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Pedepar:

1. luceprauisa nprucBa4eHa eKCIEPMMEHTAIILHOMY AOCIIIIKEHHIO JIa3epHOI reHepallil y HEOQHOPIIHO OpPi€eHTOBaHMX
Iapax X0JIeCTEPUYHUX PiKUX KPUCTAJIIB 3 JOMIIIKOK 6apBHUKIB. B po60Ti IpOBeIeHO aHali3 Ta y3arajbHEHO
Cy4acHi JliTepaTypHi JaHi Ipo MexaHi3Mu 6e3]13epKajibHOTrO 3BOPOTHBOTO 3BS3KY IIPH 30yI’KE€HHI Jla3epHOi reHepallii
OINTUYHUM BUIIPOMIHIOBAHHSIM, a CaMe CTOCOBHO BUIIQ[KOBOI JIa3epHOi reHepallii B pO3CiI0I0YMX CepeOBUILAX,
reHepatii B GOTOHHUX KpUCTaaax Ta Mikpope3doHatopax. JlociiikeHo onTuyHi BaactuBocTi XPK, seroBanoro
6apBHUKOM 4-((E)-2-(N-(etunrekcun)-1,8 - HadTanimin - 4 —in ) Binin) ¢penin) 6ensenamin (DG56), gk marepiany g
JazepHoi reHepatiii. Ofiep>kaHo CreKTpasbHi 3a71€5KHOCTI ABOITPOMEHe3aJIoMJIeHHS, KoedillieHTiB MOTJIMHAHHS Ta
IVXPOi3My, CIIEKTPHU 30YIPKEHHS Ta PJIyOPECLIEHTHOTO BUITPOMIHIOBAHHS, a TAKOXX 00YMCIIEHO 3HAYEHHS
CKJISIPHOTO ITapaMeTpa OPieHTaLiMHOro NOPSAKY IJIs MOJIEKYJI 6apBHUKaA B Matpuli PK. OTpumaHa na3epHa

re"epauist XPK, seroBanoro 6apsHukomM DG56 ripu 30yA>KeHH] iMITyJIbCHUM ONTUYHUM BUIIPO—MIiHIOBaHHSIM 3 OOKY



noBroxausibosBoro kpato ®33 XPK. TTokazaHo, 110 j1a3epHa reHepallis MOXKJIMBA He TiIbKMA Y TOHKMX KOMipKax 3
BHCOKOIO SIKiCTIO [IJIAHAPHOI OpieHTallii X0JIeCTEPUYHHUX 1IapiB, a M y TOBCTIIIMX KOMipKax 3 CyTTEBO HEJLOCKOHAJIO
opieHTaljiew. BCTaHOBIEHO, 110 HELOCKOHAJIOCTI IIJIaHAPHOI Opi€eHTallil IPOSIBIISIIOTHCS B CIIEKTPax J1a3€PHOI
renepauii XPK. OTpumaHi pe3ysibTaTu [103BOJISIOTh CTBEPIPKYBATH, 110 32 CBOEIO IPUPOLOIO JIiHis, SIKa PEECTPYETHCS
BcepenuHi P33 B HEOCKOHAJIO OPiEHTOBAHOMY X0JIECTEPUKY, KIACUPIKyeThCS SIK BUNIA[IKOBA FreHepaLlis.
BcraHoBseHo, 1o npotiecu reHepatiii Ha kpasx ®33 ta Bcepenuni ®33 3B'a3aHi. [TokazaHo, 1110 TOBIIMHA KOMIPKU €
1le OHUM I1apaMeTPOM, SIKUH pa3oM 3i CKaJISIpHUM lapaMeTPOM OpieHTAliiHOTO MOPSIKY MOJIEKYJ OapBHUKA B
marpuui XPK Bu3Havae, sika 3 IBOX JIa3€PHUX JIiHil (Ha KOPOTKOXBUJILOBOMY UM JIOBIOXBUJIbOBOMY Kpasix ®33) Mae
HIDKYMI TOPIir 30yKeHHs. ExcliepyuMeHTaIbHO BUSIBJIEHO, 1110 Jla3epHa reHepallisi MOKJIMBa B KOMipLi 3 ri6pugHOIO
opieHTallielo mapiB. 3apeeCcTpoBaHo JIa3epHy reHepallilo Ha JoBroxsuaboBomy kpai @33 XPK 3 ribpuaHoio
opieHTaljielo, JeroBaHoro 6apsHMKoM Hinbcbkuil YepBoHuil. [TlokaszaHo, 110 Ja3epHa reHepaliisi MO>KJIMBA He JIMIIE B
KpaIlUIMHi JIErOBaHOTO 6apBHMKOM XOJIECTEPYKA, BiIbHO MifBillIeHi# B i30TPOMHiN pinyHi, a i B KparvHi el
JleroBaHoi 6apBHUKOM i30TPOIHOI pifiyHM, BiNbHO MifBilleHil B XonecTepuKy. BusiBieHo ja3epHy reHepallilo B
KpaIuli IJ1iLepuHy 3 foMilikoto 6apBHuKa Pogamin 6K, BinbHO niapimeHi B matpuui XPK B obsacTi
KOPOTKOXBUJIbOBOTO Kpato P33. IIpoBesieHO MOPiBHIHHS i3 J1a3epHOI0 reHepalieio B Kparti Toro x XPK,
JIEeTOBaHOTO 6GapBHUKOM, BiJIbHO MiBillIeHil B riiliepruHi. BUTOTOBIEHO MaTPUIIIO0 TOYKOBUX IKEPEJI JIA3€PHOTO
BUIIPOMIHIOBAHHS, KaIICyJIX SIKOi 3allI0BHEHI JieroBaHuM 6apBHUKOM XPK. 30ykeHi 1a3epHUM BUIIPOMIHIOBAaHHSIM
CIIEKTPU JIa3€PHOI reHepaii Karcys MiCTATb CIIeKTPaJIbHi CMYTH, TIOMIOHI 4O THX, Ki CIIOCTEPIraloThCsl B

HEJI0OCKOHAJIO OPI€HTOBAHUX PiTKOKPUCTAIIYHUX CTPYKTYpaX.

2. The dissertation is devoted to the experimental study of laser generation in imperfectly aligned layers of
cholesteric liquid crystals doped with fluorescent dyes. The work presents the review of current literature on the
mechanisms of mirrorless feedback at optically pumped lasing, namely: random laser generation in scattering
media, lasing in photonic crystals and microresonators. The optical properties of a mixture of cholesteric liquid
crystal doped with the dye 4 - ((E) -2- (N- (ethylhexyl) -1,8 - naphthalimide - 4-yl) vinyl ) phenyl) benzenamine
(DG56) as a material for laser generation were investigated. For this material spectral dependences of the
birefringence, absorption and dichroism coefficients, excitation and fluorescence emission spectra, as well as the
values of the scalar orientation order parameter for the dye molecules in the liquid crystal matrix were obtained.
Laser generation in a mixture of cholesteric liquid crystal doped with dye DG56 is obtained at optical pumping.
Generation of radiation is observed at the long-wave edge of the cholesteric photonic bandgap (PhBG) . It is shown
that lasing is possible not only in relatively thin cells with high-quality planar orientation of cholesteric layers, but
also in thicker cells with considerably imperfect alignment of the cholesteric layers. It is established that the
imperfections of orientation of the liquid crystal structure are manifested in the laser spectra of cholesteric.
Obtained results suggest that the line, which is detected inside the PhBG in imperfectly aligned cholesteric, should
be classified as random lasing. Basing on the results of the experiments we conclude that the processes of line
generation at the PhBG edges and inside the PhBG are coupled. It is theoretically shown and experimentally
proven that the cell thickness is an additional parameter, which together with the scalar parameter of orientational
order of the dye molecules in the cholesteric matrix governs, which of the two laser lines (at short or long
wavelength edges of the PhBG) has lower excitation energy threshold, and, consequently, higher laser intensity for
a given cell thickness. It is experimentally shown that laser generation is possible not only in a dye doped
cholesteric with planar layers, but also in a cell with a hybrid alignment. In particular, optically pumped laser
generation was detected at the long-wavelength edge of the PhBG of a cholesteric liquid crystal doped with the
Nile Red dye It is shown that the lasing is possible not only in a droplet of dye-doped cholesteric, freely suspended
in an isotropic liquid, but also for a droplet of the same dye doped isotropic liquid freely suspended in the
cholesteric. In particular, laser generation was detected by optical pumping in the emulsion of droplets of glycerol
doped with the dye Rodamin 6G freely suspended in the cholesteric liquid crystal matrix. Generation of radiation is
observed at the shortwave edge of the PhBG. Comparison with laser generation in droplets of the same cholesteric
liquid crystal matrix, doped with dye, freely suspended in glycerol. A matrix of laser point sources was fabricated,
the capsules of which were filled with the mixture of the cholesteric liquid crystal doped with the Nile Red dye. It is



found that the optically pumped laser spectra of the capsule contain spectral bands similar to those observed in an
imperfectly aligned cholesteric.
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