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Pedepar:

1. Meranorpagiynuil Apyk (iHTaraioApyk) € OGHUM 3 OCHOBHUX METO/IB 3aXUCTY i BAKOPUCTOBYETBCS JINLIE [1J15
BUTOTOBJIEHHS LIiHHUX MANIEPiB Ta JOKYMEHTIB CYyBOPOro 00JIiKY, 30KpeMa 6aHKHOT, B YCbOMY CBiTi. OCOOIMBICTDb
IIbOTO METO[y IPYKY II0JISITA€ B MOKJIMBOCTI (POPMYBAHHSI LITPUXiB 3 Pi3HOIO TOBIIMHOW (apboBoro mapy (go 320
MKM). LIs B1acTuBiCTh MeTasorpapiuyHoro Ipyky 3abesnedye ifeHTUdikalio CIIpaBkHOCTI 3axXUIEeHOI IPOAYKLi B
CYCIIiJIbCTBI, Y TOMY uncsi inenTudikalio HoMiHaay 6aHKHOT JIIOAbMU 3 BaZJlaMu 30py. Y 3BS13Ky 3 HE[TIOBHOTOIO
TEOPETUYHMX Ta IPAKTUYHMX HAIPaIl0BaHb 1010 METAIOrpadivHOro IPYKY, BUSIBJIEHHS 3aKOHOMiIpHOCTEN
dopmyBaHHS (HapbOBOro mapy Ta MOro 3aJ€KHOCTEN Bifl BIIMBY TEXHOJIOTIYHUX [TapaMETPiB IPOLECy 3a1s
3a0e3ne4eHHs KiCHUX BiIOMTKIB € aKTyaJIbHUM HayKOBO-TE€XHIUHMAM 3aBHAHHSIM. JlucepTalilo MPUCBSIYEHO
BCTaHOBJIEHHIO 3aKOHOMiPHOCT€ BIIJIMBY TEXHOJIOTTYHUX (PaKTOPiB MeTanorpadiyHoro Apyky Ha SIKiCTb BiIOMTKIB.

Y nucepralii ogep>kaHO HAaCcTyIIHI HOBi HayKOBi pe3ysbTaTy. YIieplie po3pobseHo y3arajbHeHy iepapXidyHy MoJieJlb



($hopMyBaHHS SIKOCTi BiIOUTKIB MeTanorpaidyHoOro IpykKy, sika 6a3yeTbCsl Ha AeTaJIbHOMY aHasli3i npodeciitHoi
JliTepaTypy Ta HAYKOBUX IPKEPEJI, B IKill BU3HAYEHO IPYIly [TOKA3HUKIB IKOCTi Ta OCHOBHUX T€XHOJIOTIYHUX
(daxTOpiB, sKi BIIJINBAIOTh Ha SIKICTb APYKY. LI Mozesb y NoegHaHHI 3 pO3pO6IEHUM KOMILJIEKCOM MOJeeil
3aJIEXKHOCTI SIKOCTI BiIOUTKIB Bifj TEXHOJIOTIYHUX (PAKTOPIB 103BOJISIE BUBHAYATH YMOBHU SIKICHOTO TEXHOJIOTIYHOTO
npouecy metanorpadivyHoro npyky. Yoepiue po3po6aeHo GeHOMEHOJIOTiYHy Mojienb apboriepeHeceHHs Ta
3[1ifICHEHO MaTeMaTUYHUI onuc QiznyHUX ITPOLIECiB, 1110 BiIOyBaOThCS Iif yac ¢papbonepeHeceHHs], Ha OCHOBI 4Oro
BM3Ha4Y€Hi OCHOBHI TeXHOJIOTi4UHi TapamMeTpy, 1110 BIJIMBAIOTh HA SIKICThb BifOUTKIB. Mozenb 103BOJIsiE BUBHAYATH
(PYHKIIiI0 3a7IEXKHOCTI KiZIbKOCTi pap6u, 1[0 NEPEHOCUTHCS, Bill TEXHOJIOTIYHMX TApaMeTPiB JPYKYBaHHSI.
YI0CKOHaIEHO KOHLEINTyalbHy Moziesib GopMyBaHHS (pap6oBoro pesnbedy MetanorpadiyHoro Apyky, 30Kpema
3[1ifICHEHO MOJI€JII0BaHHS BIUIUBY iHEPLIIMHOCTI Ta TEMJI00OMIHHUX MTPolieciB Ha GopMyBaHHs (apOOBOro Lapy, 1o
B CYKYIIHOCTI 3 yIeplie eKCIIepUMEHTAIbHO BCTAHOBJIEHUMHU 3aJIEKHOCTSIMU BJIACTUBOCTEN (PapOboBOro pesbedy Bif
napameTpiB IpyKapcbKoi popmu (BULy Npo@isio, KyTa Haxuiy 6iYHMX CTiHOK, ITMPUHU, ITIMOMHU IPaBilOBaHUX
€JIEMEHTIB, IIMPUHU TPOOIIbHUX €JIEMEHTIB) Ta IPYKapChKOTO MpoLecy (TUCKY B IPYKapCbKOMY KOHTAKTI,
IIBUJIKOCTI IPYKyBaHH$) JO3BOJISIE LiIECIIPSIMOBAHO BIUIMBATH Ha SKiCTb BilOUTKIB. Lli Mozesi OsSICHIOIOTh IPUYUHY
acumeTpii popmMu MONEepeyHoOro nepepisy WTPUXiB, OTPUMAHUX MeTanorpadiyHum gpyKom. [101abpIoro po3BUTKyY
HabyJsia MoZeJib IPOHUKHEHHS Ta po3noniny ¢dapbu mif yac MmetanorpadiyHoro IpykKy, sika JO3BOJIUIIA JOCTIIATH
BILJIMB IPOQIiI0 TUCKY, SIKUH Jli€ IPOTATOM BCbOT'O APYKAPChKOrO KOHTAKTY, Ha IJIMOUHY IPOHUKHEHHS (papou.
PesynbTaT MOZEIIOBAaHHS MiATBEPIKEH] €KCIIEPUMEHTATIBHUMU JOCIIIPKEHHSIMY, SIKi IPOBOIUIIMCS 3
BUKOPUCTAHHSM PO3PO06JIEHOI METOAVKY BU3HAUEHHS y3arajlbHEHOr0 II0Ka3HMKA SIKOCTi MeTanorpa@iyHoro gpyxky.
Meropauka 103BoIMIIA NiABUILMTY 06'€KTUBHICTD OLiHIOBaHHS SIKOCTi Ta BUSBUTU 3aKOHOMIPHOCTI BILJIUBY
IIapaMeTpiB TEXHOJIOTIYHOTO NIPOLeCy Ha TOKa3HUKY SIKOCTI BiIOUTKIB MeTanorpadiyHoro Apyky. Metomoioris
IOCJiIKEHHs 6a3yeThbCs Ha MPOPIIOMETPUYHOMY Ta MiKPOCKOIIIYHOMY aHaJli3i, @ TAKOXK Ha OPraHOJIENTUYHOMY Ta
BizyasIbHOMY aHaJi3i BinOUTKiB. ['pyria moKa3HUKIB SIKOCTI, SIKi MifJIAranay JOCIiIKeHHIO, CKIaJa€ThCs i3 TOBIIMHUI
(dap6boBoOro mapy, MIMPUHU HAIPYKOBAHUX LITPUXIB, BEJIMUMHU BEPTUKAJIbHOTO IPOHVKHEHHS (Hapby, BeJIMYNHU
6i4yHOro MpOHMKHEHH: (apOy, BEJIMYMH JIiBOTO Ta IIPABOT'0 KPallOBUX KyTiB HaJpYKOBAaHUX MITPHXiB, KoedillieHTa
BTPATH TOBIIMHU (HapOOBOro 1apy, OKa3HUKa WITPUII0BaHHS Gap6u, TOKa3HUKa po3TikaHHs ¢apbu, BiicoTka
TaKTWUJIbHOI IMCKpUMIiHalii 3pa3KiB, Bi3yaslbHOI OLiHKY 3pa3KiB. BCTaHOBJIEHO, 110 Hai6i/1bll ePeKTUBHUMU
(axTOpaMu BIIMBY HA SIKiCTb (POpMyBaHHs pesbedy papObOoBOro 1apy, € reOMeTpUYHi IapaMmeTpu popmH, a TaKOXK
TEXHOJIOTI4Hi ITapaMeTpu IPYKY, TaKi K TUCK IPYKY Ta WIBUIKICTb IPpYyKy. Ha ocHOBI pe3ysbTaTiB
€KCIIEpMMEHTAJIbHOTO AOCiIKeHHs 0yJI0 pEeKOMEHI0BAaHO 3aCTOCYBaHHS IPyKapchKoi popmu i3 rpaBiioBaHNIMU
eJleMeHTaMU IIPSIMOKYTHOTO ITpodisio abo TpanewienoaioHoro nNpy KyTi Haxuiay 6iYHUX CTIHOK 75° i3 IIMPUHOIO
rpaBiloBaHHY, GiIbIIOIO 32 [MIMOMHY IPaBiloBaHHS MIOHAWMeEHIIe Yy 1,3 pa3y; 3a 3HWKEHOI BUAKOCT] IPYKYBaHHS Ta
MigBUIIEHOrO TUCKY Y APYKapCbKOMY KOHTAKTi. Ha OCHOBI KOPEALiiiHOrO aHai3y 3a1e>KHOCTI y3arajabHEHOTo
IIOKa3HMKA SIKOCTI BiJi TEXHOJIOTIYHUX (PAKTOPiB IPOBELEHO paHXKMpyBaHHS (PaKTOPIB 32 BAaroMicTiO iXHbOTO BIJIUBY:
IIMPYHA APYKYBaJIbHUX €JIEMEHTIB — IPOQijib IPYKyBaJIbHUX €JIEMEHTIB (POPMHU — INIUOMHA APYKYBAJIbHUX
€JIEMEHTIB — TUCK Y IPYKapCbKOMY KOHTAKTi — IBUAKICTb IPYKyBaHHS — LIMPUHA POOIIbHUX €JIeMeHTIB (popmu. Lli
BHCHOBKHU CTaJIY MiATPYHTSM IJ1s1 peKOMeHIaliil, HanaHux baHKHOTHO-MOHeTHOMY IBopy HarjionanbHOro 6aHky
Ykpainu mogo 3abe3neyeHHs SKOCTi MeTanorpadpiyHoro Ipyky i, yac BUKOPUCTAHHS POPM, BUTOTOBJIEHUX

IIPSIMUM JIA3€PHUM T'PaBilOBaHHSM.

2. Intaglio printing is one of the basic methods for protection of the strict accounting documents, in particular
banknotes, all over the world. The peculiarity of this printing method is the possibility to form the strokes with
different ink layer thickness (up to 320 microns) on the prints. It provides identification of the authenticity of the
strict accounting documents by the public, including visually impaired people. But there is the paucity of
theoretical and practical developments regarding the intaglio printing. The dissertation is devoted to the
establishment of regularities of the influence of the intaglio printing technological factors on the prints quality.
The following new scientific results were obtained in the dissertation. The generalized hierarchical model of
intaglio prints quality forming, based on a detailed analysis of professional literature and scientific sources, was
developed for the first time. It consists of the group of quality indicators and the main technological factors that



influence prints quality. This model, in conjunction with the developed set of models of prints quality dependence
on technological factors, allows to determine the conditions of the qualitative technological process of intaglio
printing; The phenomenological model of intaglio ink transferring was developed and a mathematical description
of physical processes, occurring during intaglio ink transferring, was made for the first time . Thus, the basic
technological parameters that influence the prints quality were determined. This model allows to determine the
function of the dependence of the transferred ink amount on the technological printing parameters. The
conceptual model of intaglio ink relief formation was improved. In particular, the influence of inertia and heat
exchange processes on intaglio ink layer formation was modeled. The modelling in combination with the
experimentally established dependencies of the ink layer properties on the parameters of the printing plate (profile
type, width, depth of the engraved elements, width of the non-image portions) and the printing process (printing
pressure and printing speed) can be used for the purposefully influence on the prints quality. These models
explained the cause of asymmetry of the cross-sectional shape of strokes obtained by the intaglio printing. The
model of intaglio ink penetration and its distribution during intaglio printing was further developed. It allowed to
investigate how the pressure that acts throughout the printing contact can influence the ink penetration depth.
The results of modeling are confirmed by experimental research which was carried out with using of the
developed method of determination of the generalized quality index of intaglio printing. The method allowed to
increase the objectivity of quality evaluating and detect the regularities of the influence of the technological
process parameters on the intaglio prints quality parameters. The methodology is based on surface profilometric
and microscopic analyses as well as on organoleptic and visual analyses of prints. The group of quality indices,
which were subject to investigation, consist of thickness of ink layer, the width of the printed strokes, the size of
vertical ink penetration, the value of lateral ink penetration, the values of the left and right edge angles of printed
strokes and coefficient of loss ink layer thickness, the rate of ink injection, the rate of ink outflow, percentage of
tactile discrimination of samples, visual rate of samples. It was found that the most effective factors that influence
the quality of the ink relief forming are the geometric parameters of the plate as well as the technological print
parameters, such as print pressure and print speed. Based on the experimental study results, it was recommended
to use a printing plate with the engraved elements of a rectangular profile or trapezoidal profile with an angle of 75
degrees and the element width to depth ratio of more than 1.3 times. It was also recommended to use reduced
printing speed and high pressure in printing nip. The correlation analysis of the dependence of the generalized
quality index on technological factors was made. As a result, the ranking of the factors on the weight of their
influence was carried out. Due to the weight of influence, technological factors were ranked as follows: engraved
elements width - engraved elements profile - engraved elements depth - pressure in the printing contact -
printing speed - width of the non-image portions. These conclusions became the basis for the recommendations
given to the Banknote Printing and Minting Works of National Ukrainian Bank. The recommendations were aimed
at ensuring the quality of the intaglio printing which is produced by the plates made by direct laser engraving.
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