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TeopeTnyeckn NCCNesoBaHO ABUKEHNE JOMEHHbIX CTEHOK B KMPAJibHbIX MarHeTMKax, 4151 KOTOPbIX NMEET Me-
CTO HapyLleHNe CUMMETPUI OTHOCUTENIbHO NPOCTPAHCTBEHHON NHBEPCUU. Takne CTEHKN Ha3bIBalOT AOMEHHbLIMY
ctenkamu [zanowmnckoro [22], Ans HUX 3KCNEPUMEHTaNbHO OBHAPYXKeHbI YHUKaNbHblE ANHAMUYECKME CBO-
cTBa. Jna kmpanbHbix heppoMarHeTMkoB 1 aHTMEPPOMarHeTMKOB HalifieHbl HENNHERHbIE PEXUMbI ABUXKEHNS
CTEHKN C HEMaJOil CKOPOCTbIO, BMOTL 40 NpeaenbHoii. JuHamuka cTeHOK B aHTMdEeppOMarHeTMKax gonyckaer
aHaAUTUYeCKoe ONKUCaHmne, B TO BPEMS Kak Ans dheppoMarHeTUKOB HeobXxo4MMO NCMOb30BaTh YMCIEHHbI aHa-
nu3. [ns deppoMarHeTukos nosydeHbl NpocTbie npubamxeHHble pOpMybl, KOTOpblE C BbICOKOW TOYHOCTbIO
OMMUCBLIBAIOT AMHAMUYECKNE XapaKTEPUCTUKN CTEHOK BO BCell obnactu mnx cyuiecteosaHus. OnpegeneHsl 3ako-
Hbl OMCMEPCUM CTEHOK, T. €. 3aBUCUMOCTUM SHEPrUM CTEHKM OT ee umnynbca. [ns deppoMarHeTUkos € 4nUCTO
OAHOOCHOI aHM30Tponueli NpeaenbHas CKOPOCTL CTEHKU ONPefeNseTCs UCKYNTENBHO KUPaibHbIM B3aUMO-
gelictenem 1 obpalaeTcs B Hyfb, €CIM 3TO B3auMogelicTBue oTcyTcTeyeT. [ns aHTudeppoMarHeTukos posnb
KMPabHOrO B3aNMOAENCTBUS HE CTO/b OYEBMAHA: CTPYKTYPa ABUXKYLLEHCS CTEHKM, Kak 1 B CTaHAAPTHLIX MO-
Lensix aHTubeppoMarHeTMKkoB, MoXeT bbITb nony4yeHa npeobpasosaHuem JlopeHua ¢ n3bpaHHOl CKOPOCTbLIO,
paBHOUi CKOPOCTM MarHOHOB Ha JIMHEHOM y4aCTKe CMEKTPa, HO 3aKOH gucnepcun bonee CAoXHbIN 1 HE ONUChI-
BAETCS JIOPEHU-MHBAPUAHTHLIMU BbIPaXKEHNSIMU.

Cmamva das cneyuaavrozo swnycka 2KITD, noceawernnozo 90-aemuro U. E. J[3ar0wuncrozo

DOI: 10.31857,/S0044451021040088 1. BBEAEHUE

HcenenoBanne KUpaabHBIX MATHETUKOB, B KOTOPBIX
HapyIeHa CAMMETPUST CIIMHOBOM CUCTEMBI OTHOCHTE -
HO IPOCTPAHCTBEHHON MHBEPCHUH, OBLIO HAYATO B KJIAC-
* E-mail: bor.a.ivanov@gmail.com cuueckux padorax zsuommunckoro [1,2]. Ipu denome-
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HOJIOTMYECKOM OITUCAHUY TAKUX MATHETUKOB ILJIOTHOCTD
SHEPrUU COJEPIKUT BKJIAJbI, JIMHEHHBIE 1T0 TPaUEHTAM
HAMAHUYIEHHOCTH Buia wp = i M;(OMy/0x;). B
TEPMUHAX ATOMHBIX CIIHHOB KHUPAJIbHBIE WHBAPUAHTEI
MOJIYYAIOTCS. IPU y9eTe aHTUCUMMETPUIHOTO B3aMMO-
neitcrsust Buga (dy 2[S1x S2]), rae S1 u Sg — cuunb! co-
CeJIHUX aTOMOB, HallpaBJjeHHe BekTopa di o olpeness-
ercs cuMMeTpueil Kpucrajuia. B 3aBucumoctu oT pac-
pejiesienuss BeKTOpoB dj o [JIs Hap COCETHUX CIIHHOB
B KpHUCTaJLJIe TaKOe B3auUMOJeicTBre (B3aHMOILeﬁCTBHe
JI3I01IMHCKOT0) MOXKET [IPUBOJUTH WJIU K HOSBJICHUIO
KUPAJbHBIX MHBAPUAHTOB, WU K HEKOJJIMHEAPHOCTH
CIUHOB TIOJPEIIETOK aHTU(MEPPONATHETHKOB U TTOsIBJIE-
HUIO ctaboro deppomaraernsMa [3—6]. Mukpockonme-
cKoe 00OCHOBAHUE CYIECTBOBAHUS AHTUCAMMETPUIHO-
ro B3aUMO/ICHCTBUS IMaphl CIIMHOB TIpeToKua Mopus
[7]; u B HACTOsIIEE BpEMS [IOOBHBIE CJIArAeMble IPUHSI-
TO Ha3bIBATh B3amMojeiicTBueM J[3smomuuckoro —Mo-
pus.

Kupasbable MarHeTUKH JIOJITOE€ BPEMST ACCOIUIPO-
BaJIMCh C KPHUCTAJJIMYECKUMH MATEPUAJIAME, PeIeT-
Ka KOTOPBIX HE UMEET IEHTPA CUMMETPHUU, HAIPUMED
MnSi, FeCoSi, FeGe ¢ kpucrammngeckoit rpymmoit B20,
cM., Hampumep, HejxasHuil 0630p [8]. UccienoBanust
HzsinonmHckoro [1,2] 6blin CBsI3aHBI ¢ AHATU30M CIIH-
PAJIBHBIX CTPYKTYP C JJIMHHBIM IEPHOJIOM, KOTODBIE
0oLl OOHAPY?KEHBI B MPOIIJIOM CTOJIETUN U WCCJIEI0-
BAJIMCh MHOIMME aBTopamu [9-11].

B Texymem cronernn 06HApPYKEHBI HOBBIE MHTEPEC-
HbIe CBOMCTBA KUPAJIbHBIX MATHETUKOB, B CBS3U C YeM
3HAYUTEIHHO BBIPOC HHTEPEC K 9TUM MaTepuajaMm. Bol-
JIO 0OHApY KEHO, 4TO B3auMojeiicTsue JI3smommncko-
'O MOXKET OBITH TMOJIyY€HO MPAKTUIECKH JIJIsT BCEX Mar-
HETUKOB, €CJIU IPUTOTOBUTH UX B BUJE CBEPXTOHKHUX
(ronmmuna Menee 10 HM) ILUIEHOK HA HEMAHUTHOHN IIOJI-
Jtoxkke. JIJist TAKUX CHCTeM TIOHUKEHUE CUMMETPHUN 00Y-
CJIOBJIEHO TTOBEPXHOCTHBIMA 3D DEKTAMEI, AHU30TPOIIN-
eff KOHTAKTa MarHeTuK—NoI0KKa [12]. B aTom ciyuae
IJIOTHOCTD 9HEPTUU B3aUMOJEHCTBUSA JI3sT0MIHCKOT0
OTIPEJIETIAETCS MHBAPUAHTOM

Mz(v ' M) - (M ! V)Mza

rje oCh 2z BBIOpAHA NEPIEHINKYJISPHO ITOBEPXHOCTH
wieHky. Ecu B KauecTBe MOJI0XKKY BEIOPATD IJICHKY
HEMAIHUTHOI'O METAJIJIA C CUJIbHBIM CIUH-OPOUTAIBHBIM
B3auMoeficTBreM (IJIATHHA, TAHTAJ), TO MOYKHO IIOJIY-
YUTH JOCTATOYHO BHICOKHE 3HAUEHHUsI KOHCTAHTHI B3aH-
Mogetictust J3sutomunckoro [13,14].

Hapymenne KupajbHOH CHMMETPHH  SIBJISIETCSI
Hen30eKHBIM CBONCTBOM HAHOIUIEHOK MAIHETHKOB, W
KHPAJIbHbIE MAIHETHKU MOI'YT PACCMATPHBATHCS KAk
CTaHJIAPTHBIE MaTepUaJbl HAHOMDHU3UKH MAIHETHKOB.
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Jaxke eciu momoOHBIE BKJIAJBI B JHEPIUI0 HE TaK
BEJIMKY, KaK JIJIsi HEKOTOPBIX TS?KEJIbIX METAJJIOB, UX
pOJIb CJleJlyeT ONEHUTb u OOCyauTh. JlJjisi KupasbHbIX
MATHETUKOB OBLIH OOHAPYKEHBI YCTOWYIUBBIE COCTO-
sIHUsl C HETPUBHAJIbHOU Tomosorueit. Kak mpumep,

OTMETHM TOIOJIOTUIECKHAE COJUTOHBI CKUPMUOHBI
" CKUpMHOHHBIE permetku |15, 16|, xupasabHbIE Mar-
HuTHble TomiaBku (chiral magnetic bobbers) [17],
MoHomnosn (exkn) [18,19] u MHOrHE IpyTHE, CM. 0630DHI
[20,21].

BaxkHO TakKe, 9TO JJIsi TOHKUX ILIEHOK C JIOCTATOY-
HO CWJILHBIM B3auMojeiicrBueM JI3s/IOMUHCKOrO BO3-
MOXKHO JIBUKEHUE JIOMEHHBIX CTEHOK (MX HPUHSITO Ha-
3bIBATH JIOMEHHBIMU cTeHKamu JI3suiomunckoro [22])
¢ IpPEIeSbHO BBICOKUMHU I (DEPPOMATrHETUKOB CKO-
poctsiMu (cotHn M/c) [23-25]. D10 CcBOMCTBO JOMEH-
HBIX CTEHOK IIOJYEPKHYTO B HA3BAHWUM CTaTbu ApHe
Bparaaca [26] «Spintronics: chiral domain walls move
faster> (CumHTpOHMKA: KMpAJbHBIE IOMEHHBIE CTEHKH
IBUKYTCsl OblcTpee). BO3MOXKHOCTD peasiu3aluy JIBU-
JKEHUsI JIOMEHHBIX CTEHOK C HEMAJOH CKOPOCTBIO B
MarHUTHBIX ILIEHKAX TOJIIMHON IIOPsIKa HAHOMETPOB
BayKHa, JIJIsl IPUJIOYKEHUH, B 9ACTHOCTH, CUCTEM 3aIIUCH
undopmanuu [27,28|. [Tosromy nouck dbeppomarseru-
KOB C BBICOKMM 3HAYEHUEM IPEJEJIbHON CKOPOCTH JI0-
MEHHBIX CTEHOK IIPEJICTaB/IsIeT OO0 BaXKHYIO Tpo0JIe-
My, OOCYKIEHUIO KOTOPOH MOCBSIIEHO OOJIBIIIOE YHCJIO
pabot, cM. [29-32]. He MeHee MHTEpeCeH U 9UCTO Teope-
THYECKUil aclleKT HeJUHeHOM TMHAMUKH, IPEXKIe Bee-
ro, IMHAMUKH COJINTOHOB PA3JIMIHOTO THIIA.

Hacrosmasa paboTta TOCBAIIEHa TEOPETHIECKOMY
aHAJIN3y JUHAMHAKA JOMEHHBIX CTEHOK B TOHKHX
ITJIEHKaX KI/Ipa.HI)HI)IX MaIrHeTHUKOB, Cbeppol\/laI‘HeTI/IKOB
u anrudeppomarueTukoB. s deppoMarHeTukoB
Ha OCHOBE YHUCJIEHHOTO AHAJHM3a IOCTPOEHO IPOCTOE
NpUOJIMIKEHHOE — PeIllleHNe,  [O3BOJISIIOIIEe
CTPYKTYPY CTEHKH B (PEPPOMATHETUKE W €€ JIrHa-
MUYECKHE XaPaKTEPUCTHKHU, TAKWE KaK 3aBUCAMOCTD

OIIncCaThb

SHEPIUU CTEHKHU OT ee CKOPOCTH WM uMIrysibca. llo-
Ka3aHo, dYTO I aHTHMEPPOMArHETUKOB HAJIUINE
B3aMMOJIecTBUS  JI3SATOIMMHCKOr0 HApYyIIaeT CTaH-
JapTHYIO JOPEHII-UHBAPUAHTHOCTHL CIIMHOBON AUHAMU-
ku. OJHAKO aHAJMU3 JBUXKEHUsI CTEHKH MOXKET OBbIThb
MIPOBEJIEH B JIOCTATOYHO TOJiHON Mepe. Okazayocs,
9TO MHOI'ME CBOMCTBA JIOMEHHBIX CTEHOK JJI JIODEHII-
WHBApUAHTHBIX  MojeJiell  aHTudeppoMarHeTHKOB
COXPAHAIOTCA U JJIsi KUPAJbHBIX aHTU(DEPPOMATHETH-
KOB. B wacTHOCTH, M3MeHeHNEe CTPYKTYPHI CTEHKU MPU
JBUKEHUHM CBOJUTCA K JIOPEHIIEBCKOMY COKpPAIECHUIO
ee TomuHbI. Kpome TOro, Kak M JJjis CTAHIAPTHBIX
Mojeneit  aHTU(EPPOMATHETUKOB, CYIIECTBYIOT JIBE
BETBU 3aBHUCHMOCTU IHEPIHHU JOMEHHBIX CTEHOK OT HX
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ﬂ'I/IHaMVIKa AOMEHHbIX CTEHOK B KNMPANIbHbIX MarHeTukKax

UMITYJIbCA, OQHON M3 KOTOPBLIX OTBEYAIOT yCTOMYUBLIC
CTEHKHU, & BTOPOHA — HEyCTONYHUBLIC.

2. MOAEJIN KNPAJIbHBIX MATHETMKOB

JlunaMuka HAMarHUYEHHOCTH (HepPOMArHETUKOB
OICHIBAETCSI M3BECTHBIM ypaBHeHueM Jlammay —Jlud-
muna [33] (em. Takske monorpadwmo [34]), koropoe
OOBIYHO 3AIIUCHIBAETCS JIJIsl HAMATrHUIEHHOCTH:

oM WM
e =y IM x Hegr] + R, Hepp = —ﬁa (1)

rge ¥ = gup/h — IUPpOMArHUTHOE OTHOIIEHUE, § —
daxrop Jlange (g-dakrop), g — MOILY/Ib MArHETOHA
Bopa, v =~ 2.8 MI'ty/D npu g = 2. DddexTuBHOE T10-
ne Hjs onpenernsercs Kak BapHAIMOHHAS IPOU3BOI-
nas sueprun dbeppomarseruka W = W[M], zamucan-
HOM B Bujle (DYHKIMOHAJIA TJIOTHOCTH HaMArHUIEHHOC-
u M = M(r,t). Cnaraemoe R onuceiBaer juccuna-
nuto B cucreme. OOBITHO ITO cIaraeMoe BhIOMPAeTCsi B
dopme 'manbepra,

ag oM
R=Rg=-—" Mx —
¢ M, { ot ] ’
rme My — HaMarHM4IeHHOCTh HacbimeHnus. [Ipu sTom

(M - R) = 0 u gymma BexTopa M coxpangercs, M2 =
= M2 = const. B atom ciryuae yI06HO HCTIOIB30BATE
HODMUPOBAHHBIN (eqUHWYIHBIN) BekTop M = M/M;,
m? = 1.

Samnumiem GyHKINOHAJ HEPIUU KUPAJIBLHOTO dep-
POMAarHETHKA B IIPOCTEHIIIEM BHJIE, JTOIYCKAIONIEM OIIU-
CaHUe JIBUYKEHUs] JTOMEHHON CTEeHKM,

A K
W = /dr {E(Vm)Q + ?(mi +m?) —

— Dm,(V-m)— (m-V)m;]|. (2)

OTa dHEPrus BKJIIOYAET SHEPIHUI0 HEOTHOPOIHOTO
oOMeHa ¢ KOHCTAHTON A U 9UCTO OJTHOOCHYIO aHU30TPO-
nuio ¢ KoHctanToit K > 0 u Jlerkoit ochlo, IeprieH/ -
KYJISIDHOI K IJIOCKOCTH IUIEHKY (ILIOCKOCTH XY); 3HAK
MUHYC TIepeJi CJaraeMbIM ¢ B3anmogeiicrsueM JI3s0-
MMTHCKOTO € KOHCTaHTOW ) BBIOpaH s yI00CTBa B
JaJIbHenIIeM.

OrMmeTrrM WHTEpPECHOE CBONCTBO JIEFKOOCHOTI'O KH-
paJbHOTO MarHeTHKa: Haju4due B3aumomeicTBus JI34-
JIOIIIMHCKOTO HE IPOSABJSETCA B CIEKTPE CIIMHOBBIX
BOJIH. 3aKOH JUCIIEPCUN CIUHOBBIX BOJIH JJIsI MOJIEJIH
(2) MOXKHO IPEJCTABATH B BUJIE

w(k) = MLS(K +AK?) = wo(l + 22K2),  (3)

7 KIT®, o 4

rje akTUBalys MardoHoB wg = YH,, H, = K/Ms —
nose apuzorporuu u o = y/A/K. Ormerum, uro Ha-
MarHM4YeHHOCTb U KOHCTAHTY aHU30TPOIIUH JIJIs IIJIEHOK
TOJIIIUHOW TOPsI/IKAa HAHOMETPOB MOYKHO IKCIIEPUMEH-
TaJbHO OIPEJIEJIUTH C TOMOIIBIO CTAHIAPTHON MarHU-
TOMETPUHU WU PE30HAHCHBIMU MeTojgamu. Ormpeeire-
HUEe KOHCTAHTBI HEOJTHOPOHOTO 0OMeHa A 1 KOHCTaHThI
Jzsinomuackoro D Jijist TAKUX IJIEHOK sIBJIsieTCst OoJiee
cytokHOHN 3amadeit. OpHOi U3 mpobJieM SIBJISIETCS TO,
9TO 3a9aCTYIO JJIs OIPEJEIeHNsT OJHON M3 KOHCTAHT
HY>KHO 3HATb W TOYHOe 3HadeHue Apyroii. HesaBucu-
MOCTBH CIIEKTPa CIIMHOBBIX BOJIH JIETKOOCHOTO KHUPAJIhb-
HOTO MarHeTuka oT D) ObLIa WUCIIOIH30BaHA JJIst OIIpe-
JejieHnst A TyTeM aHAJN3a TeMIEPATyPHBIX 3aBUCUMO-
cTeil HAMArHMIEeHHOCTU CBEPXTOHKUX KUPAJIbHBIX (ep-
POMArHUTHBIX IIEHOK [35].

Bes yyera muccumaTUBHBIX IPOIECCOB ypABHEHUE
Jlarmay — JIudmmna MOXKHO 3anucaTh B JArpaHKeBOH
dopmMe ¢ JrarpaHKUaHOM BUJIA

Lim] = G—W, G[m]= / A(9m/ot) dr,

IJIé THPOCKONIMIECKOE CJIAraeMOe 3alMChIBAETCA epes3
CUHTYJIIPHYIO BEKTOPHYO (DYHKIMIO, BEKTOP-TIOTEHIN-
aJ1 moJig Mononoisa Jupaka
A=A(m), rotmA xm,
cM. [36,37]. Bekrop-norennuan A onpeiesieH ¢ TOUHO-
CTBIO 70 HEKOTOPO KaJuOPOBKHU, B TO BpeMs Kak (hUK-
TUBHOE MArHUTHOE TI0Jie IOty A, BXOJsIlee B ypaBHE-
HUSI JIBUZKEHUs], ABJISETCA KaJUOPOBOYHO-MHBAPUAHT-
HbIM. JIJIs1 110JIsT MOHOIIOJIST MOYKHO BBIOPATH BBIparKe-
HUe
M, (nxm)

v (I+n-m)’

(4)

rJe N — IPOU3BOJIbHBII TOCTOAHHBIN €JIMHUYHBIA BEK-
Top. BekTop-nmorenmuman moss Mmononoss Jlupaka mme-
€T CHHTYJISIDHOCTB, IS BbIpakeHusi (4) CHHIYJIsp-
HocTh (crpyna JIupaka) pacioJiozKeHa Ha MOJIYIPIMON
m = —n, cM. [36,37].

Mo2KHO BBIIUCATH MHTErPAJIBI JIBUKEHUS OIS Ha-
maranderHoctTu PM, npu 3TOM SHEPrUsT COBIIAIAET CO
sHaveHneM dyHknnonana W[M], paccunTaHHBIM st
JAHHOTO PACIpeJieJIeHIsT HaMarHuIeHHOCTU. VIMmysibe
[10JIs HAMArHUYeHHOCTH P MOXKHO 3amucaTh B BUjie

P = —/A(am/azi).

D70 BBIpaXKeHUe He 00/1a1aeT KaanuOpOBOYHON NHBAPU-
AHTHOCTBIO, U 3HAYEHNE UMIIYJIHCA 3aBUCHT OT KAJIO-
DPOBKH.
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[Ipobsema onpeiesieHUsT UMITYJIbCA, MATHUTHBIX CO-
JINTOHOB SIBJISETCS JOCTATOYHO CJIOXKHOMU, CM. pabOThI
[38-43] u obcy:kneHne HUXKe IS KOHKPETHBIX Dellie-
unit. [lockombKy Hac WHTEepecyeT IBUKEHHUE ILJIOCKOM
JOMEHHOM CTEHKH, T.€. OJHOMepHas 3ajada ¢ m

= m(z,t), OTIIMYIHA OT HYJIs TOJBKO OJ[HA KOMIIOHEHTa,
nMiysbca, P = Pe,. C y4eroM KOHKPETHOI'O BHIOODPA
(mxn) Om

BEKTOD-NIOTEHIMAT A MOXKHO 3aIlicaTh
M
P=S5S— / — | dz,
vy (1+n-m) Oz

rne S = LL, — nnomanap crenku, L w L, — Tommu-

(5)

Ha IUIEHKH U €€ pasMep BJOJb ocd Y. IIOHATHO, 9TO
3HAaYEHUe MMILYJIbCA 3aBUCAT OT KAJUOPOBKHU; B YaCT-
HOCTH, ecjii BeIOparh A B Buje (4), UMIYJIbC 3aBUCHT
OT HalpaBJeHus cTpyHsl Jupaka n.

Kpome sueprum u uMITy/ibca, i aHaJIn3a MarHuT-
HBIX COJIMTOHOB IPEJIEIHHO BayKHO HAJINIUE UJIA OTCYT-
CTBHE €lIe OJHOTO MHTErpaJsa JBuxKeHus. Jjis amcro
OJTHOOCHBIX MAIHETUKOB 6€3 KMPAJHHBIX CBOMCTB MMe-
€T MEeCTO CHUMMETPHUSI OTHOCHTEJBLHO MOBOPOTA CIIMHOB
BOKPYT OCH 2, 9TO IPUBOJUT K COXPAHEHHIO CyMMAaPHON
2-TIPOEKIINN HAMATHUIEHHOCTH,

MteD = / M. dr.

Hanuuue takoro wmHTErpajia TPUHIUIHAAILHO BAaYKHO
JUIsT (PUBMKU MATHUTHBIX COJTMTOHOB.
C omHOIT CTOPOHBI, COXpPAHEHUE

Mtot) — / M, dx

HECOBMECTUMO C CYIECTBOBAHUEM OJIHOMEDHBIX JIBU-
JKYIIAXCS TOMOJIOTUIECKUX COJTMTOHOB, OTIMCHIBAIONIUX
B 0E3UCCUNIATHBHOM TIpeJiesie JIBUYKEHNE JTOMEHHBIX
creHoK. JleficTBUTEBHO, TAKOE MBUYKEHUE JTOJI?KHO CO-
[TPOBOXKIATHCS] U3MEHEHHEM OTHOCHTEIHbHBIX PA3MEPOB
nomenoB ¢ M, = My, u M, = —M,. ®opmanabHo, Ipu
ycaoun M. Z(tOt) = const obparaercss B HyJIb BEJIHIH-
Ha [PEJIETbHON CKOPOCTU CTEHKU V., T. €. TOJBKO HEIO-
JIBUXKHBIE CTeHKU. Beguunna v. B 0HOOCHOM (heppo-
MarHeTHKe OIPeeIseTCsi TEM B3anMOIeiCTBIEM, KOTO-
poe HapyIraeT COXPaHEHNEe CYMMAapHOI Z-TIPOEKITNN Ha-
MarHUYeHHOCTH. Takue B3aMMOJENHCTBHS MOTYT OBITDH
CBSI3aHBI C KPUCTAJIMIECKON aHm3oTpomueit B 6a3mc-
HOM1 TJIOCKOCTH, MATHUTHBIM JIUTIOJIBHBIM B3aNMOIEHCT-
BHEM, a TaKKe HAJIMIUEM BHEIIHEIO0 MATHUTHOTO TIOJIs,
[IEPIEHINKYIISPHOTO JIETKOi OCH.

s mockoit 180-rpaycHOIl CTEHKH B JIOCTATOY-
HO TOJICTOH ILUIeHKEe (TOJIIMHA MHOrO GOJIbIIE T
/A/K) MarHuTHOe IUIIOJBHOE B3aMMOJEHCTBUE
onmchbiBaeTcs mioTHocThIo 27(Me, )%, e, — opT BiOMb
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HAIPABJICHUs] JIBUXKEHUS CTEHKU, KOTOPOE MEePIIEeH -
KYJIIDHO JIETKO# OCH €,. DTOT WUCTOYHUK JIBUKEHUS
creHku paccmarpuBasu Jlanmay un Jludmwun B Kirac-
cuveckoil padore [33], B KOTOpOIl BIEpBBIE GBIIO PAc-
CMOTPEHO JIBUKEHIE JJOMEHHOI CTEHKH, 8 TaKXKe YOKep
[44], koTOpBIt MCCEOBAT IBUXKEHNE CTEHKH C HEMa-
JIBIMU CKOPOCTSIMHU W HAIIEJ ee MPeJIebHYI0 CKOPOCTD.
JLJ1si TOJICTBIX TIJIEHOK JIUIIOJIbHAS SHEPIHs SKBUBAJIEHT-
Ha 9HEPruyd MArHUTHON aHW30TPOIWH C OChIO B Oa3mc-
HOI IJIOCKOCTU MarHeTuka. Ecim 5Ty B3aumoaeicTBus
cjiabble, Ipeie/ibHasi CKOPOCTh JIMHEIHO 3aBUCHAT OT Xa-
pakTepHOro napamerpa («HEOmHOOCHOrO» 3hdexTus-
HOr'o II0JiA Hnon—uniamial); vc/UO X Hnon—uniawial/Ha
U MaJia, 3/1eCh U HUXKe Uy = WL — XapaKTepHas CKO-
pocth MarHouoB B Mogeu (3). Takum obpazom, Heco-
) apnsercs dakTopoM, cocoOCTBYIO-
UM BO3MOXKHOCTH 3(DGMEKTUBHOTO MTPUMEHEHUsI JBU-

tot
xpanenue M {to

KYyHIHXCs COJTUTOHOB THUIIA JOMEHHBIX CTEHOK.

B cBepxTOHKHUX IJIEHKAX (TOJIIMHA KOTOPBIX MEHb-
me 29 = \/A/K) BKJIaJ IUNOIBHOTO B3aNMOJIEHCTBHSI
nogasie, cMm. [22, 45]. Cozmanue HaHOILIEHOK bep-
POMATHETHKOB C JOCTATOYHO CHJIBHOW KPUCTAJIIIMIEC-
KO JIBYyXOCHOI aHU30TPOIINEN, & TaK2Ke UCIIOJIb30BaAHNE
CHMJIBHBIX MAarHUTHBIX IOJIEfl B HAHONIPUOOpAaX sIBJISETCS
HempocToit 3amadeil. OMHAKO JIETKO BUIETDH, ITO B3au-
MozeiicrBre JI3SI0IMMHCKOTO HE NMeeT CUMMETPHH OT-
HOCHTEJIBHO IIOBOPOTOB B CIIMHOBOM IIPOCTPAHCTBE U HE
coxpausier M z(tOt). Kax ormeuasnoch, B3anMoseiicTBue
JI3SI7I0MIMHCKOTO MOXKET IIPUCYTCTBOBATD B JIOCTATOYHO
TOHKUX IJIEHKAX, IPA STOM 3HAYEHNE XaPaKTEPHOTO I10-
Jisi, OOYCJIOBJIEHHOTO 3TUM B3aMMOIEHCTBAEM, HE MAJIO.
DTO ompeesser BO3MOXKHOCTD JOCTATOTHO OBICTPOTO
JBUYKEHUS JIOMEHHBIX CTEHOK B KHPAJbHBIX MArHETH-
KaX U OTKPHIBAET IE€PCIEKTUBBI IOBBIIIEHUS [IPEIEThb-
HOI CKOPOCTH CTEHKHU B HAHOIICHKAX MArHETUKOB.

WNuTepecHo OTMETUTH, UTO COXPAHEHUE Mz(wt) He
NPENATCTBYET JIBUXKEHUIO COJTMTOHOB JPYroro THIA, &
MMEHHO, JIOKAJIM30BAHHBIX COJUTOHOB, JJISI KOTOPBIX
BJIAJTM OT IEHTPA COJUTOHA HAMATHUYIEHHOCTH HMeEeT
OIHO W TO Ke HampaBjeHwue, Hampumep, M, — M;,
My, — 0, cm. [46-51]. TakoMy COJHTOHY OTBETAIOT
JIByXIAPAMETPHYECKHIE COCTOSIHUS (JIBUXKYIIMECS Mar-
HOHHBIE KAL) ¢ (DUKCHPOBAHHBIM 3HAUECHUEM Mz(wt)
[46,48-50]. OHM OIMCHIBAIOTCS PEIIEHUSIMU, 3ABUCSIIH-
MU OT JIBYX [APaMETPOB, CKOPOCTH COJUTOHA V U YaC-
TOTBI [IPEIECCUH CIIMHOB W B CHCTEME OTCYUETA, JIBUXKY-
meficss BMeCTe ¢ COJIMTOHOM CO CKOPOCTBIO V. DTHU CO-
JINTOHBI MOXKHO MHTEPIIPETUPOBATH KaK CBSI3aHHBIE CO-
CTOsIHUST DOJIBIIIOTO YUC/Ia MATHOHOB [N € 3a]aHHBIM UM-
nyiascom P, N = Mz(mt)/guB. 0Oco60 BaxKHO, 9TO MOT'YT
CyIIECTBOBATH HEOJHOMEPHBIE MPEIECCAOHHBIE COJTUTO-
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HBbI TAKOTO THUIA, U 3TH COJUTOHBLI yCTOWIUBLI OTHOCH-
TesibHO KoJutatica [47-51]. B naHHOM citydae poJib erre
OJTHOTO, TIOMUMO SHEPTUY U UMITYJIbCA, HHTEIPAJIA JIBU-
JKeHusl abCOJTIIOTHO WHAs, YeM JIJI JIOMEHHBIX CTEHOK.
Hasymmuue Takoro marerpaja CrocoGCTBYET CYIIECTBO-
BaHUIO HEOJAHOMEDPHBIX MATHUTHBIX COJIMTOHOB.

OTMeruM, 9TO HEOJHOMEPHbIE MATHUTHDIE COJIATO-
HBI MOT'YT OBITH YCTOWYHMBBIMH U JJIsi OJHOOCHOTO KH-
PAJIBHOIO MAIHETHKA, JJis KOTOPOIO HE COXPAHAETCS
MY, Heno B ToMm, 9T0 3Heprug (2), HECUMMETPUY-
Hasl OTHOCUTEIHHO HOBOPOTOB CIMHOB, JIJIA JBYMEPHO-
ro WM TPEXMEPHOI'O MATHETHKa 00JIaaeT CHMMETDH-
efl OTHOCUTEJILHO OJJHOBPEMEHHOTO [IOBOPOTA CIIMHOB U
KOODJIMHAT B ILIOCKOCTH Ty HA OJUH U TOT K€ YIOJL
Taxoii CAMMETPUH COOTBETCTBYET COXPAHEHHE Z-IIPOEK-
LUK [IOJHOTO MOMEHTa MMIIYJIbCA MAIHETUKA

(tot) _ q(tot) (tot)

Jz - Sz + Lz ’

tot tot tot

rie Lg ) S’g ) — MZ( )/guB — 3HAYEHHUS COOTBET-
CTBEHHO 2-TIPOEKIMI MOMEHTa MMILYJIbCa ITOJIs HaMar-
HUYEHHOCTH (OPOUTAJIBLHOIO MOMEHTA) U IIOJIHOTO CIIU-

tot
ua [52]. Hasa LY voskmo BBIOPATD BBIPAXKEHHE, CO-

IJIaCOBaHHOE C OIIpeJe/IEeHMEM HUMITYJIbCa II0JIsA HaMarl-
HUY€eHHOCTH,

LgOt) = — /Eijzl'iA (6_1’1’1) dr 5
8.Ij

371€Ch €4} — AOCOMIOTHBIN AaHTHCHMMETPUIHBIH TEH30D.

[TostByteHne KWpabHBIX CBONCTB TOHKWX MATHUT-
HBIX IJIEHOK Ha IOJJIOYKKE U3 TSXKEJIOI0 MEeTaJIJIa He SB-
JISIETCSI CBOMCTBOM TOJILKO (beppoMaruneTuxkoB. leict-
BUTEJILHO, MHBAPUAHTHI THIA (2) KBaJIPATUIHBL IO CTe-
[TeHsIM HAMATHUYIEHHOCTEH, T.€. OHU JIOIYCTUMbBI IIJIst
aaTrdEeppoOMarueTuKoB u eppuMaruaeTukos. Haunbo-
Jiee pOCToe U yIOOHOe ONUCAHNe JUHAMUKHA aHTU(Ep-
POMATHETHKOB 6a3UpyeTcsi Ha UCIOJIH30BAHUN TaK Ha-
3BIBAEMOI1 curMa-moziesu (CM., HalpuMep, KHUI'M U 06-
sopsr [49, 50, 53, 54]). B pamrax 3TOro moaxoma oc-
HOBHO# JIMHAMHUYECKON IIepeMEeHHOM IIpU OIIMCAHUU aH-
TudhEPPOMATHETUKA ABJISETCA HOPMUPOBAHHBIN BEKTOD
aHTHdEpPOMarHETH3MA

1= (M; - My)/|M; — Ma|,

rme My u My — HaMarHM9eHHOCTH ToApenteToK. [lpn
3TOM BEKTOp CyMMapHOit Hamarumdennoctr M = My +
+ M, urpaer poJib BCIIOMOTaTeJIbHON MepeMeHHON u
BbIpazkaercsa npocroit dhopmysioii yepes 1 u 91/9t. Ta-
KM 00pa3oM, BMECTO JIBYX YDaBHEHHUIl [Jisi HaMar-
HUYEHHOCTEH IOJIPEIIETOK MOYXKHO HCIIOJIb30BATH OJTHO
ypaBHeHue s 1.

B ornumune ot deppoMarHeTMKOB, CIIUHOBAs JIMHA~
MHUKa aHTU()EPPOMATHETHUKA SIBJISETCH WHEPIIMOHHOM.
JlarpamxuaHn mpocTelIieil BepCuu CUrMa-MOJIEN JIJIs
anTudeppoMarHeTuKa BKJIIOYAET CjlaraeMoe, KBaJpa-
THYHOE 10 BpeMeHHoil mpoussomHoit (91/0t)?, koTopoe
MOXKHO HHTEPIPETUPOBATh KAaK KHHETUYECKYIO SHEp-
ruio 1’ u 3amnmcarb B BUJIE

T:%/dr(%)z, (6)

e ¢ — da3oBasg CKOPOCTH MAarHOHOB B TOH 006J1aCTH
CHEeKTpa, TJe WX 3aKOH JUCIEPCUU SIBJISIETCs JIMHEH-

HBIM,
AHew

CcC = _—. 7

" 2ar, (7)

3nece He, — obmenHOEe moje aHTH(MEPPOMATHETHKA,

OIIPEJICJICHHOE U3 YCJIOBUs, YTO JJI M30TPOIHOIO AH-
TudeppoMarneTuKa BO BHEITHEM IT0JIe aHTHdeppoMar-
HUTHBIH TOPAnoK cymecTByeT (Bekrop 1 # 0) Tosb-
ko npu Hy < H., u paspymaerca (M| = 2My u
1 = 0) upu Hy > H, (06 ompenenernn 0GMEHHO-
ro mosst cM. mMoHorpadmuio [53]). CkopocTs ¢ ompee-
JIZETCsI TOJIbKO OOMEHHBIMYU B3aUMOJICHCTBUAMY U 3HA~
YUTEJIHHO IPEBBINIAET XaPAKTEPHYI0 CKOPOCTh MarHO-
HOB Jyist (beppOMArHeTHKa, HAIPUMED, BEJIHUUHY V) =
= worg = Y\/AHy /M, niua monenu (2). HelicrBureib-
HO, 3Ha4eHue ¢/vy ~ \/Hey/Hy U CONEPKUT OTHOIIE-
HEe DHEPI'HH OJHOPOJIHOIO OOMEHA K HEPIud aHHU30-
TpouuH. DTO CBOWCTBO ABJISETCS BaXKHBIM [IPUMEPOM
OOMEHHOIO yCUJIEHHsI JUHAMUYECKUX IIAPDAMETPOB aH-
TudeppOMarueTUKOB.

Hns «aucroros» anTHdEpPOMATHETHKA JIATPAHIKH-
aH BKJIIOYAET TOJIbKO KHHETUIECKYIO duepruio (6) u 1o-
remmanbayio suepruto W, LAFMI(] = T — W. 3a-
MeTUM, YTO HAJIMYIKNEe CHJIBHOIO MATHHTHOIO IOJIA [IPH-
BOJUT K IIOSIBJICEHUIO B JIAUDAHXKHMAHE aHTUdeppOMar-
HETHKa ClenudUIecKiX ITMPOCKOIMYECKUX CIAraeMbIX,
JMHEHHBIX 110 KommoHeHTaM O01/0t. T'mpockonmaeckue
cjlaraeMble B IPUHIUNE MOTYT BO3HUKATDL U JIJIsl HEKO-
TOPBIX aHTU(EPPOMATHETUKOB, JOILYCKAIOMIUX CJAaObIH
deppomarueTusm, HoO OHU 3alPEIIEHbI Jisi KUPAJIbHbBIX
MAarHeTHKOB, cM. [53]. Bolpaemme s craTmdeckoit
suepruu W kupaJbHOro anTudeppoMarHeTuka B Tep-
MUHAX €JIUHUYHOIO BeKTOpa | mMeer Takyio e CTPyK-
TypYy, Kak /st (heppOMArHeTUKA, U MOXKET ObITh HOJLy-
4yeHo u3 Gopmysbl (2) 3aMeroit m — 1.

BakHo 3aMeTUTh, 9TO B OOBIYHBIX (HE KUPAJIbHBIX )
aHTH(hEPPOMArHETUKAX [IPOCTPAHCTBEHHBIE U BPEMEH-
HbIE IIPOU3BOJHBIE BEKTOPa | BXOJAT B JIarpaH:KuaH B
kom6unamum (01/0t)? — ¢2(V1)2. Hammuame Ttakoit op-
MaJIbHOM JIOPEHI-UHBAPUAHTHOCTU 3HATUTEIHHO YIIPO-
IaeT aHajIu3 JUHAMUKH COJIUTOHOB, CM. HEKOTODbIE

7*
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upuMepbl B paborax [55,56] u menasuuit 0630p [54]. B
YaCTHOCTH, €CJIM U3BECTHO PEIICHHE JIJIs HEITOIBUKHO-
'O COJIATOHA JIFOOOTO THUIIA, JIBUKYIIEECs PENIEHNE MOXK-
HO TIOJIYYIUTDH Ipeodpa3oBanueM JIopemiia ¢ xapakTep-
HOM CKOPOCTBIO ¢. B wacTHOCTH, TpesieibHas CKOPOCTD
JIFO6OT0 COJIMTOHA COBNAIAeT co 3HadeHueM c. OHaKo
JUIsI KAPAJIbHBIX MAIHETUKOB HAJIUIME CJIAraeMbIX, JIU-
HelHbIX 1o TpajuenTaM |, paspymaer 3Ty JOpeHI-uH-
BapUAHTHOCTH, cM. [57]. B gacTHOCTH, 5TO IPUBOIUT K
TOMY, 9TO IPEJIEIbHAS CKOPOCTh JIBY MEPHBIX TOIIOJIOTU-
YECKUX COJUTOHOB (CKUPMHMOHOB) B KUPAJIbHBIX AHTHU-
deppomaruernkax menblie, deM ¢ [57]. C apyroii cro-
POHBI, BBIPAXKEHUsI JIJIsi MHTEPECYIONINX HAC MHTErpa-
JIOB JIBU2KEHWsI, SHEPTUU U MMITYJIbCA COJUTOHA OIIPE-
Jesistiorest pousBoabiMu 0L /0(01/0t), m KupasbHbIe
MHBAPUAHTHI HE U3MEHSIIOT UX (POPMBI.

Kaxk u B 110601t TOPEHIT-MHBAPUAHTHOCTHON TEOPHH,
SHeprus 1oJd BeKTopa | 11 anTndeppoMarneTnka siB-
JIdeTCd CyMMOII KWHETUYECKOI 1 IIOTEHIINAJIbHOI SHep-
ruii,

EAFM) 4y,

Benmuunna uMnysibca (Ha QUHUILY NJIOMANA CTEHKH) He
COJIEPKUT BKJIa/Ja KUPAJbHOT'O MHBAPUAHTa U OIpele-
JisieTcsl BbIpaKeHneM, XapaKTePHBIM JJIs JIOPEHII-UHBa-

PUaAHTHOI Teopuun
()

3amMerum, OIHAKO, YTO HAJMINE KHPAJHHOTO WHBAPU-
aHTa IIPUBOJUT K HAPYIIEHUIO CTAHIAPTHBIX JJId JIO-

ol ol

A
(AFM) _ _ A ol ol
P ot Ox

c2

(8)

PEHI-UHBAPUAHTHOCTHON TE€OPUU COOTHOIICHUI MEXK Ly
UMIIYJIbCOM U Heprueil, CM. HUzKe pasJ. 4.

3. IMHAMUKA JOMEHHOI1 CTEHKU B
®EPPOMATHETUKE

151 KOHKPETHOT'O aHAJIM3a COJUTOHHBIX PEIIeHUi
y/IOOHO MCIOJB30BATH YIJIOBBIE MIEPEMEHHBIE Tl €JTh-
HUYHOrO BekTOpa m (mau BekTopa 1 mia anrudeppo-
MArHeTHKa), HAIPUMep

m, = cosf), m,; =sinfcosy,

9)

m, = sin @ sin .

IIpuBenem sBHBII BUJ DYHKIMOHAIA SHEPIUU KH-
PAJIbHOTO MarHeTuka (2) 4epe3 3TH yTJIOBbIE epeMeH-
HbBIE JIJI OJHOMEPHOT'O PeIleHus:

WMﬂ:/m{

— D(#' cosp — ¢’ sinf cosfsinp)| .

A

K
3 [(6")%+(¢")? sin” 0] +5 sin? 4,

(10)
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31ech U gajee MTPUXOM 0O003HAYEHA MPOU3BOIHAS IO
&, BCe BEJIMYMHBI TPUBOAATCHA HA EIUHUILY ILIOIIAIN
crenku. JIBmxkymmasca 180-rpajycHast njockas JOMeEH-
Hasg CTEHKa OIMCHIBAETCH DEIIeHUSIMU THIIA IIPOCTOI
BOJIHBI, JIJIgd KOTOPOil

0(%),

¥ — CKOPOCTh CTEHKHU. Y paBHEHUs jJist 6 U (o TpUHUMA-

0

@:@(f), § =z —ut,

IOT BHJ] CHCTEMbI OOBIKHOBEHHBIX JuddepeHnnaIbHbIX
ypasaeruit. Ocb 2z sIBJISIETCs JIETKOI OChI0 MArHETHKA,
T.e. § =0 u 0 = 7 o o6e CTOPOHBI OT JOMEHHOI CTEH-
ku. st onpesesieHHOCTH, OyJIeM CYATATh 4TO 6 — T
npu & — +oo u 0 — 0 npu £ — —00. YpaBHEHUs st
0 v p IPUHUMAIOT BUT

Af" —sinfcost [K + A(¢')?] —

— 2Dy’ sin? @sin ¢ + v(M,/v)¢ sinf =0, (11)

A(p' sin? 0) 4 2D6’ sin” O sin ¢ —

—v(Mg/v)0'sinf = 0. (12)

OTa cucreMa ypaBHeHUIl (GDOPMAaIbHO SKBUBAJIEHT-
Ha MeXaHWYeCKOH 3a/iade O JBUKEHUU MaTepUuaJbHON
TOYKH [0 IIOBEPXHOCTH Cepbl PN HAJIMYUH JABYX I'U-
DPOCKOIIMYIECKUX CJIATAEMbBIX PA3JIMIHON IIPUPO/IBI, OTHO
U3 KOTOPBIX MPOMOPIIHOHAIBLHO TAapaMETPy KHPAJIbHO-
crtu D, a Ipyroe — CKOPOCTU CTEHKHU V. 3/1eCh epeMeH-
Has & UrpaeT poJib BpeMeHH, KOHCTaHTa A — PoJIb Mac-
CBbI, 8 CKOPOCTH VU SIBJISIETCs IIAPAMETPOM, KOTODBIi, B
YaCTHOCTH, OIIPEJIEJISIET XapPaKTep 0COOBIX TOYEK yPaB-
HeHUl. DTa 3a/1a9a UMeeT JBe CTEIeHU CBODOJBI, JJIs
HEe MOYKHO ITOCTPOUTH OJWH ITE€PBbI WHTErPAJI

A K
Q=75 [(6')% + (¢)?sin® 0] — o) sin? 4, (13)
Ha pelleHnH Tulla creHku 3HadeHue (Q = 0. JlomeH-

HOIi CTEHKE OTBEYaeT TeTePOKJINHUYIECKAsT CeIapaTPUC-
Hasl TPAEKTOPHUs, COEIUHSIONAs IBA TOJIOXKEHUsT PAB-
HoBecus, m = e,, 0m/9{ = 0um = —e,, Om/J¢ = 0.
Bropoit unrerpast aBuKeHUsT, HAXOISIIUNACS B THBOJIIO-
mun K (13), anist cucremsr (11), (12) mocrponTs He yiia-
ercsg. Kak Oy/er moxkazaHo HUKe, JIAHHAS MeXaHHUYe-
ckas 3a7a9a (B OT/IMYMe, HAIPUMED, OT 3aJ1adn YOKe-
pa, KOTOpasi OMHUCHIBAET JIBUKEHHE CTEHKU B JIBYXOC-
HOM (bepPOMArHETUKE) He SIBJISIeTCA UHTerpupyemoii. B
9TOM CjIydae ee oOIuit aHAJIN3 MOXKET ObITH MTPOBEICH
TOJILKO YHCJICHHO.

Uckimovyennem sBIseTCs CIIydail HEIIOIBUZKHON 10~
MeHHO# crenku (v

= 0). B aromM ciiydae Jierko Haii-

TH JABa PEIICHUs, KOTOPBIM COOTBETCTBYIOT IIOCTOSH-
wble 3HadeHns ¢ = 0 u ¢ = 7. g oboux perreHuit
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upoduin crenku 6(£) He 3aBUCUT OT BBIGOPA 3HAYECHUA
yIJIa U ONPEIEISeTCs CTAHAAPTHON (hOopMyJIOit

—th(E/x0), x0 = VAJK,

rJie To OIpeJie/isieT TOJIIUHY JoMeHHOH crerku. Jlaee
JLJISL OTIPEJIEJIEHHOCTH cauTaercs, uro §(§ — —oo) — 0,
0(¢ = +00) — m, 1o ecTh B crenke #'(£) > 0.

Jlerko mokasaTb, YTO SHEPrusi HEMOJBUXKHON O-
MeHHO creHku onpenessierca dopmyiaoit E(v = 0) =
= 2FEy — D cos g, e Fy = VAK u o obo3HAYAET
JBa 3HaUeHUd yIia ¢ B cTeHKe ¢ v = 0, 9 = 0 mwm
o = . Jlerko BugeTh, uro pu D > D., Tie KpUTH-
YeCcKOe 3HAUYCHUE

cos6(§) (14)

2

D.= ZVAK ,
™

HepPrus CTEeHKN ¢ MUHUMAJIHLHON HEPTUeil CTAHOBUTCS
orpunarenabHoit. leficrBurenbuo, npu D > D, Tepmo-

(15)

JIMHAMUYECKN YCTONYMBA CIMpaJibHast cTpyKTypa. O
HOpOJHOE cocTosiHue ¢ § = 0, T, B KOTOPOM MOZKET Cy-
MEeCTBOBATh YEIMHEHHAs! CTEHKA, SABJISETCA OCHOBHBIM
COCTOSTHUEM CHUCTeMbI TOJbKO Tipu D < D., u nanee
OrPAHUYMMCS MCCJIEIOBAHNEM TaKUX MarHeTuKoB. OT-
METHUM, OJJHAKO, 9TO MArHOHHBIE YACTOTHI BEIECTBEHHBI
npu jroboM 3HadeHuu D, 1.e. ipu D > D, onpHOpOIHOE
COCTOSTHUE yCTOWYNBO OTHOCUTEIBHO MAJIBIX BO3MYIIIE-
HUii, T. €. ABJIAETCA METACTAONIHLHBIM.

VobIBaHUEe OTKIOHEHUS HAMATHHYEHHOCTH OT PaB-
HOBECHOTO 3HAUEHUS BJAJHM OT COJTUTOHOB JIFO00TO THIIA
(IOMEHHBIX CTEHOK WJIU JIOKAJU30BAHHBIX COJUTOHOB)
SIBJISIETCsI SKCIIOHEHIMAJBHBIM, sin 6 « exp(—k|¢|) npu
& — =£00. DTO NOBEJIEHNE TIPOIIE BCETO UCCJIEIOBATD
C TIOMOIIBI0 AHAJIUTUIECKOTO IPOJOJIZKEHUsT CIEKTPa
cimHOBBIX BOJIH w(k) B 06J1aCTh KOMILIEKCHBIX BOJIHO-
BBIX BEKTOPOB W 9YacTOT, k — ik, w — ixv [58,59]. B
ob1eM caydae st Mojiesielt (peppoMarueTukoB u dep-
PUMArHETUKOB CYIIECTBYIOT JBE XapaKTEPHBIE CKOPO-
crn, v v () < ) TIpu ckopocrsx commuro-
na 0 < |v| < v(7) Besmrumnma K BemecTsennas. B Tepyu-
Hax GazoBOro NPOCTPAHCTBA cUCTeMbl ypasuenuit (11),
(12) sT0 03HAUAET, UTO MOJIOKEHUSIM paBHOBecHst ) = 0
win § = 7 oTBeYarOT 0COObIe TOYKHU THIIA ceijio. [Ipu
v7) < v < o) Bemrumma Kk mMeer HEHYJIEBYIO MHU-
MyI0 9acTh, kK = k' =+ ik”, T.e. acuMmTOTHKA COMNEpP-
JKUT 3aTyXAOIINAE OCIAJIIAIAN U TTOJIOXKEHNs PABHOBE-
CcUsl TIPEJICTABIIAIOT CODOM 0CcOObIe TOYKU THUIA CEJIJIO-
doxyc. Ecom e [v| > v, to Bemrauna £ ancro mMum-
Mas, T.€. BOJHOBOH BEKTOD BEMICCTBEHHBINA U COJIATO-
HBI THIIA IPOCTO# BOIHEI oTcyTeTByIoT. CkopocTs vt
COBIIQJIAET C MUHUMAJIBHONU (ha30BOM CKOPOCTHIO MAar-
HOHOB, T.€. OTCYTCTBHE COJIMTOHHBLIX PENIEHUH CO CKO-
poctsivu |v| > v(H) orBewaer ecrecTBennOMy yCIOBHIO
OTCYTCTBUS I€PEHKOBCKOTO M3JIyIeHUs] MArHOHOB.

677

JIist yOKEPOBCKOIO peIieHusl B JIBYXOCHOM (hbeppo-
marmeruke lnevan [58] ormermt, uro Bemmanna v(~)
COBIIQJIa€T C IIPEJEJIbHON CKOPOCTBHIO JOMEHHOHU CTEeH-
KH. DTO TPEJIIOJIOKEHNEe UCIOIH30BAJIOCh IIPU aHAJIU-
3¢ Pa3/JNIHBIX MATHETHKOB CO CJIOXKHON MATHUTHOIM
cTpykTypoii [59]. Brocsencreun 6p110 TOKA3aHO, 9TO
comagenne v(7) U v, SBISETCS B HEKOTOPOM CMBIC/IE
CIIYIAHBIM ¥ O0YCJIOBJIEHO TEM, UTO CHCTEMa yDAaBHE-
Huit (11), (12) 11t 3a7a9u YoKepa sIBIIS€TCST TOYHO MH-
TerpupyeMoii TaMuIbTOHOBOM cucteMoit. /Ijst aToit 3a-
Jaqu OB TMOCTPOEH JIOTIOTHUTEIHHBIN WHTErpasl JBU-
JKeHusl, Haxogamuiica B uasosornun K (13) [60-63]. He-
TAJILHBIN aHAJIN3 ODIIX CBOMCTB (pa30BOTO MTPOCTPAH-
CTBa FAMUJIBTOHOBBIX HHTEIPUPYEMBIX CUCTEM C JBYMSI
crenensMu c3o6oabI mokazal [64-66], uro ecim s Ta-
KHUX CHCTEM OCOOBIE TOUKU SABJISIIOTCS CEJI0-(POKYCAMH,
uro umeer mecro npu v(7) < |v| < vF) 10 BCe Tpa-
€KTOPUHU, BBIXOJAIIIE U3 HEKOTOPOIo CceIo-(poKyca, B
HEro »Ke W BO3Bpamaiorcs. [Ipu aromM He cyIiecTBy-
eT TPaeKTOPHil, WYX U3 OJHOr0 ceJio-hoKyca B
JIDYTOM, T.€. PEIleHns] TUIa CTEHOK OTCYTCTBYIOT. e
TEPOKJINHUYIECKNE CellapaTpPUCHbIE (a30Bble TPACKTO-
pUU, OIMCHIBAIONINE CTEHKHU, CYIIECTBYIOT TOJBKO JIJIsT
0CODBIX TOYEK THUIIA CEJJI0, YTO COOTBETCTBYET YCJIOBHIO
|v| < v(). Takum 06paszoM, IS BCEX HHTErPHPYEMBIX
CHCTeM IIpejie/TbHasl CKOPOCTh CTeHKH copmagaer ¢ v{ ),

Ecnn e mis HEKOTOPOTO MarHeTHKa ypPaBHEHUS
st 0(8), (&) me obsagaT CBONCTBOM TOYHON MHTe-
TPUPYEMOCTH, TO BEJMYNHA MPEJIEIHHON CKOPOCTH 10~
MEHHOIT CTeHKH MOYKET He COBIaIaTh ¢ v\ ~), oHa MoKeT
6bITh Goutbine, gem v(~). B wacTHOCTH, Takoe moBeIe-
HUe HANJIEHO JJTsi IOMEHHON CTeHKH B (peppOMATrHETUKE
BO BHEIITHEM MArHUTHOM I10JI€, IEPIEHUKYISIPHOM OCH
JIEPKOT0 HaMarHnanBaHus [67]. PaccMOTpeHHbIH B 1aH-
HOI paboTe KUpaJbHBI (PepPPOMATHETHK C OTHOOCHOM
AHU3OTPOIHEN SIBJISETCS SIPKUM IIPUMEPOM TAKUX CH-
creM. JIjis HEro aHaJuTHYECKOe Ipojosrkenue (3) gaer
ikv = wo(l — 23K?), T.e.

2xok = iv/vy £/ (v/v9)? — 4,

IJIe UCIOJIb30BAHO BBEJIEHHOE BBINIE 3HAYEHUE g
= yroK/Ms; = vHyxg = woxo. Takum obpasom, 3Ha-
gerns v(7) = 0 u v = 2ug, T.e. MoHOTOHHOE TIOBE-

(16)

JieHHe pertenus, npu koropom My, M, x exp(—¢§/xo),
cum. (14), nmeer mMecto TosbKO ipu v = 0.

JIJTst 9UCIIEHHOTO WCCJIEOBAHUS YA0OHO HCIIOTH30-
BaThb Oe3pasMepHbie TIepeMeHHble, U3Mepsisd £ B eTMHU-
1ax g, CKOPOCTb ¥ B €IUHUIIAX Vg, & KOHCTaHTY J[3s10-
muuckoro D B eqununax Ey =  AK. Takum obpasom,
[IpY TAHHOW CKOPOCTU XaPAKTEP PEIIeHUsI OIPE/IeIsIeT-
cst oHUM GespasmepHbIM mapamerpoM D/ Fy (Hamom-
HUM, 4TO Kpurudeckoe 3uadenue D./FEg = 2/m).
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YuceHHoe TOCTPOEHUE PEIIeHU, OMUCHIBAIONIIX
JIBIKYIIYIOCS JIOMEHHYIO CTEHKY, YITPOIIAETCS TEM, ITO
B pamkax ypasuenuii (11), (12) onu umeror onpezeseH-
HYIO CUMMETDHIO, & UMEHHO, cos (&) aBiseTcs Heder-
HO, a (&) n sin§(§) sBasrorcst YeTHBIME (DYHKIUAME
&. CraenoBarelibHO, (Da30BbIE TPAEKTOPHUH, OIIPEIEJISIIO-
e JOMEHHBIE CTEeHKH, IPOXOJIST Yepe3 MOBEPXHOCTD
cummerpun cos = 0, ¢ = 0. Y cocTostHIST pABHOBECHUS
0 = 0 mmeercs JByMepHOE HEyCTOWYMBOE MHOI00ODa-
3me, T. €. CYIECTBYET OJHONAPAMETPUIECKOE CEMEHCTBO
TPAEKTOPHUil, BBIXOISAINX 13 Hero npu £ — —oo. s
BCEX 9TUX TPACKTOPHUIl CymIeCTBYyeT TOYKa, B KOTOPON
cosf = 0. DTU TPAEKTOPUH MOXKHO IAPAMETPU30BATDH
3HAYEHUEM BEJIMYUHBI (Dgyt. 1TOOBI HAUTH PENIeHne TU-
a CTEHKW, HAJIO TaK MOJ00paTh 3HAYEHUE BEJUIUHBI
Yout, ITOOBI B TOM ke Touke &, rje cosf = 0, ogHOBpe-
MeHHO obpamasach 66l B Hysab Besmanda @' = 0. s
9T0T0, (HAKTUUECKH, HAJIO PEIIUTH OJHO YpPABHEHUE C
OJIHUM HEM3BECTHBIM, 9YTO JIETKO PEAN30BATDH THCJICH-
Ho. Pazimanbie mpuMepsl perennst 3a/1a9 O JIBUKEHIH
JIOMEHHBIX CTEHOK MOXKHO Hafitu B paborax [67-69].
B jannoit pabore uCIOIH30BasCH HAJIEKHBIR U IIPO-
CTOI MeTOJ1 IIPOJOJIKEHNs 110 HapaMerpy (MeToJ| [Ipo-
nosekenus Kesnepa [70]). B pesynbrare npumenenus
9TOro MeTosa Jyist KaxKaoro suadenus D/Ey, T.e. mis
PA3IMYIHBIX MATHETUKOB B paMKax MOeNH (2), MOXKHO
TIOCTPOUTDH BCE MHOT00Opa3ne JJOMEHHBIX CTeHOK. Ecn
peleHne HaiiIeHo, MOYKHO BBIYUC/IUTH WHTETPAJIBI JIBU-
KeHus, dHepruio K u mMmmyabc P 1OMeHHOW CTeHKH.
O6cyuM pe3ysibTaThl aHAJIN3a CTPYKTYDPBI, SHEPTHH U
AMITYJIbCA JOMEHHBIX CTEHOK.

[Ipexxse Bcero, OTMeTHM, YTO OJHOMY 3HAYECHUIO
CKOPOCTH COOTBETCTBYIOT J[BA TUIA CTEHOK C PA3JINI-
HBIMU SHEPIUsMH, T. €. 3aBucuUMOcTh F = F(v) u3obpa-
JKaeTcd 3aMKHYTOI KpUBOil, copepzKalieil 1Be BeTBU —
BEPXHIOK U HIKHIOI, CM. puc. 1. 9TO CBOCTBO siBJIsi-
ercst ODIIUM JIJIsT MI3BECTHBIX HAM CTEHOK B Pa3JIMIHBIX
deppoMarseTukax, B YaCTHOCTH, HJIOXOBCKOM 1 HEeJIeB-
CKOH BETBSIM CTEHOK JIJIsI YOKEPOBCKOI'O DEIIEeHUs JIJIst
JIByXOCHOTO (heppPOMarHeTuKa. DT BETBU HAYNHAIOTCS
C ONMCAHHBIX BBIIIE JOMEHHBIX cTeHOK ¢ v = (. CTeHKa
¢ sHeprueit E(v = 0) = 2Ey — 7D u 3HaueHneM ¢ =
= 0 cOOTBETCTBYeT HAMMEHBIIEMY 3HAYEHUIO SHEPTUU
U HIDKHeli BeTBH, a credka ¢ E(v =0) = 2Ey+ 7D u
= T — HaubOJIBbIIEMY 3HAYCHUIO SHEPIUU U BEpXHe
BeTBH 3aBucuMocTH F = F(v). Hanmomunm, ato 3Have-
HUsI BCEX SKCTEHCUBHBIX BEJUYMH, TAKUX KAK SHEPIUs
WA UMILYJIbC, IIPUBOJISITCS HA €IMHUILY TLIOIIAIN CTEH-
KU.

[Tpu yBesimaeHnn CKOPOCTH JBUZKEHUSI CTEHKH SHEP-
IUSl JIJIsl CTEHOK HUXKHEH BETBU yBEJIMIUBAECTCH, & JIJIs
CTEHOK BepXHeil BeTBU yMeHbINaeTcst. AHAIN3 IT0Ka3al,
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E/E,

1.0
v/,

-1.0 -0.5

Puc. 1. 3aBucumocTb 3Heprum AoMeHHol cTeHkm (B efuHMLax

Eo) oT ee ckopocTu (B €ANHNLAX Vo) NMPU Pa3ANHHbIX 3HAYEHN-

sx D/Eq (ykasaHbl okono KpuBbix, 3HadeHne D/Ey = 0.6366

6an3ko k kputudeckomy, D./Ey = 2/7). CuMBO/bI — AaHHble

YMCNIEHHOrO CHETa, JIMHUN MPOBELEHbI COMNACHO NPUBINKEH-
Hoii chopmyne (21)

v, /v,

1.0

0.8

0.6

0.4

0.2

0.2 0.4 0.6 2/

DNAK
Puc. 2. 3aBncuMocTb npeaenbHoli CKOPOCTU JOMEHHOMN CTeH-
Ku ve (B eAnHMUAxX vo) OT KOHCTaHTbl J3snowunckoro D (B
eanHnuax Ey). CuMBoNbI — AaHHbIE YNCAEHHOTO CHeTa, LWTPU-

X0Basi KpacHasi NPsIMas INHNS OTBEYaeT NnHeliHol 3aBncMMo-
ctu (16)

YTO PElIeHUs] THIA JIOMEHHBIX CTEHOK HMCYE3aI0T DU
JIOCTATOYHO GOJIBINNX 3HAUEHUSAX Hapamerpa |v|, T.e.
BO3MOXKHBIE 3HAYEHHSI CKOPOCTEH CTEHKH U HE MOTYT
[PEBBIMIATL UPEAEIHHOr0 3HAYEHUSA Ve, || < v.. Ilpu
v = v, aBe BeTBu 3aBucumoctu E = E(v) cauBarorcs,
T. €. JIOMEHHBIE CTEHKU C U = U, MJEHTUYHBI, CM. pHC. 1.
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OkazaJioch, 9To BO BCell IOIyCTUMOM 00J1acTH 3HA-
qennit D < D, 3aBUCHMOCTD MPEETbHON CKOPOCTH OT
KOHCTaHTH! JI34JI0NINHCKOrO ¢ 0YeHb BBICOKOI TOYHOC-
THIO SIBJISIETCS JIMHEWHO, cM. puc. 2.

DTy 3aBUCHMOCTb MOXKHO OTHUCATH (DOPMYJIOit
D

Vo —
D’

wyD
’Uc = =
2M,

(17)

T.e. ipu D = D, 3HaveHne v, = Vg U COCTABJSET IO-
JIOBUHY MUHUMAJIBHOI (ha30BON CKOPOCTA MATHOHOB.

[Tpu BBIYKCICHNE UMITYJIbCA CTEHKU P mmeeT MecTo
pobJieMa, CBs3aHHAS C CHHIYJIAPHOCTHIO BEKTOD-IIO-
reanuasa A. [Tojnoxkenne CUHTYIISIDHOM TOYKHU JJTsT TIO-
TeHnuasa Buna (4) onpenensercs HAIPABICHUEM BEK-
ropa n (crpyust Jupaka), Mging —n. ToMmenmyio
CTEHKY MOYKHO HAIJISIHO IIPEICTABATH KAK TPACKTO-
puio Ha cdepe m? = 1, BLIXOIAIIYIO U3 OIHOTO HOJIIOCA,
(craxkeM, m = —e,) U BXOJAIIYIO B Apyroil (m = e,).
Benmuuauny P moxKHO 3ammcaTh B BUjie WHTErpaJja o
3TOU TPACKTOPHUU:

P=- / A(m)(9m/9€) de =

m=—e,

A(m)dm. (18)

m=e,

J1J1st TaHHOTO MATHETHUKA ITpU JTF0O0M BBIOOPE N XOTsT
OBl O/IHA U3 TPAEKTOPHIl, OTBEYAIONINX CTEHKE C HEKO-
TOPO# CKOpPOCThIO —V, < v < v, HOIQJIeT Ha TaKyIO
CHHTYJISIpHYIO TOYKy. KpoMe TOro, BOZHUKAET 3aBUCHU-
MOCTh P oT BBIOOpa KaJIMOPOBKH.

IIpssmoe BbIUMC/IEHE UMITY/IbCA HA OCHOBE (hOpMY-
Jibl (5) ¥ YUCJIEHHOIO MHTErPUPOBAHUS PEIEHUS TOKA-
3aJ10, OJTHAKO, UTO JJIs TAKUX TPAEKTOPUil, KOTOPbIE HE
[IOMA/IAI0T B MAJIYI0 OKPECTHOCTH CHHTYJISIPHON TOUYKH
Mg, (006480 570 3Hadenus Av < 0.0lvg), umrer-
paJjl JIETKO HAXOJIUTCS W UMITYJIbC SBJISIETCS PEryJisip-
Hoit pyHKIMEr CKOPOCTU TOMEHHOUW cTeHKU. PeasbHO
HCIIOJIb30BAJINCH PACIETHI JJIs JBYX HAIPABJICHU N, a
umenso, n = (0,1,0) n = (1,0,0). danee qyst Boccra-
HOBJIEHUsI 3aBHCUMOCTH MMITYJIbCA OT CKOPOCTH MOXKHO
UCIIOJIB30BATH TOT (PAKT, UTO PA3HOCTh BemIuH P jiis
JBYX pa3jM9YHbIX CTEHOK, P| u Py, onpesesnsercs naTe-
paJioM 0 3aMKHYTOMY KOHTYPY

ITo Teopeme CTOKCa 3TOT MHTErPAJ PABEH MOTOKY BEK-
TopuoTO 10T B = rot A gepe3 obJiacTh, orpaHuIeH-
HYIO 3THMHU JIByMsI TPaeKTopusimu, T.e. AP sBisier-
¢l KambpOoBOYHO-UHBAapUaHTHOMN Besmaunoii [40,41]. C
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P/P,

Puc. 3. lMony4yeHHass YNCNEHHO 3aBUCMMOCTb MMMyAbCa AO-
meHHol cTenku (B eguHnuax Py ) oT ee ckopocTu (B eanHmuax
Vo) ANs Tex e 3HadeHnii D/Fo, 4to Ha puc. 1

y4eTOM TOro, 4ro rot A = mM, /v, 9ra BeauduHa onpe-
JIEJISI€TCsT MHTEIPAJIOM 10 YIACTKY ChepHI,

AP = (MS/’y)/siDGd@d(p.

Wurerpan ang AP, B omimdume OT COJEPYKAIIETO
BeKTOp-ToTeHnuas A wunTerpasa iasa P, saBiasercs
U30TPOIHBIM B INIOCKOCTH Mg, My. B cuily aTux c000-
PaKeHui MOXKHO HAWTU Pa3HOCTb 3HAYECHUN MMIIYIbCa
IpY pa3HBbIX HAIMPABJIEHUSX CTPYHBI. B wacTHOCTH,
JUIS IBYX WCIOJIb30BAHHBIX BBIIIE HAIIPABJIEHUN 3HA-
YEHUsI WMILYJIbCa JJIss HEKOTOPOW CTEHKW JIOJIZKHBI
pasimuarhes Ha Beamuuny wMg/y. Dro 1m03BOJSIET
BOCCTAHOBHUTH 3HAYEHUs] WMILYJIbCA JJIs CTEHOK C
TPAEKTOPUAMU, TPOXOIAINUMY BOJIN3U CHHTYJIAPHOCTU
JJIsT OMHOU M3 KAJMOPOBOK, 3a CUYET WCIIOJIb30BAHUS
JAHHBIX I Ipyroi kayunOoposku. Hailinennass TakuMm
obpaszom 3aBucuMocTb P(v) mpeicraBieHa Ha puc. 3.
st HATJISTHOCTY MCIIOJIb30BAHO YCJIOBUE, UYTO CTEHKE
¢ MUHHUMaJbHON 3Heprueit (v = 0, ¢ = 0) orBedaer
suadenne P = 0.

PasnocTs MMIIyIbCOB HEIOJABUXKHBIX CTEHOK BEPX-
Hell W HUKHEN BeTBell OTBeYaeT MHOJIOBUHE ILJIOIAINA
cdepnr u pasaa Bemuune P = 27My /v = Py/2, a 3a-
BHCHMOCTH SHEPIUU JIOMEHHOI CTEHKU OT ee MMIIYJIbCa
SIBJISIETCS TIEPUOIMIECKOI,

E(P+ Py)=E(P), Py=4wM,/~. (19)

Suagenne mepuoga Py Ijid CTEHKU B KUPAJbHOM
MarHeTuKe B /Ba pas3a 0oJible, 4eM 1 hbeppoMarte-
THKa C JABYXOCHOW aHU30TPOIMEd. 3aMeTuM, 4TO 3Ha-
9eHUsI [EPUOJIA TI0 UMITYJIbCY JJjIs CTEHKU B UHUCTO O/I-
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E, v
4-

0.5
P/P,

Puc. 4. 3asucumoctsb sHepruu (B egununax Ey) u ckopocTn
(B eguHULAx v;) BOMEHHON CTEHKM OT ee uMnynbea (B eauHm-
uax Pp), CUMBObI — AaHHbIE YUCIEHHOTO pacyeTa, CNOLWHas
KpacHasi nmHus — 3asBucumoctb E(P), HaligeHHas ¢ nomo-
b0 MONTYHEHHON HMKe NpubnkeHHol opmynbl (22). Tony-
6as nuHns — 3asucumocTb v(P), nocTpoeHHas anddeper-
LMpoBaHuneM HaiigeHHol yncneHHo dyHkunu E(P) Ha ocHose
ypasHerusi Flamunstona v = dE(P)/dP

HOMEDHOM MArHETHUKE (CIIMHOBOI IENOYKE) MOKHO 3a-
nucaTh Kak Py chein = 47hs/a, toe s — couH aToMa
U a4 — PACCTOSTHUE MEXKJy CIHUHAMHU B IemovYke. UToObI
[IPUBECTU B COOTBETCTBUE JAHHBIE /It 00BEMHOTO Mar-
HETHWKA U IEMOYKN WCIOJb30BAHO COOTHOIIeHne My =
= gups/aSy, rue 00beM, IPUXOISAIIMIACS Ha OJMH CIIVH,
3almcaH Kak aSy, Sy — IJIOIIA/b IIOIIEPEYHOrO CeYEHUSI
KPUCTAJIIA, TPUXONAIIASACS HA OJIHY IEMOYKY, & TAKXKe
YUTEHO, 9T0 ¥ = gup/h. IHTepecHO OTMETHUTD, ITO ISt
ciuHa § = 1/2 BesimumHa [1€PUOJIA COBIIAJAET C Pa3Me-
POM TIepBOIT 30HBI Bpuiaiosna aTOMHON TIETOYKY.

Basucumocts E(P) (3aKOH JHUCIEPCHH CTEHKH)
npejicraBiieHa Ha puc. 4. s gemoHcTpamum mpa-
BHJILHOCTH BBIGOPa (POPMBI BHIPAYKEHUS sl UMITYJIbCA
U KOHTPOJIsI TOYHOCTH CYETa IOCTPOEHA TaK¥XKe 3a-
Bucumocth v(P), Halinennas muddepenupoBanuem
qucsienHolt 3apucumoctu E(P) u ypasHeHust TaMuiib-
dE(P)/dP. Pucynok 4 nemoHCTpUpYeET
XOPOIIIEe COTJIACHE BCEX JIAHHBIX.

TOHa vV

[TpunnunmansbHo BaykHO, 4TO 3aBUCHMOCTL F(P)
JUIsl JIOMEHHBIX CTEHOK B (DEPPOMArHETHUKE B IIPEJEIIaX
OJIHOTO TIEPHOJIa OJIHO3HAUHAS, T.€. KayKJIOMY 3HAUe-
HUIO HMITYJIbCA OTBEYAET TOJILKO OJHO 3HAUEHHE SHED-
run. QakTUIecKH, BepXHEH U HUKHEH BeTBAM (ByHK-
mun E(v) COOTBETCTBYIOT pasJIMYHBlE 3HAUEHUS HM-
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nyiabca P, 9ro 00yciaaBiInBaeT yCTOIUBOCTD BCEX CTe-
HOK, B TOM YHCJIe OTHOCSIIUXCS K BEPXHEl BEeTBU JBY-
sHauHoOll 3aBucumoctu F(v), cMm. puc. 1.

YucneHHbI aHajn3 3a/@du O3BOJISIET yCTAHO-
BUTH OCHOBHBIE 3aKOHOMEDHOCTH JUHAMUKHU JOMEH-
HBIX CTEHOK B OJHOOCHOM KHPAJHHOM (hbeppoMarHeTu-
Ke JjIsl KaXkKJIO0r0 KOHKPETHOI'O 3HAYeHUsl IapaMerpa
D/Ey. Opuako BecbMa KeJaTeJbHO UMETh HPOCTbIe
aHaJIMTHIecKie (DOPMYJIbI, OMUCHIBAIOIINE JTHHAMUIIE-
CKHUe XapaKTePUCTUKU CTEHOK. Takas BO3MOXKHOCTD
BCerjia MPUCYTCTBYET B TOM CJIydae, KOTJIa B3auMO-
JieficTBre, pa3pyIaolniee COXpaHEHUE Mz(wt), SIBJISIET-
cs CJIADBIM TI0 CPABHEHWIO C OJIHOOCHON aHW30TPOIHU-
eit, Hnon—uniamial < Ha- Ecmn Hnon—uniawial 07
TO v, = 0 U CTEHKAa HE MOYKET JIBUTAThCsl, IIPA TOM
cTpyKTypa Jomennoi crenku 6(£) onucoiBaercsa ¢op-
MyJIO# JJId HENOJBUXKHON CTEeHKHU, a 3Ha4YeHue YIJIo-
BOii mepemeHHOI ¢(£) = const MoXKeT ObITH IPOH3-
BosbHBIM. Ecmm ke Hpon—uniazial HE PABHO HYJIIO, HO
Hon—uniazial/Ha < 1, npeneibHas CKOPOCTb, KO-
TOpasi JMHEHHO 3aBHCHAT OT XapaKTEPHOIO MapaMeT-
pa «HEOIHOOCHOCTH», MaJa. [Ipu Manbix Hyon—uniazial
CTPYKTypa JOoMeHHOI crenku 0(€) npub/amKeHHO Onu-
chiBaercs Toit xke dopmystoit (14), 9ro st HenoaBUK-
HOIt cTeHKH. MOXKHO TaK»Ke CUNTATh, ITO YIJIOBasl Ie-
pemenHast ¢(§) MeJJIEHHO MEHsIeTCsl B IPeJIeiaxX CTEeH-
KM, U MOYXKHO 3aMEHHUTH €€ Ha IOCTOSHHOE 3HAYEHUE
[IpU pacdere SHEPIUU U UMIYJIbCa CTeHKH. EcrecTBeH-
HO, IIPU 9TOM JHEPIHUsi CTEHKHU CJIaD0 3aBUCHUT OT IIa-
pameTpa Hnon—uniazial/Ha < luor CKOpPOCTH CTEH-
ku. IlogpobubIil anaIn3 MPUMEHUMOCTH STUX TPUOJIU-
JKEHUN IIPOBEJICH JJIsi HEMHTEIrPUPyeMOoi 3a/1a49U O JIBU-
JKEHUHU JIOMEHHOW CTEHKHW B (peppPOMATHETHUKE MpPU Ha-
JINIUH BHEITHero 1oJjist H ), meprueHauKyJIsipHoro Jier-
Kot ocn [67]. Kak u 0:KUIAaI0Ch, BCe 3T NPUOJIMKEHUST
XOPOIIIO COOTBETCTBYIOT JAHHBIM YUCJIEHHOI'O aHAJII3a
npu H, <0.4H,.

B nammem cirydyae 0JHOOCHOIO KUPATBLHONO MATHETH-
K& MMEeET MEeCTO MHTEPECHAs OCOOEHHOCTD: ONMUCAHHBIE
BBIIIE TPUOJIMKEHUST CIIPABE/JIMBLI He TOJIHKO ITPU Ma-
JbIX D, HO M AJj1d BCeX aKTyaJbHBbIX 3Hadenuit D < D,
(manomuunm, uro upu D = D, sueprus crenku E 06-
paIaercs B HyJIb, TaK 9TO 9TO 3HAYEHUE HUKAK HEJIb3sI
CYUTATH MAJIBIM). DTO MO3BOJIMIIO IIOCTPOUTH IPUOJIU-
JKEHHOE PeIlleHne, HAWTU 3aBUCUMOCTH HEPIUUA U UM-
MyJIbCa JOMEHHON CTEHKHM OT €€ CKOPOCTH H 3aIhCaTb
3aKOH Jpcnepcny creHku E(P) B BH/ie IPOCTHIX aHAJIN-
Tudecknx Gyukiuit. OJHIM U3 yKa3aHUil Ha 3Ty Clie-
nnduKy SBJSETCS JIMHEHHAS 3aBUCUMOCTD IPEJIeIbLHOM
ckopoctu ot D mpu Bcex D < D., cM. puc. 2.

YT00bI MOSICHUTDH 3Ty OCOOEHHOCTDH, OOCY UM Hali-
JIEHHYIO YUCJIEHHO CTPYKTYPY JIOMEHHOl CTEHKU B HAU-
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sin® 0, o/

v .
v S1 @y
\ ¥

6
57 x(]

Puc. 5. PacnpegeneHns HAMarHMYeHHOCTN B AOMEHHbIX CTEH-
Kax, ABUKYLIUXCS C Pa3sHbIMU CKOPOCTSIMW, @ UMEHHO, U =
= 0.5v. ANs HVWKHel 1N BepxHell BeTBel U v = V. ANSA KU-
panbHOro cheppoMarHeTnka ¢ MakCMMasbHO BO3MOXKHbLIM 3Ha-
yeHuem D = D.. Bug cyHkuuii sin? O pns Bcex Tpex CTEHOK,
a Takxe gns cnydass v = 0, npeacTaBneH pasHbIMU JINHUSI-
MU, TaK YTO XOPOLIO BUAHO UX MOYTU MAEaNbHOE COBNaAEHNE,;
pa3fnymsa 3aMeTHbl TOMbKO BAAAW OT LEHTPa CTEHKU. 3aBu-
cnmocTn (€) oTMeHeHBbl KaK @(_) U 4y A1 CTEHOK HUX-
Heli n BepxHeld BeTBU € v = 0.5vc U ANA P(crit)y BAA CTEHKN
v = ve. B nocnegHem cnydvae otkioHeHne ¢(€) oT MogenbHo-
ro ¢ = const MaKCUMaJjbHO, OAHAKO aKTyasibHasi BEJMYMHA,
sin ¢ (npeacTaBneHa KpacHOl LUITPUXOBOI JMHWEN ) npakTuye-
CKN MOCTOsIHHAs B npegenax fomenHoii crenkn (|€] < 3zo,
korga sin? 0 < 1072)

60Jiee KPUTUIHOM CJIy9ae MaKCHUMAJbHO BO3MOXKHOTO
snadenuss D = D, npu pa3jnvdHbIX 3HAYEHUIX CKOPOC-
™1 v < V. JUII CTEHOK BepXHell M HUXKHell BeTBeli, CM.
puc. 5. BujgHo, UTO IpU M3MEHEHUN CKOPOCTU CTEHKH
OT HyJIsI JI0 TPEJEJbHOr0 3HAYEHUS] U = U, CTPYKTY-
pa jioMeHHOH cTeHKE §(£) ¢ BBICOKOI TOTHOCTHIO TAKAsT
2Ke, KaK J[JIsi 9ACTO OJTHOOCHOU MOJIEJIN; OHA OIMHUCHIBA-
ercsa Toii xke dopmyioit (14), cm. puc. 5. Ucnonbsys
BBIparKeHue JJIsi repBoro maTerpana (13), momydaem,
4TO B 9TOM Cirytae 3uadenue (¢')%sin? @ 1o/mKHO GBITH
npenebpekuMo MaJjo. [lo 3Toit mpudmHe MOXKHO 0XKU-
J1aTh, 9YTO PEIEHIEe OIICHIBAETCS C OY€Hb BBHICOKOI TOY-
HOCTBIO B PaMKaX HPHOJMKEHHS ( = const IpH Bcex
JOIYCTUMBIX 3HAYEHUIX MapaMeTPOB 33J1auu, v < v, U
D < D.. HatoManM, ITO OOBIYHO TAKOE YCJIOBUE MMEET
MECTO TOJIBKO NIpU MaJIBbIX Hyon—uniazial-

Venosue ¢ = const KaykeTcd MIPOTHBOPEYUBLIM JIJIs
Halllell 33J1a9u IIpXA HeMAJIbIX [, IIOCKOJIBKY U3 aCHMII-
Toruk pemrernsi (16) ciemyer, 94TO BIAJU OT CTEHKH
sHavenne ¢ ~ k"& tne K = v/(2x9vg), U He Maso
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IIPU HEMAJIBIX CKOPOCTSAX. JTa 3aBUCHMOCTDH BUJIHA U3
YUCJICHHOTO PEIIeHus, HO 06JIaCTH TaKOU ACUMIITOTHKI
HAXOJIATCA JIAIeKO OT TeHTPa JoMeHHoil crenku. Kax
cJIelyeT W3 YMCJIEHHOTO DelleHus, ycJaoBue ¢ = const
BBITIOJIHSAETCS ¢ MEHBINel TouHoCTbIO, ueM z3(0)? =

sin? 0, ocobenno st v ve. OHAKO IepeMeH-
Has © BXOJUT B YpPaBHEHHUs TOJHKO B BHJE KOMOMHA-
mum ¢’ sin @ u GyHKIUE Sin @; I TOCIeIHeH OTKIOHE-
HUE OT MOCTOSTHHOTO 3HAYEHUST HAMHOIO MEHBIINE, YeM
Jtst caMoit , cM. puc. 5. IloaToMy MOXKHO OXKUJATH,
YTO MPU pacdere MHTETPAJTHHBIX XaPAKTEPUCTUK CTEH-
KI YCJIOBHE (p = const JOCTATOYHO aJEKBATHO. Takoe
CBOMCTBO JIOMEHHOI CTEHKU JOCTATOYHO HEOXKUIAHHOE;
BEPOSITHO, OHO BO3HUKAET MOTOMY, 9TO IPH ¢ = const
B pamkax Mozesn (9) sHeprust B3anmojeicrsnst J3s-
JIOIIMHCKOI'O CBOJUTCA K IIOJIHOI IPOU3BOJHON U, XOTA
JlaeT BKJIAJI B SHEPTUIO CTEHKU, He MPOSIBJISIETCS B Ba-
PHUAIIUU SHEPTUH.
st oJry 9eHust 3aMKHY ThIX (DOPMYJI B PAMKAX JIAH-
HOro 1pubMKeHus npounrerpupyem (12) o £ or —oo
110 00, u noJrydaeM 7D sin ¢ = 2vM, /7, T. €. ¢BA3b CKO-
POCTH C MAPaMETPOM (Y MOYKHO 3alMCATH B BUJIE
sinp = v/v,, (20)
rjle 3HadYeHHe IPEJEJIbHON CKOPOCTH  OIIPEJIe/ISeT s
upuBeeHnoi Boitte dpopmysioi (17). Jdasee jierko Bbl-
YUCUTDH IHEPTUIO JIOMEHHOMW CTEHKM KaK (DYHKIUIO ¢
B Bujie ' = 2Fy — wD cos . 3aBUCUMOCTD HEPTUU OT
CKOpOCTH faeTcst (hopMyJIoit

E(v) =2Ey+nD

rJe 3HAKW «+» OTBEYAIOT BEpXHEH M HIUKHEH BETBIM
sroit 3aBucumoctu. Ha mmockoctn v Ef KpuBble, mpej-
CTaBJISIIONIIE 3aBUCUMOCTD F(v), SIBJISIFOTCSI SJITHIICAME
¢ mostyocamu v, u Fy u ¢ 1ieHTpamMu B Toukax v = 0 u
FE = 2Ej, 9TO ¢ BBICOKOIl TOYHOCTBIO OIUCHIBAET YUKC-
JIEHHBIE JIAHHBIE, CM. puC. 1.

Baxkmoit xapaKTepuUCTUKOM JTOMEHHON CTEHKH SIBJIsI-
ercst ee uMIryJsibc. [Ipu pacdere sHepruu CTEeHKH B paM-
Kax HpHUOJMKeHUsI @ = const ecTeCTBEHHBIM 00pa3oM
nosy4vaercs 3aucumocts E = E(p). B pamkax mosxo-
J1a. KOJIJIEKTUBHBIX IEPEMEHHBIX SHEPIUsl CTEHKU, 3aIl1-
caHHas Yepe3 ee UMITYJIbC P, nMeeT CMbICT (DYHKIIH
Tamunbrona. Ilosromy mmmynbe P, KaHOHUYIECKHA CO-
[IPSIP)KEHHBIN KOOPAMHATE CTeHKN X , TOJ2KEH OBITH CBH-
3aH C IIEPEeMEeHHOil , cM. moapobree [49,50]. Cesasp P
U ( JIETKO YCTAHOBUTD, UCIIOJIB3Ys ypaBHeHue lamMuib-
TOHA

v=dX/dt =dE(P)/dP.
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YuaureiBag, uyro dE/dp = wDsiny u npumenssa Gop-
mysy (20) serko 3amucars P = 2Mgp/y = pPy/2m,
rue Besmuuna Py = 4nMg/~ paBHa mepuojy 3aBuCH-
moctu E(P), em. (19). Vckomast 3aBUCUMOCTD SHEPIHN
JIOMEHHOI CTEHKH OT €e MMILYJIbCa (3aKOH IUCIEPCUN
crenku E(P)) B pamMkax 9T0ro npubirKeHus OlIpejie-

nsteTcs popMyIoit

Tor daxT, 9TO dHEPTHUs ABJIACTCA MEPUOINIECKOI
dbyHKIME UMITy/IbCca, CIeAyeT W3 aHaJu3a Ha OCHO-
Be MOJIEBOTO TOJXO/a C WCIOJIH30BAHMEM KOHKDETHOM

2n P

0

E(P)=2Ey — nD cos ( (22)

G opMyIBL 151 IIIOTHOCTH HOJIEBOI'O UMITYJIHCA II0JIst Ha~
marandennoctu (5). 3mech Takoii ke pedysabrar (22)
MOJIy9aeTCs B PAMKax MOMXOMA KOJIJIEKTUBHBIX TIepe-
MeHHBIX. [losle3HO comocTaBuTh JaHHBIE ITUX IIOJXO-
noB. IlockompKy pacder B paMKax IMOJIXOa KOJITEK-
TUBHBIX [IEPEMEHHBIX IPOBOAMJICS B IPUOIMIKEHUN =
= const, 9T0 HO3BOJISIET TAKKE OLEHUTH TOYHOCTH 3TOr0
IpUOTHKEHUS.

BasucumocTs F(P), HOCTPOEHHAS € HCIOJIB30BAHN-
eM HaliJIeHHbIX ducjenHo 3asucumocreit E(v) u P(v) ¢
ucnosb3oBarneM dopmyn s E (2) u P (5) auis cre-
HOK C Pa3JINYHBIMU CKOPOCTSIMU, C BBICOKOI TOUHOCTHIO
onmchBaercs dhopmyinoii (22), cM. puc. 4. 3aBUCHMOCTH
v(P), naiimennas obpalmieHueM 4YUCIEHHON (YHKIMN
P(v), xoporio coryacyercs ¢ TOi, 4TO II0JIydaeTcs U3
ypasuenus lamuiabrona v = dE(P)/dP. Takum obpa-
30M, 3HAYEHNS] SHEPTUU U UMITYJIHLCA COJIUTOHA TUIA, JIO-
MEHHOI CTE€HKH, 110JIyYeHHbIEe Ha OCHOBE II0JIEBOI'O IO/
XOJa C HCIIOJIb30BAHUEM BBIPAXKCHUU JJId IIJIOTHOCTEHR
9TUX BEJIMINH, XOPOIIIO COIIACYIOTCS C IAHHBIMU, [TOJTY-
YEHHBIMHU H& OCHOBE MAMHJIBTOHOBOI'O IIOAXOJAA B PaM-
KaX MeTO/la KOJUIEKTUBHBIX IlepeMeHHbIX. Panee Takoe
COOTBETCTBHE OBLIIO YCTAHOBJIEHO TOJIBKO JIJIsT MOJIEJIN
VYokepa, KOTOpasi SBJISIE€TCs TOUHO MHTErpupyemoii. I1o-
CKOJIBKY IIOCJIEJIHUE JIAHHBIE [TOJIYYCHBI B IPUOJIIZKEHIN
(¢ = const, TeM caMbIM TIPOBEPEHA BBICOKasl TOUHOCTH
9TOr0 NPUOJIMKEHUS JJIA 347890 O JABUKCHUU JTOMEH-
HOW CTEHKHN B KHPAJHHOM MarHeTHKE C OTHOOCHOW aHu-
30TPOIHEN.

4. IJMHAMUKA JJOMEHHOW CTEHKU B
KNPAJIBHOM AHTU®EPPOMATHETUKE

s aHam3a JBUXKEHUS TIJIOCKOH JOMEHHOM CTEHKHU
B aHTH(EPPOMATHETHKE OTPAHUYINMCS OJHOMEPHBIMU
pemenuamu, 1 = 1(x,t), u 3anumemM ypaBHeHHs CHUIMa-
MOJIE/IM B yTJIOBBIX ITIEPEMEHHBIX 0 U ©:
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920 1 0%\ . o9\
A(W—g W) —SIHGCOSG K+A <%) -
1 (9> Op . 9p.

> (E) —ZD% sin“fsinp =0, (23)
A {83: <8x sin 9) =i (815 sin“6 || +
+2D%sin26‘sin =0. (24)
ox v

HagreMm ¢ uccireoBaHnus CTPYKTYPBI JIBUXKYINEHcs
JIOMEHHOH cTenku, s koropoit § = 0(z — vt), ¢ =
= p(x — vt). BameTnMm, uro ypasHenue (24) s Jro-
6oit dyukuuu 0 = O(x — vt) uMeer TOUYHOE pelleHHe
sinp = 0, 1.e. ¢ = const, dp/dx = 0. Takum o6pazom,
BesmuuHa yria ¢ = 0, 7, ... He 3aBUCAT OT CKOPOCTH
crenku. IIpu sTom ypasuenue (23) mist 6 npunumaer
TOYHO TaKOH K€ BUJ, KaK U JJI CTATHIECKOTO CJIy-
vag, ecn 3amenutb A — A(v) = A(1—v?/c?). Creno-
BaTEJbHO, CTPYKTYPa JIOMEHHON CTEHKH OIPEJIE/IAeTC S
BBIPAYKEHIEM

(25)

rje, Kak u pagee, g = 1/ A/K — ToJIIUHA HEIOBUK-
HO# CTeHKU.

Takum o006pa3oM, HECMOTpsI Ha OTCYTCTBUE JIO-
DPEHI-MHBAPUAHTHOCTH JJIi KUPAJBbHBIX aHTHMEPPO-
MarHeTUKOB, 3 (DEKT IBUKEHUS TOMEHHO! CTEHKU CBO-
JUTCS TOJIBKO K JIOPEHIIEBCKOMY COKPAIIEHUIO ee IIu-
PUHBI, & CKOPOCTH CTEHKU OIDAHMYEHA CBEPXY TOJIb-
KO BeJIUYNHON c. BaxKHO TakKe, 9TO KaK CTPYKTypa
JIOMEHHOJ CTEHKH, TaK U IpeJiebHAs CKOPOCTh HE 3a-
BUCAT OT KOHCTAHTHI /I3sommuuckoro D. B orymtme
OT CTAHJIAPTHBIX JIOPEHII-WHBAPUAHTHBIX MOJIEJIEeil aH-
TU(hEPPOMATHETUKOB C IIPOU3BOJIBHBIM BIAJIOM SHEPIUHU
AHU30TPOINHU ITOT PE3YJIbTAT HE OYEBUJEH; B HUaCT-
HOCTH, JIOPEHII-UHBAPUAHTHOE IIOBEJIEHIE OTCYTCTBYET
JIJTsI JIByMEPHBIX TOHOJOTUIECKUX COJINTOHOB, IIPE/IEThb-
Has CKOPOCTH KOTODPBIX MEHBINE ¢ U 3aBUCUT OT D,
eM. [57].

[IpenesbHasi CKOPOCTH JOMEHHON CTEHKHM B AHTHU-
deppoMaraeTuke He 3aBUCAT OT KOHCTAHTHI JI3s1710-
mHCcKOoTo D, a 115t peppoMarueTuka mpeiebHast CKO-
pocTh mponopnuonaabHa D n obparmaercs B Hy/Ib IIpH
D — 0. 91oT pe3ysbraT MOXKHO OObSCHUTH, OTME-
THUB, YTO JJIsl aHTH(OEPPOMArHETUKa JIOMEHHAsI CTEHKA,
pasnesiser 00JIACTH MATHETHKA C PA3IMIHBIMI HAIIPAB-
JleHusIMU BeKTopa | u Hy/1eBoil HaMarHUIeHHOCThIO. B
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OTJINYINEe OT HAMATHMYEHHOCTH (PEPPOMATHETHUKA, CyM-
MapHas z-IIPOEKIus BeKTopa |,

1{tot) = / l.dz,

HE COXPAHETCS JaKe JIJIsi HK30TPOITHOTO WU OHOOCHO-
ro antudeppomarunetnka. Takum obpazom, JI1s TBUKE-
HUs IOMEHHOU CTEHKM HUKAKUX CIIEINAIbHBIX YCIOBUI
THITA HECOXPAHEHUsI 2-ITPOEKINA HAMATHUIEHHOCTH He
TpedyeTcs.

Hecmorpst Ha JIOpeHI-WHBapUAHTHBIN XapakTep
CTPYKTYPBl JBWKYIIEHCT JIOMEHHOW CTEHKW, Ha-
pyIlleHue STO¥ WHBAPUAHTHOCTU IPOSIBJISIETCS IIPH
BBIYNMCJIEHUN WHTEIPAJIOB JBUXKEHUsI CTeHKH. Vcrmosb-
3yst (OPMy IHEPIUU AHTUMDEPPOMATHETUKA,

EAFM) — 4y,

9HEPrUI0 JOMEHHOHU CTeHKH, ABUKYIIEHCA CO CKOPOC-
THIO U, JIETKO 3allUCaTh B BHUJIE
2Ey

V1—0v2/c?

TJe (oo IPUHNMAET (PUKCUPOBAHHBIE 3HAUEHUS, CKAYKEM,

E(v) = — 7D cos ¢y, (26)

wo = 0 mm ¢y = m, Tak 4TO cospy = +1. Takum
obpazom, zaBucumoctb E(v), kak u st dpeppoMarte-
THKA, COJEP’KUT JIBE BETBU, JHEPTUU CTEHOK BEPXHE
U HUXKHEH BeTBel pa3nnyaioTcd Ha BeaudwHy 27D.
Borancsisist uMITysibC  JIOMEHHOM CTEHKH 10 (POpPMYJIe
(8), mostyuaeMm BbIparKeHUE, XAPAKTEPHOE JIJIsd JIOPEHII-
MHBaPUAHTHBIX MOJIEJIei

P=2E (27)
cVc? —v?

B KOTOPOE, OJHAKO, BXOJUT TOJBKO Ta YaCTh <«3IHEP-

IUU TOKOsI» CTEHKHU, KOTOpasl He 3aBUCUT OT KOHCTAH-

o1 J3stnomuuckoro D. 3aBUCUMOCTD SHEPIUH CTEHKU

or ee umiyabca P, 1. e. 3akon aucrnepcun E(P), jgerko

opeacTaBUTh B BHIE

E(P)=+/(2E0)? + 2P?2 —wDcospy,  (28)

rue, Kak u B opmyiie s E(v), cosgg = 1.
Dopmyssl (26) u (27) ONpeeISIoT HCKOMYIO 3aBH-
CHMOCTD 3Hepruu F u mMmmynabca P OT CKOPOCTH CTeH-
KW, T. €. UX [IOBEJICHUE TpH mpeobpazoBanusax Jlopenra.
B nopenn-unsapuanrroit reopun (D = 0) mocrarod-
HO OTPAHUYUTHCST AHAJM30M HETIOJBUKHBIX DEIIeHU 1
[TOTOM TIOJIy YU Th JIBUYKYIIIUECS PEIIeHNsT U3 HEIO/IBUK-
HBIX C TTOMOIIBIO TTpeobpazosanuit JIopenra. IIpu sTom
9HEPrusl W HMIIYJIbC IPEJCTABJSIOT CO0OIl JBE KOM-
[IOHEHTBI YeTBIPEXMEPHOT0 BEKTOPA SHEPIUHU-UMITYIIHCA
P, = (E/c,P), Tounee, ero aByMepHOro anasora. Ec-
au ke D £ (0, TO 9HEPrUI0 MOXKHO MPEJICTABUTH KAK
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CyMMY JIBYX CJIATAE€MbIX, [IEPBOE U3 KOTOPBIX €CTh KOM-
[TOHEHTA YETHIPEXMEPHOI'O0 BEKTOPA, & BTOPOE — UE€ThI-
PEeXMepHBIii cKajigp (MHBapuaHT peobpasoBanus Jlo-
penria). Takum obpas3oM, XOTs1 B KUPAJIbHOM aHTUdED-
pPOMAarHeTHKe JIOPEHII-HHBAPUAHTHOCTD Pa3pyIIeHa, cy-
IIECTBYIOT IPOCTHIE IIPABUJIA IOy YEHIS SHEPIUH U UM-
IIyJIbCA JBUXKYIIErOCs COJUTOHA M3 UX 3HAYEHUN JJIsd
HETOJBUKHOIO coJinToHa. OTMETUM, ITO TAKOE ¥Ke I10-
BeJIeHHE UMEeEeT MECTO JIJIst APYTOil CHCTEMBI C HAPYIIIEeH-
HOIl JIOPEHI-MHBAPUAHTHOCTHIO, aHTHMEPPOMATHETUKA
BO BHEIITHEM MAarHUTHOM II0JI€, HAIIPABJIEHHOM BJOJIb
nerxoit ocu [56].

Hasuyane nByX THIIOB CTEHOK, T. €. IBYX BeTBeil 3a-
sucumoctu E(v) wiu E(P), craBut Borpoc 06 ycroituun-
BocTH ofHON n3 Hux. s peppomarneTnka curyarust
noHgATHas: 3aBucumoctb E = E(P) oxnosnaynas u obe
CTEHKU YCTOWIHWBBI. JlJIs JTOpeHI-UHBAPUAHTHON MO-
JIeJI JIBYXOCHOT'O AHTH(MDEPPOMATHETHKA 3aBUCUMOCTD
E(P) coumepXuT JiBe BETBU M CTEHKH BepXHeil BeTBU
HEYCTOUYMBEI JIJId BCEeX 3HAYCHUII CKOPOCTHU JOMEHHOI
crenku [55]. Iyt KupajbHOro aHTH(EpPOMArHETHKA
JIOPEHI-MHBAPUAHTHOCTH HAPYIIEHA W OTBET Ha ITOT
BOIIPOC 3apaHee He OYEBUIEH.

Hnsg ananuza ycTOMYMBOCTHU JBYKYTIEHCS JTOMEH-
HOI CTEHKH DPACCMOTPUM MaJjible BO3MYIICHHsS Ha ee

dore,
(&) =0(8) +9(,7), @&, 7)=po+v(E,T),

U uccieyeM IOBeleHue MaJjbix Jo6aBok (€, 7) wu

¥(&, 7). st 9TOTO B MOJHBIX ypaBHeHUAX st 0(x,t),

o(x,t) (23), (24) cnenaem npeobpasosanue Jlopenna
x — vt t —vx/c?

ITonsiTHO, ¥TO (hbOpMa OCHOBHBIX CJIATAEMBIX C ITPO-
U3BOJIHBIMU HE [TOMEHSIETCs, HAIIPUMED,

T — &= - T =

A T
0x2 2 Ot2 0€2 ¢ 9r?’
9p\* L (09) (90" 1 (0p)
Ox 2\ Ot o€ 2 \or )’

HO MOYKET U3MEHHUThCs, BOOOIIE TOBOPs, PYHKITNOHA b
HBII BUJ| CJIATaeMBIX, CBSI3AHHBIX CO B3aUMOJIEHCTBUEM
Jzanommuckoro. OHAKO OKAa3bIBAETCHA, ITO B JINHEH-
HOM IpubsvKeHnu 1o nepeMenHbiM ¥(€,7) u (&, T)
9THU cJIaraeMble Jar0T BKJaJ, TOJbKO B YPABHEHUE IS
Y(&, T), upudem ocraeTcst TOJILKO cyaraemoe ¢ df(§)/dE
U He BO3HUKAET NPOM3BOJAHBIX (&, 7) u ¥(€,7) mo 7.
1t KOHKPETHOTO aHAJIM3a YI00HO 3aIncaTh

(&, 7) = f(§) exp(iwT),
P(&,7) = [9(§)/ sin 6(&)] exp(iwT),
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rze 6(£) onuChHBAIOT HEBO3MYIIEHHYIO JIOMEHHYIO CTEeH-
Ky. Jlasee OymeM HUCIOIB30BAThH OE3pa3MEPHYIO Iepe-
MeHHY0 T = £/lo(v) U U3MEDPATH CKOPOCTH U YACTOTY B
€JIMHATIAX COOTBETCTBEHHO ¢ U v/ ¢? — v? /xg. Jluneapu-
30BaHHbIe ypaBHeHUd I f u g 00pa3yloT napy Hesa-
BUCUMBIX YPABHEHUII Ha COOCTBEHHBbIE 3HAYEHUsI, OHU

€OS Yo

UMEIOT BUIL
chz ) g

ITpu sanmcu 3TuX ypaBHEHUIl CUUTAIOCH, UTO Be-
smanna df(€)/d€ o« 1/ch& > 0 umeer onpejeeHHbIi
3HAK, TAKOH »Ke, KAK BBIIIE NPU 3AIUCU SHEPIUA JI0-
MEHHOII CTEHKU.

= w?yg.

Of =u?f, (H+2D (29)

Vpasuenus (29) comepzkar nupocroii oneparop pe-
quarepa H ¢ 6e30TparkaTe/IbHbIM TOTEHITHAIOM,
d? 2
da? ch?x
JI7IST KOTOPOTO M3BECTEH IMOJHBIN HAOOP COOCTBEHHBIX

dyHKIME. ITOT HAOOP BKJIOYAET OJHO JIOKAJIN30BAH-
HO€ COCTOSTHHE 1)y,

H=—— 41—

)

N 1
Hi/fo = 07 1/)0 X )
chz
U COCTOSIHUSI HEINPEepPBIBHOrO crekTpa, Hyy, =

= (1 + k?)g, cM., mamrpumep, [55].

JIerko BUAETH, UTO JIOKAJU30BAHHBIE BO3MYIIECHUS
nepemeHHoi 6(£, T), KOTOPbIE OILMCHIBAIOT TPAHCJISIIU-
OHHYIO T'OJIJICTOYHOBCKYIO MOiy ¢ w = 0, He HapyIa-
I0T YCTOMYMBOCTH JOMEHHON CTEHKHU. DBOJIOIUIO BTO-
poit mepeMeHHOI (£, T) OIpeNeNsIoT Perenus g x Yo,
f = 0; nns Hee 3HaK W2 onpeengeTcs 3HAKOM D oS (.
Lt crenku ¢ MenbIneit sneprueit D cos g > 0 u Bo3-
MYIIEHH (p HA (DOHE CTEHKH OIPEIEIAI0T COOCTBEHHYIO
Moy Kosrebammii ¢ HeHyseBoil yacToToit, w? > 0. aa
cTeHKH BepxHell BeTsu D cosyy < 0, w? < 0, T.e. or-
KJIOHEHHE (¢ OT PABHOBECHOI'O 3HAYEHHS SKCIOHEHIIU-
AJIbHO HAPACTAIOT, YTO OIIpeiesisieT HECTAOUIBHOCTD J0-
MEeHHOI cTeHKU BepxHel BeTBH. llomydaercs, 9aTo cren-
ku HrzKHel BerBu 3asucumoctu FE(P) wm E(v), mas
KoTopbIX D cospp > 0, yCTOIYUBLI, & CTEHKH BEPXHE
BETBM — HEYCTONYUBBI IIPU BCEX JOMYCTUMBIX 3HAYE-
HUSIX CKOPOCTH JOMEHHO# cTeHKu. Takum obpaszom, xa-
paKTep yCTOMYMBOCTH JOMEHHOI CTEHKHU TaKOU 2Ke, KaK
JUTsT TIPOCTERIIe JIOPEHI-UHBAPUAHTHON Mogesnn [55]:
13 JIBYX CTEHOK C TeM K€ 3HaYeHUEM UMILYJIbCa YCTOM-
9UBa TOJIBKO OJ[HA, Y KOTOPOIl SHEPI'Us HUXKE.

Takum 06pa3om, MOKHO ¢/1eJIaTh OOt BHIBOI, ITO
HapyIIeHne IIPOCTPAHCTBEHHOW HHBEPCHU BJIMAET HA
JUHAMUKY OJIHOMEPHBIX aHTU(MEPPOMATHUTHBIX COJIM-
TOHOB B 3HAYNUTE/IbHO MEHbINEN CTEleHU, YeM Ha Ju-
HAMHKY COJUTOHOB B deppomarueruxax. OHAKO JIst
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JIBYMEPHBIX TONOJOTHYECKUX COJUTOHOB (CKUPMUOHOB)
Takoe BiMsiHUE GoJliee CylecTBeHHO [57].

5. SBAKJIFOYEHUNE

Haugarsie 6oJiee mectuaecsiTu JieT Ha3a,1 NCCIEI0Ba~
HUs KUPAJbHBIX MArHETHKOB B HACTOSIIEE BPEMS IIPU-
Besin K (hopMUpOBaHUIO OypPHO pa3BHUBalOIeiics obrac-
TH (PU3NKA MArHeTH3Ma, UMEOIEHl OOJIbIIoe BIIUSHUE
Ha Pa3BUTHE NPUKIATHON dusnku. B 3HaumTebHOM
Mepe 3TO CBS3aHO C COJIUTOHHBIMU acCHeKTaMH IIPO-
6JIeMbI, & UMEHHO, C BO3MOXKHOCTBIO DEAJIM3AINY BU-
JKEHUsI COJIMTOHOB THUIIA JIOMEHHBIX CTE€HOK WJIM CKUP-
MHOHOB C HEMAaJIbIMUA CKOpocTsaAMH. JlJisi KupasbHBIX
MAarHeTHKOB JMHAMUKA COJIMTOHOB KaYeCTBEHHO WHAs,
9eM JIjIsi U3y 9EeHHBIX paHee CJIyJaeB CTaHIapTHBIX dep-
poMarHeTmkKoB u aHTHdeppoMarseTnkons. He wenee
UHTEPECEH U YUCTO TEOPETUYECKUIl acCHeKT HeJnHei-
HOHM NMHAMUKU, TPEXKJIe BCEr0 COJIMTOHHOM JIMHAMUK,
JJIsT KHPAJIBHBIX YIOPSIOYEHHBIX CPEJl C HAPYIIEHHON
dyHIaMeHTaIbHON CUMMETPHUEl OTHOCHUTENHHO IIPO-
crpancrsennoil unsepcun (P-unsepcun). Ipunumas
BO BHUMAHWE TO, YTO JJis JIOOBIX MATHETHKOB HAPY-
[I€HA CUMMETPHS OTHOCHUTEJIBHO OTPAXKEHUs] BPEMEHHU
(T-unBepcuu), BO3HHKAET HMHTEPECHAS BO3MOXKHOCTD
UCCJIeOBAHUsI, B TOM YHCJIe SKCIIEPUMEHTAJIbHOI pea-
JIN3AINY, IUHAMUKI COJIMTOHOB B HEJUHEHHBIX CpeIax
C HapyIIEHNEeM CHMMETPHUH OTHOCUTEIbHO P-umHBEpCHu
u T-uaBepcuu. ABTOPBI HAJIEIOTCS, UTO AHAJIU3 Pas-
JINYHBIX ACIHEKTOB 3TOH MpOOJIEMbI [IJIsi MArHETHKOB
PA3JIMIHOrO TUIA ITOMOKET IMOHATH CHEUu@UKy 00t
pobJIEMBI U YBUJIETh BO3MOXKHbBIE ITYTH €€ Peajin3allun
7 IPAKTUIECKOTO IPUMEHEHUSI.
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