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Bsenenue

B ¢usnke TBeporo Tesa MPOAOKAIOTCS HHTEHCHBHO HCCJIEN0BATHCS
tasosbie nepexonsl (PI1), B yactHocTH maruutHbie PI1 B MaruuToymops-
nouyeHHbix cpepax. Cpenu mnocienHux, kpome PIT «mopsinok-Gecrnopsinok»
(touku Kiopu u Heens), oco6oe mecrto 3anumator PII Tuma «mopsimok-
NOPSIIOK» — CIHH-NePeOpPHeHTALlOHHbIe, HJIM OpPHEeHTaLHOHHbIe (Da30Bble
nepexonbl (ODII) [1-4]. XoTs H3MeHeHHe HampaBJeHHS OCEH JIErKOro
HaMarHUUWBAHUs TIPU BHEIIHUX BO3JEHCTBUSX HAa MarHeTHK HaOJMI0NanoCh
eute B 30-40-x rogax XX Beka [1-3], mupokoe usyuenne OPII ¢ mosuuit
teopun PII Jlanpay Hauamoch ¢ pador [4-10]. ODPII moryr ObiTh 00y-
CJIOBJIEHBl H3MEHEHHEM TEeMIIEPaTyPbl, MATHUTHOTO TOJIS, BHELITHUX YIPYTUX
HanpsikeHuil U T.1. Bcem O®PII npucymn obuue coiictBa. OHU compo-
BOXK/AIOTCS M3MeHeHHeM HalpaBJ/ieHHs PABHOBECHOTO BEKTOPA MArHHUTHOIO
yIOPsAIOYEHUS] OTHOCUTEJNBHO KpHUCTaJiorpacdudeckux ocei. Ilpu npubsau-
xeHud kK OPIl BO3HHUKAIOT MATKHEe MOABlI 3JeMEHTapHbIX B0O36YKIEeHHH,
KotopbiM# B obsact OPII siBasitoTcsi cBsi3aHHble MarHuUTOympyrue (MY)
BoJiHH [5-8,10,11].

V3yueHHe B3auUMOAEHCTBUS CIHMHOBBIX BOJH C JAPYTHMH KoJieGaHUs-
MU KpHUCTasJa IpeJCTaBiseT OOJBIIOH HHTepeC KakK C IPaKTHYECKOH,
TaK U C TeopeTuyeckoll Touek 3peHusi. IlepBble paboThl, B KOTOPbIX Obl-
JIO NPeCKa3aHO CYILIeCTBOBAHUE CBSI3aHHBIX MarHOH-(DOHOHHBIX MM MY
BOJIH B (eppo- u aHTHdeppomarHeTHkax (PM u AD), nosiBuinch B 1956-
1959 romax. dtu pabornl Typosa, Mpxuna [12], Axuesepa, bapbsixrapa,
[Tenermunckoro [13], Kurrens [14], [emetrmunckoro [15] dakTHueckH
OTKPBIIH HOBYI0 00J1acTh (DU3MKHM MArHUTOYIOPSIIOUEHHBIX BelllecTB (Mar-
HETHKOB) — MarHuToakycTuky (MA), Hallenmyio 3aTeM psii BaXKHBIX
npuMeHeHuid B Texuuke CBY [16-20].

Boo6uie rosopss, MY B3anMoneHCTBHS OTHOCSATCA K pas3psily CpPaBHHU-
TeJIbHO CJ1a0blX B3aUMOAEHCTBHH B MarHMTHBIX KpucTasiaax. Ho B Heko-
TOPBIX CHUTyalMsX, HanpuMep, B okpectHocTH OPII, xorma sHeprusi mar-
HUTHOHM aHU30TPOIMUM yMeHbLIAeTCs BIJIOTh A0 HyJsi, MY B3auMonelcTBHe
MOXKET OKaszaTbCsl ompepessiioiinm (6espasmepHbiii mapamerp MY cBsisu
CTAHOBUTCS He MaJj). DTO 0OCTOATENbCTBO MOXKET CYLIECTBEHHO MOBJUAThH
Ha CTaTHCTHYECKHe, IUHAMUYECKHe, KHHEeTHUeCKHe U Ipyrue CBOHCTBA Mar-
HeTHKoB. MccnenoBanve BausiHuss MY B3auMopmeHCTBHSI Ha CBOKCTBaA Mar-
HETHKOB Hadasoch B 60-X rogax mpororo Beka B paborax PynamieBckoro,
lanenukoBo# [21], Tacaku, Munel [22], Boposuka-Pomanosa, Pynames-
ckoro [23,24], laspora [25], Typosa, llaBposa [26], Nmmyxamenosa,
Hosoxusosa, laeposa [27], Ilasposa [28-30], Wume, Tacaxku [31],
Munyummsl, Uunst [32], Kopen6aura [33], CaBuenko [34]. dtu paboTsl
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MHULMMPOBAJIH Pa3BUTHE HOBOTO HAIMpaBJeHHsS B (PU3HKe MarHeTu3Ma — Hc-
cienoBanie 3(PHEKTOB CUJIBHOTO MPOSIBJEHHS OTHOCHTEJbHO cjiaboro MY
B3aUMOJEHCTBHUS, HHTEPEC K KOTOPOMY COXPaHseTCsi 0 CHX II0p.

B pa6Gorax [21] u [22] mOYTH ONHOBPEMEHHO W HE3aBHCHMO OblJ
9KCIEPUMEHTANbHO OTKPBIT HOBBIH 9(P(EKT, MONYyUHBLIMH BIIOCJEACTBUH
B COBETCKOH ¥ 3alalHOH JIHTepaType, COOTBETCTBEHHO, HasBaHus 3(dek-
Ta «MY wenu» [24,26] u «3aMOpPOXKEHHOH pelIeTKH» (3TOT TepMHH ABYMSI
rogamMd nosgHee BBeneH Kymepom [35-38]). Jlo 3Toro cumrasoch, 4TO
HU3KOYaCTOTHast Moma aHTudeppoMarHuTHoro peszoHanca (APMP) (uau
Mona (eppoMarHuTHoro pe3oHaHca (PMP)) uacToThl wy ompenensercs
JIMIIb aHU30TPONMEH MarHeTHKa ¥ BHELIHUM moJieM H':

wo = wan = wa +gH, (1)

rie g — MarHeToMeXaHHYecKoe OTHOIIeHHe, w4 OOYCJOBJIEeHA KPHCTAJJIO-
rpaduueckoit anuzorponueit. C yMeHbIlIEHHEM aHH30TPOIHH, T.e. C MPH-
ommkenrem kK O®PII, yactota wy BMECTe C wpy MAOKHA YMEHBIIHThCS
1o Hyas. B onbitax mo AOMP [21-24] B remature (a-FeyOs), AD ¢ anwu-
3oTponuelt Tuna jerkas maockoctb (ADJII) co caabbim @M, Gbiio 06-
Hapy»KeHO, YTO pe30HaHCHAash 4acToTa wy OMHCHIBAETCS 00Jjiee CJIO0XKHBIM,
gem (1), BeIpaXkeHHEM
2_ 2 2
wy —WAH+me. (2)

BTopoe cjaraemoe 3mechb KaK pa3 M MpeicTaBJsijo coOoi oOHapyxKeH-
HbIH HOBBIH 3(pdexT. [laHHOe csaraemoe He 3aBHCeJO OT HampaBjeHuss H
B MJIOCKOCTH 06asuca U NOTOMY He MOIJIO
ObITb CBSI3aHO C AHHU3OTPOIMHEH B 3TOH
IJ10CKOCTHU. B nepsbix ke paborax OblI0
BBICKA3aHO IPeNIoJ0oKeHHe, UTO HOBBIH
BKJIag B uactotry ADPMP obyciosieH
Marautoctpukuueil. Ilocnennsas mnpuso-
IOUT K pacTsKeHMIO WM CxKaTHhio obpas-
[[a B HalpaBJeHWH BEKTOpPAa MarHUTHOTO
yrnopsiioueHust (B JAHHOM cJydae, BeK-
topa A® L =M; — My, M;, My, —
HaMarHM4eHHOCTH MOAPELIETOK), UTO CO-
3[aeT JOMOJHUTENbHOEe (P (EeKTHBHOE MO-
ke MY ssaumoneictsue npusonur ‘1€ 2HHSOTPOMHH 1A KoJIeOaHWH CITHHOB
K TOABJCHHIO 3hhEKTHBHOTO MO- (puc. 1). D10T 23(hheKT 0OYCJIOBIEH TEM,
/1 MarHuTHO#H anusorponnu Hyy.  YTO BO3HHKAIOLIME CTPUKLHOHHbBIE Je-
OnHopopHast HaMarHuueHHoCTh M (bOpMaLU/II/I peleTKu He CJAEAYIOT 3a On-
TpereccupyeT BOKPYT 3TOrO moJs ~ HOPONHBIMHM KOJeGaHHSIMM HaMarHW4eH-
¢ 4acToTod wmy = gHmy HOCTH, BO030yxkaaeMbiMu 1npu ADPMP;
OHHU SABJSIIOTCS KaK Obl «3aMOPOXKEHHBI-

MH» (3TO W [aJ0 OfHO M3 MepBOHAYaJbHBIX HasBaHUU 3¢dexTa). Heobxo-
OUMO OTJIHYaTh 3TOT 3(PPeKT oT MY mnepeHOPMHUPOBKH KOHCTAHT aHU30-
TPOIMHH, ONPENEsIEMbIX U3 CTaTHUecKuX uamepenudt [1]. B orinuume ot no-

Puc. 1. B u30TpomHOM MarseTu-
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CJIe[lHET0, UHTepecyolUi Hac 3(peKT He Hcye3aeT Jaxe B IPefebHOM
cJydae U30TponHO# cpenbl, Korna way = 0 (npu H — 0) u, cienoparenp-
HO, wy = wmy (cm. (2)). MMenHo B aTOM cayyae, He Oyaydyd 3amMacKHPO-
BaHHBIM aHHU30TpPONUeH, 3(pdeKT nposiBasercs B yucToM Buie. Haspanue
«MY 1wesab» oTpaxkaeT TOT (akT, UTO 4acToTa wy MpencTaB/seT coO0H
MHUHHMaJIbHOE 3HaUeHHe, aKTHBAIHIO AJI YaCTOTHl MarHOHOB (UaCTOTY Of-
HOPOJHOM Mpeleccuu), U wpy onpenesser MY Bkjiaa B 3Ty yacToTy.
Teopuss AOMP ¢ yueroMm MY B3aUMOAEHCTBUS W CIIOHTAHHBIX Je-
(opmMalMii B OCHOBHOM COCTOSIHHM OblTa pasBuTa B padorax [24, 26].
[Tpu sToMm 6blsia He ToONIBKO MoOATBepxkAeHAa MY mnpupona sddekra B rema-
TUTE, HO W ObLIM CHEeJaHbl HOBbE Mpeackazanus. B [26] 6blio mokasaHo,
4yto 3T0oT MY 3ddekT sBasgercs o6WUM A5 BceX MarHUTHKOB. [lpose-
JIeHHble B [26] olleHKH MoKasaJsd, 4To yacTota MY wieau H0/KHA MUMETh
aHOMaJIbHO GOJIbLIIOe 3HAa4YeHHe AJIs penkoseMesbHbx PM THma Jerkas
mockocTh (PJIIT), Takux Kak Aucrmposuit u Tepouil. OKaszajock, 4To HJs

HUX wmy/g =~ 10° 3. DTo mpenckasaHue CTHMYJMPOBATO LENYI0 CepHIO
IKCIIEPUMEHTAJIbHBIX M TEOPETHUECKHUX padoT M0 HCCJ/IE0BAHUIO CITHHOBBIX
BosH (CB) u ®MP B penkozemesbHbIX MarHetukax [35-57] (cm. Tak-
xe [7-9]). [penckasanne paboTbl [26] OTHOCHTENBHO GOJBIIOH BeJIUYH-
Hbl WMy MOATBEPAMUJIOCH B OMBITAX IO HEYIPYTOMY PacCesHHI0 HEHTPOHOB
Ha CB B merannax [42,43].

Mwmeetcst 60JblIOe KOJUYECTBO PadOT, MOCBSILIEHHBIX TEOPETHYECKOMY
U 3KCIepPUMEHTaJbHOMY BJUSHHIO MY B3aUMONEHCTBUS Ha pa3JHUHBIE
CBOHCTBA MarHeTHKOB B TOM CJlydae, KOTAA 3TO BJHsIHME OKa3blBaeTCsl
cyuectBeHHbiM (Korga B (1) wmy > way BmioTh 10 wapg = 0). Kpowme
UCKJIIOUUTENbHO OJaronpuUsTHOTO B 3TOM OTHOILIEHHWH reMaTHTa (MOMHMO
[21-23,25-27,31, 32] (cm. takxke [5,6,58-65]) atu atdhdexTh meTasbHO
usyyasuch B apyrom pombGosapuueckom ADJIIT FeyBO3 [60, 63, 66, 67],
B Kybuueckux @M u AD [33,68-74], B oprodeppurax [75-88], B AD
tuna Jerkas ocb (ADJIO) BOau3u mosst onpokuabiBanusi (MnFo, CoFo,
CroO3 u nap.) [6,89-100], B8 ®M rtunma serkas ocs (PMJIO) [101],
H B deppurax [102, 103]. B [104] 6bl1 paccmMoTpeH BOMPOC O Cylile-
cTBOBaHMH MY 1esd ¢ TOYKH 3peHHs CUMMeTpuu MmarHetuka. B [103]
C UeJblo 0OHapyKeHUs 3(pdeKTa «3aMOPOKEHHOH pelleTKH» CPaBHUBAJNUCH
KOHCTAHTbl aHH30TPOINMH KOOa/bT-MapraHleBoro Qeppura, onpejeseHHble
U3 cTaThyeckux wuaMmepeHuil u uz ®MP. B pesynbrate 3THUX Hccaeno-
BaHUE BBISICHUJOCH, 4To MY 1lesb npeacTaB/seT coO00H OOHY CTOPOHY
SIBJIEHHSI: OHA COOTBETCTBYeT JHIb OfHOH Touke (k = 0, k — BOJHOBOW
BEKTOP CBSI3aHHBIX KoJeOaHWH) KBa3UMarHOHHOH BETBHU €IHHOrO CIIeK-
Tpa MY BosiH. DTa 1eJb 06yCJOBJEHA BJAUSHHEM YNPYro# MOACUCTEMBbI
Ha MarHuTHy. VMeeTcs, KOHeYHO e, U 0OpaTHOe BJIMsSIHHE MarHHUTHOH
MOJCHCTEMBI Ha KOJIeOaHHUsl YIIPyTod MOACUCTEMbl — KBa3U(OHOHHYIO BETBb.
OGe cBsizaHHBle MOAbl KoJeGaHHH (KBasWMarHoHHasi — wy(k) U KBasu-
akycruueckasi — wyr(k)) mpencrasiieHsl cxeMaTHUecKH Ha puc. 2 mist AD
B IPOCTeHIIeM «4UCTOM» caydae, Koraa B (2) way = 0, Tak 4To MarHoHHast
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lleJgb LeJUKOM cBomutTcss Kk MY 1e-
au. B 3ToM ciaydae B3aumonelicTBHe
MOJ OKasblBaeTcss HauboJsiee CHIBHBIM.
Bunno, urto Hapsny c¢ TOSBIEHHEM
wead wmy A8 wy(k) BO3HHKaeT
cuibHas fAedopMmallvs KBasHaKycTHue-
CKOH BETBM, TaK 4YTO B aCHUMITOTHKE
npu wrr <K wmy, T.€. IPU AOCTATOYHO
k' mambix k, 3aKoH amcrepcuM Ajs STO
Puc. 2. Cpasauupe MY Bonue  BETBH MOXKET H3MEHMTHCS C JIMHEHHOro
B M30TPOIHOM aHTHqﬁ)eppOMaI‘HeTH- Ha KBaﬂpaTI/IL{HbII?'I. 3KCHepI/IMeHTaJIbHO
ke. [TyHKTHpOM TpencTaBieHs Mar-  3TOT 3(P(eKT MposB/seTcs KakK yMeHb-
HOHBI M 3BYyK Npu oTcyTcTBuM MY  [1eHHe CKOPOCTH 3ByKa MpH yMeHbllle-
B3aHMOJIEACTBHSI HUM way B (2), uTo MOXKeT OBbIThb J0-
CTUTHYTO 3a CYeT M3MEHEHHs MarHuT-
HOTO MOJIs, TeMIepaTypsl Uad naBnaeHus [58-61,66,75-77]. OnHoBpeMeH-
HO C YyMeHbLIEHHEM CKOPOCTH 3ByKa BOMH3H ToukU wapy = 0 (B Teope-
THYECKOM [Mpelese — [0 HYJs) MOXKET Pe3KO BO3PACTH ero 3aTyxaHHe
[6-9,79,89-91,95-97,104-106].

Yare Bcero o6a yKazaHHbIX a(dekrta (MY 1iesb U cMAryeHue akycTHUe-
CKOM MOJIBI) CHJIBHO MONABJISIOTCS aHW30TPONHEH, alollell BKJAL B MePBBIH
yieH B (2). iMeHHO mostoMy 3TH 3((eKTh 3KCIEePHMEHTaNbHO HAOMIOfA-
JINCh, TVIABHBIM 00pa3oM, B JierkomnockocTHeX (JIIT) marHeTnkax, B mjoc-
KOCTH 0asuca KOTOPHIX KpHcTasjorpaduueckas aHH30TPOINHS OTHOCHTEJb-
Ho Masa. Bosee ofiee yTBep:kaeHHe 3aK/0yaeTcs B CJeLYIOLIEM: HHTepe-
cytoiide Hac 3(dexTsl MakcuManabHbl B okpectHocTH O®II, rme B oTcyT-
cTBHe MY CBSI3U CTAHOBUTCS MSITKOH MarHoHHash Moia, IO KOTOPOH NpoHc-
xomut PII. [Ipu yuere MY B3aumonelicTBUsSI MSITKOH MOXeT CTaTh KBa3ugo-
HOHHast MOJa, Mo KOTOpPOH B 3TOM ciiydae U npoucxomut DI Bced cuctembl
B LIEJIOM.

[TosiBnienne MY 1iesd B cleKTpe KBa3MMarHOHHOH BeTBU KoJleOaHUH
B6/m3n OPII cBsizaHo ¢ aHTH()A3HEIMU KOJeOAHUSIMH MAarHUTHOTO MOMEHTa
U pelleTKH. AHAJIOrOM TaKHX KoJieGaHUH SBJASIOTCS ONTHUECKHE KoeOaHHs
peleTkH. De3aKTHBALMOHHBEIM Ke KBa3HYNpPyTUM KoJeGaHUsIM Ha HHU3KHX
4yacToTax w < WMy COOTBETCTBYIOT CHH(a3Hble KoJeOaHHS MarHWTHOIO
MOMEHTA U pelLIeTKH, aHaJOrOM KOTOPBIX CJYXKaT aKyCTHUECKHe KoJleOaHUs.
N3-3a MY B3auMOoneHCTBUS MarHOHBI «yTSKeJSIOT» (OHOHBI, UTO U TPUBO-
IUT K YMEHbILIEHHI0 CKOPOCTH 3ByKa. BosHuKalol11e 31ech 3aKOHOMEPHOCTH
Jiydllle BCEro MOXKHO TOHSITh Ha KOHKpeTHbIX npumepax @M u AD, Haxo-
nsimuxcst B oonactu O®@II. Lenwiit psig Takux npuMepoB OyIeT pacCMOTPEH
B JaHHOH MOHOTPa(UH.

Hac ©OynyT uHTepecoBaTb TOJBKO [JJHHHOBOJIHOBble BO30YXKIEHHUS
¢ A > a — MexaToMHoro napametpa. [1oaToMy ecTecTBEHHO MOJb30BATHCA
NpUONHKEHUEM CIIOIIHONW Cpelbl, ONHCbIBAas €e JOKAaJbHBIMA HaMarHu-
YeHHOCTSMH nonpemietok (miasi AP u MHOromoppemeTOUHEIX MarHeTHKOB)

WMy
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0
M,, = MY + AM,,(r) u nedopMauusamMy u;; = ul(j) + Au;j(r), rie nepbie
YjlleHbl COOTBETCTBYIOT ~OCHOBHOMY COCTOSIHMIO, KOTODOE —CUHMTaeTcs
OLHODOAHBIM, a BTOpble — MaJbiM KoseGaHHsiM OKoJo Hero. Iedop-

2 Bl'j 61‘1
JUHaMHW4YEeCKOIro CMelleHUusa u. YuUTBIBaeTCS TOJBKO CUMMeETpPUYHasA 4acTb

1 (9u7; (9Uj
Maluu Auij = + ONpenessdoTCsd TEH30POM T'padHWEeHTOB

ou; .
TeH30pa JUCTOPCHH a—l; yueT aHTHCUMMETPHUYHOH YacTH B HallleM CJaydae
L5

He MeHsieT CYILIeCTBEHHO pe3y/lbTaToB, MPUBOAS JHUIIb K He3HAYHUTEJbHOH
NepeHOPMHUPOBKE KOHCTAHT TEOPHH. R

AHunsoTpOnHast MarHUTOCTPUKUMS BUAA bjj. M; Mjuy (b — Tensop MY
MOCTOSTHHBIX) TIPUBOAHMT K cMelleHH0 Toukd O®II, T.e. K mepeHOPMUPOBKeE
KOHCTAHTbl aHU30TPOIKHU. B rapMoHnueckoM nmpubJrKeHur B MY sHepruu
MMEIOT MeCTO 4JIeHbl THIIA

D u@AMAM, 2) MOAMAw. (3)

UieHl 1-ro THna cBsi3aHbl co crionTaHHbIMU aedopmanusamu u(®), a uneHsl
2-T0 THIa — C TepeMeHHBIMH (quHaMuyeckiMH) nedopmarusamu Au. Yie-
HBl Ka)K[OTO THMa AAlT BKJAlL B 3P(PEeKTHBHYIO KOHCTAHTY aHHU30TPOIHH,
onpenensomuii MY cmeuienne touku O®PII. ITH BKJIaAB NPOTUBOIO-
JIOXKHBI 110 3HAKy M B3aUMHO KOMIIEHCHPYIOT IpPYyT APyra B KPHCTaJIax,
M30TPOMHBIX 10 MY W ynpyrum cBoHcTBaM.

OTMeTHM, UTO 32 BbILIEONHCAHHBIE 3(PPEKTH CHUJIBHOTO HCKaXKEHHs
crnekTpa cBs3aHHbIx MY kosebanuil — 3a nossienve MY wenu u 3a
3(h(eKT pe3Koro yMeHbllIeHHsI CKOPOCTH 3BYKa, OTBETCTBEHHBI UjieHbl B MY
SHepru BTOporo tHma [6, 78, 79], JuHelHble MO OTKJOHEHHSM Hamar-
HUYEHHOCTH M JOedopMaluyd OT WX pPaBHOBECHBIX 3HaueHWH. C npyrod
CTOPOHBI, HMEHHO TAKOTO poja YJjeHbl B CBOOOIHOH SHEPTHH ONPENeJsOT
CYIIECTBOBaHHE TaK Ha3blBAEMOTO COOCTBEHHOrO (heppoasacTrueckoro PII
B MarHeTHKe [10, 107]. UseHsl e nepBoro Tuna B (3), CBs3aHHbIE CO CIOH-
TaHHOH nedopMaluel, NalT BKAAA TOJBKO B NEPEHOPMHPOBKY KOHCTAHTHI
anuzorponuu. [lockosbky B6mu3u ODII o6a MY BkJaga B KOHCTAHTY aHHU-
30TPOMUUMOTYT OBITh CPABHUMBI T10 MOPSIAKY BeJHUKHbI, TO AJISI TPABHJIBHOTO
KOJIMUECTBEHHOTO OTMHCAHHUS pacCMaTPUBaeMbiX 3P(EKTOB yueT CMOHTAHHBIX
neopManuil, IPH HAXOKIEHHH OCHOBHOTO COCTOSIHHSI, SIBJISIETCS] HEOOXOIHU-
MbiM. B 1iesiom psine pabot (Hampumep, [92]), MOCBSILIIEHHBIX UCCJIEI0BAHUIO
pasauunbix addexkroB MY B3aumoneiictsus B6an3u O®PII, npu onpenesneHuu
OCHOBHOTO COCTOSIHHSI CHCTEMBI CIIOHTaHHbIE Ae()OpMalUH He YUHTHIBAJINCE.
[TosToMy pe3ysibTaThl 3THX PAaGOT HOCAT JIMIIb Ka4eCTBEHHBIH XapakTep.

B npakTuyeckoM OTHOLUEHHHW H3yuyeHHe CBA3aHHBIX MY BoJH B KpH-
CTalJax MpeACTaBseT OOJBILIOH HHTEPEC B CBS3H C MePCleKTHBOH HX
UCIIOJIb30BAHUS Hapsiny ¢ yJabTpasBykoM ¥ CB B TBepmoTesbHBIX yCTpoii-
cTBax (PyHKUHOHAJbHOH 3sekTpoHnKU [16,108-116]. Tak, 3TH BosHBL MO-
TYT OCYIIECTBJSITh 3afepKKY, 3allOMMHaHHe M NpeoGpasoBaHMe CHTHAJA.
MY BosHBL MOTYT 3((peKTUBHO BO30YKAATbCS KaK MepeMeHHBIM YIPYyTUM
noJieM, TaK U 3JeKTPOMarHUTHBIM, ObITb OBEPXHOCTHBIMH, B3aUMOJEHCTBO-
BaThb ¢ 3jekTpoHamu u T.n. [109-116]. B wmmnpokom auamnasoHe MOXKHO
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U3MEHSTbh UX CKOPOCTb PaclpoCTpaHeHUsl, HATlpUMep, U3MeHeHHeM noas H
B6su3n OPII. Bce 3TO NPUBOAHUT K BO3MOXKHOCTH CO3LaHHUS yCTPOHCTB,
aHaJIOTHYHBIX 110 CBOMM KOHCTPYKUMAM M (DYHKUUSM YCTPOHCTBaM Ha YJb-
TPa3BYKOBBIX H CIMHOBBIX BosHax [111,112,114,116].

BrimieckasaHHoe mMo3BoJisieT caeJsiaTh BBIBOZL, 4YTO HccJenoBaHue MY
cBoicTB MarHeTHkoB BO/H3H ODII sBssieTcss akTyasbHBIM HarpaB/eHHEM
(hM3UKK TBEpHOro Tesja W MarHetusma. [lepmas rsiaBa MoHorpaduu MocCBs-
IIleHa MarHUTOAKYCTHKe OJHOOCHBIX U ABYXOCHBIX MarHETHKOB.

BcecTtoponHee usyuenue addexra cuiabHOro nposiaenus MY Bsanmo-
neictBust B okpecTHocTH OPII cTHMYIMPOBaNO OCTAHOBKY HOBBIX 3ajady,
BO3HUKAWIKX JUO0 KaK JIOTMYeCKOe PA3BHUTHE YKe MOJYyUEHHBIX pe3yJib-
TaToB, JIUOO [J1s1 OOBSICHEHHST COOTBETCTBYIOIUX KCIIEPUMEHTOB.

Taxk, cpasy BosHuk Bompoc o HOBbIX O®II B MarHeTHkax pasiHuHOM
CUMMeTpPHH, 0cobeHHO 0 cnabo uaydeHHbX OPII nmo BHelHeMY ympyromy
HanpsikeHuio [5,6,72,117-119]. OgHoocHoe ynpyroe HampsikeHUe MPUBO-
IUT K MOSIBJEHHIO JOMOJHUTEJNbHOH aHHW30TPOIMH, 3HAK KOTOPOH ompene-
JISileTCsl 3HAKOM TIPOU3BeNEeHHUs] MOCTOSIHHOH MarHUTOCTPUKIUM U Hampsixke-
HUs. DTa peryaupyemasi Mo BeJHUYHHE W 3HAKY aHHW30TPOMNHUS B COUETAHUH
C KpHucTaJorpauuyeckoi o0ycJIOBJAMBAeT IMOSBJEHHEe Ka4eCTBEHHO HOBBIX
MarHuTHBIX (a3 1 ODPII. Ocobwlii MHTEpeC 31ecCh MPeNCcTaBJAsNd Kybuue-
CKHe MarHeTHKHU [72].

[TomuMO Hcc/IeOBaHHST OCHOBHOrO Bompoca 06 0COOEHHOCTAX CIIeK-
Tpa MY BosiH BOK3K HOBbIX O®II, Oblna pellleHa BO3HMKILAS U3 3IKCIle-
pUMeHTa 3ajjaya O TaK Ha3blBaeMOH LIMPOKO#H momeHHo# rpanuue (LIAT)
B TJIaCTHHe UTTpUi-Kesesucroro rpanara (M2KT).

Astopsl padoT [120,121] (cm. takxke [123-125]) HabmaonaH aHOMa/b-
Ho tmupokue (ot 2 mo 20 mxm) 180-rpamycHbie nomeHHble rpanuibl ()
MeXIy KOTTOHOBCKHMH HOMEHaMHM B MJIAaCTHHAX KyOHUecKoro KpucTas-
ana WIKT, Boipesannbix B miockoctsix (110) u (112) (KOTTOHOBCKHMH
Ha3bIBAIOT JOMEHbl, B KOTOPBIX HAMAarHUYeHHOCTb JIEXKHUT B IJIOCKOCTH 00-
pasiia; OHH BBISIBJAIOTCS ¢ MoMollbio 3 derta Korrona—MyTtona). B [120]
HabJofanach, KpoOMe TOro, NepecTpoiKa Takoi JOMEHHOH CTPYKTYpbl MOL
neHCTBHEM YINPYTUX HampsiKeHHWH, MPUJOKEHHBIX B IJIOCKOCTH ofpasua:
u3 LI pasBuBainch AOMeHbl HOBOH (hapalieeBCKOH (pa3bl (HamMarHHueH-
HOCTb HMEET COCTABJSIIIYI0 Ha HOpMaslb K IIJIOCKOCTH 00paslia; TaKue
JIOMEHBI BBISIBJSTIOTCS ¢ momolibio addekra Dapanest). Asropel [126] mbi-
TaJUCh OOBSCHUTH CTPYKTYpy cjoxkHbiX JII. OHM mokaszanu, 4TO 3HEp-
rus AT MoxeT ObITb yMeHbllleHa HeWTpa/susalued MoJiedl paccesiHUs Ha
MOBEPXHOCTU KpHcTasna pazbueHuem I Ha cerMeHTB MPOTUBOIOJIOXKHON
MOJISIPHOCTH, pa3fiesieHHble OJOXOBCKHUMH JHHHUAMH. ONHAKO TNoJydyeHHas
ouenka mupunbl JT (2-20 x 10™* cM) He cOOTBeTCTBOBaJa KCIEPHMEH-
TasbHbIM HaHHbIM [123,124]. Takas e oieHka noaydena B [127]. Bo Bcex
yKaszaHHbIX padortax cuurtanoch, uto HIJI" siBnsercs 6/0X0BCKOH, LIMPHUHA
KOTOPO#, KaK U3BECTHO, He MOXKET MPEBbILIATh ~ 1072 cm [125,128,129].
Taxkum 06pa3om, yIOBJIETBOPUTENbHOrO 06bsicHeHHs cylecTBoBanus LT
He O6bl10. OOBsICHEHHE KaK CYIIECTBOBAHHS TAKOH TPaHHLEl, TaK H ee
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NepeCcTPOHKHU MOJ BJAUSHUEM YIPYTHX HAMPSIKEHHH ObIIO MPEIJIOKEHO B pa-
6orax [72,118,119,130-132].

Paccmorpenuto MY cBOHCTB KyOM4YeCKUX KPHUCTAJLIOB MOCBSILIEHA BTO-
past ryiaBa.

B Hacrosimee BpeMsl aKTHBHO MWCCJAeAYIOTCS (DU3MUYECKHe SIBJIEHHS
B pas3/IMUHBIX MaTepHasax, 00yCJOBJEHHblE OJHOBPEMEHHBIM COUeTaHHEM
HECKOJIbKUX HX CBOKCTB, YTO [eJiaeT MX MEPCNeKTHBHBIMH B OTHOILIEHHH
NPUHLKINAJBHO HOBHIX NpuMeHeHuid. Hampumep, kpucTasibl cerHeromar-
HETHKOB OJHOBPEMEHHO COUETAI0T B ce0e MarHWUTHBHIE, YIPYTHe U JH3JEK-
Tpuueckue cBoicTBa [133], MaHraHWUTH, B 3aBUCHMOCTH OT XHMHUYECKOTO
COCTaBa M TeMIepaTypbl, NPOSABJAIT (PU3HNYECKHe CBOHCTBA OT (heppomar-
HUTHOTO MeTaJjljla 0 MapamMarHuTHOro nuajekTpuka [134] u 1. 1. [lepeuwc-
JIeHHble CBOHCTBA KPUCTA/JIOB OO0sI3aHbl CYIIECTBOBAHMEM B HHUX MAarHUT-
HO# (CIIMHOBOK) MOACKCTEMBI, YIIPYTOH (pelieTka KpucTasia), 3JeKTPOHHOM
(3J1eKTPOHBI TPOBOAUMOCTH), AHUIOJLHOH (3/EKTPOMATrHUTHOE T0JIe) H ApY-
rUX MOACHCTEM, a TAKXKe HaJuuheM B3anMoieHcTBUsi Mexnay HUMH. Haps-
ny ¢ MY BsauMonefcTBHeM B MarHUTHBIX KPUCTaJaX BO3MOXKHO CYIlle-
CTBOBaHHE MArHUTO3JEKTPHUUECKOrO, 3JMeKTPOMarHuTHo-cnuHosoro (AMC),
akycTo-sjekTpoMaruuTHoro (ADM) u npyrux Bsaumoneiictsuit [135,136].
[lepeuncieHHble B3aWMOAEHCTBUSI HIPAlOT BaXKHYI pojib B (opMHpoBa-
HUM MHOTHX (DU3MYECKHUX CBOHCTB MarHHTOYNOPSIOYEHHBIX KPUCTAJJIOB.
Kaxnoe B3anMozmeficTBHE MOXKHO XapaKTepU3oBaTb 0Oe3pa3MepHBIM Mapa-
MeTpoM. OOGBIYHO, 3a MCKJ/IOUEHHEeM OCOOBIX CJydyaeB, NapaMeTpbl B3au-
MozeHcTBUsST moxcucTeM Madbl. OmHAKO MpH MoTepe YCTOHMYMBOCTH B Mar-
HHUTHOH IOACHCTEME, TO €CThb B OKPeCcTHOCTH (Da3oBoro mepexopa, B3a-
MUMOIEHCTBHSI MOTYT WIpaTh PELIAIOLIYI0 POJb B MarHUTOYHOPSIOUEHHBIX
KpUcTalax. B 1nHaMuKe Ka)Kaasi MOACHCTeMa KPUCTalIa XapaKTepH3yeTcs
CBOMMHU KoJieOGaTeNbHBIMU MONaMH HJH 3JIeMeHTapHBIMH BO30YKIEHUSMH.
BzaumMonelicTBHe MOACHCTEM TaKXKe NMPUBOAUT K B3aUMOAEHCTBUIO MEXMY
3/eMeHTapHBIMU BO30YKIE€HUSIMH U BOSHUKHOBEHHIO CBSI3aHHBIX KOJ1eOaHUM
HJIH 3J1eMeHTapHBIX BO30YXKIEeHHH HOBOTO THIIA.

Hapsiny ¢ ynpyruaMd ¥ CIIHHOBBIMH BO30YXKIEHHSIMH B MarHHTOYIIO-
PAIOYEHHBIX KpHCTAMIaX (AH3JMEKTPHUKAX, TOJYIPOBOLHHKAX U MeTaslax)
MOTYT CYILIeCTBOBAaTb M 3JEKTPOMAarHUTHble (DM) B0O3OYXKIEHHS HJIH KO-
Jge6anusa OM noss. B MeTannax M NOJMYNPOBOAHHMKAX B CHUJIBHBIX MarHuT-
HBIX TOJISIX MOTYT PaclpoCTpaHsATbcs ciado3aTyxarlie crnupasibHsle IM
BoJiHBL (resukonsl) [137, 138]. BsaumopefictTBre crnuHOBBIX U DM BoJH
B MarHUTHOM JM3JIEKTPHKe paccMaTpHBajoch B padoTe Axuesepa, Bappsx-
tapa ¥ [lesetmunckoro [139]. CBsizaHHbIe CIUHOBBIE M CITUPAJbHBIE BOJIHBI,
pacnpoCTpaHSIOLINeCs BIONb BHEIIHEr0 MarHUTHOro nojst B ®M wmerasnie
6b11u pacemotpensl Lltepaom u Kannenom [140]. Baauk [141] pacemorpen
CBSI3b CIIMHOBBIX W T'eJIMKOUAAJbHBIX BOJIH B CJydyae MPOU3BOJBLHOTO Ha-
npaB/eHust pacnpoctpaHeHust BosH. Criektop u Kaccenman [142] pacemor-
peJsi B3aUMOJEHCTBHE CITHHOBBIX BOJIH C a/b()BEHOBCKUMH BoJHaMu B ®M
metanie, bapbsxrap, Casuenko u CrenanoB [143] ucciemoBanu crekTp
CBsI3aHHBIX /1a3MeHHBIX, DM u cnuHOBbIX BosiH B @M mosynpoBogHHKAX
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¥ MeTaJjllax C MarHUTHOH aHU30TPOIHeN THIA «JIerKasi OCb» ¥ THMA «Jerkas
[JIOCKOCThb». BsaumomelicTBHE CIIMHOBOM MOACHCTEMBI ¢ DM rmoseM, Tak
HasbiBaeMoe DMC B3auMoneHCTBHE MPUBOAUT K H3MEHEHHI0 BeJMYMHBI
aKTHBALMKM KBA3HCIIMHOBOM BETBH, TO €CTb B HeH MosiBjsieTcss djeH dM
MpUPONbl — MarHUTOCTaTHUecKas yactota wys = 4mgMy, My — Hamaruu-
YeHHOCTh HachllleHusi. Takxke DMC B3auMoneiicTBUE MPUBOIUT K yMEeHb-
meHuo (ha3oBoil ckopocT DM BoJH.

BaaumonelcTBUSI CIMHOBOM W ympyro#, crnuHoBod u DM mnoacucrem
HauboJiee PKO MPOsIBASIOTCS B OoKpecTHOCTH Toukd ODII, yto mpuBoguT
K BO3HMKHOBEHHIO CBS3aHHBIX MY u DM BoJH U H3MEHEHHUIO IHHAMH-
YyeCKUX CBOUCTB MarHeTHKoB [101]. B yacTHocTH ykasaHHble B3auMomei-
CTBHSI U3MEHSIIOT aKTHBAIHUI0 KBA3UCIHUHOBBIX KoJebaHHi, U B Touke OPII
oHa ompezessiercs Kak MY, tTak u DMC B3auMoneHCTBUSIMU

Wo = Wme + WM - (4)

[e/IMKOHBI TaKxKe MOT'YT B3aHMOIEHCTBOBATh C YIIPYTHMU U CIIHHOBBIMH
BosiHam# [144-147]. BsaumoneficTBHE TeJMKOHOB C YIPYTMMH H CIMHO-
BbIMH BoJiHaMM Braaud or OPII B ogHoocHom PM Mmerasse M3ydanoch
B paborax [146, 147]. B Hux OblIO TOKa3aHO, YTO TPH ONpefeseHHBIX
ycjoBuax B @M MoxeT HabJofaTbCcsi TPOHHOH pe30HAHC, MPU KOTOPOM
B030y>K1aI0TCsl BCE TPHU THIA BOJH.

Kak yxe otmedasoch Beiie, MY 1 DMC B3auMoneHCTBHS OKa3bIBAET CY-
I[eCTBEHHOE BJIMSHHE Ha PACHPOCTPaHEHHe CIHHOBBIX, YIPYTUX U DM BoJH
B MarHeTukax. B okpectHocTd Toukd OPII 3T B3auMOnEeHCTBUA NPUBOIST
K U3MEHEHHIO CreKTpa KoneGaHWi U BO3HUKHOBEHHIO CBsizaHHBIX MY u OM
BoJIH. B yactHocTH, cusnbHag MY c¢Bsa3b B obsacty OPII noskHA MOBIUATH
Ha CKOPOCTb pacrnpocTpaHeHuss DM BoJIH, Ha yroJ BpalleHHs IJIOCKOCTeH
noasipuzaud DM u MY Bosn [148-150], a Takxke Ha OTpa)keHue, Mpo-
XoxaeHue W norsoieHre DM BosH. OnHAKO B yKa3aHHBIX Bhllle paboTax
[139-147] He mpoBoauJCsS MONHBIE aHaNHU3 0COOEHHOCTEH 3aKOHOB AMCIEp-
cun cBsizaHHbX MY u DM Bosn B obaactu OPII. 1o oTHocHTCS Kak
K @M puanekTpukam, Tak U K @M metansnam. He uccienoBanoch panee
Brusiaie MY, DMC u aKyCcTO-3/1eKTPOMarHUTHOrO B3auMOAeHCTBUH (00y-
CJIOBJIEHHOT'O AeHCTBHEM CHJbl JIopeHIla Ha MOHBl MarHeTHKa) Ha CIIEKTP
CBSI3aHHBIX BOJIH B MarHeTHkax. Bosee toro, B6susu Touek OPII crektp
cBA3aHHBIX MY BOJIH M reJIMKOHOB ellle He HccjenosaJdcs. VecienoBaHuio
cBsizaHHBIX MY u DM BoJIH MOCBsilleHA TPEThs IJaBa.

YueT B3aWMOIEHCTBUS PA3JUYHBIX MOACHCTEM MarHeTHKOB MPHUBOLHUT
K TOSIBJIEHHIO HOBBIX (pusndeckux 3dpdekros. B wuacTHOCTH, yueT MY
1 OMC B3auMoeHCTBUS BeleT K aHOMalbHOMY MOBelIeHHI0 KO3 pHLHeHTa
orpaxenus IM Boan (KO DMB) B6ausu u B Touke OPII. Ilpobaema
pacueta KO OMB oT noBepxHOCTH MarHHTOYNOPSILIOYEHHOH Cpenbl MpH
yueTe B3aUMOJEHCTBHS IIOACHUCTEM COIEPXKUT B cebe HECKOJbKO 3ajau.
IT0 onpesesieHle AUCIEPCUOHHOIO YPaBHEHHUS, CIEKTPOB CBSI3AHHBIX KoJle-
6aHull U IMHaAMH4ecKOd MarHUTHo# nponuuaeMocty. [locse perienus 3Tux
npoGJsieM pelllaeTcsl 3agaya Ha TpaHUYHbIE YCJIOBHS (Ha HampsKEHHOCTH
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¥ WHAYKUMH DM mosis, ynpyrue cMelleHHs U HamlpsiKeHHs, HaMarHU4YeH-
HocThb) ¥ onpenesnerue KO DMB.

Hurtepec k uccnepoBanusMm KO DMB or noBepxHOCTell TBepABIX TeJ
00yCJIOBJIEH TeM, UTO B COBPEMEHHOH HayKe W TEeXHHKe HMeeTcs MoTped-
HOCTb KaK B BBICOKOOTPaKamolInX (HeMeTaJIM4eCKUX), TaK U B MOIVIOLIAI0-
[IMX MOKPBHITUSX, a TAKXKE B MaTepHasax C yNpaBjseMbM K03()(HHLHEHTOM
orpaxenus [151].

HM3BectHo, uto KO npu HopmasbHOM najeHHd DM BoJIHBI U3 BaKyyMa
Ha TPaHUILy CPelbl C OTIHYHBIMH OT €IWHHLBI TUIJIEKTPHUUECKOH € U Mar-
HHUTHOH (1 TIPOHHLIAEMOCTSIMH ompenessietcs dhopmysoil [152]

_|vE-val
R= vl ©)

Dopmyna (5) cripaBenrBa TONBKO B TeX CJydasiX, KOTIA U € U (4 HE UMEIOT
NPOCTPaHCTBeHHOH aucnepcuu. Kak BupHo, ymeHbiienne KO moxer ObITH
OOCTHUTHYTO 3a cyeT OJM30CTH 3HAUEHHUH NU3JEKTPUUECKOH M MArHUTHOU
MPOHMIAeMOCTeH BellleCTBa, a yBeJUYeHHe — TIPU BBITIOJHEHHUH HepaBeH-
CTBa € >> 4 160 € <K . OObIYHO pellleHHe NaHHOH MPoGJeMbl HA NPaKTHKE
peasu3yeTcss ¢ MOMOLIBIO CO3JAHHS KOMIO3HUTHBIX (HJIM HCKYCCTBEHHbBIX)
MaTepuassoB C YNpaBJseMbIMM 32 CUYET U3MEHEHHS COCTaBa M CTPYKTYPHI
IM3JEKTPUYECKON ¥ MAarHUTHOH mponuiaemoctsimu [151,153-155]. Onnako
uMeeTcsl ¥ Apyras, 6osee npocTasi, BO3MOXHOCTb yrnpasjenns KO 9MB —
32 CYeT H3MEeHEHHs NUHAMMYEeCKOH MAarHUTHOH NPOHHLAEMOCTH MarHu-
TOYMOPSIAIOYEHHBIX BEILECTB NPH TOCTOSHHOH NU3JEeKTPHUYeCKOH MPOHULA-
eMOCTH. MarHUTHasi MPOHULIAeMOCTb, KaK H3BECTHO, MOXET aHOMaJbHO
BO3pAcTaTh WJM YMEHbILATbCs B 00JACTH YACTOT MAarHUTHBIX Pe30HAHCOB,
koropeie Jexar B CBU-guamazone [16]. Ilpu 3sTom MoxkeT pesoHaHCHO
3aBuceTb oT yacToThl U KO. OTMeueHHOe siBJieHHe HaGMI0NANOCh IKCIIe-
pumenranpio [156] mpu uccnenosanuu KO OMB or tysaueBoro oprodep-
puta (TmFeO3) B cyOMUIIHMETPOBOM AHANa30He IJHH BOJH.

B pa6ote [157] Obln Teoperuuecku uccienoBaH KO B rurarepioBoMm
IMana3oHe YacTOT OT MOJyGeCKOHEUHOro TNpOBOASIIEro (eppoMarHeTHKa
KyOuuyeckoil cHMMeTpud U cucteMbl APM nua/eKTpUK—HEMarHUTHBIH Me-
taja. Takxke B paboTe OblIM MpPeNCTaBJEeHbl dKCIIEPUMEHTa/bHbIE Pe3YJb-
TaTbl MO OTpaKeHHI0 DM BOJH OT MOBEPXHOCTH KOGaJbTOBOTO (DeppuTa
u AOM FeBOj; B nuanasone yactotr 8—12 I'Tu. Okasanoch, 4To B cayyae
XOpoLIO MpoBoasiiero gepputa B obmactd @M pesoHaHca ynaetcs MOHHU-
3utb KO OMB Ha 50%. Has cucrembr APM nn3/eKTpHK—HEMarHUTHBIM
MeTaJslJl TakxKe HMeITCs pe3oHaHcHble mpoBajbl KO B o6nactu @M pe-
3oHaHca. [Ipu cooTBeTCTBYyMOLIEM MOAOOpPE BENHUMH pPa3MarHUUHBAIOLINX
(hakTOpoB U KO3 PHULHEHTA 3aTyXaHUs CIIHHOBLIX BOJH B paboTe yHasoCh
IOCTUTHYTb XOPOLIEr0 COIJIaCHs MEXAY TEOPETHYeCKHMH M 3KCIepUMeH-
TaJbHBIMH pe3yJibTaTaMH.

CJI0UCTO-TIepPUOANYECKHE CTPYKTYPHI NPeNCTaB/s0T COO0H HOBBIH THI
HUCKYCCTBEHHO CO3[aBaeMbIX MaTepuasioB. CBOHCTBAMH TaKHUX CTPYKTYp
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JIETKO YMpPaBJIsiTh, H3MEHsIsI COCTAaB CJIOEB, HX pa3Mephl, BHEIIHKME MapaMeT-
pbl — TeMIlepaTypy, yIpyTHe HampsiKeHHs, MarHUTHoe moJje u T.A. Hec-
cnenoanusi KO OMB ot moBepxXHOCTEH CJIOHCTBIX CTPYKTYP, COIepIKaIIHNX
MarHuTHbIe CJIOH, NMPaKTUYeCKH He TPOBOAUMIHCH. KIMeTCss B OCHOBHOM
JIUITL PaBoTHl MO 3jeKTponrHamuke [158], maruutHbeiM [159] ¥ MarHuTOOMN-
THYECKMM CBOHMCTBaM MarHeTwkoB [160-162], a Takxe mo pacmpocTpane-
HHIO 3JIEKTPOMATHUTHBIX BOJIH B Takux cpenax [163,164]. B pabore [165]
HCC/IeIOBAHO TPoXoxkaeHHe DM BOJIHBL uepe3 MePHOAHUYECKYI0 CTPYKTYPY
CBePXIIPOBOIHUK—IHUIJIEKTPHK, COCTOSILIYI0 U3 YepenyIOUIUXCs CJIOEB MIH-
3/MeKTPUKA U TOHKHX CJIOEB CBEPXNPOBOAHMKA BTOporo pona. O6Hapy:keHa
peskas 3aBucuMoctb KO oT yrsia mamgeHust BOJIHBI, TOJIIHHBI CBEPXIPO-
BOLsIIeH TJIEHKH W BeJMYHHbl BHEIIHEro MarHWTHoro mnoJs. B paborax
[166,167] paccMaTpuBasoch MPOXOXKAECHUE HOPMaJbHO Magatwlleid DM BoJ-
HBl Yepe3 CBEPXCTPYKTYpPY H3 MEPHOIUYECKH TMOBTOPSIOIIMXCS MArHHTHBIX
W HEMarHWTHBIX CJIOEB BO BHEIIHEM MAarHHTHOM T0Jie, MapaJJjesbHOM Ha-
MpaBJIeHHIO BOJHHL. B KauecTBe MarHUTHBIX CjioeB BhiGUpanuce @M [166]
u ADM [167]. AnomasnbHoe mosenenre KO DMB Habaonanoch Ha peso-
HaHCHBIX YacToTaX. Bblio nmokasaHo, yto ynpasaste KO 9MB oT naHHBIX
CTPYKTYP MOXHO 3a CUeT U3MEHeHHs YncJ/a Yepenyloluxcs caoeB. B nepe-
YUCJEHHBIX paboTax He HccJenoBajoch BausiHue MY u DMC B3aumonei-
ctBuil Ha noBeneHne KO DMB oT noBepxHOCTed MarHHUTOYMOPSIOYEHHBIX
cpen. OtpaxkeHue DM BOJMH OT MOBEPXHOCTH MAarHeTHKOB PACCMOTPEHO
B ryiaBe 4.

B cBsi3u ¢ mosiBJIeHHEM 3KCIEePUMEHTANbHBIX NaHHBIX, NMOJYUeHHBIX Ha
penkosemenbHbix opTodepputax (P30P) tuma RFeOs, R — penkosemiib-
HBIH MOH, BO3HUKJH PacXOXKJIEeHHs TeOpHH c 3KcrepuMeHToM. [lo Teopuu
B Touke O®DIT Iy-T9y cKopocTh momepeuHoro 3ByKa Ss ¢ MOJsSpH3ALIHU-
el BIOMb OCH a MpH pacrnpocTpaHeHHH MY BOJH BIOJb OCH € JOJXK-
Ha B MJeaJbHOM CJjydae yMeHbwaTbcs A0 Hyns [79]. Ha skcnepumente
[75-78,83,84,168-170] ymenbiuenne S5 cocrasuso Bcero 0,1-3%. B npy-
roii Touke ODII ['v-T'94 3KCIIEPHMEHTABHO HAGJMIOAANOCH TAKOE 2Ke MaJioe
M3MeHeHHe CKOPOCTH TornepeuHoro 3Byka. Ilo reopuu [79] 3nech ato masoe
U3MeHeHHe S5 MOXKET ObITb 00BSICHEHO BJIUSIHMEM BKJaa JUIOJbHOTO B3au-
MOZEHACTBHUSI, KOTOPBIE BO3HUKAET M3-3a HEKOJIMHEAPHOCTH BOJHOBOTO BeK-
tTopa k u Bektopa ®M M, B yactoTy KojebGaHMIl KBa3UMarHOHOB, BCJIE[-
ctBUe yero napametrp MY BzaumopeiictBus B6u3u ODII ocraercs Takum
ke MaJsibiM, Kak 1 Baaaun ot O®IIL. Ilpu uccnenoanuun MY BosH B P30D
5p6us B obJacTH HH3KoTemmeparypHoro nepexona I'p—T'j [170] Bnepsbie
ObIJIO MONYUEHO YMeHbllleHHe CKOPOCTH MOMEePeYHOro 3ByKa Sy ¢ moJisipusa-
uued BIosb ocd b Ha 25 %, HecMoTpst Ha TO, 4TO U 31ech BekTop k He ma-
panseneH BekTopy M. B akcnepumeHTasbHBIX padoTax [171-189] takxke
onpenessisiach BeJMYMHA aKTHBAalLUMK KBa3HMarHOHHbIX BeTBed MY BoJH
B Toukax, ykasauHbix Beiiie OPII B pasnnunsix P30P. [To teopuu [79]
BeJIMYMHA aKTHBAaLUH KBa3HUCIHHOBOH BeTBU B Toukax OPII momkHa OBITH
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paBHa BesnunHe MY wesnn. OnHaKo B 3KCIIEpPUMEHTE BeJTHUHHbBl aKTHBALIUH
HU B ofiHOH U3 Touek ODII He coBmananu ¢ BequunHamu MY 1meseit.

B nekotopbix P30®d, kpome MarHUTHBIX Fe-HOHOB (d-HOHOB), MArHUT-
HBIMH SIBJSIIOTCS M penkosemesbHble (P3) wonbl (uan f-uouwl). Temme-
parypa ynopsimoueHust d-uoHos okosio 600 K, a f-uHoHB ymopsimouuBatoT-
csl TOMBKO TIpH oueHb HHU3KuX Temneparypax (1" < 10 K). Taxum o6pa-
30M, B GosbinHcTBe ODIT P3 moncucreMa HaxXoAMTCS B MapaMarHUTHOM
cocrosinuu. Panee (cm., nampumep, [190]) B Takux cayuasx yuer P3
MOJCHUCTEMBI CBOAMJICS TOJBKO JIHIIb K TEMIEPAaTyPHOH MepeHOPMHUPOBKE
KOHCTaHT aHu3oTponuu. KosebaHus ke f-MONCUCTEMBl He YUYMTBIBAJIUCH.
B skcnepumentax [171-189] mo AM®P B P30® kpome nByx Mom Ko-
Jne6aHUH, OTBeuaIUX KBasudeppo- U KBa3HAHTU(EPPOMATrHUTHOH Moxam
KoJIe6aHUH d-TOACUCTEMbI, HAGMIONANUCh TAKXKE [OMOJHUTENbHbIE MOMBI
KoJse6aHui. DblIo cHenaHoO MpenroJioKeHHe, YTO 3TH MOABl SIBJASIOTCS
MOAaMH KoJeOaHHH MapaMarHUTHOH f-MoACHCTEMBl. JKCIEPUMEHTaNbHOE
[0Ka3aTeJbCTBO CYIIECTBOBAaHHs KoJeOaHHH mapaMarHuTHbeXx P3 HoHOB
NPUBOIUT K HEOOXONHMMOCTH yueTa 3TUX KoJseOGaHUH W B Teopuu. Takum
06pa3oM, BO3HHK/A 3ajaya O BJHSHHH f-MOHOB Ha CIEKTP KoJeOaHHH
CIMHOBBIX BOJIH d-MOACUCTEMBl M CHEKTpP KosebGaHUi cBsizaHHbIX MY BoJIH,
B YaCTHOCTH, KBa3UaKyCTHUYECKHE BETBH TUX KOJeOaHHH.

BausiHue KoseGaHUU f-MOHOB Ha CIEKTP KBa3UCIHHOBBIX BOJH d-NOJ-
cUcTeMbl OBIIO HCCaenoBaHO B padotax [156,173,191-195]. B Hux ObL10
TI0Ka3aHO, YTO MOJHBIH CIEKTP MarHUTHBIX KOJeGaHUE COCTOMUT M3 YeTbIpex
BeTBe#l (NMpH CHesJaHHBIX B NaHHBIX paboTax NpeAnosoKeHUsix). JBe u3
ITHUX BeTBeH OMHCHIBAIOT KoseGaHUsl d-MOACUCTEMBI, & IPyTHe ABe — KoJje-
6anus f-noncucreMel. [IpudeM, okasasnock, 4TO MSITKOH MOZAOH, 10 KOTOPOH
npoucxonut OPII, moxker siBasitbes B Touke ODII kak mMona d-mnoncucre-
MBI, TaK ¥ Mofia f-noicucteMbl. Dblo TakKe MokasaHo, 4To f-MOACHCTEMA
B Touke ODII naeT OTIHYHBIE OT HYJS BKJAJ B aKTHBALMIO CIIMHOBLIX BOJH
d-noncuctembl (Mo mpupone Takoi ke, kKak U MY 1enb). OnHako mogy-
yeHHble B [156,179,191-195] pe3ynbTaThl He BIOJNHE OOBSCHSIOT IKCIEPH-
MeHTa/lbHble BeJMYMHBl aKTHBAalLlMH KBa3UCIHHOBBIX MOA B Touykax OPII.
[To HauleMy MHEHHIO, MOJYUHUTb XOpOIlee COTJacHe 3SKCIepUMEeHTabHBIX
U TEOPETHYECKUX DPe3yJNbTaTOB MO BeJUYMHE aKTUBalMH CMHHOBBIX BOJIH
B Toukax OPII 8 P30OP nosBossier yueT ynpyrod U AUNONbHOU (J1€eKTPO-
MarHuTHo# — KoJjieGaHusi DM moJisi) MOACUCTEM MarHeTHKa.

OtnuuuTesbHON ocobeHHocTblo APM sBJsieTCss OYeHb pe3kas aHH-
30TPOIHUsST MarHUTHOH BocmpuuMuMBOCTH [196]. JlokasaTesbCcTBO BKJana
MPOMNOJBbHOH BOCIPUUMUHBOCTH B DPE30HAHCHBIE YaCTOTHI YIOPSIOUEHHBIX
MarHeTHKOB OblIO MosydeHo B paGore [197] Ha mpumepe caabbix deppo-
maruetnkoB YFeOs u DyFeOs, otHocsuxes k P30®. B pabore [197]
nokasaHo, 4to Hajanuue ODII Bo BHelIHEM MarHUTHOM moJe H sBJjser-
csl HeOOXOIMMBIM YCJIOBHEM OOHApYKeHHsl BKJaga MPONOJbHOH BOCIIPHHM-
YUBOCTH B IMHAMHUKY MAarHETHKOB. DTOT BKJIAJA TPHUBOAUT K MOSIBJEHHIO
IeJM B CIEKTPe CIHHOBBIX BOJH mpH HHAyLHpoBaHHBX O®PII. Opnako,
B [197] He y4uTHIBAJOCH BJMSIHME B3aWMOAEHCTBHUS MOACUCTEM MarHeTHKa
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(yrmopsimo4YeHHOH CIIMHOBOM, NapaMarHUTHOH, MarHUTOYIIPYToH, TUIONbHOE)
Ha BeJIMYMHY aKTHBalUW KBa3HUCIIHHOBBIX KOJeOaHHH.

B npencraesenHoll MoHOrpa UK B IyIaBe 5, MPH yUeTe B3aUMOAEHCTBUH
MeXIy Kese3Ho#, P3, ynpyroil u 3/eKTPOMarHUTHOH MOACHCTEM, AaeTcs
00bsICHEHHE JKCIePUMEHTa/NbHBIX AaHHBIX MO MOBENEHHUI0 KBA3HUCIHHOBBIX
U KBa3uynpyrux BetBell Kosebanuil P30® B6musu crnoHTaHHbXx ODI],
a Takxke HCcjeqyeTcsd POJb NPOAOJbHOH BOCIPUHMYHUBOCTH B (HDOPMHUPO-
BaHUM JAWHaMHUKH P30® B OKpecTHOCTH HHAYLHWPOBAHHBIX MATHHTHBHIM
nosiem OPIIL.

HccnenoBanne MA siBieHuil TpebGyeT MoppoGHOrO aHa/ M3a BOMPOCA
0 3aryxaHud yabTpasByka U CB, xBasudononos (KP) u kBasumarHo-
HoB (KM) B okpectHocTt OPII.

Xopollo U3BECTHO, YTO 3aTyXaHHe 3ByKa B NHU3JEKTPHKAX 00YCJOBIEHO
€ro B3aUMOJEHCTBHEM C TEIJIOBHIMH (DOHOHAMH 3a CUET aHTapMOHH3Ma
KoJieGaHUH KpUCTalIHnuecKor pemeTkH. B pa6orax [198-200] 6bi10 BbIUKC-
JIEHO 3aTyXaHHe 3ByKa, 00yCJIOBJeHHOe TPeX(DOHOHHBIMH NpOLIECCAMHU B3a-
umozeiicteus, a B [201,202] — yerbipexdoHOHHBIMH mpoiieccaMu. B [203]
BBIUUCJIEHBl KO3((ULHUEHTH 3aTyXaHUsl (POHOHOB, 0OYCJIOBJIEHHBIE MpOlleC-
caMM B3aMMOJEHCTBHS MarHoHOB ¢ (DOHOHaMH B cJydae u3orpornHoro @M.
3aryxaHue 3ByKa B MarHetnkax tuna JIO 3a cuer MY B3aumopeicTBus
uccienosanoch B [204-208]. Belio paccMOTpeHO 3aTyxXaHHe 3ByKa U B Mar-
nerukax tuna JIIT [209-211]. Okasanock, uto B cayuae 6o > 0p (o —
temnepatypa Kiopu unu Heensi; §p — temneparypa e6asi) B 60/bIIHHCTBE
MarHeTUKOB OCHOBHOH BKJaJ B KO3()(HULHEHTH 3aTyXaHHS (DOHOHOB AAIOT
npouecchl (hOHOH-(DOHOHHBIX B3aUMOIEHCTBHH, a npu Oc < Op — (oHOH-
MarHOHHBIX.

CpenHee BpeMsl XKM3HH MarHoHoB, Kak 1 (DOHOHOB, TaKxkKe ONpenessieTcs
IBYMSI MeXaHH3MaMHU: B3aWMOIeHCTBHEM MarHOHOB APYT ¢ OPYToM U ¢ (o-
HoHamH. MccsienoBaHHIO MEPBOTO MeXaHHW3Ma MOCBsIIeHbl padoThl [16,203,
207,208, 212-218] — B marHerukax tumna JIO u [219-221] — B DJIII
u ADJIII, a Broporo mexanusma — pabotsl [203, 204, 207,208, 222, 223].
OxkaszaJjiochb, YTO U 3/1eCb MarHoH-OHOHHOe B3aUMOJAEHCTBHE MOXKET UIPaTh
onpeNeNNLY0 PoJib B PeJaKCAllMOHHBIX MPOLEeCCaX MarHeTHKOB.

B nepeunciennbix paborax 3atyxanue MY BosH uccaenosasocs B PM
u AD, naxogamuxcs spaan ot ODPII. Yeesnuenuwe MY cBsisH BOJU-
3u ODI] npuBomMT K MOSABIEHHIO NOMOJHHTEeIbHOrO MY aHrapmoHusma,
KOTOpbIH cyliecTBeHHO (ocoGeHHO B AD, rme MY cBsA3b 3HAUHUTENBHO
yCHJIeHA MEXIIOfIpeIeTOYHEIM 06MeHoM [15,26,34,65]) npeBocxonuT ynpy-
TMHd U MarHWTHBIH aHTapMOHH3M KpHcTasioB [64]. EctecTBeHHO 0XMaaTh,
4TO B TaKOH CUTyalUHH Ko3(pduuueHTH 3atyxaHus 3pyka U CB Oymyr
BO3pacTaTb W MPEBOCXOIUTb KOI((HLHEHTH 3aTyXaHHs, 00YCJOBJIEHHBIE
OOBIYHBIM YTIPYTHM M MAarHUTHBIM B3aUMOAEHCTBUSAMHU. M3ydeHue 3TOrO
BOMPOCA MPEACTABSET NMPAKTUUYECKUH W TEOPETHUECKHH HHTepec B CBS3H
C HcclleoBaHHEM BJUsiHMS MY B3auMONEHCTBHS Ha HeJNUHEHHBlE aKy-
cTHYecKre 3(PQeKTbl, TEPMOIMHAMHUKY, pPesJaKCALUOHHble W KUHETHUECKHE
npolecchl MarHeTHkoB. OTcCloIa eCTeCTBEHHBIM 00pa3oM BO3HHKJ/A 3anaya



Bsedenue 21

no uccjaenoBanuio 3aryxanus MY Bosan BOau3n OPII. Teoperuyecku 3a-
TyxaHue 3ByKa U CB B o6smactn ODII B 0fHOOCHBIX MarHeTHKax M3y4eHo
B paborax [6-9,62,78,79,104-106,224], koTopsiM MmoCBsilleHa rJ1aBa 6.

B otnuune oT 06beMHBIX BOJH MoBepxHoCTHble MA BosHbl (IIMAB)
BOsu3n OPIT Gbliv M3yueHbl B 3HAUHTENbHO MeHblIeH cremedu [52,225-
227], XoTsi #Jisl IPaKTHKK OHM MPEACTABJASIOT FOPasfo GOJbLIKH HHTEpeC.
DT0 00yCJIOBJIEHO HUX OTHOCHTEJBHO MAsbIM 3aTyXaHHEM IO CPaBHEHHIO
¢ 06beMHBIMM MAB, 10CTYIHOCTBIO K CHATHIO HH(OPMALMH B J1I000H TOUKe
TIOBEPXHOCTH KPHUCTAJIA, & TaKXKe APYTHMH MPEUMYIIECTBAMH, HCIOIb3Ye-
MBIMH B akycTossekTponuke [111]. B [225-227] Gbio mokasano cubHOE
BausiHMe Ha [IMAB (Ha UX CKOpPOCTb) MarHHUTHOTO TIOJIAL.

B nocsienHee BpeMsi B aKyCTO3/IEKTPOHHKE HaOJIONAETCS 3aMETHBIN HH-
Tepec K HOBOMY THIY TOBEPXHOCTHBIX akycTuyeckux BoJH ([TAB) B mbe-
303/1eKTPHKax — K BoJiHaMm [yssieBa—batocteiina (BI'B), npencrasasionmx
co60H YHUCTO CIOBUTOBBlE M HMEIIIMX MeHbllee 3aTyXaHWe Ha BBICOKHX
yactoTtax, ueM pajeesckue [TAB [228,229]. B marHuTHBIX KpHCTalIax
HCCJIeI0BaHbl aHAJIOTHUHBIE BOJIHBI, BO3HUKAOIIHE 338 CYET MarHUTOCTPHK-
uu [230,231]. Hosnroe BpeMsi ocTaBaJjCsi HEHCCIENO0BAHHBIM BOIPOC O CY-
mectBoBanuu caBuropbix [IMAB (CITMAB) B mardHerrkax, o6Jafaiomnx
nbe3oMarHuTHeM 3¢dekToM. Cpasy 6bu10 sicdo, uto CIIMAB B 3tom
cjydae OOJMKHBEI oTindatbesl oT BI'B B cuiy MHOH cUMMeTpHH Nbe3oMar-
HUTHOrO 3({eKTa M0 CPaBHEHHUIO C Mbe303JeKTPUUECKUM U MarHUTOCTPHUK-
LMOHHBIM. Borpoc 0 BO3MOXKHOCTH CYILIEeCTBOBAaHHUS TAaKHUX BOJH, a TaKxke
06 ocobenHocTsix CIIMAB (06yc/ioB/ieHHBIX KaK Mbe30MarHeTH3MOM, Tak
¥ MarHutoctpukuued) Bomusun ODII mo cpaBHeHHIO ¢ HCCJIeNOBAaHHBIMH
yKe 00beMHBIMH W NOBepXHOCTHBIMH MAB paseeBckoro Tuma 6bla pac-
cMOTpeH B pabotax [232-240], KoTOpbIM MOCBsillleHa TaBa 7.

Jlo cux mop MpomOJIKAIOTCS WHTEHCHBHBIE HCCJIE