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Pegepar

AKUIKOKPUCTAIVIMYECKAS 30HHASA ITVIACTUHKA ®PEHEJIA AJIA
ONPEJEJIEHUS ®A30BOM TONOJOI'MUA CUHTYJASPHBIX ITYUKOB

JumnomHuas padora: 44 c., 29 puc., 2 Tabmuiiel, 33 UCTOYHUKA.

OIITUYECKUE BUXPU, TOITOJIOT MYECKUIA 3APA/,
HEMATUYECKUH KUK KPUCTAJLLI, SJIEKTPUYECKH
VYIIPABJIAEMAA XKXUAKOKPUCTAJUIMUECKASA JINH3A ®PEHEJIA.

OOBEKTOM pa3pabOTKM W WCCICIOBAHUS SBISCTCS >KUIKOKPUCTAIUTHYCCKAs
AIIEKTPUYECKH ympaBisiemas JnuH3a DpeHens W MeToJ ompereseHus (pa3zoBoi
TOTOJOTHH (Pa30BbIe ONMTUYECKUX BUXPEH.

Lenn paboTel — 0TpabOTKa HOBOM METOAUKK 3(G(HEKTHUBHOTO OMpPEaCICHHUs
($a30BOM TOMOJIOTMM ONTHUYECKUX BUXPEH C UCIOJB30BAHUEM SJIEKTPUUYECKU
YIPaBIEMOU HEMATUYECKON KUIKOKPUCTAJUTMYECKON JTUH3bI DpeHers.

B pesynbrare wuccienoBaHus: Ha OCHOBE MeroAa (HOTOOpUEHTALUU
azokpacutTenss AtA — 2 pa3paboTaH M W3TOTOBJIEH AJICKTPUYCCKH TEPEKITIOYACMBbINA
HEMATUYECKUM KUJKOKPUCTATUIMUYECKUM 3JIEMEHT, MPEACTABISIONIUNA COO0N JHH3Y
@peHensa.  ODKCHEPUMEHTAILHO  HCCIEAOBaHbl  (DOKYCHPYIOIIME  CBOMCTBA
KUIKOKPUCTATIINYECKON 3JIEKTPUUECKHU YITPaBIsieMOi TMH3bI DpeHensi OTHOCUTENBHO
BEJIMYMHBl BHEUIHErO YIPaBJISAIOLIEro HanpsbkeHus. Pa3paboTaH HOBBIT MeToA
aHanu3a (a3oBOM TOMOJIOTMM ONTHYECKUX BHXPEH C MCHOJb30BAaHUEM JIMH3BI
OpenHensi. DKCIePUMEHTAIBLHO ONPEACIICHbI Kak a0COMIOTHBIC 3HAYEHUS, TaK U 3HAKU
TOMOJIOTHYECKUX 3apsA0B (£) pa30BbIX CUHTYISIPHBIX TYYKOB € 3apsgamMu OT +2 110 +5.
[Tony4yeHHbIE 3KCIIEPUMEHTANIBHBIE PE3YJIbTAaThl MO ONMPEAEICHUIO TOMOJIOTUYECKOrO
3apsa ONTUYECKHX BUXPEH MOJHOCTHIO KOPPEIHUPYIOT C Cepuel MpPOBEIEHHBIX B
paboTe SKCIEPUMEHTOB 10 ONpPeNeIeHUI0 (a30BOM TOMOJIOTUN CHUHTYJISPHBIX MYYKOB
Ha OCHOBE KJIACCUYECKOIO0 METO/JAa HX KOTEPEHTHOTO CIIOKEHHUS C IUIOCKOH H
chepuueckoil onopHoit BoHOM Ha 6a3e unrepdepomerpa Maxa-Ilenaepa.

[IpensioxKeHHbI W SKCHEPUMEHTAIBHO MPOJEMOHCTPUPOBAHHBIM B paboTe
METOJ/I OIpPEACNICHHUs] TOIMOJOTHYECKOTro 3apsAna (Pa3oBbIX CHHIYJSAPHBIX ITyYKOB
OTJIMYAETCs MPOCTOTOM peanu3anuu, He TpeOyeT NpUMeHEeHUs1 HHTep(epomeTpa, 4To
Ha MHOIO YIPOIIAET ONTHYECKYI0 CXEMYy HACHTH(PUKAUUU (Pa30BOM TOMOJIOTUU
ONTUYECKUX MTyYKOB.

OOnacTh TpPUMEHEHUS — CHUHTYJApHAs OITHKA, KpUOTOorpadus, ONTHYEeCcKas
nepeaaya nHGOpMAIMU U KBAHTOBbIE KOMMYHUKALIMH.
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BAJIAKPBICTAJITYHASA 30HHASA IIVIACTBIHA ®POHJIJIA J1JIA
BBISHAUYDHHSI ®A3SABA TAITAJIOTTI CIHI'VJISIPHBIX ITYUKOY

Jeimomnas padora: 44 c., 29 mai., 2 Tabminbl, 33 KPBIHIIHL.

AIITBIYHbBIA  BIXPbI, TAITAJIATTYHbBI 3APAJI, HEMATBIYHBI
BAJIbIYHBI KPBILITAJIB, SJIEKTPBIYHA KIPABAEMAA
KBIAKAKPBICTAJIIYHAA JITH3A ®POHEJIA.

AOl'ekTaM pacmpalioyki 1 JaciefaBaHHI 3'Syiseriia BaJKaKpbICTalluHas TIa-
AIIEKTPBIYHAMY KipaBaHas JiH3a ®poH1sa 1 MeTan BhI3HAYIHHS (ha3aBail Tamasorii
(azaBbIsl AaNTHIYHBIX BIXYD.

MbTel Tpansl — aAmpanoyka HOBad METOABIKI A(EKThIYHAra BBI3HAYIHHS
(dazaBail Tamangorii anThIYHBIX BIXYpP 3 BBIKAPBICTAHHEM 3JIEKTPhIYHAMY KipaBaHai
HEMaThlYHAW BaJKaKpbICTAIIYHAN JI1H3bI DPIHAIIA.

Y BBIHIKY JacieJaBaHHA: Ha acHOBe Meraay  (oTaapbleHTallbll
azadapOaBanpHika AtA — 2 pacmpanaBaHbl 1 BbIpaOJICHbI Ma-3JEKTPIYHAMY SIKi
nepamMbIKael[a HEMaTblYHbl BaJKAKPBICTATIYHBI 3JEMEHT, YAYJsabl cabOW JIH3Y
OpiHIIIL. DKcrnepbIMEHTaJbHa JaciiefaBaHbl  (paKycaBalbHBIA — YIACLIBAaCI
BaJIKaKpbICTAJIIYHAN Ma-3JeKTphIYHaMy KipaBaHail JiH3bl OP3HAIISA aJHOCHA BEJIYbIHI
BOHKaBail KipaBajbHail Hampyri. PacnpamaBanbsl HOBbI MeTaj aHam3y (a3aBaid
Tanajorii anThIYHBIX BIXYpP 3 BBIKAPbICTAaHHEM JIIH3bI OpaHAIIA. DKCHEepbIMEHTAJIbHA
BbI3HAYaHbI SIK a0CAJIOTHBIS 3HAUSHHI, TaK 1 3HaKI Tanajariuibix 3apajaay () ¢gpazaBbix
CIHTYJISIPHBIX MYyYKOY 3 3apajami aja +2 ga £5. ATpbIMaHbIS IKCIEPHIMEHTAJIBHBIS
BBIHIKI 14 BbI3HAUAHHI TallajlariyHara 3apaja anThblYHbIX BIXyp LAJIKaM KapiJIIOollb 3
CephIsiii MpaBeA3CHBIX Yy Mpallbl IKCIEPhIMEHTAY Ta BbI3HAUAHHI (pa3zaBail Tamanorii
CIHTYJIIPHBIX MYyYKOY Ha aCHOBE KJIaciuHara MeTajy I1X Karep HTHara CKJIaJaHHS 3
MJI0CKai 1 cephIuHail anopHail xBasisii Ha 6a3e iHTIpPepomerpa Maxa-1rHadpa.

[IpananaBaHbl 1 SKCHEPBIMEHTAJIbHA MPAJ3MaHCTpaBaHbl Y TMpalbl MeTaj
BBI3HAUOHHSI TamajariyHara 3apajaa (aszaBbIX CIHTYISIPHBIX IYYKOY aJpo3HiBaellia
npacTarod paai3alpli, He marpadye MpBIMSHEHHS IHT3p(epoMeTpa, TO Ha IIMar
CIpalyae anTblYHYI0 CXeMY 113HThI(IKaIbl (pa3aBail Taranorii anThIYHbIX TYYKOY.

BoOnaciip npeIMSIHEHHS — CIHTYJISIpHAsl ONThIKA, KpblnTarpadis, antblyHas
nepajaya iHdapmaripli 1 KBAaHTaBbIsI KAMYHIKAIbI1.



Abstract

LIQUID CRYSTAL FRESNEL ZONE PLATE FOR DETERMINING THE
PHASE TOPOLOGY OF SINGULAR BEAMS

Thesis: 44 p., 29 fig., 2 tables, 33 sources.

OPTICAL VORTICES, TOPOLOGICAL CHARGE, NEMATIC LIQUID
CRYSTAL, ELECTRICALLY CONTROLLED LIQUID CRYSTAL FRESNEL
LENS.

The object of development and research is a liquid crystal electrically controlled
Fresnel lens and a method for determining the phase topology of phase optical vortices.

The objectives of the work are to develop a new technique for efficiently
determining the phase topology of optical vortices using an electrically controlled
nematic liquid crystal Fresnel lens.

As aresult of the study: based on the photoorientation method of the AtA — 2 azo
dye, an electrically switchable nematic liquid crystal element representing a Fresnel
lens has been developed and manufactured. The focusing properties of the liquid crystal
electrically controlled Fresnel lens relative to the value of the external control voltage
have been experimentally studied. A new method for analyzing the phase topology of
optical vortices using a Fresnel lens has been developed. Both absolute values and signs
of topological charges (£) of phase singular beams with charges from £2 to +5 have
been experimentally determined. The obtained experimental results for determining the
topological charge of optical vortices fully correlate with a series of experiments
conducted in the work to determine the phase topology of singular beams based on the
classical method of their coherent addition with a plane and spherical reference wave
based on a Mach-Zehnder interferometer.

The proposed and experimentally demonstrated method for determining the
topological charge of phase singular beams is simple to implement and does not require
the use of an interferometer, which greatly simplifies the optical scheme for identifying
the phase topology of optical beams.

The scope of application is singular optics, cryptography, optical information
transmission and quantum communications.



