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MOKHO MCKJIIOUMTh BO3MOXXHOCTb KOHTAaKTHOTO KOMMPOBaHMs Tojorpaduueckoro penabeda
TPAAUIIMOHHBIX 3aIIUTHBIX TOJIOTPAMM, HO HEJTb3S UCKJTIOUMTH BO3MOXKHOCTD MX TOJTOTpadnuecKkoro
KOIMPOBAHMSI, TPY KOTOPOM BOCCTaHOBJIEHHAS TOJIOTPaMMOii BOJIHA PETUCTPUPYETCS TOBTOPHO Ha
rojiorpaMMe-Konuu. B pabore sKcIepMMeHTATbHO peaqu30BaHa 3alllMTHASI METKA, COAepsKaIas
yuacTok cryuaiinoro quddysHoro penbeda. lonorpaduueckoe KOMMPOBaHKEe yUaCTKa HEBO3MOKHO,
TTIOCKOJIbKY OH He SIBJISIETCS TOJIOrPaMMOii. YUacTOK CJTyYaifHOTO pesibeda SIBJISETCS ITPaKTUUeCKU
VHUKaJIbHBIM, YTO IIO3BOJISIET MCIIONb30BaTh €ro B KauyecTBe 3allUTHOTO 3jeMeHTa. [Ijis
UOeHTUGUKAIMY — TOAJIMHHOCTY  3AIIUTHOM METKM  PEerMCTPUpPOBAINUCH  CHEKI-KapTUHBI,
chopMMUpOBaHHBIE PEIIMKAMM, KaK C OJHOTO M TOTO 3Ke, TaK U C APYroTrO YYacTKOB CIy4aifHOTO
penbeda. 3aTeM BBIUMCISIIACH UX KpoOCC-Koppensanus. [Ipemronaraetcs, YTO IpeAsIOsKeHHbIe
3aIIMTHbIE METKM MOTYT IPOU3BOAUTHCS HA CTAHOAPTHOM OOOPYIOBAHWUM, IJIST TUPAKUPOBAHMS
3aIUTHBIX TOJIOTPAMM.

Kniouesole cnosa: 3amutHast MeTKa, neHTudukaimm noaanuHoct, CiryJdaiiHbiii pesibed, Criek,
Koppensius.

Humuposanue: CmonoBu4, A. M. TupaskupyeMble 3alllUTHbIE METKY, COAepyKaliye CIydaliHbIi
penbed, ¥ KOHTPOJIb UX HogauHHOCTY / A. M. Cmonosuy, JI. 1. Kne6anos, U. [I. Jlakraes, A. I1. Opinos,
I1. A. CmomnoBuy, A. B. ®poios, O. B. Bytos // HOLOEXPO 2023: 20-s1 MexkmyHapomHast KOHpepeHLusT
T10 rojiorpaduy 1 MPUKIATHBIM ONITUUECKUM TeXHOIorusaM : Te3ucs! mokinamos. — CII6.: U3a-Bo
CII6IITY «JIOTU», 2023. — C. 199-203.

OOGBbIYHO TPAAMUIIMOHHBIE 3AIIMTHBIE TOJOTPAMMbBI HAEXKHO 3aIMUIIAIOT OT KOHTAKTHOTO
KOMMpOBaHusl rojorpaduueckoro penbeda. OmHAKO HEMb3ST MCKIIOUUTD BO3MOXKHOCTb UX
rojiorpaM4Yeckoro KomupoBaHust. IIpu romorpadgmueckoM KOMMPOBAaHUM U300paxkeHue C
roJIorpaMMbl BOCCTaHAaB/IMBAETCSI ITYYKOM KOT€PEHTHOTO CBeTa M IPOMU3BOAMUTCS ITIOBTOPHAS
perucTpaius rojorpaMMbl BOCCTaHOBJIEHHOTO M300paskeHust. Ha roorpaMmmMy-Kommio, MMEOIIYIO
dasoBbIii  penbed, MOXKET OBbITh HAHECEHO METa/UIMYecKoe IIOKphITHE. 3aTeM MEeTOI0M
raJIbBAHOTUIACTUKM TI0 CTAaHZAPTHOM TEXHOJNOTMM MOKET ObITb M3TOTOBJIEHA MeTa/lInyecKast
MaTpuIila, KOTOpasi MOKET ObITh MCIIOb30BaHa [JISI TUPAKMPOBAHMS KOTIMIA MCXOAHOM 3aIUTHOM
roJIOrpaMMbl METOOM TUCHEHMSI.

B mokmame ob6cykmaeTcsl 3allMTHAs MeTKa, JOMYCKAIOIIMii MacCoBOe TUPaskMpOBaHMe,

HO,H,O6HO€ TUPAKUPOBAHMIO  3alIUTHBIX TOJOTpaMM, HO  MCKIIOUAKIIagd  BO3MOXHOCTD
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rosiorpadnUeckoro KOMMpPOBaHMUS. DTO IOCTUraeTCs TeM, YTO IpefjaraemMasi 3alluMTHasi MeTKa
comepskuT (asoBblii penbed, KOTOPBIM SIBASETCS He TOJOrPaMMOi, a y4yacTKOM CJIydaifHOTO
nuddysHoro penbeda [1, 2]. YuacTok ciayvaitHoro penbeda, comepskaiiuii JOCTaTOUHO OOJbIIOe
KOJIMYECTBO HEOTHOPOIHOCTEN, SIB/ISIETCSI MPAKTUUEeCKM YHUKAIbHBIM. B TO ke BpeMsi, OH MOKeT
TUPAKUPOBATHCS METOIOM TMCHEHMSI, KaK OObIuHasI penbedHas rojorpamma. ['onorpaduueckoe
KOMMPOBaHMe ydyacTKa CIydaifHOTO penbeda HEBO3MOXKHO, TaK KaK 3TO He rojorpamma. s
3alIMThl OT KOHTAKTHOTO KOIMMPOBAHMSI IMOIXOASIT METOMbI, pa3paboTaHHbIe [JI 3aIIUTHBIX
rosiorpamm. doTtorpaduueckoe KOMMpOBaHMUe CIyyaitHOTO penibeda Takke HEBO3MOKHO, TaK Kak
penbed TpexmepHbIii. KOHEYHO, MOKHO 3aperucTpupoBaTh rojorpamMmy penbeda, HO OTAUUUTH
penbed OT ero roorpaMmbl, He COCTaBJISIET TPYIA.

B wiyyae eciv y Hac MMeeTCs TIOA/IMHHAS 3alIMTHAsI MeTKa U MeTKa, TOAJIMHHOCTb KOTOPO¥
TpebyeTcs MPOBEPUTD, TO MAEHTUPUKALINIO ee TTOAJIMHHOCTY ITPOU3BOAMTCS C/IeAYIOIMM 00pa3oM.
Y4acToK C/TydyaitHOro penbeda MmpoBepsieMoit 3al[UTHOI MeTKM, OCBEIIAIOT ITyYKOM KOTepeHTHOTO
CBeTa, B pe3y/bTaTe yero oopasyercs CHeKJ-KapTuHa [3], KOTOpYI CPaBHUBAIOT C aHAJIOTUYHOI
CIIeKI-KapTMHON TOJJMHHON 3alIMTHON METKMU IPU MCIOJb30BaHMUM OIVHAKOBON OITUUYECKON
cxeMmbl. Eciu ObI y4acTKM cCiaydaiflHOro penbeda ObLIM MIEHTUUHBI, TO M CIIEKI-KapTUHBI
PacCesTHHOTO MMM CBETa TaKkKe OO/IKHbI ObUIM ObI OBITh MAEHTUYHBI. Ha mpakTuke mpoduib
penbeda pasHbIX KOMUI MOIJMHHBIX METOK OyZeT MMeTb HeOOJIblMe OTINYMS, TakKe BCeraa
MIPUCYTCTBYIOT HETOYHOCTY YCTAHOBKM METKY B OIITUUECKYIO CXEMY, IITyM IIPMOOPOB U T.I1. [TosTOMYy
COOTBETCTBYIOIIIME CITEKI-KapTUHBI OYAYT HEMHOTO OT/IMYaThCs. [IJIsI oTipeneneHs BeJIMYMHbBI 3TOTO
pasnanumus BbIUKCISIETCS KOIGOUIMEHT KOoppensiuyu YKa3aHHBIX CIeKa-kKapTuH. Ecam ator
KO3(pdUIMeHT Koppemsiliuy MPeBbICUT YCTAHOBJIEHHBI TIOPOT, Ae/aeTcsl BbIBOA, O MOIIMHHOCTU
MPOBEPSIeEMOr0 ONTUYECKOTO 3alllMTHOTO 3jeMeHTa. BelnuynHa mnopora ycTaHaBAMBAETCS W3
coobpakeHMIT obecrieueHMsT HAAEXHOM MAeHTUdUKAIMN ITPY HAIMYUY PeaTbHbIX HETOUHOCTEIA.

YToObI MO MAEHTUUYHOCTU CHEeKI-KapTUH CAelaThb BbIBOJ, O TOAJIMHHOCTU ITPOBEpsieMOoit
3alUTHOM METKU, TAK)Ke HaJ0 UCK/IIUNUTD CTy4yail, KOrga BMeCTO MeTKM, CoaepyKalieil yyacToK COo
CJTyyaiiHbIM penbedoM, MCIIONb3yeTCsl ee TosorpamMma. [JIjiss 3TOrO Olepanui0 OCBelleHUs
TpoBepsieMoit U MOIIMHHOM 3alUTHBIX METOK IMy4YKaMyM KOTepeHTHOTO M3TyuyeHUs U CpaBHEeHUS
CIeK/I-KapTVH MOBTOPSIOT HECKOIbKO pa3, IIpY 3TOM JIJIMHA BOJHbBI U3JTyIeHUS U/UIU YTO MajgeHns
OCBEIAMIIEero ITyyKa M3MeHSII0TCSI OOMHAaKOBBIM 00pa30oM, Kak JIJIsl y4acTKa TpeXMepHOro peybeda
MpOBepsieMOoil 3alllMTHOM MEeTKM, TaK U [IJiT COOTBETCTBYIOIIETO y4acTKa TPeXMepHOTo penbeda
MOA/IMHHOI 3alUTHOI MeTKMu. Torma, ecnu TpoBepsieMasl 3al[MTHAsI MeETKA TakKkKe SIBJSIeTCS
MOA/IMHHOV, COOTBETCTBYIOIIME CIEKI-KapTUHbI OCTAHYTCS UOAEHTUYHBIMMU, & €C/IM IpoBepsieMast
3al[MTHAsI MeTKa SIBJISIETCSI TOIOTPAMMO¥i TTOAIMHHOM MEeTKM, COOTBETCTBYIOIIME CIIeKI-KapTUHbI
OyIyT OTIMUYATBCS IPYT OT ApPYyTa.

TpexmepHbIit penbed 3alIUTHON METKM MOXKET COAepkaTb 3JIeMEHTbI, IOCTYITHbIe
BU3YQJIbHOMY HAOMIOoeHui0 B Tiporecce wupaeHTudukanmumu. B 3ToM @Iyuae B 1mpoliecce
UOeHTUGUKAIMM TTOAJIMHHOCTY 3JIeMEHThI pesibedpa MOTYT HaOIOAATHCSI HEBOOPYKEHHBIM I71a30M

U/WIN B ONTUYECKUN MMKPOCKOII. s TUPAKMUPOBAHUA M IIPUKIEUBAHUSA 3alIUTHOM METKU
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rpefJjiaraeTcsl MCIOJb30BaTh Takye ke TeEXHOJOTMUeCKue orepauym, 4To 1 AJ1sl roaorpadpuueckux
3alUTHBIX MeTOK. [I03TOMy, He BbI3bIBae€T HUKAKMX JOTIOJIHUTEIbHBIX TPYLHOCTEN UCIIOIb30BaHMe
KOMOVHMPOBAHHBIX 3alIMTHBIX METOK, TPeXMEpHbINi peyibed KOTOPbIX, IMOMMUMO YYaCTKOB,
comepsKalyX IMepoxoBaTyl0 MTOBEPXHOCTh, TAKKE COAEPIKUT rojorpaduveckme yuacTKN.

B skcmepumeHTe B KauecTBe MOJENM 3aAIUTHBIX METOK MCII0Jb30BAJMCh MOJMMEpPHBIE
peruMKy co MuIMdOBAHHOM MTOBEPXHOCTY (TOPOIUIACTOBOI IUIAaCTUHBI. PTOpOIUIACT OB BRIOPAH
I yMeHblneHust afare3mu. ToHkuit cioii YO orBepskmaemoro dorormonuMepa HAaHOCWIICS Ha
TMOBEPXHOCTh TMOMJIOKKM, B KauyeCTBE KOTOPBIX MCIIOIb30BAINCh CTEKISHHbIE M KBaplieBble
miacTuHkK. [lomjiokka € HaHeCeHHbIM CJI0eM IoJMMepa COBMeLaaach C ITOBEPXHOCTBIO
dbTopornacToBOit IIACTMHBI  TIOJ, OINTUUYECKMM MMKPOCKOIIOM, a 3aTeM IIpOM3BOAMUIIOCH
sKkcroHupoBanue Gorononumepa YO nammnoii. TonmmHa ciost poTomonMepa 1mocjae COBMeIeHNsT
KOHTPOJIMPOBA/IACH C TOMOUIbIO TBEPABIX OTPAHNYMNTEJIEN, PACIIO0KEHHBIX 10 TepUMETPY y4acTKa
KOIMPYyeMOJi TOBEPXHOCTH, U cocTaBsia 50 Mkm. [TorrepeuHblie pasmepbl pabovero moJsist pervinKu
coctaBasim OT 5x5 mo 10x10 mm? [Ijas1 yBeIuMueHMUsI OTpakaTeIbHOI CIIOCOOHOCTM PeIIMK Ha
TOBEpPXHOCTb CJIy4aifHOTO penbeda MeTOAOM MAarHeTPOHHOIO HallbIeHMSI HAHOCWJICS CJIOV

pytenus tonuuHoi 100 HM. KoagduiimeHT mpomnyckaHus TaKo# IIEHKM COCTaBIIsut 2,9x107,

Aperture 1

Beam expander

Laser
OSE

I B Aperture 2
<> Objective

; / Camera

Puc. 1. Ontnueckas cxema JKCIIEpMMeEHTa I10 I/I,ELEHTI/I(I)I/IK&LU/II/I MMOAJIMHHOCTU METOK

OnTuueckass cxema 3KCIIepUMeHTa T0 UAEHTUMUKAIMM TTOIJIMHHOCTY 3alIATHBIX METOK
rokasaHa Ha Puc. 1. Mcrnonb30Basics MOMyITPpOBOAHMKOBBIN Jia3ep C IJIMHOI BOJHbI cBeTa 0,65 MKM,
MOIIIHOCTD JIa3€pHOro ITyyka MOIJIa peryanpoBaTbcsi B AmanasoHe 0,1-2 mBr. Cneki-kapTuHa
peructpupoBaiach uudponoii horokamepoit USB mukpockoria Supereyes BO11 ¢ paspelieHuem
2594x1922 nukceneit u pasmepoMm opHoro nukcenss Ha KMOII maTtpuiie 2,2x2,2 MKM. CpenHuii
pasMep CIEeKJIOB pPeryJMpoBajiCs BeJIUUYMHON MPUCOBON Auadparmbl, yCTAaHOBAEHHON Iepe[
06bekTVBOM. ONITUMAaJIbHBIN CPeIHMII TMHEHbIV pa3Mep CIIeKIOB cOCTaBsul 5-10 nmukceneit. s
CpaBHEHMSI CIIeKI-KapTMH, OHM BBOAWINCh B KOMIIbIOTED ¥ 006pabaThIBA/INCh CIIEIMaTbHO

pa3paboTaHHOV MpPOrpaMMOii, KOTOpasi BBIUMCISIIA MX KoOppensimioo. Pabora anroputma
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MpOrpaMMbl COCTOSIIa B IlepeMelleHMM M300pakeHUsI ONHONM CIEeKI-KapTUHbI OTHOCUTEIbHO
M300paskeHUsT APYroil M BBIUMCIEHUM CKAJISIPHOTO IpOM3BemeHMs] OByX Matpwuil. Koppensuyst
MIPOM3BOJILHOTO M300pakeHMsI C MIEHTUYHBIM Bcerya 6yaeT paBHa 1, IS CTy4aifHbIX M300paskeHMIA
UX Kpocc-Koppessius 6ymet 6;m3ka K 0. [ToCKOMbKY CHeK/I-KapTUHbI Pa3HbIX PEIUIMK MOIJIY ObITh
CJierka MOBEPHYThI OTHOCUTENbHO APYT APYra, MIOMMMO CTaHIAPTHBIX CIBUTOB MaTPUIIbI, paCUeThI
MIPOBOAMJINCD TIPU Pa3IMYHBIX ITOBOPOTaxX. [ToryueHHbIE B pe3ynbraTe 06paboTKM CHUMKOB CIIEKII-
KapTuH 3HaueHus KO3DGUIMEHTOB KPOCC-KOPpesiuu mokasanbl B Tabmuie 1. 3gech 1B u 1D
peruIMKM C TIepBOro yJacTKa crydaitHoro pembeda, a 2A u 2F — co BToporo. MokHO BUOETh, UTO
KOPpeJISILyS MeKIY CIIeK/I-KapTUHaMM, COOTBETCTBYIOIIMMMU PEeIUIMKaM C OJHOTO U TOTO JKe y4yacTKa
CIydaiiHOTO pesibeda, 3HAUMTENbHO IPEBBIIIAeT KOPPESIINIO, COOTBETCTBYIOIIYIO peruiMKaM C
pa3HbBIX YUACTKOB.

Takum 06pa3om, B paboTe IpeaoKeHbl M peaqn30BaHbl 3alIMTHbIE METKM, COIepKaliye
CyyaiiHbIii  penbed,  KOTOpble  He  JIOMYCKalT  rosorpaduyeckoro  KOMMPOBAHMSI.
OKCIIepUMEHTAaIbHO II0KA3aHO, YTO 10 KOPPESLMU CIEeK/I-KapTUH PaCCeSTHHOTO U3Ty4YeHUS MOKHO
HAJleXKHO YCTAHOBUTD, SIBJISIETCS JIM MpoBepseMasl MeTKa MNOoAjMHHON. I[Ipepdronaraercs, 4To
3alIMTHbIE METKM MOTYT ITPOU3BOAUTHCS HA CTAHAAPTHOM OOOPYIOBAHMM, IJISI TUPAKMPOBAHMS
3aIMTHBIX TOJOTPAMM.

Pa6ota BbInosiHeHa B pamkax ['ocygapcrBeHHOro 3aganus P um. B. A. KorenpHnkoBa PAH.
ABTOpBI GmaromapsaT A.A 371aTOIMOJBCKOTO 3a IIOJIe3Hble OOCYKIEeHMS MEeTOHOB 00paboTKu
n3o06pakeHuit, a A. C. VinbMHa 32 KOHCYAbTALMM I10 TEXHOJOTUM CHSITUSI PeIUIMK U 3a HaHeceHue

OTPa’KAOIEro MOKPBITHUS Ha PETIUKHA.

Ta6amua 1. Kpocc-Koppensiiuy CrekI-KapTuH, chOpMUPOBAaHHbBIX PEIUIMKAMM C IBYX yYaCTKOB

cTy4daitHoro penbeda

Ne 1B 1D 2A 2F
1B_ 0.93 0.06 0.08
1D 0.93 0.05 0.06
2A 0.06 0.05 0.82
2F 0.08 0.06 0.82
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It is possible to exclude the possibility of contact copying of the holographic relief of traditional
security holograms, but one cannot exclude the possibility of their holographic copying, in which
the wave reconstructed by the hologram is recorded again on the copy hologram. In the work, a
protective label containing a random diffuse relief area is experimentally implemented. Holographic
copying of the area is not possible because it is not a hologram. The area of random relief is almost
unique, which allows it to be used as a protective element. To identify the authenticity of the security
label, speckle patterns formed by replicas were recorded both from the same and from another area
of a random relief. Then their cross-correlation was calculated. It is assumed that the proposed
security labels can be produced on standard equipment for replicating security holograms.

Keywords: Security label, Authenticity identification, Random relief, Speckle, Correlation.
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