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Pa3paboTaHbl HOBBIE OAXOABI K CO3/IaHMIO )KUAKOKPUCTATUTMUECKUX YCTPOHUCTB, YIPABIISIONINX YIIIOBBIM pacIpeere-
HueM cBera. CHHTE3MpOBaH OPUEHTHPYIOIIUI MaTepuall, C IOMOIIbIO0 KOTOPOro (hOpMUpYETCs pacipeielieHre AUPEKTopa
YKHJIKOTO KPHUCTAaJIa Ha TOBEPXHOCTH TIOJUI0XKEK, IO3BOJISIONIEE IPH MPOXOKACHUN CBETa Yepe3 KUIKOKPUCTAIITYECKY IO
STYeHKy MONyYUTh BOJHOBOW (DPOHT, aHAJIOTMYHBIA OOBIYHON jMH3e. J[aHHBIM MaTepuai npeicTaBisieT co00i COrou-
mep (BVS) 6yrunmerakpunara (BMA), Banummiamerakpuiara (VMA) u creapunverakpuiata (SMA). M3roToBineHs! Kua-
KOKPHCTAJUINIECKUE STICHKH C Pa3IMIHBIMHU yIIAKOBKAaMH MaccHBa JIMH3 (KBapaTHON 1 rekcaronanpHoil). [Tokazano, aTo
JUTS peanu3anuy Hanbosee 3¢ (hEeKTHBHOTO pacCcesHIs YIIPaBIIeMOl pepakTHBHO-PACCEUBAIOIIECH CTPYKTYPHI INIOTHOCTh
JIMH3 B YIIAKOBKE JIOJDKHA OBbITh MAaKCHMaJIbHO BO3MOXKHOM. YCTAHOBIICHO, YTO ONTHMAJILHOM SIBIISIETCS] FeKCAroHaIbHast
yIaKkoBKa MacCHBa JIMH3, IOCKOJIBKY B 9TOM Cllydae 3aHMMaeMasl JIMH3aMH IUIoIaab Ha 5 % OoJblie, ueM B cilydae KBaj-
parHOi ynakoBKH. BeimonHeH pacueT (POKyCHOTO pacCTOSHUS MacCHBa XMIKOKPUCTAIIIMYECKHX JINH3 B ITOJISIPU30BAHHOM
cBere. BrIsiBiieHO, 4TO HanMeHbIIee (POKYCHOE PACCTOSHUE XapaKTEpHO ISl CHHETO JUana3oHa JUIMH BOJIH, a HAHO0OIb-
mee — st kpacHoro. McenenoBana 3aBUCHMOCTB (POKYCHOTO PACCTOSHHSA OT pajinyca *KUAKOKPUCTAIIHICCKON JTHH3BI,
TOJIIIMHBI KUJIKOKPUCTAIUTHUECKOTO CII08, BYTy4EIPETOMIICHHS KHUIKOKPUCTAIUTMUECKUX MaTepranioB. Pa3paboraHHbIH
conosiumep (BVS) mo3Bosisier M3roToBUTH MACCHB JIMH3 Ha IUTACTHKOBOM MOTOKKE OJ1arofapsi HU3KOTEMIIepaTypHOi 00-
padotke (<70 °C), uto 00yCIIOBIMBACT EPCIIEKTUBBI IPUMCHEHUSI TAHHOTO MaTeprajia B 00JIacTH CO3JaHUs COBPEMEHHBIX
YCTPOMCTB M CHCTEM YIIPABICHHS CBETOBBIMH ITyYKaMH.
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New approaches have been developed for creating liquid crystal devices that control the angular distribution of light.
An alignment material has been synthesised, with help of which the distribution of the liquid crystal director on the sur-
face of the substrates is formed. When light passes through the liquid crystal cell, distribution makes possible to obtain
a wave front similar to a conventional lens. This material is a copolymer (BVS) of butyl methacrylate (BMA), vanillyl
methacrylate (VMA) and stearyl methacrylate (SMA). Liquid crystal cells with different lens array packages (square and
hexagonal) are manufactured. It is shown that in order to realise the maximum scattering of a controlled refractive-scat-
tering structure, the lens density in the packing should be as high as possible. It has been established that the hexagonal
packing of the lens array is optimal, since in this case the area occupied by the lenses is 5 % larger than in the case of
square packing. The focal length of an array of liquid crystal lenses in polarised light is calculated. It has been established
that the smallest focal length is typical for the blue wavelength range, and the largest for the red one. The dependence of
the focal length on the radius of the liquid crystal lens, the thickness of the liquid crystal layer and the birefringence of liquid
crystal materials is studied. The developed copolymer (BVS) makes it possible to manufacture an array of lenses on a plastic
substrate due to low-temperature processing (<70 °C), which leads to the prospects for using this material in the field of
creating modern devices and systems for controlling light beams.

Keywords: liquid crystal; copolymer; aligning materials; liquid crystal lenses; lens array.

BBenenue

Ha manHBIIT MOMEHT OrpOMHBIN HHTEpPEC MPENICTABISAET pa3padoTKa TIOCKOIAPaIIEIbHBIX MTEPEKITF0YaeMbIX
OINITHYECKUX CTPYKTYp. OJTHIM M3 IEPCIIEKTHBHBIX CIIOCOO0B CO3/IaHMS TAKOTO POJIa IIEMEHTOB SBJISIETCS HCIIONb-
3oBaHne Xuakux kpuctawioB (JKK) B kauectBe (yHKIMOHANBEHBIX MarepraioB [1]. Opuenrarus KK B sueiike
OIpEJENSeTCs B3aMMOAECHCTBUSIMU TBEPIOM MOBEPXHOCTH OpueHTUpYyromero cios u monekyin XKK. brnaronaps stum
B3aUMOEHCTBISIM TupekTop JKK MokeT mprHUMAaTh TOMEOTPOTIHYTO, HAKJIOHHYIO WM IJIAHAPHYIO OPUEHTAIINIO
TT0 OTHOIIIEHHIO K TIOCKOCTH TTOIOYKKH, C KOTOPOW OH KOHTAaKTHpyeT. HeHyeBbie 3HaueHH YIIIOB IPeTHAKIOHA
mpexropa JKK mo3BonstoT co3mate MHOYKECTBO MEPEKITI0YaeMbIX (DOTOHHBIX yCTPOMCTB, B ToM uncite XKK-1rH3bL,
crocoOHbIe APPEKTUBHO U3MEHATH (POKYCHOE PACCTOSHUE C MTOMOIIHIO HU3KUX YITPABIISIONINX HANPSHKEHUH [2].

Ha ceronusmamnii neHs MaccuBbl ananTUBHBIX JKK-THH3 MOTYT OBITH HCITONB30BaHbBI B TUCIIIESX, MUKPO-
CKOTTaX CBETOBOTO TOJIs (HampuMep, sl GOPMHUPOBAHMS aBTOCTepeockonmmueckoro 3D-addexra), opranmde-
CKHX MHUKpOJIa3epax, YCTPOMCTBAaxX BBOJA N3ITyUEHHS B BOJHOBOJ, OCBETHTEIHHBIX MTPHOOpaX U Jp.

B nacrosmeit pabore mpemiokeH COBpeMeHHbIN noaxoa K co3nanuto JKK-ycTpoiicTB Ha ocHOBE MaccHBa
MUKPOJIMH3, 00€CIIeunBaIONINX YIIpaBJIeHHE yIIIOBBIM pacupezeneHreM cBeta. OTpadoTaHa TEXHOJIOTHS Ha-
HECeHHs TOHKUX IJICHOK OpHEHTHpYIomiero Marepuana (BVS), uTo mo3Bonmiio peaim3oBaTh 3aJaHHOE pactipe-
nenenne opueHTanun aupekropa KK Ha moBepXHOCTH MOUTOKEK C MPOCTPAHCTBEHHBIM pa3pelIeHHeM, COCTaB-
JISTFOIIUM eMHULIBI MUKPOH [3; 4]. [Ipoananu3upoBaHbl ONTHYECKHE CBOMCTBA U BOBMOKHOCTH JaIbHEUILIETO
npuMeHeHus npennaraembix KK-cTpykryp.

Jmu3aitn ynpasisieMoii ZKK-1uH3b1

s co3manms agantusHON JKK-1HH3EI ObLTa BEIOpaHa CTPYKTYpa THITA «COHABUD» (PHC. 1), MpeaCTaBIMIONIAs
co0o# HeMaTH4eCcKyto TuopuaHo-opueHTHpoBaHHYIO KK-suetiky (HAN-suetiky). KimrodeBsIM KOMITIOHEHTOM
TUTSL TAaHHOW CTPYKTYPBHI SBJISIETCSI OPUEHTHPYIOIUI MaTepHall, TOHKHE TIEHKHA KOTOPOTO CIIOCOOHBI JTOKaIbHO
HU3MEHSTH YIIbI IpenHakiiona JKK mo geiicTBueM onTudeckoro oomydeHus [2].

CrenmansHoe pacrpenenenue aupekropa KK B siaetike, popmupyroriee JIMH30MOI00HYIO CTPYKTYPY, Ipe-
rmoJlaraeT TUIaBHOE M3MEHEHHE yria npeanakiona qupekropa XXKK ot 90° mo 0° mpu mepexoze ot nepudepuu
JUH3H K ee meHTpy (cM. puc. 1, a), BHe rpanuI JuH3bI opueHTarmsa KK ocraercst romeorponHoi. [ImaBHOe
n3MeHeHne opueHTtanuu aupekropa JXKK B sdelike mMo3BosSeT MOTYYUTh TPAIMEHT TOKa3aTeNs MPETOMIICHUS
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KK-cpeas! 1iist TMHEHHO-NIOISPU30BAHHOTO CBETA, OPUEHTUPOBAHHOTO B HanpasyieHnu aupekropa XK B ciny-
yae paccMaTpuBaeMoil reoMeTpuu. [1py MOAKIIOUEHNH K 3IIEKTPOIaM SYEHKH HU3KOUACTOTHOTO HaNpsKEHUs
MoneKyinsl JKK OpHeHTHPYIOTCS CBOMMU JUTMHHBIMHA OCSIMU BJIOJIb BEKTOpA HAIPSHKEHHOCTH JIEKTPUYECKOTO
nosst. [1pu gocTarouno GobIIoi aMIuInTyze yrnpasisitonero HanpsbkeHns opuenTanys JKK B siaeiike craHoBUTCS
OTHOPOJTHOM TOMEOTPOITHOM, YTO COMTPOBOXKIAETCS yBennueHueM (hokycHoro paccrosaus KK-nmuH3er [2].

ala Morexyisl JKK 6/b
BepxHss mo/uioxkka BepXHss Mo/II0kKKa
Oxcun uaaus — onosa (ITO) Oxcwun uaaus — oxosa (1ITO)
BeprukansHas OpueHTaIHs BeprukanpHasi OpueHTALUS
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Crieiicep

Ko110K011000pa3H0€e pacpeeeHue yIia IPeIHaKkIOH: Ko110k011000pa3Hoe pacipeenaeHue yia IpeIHakIoH:
Oxcua uuus — onosa (ITO) Oxcu uaust — onosa (ITO)
| HuxHss n01I0KKa | [ HwkHAs MOI0KKa |

Puc. 1. Cxema ynpasisiemoil XKK-1uH3bI B IIIOCKOH stueiike:
a — 6e3 TIPUITOKEHHOTO HANPSKEHHS; 6 — C TIPUI0KEHHBIM HAMPSKEHUEM.
UcTounuk: [5]

Fig. 1. Liquid crystal (LC) lens structure: @ — no voltage; b — on-state.
Source: [5]

Hwxawmii (rpafueHTHBIN) OPUEHTUPYIOMINN CIION J0IDKeH 00eCTeuyrBaTh 3aJaHHOE pacIipe/ieieHne YIIIoB
npeaHakiiona qupektopa XKK, 3aBucsiiee ot 10361 YD-00mydenus. Tak kak mojisipHas U a3uMyTajlbHast SHEPTUU
CIIeTUIEHUS] OpUeHTHPYIOImUX cinoeB ¢ JKK-marepuanoM yBenmudnBaroTcs ¢ pocToM 10361 YD-00Ty4deHus, TO
JUISL CO3/IaHMsI TUTABHOTO KOJIOKOJIOOOpa3HOTro Mpoduilsi pactpe/elieHus YIIOB MpeaHakiona qupextopa KK
WHTEHCUBHOCTh YD-H311y4eHus I0HKHA ObITh MAKCHMaIbHOH B IIEHTPE OCBEIICHHOTO KPyTa U CIaJaTh 110 Ha-
MpaBiIeHuIo K nepudepun. Torma mpu BEIOpaHHOM BpEMEHH SKCIIOHUPOBAHUS Oy/IET MOTYIE€HO COOTBETCTBYIOIIEE
pacmpenenaeHue IKCIO3UIIMOHHBIX 103. Eciu muanazoHbl H13MEHEHUSI UHTEHCUBHOCTU YD-U3TydeHUs COOTBET-
CTBYIOT YYaCTKy YMEHBIIIEHH: YTIIOB NpenHakiona aupekropa JXKK, To Oyner momydeHo TpedyeMoe pacmpese-
JIEHWE TOCJICIHUX TI0 TUTOIaan JIUH3I. DOpMUPOBaHIE pacTpeesieHUs YITIOB IpeaHakiiona aupekropa KK
B siuCHKe MPEIoNaraeT Co3JaHue KPyroBOro Mossi 3KCIIOHUPOBAHUS C pAAUATIbHON CUMMETPUEH OCBEILICHHOCTH.
BocnpousBogumocts yros npeaHakinoHa qupexkropa KK qomkHa 10CTUraTbCs IyTeM TOYHOTO KOHTPOJIS 10351
Y®-00myueHMsI OpUESHTUPYIOIIETo ciiost [2].

Texuoaorust nrorosjenus KK-a1mnn3

s nsrorosnenus YKK-muH3b1 00BIYHO HCIIONB3YETCS STUCHKA THIIA «COHJBUW» (CM. puc. 1), cocTosimiasi u3
JBYX MOJJIOXKEK, MOKPHITHIX TOHKUMH CJIOSIMHU TPaJUECHTHOTO MOJIUMEPHOro Marepuasna. OpHUeHTUPYIOIIHUE CI0U
[OJIBEPIatOTCsl HEMPOJAOLKUTEIBHOMY OHOPOAHOMY Y@D-3KCIOHUPOBAHMIO, COXPAHSIOIIEMY BEJIMUUHY yIvia
npenHakioHa 90°, HO MPEAOTBPALIAIONIEMY U3MEHEHHUE YCIOBUI MCXOIHON TOMEOTPOITHON OPUEHTAIIMH IO
neiictBueM KK [6]. Janee npou3BoAUTCS OAHOPOIHOE HATUPAHUE OPUEHTUPYIOLIUX CJIOEB, MOCIE YETO HUMKHSS
TIO/ITTIOYKKA TTOIBEPTaeTCsl JIOKATbHOMY YD-3KCITIOHMPOBAHMIO CBETOBBIM ITOJIEM C KPYTOBO reomerpueii (puc. 2) [2].

B xoze BbInonHEHUs paO0THI U3rOTOBJICHBI MACCUBBI JIMH3 C KBAIPATHON U F'e€KCaroHAILHOM yHakoBKou. J1iist
YIPOIIEHNS aHAITN3a CBOMCTB JIMH3 BHIOPAHBI CIIEAYIOMINE Pa3Mephl: fuameTp JInH3 — 0,8 MM, pacCTOSHIE MEXITy
HeHTpaMu JIHH3 — 2,5 MM. MaccuBsl 1uH3 GopmupoBanuck B XKK-syeiikax tuna «conaBuu». it u3rotosie-
HUS si9eeK ObUT 0TpabOTaH TEXHOJIOTHUYECKHUU Tporiecc. Ha TIiaTelbHO OYUIEHHBIE CTEKIISTHHBIC TIOAJIONKKN
TontuHOM 0,7 MM C IPOBOSIIINM ITOACTI0eM OKcraa HHAUS — oyioBa (ITO) )KUIKOCTHBIM CTIOCOOOM (METOIOM
POA-KOYTHHI'a) HAHOCUJICS OpHEHTHpYIomumid cioi u3 1 % pactBopa ¢orouyBcTBUTENbHOTO Tonumepa (BVS).
3areM pOU3BOAMIIACH CYIIKA OAJIOKEK Ha TepMoIuinTe ipu reMieparype 70 °C B TeueHre 5 MUH AJ1s yoaJIeHus
CIIeNIOB pacTBOpHTENS. Jlanee moyioxKKu HaTUPAIUCh MEXaHHYECKUM CIIOCOOOM € ITOMOIIBIO aBTOMATH3UPOBaH-
HOU HaTUpaIoIlel MAIIMHBI, OCHAILIEHHOMN XJIOMKOBOH LIETKOM ¢ IIMHOM Bopca 2 MM. HanpaBienue HaTupaHus
TTOJITOYKEK BEIOUPAIOCH TAKMM 00pa3oM, 9To0b! morydnTh B XKK-sueiike anTrmapamienpayto opuenTanuto JKK.
O06a HaTepThIX CIIO0sl BEpXHEH U HIKHEH MOI0KEK IPeBApUTEIHLHO 00TyYaluch HEMOISPU30BaHHBIM H3ITyue-
HUEM JIFOMHUHECLEHTHOM JIaMIIbI ¢ JJIUHOM BOIHBI 320 HM M MHTEHCUBHOCTBIO 3 MBT1/cM? B Teuenue 60 ¢. TTocie
HATUPaHUS OPHEHTHPYIOIIHNX CIIOEB MPOU3BOMIOCH SKCIIOHMPOBAHNE HHKHEH MOATIOKKH: BBITIOHSIIACH 3aIHCh
MacCHBa JIMH3 CBETOUOIOM C JUTMHOMN BOJTHBI U3IydeHus 310 HM 1 MaKCUMalbHON HHTEHCUBHOCTBIO B LICHTPE
mydKa cBeta okoio 30 MBT/cM?. BriocieicTBIM 06€ MOIOKKH CKICHBATHCH STOKCHIHBIM IBYKOMITOHCHTHBIM
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KJieeM 11 OpMHUPOBAHUSA KOpITyca sueiiku. BemmarnHa BO3yITHOTO 3a30pa B STYEHKe 3a1aBajiach C IOMOIIBIO
BOJIOKOHHBIX crieiicepoB nuametrpom 20 MkMm. IloarorosnenHas siueiika 3anpanisiiach HEMaTUYECKUM KPUCTAI-
nom XKK-1285 (HUOITUK, Poccust) B ycaoBUsIX H30TPOMHOM (ha3bl.

3anuch B ssUeiike MaccHuBa JIMH3 C TEKCATOHAIBLHON M KBAAPATHOW YIAKOBKOU MPOM3BOAUIIACEH C IIOMOIILIO
MHKpOCKomna (puc. 3), OCHALICHHOTO MEPEABHKHBIM CTOIHKOM.

BerHf{S{ TIOIJIOKKa

CaerognogHas
cucrema (A =310 um)

Y

Wznyuenue
JIFOMHHECIIEHTHO#1 J1amitel (A = 320 HM)

.

J

OpHEHTHPYIOMHUH CIIOH

OpHEeHTHPYIOMUH CIIOH

OpHeHTHPYIOMNH CIIoi

OpHEeHTHPYIOMNH CIIoH

OKcu MHIUS — 0J10Ba

OKcua MHIKS — 0JI0Ba

Okcu MHIUS — 0J10Ba

OKcu MHIUS — 0J10Ba

(ITO) (ITO) (ITO) (ITO)
Crekio Crekio Crekio Crekio
Hanecenue OnHoponHoe OpHOpOIHOE HATHPAHUE JloxanbHOE
OPHEHTHUPYIOIETO CIIO0S, Y®-skcnionnpoBanne HETIONAPU30BAaHHOE

cymika (70 °C, 5 muH)

Y®-sKkcrioHnpoBaHue

7

HroxHss 11o1U109KKa

Puc. 2. Cxema texnonoruu nzrorosnenus KK-suaeiiku s popmuposanust KK-muH361
MeTo/10M (HOTOCTUMYIMPOBAHHON OPUEHTAIMH C HCIOJIB30BAaHUEM CBETOAMOAHOMN cucTeMsbl (A = 310 HM)
Fig. 2. Process flow of alignment layers fabrication for LC lens
by method of photostimulated alignment using a LED system (A = 310 nm)

—

Puc. 3. MUKpOCKOT AJISI SKCIOHUPOBAHHUS
MaccHBa JIMH3 Pa3HON yMaKOBKH

Fig. 3. Microscope for exposing
an lens array with different packages

VhpasieHue IBUKECHUEM CTOIMKA MUKPOCKOIA OCYIIECTBISUIOCH C IPUMEHEHHUEM CIIEHUaIbHOM Mporpam-
MBI (pa3paboTka Jraboparopun marepuanoB u TexHosoruii XKK-yctpoiicte MHCTUTYTa XUMUM HOBBIX Mare-
puanoB HAH benapycwu), a1t KOTOpOH pacCUUTHIBAIMCH KOOPAWHATHI KBAJpaTHOH (pHC. 4, @) U TeKCaroHab-
HO (pHc. 4, 6) yIakOBKH MaccuBa JIMH3 C IIAroM 2,5 MM.

Juist onipeieNieHnst ONTUMAaIbHOTO BPEeMEHH SKCTIOHUPOBAHUS JUIsI 3aIIFCH JIMH3 ObLIIa IPOBE/ICHA TECTOBAs
3aCBETKa OAHOU U3 MOJUIOKEK CBETOIMOIOM C JJIMHON BOJHBI U3nydeHus 310 HM npu BpeMEHU 3KCIOHUPO-
Banus B auanazone 70—275 c. Mcxoas U3 MOIy4eHHBIX SKCIEPUMEHTANBHBIX JAHHBIX (pUC. 5), IPU IKCIIOHU-
poBanuu B TeueHue 75 ¢ B cioe HemaTuueckoro JKK dGopMupyercs BepTukaibHas OpUEHTAIMS, IPU IKCIIO-
HUpoBaHWUH B TeueHne 105 ¢ HaunHaeT (OpMHUPOBATHCS IIaHApHAs OpUeHTaus (00pa3yroTCs CIIMBKH), IIPU
SKCIIOHUPOBaHUU B TeueHue 140 ¢ MpOUCXOAUT MOHBIN Mepexo/] B INIaHAPHYIO OPUEHTAIUIO, a TIPU IKCIIOHU-
poBaHMU B TeueHue 275 ¢ HabmonaeTcsi 0OpaTHBIN MEPeXo/l B BEPTUKAIBHYIO OPUEHTAIINIO TTPEIITOI0KHUTEIhb-
HO B CBS3H C IIPOIIECCOM JIECTPYKIUH (pa3pyIIeHUs OJMMEPHON MaTPHIIBI).
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Puc. 4. KoopauHaTel S5KCIIOHUPOBAHUS KBaJpaTHOH (@) ¥ FeKCaroHaJbHOH (6) YIaKOBKH MaccuBa JIMH3
Fig. 4. Exposure coordinates for square (@) and hexagonal (b) packages of lens array

Puc. 5. Muxpodotorpadus opuentaimu JKK B stueiike npu pa3sHOM BPeMEHH IKCIIOHHUPOBAHHS
(TIIIOCKOCTH STYEHKH PAcIIooXKeHa MoJ| yIIoM 45° B CKpEIeHHBIX MOoJIsIpU3aTopax)

Fig. 5. Microphotograph of the alignment of LC at different exposure times
(the cell plane located at an angle of 45° in crossed polarisers)

Juiia m3menenns ¢oxycHoro pacctossHus JKK-1MH3 K M3roTOBICHHBIM sueiikaM (puc. 6, a, 0) MPUKIaIbI-
BaJIOCh HU3KOYACTOTHOE 3eKkTpudeckoe Hanpspkenue (U=0B, U=1 B, U= 5 B, U = 10 B). Monekynst XKK
OPHEHTUPYIOTCS CBOMMH JUTHHHBIMH OCSMH BIOJb BEKTOPA HATPSKEHHOCTH AIIEKTPUIECKOTO MOJISL, TOCTEIIEHHO
TIepexo/is U3 TUTaHAPHOI OPUEHTAIINN B TOMEOTPOITHOE COCTOSTHHE C YBEIHMUEHUEM aMILTUTY/IbI IPUIIOKEHHOTO
Hanpspkerns (puc. 7 u 8). IlepeopuenTanms mosnexyn KK Bo BHEIITHEM 3IEKTPHUIECKOM TT0JI€ COMTPOBOXKIAETCS
yBenmmmueHueM (oxycrnoro paccrosuus JXKK-nmmu3sl [7].

Puc. 6. Muxpogororpadpun opuentarun JKK B siueiixe
C KBaJIpaTHOH (@) 1 rekcaroHanbHoit (6) ynakoBKOi MaccHBa JIMH3
(TTOCKOCTB SIYCHKH PACIIONOKEHA O] YIIIOM 45° B CKpEeIIeHHBIX TOJISIPH3aTopax)

Fig. 6. Microphotographs of the alignment of LC in a cell
with square (a) and hexagonal (b) packages of lens array
(the cell plane located at an angle of 45° in crossed polarisers)
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U=10B

Puc. 7. Muxpogororpadun oprentanuu JKK B siueiike ¢ KkBaapaTHOH YIIAKOBKOH MaccHBa JIMH3
npu npuiokeHHoM Hanpspkernn (U=0B, U=1B, U=5B, U=10 B)
(III0CKOCTh STYEHKM PACIIONIOKEHA M0 YIIOM 45° B CKpPEIIEHHbIX MOJIpU3aTopax)

Fig. 7. Microphotographs of the alignment of LC in a cell with square package
of lens array at an applied voltage (U=0V, U=1V,U=5V,U=10V)

(the cell plane located at an angle of 45° in crossed polarisers)

U=5B U=10B

Puc. 8. Muxpodotorpadun opuentanmu JKK B saeiike ¢ rekcaroHaabHON YITAaKOBKOI MaccuBa JIMH3
pu npuioxeHHoM HanpsbkeHun (U=0B, U=1B, U=5B, U=10B)
(TTOCKOCTB STYEHKH pacIionoXkeHa oj] yriioM 45° B CKpeIIeHHbIX HOJISIPU3aTopax)

Fig. 8. Microphotographs of the alignment of LC in a cell with hexagonal package
of lens array at an applied voltage (U=0V, U=1V,U=5V,U=10V)
(the cell plane located at an angle of 45° in crossed polarisers)

JList MONyYeHHBIX sYeeK ¢ KBaJpaTHOM (CM. puc. 7) U reKcaroHanbHou (cM. puc. 8) ynakoBkoi KK-mun3
OBUI paccunTaH MPOLECHT 3aHUMaeMOH JIMH3aMH IJIOMa . Tak Kak ajst Hanoosnee 3h(heKTHBHOTO paccesHUsI
MIPOXOJIALIECTO Yepe3 MacCUB CBeTa HEOOXOANMa MAaKCHUMaJbHO IJIOTHAsI YIAKOBKA JIMH3, TO MOKHO C/EIaTh
BBIBOJI, YTO ONTUMAJILHOM SIBJISIETCS TeKCaroHaibHasl yrakoBKa (B 3TOM cilydyae 3aHMMaeMas JMH3aMH IUTOLIa b
Ha 5 % Ooublle, 4eM B cydae KBaJIpaTHOU yIakoBKH) [§; 9.

OnTnyeckne xapakrepuctuku maccusa KK-imn3

g pacuera BeNMYMHBI ABYIY4YEHPEIOMIICHUS! IPUMEHSIICS MOISPU3ALUOHHBIH MUKPOCKOI U MHOTO-
KaHaJIbHBIH criekTpoMeTp. C UX MOMOLIBI0 ObUIH U3MEPEHBI CIEKTPBI IPOITYyCKaHMs 7 TMH3bI B OJSIPU30BAaHHOM
cBeTe (BUAMMBIN AMana3oH JUIMH BOJIH) (pUc. 9) B paBHOOTCTOSIIUX APYT OT APYra TOUKAX JIMH3BL.

Puc. 9. Muxpodotorpadus opuerramun XK B moasipu30BaHHOM CBETE
(MI0CKOCTh AYEUKU PACIIONIoKEHA MO YIVIOM 45° B MapauIeNbHbIX NOIIPU3aTOPaX)

Fig. 9. Microphotograph of the alignment of LC in polarised light
(the cell plane located at an angle of 45° in parallel polarisers)
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Jlist onipeiesieHUs BETUUMHBI (Pa30BOi 3a/IePIKKH HCIIOIh30BaIaCh 3aBUCUMOCTh IIPOIYCKAHUSI JIBYJTyYeIpe-
JIOMJTSTFOTIICH TIJIACTHHKHU OT JUTMHBI BOJTHBI CBETA:

T = sin® (n%)
A

Benuunna hazosoii 3agepxku Y = And it nmvH BotH A = 450 HM (cuHUH quanasoH), A = 550 HM (3eneHbIi
auanas3oH) U A = 650 HM (KpacHbIH JUana3oH) pacCUUTHIBAIACh HA OCHOBE CIIEKTPOB, H3MEPEHHBIX B PA3IUYHBIX
toukax JKK-am1H3b1 (cM. puc. 9), myTeM MOATOHKH BEJIMYMHBI TOKa3aTelsl ABYTy4YePeIOMIICHUS, CIIEKTPaIbHas
3aBHCHUMOCTb KOTOPOT'O allPOKCUMHUpOBanach 1o (Gopmyne Komm

An=A4+ B + £
S

st ucnonbzyemoro matepuana (KK-1285) koapdunnentsr popmynst Ko cocrapisnu cieayromue Be-
muannel: 4 = 0,139665; B =0,006867; C=0,000551.

Sueiika coOupanach U3 AByX MOAJIOKEK C pa3HOI opueHTaluei cononumepa BVS: ogna u3 Hux nMena mo-
CTOSTHHYIO TOMEOTPOITHYIO OPUEHTAIIHIO, a APYTasi — OPUEHTAIINIO C IEPEMEHHBIM YIJIOM Tof[Beca. 3a30p S4ei-
KU 3agaBaiics crericepamu auametpom 20 mxMm. CobpaHHas TakKuM 00pa3oM sUeiKa MO3BOJSET YMEHBIIUTh
KOJIMYECTBO JIC)EKTOB. DKCIIOHUPOBAHKE JIBYX MOJIOKEK STUCHKH (HaBeJCHUE TOMEOTPOITHON OpUEHTAITUH Ha
00eHX TO/IIIOKKAX ) MO3BOJIMIIO OBl YBETHYHUTH d3PPEKTUBHOE IBYITyUenperoMmiIeHie Az B 2 pa3a OTHOCHTEIBEHO
TaKOBOTO M3TOTOBJICHHON Hamu suyeiiku. OTHAKO B 3TOM CIllydae BO3HUKIIHN OBl CIOKHOCTH IpU cOOpKe H3-3a
HEOOXOJUMOCTH TOYHO COBMECTHTH «OOJIACTH JIMH3BDY.

st pacaera dpokycHoro paccrosiaus JKK-mH3 sxcriepuMeHTanbHbIH Ga3oBeiid mpoduis (puc. 10) ammpok-
CHUMUPOBAJICS TAPa0OINIECKUMHU KPUBBIMHU, Ha OCHOBE KOTOPBIX OLICHUBAIOCH (POKYCHOE PACCTOSTHHE ISl TPEX
JUTHH BOJH 110 (hopMyIie 5

F==
a

rJe @ — crapmuil kodQQUIMEHT KBaJpaTHOTO ypaBHEHUs apa0oibl. DOKYCHBIE PACCTOSHUS B 3aBUCUMOCTH
OT JUTUHBI BOJTHBI IPUBE/ICHEI B Ta0M. 1.

CoxpariieHus! OKYCHOTO PaCCTOSHHSI MOXKHO JIOOUTHCS 3a cueT yMeHbleHus paaunyca R XXK-nmuH3b1, yBe-
mmaenus TommuHbl d XKK-cios (tabn. 2), a Taxke ucnonb3obanus JKK-marepranoB ¢ OONBIIUM IBYITyYerpe-
JIoMIIcHHEM An.

®dokycHOE pacCTOSHUE JTUH3BI TAKIKE MOXKHO PAaCCYUTATh IO (hopMyIie

_ R*—(AndY’
~ 2And

2

rne And — pa3HOCTh HaOera (a3.

—0— L =450 M
A =550 um
—&— A =650 um

y=-04411x>~7-10 "x+10°

y=-0375x*~10 x+10°

1 1
~0,002 0,001 0 0,001 0,002

Puc. 10. ®azoserii npoduis KK-muH36!
Fig. 10. Phase profile of an LC lens

28



OnTHKA U CIEKTPOCKOTHSI
Optics and Spectroscopy

Tadoauma 1

Jucnepcusi GoKycHOT0 paccTOTHUS

Table 1
Focal length dispersion
A, HM F,m
450 4,53
550 5,04
650 5,33

Tabnuma 2
H3meneHue P OKYCHOr0 paccTosiHUs pH pa3Hoii Toamune KK-cios
JJIs1 I3 ¢ paauycom R = 1,65 mm, R = 3,30 mm u R = 0,83 mm
Table 2

Changing the focal length with different thicknesses
of the LC layer for lenses with a radius R = 1.65 mm, R = 3.30 mm and R = 0.83 mm

d, MKM .M
A =450 am A =550 amMm A =650 HmM
R=1,65 MM
5 18,14 20,15 21,33
10 9,07 10,08 10,67
50 1,81 2,02 2,13
100 0,91 1,01 1,07
R =330 Mmm
5 72,55 80,60 85,33
10 36,27 40,30 42,67
50 7,25 8,06 8,53
100 3,63 4,03 4,27
R=0,83 Mmm
5 4,53 5,04 5,33
10 2,27 2,52 2,67
50 0,45 0,50 0,53
100 0,23 0,25 0,27

Wcxons n3 npuBeneHHbIX B Ta0J. 2 3HaYCHUH, HAOMI0AaeTCsl yMeHbIIeHHe (JOKYCHOTO pacCcTOsSTHUS F TMH3
Ipu yBenrmaeHuH TonmHb! d XKK-cmost 11t Kax10# 13 paccMaTpruBaeMBbIX JTHH BOH (A =450 aM, A = 550 HM,
A = 650 HM). YMeHbIIeHHE paguyca R TUH3BI B 2 pa3a MPUBOIUT K YMEHBIIEHUIO (POKYCHOTO paccTOSHUS F
B 4 pa3a, a yBeIMUYCHHUE paanyca R TMH3BI B 2 pa3a NPUBOIUT K YBEINUYEHHIO (POKYCHOTO paccTosiHus ' B 4 paza.

3akiaoueHmne

B xone mzydenns u pa3pabOTKH COBPEMEHHBIX MOAXOAOB K co3aanuio JKK-ycTpolcTB ns ynpasieHus
YIJIOBBIM paciipeieieHueM cBeTa OblIi H3roToBNeHbI MaccuBbl JKK-Mukponnn3. B kauecTBe opueHTHPYOLIETO
Marepuaiia, (OpMHUPYIOIIEro 3aJaHHOe («JIMH30M0A00H0e») pacnpeneicuue aupekropa KK, Obl1 cuHTE3H-
poBan crneranbablil conoaumep (BVS). [Monyuennoe pacnpenenenue nupekropa B ooreme XKK-cmos moxer
OBITh N3MEHEHO IO/ ACHCTBUEM JICKTPHUECKOTO OIS, YTO TO3BOJISICT YIPABISATH YIIIOBBIM PaclpeieICHUEM
U3JTYYCHUSI U pAacCesHUSI CBETa OCBETUTEIBHBIX CBETOIMOAHBIX cucTeM. OTpaboTaH MEeTo/] HAaHECEHUS TUIEHOK
cononumMepa BVS u coznanmns XKK-mukponnns, a takxe maccuBoB JKK-muxponuns. s popmuposanus XKK-
JIMH3BI POU3BOIMIIOCH IKCIIOHUPOBaHHe YD-13nydyeHreM, MMEIOnM napadoinndeckuii mpoduis. M3roroBieHs
KK-s4eiiku ¢ pa3nuYHbBIMHM YIIaKOBKaMHM MacCHBa JIMH3 (KBaJpaTHOM M rekcaroHaabHON). B ciydae rexcaro-
HaJIBbHOH yIMaKOBKY 3aHMMaeMas JIMH3aMU IIoIa b Ha 5 % OoJbllle, 4eM B CiTydae KBaIpaTHOM yIIaKoBKH, YTO
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COOTBETCTBYET TEOPETHICCKOMY IMPECTABICHUIO 0 Hanboee 3(p(heKTUBHOM paccessHUH MPOXOJISIIETO CBETa.
Onenka oxycHoro paccrosausi JKK-TuH3 B MONSpU30BaHHOM CBETE (BUAUMOM (CHHEM, 3€JICHOM, KPacHOM)
JMarasoHe JTUH BOJIH) MOoKa3aja, YTo HauMeHblee pokycHoe paccrostaue (F = 4,53 M) XapakTepHO I CH-
HEro JuarnasoHa JUIMH BOJH, JJIS 3eJIEHOTO IMana3oHa JJINH BOJIH OHO COCTAaBIsAeT BeMnuuny F = 5,04 M, a ans
KpacHOTO JMamna3oHa Bo3pacTaeT 1o 3HadeHus F = 5,33 m. O6HapyxeHa 3aBucumMocTth paanyca KK-nmuH3br
ot tonmmuHel JXXK-cnost 1 nBynyuenpenomienus XKK-marepuanos. 3ydeHbl BO3SMOKHOCTH ()OPMUPOBAHHUSI
MaccuBoB JKK-uH3 ¢ pa3nnyabiM (HOKYCHBIM PAacCTOSIHUEM W TOKa3aHbl MyTH YITyUYIICHUS HX MapaMeTpoB
(ymeHbIieHUs1 HOKYCHOTO paccTOsiHUS ). Pe3yibrarhl paboThl CIIOCOOCTBYIOT COBEPIICHCTBOBAHHUIO YCTPOMCTB,
JUIsl KOTOPBIX HEOOXOIMMO NiepecTpanBaTh GpokycHoe pacctosiane. CHHTe3upoBaHHBIN cononumep (BVS) no-
3BOJISICT M3TOTaBIUBaTh MaccHB JKK-1MH3 Ha MIIACTUKOBBIX TMOJUIOKKAX ONarogapsi HU3KOTEMITepaTypHO 00-
pabotke (<70 °C), 4To SABASETCS Ba)KHBIM TEXHOJIOTHUYECKHM MTPEUMYIIIECTBOM.
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