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JIOKAJIbHBIE MOJlbl CIIEKTPOB NOMEHHDbIX TPAHHUIL
OJIHOOCHbIX ®EPPOMATHETHKOB
B MATHUTHBIX NOJAX

I'. E. Xodenkos

TMosyueHs [UCKpeTHBie JIOKajbHBle MOAB cneKTpos u3oaupoBanusix I oanoocHoro
(beppoMarHeTHKa B MarHHTHHIX TOJsAX, AONOJHHTENbHEIE IO OTHOMIEHHIO K GE3aKTHBALHOH-
HOM TpaHCAAUHOHHON Moge. [Jlas mepmengukyasipuoit OJIH opuentaumn nosas, a TaKxe
OJIHOOCHOrO (peppOMarHeTHKa € OTPHLATEJbHOH BTOPOH KOHCTAHTOH aHU3OTPONMH MOAL
COOTBETCTBYIOT 3(p¢eKTHBHBIM KoaeGanusimM toauunpl AI' B OTWeNnJsioTes OT AHA CIMH-BOJ-
HOBOl 30Hbl B_3aNPeLieHHYIO TOJOCY; AJISi NAapaje]bHOH OpHeHTALHH — KoJeGaHHAM pas-
mepos 360° AT u oTwenasiorcs BBEPX OT HYJEBOrO TPAHC/IAUMOHHOTO YPOBHA TpH cfiam-
JKeHHH TnoTeHUHaAbHBIX aM 180° IT ¢ poctoM moJs. ITocrenunii pe3y/bTaT NpHMeRAETCA
K omucaHHio cnektpa 360° napbl BepTHKAJIbHBIX GJOXOBCKHX JIHHHH.

Xopolo H3BeCTHO, 4TO cueKTp H3oauposantoii 180° II' B dpeppomarnery-
Ke THIa «JIETKasi oCb» COCTOHT M3 ABYX uacreil,(Buurep, 1961): moxamuso-
BauHOH B [T GesakTuBaunoHHOH MoAbl cmemenu#t [T, OTBeTCTBEHHOM,
B YaCTHOCTH, 3a JEPHHTOBCKHI Pe30HAHC, H CIHH-BOJHOBOH 30HbI, JOKaJH-
30BaHHOH NpeHMyllecTBeHHO B gomeHax. CylllecTBOBaHHe NepBOH MOAB —
cJIeICTBHE TPAHCJSLHOHHOH HHBADHMAHTHOCTH HCXOAHOH IJIOTHOCTH 3HEp-
THH: CHCTeMa BOCCTaHABJHBAeT HapyuwenHylo npucyrctsuem I uuBapu-
aHTHOCTb OCHOBHOTO coctosiust, uarousisi JT' ua GeckoneunocTs. Hanuuue
9TOff MOABI PafMKa/JbHO OT/IHYAET cneKTp peppomarsernxa c I oT cnekTpa
OJIHOPOAHO HaMarHH4YeHHOro obpasira. BosHukaer Bompoc, NPH KaKHX yc-
JIOBHSIX B CNEKTPe OAHOYTJIOBOI, NPOCTPAHCTBEHHO OJHOMEPHOH H30JHPO-
BauHo#t JII' oxnonoapeueroyHoro QeppoMarHeTHKa BO3MOXKHO TNOSBJEHHE
o KpakHel Mepe ellle ORHON AHUCKPETHOH MOZBI.

B npHCyTCTBHH MOCTOSIHHOTO MAarHHTHOrO 10Js B Ga3sMCHOH IJIOCKOCTH
CYIECTBOBAHHE AONMOJHHTENbHOR Moapl OblIo mokaszano B [1]. Hcmoabao-
BauHbelll B [1] Meron pacueTa, 0HAKO, CYILieCTBEHHO OrpaHHuYeH 06/1acTbi0
noJiei, 6JH3KHX MO BeJHYHHE K IMOJII0 aHH30TPOMHH.

Huxe npu pacuere cnexrpos JII' ucmosb3yercsi MPOCTOH M AOCTaTOYHO
obumui npreM, OCHOBaHHBIA Ha (DAKTOPH3ALHM OLHOrO U3 AH(GepeHIHANb-
HbIX OMEPaTOpPOB BTOPOro MOpPSifKa, BXOASAIIHX B JiHHefiHylo 3agmauy. Ero
HCNOJIb30BaHKEe, BO-NEPBBIX, AaeT BO3MOXKHOCTb C(HOPMY/JIHPOBATH OKOHYA-
TeJAbHYIO 3a/jauy B CAMOCONPSXKEHHOI (GopMe H, BO-BTOPHIX, TIPHMEHHTb IpO-
cTOM BapHaHT MeToaa PuTia Ge3 obpaiuleHHs K CONMPSKEHHOMY IPOCTPaH-
CTBY, Korna npeo6pasoBaHHOe ypaBHeHHe He CBOZHTCH K CTAHIAPTHOMY BH-
ny. puewm, cBasuiBaemuiii ¢ Jlap6y u ocHoBaHHBI Ha MpeoGPa3OBaHHH, KO-
TOPOE MOXHO NPOBECTH, €CJH H3BECTHO HHMKHee COOCTBEHHOE 3HAYEHHE H
(YHKIMSI OLHOrO M3 JIHHEHHBIX YpaBHEHHH, H3BeCTeH B KBAHTOBOH MeXaHH-
Ke — JIECTHHYHBIE ONepaTophl — H B HEKOTOPHIX COBPEMEHHBIX TEOPHSX CY-
nepeumMerpuu. B 3anaue o cnexkrpe [I' ero uemosbsoBanHe 0CcOGeHHO MPo-
cTO: HHOOpPMAlHs O TPAHC/SLIHOHHOM YDPOBHE Bcerga HMEeTCss B PacHopsi-
JKEHHH.

3apnaua o cnektpe /I, momeuieHHO# B MarHHTHOE mOJe, OPHEHTHPOBAH-
Hoe B Ga3uCHOI MJIOCKOCTH mapaJJensHo noisiproctd T, cBOAHTCA K KBaH-
TOBOME@XaHHYECKOH 3ajaue O KBA3WYaCTHIE B MeJKOH CHMMETDHYHOH moO-
TEHUHAJbHOH siMe. YPOBeHb, CBS3aHHBIA € KOeGaHHAMA 3G (PEKTHBHOR TOA-
munbl 1T, oTiiensisieTcst OT HeNMpPepHBHOTO CIEKTPa B TIpelese CKOJb YTOA-
HO ciaboro mossi. Ecau 1ojie OpHEHTHPOBAHO MPOTHBOIOJIOMXKHO MOJSPHOCTH
JT', To ypoBeHb BHITAJKHBAETCH B HENPePHBHBIA crnektp. Iloao6HbIl xe
YpOBeHb CYIeCTBYeT, KOrJa Tojie HOPMaJbHO MJOCKOCTH HeeseBckoi T,
a TaKxe B ONHOOCHOM (GeppoMarHeTHKe IDH VYeTe MaJofl OTDPHLUATeJbHOH
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BTOPOi KOHCTAHTH AHH3OTPONHH M B OTCYTCTBHE BHEINHMX mojeft. DTH pe-
3yJbTAaTH yKa3HBAIOT Ha BhIAeJeHHOCTh mpocTof 180° AT.

Jpyroro poaa JokaiabHbiil ypoBenb umeercs B 360° [T, cymecrsymomeit
ycToitumBo B moJe, napasieasiom OJIH, noka oHo He NMPEBOCXOAHT ompe-
nenexHoe B [2] 3HaueHHe. Bo3nuKHOBeHHe YpOBHs CBSI3aHO C IEePEKPHITHEM
coceJCTBYIOLIMX NMOTeHUHaIbHbIX M 180° JII'; oH oTBedyaer uX KojaeGaHHAM
B npoTHBO(ase — H3MeHeHHIO paccrosiua mexay 180° I u pacnonoxen
6aH3K0 K OCHOBHOMY. PellleHHe mocjiejHell 3ajaud MO3BOJAET ONpPeAeNHTDb
COOTBETCTBYIOILYIO AOMOJHHTEJbHYIO MOAY B CNeKTpe Mapbl BePTHKAJbHBIX
6JI0XOBCKHX JIMHHH, Hcnoabays moaxos CaIoHueBCKoro.

Huxe GyneT paccMaTpHBAThCS OXHOOCHBIH (eppOMArHeTHK THNA «Jer-
Kas och», KOTopas KoJJHHeapHa ¢ ocbio-02, comepxamuit [T B niockoctn
x0z, ¢ IVIOTHOCTBIO SHEPTHH

= aﬂz* 2 2m2 —
w__A(ay) Km2 + 2aMPm2 — M (mH), m

rae A, K>0— koucTantsl o6MeHa H OAHOOCHOH aHH30TpoOIHH; m=M/M —
elMHUYHBIA BEKTOp HamarHuuenHocTH; H — BHelllHee MarHuTHOE moJe.

1. H=(Hs, 0, 0) —noae nepnenaukyaspio OJIH B naockoctn JT.
¥Yno6HO BOCHONB30BAaThCS —Napamerpusauueii m = (sinOsing, cosH,
sinfcos@). B HyneBom npuGJHMXKEHHH HMeeM H3BECTHBIE De3yJbTaThbl
nas AT

=7/2;
@y = €os @y (singy— H,), ¢y = (singy—H,) > 0; (2)
cospy=— Y 1 —HEshV/(H, + chY).
Iapamerp H. usmepsiercsi B eAHHULAX NOJst anuzoTponnn Ha=2K/M; koop-
IEHATA §—B eIMHHUAX WHPHHE Gaoxosckoi AT A=VAK;Y =
=Y Vl-Hf' JluHeapu3oBaHHBIE OTHOCHTENbHO (2) ypPaBHeHHS IBHXKe-
HHSL (@=@o+0¢, 0=n/2+50) HmeloT BUI

—60 =100, g L,L.50, (3a)

iR Bp— 1,00 200 = Ly1,80. (36)

31ech yacToTa ©, BO3HHKAIOLLAs NocJe Mepexoja K rapMOHHYECKOH Mo Bpe-
MEHHM 3aBHCHMOCTH, H3MePAETCHA B €AHHHLAX ‘yHa, TAe y— MarHuTOMexaHH-
weckoe oTHolleHue. JInHelHble camoconpsikenHble nH(depeHIHaNbHbE Ome-
paTopbi HMEIOT BHA

A 2
L1=_:_yz+ os 2¢, + H . sin @y, (4a)

A A
Ly = Lyt oH, (singy—H,) + (@ + H2), (46)

Q=H,/4nM — daxrop KauecTBa.
B o6uem caydae onaoymosou ,ElF KaK u aasa (4a, 6) ¢ Hy5=0, KoMm-

mytatop [L,, L]0, tak uto L Lz H LzL, He ABJAIOTCA CaMOCOMPSIXKEH-
HbIMH. B cuiy TpancasuuonHoil uHBapHaHTHOCTH (1) Bceraa cyuiectByer

A
GesakTHBaUHOHHEI ypoBeHb: Li8p=0, 8¢=q,(y), 80=0, 0=0, xorophi,
KaK H BHCIIHE YPOBHH; cnenye-r H3 ypaBHeHHS w’8¢= LgL,G(p Awmnaurysst

80 =i~ L,Gq; H Bﬁ—LmL_lécp, onpejeseHHele H3 (3), COBMECTHEHl, ecJaH
54.
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A
070 u cymecrsyer Ly'. 3a HCK/IOUEHHEM OT/bHBX 3HAYEHHH BXOAALIAK
A
B L, nmapamerpoB (cM. Huxke — (12), (25)) mocienHee yCIOBHE BHINOJHS-
A A A A
ercs], TaK 4T0 LiLy B oTaHuHe OT LoL; He MMeeT HyJIEBOTO YPOBHS.
A

Hanuuue HyneBoro ypoBust L, mo3BoJsieT B sIBHOM BHAe NPOBeCTH (ak-
TOPH3ALHIO
A

Lo=It— Ito 4 :—y+ o)/0;, ®)

A
Tjie, IPUMEHHTENbHO K (2): /@y =cos go. Omepartopsi L* conpsiKeHH,

A A A A
[L#, L-] %0, npuvem L-, =0, Toraa kak L+ He UMeeT HyJeBOrO YPOBHS.
BBoast HOBYIO NepeMeHHYI0
A
Y — L6, 6)

HCKJII04aIolLyI0 HyJIeBOil ypoBeHb B (3a), IPHBOLHM 3ajady K CaMOCONpS-
KeHHOH (opme

A_A A
oY = L7L, LT6Y, )
rae B caydae (2):

2 .
Lt = (L) 4 (@ 2y Lo 4 28, Lmgual s
-7+ a
L*__L L ﬁ—EELl—H sin @,. (6]

Hocne BBE}.‘leHPlS{ (6) HCXOJHble ypaBHeHHs (3) NPHHHMAIOT BHA: iwdO=

=—L+6‘~F ¥ = L Lzée rae 07<0. dtn ypaBHenus onpefessior 88 mo
pemeﬂmo (7) u noka3aelBalOT coBmajeHHe ypoBHell (7) ® 3ajaun o280 =

—L1L269 u3 (3).
Teneps npeacraBum (7) B Buae ypaBuenus penunrepa

ESY — (I 4+ V) 8%, @)

9 A A
rae E=w?— (1-4+Q-") - (1—H%). Onepatop Kunetnueckoit sneprun T=pi+
+;2/2m, rae ;J:—idiy, l/2m=2—Hi+Q—‘; norenuuan V=—(1+Q-")H.X

X@o(y) CHMMETpHYEH O y W LaeT CBA3AHHOE COCTOSHHE TOJBKO KOTAA
Hx>0— nose HanmpaBeHO MO MONSPHOCTH I[I‘

OnpenenuM RXHCKPETHBIH OTpHLlaTeJleblH ypoBeHb (8) B coabeX ROJSX

H,/Ha<1— meskoii moreHunanbHoil sime. IlopoGublit ypoBewb, o6aamas
6nn3koit X Hymo sHeprueil ~ (Hy/H,)?, HMeeT CHIbHO AeJI0KAIH30BAHHYIO
obyHKuH YA~ (Hy/Ha)~', KOTOPYIO MOXHO CYHTAaTh TOYTH MOCTOSIHHOM
Ha WHpHHEe MBI ~A. TI03TOMy SIMy MOXHO 3aMeHHTb §-06pasHbIM HCTOY-
HUKOM COOTBETCTBYIOUIeH MOWIHOCTH. B HaHHM3INEM MO MO0 HPUGIHKEHHH

A

qeH /74 MOKHO ONYCTHTb. I/ICﬂOJlbayﬂ HU3BECTHBIE Pe3yJbTaThl, MOJYyYaeM

@ 2
—E=7| [Yoa)s

—o

G005 28w
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8Y = exp e Ty LA )
2 Hy, 94t A ¥

[losryuennblii JHCKPETHBI yPOBEHD OTUIEMJISCTCS OT HHXKHEH IPAHUIE He-
MPEPBIBHOTO CIIEKTPa B CKOJb YrOAHO CJaGBIX TMOJOXKHTEJAbHBIX ToJasx. HMe-
noab3oBanue (6) u (3) moaBosisier 3amucaTh B HaHHH3IIEM NPHOJIHMKEHHH
BejlyliHe YIeHB MasblX aMITHTYA

8¢, 80 ~ 87 (4) thy/A, (10)

rae 6¥ onpepenena (9). B npenene H,—0 Gpynkuuu nepexoaaT B QyHKUHH
BHHTEPOBCKOTO CIHH-BOJHOBOrO cnekTpa ¢ k=0. YpoBeHb OKa3biBaeTCs aH-
THCHMMETPHUHBIM; CPaBHeHHe 8¢ C o MOKa3bIBAaeT, YTO OH OTBEYaeT KoJje-
Ganusam addextuHOi TomuEbl JI. JONycTHB CyUIeCTBOBAHHE aHTHCHM-
METPHYHOTO JHCKPETHOTO YPOBHS B Cilyuae H,=0, nonyuaem, 4T0 OH moma-
JaeT B HENpephiBHbIA CIEKTp 3ajla4H, H3 KOTOPOrO Ol 3aXBaTHIBAeTCA OLHA-
Ko nosem H,>0.

PaccMoTpHM Temepb NPOTHBOMOJOXKHEI npenen H./Ha.—-1, korma (8)
NPHHEMAEeT BHA

[';_ (7: )2(1 - ﬂi)*1 =+ Q“)] (1 +Q1H—18¥ =

Ha

-2 (1 - (Z—:)“)“a QY1 8% aw)_(2 ch? %)“w. (11)

B npene6pexenun uieHoMm ~ d*/dy*, copepxkawnm nepex co6oil Mamslil mapa-
merp, (11) coBmanaer ¢ ypaBHenuem aas Giaoxosckoii II' B orcyTcTBHe mo-
asa. U3 (11) caexyer, 9To MOJIOXKEHHe YPOBHS, OTBEYAlOIlEro KoJeGaHHAM

tomwunsl AT, pnaercsi BbIpaxeHueM o = % (14+Q) (1—H,), 8¥=

ch—1(y/2), xoropoe coBmagaeT ¢ moayuyeHHsiM B [1] coBceM ApYrHM cno-
co6oM. 3amerum, uyto B [1] ykassiBaeTcs eile OXHH, MOMHMO HYJeBOro,
JUCKPETHBIM ypoBeHb, YpaBHeHHe (11) um He o6nagaer; MOXHO yOexHThCS,
YTO YKa3aHHBIA yPOBEeHb COBNAZaeT C AHOM HeNpPEpPHIBHOrO CHEKTpa.

B o60#x paccMOTpEHHBIX Bblle MPeAeTbHBIX CIyYasix AHCKPETHHIH ypo-
BeHb  OKasbiBaeTcsi OJIH3KHM K HHXKHeH TpaHHIE CIHHOBBIX BOJIH
H, [(I —H) (1 —{-Q—l)]”2 — wyacrote oxuopoxHoro ®MP. Ho ycioBus
HX BO30YXKIeHHS OTJHYAIOTCH: aHTHCHMMETDHUHBIH ypOBeHb BO36yxKaaeTcs
TOJNIBKO noJieM hy(f), napanyenbHsiM noaspuoctd JI, torara xak oxHOpoA-
Hetit ®MP — hy (2).

OcTraHoBHMCS elle Ha caydae H,<0, Koraa RHCKPETHHI YpOBEHb OT-

A
cyrerByetr. Onepatop Ly (46) Temepb MoxeT MpHOGPECTH HYJeBOH ypoBeHb
H TIOTEPATH ycroﬁqﬂsocn. OrpanuunBasice Q>1, Koraa, Kak oOKaxkeTcs

lH | <1, Bhizennm B LZ BHHTEPOBCKHH ONepaTop H BO3MYIleHHE K HeMy
1—1/\Q+4Hx/ch3(_/) — Hy/ch(y). B nepBoM NOpsiiKe TeOPHH BO3MYLie-
HHJi noJyyaem:

- & g2 . — (VTcho) & — o
Ly= dy’-}] iy 690~'(V2Chy) , e =0;

o = < 80| V1|80, > = = 2x 4 10 (12)

Mepeopuenrtauus noaspuocts AT nponexomut B mone Hy< —8M, cosna-
flalouleM € pesyJnTaToM, Clefylomum H3 Teopu CiloHYeBCKOro (Iis Mar-
HEeTHKOB ¢ Q<1 CyIieCTBeHHb HeOJHOMEPHHE MAarHHTOCTATHYECKHe B3aH-
moneficreus [3]).
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KoHeuHOCTh YaCTOTH JePHHIOBCKOro pesoHauca cmemenuit I nocrura-
eTcst BBefleHHEM B MIOTHOCTb 3HepruH (1) wieHa ~ %2 [@ — @ (4)]* =~ %20¢*—

JIOKAJIbHOM aHU30TPONHH, HAPYIIAIOUIEr0 TPAHCASIHOHHYI0 HHBAPHAHTHOCTb.
A
Boipaxenue (12) noxasweiBaer, uto npu Hi/Ha<l Huxuas moma L, Gaus-
A

ka K MArkoil moxe L. IlpumeHenuwe Teopu: BO3MYIUleHH# K cHCTeMe (3)
onpeaeJssieT 4aCTOTy pe3oHaHca

© = dayMx, V1 + H J8M. (13)

= (0, Hy, 0), Q>>1 — noJje OpHEHTHPOBAHO NeEPHEHAHKYNAPHO MIADC-
koctu JIT. B oGmem cayyae JII' mmeeT ABe yIJOBEIE CTENeHH CBOGOABI, HO
ecan Hy>8M — O(Q-'), AT cranoButcs Heenenckoit [4]. Ilepexox mMoxHO
OnHCaTh MJOTHOCTHIO 3HEPTHH

( Q1 k- "HV)curv'/so (14)

rje ¢ — aMIIHTya MSATKOH MOABl ~ch~!y, To ecTb B pPaMKax TEOPHH HHAY-
LHPOBAHHEIX OPHEHTAUMOHHBIX (Ha30BbIX MEPEeXOLOB BTOPOrO POAa, o6uImi
MOAX0J K KOTOPbIM cojepxutcs B [5]. Maruurocratuuecknit unen 8 (1)
Tenepb CleayeT 3aMeHHTb Ha 2nMZ(my—m(o0))2, rae m(oo)=Hy/Ha, 1
BBIGPATh HHYIO MapaMeTPH3alHI0 M. BbIUHC/IEHHS MOJHOCTbIO aHANOTHYHBI
NpOBeJeHHbIM Bbille; B Npejene Q>1 aHTHCHMMETPHUHBIH ypOBeHb COBHa-
naet ¢ (9), Ho Bo3byxpaercs mojieM hy(f), MepneHAHKYJNSADHBIM IJIOCKO-
cru AT.

3. BeiCIIMe KOHCTAHTbI OJIHOOCHOJ aHu3oTponuu. YpaeHenHe (7) mo cpas-
HeHHIO ¢ (3) o6najaeT TeM BaXKHBIM MPEHMYLIECTBOM, YTO OHO HMeEET ca-
MOCONpPSXKeHHBI BHA. DTO JaeT BO3MOXKHOCTb NMPHMEHEHHS K HeMy Npo-
cToro BaphaHra meroza PHTua (compsikeHHble (YHKUHH COBNAjaIOT, a He
GepyTcs H3 ABYX Da3HBIX NMOANPOCTPAHCTB), KOrZa MpeoGpa3oBaHHOE ypaB-
HeHHe He yaaeTcs paspemntb. JlocTHraemasi TOYHOCTb GyIeT BEICOKOH, TaK
KaK aHTHCHMMETPHUHHIl ypoBeHb mpeBpamlaercd mnpeo6pasoBanneM (6)
B CHMMeTPHUHBIH HHKHHI. IIpomsmiocTpHpyeM 3TO Ha NpHMepe rekcaro-
HAJBHOTO (heppoOMarHeTHKa, HCKIOUHB M3 (1) 3eeMaHOB uJeH M B3SB aHM-
30TPOMNHIO B BHIE

K [(m3+ m3) + (2 4 mi)?, (15)

rae K>0, x— Bropast Ge3paamepHasi KOHCTaHTa aHH30TPOMHH. B HyseBoM
npubauKeHHH BMecTo (2) HMeeMm H3BeCTHble pesyabraThl ags 180° IT:

0, = 1/2;
@ = Sin @, cos @ (1 -+ 2% sin® @y);
@0 = sing, (1 4 xsin? @)% ctgp,=—V 1+ xshy. (16)

Tonaras |x|<1, orpannunBaeMcsi yueToM 4JeHoB ~x B (3), rae Tenepb
A A+A_ Ai d 5
Ly=L"L"; L =% E-{»cosqyﬂ(l + 2% sin? @g);
A A
Ly = Ly 4 xsin® gg (sin® g —4 cos® @), 17)

Tipudem @p onpegensercs (16) ¢ x=0. BaoBb BBoAs nepemennyto §¥ mo (6),
A
HO ¢ L~ u3 (17), NPHXOAHM K CaMOCONPSIKEHHOMY yPaBHEHHIO

(;9”—)26‘? = [(If*)ﬂ+ Q—‘i* + ulA,o_ sin g (sin? @ — 4 cos® @) 23’] 8¥. (18)
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3necn

A A A A

L¥=L7L" = —ddy? + 1 + 2xsint @y L= + d/dy + cos gg.
Bri6upaeM HOPMHPOBaHHYIO MPOGHYIO GYHKUHIO B BHIE

W = (B/2)"/* ch (By), (19)

rnie napamerp B>0 u mpeamonaraercsi, uto P~ |x|< 1. OrpaHuunsasch
BBIYHCJAEHHAMH N0 B2 ¥ yuuTHIBas caa6ocTh H3MeHeHHs OW B BOSHHKAIOUIHX
HHTerpanax QyHkuuonasna sueprun Aas (18) mo cpaBHEHHIO C BXOASIIHMH
TYZAA K€ MHOXUTEJNSAMH Siﬂ(pg, COS (pp, HE COAEPKAHUMH %, NOJydaeMm

() —et~2brr S p L 20)

rle o}=1+Q~! — HuxuAs TpaHMLA CUEKTPa CMUHOBBIX BoJH. MuHHMH3a-
s no p paer: f = —x (1 -+ %Q*‘) (% = 1/(30)), urto B cuay $>0 Tpe-

6yer %x<0. BHOBb AHCKpeTHBIl YpOBEHb OTIIENJSETCS OT HENPepPHIBHOTO
CNEKTpa B 3anpelieHnyio noJocy

faGofisg)

obnanas TeM Ke (puaHuecKHM cmbicaoM, uto u (9). Ilpexcrasienne o Tou-
HOCTH BAapHAIHOHHOI OLEHKH MOXHO COCTaBHTDb, HCIIOJIb3Ysl NPOOHYIO (BYHK-
uuio (19) ans ouenks yposus 3agaun (9). B stom cayuae B~ Hy, u B Tex
JKe NPHOJHIKEHHSX, UTO H TpH BeIBoAe (21), nomyuaem 3HaueHHe

—1)2
0 —#3p + gy—2pg UHTF, (22)
4 4 240t
KOTOpOe JIEXHT Bhilile TouHoro (9) na 25%.

Paccmorpennble caydan nokaswisator, uto mpocrasi 180° I asasercs
BegetennbiM tHoM JT. C ymenbiuennem kpytusust AT ¢’ (0) no otHoue-
HHI0 K GyoxoBckoit sing=1/chy, ans koropoit ¢’ (0)=1, kak 310 HMeeT
mecto npu Hry>0, x<0, B cnektpax JI' cyliecTByeT AOMONHHTENbHbIH JI0-
KaJIbHBIH YPOBEHb.

4. H= (0, 0, H.) — BHewnee noJe napaaieabHo OJIH. B HysneBom mpu-
Gmuxxennn u3 (1) umeem 360° JT':

O=m2 tglo—— ‘/l_jl-ﬁ’ish~1 v

z

@, (4) = 2sin %" l/HZ -+ cos? %, @3)

rae Y=yY1+H. u y usmepsiercs B eaunnuax A, a H,—B emunuunax Ha.
CnexTp onpejensieTcst ypaBHeHHSIMH (3), B KOTOPEIX OAHAKO

A A
Ly = —&i; -+ cos 2y ++ H, cos @y; 22 =L+ Qt+ 2H,(cosp, —1). (24)

B {2] nokazamno, uto (23) CTaHOBHTCSI HEYCTOHYHBOH OTHOCHTEJIBHO HeeJIeB-
cxoro pasBopora, Korua LgﬁG 0, 3a cuer msArkoit Moasl 60=08¢ omeparo-

pa L,, JIi KOTOPOTO L.m 0,-rze d¢p= (po u3 (23). B marnernkax ¢ Q>1
360° IT ycrofiuuBa B moJsx

Q™ [1—2m(21/2Q)], (25)
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rze HCIpaBjeHa omeyaTka B 3HaKe, jomyilenHas B [2] (o6paGotka akcme-
PUMEHTAJBHBIX LaHHBIX Bedach mo (25)). C aaiabHefiluM pocToM moJS
360° T koJsuancHpyer, HeCMOTpsi Ha cledaHHoe B [6] mnpeamonoxenne
0 ee HesquHefiHOM crabunu3anuu. CraGHan3anus TpeGyeT 3HAUEHHH aMIIH:
TYL HEeNEeBCKOro HCKaXKEHHs, MPEeBHIIAIONNX eAnHHLy [6], Toraa Kak BbI-
YHCJIEHHs OrPaHHYHBAJHCh NpefenoM Manbx amnautyi. das Q<1 mccie-
nosanne (24), mpoBeseHHoe B [6], moxasbiBaer, YTo ycToHuHBa 06JacTh
H,<4nM/3, HO (QaKTHYeCKH, KaK CJeiyeT H3 pe3yabratoB [3], 3a mepexonm
31€Ch OTBETCTBEHHBl HEOAHOPOJHLIE MAarHHTOCTATHYECKHE MOJH, BeAyllHe
K noasim ~ H,.

A
BHoBb onepatop L, Moxker GbiTb (hakTOpH30BaH, KaK B (5), HO go H Qo

onpezessiiotest Tenepb H3 (23). BenomorartenbHas 3ajaua JAJs omepatopa
A A

A
L*=L~-L+ umeer BHI

Y — 1*5¥,

7 —_ a :a Do ff L oene $o )
L*__;E + 14 H2—2H,sm44—"/<H2 -} cos 7) =

@ 1 H,
=—— 1+H)|1—2 — = , (26
dy“_H + z)[ (ch2V1+sz 1+ Hy et VT Hyy )] @8

rje MOTEHUHAJ, B OTJIHYHE OT L), HMeeT BHJ OAHHAPHON, a HE ABOHHOH SMHI.
Ecnu H,=0, 1o norenuuan nepexoaut B notexunan 180° Gioxosckonr AT
¢ acuMnTOTHKOH ~ ch—2y. [Ipu HaNOXeHHH CKOJb yroaHo ciaboro moas H.
aCHMNTOTHKA MeHsieTcsi Ha ~ ch~*y. B caa6bix noasx H, HHXHsS BOJHOBas
¢hyHKUHS T0KanH30BaHa B o6sactd B6au3u y=0, pasiuuMe aCHMOTOTHK He-
CYLIeCTBEHHO H, MPHMEHSIS K MocJdefHeMY usieHy B (26) TeopHio Boamymle-
HHH, TI0Jy4aeM B MePBOM MOPsIIKe

esal
2

80— 2 2chly, el =2H /H,. 27
B nepemennbix 80, 8¢ ypoBeHb OKa3blBaeTCS NMPOCTPAHCTBEHHO AHTHCHM-
METPHYHBIM H OTBEYaIOUIHM H3MCHeHHIO paccrosnus mexnay 180° AT, Bxo-
aswpmu B cocra 360°. B [7] ypaBuenne (26) B Apyrom KOHTeKCTe CBO-
aunoch K ypasHenuio TofiHa n aJst ypoBHA B Hamux o6osHauenusix Goiee
TouHas mpouenypa, uem (27), npuena K g"=1,66 H./Ha.

Bosepamasice k 3anaue o cnekrpe 360° I, npeacTaBuM ee B caMoco-
npsKeHHOH dopme

A 2 A A A
8% — [(£#)" 4 QaL* 4 2H 1= (cos gy — 1) L*] 6%, (28)

A
rae L* onpeneneno (26). CyliecTBeHHO, 4TO MHOXKHTENb COS Qo — 1~ —2
B 06JacTH, rjae co6CTBeHHast GPYHKUHMS OTJHYHA OT HyJs. B JuHeliHoM mpH-
GJHKEHHH OCHOBHOH BKJIaJ BHOCHT BTOPOH ujleH cnpaBa: o?=2pH, 4nyM —
yacToTa HcKoMoro yposHsi. [ToBexenne ypoBHs B Touke nepexona (25) mMox-
HO BBISICHHTDb, HCIO/b30BaB B 3ajgave (28) ‘mpobuyio o¢yuxuuo (27),50
naer

2 = 2pH -4nyM (1— Z), iyttt (29)

Tagaer ¢ ; . Orpe-
THM, YTO MONOXKEHHe KOJeGaTeJbHOrO YPOBHS He 3aBHCHT OT NOJA 2HH30-
TPOIIAH, HO 3aBHCHT OT CTENeHH MePeKPHITHA cocelcTByomux am 180° AT,
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5. OGcyaum BJMsIHHE NOJNYYEHHBIX Pe3y/bTaToB Ha ypaBHenus CJIOH-
YeBCKOro

(2MajAy) § — oyq -+ 2MH'q = 2M (H, — y1¥), (30)

y—lA—‘é = 2nMsin 2¥ - 2AM—2Y -

+ “HT‘ sin¥ — "TH'/ cos ¥ + ay—l‘lf',

rae g — noaoxenne 180° AT'; W — yros BeIXx0J4a BeKTOpa HaMarHHYeHHOCTH
ug miaockoctd AT, H' — rpajneHT cTaGUIH3HPYIOLIETO MOMSA; & — KOHCTaHTa
saTyXaHHs, U HeCTALHOHAPHYIO chctemy ypaBoennii asuxkenus LIMIL [8].
Flpu HX BBIBOAE CYUIECTBEHHO HCMOJb3YIOTCS NMPOGHbIe (QYHKUMH B BHAE
msrkoi mogsl 180° AT ~ch~!(y—q)/A; cnuH-BOJIHOBAs YaCTb CIEKTpPa B
cuaty yenoBas Q> 1 MOJHOCTbIO HTHOPHPYeTCS.

ITo 3TOii JKe MpHYHHe MOJyYeHHble B MOJSX Hyy, M B NMPHCYTCTBHE BHIC-
IIHX KOHCTAHT OXHOOCHOH aHH30TPONHH YPOBHH MOXHO HE YYHTHIBAThb.
Yposenb (29), ¢ Apyroii CTOPOHE, MOXKET OKa3aTh BJIHAHHE Ha PafHANbHYIO
crenenb cBo6onbl LIM/I. Ho, ne roBopsi yke o ToM, 4T0 B TPEXMePHOM CJIy-
yae o6pa3oBaHHe COOTBETCTBYIOIIErO YPOBHS 3aTPYAHEHO, OLEHKH NOKa3bl-
BalOT,- YTO B mpefelie GOJBIIHX MO cpaBHenuio ¢ A paaumycax LIM]L Bkian
ypoBHsi THHa (29) MaJ MO CPaBHEHHIO ¢ BKJaAaMH TOBEPXHOCTHOrO HaTs-
JKEHHS M MarHHTHOTO JaBJEHHS. )

Pesynprar (27) MOXKHO NPUMEHHTb K ONHCAHHIO AHHAMHKH Nap BePTH-
KaJbHBIX 6/10XOBCKHX JHHHE BBJI — epnunun nndopmanun B paspabateiBae-
meix rurabuthbix 3Y. Ypasuennsi (30) obnanalor pemenHsMH Buza (23)
c samenamn H,—~H./8M u A—-A=7A/2aM? Pelenne MOMXKHO HHTepIpe-
THPOBaTb Kak napy 180° BBJI, cBssanublii B 360° kxomnieke 3¢pdexTHBHBIM
nonem H,, ompefenasieMoMy ¢ moMolbio (23) MO IKCIEPHMEHTANbHO H3+
BecTHOMY pasMepy mapel. Ciioxuoe BzanmogeficrBie mexay BBJI [9] aa-
MeHsieTcst Ha 3¢pdertuBHOoe noie H,. Pemas ans (30) sazauy Ha crnekrp,
nosnyyaeM. B npubmuxenun H'A>4gM awanornuno (27) aHTHCHMMETpHY-
HBI yPOBEHD

’ H
02 = 02 + (YH'A)-(4nyM)-2 ﬁ, 31)

orBeyarouui KoneGanuam pasmepoB mapel BBJI u nomosmHuTeNbHBIA MO OT-
HOIIEHHIO K yKasaHHbIM ABYM B [9]. 31ech wo— yacrora CMelleHHil mapsl
BBJI xak mesoro, KOHeYHOCTb KOTOPOH OOYCJIOB/IeHa 3aKpelJieHHeM ee
B AT [10].

B 3akaouenue OCTAHOBHMCS HAa KayeCTBEHHOH MOAM(DHKALHH MOJYYEH-
HHIX Pe3yJbTaToB B NpUMeHeHHH K mepuognueckum JII'. B orcyTcTBHE moas
180° T u 3xeck 3aHumaer ocoGoe moJoxeHHe, OYAYYH HEHTPANBHO YCTOMH-
unBoit. CnexTpsl BHecemapaTpucubix JT [11] o6nagaor orpanmueHHOH yc-
TOHYHBOCTBIO, TOTla KaK CmeKTphl BHyTpHcenapatpucHeix JT [12] — a6co-
JIOTHO HeycTOHYHBEI Ge3 BBejeHHs B (1) cTaGHAM3HPYIOLIHX (AKTOPOB TH-
na JioKaJbHOM aHu3oTponuu. CHIbL, LeHCTBYIOLIHe MeXAy cocennumu T
6JI0XOBCKOTO THNMA B KaXKIAOM H3 CJydYaeB, AalOTCS BBIPaKEHHSMH

F = % 16K exp (— L/A), 32)
rae L(>A) — paccrosinme Mexay cocesuumu JII.  Bsanmopefictue (32)
nosyyeHo AH(pdepeHunpopanseM no L NJIOTHOCTH SHEPrHH, NPOHHTErPHPO-

BaHHOA 1O TEepHOAY CTPYKTYPHI, aHAJOTHYHO B3aHMOAEHCTBHIO = MEXAY
BBJI [8]. Xors BHecemapaTpHCHOe pelleHHe W YCTOHYHBO C TOUKH 3peHHS
A

(32), cmexTpanbubiit omeparop L, HeeseBckoli ammiatyam (cu. [11]) cra-
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HOBUTCA HEYCTOHYHBBIM C yMEHbIHEHWEM NepHOAa CTPYKTYPH (aHAJOTHYHO
A

HeyctoffunBoct# Ly w3 (24) mno nocruxkenuio modeMm H, snauenus (25)),

Hasoxenne monst B 6a3sucHOi IJIOCKOCTH NOBeAeT K 06pa3oBaHuio B
CIIEKTPe NMepPHOAHYECKOH TOMEHHOH CTPYKTYpH MOJIOCH ypoBHEH (9) B iwedH.
Hanoxenue nons H, onnako, He MeHseT CTPYKTYPHI CIEKTPa, TaK KAK yPOB-
HH (29) nmomajaioT B yXe mmeloutyiocs nojsocy cMemenuii AT ¢ pasanunm-
MH (a30BLIMH COOTHOLIEHHSIMH.

CylecTBOBaHHE JBYX YACTOT, HHTEPIPETHPYEMBIX KaK paclUeleHHe Ofi-
HoponHoro ®MP, cienyer W3 TEOpHH, HCTOJb3YIOUIEH CIIMBAHHE BEKTOPOB
HamarHuyeHHocTH Ha moBepxHoctd HI' (cm., namp., [13]). B atom moxxome
JiBe YacTOTHl COXPAHAIOTCA JaXe B OAHOMEDHOM. IPHOIHKEHHH AJS Hamar-
HHYEHHOCTH B OTCYTCTBHE BHEUIHHX NoJefl, XOT MHKPOMArHHTHAs TEOpPHS
Bunrepa npusoauT nuuwb K oxHoit yactore ®MP. [ToMHMO APYrHX NpHUHH
3a 3KCNEPHMEHTalbHO HabJI0JaeMoe pacllelJieHHe YacTOT MOMKEeT OBITh
OTBETCTBEH H ypoBeHb (9).

Orwmerum, uto B [14] B MOJeJbHOM NOXOAe GBI MOJYYeH HHOH MO Cpas-
HEHHIO  C  (9) ypoBeHb KoneGaHWil TONWIHHBI  HeedeBcKoil  JII':

H
2?1/1((2 ‘_/\71_)' rae K — KoHCTaHTa OJHOOCHOI anuzorponun; H—

MarHuTHOE MoJle, MepneHAHKyasipHoe miockocry II. Vkasauwwlit cayuai,
OHAKO, He MOANAajaeT MOJ PAacCMOTPeHHe HACTOSIIeH PaBOTHl, MOCKOMbKY,
Kak oTmedaercs B [14], camo cymecroBanue uccaenyemoit AT onpenensi-
ercss KyOuueckoil aHM3OTpomHell, TeM He MeHee BHNAajaioliefi H3 OTBeTa.

Uactb HacTosilel paGoTl Gbina npeacraBiesa Ha MHTEPMAT-85 [15].

VIHCTHTYT 3JIEKTPOHHBIX Ioctynuaa B penakumio
YNPaBJSAIOIWHEX MalIHH 13 mas 1985 r.
Mocksa
JINTEPATYPA

1. Bapesxrap B. I, Usanos B. A. O BY cpoiicteax ¢eppomarreruka ¢ Ro-
MeHRHoil CTpyKTypoit. — ®MM, 1973, 86, puin. 4, c. 690—697.

2. Kyneabkun H. H, Pannowknn B, B, Xonenkos I'. E. Paspus 360°
JIT B onnoochuix eppomarsernkax. — ITucema B JKT®, 1983, 9, Buin. 22, ¢. 1357—1360.

3. Hornreich R. M, Thomas R. M, Instability threshold of a one-dimensional
Bloch-wall. — Phys. Rev., 1978, B17, N2 3, p. 1406—1413.

4, Xoneukos I. E. Tlepexon BAI—H/JAT B maruutHoM moxe. — ®MM, 1978, 46,
BhN. 3, c. 472—A475. K Teopun ckpyuennoii JI.— ®TT, 1982, 24, Bum. 1, c. 134—138.

5 Bapesaxrtap B. I, JIbsos B. A, fI6nouckuf . A MaruurHas cHMMer-
pus IT B MarnuTOynopsiioYeHHHX Kpuctasnax. — )KITO, 1984, 87, suin. 5, c. 1863—1876.

6. Xonenkon I. E. O6bevHBe H NJOCKHe yeJIHHEHHBe IOMEHH B OAHOOCHBIX
deppomarterukax. — ®TT, 1979, 21, Bun. 6, c. 1609—1614.

7.Hudak O, Trlifai L. Exact bound state wave function for potentials va-
rying from the double well to the single well. —J. Phys. A: Math. Gen., 1985, 18, Ne 3,
p. 445—453. !

8. Khodenkov H. Ye. Nonstationary motion equations for bubble damain, —
Phys. stat. sol., 1981,.63a, Ne 1, p. 461—473.

9. Xonenkos I. E. 06 ycrofiuusoctn BBJI B OAT. — ®MM, 1984, 58, Bmim. 6,
c. 1217—1219.

10. Hukudopos A B, Conun 3. B. Kose6anns Gnoxosckux sunni B IOT. —
IMucbma B JKITD, 1984, 40, Bum. 8, c. 325—327.

1. ®aparannos M. M, Typos E. A, TeopHsi cNHHOBEIX BOJH B (heppOMarHeTHKax
¢ TepyonHueCKo# AOMEHHON CTPyKTypoi. — ®MM, 1970, 29, suwm. 3, c. 458—470.

12. Epyxumos M. Il CrnexkTp CHHHOBEX BOJH B IJEHKaX C MOJOCOBOH MepHOAHYE-
cKoft fomenHoli ctpykTypoit. — Mss. AH CCCP, cep. ¢mus.,, 1972, 36, Ne 7, c. 1485—1491.

13. Typesuu A T. MaruutHb, pesonanc B depputax H aHTHOeppoMarseTHkax. M.:
Hayka, 1973, 592 c.

14. Slonczewski J. C. Breathing vibrations of Neel wall. —J. Appl. Phys,
1984, 56, Ne'6 (part 11B), p. 2536—2538. i

15. Khodenkov H. Ye. Vibrations of the effective domain wall width in the
uniaxial ferromagnet. — Digests of INTERMAG'85, St. Paul, MN, USA, DP-12.





