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2. Anomalous dispersion and reflection of the electromagnetic waves in the terahertz band in dielectric crystals

Pedepar:

1. B po6OTi pO3IiIsSiHYTO BILJIMB @HOMAJIbHOI JUCIIepCii Bifi TeparepLoBUx MOJISPHUX KOJIMBAaHb KPUCTAJIA HA YMOBU
PO3IOBCIOII)KEHHS €JIEKTPOMAarHiTHOrO BUIIPOMIHIOBAaHHS Ta MaTepiajlbHi IapaMeTPu KPUCTAIIYHOTO CePEeNOBUILA.
HasegeHi aHaniThyHi po3B'si3kM 3a4a4i Ipo (isuuHi yMOBY YTBOPEHHS 06J1aCTeM 3 Bifl'€MHOIO [1ieJIEKTPUYHOIO
nponukHicTio (JI1) Ta 3apa4i Ipo MiHIMyMU BiIOUTTS TeParepLoBUX €JI€EKTPOMAarHiTHAX XBUIb B KPUCTAJi 3 OGHUM
MOJISIPHUM KOJIMBaHHSAM. OCHOBHUM iHCTPYMEHTOM [1J15 KiJIbKICHOTO BU3HAYEHHS obsiacteil 3 Big'emHomwo [I1 O6yB
IVCIIepCiiiHUI aHasi3 eKClIepUMEeHTaIbHUX CIIEKTPiB JajeKoro iHppauepBOHOro (TEParepLioBOro) BiLoUTTs, a y
BUIIAJIKaX HELIEHTPOCUMETPUYHUX KPUCTAJIB CIIEKTPiB KOMOIHALIITHOTO PO3CisHHS CBiTJIa AJ1s1 cmyru yacTtot 110
TT1 (30 300 cm-1). [Tpu MmogesoBaHHi i po3paxyHKaX 3aCTOCOBYBAJIMCh y3arajJbHEHI METOIIY NOCiIKEHHS

TepareploBUX aHOMaJliii, 30KpeMa 3 BUKOPUCTAHHIM (a30BUX NOPTPETIB KOMILIeKCHUX GyHKLi# IIT Ta mokasHuka



3aJIOMJIEHHSI B 00JIACTi Bifl'€MHOI [jieJIeKTPUYHOI IPOHUKHOCTI. EKCIIepruMeHTaIbHO OBEleHa OOIPYHTOBAHICTh
TEOpPeTUYHUX CIIiBBiIHOLIEHD LI0/I0 KPUTEPIiIo iCHyBaHHS 06J1acTell 3 Bi'eMHOIO [iieJIeKTPUYHOIO IPOHUKHICTIO
IJISIXOM aHAaJIi3y CIEKTPOCKOIIYHUX JAHUX BiIOUTTS TEPArepL,oBOro BUITPOMiHIOBAHHS /JIs 7 AUNOJIbHO-aKTUBHUX
KOJIMBaHb B TPbOX KPUCTAJIYHUX MOMpiKalLisx KpucTasa HiTpuy 60pa, a TaKoX 1 4 KOJIMBaHb Kpucrana MnF2
npu 3MiHi Temneparypu Big 5K go 300K. 3anponoHoBaHa MeToAMKa Kiaacuikallii MoasipHUX KOJTMBHUX MOJ, 32
cryneHeM AemndyBaHHS B KDUCTajlaX, SIKa BUKOPUCTAHA J1Jis aHasli3y 3arajoM 34 BiTomMux QyHIaMeHTalIbHUAX MO/,
1110 B>XXK€ BCTAHOBJIEHI paHilie B KpucTanax LiNbO3, LiTaO3 Ta LilO3. BusHaveHi yacTOTHi 0671aCTi 3 aHOMaJIBHO
HU3bKMMU KOoedillieHTaMu BilOUTTS TeparepL,oBOro BUNPOMIHIOBaHHS. Ha OCHOBI IBOX MOAEJIEN, 5IKi JOTIOBHIOIOTh
OJHa iHIly, 1715 PE30HAHCHOI B3a€MOJIil TeparepL0OBUX XBUJIb 3 MOJISIPHUMU KOJIMBAaHHSIMU B KDUCTaJIIYHUX
cepeoBUIIax I0Ka3aHo, o koedilieHTH BinouTTs R?0,01% y LiIKOBUTIH BiANOBIGHOCTI 40 €KCIIEPUMEHTAIbHUX

CIIEKTPIB BiIOMTTS B KiJIbKOX KPUCTaJIaX.

2. The anomalous dispersion effects due to terahertz oscillations polar crystal on the distribution terms of
electromagnetic radiation and material parameters of crystalline media are presented in this work. The analytical
solution of the problem about physical conditions for the formation of regions with negative dielectric permittivity
(DP) and the problem solution of minimum reflection of terahertz electromagnetic waves in a crystal with a single
polar vibration are presented. The main tool for the quantitative determination of areas with negative DP was
dispersion analysis of experimental spectra of far-infrared (terahertz) reflection, and Raman spectra in cases of
noncentrosymmetric crystals in the band from 1 THz to10 THz (from 30 cm-1to 300 cm-1). The generalized
methods are applied for simulation and calculation of the terahertz anomalies study, particularly the phase
portraits of complex functions DP and the refractive index in the negative DP are used. The validity of theoretical
relations with respect to the criterion of the existence of areas with negative DP is experimentally proved. The
analysis is performed using the spectroscopic data for terahertz reflection at 7 dipole-active vibrations in three
crystalline modifications of boron nitride crystal, and the 4 crystal modes in MnF2 at temperature changes from 5K
to 300K. The classifying method for the polar vibrational modes by the damping degree in the crystals is proposed,
and it is used for the analysis of a total of 34 well-known fundamental modes have previously studied in crystals
LiNbO3, LiTaO3 and LilO3. The frequency region with an abnormally low reflection of terahertz radiation is
determined. Based on the two models which are complementary for the resonant interaction of terahertz waves
with polar vibrations in crystalline media it is shown that the reflection coefficients R?0,01% in full accordance
with the experimental reflection spectra in several crystals.
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