrta 3 B 3TOM ypaBHEHHH SIBISIETCS IIapaMeTpOM
nucnepend. [Ipu H =0 uf =0 ypaBHeHue (2) CTAaHOBUTCSA
06bp1yHBIM ypaBHeHHe CI, WMEIOmMM, TOMHUMO MOJIEIH
KpayMOHa, MHOXECTBO JpPyrux MNpHIOkKeHUil. B uact-
HOCTH, repeMenHas u(x,¢) B ypaBHenun CI' onuceiBaer
pazHoOCTb (ha3 BOJHOBBIX (PYHKIHH B CBEPXIIPOBOJIHUKAX
B MOJEIU JUIMHHOTO JK03¢()COHOBCKOI'O KOHTakTa [2].
JI11 MAarHUTHBIX IPUJIOKEHUN KOHCTaHTa [ B ypaBHEHUU
(2) umeet pu3nyECcKU CMBICT MAarHUTHOTO TOJIS, a TIepe-
MEHHas ¢ =u /2 COOTBETCTBYET, HAIPUMEpP, A3UMYTallb-
HOMY YTUIy BEKTOpA HAMarHH4eHHOCTH B JIETKOIIOCKOCT-
HoM eppomarueruxe [6].

3aKOH AMCTEPCUU JIMHEHHBIX BOJIH I ypaBHEHHUs (2)
UMeeT BUJ

m(k):\/(1+H+k2)/(l+Bk2). 3)

OcobeHHOCTRIO crekTpa (3) sABIsAETCS €ro OTpaHWYCH-
HOCTb IO YaCTOTaM HE TOJBKO CHH3Y, HO M CBEPXY. DTO
CBOWCTBO J€JaeT €r0 MOX0XKHUM Ha CIIEKTP UCXOJHOU THC-
kpetHoit mogenu (1). bonee Toro, npu H =0 oH npocto
coBnanaet co crnekrpoM CI' Mozenu ¢ HelTOKalIbHBIM B3a-
umogeiicteueM [7]. M3 3akona gucnepcuu (3) cienyer,
YTO pETyIsIpru30BaHHOE ypaBHEHHE (2) HE IMEeT HEeyCTOM-
YUBOCTU COCTOSAHUN ¢ u =0,27, 47 ... OTHOCUTEIIHBHO KO-
POTKOBOJIHOBBEIX BO30ykaeHui. Takum oOpa3oM, B pam-
Kax peryisipu30BaHHOTO ypaBHEHHsS (2) CTaHOBUTCH
BO3MOJKHBIM JIeTAIbHOE aHAIUTHYECKOE U YHCICHHOE HC-
ClIeI0BaHUE OCOOEHHOCTEH AMHAMUKH COJHTOHHBIX
KOMIIJIEKCOB.

VYpaBaenue (2) obnagaeT BaXKHBIMA TOYHBIMH PEIICHH-
SIMH, YTO TMO3BOJISIET CPOPMYIHPOBATH HEKOTOPBIE CTPO-
rue pesynsraTsl. Pemenne u, (x) =4 arctg (exp (x)) 4
HEIO/BHYKHOTO COJMTOHA (KMHKA) OOBIYHOTO YpaBHEHUs
CI' octaeTcss TOYHBIM pelIeHHEM ypaBHEHHS (2) mpu
H =0 n nmpou3BoasHOM 3. AHAIOTHYHO CTAaTHYECKOE pe-
menue ypaBaeHus J[CI, Tak Ha3wpIBaeMBId 60601ep [2]:
u,,(x)=4arctg (exp (gx + R)) + 4 arctg (exp (¢x —R)), rae
q=~1+Hn shR= l/x/ﬁ, SIBJSIETCSI TOUHBIM PELIEHUEM
ypaBHenust (2) npu no0bix 3. OHO ONMCHIBAET, HANpPH-
Mep, 360° ToMeHHYI0 TpaHuIly B peppomMarHeTuke, oopa-
30BaHHYIO JBYMS OJUHAKOBBIMH 180° MOMEHHBIMH CTEH-
KaMH.

[ToxHBINA CIEKTp TUHEHHBIX BO30YKICHUH HEMOIBIIK-
HOTO KWHKa ypaBHEeHU (2) ipu H = 0 MoXKeT OBITh HalIeH
B siBHOM BHjic [18,19]. Oka3piBaeTCs, 4TO OIarogaps Iuc-
MepCHH, KMHK Terepb 00J1aJlaeT BHYTPEHHUMH MOJIaMU, U
YHCJIO UX PACTET C yBEJIMYEHUEM TapaMerpa f3, B TO Bpe-
Ms Kak 00J1aCTh HENPEPHIBHOTO CIIEKTpa CTAHOBUTCS BCe
6omnee y3koil. EcTecTBEHHO NMPEANOIOXKUTE, YTO B yCIIO-
BHSX CHIIbHOM AMCIIEPCUU HAJIHYNE BHYTPEHHUX MOJ CTa-
HOBUTCS JAOMUHHUPYIOIIMM (AKTOPOM Kak B JHHAMHUKE
OJIMHOYHBIX KMHKOB, TaK U B IIPOIECCAX UX CBSA3BIBAHMUS.
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HeticTBuTenpHO, IS ypaBHEHUS (2) OBLTIO HaWIEHO pe-
[ICHUE, OMMUCHIBAIOIICE ABMIKYIIHICSI KOMIUICKC, KOTOPHIH
COCTOUT U3 JIBYX CUJIBHO CBSI3aHHBIX 2T-KUHKOB [9—11]:

X—Vot

“)

U4y(x,1) =8 arctg { exp
ly
CKOpOCTB TaKOTO KOMILIEKca V), ero 3¢ GpeKTUBHAS MIHPH-
Ha /() U dHeprus £y ABIAIOTCS 3aJaHHBIMU (QyHKIIMAMU Ha-
pamerpoBp u H:

B[, 2_\/5 3
VoB,H) = 1+3(1+2H) 3(1+2HJ,

/ ®)
lo=CBrTe, Eo=320" =)

IIpu H =0 BeipaxeHue (4) nepexoquT B TOYHOE pellle-
Hue And perynspusoBaHHoro ypasHeHus CI. YpaBuenue
(2) mpu mo6bix H >0 obnanaer ApyruMu ABYXCOJHMTOH-
HBIMH PEIICHUSIMHU, KOTOPBIE OTBEYAIOT «BO30YKICHHBIM»
COCTOSIHUSIM COJINTOHHOTO KOMIUIEKCA M HMMEIOT Xapak-
TepHYI0 BHYTPEHHIOIO CTPYKTYypy [7,10,11]. DTN peme-
HUS HaXOAATCS YUCICHHO, MPHUYEM UM COOTBETCTBYET
JUCKPETHBI HaOOp 3HAUYCHUIH CKOPOCTEH.

Crnektp konebaHWi ABMXKyLIierocss kKuHka npu H =0
OTIpesieNAeTCs CIOKHBIM JIMHEAPU30BAaHHBIM ypaBHEHHU-
€M, KOTOpPO€ MOXET OBITh NPOAHAIN3UPOBAHO B Cllydae
MallbIX CKOpocTell V u 3HadeHuit mapamerpaf3. B nucmep-
TUpPYIONICH cpesie NBMKCHHE KMHKA IIPUBOANUT K CBS3aH-
HBIM OCHUJUIAIHSM €r0 CKOPOCTH U 3¢ (HEeKTUBHON MHPHU-
Hel [18]. Jns maneix f u V' auHaMu4ecKue CBOHCTBA
ypaBHeHUs (2) TOHKHBI OBITH OJIM3KMMU K TAKOBBIM IS
Jlopenu-uaBapuanTHoi CI'-cHCTEMBI.

B paGote npoBeaeHO YMCICHHOE MOACIUPOBAHUE JIU-
HaMUKH OJIMHOYHBIX KNHKOB ¥ COJTMTOHHBIX KOMIUIECKOB.
Jis pemeHust ypaBHEHNH ¢ YETBEPTOH MPOCTPAHCTBEH-
HO-BPEMECHHON IPOU3BOAHON NPUMEHSJIACh Pa3HOCTHAS
cXxema, aHaJIOTUYHas MPEJJI0KEHHOM B [7], KoTopast oba-
JlaeT BBICOKOM yCTOHYMBOCTBIO, IIOCKOJBKY BKIIIOYAET B
ce0st MeToJ1 TporoHKH. [Ipu BEIYMCICHUSX 1IaT 110 BpeMe-
HU BeIOupancs pasHeIM A7 =0,0001 u mrar mo koopauHaTe,
Kak npasuiio, paBHbIM Ax = 0,02, npu 3ToM pa3zMep cucTe-
MBI 00BIYHO Opasicst paBHBIM L =N -Ax, tne N =3000.
B ciyuasix, xorjga Hajo ObUIO MCKIIOUNTH WIM MUHUMU-
3UpOBaTh TPaHUYHBIC dPPEKTHI, BHIOMPAIUCH 3HAYCHUS
N =6000u 10000. HauanpHbIe YCIOBUS BEIOUPATIHUCH B CO-
OTBETCTBHUU C BBIPAKEHUSAMU JUIsI KMHKA, BoOOJsIepa u co-
JUTOHHOTO KOMIIeKca (4), a TpaHWYHBIE YCIOBHUI — B
B¢ (DUKCUPOBAHHBIX TpaHUIl co 3HadeHUsIMH u(0,7) =0
1 cooTBeTCTBEHHO u(L,?) =21 mys kxuHka u u(L,t) =4n
11 KoMmIulekca. HauanpHuble ckopocTu V;, KUHKOB U KOM-
MIJIEKCOB HaxXoIMJIKUCh B uHTepBaliie mexay 0,1 u 0,9, a Tu-
NUYHBIMU 3HAYCHHUSIMH [1apamMeTpa JHUCIepcuu Obuth B =

=1/12,1/4mnul.
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B pesynprare mng ciaydas H =0 OpTO HaiIeHO, YTO
OAMHOYHBIM KHWHK INPH MaJblX 3HAYCHHSIX IHapaMeT-
poB B u V;, IBHXKeTCA NPAKTHUYECKU CTALUOHAPHO, Te-
Hepupys ciaboe U3IyuyeHHEe C BOJHOBBIM BEKTOPOM, OII-
pexnensieMbIM U3 ypaBHeHUst (k) =Vk. C pocTom napa-
MeTpa JUCIEPCUU M3JIydeHHUE BIIepe] UCUe3aeT, T.C. MpHU
(UKCUPOBAHHOM 3 CYIIECTBYIOT KPUTHUICCKHE CKOPOCTH
Vin » BBIIIE KOTOPBIX BO3MOKHO TOJIBKO M3IyUeHHUE Ha3al.
Ecnu mapametp B u ckopocTh V), HEe Maibl, TOTAA TUHA-
MHKa KHHKa YK€ Ha HauaJbHOHW CTaANH CTAHOBUTCS CHJIb-
HO HECTAIMOHAPHOW M JIMCCUNIATHUBHOM, KaK B JUCKPET-
HbIX cucTtemax [13]. PeanbpHo M3-3a HaTHM4KsA BHyTpPeHHEH
MOZbI B CIIEKTPEC 3036y>1<11eHm71 KHMHKa BaXHBIM KaHaJIOM
MIOTEPU COJIMTOHOM SHEPTUU SIBISAETCS mpouecc GopMu-
poBaHHs ocHWIUTHpYIomero kuaka (wobbling kink). On
HauMHAETCS C BO30YXKJICHUS BHYTPEHHEH MOJIBI, KOTOpas
OBICTPO TpaHCHOPMUPYETCSI B CAMOJIOKATM30BaHHOE KO-
nebaHue, Tak Ha3bIBaeMbIl Opuzep [3], KOTOPBIA Tpe-
cTaByisIeT COOOW JMHAMHYECKOE CBSI3aHHOE COCTOSIHHE
JIByX KHHKOB C NPOTHBOIIOJIOKHBIMH TOTIOJIOTHYECKUMHU
3apsgamu. J{ns oObraHOTO ypaBHEHHsS cuHyc-lopnoH Ta-
KOH OCHUJUTHPYIONANA KUHK MOXET OBITH HaWICH SIBHO
[20]. ITpn aToM Opu3ep, TOKATU30BAaHHBINA Ha KHHKE, HMe-
€T CUMMETPHIO BHYTpeHHEeH Mofbl. M3-3a nucnepcuu ero
CKOPOCTh OBICTPO CTAHOBUTCS MEHbIIE CKOPOCTH KHHKA,
u Opu3ep OKa3pIBaeTCs Ha 3aJHEM (POHTE TOMOJIOTHYEC-
KOTO COJINTOHA.

Janee ObuTM aHATTUTHYECKHU U YUCIICHHO U3Yy4CHBI TPO-
L[ECChl B3aMMO/ICHCTBHSI KWHKOB U yCIIOBHUSI 00pa30BaHUA
HUMU CBSI3aHHBIX COJIMTOHHBIX KOMIUIEKCOB B 3aBUCHMOC-
TH OT Ha4aJIbHOM CKOPOCTH KMHKOB, PACCTOSHUSI MEXKIY
HUMHU U BEJIWYUHBI Mapamerpa aucnepcuu. Oxaszaioch,
4TO HJId ONMHCaHUA IMpoHecca CBA3BIBAHHUA KWMHKOB U UX
B3aWMOJACHCTBHS C MATOAMIIUTYIHON OpU3epHON MO0
Fp(E 1) =asin(Qr—k(&-&0))/ ch (s(5~E()) ocTarou-
HO HCII0JIB30BATh CJIECNYIOMINHA aH3aIl:

U, (x,t) =4 arctg (exp (§ + R)) + 4 arctg (exp (§ —R)) +
+fb (é;’ t)(l_th é) 5 (6)

B KoTopoM & =(x —Vt)/ [ u mapametpol V, [, R, a, &, Q, kun
& npeanosaraiorcs (yHKLIUAMH, 3aBUCALIMMU OT Bpe-
menu. Ilpy R=a=0 u /=, u V =V, Bolpaxenue (6)
CBOJUTCA K TouHOMY peuteHuto (4). IIpexne Bcero, Mol
yOeuInuch YUCICHHO, YTO COJUTOHHBIA KOMIUIEKC (4),
JBHKYIIUHICS CTAaIAOHAPHO CO CKOPOCTBIO V), ABIAETCA
YCTOHYMBEIM OTHOCHUTEIBHO MalbIX BO3MyIleHUi. Ecnmu
1os10kuTh H =0 ¥ B34Th HauaJbHBIH NPO(UIL B BUIE pe-
menust (4), HO ISl CKOPOCTH BBHIOPATh Majioe 3HAYCHHE,
TO B 9TOM CJIy4Yae COJIMTOHHBIH KOMIUIEKC pacranaercs
B3pBIBHBIM 00pa3oMm. OpHako cuia OTTaJKHUBAHHS HO-
CTaTOYHO OBICTPO YMEHBIIACTCS C POCTOM HadaJIbHOU
ckopocTn KoMmIuiekca. [Ipu mpuOmmkeHuu V;, CHHU3Y K
CKOPOCTHU CTAallHOHAPHOTO ABMXKEHHUA V) 1Ba B3auMOJeil-
CTBYIOUIMX KHHKa MPOXOJST CTaaWI0 (OPMUPOBAHUS
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«BO30YK/IEHHBIX» COCTOSIHUII COJIMTOHHOTO KOMIIJIEKCA
[7,10,11]. Onnako Takue COCTOSHUS OKa3bIBAIOTCS METa-
CTAaOWIJIBHBIMY, XOTS U UMCIOLIMMH JIOCTaTOYHO OOJIbIIOE
BpeMs xku3HH. [lanee ObUI M3y4eH XapakTep B3auMO-
HeﬁCTBHH 6I)ICTpO JABMKYHIUXCSA KMHKOB B 3aBUCUMOCTHU
OT PAcCTOSHUS MEXIY UX LeHTpaMu. bbuio oOHapyxeHo,
YTO NpU MaJbIX R < 1MMEeT MeCTO PUTSIKEHUE, B PE3YJIb-
Tare 4yero odpasyercst yCTOWYUBBHIM COJUTOHHBIH KOM-
mekc. Tako# ciywait npuBenen Ha puc. 1 P =1/12 u
Vin =0,9. Buano, 4TO COTUTOHHBIA KOMIUIEKC HE pas-
pylIaeTcs axe rnociie oTpakeHus ot rpanuipl. C yBennie-
HHEM PAaCCTOSHUS MEXAY KMHKaMH IPUTSKEHHE CMEHs-
eTCsl Ha OTTAJIKUBAHUE, B PE3YJIBTATE YETO KOMIUIEKC pac-
nmagaeTcs Ha JBa KWHKa. [IpuM HeManblX HadallbHBIX
ckopocTax Vi, —Vo <Vy/3up <1conuToHHbIH KOMIIEKC
BBDKMBAET, cOpachkiBas M30BITOYHYIO DHEPTHUIO B BHJIE
Opu3epHbIX MoJ. OHAKO B 3TOM Cilydae CyIIECTBYET ellle
OJJHa KPUTHUYECKas CKOPOCTH, BBIIIC KOTOPOH KOMILIEKC
JIUCCOLMUPYETCS Ha JIBa KMHKa. Takol pacraja «BbICOKO-
SHEPTEeTUYECKOr0» KOMIIIEKCA ¢ 00pa30BaHUEM HECKOIIb-
KMX OpH3EpHBIX MOJ MPOUCXOIUT, HAIIpUMeED, Mpu 3 =1u
Vin =09 (puc. 2).

Haxownelr, HaMu OBII0 UCCIEI0BAHO BIMSIHUE BHEIIHEH
CHJIBI ¥ IUCCUTIAIINY HAa ANHAMUKY COJINTOHHBIX KOMILIEK-
coB. i 3TOTO B IpaByro 4acTh ypaBHeHus (2) mpu H =0
ObL1M 100aBIIEHB WIEHBL j( —AlU ;, ]I IEPBOE ClIaraeMoe,
HaIpuMep B JHKO3e()COHOBCKOM KOHTAKTE, COOTBETCTBYET
TOKY CMeNeHHs, a A — KO0d((UIIUCHTY IHCCUIIAINH.
Pe3ynbraT 4MCIEHHOTO MOJICIUPOBAHUS IIPEACTABICH Ha
puc. 3 qis A =0,1 1 mecTr mociaea0BaTeNbHBIX 3HAYCHU I
Jjoor—0,1 no-0,35. Oxa3zpiBaeTCs, UTO BHELIHEE BO3JEH-
CTBHUE MO3BOJISET CTAOMIM3UPOBATH B yCIOBUAX JUCCHUIIA-
[IMN HE TOJBKO COIMTOHHBIH KOMIUIEKC, HO M €r0 «BO3-
Oy>KJIeHHbIe» cocTOostHUS. JJIsi BOJIH CTallMOHApPHOTO

o2 3 4] 5| 6|7

u(x 9tm)
(e}

) S y

0 20 40 60 80 100 120
X

Puc. 1. PacnpocTpaHeHHE yCTOHYMBOTO COJMTOHHOI'O KOM-
miaekca. Kaxnaas kpuBas ¢ HOMEpOM 7 COOTBETCTBYET MOMEH-
Ty BpeMeHH t,, =20-m. IIpoduns pemenns ¢ Homepom m =7
OTBEUYAET KOMIIIEKCY, OTPA3UBIIEMYCS OT TPAHUIIBI.
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Puc. 2. Pacriag conutoHHOTO KoMIekca mpu B =1 Vi, =09 u
t1 =500. IlepBbIif KMHK JBHMKETCS C MOCTOSHHONH CKOPOCTBIO
V1 =0]152. ITo3agu BTOpOro KuHKa — OpusepHble Moxabl. Ha
BCTaBKe B yBEJIMYEHHOM MacmTale mokazaHa IpoCTPaHCTBEH-
Has MOJYJISIMS OIS MEXy KHHKaMU.

IpoQuIS IPOU3BOIHBIC U ; U U, TPOMOPIUOHANEHBI JPYT
JIpyTy, 1 00e OHU UMEIOT POpMY JBOIHBIX OIM3KO pacio-
JIO)KEHHBIX MHUKOB. C 3THUMH NPOM3BOIHBIMH HEINOCpPEl-
CTBEHHO CBSI3aHbI DKCIIEPUMEHTAJILHO U3MEPsIeMbIe BEJIH-
YHMHBI, B YaCTHOCTH, HampspkeHue U ~u, W MarHuTHoe
none s ~u . B cllydae JUIMHHOTO JIXK03¢()COHOBCKOTO KOH-
TaKTa, a B KPUCTAJUIC C JUCIOKAIMSIMHI MPOU3BOMHAS U
omnpenenseTr ynpyrymo aehopmanuio cpeibl. 3aMeTHM,
YTO MPUHIUIHAIBHASI BO3MOKHOCTh HaOIIOJCHHSI MHOTO-
COJINTOHHBIX BO30YXJEHUH B JUIMHHBIX JIKO3e()COHOB-
CKHMX KOHTaKTax Oblja MPOAEMOHCTPUPOBaHa JIOCTATOYHO
naBHo [21].

12

10

un(xatl)
(@)}

] )
70 80 90 100 110
Puc. 3. PacnpocrpaHeHue yCTOHYUBBIX COJUTOHHBIX KOM-
IJICKCOB C BHYTPEHHEH CTPYKTYpOH B YCIOBHSAX NEHCTBHSA
BHemHed cunbl U guccunanuu. Kospouuuent A =01 u kpu-
BblE C HOMepOM 1 =1,..,6 oTBeyaroT jo=-005(1+n) n oguna-
KOBOMY MOMEHTY BpemeHu 7] =100.
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Taxum 00pa3zom, TOTyUEHHBIE PE3YIbTAThI MOTYT OBITH
WCITIOJIB30BAHBI /11 OOBSICHEHUSI M OTIMCAHMS HOBBIX 3(-
(eKTOB B AMHAMHKE TOIIOJOTMYECKUX COJIMTOHOB B Cpe-
Jlax ¢ CUJIBHOH Aucnepcuei, B 4aCTHOCTH, AUCIOKAIHil B
HEeUJCIbHBIX penieTkax, (JIakCOHOB B CHCTEMax JDKO-
3e()COHOBCKUX KOHTAKTOB U MAarHUTHBIX JIOMEHHBIX CTe-
HOK B @HU30TPOITHBIX MarHeTHKaXx.
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Peculiarities of dynamics of bound states of
topological solitons in low-dimensional
highly-dispersive systems

M.M. Bogdan and O.V. Charkina

Nonstationary dynamics and interaction of to-
pological solitons (dislocations, domain walls, flu-
xons) are investigated in one-dimensional highly-
dispersive systems. The conditions and processes
of soliton complex formation are studied analyti-
cally and numerically in relation to dispersion
strength, soliton velocity and solitons separation. It
is shown that in a dissipative medium the stable
bound soliton states with a complex internal struc-
ture can propagate due to their stabilization by ex-
ternal forces.

PACS: 05.45.-a Nonlinear dynamics and chaos;
05.45.Yv Solitons;
75.40.Gb Dynamic properties.

Keywords: nonlinear dynamics, soliton complex,
kink, strong dispersion.
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