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; _MEPEXOJ HEEJIEBCKOH JOMEHHOM FPAHMILB
: " 'B CKPYYEHHYIO B MATHUTHOM TIOJE
" W BEPTHKAJIbHBIE BJIOXOBCKHWE JIMHUH
o B MATHUTHBIX IJIEHKAX .
C MEPNEHAMKYJIAPHON AHU3OTPONIUEN

I'. E. Xodenkos

- O6HapyXeHO, YTO B MarHHTHOM ToJie, MEPNEHAHKY/IAPHOM IJIOCKOCTH AOMeHHOH rpa-
HHILBL, . HeeJleBCKasi CTPYKTypa CTAHOBHTCS YCTOMYHMBOMH, €CJH TOJe TMPEBOCXONHT Onperedse-
‘'MOe B pabOTe KPHTHUECKOe 3HAYeHHe, HECMOTPS Ha AecTaGHaH3Hpyollee AeficTBhe motel
PpasMarHHyHBaHH#A, NePeBOAAIUHX FPaHHIY HHXKe TOUKH INepexoaa B cprquHoe COCTOS~
HHe. BhisicHseTcss IMHaMHuecKoe NoOBeJeHHe FpaHuilbi B 06JACTH KPHTHYeCKoro mouas. Mar-
HHTHOE moJe yl(aaammﬁ OpHEHTAUHH yABaHBAeT PAacCTOAHHE MexX/[y BepTHKaJbHbHIMH Ba0-

. XOBCKHMH JHHHSIMH B CKPYYeHHOH rpaHule.

; . §
- B GAHOOCHOM ()eppOMarieTHKe OAHOMEpHAs HeeleBcKas JOMEHHasi Ppa-
nuua (HIAT) ycroiluwBa, ec/li BHellHee MarHHTHOE MOJIe, TMEPNEHAHKYJIAP-,
HOe ee MJIOCKOCTH, yAoBjerBopsier yeiosuio H=H, >8M—0(Q™), rtae .
M — namarunyensocts, Q — QakTop KauecTsa, npeinoJaraeMslil B° HacTOsI:
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Puc. 1. Cxemartnueckoe H306pakeHHe CKpYYeHHOH
AomenHoi rpannue (COT).

meit paGore Goaswum [1, 2] Hixke KPUTHUECKOro 3HAYEHHs BHELIHEro mo-
as or HAT orsersisiercss Bo3MylieHHe G6J0XOBCKOro THma ~ +y8M—H -
[3, 2], Tak uto HAT mnocrenenHo nepexoaut B GJIOXOBCKYIO I'DaHMLY.

B n/enHkax ¢ NepneHjHKYJspHO aHH3OTPONHMell CYIIECTBYeT ' CKpyueH--
‘Has noMmennas rpanuua (CIT) — (puc. 1). dkcnepuMenThl MOATBEPKNAIOT/
CyllecTBOBaHHE OOJIBIUKX YIVIOB CKPYYEHHOCTH Ha TOBEPXHOCTH TJeHKH [4],
Ho uccaenosanue CII B HacTOsilee BPEMs HE MOXET CUHTAThCA BAKOH-
YEeHHBIM. .

Bonbuioii untepec mpeactasiasier usyuyenue CIT BO BHEIIHHX MATHHT-
HBIX TMOJISIX, JieXkKallux B GA3HCHOH IJIOCKOCTH MarHeTHKa (B IJIOCKOCTH
TJIeHKH), TOCKOJbKY OHH nepecTpanBaloT cTpyktypy CIT yxe mpu yme!
PEHHBIX 3HAYEHHsX, FOPA3/l0 MEHbUIHX NOJA aHH3OTPOmuH. Tak, MarHuT-

. Hoe mojsie .H,, nanpassentoe nporus- noasipuocrty CAT u sexaiee B ee
IJIOCKOCTH, BEAET ‘K 06pa3oBanHio 360° ropusonTaibHO#i GAOXOBCKOMH JHHUE'
“6—7] ye s nomsax 4nM(A/h)a, rae A— napamerp UHPHHEL GJIOXQBEKOH.
_JAHE#, h— ToMuHa IeHKH (A3>A), a— uncaenubiii Kospduuuent no-
_PAAKA,eIMHUIE, PAasTHYAOUIHACA Y Mepeuncientbx aBTopos. OTMeTHM cy- -
IECTBERAYIO POJIb HEOAHOMEPHOETH 3ajaud. OnHomepHas Groxosekas AT
"B TOM %€ TIOJIe MeHAeT MQJAPHOCTb 3a'CHET OAHOPOLHOrO IO e TUIOCKOCTH -
' BPalleHHs CIMHOB B ropasfo GOMpMHEX noMsx ~8M, ut0o BHIHO Kak H3
- ypasHenult - CJIOHYEBCKOTO, TaK u“ﬂamay-—-.}lm)mnuq @>1HI8L .
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Caytal MariutHoro noas Hy=H, nepnedaukyispsoro maockoctn T,
He “UCCAEZOBAJICS, XOT OH BHIFOAHO OT/IHYAeTCS OT HPEAHAYIMero CBoeil
" ApocTOTOR. YpaBHeHHs MHKPOMAarieTH3Ma. AONYCKaiOT OfHOYrJIOBOE pelile-
‘nue tuna HJIT, ycTOHuMBOCTb KOTOPOro OTHOCHTE/NbHO fiepexoxa B CAT
noA AefcTBHEM NoJell pa3MarHHUHBAaHMS ¢ NOHMKeHHeM [ M Hceneayercs
B Hactosmeil pabore. Caenyer ykasate; uro HJT 6niia o6HapyXeHa B 4HC-
JeHHBX skcnepuMentax [9, 10], aBTopbl KOTOpPHIX 6e3 Kakoro-1n60 BHBOJA -
JAl0T KAYeCTBEHHYIO OLEHKy obaacTh ee cymecrBoBanus H>8M+Hy, -
B.KOTOpPO}} NoJie pasMarnuynBanusi H,, NpOH3BOJMbHO o6pe3anoch Ha pac-
" crosHusx A=AfYQ (A —napamerp mupuus 670xosckoit IT) or nosepx- -
HOCTH NJIEHKH, uTO NPUBOAHMJIO K ouenke 8MInh/A. KauecrBennas .ora- -
pudmMuyeckas oueHka 3Q@PEKTHBHBIX MOJeH, NOAABJAIOMHX CKPYYEHHOCTD,
npuBoautes B [11]. .
B macrosimeii paGore mnoxasano, uro HAI ycrofiuna B noasx, Jexa-
wux soimie 8M In /A, rae h>>A. Jlorapudpmuueckas, HO XyAllasi 4eM 31ech, '
ouenka Gbila gana B [12]. Huxe snauenuss kputudeckoro moas ot HIAT =
OTBETBJASETCS Majoe BO3MYIIeHHe, NPEACTABJSAIOUIee T'OPHIOHTAIBHYIO
6J0XOBCKYIO JIMHHIO, JOKATH30BANIOE Y SHEPreTHYeCKH HEeBHFOIHON Mmo- |
BEPXHOCTH (HMKHeH Ha puc. 1) ¢ TUTIHYHOH 1l (ha30BbIX NEPEXoa0B BTO-
POro poia KOPHEBOii 3aBHCHMOCTBIO OT 3aKPHTHYHOCTH [0 noato. B oaactu
. KPHTHYECKOTO MarHHTHOTO TOJs HCCAEAYeTCSl MpejesbHasi . CKOPOCTb  CTa- -
unonaproro auxkenns CJIIT. Brpruncieno Takxke KpHTHYECKOE NOJe B Ipe--
Jie1€ .ouelb TOHKHX MJIeHOK A<A, B KOTOPHIX OHO JiMllb HEMHOrO OTJHYa-
“ercs ot 8M [13). Bee mcciefoBaHHe OCHOBAHO Ha CYIUECTBOBAHHH HYJEBOTO =
cOGCTBEHHOrO 3HAUEHHS B CIEKTpe JHHEaPH30BAaHHOH *HCXOXHOH 3ajayH. -
Bepruxanbhsie 6ioxosckue sunug (BBJI) B CIIT nMeioT HeoaHopoa-"
HYIO MO TOJIMHE IVIEHKH CTPYKTYpy. B yc/aoBuAX cHIbHOR cxspyqeﬂnocm
coiicta BBJI uaywanuch ByHemuorux paborax (manp., [14, 15})” npenmy-
HIECTBEHHO YHMCJIEHHBIMH MempiaMu. Huxke Oyner paccMoTpeHa CHCTeMa
nepuopnyecknx BBJI, om{‘or,\y TONOJIOTHYECKOTO 3HAaKa W 6e3 -6I0XQBCKHX-
TOueK, MOABepraeMasi AeHCTBHIO TOTO JKe BHENIHEro = MArBHTHOTO moas Hy:
 YKa3aHO acHMNOTOTHYECKOE M0\ MAPHHTHOMY TOJIO pellieHHe, ONHCHIBaloiee.
ofHOpOoAHbIe N0 ToamuHe mienkn 360° BBJI. Onpeaensiercsi xapakreproe
ToJie, B KOTOPOM NPOHCXOAHT YABOeHHe paccrosinus Mexay BBJI Ha nepuo-
/ie: TepecTpoiika CTPYKTYphl ¢ AByMs ckpyuennbiMu BBJI na meproze x oa-
Hofi 360°.
5 Tpu ucenenosanuu csoficta-CAT u BBJI B AT Gyaer Hcnoab3oBathes:”
onHo u3 ypaeennii CJ0HYEBCKOro, onpenensiomee yroa ¢ (puc. 1) — yroa
BBIXOJla HaMarHHYEHHOCTH H3 MockocTH uentpa JIT e

;7‘/2:——1\2(2%’—&52—?)+cos1p(sim};AI?1(z)—H), - :

Fplx, 2=+ h/2) _
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B KOTOPOM A=AV§—meuHa 610XOBCKO# JMHME; ~A— WI¥pHHA 610X0B-

ckoit IT. Cxopocts JIT ¢ H3aMepsi€Tcs B ©IMHHUAX CcKOpoeTH Yokepa,
H=H,/8M ~ GeapasMepHoe BHellHee MarHiTHOE IOJE HO OCH Y,
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— GespaaMepHOe noJe pa3MarHHUHBaHus, Belyllee k ckpydentoctH. Ha ta

5 h
HA3BIBACMBIX 'KPHTRUECKHX JHHHAX 2o =k Tth Inore H(zo)==1, va n

BEPXHOCTAX IUICHKA TIONe PACKOJHTCH JIOrapHGMHTECKH. =
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ym.:xemopuer (1) Jfaxe TpH H= 0, XOTSl OUYEBHIAHO, UTO . (3) 3,8.er Heye-.
T0MuB0. C.POCTOM ‘BHEINHEro NOJS IHEDTeTHYECKAs —NPEANOYTHTENLHOCTS
(3 Bospacraer, Pemienne (3) He sBIeTcs CHENH(HYECKHM. CBOHCTBOM .-
ypasuenus (1). [Togo6Hoe e OQHOYNVIOBOE pelleHHe cymecmye‘r 4B paM-
kax ypasuennit Jlannay—Jlnpumnna.

JL7s onpenenenus KpHTHUECKOTO NOJSI, BhIle Ko'ropor‘o (3)- ycroitunso,
naueapusyem (1) B6amam (3), BBOAS BeIOMorarte/JpHOe COGCTBEHHOE 3Ha-
denue E, KOTOpOe B NOC/IeAyIOINeM NoaraeTcst paBHLIM HYJIO ;

R b=m/2+ 8, ;
o Esmp=[_A2:_1+F1_1+_;_1n"’2“]6¢. )
k g z°

h/2—z

'BBHLY aHTHCHMMETPHH TOTEHUMaJla ONepaTop IPOCTPAHCTBEHHON UETHO-
CTH He KOMMYTHPYeT ¢ JWHEHHEIM ONepatopoM B MpaBoi yacTH. DTO O3HA- .
yaeT, yTo cobcTBenHbie QYHKHHMH 3ajaun  He O6GMajfaloT ONpeNeseHHON
npocTpaHCTBeHHON cHMMerpHell. EcTecTBenno, 4To HHXKHAS COGCTBEHHAsS
(YHKUMS JOKalH30BaHa B 06J1aCTH, rJie BHELIHee IoJie HalpaB/eHO NMPOTHB
namarnuueqnoctn B CIII' M NPOTHB MONS pAa3MATHHUHBAHHA, TO €CTh, KaK
BHIHO ¥3 puc. 1, BOJIH3H HHXKHell NOBEPXHOCTH NVIEHKH. Hepe)cozm K nepe-

MmeHHol 2*=h/2+z, nonryunm AJjst moTeHuuana 271 11171~ KOH&'—XHOCT‘b no-

JIQXKEHHST COGCTBEHHOrO YPOBHSI H BEJHYHHbI KPHTHUECKOrO NOJS caenyior
M3. 9DMHTOBOCTH 3ajaun (4), Tak Kak TMpOBaJ YPOBHS HMEET MECTO JIHIIb
B [OTEHUHANaX NPHTSKEHHsT Gojee CHIbHBIX, yeM z-2. CMeHa HanmpaBJeHHS’
BHELUHEro MoJsi BeeT K TOMY, UTO YKa3aHHas KapTHHA HMEEeT MecTo y Bepx-
Hell NOBEPXHOCTH NJIEHKH.

Bui6upaem npobuyio GpyHKIHIO

e &) =

— 2%2a%), 8 (2* = 0) =0, 6)

Tae a— cBoGoxubiit mapamerp. OHa He CHJIBHO OTJIHYaeTcs OT TOYHOMH
8¢ {(2—>0) =exp (2*?-1n z*/4), cnenyiomeit u3 (4); B CHAy Pe3KoH JOKaJH-
3ayuu QYHKUHH, ee HOPMHPOBKa NpoBsejeHa B obmact 0<z*<oo. Bass
TaGaHYHbIe HHTErpPaJbl, noayyaeMm c noMousio (5) ua (4)

o =12 Gy chEn? 1,2 ; 0)

2 a® 4 2 h

rae ¢=0,577... MuHEMH3a1¥s [0 @ JaeT

\5{, v : gy = VEA; \ Ok%
' E@) H H*, H*—_Q,QSB’-{-»—In——— Y,

o . .
: LS HE : 8):
S g : ®
D'tme‘mm uTo HeTHHAAS fpaunua cywecrsopanna HIAT  aexut sime. H*
(8), 18K Kak Bapuauuonnoe E(ao) (7), KOHEUHO, TPEBOCXOAMT HCTHHHOE,
'TOUKe nepexozxa E(au)=() Hcm}mmﬁ ypOBeHb yie. 3aaep.ouo orpﬂuare-
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" JeH, uTO W NMPHBOAHMT K Bo3pacranuio H* (8). TeM He MeHee, CYLIeCTBOBA-
HHE KPHTHYECKOrO MOJIst CJIeAyeT M3 3PMHTOBOCTH 3aiaud. Jlorapagymuue:
“cKaf, Kak H B (7), 3aBMCHMOCTH Ha DacCTOSAHHAX Mopsiaka .\ Gblia obHa-
pyxena B [12]. Ecin Bmecto (5) mpu A>A Hcnosb3oBaTh NpoGHYIO ByHK-'
LHIO, [eJNOKaJH30BaHHYI0 MO BCell TOMIIHHE NJIEHKH, TO moayunm H*=1,83
[12], 1o ecTh ypoBens, Jexamuit BLillle 3anucaHHoro B (7). A
Jast ucenenosanus Hemuueiineix coiicts CAT B 06M1aCTH KPHTHYECKOTO. -
nosst (8) samuiem ypaBHenHe (1) ¢ TOYHOCTBIO 1O U.JIEHOB TPETHETO MO~
psAKa nmo amnaurtyne (4): B

4 L(H)sp— -+ [ @) + 7 —4] o, "

A
rie L — nunelinwlii onepatop B npasoit uacTH (4). B6iu3u nmons mepexona
(8) mpoussenem passoxenue no pashoctd H—H* B Tmpeanosioxennn Ma-

Al

Prc. 2. 3aBHCHMOCTb CKOPOCTH

CATI B6au3KH TOYKH mepexoia

| . (8) or ammautyam (5) coriac-

/I #Ho (11). CrpeakaMu nokasauo

1 oo H3MEHEeHHEe aMIVIHTYIAH C YBeH-
£,  UCHHEM CKOPOCTH. YCTOMYHBHE #
YYACTKH HOKA3aHB  TOJCTHIMH R
JIHHESAMH: 7

1— H>H* 2— H<H*.

§

JIOCTH ¢ ¥ HeaunefiHbix uieHoB (9). B nyneBom npuG/HKeHnH HMeeM ypas-
A

Henne L (H*) 8¢, =0, xoropomy ynosiersopsier (5) ¢ a=a, 10 Heompé-
ZeJeHHOlt aMIIHTYNON Co. B caenyiomeM NpuGIHKEHHH MOMyuaeMm N

L (%) 6, = (H— B b9 — £ — L[ ) 1o — ) @y, (10)
2 6 d

. A
Taxk xak L (H*) 8y, = 0,10 paspemumocts 3anaun TpeGyer OpTOrOHAIBHO
CTH §4; ~ O npaBoit yactTH. He npuBoasi BHIKJIAI0K, MOJHOCTBIO aHAJOTHY:
HbIX TMPOJEJNAHHBIM BbIllE, 3aNHLIEM DPe3y/bTHPYIOLIEE COOTHOMIEHHE

.

9= V2 (H—H*) ¢, +0,6¢3, an
KOTOpOe H306pakeHo Ha pHC. 2. ; 3
B cratHueckoM cinyuae aMmIHTyAa Hckaxenus (5) Beper cefs To 3a-

KOHY €o ==+ (H* —H)/2  HuXe TOUKH Nepexoia H PaBHA HYJIO BHlllle
97Ol TOUKH. B nMHaMHueckoM pexuMe oaHo3HauHo#i BetBu (11) coormer:
cTByer obnacTb Bbllle TOYKH mepexona (8) (kpusas 2, puc. 2), a MHOro- |
3HAYHOH — KpHBasi I, pacroNoXeHHasi HHXKE TOUKH MNepexoia. IIpOHCXOXK- .
JleHHe MHOTO3HAuYHOCTH CBS3aHO, KaK H B OJHOMepHOM cayuae [16], ¢ Tem, -
uto HAT Moxer mepexoauTs Kak B NpaBylo, Tak u JeBywo JII' 610X0BCKOro.
turia. Ckopocts cranuonapuoro asuxkennst CIAT HMeeT JoKaibHbe 3KCTpe-:
MyMbl 4 (H*—H)32, nocne mpoxoxaenns koropsix CIAT  mecrannonapho:

Y0, KaK NOKa3aHO CTPeNKAMH, MEPeXOAHT Ha YCTOHYHBYI0O MOHOTOHHYIO |
BeTBb. EC/H OrpaHHUHTBCSA JIHHEHHBIM NPHOJMKEHHeM MO aMIUIHTYIE, TO
macca [T' B 3ToH 06/1acTH C TOYHOCTBIO 1O NMEPEHOPMHPOBKH KOP(DAHUHEH- | |
TOB COBNAjaeT C HIBECTHOH B OZHOMEDHOM cllyyae Maccoil ;

A Hy y=1
m=-—my{l F =%
3 e o( + ) )
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me thg— Macca JT; mBengHHas Jepuurom. Bepxm-m 3HaK o-macmcs! K 06-
“JlacTH HHXE TOYKM MepexoAa, HHIKHHA — BEINIE, HO MOAA (5) - 6BicTpO NO-,
" AaBAfeTcs ¢ pocToM moJd, Tak uto Macca JII' mpeBpamtaercs ‘B Maccy M.

BHUHCIHM KDHTHUECKOE TOJNe B OUEHb TOHKHX TIeHKax h<A KOTR2

B (4) OCHOBHOM BK7aJ BHOCHT OGMEHHBI! wieH Ad%/d2’, a H (2) . MoxHO
paccMaTpHBATh - xax Bo-smymeﬂne [13]. B. xauecTBe - OCHOBHOTO YPOBHS

-BolOnpaeM S — k"%, koTopHIit YNOBJETBOPSET .HEBO3MYIIIEHHOMY _ONepa-

. TOpy — A“‘d“/dz’ ¢ TPaHHYHBIMH ycaoBHAMH 8y (z==£h/2)=0. B cuay an-
Tncnmme‘rpuu H(z) BKJIaJ BHOCHT JIHLIb BTOPOI _TOpAAOK TeopHH BO3My-

" meHuil, B MaTpHUHbE 5JEMEHTH KOTOPOii <61p,,,|H 2) |61p0> BXOZAT TOJIb-

. KO aHTHCHMMeTpHYHble ypOBHH 84, = A~ 2 sin @m— 1)~h— , m=1,2,3...
. BHuAC/eHHs NPHBOLAT K CJAEAYIOLIEMY YC/IOBHIO YCTOHYHBOCTH
i o
H h? Sit [ (20 — 1)] a2 K2
—_— e 1 — 13
8M +2n‘ A3 2 @1 —1)* +8-96 A’ 13

n=1

TIe MHTerpaibHH# cuHyc Si(x) uMeer JOKaJbHble MaKCHMYMbl ~KakK pa3
' ‘mpu YKa3aHHBIX 3HAYEHHAX apryMeHTa

1
Sifn@n— )] ~= 4 ——— —.
Lim(@n J +,(Zn—l) O(n’)
. Kputuueckoe noje nepexojga He3HauHTeNbHO OTAHYaercs ot 8M.
Teneps paccMoTpuM cHabHO ckpyuenusie BBJT AZ>A (ans cnabo ckpy-
~ "EHHBIX h<A—[13]). OrpaHHuMMCS TONOJIOrMYECKH YCTOHHMBHLIMH BBJI

1" >0, nHe TIPUHHMas BO BHHMaHHe BO3MOXHOCTH CYLIECTBOBAHHSA, 6JIO~

XOBCKHX TOYEK B 'HHX. B cOOTBeTCTBHH C OGBIYHBIM npuﬁnnmeﬂneu OonycKa-

em B ypasuenuu (1) mpousBoaHyio HO yUHTHBAEM 3ABHCHMOCTH

a2’
H(z) 1o npubaHMKeHHE, KAK H3BECTHO, HECNPaBeNJHBO a6.rm3u KpHTHYE-
‘CKHX JMHHA Z=2p. B Hamux nocrpoenusx 3TH obnacTh BooGuie He CY-
LeCTBEHHH H, 6oJee TOro, Kak OyJeT BHAHO -H3 MOCTPOGHHBIX DeIIeHHH,
hS
* BOJHM3M OJHOK M3 KPHTHUECKHX UL %’—) ‘;i, a BOaM3H BTopoP‘I—BBJ’[
iz
- TIPAKTHUECKH He MeHSIeT CTPYKTYPY CBOGOLHOM CAr. )
Pewenne (1) B ob6aacTH BhllLE Kpu‘mqecxon NHHEE 20<2<h/2 omHCH-~
saet 360° BBJI:

: cos W (x, 2) = __M__
! [sh:r(p2 + cthe x)]
/ ;
- P—L, profie—1, (4

© a B o6JacTH MeXuay xpm'mecxmn IHHHAMH —20<2<2 pactsop BBJI
L AY(7) uamenseTes:

sinip(x, 2) =[—1+ H 2 ch x]/[ch J;—H (2)1,
Ap(2) = darctg (1 + A @) 2/ —H@)2, iy

%= x(1— B @)/2/A.

-
[}

L 9
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Pemenns (14a, 6) HenpepbiBHEI 10 X ‘Ha 2=2p. B o6nactu —h/2<2 2
peluenne obpainaercss B Hyab. B uenrpe BBJI x=0 nanpapJenue -~ BEKTOpA
HaMaPHHYEHHOCTH Heu3MeHHO, HO pactBop BBJI Ay(z) Mensercs no. o
JAHE TUIeHKH, ofpallasch B HyJb Ha HHXKHefl KDHTHUYECKOH JHHHK ’Haﬁf
pHc. 3 mocTpoeHHoMy peleHHI0 oTBedaloT™ BBJI ¢ HeueTHHIMH HOMepaMmu,:
re He OTpaXKeHo, oAHaKo, usMenenue - mwupuuet BBJI ¢ kooprunatoff 2. .
AHAJIOTHUHO MOXHO NOCTPOMTb B o6mactn —h/2<2<z, AOMOJHHTENBHOE

(14a, 6) peueHue, y KOTOPOTO NOJISIPHOCTb NPOTHBONOJOXKHA, 661>‘0 "’
x :

KOTOpOe He BBIXOAMT Ha BePXHIOW MoBepxHOCTh MieHKH — BBJI ¢ quHH’MK"

i ~
s ]
/(‘( < (/\
» /(ﬁ <(( ST
Z3 ({e/(( (///’ /{/\ ;
wiy {/ )/ :
' | —1 < N e
: 4 )//f/ 7// )></\
el /kr/f />/ >\ y
| S+ | > B
= ////\ ))))) /\‘"
-
Ny |
= ‘/) b9 (er)

Puc. 3. Beprukaibueie GI0XOBCKHe JMHHH B CKDYYeHHOH JOMeHHOK
rpannie. KoopaunaTs cootsercTsyior pHc. 1.

noMepamu. Dty BBJI o6pasyior meproauueckyio cucreMy c Ayma BBJI
Ha JIepHOJie S, OTVIHYAIOMMMHCS CHMMeTpHelt 10 2. =
Kaxnas u3 BBJI o61ajaeT HeCKOMIEHCHPOBaHHBIM «MarHHTHHIM 3apf-

noM» p(2) = + 3@& = + 2uMA cos (0, 2) (ycpeaneno mo y, A — mHPH-
X i

na JT) B o6nactn —zp<z2<2p, mnpHueM p(2) —uerHa. HcnonysoBanue
(146) nocJje ycpeaHeHHs MO 2 JaeT MOJHBIH MarHHTHH 3apAl CKpyYeHHOR

- 1 p
P Vi—*2 . %
0'63 z P==Tp (W‘dxzi0763po. (\15)
% 0
TJle HHTETPA] OLEHHBAJCS YHCIEHHO H po=2rtMAh — 3apsn HecKpYueHHOH -
BBJI. Koneyro, #a mepuoje s 3apsig paseH Hymo. CKPYYEHHOCTb YMEHb:
waer MarauTHbi 3apan BBJI u Bemer k ocnabiennio Gosee yem.  BABO!
MarHHTOCTATHUECKOrO MPHTMNKEHHs Mexay cocefnumu BBJI. Hwmeniro (15]
CllefyeT HCTOMb30BATh B pesyaprarax. [I7], rae B craThueckoki. yacTh B
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ducasics S(deKTHBHLI NapHHll NOTeHUHa B3aHMOAGHCTBHAS mexay BBJI
1 €FQ MHHUMYM NDH yHeTe TOJAPUSYIOUIEro AACTBHS BeeX OCTaNbHEX BBJ1
cHcreMsl. Huxe mepuon s Gyaer nosaratbcs (GHKCHPOBaHHBIM. :

" “Hanoxenwne sHemnero nons Hy=H npuBoAuT, HAPAAY * ¢\ NEPEXOLOM
CIIF-8 HJIT B yuwactkax, cBoGoaubix ot BBJL, K HcuesHoBenHIO Aw(z)ﬁ»(.)
y #uetupix BBJI u ysemuuenuio Ay (2)—>2n THpx BBJI na puc. 3.'Ho-
70MeNHe KPUTHUECKHX JIHHMA MEHSeTcs B COOTBETCTBHH C. YpaBHEHHEM

'FI(:‘z)x+ EI:_a::H’ u pewenns (14) H3MCHAIOTCA OUEBHIHBIM 00pasoM.

. Beitwe 6bl10 MOKa3aHo, uto B nousx (8) T sBasiercss HeeseBcKof, HO
BBJL 8 [T coxpaHsiores, obaagast Ap=r2n mo Beeil TofulHHe MeHKH. On-
pesesuM aCHMITOTHUECKHIT BH PelieHHs B 001aCTH CHIBHBIX MoJei, moja-

ras mose pasmarnmunBanms H(z) B (1) soamymennem. Hyaesomy mnpH-
Bawxenuto orseuger 360° pewenne, ciaenyiomee u3 (14a)

Do) B L gy () = — 2,

Pl AR N (19)
A 8M

B (1) monaraeM p=1po+06¢, cossposin-\pu<;1 H CYHTaeM ﬁ(z) «cnabHM»

{napamerp pasnoxenns BusAcHuTCs HuxKe). [Tomyunm.

_Ey 4 om 6:»4_(1_ 2 )&pzil(;)af%(;)‘ an

: wm homo s i

riie GeapasMepasi koopauHaTa z=22/h. OmepaTop B N1€BOi 4acTH OCOGHI,

TaK Kak li\p's—a%pM u3 (16) o6pamaer ero B Hyab. Ho ata mona oproro-
¥ X

‘HajbHa mpasoii wactw (17), Tak uTo 3ajaya KoppekTHa. Pewenne (17)

REIeM B\BHIE

So=——1@, (18)

chx

®

TIPABHIBHO YUHTHBAIOWIEM aCHMITOTHKY X—-0o. B obmacta |x|<1 (17)
CBOAMTCS K OGBIKHOBEHHOMY 1H(pdepeHunabHOMY ypaBHEHUIO L

N

: o HE VR RS v G

= F 2A=f7 vy H@, ['(z=+1)=0, (19)
l‘}:&gh»A " f?(;), coraacHo (2), pacXoAHTCs NPH -z'—>j:1. Pewenue (19)
BAXOAMM PAa3JIOKEHHEM [0 MOJHOMY HaGoOpy, NpHBOAHBLIEMYCS B CBA3H
¢ (13). NUmeem

T AT = r
Nk oMl 2 1[2n—1)n]2 e

2 2A%

_‘f(z)-.::ﬁ (=D, _Silen—hm o n@r—Dz o)

o

a pacxoauMoctH -H (z) nanbosee onacHHl TOUKH Ha TNOBEPXHOCTHX

= na T 4 i
IeHKH 2=+ 1, uccaenosanue (20) B KOTOPHIX MO3BOJAET BHIABHTb HETPH-
ankybdl Madblil napamerp sajayd. MATerpabHBA CHHYC 3aMeHsieM Ha

¥ ‘oCyiliecTBASEM CYMMUPOBAHHE Pa3/iOKEHHEM Ha 37eMeHTapHbe Jpo-. .
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64 C HCTIONb30BAHHEM ACHMNTOTHKH OT npousaouﬂon JorapHpMa ramua‘
bysxnun ¥(z>1) ~Inz: ;

o

@n—1"[2rn—1)* + @l = [

< o=l

B peaysbTaTe mosyuHM pelenne ypasHenns (17):

Sp(r,z=+1)=2L. > jphm, @
chx  4mH 242 -

~ [~ g3 .
B KotopoM H—1In (HQLA—Z) — MaJiuii napamerp. PelieHne, aHTHCHMMETPHY-

HOE Mo 2, JIOKaJH30BaHO MO X B obnacTH, rae cnuubl 360° BBJI nepnesas: -
KyJISpHBI BHELIHEMY IOJI0 H NPHBOAST K 3((HEKTHBHOMY H3MEHEHHIO Ton-’j
muaer BBJT.

XapakTepHoe 1nojie mepexoia K HaiileHHOMY acCHMITOTHYECKOMY pelle-
HHIO rOpasfo MeHblle, ueM TpeOyemoe mas manoctd (21). O6pamasnce
K pHC. 3, 3aMeTHM, u4T0 A5 nepexoga k 360° BBJI cyuiecTBeHHH Bo3MyLIe- -
HHS Gmp(x 2), JIOKaJIH30BaHHble BOJIH3H HHXHeHl NMOBEPXHOCTH MJEHKH C Ie-
PHOAOM "CTPYKTYpH S, oGpamalouinecs B Hysb B uestpax BBJI. Ha puc: 3
'HOKa3aHO HeHCTBHE BO3MYUIEHHS HAa CNHHBI Y HHXKHEHd NMOBEPXHOCTH IJIEH~
KH, B pedyapTaTte Kotoporo HeueTHele BBJI coxpansiorcs, BHXOAS M3 no
BEPXHOCTH 2=—Ah/2, a yeTHble — pacKpyunBalorcs. B nose H<0 Boamyuge-
HHe JoKanu3yeTcsi Ha z=Hh/2 u packpyuusaer Heuernsle BBJI. BuiGpas Tpe-
GyeMoe BO3MYIIEHHE B BHIE

Sp (x;2) = exp (ikex) 8 (2), (22)
rae ko=2m/s u &9 (2) onpenenena (5), mosyuaem ¢ HCMOJIb30BAaHHEM ypaB- '
Henus (4), B KoTOpoe 106aBJieH wien A‘a—z, CJIefYIoUlyI0 OLEHKY

X

H> 8M (A% + HY). 23,

3Ta oueHKka JHIL HE3HAUHTENLHO OT/IHYAETCH OT MpeAcTaBaeHHol (8) np
A%2 < 1. Ykasauuwli mpolecc BefeT K yMenbuiennio gucia BBJI na nepuo-)

ze Basoe. B cuny Toro, uto Bosmymenne (22) Jokanusoaro Bue BBJI,
oueHka {(23) MaJio uyscTBuTeabHA K Moxeau BBJIL.. -

HesaBucuMo oT KauectBa OUeHKH moas mepexoga HAT B CAT (8) c
TIOMOIIBIO OJHOMOAOBOrO NMpPHOMHKEHHS (5) caM (aKT ero CymiecTBOBAHHS
clieflyeT W3 3PMHTOBOCTH JIHHeapH3oBaHHOH 3agaun (4). B macrosmed pa-
GoTe OTCYTCTBYeT MPOH3BOJ, CB3aHHHII ¢ BHO6opoM napamerpa o6pesa-
HHA. B jeficTBHTeNBHOCTH, KOHEYHO, NoJe pa3MarHHYHBaHHS obpesaercs
BG/IH3H TOBEPXHOCTEN IVIEHKH ABTOMATHYECKH, HO €r0 HaJ€XHble OUSHKH,
B Hacrosuiee BpeMs oTcyTcrsyloT. OnHoMonosoe mpuGnukenue (5) maer
BO3MOXKHOCTb BBSIBHTD anomanbhoe nosenenue CIT BOIM3H. TOUKM nepe- ‘
xona B HAT. - :

SKcnepHMenTansHO OGHUHO Hamepsetcs Macea AT, mukosas cKopocn |
u ckopocTb Haceuuenus JI' [18, 19]. ABToph MOAUYEPKHBAIOT OTJHUHE NOJIO-
XKeHus o6JacTelf aHOMaJbHOTO NMOBENEHHS ITHX XapAKTEPHCTHK OT 8M; a
TaKXe HX aCHMMETDHIO TDH CMeHe HanpaBJeHHs BHéumHero mouas Hy. Hev!
T0JIb30BaHKe MOJNYYEHHOrO B Hacrosiefi paGoTe Bupaxenus (8) 1ast KpH:
THYECKOTO TOJIA yAOBJETBOPHTEIBHO ONHUCHBAET MONOKEHHE . YKASFHHEX
aHOMaJIHf, XOTA TIOMHOIO CPaBHEHHS NPOBECTH HE YIAeTcs B CHAY. Hauoc:ra\
TOYHOCTH SKCIEPHMEHTANILHOrO MaTepHana. ACHMMETPHS  XapaKTepy
HAXOJHT eCTECTBEHHOE OGBACHEIHE B TOM, 4TO npn cumene uaﬂpammms
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MéHseTcs 06/acTh JokaansaunH  Boamymennus  (5). TlprnosepxHoerHbie
CJIOH \TIEHOK (eppuT—rpanatoB 2= +=h/2 OTAHYAIOTCH NO CBOMM MAalHHT-
HBIM CBOHICTBAM, UTO ¥ BEJET K ACHMMETPHH KpuTHueckoro noas (8). Ouen-
Ka HEeCKOMHEHCHDOBAHHOIO «MarHUTHOro 3apsaa» na BBJI (15) ‘mosesna
npu- yiere psauMoneficrsus Mexay BBJI B chcremax mamsTd, a mose {23)
ohpejensier nosie npeoGpasopanus cucremsl BBJL.

VIHCTHTYT 3JeKTPOHHBIX YNPABJAOMAX MAIIHK Ttocrynaaa B ‘PefaKuuio
4 Mocksa. 4 ¢espans 1987 r.

JIUTEPATYBA

N -
1, Xoneukos I. E. Tepexox BAM—HAT s maruutioM mone. — ®MM, 1978, 48,
BHI. 3, ¢, 472—475.
2.2, Humamko 10. A. Tlpespamenne crenku Bioxa B cresky Heeas noa aeficTsH-
_€M OAHOPOAHOrO MarHuTHOro moss. — ®TT, 1985, 27, sun. 7, c. 2129—2134.
3. Xoxenkos I E. K Teopun ckpyuennoit AT — ®TT, 1982, 24, sum. I,

4. Kpunuuk I. C, Uenyposa E. E, llitaiin A B. IToBepxHocTHAs CTPYKTypa
u penmexcaups [ b YFeO; u Bi-cozepkampux rpanarax, — )KIT®, 1984, 87, san. 6,
c. 2014—2023. X

5. Argyle B. E, Maekawa S, Dekker P, Slonczewski J. C. Gradi-
entless propulsion and state switching of bubble domains.— AIP Conf. Proc. 1976,
N 34, p. 131—137.

6. Hubert A. Statics and dynamics of domain walls in bubble materials. —

".J. Appl. Phys., 1975, 46, N 5, p. 2276—2287.

7. Typesuy B, A, Monocos S. A Mayyenue CTPYKTYPH TDAHHUB MEXAY HO-

' MeHaMH B cnaboM MarnuTHOM noze. — ®TT, 1976, 18, suwn. 10, c. 2897—2906.

'

8. Xonenkos I. E. Jlokaabrre moan cnekrpos AT B MarmuTsix noasx. — OMM,
1986, 61, 'ssm. 5, c. 850—858. y

9. Kosinski R. A, Engemann J. Stationary motion of domain wall in
the presence of in-plane field in bubble garnet film. —J. Appl. Phys., 1984, 55, N 10,
p. 3732—3738.

10. Kosinski R. A, Engemann J. Numerical simulation of wall dynamics
in (111) oriented garnet film in the presence of an in-plane magnetic field. —J. Magn.
a. Magn. Mater., 1985, 50, N 2, p. 229—238. .

1I. Bappaxrap B. I, Heanos B. A. B mupe MarunTbx Komenos.— Kues,
Haykosa nymka, 1986. — 160 c.

12 Xonenkos I. E. Tlepexonr HAT 8 CAI B maruntHoM note.—B ku: 3¥Y m |
cucremn namsath Ha LIMI. M., MHIYM. 1986, c. 80—84. i :

13. Xonenkos I. E. CAT B ouenb TOHKHX MarHHTHBIX NJEHKAaxX C NepHeHAHKY-

« JisipHOH anusorpomue. — MM, 1984, 58, Bun. 1, c. 37—41.

14, Hubert A. Mikromagnetisch Singulire Punkta in Bubbles. —J. Magn. a.
Magn. Mater., 1976, 2, N 1, p. 25—31.
15 Jantz W, Slonczewski J. C, Argyle B. E' Effects of -Bloch lines

:and Bloch points on resonances of magnetic bubbles. —J. Magn. a; Magn. Mater.,

1981, 23, N'I, p. 8—14.

16: Xonenkos I E. Ckauok mpeaeibHuX CKOpocTeli B TOUKe Nlepexofa GJOXOB-
cxkoit I B HeeneBcKyo, — ®MM, 1980, 49, Bum. 3, c. 663—665.

« 17, Xonenkos I. E. 06 ycroiumrBocry BBJI B JIT. — ®MM, 1984, 58, BHm. 6,

¢, 12171219, .

18.De Leenw F. H, Robertson J. M. Observation and: analysis of magnetic
domain wall oscillation in Ga: YIG films. —J. Appl. Phys., 1975, 46, N 7, p. 3182—3188.

19..De Leenw F. H, van den Doel R, Robertson J. M. The dynamical

--behavior of magnetic domain wall and magnetic bubbles in single, double, — andtriple —

- Layer garnet films. — J. Appl. Phys., 1978, 49, N 2, p. 768-783.





[image: image12.jpg]{ Pocguiogomcecces “Cp — Tp o LS 1055
2. g2l ] embond (2] ppr> P

az
(L 2< Ty (t)=7 J
y 02 _uopu. £ )
5 Sl € e Tz o e P ;ﬂs
3 £ G fr) ol e
E>= ¢ 2% o’ M-t + oz () 4
< 2 27 B4 /OC (5?_; 0%;:(/‘/ _ ,):«W

Byl
YEE %ﬁ‘«“-%@)
f V183

e QZ[%/Z_LL (1] * _"E%Z'_'Q‘(zr)
A




