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ANNOTATION

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

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

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

Intaglio printing (metallographic printing) is a highly secured type of gravure
printing used worldwide to protect mainly banknote products, wisichandatory
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 tegjynol
which has a number of advantages and technological possibilities compared ftt
traditional etching technology. However, the peculiarities of processing the
materials of the plates with a laser and the subsequent application of a protectiv
chromium nitrde 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 coatig 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 dissertatio work was carried out within the framework of research work
No. 2212p, state registration No. 0119U100984 "Theoretical and practical
principles of ensuring the quality of metallographic printing".

The aim of the dissertation is to develop technologicality assurance of
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intaglio printing plates made by the method of direct laser engraving and vacuurnr

sputtering of a protective coating.

To achieve the set goal in the work, the main content of which is laid out in
four sections, a number of tasks were ptated.

In Chapter I'Ensuring the quality of intaglio printing in the modern banknote
production’; the detailedcomparative 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 productionThemodel for detemining the environmental efficiency of intaglio
printing plate production was developé&dhe analysis of the technological features
of intaglio printing, which cause the deterioration of plates, was carried ouhend
system for forming the run lengthuhbility of intaglio printing plates was
developedThe tasks of the dissertation research have been formulated

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

In Chapter 3'Investigationof the state of the surface and surface layers of
printing and blank spaces, Hength resistance and printing quality of intaglio
printing plates made by direct laser engraving with vacuum sputtering of a protective
coating', it was presented the resuldbf research on changes in the state of the
surface and neaurface 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 processédsadl types of influences in the
printing section of intaglio printing machines were analyzed. The wear mechanism:
in the printing section of the intaglio printing machine were established. The
integrated model of wear of intaglio printing plates haslukeloped.

In Chapter 4"Improved technological process of intaglio printing plates

making", the influence of manufacturing technological parameters on the quality
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parameters of engraved printing elements and generalized indicators of the qualit
of engraved strokes of plates made by direct laser engraving are determined, th
means of ensuring the quality of intaglio printing plates are determined, the quality
parameters of model plates made by alternative technologies are investigated, ar
on this bais, the system of technological assurance of the quality of intaglio printing
plates has been create®d.number of obtained experimental results regarding the
relationship between the parameters of engraved strokes and modes of plate makit
have been desbed. 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 wea
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 @
all types ofinfluence 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 timea 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 plat
making. Based on this it was proven that the introduction of technological processe
of direct laser engraving and vacuum sputtering of a protective coating will allow
for a reduction of 80170 times environmental risks compared to mass production
variants of plates.

3. The phenomenological model of the formation of the ink layer of intaglio
printing wasimproved which, together wittior the first time obtainedxperimental
results of the relationship between the profiles of the engraved elements of the plate
and the projected profiles and modes of engraving, made it possible to eftakiish

first timethat the shape of the engraved strokes is the determining factor for the drop
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like shape of the ink relief, which, regardless of the projected profile, always have ar

angle of inclination of the sides 60N

4.  The methods of complex muHictorial assessment of the quality of
printing products weréurther developedy 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' strokean integralindicator of the quality of
engraving, which, together withor the first time developed system of
technological assurance of the quality of intaglio printing plated@nithe first
time defined means of ensuring the quality of plates made it possilniientify
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 pamictibr 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 identfy @ire
priority measures research and correction of the manufacturing proeess
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
enterprses 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 KPl 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 printedproducts, printing technology, security element, imprint, relief
image, protected printed products, tribological properties, wear resistance,

protective coating, cylinder, laser engraving, vacuum sputtering.
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sOBdzdyw 4. 7. AOCIduyudz fOttOd3jlsted 1z, Blsted B3Odz]d n

’ S R B LE Y
- z dted dzO, ] dzd B d dzO, 1 izsh O, d3§Z “'__T_%E_-w ";L/;gﬁ- ol - <10
e LS. Bo|=L| g = O 5 N g
N 8= .o ~g py 48 Qg
N | 1 60OC Isd | 1 60OC Isd | 1 ©0OC Isd Zfé oo ﬁo Z e gﬁgf 0 =

UJISdsgc % UJBd39d % v s & % ._,é ﬁ;p‘ = Ji% 3 : ﬂ‘g
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1{100.00] 96.50 96.50( 100.00| 121.00| 121.00| 9461.00| 4560.83| 48.21| 2.25 0.97] 0.48 0.56 0.67| A H3H
2] 30.00|40.75| 135.83] 20.00| 28.25| 141.25 600.00| 521.99| 87.00| 0.13 0.64] 0.87 0.03 0.77 H3L
3| 30.00| 31.13]| 103.75| 20.00| 38.38(191.88 600.00|] 538.38| 89.73| 0.50 0.96( 0.90 0.13 0.70 H3M
41 30.00| 26.13| 87.08| 20.00| 22.25] 111.25| 600.00] 341.92| 56.99| 0.13 0.87] 0.57 0.03 0.82 H3H
51 30.00| 41.13| 137.08] 30.00| 43.25| 144.17( 900.00| 643.10| 71.46| 0.50 0.63] 0.71 0.13 0.69 H3L
6| 30.00| 33.00] 110.00|] 30.00| 49.25(164.17( 900.00|] 589.78| 65.53| 1.00 0.90( 0.66 0.25 0.67 H3M
71 30.00| 25.75| 85.83] 30.00| 31.75| 105.83| 900.00| 399.91| 44.43| 0.50 0.86]| 0.44 0.13 0.78| } H3H
8] 60.00| 64.38| 107.29] 60.00| 79.25| 132.08| 3600.00| 1962.35| 54.51 1.63 0.93] 0.55 0.41 0.69 H3M
9| 60.00|52.75| 87.92| 60.00( 68.13| 113.54( 3600.00| 1453.48| 40.37| 1.25 0.88( 0.40 0.31 0.71 H3H
10| 40.00| 52.63( 131.56] 40.00| 45.13] 112.81] 1600.00f 1048.77| 65.55( 0.38 0.68]| 0.66 0.09 0.78 H3L
11| 40.00| 43.00( 107.50| 40.00| 73.50| 183.75| 1600.00f 932.11| 58.26 1.63 0.93] 0.58 0.41 0.57 H3M
12| 40.00| 34.63( 86.56( 40.00( 50.00| 125.00( 1600.00] 648.35| 40.52| 1.00 0.87( 0.41 0.25 0.69 H3H
13| 40.00] 50.38( 125.94| 40.00| 32.13| 80.31] 1080.40f 611.20| 56.57 0.75 0.74]1 0.57 0.19 0.73 H3L
141 40.00| 36.50( 91.25| 40.00| 44.88| 112.19]| 1080.40f 682.95| 63.21 1.13 0.91] 0.63 0.28 0.79 5 H3M
15| 40.00] 31.88( 79.69( 40.00( 28.00( 70.00( 1080.40| 450.89| 41.73| 0.63 0.80( 0.42 0.16 0.69|6 0 H3H
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v OB d&dqyYyw 4.7 (fBHT
1| 2 3 4 5 6 7 8 9 10 | 11 12 13 | 14 | 15 | 16| 17
16| 40.00| 47.63|119.06] 40.00| 41.00|102.50| 1358.80| 832.27|61.25| 0.63| 0.81| 0.61| 0.16] 0.81 H3L
17| 4000| 37.00| 9250| 40.00| 59.13|147.81| 1358.80| 741.14|54.54| 0.88| 0.93| 055/ 0.22| 069| . H3M
18| 40.00| 32.63| 81.56| 40.00| 39.00| 97.50| 1358.80| 538.32| 39.62| 0.63] 0.82| 0.40| o0.16| 0.76|7 5| H3H
19| 100.00| 107.00| 107.00] 80.00| 95.25| 119.06] 8000.00| 5503.69| 68.80| 1.25|  0.93| 0.69| 0.31| 0.78 H3M
20| 100.00| 97.88| 97.88| 80.00| 108.25| 135.31| 8000.00| 4462.61| 55.78| 2.75| 0.98| 0.56| o0.69| o0.62| 3 | H3H
21|100.00] 98.75| 98.75| 80.00| 76.63| 95.78| 5171.30| 3241.19| 62.68| 1.13| 0.99| 063| 0.28| 0.82| H3M
22| 100.00| 92.88| 92.88| 80.00| 71.75| 89.69| 5171.30| 2702.42| 52.26| 1.38]  0.93| 052| 034| 0.75|6 0| H3H
23| 100.00| 100.57| 100.57| 80.00| 92.00| 115.00| 6902.40| 4348.97| 63.01| 1.43| 09| 063| 0.36| 0.78| H3M
24| 100.00| 91.13| 91.13| 80.00| 95.00|118.75| 6902.40| 3682.95| 53.36| 1.63] 0.91| 053 o041| o0.71|7 5| H3H
25 | 100.00{ 102.13| 102.13| 100.00| 114.13| 114.13| 10000.00| 6356.61| 63.57| 0.75] 0.98| 0.64| 0.19] 0.82 H3M
26 | 100.00| 98.13| 98.13| 100.00| 130.50| 130.50| 10000.00 5089.58| 50.90| 1.63] 0.98| 0.51| o0.41| o069 3 | H3H
27]100.00| 98.63| 98.63| 100.00| 73.38| 73.38| 5323.60| 3146.75/59.11| 1.38| 099| 059| 034| 074| H3M
28 | 100.00] 91.00| 91.00| 100.00| 79.88| 79.88| 5323.60| 2541.18 47.73| 2.38| 0.91| 048 o059| o06s|6 0] H3H
29| 100.00] 97.88| 97.88| 100.00| 107.13| 107.13| 8109.16| 4501.90] 55.52| 2.00|  0.98| 056 050 0.74| H3M
30| 100.00| 88.50| 88.50| 100.00| 99.38| 99.38| 8109.16| 3284.40| 40.50| 2.88| o0.89| 0.41| 072| 064|7 5| H3H
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