AHOTANIA

baenaii B. A. TexHonoriune 3a0e3medyeHHs] SKOCTI (OpM I1HTArMOJPYKY.
KgpamidikamiitHa HaykoBa mpaiisi Ha IpaBax pyKOMUCY.

HNuceptanis Ha 3100yTTS HAYKOBOTO CTYINEHs JoKTopa dutocodii 3a
cnetianbHicTiO 186 BunaBuuirso ta nonirpadis (18 BupoOHUIITBO Ta TeXHOJIOTT). —
HamionanbHuii  TexHiuHMM yHIBepcUTET YKpaiHu «KUIBCbKUN TOMITEXHIYHUI
iHcTUuTyT iMeHi Iropst Cikopcekoro», Kuis, 2023.

HuceprauiitHa poOOTa MNPUCBAYEHA BHUPIMICHHIO aKTyaJlbHOTO HAyKOBO-
MIPUKJIAIHOTO 3aBIaHHs — PO3POOJCHHIO TEXHOJIOTTYHOTO 3a0€e3MeYeHHs IKOCTI (popm
IHTArIOJIPYyKy, BUTOTOBIIOBAHUX MPSMHUM JIA3€pPHUM TPaBIIOBAaHHAM Ta HAaHECEHHSIM
3aXHCHOTO HITPUA-XPOMOBOI'O MOKPUTTS BaKyYMHUM HAIMUJICHHSIM.

[nTarmonpyk (mertanorpadiuHuii JIpyK) — BHCOKO3aXUIIEHUW PI3ZHOBU]
rOOKOTO JAPYKY, 10 BUKOPUCTOBYETHCA B YChOMY CBITI JJISI 3aXUCTY MHEPEBAXKHO
0aHKHOTHOI TPOJIYKIIii, SIKMM € 000B’I3KOBUM 3a peKoMeH1allisiMu [HTeprony. 3axoau
11010 MiJABUIIEHHS SKOCTI 1HTArJMiOAPYKy MOTPeOYIOTh 1 MiJBUILEHHS SKOCTI (opM.
HaiicyuacHimuii crioci0 BUTOTOBJIEHHS (JOPM IHTATNIIOAPYKY — TEXHOJIOTIS MPSIMOTO
JA3epHOr0 TPaBIIOBaHHS — Ma€ HU3KY IMEpeBar Ta TEXHOJOTTYHUX MOMKJIUBOCTEH
MOPIBHSAHO 3 TPAJMIIIIHOI TEXHOJIOTIEI0 TPABIICHHS, OJHAK, OCOOJMBOCTI OOPOOKH
MarepialiB (OpM JIa3epoM Ta MOJATBIIOT0 HAHECEHHS 3aXMCHOTO HITPUJI-XPOMOBOTO
MOKPUTTA BaKyyMHHUM HANUJICHHSM MOXYTb BUKJIMKATH 3HIKEHHS TUPAXKECTIMKOCTI
dbopM TOPIBHAHO 13 TPAAUIIMHUMU TEXHOJIOTISIMH BUTOTOBIICHHS (opMm. Tomy
TEXHOJIOT1S MPSIMOTO JIA3€PHOTO TPaBIIOBAaHHA 3 BAKYYMHUM HAMWICHHSM 3aXUCHOTO
HITPUI-XPOMOBOIO MMOKPUTTS MOTPEOYE yAOCKOHATICHHS, @ JAOCIIJIP)KEHHS, CIIPSIMOBaH1
Ha IT1IBUILEHHA SIKOCT1 (POPM IHTArTIOAPYKY € AKTYyaJIbHUM HAYKOBUM Ta MPUKIIATHUM
3aBJaHHSAM, PO3B’S3aHHSI IKOTO CIIPUSATUME MIABUIIEHHIO JIEPKABHOT O€3MEKH B ray3i
OaHKHOTHOT'O BUPOOHHUIITBA.

HucepTaiiiina po60oTa BUKOHYBajacs B paMKaxX HaAyKOBO-IOCIH1IHOT poOoTu Ne
2212-n, Ne pepxpeectpamii 0119U100984 «TeopetnuHi Ta MNpakTHUYHI 3acaiu
3a0€3MeUeHHs IKOCTI MeTANOrpadiuHOrO JIPYKY».

MerToro auceprariitHoi poOOTH € po3pOOJeHHS TEXHOJIOTIYHOTO 3a0e3MeUeHHS

AKOCTI JPYKApChbKUX (OPM IHTArNIOJAPYKY, BHUTOTOBJIEHUX METOJOM MPSIMOTO



JIa3€pHOro IPaBIIOBAaHHS Ta BAKYYMHOT'O HAIIMJIEHHS 3aXUCHOTO IOKPUTTSL.

JI7s1 TOCSITHEHHSI TIOCTABJICHOT METH B POOOTI, OCHOBHUM 3MICT SIKO1 BUKJIAJICHO
B YOTHPBHOX PO3/1JIaxX, BAKOHAHO HU3KY 3aBJaHb.

VY pozaun 1 «3abe3nedeHHs SKOCTI IHTArIoApyKy B Cy4aCHOMY BUPOOHHUIITBI
0aHKHOTHOI MPOAYKIII(» MPOBEICHO JIETATbHUI MOPIBHJIBHUI aHaJ13 TEXHOJOTTYHUX
MPOIIECIB BUTOTOBIEHHS (DOPM 1HTATMIOAPYKY 3 MOTJsAIY 3a0e3nedeHHs IKOCTi (hopm
Ta B KOHTEKCTI €KOJIOTIYHOI O€3MEeYHOCTI iX BHUPOOHHUIITBA;, PO3POOJEHO MOIEIb
BU3HAYEHHSI E€KOJOT14HOiI €(EeKTUBHOCTI (OPMHOTO BHUPOOHHUIITBA IHTATTIOAPYKY;
IIPOBEJICHO aHAJI3 TEXHOJOTTYHUX OCOOIMBOCTEHN IHTArMiOAPYKY, 110 CIPUYUHSIOTH
pyiHaniio ¢gopm, po3pobiieHO cuctemy (HOpMyBaHHS THUPAXKOCTIMKOCTI (opm
IHTArMoIPYyKY; cPOPMYITHOBAHO 3aBAAHHS AUCEPTALIHHOTO JOCHTIIKEHHS.

VY pozgimi 2 «Matepiasii Ta METOAU AOCTIKEHHS» PO3pOOJICHO 3arajibHUil
aJTOPUTM MPOBEACHHS JOCTIKEHb 1IOJI0 MiABUIIEHHS SIKOCTI OpM 1HTArIIOAPYKY,
oOrpyHTOBaHO 00OpaHi MaTepiajiu, 00JaHAHHS Ta METOAUKH, ONMUCAHO PO3POOJIEHI HOBI
METOAUKHA JOCHIDKEHHSI SKOCTI TpaBiMOBaHUX IITPUXIB [l MPOBEJACHHS YChOIO
KOMILJIEKCY €KCTIEPUMEHTAIBHUX Ta TEOPETUYHUX JOCIIIIKEHb.

VY poznum 3 «JlochmiPKeHHsI CTaHy MOBEPXHI Ta MNPUIIOBEPXHEBUX IIAPIB
IPYKYBaJIbHUX Ta MPOOUIBHUX €JIEMEHTIB, TUPAXKECTIMKOCTI Ta SAKOCTI APYKYBaHHS
(dhopM IHTArI0APYKY, BUTOTOBICHUX MPSMUM JIa3€pPHUM I'PaBIFOBAHHSM 3 HAITUJICHHSAM
3aXMCHOTO MOKPUTTSA» HABEIECHO pEe3yJbTaTH JOCIHIIKEHb 3MIHY CTaHy MOBEPXHI Ta
MPUMIOBEPXHEBUX IIApIB TPaBiiOBaHUX IITPUXIB, TUPAKECTIMKOCTI Ta SKOCTI
IpYyKyBaHHS (POpM IHTArIiOAPYKY, BUTOTOBIECHUX MPSIMUM JIA3€pPHUM I'PABIFOBAHHSIM 3
HAIlWJIEHHSM 3aXHUCHOIO MOKPUTTA, @ TAKOXK IPOAHATI30BaHO MPOLECU Ta yCl BUAM
BIUIMBIB B JPYKAapChKii CEKI[ll MalluMH IHTarJIoApPYyKYy, BCTAHOBJIEHO MEXaHI3MH
3HOIIYBaHHS B JAPYKApChKiM CHUCTEM1 IHTArJioApyKy Ta PO3pOOJEHO IHTETPOBAHY
MO/IeJIb 3HOLTYBaHHS ()OPM IHTATTIOAPYKY.

VY poznin 4 «YaocKkoHaJIeHUN TEXHOJOTIYHHUM MPOIEC BUTOTOBIEHHS (popMm
IHTArIOIPyKy» BCTAHOBJICHO BIUIMB TEXHOJOTIYHUX MapaMeTpiB BUTOTOBJIEHHS Ha
napamMeTpH SIKOCTI I'paBliOBaHUX IPYKYBaJIbHUX €JIEMEHTIB Ta y3arajabHEH1 IOKa3HUKH
SAKOCTI TpaBifioBaHUX IITPUXIB (POPM, BHUTOTOBIECHUX MNpSAMUM  JIa3€PHUM

IpaBilOBAaHHSM, BH3HAUYC€HO 3aco0M 3a0e3nedeHHs SKOCTi (OopM IHTArNIiOJPYKY,
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JOCIIDKEHO ~ TapaMeTpu  SIKOCTI  MOJAEIbHUX  (opM,  BUTOTOBJIEHUX  3a

albTEPHATUBHUMHU TEXHOJIOTISIMM, Ta Ha i OCHOBI  PO3POOJEHO CHUCTEMY
TEXHOJIOT1YHOTO 3a0€3MeUYEHHs SIKOCT1 IPYKapChKUX (POpM 1HTArIioApyKy; OMUCAHO
HU3KY OTPUMAaHHX €KCIIEPUMEHTATbHUX PE3YJIbTATIB MO0 B3aEMO3B’SI3KY MTapaMeTpiB
rpaBiiOBaHMX IITPUXIB 3 pPEXKUMaMHU BHUTOTOBIEHHA (opM, chHopMyIbOBaHO
IHTEMIUIBHUN KOE(IIIEHT SIKOCTI TPaBIlOBaHHSA Ta KOMIUJIEKCHOTO MOKAa3HHMKA SIKOCTI
dhopM M0BeACHO, IO CTaH MOBEPXHI MITPUXIB € 1€ OJHUM JOJATKOBUM (HaKTOpOM
3a0e3IeueHHs 3HOCOCTIMKOCTI (hOpM.

B pesynbrati BUKOHaHHS AUCEPTAIliiHOI pOOOTH OTPUMAHO TaKi HOBI HayKOBI
pe3yNbTATH:

l. Bnepwe 3anponOHOBAHO IHTETpOBaHY (PEHOMEHOJOTIYHY MOJENb
3HOUTYBaHHS (POPM IHTArMOAPYKY, sIKa IPYHTY€EThCA Ha BCEOIYHOMY aHalli31 yC1X BU/IIB
BIUIMBY Ha (opMy Ha yciX eTamax JpyKyBaHHsS Ta BCTAaHOBJICHMX MEXaHI3Max
3HOUIEHHS B APYKAPCHKIM CUCTEMI IHTArTIOIPYKY, KOTPa 103BOJIsI€ BCTAHOBUTH 3aCO0U
M1JIBUILIEHHS KOCT1 (GOpM;

2. Bnepwe po3poOiieHO MOJeNb BU3HAYEHHS €KOJOT14HOI €(hEeKTUBHOCTI
(OpMHOro BUPOOHHULITBA IHTArNMOAPYKY, SIKa IPYHTYEThCS Ha JI€TaJbHOMY aHali3l
OKpPEMHUX €TalliB 1 TEXHOJOTTYHUX CKJIQJHUKIB MPOIECIB BUTOTOBICHHS (GoOpM, Ha
OCHOBI $KO1 JOBEIEHO IWIO 3alpOBa/UKEHHS TEXHOJOTIYHUX MPOLECIB MPSIMOIo
JIA3epHOr0 rPaBilOBaHHS Ta BaKyyMHOT'O HAMWJICHHS 3aXUCHOI'O MOKPUTTS JO3BOJIUTH
3Hu3uTU B 80—170 pa3iB €KOJOTiYHI PU3UKHU MOPIBHSHO 3 TUPAXKHUMHU BaplaHTaMHU
BUTOTOBJICHHS (OpPM.

3.  VYoockonaneno ¢enomeHonoriuny wmojaenb (opmyBaHHs ¢dapOOBOTO
penvedy 1/, mo 13 enepwie onepkaHUMH EKCIEPUMEHTAIbHUMU pe3yJibTaTaMu
B3a€MO3B’ 513Ky TpoduniB rpasiiioBanux JIE ¢dopMm Ta mpoekToBaHUX MNPOQITiB 1
pPEXKUMIB TPaBIIOBAHHS Gnepuie JO3BOJIUIO BCTAHOBUTH, IO BU3HAYAIBHUM IS
KparienoaioHoi popmu dapboBoro penbedy € came Gopma ', ski, HE3aIEKHO BiA
MIPOEKTOBAHOIO MPOQIIIO, 3aBXKIN MAIOTh KyT HaXUiTy cTiHOK 60+10°.

4.  Hicmanu nooanbuio2o PO3BUMKY METO/IH KOMILJIEKCHOI
O0aratoakTopHOI OLIHKH SKOCT1 omirpadigyHoi IpoayKilii po3poOJEHHSIM CUCTEMHU

OLIIHKM SIKOCTI (pOpM IHTArIOAPYKY Ha OCHOBI YAaCTKOBUX MOKAa3HUKIB SKOCTI



rpaBiiOBaHUX MITPUXIB POPMHU — IHTErPAIBHOTO MOKA3HHUKA SIKOCTI IPaBilOBAHHS,
10 Pa3oM 3 gnepuie po3po0JICHOI0 CUCTEMOIO TEXHOJIOTTYHOTO 3a0€3MeYEHHS IKOCTI
(dbopM IHTArMIOAPYKY Ta 6nepuie BU3HAYCHUMHU 3aco0aMu 3a0e31eueHHs IKOCTi (hopM
JI03BOJIUJIO BUSIBUTH HAMPSAMH MEPIIOUEProBUX 3aXOMAIB IIOAO0 MIABUIIECHHS SKOCTI
(dhopM, 1110 BUTOTOBJISIIOTHCS MPSIMUM Ja3€pPHUM TPaBIIOBAHHSIM.

[IpakTruHe 3HAYEHHS OJIEpKAHUX PE3yJIbTATIB MOJATA€ B X 3aCTOCYBaHHI Ha
BCIX eTanax BUTOTOBJIEHHS (DOPM 1HTATIIOJIPYKY, 30KpeMa [k KOperyBaHHs poO04oro
MOTOKY MiATOTOBKM (paiiiniB JJisi TpaBilOBaHHS Ta MPWIATOKYBaHHS BIAMOBIAHO 0
PO3pO0JICHOT CUCTEMHU TEXHOJIOTIYHOTO 3a0e3MedeHHs] AKOCTI (OpM IHTArTIOAPYKY.
Busnaueni 3acoOu  3a0e3meyeHHs  SKOCTI  JO3BOJWIM  BHUSIBUTH  HalpsMHU
MEPIIOYEPrOBUX 3aXOJIB — JOCIHIJ)KEHb Ta KOPETYBAaHHS TEXHOJIOTIYHOTO MPOIECY
BUTOTOBJIEHHS — Ji1 MIJBUILEHHS SKOCTI (OpM, IIO BUTOTOBISIIOTHCS MPSIMHUM
JA3epHUM TpaBitOBaHHSAM. TakoX 1€ JO3BOJUIO BCTAHOBUTU HAIPSMKHU AEP:KaBHOI
MOJITUKKA 3a0e3nedYeHHsl 00JaJHaHHAM CIEliai30BaHUX MIANMPUEMCTB. ANpPoOaIlio
BUPOOHUYUX BUIPOOYBaHb (HOPM MPOBEAECHO y BUPOOHUUYUX yMOBax BaHKHOTHO-
MoHeTHoro nBopy HarionansHoro OaHky VYkpainu. Pe3ynbrath [n0CHiIKEHb
BIpoBaixkeHo y HaBuainbHUi nponec KIII im. Irops Cikopcekoro mig 4ac mpoBeIeHHS
JEKIINHUX, Ta0OpaTOPHUX 1 MPAKTUYHHUX 3aHAThH 3 AUCHUILIIH «3axucT iHdopmalii B
noirpadiin», « TexXHOMor1i 3aXUCTy APYKOBAHOT IPOTYKIIII».

Knwuosi cnosa: inmazniodpyk, mexnonoziune 3abe3nedyenus, OpyKapcovKa
¢dopma, axicme Opykoeanoi npoodykuii, OpyKapcbKa MmMexHO102iA, 3aXUCHUIL
ejleMenm, npooHuIl 8I00UMOK, peibehne 300pasricenns, 3axuuiena noaicpagiuna
npooOyKuyia, mpuodoa02iuHi 61aCMUE0Cmi, 3HOCOCMINUKICHb, 3AXUCHE NOKPUMMAL,

mmindp, Jlazepne epaeiroeamm, B6AKYYMHE HANUJICHHA,



ANNOTATION

Baglai V. A. Technological ensuring of intaglio printing plates quality.
Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 186 Publishing and printing (18 Production and technologies). — National
Technical University of Ukraine "lhor Sikorsky Kyiv Polytechnic Institute", Kyiv,
2023.

The dissertation work is devoted to solving an actual scientific and applied task
— developing technological quality assurance of intaglio printing plates produced by
direct laser engraving and applying a protective nitride-chromium coating by vacuum
sputtering.

Intaglio printing (metallographic printing) is a highly secured type of gravure
printing used worldwide to protect mainly banknote products, which is mandatory
according to the recommendations of Interpol. Measures to improve the quality of
intaglio printing also demand improving the quality of plates. The most modern method
of manufacturing intaglio printing plates is direct laser engraving technology which
has a number of advantages and technological possibilities compared to traditional
etching technology. However, the peculiarities of processing the materials of the plates
with a laser and the subsequent application of a protective chromium nitride coating by
vacuum sputtering (PVD) can cause a decrease in the plates' durability compared to
traditional technologies of plate making. Therefore, the technology of direct laser
engraving with vacuum sputtering of a protective nitride-chromium PVD coating needs
improvement. Research aimed at improving the quality of intaglio printing plates is an
urgent scientific and applied task. The solving of this will contribute to the increasing
of state security in the field of banknote production.

The dissertation work was carried out within the framework of research work
No. 2212-p, state registration No. 0119U100984 "Theoretical and practical principles
of ensuring the quality of metallographic printing".

The aim of the dissertation is to develop technological quality assurance of
intaglio printing plates made by the method of direct laser engraving and vacuum

sputtering of a protective coating.
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To achieve the set goal in the work, the main content of which is laid out in four

sections, a number of tasks were completed.

In Chapter 1 "Ensuring the quality of intaglio printing in the modern banknote
production"”, the detailed comparative analysis of the technological processes of
manufacturing intaglio printing plates is carried out from the point of view of ensuring
the quality of the plates and in the context of the environmental safety of their
production. The model for determining the environmental efficiency of intaglio
printing plate production was developed. The analysis of the technological features of
intaglio printing, which cause the deterioration of plates, was carried out, and the
system for forming the run length durability of intaglio printing plates was developed.
The tasks of the dissertation research have been formulated.

In Chapter 2 "Research materials and methods", a general algorithm for
conducting research on improving the quality of intaglio printing plates has been
developed. The materials, equipment, and methods have been chosen. The new
methods of researching the quality of engraved strokes have been developed for the
entire complex of experimental and theoretical research.

In Chapter 3 "Investigation of the state of the surface and surface layers of
printing and blank spaces, run-length resistance and printing quality of intaglio printing
plates made by direct laser engraving with vacuum sputtering of a protective coating",
it was presented the results of research on changes in the state of the surface and near-
surface layers of engraved strokes, run length durability, and printing quality of intaglio
printing plates made by direct laser engraving with sputtered of a protective coating.
The processes and all types of influences in the printing section of intaglio printing
machines were analyzed. The wear mechanisms in the printing section of the intaglio
printing machine were established. The integrated model of wear of intaglio printing
plates has been developed.

In Chapter 4 "Improved technological process of intaglio printing plates
making", the influence of manufacturing technological parameters on the quality
parameters of engraved printing elements and generalized indicators of the quality of
engraved strokes of plates made by direct laser engraving are determined, the means

of ensuring the quality of intaglio printing plates are determined, the quality parameters
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of model plates made by alternative technologies are investigated, and on this basis,

the system of technological assurance of the quality of intaglio printing plates has been
created. A number of obtained experimental results regarding the relationship between
the parameters of engraved strokes and modes of plate making have been described.
The integral coefficient of engraving quality and the complex indicator of the quality
of plates have been formulated. It has been proved that the state of the surface of strokes
is another additional factor in ensuring the wear resistance of plates.

As a result of the dissertation work, the following new scientific results were
obtained:

1. For the first time, an integrated phenomenological model of wear of intaglio
printing plates is proposed, which is based on a comprehensive analysis of all types of
influence on the plate at all stages of printing and established wear mechanisms in the
intaglio printing system, which allows establishing means of improving the quality of
plates;

2. For the first time, a model for determining the environmental efficiency of
intaglio printing plate production was developed, which is based on a detailed analysis
of individual stages and technological components of the processes of plate making.
Based on this it was proven that the introduction of technological processes of direct
laser engraving and vacuum sputtering of a protective coating will allow for a reduction
of 80—170 times environmental risks compared to mass production variants of plates.

3. The phenomenological model of the formation of the ink layer of intaglio
printing was improved, which, together with for the first time obtained experimental
results of the relationship between the profiles of the engraved elements of the plates and
the projected profiles and modes of engraving, made it possible to establish for the first
time that the shape of the engraved strokes is the determining factor for the drop-like shape
of the ink relief, which, regardless of the projected profile, always have an angle of
inclination of the sides 60+10°.

4. The methods of complex multifactorial assessment of the quality of
printing products were further developed by means of the designing of a system for
assessing the quality of intaglio printing plates based on partial indicators of the

quality of engraved plates' strokes - an integral indicator of the quality of engraving,
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which, together with for the first time developed system of technological assurance

of the quality of intaglio printing plates and for the first time defined means of
ensuring the quality of plates made it possible to identify directions of priority
measures to improve the quality of plates produced by direct laser engraving.

The practical significance of the obtained results is in their application at all
stages of the intaglio printing plates production, in particular for correcting the
workflow of preparing files for engraving and adjusting in accordance with the
developed system of technological ensuring of intaglio printing plates quality.

The identified means of quality assurance made it possible to identify areas of
priority measures - research and correction of the manufacturing process - to improve
the quality of plates produced by direct laser engraving. It also made it possible to
establish the directions of the state policy of providing specialized enterprises with
equipment.

Approbation of production tests of plates was carried out in the production
conditions of the National Bank of Ukraine Mint. The results of the research are
implemented in the educational process of KPI named after Ihor Sikorsky during
lectures, laboratory, and practical classes in the disciplines "Protection of information
in printing", and "Technologies of protection of printed products".

Keywords: intaglio printing, technological assurance, printing plate, quality
of printed products, printing technology, security element, imprint, relief image,
protected printed products, tribological properties, wear resistance, protective

coating, cylinder, laser engraving, vacuum sputtering.



