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AnHoTanus

Uccnenopana nmpobiiema pacdera AUCHEPCUOHHBIX COOTHOMIEHUHN /1 (POTOHHBIX KPHUCTATI-
s10B. PaccmoTpena BO3MOYKHOCTH MCIOIB30BAHUS TIPU 9TOM MeTO/a MATPHUI] IEPEHOCA U METOIa,
mwiockux BoJiH. [Tokazano, 94T0 METO/Ibl, KOTOPbIE PaHee UCHOJIb30BAIUCH [ MOy YeHUs 30H-
HBIX IMArPaMM, IPUMEHUMbI U JIJIs PAcdera JUCIEPCUOHHBIX COOTHOMIEHUH.

KuroueBrbie ciioBa: (hOTOHHBIE KPUCTAIBI, JUCIIEPCUOHHBIE COOTHOIIEHNs, 30HHBIE THa-
TPaMMBI.

BBenenue

Uccnenosanne (hOTOHHBIX KPUCTAJJIOB Ha, CEMOIHANIHUN TeHb MPEACTaBIsIeT OO0
BeChbMa aKTyajabHyio 3amady. [IIupokuii CrekTp MpaKTHUIECKUX TPUJIOKEHWUH 00yCI0B-
JIeH HeOObIYHBIMU OLTUYECKUMU CBOHCTBaMU (DOTOHHBIX KpucTasuios |1, 2]. 1o cBga3ano
€ TeM, 9TO XapaKTePHbI pa3Mep gaeiiku (POTOHHOIO KPUCTAILIA MOPSIIKA JTTHHBI BOJTHbBI
BUIUMOTrO uzaydenus. [Ipu Takux yc/loBUAX B CIEKTPAX MPOIYCKAHHS TOZODHBIX CPel
(KOTOpBIE MHOT/IA HA3BIBAIOT TIEPHOINYECKUMH (DOTOHHBIMU CTPYKTypamu [3]) mosieis-
IOTCS CTIEKTPAJIbHBIE 00JIACTH, B MpeesiaX KOTOPBIX PACITPOCTPAHEHHE CBETa B MOJAB-
JIEHO BO BCEX WJIM B HEKOTOPBIX M30PAHHBIX HAMpABJIeHUSX. [[OMUMO MacChl MpakTuye-
CKUX IPUJIOXKEHUT aKTUBHO UCCIelyercsd KBanToBas nekrpoaunamuka (K9 /I) aromos,
HAXOJANUXCA B (POTOHHBIX KPUCTAILIAX, TOCKOJIBKY MOSIBJISIETCSA BOZMOKHOCTH KOHTPO-
JIMPOBATH CIIOHTAHHOE M3JIyYeHne HAXOASIINXCst B HUX aTOMOB [4]. 9T0 OTKphIBaeT myTh
K CO3JAHWIO HU3KOMOPOTOBBIX JIA3EPHBIX M3JIydaTesell [Ajis BUAUMOTO W OJMYKHETO WH-
dbpakpacHoOro auama3oHoB.

KroueBoit 0co0eHHOCTBIO (POTOHHBIX KPHUCTAJIIOB SABJISIETCS OTIHYINE THCIEPCHOH-
HBIX COOTHOIIEHUH st (pOoTOHA OT ciydast BakyyMma. [1oj qucrnepcuoHHBIMUA COOTHOIIIE-
HUAME B (POTOHHBIX KPUCTAJIAX TIOHUMAELTCS CBA3b SHEpruu (POTOHA W € €r0 MUMITYJIb-
com k (31ech u majiee UCMOMB3yeTCsl €CTECTBEHHAs CUCTeMa eauuull i = ¢ = 1, B KOTO-
poii sHeprus (hOTOHA TOKICCTBEHHA PABHA €r0 YACTOTE, a UMIYJIhC — BOJHOBOMY BEK-
topy). g uccienoBanus 3apeieHHbIX 30H OObIYHO 110JIb3YI0TCs IPUBEAEHHBIMU 30H-
HBIMY CXeMaMHU WJIU JUCIEPCUOHHBIMHU JuarpaMMamu (30HHBIMU JUarpaMMaMu), B KOTO-
PBIX KaK OJJHOMEPHbBIE, TAK U MHOMOMEPHbBIE JTUCIEPCHOHHBIE 3ABUCUMOCTH PACIOIATAIOT
Ha TJIOCKOM PUCYHKe TyTem nepebopa 3HaYeHUH KOOPAMHAT BOJHOBOTO BEKTOPA BIOJDL
TPAEKTOPWH, OIPAHUYUBAIONIEH HeNnpuBOAUMYIO 300y Bpuiutosna. IIpu sTom Bee HEp-
reTUIecKue 30HbI pa3MelleHbl B mepBoil 30He Bpuntiosna. Dra nporenypa mOTHOCTHIO
3auMcTBOBaHa u3 Gus3uku TBEpAOro resa [5]. DTo, KOHEYHO, JHINAeT HAC HATJIAHO-
CTH TMPU KCCJIEOBAHUU MOBEJICHUS JIUCIEPCHOHHBIX COOTHOIIEHUH, COOTBETCTBYIOIIE-
ro GomabinuM HepruaM. [logobHoe OrpaHuyYeHUe SBJISETCS CYIIECTBEHHBIM HEIOCTAT-
KOM JIUCTIEPCUOHHBIX JUHATPAMM, MOTOMY YTO MOJIyYaeMble JTaHHBIC He JIaf0T MOJIHOM
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undopMmarmu 06 uccaeayeMoii crpykrype. Takoil mpobjeMbl HE BO3ZHHUKAET TPHU HEMO-
CPEJICTBEHHOM AHAJIM3E CAMUX JUCIEPCHOHHBIX COOTHOIIEHUH, & TIOTOMY UX UCIOJIb30Ba-
HUE ABJIAETCA DOJee 1Meaeco0OpPA3HbIM MDY PEIIEHUN PA3JIUIHOTO POJIA TEOPETHIECKIX
3amad, mockoabKy B K9/ 9acTo mpuxomuTcsi CTAIKWBATHCS C WHTETPUPOBAHUEM BhI-
PaXKeHWUi, COMePIKAIMNX IHEPTUI0 (DOTOHA W, TIO UMIYABCY K 10 OOJBINX 3HAYEHUI.
Ha si3pIKe 30HHBIX cXeM [5] AMCepCHOHHBIE COOTHOIEHNUST IPEJICTABISIOT cOBOI paciin-
PEHHYIO 30HHYIO cXeMy. XOTsl TaKas cXeMma He O4eHb yI00HA i aHATN3a 3alPeIeHHbIX
30H B (POTOHHOM KPHUCTAJLJIe, OHA [TO3BOJIAET aJIEKBATHO OTPA3UTH JIUCIEPCUOHHBIE CBOTi-
crBa (poToHA npH OONLIINX dHEPrusix. ABTOPBI paHHUX PAadOT KOHIEHTPUPOBAJINA CBOE
BHUMAHNE HA BJIMSHUN 3AMPEIIEHHBIX 30H MPU HU3KUX YHEPTUAX U MOITOMY HUCIOTH30-
BaJIU YIPOIIEHHBIE MOJE/IH TUCIEPCUOHHBIX COOTHOIEHUH (B 9acTHOCTH, TPUOIMKEHIEe
sbderrnproit Maccw! [3, 4]), KOTOpbIe KOPPEKTHO OMWCHIBAJIN TOBEIEHUE JNCIEPCHN
Ha TPAHWIIE 3ANPEIIEHHBIX 30H, OJHAKO OPHU OOBINUX SHEPrusx AaBajiu HedU3UIHBIE
peleHusi, 9YT0, B YaCTHOCTH, CKA3bIBAJIOCh HA CXOAMMOCTH MHTerpaiosB. B pabore [6]
BIEPBBIE OBLIO CIEaHO 3aMEUaHue, 9TO YIET OOJBINNX SHEPTUH MOXKET UMETh 3HAYEHUE
npu pacuere KDJI senmunn. Tam ke ObLIN MPUBEIEHBI IUCIEPCUOHHBIE COOTHOIIEHUSI
B OJHOMEDHOM CJIyYae B BHUE PAaCIUpPeHHOi cxembl. OIHAKO HEMOCPeICTBEHHOE TOJIY-
YeHWEe W WCIOJIb30BAHUE JTUCIEPCUOHHBIX COOTHOINEHWH B Tako# (hopMme s perieHws
K9/I 3amau B nureparype He BCTpedaoTca. B ¢BA3u ¢ 9TUM MEIbI0 HACTOSIIEH CTaThbu
SIBJISIETCS] MCCIEIOBAHUE BO3MOXKHOCTH TOJYYEHUS IUCIEPCUOHHBIX COOTHOIMIEHUHN st
pPa3HBIX (POTOHHBIX KPUCTAJIOB B PAMKAX COBPEMEHHBIX METOMOB, WCIOIb3yEeMbIX st
aHAIN3a 30HHBIX THATPAMM.

1. dwucnepcmoHHBIe AuarpaMMbl U JUCIEPCUOHHBbIE COOTHOIIIEHUS

OHO3HAYHBIE OTBETHI HA BOMPOCHI O TOM, KAaKO#W BHJ UMEET 3JEKTPOMATHUTHAS
BOJTHA B (DOTOHHOM KPHUCTAJLIIE U YeM OHA OTJIMYAETCs OT TAKOBOI B OJITHOPOIHBIX CPelax,
MOXKHO TIOJTy9HUTh, PEIUB ypaBHeHus MakcBesia Ijis nepuoaundeckoii cpeasl. O mHAKO,
KaK 3TO W3BECTHO 13 (PU3UKH TBEPOTO TEJIA, UMITYJIHC YACTUIIBI, BOJTHOBAs (DYHKITUS KO-
TOPOIi B TIEPUOINIECKO# cpe/ie onuchiBaeTcs (pyHKIHeH Biioxa, ompenesieH ¢ TOYHOCTHIO
JI0 BEKTOpa g — [POM3BOJILHOIO BekTopa obparnoil pemerku [5]. [lostomy Beerma Bo3-
MOXKHO, a 9aCTO U yI0OHO, BRIOpATh MMIYILC K, crosdmuii B nnaekce pynkmun Bioxa,
TaK, 9TOOBI KOHEITl €r0 OKA3bIBAJICS JIEZKAIIIUM BHYTPU MepBoii 30HbI Bputosna. [1pore-
Jypa TPUBEIEHUS TMPOU3BOJILHOIO BeKTOpa Kk K mepBoii 3oue Bpuimosna u nmomydunsia
Ha3BaHWMe cremov, npusedennur 3on. Takoit BapwmaHT 30HHON CXeMbl yI00eH TeMm, 9To
3716Ch HAJIMYUE WM OTCYTCTBHE MOJIHBIX 3AMPEIIEHHBIX 30H MPOSBIAETCA aBTOMATHYIE-
cku. OCODEHHO TO MPEUMYIIECTBO AKTYAJIbHO [ JBYX- U TPEXMEPHBIX (HOTOHHBIX
KPUCTAJLIOB, OCKOJIBKY /s HUX PelieHre 3aa9i CHIbHO yeaoxkusercsa. U ecnu auc-
MEPCUOHHBIE TUATPAMMBI JIJIsI IBYMEPHBIX KPHUCTAJIJIOB €Ile MOYKHO MPUBECTH B BUIE
MMOBEPXHOCTEHN, TO /IJIsT TPEXMEPHBIX KPUCTAJIIOB 30HHBIE IUATrPAMMbI — €IMHCTBEHHBIH
€rrocod CKOTb-HUOYIb HALJISIHO N300pa3uTh AucCHepcuio rpadudeckn. /Ias 3Toro orpa-
HUYUBAIOTCS 3HAYEHUSIMU JIUITH BOJIb TPAHUIIBI HEIPUBOIUMON 30HBI.

OHAKO KOT/Ia HAC HHTEPECYeT 3aBUCUMOCTh IHEPTud (POTOHA OT €r0 UMITYJIbCa, Ode-
BUIHO, MPUBEIEHHAS CXEeMa He TOIXOIuT. [Ipn 6eCKOHEUHO MAJIOM OMTHYIECKOM KOHTPA-
CTe JINCIIePCHOHHBIE COOTHOIIEHUST OyIyT MPEeJCTABIATh cO0OM npsamMyo w = k/n, dro
COOTBETCTBYET pacwupernoti 3010t creme, B KOTOPOil pa3InydHbIe SHEPTeTHIecKre 30-
HbI PA3MEINEHbl B UMITYJIbCHOM [TPOCTPAHCTBE B PA3IUIHBIX 30HaX Bpustosna. [Tosromy
€CTECTBEHHO CYMTATh, YTO CBA3b IHEPTUU C MMITYJIbCOM (DUUUIECKU OTPAYKEHA JIydIie
B BHUJE paCIupeHHo# cxembl. Kpome TOro, ecim B KakKOH-HUOYIb 30HE PA3IOKUATH 0J10-
XOBCKOE pEIlieHne B Psifl, HETPYIHO MOKA3aTh, UTO HAWOOJBIIYI0 JHEPTHUIO MEPEHOCUT
KOMIIOHEHTA, COOTBETCTBYIONIAs TeKyIeil 30He Bpuiiiosna.
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CyImecTBeHHBIM TTapaMETPOM, TOJHOCTHIO OTPEISTIAIONINM XapakTep YHCICHHOTO
pacdera JUCIEPCHOHHBIX COOTHOIIEHUH, ABISETCS WX PA3MEPHOCTh. Uem Gosibiie pas-
MEPHOCTB, TeM DOJIee CJIOKHOM SBIsgeTcs 3a/1ada. JHaAHUe TOYHOIO TPEXMEPHOrO Perre-
HUS 7151 PEATHHBIX KPUCTAJIJIOB JAeT MAaKCUMAJIBLHO MOJIHYI0 HH(OpPMAIINo 0 CBOWCTBAX
M3JIyUeHWs B Cpeje, B CBA3W C YeM DpeIeHne OJHOMEPHBIX 3a/a9 MOYKeT MOKa3aThCs
HeakTya bHbIM. OIHAKO 7T psifia TpodseM Takasi nH(OPMATUBHOCTh MOYKET OBIThH W3-
OBITOYHA B yIepd MPOCTOTE pacdera, MOITOMY B MOJOOHBIX CIydasx MPUMEHSIIOTCS 00-
Jlee MPOCThIE MOJIEH, OMUPAOIIHECs HAa OJHOMEpPHbIH ciaydail. Pedasb umer, Hanmpumep,
00 UCII0/IH30BAHUU U30TPOIHBIX JAUCIEPCUOHHBIX COOTHOIIEHUTT [4] wiiu nceBnooaHOMeEp-
HO¥ Mozesm GoTOHHOTO KpucTasia [7].

2. ducnepcuoHHBbIE COOTHOIIEHUS
IJ OJTHOMEPHBIX (DOTOHHBIX KPUCTAIJLIIOB

s permienusi OJTHOMEPHBIX 33/1a9 MPEKPACHO MOIXOAUT METOJ MATPHIl epeHoca
[1, 2, 8], B pamKax KOTOPOIO I0Jie U 3jeMeHTbl (POTOHHOIO KPHUCTAJLIA IPEeICTABIIs-
I0TCST B BHJE CTOJIONOB W omepaTopoB. PaccmarpuBaeTcs majeHne TII0CKOH JTHHeHHO-
nonsgpusosanHoit BoHbl By expli(k{'r—wt)] na MHOTOCIOiHYIO cpety, cocTosAmtyo n3 N
CJI0ERB C YepeyIONIMMACS MOKA3aTesIMH TpesioMyenns. YToOb! yuecTh 00e Moaspr3annm
CBEeTa, MoJie B KPUCTAJIe PACCMATPUBAETCH KAK YETHIPEXKOMIIOHEHTHBII BEKTOD

1j
E; = ,

rae j obo3HAYaeT HOMED CJI0si, 3HAK « =+ » — HANPAaBJIEHNE PACIPOCTPAHEHUS, & WHIEKCHI
1 w 2 — mampapneHne monagpusanun BoaHbL. Ilona B Touxkax z; u 2; + ¢ BHYTpPH j-TO
CJ10s1 CBA3aHBI MaTpulleil pacrnpoctpanenus ®; cooTHonIeHnEM

Ej(zj +<) = @;(s) - Ej(%5),

e
exp(2imn;d; /) 0 0 0
& — 0 exp(—2imn;d;/\) 0 0
7 0 0 exp(2imn;d; /\) 0
0 0 0 exp(—2imn;d;/N)

Ha rpamume cmod m3MeHeHHe BOHBI OMMCHIBACTCA COOTBETCTBYIOmeil MaTpumeit M,;;

B BUJE!
Ei(zi5 +0) = My - Ej(zi; — 0),

rue
]-/tij Tij/tij 0 0
Mo | T/t 1/t 0 0
v 0 0 1/tij ’I“ij/tij ’
0 0 Tij/tij 1/tij

ti; n ri; — KoapdunmenTs Openend 14 OTPayKeHHA 1 MPOXOXKIEHUA MO, MAJAONIEro
M3 1-TO CJI0s1, depe3 ij-f0 TpaHuIly pasdzaena. Torga moaHas MaTPHUIA PACIPOCTPAHEHNS
Jepe3 MHOTOCTOWHYIO CPeIy MMEeT BHUJI:

T=Mwi1n PN - Mio,
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Puc. 1. Cuekrpbl nponyckanus (POTOHHOTO KPUCTAILIA, COCTOANETO U3 7 ONTUYECKUX AUEEK.
Kaxkmast 3 si9eek COCTOMT M3 MATEPHAJIOB C N1 = 2, ng = 1.5 u TommmHamMu ciroeB di =
= 75 uM, do = 100 mm. CuexTpbl pacCUYMTaHbl Ui PA3JIMYHBIX 3HAYCHUUN yIJIOB MaeHUA
ceera 0 =0, 7/8, w/6, w/4 (1,2, 3, 4 cooTBeTCTBEHHO)

-1

YacTota oToHa, C©

0 2 4 B g 10 12
Bonnoeoi eextop k, HM'1 b3 1III7

Puc. 2. IncriepcroHubie COOTHOMIEHNS 71t (DOTOHHOTO KPUCTAJIIIA, COCTOSIIIET0 U3 MATEPHAIOB
¢ ni =2, ng = 1.5 n rommuaamn cimoes di = 75 uM, d2 = 100 HM Npu HOPMAJIBHOM A EHUN
cBera

rie &, = ®,,(d,,). CoorercrByomuii K03hdUINEHT MPONYCKAHNUS MHOIOCIOHHOM
CpeIbl 3AMUIINeTCsS B BUIE
L 2+ 13
=5

rie
T11T52—T12T51

th =
! ‘ Too

_ ’T33T44 — 134Ty
T4

C moMoImbi0 MeTo/la MaTPHIl MEPEHOCA MOMKHO MOCTPOUTH CHEKTP MPOIYCKAHUS
OJTHOMEPHOro (DOTOHHOTO KPHUCTAJIA NMPUA 33JAHHBIX 3HAYEHUAX KOJTUIECTBA ONTHIE-
CKHUX CJIOEB, X TOKa3aTeJsieil peJoMJIeHNs W TOJIINHBI, a TaKKe /IS PA3JUIHBIX yT-
JIOB TiaJieHus cBera Ha Kpuctaan (puc. 1). /lucrnepcuoHHbIE COOTHOIIEHUS IS TLIOC-
KOl BOJIHBI, PACIPOCTPAHSIONIENHCS BHYTPH OJHOMEPHOTO (DOTOHHOTO KPHUCTAJIIA IO
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yraam 6 K oCW z, COCTOSIMIEro W3 9epenyIommnXcs CJI0EB TOMIMUHON a W b m ¢ Ju3Jex-
TPUYECKAMHI MPOHANACMOCTAMHE €1 U €g, HOMYYAlOTCA U3 yPABHEHHUSA Ha COOCTBEHHBIC
suavenus ng Marpun, M u umeror Buj [2]:

cos (k.d) = cos (k1a) - cos (kab) — % (, / ? +4/ i—2) -sin (k1a) - sin (kab) ,
2 1

rne k;, = \/e;w? — k2, k; — TPOEKIMsI BOJHOBOTO BEKTOpA Ha TJIOCKOCTh CJIOEB, CO-
XPAHAMONMIAACH IPU MPOXO0XK/IEHUU BOJHBI Yepe3 TPAHUIbl pas3jesna cjioes, d = a + b —
mepuo/i poTOHHOTO Kpucrasia. JJanHoe TOXKIeCTBO MPHU HEMOCPEICTBEHHOM BBIYUCIE-
HUU TPUBOJUT K IPUBEIEHHON 30HHO cxeme. UToObI MOIy9uTh PACIIHPEHHYIO0 30HHYIO
cxeMmy, TpedyeTcss akKKypaTHO MPOW3BOINTH CABUT W OTPAYKEHWE PEIeHUs [T KaXKI0M
30HBI. DTO CBS3AHO C MEPUOIUIECKUMU OCOOEHHOCTSMY TPUTOHOMETPUIECKUX (DYHKITHIA.
st ciyvdast HOpMAJIBHOTO MaIeHus pe3yabTaT nmpuBeieH Ha puc. 2. C MOMOIIBIO METOA,
MaTpHuUll, IePeHOCa MOXKHO IMOJYYHUTh JUCIEPCUOHHbIE COOTHOIIEHHUS JJId CKOJIb yTI'OJIHO
OOJIbINUX 3HAYEHUN SHEPTHIL 71 OJHOMEPHBIX KPUCTAJJIOB C JIIOOBIMU TTaPAMETPAMH.

3. ducnepcuoHHBbIE COOTHOMIIEHUS
JJI MHOTOMEPHBIX (DOTOHHBIX KPHUCTAJJIOB

B ciyuae, korga pasMepHOCTH IUCTIEPCHOHHBIX COOTHOIEHWH OOJIBbINE eIUHUIIK,
[OJIy9UTh BBIPAXKEHUE B AHAJIUTUYECKOM BHUJE HE yIAAeTCd. UHMCJIEHHDbIE PACYeThl MPO-
BOZATCS C TIOMOIIBIO METO/1a PA3JIOKEHUsI COOCTBEHHBIX (DYHKIMN O MJIOCKUM BOJIHAM
[1, 2]. DrOT METOH OCHOBAH HA PA3JIOKEHUU JUIJIEKTPUYECKON MPOHUIAEMOCTH CPe-
IIb1, siBJISROINElics 1yisi (DOTOHHOTO KPUCTAJIIA TePUOANIECKOl (hYHKIINEH KOOPAWHAT U
IPOCTPAHCTBEHHO-IEPUOAUIECKON TACTH 3JIEKTPOMATHUTHOTO 1015, B psag @ypbe (xoTs
B 3ABUCUMOCTH OT CUMMETPHUH 339U MOYKeT ObITh UCIOIb30BaH Apyroii 6asuc). Pere-
Hue ypasuenuit Makcpesia, TakuMm 00pa30M, MPEICTABISETCS B BUAJIE CYMMBI IIJTOCKUAX
BOJIH C COOTBeTCTBYIONmMEU KO3 dunrentamu. /lucnepcnonabie COOTHOIMEHUS Oy Y-
I0TCsl U3 CHCTeMbI ypaBHEHHUil s 31ux K03 dunmentos. Pe3yabraTs pacueTos st
JIBYMEPHOTO CJIydasi HATJISIHO TPEICTaBUMbI B BHJIE TPEXMEPHOTO rpaduka MOBEPXHO-
cru (puc. 3), TJe 10 OCH z OTJIOXKEHBI 3HAYCHUs YACTOTHI, 10 OCAM I W Y — 3HAYCHUS
KOMIIOHEHT BOJIHOBOTO BeKTOpa. Jlyisi mosydyenns KOPPEKTHBIX PE3yIbTATOB 3/€Ch TaK
Ke, KAaK U B OJIHOMEPHOM CJIydae, HeOOXOAWMO aKKypPATHO CABHUTATH M OTPAXKATDH I0-
BEPXHOCTH, COOTBETCTBYIOIINE DPA3HbIM BeTBAM permrenuii. B pe3ysibrare aBymMepHbie
JIUCTIEPCUOHHBIE COOTHOIIEHUS OyIyT TpadudecKu MPeACTaBIATh KOHYC C pa3pe3aMu,
COOTBETCTBYOIINMHU MOJHBIM U HEMOJHBIM 3aMPeIeHHbIM 30HAM.

Jlanubiii ciocob mpeicTaBIeHns Pe3yIbTATOB SBJIAETCS OY€Hb HATJISITHBIM U XOPOIIIO
peanu3yemMbIM i JIBYMEPHBIX (POTOHHBIX KPUCTAJIOB C PA3IUIHON TOMOJIOTHEH.
OH 1O3BOJISIET COMOCTABUTH 3HAYEHHUS BOJHOBOIO BEKTOpa W 3HEprum B (opMme pas-
PBIBHOI (DYHKIIMM, 9TO AT BO3MOYKHOCTH HCIOJH30BATH MOJYUEHHYIO 3aBUCHMOCTH
MpU TaJbHEHINIX WCCIeIOBAHUAX CBONCTB (OTOHHBIX KpuCTaainoB. Kpome Toro, mo-
JIyIY€HHBIE TUCIEePCUOHHBIE COOTHOIIEHUs JIETKO TPUBECTH U K OOIMIENPUHATOMY BUILY
JIUCHEePCUOHHBIX JuarpaMM (puc. 4), yIoOHbIX IPU U3YYeHU 3APEIIEeHHbIX 30H B (HO-
TOHHBIX KPUCTAJIAX.

Ha puc. 3 npeacrasien rpaduk qucnepCruOHHBIX COOTHOIIEHUH TOTBKO /s HECKOJTh-
KUX MEPBBIX 30H. [[JIs MOTyYenns: pe3yIbTaToB B 00J1acTh OOJIBINNUX SHEPrUil Tpedyercs
MPOBOINTH PACUYETHI C YIETOM COOTBETCTBYIOIINX KOMITOHEHT perieHuii. Kpome toro,
TOYHOCTH BOCIPOM3BEJEHUsA OcobenHocTeil rpaduka HA TPDAHUIE HEMPUBOIUMON 30HDI
Bpuiiiosna 3aBucur ot Yucia yu4TEeHHBIX KOMIOHEHT (Ha puc. 3 npejacraBjieH naubosiee
IPOCTON YeThIPEXKOMIIOHEHTHBIH ciydail). [lepexos K TpexmepHOMy Ciydalo xapakre-
pU3yeTcsi KOJTNYIECTBEHHBIM YCIOKHEHUEM 33]aUd U TEM, 9TO B 33/1a9aX O 30HHON CTPYK-
Type TPEeXMEPHBIX (POTOHHBIX KPUCTAJLIOB, COCTOSAIINX, HATPUMED, U3 ¢hep, CYIEeCTBEeH-
HO JIy9YIIyI0 TOYHOCTH AT METO PA3JIOKeHUsi 10 CHePUIecKuM BOJHAM, MOCKOIBKY
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Puc. 3. ducmepcrnonnbie COOTHOIIEHUS M/ IBYMEPHOr0 (hOTOHHOTO KPHUCTAJIIA, COCTOSIIErO
3 KBaJAPATHBIX cTO0M0B mupuaoit h = 100 HM ¢ €1 = 4, HAXOIANUXCS B cpejie ¢ €1 = 2,25,
paccrostane Mexay crosibrnamu H = 75 um, TE-nmonspusamnus
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Puc. 4. Tucnepcuonnbie quarpamMmbl f1jig AByMepHOTO dOTOHHOTO Kpuctawia ¢ h = 100 mMm,
H = 75 BM Tpu pa3IMEHOM ONMTHYIECKOM KOHTpacte: a) 1.33; 6) 1.6. [lpn yBemwuennu ontude-
CKOr0 KOHTPacTa BO3HUKaeT mo/Hasg (GOTOHHAS 3alpelieHHas 30Ha

Takoii 6a3uc gBssieTcd OOJIee eCTECTBEHHBIM /I KPUCTAJJIOB [TaHHONW KOHMUTYDPAIIUN.
O1HAKO caM aJITOPUTM pacdeTa OCTaeTCsl TAKUM Ke, C TOH JIUIh PA3HUIell, 9T0 He y1a-
€TCsI CKOJIb-HUOYIh HATJISITHO MPEICTABUTH JUCTEPCUOHHBIE COOTHOIMEHUS TpadUIeCKH,
KaK 3TO JIeJaeTcsd B IBYMEPHOM CJydvae, KpoMe KaK C MMOMOIIHIO TTPUBEIEHHBIX 30HHBIX
CXeM.
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[Tokazano, 9TO AUCTIEPCUOHHBIE COOTHOIIEHUST UMEIOT PSJT TPEUMYIIECTB 10 CpaBHe-
HUIO C JIUCTEPCUOHHBIMHU JIMarpaMMaMy, CBA3AHHBIX C a/IEKBATHBIM OTpPaKeHWEeM 3aBU-
CUMOCTH 3HEPruu (POTOHA OT €ro UMITYJIHCA B YCJIOBUSAX (DOTOHHBIX KPUCTAJLIOB. U 31O
umeer cyiecTBeHHoe 3Hadenue npu permennun K9JI 3amad. TTokazano Takxke, 910 CO-
BpPeMEHHbIE MEeTO/Ibl MOy4YeHUs 30HHBIX JuarpaMM HIPUMEHUMBI JJjid MOJIy4YeHUud JIUC-
MEPCUOHHBIX COOTHOIIEHNH ¢ TOH JIUIIbL Pa3HUIEH, ITO B MOCTETHEM Caydae Tpedyercs
MIPOBOUTH ONpPEeJeJIeHHbIe M3MEHEHUdA B HEMOCPEJACTBEHHOM DEeIIeHNN, OMUPAIOIINec,
OJTHAKO, HA (DUBUUYECKUE TTPEITOCHIIKH.

Pa6ora Beimonaena npu noaepkke rpanta [Ipesugenta PO HIII-5289.2010.2 u Pe-
JepasibHO¥ 1esieBoit nporpaMmvbl « Haydnble n HaydHO-TIETarOrMYecKe KaJIpbl HHHOBA-
mnonnoit Pocenms mHa 2009-2013 roxer (TK Ne 02.740.11.0428).

Summary
R.Kh. Gainutdinov, E.V. Zaitseva, V.A. Tokareva, M.A. Khamadeev. Dispersion Relations
for Photonic Crystals within the Transfer Matrix Method and the Plane Wave Method.

The problem of the calculation of dispersion relations for photonic crystals is investigated.
The use of the transfer matrix method and the plane wave method for solving this problem
is proposed. It is shown that these methods, which were earlier used for obtaining the energy
band diagrams, are applicable for calculating the dispersion relations as well.

Key words: photonic crystal, dispersion relations, band diagrams.
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