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BBenenue

Tepostm urbma "sx3amen’ HeobxoMMo OBLIO JIaTh OTBET Ha OJIAH-
eJIMHCTBEHHbII Bopoc. Ho npek e nM ObLIO HeOOXOUMO HailTH caM BOIIPOC.
B nomnckax 3aBEeTHOTO BOMPOCA MPETEHJICHTHI PEIA0T, ITO, BO3MOXKHO, BO-
MpOC HANWCaH Ha WX JIUCTaX, HO ero He BUJIHO B OOBITHOM 3JIEKTPUIECKOM
cBeTe, OHU UIIYT yAbTpadUOoJeTOBOE, a 3aTeM U WH(pPaKpacHOe U3JIyUeHNe,
pasbuBasi JAMIIbI, PA3JIMIHBIMU CIIOCOOAMU HBITAIOTCA HAMOUNTL Gymary [1].
B kakoMm TO cMBbICIe OHUW TBITAIOTCT n3yqanTh 'enky” wa "mogmoxke." U
HanOoJIee U3BECTEH W PACTIPOCTPAHEH SJLTUIICOMETPUICCKIH METOT — aHaJ I3
MOJIAPU3ATIUA BOJIHBI, TPOTIE/IITIEH I OTParXKEHHOH OT MOBEPXHOCTH.

Ho nipn geranbHOM n3ydeHnn 3aKOHOB MTPEJIOMIEHWST U OTPaYKEH ST J1a-
3€PHBbIX MYUYKOB Ha I'PAHUIE JBYX CpeJl IOKA3BIBAET OTKJIOHEHUE OT XOPOIIO
M3BECTHBIX 3aKOHOB Tipesiomyienust 1 orpaxenus [2|. CyiecrByer npoiosib-
HbIi caBur ['yca-XaHnxena — 1pOJIOJILHBI CJIBUAT JIMHEHHO TTOJISIPU30BAHHOTO
cBeTa MU TOJHOM BHyTpeHHeM orpaxkenuu [3,4]. CytiecTByer nonepedHblii
ciur Nmbepra-DeopoBa — 1onepedHbiil CABUT IEHTPA TAXKECTU MYyUKa [TPU
1OJIHOM BHYTperHeM orpaykernu [5,6|. Ho kpoMe mpocTpancTBEHHBIX MOTYT
MPUCYTCTBOBATh U yryioBbie curd ['yca-Xanxena [7| u Mmbepra-Demoposa
8], BosHUKAIOIIME PU OTPAYXKEHUN OT MPAHUIIBI Pa3jie/a JBYX CPel.

Bennunnoit Bcex deThIipex CABUTOB MOXXHO YTPABIATH: YCIOKHATH
Cpejly, YCJIOXKHSTH CTPYKTYPY CBETOBOT'O IyUKa, MaJalollero Ha IpaHUIly
pazzena aAByX cpen. WM ecnm juist wccieoBaHus CTPYKTYDP THIA TIJICHKA-
MOJIJIOYKKA HEJIB3ST MEHATH MaTepuaJl TJIEHKH, TO OCTAETCST YCIOMKHSITH CTPYK-
Typy OOJYyJaloNero CBEeTOBOrO MydKa. Hampumep MOXKHO HCCIE0BATH BJIH-
sTHUE TIOJISIPUBAIMY Ha OTparkeHue mydka [aycca OT TOHKON TIJICHKH Ha, T10/1-
aoxke [9]. Opyroit Meros 3aKII0UaeTCst B UCCIEAOBAHUN TIJIEHKH CBETOBBIM
MyYKOM C BHYTPEHHUM OPOUTATIBHBIMH MOMEHTOM (Wjiu IydIKoM bBeccesist)
[10]. B0 npejickazato nonepedHoe CMeIeHre Iy dKka ¢ OpOUTaJbHbIM YIJIO-
BBIM MOMEHTOM, OTPAYKEHHOTO OT JINIJIEKTPUIECKOH TJIEHKN TTPU M3MEHEHWH
3HaKa OpOUTAIHLHOTO MOMEHTa UMITYJbca. Ho 10 cux mop He OBLIO ToJyueHo
KCIIEPUMEHTAJTBHOIO TTOATBEPKICHNsI. SHAUNT CYIIECTBYeT pobjemMa B re-



Hepanun nyuka beccesst ¢ HEOOXOMMMBIMY TTapaMeTpaMu JIJIst UCCJIeIOBaHN s
CTPYKTYPbI THIIA IJIEHKA-ITOII0KKA.,

Cam ny4aok bBeccesst sipiisiercst OHUM U3 TOUHBIM PEIIeHril BOJHOBOIO
ypaBHeHus KJjacca Hejgudparupytomux nojeit. K coxajiennio, B mjeaabHOM
cJlydae He MOTYT ObITh TOJIYUIeHb! (JJIs1 UX co3jiaHus TpebyeTcst DecKoHeTHasT
sHeprus [11]), Tak 4To Jyist 9KCIEPUMEHTANBHON peasu3ainun OblIo puLy-
MaHo orpanudenue 1o aneprype [12,13]. 9mu Beccenn-Tayccosbl nyuku 06-
JIAJAI0T CBOMCTBOM COXPaHSATHb CBOIO (DOPMY Ha HEKOTOPOM IIPUTSI?KEHUU U
CaMOBOCTAHABJIMBATLCH [OCIE npensiterBus |14 17).

Hapacrarommnii narepec kK BeccesieBbiv mydkam (He TOJHKO HYJIEBbIX,
HO U BBICIIIUX MOPSIKOM) TPeOOBAJ MPOCTHIX W HAJIEXKHBIX YCTPOHCTB Me-
TOJAOB MeHepaluy 13 OObIUHBIX Ja3epPHBIX Jydeil, Kak Hampumep us3 laycco-
BBIX MydkoB. Camblii mpocTofi mojaxos BangHWA Ha dazy W aMIIATYAy —
cripaJibias dasopas miactuika [18-21]. Hebombimoe otutune cocrapiser n
CErMEHTUPOBAHUE 3€PKAJIO  HAOODP 3€PKAJLHBIX CEIMEHTOB, YIIPABJIsIEMbIX
1bE303JIEKTPUIECKUMHU TTpUBOIamu |22, 23].

OrpoMHbI#l IJIACT B COBPEMEHHOH TeHepalMy IIYYKOB OTHOCHUTCS K
IPOCTPAHCTBEHHBIM MOIYJ/ISITOPpAM CBeTa  OOBbEKTAMU, KOTOPHIMHU HAaKJIa-
JIBIBAETCST HEKOTOpas (hopMa MPOCTPAHCTBEHHO M3MEHSIIONIEHCT MOILYIAIN
Ha JIyd cBeTa. [Ipocrora B MCHONB30BAHUN (M B MOJYJISIIIUE ), BO3MOXKHOCTD
Haz0BOR /UK AMIIUTYHOR MOLYJISIIIMK HAXOAUT [IPUMEHEHUE BO MHOI'MX
acrekTax aJalTuBHON onTuky [24-28].

st TeHepanuy 1mydka bBeccesst 10CTaTOUHO OJIHOIO (PA30BOI'0 MOIY-
Jggropa. st 9roro HeoOXouMo 3aK0AMPOBaTh HHMOPMALMIO 00 aMILIATYI-
HOM pacrpejiejiennn B pa3oBoe pacripejiesenue. U yxe mogydeHHoe JBymMep-
HOEe paclpejiejieHne KCI0JIb30BaTh B KAUeCTBe MACKU JJIsl TeKYIIero MOJIYJIsI-
TOpA.

CoOTBETCTBEHHO TIEJIBIO JAHHON BBIMTYCKHON KBAJIN(MUKAIMOHHON pa-
OOTHI sIBJIsIETCA BBIOOP MeTojia (hbopMHUPOBaHUs Iydka beccest mepBoro mo-
PSLAKA METO0M ¢ IOMOIIBIO (DA30BOI0 MPOCTPAHCTBEHHOIO MOLYJ/ISITOPA CBe-
Ta. st 31010 HEeOOXOMMMO PEIUTh CJIEAYIONNe 3a aN:

e lI3yunTh BO3SMOXKHBIE METOJVKN KOJIWUPOBAHWST aMILINTYJILI JIJIsT TeHe-
paluy IepBoro Mnopsijika mydka beccens;

e Boccosnarh B j1abOpaTOPHBIX YCI0BUAX IIyUKn beccess;

e [Ipoanasm3upoBaTh MOJyUYeHHbIE PE3YJILTATHl U CPABHUTH 3P PEKTUB-
HOCTh BHIOPDAHHBIX METOIVK.



SaKJ/II0ouyeHme

Taxnm oOpa3oM, B pe3y/brare BhITIOJHEHHOW pabOThI MOJIyUeHbl Clie-
JIYIOTNE PE3YJIHTATHI:

1. Vsyuenbl BO3MOXKHBIE METOJIbI NeHepaluu 11y4koB becceJis.

st reneparum mepBoOro mnopsijika rnydka beccesist Obl1 BbIOpaH da-
30BBI MOJIYIAATOP CBETA M3-38 BO3ZMOXKHOCTH OBICTPOH W JIETKOW cMe-
HbI Macku. s 3amanusa $pazoBoii MacKu OBLIM HANMCAHBI HA SI3LIKE
Python mporpaMmmMbl KojupoBanus pacipeseseHnsi aMIInTy/ibl B BUJIE
pacripesesiernst daspr (Jnernar A1 — A3).

2. Boccospannl nmyukn Beccens nepsoro nopsijika.

Hust sToro cobpan unrepdepomerp Maiikenbcona (puc. 2.2), vie BMe-
CTO OJIHOTO U3 TJIYXUX 3ePKaJl yeTaHoBJeH Pa30BbIil TPOCTPAHCTBEHHbII
MOJLYJIATOP CBeTa.

3. Ilonyuenbl pacipejiejieHls MHTEHCUBHOCTH U KO3(DDUIMEHTHI peod-
pasoBanus u3 [ayccoBoro mydka B Iy4doK bBeccesisi mepBoro mopsijika,
JUIST TIPEJICTABJIEHHBIX METOAUK KOJUPOBAHUSI.

B xojie anajauza BBIABICHO, 9TO HauboJee yJIavdHbIM U3 YIAdHbId u3
METOJI0B JIjIsi FeHepaluu 11y4KoB beccesist ¢ ToHoJIormieckumM 3apsijiom
+1 — MeToJ; MyJIBTUILJIEKCUPOBaHU JIBYX (pas3oBbix Macok. Hecmorpst
Ha CPeJHUi, 10 OTHOIIEHWIO K JIDYTUM MeTojaM, KOIMPUITUEHT Tpe-
00pa30BaHust, TOJHKO JIAHHBIA METOJI TO3BOJSET YMEHBIINTh BJIUSIHAC
ITYMOB ¥ BPEJIHBIX 3P DEKTOB JijIst reHepupyeMoro nydka beccesis.

HOﬂyquHBIe pe3yJabTaThl MOXXHO MCIOJIB30BAaThHL JIJIg 9KCIIEPUMEH-
TaJIbHOM ImoATBEP2KJCHHA IIOIIEPEIHOI0 CMeICcHM A ITydKa C Op6I/ITaJIbeIM yr-
JIOBBIM MOMEHTOM, OTPaK€HHOI'o OT rZLI/ISJIGKTpI/IquKOI/UI IIJICHKHA.

34



Jlureparypa

1]
2]

3]

[4]

5]

6]

7]

8]

9]

pex. Crioapr Xeiizeuur. x3amen (husibm, 2009)  Bukuuejust.

Picht, J. Beitrag zur Theorie der Totalreflexion. Annalen der Physik
395, 433-496 (1929).

Goos, F. & Hénchen, H. Ein neuer und fundamentaler Versuch zur
Totalreflexion. Annalen der Physik 436, 333 346 (1947).

Goos, F. & Lindberg-Hénchen, H. Neumessung  des
Strahlversetzungseffektes bei Totalreflexion.  Annalen der Physik
440, 251-252 (1949).

®Oenopos, ®. 1. K Teopun noanoro orpaxkenus. In JAH CCCP, vol.
105, 465-468 (1955).

Kristofel, N. Total internal reflection and the effects connected to it.
Proc. Tartu Univ 42, 94 (1956).

Merano, M., Aiello, A., Van Exter, M. P. & Woerdman, J. P. Observing
angular deviations in the specular reflection of a light beam. Nature
Photonics 3, 337-340 (2009).

Bliokh, K. Y. & Nori, F. Transverse and longitudinal angular momenta
of light. Physics Reports 592, 1 38 (2015). 1504.03113.

ITorrkos, 1. U., Bonwkmakos, M. B. & Kynmukosa, H. JI. Onrudeckmnii
MeTOJ, uccaeoanus napamMerpon Toukoi renku. In XIIT Beepoccuii-
ckutl monodesicnoti Camapekutl KouKype-Konpepenuua nayuHuss pabom
no onmuke u aasepnoti gusuke, 228-233 (2015).

Kundikova, N. D. & Zaitsev, K. A. Transverse shift of a beam with
orbital angular momentum under reflection from a dielectric film. Arziv
1 4 (2013). 1310.6559.

35



[11]

[12]

[13]

[14]

[15]

[16]

Durnin, J. Exact solutions for nondiffracting beams I The scalar theory.
Journal of the Optical Society of America A 4, 651 (1987).

Durnin, J., Miceli, J. & Eberly, J. H. Diffraction-free beams. Physical
Review Letters 58, 1499-1501 (1987).

Gori, F., Guattari, G. & Padovani, C. Bessel-Gauss beams. Optics
Communications 64, 491-495 (1987).

Garcés-Chdvez, V., McGloin, D., Melville, H., Sibbett, W. & Dholakia,
K. Simultaneous micromanipulation in multiple planes using a self-
reconstructing light beam. Nature 419, 145-147 (2002).

Wu, G., Wang, F. & Cai, Y. Generation and self-healing of a radially
polarized Bessel-Gauss beam. Physical Review A - Atomic, Molecular,
and Optical Physics 89 (2014).

Arrizon, V., Mellado-Villasenor, G., Aguirre-Olivas, D. & Moya-Cessa,
H. M. Mathematical and diffractive modeling of self-healing. Opt.
Ezxpress 26, 12219 12229 (2018). arXiv:1503.03125.

Otte, E. et al. Recovery of local entanglement in self-healing vector
vortex Bessel beams. arXiv preprint arXiv:1203.4756 (2018). 1805.
08179.

Beijersbergen, M. W., Coerwinkel, R. P., Kristensen, M. & Woerdman,
J. P. Helical-wavefront laser beams produced with a spiral phaseplate.
Optics Communications 112, 321-327 (1994).

Ruffato, G., Massari, M. & Romanato, F. Generation of high-order
Laguerre-Gaussian modes by means of spiral phase plates. Optics
Letters 39, 5094 (2014).

Knyazev, B. A., Choporova, Y. Y., Mitkov, M. S., Pavelyev, V. S. &
Volodkin, B. O. Generation of Terahertz Surface Plasmon Polaritons
Using Nondiffractive Bessel Beams with Orbital Angular Momentum.
Physical Review Letters 115 (2015).

Mittleman, D. M. Frontiers in terahertz sources and plasmonics (2013).

Yu, X., Todi, A. & Tang, H. Bessel beam generation using a segmented
deformable mirror. Applied Optics 57, 1-6 (2018).

36



23]

[24]

2]

|26]

27]

[31]

[32]

Tyson, R. K., Scipioni, M. & Viegas, J. Generation of an optical vortex
with a segmented deformable mirror. Applied Optics 47, 6300 (2008).

Kupchak, C., Erskine, J., England, D. G. & Sussman, B. J. THz-
bandwidth all-optical switching of heralded single photons. arXiv
preprint arXiv:1806.01245 (2018). 1806.01245.

Shen, T. Z., Hong, S. H. & Song, J. K. Electro-optical switching of
graphene oxide liquid crystals with an extremely large Kerr coefficient.
Nature Materials 13, 394-399 (2014).

Shcherbakov, M. R. et al. Ultrafast All-Optical Switching with Magnetic
Resonances in Nonlinear Dielectric Nanostructures. Nano Letters 15,
6985 6990 (2015).

Smarra, M., Strube, A. & Dickmann, K.  Micro drilling using
deformable mirror for beam shaping of ultra-short laser pulses. In
Klotzbach, U., Washio, K. & Arnold, C. B. (eds.) Laser-based Micro-and
Nanoprocessing X, vol. 9736, 97360S (International Society for Optics
and Photonics, 2016).

Jedrkiewicz, O. et al. Pulsed Bessel beam-induced microchannels on
a diamond surface for versatile microfluidic and sensing applications.
Optical Materials Fxpress 7, 1962 (2017).

Imbert, C. Calculation and experimental proof of the transverse shift
induced by total internal reflection of a circularly polarized light beam.
Physical Review D 5, 7T87-796 (1972).

De Beauregard, O. C. & Imbert, C. Quantized longitudinal and
transverse shifts associated with total internal reflection. Physical
Review Letters 28, 1211 1213 (1972).

Merano, M. et al. Observation of Goos-H{&a}nchen shifts in metallic
reflection. Optics Erpress 15, 15928 (2007). 0709.2278.

Hermosa, N., Merano, M., Aiello, A. & Woerdman, J. P. Orbital angular
momentum induced beam shifts. Proc. of SPIE 7950, 79500F 79500F
7 (2011). 1101.1674.

Zhou, X., Xiao, Z., Luo, H. & Wen, S. Experimental observation of
the spin Hall effect of light on a nanometal film via weak measurements.

37



[34]

[35]

[36]

37]

|41]

[42]

|43]

[44]

Physical Review A - Atomic, Molecular, and Optical Physics 85, 043809
(2012). 1112.4560.

Hacenkuna, FO. ®. & Cemennos, . 1. Tpancdopmariust u caiBur rayc-

COBa MyYKa MPU OTPAKEHUU OT TOHKOH rieHkun. Onm. u cnexmp 102,
846-853 (2007).

Mishra, S. A vector wave analysis of a Bessel beam. Optics
Communications 85, 159 161 (1991).
Cheng, W. Optical wvortex beams: generation, propagation and

applications. Ph.D. thesis, University of Dayton (2013).

Poynting, J. H. The wave motion of a revolving shaft, and a
suggestion as to the angular momentum in a beam of circularly polarised
light. Proceedings of the Royal Society A: Mathematical, Physical and
Engineering Sciences 82, 560-567 (1909).

Beth, R. A. Mechanical detection and measurement of the angular
momentum of light. Physical Review 50, 115 125 (1936).

Bliokh, K. Y., Rodriguez-Fortufo, F. J., Nori, F. & Zayats, A. V. The
angular momentum of light (Cambridge University Press, 2012).

Bliokh, K. Y., Rodriguez-Fortutio, F. J., Nori, F. & Zayats, A. V. Spin-
orbit interactions of light. Nature Photonics 9, 796 808 (2015). 1505.
02864.

Allen, L., Beijersbergen, M. W., Speeruw, R. & Woerdman, J. P. OAM
transformation Laguerre-Gaussian laser modes (1992).

Abdulkareem, S. & Kundikova, N. Joint effect of polarization and the
propagation path of a light beam on its intrinsic structure. Optics
Ezxpress 24, 19157 (2016). 1604.03371.

Barnett, S. M. et al. On the natures of the spin and orbital parts of
optical angular momentum. Journal of Optics 18, 064004 (2016).

Nye, J. F. & Berry, M. V. Dislocations in Wave Trains. Proceedings of

the Royal Society A: Mathematical, Physical and Engineering Sciences
336, 165 190 (1974).

38



[45]

|46]

|47]

|43]

|49]

[50]

[51]

[52]

[53]

Abpamvoukun, E. I & Bosocraukon, B. I. Cnupasanubie nydkn cBerta.
Yenexu dusuveckuxr nayr 174, 1273-1300 (2004).

Rubinsztein-Dunlop, H. et al. Roadmap on structured light. Journal of
Optics (United Kingdom) 19 (2017). 1612.06474.

Dennis, M. R., O’Holleran, K. & Padgett, M. J. Singular Optics: Optical
vortices and polarization singularities. In Progress in Optics, vol. 53,
293-363 (Elsevier, 2009).

Chen, R. et al. Detecting the topological charge of optical vortex beams
using a sectorial screen. Applied Optics 56, 4868 (2017).

Kornap, B. B., Kosanés, A. A. & Ilopdupses, A. II. Oupenenenne
TOLOJIOIMYECKOI'O 3apsijla, OITUYCCKOI'O BUXPS ¢ IOMOIILIO aCTUIMATH-
geckoro npeobpasopatusi. Komnviomepnas onmuka 40 (2016).

Liang, Y. ef al. Generation of cylindrical vector beams based on
common-path interferometer with a vortex phase plate.  Optical
Engineering 55, 046117 (2016).

Vaity, P., Brunet, C., Messaddeq. Y., LaRochelle, S. & Rusch, L. A.
Exciting OAM modes in annular-core fibers via perfect OAM beams.
In 2014 The European Conference on Optical Communication (ECOC),
1-3 (IEEE, 2014).

Vaity, P. & Rusch, L. A. Perfect vortex beam: Fourier transformation
of a Bessel beam. Optics Letters 40, 597 (2015).

Gregg, P. et al. Stable Transmission of 12 OAM States in Air-Core
Fiber. Cleo: 2013 1, CTu2K.2 (2013).

Davis, J. A., Cottrell, D. M., Campos, J., Yzuel, M. J. & Moreno, I.
Encoding amplitude information onto phase-only filters. Applied Optics
38, 5004-5013 (1999).

Goorden, S. A., Bertolotti, J. & Mosk, A. P. Superpixel-based spatial
amplitude and phase modulation using a digital micromirror device.
Optics Express 22, 17999 (2014). 1405.3893.

Lv, R., Qiu, L., Hu, H., Meng, L. & Zhang, Y. The phase interrogation
method for optical fiber sensor by analyzing the fork interference
pattern. Applied Physics B: Lasers and Optics 124 (2018).

39



[57]

[58]

[59]

[60]

[61]

62]

63]

[64]

65]

[66]

67]

Bazhenov, V. Y., Vasnetsov, M. V. & Soskin, M. S. Laser beams with
screw dislocations in their wavefronts. JETP Letters 52,429-431 (1990).

Turpin, A. et al. Tunable orbital angular momentum beams in the
extreme ultraviolet /soft x-ray regimes. In Klisnick, A. & Menoni, C. S,
(eds.) X-ray Lasers and Coherent X-ray Sources: Development and
Applications, vol. 10243, 102430V (International Society for Optics and
Photonics, 2017).

Zverev, D., Barannikov, A., Snigireva, I. & Snigirev, A. X-ray refractive
parabolic axicon lens. Optics Express 25, 28469 (2017).

Yin, J. Y., Ren, J., Zhang, L., Li, H. & Cui, T. J. Microwave vortex-
beam emitter based on spoof surface plasmon polaritons. Laser and
Photonics Reviews 4, 204-209 (2017). 1703.07487.

Busch, S. F., Town, G. E., Scheller, M. & Koch, M. Focus free terahertz
reflection imaging and tomography with Bessel beams. Journal of
Infrared, Millimeter, and Terahertz Waves 36, 318-326 (2015).

Kulya, M. S., Semenova, V. A., Bespalov, V. G. & Petrov, N. V. On
terahertz pulsed broadband Gauss-Bessel beam free-space propagation.
Scientific Reports 8, 1390 (2018).

Tamburini, F. et al. Encoding many channels in the same frequency
through radio vorticity: first experimental test. Seminar Technology,
Bachelor O F Engineering, Communication 14, 033001 (2011). 1107.
2348.

Bu, X. et al. Implementation of vortex electromagnetic waves high-
resolution synthetic aperture radar imaging. IEEE Antennas and
Wireless Propagation Letters 17, 764 767 (2018).

Leao-Neto, J. P., Lopes, J. H. & Silva, G. T. Scattering of a longitudinal
Bessel beam by a sphere embedded in an isotropic elastic solid. Journal
of the Acoustical Society of America 142, 2881-2889 (2017).

Jiménez, N. et al. High-order acoustic Bessel beam generation by spiral
gratings. In Physics Procedia, vol. 70, 245-248 (Elsevier, 2015).

Shukla, C. & Das, A. Ton vortex beam. arXiv preprint arXiv:1711.02896
(2017). 1711.02896.

40



[68] McMorran, B. J. et al. Electron vortex beams with high quanta of orbital
angular momentum. Science 331, 192-195 (2011).

[69] Lei, M., Liang, Y. & Yao, B. Simultaneous optical trapping and imaging
in axial plane. In Omatsu, T. (ed.) Optical Manipulation Conference,
vol. 10712, 5 (SPIE, 2018).

[70] Hadad, B. et al. Particle trapping and conveying using an optical
Archimedes’ screw. Optica 5, 551 556 (2017). 1706.10122.

[71] Gahagan, K. T. & Swartzlander, G. A. Optical vortex trapping of
particles. Optics Letters 21, 827 (1996). 1011.1669v3.

|72] Grier, D. G. A revolution in optical manipulation. Nature 424, 810-816
(2003). 0803973233,

[73] Ruffner, D. B. & Grier, D. G. Optical conveyors: A class of active tractor
beams. Physical Review Letters 109, 163903 (2012).

|74] Sakamoto, M. et al. Three-dimensional vector recording in polarization
sensitive liquid crystal composites by using axisymmetrically polarized
beam. Optics Letters 41, 642 (2016).

[75] Radwell, N., Hawley, R. D., Gotte, J. B. & Franke-Arnold, S. Achromatic
vector vortex beams from a glass cone. Nature Communications 7, 10564
(2016).

|76] Heckenberg, N. R., McDuff, R., Smith, C. P. & White, A. G. Generation
of optical phase singularities by computer-generated holograms. Optics
Letters 17, 221 (1992).

[77] Korusip, B. B., Kosasés, A. A. & Tlopdupwes, A. II. @opmuposatue
JIA3ePHBIX MOJIOBUHHBIX TYYKOB TUPCH € TIOMOIIBIO TIPOCTPAHCTBEHHOTO
MogryaTopa cseta. Komnviomepnas Onmura 38 (2014).

[78] Ronzitti, E. et al. LCoS nematic SLM characterization and modeling
for diffraction efficiency optimization, zero and ghost orders suppression
"Time fluctuations of the phase modulation in a liquid crystal on

silicon display: characterization and effects in diffractive. Commun. Opt.
Ezxpress 160, 4 6 (1999).

41



[79]

[80]

81]

82]

83]

[84]

8]

Zhu, L. & Wang, J. Arbitrary manipulation of spatial amplitude and
phase using phase-only spatial light modulators. Scientific Reports 4,
7441 (2014).

Bosikos, A. B. et al. Memoduw romnviomepnot onmuru (ObrmecTBo
¢ OorpaHudeHHoil oTBeTcTBeHHOCTHIO M3narennckas dpupma Dusnko-
MaremaTuieckast gureparypa 2003).

Davis, J. A. & Cottrell, D. M. Random mask encoding of multiplexed
phase-only and binary phase-only filters. Optics letters 19, 496 (1994).

Luis Martinez Fuentes, J. & Moreno, I. Random technique to encode

complex valued holograms with on axis reconstruction onto phase-only
displays. Optics Express 26, 5875 (2018).

Gerchberg, R. W. & Saxton, W. O. A practical algorithm for the
determination of phase from image and diffraction plane pictures. Optik
35, 237 246 (1972).

Fienup, J. R. Iterative method applied to image reconstruction and to
computer-generated holograms. Optical Engineering 19 (1980).

Wyrowski, F. & Bryngdahl, O. Iterative Fourier-transform algorithm
applied to computer holography. Journal of the Optical Society of
America A 5, 1058 (1988).

[lovitsh, T., Tovitsh, A., Foiret, J., Fite, B. Z. & Ferrara, K. W.
Acoustical structured illumination for super-resolution ultrasound
imaging. Communications Biology 1, 3 (2018).

Liu, Z., Chen, H., Blondel, W., Shen, Z. & Liu, S. Image security
based on iterative random phase encoding in expanded fractional Fourier
transform domains. Optics and Lasers in Engineering 105, 1-5 (2017).

Pradhan, P., Sharma, M. & Ung, B. Generation of perfect cylindrical
vector beams with complete control over the ring width and ring
diameter. IEEE Photonics Journal 10, 1-10 (2018).

42



