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Oco0eHHOCTH OPITTOBCKOI0 Pe30HAHCA B HEJIMHEHHOM OJJHOMEPHOM
MArHOHHOM KPHCTAaJLJIe

Ilpedcmasnenvl  pe3yibmamvl MeOPEMU4ecKo20 U IKCHEPUMEHMATbHO20 UCCAeO08ANUS
0CcObeHHOCmEN  pACIPOCMPANHEHUsT UHMEHCUBHBIX CRUHOBbIX BOJIH 8 HENUHEUHOU MACHUMHOU
nepuoouyeckoll cmpykmype — MacHoHHOM Kpucmanne. OOHapydceHo, 4mo Haaudue sieHull
JUHEUHOU U HEeTUHEUHOU OUCCUNAYUL CNUHOBLIX BOIH NPUBOOUM K MOMY, YMO C YEeIUdeHUeM
AMAIUMYObl CNUHOBOU 60IHBI 8 OOHOMEPHOM MASHOHHOM KPUCMATIE nepecmaenm 6biNOIHAMbCS
yenogue aghpexmusrno2o b6paeeo6ckoeo pesonanca. Pocm amnaumyowt cnunooti 60iHbl 6bi3biéaem
cO8U2 MO Hacmome, YACMOMHOE PACWUpenue U yMeHbUleHUe OMHOCUMENbHOU 21yOUHbL NOAOC
3a2pacicoeHusl.

KuiroueBble cJI0Ba: MATHOHHbIE KPUCTAJLIbI, (peppPUTHI, HeJINHElHbIe K0J1e0aHUsI M BOJIHBI

[IpocTpaHCTBEHHO-IEPUOINYECKUE CTPYKTYPHI (MM KaK UX €I1€ Ha3bIBalOT — ‘“‘MarHOHHbIE
kpuctaiel” (MK)), M3roroBieHHblE M3 BBICOKOKAYECTBEHHBIX MOHOKPUCTANIMYECKUX IIJIEHOK
xene30-utrpueBoro rpanara (JKWI') Moryt HailTu nmpuMeHEHHe P pa3padOTKe YCTPOWCTB CIHH-
BOJIHOBOH 3JIEKTPOHUKH, NpeaHazHaueHHbIX a1 oOpaboTku CBU-curnama. Takue cTpyKTypbl
00JIaZlafoT PSAAOM MPEUMYIIECTB, TAKMX KaK IepecTpanBaeMasl TUCTIEPCHOHHAs XapaKTePHCTUKA U
OTHOCHUTEIILHO HEOONbIMEe MOTepU Ha pacnpocTpaHeHue curHana (meHee 30 nb/Mkc). B Takmx
cpelax Ha JMCIIEPCUOHHOM XapaKTEpHUCTUKE HA YacTOTax OpArrOBCKOrO PE30HAHCA CYIECTBYIOT
pasphIBbI, a NepeJaToyHas XapaKTepUCTHKA IPECTaBiIsIeT cOOOM depeoBaHHE pa3pelIeHHbIX U
3alpenieHHbIX 30H. B mocieqHux pacnpocTpaHeHHe CIUMHOBBIX BOJIH HEBO3MOXKHO. OJIHAKoO, Kak
MTOKa3bIBAIOT HEJJaBHUE HcCiIeoBaHus [1] B pealbHBIX CTPYKTYpax KOHEYHOH JUIMHBI IPU HATMYUU
IIOTEPh  pa3pblBbl Ha JUCIEPCHOHHOM XApPAaKTEPUCTHKE OTCYTCTBYIOT, a IepefaTodyHas
XapaKTepUCTHKA MpEeACTaBisgeT co00il uepenoBaHNWEe 30H C OTHOCUTEIBHO MalbIMU M OONbIINMU
BHOCUMBIMU ToTepsiMu. [locmegnue Oynem Has3bpiBaTh 30HamMHM 3arpaxkiaeHus. llpum pacuere
CBEPXBBICOKOYACTOTHBIX KO3()PHUIIMEHTOB Nepeaaun TaKuX CTPYKTYp, Kak IMPaBUIIO, JENalTcs JBa
JOMYUIEHUS: CTPYKTypa IIOJIaraeTcsi IPOCTPAHCTBEHHO HEOTPAHWYEHHOW, a HEIMHEHHBIMU
mpoleccamMy, CBOWCTBEHHbIMHM (peppoMarHeTukaM IpeHeOperarT, I[oJsiarass CHCTEMY CTPOro
nuHeiHo# [2]. B nanHO# paboTe MPUBOISTCS pe3yabTaThl TECOPETHYECKOTO M IKCIIEPUMEHTAIBHOTO
WCCIEAOBAHUS BIUSHHAS AMIUINTYABl CIIMHOBOW BOJIHBI Ha IIEPENATOYHYIO XAPAKTEPHCTHKY
KOHEUYHOT'O HEJTMHENHOTr0 MarHOHHOT'O KpUCTaJUIA.

PaccmoTpuM KOPOTKO OCHOBHYIO HMJiet0 paOoThl. [Ipu OTHOCHTENBHO HEOOJBIINX 3HAYECHUIX
MOIIIHOCTH BXOJHOTO CHTHaja BO30YyXKIEHHE CIMHOBBIX BOJIH B MarHOHHBIX KPHCTaJUIaX XOPOILO
ONMCBIBAETCS JIMHENHOW Teopuel. B To ske BpeMsi H3BECTHO, YTO POCT MOIIHOCTH CIIMHOBOM BOJIHBI,
pacnpocTpaHsoueiicss B (peppOMarHUTHON IJIEHKE, NMPUBOJUT K BO3HUKHOBEHHUIO CTAOMIIbHBIX
HenuHeHHbIX dddexToB aByx THnoB. O06a »TH  dddekra 00YCIOBICHBI MPOIIECCAMU
YeTHIPEXBOJIHOBOTO pacmaza ChnuHOBBIX BoiH [3, 4]. K mnepBoMy Tumy OTHOCAT Tpolece
HEJIMHENHOTO 3aTyXaHHs CIUHOBBIX BOJIH, MOJYYANOIIHUNCS B pe3yJbTaTe MEepeladyd SHEPTHU OT
OCHOBHOI (JIJTMHHOBOJIHOBOM) CIIMHOBOII BOJIHBI K BOJHAaM C MHOTO OOJBIIMM 3HAuY€HUEM

BoiHOBOro umcia. Ko BTOPpOMY THITY OTHOCAT HEITUHEHHBIN CABHUI' BOJIHOBOI'O 4YHCJIa U CIOBUI

198



4aCTOT CIIMHOBBIX BOJIH, 00YCJIOBJICHHBIN NMPE0Opa30BaHMEM OCHOBHOW CITMHOBOM BOJIHBI B BOJIHBI C
OJIM3JIeKAIMMH 3HAYCHUSMH BOJTHOBBIX uncesl. DU3NYECKU SICHO, YTO B ClIy4ae paccMaTpUBaeMOM
MEPUONYECKON CTPYKTYpPhl 3HAYCHHUS BOJIHOBOI'O BEKTOpa HECYIIEH CIIMHOBOW BOJHBI, IPH
KOTOPOM HaOJIFOAAIOTCS 30HBI HEMPOITYCKAaHMsI, KECTKO JIETEPMUHHUPOBAHBI U POCT MOITHOCTH
JIOJDKEH TMPUBOJUTH K CIBHTY aMIUTUTYIHO-4YaCTOTHOW XapaKTEPUCTUKH W 30H 3arpa)KJACHHS I10
4acTorTe.

B kadecTtBe 00BEKTa HCCIIEIOBAaHUS HaMH ObUT BBIOpaH OJTHOMEPHBIM MarHOHHBIA KPUCTAJLI,
M3rOTOBJICHHBIN W3 MOHOKpuUcTayummueckod mieHku JKUI', tommmuoil 12 MKM, BbIpallleHHOW Ha
MOVIOKKE M3 TaJ0JUHUN-TAITIMEBOTO rpaHaTa, yTeM CO3JaHusl MEPUOANICCKON CUCTEMbI KaHABOK
Ha TIOBEPXHOCTH IUICHKH. VcciaemnoBaBmimiicss oOpa3ell MarHOHHOTO KPUCTalsIa UMEN CIIeyIOIIIe
napameTpsl — TOMIMUHY 12 MKM, mupuHy 2 MM U JTUHY 55 MMm. KaHaBku nMenu riyOuHy OKOJIO 2
MKM, mupuHy 50 MM u nepuog 400 mxm. ['eomeTpust skcriepuMeHTaIbHOTr0 00pa3ia MarHOHHOTO
KpucTaiia Oblia BRIOpaHa U3 TeX COOOpaKeHUit, YTOOBI B €ro CIIEKTPE MPOIyCKaHUs HAOII0AaN0Ch
HECKOJIbKO Mosoc 3arpaxacaus CB.

[Tornocel 3arpakieHuss B MarHOHHBIX KpucTamiax (OPMHUPYIOTCA 3a CuUeT OperroBCKHX
PE30HAHCOB HA YaCTOTAaX Ha KOTOPHIX BHITIOIHSAETCS YCIOBHE

¢o(w) = 27n, 1)

3nech @(m) ¢ha3oBbIii HAOET CIIUHOBBIX BOJH HA OJHOM MEPHOJE CTPYKTYphl; N=1, 2, 3... — meJble
yycna. 3aKOH TUCHEPCHUU M MEPHOJ] MarHOHHOTO KpHUCTalia OMpPENessiOT YaCTOTHOE IMOJIOKEHUE
MOJIOC 3arpaxkaeHus. B choyyae HENMHEWHOTO MAarHOHHOTO Kpucramia B BbipaxkeHuu (1)
HEO0OXOIMMO JIOTIONIHUTENBHO YYUTHIBATH HENUHEWHBIM (Da30BbIi Haler, BO3HUKAIIUKA B
pesysbTare 3aTyxaHus cruHoBbIX BOJH [3]. Torma Beipaskenue (1) CTOMT mepenucarh, Kak

oLin(®) + @nLin(®, U) = 27n, 2)

3aech QLin(®) — nuHeiHbld QaszoBblii HaOer, OnLin(®, U) — HenuHeilHblid (a3oBbli Haler.
Benencteue nuccunanuu CB HenuHeiHbIM (a3oBblii Haber OyaeT pa3iMYHBIM Ha pPa3IMYHbBIX
yJacTKaX MAarHUTHON MNepHoAMYEecKOW CTPYKTypbl. Takum o0pa3oM yciaoBHe 3(PPEKTUBHOIO
OparroBckoro pesonanca ((a3oBelii HaOer Ha ONMpPEACICHHOW YacTOTe HA KaXIOM Yy4acTKe
CTPYKTYPHI KpaTeH 27) HE BBIITOJIHSIETCS.

Pe3ynprarhel TEOpETHYECKOTrO HCCIENOBAHUS ISl CTPYKTYPBI, cocTosmend u3 10 nmepuonos npu
Pa3IMYHBIX 3HAYEHHUAX JCKPEMEHTa JMHEHHOro 3aTyXaHMsl NpeJCTaBlIeHbl Ha puc. 1. 3HadyeHue
JIeKpEeMEHTa JIMHEHHOTO 3aTyXaHWs I0JIarajloch paBHBIM o= 27|y|AH, Toe Y — rupoMarHuTHOE
oTHomeHne, AH — mapamerp aMccunanuu Marepuaja — IIUPUHA JIMHUU (DEeppOMarHUTHOTO
pe3oHaHca. 3HadeHus BenuuuH AH ykazaHo nudpamu Ha puc. 1. Bua nomydeHHbIX 3aBUCUMOCTEM
MOXKHO OOBSICHUTH cliefyromuM obpa3oM. [lo mepe yBenuueHHs BHOCUMBIX MaTepHajIoM MOTEPh
pacrtet najenue aMmnTyasl CB Ha kakqoM ydacTke cTpyKTypbl. IlockoabKy najieHne aMIIuTy/ bl
Ha OJHOM IE€PHOJE MPOUCXOTUT MO SKCIOHEHIMAIBHOMY 3aKOHY, TO IPH POCTE MOTeph Oyner
YBEJIMUUBATHCSA pa3dpoc MexAy 3HaueHueMm aMiuiuTys CB B kaxxaoMm mepuone cTpykTypsl (puc. 1
(a)). OTo mpuBENET K YBEIWYEHHUIO Pa3HUIBI MEXIY COCEIHMMH TIEpUOJaMH 10 J00aBKe K
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HelMuHeHoMy (a3oBoMy Halery W, Kak CHEJICTBHE, YaCTOTaM OpIITOBCKUX PE30HAaHCOB. bimke K
KOHIy CTPYKTYpBI, TaM, riae amiuTyaa CB oTHocuTensHO HeBeNnKa, 3TOT pa3dpoc OyneT MeHble
U PE30HAHCHBbIE YacTOThl OyayT Onumke K APYr APYry M K 3HAYEHHUIO PE30HAHCHBIX YacTOT MPHU
3aBe/IOMO JIMHEHOM pacnpoctpanennu CB. IloaTomy mpu pocTe morepb 4aCTOTHBIH MUHUMYM
TMIOJIOCHI 3arpaKICHHs CIBUTaeTCsl BBEPX IO YaCTOTE, a €€ OTHOCHTENbHAs TNyOWHA yMEHbIAETCs
(mosoca 3arpakJaeHus “3ama3bIBaeTcs’).

Sa,nb O 0
-5
_5;..
-10
15 B R 5.
~_ -7
0.00 N -20 . ) -15 M
0.0 05 1.0 15 2.0 25 5350 5475 5600 5490 5510 5530
PaccTosinne, MM F, MI'y F, MI'

@) (6)

Pucynok 1.

JlaHnHble 3aBUCUMOCTH OyIyT OMpeneisaTh M BHUJ NepeaaTrouHoil xapakrepuctuku MK u npu
pPa3IMYHBIX 3HAYEHHUSAX MOIIHOCTU. Pe3ynapTaThl MOAETMPOBAaHUS IOKa3alu, 4YTO IO Mepe
YBEJIMYECHUS aMIUIUTYyAbl BXOJHOM CB [ONOJHHUTENBHO MOXET “BKIIOYATBCA MEXaHU3M
HenuHelHoro 3aryxanus CB, uto mpuBoguT k Oosiee peskomy mnazeHuto amruiutyasl CB Ha
HECKOJIbKUX TEpBBIX IMEpHoJax CTPYKTypbl. Ha cienyromux nepuogax MeXaHH3M JIMHEHHOTO
3aryxaHus OyJeT orpaHuYuBaTh aMiuTyAbl CB, cBOas UX IpUMEpHO K OJHOMY 3Ha4eHHI0. Takum
o0pa3oM, Ha HEKOTOPOM pAacCTOSHUU OT Hauyalga MEePUOAUYECKON CTPYKTyphl (MPUMEPHO Ha
paccTossHuM 5—8 TepuoaoB) pa3dpoC PE30HAHCHBIX YAacTOT OTAETBHBIX IMEPHOJOB CTAHOBHUTCS
HesHauuTenbHbIM (MeHee 0,5 MI'm), m gamee Takyl CTPYKTYpy YCJIOBHO MOXHO CYHUTATh
MEPUOINYECKON C TOUKHU 3PEHHUS €€ BOJHOBEAYILIMX CBOMCTB. B TO e Bpemsi pe30HaHCHbBIE YaCTOThI
MIEPBBIX MEPUOIOB CTPYKTYpPhI OYAYT CHIBHO pa3NuyarhbCs, CMEMIAsICh IO YacTOTEe BHHU3 (B CiIydae
KacaTeJIbHOI0 HaMarHMYMBaHUSI MarHOHHOTO KPUCTAJIa) MPU YBETUYEHUH MOIITHOCTH CUTHANA.

So, B -10—= Sa,nb -10
-20 -20F
-30 -30¢t
40 - 40 -
5530 5550 5570 5530 5550 5570
F, MI'y F, MI'n

(a) (6)
Pucynoxk 2.

ITockonbKky OparroBcKHE pe3oHaHCHble 4acToThl Bcero MK ompenensitorcss cymmoil Bcex
PE30HAHCOB OTAEIbHBIX MEPUOJIOB, TO YACTOTHBI MUHHUMYM IIOJIOCHI 3arpa)IeHus] OyIeT Takxke
CMeIIaThCs BHU3 110 YacTOTe, a caMa I0JIoca 3arpaxkJaeHus Oyaer pacmupsrbes. OTHOBPEMEHHO ¢
9THM, 3a CYeT HEJIMHEWHOro 3aTyxaHus OyayT yBelauuuBaTbcs BHocuMble MK mortepu.
ComnocTaBneHne MepeaTOYHbIX XapaKTepUCTUK MAarHOHHOTO KpHCTaia BXOJHOW MomHoctd 0 u
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100 nbm npuBeneno Ha puc. 2 (a) u puc. 2 (6), COOTBETCTBEHHO (Ha PHC. 2 CIUIONIHAS JIMHUS —
pe3yNbTaT MOJEIUPOBAHMS, TYHKTUPHAS — SKCIIEPUMEHTAIIbHBIC JAHHBIE).

Takum o6pasom amruutyaa CB u mekpeMeHTHl 3aryxaHus (eppura ONpenessioT BHI U
4acTOTHOE MOJIOXKeHHEe KodddullMeHTa nepeaud MarHoHHoro kpucrasuia. [lonoOHble 3aBucuMocTr
JOJKHBI HAOMIOAAThCs B JII000# MPOCTPaHCTBEHHO-TIEPUOAUYECKON CTPYKTYpe, U3TOTOBIEHHOHN U3
HEJIMHEWHBIX MaTepUajoB, B KOTOPHIX 3aKOH JAUCIIEPCUH 3aBUCHUT OT aMILTUTY/bl CUTHAJIA.

PabGora BeImosiHEHa TpH YacTUuHOM mozyepkke PODU (Ne 15-32-20357 mon a Ben) u
MunuctepcTBa o6pazoBanus U Hayku Poccun B pamkax nporpammsl (ITpoekt "['oc3aganue").
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