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CeKkpeTbl Au3aliHa 3aLWMTHbIX FOJ1I0rpamMMm

AN MapKMPOBKU NPOAYKLMN OT NOAAENKU

1 danbcudukaumn TaaTca B BU3yasibHbIX LLBETOBbIX
3pdekTax. Ncnonb3oBaHME NIA3SMOHHbIX
ANPPaKLMOHHBIX pewweToK Npu U3roToBjleHnmn
rojiorpamMm cospaeT LBeTHble 06beMHble
M306paxkeHus, LLBETHOW MUKPOTEKCT, LBeTHoe
CKpbITOE U3o06paxxeHne, ropMsoHTasIbHbIN

M BepTUKa/bHbIN daun—-¢non a¢pdekTbl NO LBETY

M usob6paxeHuto. B 063ope KpaTKo NpeacTaBieHbl
BO3MOXHOCTU CO3AaHUSA HOBbIX ONTUYECKMX 3aLUTHbIX
3/1IeMEHTOB U 3aLMUTHbIX FOJIOrPaMM C HEO6bIYHbIMU
LBeTOBbIMU 3P PeKTamMn Ha OCHOBE MJIa3MOHHbIX
AVPPaKLMOHHbIX pelleToK U TpexXMepHbIX
rosorpamMm B TOJICTOC/IONHOM GOTOUYBCTBUTE/IbHOM
peructpupytowein cpege. MpeanoxxeHbl METOAbI
pelueHUs onNTU4YeCcKUX Npo6sieM, BOSHMKAIOWMX Npn
3anuncy BU3yasibHbIX 3aLUTHbIX 3/1IeMeHTOB. Takxe
OTMeYeHbl 0CO6@HHOCTU BOCNPpUATUS BU3YaJibHbIX
3aLUTHBIX 3/1IeMEeHTOB Npy BepupuKauum 3aluTHOn
rojiorpamMmbi No AaHHbIM 3/IeMeHTaM.

BBEAEHUE

B 3aI.LII/ITHOI:I ronorpac]pnu dKTHBHO Pa3BHBAIOTCA
HaIlpaBJI€EHHS IIO pa3pa60TKe U CO3AAaHHIO HOBBIX
OIITHYECKHUX 3alIHUTHBIX 3JIEMEHTOB, BCTPAMBAE€MBIX
B ,ELI/I3aI;IH 3aIJ.H/ITHOI;I TOJIOrpaMMBI OJ11 MAPKHPOBKH

NPOAYKLHUHK OT MHoAJenKku KU danbcuduxanmum [l].

Hawubonee BocTpe6OBaHHBIM SBseTCS pa3paborka
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The secrets of the design of security holograms

for marking products against counterfeiting and
falsification hide in visual color effects. The use of
plasmon diffraction gratings in the production of
holograms creates color volumetric images, color
microtext, color hidden image, horizontal and
vertical flip-flop effects (colored and imaging). The
review briefly presents the possibilities of creating
new optical security elements and security
holograms with unusual color effects based on
plasmon diffraction gratings and tree-dimensional
holograms in a thick-layer photosensitive
recording medium. Methods to solve optical
problems that arise when recording visual

security elements are suggested. In addition, the
perception features of the visual security elements
when verifying the security hologram are noted.

INTRODUCTION
Currently, the directions for the development
and creation of new optical security elements
integrated in the design of the security hologram
are actively developing in the security holography
to mark the products against counterfeiting
and falsification [1]. The most popular is the
development of optical security elements (OSE),
forming new color effects, namely:
« the elements that form fading color shades,
i.e. so-called pastel colors, which are very
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OINITHUYECKUX 3alIUTHBIX 371eMeHToB (033), dbopmu-

PYIOLIHX HOBbIE [1BeTOBEIe 3P HeKTH, a UMEHHO:

* 3JIeMeHTHl, QOPMHUPYIOIIMEe IIJIABHO H3MeHse-
MBbIe IIBeTOBBIe OTT@HKHM, T.e. TaK Ha3blBaeMble
IIacTebHbIe [1BeTa, KOTOPhle OUYeHb CJIOXKHO II0[-
JleJlaTb U KOTOpPbIe IIPUHSATHL BO BCEM MHpe KakK
"KaHOH" B 3aIMIIEHHOM ONUTPaduH, HANPU-
Mep B byMaskHBIX DAHKHOTAX U JeHeXHBIX 3Ha-
Kax;

* 3JeMeHTHl, GopMHUpYIOLIHe YeTKO PHUKCHUPOBAH-
Hble (B OoIpefe/leHHOM YIJIOBOM IIOjie 3peHHSs)
LIBeTa B BHUJe BU3ya/IbHO HabmaomaeMoro obbem-
HOTO LIBeTHOI'0 N306paskeHH s 06beKTa.

Taxue paboThl IPOBOASIT KaK BeAyIive 3apybesx-
Hble KOMIIAaHHMH, TaK KU oTeyeCcTBeHHBbIe. B 2013 rogy
koMmaHusa SURYS (mo 2016 roma oHa HOCHJIa Ha3Ba-
Hue Hologram Industries, ®panuus-TepmaHuUs)
IIPOAEMOHCTPHUPOBAa pe3ylbTaThl Pa3paboTox
I10 CO34aHHIO OIITUYEeCKUX 3alIUTHBIX 3JIeMeHTOB Ha
OCHOBE OJHOMEPHBIX (1D) u IBYMEPHBIX (2D) mmas-
MOHHBIX JUPPaKLHMOHHBIX pemeTok (IIJIP), BcTpau-
BaeMBbIX B 3alIHTHBIE TOJIOPAMMBbI, WWW.SUIYS.COIM.
Fonorpaduueckre TMoApasfeleHUss KOMIAHUU
DNP (dmonusi, www.dnp.co.jp) u Bayer (TepmaHus,
www.baer.com, www.films.covestro.com) paspa-
6aTBIBAIOT TpexMepHble LBETHBIe 3aIIUTHBIE I0JI0-
rpammsl (TL-3T) Ha OCHOBe TPeXMEePHBIX TOJIOTPAMM,
GOopMUPYIOIIKUX OJHOLBETHOE MJIM MHOIOLIBETHOE
o6peMHBIe H306paskeHUsI 06 BEKTOB.

B maHHOM cTaTbe NPHUBOISTCS pe3y/l1bTaThl HEKO-
TOPBIX PaboT IO CO3LAHMIO HOBBIX OITHYECKHX
3aMUTHBIX 3JI€MEeHTOB M 3alllMTHBIX TOJIOrpaMM
C HeOOBIYHBIMU L[BETOBBIMH 3deKTaMHU Ha OCHOBe
IIJIAa3MOHHBIX OUQPAKIIMOHHBIX pelIeTOK U Tpex-
MEpHBIX TOJIOTPaMM B TOJCTOCIOHHON doTocpere,
BBIIIOJIHEHHBIX coBMeCcTHO MITY um. H.3.baymaHa
1 AO "HIIO "Kpunrten".

MONMTYYEHUE OMNTUYECKUX SALLLUTHDIX
2JIEMEHTOB HA OCHOBE NMJIA3MOHHDbIX
OANOPAKLLMOHHDbIX PELLETOK
B mociemHue roasl MHTEHCHUBHO HCC/Ie[yeTCS BO3-
MOXHOCTh HHTEIPHPOBAHMS IIJIa3MOHHBIX CIIeK-
TpanbHBIX 30eKTOB B 3alUTHBIE T[OJOTPaAMMEBI.
[ToBepXHOCTHBIE I1JIa3MOHBI MOXKHO OIIpefeIUTh KaK
OCLIMJLISILIUU CBOOOIHBIX 3JIEKTPOHOB Ha MOBEPXHO-
CTH pasfesia MeTa//I-AUIeKTPUK. SIBIeHHe BO30OYK-
IeHU S [I0BePXHOCTHBIX IIJIa3MOHOB Ha Pe30HAHCHOH
YacToTe JIESKUT B OCHOBE CO3ZaHHS HOBOILO Kjacca
OIITHYeCKHX CIIeKTPaJIbHBIX QUJIBTPOB Ha base Boi-
HOBOJOB [2,3], AUPPaKILIMOHHBIX pPelleToK [4-7].
[InasmoHHBIe nudpakuroHHBe pemieTku (IIP)
IIPUMEHSIIOTCSI B Ka4eCTBe MIMPOKOIIONIOCHBIX OIITH-

i

difficult to counterfeit and which are accepted

all over the world as a "canon" in security

printing art, e.g., in paper banknotes and
currency;

« the elements that form clearly fixed (in a
certain angular field of view) colors in the
form of a visually perceived volumetric color
image of the object.

These developments are being conducted both
by leading foreign companies and in Russia.
In 2013, SURYS (until 2016 named "Hologram
Industries”, France - Germany) demonstrated
the results of developments to create optical
protection elements based on one-dimensional
(1D) and two-dimensional (2D) plasmon diffraction
gratings (PDGCs) integrated in security holograms,
www.surys.com. Holographic subdivisions of
DNP (Japan, www.dnp.co.jp) and Bayer (Cermany,
www.baer.com, www.films.covestro.com) are
developing three-dimensional color security
holograms (3D-CSH) based on three-dimensional
holograms forming a single-color or multi-color
three-dimensional images of objects.

In this article, the results of some works on
the creation of new optical security elements
and security holograms with unusual color
effects based on plasmon diffraction gratings
and three-dimensional holograms in a thick-layer
photosensitive media made jointly by Bauman
Moscow State Technical University and JSC "SPA
Kripten" are given.

CREATION OF OPTICAL PROTECTION
ELEMENTS BASED ON PLASMON
DIFFRACTION GRATINGS

In recent years, the possibility of integrating
plasmon spectral effects into security holograms
has been extensively studied. Surface plasmons
can be defined as the oscillations of free electrons
at the metal-insulator interface. The phenomenon
of excitation of surface plasmons at the resonant
frequency underlies the creation of a new class of
optical spectral filters based on waveguides [2, 3],
diffraction gratings [4-7].

Plasmon diffraction gratings (PDGs) are used
as wideband optical filters wherein the spectrum
bandwidth depends on the radiation incidence
angle (spectral-angular dependence). A new class
of optical security elements (OSE) was created
based on them, and their design is provided by
nanostructuring of various image areas.

The researches to create a visually perceived
optical security element, different from
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4YeCKHUX QHUIBTPOB, B KOTOPBHIX MIMPHHA IIOJIOCHL
CIIeKTpa 3aBHMCUT OT YyIVIa IaJeHHS H3Iy4YeHHS
(crmexTpasIbHO-yIJIOBas 3aBUCHMMOCTBE). Ha UX ocHOBe
CO3/laH HOBBIM KJIACC ONTHYECKUX 3aIHUTHBEIX 3Je-
MeHTOB (033), mpuYeM UX AU3aNH obecriedrnBaeTCs
IIyTeM HAaHOCTPYKTYPHUPOBAHUS Pa3IUYHBIX 065a-
cTel n3obpaskeHHUS.

B MITY uM. H. 3. BaymaHa coBmecTHo ¢ AO "HIIO
Kpunren" (r. lybHa, Poccus) OBIIM IIpOBeJeHBI
paboTsl IO CO3MAHUIO BHU3yaylibHO Habmomaemoro
OIITHYECKOTO 3aLIMTHOIO 3jJIeMeHTa, OTAHYalolle-
rocs oT 3¢$eKToB, BOCIPOM3BOAUMBIX CTAaHIApPT-
HBIMH PaAy>XKHBIMH rojiorpaMMaMHu. Hccienosa-
Hua 2D I1JIP BeAyTCS B paMKax IIOMCKa aHOMAJIbHBIX
[IMKOB B CIIeKTpe IIPONYCKAaHHS HJIKA OTPakeHUHU
(1a3MOHHBIM pe30HaHC). BelJI0O mpoBemeHO Moje-
JUPOBaHUE [AJIS TpPex BAPUAHTOB pejbeda, Ipef-
CTaBisIomero cobor Habop HepHOgUYECKH PaCIIO-
JOKeHHBIX 3/1eMeHTOB Cyb6Bo/MHOBOro Mmacmraba,
C KBaZIpaTHOM U TPeyro/IbHOM yIIaKOBKOM:

1) mepdopupoBaHHAs MeTajjH4yecKas IIJIeHKa,

BBHIIIOJIHEHHAs Ha IOAJIOKKE;

2) Habop MoNIMMepPHBIX HAHOLMIWHIPOB MK IIPS-

MOYTOJIBHBIX CTYIIeHEl, IIOKPBITEIX cepebpom;

3) mocepebpeHHBIN IIOJIMMEPHBIH CJIOH C OTBEPCTHU-

SIMHU Ha II0JIMMePHOMU IOAJI0XKKe.

B Tabnulle mpe/AcTaB/IeHbl [HATIa30Hbl 3HAUeHUH
HCCIeayeMBIX TapaMmeTpoB IIIP.

B pesynbTaTe BBIIIOJTHEHHBIX HCCIeLOBAHUU
IIPOC/IEKUBAIOTCS C/IeAyIoNHe 3aKOHOMEPHOCTH.
Bo-miepBHIX, IIpU PaCCMOTPeHHH CTPYKTYP, BBIIIOJ-
HeHHBIX B BHJe MaTPHULBl OTBePCTHH HIH CTyIle-
Hel, MOKPBHITBIX Cjl0eM cepebpa, 3HaueHHe ONTHU-
MaJIBHOM TOJIIIMHBL CJI0S HAIBIJIEHHOTO MeTajsa
HaXOOUTCS B AuamnasoHe oT 20 70 40 HM. Bo-BTOpHIX,
IIpU PACCMOTPEHHHU CTPYKTYp, BBIIOJHEHHBIX
B BHJe MaTpHULEl IIepOOPHPOBAHHLIX B CJI0e Cepe-
6pa oTBepCTHUM, ONTHUMAaJIbHAS TONIIHNHA MeTaslu-
YeCKOro C/10S HaXOOUTCS B AUala3oHe 3HaueHUH
oT 60 mo 120 um. IlpuyeM yBeJIHUYeHHEe TOJIIIHUHEI
IIOKPBITHS IIPUBOAUT K CY>K€HHIO I10JIOCHI ITPOIIyCKa-
HHUS. B-TpeTbHX, Ha CTPYKType C reKCaroHaJIbHOM
YIIaKOBKOH 3JIeMEHTOB C MeHBbIIeH MepPHOLUYHO-
cThio (200-300 HM) MOKHO Z0O6UThCSA 3dderTa coxpa-
HeHMS I|BeTa B IIHMPOKOM [Halla30He H3MeHeHHs
yIjla HakJIoHa obpasua. YeTBepTasi 0Co6eHHOCTB:
[IpY M3MEHeHHH IIONIpU3aLMU IIa[aoero Msjy-
4yeHusa ¢ TM Ha TE 1ojoca mpomnycKaHUS CysKaeTcs,
OCTaBasiCh B KOPOTKOBOJIHOBOM 0651acTH, BMecTe
C 3TUM CMeLAsCh B CTOPOHY MEHBIINX YIJIOB IIafie-
HUS U3JIyYeHH .

PaszpaboTaHHOe mporpaMMHoOe obecreueHuUe
[I03BOJISeT BHM3YaJIM3UPOBATh LIBETOBOE IIOBeJeHUe
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the effects reproduced by standard rainbow
holograms, were carried out in Bauman MSTU,
together with JSC "SPA Kripten" (Dubna, Russia).
The studies of 2D PDGs are carried out within the
search for anomalous peaks in the transmission
or reflection spectrum (plasmon resonance). The
simulation was carried out for three variants of
the relief, which is a set of periodically located
elements of a subwavelength scale, with square
and triangular packing:
1) perforated metal film made on a substrate;
2) a set of polymer nanocylinders or rectangular
steps coated with silver;
3) silver-plated polymer layer with apertures on a
polymer substrate.

The table shows the ranges of the parameter
values of the investigated PDGs.

As a result of the performed studies, the
following regularities are observed. First, when
considering structures made in the form of a
matrix of apertures or steps coated with a layer of
silver, the value of the optimum layer thickness
of the sprayed metal is in the range of 20 to 40 nm.

[MapameTpbl nccnepyemoix 2D NAP
Parameters of the studied 2D PDGs

[lnana3oH 3Ha4YeHumn
Values range

Mapametp

Parameter

TN 3nemMeHToB
Element type

CTep>XHu, oTBepCTUS
Rods, apertures

MpsamoyronbHas,
rekcaroHasibHas
Rectangular, hexagonal

YnakoBKa 3/1eMeHTOB
Element packing

Crnocob HaHeceHM MOKpPbITUS
Coating process

Monapusauns
Polarization

rlepnop, Hu 200-600
Period, nm

BbicoTa penbeda, HM _
Relief height, nm Copel
ToNWwmMHa MeTanInyecKkoro

MOKPbITUSA, HM 20-60
Metal coating thickness, nm

MaTtepuanbl NoAN0XKKN Monnmep
Substrate materials Polymer
MaTtepuanbl NOKpbITUM Cepebpo Ag
Coating materials Silver Ag

Co cTeHKaMu, 6e3 CTeHOK
With walls, without walls

TE,TM
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Puc.1. CnexmpanbHo-y2no8as duazpammepl nponyckanus 2D MNP e TM-noasipu308aHHOM U3Ay4eHUU U coomeemcmayiouiue

Fig. 1. Spectral-angular transmission patterns of 2D PDGs in TM-polarized radiation and the corresponding color diagrams
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obpasla IJIa3MOHHOH CTPYK-
TYpel B 3aBUCHMOCTH OT yIja
HaKJIOHa o6pasiia, YTO II03BOISIET
HaIJIJHO IpeACTaBUTL LiBeTa g
CTPYKTyp U obnerdaer paspa-
6oTky nu3ariHa O3D Ha OCHOBe
ITJ1P, KaK IIOKa3aHOo Ha pHC.l.
beiiu cMmomenupoBaHbl IIJIP,
B KOTOpBIX HabirogaeTcss mias-
MOHHBIN 3bdeKrT, 3aKJIKYa-
IOIIUIMCSI B HM3MEHeHHHU IBeTa
CTPYKTypbl IpU H3MEHEHUH
yrina mnageHus. H3meHsas pas-
Mep u ¢GopMy 3IeMeHTapHBIX
HaHOY4YaCTKOB, MOXHO peryiu-
pOBaTh YaCTOTy IIJIAa3MOHHOTO
pesoHaHca, a 3HA4YMT H CIIEeKTP
[IPOIIYCKAHHUS MM OTPa>keHUS. —
C yBenuyeHHeM IepHOLA TOpPU-
30HTajabHas II0JIoCA BO BCEM
Aualla3oHe YIJI0B CMeIaeTcd
B KpacHyo obnacTs, a [guaro-
Ha/lbHast - B 0671aCTh MEHBIIHX
yIjoB TmageHus. Hx coBMecT-
HOe BJIMsIHMe Ha ILBeT obpasua
II0Ka3aHO Ha COOTBETCTBYIOIIHX
LIBETOBBIX AHarpaMmax Ha puc.l.
Hanpumep, Ha IT[P c niepuomom
300 HM HabmnIomaeTCs H3MeHeHHe

both panes

a). Nepwoa 200 HM / 200 nm period

b). Neprog 400 HM / 400 nm period

¢). Mepwog 600 HM / 600 nm period

Puc.2. Cxema usmenerus ugema 2D /P 6 npoxodsuiem ceeme npu HAKAOHeHUU
8 06eux nnockocmsix
Fig. 2. Color changes scheme of 2D PDGs in transmitted light with inclination in

1BeTa C OMPI030BOTO Ha ¢HOIIe-
TOBBIM IPHU yIje NaJeHus, Ipe-
BoimIamomem 35° I'pafganuio LBeTa B 3aBHCHMOCTH
OT Ieproja MOXKHO IPOCIeUTh, BbIOpaB K PaccMo-
TPEHHIO OMHH yIoJ.

I'pagamuio 1BeTa B 3aBHCHMOCTH OT IIepuoma
MOSKHO ITPOCJIeJUTH, BBIOPaB K pACCMOTPEHUIO OOUH
yron. Hanpumep, nns IIAP Ha puc.ld npu usmMeHe-
HHUHU yIJIa OCBelleHHs oT 60° mo 0° 1BeT mpeobpasy-
eTCs OT IYPHYPHOro K 3eJIeHOMY, 3aTeM K TeMHO-
OpaH’XeBOMY U Jlajiee K TeMHO-QpHoIeToBOMY. TaksKke
HCC/Ie[IOBAJIOCh BIAMSHHE TONIIHUHBI cepebpsHOro
€101, IIPU YBEeJIMYEHHH KOTOPOTO II0JIy4aeM YKOpa-
YMBaHHe I10JI0CH MPOIYCKaHUs 110 YIy. Ilo pe3yns-
TaTaM MOJe/JIHMpOBaHMs Ha PHC.2 IIOKa3aHa cxeMa
M3MeHeHHs LIBeTOBBIX OTTEHKOB B 3aBHCHMOCTHU
OT yIJIa HaKJIOHa (unu ocBewmeHwus) gasg IIOP pas-
JTUYHOIO [IepHOoLa.

ITo cpaBHEHHUIO C OOBIYHBIMHU 3AIUTHBIMHU I'0OJI0-
rpamMamu (3l), 3aIIUTHBIM HOPHU3HAK Ha OCHOBE
OAHHBIX IIa3MOHHBIX 30PeKToB 6ymeT BOCIPUHU-
MaThCd MHaye, IOCKOJBbKY BHUAEH He B JUPparupo-
BaBIIEM H3JIyYeHMH, a B OTPakeHHOM M IIPOXOAS-
meM cBeTe. IToMHMO 3TOro, eciau Ha 3I pamy’KHBIK
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Second, when considering structures made in the
form of the matrix of apertures perforated in the
silver layer, the optimum thickness of the metal
layer is in the range of 60 to 120 nm. Moreover,
an increase in the thickness of the coating leads
to a narrowing of the bandwidth. Third, one
can achieve the effect of color conservation in
a wide range of variation in the slope of the
sample on the structure with hexagonal packing
of elements with a smaller periodicity (200-300
nm). The fourth feature is that with the change
of polarization of the incident radiation from
TM to TE, the bandwidth is narrowed, while
remaining in the short-wavelength region, with
displacement towards lower angles of radiation
incidence.

The developed software allows visualization
of color behavior of plasmon structure sample
depending on the angle of sample inclination that
makes it possible to clearly visualize the colors of
structures and facilitates the development of OSE
design based on the PDGs, as shown in Fig. 1.
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3¢pdekT mposABIAsLeTCsI B IOJ-
HOM CIIeKTPa/JIbHOM JHalla3oHe
(0T CHMHero [0 KPacHOro IBeTa)
npu Majsom 1moBopoTe 3I, TO
3¢PexT B IPOXOASIIeM H3jIyde-
HUMU IPUBOSUT K H3MeHeHMUIO
okpacku obpasla OT CHHero
10 KPAacHOro IiBeTa MPHU IIOJTHOM
mosopore Ha 60-90°, Kak IIOKa-
3aHO /JIs1 OAHOro M3 06pa3IioB Ha
puc.3.

B  pesyinbraTe BBIIOTHEH-
HBIX TeOPeTHUYeCKUX U 3KCIIepU-
MEHTAJ/IBHBIX HCCIeJOoBaHUM 2D
IIIP 6b1 cHOPMHUPOBAH IPOEKT
HOBOTO 3alIMTHOrO IIPH3HAaKa
Ha ocHose 2D IIJAP pajsi monyde-
HUA HoBoro 033, ¢opMmupyIo-
IIero HOBble LIBETOBble 3PPeKTH
IpY BH3yaJTbHOM HablofeHUU
1306paskeHUH.

Hnsa mony4yeHUsS QUKCHPOBAH-
HPIX HUTH TIT4BHOMIMEHTEMBIX ceeme Npu pasHbiX Y2Aax HAKAOHA
HIBETOBBIX OTTEHKOB B HUTOIOBOM Fig. 3. Photos of the experimental sample 2D PDGs in transmitted light at different
ronorpadpudeckom  H3obpaxe- inclination angles
HUHU OBIIM HCIIO0JBb30BaHbl 1D-2D
[IJIP ¢ HAHOCTPYKTYpOX "MeTal-
OU3TeKTPUK' Pa3THYAOIMXCSI IIepHofoM: B obia- The PDCs, wherein a plasmon effect is observed,
cTu snorotuna - 400 HM, B obnacTu ¢oHa - 500 HM, || consisting in a change of the structure color with
B obnactu Hagnucu "KpunreH" - 600 HM. Bricota || a change in the incidence angle, were simulated.
penbeda okHA 6bITH B fHamna3oHe 60+20 HM. Changing the size and shape of elementary

BaskHBIM OTIMYHEM HAAHHOTO CTaHeT TO, 4To oH || nanoscale sections, it is possible to regulate the
paboTtaer B 06OMX IIJIOCKOCTSIX:
M B TOPHU3OHTAJIBHOM, U B Bep-
TUKA/IbHOM, IIOCKOJIBKY OCHOBAaH
Ha nBymepHbIX IIC. TIpu HaKk/IOHE
033 B nwbor minockoctu Oyner
IIPOSB/ISATHCS HM3MeHeHHe LiBeTa,
KaK [T0OKa3aHo Ha puc.4.

IIpp >3TOM IIpH HaKJOHE
obpasma B OHATOHAJNBHOHU
IIJIOCKOCTH MIa3MOHHBIHN
3¢pbeRT OymeT NPOSBISATHCS
MHaye - C MHBIMH OTTeHKaMH |
IepexXoAsIUX LIBETOB. ITO OTIH- T T
4JaeT HOBBIM O35 KaK OT paAyX- e '
HBIX TOJIOrpaMM, Tak u oT 033
Ha ocHoBe 1D IIJP. IlocienHue
OCHOBAaHBl Ha OJHOMEPHBIX

CTPYKTypaxXx, U oba s3dpPpexTa:
PYKTypax, o¢ naockocmsix

AUQPAKLIHOHHEIM (pamy>xHbif) Fig. 4. Fig.4. Color changes scheme of the OSE based on 2D PS when inclined in
W IUIAa3MOHHBINA — IPOSABIAIOTCS both planes

TOJABKO IIpU HakyioHe 3I' m 033

a). Yron HaknoHa 0°/ Inclination angle 0° b). Yron HaknoHa 20°/ Inclination angle 20°

). Yron HaknoHa 40°/ Inclination angle 40° d). Yron HaknoHa 60°/ Inclination angle 60°

Puc.3. ®omozpaduu 3kcnepumeHmanbHo20 06pasua 2D /P 8 npoxodsiwem

Puc.4. Cxema usmeHeHus ugema O32 Ha ocHose N1C npu HAKAOHEHUU 8 0beux
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B IJIOCKOCTH, IepPIeHAUKYISPHON IITPUXaM OLHO-
MepHOH CTPYKTYPHL.

NMOJIYYEHUE UBETHbIX FrOJ1IOrPAMMHDbIX
CTEPEOIPAMM KAK ONTUYECKUX
SALLNTHDbIX IEMEHTOB

LiBeTHBIe TOJIOTPAaMMHBIE CTepeorpaMMBbl IIepBOHA-

YaJIBPHO CO3JaBaJIUCh AJIS MHPOKOPOPMATHBIX (pas-

MepoM 10 1,5x2M) n306pa3suUTeNbHBIX TOJIOTPAMM,

bopMHUpYIOIUX IIBeTHbIe 06beMHBIe H300paskeHUs

XyIOKeCTBEHHBIX 006beKkToB [8]. B maHHOI CTaThe

IIPUBeeHbl Pe3yabTaThl paboThl 10 pa3paboTke Tex-

HOJIOTHH I10JIy4eHUs TOJIOTPAaMMHBIX CTepeorpamMM

B BUJE:

e MasopopMaTHBIX (pa3Mepom mo 40x40MMm) o~
HOCTBIO TPeXMEePHBIX LIBeTHBIX 3aIIUTHBIX [0JIO-
rpamm (T1I-3D);

e uau BCTpanBaeMbIX B TI[-3T TOUeUHBIX TpeXMep-
HBIX TOJIOTPAMM B BH/JIe OTAE/bHBIX ONITHUYeCKUX
3aIIMTHBIX 3JIeMEeHTOB.

B nmepsoMm cayuae TII-3I $OopMHUPYIOT OOHO MHO-
ronBeTHoe obbeMHOe M306paskeHHe 00BEKTOB HIIH
nBa (unu 6ornee) LBeTHBIX 06BbeMHBIX H300paske-
HHUU C TOPU30HTA/IbHBIM U BepPTHKAJBHBIM IIepe-
KnodyeHHeM (bnun-¢iaon s3dpdexT) Kak II0 IBETY,
TaK M II0 caMoMy H306paskeHHI0. Bo BTOpoMm Ciy-
4yae TII-3I' QopMHUPYIOT BHU3yaabHbIe 3P dEKTHl B BHUe
LIBETHOIO MHKPOTEKCTa KM LIBETHBIX CKPBITHIX 00B-
eMHBIX H300paskeHUH.

Takue TII-3 mosny4arTcs MeToLaMH LIUPPOBOM
rosorpaduy U KOMIIBIOTEPHOIO CHHTe3a LBETHBIX
o6beMHBIX H300paskeHUM [9]. Bplna paspaboTaHa
ONHO3TAIlHAs CXeMa II0Jy4YeHUs LBeTHBIX IO0JIO-
TPaMMHBIX CTepeorpaMM II0 MOAHUGUIIMPOBAHHOU
cxeMe ronorpamm 0. H. JleHuCooKa, B KOTOPOM BO3-
MOKHO IIO/ly4YeHHe OJHOIlapa/UIaKCHBIX W IIOTHO-
Mapa/UIaKCHBIX LBETHBIX TOJIOTPAMMHBIX CTepeo-
rpamm. lonmorpamMMHBIe CTepeorpaMMBbl B JAaHHOM
cyly4ae IIPeJCTaBISIOT coboi coBMeleHHble HUGPO-
Bble TOJIOTPAMMBI, IIPH II0JIy4YeHUH KOTOPBIX IIPOUC-
XOJHUT IIOC/IeJOBATeIbHAS 3aIIUCh PAKYPCOB 06BEKTA,
BBIBOAMMBIX Ha IIPOCTPAHCTBEHHBIM MOXY/ISATOP
cBeTa (IIMC). Takor ITMC pacIioyiokeH B IIpeMeT-
HOM BeTBU ONTHYECKOM CXeMBl U B 3aBHCHUMOCTHU
OT TOro, 4TO 3a M300paskeHHUsI Ha Hero BBIBOASTCS,
MOTYT 6BITh IIOTy4YeHs! ciaeayomue TLI-3T u onTHde-
CKHe 3alIHMTHHIe 3JIeMeHThI:

e OTpa’kaTejIbHBbIE LIBeTHbIe [0JIOTPaMMHBbIe CTepe-
orpaMMsI (B 3ToM ciaydae Ha IIMC oTobpaskaeTcst
Habop paKypcoB, IIPeACTABISIONINX COOOM cTepe-
OIIapsl);

e OTpa’kaTeJIbHble TOJIOTPAMMEBI € QIHUI-GJIoI
s¢pdpextamu 1o nBery (Ha IIMC BBIBOAHUTCSA
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frequency of plasmon resonance, and, hence, the
transmission or reflection spectrum. With period
increase, the horizontal band in the entire range
of angles is displaced to the red region, and
the diagonal band is displaced to the region of
smaller angles of incidence. Their joint influence
on the sample color is shown in the corresponding
color diagrams in Fig. 1. For example, there is
a discoloration from turquoise to violet at an
incidence angle exceeding 35° on a PDG with a
period of 300 nm. Color gradation depending on
the period can be traced by choosing one angle for
consideration.

Color gradation depending on the period can be
traced by choosing one angle for consideration. For
example, fora PDGin Fig. 1d, when the illumination
angle changes from 60° to 0°, the color changes
from purple to green, then to dark orange, and
then to dark purple. The influence of the thickness
of the silver layer, increasing which, we obtain a
shortening of the bandwidth along the angle has
been also investigated. According to simulation
results, Fig. 2 shows a diagram of color shades
changes depending on the angle of inclination
(or illumination) for various period PDGs.

Compared to conventional security holograms
(SH), the security feature based on the data of
plasmon effects will be perceived differently as
it is visible not in diffracted radiation, but in
reflected and transmitted radiation. Furthermore,
if the rainbow effect appears in the full spectral
range from blue to red at small rotation of the SH,
the effect in the transmitted radiation results in
a change of the sample color from blue to red at
full rotation at 60-90°, as shown for one of the
samples in Fig. 3.

As a result of the theoretical and experimental
studies of 2D PDGs, a new security feature design
was developed based on 2D PDGs to obtain a
new OSE, forming new color effects in visual
observation of the images.

In order to obtain fixed or fading color shades
in the resulting holographic image, 1D-2D PDGs
with the "metal-insulator” nanostructure with
differing period were used: in the logo area - 400
nm, in the background area - 500 nm, in the
area of inscription "Kripten" - 600 nm. The relief
height should be in the range of 60 +20 nm.

An important difference is that it works in
both planes: both in horizontal and vertical,
since it is based on 2D PDGs. When the OSE is
inclined in any plane, a color change will appear,
as shown in Fig. 4.
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B KaueCTBe PaKypCcOB OJHO U TO ke H306paske-
HYe, HO pasHble PaKypChl 3aIMCBIBAIOTCS Pas-
HBIMH I|BETAMHU);

* OTpaskaTe/JbHBbIe TOJOrpaMMBI C GuuI-diion
sddextamu mo uszobpakeHuw (Ha [IMC BBIBO-
OATCSI B KadecTBe PaKypcoB pa3Hble H3o06paske-
HUe);

* OTpaskaTejIbHbIe TOJIOTPAMMBI CO CKPBITHIM IIBET-
HBIM H306paskeHHeM, BOCCTAHABIHMBaeMbBIM Ha
OTpa’keHHe;

* OTpa)kaTe/ibHBIe TOJIOTPAMMBI C I[BEeTHBIM
MHKPOTEKCTOM, JIOKaJHM30BaHHBIM KaK B IIJIO-
CKOCTH TOJIOFPaMMBl, TaK U BHE IIJIOCKOCTH I'0JIO-
TPaMMBL.

B kauectBe IIMC MOryT OBITH MCIIO/NIb30BAaHBI
niobble YCTPOCTBA oToOpaskeHMst, Hampumep >KK-
JYCIIIEH, HA KOTOPbIe BEIBOAATCS COOTBETCTBYIOIHE
n3obpaskeHus (pakypcsl). [lanee ST paKypChl peru-
CTPUPYIOTCS Ha GOTOUYBCTBUTE/IBHYIO CPefy.

ITo BBIIIEONIHMCAHHOM cxeMe ObUIH MO/y4eHEl [0/
HOIlapajJIaKCHBIE ILIBeTHBIE TOJIOrpaMMHBIE CTePeo-

Furthermore, if the sample is inclined in
the diagonal plane, the plasmon effect will be
manifested differently, with different shades
of changing colors. This distinguishes the new
OSE both from rainbow holograms and from the
OSE based on 1D PDGs. The latter are based on
one-dimensional structures, and the two effects,
diffraction (rainbow) and plasmon one, appear
only when the SH is inclined, and the OSE is in
a plane perpendicular to the strokes of the one-
dimensional structure.

CREATION OF COLOR HOLOGRAPHIC
STEREOGRAMS AS OPTICAL SECURITY
ELEMENTS

Color holographic stereograms originally
designed for wide-format (up to 1.5x2 m) visual
holograms forming color volumetric images of
art objects [8]. This article describes the results
of the development of holographic stereograms
technology in the form of:

rpammbal. PoTtorpadpuy MaTpHULL JAHHBIX [OJIOTPAMM .
(nu3amHa "3emas’ u "Kybuk"), a Takke mM306pake-
HUSI, BOCCTAHOBJIEHHble C HUX C HCIIO0Ib30BAaHHEM
TOYEYHOI0 W MPOTSIKeHHOTO BOCCTAHABIHBAOIIUX .
HCTOYHUKOB, ITPeICTAB/IEHEl Ha pUC.5. Takke 6BIIH
[I0JIy4eHbl OJHOIIApaJ/I/IaKCHBIEe IBeTHBIE TIO0JIO-
rpaMMHBIe CTepeorpaMMBbl ¢ GpiuI-gion spdpexTom
(mu3anHa "Ky6ok-2018"). Ha puc.6 mpencTaBlieHBI
n3obpaskeHus: Habopa PaKypcos,
KCIIONIb30BABIIKMXCSI IIPH IIONIY-
YeHUHU L BeTHBIX TI0JOrPaMM-
HBIX CTepeorpaMM C GauIl- ¢roIm
spdexkTom gu3airiHa "Kybox-2018",
a Ha pHUC.7 TpencTaBJIeHBI
MaTpHlla ToJorpaMM JH3alHa
"Ky60x-2018" u dororpaduu Bep-
THUKAJIPHOTO U TOPHU30HTAJIBbHOTO
¢nun-¢paon 53¢PekKTOB B BOCCTA-
HOBJIEHHBIX H300paskeHHUsIX IIPH
BOCCTAHOBJIEHUHU H306paskeHUMN
TOYEYHBIM M KBa3HUIIPOTSIKEH-
HBIM UCTOYHHUKAMHU.

[Ipy 5TOM BHIOHO, YTO LOPH-
30HTAJIBHBIN Gaun-¢aon 3¢pdexT
aBnseTcs b6omee SIPKO BhIPasKeH-
HBIM, 4YeM BepTHKA/IbHBIK. ITO
CBSI3aHO C TeM, 4YTO TOPH30H-
TaJbHBIN GIUIT-GI0oI 3PpdeKT
B OCHOBHOM CBSI3aH C allllapart-
HOM peanM3alllel CXeMBbl IIOJy-
4yeHMUs rojorpaMmMsl. Ha BepTu-
KaJabHBIA Gaum-¢aon 3¢dexT

small-format (up to 40 x 40 mm) fully three-
dimensional color security holograms (3D-
CSH)

point three-dimensional holograms in the
form of individual optical security elements
integrated in 3D-CSH.

In the first case, 3D-CSH form a single
multicolor volumetric image of objects or two

BoccTaHoBneHWe
C UCNO/Ib30BaHMEM
TOYEYHOro
WCTOYHMKA
Restoring using
point source

BoccTaHoBneHve
C UCNOAbL30BaHVEM
NPOTSXKEHHOrO
NCTOYHMKA
Restoring using
extended source

BoccTtaHoB/eHWe
C 1CNO/b30BaHVEM
TOYeYHOro
NCTOYHMKA
Restoring using
point source

BoccTaHoBeHWe
C MCNONb30BaAHMEM
NPOTSHXKEHHOrO
WNCTOYHMKA
Restoring using
extended source

MaTpuubl
NoNHONAPaNNaKkcHbIX
ronorpaMMHbIx
cTepeorpamm

Matrixes of full-parallax
hologram stereograms

M306paxkeHuns,
BOCCTAHOBJ/IEHHbIE

C €AVHNYHbIX
ronorpamm

Images restored from
single holograms

Puc.5. ®omozpaduu mampuy, ugemHbix 20/02pAMMHBIX Cmepeozpamm du3aliHa
"3emns" u "Kybuk" u u3o0bpa>keHusl, B0CCMAHOBAEHHbIE C HUX C UCN0Ab308AHUEM

MOYe4H020 U NPOMSKEHHO20 B0CCMAHABAUBAIOUWLUX UCIMOYHUKO8

Fig. 5. Photographs of matrixes of color holograms stereograms ("Earth" and "Cube"

designs) and the images restored using point and extended restoring sources
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HaK/Ia[bIBAOTCA AUPPAKIHOH-
Hble 3deKTh, oImpenensgeMble
YIJIOBOM M CIEeKTPaJbHOH CeJleK-
TUBHOCTSMH TOJIOTPAMMEBEL. ITH
CeJIeKTUBHOCTH, B CBOIO O4Yepefb,
CHUJIBHO 3aBMUCAT OT pasmepa BOC-
CTAaHABJIMBAWOLIEIO0 KMCTOYHHKA
U CIIeKTPAjJbHOTO COCTaBa €ro
usnydeHusd. CornacHo [10] mpu-
Onu3uTenbHBIE  MaTeMaTH4Ye-
CKHe OLleHKU HaHHOro s¢pdexrta
BO3MOXKHO ITPOHM3BONUTH TOJIBKO
[IPY He3HAa4YMTeJbHBIX YIJIOBBIX
pasmepax BOCCTaHAB/IHBAIOIEIo
WCTOYHHUKA W IIPH MaJjiOM OT/IH-
YHHU [JUH BOJH, HCIIOIb3yeMBbIX
IIPX BOCCTAHOBJIEHUH H306pa-
KeHUH OT [JIMH BOJIH, KCIIONB-
30BaBLIUXCS IIPU PerucTpaluu
LOJIOTPAMMBI.

Ha pwc.8 mpencrtaBieH Mpo-
LlecC BOCCTAHOBJIEHMS IL[BETHOTO
MHUKPOTEKCTa. BHIAHO, YTO BO3-
MOXKHO IIpHMMEHeHHe ILBeTHOIO
MHKPOTEKCTa B BHJe BH3yaJlb-
HOTO 3alMTHOLO 3JIeMeHTa.

Ippexkmamu

Puc.6. N1306pa>keHus Habopa pakypcos 045 noAy4eHus U8emHol 20/102pamm-
Holl cmepeozpammbl "KyboK" ¢ 6epmUKAAbHbIM U 20pU30HMAAbHBIM GAaun-paon

Fig. 6. Images of a set of angles for creating a color hologram stereogram "Cup"”
with vertical and horizontal flip-flop effects

sl 3TOro OTHe/IbHble LIBeTOBbIE

KOMIIOHEHTBl MOJKHBI OBITH CMeIleHbl OTHOCH-
Te/lbHO APYI Apyra (3a cueT abeppallUil ONmTHUe-
CKHX 2JIeMeHTOB, UCII0JIb3yeMBIX B CXeMe HJIH HaMe-
PeHHOr0 CMeIlleHHS LBETOBBIX KOMIIOHEHTOB IIpHU
BBIBOJle UX Ha HMHIMKATOP). IIpH BOCCTaHOBIEHUH
JaHHOIO MHMKPOTEKCTa BO3MOXKHO MCIIOJIb30BaHHE
uBeTHOro ¢unasrpa (Hampumep C3C - duabTpa, Kak
II0Ka3aHO Ha puc.8).

3AKJTIIOYEHUE

B cTaThe mpHBefieHBl pe3yabTaTel paboT mo cosna-
HHMIO HOBBIX OINTHYECKHUX 3aIMKUTHBIX 3JIeMEHTOB
M 3alIUTHBIX TOJOTPAMM C HEOOBIYHBIMU IBETO-
BBIMU 3bdeKTaMU Ha OCHOBe IIJIA3MOHHBIX OUb-
PaKIIMOHHBIX PEIIeTOK M TPeXMepHBIX IoJI0rpaMM
B TOJICTOC/IOMHON GOTOUYBCTBUTE/NbHOM PErucTpH-
pymoolIel cpefie.

[IpuBefeHbl Pe3yJIbTaThl KOMIIBIOTEPHOIO MOJe-
nupoBanusa 033, (OpMHPYOIIKMX BH3yaabHO
HabnlofaeMble IIJIAaBHO HM3MeHseMble LIBeTa HIIHU
IIBETOBbIe OTTE@HKHM, HA OCHOBe ABYMepHEIX IIJIP,
M pesylbTaThl SKCIEPUMEHTAJIbHBIX HMCCIemoBa-
HHUM TakuX O33. JJaHBl BapHaHTBl pacyeTa M H3I0-
TOBJIEHHUSI HAHOCTPYKTYp B BHUIe 2D IIJP mnsa ux
BCTpPaHMBaHHA B Ka4yeCTBe OITHYECKOro 3al[HTHOIO
3JIeMeHTa B 3aL[UTHBIE IOJIOTPAMMBI, H3TOTaB/IH-
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(or more) color volumetric images with horizontal
and vertical switching (flip-flop effect), both
colored and imaging. In the second case, 3D-CSH
form visual effects in the form of color microtext
and colored hidden volumetric images.

Such 3D-CSHs are obtained by methods of
digital holography and computer synthesis
of color volumetric images [9]. A single-stage
scheme for creating color hologram stereograms
was developed based on hologram modified
scheme of Y. N. Denisyuk, wherein one-parallax
and full-parallax colored hologram stereograms
can be created. In this case, hologram
stereograms are the combined digital holograms
that, upon creation, consistently record the
angles of the object output to the spatial light
modulator (SLM). Such SLM is located in the
objective branch of the optical scheme and the
following 3D-CSHs and optical security elements
can be created depending on what images are
displayed:

« reflective color hologram stereograms (wherein
a set of angles representing stereopairs is
displayed on the SLM);

+ reflective holograms with colored flip-flop
effects (the same image is displayed on the
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JKEHHbIM UcmO'-iHUKGMU)

effects with point and quasi-extended sources)

Puc.7. Mampuua 2onozpamm du3satiHa "Ky6ok-2018" u pomozpaduu 8epmuKanb-
H020 U 20pU30HMANbHO20 PAun-paon 3¢pGeKmos 8 80CCMAHOBAEHHBIX C 20A02pAMM
u306paxkeHusx (noayyeHue Gaun-paon 3pGekmos ¢ mo4eyHbIM U K8A3unpoms-

Fig. 7. Matrix of holograms ("Cup-2018" design) and photographs of vertical and
horizontal flip-flop effects in the images restored from holograms (creating flip-flop

SLM as the angles, but
different angles are recorded
in different colors);

« reflective holograms with
imaging flip-flop effects
(different images are
displayed on the SLM as the
angles);

« reflective holograms with a
hidden color image, restored
to reflection;

« reflective holograms with
a color microtext, localized
both in the hologram plane
and outside the hologram
plane.

Any display
for example, LC-displays,
outputting corresponding
images (angles) are used as the
SLM. Further, these angles are
recorded on the photosensitive
medium.

By the above-described
scheme, full-parallax colored
hologram stereograms were
created. Photographs of the data
matrixes of these holograms
("Earth" and "Cube" design),
as well as the images restored
using point and extended

devices,

BaeMble KaK I10 CTAHAApPTHOM POJIbHOM TeXHOJIOTHHU
3MOOCCHPOBAHUS, TaK KU II0 TeXHOJIOTHH IIJIOCKOIO
Y®-35M60cCHpOBaHUSA. BBIIM U3TOTOBIEHBI 3KCIIEPHU-
MEHTAaJIbHbIe o6pa3um 033 Ha ocHose 2D II/IP B r1po-
XOOsIIeM H OTPaskeHHOM CBeTe.

[IpuBeeHbl 3KCIIepHMEHTAJIbBHBIE pe3y/IbTaThl
[I0 CO34aHHI0O TPeXMepPHBIX LIBeTHBIX 3aIIMTHBIX

regenerating sources, are
shown in Fig. 5. One-parallax colored hologram
stereograms with a flip-flop effect ("Cup-2018"
design) were also created. Fig. 6 presents images
of a set of angles used to create color hologram
stereograms with a flip-flop effect ("Cup-2018"
design) and Fig. 7 shows a matrix of holograms of
"Cup-2018" design and photographs of vertical and
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Puc.8. LigemHol mukpomeKkcm Kak 8u3yanbHbil 3auyUmHabil
3nemeHm. [pouecc 80CCMAHOBAEHUS UBEMH020 MUKPOMeK-
Cma ¢ ucnoAb308aHUEM LieemHo20 Guabmpa

Fig. 8. Color microtext as a visual security element. Process
of restoring a color microtext using a color filter

roJiorpaMM Ha OCHOBE LBeTHBIX [0JIOTPAaMMHBIX
CTepeorpaMm, IOJAy4YeHHBIX I10 MOASUQPHULIMPOBAH-
HOU cxeMe ronorpamm IO.H./leHHcIoka, B KOTOpOH
BO3MOXHO IIOJly4eHHe OJHOIIaPajJIaKCHBIX H II0J-
HOIApa/lJIaKCHBIX ILBeTHBIX TOJIOCPAMMHBIX CTe-
peorpamM. Takue TII-3I' mosy4yaroTcs MeTOZaMHU
UK poBOM roaorpadruu U KOMIIBIOTEPHOIO CHHTe3a
LIBeTHBIX 06beMHBIX U306 paskeHU . [1pu sToM TLI-3T
GOpPMHUPYIOT OLHO MHOIOLIBETHOe 00BeMHOe H30-
bpaskeHre 00berTOB MM ABa (unu 6bosee) ILiBeT-
HBIX 00BbeMHBIX M306paskeHUI C FOPU30HTATbHBIM
M BepTHKaJbHBIM IepeKkaiodyeHHeM (Ppaum-dion
3pdeKT) Kak IO LIBETy, TaK K II0 caMOMy H306pa-
skeHH10. Takxke TL-3I' GOPMHUPYIOT BH3yajbHbIE
3¢deKTh B BHUJE LBETHOTO MHKPOTEKCTA U LIBeT-
HBIX CKPBITBIX 06eMHBIX H300paskeHH . [IoKa3aHo,
YTO IBETHOM MHUKPOTEKCT MOXKET OBITh UCII0/NIb30BAH
B KauyeCcTBe 3aIIMTHOIO 3JIeMeHTa, a TOPHU30HTaJIb
HBIH Gnun-¢iomn 3¢dexT 6oee IPKO BEIPAsKEH, YeM
BepPTUKAJIbHBIN.

Paboma 8bln0AHAAACL U GUHAHCUPOBAAACH KAK N0 3adaHuto
AO "HayuHo-TIpouszsodcmeenHoe Obwedunenue "Kpunmen"
(2. [lybHa, Mockosckoil 06A.), mak u 8 pamrax co2AaueHus o npe-
docmasnenuu cybcuduu Munucmepcmaom 06pa3zo8anus u Hayku
Poccutickoii dedepauuu N2 14.577.21.0197.

JINTEPATYPA

1. C.b.0OanHOKOB. MeTOAbl ¥ ONTUKO-3N1EKTPOHHBIE NPUBOPLI ANS aBTOMA-
TUYECKOTO KOHTPONS MOAANHHOCTY 3aLLUTHLIX ronorpamMm. — M.: TexHoc-
Gepa, 2013.
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horizontal flip-flop effects in the restored images
where the images were restored with point and
quasi-extended sources.

It can be further seen that the horizontal
flip-flop effect is more pronounced than the
vertical one. This is due to the fact that the
horizontal flip-flop effect is mainly related to
the hardware implementation of the hologram
creation scheme. The vertical flip-flop effect is
imposed with diffraction effects, determined by
the angular and spectral selectivity features of
the hologram. These selectivity features, in turn,
depend strongly on the size of the reducing source
and the spectral composition of its radiation.
According to [10], the approximate mathematical
estimates of this effect can be made only at small
angular sizes of the restoring source and with
an insignificant difference in wavelengths used
when restoring images from the wavelengths
used to record the hologram.

Fig. 8 shows the process of restoring the
color microtext. It can be seen that it is possible
to use color microtext in the form of a visual
security element. To this end, the individual
color components must be displaced relative to
each other (due to aberrations of optical elements
used in the scheme or deliberate displacement
of color components when they are output to the
indicator). When restoring this microtext, it is
possible to use a color filter (e.g., GBG filter, as
shown in Fig. 8).

CONCLUSION

The results of work on the creation of new optical
security elements and security holograms with
unusual color effects based on plasmon diffraction
gratings and three-dimensional holograms in a
thick-layer photosensitive recording medium are
given in this article.

The results of OSE computer modeling,
forming visually perceivable fading colors or
color shades, based on two-dimensional PDGs
and the results of experimental studies of such
OSE are given. The variants of calculation and
fabrication of nanostructures in the form of 2D
PDGs for their integration as an optical security
element into security holograms produced both
by standard roll embossing technology and by
the flat UV embossing technology are given. OSE
experimental samples were fabricated based on
2D PDGs in transmitted and reflected light.

The experimental results on the creation of
three-dimensional color security holograms
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