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OJTHOMEPHAS JMHAMUKA JJOMEHHOM I'PAHULIBI
B CEMHUCJONMHOMN ®EPPOMATHUTHOM CTPYKTYPE

© B.H. Hazapos, K.}O. Camconos, E.I'. EkomacoB

Ha mpumepe ceMuciioitHol (eppOMarHUTHOW CTPYKTYPBI C TPEMS TOHKUMH W YETHIPbMS IIUPOKMMH Mar-
HUTHBIMU CJIOSIMH PacCMOTPEHA TUHAMHKA TOMEHHOH rpaHuiibl. CTpyKTypa TOMEHHOM IpaHMLBI TIPeACTaBIeHa B
BHJIc KWHKOBOTO PEIICHHs ypaBHEHHS CHHYC-1 opoHa. YpaBHEHNE IBIKEHHS IS HAMarHHIEHHOCTH PEIaioch
YHCICHHO C MCIIOJIH30BAaHMEM SIBHOM CXeMBI. J{MCKpeTH3alus ypaBHEHHUs POBOAMIACEH IO CTAHAAPTHON IISATHTO-
YEYHOU cXeMe THIa «KpecT». B paboTe mokazaHbl 0COOEHHOCTH AMHAMUKHU JOMEHHOM I'paHUIBl B MYJIbTHUCION-
HOM MarHMTHOW CHUCTEME NpU HAJIMYUK TOHKUX MarHUTHBIX CJIOE€B C YBEJIMYEHHBIM 3HAYEHHWEM KOHCTAHTBHI Mar-
HUTHOW aHM30TPOINUH. TOHKHE CIIOW C MOBBIIICHHON BEIMYMHON KOHCTAaHTHI MarHUTHON aHU3OTPOIHH IO CPaB-
HEHUIO C OJTHOPOJHBIM COCTOSIHUEM TMPEICTABISIOT COOON MOTEHIMANIbHBIC Oapbephl s ABMKYILEHCS TOMEHHOM
rpanunsl. [ToctpoeHa quarpaMMa BO3MOKHBIX CIIEHApHEB JMHAMHUKHU IOMEHHOW TPaHMIIBI B 3aBUCUMOCTH OT Ha-
YabHOIM CKOPOCTH €€ IBMYKCHUS M PACCTOSIHUS MEXIY TpeMsl TOHKAUMH MarHATHBIMH CIosiMH. [loxydeHo mMakcu-
MaJbHOE 3HaUYEHHE CKOPOCTU IBIKEHHS KMHKA JIsi OTPaXKEHHs OT BCEX MOTEHIHAIBHBIX 0apbepoB B 3aBUCHMO-
CTH OT ux pasMepoB. C yBeJIrueHHEeM BBICOTHI U IIMPHUHBI 0apbepa HeTMHEHHO pacTeT 3HauUeHHe TaKOH MOpOoroBon
MaKCHUMAaJIBHOW CKOPOCTH OTPaXCHUS TOMEHHOI rpaHusl. [1pu moctaTtouHo OOIBIIOH BEICOTE Oapbepa Habmoaa-
eTCsl YK IPaKTHUSCKH JIMHEHHAs 3aBUCUMOCTD OT IIMPHHBI 3TON MOPOToBO# cKkopocTu. I1pu HeGoIpIIOM yBeIH-
YEHUH CKOPOCTH JIBWKEHHS JOMEHHON IPaHUIBI KHHK MOXET MPOUTH Yepe3 MepBblii Oapbep, HO OTpaXkaeTcs OT
BTOpOro Oaphepa. CymecTByeT Takke cirydail KojeOaHWs KMHKAa MEXKIY BTOPBHIM M TPETHUM IOTCHIIUAIBHBIMA
6appepamu. Takue KoneOaHUS SIBHO HOCST HETAPMOHUYECKHUH xapakTep. [loaydeHa 3aBHCHMOCTD TOPOTOBOH CKO-
POCTH OT paccTosHus Mexay Oapbepamu. C yBeTMUEHHUEM PACCTOSHUS MeXIy OapbepaMu 3HaYeHHE MOPOTOBOM
CKOPOCTH CTPEMMTCS K BEJIMUMHE, PABHON MOPOTrOBOI CKOPOCTH AJIsl OHOTO Oaprepa. B pabote moiaydueHO MUHH-
MaJIbHOE 3HAaYCHHE CKOPOCTU TOMEHHOM TPaHHUIIBI IPOXOKACHUS BCEX CIOEB B 3aBHCUMOCTH OT MApaMETPOB I10-
TEHIUABHBIX O0aphepoB. OOHAPYKEHO TaK)Ke HAIWYNE KPUTHYECKOTO PACCTOSIHUSA, Pa3ACISIOIIEro JUHAMUKY
HOMCHHOﬁ TpaHULbI HA IBC 00J1aCTH ¢ KaYeCTBEHHO Pa3JIMIHbBIM MTOBEACHUEM CUCTEMBI.

KimoueBsie ciioBa: moMeHHas TPAHUIA, JTOKATH30BAHHAS BOJHA HAMArHHIEHHOCTH, MYJIbTHCIOHHEIH (eppo-
MAarbHeTukK, p€30HaHCHas IUHAMUKaA.

BBenenue. MHorocioiiHbie (heppoOMarHuTHBIE
CTPYKTYPBI YacTO MPEACTABISAIOT cOOO0W Meproan-

9acTO BBOAMTCS MPOCTPAHCTBEHHAs! MOIYJALIUS
MarHMTHBIX TapaMeTPOB MarHeTHka [2—6]. B takux

YEeCKM 4YepelyolIUecs CJIOM JBYX MaTepUalloB ¢
pa3IMYHBIMM MarHUTHBIMM napametrpamu [1]. Uc-
CJIEZIOBAHME JaXXe OJHOMEPHBIX MOJENEH AUHAMM-
KM CIIMHOBBIX BOJIH M MarHUTHBIX HEOJHOPOJHO-
CTeH, PaCHpPOCTPAHAIOIINXCA B TaKUX CHCTEMax
NEPHIEHINKYJISIPHO IPaHULAM pasjiesia CJIOeB, JaeT
[MOHMMaHWE BIIMSHUS HEOJAHOPOIAHOCTH MapamMmer-
poB Ha paccmatpuBaemble mpomeccel [2—4]. Ilpu
TEOPETUYECKOM HCCIIEJOBAHUN TUHAMHKHU JIMHEH-
HBIX ¥ HEJIMHEHHBIX BOJH HaMarHMYEHHOCTH, pac-
MIPOCTPAHSAIONIUXCA ~ TEPHEHIUKYIAPHO  CIIOSIM,

CHCTEMax BO3MOJXKEH MHHHUHT JOMEHHBIX TPaHUI
(I'), renepanus IOKaTM30BaHHBIX BOJH HaMarHH-
YEeHHOCTH THUIIA MAarHUTHBIX COJUTOHOB W Opwu3e-
poB. Hamnume mokaan30BaHHBIX MAarHUTHBIX HEOJ-
HOpPOJHOCTEW CYIIECTBEHHO MEHSET JUHAMHKY
CIIMHOBBIX BOJIH W JIOMEHHBIX rpanun [4, 7].
OcoObIif HHTEPEC K M3YUYCHHIO JJAHHOTO BOIPOCA B
HACTOSIIEE BpPeMsI CBS3aH C TIOSIBJICHMEM HOBBIX
YHUKAJIBHBIX 3KCHEPUMEHTAIbHBIX METOAMK, IO-
3BOJISIOIIMX H3y4YaTh IPOLECCH (POPMHPOBAHUS
W pacupoCTpaHECHHs] BOJH HAMarHUYCHHOCTH
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Ha HaHoOMeTpoBoM ypoBHe [8, 9]. IlokazaHo, 4TO
3a7a4y OMNMCaHus oAHOMepHOW auHamuku JII' B
TPEeX- W MATUCIONHBIX (epPPOMATrHETHKAX, MPEI-
CTaBJIAIOIINX COOON CTPYKTYPHI M3 YePEAyONTIXCS
[IMPOKUX W TOHKHX MAarHUTHBIX CIIOE€B C Pa3HBIMU
MarHUTHBIMUA [apaMeTpaMHu aHW30TPOIUHU, TpHU
OTIpeJICIEHHBIX YCJIOBUSX MOKHO CBECTH K 3ajaue
0 B3aWMOJACWCTBHM KWHKOB YpPaBHEHHUS CHHYC-
T'opnona YCI' ¢ mpumecsamu [3—6]. B Hacrosmeit
pabote uccienyeTcs AMHAMHUKA JOMEHHBIX TPaHUIL
B CEMUCIIOMHOHN (peppOMarHuTHON CTPYKTYpeE.

OcHOBHBIC ypaBHeHHS] U MeTOJ peLIeHHs.
PaccmoTpuM  ceMucIioiiHy0  QeppoOMarHUTHYIO
CTPYKTYpY, COCTOSINYIO W3 YEThIpeX IIMPOKUX
CJIOEB, Pa3/ICJICHHBIX TPEMSI TOHKUMH CIIOSIMH, Ha-
XOSAIIMMHCS Ha paccrosHud 0 Apyr OT japyra.
Inpokue U TOHKHE MAarHUTHBIE CIIOM OTIUYAIOTCS
JIpyT OT OpyTa 3HAYEHUS MU KOHCTAHTHI MarHUTHOM
AHU30TPONUU. PaccMOTpUM IIPOCTOM Cilydaid JBU-
JKEHUs TI0 MHEPLUHU U OTCYTCTBHA 3aryxaHus. Ila-
paMeTpbl aHM30TPONMU CUYUTAaeM (QYHKLUSMH OT
KOOpAWHATHI X, HANPaBJICHHOW MEpPHEeHIUKYISIPHO
rpa”uie paszena cioeB. Mcnonasdyem mis onuca-
HUSL JVHAMHUKH HaMarHMYEHHOCTH ceprudecKue
koopauHatel — M(COS@SInG, sing, cospcosh), rue
0<6<2m — yron B MJIOCKOCTH YZ MEXAy HaIpaBiie-
HUEM BEKTOpa MArHUTHOTO MOMEHTAa U OCBIO JIET-
Koro HamaruuuuBanus (oce 02), —n/2<e<n/2 —
yToJ, onuckiBaronmii Beixon M u3 mmockoctu I
VYuuThIBas B IUNIOTHOCTH 3HEPrUM MarHeThka o0-
MEHHOE B3aUMOJICHCTBHE U aHU3O0TPOIHIO, U CUH-
Tasg O<<l, ypaBHEHHE ABWKEHUS /U1 HAMarHUYEH-
HOCTH B YIJIOBBIX NEPEMEHHBIX B OJHOMEPHOM
Cllydyae MOXKHO NPEACTaBUTh B CIeLyromeM 00e3-
pasmepenHoM Buze [10]:

AG—é—%f(F)sinZO:O. 1)

rae f(x) = K(x) = K;(x)/ Klo — (yHkuums, onpenae-
JISIOIIAsl TPOCTPAHCTBEHHYIO MOJYJISILIMIO T1apa-
MeTpa OOMEHHOTO B3aWMOJICWCTBHSI M KOHCTAHTHI
AHU30TPOTIHH, Klo — KOHCTAaHTa aHWU3OTPOIHH B
TOJICTBIX CJIOSIX. Bpemss t HopMmupoBaHo Ha
4nMgy,/Q, e Q=K [(2nM ) — daxrop Kade-
cTBa Matepuana. KoopauHata X HOPMHpOBaHA Ha
O, T1ie O — IIMpPHUHA cTaTH4YecKor OoxoBckoit JI'.
Ilpu monmydyenuu ypaBHeHus (1) cuuTanOCh, YTO
K; <<2nM 52 Takast mocTaHOBKa 3aJjauM CIIpaBe/I-
JIMBa IS Kjacca OOBIYHBIX OJHOOCHBIX (heppomar-

HCTHUKOB. OTMeTI/IM, 4TO T.K. IJId HUX OIMPHUHA T0-
MCHHOH TpaHulbl UMECT BCIIMYMHY COTCH HAHO-
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METpPOB, TO PacCMaTpUBAEMble IIUPUHBI TOHKHX
MarHUTHBIX CJIOEB TOXE MOTYT ObITh HAaHOPA3MEp-
HbIMU. YpaBHeHue (1) mpu HyneBo# mpaBoil yacTu
u K(X)=1 mepexoauT B M3BECTHOE YPaBHEHHE CH-
Hyc-I'opmona [4].

Oynxio K(X) Oymem mopenupoBath (QyHK-
e B hopMe MpsIMOYTOJIbHUKA:
() L [X>W/2,x+d|>W/2,[x —d|>W/2
X K, [ <W /2, |x+d]<W/2,|x —d| <W/2

rone W — mapamerp, XapaKTepHU3YIOIIWH IIUPUHY
TOHKOTO MAarHUTHOT'O cJios, K — BelM4InHa HOpMUPO-
BaHHOW KOHCTAHTHI MAarHUTHOM aHU30TPOIHHI B 00J1ac-
TH TOHKOTO MarHUTHOTrO cosl. OTMETHM, YTO TOHKHE
CJIOU C IMOBBIIICHHON BEIMYMHOW KOHCTAHTBI Mar-
HUTHOM aHU30TPOIUHU 10 CPABHEHHUIO C BETMUNHON
MarHuTHOM AHU3O0TPOIIMU B TOJICTBIX CJIOAX HPCI-
CTaBISIOT COOOM MOTEHIMANbHBIE Oapbepbl s
newxkyieiics JI. B mpeaenbHOM ciywae, Korzaa
TOHKHE CJIOM MOXHO CYHUTATh OSCKOHEYHO TOHKH-
MU, ypaBHeHHE (1) MOXXHO pelIuTh aHATUTHUYECKU
[11]. IIpu mpoM3BONBHBIX 3HAYEHHSIX MapaMeTpOB
W u K ypaBHernne (1) MOXXHO pEeIIUTh TOIBKO YHC-
JeHHO. /{71 YMCIeHHOro peuIeH sl UCI0JIb30Bajlach
siBHasi cxema. JluckpeTusanus ypaBHEHHS INPOBO-
Juiach MO CTAaHJAPTHOW MATUTOYEYHOM cXeMe TH-
ma «KpecT», o0lafarouiel yCIOBHEM YCTOHMYHBO-
ctu (At / AX)®< 0.5, rae At — mar o Bpemer, AX —
mar no KoopauHare. B HadalbHBII MOMEHT Bpe-
MeHd umeeM J[I' GJI0XOBCKOTO THIIA, IBUKYIIYIOCS
C TIOCTOSIHHOM CKOPOCTBIO Vo, a TPaHWYHbIE YCIIO-

BUS HMEIOT BUJL: 9(—oo,t):O, 9(+OO,'[):TC,

()

9'(i oo,t):0. Kpome Toro, ucnomns3yemas cxema

ynoOHa TeM, YTO SIBISIETCS «OJHOIIATOBON», WC-
MOJIB3YET CPAaBHUTEIIEHO HEOOIBIIOE KOJH-9ECTBO
oOpallleHu# K MmaMaTd ¥ 00JIaJaeT MOTEH-IIMAIOM
JUIS ONITUMM3AIMN BBIUMCIUTEIILHOTO aIrOpUTMA.
B xone uucnennoro sxcnepumenta I nepecekaer
00J1aCTH TOHKUX CJIOEB, MPHU STOM B KaXKJIbIH MO-
MEHT BPEMEHHU paccuuThiBaeTcs cTpykrypa Al u ee
OCHOBHBIE€ JMHAMHYECKHE XapaKTEPUCTUKU: IOJIO-
’KEHUE LEHTPa, CKOPOCTh U TPACKTOPUS ABUKECHHUSL.

JAuHamuka n1oMeHHOI rpaHuubl. [ onpe-
JIEJIEHHOCTH HAYajio KOOPAWHAT IMOJIOKKUM B IEH-
Tpe BTOpOro Oapbepa, LEHTPHI APYrHX OapbepoB
OyIyT HaxXoAuTCs IO 00€ CTOPOHBI OT HEero c 0e3-
pa3MepHBIMHU KOOpWHATAMH X1 = —3 U x3 = 3, W=1,
K=1.2. [lycTs mMOMEHHas TpaHWIA IBIKETCS W3
0ECKOHEYHOCTH B CTOPOHY NOTEHUUAIBHBIX Oapbe-
poB. Uckitouas B3aumozeiicteue I ¢ 6aprepamu
B Ha4yaJbHBI MOMEHT BPEMEHH, B Hallled 3ajade
Heo0XoIuMo HavanbHOe nojoxenue I 3amaBatb
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JOCTaTOYHO JaneKo oT OapbepoB. UncneHHbIl aHa-
JIU3 TIOKa3bIBAET, YTO AOCTATOYHO XOPOUIO IMOKa-
3pIBaeT cels Ciy4ail ¢ Ha4aabHOW KOOPAMHATOW
kuHKa x = —10. IIpu HEKOTOPO# HaYaIBHOH CKOPO-
ctu A" menpmie unu pasHoit 0.296 mpoucxoaut
OTpaXKEHUE OT TEPBOTO Oaphepa W IBIDKEHUE 00-
paTHO C TOH XK€ MO0 MOXYJIO CKOpOCThIO (puc. 1,
kpuBas 1 Ha puc. 2). [losTomy Takyro CKOPOCTh
v=0.296 OymeM cuMTaTh MaKCHMAaJILHOW CKOpO-
CTBIO JUII OTP@XEHHsI OT BceX OapbepoB IpHu 3a-
JIaHHBIX napaMeTrpax. C yBeITUYEeHUEM MapaMeTpoB
K u W HenuHe#HO pacTeT 3HaYeHHnEe TaKOH IOporo-
BOM MakcHUMalbHOM ckopocTtH oTpaxeHus I ot
OapbepoB. OgHAKO TIPH JTOCTATOYHO OOJIBIION BBI-
core Oapwepa (Hampumep, K>2) Habmonaercs yxe
MIPaKTUYECKH JIMHEWHas 3aBUCUMOCTh OT K 3Toit
noporoBoi ckopoctu. Ecnu mnpoaHanu3upoBaTh
3aBUCHMOCTH 3TOH CKOPOCTH OT PacCTOSHHUS MEX-
ny G6apbepamu (mapamerpa d), To pH yBEIUUCHUN
paccTosHuS MeXTy Oapbepamu (KOTa yKe TepsieT-
csl MX KOJUIGKTUBHOE BIMSIHME HAa JIWHAMUKY) OHA
CTPEMUTCS K BEJIMYMHE PaBHON MOPOTOBOM CKOPO-
CTH Ui onmHOTO Oapbepa. IIpu HeGombIIOM yBEH-
YEHUU CKOPOCTU ABMKEHUS J[I' KHHK MOXET Mpoii-
TH 4epe3 TepBbld NOTCHIUATBHBIN Oapbep, HO OT-
paxkaeTcs OT BTOporo Oapbepa (kpuBas 3 Ha
puc. 2). 3necb BO3MOXHBI J[Ba BapHaHTa Pa3BUTH
coOwrtuid. Ecu JII' nmkercs co ckopocthio 0.297,
B MOMEHT BpeMeHM [~64 OH HpPOXOAMUT IMEPBBIH
0apbep U OTpaskaeTcs OT BTOPOI'o, U, IBUTAACH 00-
paTHO, MPOXOAUT ONSTH 4Yepe3 IMEpPBbIM Oapbep u
yXOauT Ha OeCKOHEYHOCTh (KpuBas 3 Ha puc. 2).
Ho B HebompmioM wuHTEpBalle  CKOPOCTEH
0.296<v<0.297 MOXHO YBUAETb TPETUH BapHAHT
passutust coObitmid. [II, mpoiins depe3 mepBbIid
Oapbep, TepsieT YacThb DHEPTUU MPH B3aMMOJEHCT-
Bum ¢ 6aprepoM. Korna oHa oTpaskaercs oT BTOpPO-
ro, eif He XBaTaeT YHEPTUU NPOWTHU O0OpaTHO Iep-
BB Oapbep W OHA YyKe OTpaxkaercsl oT Hero. Ta-
KUM 00pa30oM, IIPH ONpPEAEICHHONW HaYaJbHOH CKO-
poctu 0.29654, JII' Oymet nBUTaThCs B 0OJACTH,
OTpaHWYEHHON TEpBEIM M BTOPBHIM OapbepaMu
(xpuBas 2 Ha puc. 2, puc. 3). Ciydail npoxoxzie-
uHus I aByx GapbepoB M OTpaskeHHE OT TPETHETO
He OOHapYXEH, OH BO3MOXKEH JIMIIb [PH HAIWIHN
3aryxanus B cucreme. [Ipu W=1, K=2 yBenuunBas
ckopocTh JI" MOXKHO HAOI0AaTh ONMCAHHBIE BHIIIE
cueHapuu guHamuku JI'. OpHako, yBenuuuBas
CKOpPOCTh, MOXXHO YBHAETb M YETBEPTHIH BO3MOXK-
HBIA BapuaHT pa3BuTusl coobrruid. I, mpoiias ue-
pe3 BTopoit Oapbep OHa OTpa)kaeTcsl OT TPETHEro U
HaYMHAET KoJiebaThCsl Mex Iy HUMH. OTMETUM, YTO
kosebanus ' MeXIy IepBBIM M BTOPBIM, MEXTY
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BTOPbIM M TPCTbUM 6apbepaMI/I HOCHUT SdABHO HEC
T apMOHI/IquKI/Iﬁ XapakKTep.

Puc. 1. unamuka JII' mpu ckopoctu vy =0.296,
W=1K=12
10

90 t

120

Puc. 2. 3aBucumocths koopauHatel 1eHtpa I x ot
Bpemenn nipu W=1, K=1.2. Jluamn: 1 — oTpaxeHue
AL, nemwxkymeiicst co ckopocTtbio 0.296, oT mepBoro
MOTEHIUAIBHOTO Oapbepa; 2 — mpoxoxkaenue /I
JIBIDKYIIEHCS co cKopocThio 0.29654 depe3 mepBbIid
Oaprep, OTpaXeHHE OT BTOpPOrO, M JaybHEMHIIee
3aMKHYTOC JBWIXCHHC MCEKAY IEPBBIM H BTOPHIM
Oapeepamu; 3 — npoxoxzaenue I, mBrmkyiencs co
ckopocThio 0.297, uepe3 TepBhIi Oapbep U OTpaxe-
HUE OT BTOporo; 4 — npoxoxaeHue I, nBuxymencs
co ckopocThio 0.299, uepes Tpu Oaprepa

C eme OOJBIIMM YyBEIMYCHHEM Ha4aJIbHOM
CKOpOCTH (HauMHas CO 3HAYCHHWS CKOPOCTH
0.29809237) A" MokeT NpEOJ0ieTh YK€ BCe TpU
Oapbepa u yiiTu Ha GecKoHeuHOCTh. OTMETHM, YTO
HPH IPOXOKICHUU OT CpeHero 6aprepa, CKOPOCTh
nagaer B 10000 pa3, T.e. IpaKTHYECKH OO HYI.
OTmeTuM, 4TO MOJOOHOE AMHAMHYECKOE MOBEIe-
nHue [I" Ob10 MOJy4eHo paHee W IJis ciydast Oec-
KOHEYHO TOHKMX cioeB [11], korga BmMecTo QyHK-
i (1) ncnonp3oBanack AenabTa-QyHKIUS. MOKHO
OXU/aTh, YTO M H3MeHeHue Bupa ¢yHkuuu (1),



OU3UKA

HarpuMep, Ha (PYHKITHNIO THIEPOOIMIECKOTO BHIA,
YTO YK€ MCCIEN0BAIOCH PaHEe Ul Clydasl TpeX- U
MIATUCIONHOMN CTPYKTYpHI [5], HE pUBENET K Kaye-
CTBEHHOMY HW3MEHECHHMIO IUHAMHUYECKOrO IOBEIE-
aus 1.

L 5 30
) 20
03 10

t 150

200 =5 20 10

Puc. 3. lunamuka JI" ipu vy =0.29654 u mapamer-
paxW=1 K=1.2

Takum 00pa3oM, B 3aBUCUMOCTH OT CKOPOCTH
JIOMCHHOU T'paHUIIBI U MApaMeTPOB CJIOEB, HaOJIIO-
JAeTCs TIPOXOXKICHUE JTOMEHHOH TPaHHIBI CKBO3b
CEMUCIIONHYI0 (EPPOMArHUTHYIO CTPYKTYpy, OT-
paXeHHe OT 00JIACTH TOHKOTO CJIOS U MEXTyCIIOM-
HBIH MUHHMHT. OTMETUM, YTO IMOAOOHOE IUMHAMU-
yeckoe moBeneHune /[T Obuto oOHapykeHo MpH
YUCJIICHHOM CUeTe W IS APYTHX 3HAUYCHUSIX Iapa-
metpoB W n K.
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ONE-DIMENSIONAL DYNAMICS OF THE DOMAIN BOUNDARY
IN A SEVEN-LAYER FERROMAGNETIC STRUCTURE
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The dynamics of the domain boundary is considered using the example of a seven-layer ferromagnetic struc-
ture with three thin and four wide magnetic layers. The structure of the domain boundary is represented as a kink
solution of the sine-Gordon equation. The equation of motion for magnetization was solved numerically using an
explicit scheme. The discretization of the equation was carried out according to a standard five-point scheme of
the "cross" type. The paper shows the features of the dynamics of the domain boundary in a multilayer magnetic
system in the presence of thin magnetic layers with an increased value of the magnetic anisotropy constant. Thin
layers with an increased value of the magnetic anisotropy constant compared to the homogeneous state represent
potential barriers to the moving domain boundary. Thin layers with an increased magnitude of magnetic anisotro-
py compared to a homogeneous state represent potential barriers to a moving domain boundary. A diagram of
possible scenarios of the dynamics of the domain boundary is constructed depending on the initial velocity of its
movement and the distance between three thin magnetic layers. The maximum value of the kink velocity for re-
flection from all potential barriers, depending on their size, is obtained. With an increase in the height and width
of the barrier, the value of such a threshold maximum reflection velocity of the domain boundary increases non-
linearly. With a sufficiently high barrier height, there is already an almost linear dependence on the width of this
threshold velocity. With a slight increase in the speed of movement of the domain boundary, the kink can pass
through the first barrier, but it is reflected from the second barrier. There is also a case of kink oscillation between
the second and third potential barriers. Such fluctuations are clearly inharmonious. The dependence of the thresh-
old velocity on the distance between the barriers is obtained. As the distance between the barriers increases, the
threshold speed value tends to a value equal to the threshold speed for one barrier. In the work, the minimum val-
ue of the speed of the domain boundary of the passage of all layers, depending on the parameters of potential bar-
riers, is obtained. It is also found that there is a critical distance separating the dynamics of the domain boundary
into two regions with qualitatively different behavior of the system.

Keywords: domain wall, localized magnetization wave, multilayer ferromagnet, resonant dynamics.
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