OT3bIB

0(MIMAIBHOrO OINIIOHEHTA Ha JuccepTannio Mep3ankuaa A.M.
«Me3sockonnyeckue 3GHeKTbl KOrepeHTHOro PAaCIPOCTPAHEHUS U JIOKATH3AI[HH
IIOJIAIPU30BAaHHBIX 3JIEKTPOMAarHUTHBIX BOJIH B (bOTOHHI)IX KpucTtajjiax 1
HCYIIOPAAOYCHHBIX CJIOUCTBIX cpeaax»

IPEICTABIICHHYIO HA COMCKAaHUE YUYEHOH CTENeH!

IOKTOpa (PU3MKO-MaTeMaTHUeCKUX HayK 0 crenuansHoctu 01.04.13 —

2JIEKTPO(DU3NKA, DIIEKTPOPHU3NUECKUE YCTAHOBKH.

Huccepranvonnas pabora A.M. MepsnukuHa mpejacraBieHa Ha 284
CTpaHMIaX, COAEPKUT 98 pPHCYHKOB M COCTOMUT M3 BBEJEHMsS, ILIECTH IJIaB,
3aKJIIOYEHMs] U CIIMCKA JIUTepaTypsl, BKIrovaromero 220 Haumenosanuii. K pabore

IPUJIOKEH aBTopedepaT Ha 39 cTpaHuUIax.

Huccepranus A.M. Mep3/MKrHa [OCBSIIEHA y4YeTy BIUSHHS MOJSPU3AINH
Ha ME30CKONUYEHCKUE dS(MQEKThl, BO3HHUKAIONIME IMIPU pPaCIpPOCTPAHEHUU U

JIOKAJIU3alluK 3JICKTPOMAarHuTHBIX BOJIH.

AKTyalbHOCTBL HcciieloBaHusA. CXOXKeCTh BOJHOBBIX SBJIEHUHM B pa3HBIX
obmacrtsax (QU3MKM IOCITY)KHJIAa OCHOBOM [UISL Pa3sBUTHSA peE3yJbTaTOB TEOPUH
TBEPIOrO0 Teja (B YaCTHOCTH, ME30CKONUYECKUX 3(P(eKToB) B aKyCTHKy U
3JIEKTPOAMHAMUKY. biaromapss aToMy ImepeHoOCy B 3JIEKTPOJAMHAMUKE BO3HMKIIN
TeOpuu (POTOHHBIX KPHUCTAJUIOB M KBAa3UKPHUCTAIOB, CAab0OW M aHIepCOHOBCKOM

JIOKaJIM3allhH CBCTA.

Tem ne menee, He cMOTpS Ha CXO0XXECTb BOJHOBBIX YpPABHEHHM, MEXIY
DJIEKTPOJMHAMUKON U TEOpUel TBEPJOro Tejla €CTh NPUHIMIIHAILHOE OTIHYHE -
5JIEKTPUYECKOE M MArHUTHOE II0JI SBJISIIOTCS BEKTOPHBIMH BEIHYMHAMM U
00J1a1al0T TONIpU3alel, Torja Kak BOJHOBas (GYHKIMS JJIEKTPOHA SBISAETCS
CKalsApHOH Benn4yuHOW. Kpome 3TOro, 31mekTpoH B CBOGOIHOM MPOCTPAHCTBE, B
ornuure oT ¢oToHa, oOJamaeT HEHYJEBOH Maccoi IIOKOS, 4YTO OCOOEHHO

CYIIECTBEHHO JIsA OIIMCaHus HBHGHHﬁ, CBSI3aHHBIX C JIOKAJIU3alhen.

B npencraBinenHoil pa®oTe AeTarbHO HMCCIENOBaHbI IOJISIPU3allMOHHbBIE
3 (eKThl, BO3HUKAIONIME IIPU PACIPOCTPAHCHUHM M JIOKAIH3AIMH KOTEPEHTHBIX

BOJIH B HEOAHOPOAHBIX CpElax - KaK MNEPHUOAUYCCKHUX, TaK U HEYNOPAOOYCHHBIX.



OOnapyxeH psan HOBbIX 9(GeKToB, a Takke pa3padOTaHbl OpPUTHHAJIBHBIE
TEOPETUYECKUE KOHILENIMH 1 MOJIENH, BHOCSIIME CYIIECTBEHHbIN BKIIAJ B Pa3BUTHE

yKa3aHHO# 00J1acTH UCCIIeIOBAHUM.

ABTOpedepaT COOTBETCTBYET OCHOBHOMY COJIEPIKAHMIO AMCCEPTALUU.

[lo obbvemy mu cTpykType muccepraims Mep3anukuia A.M. cOOTBETCTBYeT
tpeboBanusiM «llomoxkernuss BAK» k odopmienuio auccepranumii. M3noxeHue
JIOTMYECKH CBSI3aHO C OCHOBHBIMU 3a/1a4aMU, PEUICHHBIMH B JIMCCEPTALUU.

B nepsoii riaBe mpoBeneH MOAPOOHBIA aHANMM3 COOCTBEHHBIX MO
AQHU30TPONHBIX  (OTOHHBIX KPUCTAIJIOB  COJEPXKAIMX  MArHUTOOITHYECKUE
KOMIIOHEHTHI.  IlokazaHo, 4YTo ©p¥M HaMarHUYMBaHUU TaKUX KPUCTAILIOB,
COOCTBEHHOE COCTOSIHHE — OJIOXOBCKAas BOJIHA (POPMUPYETCS 3a CUET THOPHIU3aLUM
JBYX OJIOXOBCKHMX BOJIH, SIBJISIOLIUXCS B CBOIO OYepe/lb COOCTBEHHBIMU PELIEHUSIMU
HEHaMarHM4eHHoro  (OTOHHOro  Kpucrtaua. Ilpm  sToM  mOJsIpU3anUs
rHOPUIN30BaHHON OJIOXOBCKOM BOJIHBI B Pa3HBIX TOUKAX MPOCTPAHCTBA pa3Hasi, 4To
INPUAHIMUIIMATIBHO OTIMYAeT pacCMaTPUBAEMBIM Cily4ail OT OOBIKHOBEHHOI'O
(GOTOHHOrO KpHUCTalIa W3 H3OTPOIHBIX KOMIIOHEHT. Ilo3TOMy oOKa3bIBaeTCs
HEBO3MOXKHBIM BBIOpAaTh 0a3uc, B KOTOPOM CHCTEMa ypaBHEHHM, ONUCHIBAIOLINX
THOPHIM30BaHHbIE PEIIeHUs], pa3elisulach Obl Ha J[Be HE3aBUCHMEIE MOJISPU3AIHH.
Taxum obpasom, B oTiaH4He OT JIIOOOTO OJHOPOJHOTO Marepuana uid (OTOHHOIO
KpHCTajjla M3 HM30TPOIHBIX KOMIIOHEHT, 3a7a4a paclpOCTpaHEHHWS H3JIy4YeHUs B
TaKOW Cpejle NPUHIMIIMAAIBHO HE MOXET OBbITh CBeleHa K JBYM CKaJSpHBIM,
OIIMCHIBAIOIINM JIB€ HE3aBUCUMBIE I10OJISIPU3ALIHH.

Bropas rmaBa nocBsilieHa  (GOpPMHUPOBAHWIO  3alpEIIEHHOW  30HEI,
B03HHKa}OIHCﬁ 34 CYET CBS3U OJIOXOBCKUX BOJIH pa3JIH‘IHOﬁ IIoJIIpHrU3aluu. Takas
30Ha MOXeT (OPMHUPOBATHCS B MarHUTO-(DOTOHHOM KpHUCTaJUIE, 00JIaJarouUM
aHuzorponueil. B TakoMm KkpucTamie, B OTCYTCTBHE HAMarHUYE€HHOCTH, €CTh J(BE
COOCTBEHHbIE OJIOXOBCKME BOJHBI — OOBIKHOBEHHass W HeOOBIKHOBeHHas. Ilpu
HaMarHM4MBaHUM MEXJYy HHMHU BO3HHUKAeT CBsI3b, B pe3yJbTaTe 4Yero u
Gopmupyetcs 3anpenieHHast 30Ha. [10JpoOHO H3y4eHbI CBOMCTBA TAKUX 30H.

B Ttperpeil rnaBe NpPOBENEHO HUCCIEIOBAHHWE ONTHYECKOIO aHajIora
TaMMOBCKOro coctostHusl. Kak u mapanurma (OTOHHBIX KPHCTAJIOB, TAMMOBCKOE
COCTOSIHME IIPUIIIO B DJIEKTPOAMHAMMKY W3 KBAHTOBOH TEOpWUH TBEPIOrO Tela.
[TokazaHo, 4TO Takoe COCTOSIHUE MOXKeT (OPMHPOBAThHCS Ha I'paHHIle (GOTOHHOIO
KpUCTA/UIA U CJI0Sl MeTallIa, 00JIaIafoIIero B ONTHYECKUX YaCTOTaX OTPUIATEILHOM

I[IPOHUIIAEMOCTBIO, YTO ABJIACTCA OIITUYCCKHUM aHAJIOTOM IMOTCHIHMAJIBHOI'O Gapbepa.



Hanmnune MAroMTOOIITHYCCKNX KOMIIOHEHTOB IT103BOJISIET H8.6JHOI[8.TI> YBEIIMYCHUEC
(hapajieeBCKOro  BpallleHHss HAa  YacTOTE  COOTBETCTBYIOLIEil TaMMOBCKOMY
COCTOSIHHUIO.

YeTBeprasi TiaBa MOCBSIIEHA HCCIENOBAHUIO d(QQPeKTa CyIepnpH3Msl,
3aKIIIOYAOIIErocs B CYHIECTBEHHOM OTKJIOHEHWU HAIPABJIEHHS PACIPOCTPAHEHUS
DJICKTPOMArHUTHOM BOJIHBI B Cpejle, IPH MallOM OTKJIOHEHWM yIJa TajeHus Ha
rpanune Bakyym/cpena. Ilpennoxena opuruHaibHas cxeMa — nuPaKIHOHHAS
penierka Ha IIOBEPXHOCTH CJIOMCTOrO (POTOHHOTO KPHCTANlIa, I103BOJISIONIAS
HaOOAaTh >PQEeKT Cynepupu3Mbl B OJHOMEPHBIX (OTOHHEIX KpHCTalLiax. Bonee
TOro, IIPOBEJCHHOE CpaBHEHHWE C JBYMEPHBIMH (OTOHHBIMH KpHCTAIaMH,
MO0Ka3aJlo, 4TO JUlid Cco3[aHusi 3G QeKra Cynepnpu3Mbl OJHOMEPHBIE (OTOHHEIE
KpUCTaIbl  00anaroT  (QyHAaMEHTAIbHBIM IIPEUMYIIECTBOM — OoJiee YETKO
BBIPKEHHOM IPpaHuIlel MeX]ly pa3pelleHHON U 3alpelleHHON 30HaMu.

B msroit riaBe noapoOHO HCCIEIOBaHO BIHMSHUE BEKTOPHON PUPOIBI
JJICKTPOMArHMTHBIX BOJIH Ha aHJIEPCOHOBCKYIO JIOKAIU3aIlMIO cBeTa. B yacTHOCTH
PaccMOTPEHO INPOXO0XKJICHHE IOJIAPU30BAHHON 3JIEKTPOMArHUTHONW BOJIHBI 4epes
CJly4aiHO-aHU30TPONHYIO cpeiy. [lokazaHo, 4ro B TakoW CHCTEME NMPOUCXOIUT
CTOXACTU3alUs IOJIIPU3ALUKM, TO €CTh 110 Mepe MPOXOXKICHUS (OYHKIMS
pacipesieNieHus MOJIIpPU3alui [ePECTaeT 3aBUCeTh OT U3HAYAIBHOM MOIAPH3AN
NaJlaloIIero U3lydeHus. JTOT 3P (PEeKT XapaKTepru3yeTcss HOBLIM, HE 3aBUCSIIUM OT
JUIMHBI JIOKAJIM3ALUHI, MAaCIITA0OM — JUIMHOH «3a0bIBAHUS» MOJIAPU3ALIUH.

I[Tlecrast rmaBa mocBsIeHa MaKPOCKONUYECKOMY OMNMCAHHUIO HEOIHOPOIHBIX
cpex. I'1aBa CONEPKUT JOCTATOYHO OOMIMPHBIM 0030p JUTEpaTyphl Kacaromieics
FOMOI€HM3allMid  ypaBHEHMM MakcBemia, ©  HCCIEJOBAHUS, I[IOCBSIIEHHBIE

FOMOI'CHHM3allMK YpaBHEHNH MakcBella BHE CTaTUYECKOI'0 MPHUOINIKEHHUS.

Hayuynass HOBH3HA U 10CTOBEPHOCTH Pe3y.JIbTATOB.

Briepseie moapo6bHo uccienoBaH mpouece rubdpummsanus asyx (TE u TM
NOJIIPU30BAHHBIX) OJIOXOBCKUX BOJIH C 00pa3oBaHMEM HOBOW OJOXOBCKOHM BOJIHBI
IpH HaMarHWYMBAHMU MAarHuTo-(OTOHHOTO Kpucrtaiia. IlokazaHo, 4To 3a cyer
3TOM ruOpHIM3alMK BO3MOXKHO (OPMHUpPOBaHHE OCOOOM 3alpPEIIeHHON 30HBI, HE
UMCIONICH aHajaora B KBAaHTOBOM TeOpUM TBepAoro Teia. McciaenoBan
JJICKTPOJMHAMHUYECKANM aHAJIOr TaMMOBCKOTO COCTOSIHHS, BO3HHUKAIOUIEr0 Ha
IpaHuIle MeTallla W JUDJIEKTPUYECKOro 3epKajia. BrmepBble wucciieqoBaHO
pacrpocTpaHeHHEe 3JIEKTPOMArHUTHOM BOJIHBI B HEYIOPSJAOYEHHBIX CIy4aiiHO-

AHU30TPOIIHBIX Cpeaax. HOKaBaHO, 4UTO II0O MEpE€ paclIpoCTpaHCHHUs, 3a CYET



MHOTOKDATHBIX — IIEPEOTPAXKCHUH, MOJIIPU30BAHHAS BOJIHA MOXKET  TEpsTh
MHGOPMALMIO O CBOell HadanbHOH monspusanuu. IIpu 5TOM CKOpOCTh «IIOTepH
MH(QOPMAIUU» XapaKTepu3yeTcs HOBBIM MAcIITa0oM, He CBS3AHHBIM ¢ JUTMHHOM
JIOKaITU3alliH.

JlocToBepHOCTh 0O€cIeYnBaeTCs UCIOIB30BAaHMEM KOMILIEKCA MHOIOKPATHO
anpoOMpOBaHHBIX TEOPETHYECKUX METOJOB, [IPOBEICHUEM IIPE/IETbHBIX TIEPEX0I0B
K paHee CYIIECTBOBABUIMM TEOPHUSIM, CPaBHEHHEM C OKCIIEPHMEHTAIBHBIMH U
TCOPCTHYECCKMUMH  pe3yJIbTaTaMH  JIpYruxX aBTOpoB. (OCHOBHBIE II0JIOXKEHUS
JIACCEPTAIMOHHON pabOThI, HEOTHOKPATHO 00CYKIAINCh Ha CEMUHAPAX PA3IAYHBIX
Hay4HBIX OpraHu3alui, a TakkKe JOKIAIbIBAIMCh Ha 48 MeXIyHapomHbIX

KOH(DEepeHIHsX.
HenocraTkm auccepranum:

1. B rnaBe | mokasaHa BO3MOXKHOCTb KOMIIGHCAI[MHM aHH30TPOIUHU JIBYMEPHOIO
(OTOHHOrO KpHCTalga ¢ IMOMOIIBIO HPOCTPAHCTBEHHOM aucnepcuu. IIpum 3ToM
NpeJoarajoch, 4To IOIJIOIIEHHe IpeHeOpexkuMo Maiio. BosHukaeT Bompoc, He
OCBSIIIEHHBIM B JUCCEPTAllMM, BO3MOXHO JTM JOOUTHCS aHAaJOTMYHOM KOMIIEHCAIUH

U JUISL 3HAQYUTEJIBLHOTO ITOIJIOIIEHUS ?

2. B rnaBse 3 sKkcrepuMeHTAIBHO MPOJIEMOHCTPHPOBAHO CYLIECTBEHHOE YBEIUICHHE
yria (apageeBCKOro BpallleHHsl B CIIydae OITHYECKOrO0 TaMMOBCKOI'O COCTOSIHUS
(puc. 34d, ctp. 102, u puc. 35d, ctp. 103), npu 3TOM Ha PUCYHKaX He yKa3aHBI
€IMHUIBI HM3MEPEeHHUs (IOAPa3yMeBaeTCs YTO YOl HU3MEpSeTcs B pajdaHax).
CymiecTBennple  3HadeHUs yraa (apageeBCKOro  BpallleHHs s Cilydas
COOCTBEHHBIX ONTHYECKUX COCTOSIHMM MOTYT COINPOBOXKIATHCS H3MEHEHUEeM
CTEICHH IOJIAPU3AlMHU (IIEPEXOJIOM OT JIMHEHHOH IOJISIPU3aIliU K 3JUIMIITHYECKOH ),
4TO TAKXK€e ABJIAETCA UHTEPECHBIM 3 (EKTOM, OJHAKO ITOT BOIPOC B HCCEPTALUM

HCCJICAOBAH HEIIOJIHO.

3. B rmaBe 5 nokazaHo, 4To (QYHKIHS pacrpejelieHus TIJIaBHOW OCH 3JIIMICA
IOJIAPU3ALlMU  IIepecTaeT 3aBUCeTh OT TOJIIMHBI cHCTeMBl. OJHAKO JIIIMIIC
NOJIAPU3AIMU  OIIPEJIeNIIeTCST HEe TOJBKO IIOBOPOTOM YIJia TIJIABHOW OCH, HO H
3JUIMITUYHOCTBIO. B uccepranuu He NpUBeeHO WCCIIEI0BAHUE TOTO, KAK 3aBUCHUT
GyHKIMS paclpeneieHus JIUIMITAYHOCTH OT TOJIIUHBI CHCTEMBI, 4 TaK Ke

KOPPENIATOpa 3JUIMIITUYHOCTH M YTJIa IOBOPOTA 3JIIUIICA.



4. B rmaBe 5 mokazaHo, 4To 3DHEKT «3a0bIBaHUA» MONAPH3AIUAE MOXKHO
XapaKTCpUu30BaTh HOBBIM, HEC 3aBUCAIIUM OT JJIMHBI JIOKAJIHW3aIllhuU MacIITadoM.
Hannuue BTOpPOTO MacliiTada CTaBUT moa COMHEHHE IIPUMEHUMOCTD CKEMJIMHTIOBOM
TANOTE3bl (AKTMBHO MCIIONB3YEMON B CKAJISPHOW TEOPUU JIOKAIM3ALMHU) IS
ONKCAHKUs JIOKAJIM3alMK BEKTOPHBIX NOJIeH. B amccepranuu He yneneHo sToMy

BOIIPOCY AOCTATOYHO MECTa.

Onenka auccepranuu B neiaom. OTaenbHBIE BBIIEyKa3aHHBIE HEIOCTATKH
HE CHI)KAIOT LEHHOCTH IIOJyYEHHBIX HaK4YHBIX pe3yJabTaToB. I[IpoBeleHHEBIE
Mep3inukuabiM A.M. uccrneoBaHus ¥ IOJyYEHHbIE pe3yJIbTaThl  00JIadaloT
OOMPHBIM ~ (QyHJAAMEHTAIBHBIM M TNPHUKIATHBIM 3HAYEHHEM K  IIOJHOCTHIO
OIyOJIMKOBAaHbl B BEIYIIUX POCCHMCKUX U MEXIYHAPOJHBIX HAayYHBIX H3JAHHSIX.
Crnmcox mybmukanuii cogepkut 6osee yeM 30 medaTHBIX pabOT B KypHAIax M3
nepeydss BAK P®, Bkitouass Takue aBTOpUTETHBIe H3maHus, Kak XDOTD, YOH,
Physical Review Letters, Physical Review B, Applied Physics Letters, JOSA,

Optics Express u ap. Juccepranus Hanucana JOXOMYHBO U aKKypaTHO o(popMIIeHa.

3akilouenue.
Pabora coorserctByer m. 9 mnonoxeHus «O HOpSAKE MPHUCYKAEHUSA YIEHBIX
crenenei» Ne 842, a ee aBTop Mep3nukuH Asexcanap MuxXaiioBUY 3acilyKUBAET
IPUCYXKJIEHUS €My YYEHOH CTeleHU JIOKTOpa (PU3MKO-MAaTEeMaTHYECKHUX HAYK I10

cnenranbHocTH 01.04.13 - «DnekTpodusuka, 371eKTpohU3nIECKHE YCTAHOBKMY.
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